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BBEJAEHUE

Kpucramnorpadusi ogHa w3 rIaBHBIX (PYHIAMEHTAIBHBIX HAyK O
3emiie, 0 ee KpucTauim4eckoM BemlectBe. Kpucramnorpadguyeckue 3HaHUS
HEOOXOJAUMBI 00YUYaIOUIMMCSI 110 MHOTMM HAMNpaBJCHUSIM: Te€ojioraM, XHu-
MUKaM, PU3UKaM, BCEM, KTO M3y4aeT KPUCTALINYECKOE BEIIECTRO.

Bo BpeMsi mpakTUUEeCKUX 3aHSATUUA CTYACHTHI MPUOOPETAIOT HABBIKU
OMpe/IeJICHUs CAMMETPUHN BHEIIHEN (POpMBI KpHUCTaia, yMEHUSI OTpa)KaTh
KOMIUIEKC 3JEMEHTOB CHUMMETPUHU KpUCTAIa U OCOOCHHOCTH OTpPaHKU
KPUCTAJUIOB Ha TUIOCKOCTH, HUCMOJIb30BaTh COBPEMEHHYIO KpHUCTaIorpa-
(brUeCcKy0 HOMEHKJIATYpy U CUMBOJIHUKY.

Hacrosiiee mocoOue cocTaBiieHO € IEIbI0 J1aTh BO3MOXHOCTH 00Y-
YaIOIIUMCS 3apaHee 03HAKOMUTHCSA C TEMOW M COJACp)KaHUEM OUYepPETHOTO
3aHSATHUSI, @ ayJJUTOPHOE BPEMs MCIIOJIh30BaTh B OCHOBHOM JIJIsI 3aKperijie-
HUSI 3HAaHUH Ha MPaKTHUKE.

Marepuan paz0ouT Ha HEOOJBIINE MO0 00BEMY YaCTH, KaXKaas U3 KO-
TOPBIX B KpaTKoi (popme u3nokeHa B OTJEIbHOU I1aBe (Bcero 9 rias). B
TEKCTE MPHUBEACHBI PUCYHKH U CXEMbI, KOTOPHIE OKaXYT CYIIIECTBEHHYIO
MOMOIIhL 00YUYaIOITUMCS TIPU MOATOTOBKE K 3aHSITUSIM.



I'maBa 1. JjieMeHTbI CHMMETPHHM B KPHCTAJLIIAX

KpucrannaMu Ha3bIBalOTCs TBEP/IbIE TEA C YHOPSAOUYEHHBIM BHYT-
PEHHUM CTPOEHUEM HAa YPOBHE aTOMOB M MOJIEKYJI, T.€. TeJa, 00Ia1aronme
TPEXMEPHO-TIEPUOJUUECKON MPOCTPAHCTBEHHOW ATOMHOW CTPYKTYpPOU, U
MMEIOIINE BCIEJICTBUE 3TOTO MPHU OMNPENEIECHHBIX YCIOBUIX 00pa30BaHUS
(opMy MHOrorpaHHUKOB. CETKH KpPUCTAUIMUYECKOW PELIETKH ¢ HauOOb-
1€l TYCTOTOM PaCHOJIOKEHHUS Y3JI0B COOTBETCTBYIOT IPAHSAAIM PEAJIbHOIO
KpUCTaJlJIa, MECTa MIEPECEUEHUS CETOK - HanOO0JIee TUIOTHBIE Y3J0BBIE PAJIbI
- pedOpam KpHUCTaJJIOB, a MecTa MepecedeHus pedep - BepHIMHAM KpU-
CTaJJIOB.

Kpucrannuyeckuii MHOTOTpAaHHUK — 3TO MHOTOTPaHHUK, B KOTO-
pPOM paBHBIE YacTu (TpaHu, pedpa) pacroiaoKeHbl TaK, YTO OH COBMEIIACT-
Csl IEJIMKOM caM € COOOU Mpu MOMOIIM HEKOTOPBIX ONEPALMl CUMMETPHU-
YeCcKUX MpeoOpa3oBaHUil.

CumMeTpuYecKHUM Npeodpa3oBaHUeM Ha3bIBAETCSA Takoe Impeolpa-
30BaHUE, B PE3YJIbTATE KOTOPOTO BCE PaBHBIE YACTU (PUTYpPHI COBMEIIAOT-
csl ApYT C ApyroM U (urypa coBmeniaercsa cama ¢ co0oi.

DJIeMeHTbl CUMMETPHH — 3TO F€OMETPUYECKUE 00pa3bl CUMMETPH-
YECKHUX MpeoOpa3oBaHUM.

CummeTpudeckue MpeoOpa3oBaHUs B 3aBUCUMOCTH OT XapakTepa
npeoOpaszoBanus paznuyaiot | u |l poxa.

CummeTpuueckue npeodpasoBanus | poga cBsi3pIBalOT APYr C Ipy-
rOM KOHTPY3HTHO paBHbIE (UTYpbI (WJIM UX YaCTH) COBMEIIAOUIUECS TIPU
BpAallI€HUH, TO €CTh MPABBIE C MPABBIMHU, JIEBBIE C JIEBBIMH.

CummMmerpuueckue mpeodpazoBanus |l pojga CBA3BIBAIOT APYT C APY-
rOM SHaHTHOMOpP(HBIE (3€pKATIBHO paBHbIE) PUTYPHI (UM UX YACTH) COB-
MelIaroluecs Mpu OTpakKeHUHU, TO €CTh, MPABBIE C JIEBBIMU, JIEBBIE C Jie-

BbIMU.



1.1. CummMmerpuveckue npeodpazoBanus | pona (Bpamenue)

Ocbl0 CMMMETPHHM HAa3bIBACTCA MOpsIMAsl JIMHUS, MPU MOBOPOTE BO-
KpyT KOTOPOM Ha HEKOTOPBIN ONpeeNEHHbIN yroll o, (Uurypa cCoBMelaeT-
ca caMa ¢ coboil. OOo3HavaeTcs B y4eOHOM CHUMBOJIMKE - CHMBOJIHKE
O.bpage - L.

Hanmenpmmii yroa moBopoTa o, MPUBOASIIUMNA (QHUTYPY K CaMOCOBMEIIE-
HUIO, HA3bIBAETCS 3JIEMEHTAPHBIM YIJIOM ITOBOPOTA OCH.

Yucio n, moka3pIBaroIiee CKOJbKO pa3 JIEMEHTapHBINA yToJl MOBOPOTa OCH
conepxkutcs B 360°, Ha3bIBACTCS MOPSIAKOM OCH. N — 1IE€JI0€ YHUCIIO.
n = 360°/a n=1,2,3,4,6.

HpI/I OIIMCaHuH OHepaHI/Iﬁ CUMMCTPHUHU K 0003HAYEHUSIM OCE CUM-

METPHUH YacTO T00ABISAIOT MOKA3aTellb CTENEHH, YKa3bIBAIOLIUN HA YUCIIO
ITPOBEJICHHBIX OIEpPalil B HU)KE NPUBEICHHBIX PUMEPAX HA YUCIO dJIe-
MEHTAapHBIX IOBOPOTOB M0 YaCOBOM CTPEJIKE.

L' —omum IIOBOPOT IO YaCOBOM CTPEJKE HA YIoJ O,

L, —omum IIOBOPOT IIPOTHUB YAaCOBOW CTPEJIKK HA YIOJI QL.

Ln:{Lnl, ... L,"} rpynna npoBeieHHBIX oneparuii cuMMeTpuy (BpalieHus)
OCH CUMMETPHUHU N MOpsIAKA.

B xpucTanimyeckux MHOTOTPAaHHUKAX HEBO3MOKHBI OCH S —TO H
BbIIIE 6-T0 TTOPSJIKA.

B kpucmannuueckux MHO202pAHHUKAX OCU CUMMEMPUU MO2YI NPO-
X00Umb:
- yepes YeHmpovl NPOMUBONONONCHBIX 2DAHEU NePNEHOUKYTAPHO K HUM,
- yepes cepeouHvl NPOMUBONONONCHLIX pedep NePneHOUKYIIPHO K HUM
(monvko Ly);
- yepes NPOMUBONON0NCHBLE BEPULUHBL MHO20CPAHHUKA,
- yepes GePULUHbL U YEHMPbL 2PaHell.



DIIeMEHThl CHMMETPUU

O06o3HaueHne Ornepanyu BpaIeHus
¥Yrous noBopora
1 2
L n=1 a=360°/1=360° L,={L,"}
L 1, 2
L={L,", L
n=2 a=360°/2=180° ={Lo, Lo}
Bug cboky Bun cBepxy
180°
0
) 1
180°
Ls 1,2, 3
Ls={Ls", Ls°, L
n=3 a=360°/3=120° ks Le' Lad
Bug cooky Bun cBepxy




1 2

L 1,23, 4
0 L,.={L,, L, L, L
n=4 «=360°/4=90 =L LS L L
Bug cboky Bun cBepxy

. Le={L¢" L2 L, Lt Lo, L
n=6 a=360°/6=60 6=1le Lo Lo Le Lo, Lo}

Bug cooky Bun cBepxy




1.2. CummMmerpuueckue npeodpazosanus |l poxa

K cummerpuueckum npeodpazoBanusim |l poga oTHOCSATCS onepanuu
orpaxkenus. K anementam cummerpuu |l poga oTHOCSTCS MIIOCKOCTU CUM-
METPHUH, IIEHTP UHBEPCUU U CIIOKHBIE OCU CUMMETPHH.

I110cKOCTHI0 CHMMETPHUM HA3bIBAE€TCS TJIOCKOCTh, KOTOpas JIEIUT
¢urypy Ha JB€ paBHbIC YaCTH, PACIIOJIOKEHHbBIC IPYT OTHOCUTENIHHO Apyra
KaK MpEeIMET U ero 3epKajibHoe oTpaxeHue. OO003HAYAETCS B CHUMBOJIUKE
O.bpase - P.

IInockocmu cummempuu 8 Kpucmanie Mo2ym npoxooums:

- yepes pebpa,

- NepneHOUKYIAPHO pebpam yepes ux cepeouny;,

- NepNEeHOUKYIAPHO SPAHAM Yepe3 UX CepeouHbvl;

- yepes epuIUHbI.

A, P A,

Bun cOoky Bun cBepxy
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IlenTpoM cumMMeTpuM (MHBEPCHH) HA3bIBACTCS TaKas TOYKA BHYTPU
(GuUryphl, IpHU OTPaAKEHUH B KOTOPOH BCEX TOUEK TMOCIICTHSSI COBMEITASTCS
cama ¢ coooit. O0o3Hauaercs B cumBosnke O.bpage - C.

Llenmp unsepcuu Hazwvigaom yeHMpom 06PamHoO20 paseHcmad, no-
MOMY YMO KAX*COAsl 2panb NPU HATUYUU YeHMPA UHBEPCUU OONHNCHA UMEMb
PAasHyro cebe u 06pamHo napaiieibHyio 2paHb.

Bun cOoky Bun cBepxy
T T .
0 .
.\ yd ~
\\\\ / \
\;(\ ."'; \\'.
\\\\ III 0 B II|
© I —
. |II l II|
\\X\ II‘\ I,-"II
\\\\\ '\\ ) /
® AN /
“ o
| ~ -
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1.3. Cuio:kHBIE 3JIeMEHTbI CHMMETPUH (COBOKYITHOCTH ONepanuii
BpallleHUs U OTPAKEHUA)

NHBepCcHOHHOM 0CbI0 CUMMETPHH HA3bIBACTCA MpsMasi JTUHUSA, TIPU
ITIOBOPOTE BOKPYT KOTOPOU HA HEKOTOPBIN ONMPENEIEHHBIN YTOJI O C MOCIIE-
AYIOIIUM OTpaK€HUEM B IEHTPAJIbHON TOYKE (PUTYpPHI, KaK B IIECHTPE WH-
Bepcuu, (hUrypa COBMEIIaeTcsi cama ¢ co0oil.

O6o3unavaercs L;,, rne n=1,2,3,4,6.

Lin:{Linl,... L™} - rpynma npoBeeHHbBIX oneparyii cuMmMeTpun (CoBO-
KYITHOCTH OIeparvii BpaIlleHUs U OTPAKCHHS B ICHTPE CUMMETPHH) WH-
BEPCHOHHOMN OCH CUMMETPHUH N TIOpSIIKA.

DIJIEMEHTBl CAMMETPUH Onepanuu BpaleHus
O603HaueHue, yroi noBopora Y OTPaXKECHUS
1 2
Lis 1, 2
Li;={Li", L
n=1 «=360°/1=360° n=th, Lo}
Bun cOoky Bun cBepxy

360°

12



1 2

Liz o

Lo={Li" L,
n=2 a=360°/2=180° 2={Li2’, Lio}
Bupn cooky Bup cBepxy

180°

Lis 1, 2, 3, 4, 5, 6
Li=fL: ’ L: ’ L. , L. ’ L. ’ L.
n=3 a=360°/3=120° =ik’ Lig"s Lig™s Lis', Lia™, Lia'y
Bun cOoky Bun cBepxy
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1 2

Lie 1, 2
° L - L ) L ) y L
=4 «=360°/4=90 ~{Li’, Lie’, Lia’, L'}
Bun cooky Bun ceepxy

90°

Lis 1 3 5, 6
o Lic={Lis", Lis’, Lis", Lig", Lig", Li
n:6 OL:360°/6:60 i6 { i6 i6 i6 i6 16 |6}
Bun cOoky Bun cBepxy
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3epkajibHO-MIOBOPOTHOM OCHI) HA3BIBACTCA MPSIMAs JTUHUS, [IPU

MOBOPOTE BOKPYT KOTOPOM Ha HEKOTOPBIN Yroa o C MOCISAYIOUIUM WIH

npcABAPUTCIIbHBIM OTPAKCHHUCM B HCpHGHI{HKYJ'IHpHOﬁ K HEeH IIJIOCKOCTH,

¢dburypa CoBMeIaeTcs cama ¢ COOOM.
t,, roe n=1,2,3,4,6 (mopsiaok ocu).

L.={L.}, ..., L,"} rpymma npoBeseHHbIX Onepauuii cuMMeTpuH (Co-

BOKYITHOCTH onepaunﬁ BpalllCHHUA U OTPAKCHHA B IINIOCKOCTH CI/IMMeTpI/II/I)

3€pKaJbHO-IOBOPOTHOM OCH CUMMETPUM N MOPsJIKA.

1 2
b 1 2
b={t., L
n=1 a=360°/1=360° 1={t B}
Bun cooky Bun cBepxy
L,
360°

15




1 2

% Ly

t={Lt,, L
n=2 «=360°2=180° ={t2, 12}
Bun cooky Bun cBepxy

180°

180°

ks 1y 2 3747576
1.={15 15,15, 15, 157, L
n=3 a=360°/3=120° ={ts ke ke’ B ks Re ]
Bup cOoky Bun ceepxy

120°
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1 2

L 172 ;344
v={t,, ., 1, L
n=4 «=360°/4=90° T E VAR A A I
Bun cooky Bun cBepxy

Ee={b B2 B Bt e, Bl
N=6 a=360°/6=60° S KRR Z NS ZOPE TR 2R 2 s

Bup cOoky Bun ceepxy
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Bornpocsl k riase 1

1) UYro Ha3pIBaeTCS KPUCTAILIOM?

2) UTto moapazyMeBaeTCs 1M0j] CAMMETPHYCCKIMH IPeoOpa3oBaHusI-
MH?

3) Yto Takoe 31eMEHTBI CHMMETPHUH?

4) Yto Ha3BIBACTCSH OCHIO CUMMETPHH?

5) Yto Ha3bIBaCTCS TNIOCKOCTHIO CHMMETPUN?

6) UTo Ha3BIBaCTCS LICHTPOM HHBEPCHH?

7) YeM oTiM4YAOTCSI CHMMETPHUYECKHE IpeoOpa3oBanus | poaa ot
CUMMeTpHuYecKkux npeodpazoBanuii |l poga?

8) Ilo kakomy MpHU3HAKY OOHAPYKUBACTCS HAJTUYKME Y MHOTOIPaH-
HUKa I[EHTpa UHBEPCUM?

9) UeM oTianyaroTCs CIOKHBIC OCH CUMMETPHH OT IIPOCTHIX OCek
CUMMETpUU?

10) Yewm OTIMYAOTCS MHBEPCHOHHBIC OCH CHMMETPHUH OT 3EPKalb-

HO-ITOBOPOTHLIX oceu CI/IMMCTpI/II/I?

3amanus K riase 1

1) CpaBHuTe nelicTBHE ocell CUMMETpUH 6 1 3 TTopsIKa.

2) CpaBHUTE ICUCTBHUE OCell CUMMETPHUH 4 1 2 MOpsaKa.

3) CpaBHuUTE ACHCTBUE OCEH CHUMMETPUH 6 U 2 TIOpsIKA.

4) Kakoii ”"HBEpCHOHHOW OCH SKBHUBAJICHTHO JCHCTBHE INTIOCKOCTH
CHUMMETPHH.

5) Kakoii ”HBEpCHOHHOM OCH 3KBHBAJICHTHO JICHCTBHUE IICHTPA WH-
BEPCUM.

6) Omnpenenure, Kak CBA3aHbI HHBEPCHOHHBIC OCH U 3¢PKaIbHO-

ITOBOPOTHBIC OCHU CUMMCTPHHU.

18



I'nasa 2. Kpucrasuiorpagpuyeckue npoeKuuu
2.1. Cepuueckasi npoeKuusi.

Jlnst mocTpoeHnust chepruueckoi MPOEKIuU CTPOUTCs cdepa NpoeKIui
- cepa mpOU3BOJILHOTO pajuyca, OMUCAHHAS BOKPYT KPUCTAJLJIA, TOUHEE
BOKPYT €ro 1eHTpa Tsxectd T.0.

T.N - ceBEpHBII NOJIIOC CPEPhI MPOCKIIUMA.

T.S - F0XKHBIN TOJTIOC CPephbl MPOCKIIUIA.

Ocb CUMMETPUM KPUCTaJJIa TIEPEHOCUM ITyTEM MapajuieIbHOTO Iie-
peHoca ee TakuM 0o0pa3oM, 4TOOBI OHA MPOXOAMIA Yepe3 LEHTP chepbl
T.0. OHa nepeceuer cepy npoekiuii B T.A, KoTopasi Oy/ieT Ha3bIBATHCS
MOJIFOCOM HANpaBJeHUSA Wi cC(pepuUeCKOd NMpPoeKuuer HANPaBJICHUA
BekTopa OA.

Uepes ceBepHBI MOTIOC, T.A 1 F0XKHBIN MOTIOC MPOBEAEM MEPHUJINAH.
Touka mepecedyeHus dKBaTOpUAIbHON AYrd U Mepuauada - T.B. Ot Hyne-
BOr0 MepuJiMaHa K T.B 1Mo skBaTopHaibHOM Ayre OTCUUTAEM yIJIOBOE pac-
CTOSIHHC , — JIONTOTY. ¢ - JOArota — cpepuiecKas KoopauHara, omnpe/e-

JsieMasi 1o SKBaTOpPUAIbHOM JIyTre 1o 4acoBoi crpenke (0°<ep<360°).
OT ceBepHOro moytoca K T.A M0 MEpUAMAHY OTCUUTHIBAEM YTIIOBOE
paccTosiHEe p, - IIHMPOTY — HOJISIPHOE PACCTOsIHUE. P - MHUPOTA - chepu-

YyecKasi KOOpJMHATa, OTCUUTBIBaeMasi OT CEBEPHOTO ToJitoca N K F0)KHOMY
nosrrocy S mo mepuamnany (0°<p<180°).

Takum obpazoM cgepuueckas npoexyus ocu cummempuu - Touka A
Oynet 3aduKcUpoOBaHa B MPOCTPAHCTBE JBYMs CHEPUYSCKUMHU KOOPJIMHA-
Tamu (¢, p,)-

[T1ocKOCTh CHMMETPHHM KpHCTallIa, CoAepKaliasi OCh CHMMETPHH,
nepeceuer chepy mpoekiuii mo ayre NABSN. [lonydennas myra Oyaet
chepuueckoti npoexyueli nioCKOCmMu CUMMEMPUU.

Ecnu B kpucTaie npucyTCTBYeT IIEHTP HHBEPCHH, TO OH B TIPOCK-

IIUU COBMAJIET ¢ yermpom cghepui npoexyuti T.0.
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Cdepa npoekuui N

JKBATOPHAIBHAA

HACCROCTR S Hy.1eBoii MepHIHAH

2.2. Ctepeorpaduyueckasi npoeKius

CrpouMm cdepy NpoeKIHil BOKPYr KpucTamia ¢ UeHTpoM B T.0 u
MPOBOJIMM 3KBAaTOPHUAIIBHYIO MJIOCKOCTh. [Ipoekius nzyyaeMoil ocu CUM-
METpUU Ha cepy NpoeKui - T.A HaXoauTcs B ceBepHou noiycdepe. Co-
eANHSIEM FOKHBIN MOJIOC S ¢ TouKoM A,

Touka a — mepecedueHHe HSKBATOPUATBLHON TIJIOCKOCTH U AS —
cTepeorpaduueckas mpoekiusa HanpasiaeHus OA.

Ecnu npoekuys ocu CUMMETPUM HAaXOJUTCS B I0KHOW mosycdepe -
touka D, To ee coequnsiem ¢ ceBepHbIM momrocoM N. Touka d - mepecede-
HUE dKBartopuaiibHOM minockoct U1 DN — crepeorpaduueckas mpoekius
Hampasnerus OD.
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Cdepa npoexumii OcHoBHO¥ Kpyr

A

NpoeKuuit

OKBaTOPHAIbHAS
IJIOCKOCTh S

Ecnu ock cumMMeTpun HalpaBiieHA BEPTUKAJIbHO M COBIIAJAET C Ce-
BEPHBIM WJIM FOXKHBIM TIOJIFOCAMHU, T.€. MEPHEHIUKYISIPHO (HOPMAIBHO) K
MJIOCKOCTH TIPOEKIUMH, TO ee crepeorpaduyeckass MpoOeKIus (TOUKA)
OKQXXETCS B LIEHTPE Kpyra MPOEKIHM.

Ecin och cuMMeTpuM HampaBlieHa HAKJIOHHO K 3KBAaTOPUAIBHOU
MJIOCKOCTH, TO €€ MPOEKIMel OyAeT SBISAThCA TOYKAa BHYTPHU Kpyra Mpo-
EKIIU.

Ecin ocb CUMMETPUU JIEKUT B SKBATOPHUAIIBHOW TIOCKOCTH, TO OCh
0003Ha4aroOT JUHUEH C COOTBETCTBYIOIIUMU €€ MOPSAKY 3HAYKaMH, pac-
MTOJIOKEHHBIMU HA KPYTe MPOECKIUM.

s
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Ha cTepeorpamMmax mpoeKIMH MIOCKOCTEH CUMMETPUU M300paxka-
FOTCSI IBOMHOU JINHUEH.

B cnydae HaKJIOHHOW TUIOCKOCTH CHUMMETPHH IIpOeKIuend Oyner
ayTa.

B cnydae TOpU30HTANBHON INIOCKOCTH CUMMETPUH, COBIAIAIOIIEH
C DKBAaTOPHUAIIBHOM TIOCKOCTBIO, MPOEKIUS IIOBTOPUT KPYT IMTPOCKIIHM.

B cnydae BepTUKaNIBHON IUIOCKOCTH CUMMETPUU, MPOXOAAILIEH de-
pe3 CEeBEPHBIN U I0KHBIN MOTI0CA, MPOEKITUEH OyIeT TuaMeTp Kpyra mpo-
EKIUN.

F

0O603HaueHus 21eMeHmo8 CUMMEMPUY Ha CMepeocpaguyecKoll npoeKyuu

Pacrnionoxenue
OTHOCHUTEJIBHO TIJIOCKOCTH MPOEKIINH
DJIEMEHT CUMMETPHUH
IlepnieHquKyISIPHO U
[TapamnensHO
HAKJIOHHO
L, o 0——0
Ls A
Ls O
Lis A
L|4




©
C C

2.3. 'nomocrepeorpadguueckasi npoeKus

[ToctpouB crepeorpadudeckre MPOEKIMUA DIEMEHTOB CHMMETPHUU
KpUCTAJUIa, HAUMHAEM CTPOUTH MTPOCKINHU IPaHE KpUCTAILIA.

Ecnu OyneM mpoeuupoBaTh T'paHW KPUCTAJIa B BHJE IUIOCKOCTEH,
nepecexaromux cepy mpoeKkiuii, To cTepeorpaMMa OKaKeTCs HEeUUTae-
MOM 1 HeMH()OPMATUBHOM M3-3a OOIBIIIOTO KOJIMYECTBA TUHUMN U AYT.

N
Cdepa npoexunii OcHoBHOM Kpyr
NpoeKuMii
G
[0
g
K
S

K rpanu npoBoIsT nepneHANKYIsap, KOTOPBIN nepeceder chepy mpo-
ekt B Touke G co chepuueckuMu KoopauHaramu (¢, O). DTy TOUKY

IpoeHMUPYEeM Ha IIOCKOCTh MPOEKIIMA M TaKUM 00pa3oM IOJydyaeM THO-
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MoOcCTepeorpapuUecKyro MPOEKIUI0 IPaHu — TOUKY g (IepeceueHue JIydei
GS u OK).

PaccmoTrpum kpuctamt ¢ ¢opmyrnoit cummerpun L4L,5PC. B Hem
HaOII0MAI0TCS TPaHU 2 COPTOB: @ — I'PAHU TETPArOHAIbHON AUMUPAMUIBI,
b — rpaHu TeTparoHajJbHOU Mpu3Mbl. CTpoUM cTepeorpad@uiecKyro MpoekK-
U0 3JIEMEHTOB CUMMETPHUM KPHUCTAIUIA, 3aTEM K KaXJIOW U3 TPaHeil Mpo-
CThIX (HOPM CTPOUM MEPNEHAUKYISIPHI U MPOCHUPYEM HX HA TIJIOCKOCTh
MPOCKIUN.

TleprieHAUKYILAD K

A e rpaHi b

Vi

CrepeorpadudecKiie IpoeKIHI
S MIEPIIEHANKYIIAPOB K TPAHAM
BepxHeii momychepsl

Creperpadudeckue MPOSKIUH
MEPHEeHINKYJIAPOB K TPaHAM
HIDKHeit monycdepsr

a TeTparoHanbHag gunupamuga
b TeTparoHanbHag npusma |

[Ipu nmpoenpoBaHuy rpaHell KPUCTAJUIOB BBISIBIEHA UHTEpPECHAs 3a-
KOHOMEpPHOCTh. Eciu rpaHu mepecekaroTcs Mo MapauiebHbIM pedpaM U
00pa3yloT NpU3MbI C Pa3HbIMU CEYEHUSIMH, TO HOPMAJIA K 3TUM TpaHAM
OyayT pacmojaraTbCs B OJTHOM IJIOCKOCTH, MPOXOASIIEH yepe3 LUEHTp TH-
KECTH KpUCTaJLia.

['panu, nepecekaromuecs Mo napauiedbHbIM pedpaM, Ha3bIBAKOTCS

TayTO30HAJBHBIMU. (tautos (rped.) - «TOT K€ CaMBbIi»).
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COBOKYMHOCTh TAayTO30HAJIBHBIX T'PAHEH HA3BIBACTCS «30HOW» WIIH
MOSCOM.

Ochl0 30HBI HaA3bIBACTCSl HANpaBJICHUE, MapajlieJbHOE pedpam, Mo
KOTOPBIM MIEPECEKAOTCS TAyTO30HAIbHbBIEC TPAHHU.

1)  Eciu ochk 30HBI pacrojio)eHa BEPTUKAIBHO, TO IPOSKIIMUA BCEX
rpaHei OyayT pacmloJIOKEHBI Ha KPyTe MPOCKITHH;

2) Ecnm och 30HBI pacroyioX)eHa TOPU30HTAIBHO, TO MPOCKIIMH
BCEX IpaHeil OymyT pacmoJiaratbCsi Ha BEPTUKAIBHOM JUAMETPE Kpyra
MPOCKIIUN;

3) Ecnm och 30HBI pacrojio’K€Ha HAKJIIOHHO, TO IMPOCKIMH BCEX
rpaHei OyAyT JieKaTh HAa OAHOM Ayre OOJbIIOTO Kpyra.

Bormpocsl k rinase 2

1) Yewm sBIsieTCS M KaK CTPOUTCS chepruueckas MPOCKIUs IPSIMOK?

2) Uewm xapaktepusyeTcs cepuueckas mpoeKIus IpsMoi ?

3) Kak uzobOpaxaroTcs crepeorpaduueckue NpoeKIuy IpSIMbIX,
PaCIONI0KEHHBIX OTHOCUTEIHO OCHOBHOTO Kpyra MpOEeKIUi a) Bep-
TUKaJIbHO; 0) TOPU30HTAIBHO, B) HAKJIOHHO?

4) YeM sBIICTCS U KaK CTPOUTCS CTepeorpaduiecKkas mpoeKITus
IJIOCKOCTH CUMMETPUM ?

5) Kak pacmonaratorcst crepeorpaguieckue MpoeKINH MI0CKOCTEH
CUMMETPHUHU PACIIOIOKEHHBIX OTHOCUTEIIBHO OCHOBHOTO Kpyra IMpOeK-
Ui a) BEpTUKAIBbHO; 0) TOPU30HTAIIBHO, B) HAKJIOHHO?

6) Uro Takoe THOMOCTEepeorpaduIecKas MPOSKIHsI INTOCKOCTH U KaK
OHa CTPOUTCA?

7) Kak n3o0pakaroTcst ctepeorpaduueckue NpoeKIMKU IPaHeH KpH-
cTajia, pachoJIOKEHHBIX B HUKHEW mostycdepe mpoeKIiuii?

8) Kaxk u3zo0paxaroTcs crepeorpaduueckre NpoeKIuy IpaHeit Kpu-
cTajia, pacloJIOKEHHBIX B BEpXHEH morycdepe mpoeKimii?
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I'naBa 3. B3auMoaeidCTBUSI CHMMETPUYECKUX MPeodpa3oBaHU i
| u |l pona (3;1eMeHTOB cCHMMeTpPHH)

PaccMoTpeHHbIE CHUMMETpUYECKHE MpeoOpa3oBaHUs B peajbHBIX
KpHUCTaJUIaX BCTPEUAIOTCS B BUE OMPENEIEHHBIX COBOKYITHOCTEH — TPyMII.

CummMmerpuueckue npeodpazoBanus [ u Il poma xpucramimueckoro
MHOTOTPAaHHUKA OCTaBIISIIOT HA MECTE IO KpailHeil Mepe 00HYy e2o mouKy, B
KOTOPOii mepeceKkaloTcs Bce 3jeMeHTbl cumMmerpun. [lostomy rpymnmna
CUMMETPUYECKUX MpeoOpa3oBaHuii 00pa3yeT TOYEHYHYH TIpynmy CHUM-
MeTpHH.

Ilopsinok rpynnbl CHMMETPUM — 5TO YUCIO HEIKBHUBAJIEHTHBIX
CUMMETPHUYECKUX MpeodpazoBanuii, oOpasyromux rpymnmy. Obo3HagaeTcs
Gk.

I'pynna (kj1acc) CMMMETPHUM KPHCTAJLIA — DTO COBOKYITHOCThH BCEX
pa3IUYHBIX HEIKBUBAJICHTHBIX CUMMETPUYECKUX OINEpaluidi — COYeTaHH
AIIEMEHTOB CUMMETpHUH, ITpeoOpazyomux Gpurypy camy B ceos.

[TpaBuibHOE CTPOCHHE KPUCTALIUYECKUX MHOTOTPAHHUKOB 00Y-
CJIaBJIUBACT OMPE/CICHHBIE COBOKYITHOCTH SJIEMEHTOB CUMMETPHUH, B3aH-
MOCBSI3aHHBIX JIpYT C JApyrom. Mx B3auMonmeWcTBHsI paccCMaTpUBAIOTCS B
TEOpEMax O CJIOKEHUHU AJIEMEHTOB CHMMETPUU U UX CIIEJCTBUSX.

OceBast Teopema Jilsiepa B 0011eM BH/I€E:

B3aumoneiicTBue AByX oceil CUMMETpUM N-OTO TOpsiaKa, MOBO-
POTHBIX WJIM WHBEPCUOHHBIX, TPUBOJIUT K BOBHUKHOBEHHUIO TPEThEH OCHU
CUMMETPHH, TTPOXOIAIICH Yepe3 TOUKY UX MepeceUCHUsI.

[Ipu 3TOM pe3yabTUPYIOIIAsA OCh OKAXETCsI TOBOPOTHOM, €CJIN HC-
XOJIHBIMH OyAyT JBE€ OJMHAKOBBIE OCU (00€ MOBOPOTHBIC MU 00€ MH-
BEPCHOHHBIC) U WHBEPCUOHHOM, €CJIM MCXOJHBICE OCH OyAyT Pa3HOTO

THUIIA.
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Bapuanr 1. B3anmoneiicTBue CHMMETPHUYeCKHUX NPeodpa3oBa-
Huii I poxa
IIpyn HamuyuM ABYX NEPECEKAOIIMUXCS OCEW CUMMETPUU BCETHA
CJIENyeT UCKaTh TPEThIO PABHOAECUCTBYIOUIYIO OCh, MPOXOISIIYIO Yepes
TOYKY MEPECECUEHHUS MTEPBBIX ABYX.
P

O

Bapuanrt 2. BzaumoaeiictTBue CHMMETPHYeCKHUX MPeodpa3oBa-
Huu I1 pona

IIpu HanMM4UK ABYX IJIOCKOCTEH (IBYX MHBEPCUOHHBIX OCEH 2-0r0
MOPsIJIKa), IepeCeKaloIUXCs MO YoM [3, BCeraa clielyeT UCKaTh paB-
HOJCUCTBYIOLIYIO OCh, IPOXOASAIIYIO YEPE3 JIMHUIO NIEPECEUECHHUS TLIOC-
KOCTEH, C 3JIEMEHTApHBIM YIJIOM IOBOpOTa 0=2f3.

<>

e ———

Bapuant 3. B3aumoaeicrBue CMMMETPHYECKHUX Npeodpa3oBa-
Huii | m 1l pona

Ecin B3aUMOIEUCTBYIOT CUMMETPUYECKUE ONEpPALIMA PA3ZHOPOI-
HbIE, TO PE3yJIbTUPYIOLIECH OKaxeTcsi cummerpudeckas onepanus |l po-
na: JTu00 TIJIOCKOCTh CUMMETPUU — MHBEPCHOHHAS OCh 2-TO MOPSIIKA;
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7100 IIEHTP UHBEPCUM.

CaencrBue 1

Ecnu B3anmMoieicTByeT 0Cb CHMMETPHH N-0ro mnopsaka L, u mep-
NEHIUKYJISIPHO € 0Chb CUMMETpHuH 2-TO Topsaka L,, To oceli cuMMeT-
puu 2—0ro nopsjka Oyner n.

7

0

CaencrBue 2
Ecau B3auMoneiicTByeT OChb CUMMETPUU n-oro mnopsaka L, u
BJIOJIb HE€ TUIOCKOCTh CUMMETPHUHU P, TO TakuxX IJIOCKOCTEH, MPOXOIs-

X B0k Ly, Oyzer n.
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[Topsok 3amucu GopMyJibl CAMMETPUHN KpHUCTAIIIa B
o6o3nauenusx O.bpase

1. BHavase omnpeaensioT OCH BBICIIUX IOPSIKOB, 3aT€EM OCH
BTOpOTO Mopsaka. Ock MEPBOTO MOPSIKA 3aMMCHIBACTCS TOJBKO B TOM
cirydae, €Ciiu He 0OHapy)KeHO HUKaKHMX JPYTUX 3JIEMEHTOB CUMMETPHH.

2. KomndecTBO oceil 0lMHAKOBOTO MOPSIKA YKa3bIBACTCS TIEPE]T
0003HaYEHUEM OCH.

3. Jlanee 3amMChIBAIOT MJIOCKOCTH CUMMETPHUH, €CITM OHU €CTh.

4. KonnuecTBO MJIOCKOCTEH CHUMMETPHUH, €CJIM UX HECKOJBKO,
yKa3bIBaeTCs Mpea 0003HAYCHUEM TIIIOCKOCTH CUMMETPHH.

5. CambIM TMOCIETHUM 3alHUCHIBACTCA ILEHTP WHBEPCHUM, €CIIU
OH €CTb.

6. HuBepcHOHHBIE OCHU CIE€AyeT WCKaTh JHUIIbL TOTAA, KOornaa
HaWJEHbI TIPOCTHIE OCH, TIJIOCKOCTH U IEHTP MHBEpPCUU (WU MPOBEPE-
HO, YTO UX HET).
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Bomnpocs! k rinase 3

1) O 4em roBopuT OceBas Teopema Diisiepa B 0011eM Buae?

2) Kakoii pe3ysbTaT B3auMOJICHCTBHS CHMMETPHUYSCKHX TTpeoOpa3o-
Banuii | pona?

3) Kakoii pe3yynbTar B3aMMOACHCTBHS CHMMETPHUSCKUX Peodpa3o-
Banuii Il pona?

4) Kakoii pe3ynbTaT B3auMOACHCTBUS CUMMETPHUYECKUX MPeoOpaso-
Bauuii [ u Il pona?

5) Yrto sBisieTCs pe3yIbTaTOM B3aUMOCHCTBHUSA OCH N- TIOPSIKA U
NEePHEHIUKYJISIPHO €1 ocH 2-mopsijaKa’?

6) Uto sBIIIeTCS PE3yIbTATOM B3aUMOJICHCTBHUSA OCH N TIOPSIKA U
MPOXOASAIIEH BJOIb HEE TIIIOCKOCTA CUMMETPUH?

7) B xakoM IopsijiKe 3aliChIBAIOTCS OCH CUMMETPHH, €CIIU OHH Pa3-
HOI'0 mopsiaka?

8) I'me yka3bIBalOTCS IIOCKOCTH CUMMETPHH B JOPMYJIe CHMMETPUHI
KpucTasia’?

9) I'me yka3bIBaeTCs IIEHTP HHBEPCHH B POPMYJIe CHMMETPUU KPH-
craymia’?
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I'naBa 4. CHHrOHMM U KAaTeropuu

PaccMoTpeHHbIE CHMMETPUYECKHE MpeoO0pa3oBaHUs B pealibHBIX
KPUCTAJUIAX BCTPEUYAIOTCS B BUJIE ONPEICICHHBIX COBOKYITHOCTEW — IPYIIIL.

I'pynna (kj1acc) cuMMeTpur KPUCTAJLIA — 3TO COBOKYITHOCTh BCEX
PAa3IMYHBIX HE3KBUBAJIEHTHBIX CUMMETPUUYECKUX ONEpAIMi — COYETaHUU
AJIEMEHTOB CUMMETpPHUHU, Npeoldpazyronux Gurypy camy B cebs. [Ipu Tom
MX B3aMMHBIE PACTIONIOKEHUS MOAYUHSAIOTCS BCEM MOJIOKEHHUSAM MaTeMaTH-
YeCKOU Teopru adCTPAKTHBIX TPYIIIL.

OKBUBAJICHTHBIMU OJTHOUMEHHBIMH 3JIEMEHTAMU CHMMETPUU Ha3bl-
BAIOTCS DJIEMEHTHI, CBSI3aHHBIE KAKUMHU-JIUOO ONEpalusiMd CUMMETPUU
JAHHOTO KpPUCTAJLIA.

CummMmerpuueckue npeoOpazoBanus [ u Il poma xpucramimueckoro
MHOTOIPaHHUKA OCTABJISIIOT HA MECTE IO KpAllHEW MEpE 00HY €20 mouKy, B
KOTOPOH MEPeceKalnTCH BCe JIeMeHThbl cumMmeTrpuu. [losTomy rpynna
CUMMETPUYECKUX MpPeoOpa3oBaHuil 00pa3yeT TOYEYHYI0 TIPYNIy CHM-
METPHH.

ToyeuyHble rpynnbl CHMMETPHH YIOBICTBOPSIOT BCEM YCIIOBUSAM
MaTreMaTU4eCKON TPyMIIbI.

Ilopaooxk zpynnst cummempuu — 3T0 YUCIIO HEDKBUBAJIEHTHBIX CHM-
METPUICCKHX NpeoOpasoBaHuii, obpasyrouux rpymimy. Obosnavaercst G

12 3 4

L,= {L4 L, sL, 5L, } G =4

KparHOCTh TOYEUHOW TPYyIIBI CUMMETPHUHN ONPEAECIAET MAKCUMAIb-
HO€ KOJIMYECTBO SKBHBAJICHTHBIX TOYEK, KOTOPOE MOXHO ITOIYYUTh U3 OJI-
HOM TOYKHU, IpeoOpa3zysi €e BCEMU OINEpaIusiMi CUMMETPHUH, BXOJAIINMU B
TpYIIILY.

KparaocTs N COOTBETCTBYET UMCIly TpaHeil o01iel mpocToil popMsl,
XapaKTEePU3YIOLLIEH TPYIIILY. %=N.

['pymnma MOXET ABIATHCS NOATPYNIIOW IPYrOMl TPYIIbI, €CIU BCE
AJIEMEHTHI CHMMETPUU MEPBOU TPYIIBI BXOIST B COCTAB JJIEMEHTOB CHM-

METPUH BTOPOM IPYIIBI U €CIIU UX MHOXKECTBO CaMO 00pa3yeT IpyIiy npu

OJHMHAaKOBOM BI)I60pC IMpaBuJI COUYCTAHUA.
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EnuanunbiM (0oco0biM) HanpaBienueM (E) B kpuctaminyeckom
MHOTOTPaHHUKE HA3bIBAETCSI TAKOE HAIIPABIICHUE, KOTOPOE HE MOXET OBITh
MMOBTOPEHO HU OJIHUM U3 €T0 JIEMEHTOB CUMMETPUH.

B 3aBUCMMOCTH OT HAJIMYMS U YUCIa OCOOBIX (€AMHUYHBIX) HAIpaB-
JICHUW KPUCTAJUIBI ACNATCA HA KpUCTauiorpaduuecKkue rpynmbl Uil Kare-
TOPHUM.

K Hu3I1I€# KaTeropuu OTHOCSTCS TPYIIIbl CAMMETPUU C HECKOIBKUMU
€AMHUYHBIMUA 0COOBIMH HaIPaBICHUSIMU.

K cpenHeil kaTeropuu OTHOCSITCSA TPYNIbl CUMMETPUHU C OJHUM €JIU-
HUYHBIM 0COOBIM HampaBICHUEM.

K BbICII€l KaTeropuu OTHOCSATCS TPYMNIBI CUMMETPHUHU, B KOTOPBIX
HET €IMHUYHBIX 0COOBIX HAIPaBICHUM.

Tpunuare 1Ba Kjacca CUMMETPUHM OOBEIUHSIOTCS B CEMb CUHTOHMIA.
CUHTOHMS B TIEPEBOJIC C TPEUECKOTO SI3bIKa 03HAYAET «CXOJACTBO yIIOB». B
OJIHYy CUHTOHUIO OTHOCSIT KPUCTAJIJIbI, UMEIOIINE OJUHAKOBYIO CHMMETPHIO
AJIIEMEHTAPHOU STYEHKHU U OJIMHAKOBYIO CUCTEMY KOOPJIMHAT.

CuHronuei Ha3bIBaeTCA TPYIa KJIACCOB CUMMETPUNA C €IUHON KO-
OpJIMHATHOM CHUCTEMOM, 00JaaromMnX OJHUM WU HECKOJbKHMH CXOJIHbI-
MU 3JIEMEHTaMU CUMMETPUH (C 00s3aTEIbHBIM YYETOM OCEH MOpsIKa BbI-
i€ 2) Npu OAMHAKOBOM YHCJI€ OCOOBIX (€AMHUYHBIX) HapaBICHUM.

Bcero BbIIeJSIIOT ceMb CHHTOHMM: TPUKJIMHHYIO, MOHOKJIMHHYIO,
POMOMYECKYI0, TETPAroHAIbHYI0, TPUTOHAIBHYIO, TEKCAarOHAIbLHYIO U KY-
OMYECKYIO.
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I'eomeTpHUyeckne 0COOEHHOCTH CHHITOHMI U BBIOOP KpucTa/LuiorpaguyecKknx oceid KOOPpAUHAT

O0sm3a-
E TCJIbHbBIC-
o - Enununynrsie I'eomerpuueckre KOH-
= CuHronus JJICMCH . Bri6op oceit koopauHaT
L Thl CUM- HalpaBJICHUA CTAHThl CHHTOHUHU
<
::4 CUM-
METPUU
1 2 3 4 5 6
ao#bo#Co, a##y;éQOO Ocu X, Y, Z BeIOUparoTcs 1o
L, mym beckoneunoe
TpuknuHHasA MOJTHAS! HEAKBUBAJICHTHOCTh| HAIlpaBJICHUIO HauboJiee sIPKO BhI-
Li;=C KOJIMYECTBO . .
KOOPJIMHATHBIX OCEeH PaXEHHBIX TPAaHEH KpUCTajia
a) Y o L2,
beckoneunoe
o - | X, Z 110 HalpaBJICHUAM JBYX HEla-
- KOJIMYECTBO: ao#be#Cy, a=y=90 , £ 90
< L, unun paJuIeNIbHBIX pedep Kpucrasia.
= | MOHOKIMHHAA JIF000€ B IJI0C- TI0JTHAsI HEOKBUBAJICHTHOCTH
2 L,=P . 06)Ymo L P;
T KOCTH L L;, nnu KOOPJAUHATHBIX OCEU
X,Z 110 HaIpaBIICHUIM JABYX pedep
coBmazgaet ¢ L,
1Y
Tpu enTUHUYHBIX o a) X,Y,Z o 3L,;
3L, wm P ao#bo#Co ,a==y=90 non- )
HanpaBJICHUS 0) Z o Ly;
PomMOnueckas L,2P Has HEOKBUBAJICHTHOCTH KO-
coBmaznaor ¢ L, . eciu HeT Ly
(2L;,=2P) OpPAMHATHBIX OCEH
i L, to X,Y mo L 2P.
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1 2 3 4 5 6
o a) Zmo Lg; XY, 1o Ly;
HO €IUHNY- o
A A ap=bo#Co 0=F=y=90 He- 0) Z no L4; ecnu et L, To X,Y
HOE HaIlpaBJie-
TerparonanpHas | L4 wmm Lig MOJIHAS PKBUBAJICHTHOCTH mo L 2P.
HHE COBIAIAET C .
L KOOPJIMHATHBIX OCEU 6) Z 1o L4; ecmu et L, u 2P,
) To X,Y || pedpam Kpucrtaia
o ag=hyrc a) Zmo Lz; X,Y,U o Ly;
HO €IUHNY- =
= A A oo 0) Z o L3; ecnm HET Ly, TO X,Y,U
= HO€ HaIlpaBJIe- a=p=90, y=120
= | TpuronambHas Ls mim L3 mo L 3P.
2. HHE COBIAIAET C HEIOJIHAS DKBUBAJICHT-
O . 6) Z 1o Ls; eciiu et L, u 3P,
Ls HOCTb KOOPAMHATHBIX OCEH
To X,Y,U || pebpam kpucrtasia
o a) Zmo Lg; X,Y,U o L,;
I[HO eI[I/IHI/ILI- o o
ap=bo#Co a==90 , y=120 0) Z o Lg; eciu HeT Ly;,
HOC HaIpaBJie-
I'ekcaronanbHas | Lg mm Lig HENOJIHAS DKBUBAJIECHT- t0o X,Y,U o 1L 3P.
HHE COBIAIAET C .
L HOCTh KOOPJAWHATHBIX OCEU 8) Z o Lg; eciiu et L, u 3P, TO
° X,Y,U || pebpam kpucTtaia
a) X,Y,Z o 3Lg;
= Her ao=by=cy a=ﬂ=y=90° T10JI- 0) ecau HeT 3Ly,
% Kyb6uueckas 4L, € IUHUYHBIX Hasl DKBUBAJICHTHOCTbH KO- to X,Y,Z o 3L,
A HaIpaBJICHUI OpJIMHATHBIX OCeH B) ecnu HeT 3L4 u 3Lig
to X,Y,Z o 3L,
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Bomnpocs! k rnase 4:

1) Yro Takoe CUHTOHHUS?

2) Uem oTauvaeTcs KaTeropusi OT CHHTOHHUH?

3) Yto xapakTepHO ISl HU3IICH KaTeropuu?

4) Yro xapaKTepHO JUIs CpeaHEeH KaTeropun?

5) Yro xapakTepHO ISl BBICIIEH KaTeropun?

6) Uem TpUKIMHHAS CHHTOHUS OTINYACTCS OT TPUTOHAIBHON?

7) UeM CXO0XH ¥ YeM OTJIMYAIOTCS TPUTOHAJIbHAS U TeKCArOHAJIbHAs
CUHTOHMSA?

8) UeM CXO0XH M YeM OTJIMYAIOTCS pOMOMYECcKas, TeTparoHajabHas 1
KyOuueckass CHHTOHUS

9) Kak BeiOuparorcs ocu XYZ B T€TparoHajabHONH CHHIOHUH?

10) Kak Beioupatorcs ocut XY Z B KyOM4eCcKOi CHHTOHUH?
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I'maBa 5. 32 kyacca (Bujaa) CHMMeTpPHUM U cTepeorpaguueckue
NPOEeKUUH UX IJIeMEHTOB CUMMETPUH

MaremaTtruecku AOKa3aHO, YTO JJIsi KOHEYHBIX KPHUCTAJLNIAYECKUX
MHOTOTPAaHHUKOB BO3MOXHBI Bcero 32 KJiacca (BUaa) CHMMETPHH, KOTO-
pble MOXKHO MOJIYYUTh MyTEM Iepedopa BO3MOXKHBIX COUYETaHUM 3JIEMEH-
TOB CUMMETPHUH, ONPEACIAEMBIX TEOPEMAMU COYETAHUS DJIEMEHTOB CUM-
METPUHU.

Bb100p BO3MOXHBIX COUETAHUHN 3JIEMEHTOB CUMMETPHUH, 3aaBaeMbIX
TEOpEMaMU CJIOXKEHHUS 3JIEMEHTOB CUMMETPUM, OylIeM MPOBOAUTH CIENY-
IOIITUM 00pa3oMm:

1) Tlpumem ocoboe HampaBieHHE 3a HUCXOmHOE. byaem mociemoBa-
TEJIbHO MPUCOCAUHATH K HEMY JJIEMEHTBHl CUMMETPHUHM TakK, 4TOObI OHO
OCTaBaJIOCh €IMHUYHBbIM. BHavane coBmeniaeM ¢ O0COObIM (€IUHUYHBIM)
HAIMPABJICHUEM OCh CUMMETPHUH L.

2) TlpubGasisem nenTp uapepcuu C.

3) IlpucoeauusieM K HCXOTHOMY BHJY HEPHCHAMKYIAPHYIO ILIOC-
KOCTh CUMMETpHH P.

4) ITpuOaBiseM K MCXOJIHOMY BUIY IUIOCKOCTh CHMMETpUH P, mmy-
YO BJOJIb €AMHUYHOIO HAIPABJICHUS.

5) IlpucoenuusieM K MCXOAHOMY BUAY OCh L, , MEpICHIUKYIIPHYIO
Kocu L,

[Io HaGopy 3J€MEHTOB CUMMETPUHU PA3IUYAIOT CJIEIYIOIIUE KJacc
(BUIBI) CUMMETPUM: NPUMHUTUBHBINA, WHBEPCUOHHO-TIPUMUTHUBHBIN, TIjIa-
HaJIbHbIN, MHBEPCUOHHO-TIJIAHAIbHBIN, AKCUAJIbHBIN U TJTAHAKCUAJIBHBIN.

Kitacc (Bua) cuMMmeTpun, KOTOPBIA COCTOUT TOJBKO M3 OJHOM MpO-
CTOM OCH CUMMETPHHU JTFO00T0 MOPsIKa, Ha3bIBACTCS MPUMHUTHBHBIM HJIH
NMPOCTEHIIUM,

Kitacc (Buzx) ciMMeTpru, KOTOPBII COCTOUT TOJBKO U3 OJHON MHBEP-
CHOHHOM OCH CHUMMETPHUU JIOOOTO MOPsAKA, HA3HIBACTCS MHBEPCHOHHO-
NPUMHUTUBHBIM.
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Kinacc (Bum) cuMMeTpuu, BKIIOYAIONIUNA KPOME MPOCTOM OCH CUM-
METPUM €II€ M TJIOCKOCTH CUMMETPHH, UAYIIHE BIOJb OCU CUMMETPHH,
Ha3bIBACTCS IVIAHAJBbHBIM WJIM IUIOCKOCTHBIM. KOHMuecTBO miockocTen
CUMMETPUH 10 TEOPEME COBNAAAET C MOPSAIKOM MPOCTON OCH.

Kinacc (Bua) cuMMETpUH, BKJIIOYAIOIIUMN KpPOME MHBEPCUOHHOU OCHU
CUMMETPHUU €€ U TUIOCKOCTA CUMMETPHUU, UIYIIUE BJIOJIb OCU CUMMET-
pHUU, HA3bIBACTCS MHBEPCHOHHO-TUIAHAJBHBLIM. KoInM4ecTBoO miockocTei
CUMMETPHH T10 TEOPEME COBNAJAET C MOPSIKOM HHBEPCUOHHOM OCH.

Kiacc (Bua) cuMMeTpur, BKIIOYAIOIIUN KPOME OCH CUMMETPHUHU €I
U TEPHEHIUKYJSIPHbIE K HEH OCH BTOPOIrO MOPsJIKA, HA3bIBACTCS AKCH-
AJIbHBIM WJIH 0CEBBIM,

Knacc (Bua) cUMMETpuH, BKJIIOUYAIONIMNA KPOME OCH CHMMETPHH,
IIEHTP HWHBEPCUHU, IUIOCKOCTH CHUMMETPHUM, WIAYILIUE BJAOJb 0OCOOO0TO
HaIpaBJICHUS U TEPICHAUKYJSAPHbIC K OCH CUMMETPUU OCH BTOPOTO IO-
psAZiKa, HA3BIBACTCS MJIAHAKCHAIbHBIM.
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5.1. Buabl cuMMeTpHH M cTepeorpaduyecKkue NpPoeKIuU 3JIEeMEHTOB CHMMETPHH

HU3LIEH KaTeropuu

Buarnr
CUMMET- TpUKIUHHAS CUHTOHUS MoOHOKJINHHASI CHHTOHUS PomOuueckass CHHTOHUSA
pun
1 2 3 4
L]_ I—2
e
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o
m
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=
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5.2. Buabl cuMMeTPHH U cTepeorpaduyeckue NpPoeKIUU 3JIEMEHTOB CHMMETPHHU CPeHEel KAaTeropuu

Buanr
CHUMMCT- TCTpaFOHaHBHaH CHHI' OHUI TpI/IFOHaﬂbHaﬂ CHUHIT'OHHA FGKC&FOH&HBH&H CHHI'OHUsI
puu
L4 I—6

-X +U X
&
e
~
=
> X [-] Y L {+Z >

Ll =
= +Z
(oF
=
+X

+Xv¥ -U
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=
: x A
=
= J7
)
o

+Xvy
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ITmapanpHas

AKcHanbHas

42




2 3 4

L,4L,5PC L33L,3PC L¢6L,/PC
- - -X
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3

4

NHuBepcuoHHO-TIaHATIbHAS

Li33L,3P = L33L,3PC

I—i63 |_23P - L33 L24P
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5.3. Buabl cuMMeTpuH M cTepeorpadpuyeckue NpoeKIMU 3J1eMEeHTOB CHMMETPHUHU BbICHIEH KATErOpuu

Bua cummerpun

dopMmyJia CHAMMETPUUN

KybOuueckast CHHTOHMS

1 2 3
X
[IpUMUTHUBHBIH 41 33L,
IleHTpanbHbBIMI 41L33L,3PC
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3L,4L36P

NuBepcroHHO-
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Bormpocsl k rimase 5

1) Yrto moHMMaETCs MO BUAOM (KJIACCOM) CUMMETPUN?

2) UeM oTIMYAETCS aKCHAIBHBIM BH CAMMETPUN B HU3IICH, CPEI-
HEW U BBICILIEH KaTeropusix?

3) B kakoi cMHrOHMH OO0JIBIIIE BCETO KIACCOB (BHJIOB) CUMMETPHH?

4) B xakoil CHHFOHMH MEHBIIIE BCETO KJI1acCOB (BUI0B) CHUMMETPUU?

5) B kakol KaTeropuu MEHBIIIC BCETO BHJIOB CHMMETPHUU?

6) B kakoii kaTreropuu 00JIbIIE BCETO BUIOB CHMMETPHU?

3a1a”Hudg K riIaBe S5
1) Toctpouth cTepeorpaduUIecKyro MPOCKIUIO TTAHAKCHATLHOTO
BUJIa CAMMETPHHU BBICIIEH KATETOPUHU.
2) TocTpouth crepeorpaduueckre IPOSKIMU aKCHATBHOTO BU/Ia
CUMMETPHUU HU3LIEH KATErOPUHU.
3) IloctpouTth cTepeorpaduueckre NPOSKIUY TUTAHAILHOTO BH/IA
CUMMETPHUU CPEJTHEN KaTerOpuHU.
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I'naBa 6. O003Ha4enus rpynn cummerpun mo A.llléndguaucy

Hapsny ¢ cumBOIMKON 00O3HAYEHMS TPYIN CUMMETPHUH, MPEIIo-
eHHoU bpaBe, B kpuctamiorpad@uu MUPOKO UCIOJIb3YETCS CHUMBOJIMKA,
pa3paboTanHas HeMelkuM MateMaTukoM A.llléndaucom. OnHa npeamnona-
raer BJaJCHHUE MPAaBUJIAMHU B3aUMOJCHUCTBHUS JIEMEHTOB CUMMETPHUH, MO3-
BOJISICT OJTHOM OYKBOM C COOTBETCTBYIOIUM HUKHUM MHJEKCOM HE TOJBKO
OXapaKTepU30BaTh BECh HAOOpP HAJIEMEHTOB CUMMETPUU KOHKPETHOW TO-
YEYHOU TPYIIbl CUMMETPUU, HO U OOBEIUHUTH POJICTBEHHBIC T'PYMILI B
oT/eNIbHBIE cemelicTBa. OHako, HEOOXOAUMO OTMETUTh, YTO OHU HE TIPHU-
BSI3aHbl K KOOPJIMHATHON CHUCTEME, U B CHUJIy 3TOI0 HEJOCTATOYHO MH(MOP-
MATHUBHBI.

6.1.0003Ha4YeHus TPy CHMMETPHH HU3LIEH U

cpenneii kateropuii mo A.llléndgaucy
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Ycnosnvle oboznauenus

['pynmbl cUMMETpUM C €IMHCTBEHHBIM OCOOBIM HAampaBlIeHHEM, Mpe-
CTaBJICHHBIM II0OBOPOTHOM OCBXO CUMMETPUU N MOpsIKa.

I'pynmsl ¢ eMHCTBEHHON MHBEPCUOHHOW OCBE0 CUMMETPHH.
EauHCTBEHHBIE OCH CUMMETPUU BCEI/IA CUUTAIOTCS BEPTUKAIBHBIMH.

['pynnel ¢ €IMHCTBEHHOM 3€pKalbHOW OChIO CUMMETpPUU (OT HeM. Spie-

gelaxe —sepranvnas ocw).

Ecnu kpome oceli CHMMETpUHM B TOYEYHOW I'PYIIIE UMEIOTCS TUNIOCKOCTH
CUMMETPHUH, TO JJI HUX BBOJATCA CJIEAYIOLIME O0O3HAUEHHUS HUKHHUX
IIOACTPOYHBIX HHIECKCOB:

h (ot mHem. horisontal — copuzonmansvhulit) — 15 MIOCKOCTH, MEPIICH-
JTUKYJISIPHOM K TJJaBHOW OCU CUMMETPHH.

Ecnu kpoMe oceit CHMMETpUH B TOYCUHOW TPYIIIE UMEIOTCS IIOCKOCTH
CUMMETPHH, TO IS HHUX BBOMASATCS CIEAYIOIIME O003HAYCHHUS HIKHUX
HOJICTPOYHBIX HHICKCOB:

vV (ot Hewm. vertical — sepmuxanvhnoviil) — IS TUIOCKOCTEH, PacIolio-
’KCHHBIX BJIOJIb CAMHCTBEHHOMN WJIM TJIABHOH OCH CHMMETPHH.

['pynnel cuMMeTpun, B KOTOPBIX UMEETCSI BEPTUKAIbHASA OCh CHMMETPHUU
N mopsiaKa, U, B COOTBETCTBUU C TEOPEMOM, N OCEN CUMMETPUU 2 MOPSI-
Ka, MEePICHIUKYJSIPHBIX €M, T.e. TOPU3OHTAJIbHBIX, 0003HAYAIOTCSA CHUM-

BOJIOM.

['pynnbl ciMMETpuH, B KOTOPBIX UMEETCSI BEpTUKAIbHAsI OChb CHMMETPUU
N opsiAKa, U, B COOTBETCTBUU C TEOPEMOU, N OCEN CUMMETPUU 2 MOPAI-
Ka, TEPIECHIUKYISPHBIX €H, T.€. TOPU3OHTAIBHBIX, 0003HAYAIOTCS CHUM-
BosioM h (ot Hem. horisontal — zopusonmanvueiil) — nas MIOCKOCTH,
MEPIEHAUKYIJISIPHOM K TJIABHOW OCH CUMMETPUU

['pynnbl cuMmeTpun, B KOTOPBIX UMEETCSI BEPTUKAIbHAS OCh CHMMETPUU
N mopsiAKa, U, B COOTBETCTBUU C TEOPEMOM, N OCEl CUMMETPHUU 2 MOPSI-
Ka, TIePIEHIUKYJISIPHBIX €M, T.e. TOPU30HTAJIBHBIX, 0003HAYAIOTCS CUM-
BOJIOM O - JUIS TJIOCKOCTEH, MCINSAIIMX YIJIbl MEXKIY OCIMU CUMMETPUH 2

HOPSAKA TIOTOJIaM, (T.€. OUACOHANbHBIX WITH «OCIUMEbHBIXY).
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6.2. O003HaYeHHe TPyl CHMMETPUU BhICIIECH KAaTErOp1H 110
A.lléngaucy

VY cinoBHBIE 0003HAYEHUS

I'pyiilia CUMMCTPHUHU COACPKUT ABAa BUIA oceu CUMMCTPHHA

41531, — oceBoii KOMILTEKC TeTpa3apa.

IpyIa CAMMETPUH COJCPIKUT JIBA BUA OCEH CHMMETPUH
41531, — oceBoii KOMIIEKC TETPAAPA, COAEPIKUT KOOPAHHAT-

HBIC IIJIOCKOCTH CUMMCTPHUH TOABIIACTCS HOI[CTpO‘lHBIﬁ HHACKC h.

rpyIa CAMMETPUU COAEPIKUT B BUIA OCEH CUMMETPUH
41531, — oceBoii KOMILIEKC TETPAYIPA, COAEPKUT IUAro-
HAJIbHbIE TUIOCKOCTH CUMMETPHU MOSBIIAETCS TIOACTPOUHBIA UH-
nekc d.

IpyIIa CAMMETPHUM COIEPKUT TOJIBKO TPHU BUJA OCEN CUMMETPUU

3L441;6L,— oceBoii KoMILIEKC OKTA3APA.

IpyIa CAHMMETPUH COAEPKHUT TPH BHJIA OCEH CHMMETPUH
3L441.;6L, — oceBoii KOMILIEKC OKTAYIPA, COAEPIKUT KOOPIH-
HATHBIE ¥ JMATOHANIBLHEIE TNIOCKOCTH CUMMETPHH, LIEHTP UHBEP-

CHH.

o1




Bomnpocks k riase 6

1) Yem ormuaercs o0o3Hauenus no A.Illéudaucy oT 0603HaUCHMIA
O.bpage?

2) Yto o3HayaeT OykBa C B 0003HAUYCHHUSX TPYIIT CAMMETPHH 10
A llléndmucy?

3) Uro o3HauaeT OykBa D B 0003HAYCHHSIX TPYIIIT CHMMETPHH 10
A llléndmucy?

4) Yto o3navaeT OykBa O B 0003HAUCHHUSIX TPy CUMMETPHH 10
A.llléadaucy?

5) Yro o3HayaeT OykBa T B 0003HAYCHUSAX IPYIIIT CHMMETPHUH 110
A llléndmucy?

6) Kakumu OykBamu 0003HA4YaeT rPYIIbI CAMMETPUN HU3IICH KaTe-
ropuu A.lll&ndauc?

7) Kakumu OykBamMu 0003Ha4YaeT IPYIIbBl CAMMETPHH BBICIIICH KaTe-
ropun A.Illéndauc?
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I'naBa 7. MexknyHapoaHbie 0003HAYeHUS IPYIIII CAMMETPUHA
(CumBoJsl I'epmana-Morena)

MexayHapoaHble CHUMBOJIBI KJIACCOB CHMMETPHUHM — CHMBOJIBI [ep-
MaHHa — MoreHa cOCTOSIT B 00IIIEM Clydae M3 TpeX MO3UIINI, Ha KOTOPBIX
PETUCTPUPYIOTCS HEAIKBUBAJICHTHBIE OCOObIE HAIpaBJCHUS, U YETKO yKa-
3bIBAIOT Ha OPUEHTAIMIO KPUCTAJIJIa OTHOCUTEIHHO BBIOPAHHBIX KOOPIH-
HATHBIX OCEH.

MexayHapoaHble CUMBOJIBI 3aMMUCHIBAIOT U XapaKTEPHU3YIOT BCE CUM-
METPUYECKU-HEAIKBUBAJICHTHBIE 0COOBIC HAMPABICHUS] KPUCTATITUYECKOTO
MpOCTpaHCTBa (OCH CUMMETPUH, IOBOPOTHBIC U MHBEPCHOHHBIE).

[ToBOpOTHBIE OCH CUMMETPUHU 0003HAYarOT apabckumu mudpamu — 1,
2,3,4u6.

MHBepcHOHHBIC OCH 0003HAYAIOT apaOCKUMHU IUppaMu ¢ 4EPTOUKOU

ceepxy — 1, 4, 3, 6.

Ocb, KOTOpasi 3KBUBAJICHTHA 3€pKaJbHOW IIJIOCKOCTH CUMMETPHH,
0003HaYaeTcss CUMBOJIOM (OT aHIJI. mirror - 3epkano) — m. Takxe 0003Ha-
4aeTcsl HOpMallb K MJIOCKOCTH CUMMETpUU. Eciu och CHMMETpUM COBMA-
JAeT ¢ HOPMaJIbIO C IJIOCKOCTHM CUMMETPHUHU, TO UX 3aMMUCHIBAIOT B BUIE
IpooOu: B yuciurene nudpa, o0o3Havaromias mopsI0K OCH, B 3HaMEHarTee
- HOpMaJIb K TIJIOCKOCTH M.

Hwuxe npuBeneHsl MeXIyHApOAHbIE 0003HAUCHUS TPYIIIT CUMMETPUU
10 KaTerOpusIM: HU3LIEH, CPETHEN U BBICIIECH.
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7.1. MexayHapoaHbie 0003HaUeHHsI TPynn cuMmMeTpun Husiei kareropuu (CumBoJibl I'epmana-Morena)

Cunronus dopmyna cum- 1 no3unus 2 no3uums 3 nmo3unus CuMBOJIBI
METpUH Ocoboe Ocoboe Ocoboe I'epmana-
[To bpass HalpaBJICHUE HaImpaBJICHUE HaIpaBJICHUE MoreHna
10 KOOPJIMHAT- | I10 KOOPAWHAT- | IO KOOPAWHAT-
HOM ocu X HOM ocH Y HOH ocu Z
L, 1 1 1 111
TpuxkinuHHas — —
C=Lj 1 1 1 111
L, 1 1 2 112
MoHOKINHHAs P=Li 1 m ; 1m;
L,PC 1 1 — 11—
m m
3L, 2 2 2 222
PomOunueckas L22P r; r; § ;mznZz
3L,3PC — — — ——
m m m mmm
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7.2. MexayHapoaHbie 0003HaUeHHUs TPy CHMMETPUM CpelHel KaTeropumn
(CumBoJsl I'epmana-Morena)

1 no3uuus 2 mo3uums 3 mo3uuus Cumeoibl
Dopmyna ob6o3HaueHue nopsiaka | OcoObie HampaBiie- I'epmana-
CuHronus CUMMCTPHUH | ryaBHOM Ocu (0C000€ | HUS IO KOOPJUHAT- | TUArOHAJIbHBIC Morena
I1o bpass HAIIPaBJICHHUE T10 KO- HBIM ocsiM X, Y U BJIEMEHTHI
OpJAUHATHOU OcH Z) U (npu Hanu4um)
1 2 3 4 5 6
L,y 4 4
Lig 4 )
4
L,PC 4 4
m m
TerparonanbHas L,4L, 4 2 2 422
L44P 4 m m 4mm
Lis2L,2P 4 2 m 12m
2 4 2 2
L/AL,5PC 4 2 ‘ 422
m m m mmm
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1 2 3 4 5 6
L, 3 3
Lis 3 3
TpuronanbHas Ls3l 3 2 32
;3P 3 m 3m
Lis3L,3P 3 2 52
m m
Le 6 6
Lis 6 6
LePC s 6
m m
I'excaronannHas Ls6L> 6 2 2 622
Ls6P 6 m m 6mm
I—i63 L23P 6 2 m ézm
Ls6L,7PC E E 3 E 3 3
m m m mmm
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7.3. MexayHapoaHble 0003HAYECHUS TPy CAMMETPUU BbICIHIEH KaTerOpuu

(CumBoJsl I'epmana-Morena)

1 mo3unus 2 mo3unuv 3 no3unusa
Dopryna cin CuMBOJIBI
Cunronus MeTpHE DTCMEHTBL CHMMET™ | ssaTenpHbIe TMarOHAJbHBIC I'epmana-
PHH 10 KOOPJIH- MoreHa
DJIEMEHTHI CUM- DJIEMEHTEI
HATHBIM ocsiM Z, X,
v metpun 4L3 CUMMETPHUU
3L,4L; 2 3 23
2
3L,4L43PC z 3 2
m m
Ky6nueckas 3L,4L36P 4 3 m 43m
3L,44L56L, 4 3 2 432
4 2 4 2
m m m
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Bormpocsr k rinase 7

1) B dem oTiimune MEXAYHAPOIHBIX 0003HAYCHHH OT 0003HAYCHUH
[I&ndnuca?

2) B d4em oTimune MeXIyHApOJIHBIX 0003HAYCHHH OT 0003HAYCHUH
bpage?

3) Uewm oTiiMyaeTcst MOPSIOK 3aIMCH MK TYHAPOIHBIX 0003HAYCHHIMA
HUBIIEH KATErOpUH OT CPETHEN?

4) YeM oTIMYACTCS TOPSIOK 3aIMMCH MEKTYHAPOIHBIX 0003HAYCHUH
HU3LICH KaTErOpUU OT BBICIIEH?

5) Yewm oTiangacTcs MOPSAIOK 3aIMUCH MEXKIYHAPOIHBIX 0003HAYCHHI
BBICIIIEN KATETOPUU OT CPEIHEN?

3amanue K riase 7

1) HapucoBaTh cTepeorpaduueckyro MpoeKIHIO JIEMEHTOB CUM-

2 2

4
METPHH KpUCTAJIA ———.

2) HapucoBath cTepeorpadiaecKyro MPOCKITUIO JIEMEHTOB CHM-
MeTpuu Kpuctaiua 432.

3) Hapucosatb crepeorpadndecKyro MPOCSKITUIO DIIEMEHTOB CHM-
METpPHUM KpUCTAJIa mm2.
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I'nasa 8. IlpocThie popMbI KPUCTAJLIIOB

IIpocToii popMoii KpUCTALIIA HA3BIBACTCSA MHOIOTPAHHUK, BCE T'pa-
HU KOTOPOT'O MOYKHO IOJYYUTh U3 OJHOM I'PaHH C MOMOIIBI) CUMMETPUYE-
CKUX MpeoOpa3oBaHui, CBOWCTBEHHBIX TOYEHYHOW rpynmne (KjIaccy) CUM-
METPHH JAHHOTO KPUCTAJLJIA .

['panu, mpuHaaexkaiue ogHON MPOCTOl (hopme, paBHBI HE TOJBKO
10 CBOCHM reoMeTpuyeckor (opMe, HO TakKe MO CBOMM (PHU3UYECKUM H
XUMHYECKUM CBOWCTBAM, UMEIOT OJUHAKOBYIO CKOPOCTh POCTA.

[Tonoxxenue rpanu IpocToi GOpMBI MOXKET OBITH PA3IMYHBIM OTHO-
CUTEJIbHO DJIEMEHTOB CHMMETPUM Kjlacca KpUCTala, YTO OIPEHEIAeT
YKCIJIO IpaHel mpocTor (POpPMBI U OOTHK.

B cBsi3u ¢ 3TUM pa3nnyaroT 4YacTHbIE U 001IHe MPOCThIe (POPMBI.

YactHass mpocrasi ¢popma OyIeT HUMETb MECTO, €CIU HCXOAHAas
IpaHb pacroiaraercsi JM00 mapajuieNbHO, JTUOO MEePHNEHIUKYISIPHO, JTU00
PABHOHAKJIOHHO K OCSAM WJIH IJIOCKOCTSIM CUMMETPHUM KpucTtaiuia. Tak kak
AJIIEMEHTBl CUMMETPUH, NIEPIICHANKYJISIPHBIE K TPAHH, €€ HE PA3MHOXKAIOT,
TO YMCJIO FpaHed YaCTHOM MpPOCTON (POPMBI MOXKET OBITH WJIM PABHO WJIU
MEHbIIIE Yucia rpaHen o01eit npoctoi (hopMBi.

OO0wmas nmpocras popma nosydaercs, €CIM UCXOAHAs TPaHb 3aJaHa
B 0OIlIeM TOJOXEHUHU, HE CBA3AHHOM KaKUMHU-TUOO YCIOBUSIMHU C 3JIEMEH-
TaMH CHUMMETPUHU KpucTajia. ['paHb 0OOIIEro MOJIOKEHHs MOABEpraeTcs
JEUCTBUIO BCEX ONEpAlM CUMMETPUM NAaHHOW rpynimbl. [loaTomy vumciio
rpaHeil oouieit mpoctoii (GopMbl B TaHHOU rpyIne (KJ1acce) MaKCUMaJbHO
Y PaBHO YUCIy ONE€palid CAMMETPHH, COCTABIISIIOIINX 3Ty TPYIIILY.

B kaxaoMm Kiiacce CUMMETPUU MOXKET OBITh OfHA OOIlas mpocTas
dbopMa W HECKOJIBKO YacTHBIX TpocThix ¢opm. I[lo mnpenoxkeHuro
E.C.DenopoBa Kaxaplid KJIACC CUMMETPHUU ONPEIEIAETCS Ha3BaHUEM ITPHU-
Cyleu emy o01ieit mpocToit hopMBI.

[IpocTeie GopMBbl KpHCTallJIa TAKXKE XapaKTEPU3YIOTCS MOHSATUSIMHU
«OTKPBITAs» U «3AKPBITASY.
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OTtkpsbiTas npocras ¢popma HE 3aMBIKAET MOJTHOCTHIO 3aKJIFOYEHHOE
MEX]ly TpaHsSMH MPOCTPAHCTBO. Takue mpocThie (OPMBI BCTPEUAIOTCS B
KpPUCTAJUIAX HU3IIEH U CPEIHEW KaTerOpur — 3TO MOHOJ3IP, AUSAP, IMUHA-
KOWJI, BCE ITUPAMUbI, IIPU3MBI.

3akpsiTas npocras popmMa 3aMbBIKAaCT MOJTHOCTHIO COBOKYITHOCTBIO
rpaHey, 3aKJIIOUYCHHOW MEXJIy HUMH IPOCTPAHCTBO. K TakuM mpoCThIM
dbopmaM OTHOCSTCA BCe MPOCThIE (POPMBI BBICIICH KATETOPUU U OTJICJIbHBIC
pocCThie GOPMBI HUBIIEH U CpeaHel KaTeropuil (Bce JUMUPAMUIbI, TETpa-
AIIPBI, TPAEOIPHI, CKAIICHOIPHI).

Bcero cymectByer 47 BUA0OB IpocThiX popMm . B Hu3IIEH U cpegHei
KaTeropusix BCTpedaroTcsi 32 BHUAa MPOCTHIX (POPM, B BHICHICH KaTeTOpPUU
15 BumoB mpocThix ¢GopMm. Bce oHU BBIBOASITCA CTPOTrO MaT€MaTUYECKH,
ucxozs u3 32 knaccoB (rpymm) cumMmeTpuu. KomOuHamuii mpocteix dhopm
BO3MOKHO O€CKOHEUHOE KOJTUYECTBO.

B Ha3zBaHMsIX TPOCTHIX (HOPM KPUCTAIIIOB MOJIOXKEHBI TPEUECKUE CII0-
Ba, 0003HAYAIONINX YKCJIO TPAHEW WJIM TEPMHUHBI, OMUCHIBAIOIINE T€OMET-
pUUYECKHE OOBEKTHI.

MoHoO - 0JIuH, Jloneka — ABEHAATh

Hn (61/1) - IBa Jlnponeka — nBaauaTh JeThIpe
Tpu- tpu DJpa — rpasb

Terpa — ueThIpe ['OH — yrosibHUK

Ilenta — ogT1H IIunac —momeuka

I'ekca — mecTthb KnuHo — HaKkI0HSI0

Tpanena — 4eThIpeXyTrOJbHUK C
OkTa — BOCEMb JIBYMsI HEPABHBIMH U JBYMs paB-
HBIMH CTOPOHAMH

CkajieHa — B 00111eM cilydae KOCo-
Jleka — necsaThb

YTOJIbHBIN TPEYTOJIbHUK
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8.1. IIpocThie popMbI KPUCTAJLIIOB

HU3IIeHn KaTeropum U UXx npoeKumnu

Q

Hazpanue IIpocras popma, ee g .
. ) .
POCTOM rHomoctepeorpaduieckas E Z| PacnonoxeHue rpaneit

bopMBI MPOEKIUS S &

1 2 3 4
Monoaap IIpousBosbHOE

OIMHaKOBBIE HAKJIOH-
Husnp 2 HbIE TpaHU MepeceKa-

I0TCSl B JOpME KPBIIU
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\\ OJMHAKOBBIE TPAHU

[TnHakou 2 napajyieIbHbI APYT
APYTY

e ['panu monapHo (yepes
PomOuue- e e
OJIHY) TapajjieabHbI.
CKasl Mpu3- X 4
[Tortepeunoe ceueHue B
Ma
dbopme pomba
-Y, +Y
+Z
+X
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PomOuue-
CKasl mupa-
MHIa

+X

+Y

Bce rpanu nepeceka-
IOTCS B OJTHOM TOYKE,
yepe3 KOTOPYIO MPOXo-
muT L,. Ceuenue e
NEPIEHIUKYISIPHOE
poMO.

PomOuue-
CKas IUIU-
pamuIa

+X

+Y

I'panu monapHo mapaisi-
JeNbHBI, 00pa3yloT 6
BEPILHH, B KAKIOU U3

KOTOPBIX EPECEKAIOTCS

1o 4 rpaHu.
dopma rpanu pazHo-
CTOPOHHHM TPEYTOJIb-

HUK.

Ceuenue B popme poM-

0a
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PomOuye-

CKUU TETpa-
ap

['panu He nmapasensb-
HBI, 00pa3yoT 4 Bep-
IIMHbI, B KAXKI0U U3
KOTOPOM MEPECEeKar0TCs
4 1o 3 rpanu. ['pans B
dbopme pasHOCTOPOHHE-
ro TpeyroyibHuka. He
MMEET IUIOCKOCTEN

CUMMETPHHU.

K OTKpBITBIM IPOCTHIM (pOpMaM HHU3IIEH Monosp,

KaTErOpUHU OTHOCSTCA: NHAKOU/,
IUBID,

pomMOnUecKas NupaMmuaa,
pomOUUeckas npusma

K 3akpbIThIM NpOoCThIM (hopMaM HU3LIEH

KaTeroprun OTHOCATCSI.

PoMOuueckast nunupamuia,
POMOWYECKU TETPadIp
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8.2. IIpocThie popMbI CpeTHEd KATErOPUH U UX MPOCKIUHU

0]
. | TIpocras popma, ee THO- | £ < S =
HasBanue npocroii 3 © X O
MocTepeorpadudeckas = I S E
bopMbI = o S &
POCSKITUS g = =
~ IS
¥
1 2 3 4
Ipusmoi:
1
I
1
:
|
I
I
I
I
I
~
I’ A
” AN
-’ N
TpuronansHas L \ 3 [TapanneasHbI
Ipu3sMa TJIaBHOU OCHU
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1 2 4
JuTpUroHanbHas [TapasienbHbI
rnpusma TJIABHOM OCHU

|

I

|

I

1

|

|

I

I

|

I

|

JU .

/
K ITonapno mna-
TerparonanpHas pajIeIbHBI U
pu3Ma X I1apajuieIbHbI
IJIABHOU OCH
Y +Y
+7,
+X
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1 2 4
ITonapno mna-
Jluterparonanb- pajlIeIbHbBI U

Hasl mpu3Ma -X napayyieIbHbI
TJIABHOU OCH
Y ; +Y
7/
+X
T
[}
| |
i I
|
! |
L 1
; |
L |
I
heo |l
- A N
ITonapno mna-
I'excaroHanbHas paJICITBHBL 1
npusma X napaijieIbHbI
+U IJ1aBHOM ocu
Y . 7 +Y
+
X -0
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nvpamuia

3 4
] I I
L
|
i
NN
1
1
I
[N
N
i
R
“ A
% [TonmapHo na-
npusMa X rapaieabHbI
TJIABHOM OCHU
+Y
-U
Hupamuowi:
[Tepecekarot
TpuronanpHas
3 TJIaBHYIO OCh

B OJTHOU TOYKE




ITepecekarot
JutpuronanbHas
6 TJIaBHYIO OCh
ApamMuIa .
B OJIHOM TOUYKE
[Tepecekarot
TerparonanbHas
4 TJIaBHYIO OCh
ApaMuIa

B OJTHOU TOYKE
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[TepecekatoT
JluteTparonans-
8 TJIABHYIO OCh
Has IUpaMuaa -X g
B OJTHOM TOYKE
0|0
Y| O O \+y
o o
Ojo
+XV
i
[TepecekatoT
I'exkcaronanpHas
6 IJIaBHYIO OCh
nipaMuIa

B OJIHOU TOYKE




1 2 3 4
ITepecekarot
JlnrekcaronaibHas
12 IJIABHYIO OCh
nupaMmua .
B OJIHOM TOYKE
Junupamuowr:
I'panu nepe-
CEKaloT TJIaB-
HYIO OCh B
TpuronaneHas 6 JIBYX TOYKaXx.
JTANMpaMuIa Hwxnue rpa-

HHM TOYHO 1104
BCPXHHUMHU HaA
MMPpOCKINHN




JuTpUroHaabHas

OUIUpaMKIa

+7Z

12

I'panu nepe-
CEKAlOT IJIaB-
HYIO OCbh B
JIByX TOUYKaX.
Hwxnue rpa-
HHU TOYHO I10]1
BEPXHHUMU Ha
MPOEKIUU

TerparonanbpHas
JUIMpaMuIa

I'panu nepe-
CEKaroT TJIaB-
HYIO OCb B
JIBYX TOUKaX U
TOMAapHO T1a-
PAJUIEIIbHBL.
Hwxnue rpa-
HU TOYHO I10]1
BEPXHUMHU Ha

MIPOECKIINU
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JluTeTparoHaib-

Has Junypamuia

+Y

['panu nepe-
CEKAIOT IJIaB-

HYIO OChb B
JABYX TOYKaX U
16 HOIIAPHO I1a-
palIC/IbHBL.
Hwxuue rpa-
HHY TOYHO 1101
BEPXHUMHU Ha

MPOCKIINU

['excaronanbHas

JUIpaMuaa

12

['panm mepe-
CEKaroT IJIaB-
HYIO OCh B
JIBYX TOYKaX U
HOIIAPHO I1a-
paJlICIIbHEL.
Hwuxuaue rpa-
HH TOYHO IO
BEPXHUMH Ha

MMPpOCKINHN




JlnrekcaronaibHas
JTUTIApaMuIa

24

I'panu niepe-
CEKaroT IJIaB-
HYIO OCh B
JIBYX TOYKAX U
IIOIAPHO Ma-
paJLJICIIbHBI.
Hwxnue rpa-
HU TOYHO I10]
BEPXHUMU Ha
MPOEKIUU

Tpaneuoiropwi:

TpuronanbHbIN

Tparenod1p

Tpanenus.
I'panu nepe-
CEKAaroT IJ1aB-

HYIO OCh B

ABYX TOYKaAX




1 3 4
Tpaneuus.
. I'panu niepe-
TerparoHaabHbIN
8 CEKaloT IJ1aB-
Tpaneno’ap
HYIO OCh B
JIBYX TOYKaX
Tpanenus.
. I'panu nepe-
I'ekcaronanbHbIN
12 CEKaroT IJIaB-
Tpanenod’ap

HYI0 OCb B

ABYX TOYKaAX




1 2 3 4

Ckanenoiopeoi:

1)

PasnocTopon-
HUM Tpe-
YTOJIbHUK.
Hwxussa napa

TpuronanbHbIN rpaHerd TOYHO

12

CKaJICHODIP MOCEepeINHE

MEXKIY IBYMS

rapamu BepX-
HUX Ha Mpo-

SKIUH

Pa3znocropon-
HUU Tpe-
YTOJIBbHUK.
Hwxnsas nmapa

TerparoHasbHbIN rpaHer TOYHO

CKaJICHODP MOCEPEINHE
MEXIY JTBYMSI
napaM# Bepx-

HHUX Ha MPO-

CKIINHU




TerparoHaabHbIN

TETPAdIP

+X

+Z.

PaBHoOe -
PEHHBIN Tpe-
YTOJIbHUK.
Hwxuss
rpaHb TOYHO
MOCEPEINHE
MEXKIY IBYMS
BEPXHUMH

PomMOGoap

PomMmo0.
Hwxusas
rpaHb TOYHO
MOCEPEANHE
MEXITY JBYMS
BEPXHUMU
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8.3. IIpocTsie GopMbI KPUCTALIOB BbICHIEH KATETOPUMH X NPOEKIUH

dopma rpaHu.

o
. S Pacrionoxenue
Haspanue npocrtou 3 © .
dopma, MpoeKUUs T rpaHe OTHOCH-
OpPMBI S
dop = B
S TEJIbHO KOOP/IH-
HATHBIX OCEU
1 2 3 4
PaBHOCTOpOHHUI
TPEYrOJIbHHUK.
KyOuueckuii 4 I'panb 0qMHAKOBO
TETpasap HAaKJIOHEHA KO
BCEM TPEM OCSIM
(L Ls)
Tpurosn- 12 PaBHOOEIpEeHHBIN
TPUTETPASIP TPEYTrOJIbHUK
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1 3 4
I'panb 0qMHAKOBO
T HAKJIOHEHA K JIBYM
PHFOH 12 OCSIM M HE mapai-
TPHTCTPASAD JIeJIbHA TPEThEU
OCH.
YeTblpexyroJibHUK
I'panb 0qMHAKOBO
HaKJIOHEHA K IByM
Terparosn- 12 OCsM U HE I1apaili-
TpUTETPAd AP JIeJIbHA TPEThEU
ocu. Orcekaer
OOJIBIIINI OTPE30K
Ha TPETHEU OCU
[IenTaron- 12 Hecummerpruunbiin
TPUTETPAIAP S TUYTOJIBHUK
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1 2 3 4
ITenraron- 12 ['panb 3anUMacT
TPUTETPAdIP 00111€€ MOJIOKEHHE

Pa3znocTopoHHUit
TPEYTOJIbHUK.
['excareTpasrap 24 r pey
paHb 3aHUMAaET
oO111ee MOJI0KEHNE
['excarp 6 KBagpar
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I'ekcarap

Tpuron
TeTpareKcasap

[lenraron-
JTOJEKadIP
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1 3 4
IIenTaron-
12
TOACKad 1P
PoMm0 ¢ yrnamu
HakioHa 45° x
JIBYM KOOpPJIHHAT-
Pombomonekarap 12 HBIM OCSIM U IIa-
paJUIeNbHbIN TpE-
THEMU.
I'panb L P
Junonexasip 24 YeThIpexyroibHUK
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1 2 3 4
-X
A gle A
® N ® iy I'panb 3aHnMaeT
Hunoaexasap =7 24
® <" ® oO11ee MOJI0KEHNE
A ®® A
+X
PaBHOCTOpOHHUN
Oxkrasrap 8 TPEYTOJbHUK
I'panb L L3
Tpurosn- o4 PaBHOOEIpEHHBIN
TPUOKTA3IP TPEYTOJIbHUK
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1 3 4
T -

PHIOH 24 I'pass L P
TPUOKTASIP
Terparon- o4 YeThIpexyroibHUK
TPUOKTAd AP I'pans L P
[TenTarosn- 24 HecumMmeTpuunbiit
TPUOKTASIP IIATUYTOJIBHUK
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1 3 4
ITenraron- 24 I'panb 3anuMaecT
TPUOKTAIP 00111€€ MOJIOKEHHE
Pa3znocToponHuii
TPEYTOJIbHUK.
['panb 3aHMMaeT
['excokTasip 48 oO111ee MoJI0KEHNE

OTHOCHUTEIBHO
3JIEMEHTOB CUM-
METPUU
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Bomnpocs k rnase 8

1) UYro Takoe npocras popMa KPUCTALINICCKOTO MHOTOTpaHHUKA?

2) HazoBuTe THIBI TPOCTHIX (POPM KPUCTAILIIOB.

3) UeM oTianyaroTCs Ha MPOCKIIUAX YACTHBIC MPOCTHIC (DOPMBI OT
o0mux?

4) CKOIbKO IMPOCTHIX (HOPM HAOIIOAAIOT Y KPUCTATIMYECKUX MHO-
TOTPAHHUKOB?

5) Kakwue nmpoctsie hOpMBI BCTPEUAIOTCS U B HU3IIEH U B CPEIHEH
KaTeropusx?

6) Kakwue npocteie (hOpMBI BCTPEUAOTCS TOJIBKO B BBICIIICH KaTEro-
pun?

7) Yem OTIUYarOTCs MUPAMUIBI B HU3IICH U CpPEeIHEH KaTeropusx?

8) B kakux KaTeropusax BCTPEUYAIOTCS TETPadIPbl, U YeM OHU OTJIH-
YarTCA?

9) Ilepeunciaute mpocThie GOPMBI, y KOTOPHIX MO 8 rpaHeii?

10) Ilepeuuncnure npocThie GOPMBI, Y KOTOPBIX MO 6 rpaHeii?

11) Tlepeunciure mpocThic GOPMBI, Y KOTOPBIX 10 4 rpaHei?

12) Kaxkwue mpocTbie GOPMBI OTHOCSTCS K OTKPBITHIM TIPOCTHIM
dbopmam?

13) 'V kakoii mpocToi (HhopMbI MAKCUMATBHOE YUCIIO TpaHei?
Cxonbko ux?

14) VY kakoit mpocToit GopMbl MUHUMATHHOE YHCIIO TpaHei?
Cxonbko ux?
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I'naBa 9. CuMBOJIBI rpaHell KPUCTAJLIOB

Meton onpeneneHuss CAMBOJIOB T'PAaHU OCHOBBIBAETCA HA BTOPOM 3a-
KOHE KpucTaymiorpadun - 3aK0He 1eJibIX uncea (3akoH ["aion):

J/IBoMiHbIE OTHOLIEHHMSI MAPaAMETPOB (OTPE3KOB), OTCEKaeMbIX
ABYMS JIIOOBIMHM I'PAHSIMH KPHUCTAJUIA HA TPeEX IepeceKkarumuxcsa peo-

pax ero, paBHbI OTHOIIEHHUSM LEJIbIX U CPABHUTEIbHO MAJIBIX YHCEJI.
|0A4] . |0B¢| _ |10C4]
loA| "~ |0B| ~ |OC]|
(hkl) — cuMBOJI rpaHm KpUCTAJLIA.

= h: k : | — unaekcel rpanu (MHaAekcbl MuJsuiepa).

3akoH ['afon oTpakaeT COOTBETCTBHE BHEIIHECH (POpMBI KpHCTaLIa
CTPOCHHUIO €Tr0 KPHCTAJUIMYECKOW PEIISTKH, TaK KaK I'paHM KPHUCTAIIOB
mapajuiebHbl IUIOCKUM CETKaM MNPOCTPAHCTBEHHBIX PEIICTOK, OTIHYAIO-
IUXCsl OOJBIION TUIOTHOCTBIO MaTEPHAIBHBIX YacTHUIl (PETHKYJSIpHAS
IJIOTHOCT ).

OTpe3kn, OTCEKacMbIe TpaHbI0 Ha KPHUCTAUIOTPaPUUCCKUX OCHX,
HA3BIBAIOTCS €€ ITapaMeTpaMH. 3a CAUHUIBI U3MEPEHHS - CIHMHUYHBIC OT-
PE3KH - MO KpHCTaLIOrpauIeckuM OCsIM IPUHHUMAIOTCS IapaMeTphl Ka-
KOW-TM00 W3 rpaHel KpHucTallia, IepeceKaroIleii Bce TP OCH U OTCEKalo-
K€ Ha HUX PaBHBIC OTPE3KH, €CIIM OCH SIBIISIOTCS YKBUBAJCHTHBIMU, WIIH
HEpaBHBIC OTPE3KH, €CIIM OCH HEIKBHUBAJIICHTHBIC. JTa TPaHb MPUHUMACTCS
3a HCXOJHYIO U CpaBHUBACTCS cama ¢ CO00M, Oaroapst 4eMy THOSIBISIOTCS
uHACKCH Tpadu (111) 1 rpaHk HOCUT Ha3BaHUE SAMHUIHOM.

EnnHuvHas rpanb — 3TO rpaHb J000M POCTOil PopMBI, IiepeceKa-
Olasi BCE TPU OCH KOOPAMHAT MPEMMYIIECTBEHHO PABHOHAKJIOHHO KO
BCEM TPEM, OIPEEIISISA IO HUM BEJIMUYNHY €IMHUYHBIX OTPE3KOB.

[Tosio)keHNE B MPOCTPAHCTBE BCEX TPAHEN KPUCTAJIJIa CPABHUBAETCS C

MOJIOKEHUEM E€IMHUYHOM TPaHHW, KOTOpas MapajuvlejibHa IUIOCKOW CETKE,
OTCEKAIOUIEN AJIEMEHTAPHBIE OTPE3KU HA BCEX TPEX KOOPAMHATHBIX OCAX -
XYZ.

KputepueM nmpaBUIbHOCTH BBIOOpA €IUHUYHON TPaHU SIBJISIOTCS WH-
JIEKCBI B BUJI€ HEOOJIBIIIMX IIEJIBIX YUCETT B CHMBOJIaX OCTaJIbHBIX TPaHEH.

YacTto Takas rpaHb OTCYTCTBYET, U CUMBOJIbI 33J1al0TCS B OOIlIEM BH-

Je.
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g ornipeneneHus CUMBOJIOB TPaHEM, UCIOJB3Ys 3aKOH ['arou, Kpu-
CTAJUIMYECKUH MHOTOTPAHHHK PACIIOjararoT B IPOCTPAHCTBE TaK, KaK pac-
cMaTpuBaeTcs B riaBe 5. Kpucramorpadguueckas ocb Z HanpapisiOT Bep-
TUKaJbHO, OCh Y HAMNpaBJIsIOT ClieBa HampaBo, och X - Ha HAOJIOJATEIIS.
IleHTp TsKECTH KpUCTALUIA COBMEIIAIOT C TOYKOW IEPECEUYEHUSI OCEU —
T.0. [1oOKUTENTBHBIMA CUMTAIOTCS KOHIIBI Oceii: X — OT Hadajia KOOpau-
HaT K HaOIroAaTes0, Y — OT Havajla KOOpJUHAT BIpaBo, Z - OT Havana Ko-
OpIWHAT BBEpX. ['paHu KpuCTalljla MBICJICHHO TPOJIOJDKAIOTCS JI0 TIepece-
YEHUS C KPUCTAIIIOTPA()UISCKUMHU OCSIMH.

ZA

<V

I'panp ABC npunumaem 3a eaunuunyto. [lapamerpsl rpanun ABC —
orpesku |0A4|,|0B|,|0C;|. Tlapamerpsr rpanu ABDE - orpeskn
|0D|, |OE|, |OF].

|04;] |0B1| |0Ci| 3a 4b 2c
: : =—:—:—=3:4:1
|oD| ~ |0E| ~ |OF] ~ 2a  2b  4c
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Cumson rpanu ABDE (341).

[Ipu onpeneneHMu CUMBOJIOB I'paHeil HEOOXOAMMO MOMHUTH CIEY-
110011 (STeK

- yeM 0O0JIbIIIE OTPE30K, OTCEKAEMBbIN I'PaHbIO0 HA OCU MO CPABHEHUIO
C €IMHUYHBIM, TEM MEHBIIIE UHJIEKC;

- TpaHb, NapaviejabHas OJHOU U3 KOOPJIAUHATHBIX OCEH, UMEET B CUM-
BOJIE TI0 3TOM OCH HOJIb, HAIPUMEDP, JJISI TPAHU TApALIEIbHON ocu Z -
(210);

- €CJI TPaHb MEPECEKAET TOJHKO OJHY KOOPAMHATHYIO OCh (HAIpH-
Mep Z) 1 napajijieJbHa IByM ApyruM - X u Y, ee cumBos umeet Buj (001);
rpaHb, IepeceKaronias ToJbko ochk Y, uMmeeT cumBoi (010), mepecekaro-
1iast ToJ16K0 och X - (100);

- ’paHy OJMHAKOBOTO BUJA U OJMHAKOBO OPUCHTUPOBAHHBIE B IIPO-
CTPaHCTBE OTHOCHUTEJIBHO BBIOPAHHBIX OCEH KOOPJIWHAT UMEHOT-CUMBOJIBI,
OTJIMYAIOIIKECS APYT OT JApyra TOJbKO 3HaKoM, Hampumep, (111) u (111),
WJIM TIOPSIAKOM PACIIONOKEeHUs HHACKCOB, Hanpumep, (123) u (321).

B TpuroHaibHO# 1 rekcaroHajJbHBIX CUHTOHMSIX BBOJMUTCSI Y€TBEpTas
BCIIOMoOrareibHas och. EMUHUYHAS TpaHb NMEpeceKaeT OTPUILIATEIbHBIN KO-
HEIl 9TOW OCU, U TOSIBIAETCS elle OauH mapamerp. CUMMBOJ €IUHUYHOMN
rpanu B 3tux cuHronusx (hkil), mpuuem i = - (h+Kk).
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Crepeorpaduueckue MpoeKIuu

CuHronus CHUMBOJI €IMHUYHON T'PaHU .
€JIMHAYHOM TpaHu
7 Y
TPUKIMHHAS (111)
X
z Y
MOHOKJIHHHAsI (111)
X
7 #90° # 120°
Z Y
pomOuyecKast (111)
X
z Y
TeTparoHaabHast (111)
X
TPUrOHAJILHAS “ -
: (1121) w
reKcaroHalibHast
0
y=120°
Z Y
KyOH4ecKas (111)

90




Kinacc cummerpun B o6o3HaueHusx A.lllEn¢nuca
[IpocTeie obmre GOpMBI KPUCTAILTOB

Tpuknunanas | MonokiauHHas | PomOnyeckas | TerparonanpHas TpuronanpHas ['ekcaronanpHas KyOuueckas
CUHI'OHHS Cunronus CUHTOHUS CUHTOHUS CUHTOHUS CUHTOHMS CUHTOHHS
(hkl) (hkl) (hkl) (hkI) (hkil) (hkil) (hkl)

T
C, C, D, Cs4 Cs Co
Monosg Husap oceout | Terpasn [Tupamuga [Tupamuga [Tupamua Henraron-
P P pasap P P P TpHTETPAdIp
Cs
Cii Coy Can Cs; Coen Th
Hwnanp mmoc-
[Inaakonyg - [Tupamua Junupamua PomOosap Junmpamuia Junonexasap
C O
o Doy D, Ds De
Pououtccias Junupamua Tparmenos Tparmenod Tparmenod Henraror-
npu3Ma PaMuA Paneosap Paneosap Panetosap TPUOKTA3IP
C4v C3v D6v T
JlurekcaronaneHas | JutpuronansHas | JlurekcaronaiabHas d
['excarerpasip
nMpaMuia nMpaMuia nupamMujia
D D
4h Dag 6h o
TpuronanpHas JlurekcaroHanbHas
Cxanenosap I'ekcokTasrap
JUATTMPaMUIA TUMpaMUIA
S4 CSh
JutpuronansHas TpuronanbHas
JTUMHAPaMHUIA TUIpaMuia
Dan
Dz JutpuronanbHas
Cxanenosap
TUMpaMUIA
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Bomnpocs! k rinase 9

1) B yem 3akiouaeTcs BTOpOM 3aK0H Kpucrtamiorpabun (3akoH
I"aron)?

2) UT0 Takoe CUMBOJIBI I'PAHH U KaK OHM 3aITUCHIBAIOTCS B Pa3HBIX
CUHTOHUSX ?

3) UeM oTIMYarOTCsS CHMBOJIBI TPAHEH B TETPAroHaIbLHON M TPUTO-
HAJIbHOW CHUHTOHUSX?

4) YeM OTIIMYAIOTCS CHMBOJIBI TPAHECH B TPUTOHAJILHOM M reKcaro-
HAJIbHOW CUHTOHUSX?

5) Yro Takoe eqUHUYHAS IPaHb U KaK OHA 3aIHCHIBACTCS?

6) Yto o3HauyaeT 0 B CHMBOJIE TpaHu?
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ILi1aH onucanus MojeJiell KPUCTAJLIIOB

1) Omnpenenutb CHMMETPHIO KPHCTAJLIA:

- 3anucath PopMyIly CAMMETPHUH B CUMBOJIax bpase;

- CHHTOHHIO: TPUKJIMHHYIO0, MOHOKJIMHHY0, pPOMOHYECKYI0, TETParo-
HAJIbHYI0, TPUTOHAJIbHYIO, TeKCAarOHAIbHY0, KyOHMUeCKYIo;

- KATETOPUIO: HU3IIYIO0, CPEHION, BHICIIYIO;

-JIaTh XapaKTEPUCTUKY T€OMETPUUECKUX KOHCTAHT CHHTOHUI — yT-
JIOBBIX BEITUYHH 0, 3, V; SIIEMEHTAPHBIX OTPE3KOB 8y Do, Co,

- IPUBECTH XaPAKTEPUCTUKY DKBHUBAJICHTHOCTH KOOPIMHATHBIX
HAIpaBJICHUMU.

2) OrmpenenuTh BUJI CHMMETPHH, 3alTUCaTh Kiace (TPYIITy) CHMMET-
pun B cumBosiax A.llléndnuca, B MexayHapoaHoi cumBoinke ['epmanHa-
Morena.

3) Bwrueptuth cTepeorpaduUecKyro MPOSKIINIO KiTacca CUMMETPUN
1 0003HAYUThH Ha HEHl HaMpaBlIeHUs BHIOPAHHBIX KOOPAMHATHBIX oce X,
Y, Z

4) Ha crepeorpaduyeckyro IpOESKINIo Kilacca CHMMETPHUH HAHECTH
THOMOCTEpeorpaguieckue MpoeKINK rpaHeil KpucTaiia, 0003HAYHB Tpa-
HU KaX 10U MPOCTOi (OpMBI OJIMHAKOBBIMU LTU(PpaMHu.

5) JlaTh XapakTepHUCTUKY MPOCTHIX (POPM KpHCTaIIA!

- Ha3BaHHE MPOCTON HOPMBI,

-KOJIMYECTBO TpaHeid,

- yacTHas Wiu oo11as npocras ¢popma,

-3aKpBITast UJIU OTKPBITast IpocTas hopma.

6) [IpouHIUITMPOBATH TPAHH KAXKIOHW MPOCTOM GOpMBI

(T.e. onpeaenuth uHACKCH h, K, ).

7) HasBatp Kki1acc cummMeTpuu (1o oOmeli mpocToit popme).
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