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BBenenue

l'eonorusa — yHuBepcaabHad Hayka O 3eMie, aKkKyMy/IUpyollas NPaKTUYecKU
Bce obyracTu 3HaHUA 06 OKpyXarleM Mupe. B HacTosiee BpeMs oHa 0OBbeIUHs-
er 6osee COpOKa PA3JIMYHBIX HANpapieHUH. K HUM OTHOCHUTCA M KPUCTALIOrpa-
1A — opHa U3 MIaBHBIX QYHAAMEHTAIBHBIX HayK O BelllecTBe 3eMIM. DTO HayKa
He TOJIbKO O KPHCTa/UIaX, HO U O Ipolieccax Ux obpa3oBaHusd, UX BHelIHel ¢op-
Me, BHyTPEHHEM CTPOeHUU U QU3NIECKUX CBOMCTBAaX; OHA 3aTparuBaeT BOIPOCH
0 TIpolieccax, IPOUCXOAALINX B INIyOMHAX Halllell IiaHeThl. [I03TOMy MMEHHO KpHU-
cTauiorpadus CBA3bIBAET MHOTHE Pa3Ziesibl T€0JIOTUU CO CMEXHBIMU (yHAaMeH-
TaJIbHBIMU HayKaMU, U3BECTHBIMU ITKOJbHUKAM: GU3UKOHN, XUMUEHN, TeOMeTpUEH.

K coxanenuto, mpesiMeT «IeoNorua» He NpenozaeTca B lkose. OTAenbHbIe MeJl-
KHe YacTH pa3po3HeHHI 110 ypokaM reorpaduu u 6uonoruu, U3nKU U MaTeMaTu-
ku. TakuM 06pa3oM, MIKOTHbHUKAM IOMPOCTY MPaKTUYECKH HEOTKYZA Y3HATD O r'eo-
JIOTUYeCKUX JUCHUIVIMHAX B UX COBPEMEHHOM cocTogHNU. KOHeYHO, B HEKOTOPBIX
LIEHTpax AeTcKoro obpasoBaHus B Poccuy ecTb OYeHb XOPOILINE T'eQJIOTUYECKUE
KPY’XKH, HO ¥ TaM 3TOT pas/ieJl [e0JIOTUU IIPeNIoaeTcs ITOpoii 6eccucTeMHO, KPyXK-
KU He OCHAIIleHbI HarVIIAHBIMY TIOCOOUAMU U 3a4aCTyI0 KPUCTALIOTPadUIo B TAKUX
Kpy’KKaX IIOIIPOCTY HEKOMY ITpernoiaBaTh.

OTo0 06CTOATENBCTBO MOGYAMIO aBTOPOB CO3JaTh HacTosllee Imocobue s
IIKOJIbHUKOB, KOTOphle NPHUHAIU pellleHre CaMOCTOATEeNbHO 03HaKOMUTBCA C OC-
HOBaMU Kpucrauiorpapuu B oObeMe, JOCTATOYHOM JJI YCIIENTHOI'O y4YacTUs
B IIKOJIbHBIX OIMMIIMAZax Io reosoruu. Cpeu NocaeJHUX MOXKHO BbIAEIUTDb Moc-
KOBCKYIO OTKPBITYIO OJTMMIINAZJY IIKOJIbHUKOB II0 T'€OJIOTUM U OMUMIINAZAY «3eMJIA
U 4YeJOBeK», IPOBOAVMEIE €XETOJHO TeoyorudeckuM ¢akyasreroM MIY nMeHU
M. B. JlomoHOCOBa u PoccuiickuM TOCyZapCTBEHHBIM T'e0JOTOpa3BeOYHBIM YHU-
BepcuTeToM UMeHHu Cepro OpZKOHUKN/3€ COOTBETCTBEHHO.

ABTOpBI CTPEMIINCH U3JIOXKUTh TPYAHBIM U HOBBIH /71 GONBUIMHCTBA YUTATe-
Jlell MaTepral MaKCUMaabHO IIPOCTBIM A3bIKOM. O[HaKO KHUTA OTHIOJb He IpeJ-
HasHavyaeTcsA JJIA JIETKOTO U pa3BjleKaTeJbHOr'o YTeHUA. YuTaTesto NpueTcs Ipo-
SIBUTD OIIpe/ie/IeHHOe TepIIeHNe, YTOOB OCBOUTh HEKOTOPBIE TPYAOEMKUE Pa3/ieiTbl
mocobus. ABTOPHI HAZIEIOTCS, YTO HATPaZiol 3a TeprieHue OyZeT yAOBIeTBOPEHHE
OT JajsbHeHIIero u3ydeHnus Kpuctauiorpadgpuu — 3amMedaTeSbHON HAYKU O CAMBIX
IIpeKpacHbIX TBOPEHUAX HeXUBOM NIPUPOJBHI.

Taxoke 3TO MOocOOHE MOXKET OBITD ITOJIE3HO 1A TIPEToaBaTeiei reoornIecKX
KPY>XKKOB IIpU COCTaBJIEHUH ILUIAHOB 3aHATHUH 10 ZaHHOU AucuuiUinHe. MeToanye-
CKU MaTepuas IOcOOUA pasfiejieH Ha TPU CTYIeHH, COOTBETCTBYIOLIME BO3PACTy
HIKOJIbHUKOB: IlepBas CTylleHb OPMEeHTHPOBaHa Ha IIKOJIbHUKOB 6—8 KJ1accoB, BTO-
pasg — Ha 9-10 KJaccel ¥ TpeThs — Ha BBIIYCKHOM Kiacc 001ieobpa3oBaTebHON
mkonbl. Kaxkzoe 3aHATHE JOMOMHAETCA KOHTPOJbHBIMU BOIIPOCAMU U yIIpaKHe-
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HUAMH, IOMOTAOLIMMU 3aKpeIUIeHNIo IIpoileHHOro MaTepuana. Kaxkgasa cTyneHb
3aBeplaeTca NPaKTUYECKUM 3aHATHEM.

B mpWIOXKEHUAX K MOCOOWIO TPUBEJEH JOTOMHUTENbHBIM WITIOCTPATUBHBIN
Marepua, KOTOPHIHI MOXKET OBITH IOJIe3eH IpU U3YYeHUM IpeAMeTa, Ipe/CcTaB-
JIEHEI TIOJIE3HBIE CCBUIKU Ha JINTEPATypy UM UHTEpPHET-pPeCypChl, pa3obpaHa pabora
KabuHeTa KpHcTa/uiorpaduy Ha OMUMIIHNAJE IMKOJIbHUKOB IO reojoruu B MLV,
a TakKe IIpUBEJEHBbl OTBETHl K YIPa)KHEHUAM KaXAOH CTyIleHU. YUYUTBIBAsA TOT
dakT, 4TO AT MHOTHX YUTaTeNel 6yAeT HEMPOCTO MOMYIUTh AOCTYI K YIeOHBIM
MOZeNAM KPUCTA/UIMYECKUX MHOTOTPAaHHUKOB, B IPWIOXKEHUAX JOIOIHUTEIBLHO
IIpUBeZleHbl Pa3BepTKU JJIA CaMOCTOATENbHON CKJIEHMKU HEKOTOPBIX MOJENbHBIX
KPHCTaJLIOB.



Ctrynens N21

3anarue 1

MecTo KpucTauiorpadpuul Cper eCTECTBEHHBIX HayK.
Kpucrasn kak 00beKT UCcIeJOBaHUsA

C KpUCTa/UTMYECKUM BEIIECTBOM JIIOZYM CTOIKHY/IVNCh B IMIyOOKO APEBHOCTHU.
Co BpeMeH MayieoInTa OHU J0OBIBAIM KaMHU, UCIIOIb30BaIU UX IMOJIE3HbIE CBOH-
CTBA, YAWUBJLACH U IIOPAXKasACh UX HEOOBIKHOBEHHOM popMme, 1iBeTy. [lepBEIe MUCh-
MeHHBbIe YIIOMMHaHUA O KpucTauiax oTtHocATeda K 500-300 rr. mo H. 3., a caMo
HasBaHUe «KPHUCTaJLI» IPOU3O0ILIO OT I'PEYeCKOTro CI0Ba «KPUCTALIOC» — IIpO3pay-
HBIH JIe[.

OnHakKo JIIOAY JOJNTOe BpeMs He MOIIU OOBSCHUTH NIPHUYUHBI YAUBUTETHHO
IIpaBWIbHOH OTPaHKU NPHUPOJHBIX KPUCTAJIIOB, IIOPOI KpHUCTalaM IPUIIKCHIBa-
JII Marudeckylo CHIy, KOTOpas BBIIIe BO3MOXKHOCTeH 4esoBeYecKoro IO03HaHUA.
leoMeTpus KPUCTAIIOB Ka3asach TAMHCTBEHHOM U Hepa3pemuMon 3arajkoi. Tem
He MeHee, TOHEMHOT'Y HaKaIuInBajaach MHGOpMAIs O CBOMCTBAX KPUCTAIIIOB, 06
UX OrpaHKe, YTO U MPUBEIO K 3apoXJAeHUI0 Kpuctauiorpaduu. Jloaroe BpeMs
KPHCTAJUIBI TOPHOTO XPYCTaJIs IPUHUMAJIU 338 HOBYIO, YCTOMYMBYIO K HAarpeBy Gpop-
My JibZia, 06pa30BaBIIYIOCA TIOC/IE «BEUKOM CTYXH». HO ToCie BOEHHBIX ITOXO0/IOB
Anexcangpa MaxkezioHckoro (356-323 IT. 0 H. 3.) B CTPaHBHI C >KapKUM KJIUMaTOM,
rZie 4acTO BCTPeYaInch KPUCTAJUIBI IPYTUX MUHEPAJIOB, IIPOUCXOXKEeHE KPUCTAI-
JIOB CTaJIH CBAI3BIBATh HE TOJIBKO C AeMCTBHEM XOJIO/A, a U C CWIaMHU boxkecTBeHHO-
ro CosmHua. OTMETHM, YTO B TO BpeMsA KpHUCTa/UIaM{ Ha3bIBaJIU JINIIb IIPO3PaAYHBIe,
XOPOIIIO OrpaHeHHbIe 0Opa3oBaHus (aKBaMapuH, KBapll U T.Z.). Brocieacreum
3TOT TePMUH OBUI pAacIPOCTPAaHEH Ha BCe IIPO3pAavyHble U HENPO3PAYHbIe «YIIOBa-
THIe» TeJla IPUPOAHON MHOTOTpaHHOU popMbl. TakuM 06pa3om, KpucTaiorpadus
3apoAuiach MpU HAGMIOAEHUU U U3YYEHUH TIPUPOJHBIX 06BEKTOB — MHHEPAIOB
U CJIOXKEHHBIX UMY T'OPHBIX IOPOZ. I103TOMY MOXKHO CUUTATh, 4TO JOJIT0e BPEMA 3Ta
Hayka 6bU1a KaK ObI YaCThIO T€0JIOTHH, & TOYHEe MUHepaJIOrui. JIUIb CO BpeMeHEM
Kpucrauorpadusa BBIZEIIIACH B CAMOCTOSTENbHYIO HAyKy, YTO dallle BCETro CBs-
3BIBAIOT C paboTaMu JATCKOTO ecTecTBOHCHbITaTensa Hukonaa CTeHOHA, KOTOPHIH
B cepeaviHe XVII Beka BbICKa3asl psz MIPeAIIoNoKeHNN 0 MeXaHU3Max 3apoXKAeHUA
U pOCTa KPUCTAJUIOB M BIEPBBIE CHOPMYIHUPOBA MEPBHIN 3aKOH KPUCTALIOrPa-
bun — 3aKoH nocmosiHcmea y2n108:

Xoms kpucmaJuibl 00HO20 U MO20 Jice selecmsada (MuHepanda) Mozym umems
DA3HYI0 POPMY, Yesibl MeNCOY UX COOMBEMCMBEHHIMU 2PAHAMU OCMAIOMCS
HeU3MeHHbIMLL.
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Ha pucytke 1 n306pakeHbl pa3indHble 10 GopMe KPUCTALIBI KBapIia, OJHAKO
€CJIv TIOMEPUTBD VIVIB MEXY IPaHAMM, 0003HaYeHHBIX OyKBaMU d U b (6o a u ¢),
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Puc. 1. Kpucrasiel KBaplia, WUIIOCTPUPYIOIIKE 3aKOH IIOCTOAHCTBA YIJIOB
(u3 xuuru «Kpucrannorpadus» Pome ae Jlwis, 1783)

TO /Ui BCEX IATH 0OPAa3IoB pe3ysibTaT OyZeT OAWHAKOB. [0 3TMM yrimaMm KBapil
MOXXHO OTJIMYUTH OT KPHCTAJIOB JPYrOro BelllecTBa. TakuM 06pa3oM, BHEIIHSS
dopma sABIAETCI BAXKHBIM JUarHOCTUYECKUM IIPU3HAKOM, MO3BOJLIOMINM UEHTH-
¢buIpoBaTh KOHKPETHBIH MuHepai. OTMeTHM, 4yTo caM CTEeHOH He U3MepsiT YIJIBI
MeXZy rpaHsAMHU, a 0OBOAWI KapaHJAIIOM T'PaHU KPUCTA/UIOB KBaplia M yKe Ha
PUCYHKax CpaBHUBAJI YIVIBI MEX/Y I'paHAMU. [Iprbop A N3MepeHUs YIJIOB MEXAY
rpaHaMu (TOHUOMETP, U306paKEHHBIN Ha PUC. 2) TOABWICSI HECKOJIBKO TO3JHEE,
BO BpeMeHa ¢paHIysckoro MuHepasora JXana-batucra-JIyu Pome ze JIwis, KoTo-
DHBIH 3aHOBO OTKPHUI 3a0BITEIN 60JIee YeM Ha CTO JIET 3aKOH IIOCTOSTHCTBA YIJIOB.

Puc. 2. TIpukiazHol roHMOMeTp BpeMeH Pome ze Jlvia

Mup KpHCTa/IOB MTOpaykaeT CBOMM pas3HooOpasueM. K HacTosieMy BpeMeH!
OTKpPHITO 6osiee 4500 TOMBKO MUHEPATbHBIX BU/JOB, 8 KOJTMYECTBO CUHTETUYECKUX
KPUCTALTUYECKUX HEOPTaHWYECKUX COeUHEHUN HaMHOTO GOJbIlle U MPUOIIMIKa-
eTcs K COTHE ThICAY. 3HafA, KaK «yCTPOEHbI» KPUCTAJUIBI, KaK UX CTPOEHHE CBSI3aHO
C XUMHUYECKUM COCTAaBOM, MOXKHO OOBSICHUTD U ZiaKe TIPEeACKA3aTh T€ YAUBUTENb-
HBIE CBOMCTBA KPUCTA/UIOB MUHEPAJIOB, KOTOPbIE BeKaMU IIPUBJIEKANHU K cebe MH-
Tepec Jiofel.



3ansarue 1. Mecro kpucrauiorpadguu cpesy ecTeCTBEHHBIX HAayK 9

V3 Tpex GopM opraHu3alUy TBEPAOTO COCTOSHHUA BellecTBa (KpUCTAIHNYe-
CKOT0, aMOpGHOro U HeIABHO OTKPHITOTO KBa3UKPUCTAIIMYECKOTO) KPUCTAIUINYE-
CKO€ COCTOsIHME HauboJjiee pacpoCcTpaHEHO B IPHUPOJE U XapaKTEPUIYETCsI CTPOTO
ompesiesieHHbIM (OHOPOZAHO MOBTOPSIOIIMMCS) PACIONIOKEHUEM CJIATAOI[UX €ro
aToMOB B mpocTpaHcTBe. OTMeTUM, KCTaTH, YTO MPUHAAJIEKHOCTh aMOPQHOro Te-
Jla K TBEPAOMY COCTOSIHHIO CIIOPHO, MHOTME (U3UKHU CYHUTAIOT €r0 KUAKOCTHIO
C OYeHb OOJIBIION BA3KOCTHIO.

YTO K€ Takoe KPUCTaUI, C COBPEMEHHON TOUKHM 3peHus? COIIacHO ompee-
JIEHUIO, KpUCMaJLl — meepdoe, 00HOPOOHOe, AHU30MPONHOe 8elecmao, cnocobHoe
8 onpedesieHHbIX YCI08USX CAMOOZPAHAMbCA. AHUZ0MPONHOCMbI0 HA3BIBAIOT CIIO-
COGHOCTh KpHUCTaJlIa I0-Pa3HOMY TIPOSIBJISATH OFHO (GU3NUUECKOe CBONCTBO (TBep-
JOCTb, TEIUIOIPOBOAHOCTD, TOKA3aTeb IPEJIOMIEHHUA, CIIAMHOCTD U Jp.) B pasind-
HBIX HallpaBJIeHUAX. DTUM KPUCTAJUI OTIMYAETCS OT U30TPOIHOTO cTekIa (aMmopd-
HOTO COCTOSIHMSA BeliecTBa). Ellle 0HUM BaXKHBIM CBOMCTBOM KPUCTAJLTUIECKOTO
BEIECTBA, OTINYAMONINM €ro OT aMOpPQHOTro, SIBASETCS CIIOCOGHOCTb KPUCTALIA
[IPU OMpeZeNeHHBIX YCIOBUSAX IPUHUMATH €CTECTBEHHYI0O MHOTOTPaHHYI0 Gpopmy,
T. €. caMoorpaHAThes. JII060i 06JI0MOK KpUCTalia, IONaB B COOTBETCTBYIOLIYIO
cpezly, HalpuMep, B IEPECHILIEHHbI PAaCTBOP TOTO K€ COCTaBa, HAYHET MOKPHI-
BaThCA IPAHAMHU, B TO BpeMA KaK aMOpHOe BeIeCTBO OcTaHeTcs 6e3 M3MeHeHuUs .

CoBpeMeHHBIE eCTECTBEHHbBIE HAYKU HEMBICIUMBI 6€3 3HaHUA U MIUPOKOTO KC-
MOTb30BAHUSA 3aKOHOB KpHCTa/UIOrpaduu. B Hamwm AHU KpucTawiorpapus — 3To
caMOCTOsITeIbHAs HayKa, 3aHUMAFOIas MOYETHOE MECTO CPEAU APYTUX POJACTBEH-
HBIX HayK; B HACTOslllee BPEMs OHA MMEET TeCHbIE CBA3U ¢ GU3UKON U XUMHeH
TBEPZAOTO TeJla, TeOXUMUEl, MaTeMaTUKOM U IPYTUMU pasZielaMU eCTECTBO3HAHUA.
Kpucrasutorpadus HaXoAUTCS Ha CTBIKE TaKUX HayK, Kak MaTeMaTHKa, Te0JIOTHs,
MUHEPAIOTHs, XuMus, ¢pusuka u 6uomorus. Ha mepeceueHnn KprcTaiorpapum
C 5TUMHM HayKaM{ BO3HUKJIM IIPOMEXYTOYHBEIe 0biacTy 3HaHUH. OZHAKO Pe3KUX
IPaHUI] MeXy HUMHU HET, 3TO CHCTEMa B3aMOIIPOHUKAOLINX U B3anMooborarna-
IOLIUX APYT Apyra obiacTeil 3HAaHWH.

Takum o6pa3oM, coBpeMeHHas KpucTa/uiorpadusa BKIOYaeT B cebs psz pasze-
JIOB, TECHO CBfI3aHHBIX C COCEAHUMM HayKamu. Tak, mMamemamuueckas Kpucmai-
J02pagus, BO3HUKINAA HA CTHIKE KpUCTa/UTOrpaduu M MaTeMaTHKH, CO3ZlaHa Ma-
TeEMaTHUKaMU U Kpucrawiorpabamu-teopernkamu. Ciofa BXOAUT U 2eomempuue-
ckas kpucmannozpagus. ITo TeOpeTUIeCcKas OCHOBA KpUCTA/LIOTpadpuu: SMIUPHU-
Yyeckue ZaHHbIEe 0 GOpMe KPUCTAUINYECKUX TeJI, YUeHUEe O BHEIHEH U BHYTpeHHeH
CUMMETPHH, TeOMETPUYECKas TEOPUA KPUCTAUTNIECKUX MHOTOTPAHHUKOB, MaTe-
MaTHYECKHUH almapaT TEH30PHON KpUCTAIOGU3UKY U AUGPAKITUOHHBIX METO/OB
VICCIeZIOBaHUS BEIIECTBA.

Kpucmannoxumus u3ydaeT B3auUMOCBSI3b MEXAY KPUCTA/IMYECKUMH CTPYKTY-
paMy pasHBIX BEIIECTB M UX XMMHYECKUM COCTaBOM, XapaKTEpPOM XHUMHYECKOM
CBsI3U, MX CcBoiicTBaMu. HakoruieHre u 06001IeHre 3HAHUM O KPUCTA/IaX MO3BO-
JISIET TIPOCJIEAUTD OTAENbHBIE TIPUHIIUIIBI X YCTPONCTBA, YBUAETh, KAK HEKOTOPHIE
THUIBl ATOMHBIX TOCTPOEK OKAa3bIBAIOTCS PE3YJIBTATOM OIpe/ieJIeHHbIX COOTHOIIIE-
HUI pa3MepoB aTOMOB U CHJI UX B3aUMOZENCTBUA. B 3TOM HalpaBlIeHUU HOTYYHT
[TyOOKOEe pa3BUTHE U BO MHOTOM 3aHOBO IIEPEOCMBICJIEH IIPEAMET MUHEPAIOTHS.
Crai MOHATHBI IIPUYMHBI MHOTUX YCIOXKHEHUM COCTaBa, Ka3aBlIvecs paHee Ka-
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IIPU30M NPUPOZABL. B MX OCHOBe 3aJyI0:KeH, IOMUMO XMMUYECKOTO, ellle U reoMeT-
pUYeCcKUU TIPUHLIUII.

Dusuueckas kpucmaanozpadus paccMaTpyUBaeT IeKTPUYECcKUe, OITHIecKue,
MeXaHW4YecKre U APYTHe CBOHUCTBA KPUCTAJLIOB M UX 3aBUCUMOCTh OT CUMMETPUH
u cocraBa. Kpucrammopusruka paccMaTpuUBaeT KOPPENALUI0 MEXAY PpU3MdecKu-
MM CBOMCTBAaMU U aTOMHOU CTPYKTYpOH KpUCTa/IOB. TakuM o6pa3oM, KpUCTaJI-
JnoQU3NKA ABJISAETCI TEOPETUIECKON OCHOBOUM HOBBIX 00OJacCTell TEXHUKH, TaKHX
KaK IOJIyIIPOBOJHUKOBAs JIeKTPOHUKA, [Tbe30TEXHUKA, KBAaHTOBasA paznodusrka
Y HeJIMHelHas OITHKa.

Kpucmannozenesuc — npukiagHas o6JacTb KpUcTautorpaduu, UccIeAyomasn
mportecckl 06pa30BaHUA U POCTa KPUCTAIOB. BRICTpOe pasBUTHE TEXHUKU IIO-
TpeboBaIO GOJBIIOTO KOMWYECTBA PA3TUIHBIX KPUCTALIOB: ISl 06paboOTKY CBEpX-
TBepZbIX MaTEPHUAJIOB, MOIYIIPOBOAHUKOB, KPUCTAJUIOB JJIS JIa3ePHBIX YCTAHOBOK,
JUI MUKDPOSJIEKTPOHUKH, CETHETOINEKTPUKHU, a TakkKe abpa3uBOB U, HAKOHEII,
IOBEJIMPHBIX KPUCTAJUIOB. Bce 3TO NMPHBENO K CO3JaHUI0 HOBOM OTpaciv — Ipo-
MBIIUTEHHOCTH BbIPAIIMBAHUSA KPUCTA/LIOB. B. V. BepHaZCKUiA TOAMETHUI, YTO «MO-
HOKPUCTQLTHI B Hallle BpeMsI 3aHUMAIOT CTOJIb BRXKHOE MeCTo, 9YTO XX BEeK MOXKHO
6bUTO OBl Ha3BaTh BEKOM MOHOKPUCTAJLIIOB>.

KOHTPOJIIJHLIC BOIIPOCHI

1) Kak 3aK0H ITOCTOSHCTBA YIJIOB IOMOTaeT AUarHOCTUPOBATh KPUCTAJLIBI pas-
HBIX MUHEpPaJIoB?

2) Kakue pa3iuyHble TBepZAble COCTOSHUS BeIeCTBA U3BECTHHI CerofHA? B yem
0COBGEHHOCTh KPUCTAJUTMYECKOTO COCTOSTHUSA?

3) YTo Ha3bIBaeTCs KPUCTAUIOM B COBpEMEHHOM ITOHUMAaHUU 3TOT'0 TEPMUHA?

4) Kakue paszesbl COBpEMEHHON KpUcTa/utorpaduu BaM U3BECTHHI? YeM OHM
3aHUMAaIOTCA?

5) C xaKMMH HayKaMU KpHUCTauToTpaduss TpaHUIUT 0COOEHHO GIU3KO?

3aHgarue 2
Kpucrayn kak reomeTpudeckoe Tejao

C ZpeBHeHIINX BpeMeH Hallu IpeJCTaBieHuA O KpacoTe CBA3aHbl C CUMMeT-
pueii. HaBepHoe, 3TUM OOBACHAETCA WHTEPeC YeloBeKa K MHOTOIDAaHHHKAM —
VAUBUTENbHBIM CUMBOJIAM CUMMETPUH, UMEIOIINM HEOOBIYaiiHO KpacHBhIe, COBEP-
IIeHHbIE U TapMOHUYHBIE GOpMBI. OCOOEHHO SPKO 3aKOHBI CUMMETPUM PEeaU3y-
IOTCSI B KPUCTA/UIaX, KOTOPBIe YacTO MPUHUMAIOT BUJ, MHOTOT'PAHHBIX OOBHEKTOB.
UYTO0 3Xe Takoe MHOI'OTPaHHUK?

MHozoepaHHuKoM Ha3bBIBAETCS TEJIO, PAHUIIA KOTOPOTI'O ABIAETCA OObeAMHEHH-
€M KOHEYHOTO 4ucja MHOTOYTOJbHUKOB. CpeJi MHOTOTPAaHHUKOB MOKHO BBIJe-
JIUTD B8bINYKIble MHO202paHHUKU. MHOrorpaHHUK ABJAETCA BBIIYKJIBIM, €CIH JIO-
6011 OTPe30K, COeANHSIIOMINIA IBe TOYKHY, IIPUHA/IeKAIIe STOMY MHOTOI'PaHHUKY,
6yZeT TakKe IPUHA/JIEKATh EMY IOTHOCTBIO.

IIpasunbHbIM MHO0202PAHHUKOM Ha3blBaeTCA MHOTOIDAaHHUK, y KOTOPOT'O Bce
IpaHy — IIpaBWIbHbIE paBHble MHOTI'OYT'OJIbHUKM U BCe ABYyTrPaHHbIE YIVIBI PaBHHL.
B kax/10i1 ero BepIIMHE CXOAUTCA OZNHAKOBOE YUCIIO pebep.
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Cpasy onpeziesuMcsi, 9TO 2paHbi0 MBI OyZieM Ha3bIBaTh IUIOCKYIO TOBEPXHOCTb,
OTpaHMYMBAIOLIYIO Hallle TpeXMepHOe TeJlo, pebpomM — JIMHUIO IlepecedeHus AByX
rpaHeli, a 8eplUHOL — TOUKY [lepecedyeHus] HECKOIbKUX pebep.

[TepBble yIIOMUHAHUA O MHOTOTPaHHUKAX BCTPEYAINCh ellle 32 TPU ThICAYU JIET
Zlo Hamredi apel B Erunre u BaBwioHe. VcTopua ux M3ydyeHUs CBfA3aHa C UMeHa-
MM BBIZIAIONIMXCS MbIcTuTene — I[Tudaropa, EBkiuga, Apxumena. [Tudarop u ero
YYEHUKU CYUTAIU NIPABWIbHEIE BHIIYKJIBIE MHOTOTPAHHUKY O0)KeCTBEHHBIMU H-
rypamu. [To3:xe yyeHue nudaropeiiiieB o MpaBWIbHBIX MHOIOTPAHHUKAX U3JI0KUI
B CBOMX TpyZax Apyrou aApeBHerpedeckuit ¢punocod IlnaTon. C Tex mop mpaBuib-
Hble MHOTOI'PaHHUKY CTaly Ha3bIBaThCs NIAMOHOBbIMU MeaaMU.

BaxHOe CBOMCTBO MHOTOTPaHHUKOB chopMyarpoBain JleoHaps ditiep — us-
BeCTHBIM MaTeMaTHK, Gusuk u acTpoHoM. IlIBeiiriapen 1o IpOHCXOXAEHUIO, OH
¢ 1727 r. pabotain B Poccuu. Ditnep apisgercsa aBTopoM 6oree 800 paboT, 0Ka3aBIINX
3HaYWTeNbHOE BIMAHME Ha pa3BUTHE eCTeCTBEHHBIX HayK. OH Iokasas, 4To [
J060T0 BBITYKJIOTO MHOTOT'PAHHUKA CIIPABEJJIMBO COOTHOIIIEHE:

'+B—-pP=2.

3aeck I' —uuncno rpadei, B— uncio BepurnH, P — uncio pebep JaHHOTO MHOTO-
rpanHuka. Teopemy Diiiepa UCTOPHUKYM MaTEMAaTHUKK HA3bIBAIOT nepaoll meopemotl
monoJio2uu — KPYIIHOTO pasfesia COBpeMeHHON MaTeMaTUKH.

Bropoe Ba)kHOe COOTHOILIEHUE IVIACUT, YTO 8 JIHOOM 8bliyKIAOM MHO202PAHHUKE
(8 mom uucne U NPABUIBLHOM) CyMMA 8CeX Y2108 Mexncdy pedpamil, cxXo0aUUMUCS
8 00HOll sepuiuHe, gcez0a meHblue 360°. [locmoTpuM Ha pucyHOK 3. PaccmoTpum
wiockocTh ABCD, B KOTOpo# HaxoauTcs Touka O (Hamia BepinvHa). CKOJTbKO OBl
nuaui (pebep) u3 neHTpa O MBI HU IIPOBEIH, BCE PABHO CyMMa YIJIOB O, O,
U3, ..., O, OyzZeT paBHa 360°. Terepb BbIBEAEM BEPIIMHY U3 IUIOCKOCTH. OYeBUAHO,
YTO IpU 6eCKOHEYHO GONBLUIOM PACCTOSHUU OT ILUIOCKOCTU VIJIBI O BRIPOXKJAIOTCS
B GECKOHEYHO MaJIble YIJIBI, CIeI0BATENBHO, KaXKABIA yroa of GyJeT MeHbIIEe COOT-
BETCTBYIOIIEro yria o.

Pruc. 3. CymMa Bcex YIVIOB MeXAY pebpaMu, CXOAANIMMUCS B OHOU BepIIMHE
BHYTPEHHEr0 MHOTOT'PaHHUKA, MeHbIre 360°

JlokazaHHOe HepaBeHCTBO OIpaHMYMBAeT YMCJIO IIPaBWIBHBIX MHOTOTPaHHU-
KOB Zlo IATH. JlaBaliTe 310 NpoBepyM. Kakue mpaBuiIbHbIe MHOTOYTOJBHUKNA MOTYT
CXOZIUTHCS B BepIIVHE NTPAaBWIBHOI'O MHOTOTPAHHUKA?
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[TepBbIli BO3MOXKHBIN CIIy4all — B OHOU BEPIINHE CXOJATCS TPU PABHOCTOPOH-
HUX TPEYroJbHUKA. BHYTpeHHUH yron KaXXJoro TpeyroibHUKa paBeH 60°. Cymma
BHYTPeHHUX yI7I0B paBHa 60° X 3 =180°, yTo MeHb1Ie 360°. MbI IOTy4YUIU IEPBOE
MpaBWIbHOE IUIATOHOBO Teo. OHO HasbiBaeTcsa mempaadp (puc. 4a). OTMeTHM,
YTO HA3BaHUSA IUIATOHOBBIX TEJ UMEIOT rpeuecKre KOPHHU: «3jpa» — TPaHb, «TeT-
pa» — 4deTbIpe. TeTpasgp — 3TO NPABWIbHBIH BHIIYKJIBIH YeTHIPEXIPAHHUK. Y HETO
YeThIpe BEPUIMHE! U IlecTh pebep. Kak BHAVUM, cOOTHOIIEHUe Diliepa BBIIOIHA-
ercs (4 + 4 — 6 =2). Keraru, TeTpasap mpeicTaBisieT cOO0 BHIYKIBIN MHOTO-
TPaHHUK C HAUMEHBIINM YHCJIOM TpaHeill — TpeMs IUIOCKOCTAMU HEBO3MOXKHO
OTPaHUYUTh KOHEYHYIO 06JIaCTh IIPOCTPAHCTBA, a YeTHIPbMs MOXKHO (MHOTZA).

a 6 B r I

Puc. 4. TIATh NpaBWIBHBIX BHITYK/IBIX MHOIOI'DAHHUKOB: a) TeTpaszp,
6) OKTa’ap, B) UKOCAd/P, I') TEKCA3ZAP U 1) AOAEKASAD

YBeIMYUM 4YHCJIO TPEYTOJbHUKOB, CXOAAIIUXCA B OZHOUM BepIIMHE, A0 dYe-
ThIpeX. B 3TOM iy4ae cyMMa BHYTPEHHHUX VIJIOB OCTaHeTcsa MeHblie 360°
(4 x 60° = 240°), T.e. TakOH Cyy4all MMeeT IpaBO Ha CyllecTBOBaHUe. Takoil
MHOTOTPAHHUK Ha3bIBaeTCA okmasdpom («OKTa» — BoceMb). OKTasAp uMeeT
IIeCTh BEPUINH U BOCEMb I'paHeii (cM. puc. 4 6). Hec/lI03XHO OACIUTATD, YTO pebep
y Hero 12, B TTIOJTHOM COOTBETCTBUM C ITpaBWIOM diiepa.

YBeIUYUM YHCIO TPABWIBHBIX TPEYTOIbHUKOB, CXOZASAIIMXCSI B OAHOM Bep-
IIWHe, 0 TIATU. V1 B 3TOM CjIydae CyMMa BHYTPEHHUX YIJIOB OCTAHETCS MEHBIIe
360° (5 x 60° = 300°), T.e. TakOl CJlydyail TOXKe MMEET MPABO Ha CyIIEeCTBOBa-
Hue. [TonydeHHBI MHOTOTDAaHHUK Ha3bIBAETCSA UKOCAI0poM (ABaALATUTPAHHUK
mo-rpevecku). Y Hero 12 Bepuiud u 30 peGep (puc. 4 B).

YBeIMYUM YUCIIO TPAaBWIbHBIX TPEYTOIbHUKOB, CXOAIINXCS B OZHOU BepIINHe,
Jo mectu. CyMMa BHYTPEHHUX YIJIOB CTAaHET B TOYHOCTH paBHa 360°. OTo o3HaYa-
€T, YTO TAaKOM CIy4all peaysr3yeTcs TOJMbKO Ha IUIOCKOCTU (pHUC. 5a), ¥ BBIMYKJIBIN

a 6 B

Puc. 5. Bo3aMo)xHble BapUaHTBl YKJIaJAKU IPABWIBHBIX MHOI'OYT'OJIBHUKOB, IIPUBOJAIINE
K TIOJTHOMY 3aIIOJIHEHUIO IUIOCKOCTHU: a) COeZAMHEHHE IIIeCTH IIPABIWIbHBIX TPEYTOTbHUKOB,
6) coeAMHEHUE YETHIPEX KBaZPaTOB, B) COeANHEHNUE TPEX HIECTUYTOIbHUKOB
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MHOTOTPAaHHUK C YHCJIOM PAaBHOCTOPOHHUX TPEYTOJbHUKOB OoJiee IIATH, CXOAs-
IIUXCA B OJHOM TOUYKEe, HEBO3MOXEH.

O6bpaTtuMmcs K KBaZpaTHBIM rpaHsaM. YeTwIpe KBagparta yxe gaoT 360° u mwioc-
kyto urypy (puc. 56), ciezoBaTenbHO, eMHCTBEHHAS BO3MOXXHOCTb — COEZHU-
HUTD B OZIHOM BepIIHE TPU KBaparTa. [lepes HAMU OABUTCSA 3HAKOMBIN BCeM KyO0,
WK 2exca’ddp («rekca» — IIecThb), IPUBEJEHHBIN Ha puc. 4T. Y Kyba cymMMa yIyioB
IIpy BepuImHe paBHa 3 X 90° =270°, BepmuH y Ky6a 8, a pebep 12.

PaccMoTpuM IpaBUIbHBIE MATUYTOJBHUKU. EANHCTBEHHBIN BO3MOXKHBIM CIIy-
Yail — TpU MpaBWIbHBIX IATUYTOJIbPHUKA, CXOAALINXCA B OZHOU BeplnnHe. CymMma
YIJIOB IIpH BepuirHe paBHa 108° X 3 =324°. Takoil MHOTOrpaHHUK Ha3bIBaeTCA 00-
dexasdpom («gopeka» — ABeHaAIaTh). [IpaBo xKe, yANBUTETHHO, YTO U3 IATUYTOIb-
HUKOB TOXX€ MOXXHO IIOCTPOUTD IIPAaBWIbHBIN MHOTOI'PaHHUK! Y Takoro oZeKaszpa
(puc. 4 1) 20 BepmuH u 30 pebep.

PaccMoTpyM TNpaBWUIbHBIE IIECTUYTOAbHUKU. COwIeHeHHe TpeX LIeCTUYTOJb-
HUKOB IIPUBEJIET HAC K IUIOCKOH GUType TUTIA MIETHUHBIX cOT (pHUC. 5 B). DTO 3HAUMT,
YTO CJIOKUTH U3 IIEeCTUYTOJIBbHUKOB, He 1eOpPMUPOBAB 1X, 00beMHOe TEJI0 HEBO3-
MOXXHO. TakuM 06pa3oM, IPaBWIBHBEIX MHOTOTPAHHUKOB BCETO IIATh. VIX XapakTe-
PUCTUKY IIpUBeZeHH! B Tabnuie 1.

Tab6nuna 1. XapakTepUCTUKYU NPABUIBHBIX BBIMYKJIBIX MHOTOIPDAHHUKOB

Yucno | Yucno | Cymma | Hucno | Yucio BcTpeyaemocTs
MHororpanHuk o
BepuvH | rpaHeit | B+T | pebep | pebep+2 B KpUCTaJIax
TeTpaszp 4 4 8 6 8 za
rekcasgip 8 6 14 12 14 aa
OKTas/p 6 8 14 12 14 aa
HKOCA3p 12 20 32 30 32 TOIIBKO
B KBa3UKpHUCTaLIax
TOJIBKO
AoREKAND 20 12 32 30 32 B KBa3UKpHUCTaLIax

O6paTuM BHUMaHUE, YTO IOC/IeAHUE ABe GUTYPH He MOTYT OBITh BCTPEYEHE!
CpeZy KPUCTAJUIOB, TaK KaK COZEPIKaT 3alpellleHHble B KJIACCUYECKOH KPUCTAJLIO-
rpaduu ocH mATOro nopsgka (cM. Hrpke). OJHAKO OHU BCTPEYAIOTCA CPeAU K8a3u-
KpUCmasinoe — HeJaBHO OTKPBITOM (pOPMBI OpraHU3aINK TBEPABIX TEJ C JATbHIM
TIOPSIZIKOM.

KOHTPOJIBHBIG BOIIPOCHI

1) Yto Takoe rpaHb, pe6po 1 BepuIrHa?

2) IloueMy paBUJIbHBIX MHOTOT'PAaHHUKOB BCETO IIATH?

3) [lepeuncauTe Bce BO3MOXKHBIE BApUAHTHI IVIOCKOT'O OpPHAMEHTa U3 OUHAKO-
BBIX IIPABWJIBHBIX MHOT'OYTOJIBHUKOB.

4) CdopmynupyiiTe COOTHOIIEHVEe Diliepa Uil MHOTOTPAaHHUKOB.

5) IloyemMy B BHIIYKJIOM MHOTOI'PDaHHHKE CyMMa VIJIOB IpU BepLIWHE BCera
MeHbIne 360°?
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YopaxaneHuda

1) B3miAHyB Ha puC. 4 ¥ BOCIIOJB30BABIINChH [IEPEBOZOM Ha3BAaHUSA QUIYPEHI,
paccuuTaiiTe KOJIM4ecTBO BEPIIUH y JoZeKasApa U UKocasjpa.

2) B3miAHYB Ha puC. 4 U BOCIOJIb30BABUINCH II€PEBOJOM Has3BaHUA QUIYPHI,
paccuMTaiiTe KOMU4IECTBO pebep y AoAeKaspa U UKOCcaspa.

3aHarue 3

OCHOBBI yYieHud o CMMMETPHUH. DJIeMEeHTbI CHUMMETPHUH.
Onepaunn CHUMMETPHUH, BO3SMOXKHbBIE B KpUCTA/JIaX

Kpucrannorpadus ucronb3yeT CBOM YHUKAJIbHBIA MeTOZ UCCIeJ0OBaHUA — Me-
TOZ CUMMeTpPHUHU. TepMUH «CUMMETpUsA» (Iped. «Copa3sMepHOCThb») BBeJ, KaK IpeJ-
mosarar, ITudarop. UesoBeuecTBO ellle Ha 3ape CBOEH KYJIbTYPbl UMEIO Tpea-
CTaBJIeHHe O CUMMETPUU U HCIOJIb30BANIO €€ B PUCYHKAX, B IpegMeTax ObITa,
B cTpouTeabcTBe. COTIacHO OTpeZiesieHHuI0 pycckoro Kpucrauiorpada E. C. Dezo-
POBa, «CUMMeTpPHUA — 3TO CBOMCTBO reOMeTPHUUYECKUX TeJl IIOBTOPATh CBOU 4acTU».

st Toro uTobbl YBUAETh CHMMETPUYHOE PACIIONOXKeHNe, HalpuMep, rpaHeit
w pebep KpucTaia, caegyeT oOpaTUThCA CliepBa K MAeaTU3UPOBAaHHBIM MOJe-
JIAM KPUCTAJUIOB, TZle aHAJIOTUYHble I'PaHU PaBHEL U 110 IUIOIAJM, U II0 KOHTYpaM.
Bo3HukHOBeHNe TaKWX WeaJbHO Pa3BUTHIX KPUCTA/IMYECKUX MHOTOI'PaHHUKOB
CBfI3aHO C MZeaJbHBIMU YCIOBUAMU POCTa, YTO BO3MOXKHO B IIPHPOZAE KpaliHe PesKo.

JlaBatiTe OmpeesuM, YTO TAKOE CUMMETPUYHEBIN 06beKT. IHTYUTUBHO MBI MO-
JKEM TIOYYBCTBOBATh, KAKOUM OOBEKT CUMMETPHUYEH, a Kakol HeT. Hampumep, pac-
CMOTPUM MOZeJb pe3aka ¢ TpeMsd OJWHAKOBBIMHU JonacTaAMU (puc. 6a). [lna Toro

a 6 B

Puc. 6. K omnpezieleHUI0 CUMMETPUYHOM GUTYpHI: a) pe3ak, 06afaroiuii

MTOBOPOTHOH OCBIO TPeThero Nopsizka, 6) HecuMMeTpuuHas ¢urypa c mpo-

HU3BOJIbHBIM PACIIONIOXKEHUEM JIOTIAacTel, B) CMMMeTpuYHasa urypa (Jiomactu
TIOBEPHYTHI OJHA OTHOCUTENBHO Zpyroi Ha 120°) [15]

yTOOBI OKA3aTh PAaBEHCTBO JIOTIACTEH, CIIeZIyeT COBMECTUTD UX APYT C APyroM (BJio-
JKUTb). B pesysibTaTe TaKOTrO BJIOXKEHUS MOXKHO yOEJUTHCI B TOM, UYTO KaXKJOU
TOYKE OZHOH JIOMMACTH COOTBETCTBYET TaKasl XK€ TOYKa Jpyroi. YKka3aHHOEe paBeH-
CTBO — PABEHCTBO BJIOKEHUS — HA3BIBAETCA KOHZPYIHMHbIM (Tped. «COBMEIIAt0-
muiicsa»). [Ipou3BosibHOE paclioyiokeHue JIolacTell pe3aka He CZIejlaeT ero CUM-
MeTpu4HBIM (puc. 66), a 3aKOHOMEPHOE UX PaCIoNoKeHUe — cAenaeT (puc. 6 B).
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B paccMOTpeHHOM IpHUMepe JIONIACTH COBMENIAIOTCA IIPU ITOBOPOTe GUTYypKU HA
onpegeneHHbIN yroa (120°). [IoBOpOT OCyLIECTBIAETCS BOKPYT BOOOpakaeMoH Jiv-
HUU, Ha3bIBaeMOM 0cbi0 8paujeHust WIK n08OPOMHOIL ocvbio cummempuu. CaMo ke
JBIDKeHMe (B JaHHOM CJIydae BpallleHue), IpUBoAsiiee GUTYPY WIH ee YacTH K ca-
MOCOBMEIIIEHUIO, Ha3bIBAETCS Ollepaliieil CUMMETPUH.

BBeZieM ueTKUe onpeZiesieHUs STUX IIOHATHN.

CummempuuHas ¢ueypa — 3TO OOBEKT, KOTOPHII MOXeT OBITh COBMeIleH
caM ¢ coboil ompeeleHHBIMU TIpeobpa3oBaHUAMU (TOBOPOTaMH, OTPaKEHUIMH
UT.A).

Onepayus cummempuu — 3TO Ipeobpa3oBaHUe, COBMeIAIOIIee CUMMETPUY-
HyI0 QUTYPY ¢ co60i (0OBIYHO 3TO MOBOPOT MJIM OTPAKEHUE).

DnemeHm cuMMempuu — 3TO BCIIOMOTaTelbHbIe reoMeTpruiecKre o6pasel (To4-
KM, IpsAMBIe, IUIOCKOCTH), C ITOMOIIBIO KOTOPHIX OOHApy:KMBaeTCsi CUMMETPU
¢uryp.

OTMeTuM, YTO ONeparyy U I1eMeHThl CUMMEeTPUU MPUHATO pa3buBaTh Ha 2
pOZa, B 3aBUCUMOCTH OT XapaKTepa IIpeo6pa3oBaHus. DlIeMeHThl CHMMETPUH Ep-
BOTO poja CBA3BIBAIOT JPYT C APYrOM KOHTPYSHTHO paBHBIE YacTH ¢uryp (wim
camu ¢urypsl). [IpaBeie (IT1) GuUrypsl ocTaHyTCsA IOCTEe MPeoOpa3oBaHUsA MPABHI-
MH, a jeBble (JI) — seBbIMH. [IprMepoM Tako# onepanyiyi CUMMETPUU SBJIAETCA
moBopoT (Ha yron B 120° gna ¢urypel Ha puc. 6B). JeHCTBUTEIHHO, TOKPYTUB
(momaxaB) cBOeli ITpaBOM PYKOM, MBI HUKOTAA HE CMOXXEM JI0OUTHCA, YTOOBI OHA
IIpeBPATWIACH B JIEBYIO PyKy. HaMeHbBIINH IOl TOBOPOTA BOKPYT TaKOM OCH, IPU-
BozAmero GUrypy K caMOCOBMEI[EHUIO, HAa3bIBAETCS 2/IeMEeHMAPHBIM Y2 l0M NO80-
poma u obosHavyaeTcss 6yKBOI o BemurHa IIOBOPOTa ONpeenseT nopsi0ok ocu n,
PaBHBIM YHCJIYy CaMOCOBMeNLIeHUH TIPU MOJHOM MOBOpoTe Ha 360° (n = 360°/w).
Takum 06pa3oM, Ha puc. 6 B MbI BUZVM JEHCTBUE OCU TPETHETO MOPSIKA C dJIEMEH-
TapHBIM YIJIOM TIOBopoTa B 120°.

DJIeMeHTHl CUMMETPHU BTOPOI'O poJa CBA3BIBAIOT 3ePKAIBHO PaBHbIE — dHAH-
muomopgHble (Tped. «IIPOTHUBOIIONOXKHASA GpopMa») — GUTYPHI I UX YaCTH, Ha-
IpuMep, IpaBble U JieBble. CaMol 3HAaKOMOH /JIs1 Hac onepanyeil CHMMeTpPHUU BTO-
pOro poja SBJISAETCA OTPaXKeHUE B 3epKajie WIN OTPAKEHUE MTOBEPXHOCTHIO BOZBI
TIpYU OTCYTCTBUU BeTpa (CM. prc. 3 IBETHOU BKJIEHKN).

3epkasbHas IVIOCKOCTh CUMMETPUH 33/IaeT ONEPAIVI0 OTPaXKEeHWUsI, IIPU KOTO-
poli mpaBas yacTb GUIYpHl, OTPAXKAACH B IUIOCKOCTH KaK B JBYXCTOPOHHEM 3ep-
KaJle, COBMEIIaeTCsI € JIeBOM ee YacTbio. O6BeKT, 061aJatoInii 3epKaIbHOU IIOC-
KOCTbIO, pa36UBaEeTCA 3TUM 2JIEMEHTOM CUMMETPUU Ha /IBe 3€pPKaJbHO paBHbBIE —
SHAHTUOMOpPGHEIE — YacTH. J[JIs onpeseeHUs HAIUYUA 3€PKAJTbHON IUIOCKOCTH
B 00'BEKTE I0JIe3HO UMETh HAaroTOBE IPSMOYTOJIbHOE 3epKasblie. IIpu mpUKIazbl-
BaHUU €ro K 00beKTy OTpaskeHHe JO/LKHO B TOYHOCTH COOTBETCTBOBATh 3aKPHIBA-
eMoit yactu ¢uryps (puc. 76).

Eme ozHO# M3BeCTHOU ollepaliyiedd CUMMETPUM fBJAETCA OTpakeHHe B TOY-
Ke, Ha3bIBaeMOU yeHmp uHgepcuu. Takoe JeHCTBHE 3HAKOMO HaM IO OMTHYECKOM
cxeMe doToanmnapata — 06BEKT oTparkaeTcsa B GOKyce U TepeBopavnBaercsa. U3
PHCYHKa 8 BHZHO, YTO Takas oIllepalys MoXXeT OBITh pa3bura Ha ABa JAelcTBUA —
OTpa’keHHE B 3epKaJjie U MOCIeAYIOIHNA MoBOpoT Ha 180°.
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Puc. 7. a) IIpu 3epKajJbHOM OTpPaKEHUU OOBEKT AENIUTCA Ha JBe SHAHTHOMODPGHEIE

yacTH; 6) 3epKalo NPHIOKEHO NIPaBWIbHO U CUMBOJIU3UPYeT HAJINYKE B 3TOM MecTe

3epKaJbHOM ITIOCKOCTHU P; B) 3€pKajio IPUIOKEHO HeBEPHO, 3epKa/lbHasA IVIOCKOCTD 10
3TOU JIMHUYU OTCYTCTBYET

Eciu BHauane npasyto (I1) 3ansTyi0 OTPasUTh B 3epKaJbHOM IUIOCKOCTH P, TO
MOTYyYUM 3HaHTHOMOPOHYIO eif seByto (JI) 3amATyro. [Tocrie mocieAyomero moBo-
pora JI-3anaToi Ha 180° IOCKOCTh P «CBepHETCs» B TOYKY C, IO 06€ CTOPOHBI OT
KOTOPO#1 B 06enx Gurypax OyAyT pacroiaraTbCs SKBUBAIEHTHBIE TOYKH, JIeKAaIIIe

I1

1

Puc. 8. leMOoHCTpaIys AeHACTBYA [IEeHTPa UHBEPCUU — OllePalliy CUMMETPUU
BTOPOT'O poJa

Ha OZIHOM MPSIMOM, TPOXOASAIIE Yepe3 IEHTP CUMMETPUHU. PacCTOSHUS OT LEHTPA
CUMMETPHH JI0 00enX TOYeK OyZeT OAWHAKOBO. TaKMM 0Opa3oM, MCXOAHAs Ipa-
Bas ¢purypka Ha MepBOM 3Talle MOCIEAOBATENIBHOTO JIEHCTBUS OTPAYKAETCS B CBOM
JIEBBIN aHAJIOT, KOTOPBIH MPU MOCIEAYIOIeM TOBOPOTE OCTAHETCS JIeBbIM. To ecTh
OTpakeHHe B IIEHTPe — TOXKEe OTlepaliyis CUMMETPUHN BTOPOTO poza!
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PaccMOTpUM IUIOCKYIO GUTypy — KBagpaT. Ero MOXKHO pa36uTh Ha BOCEMb I'eo-
MeTPUYeCKU PaBHBIX IIPAMOYTONBHBIX TPEYTOMBHUKOB. M3 pucyHKa 9 BHAHO, 4TO
TYT MPUCYTCTBYIOT U ONl€palliy CUMMETPUH IEePBOTO pofa (MOBOPOTHAs OCh YET-
BEPTOTO TIOPSIZIKA) ¥ YETHIPE IIOCKOCTU OTpakeHus. J[Be U3 HUX MPOXOJAT Yepes3
BEpILUHBI KBaJpaTa, a [IBe — YepPe3 CEPeUHbBI CTOPOH.

Puc. 9. PasbueHue KBaZpaTa Ha BOCEMb PaBHBIX TPEYTOJIbHUKOB, CBA3AHHBIX
MeXxJy co60l MOBOPOTaMM M OTpaKeHUAMH. [IpaBble JaZloHK 0603HAYEHBI
6ykBOii «[1», IeBble — GYKBOIT «JI»

Teneps 3aaa1M cebe BOIPOC: KaKye OMePaIi CHMMETPUH MOXKHO BCTPETHUTH,
OIIMCHIBasA KpUCTA/UIMYeCcKre MHOTOIpaHHUKU? OKa3blBaeTcsd, B OIUYKE OT Jpy-
T'MX TEOMETPUYECKUX TeJI, AJIs1 KPUCTALZIOB €CTh Of[HA 0COOEHHOCTD, MOAMeYeHHAs
ellle B [peBHOCTHU U cHOPMYINPOBAHHASA B BU/IE OCHOBHO20 3AKOHA 260MempUUecKol
Kpucmanozpaduu: 8 KpUCMALNIUUECKUX MHO202DAHHUKAX NOPSAO0K Ocell 02paHuueH
yucnamu n=1, 2, 3,4, 6, m. e. 8 KPUCMALILAX HEBO3MONCHBL OCU NAMO20 U B8blille
uecmoeo nopsaokos. DTOT 3aKOH OBUT IT037Hee 0OBSCHEH BHYTPEHHUM IIeprogude-
CKUM CTpPOeHMEeM KPUCTAJIOB U CBA3aH C TeM, YTO IATUYTONbHUKAMU U N-YTONbHU-
KaMU ¢ 11 > 6 HeBO3MOXKHO 3aIIOJTHUTh BCe ByMepHOe IIPOCTPAHCTBO 6e3 ocTaTka
(puc. 10). leficTBUTETHHO, TaKWe MHOTOYTOJTbHUKY HEJIb3s1 YIIaKOBaTh 6e3 ImpoMe-
XKYTKOB JINOO TIEPEKPHITHIH.

a 6 B

Puc. 10. IIpu ymakoBKe ByMepHOTO TPOCTPaHCTBA 5-, 6-, 7-yTOIbHUKaMU 160
ocTarTcsa 3a30pHl (a), 1160 GUTYPHI «3aXJIECThIBAIOT» APYT Apyra (6-B)
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Takum 06pa3oM, U3ydasi KPUCTAJLIBI, MBI MOXKeM OOHAPY:KUTh HATUYNE TAKUX
NIEMEHTOB CUMMETPHHU KaK 3€pKajIbHas IIOCKOCTD, LIEHTP CUMMETPUU (IEMEHTEHI
CUMMETPUH BTOPOTO PoJia), a TAK)KEe MMOBOPOTHBIE OCH TIEPBOT'0, BTOPOTO, TPETHETO,
YETBEPTOTO U IIECTOTO MOPsAAKA (/IEMEHTH CHMMETPUU IIEPBOTO POZA). 3aMETHUM,
YTO OCh MEPBOTO MOPsiAKA 3aZaeT MoBOpoT Ha 360° (yin6o Ha 0° — OOBEKT HeIo-
JBIDKEH M OCTAETCS caMUM c000it). DTOT IMeMEHT CUMMETPHUU caM Io cebe HEWH-
TepeceH, TaK Kak B abCOMIOTHO JIFOOOH, Zja)ke caMOil HECHMMETPUYHOU GUType,
cyuiecTByeT 6€CKOHEYHOe MHOXECTBO OCEH IIepBOro mnopsagka. 3Ta och IpUHUMA-
eTcs1 BO BHUMAaHUE JIUIIb B TOM CIy4ae, eI APYTUX 2I€eMEHTOB CUMMETPUU HET.

KoHTposbHbIE BOIIPOCHI

1) Yto Takoe CUMMETpPUS?

2) Yro Takoe omeparys CUMMETPUU U SIeMEHT CUMMETPUU?

3) Yem pasinuaroTca ollepalluM CHMMeTPHUU IIepBOTo U BToporo poza? Ilepe-
YUCIUTE UX.

4) YTo Takoe NMOPSALOK OCH U 27IeMeHTapHBbIH yros moBopoTa?

5) CdopmynupyiiTe OCHOBHOM 3aKOH TeOMETPUYECKON KpUCTAUIOTpaduu.

6) [Touemy B KpHcTa/IaX BCTPeYaloTCsA IIOBOPOTHBIE OCH CTPOTO OllpeZie/IeHHbIX
MOPAAKOB?

Yopaxxnenusa

1) IMocmotpute Ha Qororpaduto [maBHoro 3zanmss MIY (puc. la uBeTHOU
BrJIelku). Kakue ajeMeHThl cCUMMeTpHUU MOXXHO HaiiTu? IlogymaliTe, MOXeT Ju
KPUCTAJLT UMETh TaKOH Ke Habop 21eMeHTOB CUMMETPUU.

2) Tlocmotpurte (puc. 16 nBeTHOHM BKIeHKU) Ha ¢oTtorpaduio 3ganus MuHU-
crepctBa o6oponsl CIIIA (TleHTaroH). OeHUTE ero CUMMeTpPHI0. MOXKeT JIh Kpu-
CTaJI71 UMETh TaKyl0 CUMMETPHUIO?

3) OnuumuTe KUPHUY KaK TeOMETPUYECKUN CHUMMETPUYHBIA OO6BEKT (CM.
puc. 1B 1BeTHO! BkJIelku). Kakue sneMeHTH cMMMeTpUHM Bbl Hanuiu? MokeT
JIV1 KPUCTAJLI UMETh ITOZ0OHBIN HAbOp 3/IEMEHTOB CUMMETPHH?

4) IogymaiiTe, och KaKOro MOPSAKA MIPOXOAUT BEPTUKAIBbHO B OCTaHKMHCKOM
TesnebariHe (puc. 1T HBeTHOM BKJIEHKH). MOXKHO JTM BCTPETUTD OCh TAKOT'O TOPSAAKA
B KpUCTa/Iax?

3aHarue 4
CumBosinka bpase

DJyeMeHTHl CHMMETPUH UMEIOT CBOU OyKBEHHBIE U rpaduieckue 0603HAYEHUS.
[lepBble HEOOXOAUMEI I 3aMKUCH BCETO Habopa omepanuii CUMMETPUH, KOTOPHIH
MIPUCYTCTBYET B KOHKPETHOI TeOMeTpPUYecKoil ¢urype, a BTOpble — JIsi TOUHOM
MPOCTPAHCTBEHHOM NMPUBS3KU TOTO WIM MHOTO 3JIeMeHTa Ha npoekyuu. ITocTpoe-
HUIO TaKOM MPOEKIUH OyZeT MocBANIeHO 3aHATHe N2 8. Ha aToM aTame oOydyeHuUs
MBI IIO3HAKOMHMCA C CUMBOIMKOH ¢panmysckoro kpucramnorpada Oriocra bpase.
Eff yno6HO BOCIIONB30BAThCA MMEHHO Ha HAYaJIbHOM 3Talle M3ydeHUs OCHOB KpU-
crasorpadpuu.
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B cumBosuke BpaBe (WM y4e6HOM CUMBOJIMKE) OCH CUMMETPUM 0003HAYAIOTCS
6ykBaMmu L, Tie TIOACTPOYHBIHM MHAEKC N COOTBETCTBYET IOPAAKY OcH. I'padmraecku
ITOBOPOTHEIE OCH 0603HAYAIOTCS MIPAMBIMU JIUHUAMU CO 3HAUKaMH, COOTBETCTBYIO-
UMM IIOPAAKY OCU: Lg — { 2 L,— | Ly— A, L, — — ABYYI'OJIbHUK, Ha3bIBa-
eMbIii 3Haukom Dr30. Ock mepBoro mopsazaka L, rpadudyeckoro 3Hauyka He UMEET,
TaK Kak B JII000I pUTrype MOXXHO B JTIOOOM MecTe YBUZAETb OCh IEPBOTO MOPSIKA —
u rpadpudeckoe n3obpakeHre OyAeT JUIIEHO BCIKOTO CMBICJIA. DTO 3HAYUT, YTO
dbopMasIbHO BCe Tela CHMMETPUYHBI M HECUMMETPUYHBIX GUTYp B IpUpPOJE HET
B npuHIiune. OTMeTUM, YTO B KpHUCTA/LIOrpaduu pasaudaoT ocu Huswezo (n=1
wiu 2) U 8vicuiezo (n =3, 4, 6) nopsidkos.

CuMBOJIEHOE 0603HaYeHNe 3epKaIbHOM IUIOCKOCTH — JIaTUHCKas 6ykBa P. I'pa-
¢duyeckoe n306parkeHUE IUIOCKOCTH OINpeeseTcs ee MOMOKEHUEM B MPOCTPaH-
ctBe. ECsint TU10CKOCTh BepTUKAMbHASA (HOPMash K IUIOCKOCTH IIPOXOJUT TOPU30H-
TalbHO), TO IIJIOCKOCTh PUCYIOT ABOMHOMN mpsiMoi jauHMUeN. Eciu IIoCKOCTh Tro-
pHU3OHTaIbHAsA (HOpMaJib K IUIOCKOCTH BEPTHUKAIbHA), TO TUIOCKOCTh U306pakatoT
JBOMHOM OKPYKHOCTBIO. B 00111eM CiTydae HAKJIOHHOTO PaCIIOIOKEHNU 3epKaTbHON
IUIOCKOCTH OHa OyZieT M306pakaThCs Ha YepTeXe JBOMHOM AYToi, OMUparoIeics
BCerza Ha JUaMeTp OKPYXHOCTH.

LleHTp WHBepcuU oOO3HAYaeTcs JIATHHCKOW OykBoi C. I'paduyeckum u306-
paxkeHueM Takxke Oyzer OykBa C, K KOTOPOM HMHOTZA J0OABIAIOT TOYKY. TaKUM
o6pa3oM, BEIIIIECKa3aHHOE MOXHO CHCTEMAaTHU3UPOBATh B BU/eE TaOIUIII 2.

Tab6nauina 2. CUMBOJIBHOE U rpadpudeckoe U300pakeHne 3JIEMEHTOB CHMMETPHH,
BCTpPeYaeMbIX B KpHUCTaJLIax

Onepanusa JJIeMEeHT CUMMETpPUY,

I'paduyeckoe 0603HAYEHHE
CUMMeTpPUU CHMBOJI

IIOBOPOTHAdA OCh L,
(n=360°/a),
IIOBOPOT r7ie n — MOPAAOK OCH, ‘ A . .
o — JIeMEHTapHBIN Yo

II0BOpOTA
3epKasibHast IIOCKOCTb P w
oTpakeHue

BE€pPpTHUKaJ/JIbHad T['OpPU3OHTaJIbHasA HaKJIOHHaA

LIEHTP CUMMETPUU
(uenTp uuBepcun) C

[Ipu omucaHUKM CHMMETPHH KPHCTAJIOB BbISBJIEHHBIN KOMIUIEKC 3/IEMEHTOB
CUMMETPUH, Ha3bIBaeMbIN kaaccom (Wiu epynnotl) cummempuu, 3alMChIBAETCS
B CTPOYKY B CJIEAYIOIIEH [TOCIeJ0BATENbHOCTH:

1) OBOPOTHBIE OCU BHICHIErO MOPsAAKa (TpeTbero, YeTBepTOro U MIeCTOoro,
B TOM CJIy4yae, eI OHU IPUCYTCTBYIOT),
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2) TIOBOPOTHBIE OCU BTOPOTO IMOpPsiZiKa (€M OHU eCcTh),
3) 3epKajbHbIe IUTIOCKOCTU CUMMETPHUHU (eC/i OHU €CTh),
4) 1eHTp UHBepcUU (B TOM cJIydae, eC/ii OH €CTh).

JlaBaiiTe moTpeHUpyeMcs. Bo3bMeM OOBIKHOBEHHBIHM ITPAMOYTONbHBIN Mapasie-
Jnenunez (kupnud, puc. 11) u HaliZileM Bce ero 3j1eMeHTH cuMMeTpuu. [Ipoananu-
3UpOBaB KUPIIMY CO BCEX CTOPOH, YBUAUM, YTO B IIEHTPe KaKJOU IrpaHU KUPIIHU-
Ya I10Z MPSAMBIM YIVIOM IlepeceKaloTcs Be 3epKajibHble IVIOCKOCTH, pa3pesarolne
ero Ha /iBe IIOJIOBUHEI. B MecTe IlepeceuyeHUs ABYX IUIOCKOCTe INepIleHJUKYIIApP-
HO TPaHU BBIXOJUT OCh BTOPOTO MOpPsAAKA. TakuMm o6pasoM, y KUpIUYa TPU OCH
BTOPOT'O IIOpsAZKa U TPYU 3epKajbHble IVIOCKOCTU. EcThb su nenTp? /1 onpezee-
HUSA HaJINYUA [[eHTpa MHBEPCHUU HCIOIb3YIOT CIEAYIOIUN TPaKTUUeCKUH IpreMm:
06BbeKT (KpUCTaslI) caeayeT MOJOKUTh KaXKA0M rpaHbio Ha KaKylo-HUOYAb POBHYIO
MMOBEPXHOCTh, HANIpuUMep, cToi. Ectu g1 11060 rpaHu oOHapyKUBaeTcs mapai-
JIeJIbHO pacIoioXeHHas el rpaHb (Takas ke 1mo ¢popme, HO pa3BepHyTas Ha 180°),
TO KPUCTLT 00saZlaeT LeHTPOM MHBepcHuU. Eciy XoTa Obl /11 OZHOM rpaHU He
HaliZieTcs TAaKOT'o aHTUIIAPAITIEIBHOTO aHAJIOra, TO LieHTpa He OyzeT. B HammeM ciy-
yae I KaXA0M rpaHy HaXO[UTCSA aHAJIOTUYHAs e, TaKuM 06pa3oM, LIeHTpP eCTh!
3amnuieM HaiieHHbIe 3/IeMeHThl CUMMeTPUU B CTPOUKY: 3L,3PC.

?

*

Puc. 11. OnpeziesieHrie CHMMETPHH IIPAMOYTOIBHOIO Tapasliesenunesa

DTo CcoKpallleHHas 3alMCh Halllero 3aKOHYeHHOTo Habopa (kj1acca) CMMMETpUN
B y4ebHOI cuMmBonuke BpaBe. Temmeph 06paTuM BHUMAaHUE, YTO TPU HaliIeHHBIE
OCH BTOPOTO HOPAJKA U TPU IUIOCKOCTH HEOAWHAKOBBI: OHU IOBOPAaYUBAIOT U pas-
pe3aloT Hall KMpIUY I[10-pasHOMY. DTO 3HAUWT, YTO 3TU 3JIEMEHThl CUMMeTpUU
HeSKBUBAJIEHTHBHI. [107] 9K8UBANIEHMHBIMU leMeHMaMU cuMMempuu Mbl 6yzieM Io-
HUMATh TaKue IeMEeHTH], KOTOphle CBA3aHBI MeXAy cob0i ApyruMuy onepanusmMu
CUMMETPUH KpUcTajUia. BHelHe 3To 6yzeT MpOSABIATHCS B TOM, YTO OCH OYAYT BXO-
JUTh B KPUCTAJLI COBEPIIeHHO B OZMHAKOBBIX MecTax, Ja U JUHUU pa3pesa IUIoC-
KOCTAMU OTPaKeHUA OYAYT BBIIVIAAETH OAUHAKOBO. TaKUM 06pa3oM, COKpalleHHasa
3alllCh He COBCeM BepHa — MOXKHO IIOZyMaTh, YTO TPU HaiifleHHBIE OCH BTOPOI'O
IIOPAZKA U TPU IVIOCKOCTH OJMTHAKOBEL, YTO HeBepHo. [TonHas 3anuch Kiacca 6yzeT
BBITVISIZIETH TAK:

L/2 L/Z/ L/2// P/ P// P/// C.

BepxHue WITPpUXU B CUMBOJIaX IIOKa3bIBaIOT, YTO B JaHHOM KJIacce CUMMeTpUU

BCe OCHU U BCe IVIOCKOCTH HeKBUBATIEHTHBI.
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KoHTposbHbIE BOIIPOCHI

1) Yto Takoe 3HaK ®P1030?

2) Yro Takoe KJIacC CUMMETPUM?

3) KakoB mops/iok 3amucu sjieMeHTOB CHMMeTPUH B cuMBonke bpase?

4) Kak ompezenuTb Hanu4dre B pUrype LieHTpa UHBEPCUU?

5) Uem omInyaroTcA S5KBUBaJEHTHBIE U HESKBUBAJIEHTHEBIE 3JIEMEHThl CUMMeT-
puun?

6) YeMm mosiHasA 3amuch Kiaacca o bpaBe oTiMyaeTcst OT COKpaeHHOU 3amucu?

YnpaxxHeHUd

1) 3amumivTe B IMOJTHOM W COKPAIleHHOM B/l KJIAaCC CUMMETPHUU eTUIETCKON
IUpaMUZBI.

2) 3anumuTe B MOJTHOM M COKpPAIlleHHOM BH/IE KJIacC CUMMETPUM DiideneBoi
OalIHu.

3) OmpezenuTe CUMMETPHIO IIECTUTPAHHON IMaWOBl U 3aMUIIMTE B IOJTHOM
BH/Ie Hal/IEHHBIH B HEW Habop 3/IEMEHTOB.

4) 3anuuvTe B IOJTHOM BHUZE KJIacC CHMMETPUY KBaZipara, M300pa’KeHHOTO Ha
pucyHke 9. Kak UI3MEHUTCS €ro CUMMETPUSI, ECJIA CIUTATh €TI0 TPEXMEPHOU uUry-
poii (MMeoIIMM TONIIUHY U, CIe0BaTeNbHO, U3HAHOUYHYIO CTOPOHY)?

3aHaTue 5
Kiaccsl cumMmeTpun kpucrauios. Kareropusa. CHHroHus

PaboTas ¢ KpucTa/uIlaMy, UCCIeZ0oBaTeNIn 00paTiy BHUMAaHYe Ha TO, YTO dJle-
MEeHTBhl CUMMETPHH PACIIONaramTcs B HUX He CIydailHO, a 3aKOHOMEPHEIM 00-
pa3oM. HamoMHUM, 4TO TOJHBIM HabOp 3/IEMEHTOB CUMMETPHH, CTPOTO OIpeZe-
JIEHHBIM 00pa30M pacCIoNaraloliuxcsa Mo OTHOUIEHUIO JPYT K APYTY, Ha3bIBaeTCs
Kknaccom cummempuul. V1 XoTs, KaK Mbl YBUAUM I03XKe, YHUCJIO KJIACCOB CUMMETPUU
6eCKOHEYHO, B KPUCTA/LIAX, IZle MOTYT CyIIeCTBOBATh TOJBKO OCU OIpeJeIeHHbIX
IIOPAZAKOB, YMCJIO KJIACCOB 3aKOHOMEPHO COKpallaeTcs [0 TPUALIATH ABYX.

Heo6xoauMocTb GUKCHPOBATD TO WJIN MHOE HalIpaBIeHUe B KPUCTAJLIE, TY WIN
HHYIO IUIOCKOCTh CUMMeTpHU (WM TpaHb KpUCTaLIa) 3acTaBjsAeT BBOAUTD B KpU-
CTaJlJIaX KOOPAWHATHYIO cucTeMy. OJHAKO TOIb30BaThCs OZHOM, Hauboiee pacipo-
CTpaHEHHOU B reOMETPUH, A€KapTOBOM CUCTEMOM B KpUcTautorpaduu HEYAO0OHO,
TaK KakK IPAMOYIOJbHAsA CHUCTeMa KOOPAWHAT C OAMHAKOBBIMU MacIITabaMmu IO
0CsIM He BCerza oTpakaeT CUMMETPUIO KpUcTaiia. IloaToMy B KpucTawiorpapumn
HCIIONIb3yeTcs TaKas CHCTeMa KOOPAMHAT, B KOTOPOM KOOpAMHATHBIE OCH COBMe-
IIeHEI C OCAMHU CUMMeTPUH U (WIK) ¢ HOPMaJIAMU K IVIOCKOCTAM cuMMeTpuu. [Ipu
OTCYTCTBUM WIU HEJOCTAaTOYHOM KOJIMYeCcTBe TaKUX HallpaBleHUl KOOpAUHATHEIE
ocu BeIOMparoTcsa o pebpam Kpucrauia. OTCIoZa KOOPAUHATHEIE CUCTEMBL KPHU-
CTaJIOB pa3jndaroTcsa CBOMMMU YIVIOBBIMM XapaKTepUCTHKaMU — yIJIaMU MeXZAYy
ocamu X, Y, Z: a= ﬁ, ﬁ = )/(Z, Y= XY. OTMeTHM, YTO B KpuCTajutorpadpuu uc-
Tosib3yeTcs IIpaBas cucreMa KoopAuHat (puc. 12).

ODKBUBAJIEHTHOCTD WIN HEIKBUBAJIEHTHOCTb KOOPAUHATHBIX OCell MOXXHO ITOKa-
3aTh B BUZIe €AMHUYHBIX BEKTOPOB — MacIITaboB a, b, ¢ — M0 COOTBETCTBYIOLINM
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KoopAuHATHBIM ocsiM X, Y, Z. CyIecTBYIOT TPU BO3MOXKHOCTH COOTHOIIEHUM 3TUX
MacmTaboB: a =b =c, a =b # ¢, a # b 7# c. DTU COOTHOLIEHHS MO3BOJIAIOT pasze-
JIUTh KpUcTa/uiorpapudeckre 32 kjacca CHMMETPHUH Ha TPHU I'PYIIIIbI, Ha3bIBaeMble
kaTeropusaMmu. Takum o6pa3oM, kamezopusi— 3T0 OObeJUHEHNE KJIACCOB CUMMeET-
PHU IO IPUHIIUITY COOTHOIIEHUS MacIITaOHbIX OTPE3KOB.

Puc. 12. [IpuMeHsaeMas B KpucTa/uiorpaduy npasas cucreMa koopauHar [13]

1. Kpucrayuisl Huswell kamezopuu XapaKTepU3YIOTCSA TIOTHOW HEAKBHUBAJIEHTHO-
CThIO KOOPAWHATHBIX HampaBaeHuit (a # b # ¢), KoTopas 06bACHIETCS OTCYTCTBU-
€M B HUX OCel BBICIIero mopsgka (puc. 13a).

2. Kpucranisl cpedHell kamezopuu XapaKTepU3YIOTCS YaCTUYHOW SKBUBaEHT-
HOCTBIO KOOPAUHATHBIX oceli (a = b # ¢), CBA3aHHOM ¢ MPUCYTCTBUEM B UX IPyIIIax
CUMMETPHH OJHOM OCH BhIcIero mopsigka (puc. 136).

3. Kpucrasisl 8vicuueil kamezopuu XapaKTEPU3YIOTCA MMOJHON SKBHUBaJIEHTHO-
CThIO KOOPAWHATHHIX ocelt (a =b =c¢) (puc. 13B).

Z VA

2= S

T
—'.Y —.Y
s ¥ .

a 6 B

1gy

Puc. 13. a) Kpucramn Husmedl kaTeropuu: Bce KOOpAWHATHBble HallpaBieHUS

Pa3JINYHBI, HET ocell Topsiika Oosblle yeM /1Ba; 6) KpHUCTasUl CpefHel KaTeropun —

ecTh ofiHa (BepTHUKaIbHAas1) OCh MOPsAAKa 6oJIbIlle ABYX; B) KPUCTAJUT BBICIIEN KaTe-
TOPUU — HECKOJIBKO Oceil mopsizika 6osbie AByx [13]

PaccMOTpeB yIIOBBIE COOTHOIIEHUA B KQXKAOHN M3 IepevrCAeHHEIX KaTerOpui,
MOXXHO BBIBECTH BCe KpUcCTa/ulorpadudeckre KOOpAWHATHBIE CUCTEMbI (CHHIO-
HuY). CuHeOHUA — 3TO 00beIJMHEHNE KJIACCOB CHMMETPUH BHYTPU KaTeropuil 1o
MPUHITUITY COOTHOIIEHUA YIVIOB MEX/IY KOOPAUHATHBIMU OCAMHU. TakuM 06pasom,
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KJIaCCHl CHMMeTPUH, IPUHAAJIEeXKAIINe OJHON CHHTOHUU, OOCIYXUBAIOTCS OZHOM
U TOU K& KOOPAWHATHOM CHCTEMOH. Y4eHHe O CHHTOHMAX ObUIO pa3paboTaHO
HeMenkuM kpuctasorpadom X. C. Beiicom u aBcrpuiickum muHepasnorom K. Mo-
0COM, aBTOPOM IIIKaJIbl TBEPAOCTU MUHEPAJIOB.

B HusImIel kaTeropuu BBIAEAAIOT TPU CUHTOHKU. CaMble HU3KOCUMMeTpPUYHEIe
KPHUCTa/TBl XapaKTEPU3YIOTCA KOCOYTOJIbHOM KOODAMHATHON CHUCTEMOH OOIIero
BUzA:

a#b#c, aF#PF#y#90°.

HasBaHue CMHTOHUU C TaKOU KOCOYTOJbHOU KOOPAWUHATHOU CUCTEMOMN — mpu-
KAUHHASL.

B xpucTannax MOHOKAUHHOIU CUHTOHUY KOCOH yTosI, Ha3bIBaeMbIH ye10M MOHO-
KAUHHOCMU, BCETO OAWH:

a#b#c, a=p=90°, y#90°.

OTMeTHM, YTO B HACTOsIIee BPeMA IPUHATO YCTAHABAMBATh KPUCTALI TaKUM
06pa3oM, 4TO6BI YIIIOM MOHOKJIMHHOCTY 6BUI UMEHHO Y. Takas yCTaHOBKa KpU-
CTajla HashIBAETCH PAUUOHANbHOLU. MeHee yao6HA I JANbHEMIIETO ONMCAHMS
U 306pakeHns KPUCTa/la TaK HasklBaeMasi MUHepaJIorudecKas yCTaHOBKa (yroi
MOHOKJIMHHOCTU — [3).

Ecau e crcTeMa KOOPAWHAT KPUCTA/IA COAEPKUT TOABKO HpsMbIE YIVIBI, TO
CMHTOHMA OyZIeT Ha3hIBAETCA POMOUUECKOTL:

a#b#c, a=B=y=90".

B cpenHeil KaTeropuy BEIIENAIOT IBE CHHTOHUU: MempazoHaibHyio (Iped. «TeT-
pa» —YeThIPE) U 2eKCA20HANbHYH0 (TPed. «TeKca» — IeCThb), KOOPAWHATHHIE CHCTE-
MBI KOTOPBIX OOCTYKMBAIOT KPUCTALIEI C OCIMU YeTBEPTOr'o U IIECTOro (BMecTe
C TPEeTbUM) IIOPSAAKOB COOTBETCTBEHHO. KoopamHaTHaA cucTeMa TeTParoHaJIbHON
CUHTOHUU MMeeT CJIeyIolye XapaKTepUCTUKU:

a=b#c, a=B=y=90"

Cucrema KOOpAWHAT reKcaroHaJbHOM CMHTOHUU UMeEET cIeaymigre xapakTe-
PUCTUKU:

a=b#c, a=pB=90°, y=120°.

O6bpaTuM BHUMaHKE Ha TO, YTO TaKas KOOpAWHATHAs cUCTeMa OOCTyKUBaeT
KPUCTAJLIBL, UMEIOIINE [TIaBHYIO OCh KaK TPeThero, TaK U IecToro nopsAgka. I1osto-
My BHYTPH I'eKCaroOHaJIbHOU CHMHTOHHH BBIJENAIOT B€ NOOCUH2OHUU: COOCTBEHHO
2excazoHanbHyto (ecam TOPSAZOK IJIABHOM OCU paBeH 6) M mpuzoHanbHylo (eciau
IOPAZIOK IVIaBHOHM ocu paBeH 3). TakuM 00pa3oM, JOCTATOYHO YaCTO BCTpedaro-
Ieecsd B JINTepaType BblJeIeHNe OT/eJIbHON TPUTOHAJIBHOW CMHTOHUM He COBCEM
OTIPaBJAHO.

B BhICIIEN KaTeropuu CyIIeCTBYET JUIIb OZHA CHHTOHUI — KYbuueckas, KOTo-
pas o0CIy)KMUBaeTcs IPaBoH AeKapTOBOM CUCTEMOM KOOPAWHAT:

a=b=c, a=B=y=90°.
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CucTtemMaTH3UpyeM BhINIECKa3aHHOE B Tabsuile 3:

Tab6nuna 3. Pasgenenue 32 KJIacCOB CUMMETPHUH KPHUCTA/UIOB Ha KaTETOPUH
U CHHT'OHUH

CremneHn
SKBHUBAJIEHTHOCTU YrioBble XapaKTepPUCTUKU
Kateropusa CUHrOHUU
KOOPZAUHATHBIX KOOPZWHATHBIX CUCTEM
HanpaBJIeHUuN
a#EB#Y#90° #120° TPUKJIUHHAA
HU3LIasa a#b#c a=B=90° v #90° #120° MOHOK/JIMHHAA
a=PB=y=90° pombuyecKas
a=pB=y=90° TeTparoHajabHas
cpenHaa a=b#c B=v p
a=pF=90°, y=120° reKcaroHajabHas
BBICIIAA a=b=c a=B=y=90° Kybudeckas

KOHTPOJIIJHLIC BOIIPOCHI

1) YTo mosokeHO B OCHOBY pasfesieHHs KJIacCOB CUMMETPHU Ha KaTeropuu?
Ilepeuncnure ux.

2) YTo mOJ0XeHO B OCHOBY pasZesieHHs KJIacCOB CMMMETPUU Ha CUHTOHUU?
[lepeuncnure ux.

3) ITouemy KJIacChl C OZHOU OCBIO TPETHETO U IMIECTOT'O MOPSLKOB OOBEIUHEHBI
B OJHY CUHTOHUIO?

4) Kaxkoii rpedeckoii OyKBO IPHUHATO 0603HAYATH YTOJ MOHOKJIMHHOCTHU?

Yopaxxnenusa

1) [MpuBeanTe MpUMEPHI OBITOBBIX IIPEAMETOB, CUMMETPHUIO KOTOPBIX MOXKHO
OTHECTU K TPEM Pa3JIMYHBIM KaTETOPUSIM.

2) [IpuBeanTe MpUMepPHI GUTYP, OTHOCAIIUXCS K PA3TUYHBIM CUHTOHUSM.

3) K xakoli CMHTOHMM OTHOCATCS: a) ¢purypa desoBeka; 6) BHICOTHOE 3[jaHUE
MI'Y; B) DiideneBa GariHs?

4) Y 06’beKTa eCcTh OCh TPETHETO MOPsAAKA. K Kakoi KaTeropuu OH MOXKET OTHO-
CcUTbCA?

5) Y o6bekTa ecTh 0OCh BTOPOTO Mopsifka. K Kakoi KaTeropru OH MOXKET OTHO-
CUTBHCSA?

3auarue 6
Knaccel cummeTpun HU3MIel KaTeropuu

HamomHuM, 4TO K HU3LIEH KaTerOpUU OTHOCATCA KPUCTAJLIBI C pa3HBIMU Mac-
mrabaMy 10 TpeM KOOPAUHATHBIM OCSIM. [IpH 3TOM peannusyroTcs TPU BO3ZMOXKHBIX
BapuaHTa. [lepBbIii cirydaii — Bce YIVIBL MeX/Y OCSIMU «HelpaBWIbHbIe» (He Mps-
Mble 1 He 120°). DTOT cIy4aii COOTBETCTBYET TaK Ha3bIBAEMOU TPUKJIUHHOM CHHTO-
Huu. EJIY MBI BUAUM OJIUH «HEIPABWIbHBIHM yTO/T», TO CUHTOHUSA OyZeT Ha3bIBaThCs
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MOHOKJIMHHOM, a ecjiv Iepes HaMW IPSIMOYTO/MbHAA CHUCTeMa KOOPJAWHAT, TO MBI
HMMeeM ZIeJI0 C POMOUYECKON CHHTOHUEN.

PaccMoTpyUM TPUKJIHMHHYIO CUHTOHUIO. B Hell He MOTYT CyIecTBOBAaTh OCHU
BBIIIIE TTEPBOTO MOPsIKA U IVIOCKOCTH. TaAKUM 06pa3oM, B 3TOH CMUHTOHUH BO3MOJK-
HBI TOJIBKO 2 caydas (ABa Kjacca CUMMETPUM) — «HECUMMETPUYHBIN KPUCTAJLI»
C OCSIMM TIEPBOTO TIOPSZIKA W KPUCTAJLI C IEHTPOM OTpakeHus1. Hapucyem crepeo-
rpadpuyecKre MPOEKINHU 3TUX KJIAcCOB (TIOAPOOHO C MPOEMPOBAaHUEM MbI TIO3HA-
KOMUMCSA 4yTh MO3Ke, Ha 3aHATUU 8). [IJIs1 3TOro Ha KpyT, CUMBOJIHU3UPYIOUIUIN BUJ
cBepxy Ha cdepy, B IIEHTP KOTOPOU ITOMEIAETCS UCCAeAyeMbI CUMMETPUYHbIN
06beKT (puc. 14), HaHOCATCA rpaduIecKre U300paKeHUs JMEMEHTOB CUMMETPUU
Y KOODAWHATHBIE OCU X, ¥ U 2. OChb y MPUHATO HANPABJATH U3 LIEHTpA YepTexa
HaIpaBo, OCb X — BHU3 B CTOPOHY Habrozaress (c cobmoZeHueM yIiia Y MeXIY
0CsIMM), a OCh 2 — B BepPTUKAJIbHOM WU ITOYTU BEPTUKAIBHOM HaIllpaBJIeHUH, YTO
omnpeziensgeTcs yraMu o U 3.

a

Puc. 14. a) WyutiocTpanys B3aMOCBSA3U HOMOXKeHUs Touek A u D Ha cdepe mpo-
eKIMH U ux crepeorpaduueckux 06pa3oB a 1 d Ha SKBATOPUATbHON IUIOCKOCTH;
6) Mozenb A U3y4eHUA OCHOB CTepeorpadruecKoro NpoeupoBaHusl

O6paTuM BHUMaHUE Ha TO, YTO B TPUKJIMHHON CUHTOHUU BCE YIJIBI IIPOU3BOJIb-
HbIe, CJIEJOBATENbHO, BBIXOJ OCU Z OYZIEeT CMeIlleH OT Havaia KOOPAUHAT U MOKa3aH
Ha cTepeorpadudecKoil IpoeKIUK TOoUKoH (puc. 15).

HamoMHuM, 4TO /11 ONlpesieleHUsI HaTN4IUsA IIeHTpa NTHBEPCUU B KPUCTaJLIE HC-
[IOJIB3YIOT C/IEAYIOMIMI paKTUYeCKUl IpHUeM: ecId IOCTaBUTh KPUCTA/LT Ha POB-
HYIO TOPU30HTAJIbHYIO TIOBEPXHOCTD JIFOOOI TPaHblo, TO CBEPXY MapaUIebHO 3TOM
IUIOCKOCTH JIOJDKHA pa3MeljaThes TaKast ske I'paHb. Ecu 5To MpaBUiIo BRIIOIHAETCS
JUIS BCEX TIap IpaHel, To IeHTp ecTh. Ecau XOTs OBl A1 OZHOM I'PaHU yCIOBUE He
BBITIOJIHAETCS — IIeHTPA HeT.

[TprMepaMy KpUCTAJUIOB TPUKINMHHON CHHTOHUH ABJIAIOTCS IUIArMOKIIA3bI: aJlb-
OUT U aHOPTUT, OAUH U3 KaJUEBBIX IIOJEBBHIX IIMATOB — MUKPOKJIUH, U3BECTHBIHN
MUHEpaI KHaHUT ¥ MHOTHE JIpyTHeE.
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a) MPOEeKIM U TUITNYHbII 6) TPOEKIUA U TUITUIHBIN
KpUCTAJUIMK Kjacca L KpUCTaJUTHK Kiacca C

Puc. 15. Crepeorpaduieckrie POEKIUU U KPUCTAJLIBI TPUKIMHHON CUHTOHUU

PaccMOTprM MOHOKJIMHHYIO CUHT'OHUIO. 3/1eCh pa3pelleHO OJHOMY BblJe/leH-
HOMY HampasieHUIo (0OBIYHO ero OPUEeHTUPYIOT BEPTUKAIBHO) UMeTh YABauBalo-
U 37eMeHT cuMMeTpur (0Ch BTOPOTO MOPSAAKA WM HOPMasb K IUIOCKOCTU P).

a) MPOEKIW U TUIMYHBIN  6) MPOEKIUA U TUITUYHBIA  B) MPOEKIUA U TUITUIHBIN
KpUCTaJUIUK Kj1acca L, KpUCTaJIUK Kj1acca P KpUCTaJLIUK Kiacca L,PC

=
2
<

Puc. 16. Crepeorpadrdeckrie IpOEKIMH U KPUCTAUIBI MOHOKJIMHHOM CHUHTOHUY
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OTO IPUBOAUT K TPeM BO3MOXKHBIM KjaccaM MOHOKJIWHHOM CMHroHUU — L,, P
u L,PC. Yroja MOHOKJIMHHOCTH OyZIeT JIeXKaTh B 9KBaTOPUATBHOM INIOCKOCTH MEXKIY
OCAMHU X U Y, a AiBa APYTUX yria 6yayT npsaMbeiMu. O6paTvM BHUMaHUE Ha TO, YTO
LIEHTP eCThb TOJIBKO Y IIOCIeLHEero Kiacca.

B MOHOKJIMHHOM CUHTOHHUU KPUCTLIU3YIOTCA TaKue MU3BECTHble MUHEPAJIbI,
KaK KaJueBBIH IOJIEBOM IINIIAT OPTOKJIA3, MUPOKCEH AMOICHA, TUTAHUT (cheH),
CJTIOZIBI — MYCKOBUT U OHOTHUT.

B poMOHYeCKO CHHTOHUY 110 BCEM TPeM B3aUMHO MEPIIeHAUKYIAPHBIM KOOpP-
JVHATHBIM HaIlpaBJIEHUAM PacCIIONararTcs 3JIeMeHThl CUMMEeTPHUU — OCH BTOPOTO
MOpSAJKA WK IUIOCKOCTH (HAIOMHUM, YTO IUIOCKOCTb QUKCHUPYETCS IOJIOXKEHH-
eM HOpMaJiu K Hell). DTO MPUBOAUT K TPEM BO3MOXKXHBIM KJIacCaM POMOWYECKOU
CUHTOHUU — 3L,, L,2P u 3L,3PC. O6patuM BHHMaHWE HA TO, YTO LIEHTP TaKKe
IIPUCYTCTBYeT TOJIBKO y ITOC/IeHEro Kuacca.

Tak KaK MacuITabbl M0 BCEM HAMpPaBIEHUSAM PasINYHbL, TO 3TH 3JIEMEHThI CUM-
MeTpuu 6yAyT HEDKBUBAJIEHTHBIMU U MOJTHBIE 3alIMICH 3TUX KIaccoB 1o Bpase 6y-

AyT CIeAyIoIme:

L/ L//L///

oL Ly, L,P'P" m L/ZL/2/L/2”P/P“P”/C.

[IpuMepaMy MUHEPATIOB POMOUYECKON CUHTOHUU SIBJIIOTCS TOIIa3, BCE Pa3HoO-

BUIHOCTH OJIMBUHA, KPUCTAJUIBI OZHOU M3 MOAUPUKAIMN cepbl, pa3HOBUJHOCTb
kapboHaTa KaJblVs — aparoHUT, CyibdaTr 6apuT ¥ MHOTHE JpPYTHE.

DD D
)=

a) MPOEKIUA U TUIINYHBIM  6) IMPOEKIUA U TUITUYIHBIN B) IPOEKIVA U TUIUIHBIA
KPUCTaJUIUK Kiacca 3L, KPUCTaJLIIUK Kj1acca L,2P KpUCTaJ/UIUK Kiacca 3L,3PC

Y
/

Puc. 17. Crepeorpadrdeckrie IpOeKINY U KPUCTAUIBL POMOUIECKON CHHTOHUU
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KoHTposbHbIE BOIIPOCHI

1) Kak opueHTHUPYIOTCS KOOPAWMHATHBIE OCH MTPU TIOCTPOEHUHU ITPOEKIINH KJIac-
ca?

2) CKOJIBKO BCEro KJIaCcCOB CMMMeETPUM HHU3IIel KaTeropuu, UMerIux LeHTp
uHBepcum? K KaKMM CUHTOHMAM OTHOCATCA 3T KJIacChI?

3) IToueMy B poMOHYECKOM CUHTOHWY COKpallleHHas 1 T0THAsA 3aIHCh dJIeMeH-
TOB CUMMETPHUHU KJIACCOB Pa3JINYaIOTCA?

YnpaxHeHus

1) IlpuBesuTe mpUMepbl MHUHEPAJOB pa3INYHbIX CUHTOHUW HU3LIEN KaTero-
pUH.

2) HauepTuTe IpOEKLINH BCeX KJIACCOB MOHOKJIUHHON CUHTOHUM.

3) HauepTuTe MPOEKIUU BCEX KJIACCOB POMONYECKON CHHT'OHUHU.

4) K xakxoMy KJIacCy CHMMeTPHU OTHOCATCSA: a) GUrypa yeloBeKa; 0) BLICOTHOE
3ganve MI'Y? Kak B aTux ¢purypax BeIGpaTh HampaBIeHUs KOOPAUHATHBIX OCELi?

3aHarue 7

IMonsTHe npoctoii ¢popmel. IIpocTeie GOPMBI KPUCTALIIOB
HU3LIeN KaTeropuu

YueHnue o BHemHed popme (MOpdOIOTHH) KPUCTALIOB — OAWH W3 Pa3ZesioB
kpucrajutorpaduu. OrpaHka KpycTaia ABISETCI BAXKHOM XapaKTEPUCTUKOMN KPH-
CTaJUIMYECKOTO BeleCTBa, OTINYAolIel KpUCTAUIBI OZHOTO MUHEpaa OT PYyroro.
B npupoze KpUCTa/UIBI OZHOTO U TOTO JKe BEIIeCcTBAa MOT'YT UMETh CaMyI0 Pa3HyIo
¢dbopMy, Ipy 3TOM OZHU PaHU BCTPEYAIOTCS YacTo, Apyrue — pexe. [IpucyrcTBue
OJHUX U TeX e TpaHel B pa3HbIX KPUCTA/UIAX OJHOT'O U TOTO JKe BellecTBa IIo-
CJIY’KJIO OCHOBAHMEM /I YCTAHOBJIEHNA ITePBOTO OCHOBHOT'O 3aKOHA KPUCTAJLIO-
rpaduu (cMm. 3aHATHe 1). OrpaHKa KaXKAOro KpHUCTaIa CTPOTO MOAYUHSETCA €ro
CUMMETPUH, TaK, BHEIIHUI BUJ MHOTOTPDAHHUKOB HU3LIEH KaTeropuu 6yzeT omnu-
CBIBATHCS OJHUM M3 8 KJIACCOB, M3YYEeHHBIX Ha MPOUUIOM 3aHATHU. OZHAKO KpU-
CTaJIJT MOXKET OTPAHATHCS KAaK OAMHAKOBBIMU I'PAHAMH, TaK M PA3IMYHBIMU. B aT0#
CBSI3U BBOJAUTCS IIOHATHE ITpocToil popMEl. [Ipocmas gopma — 3TO COBOKYITHOCTh
(ceMeticTBO) TpaHeli, CBI3aHHBIX MEXAY cO00¥ CUMMETPHUYECKUMHU OIePaLUIMU
Kiacca cuMMeTpud. OTMeTHM, YTO TPaHU, IPUHAAJIEXKAIINe OJHOM MPocToil op-
Me, OZIMHAKOBHI 110 CBOUM (U3MYEeCKUM CBOMCTBaM. J[JIs ueanbHBIX KPUCTAUIOB
OHH PaBHBI TAKXKE U F€OMeTPUYECKH, T. e. 00Ia1al0T OAMHAKOBOM GOpPMOIi U 1wI10-
IabI0 MOBEPXHOCTH.

3azaaum cebe BOMIPOC: CKOMBKO MPOCTHIX GOPM MOXKET OBITh B OJHOM KPUCTAI-
ne? ®opMasbHO — CKOJIBKO YTOZHO, Ha IPAaKTHKe — OOBIYHO He 6oJIblile ecaTKa,
a yvaime Bcero MeHbile (puc. 18). EcTecTBEHHO, MUHUMATbHOE YUCIO IPOCTBIX
¢dopM paBHO OZHOMY, Zla ¥ TO JIMIIb B TOM CIy4ae, eciu Takasd ¢popma criocobHa
OTPAaHUYHUTH COOOH TpeXMepHBIN 06beM, 06pa30BaB CBOMMU I'PAHAMU BBITYKJIBINA
MHOTOTPaHHUK; B 3TOM CiIy4dae 6yeM rOBOPHUTh, UTO GopMa 3aMblkaem NPpoCmpaH-
cmeo. UTak, B OrpaHKe KpUCTajIa MOTYT Y4acTBOBATh IPaHU MO0 OJHOM IPOCTOH
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¢dbopmEL, MO0 HECKONBKUX, TTPU 3TOM 00pa3yroTcs KOMOUHAYUOHHblE MHO202DAH-
HUKU.

’ a 6

Prc. 18. a) IllecTUrpaHHbIil KPUCTA/LT OTPaHEH OAHOM MpocToi Gpopmoit (Ky6, wiu
rexcaszp); 6) ABeHaAIaTUTPAHHBIN KPUCTA/UI OTPaHEH ABYMS MPOCTHIMU GOpMaMu
(deThIpe rpaHy IPUHAJIEKAT OJHOU IPOCTOM pOpMe, a BOCEMb IPYTUX — K IPYTOM)

Jlerko BUZIETb, YTO YKCJIO TPAaHEH OJHOUM MpOCTON GOPMBI ONpeAeIeTcsa IMo-
JIOXKEHUEM HCXOJHOU I'DaHU OTHOCHUTETHHO 3JIEMEHTOB CUMMETpHH Kiacca. Ecin
I'paHb MepIeHANKYIApHA OCH BTOPOTO MOPsAAKA, TO OHA 3TOH OChIO He yABauBaeT-
cs, B IPOTUBHOM CJTy4dae TpaHb «JIOMaeTcsI» Ha JBe.

[TpocTeie GOPMBI IMEIOT OIpeZe/IeHHEIE XapaKTePUCTUKHY, UCIIONIb3yeMbIe TIPU
omucanuy. C HEKOTOPEIMU U3 HUX MBI IO3HAKOMHUMCS Ha 3ToM 3aHaTuu. dopma
MOXXeT OBbITh 3akpuimoil (puc. 18a u ¢popma, rpaHH KOTOPOH MOKa3aHbl TEMHBIM
I[BETOM Ha pUCyHKe 18 6). DTO 3HAYUT, YTO B OTCYTCTBUE APYrux GopM oHa obpa-
3yeT 3aMKHYTBIH 06beM. Eciiu 7151 mepBoOro ciydas 3To0 O4YeBUAHO, TO JJI BTOPOTO
HeOoOXOMMO MBICJIEHHO YAAJIUTh CBET/IblE TPAHU U TOHATh, YTO TEMHBIE T'PaHU
JENCTBUTENPHO 3aMBIKAIOT IMPOCTPAHCTBO TOJMBKO CO0OM. [l aTtoro Tpebyercs
oIlpeZieJIeHHOe IPOCTPAHCTBEHHOEe BoobpakeHre. Ecim ¢dopma He 3aMEBIKAeT Co-
60l MPOCTPAHCTBO, TO OHA OyAET OoMKpbIMOil.

BaxHasa XapaKTepHUCTUKA IPOCTON PpOPMEI — uuc/i0 2paHell, U3 KOTOPHIX OHA
COCTOMT. B KpucTa/iax 3TO YHUCJIO MOXKeT BapbupoBaTh OT 1 g0 48. Kaxxzaa npo-
cTas dopMa MMeeT CBOe Ha3BaHHE. B OCHOBY Ha3BaHUII IIOJIOXKEHEI B OCHOBHOM
rpedyeckue clIoBa. B Tabnuie 4 npuBeseHbl HEKOTOPHIE IpeYecKre TePMUHEI, IT0-
MOTaoIIMe [aBaTh HA3BAHUA IPOCTHIM popmam.

[laBaiiTe pa3bepeM Bce KjacChl HU3IIEH KaTETOPUU U IIOCMOTPUM, Kakue Gop-
MBI B HUX BCTpeyatoTcs. B kiacce L, HET pa3MHOXKAIOIIUX 3IEMEHTOB CUMMETPUH,
cylefioBaTeNNbHO, Mobas npocrasn popma OyzeT npeAcTaBieHa OZHOM rpaHbo. Takasa
ofHOTrpaHHas ¢popMa Ha3BIBAeTCS MOHO30poM (TIOIPOOYIiTe IEPEBECTU ITO HAa3Ba-
HUe, UCHOIb3ya Tabnuny 4). B Apyrom kjacce TPUKJIMHHON cuHronuu C mobas
rpaHb OyZeT yABauBaThCA [EHTPOM MHBEPCUU, CJIeA0BATEIbHO, KaXKaas MIPOCTas
¢dopma OyzeT COCTOATh M3 ABYX I'paHel, mapajieNbHbIX (IpaBWIbHEE Jake CKa-
3aTh — aHTUIAPALIEIbHEIX) APYT ApyTy. Takas mpocrtas ¢dopMa HOCUT Ha3BaHUE
nuHaxoud (BCIOMHUM, U3 Yero ObUI U3TOTOBJIEH 3apybexHbIN BypaTHHO U Kak OH
Ha3BIBAJICA). XapaKTepUCTHKA BCEX TPOCTHIX GOPM HU3IIEH KaTeropuy puBeZeHa
B Tabiule 5.

B MOHOKJIMHHON CHHTOHHWM CUTyalUs OCJOXKHAETCS TeM, YTO I'PaHb MOXKET
pacrosiaraTbCsi o-pasHOMY OTHOCHUTENBHO YIBAUBAIOIINX 3JIEMEHTOB CUMMETPUH
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Ta6nuna 4. HekoTopble rpeyeckue Cja0Ba C epeBOAAMH

HasBanue (rpeu.) | IlepeBog
TOH yToJ
MOHO OIUH
banst ZIBa
TpU TpHU
TeTpa YeThIpe
TeHTa IATH
rexca IIeCTh
OKTa BOCEMb
JeKa ZIeCATh
JoJeKa JIBEHA/IIATh
azapa rpaHb
YeTHIPEXYTOJIbHUK C IByMSA HEPABHBIMU
Tparena u ,aBylljvm }I,JaBHLIMI/I cfogz)wHaMHp
TMMHAKOW] WMEIOIIMI BUJ JOCKH
CKasleHa KOCOYTOJIbHBIA TPEYTOMIBHUK

Tabnuia 5. IIpocreie GpOpMBbI HU3IIEH KATETOPUUA

Hassanue Yucio 3akphiTas B xakux Kaccax
V3o6pakeHue .
bopmbI rpaHedl | WIN OTKPHITas BCTpeYaeTcs
MOHO3p O 1 OTKpHITas Ly, Ly, P, L,2P
MIMHAKOW 2 OTKpHBITAs C, P, L, L,PC, 3Ly,
A P L,2P, 3L,3PC
piszechig] @ 2 OTKpbITast P, L,,L,2P
pombudeckas L,PC, 3L,, L,2P,
mpusMa @ 4 OTKprITaA 3L,3PC
pomburecKas @ 4 OTKpHITas L,2P
nmupaMuza
pomGueckuit % 4 3aKphITas 3L,
TeTpaszAp
podiecan | < || capamas 31,3PC
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(puc. 19): mapajurenbHO JIEMEHTY CHMMETPUH, NMepIeHAUKY/IPHO OO0 MpOou3-
BOJIbHO (HaKJIOHHO).

Puc. 19. [IpUHIIMITHAIBEHO Pa3IMYHbIE MTOJIOXKEHUS MPOCTHIX GOPM B KIaccax MOHOKJIMHHOMN
CHUHTOHUU: a) TPH MO3UIINHU B Kacce L,; 6) B kinacce P; B) B kiacce L,PC. I'paHb 110 OTHOIIIE-
HUIO K 2JIEMEHTY CUMMETPUU: 1 — NeprneH uKy/IapHa; 2 — napaiielbHa; 3 — HaKJIOHeHa

B kmacce L, B no3unuu 1 6yzeT HaXOAWUTBHCA yXKe M3BECTHBIM HaM MOHO3/D,
a B kiaccax P u L,PC OH IIpeBpaTUTCA B TMHAKOUZA. [IMHaKoU Takke OyZeT Haxo-
JAUTHCA B O3UIUU 2 B KJ1accax L, u L,PC, Toraa Kak B Kj1acce P, Ha060poT, B 3TOH
mo3uIMyU OyZeT HaXOAUTHhCA MOHO3ZP. B HaKJIOHHOM MONOXKEeHUH 3 B Kiaccax L,
U P MOABIAIOTCA HOBBIE OTKPHITHIE POPMBI, KOTOPBIE Ha3bIBAIOTCA Ouadpsl. U, Ha-
KOHell, B kjacce L,PC B IO3ULIAU 3 IIOCEMIACH ellle OZiHA HOBas OTKPHITasA IIpocTas
dbopma— pombuueckas npusma. Takoe Ha3BaHUe CBA3aHO C TeM, UTO ceyeHue 3TOH
MIPU3MBI TIPE/ICTaBIAET cO60i poMb.

PaccmoTpuM Tpu Kiacca pombudeckoii cunronuu (puc. 20). B kiacce 3L, 1Be
MIO3UIUY OKKYIIUPYIOT y>Ke M3BeCTHBIe HaM ¢opMbl — nuHakouz (1) u pombude-
ckas mpusMa (2), a TpeTbsa popma (3) — HoBas. [lepes HaMKU HOBasA YeThIpEXTPaH-
Has 3aKphITas Gopma, KOTOpasi Ha3bIBaeTCsA pombuueckum mempasopom (OTMETUM,

Puc. 20. [IpUHUMMHATBHO pa3JUYHbIe TOMOXKEHUs TMPOCTHIX GOpPM B KjIaccax poM6H-

9YeCKOM CHHTOHMH: a) TpU MO3UIMHU B kiacce 3L,; 6) B kiacce L,2P; B) B kiacce 3L,3PC.

I'paHb IO OTHOIIEHUIO K 3JIEMEHTY CUMMETPUH: 1 — MeprieHAVKYIApHA; 2 — apajulebHa;
3 — HaKJIOHEeHa; 4 — HAaKJIOHEHA K OJHOMY JIeMeHTY, HO ePIEeHANKY/ISIPHA APYyroMYy

YTO 4 I'PaHU — 3TO MHHUMAJIbHOE YHCJIO, CIIOCOOHOE 3aKpHhITh IPOCTPAHCTBO).
I'paHb TaKoro TeTpaszpa 6yAeT IpeACTaBIATh COO0I HEMPAaBIWIbHBIN TPEYTONbHUK.
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B kiacce L,2P mepBble Be TO3UIINM TaKXKe YyKe 3HAKOMBI — 3T0 MOHO3Ap (1)
U poMbuyeckas npusma (2). B HakKJIOHHOM TOJIOXKEHUH OTHOCUTENBHO /IEMEHTOB
cHMMeTpuH OyZeT pacronaraTbCss HOBasi OTKpHITass GpopmMa — pombuueckas nupa-
Mmuda. HasBaHuMe CBS3aHO TaKKe C TEM OOCTOATENbCTBOM, UYTO €CIH €€ pacceyb
TOPHU30HTATBHOM IJIOCKOCTHIO, TO MBI YBUAUM POMO. B 3TOM Kjacce TOSBUTCA ellle
O/THA MTO3UITNSA — HAKJIOHHAs [0 OTHOIIEHHUIO K OCH BTOPOTO TOPAJKA, HO HE B 00-
mel Mo3uluy, a MepleHAuKy/IApHasa IIOCKOCTU P (4). STy MO3ULUI0 3aHMMAET
AU3p, TIPEBPAIAOIINICA Ha SKBAaTOPE B TMHAKOU/.

W, nakoHen, paccMOTpuM kiacc 3L,3PC. IlepBble JBe MO3ULMNA aHAJIOTUYHBI
KIaccy 3L, — UX 3aceydioT MUHAKOWA U poMbudeckas Mpru3Ma. B HakKJIOHHOM TI0-
JIOXKEHUH TIOSIBJIAETCS HOBasA BOCBMHUTDAaHHAA 3aKphITas mpocTtast popma — pomou-
yeckas bunupamuda. B aTom Kiacce (kak u B kinacce 3L,) mo3unus 4 COBIAJAET
C mosunuei 2.

TakuM 006pasoM, Ha 3TOM 3aHATUM MbI TO3HAKOMIIMCh CO BCEMH CEMbIO IIPO-
cTeiMH GOpMaMU, KOTOPhIE BCTPEUYAIOTCA B KpUCTa/IaX HU3IIeH cuHronuu. O6-
paTUM BHUMAaHUE, YTO TOJBKO /IBE U3 HUX SABJIAIOTCA 3aKPHITHIMU (POMOUYECKUI
TeTpasAp U poMbuueckas 6unupamuga). CieoBaTeNbHO, OHU MOTYT CYIIECTBO-
BaThb B €IMHCTBEHHOM 4mciie. OcTalbHBIE IIATH GOPM BEIHYKAEHBI COCYIIIECTBOBATh
¢ IpyTUMH, 06pasyss KOMOMHAIIMOHHBIE MHOTOTIPAHHUKH.

KoHTposibHbIE BOIIPOCHI

1) JaitTe onpezeneHue MPOCTON GOPMBI.

2) YeMm OTKpHBITas mpocTast GopMa OTIUIAETCSI OT 3aKPHITOM?

3) YTo Takoe KOMOWHAITMOHHBIN MHOTOTPAHHUK?

4) TlepeuucauTe OTKPHITHIE MPOCTHIE GOPMBI B HU3IIIEH KaTETOPUH.

5) Kakas ¢popma BcTpevaeTcss B HAMOOJIbIIEM YKC/IE KIACCOB HU3IIEH KaTero-
puu?

6) Ilepeunciure GOpPMBI, KOTOPbIE BCTPEYAIOTCA TOJIBKO B OJHOM KJjiacce HU3-
el KaTeropuu.

YnpaxxHeHue

st 9eThIpex pUCYHKOB (puc. 21 a-T) Ha30BUTE IPOCThIE GOPMEIL, IPOHYMEPO-
BaHHbIe udpamu oT 1 z0 8. JlaliTe XapaKTEPUCTUKY KaXKJ0M M3 HUX (OTKpHITAsA
WU 3aKpbITasg GpopMa, YUCIIO TpaHel).

— ¢

4 5

Puc. 21. PUCYHKU K yIPa)XHEHUIO 3aHATUA 7
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3aHgarue 8

ITpakTuyeckoe 3aHaATHEe. OCHOBBI IPOEIPOBAHUA KpHCTa/LIA.
TpadapeT a1a npeacraBieHus. Pabora ¢ KpucTauioMm
HU3IIEeN KaTeropuu

Eciyu mocMoTpeTs Ha puc. 22, TO YBUAUM, 4TO OIpefie/ieHusa TOJIbKO Kjacca
CUMMETPUH COBEPIIEHHO HeZJOCTATOYHO /I IIOJTHON XapaKTEPUCTHUKY KPUCTAJLIA.
PazymuHble, He MOXOXKKE APYT Ha Apyra 06beKThH MOTYT IPUHAIEXKATh K OZHOMY
KJIacCy CUMMeTpUH.

a 6 B r

Puc. 22. Kpucrasuiel pombudeckoii cepsl (a), xpuzobepwuia (6), opcrepura (B) u nps-
MOYTOJIbHBIY ITapasulesienuiies (r) IpuHaAjiekaT K ofJHOMy kiaccy cuMMmerpuu 3L,3PC

[TosTOMYy sl TIOJTHOTO OMMCAHUS KpPUCTa/Ia HEOOXOAUMO He TOJbKO HaWTh
U 3apUKCUPOBATh B IIPOCTPAHCTBE 3IEMEHTHI €r0 CUMMETPHH, HO U 3aQUKCUPO-
BaTh IOJIOXKEHUS TPAHEN Pa3IMYHBIX ITPOCTBIX GOPM OTHOCHUTENBHO 3TUX dIeMEH-
TOB CUMMETPUM U JaTh XapaKTEPHUCTHKY MPOCTHIM popMam. /i 3TOro 4epTsAT
pa3HoobpasHble MPOeKINKU. YaCcTUYHO MBI YiKe ITO3HaKOMUINCH C HUMH Ha 3aHsd-
TuM 6. PazbepeM celiyac mpoelpoBanue 6osee mopo6Ho. KpucTaii onuchiBaloT
B /IBa 3Tama: crepeorpadpryecKoe MpoenrpoBaHre 3IEMEHTOB CUMMETPUH U THO-
MocTepeorpadpUyecKoe TIPOeIUPOBAHUE TPAHEH.

Ha nepBoM 3Tare cTpoAT cmepeozpagduuecKyro npoekyuto 3IeMeHTOB CUMMeT-
pun obbexkTa. HalmoMHUM, YTO ISl 5TOTO OOBEKT MOMEIAaeTCss B Hauauio KOOPAH-
HaT (KoopAvWHAaTHas CUCTeMa IOAYNHSAETCS CHMMETPUN 00beKTa) U BOKPYT 00heK-
Ta MbICJIEHHO TIpoBoAuTCsA chepa (puc. 14). Ha aTy chepy HaHOCSTCS rpadudecKue
HM300paKEHUSA MEMEHTOB CHMMETPHUU Y KOOPAWHATHBIE OCU X, ¥ U Z. Takas mpo-
eKIMs Ha3bIBaeTcs chepuueckoli. YIUTHIBAs, YTO HAIlA IPOMBILIUIEHHOCTD ellle He
Hay4uIach JeaTh TpeXMeEpPHBIE TETPAAN, TPUXOAUTCA KaKUM-TO 06pa3oM mepeHo-
cuTh cdepy Ha IIOCKOCTh. DTOT IIPOIIECC HA3BIBAETCSA MTEPEXOJOM OT cHepHUIeCcKOm
MIPOEKIINU K ee cTepeorpaduieckoMy obpasy. JIJisg 3TOro pUCYETCS KPYT, KOTOPBIH
CUMBOJIM3UPYET MPOEKIIUIO Ha SKBATOPUAIBHYIO IUIOCKOCTD Hamiel chepsl. OTMe-
THUM, 4TO HaOJIOAaTeTh HAXOAUTCA B I0KHOM Tostoce S (puc. 14 a). HanmomuHaewM,
YTO B KPUCTA/UIOTPAQUU OCh Y IIPUHSATO HAMPABJATH U3 IIEHTPA YepTeKa HAIPaBo,
0oCh X — BHHU3 B CTOpPOHY HabsogaTens (¢ cobMoZieHHeM yIyia Y MeXAY OCAMH),
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a 0Cb 2 — B BEPTUKAJIBHOM WIH IIOYTU BEPTHUKAJIBHOM HAIPAaBJIEHUU, YTO OIpe-
Aensercs ymiamu o v (3. Torza Touka A Ha MOBEPXHOCTH cdephl, N300paKeHHAs
Ha puc. 14 a (HampuMep, BBIXOZ OCH BTOPOTO TOpsika) O6yAeT MpoelpoBaThCs Ha
Kpyre B TOUKy a. [locye TOro Kak HaHeceHbI Bce OOBEKTHl BepxXHell moiychepsl,
HabofaTeNnb IepeMeNaeTcs B CEBEPHBIH MOMIOC N ¥ MOXKET aHAIOTUYHO OITHUCATh
HIDKHIOIO TToycdepy. Tak, Touke D 6yzeT COOTBETCTBOBATD €€ CTepeorpaduIecKuin
obpas d.

1T TIpaKTUYeCKOTO 3aHATHA ONMCAHUA KPUCTA/UIMKA CWIMKAaTa OJUBUHA
(06061IEHHOE Ha3BaHWE OYEHb BAXKHOTO M PACIPOCTPAHEHHOTO B IPUPOJAE CH-
JUKaTa IlepeMeHHOTo coctaBa ¢ ¢opmynoit (Mg,Fe),[SiO4]), m3o06pakeHHOTO
B Tabsuile 6 HUKe U B Tabiuile A I[BETHOW BKJIEHWKHU, HaM IOHaZo6uTCa Tpada-
peT (mpumepHBIN BUJ cM. Ha puc. 23). [ToayduTh ero MoOXXHO IO THUIIePCChLIKE:
http://cryst.geol.msu.ru/courses/crgraf/trafaret8mm. jpg. Tpadaper He-
06X0AMMO pacreyaTaTh, HAKJIEUTh Ha KapTOH M aKKypaTHO BBIpPe3aTh IO KOHTYPY
OKPY>XHOCTHU. B LIleHTpe KeJlaTebHO UTOMKOM IPOTKHYTh OTBEPCTHUE JJIST OTMETOK
OCTPO OTOYEHHHIM KapaHzamoM. He momemarT OTBEPCTUA U B 4eThIpex (Kpac-
HBIX) TPEYTOJIbHUKAX — OHU NIPUTOAATCA Ha CIeAyIolel CTYIIeH! 00yJeHus.

Puc. 23. Tpadaper i pucoBaHUs KpUCTa/IoB. Ha mpakTuke yZo6HO pacmedaTaTbh STOT
TpadapeT AuaMETPOM B 8 CM, UTO IMO3BOJIUT HAHECTH Ha KPYre BCE 3IEMEHTHl CUMMETPUH
Y MOJIOXKEHUsA TpaHel Jaxke Ui ZOCTAaTOYHO CIOXKHBIX KpHcTaltoB. HasHaueHre yacToii
cepoii ceTkH Ha TpadapeTe U JPyrux AONOJTHUTETbHBIX JIUHUH OyzeT 06BsCHEHO MO3HEe

[Tocne Toro Kak TpadapeT M3TOTOBJIEH, MOXHO IPUCTYNATh K MOCTPOEHUIO
cTepeorpaduvecKoli MPOeKLINY JTEMEHTOB CUMMETPUY AaHHOTO Ki1acca. [Tocieso-
BaTeJIbHBIE IIaTU TIPUBEEHBI B Tabiuile 6.
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Tabnuia 6. [locaeaoBaTeabHBIE IIATH 10 OMHUCAHUIO KpPHCTa/UIa HU3NIIEH
kaTeropuu (onmBuHa). Yacts 1

Ha npoexnuu

JeiicTBusa
n300pakeHo

1) Ucmonesysa tpacdaper,
pUCyeM OKPYKHOCTb, Ha-
HOCHM Ha Hel BBIXOJBI
KOOpAMHATHBIX ocell x,
Y, 2.

Y 12) Hanocum rpaduue-
CKHe 3HAauKu ocu L)
u IIo0cKocTed Py, P,.

3) Hanocum rpaduye-
CKMe 3HauyKu oceil LI
u L u uzobpaxeHue
wiockoct P, B Buge
Yy | ABOHHOI OKPY>KHOCTH.

4) HaxozmM LeHTP U [OJ-
MKCBIBAEM €ro Ha IPOEK-
LIUH.

[IpaBuibHEE BCErO YCTAHOBUTH KPHUCTALT BEPTUKAIbHO IO TOMY HalpabJe-
HUIO, Tle OH 0cO6eHHO aHu3omponer (B JaHHOM CIydae — IO YJIMHEHUIO). M3y-
YUM 3TO HallpaBjIeHHe, IOCMOTPEB Ha KPUCTA/UI cBepxy. be3 Tpyza HaxozuM Io-
BOPOTHYIO OCh BTOPOT'O IOPA/AKA L, U /iBe BepTHKaIbHbIe IIocKocTH P’ 1 P”, pas-
pesarolye KpUCTaI Ha /jBe 3ePKaJbHO paBHBIE YacTH. HaHOCUM 3TH 3/IeMEeHTHI
CHMMeTpUH Ha Npoeknuio. Ock L;, MPoeNpyeTcs B HAYaI0 KOOPAUHAT, a IIOCKO-
CTH B JaHHOM ciiy4ae GyAyT M300pakeHbl ABOMHOM uHMel. O6paTUM BHUMaHUE,
YTO MbI CMOTPUM Ha MPOEKIUIO KaK Obl CBepxy. B 3ToM ciiydyae och 2 COBIaJaeT
C OCBIO BTOPOTO ITOPsiZIKA, OCh Y CMOTPUT HAlpaBo, a X — BHU3 (B KpHUCTaJIOrpa-
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by npuHATa Takas cucreMa KoopauHar). Ilmockocts P’ Toraa 6yzer P, Tak Kak
HOpPMaJIb K 3TOH IUTOCKOCTH OPHEHTHPOBAHA II0 HAIPaBIeHHIO X, a P —P,.

Ob6s3aTeIbHO U3YIUM SKBAaTOPHATIbHYIO IVIOCKOCTh. Ha aKBaTOpe Bcerza MHOTO
MHTepecHoro! B HallleM c/ly4ae MOXHO Ha#TH ellie jBe OCH BTOPOTO mopsAzka — L
u L}, BBIXOZBI KOTOPBIX COBIAZAIOT C HaNpaBIeHHEM X U Y, a TaKXke ellle OfHY
IUIOCKOCTh, KOTOPAasi IIPOXOAUT Yepe3 SKBATOp. Takas IVIOCKOCTh Ha IPoeKIuu 6y-
JleT TIoKa3aHa JBOMHOMN OKPY>KHOCTbIO, @ HOPMaJIb K Hell MMPOXOAUT BEPTUKAIBbHO,
cylefioBaTeNbHO, 3TO P,.

Baxxro! [Ipy HaHeceHUH L., Ha KpyT GbUT HaHeCeH OfuH 3Ha4ok D030 (B Havane
KOODJMHAT), KOTOPHIH COOTBETCTBOBAJ BEPXHEMY BBIXOJly OCH BTOPOTO IIOPSAZKA.
HaHeceHue HIKHEro cvMBoOJIa He MMeeT CMBICIA, TaK KaK HallpaBieHue yxe 3aja-
Ho. OffHaKo B ciIydae oceii L) u L, 06a BRIXOZla STHX OCeli HaXOAATCA B IIOCKOCTH
SKBaTOpa U BUHBI HAOIIOAATENI0 M3 I0XKHOT'0 Ioymoca. IToaToMy, 4ToOB He 3arpo-
MOXZATbh YepTeX, Ha cTepeorpaduIecKoi MpoeKIIMY HAHOCAT JIMIIb Te 3JIeMEHTEI
CUMMETPUH, KOTOPHIE PACIONaraloTcsa B BepxXHel momycdepe M 5KBATOPUAIbHOM
IUIOCKOCTH. DTOTO JOCTATOYHO. TakuM 06pa3om, 3HaukoB D030 Ha yepTexe OyzeT
IIATh — /IBa CUMBOJU3UPYIOT L), iBa— L.’ 1 opus— Ly,

[TpoBepsieM HaymM4Ke IIeHTPA BhIIIEOMUCAaHHEIM crtocobom. HeTpyzaHo y6eanTh-
¢, 9YTO B IAaHHOM CJIyyae OH MPHUCYTCTBYeT. He 3a6pIBaeM MOAMUCATH €0 3HAYOK
Ha mpoekuuu. VTak, TepBhI 3Tal 3aBeplIieH — cTrepeorpadpuyuecKas MpPOeKIVs
MIEMEHTOB CUMMETPUHU KJIacca MmocTpoeHa. ITo kinace 3L,3PC poMOUYeCcKoi CUH-
TOHWY HU3IIEN KaTeropuu (MomHasA 3anuch Kinacca— Lo, Ly, Ly, PP, P,C).

[TepexoanM KO BTOPOMY 3Tally — IIOCTPOEHUIO Ha YepTexe 2Homocmepeozpadu-
Yeckux TPOEKIUH TpaHel BcexX MpocTeix GpopM. Uto 310 Takoe? CIOBO «I'HOMOC»
O3HavYaeT HOpMasb (WIN MepHNeHANKY/IAp). BHUMAaTeNbHEIN MCCIeoBaTelh OOHa-
PYKUT B U3y4aeMoM KpucTaiwie 26 rpaHeil. Ecau cTpouth crepeorpadudeckyio
IIPOEKIIMIO BCceX TpaHel, TO MbI OyZieM BBIHYKJEHBl HapUCOBAaTh ABAALATDH IIECTh
KPUBBIX, CUMBOJIU3UPYIOIUX IVIOCKOCTH IpaHell. Hamn yepTex cTaHeT abCOMIOTHO
HeyHTaeMbIM. [103TOMy I'paHH U300pakaloTCA He cTepeorpaduIecKuMu obpa3aMu
IUIOCKOCTeH (KpUBBIMM), @ HOPMaIAMH K HUM. A TaK KaK HOPMaJb K IVIOCKOCTH —
9TO HaIpaBJeHUeE, TO I'PaHb 6yZeT GUKCHUPOBATHCA HEOOMBIINM 3HAYKOM (KPYyKOU-
KOM), KOTOPBIH ITOKa3bIBaeT BBIXOZ HA chepy HOPMaIU K 3TOM IPaHU.

Toxxe BaxkHO! Kpucramwr coBepiieHHO HeoOs3aTeNlbHO OAWHAKOB U CBEPXY
U cHU3y. IToaToMy ecsiy pU ONMCAHUY 3JIEMEHTOB CHUMMETPUH [IOCTATOYHO OBUIO
[IOKA3aTh JIUIIb Te 3JIeMeHTHl, KOTOPhle BUAHBI U3 I0XKHOTO II0JII0CA, TO NIPY HaHe-
CEeHUM HOpMasiell K IPaHsaM HeoOXOAMMO UMEeTh ABYX HabirogaTeneii: OAUH CMOT-
PUT Ha 5KBAaTOPHUAIBHYIO IUIOCKOCTh M3 IOXKHOT'O IIOJIIOCA, a BTOPOM — U3 ceBep-
Horo. 'HOMOcTepeorpadudecKye IPOeKINH TeX IPaHe, KOTOPble BUAUT IePBEIi
HabiozaTenb, PUCYIOTCA KPYKKaMH, a TeX, KOTOpble BUJUT BTOPOH, — KPeCcTU-
KaMu. Bo3HUKaeT BOMPOC: 5KBAaTOPHAIbHYIO IUIOCKOCTh BUAAT oba HabiwogaTers,
KaKoW 3HAYOK /I BepTHUKAJIbHBIX I'paHeil (HOpMalau K HUM IIOMAZai0T Ha TOpH-
30HTaJIbHYIO IUIOCKOCTD) UCIIONB30BaTh? B 3TOM ciiydae JOrOBOPUINCH UCIOIb30-
BaTh KPyXKu. Takum 06pa3oM, Bce rpaHU BepXHeH norychepsl ¥ 9KBAaTOPUAIBHOM
IUIOCKOCTH PUCYIOTCSA KPY>KKaMH, a HIDKHeH norycdepbl — KpecTUKaMHU.

Crefytomye mary IOCTPOEHNA [TOKa3aHbl B TabuIle A IIBeTHOM BKJIEHKU.
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IITAT 1. HaHOCMM Ha MPOEKIIUIO IBe rpaHu IpocToil ¢popmsl 1. TTocKoIbKY 06e
I'PaHU BepTHUKAJIbHBIE, TO OHU OyAyT 0003HAYATHCA KPYKKAMH Ha OKPYKHOCTH.
He 3a6piBaeM mocTaBuTh IUPY 1 Y KaKZOro Kpykka. [107€e3HO MCIIONIb30BaTh
I[BETHBIE KapaH/AIU, HAHOCS U MOAIUCHIBAsA KOXKAYI0 IPOCTYI0 GOPMY CBOUM IIBe-
TOM — 3TO OOJIETYUT YTEHHE MPOEKINH. XapaKTEPUCTHUKY MPOCTOH GOPMEI JaeM
B Tabsuue 7.

Tabauna 7. XapakTepucTHKa MPOCTHIX GOpM KpHCTa/Ia HU3IIeil KaTeropuu

(o1uBuHA)
N popmbr Yucio 3akpeiTas
Ha ng)ogxunn rpaHeu WIN OEKPBIT&H Haspanne dopmer

1 2 OTKpBITaA TIUHaKOUI,

2 2 OTKpBITas IUHAKOU,

3 2 OTKpBITaA TIMHaKOU/

4 4 OTKpHITAs poMbuyeckas mpusMa

5 4 OTKpBITadA poMbuueckas pusma

6 4 OTKpBITas poMbudeckas mpusMa

7 8 3aKphITas poMmbuyeckas GUIMpaMuAa

ITAr 2. HaHOCKMM Ha IPOEKIUIO ABe T'PaHU MPOCTOi ¢popMer 2. OHU TOXe Bep-
THKaJIbHBIE U 0003HAYAIOTCA KPY:KKaMU Ha OKPY:KHOCTU. He 3a0bIBaeM IIOCTaBUTh
uudpy 2 y Kaxzoro Kpyxka. KpyKku Jjydile prcoBaTh LBETOM, OTIIMYHBIM OT
KPY>XKOB ITpocToii popMmbl 1. OTMeTHM, YTO Ilepes HAMU TOXKe IMTUHAKOUZ, HO ero
IrpaHU HUKaK He CBA3aHbl C TPaHAMU NUHAKOWZA 1, 3TU I'paHU Pas3IU4aloTCA 110
CBOUM (PpU3UYECKUM CBOMCTBAM.

[IIAT 3. HaHOCHM Ha MTPOEKIIUIO ABE TPAaHU MPOCTOr GpopMbl 3 (mrmHakoug N2 3).
OHU ropu3soHTaJIbHbBIE, C/I€ZI0BATENbHO, OZIHA I'PaHb BUIHA U3 CEBEPHOIO II0JIIOCA,
a fipyras — u3 I00KHOTO. [109TOMy HEOOXOAUMO HAaHECTH U KPYXKOK, Y KPECTUK U He
3a0BITh IOANMCATD UX «3,3».

IIAT 4. T'paneii nmpocToii popMEl 4 BABOe 6Gosblile, YeM I'paHeil GOpMEI 2, Tak
KaK OHU IIOJMYJalOTCsA «Pa3jaMbIBAaHUEM ITonoiraM» ¢opMel 2. [lepes HaMu poMbu-
yeckas IpU3Ma ¢ cedyeHueM B Buze poMba. HanocuM Bce 4 Kpy»KOdKa Ha 9KBATO-
pUAIBHYIO IIJIOCKOCTh, IIpUYEM aKKypaTHO, He Hapyllasd CUMMeTpUIO YepTexa, —
KPY>XKU paBHOYZIaJIeHbl OT oceli U IUIOCcKocTelt! B mpuHIMne, MOXXHO HaHECTH Iiep-
BBIH KPY)XOK ¥ YOpaTh MOJIENIb, a s HAHECEHUS OCTAIbHBIX TPeX I'PaHell BOCIOIb-
30BaThCA TOJNBKO IIPOEKIMel, pasMHOXKasA ee aJleMeHTaMi CUMMETPUH B COOTBET-
CTBUMU C JOIIOJIHUTEIbHBIMU CTPEJIKaMU Ha YepTexe.

IIAr 5. Ipaneii mpocToii popMbl 5 BABOe 6oJIbile, UeM rpaHeii GopMbI 3, TaK Kak
OHU TOXKe I0JIy4aloTCs «pa3jlaMblBaHHEM II0IIoJIaM» UCXOJHOTO MMHAKOUAA C 1Ipe-
BpallleHHeM ero B pOMOUYECKyIO Npu3My. [1oloBUHA rpaHell HAXOAUTCS B CeBep-
HOM IOJIyIIapWH, a TIOJIOBUHA — B I0)XHOM. PricyeM CBA3aHHBIE CUMMETPUYECKUMU
IIpeoOpa3oBaHUAMU IPYIIY U3 JBYX KPYKKOB U JBYX KPECTHUKOB I10J HUMHU, He
3a0BIBaeEM JBaK/JbI TIOATIMCATH UX «5,5». BO3HUKaeT BOIPOC: KaK TOYHee HAHECTU
HICXOZAHBIN KPY)KOK 5, KOTOPHIY 6yzeM Aajbllle pa3MHOXKATh 3JIeMEHTaMKU CUMMET-
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pHuU IpoeKnyy, yopas Kpuctaut? /Iyl OTBETA HA 3TOT BOIPOC MPIDKMEM K I'PaHU
TOpell KapaHzamia ¥ TIOCMOTPUM, KyZa CMOTPUT rpudess. B HameM cirydae HaKIOH
KapaHjala 4yTh OJrKe K 5KBAaTOPY, YeM K CEBEPHOMY IIOMIOCY, CJIEA0BATENbHO,
KPYXOK pUCYeTCsI HECKOJIBKO OJTIbKe K Kparo Kpyra, YeM K Hadalry KoopAuHaT. Bo-
Jiee TOYHBIE CTIOCOOHI HAaHECEHUS TTOIOXKEHUA IPaHM Ha MPOEKIIMU Mbl U3YINM Ha
CJIeZyIOUINX CTYTIEeHAX O0yYeHus.

[IIAT 6. AHAJIOTUYHO IIary 5 HAHOCUM I'PaHU POMOUYECKOU MPU3MBI 6. YeThIpe
rpaHu 3TOX MPOCTOX GOPMBI pacIoNaraloTcs Ha 9epTexe Ha IUIOCKOCTU P, u Oy-
AyT 00603HAYAThCA ABYMS TapaMU KPY>KOK-KPECTHK, MOAMHUCAHHBIMU «6,6». HakioH
IrpaHU KOHTPOJIMPYeEM KapaHZamoM. BugHo, 4To IpoeKIuy rpaHeil paciosaraoT-
cs1 6JIIDKe K 9KBATOPY, YeM K IIOJIOCY.

[IAT 7. [TonoKeHHe HOpMaJiel rpaHel mocyieHeH MpocTol GOpMBI He COBIIa/ia-
eT C BBIXOJaMHU OCeli, 'PaHu He JieXKaT Ha IUIOCKOCTAX CUMMeTPUU. DTO IPUBOAUT
K TOMY, YTO TpaHb 3TOH MpoCcToii GOpPMEI 6yAeT pa3MHOKATHCS BCEMU dJIeMEHTaMHU
CUMMETPUH KJIacca M YUCJIO rpaHell 6yZeT MaKCHMAaJbHO BO3MOXKHBIM. [Ipubiu-
3UTEIbHO OIPEe/IeINB C TIOMOIIBIO KapaHallia MoMoKeHNe OJHON U3 TpaHel 3ToH
¢dbopMbI B BepxHell nosnycdepe, HAHOCHUM II0 YePTEXY BCE OCTANBbHBIE CEMb I'Da-
Hel, pa3MHOXas UX 3JleMeHTaMHU CUMMeTpHUH Kiacca. Ilepes HaMu poMbudeckas
6unupamMuza — BoCbMUTpaHHas ¢popMa, TIpeAcTaBIeHHasa Ha YepTexe YeThIPbMs
IapaMu KPY»KKOB 1 KPECTUKOB.

[lozBezeM WTOT MpaKTUYECKOMY 3aHATUIO. UTo MBI cZenanu? OrmpeZenreHa
CUMMeTpUs KpUCTAIMYeCKOro MHOI'OrpaHHMKAa — KpUCTaljla OMMBUHA — KakK
3L,3PC, mocTpoeHa crepeorpadudeckas mpoeKIus kiacca. [loctpoeHa THOMOCTe-
peorpaduyeckast MpoeKIus rpaHell. V3yuyeHHBIN KPUCTALI MIPEACTABIAET COOOM
KOMOMWHAI[MOHHBINI MHOTOTPAHHUK U3 CEMU TPOCThIX ¢opM. OH orpaHeH TpeMs
MUHAKOWJAMU, TPEMS POMOUYECKIMY NIPU3MaMU U OZHOM poMOUdecKoii 6Gumnmpa-
MUZOH, 0blIee Y1CIO IPaHel PaBHO ABAAIATH MIECTH. XapaKTepUCTUKA IIPOCTBIX
¢dop™m mpuBezieHa B Tabiuie 7.
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3anarue 9 (2-1)
CJIOJKHBIE 3JIEMEHTHI CUMMETPUH

Ha nepBoii cTazyy o6ydeHNa Mbl I03HAKOMIJIKNChH C TIOBOPOTHBIMH OCAMU Pas-
HBIX TIOPSZKOB (B TOM YHCJIE KpUCTAIOrpaduuecKUx), 3epKaJbHBIMU ILIOCKO-
CTSAMU M IIEHTPOM WHBEPCUU. Bce 3TU 37eMeHTHl IIPUHATO Ha3bIBATh NPOCMbIMU
slemeHmamMil cCuMMempuu, Tak KaK KaKAbli U3 HUX 3aZaeT JIUIIb OJHY CUMMeTpU-
YecKyro oIlepall{io: II0BOPOT, OTpakeHHue WIX WHBepcUlo B Touke. OkasblBaeTcs,
YTO ZJI1 OIMCAHMA HEKOTOPHIX KPHCTAJUIOB STHUX 3JI€eMEHTOB OKa3hIBAeTCs HeZlo-
CTaTOYHO, U [ BBIIBIEHUS UX CUMMETPUM MOTPEOYIOTCA C0JMCHblE TeMeHMbl
cummempuu, ¢ KOTOPBIMU MBI IO3HAKOMUMCS Ha 3TOM 3aHATHUH.

JonmycTuM, 4TO B IPHUPOJE CYIIEeCTByeT CIOXKHBIN 3JIeMeHT CUMMETPUH, IIpeJ-
CTaBJIAIONUEH cO6OM ABOMHYIO OMEPAIMIO — IHOBOPOT U MOCIEAYIOIIee OTPaKEHNE
B IUIOCKOCTY WJIM IOBOPOT Y MHBEPCUIO B Touke. OTMETUM, YTO IIPOMEKYTOYHOT'O
pesysbTaTa HeT, 3TH /[Be ollepaliiyl CUMMETPUU OT/EIbHO APYT OT ApyTra B JaHHOM
CJIydae He CyIEeCTBYIOT. To ecTh peasbHO OYZAYT CYLECTBOBATh TOJBKO MCXOAHAS
¥ KOHeuHast QUTYPHI, a IpoMeXKyTouHasa ¢urypa 6yzer BoobpakaeMoit (MHUMOI).
HeTpyzAHO NOHATH, YTO TaKas TMIIOTETHYECKas (TI0Ka) oTepalus CHMMeTpUHU OyeT
omepalyeii BTOporo pojia (IepBUYHBIN MOBOPOT OCTABUT MPABYIO GUTYPY MTPABOMH,
a mocyeayrollee OTpaXeHNe IIPEBPATUT ee B JIEBYIO).

Eciy IOBOPOT BOKPYT HEKOTOPOH OCU OyZeT CONPOBOXKJATHCA OTPAKEHUEM
B 3epKaJIbHOM IJIOCKOCTH, NepIeHANKYIAPHON 3TON OCH, TO TAaKyIO CJIOXHYIO OCh
6yZeM Ha3bIBaTh 3epKAIbHO-N0BOPOMHOLL OChl0 cuMMeTpuH. O603HaYaTCA 3ep-
KaJIbHO-IIOBOPOTHEIE OCU B CHMBOJIMIKe BpaBe cuMBoioM $.,, TZie TOACTPOYHBII
WH/IEKC N COOTBETCTBYET IOPSAAKY ITOBOPOTHOM COCTABJIAIOIIEN 3TON OCH.

Ecimu 3a OBOpPOTOM CieflyeT MHBepCHs B TOUKe, HaXoAdAllelca Ha 3TOH ocu,
TO Takas CJIOXKHasA OCb OyZeT Ha3bIBaThCA UHBEPCUOHHOI. Y Hee TaKKe ecTb CBOM
6yKBeHHBIN cMMBOJ o Bpage: £, Tle n — MOPSIZOK MOBOPOTHOM COCTABJISIOIIEN.

JlaBatiTe Tenepb 3aaZM caMu cebe BOIIPOC: a 3a4eM 3T0 Hazo? Henb3s i aTu
CIo)KHBIE (Ha TIEPBBIHA B3IVIA HaJyMaHHbIE) TpeoOpa3oBaHuA 3aMeHUTh HabopoM
IIPOCTHIX, YK€ 3HAKOMBIX HaM, 3JIeMEHTOB CHUMMeTpuu? JlefiCTBUTENBHO JIU AT
ONMCAHUA CUMMETPHUU HEKOTOPBIX KPHUCTA/UIOB MPOCTHIX I€MEHTOB CUMMETPUU
HeZIoCTaTOYHO? JIJIf 3TOro IIpoaHaIu3upyeM Bee KpucTauiorpaduieckye NOpsaAKT
oceil ¥ IpocjieZIM B3aMOCBS3b MeXYy 3epKaTbHO-II0BOPOTHBIMY, UHBEPCUOHHEI-
MU U IIPOCTEIMU JIEMEHTAMU CUMMETPUH.

[TockonbKy ITIOBOPOTHAA COCTaBJAOIAA CIOKHON ocu ¢, paBHa HyJIO, TO BTO-
pas olepanysa CMMMeTPUU — OTPa)keHHe B IUIOCKOCTH — OKasbIBaeTCsA peaJbHOM.
Takum o6pa3oM, ZeCTBHE 3epKaJbHO-TIOBOPOTHOM OCH TIEPBOTO MOPSAJKA SKBU-
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BaJIEHTHO OTPaXeHMIO B 3epKaJbHOMN IUIOCKOCTU CMMMeTpuu. M3 pucyHka 24 a
BHUJHO, YTO TI0Z paBbiM (II) TpeyrosbHUKOM, OOpaleHHBIM K HaM JiulieBoi (6e-
JIO¥) cTOpOHOI, 6yzeT HaxoAUTbCsA JeBbiit (JI) TpeyroabHUK, O6paleHHbIN K HaM
M3HAHOYHOM (UepHOM) CTOpOHOM. B pe3ynbraTe 06a TpeyrolbHHUKA OKa3bIBAIOTCSA
CBSI3aHHBIMU TOPU30HTAIBHOM 3epKaTbHOM IIOCKOCTBIO CHMMeTpUH (OHA IOKa3a-
Ha /IBOMHOM JIMHWEN OKPYKHOCTH), YTO T03BOJIsIET HANIMCATh PaBeHCTBO §, =P, .

8¢=L,P

a 6 B r

Puc. 24. VumocTpanysa 3aMeHbl HEKOTOPBIX CJIOXKHBIX OCEH CHMMETPUH IPOCTBIMU
ajleMeHTaMu cuMMeTpuu [15]

IToBopoT Ha 180° BOKPYT MHUMOM OCH BTOPOT'O NOPsIAKA U MOCJIEAYIOIIEe OT-
paXkeHUe B IEPIEHAVKYISIPHON el TUIOCKOCTH, 33/JaHHbIE 3ePKAIbHO-TTOBOPOTHOM
ocblo ¢, KaK BUJHO U3 pHC. 24 6, SKBUBAJIEHTHBI OTPaXeHUIO B LieHTpe. CrezoBa-
TeJIbHO, Y 3Ta CJIO’KHAA OCh He ABJIAeTCA OPUTHMHANIBHOM; ee ilelicTBHe MOXKHO 3aMe-
HUTB JeNCTBUEM IIPOCTOTO l1eMeHTa CUMMETPUU — LIeHTpoM MHBepcuu: &, =C.

Pa3MHOXXeHUEe MCXOAHOU QUTYPHI 3€PKATbHO-IIOBOPOTHOM OCHIO TPEThETO II0-
pszka é.5 (puc. 24 B) mpuBezieT K MOSBIEHUIO TPEX MIPABbIX OEJBIX TPEYTOTbHUKOB,
IIOBEPHYTHIX K HaM JIMIOM, U PACIOJOXEHHBIX NOZ HUMM TPEX JIEBBIX YEPHBIX
TPEYTOJMIbHUKOB, 0OpalleHHbIX K HaM N3HaHKOMU. [[poaHanu3upoBaB PUCYHOK, MOX-
HO y6eANUThCSI B TOM, YTO TaKas OCh MOXET ObITh 3aMeHeHa JeHCTBUEM IIPOCTHIX
2JIeMEeHTOB CUMMeTPUU: peajbHON IOBOPOTHOM OCBIO TpeThero IopsAjKa U Iep-
MIeHJVKYJIAPHO PacCIoNIOXeHHOU K Hell 3epKaJbHOM IJIOCKOCTBIO CHMMETPHH, T. €.
¢, =1L3P,.

JlelicTBue 3epkaJbHO-IIOBOPOTHOM OCH LIeCTOro nopsazaka ¢ mpuBejeT K Apy-
roMy pUcyHKy (puc. 24T), aHaau3 KOTOPOT'O ITO3BOJISIET YBUAETh, YTO pe3y/abTaT
JleVICTBUA U 3TOH CJI0XXHOU OCU CUMMETPUM aHaJIOTM4eH JIeMiCTBUIO IIPOCTHIX 3JIe-
MEHTOB CHMMETPHUU: peajJbHON OCH TpeThero IopsAjKa U LieHTpa uHBepcuu C,
pacIooXKeHHOTo Ha 3Tol ocu: &4 = L;C.

A BOT 3€pKaJIbHO-IIOBOPOTHYIO OCh Y€TBEPTOI'0 NOPsAAKA ¢, HEBO3MOXKHO 3aMe-
HUTB NIPOCTBIMU PeaJbHBIMU 3/IeMEHTAMU cUMMeTpun! VIMEHHO [103TOMY 3Ta OCh
MMeeT CBOe rpaduyueckoe o603HaYeHNEe — TeMHBIH 3HaK D030 B CBETIOM KBaJpa-
trke . Bonee Toro, ona IIPUCYTCTBYET B peajbHbIX KPUCTaJIaX, YTO «yY3aKOHUBA-
eT» BCe yYeHHe O 3epKaJbHO-TIOBOPOTHBIX ocsAx. Ha pucynke 25 (a-B) n3obpaxeHO
JleficTBYe 3TOM OCU B CpaBHEHUH C ITOXOXKUMU, HO OTIMYAIOUIMMUCA OT Hee IIpo-
CTBIMU OllepalsAMU CUMMETPHU.

ITepetizieM K pacCMOTPEHUIO NHBEPCUOHHBIX ocell cuMMeTpuu. HetpyzHo ybe-
JUTHCS B TOM, YTO U OHU MOTYT OBITh 3aMeHEHHI IeliCTBUEM MPOCTHIX 3JIEMEHTOB
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Puc. 25. MnmocTpanua AeUCTBUM TpeX B3aMMHO NepIeHJUKY/IAPHBIX Oocei
BTOpOro mopaAzKa L, L, L.’ (a), HOBOPOTHO# ocH YeTBepToro mopsazxa L, (6),
3epKaJbHO-IIOBOPOTHO OCH YeTBepToro nopszaxa ¢, (B). JluleBble CTOPOHBI

TPeyroJbHUKOB besible, N3HAaHOUHbIe — cephle [15]

CUMMETPUH, 33 UCKIIOUeHUeM OcH L4, pesynbTaT ZielicTBUA KOTOPOIi OKa3bIBaeTCsA
aHAJIOTMYHBIM JeHICTBUIO 3€PKaIbHO-IIOBOPOTHOM OCH 3TOrO Ke mopsAzaka &, T.e.
t,=¢&,. Ominuue B 3TOM CiIydae 3akjioyaeTcs JUIIb B 04epeJHOCTH IOMydeHUs
pa3MHOXXaeMbIX GUryp. B kauecTBe OZHOTO U3 YIPAKHEHUHN K 3aHATHIO IIpezjara-
eTcsl HAaYePTUTh YEPTEXKU, aHAIOTUYHEIE pUC. 24, U IPOJEMOHCTPUPOBATD CIeAy-
omre paBeHcTBa: £ =6, =C; £, =%, =P |; L3 =8, =L3C, £ =863 =L3P,.

K BrIIIECcKa3aHHOMY cZiejlaeM TPU BaXKHBIX JOIIOJTHEHUA.

1) 3epkaabHO-IOBOPOTHAS (MHBEPCUOHHAS) OCh YETBEPTOTO MOPSAAKA PEATbHO
CyllecTByeT U BCTpeuaeTcs B KpucTawiax. Keraty, ceifuac IpUHATO UCNONb30BATh
MMeHHO MHBEPCHOHHEIE OCH, a He 3epKaJIbHO-IOBOPOTHBHIE.

2) Pawnbie Ay 0603HauY€HUA WHBEPCUOHHOM OCH IecToro mopszgka (6o
3€pKaJbHO-TIOBOPOTHOM TPETHEr0) MCIOIb30BaIU IpadUIecKUil 3HAK @®. Ogna-
KO IIOCKOJIBKY 3TU OCU MOXXHO 3aMEeHUThb peajbHbIMU 3JleMeHTaMU CUMMeTpPUYN —
IIOBOPOTHOM OChIO TPETHETO TOPsAAKA M NEePHeHJUKYIIPHOU K Hel 3epKalbHOMN
IUIOCKOCTBIO, UMEOUINMHI Ha rpaduKax CBOM yCIOBHBIe 0003HAUEHUsI, STOT 3HAK
HET CMBICJIA UCIIOIb30BaTh, TaK KaK OH GaKTUYECKU AyOJUPYET UX 0003HAYEHUA.

3) g KkaxAoM 3epKajJbHON OCH UMeeTCsI CBOM MHBEPCUOHHBIN aHasor. 13 pu-
cyHKa 26 BuzgHO, uto [1-durypa (1) mocie omnepaiuii MoOBOpoTa IO YaCOBOH CTpe-
Ke Ha yrojJl o BOKPYT OCH, BBIXOZAlIel B Touke O, U IMOCAeAyIOIero OTpaKeHus

Puic. 26. 3aBUCUMOCTD MeXX/ly IIOBOPOTaMHU BOKPYT 3epKaIbHOM (YToJ TOBOPOTA o) ¥ UHBEP-
CHOHHOM (yron moBopora o = 180° — o) ocAMU CUMMETPUU

B MTepPIIEHANKYIAPHON 3TON OCH 3€pKAIbHOU IUIOCKOCTH mepeigeT B JI-ourypy (2).
K TakoMy e pe3y/nbTaTy MOXKHO IPUHMTH, CHayaja IIOBEpHYB HCXOZHYIO GUTY-
py 1 B IPOTHBOIIONOXHOM HATIPaBJEHWH Ha AOTOIHUTENBHBIN yroa o = 180° — o
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(monyuum ¢urypy 3), a 3aTeM «OTpasuB» ee B TOuke nHBepcuu O. MokHO chop-
MYJIMPOBATh IIPaBUIIO: Oelicmaue 3epKalbHO-1080POMHOLL OCU C Y2 lOM Nno8opoma
oL 8 00HY CMOPOHY Moxcem 6blmb 3aMeHeHo Oelicmauem UHBePCUOHHOL OcU € y2a0M
nosopoma o’ = 180° — oL 8 NPOMUBONONOHCHYIO CMOPOHY.

CucreMaTH3upyeM BCIo MHGOOPMAILINIO 3aHATHUA B BUJe TabGIUIIEL 8.

Ta6nuina 8. CBogHas WHGOPMALMSA IO CIOXKHBIM OCAM CUMMETPUH

¢, o £, o' =180° —a Hab6op IpoCTHIX 37IeMEHTOB
é, 0° (360°) £, 180° P

é, 180° £, 0° (360°) Cc

$5 120° L 60° LyP

b 60° £, 120° LsC

é, 90° £, 90° OCb YHUKaJIbHA

W3 3TOM TabIUIBI MOXKHO CEIaTh OAWH 3aMedaTe/bHbINA BEIBO/. Bce M3BECTHRIE
HaM 3JIeMeHTHl cUMMeTpuH ABISoTcsd OCAMY (0O6bIYHBIMU U He coBceM). LleHTp
WHBEPCUM fABJIsIeTCS MHBEPCUOHHOM OChIO IEPBOrO MOPSZAKA, a IVIOCKOCTb — UH-
BEPCHOHHOIT OChIO0 BTOPOTO MOPSAKA. TAKUM 06pa3oM, MbI 3KMBEM B MUPE TIPOCTHIX
Y MHBEPCUOHHBIX OCEH CUMMETDPHUU, BCE ONEPAllY CUMMETPUU SBJISIIOTCA TTOBO-
poTtamu. [IpezacTasidere, IO yTpaM Mbl CMOTPUMCSA B UHBEPCUOHHYIO OCb BTOPOT'O
mopsizka! Ha camoM zieie 3TO J0CTaTOYHO BayKHBIN BBIBOJ, KOTOPHIN HaM MOTpeby-
eTced yKe Ha CJIelyloleM 3aHATUU.

KoHTpo/IbHBIE BOIIPOCHI

1) Kak zmeiicTByeT 3epKajJbHO-IIOBOPOTHAs OCb CUMMETPUN?

2) Kak zieficTByeT UHBEPCHOHHASA OCh CUMMETPUM?

3) KakuMu npocTeIMM 3/IeMeHTaM{d CUMMeTPUM MOXXHO 3aMEHUTh JeliCcTBUe
HMHBEPCUOHHOU OCH IIeCTOr0 U TpPeThero mopsazgka?

4) KaxkuMu NpOCTBIMHU 37leMeHTaMH CHMMETPHU MOXKHO 3aMeHUTh JelicTBue
3€PKaJbHO-IIOBOPOTHON OCH IIEPBOro U BTOPOr'O MopszKa?

5) IloueMy U3 BceX CJIOKHBIX ocell rpadpuyecKuii CUMBOJI MMeeT TOJIbKO OCh
4eTBepTOro MopsagKa?

YnpaxxHeHUd
[TpogeMoHcTpupyiiTe Ha YepTexe AelicTBue: 1) £1; 2) £,; 3) £3;4) £4; 5) £¢.

3aaarue 10 (2-2)
OcHOBHbIE TeOpeMbI B3aMO/EeNCTBUA 3J1eMEeHTOB CUMMETPUU

VITak, MbI >KUBEM B MUP€ BOJIIIEOHBIX 1 OOBIYHBIX OCEH, OCYIIECTBIISAIOIINX OIle-
panuio moopora. [Ipu 3ToM 06beKT HabIIoAeHNUs, AOIMYyCTUM, TOYKA BBIXOZA HA
chepy TMHUYM HOpPMAlM K I'PaHMU, COBEPIIAET HEKOTOPOE IIyTellecTBUe o chepe
IIPOeKUMH U3 TOUKH 1 B TOUKy 2 (cM. puc. 27) BOKPYT HEKOTOPOH BooOpakaeMoi
ocy, IPOXoAAlIel yepe3 HaYalI0 KoopAuHaT. HazoBeM 3Ty olepanuio CUMMETPUH,
OCYILECTBIIAIOLIYIO TAKOE IlepeMellieHre 1o chepe, 6ykBoii A. [l HaIIAAHOCTH Jia-
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Puc. 27. K 1oKa3aTenbCTBY «OCEBOM» TeopeMbl JDiiiepa. CTpeskaMM IMOKa3aHo Iepe-

MellleHHe CTYAEHTOB IIPU II0C/IeZ0BATEIbHOM BpallleHUHW BOKPYT I€peceKaroIfUXCs

B LIeHTpe 3eMJIM IIOBOPOTHBIX ocell cuMMeTpuu. A, B 1 C — myTh IO OBEPXHOCTHU

3emu: A: MockBa — Cumdepornonb, B: Cumdeponons — Muace, C: Muacc— MockBa
COOTBETCTBEHHO

BaliTe oIIyTUM cebsl CTyZeHTaMU BTOPOT'O Kypca reoyorudeckoro paxyasrera MI'Y
(reoxrMHYecKUi OTOK), CAABIINMY BECEHHIOI0 CECCHIO U OTTIPABIAIIINMUCA TIep-
BOT'0 MIOHS Ha reoJIOTUYeCKyIo MPaKTUKY U3 MockBel B CuMdeporons. B pesynbra-
Te BpallleHUsI BOKPYT Takoil BoobpakaeMoii 0CH, IIPOTHIKAOIIEH 3eMII0 HaCKBO3b
Y IPOXOZAIIEelt yepes ee LIeHTP, Hallla TPYIINa CTyZAEHTOB ITepeMeIlaeTcs U3 TOYKHY 1
B TOUKY 2 U OKa3blBaeTcs B KppiMy. O4eBHZHO, MECTO BEIXO/IA HA TOBEPXHOCTD 3TOH
OCH HEMOHATHO KaKOr'o NMopsiAKa 6yzeT rae-To B TUXOM OKeaHe, a JPyroil BEIX0J —
B ATVIaHTHYECKOM.

[logelicTByeM Zanee Ha Hall O6BEKT (CTYZEHTOB) CJIEAYIOUIUM BpallleHUeM BO-
KpYT KakKou-To Apyroil ocu. dToil onepanuu cuMMeTrpuu (B) cooTBeTcTByeT AJH-
TeJbHOE IlepeMelneHre Ha rnoeszie N2 142 «Cumoeponons — ExarepuHOypr» 1o mo-
BEPXHOCTU 3€MHOrO Imapa u3 Touku 2 (Cumdepomnons) B Touky 3 (Mwuacc) Ha
neTporpaduyeckyro MpakTUKy. TakuM o6pa3oM, Halll 0ObeKT HabmoAeHus (Tpym-
Ta CTYAEeHTOB) U3 cTapToBoi Touku 1 (MockBa) okasascs B Touke 3 (VIbMeHCKHUM
MUHepaJOruYecKUil 3alI0BeJHUK B OKpecTHOCTAX Muacca). K xoH1y merporpadu-
YeCcKOU MPaKTHKU HauleMy OOBeKTy HaOMIOZEHUs CTAHOBUTCS COBEPIIEHHO OYe-
BUZHO (M 3TO OBUIO CTPOTO [OKA3aHO MaTeMaTHUKOM JleoHapAOM DHIEpOM), YTO
M3 TOYKH 3 B TOYKY 1 MOXKHO ITOTIACTh ABYMS IyTsAMU. [1epBhIi IyTh — TOBTOPUTH
JOTUI 06paTHBIM MapuIpyT. BTOpoii myTh — OCyliecTBUTD HoJiee MpaBUIbHOE Bpa-
IIeHre BOKPYT TPeThell ocH, obecreynBaIeil HeloCpeACTBEHHOE TIepeMeleHIe
13 TOYKH 3 B TOUKY 1 1o moBepxHOCTHU cdeprl. TakuM 06pa3oM, BO3HUKAET TPEThS
oIepanys CMMMeTPHUH, COOTBETCTBYIomasn rnepemeleHuto Muacc— Mocksa (C).

CdopmynmpyeM aTo B Buze pasmia: dge onepayuu cummempuu (A u B), scmpe-
musuiucs gmecme, nopoxcoarom mpemsto (C). IIpu amom oHu pasHonpashsi: A u C
nopoxcdarom B, Bu C — A.
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Bosiee TOrO, B pe3ysbTaTe MOCAEA0BATENbHO MPOBEAEHHBIX BCEX TPEX Olepa-
[IMI BO3HUKAET Olepalysa UAEHTUYHOCTHU: CTYAEHTH U3HA4YaIbHO ObUTH B MOCKBE,
B Hell B UTOTe U OKa3aJIMCh, IIpaBza, y»ke B aBrycre (A+B+C=1).

Ternepb IPUMEHUM 3TO MIPABWIO i Hanbojiee YaCcTO BCTPEUYAIONTUXCI KOMOU-
Halui 3JIEMEHTOB CHMMETPUH B KpUCTa/lIaX. PAacCMOTPHUM TpU YaCTHBIX CIydas.

Cnyuaii 1. (A= P, B=P). /IBe IUIOCKOCTH IT€PECEKAIOTCS 110/ OIlpeieIeHHbIM
ymioM, HarpuMmep 90° (puc. 28).

B pesysbraTe IepBO¥ omepanuy CHMMETPUN UCXOJHAs MTpaBas GUrypKa oTpa-
3UTCA B JieByIo. Ha BTopoMm aTare jieBasg GUTypKa OTPa3UTCS B APYTOH IUIOCKOCTH
U CTaHeT OMATh MpaBoi. TakuM 006pa3oM, MCXOJHAas M KOHeYHas QUrypa cBs3a-
HBI OIepalvel CMMMETPUHU TEPBOTO poja. HeTpyAHO MOHATH, YTO 3TO OyZAeT oCh
BTOPOT'0 TMOPsZKa, MPOXOAAIIAsA 0 JIMHUU TlepeceueHus IUIockocTel. Eciau pac-
CMOTPETH 3TOT IPUMEP B 001IEM BUJE, TO MOMYIUTCS CJIeAYIoIlee TPaBUIo:

Ecnu ecmpeuaromcest nod yaaiom o 08e NI0CKOCMU, Mo Pe3yabmamom Ux 83aumo-
deticmeus 6ydem nogopomHas ocb nopsioka 360°/2a.

Hampumep, OCh IIECTOrO MOPSAAKA MOIYIUTCS, €CIH IIOCKOCTH BCTPETATCS IO/,
yriom 30°, ock YeTBepTOro nopsaka —45°, ock Tperbero — 60°. O6paTuM BHUMa-
HUe, YTO IUIOCKOCTD 1 U IJIOCKOCTh 2 — 3TO 2/eMeHTHl A U B, a och — anemeHT C.
OTO 3HAUUT, 4TO IpU Haauuuu P u L,, jexamiell B 3TOM IUIOCKOCTU, BO3HUKHET
ellle TUIOCKOCTbh, MEPIEeHANKY/IApHAs UCXOAHOH, IPUYeM OCb L, OyZeT mpoxoauTh
10 JINHUU UX MTepecevyeHus.

X

A

Puc. 28. /IBe IJIOCKOCTM CHUMMeTpuu, Ie-  Puc. 29. /IBe ocu BTOpPOTO NOpsAJKA, ITepece-
peceKarolyecs 1oz yriioM 90°, MOpoXKAAIT  Kaloluecs 1o yIioMm 45°, TIOpoKAaioT 0Ch
0OCb BTOPOTO NOPAZAKA, IPOXOJALIYIO 110 IN-  4YeTBEepTOro IOpAAKa, IPOXOJAILIYIO 110 JIU-
HUU UX TNlepecedeHUs. JleBble QUIYPDKU —  HUM UX IIePECEYEHNUS U TIEPIEHNKY/ISIPHYIO

4yepHbIe, IIpaBble — cephle K70 13 HUX. Bce durypku npasele

Ciyyaii 2. (A=L,, B=L,). /IBe ocu BTOporo nopsjka nepecekarmTcs 0/, olpe-
JleIEHHBIM YITIOM, HanpuMep, 45° (puc. 29). /IBa mocjiefoBaTeNbHBIX TOBOPOTA
BOKDYT ABYX FOPU30HTABHBIX ITepecekatomuxcsa (45°) IOBOPOTHBEIX oceil BTOPO-
ro NopsAzAKa MOKHO 3aMeHUTh pe3yJIbTUPYIOllel olepaliieii — I0BOPOTOM BOKPYT
BEPTUKAJIBHOU OCU YeTBEpPTOTO MOpPs/IKa, IPOXOAAIlel yepe3 TOUKy IepecedeHUs
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3TUX OCeU U PACIIONIOKEHHOU MEePIIEHANKYIIAPHO IUIOCKOCTH, B KOTOPOU JIeXXaT 3TH
ocH.

A Tenepb mompo6yeM B 06ILEM BUZE: eCal 8cmpedaromes nod yaaom o dge ocu
8MOp020 nopsdka, mo pe3yabmamom ux gzaumoodeticmaus Gydem no8OPOMHAsL 0Cb
nopsioka 360°/2a.

HampumMmep, och 1mecToro nopsaxa MoayduTcs, eciau e ocu L, BCTpeTATcs 107
yriiom 30°, och TpeThero — 1oz yrioM 60°, ock BToporo—noz yriiom 90°. O6patum
BHUMaHUe, 4To ocu L, (mepBas) u L, (BTopas) —ai1eMeHTH A U B, a mopoxzeHHas

N —>

n
P
-

Puc. 30. Ocp BTOpOro nopsziKa U IUIOCKOCTb, NEePIEHAVKYIAPHAA el, IOpOXAA0T LEeHTP
nHBepcuu. JleBble GUTYPKU — YEpHBIE, IPAaBble — Cephle

ocb— ateMmeHT C. [ToaTomy npu Hamu4yuu L, u L,, NepIeHANKYIApHOU L4, BOSHUK-
HeT ellle 0fHa OCb L,, meprneHauKyIsapHas L, 1 obpasyromas ¢ UCXOAHOH L, yron
B 45°.

Cnyuaii 3. (A =P, B=1L,). Onepauus oTpakeHUsA B 3epKaJbHON ILIOCKOCTU
¢ TOCJIEAYIOIMM TIOBOPOTOM BOKPYT' BEPTHUKAJIbHON OCH BTOPOTO IOpsZKa, Iep-
MIeHJUKYIAPHOMN 3TOU IJIOCKOCTH, IPUBOJUT K ITOSABJIEHUIO HOBOT'O 3lIeMeHTa CUM-
MeTpuu — IeHTpa nHBepcuu C (coBmazaroIero ¢ aneMmeHToM C).

9to coueranue (L,—P-C) 04eHb BaXKHO U YaCTO BCTpevaeTcs B KpucTanwiax. O6-
paTUM BHUMaHMe, YTO IIpY HaJW4UU IIeHTpa U IUVIOCKOCTH BO3HUKHET OCb BTOPOT'O
MOpsAZKa, a MpYU HaJWMYUH [[eHTPa U OCHU BTOPOTO MOpsAAKa — ILIOCKOCThb. Chopmy-
JIMpyeM U 3TO MPaBWIO B OOIEM BUZE:

Ecnu ecmpeuatromcesi nod yesom o NOBOPOMHAS UL UHBEPCUOHHASL OCb 8MOpP020
nopaokKa, mo pe3yabmamom ux gzaumodeticmaus 6ydem uH8epCUOHHAS 0Cb NOPSOKA
360°/2a.

JelicTBUTENBHO, B HAIllEM cJlydae HopMaJib K IulockocTu (oHa ke £,) cocTas-
JIIeT YTOJ C MMOBOPOTHOI ochbio B 0° (360°), ciiefoBaTebHO, TOPOXKAEHHBIM dJle-
MEHTOM CHUMMETpUH 6yZeT NHBEPCHOHHAS OCh IEPBOTO MOPSALKA, TO €CTh LIEHTP.
Ha pucynke 31 nipuBeZieHB! pyrie BApUAHTHl KPUCTA/LIOrPAQUYECKUX COYeTaHMHI
TIOBOPOTHOM U MHBEPCUOHHOU OCH BTOPOT'O MOPsAJKA.

CdopmynmpoBaHHBIEe BhIIIE TPU IIpaBIia HA3bIBAIOT ellle TeopeMaMy B3auMO-
JlelicTBUA.
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tas

Puc. 31. B pesynbTare B3auMozeicTBUA UHBEPCUOHHOM 1 IIOBOPOTHOM OCH 107 yTJIOM
45° Bo3Hukaer £, (a), mog yrom 30° — £ =L,P (6), nog yrmom 60° — £, = L;C (B)

KOHTPOJIIJHLIC BOIIPOCHI

1) /IBe IOBOpPOTHEBIE OCH L, Tiepeceknch 1o yriaoMm 10°. YUTo mosyduTcs B pe-
3yJbTaTe?

2) /IBe IWIOCKOCTHU MEPECEKIUCH oA YIIoM 36°. UTO HOMyYnTCs B pe3ysibTaTe?

3) HabmrozaeTcst OCh IIECTOr0 MOPSAKA U IUIOCKOCTbh, B KOTOPOH JIEXKUT 3Ta OCh.
YTo NOIy4yUuTCA B pesyJabTaTe UX B3aUMOJeHCTBUA?

4) BcTpeTwINCh LIeHTP MHBEPCUM U IOBOPOTHAsA OCb BTOPOro Nopsaka. dro
TIOJIyYUTCA?

Yopaxxnenusa

[Toka3aTh Ha rpaduKe pPe3yTbTUPYIOUUN JIEMEHT CUMMETPUH, BO3HUKIIUN
MpU B3aMMOJAEUCTBUM CUMMETPUYECKUX OIEepallvii, 3aJJaHHBIX YKa3aHHBIMU Ha
TIPOEKITUU NieMeHTaMu cuMMmeTpun (cormacHo [13]).

T
RSE
= 0Elol
IS aleiss
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3aHarue 11 (2-3)
BpIBO/ KJ1acCOB cpeZHel KaTeropum

Ha npouwioii cTymeHn o6y4eHus MBI BBIACHWIM, YTO KPUCTA/UIBI CPeJHEN Ka-
TETOPUY XapaKTePU3YIOTCA YaCTUYHON SKBUBAJIEHTHOCTHIO KOOPAWHATHBIX OCeH
(a = b # ¢), cBI3aHHOHN C MPUCYTCTBUEM B UX IpPylIax CUMMETPUM OZHOU OCU
mopsAKa BhIlIe AByX (puc. 136). HamoMHMM, YTO B 3TOM KaTeropuu BBIAEISIIOT
JIBe CHHT'OHUH: TeTparoHaJIbHYIO U l'eKCarOHA/IbHYIO, KOOpAUHATHBIE CUCTEMBI KO-
TOPBIX MOTYT HCIIOJIb30BATHCA U OMKCAHUA KPUCTALIOB C OCSIMHU YETBEPTOrO,
a TaKKe TPEThEro U IIeCTOro IMOPSZAKOB COOTBeTcTBeHHO. KoopanHaTHas cucteMa,
OTIMCHIBAIOIIAA TETPArOHAIbHbBIE KPUCTAJUIBI, UMeeT CIeAyIoIye XapaKTepUCTHUKU:

a=b#c, a=B=y=90°

a /i71 TeKcaroHaJbHON CUHTOHUY OHa XapaKTepusyeTcs clefyoliMY lapaMeTpa-
MU:

a=b#c, a=p=90°, y=120°.

Eme pa3 moguepkHeM, YTO 3Ta CHCTEMa KOOPAWHAT «OOCTYKUBAeT» KPUCTAJLTHI,
HMMeloIIye ITIaBHYI0 OCh KaK TPeThero, Tak U LIecToro nopsAgka. Ilostomy BHyTpu
TeKCaroHaJbHON CHHTOHUH BBIZETAIOT [BE IOACHUHTOHUU: COOCTBEHHO IeKcaro-
HaJIbHYIO (ec/iu MOPSIZIOK IVIaBHOM ocU paBeH 6) U TPUTOHAJIbHYIO (€C/IU MOPSAJOoK
IVIaBHOM OocHU paBeH 3).

Ha 3ToM 3aHATHM MBI IIyTeM B3aWMOZAEMUCTBUA ONIepaluii CUMMETPUH MeX-
[y coboii BEIBEZEM BCe BO3MOXKHBIE KJIACCHI, OTHOCAIIMECS K CpeAHel KaTero-
puu. HauneMm c mpocrefimnero ciaydas. VMeeTcs efUHCTBEHHAA IOBOPOTHAsA OCh
(TpeTbero, mecToro Wi 4eTBepTOro mnopszka). Ha pucyHke 32 mpezcTaBiIeHBI

DAY,
d &

x
Puc. 32. Crepeorpaduueckrie IpOEKIUU U TUITMYHbIE KPUCTALTUKK KJIACCOB
L, cpexHeii kaTeropuu: a) Kiacc L,, 6) xiacc Lg, B) Kacc Lg
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crepeorpadpuyecKue MPOEKIMHU 3TUX KJIACCOB U TUITUYHBIE JJIsI TUX KJIaCCOB KPH-
CTaJUTUKY. [JIaBHYIO ¥ €JUHCTBEHHYIO OChb OPHEHTHPYEM BepTHKaIbHO. O6paTUM
BHUMAaHUeE, YTO B KOOPAUHATHOU CHCTeMe B I'eKCaroHaJIbHOW CMHTOHWHU TIOSIBJISA-
eTcd ele ofHa och (U) B TOPU3OHTAIBHOM IIJIOCKOCTH, MEPIIEHANKYIAPHAT OCH Z.
C ocsAAMH X U Y 3Ta ocb u obpasyeT yroa B 120°. Ha miepBBIi B3I 3TO TIYIOCTh:
IIPOCTPAHCTBO OJHO3HAYHO OIMCHIBAETCA TPEMS PA3TUYHBIMU KOODPAMHATHBIMU
HampasyieHUAMU. Ho, Kak BBISICHUTCS T1033Ke, BBeZleHHe 3TOM JOTIOTHUTENbHOM ocu
CUJIBHO o6eryaeT AagbHEHINYIO KU3Hb B KpHUcTa/uiorpagui; ee BBeleHNe Ipo-
CTO HeoOXOAUMO.

JlaBaliTe Temepb pacCMOTPUM KJIACCHI C €JUHCTBEHHON WHBEPCHMOHHOW OCHIO
YeTBEpPTOTO, TPETHETO WM IIeCToro mopsAkoB. Ha pucyHke 33 mipeicTaBieHbl CTe-
peorpaduyeckrie MPOEKIINU ITUX KIACCOB U TUITUYHBIE I HUX KPUCTAJLTHI.

OO
09

Puc. 33. Crepeorpaduyeckye IpoeKIUN U TUIIMYHbIE KPUCTAJLIMKK KJIACCOB
£, cpeaHeit kaTeropuu: a) kiacc £, 6) knacc £, =L;C, B) knacc £ =L;P

Teneps BBeZieM JIOTIOJIHUTEIbHYIO FOPU30HTANIbHYIO OCh BTOPOro nopsaaka. OHa
B3aMMOJIENICTBYET C BEPTUKAJIbHON UCXOAHOU OCBIO C 00pa3oBaHUEM r'OPU30HTAJb-
HBIX OCell BTOPOro IOPSAZAKA IOZ ONpeeleHHBIM YIJIOM K MCXOZHOW ocH (B CIIy-
Yae, ecIM UCXOJHAasI OCh TIOBOPOTHAs) b0 ¢ 06pa3oBaHUeM NHBEPCHUOHHBIX OCEH
BTOPOTO TOpsAZIKa (B cylydae WHBEPCHUOHHON MCXOAHOM ocu). PaccMOTpUM 3TH Ba-
PHUAHTEHL

L4 *Ly. OChb 4eTBEpTOTO MOPAJKA, KaK CJIEAyeT U3 €€ CYILHOCTH, II0OBOpaYruBaeT
Bce 4TO yrozHo Ha 90°. BBejeHHas rOpU30OHTAIbHAA OCh L, Takxe O6yaeT moBep-
HyTa Ha 3TOT yroi. B pe3ynbraTe B3aumozeiicTBusa L, * L, BO3HUKAeT ele OfHA
CHCTeMa TOPU30HTAIBHBIX Ocei 1oz yrioM 45° K HCXOAHBIM. IToydeH HOBBIH Kiace
L44L,, a Gonee ToyHO — L,2L,2L7 . Takas 3amuch IIOKa3bIBaeT, YTO B KJIacce JBa
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copTa oceli Broporo nopsiaka. Crepeorpadudeckas MpOeKIHs KIacca U TUITHIHBIN
KpHUCTaJLT U300pakeHbl Ha PUCYHKe 34 a.

DB
oy Rn

Puc. 34. Crepeorpaduyeckrie IpOEKIMM U TUIHYHBIE KPHUCTAUIMKHU KJac-
coB L,nL, cpegHeii kareropuu: a) kiacc L,4L,, 6) xnacc Ly3L,, B) kinace Lg6L,.
[Topox/IeHHbIE 3IeMeHThl CUMMETPUH BbIZIEJIEHE! CEPBIM

L¢ * Lo. CuTyanua aHaJorM4YHa NpeplAymeMy caydaro. Och ecToro Nopaaka,
KaK CJIeZlyeT U3 ee CyIIIHOCTH, IOBOPAYMBAaeT BCe YTO yrofHo Ha 60°. BBegeHHas ro-
pPHU3OHTaJIbHAs OCh L, Takke OyZeT MOBEpPHYyTa Ha 3TOT yroj, Ha 3TOT Pa3 JBAXKABI.
A B pe3sysnbrare B3auMoZeUCTBUA Lg * L, BO3HUKAeT ellle OJHA cHCTeMa U3 TpeX
TOPU30OHTANBHBIX ocelt oz yrioMm 30° K ucxoAHBIM. [lomydeH HOBBIH Kiacc Lg6L,,
a 6omee TouHO — Lg3L,3L, . CTepeorpadudeckas MPOEKIMA KIacca U TUITMYHBINA
KPUCTaJUIMK IIOKa3aHbl Ha pUCYHKe 34 B.

L3 * L,. HecKOJIBKO OTJTMYHA OT MPEAbIAYIINX CTy4aeB CUTYALHs C TAKUM Habo-
POM HCXOAHBIX 37IEMEHTOB cuMMeTpUU. OCh TpeThero MopsKa NoBOpaunuBaeT Bce
YyTO yrogHo Ha 120°, B pe3sy/ibrare MOJIydYaeTcs elle Be OCU L,, SKBUBaJEHTHBIE
HCXOZHOM. A B3auMogeiicTBue L; * L, BEI30BeT IOABIeHHE 3TUX ke oceli! Takum
06pa3oM, OCH BTOPOTO TOPS/IKA MOSBJISAIOTCA U KaK Pe3yJabTaT IIOBOPOTa, U Kak pe-
3yJbTaT B3auMozelcTus. [losroMmy oauH 3Hak 1030 A1 KOXKJ0M ocU Ha PUCYHKE
34 6 oKa3aH YepHBIM, a BTOPOU — CephIM LIBETOM, YTO TOAYEPKUBAET TOT DAKT,
YTO BCE TPU OCH BTOPOT'O MOPsSAKa B 3TOM KjIacce OAMHAKOBHI U MOJAPHBI (OAWUH
KOHEI] OCH He TIOXOX Ha Aipyroii). CoKpalleHHast 1 TIoJTHast 3aImuch Kiacca 1mo bpase
6yayT B JAaHHOM CJIydae COBHAZAATh: L33L,.

£, * L,. Kak ciegyer U3 TeopeM B3aMMOZENCTBYs, IOPOXKAEHHBIM 3JIEMEHTOM
CUMMETPUH B JAHHOM CJIydae BBICTYIIUT BepTUKaJIbHAas IUIOCKOCTh C YIJIOM 45°
MeX/y ee HOpMaJbl0 M MCXOAHOM OChbIO BTOporo nopszka. [lociexyromee Bpa-
IIeHKe TPUBEAET K 3aKOHYEHHOMY Habopy 27IeMEHTOB CUMMETPUU, KOTOPHIH 3a-
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nuceBaercs Kak £,2L,2P. Crepeorpadudeckas IPOEKIUA KJIacca U THUIHNYHBIN

KpUCTa/LT M300pakeHbl HA pHUCyHKe 35a.
u
| % y
x a 6 x B

Puc. 35. Crepeorpaduyeckrie IpOeKIUH U TUIIMYHbIE KPUCTA/UIUKU KIaccoB, obpa-

30BaHHBIX B3aUMOZEHCTBEM NHBEPCHUOHHBIX OCEH 1 TOPU30HTAIBHBIX OCe BTOPO-

ro mopsgka: a) kiacc £,2L,2P, 6) xnacc £43L,3P (L33L,3PC), B) nacc Ly3L,4P
(£ 3L,3P). IlopoXXJeHHbIE 2JIEMEeHTH CHMMETPUH BbIZIeJIEHBl CEPBIM

£.3 % L,. Bocronb3oBaBIIMCh TEOPEMAMU B3aUMOZAENCTBYS, TIOTYIUM Pe3yIbTH-
PYIOIIMH 3IeMEeHT — BEPTUKAJIBHYIO TUIOCKOCTD € yIyIoM 60° MeXy ee HOpMaJIbio
1 HCXOZHOM OChI0 BTOpOro nopsaaxa. Ilocienyomee BpallieHre IPUBEJET K 3aKOH-
YeHHOMY Habopy 3JIEMEHTOB CUMMETPUM, KOTOPHIH 3anuckiBaeTcs kKak L;3L,3PC
(£53L,3P) Crepeorpadudeckas MPOEKIUs KIacca U TUMMUYHBIN KPUCTALT IIPUBE-
JIeHbI Ha pucyHKe 35 6.

£ * L,. Bocronb3oBaBUIMCh TeOpEMaMU B3aUMOZENCTBYSA, TIOTYIUM pe3yIbTHU-
PYIOIINH 3JIEMEHT — BEPTUKAJIbHYIO IIOCKOCTH ¢ yryioM 30° MeXy ee HOpMaJIblo
Y UCXOZHOH OCBhIO BTOPOTO MopsgKa. [Ipy 3TOM Ha MPOEKIINH OCh U IUIOCKOCTh OY-
JyT JIeKaTh Ha ofHOM TuHuU. [lociesyioniee BpalieHue IpUBeJeT K 3aKOHIeHHOMY
Habopy 27IeMEHTOB CUMMETPHH, KOTOPHIH 3anmuceBaeTcsa Kak L33L,4P (£43L,3P).
Tpu IJIOCKOCTH BepTHUKaJIbHbIEe U DPaBHBI APYr Apyry (3KBUBaJeHTHHBI), a OAHA —
TOPU30OHTAIbHAS U pa3pe3aeT KPUCTAJLI MOIO0IaM COBEPIIEHHO MHBIM CITIOCOOOM.
Crepeorpadudeckas IpoeKIus Kjlacca U TUITMYHBIA KPUCTALI IPUBeJEeHbI Ha PU-
CcyHKe 35B.

A ciezyroleii Tpynnbl KJIaccoB cpefHel KaTeropuu B KauecTBe HCXOAHBIX
JIEMEHTOB CUMMETPHUU BBHICTYIIA€T BEPTUKaJIbHAA IOBOPOTHAdA OCb U T'OPU30H-
TajlbHas II0CKOCTh. OWH TaKOM BapUaHT y:Ke paccMaTpUBasics HaMHU Ha puc. 33 B.
PaccMoTpuM ocTaBIIMecs BapUaHThl C BEPTUKAIbHON OChI0 YeTBEPTOTO U IeCTOT0
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nopsaxoB. O6paTuM BHUMaHKe, YTO 3THU OCH YeTHBIe, T.e. OHHU yMeIOT II0BOpa-
yuBaTh 00beKT Ha 180°. MOXXHO CcKa3aTh, YTO B HUX 3aJI0’KEHA OCh BTOPOTO IIO-
pAfKa, KoTopas OCyILIeCTBUT yXKe M3BeCTHOe HaM IIo pucyHKy 30 B3auMo/elicTBue
L,—P—C c o6pa3oBaHueM IieHTpa UHBepcuu. TakuMm 06pa3oM, MOIyUeHEI ellle JABa
HOBBIX Ksacca— L,PC u LgPC. Crepeorpadudeckue IpOeKINH 3TUX KIaCCOB U TU-
IIMYHbIe KPUCTAJIIbI IpUBEZeHbl Ha pUCcyHKe 36.

()
o @

Puc. 36. CrepeorpadpudecKkre MPOEKIUU U TUIHNYHBIE KPUCTAJUIMKUA KJIACCOB
L,PC cpexueii kareropuu: a) kiacc L,PC, 6) knacc LgPC. [TopoXAeHHBIN LEHTP
WHBEPCUU BBIZIEIEH CEPBIM

I cyieyrolei TpyIIbl KJIacCOB CpeJHEN KaTeropuy B KadyeCTBe MCXOAHBIX
3JIEMEHTOB CUMMETPUH BBICTYTIae€T BEPTUKAIbHAsA IOBOPOTHAS OCh U 3epKaJbHas
IJIOCKOCTh, HO HA 3TOT pa3 BepTUKaIbHasA. PAaCCMOTPUM BCe TPU CIydasd.

L; % P. Och TpeThero MmopszKa ITOBOpPAaYMBaeT IUIOCKOCTh Ha 120°, kak pe-
3yJIbTaT — BO3HUKAET CHCTeMa U3 TpeX OJWHAKOBBIX BEPTHUKAJbHBIX IIOCKOCTEM.
BsanmogelicTBre OCH U IVIOCKOCTH [O/DKHO IIPUBECTH K ellle OfHOM cucTeMe IIJIOC-
KocTelt 1og, yrioMm 60°, Ho OHU ye ecThb. To eCThb CUTyaIusa aHaJIOTHMYHA KJIaccy
L33L, — pesynbTaT B3auMOZEeNCTBUA U pe3y/bTaT BpallleHuA CoBIazAaioT. Mel mipu-
Iy K kiaccy Ly3P. Crepeorpadudeckasn IpoeKIya Kjacca U TUIINYHbIN KpHUCTaI
IIpUBEJEHBI HAa pUCyHKe 37 a.

L4 % P. Ocbh 4eTBEPTOTO MOPsAKAa MOBOPAUYMBAET ILIOCKOCTh Ha 90°, Kak pe-
3yJIbTAT — BO3HUKAET CUCTEMA U3 /IBYX OJUHAKOBBIX BEPTHUKAIBHBIX IIOCKOCTEM.
B3auMozeiicTBUE OCU U 3TUX IUIOCKOCTEN MIPUBOJUT K ellle OZHOM crcTeMe ILIOCKO-
cTel 1Moz yIiioM B 45° rpaZlycoB K UCXOAHBIM, Ha pUC. 37 6 OHU BbIJIeJIEHBI CEPHIMU
JIMHUSMU.
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Lg * P. Och IIeCTOro MOpsAKa IMOBOPAYMBAET HCXOZHYIO IUIOCKOCTH Ha 60°,
B pesyJbTaTe IOABJAETCA CUCTeMa U3 TpeX OJUHAKOBBIX BEPTHUKAJIbHBIX IJIOCKO-
cTeil. B3aumozeiicTBue ocu Lg ¥ 3TUX IUIOCKOCTeH IPUBOJUT K ellle OAHOM crucTeMe
IUTOCKOCTeH 1oz yraoM B 30° K MCXOAHBIM, Ha puc. 37 B OHU BbIJEIEHBI CEPHIMU
JIMHUAMU.

u u
%y % %
x a X 6 X B

Puc. 37. Crepeorpaduryeckye MpoeKIUY U TUIWYHbIE KPUCTA/UIMKU KiaaccoB L,nP
cpezsHel kareropuu: a) kiuacc L3P, 6) xiacc L,4P, B) kinace Lg6P. IlopoxeHHbIe
IZIOCKOCTY BbIZIeJIeHBl CePBIM

U HaKoHell, JaBaiiTe K KjaccaM CUMMETPUU, M300paKeHHBIM Ha pUCYHKe 37,
n06aBUM B KauyecTBe JAOIOJTHUTENIBHOTO IOPOXKJAIONIETO 3JIEMEHTa CUMMETPUH
LIEHTp UHBepcuu. B kiacce L33P mpousoiieT cieylolee: B3auMoelicTBre 1eH-
Tpa U Tpex IUIOCKOCTeH NMpUBe/ieT K MOSABIEHUIO IePIeHUKY/ISIPHBIX 3TUM ILIOCKO-
CTAM Ocel BTOpPOro MopsAJKa, U MbI IIOJIYYUM YyKe U3BECTHBIN HaMm kinacc L33L,3PC
(puc. 356). B AByX APYTUX CIy4asx MbI IIOJYIUMM HOBBHIE KJIACCHI.

L44P x C. BsauMozelicTBUe IIeHTpa U 4YeThIpex ILIOCKOCTel IpHBeZeT K II0-
ABJIEHUIO NepIeH/INKYIAPHBIX 3TUM ILIOCKOCTSAM OCell BTOPOTO IOpSAZAKa, a B3au-
MoZelcTBUe LIeHTpa ¥ OCH BTOPOr'O NOpPsAZAKA, 3aKII0UYeHHOU B OCH 4eTBepTOro,
IIpuBeZieT K IOABJIEHUIO F'OPU30HTAIbHOMN IUIOCKOCTU. Kak pesynbpTraT moiayduTtcs
HOBBIY KJ1acc, U300paxeHHbIH Ha puc. 38 a. ITosHas 3aICh 3TOT'0 KJl1acca BBIIVIAAUT
cepyromum o6pasom: L,2L,L7 2P’ 2P"P"'C.

Lg6P *x C. B3auMozelcTBHUE LIEHTPa U MIECTU IUIOCKOCTel IPUBEZET K IOsBIIe-
HUIO TIEPIIEHANKYIAPHBIX 3TUM IUIOCKOCTSIM OCEH BTOPOTO IMOPSAKa, B3aUMOJeH-
CTBUE IIEHTPA U OCH BTOPOTO IMOPSAKA, 3aKIIOYEHHOU B OCH HIECTOTO TMOPSAKA,
TaKKe IMPUBeJET K MOABJIEHNUIO TOPU30HTAIBHOM IockocTU. Kak pesyibraT mosy-
YUTCA HOBBHIM KIacc, n3obpaskeHHbIM Ha puc. 38 6. [lonHas 3amuch 3TOTO Kjaacca
BBIIIAZUT CIefylomum obpasoM: Lg3L,3LY3P'3P"P"'C.
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Puc. 38. Crepeorpaduyeckre MPOEKIUH U TUIINYHbIE KPUCTALIMKU KJIACCOB
L,4L,5PC (a) u Ls6L,7PC (6)

Jlto6ble fanbHelnie KOMOMHAIIUY 37IeMeHTOB CUMMEeTPUH IIPHUBEAYT K YIKe I10-
JIydeHHBIM paHee BapuaHTaM.

Wrak, nogseseM uror. Hamu BeIBeZieHO 19 Kj1accoB, OTHOCAIIUXCA K CpefHeN
KaTeropuu, xapakTepusymolleiicsa oJHON BepTUKaIbHON OChI0 opsgka 3, 4 win 6.
VI3 HUX ceMb KJIaCCOB OTHOCATCA K TeTparoHaJbHOUW CHHT'OHUU U ABEHaJIaTh —
K TeKcaroHaJbHON. BHyTpH rexcaroHanabHOU CHUHTOHUU NATH KJIACCOB OTHOCATCA
K COOCTBEHHO reKCaroHaJbHBEIM, COZepKallliM IVIaBHYIO IOBOPOTHYIO OCh LIIECTOTO
IopsAzKa, a ceMb — K TPUT'OHAJIbHBEIM, ¥ KOTOPBIX IVIaBHAs BepTUKaIbHasA OCh Tpe-
Thero Mnopsjka.

Hackonpko BakHa cpefHAA KaTeropua B MuHepasorun? OTBeT OAHO3HaYeH —
OHa UCKJIIOUYUTENbHO BakHa! B TeTparoHaabHOM CMHIOHUM KPUCTALIU3YIOTCA Ta-
KY€ U3BeCTHbIE MUHEPAJIbI, KAK BaXKHEUIITUN MUHEPAJ JJIsl TEOXPOHOIOTUH (oTIpe-
JieJleHrs Bo3pacTa o6pasiia) yCTOWIMBEIY MWLIHAP/BI JIeT TUPKOH ZrSiO,, pyTut
TiO, u ero os0BAHHBIN aHaNOT KaccuTepyut SnO,. OTMETHUM YTO OZHA U3 SK30THUe-
CKUX pa3HOBHUZAHOCTel kpeMHe3eMa SiO, (CTHUIIOBUT) TakXe OTHOCUTCH K I'pyIiIie
pyTmia. K TeTparoHasibHOU CHHI'OHUYM OTHOCATCA TaK)Ke U3BeCTHbIE PyAHbIE MUHe-
paisl xanbkonuput CuFeS,, Bynmbdenut PbMoO, u meenutr CaWO,.

Mup rexcaroHaJbHBIX KPHUCTLIOB ellle Ooyee KpacuB U pasHoobpaseH. Eciu
CIIPOCUTD JIFOOOTO LIKOJTBHUKA, 3aHUMAIOIETOCS B MUHEPATOTUYECKOM KPYXKKE:
«Kakoil caMblli M3BECTHBIM reKcaroHaJIbHBIN KPUCTAJUI BBl 3HaeTe?», — TO B 99%
crydasx BaM oTBeTAT: «KoHeuHo, kBapl] SiO,!» — u 6yayT HempaBel. Ha camom
JleJie caMbIf BaXKHBIN U PacIpOCTPaHEeHHBIN IreKCaroHaJIbHBIN KPUCTALIT — 3TO Jie|
H,0. Henb3s He Ha3BaTh 6epUII U €T0 AparolieHHy0 Pa3HOBUAHOCTb — U3YMPYL,
MeZHBII MUHepas AWOITa3, Pa3HOOOpa3Hble [0 XUMUYECKOMY COCTaBy MUHepa-
JIBl TPYIIBI TypMaiuHa, KOpyHA Al,O;, 3aHMMaromuii kopobouky N8 B mkaie
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TBepzZocTu Mooca 1 UMeIOIIHH AparolieHHbIe OKpalleHHbIe PAa3HOBUAHOCTH PYyOUH
u candup, a TakKxKe ux bomee MATKUA co6paT — rematut Fe,05;. OTMETHUM U BaK-
HeUINI B 0CaIOYHBIX Mpolieccax kapboHaT kaapuut CaCOs.

KoHTposbHbIE BOIIPOCHI

1) CKOMBbKO BCEro KJIacCOB CUMMETPUM OTHOCHUTCS K CpeJHEeN KaTeropuu?

2) Tloyemy He coBceM O0OOCHOBAHHO Ha3bIBaTh TPUTOHAIBHYIO ITOJCHHIOHUIO
CHUHTOHUEN?

3) CKOJBKO KJIAaCCOB CMMMETPHUM OTHOCUTCA K TPUTOHAJIbHOM IIOJCUHTOHUU,
a CKOJIBKO K COOCTBEHHO reKCaroHaJabHOM?

4) HazoBute HauboIee NU3BECTHbIE TeTPArOHATbHBIE KPUCTAJLTEL.

5) HasoBuTe Haubonee U3BECTHEIE reKCaroHaIbHBIE KPUCTAJLTHL.

Yopaxxnenusa

1) HauepTuTe MPOEKIUY BCEX KJIACCOB TETPArOHATBHOM CUHTOHUU.
2) HagepTHTe IPOEKIINU BCEX KJIACCOB TPUTOHAIBHOMN IIOACHHTOHUU.
3) HavepTuTe mpoeKIuy BceX COOCTBEHHO reKCarOHAJIbHEIX KJIACCOB.

3anarue 12 (2-4)
ITpakTyeckoe 3aHdaTHe. /locTpoiika Kjiacca CUMMeTpUH
10 3aZIJaHHOMY Habopy

[l IpaKTUYeCKOro 3aHATHUS HaM THoHazobuTcs Tpadapet (puc. 23), 6ymara,
JIMHElKa, OCTPO OTOYEHHBIN KapaHgall. Bo3bMeM jiicT 6ymaru, MpoBeAeM IO Tpa-
dapeTy OKpy»KHOCTb, OTMETHM Havaao KOOPAUHAT (IO IEHTPAJTbHOMY OTBEPCTHIO
Ha TpadapeTe).

IMpumep 1. VicxoaHslii HA60P MIEMEHTOB CHMMETPUN — JBE TOPU30HTAIbHbIE
ocH BTOPOTO NOPsAJKA, ITepeceKaromuecs 1oz yrioMm 30°, u 1eHTp uHBepcuu. Ilo-
CJIeZI0BATENbHOCTD JEHCTBUH TI0 IOCTPOIKe KjIacca CUMMETPUH TIpUBeeHa B Tab-
jsuie b 1BeTHOH BKJIEHKH.

Ecyiu IpoBecTH aHAIM3 YepTeXxa, TO MOXHO yOeAUThCsA, UTO JII0OBIE Ba dJle-
MeHTa CUMMETPHUH IIPU B3aUMOAEHUCTBUN MeXZAY COOOI MPUBEAYT K IOSBJIEHUIO
yKe NPUCYTCTBYIOLINX Ha YepTeXke JIeMEeHTOB. DTO 03Ha4yaeT, YTO KjIacCc CUMMeT-
PHUU ZOCTPOEH MOMHOCThIO0. MBI noxy4dunu kiaacce Lg6L,7PC.

IMpumep 2. VicXoaHBIH HaOOP 271€MEHTOB CUMMETPUY — JIBE TOPU30HTAIbHbIE
0CH BTOPOTO NOPSAZKA, EPeCceKaIOIUecs IO YIIIOM 45°, ¥ TOPU30HTaIbHAS ILIOC-
kocTh P,. IlociefoBaTelbHOCTD JeMCTBUN IO AOCTPOMKe Kjacca CHMMETPUH IpU-
BeZleHa B Tabiulle B 1[BeTHOU BKJIEHKH.

Bce panbHellne B3aUMOAEHCTBUSA JIIOOBIX BYX 2JIEMEHTOB CUMMETPUU TIPHU-
BeZyT K MOABJIEHUIO y>Ke IIPUCYTCTBYIOLIUX Ha YepTeke 3/IEMEeHTOB. DTO O3HA4aeT,
YTO KJIACC CHMMETPHUU JAOCTPOEH IOMHOCTEI0. MBI nomyunnu kaacce L,4L,5PC. Ot-
MeTHM, 9TO B 000MX PACCMOTPEHHBIX IIPUMepPAX IIOC/IeA0BATENbHOCTD eHCTBUHM
MO>KeM OBITh MHOU, TeEM He MeHee MBI BCe PaBHO IPHUJEM K ITOTy4YeHHBIM KJIaccam
Lg6L,7PC u L,44L,5PC.
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YopaxaneHuda

Kakoli Kj1acCc CHMMETPUY BO3HUKHET, €CJIU K UCXOHOMY KJacCy A06aBUTh HO-
BBIH 3/IeMeHT cUMMeTpuu (cM. Tabmuny Hike)? K Kakod CMHTOHWUM OyZeT OT-
HOCHUTBCS TOJYyYEHHBIN Kjacc? 3amucaTh XOJ BBIBOAA KJIacca M HApHCOBATh €ro
MTPOEKITHIO.

Ne | VcxoaHbIH Kiacc HoBEli1 271eMEHT CUMMeETpUHN
a) L,2P TOPU30HTA/IbHAsA IUIOCKOCTD P,
BEepPTUKAaJIbHAs IUIOCKOCTb 10/, YIVIOM B 45° K UCXOZHBIM
6) 3L,3PC
IJIOCKOCTAM
BepTUKa/IbHAaA IJIOCKOCTD 1107, yIJIOM B 30° K UCXOAHBIM
B) 3L,3PC
IJIOCKOCTAM
r) L,4P LIEHTp WHBEPCUU
) L¢6L, TOPU30HTAMbHAS IUIOCKOCTD P,
e) L¢6L, LIeHTP UHBEPCUU
%) 3L BepTHUKaJIbHAsA IUVIOCKOCTb 110/, YIJIOM B 45° K 0CAM BTOPOT'O
2 nopazaka Ly, 1 Ly,
3) L;3L, LIEHTP MHBEPCUU

3aHarue 13 (2-5)
ITIpocThble GOPMBI TETPArOHAJIBHON U TeKCAarOHAJIbHOM
CUHT'OHUU

Ha mpouwroil ctyneHu o6ydeHUs MBI TO3HAKOMIUINCH C TIOHATHUEM MPOCTOH
$bopMBI KpHCTa/UIa U IO3HAKOMIUINCH C IPOCTHIMU GOpMaMU HU3IIEH KaTeropru:
MOHO3ZIPOM, MMHAKOUOM, AU3POM, POMOMYECKOl PU3MOH, pOMOMYeCKUM TeT-
paszpoM, poMOHUYECKON TUpaMUI0oN M poMbudeckor 6unmrpamuzaon. Kaxzaas u3s
MPOCTHIX GOPM MOMHUMO Ha3BaHUs MMeJIa CBOM XapaKTEPUCTUKH: YHUCJIO TpaHel,
OTKPBITOCTh-3aKPHITOCTh. Ha 3TOM 3aHATUM MBI PaCCMOTPUM IPOCThIE GOPMEI,
KOTOPBIE BCTpeuarTcsa B KpucTasuiax 19 kinaccoB cpefHell kaTeropuu. OfHaKO CHa-
yaja BBeZleM HOBYIO XapaKTepucTuky ¢opMel. [IpocTas Gpopma 1o MoI0KEHUIO MO-
)eT OBITh B KOHKPETHOM KJacce obujell winu uacmuotii. Popma sBiseTcss YaCTHOMH,
eCJId TpaHu 3ToM GOPMBI 3aKpeIUIeHbI TI0 OTHOLIEHUIO K 2JIeMeHTaM CUMMETPUH,
TO eCTh

1) IMapa/iI€JbHbI OCU CUMMETPHUHN WIHN IVIOCKOCTHU CMMMETPHUU;
2) NEPINEeHIUKY/IAPHBI OC CHMMETPUU WIN IIJIOCKOCTU CUMMETPHM;

3) pasHoHaknoHHbL (OZUHAKOBO HAKJIOHEHHI) K OMHAKOBEIM dJIeMeHTaM CUM-
MeTpUH.

Eciv HU OZHO W3 3THUX YCIOBUI HE BHIMONHSETCS, TO mpoctas popma Oyzer
SIBJIATBCSA OOWIEN M TpaHU 3TOH GOPMBI OYAYT MPOH3BOJBHBEIM O06pa3oM HAKJIO-
HEHBI TI0 OTHOIIEHUIO KO BCEM 3JIeMEHTaM CUMMETPHUU JaHHOTrO Kiacca. Temepb
pa3bepeM Bce KJIacChl CpegHEN KaTeropuul U IOCMOTPHUM, Kakue GOPMBI B HUX
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BCTPEYAIOTCs, €CTh JIM MECTO B 3TUX KJIaccaX yXKe U3BeCTHHIM (GopMaM, KOTOpPhIe
BCTPEYanCh B HU3IIEH KaTETOPHH.

XapaKTepuCTUKa BceX MPOCTHIX GOpM HU3IIEH KaTeropuu NMpUBeZeHa B Tab-
qure 9. OTMeTHM, 4TO B Tabiuile B GONBUIMHCTBE CIy4aeB HeNb3s yKa3aTb Ia-
pameTp o6Ias/JacTHas, Tak KaK B OJHOM KJacce OfIHA U Ta ke GopMa MOKET
OBITh YACTHOH, a B JpyroM — obiieil. /lo6aBUM, YTO B OJHOM KJacce MOTYT Ha-
XOJMTbCS HECKOIBKO PA3IMYHBIX IT0 HA3BAHUIO YAaCTHHIX GOPM, HO 061LIast MpocTast
¢dopma byzeT ofHa 1 oHa OyzieT YHUKAIbHOM I Ka)XX40ro Kiaacca. TakuM ob6pasom,
KJIaCC CUMMETPUHU MOXKET OBITh Ha3BaH 110 UMeHU CBOek o61ieli mpocToii GopMaI.
Tak, HanpuMep, K1acc 3L, poMOUYECKON CHHTOHUM HA3BIBAETCS POMOO-TeTpass-
pudeckuM, kinacc C TPUKIMHHON CMHTOHUY — MUHAKOUAAIBHBIM U T. ZI. [loaToMy
B TabsuIie 9 BBOAUTCA AOIOTHUTENBHBIN CTONIOEI] C yKa3aHUEM KJIacca, Ije OIHChI-
BaeMas popMa SBJISIETCS OOIIEH.

Ta6auna 9. IIpocteie GOPMEI cpeHell KaTerOpUU

. Obmasn
Buemnuin | Yucio |3akpeiTad/ B kakux ki1accax =
HasBanue . dopma
BU/, rpaHey | OTKpPHITadA BCTpedaeTrcsa
ZUIA KJacca

O L, Ly, Lg, L33P, L4P,
Ls6P
£,, LsC, L3P, L,4L,,
L33L,, Le6L,,
MUHAKOU/ @ 2 oTkphiTas |£42L,2P, L;3L,3PC, C
L;3L,4P, L,PC, LsPC,
L,4L,5PC, L¢6L,7PC

MOHO3/P 1 OTKpBITaA L,

TpUroHasIbHaA 3 oTkpeITad |Ls, L;3P L,
nMpamuza
TpuroHanbHas L 3 OTKpbITas |Ls, L33L,4P, L33P HeT
IprusMa . ceueHue
TeTparoHalbHad /\ 4 OoTKphITas |L,, L,4P L,
nupamMuza —
TeTparoHaabHas ’_ 4 OTKDBITAS L4, £42L,2P, L,PC, Her
IpUsMa || ceuenue P L,4P, L,4L,5PC
TETPAronATLHEH W 4 | saxpwiras |E,, £,2L,2P L,
TeTPasAp
FexcaronaIbHas A 6 | orkpertas |Lg, Le6P, Ly3P L
nupamuza
reKcaroHajJbHas ' Lg, Ly3Ly, L33L,3PC,

6 oTkphITas |L;3L,4P, LgPC, Ls6P, HET
fprama ceuenue L,3P, Ls6L,7PC
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[lpoxgonxeHnue TabAUI B 9

AUTPpUTOHa/IbHAA

A 6 OTKpHITas |L;3P L3P
nupaMuza
r/'\\_
AUTPUrOHATIbHAA 6 oTKphTas |Ly3L,, L;3L,4P, L33P HeT
npusMa ceueHue
pomb0o3ap Q 6 3akpwitad |LsC, L33L,, L33L,3PC L,C
TPUTOHAIbHASA
Sumapanma 6 6 3akpwitad |L;P, L33L,4P, L,3L, L,P
TPHTOHAIbHbIL 6 3akpsitag |L;3L, L;3L,
TpaneLoszip
AMTETDATOHAIIE- ﬁ 8 | otkpbitas |L,4P L,4P
HasA NUpaMuja L
AUTETParoHaib- [ L,4L,, £,2L,2P,
Has Ipu3Ma H-I ceueHue 8 OTHphTan L,4P, L,4L,5PC Her
TeTparoHaabHas L44L,, £421,2P, L,PC,
GunupaMua 8 SaxpaiTad L44L,5PC LipC
TETPATOHATRHALL 8 3akpuiTas |£,2L,2P t£,2L,2P
CKaJIeHO3ZP
TeTparoHaIbHbIH 8 3akpeitad |L,4L, L,4L,
TpanewLoszip
reKcaroHaIbHas LebLy, L33L,3PC,
12 3akpeitad |L;3L,4P, LgPC, L¢PC
6unupamMuza L6L,7PC
2
reKcaroHaJlbHbIH 1 saxphitas | Lg6L, Le6L,

Tparenoszip
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[lpoxgonxeHnue TabAUI B 9

AHMTEKCATOHAIL- A 12 OTKpbITasA |Ls6P L¢6P
Has TUpaMuga
JUreKcaroHab- O L¢6L,, L33L,3PC,
Hasd Ipu3Ma ceueHue 12 OTKpBITAA L¢6bP, Lg6L,7PC Her
AMTPHIOHATbHAA a 12 | saxporras |Ly3L,4P L,3L,4P
6unupamuga
TPHTOHATLHbIH /‘ 12 | saxporras |L,3L,3PC L,3L,3PC
CKaJIeHO37p :
JUTETparoHasb- 1‘
Has 6Gunupamuza ‘W 16 3akpeitad |L,4L,5PC L44L,5PC
JUTeKCarOHaJIb-
Haq bunrpamuza 24 3akpeitad |Lg6L,7PC L¢6L,7PC

[Tpexxzie BCEro pacCMOTPUM KJIACChl C €JUHCTBEHHOUM ITOBOPOTHOM OCBHIO YET-
BepTOro, TpeThero Wiu Iectoro nopsaaka (cM. puc. 39). B nosuiuu 1 Bo Bcex Tpex
KJIaccax HaXOAMTCS M3BECTHHIN HaM ellle TI0 MPONUION CTyIeHu 06ydeHUs MOHO-
3Ap. B mosuruu 2 Bo Bcex Tpex KJaccax HAXOJATCA HOBBIE YaCTHBIE OTKDBITHIE

u u

X 9

X a 6 B

Puc. 39. IIpyHIUNUANBHO pasiudHble IONOXKEHUA MPOCTHX GopM B kiaccax L, cpezrHeit

KaTeropuy: TP MO3UIMHU a) B Kiacce L,, 6) B kiacce Ly, B) B kKi1acce Ly; 1— rpaHb 4act-

HOTO TIOJIOXKEHU, NTepIeHJUKY/IApHasA IOBOPOTHON OCH CUMMETPHH, 2 — I'PaHb YaCTHOT'O
TIOJIOXKEHUSI, TTapalieIbHas OCU CUMMETPUH, 3 — IpPaHb OOILIEro MOTOXKEHMS

MpoCThiE POPMBI — IIPU3MBbL. TpexrpaHHas Ipu3Ma HOCHUT HasBaHUE MpU2oHAlb-
HOll, YeThIpEXTPAHHAS — MeMmMpPA20HAIbHOLl W IIeCTUTPAHHAS — 2eKCA2OHAIbHASL.
®opMbl O6IIETO TIONOXKEHUA B 9TUX KIaccax HOCAT Ha3BaHUA mupamuf (mpuezo-
HANbHOU, MempazoHanbHOU U 2eKCA20HAILHOLL COOTBETCTBEHHO). OTMETUM, YTO
MUpaMUZAbI HE UMEIOT /iHa, C/IeZIoBAaTeNbHO, TOXKE SABIAIOTCA OTKPHITHIMU (hopMa-
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Mu. TakuM 06pa3oM, Bce KPUCTALIBI 3TUX KJIACCOB SABJISIOTCI KOMOMHAIIMOHHBIMU
MHOTOTPaHHUKAMU, TaK KaK He UMeloT GOpM, CIIOCOOHBIX B OAMHOYKY 3aMKHYTb
TIPOCTPAHCTBO.

PaccMOTpUM KJ1AcChI ¢ €IMHCTBEHHOUM MHBEPCUOHHOW OChIO YETBEPTOTO, TPE-
ThEro Wiu 1mectoro mnopsgka (puc. 40). B mo3unmu 1 Bo Bcex Tpex Kjaccax yxke
HaAXOJUTCS U3BECTHBIM HaM NMUHAKOWZ. B mo3uiuu 2 Bo Bcex Tpex KJIaccax HaXo-
JATCS YaCTHBIE OTKPBITHIE TIPOCTHIE GOPMBI — ITPU3MBL: TeTparoHa bHasi, reKcaro-
HanbHaa (L;C) u TpuroHanbHasa (L;P). A BOT B MO3ULUU 3 MOABJIAIOTCA HOBHIE
3aKpeIThie GOPMBI, JafoIlye Ha3BaHWSA 3THUM KJjaccaM, TaK KaK UMEHHO B 3THX
KJIaccaxX OHU ABA0TCA obmumu. O6mas ¢popma kiacca £, — mempazoHanbHbLi
mempaadp, knacca L;C — pomb60adp, a knacca Ly P —mpueoHansHas bunupamuod.
BHelllHe TeTparoHaJIbHBIA TETPASAP OTIMYAETCS OT POMOUYECKOTO T€M, YTO B TET-
paroHaJIbHOM TeTpasJpe T'PAaHU SABJIAIOTCA PaBHOOEIPEHHBIMU TPEYTOTbHUKAMU,
a B pOMOUYECKOM — HET.

W5

®

X a

Puc. 40. [IpyHIMNNAIBHO pa3jIWdHbIe MOJOXKEHUSI IPOCTHIX GOpM B Kiaccax £, cpezHei

KaTeropuy: TpU NO3ULKY a) B kiacce £,, 6) B kiacce £5 =L3C, B) B kiacce £ =L P; 1—

I'paHb YaCTHOTO IIOJIOXKEeHU IIepIIeHNKY/IIPHA NHBEPCUOHHOM OCH CUMMETPHH, 2 — I'PaHb
YaCTHOTO IOJIOXKEHUs NapajielbHa HHBEPCUOHHOM OCH, 3 — IpaHb OOIIEro MoJI0XKeHUA

[ToroBopuM 06 oceBHIX Knaccax L,nL,. B 3TUX U MOCIeAYIOMINUX paccMaTpUBa-
eMBIX KJaccaX CUMMETPHUM Ha IMOBEPXHOCTU cdephl MPOEKIHI MOXHO BBIIETUTH
HE3aBUCUMBIN chepuiecKuil TPEyroJbHUK, KOTOPHIA COAEPIKUT B CBOUX BEPIIH-
HaX IIOBOPOTHBIE WM NHBEPCHOHHbIE OCH CUMMeTPHU. B BHIIIeONCaHHbBIX 1eCTH
KJIaccax 3TOT chepUdecKuil TPEYTOMbHUK BBIPOXKAAJICA B OTPE30K, UMEOUTN JABe
KpaitHue TOYKH (MapajuiebHYI0 U MEePHeHANKYIAPHYIO OCH CUMMETPUHN) U bec-
YHCJIEHHOE MHOXECTBO IIPOMEKYTOUHBIX. B 00111eM Br/ie HEBBIPOXKAEHHBIH chepu-
YeCKUH TPEYTONbHUK COAEPXKUT TPU YaCTHbIE MPOCTHIE GOPMEI B BEpIIMHAX, TPU
¢dbopMBI Ha CBOMX CTOpOHAX (dalle Bcero OHU OYAyT YaCTHBIMH, OJHAKO eCThb HC-
KItoYeHus). TOUKY BHYTPU cpepUdecKoro TpeyrolbHUKA OYAyT COOTBETCTBOBATH
obeit mpoctoit popme. Takum 06pa3oM, IPUHIMIIKAILHO PA3IMYHBIX TI0 Ha3Ba-
HUIO MPOCTHIX GOPM B JII060M KjIacce CUMMETPUU MOXKET OBITh MAKCUMYM CEMb.

B noswuruu 1 Bo Bcex Tpex kiaccax L,nL, HaXoAuTcA U3BeCTHBIM HaM TMHAKOU/
(cM. puc. 41). B mo3unuu 2 Bo Bcex TpeX KjaccaX HaXOAATCA YacTHbIe OTKPHIThIE
mpocTsle GOPMBI — IIPU3MBL: TeTparoHaJbHasl, TPUTOHAIBHAA U 'eKcaroHaJlbHasd.
B nosunuu 3, paBHOyZaIeHHOM OT JBYX He3KBUBaJIEHTHBIX OCel BTOPOro IIopAJKa,
B kiacce L,44L, HaxoguTcsa dumempazoHAlbHASL NpU3MA, OHA Xe OyzeT pacrosna-
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raTbCsA B mo3unuu 4. [To3unuio 5 OKKynupyeT HOBasA 3akphITas dopMa — mempa-
20HANbHASL bunupamudd; B 3TOM KJacce OHA sABJfeTcsA JacTHOH. Ilosumuu 6 u 7
B 39TOM KJIacCe COBIAZAIOT: 3Jech pacrosaraerca obmasn ¢opma. [Touemy? [lemo
B TOM, YTO TOYKa 6 B 3TOM KJlacce XOThb U paBHOyZajeHa OT ocel BTOpPOro IIo-
psAZAKa, HO 3TU OCU He ABJIAIOTCA 3KBUBaJEHTHBHIMU. Ilepes HaMU HOBad IpocTad
dopma — mempazoHanbHblll mpaneyoadp (A1 pacmudpoBKY Ha3BaHUA CMOTPUM
Tabnuiy 4). Io sToit popme knacc L,4L, Ha3bIBAETCA TETPArOHATIBHO-TPAIIEI0]-
PUYECKUM.

B

Puc. 41. [IpyHIMNIMANbHO pa3JIUYHbIe MTOJIOKEHUA NMPOCTHIX GopM B kiaccax L,nL,
cpefHel KaTeropuu: a) ceMb MO3UIMI B kiacce L,4L,, 6) B knacce L33L,, B) B K1acce
L¢6L,. LIITpUXOBKOM BBIJE/IEHE! XapaKTepUCTUYecKre chepudecKre TPeYroIbHUKU

AHayoruyHas cuTyanus HabmogaeTcs B kiacce Lg6L,. B mo3unuu 3, paBHoOyAa-
JIEHHOU OT IBYX HeSKBHUBAJIEHTHBIX OCEH BTOPOTO MOPAAKA, HAXOAUTCS Juzekcazo-
HAbHASL Npu3Ma, OHa JXe GyZeT pacmonaraTbCs B HO3UIUH 4. [103UIINI0 5 OKKY-
MMUPYEeT HOBas 3aKphiTas GpopMa — 2ekcazoHaIbHAS bunupamudd; B 3TOM Kjacce
OHa siBJjIsAeTCs YacTHOU. [lo3uiusa 6 1 Mo3uIys 7 B 3TOM KJIacCe COBIAZAIOT: 3/1eCh
pacnosaraercs obmas ¢popma. OIATE-TAKHU, €TI0 B TOM, YTO TOYKA 6 B 3TOM KJIacce
XOTb U paBHOYZaJIeHa OT ocell BTOpOro MopsjKa, HO 3TU OCU He ABJIAI0TCS SKBUBA-
JleHTHBIMU. [lepes HaMu HOBasi IpocTas GopMa — 2eKCA2OHAIbHBLI mpaneyo3op.
[To Ha3zBaHUIO 3TOM GopMHI Kiacc Lg6L, Ha3bIBAeTCSA TeKCarOHAIbHO-TPAIeLod/-
pHUYECKUM.

Heckonpko oTimyHa cutyauus B knacce Ly3L,. B mo3unmu 3, paBHOyzaIeHHOM
OT ZIBYX 9KBHUBAJIEHTHBIX O0Cell BTOPOT'O MOPSIZIKA, HAXOAUTCS 2eKCAZOHANbHAS NPU3-
Ma, HO B TIO3ULIUU 4 paclionaraercs He OHa, a Apyras popMa — OUMpUOHANbHAS
npusma. CeyeHrie TIEPBOU SBJSAETCSA NMPABUIBHBIM IIECTUYTOJIBHUKOM, & CeYeHUe
BTOPO¥ — HeT. B mo3utiuy 5 HaxoAUTCA TPUTOHAIbHAA OUTTUpaMuZa, a B TIO3UIUN
6 — poM6037p (B 3TOM KJIacce OH SIBISAETCS 9acTHOHM dopmoii). Obmasn dopma 7,
Jlaromas Ha3BaHUe KJIaccy, Ha3bIBAETCA MPULOHANIbHBIM MPaney030poM.

OueHb UHTepecHas KoMOuHaIMsA GopM HabIoZaeTcs B Kaaccax, cofepKaliux
[JIaBHYI0O WHBEPCUOHHYIO OChb U TIOGOYHBIE OCH B 3KBATOPUAIBHOM IUIOCKOCTH
(puc. 42). B mo3uruu 1 Bo Bcex 3TUX KjIaccaX HAXOAUTCS MUHaKowz. B kiacce
£,2L,2P B no3unuu 2 u 3 HAOTIOZAIOTCA TeTparoHaJIbHBIE IMPU3MBI (pa3HEBIE),
a B MO3UIUU 4 — AUTeTparoHajbHas npusMa. [1o3uIio 5 OKKyNupyeT TeTparo-
HJIBHBIN TeTpasAp (B 3TOM KJiacce OH SIBJIIETCSA YacTHOHM GOPMOIL), a MO3UITHI0 6 —
TeTparoHajJbHas Gunupamuza. U, HakoHel], o61as popma B 3TOM KJ1acce ABIIETCI
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Puc. 42. [IpUHIUNAAIBHO Pa3JIUYHbIE TTOJIOKEHUSA MPOCTHIX GOPM B KJIaccax cpef-

Hell KaTeropuu: a) ceMb mno3uuuii B kiacce £,2L,2P, 6) B kiacce £33L,3P

(L33L,3PC), B) B knacce L33L,4P (£43L,3P). IlITpUXOBKOI BbLENIEHbI XapaKTepu-
cTudeckre chepruyecKre TpeyroJIbHUKI

HOBOU Y yHUKajabHOU. OHa HA3bIBAETCS Mempa2oHAIbHbLI cKaneHo30p (TlepeBos
Ha3BaHUs CMOTPUM B Tabsuile 4).

PazbepeM He MeHee WHTepecHBIH Kjiacce L;3L,3PC. Mo3unuu 2 U 3 B HEM
3aHMMAIOT pasHble reKcaroHajJbHble IIPU3MBI, a 4 — JUreKcaroHajabHas NpusMa.
B mosuiiuu 5 BCTpeyaeM yKe 3HAKOMBIM HaM pomM003p, a B MO3UIUU 6 — TeK-
caroHanbHylo 6unupamuzy. [Ipoctas ¢opma, Aaroiias 5TOMY KjacCy HasBaHUe,
Ha3bIBAETCSA MPULOHATBHBLI CKATEHOIOP.

B xmacce L33L,4P B MO3ULIUYU 2 HAXOAUTCA TPUTOHAIbHAA [IPU3Ma, B MIO3ULIUU
3 — rekcaroHajibHasd, a B MO3ULIUU 4 — JUTPUTOHATIbHAA IPU3MBL. B mosumuu 5
HabolaeTcs reKcaroHaabHas OGUMMpaMU/a, a B MO3ULUKU 6 — TpUTrOHaNIbHAsS OU-
mupamuza. Y, HakoHell, obiias ¢popma, Aarolias Ha3BaHUe KJIaccy, HasbIBaeTcs
JUMpu20HaIbHAA bunupamuod.

B aByx knaccax L,PC (puc. 43) 4nciIo YHUKaJIbHBIX IO3UIINUM coKpalaeTcsa 0
TpeX, TaK Kak HalpaBjeHHe 0060UX ocel (TTIOBOPOTHOM U MHBEPCHUOHHOM) COBIIA-
JaioT. B mosunuu 1 B 060ux Kiaccax HaXOAWTCSA MUHaKow[. [lapajienbHo OcaM

X a

Puc. 43. [[pyHIUNNAIBHO pa3INyHbIe ITOJOXXKEHUA NPOCThX GopM B Kiaccax L,PC
cpeziHelt KaTeropuu: a) Tpu no3uiuu B kiacce L,PC, 6) B kiacce LgPC

B IIO3ULIUU 2 paclionaraloTcs MpU3Mbl — TeTparoHabHas U reKcaroHajbHasl COOT-
BeTCTBeHHO. OOImMMHU popMaMu, AAMOIIUMHU HAa3BAHUA 3TUM KjaccaM, SBJISIOTCS
MempazoHANbHAS U 2eKCAZOHANbHAS OUNUPAMUObL.
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B kyiaccax ¢ BepTUKaJIbHBIMU IUIOCKOCTAMU L,nP 4uCI0 pasjMyHBIX IIPOCTHIX
¢dopm bosnee pasHooO6pasHO (puc. 44). B mosurmuio 1 Bo3BpamawTcs MOHO3JPHI,
a B IO3ULIMM 2 paclojaraloTcsa IpU3Mbl — TPUTOHAIbHAA, TeTparoHaabHasd U rek-
caroHajIbHasA COOTBETCTBEHHO. Tak Kak B kiaccax L,4P u Lg6P HabmtogaeTca yepe-
JIOBaHMe HESKBUBAJIEHTHBIX IUIOCKOCTEH, TO MO3ULINY 3 U 4 B 3THX Kjlaccax OJuHa-
KOBBI, B HUX HAXOZAATCA JUTEeTpParoHaabHasd U AUreKCaroHaJbHasg IPU3MBL. A BOT
B Kjacce L33P IUIOCKOCTHA OAWHAKOBBI, CIeA0BaTeIbHO, B TOUKe 3, paBHOYAAJIEH-
HOM OT IUIOCKOCTeH, HaXOAWUTCA He JUTPUTOHaNbHAA NpusMa (Kak B IIO3ULUU 4),
a rexcaroHajabHas IIpU3Ma.

[ >

o RS

ke 3)
¢

Puc. 44. [IpyHIMNUAIBHO Pa3JINYHbIe IOMOXKEHUS IIPOCTHIX GOpM B Ki1accax L,nP cpezHeit
KaTeropuu: a) ceMb MO3UNMIA B kiacce L43P, 6) B kinacce L,4P, B) B kinacce Lg6P. [IITpuxoB-
KOH BBIZIeJIEHBl XapaKTepucTudeckue cheprieckre TpeyroJlbHUKN

[Tosuriuto 6 BO Bcex Tpex Kjiaccax 3aHUMAalOT THUPaMUAbl — TPUTOHANIbHASA, TET-
paroHanbHas U rexkcaroHanbHasd. [lo3unua 5 B kiacce Ly3P — 4acTHadA, Tak Kak
OHa paBHOy/laJieHa OT SKBUBAJIEHTHHIX IUIOCKOCTEH. B aTOl Touke HabirogaeTcs
rexkcaroHaspbHas nupamuza. Obmas popMa B 3TOM Kiracce — OUMPU2OHANbHASA NU-
pamuoa.

IMosunuu 5 u 7 B knaccax L,4P u Lg6P oauHaKOBBI (TOYKa 5 Takke ABJAET-
cs1 obImel, Tak Kak XOTh U paBHOyZaJeHa, HO OT HEIKBHUBAJEHTHBIX 3JIEMEHTOB
CUMMETpPHH). B 3TUX MO3UITUAX pacronaraloTcs OUmempazoHalbHas U 0uzekcazo-
HAbHAA NUPAMUObL, AAFOIIME HAa3BaHUS 3TUM KJIaccaM.

V1, HaKOHell, pacCMOTPUM caMble BHICOKOCUMMETPUYHBIE KJIacChl cpefHel Ka-
teropuu — L44L,5PC u Lg6L,7PC (puc. 45a, 6).

B oTux kjaccax B MO3UIIMM 1 ONATH MOABIAIOTCA IMMHAKOWUABLI. B mosumuu 2
HaXOJATCsA TeTparoHaabHas ¥ reKcaroHaabHas Mpu3Mbl. O6paTUM BHUMAaHUE, YTO
no3uiu 3 U 4 paBHO3HAYHBI — OCU U IUIOCKOCTH, MeXAy KOTOPHIMU OHU Ha-
XOIATCS, He SIBJSAIOTCS SKBUBAJIEHTHBIMH. TakuMm ob6pasom, B kiacce L,4L,5PC
B 3TUX NO3UIUAX HaXOAWUTCA AUTeTparoHaabHas IpusMa, a B kiaacce Lg6L,7PC —
JAUTeKcaroHajbHas MpusMa. B Touke 6 B 3TUX KJjlaccaX HaXOZAATCA TeTparoHajbHast
U reKcaroHajabHas GUIMTUPaMUIbI COOTBETCTBEHHO.

Ob6e TOYKU 5 U 7 ABIAIOTCA OOIIMMU TO3UIUAMHU. 37€Ch PACIoNaralTcs Ou-
MempazoHANbHAS U 0U2eKCAZOHANbHAA bunupamuodst. [lepBasg ¢popma umeet 16
OJVHAKOBBIX TpaHel, a BTopasd — 24. OTO MaKCUMaJbHOE YUCJIO I'paHel, IpuHa-
JIeXKAIUX OJHOM MPOCTOU dopMe il KPUCTAJIOB CPeAHEN KaTETOPUU.
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Puc. 45. [IprHINNNAIBHO pa3IWYHbIe MOIOXKEHNA NPOCTHIX GpopM B Kiaccax L,4L,5PC (a)
U Lg6L,7PC (6). LLITpUXOBKO! BEIZIE/IEHBI XapaKTEPUCTHYECKUE chePHUUECKUE TPEYTOMBHUKY

Takyum 06pa3oM, MBI TIO3HAKOMWINCH C ABAAIAThI0 CEMBIO IIPOCTHIMU dopMa-
MH, KOTOpBIe BCTPeYaloTcs B KpUCTa/lIax cpeAHel kaTeropuu. /J[se U3 HUX (MOHO-
3Zp ¥ MMHAKOW/]) BCTPEYAIOTCA TAaKXKe U B HU3IIEH KaTeropuu, a ABajaTh AT —
TOJIBKO B cpeziHeil. IIaTh ¢popM Hu3mIel kaTeropuu (AU3AP, POMOUIECKUH TeTpa-
37p, poMOudeckas nIpu3Ma, IupaMua ¥ 6UnupamMuga) He MOTYT IPUCYTCTBOBATh
B KpUCTaJUIaX cpefHel kaTeropuu. TakuMm o6pa3om, B HU3LIEN U cpeJHeN KaTero-
PHU BCTpedaroTcs TPUALATh Be pasjMyHble II0 Ha3BaHUIO IIPOoCcThle GopMEL. ITo
ccbUIKe http://cryst.geol.msu.ru/literature/kurs/tetragonal.pps MOXHO
ITOCMOTPEeTh AHUMAIMIO B3aMMOCBS3M IEPEXOJOB APYT B JApyra IPOCTHIX GOpM
TeTparoHaJbHBIX KpucTtauioB (BeimosHmwia B 2011 r. cryzenTka JI. B. Kyapsimiosa
B paMKax KypcoBOW paboTel Ha Kadeape KpucTtamiorpaduul reoJOrHIeCKOro
dakynprera MI'Y). AHaZIOTMYHYIO aHUMAIIHIO /IS eKCAaroHaJbHBIX KPUCTAIOB
(http://cryst.geol.msu.ru/literature/kurs/hex_forms.ppsx) co3gaiu CTy-
ZeHTHl P. P. Myp3una u A. Bb. Byzanos B 2012 rogy.

KoHTposbHbBIE BOIIPOCHI

1) Yem yactHas npoctas GpopMa oTIndaeTcs ot obieit Gopmer?

2) B xakux Kjaccax cpefHell KaTeropyuu Bce KPUCTAJUIBI ABJIAIOTCSI KOMOUHA-
LIMOHHBIMU MHOT'OTpaHHUKaMu?

4) [epeuncanTe OTKPHITHIE TPOCTHIE GOPMEI CpeZiHEN KaTerOpUH.

5) Kakas ¢opma BcTpedaeTcss B HAMOOIbIIEM YHCIE KJIACCOB CpeZiHEN KaTero-
puun?

6) Ilepeunciute GOPMBI, KOTOPBIE BCTPEYAIOTCSA TOIBKO B OZHOM KJIacce cpes-
Hell kaTeropuu.

7) Kakas npocras ¢opMa TeTparoHaJIbHOM CHHIOHHUY MMeeT Haubosiblilee 9uc-
JIO TpaHen?

8) Kakas npocras ¢popma rekcaroHaabHOU CUHTOHUY MMeEET HaubosIblIIee Yrc-
JIO TpaHen?

Yopaxxnenusa

Pasbepure nepedncieHHble HIDKe Kiacchl. Hapucyiite ux crepeorpaduyeckre
IIPOEKIMY U YKAXKUTE MO3UIUU AJI PA3JIUYHBIX IIPOCTHIX GOPM, KOTOPhIE MOLYT
OBITH peaJru30BaHbl B 9THUX KJIaccax:
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1) L, L, w1 L¢; 2) £4, L3C u1 L3P; 3) L33P, L44P u Lg6P; 4) L44L,; 5) L33L,;
6) L¢6Lo; 7) £42L,2P; 8) L33L,3PC; 9) L33L,4P; 10) L,PC u LgPC; 11) L44L,5PC
u Lg6L,7PC.

JUIsT KaXKZIOTO M3 PACHONIOKEHHBIX HIDKE PHUCYHKOB JaliTe OTBETHI HA CJIEAYIO-
IIKEe BOIIPOCHL.

Kakumu kjaccaMy CUMMETPUU MOXKHO OIIMCATh DACHONIOXKEHUEe YKa3aHHBIX
rpaHel, IpUHAIeXAMX OZHOU mpocTtoi popme? Kakas aTo mpocras ¢popma —
OTKpBITas WiIX 3aKphiTad? JlaiiTe 3Toil dopMe HazBaHUe U HaHECUTE SIEMEHTEHI
CUMMETPUH OFHOT'O U3 KJIACCOB Ha IIPOEKITHIO.

12) : 13) i 14) I 15) I 1
3anarue 14 (2-6)
CumBosuka Illéudanca. Ee mpenmyiecTBa

[Ipu HanMCaHUM CUMBOJIA OCIEAHNX BYX KIaccoB Mo EpaBe, pacCMOTPEHHBIX
Ha IIPOIUIOM 3aHATHH, Mbl YBUZEJIH, YTO JaXKe COKpAIleHHasA 3alKCh BCEX dIeMeH-
TOB CUMMETPHH JOCTaTOYHO IPOMO3/Ka, He FOBOPS yiKe O IIOTHOH 3amucy Kiacca.
CHUMBOJIKA TOYEYHBIX IPYII CUMMETPUH, IpejIokKeHHasd HeMelKUM MaTeMaTH-
koM A. IlIéndurcom, 3HaUUTeNbHO HoJee KoMIakTHa. KpoMe Toro, oHa o3BOJIseT
ofHOU 6YKBOH C COOTBETCTBYIOIIUM HIDKHUM WHAEKCOM HE TOJBKO OXapaKTepH-
30BaTh Becb HAbOp 21eMEHTOB CUMMETPUM KOHKDETHOM TOYEYHOH T'PYIIBI, HO
1 00beVHUTh POJACTBEHHBIE I'PYNIILI B OTAeNbHBIE ceMeiicTBa. OZHAKO YTOOBI
[IOJIb30BATHCS 3TOM MIMPOKO PACIPOCTPAaHEHHOU B KpUcTauiorpaduy CHMBOJIU-
KOH, He0OX0UMO BJIaZIeTh MPABIIAMU B3aUMOAENCTBUSA JIEMEHTOB CUMMETPUH,
TaK KaKk MHOTHe 3JIeMeHTH B cuMBovke [IéHdrca He mUIIyTcs B IBHOM BUZE,
a «CIpATaHBI».

I'pymIE! ¢ eAMHCTBEHHEIM OCOGBIM HallpaBIeHUeM, IIPeACTaBIeHHBIM II0BOPOT-
HOH ocbio cuMMeTpuu L, , IlIénduc npegnoxmwn 0603HavYaTh 3arJiaBHONU 6YKBoi C
(TuKIMYecKye T'PYIIB) C HIDKHUM OUGPOBBIM MHAEKCOM 711, COOTBETCTBYIOLIUM
nopsAAxy stoil ocu (Hampumep C, = L,, C; = L,). I'pynmnsl ¢ eAUHCTBEHHOI WH-
BEPCUOHHOH OChI0 CUMMETPHU COTIPOBOXKAAIOTCS HIDKHUM UHJEKCOM i, HalpUMep
Cyi=4%13,Ci=1;.

Eciu ke MHBEPCUOHHOM OCH NPEANIOYUTAIOT ee 3epKAbHblU SKBUBAJIEHT, TO
TpyIIia ¢ TAKUMU ocsiMu o6o3Havaercs S, (OT HeM. spiegel — 3epKajio), HapuUMep,
Se¢=9%¢=Csi (=13), S4=%,=C4i (=1%,); npu aTOM HUPPOBOI MHAEKC N Bcerza
OTBeYaeT MOPAAKY CJIOKHOU OCH.

Ipynnut cummempuu ¢ nobouHsiMU (TOPU3OHTAIBHBIMU) — IEePHIEHANKYIIAP-
HBIMM IJIaBHOMY HaIPaBJIE€HUIO0 — OCAMU 8MOpo20 nopsidka obo3HauaroTcsa D,
rZle HIKHUM WHJEKC N COOTBETCTBYeT He TOJNbKO MOPSAKY ITIaBHOM IMOBOPOTHOM
OCH, HO U KOJIMYECTBY OBOYHBIX OCell BTOpOro nopsizka. Hampumep, 3amuch Dy
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clefyeT 4MTaTh TakK: «B Kilacce mmeercsd IJIaBHAsA BepPTUKAJbHAsg OCh TpEThe-
ro MOpsiZIKAa U TPU OCU BTOPOTO IOpsiKA B 3KBATOPUANIBHOM ILIOCKOCTH», T.e.
Dy = L33L,, D, = Ly2L,. VIHTEpecHO, YTO B MOCJAEAHEM CIydae Jobasd u3 ocei L,
MOXKET UTPATh POJIb [JIABHOM, /IBE IPYTHE, MIEPIIEHANKY/ISIPHBIE €if, TIPY 3TOM OKa-
JKYTCS TOOOYHBIMH.

Jlna obo3HayeHUs TUTOCKOCTel cuMMeTpuu I1EHGINC BBET AOTOTHUTENbHBIE
MTOJCTPOYHbIE OYKBEHHBIE MHAEKCHI:

v (ot HeM. vertical — BepTHUKaJIbHBINA) — I TIJIOCKOCTEH, PACIIONIOKEHHBIX
BZIOJIb €JVHCTBEHHOMN WU IVIaBHOW BepPTUKaJIbHOU ocu cuMMeTpuu (L33P = Cy,);

h (ot HeMm. horisontal — rOpU30HTANbHBIHN) — Ui TZIOCKOCTH, TIEPIIEHAUKYIISAD-
HOH K IMIaBHOM ocu cuMMeTpun (L,PC = Cy,);

s (oT HeM. spiegel — 3epKayio) — I IUIOCKOCTH HEOTIpeZieJIEHHON OpHEeHTAallNH,
T. €. He GUKCUPOBAHHOU BBUZY OTCYTCTBHUS B I'PYIINIE UHBIX JIEMEHTOB CUMMETPHUU
(C;=P);

d — 211 BEPTUKAJIbHBIX IUIOCKOCTEN CUMMETPUH, AEJIAIIMX TTOM0IaM YTOJl MEX-
[y TOGOYHBIMU OocsIMU BTOpOro nopsizaka (Dsy = L33L,3PC, Doy =£,2L,2P).

Pacumdpyem nocneguuii cumosn léndmmca Doy = £,42L,2P. Kiace cocrout us
HCXOZHOU rpymiibl D,y ¢ 06aBieHreM AUaroOHAIbHBIX IVIOCKOCTEeH. TakuM 06pa3oM,
TeopeMbl B3aUMOZEHCTBUS 3JIEMEHTOB CUMMETPUM aBTOMAaTUYeCKU TIOBBICAT PaHT
BEepPTUKAJIBHOM OCH 710 £.4.

Ecnu ke B KJjlacce TIPUCYTCTBYIOT U BEPTUKAJIbHbBIE, U TOPU3OHTATbHBIE TUIOC-
KOCTH, TO MHINETCS 3HAaYOK TOPU3OHTAIBHOMN IUIOCKOCTH h (Kak 6ojiee BaXKHOI),
KOTOPOU OTAaeTcs npeanodrenre B cuMBose [Iénduuca (D3, = L33L,3P,Py).

CumBostuka [[1éndurca oka3bpiBaeTcs y406HOM P BEIBOJE IPYIIIT CUMMETPUU.
CxeMa BhIBOZIa 27 KpuCTa/UIOrpapuyecKux KJIacCOB CUMMETPUU CPEeJHEN U HU3-
el KaTeropuu Ipe/CcTaBieHa Ha puc. 46.

()
ARNN

+P, +P, +L, +C

/NN
@@?/@

Puc. 46. B3auMOCBA3b KJIACCOB CUMMETPUU CPeJHEN 1 HU3IIeH KaTeropuun

HasBanwus Bcex KIaccoB CUMMETPHH TI0 y4eOHOH CHMBOINKe, CUMBOIUKe [T1éH-
¢dnmca, mo obmield mpocToil GopMe U MO MEXKAYHAPOAHON CUMBOJIMKe (KOTOpas
6yZeT pacCMOTpeHa I03XKe) IIPUBeJeHb! B TabuIle Ha ¢. 12-13 1[BETHOM BKJIEHKHU.
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KoHTposbHbIE BOIIPOCHI

1) Kak popmupyetcs cumBon [T1éndmca?
2) Yto o6o3HavaeT 6ykBhI C, D, S B cumBote [1Iéndouca?
3) B uem npeumytecTBa cuMBoauky [lIéHMca epes cuMBosKoi Bpase?

Yopaxxnenusa

1) Paciudpytite cumBossl HIéndiuca Cy, U Doy, . 3aTUIINTE YKa3aHHBIE KJIACCH
B cuMmBosuKe BpaBe. K kakoll KaTeropuut OTHOCSTCS 3TU KJIACCHI?

2) Pacmudpytite cumBosbl [IéHmca Dy, ¥ Dyy. 3anuIInTe YKa3aHHBIE KIac-
cbl B cuMBonuke bpase. K kakoil kaTeropuu OTHOCATCA 3TU KJIACChI?

3) Pacurudpytite cumBorsl HIéndmuca Dg u Cg. 3anUIINTe YKa3aHHbIE KJIACCHI
B cuMBosuKe bpaBe. K Kakoii kaTeropuu OTHOCATCSA 3TH KJIACCHI?

4) Pacmudpyiite cumBosnsl HIéudiuca C,, C, 1 C4. 3anuumTe yKa3aHHbIE KJIac-
cel B cuMBosiKe bpaBe. K Kako¥l CHHTOHUM OTHOCATCS 3TU KJIACChI?

5) B kakoM KJjacce CHMMETPHU He MOXET OBITb KPUCTAIOB: Doy, Day, Dyg?
[Touemy?

3auarue 15 (2-7)
OO6uK ¥ rabuTyC KpUCTaLIa

Ha sToM 3aHATHN MBI IIOIBITAEMCSA JaTh elle 6ojiee AeTaJbHOEe CJIOBECHOE OIK-
caHue KpUCTa/UINYEeCKOT0 MHOTOIpaHHUKA. Bezib Zjake OIMMCaB KJIacC CUMMETPUH
U Te MPOCThie GOPMBI, KOTOPBIE BCTPEUYEHHI B OTpaHKe, MBI HE CMOXKEM ZIOHECTU
[IO YUTATENS OJHO3HAYHO €r0 XapaKTEePHUCTUYECKHE OCOOEHHOCTH: HACKOIBbKO OH
HEOZWHAKOB TI0 Pa3HBIM KOOPAWHATHBIM HANPaBIeHUSAM, Kakue GOPMBI «IJIaBEH-
CTBYIOT» B OTPaHKe U T.J. (cM. puc. 47).

/
== [N (§ ()

Puc. 47. YeTblpe KpHcTala UMEIOT OJUHAKOBBIM HAbOp IPOCTHIX GOpM U OZMHAKOBBII
Habop a7ieMeHTOB cuMMeTpuu (k1acc Dyy), OfHAKO pa3IudHast CTETIeHb Pa3BUTHA MIPOCTHIX
¢$bopM, yJacTBYIOLINX B OrPaHKe, JelaeT UX COBEPLIEHHO He IOX0XHUMU APYT Ha Apyra

[To5TOMY B MUHEPAJIOTUU Y KPUCTAIOrpaduu MPU ONMCAHUN BHELIHErO BUAA
KPHCTAJJIOB BBOAATCA ABA HOBBIX TEPMUHA: 001Uk ¥ 2abumyc. TepMUH «0OIHK» Xa-
paKTepu3yeT pasMephl KpUCTaJIa B Pa3/JMYHBIX HalpasieHusx. Hanpumep, kpu-
CTa/UThl ajiMasa, MUPUTA, TPAHATOB U JPYTUX MUHEPATIOB KYOMYECKON CHHTOHUU
(omuHAKOBBIE MAcCIITAOBI [0 BCEM TPEM KOODPAMHATHEIM HAlpPABIE€HUSAM) UMEIOT
U30MempuuHblil OOJIKK, T.€. OAUMHAKOBBIE pasMephl BO BCEX HAIpaBJIeHMsX. Eciu
KPHUCTa/UI HE OTHOCHUTCS K BBICIIEH KATEOPHHM, HO PAa3BUT BO BCEX HAIPABJIEHUAX
OIMHAaKOBO, TO TOBOPAT 06 ncesdouzomempuurom obnuke (puc. 47 6).
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He m3oMeTpHuyYHbIE B PA3IMYHBIX HAIIPABIEHUAX KPUCTAJUIBI MOTYT OBITh U20J1b-
yamoeo, cmoabuamozo mUOO YONUHEHHO20 OOMVKa (BBITAHYTHIMU B BEPTUKAJb-
HOM HallpaB/ieHUH — pUC. 47 B-T). [IpruMepaMu TakKuX MHUHEPAJIOB SABJIAIOTCA CH-
JIUKATHl TypMajuH (IepeMeHHOTO0 XUMUYECKOTO COCTaBa CO CJIOKHOU HOpMysIoi
(Na,Ca) (Li,Mg,Al); (AL, Fe,Mn)[BO515[Sig0,5]1(OH),) u 6epmnn Be;Al,[SigOq5].
Eciv B BepTUKAJIbHOM HalpaBJIeHUH KPUCTA/UI Pa3BUT ciabee, TO TOBOPAT O maob-
aumuamom, naacmuHuamom aubo ynioujeHHom obmauke (puc. 47 a). [lpumepamu
SIBJIIOTCS KPUCTALIBL reMartuTa Fe,O5 u ¢pmoronura KMg, [AlSi; O] (F,OH),.

st ele Gosee JeTaNbHOMN XapaKTEPUCTUKY BHEIIHEH GOPMBI KPUCTAILIOB HC-
MOJTb3YeTCsI TEPMUH «rabutyc». OH OTpakaeT npeobrajaHre B UX OTPAHKE TeX WIN
WHBIX TMPOCTHIX popM (Hampumep, MpU3MaTAYECKUH, OGUITMpaMUAAIbHbIN). [Ipu
3TOM KPHUCTAJUIBl MUHEPAJIOB OZHOTO M TOT'O e obyrKa (Hampumep, cTonO4aTo-
ro) MOTYT UMeTh Pa3iW4HbIN raburyc. 'abuTyc KpHUCTAJIOB ABJIAETCA BAXKHBIM
JVWarHOCTUYECKUM IPU3HAKOM MUHEPAJIOB U 4acTO YKa3bIBAET HA YCJIOBUA UX Te-
He3wuca. [l onucaHus rabuTyca KpucTauia Heo6X0AuMO, BO-TIEPBBIX, TPABIWIBHO
OIIpeZieNINTh HA3BAHUSA MPOCTHIX GOPM, YIACTBYIOIINX B OrpaHKe KpHCTasuia. Bo-
BTOPBIX, HEOOXOJMIMO OLIEHUTb UX MOPGOJIOrHYecKy0 3HAYUMOCTDb (T.e€. KaKylo
MIPUMEPHO ZOJI0 00IIel TOBEPXHOCTH KPUCTAJIA 3aHUMAIOT I'PaHU 3TOU MPOCTON
¢dbopMmel). B-TpeThbux, HEOOXOAMMO 3amKcaTh Ha3BaHUE ITOTO rabuTyca, Iepeyuc-
JIUB TPOCTHIE GOPMEI B OPSIAAKE YOBIBAHUA MOP(QOIOTUYECKOH 3HAYUMOCTH.

JaBatiTe moTpeHUpyeMcs. PaccMOTpUM KpucTaut kiacca Doy YAJTMHEHHOTO 06-
JIMKa, OTHOCAIETOCA K TeTparoHaJlbHOM CMHIOHUM. B ero orpaHke MOI'yT IpUHU-
MaThb y4acTHe pa3/InuyHble OTKPBITHIE (IPU3MBI, IMHAKOWA) U 3aKPHITHIE (TETpasap,
bunupamMuza, CKaJeHodAp) mpocThie GopMel. VX coueTaHUs IPUBOAUT K PasHO-
obpasHeHIM rabutycam, IecTh U3 KOTOPHIX NPe/CTaBleHbl Ha puc. 48. Hanecs

@a z 6 i B
T I A e
Puc. 48. KPI/ICTEU'I.TIBI KJacca D2d YAJTUHEHHOTO 00InKa Pa3/IM4YHOIo Fa6I/ITyC3

Ha IIPOeKIMIO Kj1acca 3TU GOPMBI U OIpeJiesIuB UX Ha3BaHUsA, [IOIYIUM CJIeZyIo-
mue rabuTrycHsle pAgbl (II0 YMEeHBIIEHUI0 MOPGOIOrMYecKOr 3HAaYMMOCTHU IIPO-
cTeIX GpopM):
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a) rabuTyC npuUsMamuuecKU-nUHaAKoUOaIbHO-CKAeH030puUecKU-mempasdpute-
cKuil;

6) rabuTtyc  ckaneH03a0puUUecKU-Mempa’s0puUtecKU-NpuUIMamuyecku-nuHd-
KOUOAIbHDLIL,

B) rabutyc mempas0puuecku-npusMamuuecku-ckaaeHoa0puueckuil;

r) rabuTyc mempasopuuecku-ckaieHo3a0puUecKu-npusmMamudeckuil;

[1) TabUTyC npuamamuuecku-mempasopuiecku-nuHaKoUOANbHO-CKAIeHO0I0pUUe-
cKuil;

€) TabuTyC npusMamuuecku-nUHAKoUOANbHO-CKANeHO30pUHecKULL.

O6patvmM BHUMaHHUE Ha TO, YTO BO BCEX CIy4Yasix OOIUK — yAJTUHEHHBIMH.

Takum 06pa3oM, MOXKHO CKa3aTh, YTO MPU MOTHOM OIMCAHUU KpHCTaLIa CO-
BepIIEHHO HEOOXOAMMO JIaBaTh OMKMCAHKE ero 00JMKa ¥ rabuTyca — 3TO TTO3BOJIUT
MBICJIEHHO TIPE/CTaBUTh BHELIHUI BH/ 00pasiia, Jake He UMes Nepez Iia3aMU ero
n306paskeHuUs.

KOHTPOJIIJHLIC BOIIPOCHI

1) Yto Takoe 06Uk KpucTasia? [lepedncanTe U3BeCTHbIE BaM OOJIHKHY.

2) Yto Takoe rabuTyc KpucTamia?

3) Kakas xapakTepuctuka (06JUK Win rabuTyc) ABaAeTcsa boee mogpo6HOM?
4) MoryT 11 KpUCTLITBI OZHOTO 00JIMKA UMeTh pa3JIndHbIN raburyc?

YnpaxxHeHUd

1) IlogymaiiTe, Kakue pocTele GOPMbI peaTbHBIX KPHUCTAJIOB YYaCTBYIOT B UX
orpaHke (CM. pUCYHOK 2 IIBETHO BKJIEHKH); AaiiTe XapaKTEPUCTUKY OOIMKa U Ta-
6uTyca.

2) OxapaKTepuayiTe 06JHK U rabUTyCc MHOTOTPaHHUKOB, IIPUBEJEHHBIX Ha PU-
cyHke 22 (3aHATue 8).

3) JlononmHUTe onMcaHUe KpUCTajUla OMMBUHA (3aHATHE 8) XxapaKTepHUCTUKON
ero o6yiMKa 1 raburyca.

3anarue 16 (2-8)
IIpakTu4yeckoe 3aHaTHe. [IoMHOE onMcaHWe KpPUCTa/UIa HU3IIEU
WIH CpeJHeN KaTeropuu

Jlyi BBITTOTHEHWSA MMPAKTUYECKOW paboThl HaM MOHAZO0OUTCS: HECKOIBKO I[BET-
HBIX KapaHJalllel, pyyka, JUHelKa, TpapapeT, U3TOTOBJIEHHbIM Ha IIPOIUIOHN CTY-
IeHu oOyueHus U GIaHK, IPUBEJEHHBIN Ha PUCYHKe 49.

1 TECTOBOTO 33/]aHUA ONUIIEM KPUCTAJUI, IPUBeeHHBIN Ha pucyHke 50.

HamoMHUM, 4TO Ha ITEPBOM 3Tarie HEOOXOANMO OIPEAETUTD KJIaCC CUMMETPUH.
[IpaBuIbHEE BCETO YCTAHOBUTD KPUCTAJLT BEPTUKAIBHO 110 0CO60MY HaIIpaBIEHUIO
(B manHOM ciy4dae, MO yAJIMHEHUIO). M3yduMM 3TO HalpaBjieHHe, IIOCMOTpPEB Ha
kpuctann ceepxy (puc. 50B). be3 Tpyza HaxoAUM MOBOPOTHYIO OCh TPETHETO II0-
pAzgKa L, ¥ Tpu OZAWHAKOBBIE BEPTUKAJIbHBIE IVIOCKOCTH 3P,, KaX/Jasd U3 KOTOPBIX
paspesaeT KpUCTa/LI Ha /IBe 3epKaJbHO paBHbIE YacTU. HaHOCUM 3TH 2/1€MEeHTEH
CHUMMeTpUU Ha Ipoekuuto. [locaesoBaTesbHble ATy ONKWCAHUA KpUCTasla MpU-
BeZleHH! B Tabiune 10 u Tabiulie I' 1BeTHOU BKJICHUKU.
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kaTeropusi a, b, ¢

cuHronma o, B, Y

cvmBon no bpase

cumBon no LeHdnucy

knacc no obwei hopme

XapaktepucTuka npocTbix hopm

Kon-so

Ne  rpamen

Otkp./3akp. YacTH./obw. HassaHnve

obnuk
rabutyc

Puc. 49. bnank Aya onucaHua KpUcTaswia

a 6 B

Puc. 50. BHemHU BUZ KOHTPOJIBHOTO KPUCTALIA I TPAKTUIeCKOU paboThl

Bakno! O6paTviM BHUMaHHUE Ha TO, KAK OPUEHTUPOBAH KPUCTAJIT OTHOCUTEb-
HO ocel X, y u u. CuuTast IVIOCKOCTH KOOPAWHATHBIMU, MBI HAIIPABJISAEM 110 KOOD-
[VHATHBIM HaIpaBJeHUAM HOPMAJM K 3TUM ILIOCKOCTAM. [IpM 5TOM Ha depTexe
caMM IUIOCKOCTH Gy/lyT HaXOAUTHCSA MEXAY KOOPAUHATHBIMU OCSMH. Eciu GbI MBI
HApHCOBAJIN TUIOCKOCTH, COBIAIAIONINE C OCSMM KOOPJMHAT, TO OHM He GBUIH Ob
KOODZIMHATHBIMHU.

OG6s3aTeNIbHO U3YYUM SKBATOPUAIBHYIO IUIOCKOCTh. [[OMHMM, YTO Ha SKBATOPE
GbIBa€T MHOTO MHTepecHOro! B HallleM ciydyae MOKHO HalTH elle TPU OCH BTO-
poro mopsiaka— L, L, u L', BBIXOZbI KOTOPBIX COBIIAZAIOT C TlepecedeHrneM Bep-
TMKaJIbHBIX IUIOCKOCTEN ¥ FOPU30HTaNBHOM IIOCKOCTH, KOTOPas IPOXOMT Yepe3
skBaTop. Takast IUIOCKOCTb Ha MPOEKIUK OyZIET TTOKa3aHa JBOMHON OKPYKHOCTBIO,
a HOpMaJsib K Hel MPOXOAMT BEPTHKAIBHO, CIE0BATENbHO, 3TO P,. YOenuBIIMCh
B OTCYTCTBHMHU LIEHTPA WHBEPCUU U JPYTUX JIEMEHTOB CUMMETPUH, BHITMCHIBAEM
HasBaHUe Kjacca 1o bpase (L33L,4P) u lléaduucy (Dsy,). UTak, nepes HAMU KpU-
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Tabnu nma 10. I[TocaezoBaTesibHbIE LIArU IO ONHCAHUIO KOHTPOJIBHOT'O KpHUCTaJuIa.

Yacts 1
Ha npoexuuu .
Kpucramn JenicTBysa
n306paskeHo
u 1) OmpezpenvB KaTeropuid U CHH-

TOHUIO, PUCYEeM OKDYKHOCTb, HaHO-
CUM Ha Hel BBIXOZIbI KOODAMHATHBIX
Z ocelt x, y, u, 2.

Y |2) Hanocum rpaduyeckue 3HAYKU
ocu Ly U TuockocTei P,.

3) Hanocum rpaduyeckue 3HAYKU
oceit 3L, u mwiockocTu P, B Buze
JIBOMHOM OKPY>XHOCTH.

u 4) IlpoBepseM HajW4yue LEHTpa.
Jlnsg aToro caM KpUCTaLT 0co60
U He Hy)KEH: TaK KaK Ha 4YepTexe
Z HET COYETaHWA «d4eTHasd  OCh
Y | meprieHAMKYyIApHA IIOCKOCTH»,
TO LIEHTPA HET.

CTa/l/1 CpefiHel KaTeropuu, reKCaroHaJbHON CUHTOHUY TPUTOHATBHON ITOJCHHTO-
HUU.

[TepexoanM KO BTOPOMY 3TaIly — IIOCTPOEHHIO HA 4YepTeXXe CHOMOCTepeorpa-
dUuecKux MPOEKIUM I'paHel BCeX MPOCTHIX GpOpPM M 3amuch B OGJAHK MX Xapak-
TepuCTUK. HarloMuHaeM, 4To Bce I'PaHU BepxHel nonycdepsl U 9KBATOPUAIBHOMN
IUIOCKOCTH PUCYIOTCS KPY)KKaMH, a HIDKHEHN Torychepbl — KpecTUKaMU C yKasa-
HUeM HOMepa MpOCTOH GOpMBL. BHUMATENbHBIHN HCC/IeA0BATENb OOHAPYKUT B U3Y-
YaeMOM KpHUCTa/ule 24 TpaHM, OTHOCAIINECS K 5 Pa3JIUYHBIM IPOCTHIM (GpOpMaMm.
Ha mepBbIii B3IvIs1 BCe pU3MaTHYeCKIe 'PaHU PaBHEI APYT APYTY, HO TaK KaK HET
JIEMEHTOB CUMMETPUH, IIepeBOAIINX COCeJHUE I'PAHU IIPU3MEL APYT B ApyTa, TO
B OTpaHKe KPUCTaJl/Ia YYaCTBYIOT 2 pa3IUYHBIE TI0 CBOUM GU3UUECKUM CBOMCTBaM
TPUTOHAJbHBIE TIPU3MBI, B YeM JIETKO YOEAUThCA, HaHECd UX MO3UIIUU Ha TIPOeK-
1m0 (cM. Tabsuiry I' IBETHOI BKJIEHKH).

ITAr 1. HaHOCHM Ha IPOEKUIUIO TPU I'PaHU NMPU3MEI 1 ¥ TpU T'PaHU NPU3MEI 2.
Bce rpaHu jiexaT B 3KBaTOPUAIBHON IUIOCKOCTH, CJIe0BATENbHO, OHU 6yAyT 060-
3HAYaThCs KPYy:KKaMU Ha OKpyHOcTH. He 3a6rIBaeM IOCTaBUTH IUPPHL. Xapak-
TEPUCTUKU TPOCTHIX GOpM BHITHMCHIBaeM B OaHK. C IpaBWIBHO 3alOTHEHHBIM
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6JIaHKOM KOHTPOJIBHOTO KPHCTAIa MOXKHO OyZIeT CBEPUTHCA B OTBETAX K YIIPaK-
HEHUSM.

[IAr 2. HaHOCUM Ha IPOEKIINIO IPaHU ABYX PasIMYHbIX OUIHUpaMUz, pacrosa-
TaloIUXCs BhINIE ¥ HUKe TTpocToi ¢dopmbl 1. HammoMuHaeMm, 4To, Tak KaK BEPXHAA
Y HIDKHASA TPaHb OTPaXKaloTCA PYT B Apyra TOPU3OHTAIbHOM IJIOCKOCThIO, KPYIKOK
OyZIeT HAaXOAUTBCS CTPOTO HaJl KPECTUKOM. BaxkHo! Ec/iv MOCMOTpeTh Ha PUCYHOK,
TO YBUJUM, YTO TPAHU ITUX GOPM MPEACTABIAIOT COOOH YeTHIPEXYTOIbHUK B BUZE
Tpanenuu U MATUYTOMbHUK, TOT/Ia KaK I'paHb TPUTOHATHHON OUITMpaMUZbI MIpe-
craBisieT cob0it paBHOOEIPEHHBIM TPEYToAbHUK (CM. Tabuily 9). DTO CBA3AHO C
TeM, YTO B KOMOMHAITMOHHOM MHOTOTPaHHUKE IPaHU PA3IUYHBIX IPOCTHIX GOpM
B3aMMHO «IIOZIPE3aI0T» APYT Apyra. [I03TOMy Ha3BaHKe TPOCTOM GOPMBI MOXKHO /J1a-
BaTh UCKJIIOYUTENHHO IO ee TOJIOKEHHUIO Ha MPOEKIIUU OTHOCUTETHHO 3JIEMEHTOB
CUMMETPHH KJIacca ¥ HU B KOEM CJIyJae I0 ee BHEIIHEMY BUAY B KpUCTaLIe!

IIIAaT 3. HaHocuM Ha mpoekifuio rpanu ¢opMel 5 (6ummupaMuga), pacioaaraio-
IMecs BHINIE U HIDKE TMPU3MBI 2. JlaeM eif XxapakTepucTuky. O6HapyKHUBaeM, UTO
B KpHUCTa/ule HeT ob6iei ¢dopMbl. [IpeAnonokuM, Mbl HE TIOMHHUM €€ Ha3BaHUE.
Jlyis1 omipe/iesieHus Kiacca 1o obiei ¢opMe HaHOCHM KapaHAAIIoM TOYKY B 00IeM
MTOJIOXKEHUH, PAa3MHOXKAeM ee Ha IIPOEKIUHU U OTpeJesisieM Ha3BaHHe Klacca — -
TPUTOHATBHO-OUTHpaMUAANbHBIH. 3aMoIHsAeM O6JIaHK, TOATIMCAaB Ha3BaHue 06InKa
U rabuTyca Kpucrasuia.

BOT Teneph MOXKHO CYMTATh, YTO KPUCTAJLI OTIMCAH ITOJTHOCTHIO U TPaKTHYeCcKas
paboTa 3aKOHYEHa.
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3anarue 17 (3-1)
Kisaccel cuMMeTpuH BbICIIEN KaTeropuu

Ha sToM 3aHATHY, HCIIONIB3yd B3auMoJeCTBIe ollepaluii CUMMeTpHU, MBI BBI-
BeZleM Bce BO3MOKHBIE KJIAcChl, OTHOCAIIMeCH K BbIcllel kaTeropuu. HamomuumM,
YTO KPUCTAJIb] BBICIIE} KaTerOpuy XapaKTepU3yIOTCs [TOHON SKBUBaJIEHTHOCTBIO
KOOPAMHATHBIX oceil (a = b = c). Bce ymibl MeXAy KOOPAUHATHBIMU OCAMH IIps-
Mble. Takasg CMHTOHUS Ha3bIBAaeTCS KyOHYecKoil. PaBeHCTBO KOODAMHATHBIX OCEM
IIPUBOAUT K TOMY, YTO PAaBHOHAKJIOHHO K KOOpAUHATHBIM HAIpaBJIeHUAM BO3HU-
KaeT OChb TpeThero nopsAzka. Eciy pasMHOXUTE ee ajileMeHTaMU CUMMeTPUH, IIpo-
XOZALIMMHY B KOOPAWHATHBIX HallpaBIeHUAX, TO [TOMYyYUM YeThlpe HaKJIOHHbBIE OCH
TpeThero Nopszka, paBHOyZaleHHbIe OT ocel x, y U z. Ha TpadapeTe, KOTOpbIi
MBI M3TOTABJIUBAIM Ha MEPBOI CTYIEHW OOyYEeHUsA, STH MO3ULUKU OCEH TPETHETO
IOpsAZAKAa OTMeUYeHbI KpaCHBIMU TPEYTOJbHUKAMU.

Puc. 51. Crepeorpaduyeckas IpOeKIUs U TUITUYHBIA KPUCTAILT:
a) kmacca E (3L,4L;), 6) xnacca O (3L,4L56L,)

TakuM 06pa3oM, MUHUMAIbHBIN HAabOp 37IeMEHTOB CUMMETPHH, BO3MOXHBIM
B KyOWYECKUX KpUCTaJUIax, IpeJCcTaBaeH KOOPAUHATHEIMU OCSIMHU BTOPOTO MOPSA-
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Ka ¥ HAKJIOHHBIMU Tperbero. Takoil Habop oceii 3L,4L; Illéndnrc obo3HAUMI
6ykBoii T (cM. puc. 51a), Tak KaK OH BCTPEYAETCS B UI3BECTHOM HaM MPaBHWJIbHOM
MHOTOI'PaHHUKe — TeTpaszpe. Kak HeTpyzHO JorajaThes, OCEBOM HabOp OKTasd-
pa 3L44L;6L, Méndnuc o6o3Haqmn 6ykBoit O (cM. puc. 516). JlaBaiiTe BEIACHUM,
KaKue elle HabopHI IEMEHTOB CUMMETPHUY MOTYT BCTPETUTHCS B KYOUUECKUX KPH-
CTaJLIax.

Puc. 52. Crepeorpaduieckasi MpOEKIUA U TUITUYHbIN KPUCTAJUI
a) kiacca Ty, 6) knacca Ty, B) Kiaacca Oy

BosbMeM 3a ocHOBY kiacc T. JJobaBUM K HeMy LieHTp MHBepcuu. [1o mu3BecT-
HOM HaM TeopeMe B3aumozeiictBua (L,—P—C) NOABIAIOTCA TPU KOOpAUHATHEIE
IUIOCKOCTH C BO3HMKHOBEHMEM HOBOro kiacca 3L,4L;3PC. Tlo lIénduucy oH 6y-
JeT HasbBaThca T, (puc. 52a). OTMETHM, YTO €C/IM BBECTU B KayeCTBE HOBOTO
aJIeMeHTa CHMMETPHUU KOOPAWHATHYIO TUIOCKOCTD, TO YiKe IIEHTP OyZeT MOpOoXKAeH-
HBIM 3JIEMEHTOM CUMMETPUH, HO KOHEYHBIH KJlacc ocTaHeTcs TeM ke — Tj,. IHoro
pe3y/bTaTa MOXKHO JOCTUYb, BBE/S IVIOCKOCTh HE B KOOPAWHATHOM, a B AarOHaJIb-
HOM HampasjieHuu (puc. 52 6). KoopauHaTHbBIE OCH BTOPOTO MOPsIIKa Y HAKJIOHHBIE
TpETbero HeMeJIEHHO Pa3MHOKAT BBEZEHHYIO TUIOCKOCTD. [I0OSIBUTCSA IIEJTBIX IIECTD
JVaroHaJbHBIX IIOCKOCTer. Ho 3To ele He Bce. Eciii BHUMATENIBHO TIOCMOTPETH
Ha YepTeX, TO YBUAUM, YTO IUIOCKOCTH (MHBEPCHMOHHBIE OCH BTOPOTO IMOPSJIKA)
mmepeceKaroTcs ¢ OOBIYHBIMU OCAMH BTOPOTO TOPSIZIKA IO/ YIJIOM B 45°, ciieZioBa-
TeJIbHO, Ha MECTe OCel BTOPOTO MOPS/KA MOABITCI MHBEPCUOHHBIE OCH YETBEPTOTO
£, (cM. puc. 3la). IlomyueH HoBoIH Kiace Ty (3£44L56P). [Ipu nobaBieHUN JIro-
60ro OTCYTCTBYIOLIETO 3JIeMEHTAa CUMMETPUHU (IUIOCKOCTH, IIEHTPA, OCH BTOPOTO
MopsiZIKa B IUAroHAJbHOM IIOJOKEHUH) K 3TOMY KJIAcCy, paBHO KaK U K Kjaccam
T, win O, TIOJIyYUM CaMBbIii BHICOKOCUMMETPUYHBIN HabOp 371€MEHTOB CUMMETPUU
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KyOu4JecKUx KpucTawnoB — kiacc Oy (3L44L;6L,3P,6P,;C), n3obpakeHHBIH Ha pU-
CyHKe 52 B.

B Ky6HUYeCKON CMHTOHUY KPUCTAIM3YIOTCA TaKKe M3BECTHbIE MUHEPAJIBI, KaK
moBapeHHas coib (ramut NaCl), anmas C, chaneput ZnS, raneHuT PbS, rpaHaThi,
mnuHey, Garooput CaF, 1 MHoOTrue Apyrue.

B 11es10M, ecivi TOBOPUTD O PacCIpOCTPAaHEHHOCTH MUHEPAIOB Pa3IUYHBIX CHH-
TOHUU B IPUPO/iE, TO MOXKHO OTMETUTD ciieAytolee. Ha HacToAmINi MOMEHT B IIpU-
pozie usBecTHO 6osee 4000 MuHepasoB. Cpean HUX PE3KO MPeobIaZialoT KpUCTal-
JIbI HU3IIEeH U cpeZiHel KaTeropuil. KpucTasiioB TPUKIMHHON CUHTOHUY OOJbIIIE,
YyeM TPUTOHAJIbHBIX U TeKCaroHaJbHBIX, 8 MOHOKJIUHHAA CUHT'OHUSA BBIXOAUT B JIU-
JIEPBI, HAMHOTO Ollepexas pOMOMYECKYIO IO PACIIPOCTPAHEHHOCTH.

1000
880

800

612
600

YacToTta

307

239 226 206
200 +— —

12 3 4 5 6 7

Puc. 53. PacnpoctpaHeHHOCTh 2900 MMHEpaIOB II0 CUHI'OHUAM: 1 — TPUKJIVMHHAA;
2 — MOHOKJIWHHas, 3 — poMbuyeckasi, 4 — TpUTOHaIbHAs TOACUHTOHUSA; 5 — TeT-
paroHanbHas; 6 — rekcaroHaabHas MMOJCUHTOHUSA, 7 — Kybudeckas CHHTOHUA [17]

Takass HepaBHOMEPHOCTh CBA3aHa C TeM, YTO OOJbIIas YacTh U3 MUHEPAIbHBIX
BHU/IOB BCTPEYAETCS TOJMBKO B CAMOU IMOBEPXHOCTHOM 000JI0YKe 3eMyIu — 3€MHOMU
KOpe, 006pasysch B pe3y/IbTaTe peaKi[yii BHIBETPUBAHUA U U3MEHEHUSI TOPHBIX IT0-
POZ TIOZ AeHCTBUEM BOABI, aTMOChEPHI U COTHEYHOTO cBeTa. [103TOMy OHUM 4acTo
BKJIIOYAIOT B CBOM cocTaB MojsieKysbl Boabl H,O, yrnexkucinors: CO,, THAPOKCUI-
rpynny OH u Apyrue aToMHBIE TPYIIIUPOBKU, OTIMYAIOIIECcs HEBBICOKOH COO-
CTBEHHOU CMMMeTpHel, YTO IPUBOJUT K IIOHIDKEHUIO CUMMeTPUHU BCero KpUcTal-
jga. B 2003 rozy B. C.¥YpycosB u JI. E. TepeHTheBa NpoaHaJIU3UPOBAINA PA3TIUYHBIE
6aHKU KPUCTAUTMIECKUX CTPYKTYP MUHEPAIOB U MPUBEIU THUCTOIPAMMY PacIpo-
cTpa"eHHoCcTH 2900 MUHEPAJIOB 10 CUHTOHUAM, M300pakeHHYI0 Ha PUCYHKe 53.
Kak BuzHO, Ha ZOJII0 KPUCTA/UIOB HUIIEH KaTeropuu npuxogurcs 6oree 61% Bcex
MUHEPAJIOB, CpefHel KaTeropuu — bonee 26%. Jloyd KPUCTALIOB BBICIIEN KaTe-
ropuul — ToiabKo 12%. OZHAKO OTMETHUM, YTO NMPU U3YIEeHUH MUHEPAJIOB ITyOHH
3eMJTu A0JIsT BHICOKOCUMMETPUYHBIX KPUCTALIOB OYZET PacTH.
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KoHTposbHbIE BOIIPOCHI

1) Kakoii kylacc CMHMMETPUY BO3HUKHET, €CJTH K OIeparuaM CUMMETPUH KJiac-
ca T 106aBUTDb LIEHTP UHBEPCUU?

2) Kakoii Kjlacc CMMMeTPUHM BO3HUKHET, €C/IU K OlepalisaM CUMMETPHUU KJiac-
ca O 106aBUTD LEHTP UHBEPCUU?

3) CKOJIbKO BCETO KYOMYECKHX KIaCcCOB CUMMETPUM?

4) KakoBa o/ig KyOUIeCKUX MUHEPAJIOB CPEAU BCEX U3YUYEHHBIX?

5) HasoBuTe Haubosee MUPOKO U3BECTHBIE MUHEPAJIBI, OTHOCAIECA K KyOu-
YeCcKOol CMHTOHUU.

6) B yeM MpUYHHBI pE3KOT0 MpeobIaZlaHusA Cpei MUHEPAIOB KPUCTAJIOB HU3-
IITUX U CPETHUX CUHTOHUM?

3aHarue 18 (3-2)
ITpocThbie pOPMBI KyOUIECKUX KPHUCTAIIOB

YHUKaNIbHOCTb HabOpa 37eMEHTOB CHUMMETPHUH BhICIIEH KaTeropuu (Haaudue
YeThIpeX HAKJIOHHBIX OCEH TPeThero MopsiZIka) MPUBOAUT K TOMY, YTO BCE IIPOCTHIE
$OpPMBIL, KOTOPBIE CYIIECTBYIOT B KyOMYECKUX KPUCTALIAX, IBJIAIOTCA HOBBIMH U He
BCTpeyaauch HaM paHbllie B KpHUCTalIaxX HU3LIEH U cpeqHell kaTeropuu. bonee
TOTO, OHU BCE SIBJIAIOTCSA 3aKPHITBIMU GOpMaMU.

Ecmu B3IISHYTh Ha H300pakeHHe JIIOO0ro Kiacca KyOUdYecKod CUHTOHUU
(puc. 51-52), To MOXXHO BBIIBUTH B Ka)K/IOM U3 HUX CeMb YHUKAJIbHBIX IO3UIUH,
B KOTOPBIX HAXOAATCSA PpasiHYHbIe IIPOCTHIE

dopmetl (puc. 54). IlepBast MO3UITUA TTePIIEH/H- N . !

Ky/IipHA KOOPAMHATHOMY HAIIPABIEHUIO, B HEH |\ ! K

HaxoAuTcd 4yeTHad och (Lo, £, wnu L,). Bropaa | AN ! A

mo3uius GUKCHPOBaHa OChIO TPETHErO MOpsd- | N PPl

Ka BO BCEX NATU KyOWYecKux Kiaccax. Tperbss | __\‘:2——’/ /'I
A

TI03UIUA paBHOYZAIeHa OT KOOPAWHATHBIX Ha- I
TIpaBJIEHUH, B PsZie KJIAcCOB Yepe3 Hee MPOXO- |
AT AuaroHajabHBIE OCU BTOpOro mopsazgka. Ilo- i @ o AN ./
3ULUSA 4 HAXOAUTCA MEXAY TOYKOU 1 ¥ TOUKOHU ! 3
3. DTa NOo3UIHUS ABISIETCS YaCTHOM, XOTs OBl I10- !
TOMY, YTO OHa Iapasuie/ibHa BepTUKaIbHON KO- '
opauHaTHOU ocu L,. [Tosunua 5, pacmosnaraio-
masAcA MeXJy TOYKaMu 1 M 2, TaKkKe 9aCTHAdA, pyc. 54. Cemb MPUHLMIHAIBHO Pas-
TaK KaK PaBHOY/Ia/IeHa OT SKBUBAJICHTHBIX OCEH gy mogummit A1 OPOCTHIX GOpM
L, u L,. A mo3uuus 6, pacroararomascs Mex- B KyOHYeCKUX KIaccax
Ay TOYKaMu 2 U 3, paBHOyZajieHa OT 5KBUBa-
JIEHTHBIX ocell L, u Ly, cjieloBaTe/IbHO, TakXke 4dacTHasd. M TonbKo mo3uinusa 7
SIBJITETCST TOYKOH OOIIETo MONoXKeHUs, B Hel 6yZeT HaXoAUThCs mpocTast dpopma,
nepezaroIas KJaccy CBoe Ha3BaHUe.

Ha3BaHusi OOJMBIIMHCTBA MPOU3BOAHBIX IPOCTHIX GOPM KPHUCTAJUIOB KybOude-
CKOW CMHTOHHMU CTPOATCSA CIEAYIOUIMM 0Opa3oM: UCIONb3ys T'PeYecKre CJIoBa U3
Halero cioBapuika (Tabsuiia 4), Mbl IBITAEMCS CKa3aThb OJHUM CJIOBOM CJIE/YIO-
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myro ¢pasy: «4To 32 MHOTOYT'OIBHUK — B KAKOM KOJIMYeCcTBe — Ha KakKoH popme
BEIpOC». [laBaliTe morpeHHpyeMcs. PacmmidpyeM HasBaHHE «MpuzoH-mempa-zex-
casdp». [lepeBoANM: «TPEYTOIbHUK — B KOJUYECTBE YEThIPEX IITYK — BBIPOC HA
HCXOZHOM IpaHU rekcasapa». To ecTh Iepes HaMU JO/DKHA TOSBUTHCA IPOCTast
dopMa ¢ rpaHAMHU TPEYTONbHOM GOPMEI, IPU 3TOM T'PaHb UCXOAHON HOPMBI —
2ekcasdpa — yvyeTBepuiach. CieZioBaTeNbHO, YUCIO TpaHel ¥ aToH GopMbl OyzeT
paBHO 6 X 4 =24.
PaccMOTpUM Bce IIATH KJIACCOB.

1) Kumace T (cwm. puc. 55). ITo3unuio 1 3aHMMaeT U3BECTHBIN ellle [PEBHUM Tpe-
KaM TIPaBWIbHBIM MHOTOTPAaHHUK — Ky0, WU 2ekca’sdp. B mosuiiuu 2 (BBIXOJ OCcU
TpeThero MopsAKa) HaXOAUTCA TaKKe U3BECTHHIM IIPaBWIbHBIN MHOTOIDAaHHUK —
TeTpaszp. A BOT B IMAarOHAJIbLHOW MO3UIUU 3 HAaXOJUTCA HEM3BECTHBIN ITOKA HaM
JBEHAAIaTUTPAHHUK, IPaHd KOTOPOTO IMPEZACTaBASAIOT coboli poM6el. OH MMeeT
CBOE YHUKa/lbHOE Ha3BaHUe — pom60000ekasdp. [IpumedaTenbHO TO, YTO BO BCEX
KJIaccax KyOU4YecKoM CMHTOHUM B TO3UITMHU 1 OyZeT HaXOAUThCS Tekcasap (oTcioza
Y Ha3BaHWe CUHT'OHUU — KyOBI eCTh B Ka)K/IOM Kiacce!), a B O3ULMH 3 — poMbO-
ZoleKasdzp.

Puc. 55. ITpocTsie dopmbl kinacca T: 1—rekcasgap; 2— TeTpaszp; 3— poMbozaoaexasap; 4 —
MIeHTaroH-J0/ieKas p; 5 — TPUTOH-TPU-TeTpaszp; 6 — TeTparoH-TpU-TeTpasjp; 7 — IeHTa-
TOH-TpU-TeTpaszAp (o6muias). LITpuxoBKOIl OTMeUeHa He3aBUCHUMas 06J1acTh Ha MIPOEKI[UU

Kak TOolbKO HOpMaib K I'PaHU CABUHETCA U3 IO3ULUU 3 B CTOPOHY KOOp-
JUHATHOTO HampaBjeHUs 1, 4YeTHIpeXyrojbHas TpaHb poMbofoAeKasapa TIpe-
BpaTUTCA B IATHUYTOAbHUK. [lomyumTcs HoBasg ¢dopMa — neHmazoH-000ekasop.
B 2008T. cTyzeHT kadeapsl KpucTtauiorpaduu reoyormdeckoro dakymprera MI'Y
A. C.BONKOB CcO3aJl KOMIIBIOTEPHYIO aHUMAIMIO, IEMOHCTPUPYIOLIYIO B3aUMHBIE
mepexofbl Bcex GopM B IATH KyOMYECKUX Kilaccax: http://cryst.geol.msu.ru/
literature/kurs/2008_01_volkov_demo.pps.

Mexay TeTpasgpoM U poM6O0AeKaspoM HaXOAUTCA MempazoH-mpu-mempa-
90p (4eThIpeXyroJbHUK — B KOJIMYECTBe TpeX IUTYK —> BBIPOC Ha TETpasipe).
Ero geThIpexyrosbHbIe IPaHU 00PA3YIOTCA U3 UCXOAHOW T'PAHU TETPadApa IMyTeM
paspe3aHuda paBHOCTOPOHHETO TPEYroJbHUKA Ha TPU paBHbIe yacTu. Paspesas Tpe-
YTONMBHUK APYTUM CIIOCOO0M, MOXKHO MOIYYUTD JPYTYI0 GOPMY mMpuUOH-Mpu-mem-
pasdp (TpeyrolbHUK — B KOJMYECTBE TpeX IITYK — BEIPOC HA TeTpa’jpe), 3Ta
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¢dopma pacmnonaraercsa B mosuiuu 5. Y HakoHen, obmas ¢opma 7 mpeAcTaBIsgeT
coboli ABeHaALATUI'PAHHUK, I'PAHAMH KOTOPOT'O ABJIAIOTCA HEIIpaBWIbHEIE IIATU-
yroabHUKUA. PopMa HOCUT Ha3BaHUE NeHMAazoH-mpu-mempasdp (MATUYTONbHUK —
B KOJIMYeCTBe TpeX WITYK — BBIPOC Ha TeTpaszpe), a kiacc T HOCUT Has3BaHUe
newmazoHmpumempasodpuueckozo. O6paTuM BHUMaHUe, 4TO dpopMa obIIero momo-
)KeHUA uMmeeT 12 rpaHeil. ITO 3HAUUT, YTO YMCIO 12 XapaKTepusyeT TaK Ha3bIBa-
€MYIO PA3MHONCAOULY0 CNOCOGHOCMb JAaHHOTO Kjlacca CUMMETPUU. DTY BeIUYUHY
MBI OyZIeM OTIpeJesATh [T YUCTy TpaHeil GOpMBI 06IIero MoaoKeHus1, KOTopast Mo -
Bepraerca JeMCTBUIO BCeX ollepalliii CUMMeTpUU M3ydyaeMoro kjacca. Tenepb Mbl
MOXKEM, 3Hasl 3Ty BEJMUUHY, ONPEENUTD YUCIO TpaHell y 1060 npocToit popmbl
B Kisacce. JleficTBUTeNIbHO, TOUKA 2 JIEXKUT Ha OCU TPeThero NMopszkKa, caefoBaTesb-
HO, 3TOU OChI0 He PasMHOXKAeTCsA. 3HAUUT, YUCIO I'paHeil GpopMbl 2 6yeT paBHO
12 (pasmHoaro1as croco6HocTh Kiaacca)/3 = 4. B Touke 1 HabmoAaeTcss BHIXOZ
OCHM BTOPOTO IOpsifKa, T.€. YKUCIO TpaHeil aToli ¢popMbl OyzeT paBHO 12/2 = 6.
B yacTHBIX mo3uLUAX 3, 4, 5 U 6 2JIEMEHTOB CUMMETPUHU He HabJII0JaeTcs, Caeso-
BaTeJIbHO, YKCJIO IPaHel BCeX STUX IPOCTHIX Gpopm byzeT paBHo 12/1 =12,

Puc. 56. IIpocteie popmer kinacca T;: 1 — rekcasgp; 2 — TeTpasgp; 3 — poM06oAoAeKasap;
4 — TeTparekcas/ip; 5 — TPUTOH-TPU-TETPaA3P; 6 — TeTparoH-TpU-TeTpaszp; 7 — rekca-
TeTpaszp (o6mas). [ITpUXoBKOW OTMeUeHa He3aBUCHUMas 06J1acTh Ha MIPOEKIIUU

2) Kiace T4 (cM. puc. 56). HeTpyaHo AoraziaTbCsi, YTO pa3MHOKAIOMIAs CITOCO0-
HOCTb 3TOT'O KJIacca BBIIIE W paBHA 24 (BCIIOMHHUM, YTO 3TOT KJIAcC MbI BBIBEJIH,
n06aBUB K ucXoAHOMY T-Habopy yABauUBAIOIIWI 3J€eMEHT CUMMETPUM — AUATO-
HaJIbHYIO TIOCKOCTH). Toria O4eBU/IHO, UTO B TO3UITUU 1 OyZeT HaXOAUTbCS IIECTH-
rpaHHas ¢popma, B MO3UIINM 2 — YeThIpexrpaHHas GpopMa, a B TO3UIUAX 5 1 6 —
JBeHaAaTUrpaHHeie GopMbl. Bce aTu GopMBI y:Ke HaM 3HAKOMBI — 3TO T'eKCasdzp,
TETPadAp, TPUTOHTPUTETPASAP U TETPATOHTPUTETPA3AP COOTBETCTBEHHO. A BOT
B MO3ULINM 4 B 3TOM KJIacce HET 3JIeMEHTOB CUMMETPHUH, 3HAYUT, TaM HaXOAUTCSA
mpocras popma, umeroniasn 24/1 = 24 rpauu. [lepes; HAMH TPUTOH-TETPA-TEKCASAP
(TpeyTroJbHUKYU — B KOJIMYECTBE YETHIPEX INTYK — BBIPOCIY Ha TPAHU reKcaszipa).
Ho mOCKOJIbKY TeTparoH-TeTparekcas[poB U MEHTArOH-TETPareKcasIpoB HaM HU-
rJe He IMOMAaJIeTCs, TO MPUCTABKY «TPUT'OH-» MOXKHO OITyCTHUTb W Ha3BaTh GpopMy
mpocTo mempazekcasdp. O6mas popma MmonrydaeTcs MpU pa3pe3aHuyd UCXOAHOU
rpaHU TeTpaszpa cpa3y Ha 6 TpeyroJbHUKOB. [lepesl HAMU TPUTOH-TreKca-TeTPasp
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(TpeyrosbHUKY — B KOJIWYECTBE MIeCTH — BBIPOCJIN Ha TPaHU TeTpaszpa). OusaTh-
TaKH, [TOCKOJIBKY APYTUX I'eKCaTeTpasApoB HET, TO IPHCTaBKY TPUT'OH- OIYCKAIOT
1 $opMy Ha3BIBAIOT MIPOCTO 2ekcamempasdp, a KJIacc — 2eKcamempasopudeckum.

1

Puc. 57. Ilpocteie dopmbl kinacca T,: 1 — rekcasap; 2 — okTasap; 3 — poMboAozeKasap;
4 — meHTaroH-oAeKas/p; 5 — TeTParoH-TPU-OKTas3Ap; 6 — TPUTOH-TPU-OKTadAP; 7 — AU-
nozekasap (obmast). IIITpuxoBKOI OTMeueHa He3aBUCUMas 001acTh Ha MPOEKIMH

3) Knacc Ty (cMm. puc. 57). O6paTiM BHUMaHHeE, YTO pa3MHOMKAOIAs CIIO-
COOGHOCTD 3TOTO KJIacca TaKKe paBHA 24, HO IUIOCKOCTU IIPOXOZAAT HE TaK, Kak
B TeKcaTeTpaspruiecKoM Kiacce. DTO 3HAYHT, YTO B IO3UIUU 4 OYAEeT HaXOAUTHCS
JBeHaAnaTurpaHHas ¢opma (lleHTaroHz0ekas/p), a B HO3UIUAX 5 U 6 HOBhIe, He
BCTpeYeHHEIE 10 CHX IIOP B BHIIMIEONMCAHHBIX KIaccax JBaJillaTHueThIpeXrpaHHble
¢dopmel. Jla ¥ B MO3UITMHU 2 YUCIO TpaHel mpocToit Gopmel 6yzeT paBHO 24/3=8.
[Tepes HaMu He TeTpaszp, a OKTasZAp — ouepeZHOe IUIATOHOBO Teso! BaxHo: 1o
[Iéndoucy aTOT Kaacc MeeT OykBeHHOe ob603HaueHue T, Tak Kak UMEET TeTpad/l-
pudeckuil oceBoit Habop, HO popma, IPUYPOUEHHAsA K OCU TPETHETO MOPAAKA, —
OKTasJp.

[ToaToMy ¢opMmel 5 U 6 GyAyT OCHOBAaHBEI Ha pa3MHOXKEHHUM TpaHEH yXe He
TeTpaszpa, a okTaszpa. [lepBas HOCUT Ha3BaHUE MempazoH-mpu-okmasop (JeThl-
PEeXyTOJIbHUKY — B KOJIMYECTBe TpPeX —> BBIPOCIM Ha MCXOAHOM I'PaHU OKTa3Zpa).
Bropas Ha3bIBaeTcs mpuezoH-mpu-okmasodp (TpeyrolbHUKU — B KOJIUYECTBE TPex
— BBIPOCJIM Ha MCXOAHOM I'paHU OKTaszapa). O6masn ¢dopma mpezacTaBiseT coboit
VABOEHHBIH 110 BceM KOOPAWHATHBIM HallpaBIeHUAM (TaM BeZlb IIPOXOJAT 3epKaslb-
HbIe IIOCKOCTU) 24-TpaHHUK. UTOOBI TOJYEPKHYTH €ro 3€pKaJbHYI0 CUMMETPUIO,
ero HaszBaiu dudodexaadp. Takum obpasoM, kiacc T, HOCUT HazBaHUe 0u000eKa’o-
puueckozo.

4) Kmacc O (cm. puc. 58). Ecimu mpoaHaIu3vpoBaTh cTepeorpaduiecKyto mpo-
eKIuio kiaacca O, TO MOXXHO CKasaTh, YTO B MO3UIUAX 3-7 OYAYT HAXOAUTHCSA
pas3iuyHble 24-rpaHHUKU, TIPUYEM BCE OHU, KpoMe 0011eli GopMbl, HaM yKe 3Ha-
KOMBIL. B mosunuu 2 Haxogutcs oktaszap (24/3 = 8). ®opma 00IIero mosoKeH st
HOCHUT Ha3BaHUE NeHMA2OH-Mmpu-0Kkmda3aodp (MATUYTOJBHUKA — B KOJMYECTBE TPEX
— BBIPOCJIM Ha UCXOJHOU I'PaHU OKTaspa). Kiacc HocuT Ha3BaHUe neHmazoHmpu-
0KMa’dpuuecko20.
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Puc. 58. ITpocTble popmsbl kiacca O: 1—rekcaszip; 2 — OKTasAp; 3— pombogozekaszap; 4 —
TeTpa-reKkcassp; 5 — TeTparoH-TpU-OKTasp; 6 — TPUTOH-TPU-OKTadAP; 7 — IIeHTaroH-TPU-
okTaszp (obimast). IIITpUXOBKOM oTMeUYeHa He3aBUCUMast 061acTh Ha TMPOEKI[UN

5) Knacce Oy, (cum. puc. 59). Camoii BEICOKOH cUMMeTpHel 00,1a1al0T KPUCTAJLIEL
3TOro KJacca. JleficTBUTEIbHO, pa3 3TOT KJI1acC ObUT IIOJIyYEH Ha MPOILIOM 3aHATHH
myTeM J06aBIeHNs yABAaUBAOIETO 3IeMeHTa CUMMeTpUH K knaccam Ty, T, wiu O,
obaZiatonmuM pa3MHOKaIoIel CltocoOHOCThIO, paBHO 24, To pocTasa ¢popma 06-
IIEero IOJIOXKEHUs 3TOTO KiIacca Oy[eT mpeAcTaBieHa 48-rpaHHUKOM, TPHYEM BCe
TpaHU CBsI3aHBI MeXZAy coboii omeparusamu cumMerpuu! Takas mpocras popma
HOCUT Ha3BaHHE 2ekcaokmasodpa (TPeyroibHUKK (HE YUTAeTCs1) — B KOJIMYECTBE
IIIeCT — BBIPOCJIU HA UCXOAHOM I'PaHU OKTasZpa), a KJIAcC Ha3bIBAETCS 2eKCAOK-
masdpuueckum. Bece apyrve popmbl HaM yxKe 3HAKOMBI.

Puc. 59. [TpocTrie dopME! kiacca Oy : 1— rekcasgp; 2— oKTasap; 3— poMboponexasap; 4 —
TeTpa-reKcasZp; 5 — TeTParoH-TPU-OKTadAp; 6 — TPUTOH-TPU-OKTASAP; 7 — IeKCAOKTadp
(o6mas). [HITpuXOBKOM OTMEUYeHa He3aBUCHMasi 06JIaCTh Ha MPOEKIUN

VTak, pe3loMHUpyeM Bce BhIllecKazaHHOe B Buze Tabnuubl 11. K 32 xiaccam
HU3IIEN U cpeiHel KaTeropuu KyOudecKkas CUHTOHMA Aob6aBmia emie 15 mpoCThIx
¢dopm. TakuM 06pa3oM, YHUCIO YHUKAIbHBIX MPOCTHIX GOPM (110 Ha3BaHHUIO) PABHO
copoka cemu. Emle pas nmoguepkHeM, 4TO HUKOTZA Kybudeckue GpopMBI He BCTpe-
TATCSA B PYrofl CHHTOHUY, PAaBHO KakK Jt06as u3 ¢popM APYruxX CHHIOHUM He IMeeT
IIaHca MOSBUTHCA B KyOUYECKUX KPUCTA/LIAX.
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Ta6auia 11. IIpocTteie GopMbI KyOHUECKUX KPHUCTALIIOB

BremrHui Yucio B kakux kyaccax Obmas
Ne HazBanue - dopma ans
BU], rpaHei BCTpeYaeTcs
KJ1acca
N |/
1 | reTpasap / 4 T, Ty -
2 | rekcasgp __I 6 T,T;, T, O, O —
3 | okTasgp @ 8 T, O, Oy, -
4 | pombogoaeKasap 12 T, Ty, Ty, O, Oy —
5 12
5 | HEHTaroHTpPUTETPA3AP (3 x 4) T T
6 | meHTaroHAOAEKa3Ap @ 12 T, T, —
12
7 | TPUTOHTPUTETPASAD (3 x 4) T, T, -
& 12
8 | TeTparoHTpUTETpPa’Ap A\ (3 x 4) T, T -
24
9 | TPUTOHTPUOKTA3AP (3 x 8) T,, O, Oy
24
10 | TeTparoHTPUOKTASIP (3 x 8) Ty, O, Oy,
24
11 | TeTparekcasap (4 x 6) Ty, O, Oy
24
12 | HeHTaroHTPUOKTadAP @ (3%8) 0} o
24
13 | auponexaszap 2 x 12) T, T,
= 24
14 | rexcaTeTpasap (6 x 4) T T
48
15 | rexcaokTasgp (6 x 8) (0% (0%

KOHTPOJIBHLIC BOIIPOCHI

1) Kakue mpocTtbie GOpPMBI BCTPEUAIOTCS BO BCEX KJIaccax KyOMUYEeCKOM CHUHTO-
HUN?

2) Kakue mpocTbie GOpPMBI BCTPEYAIOTCS TOJBKO B OZHOM KJacce Ky6GU4ecKoun
CUHT'OHUU?

3) CKOJIBKO BCET'0 Pa3JIMYHBIX IPOCTHIX GOPM BCTPEUYAIOTCSA B KYOMYECKUX KPU-
cTauiax?
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4) Kaxoe MaKCHMaJbHO BO3MOXKHOE YMCJIO IpaHell MOXKeT IIpUHaIexXaTb Of-
HOH IpocTo¥ $opMe B KPUCTAJUIMYECKOM MHOTOTPaHHUKE?

5) CKOJIBbKO PasjMYHBIX TI0 Ha3BaHUIO TMPOCTHIX GOPM MOXKET OBITH HaMZEHO
B JII060M KybOuuecKoM Kiacce cummeTpuu? [louemy?

YnpaxxHeHUd

1) K xKakuM KjgaccaM CHMMETPUU OTHOCHTCS KPHCTa/lJl, OTPaHKa KOTOPOTO
mpeZicTaBleHa KoMOUHanuel: a) Kyba u pombozoaekaszapa, 6) pombooaeKkasapa
Y MeHTaroHZoAeKasdipa, B) MeHTaroHAoAeKasipa U TeTpaszapa?

2) OnpesennuTh CAMMETPUIO KPUCTAJLIA, OTPAHKa KOTOPOTO Mpe/iCTaBlIeHa KOM-
OuHaLMel: a) Kyba M OKTaszpa, 6) OKTa3gpa U MeHTaroHJ0AeKasApa, B) poMboz0-
JleKaszipa U TeTpasgpa?

3) YeMy paBHO MUHHMMAaJIbHOE YUCJIO TpaHell KyOUYecKOoTo KpHCTasia, Mpe-
cTaBsonero coboli KOMOMHAIMIO: a) Tpex MPOCThIX GopM, 6) ABYX MPOCTHIX
dopm? K KakuM Kj1accaM CUMMETPUU OTHOCATCSA TaKHe KPUCTAJLIBI?

4) K KakuM KJaccaM CUMMETPHUH OTHOCHUTCS: a) 4-rpaHHbIN, 6) 8-rpaHHBIH,
B) 10-rpaHHBIH, T) 14-rpaHHbIH, 1) 15-TpaHHBIN KyOUYECKUH KPUCTAILI?

3auarue 19 (3-3)
MexayHapoaHas cuMBosauka. Ee mpeumyiiecrsa

HecMmoTps Ha To, uTo cuMBoivKa [Iéndrica usdmHa, KOMIAKTHA U aKKypart-
Ha, OHA BCe-TaKW He JIMIIeHa Psja HeJOCTATKOB. [TaBHBINM M3 HUX — OTCYTCTBUE
MIPUBA3KHU K KOOpAUHATHOU cucteMe. Hanpumep, cumBoi C, He IIOKa3bIBAET HaM,
BJIOJTb KAaKOM KOOPAMHATHOM OCH HalpaBjieHa eANHCTBEHHAsA OCh BTOPOTO MOPAZ-
ka. [ToaToMy B HacTosillee BpeMs B KpUCTA/LUIOTpadUM UCIONb3yeTCs TaK Hasbl-
BaeMas MeXAyHapoJHas CUMBOJIMKA, WIX cumeonuka I'epmana—Mozena, KoTopas
JIVIIEeHa 3TOro HeZoCTaTKa.

MencOyHapooHslil cumeon Kiacca, Tak e Kak u cuMBon IlIéndsuca, mocra-
TOYHO KOMIIAaKTeH U IpeArnoaraeT 3HaHUe TeopeM B3auMOZJEeHCTBUSA 3/IeMEeHTOB
cUMMeTpUH. B ominune ot cuMBosioB Bpase u Il1éHduca OH 4eTKO YKa3bIBaeT Ha
OpUEHTALUI0 KPHUCTA/UIA OTHOCHUTENTBbHO BHIODAHHBIX KOODAMHATHBIX oceil. Mex-
JAYHAPOZAHBIM CUMBOJI COCTOMT B O0IleM ciydae M3 TpexX IO3UIME, Ha KOTOPHIX
PETUCTPUPYIOTCS OCH CUMMeTpUHU (IIOBOPOTHBIE WM NHBEPCHUOHHEIE).

[ToBOPOTHBIE OCH CUMMETPHUHM 0603HAYAIOT apabcKuMu udpaMu, COOTBETCTBY-
IOIMUMU UX TOpsAAKy — 1, 2, 3, 4, 6. VIlHBepcUOHHBbIE OCH 0003HAYAIOTCA TaKXKe
1mdpoii, Ho ¢ YyepToukoil Hag Heil — I, 2, 3, 4, 6. [I1ockocTs (MHBEPCHOHHAA OCh
BTOPOTO HOPSAKa) GUKCUPYETCsS HallpaBlIeHHeM CBOed HOpMasIu U 0003HaYaeTcs
KypPCUBHOM OyKBOM m (OT aHIVIMMCKOTO CJIOBA Mirror — 3epkajo). LieHTp uHBep-
cuM (MHBEpPCHOHHAsA OCh TIepBOro Mops/Ka) 0603HadaeTcs Kak | (YUTaeTca «OfuH
C 4epTOil»).

Eciu o BEIOpaHHOMY HallpaBJIeHUIO PACIoNaraeTcs v IOBOPOTHAsS OCh, U HOP-
MaJib K IUIOCKOCTH, TO MIX 3aIIMCHIBAIOT B BUJE ApOOU: B YHCIUTEEe — OCh, B 3HA-

2

MeHaTeJjie — HOPMaJb K IIOCKOCTH (HaanMep, L,PC= —). O6paTuM BHUMAaHUE,
m

4YTO LEHTP B 3aIlMCU OTCYTCTBYeT. [Ipearnonaraercs, 4To 4YuTaTe/Nb [IOHUMAET, YTO



82 Crynenp N° 3

€CJIM OCh BTOPOTO TOPSAJKA MepIeHIUKY/IAPHA K IVIOCKOCTH, TO LIEHTP HeM3MEHHO
BO3HUKHET (L,—P—C), TO ecTh I[eHTp 3aJI0)KeH B 3allUCU B HEBHOM, CKPBITOM
Buzie! OIycKaloT B 3al¥CH U PYTHe 3JIEMEHTHI, B TOM C/Iy4ae, €CJIU OHU SIBJITIOTCS
TTOPOXK/I€HHBIMU.

TakuM 06pa3oM, TOCTPOEHNE MEKIYHAPOJHOTO CUMBOJIA COCTOUT U3 IBYX JTa-
ITOB: Ha MEPBOM 3aMKCHIBAIOTCS BCE 3JIEMEHTHI CUMMETPHUHU, KOTOPhle GUKCUPYIOT-
¢ IO TpeM OCOOBIM HaIpaBJEeHUsAM, a Ha BTOPOM M3 3allUCH yAausieTcs HU30bI-
TouHass MHGOPMAIHA O TEX dMEMEHTaX, KOTOPhle MOTYT OBITh IONyYEHbI IIyTEM
B3aUMOJIEHCTBUSA MTOPOXKAAIOIIMNX 3IEMEHTOB, VKe IIPUCYTCTBYIOIINX B CUMBOJIE.

BakHO Tak)Ke, YTO TPU HAaIMpaBIEeHUs, Ha KOTOPHIX QUKCHUPYIOTCSI 2JI€MEHTEI
CHMMeTpUH, Pa3jINYHBI i KPUCTAJUIOB PA3HBIX KATETOPUU.

Husimas kateropus xapakTepu3yeTcsl HE9KBUBAJIEHTHOCTBIO BCEX TPeX KOOPAU-
HaTHBIX HaIpaBJEeHUM, TI03TOMY MeXAYHapOAHBIN CUMBOJ KPUCTAJIOB TPUKJIUH-
HOI, MOHOK/JIMHHOM 1 POMOMYECKON CMHTOHMM B OOIEeM BHZE COCTOUT U3 Iepe-
YUCJIEHUS TOTO, YTO MBI BUAMM II0 OCU X (IlepBast MO3UIus), ¥y (BTOpas MO3ULIH)
u z (TpeThs no3unus). /laBaliTe moTpeHUpyeMcs: rpynna L,2P B pa3IMYHBIX yCTa-
HOBKax OyZleT UMeTh pa3Hble CUMBOJIBL: mm2 = 2mm = m2m (cMm. puc. 60).

z’ y Y y

X a X 6 X B

Puc. 60. 3aBHCHMMOCTb MEXAYHApOJHOI'O CUMBOJA TPYIIBl CUMMETPUU
L,2P OT ee OpUEHTAIIMU OTHOCHUTENIBHO BHIOPAHHBIX KOOPAUHATHBIX OCEM:
a) mm2, 6) 2mm, B) m2m [15]

Eciu mo kakoMy-Tub0 HalpaBieHUIO HeT 3JIEMEHTOB CHUMMETPHU, TO Ha 3TOH
[IO3ULIMY ITuIIeTcd 1, 4To ToMoraeT IIOHATh OpUeHTaluio kiacca. (Hanpumep, cum-

2
BoJ 11— rpynmsl L,PC COOTBETCTBYeT pallMOHAJIBHONW YCTaHOBKE MOHOKJIMHHOI'O
m

2
KpHCTaIa ¢ yIioM Y 7 90°, a cuMmBo 1—1— MUHEpaTOTHYecKoii yCTaHOBKe C yT-
m

oM B # 90°). Ha aTOM IpHuMepe XOPOIIO BHZHO, YTO MeXAYHAPOAHBIH CHMBOJ
[TIOKa3bIBaeT OPUEHTAIINIO KPUCTa/JIa OTHOCUTEIbHO KOOPAUHATHOTO pelepa, B TO
BpeMs Kak HU cuMBoJI BpaBe aToro kiacca (L,PC), Hu cumBoi [lléndiuca (C,y,) He
OTpaXaloT ero yCTaHOBKH.

B kylaccax mpuxkauHHoU cuHeOHUU OCOOBIX HalpaBjeHUil HeT. [103TOMy B CUM-
BOJIe 3allOJIHAETCA JIUIIb OJHA MO3ULINA, HAa KOTOPOU perucTpupyercsa och IepBoro
nopszKa: MoBopoTHaA — L, = 1 wiu uHBepcuoHHasa — C = 1.

HekxoTopbIM HCKIIIOYEHHEM 13 IOTUKH IIOCTPOEHUA CUMBOJIA CIY>KUT KJ1acc 3L,.
B mexzayHapogHOM cuMBoJe 222 3TOro Kjacca 3allMChIBAlOTCA BCe TPU OCU BTOPO-
ro mopsiZika, HeCMOTps Ha TO 4YTO KaXkJas U3 TpeX ocell ABIAeTCA MOpPOKAeHHON
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ZIByMA ocTaJbHBIMU. HanucaHue B cMMBOJe BceX Oocel CBfI3aHO C TeM, YTO OHU
HeSKBUBAJIEHTHBI MeXX/y COOOH U Heslb3s CKa3aTh, KaKasd M3 OCel ABJIeTCA IOPOXK-
ZI€HHOH, a Kakad [IOpOoXKAAroIeH.

JlaBatiTe HaUIIEM MEXAYHAPOAHBIM CUMBOJI POMOOOUINPAMHUATHEHOTO KJIac-
ca cumMeTpun 3L,3PC (puc. 17). Ilo ocu x HaX0AUM OChb BTOPOT'O IIOPSAAKA U HOP-

2
MaJib K IIVNIOCKOCTH. HepBaﬂ IIO3UIINA BBITJIAAWUT TaK: —. O6paTI/IM BHHMMAaHHeE, 4YTO
m

3TOT HabOp BKJIIOYAET B cebsI TIOPOXKJEHHBIN IIEHTP MHBEPCHUU, TAKUM OO6pa3oM,
3anmchBaTh ! B CUMBOJIe HeT Heob6xozuMocTd. Ilo ocu y HaiizeM ochb BTOPOTO
Topsi/iIka ¥ HOpMasib K IJIOCKOCTU (Apyrue). ViToro Ha BTOPOM MO3ULIMHU MUIIEM:

—. Y, HaKOHell, TT0 OCU Z HaXOoJuUM CBO¥ Habop —. TakuMm o6Gpas3oM, IoIHasA 3a-
m m

222
INChb MEXAYHApOAHOI'O CHMMBOJIA BBIIVIAAWUT TaK: — — —. KCTaTI/I, LEHTP BO3HUK
mmm

Tprkabl! Tellepb COKpaTHUM JIMIIHYE ITOPOXKAEeHHbIe 37ieMeHThl. OKa3bIBaeTCs, MBI
VMMeeM IIPABO He 3aMKUChIBAaTh 0003HAYEHHS 0CEH BTOPOT'O ITOPSAJKA, TAK KaK COKpa-
IIeHHas 3alKch Kjlacca mmm COAEePXUT UX B CKPBITOM BuZe! JlelicTBUTEIBHO, [BE
JI06bIe TUIOCKOCTH MTOPOJAT COOTBETCTBYIOIIYIO OCh BTOPOTO TIOPSZAKA IO IMHUY UX
repeceyeHusl.

I[TepeiizeMm k cpenHell kaTeropuu. B Mexx[yHapoZHOM CHMBOJIE TPYIII CUMMeT-
pUM CpeflHell KaTeropuy — TeTPAaroHaJIbHON U TeKCAaroHaJbHOW CHHTOHUM — Ha
[IEPBOY MO3ULIUY CHMBOJIA PETUCTPUPYeTcs ocoboe HalpapieHUe, NpeCTaBIeH-
HoOe 00s3aTeNbHO MPUCYTCTBYIOMIEH OCBhIO BBICLIETO IIOPAJKA, COBMeIIaeMol Bce-
rJa ¢ KOOpPAMHATHON Ochblo z. Ha BTOpO# mosuuuu GUKCUPYIOTCA HaIlpaBJIeHUsd,
coBMelllaeMble C SKBUBAJIEHTHBIMU KOOPAMHATHBIMU OCAMHU X = Y (= u B rekca-
TOHAJBHOU cHHTOHMMU). Ha mociegHel mo3unuu (JUaroHaJabHON B TeTparoHasb-
HOU CMHTOHUM WX anodeMaJbHON B TeKCarOHAJIbHONM CHHTOHHWH) PaclioNaraloTcs
ocoOble HallpaB/IeHUsI, PACIONIOKEeHHbIE 10 OTHOLIEHHIO K KOOPAUHATHEIM HaIpaB-
JIEHUAM TIoZ yrioM o/2 (T[e o — sjeMeHTapHBIN yTos TOBOPOTa IVIaBHOH OCH).
OJeMeHThl CHMMETPHUU NO3ULIUU 3 ABJIAITCA pe3yJabTaTOM B3aMMOZENCTBUA dIe-
MEHTOB CUMMeTpUM Mo3uluii 1 u 2, Ho BKJIIOYAIOTCA B CUMBOJI, IIOCKOJIBKY fABJIA-
I0TCA HeSKBUBAJIEHTHBIMY 10 OTHOIIEHUIO K IIOPOXKAAIOIIUM 3JIeMeHTaM.

sl TPEHUPOBKY HaNUIeM MeXAYHApOAHBIM CHMBOJ AUTPUTOHAIBHO-OUIIU-
paMMJaIbHOIO Kjacca cuMMeTpuu Li3L,4P (puc. 35B). Ilo miaBHOU ocu z Ha-
XOZUM OCh TPEThero MopsAKa U HOPMaJb K IUIOCKOCTH. BCIIOMHHB, YTO 3TO He
YTO WHOE, KAK WHBEPCHOHHAs OChb WIECTOTO TopsazKa f¢ = &5 = L3P, , mumteM: 6.
[To xoopAVHATHHIM HallpaBieHUAM (eC/Id COpPUEHTHPOBaTh 3/IeMEeHThl CUMMeTpUN
IIpaBWIbHO) pacIojiaraloTcs HOpMalu K IUIOCKOCTAM, nuiieM: m. B Takoit ycta-
HOBKe IT0 arodeMalbHBIM HalpaBIeHUAM IIOHAYT ocu BTOporo nopsazaka. OKoH4a-
TelbHAA 3aMUch Kaacca: 6m2. OTMETHM, YTO B MEXAYHApPOZHEIX 0603HAYEHUAX
KJIaCCOB I'eKCarOHAJIBHOW CUHTOHUU IO TPaJWULIUU JJi KOOPAWHATHBEIX T'OPU30H-
TaJbHBIX OCell IpejnoYTeHHe OTAaeTcs He OCAM BTOPOrO IOPAZAKA, a HOpMaJAM
K IUIOCKOCTSIM CUMMeETpHUHU (m); MO3TOMY CTaHAAPTHOU YCTAaHOBKOM 3TOTO Kjacca
Oyzer 6m2, a e 62m.

[lepetfizieM K BBICIIE KaTeropuu. B kyiaccax KyOMYeCKOW CHHTOHUU BCE K-
BUBaJIEHTHbIE MeXAY co0O0i KOOpAUHATHBIE HAMIPaBJIeHUs (X = Yy = Z) PEerucTpu-
PYIOTCS Ha MEPBOM MO3UIUK CUMBOJa. Ha BTOpOH MO3WIINY 3alMChIBAETCS UG-
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pa «3», CUMBOJIM3UPYIOIIast 00A3aTENBHYIO U1 BCEX I'PYIIT KyOMYeCcKOH CHUCTeMBI
4yeTBepKy ocel TpeTbero nopsazgka — 4L;. Ha TpeTbell Io3UILMKU perucTpUPYIOTCA
JUaroHaJbHBIE OcOOble HAIpaBleHUd, T.e. HallpaBleHUdA, NIPOXOAAIINe I0 Ouc-
CEKTpUCaM YIJIOB MeX/y KOODAMHATHBIMU ocAMU. Hampumep: 3L, 4L;6L, = 432
(puc. 516), 3L,44L;6L,3P,6P;C = m3m (puc. 52B). O6paTUM BHMMaHUE Ha TIO-
CJIeHIOI0 KPaTKyIO 3allMCh JIEMEHTOB cuMMeTpuu Kinacca Oy. Kyza zenuch Bce
KOOpZAWHATHbBIE U JUarOHa/lIbHbIE OCU YETBEPTOI'O U BTOPOTro NnopsAzaka? OKasblBaeT-
csl, OHU JIETKO HaWAYyTCA, eCIU OCYILIeCTBUTh B3aUMO/eNCTBHE BCeX IUIOCKOCTEN m
Y IIeHTpa UHBepCcUU MeXAy coboii. LIeHTp MHBEPCUY MPUHATO 3aIMUChIBATh Ha BTO-
poii nmozunuu. [lelicTBUTENbHO, pa3 £3 = L;C, TO IpUBeJieHHAasA 3alKCh COAEPKUT
nHGOPMANUIO O IeHTpe. BrllecKka3aHHbIe TPaBIJIa IIOCTPOEHNUS CUMBOJIA YZ0OHO
CHUCTEMATU3HUPOBATDH B BUZE TAOIUIEI 12.

Tab6nauma 12. CxeMa IIOCTPOEHUA MeXAYHAPOAHBIX CUMBOJIOB B Pa3INYHbBIX

KaTeropuax
IMo3u1usa cuMBoJIa
Kateropusa
I II III
Ocobble HanpaseHus
Husmasa (a #b #c) X y b4
_ o o/2-araroHanbHOe (WIn
Cpeanas (a=b#c) # x=yE=uw anodemasbHoe)
Bricimasa (a=b =c¢) xX=y=32g 3 a/2

KOHTPOJIBHBIG BOIIPOCHI

1) KakoBBI IpenMyIecTBa MeXAyHAapOJHOW CHMBOJIMKU TIepes CUMBOJIUKON
[Iéndmca u Bpase?

2) Kakue HanpaBieHus QUKCUPYIOTCA Ha MePBOM, BTOPOM U TPETbEM MeECTe
B pa3JIMYHBIX KATETOPUAX?

3) Ilouemy B poMOOOUITHPaMUAATEHOM KJIACCE OMYCKAIOT 3aMUCh OCEH BTOPOTO
nopazaka?

4) Kakve 35eMeHTH CUMMETPUU NIPUHATO GUKCHPOBATH Ha BTOPOH IO3UINHU
B I'eKCcaroHaJbHBIX Kjaccax?

5) Kakum 06pa3oM B MeXAYHApOAHOM CUMBOJIE KyOMYECKUX KJIAacCOB QUKCHU-
pyeTcsa HaJu4ue IieHTpa UHBEPCUU?

YnpaxxHeHUd

1) 3anucars B yuye6HOU cuMBonuke Bpase u [lIéHnnca Kiacchl CUMMETPUU
43m u 42m. K KakuM CHHTOHMAM OHM OoTHocATca? HaspaTh ¢popMy obIero Imo-
JIOXKeHU.

2) Pacummdposats cumBossl HIénduuca Cyy, ¥ Doy, U 3amKcaTh YKa3aHHBIE KIac-
CBI CHMMETPUY B MeXXIYHapOJHON CIMBOJIMKe U cUMBOIVKe Bpase. HazBaTe pop-
My OOIIero mosoxkeHus. K Kakoi KaTeropuu OTHOCSTCS 3T KJIACCHI?

3) 3amwucarb B yueb6HOU cuMBosvKe Bpase u Il1éndsuca kiaccsl cuMmmeTpuu 32
u 23. K KaKUM CHHTOHUAM OHM OTHOCATCS? HasBaTh ¢hopMy 0OIIEro monoxeHus.
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4) PacmindpoBath cuMBostH LIéHdnuca Dy, u Dyy ¥ 3anMcaTh YKa3aHHbIE KJ1ac-
CBbl CUMMETPHHU B MeXyHapoJHOM CUMBOJIMKe U cuMBosuKe bpase. K kakoii kaTe-
TOPUY OTHOCATCS 3TH Kjacchl? HasBaTh popMy OOIIEro MOMOKeHMS.

5) 3amucaTh B yuebHOU cuMBonvke BpaBe u lIéHdirca Kiacchl CUMMeTPUU
222 n 422. K KaKuM CUHTOHUAM OHM OoTHOCcATcsA? HasBath popmy obiuero mosmo-
KEHUA.

6) Pacmudposarts cumBoisl HIéndunca C,y, U Dy, Y 3aniycaTh yKa3aHHBIE KJIac-
Chl CUMMETPUM B MeXAyHapOoZHOU CUMBOIUNKe U cuMBoiuKe bpase. K xakuMm ka-
TErOpUsIM OTHOCATCA 3T Kiaacchl? HazBaTh Gpopmy 061IIero momoKeHus.

7) 3amnucaTh B yueOHOI cuMmBonuke BpaBe u IlléHdirca kiacchl CUMMETPUU
m3m u 3m. K kakuM KaTeropusM oHU oTHocsATcA? HaszpaTh popMy 0611ero momno-
KEHUA.

3anarue 20 (3-4)
Hkocasgpuyeckue rpynibl. O60beKThI HKOCA3ApUIECKOi
CUMMETpUU

[T03HaKOMMUBIIUCH C MIPOCTEIMU GOpMaMU KyOUUECKUX KPUCTA/IOB, Mbl OGHA-
PYKWIH B TaKUX KJIaccax CUMMETPHUU TpHU (TeTpaszp, TeKcas[p U OKTa’3Jp) U3
IIATU BO3MOKHBIX IIPAaBUIbHBIX MHOTOTPAHHUKOB. B «M3rou» ronasau NpaBWIbHBIN
[IeHTaroH-ZoAeKaszp 1 UKOocasZp, YTO CBA3aHO C HaJW4MeM B UX Kjaccax CUMMeT-
puH oceil ATOro nopsAzgKa, KOTopble 0 HelaBHUX IIOP CUUTAINCH 3alpellleHHBIMU
B 00'BEKTaXx C JaTbHUM NopsiAkoM. OZHAKO HeZlaBHee OTKPHITHE K8A3UKPUCMALILO8,
JIOITyCKAIOLIUX CyllleCTBOBaHUe ocel MATOro MOpsJKa, 3aCTaBWIO KpHUCTaIorpa-
¢$oB npucTanbHee MPUCMOTPETHCA K X CUMMETPUU.

Yuraresio Ha TPeTbel CTymeHu 00ydeHH s JAOIKHO OBITh ykKe abCOMIOTHO ove-
BUJHO, YTO 3JIEMEHTHl CUMMETPUM OOBEKTOB PACIIOIAraioTcs 3aKOHOMEPHO II0
OTHOLIEHUIO JPYT K Apyry. VI eciu CTyZeHTHI-TeOXUMUKH, IlepeMelnarolyecs o
IIOBEPXHOCTH 3eMHOTro Imapa (puc. 27), MOTYT He 3aJyMBIBaTbCA O BeIWYMHAX
ZyT nepeMenieHud A, B u C, To Jjid HAIUYUA ocell BpauleHHUsA (IIOBOPOTHBIX WIN
WHBEPCUOHHBIX) C IIEJIBIM N Ha chepUIeCKU TPEYTOMbHUK 1-2—3, CUMBOIU3UPYIO-
muii noe3aky Mocka — Cumoeponons — Muacce, HaKIaAbIBaIOTCA ONIpeZieIeHHbIe
JIOTIONIHUTE/IbHbIE YCJIOBUA CyllecTBoBaHUA. Kak OBUIO ZloKazaHo DiiepowM, ya/io-
8ble paccmosHus dy2 A, B u C donxcHbl 6bimb 8080€ O0JblULE ANIeMEHMAPHOZ0 Yead
nogopoma ocetl, ocywecmsasoulx amu nogopomst. ECJI Mbl XOTUM, YTOGHI IIEpe-
MemeHre 1 — 2 — 3 — 1 10 OBepXHOCTU Cdephl OCYIIECTBIIOCH B PE3Y/ILTATE
IIoceZloBaTeIbHOI'O BpallleHNs BOKPYT Oceil I1eJIoUHCIeHHOTo IopAAKa, TO YIJIO-
Bble PacCTOSHUA AYT AO/DKHBI ONpeZAeNATbCA MOPALKOM BO3MOXKHBEIX ocel. ITpo-
JEMOHCTPUpPYeM 3TO TpeboBaHUeE, CHIBHO OTPaHUYMBAIOIIEE YUCIO BO3MOMKHBIX
chepuiecKrxX TPEYroJIbHUKOB, HA PUCYHKE 6 IIBETHOU BKJIEMKU.

Vcxonnas Touka 1 B pesysnbTaTe IOBOPOTa BOKPYT BepTUKaIbHOI ocu L, epe-
MeIaeTcs B TOYKY 2, yrosi moBoporta 1-O-2 paBeH 90°. IIoBOPOT BOKDYT 3KBaTO-
puanbHOM ocu L, mepeMecTUT TOUKY M3 mo3unuu 2 B nosuuuio 3. KoneyHoe Bpa-
meHue 3 — 1 OCyIIeCTBISAET ellle 0fHA Ooch BToporo mopsaka. Cepuueckuii Tpe-
VYTONBHUK, COZEp>Kallliii B BepIINHAaX 3THU OCH, Bbl/leJIeH Ha PUCYHKe IITPUXOBKOM.
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VAUBUTENBHO, HO CyMMa €ro BHYTPEHHMX YIJIOB paBHa 225° (45° 4+ 90° + 90°)!
B mikose yuwmim mpo 180°...

3aech HE06XOAMMO OCO3HABATh, YTO TPUTOHOMETPUA Ha chepe OTIUYAETCA OT
TPUTOHOMETPHUH Ha TUIOCKOCTH. B IF060M ILJIOCKOM TPeyrolbHUKE CyMMa BHYTPEH-
HUX yIIoB paBHa 180°, a B chepuyeckoM — Beerzaa 6ombiie 180° u Menbie 540°.

Tab6auna 13. /lomycTUMBIE COYETAHUS OCEH I[€TOYHUCIEHHBIX MOPSIAKOB

CyMMa BHYTPEHHHX YIJIOB
TPEYTOJbHUKA, B BEPIIMHAX
KOTOPOTO pacIoyaralTcs 3TH OCH

EcTb /I Takue Kaacchl?
[Tpumep.

CoueTaHue
MIOPSAZKOB Ocel

EcTb, KpucTa/IOTpaUIHBI.

LyLoLy 90° 4 90° + 90° = 270° > 180° D
LyL,L, 60° + 90° 4+ 90° = 240° > 180° EcTb, KpI/ICTag;IOI‘pa(I)HqHLI_
L,L,L, 45° +90° + 90° = 225° > 180° EcTs, KpI/ICTagiIOI‘paQ)I/I({HLI.
LeL,L, 30° + 90° 4+ 90° = 210° > 180° EcTs, KPI/ICTa;J:OI‘pa(l)I/I‘IHbI.
LsL,L, 36° + 90° + 90° = 216° > 180° Ectb, «HeKkpucTa/UIOrpadUIHbI>.

HasBaHue — Ha 3aHATUU 21

L, (u 6onee) L,L,

JIt0601 Mastblii yrom +
+90° +90° > 180°

EcTb, «HEeKpUCTa/IOrpadUYHEL».
HasBaHune — Ha 3aHATUU 21

LiL,L, 60° 4+ 60° +90° =210° > 180° T
L,LsL, 45° 4+ 60° +90° =195° > 180° 0]
LiL,L, 36° +30° 4 90° — 186° > 180° EcTb, «HEKpHCTaIOrpadUUHbI».

HasBanwue cM. B Tabi. 14

Vcxozsa v3 3TUX orpaHUYeHUl, TpoaHaIu3upyeM Bce JONMyCTHMble cOueTaHuA
Tpex ocell CMMMeTpUH C n > 1, IPUBOAALINX K ITOABJIEHUIO Ha TOBEPXHOCTH «IIpa-
BWIBHBIX>» CHEPUYECKUX TPEYTrOIbHUKOB (OCh IIepBOro IOpsiZKa KaK-To He 0co60
MHTepecHa). Pa3pellieHHbIe BapUaHTHI IPUBeAEHEI B Tabmuie 13.

[TepBas cTpoka COOTBETCTBYeT KjaccaM HU3IIeH KaTeropuu, TpU IOCIEeAYIo-
Iyie — TPUTOHAJIbHBIM, TeTparoHajJbHBIM U I'eKCaroHaJbHBIM KpHucTawiaaM. IIpo
[IBa CJIeZyIOIIUX BapUaHTA C ITIAaBHOM OCHIO IIATOTO NOPsZAKA U J060ro mopsaka
Oosibllle MIeCTH MBI IOTOBOPUM Ha CilefylolieM 3aHATUN. O4eBUAHO, YTO KPUCTAII-
JIOB C TaKO¥ CMMeTpueii He GhIBaeT. /[Ba BapuaHTa HIKE OTBEYAIOT TeTpaspude-
CKOMY M OKTa3JpUYECKOMY OCEBOMY Habopy U KyOHMUeCKUM KJaccaM CUMMETPUH.
Ms! ux TOXXe yke 3HaeM. BapuaHT L¢—L;—L, ZlaeT cyMMy YIJIOB, paBHyi0 180°,
U COOTBETCTBYET IUIOCKOMY MHOT'OYTOJIbHUKY. A BOT BapuaHT Ls—L;—L, paspema-
eT CylleCTBOBaHNE MHOTOIPAaHHUKOB, IIPUYeM BBICOKOCMMMeTpU4YHbIX! /laBaliTe
rorpobyeM pazobpaThcs B 3TOM COYETAHUU Oceil. JIjig 3TOro Bo3bMeM 3a OCHOBY
WU3BeCTHBIN HaM kiacc T.
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BBezieM B cTporo omnpezesneHHOM MecTte (puc. 61a) elle ofHY OCh TPETHETO TIO-
pAAKa. Pa3MHOXXUM ee OCbIO L, TIOMyIUM ellle OAHY och Ly (puc. 616). Ho eciu

Puc. 61. [TocaefoBaTeIbHOCTD BHIBOZA IPYMIIHL Y

Pa3MHOXKUTD OTlepallreli MOBOPOTa BOKPYT BBEAEHHOH L4 MCX0oAHYIO L,,, TO 06Ha-
PYKUM, YTO pPa3MHO)XEHHBIE OCH BTOPOTO NOPAJKa paBHOYZAAJIEHBI OT UCXOAHOMU L,
coZiep:Kaleics B TeTpa3puieckoM 0ceBoM Habope, ¥ HOBOBBeIeHHOM (puc. 616).
Tenepb MBI MOK€M Pa3MHOXXHUTD C IIOMOIIBIO HOBBIX U CTapbIX L, BCe IPUCYTCTBY-
Iolye ocH L, ; KaK pe3ybTaT NOAy4YUTCA JBeHallaTh HOBBIX OCell BTOPOro Nopsaaka
(puc. 61B). Huuro HaM He MellaeT BCeMH IIATHAALATHIO OCAMM BTOPOro IOpsAJKa
Pa3MHOXKUTD OcH L4 (puc. 611). O6paTM BHUMaHUe, YTO Ha pUCYHKe H306pakeHO
JIBEHa/IIaTh 3HAYKOB L3, HO HEKOTOPBIE OCU ITPOEIUPYIOTCA Ha SKBATOP, IZe PUCY-
10Tcs1 06a BbIxoza. Eciy MpoaHaM3upoBaTh YePTeX, TO CTAHET ITOHATHO, YTO OCeH
TpeThero nmopszaka crano 10. A Teneps B3IVITHEM Ha PUCYHOK 61 1. YIUBUTETBHO, HO
cdepa mpoekuuii pasgemiack Ha 12 ceKTOPOB, OKOHTYPEHHBIX YepeAyIoNINMUCS
ocsaMU L u L,. EC/T COeAMHUTD BBIXOAHI OCeli Ly IpAMBIMU OTpe3kaMu (pebpamu),
TO MBI IIOJIyYUM IIPaBWIbHBIM IeHTaroH-f1ozekasap! B neHTpe cekropa aBToMaTu-
4YeCKHU BO3HUKAIOT OCU L B KOJTMYECTBE MIeCTU. VITOro MBI IOMYyYHIN HOBYIO TPYIIITY
Y:6L510L515L,. Ecmy moZicuuTaTh pa3MHOKAIOMIYIO CIIOCOOHOCTH 3TOTO KIacca, TO
nomyunTes mudpa 60 (32 kracca CHMMeTPHUH KPUCTAIMYECKUX MHOIOIPDAaHHUKOB
Hayalu HaM IOTUXOHbKY 3aBH/J0BATH).

DTy rpyily YacToO PUCYIOT, BEIOMpasi HallpaB/IeHUe SKBaTOPHUATBHOM IJIOCKOCTH
IIepIeHANKY/IAPHO He Lo, a Ly wiu Lg (cM. puc. 62). KpacruBo Bo Bcex BapUaHTax,
HE TaK JIA?

Hesb3s 11 IOBBICUTh CUMMETPHIO 3TOM Irpynnbl? KOHEUYHO, MOXXHO, HO TOJIBKO
OJHUM CIIOCOO0OM — BBeZIeHHeM IIeHTpa. BBesleHHBIHM IIeHTp NpOB3auMOZAeHCTBY-
eT Mo HameMy jrobumomy 3akoHy (L,—P—C) c mATHaAnaThio L, ¢ MosBIeHUEM
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MATHAALATYH TUIOCKOCTEN, MEPIEHANKY/IAPHBIX OCIM BTOPOTO MOPSAAKA. [10MyduT-
¢S HOBHIH KJ1ace Yy, 06aZiatoyii HeMBICIMMOU I KPHUCTA/UIOB Pa3MHOMKAOIIEH
criocobHOoCTBIO 60 X 2 =120.

a 6 B

Puc. 62. Pa3nuyHble OpUEHTUPOBKY T'PYIIITBI UKOCAPUYECKO CUMMeTpUH Y

BBeZieHHE BCeX OCTATbHBIX JIEMEHTOB CUMMETPUU NPUBEZET K KaTacTpode —
IEMEHTHl CUMMETPUN HAYHYT JIABUHOOOPA3HO pa3MHOXKATh JApyT Apyra. Kak pe-
3yJIbTaT MOJYYUTCA HEYTO, C YeM MBI IO3HAKOMHUMCS Ha CJIeyIolleM 3aHATUH.

A uro ¢ mpocteiMu popmamu? O4eBUIHO, YTO TAKOM YHUKAIbHBIM Habop 3J1e-
MEHTOB CUMMETPHUU 0OeCIIEUUT CyIIeCTBOBAHNE HOBBIX, HEM3BECTHBIX HAM J0 CUX
IIOp MpOCTHIX GpopM. JleHCTBUTENBHO, 3TO TaK. B3mIfAHeM Ha pucyHOK 63. BuaHo,

Puc. 63. CeMb MPUHIMITHAIBHO PA3TUYHBIX ITO3UIMH /I TPOCTHIX GOPM B MKOCA3JpUYE-

cKux knaccax Y u Y,: 1— mosuiuysa Ha ocy BTOPOT'O NOPAZAKA; 2 — MO3UIMA HA OCU TPEThero

TOPSIZIKA; 3 — MO3UIKA Ha OCH IIATOrO MopsAfKa; 4, 5, 6 — JacTHbIE MO3ULIUH, IIOTOMY YTO
OHU PaBHOYZANEHbI OT 3KBUBAJEHTHBIX OCEM; 7 — TMO3UIIKS OOIIETO TTOMOKEHUS

YTO HE3aBUCUMBIN cheprUiecKUl TPEYTONbHUK OKOHTYpPeH ocsiMu L,, Ly u Lg, cite-
JIOBATEJLHO, YUCJIO MPOCTHIX GOpPM B KakAOM Kiacce 6yzer paBHO 7. Ho HOBBIX
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¢dopm OyzeT He 14, a 8. DTO CBA3aHO C TEM, UTO BCe YACTHBIE IIO3UIMH 1-6 B Kj1accax
Y un Y, 6yayT 3aHUMAaTh OJMHAKOBBIe (110 HA3BAHUIO) IPOCTHIE GOPMEI U TOIBKO
¢dbopMeI 0611ero MonoXKeHuA O6yAyT pasnudaThes. JeficTBUTENBHO, B Kaacce Y 06-
mas ¢opma OyzeT npeacrapieHa 60-TpaHHUKOM, a B kKiacce Y, — 120-rpaHHUKOM.

HasBaHusi, BHEUTHUHN BUJ U XapaKTEPUCTUKU UKOCasApudeckux Gpopm mpuse-
JleHbI B Tabnuile 14.

Ta6nuna 14. IIpocTbie GopMBI NKOCAIAPUIECKUX KJIACCOB CUMMETPUH

Yucio Ymorpebiasemoe
Ne . P Yue6HOe Ha3BaHUE N3o6paxkeHue
rpaHell | BJMUTepaType Ha3BaHUe
OMOMYECKUI
1 30 P TPUAKOHTa3Ap @
TPUAKOHTAdP
2 20 HUKOCas3ap HUKOCaszp @
TIeHTaroOH/I0eKas/p
12 TeHTaroH, K .
3 eHTaroH/I0ZleKas/p (IpaBUIBHELH) @
4 60 TPUAKCUC-UKOCADP TEeTParoH-TPU-UKOCASAP @
5 60 MUPAMUAATBHBIA TPUTOH-
JofeKasip TeHTa-I0eKasap
MMUpaMUAATbHbBIH
6 60 paMuz TPUTOH-TPU-UKOCA3P @
WKOCa3p
MeHTaroHaJbHbIH TeHTaroH-
7 (Y) 60 @
[IeHTaroH-u3037p TeHTa-fozeKasp
7 (V) 120 reKCaKCUC-UKOCadJp TPUTOH-ZeKa-A0AeKasAp

89
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Teneps 3azaguM cebe BOIPOC: a HACKOJIBKO 3Ta TeMa UHTePECHA YeI0BeKY, U3y-
yarmeMy Kpuctauibl? OkasbsiBaeTcs, UHTepecHa! Bo-mepBrIX, 6€3yC/IOBHO, 3TOT
HHTepec 00yCJIOBIeH KBasUKpUCTaIaMu. OGuIuaibHO OTKpBIThIE B 80-€ ToZAbI
XX Beka, KBa3UKPHUCTAJUIbI NIPOM3BENN HACTOANIYIO PEBOJIOIMI0 B TEOPUU CUM-
MeTpPUM BEICOKOOPTIaHM30BaHHON HEXXUBOM MaTepuu (B HacTosAllee BpeMs N3BeCT-
HBI COTHU BH/IOB KBa3WKPUCTA/LJIOB, UMEIONINX TOYEUHYI0 CUMMEeTPHIO UKOCa3pa,
a taxxe 10-, 8- u 12-yrompHukoB). Ceifuac yyeHble pacCMaTpUBAIOT PasjUYHbIE
BO3MOXXHOCTH HX IPAaKTHYECKOro NpHUMeHeHUs. IlepCrieKTUBHBIM fBAETCA Ha-
IpaBJieHUe YBeINYeHUsA MeXaHU4eCKOH! IIPOYHOCTH CILIaBOB, COAEPKaINX KBa3u-
KPUCTAJLIBL, — Belb OHU aOCOMIOTHO U30TPOIHBI K MEXaHUYECKUM BO3/IEHCTBUAM
(TIpOSIBNIAIOT OZIMHAKOBHIE YIIPyTHE CBOMCTBA BO BCEX HATIPABIEHUAX).

Bo-BTOpPBIX, MKOCA3pHUecKas CUMMETPUA [IPUCYTCTBYEeT B HAHOTPyOKax (yriie-
POJHBIX IWJIMHAPAX TOMIINHON B OAWH aToM) U QysiepeHax (CTaGMIbHBIX KapKac-
HBIX MOJIEKYJIaX YIJIepoJia, COCTOAIUX 13 60 1 6oee aTOMOB).

B-TpeTbux, MKOcaygpuieckasd CUMMETPUSA IPUCYTCTByeT BHYTPU KPUCTaJLIU-
YECKUX CTPYKTYp, OCOGEHHO cpeiu coeAWHEeHUi 60pa, KOTOPHIH, B CHIy CBOHUX
CBOWCTB, CTPEMUTCS OKPYKUTH Cebs MATHIO OJIIDKAMIITIMU COCEeSIMU.

B-ueTBepTHIX, MHOTHE IIpPeJCTaBUTEIMN KUBOW IIPUPOABI, HAallpUMep, BUPYCHI,
B CHJTy MHOTUX IIPUYUH TaKXKe TOAYUHAIOTCI MKOCA3APUIECKON CUMMETPUH.

Hy u Hanocrezok. Bce Buzeny Ha skpaHax GyTOOIBHBINA M. ThICAYU JIIOAEH
BUJAT €ro «B HaType», Ha CTaZUOHe. Bce 3HAIOT, YTO IOKPHIMKY MA4a COCTOAT
U3 GeNbIX U YepHbIX GUTYPOK (KOHEYHO, €CTM 3TO IIPOCTOM MsAY, a He Oxcamby-
nanu). Ho, kak HU CTpaHHO, JUIIb HEMHOTHE MOI'YT C YBEPEHHOCTBIO CKa3aTh,
13 KaKUX UMEHHO MHOTOYTOJBHUKOB OH cZeaH. Jlaske GyTOOMUCTH KomebmoTes,
BCIIOMUHAA, U3 ISATH- WIN MIECTUYTOJIbHUKOB OH COCTOUT. [l Trofel, M3ydarouiux
Kpucrauorpaduio, Bce MpeAeabHO SCHO. DTO TeOMETPUYECKUH aHalor ¢yiepe-
Ha Cg, ABIAIOMMICA KOMOMHAIIMOHHBIM 32-TPaHHUKOM C FPaHAMU MKOCA3Apa U
fozekaszapa (puc. 64).

Pric. 64. ®yT60IbHBIN MAY — KOMOUHAIMA UKOCA3/pa U A0AeKas/pa

YToOHI OLlEHUTh MHOT0OOpasue 00BEKTOB UKOCA3APUYECKONH CUMMETPHUHU, CM.
TaxKe c. 16 IBeTHOHN BKJIEHMKU.
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KoHTposbHbIE BOIIPOCHI

1) Kakue mpocTsie GOpPMBI ABIAIOTCI YHUKAIBHBIME IS KaXKA0TO KJIacca UKO-
CadApUYECKON CUMMETPUH?

2) CyIIecTBYIOT JIX IPOCTEIE GOPMEI, KOTOPBIE MOXKHO BCTPETUTh U B MKOCAd-
PUYECKUX, U B KyOMUeCcKHX Kjlaccax?

3) Kak HaswiBaeTcs npocras ¢popma kiracca Y, HopMaib K KOTOPOU COBIaZaeT
C BBIXOZIOM OCU BTOPOTO IOpAAKa (TpeTbero, maToro)?

4) Kakoe MaKCHUMaJIbHO BO3MOXKHOE YUCJIO IpaHell MoXKeT IpUHAa/IeXaTh K Of-
HOH MpoCTo¥ popMe B UKOCA3IPUIECKOM MHOTOTPAHHUKE?

5) CKOJIBKO PasiMYHBIX II0 HAa3BAHUIO IIPOCTHIX GOPM MOXKET OBITH HaliZileHO
B JII060M MKOCa3IpruecKoM Kjacce cuMmMeTpun? ITouemy?

6) B ueM pasmuuHsa KyOMYECKOT0 U MKOCA3APHUUYECKOTO MTeHTaroHAoAeKasapa?
MOJKHO JIM CYMTATh UX OAHOM MPOCTOl GOpMOii?

7) llpuBeauTe IpUMephl 0O'bEKTOB UKOCA3APUIECKON CUMMETPUH.

Yopaxxnenusa

1) Yemy paBHO MUHUMAaJIbHOE YHICJIO IpaHel y KBa3UKPUCTAILIA, OTPaHKa KOTO-
poro mpezcTaBasieT co60i KOMOMHAIUIO: ) TPEX MPOCTHIX GOpM, 6) ABYX MPOCTHIX
dbopm?

2) YeMmy paBHO MaKCHMaJbHOE YKCJIO TpaHel y KBa3UKpUCTaLIa, OrpaHKa Ko-
TOPOTO MpeACTaBsAeT cob0i KOMOMHAIIMIO: a) TPeX MPOCThIX GopM, 6) ABYX IPO-
cTeIx pOpM, B) OZHOM MPOCTOH GOPMBI?

3) Hasosure npoctele GopMBI KBa3UKPUCTALIOB: a) 32-rpaHHoro, 6) 42-rpaH-
Horo, B) 50-rpaHHOrO.

3aHarue 21 (3-5)
IIpeaenbHbIe rPyNIIbl CHMMETPUU — FPYIIbl PU3NUECKUX
CBOVCTB KPHUCTAJLJIOB

O6paTuM BHHUMaHUe, YTO B Tabiuile 13 MPUCYTCTBYIOT ellle Ba HE PacCMOT-
PEHHEBIX /10 cuX mop ciydas — Lg—L,—L, u L, (u 6onee)-L,—L,. Takue 0OBEKTEHI,
coZiep:KaIniyie ofHy «<HEKPUCTA/LUTOTpadpUIeCcKyIo» 0Cb, 4aCTO BCTPEYAIOTCA HaM cpe-
I OOBEKTOB JKUBOUM NMPHUPOABI (pUC. 4 I[BETHOUW BKIelkw). Takas mogMedeHHas
0COOEHHOCTD KUBBIX OPraHU3MOB IPUBEJa MHOTHUX YY€HBIX K MHEHUIO, YTO OHHU
TEeM CaMBIM 3alUINAIOT cebs OT Mepexofia B «MEPTBOE», KPUCTALIMIECKOE COCTOSI-
HUeE, IPOTECTYIOT IIPOTUB «KPUCTAUIMYECKOTO OLlEIIEHEHMSI».

A KakoH ’Xe MaKCHUMAaJIbHBIM IOPSZOK MOXET OBITh Y BEPTUKAJIBHO OPHEH-
TUPOBAHHOU ocu Aa cdepudeckoro TpeyronbHUKa L, (1 6omee)-L,—L,? OTBET
mpocT — 060, [IpeacraBumM cebe, YTO HaM HaZo pa3fenuTh apby3 MOPOBHY Ha
30 yenmoBeK. [IJisT MPOCTOTHI CHavYajaa paspekeM ero Mo 3KBaTOpY, a TIOTOM CeBep-
HOe U I0XKHOe TIoNyIIapye MoAeauM Ha 15 paBHBIX gosek. C yBeIMYeHUeM 4ucia
JKeJIAIOIINX ITOJIAKOMUTBCS TIOPSAAOK OcH OyzeT Bce BpeMs Bo3pacTarh (a ToNIIHA
JIONbKY YMEHBIIAThCA). B KOHIE KOHIIOB, MBI IIPU/IEM K OZJHOM 13 TaK Ha3bIBaeMBIX
npedesibHbLX 2PyNn cUMMempuU, B KOTOPHIX CYIIeCTBYeT XOTs OBl 0fHa OeCKOHeYHAasa
0OChb CUMMETPUH.
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Ta6nuna 15. [IpegenpHble rpynnsl cuMMeTpun Kiopu

o CuMBONI | DHaAHTHO- T'eomeTpryeckuit
Ne [lonapHocTh
obpas

Hassanue
CpymImel | Mopdusm

rpymnna
1 0 Ja Ja Bpallarolerocs
KOHyca

rpymnna
2 ocom Het Ja TIOKOAIIErocsa
KOHyca

rpymmna
Bpalaroerocs
MAIHHAPA

3 o /m Jla Het

rpymnmna
CKPY4EeHHOTO
WINHAPA

4 002 Ja Het

rpymnna
5 o0 /mmm Het Hert IIOKOAIIErocsa

MATHHAPA

rpymnna
6 00 /00 Ja Het BpallaoLerocsa
mapa

rpymnma
7 o0 /oom Het Het MOKOSAIIEroCA
mapa

Benukuii yueHsiii, HobeneBckuil jaypear o ¢usuke 1903 roza IIeep Kiopu
IOKa3aJj, 4TO CyI[eCTByeT BCETO 7 TAKWUX TPYIII, KaXKAas M3 KOTOPhIX HAIJIATHO
“300paKaeTcs onpeiesIeHHONH reOMeTPUIECKON GUTYPOI, UMEIOIIel COOTBETCTBY-
oMK HAabOp 27IeMEHTOB cuMMeTpud (Tabsuua 15).

1. Tpynma o0 COAEPXKUT OZHY IMOBOPOTHYIO OCb CUMMETPHUH OEeCKOHEYHOTO
mopsiaka. Ee reomeTrpuueckuil o6pa3 — spawarowyutica koHyc. Tak Kak Bepxylll-



3anaTue 21 (3-5). [IpezenpHble TPYIIBI CHMMETPUN 93

Ka KOHyca W €ro OCHOBaHWe pasjM4aloTcs, TO Ipymna OyzeT nonspHoil. DTo
O3HauaeT, YTO BZOJb [VIABHOT'O HaIlpaBjeHWs CeBepPHBIM U IOXKHBIM IIOJMIOC pas-
JUYaloTCA 10 CBOMM XapaKTepUCTHKaM. I'pymnma Taxke sHaHmuomopgdHa (ecTb
IIpaBble U JIeBble Pa3HOBUAHOCTH), IIOTOMY YTO KOHYC MOXKET BpallaThbcA Kak
BIIPaBO, Tak U BieBo. OHa fABJIAETCA KOHEUHBIM WIEHOM 3BOJIOLKMOHHOIO psAza
Li—Ly—>Ly—L;—Ls—Lsg—L,—...—> L, coaepxalero Kak uU3BeCTHbIe HaM
KJIacchl HU3IIEH U cpeZlHel CHMHIOHUU, TaK U KJIAcCChl, 3allpellleHHble B Klaccuye-
CKO¥ TEOpHU CUMMETPUH, UMEIOIIEel B KadecTBe 06bEKTOB TOMBKO KpHcTa/uibl. Ho
BeZlb HUKTO He MelllaeT HaM M3TOTOBUTH Ha CTaHKe, K IPUMepY, o eKaroHaabHYyIO0
nupamuzgy?

2. Yto >xe mpousoiizieT, eciy MBI OCTAaHOBUM BpalleHre KoHyca? OueBHZHO,
OCTaHeTCA IOJAPHOCTb, HO NPONaZeT «IIpaBU3Ha —JieBU3Ha». [Ipy aTOM IOABAT-
cs1 6eCKOHEYHOe YHCJIO BEPTUKAIBHBIX IUIOCKOCTEN, pa3pe3arouux KOHyC Ha JBe
paBHBIe NTOJIOBUHKU. JTa rpynna OyZeT UMeThb CHMMETDPUIO HeNOOBUNCHO20 KOHY-
can cuMBoON oom (Habop MEMEHTOB — OCh CUMMETPUU OECKOHEYHOTO MOpsAKa
1 OeCKOHEYHOe YUCJIO BEPTUKATIBHEIX IUIOCKOCTEN cuMMeTpun). O4eBUAHO, 9TO
STa I'pylIia ecTb KOHEUHBIN IIPOAYKT dBOIIONMY I'pynil C,,,.

3. JlaBaiiTe K rpymme oo 7006aBUM I'OPU30HTANIBHYIO 3KBAaTOPHAIBbHYIO IUIOC-
KocCTb. [IOHATHO, 4TO IIPU 5TOM IIpoIaZiaeT MONAPHOCTD ceBepa U 1ora, Ho COXpaHs-
eTcs1 BO3MOXXHOCTh BpallleHus1. [eoMeTpudeckuii o6pas IpyInsl — spaujarouyuiics
YUauHOp, a CUMBOJ 00 /m — 0Chb G6ECKOHEYHOTO MOPAAKA, TONePevHast IIOCKOCTh
cuMMeTpuH. L[eHTp CHMMeTpuH, KCTaTH, TOXe OyZeT, TaK KaKk OeCKOHeYHas OCh
coziep>kUT B cebe 0Ch BTOPOTO MOPSAAKA, U, C/IeZI0BATeNIbHO, Halll IIOOUMBIN 3aKOH
(L,—P—C) cuoBa paboTtaeT. I'pynmna sBiAeTCS KOHEYHBIM IIPOAYKTOM 3BOJIIOIINHI
cepuu rpyna Cpy,.

4. KoHeYHBIM IIPOAYKTOM 3BOJIOLMM OCEBLIX I'PYII D, ABjIAeTCA rpynmna 002
(ock cuMMeTpuM 6€CKOHEYHOTO TOpsAKa 1 6eCKOHEYHOE YKCIO0 SKBAaTOPHUATBHBIX
ocell BTOPOro MopsiAKa). [eoMeTpudeckuii 06pa3 IPyIITbl — CKPYUeHHbLU YUAUHOD
(KOHIIBI 3aKpy4yeHBl B pasHble CTOPOHBI). He oueHb, IIpaBza, MOHATHO, U3 KAaKOT'0
MaTeprasa MOKHO U3rOTOBUTBH TaKOUM IIpeAMeET, Belb Jake Pe3MHOBBIM LIWINHAD
IIpY CKPyYMBaHUM PaHO WIM NO3JHO IIOpBeTcA Ha 3kBaTope. Ho TeM He MmeHee
Takas TpyIllla ecTb, ¥ B Hell ecTh IIpaBble U JieBble pa3HOBHU/HOCTH.

5. Ecii ocTaHOBUTD 3TO 6e306pa3Hoe (C TOYKM 3peHUs JII0O0T0 MPHUBBIYHOTO
Marepuanta) CKpydyMBaHHUe U MEPEUTU K epynne nokosuwjezocss YUiuHopa, To cpa-
3y IOABATCA IVIOCKOCTU — OZIHA 5KBaTOPHaJbHAA Y MHOI'O-MHOTI'O BEPTHUKAIbHBIX.
CumBon Tpymiiel 00 /mmm (ofHa 0Ch GECKOHEYHOTO MOPAAKA, OfHA TOPU30HTAIb-
Hasg ¥ 6eCKOHEYHOEe MHOXXECTBO BEPTUKAJIBHBIX IUIOCKOCTEN CUMMETpUH, HecKo-
HEYHOe YKCJIO OCeH BTOPOTo MOPSAKA U, KOHEYHO, I[eHTP UHBEPCUN).

6. Jlo cux mop Mbl paccMaTpUBaIU IIpeZie/lbHble I'PYIIIL], IT0Iy4aeMble 3BOJIIO-
el kpucrasorpadpudeckux (M He COBCEM) T'PYII C BBIEIEHHBIM BepTUKAJIb-
HBIM HampasieHueM. [Topa 661 06paTUTBCA K KyOUYECKUM KjlaccaM CUMMETPHH. ..
A gTO OyZeT, eci MBI BB€ZIEM HOBYIO OCh, K IIPUMEpY, BTOPOT'O ITOPpsiAKa B rpymmy T
He B CTPOr'o ollpeZie/ieHHOM MecTe (TaKUX MecCT BCero ZiBa — OJUH BapHaHT IIPUBO-
aut K rpymie O, a BTopoil — k rpymie Y), a B mpousBoiabHOM? [Ipon3oiizeT npak-
TUYEeCKH CHUMMeTpuueckas KaTacTpoda: HOBBIE U CTapble IEMEHTH CUMMETPUHN
HAYHYT JIABUHOOOPA3HO pa3MHOXKaTh APYT Apyra, IPOLECC IOHAET HeYIpaBiieMo
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(moxoxxe Ha aTOMHYI0 60MOY, He TaK JIU?) U B UTOTe IIOTyYUM TPYIIITY C CHMBOJIOM,
MIPUBOJAIIMM B y)Kac Jake MaTeMaTHUKOB — o0 /00, Ha camMoM Jiejie 3TOT CMMBOJ
o603HaYaeT BCEro JIUIIb 6ECKOHEYHOEe MHOXKECTBO OCeli GECKOHEYHOTO TOpsAKa.
TeomeTpuyeckuii 06pa3 — wap, HO 8pawarolyuiicss BI€BO WIX BIpaBo (Tpymma
sHaHTHOMOpOHa!).

7) A gTo OyzeT, ecy TaKo# map ocTaHOBUTH? OTBeT u3BecTeH! Cpasy NOABITCS
IUIOCKOCTH, UX TOXXe OyzZeT OecurcleHHOe MHOXeCTBO. A 1eHTp? BesycioBHO, OH
TOXKE TOSBUTCS, IPUYeM HecurcIeHHOe YUCIo pas. [eoMeTpudeckuii o6pas — no-
koawuiics wap. ITonmpobyem HamuUcaTh CUMBOJI IPYIIIEL: 00 / com. LIeHTp «crpsATaH»
B CUMBOJIE OeCUMCIeHHOE YHCIO Pas.

Teneps 3azazuM cebe BOIIPOC: a 3a4eM BCe 3TO, MOXKET, 3TO HEMHTEPECHO IS
kpucraorpadpun? OKasbIBaeTcs, elle Kak MHTepecHo! JleJio B TOM, 4TO 3TH I'PYII-
ITbI OIIMCHIBAIOT CUMMETPHIO BCEX BO3MOXKHBIX GU3NUECKUX CBOHCTB KPUCTALIOB:
MeXaHUYEeCKUX, SNMeKTPUIECKUX, MATHUTHBIX U T. . TakuM 06pa3oM, mpeeTbHbIe
TPYIIIBl CUMMETPUY UCKIIOUUTETHFHO BXKHBI AT GU3NYECKON KPUCTAJLIOTpadUH.
C npuMepaMu pa3HOO6GPa3HBIX GUINYECKUX CBOHCTB KPUCTAUIOB, OIMCHIBAEMBIX
KOHKPETHBIMHU IIpeZieIbHBIMU I'PYIIIaMy, MOXXHO O3HAKOMUTHCA 10 HAIVIAZAHBIM I10-
coOMAM Ha LIBETHOU BKJIEHKE.

BaKHO TO, UTO CUMMETPU JI060T0 GU3UIECKOTO CBOMCTBA KPUCTAIOB BKJIIO-
yaeT B cebs Bce 3eMeHThl CUMMETPHUHM TOUEYHOU I'PYIIIEl KpUCTaLIa, Habmroaa-
eMble BU3YaJIbHO (pU3WYecKHe CBOMCTBA KPUCTA/UIa PABHBI IO CUMMETPUU WIH
6ojlee CUMMETPUYHBL, YeM €ro OrpaHka). DTOT MOCTY/IAT HOCUT Ha3BaHUE NpUuH-
uuna HeiimaHa.

KoHuTposbHbIE BOIIPOCHI

1) CKOJIBKO BCEro ImpeZebHBIX rpynn? CKOIbKO TPYHI ¢ cuMMmeTpuei C,,?

2) IToueMy >XKUBbIe OPTaHU3MBI IPEATIOYNUTAIOT OCH HEKPUCTAIOrpadUIecKux
MOPAAKOB?

3) Kakue npezenbHble IPYIIILI UMEIOT IIpaBble U JieBble Pa3HOBUJHOCTH?

4) Coopmynupyiite npuHiun Hefimana.

5) CkosibKO oceli cumMeTpuu y mapa? Kakoro oHu nopszaka?

6) CKOJBKO OCel CUMMETPHH V TTOKosAMerocs Konyca? ECTb i1 y Hero miocko-
ctu? Ecau ga, TO CKOJIBKO UX?

7) EcTb 71 LIeHTp y TPyNIbl 002, Yy TPYIIBL 00 /mmm?

3aHarue 22 (3-6)
CummMeTpusi 1 GopMa peaTbHbIX KPUCTA/LIOB

Hebesbi3BecTHBIN yke HaM [1bep Kiopu Ha OCHOBe MHOTOYMCIEHHBIX HaOJIIO-
ZleHU chopMyIHpOBal O4eHb BAXKHBIHM ITOCTY/IAT — NPUHYUN Cynepno3uyuil, KOTo-
PBIM IVIACUT, YTO B pe3y/bTaTe HaJ0XXeHNA HeCKONIbKUX ABJIeHUN pasIuyHON IpU-
POJIBI, KaXKJ0€e 13 KOTOPBIX 06Js1ajlaeT CBOeH COGCTBEHHON CUMMETpHEH, B OIHOM
U TOU K€ CHCTeMe COXPaHAIOTCSA JIUIITh COBNAAOIINE 3JIeMEHThI CUMMETPUU 3TUX
siBJleHuH. YUTo Ke 3TO O3HavaeT?

PaccMmoTpuM Kak IpuMep HaloKeHHe KBajpaTa ¢ cuMmmeTrpued L,4P u Tpe-
yTOJNIbHUKA C cuMMeTpueii L3 3P (puc. 65). Hanoxxum ux Apyr Ha pyra U IpeAIoo-
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’KUM, 9TO OHU IIpO3payHble. B pe3ynbraTe HamoXeHUs (CyNEPIIO3ULIUY) BbDKUBYT
JIUIIb OOIIMe 3JIeMeHTHl CHMMETPHUHU, UTOTOBas purypa 6yzaet obrazarth CMMMeT-
puel c eIMHCTBEHHOW COBITaZarolllel IIOCKOCThIO P.

L,4P L,3P

\P/

Puc. 65. [leMoHCTpanysa MpUHIUNA Cynepro3unuu Kioopu: B pesysbrare
HaJIOXKeHU ABYX GUTYp — KBaZipaTa ¢ CUMMeTpuei L,4P U TpeyTrolbHUKa
¢ cummeTtpuel Ly3P ocTaeTcs TONIbKO 00Ul 3/1eMeHT CUMMeTpUy — P

Kaxkoit BaXXHBIN 1 HEyTeIIUTeNbHBIN BBIBOJ, IPUXOAUTCA cZleslaTh U3 3TOTO II0-
cTynaTta? B peanbHBIX YCJIOBUAX [/ BHIpAIMBAHUA WealbHBIX KPHCTAJIOB BCe
OKa3bIBaeTCsA OCTATOYHO HEMPUSATHO: CUMMETPUS HEM36€XHO MMOHKAETCS, XOTA
OBI IO/ EeHiCTBUEM 3aKOHA BCEMUPHOTO TAToTeHus (puc. 66). He 3abyzem u To,

Pric. 66. Buz c60Ky ¥ CBEPXY Ha KPUCTAJLIBI KBapI(a, BRIPOCIIHE BEPTUKATIBHO (a) U HAKJIOH-

HO (6) 1O OTHOIIEHUIO K TIOBEPXHOCTH 3eMIU. B TlepBoM ciyuae HalpaBieHHEe POCTa COB-

MaZlaeT ¢ HaIpaBJIEHUEM BEKTOpa CHJIBI TSDKECTH, U KPUCTALI MIPUOOPETAaeT MpaKTUIECKU

COOGCTBEHHYIO CHMMETPHIO, & BO BTOPOM — BEKTOPHBI POCTA U CHJIBI TSDKECTH HE COBIA/AIOT,
U B KPUCTAJUIE PeaU3yeTcs JIUIIb eJUHCTBEHHAS IUIOCKOCTh CUMMeTpud [13]

YTO KPUCTaLJI pacTeT HMCKIIOYUTENIbHO Me/JIEHHO U 3a BPEM:A ero poCcTa yCJI0BUA
MEHSIOTCSI HEOAHOKpaTHO. HeyAuBUTENBHO, UTO CyLIECTBEHHOE BpeMs Ha opbuTe
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MeX/IyHapOJHBIX KOCMMYECKUX CTaHIINI KOCMOHABTHI IIPOBOJAT 3a BRIpalllBaHU-
€M KPUCTAJUIOB B «TEIUINYHBIX YCIOBUAX>.

Vi3BecTHBIN cOBeTCKUU MUHepasior U reoxuMuk A.E.Depcman nucan: «Kpu-
CTa/I/I HEM3MEHHO HeceT Ha cebe Cyiefbl MpeABIAYIINX MOMEHTOB CBOETO Cyllle-
CTBOBAaHUsA, U MO ero ¢opMe, IO CKYJIBITYpe €ro rpaHell, MelodyaM U JETaasdM
€ro IOBEepXHOCTH MBI MOXXeM YHTaThb €ro npouuioe». TakuM o6pa3oM, orpaHKa
1 GopMa peasbHBIX KPUCTAJIIOB, XOTS U HAPYLIAIOT €r0 BHYTPEHHIO H/eaTbHYIO
KpacoTy, AaloT OTBETHl Ha LieJbli PsAZ BOIPOCOB, HA KOTOpBIE HAealbHas MOJeb
OTBETUTH He MOxeT. Harpumep, 1oyeMy ofHU KpUCTAJUIBl OZHOTO U TOT'O XK€ MU-
Hepajla MHOTOTPaHHBI, a ApyTHUe HeT; KaK CBs3aHa BHEIIHAA GopMa KPUCTaUIOB
C UX BHYTPEHHUM CTpOeHHeM; B KaKUX YCJIOBHAX POC TOT WIKM MHOMN KpUCTaLT;
YeM BbI3BaHBI UCKAXKeHUsI GOPMEBL I CUMMETPHUH PeabHbIX KPUCTALIOB U T. A. Ha
BCe 3TU BOIIPOCHI MBITAIOTCA [TOMYIUTh OTBET, C OZHOM CTOPOHBI, CIIELIMAJUCTHI 110
POCTY KPHCTAJJIOB, YTOOBI UMETH BO3MOXKHOCTb UX MCKYCCTBEHHOTO TIONYYEHUS.
C apyroii CTOpOHHI, pobyeMa MUHTepeCcHa TeosioraM: BeJb OTpaHKa KPHCTAJLIOB
MOXXET OBITH YCIENTHO HCIIONb30BAaHA JaXKe JJIs HAlpaBJIeHHBIX ITOMCKOB IIOIe3-
HBIX UCKOIIa€MBbIX, TAK KaK B CHJIy MHOTUX IIPUYMH I'DAHU OIIpeZeIeHHBIX IIPOCTHIX
¢$bopM mo-pasHOMY Pa3BUBAIOTCS B PA3IUYHBIX GHU3UKO-XUMUIECKUX YCIOBUAX.

Y4eHue 0 pocTe KpUCTAIOB — UCKJIIOYUTENIBHO CJIOKHAA 4acTh KpUCTaJIIOrpa-
¢buu, 3aaua BEIpALIMBAHNSA KPUCTAJUIA OTIPeAeIeHHOU GOPMBI 3aBUCUT OT OTPOM-
HoOTO urcia ¢pakTopoB. KocHeMces HITE OCHOBHBIX M3 HUX. [JIaBHeHmMil $pakTop,
onpeie/IAI0IINY OrpaHKy, — BHyTpeHHee CTpOeHNe KpHCTaslla, TaK KaK BHEUIHAA
¢dbopma KpucTania ABIAETCA OTPAKEHUEM ero BHyTPeHHero crpoenus. Habmoze-
HUA 3TOM B3aMMOCBSI3M IpUBead B Hadase XX Beka K npaswny Kopu—Bynsga:
Haunbojiee pa3BUTHIMU Ha MOBEPXHOCTH KPUCTA/UIA SBJIAIOTCA 'PaHU C HaWMEHb-
MMM CKOPOCTAMHU pocTa. B 4eM cyTh aToro npaswuiaa? Eciyu mocMoTpuM Ha pu-
CyHOK 67, TO 3aMeTHM, YTO MCXOZHBble KPUCTAaJUIBl CjieBa U CIIpaBa OJWHAKOBHI.

nuHakoud

a 6

Puc. 67. Mnmtoctpanus mpaswia Kiopr—Bynbda: 6bIcTpo pacTyliye rpaHu
KpHUCTasla UCYe3aloT U3 OrpaHKHU B Ipoliecce pocTa

OzHaKo, B CHJy OTIpeZeIeHHBIX IPUYUH (HaIpUMep, COCTaB CPeZbl) B IEPBOM CITy-
yae ObICTpee pacTyT rpaHu MUHaKouza (n), a Bo BTopoM — bunupamugsl (m). Oto
MIPUBOAUT K TOMY, YTO PaHO WIU TO3JHO [iBa KPUCTalJIa CTAaHYT abCOMIOTHO HEIo-
XOXKUMU: OBICTPO pacTyllyie rpaHu 060HX 0Opa3IOB MCYE3AOT U3 OIPAHKH, U UX
rabutyc OyZieT ONpeAesaATbC TeMU GOPMaMU, YbU CKOPOCTH POCTa HaMMEHbIIHE
B K&X/IOM KOHKPETHOM CJIy4ae.
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dopma KpuCTasIa 9acTO UCKAXKAETCS ¥ HE COOTBETCTBYET CTPOTO KPUCTAJIIU-
YyecKoU CTpyKType. MHorue U3 Bac BhIpalllUBaIU B JOMAIIHUX YCIOBUAX ITOBapeH-
HYIO COJIb M 3aMeTWIH, YT0o KpucTtajuisl NaCl vailie Bcero pacTyT B BuZe KYOUKOB.
OfHaKO KPUCTAJLIBL, JIEXKAIIKE Ha JHE Kpucmaanuzamopa (cocyza, B KOTOPOM ITPO-
HUCXOJUT POCT), IPUOOPETAIOT YIUIOMIEHHYIO0 GOPMY, UTO CBSI3aHO C HEpaBHOMeEp-
HBIM TIOCTYIUIEHMEM MHUTAIOIIEero pacTBopa K OAHOW M3 rpaHey rekcasjpa, SBJs-
IOLIETOCST OCHOBAHUEM, YTO NMPUBOAMUT K 3aMeJJIEHUIO ee pocTa. TakuMm ob6pa3om,
B IIPUPOJHBIX YCIOBUAX JaKe TPAHU OZHOW IIPOCTOM PpOPMBI MOTYT pa3BUBATHCSA
mo-pasHoMy! OciabuTh Takoe BAUSHUE MOXKHO HENPEPHIBHBIM IepeMelIMBaHU-
€M pacTBOpa WIH BpallleHMeM caMOro KpUCTa/la B paCcTBOPE, YTO obecleyrnBaeT
60ojiee paBHOMEPHOE MOCTYIUIEHUE MUTAaTEJIbHOTO MaTepraia KO BCEM IpaHsAM pac-
TyIlero Kpucrasia.

Kpucranibsl o4eHb YyTKO pearupyroT Ha MHOTOYHCJIEHHEBIE BHEITHHE GaKTOPBI
(TemmnepaTypy, ZaBjieHue, CUMMETPUIO U XUMU3M CpeZlbl) He TOJNIbKO U3MeHeHeM
cBOEro raburtyca, HO U MOSBAEHUEM psZia APYTUX MPU3HAKOB, aHaMN3 KOTOPHIX
MOXXET JaTh MHPOpMANUI0 00 MCTOPUM WX Pa3BUTUS — OHMoOzeHUuU. Iloa 3TUM
TEPMUHOM IPUHATO TMOHUMATh Pa3Ziesl MUHEPAJIOTUH, TTOCBAIIEHHBIN N3y4YeHHIO
TIPOUCXOXKAEeHUs KPHUCTAINYEeCKUX UHAUBU/IOB U UX Pa3BUTUIO B IIPOIlECCE POCTA.
OTMeTHM, YTO caM TepMHUH ObUI 3aMMCTBOBaH M3 GHOJIOTHM, TAE O3HAYaeT HUCTO-
PUIO MHAWBUAYAIbHOTO pa3BUTHA. [IpU3HaKy, yKa3bIBaIOI[e HA UCTOPUIO PA3BU-
THUS KPUCTAJLIA, HA3bIBAIOTCA MUNOMOPPHbIMU NPUSHAKAMU.

OJHUM U3 TaKUX IMPU3HAKOB MOXXET OBITh IOSBJIEHUE Ha IPaHAX WMPUXOBKU.
Xopol11o u3BecTHa MITPUXOBKA MTPU3MaTUIECKUX I'paHell KpucTasuioB KkBapia SiO,
(puc. 68a), obpazoBaHHass ¢pparMeHTaMu T'paHel pombosapa. M3BecTHa Takxke
IITPUXOBKA Ha rpaHax muputa FeS, (puc. 686). IlITpuxu, mapajienbHble pebpam
Kyba, mpe/cTasisiomnye coboi pparMeHTHl rpaHel MeHTaroHAoAeKasApa, yKa3bl-
BAlOT He TOJBKO Ha MCTUHHYIO CHMMETpHIO KpHcTauioB nuputa (1), HO U Ha
OBICTPYIO CMEHY YCJIOBUM KPUCTAJUIM3ALMH IIPU UX 00pa30BAHUHU: KPUCTAJLIBI ITH-
PHUTa OCaZIOYHOTO IIPOUCXOXKJEHUA OOBIYHO MMEIOT IVIaZIKMe TIpaHU, a THAPOTEep-
MaJIbHOTO — 06pa30BaHbI TPAaHAMHU C YeTKOH IITPUXOBKOM.

=] LA 6
Puc. 68. XapakTepHas IITPUXOBKA Ha rpaHAX kBapua (a) u nupura (6)

PeaspHyI0 CMMMETPUIO KPUCTA/JIOB MOXKHO BBIABUTH Takke IO uzypam pac-
maeopeHus, 06pa3yOIUMCA MOZ JeHCTBUEM CMEHE! YCIOBUH Ha HEOIarONPUATHbIE
ZUI pocTa. DTOT IPOLIECC MOXXHO CMOZEMPOBaTh B IAOOPATOPHEIX YCIOBUAK: I10-
Z06paB COOTBETCTBYIOIIUI PACTBOPUTEb U HAHECS €ro KaIUTU Ha Pa3HbIe IO CHM-
MeTpUM I'PaHU KpPUCTaslla, IIOIYy4YHUM, KaK pe3y/bTaT PacTBOPEHUA IIOBEPXHOCTU
KpUcTaia, guzypsl mpasieHus, oTndarmyecs no ¢opMe U ykasblBalollye Ha
WX WUCTHMHHyIO cuMMeTpuio (puc. 69). OxasplBaeTcs, TOIbBKO I'eKCas[poB — IATh
pasHbIx!
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4 y

m3m 23 432 m3 43m

Puc. 69. Cxemarudeckoe IpeZcrasieHre GUIyp TpaBlIeHHA Ha I'PaHAX rekcaszpa
Pa3IMYHBIX KyOMYECKUX KJIaCCOB

Bce 3TH ¥ MHOTHE ApyTUe ABJIEHUSA IPUBOAAT K TOMY, YTO B NIPUPOZAE MOXKHO
BCTPETUTh KPUCTAJUIBI CAMBIX TPUYYAIUBBIX GOpM. [Ipy pa3TMuHbBIX OTKJIOHEHUAX
OT W/leabHBIX YCJIOBUIM, HATIPUMED, B 3arPsA3HEHHBIX WIN CHJIHHO TePECHIIIEHHBIX
cpeziax, BHIPACTAIOT SK30THUIecKue 06pa3oBaHus. K HUM MOXKHO OTHECTH CKelembl,
OeHOpumbl, cheponumsl 1 MHOTHE ADYTHE.

CKeJleTHBIE U IeHAPUTHBIE KPUCTAJLUIBI Pa3BUBAIOTCS B YCIOBUAX UCKITIOUUTEb-
HO OBICTPOTO POCTA U HATUYMSA U30BITKA MUTAIOLIETO BEIeCTBa, U3 KOTOPOTO CTPO-
uTCsA KpucTasul. [MaBHOM mpudYuHON o6pa3oBaHusa Takux GOpM ABJISAETCSA TO, UTO
K BBICTYTIAIOLIMM YacTsAM KpHCTalla— BEPUIMHAM U pebpaM — IOATOK IUTaoLIe-
ro BelllecTBa 60/iee UHTEHCUBEH, YeM K OCTaJIbHBIM I'DAHSAM, KOTODBIE B Pe3yJIbTaTe
OTCTaT B pocTe. Kpucrasur 6bICTPO HapalBaeT CBOIO MAacCy LIEHOW MCKaXKeHUs
¢dopmel. Haubosee a3dppeKTHEIM NMPUMEPOM CKETETHBIX GOPM CIYXKAT CHEXUHKHU
(puc. 70), Kaxzas M3 KOTOPHIX fABJAETCS OAZHUM KpPUCTAUIOM. ECIM CHEXUHKY
MIOMECTUTDh B TOAXOAAIINE YCJIOBUA, TO OHA MOXET MPUHATH GOPMY BBIIYKJIOTO
MHOTOI'PaHHHKA [eKCarOHaJIbHOM CUMMETPUH.

Ok
Gl

Puc. 70. a) CxemaTHyeckoe M306paXkeHre CHEXXUHOK PasiUuIHON (OpMEL,
6) meuzapuThl 1bAa (oo U. 0. Eroposa)

JleHIpUTEI XapaKTEPHBI [JIsT KPUCTALTIOB CAMOPOZHBIX META/UIOB — 30JI0Ta, Me-
oy, cepebpa U APYTUX BELIECTB. DTO W «IeAsHbIE Y30pbl» HA OKHAX, U IIMPOKO
M3BECTHBIE BETBUCTHIE 0OPa30BaHUsA OKUCIOB MapraHiia.

CBoeobpa3HbIMU GpOpMaMH MUHEPATbHBIX BBIZETEHUH SBISIOTCA CHEPOTUTHI.
VIx o6pa3oBaHMe CBA3BIBAIOT C pacllelIeHHeM MOHOKPHCTAIOB B IIPOLIECCE POCTa
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(puc. 71). Coeponuthl XapaKTepHbI 1 MUHepanoB cocraBa CaCO; — KasbIuTa
Y aparoHuTa.

Puc. 71. Cxema o6pa3oBaHusA cheponIuTOB

Takum 06pazoM, MOXKHO CZeaTh BBIBOZ O TOM, YTO popMa KpUCTaUIa OIpe-
JleJigeTcs, C OJHOU CTOPOHBI, ero BHYTPEHHHUM CTPOEeHHEM, KOTopas JUKTYET BCe
MHOT006pa3re BO3MOXKHBIX IPOCTHIX GOPM, a ¢ APyroi — BHEIIHUMH YCJIOBUAMH,
OTPaHUYMBAIOUINIMU 3TO MHOT0O6pa3ue. I ¢popma pacTyuiero mpupogHOTO KpHU-
CTaJlIa IpeZACTaByseT coO0M pe3ynbTaT B3auMO/eHCTBUSA STUX ABYyX GaKTOPOB.

KOHTPOJIbeIe BOIIPOCHI

1) CoopmynupyiiTe IPUHIUII Cyniepro3unyy Kopu.

2) Cdopmysupyiite npaBwio Kiopu—Byiboda.

3) Yto Takoe OHTOTeHUA?

4) Yto Takoe THUIOMOpdHBIe Ipu3Haku? Kakue THIOMOpHEIe IPU3HAKU BB
MOXKETe NepPedynCIuTh?

5) IlpuBeauTe npuMeps! cHepoIUTOB, JEHAPUTOB U CKEIETHHIX GOPM pocCTa.

YnpaxHeHus

1) Mzo6pasute cxemaTudecku GUTyphl TPaBIeHUA Ha TPaHAX TETPasApa U OK-
TasdZpa M3 Pa3IMYHbIX KIACCOB KyOMYECKOW CUHTOHUU.

2) V3obpa3ute cxeMaTU4eCcKu GUTYPHI TPABJIEHUS HA TPaHAX POMOOL0/eKad -
pa BO BCeX IIATU Kjlaccax KyOU4IecKOl CUHI'OHUH.

3) IIpogemMoHCTpUpyHTe (C MOMOIIBIO GUTYDP TpaBJIEHHUA) PAa3HUIy B CUMMeET-
PHU IIECTH YacTHBIX GOPM B 000UX UKOCAdAPUIECKUX KIaccax.

3auarue 23 (3-7)
ToHHOMETpHS KaK METO/ U3y4YEHHs PeaTbHbIX KPUCTAJLIOB.
[MpakTHYeCcKoe 3aHATHE: ceTKa Bynbda

Kak 6BUIO MMOKa3aHO Ha IPOIUIOM 3aHATHH, BHEIIHSASI Cpefa JOCTATOYHO KC-
KYCHO MacKUpyeT UCTUHHYIO CUMMETPUIO KPUCTA/IA. DTO MPUBOAUT K TOMY, YTO
TPaHU OJHOM MPOCTON GOPMBI, PaBHBEIE IO CBOUM GU3NYECKUM XapaKTEPUCTHU-
KaM, reoOMeTpPUYeCK! MOTYT CIWIBHO OTINYATbCA B peaJbHOM KpHCTasle Jpyr OT
Zpyra, 9YTO MOXET IIPUBECTH K OIMMOKaM B OIpeJe/leHNH CHMMeTPUN KpPUCTasLIa.
B 3To#i cBA3M BU3yaJIbHOI'0 OCMOTpa 06pasiia MOXXeT 0Ka3aThCs HEIOCTATOYHO, UC-
CJIe[OBATeNI0 MIPUXOAUTCA OIpeesATh MONOKEHHUA TpaHell U CUMMETpHIo Gosee
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cTporuM o6pasoM, a He «Ha IVIa30K», KaK MBI JIelajld Ha IPAaKTUIeCKUX 3aHATHAX
8 ul6.

BcmomuuM, uto emie H. CTEHOH OTMEeTWI Ba)KHOCTb U3MEPEHUs YIJIOB MEXAY
TPaHAMU I AUATHOCTUKU MUHEpPAJIa, a MePBbIi MpUO0p A U3MepEeHUs TaKUxX
yrIoB (roHUOMETp) OBLT cOo37aH moZ pykoBoAcTBoM Pome fe Jlwisa. CoBpeMeHHbIE
TOHUOMETPEHI ITO3BOJIAIOT He TOJIBKO OIIPEeENATD YIJIBI MeXAy T'PAaHsAMHY, HO U OIpe-
JenaTh ux cheprieckue KoopAUHATHL. TakuM 06pa3oM, HOpMaJb K KaXKA0H rpaHu
MOJIy4aeT CBOU KOOpAMHATH (aHanor GPS-OTMETKH), U4TO CTPOTo UKCHUPYET ee
MOJIO)KEeHUe, HO He Ha MECTHOCTH, a Ha cdepe MPOeKIuii. DTO IIOMOTaeT OIpeae-
JIITH CHUMMETPHIO JaXke OYeHb HeOONMBbIINX KPUCTALIOB (TOHUOMETPHI, BXOJIIINE
B COCTaB COBPEMEHHHIX IPUOOPOB, IIO3BOJIAIOT ONPEeAesATh KOOPAUHATEl IpaHel
00pa3LoB pasMePOM B JIECATHIE U COTHIE IO MIWUIKMETpPa), a TaKKe KPUCTAUIOB
C HEPAaBHOMEPHO Pa3BUTBIMU I'PAHAMH, TPYIIIUPOBATE IPAHY IO IPUHAJIEKHOCTH
K pa3HbIM IIPOCTHIM popMaM U TakK Jajee.

Kaxkgas Touka Ha cdepe IPOEKIUIl MMeET ABe KOOPAMHATH (Kak B Treorpa-
¢un) — mmpora (o6o3HavaeTcs rpedeckoil 6ykBoil p) u goarora (obosHadaeTcs
rpedeckoii OykBoii ¢). OgHako B KpucTauorpaduu U reorpaduu 3T KOOpAUHA-
ThI CHUMAIOTCS HECKOJIBKO Pa3IMYHBIMU cltocobaMu: B KpHUCTa/LIorpaduu ImpoTa
OTCUMUTHIBAETCS He OT pUHBUYCKOTO MEpPUIMAHa, a OT MepUAMaHa, COBIAAAIONIETO
C MTOJIOXKUTETHHBIM BBIXOZIOM OCH Y. DTOT MepUAUaH BEIOUpaEeTCs B KAYeCTBe HyJle-
Boro (¢ =0°, oH xe uMeeT ¢ = 360°). Takum ob6pasoM, Kaxasa Touka Ha chepe
umeeT gonroTy or 0° go 360°. IllupoTa (koopAKUHATA ) OTCUUTHIBAETCA 110 MEPHU-
[VaHy, IPOBEeIEHHOMY 4Yepe3 HcciefyeMylo TouKy A (puc. 72a) B HalpapieHUN
oT ceBepHoro nomioca N K oskHOMYy momocy (S). IllupoTa Ha ceBepHOM IIOTIOCE
paBHa 0°, Ha sxBaTope ¢ = 90°, a Ha I0XKHOM IIoioce o = 180° (IIepBOOTKPEIBATEIH
FOxHoro mostoca P. CKOTT u P. AMyHzIceH ObUTH OBI CIeTKa yAWBIIEHBI).

N

a S 6

Puc. 72. a) V3mepenue chepuyecKux KOOPAUHAT TOUeK A U D B BepxHeil U HIKHEN
nonycéepe; 6) rpasyrpoBKa chepbl MPOEKIUI CUCTEMON MEPUIUAHOB U Tapasliesiei

O6paruM BHUMAaHUE, YTO PUC. 72 IPEJCTaBIsIET COOOM YCIOKHEHHBIN BapUaHT
puc. 14 a, rae mokaszaHo, KaKUM 06pa3oM OTCUUTHIBAIOTCS chepruiecKre KOOpAUHA-
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THI 711 TodeK A 1 D. OTMeTHM, 4TO JJIA TOYKM A KOOpAMHATA P < 90°, Tak KaK oHa
HaxXOAWUTCA B BepxHeM IOJyIIApHUH, a Aj1d Touku D koopzauHaTa p > 90° (toxkHOe
nonymapue). Bero chepy npoekuuii rpayupyioT ¢ IOMOIIBIO CCTEM MepUJUaHOB
U mapajuiesiell ofo6Ho TpaAycHOM ceTke Ha robyce (puc. 726).

Takum 06pa3oM, UCIIOTB3YsI TOHUOMETPUIECKHE JaHHBIE, MOXKHO OCYIIECTBUTD
TOYHOE IIPOEIMPOBAHNE KPUCTaLIa — IIOCTPOUTD cTepeorpaduyecKue MpoeKInu
IEMEHTOB CUMMETPHUU U HaHECTU THOMocTepeorpaduieckrie IpoeKIUN ero rpa-
Hel. /711 3TOTO UCHOMB3YIOT ClienuaibHble TpadapeThl — CETKH, I03BOJIAIOIINE
rpaduyecky 6e3 ZOTOTHUTETHHBIX PACUETOB pelllaTh MHOTHE 33/]a4ll TeOMeTpHIe-
CKOM KpucTayuiorpaduu.

B kpucrawiorpaguieckoil mpakTuke Hanbosee MIMPOKOe IpUMeHeHUe IIOTy-
YHJIa CEeTKa, MpeAjioxkeHHas npodpeccopom MockoBckoro yHuBepcuTeTa I'. B. Bysb-
¢dom v HaszBaHHaA ero uMeHeM. C IMOMOIIBIO CETKU Byibda MOXKHO, HCIONb3YS
cdeprdeckre KOOPAUHATH @ U © (pe3y/IbTaT FTOHMOMETPUYECKUX HCCIeJ0BaHUM),
CTPOUTH CTEPEOTPAMMBI KPUCTALJIOB, HAHOCUTD IIPOEKIINY I'PaHeil u pebep, ompe-
JeJIATh MeX/y HUMU yIVIBl U pelaTh Jpyrue 3ajadu.

ITocmoTpuM Ha TpadapeT, KOTOPBIM OBUI HAMU U3TOTOBJIEH Ha IIEPBOH CTy-
meHn obydenus (puc. 23). Ha HeM B BHJe 4YacTOi cepoil ceTKu H300pakeHa
UMeHHO ceTka Bynbda (puc. 73) B yMeHbIIeHHOM pasMepe. B BocbMUCaHTUMET-
POBOM HCIIOJIHEHUHU el MT0b30BaThCsA HECKOJIIBKO 3aTpyAHUTENbHO. [loaToMy i

Puc. 73. Cetka Bynbda
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MIPaKTUYECKUX 3aHATHI HaM MOHAZoOUTCsA ceTKa Oosblnero pasmepa (IpUHATO
To/Ib30BaThcsA KpyroM AuameTrpoM 20 cm). CkayaTh ee MOXKHO IO THUIIePCChLIKE:
http://cryst.geol.msu.ru/yaroslav/Wulff_nets/Wulff10sm.zip. B Takom
paspeleHruy ¢ CUCTEMOM MapKHUPOBAaHHBIX depe3 2° MEPUIUAHOB U Hapaslieeit
MOTPEITHOCTh PabOTHI OyZAET COCTABIATDh BCero 1°.

Tpadapet He0OXOAMMO pacevaTaTb, HAKJIEUTb HAa KAPTOH U aKKypaTHO BEIpe-
3aTh 10 KOHTYPY OKPYKHOCTH, OCTaBUB Ha KapTOHe 1101 He MeHee 5 MM. B eHTpe
JKeJlaTeIbHO UTOJIKOU TPOTKHYThH OTBepcTHe. [locie Toro Kak TpadapeT U3rOTOB-
JIeH, MOXKHO TIPUCTYTIATh K PEIIeHNI0 TOHNOMETPUYECKUX 3aza4. Ha aTom 3aHsaTuu
MbI HAyYMMCsI TOYHO HAHOCHUTh Ha MPOEKIUIO TOYKH, 33/laHHble cHepudecKuMU
KOOpZWHATaMH, a TAK)Ke OIpeeaTh yibl Mexxay HuMmu (H. CTeHOH HaM GBI OCTPO
MM03aBUZOBAJ, Be/lb Y HETO TIOZ PYKOH He OBUIO ceTKH Bynbda).

Jlsl IpakTUYecKUxX 3aHATUH HaM IOHazo6uTcsa Kanbka gopmaTa A4, Tak Kak
BCe MOCTPOEHMUs C UCIOIb30BAHUEM CeTKU Bynbda nmpoBogsaTcsa Ha KajbKe, IOJIO-
JKEHHOM cBepxy Ha Tpadaper.

3agauga N21. ITocTpoeHMe MPOEKIMI TOYEK, 3alaHHBIX cHEPUYECKUMU KOOp-
muHatamu: A(¢="77°, ¢ =33°), B(¢="77°, p=113°). IlociejoBaTeJIbHOCTD UIAr0B
pelleHus 3TOH 3a1a4u pUBeJeHa B Tabmule 16.

Tabnuia 16. K pemenutro 3agaum N2 1

WnmrocTpanua Omnucanue

[TomelaeM cBepxy Ha TpadapeT JUCT
KaJlbKud W QUKCHUPYEM ILIEHTpP Kpyra
WTOJIKOHN. PrckamMy Ha Kajbke 0603Ha-
YaeM TiepeceyeHUs MPSIMbIX Mepu/ua-
HOB (¢ =0°, 90°, 180° u 270°) c skBa-
TopoM (p = 0°). Pucku Jyydiie MOANHU-
caTb. OHU TIOMOTYT HaM BCerZla TOYHO
BEPHYTh KaJbKy B HCXOZHOE TIOJNOXKe-
HUe.

OTcuMTHIBaeM 3HaYeHHe JOJIOTHI, KO-
Topas B AAHHOM 3ajade A TOueK A
u B opunaxoBa (¢ = 77°), IO OKpY*-
HOCTU CeTKU Byibda B HampaBiIeHUH
4acoBoO# cTpenku. Ilocite yero Zienaem
3aceyKy Ha OKPY)KHOCTH, COOTBETCTBY-

I0IYI0 )4 = Pp.
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BpaienrieM KaibKy (He HapyIas mpu
3TOM IIEHTPUPOBKH) COBMeNaeM Ha-
HECEHHYIO 3aceYKy C JIOOBIM (Iydrie
OMIKAMIIINM) U3 TIPSMBIX MEPUANAHOB
ceTKH, uMeromux ¢ = 0°, 90°, 180°
wiu 270°. B gaHHOM ciydae ObICTpee
BCEr0 BOCIIONb30BAThCS MIPSIMOM JTMHU-
et c ¢ =90°.

OrkiazpiBaeM KOOPAUHATY 0, = 33° OT
I[eHTpa CEeTKH II0 ANaMeTpPy B CTOPO-
Hy 3aceyku. [[TOMHUM, 4TO JIMHUU TIPO-
BeZleHBl yepe3 2°, cJIeZIoBaTeNbHO, UC-
KOMasi TOYKa OyZeT MeXZAy JUHUAMU.
[ToMHUM, YTO TPaHU BEpPXHeH noycoe-
pel (p < 90°) u BepTHUKaJIbHBIX Ipa-
Hell (p = 90°) o6o3HaYaIOTCA KPYXKKa-
mu. HaHocuM HeBOOMBINOM KPYKOK, KO-
TOPBIA SIBJISIETCA THOMOCTepeorpadu-
4ecKOU MpoeKIrel rpadu A, 3a[aHHON
chepruIecKUMU KOOpAUHATaAMU.

OtkiazpiBaeM KoopAuHaTy pp = 113°
OT LIEHTPA CETKHU I10 AUaMeTPy B CTOPO-
Hy 3aceykul. [JOMHUM, 4TO JIMHUU TIPO-
BeZleHBl yepe3 2°, CJIeZloBaTeNbHO, UC-
KOMasi TOYKa OyZeT Takke MeXAYy Jiv-
HuAMU. Tak Kak KoopAuHaTa p > 90°,
TO BeJIMYMHA yIJIa, TpeBbImarmas 90°
(113° — 90° = 23°), oTKIaAbIBAETCS T10
3TOMY AUaMeTpy, HO yKe B 06paTHOM
HaIpaBJjeHNH — OT OKPY>KHOCTH K IIeH-
TPy Kpyra. I'panp obo3HawaeTcs Kpe-
CTHKOM, TaK KaK IIPUHAJJIEXXUT HIDK-
Heli onycepe. HaHocum He6OMbIION
KPECTHUK, KOTOPBIH SIBJISETCS THOMOCTE-
peorpaduyeckoli MpoeKIrel rpaHu B.
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Kaxxgoli HaHeceHHOU Touke (rpaHMU)
MpHCBauBaeTCs HOMEpP Wik 6yKBeHHOe
ob6osuavyenue. ITocae aToro He 3abbIBa-
€M BEPHYTb KaJbKy B HMCXOJHOE TIOJIO-
JKEeHUe, UCTIONb3Ys OITOPHBIE PUCKU. 3a-
Jlava pelieHa.

3agaua N22. V3MmepeHue yria MeXAy TOYKAMHU, 3aZJaHHBIMU ChepUIECKUMU
koopAuHaTamMu ¢ u p: A(67°, 31°), B(287°, 67°) u A(67°, 31°), C(287°, 113°)
(3mech u fanee moApasyMeBaeTCs y2os Mexcdy 08YyMsl HANPABNEHUAMU, 3alaHHbI-
MU cheprUUecKUMH KoopAuHaTaMu). IlociezoBaTeIbHOCTD IAroB pelleHUs 3TON
3aZiauu IpuBeZieHa B Tabnuiie 17.

Tabnuna 17. K pemenuro 3agauan N2 2

VintocTpalius OmnucaHue

TToMenaeM cBepXy Ha TpadapeT JUCT KaJTbKU
U QUKCHUpyeM IIEHTP Kpyra WUTrOJKOH. Pucka-
MU Ha KaJibKe 0603HaYaeM repecedeHus mpsi-
MBIX MepuauaHoB (¢ = 0°, 90°, 180° u 270°)
c axkBaropoM (p = 0°). ITo cxeMe, puBezeH-
HOH B Tabiune 16, HAHOCKM IIOJIOKEHUSI TO-
yek A, B u C. Bo3BpamjaeM KajabKy B UCXOJ-
HOE I10JI0}KEHHE.

Bpamenuem kanbku TOYKU A U B BBIBOAATCA
Ha OUH MepuzanaH. [I0CKONbKY 3HaYeHUS KO-
OpAMHAT p A 00enx Todek MeHblre 90°, To
TOYKM IIpHUHAZJIeXaT OAHOM (BepxHel) momy-
chepe. OTCUET yIIa MEXAY TOYKAMM ITPOU3-
BOZIMTCS TI0 OTPE3KY MepUIaHa CETKU Byiib-
¢da, 3aKII0UYEHHOTO MEXy HUMU. PrcyeM Ka-
paHjamoM 3Ty Ayry. B gaHHOM ciy4ae yron
MeXZy ToukamMu A U B paBeH 92°.
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[Tockonpky TOukM A u C NpUHAZAIEXKAT pas-
HBIM TosychepaM, TO UX HeobXOAUMO Bpa-
MeHNeM KaJbK{ BBIBECTH HA /JIBA CUMMET-
PUYHBIX MepH/uaHa ceTKu. V3 IByX BO3MOX-
HBIX yIVIOB (Zaromux B cymMme 360°) BeIGHpa-
10T, €CTeCTBEHHO, MeHbIINN, KOTOPHIN paBeH
B laHHOM city4ae 134°. PrucyeMm kapaHZaliom

aTy AyTY.

BosBpaliaeM KajabKy B UCXOZHOE IIOJIOXKEHHUE,
HCHONB3ysl ONOpHBEIE PUCKU. [loAmucHIBaeM
Ha AyraxX BeJIUYUHH yIIioB. CMOTpPUM Ha Ha-
Ille TBOPYECTBO Ha KaJibKe, yOpaB ceTKy Byib-

da.

Baxkno! CrnenyeT uMeTh B BUZY, UYTO €ClIM JBe TOYKU (Hampumep, A u B) aB-
JIAIOTCS THOMOCTepeorpadpuiecKUMU IPOEKIUAMY IpaHel, To yrol o = 92° Mexay
HUMHU He YTO MHOE, KaK YroJl MeXJy HOPMaIAMU K 3TUM T'PaHAM. YTOJI Ke MeXIy

caMUMU TI'DaHfAMM COOTBETCTBYET JOIOJIHU-
TeJTbHOMY yIuIy, T.e. 180° — o (puc. 74). B Ha-
nieM ciay4ae yroa MexzJy rpaHaMu A u B co-
craBuT 88° =180° — 92°.

[ToaBeseM uTor 3aHATHIO. UTO MBI cZe-
namu? WarotoBneHa ceTka Bynbda — Tpa-
¢duueckuii Tpadaper, MOMOTAIOIINA PEIIUTD
P4 3ajad reoMeTpUYecKOd KpuCTajiorpa-
¢un. C ero mOMOIIBI0 MBI HAyYWIHCh HAHO-
CUTb KOOPAMHATHI TOYEK II0 33JlaHHBIM cde-
pUYEeCKMM KOOpJAMHATaM, a TakXke U3MepATb
YIJIBL MEXAY 3TUMU TOYKaMU C TOYHOCTBIO 10
1 rpagyca.

Puc. 74. MimocTpanya B3auMOCBA3U
yIJIa MeXAy HOpMaJsIMU K rpaHaMm (o)
U ymia Mexay rpansamu (180° — o)

KoHTposbHbIE BOIIPOCHI

1) Yem cucrema chepryecKUx KOOPAUHAT, IPUHATAsA B KpUcTauiorpaduu, ot-

JINYAEeTCs OT reorpaduuecKuX KOOpAUHAT?

2) Kak B kpucrayuiorpapuu onpeenseTcs JoAroTa?
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3) Kax B kpucrayuiorpaduu onpegesnsercs mupora? YeMy paBHa IIUPOTA TOUYEK
IO’KHOT'O MOJTyLIapua?

4) Yo takoe ceTka Bynbda? Kakue 3azauu ¥ ¢ KaKOU TOYHOCTHIO MOXKHO pe-
1IaTh C ee IIOMOIIBIO?

5) Kak cBsizaHBl MeXKy COOOH YIIbI MeXAY IPAHAME U YIJIBI MEXAY HOPMaJIIM
K rpa"am?

YopaxneHusa

ViaMepbTe VIVIBI MEXKIY CAeAYIOUMMM TPOMKaM{ TOYEK M HaHecuTe AyTH Ha
KaJIbKY.

Ne[A, °—¢° B, g —¢° [C, 0" —0° [[Ne [ A, ¢°—¢° | B, 0" —p° [ C, 9° — ¢°
1| 43—-114 | 33—-124 | 65—171 || 17|113—-163| 59—29 | 315—58
2| 15—47 |245-100| 235—96 || 18 |254—-104| 36—42 58-9
3|135-170|300—-111| 95—105 || 19| 71 —158 {126 —111|116—150
4| 37—-18 |272—-136| 69—-87 ||20| 275—-32 | 90—88 |239—146
5|217—-141|276—-138| 35—17 |([21|260—172| 236—29 | 158 — 22
6| 241-10 2—-11 |132-169|| 22| 183—-87 | 336 —-60 4-3
7| 181—-24 | 222—-87 | 57—-154 (23| 64—126 | 359—20 | 21—-99
8|138—-169| 28-—97 65—85 |[|24(345—-139| 311-3 | 109-91
91160 —156[342—-156|209—-171||{25| 6—88 |274—-143| 3-117

10| 7-—142 36—35 |153—-123|{26| 11-169 | 180—11 | 314-23

11(353-178|190—-170| 146—86 || 27 |349—-175| 110—-57 | 101-133

12| 108 -31 | 281—-93 | 39—22 ||28| 342—-36 | 81—-15 | 73103

13(153—-118| 313—-50 | 277—-49 || 29| 331—-90 |100—-153| 71—17

14| 166 —-33 | 55—112 | 33 -156 ||30|156—108| 118 —-50 | 301 —25

151323 -112| 183—-17 | 44—54 ||31|177—-149| 63—-70 |299—174

16| 338—87 | 53—86 | 105—16 ||32| 31—-151 | 40—-79 |328—169

3anarue 24 (3-8)
IIpakTUYecKkoe 3aHATHE: IIOJIHOE ONMUCAaHUE KpHCTalIa
110 TOHUOMETPUYECKUM JaHHBIM

Ha npouuioM 3aHATHUY MbI TO3HAKOMIJIUCH C HEKOTOPBIMU IPUEMaMU TOYHOTO
MPOEIMPOBaHUsA HOpMajiell K TpaHsAM C IIOMOIIBIO CIeIMalbHOrO Tpadapera —
ceTku Bysbda. [Ipexx/ie ueM MpUCTYIIUTh K UTOTOBOMY IIPaKTUIECKOMY 3aHATHIO —
MIOJIHOMY OTMCAHUIO KPUCTA/UIA TI0 JAHHBIM TOHUOMETPUU — HEOOX0AUMO A06a-
BUTbH CJIEAYIOLIYIO MOIEe3HY0 NHPOPMALIUIO.

[Ipy omucaHUU KpHUCTaia CleAyeT o6paTuTh ocoboe BHHUMAaHWE Ha TpaHH,
KOTOpBIE TIEpPECEKAIOTCS IO MapaUIeIbHBIM pebpaM, ocoGEHHO eciu 3TH pebpa
HaKJOHHBIe. Ha caMoM Jiesle 3TO O3Ha4aeT, YTO HOPMAJIM K 3TUM I'DAHAM JIeXar
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B OZIHOM ITOCKOCTH. Takue IpaHu Ha3bIBAIOT MAYMO30HAIbHLIMU, & IZIOCKOCTh —
30HOU WM nosicoM. Ha NpoeKIMM 30Ha MOXKeT BBIVIAJZETh KaK JuaMeTp Kpyra
MpOoeKIUi (BEPTUKAIbHBIN MOsAC, pUc. 7 6 IIBETHOM BKJIEHKHU), caMa OKPYKHOCTh
(TOpU30HTANIBHBIIN TTOSIC, PUC. 7 B) U, HAKOHEII, B 001IIeM cIydyae — Ayra GOJIbIIOro
Kpyra (HakJIOHHBIH 1odc, puc. 7 a). [IpuMepamy Takux rpaHei ABIAIOTCA I'PaHu 6
u 7 (puc. 71). I Hac BaXXHO, YTO TAyTO30HAJIbHbIE I'PAHU 0053aTeIbHO pacloia-
raloTcs Ha IPOeKLIUH 30HBI.

O6paTuM BHUMaHUe, YTO TPaHU 7 TayTO30HAIbHBI TpaHAM 6. EC/IM MBICJIEHHO
ybpaTh U3 orpanku ¢popmy 5, TO CTaHOBUTCS OYEBUAHBIM, YTO U popMa 2 TaKkke
MPUHAAJIEXKUT 3TOMY MosACy: 2-7-6-7-2 (Ha MpoeKUuH 3TO OyAeT Ayra, TaK Kak
n3yyaeMoe pebpo HAKIOHHO). OZHOBpPEMEHHO, I'PAHU 7 JIeXKaT B BePTUKAIbHOMN
30He 3-7-4 (9TO 30HA TOPU3OHTAIBHOrO pebpa, IO KOTOPOMY OHU IEpeceKaroT-
cs1). Takum o6pa3oM, ecyii Ha IEPBOH CTyHeHHU (Tabnuiia A IIBETHOU BKJIEHKH) MBI
pacrioyiaraay rpaHb 7 Ije-To BHYTPH B 00IleM TIOJIOXKEHUH, TO cefidac Heo6X0ANMO
CTporo GpUKCUPOBATh 3Ty MPOCTyio GOpMy B TOUYKe IepeceveHUs ABYyX 30H. [Ipa-
BWIbHOE ITI0JIOXKEHHe I'PaHHU [TI0Ka3aHo Ha pUC. 7 T IIBETHOM BKJIEUKU.

[Tocne HaHeceHUs Ha KalbKy BCell TOHMOMETPUYECKOH MHGOPMALMK CTOUT
B3IVIAHYTh HA BeCh IOJIYyYUBIIMICA «y30p» U BBIOpATh Haubosee CUMMEeTPUYHBIN
13 BO3MOXKHBIX BapMaHTOB. B KadecTBe IpHMepa pPacCMOTPUM 4 TOYKH C KOOp-
muHaramu (@° — p°) A: 15— 40, B: 195 — 40, C: 105 — 140 u D: 285 — 140.
CXOZHOCTD 3TUX Iap JODKHA HACTOPOXXUTH HAC U 3aCTaBUTh NIPEAIIONOKUTD, YTO
3TO MOXeT OBbITh OZHA IpocTas ¢popMa. PacronoxeHue rpaHeil HaIOMUHAET Ae-
CTBUE UHBEPCHOHHON OCH YeTBEPTOTO MOPAAKA, a popMa [T0X0XKa Ha TeTparoHalb-
HBIH TeTpaszap. He 6yaem o6mxaTh ee, HEBEpHO HasbIBas ABYMS AusgpaMul A — B
u C — D, a y>x TeM 60jiee — 4eTHIpbMA MOHO3ZpaMu. TakuM 06pa3oM, He06XOAUMO
BHIOMpATh MaKCUMaJbHO CUMMETPHUYHBIN CTy4dail U3 BceX BapuaHTOB. B paccmart-
pUBaeMOM IIpuMepe 3TO, 0Ge3yCIOBHO, TeTparoHaJ bHHEIN TeTpaszap. OH, KCTaTy,
CyLeCTBYyeT B JBYX Kjaccax — S, U D,y. IIpaBUIBHBEIM OTBeTOM OyZieT BTOPOH,
KOODZMHAThl BHIXOZI0OB T'OPU3OHTAIBHBIX OCeli BTOPOro IopsjKa MMerT ¢ = 60°
u 150° coorBeTcTBeHHO. CUMMETPUA [TOHU3UTCA A0 S4 JUIIb B TOM CIydae, eciu
6yZeT BBeZieH B OTPAHKY ellle OAWH TETPAarOHAIbHBIM TETPA3Ap, HAIPUMED C Tpa-
Hamu (¢° —p°) E: 25— 30, F: 205 — 30, G: 115 — 150 u H: 295 — 150. Takum
06pa3oM, TP BHITIOTHEHUU MPAKTAYECKOTO 33/laHUSA HEOOX0AUMO (PUKCHPOBATH
MaKCHUMaJIbHO BO3MOXKHYIO CHMMeTpHIO!

3azjada. ITo cheprudeckuM koopAuHaTaM rpaHeit (¢°, p°)

Ne[ o —p° [[Ne] ¢°—¢°

?-0 8 | 138—-38
?—180 || 9 | 228 -38
93—-90 ||10| 318—-38
183 —-90|| 11| 48 — 142
273-901(12|138 — 142

3—-90 ||13|228—-142
48 —38 || 14 318 — 142

N(oo|jun|h[wWw|N|—
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C TIOMOIIBIO CeTKU Bysbda mocTpouTh cTepeorpaMMy KpHCTaLIa, ONMPEEIUTD €T0
MaKCHMaJIbHO BO3MOXXHYIO CUMMeTpHio. CrpyIIIpOBaTh I'PaHU [0 IPOCTHIM op-
MaM. [lokasaTb Ha KajJbKe pacIlONIOKEHHE 3JIEMEHTOB CUMMETPHUU IIOJyYEHHOI'O
Kacca. /laThb MOJTHOE OTKCAaHKe KPUCTalIa 110 O1aHKY, IpUBEAEHHOMY Ha puc. 49.
MoXKeT 1 3TOT KPUCTALT OBITh IIUPKOHOM ZrSiO,, ecay U3BECTHO, YTO B 3TOM
MUHepaje Yrojl MeXAy TPaHAMU OUIIMpaMHAbI U Mpu3Mbl paBeH 113°? TayToszo-

HaJIbHBI JIU TpaHu 4-7-8-6?

[TocnenoBaTelbHOCTD peueHua HacTosel 3aaun IIpHUBE/cHA B Ta6JII/ILIe 18.

Tab6auna 18. K peuenuto 3agayu u3 3anaruda 24 (3-8)

Witroctpanusa

OmnmucaHue

HanocuMm Ha KasbKy IIOJIOXKEHHUS BCEX TO-
yeK, ABJAIOUMMUCA HOPMaIsIMMU K TpaHAM
kpucTasia. He 3abbiBaeM, YTO TOYKU HUK-
Hel nomycdepsl U300parkaroTcs KpeCTUKaMU,
a BepxHel momychepsl U 3KBATOPUATbHOU
IUIOCKOCTH — KpyXKamu. [loamuiceiBaeM Bce
ToYkH Iudpamu ot 1 g0 14.

VzydyaeM yepTex. AHaIU3UPyeM pacIosioke-
HHE KPY)KKOB U KpecTUKOB. OUeBUIHO, UTO
repes, HAMU TPU TPOCTbie GOPMBI — OZAHA
AByrpaHHas (rpaHu 1-2), ofiHa YeThIpeXTPaH-
Haa (rpaHu 3-6) U OAHA BOCHMUTpPAHHAs
(rpanm 7-14). Y6exxgaeMcss B TOM, YTO Bep-
THUKaJlbHAasA oCcb — L,, TaK Kak IIpU IIOBOPOTE
Ha 90° MOTUB paCIIOJIOXKEHUS HAIIUX TOYEK
coBMelaeTcs caMm ¢ coboit. HaHocum BepTH-
KaJIbHYIO OCb Ha YepTex.

(3]

/"’

AL
\ \v

ObpamaeM BHUMaHUE Ha TO, YTO T'PAHU Ue-
ThIpEXI'PaHHON GOPMBI HAXOASATCA POBHO IIO-
cepefyiHe MeXZy I'PaHAMHM BOCBMUTPAaHHOM,
CJleZIoBaTeNbHO, B 3TOM MecTe MOXeT IPOXO-
JVTh KaK BepTHUKaJIbHasA IUIOCKOCTh, TaK U I'o-
pU30HTaNIbHAA OCh BTOPOTro NopsAzAKa. Makcu-
MaJbHO BO3MOXKHBIYM [0 CUMMETPUHU CJIy4dai,
obecrieynBaONUI TaKOe PaCIIONIoXKeHUE I'pa-
Hell, — Dy, HaHOCHM Ha IIpOEKIINIO 3/1eMeH-
ThI CHMMETPUH KJIacca.




3anaTue 24 (3-8). IlonHoe onvcaHue KPUCTA/LIA II0 TOHUOMETPUIECKUM JaHHBIM 109

kaTeropus a, b, ¢ cpedHss
cuHroHns o, 3, ¥ mempa2oHasibHasi
cumson rno bpase L44L,5PC
cumeon no Wendnncy D,,,
_ dumempazoHaJsibHo-
Knacc no obtuei opme o
6unupamudanbHbil

06nuK

MexayHapoaHbIit cumeon| 4/mmm

XapakTepucTuka npocTbix opm

Kon-so

Ne rpaeit Ortkp./3akp. “acTH./obu. Hassanve

1,2 2 OTKp. yact. nUHaKoug

3-6 4 OTKp. Yyacr. TeTp. npuama
7-14| 8 3aKp. yacr. TeTp. Gunupamuaa

raburyc

Odopmiisiem 6yaHK (puc. 49): KaTeropus — CpeHss, CHHTOHUA — TeTParoHab-
Has, cuMmBon bpaBe — L,4L,5PC, cumBon [lléndnuca — Dy, MeXAyHAPOAHBIHA
cuMBOJI — 4/mmm, knacc mo obmel $popMe — AUTETparoHaJIbHO-OGUIMpaMU-

JanbHBIN. [IpocTeie GOpMBI:

(1) — 2 rpaHu, OTKpHITadA, YacTHaA, TMHAKOW/,;
(2) —4 rpanu, oTKpHITadA, yacTHasd, TeTparoHajabHasd IpU3Ma;
(3) — 8 rpaHeii, 3aKphITas, YacTHasA, TETparoHaJbHAasI OUITHUpaMu/a.

11 mpoBepku TOro, jieXxaTr Ju rpaHu 4-7-8-6
B OZIHOM 30He, IONbITaeMcs BEIBECTU UX HAa OJHY
Ayry. Kak BUHO 13 pUCyHKa, 3THU I'paHu e CTBU-
TeJIbHO IIPUHAZJIeXKaT K OJHOMY II0ACY, caeoBa-
TEJILHO, OHU OYIyT MEpeceKaThCs MO Mapajliesib-
HBIM pebpam.

[IpoBepuM, He ITUPKOH JiU 3TO. J[JIsT 3TOTO U3Me-
PHUM YTOJ MEXAY HOPMaIAMH K IpaHU TETparo-
HaJIbHOM IIPU3MBI U TETparoHaabHON GUTHpaMU-
Zbl (Hanpumep, 6 u 7). OueBUAHO, YTO 3TU FPaHU
UMeIOT 001iee pebpo, Tak KaK HaXOAATCA PSIOM
ZPYT ¢ ApyroM. VI3aMepeHHBIH yTol MEXAY HOopMa-
JIAMH COCTaBJAET 64°, T. €. yToa MeXAY TPaHIMU
6yzer paBeH 116° (cM. puc. 74). YauTsBas To4-
HOCTb HU3MepeHus yioB (1-2°), ZaHHBIA MUHe-
paj He MOXKET OBITh IIMPKOHOM.
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OTMeTuM, YTO, He HaOMIOZAsd KPUCTALI BU-
3yasIbHO, HEJb35 OMHUCATh €ro OOIUK U Tabu-
TYC, OHU MOT'YT BapbUpOBAaTh B JOCTATOYHO
IIUPOKUX Tpesenax. Ho eciau 6bI MBI 3HAJH,
YTO OOMMK y HCClIeAyeMoro obpasua Uroib-
YaTBIA WIN BBITSHYTHINA, TO MOXHO OBLIO OBI
CKa3aTh ¢ GOJBIIOI YBEPEHHOCTHIO, YTO KPU-
cTasut 0b1aZjaeT TeTparoHaIbHO-TIPU3MaTHIe-
CKU-OUNMpaMHUJaIbHO-IMHAKOUAATBHBIM Ta-
OGUTYCOM.

[MozBeseM WTOT HAIIEMYy 3aKJIIOYUTETHbHOMY 3aHATHIO. MBI U3y4mid ocobeH-
HOCTU IIPOEIMPOBAHMA M aHaMM3a KpHICTa/Ula MO JAaHHBIM TOHUOMETPUYECKHUX
HabsromeHni. Briia mocTpoeHa 1Mo ceTke Byibda crepeorpaduyeckast IpOeKIus
KJIacca CUMMETpPUH, 06eclieYnBaloIIero Takoe pacIojioKeHe rpaHei, ¥ THOMO-
crepeorpaduyecKas MpoeKIUsI HOpMael K rpaHaM. /laHO MOJTHOE ONTUCAHUE KPH-
cTaJula v cZieJIaH BBIBOJ, O TOM, YTO U3y4aeMbIi 0Opasel He MOXXeT OBITh IUPKOHOM
(c ucronb30BaHUEM CIIPABOYHBIX JaHHBIX). [IpoBeZieH JIOTIOTHUTENbHBIN aHaIu3
TIPUHA/JIEXKHOCTH I'PaHel pa3JndHbIX GOPM K OZHOMY ITOSCY.

KOHTPOJIIJHLIC BOIIPOCHI

1) Yto Ha3pIiBaeTCsa 30HOMI?

2) KakuM 06pasoM MOKHO BHU3yaJIbHO OIPeAeTUTh TPAHU OAHOM 30HBI?

3) Kakum 06pa3oM MOKHO OIpeAeTUTh I'PaHi OJJHOM 30HEHI 110 ceTKe Byibda?

4) MakcuMaabHO WM MUHUMAJIBHO BO3MOXKHBIN [0 CUMMETPHUHU CJIy4all CTOUT
BBHIOMPATh TP aHAJIN3Ee TOHUOMETPUYECKUX JAHHBIX?

Yopaxxnenusa

1) IToCTPOUTD 1O TOHUOMETPUYECKUM AAaHHBIM — chepUIECKUM KOOPAUHATAM
¢° u p° rpaHeii — cTepeorpaMMy KpHCTajlla, ONPeeIUTh ero CUMMeTpHIo. JlaTh
HabpOCOK 06IIETO BUA KPUCTALIA:

Ne| ¢f—¢° Ne| oo —¢°
1| 35-32 1(112-90
2| 88-32 2 1202-90
3| 215-32 3 (292—-90
4 | 268 —32 41 22-90
5| 35—148 5| 67—45
6 | 88—148 6 [157—45
7 |215—148 | | 7 | 247 —45
8 1268 —-148| | 8 |337—45

9 ?-0
10| ?—180




3anarue 24 (3-8). IlomHOe ommcaHye KPUCTALIA 10 TOHUOMETPUYECKUM JaHHBIM 111

2) Onpezenure rpapuIecKyM ITyTeM, IIEPECEKAOTCS JIH 10 [TapasulebHBIM peb-
paM I'paHU ¢ KOOpAUHATaMHU:

NeJA, ¢°—p° |B,¢9°—p° |C,9° —p° ||N2 | A, 9°—p° | B,g" —p" | C, 9" —p°
45— 55 56 —-61 63 — 66 4 63 — 66 45 —-90 72 —58
90 —90 45 —-55 76 — 76 18 — 58 63 —37 37 —45
3| 45-55 27 — 29 34— 50 6 63 —37 45 — 55 56 —61

9]

3) OkTa6pb 2023 roga. Bl siBIsIeTeCh KOMaHAMPOM 3Be3zoeTa 3emists — Mapc,
MIOCJIAaHHBIM Ha Pa3BeZIKy MeCTOPOXK/IeHUH T0Ie3HBIX CKOTIaeMbIX aKTHBHO KOJIO-
Hu3upyeMoii KpacHoii miaHeThl. 3Be3Z0JIET OMyCTUWICA B patioHe JlabupunTta Houn
(Noctis Labirinthus). ITocaHHBIM Ha pa3BeAKY SKUIIAX MIPUHEC 006pa3iibl, Cpes KO-
TOPBIX HAXOJWICA TEMHO-KOPUYHEBHIN MOMYNPO3PAaYHBINA OJIECTAIINN MHOTOTpaH-
HUK, COCTOSIIMH U3 IBYX PA3JIN4YHBIX IT0 popMe rpaHeid. I[IpoBejeHHBIE TOHUOMET-
pUYeCKHe UCC/IeJOBaHUA Ay CJIeAyIOIINe Pe3y/IbTaThl:

Ne | @°—p° [N @°—p° |[N°| @°—p°
0—-0 7 95 -75 13 {230—-105
0—180 8 | 130—75 |[| 14| 265 — 105
5-75 9 1140—105|{ 15| 275—-75
40—75 ||10|175—-105|[ 16| 310—75
50—-105|{11| 185—-75 (|17 |320— 105
85—-105|/ 12| 220—75 || 18 |355—-105

Q|| R|W|IN|-

[IpoaHamu3UpyiiTe OTpaHKy, cejaiiTe BBHIBOA O IIPUHAJIEKHOCTH obpasiia
K OJHOMY M3 KJIaCcCOB CUMMETPHH, Ha30BUTE MPOCThie pOPMbI U Ha OCHOBAHUU
MpUIaraeMbIX CIIPaBOYHBIX IAHHBIX (CM. TabIUIly Ha CIeAyIOIell CTpaHUIlE) Ompe-
JeIuTe MUHepas. Beibepute ofWH 13 BO3MOXKHBIX BADUAHTOB IMIMGpPOrpaMMbI Ha
3eMJTIO TIpe3UZIEHTY cTpaHbl. Kak BbI MOKeTe 000CHOBATh CBOU BBIOOD?

1. CpouHO BBIKyTIaiiTe JaHHBIN yaacToK Mapca! HailizeHsr MuHepasbl Kagmust!

2. HaMm HaJZio CpoYHO KyIUTh 3TOT yyacTok Mapca! HaliseHsl MuHepaibl Mo-
aubgeHal!

3. Mt Hauww xpusobepwin! TyT MOTYT GBITH €r0 AparoleHHbIe CIyTHUKU —
QIeKCaHJPUT U U3yMpPYZ! AKTUBU3UPYEM ITOUCKU!

4. Hamumy TeMHBIH KpUCTasUI, JUAarHOCTUPOBATh He yAanock. f IIoxo yquica
B HMHCTUTYTE AecATh JeT Hasak. [IpocTuTe MeHs, FOCIIOANH Ipe3uzeHT!

5. Tloxoxe, 3a HaMU CJIeAAT MHOIUIaHEeTAHe! MBI HalllI HEKPUCTALINYECKOE
BEI[ECTBO UCKYCCTBEHHOI OTpaHKu. MOXHO, MBI YJIETUM OTCIOZa OBICTPO?

6. Haiizenrl MuHepassl onoBa! DKCHeAUIUA IIPOCUT BHeOYepeJHOU BHIXOZ-
Hot!
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KpaTkuii roHHOMeTpUYeCcKHii CIIpaBOYHUK yJIeTarollero Ha Mapc KocMOHaBTa

Munepan l'oHnomeTpuyeckas JUarHocTUKa
YrioBoe paccTogHUe MeXAy HOpMaAMU K I'PaHAM B

I'punokut CdS P Ay Hob P A Z,X
PAa3IMYHBIX FeKCAarOHAJIBHBIX TUPAaMU/] COCTABIAET 26
YrnoBoe paccTosHNe MeXy BepxHel U HIDKHelN IrpaHblo

Monubaenut MoS, P Ay BEP P

reKcaroHaJbHOM GUIMpaMuzbl paBHO 98°

CranumH Cu,FeSnS,

YrioBoe paccTosgHNe MEXIY OIpKaliMy HOpMaIAMU
K IPaHAM TETParoHaJbHOTO CKAJIEHO3/pa U TETPArOHAJIbHOTO
TeTpasapa paBHO 15°

Iosemnur CaMoO,

YI/II0BOE paccTosiHUe MeX/Ay I'PAaHAMU /IBYX Pa3TMYHbBIX
TeTparoHaJbHBIX GUIMpPaMUZ cocTapisgeT 148°

Xpusobepwur Al,BeO,

YrI0BOe paccTossHHe MeXy I'PaHAMU BYX Pa3JN4HbIX
poM6HMUeCcKUX 6unpaMuz cocTapiser 138°




3akJjrodyeHue

ViTak, HaIll IIKOJIbHBIM TPEXCTYIIEHYATHIH Kypc OOyUYeHUS IMOAOIIE]T K KOHITY.
OJHaKO 3TO He 3HAYUT, YTO YMTATENU, VCIIENTHO MPEOJOJIEBIIINE BCE CTYIIEHU 00Y-
YeHUs, Y3Ke JOCTUIJIN BEPIIUH KpUCTa/UTorpaduieckoro MactepcTsa. MHOrHMe Mo-
MEHTHI JJa)ke TeOMETPUYECKON KpHCTa/Iorpadul MaKPOCKOIIMYECKUX OOBEKTOB
aBTOPBHI HAMEPEHHO OCTaBWIM «3a KaZ[pOM», IIOCUUTAB 3TOM MaTepuasl CIOXKHBIM
JUTA IKOJIBHUKOB, Aa)Ke XOPOIIO OATOTOBIEHHBIX.

Cioza OTHOCUTCS, HalpuMep, pasfesl, TOCBIIIEHHBI WHAEKCUPOBAHUIO Tpa-
Hel — MPUCBOEHUIO KaXK/J0M KOHKPETHOM I'PaHU KpUCTa/Ia YHUKAJIBHOTO UG PO-
BOT'O CIMBOJIa, a TAK)XE TEOPUSI CUMMETPUU JBOMHUKOB. JIBOMHUKY OIMCBIBAIOTCS
TaK Ha3bIBa€MOH YepHO-0eIol CUMMETpPHEN. A ecThb ellle W LBETHAasd CUMMETPUS
I ellfe 6osiee CIOXKHBIX cydaeB. TakKe OTMETHUM, YTO €CJIM OT MaKpOCKOIIMYe-
CKUX 0OBbEKTOB TIEPENTH B aTOMapHOE KPUCTA/LIUIECKOE TIPOCTPAHCTBO, TO MTepe]
HaMU OTKPOETCS COBEPIIEHHO YHUKAJIbHBIN BBICOKOCMMMETPUYHBIA MUP, COAED-
JKalui HOBbIE, HEU3BECTHBIE B MAaKPOMUPE 3JIEMEHTHI CUMMETPHUH. YTOOHI 3avH-
TPUTOBaTh YUTATENS, JOCTATOYHO YIIOMAHYTh, YTO B TAKOM IIPOCTPAHCTBE TOJHKO
ocel 11ecToro MopsjKa CylecTByeT 1IecTb pa3HOBUAHOCTEMN!

HaMepeHHO 0CTaTOYHO CKaTO OBLI OCBAIIEH aBTOPaMU M pasziesl, Kacaroului-
¢Sl KpUcTa/ioreHesuca u GopM pocTa peaabHbIX KPUCTAJLIOB, TaK KaK ero moapo6b-
HOE M3JIOJKEHUE JOKHO OCHOBBIBATHCA HA IIPOYHBIX 0GA30BBIX 3HAHUAX (QUINKU
u xuMuu. [To3ToMy aBTOpHI PU3BIBAIOT YUTATENS He MIOYMBATh Ha JlaBpaxX U IOM-
HUTb, YTO KpUCTaLIOrpaduss — IpaKTUIECKH Hercdepnaemas Hayka. [lepedpasu-
pya usBecTHyI0 ¢pasy 'eTe, MOXKHO cKa3ath: «OHa (Kpucrayuiorpadus) AaeT ymy
HEKOTOPOE y/IOBJIETBOPEHUE U SIBJISIETCA B CBOMX YaCTHOCTAX CTOJMb pasHOOOpas-
HOH, YTO MOXKET OBITh Ha3BaHa HEMCCAKAeMOM, 6rarogaps 4eMy OHa MPOYHO U Ha-
JIOJITO 3aXBaTHIBAET BHIJAIONIUXCS JIO/IEl». YIIOMIHEM JIMITb HEKOTOPHIX U3 HUX:
P. Aron, X.Beiic, 3. Mutuepnux, JI. Ilactep, . Mengenees, A.TagonuH, O.FBpage,
I1. Kropwu, JI. 3ouke, E.Demopos, A.Illéudmuc, I1. I'pot, B. BepHaackuii, M. Jlaya,
B. PentreH, otell u cbid Bparry, I. Byibd, B. Tombammuat, JI. [Tonusr, A. @epcma,
H. Benos, A. Illy6uukosB, b. [lenone, I'. Bokuii 1 A. Kutaiiropozackuii. [IoHATHO, YTO
3TOT CIMCOK MOXKHO PacIIMPUTh BO MHOT'O Pas.

[MonokeHWe COBPEMEHHOW KpUCTaIorpaduu BO MHOTOM HAIlOMHHAET POJIb
MaTeMaTHUKH, METOAbI KOTOPOH MCIIOIb3YIOTCA B MHOTOUYMCIEHHBIX U pasHooOpas-
HBIX AMCIUIUIMHAX. [IpaKkTU4yecKyd Bce HayuyHble U TeXHUYECKUE AOCTHKEHUA II0-
CJIeTHETO BPEMEHU HETIOCPEACTBEHHO CBA3aHbI ¢ KpucTamuiorpadueii. Cioga MOXK-
HO OTHECTH KOMITBIOTEPHYI0 MHUKDPOJJIEKTPOHUKY, IEKTPOHHYI0O MUKPOCKOIIHIO,
OTKPBITHE KBa3UKPUCTAJIOB, fABJIeHUE BBICOKOTEMIIEPATyPHOU CBEPXIIPOBOAUMO-
CTH U T. A. Be3 3HaHUA KpUCcTAUIOrpadUIeCcKUX 3aKOHOB TPYAHO MOHATD U OLEHUTD
MHOTHE HOBeHIITMe Hay4dHble OTKPHITHA. [OBOpPS O poiu KpuUcTauiorpaduu B CO-
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BPEMEHHOM €CTEeCTBO3HAHUM, HEeJIb3s He YIIOMAHYTh O BO3ZeHCTBUHU ee IIPUHIIUIIOB
YIIOPSAZOYEHHOCTH U CUMMEeTPUH Ha caMble oOIye KOHLENIUY T03HAHUA IIPUPO-
el — QyHAaMeHTalbHble QU3MYecKHe TeOpHU, TaKue KaK 3aKOHBI COXpaHEeHUH,
TEOPHIO dJIeMeHTapHBIX YaCTUI] ¥ MHOTHeE JpyTHe, OCHOBaHHBIE Ha HCIIOIb30BaHUU
e CHMMETPUU.



IIpunoxeHusa

IIpunoxenue 1

IToATOTOBKA K OJIMMITHA/ZlE IIKOJBHUKOB 110 T€0JIOTHH.
Tumnosskle 3aja4i KaOMHeTa KpUcTa/LIorpadpuu

ExxeronHno B MOCKOBCKOM roCyZiapCTBEHHOM yHUBepcuTeTe UM. M. B. JIoMOHO-
coBa B ¢deBpase-MapTe NpoxoguT MOCKOBCKAsA OTKPHITASA OJMMITNAJA IIKOJbHU-
KOB II0 reosoruv. OCHOBHBIE UHTE/UIEKTYalbHbIE COCTA3aHUA IIPOBOAATCA B JBa
Typa: TeopeThudeckuil (MMCbMEeHHBIN) U MpakTUudeckuit (ycTHbIN). Bo Bpems npak-
TUYECKOTO Typa YYaCTHUKHU OJMMIIMAZbI TIPOXOJAT Uepe3 pas3iuvHble KaOUHETHI,
B KOTOPBIX WIEHHI XXIOPU B YCTHOHN (OpMe NMPOBEPSIOT 3HAHUA U MPaKTUYECKUE
HAaBBIKU IMIKOJIBHUKOB [0 COOTBETCTBYIOUIMM AuCHUILTHHAM. OZUH M3 KaOWHeTOB
HaseBaetcs «Kpucramnorpadus U pocT KPUCTA/UIOB». UTO Ke XK/eT UIKOTbHUKOB,
PEIIMBIINX IIOCETUTh 3TOT KaOWHeT? YCTHHIH Typ B KabHHeTe IIPOXOAUT B TBOpYe-
CKOI 1 06poKenaTeIbHON 06CTaHOBKE; B KOMUCCHIO BXOJAT Mpernogapateau MI'Y
(ZoxTOpa M KaHAWJATH HAyK), a TAKXKE aCIIUPAHTHl M MaruCTPAHTH Kabeapsl KpU-
cTayorpaduu, KOTOpble MAKCUMAalIbHO OOBEKTUBHEI IIPU BHICTABJIEHUH OLIEHKH.

Puc. 75. Ha Onumnuaze mkoabHUKoB B MI'Y, 2012 r. © Tl'eonoruyeckas mkona MI'Y

VIHTeNIeKTyaJIbHOE UCIBITAHUE B KabUHeTe IpesycMaTpUBaeT Gecefy IO Ofi-
HOMY U3 paszeioB KpUcTa/utorpadpuu ¢ MpoBepPKOI IOHUMAaHUSA pAfa TEPMUHOB.
JlOTIOJTHUTETPHO WIKOJIBHUKY IIpejiaraeTcsi pelIuTh 33Zady Ha IIPOCTPAHCTBEH-
HOe BOOOpaXEHUE, a TaKXKe ONPEeJENUTh CUMMETPUIO HEKOTOPOTO OOBEKTa. DTO
MOXKeT OBITh WZleaM3NPOBaHHAsA yueOHAas MOZeTbh KPUCTAUINIECKOTO MHOIOI'PaH-
HUKa WIU IPUPOAHBIN KPUCTa/LI. BO3MOXHBI HeKpUCTa/IMYecKre MHOTOIpaHHU-
KM, TIpeJMeTHl )KUBOHN NPUPOALI, UCKYCCTBEHHbIE OOBEKTH U T.[. (CM. PHUCYHOK
5 uBeTHOl BKJelku). Bompockl B kabuHeTe GOPMYIUPYIOTCA [JiA YETHIPEX BO3-
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pacTHBIX Tpynn ydacTHUKOB: I (1-5 kiaccer), II (6-8 wuaccer), 1T (9-10 kmaccer)
u IV (11 xnacc). 3HaHUA B KOKJOM KabHWHETe OYHOI'O Typa OLEHUBAIOTCA IO Jie-
catubamtbHol mkane ot 0 go 10 6asutoB. OlileHKa B KabuHeTe KpUCTaIorpapuu
ZU1s1 Bo3pacTHRIX rpyni [I-IV ckiaZpiBaeTcs U3 TPeX COCTABJIAIOIINX: TBOpUYECKas
6ecena (MakcumyM 6 6asioB), 3aZada (MakcuMyM 2 6asia) v onipeseieHue CUM-
MeTpuH oobekTa (2 6amta). JIa MIaJiux IMKOJIbHUKOB MPEAYCMOTPEHA TOIbKO
TBOpYeckas beceza.

TunoBas 3aaya Ha IMIPOCTPAHCTBEHHOE BOOOpakeHHe
(oTBeTHI TPUBEIEHHI B KOHIIE ITOCOOMS)

BospacrtHas rpymnna II

a) Kakoe MUHUMAaIbHOE YHUCIIO pebep MOXKET OBITh Y KPUCTA/UIMYECKOT'O MHO-
rorpa"HHuka? [louemy?
6) CKOJIbKO BEPIINH Y OKTasApa?

BospactHas rpymnmna II1

a) Ilepes BaMu KpUCTAJUTMYECKUM BBIMTYKJIBIM ceMUrpaHHUK. HazoBure cuHro-
HUU, B KOTOPBIX BO3MOXKHA 3Ta cuTyarusa. CKOJIbKO COPTOB IpaHeli 6yAeT B Kax-
JOM ciy4dae?

6) Kakas reomeTpuyeckas Gpurypa moayauTcs, eCIU COEANHUTD MEXKIY COO0M
TOYKH, ABJIAIOUINECST LIeHTPAaMU I'PaHel IPaBWIHHOI'O OKTadgpa?

BospacrtHas rpymnna IV

a) MokeT JIu KpUCTALT KyOU4YECKOW CHHTOHUU, COCTOSAIIUMA U3 ABYX IPOCTBIX
¢dopwm, 6bITE 22-TpaHHBIM? ECJTH /13, TO IepevyrcInTe Bce KOMOMHALMHU GOpM, YAO-
BJIETBOPAIOLINE 3TOMY YCIOBHUIO.

6) HazoBuTe Kjacc CHMMETPUU, B KOTOPOM MOKET OBITh TOJIBKO TPU MTMHAKOU-
za. [TokaxxuTe Ha CXEMaTHYECKOHN MTPOEKIIUU ITOT CIyJIai.

B) ¥ KaKoro MHOTOI'PaHHHKA 6osblie pebep — y TPUTOH-TPU-TETPAdApA WIK
TeTParoH-TpU-TeTpasapa? IIpowuIoCcTpUpPYyHTe pelleHue.

HekoTopbie BOIIPOCHI TBOPYECKOi1 Gecesibl

1. KakuMm 06pa3oM OrpaHkKa KpUCTa/lIa IO3BOJIAET ONPEAETUTb €r0 COCTaB?
(rpynma II-1V)

2. Kak BBl moHHUMaeTe moHsATre cuMMeTpun? (rpymma II-111-1V)

3. [ToueMy rpymnI CUMMETPUH, UCIIOIb3YEMBIX JJI OTIMCAHUS BHEIIHENH GOPMBI
KpHUcTasioB Bcero 32? (rpymma IV)

4. OTInuua TPUPOAHBIX U CUHTETUYECKUX KpUcTasuioB. (rpymnna II-II11-IV)

5. Yto GBI BRI CZIe/aNH I YIy4IIeHN KaueCTBa KPUCTaLIa, KOTOPBIM pacTUTe
camu? (rpymma II-111-1V)

IIpunoxenue 2
H3roToByieHre MoJesiell KpUCTA//IOB Pa3/IMYHBIX KJIacCOB

Jlnst u3roToBIeHUA 6YMaXXHBIX MoZiesiell KpHUCTAIZIOB HEOOXOANMO paclieyaTaTh
IIpUBeZleHHbIe BEIKPOMKM (CChUIKA HAa OpUTMHAJ B BeKTopHOM popmare EMF mipu-
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BeleHa B KaXIOM CJIydae) B HeoOXOJWMOM pa3Mepe Ha IUIOTHOUW 6Gymare wiu
TOHKOM KapTOHe. PacreyaTaHHYI0 BBHIKPOIIKY HEOOXOZUMO aKKypaTHO BBHIPE3aTh
MaKeTHBIM HOXKOM WJIM HOXXHUIIaMU. [1s1 cru6oB 1o pebpam (BBIZETEHHBIM bosee
TOJICTBIMU JIMHUSIMH) PEKOMEH/YETCS UCIIONb30BATh JIUHENKY.

2-1. 3roToBjIeHHE MOZEIU KpUCTa/Ia 6epuuia

e

Puc. 76. CneBa — roTtoBas MOZenb KpucTaia bGepwiia, OT-
Hocawmeroca K kinaccy Dg,. B orpanke Mozenu mpezcrasiie-
HBl 4 mpocTble GOPMBI — IMHAKOWJ, TeKCaroHaJbHAas IMPU3-
Ma U /Be reKcaroHajgbHble OUMUpaMufbl. BHU3Y — BBIKPOU-

\ / Ka /A usrotoBneHusa Mogemu. Pain And cKauMBaHUA —
http://cryst.geol.msu.ru/courses/crgraf/models/01.emf
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2-2. I3roToBJeHNEe MOJeU KpUCTa/Iia KaablyuTa

Puc. 77. CneBa — roroBasg MoJejlb KpUCTa/Ula KajabLIUTa, OT-
HocAmerocsa K kiaaccy Dgy. OrpaHka Mofenu IpeAcTaBieHa
JIByMsI TPUTOHAJIBHBIMU CKAJIEHOdApaMHU. BHHU3Yy — BBIKpOWi-
Ka [ W3rOTOBJIEHWSA Mojenu. Pain a9 ckayvBaHUA —
http://cryst.geol.msu.ru/courses/crgraf/models/02.emf
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2-3. VIsroToBjieHUe MOZeId KpUCTala pyTiUia

Puc. 78. CneBa — roroBas MOJeNb KpPHCTa/la PyTWIA, OTHO-
cameroca k kKiaaccy Dy,. B orpaHke mMofenu npeicTaBieHHl 4
npocTele pOpMbI — TeTparoHajabHas NpU3Ma, JUTeTparoHalb-
Had IpU3Ma U IBe TeTparoHajabHble 6UNUpaMUAbL. BHU3Y — BBI-
Kpo¥Ka AJ u3roropneHusa Mofenu. ailn A1d ckaunBaHUA —

http://cryst.geol.msu.ru/courses/crgraf/models/03.emf
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2-4. VI3roTOBJIEHHE MOZieJIU KpUcTa/lIa MAPUTA

Puc. 79. CieBa — rorosasa MOZe/Nb KpUCTa/LIA IUPUTA, OTHOCA-
merocs K kinaccy Ty,. B orpaHke Mozeny IpeACcTaBaeHbl 2 Mpo-
cTble GOPMEI — reKcasAp U IeHTaroHozAeKasAp. BHU3Y — BbI-
KpOWMKa A M3rotoBieHus mozenu. daitn gn1a ckayuBaHUA —
http://cryst.geol.msu.ru/courses/crgraf/models/04.emf
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OTBeThI K yIpaxXHeHUAM

CryneHs 1. 3anarue 2

1) Jozmexasap — 12 rpaHedl B ¢opMe NATHYrodbHUKA. BOKpyr Kakzgoul
rpaiu — 5 BepuinH. Kakzasa BepuIvHa cCBA3BIBaeT 3 TpaHM, CIeAOBaTeNIbHO,
OTHOIIIeHNE IpaHb—BepinnHa = 3 : 5. Yucsro BepiuH paBHo 12/3 X 5= 20.

Wxocasgp — 20 rpaHeit B ¢opMe TpeyroibHUKa. BOKpYr KaskJoil rpaHud — 3
BepunHbl. Kakzasd BeplinHa CBA3BIBAeT 5 IpaHel, clefoBaTelbHO, OTHOILIEHWeE
rpaHb-BepiirHa = 5:3. Yucmo BepuH paBHo 20 X 3/5=12.

2) Jlomexasap — 12 rpaHeit B popMe MATUYTONbHUKA. YUCIO BEPIIUH ITOACYU-
TaHo Bhimie U paBHO 20. [To dopmyse Diinepa 12 4 20 = P + 2, ciefoBarTenbHO,
y nozekaszapa 30 pebep.

Vkocasgp — 20 rpaHeli B popme TpeyrosbHUKA. YKUCIO BEPIIMH MOACYUTAHO
BhIlle U paBHO 12. [To dpopmyse Ditnepa 20 + 12 =P + 2, oTcioga nonydaem, 4To
y ukocaszapa 30 pebep.

Crynens 1. 3anarue 3

1) L,2P, moxeT. 2) L;5P, He moxeT. 3) 3L,3PC, na, MOXET UMeTb.
4) Ocph b6eckoHeyHOTO TopAAKa. HeT, Hemb3sl.

Crynens 1. 3anarue 4

1) L,4P, L,2P'2P". 2) L,4P, L,2P'2P". 3) L3L,3L,3P'3P"P"C.
4)L,4P, L,2P'2P" momensetcs Ha L,2L,2L72P'2P"P"'C.

Crynens 1. 3anarue 5

3) a) MoHok/IMHHasA; 6) poMbuyeckasi; B) TeTparoHajbHasl.
4) Cpeauss vy Beicias. 5) Husmas, cpegHss, BBICIIAsA.

Crynens 1. 3ansaTue 6
4) a) Knacc P; 6) kiacc L,2P.

Crynens 1. 3andarue 7

a) 1— moHo34p (OTKpHITasA, 1 rpaHb), 2, 7 — AudApbl (OTKPHITHIE, 2 TPAaHU),
3—pomMbuueckas mupamuza (OTKpeITas, 4 rpaHu), 4, 8 — MUHAKOUZBI (OTKPHITHIE,
2 rpanwu), 5, 6 — pombuYeckue IpU3Mbl (OTKPBITHIE, 4 TPaHH).

6) 1, 4, 8— nmuHakouzp! (OTKPEITHIE, 2 TpaHu), 2, 5, 6, 7— poMGHYeCKHe TTPHU3-
MbI (OTKPBITBIE, 4 TpaHu), 3— poMbuyeckas bunupamuga (3akpeitas, 8 rpaHei).

B) 1, 4, 8— muHakouzbl (OTKPBITHIE, 2 TPaHM), 2, 5, 6, 7— poMOUYeCKHe TTPU3-
MBI (OTKpEBITHIE, 4 rpaHm), 3— poMOudecKuil TeTpasap (3akpriTad, 4 rpaHu).

r) 1, 4, 5, 6, 8 — muHakouzbl (OTKPBITHIE, 2 TpaHM), 2, 3, 7 — poMOUYECKUe
pu3Mbl (OTKPBITHIE, 4 TPaHU).
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CryneHs 2. 3aHATHe 9

feticteue £, JerictBue £, petictue £ 4 Jerictue £ 4 Jetictue £ ¢

Puc. 80. CxemaTuueckoe U300pakeHNe AeliCTBUS HHBEPCUOHHEBIX OCe

Crynensb 2. 3anarue 10

P devRetes
@O OD
Sl=lols
@@ 4:%

Puc. 81. OTBeTH K ynpa>xHeHUAM 3aHATHA 10

Crynensb 2. 3anarue 12

a) 3L,3PC, CHHTIOHUS pOMOUYECKast;

6) L,4L,5PC, CHUHTOHUSA TeTparoHalbHasd;
B) L¢6L,7PC, CHHTOHUA TeKcaroHaabHasd;
r) L44L,5PC, CMHI'OHUA TeTparoHajabHasd;
Z) L¢6L,7PC, CHHT'OHMA IeKcaroHajJbHasd;
e) Lg6L,7PC, CHHrOHUA reKcaroHajibHasd;
%) £,42L,2P, CHHTI'OHUA TeTparoHalbHasd;
3) L33L,3PC, CHHTOHMA I'eKcaroHaJbHad.
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CryneHs 2. 3aHaTtue 13

12) TeTparoHanpHaa NpusMa, oTKpbITasd. OnuceiBaeTcsa kiaaccaMu Ly, £42L,2P,
L4PC, L44P, L44L,5PC.

13) Pomb6uueckas mpusma, oTkpbiTas. OmuceiBaeTcs kinaccamu Ly, PC, 3L, L,2P,
3L,3PC.

14) Pombuyeckas npusMa, OTKpheITas. OnuceiBaeTcs knaccamu L, PC, 3L,, L,2P,
3L,3PC.

15) Iunakouz, oTkpeiTasd. OnuceiBaeTcs kinaccamu C, P, L,, L,PC, 3L,, 3L,3PC,
t4, L3C, L3P, L44L,y, L33L,, Lg6L,, £42L,2P, L33L,3PC, L33L,4P, L4PC, LgPC,
L44L,5PC, Ls6L,7PC.

16) TerparoHanpHas 6unupamuza, 3aKkpeiTad. OnuceiBaeTca knaccamu Ly4L,,
£42L,2P, L,PC.

Crynensb 2. 3auarue 14

1) L,PC u 3L,3PC. KaTeropusa Hu3Imas.

2) L33L44P u L33L,3PC. KaTteropus cpefHsAs.

3) L¢6L, u L¢. KaTeropus cpezHas.

4) P, MOHOKJIMHHAA CUHTOHUA. L,, MOHOKJIMHHAA CUHIOHUA. L4, TeTparoHaib-
Had CUHTOHUA.

5) D,4, Tak KaK B 3TOM KJlacce IPUCYTCTBYeT HeKpHcTalorpapudeckas MHBep-
CHOHHAaA 0Cb BOCbMOTO IOPAZAKA.

CryneHs 2. 3anarue 15

1a) [MuHaKOAATHHO-TEKCATOHAIBHO-TTPU3MATHYECKUY TabuTyc. O6IUK TabiuT-
YaThIN.

16) TpuroHanbHO-CKaJIEHO3IPUIECKU-POMOOIAPUIECKU-TIPU3MATUIECKUI Ta-
6utyc. OGIUK yATUHEHHBIN.

1B) T'ekcaroHaJIbHO-IIPU3MATUYECKU-POMOO3ApIYecKkui raburyc. O6IUK yaIu-
HEHHBIN.

2a) O6JUK YIIMHEHHBIH, TAOUTYC pOMOOOUITHPAMUATEHO-TTPU3MAaTUIECKU.

26) O6MK yATUHEHHBIH, TabUTyC poMOOTIpU3MaTHIeCKU-OUTTHPaMUAaTbHBIMH.

2B) O6JIUK yAJIMHEHHBIH, rabUTyC pOMOOIIPU3MAaTUYECKU-TMHAKOUAATBHBIM.

2r) O6G/IUK YAJUHEHHBIN, TaOUTYC MUHAKOUJATbHBIH.

3) O6nMK yAIMHEHHBIH, rabUTyC NMUHAKOWAATHHO-pOMOOIpHU3MaTHIeCKU-0u-
UpaMUaabHBIN.

Crynens 2. 3auarue 16

KaTeropus cpefHssi, CHHTOHUS reKcaroHaabHast, IIOJACUHTOHUSA TPUTOHAIbHASA.
Kinacc mo BpaBe — L33L,4P, no [Iéndnucy — D5y, 110 ob1eir dopme — JUTPUTO-
HaJIbHO-OUITHPpaMU/ATbHbIH.

O6IMK — yAJTMHEHHBIN, TaOUTYC — TPUTOHAJIBHO-TTPU3MATHYECKU-OUTTPaMU-
JaJTbHBIHN.
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Ne Yucno rpaHed 0-3 49-0 Ha3Banwme

1 3 OTKpBITad YacTHasA | TpUTOHaJIbHas NpHU3Ma

2 3 OTKpBITad 4YacTHasA | TPUrOHaJbHad IpU3Ma

3 6 3aKpeITas YyacTHasdA | TPUTOHaIbHAA OUIMpamuza
4 6 3aKpbITas YacTHasg | TPUTOHaIbHAA OUIMpamuza
5 6 3aKpbITas yacTHasg | TPUTOHaIbHasA bUMMpaMuza

Crynens 3. 3anarue 18
la) K mobomy ky6udeckomy kiaccy; 16) T, T,; 18) T.
28) Thi O, Oh7 26) Th! 2B) T, Td'
3a)4+4+6=14 (T, T;); 36) 4 +4=8 (T, Ty).
4a) 4 (B knaccax T, T,); 46) B mro60M Kybrudeckom kiacce (8 wiu 4 + 4);
4B) 44 6=10 (B xinaccax T, Ty);
4r) 4+ 4+ 6 =14 win 8+ 6 = 14 (B 1060M KyGHIECKOM KJIacce);
451) HU B KaKOM.

CryneHs 3. 3aHaTtue 19

1) 43m = 3£,4L;6P = T;, CUHTOHUA Ky6rdecKas, GopMa 06IIEro MOM0KEH A —
rekcaretpasap; 42m = £,2L,2P = D,;, CHUHTOHHUA TeTparoHajbHas, KyOudeckas,
¢dbopma 00111eT0 TOIOKEHUA — TETPArOHAJIBHBIN TPATEO3P.

2) Cyy = L,PC = 2/m, cMHrOHUA MOHOKJIMHHAfA, KaTeropus HusIuad, obras
¢dbopma — pombuyeckas npusma; Dy, = 3L,3PC = mmm, CMHTOHUA poMbudeckas,
KaTeropusa HuslIasd, obinas ¢popmMa — poMmbudeckas GUIupaMuza.

3) 32 =L43L, = D5, CUHTOHUA T'eKCaroHaubHasd, obmas dpopMa — TPUTOHAIIb-
HBIH Tpanenoaap; 23 = L33L,4L; = T, cuHroHUa Kybudeckad, obmasa ¢opma —
[IEHTAarOHTPUTETPAS/P.

4) Dy, = L33L,4P = 6m2, cpeHAa KaTeropud, obmas GpopMa — ZUTPUTOHATb-
Hasa 6unupamuzaa; Dy; = L;3L,3P = 3m, cpeansas karteropus, obmas ¢popma —
TPUTOHATBHBIN CKAJIEHOIP.

5) 222 = 3L, = D,, cuHroHus poMbuyeckas, obmmas dpopmMa — poMOUIECKU
TeTpasap; 422 = L44L, = D,, CHHI'OHUA TeTparoHajabHad, obmas ¢opma — reTpa-
TOHAJIbHBIY Tpanelosap.

6) C4, = L, =4/m, xateropus cpezgHss, obmas ¢opma — TeTparoHaabHas 6u-
nupamuga; Dy, = L,4L,5PC =4/mmm, xateropus cpefnss, obuas ¢opma — au-
TeTparoHajabHas OUMUpamMuza.

7) m3m = Oy, = 3L,44L;6L,9PC, xaTeropus Beicuias, ob1mas GpopmMa — reKcaok-
TasAp; 3m = Dyy = L33L,3PC, KaTeropus cpejHsas, obmas popMa — TPUIOHAb-
HBIM cKaJeHOo3p.

Crynens 3. 3anarue 20
la) 124+20+30=062;16) 12+ 20=32.
2a) 120 x 3 =360 (Tpu obmuue popms); 26) 120 x 2 =240° (aBe obuTHEe DOP-
Mb1); 2B) 120° (obmas ¢popma).
3a) JozekasAp W WKocadAp; 36) AoaeKa’ap M TPUAKOHTA3Ap; 3B) MKOCAdAP
Y TPUAKOHTASP.
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CryneHs 3. 3aHATue 22
1) CxemaTuuHbIe QUTYPHL TpaBJIeHUs HA TPaHIX TETPA3Apa U OKTa3apa:

T T T, @) Op

2) CxemaTuuHble GUTYPHI TpaBlIeHHU Ha TpaHsax poMbogoZieKasapa:

TEST

3) CxemaTuuHble GUTYPHl TPABIE€HUS HAa YAaCTHBIX MKOCAdApHuiecKux Gpopmax:

dopma Knacc Y Knacc Y,

TPUAKOHTA3AP

HMKOCa3Ip

TIeHTaroHAOAEeKa3P
(TIpaBUIBHBIN)

TETParoH-TPU-UKOCAIP

(oo
Sler>
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TPHUTOH-ITEHTA-A0AEKASP (] I

TPUT'OH-TPU-UKOCAdAP O ZB

CryneHs 3. 3aHaTue 23

N |A-B | A-C | B—-C || N | A-B | A-C | B—-C
1 13 58 49 17 139 137 69
2 126 129 11 18 134 113 34
3 79 67 136 19 58 21 40
4 144 72 133 20 120 118 121
5 37 158 144 21 144 158 32
6 18 168 171 22 138 90 57
7 69 157 118 23 116 47 80
8 87 92 39 24 136 m 94
9 48 19 31 25 93 29 68

10 110 90 132 26 178 150 32

1 12 96 87 27 125 49 76

12 124 30 103 28 41 101 88

13 160 133 27 29 107 93 137

14 120 157 46 30 68 128 75

15 124 96 67 31 119 35 113

16 75 97 76 32 72 26 97

Crynens 3. 3auarue 24

1) IlepBBIH KpPUCTAJLI MPEACTABIEH POMOMYECKON OUMMPaMUZON, KIacC CUM-
MeTpUM mmm, BTOPOM KPHUCTa/I IpeACTaBjJeH TeTParoHaJbHON NHPaMUZOMU,
IIPU3MOMU U ByMA MOHO3ApaMHU, KJIacC CHMMETPUU — 4mm.

2)1,2,4,5—pa; 3, 6—Her.

3) [IpaBwiIbHBIN BapuaHT oTBeTa — N2 5.

OnuMInuaza MKOJIbHUKOB
TumoBas 3a1a4a Ha IPOCTPAHCTBEHHOE BOOOpaKeHNEe
BospacTHan rpynmna II
a) He meHee 6, B cooTBeTCTBUH ¢ popMysioii Ditnepa; 6) 6 BepIIuH.
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BospacrtHas rpymnmna II1

a) TexcaronanbHasi cunronusa: (6 + 1), (3 + 3 + 1); pombuveckass CHUHTOHUA
(44+2+1), (2424 2+ 1); moHOKIMHHAA CUHTOHUSA (2 + 2 + 2 + 1) ; TPUKINHHAA
cuaronus (2+2+2+1), 1+1+1+1+1+1+1).

6) ITomyuuTCs TeKcasap.

BospacrtHas rpymnna IV

a) Het, He MOXeT.

6) Knacc D,; TpaHu Tpex MMHAKOUJOB IIPOEIMPYIOTCA Ha BBIXOJBI OCel BTOPOTO
opsiZiKa.

B) Y TeTparoH-TpU-TeTpasApa Ha 6 pebep 6osble (24 mpoTtus 18). PemeHue:

A / k /\ / T\ é&
a 6
DBOJIIOLUS IPAHU TETPa3/pa IIPY €0 MPEBPAIIEHUH B TPUTOHTPUTETPasp (a)
U B TeTparoHTpurerpaszp (6)

Y TeTpaszpa mectsb pebep. OHU COXpaHWINCh, HO Ha KaXA04 U3 4 rpaHeit gob6a-
BWIOCH TI0 Tpu pebpa. ViToro y TpurouTputerpaszapa 18 pebep: 6 + 4 x 3. Moxer
[TOKAa3aThCsA, YTO BO BTOPOM CJIydae OTBET OyZieT aHAJTOTMYHBIM, TaK KaK Ha KaXKA0H
HCXOZHOM I'PaHM TakKe fobapisaeTcs Mo Tpu pebpa, Ho 3To He Tak. /lesio B TOM, 4TO
Kaxzoe 6a30Boe pebpo TeTpasipa ellle caMmo JIOMaeTcs IIOIIoJaM Ha JBa pebpa.
WToro y TeTparoHTpuTeTpaszapa 24 pebpa: 6 X 2+ 4 x 3.



IIpeaMeTHBIN yKa3aTelb

Ainmvas 74

anpbur 25
aHU30TPOIHOCTD 9, 35
AHOPTUT 25

aparoHur 27

Bapur 27
6epwut 53, 67
6uoTut 27

BepuuHa 11
By/nbdenur 53

Taburyc 66

rajaeHur 74

ranut 74

reKcaroHajbHas 6unupamuza 60, 61
— nupaMuza 58

— mpu3ama 58, 60
rexkcaroHaJbHbIN Tpanenosap 60
rexcaokTaszp 79
reKcaokTasApruyecKui kiacc 79
rekcaTeTpaszp 78
rekcaTeTpaspudecKuil Kiacc 78
rekcaszp 13, 76

reMartur 54

rpaHar 74

rpasb 11

TPUHOKUT 112

rpylia Bpauarwlerocs quiveapa 93
— Bparmjatomierocs mapa 94

— HEMOJBI)XHOI'O KOHyca 93

— nokosfmerocs DuiMHgpa 93
— mnokosdAmerocd mapa 94

— nosnapHasa 93

— CKpy4YeHHOro LwiuHipa 93

Jenaput 98

JUreKcaroHa bHas ounvpamuga 62
— nmpamuza 62

— mpusmMa 60

Aupoaexasap 78

AujoAeKaspudeckuil kiace 78
avomncug 27

avonTas 53

AUTETparoHaibHasa bunupamuga 62
— nmpamuza 62

— mnpusma 59

JUTPUTOHATbHAA Ounupamuza 61
— nmpamuza 62

— mpuama 60

zusgp 31

Jozaexaszp 13

3aKOH IOCTOAHCTBA YIVIOB 7
3Hak ®r030 19
3oHa 107

Wzympyz 53
ukocaszp 12

Kanboutr 54

KaccuTepur 53

KaTeropus 22

— BBICIIAA 22

— HuU3mag 22

— cpeanaa 22
KBasuKpucTaswl 13, 85
KBapI 53

KHUAHUT 25

KJIacc cuMMeTpuu 19, 21
KOMOUHAIIMOHHBIM MHOTOTPAHHUK 29
KOHT'PY3HTHOCTS 14

KOpYyHZ, 53

KpHUcCTas 9
KpucTasumsarop 97
KpucTajoreHesuc 10
kpucrauorpadusa reomeTprudeckasn 9
— MaTeMaTudeckas 9

— dusuveckas 10
KPUCTAJUIOXUMHUA 9
Kiopu—Bynbda npasuio 96

Jlen 53



[IpesgMeTHBIN yKasaTenb

129

MexayHapozHbIii cuMBorn 81
MUKPOKJIVH 25
MHOrorpasHuk 10

— BBIIyKJIBIHN 10

— mpaBUWIbHEIHN 10
monbaeHut 112

MOHO3Jp 29

MYCKOBUT 27

Hanotpy6ka 90

061K 66

— WTOJNBYATHIN 67

— U30METPUYHBIA 66

— IUIaCTUHYATHIN 67

— TICEeBAOU30METPUIHBIHN 66
— cronbyarsiii 67

— TabauTIaTEIN 67

— YAJVHEHHBIHA 67

— YIUIOIIeHHBIHN 67
oKkTasgp 12

onuBuH 27, 34
oHTOTeHuA 97

omnepanusa cuMMeTpuu 15
opTokas 27

OCHOBHOM 3aKOH reoMeTpHUYeCKON KpUCTa-

norpaduu 17
OCb BpalleHud 15
— BBICIIETO TOpsAzAKa 19
— Hu3IIero nopsagka 19
— CHMMETpPUU 3epPKaJbHO-IOBOPOTHaA 39
— — uHBepcuoHHasd 39
— — noBopoTHad 15

IMentaronzozexaszap 76, 89
IeHTaroHITeHTaoAeKkasap 89
NIEHTarOHTPUOKTas3Ap 78
[IeHTarOHTPUOKTadIpUUeCcKUil Kiacc 78
IIEHTarOHTPUTETPA3AP 77
IIeHTarOHTPUTeTpasApudecKuii knacc 77
rnepsas Teopema Torosioruu 11
nMUHaKouz 29

nupur 97

IUIaTOHOBHI Tesia 11

NoBeJuIuT 112

MIOJICUHT'OHUA reKcaroHasbHasa 23

— TpUroHa/sbHadA 23

MOPAZAOK ocu 15

nosic 107

IpejesibHasA rpyma cuMMeTpun 91

npuHnun Helimana 94
— cynepno3uruu 94
npoekiya 18

— rHoMocTepeorpaduyeckas 36

— crepeorpaduueckasn 33
— cdepuueckas 33
mpocras ¢popma 28

— — 3akpsiTas 29

— — obmasa 55

— — OTKpHITad 29

— — gacTHaa 55

PaBHOHaKJIOHHOCTH 55

pasMHOXKaroIIas ClIOCOOHOCTD 77

pe6po 11

poMbuyeckas bunupamuga 32
— nupamuza 32

— npusma 31

poMmbuyeckuii TeTpaszp 31
poMbozoznekasap 76
pom603ap 59

pybuH 54

pyTua 53

Candup 54

cumBoauka 'epmana—MoreHa 81

— [Iéndnuca 64
cuMMeTpudHaa ¢urypa 15
cuMMeTpuA 14
CUHTOHUA 22

— rekcaroHajbHasa 23
— Kybuyeckas 23

— MOHOKJIMHHAA 23
— pombuueckas 23
— TeTparoHajabHad 23
— TPUKJIMHHAaA 23
ckenetT 98

CTaHHUH 112
CTUILOBUT 53
coanepur 74
cdeponut 98

TayrosoHanbHbIE TpaHu 107
TeTparekcaszp 77

TeTparoHajgbHas 6unupamuza 60, 61

— nupamuza S8
— npusMa 58

TeTparoHaJbHbIN cKaleHo3p 61

— TeTpaszp 59
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TeTparoHaJbHBIN Tparenosap 60
TeTparoHTpUuUKocasap 89
TeTParoHTPHUOKTadJp 78
TEeTParoHTPUTETPASAP 76
TeTpaszap 12

TUNOMOPHBIN MTPU3HAK 97
TUTAHUT 27

Tomas 27

TpUTOHa/MbHASA GumupamMuga 59
— nupaMuza 58

— mpusMa 58

TPUTOHAJIBHEIN CKaseHo31p 61
— Tpamnernosgp 60
TpUroHzexkazozaexaszp 89
TpUroHneHTazogekaszp 89
TPUTOHTETparekcaszip 76
TPUTOHTPUHUKOCA3AP 89
TPUTOHTPUOKTAIP 78
TPUTOHTPUTETPAdAP 76
TypMaiauH 53, 67

¥Yrosn MOHOKJIMHHOCTHU 23

®uryprl pactBopeHus 97

¢buryps! TpaBienusa 97
dmroopur 74
dopcrepur 33
dymrepen 90

XasmpKonupur 53
xpusobepwut 33, 112

Ientp nuBepcuu 15
IUK/JIM4YecKye IPYyIIbl 64
LIUPKOH 53

Yucso rpaHei npoctoit popmer 29

IMeenut 53
UIMuHeb 74
mTpUxoBKa 97

JJIEMEHT CUMMETpUH 15
aJIeMeHTapHBIN yrosi nopopora 15
9JIEMEHTBI CHMMETPHUHU NPOCThIE 39
— — cioxHble 39

— — oKBUBaJIeHTHbIE 20
sHaHTHOMOp¢HOCTD 15, 93
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Puc. 1. K ynpaxucHenusim 1-4 3anamusa 3




Puc. 3. K 3ansmuro 3

Tnaaxasa MOBEPXHOCTHb BOAbI — 3JIEMEHT CUMMETPHUHU BTOPOTO poJa.

Osepo TopHoe, maccue Jlosozepckue myHOpwl, Mypmatckas obaacms, Poccus.
domoepagpus M.A. Inaskogotl

Puc. 4. K 3anamuro 21 (3-5)

Kusslie OpraHHu3Mbl YBaXKalOT OCHU HEKPI/ICTaJIJIOI'pa(l)I/I‘IeCKI/IX IIOpAAKOB



Puc. 5. K npunoxceruro 1

OmpeneneHrie CHMMETPUH 00bEKTA
(Mozienb KpUcTa/UIa, IPUPOAHBIN MUHePasl, HEKPUCTAUINYECKUH MHOTOI'PaHHUK,
TIpeMeT KUBOY PUPO/BI, UCKYCCTBEHHBIN ITPEAMET)

Tunosbie
00BEKThI
(Bo3pacTHas

rpynna II)

Tumnosslie
00'BEKTHI
(Bo3pacTHaa
rpymma I1I)

TumoBbie
00'BEKTBI
(Bo3pacTHaa
rpymma IV)

TumnoBbie 00'bEKTHI 151 ONIPeeIEHUS CUMMETPUH



Puc. 6. K zanamuto 20 (3-4)

K B3auMocBs3u yITIOB TOBOPOTA Ocell U IepeMe-
IIeHUsT TOYKY T10 TOBepXHOCTH cheprl. A, Bu C —
My Th, IPOW/IEHHBIN TOYKOU B pe3yJbTaTe MOCe-
ZIOBAaTEIbHOTO TI0BOPOTa BOKpPYT ocew L, L, v L,,
cooTBeTcTBeHHO. Cdepruyeckuil TpeyroabHUK C
yramu 45°, 90° 1 90° (cymMMa BHYTPEHHHUX YITIOB
225°) BBIZIeJIEH HITPUXOBKOM.

Puc. 7. K sanamuiwo 24 (3-8)

[TpoerpoBaHue rpaHeii: a) pacloNoKeHHBIX B HAKJIOHHON 30He U CBA3aHHBIX MEX/Y

€000l OCBIO IIIECTOTO MOPAAKA; 6) PACIIONIOKEHHBIX B BEPTUKATBHOU 30HE; B) PACIIOIO-

JKEHHBIX B TOPU30HTAIbLHON 30HE; T') TPAaBUIbHOE TIOJIOXKEHUE TPaHel TIPOCTON GOPMEI
N¢ 7 kpucTrayuia omvBuHa (Tabiuiia A IBETHON BKJIEHKU) Ha MTepecevYeHur 30H



Kpucrann

Ta6auna A. K sanamuro 8.
TMocieoBaTeNbHbIE LIATH ITO OMMCAHKIO KPUCTAJIA HU3IIEH KaTeropruu (OMMBUHA).

YacTtb 2

Ha mpoekiiuu uzobpaxeHo

[IpumeuyaHue

1

Bug npoekiiuu noce mara 1.

By mpoekiuu noce mara 2.

Buz npoekuuu noce mara 3.

By npoekiinu noce mara 4.



Kpucrasmn Ha npoekIiu n306paxeHo [TpumeuaHue

By mpoekiiuu nocse mara S.

Bug mpoekiuu mocsie mara 6.

KoHeuHbIl BUZ TIPOEKIIAN
KpUCTaJlla OJTMBUHA




Ta6muuna B. K 3anamuio 12 (2-4). BeimonHeHue npuMepa 1

Ha uepTexxe n300paskeHO

KoMmMmeHnTapun

HanocuM Ha yepTex UCXOJHbIE 3JIeMeHThl CHMMEeTPUN —
LIEHTPp U 2 ocu BTOporo mopszaka. Obo3HavyaeM UX pas-
HBIM 1BeToM. OHY OCb OPUEeHTHpYeM 110 HallpaBlIeHHIo
¥y, BTOpyto — 1oz yrioMm 30° K Hel, BOCIIOJIb30BaBIINCH
pHCcKaMU Ha Tpadapere.

&)
)

Ocy1iecTBUM B3aMMOZENCTBHUE ABYX OCEX BTOPOTO IIO-
psAnka. BcmoMuHaem, 9TO ec/id BCTPEYAIOTCS IO/, YITIOM
0L ZIBe OCH BTOPOTO MOPsJKa, TO Pe3yJAbTaTOM WX B3au-
MozelcTBUA OyZeT MOBOPOTHAsA OCh mopsizgka 360°/20.
B HamieMm ciyyae BO3HMKaeT BepTUKalIbHasA OCh IIECTOrO
nopazka. HaHocuM ee Ha 4epTex.

Y

Ochb 1IECTOTO TOPsZIKA BpalllaeT KPacHble OCH BTOPOTO
nopsizika Ha 60°. [TosydnM ellle ZiBe KpacHbIE OCH, OpH-
€HTUPOBAHHBIE 110 KOOPAMHATHOMY HalpaBJIeHUIO X U
u. HaHeceM uX Ha 4epTelK, 3a0ZIHO 0003HAYUM U OCH KO-
OpZUWHAT.

Y

Y
24

L

» U
%

» U

X¥

AHaJIOTUYHO TOJYYUM ellle B 3eJieHble OCH BTOPOTO
MOps/IKA, OPUEHTUPOBAHHBIE IO /JMArOHAJbHBIM Ha-
MIpaBJIeHUAM, KOTOPHIE B IAHHOM CJIy4dae ABJIAIOTCA ellle
U anogemanvHoimu (anmodeMoil Ha3bIBaeTCs IEpIEH-
JUKYIISP, OMyIIEeHHbIM U3 [[eHTPa MPaBUIbHOTO MHOTO-
YTOJIbHUKA Ha OJ[HY U3 €ro CTOpOH). Hanecem ux Ha yep-
TEX.



Ha uepTeixe n300pakeHO

KommenTapun

BcnoMHUM, YTO y HAC UMeeTCA LeHTP MHBEPCUU U «Ma-
rudeckoe» coyeranue (L,—P-C), ABIAONIEECA YaCTHBIM
cIydaeM B3auUMOZENCTBUA TIOBOPOTHOM U WHBEpPCU-
OHHOU oceil. [Ipu HamMUYUM IeHTpa U OCHU BTOPOTO IIO-
pAZKa BO3HUKaeT MepIeHAUKYIAPHAs OCU IUIOCKOCTb.
[IpuMeHUM 5TO MpPaBWIO K KPAacHBIM OCAM U I€HTpY.
[Tosy4yuM TpU KpacHBIX IUIOCKOCTU. HaHOCUM UX Ha 4ep-
TeX.

Tenepb MPUMEHUM 3TO TPABUWIO K 3€JIEHBIM OCSIM BTO-
POTO MopsAAKa U IIeHTPY. [losydruM TpH 3eJIeHbIX IJIOCKO-
ctu. Ha"ocuM ux Ha yepTexx. O6paTuM BHUMAaHUE, YTO
KOOpZWHATHBIE OCU BTOPOTO MOPSAKA JIeXXaT B amode-
MaJIbHBIX IJIOCKOCTAX, a arnodeManbHbIe OCU — B KOOp-
JVHATHBIX IUVIOCKOCTAX.

O6paTtyM BHUMaHUE, YTO BEPTUKAIbHAA OCh IIECTOTO TI0-
pAAKa SABJsIeTCS YETHOM — OCYIIEeCTBUB TPOWHOM TTOBOPOT
BOKDYT Hee Ha 3jieMeHTapHBbIN yros B 60°, MbI OJTyYUM
BpaieHue Ha 180°. 3To 03Ha4aeT, 4To «BHYTPH» OCH Iile-
CTOro TopsiZiKa (paBHO KaK ¥ BHYTPH JIOOOH JpyTroii yeT-
HOM ocM) 3aji0KeHa Ocbh BTOPOTO IopsAzka. OcylnecTBUM
y’Ke M3BECTHOE HaM B3aUMO/IEHICTBUE IIEHTPa U 3TOU OCU
BTOPOTI'O INOPsAZKA C MOABJIEHHEM T'OPU30HTAJIBHOH ILIO-
CKOCTHU. PrcyeM aTy IU10CKOCTB. DTa ollepaliys 3allichiBa-
eTCsI CIeAyIoNM 06pa3oMm: L(s Lé) xC=P.




Ta6suua B. K 3ansamuio 12 (2—4). BeimosHeHYe pyuMepa 2

Ha uepTerxe n306paskeHO

KommenTapuu

HaHocuM Ha 4epTexX UCXOJHBIE 3JIeMEHTBl CUMMETPUU —
IUIOCKOCTH P, 1 2 ocu BTOoporo mnopsizka. O6o3HauaeM ux
pasHbIM 1IBeTOM. OZIHy OCb OpHMEHTHpYyeM IO Halpasiie-
HUIO Y, BTOPYIO — 110, YIVIOM 45° K Hel, BOCIIO/Ib30BaB-
IITMCh PUCKaMU Ha TpadaperTe.

OcyiiecTBUM B3aUMOJEHCTBHE [BYX Ocell BTOPOTO IIO-
psazka. B Hamewm ciydae BO3HMKaeT BepTHUKAJIbHAs OCh
YETBEPTOrO TIOPsiZIKA, IepPHeHAUKY/SIpHAsA WCXOLHBIM
0CIM BTOPOTO IIOPAAKA U NPOXOAAIas depe3 JUHHUI0 UX
nepeceyeHuss. HaHocuM ee Ha 4epTeX, 3a07HO 0003Ha-
YUM U OCH KOOPZAWHAT MPAMOYTOJbHONW KOOPAWHATHOU
CUCTEMBI.

vX

OO

Och 4eTBepTOro MOpsi/IKa BpamlaeT KPACHYIO U 3eJIEHYIO
ocu BTOporo nopsizka Ha 90°. IlonyuuMm elle fBe ocu —
OJIHY KPaCHYIO U OZIHYy 3eJieHyt0. HaHeceM nx Ha 4epTex.
Y Hac MOJyYuIoch ZIBe TPYIIIBI OCel BTOPOTO IOPSZ-
Ka — KOOpAWHATHBIE, COBIAJAOIINE C KOOPAUHATHBIMU
ocaMU x U y (TIOKa3aHbl Ha YepTelke KPACHBIM IIBETOM),
U IMaroHasibHble (ITOKa3aHbI HA YepTeXKe 3eJIEHbIM IIBe-
TOM).

D

vX

v

OcyImecTBUM B3auMoZeHCTBHe: KOOPAMHATHASA OCh BTO-
poro nopsaka (kpacHas) — FOPU3OHTaTIbHAsA IJIOCKOCTb.
B pesynbraTe MOJyYUM BepTHUKAIBHYIO IIOCKOCTb, HOP-
Malb K KOTOPOYM OpHMEHTHPOBaHAa II0 KOOPAWUHATHOMY
HampasieHuto (x wiu y). Ilpu 3ToM och OyZAeT JexaTh
Ha JIMHUU TlepecedyeHus WCXOAHOU TOpPU30HTAIbHOMU
U TOPOXK/JEHHOM BepTHMKaMbHOU IUTOcKocTU. Hanocum
Ha YepTex /Be IoJTydyeHHble KOOpAUHATHbIe BepTUKaIb-
HbIe IUIOCKOCTH.



Ha uepTeixe n300pakeHO

KommenTapun

AHaJIOTMYHO OCYIIeCTBUM B3aMMOZENCTBUE AWaroHalb-
HBIX OCell BTOpOro Iopszka (3eleHbIX) ¢ TOPU30HTaJIb-
HOM IUIOCKOCTBIO. B pesysnbrare MoIy4uM Be BepTUKaJIb-
Hble IJIOCKOCTH, HOPMaId K KOTOPbIM OpPHEHTHPOBaHEI
II0 AWaroHaJbHBIM HallpaBieHuAM. HaHocuM Ha yepTex
[IBe HOBbIE IaroHaIbHBIE 3eJIeHbIE ITIOCKOCTH.

BepTuKasbHass 0Cb YETBEPTOTO MOPsKA YeTHAs, CJIe/0-
BaTeJbHO, «BHYTPU» Hee 3aJI0KEHA OCh BTOPOT'O MOPS/-
ka. OcyllecTBUM HM3BECTHOEe HaM B3aWMO/EHCTBUE TO-
PU30HTAIBHOMN TUIOCKOCTH U TIEPIIEHANKYIAPHOUN el ocu
BTOPOTO TOPsiZIKa C TOsSBJIEHUEM IleHTpa. [IoAmuchBaeM
€ro Ha 4epTexke. DTa OIepalvs 3alUChIBAETC CIEAYIO-
mum obpasom: L,(B L) x P, = C. O6patm BHUMaHWe,
YTO 3TOT I[EHTP MOXKHO TIOJIYYHUThH €Ille YeTHIPbMs CIIOCO-
6aMu: B3aUMOZENCTBUEM MeXAY cobo 060 U3 ABYX
KPaCHBIX OCeH L, ¥ NepleHUKy/IAPHON el KpaCHOM ILIo-
CKOCTH JTMO0 B3aMMO/EHCTBUEM OJHOMN U3 ABYX 3€TEHBIX
ocei L, ¥ epIIeHANKY/ISIPHOM el IIOCKOCTH.
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Taoauna I'. K sanamuro 16 (2-8).
[TocegoBaTebHbIE IIATH IO ONTMCAHUIO KOHTPOJIBHOT'O KpUCTAJIIA.
YacTtb 2

Kpucrasmn Ha npoek1iiu n306paxeHo [TpumeuaHue

Bu/ mpoeKnuH mocsie mara 1.

Buz npoexknyu nociie mara 2.

Buj npoexiyu nociie mara 3.
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32 kj1acca CMMMeETPUU KPUCTALIOB
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Crenz kKapeaprl KpUcTauiorpaguu reosorudeckoro ¢paxkynbrera MIY:

http://cryst.geol.msu.ru/appliances/pics/32_a4.jpg.

OpuruHain ¢opmara AO 0CTyIeH B 3JIeKTPOHHOM BH7Ie TI0 3a1Ipocy
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47 npocTbix GOopM KpUCTAIOB
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IRt

NPOCTBIE ®OPMbI CPEHEWN KATETOPUK

MNPOCTBLIE ®OPMbI KYEUYECKOW CUHIOHUMN

Creng kagepsl KprucTauiorpaguu reojormdeckoro dpakyaprera MI'Y:
http://cryst.geol.msu.ru/appliances/pics/47form.jpg.
Opurunan ¢popmara AO OCTYTIEH B SJIEKTPOHHOM BH/IE TIO 3aTIPOCY
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HPOCTBIE q)OpMBI KYGI/I‘:ICCKI/IX KPI/ICTaJIJIOB
K zanamuro 18 (3-2)
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Ctenz kadgeaprl KprcTauiorpaguu reosorudeckoro dpaxynbrera MI'Y:
http://cryst.geol.msu.ru/appliances/pics/cubic_a4.jpg.
Opurunan ¢popmaTa AO OCTYTIEH B SJIEKTPOHHOM BH/IE TI0 3aIIPOCY
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K zanamusm 20 (3-4), 21 (3-5).
Crenz kKadeaprl KprcTauiorpaguu reosorudeckoro ¢paxynbprera MIY:
http://cryst.geol.msu.ru/appliances/pics/ikos_a4.jpg.
OpuruHain ¢popmara AO JOCTYIIEH B 3JIEKTPOHHOM BHJIE TIO 3aIIPOCY
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