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CteneHb ynakoBku atomoB — f
paBHa OTHOLLEHUIO 0BbeMa, 3aHATOro atomamm (TBepabiMu LLapamMmn) B
9NIeMEeHTapHON sYenKe, - K ee obbemy
[IpoeTas kyfuucckaa panetka {TTK", "SC")
V—a'. 1- arom. 1Py 1I10THOH yuakoske TEepubix wapos a1 arom o= {(41173)- (a/2) ;
= 0\=11/6= 0,52,
OIK , "BCC" B saciike ¢ V=a' - 2 atoma. | lpi noTRo# ymakorke - (4r)° =a*+(y¥2a)" = 3a’;
T.c.. r=viaid , ANHNA THaronami kyda — 4r |, cneaopaTemo:
f= (2-43mrY a’ =\311/8 = 0,68 .
LUK , “FCC": B nueiike ¢ V — a' — 4 arova. Lipu unornoii yuakoeke (407 =247, re: r—
N2a/d (4r smaTIa mHaronandy;, Torna :
- 44/ fa” — 206 — 0,74.
['TIV, hep: cocTOMT A3 IBYVX MPOCTEIX TEKCATOHANBHBIX PEIISTOK ¢ DazAcoM (d1,82.0) =
(0,0,0) ; {2a/3,a/3,c/2) — R CHCTEME I'BKCOIOHAILHKX Oceil vam ((0,0,0), {Elf?ﬂr?iﬂfﬁ}cﬂ} a,
B [IPAMOYTOJNEBHEIX OCAX. KaykOEIA aTOM HMCCT O COCCACH HA PaccTOAHHH — A , B TOH JKC

Ga21CHOMH MNOCKOCTH U etud 6 coconcil Ha pacctoanun &' = | &1'| = [@/3+c%/4]"" , uz
KOTOPEIX 3 BEINIC H 3 HEDKC BazHca.

HaeansHsrid ciryail ymakoBKW — Bce 12 aTOMOB HaXOIATCS Ha OOHOM H TOM e PAaCCTOSHHI,
T.e. 1 a= a;' => a° = a’/3+c/4, otkyna c/a = V8/3 = 1,633. Crenenn yIakopkH B
HIeaTEHOM cyaae I = a/2:

= (2-4m'/3) /(V3a%e/2) = 0,74



Cmepeoepauyeckas npoeKkyus.

LieH1p KPUCTA:LIA YCI0BHO COBMEILAYL ¢ USHIPOM ChEpHL.

2. 13 meHTpa MPORCIAT MepIeHIHKY;LIPE K TPARTM H IPOIOLEAIT HX 0 [epecedsHns co chepoil,
YTON MCEKTY  TICPUCIGMKYTAPAMY DAaRcll YTy Mewmqy rpanamm, IToene nroro kprcTami w
NCPTIEITHKYIAPTL! MOKTIO YOPATL 1 PACCMATPHRATL TOUKH NCPCCCUCTINA.

3.T0uKM NPOSKIUPYKYT HA IKBATOPHEANLHYK) LHICKOCTb, JUUI 31010 HX COSAMHAKT ¢ BEPXHUM
(CeBepHBIM N) MM HUKHHM (HOMHBIM 5) UOCOM COISPbL, U COBOKYIHOCIE TOMSK UEPECEUSHUY
SOCTABHT cTepeorpadmaecky0 mpoeknuie. Kammol rpaHi KpHCTAITA COOTBETCTRYET OIHA TOTKA,
[Bepximc W mmkime (¢t+» wma «(»),

O




dopmyna bpazea Ons dugpakuuu peHmaeHoO8CKUX JIy4yeu.

e
THIHYHBIL MCKXTOMHBIC PACCTOHHAN B TBCRAOM "TCIC HMCHYL NOPAA0K aHrerpema (107 om).
{CTEORATENRHG, JUTA FIERTPOMATHHTHOTO 30HTHPORIHHT MERPOCKOTTHIECKOH CTPYRTYPR TREPITRIT TEN

HCOENOUHMO HELOUILSORATE MAIYHCIAC ¢ LIMUOH BOINBL, 16 UPCELILUIUOLICH (X101 PACCTONNIMA, W

COOTRETETREHADN © AHEPT HAM W MOPAARZ

R - 2 213310790

A 1

[10T0OITIME MICPTHIMA 0OIATAIOT PEITTTRIORCKAC TVIH. PACIPCACIIIG PCOTTCIIORCRITE Ty,
PI:IGEEHHH]-I}'[ Ha ECTROH FIE:[]H{},I[H‘IEﬂH{}ﬁ HOHHOH PIE!IIIETF{E!? THYARCHIACT i'IFIPE!,-"lE!J'IHT]-u N oHSHHE HOHDR B
OTOH CTPYRTYpe. CYIICCTRYIOT ARA DEBHBAILOTILIX CI0C08a PACCMOTPRIHA PACCCAIII PCOTICIIOBCKHK
IyHer Ba W;18IbHO HIEPHO/IMHECKOR CIPYICIYPE, KoTOPhIe DhM npeioneHn Bparrom v JTays.

TroGu ayun MirrepPepuposaiiv ¢ yenignuem,
S e s &« PATHOCTR X014 JIOILKHA COCTARIIATH TIETI0E YHCTO JUTAH ROTH,
q9T0 NPHBOINAT K yenosHie bparra {Eparra — Bynwda):

e | a " nd=2dsin O,



dopmynupoeka Jlays dughpakuuu peHmaeHo8cKuUX Jiydedl.

NPHXOAHM K saiBoay Jlave: dus gokempyrmiaioil trmepdfepes it Reobxod i,
ymodst UaMeHeHUe a0nHOs020 eexmopa K =1 —k Opi1o pasHo odHoMY U3 8eKHIOPOS
obpamuoll pewwiermnxi. HenmonnasyeM Jasice nodnonod merkTop kK mamamnnero Tyvua. Kean
k'—k — pexrop ofpaTHo pelleT:H, To MM ecTk H K —F . ObosHEavas ero IL, M1 mMoikem

ZATTHCATR VOTORAS DARSHCTRA JUTHHE RerTopor An &' B rAme: k=4 K | Boasroms obe wacmh

BLIPEACIIMA B KELAT,  TRMIY YHCKM _‘,-’[!.'IUHI"II.}I&_E _ K. r[[][J{E]-':JI.H.H BOJNOENN BUOKTOLEL k
.

OATaIIET? JIyda HE HAOpaBIeHHEe DekTopa R ofpaTHOH peOIeTkH JOLKHA COCTABRILATE
ponosmiy or o searopa Ko Ioosromy sexrop K napa0merd ay4a vy ooBILCTBOPECT YOS
Jlays, &0y ROHESTT AT RERTOTE JEEHAT B OILTOCKOCTH, HERHIEHTHEYIHPHOA 0TPEIKY HPHRBIGH,
COETHHMNITEMY HAYAMBHYE TOURY B K-Ip-De ¢ Touxkoi K oGpaTHOH peleTkH, H OeJIHT ETO
poncnam  (pue.2). Tagwae  woockocrn 5B k-upocrpaulerse  nEaGaLsaxyr  Gpeac2oeciclail
ALOCKOCTRRM Y.



nOCTpOGH ue dBanbaa.

IRANKAY MPHHNLTERUT MPOCTOE FEOVETPUYECKOE TIOUTPOSHHE, OOZROAMIMNIEE HATAANHO NPEICTiRUTE
PE].'%JIH'-]H]-:.IH ARC IE’]'I[-'I VEH' A IBHBIE MET'O)MKRI H '[}FLIIEI"l.FlH'IIII,E.'E R TAHORIIEHHE U'J'I}}’]{'I'}TPH hTH-'IIL‘-'I'H.II_IH (JL
(]'i.-‘.IHHP}-’H{EHH biM MaOHKCEH M}-’MHM. r[t'lll}'l'l'.ll'IHM H k-llp{}{fIPHHﬂ'l'Ht‘! L',{l'lf:.',]f_'}}-' G II,'E-'H'l]_'I[‘.IM R ROHIIE BUOMHIIRCHT HE.'.IE'I'HPH
K lJi.L'I,FiIl‘.IIIll.}ﬁ BUOURL 1 G PHJI,H}-'{.FI.‘.IM ]‘i. {'I'HK ey A IIPHKUJI,H'[' "-IUPC:!- LAY ICY l‘.I'J'{}'-]li..','l'ﬂ}.

.lFIL':I'l{ﬂ BHUCI L, 910 UGIH C VI ECTRGLI LI ITIN DRI LI BT I.iL':I'.'.'l'ﬂI'Jﬂ 1{:._.. }f,'J,ﬂBJIC'J'Hﬂr}HIﬂLLLGIﬂ }"Edlﬂl.‘-H]ﬂ ..I-[El}"J:
TICOOXOTHMO H TOCTATOUID, ITeOLI 1A TIODGPXIIOCTH Sibephl ISGEATA 000Aa H3 TOYCK COPATIIGH PoITCTRH
(IKpoMC ITAYASTLITGH).

llps BRDOTHEHHEH THKOTO VOIOBHA HMEST MeCTO OpaTTOBCROS OTPAMReHEE OT CeMeHCTRA
IACCKOCTEH TPAMOH PeIdeTRH, TePIeHTHEY IAPHBIX STOMY BEeKTOPY 00PaTHOH PeImeTRH.

. Alid 3828HHOI0 BOJHOBOLO BEKTORE K
HAdaKIImera JdAyya Hocrpoeda {_'.dJE'[JH. PAUMYCOM K
' H ¢ ueHIpoM B roure £, JIudpakunon Hme
MAKCHMYMTI, COOTRCTCTEYTGTITMC BCRTOPAM
obpaTioi petmerrd K, Oy/3T madmmomaThed
TOJUBRKD B TOM CllY4Yae, el E oLpele /LA TOYRY
ODPATHOH PelIeryy, JeHayEy HA HOBEPXHOCTH chephl.
Takoid BerTOp COPATHON pelleTKH HOKESHH HE {XeMe
HAPSITY ¢ BOJAHOBBIM BENTOPOM K’ OTPaee HHOrD J1Y YA,
. " . . ’ . | |PT-T MTPOHATAILTTOMN BOJTTOBROM RCETHTOPS TTATATGITICTN
ay9a GPOTTORCKAC MAKCHMYMTT OTCYTCTRYTOT,




JKcrepuMeHmarsibHble Memoodbl. Memod Jlays.

TTycrs 110-UPKHEMY PEHITEHOBCKHE IIYYH HCURITHIBIKYT PACCERHHE HA MOHOKPHCTAILIE, MMEKMIEM
DHKCHPORLHHYKY ODUEHTANMK) NO OTHOITIEHHK) K 33, 1AHHOMY HANPARIERHKD NHSHHT 1, HO HCOOIRIYEMOL
PEHTIHORCKO® HAIYHEHHE HE ARIASICH MOHOXPOMATHYECKMM, & COJIEDHT BCS JUIMHERD BOLIH OT A 10 & . B
oM caydac chopa Juannia  upcobpatyCrca B OfUACIL, ZAKLOUCHINYIY  MCHAY  Asyma  Copamu,
DUPE/IEIHEMBIMA BEKTOPAMH Ky — 270 Jhy o &y — 270 7& Torna joikenl Habuk i ees BP3TORCKHE
VAKCHMYMRIL, KOTOPhIE COOTRETCTRYIOT RCEM REKTOPAMTT 0DpaTHOR PeITeTKH, OKAMRITIHNMCA RHYTPH 3TOH
DOUEAGTH.

MocTpoerwe Dmamema mna metoma Javan. TTomomenme BHHCTATTA W HATIPDATRITERHE TTATARTTIATG
DEHTTEHOTRCKOTD VT GHKCAROTAFR, 4 MITWHA ROSTHET PEHTTEHORCTIHY JTYTel MeHIeTo HeTTPeRItHG, TAT
MR ﬂﬁl:}[}.fl KI''H&AF BEj/IHYKHMHA l_".ﬂ-[}'l'liﬂ"l"l_".‘-"l'fi:rrlﬂl X MHERITHCHR R X I!E‘:I{."I'{}]ﬁ}ﬂli JANHIYEH S ME!}II:I.'II}" 1"’.2 ih | ;.':.I'. [:Il_"l:]E!'F:]hl
DBAILIA IO BOUK BOMIGELLY BOKTOPOE 1IUAUDILCIN JIVH ] SOOI IO TCMOYI-U0JLEACTL, PACLCGIIOMCLILLIYID
MeHy COUPUE © LCGITROM B EOLILG BCKTODA K, 0 cepoil ¢ ueirrpomM B KoL Berkropd k,. Byoyr
adIIOOaTLCA BPArr0BCEHC MAKCHMYME], OTBCTAIDIIG BOCM TOMRESN ODPATOOH pOOICTER, TSI
EIIVTPH TCMIIOH (O TACTH.



MemoO epawarowe2ocs
Kpucmaisia

B atom meToae NCMNoJjib3yeTcd MOHOXpOMaTU4eCKoe PEHTIeHOBCKOE
n3nyvyeHme, Ho nepemMeHHbIn yrosm nageHus.

npaKTI/I‘-IeCKI/I HaripaB/ieHne rny4vka peHTreHOBCKUX ﬂyquI nogaepxmBaeTCcA
NOCTOAHHbIM, a NBMEHAETCA OPUEHTALUNUA KPpUCTarsa.

B meToae BpaljatoLlerocs Kpucranna ero noBopaydnBatoT BOKPYr
onpeaeneHHbIX PUKCUPOBaAHHbLIX OCEN, PErMCTPUPYS Ha OTONSEHKE BCE
OpParroBckMe MakCMMyMbl, BO3HMKaKOLLME Npu NOBOPOTE.

Mpw BpalleHun KpucTanna ero obpaTHas pelueTka NnoBopavMBaeTcsl Ha ToT
)K€ cCaMblIl Yron BOKPYr TOW )Ke camMol OCMW.

CnepoBaTtencHo, cdhepa IBanbaa (onpegensemMmas puUKCMpoBaHHbIM
BOJSTHOBbLIM BEKTOPOM K NMagaroLLero ny4va) HenoaBuxHa B K-npocTpaHCTBe, B
TO BpeMSsI Kak BCsl obpaTHada pelleTka noBopayvmMBaeTCsl BOKPYr OCU
BpalleHUa KpucTanna.

[Tpn NoBOpOTE Kaxgas Touka 00OpaTHOM PeLLETKN OBMKETCS MO HEKOTOPOW
OKPY>XHOCTH;

- OparroBckoe oTpaXkeHne NPOUCXOAUT KaXKabi pas, Korga aTa
OKPY>KHOCTb NnepecekaeT cepy OBanbaa.




[MokasaH crny4yan, Korga BOSTHOBOM BEKTOP MajatoLLero sfiyda nexutT B aTOMHOM
MNIOCKOCTU, a OCb BpaLLEeHUs rnepneHanKyrsipHa 3Tom NSIOCKOCTM.
KOHUEHTpUYECKNE OKPYKHOCTU— 3TO OPOUTLI, ONUCLIBAEMbIE NMPY BpaLLeHUM BEKTOpPaMu
obpaTHOW peLleTKu, nexawmmm B NIIOCKOCTU, coaep KaLlen K n neprneHgmnkynapHom ocu
BpaLLEHUSI.

Kaxxgas Touka nepeceveHunst Takom OKpPY>KHOCTU co cchepon OBanbaa gaeT BOTHOBOM

BEKTOP OTPaEHHOro GparroBcKoro nyva.




lNMopowkoebiu MemoOo
(meTon Oebas— Lleppepa).

MeTopn [ebas;—Lleppepa akBnBaneHTeH METOAY BpaLlaroLLEerocs
KpucTanna, - Ho Tenepb OCb BpalleHUsi He puKcMpoBaHa, a UMeeT Bce
BO3MOXXHblE HanpaBrieHUs.

[MpakTn4yeckn N3oTPONHOE yCpeaHEeHMe No HanpaBneHnsaM NageHus
OOCTUraeTcs 3a CHeT NPUMEHEHNSA NONUKPUCTanNIn4yeckoro obpasua nnm
MOpPOLLIKa

KpucTtannuyeckune ocu oTaenbHbIX 3epeH OpUEeHTUPOBaHbI CriydYanHo

OudppakumoHHaa KapTuHa s nopoLlKka coBrnagaeT ¢ TOW, KoTopas
nonyyunacb obl Npu 06begMHEHNN AUPPAKLUMOHHBIX KAPTUH, OTHOCSLLNXCS
KO BCEM BO3MOXXHbLIM OpUEHTaUMAM MOHOKpUCTanna.

YToObI HaUTK BP3rroBCKME OTPaXKeHUd, Tenepb HeE06XoaANMO
3apukcrmpoBaTb BEKTOP K NagatoLllero ny4va, a BMecTe ¢ HUM cepy
OBanbaa 1 paspewwmnTb 0bpaTHOM peLleTke NoBopayYMBaTbCA Ha BCe
BO3MOXHbI€ YITibl BOKPYI Ha4anbHOW TOYKN.

Torpa kaxgbin BekTop K obpaTHOW peleTkn nponssoanT cdepy pagmycom
K c ueHTpom B HavanbHou To4dke. Ecnun K meHbLue 2k, To Takaa cdepa
nepecekaeT No OKPY>XHOCTU cdrepy IBarnbia



BekTop, coeanHsaowmin nobyto TOYKY Ha 3TOW OKPY>KHOCTU C KOHLLOM BEKTOpa K
nagaroLlero nyya, npeacraBnsieT cobon BOSTHOBOM BEKTOP K', ANst KOTOPOro
HabngaeTcs paccesHHOEe U3NyyYeHue.

Kaxkabl BEKTOp 0OpaTHOW peLleTkn ¢ ASTMHON MeHbLUE 2K OaeT KOHYC
PacCeAaHHOro n3ny4yeHusi, obpasyroLwmm yron ¢ ¢ HanpasneHnem nageHus,
npuyem K = 2xsin1/2¢
N3mepsis yrnbl ¢b, Npy KOTOPbIX HAabntogatoTca OPArroBCKUE OTPaXXeHus,

MOXXHO onpeaennTb ONMHbI BCEX BEKTOPOB 0O6paTHOM peLLeTKN, MeHblLUune 2K.




LEeHTP cdepbl OBarnbaa (MeHbLEN NO pa3Mmepam) coBrnagaeT C
KOHLIOM BOJTHOBOrO BEKTOpA K najaroLlero nyya, a pagumyc paBeH K,
No3TOMY HadanbHas Todka O NeXnT Ha ee NOBEPXHOCTW.

LleHTp 6onbLien cdepbl pacrnonoXxeH B Ha4anbHOM TOYKe, a ee
paguyc paBeH K.

[1Be cpepbl nepecekatoTcs No OKPYKHOCTU (C y4ETOM Nepcrnek-TUBbI
Ha ourype oHa MMeeT BU, 3nnrca).

BparroBckue oTpaxkeHust UMetoT MecTo Afist Ntodoro BONHOBOIO
BEKTOpa K', COeANHAIOLLEro niodyr TOYKY, Nexallyto Ha 3ToW
OKPY>XHOCTW, C KOHLIOM BEKTOpa K.

PaccesiHHble ny4n o0pa-3yoT KOHYC, OTKPbIThIN B HanpaBneHuu,
MPOTUBOMOSIOXHOM K.

6— nyIocKkoe ceyeHne purypbl a, cogepkallee BoOSIHOBOW BEKTOP
nagawowero ny4va. TpeyrofieHUK — paBHObepEHHbIN, NO3TOMY K =
2k sin 1/2 ®.



Kpucmannu4yeckue cmpykmypbl

MeTannbl ABNATCS KpUCTanIMyeckumm matepuanamu, T.e.
XapaKkTepuayTcs TPEXMEPHON NEPUOANYHOCTLIO B PACMONoXeHNN aTOMOB.
[Mpy 3TOM KOHKPETHOE pacrnonoXeHne aToMOB U PACCTOSAHUSA MEXAY HUMM
pPa3nNU4YHbl AN Pas3fMyHbIX MeTannoB, COBOKYMHOCTb aTOMOB obpa3syeT
KPUCTanNnM4Yeckyo peLLeTky.

XapaKTepMCTMKOIZ KpMCTaﬂﬂMHeCKOﬁ CTPYKTYPbI ABNAETCA 3Jf1eMeHTapHas
sg4enka — napannenenuneq MMHMMalibHbIX Ppa3MepoOB, B BEPLUUHAX, a TaKXe
BHYTPW KOTOPOIro pacrnosfioXXeHbl atoOMbl 1 NMapalieribHbIM nepeHeceHnem
KOTOPOro MO>XHO LEJTUKOM 3aroJiIHNUTb NMPOCTPaHCTBO.

KpI/ICTaJ'IJ'II/IL-IeCKaFI pelleTKa MmeTasjiioB o6pasoBaHa KaTMOHaMn, KOTOpble
CBA3aHbl NMOABUXHLIMU 3JTEKTPOHAMU (((GJ'IGKTpOHHbIM Fa3OM»).

Takoe cTpoeHne obyCcroBnMBaET ANeKTPONPOBOAHOCTb, KOBKOCTb, BbICOKYHO
oTpaxaTenbHYyr cnocobHOCTL (bneck) Kpuctannos.

PelweTka bpaBe 3agaeTcs nyTeM yKasaHUS BCEX XECTKUX ornepauumi
CUMMETPUN (COXPaHAIOLLNX PACCTOAHUS MEXOY BCEMU TOUYKAMU pPeLLeTKN),
KOTOpble NepeBOaAT peLUeTKy caMmy B cebq.

COBOKYMNHOCTb Takux onepawun obpasyeT rpynny CMMMETPUN, Unn
NPOCTPaHCTBEHHYIO Ppynny pelleTkn bpase, koTopasi cooepkuT:



/ Kpucmasnaudyeckux cucmem u

14 pewemok bpaese.

JlpocTpaHcTBeHHas rpynna peLweTkn bpaBecooepxuT:
1. TpaHcnssyUU Ha eeKMopbI pewemku bpaee;

2. Onepayuu, ocmasnsiroujue HerroO8UXXHOU MOYKY
pewemeku;

3. Onepauuu, coyemarouwue 1 u 2.

[1pn n3y4veHun onepaumnm cuMmmMmeTpmmn 6e3 TpaHCnALnm
paccmaTpuBaeTCcsa He BCA NPOCTPaHCTBEHHAs rpynna
pelwleTkn bpaBe, a nNuwb onykepaumn tmna 2. 310
NO4MHOXECTBO NOJSIHOW rpynnbl cummeTpun Pb
Has3bIBalOT ToveyHou rpynnou Pb.

CyLlecTBYET TOSIbKO 7 pasnunyHbIX ToYeYHbIX rpynn Pb.
[lepeuncnnm Bce 7 Kpuctaniandeckmx CUCTeM



Kyb6u4yeckasi cucmema (a). TempazoHanbHasi cucmema (6). Pombu4eckasi cucmema(s).

MoHoknuHHasi cucmema (2). TpuknuHHasi cucmema (0). Tpu2oHanbHasi cucmema (e).

'ekcazoHanbHasi cucmema ().

i




14 pewemok bpase

Kybuuyeckas cucmema (3 PB). Kybuueckas cuctema cogepxut te Pb, ToueyHas
rpynna KoTopbIlX coBnagaeT C rpynrnon cuMMeTpumn Ky6a.3To Tpu peweTkn bpase -
MK, OUK n I'dK(a)

TempacoHanbHasi cucmema (2 PB). [ToHn3nm cummeTputo kyda (6).

[1nga 9Toro BO3bMEM €ro 3a NPOTUBOMOSIOXKHbIE FPaHM U BbITAHEM B NPSIMYIO NPU3MY C
KBagpaTHbIM OCHOBAHMEM, HO C BbICOTOM €, HE paBHOW CTOpoHaM KBagpata (0).

[pynna cummeTpumn Takoro obbekta ecTb TeTparoHanbHas rpynna. 13 npocton
KyOn4eckomn nony4ymm npocTtyto TeTparoHansHyro. M3 OLUK n UK noyunm
LleHTPUpPOBaHHyto TeTparoHaneHyto. 'K 1 OLIK pelueTtkn npeacraBnsioT cobon
YacCTHble ClnyYaun LeHTPUPOBAHHOW TeTparoHasribHOM peLleTKn npu onpegeneHHoM
3Ha4yeHun c/a.

Pombu4yeckasi cucmema(4). Nepexoas kK MeHee cumMeTpu4HBM aedopmaumam kyda
(B), NOHM3UM TeTparoHasnbHYO CUMMETPUIO NYyTEM Npeobpa3oBaHus B
NPSIMOYroSIbHUKN KBafpaTHble rpaHu. B peaynbtarte nonyynM o0bekT ¢ Tpems
B3aVMHO NeprneHAnKynspHbIMU pebpamy HepaBHOW ANMHBI C pPOMOUYECKOi rpynnou
cummeTpun. 13 npocTon TeTparoHBIIbHOW NOSYy4YMM NPOCTYH0 POMOUNYECKY!IO.
PacTarneast npocTyto TeTparoHanbHyo BOOSb AMaroHannkeagpara OCHOBaHUS
noslyymMmM 6a3oueHTPUPOBAHHYIO POMONYECKYIO.

N3 LLeHTPUPOBaHHONM TETPAroHanbHOM PELLETKN NONYy4YMM 06 bEMHOLEHTPUPOBAHHYK
POMOMYECKYIO PELLETKY U FPAHELLeHTPUPOBAHHYIO POMONYECKYIO PELLETKY.







MoHoknuHHass cucmema (2 PB). Pombuyeckyto CMMMETPUIO MOXXHO NMOHU3UTb, NpeBpaTmB
NPAMOYrofbHbIE rpaHn, NepneHanKynsapHbIe ocx € (B) B MPOM3BObHbIE Napannenorpammsbi.
ONyYEHHbIN 00BHEKT () UMEET MOHOKITUHHYHO rpynny CUMMETPUMN.

3 npocTton pombuyeckom peeTtkm n n3 6a3oueHTpMpoBaHHON POMBUYECKON PELLIETKN NOMy4YmuMm
MNPOCTYI0 MOHOKINUHHYIO pelleTky bpase.

Nckaxkasn rpaHeLeHTPUPOBaHHY0 1 06 EMHOLEHTPUPOBAHHYIO POMOUYECKME peLLEeTKN NOoMyYnm
LLleHTPUPOBaHHYIO MOHOKITMHHYIO pelueTky bpase.

[Bym TeTparoHanbHbIM PB COOTBETCTBYIOT 2 MOHOKIUHHbIE PEeLUETKM.

YABOeHMe uncna peleTok B pOMONYECKOM Crlyyae CBS3aHO C pasnuynemM ABYMEpHbIX rpynn
NPSIMOYTONbHOW M NPSAMOYTrONbHON LieHTpUpoaHHow PB.

TpuknuHHass cucmema (1 PB). VickaxxeHne Kyba 3aBepLUMTCS eCn HAaKMOHUTb OCb € (I)
Tak, YTOObl OHa He Bbina nepneHauKkynapHa ABYM ApYrMM OCAM.

Mony4atowmiicst 06beKT (4) He AOMKEH yA0BMNETBOPATb HUKAKUM OrpaHNYEHNSIM, Kpome
TpeboBaHMs napannenbHOCTM NPOTUBOMNONOXKHBIX rPaHeN. Vickaxas Takum nyTem nodyto 13
MOHOKITMHHbIX peLleTok bpaBe MOXHO NOCTPOUTb TPUKINNHHYIO peLueTky Bpase.

OTa peweTtka bpase nopoxaaeTcs TPONKON OCHOBHbLIX BEKTOPOB, HE CBA3aHHbIX KaKMMU-1M6o
COOTHOLLEHUAMU, 1 NpeacTaBnseT pelweTky bpase ¢ muHumansHon cummeTtpuein. Pb Bceraa
MHBapWaHTHa OTHOCUTENTbHO MHBEPCUUN C LIEHTPOM B NOOON TOYKE PELLETKMN.

NckasmB Tak Ky nonyunnn 12 us 14 pewetok bpase n 5 n3 7 kpuctannmyeckux cuctem. Hangem
13-yt0 Pb 1 6-yt0 cuctemy.

TpuzoHanbHass cucmema (1 PB). TpuroHanbHasa TodedHas rpynna onucbiBaeT
CUMMETPUIO 06beKTa, KOTOPbIN NONyYaeTCsl, eCNK pacTAaHYTb Ky6 BOOMb NGeMHON guaroHanu
(e). I'Igm TakoM UCKaxxeHun rirobon n3 TEeX Kybuyeckux pelletok bpase Bo3HuKaeT
pomMmoboaapudeckas (TpuroHansHas)Pb. OHa nopoxagaeTca TpeMa OCHOBHbIMW BEKTOPaMM
paBHOW OMMHbI, 06pa3yoLWw MM paBHble Yrnbl Apyr ¢ ApyroM. HakoHeu, nocnegHas cuctema He
NMEeEeT OTHOLLEHUSA K KyOy.

I'ekcacoHnanbHass cucmema (1 PB). 'ekcaroHanbHasa TodeyvHas rpynna — 3To rpynna
CUMMETPUM NPaBUbHON LLECTUYTONbHOW NPU3MbI (K. NPOCTas rekcaroHarnbHas peluetka bpase
SABNSAETCHA €QMHCTBEHHOW B rekcaroHanbHOM CUCTEME.

OTN ceMb KpUcTannmyecknx cuctem n 14 pelwetok bpase ncuyepnbiBaloT BCE BO3MOXHbIE
cnyyau.




[MAoTHLE YNAKOBKM AaTOMOB M MOAEKYN B KpHCTanJax: d- MJIOTHeHIUNH IWapopoil
caodl; 6- naoTHLI waposofl ¢aoil; ¢ - asycaoitmas MY, - rpexcaciinas THIY]
g - xyOnY1. 0OBLEMHOUEHTDHD. KAAJKa; €-MnpocTas KyOH4, Kiaaka, - CTPYKTYpa
NaCl ¢ nnorneiiweii ynaxosko#t wornos Cl™, monm Na' —p okTasapH4. nycrorax;
7- YHAKOBKA MOJEKY] TETPaHOIITHIACHA.



Uepapxus cummempuu
Kpucmasjau4eckux cucmem.
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d/IeMeHmbl cummempuu Ky6a. Kybuyeckune kpuctansbl OTHOCATCA K BbICLLUEW KaTeropuun.

Bcakasa onepaunsa cummeTpum Kyba saBngeTca onepaumen CMMMETPUN NPaBUITbHOro OKTasgpa u
HaobopoT.
[MoaTomy rpynna cuMmmeTpumn Kyba naeHTuyHa rpynne okrasgpa (a).
He Bcskasa onepaumsa cuMmmeTpumn Kyba aiBnseTca onepaumen tTeTpasgpa, Tak noBopoT Ha 900 BOKpyr
BepTMKaribHOM ock nepesoauT B cebs Kyb, HO He TeTpaaap(6).
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MaTpuubl reHepaTOpPOB B OPTOroHanbHOM CUCTEME KOOpAUHaT
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