KPUCTAJIJIOI' PADONA

(kpaTkuu — 1 cemecTp
U NoJHBIN Kype — 1 1 2 ceMecTp)

[ToubIN - YATAETCA CTYJICHTaM

re0XUMH4Y€CKOro OTOKa
['eonornueckoro paxynprera MI'Y



3 BaxKHbIE TeOpeMbl U AKCUOMBI:

1) MI''Y — ayymivii BY3 CTPaHbI
(6e3 ookazamenvcmea)

2) I'eosnornyeckuil pakyJabTeT — CAMBIN APYKHbIU
1 moJie3Hbi pakyabTer B MI'Y M Bo0oOI1II€
(060cnosano 29-o0z20 ascycma na épyuenuu
CHyOeHUeCKUX)

3) Kpucramanorpadgusa — caMas uzau{Has u
Kpacueaa HayKa 0 BelecTse 3emiiu
(Haunem dokazvieamo ce2o0H:)



Euwe pa3 3nakomumcs:

JIEKTOP:

Epemun Hukoman Hukonaesruy

JICKaH,

3aB. Kaeapou KpucTaaaorpahpun u
KPUCTAJIOXUMUH,

Unen-koppecnonaeHt PAH

JOKTOP XUMHYCCKHUX HAYK

(+ yacTo Oymy Ha CCMI/IHaan)



I1osie3H0 3HATh KOTO KaK 30BYT
[IImapranka (1o BceMm) OyneT y 426 Ha CTEHJE

IlepBbie MpenoaaBaTeJ M CEMUHAPCKUX 3AHATHH

Crapuiuii mper. H.C. JloteHT JloneHT
Hanpacnukoe Tonnukosa Typoanoea Epemuna
Hanuun Anacmacus Onvea Tamovana
Anexceeeuu Taenoena Anexcanoposena  Anexcanoposna
102 rpynma 119 rpymnma 112, 101 rpymmer 105, 103 rpymmsn

HAYAJIO CEMUHAPCKUX 3AHSTHH — ¢ 8 centsiops!!!



1 cemecTp
16 nexkumii (€XK€HEOCIHLHO)
16 CeMHHAaPOB (CKECHEACIBHO)
| 3a4eT (IK3aMeH)

12 .JIEKHI/IOHHO -MIPAKTUYECKHUX 3AHATHUHA
IK3AMEH 110 BCeMY KYPCY mocJie 2-0ro
ceMecTpa



C yero HauHem?

AHOHMMHBIA MUHHU OIPOC:

«Pazzenure Kpyr Ha 1BE MOJIOBUHKN



IHAHUKA'!

1) IlpeameT «reonorus» HE ONpernojaeTcs B mKoje. OTaenbHbIe Mell-
KM€ YaCTH Pa3pO3HEHBI IO YpOKaM reorpapuu U OMOJI0TMH, PU3NKHU U
MaTE€MaTHUKHU.

2) Kpucramiorpadgus — clIOKHasg W HE3HAKOMas ITOJABIISIOIIEMY
OOJNBIIMHCTBY M3 Bac U3AIIHAs] M KpacuBas Hayka, TpeOyrolas
XOPOIIETO MPOCTPAHCTBEHHOIO0 BOOOPAXKEHHS MW MaTEMATUYCCKOM
noaAroToBku. OHa Tem 0oJiee HEe MPENOoAaeTCs B IMIKOIbHBIX Kypcax

3) Ha mepBBIX mopax MaTepHall YCBAUBACTCS TPAJULIMOHHO TSHKEIIO H
TpeOyeT  CHUCTEeMAaTHYECKHUX  3aHSITHUM M JOIIOJHHUTEIbHBIX

KOHCYJIbTaIlUH



CeHTs0pb — BCErJla B BEYUCPHHUE YacCHhl.
Wi B 426 uiun Ha cToNax psAaoM
Jlanee mocCMOTpUM.

Ecau 94T0-TO HEAOMOHSATO (2 3TO HOPMAJILHO)

TO HEMEUIEHHO Ty 1a! [Tomoxem!



Vuebnurxu

Ezopoe-Tucmenkxo I0.K. «Kpucrannorpadus u KpucTamiio-
xumus» M. N3n-Bo «KamxabN loM YaHBepcuTeT», 2005 T,
587 c. Ilponaercst! (B ToM uncJjie 0e3 HaleHKH B 426)

Ezopoeé-Tucmenko IO.K., /lumeunckan I.1I1., 3azanvckan IO.1I.
«Kpucramnorpadus», M. Uza-so MI'Y, 1992 r. 288 c.

Epemun H.H., Epemuna T.A. «3annMarenbHas
kpucrtamnorpadus», M. MITHMO, 2013 r. 150 c.
IIpoxaercs! (B ToM uncJie 0e3 HaleHKHU B 426)




AHHOTaIMS Kypca, IPOYNTAHHBIE JICKIIUU B SJICKTPOHHOM BHJIE,
BOIIPOCHI K KOHTPOJIbHBIM, CIIPABOYHBIU MaTEpUall, TEKYIIUU PEUTHUHT,
MH(pOpMaIUs O JOIYCKE Ha KOHTPOJBHBIE TIOCTYITHBI HA CAUTE Kadeaphl:

-PADM

Whdopmauua o kadeape
Wecroprueckui obaop
Crpanuua namaTy
CoTpyAHMKK, ACNUPAHTEI
Hayunas pabora
My6nuKauum coTpyiHUKOE
Wudopmauna ans acnupaxtoe
Wudopmalua AnR MarucTpos
Wudopmauna ans cryaeqTos
YuebHbli nnax
YyebHble kypcsl
YyebHble nocobua
Mpakrukwu
ABUTYpHEHTY
Hoeocru
KodepeHuun
Moneswxblie pecypcsl
CnopTt Ha Hadeppe
803 Pageviews
Jul 38th - Aug 38th
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MOCKOBCKHA FOCYIAPCTBEHHbIA YHWBEPCHTET HMEHN M.B. NOMOHOCOBA, TEQNOMWYECHHA AKYILTET

YyeGHble Kypchl kadiepbl KPMCTANNOMPathK U KPHCTANNOXMMHUM

06medaKynbTeTCKHE KYpPChI
KPUCTA/IIOTPA®WSA - KPATHMIA KYPC, TEONIOTMYECKWIA NOTOK (ans rpynn 101, 102, 103, 119)

Co npofnembl reonorum
Co Npo6neMbl rE0XHMHYECKUX HaYK
Kypcwl «Ie - rpynnei 105, 112, 205, 212

KPHUCTANNOTPA®WSA - ONHBIA KYPC, TEOXMMWYECKMIA NOTOK (ana rpynn 105 v 112)

KPUCTANNOXWMUS - NONHBIA KYPC, TEOXMMWYECKWHA NOTOK 2 u 3 ceMectphl

MHUHEPANOTMYECKAA KPUCTANIOTPADHA (ana rpynn 205 » 217)

Kypcel ANA COBMECTHOIO YHHBECHTETa MY - NINK & r. Wsnesusone (@HM)

CTPYKTYPHAA XUMHA W KPUCTANNOXHUMKUA (ana CKOro Han| COBMECTHOrO yHWBECHTETa MIY-TINH)

Kypow gna dmnmana MIY e r. flymanbe ( Ecrec ¥ i )

HPWUCTA/IOTPA®WA (ana Meonoriyeckoro Hanpaenekksa dunrana MY & r. Jywanbe)

KPHCTANINOXWMKAA (ann Dy [ Matepuance MY e r. Oy

OToenbHLIE rNaBbl CTPYKTYPHOR XHMHKA. 7-0W CeMecTp oceHb 2024 - B cemecTp BecHa 2025 {(ana @ H i MIY B r. Aywanbe)

Kypchl gnAa HE leonornyeckoro hakynsteta MMy

&

Kypcw gna padin n (rpynne: 314 w 414)

TEOPHA CHMMETPHM KPUCTANNOB

POCT KPHCTANNOB

PEHTTEHOCTPYKTYPHbIH AHANWS

HHCTpYMEHTanbHBIE METObI WCCIEN0BAHMA KPWCTA/LNWYECKOT0 BEIeCTBa

Pabouee npocTpancrea kpucra

MaremMaTnyeckoe MOLENMPOBAHME KPUCTANIMYECKHX CTRYKTYR



WHTEPAKTUBHAA CAMOINOAIOTOBKA:

YuuTeiBas TOT ()AKT, YTO YCHEIIHOE U3YUYCHHUS JAHHOIO Kypca
TpeOyeT €11e U XOPOIIEro pa3BUTHS IMIPOCTPAHCTBEHHOTO
BOOOpAKEHUSI, MTHTEPAKTUBHBIC TECThI, KAK MOKA3bIBACT IIPAKTHUKA,
MIO3BOJISIIOT C YCIIEXOM JIOMOJHUTh OYHYIO (POpMY OOyUdeHUS

ViazaTe NpaBKIEBHI B
£, NeBad (JI)
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M HTEepaKTUBBI COCTABISIOT YaCTh OICHKHU
KOHTPOJIBHBIX pa0OoT.

JloCcTyIIHBI 151 MPOXOXKIACHUS B JIFOOOE
BpeMsI.

KoandecTBO MOMBITOK HE OrPaHUYCHO.
I/IHTepaKTI/IBHa}I cocTaBiiAronas g 1-ou
KOHTPOJILHOM ITOSBUTCS B KOHIIC CEHTIOPAI.



ECTb BUJIEO3AININCH JIEKIIUH (5 neTHeii 1aBHOCTH)

https://www.teach-in.ru/course/crystallography

FEONOrNA 17 NEKUWRA NEKTOP

EpemnH Hukonalh Hukonaeen4

Kpuctannorpadpwusn.

Yactb 1

#AEKU NN

1KYPC

FEONOTNYECKWA GAKYNBTET
| CEMECTP

BECHA 2019

NOJQENWUTBLCAH:

BUWAEONEKLWNIA MATEPWANbI 0O KYPCE

NeKUNN

Jlewuwa 1. Beegenne B
KpucTannorpaduio,
McTopwa pazenTtua
KpucTannorpaduy, rasHble
OTHPBLITUA W 3aKOHbI

(D 01:19:0¢

Nexuya 3. OcHOBDLI
chepudecHon
TpyroHoMeTpuw. BeiBog,
KNAacCoe CYUMMETDUN

Newuwa 2. "BonwebHbie"
OCW CUMMETPUN.
MpoeuvpoBadre. TeopeMa
Shnepa

Ok

Newuwa 4. KoopowHaTHble
cucTembl. Hateropuu.
CuHronny. CUMBONWMKW



YUTo n3y4daroT reoyioru?

I'eoc — 3emus, Jloroc — n3yyaro.
ITO - MPEAMET KOTOPOTO HET B IIKOJIE!

['eonorus Bkiarodaer B ce0s Oonee 40 omoenbHblx HayK, CBA3aHHBIX
C U3YYCHHUEM 3EeMIIA




Yyeba
HoBble npeaMeTbl B pacnMcaHum

 (0O6wasa reonorus
Kpuctannorpacgus

Bbiciag MaTeMaTUKA
e  0Owas 1 HeopraHUYeCcKas XUMUs




HoBbI€ IpeAMETHI B paCIUCaHUH

OO011as TeoJIoTus

4

[IpakTuka

CTpyKTypHas T€0JIOTUs

Hcropruueckas reosiorus

Kpucrannorpadus

4

[ eoxnmus

Munepasiorus

I eonorusga Poccum

ITerponorus | | [eMMonorus

['eoxumuyeckne npakTUuKu




KPUCTAJIVIOT PA®UASA

OJIHA U3 IIaBHBIX (DyHIaMEHTAIBHBIX HAYK O BEIIECTBE 3eMJIHU. DTO
HayKa HE TOJILKO O KpUCTaJLIaX, HO U O MpoIeccax ux 00pa3oBaHus,
UX BHEIITHEW (popMe, BHYyTPEHHEM CTPOCHHUHU U (DU3UUECKUX
CBOMCTBAX; OHA 3aTParuBacT BOMPOCHI O MPOLECCaX, MPOUCXOAAIIAX
B IJyOMHAaX HaIlleH MIaHETHI.

[ToaTOMY MIMEHHO KpUCTaorpadus CB3bIBA€T MHOTHE Pa3/ICIbI
I'€0JIOTMM CO CMEKHBIMHU (PyHAAMEHTAIbHBIMU HayKaMH, U3BECTHHIC
IIKOJIbHUKAM: (PU3UKOM, XUMHEH, TEOMETPHUEH.

[TonoxxeHrne COBPEMEHHOM KpUCTALIOTpad®ry BO MHOTOM HAITOMUHAET
pPOJIb MAaTEMATUKH, METOJIbI KOTOPOU MCIIOJIb3YIOTCS B MHOTOYHMCIICHHBIX
M Pa3HOOOpa3HbIX NUCHUIUINHAX. [[pakTMYECKU BCE HAYYHBIC U
TEXHUYECKNUE TOCTHIKEHUS ITOCIETHETO BPEMEHN HENOCPEICTBEHHO
CBA3aHbI ¢ KpucTaiuorpaduen. Croa MOKHO OTHECTH KOMITBIOTEPHYIO
MUKPOIJIECKTPOHUKY, JIEKTPOHHYO MUKPOCKOITHUIO, OTKPBITHE
KBA3UKPUCTAIIIOB, SIBJICHUE BBICOKOTEMIIEPATYPHOU
CBEPXIPOBOAMMOCTH U T.]I.



BE3 ycBoenus 0a3oBbix 3HaHUH KPUCTAJIJIOTPA®UU —
0ecCMBbICJIEHHO JBUTaATHCA JaJblIe M0 FeOXMMUYECKON enovkKe,
nukJe Hayk, u3yyawumux BEIIECTBO.

MuHepanorna —| lleTponorus —> eoxmmus

v

Kpuctannorpadgpua — Kpuctannoxmmms

Kpucrammorpadus o01agacT CBOMM TOJIBKO €U IIPUCYIIIAM
METOAOM — METOJAOM CUMMETPHH.

«CHUMMETpHS» - IO-TPEUYSCKH — COPA3MEPHOCTb.
«CHMMeTpHA eCcTh ujaesi, ¢ MIOMOIIbI0 KOTOPOI Ye/I0OBeK
BeKaAMH NBITAJICS 00bSICHUTD H CO3aTh MOPSAI0K,
KPacoTy H cOBepIileHCcTBOY ([ epman Betinb)



CUMMETPUHA BOKPYI HAC



JIBa OBITOBBIX 3HAYCHUS CJIOBA

«CUMMETPUS»:

1. HEeUTO, 0ONaAarOIIEe XOPOIIUM
COOTHOIIIECHUEM MPONOPIMN (MYy3bIKa,
APXUTEKTYPA, 033U, TEOMETPHUSI),
2. 3epKaJibHasi CHMMETPHS (BECHI)

dacan 3ganus [ opoackoit JJymel B Mockse

obnasaeT 3epkaabHOM (OMIIaTepaibHOM) CUMMETPHUEH

. A




HEKOTOPABIE OIIPE/IEJIEHUHA H
ObO3HAYEHHUA

write

<



«CuMMeTpHs — 3TO
CBOUCTBO IT'€OMETPUUYECKUX
TEJI IIOBTOPSATH CBOM
YaCTHU»

E.C.®eoopos



CuvmverpuyHasi ¢urypa - OOBEKT, KOTOPbIi MOXKET OBITh
COBMEIICH CaM C COOOM ONpeAcaEéHHBIMU MPeoOpa30BaAHUSIMU,
HanmpuMep, MOBOPOTAMHU HJIA OTPAKCHUSIMH.

Onepanust CUMMETPUHU - IlpeoOpa3zoBanue, COBMEMIAIOIICE
CUMMETpHIHYI0 GUrypy ¢ coooii. (IloBoport, oTpakeHue u T. 1.)

JjleMeHT CcuMMeTpuuM - BcmomorarenbHbIE T€OMETPUYECKHUE
oOpa3bl (TOYKH, HOpsSMBIE, INIOCKOCTH), C IOMOIIBIK KOTOPBIX
OOHApY>KUBACTCS CUMMETPHUS (DUTYP

a — pe3ak, 00nagarIi MTOBOPOTHOU OCHIO 3-TO
MOPSJIKA,

6 — KHECUMMETPUYHAS» (DUTYpa C TPOU3BOJIBHBIM
PACIIOJIOKEHUEM JIOTIACTEM,

8 — CUMMETpHUYHas Qurypa (JI0macTy MOBEPHYTHI
a 6 6 OJIHAa OTHOCHTEIIBHO Jpyroi Ha 120°)




B 3aBHCHMOCTH OT XapakTepa npeoopa3oBaHuUs
paznmuuaroT anemermol cummempuu | u ll pooos.

Inemenmor cummempuu | pooa ceszviearom Opye ¢ Opyzom
KOHZDYIHmMHO  pasHble  gueypur  (Tpeu. congruens -
COBMEIIAIONINNCA), T.€. (PUTYypbl, COBMEIIAIOIINECS TIPU HAT0KECHUHN
(Bnoxxenun) — npasie (I1) ¢ mpaBeiMu, JeBbie (JI) C I€BBIMM.

Anemenmovt cummempuu |l pooa cesazviearom Opye ¢ Opyeom
IHaHmuomopghusie (2peu. enantios — npomueononodcuwit, Morphe —
Gopma), m.e. 3epxanbHo pasuvie ueypol unu ux wacmu — I1 ¢ JI.



Onepanus cumMerpun (1-oro poaa) - Ilosopot

JdjemeHT cumMmeTpum - [loBopornasn ocw L =360°q,
rae N — MOPSIA0K OCH, O - 3JIeMEeHTAPHbIH yroJ MoBoOpoTa

O0o03HauUeHHNE




Onepanus cumMeTpuu (2-oro poaa) - Orpakenue

DJIEeMEeHT CUMMETPUM —

3epkajibHasi JIOCKOCTH
P

DJIEMEHT CUMMETPUU —
IleHTp cMMMeTpUM =
neHTp naBepcuu C

O003HaYeHHuEe

//ésaxx




JJIeMeHT CHMMETPHH — 3epKajibHas MJI0CKOCTh

OO0BeKT, 00JIafaroIINN 3€pKaJIbHON IIJI0CKOCTHIO, pa30MBACTCS ATUM
3JIEMEHTOM CUMMETPHH Ha JBE 3€PKaAIbHO PaBHbIC — YHAHTHOMOP(HBIC —
yactu. J[1st ompeaeaeHuss Hanu4us 3epKajbHOM IJIOCKOCTH B 00OBEKTE
M0JIE3HO UMETh HAaroTOBE MPSIMOYTOJIbHOE 3epKaiiblie. [Ipu
IPUKJIAJIBIBAHUHN €70 K 00BbEKTY OTPAXKEHHUE JOKHO B TOUHOCTH
COOTBETCTBOBATh 3aKPhIBAEMOM YaCTH (PUT'YPHI

Cresa — 3epKajio MPUI0KEHO TPABUIBHO U CUMBOJIM3UPYET HAIMYKE B
3TOM MECTE MIIOCKOCTU P; cnpasa — 3epKajo NpUI0KEHO HEBEPHO,
IIOCKOCTH I10 3TOM JIMHUU OTCYTCTBYET



EcThb elne 3JIeMEeHThI..
Ho 0 HuX He ceroaus




I'eosiornyeckue 00beKTHl CHMMETPUYHBI

JIByCTBOpYATHIE PAKOBUHBI C TNIOCKOCTHEO CUMMETPHUM:
a) IEePIEHINKYJISIPHOM CTBOPKaM (Kj1acc Opaxuoron),
0) MpOXOASAIIECH MEXTYy CTBOPKAMHM (KJIACC MEICIUITION)




I'eosiornyeckue 00beKTHl CHMMETPUYHBI

OctpoB Kynammp.

Cronbuarasg OTIEIbHOCTh B 0a3ajabTax

/7|

Mpbic Cton04arTsl



[Ipumep 3epKajibHOM CUMMETPUHU

ITIOBEPXHOCTH BO/IbI
(o3epo I'opHoe, JIoBO3epckue TyHIpbl, KOIbCKHUI TTOJIYOCTPOB).
'.jf




B mioxyto moroay yBUIAETh TPYAHO, K COXKAJICHHIO. . .
[ToBepXHOCTH BOJIBI
(o3epo PaitsaBp, JIoBozepckue TyHAPHI, KOIbCKMIT MOTYOCTPOB).




I'eosiornyeckue 00beKTHl CHMMETPUYHBI

CxeMa CpeIMHHO-OKEaHUYECKOTO XpeOTa, Yepe3 KOTOPhIN
IIPOXOJIUT 3epKaIbHAs IIOCKOCTh CUMMeTpuH (P)




T'eosiornyeckue 00beKTHl CHMMETPUYHBI

TemnmoBble mosgca 3eMIIH.

TEI'IJ'IOBblE MOSACA

f— NONAPHbLIA OEHL 22. VI
NONAPHARA HOYb 22. XiI

CONHUE B 3EHWTE
Fo22.vI 4

Bo3ayniHeie MacChl 3€MIIH.

BpaweHve 3emnu

L Bo3ayLuHbIe MacChl: (‘ )
;’ ' S, conuuee3enmTE  aPKTMueckue (AB)
u‘_ﬁ B 5ot

22. X1

[MOCTOSAHHBIE BETPLI:

CEBEPO-BOCTOMHLIE
65°

<71 ?J-"té, vila e "I‘ar Tl

ymepeHHble (YB) 3anagHble

30° 30°

ONAPHbLIM AEHb 22. X1 Tponnyeckue (TB) naccarbl

_ NONMAPHAA HOYb 22.VI

(o]
akBaTopuarnsHble (3B) "
naccarbl
Tponuyeckue (TB) 30°

ymepeHHble (YB) 3anagHble
65°

Hro-BOCTOYHbIE

aHTapkTnyeckue (AB)

- Mosic BbICOKOrO AaBneHns - Mosic HU3KOro AaBneHns



I'eosiornyeckue 00beKTHl CHMMETPUYHBI

BynkaH — MOKHO ITPOBECTH OECKOHEYHOE YHUCIIO 3€PKAJIbHBIX

IJIOCKOCTEH



HN1oro. CKOJIBKO BCETO €CTh DJIEMEHTOB
CUMMETPHU ?

Kakx To MHOTO

[MOJIy4yacTc..
HenpunAaTHOCTb 3Ty

Mbl NepPeXBEM

1)
9,

T
' i

Ho...

(




=
3|
=
oF
=
~
o
-




Ilourpaem




Ilourpaem







JKBHUBAJEHTHLIC M HEDKBUBAJEHTHbBIE
IJICMCHTBI CMMMCTPHUHU

DKeuBalIeHmHbvle I1eMeHnbl Cummempuu, CBA3aHbI KaKUMH-JII00
orcpanusaAMn CUMMCTPHUHU JAHHOI'O KPHUCTAJLJIA.
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DKBHUBAJICHTHbIC U HEOKBUBAJICHTHBIC JIEMCHTHI CHUMMCTPHHA:

a— L33F), 6 - L44P — L42P’ ”; 6 _3L23P — ,LZHLZ,” ’P”P’”C



Ilourpaem




Ilourpaem




Ilourpaem







HEKOTOPBIE
HCTOPHYECKHE BEXH
PASBHTHH
KPUCTA/L/IOI' PAOHH



Iloka BBIIEJIAOT TPH OCHOBHBIX IEPHUOIA B HCTOPUH
pPa3sBUTHA KpUcTAIOrpadpumn

1-11 nepuoo - smnmpuveckui (WM coOOMpaTEIbHbIN) ITOYTH 10
Hauaja XIX Beka - iepro MoCTEIIEHHOIrO HAKOIIICHHUS
(paKTUUECKOr0 MaTepHraia, BEIIBICHUS U OCMBICICHUS
OCOOCHHOCTEH KPHUCTAILIOB;

2-11 nepuoo - TeopeTudeckuu (UM o0bICHUTENbHBIN) - XIX Bek,
[IEPUOJi HHTCHCUBHOIO TEOPETUYECKOTO UCCIEI0OBAHUS (POpM

1 TEOPETUYECKUX 3aKOHOB BHYTPEHHETO CTPOCHMS KPUCTAILIOB (40
1912 ropga).

3-11 nepuoo - IKCIHEPUMEHTAIIbHBIN ¢ 0MUEMAUBHIM NPUKIAAOHBIM
nanpaenenuem (¢ 1912 rona).

4-11 nepuoo — npeackazarejabubiin? ~C 2010 roga



CII0BO “Kpucmasiji” npou3omsio OT IPEYECKOro
(KpHUCTAIIIOC), BO BpEMEHA JPEBHETPEUECKOTO0 To3Ta ['omepa
O3HAYABILETO “IPO3PAYHBIN JIC]T .

Ilemoxpum (470 1. 10 H. 3.),

Onuxyp (341-270 rr. 7o H. 3.),
Apucmomens (384-322 TT. 10 H. 3.),

I Tnunun Cmapwuii (24 - 79 1. H. 3.),
bupynu (973-1050 rr.),

Asuyenna (Uon Cuna, 980-1037 rr),
Kapoano [cepornamo (1501-1576 rr.),
Hoecanun Kennep (1571-1630 rr.).

BHECJIM CBOM BKJIAJ] B U3YUCHHUE ITUX YYAECHBIX
TBOPEHUMN HEKUBOU IIPUPOIBI



«OHa (Kpucmaarozpagus) daem ymy
HeKQMOpoe Y008AeMBOpeHUe U SABAALMCS

8 CBOUX UACTHHOCTAX, CMOAD PA3HO0bpa3-
HOTL, WMo MoKem bbimb HA38AHA HEUCCS-
Kaemotl, bAaz00apst wemy oHa NPoUHO U Ha-

00A20 3aXeambléden BbLOAOUUXCA A0
H.B. Teme




Kpucramasl o00Jagal0T  peutemuamvimM____ CHPOCHUEM -
PACIIOJIOKEHUE 00BEKTOB (aTOMOB) B IIPOCTPAHCTBE,
MOAUUHAIOIIECECS  IOCTOSHHBIM  MNapayielIbHBIM  MEPEHOCaM
(rparcasuusaM 1) BAOIb TPEX KOOPAUHATHEIX HAIIPABICHUM.

B ommuyunm or amoppHOro (M HEJABHO OTKPBITOIO
KBA3UKPUCTALINYECKOI0) COCTOSIHUA - KPUCTAJUINYECKOE
COCTOSIHUE XapaKTEpU3yeTCsd Kak OJMKHUM, TaK W JaJIbHUM
MIOPSAJIKOM B PACIIOJI0KEHUY YACTHLI.




Kpucraminyeckass peumerka (MPOCTPAHCTBEHHAsl pelIeTKa) —
cxema, OTpaxkarouas 3aKOHOMEPHOCTD (IEpUOJUYHOCT )
PACIIONOKEHUSI MaTEPUAJIbHBIX YaCTHIl (ATOMOB, HOHOB, MOJICKYJI) B
KPUCTAJUIMYECKON CTPYKTYPE BEILIECTBA.




Kpucrasibl remarura moj
JIEKTPOHHBIM MUKPOCKOIIOM.
Pa3mep xkpucraiion
200 MuKpOH.

Ilemepa, o0Onapy:xenHasi B 2000 r
B Mekcuke.
Pa3Mep KpHCTAJJIOB CEJIEHUTA
(pa3HOBHUIHOCTH I'MIICA)
a0 15 m.





http://webmineral.com/specimens/picshow.php?id=1005
http://webmineral.com/specimens/picshow.php?id=224
http://webmineral.com/specimens/picshow.php?id=123
http://webmineral.com/specimens/picshow.php?id=127
http://webmineral.com/specimens/picshow.php?id=20
http://webmineral.com/specimens/picshow.php?id=1338
http://webmineral.com/specimens/picshow.php?id=2133
http://webmineral.com/specimens/picshow.php?id=1121
http://webmineral.com/specimens/picshow.php?id=360
http://webmineral.com/specimens/picshow.php?id=564
http://webmineral.com/specimens/picshow.php?id=324
http://webmineral.com/specimens/picshow.php?id=1408

KPUCTAJIJIBI - TBepable, OIXHOPOAHBbIC, AHU30TPOINHBbIEC
BellecTBA, CIIOCOOHBIE B ompeaeieHHbIX  YCJOBHAX
CaAaMOOTPAHATHCS.

OnpnopoaHocts - Ilog ogHOPOAHBIM IMOHHMMAKOT TaKOE TeJIo,
KaKIONH  TOUYKE  KOTOPOTO  COOTBETCTBYET  OCCUMCICHHOE
MHOXXECTBO PACIIOJIOKCHHBIX HA KOHEYHBIX PACCTOSHUSAX IPYT OT
Apyra SKBHUBAJCHTHBIX TOUYEK HE TOJHKO B (PU3UUECKOM, HO U B
T€OMETPHYSCKOM CMbIciie. Kpucmaniuueckas pewemxka —
8bIPA3UMENL KPUCTMAIAUYECKO20 COCMOHUSL 8eujecmed, TaK Kak
000U Kpucmani, 0adice TUUEHHbIU KaKou-1ubo 8HeuiHel
cumMmempuu, ooradaem mpexmepHolu Nnepuoou4HOCmovio, m. e.
HAXO0OUMCSL 8 COCMOSHUU DEULemKLUL.




KPUCTAJIJIBI - TBepable, OXHOPOAHbIC, AHU3OTPOIHbIE
BellecTBA, CIIOCOOHBIE B ompeaeieHHbIX  YCJOBHAX
CaAaMOOTPAHATHCS.

AHHU30TPONHOCTL - 3TO CHOCOOHOCTh KpHCTAaJIa IIO-PA3HOMY
IIPOSABJIATH OJIHO W TOXKE CBOMCTBO B PA3JIMYHBIX HAIPABIICHUIX.
[ToCKOIBbKY MHOTHME (PU3HMYECKHUE CBOMCTBA KPHUCTAIOB, TaKHE
KaK TBEPAOCTb, TEIJIONPOBOAHOCTH, ITOKA3ATEIM IIPEIOMIICHUS,
CIIAaMHOCTh M JIP., 3aBUCAT OT MEKATOMHBIX PACCTOAHUU, A
CJIEAOBATEIILHO, OT THIA W CHJIBI XMMUYECKHUX CBA3ECU MEXIY
arOMaMM, TO B PAa3HbIX HAIMPABICHUAX B KPHUCTAJLUIMYECKOM
BEILICCTBE OHU IIPOSABIISIOTCS [O-PA3HOMY.

Phase velocity surface



KPUCTAJIJIBI - TBepable, OXHOPOAHbIC, AHU30TPOIHBbIEC
BellecTBA, CIIOCOOHBIE B ompeaeieHHbIX  YCJOBHAX
CaAaMOOTPAHATHCSI.

Eme omHuM BaXHBIM CBOMCTBOM KPHUCTAUIMYECKOTO BEIIECCTBA,
OTJIMYAKOIIMM €ro OT aMOp(HOIo, SBISETCSI CIOCOOHOCTh
KpUCTAJZIa  [OpM  ONpPEACICHHBIX  YCIOBHUSIX  OPUHUMATH
€CTECTBEHHYK) MHOTOTPAHHYIO (POPMY, T. €. CAMOOI'PAHSThCS.

JIro00i 00J0MOK KpHCTaia, IolaB B COOTBETCTBYIOIIYIO CPELY,
HAIIpUMEDP, B IIEPECHIIICHHBIM PACTBOP TOI0O K€ COCTaBa, HAYHET
MOKPBIBAThCS TPaHSIMH, B TO BpeMs Kak aMOp(HOE BEIIECCTBO
OCTaHETCs 0e3 N3MEHCHUS.



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

KPUCTAJIJI (kak reomMerpuyeckass (Qurypa) — BbITYKIbIA

MHOI'OI'paHHUK 3JICMCHTAMH KOTOPOI'O SABJIAIOTCA.
BEPIIHHA

* I'paHb - IUIOCKas IIOBEPXHOCTh, OTPAHUYHMBAIOIIAS KPHUCTAILI

* PeOpo - JIunus nepecedyeHus IByX IpaHer KpUcTalia

* BepimmHa - TOUKa IepeceueHus pedoep Kpucraiia



BEPIIHHA >
/ I'pansb - ui0CcKas MOBEPXHOCTh, OTPAHUYU-

BalOIIask KPUCTAJLI

rpaib* Peppo - JIMHMA mepecedeHHs ABYX IpaHEH
KpHCTaJlIa

* BepmimHa - Touka nepeceyceHus peoep
KpHUCTaJlIa

B BBIITYKJIOM MHOI'OI'PAHHHKC

CyMMa YHCeJl €r0 BEPIIMH U TpaHel Ha 2 OOJIbIIIE Yncia ero peoep,
Te. B+I'=P+2

~




Hpaﬁuﬂbﬂblﬁ MHOC0CPDAHHUK —
IJIATOHOBO TEJIO0.

Ilpasunvnuliit Mno2ozpanHuk

1) BBIMYKJIBIN;

2) BCE €0 IPaHU SIBISIOTCS PaBHBIMH
IpaBUJIbHBIMH MHOTOYTOJbHUKAMU,
3) B Ka)KJI0 €ro BEPIINHE CXOIUTCS
OJIMHAKOBOE YMCIIO pEOEP

[Lnaron (428 — 348 1T. 10.H.3)

e 3eMJd OTrOHb BO3YX BOJIa Bcenennas



XapaKTepI/ICTI/IKI/I ITPABUJIBbHBIX BBIITYKJIBIX

MHOTI'OI'PAHHHUKOB
Mmnoro Yucino | Yucno | Cymma | Uucno | Yucno | BerpewaemocTs B
IPAaHHUK BepmvH | rpanerd | B+ | pebep | pedep+2 KpUcTaiax
TeTpasap 4 4 8 6 8 Ja
reKCadIp 38 6 14 12 14 Ja
OKTadIp 6 8 14 12 14 Jla
HUKOCadIp 12 20 32 30 32 Tonbko B
KBa3UKpUCTaIax
T0ACKadIp 20 12 32 30 32 Tonbko B
KBa3UKpHUCTaIax




Mazus TIAGMOHOBBLX MEA

B «Taitne mupay, onyonukoBaHHoU B 1596 roxny,
HEMEIIKMM MaTeMaTUK U acTpoHoM Keruiep
U3JI0KUJI CBOIO MOJIeNIb COJTHEUHOW CUCTEMBL.
IToctpoenue . Kenuepa: miects cep, COOTBETCTBYIOIINX OpOUTaM
6 manet — Carypny, FOnurepy, Mapcy, 3emiie, Benepe u Mepkyputo,
pa3eIICHHBIE KYOOM, TETPAAPOM, A0ACKATPOM, OKTAIPOM U
UKocayIpoM. B Hamnmyue CKpHITOU MAaTEMAaTUYE€CKON TapMOHUA
Bcenennon Kemep Bepri1 10 KOHIIA dKU3HU



http://upload.wikimedia.org/wikipedia/commons/d/d4/Johannes_Kepler_1610.jpg

B 1611 r. Hozann Kennep (1571-1630 rr.) B Tpakrare “O
IIECTUYTOJBHBIX CHEXMHKAX , MOAPOOHO omucal (POpMbl CHEKHHOK
M BBICKA3aJl TMPEAIIOJI0KEHUE O CBA3MU IPABUIBHOU MIECTUYTOJIbHOU
(bOpMBI CHEXHMHOK C IMJIOCKOCTHOM YKJIAAKOHN Iapo0oOpa3HbIX YaCTHII
BCILIECTBA. OJTHUM OH 3aJ0XKWJI OCHOBBI T€OMETPHUH IIOTHEHUIIHX

IapOBbIX YIIAKOBOK.

«Yenosexka Kennnepa wumana»

HeynauHast BO BceX OTHOIICHUSAX MAapOAus Ha MEHs M 9K3aMEH 110 KpucTayuiorpaduu
B MI'Y («Moii mapenb anren»). M BooOiiie, s Ha BosbIHIIEBa COBCEM HE MOXO0XK. . ..



BomedCcTBO KPpUCTAINYECKOIO
vmupa Ne 1

Kpucramibsl kBapua, WILTFOCTPUPYIOIIME 3aKOH IMOCTOSIHCTBA YITIOB



Jlarckui ecrectBoucneitarens Huxkonaiu Cmenon |
(Hunvc Cmencen, 1638-1686 rT.), HCCaeay st KPUCTAJIIBI
KBapIla OTKPHLI OCHOBHOM 3AKOH IreOMeTPUYEeCKOM
KpucTauiorpaguu —
- 3aKOH ROCHMOAHCMEA Y2/108.

X0Ts KPUCTAJLJIBI OJTHOI'0 U TOI'0 e BelleCTBA
(MUHepaJia) MOTYT UMETh Pa3HyI0 (popMy, yIJibI
MEXKAY UX COOTBETCTBEHHBIMH I'PAHAMH OCTAKOTCH
HEM3MEHHbIMU

$ OpgHako, XOTS  KpaTkKue
te3uchl CreHoHa «O TBEpAOM,
€CTECTBEHHO COJACp KaIlIeMCsl B
TBEPJAOM» NYOIMKOBAIUCH IIPH
€ro JKHM3HM TPWXKJbl, OHHU
Jexaad B apxuBax OoJiee cTa
JET, HE OKa3aB IIPAKTUYECKHU
HUKAKOI'O BIIMSIHUSI Ha Pa3BUTHE
HayKHU.

Cxema, WLTICTPpUpPYromas
3aKOH MOCTOSIHCTBA YTJIOB



3akon nocmosHcmea yenos
noomeepoun M. B. Jlomonocoe (1711-
1765 22.), komopwii 6 1749 2. 6 ceoel
ouccepmayuoOHHoU pabome
“O pooicoenuu u npupooe ceaumpol”’
00BACHUL SMOM 3AKOH NIOMHeUuell
VKAAOKOU UapooOPA3HbIX YaACMUY, —

KOPNYCKy1L ).

PacnonoxxeHue mapooOpa3HbIX YaCTHI]
(KOpITYyCKYJ) B KPUCTAILJIE CEIUTPHI




B 1783 2. K. b. JI. Pome-oe-/Iunw
(1736-1790 22.) 6noswb cihopmynuposan 3aKon
HOCHMOAHCMEA Y2108:

“I'paHu KPHUCTAJJIA MOTYT H3MEHATHCHA 110
cBoeil (hopMe M OTHOCUTEJIbHBIM pasMepam,
HO UX B3aMMHbI€ HAKJIOHBbI OCTOSTHHBI 1
HEM3MEHHBI VIS KaXK/10I0 POJa KPUCTAILIOB”

Pome-0e-/Iunp B 1ByX KHUTax, OMyOJIMKOBaHHBIX B

1772 n 1783 IT. TOJOXKUJI HAYATIO XUMUYECKOU
KpUcTajiorpaduu KaKk caMOCTOATEILHON HAayKe

Kpucrannel kBapua, HUTFOCTPUPYIOIIUE 3aKOH IMMOCTOSHCTBA YIJIOB



B ocHOBY cBouX Tpy10B PoMa-ne-JInne KiaaeTr 3aKOHbBI MOCTOSTHCTBA
(bOpM U TTOCTOSIHCTBA YIJI0OB KPUCTAJIOB, KOTOPBIE OH U3MEPSLI C

ITOMOIIBIO MpHKIaaHoro ronnomeTpa M. Kapanxko
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lIpuknaounou conuomemp (K — kpucmain)



Hauauo 2-oro s3Ttana
TEOPeTHYECKOro
(MU OOBSICHUTEIBHOIO)



B otimmunm ot cBoero cooreuecTBeHHHMKA Pere-)KrocT Aron (1743-1822)
MIEPBBIM 3a[yMaJICs O MPUHIIUIIAX BHYTPEHHETO CTPOCHUS KPUCTAJLIA.

Pene Kwocm I arou
CrpoeHune KpUcTaiia KaabluTa (1743 - 1822 22.)
13 «IapalIeNICIUIIeIaIbHBIX MOJICKYD (&)
1 00pa3oBaHME HEKOTOPBIX rpanei (0) o Iarwu



BoJ111€0CcTBO KPUCTAIIHYECKOI0
mupa Ne2

B kpucmannax nem oceu 5-20 u évtute 6-20
NOPAOKOG.

Ocnoenon 3aKon cummempuu Kpucmaiios, g
YCTAHOBJICHHBIN SMITUPUYECKH, HO
BIIOCJICJICTBUM IOJATBEPKIACHHBIM CTPOCHUEM
KPUCTAJLJIOB.
B KpUucmaiiuyecKux MHO202PDAHHUKAX
NOPAOOK OCell 02PAHUYEH YUCIAMU o el
1,2,3,4,06 Pene JKrwocm
Tawou (1743 —
1822 22,




Henb3s npaBUIIbHBIMU MSATH- WX N-yTOJILHUKAMU
(rae N > 6) BBIOJIHUTB BCE JIBYXMEPHOE

HpOCTpaHCTBO 663 OCTAdTKa
e ' @1?‘%* _ &0

CHeXMHKHU Bcerma 6
JIy4E€BBIC
(a LBETHI — HE Bceraal)



[llecTuyronbHUKaMHU BCE IBYXMEPHOE
IIPOCTPAHCTBO O€3 OCTAaTKAa 3alOJHUTh MOXKHO! !

(AOKa3aHO MYeIaMHu
MHOI'0 MUJIJIMOHOB
JIeT Ha3an)




B kpucmannax nem oceii nopsaoka >6




A B xkuBbix opranuzmax ECTb! N>6




B kpucmannax nem oceu 5-20 nopsaoka




A B :xxuBbix opranusmax ECTb! N=5




7KuBble opranusmMsl JOOSAT! ocu ¢ N=5 u >6

Tabanna 23 Hrnowowse cepepuoil wactn THxoro okeaHa.
Mopechme 3Bednu

1 — Pycnopodia heliantoides,
2z — Strongylocentrotus !?udus'.

7 y

G — Patiria pectinifera. e ,-w.é J-‘J»“"“
Odmypu: r S LTI
7 — Strongylocentrotus purpuratus; N
8 — Am rl‘:ﬁzﬂin rossica; Purp
§ — Psolus chitonoides.
MopocEHE &M

10 — Ophiacantha bidentata;

11 — Brisaster townsendi;

12 — Stichopus Japonicus.
Tonorypwun:

13 — Astrometis sertulifers;

14 — Amphiophiura ponderosa.

1) U3 BpeanocTH

2) CTpax nepen
HEXKUBOU
npupoaou




X. C. Beic
(1780 — 1856 2e.) pazpaboman opyeoii

| BANCHETIUULL 3AKOH KPUCTATIOZPAPUU - 3AKOH
XpucTtuaH
o 30H (n05C08)

(1780-1856)

B 1826 2. nemeyxuit kpucmannozpag
M. JI. Dpankenzeum

wooi oz (1801-1869 22.) vieen 32 knacca cummempuu.

PpaHKeHrenm
(1801-1869)

U. @. X. I'eccenw (1796-1872 22.)
6 1830 2. svigen 32 Knacca cummempuu

MoranH ®puapux
XpuctunaH Neccenb
(1796-1872)



K coxanenuro, Tpyabl PpaHKEHIeMMa 1
['eccenst ocranucy HE3aMEUYEHHBIMU, IPUYNHA
3TOMY KPbLIACh B HENOATOTOBIEHHOCTH
OOJIBIIMHCTBA MUHEPAJIOTOB TOIO BPEMEHU K
BOCIIPUATHUIO UJIEU, UMEIOTIIUX
MaTEeMaTUYECKYIO IPUPOLY.

M tonpko B 1867 1. A. B. I'agoiuH,

CTPOTO BBIBOJIUT 32 TPYIIIBI - COBOKYITHOCTH
A. B. I'agonun 3JIEMEHTOB CUMMETPHH, KOTOPBIE MOTYT

(1828 - 1892 r1.))  CyIIECTBOBATh B KPUCTALITUIECCKUX
MHOTOIrpaHHHMKAX, ¥ pa30MBacT X Ha 6
KpUCTAII0rpaUueCKUX CUCTEM: TPUKINHHYIO,
MOHOKJIMHHY0, POMOMYECKY1O,
T€TParoHaJbHYI0, FEKCArOHAIBHYIO U
KyOHYECKYIO.



Axcens Buigbreasmosuu [ amonun
(1828-1892)

PYCCKHM YYEHBIM B 00JIaCTH apTHUILIEPUHNCKOIO
BOOPYKCHUSI, MEXaHUYECKOM 00pa0OTKHU METALIOB,
MHUHEPAJIOTUU U KpucTajiaorpaduu, ¢ 1375 roga
naevictBuTeabHbIN wieH [letepOyprckoit AH, ¢ 1873 .
4JICH-KOPPECHOHACHT, reHepan ot aprtuiiepu (1890).

3a oka3zaHHble BOE€HHBIE mmoaBuru 1854-1855
rOJIOB Harpaka€H OpJAcHOM CB. leoprus 4-u
CTEIICHMU.




B 1850 r.¢panmy3ckuii kpuctamiorpad Orroct bpase uznaer
“Memyap 0 CUCTEMAaxX TOUYEK, IPABUIIBHO PACIIPEACIICHHBIX Ha
INIOCKOCTH U B IIPOCTPAHCTBE”, COJACPIKAIMM KIIACCUYECKUH BBIBO/I
14 mpocTpancTBEHHBIX penieTok. C y3naMu 3TUX peleToK bpase
CBSI3aJI LIEHTPBI MOJICKYJ KPUCTAJUIMYECKUX TEJI.

Oetocm bpase [TapannenenunenanpHas penIeTka,
(1811-7863 22.). KOTOPOM MOMUYUHAECTCA KUPIIUYHAS KIagKa



[Ivep Kropu chopmynrpoBa
fswg‘{w“’"” YHUBEpCcanbHbli 30KOH
! cummempuu (OuccumMmempuu)

P
N ey 41 %
N N

VRS

B pezynibomame HanoceHUs
HECKOJIbKUX AB/IeHUU PA3TUYHOU
npUpoobl, KaAiCO0e U3 KOMopblx
ob1a0aem ceoeli coOCmeeHHouU

cummempueul, 8 0OHOU U MOl JHce
cucmeme COXPAHAOMCS TULULD

I1sep Kropn cosnaoaroujue 31emMeHmbl

(1859 = 1906) CUMMEMPUU IMUX AB/IEHU.




L,2P2P” L, 3P

JleMoHCcTpalys IpuHIKIIA cyneprno3uiuu Kropu: B pe3ynbrare
HAJIOXKCHMS IBYX QUTYp — KBajapara ¢ cummerpueit L,2P 2P " u
TPEYTOJNIbHUKA ¢ cuMMeTpuen L3P ocTtaercs Toibko o0muii
3JEMEHT cUMMeETpuu — P.



Nnnroctpanus 3akoHa Kropu:
JIUCT 001aJJaeT OJHOM INTOCKOCTRIO cuMMeTpHu - P (a),
IIBETOK — pagualibHO-TyIUCTON CHMMETpueH (0)

Bce, 4To pacTeT, akTUBHO ABUIKETCS IO TOPU3OHTAIIN WU
KOCO K 36MHOM OBEPXHOCTH, XapaKTEPU3yEeTCs
cuMmmetrpueit mmctka (P). Bee, 9To pacTeT u JBHKETCS
TOJILKO 10 BEPTUKAJIN, UMEET CUMMETPUIO 1BeTKa L NP






BriBoa 1

I'epOepT Y3/17IC M 0CO0EHHO HJLIIOCTPATOPHI €r0 POMaHAa
He 3HAJU npuHOun Kropu 1 kpucrauiorpapuro, Koraa
nucaau u opopmiasiiiu Boriny Mupos




BriBoja 2

T'eopruit Ocrep M ero XyaI0:xKHUK ObLJIM JYYIIK 3HAKOMbI
¢ npuHuunoM Kropu u kpucrasiorpaduen, Koraa
NpUAYMbIBAJIM 3aaa4y 47 u3 Bpeanoro 3ajauyHuka

3agava 47. MHonnaHeTtaHe, NOCceTUBLUME
wkony Ne141, pe3ko oTnuv4arTCca OT
Xutenenm 3emMmnun. Y kaxaoro n3 Hux no 4
Pykn, 4 HOrM M 2 coBecTtn. Ha CKOnbKo
MEHbLLE BCEro  MEPEeYUCNEHHOro Y
yyeHuKa 3TONn LLIKONbI CTenaHa
CTynb4YMKOBa, €Cnn M3BECTHO, YTO PYK M
HOr Yy HEero CTOMbKO X€, CKOMbKO Y
O0ObIMHOrO YenoBeka, a COBECTM HET
coBcem?




BriBoa 3 ”

KTo 3Aech!?

Celyac B ayIUTOPUH HAXOIUTCS
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HenpusATHBIA 1191 HAC (PAKT

Kpucraibsl KBapiia, BEIPOCIIUE C
BEPTHKAILHO (a) ¥ HAKIIOHHO (0)
OPUEHTUPOBAHHOM IJIABHOU OCHIO.

B nepBoMm ciiydae HammpaBliEHUE
pOCTa COBMAJIACT C HAIPABJIECHUEM
BEKTOPA CHJIbI TSAKECTH, U
KpUCTaJJI IPpUoOpeTaeT
paaraIbHO-IyYUCTY O
CAMMETPHUIO; BO BTOPOM — BEKTOPBI
pOCTa U CUJIBI TSIKECTH HE
COBITQJIAI0OT, U B KPUCTAJLIIE
peaN3yeTCA JIMIIb OJHA
IJIOCKOCTh CHMMETPHM.



HenpusaTHbIN 1J1 HAC PaKT

Kakoli HEyTEHIMTENbHBIA BBIBOJ MNPUXOAUTCS cAelarh? B pealbHBIX
YCJIOBUAX IS BBIPpAIIMBAHUS HACAJIBHBIX KPUCTAJUIOB BCE OKa3bIBACTCHA
JOCTAaTOYHO HENPUATHO. CUMMETPUs HEeM30€KHO ITOHMIKAETCS, XOTS Obl
IOJ_JCMCTBUEM 3aKOHA BCEMHUPHOIO TiAroTeHus. He 3abygem u TO, 4TO
KPUCTAJUI PACTET MCKIIOUYMTEIBHO MEIJIEHHO M 3a BpPEMSA €ro pocra
YCJIOBUSI MEHSKOTCI HEOIHOKPATHO. HEyIMBUTEIBHO, YTO CYIIECTBEHHOE
BpeMsl Ha OpOMTE MEKIYHAPOIHBIX KOCMHUYECKHX CTAHLMKA KOCMOHABTHI
MPOBOJAT 32 BBIPAIIMBAHUEM KPUCTAJUIOB B «TEIUIMYHBIX YCIOBUIX.

BHemHss cpea MCKYCHO MAacKHUPYET MCTHHHYIO CUMMETPUIO KPHUCTAJIA.
OTO MNPUBOJUT K TOMY, OIWHAKOBBIE II0 CBOMM (PU3UYECKUM
XapaKTepUCTUKaAM TpPaHM MOIYT CHJIBHO OTJIMYAThCd B pEaIbHOM
KpUCTa/JIe Jpyr OT Jpyra, 4YTO MOXKET NPHUBECTH K OIIMOKaM B
ONpEeCICHUM CUMMETPUHN KpUCcTaiia. B 3TOM CBS3M BU3yaJlbHOIO OCMOTpa
oOpa3la MOXKET OKa3aTbCsl HEA0CTATOYHO, HCCIEA0BATEII0 IPUXOAUTCS
ONPEIENIATh CAMMETPHUIO 00JIE€ CTPOTUM 00pa30M, a HE «Ha MIa30K».




IIpusiTHBIE HOBOCTH!

J BBINYCK 7

Ha nepBbIX mopax padoraeM ¢ uaeaJu3upoBaHHLIMU
JAepeBIHHBIMH M IJIACTUKOBBIMH MOJIEJISIMH T/le BCe ITH IraiocTH
BBIKJIIOY€HbI



B3aumoaencTBue 32 KJIACCOB TOYEYHOH CHMMETPUH
¢ 14 pemnerkamu bpaBe npuBOAUT K
BO3HUKHOBEHHUIO 0COOBIX (TPAHCIAIMOHHDbIX)
3JIEMEHTOB CHMMETPHMH M B KOHEYHOM cuyeTe K 230
n IPOCTPAHCTBEHHBIM I'PYIIIAM

B 1890 r. Benuxuu pyccxuu xpucmannozpag
EBrpad Crenanosuu deopon

Y HE3aBUCHUMO OT HETO HEMELKUN MaTeMaTuk ApTyp
[llendnauc BbiBenmn 230 reOMETPUYECKUX 3aKOHOB,
KOTOPBbIM  JIOJDKHO TMOJUMHATHCS  PACIIOI0KCHUE
YaCTHIL B KPUCTAUIMYECKUX CTPYKTypax.

K wectn Illendnuca, on mnpuzHan mnpuopurer degopoBa B 3STOM
OTKPBITUHM, KOTOPOE II0 CBOEMY 3HAYECHHUIO MOKET OBITH IIOCTABJIICHO B
OIVH Pl C OTKpbITUEM lleprnoanyeckoro 3akoHa.



BONBIIMHCTBO KPYNHBIX KpHUCTALIOrpad)oB  OBLIM
yOCKICHHBIMH  CTOPOHHHKAMH  aTOMMCTHUYECKOIO
MHUPOBO33PEHUS.

[IpeacraBieHue 00 aTOMHOMW CTPYKTYpE KPHCTAIIOB
OCTAaBaJIOCh €IlI€ B Hadaje BEKa JIMIIb YIOOHOU
TUIIOTE30M.

ATOMHUCTHYECKHE BO33PECHHUS, TAKUM 00pa30M, BOIILIM
B KpHUCTAJLUIOTpa(hui0 HAMHOI'O PaHBIIIE, YEM B XUMHUIO,
a TeM 0osee B (PU3HKY.



JIullb HEMHOIWE YYE€HbIE OTCTAWBAJIM PEAIbHOCTb HX
CYILIECTBOBAHMS, B TOM uuciic Jlrooseuz bonvuman

ABCTpuHCKUN (PU3HK, 4iieH BEeHCKOM akajieMuun
HAyK M MHOIMX akajaemMun wmupa. CambIMHu
BaXXKHBIMU paboTaMu boibliMaHa sBIISIETCS
KJIaCCUYECKHE UCCIIEIOBAHUS MO0 KNHETUYECKOU

TCOPUH ra3oB 1 CTAaTHCTHUCCKOMY  #88 1id-3
MCTOJIKOBAHUIO BTOPOIO HAYATA  mosssr Gomuan

{1244 —1906)
TEPMOAUHAMUKHI

CuuTas, OgHAKO, YTO ATO Hemokazyemo eile nmpumepHo 300
JE€T U 4YTO ero OoprdOa Oe3ycrnemniHa, boabliMaH MOKOHYHI C
coooii B 1906 rony ...



BbIBOAbI U3 3TOH HCTOPHUM

B He3HakoMOM MecTe He HbIpSii!

He TOpONHCE-HA BepXy OPHHHMAIOT KPYTAOCYTOUHO!

bonbsiMaH mokoH4Yna ¢ cooou B 1906 rony ..
BCETO 3a 6 JieT 70 OTKPBITUS aTOMHOTO
CTPOCHHUS MaTCPHH.



HauvaJio 3-ero nepuoaa
(AKCEPUMEHTAJIBHOI0
C NPUKIAOHBIM HARPABIeHUEM)



B. K. Penmeen (1845 —-1923 1) B 1895 T
OTKpbLI X-JIyYH.

B 1912 r. Hemenkum dusukoM M. Jlay? OTKPBITO \/
SBJICHUE TU(PPAKIIUA PEHTTEHOBCKUX X-JIy4deH (Pysigs 1999) ¥
Ha KPUCTAJUIaX U TAKUM 00pa3oM JOKa3aHO NS Ll
aTOMHO€ CTPOCHHE KpHUCTaJlIa. dieas=ieizg)
Jlays mokasaji, YTO KpPUCTALIbl JEUCTBUTEIBHO
| TIOCTPOEHBI, KAK  TPEXMEPHbLIE  ATOMHbIE
«PEIIETKI
Jlays BBIOpAJI TS OTIBITOB HU3KO-
B CHUMMETPUYHBIC KPHMCTAUIBl MEIHOTO KyIIOpoca
CuSO,.5H,0. [IoaToMy  peHTreHorpamma
oH Nlays TIOJIyUMIIACH CJIOXXKHOM, M IO HEW HE YOAIOCHh
HETSA90) - xasare mmwero OIIPEZCIICHHOTO O BHYTPEHHEH

CTPYKTYpPE KpUCTaJLia




.~ Bromxe 1912 1

. VJLBpSIT MOBTOPHI
onbIT Jlays, B34B
KPUCTAJJIbI BBICOKOU
cummerpur ZnS u Nacl.
Ha 1ot pa3 okazanocs,

‘ ' 4TO CUMMETPHS
Bunesm feoprun  heprrenoBckoro cHiMKa
IloypeHc BuktopoBuY

Bparr Bynbd COOTBETCTBYET

(1890-1972) (1863-1925) CHMMETPHHU KpHUCTAIA.

B ToM e TOay OBLI ONpEIeNeH MPOCTOM 3aKOH OTPaKCHHUS
PEHTTCHOBCKUX JIy4€ld aTOMHBIMHU IIJIOCKOCTSIMH, U3BECTHBIA TEMNEPh KaK
¢opmyna bpircza. Uyts nozxe bparra Ty xe (GopMyiy BbIBEI PYyCCKHH
kpuctaiaorpad [.B.Byiasd

K 1920 r. ObLI0 CAEIIAHO YK€ HECKOJILKO JECITKOB
CTPYKTYPHBIX PACIIH(PPOBOK.



KPUCTAJIJIOT PAOUSA

Opranuzauus OdveguHenHbx Hanmii

A resisonss

I'enepanbHas AccamOues

Distr.: General
12 July 2012

HlecTeaecaT WecTan ceccns
Myngr 14 nosecTen nun

Pezomouus, npunsitas I'enepansnoii Accambueeii

[6ez nepedaun & 2nasnepie komumeme (A/66/L.51 and Add_1)]

66/284. MemaynapoaHeiii roja KpuctaLiorpagun

lenepansnas Accavines,

comaaice Ha peiomouwmo 1980/67 Ikonommueckoro u Counansuoro Cosera
ot 25 mwona 1980 roga o mesnyHAPOAHEIX FOAaX M FOAOBIIMHAX M HA PE30TOLHH
lenepansroit Accambnen 53/199 ot 15 nexabpa 1998 rona w 61/185 o1 20 nexaGpa
2006 ropa o NPOBOIMNAMEHHH MEXKIYHAPOIHLIX TO10B,

ApusHGEAR,  MTO  NOHUMAHHE  UENOBEKOM  MATePHalLHOM  npupoas
OKPY#AIWErD MHPa OCHOBBIBAETCH, B UYACTHOCTH, HA HAWEM 3IHAHHH
KpucTannorpadum,

HOd‘f?;)KHGGﬂ, UTO M3YUEHHE M NPHEIAAHOE HCNONL30BAHHE KPHCT&;{HDI’F&I"}HH
HIPamT HCEMHUMHTENLEHO BAXKHYIO POk B 60?563 C TAKUMH BLIZOBAMHM, Kak Bomesnn
H 3KONOTHYE€CKHE I'IPDSJ'IEHLI__ NO3BONAA NONYYUHTE JAHHBIE O CTPYKTYpEC DeNKOE U
HHIKOMONEKYIAPHEIX COEIHMHEHWIl, NOIXOIAUWINX 1nd pa}paﬁonm JEKAPCTBEHHBIX
NpenapaTos, KPHITIHB BAXHBIX N8 MEJHLUMHEL M 001ECTBEHHOTD 3OpPaB0OXPAHEHHA, A
TAK®HE 018 pPELIEHHA I'IPOGJ'IEM JArpasHEeHHA paCTEHKr{ H NOYBLL,

RPUIHASAR, MTO C KPHCTET{JDFPEI‘JHE“ MEI CTANTKMEASTCA NOBCEMECTHO B CBOEH
I'IDBCE,![HEBHDFI HHIHH, B PBZPHGOTKE COEPEMEHHBIX NEKAPCTECHHLIX Npenaparos, B
00NACTAX HAHOTEXHONOTHH H SHOTBXHODOFHK._ H 4TO KPHCTET{:{BFP&I‘JHR NEHNT B
OCHOBE PBJPHGDTKH BCEX HOBEIX MarepHanoB — OT 3}’6"0& NAacThl 10 KOMIOHEHTOB
CaMOIETOB,

omMedan, 4TO  MUpoBog coobmecTBo  Epuctannorpafos ¢ GoabHm
YAOBNETBOPEHHEM BOCHPHHALD Maew npososrnawenna 2014 roga MexayHapoansim

rofoM KpHcTannorpadmm,

npuziaéan  Beaymyw pons MemayHapoaHoro cowsa  kKpucTannorpadgum,
ABnAOmerocs uwienom Me#oyHapoaHoro coeeTa no Hayke, B KOOPIMHALMH M
ConeficTBMH  PasEHTHI0  JEATEILHOCTH B o0nacTH  kpuctannorpaduum  Ha
MEAIYHAPOIHOM, PETHOHATEHOM H HAUMOHANEHOM YPOEHAX BO BCEM MHpE,

1. ROCH AHO&Nsem 2014 rog

kpuctannorpadgum;

NpOBO3rMACHTE ME}H,!I.YHEPDJ:LHMH roaoM

APUHUMAR G0 GHUMANLE BAWHOE 3HAMEHHE HAYUHBIX NOCTH#eHnil B ofnactu
Epuctannorpadun, nogrsepwEaeHnoe Tem, uto Hobenesckan npemus 23 paza
NPUCYANANACH 33 MCCNeJOBaHMA B 3Toil ofnactu, u To, uTo Kpuctantorpadms
no-npexHeMy npeactasnfer cofofi  naogopoauyl  mousy HOBBIX M
MHOTOOOE A MM PYHIAMEHTANBHEX HCCIe10BAHMI,

ana

npuruMas ormeuaemoe 8 2014 rogy cronerne
3APOKACHHA COBPEMEHHON KpHCTannorpagun 1 NpUsHAHHE TOIO, YTO OHA ABIRETCH
CAMBIM NeHCTBE HHEIM HHCTPYMEHTOM ONpeleneHus CTPYKTYPLl Be ecTBa,

cosnacas, 2014 rong  oTEpRIBAET  BOIMOMHOCTH I8 PAIBMTHA
ME#AYHAPOIHOIO COTPYIHHYECTBA B PaMKaX NPa3IHOBAHHA INECTBACCAT MNATOMH
roA0BLIHHE ocHOBaHnA Mekaynapoanoro cowsa kpuctannorpadun,

MAaKkmwe 60 GHUMAHue

uTOo

2. nmpednazaem Oprannsaumn  Odseannennsx  Haumii no  sonpocam
00paioBaAHKA, HAYKH H KYIBTYPL, NPHHHMAS BO BHHMAHHE NONOKEHHA NPHICHKEHHA
E pesomounn 1980/67 Dronomuueckoro u Counansioro CoBeTa, B COTPYIHHYECTEE
€ npaBuTenscTEAMH, MemIVHAPOAHEIM COIO30M KpHCTannorpaduy i CEAZAHHLIMH ©
HHM OPTaHH3aUHAMH BO BCEM MHDPE, COOTECTCTBYHMIMMHE OPraHH3alHAMH CHCTEML
Opranusanun Odveannennsx Hauwil, MemaiysaponHeiM coBeTOM N0 Hayke, a
TAKKE APYTHMH COOTBETCTEYIOIHMH HENPABHTEIBCTECHHLIMM  OPraHMsaLMAMH,
coneilcTBOBATE NposeacHnio MexayHapoaHoro roga Kprctaniorpaun, npeanaraet
takme Oprammzauun Odveaunennsx Haunii no sBonpocam ofpazoBaHMf, HAyEH U
KEYILTYPRI perynapio uupopumuposatt [edepaneuyio Accambnew o xoge paboTel B
ITOH CBASH W NOIYEPKHBAET, YTO PACXOIbL HA BCE MEPONPHATHA, KOTOPLIE MOTYT
BO3HHEHYTE B CBA3H C OCYLIECTEIEHHEM HACTOALIEH PE3OMNOLUMH, MOMHMO PACKOL0B
HAa MEPONPHATHA, NPEIYCMOTPEHHLIE B HACTOALICE BPEMA MAHIATOM YIOMAHYTOrO
YUPEEEHHA-HCTIONHHTENA, JOMIAHE NOKPRIBATECA 33 CHET J0OPOBONLHEIX BIHDCOE,
B TOM YHCIE OT 4acTHOTO CEKTOpa;

3. pexomendvem rocylapcTEaM=-uineHam, Opranmsianun
Obtvenunennsix Haumit u Beem apyrum JefCTBYIOLIHM NHUAM BOCHIONBI0BATLCH
npoBegenner  Memaynapoanoro roga  kpuctannorpadum ans  coaeficTBHR
OPHHATHIO HAa BCEX YPOBHAX MEp, HANpPaBIeHHBIX HA MNOBBIIEHHE YPOBHA
OCBEOMIEHHOCTH  00IEeCTBEHHOCTH O  3HAYHMOCTH  KpHcTannorpadmn  u
NOOLIPEHHA IMHPOKOMACIITAOHOTO IOCTYNA K HOBLIM 3HAHHAM M MEPONPHATHAM B
ofnactn KpucTannorpadum.

BCEM CHCTEME

12]-¢ nienapuoe 3acedanue,
3 wrons 2012 2e0a




HauaJo 4-oro 3rana
(mpeacka3areJbHOIO)

B XXI Beke nosiBWIach MPUHIANHAAIBHAS BO3MOXHOCTD
IIPEICKa3bIBaTh CTPYKTYPhI MU CBOMCTBA HE CUHTE3UPOBAHHBIX,
TUIMOTETUYECKUX KPUCTAJLIOB.

OU3UYECKUN SKCIEPUMEHT MOKHO (#H020a) C yCIIEXOM 3aMEHUTH
MAaTEeMATHYECKHUM.

ab initio

— | p(r)




«All science is either physics or
stamp collecting»
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AHoge NIEKLNS] 2

BonwebHbie ocu
» (3mo ebIOyMKa unu Hem?)

llpoeuyupoeaHue
(unu kak usymumb Ckomma u AMyHOCEeHa)

Teopema Junepa
(u ee Haz2n1iI0HOe doKa3lamesibcmeo C
noMouw,br0 MalWlUHbI epPeMeHU).
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