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..0 MHOT'OMEPHBbIX NMPOCTPAHCTBAX WM KAK
HAUTH JAOM pramiaanocKo20 WnuoHa

e IIpeaesbHbIE TPYNIILI CAMMETPHUH ‘

* JHaHTHOMOP(pu3M [lacTepa NMpUMEHHUTEIHHO )
K Beaukoit OreuectBenHo Boitne 1941-1945.



PasMmuuka

K BOIIpocy 0 nOHUMAHUM HAMH
MHOI'OMEPHBIX IIPOCTPAHCTB



Mp&1 )KuBEM B TPEXMEPHOM IIPOCTPAHCTBE
M Halll MO3T C TPYJIOM IIOHUMAET MPOCTPAHCTBA OOJbIICH pa3MEpPHOCTH

‘ 0-mepHOE NMPOCTPAaHCTBO — MPOCKIUS 1-MEpHOTO

1-MEpHOE MPOCTPAaHCTBO — MPOEKIIHS 2-MEPHOTO
OO0bekT — 1 pedpo, 2 BEpIIHbI

2-MEpHOE MPOCTPAHCTBO — IMPOCSKIIHUSA 3-MEPHOTO
OO0BekT — 4 pedpa, 4 BEpPIIMHBI

3-MEPHOE IIPOCTPAHCTBO — MPOCSKILU 4-
MEpPHOTO
OOBekT — 12 pedep, 8 BepuinH, 6 rpaHei

Janeiie? Yxe TpyaHo, aa?



JAUHJIAHOUA U
DOIIATIAHANA
[losTam ¥ mucarenssM CBOUCTBEHHO
(haHTa3upOBaTh.

Tak, CylIeCTBYOT IPOU3BEACHUS, B
KOTOPBIX PUCYETCS KU3Hb IIPOCTPAHCTBE
UHBIX Pa3MEPHOCTEN, B YACTHOCTH, B
JABYMEPHOM IMpocTpaHcTBe. OOUTATEINb
ero (KBagpar) moctur (B My4cHHUSIX)
TAaWHY TPETHETO U3MEPEHUSA

3[1BUH 3.3660TT

ONIATIIAH WA

JVOHUCBIOPTEP

IAaeuH . J000TT
OJIATTAHIAMN A

Poman o weTBepTOM H3MepeHNN ¢ HJLTIOCTPAIIIMH
asTopa, Keagpara

ITocBsienne

Beem obutatenam Tpexmepnoro [IpocTpancTea
poolIne

uI'. K. B uacTHoCcTH

MOCBAIIAET CBOI TPyA

CKpPOMHBII ®uTe s PrnaTnananm

B HaZexkae,

uTO, NOJOGHO TOMY KAK OH CMOT IIOCTHYb TAHHEI
Tpex Mamepenit,

XOTH 70 Toro 6BLT 3HAKOM

Jimib ¢ Jsymas,

obuTaTenan HebecHoll 00acTH

CMOTYT BOCIAPUTb €IIle BRI

u mocTi4b Taiinel Yersipex, [Tarn n gaxe Hlectn
HMsmepennii,

TeM CAMBIM CIIOCOGCTBYA

PasBHTHIO BOOSPRH\TGHHH

H paclpocTpaHeHHIo

Hanboaee peaxKoro H npesoCcXoJHOTO Japa
CEPOMHOCTH

CcpenaH BBRICIITHX pac obuTaTenei

Tpexmepusa
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JKutenu 3TOM CTpaHbl MAaJCHBKHUE NPAMOYIOJIBHUKU C
I71a30M (@ a3 y HUX TOJIBKO OJIUH) B OJJHOM M3 YIJIOB.
Bunets Takou mpsIMOYTOJIBHUK MOXKET, KOHEYHO, TOJIBKO
B INIOCKOCTH, U €EMY HUKOIJIA HE YIAETCS B3MVISIHYTh Ha
3Ty IUIOCKOCTh CBEPXY.

Tak 4TO HU 00uHn pramnanoey HUKO20a He CMOICcem
npeocmaeums cebe, KAK HaA camom oOele OH
8bIZIAOUM. O0J1 IMO20 YHCE HE0O0XO00UM 632140 U3
mpexmepHo20 RpoCmpancmaea.

2 (namiaHaa CMOMIM Obl B3ISIHYTH JAPYr Ha Apyra
JUIIb B TOM Cliydae, €y Obl OJJHOMY U3 HUX YAaJIOCh
BCTaTh Ha TOJIOBY.

Jlomuku y (daatiaHmneB ObUIM Obl MPUMEPHO TaKHWMH,
KAaK Ha JIETCKUX pUCyHKax. C TOW pa3HUIIEH, YTO ABEPHU
HaXOJWJIMNCh Obl COOKY M OTKPBIBAJIHCh OBl TOJBKO B
3TOM ke MIockocT. Ho BOT ABEpHBIE METIN MPHUILIOCH
OBl JieJIaTh BHE IIJIOCKOCTH, BBIIIE WIIM HUXKE €€.



Bepuemes k wmniam JIaTIaH/IeB.

0

Paamaandexuii Jom.

Jloma Haim yaiie Bcero HMelOT (GOpMY MATHYTOIBHHKA.
Ise cesepHBbIe cTopons RO, OJ obpasyoT KpsILLy, H B HIX, KaK
[paBHJIo, He IpopesaloT ABepeil. B BocTouHoii cTopoHe nMeeTcs
HeGospIad ABepKa 414 *eHIHH, a B 3anaJHoil npopesaHa
ABepk ropasio GopLINX pasMepoB — J/d My#&4HH. B roxnoil
cTeHe (IIH B I0JIy) ABepeii 06pIMHO He eJIaloT.

CrponTs KBaJipaTHbIe HIH TPeyroJbHble oMa
dmarianauam He paspemaercs, i BoT nodemy. [lockonpky
yruel kBaapara (a Tem Oosiee paBHocTOpoHHero Tpeyro/sHika)
ropasjo ocTpee, 4eM yriwl [IaTHyronrHnka, a kpad
HeoAyIIeB/IeHHbIX PpeAMeTOB (KaKOBbIMH AB/IAIOTCS JOMA)
HCIyCcKAioT GoJlee TYCKJIOE CBeUeHHe, UeM Kpasd My IHH H
#EHIIHH, OCTPble BePIIHHBI KBAAPATHBIX HJIH TPEYTOJIBHbIX

JOMOB MpeJCTAB/IAIN Obl HEMAaJIYIO ONACHOCTD I/
HEOCMOTPHTEIBHBIX I pacceIHHBIX MyTHHKOE, KOTOPBIe
Moru 6bI BHE3ATHO HATKHYTECA HA HIX. [TosToMy elne B
OIHHHAIIATOM BeKe Hallleli 3pbl TPeyro/ibHbIe JoMa 6b1IH
MOBCIOTY 3ampellieHb! sakoHoM. Mckimouenite cocTaBIa/In JIHIITh
KpeIlocTH, IOPOX0oBbIe Norpeba, KasapMbl H APYTHe
rocyJapcTBeHHbIe COOPYKEHN, TOCEI[eHIe KOTOPLIX Des
ocoboro paspeliieHna BiaacTeii 6b110 HexeaTeTbHBIM.

Jlom h1aTiIaHACKUX IIITAOHOB
(Opmecca)
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Jlom h1aTiIaHACKUX IIITAOHOB
(Hwxnuuii HoBropopn)
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Tunuunbie
duaTiiananbl — Cynecrna,
JKUBYIIHE B 2-yX
U3MEpPEHNAX







[IpocTpancTBa OOJIBIIEH Pa3MEPHOCTH
CYILIECTBYIOT!

[TocMOTpHUTE MOACHAIOIMMNKA MYJIBTHK I10
nepexony 2D B 3D

http://cryst.geol.msu.ru/courses/crgraf/3dimension.mp4




M.K. Dmiep. I'paBropa PenTuiiuu

Maypun Juiep

Hupaepaanackui
XYAOKHUK-TPpapuK

N3Becren paboramu, B KOTOPBIX OH
MCITI0JIb30BAJI Pa3HbIE MATEMATUYECKUE
KOHIICTIIIUY -- OT TIpeiesia u JIeHThl Mebuyca 10
reomeTpuu JlobaueBcKoro.

He ocranuck B cropoHe u
Kpuctayorpaduueckue mioCKUe rpyIibl
CUMMETPHHU.

[lepexom w3 [BYXMEpPHOTO TMPOCTPAHCTBA B
TpEXMEPHOE U 0OPATHO.

B paGore aBrop mcmonb3yeT MpHEM Tepeaadu
JBUKCHHSI B CTAaTHUECKOM H300paKeHUH. KOTIa
pAI TOCIEeNOBATEIbHBIX HUISHTHYHBIX OOBEKTOB
YUTACTCS] KaK OJUH M TOT K€ OOBEKT, KOTOPHIH

nepeMenaeTcs.

Mbl BUAMM TYTEHIECTBUE PENTHIUH, KOTOpas
BBINIOJI3JIa W3 JBYXMEPHON IUIOCKOCTH JIMCTa
«pa3MATh HOTW». [IOJHSABIIMCH TIO HECKOJIBKUM
00BEeKTaM U  «KOPOTKO  YHUXHYB»,  OHa
BO3BpAIlAETCA M MPHUCOECAUHSIETCS K CBOUM
MJIOCKUM TOBApPHUILIAM.



Mo3zaunkun M.Juiepa HAXOAAT HIKPOKOE
IPpUMEHEHME B U3allHe




IlocunTaeMm BepImIMHBI, PEOPA U r'PAHU V KYOOB 00JbIIICH PA3MEPHOCTH

Tpexmepustit Kyo: 8 eepuiun, 12 peoep,

6 epaxeu
HemusipexmepHslilKyo: 16 eepuiut, 32 pedpc

24 2panu, 8 Kyooe
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COEPJTAHANA

P g

B FLATLANDS e

Travel to the 4th Dimension
and Beyond...




TpexmepHas chepuyeckass NPOCKUUA YeThIPEXMEPHOTO J0AeKaIpa



K cJ10BY, HETABHO OTKPBITHIE
keasukpucmaiiivl IICPHUOIUTHBI

o €9

B ULeCMUMEPHOM
POCTPAHCTBE. . ..




INPEJAEJIBHBIE I'PYI1I1bI
cumMmeTpuu Kropwu.

«Kropu oxeamun 3nauenue cummempuu
8 (puzuueckux sAeAeHUAX MO20A, KO20a
céA3b cummempuu ¢ pakmamu puuku
He co3Hasanace. OH yKazan eco mam, 20e
€20 He suoeniu)

[Tsep Kropu
(1859 - 1906)

B.N.Bepnaackuii O
IT.Kropu




YciioBusi CymecTBOBAHUS C(pepUUYECKUX TPEYyroJbHUKOB,
coaep kalue B BepIIUHAX OCH CHMMETPHUH

1) 180< cymma yrmoB < 540

2) Ilopsimoxk oCHM CHMMETPUH 3aJacT yroid MEXKIy CTOpPOHAMH
c(pepuueCcKOro TPEyroibHUKA, PAaBHBIM IMOJIOBUHE 3JIEMEHTAPHOIO
yria moBopota ocu 90, 60, 45, 30

CoueTanue ocen

CyMMa yIJIOB

222 90+90+90 = 270 Ectb 1 kpucTammorpapuicH
322 60+90+90 = 240 Ectp n xpuctanmorpapuicH
4272 45+90+90 = 225 EcTb u KpucTaJLIOTpadiucH
622 30+90+90 = 210 Ectb 1 kpucTammorpapuicH
522 36+90+90 = 216 EcTtb, HEeKkpucTaiorpadguIcH
7 u 6osiee 2 2 * +90+90 >180 Ecthb, HeKpucTaLiorpabhuicH
332 60+60+90 = 210 Ectb u kpucTamiorpapuicH
432 45+60+90 = 195 EcTh u kpucramiorpadpudcH

532

36+60+90 = 186>180! IToTom!



[IPEJ[EJIBHBIE I'PYIIIIBI
cummempuu Kropu.

[IpenenbHbie rpytmnsl Kropu
ONKCHIBAIOT CUMMETPHUIO (PU3NYECKUX SIBICHUM, B TOM YHUCIIE
CBOKCTB KPUCTAJJIOB U MIO3TOMY
OYEHDb JaKe KPUCTAJIOrPAPUUYHBI

[ pynmsl Kropu SBASFOTCS 0000IIEHUIMU KOHEYHBIX
TOYEYHBIX TPYII IIPU YCIOBUM, YTO TTOPSIOK OCH
CUMMETPHUH CTPEMUTCS K OECKOHEUHOCTH.



[pynna oo

BpaLLlaloLLEerocs KoHyca

npasas u riesasi

9000
OOE

OnucbiBaeT
CUMMETPULO
cpenbl C OCODEHHBIM
NoNApPHbLIM
HanpaBneHnem



[pynna com
Heno4BWXXHOIO KOHYyca
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OnucbiBaet
CUMMETPULO
OOHOPOAHOro
SNIEKTPUYECKOro nond



BpaLLAOLWErocs LUMnMHapa
rnpaeasd 1 sieead

OnucbiBaeT
CUMMETPUIO
] m 2/m 3/m OOHOPOAHOIo

MarHUTHOIO rnon4d

@ . |
f 3 4 4/m 5/m 6/m

BcnomuHaem
Ecnu cunosbie nuHuuU 8xo0ssm 8
npaBuno y
J1a0oHb, Mo 6ornbwou naney
bypaB4ynka?

rnokaxxem Ha Ceeep!



[pynnacc?2
CKpYY€EeHHOro umnnuHgpa
rpaeasd v sieeas

222 32
OnucbiBaeT
%2 2, 992 CUMMETPULO

ONTUYECKN aKTUBHOW
aHW30TPOMNHON cpeapbl



[pynna oo /m mm
Heno4BWXXHOro LmnuHapa

6m2 % 3m 4dm?2

S5m 5/mmm

~ 6/mmm OnuncbiBaeT
CUMMETPUIO
OLHOPOAHOro NOJsIs
OLHOOCHbIX
MEeXaHUYeCKnX
Hanps>KeHun (cxaTue,
pacTsiKeHue)



[pynna %/ oo
BpallatoLlenca caepsl
rpaeas u riesas
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OnucbiBaet
CUMMETPUIO
ONTUYECKN aKTUBHOW
N30TPOMNHON Ccpeabl
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On, elwe He 3HaeMm



[pynna /O m P
HenoaBWXHOM cdepbl "

OnucbiBaeT CUMMETPUIO
CKanspHbIX BO34EeNCTBUM
(oQHOpPOAOHOE HarpeBaHue,
rmapocTaTndeckoe cxartme)

On, ewe He 3HaeMm-2

BENUYMHbI, 3HAYEHUS KOTOPbIX He
3aBUCUT OT HanpaBneHusl, B
KOTOPOM OHW ONpeaensitoTcs.






Ipuanoun Henmana

HeMeyKuil Qu3ux, UHOCMPAHHBLU Y1eH-KOPPECHOHOEHM
Ilemepoypeckoi AH (1838). Tpyowvl nocsswenwvt anexmpuuecmsy,
onmuke, MacHemuzmy. Ycmanoeusn cesa3v cummempuu husuieckux
CBOUCME KPUCAJINA C CUMMempuell e2o hopmbl.

Ilpunyun @. Heumana 3axkmwouaemcs 6 mMoOM, UMO
uzuueckoe ceouicmeo Kpucmaina moxcem o01a0amo u
Dosiee 6bICOKOU cummempuei, yem Kpucmaii, HO OHO
0043ameIbHO 00JIHCHO BKIIOUAMb 6 Ce0a U CUMMEMPUIO
mMoYeuHou 2pynnvl Kpucmaiia (KaKk noozpynny).

Cmubicn npuHyuna Heumana 3axnouaemcs 6 mom, 4mo

npeobpaszosanue CUMMEMPUU, CBOUCMBEHHOE KPUCMATY,
He MOodXCem U3MeHUmMsb e20 (huzuieckue ceoucmaa.



Ipuaoun Henmana
yKa3bIBA€T JIMIIb HA BOBMOXKHOCTB, HO HE 00S13aTEIIbHOCTD
POSIBJICHUS OIPEACICHHOTO (PU3NYECKOTO CBOMCTBA Y
JAHHOT'O KPUCTAJLIA, T.€. SIBISECTCS HEOOXOAUMBIM, HO
HENOCTATOYHBIM YCIIOBHUEM.

Hcnosb3ysa 3TOT NPpUHIAIL, MOXKHO:
1) c omHOM CTOPOHBI, 3HAs 2PYNNY CUMMEMPUU KPUCMATA,
NnpeocKaszamsb €20 803MONCHbLIE (hu3UYecKue ceoucmad,

2) ¢ IpyTroM CTOPOHBI, 3HAs (huzuuecKue ceolcmad,
YCMAHOB8UMb Y KPUCANILO8 KAKUX KIIACCO8 CUMMEMPUU
OHU BO3MOMNCHBL.



Bonvoemap Doiicm

yTOYHMN IpuHIUI HeliManHa u
c(hopMyIIMpOBaIl €ro CACAYOIAM 00pa3oM:

HEMEIKUI

(U3UK-TEOPETUK
(1850-1919)

2PYRNA CUMMEMPUU 1100020 (pu3zuueckozo
CB0ICMBA 00JICHA BKIAIOYAMDb 6 CeD 6ce
INEMEeHmMbl MOUEUHOU 2PYNNbl
cumMmempuu Kpucmana.
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I pynna cummempuu
¢uzuueckozo ceoiicmea
00J1DICHA 6KIIOYAMDb 8 CeO:
éce rj1emenmol mo4eqyHou
2PYnnbl CUMMeEempuu
Kpucmaina.
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1)

2)

3)

4)

Pduznyeckue CBOMCTBA KPUCTAJLIOB
onpeaeasaroTCs:

IIPUPOJIOH XUMUYECKUX IEMEHTOB, BXOIAIINX B UX
COCTAaB;

B3aUMHBIM PACIIOJIOKEHUEM aTOMOB B
KPUCTAJLJIMYECKON CTPYKTYpe;

HECOBEPILICHCTBAMU CTPYKTYP PEATBHBIX KPUCTAIIOB,

PazMepHBIMM XapaKTEepUCTUKAMU 00Opasia (HaHO-
Makpo- B 1, 2, 3 HanpaBIICHUSIX ).



CkaJjisipHble, BEKTOPHbIE M TEH30PHbIE CBOMCTBA

Ckanapuwle ceoticmea - PU3NYCCKUE BEIIMUYUHBI, 3HAUCHUS
KOTOPBIX HE 3aBUCUT OT HAIIPABJIECHUS, B KOTOPOM OHH
OIIPEIEIIAFOTCS.

X cuMMeTpHrst OTTUCHIBAETCS NMPEEIBHOM IPYIIIION

oc/ocm .

Bexkmopnbwle ceonicmea BOSHUKAIOT B KPUCTAJLIE, KAK
AHU30TPOIHOU Cpelie, NPU CKAIAPHOM — U30TPOITHOM -
BO3ACUCTBHUU HA HETO, T. €. BO3JICHCTBUH, HE 3aBUCAIIEM OT
HAIPaBJICHUS.

BexTop a onpeneieHHoN qJIWHbI U HAIIPaBJICHUS, 3a1aETCs
€ro MPOEKIUAMHA — KOMIIOHEHTAMH 3TOTO BEKTOPA

al, a2, a3 - Ha KOOpAUHATHBIC ocu X, Y, Z.

CuMMETpUS BEKTOPHOTO CBOKWCTBA COOTBETCTBYET
CUMMETPHUH HEIIOJABMKHOIO KOHYyCa - ocmm.



Tenzopruvle ceoucmea — 31o HanpaBJIeHHbIC (DU3UIECKUEC
BEJIMYMHBI, ONUCBIBAEMBIC B HCKOTOPOM CUCTEME KOOPAHUHAT.
Ecau omHa BekTopHas BennauHa D sSBisieTcs QyHKIHUEH
IPYIOU @, TO B IIPOCTEUIIIEM CIIy4ae OHU CBSA3aHbI JIMHEUHOU
3aBUCHUMOCTBIO:

b =s-a.

CBSI3b MEXKIY 3TUMH BEKTOpaMH (a 1 D) 3aBHCHUT OT uX
HarpasiieHus. [Ipu 3ToM KaXkmas KOMIIOHEHTa BeKTopa b
(b,, b,, b,) saBisEeTCSA MUHENHON QyHKIMENH KaxkI0H
KOMITOHEHTBI BEKTOpa & (a,, a,, ;) 1 MOKET OBITh BBIPA’KEHA
CUCTEMOU JIMHEMHBIX YPABHCHUM
;= Ty-a,+ Ty, a8,+ T, a4
0, = Ty-a;+ Ty a,+ Ty 8y
0= Ty -3+ Ty a,+ Tgs-ay



JleBaTh KOA(P(PUIMEHTOB Tij, rne I,] = 1, 2, 3,

BBEINMCAHHBIC I8 yA0OCTBAa B BHUJC KBaJpaTHOM
TaONUIBI U 3aKJIIOYCHHBIE B KBaJpaTHLIC CKOOKH,

0003HAYAIOT MEH30p 6MOPO20 PAH2A.

Ty T, Ty ® cxannp

8EeKMOop
T21 T22 T23

men3op 2 panza
T31 T32 T33 )

KoapuimeHTs — KoMnoHeHmosl 3TOTO MeH30pA —
PECTABIISIIOT co00i onpeoesieHHble
puszuueckue eeauyunbl B 3aJAHHOW CHCTEME
KOoOpAuHAT. YMCIO MOACTPOYHBIX MHJEKCOB Y
KOMITOHEHT T€H30pa COOTBETCTBYET €0 PAH2Y.



Mexannuyeckue CBOMCTBA

CROCOOHOCIMb mel Ppeazuposams HA MEXAHUUECKUE
8030elicmeus — crocamue, pacmsaiicenue, cosuz,

pazpyuienue.

TBepaocTh

1100 meepoocmviro noopazymeeaemcsa CmeneHs
CONPOMUBICHUA KDUCIAINIA 6HEUIHEMY
8030€elCmeuio.




10-0anbHas mkaga Mooca (1811 r.)

OTHOCHUTEaBbHAA AOCOJIOTHAA

Munepan TBEPAOCTH TBEPAOCTH

no Moocy (Kr/Mmm?)

Tansk Mg,[Si,0,,](OH), 1 2.4
Kamennas cono NaCl 2 36
Kanoyum CaCO, 3 109
@Dnwopum CalF, 4 189
Anamum Ca.[PO,].F 5 536
Ilonegoit winam K[AISI,O] 6 795
Keapy SIiO, 7 1120
Tonaz Al[SIO,J(F,OH), 8 1427
Kopyno Al,O, 9 2060

Aamaz C 10 10060



http://chpz.ru/wp-content/uploads/2011/07/%D0%A4%D1%80%D0%B8%D0%B4%D1%80%D0%B8%D1%85-%D0%9C%D0%BE%D0%BE%D1%81.jpg

3aBHCHMOCTb MEXy IIKaJION TBEpAOCTH Mooca
U pe3ylibTaTaMM, IMOJYYEHHBIMM METOA0M MUKPOBIABIMBAHUS
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Ynpyrue cBOMCTBa

OCHOBHBIMH IIOHSATHUSMH, XapPaKTEPU3YIOIIUMHU YIIPYTOCTh
KpUCTaJllla, SBJISIOTCS HalpspbKeHue (JeMcTBUE JHOOOM 4acTh
TeJla Ha COCEAHME YaCTH C HEKOTOPOM CHIION) M Jie(opMainus
(peakiys Ha IPHUIaracMoe BO3JICHCTBHUE).

Hanpsok€EHHOE COCTOSIHUE B KAXAOM TOYKE YHOPYroro tela
BIIOJIHE XapAKTEPU3YETCA ILNECThIO KOMIIOHEHTaMH S;;, H
OJJTHOBPEMEHHO COCTOSHHE YIPYrov aedopmamyy OKOJIO TOU
K€ TOYKH BIIOJIHE XapPAKTEPU3YETCSA MIECTHIO KOMIIOHECHTAMM
nepopManuu &

CormacHo 3akoHy ['yka Ipu 10CTaTOYHO MaJIbIX
HaNpsDKEHUIX JehopMalys IpoIopIHOHAIbHA o = Clucu
BEJIMYMHE NPHIOKECHHOTO HAPSKCHUS



Ynpyrue cBoucTBa

C Ciin - KOHCTAHTBI KECTKOCTH,
Gij ikl &y XapaKTepu3yrwIiue CONpOTUBIAEMOCTD
Marepuaa yupyrou aepopmaimu

Tenzopbl HanpsHKEHUW W JIeOpMalliu SIBISIOTCS TEH30paMM
BTOPOI0 paHra MW CHUMMETPUYHBI OTHOCHUTEJIBHO CBOCHU
IAArOHAJIM, MO3TOMY  KaXIbld M3 HHUX  IOJHOCTBIO
XapaKTEPU3YETCSA I1IECThIO HE3aBUCHMBIMM KOMIIOHEHTAMH.
Kak cunencrBue, mensop ynpycocmu SBISIETCA TEH30POM
YeTBEPTOr0 paHra ©  Xxapakrepusyrorcs 36 = 67
HE3aBUCUMbIMU KOMIIOHEHTAMU.

Marpuiia TeH30pa ~ CUMMETPUYHA OTHOCHUTEJBHO CBOEH
IWaroHajan M, COOTBETCTBEHHO, TOJIBKO 21 m3 36 KoHCTaHT
ABJIAIOTCA HE3ABUCUMBIMU.



Ynpyrue cBoucTBa

B ciydae, korma Teno o0agacT KaKUMH-IHOO SJIEMEHTaMM
CHMMETPHH, YHCJIO HE3ABUCHUMBIX KOHCTAHT COKPAIIA€TCHl.

Tak, npy MOBBILICHMH CUMMETPHUU JO0 KyOHYECKOM OCTaeTCs
TOJILKO TPU HE3aBUCHUMBIX KOHCTAHTHI YIIPYIrOCTH, BCIECACTBUE



AOna onucaHna MexaHU4eCKnx CBOMCTB NOSIHOCTbLIO U3OTPOMNHOro
BellecTBa TpebyeTcsa onpeanenutb 2 MOAYNSA YNPYrocTy, Ans KpUcTannm4ieckoro
BellecTBa C KyoOn4ecKkon CUHroHnen — 3, TeTparoHanbHOM — 6 UNK 7, TPUroHarIbHOU U reKcaroHanbHOM
— 5,6 unn 7, pombuyeckomn — 9, MOHOKINMHHOU — 13, @ TPUKNNHHOM - 21

[pynua VI, Tpnronamshas emkrouna, kiacest 3, 3

58 tu Cp 1y gy —Cm O S11 Sz Sl fu S g
. €1y O Gy —& ey 0 $12 Sy Sp3 Sy S
Taéaga 9. Marpousl k03pPuunentTor yapyrocrn : oot T e BT
yapy RIR KPHCTALIOB Paiuoii CHMME TPy €y €t O 0 0 sip Sia S U o0
—_— C1g —cyy O cge O Cag S1 —- 853, 0 sap O sy
I'pyona 1. Tposananan cROTonna, Kilaces 1, { —Cx €y O 0 44 Cu —$a5 835 0 0 Su 151.1
1 —_ |& —Srz]
Oy Gz 13 Cuy Cpp €35 SILS1e i Sy4 S5 Sy 0 ¢ 0 o tu g (en—en) 0 0 0 sy suzim
Cyz €22 Czp Cpq €35 Cpg

Srr Sa Su Sy Sg5 Sae
Cia ©23 C33 Caa Cy5 O35 S13 Sau Sy Saq Sug Sag
Cyg €2y Cag Mg Cy5 Cyg 14 Vaq S3q Sgg Sg5 Sy
€13 €25 Ca3 U435 Cj5 Csp Sw S5 Sus g5 Sin Sne
€16 €og Cz Cas Cs6 Cos S16 S5 Su5 Sgs Sie Sag

Ipynoa 1l. Morokaunnas enmHromns, snacew 2, m, 2/m.

€31 €13 €13 0 03 0 $1p 812 83 0 55 O
Cya €21 Coa 0 g 0 Sp2 §m $23 0 5y O
€y €5 a3 0 635 0 S1g s 833 0 555 O
0 0 0 ¢ 40 ey 0 0 544 0 54
€15 €2 €z 0 055 O 845 a5 535 0 555 0
0 0 0 ley O ey 0 0 05y 0 s

Ipyrnoa 111, PoMénduecran CHHrOHMA, Kiaccet 222, mm2, mmm
e 63 0 0 0
Cia €22 €23 0 0 0

511 512 5 0 0
Sz S22 S, 0 O

o I e R o P o i o}

1y o3 6530 0 0 Sig 823 535 0 0
0 0 0 0 0 0 0 0 540
00 0 0 ¢0 00 0 0 s
0 0 0 0 0 cg 0 0 0 0 0 s

Ppynna IV, Terparouaibman cuitconya, wkaacew 4, &fm, 422, 4/mmm
ey a3 0 0 0
ey 630 00
3 iz 0 0 0
0 0 0 ¢30 0
0 0 0 0 cyO
0 0 0 0 0 e

sy sz s 0 0 0
s s se 0 0 0
si3 Sw s 0 0 0
000 0 5,0

0 0 0 0 Q s4

7 T
Cpyona V. TerparosanbHad CHECOMitA, Kraccit 1, A0 ny, 42m

enn Cp a0 0 e s;; S 820 0 S1g
6z o3 013 0 0 —eyg sia S5 530 0 —sie
o3 o330 0 0 s;a ses0 00
0 0 0 ¢4q0 O ] 0 0 540 ]
0 00 0 ¢yo0 0 0 0 v g O
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Cii Ciz €13 C1a 00

Su S Sig
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S 00
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1
¢ 0 0 0 e Fley—ez) a o0 0 s %(Sn—'sxz)
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Ipynna I1X. Kybwdeckasm cuurouns, mnacest 23, a3, 432, 432, m3m

e G Cp 0 0 0 susp sz 000
Ca iz 0 0 O S1z2 S S0 0 O
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Fpynna X. Haorponnana cpena

tu Gg 0z O 0 0 Sy S0 512 O ] 0
G ey o 0 0 0 Sy Spy S O ] 0
Gz €12 €y O 0 0 $1a Sz Sy O 0 0
1
00 ,i(cu-—cm) 0 0 00 0 i(sn—su) 0 0
1

0 0o 0 %(cu_clz)o o000 i(su—su) 0

1
00 0 0 %(Cn—cm) ¢ 000 0 Q(Su—su)



Ynpyrue cBoucTBa

CKaJIIpHBIM YCPEIHEHUEM  TE€H30pa YIPYTOCTH SBIISIOTCS
Moayib caBura G m Moayiab 00ObeMHOro cxkarusi K, KOTOpbId
CYILIECTBEHHO IIPOIIE H3MEPUTh JKCIEPUMEHTAIbHO, YEM
WHJIUBUIYAJILHBIE YIIPYTUE MTOCTOSHHBIE.

1
K = §(C11 + sz + C33 + 2(C12 + C13 + C23))

1
G= E ((Cll + C22 + C33 — (C12 + C13 + C23) + 3((:44 + C55 + C66))
Yepennenue ®doiirra gaet Bepxaue rpaduisl K u G;

[TogpoOHOE 00CYXACHUE PA3IMYHBIX YCPEIAHEHUN U IPEKPACHOE

BBEJICHUE B TCOPUIO YIIPYTUX CBOMCTB KPUCTAIIJIOB MOKHO
Hauth B kaure Has [Hau owc. (1960)]



Ynpyrue cBoucTBa

OTHOILIIEHNE HOPMAJILHOTO CTpecca K MPOAO0JIbHOMN AehopMauu
(k03 PUIMEHT CONPOTUBIICHUS MaTepralia yOpyrou aedopmaiun)
Ha3bIBaeTcst moayiem FOHra E:

Haunbomaee npocToii criocod onpeaeaeHus MOIys

1 ,Ll(3/1 + 2 ﬂ) FOHra u3nokeH B J0OOM IIKOJHHOM YYEOHUKE
- S - ( ym ) (GU3UKHA: K  BEPTUKAIBLHO 3aKpEIJICHHOMN
11 H IPOBOJIOKE IPULEIUIAIOT  IPy3bl H3BECTHOM
MAaCChI CTpOAT 3aBUCHUMOCTH OTHOCHUTCIIBHOIO
31ech A U | Tak > CIP
pPacCTsoKCHUA OT HAIIPSOKCHHS, 3aTCM IIPOU3BOIAT
Ha3bIBACMBIC o
JIMHCHUHYIO AIIIIPOKCUMAIIUIO 3aBHUCHUMOCTH U
KOHCTAHTBI HaMe HaxXooiAT MO}IYHB IOHra. Moy FOHra pasiiuHbix MaTE€pPHAIIOB
Marepuan Monaynb
Z C FOura (I'11a)
= Cmaxv Msrkuii nokpos 0,0002
12 S ‘ CaMKH capaHyu
Pesuna 0,007 - 0,1
/[[ = C44 ) ]'[Unemca CKOPIYTIBI 0.008
S il
S [TonudTHICH 0,2
l + ZlLl - Cll ;\ Kapbua kpeMHus 450

KapOun Bonsdpama

450-650

OnHocTeHHbIE
yIJIEpOAHbIE
HaHOTPYOKH

1000

Almas




Ynpyrue cBoucTBa

Koadduuument Ilyaccona v — 3To oTpuniareibHOE
OTHOIIICHHE ITONEPEYHOM AehopMaliii K
npoaoabHOM. OH XapaKTepru3yeT U3MEHEHUE
IJIOIIAJIM CEYCHUS 00pa3Iia B MPOIECCE CKATUS —
pacTsKEHUS

S A
V = 12 1YI(S 812 — _

S,, 2(A+ u)




AKycTU4YeCKue cBoMCTBaA

HccienoBanue  ynpyrux  CBOMCTB  3€MJIM  SBJISIETCS
BOKHEUIIINM CIIOCOOOM MPOAHAIU3UPOBATh MHUHEPATIbHBIN
COCTaB 3€MHBIX HEP.

B reodusuke ynpyrue KOHCTAHTBI HCIIOJb3YIOTCS s
XapaKTepPUCTUKM  TaKMX  BaXKHEUIINX  T'€O(DU3UUECKUX
apamMeTpoB, IIOMOTAIOIINX UHTEPIPETUPOBATh CEHCMUYECCKUE
JaHHBIC, KaK CKOpPOCTh IMPOXOXKIACHHUS  aKyCTHUYECKHX
koseOanuii. C; u C, — cpedHue CKOPOCTH TPONOJBHBIX U
MOIEPEYHBIX 3BYKOBBIX BOJH, KOTOpPBIE M3MEPSIOTCI B
reo(PrU3NYECKUX IKCIIEPUMEHTAX

3K +4G C = G
C = 35 t
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IIpomonbHas BOJIHA - 3TO BOJIHA CXAaTUs M PACTDKEHUS, a
IIOIIEPEYHAs - OTO BOJIHA CIABUIA.

[IoaToMy B KHUAKOCTAX MOTYT IIEPENABATHCA  TOJBKO
IIPOAOJBHBIE BOJHBI, & IONEPEYHBIE - HET, IOTOMY YTO CHABUI
CJIOS KUJKOCTU HE BBI3BIBACT JeopMaiinio. B TBEpbIX Tenax
MOXET TepelaBarbcsi Kak jgedopmainusi Cxkarus, TaKk u
nedhopmanusi casura. Ilosromy TBEpABIE Tena MOTYT
IepeaaBaTb U T€, U APyTU€ BOIHBL.

Breminee sapo — JKuaKoe, a BHyTpEHHEE — TBepaoe!



Onruyeckue CBOMCTBA KPUCTAJLJIOB
(Kypc MUHepaJIOruu U nerporpadumn)

1.IlpesomiieHue, AByJIyUYeNpPeIOMIIEHHE,
AUCIIepcHsi CBeTa

2. OTpaxenue (0J1eCK)

— prifa BHART puﬁmmsﬁ, i OH e.e ner, 2 — puba w pubonon
BHJIAT JpyT ApYTe, 8 — puiba w priboros He BUAAT APYT APYTA

3.CBeTONPOHUIIAEMOCTD
(mpo3pavyHoOCTD)

4. IlBeT U yepra

S.JlroMuHecieHIIMA

Mpadmr FemMaTtur



Onruyeckue CBOMCTBA - MPEJIOMJIEHUE

[penomnenve ceeta B M30TpoONHbIX BewecTsax: 3akoH CHennuyca

Veoan.
- = = = b - = BONHOBOW hPOHT
d, dy
T Mpanuuacpen
ﬂa ...... ....é : :
'=r--= - = —“--—f— BonHOBOV $POHT
-‘ . * Vaew,
(a)

e[lokazamensv npenomieHus NOKa3bIBaeT BO CKOJbKO Pa3 CKOPOCTH CBETA B OIHOM

cpeae OTJIMYAETCH 0T CKOPOCTH cBeTa B Apyroii. Eciim oqna u3 cpea — Bakyym, 10
TaKasi BeJIMYMHA HA3bIBAETCS AOCOIIOMHbIM HOKazameiem npenomienusn (N).

n=sini/sinr



OnTrnyeckue CBOUCTBA
ABYJy4YenpejaoMIeHUue

CBeT, IepNECHANKYISPHO NaJAr0IIUN HA GHU30MPONHbLU
KpUCTAaJlJ, paciagaeTcs Ha ABa Jy4da, TOJbKO OAWH M3 KOTOPHIX
IPEJIOMIISIETCS — OH Ha3bIBA€TCSI HEOOBIKHOBEHHBIM JTYYOM
(€-71yu), myd, KOTOPKIN HE UCIBITHIBACT IIPEIOMIICHUS,
HA3BIBACTCS OOBIKHOBEHHEIM (0-7)y).




OnmuuecKku aKmugHble Kpucma,iibl

OnTuyeckast aKkTUBHOCTD - CIIOCOOHOCTh CPEbl BEI3LIBATh
BpallCHUE IIOCKOCTHU HOJISIPHU3AIUH IPOXOSIIECTO Yepe3
HEeE ONTUYECKOro U3Iy4YeHHUs (CBETA).

Kpucramisl ONTHYECKHU-AaKTUBHBIX KPUCTAJIOB BCEraa
CYILIECTBYIOT B ABYX (PpopMax — IpaBOM M JIEBOM; IIpH
3TOM OHU IHAHMUOMODPHOL.

CuMMeTpHs ONITHYECKHA aKTUBHBIX KPUCTAJIOB OnHChIBacTcs 11

TOYCYHBIMHU YHAHTUOMOP(HBIMM I'pyIIIIaMH, HE COASPKAIIUMU
3JIEMEHTBI CHMMETPHUH 2-TO POAA:

1,2,3,4,6, 222, 32, 422, 622, 23, 432.



OHaHTHOMOP(DHBIE KPUCTAJILI KBapIa: B JICBOM kBapIie (a)
OJIMKAMIIINE rpaHu Tparenoapa (3a4E€pPHEHBI )
pacIiojiaraloTcs cjieBa ot rpadu R, B mpaBom (6) - cpasa



J1. MacTep,
1822-1895

Monekynbl npaBon u neBow
BUHHOMW KUCNOThI

AHaHTUOMOpPhU3IM

\ﬁ——'--
Pl el
/4 I I ! I
v " | 1 |
I I
: ' ! |
'\\ | I /L __i
\\\(F“""-A\ .
/)—--_ _____ \ g —.’__..4--———-...-..

Rpncramust geBoii (@) u npaBoii (6) BUHHOII KICJIOTEI

XupanbHoOCTb

COOH

COOH = COOH



OTHOCUTernbHasa pacnpoCcTpPaHEeHHOCTb
npaBoro u neBoro kBapua (daHa u ap., 1966)

KonunyecTBo N3YHEHHbIX
KPpUcTtarnsios

4442
2415

1811
6404

298 (HecoBoVHMKOBaHHbIE)

383 (modumHelickne
OBOVHUKN)
214 (HecABOWMHUKOBAHHbIE)

840 (nodmHelickme
OBOVIHUKN)
Bcero 16807

INeBbIN, %

50,05
50,68

50,6
50,61
50,7

50,1
52,3
50,7

50,5

[MpaBbin, %
49,95
49,32

49,4
49,39
49,3

49,9
47,7
49,3

49,5

PanoHbl

bpasnnua

Konymous

LLiBenuapus
CCCP
CLUA, Angacka

CLWWA, Ansacka
ABCTpUS

ABCTpuUS



PocT KpUctanmnoB U KOHUEeHTPaUNOHHbIE
NMNOTOKUN B rpaBUTALMOHHOM MNoOJie

! T
't
L\

)

T Ceb. nonywapue OxH. nonyuapue

T T ITO 2Ke OCHOBbI OPUEHTHPOBAHUSA
HA MECTHOCTHM M BbI)KUBAHUA!

Bua cooky



NMpodeccnoHanbHaa noarogoBka reosrora. Teopus.
lNonesHble coeemsbl 3absyduswumMcsi 8 siecy.

EcAu Bbl 3abAYAMAMCH B AECY,
YTOObI COPMEHTUPOBATHLCS,
ocMOTpUTE BAKanLLee
AEPEBO CO BCEX CTOPOH:

€CAY 3TO MaAbMa -
Bbl Ha IOre!

EcAn Bbl 3aDAyAMAUCE B AeCY,

d KOMIACd lNOA p}/HObjl HET,
AOKAUNTECHD OCEHUN —

MTULbI NMOAETAT Ha 10T,

Ecan Bbl 3abAyANMANCE
B AECY, TO HY>KHO He
NaHMKOBATb, @ MOCMOTPET
C KaKoW CTOPOHbI Ha
AEPEBbAX PacTeT MO
[ OBOPAT, BMA MXa
yCnoKanBaeT



OYEHDb lNone3Hble coBeTbl 3abnyanBLUUMCSA B fiecy

- IlonpoOyiTe pa3BecTH OroHb. ECiau BBl MEpecTapainuCh, MEPEKIUTE IOXKAP B
KaHaBe C BOJOW. EciM BOJAa B KAaHABE BCKUIIETA, MOXKETE JaJIbIIE€ HE YUTATh.

e Ecau BBl BCTpeTWIHCH ¢ MeABeaAeM, OObSICHUTE
YTo aenatb, ecnu Bbl 3abNyAMNUCE B NECY:

E€MY, UTO BbI HC XOTCJIU €CTh CI'0 MaJIMHY.

e Ecmu MCABC/Ab HC IIOHHUMACT, OO0BSICHUTE CMY C€1IC pa3 7 - ﬂOCTBDBIﬁTECb nonmMaTb UHTEepHeT
2 - PenoCcTHUTE 3KCTPEMUCTCKUM NOCT
3 - XXpguTe.., Bac HanayT HeENpPemMeHHo

Ha JIOCTYITHOM €MY SI3BIKE.
 Eciau goCTynHBIA MEABEIIO SA3bIK BaM HEIOCTYIIEH -
oerure.
e UYroObl NpaBUIBbHO yOEkaTh OT MeIBEAsd, HYXKHO,

4TOOBI MEJIBE/Ib OB C3a1 ¥ YMEHBIIIAJICS.
e Ecium oH yBeIUUHUBACTCS - MOXKETE JaJIbIIE HE YUTATh)

HABbIKM BbI2DKUBAHUA
33611yp,I/IBI.I.II/ICb B lecy,
Ha4YMHauTe roBOpuUTb O
nonvlTMK*e 069|3aTeano “

PO T L L N7 Ty

KTO- |-||/|6yp,b 06'b$|BJ/ITCSI
YTOObI C §8MI/_! nocnopuTb.




BpauleHne 3emnu n 3akoH bapa

S
©

O6n . Bonra
EHuncen , [Henp
NeHa NoH
@ A.QHWTenH «MpUUYnHLI
obpa3oBaHNA N3BUJSIVH B
B 10kHOM nonyLuapumn peku Erfabs foleds Ll Trels
BeAyT cebs Ha3bliBaeMbiX 3aKOH Bapay.
NPOTUBOMONOXHbLIM 06pa3oMm 1926 r.

«OTHOCUTENBbHO HeOOoNbLMEe NOCTOAHHO AeNCTBYHOLME NMPUYUHDI
CNOCOOHbI OKa3biBaTb 3HaUYuUTerbHoe BnusaHue» A.QHLWITEeUH. 1926 r.



BpauleHne 3emnu n 3akoH bapa

Cranuurpapckas 6urea (17

o 1942 — 2
¢ eBpansa 1943).

$lpnAeTcsa KpynHeHinen ! . i
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HCTOpHH He/10BeYeCTBad.
HacTynatenbHas onepatu

cBeTcKux Bolick "YpaH" nog
CranuHrpagom g
19 HoAGpA 1942 roaa Hauanochb
HacTynneHve KpacHow ApMUn B
pamMKax onepauum <YpaH».
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Onepauuns «Konbuo»
Bcero B xone onepauumn
«KonbLo» B NneH 6b11N B3AThI
6onee 2500 ochmuepos n 24
reHepana 6-il apmuun. Beero e
6b11U B3AThI B N/1eH cBbille 91
ThicAYM conpat n ochuLepoB
BepMaxra.




BpalieHne 3emnu n 3akoH bapa

Kues. 3anap,|-||_=u7| Geper qunpa. 1943.
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LiBeT Kpuctanna

Ileem npegMeTa onpeneiseTcs MOTIoLIEeHUuEM (adcopOIuei)
HEKOTOPOU YaCTU €CTECTBEHHOI'O CIIEKTPA, IIPU 3TOM

ueem COOmeemcCcmeyem He no2jiouieHHou 9acTu CIICKTpPA.

Kinaccudukanus BeTOB KPUCTAJLIA M0 MPOUCXO0KIECHUIO

1. Uouoxpomamuueckas oxpacka. CBsi3aHa C BHYTPECHHUM
CTPOCHHEM KpHCTaia

2. Annoxpomamuueckas okpacka. Onpeaensiercs
OKpallICHHLIMH MPUMECIMH — XpoModopamu (MOHAMU
UJIM 00JIe€ KPYIHBIMM YaCTULIAMMU).

3. llcesooxpomamuueckas oxkpacka. Bo3HUKaeT mpH
au(paKkLuK CBETa, IPU PACCEIHUM, IPEIIOMIICHUU, U T.].



LiBeT Kpuctanna

Ileem npenmera ompeaesieTcs IMOTJIOMCHHEM (aOCopOIuein)
HEKOTOPOU YaCTU €CTECTBEHHOTO CIIEKTPA, IPU ITOM

ueem COOmeemcmeyem He no2jiouieHHoNu 9acTu CIICKTpPA.

301010 U cepedpoO




Houoxpomamuueckasn okpacka - npumepul

[Ipn nmornomeHny aToMoM MeTtajia (OTOHA ONMPEACICHHON IJIMHBI BOJIHBI, OJWH
M3 €ro JSKTPOHOB MePeXoauT ¢ d-opOuTam Ha S-OpOUTAIb.

VY cepebpa sHepreTuyeckass pasHUIlA MEXKIY OSTUMH OpPOUTAISIMU JIOBOJBHO
BEJIMKA, TaK YTO TMOJOOHBIA MEpexod MOIryT BbI3BaTh TOJBKO (DOTOHBI C
yaprpaduoneToBoi amuHOM BomHBI (MeHee 3800 A, uTo cooTBeTCTBYeT 3HEpruAM
doronoB Oomee 3,25 5B). DOTOHBI BHAWMOIO AHWana3oHa MEHBIICH JSHEPTHUH
OTpaXkaloTcsl OT aroma (MMEHHO T03TOMY W3 cepedpa MOYKHO W3rOTaBIMBAThH
3epKajia OTIMIHOTO KA4eCTBA).

YTo xe KacaeTcs 30J10Ta, TO PEISITUBUCTCKUE A(DPEKThI TPUBOIAT K YMEHBIIICHHUIO
SHEPIHH €ro S-opOuWTajicii W K NOBEIINCHHUIO SHeprum d-opOutancii. Ilostomy
BEJIMYMHA SHEPTETUYECKOTO 3a30pa MEXJAY HHUMH CYXKACTCAd IO CPABHEHUIO C
cepeOpom, | IS TTepexona IekTpoHa ¢ d Ha S opOWTab 30J10Ta TOCTATOYHO YKE
sHeprun (hoToHa OoT 2,6 5B, 9TO COOTBETCTBYET «cHHEH» mmHEe BoaHBI (4400-4850
A). ®oToHBI Bcex APYrMX IBETOB C MEHBIIEH SHEprueil OTPaKaloTCsI OT
MOBEPXHOCTH METaJlJIa, © Mbl MOKEM HAOJIONATh TUIIWYHBIA JJI1 30JI0TA >KEJIThIN

nBer ( = OeJIblii - CHHHUI). A <
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Huposnexkmpuueckuit 3¢hghexm -
BO3HHKHOBEHHUE PA3HOMMEHHbIX
3apsi/I0B HA MPOTHBOIOJIOKHBIX
KOHIIAX KPUCTAJJIA MO AeCTBHEM
TeMIeparyphbl.

[Iuposnekrpudyeckuii  3p@PEeKT -  BEKTOPHOE
CBOMCTBO, MOXET  BO3HUKHYTh JHIIb B
JTABJICKTPUYECCKUX KpPUCTAIAX C E€IUHCTBEHHBIM
MOJIIPHBIM ~ HAIIPABJICHUEM -  HAIPABIICHUEM,
MIPOTHUBOMNOJIOKHBIE KOHIIBI KOTOPOTO HE MOIYT
OBITH COBMEIICHLI HH OJHOM OIlepalueil JaHHOM
rPyImnbl  CHUMMETPUH, T. €. B KpHUCTaIax,
OTHOCSIIUXCSA K OTHOMY M3

10-T¥ IOASAPHBIX KIACCOB CUMMETPHUHM.
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1,2,3, 4,6, m mm2, 3m, 4mm, 6mm.




TypMaJjMHbI (MX MHOI'O PA3HbIX)

(Na,Ca)(Li,Mg,Al)(Al,Fe,Mn), (BO,); [SisO 5] (OH),

B CTPYKTYpE TypMaJInHa
MOJISIPHBIE koipla  SigOyg
(cuMMeTpus  KolIbIla  6mm),
OpPUCHTHUPOBAHbI BCE B OJHY
CTOPOHY, 4YTO IIPUBOJUT K
MOSBJICHUIO MUPO3(hdekTa




Typmanunuy
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EcThb 11011, M3yyawuiye TYPMAJUHbI BCIO )KU3Hb.. ITO
CBOCOOPA3HBIN 3aAKPHITHI MUHEPAJOTHYECKUIT MUPOBOM KPYKOK
110 HHTEpecaM, Ijie Bce APYr Apyra 3HaI0T.



Ivezoanekmpuueckuii IQhghexm

BO3HUKHOBECHUE  DJICKTPUYECCKOM  TIOJSIPU3AMA IO
OCUCTBUEM MEXAaHMYECKHX HaNpsDKEHUM, M 00paTHOE
ABJICHUE — JAcopMalusl KpuCTalla IOJ JCUCTBUEM
NEKTPUYECKOTO IMOJISI. DTO CBOMCTBO BO3HUKAET TOJBKO B
KpUCTAJUIaX, JUINICHHBIX [IEHTPAa WHBEPCHUH, T.€. MMEIOIIUX
MOJAPHBIC HANPABICHUS W IPUHAIICKAIUX K OJHOMY M3
20-TH aliIECHTPUYHBIX KJIACCOB CUMMETPHUU

1,2, 3,4, 6 m mm2, 3m, 4mm, 6mm,
2224, 422, -4m2, -6, 622, -om2, 32, -43m, -3
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Cxema MMOSIBJIEHUA MbE30-
NEKTpUYECKOro  3(dexkra npu

cxarun (0) M pacTsokeHUH (B)
(bparMeHTa CTPYKTYphl KBapua (a)
BJIOJIb OJHOM M3 MOJISIPHBIX OCEH 2-
ro nopsiaKa



Bo Bpems  Bropoir  MupoBou = BouHBI
CYILIECTBOBAJIa OrPOMHAs MOTPEOHOCTh B KBapIIE
IIJT VICTIOJIb30BAHUS B BOEHHBIX PAJIN0- U JPYTUX
npubopax JlIsi M3roTOBIEHMS MbE30KBAPIIEBBIX
IUIACTUHOK TIPUTOAHBI TOJBKO TAaKWE YacTH
KPUCTAJJIOB, KOTOPbIE HE HUMEIOT JIBOWHUKOB,
TPEIIVH, BKIIFOYCHUN U APYTUX ACPEKTOB.

OcTpas MOTPEOHOCTh B HE3aMEIJIUTEIHLHOM
IIPOU3BOJICTBE OOJIBIIIOTO KOJINYECTBA
MIbE30KBAPIICBBIX TUIACTUHOK W HUBKUL VPOBEHD
Kpucmainozpaguueckux 3HaHull, XapaKTEPHBIC
I~ BOGHHOTO  Ilepuojaa,  OpPUBEIH K
BO3BHMKHOBEHHUIO  Y’KAaCaloIIEro  KOJIMYECTBa
OTOPOCOB KPHUCTAJIOCHIPHS




I165€30- WJIM MUPO- KPUCTAJIIBI
Hageercda HauTtu kKanutTan CMEPIIa ;
AJIEXMH B ’TOM BeHIeBOM MeNlIKe? 9

(Bompoc nuist He yuTaBIIUX KHUAKKY boromosioBa «MoOMeHT HCTHHBD)
Wi KuHO «B aBrycre 44-0ro»)
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Bvicokuit yposeenv kpucmannozpaguueckux 3nanuit ¢ CCCP ¢
nocjiie6oeHnvle 20061  NO360JU  CO30AMb  HPOMBIULIEHHOE
NPOU3B00CHBO CUHMEMUYECKO20 K8APUA BbICcoUAliuiez0 Ka4yecmad.

O0Ho20 amoz2o 3os10ma docmamo4yHO 6bino 6bI Ons
mo2o, Ymobhbl cXXe4db eac Ha Kocmpe! — 3aeornusi OH.
Imo JObsieosibckoe 3o0siomo! Yeroeeyeckue pyku He e
cunax u32omoseumb Memasis1 makou _4Yucmomabl!

La, nodyman Pymama, amo oOH Moriodeu. 3moz2o Mhbl,
rnoxariyu, Heoodymariu.




MarauTHbIe CBOMCTBA

Maznummnsie ceéoiicmea — 3TO CIOCOOHOCTE TEJl
B3aUMOJICHCTBOBATh C MArHUTHBIM I10JIEM, T.C.
HAMAarHAYMWBATHCS IMIPHU IIOMENIEHUH X B MArHUTHOE MOJIE.
Mepor HaMarHM4eHHOI'0 COCTOSIHUSA BEIIECTBA CIYKUAT
MACHUMHBIU MOMEHMN.

ITo peaknuy Ha BHEIITHEE MATHUTHOE T10JI€ M XapaKTePy
BHYTPEHHETO MAarHUTHOT'O YIIOPSI0OYCHHUS BCE KPHUCTAILIbI
MO>KHO ITOAPAa3JICINUTh HA «IISIThY» TPYIIIL:
OUAMAZHEMUKU, RAPAMAZHEMUKU, (heppoMazHemuKi,
anmugpeppomaznemuku u heppumazHemuKu.



AHTK-

CnepumarHeTnam

HOunamarHeTnam ®eppomarHeTuam theppoMarHeTuam MNapamarHeTvnam deppumarHeTam
MeTa- Cynepnapa- Cnepo- Acnepo-
MarHeT1am MarHeTu3m MarHeTuam MarHeTu3m
3apo/piLueBbiil j‘
theppomarHeTnam
CnuHoBoe Fenu-
CTeKno MarHeTusm
MukTOMarHeTuam
(knactepHoe
CTEKI0)

IloapoOHee 00 3TOM ¢ HEKOTOPHIMHU U3 BAC

IOrOBOPHUM B Kypce Kpucrauioxumust
(2-3 cemecTp)




BKIMKOYEHHLIN BbIKNFOYEHHGI

MargauTHBIE CBOMCTBA OIIUCHIBAIOT B
TEPMHHAX YEPHO-0€I0M CUMMETPHUH
(AHTUCUMMETPHH )

['pyrnna aHTUCUMMETPHUN — TPYyMIIa, COCTOSAIIAS U3 MPEOOpaA30BAHUI,
KOTOPBIE MOTYT MEHSATh HE TOJIBKO T€OMETPHUUECKOE TOJ0KEHUE
00BEKTa,

HO MAKH#ce e20 HeKOMOPYI0 08YX3HAUHYIO XAPAKMEPUCTIUK) .

Takol TBYX3HAYHOW XapaKTEPUCTUKOU MOXKET ObITh, HAIIPUMED:

3aps (TUTFOC-MUHYC),
IBET (YEPHBIN-0EIBIN),
HalpapBJeHUE CIIMHA WJIM MAarHUTHOTO MOMEHTA.

['pyrnbl aHTUCUMMETPUH HA3BIBAIOTCS TAKXKE IPYHIIAMU MAarHUTHOM
CUMMETPHH, & TAKKE IpyINnamMya 4EPHO-0€JI0M CHMMETPUH.



Ilon (MaapYuK — IEBOYKA),
Temnepamenm (xonepuk — (prerMaTUyKa),
Oxkpac (4epHBIA MpaMOp — KOPUYIHEBBIN )
Omnowenue K ede (CAepKaHHOE — 00KOPCTBO)
IKcmepwep (XynoBaThI — TOJICTYXA)



MarauTHbeI€ CBOUCTBA ONUCHIBAXOTCSA B TEPMHUHAX
YepHO-0€J101 CHMMETPHUH (AHTUCHUMMETPUH )

YEpHbIM LIBETOM
0003HAYEHbI 3JIEMEHThI
00BIYHO! CUMMETPHH.
KpacHbIM - 3j1eMeHThI

AHTUCHUMMETPUH

CyliecTByer:
S8 yépHo-0eabIxX Kiacca,
32 «cepbIx» KJacca.

Hy u + 32 00BLIYHLIX.

Mpoexuus Hroro, 122 Toue4yHbIX rpynin
(kJ1accoB) aHTHCHMMETPHH.

rpynnbi 622



./Iekuu;l 8
CHMBOJIbI TPAHEH H PEBEP I(PH C TA./IJI OB

be3 1oKyMeHTa 1axke Ot1aairTe HAIM FPaHHA!
rpPaHsIM KHUTb HEYI00HO h,k,1ul-Bor Mou 1OKyMeHTBI!!

Ecan yceem, qaxe
HEMHOI'0 IMMOUTPaeM
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