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BBenenue

Meronnueckue ykazaHusi pa3pad0OTaHbl B COOTBETCTBUH C TPEOOBAHUSIMU,
NPENbSIBISIEMBIMU YI€OHBIM MPOIIECCOM K JAaHHOMY BHUY MPAKTHUKH.
[ensro mpodeccnoHaTbHON TPAKTUKHU JUArHOCTUKH MUHEPATIOB U TOPHBIX TOPOT
SBISIETCS

% 3aKpCIUICHHUE TCOPETUUCCKUX 3HAHUM

% MpUOOpETCHUE MPAKTUICCKUX HABBIKOB U YMEHUI

¢ npuoOpeTeHHEe 0a30BBIX M MPO (PecCUOHATBLHBIX KOMIICTCHITUH
Ha ocHoBanum uero, mpodeccroHanpHbii Moayias [IM 08  ompenencHme
MUHEPAJIOB M TOPHBIX OCHOBBIBACTCS HA PE3YJIbTATUBHOCTU pPaOOTHI IpHU
MOJYyYEHUU HaBBIKOB W 3HAHUM C 1EJIbI0 OCBOCHUS METOJOB IOJIEBOTO
MaKpOCKOTTMYECKOTOMPE/IEICHNS MUHEPAIOB, DY/ U TOPHBIX MOPOJ.
Meroauueckne yKazaHUs BKJIIOYAKOT COKPAIICHHBIA  KypC TEOPETHYECKOTO
Marepuajia, COINPOBOXKAAIONICTOCS  PUCYHKaMHM, CXeMaMH,  TaOJuIaMu;
MOCJICIOBATEIbHOTO  BBITMIOJHEHUS  MPAKTHYECKUX 3aHATHH, a TaKk JKe
KOHTPOJIbHBIMU BOTIPOCAMH | 3aJaHHSIMHU.
brnaromapss 4yeTkuM OmpeneNeHUsIM OCHOBHBIX ITOHATHM, WX TNPU3HAKOB U
OCOOEHHOCTEHW CTYIEHT MOXET C(OopMyIupoBaTh OTBET, 3a KOPOTKHM CPOK
YCBOUTH U TIepepadoTaTh BKHYIO YaCTh HH(DOPMAITUH.
YuebHoe mocobue npeaHazHadeHo IS MOBBIIICHUS aKTUBHOCTH TIO3HABATEILHON
NeATeIbHOCTH 00 yJaronwmxcsl, B chepe MpakTUIEeCKUX U JTJAOOPaTOPHBIX 3aHATUH U
IpEe1yCMaTpUBAaET UMEHHO CaMOCTOSTENbHYIO padoTy cTyaeHTOB. Takas paborta
TpeOyeT TBOPUYECKOTO MOJX0JIa W JIOTHYECKOTO MBINUICHUS MPU JAUArHOCTHKE
MUHEpPAJIOB, OMpEACIeHNEe M OMUCaHUsl TOPHBIX mopoj. [loaTtoMy muarHocThka
MUHEPAJIOB M OMHUCAHUE TOPHBIX MOPOJ COJAEPkKAT TOIHKO CaMyI0 HEOOXOIMMYIO
uH(OpMaIMio, T.€. OCHOBHBIE JUArHOCTUYECKUE TIPU3HAKU U  BHEIIHUE
OCOOEHHOCTH.

B »sTOoM HampaBieHMM OPHOPUTETHBIMH MJis1 JaHHOTO Moayias [IM 08
SIBJISIIOTCSL:

. 3HaHHEe OCHOBHBIX KJIACCOB MUHEPATIOB M PA3JIMYHBIX TOPHBIX MIOPOJT
110 IPOUCXOKIECHUIO.

¢ 3HAaHUE OCHOBHBIX JHATHOCTHYECKUX NPU3HAKOB MUHEPAIOB H
ONMCATENbHON XapaKTEPUCTUKU TOPHBIX MOPOJ.
. CamocTosTenbHas M cUCTEeMarhyeckas padoTa ¢ OSTAIOHHOW U

paboueil KoJUIeKIMeH MUHEPAJIOB U TOPHBIX MOPO/T
¢ [loctossHHass paboTa Cc y4eOHOHM, CHPaBOYHOM, METOIMYECKOU
JIMTEPATYPOU.
[looTroMy mepen TaOMMYHBIMH JAaHHBIMA MHHEPAIOB, B TEKCTOBOW YacTH
MPUBOJATCA  JUArHOCTUYECKHE TMPHU3HAKKM MHUHEPAIOB M ONUCATENbHAas
XapakTepUCTUKAa TOPHBIX Mopoi. B ciayuae HeoOxoaumocTH Oosiee OOLIMPHYIO
UHPOPMAIIUI0 MOKHO IMOJyYUTh, HUCIOJIB3Yd Y4EOHYIO JIUTEpaTypy aBTOPOB,
YKa3aHHBIX B KOHIE METOAUYEKUX YKa3aHUI.
Meroauuekue ykazaHusi COCTOSIT M3 JABYX pasnenoB. llepBeid  paszuen
«MuHepanorus» BKIIIOYAET NPpHUOOpPETEHNE HABBIKOB M YMEHUW, OCHOBAaHHYIO Ha



METOJUYECKUX YKA3aHUAX, NPHUMEHEHSIEMbIX I@pPU ONpPECICHUH 3HAHUUN
bu3nuecKux CBOWCTB, HEOOXOIUMBIX JJISi JUATHOCTUKH MUHEPAIOB, M YacTH,
COJIepIKAIlel OMUCATEIbHYIO XapaKTePUCTHKY MUHEPAIIOB.

Bropoit pazpen «llerporpadus» NOCBAILLIEH H3YYEHHUIO TOPHBIX MOPOJ,
YCJIOBHSIM MX 00pa30BaHus, HECKOJILKO PACIIMPEHHO PacCcMaTpUBAETCS BOTIPOC O
CTPYKTYypax ¥ TEKCTypax TOpPHBIX IOPOJ, YCJIOBHA WX O0Opa3oBaHUS U
OTHCATEIILHON XapaKTePUCTUKU W TAKXKE JAlOTCS METOIWYECKUE YKa3zaHUs Mpu
OTIPEENICHUU U OTHUCATENILHON XapaKTePUCTUKU TOPHBIX TIOPOI.

[lo 3aBepiieHNH MPAKTUKK TPOBOAUTCS 3a4eT. Oc0O0ro BHUMAHUS MPAKTUYECKUX
paboT 3acaykuBaeT Bompoc 00 oreHke. OIieHKa 3a MPaKTHIECKUE

paboThI ABISIETCS BKHBIM MOKa3aTelieM KauyecTBa yCBOSHHS Marepuana. liMmenHo
3a YMEHUS TPUMEHSTh 3HAHUS Ha TPAKTHKE

[lpu oneHke pe3ynabTaToB PabOTHI IMEIECOOOpPa3HO HMCXOAUTH W3 CIEHYIOUIHX
TpeOOBaHMUIA:

«5» - 3acimykuBaet paboTa, B KOTOPOU NMPaBUIHHO JIaHbI OTBETHI.

«4» - eCTh HECYIIECTBEHHBIE HEIOUYETHI IO COJIEPIKAHUUIO.

«3» - €CTh HETOYHOCTH TI0 CYTH PACKPHIBAEMBIX BOTIPOCOB.

PesynpTatamu u3ydeHust TaHHOTO MOIYJIS SIBJISIFOTCS CIICTYFOIINE HABBIKU:

-yMEeTh MPUMEHATh OCHOBBI KPUCTALIOTpa(UU IPH TUArHOCTUKE MUHEPAIIOB;
-OIpeNeATh MUHEPAJIbI [0 JUArHOCTUUECKUM MPU3HAKAM;

-yMETh OTINYATh TOPHBIE OPOIbI TIO TEHE3HCY;

-OPUCHTUPOBATHCS B OCOOCHHOCTSX CTPYKTYP M TEKCTYP TOPHBIX TOPOJI;
-KJIacCU(UIMPOBATH U XapaKTEPU30BaTh OCHOBHBIC TUIIBI TTOPO/T;

-yMETh OMUCHIBATh MarMaTu4eckue, 0CaJ0uHbIe U METaMOp(PHUECKHe MOPO JbI;
-OTPEAENATh T€HE3UC MUHEPAJIOB TI0 MapareHETUYECKUM aCCOIHAIIHSIM.

[Ipu u3ydeHun yyeOHOTO MaTepuana HeoOXOIUMO COOIOAAaTh E€IUHCTBO
TEPMUHOJIOTHH U 0003HAYEHUN B COOTBETCTBUM C JICUCTBYIOIIMMU CTaHIapTaAMHU.
Jlyist ycBOeHusi y4eOHOro Marepuana IpH JMarHOCTUKE MUHEPAJIOB U OMHCAHUU
TOPHBIX TOPOJT HEOOXOIUMO TPOBOIUTH C IPUMEHEHHEM KOJUICKITUU MUHEPATIOB U
TOPHBIX MTOPOJI, MPENYCMOTPEHHBIX TUITOBBIMHU YI€OHBIMH MMPOTPAMMaMHU
Meroanueckue ykazaHUsl TaKKe IMpeIHa3HaYeHbl JJIs MOBBIMICHUS aKTUBHOCTH
MO3HABATEJIbHOM JEATENbHOCTH OOy4arommxcs, B cdepe MNpaKkTUYEeCKUX U
Ja00paTOPHBIX 3aHATUN U MPEAyCMaTpUBAaEeT UMEHHO CaMOCTOSITENbHYIO pPadoTy
cTyaeHToB. Takas pabota TpeOyeT TBOPYECKOTO TMOJX0Ja M JIOTHYECKOTO
MBIIUICHHS] TPU AUArHOCTHKE MHHEPAJOB, OINpPEAETICHUU M OMHCAHWU TOPHBIX
nopo. [losTomy onrcanue MUHEPaIOB U TOPHBIX OPO/T COAEPIKAT TOJIBKO CaMyro
HE0OX0IMMYI0 HH(pOPMAIIMIO, T.€. OCHOBHBIC IMArHOCTHYECKHWE TPHU3HAKH U
BHEIIHUE 0COOEHHOCTH.

B ciydae HeoOxonumocTu Oojee OOMMPHYIO HHPOPMAIUIO MOMXKHO
NOJIy4UTb, HUCIOJIb3yd Y4YEOHYIO JHMTEparypy aBTOPOB, YKAa3aHHBIX B KOHIIE
METOJANYECKUX YKa3aHUMN



Coaep:xkanue
BBenenne
Tema 1. 3HAKOMCTBO C METOIaMU MHUHEPATIOTUIECKUX U TIETPOTPaPUIECKUX
UCCJIEI0BaHUI
Tema 1.5. CaMOpoHBIE 3JIEMEHTHI U CEPHUCTHIE COSTUHEHUS (CYb(UIBI)
[IpakTrueckas pabota 6
Tewma 1.6. 'anorenuabl ¥ OKCUABI (OKUCIIBI)
[IpakTrueckas padora 7
[IpakTryeckas padorta 8
[Tpaktraeckas pabota 9
Tema 1.7. Crunukarsl
[Mpaktuueckas padota 10
Tema 1.8. Kap6oHnartsl, cymsdarsl, hochaTs
[IpakTrueckas pabota 11
[Ipaktuueckas padora 12
PazneanIl. OcHoBbl neTporpapumn
Tema 2.1. OCHOBHBIE MOHATHUS U XapAKTEPUCTUKA TOPHBIX IOPO/I,
KJaccuduKalys TOpHBIX IOPO/T
Tewma 2.2. Ycnoust oOpazoBanusi, GOpMbI 3aieTaHus U KiaccupuKanums
MarmMaTHyecKUX FOPHBIX HOPO/T
[TpakTraeckas pabota 13
Tema 2.3. XapakTeprucTHKa MarMaTU4€CKUX TOPHBIX TOPOJ
[IpakTrueckas padora 14
Tewma 2.4. Ycnoust 00pa3oBaHusi, OCHOBHBIE XapaKTEPUCTUKU U
KJIaccU(UKaLKs 0CaI0YHBIX TOPHBIX TOPOJT
Tema 2.5. O6:10MOUYHBIE TOPHBIE TOPO/Ib, UX KJIACCUPUKAIIHS
Tema 2.6. Ilenmutsl (TJIUHBI)
[Ipaktuueckas padota 15
[TpakTraeckas pabota 16
Tewma 2.7. Xumuueckue 1 OMOXUMUYECKHUE TOPOIbI
[IpakTrueckas paboral’
[IpakTrueckas pabota 18
[Ipaktrueckas pabota 19

36
38
47
47
49
56
S7
78
81
86
90
91

91

92

98
100
111

111

119
122
124
125
125
129
130
133



Tema 2.8. YcinoBusi 00pa3oBaHus, OCHOBHBIE XapaKTEPUCTUKU U
KJ1acCU(UKAIASI METaMOP PHIECKUX TIOPOT
Tewma 2.9. XapakrepucTuka nopo/ peruoHaIbHOT0 MeTaMop pru3mMa
Tema 2.10. XapakTepucTHKa MOPOT KOHTAKTOBO -METACOMATUIECKOT O
MeTamopdu3zma

[IpaxTrueckas pabota 20

[IpakTrueckas pabota 21
I'imoccapuit
Cnucok JiurepaTyphbl

134
142
146

148
149
151
152



MeToauuyecKue yKasaHusl
MAaKPOCKONMHUYECKOI0 ONpeJe/ieHUs MUHEPAJI0B

[lpu ompeneneHnn MuHEpaTOB HEOOXOIWMO 3HATh U TPHUACPIKUBATHCS
HEKOTOPBIX MPaBUII:

l.Hukorna He cieayer mbITarbCsl Cpa3y Ha3BaTh MUHEPAN, a 3aTEM K HEMY
«IOATSHYTHY» CBOMCTBA. OOBIYHO Takas MOMBITKA MPUBOJIUT K OIIUOKE.

2.0mpenenenue  MHUHEpalda  IEIeCOO0pa3HO  MPOBOJAWTH B Takou
MOCJIE0BATEIHHOCTH.

A. Tlo BHenmHuM npuszHakam (IBeTy, Oi1ecky, hopmMaM HaXOXKIEHUS U T.1.)
HEO0OXOJIMMO BBIACIUTH TPYMIY MOXOXKUX MUHEPAIOB. B Takyio rpymnmy MOKeET
BXoAuTh 5-10 MmHEpanoB u Oojee. Jlemo He B KOJMYECTBE HMX, TNIABHOE B HEE
JIOJDKHBI BXOJIUT BCE TMOXO0XKME MHHEpalibl. BOT 3TO yClIoBHE MPUHIMITHAILHO
BAJKHO.

b. Heo6x0quMo yTOUHUTH (PU3UUECKHUE CBOMCTBA - ONPENIEIUTh TBEPIOCTbD,
4epTy, Xapakrep craitHocTd u Ap. [lo ¢uszmueckum cBONCTBaM M3 ATOU TPYIIIBI
OyIyT HMCKIIOUYEHBl HEKOTOphIE MHHEpasbl. lIpw mpaBuUiIbHOM OMpENEIecHUU, B
KOHEYHOM CYE€TEe, B TPYIIIC OCTAHETCS OJIMH MHUHEpPAJl, OTBECYAOIIUN KOMIUIEKCY
OTIPE/ICNIEHHBIX CBOMCTB. MoXeT oka3arbcsi 2-3 Win, HA00OPOT, HE OKAXKETCS HU
OJHOTO MHUHEpaia. DTO BO3MOXHO B CJiydae, €CJIM MHHEpPal HEU3BECTEH
OTIPEACSAIONIEMY, WM € CBOWCTBAa JUAarHOCTUPOBAHBI HEMPABUIBHO, M HX
CJIEIyET IPOBEPUTH EILE pa3s.

3HAYUTENILHO YNPOIIAETCS JUAarHOCTUKAa MHHEpajia, €ClOd JUJIi  HEro
XapakTepeH crhenupuuecKkuil TmapareHe3nc Wid, Hao00pOT, YCTAHOBIEHBI
MHHEPAJIbl - AaHTArOHUCTHI, UCKJIIOYAIONIME Apyr Apyra. Hampumep, oTMedeHHbIN
BBIIIIE TapareHe3uc cdajepurta MU TACHUTA, KUHOBAPU W AHTUMOHHUTA WIU
3ampelieHHbIN napareHe3uc HedenrHa, coJanuTa Wik OJIMBUHA C KBapIlleM U T.J.
[loatoMy B mpolecce ompeneiaeHus HEOOXOoAMMO oOpamarh BHHUMaHHE Ha
accouuaiuo MuHepaioB. OcoOeHHO 06Jierdyaer onpeeeHue MUHepana HaIndue
kpuctauioB. Ecnmu yganocs pacumdpoBarh KpUCTALI, T. €. YCTAaHOBUTH €rO
CUHTOHMIO, TMPOCThie (OPMBI, TO BO MHOTHX CJIy4asX OTOTO OKa3bIBaCTCS
JOCTATOYHO ISl HaAeKHOW wuAeHTU(UKaimu MuHepana. Pabora ¢ kpuctamiom
TpeOyeT XOPOIIero 3HaHUs TeOMETPUIECKON KprUcTauIorpaduu.

HaxkoHerr, MOTYT 0Ka3aThCsl MOJIE3HBIMU TAKUE OCOOEHHOCTH MUHEpPaAJIa, KaK
MOP(OJIOTHS €ro KPUCTALIOB (IBOWHUKH, IITPUXOBKA TPAHEH W Jp.) UM €ro
arperaros.

OTMETHM HEKOTOpble OCOOEHHOCTH OIpeAeNieHUs] (PU3NYECKUX CBOMCTB
MHHEPAJIOB.

Teepoocms ABIAETCS BAKHEUIITNM JUATHOCTUIECKUM CBOWCTBOM.

Onpenenits ee HYXKHO, MOJb3YSICh 3TATOHOM 5 (00BIYHO cTekaoM — 5,5),
JUJISL 4YEro HY>KHO MPOBECTH MHUHEPAIOM IO 3TAIOHY. TeM caMbIM BCE MUHEPAIbI
MOJIPa3ICISIIOTCSI Ha MUHEPAJIbl ¢ TBEPJAOCTHIO MEHbIIE WK OoJble 5. 3arem,
MOJIb3YACh MIKATOM Mooca, omnpenensercss TBEpAoCcTh MuHepana. [Ipu yciosuw,



YTO MHUHEpaI lapamnaer 3TaJoH, a ATAJOH IapamnaeT MUHEpall, TBEPJOCTH HX
PaBHBI.

Ecmu Munepan, nomyctuM, mapanaer 3 W He mapamnaet 4, TO TBEPAOCTb
MUHEpana 3,5 eUHULBI.

CnatiHocms 4acTO TYyTAlOT C TpaHblo Kpuctamwia. OJIHAKo, B HU3JIOME
KpUCTaJIa B JIyITy MOKHO 3aMETHUTh CJI€JIbl IJIOCKOCTEH CIMaiHOCTH, a B CiIydae
rpaHy KpUCTAJlIa TAKUX CJIEOB HET.

IIpu omnpeneneHun MuHepanga IMOJE3HO oOOpalaTh BHUMAHWE Ha €ro
yIEIbHBIA BEC Ha OUIYUICHHE, KOTOPOE OH BBI3BIBAET B3BEUIMBAHUEM B PYKE.
MuHepabl ¢ HOBBIIIEHHOM IJIOTHOCTHIO (0apUT, IMICSTUT U JIP.) JOBOJBHO MPOCTO
JIMarHOCTUP YIOTCHI.

B kadectBe mnpuMepa omnpeneauM BKPAIJICHHUKU >KEITOTO MHUHepala,
uMerolme MeTauimdeckuii 61eck. [lo 3purenbHOMY BIEYATICHUIO OH TIOJXOIUT
Ha 30JI0TO, OPOH3UT, MUPUT, MAPKA3UT, XATbKOMUPUT, TUPPOTHUH, TIEHTIAHIUT.
OTHUM 3aKOHUYEHA MIepBasi ONepaLys ONPEAEIICHUS. Y TOYHIEM CBOMCTBA MUHEPAJIA.
JomycTum, TBEPAOCTb €ro MEHbIIE TBEpAOCTH cTekna (5,5). Mckimoyaem nmupur u
MapKa3uT (TBEPAOCTh UX 6-6,5). CHailHOCTh HECOBEpILIEHHAs — HWCKIIOYEHBI
NEHTIaHIUT U OPOH3UT, KaK UMEIOIIME COBEPIICHHYIO U SICHYIO CIIalfHOCTh. YepTa
TEMHas — HUCKIIIOYEHO 30JI0TO, OO0jajaroiee OlecTsile 4epTod U KOBKOCTBIO.
[IycTh uepTa MuHEpasa 3€J1€HOBATO -4EPHAsSL, B ATOM CIIy4ae UCKIIFOUEH NUPPOTHUH C
CEpOBATO-UYEPHOM YepTON. MOKHO JUUIA AUATHOCTUKU XAJTbKOIUPHUTA U TUPPOTHUHA
NPOBEPUTh MArHUTHOCTh. TakuM o0O0pa3oM, JIUAarHOCTUPYEMBI MuUHEpaln —
XaJIbKOMUPUT. MeTOobl U3YUEHHsI U ONPE/IETICHU MUHEPAIIOB MHOTOUHCIIEHHO U
4acTo TPEOYIOT CHEUUAILHOTO 000PYAOBaHHUS .

BuszyanbHO WM MakpOCKONMYECKUE MUHEPAIbl ONPEACISIIOT B MOJIEBOU
00CTaHOBKE MO WX (U3MUYECKUM CBOMCTBAM: LIBET MHUHEpajla M LIBET YEpTHI,
IpO3pavyHOCTh, TBEPAOCTh, OJIECK, CIANHOCTb, U3JIOM, YAEIbHBIN BEC, a JJIs
OTIIETHbHBIX MUHEPATIOB — MarHUTHOCTh, MOOEXKAIOCTh, BKYC, BCKHUIIAHHUE OT
KHUCJIOTHI U JIp.

Cnenyer MOMHHUTh, YTO HEKOTOPbIE€ MPU3HAKKM U CBOMCTBA SIBISIOTCS
NOCTOSIHHBIMU J1JI1 MUHEPAJIOB, IPyrue MOTYT MeHAThCsA. Hanpumep, TBepaOCTH —
ATO MOCTOSIHHBIM MPHU3HAK JIJIT MHOTUX MUHEPAJIOB, TOTJla KaK OKpacka, OJIeCK u
JIPYTHE MOTYT MEHSTHCS.

[loaToMy, HeENb3sl OTPaHUUYMBATHCS OINPEACIICHUEM OJHOTO MpU3HAKA WU
CBOWMCTBAa MMHEpasla, HAaA0 HU3y4yaTb B KaXJIOM CJIydyae BCIO COBOKYIHOCTb
MOP(OJIOTUYECKUX MPUZHAKOB U (PU3UUECKHUX CBOMCTB.

[lpakTrueckue 3aHATHS MO W3YYEHUIO MUHEPATIOB W TOPHBIX MOPOJ IO
oOpazuiaMm (B KOJUIGKIMSX M My3ee) MPOBOASITCA IMOCIE MPOXOKICHUS
COOTBETCTBYIOIIMX Pa3/€IOB HA JEKIMSIX.

HeoOxoaumo Takke 3HaTh, 4T0 Ha MOpdoaorudeckre 0coOCHOCTH BIUSIOT
yCJIOBHsSI 00pa3oBaHWsA, B CBSI3M C YeM, 3HAHUS T'EHE3MCa HMEIOT OO0JbIIoe
NPaKTUUYECKOE 3HAYEHUE.



1.3. ®u3uyeckue cBOiicTBa U MOP(OJIOTUSI MUHEPAJIOB

MuHnepaJjorusi — Hayka 0 MUHEpaJiax.

Munepanom  nasviaemcsi  npupooHoe — XumMuueckoe — CoeOuHeHue,
obpasosasuieecs 6 pe3yibmame pa3IudHbIX QUIUKO-XUMUYECKUX NPOYeccos, U
ABIAEMCsl COCMABHOU YACMbIO 20PHLIX NOPOO U PYO.

OTnmuyaroTcst ApYr OT Jpyra Mo XMMHUYECKOMY COCTaBy M (PU3MUECKUM
cBoicTBaM (1IBeTy, OJIECKy, TBEPAOCTH H T. 1.). MwuHepaibl BO3HHUKAIOT B
pe3ysbTate PasHOOOpa3HBIX TEOJOTHMYECKUX MPOIECCOB B 3EMHOM KoOpe, U
BCTPEUYAIOTCS MPEUMYILIECTBEHHO B TBEPJOM, MHOT/1a B KHUJKOM, U Ta3000pa3HOM
COCTOSIHMM Y UMEIOT PA3JIMYHbIN BHEIIHUN BU/I.

dusnyecKue CBOMCTBA MUHEPAJIOB.

duznyeckue CBOWCTBA MHHEPAJIOB HMEIOT OOJIbIIOE MPAKTUYECKOE
3HaUYeHUe (PaJlMOAKTUBHOCTb, JIIOMUHECIEHIMS, MAarHUTHOCTb, TBEPJOCTD,
ONTUYECKHE CBOMCTBA U JIP.) U OYEHb BAXKHBI JJIs1 UX TUArHOCTUKUA. OHU 3aBUCAT
OT XUMHUYECKOT'0 COCTaBa M TUIA KPUCTALIMIYECKOU CTPYKTYPHI.

IlnoTHOCTB. [lMOTHOCTH MUHEpaioOB (B r/cM°) KONEOIIOTCS OT BEIMYHH,
MPUMEPHO paBHBIX eauHull, 10 23,0 (TUIATUHUCTBIA UPUAU). BOJBIIMHCTBO
MMHEPAJIOB UMEET IUIOTHOCTH OT 2,5 10 3,5.
¢ MuHepabl 110 TUIOTHOCTH YCJIOBHO MOKHO Pa3JICIIUTh HA TPH TP YIIIIbI:

. Jerkue (II0THOCTh 10 3,0), moJIeBbIe IINAThl, TaJIuT, THIIC;
* cpenuue (ToTHOCTH OT 3,0 10 4), OMMBUH, POJIOHUT, TPAHATHI;
. TsDKETbIE (TUIOTHOCTh OoJsiee 4), MarHEeTUT, BOJIb(PpaMuT, 30JI0TO.

HexoTopbie MUHEpaTbI JIETKO Y3HAIOTCS 110 O0JBITION IIoTHOCTH (OapuT 4,6,
nepyccur 6,5).

MexaHnuyeckue ¢BOCTBAa MUHEPAJIOB OMPEIEISIOTCS MPU MEXaHUYECKOM
BO3JICUCTBUM Ha HUX: yaape, cxkaruu. K 4Yuciy BaKHEHIIMX MEXaHUYECKUX
CBOMCTB OTHOCATCSI CIAWHOCTh U TBEPIOCTb.

B moJsieBbIX YCHOBUSIX MUHEpPANbI ONPEIETSAIOT MaKpOCKOMUYECKH, MO UX
(bU3UYECKUM CBOWCTBAM: TBEPJOCTH, IIBETY, OJIECKY, IBETY YEPThI, CIIAHHOCTH U
T.1.

TBepaocTh - CHOCOOHOCTP MHHEpPaTa  MPOTUBOCTOATH BHEIIHEMY
MEXaHMYECKOMY BO3JEHCTBHIO, T.C. IApalaHuio, MPHU ATOM JOJDKHA OCTaBaThCS
napanuHa. TBepIOCTP MHUHEpPAIOB OIpEAESNIOT Mo MmKkajge Mooca, KoTtopas
COCTOMT U3 CIEAYIOIIMX MUHEPAJIOB PACIIOIOKEHHBIX [0 BO3PACTAHUIO TBEPOCTH
(Tabsuia 1)

Taoauna 1
1 | Tampk Mgg(o H)2 [S i4010] 6 OpTOKJIa3 K [AIS i303]
2 | I'nmc CaS0O,*2H,0 7 | KBapix SIO,
3 KaJIBHI/IT CaCO3 8 | Tomas AI2 (FzOH)Z [S|O4]
4 | ®moopur CaF, 9 | Kopynn Al,Og
5

Amnarur Cas(F,ClLOH) [PO4]3 | 10 | Anmas C

Kaoicowiii nocneoyrowuit munepan wikanvl yapanaem npeovlioyuuil.



B moneBoii mpakTHKe 9acTo MOJIb3YIOTCSI BCIIOMOTATeIbHBIMHU MPEIMETaMHU:
MHHEpal JIETKO IMHIIET Ha Oymare - TBEpJAOCTh |; HOTOTh-2, MEIHAs MOHETa-3;
rBO3/1b-4-4,5; apanuHa OT CTEeKJIa-5; IapanyvHa Ha CTeKIIe-6,5; HamuIbHUK- /.

% bneck — 310 COCOOHOCTH MHHEpaNa OTPaXaTh CBETOBBIE JIydH OT CBOEH
MOBEPXHOCTHU. Pa3znmnuaror:
¢ Memannuyeckuil (TAICHUT, MUPUT); (XapakTepeH [Jsi MHUHEPAJIOB,
JAIONMX TEMHBIN 1IBET YEPTHI);

¢ nonymemanauueckuii (reMaTur);
¢ Hememanau4yeckuu  —  AJIMa3HbIA
(chanepur),
KPUCTAJIOB
(HedenuH), IIEIKOBUCTBIN (XPU3OTHII-
acoecr), nepJiaMyTpOBbIT (rurmc,
MYCKOBHT),
XapakTepeH s MUHEPAIOB, MAIOIINX
J00YI0 IIBETHYIO WA OEITyIO YepTy.
MUHEpaIbl  UMEIOT  CaMylo
pPa3HOOOpa3HyI0 OKpacKy, KOTOpas 3aBUCUT OT
XUMHUYECKOTO COCTaBa KPUCTAIUINYECKOM CTPYKTYPHI,
MEXaHUYeCKHX npumecer (puc.27, 28).
[IpakTHueckn LBET MUHEpaja OMpeNessieTcs
Ha TJa3, Ha TIOBEPXHOCTAX CBEXKEro CKOJIa.
HekoTopsie MuHEpasbl
OKpacKoi, HO OOJBIIMHCTBO TaKOBOW HE HMEET,

Ber -

CTEKJITHHBIN (rpanu
KBapla), KUPHBIN

Puc. 27. Azypur

MAaTOBBIH  (XaJIeaoH). (crmmii useT)

00J1a1af0T  TTOCTOSTHHOU

Puc.28. Po3oBrlii
POOHUT

MMO3TOMY CHO IOJIB3YCTCA B COYCTAHHUH C APYTUMU

NPU3HAKAMH.

IIBeT YepThI - 3TO IIBET MUHEPaAIa B IOPOIIKE, KOTOPBIN OCTAaeTCs Ha Oeoit

Puc.29. Cmiona
onoTHTOBAA

Puc.30. Kaanuur

IepOX0BATOM MOBEPXHOCTHU (hapHOPOBOM MITACTUHKH.

CnajiHocTb — CHOCOOHOCTh MHUHEpPAJIOB
pacIICIUISIThCS WIH paCKaJIbIBATHCS o
OIIPEAEIICHHBIM KpUcTauorpapuaeckum
HamnpaBJICHUSIM C OOpa30BAHMEM POBHBIX TJIAJIKUX
MMOBEPXHOCTEH, Ha3bIBAEMBbIX MJIOCKOCTSIMHU
CHAHOCTH.

s Paznmuaror cienyromme BUJIBI CITARHOCTH:
. 8ecbMa COBEpUIEHHYI0 - MUHEpal JIETKO

paclieuisieTcss Ha TOHKUE JIMCTOYKU WM IUIACTUHKA
(cmoasl, turnc) (puc 29);

¢ coBepuleHHyl0 — TIpU YAApPE MOJIOTKOM
MUHepaJ pacKajbiBaeTcsi Ha OOJIOMKH, OIPAHUYECHHBIE
IUDIOCKOCTSIMA CHIAMHOCTH, HEPOBHBIX IOBEPXHOCTEU
MaJio (KaJIbLMT, TaICHUT | Jp.) (puc.30);

¢ cpeousis - IPU PaCKaIbIBAHUU MHHEPAJIOB
NOJIY4arOTCsl KaK IUIOCKOCTH CIIAWHOCTH, TaK W



HEPOBHBIE TOBEPXHOCTH MO CIy4ailHbIM  HAMpPABJICHUSIM-
MIAPOKCEHBI);

. HecoBepuieHHyl0 - MUHEpall pacKalbIBaeTcs Ha
00JIOMKM  CIlydailHOM (QOpMBbI, OTPAaHUYECHHbICE HEPOBHBIMU
MOBEPXHOCTSAMHU C EAMHUYHBIMU POBHBIMU TUIOIIAJKaMU (aNaTUT,

OJIMBUH U JAP.);
Puc.31. Thupur &  gecbMa Heco8epuieHHas — CHAWHOCTH IPAKTHYECKU
OTCYTCTBYET (KBapil, mUpUT u 1p.) (puc.31).
HepoBHbIE MOBEPXHOCTH PacKoJia Ha3bIBAIOTCS M3J0MOM. M3j0M MOXeT
OBITH: HEPOBHBII, PAKOBUCMBLI, 3AHO3UCMbLLL, CIYNEeHYamblil 1 JIp.
OcranpHble (QU3NYECKHE CBOMCTBA TMPHUCYIM HE BCEM
MUHEpajaM, HO JIJII HEKOTOPBIX 4YacTO SBISIOTCA HamboJiee SpKo
BBIPXXEHHBIMU, OuacHocmuyeckumu. Hanpumep: coJieHblil BKYC -
JUTsI TalITa, TOPbKO-COJIEHBIN; CUITbBUH, )KT'y4€-COJICHbI-KapHAUTUT;
YIPYrocTh - JUId CIIO U T.1.
Hpuzanuss u onajgecueHuusi (XapakTepHbIC IIBETHHIC
Puc.32. OKT03IpHYe CKHe MIEPEJIMBBI ) TUTIMYHBI, HAITpUMeEp, JIJIs Jabpajiopa U onara.
KPHCTAJLI MArHETHTA B MAarHuTHOCTH. DTO CBOMCTBO XapaKTEPHO IS HEMHOTHX
Kranie MuHepanoB. HambOoniee CHIBHBIMH MAarHUTHBIMH CBOHCTBAMH
00J1ajjaeT MarHeTUT, WK MarHUTHBIN Kene3HskK, FeFe,04, MEeHbIIIUMHU - MUPPOTUH
FeixS. DTi MuUHEpaTbl MPUTATUBAIOT MArHATHYIO CTP €JIKY.

PaagnoaKkTUBHOCTD. PannoakTMBHOCTHIO o0namaloT  MHUHEpaIbl,
COJZIepIKalllie€ PAJWOAKTUBHBIE DBJIEMEHTHI, B IIEPBYIO OYEPEAb YypaH, pagud H
TOPHM.

N3 npounx (U3MYECKUMX CBOWCTB MHHEPATIOB MOXKHO OTMETUTh
pacTBOPUMOCTh B BOJI€, PEAKIUS MPU BO3ACHCTBUM KHUCJIOT, & B HEKOTOPBIX
CIy4asix 3amax, TOploYecTb U JPyTrUe CBOMCTBA.

JlabopaTopHasi paGora 5
Onpeaeaurs pu3nyecKne CBOCTBAa MUHEPAJIOB,
3al0JIHUB CJIeAYIOUIYI0 TA0 AUy
Ob60opyoosanue. KOJUIEKIUS MUHEPAIOB, STAJIOHHAS IIKala TBEPAOCTU, TIPEAMETHI
JUJISL OTIPEJICIICHUS IIKAJIbl TBEPAOCTH, COJISTHASL KUCIIOTA, CTEKIIO.
Hopsaook evinoanenus paoomot.

. 1. OnpenenuTh BET YepThl MUHEpasa Ha IIEPOXOBATON TOBEPXHOCTH
oemoii daphopoBOil MIACTHHE W BOHUCATh B TAOJUILy - METAUIMYECKUM, MPH
HAIMYUU TEMHOTO IIBETa YEPThI, M HEMETAUTMYCCKUN - MPU HATWYUU JIHOOOTO
LIBETHOW Y€PTHI

¢ 2. OnpenenuTth IBET MUHEPAIA.

¢ 3. OnpenenuTh CIaHOCTh (MCXOS U3 MOHITHI BHUa CTIAMHOCTH).

¢ 4. OnpenenuTh TBEPAOCTh MUHEpAIA ¢ MPUMEHEHHEM IKanbl Mooca
(MM BCITOMOTaTEIbHBIX TIPEIMETOB)

¢ 5. OnpenenuTh MarHUTHOCTh, BKYC, PACTBOPHUMOCTD, B3aUMOICHCTBHEC

C COJITHOM KMCJIOTOM: PE3yIbTAT 3anKcarh B rpady «AMarHOCTUKAY.
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KonTpoJibHbIE BOPOCHI:
1. IlpuBectu npuMepsl MEXaHUYECKUX CBOMCTB MUHEPAJIOB.
2. Metoauka orpeesieHUs CICYIONMX CBOMCTB MUHEPAIOB: MarHUTHOCTb, IIJIOTHOCTD,
3. Omnpenenuth Oneck MuHepanoB. Buabl Omecka. JIJIs KakMX MHUHEPAJIOB XapaKTepeH
METaJUTHYCCKUH U HE METAIUIMYECKUI OJIECK.
4. OnipenenuTh BUJIbI CTAHHOCTH MUHEPAJIOB.
5. [lokazaTe METOBI OMpPEIEICHHS TBEPOCTH.
6. OnpenenuTh TBOWHOE JTydenpesioMIICHHUE.
7. Paznuuuth MEUHEpaIBI 110 OJIECKY — METAJUTMYECKOMY, HEMETALTHYECKOMY.
8. OmpenenuTh HAMMYKUE MATHUTHBIX CBONCTB MUHEPAJIOB.
9. OnpenenuTh MEHEPAJIBI, 0018 TAIONIIE BKYCOM.
10. OnpeaenuTh MBET YEPTHl MUHEPAJIOB.

MopgoJiorusa MUHEpPaJIOB.
Kpuctamiel muHepanoB U MOpQOJIOTHSI MHHEPAIbHBIX arperaroB MMEIOT
OOJIbIlIOE 3HAYEHWE JJI1 ONPENElCHUs MUHEPAIOB, T.C. SBIAIOTCS BaXXHBIM

AUArHOCTUICCKHUM IIPU3HAKOM

Munepansl B mpupone

Puc.33 IlnacTuH4Yarbie
(¢opmbl rumnca

Puc.34 BoanacToHuT (JiyuncThle,
BOCIYTAHHO-BOJIOKHHUCTHIE,
pPaIHaIbLHO-JIy4HCThIe)

BCTPEUAIOTCS Kak B BUAE OTAEIbHBIX
MOHOKPHCTAJIOB, TaK U B BHJI€ 3aKOHOMEPHBIX
CpOCTKOB-HBOﬁHHKOB u HC3aKOHOMCPHBIX
CPOCTKOB-arperaros.

1. Mopdosoruyeckne 0co00eHHOCTH
MOHOKPHCTAJJIOB.
B npupoIHBIX YCIOBUSAX KPUCTAILIBI

MHHEPAJIOB, PA3BUBAIOTCS IIPEUMYIIECTBEHHO
HEpaBHOMEPHO, 00pa3ysl pa3jIMyHble T'PaHu;
IIO3TOMY KpHUCTAJLIbI npuoOpeTaroT
pazHO0O0pa3HbIil OOJMK: UM OHU PABHOMEPHO
Pa3BUTHl 110 PA3JIMYHBIM HAIIPABICHUSAM -
U30METpUYHBbIE (DOPMBI, XapakTepHbIE MJIs

MHHEPAJIOB, KPHUCTAIUTH3YIOIINECS B
KyOW4YecKOM CHHTOHMM WM Xe 00pa3zyroT
maobnumuamule, niacmuHuamele,
uconvuamole,  6onokHucmole,  (puc.34),
yewyiiuamole  (GOPMBI, XapaKTepHbIC IS
MUHEPAJIOB APYTUX CUHT'OHHUIA.

OCOOEHHOCThIO KPUCTAJIOB ABJIAECTCS IITPUXOBKAa Ha rpaHsax. [Ipumepamu



MUHEpAIOB, T'PAHU KPUCTALIOB KOTOPBIX MMEIOT IITPUXOBKY, MOTYT CIIy>KUTb:
kBapiy (SIO,) - momepeuHas INTPUXOBKA Ha TPaHAX MPU3MBI; OEpHILT -
BegAlz[SiGOlg] H TypMaJluH - Na(Fe, NU)3AI3[B3AI3Si6027(OH)3 -BCPTUKAJIbHAA
HITPUXOBKA Ha rpaHsax npusMbl; muput (FeS,) - mrpuxoBka mapauieabHO TpaHsIM
Ky0a, OpHEHTHPOBAHHAS TIEPIICHIUKYIIIPHO KKIOH COCEIHEH I'PaHu.

2. Mopdoaorus arperatoB. OCOOEHHO 4YaCTO MUHEPAIbI BCTPEUAIOTCS B
BUJIE CIyYalHBIX HE3aKOHOMEPHBIX CPOCTKOB. Arperatsl MOTYT COCTOSATH W3
KPUCTAJUIOB KaK OJHOTO0 MUHepana (MOHOMUHepalbHble azpecamvl), TaK U
HECKOJIbKUX (nomumunepanvhvle acpecamst). Hrbke MaHO KpaTKoe OIMMCaHHE

HanboJiee XapaKTepHBIX BUJIOB arperaros. g

JApy3bl — TpEACTaBISIIOT COOOW CPOCTKHU / ( .
YETKO BBIPAXEHHBIX KPUCTAIOB, PACTYyLIUX B 4 Y
pa3IMUYHbIX HAMPaBICHUAX MW UMEKOLIME OIHO \ J‘E
obmiee ocHoBaHue. [[py3bl MOTYT COCTOSITH W3 y =,
KPUCTAUIOB OJHOTO WA HECKOJbKUX MUHEPAJIOB.

Hanpumep, xBapu, (Ir0OpUT, NHUPUT, KaJbLUT T
(Puc.35).

Cexpenumn - o0pa3yroTcs B OKPYIJIBIX ITyCTOTaX
TOPHBIX HOPO/I U MPEJICTABISAIOT COO0M KOHLIEHTPUUECKU—3aMKHYThIE OKPY>KHOCTH
C 4YEpENOBAHMEM pPA3JIMYHO OKPAIICHHBIX IOJIOC.
3anosHeHNEe IMyCTOT TPOHMCXOIUT B Ppe3yibTaTe
MOCTENEHHOT0 OTJIOKEHHSI BEUIECTB Ha UX CTEHKaX
oT nepudepun k 1eHTpy. Cekpeunuu 10 10 mm B
MOTIEPEYHNKE  Ha3bIBAIOT MUHJOAJUHAMU.
BHyTpu KpyIHBIX CEKpELUHN HEPEAKO COXPaHSIETCs
MOJIOCTh, CTEHKH KOTOPOW TOKPBITHL Jpy3aMu
KPUCTAUIOB WM HAaT€YHbIMU 0Opa30BaHUAMU,
Ha3bIBa€MbIMU xeogamMu>10Mm B
nuametpe (puc. 36,37).

Keoawl xapaxkTepHbl 1y KBapua (TOpHBIN
XpyCTallb, AMETUCT), KaJIbIIUTA, araTa, XaileAoHa,
THUIICA.

Konkpeuuu (CTSKEHUS, KeIBaKH) -
oOpazoBaHUsA OKpYTJIOH WIIH WHOT /A
HENpaBWILHOW  (OPMBI, HMEIOLME OOBIYHO Prc.37. Jlumonur, xeona
panuanbHO-Ty4UuCTOE cTpoeHue B paspese (puc.39). OTioxeHne BelecTBa 3/1eCh
MPOUCXOJUT OT IEHTpa K nepudepuu. (OTIuIne
OT cekpenuu). B Buae KOHKpEIui BCTPEUarOTCS
Tak e MapkasuT (FeS,), cunepur (FeCOs3), rumc
(CaS0,4:2H0).

Ooautel — chepudyeckue oOpazOBaHUA
HEOOJIBIINX Pa3MepPOB OT J0JIe MULIUMETPA J10
SMM, HMEIIIME KOHLEHTPUUECKU-30HATbHOE
ctpoeHure. OOJNUTHl TUNWYHBI U1 MHUPOJO3UTA Puc.38. Konkpeuuu
(MnO,), xampmura (CaCO3) wu aparoHuTa docdopuTon

Puc.35. Ipy3a 6epusia

Puc.36 Cexpenus arara




(CaCO3), uzBecTHsIKa. B 3aBUCUMOCTH OT pa3MEpPOB OTIEIbHBIX OOJIMTOB HX
WHOT/IA HA3BIBAIOT UKPSAHHBIMU WIH 20P OXOBbIMU KAMHAMU.

bo6oBuHBI - 00pa3oBaHus, MO (QOopMe aHAJOTUYHBIE OOJMTaM, HO HE
UMEIOIIME  KOHIEHTPUYECKH  CKOPJIYHNOBAaTOTO
ctpoeHusi. OHU XapaKTepHBI, HaMpuMmep, Il
Ooyporo xene3nska - Fe,O3:NH,O (60060BbIC -
0O0JIOTHBIE PY/IbI).

JleHaApUTHI - JPEBOBUAHBIC arperarsl,
HAIIOMHHAIOIIME OTICYATKH TAIOPOTHUKA, BETBU
nepesa (puc.39), 006pa3yrOTCs MPEUMYIIIECTBEHHO
BCJICICTBHE OCAXJICHUS MUHEPAILHOTO BEIIECTBA
U3 PACTBOPOB B TOHKUX TPEIIMHKAX TOPHBIX MTOPOI.
Puc. 39. Camopoauas mens - Hanpumep: JeHAPHTHI THIPOOKHCIOB JKelle3a,

ACHIDHTEL MUPOJIFO3MTA, TAKXKE XapaKTEPHBI I CAMOPOTHBIX

METAJUIOB - MEAU U cepedpa.

Hateuynbie ¢opmbl - 00pa3yroTcs B IyCTOTaX TOPHBIX
NOPOJI, NMPU HENPEPHIBHOM MOCTYIUIEHUU HACBIIIEHHBIX PAaCTBOPOB
KapOoHaTa KalblMsl, MU, OKUCIIOB eJie3a, MapTaHiia u T.J., 4aCTO
C BeCcbMa pa3MYHBIMH (popmamu: nouxkosuoHvie (MaJAXUT
CuCO3-Cu(OH),, 2po30esuoHble (kampudT  — CaCO0y),
COCyIbKOOOpa3sHvle - CTANAKTUTOBBIE W CTAJlarMUTOBBIE (KAJIbLUT,
aen) (puc. 40).

[ToukoBuHBIE POPMBI C HEMETATUTMUECKUM OJIECKOM,
MMEIOIIME OJHOBPEMEHHO PAAUATIBHO-TyYUCTOE U KOHLICHTPUYECKU -

— CKOPJIYIIOBAaTO€E CTPOEHUE, HA3BIBAKOTCS CM eKAAHHBIMU 207108AMU
Puc.40. Hareunble (HarrpuMmep, KpacHas CTEKJITHHAS TOJI0BA, XapakTepHas JjIs TeMaTuTa
(opMmBI, aparoHuT 3epHucTBIE arperatsbl - CKOIUICHUS 3€PEH, PA3JIMYHBIE IO

Pa3MEpHOCTH: OT BEJIMUUHBI 3€PEH TaKUe arperaTbl MOTYT OBITh:
. BeCbMa KPYIHO3EPHUCTHIMU (CPEIHUN pa3Mep 3epeH
6osbiie 10 MM B IOTIEpEYHUKE);
¢ KPYNHO3EpHUCTHIMU (OT 5 10 10 Mm);
* cpenHe3epHUCTbIMU (0T 1 70 5 MM, 3€pHa JIETKO
pa3IHYMMBI HEBOOPYKCHHBIM r1a30M) (puc.41);
Puc. 41. Amasonnr, * TOHKO3EPHUCTHIMU (10 1 MM, 3€pHa pa3IMuUMBbI TOJIBKO C
cpe/He3epPHHCTHIE MOMOIIBIO YTl MJIM MUKPOCKOTA B NITH(AX);
B BuAe MIOTHBIX Macc BCTPEYAIOTCs, HANPUMEP, MArHETUT -
FeFe,0,4, kBapi — SiO,, monomut - CaMg(COs3) B 3aBucumocTtu ot hopmsel 3epeH
U3 3€PHUCTHIX arperaToB BIACISIOT:
¢ CcOOCTBEHHO 3€pHHUCTHIC, KOTJIa arperar CJOXKEeH 3epHamu OoJjiee Win
MeHee nzomerpudaHoi opmel (anmatut — Cas(PO,4);C1, F(OH), xopyHf -
Al,03;
¢ JMCTOBATHIC, IIACTUHYATHIC, Yelnyiiuarbie (0aput - BaS04);
¢ IIIECTOBAThIC, UTOJIbYATHIC M BOJIOKHUCTHIE (ceneHuT - CaSO,-2H,0);




3epHHUCTBIC arperarbl MMEIT HauboJlblliee pacmpocTpaHeHune. K Huwm,
HarpUMep, OTHOCSATCS BCE MarMaTudeckue 1 MeraMopuIecKue rOpHbIE OPO/IbIL.

3eMJucThie arperatbl MPEACTABISAIOT COOO0M pBIXIbIE 0Opa3oBaHMS,
MeJbYalIme 3epHa MUHEPATIOB HE PA3IMUUMBbIE HEBOOPYKEHHBIM TJIa30M; JIETKO
pacTHpAOTCA MEXAY NalbllaMU. 3€MIIMCThIE MAacChl YEPHOTO IBETA HA3BIBAIOT
casxcucmoimuy (TUIPOOKHUCIBI MapraHiia), a 0yporo Wid *eJlToro - OXpUCmblMU
(TUAPOOKHUCIIBI JKENE3a).

Hanersl M nNpUMa3KM-TOHKHE IUJICHKA MHUHEPAIOB C HEPa3IUIUMOU
KPUCTAIUIMYECKOW CTPYKTYPOM Ha MOBEPXHOCTH MUHEPAIOB WM FOpHBIX nopoJ.
[IpuMepoM MOTYT CIOYXUTh NMPHUMa3Kd MEIHOU 3EJIEHU U
cuHUM (MajaxuTa M a3ypuTa) HA TOPHBIX MOPOJAX
(mecyaHukax ¥  M3BECTHSKAX) M  TOHKUE  IUICHKH
TUAPOOKUCIIOB KeJie3a Ha KpUcCTauiaXx KBaplua. BbI 1B € T bl
MOSIBJISIIOTCS.  Ha TOBEPXHOCTH TOPHBIX TMOPOJ TIpH
BBICBIXaHUU U BO BJIQKHOM COCTOSIHUW MCYE3AI0T.

Koabua JInzeranra — putMuyecku
niepeMeKaroIrecs mojocyarbie 00pa3oBaHus,

BO3HUKAIOIIME B PE3YJIBTATE OCAXKICHUS KaKUX-TH00
coeuHeHni py 1udy3un B TeNeBbIX cpeaax (J1abpanop, Puc.42. Koabua
arar) (puc.42). JInzeranra, 1abpanop
Ilcesoomopgpo3zpr. Kax ObUIO YCTaHOBJEHO BbIIIE, KaKIbI MHUHEpal
KPUCTANTU3YETCS B ONPEACICHHON CUHTOHUU U JAET KPUCTAIUIbI OTIPEIETICHHON U
nocTosTHHOU (popMbl. HexkoTopbie MuUHEpaibl BCTPEUYAIOTCS B KPUCTALIMYECKUX
dbopmax, He MPUCYILUX TAHHOMY COEIUHEHHIO, U JAIOT KPUCTAIIbI HEXapaKTepHO
JUIsl TaHHOTO MHHepana (opMbl — JIOkKHBIE (POPMBI, WM MCEBAOMOPGO3BI.
Hampumep, ncesnomopdo3a TMMOHUTA IO KyOMYECKUM KpUCTAIIaM MTUPUTA.

JlaGopaTopnas pabora 6.

OmnpejelieHne BHEIIHET0 BUa MUHEPAJI0B: MOP(OJIOTHI0 MHHEPAJIOB

Obopyodosanue: KOJUIEKIINS MUHEPAIOB ¢ pa3HbIMU (hOpMaMU HAXOKICHHUS.
Ilopsaodok evinoanenus paoomaul:
¢ 1. 3apucoBarb 0CHOBHBIE (POPMBI HAXOKICHUS.
¢ 2. YKa3arb Ha3BaHHUE MUHEPAIOB U UX (HOPMYJIBI.
¢ 3. Onpenenmuts GOpMBI HAXOKICHUS MHHEPAIOB (KOJUICKIIUS MHHEPAIOB C
pa3MIHBIMU OpMaMU HAXOXKJICHHS ).

KoHTpoJibHBbIE BONIPOCHI:
1. OnpenenuTh BHEMIHKE POPMBI MUHEPAIOB U30METPUYHBIE, BHITAHYTHIE,
IIECTOBATHIE, TAOJIUTYATHIE, UTOJIbYAThIC, YECLTyHUaThle, IUIACTUHYATHIC,
JIMCTOBATBIC, BOJIOKHUCTBIE.
2. YCTaHOBUTh 3€PHUCTBIE arperarsl 0 pa3sMEpPHOCTU: MEIKO3EPHUCTBHIE,
CpEIHE3EPHUCTHIE, KPYITHO3EPHUCTHIE.
3. OnpenenuTs 3eMJIMCTHIE arperarbl MUHEPAJIOB.
4. Onpenennuts HE3aKOHOMEPHBIE CPOCTKH XOPOLIO OTPAHEHHBIX KPHUCTALIOB.



5. OnpenennTh KyOMUECKUH, TETPadAPUICCKUN, OKTadIPUIECKHIA,
MPU3MaTHIEC KU, TUMUPaAMUIATbHBIN raOUTyC MUHEPAJIOB.

6. OnpenenuTh KOHKPEUUOHHBIE (POPMBI MUHEPATIOB.

7. OnpenenuTs CEKpeUnOHHBIE (POPMBI MUHEPATIOB.

8. OnpenenuTh ASHAPUTH MUHEPAJIOB.

9. OnpenenuTh 00IUTOBBIE (POPMBI MUHEPAJIOB.

10. OnpenenuTs HaT€UHBIE (POPMBI MUHEPAIOB: TIOUKOBU/IHBIE,
COCYJLKOOOpa3HbIe, IPO3/ICBUJTHBIE.

11. OnpenenuTs TOYEUYHbIE BKPAIJICHUSI MUHEPAJIOB.

1.4 T'eonornyeckue npoueccbl 00pa3oBaHUsI MUHEPAJIOB
U uX Kiaaccupuramus.

[lo WCTOYHHMKY DJHEpPTHMM BC€ TMPOIECCH  MHHEpaIooOpa3oBaHUs
OOBEAUHSIOTCS B JIB€ TPYIIIbI: SHIOTEHHBIE MPOIECChl, MCTOYHUK IHEPTUH
KOTOPBIX pacrojiaraercs TJIyOOKO B HeApax 3eMild; 3K30T€HHBIE MPOLECCHI,
MCTOYHHK DHEPTHH KOTOPHIX - d3Heprusi CoHIa.

IHI0TeHHbIE NMPOIIeCChl MUHEPAJT000pa30BaHMSI.

Munepanooopazoeanue HenocpeocCmeeHHO U3 MaAzmbl. IHOO2EHHblE
npoyeccol Pa3BUBAIOTCS B YCJOBHUSAX TMOBBIIMIEHHBIX TEMIEPATyp B TIIyOOKHX
yacTax 3emud. Bce oHM B TOW WM MHOW CTENEHHM CBA3aHBI C MarMaTU4€CKUM
pacIuilaBOM W €ro MpOJayKTaMU. DHJIOTEHHBIE IPOIECChl B 3aBUCHMOCTH OT
npeobiagaommx  (GaKTopoB  PA3IMUAOT:  COOCMBEHHO-MA2MAMU4ecKull,
neamMamumosblil, NHeeMAMOIUMOosblil, 2UOPOMEPMATbHBLU, Memamoppuieckue:
PECUOHATIbHBLU U KOHMAKMOBIL.

JHAOreHHbIE MPOLECChl MUHEPAJI000Pa30BaHUS:
MarmaTuyeckune - 00pa3oBaHME€ MHUHEPAIOB W3  OTHEHHO-KUIKOTO
MarMaTM4eCcKoTo paciliaBa, B pe3yJIbTaTe €€ OXJIKICHUS U KPUCTALTU3AIMH.
[lermaTuTOBBIC - MPOUECC KPUCTALIM3AIMU OCTATOYHOTO MAarMaTrudeckoro
paciuiaBa B TPEMIMHAX TOPHBIX MOPO/I.

IIHeBMaTOINTOBBIE (TJIYyOMHHBIE) - MPOIECC 00pa30BaHUSI MUHEPAIOB IMPHU
OXJIAXJCHUM Ta30B, OTACIAIONIMXCA M3 MarMaTUYeCKHWX O4YaroB: KBapil
dmoopwur, nemugommt. 2H,S+0,= 2H,0+2S cepa

I'uaporepmasibHbie - IpoIlecC 00pa30BaHUsI MHUHEPAIOB U3 TOPSYUX BOJTHBIX
PacTBOPOB, OTACISAIOMIMXCS OT MarMbl U MPOHUKAIOIIMX MO TPEUIMHAM TOPHBIX
MOPOJI, MPU OCTHIBAHUM TEPEXOISAT B TBEPJOE COCTOSHHUE (30JI0TO, TAICHUT,
KaJIbIIUT, XaJIbKOTTUPUT, KBapIl).

Byiakanudeckue (MOBEPXHOCTHBIE) - oOpa3soBaHHEe MHHEPAIOB B
BYJIKAHMYECKUX OO0JIACTSAX 3a CUET ra3oB, OTACIAIONMXCS OT MarMbl BOJIM3U
JTHEBHOM TIOBEPXHOCTH (Cepa, TEMATHT, aypUITUTMEHT, pealibrap, aHTAMOHUT).



Co0cTBEeHHO-MArMaTHYeCKHU Tpolecc CBSI3aH C KPUCTAIIM3AIUCH
MarmMbl-OrHEHHO-KHUJIKOTO CHJIMKATHOTO PacIlyiaBa, B PE3yJbTaTe €€ OXJIAKICHUS.
B 3aBucHMOCTH OT coaep)kaHHs KpeMHe3eMa BBIJSISIOT HECKOJIBLKO TPYIIT
U3BEPIKEHHBIX TOPHBIX TIOPO/I:
. yIbTpaocHOBHBIC (< 45% Si0O,), (0JMBUH, MUPOKCEHBI);
. ocHoBHbIE (45-55% SiO,), (mmarnokasbl, MUPOKCEHHI);
. cpenane  (55-65%Si0,), (cpemHuii IUIarMOKiIa3, MHUPOKCEHBI,
porosasi 0OMaHKa);
¢  xucibie (>65% SIO,), (mojeBbIe MIIaThl, CIIO/bI, KBAPI);
¢ mienoynsle, coxaepxkamme 50- 55 % SIO, um oOoramieHHbIC
[JIMHO3EMOM | IIEI0YaMHU;
IPUMEPHI PYAHBIX MUHEPATIOB: XPOMHUTHI, WIIbMEHUTHI, TUIATHHA, TAICHUT U T.11.
IlermaTuTOoBBI  mpomecc. B  pe3ynprare  KpUCTAUM3ALMKA B
MarMaTU4eCKOM KaMepe HaKalUIMBAETCsl OCTAaTOYHBIM CHJIMKATHBIM pacIuias,
OoraTelii COCMUHEHUSMH PEIKHX M PEIKO3EMETbHBIX DJIEMEHTOB W JICTYIHUMHU
BeIleCTBAaMHU-MUHEpaIM3aTopamMu  (coenuHeHust  xjopa,  (¢ropa, Oopa),
oOoraIeHHbIi 1IeI0YaMy, PYAHBIMUA 3JIEMEHTaMU. DTOT OCTaTOYHBIN paciliaB B
CHUJIy Pa3HOCTH JIaBJICHMH BBDKHMACTCS BBEPX B BBIMICISKAIIME IMOPOILI U
BBITIOJTHACT B HUX TPEIIUHBI M TOJIOCTH. [lo Mepe ero oxJIaXIeH!s U C HadyajoM
KPpUCTAUTM3AlMKA  TIOSBIIIOTCS  neavamumoul, a TPOILECC  Ha3bIBACTCSA
neawamumossiii. llerMaTUTBl  OTIMYAIOTCA CBOEHW KPYMHO3EPHUCTOCTHIO U
pasHooOpazueM MuHepalioB. Hampumep: KpymHbIE KPUCTALIBI TypMalHa,
CIIOJyMEHa, TOTa3a, KACCUTEPHUTa, BoJb(ppamura, 6epuiuia, U3yMpyabl U T.1.
I'uaporepmanbubiii mpouecc. Ilpomecc oOpazoBaHus MUHEPATIOB W3
TOPSIYUX BOJISTHBIX ITAPOB, OTICIISIOIIUXCS OT MarMaTHIECKUX PacIlilaBOB, KOTOPHIE
KOHJICHCHUPYSCh, OBICTPO TMPEBpANIAOTCS B TOPSYHEC BOJHBIC PAacTBOPHI,
MUTPHUPYIOIIHE B 00JaCTh MOHKEHHOTO JIaBiicHus. [1o Mepe oXmaxaeHus U3 dTUX
PacTBOPOB MPOUCXOIUT OTIOKEHNE PACTBOPEHHOTO BEIIECTBA MPEUMYILIECTBEHHO
B BHJIC JKHIL.
¢ B 3aBHCUMOCTH OT TeMIIEPATypPhl BBIICIISIOT:
¢ a) Beicokotemmieparypabie > 300°C (6epuyui, Toma3, MAPPOTHH, KACCUTEPHT,
BOJIb(PAMUT);
¢ 0) cpenneremmneparypasie 200-300°C (xBapi, 30J0TO, OapuT, TaJCHUT,
canepur, cuaepur);
¢ B) Huskoremmeparypubie 50-200°C (kuHOBapbh, MOJMOIECHUT, AHTHUMOHWUT,
peanbrap, aypuIrmMrMenT) oopa3oBaHusl.

KOHTeHCATTud KNICTATLTUR AT ugd

ra3 KHIKOCTh )
(map)

[Ipu noHWKEHNUN TEMIIEpaTyphl BEIIECTBO U3 Ta3a000pa3HOro COCTOSHUS
MOJKET IIEPEUTH CHAYalla B )KUJKOE, a 3aTEM B TBEPJIO€ COCTOSIHUE




IIHeBMATOJIMTOBBII mMpouecc: Mpolecc oOpa3oBaHUS MHUHEPATIOB W3
ra3000pa3HbIX COEAMHEHUH, 00OTaICHHBIX JICTyYNMHU
KOMITOHGHTaMH.  Pa3nuyaroTcss BYJIKQaHHMYECKHE M
rTyOUHHBIE. [Ipn BO3IrOHE BYJIKAHUYECKOU
NeSTEIIbHOCTH OTJIAraluCh Cepa, aypUIUTMEHT, TeMaTUT
B BHJE HAJICTOB, NPUMAa30K, YCHIyHJIaTbIX (QOpM.
['myOuMHHBIC TTHEBMATOJMUTHI, MPOHUKAS IO TPEIMHAM
TOPHBIX TOPOJ, pearupys ¢ HUMH, CIIOCOOCTBYIOT
00pa30BaHUIO TPEH3EHOB, COCTOSAIMMX U3 (DIIOOpHTA,

‘ JenuAo0NIUTa,  TOma3a,  KaccuTepura,  Oepuiuia,
Puc.43. llneBmaromToB-  MOJIMOICHNUTA, KBapIa U T.1. (puc43).
Liii mponecc o6pasoBanuy [THeBMAaTOIMTOBBIN 17§ TUAPOTEPMATBbHBIN
ceprr IPOLECCHI TECHO CBA3aHBI MEXKITY COOOIA.

Pezuonanvuotii. memamopguzm. 3axBaThIBacT OOIIMPHBIC TUIOIIAH,
TOpPHBIE TOPOJbI, B Pe3yJbTaTe TEKTOHUYECKUX JIBUKCHHUM, OKa3bIBAIOTCS B
YCJOBUSIX TIyOUH, IJIe TOCIOJICTBYIOT BBICOKHME HEPABHOMEPHO MPOSIBISIOIIUECS,
TEMIIEpaTypbl U AaBJieHUs. B pe3ynbTare MEHAeTcsi MUHEpalIbHBI COCTaB. JTa
TpaHchopmaIus BEIIECTBA COIPOBOXKIACTCS ero JeruipaTalued,
pacKpUCTAJUIM3AIMEN WK TEPEKPUCTAILTU3ALUEH.

IIpuMepbl MOpoa M MUHEPAJIOB: MpaMOpa, KBApPLUThI, THEHCHI, CJIAHIIbI,
KaJIbIUT, TpaduT, SMUIOT, CIFOAbI, AKTUHOJIHNT U T.J.
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Puc.44. Cxemarnye ckuii paspes 4epes 3¢ MHYIO KOPY B 00J1aCTH I'PAHHTHBIX Marm

OO0mas cxema BCEX MPOIECCOB MHUHEPATOOOpa30BaHMs, CBSI3aHHBIX C
MarMou, BujHa Ha puc. 44, n3o00paxaroiei pa3pes uepes 3eMHYI0 KOpy B 001acTh
TPAHUTHBIX MarM. XMMHYECKUE CHMBOJIBI 3JICMCHTOB YKa3bIBAIOT, B KaKOW 4acTh
MarMaTH4eCKOW MacChl WM CBS3aHHBIX C HEIO IErMATUTOBBIX W PYIHBIX KHII
PEUMYIIECTBEHHO 00pa3yIOTCs COCTUHEHUS COOTBETCTBYIOIINX YJIEMEHTOB.

Mumnepanoobpazosanue 6 odnacmu KOHmMaKmos

Konumaxmoewiii memamopghuzm. IIpoTekaer Ha KOHTAKTE TOPSYECH MarMsbl ¢
BMEIIAIOIIMMHU TIOPOIaMU: KAIBIIUT, TeACHOCPTHUT, TUPUT, MATHETUT H T.J.

Koumaxmoeviii memacomamos. Pa3BuBaercs B pe3yJsibTare B3auMOICHCTBUS
CrielU(pUIECKUX PAaCTBOPOB HA BMEIIAIOIIME W HA H3BEPIKEHHBIC TOPO/IHI,



dbopmupyrommecss ropHble MOPOAbl Ha3bIBAIOTCS ckapHamu. CKapHbl TEMHbIE
HOPO/IbI, CJIOKEHHBIE PAHATOM, MMPOKCEHAMH U JPYTUMHU MUHEpaJaMU.
JK30reHHbIe NMPOUEeCChl MUHEPAJT000PA30BAHUS.

Ilpoyeccvr munepanoobpazoeanus é 30He 6bl6eMPUBCAHUA. DK30TCHHbBIC
OpOLIECCHl  MUHEPaTo00pa3oBaHMUsl COBEpPILAIOTCS B MpeAeiiax JIHEBHOM
MOBEPXHOCTU 3E€MJIM 3a CUET COJHEYHOW DHEPTUU. DTH MPOILECCHI CBOIATCS K
BBIBETPUBAHUIO M Pa3pylIEHUIO paHee OOpa30BaBIIMXCS TOPHBIX MOPOJA U
MUHEPAJIOB, UX TIEPEHOCY U HAKOIIEHUIO OCAJIKOB, & TAKXKE K 00pa30BaHUIO HOBBIX
BTOPHUYHBIX MUHEPAJIOB.

X8 DK30TrcHHBIC MpoHuCCChbl OXBATBIBAIOT CJICAYIOIINC ABJICHUA:

L 4 IMPpOUCCChI BLIBECTPUBAHUA, KOTOPBIC B CBOIO OUCPCAb IIOAPA3 ACIIAIOTCA
Ha IMMPpOUICCChI (1)I/IBI/IT-IGCKOI“O N XUMHYCCKOT'O BBIBCTPHUBAHMUA,

L 4 0CaJOYHBIC ITPOUCCCHI - MCXaHUYCCKUC, XUMHNYCCKHC, OMOXMMHYECKHE
OCaaKHu.

Mumnepanooopazosanue npu npoueccax MexaHuueckozo (puzuueckozo)
6b16EMPUBAHUA
['opHbIe TOpPOIBI, BBIXOIAIIME HA TOBEPXHOCTh 3€MJIH, TOCTEIIEHHO
paspy1aioTces, TpHUOOPETAIOT PHIXJIBIN XapakTep, MPHU 3TOM HE 00pa3yeTcs HOBBIX
MHUHEPAIOB, MEHSIOTCS TOJIbKO opMa U pazMep 00J0MOUHOr0 MaTteprana (puc.45)

KoJ1e0anust BauyHbl, raibka,
—> Temmeparysl rpaBuii
HEDEXONSAT B o\“‘r W3 nopoxoo6pa-
aTMoc(epHbIe Pexon s Ry 3yIOLIMX MHHEPAJIOB
3 ocaIKH OTBAJIBL s o0pasyroTesi: KBapil,
OcHoBHBIE —_— 00.,10M04- rPaHAaThI, CIKOADL,
(l)a](ropbl HOI'o moJieBbl€ IIIAThI
(pusHIecKoro Xapakrte pa: U3 ycroiiunBbIX
HbIX MUHEPAJIO0B
BbIBETPUBAH S LJIBIOBI, PyA p
S Cuia Berpa —>  mebus u -pocChIHbIE
Me CTOPOsKIe HHS :
/IpeCBBI g HJILMEHMUT,
Tay I'CIIOIL XPOMHTBI, AJMa30B,
l’oe,ra KacCHTEpPHUTA
3 OpraHusMet BOJIb(pamura,
HHPKOHA,
MAarHeTHT, 30J10T0,

IJIaTHHA.

Puc. 45.Cxema (pu3uyeckoro BbiBe TpHBaHHUS

Munepanoodpaszoseanue npu npoyeccax Xumu4ecKozo 6bl6empusanus
Hapsiny ¢ MexaHM4eCKHM BBIBETPUBAHUEM UAYT U MPOLIECCHI XUMUYECKOTO
VU3MEHEHUS PA3PYILIAIOIIMXCS TOPHBIX MOPO/I.
XUMUYECKOE BBIBETPUBAHHE COCTOUT B TOM, UTO aTMoOC(epHbIE BOJIbI,
KOTOPBIE COJIEPKAT B paCTBOPEHHOM COCTOSIHUM KHUCJIOPOJ, YIJIEKUCIBIN a3 U



Ipyrue KOMIIOHEHTBI, TMPOCAYMBASCH IO TPEIIMHAM TOPHBIX MOPOJ,
BBIMIETIAYMBAIOT OTPE/EICHHbIE KOMIIOHEHThI W3 MUHEPAIOB (TaK KaK BOJIBI
00JIa1al0T CUJIbHOW OKHUCJIMTEIbHOM U PacTBOPSIOUIEH CIOCOOHOCThIO) U
U3MEHSIOT UX.

IMpoueccnl kaoJumHu3anuu. Kax ymomMsHyTO BBINIE, KAOJWMH W TIIHHEI
SBISIIOTCSL ~ MPOJYKTAMHM  BBIBETPHBAHUS  TOJIEBBIX  IMIATOB H  JIPYTUX
AJTFOMOCHJIMKATOB (pHc 40).

Anrmgpur+ H,O —> runc
Tematur+ H,O —> numonur

i\

TUIPATA LU
— nmpouecc HACbIIECHUA BOJ.IOﬁ

OKHUCJIEHUE - | THIPOJIM3--
TOBEPraroTCst E—
ﬁiﬁ?oco]iep;ﬁaﬂi XUMHUYECKOE __1  OcHoBHbIHE (haKTOpBI:
MHHEpAIIb, BBIBETPUBAHUE BOIA+YTJIEKHCIbIH Ta3
JAeACTBUSL KHCJIOpOAA W H,0+CO,
BOJbI
MPOLIECChI:
Tuput s, aumonut PACTBOPEHHE - Kaonnm:):maunn --
XaabKONUpUT KOBeJLIHH OcHoBHOli (akTop — BOAA.
OoKCUTH3AI N
Koseinn —> " xa1bKo3uH TonBeprarorcsi KapGoHATHI,
XaJabKO3MH —> caMOpoaHAs CyIbATBI, XJIOPHIBI - KapoOHH TH3 AlH 1
e (raonpi) - JIMMOHMTH3A I I
- JIaTeDU3Al A M

Puc.46.CxemMa XuMHn4ye cKOro BbiBe TPUBAHUS

Ilpouecchl JgatepuTuzanmum. JlarepuroM u OOKCUTaMU Ha3bIBAIOT
TPOYKTHI BEIBETPUBAHUS PA3HOOOPA3HBIX AMFOMOCHIIMKATHBIX TIOPOJT B YCIOBHSIX
CMEHBI CE30HOB JKapKOTO W JOXKIJIMBOTO KimMara. Jlareput, kak U OOKCHT,
COCTOWT TJIaBHBIM 00pa3oM U3 THUIPATOB OKUCHU ATIOMUHHS, OKpAaIICHHBIX
OKHCJIaMU jKeJe3a B KpaCHOBATO-OypbIi MM 1a’Ke TEMHO-KPACHBIH IIBET.

IIpoueccnl 6oxkcuTn3anuu. C mporeccamu JaTepUTU3AINH, TECHO CBSI3aHO
oOpa3oBaHue OOKCUTOB — BaKHEHIIEH MPOMBIIUICHHOW PyAbl Ha ATIOMHHUM.
OOpasyroTcst 32 CcUeT XHMHYECKOIO  PAas3JjiOKEHUS  aTIOMOCHIIMKATHBIX
MarMaTH4ecKux mopos.

XUMHUYECKOE BBIBETPUBAHHUE MPUBOAUT K 0O0pa3oBaHUIO OOJBIIOTO
KOJIMYECTBA HOBBIX MUHEPAJIOB.

¢ IIpumepsnr:
¢ Ecnu BBIBETpUBAHMIO TMOABEPTAIUCH YIAbTPAOCHOBHBIE TOPOJIBI, TO

MUHepanbl, oOpa3ylolmmecss B KOpPE BBIBETPUBAHMS, MPEICTABICHBI

HOHTPOHUTOM, TApPHUEPUTOM, OMNAIOM, XAIIEJOHOM, KAIBIUTOM,

THJIPOOKUCIIAMU HUKEIIS U XpOMa, MMEIOIMMHU MTPaKTHYECKOe 3HAYCHHE.



¢ [lpu BeIBeTpUBaHUH HEPETUHOBBIX CHEHUTOB, TPAHUTOUIOB, TOP(PUPHUTOB H
cnanieB ob6pasytorcs ruppapruumT Al(OH)s, rematutr Fe,Oz; m apyrue
OKUCJIBI.

¢ K ocTaroyHbiM 00pa3oBaHUSIM OTHOCSITCS JJIIOBHAILHBIC MECTOPOKICHUS
30JI0Ta, TUIATHHBI, MOHAIIUTA, KAaCCHUTEPHUTA, XPOMHTA, WILMEHUTA. ODTH
POCCHIITHBIE MECTOPOXKACHHSI BO3HUKIIM 32 CUET Pa3pyIICHUs MaTEPUHCKUX
MOPO/I, COJIEPIKAIINX BKPAIUICHHUKHN PEIKAX MUHEPAJIOB.

Busempensie aopal Mumnepanooopaszosanue 8

P A Paspyuiarnuuxca pyoHvix
1 cgawed, debdnoa e L sHcunax
PO o, SumOnie i, RYRDUM, MEATXEM,
MNEIE AIYDUM & BIGEU MUNEPT LS IIpoueccrl BEIBETpUBaHMS
. Eg:'r mmfi}' = s BEPXHEN 4aCTU 3EMHOM KOPHI,
Sl gl CK), CopKum, KESEARYY 4 8P, i 7
apzenium ~ el Mﬁmﬂ u¥ & 69, Ha3PIBACMOU Kopou
e~ poeers spynmocen eod svieempueanus. CBoeoOpa3zHO
Depeuvnar Jove™ i~~~ pa3BMBaeTCs Takasg Kopa Ha

W Jesemoascnend spom )
cepedpocolema gy
eagensm & SRemaR- &f

= BBIXOJaX CYJb(UIHBIX 3aICIKCH
Aarexcnupun (wedred sonveiary  (pUC.47).

obuasna e I. 3onbt oxucnennwvix
LSS doHe [~ ~ scenesnvix pyo  («oxenesHas
~ T R 1LUIATIA ), TaKast 30Ha

Puc.47. Cxema okucjieHHsi cyib@uanoro mecropoxiienus: HA3bIBACTCA 30HOU OKUC/IEHUA,
I-30Ha okmucienus; l|l-30Ha BTOpHYHOrO CyJIb(UIHOrO ooraras KUCJIOPOJOM. HOSTOMY

oboramenusi (3oHa neMmeHrtauuu); IlI-30Ha nepBUYHBIX pya 3716Ch HIyT MPOLIECCHI
OKUCJICHUS CYyJb(PHUIOB, U Ha3bIBA€TCA OHAa COOCTBEHHO 30HOW OKuCJEHUsA. B
pe3ynbTare B 9ToH 30He 00pa3yoTes cyibdarel: ZnS+20,---ZnSO,. PacTBOpuMbIE
Cynmb(aThl, BBIMEIAYMBAIOTCA ¢ MHUTPUPYIOT BHHU3, HaKalUIMBAIOTCS  KE
TPYAHOPACTBOPUMBIE COCAUHEHHS, B TOM YHCJE THIPOOKUCIIBI kKeneza. OTcrona
BTOPOE Ha3BaHUE 3TOM 30HBI — «Ifcene3Has uiana» («MapraiieBas» U «TUICOBast
LTSI )

Il. 3oHa, B KoTOpO#t (OPMHUPYETCS 30HA 6MIOPUYHOZ0 CYIbPUOHO20
opyoeneHusa (30Ha yemenmayuu), Tie 00pPa3yrTCs TaKue MUHEPaIbl KaK 30JI0TO,
cepebpo, Menb, XaabKO3uH, OOpHHT, KOBEIUTHMH. OKHUCIICHHBIC U BTOPUYIHBIC PY/IbI
BO3HUKAIOT B OCHOBHOM MPH XUMHYECKOM BBIBETPUBAHHUH, IPU KOTOPOM aKTHBHAsS
POJIb IPUHAJISKUT aTMOC(hEPHBIM BO1aM, 00OOTaIIEHHBIM KUCIOPOIOM.

I11. B 30ne lll, B 30He 3aCTOMHBIX BOJI COXPAHSIOTCS MEPBUUHbBIE CYIIb(UIbI
U OHa HAa3bIBACTCSl 30HOU nepeuunHblX pyo. B Tex ciydasx, Korja ypOBEHb
TPYHTOBBIX BOJI OITyCKAeTCs, OKUCICHHWIO TOJBEPTaeTCS BEPXHSS YacTh 30HBI
[IEMEHTAIIUH, BCICICTBUE YEro, 3/1eCh (GOPMHUPYETCS 30Ha BTOPUYHOTO OKUCHOTO
o0orarneHus, CoieprKaIias Takue crerupuaecKie i Hee MUHEPAITbl, KaK KYIPUT
U CaMOpOJHast Me/lb.

[Iporniecchl 0OCaaKOHAKOIICHNUS PAa3BUBAIOTCS B BOJHBIX CpellaX - B MOPSX,
OKeaHax, o3epax, pekax (Puc.48).



mMeXaHun4yeckume:

necKku,

rNIUHbI,FPaBUN,

30/10TO,BO/IbPPAMMUT

reMmaTtuTt, MarHeTuT

Xnmmnyeckue:

NCTUHHbIE P-Pbl : OCaZKOHaKonn
eHuA

TUNC, ranuT,
CUNBbBWUH.KON/TONOHDI
€ P-Pbl:TIMMOHMUT,
NUPONIO3UT

npoLecchbl

bunoxmmuueckue:

dochopuTbl,cepa
, PyAbl }Kenesa,
MapraHua,m3sect
HAKW,yru

Puc 48.Cxema BH/AO0B MPOUECCOB OCAAKOHAKOIIJIC HUSA

¢ BpIaensior cieayromnme rpymmbl 0CaaKoB:

& JexaHuueckue,
& xumuveckue,
¢ Ouoxumuyeckue ocaoku.

Mexanuyeckue ocadku TPEACTABISIIOT CO00M MPOAYKTHl (DU3UUECKOTO
BbIBeTpUBaHUsl. OHM CJIOKEHbI HanOoJiee YCTOMUMBBLIMU MHUHEpajlaMu (TpaHaTHhI,
MarHeTuT, KBapIl U Jip.) MexaHnueckue 0CajKu, COJIepKalie IIEHHbIE MUHEPAIIBI
(Au, Pt, meemut 1 aAp.) Ha3BIBAIOTCS POCCHIMIMHU.

Xumuueckue 0cadku BKIIOYAIOT MPOTYKTHl XUMUYECKOTO BhIBETpUBaHus. B

3aBUCUMOCTH OT YCJIOBUI OTJIOKCHHUS
BBIJICTSIIOT  OCAOKU  KOMIOUOHblE U
0caoKu KpucmauiuiecKkue. B
pe3yibTare KOaryJysiiiui KOJUTOUTHOTO
pacTtBOopa (30151), B BHJE HATCYHBIX
dopm, popmupytrotest Al, Mn, Fe, P u
zp.

Kpucraimmmueckue OCaIIKHu
bopMUPYIOTCST B 3aMKHYTBIX BOJIHBIX
OacceifHax (03epax, OTIIHYPOBaHHBIX
OT MODSI, JIaryH | JIP.), HAXOIAIHXCS
B YCIOBHSIX CYXOTO  JKapKOro

(0,
s,
aCi+Cash,

. -_o_o.-.y.:.’,',‘

\
N

Puc.49. Cxema cosle00pazoBanus 10 rUnoTese
0appoB: KOHeYHasl CTAAUs OTJIOKEHHUS colei
K, M 1 nepekpsbiTHE COJISTHOI 3a1€KU CJI0eM
TJIMHBI.



KJIuMara. BceiencTtBue MHTEHCHBHOTO HMCHAPEHHs, B TaKUX 03€pax MPOUCXOIMT
OTJIOKEHHE JIETKO PaCTBOPUMBIX CoJel (ranmuTa, Mupaduauta u ap.) (Puc49).
Buoxumuueckue ocadku  TPEACTaBIAIOT CcO00M  NPOAYKTHI
KU3ZHEJEATEIbHOCTH OPraHu3MOB B BUJE CKEJIETOB OTMEPIIMX XUBOTHBIX, a TaK
K€ OPTraHMYECKUX BEIIeCTB, HAKOIJICHHBIX opraHn3Mamu. Hanpumep, ckorieHne
cepbl, 00sI3aHHBIE, JKU3HEACSITEILHOCTH OaKTepHil U JIp.
Knaccupukanuss MuUHepajioB
Hanbonee OO1LENPUHSTOM ABJISIETCS KPUCALIOXUMUYECKAS
Kaaccugukayus, Mo KOTOPOH MHUHEpAIbl pa30MBAIOT HA KIACChI, OTIMYAIOIIHECS
JIpYT OT ApYyra 1o TUMY XUMHUYECKOTO COCTMHECHUS.
¢ [lo xummuueckoi kaccuUKaIy MUHEPAIIBI JEJSTCS Ha CIEAYIOIHE KIacCHhl.
¢ CamopoaHnble 3jeMeHTbI. Ci0J1a OTHOCSITCSI METAUTbl U METAIIOUIBI,
BCTPEYAIOLMECS] B NPUPOJE B CBOOOJHOM COCTOSIHUM (30JI0TO,
IJIaThHA, TpaduT, anMas).
¢ Cyabduabl. CepHUCTBIE COEAUHEHUS METALIOB U METALIOUOB
(MUpUT, XaTbKOMUPHUT, TATCHUT, ChATEPUT, KHHOBAPH ).
¢ Tanouasbl - XUMUUECKUE COCTUHEHUS C rajloreHaMu (TaluT, CUIIbBUH,
KapHAUTUT, QIFOOPUT).
¢ KapOonarsl - comu yronabHOM kuciotel. KapOonarel nendrcs Ha
be3600Hble (KATBIAT, AOJOMHT, MAarHe3UT, CHUACPHUT) U Ha BOOHble
(Manmaxur, a3ypur).

¢ Cyabdatel - comu cepHOMl KHUCIOTHL. Paznnuaror O€3BOIHBIC
(aHruaApuT) U BOAHBIE CYIb(aThl (MUPAOUIIUT, TUIIC).
¢ OkKucabl - KUCJIOPOJHBIE U BOJHBIE COEIMHEHUS METAUIOB U

MeTautonaoB. Kiacc okucioB AenuTcst Ha JABa MOAKIIAcca: Oe3600Hble
(kBap11, XalIe0H, MarHETUT, TEMAaTUT, IMUPOJIIO3UT, KOPYH) U 800HbIE
(omaj, JUMOHHT) OKHUCIIBI.

¢ Cuamkarbl - COJUM KPEMHEBBIX KUCJIOT. CwiMKarbl JensTcs Ha
be3600nble  (OPTOKIA3, MUKPOKIWH, aIbOWUT, AaHOPTHUT, pPOTOBas
oOMaHKka, aBrutT, Oepwul, HedeIwH, OJUBUH, TOTA3) W HA BOOHblE
(CIrOABI, XJIOPUTHI, CEPIICHTHH, TAbK, TJIAYKOHUT, KAOJIMHHT).

¢ @ocdartel - comu pochopHbIX KUCIOT. DochaThl OBIBAIOT 0€3BOIHBIC
(amatut, pocdopuT) U BOaHBIC (BUBUAHMUT).

¢ Hurpatsl, apceHaTbl, BaHaJAaThbl, MOJUOAATBI, BOJb(pPaMaThbl,
XpomMaThbl, 00paThI.

Tunomopgusvie npuznaku, cenepayuu u
napazene3uc MuHepaoe.

Ilapazene3ucom Ha3bIBAa€TCS COBOKYMHOCTb OJHOBPEMEHHO WM OJM3KO
OJIHOBPEMEHHO O00pa30BaBIIMXCS MUHEPAIOB M3 OJIHOW MOPIMH paciuiaBa WM
pactBopa. [lapareHernyeckuii aHamM3 JaeT BO3MOKHOCTb MPEACTaBUTh (PUIUKO—
XUMUYECKUE YCJIOBHUS (POPMUPOBAHMSI MHUHEPAJIOB U B PAJI€ CIy4aeB MO3BOJISAET
JIOBOJILHO HAJIEKHO OTIMYATH APYT OT APyTra HEKOTOPHIE CXOIHBIE IO (PU3NIECKUM
cBoiicTBaM MuHepaibl. Hampumep: OnM3KHe MO BHEUIHEMY BHJly Tal€HUT U



AHTUMOHUT JIETKO Pa3JIMYalOTCsS CBOMM IapareHe3rucoM co chajepuToM (TaJICHUT)
Y KHHOBaphIO (AaHTUMOHHT).

Ecim oamH W TOT e MHHEpal B IMpeieliax OJHOTO H TOTO JKe
MECTOPOKICHUST HEOJHOKPATHO 0OPa30BBIBAIICS U3 PA3IMIHBIX TTOPIUI pacTBOpA,
TO TOBOPAT O HECKOJIbKUX 2ceHepayusx pasHoro MuHepana. OObIYHO pa3HBIC
TeHepalluy OTINYAI0TCS APYT OT Apyra Mop(oJiorreil KpUCTAIIOB I arperaToB
ATOTO XK€ MHUHEpasia, OKPaCKOW MM MHBIMH OCOOCHHOCTSIMH, YTO OOYCJIOBJICHO
(GUBUKO-XUMUIECKUMH OTIMYUAMH CPEIbl MUHEPATO0OPa30BaHMUS.

DT0 MOXHO HaOmMmomarh Ha MpUMepe IMUHKOBOM oOMaHku. HaOmromenus
MOKa3bIBAIOT, YTO 00Jiee BHICOKOTEMIIEpATypHbIE IIMHKOBBIE OOMAaHKU COJEpIKaT
JKEJIe30 M UMEIOT YepHbIN mBer (Mapmarut). OObIYHas IIMHKOBAss 0OMaHKa UMEeT
KOPUYHEBBI 1[BET, a OCECIBETHbIE WM CBETJO-KEIThIE €€ Pa3HOCTH
(Oe3KeNne3nCThIC), ABIIOTCS HU3KOTEMIIEPATyPHBIMH (KIICiHOdan).

[Ipu3Haku, 0 KOTOPBIM C M3BECTHBIM IPHUOJIMKCHUEM MOYKHO YCTAaHOBHTD
COCTaB, TeMIIeparypy O0Opa3oBaHUS WM IPOUCXOXKICHUE MHUHEPAJIOB, HOCST
HA3BaHUE M UNOMOP PHBIX.

[lon munomop pnocmsro MyuHEpaia MOHUMAIOTCS 0COOEHHOCTH MUHEpasa
(00K KpHCTAIUIOB, OKpACKa, arperarsl M JIp. ), TO3BOJIIIOIINE PEKOHCTPYUPOBATH
yCIOBHSI Cpeabl MuHepaliooOpazoBanus. Hampumep: d¢moopur obpaszyer
KyOMUecKue KpPUCTAUIBI, €CIU B THAPOTEPMAIHbHOM pAacTBOpPE KOHIEHTPAIIUU
Kaabliud W (GTopa OBUIM ONM3KUMH, a €CJM KOHIICHTPAIUS KajbIlds PE3KO
MmpeBbIafia cojepkanue ¢ropa, To (QumoopuT 00pazyeT OKTaAPUUYECKHE
KPUCTAJLIBI.

YerkuM THUNOMOP(HBIM MHHEpPAIOM SBIIIeTCS M TypMmanmuH. Haumbonee
pacrnpoCTPaHEHHOW Pa3HOBUHOCTHIO €r0 SIBJSIETCS YEPHBIN JKEJI€30COAEP KA
TypMaIuH - mepi. OH pacrnpocTpaHeH BO MHOTHX IETMaTHTOBBIX JKHJIaX, B TOM
YqUCJIe M B MYCKOBUTOBBIX TerMaruTax. CpaBHUTEILHO PEIKUE Pa3HOBUIHOCTH
TypMaluHa  pPO30Bble  (PYOC/UIMT) WM  MOJUXPOMHBIE  (Pa3HOIIBETHBIC)
XapaKkTepPU3yIOT peaKoOMeTalIbHbIE

il B MErMATUTHI, COJEPIKAITUE MUHEPAITBI JIUTHS,

! .L 5 11e3Usl, TaHTajla, HUOOus.
E ] Taxkum oOpasom, HAXOJIKU
| i }I, IMOJIMXPOMHBIX YKa3bIBaIOT HA NPUCYTCTBUA
] pEIKUX METAJUIOB. Tunomop pHbIM
N MPU3HAKOM  MOXKET ObITb W OOJUK
MHHEPAIOB. IIpumep: KpUCTaJUIbL

o

Puc.50. Kpucraaabr kaccurepura  KaCCUTEPUTA W3 NECMATUTOBBIX KW
) U3 HerMaTHTOBLIX H . OOBIYHO WMEIOT JUMUPAMUIATIBHBINA BUJ, B

MHE BMATOJIUTOBBIX MECTOPOXKIACHUH,
6) M3 THAPOTE PMATHHBIX TO BpeMsI Kak KACCUTEPUT u3
MeCTOPOKIe HUH. ruapoTCpMaibHbIX KNI OOBIYHO

npusMaTryeckuit (puc.50).



3anamue Nel
1.1lenu, 3a0auu u npozpamma y4eoHoi NPAKMUKU RO RPUOOPEem eHUI0 HABbIKOG U
YMeEHUUl npu OUAZHOCM UKE MUHEPAN06 U 20PHBIX NOPOO
Lenpto yueOHON NpPaKTHKHU SIBISICTCS 3aKpEIUICHHE TEOPETUYECKUX 3HAHUM,

MOJIyYCHHBIX NPHU U3YYEHHH NPEIMETa, MPUOOPETEHUE MPAKTUYECKUX HABBIKOB U
YMEHUN CAMOCTOSITEIBbHOTO BBINIOJIHEHUS pa0OT, TUarHOCTUKA MUHEPAIOB U TOPHBIX
HOPOJI.
Jlng storo B mpouecce yY4eOHOM NpakTUKU OyayT BBINOJHEHBI CJEIYIOIIHE
paKkTU4YeCKue padoThI:
-HAY4YUTHCSl ONPENENATh (PU3nuecKre CBOMCTBA MUHEPAJIOB;
-HAYYUTHCSl BU3YAIbHO OMPENENsATh (OPMbI HAXOKJIEHUS MUHEPAJIOB, MPHUMEHSS
3HAHUS TE€HE3MCa;
-yUUTHIBATh MPHU JAUATHOCTUKE 3HAaHUS O  MPOCTHIX (opMax KPUCTALIOB U
IapareHe3uce MUHEPAIOB;
Bce, Bbllle mepevyuciieHHblE LEIM M 33a4d, HUMEIOT OO0JbIIOEe MPaKTUYECKOe
3HAYEHHE [T TMATHOCTHKY MUHEPAJIOB.

Tema 1.1.3auer mo TexHuKe OE30MACHOCTH

2. [Ilpoeedenue 6600H020 UHCMPYKMAXdCA NO MmMeEXHUKe 0e30nacHocmu u
npomueonoxcapnoii o6ezonacnocmu (Th u IIb)

Bce mpaktudeckue paboThl MPOBOIATCS MO PYKOBOJICTBOM PYKOBOUTEIIS
y4e0HOM MPaKTUKU, B COOTBETCTBUHM ¢ MpaBuiamu o Th u I[1b, koTopsie mpuBeneHbI
B BBOJTHOM HHCTpYKTaxke. Kpome Toro, K KaKJ10My HOBOMY MPAKTHY €CKOMY 3aHATHIO
CTYICHTBI JIOMYCKAIOTCS TOJBKO MOCJIEC MOJYyYEeHUs MEPBUYHOTO MHCTPYKTAKa Ha
pabouem (yueOHOM) Mecte. IIpm TpoBemeHMHM TPAKTHUECKUX YYEOHBIX padoT
HEO0OXOIMMO BBITIOJHSTE CIICAYIOIIHE 001IMe TpeOOBaHUs 0€30TTaCHOCTH:

---CIP 020 3anpeuiaemca:

---HIOXaTh, MpPOOOBaTh Ha BKYC, XWMHUYECKHE PEAKTUBBI, HWCMOJb3yeMbIE B
XUMUYECKUX aHAIM3aX; MPU CIy4dalHOM IMOMNAJaHWM Ha KOXKY WIH CIM3UCTYIO
000JI0YKYy XUMUYECKUX COCAMHEHUN HEOOXOJUMO CPOYHO MPOMBITH MOPAKEHHBIN
y4aCTOK IPOTOYHOU BOJIOM;

-B CJIy4ae MpoJiMBa KUCJIOTHI ee Heo0xoaumo yopars. Jlydnmm cnocoboM yOoopku —
3aChIllaTh JIy’)Ky CYXHM KBapueBbIM NeCKOM. Ero mnepeMemmBalOT Ha MECTe
pazimBa, a 3aTeM, COOpaB B COBOK, BRIOPACKIBAIOT WJIM 3aphIBalOT B 3emMit0. [locie
yOOpKHU Tecka MecTo pazimBa oOpabarsiBatoT 10-15% pacTBopoM conbl, a 3aTeM
MOIOT BOJOM;

-TOJIbKO B KpalHHUX CJIydasX MO>KHO TOJIb30BaThCS TPSIIKAMU JIJIsT YOOPKHU, TaK Kak
HEKOTOPhIE KHCJIOTHI  (XJIOpHas, a30THAas) AaKTUBHO B3aWMOJICUCTBYET C
OpraHUYECKUMHU BEIIECTBAMU, UB MPOIIECCE PEAKIIMU BBIACIACTCS TaKO€ KOJINYECTBO
KHUCJIOTHI, YTO BO3MOXKHO BOCIUIAMEHEHHUE;

-HE00X0IMMO OBITH MPEACIbHO BHUMATEILHBIMU MPU TPAHCTIOPTUPOBKE COCYOB C
KUCJIOTaMH, CKJISHKY ¢ KHCJI0TAMU HeJ1b351 NPUKMMAThL PYKaAMH K I'PYJAH, TaK Kak
BO3MOJKHO PACIUIECKUBAHUE U OKOTH;



-00y4alIUMCsl CTPOr0 3ampelleH0 IpPH JUATHOCTUKE HEKOTOPBIX MUHEPAJIOB
UCIIOJIb30BaTh CIIMYKH, UCHOJIb3YIOTCS TOJIbKO PYKOBOJAUTENIEM MPAKTUKHY;
-IIPH TIOJKETE CEPBI, HAXOAUTHCS HA OMPEAEICHHOM PACCTOSHUM OT TOPSIIEH CEPBI;
-KMJIaTh JPYT OPYry Kakoh — MO0 KaMEeHHbIN MaTepua;
---HE00X0 MO COOJIFOIaTh MPaBHIIa TIOKAPHOW 0E30TaCHOCTH MPH BEACHUH PabOT
(mpu pa3BeleHUH OTKPBITOTO OTHS, KypEHHH, HCIOJIb30BAHUM B3PBIBUATHIX H
B3PBIBOOTIACHBIX BEUIECTB).

Ilocne odopmiieHHss HHCTpyKTa)ka JKypHajle UHCTpykraxa 1o Tbh,
MPOBOJAUTCS YCTHBINA onpoc 3HaHuM npaBwi Tb u [1b, BeicTaBnsiercs 3a4er.

Tema 1.2 3HakOMCTBO C METOJaMH MUHEPATOTHYECKUX, METPOrpadruyecKux
UCCJIEIOBAaHUN
W3yuenue MUHEPAJIOB U TOPHBIX MOPOJ COMPOBOXKIAIOTCSA PA3TUYHBIMU
METOIaAMH:

1. noseBbie METOBI

2. n1abopaTopHbIE METOIBI.
[ToneBble u 1abOpaTOPHBIE METOIBI JOMOJHSIOT APYT IpYra.
[lpy  AWarHoCTMKE  MHUHEPAIOB  HCMOJB3YeTCA B OCHOBHOM
MaKpOCKOTIMUYECKUA METOJ, T.€. BU3YaIbHbIH. B ayquTOpHBIX YCIOBHUSAX
dbu3nyeckre CBONCTBA MUHEPAJIOB OIIPEEIAIOTCS HEBOOPY>KEHHBIM TJIa30M,
Opyu HaIM4YuU cBexero ckojia. Ho anms OGonee TouHOro onpeneneHus 1Bera
wid (pMbI HaXOXKJIEHUST MUHEPAIOB, MCTOJIB3YETCS KPCTALIOONTUYECKUN
METO/1 - MUKPOCKOII.

[TosieBbIE METO 1Bl UCCIIENOBAHKSI MUHEPATIOB U TOPHBIX IOPOJI OCHOBBIBAIOTCS
Ha BHEUIHMX IPU3HAKaX, W3Y4aroTCsl BU3yalbHO B OOHAXEHUSAX, B Pa3IMUHbBIX
TOPHBIX BEIPaOOTKAX (KaHABbI, IIyp(bl, CKBAXKUHBI ), TJI€ U3YYAIMCh MUHEPATIbHBIH
COCTaB, TEKCTypa, CTPYKTypa, YCJOBHUS 3aj€raHusi, HAIMYUE TPEIIMHOBATOCTH,
BTOPHUYHbIE MUHEpaJbl, KOHTaKTHAasl 30Ha U T.1. 1 oTOupanuch npoOsl 1ist 6oee
JETaIbHOTO U3YyUEHUS B JA0OPATOPHBIX YCIOBHUSAX.

JlabopaTopHbIE METO/IHI:

1. Wzyuenue pu3NKO-MEXaHUUECKUX CBONCTB IPYHTOB.

2. I'panynoMeTpUYecKUil aHAM3 C LENbI0 M3y4YeHHs] (PPaKIUM OCATOUHBIX
HOPO/I.

3. XUMUYECKUN aHAJIU3 TPYHTOBBIX BOJ.
4. MertoJ TAXKeNbIX KUAKOCTEH, OCHOBBIBAETCS HAa U3YYEHUH I/1I.
5. IlasleOHTONOrMYECKUIT METOJ OCHOBBIBAETCSI HAa M3YYEHUU JPEBHUX

OPTaHM3MOB C TIENBLI0 OTIPEACIICHUST BO3pacTa T/.

6. Crparurpaduaeckuii METO/T OCHOBBIBAETCS Ha M3y4YECHUU
MOCJIEI0BATEILHOTO 3aJIeraHus /1.

7. CrekTpaibHbIN aHAIIU3.

8. CropoBO-TIBLILIIEBOM aHAIN3.

9. Pammonormueckue MeTOIbI.

10. KpucrammoonTuaecKiue METOIbI.

W3 cnenuanbHBIX MeTporpaduyecKuX METOJ0B YPE3BBIYAWHO IMIMPOKO

UCTIOJIL3YETCS KPUCTALUIOONTHYECKUI METOJ| WCCJIeIOBaHUS, OCHOBAHHBIA Ha



MMPUMEHEHUN TOJSIPU3OBAHHOTO CBETa. [[1s1 3TOro ciayxar MoJSApU3alUOHHBIC
MHUKPOCKOTIBI, C TIOMOIIbIO KOTOPBIX m3ydarotrcs numdsl. [mmd npencrasnser
c0o00# IMIACTUHKY TOPHOW MOpo bl TOMMMHONW 0koJio (.03 MM, HakJIeeHHBIN Ha
CTEKJIO. MeToJ KPUCTAUIOONTUYECKOTO aHalu3a JAaBHO BOWICI B IPAKTUKY
nerporpaduIecKux UCCICI0BAHUHN U JJACT TOYHOE MPEACTABICHNE O MUHEPATHHOM
COCTaB€ U CTPYKTypE€ TOPHBIX MOPOJ, B3aMMOOTHOIICHUSIX MHUHEPAIOB, HX
pa3Mepe, KOJMYECTBE U MOPSJIKE BbIJICIICHUS :

® I[IUINXOBOM;
® TEPMUYECKUMU;
® PEHTICHOCTPYKTYPHBIN.

KoHTpo/bHBIE BONIPOCHI
K TeM€ « 3HaKOMCTBO ¢ METOJIaMH MUHEPAJIOTUYE€CKUX, METPpOorpaduyecKux
HCCJIEIOBaHUIN»
[aiite ompeneneHre TOHATUSL «TOpHAs MOPOIA.
Kax pa3zaenstorcs ropHele MOPOJbl IO CBOEMY NPOUCXOKIECHHUIO ?
KakoBwr 3ama4uu netporpadun?
B uewm 3akmouaroTcs nojeBble netporpagpuueckue padboThi?
Kaknmu naboparopHbIMH METOJIaMHU MOJIB3YIOTCS nieTporpadun?
B uem 3akimoydaercsl rpaHyJIOMETpUIECKUNA aHamm3?
3HaueHue mnetporpaduy, LEIUd U 3adaduu.
OTIMYUTh TOPHBIE TIOPOJBI OT MUHEPAJIOB.
Omnpenenuts 0CaJ0YHbIE TOPHBIE MOPOIBL.
Ompenenuts MarMaTHdecKue TOPHBIE TOPOJIBI.
Omnpenennuts MeTaMOppHUUIECKUE TOPHBIE MOPOJIBL.
[IpomsBecT MUKPOCKONMYECKHE ONMCAHUSI IIJIMXOB.
[TpomsBecT IpaHyJOMETPUUECKUN aHAIM3 OCAJOYHBIX MOPOJ.
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3ansaTue Ne2
Tema 2.1 CaMmopoaHbIe 3JIEMEHTHI.
Tema 2.1.1 CamopoaHbie MeTAJLIIBI
Tema 2.1.2 Camopo/1HbIe HEMETAJLIIBI

Pexomenoauuu no evitnonnenuto paoom

K caMopoaHBIM 3JIEeMEHTaM OTHOCSITCSI TakKM€ MHUHEpAbl, KaK 30JI0TO,
atvHa, cepebpo, anma3. K MmerauiaM OTHOCSTCS 30J0TO, MEIb CaMOpOJIHAs,
cepebpo, mwiatuHa. K merammonmam — cepa camopoaHas, anmas, rpadur u ap.
Merauimaeckuii THI CBS3M  OMNpeaesieT Bce (U3MYECKHE CBOMCTBA ITHX
MUHEPAIOB: CWJIbHBIM METALIMYECKUN OJIECK, XOPOIIYIO 3JIEKTPOTPOBOIHOCTD,
KOBKOCTh M TEIUIONPOBOJHOCTh. (OCOOEHHOCTH XMMHYECKOTO COCTaBa H
(bU3UYECKUE CBOMCTBA UX MPUBEIACHBI B Ta0HIIC 3.

Tabanua 3
Menp 307010 Cepebpo Inatiuna
dopmyiia Cu Au Ag Pl
CUHTOHUS KyOundeckas
OO0k 6 .
e KyOndeckuit
CHJIPUTEL,
JennpuTel, 3epHa, BKparuieHusl, Henp

Arperatst ACTHHEL . IJIACTUHBI, 3epHA, 3epHa, caMOpOaKH

’ CaMOPOJIKU

MenHo-KpacHBIH CepeOpsiHO-0erblii ¢

IIseT 30JI0 THCTO-XKETHIH CepeOpstHO -0 eblit
YEpPHBIMU HaJlETAMH
Yepta MeTamumdeckasi, OJecTsIas, TOro e IBeTa, YT0O MHHEepal
breck M e Ta 1 1 U 4 € C K U W
CnaifHOCTh H e ¢ o B e p m e H H a i
TBepaocTth 25-3 2.5-3 2.5-3 25-3
Yn.Bec 8.5 15.6 — 18.3 10.5 15 -19
Hp.cBoiictBa KoB K o ¢c T b MarsnuTtHOCTB
" MarmaTtrdeckuil B
B 30He okucieHus TI'mapotepManbHBIi, B 30He oxucneHus
o YIBTPAOCHOBHBIX U
I'enesuc MEIHO-CYJIb( UTHBIX 9K30T€HHBIH B | CyJbGUAHBIX OCHOBHALX
MECTOPOKACHUI POCCHIISIX MECTOPOXKACHUN
opoJiax
Xum.
DIIEKTPOTEXHHKA, BamroTHbIiT MeTa, MPOMBIIIUJICH-
IIpumenenue B cnulaBax, MOHETBI
MAaIIMHOCTPOEHUE IOBEJIMPHOE JIETI0 HOCTb, I0BEJMPHOE
JIeTI0

Ilooknacc memannos

ME/Jb CAMOPO/IHAA - Cu

Juaenocmuueckue npusnaku - UBET, YACIbHBIA BEC, MPU TPEHHUH aeT
OJIECTSIIYIO METHO-KPACHYIO YepTY.

Illapacenesuc - B THAPOTEPMAIBHBIX YCJIOBHSIX CaMOpOJHAS MeEIb
oOpazyercs pexe, MmaparcHe3UC TOM CJydae OHa aCCOIMHUPYET C KAIBIIUTOM U
[[EOJIUTAMH, B 30HE OKHCJICHUSI — KYIIPUT, MAJIAXUT, a3YPUT, XaJTbKO3HWH.

30JI0TO - Au.

Pasznosuonocmu: snextpym — conaepxkanue Ag 6olee
15%.

llapacenesuc: 3070TO  BCTpEYAETCs, TIJIABHBIM
oOpa3oM, B THAPOTEPMAIbHBIX JKHJAaX B acCOIMAIUUA C
KBapIleM, THPHUTOM, AapCCHONMHMPUTOM H  JIPYTHMH

Puc.51. Cepa-3epuucras,
HAJIETBI, KOPOUKH



CyJb(UIaMu; 4acTh €10 HAXOUTCS B pacCETHHOM TOHKOIUCTIEPCHOM COCTOSIHUH B
cyabbuaax (apCeHOMUPUTE, TUPUTE, TAIICHHUTE).
Ilooknacc memannouoos.

CEPA CAMOPOJHAS — S.

Huaznocmuueckue npusnaxu’. XapakTepHBIA IBET, HEOOJbIIAas TBEPIOCTS,
XPYIKOCTb, JISTKOIUIABKOCTh, )KUPHBIHN OJieck B u3jiome (puc.5l).
Ilapazenesuc: a) ByIKaHHYECKOE; IPU U3BEPKEHUH BYJIKAHOB CEpa BMECTE C
peanbrapom, aypUIIMTMEHTOM H JpYyrUMH MuHepajiamu; O) caMmopojaHas -

Puc.52. Anma3,
OKTa3Ipuye CKUi
raduTyc KpucTaLlI0B

Puc. 53 Ctpykrypa
aamasza:1-11 —

rpadura.

aTOMBI yrJjepoaa

OMoXuMHUIECKast
U3BECTHSKAX, MEPTEISIX BMECTE C THUIICOM, LEIECTHHOM

AJIMA3 - C (c rpeueckoro cioBa «adamac» —
HENoOEAUMBIN, HENPEOI0JUMBIN; MNO-BUIUMOMY, U3-3a
BBICOKOM TBEPJIOCTH Y XMMUYECKOW CTOMKOCTH MUHEpasa)
(Puc.52)

Pa3znosuonocmu - TUIOTHBIN, WHOTJA 3€PHUCTHIN
OypoBaTO-uepHbIi aniMa3 - KapOOHa10; TOHKO3EPHUCTBIN U
CKPBITOKPUCTAJUIMYECKUN aiMa3 Ceporo WM YEpHOIo
1BeTa - 60pT. [lapazcenesuc. OTUBUH, THPOTI.

ALY AP,
rmalm/,z'/ﬂ

A A S
/////////////04/‘/ o

Puc. 54.Ctpykrypa

cepa

9TOTO

TUIIAa BCTPCUACTCA

B

I'PA®UT-C (oT rpedyeckoro cjioBa

«rpadoy — nuiry).

Pasnosuonocmu. mrynrut — amopduas

Pa3HOCTh

Luaenocmuueckue npusHaku - 4epHbINA
I[BET, HU3Kasg TBEPAOCTb, MaykaeT Oymary u

pyKH.

Ilapazenesuc: rpagut oOpazyercs npu
MeTamop(du3aiii PacTUTEIILHBIX OCaJIKOB,
aCCOIMUPYETCS C BOJUIACTOHUTOM, MUPOKCEHAMH, TUIATHOKIa30M, KATBIIUTOM.

Taoauua 4
Cepa I'pagur Anmaz
dopmyna S C C
CuHTrOHUS PomMOunueckas I'excaronanbHas Kybuueckas
O06muk VYceuenno- . .
o [Inactunyarsiii Okrasgpuyeckuil
KPHCTAJLJIOB TUTTAPAMUJATbH I
3epHUCTBIE MacChl N
Yemryituateie,
Arperatbl Hpy3bl, HaTeuHblE, Bxpannenust
BKpaIIeHUS
KOPKH

e CBETIIO-KENTOTO, TemHO-cephIii 10 becuBeTtHbIit, romyooi,

3€JICHOBATO-KEJITOTO YEPHOTO CuHuii u T.1.
Yepra brenno-xenras TemHo-cepas Her

AnMa3HbBIN B H3JIOMeE- o .
bneck o MeTamndecKui AnmMaszHbIH

JKUPHBII

CnaifHOCTh Hecosepiennas C OB € pIm € H H a i
TBepaocTs 1---2 1 10
VYa.Bec 2 2 3.5

OT cninuKM JE€TKO JKupHblil Ha ouymb, Beicokas TBEpIOCTS,

Hp.cBoiicTBa

IJIABUTCS, TOPUT

MUIIET Ha Oymare

OKTA3 IPUYICCKUC KPUCTAJIJIbL




TOJyOBIM TIITAMEHEM C
BbeLIeneHueM HoS

B 30HE OKHCIIEHNA
CYIb(QUAHBIX Mec-

TOPOXKJICHUH, . Marmatudeckuii, B
MarmMaTudecKui,
I'enesuc OMOXMMHUYECKUE v KAMOEPIIMTOBBIX TPYOKax
MeTaMOp(PUUIECKU I
OCaJKH, MpU B3pbIBA
BYJIKAHMYECKH X
U3BEPKEHUAX

IIpon3BoacTBO KapaHa- o
B xuM.npomsiiiieH., P vﬂ pati AOpasuBHBIN MaTepHal,
ek, aToMHast

IP.CIIHUYEK, PE3UHBI FOBEJIHP.JEIIO0
P P MPOMBIIIL. P

[Ipumenenue

IIpakTHyeckas padora 2
OmnpeeieHne caMOPOAHBIX JIEMEHTOB
Obopyoosanue: KOJJIEKLNS MUHEPAJIOB CAMOPO/IHBIX AJIEMEHTOB; IIIKaJIa
TBepa0CcTH Mooca, pappopoBbIe IIIaCTHHBI, CTEKIIO, MEIHAS MOHETA.

Heap: V3y4uTh W ONpENeIuTh CAaMOPOIHBIC JJIEMEHTHI, HCIOIb3Ys
KOJUICKIIMIO MHHEPAJIOB CaMOPOJHBIX 3JEMEHTOB, MIKay TBEPAOCTH, CTEKIIO,
OHMCKBUT, TaOJIHUIYy U OTIPEEIUTEh MUHEPAJIOB.

Ilopsaook evinonnenus padomul:
¢ Paznenuth MuHepasbl 1Mo 0JIeCKy (METATMYSCKHM, HEMETAUTMY E€CKUN ).
¢ Ompenenuth Mo I1BETY (KeENE30 - YEPHBIM, 30JOTUCTO-KEITHIM, JTUMOHHO-
YKEIThINA, METHO-KPACHBIN U T.1.).
¢ OrnpenemuTs N0 TBEPAOCTH
¢ Oco0ble cBOMCTBA: 3aMMax MPU TOPEHUH, KUPHBIN Ha OLIYIb, MUIIET Ha Oymare,
IUTABUTCSI OT CTIMYKH, TOPUT CUHUM TUIaMeHeM, OJIECTSIIas METHO-KpacHas.

Tema 2.2 CepHuctsolie coequHeHus (Cyabguabi).
Tema 2.2.1 IlpocTble cyabpuabl

K xmaccy cynbGuaoB OTHOCITCS coeduHeHusi cepvl C pPa3iuyHblMU
Memannamu.

[To ocobeHHOCTIM (GU3ZUYECKUX CBOWUCTB, Cpeau CyabDUIOB U HUX
aHaJOTOB BBINEIAIOT OJlecKuU, KOoAYeOdadnvl U OOMAHKU.

bneckamu wHaszpiBatoTCa CyIbQUABI, HUMEIONINE CBUHIIOBO-CEPBI
BET, METAJIMUYECKUH I0JECK, TEMHO-CEpPYIUEepTy TBEPIAOCTh MEHbIIE
3.K HHM OTHOCSATCS: XaJdbKO3WH, TaJCHUT, AHTUMOHHUT, BHCMKTHH,
MOJILOJEHHUT.

Konueoanvr 00magaroT METIMYECKHM OJECKOM, TEMHOOKpAIICHHOM
yepToi, TBepAOoCThbI0 Bhile 4. [lo okpacke KiuemaHbl MOJPa3AeisioTCS
Ha OKeNThle, HUMCIOIMHWE JATyHHO - WIX OpPOH30BO-XKEITBHIA IBET,
KpacHBbIe(MEIHO-KpAaCHOTO I[BeTa) W Oelible, HMCIOIIHE OJOBSIHHOOCIBIN
10 cTaabHO-ceporo. K HUM OTHOCSATCS: MUPHUT, MapKa3uT, MHPPOTHH,
XaJIbKOMMUPUT, MEHTIAHAUT, OOPHHUT.

Obmanku 1O CBOMM CBOMCTBaM pPe3KO OTJIMYAKOTCA U OT OJECKOB
U OT KOJYEJAaHOB, 3a YTO MOJYy4YWJIU CcBoe Ha3zBaHue.OOMaHKM UMEIOT
alMa3HbBIi OJieck, pa3HOOOpa3Hyl OKpacky © 4YepTy. TBepmocTh




oOMaHOK m3MeHseTcs B mpeaenax 1.5-4. K HUM OTHOCSATCS:CKUHOBAph,
peanbrap, aypunurMeHt, cgaliepur.

Hanbonee TUNMWYHBIMU KaTMOHaMHU, OOpa3yIONIMMU COEIUHEHHE C CEpOH,

3+ 1+ 2+ 2+ 2+ 2+ 2+ 3+ o3+ 3+ 4+ 5+
spisrores: As™, Cu, Cu®, Pb™, Hg™', Zn"", Fe™", Sb™, Bi"", As™, Mo"", As™,
5+ o o
Sb”". Bce cymb(uasl, B 3aBUCUMOCTH OT HMX COCTaBa, THIA CBS3€i M CBOWCTB,
MOTYT OBITH pa3jielieHbl Ha TPH MOJIKJIacca.

1. IIpocTeie cyabduabl, COCTaB KOTOPHIX onpeaesiercs Gopmyrnoit R,S,,,

TA€ BCJIMYUHBI N 1 M 3aBUCAT OT BAJICHTHOCTU KaTUOHA.

XaJIbKO3UH - Cuw,S;

TaJICHHUT - PbS

canepur - nS

xanpkonuput -  CuFeS; mm CuS-FeS

OOpHHUT - CusFeS, mmu 2Cu2S-CuS-FeS
KHHOBAph - HgS

MMUPPOTHH - FeS (mockonbKy YacTh jkeie3a B

NUPPOTUHE HAXOJUTCI B BHJIE
3+
Fe”, To mpaBwibHAs opMya ero

Fei-xs
MECHTJIAHTUT - [(Fe, Ni)S] (bonee mpaBuIbHAS
dopmyma [(Fe, Ni)oSg])
peainbrap - AsS
AHTHMOHHUT - ShyS3
aypunmurMenT -  ASySs3
MOJUOIEHUT - MoS;
2. Jucyasuabl. Hapsay c¢ mpocTeiMu cynbpuaaMu - COJISIMH

cepoBogOpOAUCTON KuciaoTel H,S, B mpupoje BCTpedaroTCs COCIMHEHUS, Y
KOTOPBIX JIBA MOHA CEPbl TECHO COEAWHEHBI APYr C JAPYrOM KOBAJICHTHBIMU
CBA3AMH B OJIWH OOILIMHA aHWOH 822'. Takne coeaMHEHUS TOJIyYWJIM Ha3BaHUE
TUCYIb(QUIOB.

% K aToMy mojakiaccy OTHOCSATCS MHUHEPAJIbI:

KyOunueckoih cuHTOHUU. PoMOMYeCKOl CHHTOHUH
[Tuput FeS, Mapxkaswut FeS,
Kob6amstun CoASS Apcenonupur, FeASS
Yenosuss obpaszosanus  cynbguooé pazHooOpasHbl. B mpupone oHu

BO3HHMKAIOT CJICAYIOIIUM ITyTCM:

¢

a) B MarMaTH4eCKOM IPOIIECCe MPHU JIMKBAIMU OCHOBHOW CHJIMKATHON
MarMbel. Takum myTeM 00pa3yroTCsl METHO -HUKEIIEBBIEC CYIb(HUIHBIE PY/IbI,
COCTOSIIIME U3 MUPPOTHHA, IEHTIAHIUTA U XaTbKOTIMPHUTA,;

0) HamboJiee YacTO BCTPEYAKOTCS CyIb(UIbI THUAPOTEPMAIBLHOTO
IPOUCXO0KICHUS;

B)  cymb(duasl MOTYT 00pa30BBIBATHCS M OCAJOYHBIM ITyTEM BCIICICTBHE
(pa3BUTHS HA JHE MOPS CEPOBOJOPOHOTO PEKMUMA, BOSHHUKAIOIIETO MPH
MaccOBOM THOeIM OPTaHU3MOB U MX THUCHHH;

r) cymbGuAbl BO3HHUKAIOT TakXKe IMPU BYJIKAHOTEHHO-OCAJI0YHBIX
npoleccax, KOorjla MPOUCXOAST TIOJBOJHBIE H3BEPKEHUS BYJIKAHOB U
3HAYHUTENIbHBIE KOJHMYECTBA CEPOBOAOPOAA TOCTYMAIOT W3 BYJIKAHOB B
MOPCKYIO BOAY;



¢ 1) B HIKHEH 4acTW 30HBI OKUCJICHHSI CYJIb(PHIHBIX MECTOPOKICHUN B
pe3yibTare B3aUMOJICHCTBUS  XaIbKOTUPHUTA C cyidbdaTtom Menw,
OoOpa3ylOIMMHUCS ~ TPU  OKUCICHUMM  XaJbKOMHMPUTA,  BO3HHUKAIOT
criequduueckre CyiabQuabl 30Hbl BTOPUUHOTO CYJIb(PUIHOTO 00OTaILEHHS -
OOPHUT U XaJTbKO3UH.

Ilooknacc npocmuix cyibhuooes.
XAJIBKO3UH — Cu,S (0T IpedecKoro cjaoBa «XalbKOC» — MEIb).
llapazenesuc: GOpHUT, CAaMOPOAHAS. MENb.
Juaenocmuueckue npusHaku — TEMHBIN, CBUHIIOBO-

CepbIi LIBET, HU3Kasi TBEPOCTb.

B okucnurenbHO 0OCTaHOBKE JIETKO W3MEHsETCH,
nepexo/isi B KYIpUT U MaJlaXuT.
TAJIEHUT—PDS (oT natiHCKOTO ClIOBA «2dieHay

— CBUHIIOBas pyJa), CHHOHUM — CBUHIIOBBIA OJIECK,

(MENKO3EepHUCTHIE arperarhbl TaJICHUTAa MOJYYWIM Ha3BaHHUE
«CBUHYAKY) (puc.54).

HHuaenocmuueckue  npusnaku —  OOJBIION

VACIBHBIA BEC, IIBET, CHIbHBIA METAUTHICCKHUN OJIECK,
COBEPIICHHAS CIIAHOCTb.

llapazenesuc:  TPEUMYILIECTBEHHO  TUAPOTEpMaibHOE.  THUIMUYHBIMHU

CIIyTHUKAMH SIBIISIIOTCSI C(ajiepuT, XaJbKOMUPHUT, MHUPUT, OJEKIbIE PYIbI; U3

HEPYAHBIX MHHEPAIOB — KBapll, KaJbIUT, OapuT. B 30HE OKHUCIEHUSA JIETKO

U3MEHSIETCS, IEPEXO0/Isl B aHTJIE3UT U LIEPYCCHUT.

COAJIEPHUT - ZnS (Ha3BaHUE MPOUCXOIUT OT

TPEUECKOTO CJIOBa «cdanepocy - 0OMaHYUBBIN, U3-32

HEOOBIYHBIX JJI1 Cydb(uaa BHEIIHUX IPHU3HAKOB

MUHEpajia), CHHOHUM - IIMHKOBasg oOMaHka. CBeTIo

OKpalleHHas Ppa3HOBHUJIHOCTb, HE COJAeprKaulas

npuMecei JKenesa, Ha3pIBaeTcs kieiodanom. TeMHo-

KOPHUYHEBBIE, MOYTH YepHbIe canepursi,

Puc. 54. I'anenuT, 3e paa
COBe PLICHHO cnaiiHOCTH

00OTalllCHHBIE JKEIe30M, Ha3bIBAIOTCS MapMaTHTOM
(Puc.55).

Bctpewaercas B BUAE — KPUCTAUIOB
NPEICTABIICHHBIX OOBIYHO TETpadApaMH KU
apy3amu (puc. 56), ©HOTAA B BUJIE CILUIOIIHBIX
Macc W 3€pHUCThIX arperaroB. Ha rpansax

TCTPASAPOB XapaKTCpHa TPCYroJibHasi
MTPHUXOBKa.
Puc. 56. Kpuctamibl chanepura
ﬂuaeHocmuquKue npusHaku — CBCTJIaid TETPA3APHYECKOT0 raduryca
ucpTa aJIMa3HbII 6J1€CI<, COBCPIICHHAA

CIIAMHOCTH 110 IIECTH HAIPaABJICHUSIM.
Ilapacenesuc: 4dame Bcero oOpazyercsi B THAPOTEPMATbHBIX YCIOBHUIX
COBMECTHO C TAJIEHUTOM, XaJbKOIMUPUTOM, MUPPOTHHOM; BCTPEUAETCS TAKXKE B



CKapHax; BecbMa peAKO ObIBaeT OCaJOYHBIM. B 30HE OKHCIIEHHS 3aMeIIaeTCs
aHTJIE3UTOM, LIEPYCCUTOM, JIETKO U3MEHSIETCS, MIEPEX0/Isl B CMUTCOHUT U KaJJaMUH.

KHUHOBAPBD - HgS

Juaenocmuueckue npusHaxku — XapakTEPHbIN IPKO-KPACHBIHN 1[BET, KpacHasi
yepTa, OOJBIION yACIbHBIN BEC.

Ilapazenezuc: TAMMYHBIA TUAPOTEPMAIbHBIN MUHEP AT, BBIICIFOLUICS TIPH
HU3KUX TeMIeparypax U JaBJICHUSAX — B OJM3MOBEPXHOCTHBIX YCJIOBHSX; 4acTO
KMHOBaph BBINAJAET HEMOCPEACTBEHHO W3 TOPSYMX BOJ, BBIXOASIIMX Ha
MOBEPXHOCTh 3eMJI. OOBIYHBIMH CITyTHUKAMHU SIBJISIIOTCS aHTUMOHUT, peanbrap,
XaJIIEN0H, KaIbIIUT, (DIFOOPUT, OapHT.

IMUPPOTHUH - Fe.,S (0T rpeyeckoro ciioBa «nuppoc» - KpaCHOBATHIN),
CUHOHUM - MarHUTHBINA KOJTYE/IaH.

Jluacnocmuueckue npusHaxu — XapakTepPHbIN LIBET, MATHUTHOCTb.

llapazenesuc: a) TUMMYHBIA MUHEpPaT MarMaTHUE€CKUX, METHO-HUKEIEBBIX
MECTOPOKJIEHUH, CBS3aHHBIX C OCHOBHBIMHU MOpoJiaMu. BeTpeuaercst BmecTe ¢
NEHTJIAHJUTOM, XaJIbKOMUPUTOM, MarHeTuToMm; 0) oOpa3zyercs B KOHTAKTOBO -
METaCOMAaTUYECKNX CKApHOBBIX MECTOPOKICHUSIX B aCCOILMAIIUH CO caepurom,
apCEHOMUPUTOM, IICCIUTOM, PEKE KACCUTEPUTOM, MATHETUTOM, KaJIbLIUTOM;

B) XapakTepeH M TUAPOTEPMAaIbHBIX MECTOPOKIEHUM, I1e BCTpEUaeTCs
COBMECTHO CO c(anepuToM, TaJCHUTOM, XaJIbKOIMUPUTOM, KAaCCUTEPUTOM,
apCEHOMMUPUTOM, TUPUTOM, KapOOHATAMH, KBApIIEM.

NEHTJAHIUT - (Fe,Ni)oSg

Juaenocmuueckue npusHaku - Ha ri1a3 onpeaAensercs ¢ 00IbIIUM TPYAOM 1O
SAPKO-)KEITOMY LIBETY M COBEPLICHHOW CHAMHOCTH; OT CXOAHOTO NUPPOTHHA
OTJIMYAETCS MO OTCYTCTBUIO MArHUTHOCTH U HAJIMYMIO COBEPILIEHHOM CIAHOCTH.

llapazenesuc — BCTpedaeTcs UCKIIOYUTENHHO B CPACTAHUU C MUPPOTHHOM
B MECTOPOXKACHUSIX, CBI3aHHBIX C OCHOBHBIMHU MOpoJamMu. B accouuanuu ¢ HuMu
O0OBIYHO HAXOJUTCS XATLKOTHPHT.

AHTUMOHHUT - Sb,S; (0T IarMHCKOro CclioBa
«anmumonuym» - cypbma) (puc. 57).

Juaenocmuueckue npusnaku — XapakTepHas gopma
KPUCTAUIOB - Wrojb4yaTble W JIyducThle arperarbl. OT
MOX0Ero Ha HEro BUCMYTHHA OTIMYAETCS 0o0jiee TEMHBIM
LIBETOM M IIONEPEYHOM IITPUXOBKOM. YacTto BcTpeudaercs
COBMECTHO C KHHOBApbl0, UYTO MOXKET TaKXKE CIYXKHUTb
JUArHOCTHUYECKUM IPU3HAKOM.

Ilapacenesuc: TUAPOTEPMATBHOE -
HU3KOTEMIIEPATypHOE; TUIWYHBIE CIYTHUKU: KHHOBAaphb,
GmoopUT, KalnbUMT, OapuT, XallEdOH, peaabrap Hu
aypHUIIUTMEHT.

AYPUIIUI'MEHT - AsS,S; (0T JaTHHCKUX CJIOB
«aypym» - 30JI0TO, KIIUTMEHTYM» - Kpacka.

Juaenocmuueckue npusHaxu - ONPEIEIAIOTCS MO IPKO-KEITOMY LIBETY U 110

XapaKTEpHOMY CIIYTHHUKY - pealibrapy.

Puc. 57 AHTUMOHHUT



llapacenesuc - TUTTUYHBIN MUHEpal HU3KOTEMIIEPaTyPHBIX
TUAPOTEPMATBHBIX MECTOPOKAEHUI, BCTPEYAECTCSI COBMECTHO C peaIbrapow,
MapKa3uToOM, KBaplieM, KaablIuTOM. MHOTAA OTIOXKEHHE MPOUCXOAUT MPSIMO U3

rOpsiYMX BOJHBIX HICTOYHHUKOB.
PEAJIBI'AP - As,S,

Jluacnocmuueckue npuznaku — SPKO-KPAaCHbIM LBET, B OTIUYUE OT
KHMHOBAapHU UMEET OPAHKEBYIO YEPTY.
llapacenesuc — TUITNYHBIN MUHEpall ~ HU3KOTEMIIEPaTypPHBIX

TUAPOTEPMATBHBIX MECTOPOXKICHUI; peanbrap Ha BO3AyXe JIETKO OKHUCIIETCS U
NEPEXOJUT B AypUIIMTMEHT, IMOATOMY 00a MHHEpala BCTPEUYaloTCs BCerna
COBMECTHO.

MOJIUBJIEHUT — MoS,; (Ha3Banue MuHepaia CBS3aHO CO CBUHIIOBO-
CEPBIM IIBETOM, TIO-TPEUECKU «MOIUOO0CY — CBUHEI, CHHOHUM — MOJINOJEHOBBIA
OJieck.

HHuaenocmuueckue npusHaxky — HU3Kasi TBEPJOCTh, METAUTMYECKUIA OJIECK,
XKUpeH Ha olurynb. OT CXOIHOTO C HUM TpaduTa OTIMYACTCS T0JyOOBaTHIM
OTTEHKOM (depTa Ha Oymare TOXe MMEET TOJTyOOBaThIM OTTEHOK), a TaKXkKe OoJiee
CWJIbHBIM METALTMYECKUM O0JIECKOM U OOJIBIIMM YACTHHBIM BECOM.

Ilapacenesuc: xapakTepHbld MUHEpAJ THEBMATOIUTO-TUIPOTEPMATBHBIX U
TUAPOTEPMATbHBIX MECTOPOXKACHUNH — BCTpEUaeTcsl B Irpeii3eHax COBMECTHO C
BOJb()paMUTOM, OEpPUIIOM, TOMA30M U BHUCMYTHHOM, B BBICOKOTEMIIEPATYPHBIX
KBapIEBBIX JKWJIAX B acCONMAMK C (QIIOOPUTOM, MUPUTOM U JAPYTHUMH
cynbGuIaMu, a TaKKe B CKApHAX U CpeAHETeMIepaTypHBIX THIPOTEPMAIbHBIX
MECTOPOXKACHUSAX MEIHO-MOJIMOACHOBON (opmaruu, i KOTOpOM BechbMma
XapakTepHa acCOIMalys MOJIMOJEHA C XaTbKOMMPUTOM, CEPULIMTOM U KBapIIEM.



IIpocTeie cyabpuabl Ta6auna 5
VY nensH
Hasanue munepaia, Cunronus, dopma I{Ber o o IIpakrruec-
Cmnaii- | bIil Bec. [Ipoucxoxnenue
XUMHUYECKast dopma HaXOXJIEHUs, | MUHEp., I[BET breck Kue
HOCTb, Tsep- TeHE3HC
dopmymna KpHcTaia arperartbl YepTHI OCTD NpUMEHEHUS
pomMOHnYecKas,
CILIOILHbIE CBUHIIOBO- TUIPOTPMAIIb-
XaJbKO3UH KOpPOTKO- . HECOBEP 9.5 MeTaJlIIn4ec o
3€PHUCTHIC CepBIid, . HBIH, 30Ha pyna Ha MeIb
CuS npu3MaTHdec- [IEHHAas 2-2.5 KU
MacChI TEMHO-cepast OKHUCJICHUS
Kast
bI CBUHIIOBO-
TaJICHUT KyOuyeckas A 1o coBeple 7.5 METaJIIINYEC TUIPOTpPMalb- pyaa Ha
3€PHUCTHIC CepBIii, . .
pbs KyO, OKTa3JIp HHas 2.5-3 KUHA. HBII CBUHEIL]
MacChI TEMHO-cepast
pOMOHYECK., Y3
JUTMHHO- PY3bl,
AHTUMOHUT MPU3MATUYECKU3 | CBHHIIOBO-
MPU3MaTHY.C . COBepIIe 4.6 METaJUIn4eC | TUAPOTPMAITb- pyna Ha
sh,ss . EpHHCTBIC CepBIid, . o
IIPOJOJIBLHOM HHas 2-2.5 KUH. HBII CYyppMy
. panuanbHo- TEMHO-cepast
IITPUXOBKOH Ha
JTY4UCTBIE
TPaHsX
reKcaroHaJib- . CBUHIIOBO-
MOJIUOACHUT st yenlyifyarbie e COBEpILE 5,0 METaJNIn4eC | TUAPOTEpMab- pyna Ha
mos> ’ . | po3eTKOBHIHBIC ’ HHAs 1 KUU HBIN MOJILOTHAT
MJIACTUHYATHIN TEMHO-cepast
OypbIi,
KyOmJecKas, YEPHBIH,
Apy3el, .
ctaneput KyO, TeTpasap, 3EJIEHBIN, COBepILe 4,0 . TUIPOTEPMAITB-
3€pPHHCTEHIE, . JIMa3HBIN . pyza IuHKa,
zns pombo10- KPAcHBIA, OT | HHas 3,5-4 HBIH
HaTeYHbIC
JIeKad Ip CBETJIO- JI0

TEMHO-0ypoii




3€pHUCTHIE

KUHOBApHO-
KpacHBI,

KIHOBaph TPUTOHAIBHA, cpen- 8,0 . TUPOTEPMATIh-
IUIOTHBIE, HHOTIA aJIMa3HBII . pyaa Ha pTyTh
hgs poMO031p - HSS 2,0-25 HBIN
BKparuieHUs Cephlit,
KpacHas
MOHOKIHNHA, OpaHXeBO-
peaibrap KOPOTKOIIpH3Ma 3epPHUCTBIE, KPaCHBIH, cpen- 3,5 AMASHLL THJIPOTEPMAIb- pyna Ha
as4Sa TUYECKHUE, HAJIETHhI, IPY3bl OpaHKEBO- HSIS 1,5-2 HBIN MBIIIIBSIK
Ta0JIUTYATHIE JKenTas
MOHOKJIMHAa, qenryiyarble, JIMMOHHO-
AypUITUTMEHT KOPOTKOTIPH3Ma 3EMIIACTEIE, JKEIITHIH coBepiIre 3,5 ATMASHLL TUIPOTEPMAITh- pyaa Ha
ASyS3 THYECKHE, paaranbHO- CBETIIO- HHAas 1,5-2 HBII MBIIIBSIK
TaOIUTUATHIE HTOJIHYATHIE KeTas
TeKCaroHalb-
WHIATOBO-
KoBemmnu Has, Ca)KHCTHIE, A coBepiIie 4,6 MOJIyMETAI | THAPOTEpPMallb- HHOIIa KaKk
CuS KPUCTAJLIIBI IUIOTHBIC ’ HHast 1,5-2 ndec-Kuu HBIH MenHas pyna
TEMHO-Ccepast
penKu
THIPOTEPMAIID-
CIIJIOIIHEIE Menno- )ulp P o
KyOunueckas, v HBIN 3K30Ire€HHBIN
BopHurt MAacChl, KPaCHBIH, HECOBEp 5 METaJUIN -
KPUCTAJLIBI . (3ona BTOpruHOrO | Pyna Ha menp
CusFeS, BKparuIeHHUKA CepoBaro- | mennas | 3-3,5 YEeCKU I
OYEHb PEIKU CYIb(HTHOTO
3epeH gepHast
oborareHusl)
CnnommHbie Bbpon3zoBo- .
I'excaronanbHa " MarMaTHYeCKUi, [Tpounssoa-
[Tupporrn MAaccChI, JKEJITHIN, HECOBEp 4.6 METaJIIU - .
s, KpUCTAJLIIBI N TUIpOTEepPMallb- CTBO CEpPHOM
FeS(Ni) BKpaIJICHHUKA cepoBaro- meHHas | 3,5-4,5 YECKU I 9
penku . HBIH KHCJIOTBI
3epeH yépHas
bponzoBo-
KyOunueckasi, P N o
IlenTmagouT e BkparuieH-HuKI JKEIITBIN coBepiIre 5 MeETaJUIN- MarMaTHYeCKH, Pyna Ha
(Fe,Ni)gSs e 3epeH 3eneHoBaro- HHas 3,5-4 YECKUH HHUKEIb

Oypas




JAucynbpuabl Ta6auna 6
VY nens-
Hazeanue mMunepaina, Cunronus, dopma IBer Criai o ec D orCxOMKICHIE [Ipakrnuec-
nmai- | bl Bec. VCXOKJCHU
XUMUYECKast dopma HaX0XKJICHUS, MUHEP., HOCTE Tae bneck P reHeaﬂliz Kue
dopmymna KpHcTaia arperartbl I[BET YEPTHI HOCEL MpUMEHEHUS
Apy3bl, BKpaI-
JIEHHUKA KpHC- JIATyHHO=
yourHeckas TaJJIOB, 3€peH JREIITRIH MIPU BCEX MIPOU3BO]I
[Tuput KyO, OKTa’Ip, cr[no;uﬂfle ’ OypoBato- | HECOBEp 5,5 MeTaJlTn4ec reonrc))mqecmx CT]I:O CeDHOI
FeS,(Co,Cu,Au) MIEHTAroH 101K WIH menHas | 3,5-4,5 KU p
- MAacCBhl, T — mporeccax KUCIIOTBI
KOHKpenuH, 4y&pHas
CEKpelUn
poMOudecKas, TPY3HI, JlaTyHHO- .
M KENTBIH 0CaJIOYHBIH, MIPOU3BOJI-
apKaszuT MJIacTUH- BKpaIICHHUKA HECOBEp 4,6 MeTaJlTn4ec .
. cepoBaTo- » TUIpOTEepPMallb- CTBO CEpHOI1
FeS, YaThIH, KpPUCTAJJIOB, menHas | 3,5-4,5 KUK .
. 1€pHasd HBIN KUCJIOTBL
TaOJIUTYATHIN KOHKPEIUH
JIATYHHO-
JKEJITHIN C
TeTparoHasibHa CIUIOIIHBIC U
XaJTbKOTTUPHUT o, MAacCBhl, HECoBep 4,2 METaJuIn4ec .
CuFeS M CTaJLIIBI BKpaIJICHHUKA OTTEHEOM, | enmas 3-4 KU MATMATIHECCIA - pya HHKEIA
2 Kp Kp 3€JICHOBATO-
penku 3epeH yephas
OJIOBSTHHO-
Bl 7
MOHOKIWHHAs /PY3BL, Genrit Ko
MPU3MaTHYECKHU3e CTaJbHO- pyna Ha
ApceHOonupuT VIUIMHEHHO- TG . cpen- 6 METAJJINYeC | TUAPOTEPMAalIb- MELIEAK
FeAsS(Co,Ni0 MPU3MAaTHYCCKU P ’ HsIS 5,5-6 KU HBIH
o paguanbHO- TEMHO-CCpast
i
JIy4HCTBIE (cepoBato-

YyepHasi)




KOBEJIJIMH (megnoe unauro) Cu,S:-CusS,.

Juaenocmuueckue npusnaxu: OCTPBIM Kpaem
CTEKJIa MPOBECTU [0 IMMOBEPXHOCTH MHHEpaia, B
Clyyae KOBEJIMHAa B TJIyOMHE ILapanuHbl OCTAETCs
TEMHO-CUHSSI OKpacka MUHepaia (puc.58).

llapazcenesuc: 3k30reHHOE — 00pasyercsi B 30HE
BTOPUYHOTO CyIb(puaHoTo oOoramienus. Betpeuaercs
coBMecTHO ¢ 6opHuUTOM CUsFeS,, xampko3nnom Cu,S,
xampkonuputoM CuFeS,, mumonuTom Fe,03:nH,0.
CaMOoCTOSATENbHBIX MECTOPOXKACHUN HE 00pa3yerT.

/Jleoiinbie cynvghuont

XAJIBKOIIUPUT - CuFeS; (ot rpeueckux
CIIOB «XAIbKOC» - MENIb U «NUPUmM»- OTOHb), CHAHOHUM - MEIHBIM KOJTIE/IaH.

Juaenocmuueckue npusnaku - JATYHHO-)KENTHIM 1IBET, HEOOJbINIAs
TBEPAOCTH (B OTVIMYKE OT NMUPHUTA), HATUYKE TTOOEKAIOCTH .

llapacenesuc: a) MarmaTU4eCcKo€ - 00pazyeTcss COBMECTHO C MUPPOTUHOM U
MIEHTJIAHIUTOM TIPH JIMKBAIMU OCHOBHBIX MarM; 0) THAPOTEPMAIbHOE - COBMECTHO
C IUPUTOM, TUPPOTUHOM, C(ajgepuToM, raleHUTOM U OJieKIbIMU pynamMu. Kpome
TOTO, XAJIBKOTHUPUT SIBISIETCS COCTABHOM YacThIO KOJYEIAHHBIX 3aJekKeil, B)
0CaZ0YHOE - XaJbKOMUPUT BCTPEUAaeTCs B BHUAE IIEMEHTAa B IEeCYaHUKaX
(«MEIHUCTBIC TICCYAHUKI ).

B 30He BTOpUYHOTO 0OOOTAIllEHHs] XAILKOMUPUT U3MEHSIETCs, TEepeXo/is B
OOpHMT, XaJIbKO3WH, KOBEUIMH, @ B BEPXHEH YAaCTH 30HBI OKHUCJIEHUS MO HEMY
pa3BUBaeTCs KyNpPUT, MaJlaXuT, a3ypuT, JTUMOHHUT, XPH30KOUIa U JApYTrHUe
BTOPUYHBIC MUHEPAJIBI.

BOPHUT-CusFeS,; (HazBan mno wumenu WM. bopna - aBctpumiickoro
MUHepaiora), necrpas meaHas pyaa (Cu 63,3%). LiBer B cBexxeM U3J10ME MEHO-
KpPacHbI 10 JHJIOBOTO; OOBIYHO MHUHEpal MOKPBIT PAAYKHOU SPKO-CHHEN
no0OeXaI0CThIO; YepTa CEPOBATO-UEPHAS.

Juaenocmuueckue npusHaku - SIPKO-CHHSISI TOOEXKAIOCTb, Ha CBEXKEM
U3JIOME XapaKTEpHbI MEIHO-KPACHBIH 1[BET.

llapacenesuc: a) TuapOTEpMAIbHOE - OOPHUT BCTPEYACTCS BMECTE C
XaJIbKOTIUPUTOM, HMHOTJA C(]aJepuTOM H TaJICHUTOM; O) B 30HE BTOPHUYHOTO
cynbbuaHoro  oboraimieHuss ~ OOPHUT  MOCTOSTHHO
00pa3zyercs Mo XaJbKOMUPUTY U TECHO aCCOLMUPYETCS C
XaJbKO3MHOM. B 30HEe oOKucieHuss OOpHUT JIETKO
U3MEHSIETCS, TIEPEX0/isi B KOBEJUIMH, a 3aTeM B KYIpPHT,
JUMOHUT U MaJIaXuT.

[IpakTrueckoe 3ansTueNe4
Jucynvgpuont u ux ananozu

IMUPUT-FeS, (0T rpedeckoro cioBa «HNUpPoOCH-

OTOHb ), CHHOHHMM - CEpHBIN KordenaH (puc.59).

Puc. 58. KoBesumnH, 60pHHT,
XATbKOMUPHT

Puc. 59. Kpucramisi
BeTpewaercss  mUPUT B BHAC  XOPOWIO pypyra - Ky6bI ¢ 4eTKOi

00pa3oBaHHBIX  KpPUCTALIOB B  (Qopme Kkyba, B3ammonepnenieKy:sipHoii
MICHTArOHI0IeKadIpa v Ap., PeXKe B BUJIC BKPAIICHUN 1 IITPHXOBKO



CITOIIHBIX MAcCC.

ﬂuCZZHOCWlMLl€CKM€ npu3HaxKu . COJIOMCHHO -KEJIThIN OBCT, OoJIbIIas

TBEPAOCTh, XapaK TePHbIC KPUCTALTLI B (popMe KyOa, ITPUXOBKA HA TPAHSX.
Ilapacenesuc - TAPUT ABIIETCS YPE3BBIYANHO PACTIPOCTPAHECHHBIM MUHEPAIOM
1 00pasyeTrcs MOYTH IIPHU BCEX MPOoIeccax MUHEPATI000Pa30BaHU:

¢

¢

a) B BHJIC BKpAIUICHWH, BO3HHUKAOIIMMH TP  MarMaTHYeCKOM
KPUCTALTU3AIINH;

0) BcTpeuaercs B CKapHax - KOHTAKTOBO-METaCOMaTHUECKUX 00pa30BaHUX,
rJic  TUPUT acCOIMHUPYET C JAPYTUMH Cyidb(UaaMH, MarHeTUTOM,
MUPOKCEHAMU, TPaHaTaMU;

B) B THIPOTEPMATHHBIX KWJIAX U BCTPEUAETC KaK CIYTHHK MHOTHX PYIHBIX
muHepanoB. (CM. tabmuily 7).

IpakTuyeckas padora: .Ne3; Ned;
OmnpeaeneHue CepHUCTHIX cOeMHeHUH (CY1bGUI0B U TUCYIb(HUI0B)
N3yunuts U onpenenuts Cyinb(Qubl, UCHOJb3Yysd HA0Op MUHEPAIOB, LKAy

TBEPJIOCTHU, CTEKIIO, KOMIIAC, TAOJMIYy U OTIPEEIUTENh MUHEPAIOB.
Obopyoosanue. KOJJEKIUI MUHEPAIOB Kiacca CylIb(QHUIOB, IIKala TBEPIAOCTH
Mooca, 6enas papdopoBast IacTHHA, MEIHA MOHETa, CTEKJIO, COJITHAsT KHCJIOTA.

¢

Ilopsaook evinonnenuapadomot.

a) TOJpa3/ieNTh MHUHEpalbl Ha JBE IPymMIbl:l. ¢ METAUIMYSCKAM OJIECKOM
(raJIcHUT, THMPHUT, TMEHTIAHIWT, MUPPOTHH WU T. J.) - MHHEPaJbl, HMEIOIINE
TEMHBIH IIBET YEPTHI.

0) 0e3 MeTaluTMYecKoro OJecka - (MUHEpasbl, UMEIOIIME CBETIIYIO WIIH Oelyro
YepTy - AypPUIUTMEHT, peajbrap, KHHOBaph U T.1I.)

B) ONPECIHUTh [BET

I') OIIPEIEIUTh TBEPIOCTD

KoHTpo/ibHBIE BOPOCHI
1.HazoBuTe cynbhuabl, IapanaroIme CTeKIIO.
2. HazoBure cynb(uabl MeI1, MBIIIbsIKa, CBUHIIA, ITAHKA, PTYTH, CYPbMBbI U

HX IIPAKTHICCKOC SHAYCHHC.

3.IlepeunciuTe XxapakTepHbIC MApareHETUIECKHUE acCOIUAINH CYIIb(PHIOB.
4. Tlepeunciure Cyib(OUIBI C METAUIMYECKAM H HEMETAUTMIECKAM OJICCKOM.
5.Kak o6pazyrorcs cynbhuab?

Tema 2.3 TajoreHuanl

Munepainsl 3TOoro Kiacca npeactasieHsl coysimu kucinor HF, HC1, HJ u HBr. B
npupoje OonbimM pacnpocTpaneHuem nosb3ytoress HC1 u HF, B cBsizu ¢ yem
HanOouee pacrpoctpaneHbl mpocthie — NaCl (ramur), KC1 (cumbBuH) U clloKHBIC
MgC1,-KC1 « 6H,0 (xapnHamuT) xmopuasl, a Takke Gropuasl CaF (dmaroopur).
BONBIIMHCTBO U3 3TUX COEAMHEHUN KPUCTAUIU3YETCS B KYOMUECKOW CHUHTOHUU.
duznyeckue CBOMCTBA: MPO3PAYHOCTh, CTEKIISTHHBIN OJIECK, HEOOIbIIONYACIIbHBIN



BEC, HU3KYI0 TBEPJOCTb, JIETKYI0 PACTBOPUMOCTh B BOJE, HU3KHE MOKA3aTENU
TIPEIOMIICHUS.

Xnopuasl 00pa3yroTcs TPEUMYIIECTBEHHO B 3K30TEHHBIX YCJIOBUSX,
KPYITHBIE CKOTUICHUSI KX UMEIOT 0CAJI0YHOE MPOUCXO0XKICHHUE (COJISTHBIC 3AJIEHKH ).

@ropuasl (PpIrOOPUT) UMEIOT B OCHOBHOM JHJIOTEHHOE MPOUCXOXKIICHHUE,
00pa3ys 3HaYNUTENbHBIC KOHIIEHTPAIIUH THAPOTEPMAILHOTO THIIA.

Huxe paccMOTpeHbl TOJBKO HanboJiee pacnpoCTpaHEHHbIE MUHEPAJTIBI.

Xnopuowt.

I'AJIMT-NaC1 (oT rpedeckoro cjioBa «2aloc» — COJIb), CUHOHUM
KaMeHHas coib (puc.60).

Cuneonus xybudeckas. OueHb 4acTO BCTpedaercss B (opMe XOpollo
00pa30BaHHBIX KPUCTAIIOB — KyOOB, 00pa3yeT 1py3bl, CILIOLIHbIE MACCHI, KOPKU.

du3nUeCcKUe CBOWCTBA - OOJBIICH YacThi0 OCCLBETHBIN, OCbIM, HO
Os1aro1aps pa3JIMdYHBIM MEXaHUUECKUM IIPUMeECSM (3keTie3a, OMTYMOB) MOYKET OBITh
KpPacHbIM, CEpbIM, CUHUM (CUHHI I[BET XapakTepeH B Te€X CJIydasX, KOTJa rajuT
BCTpeuaercsi BMecTe ¢ cuibBHHOM-KC1). brieck CTEKIISIHHBIN; JIETKO pacTBOPHM;
CIIAallHOCTh COBEpIIEHHAs IO KyOy; TBEPAOCTh 2;
yaenbHbIN Bec — 2,1-2,2. %

Juaenocmuueckue npusHaxku — COJIEHBIM BKYyC, ¢ iy
HU3Kasi TBEPAOCTh, CIIAHHOCTD IO KIIyOy. ‘ =

IIpoucxocoenue NpeUMyILIECTBEHHO 0CAOYHOE.
B nHeOonbimoMm KoJMYecTBE TaluT oOpaszyercss u3
BO3T'OHOB BYJIKAHOB U OTJIaraeTcsl Ha CTEHKAaX KpaTepoB
BYJIKAHOB.

CWIbBHUH - KC| (Ha3Ban B 4ecTh Puc.60. 3epuucrhie
TOJUIaHACKOI'oO Bpada M XHMHKaA CunbBus il BarH) Macchl raaura (0eJblii) u
(puc.63). cHILBHHA (PO30OBbIii)

Cuneonus xyonueckas. Cmpykmypa aHaJIOTU4Ha
CTpykType Tamuta. KpucTtamisl B BHIEe KyOOB peIKH; OOBIYHO CHIIbBUH
BCTPEYACTCS B CIUIOIIHBIX 36PHUCTHIX Maccax B MapareHe3uce ¢ rajimToM, oopazys
MOPOJTy, HA3bIBAEMYIO CUJIbBUHUT.

QDusuueckue c60Ucmea - YUCThIE PA3HOCTH OECUBETHHI, HO YaIle BCEro
CUJIbBUH OBIBACT MOJIOYHO-0€NMbIM (M3-32 MHOTOYHWCIICHHBIX  BKJIFOYCHHIA
My3bIPHKOB Ta3a) WM KpPacCHBIM, OPAHXKEBBIM, pO30BBIM (BCJEICTBUE
MEXaHUYECKOU MPUMECH OKHUCJIIOB Kelle3a); 0JIeCK CTEKIISTHHBIN; CIaltHOCTh BEChMa
COBEpIIICHHAs ; BKYC TOPBKO-COJICHBIN; TBEpAOCTh 1.5—2; ynenbHbIit Bec 1,9—2,0.

Jluacnocmuueckue  npusHaku - TOPbBKO-COJIEHBIA  BKYyC,  JIerkKas
pPacTBOPUMOCTh, MAPAreHe3UC ¢ TATMTOM, OKPAILIEHHBIM B CUHUU 1IBET.
Ilpoucxoorcoenue — BCTpeyaeTcss BMECTE€ C TaUTOM B YCBHIXAIOIIUX

COJICHBIX O3€pax, IJ¢ BbIMagacT OJHHM U3 IMOCJICAHUX. BO3HHKaeT mpH
pasnosxennn kapHawmra (MgCl, KCI-6H,0).
Ipaxmuueckoe 3navenue-CoIpbe TS MOMyYEHHS KATHHHBIX YI00peHHIA.



KAPHAJIJINT-MQCI-KCI-6H,0O (Ha3BaH B 4eCcTh HEMEIKOTO WH)KECHEpa
Kapnams).

QDusuueckue ceoucmaea — IBET OT PO30BOro 10 KpaCHOT'0, MHOTAA PO30BaTO -
JKEJITOT0, PEXe HaOMOJAI0TCsl OeCIBETHBbIE PA3HOCTH; OJIECK CTEKJISTHHBIM, Ha
BO3yX€ KUPHBIN; CIAHHOCTH HET; BKYC TOPBKO-COJIEHBIN; CUIILHO TUT'POCKOMNYEH
— Ha BO3JyXE JIETKO PacIUIbIBAETCS; TBEPIOCTh 2-3; yAelbHbIN Bec 1,6.

Juaenocmuueckue npusnaku — 00JIbIIasi TUTPOCKONUYHOCTH (HA BO3yXE,
OBICTPO CBIPEET); MPU HArpEeBaHUM HA CTEKIIE PacTBOPSETCS B COOCTBEHHOMU
KPpUCTAUTM3ALMOHHOMN BoJie. [Ipy CBepJIeHHM HOXKOM M31A€T XapaKTEPHBIN TPECK,
BCJIEJICTBUE BCKPBITUS U PA3PbIBA BKIIOYEHUN.

IIpoucxooicoenue. o6pazyercss COBMECTHO C TajUTOM U CUJIBBUHOM IPH
OCaXJEHUU M3 BOJ M PACCOJIOB B 3aMKHYTBHIX BOJIHBbIX Oacceiinax. KapHamwmut
OCaXKIaeTCs B MOCIEIHEN CTAANN BBICBIXAHUSA 0ACCENHOB.

Dmopuovt
®JIIOOPUT-CaF, (oT 1aTMHCKOTO CJIOBa
«@mooy - TeKy, U3-3a CIOCOOHOCTH MHUHEpaa JIETKO
IUTABUTHCSI TIPU HarpeBaHWM), CHHOHUM - IUJIABUKOBBIN
mmar (puc.61).

BeTpeuaercst B BUIE KPUCTALUIOB KyOMYECKOM,
OKTa’APUYECKOM U 10IeKadIpUIecKoil popM, oOpazyer
CIUTOIIHBIEC 3€PHUCTHIE MACCHI, HATEUHBIE U PATUATBHO -
JYYUCTHIC arperarsbl.

Puc.61. ®mooput Jluacnocmuueckue  npusHaxu:  XapakTEpHbIE

KpUCTAIB, CHAHOCTh MO OKTaxapy. OT KBapua u

TOMa3a, C KOTOPHIMHU HHOTJA CXOKEH, OTIMYAETCS MEHBIIEH TBEPAOCTHIO H
HATMYHUEM CIIAHOCTHU IO OKTa3JIPy, OTCYTCTBUEM IITPUXOBKHU.

Ilpoucxooicoenue. TIaBHBIM 00pa3zoM TuapoTepMalibHOE. Dimooput
BCTpeUaercss B JKWIax ¢ cCyiabumamu, BOIbGPAMUTOM, KaIBIMTOM, YacTO
o0pa3yeTcs B Tpei3eHax COBMECTHO C BOJIb(PaMUTOM, TOIIA30M, MOJIMOCHUTOM.

IIpakTuyeckas padora S.
Omnpenesienne raJouIHbIX CoeIUHEHUI

W3yduTh 1 ONIPENENUTh TATUT, CUIbBUH, KApHAUTUT, (DIFOOPUT, UCTIOIb3YS
HAa0Op MUHEpAJOB, MIKATy TBEPAOCTH, OWCKBUT, CTEKJIO, OIPEACIUTENb
MUHEPAJIOB.

Obopyoosanue’. KOJUIGKIUSI TaJOWIHBIX COEAMHEHUH, IIKala TBEPIOCTU
Mooca, 6enas dapdopoBas IIaCTHHA, MEIHAS MOHETa, CTEKJIO, COJITHAsI KUCTIOTa,
BO/IA.

Ilopaook evinonnenusn padomaui:
¢ 1) Pazymenuts MHHEpabl MO TBEPAOCTH Ha JIBE MOJATPYIIIBI: C TBEPAOCTHIO
MEHBIIIE 2-TlapamarTcsi HOTTEM, MEIHOW MOHETOM (TaluT, CHIbBHH,
KapHAJUINT);
¢ 2) c TBepAOCThIO OoJbIe 2- GIIOOPUT, UMEET TBEPAOCTb-4, HE Iapamaet
CTEKJIO, ITapaniHa OT TBO3S;
¢ 3) onpeneuTh 1BET,



¢ 4) ocoOble CBOMCTBA: ONPEAETUTH MO BKYCY - TAIUT COJICHBIN; CUJIbBUH-TOPHKO-
COJIEHBIM; XOpOLIas paCTBOPUMOCTb B BO/JIE.

KoHTpobHBIE BONIPOCHI:
1. . ConocTtaBuTh ¥ MPOAHATU3UPOBATH OTIMYUTEIbHBIC TPU3HAKH MEXKTY
bTopuaaMU U XJIOPHUIAMH.
2. YCcTaHOBUTH TUTTIOMOP (pHBIE TPU3HAKH (PITFOOPHTA.
3. OnpenenuTs yclioBUs 00pa3zoBaHus QIIOOPUTA IO TATOMOP(HBIM MPU3HAKAM.
5. CocrtaButh cxemy nuddepeHnmaniu XJIopuIoB.
6. OnpenenuTh OTAMYUTENbHBIE MPU3HAKH MEKY TAIUTOM U CUIIbBHHOM.
7. OnpenenuTh OTAMYUTENbHBIE TPU3HAKU MEX]ly KAPHAJUTUTOM U OUILIO(PUTOM.
8. YCTaHOBUTH OCHOBHOM JUArHOCTUYECKHUI MPU3HAK KapHAILIUTA.

Tema 2.4 Oxcuabl (OKHCJIBI).

OKHCIIBl TPENCTABISAIOT COO0M COEAMHEHHUS METAIOB C KHUCIOPOAOM U
TUJPOKCUIBHOU TPYIIION (OH)".

Pa3znooOpa3ue MuHepanoB ONpeaesnsercss MPUCYTCTBUEM B HUX Pa3IMUHbBIX
katroHoB: Mg Fe, Ni, Zn, Cu, Si, Al, Cr, Ti, Sn, U.

Kiacc oxuciioB pazaensiercss Ha Tpu nojknacca: /) npocmwie okucivl, 2)
clLodicHble okucavl; 3) euopookucivi. KpucTaumm3yroTesi B pa3IMIHbIX CUHTOHUSX,
BCTPEYAIOTCA B BUJI€ XOPOIIIO 00pa30BaHHBIX KPUCTAIUIOB, CIUIOIIHBIX, 3€PHUCTHIX
Maccax, pbIXJIbIX, 3eMJIMCTBIX arperarax, KOJUIOUJAHBIX 00pa30BaHUsX.

CoennHEHUsT XapaKTePU3YIOTCs BBICOKOW TBepAOCThIO (5-7). Jlns MHOTHX
MUHEpAIOB, COJEp KaIllMX >KelIe30, TUIMUYEH TEMHBIM, MOYTH YEpHBIA LBET,
NOJIyMETATMUYECKUHN OJIeCK (XpOMUT, MarHeTUT, UJIbMEHUT).

O6pa3oBaHHle OKHCIIOB MPOUCXOJUT IPHU PA3IMYHBIX MpOLECCax, B TOM
Yucje M SHAOTEHHOM MMHEpaJoo0pa3OBaHUU -MarMaTu4eckoM, NErMaTUTOBOM,
TUAPOTEPMATHHOM.

OKMCIIBI IBIISIFOTCSI TAK)KE TUIMMMYHBIMU 00pa30BaHUSMU 30HBI OKUCJICHUS
PYIHBIX MECTOPOKACHUM (KYITPUT, FTEMATHUT); YaCTO OHU BO3HHUKAIOT B BOTHBIX
OacceiiHax (MopsiX, 03epax, 00J0Tax), HAMPUMEP THIPO OKKUCIIBI MapTraHIIa, )Kese3a,
KpEMHHUSL.

Tema 2.4.1 Ilpocmuie okcuowi.

KYIIPUT - Cu,O (kpacHas MenHas py/aa) (OT JATHHCKOTO CIIOBA KKYRPYM»
— Me€Jb).

Cuneonus KyOndeckas.

Pa3HOBUIHOCTH B BUJIE 3€MJIMCTHIX MacC KUPIHUYHASA MEIHAs pyaa.

Juaenocmuueckue npusHaku - XapakTEpHbIM IIBET; MapareHe3uc C
MaJIaxXUTOM, a3ypUTOM, CAMOPOJTHOMN MEJBIO.

Ilapacenesuc - oopazyercs
NPEUMYIIECTBEHHO B 30HE OKHCIJICHUSI MEJTHO -
cyib(puaHbIX pya. Bctpeuaercs BMecTe ¢
CaMOPOJHON MENIbI0, MATTAXUTOM, a3yPUTOM U
XPU30KOJIION.

Puc.62. PazHOBHIHOCTL TeMATHTA -
CTEKJISTHHAsI T0JI0Ba



I'EMATHUT-Fe,0; (0T rpeyeckoro cjiaoBa «2eMamukoc» - KPOBABBI),
CUHOHHUMBI-)KEJIE3HBIN OJI€CK, KpaCHBIN KEIIEe3HSK.

PazHoBugHOCTH: a) JKENE3HBIM OJIECK-TOHKOKPUCTALIMYECKAE, WHOTIA
YenryivaTble arperarbl 4epHOTO 1BETA; 0) KpACHBIH KEJNE3HSIK - INIOTHBIE arperaThl
KPAaCHOTO I1IBETA; B) KpacHas CTEKJISHHAs TroJ0Ba — KPYIHbIE MOYKOBHUIHBIC
obpazoBanus (Puc.62).

Juaenocmuueckue npusnaxku. BUIIHEBO-KpacHash 4YepTa, CPaBHUTEIbHO
BBICOKAsi TBEP/IOCTh, OTCYTCTBUE MAarHUTHOCTH.

Ilapacenesuc - o06pazyercs B yCIOBHIX OKHUCIUTEIILHOU cpeabl. Bctpeuaercs
Ha CTEHKaX KpaTrepoB BYJIKAHOB; B TUAPOTEPMAIBHBIX MECTOPOKIECHUAX BMECTE C
KBapieMm, OapuToM, B  pe3yiabTare Meramopdu3Ma; TNpU  OKUCJICHUH
(MapmaTHh3alyy) MarHeTUTa B BEPXHUX 30HAX MArHETUTOBBIX MECTOPOKICHUM.

KACCHUTEPHUT - SnO, (0T rpeYecKoTo CIOBA KKACCUMEPOC» — OJIOBO),
CHUHOHHUM — OJIOBSTHHBIN KaMEHb.

Juaenocmuueckue npusHaxku-onpeAeNnsieTcs IO BBICOKOHW TBEPAOCTH,
00JIbIIIOMY yJIETLHOMY BeCy, (popMe KpUCTAIUIOB.

llapacenesuc: a) MErMaTUTOBOE - BCTPEYAETCS BMECTE C MYCKOBUTOM,
KBapIleM, TIIOJIEBBIMH IIITaTaMW, TAHTAIUTOM, KOJYyMOUTOM, TYpPMAaJHHOM.
Kaccurepur B mnermarutax oOpazyer OunvpamMuaabHOW (OPMBI KPHUCTAIUIBI
TEMHO-OypOro, MOYTH YEPHOTO IBeTa; 0) MHEBMATOJUTO-THAPOTEPMAIbHOE - B
OJIOBOHOCHBIX I'pei3eHax; B) THIPOTEPMATLHOE-B KUJIbIX KACCUTEPUT-KBAPLIEBOM
U KacCHUTEpUT-CYIbGUIHON (dopMalliid, B KOTOPHIX KACCUTEPHUT BCTPEUACTCS B
accolMallii C KBapIleM, TyYpPMaJIMHOM, XJIOPUTOM, a TAaKXe C XaIbKOIMPHUTOM,
MUPPOTUHOM, CHATEPUTOM, TATTCHUTOM.

IMAPOJIFO3UT - MNQO,; (0T rpeuecKuX CJIOB «nUp»- OTOHb U «IHOCUCH-
YHUYTOXKEHHUE, MBIThE, B CBSA3U C IPUMEHEHHUEM B CTEKOJILHOM IIPOU3BOJICTBE IS
YHUYTOXKEHUSI 3€JIEHOTO OTTEHKA Y CTEKJIA).

Jluacnocmuueckue npusHaku’: Y€pHBIN LIBET MUHEpaia U yepThl. OT APYyrux
MapraHlUEeBbIX MHHEPAJIOB (ncunomenana, MaHTaHUTA) OTJINYAETCS
HE3HAYUTENIbHO-00JIee COBEPIICHHOW CHAlHOCTHIO, OOJbIIEH XPYNKOCTHIO U
OTCYTCTBHUEM B €0 COCTABE BO/IbI.

llapazcenesuc - 3K30T€HHBIE MECTOPOKACHUS OOPa3yIOTCs OCaI0YHBIM
MyTeM, a TaKXK€ MPH Pa3BUTUU MPOLECCOB BHIBETPHUBAHMS B 30HAX OKUCIJICHUS
OCaJI0YHBIX MECTOPOKJICHUN (MapraHIEBbIX IUIANAX) MUPOIIO3UT HAXOIUTCS
COBMECTHO €  JIDYTUMHU  MapraHieBbIMM  MHUHEpajlaMd  (MaHTaHUTOM,
NICUJIOMENIAaHOM, TayCMaHUTOM | Jp.). B 30He okucieHuss muposro3uT (Hanboee
YCTOWYUBBIA B OTUX YCJIOBHUSAX) 3aMmeliaeT OOJBIMMHCTBO MapTraHIEBBIX
MUHEPaJIOB.

KBAPII-SiO, (npoucxoskIeHHEe Ha3BaHUs
HEW3BeCTHO) (puc.63).

Pasnosuonocmu .- 6eciBeTHBIN, OCNBIN, CEPHIH,
peke po30Bblid, (PHOJIETOBBIN (aMETUCT), IPO3PAYHBII
(ropHBIN XpyCTajb), THOTIA ABIMYATHIN (payX-Tomas)
JI0 4epHOTO (MOPHOH).

Juaenocmuueckue npusnaxu: CTEKJISHHBIN

Puc.63. KBapu. [Apy3a.



OJieCK, BBICOKas TBEPJOCTb, PAKOBHUCTHIA HW3JIOM, TMOIEpEYHas IITPUXOBKA Ha
NPU3MAaTUYECKUX TPaHIX.

Pasnosuonocmu: xamienoH - CKPBITOKPHCTALIMYECKAs Pa3HOBHIHOCTD,
BCTpeJaercs B BUE HaTeUHBIX Popm, sxeo . [lomocuareie Xamien0Hbl Ha3bIBAIOTCS
araTamm.

Onan - amopdnas, cojaepskamas BOay pasHOBHIHOCTH SO, nH,0.
BeTpeuaercss B BUJ€ HATEKOB M CIUIOMIHBIX Macc. OTiuyaercss OT KBapia |
XaJeA0Ha MOHMKEHHON TBEPIOCThIO (10 5 mo mikane Mooca). biaeck MaTtoBbI i,
BOCKOBOM. OOBIYHO OECIIBETHBIM, HO 3a CUET MPUMECEH MOKET UMETh Pa3IMYHYIO
OKpacKy — 4YEpHYI (MpUMECHu OWUTYMOB), 3€JICHYIO (IPUMECH MEIH), KENTYIO,
Oypyto (mpumecu >Keie3a); MPO3pauHble PA3HOCTH oOMajla Ha3bIBAIOTCS
0JIarOPOTHBIM OTIAJIOM.

Amma - wioTHOe 00pa3oBaHUE CKPHITOKPUCTALIMUECKOTO XallleloHa
MeTaMOP(OUIECKOTO TMPOUCXOKACHUSA. SMMBI UMEIOT Pa3UIHYI0 TECTPYIO WA
M0JIOCUYATYIO OKPAcKy.

llapacenesuc — KBapll W €ro Pa3HOBUIHOCTU PaCIPOCTPAHEHbI
UCKITIOYUTEIFHO MIMPOKO W BO3HUKAIOT TPH CaMbIX Pa3jMYHBIX TMpoIeccax
MUHEPaAI000pa30BaAHNUA:

¢ a) MarMaTMYeCKuMX — KBapI oOpa3yercsi B KHCJIBIX HHTPY3UBHBIX
MopoJiax — rpaHuTax, KBapIeBbIX Nopdupax u Jp., TJe OH BCTPEUACTCS
BMECTE C MMOJICBBIMH IIIIIATAMU U CITIOJIaMHU;

¢ 0) merMatuToBBIX — KBapll oOOpa3yercs C pPEAKOMETaIbHBIMH,
pPEeIaKO3EMETbHBIMH;
¢ B) TUIPOTEPMATBHBIX — KBapIl BCTpeYaeTcss ¢ OOJBIIMHCTBOM

CyIb(GUI0B, 30JI0TOM.
Ilpocmvie okucnot

Tabauna 7
Kynput I'emaTut
XAMUYECKU I
COCTaB U CL,O Fe,Os
3JIEMEHThI-
PUMECH
CunHronus KyOnueckas TPUTOHAJIbHAS
O0muk OKTa3Pbl U pom6oenekadpsl UM UX | KPUCTAIUTBI OYCHD PEIKU, TaOIUTIAThIC,
KpHUCTAJUIOB KOMOMHALINU MJACTUHYATHIE
JPY3bl, MTapaJlJIeIbHO-BOJOKHHCTHIE, o
Arperatbt SeMJIHCTHIC, TIOTHBIC 3epHUCTHIC, YelyiyaThie, HaTCUHBIE.
izen TEMHO-KPaCHBIH, CTaJIbHO-CEPBIH, YEPHBIN, TEMHO-
OypoBaTO-KpaCHBIH BUIIHEBHII
. OypoBaTO-KpacHasi, IIp1 pacTUPAHUU TeMHO-BHIIHCRAs
OMCKBUTAMU KEITEET
Buzeck aJIMa3HbIN, y 3EMIICTBIX pa3HOCTEN | METAUIMYECKUI, B ILIOTHBIX arperarax
- MaTOBbIN MaTOBBI
CnaiiHOCTb HECOBEpIIEHHAH
TBepmocTh 85-4 55-6
( B arperatax CHM’Kaercs Jio 2)
VY nensHbIl BEC 6,0




Hpyrue

XpPYHODKOCTH

CBOWCTBA
Teresic 5 K 3 0 vr € H H H V171,
9HJOTE€HHBIH, MeTaMopruUecKu it
[Ipumenenue MeHas pyza | pyZa Ha JKeJIe30
Tabauna 8
[Tuposro3ut Kaccurepur
zf)I/ICI\;;I;IGCIG/II/I MnO, SnoO;
Cunronus TETparoHaljJlbHas
KPUCTAJUIBI PEKH, IPU3MATUUYECKUIA, TPH3MATHHCCIATH,
OO0k Ny MHUPaMUJATEHO-
KpUCTAILJIOB HTOIBAATRIH NIPU3MaTUYECKU .
YaCTOKOJIEHYAThIE ABOWHUKY]
CKPBITOKPUCTAJUIMYECKUE, paAualIbHO-
arperarbl JYYHACTBIE, KOHKPELUH, CAXKUCTBIE, 3€pHUCTBIC, HATCYHbIE
3EMIIMCTBIE
IlBer YEPHBIN KpacHO-0ypblIil, YUepHBbIH
Yepra YepHasi, CaKUCTast cBetias, OypoBaras
bneck MOJIYMETANINYECKU M, MATOBBII aJIMa3HBIM,
CnaitHocTb COBEPILCHHAs 110 TPAHAM IIPU3MBI HECOBEpILICHHAs
TBepaocTh 5-6 mo 1 6-7
V. Bec 5,0 7,0
Hpyrue XapaKTepHa peakius Ha
CBOIICTBa «OJIOBSIHHOE 3€pKaJio»
9HJJOTCHHBIN
TUJIPOTEPMAJIbHBIN, BCTpEYaeTcs]
I'enesnc 9K30TE€HHBIN (0CaJ0YHBIN, B 30HE B TPAHUTHBIX METMATUTAX.
OKUCJIEHU ST, OMOXUMUYECKUIA ) 9K30T€HHBIH (B 30HE OKMCICHUS
OJIOBOCOJIEPKALMX CYIB(HIOB)
HakxanmanusBawTcsas B poOCCHBH I X
IIpumenenue Pyna na mapranen Pyna na onoso

Tema 2.4.2 Ci105KHBI€ OKCHAI

Munepansl 00pa3yloT  OKTadJIpHUECKUC
(1 %\v KPUCTAIBI OOBIYHO YEPHOW C HECOBEPIICHHOU
: ,éﬁ;;. /  CHAHOCTBIO, BBICOKOM TBEpAOCThIO (5,5-8,5).
Puc. 64. Xpomur, Hoxyam
(BKpamnJjeHus)
Tabauna9
WibMeHnT MarneruT XpomMuT
XUMUYECKUHA COCTaB FeTiO3 FesO4 FeCr,0O4
CuHronus TPUTOHAJIbHAS KyOndeckas
TabauTUaTas, OMOOI0ICKAD APUUCCKUH, KCTaJLIbI
OONHK KPUCTAIIIIOB P AOACKASAPIHCS P
TUIACTUHYATAS OKTadIpUICCKU I peaKu
Arperatsl BKPAIUICHHUKH BKPAIUICHHUKN KPHCTAJUIOB | BKPAIUICHHUKH




KpPHUCTAJUIOB, WJTU 3€PEH, PY3bl, CILIOIIHbIE OKPYITIBIX
3€pHUCTHIC 3€pHUCTBIE MACChI, OOJIMTOBBIE 3epeH,
CIJIOIIIHBIE
3epHUCTHIE
MacCChI
Iser JKEJI€30- YEPHBIN YEPHBIN YEPHBII
yepHas qyepHas Oypas wiu
Uepra OypoBaro-
KeJras
Bucck METAJUINYECKU I MOJYMETAIIINYECKU I
B arperarax - >KUpHbII
CnaiiHOCTb HEeCOBEpIMEeHHas
TBepmocth 5-6 5-6 5,5-7,5
VYu. Bec 4.7 4.9-5,2 4,0-4,8
Ha IpaHsX KpUCTAILJIOB
HITPUXOBKA IO TPaHIM
pomOoI0/IeKadipa OHa
MPOXOJIUT MapaieTbHO
Hpyrue cBoicTBa )IJmeoﬁ ;IglaFOHanm pomba, o HEOTE CIERD
’ MarHuTeH
TpaHsIM OKTa3pa
MEepECeKaeTCsl B TPEX
HaIpaBJICHUSAX NapaieIbHO
pebpam; CUIBHO MAaTHUTEH
SHIOTEHHEBIHU
Pa3HOOOPAa3HBIN YHIOTCHHBIN
(MarMaTU4YeCcKuii,
IMErMaTUTOBBIM,
o . TOJIBKO
MarMaTU4ecKui, THAPOTEPMATIbHBIH, o
I'enesuc . MarMaTU4eCKU
MEerMaTUTOBBIH, KOHTaKTOBO-
o (B yIBTPAOCHOB-
MEeTacoOMaTHUYECKU i,
HBIX TTOPOJIaX)
pPErnOHAIBHO-
MeTaMopuYecKuii),
SK30T€HHBII
[Ipumenenue pyda Ha TUTaH pyda xenesa pyda Ha XpoMm

Tema 2.4.3 I'mapookuciibl. CHHTeTHYE CKMEe KAMHH

MuHepanbl 00pa3yrOT HATCUHBIC arperarbl, OOJIUTHI, PBIXJIbIC, 3EMJIMCTHIC,
[IUTAKOBUTHBIC, TICEBAOMOP(}O3BI MO MUPHUTY; OKpacKa KenTo-0ypasi, TeMHO-Oypas,

yepTa pkaBo-Oypas.

KOHKpPCIUHU, CCKPCLINH,
OOJIMTHI.

Tadauna 10
I'etut JlumoHutT
1 2 3
XUMHUUECKHI COCTaB U
AJIEMEHTHI IPUMECH #IE0p rlreop miERo
CuHronus poMOuuecKas amMop(HbII
OO0IMK KpUCTAIIIOB TaOIMTYATHINA, UTOJBYATHIN
HaTEYHBIN C PaguaIbHO-
JYYUCTBIM WJIM MApAJJICbHO- |  3eMIIUCTBIE, TOPOIIKOBATHIE;

Arperatbl BOJIOKHUCTBIM CTPOCHUEM, MOPHUCTHIE IIDTAKOBUIHBIE,

nceB1oMOpQo3bl MO MUPUTY




[Ber XKenTo-0ypasi, TeMHO-0ypast
Uepta pxkaBo-Oypast
MOJIYMETATNYECKU U,
Breck alIMa3HbIN (Ha TpaHsax MATOBLL
KPHUCTAJUIOB),
MaTOBBIH (B arperarax)
CmaiftHoCTh COBEpIIIEHHAs 110 THHAKOUTY
TBepmocTh 45-55 1-5
VYn. Bec 4-4.5 3-4
enesnc 9K30T€HHBII B 30HAX OKHCICHUS CYIb(HIHBIX MECTOPOKICHUM
THAPOTEPMATIbHBIN | ocanounbiii (6010THBIE Py/IEI)
[Ipumenenue Ba)KHBIE JKEJIE3HBIE PYABI

I'pynna ruapooKuciI0B Maprasua
Munepaiisl 00pa3yroT IUIOTHBIE arperarbl, 3eMJIMCTHIC, PBIXJIbIE, HATCUHbBIE,
OO0JIMTHI, JCHAPHUTHI; OKpacka TeMHO-Oypas, depTa 4epHas (ICUJIOMENIaH) WIH
Oypas (MaHTaHHWT); TBEPAOCTh 3-6, B PBHIXJIBIX arperarax Imajaer no 1; pasmararor
COJISTHYIO KHCJIOTY C BBIJICJICHHEM XJIOpa.

Tadauna 11

MaHranut [Icunomenan

XUMHYECKUH COCTaB U
MnO; 'MII(OH)Z m MnO -MnO -nH;0
3JIEMEHTHI IIPUMECH
CuHronus MOHOKJIMHHAas pomOunyeckas
OONHK KPUCTAIIIIOB MPU3MATHICCKUM
A IIJIOTHBIE MAacChl, HATEYHBIE, OOJIUTHI, 3eMIIUCTHIE, PBIXIIbIE
eratbl
PEAKO APY3bI JICHIPUTHI
o o YEPHBIN C CEPOBATHIM
[ser TEMHO-OYpBbIi, YepHBIN
OTTEHKOM
yepHas, THOT/1a
Yepra Oypas pHai, 5
C cepoBaThIM OTTEHKOM
MAaTOBBIN
bneck MOTYMETAIINYECKU I
(B KpUCTaIIIaX)
CrnaitHoCTb COBEpUICHHAs 110 NTUHAKOUY
3-4 5-6
TBepaocTh
(B ppIXJIBIX arperatax nagaer 7o 1)

V1. Bec 4.0 | 4.8
Hpyrue coiictBa pasnararoT COJISHYIO KHCJIOTY C BBIJIEJIEHUEM XJI0pa
I'enesuc SK30T€HHBIN
[Ipumenenue MarMaTUTOBBIE PY/IbI

Cnoosrcnle okcuobl.

MATI'HETHUT - FeFe,O, (mpeanonaraercs, 9T0 Ha3BaHUE MPOUCXOIUT OT
MMEHM TlacTyXxa MarHeca, KOTOpBIA  BIEpPBbIE OOHAPYXWI  KaMEHb,
NPUTITUBAIONINIA K ceOe JKene3HbIM HAKOHEYHUK €ro MaJlKu).

Jluacnocmuueckue npusHaxu: CUJIbHO BBIPAKEHHAS MAarHUTHOCTD.

llapazenesuc: a) MarMartm4eckoe - B OCHOBHBIX mopojax; O)
METacoOMaTU4YecKoe - B KapOoHaTHTaX, rie 00pa3yeT HHOTIa KPYITHBIC CKOTUICHUS;




B) KOHTAKTOBO-METACOMATUYECKOE - B CKAPHAX, K KOTOPBIM MPUYPOUYEHBI KPYITHBIE
MECTOPOXKJICHUSI MarHeTuTa. MarHeTuT B 3TUX 0Opa30BaHUAX aCCOLUUPYETCS C
KaJIbIIUTOM, TpaHaTaMu, TUPOKCEHAMHU, CYyJb(pHUIaMu, SMHUI0TOM, XJIOPUTOM.
Tema 2.4.3 I'mapookuc/ibl. CHHTeTHYECKHE KAMHH.

I'mapookuciabl xese3a: IT'ETUT-HFeO, n JUMOHUT- mF,0;-nH,0.
CxorieHHsI TUAPOOKHCIIOB JKelie3a B TMPHUPOJE MPEACTABISIOT OOBIYHO CMECH
réTuTa, JJUMOHUTA U JIPYTMX OKHUCJIOB jKelie3a, OTIMYAIOIIMXCS APYr OT JApyra
KOJIMYECTBOM BOJbI. Ha3biBaroTcsi oHU OypbhIMH jkeje3Hskamu (puc.65). I'érur
Ha3BaH B 4YecTh ImodTa ['€ére, JIMMOHUT-OT
TPEUECKOTO CII0OBAa «JleMoH» - Iyr (paHee Tak
HA3BIBAIUCH  JIYTOBbIE W OOJIOTHBIE  PYIbI
TUAPOOKHUCIIOB XKENe3a).

Bbypsie xene3nsiku mo (GopMe HaxXOKIECHUs
MOYKHO pa3IeNIuTh Ha CISAYIOIINE Pa3HOBUIHOCTH:
a) HaTeUHble OOpa3OBaHUS B BHJE CTEKIISIHHBIX

royioB; ©0) MNOYKOBUIHBIE HaTeUHble (QOpPMBI C Prc.65 Jmmomnt,
paauanbHO - Jy4HUCTON CTPYKTYpOH U OJIeCTAIIEH 3e MIIHCTBIE MACCHI
MOBEPXHOCTHIO YEPHOTO MM TEMHO-0YpOTO 11BETA;

B) CTaJaKTUTONOA00HBIC HAaTeUHbIC (DOPMBI; T') MACCHUBHBIC CIUIOMIHBIE MAaCChI
TEMHO-OYypOTr0 WM JKEITOr0 LIBETA; /1) OOJUTOBBIE, 00OOBBIE U JIYTOBBIE PY/bI, B
KOTOPBIX OYpBhIE JKEIE3HAKN 00pa3yIOT )KEJIBAKU U KEOIbI.

Huaenocmuueckue npusHaxku - MUHEpAIbl JIETKO OMO3HAIOTCS MO Oypomy
IIBETy, XapaKTepHOW dYepTe W ¢opmMaM 00pa3oBaHUsA (CTAJTAKTUTHI, >KEOIHI,
HaT€YHbIE POPMBI).

Ilapazenesuc: a) ocanodHoe - B MOPCKUX M O3EPHBIX OacceliHax; 0) B 30HE
OKHCIICHMsSI - B TaK Ha3bIBaGMbIX <(OKEJIE3HBIX NUIINAX»  CYJIb()UIHBIX
MECTOPOXKICHHM.

I'mapookucasl AJIIOMHUHUSA. K sToit rpynme OoTHOCITCA euopamwi
2NUHO3eMa: Ouacnop, oemum, 2uopapeuiLium.

Boxkcut He sBisiercst MuHepanoM. OH MpecTaBIsieT CO00H TOPHYIO TOPOIY,
COCTOSIIIYI0 M3 HECKOJIbKUX MHHEPAIOB, TJaBHBIM 00pa3oM THAPAPTUILINTA,
nuacropa 1 0€MHTa, a TakKe KaoJIMHa, KpEMHE3eMa U OKHCJIOB JKene3a.

I'mapooxucasr MAPI'AHIIA. K 31Ol rpynime OTHOCUTCA MaHeanum W
pPa3HO00Opa3HbIE U CIOKHBIE IO COCTABY 2UOPOOKUCTbL MAP2AHYA.

MAHTAHHUT — Mn?*Mn**O,(OH), (Ha3BaH 0 XUMHYECKOMY COCTABY).

Juaenocmuueckue npuznaku-0ypblii 10 YEpHOTO UBET, Oypas uepTa,
CTOJIOUATBIA M IIECTOBATbIA OOJMK KPUCTALIOB C THUIMYHOW BEPTUKAIBHOMU
IITPUXOBKOM.

Ilapazenesuc: o0pazyercsi 0caJloOUYHbIM ITyTEM B MOPCKUX OacceilHax B BUE
OOJIMTOB M CIUIOIIHBIX MacC B acCOUMalMi C JAPYrUMU MapraHLEBbIMU
MUHEepalaMu. MaHraHUT B 30HE OKHUCJICHUS HEYCTOMYMB W TIEPEXOIUT B
MTUPOJTIO3UT.



IIpakTH4eckas padora Ne 6, 7, 8
OmnpenejieHne MHHEPAJOB IPyNIbl MPOCTHIX, CJOKHBIX OKHUCJIOB H
THAPOOKHCJIOB
W3yuuts 1 onpenenuTh KOPYH/, T€MaTuT, MarHeTUT XPOMUT, MMUPOJIIO3UT U
JIp. OKHCIIbI, CJIOKHBIE OKHCJbI U THIPOOKHUCIIBI, UCIOJIb3ySd HA00p MUHEPAIOB,
IIKATy TBEPAOCTH, OUCKBHUT, KOMIIAC, CTEKIIO, OMPEACIUTEh MUHEPAJIOB.
Obopydosanue:. KOMIEKLIUS OKCUIIOB M THIPOOKCHIOB, IIKajla TBepaocTH Mooca,

oenmast ¢gapdopoBas mIacTHHA, METHAs MOHETa, CTEKJIO, MAarHUT WIA TOPHBINA
KOMIIac.

Ilopsaook evinonnenus paoomot.

¢ 1. Pa3znmenuth MUHEPAIBI HA MOATPYIIBI-C METAUTMYECKUM OJIECKOM: MarHeTHT,

XPOMUT, WIIbMEHHT, TEMATHUT, TUPOJIIO3UT, TUMOHUT;

2. C HEeMETAUTMYECKUM OJIECKOM: KBapIl, KYIPUT, XaIIEI0H, OTa;

¢ 3. ompenenuTh I[BET YepPThI-MUHEpPAIbl C METAUIMYECKUM OJIECKOM HMEIOT
TEMHBIM IIBET YEPTHl, Y BCEX Pa3HBIN-TEeMaTUT-TEMHO-BHUIIHEBbIN; JTMMOHHT-
PIKaBO-0ypBIi; XpOMHUT-OYPBIA, MUPOIO3UT-YEPHBIN U T.1.;

¢ 4. ompenenuTth TBEPAOCTD;

¢ 5. 0coOble CBOMCTBA: MATHETUT — MPUTSATUBACT MAarHUT; MAarHUTHAs CTPEJIKA Ha
KOMIIace BpallaeTcs; KBapll - XOPOIIO I[apamaeT CTEKJIO; KOPYHI-Ilapanaer
KBap1l.

L 4

KoHTpoibHBIEC BONIPOCHI:

. Hartucatb popmysibl U KpaTKO 0XapaKkTepU30BaTh MPOCTHIE OKUCIIBI.
. Harmucatp popmyIibl u KpaTKko 0XapakTepr30BaTh CIOKHBIC OKHCIIBI.
. Hartucatp popmysbl 1 KpaTKO OXapakTepUu30BaTh TUAPOOKHUCIIBL.
. [lpousBecTn AuarHoCTUKY KBap1a.
. YCTaHOBUTH Pa3IM4ME KBAPIIA OT XAIIEI0HA.
. Onpeaenuts onaji no JUarHoCTUY €CKUM MPU3HAKAM.
Onpenenutbh OOKCHT.
Y CTaHOBUTH OTVIMYUTEIILHBIE TPU3HAKY T'€MaTHUTA.
. Onpeaenurs OTAMYUTENbHbIC MPU3HAKU MArHETUTA.

10. YcTaHOBUTH OTAMYUTENbHbBIE MPU3HAKU TMMOHUTA.

11. Onpeaenuth OTIMYUTETLHBIC TPU3HAKU TUPOJIIO3UTA.

Tema 2.5 CuiinkaTtsl
Tema 2.5.1 OcTpoBHBIEC CHJIUKATHI
Tema 2.5.2 KoJbueBbie CHIMKATBI

Knacc cunmkatoB HamOoJjee MHMPOKO pachpocTpaHeH B 3eMHOM kope. [lo
noacuery A. E. ®epcmana, oH cocTaBisieT 75% OT BCeX MUHEPAIbHBIX BUIOB U
Pa3HOBUJIHOCTEN. DBOJIBIIMHCTBO M3 HUX MOPOJ000pa3yIONMEe MHUHEpaIbl, HO
BMECTE C TeM HEKOTOPHIC SIBIISIOTCS pyaaMu (PYAbI JIATHSA, OCpHUIUIHS, ITUPKOHMUS,
1e3us u Ap.). Bce cummkaThl MOCTPOEHBI Kak Obl M3 MEIbYaHIINX KUPIUIUKOB
KpPOME KHCJIOPOJHBIX TETPa’ApPOB, KOTOPHIE IO OMNPEACICHHBIM 3aKOHaM
COCIMHAKOTCS Jpyr € ApPyromM. B ImeHTpe Takoro TteTrpadapa IOMEIIACTCS
KPEMHEKHUCJIOPO/I, B BEPIIMHAX YEThIPE HMOHA KHUCIOpOJia. KpeMHEKUCIOPOIHbIM

O 00 AN U AW —



. 4-
terpasp umeeT coctaB [SIO4]" u coenuusercs ¢ kKaTmoHaMu. B 3aBHCHMOCTH OT
COWICHEHUS! KPEMHEKHUCIOPOIHBIX TETPAdApPOB APYr C APYTOM BBIJCISIOTC S
Pa3IMYHbIC TOKIACCHI CHIMKATOB (puc.69)

¢

<

€CIM  TETPadAphl  PACIOJAraloTCsi B  BHUAE OTACIBHBIX OCTPOBKOB,
COCAMHCHHBIX MEXIY COOOW KaTMOHaMH, TO BO3HHKACT IIOJIKIACC
OCTPOBHBIX CHJIUKATOB, pHUC. 69A;

€CJIM TETPadAPHI PACTIOIaraloTCs B BUJIE KOJIEI] — KOJbIIEBbIE, pHcC.69b;
€CJId KPEMHEKHCIIOPOJHbIE TETPadIpbl BBITATHBAIOTCA B OECKOHEYHBIC
IIETIOYKH, COCAWHCHHBIC KaTHOHAMH, BO3HHMKACT IMOJKIACC IEMOYCUHBIX
CHUJIMKATOB, puc. 69B;

€CIM KPEMHEKHCIIOPOJHBIC TETPadJphl BBITATHBAIOTCA B OCCKOHEYHBIC
JICHTBI — JICHTOUHBIE, puc. 69 I’

B TOM ClJIy4ae, KOT/la OHU PacIojaratoTcs CJI0SIMHU — JIUCTOBBIE, puc. 69]1;
npu  00pa3oBaHUM KPEMHEKHCIOPOIHBIMH TETpa’ApaMH TPEXMEPHOT O
KapKaca - MoJIKJIacC KapKaCHBIX CUIIMKaToB, puc.69 E.
KpeMHeKncIopogHbIe TETpadApbl COCHAMHSIOTCS MEXKIYy COOON TOJILKO

BEpIIMHAMH, T.€. uepe3 KUcaopoa-0,.

Pdu3znuyeckue cBOMCTBA U BHEIIHUN BUJ] KAXKJIOT0 MOJIKJIAcCa TECJIO CBA3EH

C UX BHYTPEHHUM CTpoeHueMm, Tak, Hanmpumep, Uil UENOYEYHBIX CHIIMKATOB
XapakTepHa BBITAHYTast OpMa; IS CIIOUCTBIX - MOSBIICHHUE TUIACTUHOK, YEIyeK, a
TaK>Ke BEChbMa COBEPILEHHAs CIAHOCTD; U1 KapKacHbIX, OJ1aroaapsi 00pa3zoBaHUIO
BHYTPHU CTPYKTYPhI BO3AYIIHBIX KaMep, HEOObIION yAeIbHbIN BEC U T.1.
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Puc. 66. CTpykTypHbI€ THIIBI CUJIMKATOB: A — OCTPOBHBbIE, b — KOoJIBLLIEBBIE, B —
nenoveynsie, I' — neHToUHBbIH, /| — sicTOBBIC, E — KapkacHbIe



Tema 2.5.1 OcCTpoBHBIE CHIMKATHI
. Cunuxkamel ¢ u301UpoOBAHHLIMU

U KpeMHeKUucnopoonvimu mempaiopamu [SiO,

B »sTroM moakiacce CUIMKAaTOB — KPEMHEKUCIOPOIHBIE — TETPadpbl
pacnoJiaratorcsi B BUAE OTAEIbHBIX U30JMPOBAHHBIX TPYIII - KOCMPOBKOB) .

OcCTpOBHBIE  CWIMKAThl  XapAaKTEPHU3YIOTCSI  BECbMAa  KOMIIAKTHOM
KPUCTAIUIMYECKOU CTPYKTYPOMW, CJEACTBUEM YETO SIBISICTCS IOBBILICHHBIN
yaenbHbIN Bec (00b19HO Ooutee 2,8—2,9),00mbImmas TBEpAOCTh (dale Bcero 6—7,
pexe 8). s MuHEpanoB 3TOTO MOJAKIIAcCa XapaKTepHa U3oMeTpudeckas Gopma.
OCOOEHHOCTBIO 3TUX MHHEPAIOB SIBISIETCA TO, YTO MPHU BO3JCHCTBUM HA HHUX
KHCJIOT OHM pa3JiaratoTcs ¢ BbIICICHUEM CTYAHEOOPa3HOrO KpeMHE3eMa.

OJIMBUH — (Mg, Fe),[SIO,] (na3Banue maHO MO OJMBKOBO-3€JIEHOMY
[[BETy MUHEpaIIa).

Jluacnocmuyueckue npusHaku — 3E€IEHOBATO-XKEITHIA LBET, CTEKJITHHBIN
0JieCK.

Ilapacenesuc - TAIMYHBIA MUHEPAIT YIIbTPAOCHOBHBIX IOPO/I, B KOTOPBIX OH
BCTPEYAETCSI BMECTE C MUPOKCEHAMHU U XPOMUTOM. 3HAYUTEIBHO PEXKE HAXOJUTCS
B OCHOBHBIX IOPOJaX.

Pasnosuonocms: xpu3oium NpUMEHSETCS KaK AParolieHHbIA KaMEHb.

I'pynna 'PAHATOB (Ha3zBaHue MPOUCXOAUT OT IUIOJIOB TI'PaHaTOBOTO
JiepeBa, KOTOPbIE MMOX0XKHU Ha KPUCTAILIBI IPAHATOB 10 (hopMe, a MHOT1a U I[BETY).

XUMHYECKHH COCTAB IPAHATOB.

Taoauuma 12
I'panatsr BCTPEYAIOTCS 00BIYHO B
XuMHuJeckas % -
MuHepab! KpUcCTaiax _ XapaKTepHOH p0M60v
dopmysa TOCKadIPUIECKOM, TIEHTarOH-0/1eKadIpUIeCKOM
Tuporn MgsAl> [SiO4]s WIN TETParoOHTPHOKTASAPUICCKOM dbopmax
AnsmaunuH |FezAl, [SiO4] (puc.70), pexxe 00pa3yroT CIUIONIHBIE 3€PHUCTHIC
Crnieccaptu |MmAl; [SiO4]3 MaccChl. 3
Tpoceymap | CasAl5[SiOu]s Dusuueckue ce0UCMBA—TIIBET PA3TUIHBIX
: rpAHATOB 3HAYUTEIHLHO BapbUPYET — MHUPOIT—
AHIpaIUT CaszFe[SiO4]3 p - PRUPY o P
v o IS0 TEMHO-KpAaCHBIA, aJbMaHIUH—KpacHbIN, Oypo-
BAapoOBHUT aslr | ) o o
D 3Cr2 [Si04ks KPacHBIM; CIECCAPTHH — PO30BBIN, KPACHBIN,
OPaH)XEBO-)KENTHIH, TPOCCYIAP - OJieHO-3eJIeHbIH, OpaHKeBO-KeJIThIH,

‘ -

Puc. 67. ®opMBI KPHCTAIOB I'DAaHaTa



(UCTAIIKOBBIN, PEAKO PO30BBIN; aHIPATUT—TEMHO-KEIThIN, OyphIil 10 YEPHOTO;
YBapOBUT—U3YMPYAHO-3€JIEHbI;  TpaHaTbl  MNPOCBEYMBAIOT  (MpO3payHas
Pa3HOBUAHOCTH FPOCCYIIAPA 3€JIEHOTO I[BETA HA3hIBACTCS EMAHTOUIIOM).

Juaenocmuueckue npusnaku — XapakTEpHbIM OOJMK KPUCTAILIOB.
JlnarHocTuka pa3HOBUAHOCTEH MPOU3BOAUTCA 1O XHMMHYECKOMY COCTaBY,
yIIeTbHOMY BECY, HHOT/Ia LIBETY.

llapazenesuc-anbmaniHa IPEUMYIIECTBEHHO MeTamop puueckoe,
BCTpEYAETCs B THEWcax, aM(puOOIUTaX, B CIFOASHBIX U XJIOPUTOBBIX CIAHLIAX; JJIS
rpoccyIsipa ¥ aHApaJauTa HauboJiee XapakTepHO KOHTAKTOBO - METACOMAaTHUYECKOE
MPOUCXOXKIEHNE, 0COOCHHO YacTO 3T MUHEPAJIbI.

TUnuYHBIMU MUHEPATaMU-CITyTHUKAMH UX SIBIIIOTCS KAlbyum, OUONCUO,
ges3yguawn, dnudom, Machemum. YBapoBUT M TMHUPON OTHECEHBI K
yJIbTPAOCHOBHBIM MAarMaTu4e€CKUM MOPOJaM; EPBBIA aCCOUUPYETCS C XPOMUTOM
B YJIbTPAOCHOBHBIX MOPO/IaX, BTOPON HAXOJAUTCS B U3MEHEHHBIX YIbTPAOCHOBHBIX
nopojax BMECTE€ C WJIBMEHUTOM, XPOMHUTOM, a TaKK€ B KUMOepJMTax, TIJe
SABJISIETCSI XapaKTEPHBIM CIYTHUKOM ajMa3a. ['paHaTbl XUMHUYECKH YCTOWYHUBBHI U
XOPOIIIO COXPAHSAIOTCS B POCCHIIIAX.

COEH — CaTi[SiO4]O (ot rpedeckoro cioBa «cgen» — KIMH, TaK KakK
KpUCTaIbl c)eHa 4acTO UMEIOT KIMHOBUAHYIO (OpPMY), CHHOHUM—TUTAHUT.

HHuaenocmuueckue npusnaku — xapaktepHas ¢dopMma KpPUCTAIIOB
Pa3IMYHBIX OTTEHKOB.

llapazenesuc: a) MarmaTuyecKoe—B KayeCTBE aKIECCOPHOT'O0 MHUHEpala B
U3BEPKEHHBIX MOPOAAX PAa3jJMYHOrO COCTaBa B aCCOLMALMMU C MOJIEBBIMHU
mmaraMmu, He(elInHOM, STHPUHOM, IMPKOHOM, amaTtuToM; 0) BCTpeyaercs B
TPAHUTHBIX MIETMATUTaX COBMECTHO C MOJICBBIMHU IINIATaMHU, ITAPKOHOM, OMOTUTOM,
WIbBMEHUTOM; B) KOHTaKTOBO-METAaCOMATUYECKOe—B CKapHaxX B MapareHe3uce ¢
JTUOTICUJIOM, TPaHaTOM, MarHETUTOM, SITUIAOTOM.

TOIIA3—AL[SiO,](F, OH), (Ha3BaHuEe TPOUCXOIUT OT OCTpOoBa Toma3oc B
KpacHom mope, rae B qpeBHee BpeMsi JOOBIBAICS 3TOT MUHEpaI).

Juaenocmuueckue npusHaxku — CUIbHBIA CTEKIISTHHBIN OJIECK, COBEpILIEHHAS
CIAfHOCTh, OYEHb BBICOKAs TBEPAOCThb, XapaKTepHa rpy0as LITPpHUXOBKA BIOJIb
BEPTUKAIBHOW OCH KPUCTAIIIOB.

llapacenesuc: a) TNErMaTUTOBOE—HAXOJUTCSI COBMECTHO C TIOJIEBBIM
HIaTOM, KBapleMm, OepuuIOM, TYpPMAJIUHOM, (UIIOOPUTOM, JEUIO0IUTOM; O)
THEBMATOJUTO-TUAPOTEPMATIbHOE—B Ipei3eHax ¢ BOJb(PPAMUTOM, MYCKOBUTOM,
UHHBAJIbAUTOM, JIEMUA0IUTOM, KACCUTEPUTOM, (IIFOOPUTOM.

IMUTOT—Ca,(Al, Fe);[Si,0/][SIO4]O(OH) (Ha3BaHue MPOUCXOIUT OT
IPEUECKOTO CJIOBa «INUOO3UCH—TIpUpPAILEHUE, TaK Kak B OCHOBaHMM MPU3M
MUHEpajia OJIHa CTOPOHA JJIMHHEE JPYroi).

Jluacnocmuueckue npu3Haxu—q UCTaIIKOBO-3€JICHBIIH LBET,
NPU3MaTUYECKUM 0OJIMK KPUCTALIOB.

llapazenesuc: a) KOHTAaKTOBO-METaCOMATHUECKOE—HAMUAOT  SIBISIETCS
XapakTEepHbIM MUHEPAJIOM CKAPHOB, B KOTOPBIX OH HAXOJAUTCS B MapareHe3uce
KalbLIUTOM, MAarHETUTOM, AHOINCHIOM, TIpaHaTtoM; 0) TUApOTEpMATIbHOE —
BO3HHUKAET 3a CUET M3MEHEHUs ITUIarMoKiIa3oB, aMm(puOOJIOB, IpaHaTOB U JIPYTUX



KaJIbIIA-COJIEpKaIX

MUHEPAJIOB.

OnuaoTA3 AN

COIIPOBOXAACTCA

IMO3CJIICHCHHUEM IIOPO/I. C TUAPOTCPMAJIbHBIM 3IIMA0OTOM 4YaCTO aCCOOMHPYCTCH

XJIOPHUT.
OcTpoBHBIE CHIMKATHI
Tadauna 13
OnuBuH Tomas I'panatsl Snuaor Cden Hupxon
Cunro TE€TparoHa
pomOnyecKas KyOr9ecKast MOHOKITHHHAs
HUS JIbHAs
MpU3MaTuye
MPU3MaTH- o
HW30METpH- . CKHH,
. YeCKuid,
YEeCKuid, KIHHO- npU3MaTH
O6nuk Ha IpaHsx o o
KOpPOTKO- poMOoI0/ieKka | UTHHOMPU3 BHJIHBIN YECKUI,
KpHUCTa . | mTpuxoBKa N
cTonouait SIPUYECKUE | MATUYECKUU | YIUIOMICH- | OMIHUpaMu
JUIOB BJIOJIb o v
TabmuTyaT HBIH, JAJTbHBIN
. VIUIMHEHUS
1317 KOHBEPTO-
rpaHu o
o0Opa3HbIi
IECTOBAThIE
3€pHCTHIE.
bl auanbHO-
APY3EL, pa BKparjieHsl | BKparie-
Arpera | BKpamJICHHUKH, APY3HI, MIJIOTHEIE, JMy4UCTHIE,
KpPHUCTAJIIOB, HHUS
TBI 3epHUCTHIC 3€pHUCTHIE, TTy3bI,
3epHUCTBIE | KPUCTAJIOB
BKparUIeHHsl | IITPUXOBKA
no
YIUTHHEHHIO
OecrBer-
HBIN,
OecuBer- . .
OJINBKOBO- . OyphbIii, PO30OBBIH,
HBIH, pazHooOpa3z- | ¢ucramkoB v
3eJIEHOBaT . . KENTHIM, | KpacHOBa-
. roryooBa- HBIN — OT 0-3€JICHBIH, .
IIger 151788 o TEMHO- TBIH,
TBIH, YEPHOTO JI0 TEMHO- .
OJIeqHO- . OyphbIii 110 KpacHO-
o KenToBa- | OECLBETHOTO. 3eJIeHbIN "
3€JIEHBIH, . YEpHOTO OypbIii,
TBIH
TEMHO-
Oypblii
bueck C T € K a1 8 H H b H aJIMa3HbII
Crnaitn COBEPIIICHH
HEeCOBEpImeHHas HECOBEpILICHHAs
OCTb ast
Tsep-
p 6.5-7 8 6.5-7.5 6-6.5 5.6 8
JIOCTh
V.
3,5 3.5 3,5-4.3 34 3.5 4.7
BEC
IIpo-

IITPUXOBKA A0
que no-
. no past
CBOM- aKTHBEH

VIUIMHEHUIO
CTBa
SH/IOTEH- [MHEBMATOJ | IerMaTH- 9HJIOTEHH
HBIH, HUTOBO- TOBBIH (B perMoHajabH | MarMaTu4ec | bii -
r TOJIBKO TUAPOTEPM | TPAHUTHBIX 0-MeTaMop- | Kui, merma- | Marma-
eHe- . % o o
a11c MarmMaTH4e | ajbHBIH, nerMaTuTax), | ¢puyeckuif, | TUTOBBIKB | TUYECKHIA,
CKUU B MeTaMOp(H | peruoHajIbHO- | THAPOTEPMA | MICIIOYHBIX | MErMaTUT
YABTPAOCH | YECKUM B MeTamMopguie | JIbHBIN 1800] 0J0) E2D: OBBII.
OBHBIX rpeii3eHax | CKWi, POCCBITIH.




nopojaax TUAPOTEPMAIIb
HBIMN,
MarMaTu4ec-
KUH B
YABTPAOCHOB-
HBIX

o ISt
B aOpa3uBHBIH,
[lpume | orneymopn NOJTlydeHUs | pyna Ha
IOBEJIMPHOM | FOBEIMPHOE HE IMEET

HEHHE 0€ ChIpbe OKHCH LUPKOHU U
nene hiSh (]
TUTaHa

Tema 2.5.2 Koavuesvie cunuxkamot

BEPHUJIJI Be;Al,[SigO.5] (Puc.68) (Ha3Ban mo cojepskaiieMycst B HEM

XUMUYECKOMY 3JIeMeHTy Oepuiutuio). PasHOBUAHOCTB, coaepxkaias okoyio 3%

Cs,0, na3piBaercsi BOpoObeBUTOM, a CryO3-u3yMpyaoMm, IIBETa MOPCKOM BOJHBI —
aKBaMapyH.

Juaenocmuueckue npusnaxu - xapakrepHas (Gopma KpUCTaLIOB, OOJIbIIAs
TBEPAOCTD.

Ot penkoro xpuszobepunna BeAl,0, oTmmaaercs mecTuyroabHO-
NpU3MaTHYeCcKO POpPMOI KPUCTAJUIOB, OT aaTUTa — CTEKJIIHHBIM OJIECKOM,
BBICOKOM TBEPIOCTBIO, OT TOIA3a — HECOBEPIICHHON CMAMHOCTHIO. B
MEJKO3EPHUCTBIX arperartax MOKHO CIIyTaTb KBapLEM.

TYPMAJIMH-Na(Mg, Fe)s[B3A13Sig(O, OH)y]
(OT CHHrane3CKoro cjoBa «mypmanu» - Tak Ha3bIBaJICs
MUHEpaJl, BIEpBbIE NpUBE3eHHbIN ¢ Llelinona B EBpory).

Huaenocmuueckue npusHaky - 00JblIasg TBEPAOCTD, \
XapakTepHasl ITPUXOBKAa Ha TpaHSAX MPU3MBI, CEUCHUE B
Bujie cheprueckoro TpeyroibHUKa (puc.69).
llapacenesuc - Hanboliee 4acTO OH BCTpEYaeTcs: a) B
NerMaTUTax pa3jMyHbIX TUIOB - IIEPJbl B aCCOLMALIUU C

Puc.68. Kpucraui 0epusuia,
re KCaroHaJibHasi npusma
MYCKOBUTOM,  alaTUTOM, KBaplieM; JpaBUTbl C :
anmpOUTOM,  KBapLeM; pyOeMTBI C  albOUTOM,
CIIOJYMEHOM, JIENUIOJIMTOM, MOJUTYIIUTOM, TAaHTAJO-
HUoOaraMu (B 3TOM K€ acCOLMAlMU BCTPEYAKOTCA U
MOJIMXPOMHBIC TYPMAJIMHBI); 0) B Tpel3eHax - JPaBUTHI,
HIepJibl BMECTE C MYCKOBUTOM, O€pUILIOM, (DIFOOPUTOM;
B) JUIA TUAPOTEPMAIBHBIX >KWJI U METaCOMATHYECKUX
NOpOJ TUNUYHBI IIEPJbl, JPaBUTBl U JIpYyrue

Puc.69. IlommxpoMHBbIH
PasSHOBHUAHOCTH. TVOMAIHH



KoJabueBble CHIIHKATEI Taéuuma 13
bepunn Typmannn
CuHTOHMS reKcaroHajabHast TpuronanpHast
OO6JIMK KpUCTAIIOB IeKCarOHaJIbHbIE TPU3MBI CTOJIOUATHIN, TPU3MATUIECKU I
s BKpAIJICHHUKH, APY3bI, JpYy3bl, paAuaIbHO-JIy4HCThIE,
3€pHUCTBIC BOJIOCOBUIHBIE, 3€PHUCTHIE
JKEJITOBATO-0CIbIN, roayo0BaTO-3€ICHBIN, CHHUM,
LBer 3eJIeHOBAThI|, TOTyOOBATHIH, YepHBI, OECIBETHBIH,
HW3yMPYIHO-3EIEHbIN MOJIMXPOMHBII
bneck CTEKIISTHHBIN CTEKISTHHBIN
CnaiftHocTb HECOBEpIICHHAs HECOBEpILEHHAas-
TBepaocTh 7.5-8 7.5-8
Va. Bec 2.9 3.0
. MPOOJIbHAS IITPUXOBKa Ha MIPOI0JIbHAS WXOBKa Ha
Afggnae EEouee o rpaHsx HpII)/IBMBI o rpaH;IxH;I;;II)43MLI
Tenesic MEerMaTUTOBBIH (B TPAHUTHBIX TETMATUTAX, THEBMATOIUTOBO-
TUAPOTEPMATLHBIN, PETHOHATBHO-METaMOPPUUIECKII
[Ipumenenne pyna Ha OepUILIHI. | B IOBEJIMPHOM JIENIE

Tema 2.5.3 IlemovyeuyHble CHJIMKATBI

[lonknacc ULENOYEUHBIX CHJIMKATOB (METACWIMKATOB) MOJIYYHJI TaKoe
Ha3BaHUE B CBSI3M C TEM, YTO B CTPOCHUH KPUCTALIMYECKON PEIIETKA BXOIAIINX B
HEr0  MUHEpPAIOB TJIABHYIO pOJb WUrPalOT  IEMOYKH, COCTOAIIME U3
KPEMHEKHCIOPOAHBIX TeTpasapoB (SiO*,). Ilemouednbie CHIMKATBI 0OPa3yrOT
KPUCTAUIbI, PE3KO BBITSHYTHIE B OJHOM HAlpaBjeHUU (BOJb LEMOYEK), B TOM
YHCJIe IECTOBAThIE, UTOJIbYAThIE, BOJIOKHUCTHIE H TOMY MOJA00HbBIE POPMBI. Y HUX
Jy4Ille, YeM Yy OCTPOBHBIX CHUJIMKATOB, MPOSBJIEHA CIIATHOC Th, MPEUMYIIIEC TBEHHO
0 MpU3Me: TBEPJOCTh LETMOYECUHBIX CUIMKATOB U UX YAEIbHBINA BEC HECKOJBKO
HUKE, YEM Y COOTBETCTBYIOIIMX UM I10 COCTaBy opTocuinkaroB Mg u Fe. Okpacka
HEMOYEYHBIX CHUJIMKATOB CBA3aHa B OCHOBHOM C IPHUCYTCTBHEM XpPOMO(OPOB-B
nepByto ouepenb Fe u Mn. [Ipu orcyTcTBrM Fe 1ernoyeynbie CUIMKaThl OCCIIBETHBI
WIA UMEIOT Oenblil 1BET (M3BECTKOBBIE M MarHe3uaybHbIC). 3aTO KEJIE3UCThIC
Pa3HOBUAHOCTH, OKpAIlIEHbl B TEMHbIE 1IBETA PA3HBIX OTTEHKOB (3€JIEHBIN, OypbIid,
70 3€JICHOBATO-4epHOr0 M 4YepHOoro). OJHako uyepTa Jake Y CaMbIX TEMHBIX
MUHEpaIOB 3TOr0 IMOJKJIacca BCerja cBerias - Oenasi, cepoBaras, 3eJIeHOBaras,
yacTo OeclBEeTHAs.

I'pynna nupoxceHoB.

HazBanue ot rpeu. [TOp - oroHsb 1 EEVOG - Uy kb, yykezemel. [InpokceHbl
- OJIHU U3 TJIaBHBIX KOMIIOHEHTOB B COCTaBE€ OCHOBHBIX IOPO/I.

Camble pacripoCTpaHEHHBIE - AUOTICUJ, T€IEHOEPTUT, SHCTATUT, TUIIEPCTEH,
aBTUT, STMPUH M CTOSIIMH HECKOJbKO OCOOHSKOM crnojaymeH. [lupokceHsl -
BBICOKOTEMITIEPATYPHBIE MUHEPAJIbI, BXOSIIME B COCTAB MArMATUYECKUX U CAMBbIX
MIyOMHHBIX METaMOp(PHUUECKUX TOPHBIX MOPOJI, a Takke ckapHOB. CrnojaymeH -
XapakTepHbId MUHEpaJd TPaHUTHBIX TNETMAaTUTOB, STUPUH W ATUPUH-ABTUT-
IETIOYHBIX TOPOJ.



OHHM XapakTepU3yITCAd BBICOKOW TBEPAOCTbIO W YJEIbHBIM BECOM U
COBEpIICHHONW CHAalHOCTBHIO MO TpPHU3ME, MNPUUYEM YIibl MEXKAY TpEIMHAMU
caiHocT paBHbl 87 W 93°. DTO 4Ype3BbIYAWHO XapaKTEpHBIM MPHU3HAK
MUPOKCEHOB, OTIMYAIONIMA HX OT CXOJAHBIX C HHUMH U CTOJIb K€
pacnpocTpaHeHHbIX aMm(pr00J10B. B monepedyHom ceueHnn KpUCTAUTBI TUPOKCEHOB
UMEIOT TPSMOYTOJbHYIO (TMIOYTH KBaJpaTHYIO)
WM BOCBMHUYTOJbHYIO (GOpMy, YTO TaKXKe
OTJINYAET UX 0T aM(PuOOJIOB.

[IBer nOUpPOKCEHOB  omnpenensierca B
OCHOBHOM COJICp’)KaHHEM J>kejie3a (CM. OOIIyro
XapakTepUCTUKYy  MOJKIacca  LEMNOYEUHBIX
cunmmkaroB). OOBIYHO OH TEMHO-3€JIEHBIH 10
YepHOTO, HO MHOT/Ia CBETJIEET BIIOTH /10 OEI0T0
WA TIOYTH OECIIBETHOTO (IHOTICHU, CIIOTYMEH).
brieck NHUPOKCEHOB OOBIYHO CTEKJISAHHBIN, ¥y

Puc.70. I'enendeprur, CIIOJTyMEHA UHOT/1a MEPJIaMyTPOBBIM.

PaaHATLHO-JIyMHCTBIC arperaThbl IT'EJAEHBEPI'UT - CaFe[Si,O¢] (Ha3Banue
JlaHO B YeCTh mBeackoro xumuka JI. I'emendepra,
BIICPBBIC ITPOAHATM3UPOBABILETO ATOT MuHepa) (puc.70).

Curneonuss MOHOKIMHHASA. KpucTtambel WMEOT BHJ KOPOTKHX MPHU3M.
OOBIYHO TEmeHOEPTUT BCTPEUAETCS B BUJE IIECTOBATHIX, JYUHCTHIX, HWHOT/A
BOJIOKHUCTBIX arperaros.

Juaenocmuueckue npusHaxu - IETKO Y3HAETCsI IO IIECTOBATBHIM arperaram u
LBETY.

llapacenesuc - sBHsieTCS  XapaKTePHBIM  MHUHEPAIOM  KOHTAKTOBO-
METacOMaTUYECKUX CKAPHOBBIX MecTopoxkaeHuid. Haxonurcs B mapareHesuce c
MarHeTUTOM, FpaHaTOM, TUPPOTHHOM, XAITLKOTIUPUTOM, ChHaTIEPUTOM, KAILIIUTOM,
AIUAOTOM.

ABI'IT-Ca(Mg, Fe, Al) [(SiA1),0¢]
(OT rpeuecKoro CjIoBa «asee»- 0JECK, TaK KakK
€ro KpUCTAUIBl MMEIOT XapaKTepPHBINA OJiecK
Ha IJIOCKOCTSIX CIaHOCTH).

Cuneonuss MOHOKIIMHHASL.

ABTUT BCTpEYaAETCS B BUJIE CILIOIIHBIX
3€pPHUCTBIX Macc u KpUCTAJIOB
KOPOTKOCTOJ0UATOTO WM  TabJIUTYATOTO
oommka  (puc.71). Ilo cpaBHeHuio ¢

Puc.71. ABrut, TadJaurT4yarbie
¢opMEI 3epeH
JHUOTICHJIOM Y aBTUTA XOPOIIO PAa3BUTHI T'PaHU

MPU3MBI, a HEe THHAKoua (puc.72).
Huaenocmuueckue npusnaxu — popma
KPUCTAUIOB, IBET, CIAWHOCTh B JBYX
HaIlpaBJICHUSIX MO yTJIoM 87°.
IIpoucxooicoenue MarMmaTU4ECKOE; aBTUT
— MOPO1000pa3yroIUil MUHEPAI OCHOBHBIX

Puc. 72. Kpuctrana u
MoIe peYHblil pa3pe3 aBrura



U3BEP)KEHHBIX U M3JMBIIUXCS MOPoja (rabbpo, HOPUTOB, Oa3anbTOB, AMA0a30B),
peXe OH BCTPEUACTCS B KPUCTALIMUECKUX CIIAHIIAX.

II'MPUH-NaFe[Si,Og] (Munepan BnepBbie Obul Haiinien B HopBeruu u
Ha3BaH M0 UMEHU CKaHJMHABCKOTO O00ra MOpsi «DTUpay).

CuHeoHuss MOHOKJIMHHAS.

Betpewaercst B BHJE IIeCTOBATHIX, JIYYHCTBHIX WM PaTAATBHO -ITyIHCTHIX
arperaroB. O TMHOYHBIC KPUCTALIBI HIMEIOT CTOJIOYATHIN MIIM UTOJIbYATBIA OO0JIHK.

Jluacnocmuueckue npusHaxu - T1BET, accolMalMsi C HEPEIMHOM,
EeJTOYHBIMU aMpuboIamMu, cheHOM, IIMPKOHOM, IBIUATHTOM.

Ilpoucxoorcoenue: a) MarMaTHUECKOE - B COCTaBe IIEJIOYHBIX TOPOJT
(He(heMMHOBBIX CHEHUTOB, (OHOJUTOB WM Ap.). KpymHBIE KpHCTAUIBI 3THpHHA
BCTPEUAIOTCA B MErMaTuTax HEPEIMHOBBHIX CUEHUTOB 0) METAaCOMATUYECKOE - B
aTbOMTUTAX, PAa3BUBAIOIIMXCS IO IIEJOYHBIM M CYOIIETIOYHBIM MMOPOJaM
(He(eMMHOBBHIM CHEHUTAM, CHEHUTAM, T'PaHWTaM) B acCOIMAIMU C aTbOUTOM,
OMOTUTOM.

CIIOAYMEH - LiAl[Si;Og] (oT rpedeckoro cioBa «cnoouoc» -
NeneNbHBIHN, N3-3a MENeTbHO-CEPOro I[BeTa HEKOTOPHIX KPUCTAIUIOB CTIOIyMEHA).
CuneoHus1 MOHOKJIMHHASL.

Cnonymen BCTpEYACTCS B BUJIE
IUIACTUHYATBIX, UHOTAA O4YE€Hb KpymHbIX (10 10m)
KPHCTAILIOB, pexe oOpa3yrorcs
TOHKOINPU3MATHUECKUE W UIOJIbYaThle arperarsl
(puc. 73)

Huaenocmuueckue npusuaxu. 1lBet, popma
KPUCTAJUIOB,  accouyalnus C  MUHepalaMu

MErMaTUTOB - KBapIleM, alTbOUTOM; OT HEKOTOPBIX
MUPOKCEHOB OTINYAETCS C TPYAOM (TI0 MEHBILIEMY
yIEILHOMY BECY, ONITUYECKUM CBOMCTBAM).

Ilapacenesuc: CcHOAYMEH-XapaKTEPHBIM IMOPO000pa3yIONMii  MHHEpaI
pEIKOMETAILHBIX (HATPOJIUTHUEBBIX) MErMATUTOB, B KOTOPHIX OH HAXOJUTCS B
accolMaliMi C KBapIileM, MHUKPOKIMHOM, albOUTOM, MYCKOBUTOM, OEpUILIOM,
WHOT 1A JICTIUI0JIUTOM, TTOJUTYIIUTOM, KOJTyMOUT-TAaHTAIATOM.

Puc.73. Cnoaymen,
yiiome Hubie (popmbl

I'pynna nupoxkceHuaoB

B rpymnmy mHpOKCEHOWIOB, OTIMYAIOIIYIOCS OT MHUPOKCEHOB JETAISIMH
CTPYKTYpBI, BXOJIST JBa MUHEpaJa: BOJUIACTOHUT M POJIOHUT, PACIIPOCTPAHEHHBIE
IPEUMYIIIECTBEHHO B KOHTAKTOBO-METaMOP(GUISCKHUX MOPO/Iax.

BOJUIACTOHMT - Ca;[Si;Oy]. Ha3zpan B 4ecTh aHITIMHCKOTO XMMHKA
Bomnactona. CHHOHHM - dowamblil wnam.

Xapaxmepuvie npusnaxu. TabnurdaTele, 4alle yIJIUHECHHO-TAOJIMTYATHIC
KPUCTAJUIBI, JIICTOBATBIC, IIIECTOBATHIC, CHOITIOBH/IHBIEC W BOJIOKHHUCTBIC arperarsl;
TaKe OJTHOPOIHBIC INIOTHBIC WA 3EPHUCTHIC MACCHI.

Ilapacenesuc: TPOUCXOXKIECHUE MeTaMOP(HOTEHHOE H  KOHTAKTOBO-
MeTacomarndeckoe. MUHEpaIbI-CIyTHUKH B CKapHaxX - KaJbIUT, JIHOTICUI,
refeHOepTUT, TPOCCYNSp, aHAPAaWT, BE3yBHaH, CKamojut, cheH u 1p.



MeCTOpOKIEHUS : TPU BHIBETPUBAHUY PA3JIAracTcsi ¢ 00pa30BaHUEM KATbIIUTA U
ONAJIOBOTO BEILECTBA.

Huaenocmuxa. Ilo popme KpUCTAIIIOB U arperaToB, OENOi U CBETIIO-CepOi
okpacke. OTiMyrMe OT CXOAHOTO TPEMOJIUTA - MO YTy MEXAY IUIOCKOCTAMHU
craifHoCTH (y TpeMonTa — 0koJio 60°) U CBETIO-CEpOi OKpPACKE.

POJOHUT-CaMn,[SisO;s] Ha3Bamme ot rped. podov-po3a, B
COOTBETCTBUU C HanboJiee xapakTepHOH okpackoil. Cunonum-op.iey. B JlpeBHei
Pycu umeHoBaics pyouHosvim wnamom.

Xapaxmepnvie npusnaxu. [I10THbIE TOHKO3EPHUCTHIE MOHOJIUTHBIE MACCHI U
arperarbl. Xopoumo 0(OpMJIEHHbIE KPUCTALIbI (TaOJIMTYAThIE, TPU3MATUUECKUE)
BCTPEYAKOTCS UCKIIOYUTEIBHO peaKo. LIBeT po30BbIN,

llapacenesuc: muHepan Majo pacnpoctpaHeH. OOpaszyercs Tmpu
KOHTaKTOBOM MeTamop(u3zMe 3ajexkei KapOOHATHBIX MapraHlEeBbIX pYII.
MuHepanbl-CITyTHUKU-TICUIIOMENaH, podoxposum MnCQOj;, crieccapTHH, KBapll.

Juaenocmuxka. 11o po30BOMy 11BETY, OOBIYHO C UEPHBIMU ISITHAMHU



MuHepanbl MOHOKJIMHHOW CHHTOHUY C IPU3MAaTHYECKUMU WM YIUIOIIEHHBIMU J1OCKOBUIHBIMHU KPUCTAIIAMH, TEMHO -
3€JIEHBIN WU 3eHeHOBaT0-qe]8H0171 OKpackH (3a UCKIIOYEHUEM CIIOAYMEHA), CTEKIITHHBIM 0JIECKOM, CPEAHEN CITAfHOCTHIO B IBYX

HaIlpaBJICHUSIX IO yIiIoM 87 . Tadnuna 14
Juoncun | Ienenbeprur | ABTUT | DrupHH | Cnoxymen
CuHroHus M O H O K J W H H a i1
n p ¥ 3 M a T WM Y9 € ¢ K u #u
OGmiK JUTMHHOTIPM3M AT Y € CKHUH,
. KOPOTKOCTOJIOYATBIM, CTOJIOYATHIN, UTONMGYATHIHM, | YIUIOMCHHBIN, IJIAJKUC
KPHCTAJLIIOB KOPOTKOCTOJIOUATHIH KPUCTAJUTBI PeJIKH o o
Ta0IMTYaTHINA YIUIOIICHHBIH, C TIOBEPXHOCTH
JTOCKOBHIHBII
B K p a ©mo 1O € H H Bb e K p U ¢ T a a1 I B
IIECTOBATHIC bl, JIy4HCTHIC BKPAIUICHHAKH
Arperarbl JPY3BI, IECTOBATEIE, ’ BKpaIUICHHUKHU JIPY3BL, ’ P
Jy4UCTHIE, paHaIbHO- panuaIbHO-TyqUCTHIC, JIUCKOBUTHBIX
CIUIOIIHBIE 3€PHHUCTHIE KPHCTAJUIOB
JIYYUCTHIC CIUIONIHBIC, 3€PHUCTHIC KPHUCTAJUIOB
CEpOBATO-3EJICHBII, TIeTIeTbHO-CePhIi,
Il IPSI3HO-3€JICHBIH, TEMHO-3€JIeHbIH, YEepHBIH, 3eJICHOBATO- 3€JICHOBATO-UEPHBbIH, cepoBaTo-OeIbIi,
T » o o o o
c M3YMPYAHO-3€JICHBIH, 3eJICHOBATO-UEPHBII YEePHBIN TEMHO-3€JICHBII PO30BaTHIH,
CHHHH, cepoBaTO-0eJIblii (roneToBBII
bneck C T €€ K I s H H B #
CnaiiHOCTb CpE/HsIsl B JIBYX HANPABJICHHUIX yroJ CHIARHOCTH 87"
TBepoocTh 55-6
VHOT/1a JIBOMHMKY, NapaJuleibHO TpaHsiM (HaOJIFoaeTcs OTIeIbHOCTS )
o IPaHA MHOT/IA UMEIOT
Hpyrue cBoucrea IPaHU 4acTo
MPOJIOBHYIO IITPHXOBKY,
ne(hopMHUPOBAHEI
0J1e THO-3€JIeHas YepTa
SHAOT€HHBII
MarMaTHaecKui (B MarMaTHaecKui (B MarMaTHIecKui (B MeTMAaTHTOBBIH (B
I'enesnc KOHTaKTOBO-
OCHOBHBIX TIOPOJax), METACOMATHICCKI 3(py3MBHBIX OCHOBHBIX | IIEJOYHBIX HE(EITMHOBBIX TPAHUTHBIX JIMTHUEBBIX
KOHTaKT.-M€TacoMar. Mopoaax) CHECHUTAX U NIErMaTUTaX) MerMaTHuTax)
nopo000pa3yromue
[Ipumenenue XPOMIHOTICH]T B IOBEJIHP. | B ME€TaMOppUIECKUX B MeTaMopd. 1 Marmar mopojax, O —
TPOM bIILLT MOpOJIax-CKapHax Marmar.nopoaax IIEJIOYHbIE PyA




['pynna nupokceHouaoB. CIUIONIHBIE MacChl PO30BOTO I1IBETa WIIU
BOJIOKHHCTBIC W IUTACTHMHYATHIC arperartbl OeNnoro IBETa, C COBEPIICHHOU
CMafHOCTHIO, CTEKISIHHBIM  OJiecCKOM, TBepAoCThiO 4,5-6,5, KOHTAaKTOBO-
METaCOMAaTUYECKOTO WA PErHOHAIbHO-METaMOP(OUUECKOTO TeHEe3UCa.

Taoauna 15
Bommactonut Pomonut
1 2 3
CuHroHus T p U K 1 W H H a 4
O6mmk )
T a 0 O WM T Y4 a T B H
KpPHUCTAJJIOB
JTYyYHCTHIE,
Arperatsl CITYTaHO-BOJIOKHUCTBIE, IUIOTHBIC CIIJIOIMHBIC MACCHI
paauanbHO-JIY4UCThIE
OenbIii, cepoBaTo-0eIbIi, v o
[Ber o PO30BBIi, MaJTMHOBBII
pO30BaThIN
baeck C T € K O 8 H H B H
. COBEPILICHHAS U CPEITHSIS YTOJI
CnaitHocTb 240 COBEpLICHHAA
TBepaocTh 4 5-5 6-6,5
VnenwHBIN Bec 2,8 3,5
Hpyrue cBoiictBa MeuIeHHO paznaraercs B HCI
HU3KOTEeMIIEpaTypHbIN
I'enesnc KOHTAKTOBO-METaCOMaTUYCCKUMN TUAPOTEPMATIbHBIN,
perrnoHaIbHO-METaMOP(OUUYECKU
MPOU3BOJICTBO MUHEPAIbHON .
[Ipumenenue BAThI MOICIIOYHBIN KaMEHb

AMPU60IbI-JIEHTOYHbIE CHJIHKATBI (poroBas OOMaHKa, aKTHHOJIWT,
TPEMOJIUT) - B OTIMYME OT MUPOKCEHOB MMEIOT YAJIMHEHHO-NPU3MATHUYECKYIO,
UT0JIbYATYI0, BOJIOKHUCTYIO (POPMY KPHCTAIUIOB 00JIeE COBEPIIECHHYIO CIIATHOCTD
(crmaiiHOCTB MepeceKaeTcs Mo/ YTJIOM 124° u 560), dbopMy TIOTIEPEIHOTO CEUCHHUS B
BHJIC poMOa.

Tema 2.5.4 JIeHTOYHBIE CHIHKATHI
Cunukamosl ¢ HenpepviGHbBIMU nosacamu (IeHMamu) mempalopos 6
Kpucmanauueckux cmpykmypax. K HUM OTHOCSTCS CHIMKaThl, B OCHOBE
CTPYKTYpPBl KOTOPBIX HAOMIOAAIOTCSI 000COOJIEHHBIE TI0sSCa WM  JICHTHI,
NpeACTaBISAIONIME CO00M CIOBOEHHBIE IMENOYKH. Paaukan s JaHHOTO TuIia
[Si,011]"

Hanbonee pactpocCTpaHEHHBIMU MPEACTABUTENSIMU JICHTOYHBIX CHIIMKATOB
ABJAIOTCS aMPUOOIIbI, KOTOPBIE MO PSAY CBOMCTB (yAEIbHOMY BECY, TBEPIOCTH,
ONTHUYECKUM CBOMCTBAM M T.JI.) OUYE€Hb OJIM3KH K OTIMCAHHBIM BBIIIIE MUPOKCEHAM.

O1muuth aM(PUOOIIBI OT MUPOKCEHOB MOKHO IO CJICAYIONMM MPU3HAKAM:



Taoauna 16

% AmduOoIBI
Yron cnaitnocti-okomno 124°,
Kpucrannbt 00OBIYHO JUIMHHO-
MpU3MaTUUYECKHUE.
OObIYHO  SICHO  OKpalleHbl |
IIJIEOXPOUPYIOT.
MakucMmanpHblii  Yrojl MOracaHusi B
BepTHKambHOil  3ome  0-25°  (3a
UCKIIOUYCHHEM HEKOTOPBIX ILIEIOYHBIX
pa3HOCTeH ¢ XapaKTepHOI OKpackoil).
B 0onbUMHCTBE ClTydaeB ONTHYECKH

7

+*¢ IlupokceHsl.

Yron cnaitnocrr-okono 90°,
Kpucranmist 0OBIYHO KOPOTKO-
MpU3MaTUUYECKUE.

OObIyHO c1ab0 OKpameHbl U ci1abo
MJIEOXPOUPYIOT.

MakucMmaneHblii  Yyrojl TOracaHus B
BeprukanpHoii  3ome  30-54°  (3a
UCKIIOUCHUEM HEKOTOPBIX MIETOYHBIX
pa3HOCTEH ¢ XapaKTepHOH OKPACKOH ).

B OonpumHCTBE CiIydaeB ONTHYECKU

OTPULIATEIIbHBI. MIOJIOKHUTEIBHBI.
¢ llepexomar B XimopuT u T.O. (B ¢ [Ilepexomsar B am¢ubosI  T.1..
MUPOKCEH - TOJIBKO 1TOCTIE TUIABJICHHS).

B renernueckom oTHOIICHUN aM(PUOOIBI OTIIMYAOTCS OT MUPOKCEHOB TEM,
4TO OHU 00pa3yroTcs Nmpu OoJiee HU3KUX TEMIIEpaTypax, B pe3yjbTaTe 4ero B
Moutekyite ampu6omos nprucyretsyror nonst CIY, FY, w OH",

AMOUO0IBI SIBISIIOTCS MUPOKO PACTIPOCTPAHEHHBIMH ITOPOA000pa3 yIOIMMH
MUHEpaIaMU MarMaTH4ecKux W meramopduueckux mopoj. OOIiee KOIMIecTBO
ampubosiI0oB B 3eMHONW kope nocturaer 10% mo Becy, mpu 3TOM HauboJee
pacrmpocTpaHeHbl B MPUPOJE KelezoMaruesnaiabHble aMpubosl. [lo cuHroHNM
OHHU Pa3JIENAI0TCS Ha JIBE MOATPYIIIIbI:
¢ MOHOKJIMHHBIC aM(pHOOJIBI

L4 TpeMOJ'H/IT'CazMg5(OH)2[SigOzg];

¢ aktunosmT - Ca, (Mg,Fe)s(OH),[SisO,];

¢ oObIkHOBeHHas porosas obmanka-(Ca, Na), (Mg, Fe*)(Fe**, Al)s(OH,

F)2[SigO2].
* PomOunueckue am(puOOIIBI SABIIIOTCS CPABHUTEIBHO PEIKHMMH MUHEP aJIaMH.

I'pynna AM®UBOJIOB. U3 OGomnbmioro uywucia aMmpuOoOIOB 37eCh
paccMOTpeHbI HanboJIee YacTo BCTPEUAIOIIHUECS MTOPOI000Pa3yIOIINE MUHEPAIIHI :
mpemonum, aKmuHoaum, poeoeas oomanxka. B Hactosiee BpeMs ampuOOIbI He
HAXOJST TPAKTUYECKOTO TPUMEHEHHS U TOJIbKO IUIOTHAas Pa3HOBHUIHOCTh
AKTHHOJINATA - He@)pum HUCTIOJB3YETCS B KAUeCTBE MOJIETIOYHOTO KaMHHI.

TPEMOJINT-Ca,Mgs[Si;O41],(OH), (Ha3BaHme 1aHO 11O MECTY OTKPBITHSI
ero - noymHe Tpemoss B Anbnax).

CuHeonuss ~ MOHOKIIMHHAsA.  JIeHTOYHass  CTpyKTypa  OOYCJIOBIMBaeT
oOpa3oBaHHE YJIMHEHHBIX JIMHHONPU3MATUYECKUX KPHCTAIOB, IIECTOBATHIX,
UTOJIbYATHIX U JIyYUCTBIX CPOCTKOB.

HHuaenocmuueckue npusznaxu - popMa KpUCTAIUIOB U CPOCTKOB; OT CXOTHOTO
AKTHHOJIATA OTJINYACTCS 110 CBETIION OKpacke.

Ilpoucxodcoenue: a) KOHTAaKTOBO-METaCOMAaTMYecKOE€ — B CKapHaxX Ha
KOHTAaKTe M3BECTHIKOB M CHJIMKATHBIX ITOPOJ BMECTE C JUOTICUAOM, KAJIBIIUTOM,
TallbkoM; 0) MeTramopduueckoe — B

KPUCTAUIMYCCKUX CJIaHIIAX.

Puc.74. AKTHHOIUT, UT0JIbYATHIE, JTYYHCThIe arperarbl




AKTHUHOJIUT-Ca,Mgs[Si;O011],(OH), (0T rpedeckux c0B «akmucy - ayd
U «umoc» - KaMEHb; CBS3aHO C HAaxOXKJICHHEM MHHEpajla B BHIE JIydHCTHIX
cpocTkoB) (puc.74).

KpucTtamuibl n1mmHHOTPU3MATHYECKUE O WIOJbYaThIX, OYEHb XapaKTEPHBI
BOJIOKHUCTBIC U Ty4HCThIE arperaTbl. CKpBITOKPUCTAIUTMIECKUE TUIOTHBIC U BA3KHE
Macchl Ppa3JIMYHBIX OTTEHKOB 3€JCHOTO0 IIBETa HAa3bIBAlOTCS HeppHTaMU;
BOJIOKHHMCTBIE arperarsl, 1o 1o0HbIe acoecTy — aMm(pruO0J0BBIM acOecToM.

HHuaenocmuueckue npusnaxu - Gopma KpUCTAIOB M CPOCTKOB, IIBET.

Illapacenesuc a) B OCHOBHOM MeTaMOp(UYECKOe, B TaIbKOBBIX U
XJIOPUTOBBIX CJIaHIAX; 0) KOHTAKTOBO-METACOMATUYECKOE B aCCOIMAIIUU C
SMHUIOTOM, MAarHeTUTOM W CYIbGUAAMH — XaJIbKOMUPUTOM, MOJMOIECHUTOM,
MUPUTOM H JIP.

Hpaxmuqecxoe3uaqenue HEPPUT UCITOIB3YETCS KaK IMOASIIOYHbIN KaMCHb.

‘ POT'OBASL OBMAHKA-NaCa,(Mg,

Fe’ ) (Fe**, Al) X [(SiA),011],(OH), (pycckoe

Ha3BaHWE TIPOUCXOIUT OT HEMEIKOTO CJI0Ba

«20pHONeHd» - Por M MacKHUPOBaTh, B CBSA3H CO

CXOJICTBOM MHUHEpajla ¢ pOroMm, OT KOTOPOT'O OH
OTJIMYACTCs OOJIbIIECH TBEPIOCThIO) (pHc.75).

PoroBas oOMmaHka BCTpedaeTcs B BHJE

MMPU3MATUUCCKUX, CTOJI6‘{aTBIX, nHOoraa
Puc. 75. PoroBasi o6MaHKa, H30MCTPUUCCKUX KpPHCTALIOB. Ha6moz[a}0Tc;1
YAJIMHE HHO-NIPU3MaTHYeCKue, TAaKKC UT'OJIbYATbIC U BOJIOKHUCTBIC arpCrarhbl.
1€ CTOBAThIC arperaTbl ﬂuaeHocmuquKue npusHaxku - 0BCT, 00JIK

KPUCTANIOB,  XapakTEpHBIH  yroid  MEKIY
IJIOCKOCTSIMH CITAWHOCTH.

Ilpoucxoorcoenue: a) MarmMaTuyeckoe - SIBISIETCS MOPOA000pa3yroluM
MUHEPAIOM CHEHUTOB, IUOPWUTOB, TPAHOIUOPUTOB, HHOTAA TPAHUTOB; O)
MeTaMoppHuuecKoe - poroBas OOMaHKa-TUMUYHBIA KOMIIOHEHT HEKOTOPBIX
MeTaMOpP(OUIECKUX TIOPO — THEHCOB, aM(PHOOIUTOB.

MonokimHHBIE aMPUOOITBI TITMHHOTPU3MATHIECKOTO 00JIMKa KPUCTAIIIOB,
JYYUCTHIMHU, PAIUATBHO-TYYUCTHIMU WM 3E€PHUCTBIMU arperatamu, OOBIYHO
TEMHOU OKpPACKH, CTEKJISIHHBIM OJEeCKOM, COBepHIeHHOI/I CHaI/IHOCTBIO B JBYX
HaIlpaBJICHUSX TIOJ TYIbIM WIH OCTPBIM (124 W1 56) yrJlaMi  MEXIY
MJIOCKOCTSIMU CTIAfHOCTH, TBEPIOCTHIO 5,5-6.

Taoauna 17
PoroBag
Tpemoaut | AKTHHOJUT ApdBencoaur I'maykodan
p oOmaHKa pBen yKoda
1 2 3 4 5 6
CuHIOHUA M O H O K J W H H a 4
OO0k 3
I 1 MW HH OMNDPHWTUI3MaTHEM4Ye€cCc KHUIH
KpPUCTAJJIOB
BKPAIUICHHUKH | HWTOJbYaThIC, paaraibHO-
JYy4YHCTBIE, IIECTOBATHIE,
KPHUCTAJLTbI JTYYHCTBIE, JTYyYHUCTBIE,
Arperatbl CITYTaHO-BOJIOKHUCTHIE,
WJIM 3€pHa, paauanbHO- CITyTaHO-
paauanbHO-Ty9UCThIC,
JPY3bl, JY4YHCTBIE, BOJIOKHHCTEIE,




3€pHUCTBIE BKpaIIeHUs HapajijiesIbHO-
3epeH BOJIOKHUCTBIE
OembIN,
CEpoBaTO- | 3EJIEHBIN C TEMHO-

IBer Oenblii, | Pa3sMTUYHBIMU | 3€JIEHBIH J10 YEPHBII FOHYGOB%TO_
OJreqHO- OTTEHKAMU YEPHOTO CHHHH
3€JICHBIN

bneck C T € KJ 5 HH Bl H

g 6 ¢ 1 a s roJry0oBaTo- roiryoas,

cepas CHUHeBaras

CnaitHOCTb COBEpIIIEHHAs B JBYX HANpPABIEHHsX ¢ yraom 124° wmm 56°

TBepaocTh 5,5-6

SACTBHBIR 3,0 3.2 3.2 3.4 3.1

T JIpOTEPMaIb-
pPETMOHAJIBHO- BO BCEX HBIA B PETMOHANIBHO-
I'enesuc MeTaMOp(UYECKU i, 9HJIOTEHHBIX IIEJTOYHBIX MeTaMOp(UYECKU i,
TUJIpOTEPMaIbHBIN nporeccax | He(eIMHOBBIX | THIPOTEPMAIBHBIN
opoAax
CKPBITOKPHCTAJUITMYECKAS
Pa3HOBHIHOCTb —
[IpumeHenne
He(PUT UCTIOIB3YETCS
KaK MOACIIOYHBINA KaMEHb

Tema 2.5.5 Caoucrteie (JIUCTOBbIE) CHJINKATHI

CTpyKTypa CHIIMKATOB 3TOTO MOJKIACCA COCTOUT U3 KPEMHEKHUCIIOPOIHBIX
TETPa3pOB, YIOKEHHBIX B OTIEJIbHBIE CJIOU, KOTOPBIE CBSA3aHbI IPYT C IPYroM
KaTHoHaMH. JIMCTOBAs CTPYKTypa MUHEPAJIOB HAXOUT OTPAXKEHUE Ha 00JIMKE
KPUCTANIOB U B PU3UYECKUX CBOMCTBaX. KpUCTAMM3yIOTCS OHU B MOHOKJIMHHO M
cuHroHuH. CpaBHUTENHHO ca0asi CBSI3b MEX]Y OT/ACIbHBIMU KPEMHEKUCIOPOTHbI
-MH JIUCTAMH B CTPYKTYp€ 00yCIIaBIMBAET BECbMa COBEPLICHHYIO CIIAMHOCTD B O]
HOM HalpBJICHUH, HEBBICOKYIO TBEPAOCTD 2,5- 3.5, y OTAEIbHBIX MUHEPAIOB CHU
)kaeTcsa 1o 1 mmm mocturaer 5,5-6. biieck CTEKISTHHBIN , Ha INIOCKOCTAX CIIAaHOC
TH C TIEPJIAMYTPOBBIM OTIHBOM.

Taabk MQ;[Si;O10](OH),. CuHOHMMBI: CTEaTUT, XHUPOBHK, TaTbKOBBIN
KaMEHb.

Cuneonuss MOHOKIMHHAs. OOpasyeT JMCTOBaThble, 4YellyWdyaTble WU
CIUIOLIHBIE TJIOTHBIE MacChl. JINCTOUKM TMOKKUE, HO Majlo yIpyTHe.

Jluaecnocmuka: 1BET 3€NEHBIN, CBETIO-3€NIEHbIN, OEbli U CEpO-3€JIEHBII B
CIUIOIIHBIX Maccax. bieck nHOraa nepaaMyTpOBbId, TBEPAOCTh 1, JIETKO y3HaeTcs
M0 HU3KOW TBEPJOCTHU U KUPHOCTH HA OLLYTIb.

llapacenesuc: TalbKa SBISIOTCA CEPIEHTUH, MAarHE3WT, JOJIOMHT,
AKTUHOJIUT, MAarHETUT, reMaruT. TallbKOBbIC, TAIBK-aKTUHOJIMTOBBIE U JIPYTHE
CJIAHLIbI UMEIOT OYEHb IIMPOKOE PACTIPOCTPAHEHHUE.

Cepnentnn (3meeBuk) M(g[Si,O10](OH)s. Ha3zBanue «3MeeBUK» AaHO IO
L[BETY, HAIIOMUHAIOLEMY LIBET 3MEMHOUN KOXKHU.

Juaenocmuka: 06pa3yer MIOTHBIE CKPBITOKPUCTAUIMYECKUE MACChI JKENTO-
3€JIEHOT0 WM TEMHO-3€JIeHOT0 1BeTa. OKpacka MHOT /1A, IATHUCTASL.



Pasnoeuonocmu. IlpocBeunBarommii B KpasX sKEATO-3€JIEHbIA CEPIIEHTHH C
BOCKOBBIM OJIECCKOM HOCUT Ha3BaHUE ogpuma, Ui 01aropoJHOTO CEpIIEHTHHA.
bacmut niceenomopdo3bl CEpIIEHTHHA IO SHCTATUTY. AHmMU20pum — IUCTOBATHIN
CepHeHTUH. Xpu3omull — BOJOKHUCTBIN CEPIICHTHH.

IIpoucxoorcoenue. OOpazyercs 3a CUET OJIMBUHA B PE3YJIbTaTe€ BO3/1CUCTBUSA
TUAPOTEPMATIbHBIX PACTBOPOB Ha YJIbTPAOCHOBHBIE (MEPUIOTUTHI, AYHUTHI) U
KapOOHAaTHBIE TIOPOIBI. DTOT MPOIIECC HOCUT HA3BAHUE CEPIICHTUHU3AIINH.

Ilapacenesuc: sBasitOTCSL acOeCT, MarHe3uT, XPOMHUT, MArHETHUT, TAIbK H JIp.
Haxonku ceprneHTHHOBBIX MAacCHBOB JAlOT OCHOBaHME i TOCTaHOBKU
MOMCKOBBIX pabOT Ha acOecCT, TalbK, PyIbl XpOMa, HHUKENs, IUIATUHBI U ApyTrue

ITOJIC3HBIC NCKOITIACMBIC.

Puc.76. KaommHur.

MuHepaJbl I'JIHH

Kaomunur Al,[Si;00](OH)s. Ha3anue
IIPOUCXOAUT OT Ha3BaHusA ropbl Kaymuar B Kurae,
rjae 100bIBajICs 3TOT MUHepa (puc.76).

Lluacnocmuueckue npusnaxu - O€nbIi LIBET,
B CYXOM BHJE JETKO pAacTHpPAETCs MEXKIY
naabliaMy, >KaJHO TMOTJIONIAET BOJY, BO BIQXKHOM
COCTOSIHUM OY€Hb IJIACTUYEH.

IIpoucxoorcoenue SK30reHHOE - 00pa3yeTcs B

OCHOBHOM  TIIpU  MPOLECCaX  BBIBETPHUBAHUS
pPa3JIMYHBIX ~ TOPHBIX  HOPOJA,  COJAEp KalluX

ATIOMO CHITMKATHI (TIOJICBOH Imar, CroAbl, HedearH). Bo3MOKHO TIEpeoTIOKEHUE
MIEPBUYHBIX 00pa30BaHUI KAOJMHUTA BOJIHBIMU IMOTOKAMU C KOHIICHTPAIMEH WX B
BHJIC BTOPUYHBIX 00pa30BaHMIA Ha JTHE BOJHBIX 0aCCEHHOB.

Puc.77. MOHTMOPHIIIOHMT.

= 20-50tm~~

Puc.78. Ilpupoanbie
KPHUCTALIBI (ioronura:
a) evlmaHymulii;

0) niumuamotii

MOHTMOPWJIJIOHUT-
NAIL[Si,010](OH), m(Mg, Fe)s X
[Si4010](OH),pH,O (Ha3BaHWE 1aHO IO MECTY
HaXOXJACHUsST MUHepasia B MOHTMOpPWIIOHE BO
®panrun) (puc.77).

Jluaenocmuueckue NPUSHAKU-CUIIBHOE
HaOyXaHHe OT BJIard, NPHIUIALT K SI3BIKY.

IIpoucxooicoenue. 3K30TEHHOE-00pa3yeTcs
B IIEJOYHOW Cpele TMTpH  BBIBETPUBAHUU
3¢ ¢dy3uBHBIX MOPOJ (BYJKaHUYECKUX MEIJIOB), a
TAK)KE  OCHOBHBIX  M3BEPKEHHBIX  TOPOJ
(mmabazoB, 0a3anbTOB, TAOOPO).

Caroasl

OHU MMEIOT JIMCTOBATHI OOJMK M BeCchMa
COBEPIICHHYIO CIIAHOCTH

Cuneonuss ~ MOHOKIMHHAs.  Kpucrtamisl
JHMCTOBAThIC, Uelyiuareie (puc.78 a).

JIMCTOUKM CIIO/ ympyrue, HeKOTOPhIe MPHU
pacuielyieHMu B TeMHOTe cBerarcs. Ecmm
CMOTpEeTh Yepe3 TOHKYI0 TUIACTHHY CIIIOJbI Ha
CBETSIIMNCA TPEIMET, TO HHOT/AAa HaOIIoJaeTcs



IIECTH- W JBEHAIATUIIydeBasi 3BE3/la, YTO BBI3BIBACTCS OPUCHTUPOBAHHBIMU
BKJTFOUCHHUSIMH UTJI PYTHIIA.

®JIOTOIIUT- KMg;[AISisO](F,OH), (Ha3BaHme mNPOUCXOAUT OT
TPEUYCCKOTO CJI0BA «hI020noc» - OTHENOJOOHBIM W3-3a KPAacHOTO OTTEHKA
HEKOTOPBIX KpUCTALIOB). Dmoronmutr oOpasyeT TaOJUTYaThle W TUIACTHHYATHIC
KpucTauibl (puc.78 6). XapakTepHbI TAKKE MEIIKHE JINCTOYKH U YCIITYHKH.

HHuaenocmuueckue npusHaku-oT OWOTHTA OTIMYaeTCs Oojee CBETIION
OKpPAaCKOM; TeMHO-OyphIe, MOYTH YEPHBIC PA3HOCTU TPEOYIOT JJISI ONPEICIICHUS
NPUMEHEHUS] TOYHBIX METOJOB IUArHOCTHKH.

IIpoucxooicoenue: a) KOHTAKTOBO-METACOMATUYECKOE — HAXOAWTCA B
CKapHOBBIX 00pa30BaHMSIX B aCCOIMAIMH C KaJIbIIUTOM, allaTUTOM, JHOIICHIOM,
CKaroJuToM; 0) MeTacOMaTHYECKOe-00pa3yercsi B KapOOHATUTAX MPU Pa3BUTUU
NPOIIECCOB 3aMEIICHUSI BMECTE C KaJbIIUTOM, IUOIICHUIOM, alaTUTOM, WHOTIA
MarHeTUTOM U TTHPOXJIIOPOM.

BHUOTUT- K(Mg, Fe)3[A|SI3010](OH, F)2
(puc.79).

Huacnocmuueckue  Npu3HAKu-TEMHBIH,  TOYTH
YEPHBI [[BET WX CJIETKa 3eJICHOBATHIM OTTCHKOM.

Ilapacenesuc: a) wMarmMatu4yeckoe - OHOTHT-
XapaKTePHBIH TOPOJA000pa3yIONMi MHUHEpaT TPaHHUTOB,
TPaHOIMOPHUTOB, AMOPUTOB, CUCHUTOB; 0) IIErMaTUTOBOE -
B OKWJIAaX BMECT€ C TIOJEBBIMH IIMIATaMH, KBapIIEeM,

MYCKOBUTOM; B) MeTamoppHUUecKoe - BCTpPEUacTcs B

Puc.79. Buorur
3HAQUUTEIBHOM KOJIMYECTBE B PA3JIMUHBIX CJAHUAX U
THENCax.

MYCKOBUT-KAI[AISi;0,](OH), Ha3BaHue MPOUCXOAHUT OT CTAPUHHOTO
UTAJBbSHCKOTO Ha3BaHUs ropojaa MockBbl -Mycka (BbiBo3uUMbIe W3 Poccun Ha
3amaj, 4yepe3 MockBy, OoJiblM€ JUCTHI MYCKOBHTA HA3bIBAIM «MOCKOBCKHUM
CTEKIIOM»).

becuBeTeH WM JKENTOBATOTO, CBETJIO-KOPUYHEBOTO IIBETA, HWHOTJA C
KPacCHOBATHIM OTTEHKOM.

Pasnosuonocmu. CepuniT METKOKPUCTAIUIMYECKUN CBETJIBI MYCKOBHUT,
Nmeer mienkoBUCTBIM Oneck. DYKCUT - XpoOMOCOJep KaIias pa3sHOBUIHOCTH
MYCKOBHTA SIPKO-3€JICHOTO I1IBETA, XapaKTepHas AJisl TUCTBEHUTOB.

HHuaenocmuueckue npusHaku-CBETIIas OKpacka, MPO3pPayHOCThb, BeChbMa
COBEPUICHHAs CIIAHHOCTh.

llapacenesuc: a)lierMaTUTOBOE—CIIIOJIOHOCHBIX TIETMATUTAX B aCCOLMAIUH C
TIOJIEBBIMH IIITATAMH, KBApPIIEM, HHOT1a OMOTHTOM, TYPMAJIHMHOM, allaTUTOM;

0) rumporepMaibHOEe — Tpei3eHax M KBapIEBBIX >KUJIAX BMECTE C KBapIleM,
TOMa30M, OEpUIIOM, KACCUTEPUTOM, BOJIb(PPAMUTOM, KOTYMOUT - TAHTAJIUTOM;

B) MeTramMop(pUYECKOe — B Pa3IMYHBIX CJAHIAX, KBapIUTax W B JPYTHE
00pa3oBaHUsX.

JIEIMUAOJIUT - KLiy sAl; s]AISi;0,0](F, OH), (Ha3BaHue mpoUCXOIUT OT
IPEYECKOr0 CJIOBA «J1enudocy - YelllyiKa, B CBSI3U € YEHIyiHyaTbIM 00JIMKOM 3TOTO
MuHepana. BcTpeuaeTcss B BHIE€ MENKHX JIMCTOYKOB, YEIIyeK M CKOPIIYIOBATHIX
arperaTtoB, a TaKke 00pa3yeT IIACTUHYATHIE U CTOJI0YAThIE KPUCTAILIHIL.



Huaenocmuueckue npusHaxku - TBET PO30BBIA, PO30BaTO-(HOJIETOBBIMH,
uHOTAa O€ITbIil; 0JIECK OT CTEKIITHHOTO JI0 CEpeOpHCTOTO HEOKPAIICHHBIC Pa3HO CTH
OTJIMYAIOTCS OT MYCKOBHTA IO ONITUYECKUM CBONCTBAM.

Ilapacenezuc: a) TErMATUTOBBIA - JICMHUOJUT-XapAKTEPHBI MHHEpal
HATPOJIMTHEBBIX TMErMaTUTOB, T/€ CIOYTHUKAMH €ro SBJSIOTCS — ajbOWT,
HOJIMXPOMHBIE TYPMAJIUHBI (TaKO€ COYETAHUE MUHEPAIOB SIBISIETCS MOUCKOBBIM
NPU3HAKOM Ha PEIKOMETAbHbIE PYAbl), MHOTJA CIOAYMEH O) MHEBMAaToJMTa-
TUAPOTEPMAIbHOE B IpeH3eHax B acCOLMAIMU C TOMa30M, KBapleM, OepuilioMm,
KaCCUTEPUTOM.

Ilpaxmuueckoe 3Hayenue - UCTIONB3YETCS KaK py/ia Ha JIUTUH.



®orormr buorur JIETMAOMETIaH MyckoBur Jlemunonur Bepmukyiur Kaonvaur MOHTMOpWUIOHUT
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Tema 2.5.5 KapkacHble CHIIMKATHI

Cpenu alnroMOCHIIMKATOB KapKaCHOW CTPYKTYPhl HHXKE PacCcMaTpUBAIOTCS
YeThIpe IPYIIbI: a) MOJIeBbIe MIaThl; 0) enbammaruiasl (conepxar MeHbine SiO,
u OOJIbIlie MIEJIOYEH MO CPAaBHEHMIO C MOJIEBBIMU IIMATaMU); B) CKArOJMUTHI; T)
LEOJIUTHI.

IHoJieBble HIMATHI

[lonieBble mImaThl pa3aenslOTCS IO COCTaBy Ha HaTPUEBO-KAJIbLIUEBbHIC
(TUTaroxa3bl) U KaaueBbie (OPTOKIIA3 U MUKPOKIIMH).

IlnaruoxJjassl IPEACTaBIAIOT COO0M M30MOPGHBIN P ¢ ABYMS KpaltHUMU
yinenamu: anboutom NaJAISi;Og] u anopturom Ca[ALSi,Og]. Na u Si 3ameraercs
Ca u Al Ha3paHue npOUCXOTUT OT T'PEUSCKOTO CIIOBA «MIASUOKIA3» - KOCO
PACKaJIbIBAIOIIUIACS, B CBSI3U CO CIIATHOCTHIO, KOTOPAs B IJIarMOKIa3ax MPOXO UT
MO/J1 YTJIOM, 3aMETHO OTJIMYAIOIIMMCS OT MPSIMOTO (Ha 3,5-40). DTO Ha3BaHUE JAHO
B OTVIMYHWE OT MOHOKIIMHHBIX TOJIEBBIX IIMATOB, KOTOPBHIE HMEIOT YrOJ MEXITY
IJIOCKOCTSIMHU CIIAWHOCTH, PABHBIN 90°,

CuHneoHus TUIAarMOKIIa30B TPUKIUHHAS.

[narwoknassl HWMEIOT OTPOMHOE 3HAueHHWE B meTporpaduu s
KJIacCU(UKAIUA HW3BEP)KEHHBIX TIOPOJ, Oblja MpemioKeHa MX KiaccuduKarms,
OCHOBaHHAas Ha MPOLICHTHOM COJEPKAHUU aHOPTUTOBOU COCTaBIIAtOLICH. Mcxoms
U3 3TOTO, TUIArMOKIJIa3bl Pa30UTHI [0 HOMEPaM IJIarHOKIIa30B:

kucbiit [Ansout (Ab)Na[AISi;Og) 0-10
KkucIblil [Onurokias 10-30
cpenHuil [ AHIe3nH 30-50
ocHOBHOI [JTabpamop 50-70
OCHOBHOU [buTOoBHHT 70-90
ocHoBHOU [AHOpTHT (ANn) Ca[AlSi,Og] 90-100

Homep marmoxiasa TOUHO XapakTepU3yeT €ro cocTaB. Tak, miaruokias 36
COOTBETCTBYET aHJIE3UHY, OH COJIEPKUT 36% aHOPTUTOBOM cOocTaBIIIOIIEN U 64%
aTLOUTOBOM.

[Inarvoknazsl  OOBIYHO XapakTEPU3YIOTCS HENpPaBWIbHBIMU 3€pHaMHU,
BKpAIUICHHBIMA B TOPOAY; OOpa3yloT 3€pHHCTBIE arperarbl, WHOTIA IPY3bl
(ampOuT). XOpomio 0O6pa3oBaHHBIE KPUCTAIIIBI PEIKH.

[lo BHemHMM MpU3HAKaM B HEKOTOPBIX CIy4asX yJIaeTcsl ONIpE.]elUTh
TOJIPKO aJTbOUT U Ja0paop.

Ilpoucxoorcoenue. Marmatuueckoe — B HM3BEPKEHHBIX IOPOJAX;
NEerMaTUTOBOE; METaMOP(PUUECKOE — B KPUCTALIMYECKUX CIIAHIIAX.

AJIBBUT Na[AlSiz;Og]. Ha3Banue mnpoucxoauT OT JIATHHCKOI'O CJIOBa
«anbbycy» - OENbIN.

[[BeT Oenblil. B HEKOTOPBIX MErMAaTUTOBBIX JKUJIAX 00Opa3yeT XapakTepHbIE
IUIACTUHYATBIE arperarbl, 4acTO BMECTE C OPTOKIa30M, TOMa30M, OEpUIUIOM U
MOPUOHOM. B peaxoMeTalbHbIX NIerMaTuTax OObIYeH caxapOBUAHBIA 3€PHUCTHIN
ATLOWT U JIUCTOBATHIN aTbOUT — KIe6elaHOUT , 0€JI0TO WK ToJTy00BaTOTO I[BETA, C
TaONMUTYATBIMU WM YelryiyaTeiMu (popmamu 3epeH. B u3BepKeHHbIX MOopojax
aTLOUT 6€3 MUKPOCKOTIA HEOTIPEIEIHM.



JIABPAZIOP. Ha3Ban 1o mnosyocTpoBy
Jlabpamop B CeBepHoli AMmepuKke, T/I€ BCTPEUYAIOTCS
NOpOJbl, LEIUKOM COCTOSIME W3 Jabpamopa —
1a0palOpUTHI.

LiBeT cepriii, TeMHO-CEPBINA. XapaKTEpHbI CUHUE
OTJMBBI Ha INIOCKOCTAX craHocTH (puc.80).

OPTOKJIA3 KJ[AISi;O0g]. Oproxmaz mo-
IPEYECKU 3HAYUT CIPSAMOKOJIIOLIUICS» - YKa3aHUEe Ha
Puc.80 JIabpanop HAIPABJICHUS] COBEPIICHHOW CIMTAWHOCTHU, UAYIIUE TT0 T
PSMBIM YTJIOM.

Cuneonu MOHOKIIMHHAs. KpuCTaIbIXOpOILIO BEIpaxe
HBI, 4aCTO BCTPEYAIOTCs B IBOMHUKAX (puc. 81) Takxke
00pa3yroT CIUIONIHBIC KPUCTAUINYECKUE MACCHI.

LIBeT cBeTnmo-ceprii, CBETIIO-PO30BBIN 10 MSCO-
KpacHoro. bneck ctekmsiHHBIN. TBepagocts 6-6,5.
[TnoTHOCTH 2,5-2,6.

Pasznoeuonocmu:. canuoun - OECLBETHBIMH,

Puc.81. /IBoitHuk

OpTOKJIa32 xapakrepeH s 3Q¢dy3uBHBIX TIOpOA. Adywap-

BOJSHO-TIPO3PAYHBIM  ARYJSApPBl  HEKHO-TOIYOOTO
BETa C CepeOpPUCTHIM OTIMBOM  HAa3bIBAIOTCS
JIYHHbIM KAMHEM

IIpoucxoorcoenue. Marmatuueckoe-B KUCIbIX U
CPEOHUX U3BEPKEHHBIX MOPOJAX, a TaKKE B
nermatutax. llpu BbIBETpHBaHHMM TOJBEPTacTCA
KaOJIMHU3AIIH.

MHUKPOKJIMH KJAISi;Og]. B mepeBone ¢
IPEUYECKOTO - «HE3HAUUTEIbHO OTKJIOHEHHBIN», TaK
KaK yroJl MKy INIOCKOCTSMH CIIAKHOCTU B OTIMYHE
OT OPTOKJIa3a OTKJIOHSETCA OT npsiMoro Ha 20°.

Puc.82. Mukpokins,

KPYIHO3€ PHUCTbIE
arperarsi Cuneonuss tpukiuHHasa. [lo BHemmHemy Buay

HEOTJIMYUM OT OPTOKJIAa3a, XapaKTEPHbI JTBOWHHKHU.

[IBer Oemblid, cepwlii, PO30OBBIN, KENTHINA, KpacHbIH. CHalHOCTh COBEpIICHHAS .
Teepaocts 6-6,5. ITnotHOCTh 2,54-2,57.(Puc.82).

Penkas pa3HOBUIHOCT MUKPOKJIMHA 3€JIEHOTO LIBETA HA3BIBACTCS AMA30HUM

UIU AMA30HCKUM KAMHEM.

IIpoucxoocoenue. Marmatnyeckoe, KpyImHbIE KPUCTAUIBI BCTPEUAIOTCS B
NEerMaTuToBbIX kuiax. IIMpoko pacmnpocTpaHeHbl 3aKOHOMEPHbBIE MPOPACTAHUS
KaJIMEBBIX TOJIEBBIX LINATOB KBAPLEM U albOUTOM, HOCST Ha3BAHUE «E8PEUCKO20
KAMHA» UTU NUCLMEHHO20 SpaHUmd.

Ipynna Genvouwnamouoos. OObryHas dbopma BbIJICJICHUI
(benpaImnaTon0B-36pHUCTbIE arperarbl U OT/AENbHbIE HENpaBWIbHbIC 3€pHA B
COCTaB€ LIETIOYHBIX TOPHBIX MOPOJ (HE(DETMHOBBIX CUEHUTOB U JIp.).



HE®EJIMH-Na[AISiO,]. Ha3panme c
rped. vapeln - obnako (mpu paznoxkenuu B HNO;
TaeT «001ako» KpemHe3eMa). CHHOHUM-2/1e01Um
(MacsiHbIM Kamenb) (puc.83).

Xapaxmepnvie npusnaxu. OTeNbHBIE 3€pHA
HEMpPaBWILHONW (OPMBI WM CIUIOIIHBIE MACCHI.
[llecTurpanupie KOPOTKOMPU3MATHUECKUE WIIH
TOJICTOTAOJUTYATHIC KPHUCTAILIBI peIKHy;
BCTPEYAIOTCA B IyCTOTax MOPOJ, COJAEpKaIIUX
HedenuH. Yarre moynpo3padeH, ceporo IBeTa ¢
3€IE€HOBATBIM, OypOBaTbIM MM KPACHOBAaTBIM  Pyc.83. Hedemin.

OTTEHKaM JHMOO SPKO OKpAIlleH: MSICO-KPaCHBIMH,
3eJIEHOBaThI, OypoBaTO-KeNThlId. bieck kupHbiil. CIallHOCTh OTCYTCTBYET WJIH
HecoBepIieHHas. TB.5-6. Xpynok. YaensHbI# Bec 2,6-2,7.

Yenosus  obpasosanus  u  HaxoxcOenusi. OAWMH W3 TIaBHBIX
MOPO000PA3YIOIIMX MHUHEPATIOB IIEJIOYHBIX TOPHBIX MOPOJ M MX MErMaTUTOB.
[IpoucxoxkaeHrue MarmMaTH4eCKOe, PEke IMEerMaTUTOBOE M METacoMaThyecKoe.
MuHepanbl—CIyTHUKH. STUPHUH, IIeJI04YHbIe aM(uOOIbl, anaTut, cheH, IUPKOH,
ABIUAINT, WILMEHHUT, TaKXXe€ COJAINT, KAaHKPUHUT, IeosuThl. Hukozoa He
ecmpeuaemca coBMecmHo ¢ Keapuem.

Jluaecnocmuka. MOXHO cHyTare C MOJIEBBIMU IIIaTaMd W KBapueM. OT
MOJIEBBIX IINATOB OTIMYAETCSI OTCYTCTBUEM CHATHOCTH, OT KBaplia - acColualuein
MUHEpPAJIOB, a TaKKe€ MEHbIIeH TBEPAOCThIO, O0Jiee KUPHBIM OJIECKOM,
3€JICHOBAThIM, KPAacCHOBATbIM M JPYTMMH OTTEHKAMH CEpOTo IiBeTa (KBapll B
nopojge  OOBIYHO  JBIMYATO-CEPHIH WM MOJIOYHO-OCINbI),  MEHBIIEH
IPO3PAYHOCTHIO, CIOCOOHOCTHIO pa3araTbCs Mo 1 JEHCTBUEM KUCIIOT. XapakTepeH
00JIMK BBIBETPEHHOM IMOBEPXHOCTH.

Ilpakmuueckoe 3Hauenue. llpuMeHsieTCS B CTEKOJbHOMW, KEPaMUUECKOH,
XUMUYECKON MPOMBIIUIEHHOCTH. CIIy>)KUT CBHIphEM JJII MPOU3BOJICTBA COJIBI,
CUJIMKArenis, yiabTpamapuHa W Jp. MOKET HCIOJb30BaThCsl KaK ATFOMHUHHEBAS

pyzaa.

Tema 2.5.5 KapkacHble CHINKATHI

[To xumu4ecKkoMy COCTaBy MUHEPaJIbl MPEACTABIIIOT COOON TUITUUHbIE
AIFOMOCHJTMKATHI, TAK KaK B COCTAB AHUOHOM IPyNIbl BXOJUT AIIFOMUHUM.
IToneble mmarsl — HanboJIEe pacIPOCTPAHEHHBIE TOPOI000PA3YIOIINE MUHEPATIBI.
Beraenstorest Tpu psiia MUHEPAIIOB:

Psn 1. KasmeBo-HaTpueBble NOJIEBBIE ITIATHI - IIETIOYHBIE MOJIEBBIE IITIATHI.

Psn 2.HarprueBo-KalbIIMEBBIE MOJIEBBIE IITNIATHI - IJIArMOKJIA3BI.

Pspn 3.KanmeBo-06apueBble MoJIeBbIE ATl — THAN0 (PaHbl

B npupoje ruanodansl BcTpedaroTes KpaitHe peIko U 3/1eCh HE pacCMaTpUBAIOTCS.
TabnuryaTtble, NPU3MAaTHUECKU-TAOIUTYATBIE KPUCTALIBI MOHOKIMHHON WM
TPUKIMHHOM CHUHITOHMWH, CBETJIOW OKPACKH, BCJIEACTBHUU OTCYTCTBHUS JIEMEHTOB
XpOMO(OpPOB, CTEKISIHHBIM OJIECKOM, COBEPIIEHHON CHANHOCTBIO MOJ MPSMbBIM
YIJI0M WM OJIU3KUM K HEMY, TBEPJOCTHIO 6, SJHIOTC€HHOTO MPOUCXOKICHUS.



Taoauna 20

Canuaun Oprokia3 MUuKpOKINH IInarmoxnassl
1 2 3 4 3)
CHHIOHUS MOHOKJIMHHAS TPUKIMHHAS
O6muk . .
TaObIUTYATHIN, TPU3MATHYECKU -TaOINTUATHII
KpPHUCTAJUIOB
BKpAIJICHHUKU KPUCTAJUIOB, 3€pHA, IPY3bl KPUCTAIIIOB
MEJIKO3EPHUCTHIE,
Arperatsl
CIUIOILHBIE 3€PHUCTbIE caxapOBUJIHBIE,
NJacTUHYATHIC
. . | 6emslii, roxyboBa-
PO30BBI, KPACHBIH, .
o 61e1H0-p030- . ThIH, CEpOBATO-
OECIIBETHBIH, . . KpacHO-OYpHIii; o
IIget .. | BBIM,)KEJITOBATHIM, o 3€JICHbIA, TEMHO-
MPO3pavYHBIN . aMa30HUT-3€JIEeHbIH, .
OenbIit . CephIi
CHHEBATO-3eJICHbIN
(1abpabop)
CnaifHOCTh COBEpIIIEHHAS M YroJl MeKIy IUIOCKOCTAMHM craitHocTd 90° mum 89°
breck CTEKJSHHEBH I
V. Bec 2,6
MOJIUCUHTETHYECKUE
. JIBOMHHUKH, HA
JIBoiiHBIE N N
o MPOCThIE IBOMHUKHI IIJIOCKOCTH CIai-
CBOICTBa
HOCTHU — MapaJuieib-
Hasl ITPUXOBKA
5 HIXOTIEHHE H
B BO BCEX UHTPY3HB-
I'enesuc 3((dy3UBHBIX | B KHCIBIX U CPEIHUX MATMAaTHYECKUX | HBIX U 2QPy3HBHBIX
nopoJiax u opo/iax, erMaTuTax opojax, B
J1aBax MerMaTHTax
Mopo1000pa3yronye
KpPacUBO OKpaIlleH-
(apdopo - dasHCOBas, KEPAMUYECKAS, | 1pia DPa3HOBHHOCTH
CTEKOJIbHAs TIPOMBITITIEHHOCTH (1yHHBI,
COJIHEUHBIH KaMEHb)
[IpumeHnenue

aAMAa30HUT — B
FOBEIIMPHOMN
MPOMBIITIEHHOCTH

— B IOBEJIMPHOM
MPOMBIIIVICHHOCTH,
nabpamop -
0OJTMIIOBOYHBIN
KaMEHb

OTiryme IIarnoKJIa30B OT KAIUEBBIX MOJICBBIX IINATOB:

1.0Oxpackoti — KIlll UMEIOT BCET/1a IIBETHYIO OKPACKY WM IIBETHOU OTTEHOK
B OKpacke — pO30BYI0, KPACHYIO, 3€JICHYI0. Y TUIAarHOKIa30B OKpacka Oemast wim
cepasi 0€3 IBETHOTO OTTCHKA (32 HCKITFOUEHHEM I[BETOB HPPH3AIUK y Jadpanopau
JTYHHOTO KaMHS1).

2./[6otiHuKamuy — y TUIATHOKIIa30B CJIOKHBIE TIOJIMCUHTETUYECKUE ABOWHU
KU B BHJIE TOHKOH IITPUXOBKH HA TUIOCKOCTSIX CHAWHOCTH, Y KITII — JBOWHUKH PO

— CTBIC.

3.Ilapazene3ucom — KIll HE BCTPEUAIOTCS B YJIbTPAOCHOBHBIX TOPOAaX B
acCOULMAIK C OJIMBUHOM, HE TUITMYHBI OHU U C MUPOKCEHOM (KpOME ATUPUHA U
CIIOJYMEHA), IJIArMOKJIa3bl HE PaCIPOCTPAHEHBI B TUX aCCOLUALMUIX.




IIpakTnueckas padora Ne 10, 11, 12, 13.
OmnpenejieHne MAHEPAJIOB IPyNIbI CHJINKATOB.

Leab: U3y4duTh U YMETHh OTIPENEISITh OJIUBHH, JHUIOT,C(PEH, TOTa3, rpaHaThI,
OepuIuL, TypMaJiiH, OJIMBUH, TUPOKCEHBI, aM(PHOOIbI, TAILK, CEPTICHTHH, KA0JIH
HUT, CJIFO/IBI, IIOJICBBIC MIIAThI, HE()EIMH, HCTIOJIb3YsI KOJUISKIINIO MUHEPAJIOB,
KTy TBEPI0CTH, OUCKBHUT, CTEKIIO.

Ob6opyoosanue. KOJJEKIUS MUHEPAIOB CUIIMKATOB, MIPEAMETHOE CTEKIIO,
IIKajia TBEPAOCTH Mooca, BCTIOMOTaTeIbHBIC IPEIMETHI, JIyIa, MUKPOCKOII

Ilopsaook evinonnenus paoomot.

¢ 1. Onpenenuts MUHEPAIBI TIO TBEPIOCTHU : BHIJICTUTD C HU3KOW TBEPIOCTHIO -
IpyIa MIMHACTHIX MUHEPAJIOB, TP YIINA CIFOI.

¢ 2. OnpenenuTs C BBICOKOM TBEPAOCTHIO - XOPOIIIO [IapanaroT CTEKJIO - MOJIEBbIE
IIMATHI.

¢ 3. OnpenemuTh MUHEPAITBI IO (POPME HAXOKACHUS: TP. CIIIO] - JIMCTOBATHIE,
YeIryH4arhie; I'P. TIIMHACTHIX MUHEPAJIOB - 3€MJIUCTHIE MacChl; aM(PUOOJTIBI -
YIJIMHEHHO-TTPU3MAaTHUE€CKHE, UTOJIbYAThIC; I'P.KOJIBIIEBBIX CUIIMKATOB (hopma
CTOJ0YATHIX KPUCTAIUIOB, TP. TPAHATOB - POMOOI0IEKadIPHI.

¢ 4.0npenenuTs MUHEPAIbI IO 0COOBIM CBOMCTBAM: 1a0pajop - CUHUE,
(HOJIETOBBIE OTTEHKH TI0 OT/EIbHBIM IJIOCKOCTSIM CIIAHHOCTH; TP. OJIEBBIX
HIMAaTOB- XOPOIIXI 0JIECK MO BCEH MIOCKOCTHU CIIATHOCTH OJTHOBPEMEHHO.

¢ 5.0mpenenuts 1Mo cepoMy LBETY, )KUPHOMY OJIECKY, HECOBEPIIEHHO
CIMaifHOCTH - He(enH

KoHTpobHBIEC BOIIPOCHI:
1. YcTaHOBUTH 0COOEHHOCTH CTPOEHUS CHITUKATOB.
2. YKa3aTb IPUHITUITEI KJTacCU(UKAITNN CHIINKATOB.
3. Kparko oxapakTepru30BaTh OCTPOBHBIC CHIIUKATHI
5. Kparko oxapakrepu3oBaTb MUHEPAJIbl IEMOYEYHBIX CUIIMKATOB.
6. Harmucatb hopmysibl MUHEpaIOB JIEHTOYHBIX CHIMKATOB. Kparko

OXapaKTepHU30BaTh.
7. Hancatb (hopMyJibl MUHEPAJIOB JIUCTOBBIX CUIIMKATOB. Kpatko
OXapaKTepU30BaTh.

8. Hammucarb hopMyIibl MUHEPATIOB KapKacHBIX CHIMKATOB. KpaTko
0XapaKkTeprU30BaTh.

9. YcTaHOBUTH OTAMYUTEIbHBIE IPU3HAKK OJIMBUHA, TPaHaTa, ToMasa, MHU10Ta,
cena.

10. YcTanoBUTH 0COOEHHOCTHU (POPM HAXOXKIEHUS C(heHa U LIUPKOHA.

11. Onpenennuth OTAMYHUTEIbHBIC MPU3HAKK OCpHUILIa U TypMAaJIMHA.

12. YcTaHOBUTH OTIIMYUTENBHBIE 0COOEHHOCTH MEXKTY MUPOKCEHAMHU U
ampudomamu.

13. Onucarb popMy HaxOKICHHUS BOJIACTOHUTA.

14. Onucatb popMy HaXO0XKACHHS AKTUHOJIUTA, TPEMOJIUTA, POTOBOM 0OMaHKH.



15. OHpCI[GJ'II/ITB AUArHOCTUYCCKHC IIPU3HAKU TAJIbKA, CIIOA, INNIMHUCTBIX

MUHEPAJIOB.
16. Onpenenuts MUHEPATIBI T'P. TPAHATOB.
17. HazBarh OTJIMYUTENbHBIE 0COOCHHOCTH KApKACHBIX CUITUKATOB.



bopaTsl Ta6auua 21.
Conepx
anue o Y nens
Cnaiino . | Teep
Munepan | Xumudeckas Gopmysia B>0O3 Curonus | Crpykrypa OO6JIHK KPUCTAIIIOB oTh brieck et HBIN 1
(Teopetn BEC
YECKOe)
OCIIBIN,
ou POTIOKHHETHIC IICJTKOBU CThII cephIit 2,6 4
oMOHu- - -
Atmaput Mg, [B204OH](OH) 40,40% P OCTpOBHas MHUKPOBOJIOKHHUCTHIC - PbIH, :
yecKas JIO TYCKJIOTO JKEITOBA 2,7 45
arperaThbl o
TBIH
TJIaCTHHYATO-
o . OecuBeT
T'uapo- CaMg[B,BO4(OH)3] . MOHOKIIMH BOJIOKHHUCTBIH, coBep CTEKISIHHBIH, .
50,53% LenoyeuHast N 2 HBIH, 2,2 2-3
Ooparut X 3H,0 Has paauanbHBIA | [MIEHHAS | INEIKOBUCTHIN Serbii
CTOJ0YATHIN
KOPOTKOIIPU3METHIECK
W# 10 TaOIUTYATOTO
Muont MOHOKIIUH TaIl;Ke MacCHBHBIN ’ coBep ST
(uuptout | Ca[B,BO3(OH)5]4H,0 | 37,62% cioucTas o ’ CTCKIISTHHBIN HBIH, 1,9 2
Has 3EPHHCTBIN B BUJC [IeHHAast 9
) Oenblii
c(hepOIUTOBBIX
arperaToB
BOJIOKHHCTEHIE, .
Jlrogsur 24 o3+ 13,48- pomOu- paauanbHO-JIy4UCThIe, | HECOBEP aJIMa3HbBIN HCPHBIL, 35
(Mg, Fe"),Fe’"[BOs]2 220 OCTpOBHAas ’ >, CH30- ’ 5
UT 17,83% qyeckas peke NpU3MaTHYECKUE | LIEHHas | IIEJIKOBUCTBIN . 4,7
YepPHBIN
arperartbl P
coBepiie
OKPYIJIbIe KOHKPEIMH | HHAasAB | CTEKISHHBIN OecrBeTH
N&C&[BngO7(O H)4] 0 TPUKIAH KpyT P o o
Viekcur % 64,0 42.95% s enoveyHas WA BOJIOKHUCTBIE OJHOM | IIEJIKOBUCTEIM, BIH, 2,0 2,5
2 MacChbl HaIpasJl MaTOBBIN OenbIit
CHUU




Tema 2.6 bopatel. KapoonaTsi. HuTpaTsl.

Kap6oHats! IMpOKO pacpoCTpaHEHb! B IPUPOI€, 0COOEHHO 3TO OTHOCUTCS
k coequnenusiM tuna Ca[COs;] (kanbiumt), Mg[CO;] (Marue3ur), KOTOpbIC 4acTo
CJararOT MOILIHBIE TOJIIM OCAT0YHBIX U METaMOP(UUYECKUX NOPOJa. XUMHUECKU
KapOOHaThl MPEACTABISAIOT COOOU conu y2onbHOU Kuciomel, KaTUOHAMU, U3
koTopeix sBastorcss Mg, Fe, Zn, Ca, Ba, Sr, Pb, TR u monoiHUTEIbHBIMU
annonamu (OH)", F", ClL.YKpucrammsyiorcst kKapGOHATHl MPEHMYIICCTBEHHO B
TPUTOHATBHON U pOMONYECKON CUHTOHUSIX.

XapakTepHbIM CBOWCTBOM KapOOHATOB siBIsieTcs Taioke BeiaencHue CO,
pU IEHCTBUU HA HUX COJISTHOM KHUCIIOTHI, CJIEyeT OTMETUTh, UTO O€3 HarpeBaHUs
C COJITHOM KHUCJIOTOW pPEarupyroT TOJBKO HEKOTOPbIE MHUHEpaldbl — KaJbIUT,
MaJIaxyT, aparoHuT, a3yput. OcTanbHble KapOOHAThl BCKUIIAIOT [IPU HArpEBAHUU.

[IpoucxoxaeHnne kapOOHATOB MPEUMYIIECTBEHHO T'HIPOTEPMAIbHOE MU
AK30TE€HHOE. DK30TE€HHbIE MUHEPATIbl — MaJaxHT, a3ypUT, CMUTCOHUT, LIEPYCCHUT,
aparoHUT, aMmOp(HBIM MarHe3uT; KapOOHaTbl, KOTOPbIE MOT'YT OOpPa30BHIBATHCS
TUAPOTEPMATBbHBIM U SK30T€HHBIM ITyTEM - KaIbLUT, JOJIOMUT, MarHE3UT, CUJIEPUT.

I'pynna TpuroHajJbHbIX KAPOOHATOB
Ilooknacc 6e3600HbIX KapOOHaAm 08.
KAJBIAT - Ca|CO;] (na3Banue
MPOUCXOJUT OT JIATUHCKOIO CJIOBA «KAJIBKC) -
u3BecTh) (puc.84).
becuserHbIe npo3payHbie Ppa3HOBUTHOCTH -
WCHAHACKUM  IIIaT (oOmamaroT  IBOMHBIM
JY4YEnpenoMIIEHUEM); CIAHHOCTh COBEpILIEHHAs
o poMO03Ipy.

Jluaenocmuueckue NPU3HAKU -
«BCKUNAEMOCTb» NPU  JICUCTBUM  COJISIHOU
KHCJIOThI; BEChbMa COBEpIICHHAs] CHAliHOCTh I10 Puc.84. Kprerai kambuura

poMOO03pPY; OT CXOJAHOTO J0JIOMUTA OTIANYAETCS
1o 00Jiee aKTUBHOW PEAKIIUU C COJITHONU KUCTIOTOM.

IIpoucxoorcoenue: a) B IpUpOJie OCHOBHAS Macca KajlbluTa oOpa3yercs B
BOJHBIX OacceiiHaX OCaJOYHbIM WJIM OHOTEHHBIM TIyTEM H  SIBJSIETCS
nopo000pa3yoIMM B COCTaBE M3BECTHSIKOB, MeNa; MpU MeTramoppusMme
NEePEXOJAT B MPaMOPhI; 0) KaIbIUT SIBISETCA XapaKTEPHBIM T'HJIPOTEPMATILHBIM
MUHEpAJIOM, NMPO3PaYHbIE KPUCTAUIBI UCJIAHJICKOTO IIIaTa BO3ZHUKAIOT U3PE/KA B
nycTtoTax 2¢G@y3UBHBIX TMOPOJ; B) KaJIbIIUT 0Opa3yercs NpPU KOHTAKTOBO-
MeTacoOMaTU4YeCKHUX mpoiieccax (CKapHbI).

MAT'HE3UT- Mg[CO;] (Ha3BaHHE IPOMCXOIUT OT MECTHOCTH Marue3us B
['peryn).

Juaenocmuueckue npuznaxu - s KPUCTALIMYECKUX PAa3HOBUIHOCTEH
XapakTepeH CWIbHBINA OJIeCK, CMalHOCTh MO poMOOd3py; AJii aMOpP(HBIX -
MaToBBIH OJieck. B cosIsiHOM KHCIIOTE BCKUMaeT npu rnogorpese (puc.85).



HapaeeHe3uc — MAar”He3uT BCTPCHACTCS B

$i. s v MPUPOJE pEXE, YEM KAIBIIUT IIPU IIpOLieccax:
3 : "} %& a) TUAPOTEPMATbHBIX-MarHe3UT BO3HUKAET
el “( & B pE3yJIbTAaTE B3aMOICUCTBUS MarHe3naibHbIX;
ﬁé 0) Tpu XUMHUYECKOM BBIBETPUBAHUU
T "f' ‘%l( ' YIBTPAOCHOBHBIX ~ IIOPOJ  MOJA  JCHUCTBHUEM
“® Y rTyOMHHBIX WIA  IIOBEPXHOCTHBIX  BO/,
: COJEpIKaIUX YIJIEKUCIOTY, BBINALAcT B BHIEC
Puc.85. Marue3nt amMop¢pHOTO MarHe3uTa. MarHe3uT B ITOM THUIIE
$apgopoBunbiii, MECTOPOKJICHUNW aCCOIMUPYETCS C  OIajoM,

HATE YHbIE dopMmbI
TaJIbKOM, CCPIICHTHUHOM.

JOJIOMMT - CaMg[COs;], (Ha3BaH B 4ecTh (paHIy3CKOTO MHUHEpPAIOTa
. Jonombe).

Huaenocmuxa: B OCHOBHOM JIOJIOMUT OTIPEACIISETCS XUMUIECKUM TTyTeM, C
COJIIHOM KUCJIOTOM pearupyer TOJbKO B MOPOIIIKE.

Ilapacenezuc: rTUAPOTEPMAIBLHOE-B  KHJIAaX BMECTE C  KalbIIUTOM,
Marfie3uToMm, Cyiab(uaaMu u APYyruMu pyJTHBIMUA MUHEPAJIaMH;

B) 0CaJ0YHOE - 3HAYUTEILHBICE MACChI JOJOMHTA OOpPa3ylOTCS BMECTE C
OCQJIOYHBIMH TOJIIAMHU U3BECTHSIKOB W CJIAaraloT B HUX OTICIbHBIC MPOCIION HITH
MOIIHBIE TUTACThI. JIOJIOMUT OC&XmaeTcs TaKKe B OCTATOYHBIX COJICHOCHBIX
OacceifHax BMeCTE C TUTICOM U aHTHIPUTOM.

CUAEPUT - Fe[CO;] (0T rpedeckoro cjioBa «CHIOPOC» - KeJIe30),
CHHOHUM — KEJIC3HBIH IIIIAaT.

Huaenocmuueckue npusHaKu-TEMHO-CEPBIA WM JKEITOBATO-OYpBIM LIBET;
XapakTepHasl CMalHOCTh MO POMOO’APY; pasyaraeTcs B COJITHOW KHCJIOTE MPHU
HarpeBaHUH.

llapacenesuc: a) TUAPOTEPMAILHOC-CUICPUT 00pa3yeT CaMOCTOSITEIbHBIC
KWIbI WM HaXOJWUTCSA COBMECTHO C TalleHUTOM U cdamepurom; 0)
METacoOMaTH4eCKOe — MPH 3aMEIICHUH U3BECTHIKOB
WIM JIOJJOMHTOB PacTBOPaMH, COJEpKalIUMHU

JKEIe30; B) OCagoyHOe€ B  TIJMHaX B
BOCCTaHOBHUTEIbHOM 00CTaHOBKE CHJIEPUT
obpaszyer KOHKpPELHUU TaK Ha3bIBa€MBbIX
cepocuaepuTos.
POAOXPO3HUT Mn[CO3].
Arperarbl 3€PHUCTHIE, CIUIOIIHBIE,
rpo3abeBUIHbBIC (PHUC.86).
Puc. 86. Hateunbie opMbI IIpoucxooicoenue. T'maporepmanbHOe — B
poaoxpo3ura cpeau PYAHBIX Kujax, qamie 0CaJO04YHOC - B
MapranueBbIX IOpoJa MECTOPOXKACHUAX Maprania

Jluaenocmuka: PO30OBBIM LBET C YEPHOU
no0eKanoCThIO
Ilpumenenue. MOXeT CIly’)KUTb pyJOW Ha MapraHew.



I'pynna moHoKIuUHHBIX KAPOOHAM 06 -
Cl10JICHble.

MAJIAXHUT-C Ug[COg] (O H)2 (OT
IPEYECKOr0 CJI0OBA «MAJISIXE» - MAIbBa, OYEBUIHO, B
CBSI3M CO CXOJCTBOM IIBETa MUHEpaJa C 3€JICHBIM
1BeTOM pactenus) (puc. 87).

HHuaenocmuueckue npusHaku': XapaKTepHBINA
3€JIEHBIM LIBET, JIETKO PAaCTBOPSAETCS B COJIIHOM
KHCIIOTE, aCCOIMUPYETCS C a3ypUTOM.

[Ipoucxoocoenue — mamaxut oOpazyercs B
30HC OKHCIICHHS MEIHBIX, OOJbIICH YacThiO
CyJIb(PUIIHBIX PYA.

A3YPHUT-Cu3[CO;],(OH), (oT mepcuackoro cjaoBa «ia3aBapiay» - roay0oi).

HHuaenocmuueckue npusHaxu-xapakTepHbI CUHHUN IIBET, PaCTBOPSIETCS B
COJITHOU KHUCJIOTE, aCCOIMUPYETCS C MAJIAXUTOM.

Puc.87. Kopouku manaxura
€ KPHCTAUIAMH KAJBI[ATA



Kap6onaTnl Taénuma 22
Ponoxpos
Manaxur A3sypur Aparonur Lepycur Kanbupr Marse3ur Jomomur Cunepur Hm P
1 2 | 3 4 5 6 7 8 9 10
CuHroHus MOHOKIHWHHA I poMOuUYecKas T A T O H a A b H a 4
MpH3MaTH-
YCCKHI,
M3MaTHIECK M3MaTHYECKAN IUIACTHHYAT. P o mMm 6 o » Bl
O6mK B MPU3MAaTHIECK P KHHL, 2 AR >
woncrag- | A it HATOJIbYaThIH, TaOJIUTYATHII c a 1T e H O 5 I p B
P KPHCTaJLIBI . | mceaBmorekcaroHan YacCThI n X K o M ©O0 uw H o u
JIOB TaOJIMTYaTHINA o o
penKu BHBIHN JIBOVHUKH U c n p 3 M a M H
TPOVHUKA
MPOPacTaHKs
IImoTHEIE,
IIECTOBATEIE,
HATEYHbIE
JIPY3BI, paauanbHO-
HATEYHEIE, 3CpHHUCTEHIE, TIOYKOBUIHBIE TIPY3bI ..
3EPHUCTEHIE, JY4HCTHIC, JIPY3BI HaTEYHEIE
Arperatsl | 3eMITUCTEIC, N JIPY3BI, 3CpHUCTHIE , KPHCTAJLIO
. HAJIETHI, 3BE3YaTEIE, KPHCTAJLIOB (hopMBI
HaNEThI . HAaTEeYHbIC dbapdopoBu B
3EMIINCTEIE KPHUCTAJITAYECKHAM, i
KOPKH, OOJIUTHI
3epHUCTHIE
OeIIbIi ¢
JKEJITOBATHIM,
CEpOBaThIM,
OeJIBIi, JKEITOBATO- OypoBaTHIM CepoBaTo- et
OeJIbIiA, CephIil. OTTEHKAMU; BecnpeTHbIH, O€IbIH, )KéJ'ITOBE,IT
.. CHHUM, CBETJIO-3€JICHBIH, 0XKEJIE3HEHHBI OeIbIH, CEepBIi, HMHOTJA C o o
IIBeT 3eJIEHbINA . o o o BIM, PO30BBIN,
roxyoomn (hHOITE TOBBIH, € Pa3HOCTH PO30BAaTHIN, OebIit OypbIM .
KPHCTAJTBI HHOT 1A OypoBOro roJlyOOBaTHIMH, 3€JIEHOBATHIM P o
OEeCIBETHEI [BeTAa, OTTEHKOM
KPHCTaJLIbI
HHOT/T
OeclBeTHRIA
Yepra 3eJIEHas romy0as
o . aJIMa3HbIH, o o
Bbneck CTEKISIHHEBH CTEKIISTHHBINA CTEKJISTHHBIH, B TUIOTHBIX HATEYHBIX arperaTax - MaTOBBIN

CTEKIISTHHBIH




1 2 | 3 4 5 6 | 7 | 8 | 9 | 10
COBEpILEHHAs,
Crait- HO HaOIro- COBEpIIIEHHAS 110 POMOOAIPY (TPH HATIPABIICHUS, TIEPECEKAIOIIUECS TO]T
. COBEpILIEHHAS HECOBEPLICHHAS
HOCTb JlaeTcsi Kpaiite OCTPBIM WIH TYIBIM YIJIaMH)
penKo
Teeproctsh 3,5-4 3,5-4 3,5-4 3-35 3 4-45 3,5-4 3,5-4,5 3,5-4,5
VY. Bec 4 3,8 3,0 6,5 2,7 3,0 2,8 39 3,6
pacTBOGDPSHLETC A
CaKIMs Ha
pactBopsiercst B HCI peatt ME€/JIJIEHHO
Peakimsi ¢ | pactBopsiercst B HC| Ha xomoze 1A XOTONE © XJIOp .
HCI T — it ManoxapakTex | Ha Xomoje ¢ pH Ha XOJIOZAE B | C PEIKMMU | B TEIUION
MICHNEM pHa [IMIIEHUEM HarpeBaHUU TOPOILIKE My3bIpbKa | KHCJIOTE
MU CO,
THUIPOTEPMaJIbHBIN, 3 K 3 O T € H H B #
9K30T€HHBIA — B B 30HE
KOpe BBIBETPHUBA- OKHCJICHUS
30HA OKHCJICHUS CYJIb()UIHBIX
I'ene3uc < HUS, B 30HE CyNb(UITHBIX
MECTOPOKIEHUH
OKHCJICHUSI MECTOPOXKIEH
CYh(HRIX . i rUApOTEpMab o
MECTOPOXKICHHUI bl TUAPOTEPMabHbII
cTporMaTepua cTpolMaTepua
O0BIYHO BCTPEYAIOTCS
OO6b14HO JIbl, XUM. JIbl, XUM.
COBMECTHO, a TaKXKe C APYIrMMHU OrHe-
HAaXOAUTCS B MPOMBILUIEH. NPOMBILICH.
[Taparene- MHHEpaJIaMy MEJIH — YIIOpPHOE pyza pyza
HapareHe3uce OITHIKA, OITHIKA,
3HC XaJIbKO3MHOM, XaJbKOIMPUTOM, MPOM3BOJICTB JKeje3a | MapraHua
- C TaJICHUTOM, METaJLTypr. METaJIIypr.
CaMOpPOHOM MEBI0, KYIIPUTOM, 0
- AHIJIE3UTOM HPOM BIIIUIEH- MPOM BILIJICH-
XPH30KOJUION
HOCTh HOCTh
[IpnmeneH T EIOEEL pyZa Ha
KaMEHb Y
ue CBHUHEI]
MPOM3BOJICTBO KPacKu




IIpakTH4eckas padora 14.
OnpenesieHne MUHEPAJIOB IPyNIbI KAPOOHATOB, 00PaTOB
Heas: M3yunTh W yMEThb ONPEAECHATHh KAJIbIUT, MAJIAXUT, aparoHWUT,
CUJIEPUT, a3ypuT, OOpaIuT, almapuT, UHBOUT, TUAPOOOPAIUT, UCIIONB3YsI HA0OP
MUHEpaJIOB, HIKaTy TBEPAOCTH, OUCKBUT, CTEKIIO, OTPEACIUTENh MUHEPAJIOB.
Obopyoosanue. KOJUIGKIIUS MHUHEpPAIOB Kjacca KapOOHATOB, IIKaja
TBepAOCTH Mooca, CTeKI0, MeHAsi MOHETA, COJITHAsI KUCJIOTA, JIyla, MUKPOCKOII.
Ilopaooxk eévinonnenusn paoomot.
¢ 1. TIpoBepuTh Ha B3aUMOICHCTBHE C COJITHOM KUCIOTOM: @) XOPOILIO PEarupyroT
- KaJIbIUT, aparOHMT, a3ypUT MAJIaXuT; 0) c1abo pearupyer - 10JIOMUT, TOJIHKO
B MOPOIIIKE.
¢ 2. OnpenenuTh MO BETY: MaIAXUT-3€JICHbIN, a3ypUT-CUHUNA, POJOXPO3UT -
PO30BBIH C YePHO TOOESKATOCTHIO.
¢ 3. Onpenenuts o opMe HAXOKACHUS; MAarHE3UT - Oemblit (hapPOPOBUIHBIH, B
BUJIE HaTeYHBIX (OPM U CEpOBaThI — B BHUJE 3E€PHHUCTBIX MAaccC; CHIEPUT-
JKEJITOBATHIN, BHITHYTHIC 36pHa MUHEPAJIOB.
¢ 4. OnpenenuTh UEPYCCUT MO BBICOKOM TJIOTHOCTH.
¢ 5. Onpenenuts OopaThl 0 OenoMy LBETY, GOPME HAXOKICHUSI.

KoHTpoabHbIE BONIPOCHI
1. OnpenenuTh TUArHOCTUYECKHE MPU3HAKK 00PATOB — OOpAIHT, THAPOOOPAIIHT,
WHBOWT, AIlIAPHT.
2. Ha3BaTh CUHTOHMU KapOOHATOB, X KJIACCU(DUKAIUIO U OTIMYUTEIHHBIC
NpPU3HAKY.
3. HazBaTth MuHepaibl Kiacca KapOOHATOB TPUTOHATLHON CHHTOHUH.
4. Ha3Bath MUHEpaJIbI Kacca KapOOHATOB pOMOUYECKON CHHT OHUH.
5. Hanmcars (hopMyJibl MUHEPAIOB KJlacca KapOOHATOB MOHOKIMHHOW CUHTOHUM.
6. [TokazaTs OCHOBHO# OTIMINTENbHBIN MPU3HAK MUHEPAJIOB KIacca KapOOHATOB.
7. Onpenenuth 0CHOBHBIE (POPMBI HAX0XKICHHS KapOOHATOB.
8. Hartucatp hopmysbl MuHEpasoB kiacca ¢ocgaros.
9. Onpenenuts GopMbl HAXOKIESHHUSI MUHEPAIOB Kiacca pocdaros.
10. OnpenenmuTh TUArHOCTUYCCKHE MPU3HAKH allaTUTa.
11. YcTaHOBUTH OTIIMYUTEIBHBIC TPU3HAKY anlaTuTa oT hocdopuTa.
12. Onpenenuts 10 popme HaxoxaeHUs PocHOopHUT, yCIOBUS €ro 00pa3oOBaHUS .

Tema 2.7 ®ocharbl, apceHaATbI, BAHAAATHI.

®docdatel, apceHaTbl U BaHaJaThl MPEICTABIAIOT 000 comu (hocHopHOH,
MBIIIBSIKOBOM W BaHaauWeBOW KHUCIOT. Kpucramumueckas CTpyKTypa 3THX
MUHEpPAIOB COOTBECTBEHHO XapaKTepPU3YeTCS NPUCYTCTBHEM TPEXBAICHTHBIX

3 3- 3-

aHnOHHBIX KoMITIEKCOB [PO4]™, [ASO4]™ u [VO,]™.
Anatutr Cas[PO,4)s(F, Cl, OH). Ha3panue npouCXOIUT OT IPeuecKOro
CJI0Ba «anamuoy - 00OMaHBIBaI0, TAaK KaK 3TOT MUHEPAI I0JTr0e BpeMsl PUHUMAJICS

3a Ipyrue.



Kpuctaimbel  rekcaroHalbHOM  MPU3MBI U

aunupamuabl (puc. 88). i
IIpoucxoocoenue: MarMaTu4ecKoe — .

BCTPEYAETCS B KHUCJIBIX M3BEPHKEHHBIX MOPOJAX KaK

aKIIECCOPHBIM MMHEPAT, B IMIECJOYHBIX MOPOaaX- mn

COBMECTHO ¢ He(deIMHOM SBISIETCS OJHUM U3

TJIABHBIX ~ MOPOJ000pa3ylonmXx  MHHEpaIoB (B
He(EITMHOBBIX CUCHUTAX).

Juaenocmuka: CBETIBIMH, KEITO-3EIEHBIMHU
MEJKO3E€PHUCTHIMH, CaXapOBUIHBIMU MaCCaMH.

Ilapacene3uc: B TETMATUTOBBIX JKWJIAX C
MYCKOBUTOM, XOPOILIO OTrpaHEHHbIe KPYHHbIE KpPUCTALUIBI TroayOoro wWiu
rofy0OBaTo-3eJIeHOr0 1BeTa. ACCOIMUPYETCS C JIMONCHAOM, (IOTONHTOM,
KaIbIIUTOM, CKarlOJMTOM, a TaKke 00pa3yeT 3epHUCTHIC TUOTIVC-allaTUTOBHIC
HOPOJIBL.

D ocdoputhl NpeaCTaBIAIOT CO00M 0ca0UHbIe 00pa30BaHMsl, COCTOSLIHUE U3
gocpama kanvyua. Ilo cocrtaBy aHaJOTUYHBI amatuTy (COCTOAT W3
TOHKOJIMCTIEPCHOTO amnaruTa). BeTpedaroTes B KOHKPEUHUSAX, JKEIBaKax U B BUJIC
3eMJIMCTBHIX MAacc CEpOro Wi Oyporo 1BeTa.

Ilpoucxosxcoenue. buoreHnoe - B pe3yiabTare >KHU3HEAEATEILHOCTU
oprann3mMoB. OOpa3yroT IJIAaCThl PA3JIMIHON MOIIHOCTU CPEIU TJIMHUCTHIX TOPOI,
U3BECTHSIKOB U mecuaHukoB. Hepegxku miceBgoMmopdo3sl dochoputoB 110
MCKOIIAeMbIM OCTaTKaM (PaKOBHHAM M KOCTSIM KMBOTHBIX).

IIpumenenue. AHaTOTUUHOE aNaTUTY.

Tema 2.8 Cyasdatsl, BoabppaMaTbl, MOJIUOIATHI

Knacc cynb(aroB BkIItOUaeT coeduHeHUss pa31uyHblX KAMUOHO8 C
komnaekcnoim anuonom [SO,]”. Xumudecku cyabhathl IPeICTaBIIOT cO60i
conu cepHoOU Kuciomvli. B CBOXO ouepenp aHWOHBI [SO4]2' COCIUHAIOTCS C
katmonamu Na, K, Al Fe3+, Mg, Ca, Ba. Hanbomnee mmpoko pacupoCTpaHEHBI
MUHEpalbl (aHTUAPUT, OApUT, LIENECTHUH), ¢ J00ABOUYHBIMU aHMOHAMH (QJIyHUT,
sapo3ut) u cioucteie (rumc).. Cynbdarbl XapakTepU3yIOTCS OIpPEAeTICHHBIMU
bu3nUecKUMU CBOWCTBAaMH — HEOOJIBIION TBEpAOCThIO (HEe Oosee 3,5),
MPEUMYILIECTBEHHO CBETJIONM  OKpPacKOW, XOpolleld pacTBOPUMOCTHIO (B
0COOEHHOCTH CYJb(aThl, COIEPIKAITIE MOJICKYIIBI BOJIBI).

BonbmmHCTBO CynbaroB BO3HUKAET MYTEM OCAKICHUS B Pa3IMYHBIX
BOJ0OeMax (Yalle BCEro MOPCKHX) B YCJOBHSX MOBBIIICHHONW KOHLIEHTPAIUH
KHCJIOPOJa, TIPW CPABHHUTEILHO HEBBICOKOW TeMIlepaType M HU3KOM JIaBJICHUU.
["opa3z o pexke MuHEpabl 00Pa3yIOTCs THAPOTEPMATBHBIM ITyTEM, ’TO OTHOCUTCS K
0€3BOJIHBIM CYJb(aTaM.

*¢ [o mpOHUCXOXKACHUIO MX MOXKHO Pa30UTh HA TPU TPYIIIIHL:

¢ a) cynb(darel, BO3HHUKAIONIME B MOPCKHUX 3aCOJICHHBIX JIaryHax WA

o3epax, - aHTHUJPUT, TUIIC, TCHAPAUT, MUPAOUIINAT U JI;

¢ 0) cymbdarbl, oOpasyrwimmecss B 30HE OKUCICHUS CYJIbQUIHBIX

MECTOPOXKIACHUN — aHTUAPHT, IPO3HT, THIIC;

Puc. 88. Kpucranisl
anaTrura



¢ B) cynb(haThl TUAPOTEPMAILHOTO MPOUCXOXKICHUS — OApUT, 1ETECTUH,
TUIIC, ATyHUT.

BAPUT - Ba[SO,] (oT rpedeckoro cjaoBa «6apocy - TAKECTh;, UMECTCS B
BUly OOJIbIION yAENIbHBIN BEC ’TOr0 MUHEPAJIa), CHHOHUM — TSXKENbIH IIIaT.

Juaenocmuueckue npusnaku —00JbIION yIE€TbHBIA BEC, CHAHOCTH B OJTHOM
HarpaBJICHUH.

llapazenesuc: tugpoTepMalabHOE: B CYIb(OUIHBIX KWUJIAX C TaJICHUTOM,
canepuTom, MUPUTOM; B MOJIEBOILUNATOBBIX, CYIIECTBEHHO OapUTOBBIX, OapuT-
KaJIbIIUTOBBIX, OAPUT-CUIIEPUTOBBIX U OAPUT-(PIIFOOPUTOBBIX JKUJIAX.

HEJECTHH - Sr[SO,] (0T 1aTHHCKOTO CJI0Ba «yenecmucy - HeOECHBIN
13-3a TOJIy0OT0 I[BETa MUHEpaia).

Juaenocmuueckue npusnaxku — roay0OW LBET, OOJBIIOW YAEIbHBIN BeC,
XapakTepHasi acCOLMalus ¢ TUIICOM U CEPO.

llapazenesuc: a) B OCHOBHOM OCaJJ0uYHOE — MPU 00Pa30BaHUN U3BECTHSKOB,
JIOJIOMHUTOB, MEPTENIeH, Cpe/li KOTOPBIX BCTPEUAIOTCS JIMH3BI, MPOCIION ENIECTUHA
B aCCOLMAIIMU C TUIICOM, 0ApUTOM, CEPOIl; LIETECTUH OOHAP YKEH TAKKE B COJITHBIX
OTJIOKEHUSAX; 0) TUAPOTEPMAIBHOE — UHOTAA IPOUCXOIUT 0Opa30BaHUE LEIECTUHA
B TUAPOTEPMAIbHBIX KUJIAX C TATEHUTOM, C(haIepUTOM U IPYTUMH CYyIb(UIamMu.

AHI'UAPUT - Ca[SO,] («aweuopumy» B mepeBoje C TIPEUYECKOTO —
0€3BOJIHBIN, MPOUCXOIUT OT CJIOB «au» - 0€3, U «2uopo» - BOJla U YKa3bIBAET Ha
OTCYTCTBHE B 3TOM MHUHEpaJIbHbIE BOJbI B MPOTUBOIOJIOKHOCTh THIICY, OJIM3KOMY
K HEMY 110 XUMHUYECKOMY COCTaRBY).

Juaenocmuueckue npusHaku — Malblid yIETbHBIM BEC; HEBBICOKas
TBEPAOCTh; OT CXOJHOTO C HUM KaJbLUTa OTIIMYAETCS TEM, YTO HE BCKUIIAET B
COJISTHOM KUCJIOTE; OT TUIICA — MO TBEPAOCTH, HE LIAPANIAETCS] HOI'TEM.

llapazcenesuc: anruaput oO0pazyercs MNPEUMYILIECTBEHHO B SK30TCHHBIX
YCJIOBHSIX NPU BBICBIXaHUM BOJHBIX 0AaCCEMHOB M SABJISAETCS COCTABHOM 4YacTbIO
COJIEHOCHBIX 0CaJIKOB. CIIyTHUKHM aHTUJPUTA - TAJUT, TUIIC.

AHIJIE3UT - Pb[SO,](Pb68,3%0).

llapacenesuc: B 30HE OKHUCJICHHS CBHHIIOBBIX MECTOPOXICHUNA B
acCOLMAIMM C TaJCHUTOM, LIEPYCCUTOM U APYTUMHU BTOPUUHBIMU MUHEpalaMU
CBHHIIA.

Boonwie cynoghamur

T'AIIC - Ca[SO,4)2H,0 (ot rpedeckoro ciaopa
«2uncocy, 03Ha4aBIIero HA3BaHUE CAMOT0 MUHEpala Win
npojiykTa ero ooxmura) (Puc. 89).

['umc  BcTpewaercss B BHAE  TOJCTO- U
TOHKOTAOJMUTUATBIX ~ KPHUCTAUIOB, YacTo oOpa3zyer
JBOMHUKH, HEKOTOPbIE U3 HUX HAIOMUHAIOT JJACTOUKUH
XBOCT, IUIACTUHYATBIA THUIC - TOHKHE MpPO3pauyHbIC
KPUCTAUTBl HAIOMUHAOIINE CIIOAY; THIICOBBIE PO3BI —

PO3CTKOBUAHBIC CPOCTKH KPUCTAIIIOB, CCICHUT —
BOJIOKHUCTBIC  Pa3HOCTH; ane6aCTp — IIJIOTHBIC
3EMIIMCTBIC MACCHI.



Jluacnocmuueckue npusnaxu - BeChMa COBEPIIICHHAsS CITAMHOCTh, HEOOIbIIas
TBEPJIOCTh — JICTKO I[aparnaeTcsi HOrTeM, OCTAaBIISAsI OCNbBIN 1IBET YEPTHI.

Tadoauna 23

bapur | Lenectun

|  Anmiesur

| AHTUAPUT

Tumc

CHHTOHUSA

poMOuUYeckas

MOHOKIINH-
HaA

OO0k
KPHUCTAJUIOB

TaONMMUTYATH U,

ODJJacTUHYATSH U

TabauTYa-
TBIN, HHOTA
npu3MaTuyec-
KUH WA
MJacTHHYA-
TBIN,

ArperaTsl

ApY3®l,
3epHHUCTBIC

APY3bl,
3EpHUCTBIC

3CPHUCTELIC,

APY3Bl,
IICEBIO-

Mop o361

MOHOMUHEPAJIb-
HBIE

JacTo
JIBOMHUKO-
BBI€ cpacTa-
HHU THUIIA
«1aCTOYKH-
HOTO
XBOCTa,
OJMHOYHEIE
KpUCTaJIIbL 1
APY3bl,
3epHHUCTHIC,
IIJIOTHBIC
arperaThbl

IIser

OCIIBIi,
OeCI{BETHBIH,
KpacHBbIH,
OypbIid,
KENTHIH,
roryooBaThIi

OeciBerT.
roJryooi,
OeJIbIin

OeIbIi,
CEpBbIH,
JKENTHIN

OeTbIN,
roJ1yooH,
KpPacHOBATbIN

Oenas,
MEXaHHYeC-
KUE TIPHMECH
TecKa,
TJIMHEL,
OpraHuyec-
KUX BEILCCTB
MPUIAOT
paszIuYHbBIC
OTTCHKU:
CEpBIN,
OypBhlii,
JKEIITHIN,
KpacHBHI,
YEeprbIi,
OTJICTbHBIC
KPHUCTAJLTBI
OECIIBETHEI

bneck

TCKIAdHH

ISE

CraiHOCTBh

COBEpILCHHAsI B TPEX
HaIpaBJICHUSX (Hapsay C
OCTpPBIM U TYIBIMHU yIIIaMHU
BCTPEYAETCS CIAaHHOCTD MO/
MPSIMBIM YITIOM)

COBEpILCHHAS

COBEpIIICHHAS
0 TpeM
MTHHAKOU ]AaM
(o1 mpsAMBIM
YITIOM)

COBEpIIICHHAsI
B OJJHOM
Harpa-
BIICHUH

TBepnocTh

3-3,5 3-3,5

2,5-3

3-3,5

2

Y. Bec

45 4,0

6,4

3,0

2,2




XUMHUYECKUU
0CaJoK,
30Ha OKHC- " THJIpaTaIust
THAPOTEPMAITb- SK30T€HHBIN —
v ocazoy- | JIEHUS MECTO- . AHTHJPUTA, B
T'enesuc HBIH, N N XUMHYECKA N
o HEBIN POXICHU N 30HE
0CaIOYHBIH 0CaI0K

rajlIeHuTa OKHCJIEHHUS

cynb(uIH.

MECTOPOXKI.

IIpakTnueckas padora Ne 16
OnpenesieHne MUHEPAJIOB KJiaccoB GocdaTel U cyabPaThbl.
Leab: U3y4uTh U YMETh OMpPENEIATh MUHEPAJIBI Kiacca pocdarsl - anarur;
KJacca Cyib(arbl-TUIC, aHTUAPUT, OAPUT, UCTIOJB3YsI HAOOP MUHEPAIOB, IIIKATY
TBEPIOCTU, OMCKBHT, CTEKJIO, OTIPEISIUTEh MUHEPAIIOB.
Obopyodosanue: KOIEKIUS MUHEpPaIOB KiaccoB (ocdarbl U cynbdarsl, mKaga
TBepaocTd Mooca, BCIOMOTrarenbHblE MPEAMEThl - CTEKJIO, MEIHAas MOHETa,
dapdopoBas miacTuHa, JIymna, MUKPOCKOIL.
Ilopsaook evinonnenus paoomaul:
¢ 1. Omnpenemuth caxapoBuaHbIe (OPMBI  amaTUTa: MEJIKO3EPHUCTEHIE,
KPYIHO3EPHUCTBIC, TPU3MATHUECKHE (DOPMBI.
¢ 2. AMop¢HbIe, KOHKPEITMOHHBIE POPMBI - GOCHOPHUTHI.
¢ 3. Ompenenuts KPUCTALIMYECKUE PA3HOBUAHOCTU IO IIBETOBOM OKpacke-
0enoii, 3eIeHOBATOM, roJTy00BaTOM.
¢ 4. OnpenenuTs TUIIC-TI00ass Gopma HAXOXKIAEHUS WMEET TBEPAOCTh 2, JIETKO
[[apanaeTcst HOrTeM, OCTABJISSE OENbIN IIBET YEPTHI.
¢ 5. JluarHocTUpOBaTh OAPUT MO BHICOKOMN TUIOTHOCTH.
¢ 6. Ompenenuth aHTUAPUT MO TOJYOOBATOMY IBETY, OOJIBIIONW TBEPAOCTH —
HOTTEM HE I[aparaeTcs, MIOTHOCTh MEHbIIIE, YeM y OapuTa.

KoHTpoibHBIEC BONIPOCHI:
Hanmcare popmyiiel MunepaiioB kiacca pocdaros.
Omnpenenuts GopMbl HAXOKIESHUS MUHEPAIOB Kiacca Gpocdaros.
OmnpenenuTh AMArHOCTUY €CKUE MPU3HAKH allaTUTA.
Y CTaHOBUTH OTIMYUTENHLHBIC PU3HAKHY aratiTa oT GocdopuTa.
Omnpenemuts o popMe HaxoxkAeHUs PochopuT, yCI0BUsI €r0 00pa30BaHUs
Harnncats popmymbl MUHEPaIOB MPOCTHIX 0€3BOAHBIX CYIIb(ATOB.
Hammcates dhopMyItbl MUHEPATOB BOIHBIX CYJTh()aToB.
Ha3Bath oTiimumTenbHbIE 0COOCHHOCTH TUIICa, aHTUIPUTA, OapHTa, IIENICCTHHA.
Y CcTaHOBUTH TapareHe3uc MUHEPAIOB Kilacca Cyib(aros.
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Paznea Il. OCHOBBI IIETPOTPA® UMN.
2.1.0cHOBHbIE MOHSATHS U XaPAKTEPUCTUKA TOPHBIX MOPO/I.
Kiaaccundukanus ropHbix Nopos.

MeTtoauyeckue yKa3zaHUs

¢ Jlng mydmiero ycBOEHHsS Y4EOHOrO MaTrepuaia €ro H3J0KEHUE

HEOOXOAMMO TPOBOJUTH C TMPUMEHEHHUEM TEXHUYECKHX CPEACTB

00y4eHMs1, HarJsLAHBIX TOCOOUIA: KOJUIEKIIUI TOPHBIX TOPO, y4eOHBIX

KUHO(UIBMOB, a TaKKe MPAKTUKOBATh MOCEIIEHUE KPAECBEIUECKHUX,

reOJIOTUYECKUX  MY3€€B, TEOJIOTUYECKUX  MPOU3BOJICTBEHHBIX

opranuzanuid. C 1enplo:

YMETh OTINYATh TOPHBIC MOPOIbI TIO TEHE3UCY;
-OPUEHTUPOBATHCS B OCOOEHHOCTSIX CTPYKTYP U TEKCTYp FOPHBIX MOPOI;
-KJIACCU(PUIIMPOBATh U XapaKTePU30BaTh OCHOBHbBIE TUIbI MOPOJI;
-yMEeTh ONKCHIBaTh MarMaTHUYeCKHe, OCaJO4YHble M MeTaMopduueckue
HOPOJIbL;
Onucanue 0001 TOPHOI MOPOABI TOKHO COJIEPKATh BCE HEOOXOIUMBbIE JJaH HbIE
JUTIsI TIOJTHOIICHHOW XapaKTEPHCTHKU €€ COCTaBa UM CTPOCHHUSA, OTBEYATh 3aJadyaM
UCCJICIOBAHUS U HE OBITh MEPErPYKEHO UBJIMITHUMHU MOJPOOHOCTIMHU.
Jlng Toro 4ToOBI ONMMCAaHUE OBLIO MOCJIEAOBATENLHBIM U YETKUM, PEKOMEHIYETCS
NPUACPKUBATHLCS  HEKOTOPOTO IUIAaHA, YYHUTHIBAasg, KOHEYHO, UYTO IKECTKUE
CTaHAAPThl MPH HM3YYCHHUH MHOTOOOPA3HBIX MNPHUPOIHBIX OOBEKTOB OOBIYHO
HEMPUEMIIMBI.

OnuceiBasg MarMaTHYECKyI0 TOPHYIO IOPOAY, KaK U MOPOAY JH0O0T0 Ipyroro
reHe3uca,
HEOOXOAMMO OCBEUIATh CIICAYIOIINE €€ TPU3HAKHU:
ysem npu  usyuenuu 6 obpasye, 2)MuHepavHulli cocmas, 3)CmpyKmypy,
4)mexcmypy,
5)cmenenv uzmenennocmu u op.
[Ipu HaJINY U 0CcoOeHHOCTEH CTpOECHUS IIOJIHOKPUC TAITUIMYECKUX
PaBHOMEPHO3EPHUCTBHIX M HEMNOJHOKPUCTAUIMYECKUX MOPOGUPOBBIX MOPOJ]
BBIHY)KJAIOT HECKOJBbKO HWHAMBUAYAIM3UPOBATh TOPSAOK WX OINHUCAHUA B
oOpasmax.

Omnpenenenne mo0O0W TOPHOM MOPOJABI HAYMHACTCY C ONPEACIICHUS €€
MUHEPAIbHOTO ~ COCTaBa, KOTOPBIM  MOXET  OBITh: MOHOMHUHPAJIbHBIM,
MOJMMUHEPAIbHBIM. MUHEpalibl, Clararime OCHOBHYIO MacCy TOPHOU MOPOJIbI,
Ha3bIBAIOTCS NOPOO00Opasyowjue.

Musnepaibl, KOTOPBIX B MOpoJie MeHee 5%, Ha3bIBAIOTCS aKYeCCOPHbIMU.,
IHeTporpa¢gus—nayka, u3yyaronas ropHbl€ IIOPOIBI.

Onna w3 BaXHBIX 337ad meTporpaduu u3ydeHHe B3aWMOCBSI3ZU MEXKIY
TOPHBIMH TOPOJAMU U TOJE3HBIMH HCKOIMAEMBIMHU: B OJHUX CJIydasX TOPHBIC
NOPOJIbl MPEACTABISAIOT COO0M Ccpeny, BMEIIAIOIIYIO TOJIE3HbIe UCKOIMAeMbIe, B
JPYTUX — MOJIE3HBIMU UCKOTIAEMBIMU SIBJIIFOTCSI CAMU TOPHBIE MOPO/IbI.

I'opuas nopooa — caMOCTOSITENIbHBIE T€OJOTUYECKHUE TENA, COCTOSIIINE U3
OJIHOTO WJIM HECKOJhKO MHUHEpaoB 0o0Jiee WIM MEHEE TOCTOSTHHOTO COCTaBa M
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CTPOCHHUS U CIIOCOOCTBYIOIIME 0OPa30BaHUIO PA3IMYHBIX MOJIE3HBIX UCKOTTAEMBIX.
BHemHMiT BU TOPHOM MOPOJIBI, €€ MUHEPAIbHBIM COCTaB, (popma 3ajeraHus B
3eMHOM KOpP€ 3aBUCUT OT TOT'O T'€OJIOTHUECKOTO Mpoliecca, B pe3ysbTaTe KOTOPOTO
ATa mopoja oOpazoBaiach U MPOAYKTOM JEATEILHOCTH KOTOPOTO OHA SIBJISIETCS.
Hapsiay ¢ XUMUYECKHM ¥ MUHEPATTbHBIM COCTABOM BXKHEUIIIUM JTUArHOCTUYECKUM
NPU3HAKOM, OTMPECISIONMM TOPHYI0 TOPOAY U €€ KIAaCCHU(PHUKAIMOHHOE
MOJIOKEHUE, SABJISIIOTCS CTPYKTYpPa U TEKCTYpA.

s Tlerporpadus BKIrO4ACT:

L4 HCCJICIOBAHNC BCIICCTBCHHOT O
(MunepanvbHo20 U XUMUUECKO20)
COCTaBa TOPHBIX MTOPOJT;

— ¢  0COOEHHOCTEW UX CTPOEHUS
W HHE) o
(cmpyxmypi);
¢

CJIOKEHUS (m eKcmypal).
['opHBIE TOPOIBI IO TPOUCXOKIEHUIO
Y T€0JIOTMYECKUM 0COOEHHOCTAM

pa3ensaoTCs Ha TP TPyIbL: (pUC.
90).

MetaMapduuscns
Aopogk
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‘m——"’ [ToaTOMyY Ha TPAKTUYECKUX 3aHATUIX
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Trichue ™

NIepBOE, YTO HEOOXOMO BBIYUHUTh U
pa3o6parb 1o oOpasiaM ropHbIX O
pox:
¢ 11 MarMaTu4eCKUX FOPHBIX HOPOJ — CTPYKTYPY
¢ 1 MeTaMOP(PUIECKUX TOPHBIX TOPOJT — TEKCTYPY
¢ ISl OCAJOYHBIX TOPHBIX TOPOJI— YCJIOBHUS 00Pa30BaHUs 1 MUHEPAJIbHBII

Puc. 90 I'eostornueckuii UK
(opMHPOBAHMS FOPHBIX MOPO/I.

coCcTaB
I'opHbie mopoabl
'’ \4
MarMaTH4ecKkue 0CaJ04HbIC MeTaMopduUeckue

Onucanue ropHbIX MOPOJ.
% OrmnmucarenpHas XapaKkTEPUCTHKA TOPOJ OCYIIECTBISECTCS IO CICAYIONIIM
JTAHHBIM
¢ Hazpanue nmopoabl (IPOUCXOXKACHUE HAa3BAaHUS, €CITM TEPMHUH HUMEET
HEPYCCKUN KOPEHb, CAHOHHUMBI ).
¢ XapaxkrepHble NPHU3HAKH (CTPYKTypa, TEKCTypa, MHUHEPAIbHbBIN
cocTaB, (pu3ndyeckue CBOMCTBA). Pa3HOBUIHOCTH.
¢ YcioBusi 00pa3oBaHUA M HAXOKIEeHUS (3aeTaHuE, IPOUCXOXKICHHUE.
W3MEHEHUE, PacCpOCTPAHECHHUE).
¢ JlMarHocTHkKa.
¢ llpakTHyeckoe 3HAYECHHE.



Du3uyeckue c60ICMEA U 0CODEHHOCM U CIPOCHUA 20PHBLX HOPOO
Bce ropuble mopoasl XapakTEPM3YIOTCS OINPEAEIEHHBIMH OCOOEHHOCTH
CTpOEHUS ¥ (U3UYECKUMH CBOWCTBAMH, KOTOPBIE OTPAKAIOT YCIOBHS
o0Opa3oBaHus U U3MEHEHHS TIOPOJ M HAPSAAY C COCTABOM UIPAIOT BAKHYIO POJIb B
nuardoctuke (puc.91).

3aBUCUT OT COOTHOLUEHUA -XapaKTtepeH anAa
CaInYeCcKnx aM0p¢an(McnaHueBame

n GEMUYECKUX MUHEPAOB nopog,

-onpegenaer

ol peienbilens CNOXKEHMeE, PacnoNOKeHNe

AlElaslile s asieie ) MUHEepanbHbIX aperatos

Puc.91®u3nyeckne cBOiicTBAa TOPHBIX MOPOJ

Ilgem 1 MopoJ, OTTEHOK I[BETa, MHTEHCHUBHOCTb OKPACKH, SIBISETCS
CYILIECTBEHHBIM MPU3HAKOM, T.€., TOT (DaKT, SABJISETCS JIM JaHHAsS MOPOJIa TEMHOM
(METAaHOKpPATOBOM),  CBETIONM  (JIEGMKOKPATOBOW)  WJIM  MPOMEKYTOUHOM
(ME30KpaToOBOH).

bneck xak AuarHOCTUYECKHUI MPU3HAK XapaKTePEH JIMUIb JJis HEKOTOPBIX
TOPHBIX IOPO/I, TPEUMYIIECTBEHHO aMOP(HBIX (CTEKIOBUIHBIX) WM CIIAHIIEBATHIX
(GoraTpIx UenTyi4aTbIMy MO0 BOJIOKHUCTHIMU MUHEpAJIaMH).

Cmpykmypoii TopHOU TOPoabl (OT JIaT. Structura-cTpoeHue, pactoioKeHHe)
HA3bIBAECTCA COBOKYIHOCTh NMPHU3HAKOB, OMpeEAeNsieMbIX (OpMOM, pazmepamu U
B3aUMHBIM PACTOJIOKEHUEM - MUHEPAIbHBIX 3EPEH.

Texcmypoii topHoit moponsl (oT mar. textura — TKaHb, CIUICTEHUE)
HA3bIBACTCS COBOKYIMMHOCTh MPU3HAKOB, OTIPEIEIIIONIMX BHEITHUNA 00IUK TOPO/IHI,
00YCJIOBJICHHBIX OCOOEHHOCTSIMU PACIIOJI0KEHUSI U COOTHOIICHUN MEXITy cO00M
LEJIBIX MUHEPAIbHBIX arperaTos.

2.2. YcaoBusi 00pazoBaHus, popMbl 3aj1eraHus U
KJIaccH(puKanUsi MArMaTHYECKUX TOPHBIX MOPO/I.
Marmarudeckre mopo bl 00pa3yroTcs B Pe3ybTaTe OXJIKICHUS U
KpUCTaUIN3alud MarMbel. MarmMa — OrHEHHO-)KUIKAN PACIUIaB CI0KHOTO
CHJIMKATHOT'O cOCcTaBa. MarmMa, Nnpu U3JIMSHUK HA JHEBHYIO IOBEPXHOCTh
MIEPEXOIUT B JIABY.
/7

¢ Marmaruueckue MOpPOABbI KIACCHUPHUIHUPYIOTCS TO  CIECTYIOIIIM
pU3HAKAM



¢
¢

[lo rmyOuHe 3acTHIBaHUS MarMbl.
[To coneprxanuto kpemHesema SiO, (XUMHYECKas KiiacCUDUKAIHS WITH

KJaccudUKalys Mo KUCIOTHOCTH).

X/
0‘0

[lo riryOuHe 3acThIBAaHUS MarMbl:

¢ aobuccanvmvie (abuccoc - TIyOWHA), TIYOWHHBIC WM WHTPY3WBHBIC
(unmpysus - BHenpsr), BHenpuBimecs. [ myOuHa dopmupoBaHus >
S5KM;

¢ cunabuccanvHvle — TIONYTIyOWHHBIE WM OKWIbHBIEC. [ IyOmHA
dbopmupoBanus- 0,5 — 5 kwm;

¢ cvosynkanuueckue — 3¢bdy3uBHbIe (9¢hghy310-U3IMBAI0), U3IHUBIIHECS —
riryouHa popMupoBanus B npeaenax < 0, 5kM, U3JIMBIIMECS HA THEBHYIO
MOBEPXHOCTb.

0

¢

¢

ITo conmeprkanuto kpemuezema (Si0,), XuMudecKast KiaccruuKaIus:

yIBTPAOCHOBHBIE cojiepxkanue kpemueszema (S10,) < 45% (nyHUTHI,

NEPUIOTUTHI, MUPOKCEHUTHI, KUMOEPIIUTHI);

OCHOBHBIC cojepkaHue KpemHesema (SiO,) 45% - 55% (radopo,

0a3abThI, JOJEPUTHI);

cpennue cojepxkanue kpemuesema (SiO,) 55% - 65% (auopwurtsi,

aHJIe3UTHI, CUCHUTHI, TPAXUThI, KBAPIIEBBIA TUOPUT);

KUCIIbIE cojiepkanne kpemHeseMa (Si0,)> 65% (rpaHuThl, TUNAPUTHI

(pHONHTHI), TUIArMOTPAHKUTHI, TPAHOIMOPHUTHI, JTAITUTHI).

Ha BHEmHM BuJ MarMaTU4eCKUX NOPO/I BIMSET:

['myOvHa 3acThIBaHUSI Marmbl, KOTOpas TakK K€ BIUSET Ha CTPOCHHE

MarmMaTu4ecKux mopo/, T.e. Ha CTPYKTYpPY.

Coneprxkanue KpeMHe3eMa BIUSET Ha [IBET MarMaTH4eCKHUX MOPO/T, TaK

KaK U3MEHEHHE XUMUYECKOT'0 U MUHEPAIbHOTO COCTaBa 3aKOHOMEPHO

MEHSIETCSI IO Mepe YMEHbIIeHus coepxkanus SiO,..
Bewecmeennulii cocmas mazmamuueckux 20pHovix nopoo

BemeCTBGHHBII\/JI COCTAaB MarMaTU4CCKUX MmopoJa OoIpCACIHICTCA UX BAJJOBbBIM
XUMHUYCCKHUM COCTABOM U UX MUHCPAIIbHBIM COCTAaBOM.

Xumuueckuii cocmae mazmamuyuecKux 2OPHbBIX nopoo.

Marmatuueckue TOpHbIE TOPOJbI COCTOSIT B OCHOBHOM U3 JEBATH
sanementoB: O, Si, Al, Fe, Mg, Ca, Na, K, H kotopsle ciaraioT Bce TjaBHEHIIIe
Mopo000pa3yroIIe MUHEPATBI M TIOATOMY Ha3bIBAIOTCSI « HEH POZEHHBIMUD).

* YCTaHOBJICHO, YTO MarMaTU4eCKUe MOPOJIbl CIIOCOOCTBYT 00pa30 BAHHUIO TaKUX
MOJIE3HBIX UCKOMAEMBbIX:
¢ Jlns yIbTpaoCHOBHBIX MOPO (MEPUAOTUTOB, IYHUTOB) XapakTepHsl Cr, Co,

Ni.

¢ Jlnsa ocHOBHBIX TOpOI (Tab0po, 6azamsToB) Se, V, Cr, Co, Ni; 11 cpeaHux
nopoj (nuoputos, anae3utoB) B, F, V, Rb, Sr, Zr, Ba, Pb.

¢ Jlyist KMCIBIX TOPO T (TPAaHUTOB, TPaHOIMOPUTOB, puostoB) Li, Be, B, F, RD,
Zr, Ba, Ta, Tl, Pb, Th, U.



['eoxumuueckas pOJIb PCAKHX 3JICMCHTOB OYCHb BCJIMKA, TdK KaK OHH 4aCTO
CBHUACTCILCTBYIOT 0 MCTANIOT'CHUYCCKOM HaIrpaBJICHUN MarMaTu4cCKux

KOMILJIEKCOB, UTO UMEET BAXKHOE MOUCKOBOE 3HAYCHHUE.
Mumnepanozuueckuii cocmae u3eepiceHHbvIx nopoo.
[lepBrYuHbIE MUHEpAIbI KPUCTALIM3YIOTCS W3 MarMaTH4ecKOro paciuiaBa,
BTOPUYHBIC MHUHEpAIbl JIMOO 3aMelaloT IMEePBUYHBIC, JUOO BO3HUKAIOT Kak
HOBOOOpa30BaHMUsI, IBJISISICH TJIABHBIM 00pa30M MPOAYKTaMH MOCTMAarMaTUu4eCKuX -
ITHEBMATOJIMTOBBIX M THAPOTEPMAIIBLHBIX TPOIeCCOB (Tabdi1.25).
¢ MuHepaIbHBIH COCTaB TOPHBIX MTOPOI:

¢ [maBHbIC MOPOI00Opasytomme MUHepaisl- 6osee 50% oObema mopoabl.
¢ BropocTeneHHsie, WK akliecCOpHbIe MUHEpalibl- MeHee 5% ee oObeMa.
¢ IlepBuuHbIe MUHEPAIBl BO3HUKAIOT B POLIECCE 00pa30BaHMsI TOPHBIX

MOPOI.
¢ BropuuHbie MuHEpabl 00pa3yrOTCs B MPOIIECCE MOCIEAYIOIUX €€
W3MEHECHUM.
MuHepajoru4ecKui cCoCTaB U3BEPKEHHBIX TOPHBIX IOPOJ
Tadauma 25
I'naBHBIE BropocTenenHble (HEKOTOPBIE U3 HUX HHOTAA TPUOOPETAIOT
(mopoaoobpazyronme) 3HAaYEHUE TIIaBHBIX
OecrBETHBIC
[[BeTHBIC (KENIE3UCTO-
(menomHEIS 1 MarHe3uajibHble) IlepBruuHBbIC
IETIOYHO- BTOpUYHbBIE
(bemuueckue aKIECCOPHBIE
I/ISBGCTKOBBIG_}), (Fe,Mg)
camnueckue(Si,Al) ’

1). IloneBsle mmatsl 1). OnuBUH Anatut CepneHTuH
a.Kanuesnie: 2). IlupokceHsl 1 Tutanut Tanbk
CaHUJNH amMuOOIIbl: SHCTATUT Hupxon Muosut
OpTOKIIa3 runepcreH auoncua asrut | Kopynn Snuaot
MHUKPOKIIUH SHCTATUT 3TUPHUH POroBast [Inuuenn Xmoput
aHOPTOKJIA3 oOMaHKa U Jip. IlepoBckut Kaonuuur n
6). lnaruoxma3zsl | 3). Caoasl: OMOTUT I'panar MUHEPaIbI
anpOUT Kanput €r0 TPYIIITBI
OJIUTOKJIa3 Pynnble MuHepaisl Cepunut
aH/Ie3UH (Maraerut, xpomut, | KapOGonatsl
nabpanop WJIBMEHHT U JIp.) Xamenou
OUTOBHHUT JlumoHuT
AHOPTHUT
2). ®enpaumaTuThl
(3aMeHUTENN MOJIEBBIX
IIaTOB)
JIEULIAT
HedelnH
COJAITUT
3. KBapnu
4).MycKOBHUT

[To XMUMUYECKOMY COCTaBY IJIaBHbIE MUHEPAJIbl PA3EISIOT:




A) Canuueckue (cuanuueckue) B COCTaBe KOTOPBIX MpeoOIafal0T KPEMHUH U
AMOMUHUN (CBETJIbIE MUHEPAJIBI: MOJIEBbIC MIMAThI, KBapll, HEPETuH, MyCKOBUT U
ap.). T.e. cpeau mopo000pa3yronx MUHEPAJIOB YCJIOBHO MOTYT OBITh BBIICIICHBI
LIBETHBIE 1 OECIIBETHEIE.
b). IIpu 3TOM 110 «IIBETHBIMIUY» TTIOHUMAIOT Jicele3UCmoMacHe3uaIbHble (hemuec
Kue) CUIIUKAThI, TaKue, Kak aM(puOo0JIbl, 0JIMBUH, MUPOKCEHBI, ONOTHUT. B 3aBHuCcH
MOCTH OT COJICP KaHUS IBETHBIX ¥ OCCIIBETHBIX MUHEPAJIOB PA3INYAIOT ITOPOIBI
MENAHOKPamogwle u j1eiUKOKpPamogule.

N3BeprxkeHHBIE TOPOIBI MOTYT OBITh KAK MOHOMHUHEPAJIbHBIMH, COCTOSIIIUMH
U3 OJIHOTO MUHEpaJia, TaK U MOJUMHUHEPATbHBIMU -3 HECKOJIbKUX MUHEPAIOB.

['eHeTHUecKass CBA3b MEXKAY TOPOJI000pa3yIONMMH MHHEpaTaMu

MOXET ObITh MPOMILTIOCTPUPOBAHA Takol cxemoil (mo boysny) (puc.92).

PeaxkuuoHHbLIM pASA NOCNeqoBarenbHOCTH BbiNageHnsa
MUHEepanos 13 pacnnasa (paa GoyHa)

Tunbl nopoa NPepbIBHCTBIA PLAKUMOHKBIH HenpepoiBHBLIR PCAKUMOHHBIN PAA
pag

NMNepraormis

FPauMnTBL, PHOAMTHE

yeenmuenne Sior

Puc.92

[Ipu MOHWKEHUH TeMITepaTyphbl paHee BBIJACIMBIINICS MUHEPAT BCTYIACT B
pPEaKIuio ¢  OCTaBIIMMCS  pacilaBOM M TpeBpamaercs B Oolee
HU3KOTEMIIEpaTypHBI MuHepald. B jeBoM psay MuHepariooOpa3oBaHHE HIIET
CKauKoOOpa3HO; B MPABOM PSTy U3MEHEHHE COCTaBa COBEPIIIACTCS HEIIPEPHIBHBIM
3aMelIeHreM. TeMHBIC U CBETIIbIC MUHEPAITbI, PacTIOJIOKCHHBIC Ha OJTHON BBICOTE,
0OBIYHO BBIJEIIAIOTCSI BMECTE.

[TupoKceHbl U OCHOBHBIC IUIArMOKIIA3bl THIIMYHBI JIJI1 OCHOBHBIX IOPOJ,
aM(puOO0JIBI U CPETHAE IIArOKJIA3bI -1 CPETHAX, a aCCOIUANSI-OMOTUT, KACIIBIH
TUTarioKIIa3, KaIUeBbId MOJIEBOM IIIAT U KBAPII-JJIS KUCIIBIX.

Xumuveckuti U MUHEPATbHBIU COCMAB MASMAMUYECKUX HOPOO Helb3sl
cuumams cayuanvim. Mmeemcs 3aKOHOMEPHOCMb 6 ACCOUUAUUU MUHEPANOSs,
BLIMEKAIOWAS U3 3AKOHO8 YNPAGIAIOWUX KPUCMALIU3AYUEH MA2MbL.



¢ I'nasneiiuiue 3aKOHOMEPHOCH U RAPaZeHe3UCA MUHEPATIOB 8
U36EPIHCEHHBIX NOPOOAX:

¢ [.Ksapy ne modicem bvimob emecme ghenvowmnamouoamu (Hegperunom u
JIeUYUmom,).

¢ 2.0nusuHn noumu He Cmpedaemcsi ¢ Kapyem, Kaauegblm nojesbim
WNAMOM U KUCTIbIM NIACUOKIA30M.

¢ 3.1l]enounvie nupoxcenvt u ampubonvt Haxo00amcs 0ObIYHO C HeheuHOM
U OYeHb peoKo ¢ K8apyem.

¢ 4.Canuour Haxo0umcs mobKo 8 d¢hQy3usHbIX NOPOOAX U HEKOMOPbIX
opyaux.

Knaccupuxkanus, popma 3ajieranus, CTPyKTypa, TEKCTYypAa.
Cmpykmypol u meKcmypvl MAzmamuyecKux 20pHvlxX nopoo.

Oco0eHHOCTH CTPOEHUS TOPHBIX TOPOI,
3aBUCAINME OT YCJOBUH  0Opa3oBaHWMs,
BBIPAXKAIOTCS B CTPYKTYPHBIX U TEKCTYPHBIX
MpU3HAKaX.

Cmpykmypa ONpENEIAETCS CTEIECHbIO
KPUCTAUIMYHOCTH M pa3MepamMu 3€pEH, a
Takxke GopMOH M B3aMMHBIMUA OTHOIICHUSIMU
COCTaBHBIX YacTed MOPObl (MUHEPAIOB WU
Puc. 93. Menkoseprmcras crpykrypa  MATCPAIOB 1 BYJIKGHHYECKOr0 CTEKJIa).

B rPAHNT - AILIHTE, HHIHHAS TIOPOIA Texcmypa - COBOKYNHOCTh MPHU3HAKOB,
(KOHTAKTHasi 30HAa)CBeT/IbIi-01eBOY  OIIPCIACIICMBIX PacmIoJIOKCHHUEM M

mmar (KUCIbIH IIArHoK1a3), pacnpeeaeHueM COCTABHBIX YacTed MOp Ok
cenoBaTbIN-KBaDII.
OTHOCHUTEILHO APYT APYyra B 3aHUMAeMOM UMU

IPOCTPAHCTRBE.
Buabl TEKCTYp: 00HOpOOHAs uau MACCueHas, AUHEUHds, NOLOCYamas,
namuucmas, nopucmas, muroanekamennas (puc.94)
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R no;1oc9aTasi, rHeficoBas CI0HCTas TEKCTYpa
0HOPOAHAsI TEKCTYPa TekcTypa 5
Puc. 94
Crpykrypa. [IloHsTHEe «CTPYKTypa» ompeaensercs: 1) CTerneHbro
KPUCTAUIMYHOCTH, 2) BEIMYMHONW COCTaBHBIX YacTed — aOCONIOTHOW u

OTHOCUTENHHOMH, 3) GOpMOiIl COCTAaBHBIX YaCTEH MOPOI.

‘ [lo cTemeHn KPUCTALTMYHOCTH DPa3IUYAIOT TPU
CTPYKTYpbI — HOHOKPUCH AJITUYECKYIO,
NOYKPUCM ATLTUYECKYIO U CHeK106AMYI0 .

Puc.95 . KpynHozepHucTasi CTpPYKTypa B
panakuBM (IrpPaHUT)

Puc. 98



| HEeNO.JHOKpHCTAaIHYeC

NOJTHOKPHCTALIH- R e tdid VIDE % Kasi CTPYKTYpa: HEeNoJIHOKpHCTALIHYe

HJeCKas, pABHOMEDPHO- MO THOKPHCTALIH- a) CcTerIoOBaATAaA CKafA CTPYKTYpa:

3epHHECTasA (mopdn- 9ecKaf, PABHPOMEPH- 0) CKPBITOKpHCTaL1a- a) HOppupoBas

POBIHIH&H) CTPYKTYpa 03epHHCTAfA CTPYKTYpa gecKags 6) Blrrpodmpom
Puc. 96

[Ipu nonnoxpucmaniuueckou CTPYKType ropHasi mOpoJia LEJIMKOM COCTOUT
U3 KPUCTAIOB M HE COJIEPKUT BYJIKAHMUYECKOTO CTEKIIA.

[pu nonykpucmannuueckoti CTpyKType ropHasi Hopo/ia EMMKOM COCTOUT M3
KPUCTAJUIOB M U3 cTekna. lIpu cmeknosamoti cTpykType TopHas opojia IeTHKOM
COCTOMT U3 BYJIKAHUYECKOTO CTEKJIA.

[lo abGcomoTHOW BeMWYWHE COCTABHBIX YACTEH BBIACISACTCS JBE TPYIIIHI
CTPYKTYP - S6HOKpUCMALIUYecKue u apanumosvle, cKkpvimoseprucmole. B
SIBHOKPHUCTALTMICCKUX CTPYKTypax OTACIbHBIC 3€pHA BUIHBI HEBOOPYKCHHBIM
TJIA30M.

% I[lo kpymHOCTH 3€pHa Cpeau HUX

BBIJICIISIOT:
¢ KpynHO3epHucmyro,  CTPyKTypy (auamerp
3epeH OoJibie 5 Mm) (puc.95).
¢ cpeoHezepuucmyro (nuamerp 3epeH-1-5 mm
Menkosepuucmyro (IuameTp 3epeH MeHee |
MM).

Puc. 97.1loppupoBunan
CTPYKTYpPa B OPPUPOBUIHOM

B CKPbIMOKPUCATIUYECKUX rpaunte [opdupoBHIHbIe
(apanumoswix) cmpyxkmypax COCTaBHBIC YaCcTH BKpaIlJie HUsl IPe/ICTaBJIe HbI
HE BUIHBI HEBOOPYKECHHBIM TJ1a30M. KAIHUNIATOM -CBETI0-CeDBIH.

Pazmuarot nopguposuonvie u
nopgupoevie CTpyKTYypHI.

IHopguposuonwie CIPYKmypol

00YCJIOBJIEHbI HAIWYUE OTHOCUTEILHO KPYITHBIX
KPUCTAJUIOB Ha (OHE NOJHOKPHUCTAIIMYECKON
OCHOBHOW Macchl mopoabsl. [lopdpupoBumHas
CTPYKTypa, HauOoJjiee THUNWYHAA [JJsI TOPOJI,
KPUCTAUIM3YIOUIMXCS B THINA0UCCAIbHBIX

B TPpaxmuTe. beanle BKpaiJjie Husi-
YCIOBHSIX, YaCTO HAOMOACTCS B TPAHUTOMAAX  cappaun, cepoBaThiii-kammmar,

(puc.97). YepPHbIi - OHOTHT.
Hopguposasn cmpykmypa oHa TaKKE

Puc. 98.Iloppuposas cTpykTypa



XapaKTepu3yeTcs HaTMYheM BKPAIUICHHUKOB, WM MOP(UPOBBIX BBIJEICHUH,
cpenu apaHUTOBOM WM CKPBITO3EPHUCTOU CTPYKTyphl. [lopdupoBas cTpykrypa
npucyiia 3¢ppy3uBHbIM nopoam (puc.98).

IIpakTnueckas pagora 18
HN3ydyeHue CTPYKTYp M TEKCTYP MarMaTu4eCKUX FOPHBIX MOPOI
Heab: 1 .M3y4uTh CTPYKTYPHI U TEKCTYPHI MarMaTUIECKUX TOPHBIX TOPOJI C
HENBI0 OTMpPEe/IENIeHHsI MarMaTUYECKUX TOPHBIX IOPOJ;
2) yMeTh OTIMYaTh UHTPY3UBHBIC IOPOJBI OT 3(PPY3UBHBIX B 3aBUCHMOCTH OT UX
CTPYKTYPHBIX OCOOCHHOCTEH.
Ob6opyoosanue. yaeOHas KOJUICKIMS MarMaThuyeCKUX TOPHBIX MOPO/I C
Pa3IMYHBIMU CTPYKTYPaMH U TEKCTYPaMH.
Ilopsaook evitnonnenus padomot
1.PaznenmuTh MarmaTudeckue mopoabl Ha HHTPY3UBHBIE (TPaHUTHI, TaOOPO,
JYHUTBI, IEPUIOTUTHI, TUOPUTHI, CUCHUTHI), UMEIOIIUE 3EPHUCTYIO CTPYKTYPY H
MAacCCHUBHYIO TEKCTYpYy, ¥ 3(QQy3UBHbIE aHAJOTH, BBIIIE MEPEUYNUCICHHBIX MOPOJ
(MMmapuThl, KBapleBble NOpQUPHI 0a3aibThl, aHAE3UTHI, TPAXUTHI), MUMEIOIIHE
HEMOJHOKPUCTALIMUECKYIO  CKPBITO3EPHUCTYIO CTPYKTYpY U  MAacCHBHYIO

MOPUCTYIO TEKCTYPY.
2.Pa3znennte MarmMatudeckue TOPHBIE MOPOJbI MO KUCJIOTHOCTH (KHCIbIE,

CpelHME, OCHOBHBIC, YJIbTPAOCHOBHBIC, ILEIOYHbIE), HCXOAS U3 3HAHUI

MHUHEPAJIHHOI'0 COCTaBa B 3aBUCUMOCTH OT MPOIICHTHOTO cojeprkanus SiO;:

¢ KucCJble CBETIbIe (TPAaHUT, IETMATHT, JIUTIAPHT),

¢ CpeHHE - CepPYIO OKPACKY (CHEHHTBI, TPAXHUThI, TUOPUTHI, AaHIC3UTHI ),

¢ OCHOBHBIC - TEMHO-CEpbI€, TEMHO-3eleHbIe (rab0po, 60a3ambTh);

¢ YIbTPAOCHOBHBIE - TEMHO-3€JI€HbIE JO YEpPHBIX (AYHHUT, TMEPHUIOTHT,
MUPOKCEHNUT).

Dopma 3ane2anun MaemMamudecKux 20PHsLX nopoo.
3aBUCUT OT INIyOMHBI 3acCTBIBAHUS Marmbl, MarMaTHYECKUX TE€I U HX
B3aMMOOTHOIIICHHS C BMEIIAIOIIMMU TTOPOaMH.
Dopma 3anezanun UHMPY3UBHBIX 2OPHBIX NOPOO
K uuciay cormacHbIX MHTPY3UH OTHOCSITCS: UHTPY3UBHBIE 3AJIEKH (CUILIBI),
JIAKKOJIATBI, JIOTIOJUTHI, K YUCITy HECOTJIACHBIX — OATOJIMTHI, IITOKHU, KWUJIbI, JANKH,

AKunpl, [mallkm W HEKKM  TUNHWYHBL  JJIS
MOJIYTJTyOMHHBIX TTOPOI.

Hecoznacnovte mena (batos, rpedeckas - riryOuHa).
bamonumamu Ha3pIBalOT KpyIHHBIE HMHTPY3UBHBIE TEIA,
IUIOLIAIA KOTOPBIX, IO CBOMM pa3zMepaM MOTYT JOCTHUraTh
odeHp Oompmmx BemmuuH > 100kM° (prc.99). IlIrokm -
IUIOUIA]Ib OOBIYHO HE MPEBBIIIAET HECKOJbKUX KBaJAPaTHBIX
kustoMeTpoB.< 100 KM,
¢ K rpynme coriacHbIX WHTPY3MBOB OTHOCSITCSI CHWJIBI, JIAKKOJIUTHI,

nanosuThl U (axosutel (prc. 100):

Puc.99. bBaroaur



¢ Cunn - mactooOpaszHas
UHTPY3UBHAs 3aJIeXKb,
pasMeppl  KOTOPOM  MOTYT
BapbUpOBaTh B  IIMPOKHUX
npeaenax, HO UX MOIIHOCTb
BCETr/1a 3HAYUTENbHO YCTYTACT
mmpuHe u amane (puc. 100).

¢ Jlakkonumul  TPENCTABISIIOT
co0o0ll kapaBacoOpa3HbIE WU

rpub000pazHbIC Tena,
HUMCIOILINEC IIJIOCKOE€
OCHOBAHHC n =
KYIIOJI00 6p 3HLIH B epx. Puc.100. PacnipocrpaH eHHble UHbEKIUOHHBIE
TeJa: 1-CHJIbI; 2-JI00JMT; 3-JaAKKOJIMT;
¢ Jlononumamu Ha3bIBAIOT  4-gakoinTHL.
Pa3IUYHBIX pasmepoB

UHTPY3HH, UMeroLre (GOopMy Yallli WK INIOCKOTO OIIoa.

¢ JKunwi WMEIOT  HE3HAYUTENBHYIO  MOIIMHOCTh, IUIMTOOOpa3sHble  Tela,
00pa3oBaHHbBIC BBIMIOJHEHUEM TPEIIMH B 3€MHOH KOpE MarMaTHYeCKUMH
TOPHBIMHU TIOPOIaMHU.

¢ Daxonrum — JMH30BHIHOE TENO, 3aJCraiolice B SAPE aHTUKIMHAIBHOW HJIN
cUHKIMHAILHOM ckaaaku (puc. 100).

Dopma 3anezanus I Py3usHvlx 20pHBIX NOPOO
®opma Ten 3PPy3UBHBIX MOPOJ 3aBUCUT OT XapakTepa BYJIKAHHMYECKOTO
U3BEPIKCHUS, OT CTEIIEHH BSI3KOCTH JIaBbI M OT peiibeda 3eMHON MTOBEPXHOCTH, Ha
KOTOPYIO MPOUCXOIUIO HU3JIUSTHHUC.
¢ Beiaensior cieayromnme ABe rpymibl 3G Qy3uBHBIX TEI:
¢ 1) mena, ceéazannvie ¢ UTUAHUAMU RO MPEWUHAM - TIOKPOBBI, TTOTOKH,
JTaNK!,
¢ 2) mena, 603HUKWIUE 8 Pe3yibMame 0esameIbHOCHU 8YIKAHO8 - TIOTOKH,
KyIoJ1a, KOHYChI, HEKKH (KEPJIOBUHBI).

Ilokpoe -tinockoe Teno, UMeroIee 00JIbII0e TUIOIIATHOE PacTIPOCTPAHEHNE
Y CPaBHUTEIILHO HEOOJIBIITYI0 MOIITHOCTh, HO OOJIBIIIYIO TUIOIA/Ib, XapaKTEPHBI JJIs
OCHOBHBIX JIaB.

Ilomoku - npencTaBisatoT cOO0M MIIOCKUE Tella, BRITIHYTHIC B HAPaBIICHUH
TedeHUs JaBbl. [IOTOKM BS3KHMX KHCJBIX JIaB MOIIHBIE, KOPOTKHE; TOTOKH
OCHOBHBIX JIaB 3HAYUTEIILHO MEHBIICH MOIITHOCTH, HO OOJBIIEeH MPOTIKEHHOCTH.

Kynon-kapaBacoOpazHoe, OoJjiee WM MEHEe KOHYCOBHUIHOE, TeIO,
00pa30BaHHOE JIABOW CpPEIHEro WM KHCIIOTO COCTaBa, BbDKATOW W3 Kparepa
ByJikaHa. OOpa3oBaHKEe KyI0JIOB MMPOUCXOIUT U B HACTOSIIEE BPEMSI.

Konyc-o0Gpazyercst BOKpYT KpaTepa ByJIKaHa B pe3yJibTaTe HEOJTHOKPATHOTO
W3JIUSTHUS BSI3KOU JIaBBI,

Jlaiiku n nHexkku-HOpMUPYIOTCS B pe3yibTaTe 3aroJHEHHs JIaBOW JKepJia
ByJKaHa (HEKK) WM TMOABOJAIIEH TpeluHbl (naiika). Cekylye KWibl,



Ha3bIBacMbIC MHOT/IA JailiKaMH, PacIojlaracTCs B BEPTHKAIbHOM, WK OJHM3KOM K
BEPTHKAJILHOMY ITOJIOKEHHUIO.

Bynkanuueckuit nexkk (oicepiosuna) - BEPTHKAIbHOC IHIMHIAPUYICCKOE
HEMPaBUJIbHOE TENI0, 00pa3yroleecss B pe3ysbTaTe 3aCThIBAHUS MarMbl B jKEpJIc
ByJIKaHa.

% Dddy3uBHBIE TOPOIBI PA3ICISFOTCS HA BE KATETOPHUH 10 CTCIICHN N3MCHEHH :
¢ CWIBHO HW3MCHEHHBIC MOPOMABI HOCST Ha3BaHWE najieomunuvlx (AHOTAA HX
Ha3bIBAIOT TAKXKE NAIC08YIKAHUYECKUMU);

¢ c1a00 U3MEHEHHBIC — KAUHOMUNHBIX (HEOBYIKAHUYUECKUX).

2.3. XapakTepucTuka MarMaTu4eCKuX rOPpHbBIX MOPO/I.
Yabrpamadutsl (YIbTPAaOCHOBHBIE), MA(UTHI (OCHOBHBIE).
I'pynna ynempaocHoenvix 20pHbIX ROPOO
(y1empaodazumoe, 2unepoazun os).

Ioarpynna ayHuTa— nepuaoTUTA - MUPOKCEHUTA.

K ynbTpaoCHOBHBIM MMOPOJAaM OTHOCSATCS TEMHOOKpAIIEHHBIC MOPOIbI
cogepxkaupie B cebe MeHee 45% kpemHe3eMa. OCHOBHBIMH TJIyOMHHBIMU
MPEICTABUTEISIMU UX SIBIISTIOTCSI TIEPUIOTUTHI M TUPOKCEHUTHI. Peske BCTpeuaroTest
JTYHUTBI, W €IlE PEXEe - M3JMBIIMECS WX AHAIOTH; JJIS1 BCEX YJIbTPAOCHOBHBIX
MOPOJ XapaKTepHO TO, YTO OHU COCTOSIT MOYTH W3 OJIHUX TEMHBIX MUHEPAJIOB,
TJIaBHBIM 00pa3oM MUPOKCEHOB W OJIMBHHA.

Hynum. Illepuoomum. IlTupoxkcenum

Hassanue: pynur -nio r. Ipn (Dun), Hoas 3enanaus; nepuaoTHr.

XapakTepuble npusHaku. CTpyKTypa MEJNKO - WIM CpEIHE-3epHUCTAs,
peke KpymHO3epHHCTasA. TeKcTypa MacCuBHas, 4acTo adaHuToBas (IJIOTHAaS,
«ciauBHAs»). MuHepanvHblll  cocmas. WCKIIOUHUTETBHO W3  TEMHOIIBETHBIX
MarHe3uajlbHO-KEJIC3UCThIX ~ MHUHEpPAIOB  (OJMBUH ¥  MHPOKCEHBI, PEXKe
BcTpeuaroTcsa ampubonsl u  Ouotutr). Keapy omcymcmeyem. Ilnarnokias
(ocHOBHOM) penok. [Jéem 4epHBIN, WHOTJA C 3€JICHOBAaThIM OTTEHKOM. B
3aBHCHMOCTH OT IIPE00JIaIaromero MUHepasia pa3andaroT: TyHUuT (oaueurnum-100-
80 % omuBuHa, TepuaOTUT-/0-30% omuBHHAa W cootrBercTBeHHO 30-70%
nupokceHoB, mnupokceHuT -10-0% ommBuHa u  90-100% nHUpOKCEHOB.
V3nuBmmMucs aHaJlOTaMU WHTPY3UBHBIX YJIBTPAOCHOBHBIX TOPOJ SBISIOTCS
RUKpumul, a Takke 0JIM3KKE K HUM MOPOBI - AIMA30HOCHBIC KUMOEPIUN bl.

V3MeHeHHsT ~ BBIp@XKArOTCS B TOSIBJIGHUM  CEPIICHTHHA,  ypaluTa
(nceBpomMopdo3 poroBoil OOMaHKM MO MHUPOKCEHY), XJIOPUTA, 3TU MHUHEPAIIbI
NPUIAIOT TOPOJIaM 3€JIeHbIN OTTEHOK M CHUYKAIOT MX TBEPAOCTh (HOXK WM WIJIa
OCTaBJISIOT IApAITHAHY).

Ob6biuHbIMU  popmamu  3anecanus YIbMPAOCHOBHBIX 2TYOUHHBIX NOPOO
SIBJISTFOTCSI MEJIKME MHTPY3UBHBIC TENA - TAWKH M JKUJIBI.

Juarnoctuka. Temnas okpacka, omcymcmaue 8 cocmase noieeo2o wnama
U K8apuya, 8blCOKULL YOebHblll 8eC.

IIpakTnyeckoe 3HavyeHue. C JayHUTaMH MU TNEPUAOTUTAMH CBS3AHBI
MHOTOYWCJICHHbIC M-HHUS TUIATHHBI, HUKEIS W KOOaibTa, IJIATHHOHOCHBIX
pocceineil. Kumbepaum - yabTpaOCHOBHAS XKUJIbHAs MOPO/JIa, 3ajeraroias B BUIe



TpyO0OOpa3HBIX KEPIOBUH (mpyoboK 63pbiea) W COCTOAIMIAS U3 OJUBUHA,
MUPOKCEHOB, CJIO/IbI, MAarHeTUTa, TpaHaTa-MUPOINa, WIbMEHHUTA, araTUTa U Jp.,
COJEP>KUT alIMa3hbl.

Taoauna 26

['pynms VYIIbTpaOCHOBHBIE, COJIEPKAHIE SiI0, <45 %
[oarpynnel | HHTPY3UBHBIE: JYHUT-NIEPUAOTUT —TUPOKCEHUT | 3¢¢dy3uBHBIE TUKPUT
LBer TEMHO-3€JIEHBIN J10 YEPHOTO C 3€JIEHOBATHIM OTTEHKOM
Tekctypa MacCHBHas, 9aCTO aaHUTOBAsS

nop¢upoBas,

IIOJIHOKPUCTAJUIMYECKAs: MEJIKO-CpEIHE-
Crpyxkrypa CKPBITO3EPHUCTAsA, YaCTO
KPYITHO3EpHUCTAsl, pPABHOMEPHO3EPHUCTas
CTEKJI0BaTast

I'pynna ocroeHnwix 20pHbIX NOPOO.
Iloozpynna zaéopo.

Conepxxanue kpemHezema 45-56%. MuHepanbHblil COCTaB MUPOKCEHBI U
MJIarOKJIa3bl. XapaKTEepPHO OTCYTCTBUE KBapiia. B HEOOIBIIIOM KOJIMYECTBE MOTYT
IPUCYTCTBOBATh OJIMBUH, poroBas oOMaHka, OMOTUT. L[BeT TeMHO-3eneHbIi 10
yepHoro. Iloarpynma BKIIOYAaeT HECKOJIBKO Pa3HOBUAHOCTEH WHTPY3UBHOU
nopo/ibl, Ha3zbiBaeMoW rad0po, »¢dy3uBHBINA aHamor radopo-06azambTel. Hiuke
NPUBOIUTCS UX 000OIIEHHOE OMKUCAHUE.

Taoopo.

XapakTtepHble npu3Haku. Cmpykmypa KpUCTAIUIMYECKU-3E€PHUCTAS,
MEJKO- CpelHe- W KpymHo3epHHUcTas. [lo mexcmype BBIIETSIOT ClEAYIOIINE
Pa3HOBUAHOCTH: MAcCCUHoe 2abOpo OJHOPOAHO OKpAILEHHOE, C PaBHOMEPHBIM
pacnpesieiecHUeM BCE€X MHHEpAJOB; nojocuamoe 2abopo ¢ MapauieIbHbIM
YepeIOBaHUEM CBETIIBIX (CYIIECTBEHHO IUIArMOKIIA30BbIX) U TEMHBIX (C BBICOKUM
COJIep>KaHUEM TMUPOKCEHOB) TOJIOC WJIM BBITSHYTBIX CKOTUIEHHUI TEMHOIIBETHBIX
MUHEPAJIOB.

CocTaB: cepblil U CBETIO-CEPBIN IUIaruokias (ot gadpaaopa 10 OUTOBHUTA)
U YepHBIH HHOTAQ OpOH30BBIM OTTEHKOM MHUPOKCEH. Pa3HOBUIHOCThH -
naopadopum, noutu 100% cocToum U3 IIaruokiaza — ynabpangopa. Keapya nem.
[[BeT 0OBIYHO TEMHO-CEPBIN JO YEPHOTO, MHOT/IA C 3€JIEHOBATHIM OTTEHKOM.

YcaoBusi 00pa3oBaHus U HAX0KAeHUs1. DOpMBI 3a€TaHNs -IalKH, INTOKH,
WHTPY3UBHbBIC 3aJI€KU, JTAKKOJUTBI, JIOTIOJIHUBI.

JlnarHocTtuka. TemMHas OKpacka; B COCTaBE€ IOPOJbI - acCOIHAIIHS
IUTaruoKia3a W MHUPOKCEHA WM POroBOM OOMaHKHM NPH OTCYTCTBHM KBaplia U
OpTOKJIa3a.

IIpakTHyeckoe 3HavyeHue. [IpuMeHsIETCA Kak CTPOUTEIbHBIM KaMEHb.
Kpome TorO, ¢ TabOpOBBIMH TIOPOJAMH CBSI3aHBI MECTOPOKICHUS MHOTHUX
MOJIE3HBIX MCKOTIAEMBIX: KOOAbTa, HUKENS, MEAU, METAUIOB TPYIIIbI IUIATHUHBI,
TWUTaHa, BaHAIUs.




bazanom

Xapakrepuble  mpu3Hakm  (puc.  101).
Cmpyxmypa niopdupoBas wm apuponas. OcCHOBHas
Macca OJHOpPOJHAs  CKPBITOKPUCTAUIMUECKAss U
CTeKJoBarasi. Texcmypa MacCHUBHas, PEXE MOPHUCTas,
My3bIpUCTasi, UUIAaKOOOpa3Hasi: KPYMHbIE IyCTOTHI
COCTaBJISIFOT OCHOBHOW 00beM mopojsl. LlBer TemHo-
CEphIM, MIOYTH YEPHBIHM, BA3KUN U TBEPABIN - IOPOJA, C
Puc. 101. BazansT, TPYZIOM LAPAMAIOIIMECS CTATbHON UTJION, TKeIbIe (Y.

My3bIPHCTas TEKCTYpPa Bec OJIM30K K 3).
Munepanvholti cocmag aHajoTudeH radb0po —

[JIJArMOK/a3, aBIUT, OJIMBHH.

YcaoBusi oOpa3zoBaHus W HaxoxkaeHuss. PopMbI 3ajeraHusl - IOTOKH U
OKpOBbI, OTMEUEHHBIC IMOPOJIbI M MAIICOTHITHBIE aHAIOTH 0a3aJIbTOBBIX TIOPOJT -
ouabaswl.

JMuarnoctuka. J[ns OGazanbra-uepHas OKpacka, MPOYHOCTh M BSI3KOCTH
IOPOJIBI, CTOJIOYATAS MIECTUIPAHHO -TIPH3MATHICCKAS OTACIILHOCTD.

IIpakTHYecKoe 3HA4YeHHE. HCIOJIB3yeTrcs 0a3albTOBOC JIMTHE, JICIA0T
Opycuarky ju1s MomieHus yimil. C TparmamMu CBsS3aHbl MECTOPOKICHUS TpaduTa,
CaMOPOJHON MEIH, METHO-HHUKEIEBBIX CYTb(UIHBIX Py, HCTOUHHUK TOJTydEHUS
CaMOIIBETHBIX KaMHEH-araToB, OMajoB, CEPA0JMKOB.

Taéauua 27
I'pynma OcHOBHBIE, COTICpKAHUE Si0; >45-56%
UHTPY3UBHBIE s¢dy3uBHBIE 0a3aIbT-
[lonrpynna rab0opo nnabas
TEMHO-CEPBIH, 3€JIEHOBATO-CEPHI.
BYJIKaHUUYECKUE
e CTeKIA (TaxXWJINTHI) YepHBIE, TEMHO-OyphIe
MacCHBHast MU
Tekcrypa MaCCUBHAasl, UHOT/Ia TAKCUTOBAS UJIN {DIOTBERITIER, CEIE
T T adaHUTOBAS, MHOT/IA
MY3bIPUCTAs], IIUTAKOBas,
MU HAaJIeKaMeHHAsI
adupoBas unu nopduposas
Crmmame MOJHOKPUCTAIITUYECK.: MEJIKO- CepJHe- U (mopdupoBugHAS), YACTO
KPYITHO3EPHUCTAs; MHOTAA O(UTOBAS douToBas U T.I., HHOT/IA
CTEeKIJIOBaTast

KucJible, cpeJlHUE TOPHBIE MOPOABI
Ipynna cpeonux 20pHvlx nROPOO ¢ nN1AZUOKIA3AMU
Iloozpynna ouopuma

K HHM OTHOCSTCSI M3BEP>KEHHBIC TOPHBIC TTOPOIBI, coaepkammmM 52—65%
kpemHe3eMa. OCHOBHBIMHU TIPEIACTABUTEISIMU ATOM TPYIIIBI SBJISFOTCS TUOPUTHI C
U3JIUBIIUMUCS AHAJIOTAMHU - aHJIE3UTaMU U OP PUpUTAMHU.

HAuopum
HasBaHune OT rpedeckoro - pa3iandaro.



XapakTtepHble npusHaku. Cmpykmypa KpUCTAUIMYECKU-3EPHUCTAS, YaLE
BCETO MEIKO3EpPHHUCTas, peako mnopdupoBuaHasi. Texcmypa MacCUBHAs WU
noJjiocuarasi, 00ycioBieHHas TeueHueM Marmbl. CocTouT U3 miarnokiasza (50—~60
%) u poroBoit oomanku (30—35 %). noraa nosiBIsItOTCS MTUPOKCEH WM OUOTHUT.
Bo3MoxxHo HeBbicokoe (10 10 %) coxpepkanue kBapua. [[eem cepblil, TEMHO-
Cephli 10 YEepHOIro, WMHOTJIa C 3€JICHOBAaThIM OTTEHKOM 3a CUYET MNPOJYKTOB
WU3MEHEHUS.

YcaoBus o0pazoBaHusi U Haxo:KaeHus1. OOpa3yer WITOKH, JAKKOJIUTHI,
KUIBL U JIP.

JAuarnocTuka. [lo BHEIMIHMM TpHU3HAKAM TMOXO0X TIa HEKOTOPBIE
Pa3HOBUIHOCTU TOPOJ MOArpymmbl Tab0po, HO B JAUOPUTAX COJIEpPKAHUE
TEMHOOKpaIIeHHbIX MIUHEpaioB - 30 — 35 %, U OHM MPETOCTaBICHH B OCHOBHOM
poroBoii oOMaHkoi, a B rabopo ux o6sraHO OT 30 70 50 %, U ATO TrIaBHBIM
00pa3oM MUPOKCEH.

IIpakTHyeckoe 3HaveHue. Vcnonb3yercsa Kak mMarepuan Ay 0OJMIOBKU
3aanuii. Co MHOTMMHU U3 JHMOPUTOB (M C KBAapLEBBIMU JUOPUTAMM) CBSI3aHBI
MECTOPOKJECHUA Ps/ia LIEHHBIX PYAHBIX MOJIE3HBIX UCKOAEMBbIX: JK€Je€3a, CBUHIIA,
[IUHKA, MEIU ¥ UHOTJIa 30JI0Ta.

Iloozpynna anoesuma — noppupuma

[loarpynma BKIIOYAET M3JMBIOMECS MOPOJABI  CPEOHETO  COCTaBa,

SBJIAIOIINECS KaHOTUITHBIMU 3¢ (y3MBHBIMU aHAIOTaMH THOPUTOB.
Anoe3um

HazBanue-no ropnoii nenu Aun B FOxHOM Amepuke.

XapakTtepuble npusHaku. Cmpykmypa nopdupoBas wim adupoBas c
ahaHUTOBOM OCHOBHOW Maccoil. Texcmypa MacCUBHAas, OJIHOPOJHAS WA
NopuCTasi, My3bIpucTasi, nuiakoBag. COCTOUT W3 HEPACKPHUCTAIUIM30BAHHOTO
BYJIKAHUYECKOTO CTEKJIa C BKPAIUICHHOCTHIO MEJIKMX 3€pEH MarHeTuTa.
[TopdupoBsie BKparuieH!s MPeCTaBICHBI UM TEMHOIIBETHRIMU MUHEPaJIaMH, WU
miarunoknazomM. Keapy wne xapaxkmepen. 1IBeT cepblii 4O TEMHO-CEPOro, B
TUIUYHBIX Pa3HOCTAX HECKOJIBbKO 00Jiee CBETIbIN, YeM y OazalbTa.

YcaoBus 00pa3oBaHusi M HaX0:K1eHus. CIaratoT JaBOBbI€ IOTOKH, JAalKH,
UHTPY3UBHBIC 3aJIeKU. AHAE3UTOBAas Marma OTJIMYaeTcsi OOJbIIeH BSI3KOCTHIO U
o0pa3yeT IKCTPy3UBHBIE (DOPMBI - KyIT0Jia, KOHYCHI.

Juarnoctuka. B anjesutax B OTIMYME OT TUIHUYHBIX 0a3albTOB
nop(GupOBbIE BKPAIUICHHUKU TNPEICTABIECHbl OOBIYHO Kak TEMHOUBETHBIMU
(mupokceH, poroBas OOMaHKa), TaK W CBETIBIMU MHHEpaJamMH (IJIarHOKIa3).
AHE3UTHI U OPGUPUTHI B 1IEJIOM HECKOJIBKO CBETIEE, YeM 0a3aibThl U JUa0a3bI.
Ot kucieix 3¢@dy3uBOB OTIMYAIOTCA OTCYTCTBUEM KBaplla M 0Oojiee TEMHOU
OKpackKoi. XapakTEepHO MIMPOKOE pPa3BUTHE IUIAKOBBIX U MHHJIAJIEKaMEHHBIX
Pa3HOCTEM.

IIpakTHYeckoe 3HAYeHHEe. AHJIE3UTHI UCTIOJIB3YIOTCS B POMBIIIUIEHHOCTH
B KaueCcTBE KHUCJIOTOYMOPHBIX MAaTepHaJOB (KaMEHHOE JIThE, IJIUTHI U Ap.). K
aHJIe3UTaM MPUYPOUYEHbl HEKOTOPHIE TUIIBI TUAPOTEPMATIBHBIX MECTOPOKICHUN
30JI0Ta ¥ cepedpa, CBsI3aHHbBIE C CYNIb(PUIaMHU JKene3a, [IMHKA, CBUHIIA.



Cpeonue nopoowt ¢ KaiueeviMu no1e6bIMU WINAM AMU
Cuenum

XapakrepHble npusHaku. Cmpykmypa  TOJTHOKPUCTAUIMYECKAS,
paBHOMEpHO3€epHHUCTas Win nop pupoBuaHas. Texcmypa maccuBHas. COCTOUT U3
MOJIEBBIX IIMATOB (OPTOKJIA3a WM MHUKPOKIMHA U Tuarnoknasza) — 80 - 85% wu
TEMHOIIBETHBIX MUHEPAIOB (MMpPOKCEHa, poroBoil oOManku, ouotuta) — 10 - 20%
Conepxanue kBapua 0 - 5 %. [Ipu noBbllIeHUH COJIEpKaHUST KBaplia - MEPEX0]
uyepe3 espanocuenumst (10 — 20% kBap1a) K TpaHUTy. AKIIECCOPHBIC MUHEPAJIBI -
c(en, armatut, MaraeTuT. LIBEeT po30BBIi, KPACHBIN, CBETIO -CEPHIi, OCIIBIN.

YcaoBusi o0pa3oBaHUsI M HaXO0XKIeHHMsl. 3ajeractT B KpaeBbIX 30HaX
TPAHUTHBIX MAacCCHBOB, PEXKE HHTPY3UBHBIX TEI INTOKOB, >XWI. 3BECTKOBO-
HIEJI0YHbIE CHEHUTBI 00Pa3yIOT JJAKKOJIMTHI WM CJIAratoT KPAaeBble 30Hbl MAaCCUBOB
He(eMMHOBBIX CUEeHUTOB. O0pazyercs Ipu KpUCTADIM3auu MarMel, 6oraroit K,O
u 6emuoit SiO..

JAuarHoctuka. OTiMuyue OT TPAHHUTA: OTCYTCTBHUE WM OYEHb HHU3KOE
COJIep>KaHUE KBAp1la, MOBBIIIEHHOE COIEPKAHUE TEMHO - IIBETHBIX MUHEPAJIOB (110
20 %).

IpakTnueckoe 3HaYenne. CTPOUTEILHBIN KaMEHb, C CUEHUTAMHU CBSI3aHbI
Ooorarele MECTOPOXKIEHHUS JKENE3HbIX pyA: oO0pa3oBaHuE psga KpPYIHBIX
MECTOPOKIEHNI MarHeTUTa, MapraHUEBbIX Py, MEAHBIX Py U 30JI0TA.

Tpaxumot u opmogupul.

TpaxuThl-KalHOTUIIHBIE W3JIMBIIMECS AaHAJIOTH CHEHUTOB, OPTOQUPHI-
naneotunseie. Ha3BaHwe ¢ Trpedyeckoro - MEpOXOBATHIM, II0 Xapakrepy
HNOBEPXHOCTU TUIIMYHBIX TPAXUTOB.

XapakTtepHble npusHaku. Cmpykmypa nopdupoBas. OcHOBHas Macca
CTEKJIOBaTasi WM CKPBITOKPUCTAIUIMYECKAsA, MHUKPO3EpHUCTas. 1excmypa
noJsiocuarasi, QuonnaabHasi, cierka nopuctas. Munepanvhwlii cocmas: NOJIEBON
IIIaT, KBapl BCTPEYAETCA TOJbKO B MUHAAIMHAX. [[eem OEIblil, CBETIO-CEPHIi,
JKEJITOBAThIM, pO30BaThii. [lopoaa TBepaas, Kpemnkas, ¢ MEPOXOBATHIM HEPOBHBIM
U3JIOMOM.

YciaoBusi o0pa3oBaHUs W HAXOKICHHMS. 3aJeracT B BHJIE KYIOJIOB,
JaKKOJIUTOB, MEHEE XapaKTepHbl HEOOJbIIME MOTOKH U MOKPOBBI. V3MEHEHHBIE
TpaxuThl HOCST Ha3BAaHUE MPaAXumosvlx nopoupos, Wi opmo@upos. ITu
MAJICOTUIIHBIE OPOABI OTIIMYAKOTCS OT KAWHOTUIIHBIX TPAXUTOB SIPKOU OKPACKOU
(kpacHoi, 3e1eHoM, Oypoi, KOpUYHEBOM) U MEHBILIEH TBEPIOCTHIO

Juarnoctuka. OTCyTCTBHME KBapla BO BKparuleHHUKax. [[ns Tpaxwura:
CBETJIasi OKpacKa, XapakTepHas IIepoXoBarasi MOBEPXHOCTh M cHenuduyeckas
dbmounnansHas tekcTypa. s oprodupa: sipkue 1BeTa, COCTaB BKPAIUICHHUKOB
(TONBKO KaJaMEBBIM MOJIEBOM 1LMIAT), HPUCYTCTBUE BTOPUUHBIX MUHEPAIIOB.

IIpakTuyeckoe 3HayeHue. CTPOUTENbHBIM KaMEHb, OKpALICHHBIE
OpTO(UPHI UCTIOIB3YIOTCS KaK JEKOPATUBHBIN MaTepuall U MOAeOYHbIA KaMEHb.

Taéauua 28
I'pynma Cpennue, couepikaHmne Si0, >-56%-65
a¢y3uBHbBIC: aHIE3UT-
Honrpyrna VHTPY3UBHBIC AHOPUT aH/IC3UTOBBIN MOpupuT




CEpBIi, 3eJIECHOBATO-CEPbI, TEMHO-CEPbIN, BYJIKAHUUYECKUE
IIBer CTeKIa
YepHBIE, TEMHO-OyphIe

MacCUBHas, MHOTIA
Texcrypa MacCUBHasl, HHOTIA duron qankHas, 4acTo
TaKCUTOBAsI ahaHUTOBAS, IUTAKOBAS,
MUHJIaJIeKaMEHHast
IIOJTHOKPUCTAIUINYECKAs: MEJIKO-,CpEeIaHe- nopgupoBas uiau apupoBas,
CTpPYKTYypa KPYIMHO3CPHHUCTAA, | yacTO IMOJHOCTHIO UJIU YaCTUYHO
00BIYHO PAaBHOMEPHO-3epHUCTAS CTEKIIOBATasd

I'pynnul Kucnvix 2opusix nopoo.
Iloozpynna zpanamou0os.

Cpenu TiIyOMHHBIX TOPHBIX TIOPOJ] KHCJIBIE TIOPOIbI, COJIEPIKAIIHE B CBOEM
coctaBe oT 65 10 75% kpemHe3ema, SIBISIIOTCS Haubosee pacripoCTpaHEHHBIMU
CBETJIOOKPAILICHHBIE TIOPOJIBI.

OCHOBHBIMHM TIYOMHHBIMU MPEICTABUTEISIMU ATOW TPYIIBI SBISIOTCA
rpaHuThl. VX W3nMBIIMECS aHATIOTH: KaWHOTHUITHBIC - JIUITAPUTHI U MAJICOTUITHBIC -
KBapIIEBbIC TOPPHUPHI.

I'panoouopum

Ecmu nnacuoxnaz npeobradaem nan xanuesvim noniesbim wnamom, Iopoy
Ha3bIBAIOT 2panoduopumom. 1lopoasl, cocTosMe U3 KUCJIOTO IUIarhuoKia3a u
KBaplia, WIM COJEpKallie OYeHb HEOOJBIIYI0 MPUMECh OPTOKIA3a, HAa3bIBAIOT
K8apyegulMu OUOPUMAaMU.

XapakTepuble mnpuzHaku. Cmpykmypa pPaBHOMEPHO3EpPHHCTAs WM
nopgupoBUIHAS; meKcmypa 0OBIYHO MacCUBHAs. MuHepaibHbili COCTAB: TIOJICBHIE
mmatel — 65 - 70% (mIarnoksia3 KOJIMYECTBEHHO Mpeo0saaeT HaJl OPTOKIa30M
VT MEKPOKIHHOM ), kBapiy — 20 - 25%, . TeMHOIBETHbIC MUHEpasl — 5 - 10% -
(poroBasi oOMaHKka, MeHee OUOTHT). [1o ysemy MOJO00EH TPAHUTY (CM. HIDKE), HO
00Jiee TEMHBIIA.

YcaoBus oOpa3zoBanus u HaxoxaeHus. OOpazyer 0aTOJMTHI, IUTOKU U
UHTPY3UBHbIE MacCUBbl WHOHM (opmbl. TunuuHas marmarudeckash riyOHHHas

nopoJa.

JMuarnoctuka. I[loxox Ha rpanut. OTinyaercs: 60jee TEMHOM OKpPacKOM,
MTOHVKEHHBIM COJIepKaHuEM KBapua u
NOBBIILICHHBIM - TEMHOLBETHBIX. /Jlnopur B

OTIMYME OT TPAHOAUOpPHUTA emie OoJjiee TEMHO
OKpallleH ¥ TOYTH HE COJAEPXKUT WM BOOOIIE
JIMILIEH KBapLa.

IlpakTnyeckoe 3Hauenue. lcnosb3yercs
Kak €CTECTBEHHBIN CTPOUTEIIbHBIN WA

00JIMIIOBOYHBII KaMEHD.

FpaHum. TEKCTYypa MacCUMBHasid,
Ha3Banue oT JaTHHCKOTO granum- 3¢pHoO. KpPYIHO3e DHUCTasl CTPYKTypa.

CBeTIbIi-1I0JIEBOM IIMAT, CepbIi-
Xapakrepuble npusHaku. Cmpykmypa > cep
p p p pYKmyp KBapl, YepHbIH-0UOTHT.

Puc. 102.I'panuT panakusu,



KPUCTAJUIMYECKU-3EPHUCTAs, B 3aBUCUMOCTH OT pa3Mepa 3epEeH MOJIEBbIX LINATOB U
KBapma Menmko3epuuctas (1-2  mm), cpemHesepHucrtas (3-5mMM)  wim
KpynHo3epHuUcTas (10 1 cm u 6onee). Munepanvuwiii cocmag:monesblie mimatsl — 60
- 65°0 (opTOKIIA3 M TIArKOKJIa3, MPUYEM MEepPBbIN npeobdnanaer), kpapi — 25 - 30 %
¥ TEMHOI[BETHBbIE MuHepaibl — 5- 10 % (r1aBHBIM 00pa3oM OMOTHUT, 3HAYUTEIILHO
pexe poroBas oOmaHka). [[eem cepbldi, KENTOBATHIN, PO30BATO-CEPHIA 0
PO30BOTO U MSICO-KPACHOTO.

[To conepsxaHuio U XapakTepy TEMHOLBETHBIX
MUHEPAIOB BBIIEIAIOTCS CICAYIONHE PA3HOBUIHOCTA

TpaHUTA. AMA30HUMOBbIL (Knw - aMA3a30HUm)
3e/1eH08aAMmblU, ansacKum (ne coJiep Kalluii
TEMHOIIBETHBIX);  JEUKOKPAMOBblll ~ 2paHum  C
MMOHM>KEHHBIM coJiep>KaHueEM TEMHOI[BETHBIX;

HOpMAIbHbIL  Ouomumossili  epanum  (Hauboee
OOBIYHBIN; TEMHOIIBETHBIE TIPE/ICTABIICHBI OMOTUTOM,

ux cozmepxanue 6 - 8%); dsycmooanou epanum (C  pye.103.Cpennesepuucras
OMOTUTOM U MyCKOBI/ITOM); Ilo CTPYKTYPHO- CTPYKTYpPa B aMa30HHUTO

TEKCTYPHBIM 0COOEHHOCTSIM pa3IMYaroT - BOM I'DaHHTe
»

Pa3HOBUIHOCTU:  NOPPUDOBUOHbIL  cpaHum -
CONEPKUT  yAJMHEHHbIE JHOO0 HW30METPUYHBIC
BKpAIJICHHUKH, O0o0Jieeé WM MEHEE CYIIECTBEHHO
OTJIMYAIONMECS 10 pa3MepaM OT MHUHEPAJIoOB ’
OCHOBHOW Macchl (MHOTAa pocturatoT 5-10 cm) u f R R T 1
OOBIYHO  TPEACTaBJICHHBIE  OPTOKJIA30M WU i‘ :
MUKPOKIMHOM U KBAPIIEM; Ne2MAMOUOHBLU SPAHUM - _—
paBHOMEPHO3EpHUCTAss  TpaHWTHAsI TMopojaa ¢ Puc.104. lIncsmennan
& (rpajguyeckasi CTPyKTYpa).

pa3MepoM BBIJIETICHU MOJIEBOTO IIIara U KBapia 2-3 Cepbie KIMHOBMANbIE
cM; panaxueu Wn gumaanockull epanum (puc. 102)-  pxpanaenus kpapu, cepbrii-
nopdUPOBUIHBIN TPAHUT, B KOTOPOM OOWIBbHBIC noJsie Boii mmar
OKpYIJIbIe BKPAIUICHHUKH KPacHOTO OPTOKJIa3a
BEeIMYMHOW 3-5 CM OKpYXKEHbl KaiiMOW CEpOro WM 3eJIEHOBATO-CEPOro
OJIUTOKJIa3a, a OCHOBHOM MacCOM CIy)KUT arperar 3epeH OpTokjas3a, IIaruokiasa,
KBap1a, OMOTHUTA W POTOBOM OOMAHKH; cHElCOBUOHDbLL ePAHUM - PABHOMEPHO - U
O0OBIYHO MEJKO3EPHUCTHIM T'PaHUT, B KOTOPOM HaOJrogaeTcs obimas rpyoo -
napajiefbHas OPUEHTUPOBKA YENIyeK CJIOAbl WIM MPU3MaTHUYECKHX 3epeH
pOroBO OOMaHKH.

YcaoBusi 00pa3oBanusi M Haxo:KaeHus1. Dopmebl 3aneranusi pa3sHOOOPA3HBIL:
WHTPY3UBHBIC TeJIa OATOJMUTHI, KOJILIIEBBIC JANKH, JJAKKOJIUTHI, INTOKH.

['panur - HauboJiee HIMPOKO paclpOCTpaHEHHass B 3EMHOW KOpE,
U3BEP)KEHHAs MOPOJa.

Jquarnoctuka. OT JIpyrux WHTPY3UBHBIX ITOPOJ OTIMYACTCS BBICOKHM
COoJepKaHMEeM KBapua W  HEOONbIIMM - TEMHOIBETHBIX  MHHEPAJIOB
(MpeuMyI1eCTBEHHO OMOTHUTA).




IIpakTueckoe 3Hauenue. lcromp3yercsa B
CTPOUTENBHOM J€JI€, CKYJBOTYpPE, CTEKOJbHOE U
Kepamuueckoe corippbe. C TrpaHuTamMu CBSI3aHO
_ MECTOPOXKJIEHUsI 0JI0Ba, BOJIb(Ppama, MoOIHOJIEHa,
i BUCMYTa, TaHTala, Oepwums # psjaa APYrux
METaJUIOB, 30J10Ta, MEJIU, CBUHIIA, BUCMYTa, CYPbMBI,
PTYyTH, a TaKke HEPYAHBIX MCKOMAEMBbIX-CIIO/,
¢dmoopura, Oapura.

Kucnwie 3¢pghy3uenvie nopoowt
Puc. 105.CkpbiTO3€e pHUCTAA Wi 9 .
CTpYKTYpa B AMTapHuTe. unapum. I¢hpy3usnviii ananoz cpanuma.

CBe TJIblii-KaIM N AT, cepble—- Ha3zBaame - 110 HI/IHapCKI/IM OCTpOBaM B
KBapll, Ye PHbIii-GHOTHT. Uramuu, 63 Cuttnnuu. CUHOHUM - puoaum.
Xapakrepusbie npusHaku. [lopoaa miotHas
WIM TOopucTtasi, ¢ noppupoBodl cmpykmypori U T1o0J0cCaTON GuIoUIAIBEHON
mexcmypoti  (cimeacTBue  TedeHWs yaBbl). (OCHOBHas Macca  CKPBITO-
KpUCTaTMUecKasi uian crekioBatas. [lophupoBbie BKparyieHHUKHU MPEACTaBICHbI
MOJIEBBIMU IUMATAaMU: IUIArMOKIA30M M CaHUAMHOM (OECLBETHBIM U OOBIYHO
CTEKJITHHO-TIPO3payHbIM), KBapiieM. L[BeT OembIif, »KENTOBATHIN, CBETIO-CEPHIH,
WHOT1a po30BaThlii. Pa3HOBUIIHOCTD ¢henb3um-0e3 KBaplEeBbIX BKPATUICHHUKOB.

YcaoBusi o0pa3oBaHUs W HAXOKICHHMS. 3ajeracT B BHUJE KYIOJIOB,
HEOOJIbIINE MOTOKH U MOKPOBBI. VI3MEHEHHbIE (Mal€OTUIHbIE) PAa3HOCTH HOCST
HA3BaHWUE JUNAPUMOBO20 (PUOIUMO0D020), Kapyesoeo W  (herb3umosoco
nopgupa.

/Aunarnoctuka. CBemiasg oOKpacka, MOYTH
MIOCTOSIHHOE NMPUCYTCTBUE BKPAILUICHHUKOB KBapla U
CaHUJIUHA. IIpakTn4ueckoe 3HAYeHHe.
CTtpouTenbHBIA  KaMEHb, KaK  JIEKOPATUBHBIN
Marepuail.

Oocuouan.
Puc. 106. CTekoBaras Haspanme ot mar. lapis Obsianus-kameHb
CTPYKTYpa B o0cuamnane O6cuyca, Mo IMEHH PUMJITHUHA, KOTOPBINA BIIEPBHIC
(ByJIKaHHYe CKOe CTeKJIO). BBIBE3 TIOPOJLY U3 9(bI/IOHHI/I.

Xapakrepuble mnpusHaku. CTpykTypa
cTexioBaras. TekcTypa ODHOPOIHAS  WJIH
ISTHUACTass, 9acTo mojocyaras. OOcuanaH -
KUCJIOC BYJIKAHMYECKOE CTEKIIO, CoOJiepiKaiee
oonee 70 % SiO, u ue 6omee 1 % H,O. Liger

Cephlif, YepHBIM, KpacHOBaro-Oypbii. bieck

CTEKJITHHBIU. N3nom PAKOBUCTBHIN.

PazHoBugHOCTM - TIEXIITEHH ©W  BUTpOdUp.

Prc.107.Butpoduposas Texwmenin, WIA  CMOMAHOU  KAMEHb, -

CTPYKTYPA B BUTpO(uUpe, BYJIKAHUYECKOE CTEKIT epKaHueM BOJBI 1-
‘leprIﬁ-ByJIKaHH'leCKOC CTEKJIO, y a C VO C OVC con p a c Oon

JKeJTOBAaThIe BKpAILIe HUA- 10%, TeMHOW OKpacKOW W CMOJITHBIM OJIECKOM.

KaIuumar (BUTpodup) Bumpogup (ot nar. Vitrum - CTEKJIO)- KHCIIOe



BYJIKAHMYECKOE CTEKJIO, cojieprKallee peakue nmop@upoBbie BBIJCICHUS KBapla,
6I/IOTI/ITa, IIOJIEBBIX TITIATOB.
YcaoBusi o0pa3zoBaHus U Haxo:kaeHuss. Dopmbl 3aneranusi: HeOOIbIINE

IMOTOKH, KYyIIOJIa.

JMuarnoctuka. Onpeaensercs no BbBICOKOU TBEpI0CTH, IPKOMY OJIECKY,
CTEKJIOBUIHOMY OOJIMKY, PAKOBUCTOMY U3JIOMY.

IIpakTHyeckoe

I[CKOpaTI/IBHBIﬁ KaMCHb.

Ha3Banue ot nar. pumex - nieHa.

XapakrepHble

3HayeHue. lcnosb3yrorcs Kak  IOJAEIOYHBIA U
Ilem3sa.
npusHaku. Cmpykmypa  crekioBarad. excmypa

nmy3bIpucTasi, ryouaras. [[eem Oemnblil, CBETIO-CEPBIN, KEITOBATHIA, WUHOTJA J10
yepHoro. [lopuctocts ~ 80%, 1aBaeT Ha BOJIE.

YcaoBusi o0pa3oBaHUsT W HAXOKIEHUSL.

O6pasyercss mpu OypHOM

BCKHIIAHWHM JIAaBbl BCJCACTBUC BBIACIICHUA BYJIKAHUYCCKUX I'a30B U IIAPOB IIPU

HN3BCPIKCHUMU.

Juarnoctuka. Mcnonp3yercs kKak aOpa3uBHBIN MaTepUal, TakKe B OBITY.

Taoauna 29
I'pynna Copepxanue SiO02 > 70 %
o A UHTPY3UBHBIC: |  d(py3uBHBIC: TUMAPUT (PHOIHT)
Py TPaHUT — FPAHOAUOPUT KBapLEBbIN MOPPUP
KUCJIBIN TITIarukias (ampout-
MuHnepanbHbIi OJIUTOKJIA3, OJIUTOKJIA3, IO KACIIOTO aHJ/Ie3MHa), KaJTHueBbIi
COCTaB! MOJIEBOM IIMAaT, KBapll, OMOTHUT,
I'maBHBIE pexe - poroBasi OOMaHKka, B
Opo1000pa3yronme HIETTIOYHBIX TPAHUTAX MICIIOYHBIE
MU HEpaJIbI MUPOKCEHBI (ATUPHH-ABTUT, STHPHH )
u ampuo0IbI(PHOEKUT,
ap(BEICOHUT)
MarHeTuT, anaTuT, ceH, MUPKOH, HHOTAa UIIBMEHUT, TAHTAJIO-
AK11eCCOpHBIE ’ ) G, ML A ’
HHO0ATHI,
MU HEpaJIbl
KaCCUTEPHT, Toras, QuIF0OpHUT U JIp.
MYCKOBUT, CEPUITUT, XJTIOPUT WJI, THOT/Ia JINTHEBbIE
Bropuunsie 4 » CCPHILIT, XIOPHT, pyTiLiL, A
CIJIIOJTBI U JIP.
Teen CBETJIO-CEPBIii, )KEITOBATHIN, PO30BBIM, MICO-KPACHBIH, O€Nblii, HHOTIA
CBETJIO- 3CJICHBIA W JIp BYJIKAHMYECKHE CTEKIIa (0OCHIMaHbI) YEPHBIC
unu Oypsie
MacCHBHasl, 4acTO aQaHUTOBAsT WU
MacCHBHasl, UHOTa
dmronTanpHas BYJIKAaHUYECKUE
Tekctypa napasuieabHas
. cTewia (00CHANaHbl) YepHbIE WIH
(rHericoBUIHAS)
Oypbie
MOJIHOKPHUCTAJUTMYECKAsT:
MEJIKO- nop¢upoBast win apupoBasi, 4acTo
S —— pdup ¢uposas,

cpeaHe- ¥ KpYIHO3EpHUCTas UIn CTeKIIoBaTas Ui (enb3uTOBas

nophupoBHIHAs




IIles104YHbIE U KWIbHbIE TOPHbIE MOPO/IbI
Kunvnwie zopnvie nopoowt

IlermatuThel - B OTJIMYME OT aIlJIUTOB,

XapaKTePU3YIOTCS OYEHb KPYITHO3EPHUCTOU

(TMTAaHTO3EPHHUCTOM) CTPYKTYpOM M CBOEOOPa3HBIM

mpopacTaHWeM  pa3JMYHBIX  MHHEpaoB.  Tak,

HaO0JII0AaeTCs MPOPacTaHUe MOJIEBBIX IITIATOB KBapIIEM
(puc.107)

I'panummnolii neemamum.

HazBanue oT rped. Nmypatos - Kpenkas CBs3b, Puc. 107.11e rMATMHUT.
10 CBOMCTBCHHBLIM IETMAaTUTOBOU CTPYKTYpE TECHBIM I'nranTosepHucras
B3aUMOIIPOPACTAHUAM KBapla U IMMOJICBOTO IIIIaTa. cTpykTypa. Xearoparprii-

KaJIUIINAT, 0eclBe THBIH

XapakrepHble mnpuU3HAKHW. [J1aBHBIE THIIBI
MYCKOBHUT.

cmpykmyp: TPaHWTOBas, NHCbMEHHas (COOCTBEHHO
nerMaTuToBas), 0jokoBasi. [lerMaTuT rpaHUTOBON CTPYKTYPHI - 3TO KPYITHO - WU
rpy003epHHCTas TpaHUTHAs opoia. B enomM oHu 00pa3yroT pUCyHOK, HECKOJIBKO
HATIOMHUHAIOIIMK JIPEBHUE NHChMEHA (OTCIO/Ia Ha3BaHUSA CTPYKTYPHI U CaMOU
NOpOJIbl: TMHUCHMEHHBIM TpaHUT, EBpEUCKUN KameHb). llermatut OJIOKOBOM
CTPYKTYpPBl XapaKTepU3yeTCs OTHOCHUTEIbHO KPYMHBIMU (0JIOKaMH) TMOJIEBOTO
nmara ¥ kBapua pazmepoM o6srdHO oT 10 10 30 cMm u Oojee, yacTo ¢ KpaiiHe
HEPAaBHOMEPHBIM HUX pacnpeneneHueM. Texcmypa: MaccuBHad. HekoTopsie
MErMaTUThl COJEPXKAT IMYCTOTHl (3aHOPBHILNIM) C HAPOCIIMMU HA WX CTEHKHU
KpUCTaJIaMH Tomasza, Oepuuila U TOPHOro Xpycrtani. Muwuepanvusiii cocmas:
TJIaBHBIE MHHEpaJbl - TOJIEBBIE INMNAThl M KBapll, BTOPOCTENEHHbIE - OWOTHT,
MYCKOBHT, I'paHar, TypMaivH U Jp. [IIupoko U3BECTHBI IErMaTUTHI, COAEPKAILUE
CIIOJIYMEH, JIEIUJOJIUT U JIPYTU€ MUHEPAIbl JUTHS, PA3JIMYHbIE PA3HOBHIHOCTH
Oepuiuia, MOJUXPOMHBIN U PO30BBIN TypMalliH, MOJUTYLIUT, TAHTAJIO-HUOOATHI U
np. L{eem mermatuta Oemnblid, PO3OBBIM, CEPBIM, XKENTOBATHIM, PEXE 3EJICHBIIM
(ama3oHumogvle necmamumol).

YcaoBusi 00pa3oBaHus U HAXOKIEHHU L. 3aJICTAET B BUJIE JIMH3, KW U JTACK
B FPAHUTAX WM B METaMOP(PUUECKUX MOPOJaX.

JAunarsocTuka. Xopouo ONPEAETSIOTCS M0 KPYIHO - U TUTAHTO-3€PHUCTOMN
CTPYKTYp€, HATUUHIO TpapuuecKux pa3HOCTEN.

IIpakTnyeckoe 3Ha4yeHue. llermMaTuTel pa3IMYHBIX THUIIOB  CIYXKaT
BOKHECHIIMMU ~ HMCTOYHUKAMH, KEPAMHUYECKOTO  ChIPbs, IbE30ONTUYECKUX
MUHEpaIOB (TOPHOTO XpycTays, (IIIOOPUTA), CIIObI
(MyCKOBHTa), CAMOIIBETOB, PEIKUX METAJUIOB (JIUTHS,
TaHTaJIa, 1e3us, OCPWLIHN U Jp.).

Anaum.

HaszBanue oT rped. amAcos- MpOCTOM.

Xapaktepuble npusHaku. Cmpykmypa
PaBHOMEPHO- MENIKO3epHUCTasA (pa3mep 3epeH 1o 1 -
2 mMm). Texcmypa onpHOpoJHas (MacCUBHAas) WU
nojocuaras. MUHEpATBHBIM  COCTaB:  IOJIEBBIX

Puc. 108. I'panur - anjut



mmaTtoB (MUKPOKJIMH | IUIarMOKiIa3) - okoio 65 % wu xBapua - 30%.
TemHo1BETHBIE MUHEPAJIBI (OUOTHUT, POTOBasi 0OMaHKa, MUPOKCEHBI, MATHETUT U T.
1.) HaOJIOAAIOTCS B HHUYTOXHBIX KOJMYECTBAX JIMOO OTCYTCTBYIOT BOBCE.
OObIuHBIE AKLECCOPHBIE MUHEPATbl - MEJIKOYEHIyHYaTblii MyCKOBHT, PO30BbIN
rpaHaT ¥ TypMaiuH. []éem OembIii, )KeNTOBaThIN, po30BaThIil (puc.108)

YcaoBusi 00pa3oBaHusl U HAXO0XKIAEeHMs. 3ajJeract B BUJIC KU U J1acK.
ATUTUT-IPOIYKT OBICTPOM KPUCTALIM3AUU OCTATOYHOTO TPAHUTHOT'O PacIUIaBa,
NpUOOPETAIONMI MEKO3EPHUCTYIO CTPYKTYPY BCJEICTBUE PE3KOrO MaACHHUS
JaBJCHUA M TIOTEPU JIETy4YUX COCAWHEHMI, B OOCTAaHOBKE [BIDKCHUH W
TpEMmUHOOOpa30BaHUs B 3€MHOM KOpe.

Juarnoctuka. OTiMyue OT ABICKUTOB-KWIbHasA (opMa 3alieranus u
MEJKO3E€PHUCTAs CTPYKTYpPa; OTCYTCTBUE LIBETHBIX MUHEPAJIOB.

I'pynna cobcmeenno wienounvlx 20pHvIX NOPOO.
Iloozpynna negpenunozo cuenuma-ghoaiiuma.

K 3T0i1 rpynmne OTHOCSTCS MOPOIbI C TOBBIIIEHHBIM COAEPKAaHUEM IIET0YEH.
['TyOMHHBIMU NPENCTABUTEISIMU UX SIBIISIFOTCS IIEIOYHBIE CUEHUTHI U HEKOTOPbIE
Ipyrue nopoasl. Bce oHM XapakTepu3yroTcsi OTCYTCTBHEM M3BECTKOBO -HATPUEBBIX
MOJIEBBIX IIINIATOB M COJIEPKAHUEM, TaKWX, KaK He(ellnH, STUPUH, CPEH, ITUPKOH,
BAUAIMT. M3nuBrmecs aHanoru HeeIMHOBBIX CUEHUTOB — (DOHOJIUTHI.

Hedghenunoswtit cuenum.

Ha3Ban 1o cocTaBy CUEHUT, COEp KA He(eTrH.

XapakTtepHble npusHaku. Cmpykmypa NOJTHOKPUCTAIUIMYECKAsI, CpelHe-,
pexe KpymHOo3epHHUCTas. Ilexcmypa MacCUBHasi, HHOTAA I[oJjiocyaras, C
napajyiebHbIM PAaCIOIOKEHHEM TaOJMYeK TOJIeBOr0 IIraTa M Hrojb4arhixX
MUHEPANIOB - STUPUHA U Ip. MunepanvbHblii cocmas: mojesbie mmatsl (65 - 70%) -
OPTOKJIa3 WJIM MUKPOKJIMH U abOUT (M3BECTKOBO-HATPOBBIN IJIArMOKIIa3 PeloK);
Hepema  (okoso 20 %); TemHolBerHbie MuHepamsl (10 - 15 %) -
NPEUMYILIECTBEHHO IIEIOYHbIE MUPOKCEHBI (ATUPUH, aBTUT U JIp.) U aM(puOOIIbI,
WHOTA JKEJIC3UCThIM OMOTHT (JIeMaoMeNaH). AKIIeCCOpPHbIE MUHEPAJIbI: alaTHT,
cheH, IMPKOH, IBIUAIUT U Ap. []6em CBETIO-CEpPhIN C 3€JIeHOBAThIM OTTEHKOM. B
3aBUCUMOCTH OT COJEpKaHHUA TEMHOOKPAIIEHHOTO MHUHEpalla pa3idyaroT
Pa3HOBUIHOCTH HE(EIMHOBBIX CHEHUTOB: MUACKUT-OMOTHTOBBIN HE(PETMHOBBIN
CHUEHUT, (POMSUT -pOTrOBOOOMAHKOBBIN WITH TTHPOKCEHOBHIN He(DETMHOBBIN CHCHHT,
MHOT/Ia ¢ OMOTUTOM, U XUOUHUT-3TUPUHOBBIN HEPETMHOBBIN CUCHHUT.

YciaoBusi o0pa3oBaHUA M HaxoKAeHUsA. DPopmbl 3a1e2aHus: WWITOKH,
JaKKOJIUTBI, MHTPY3UBHBIC TeNla, KWJIbl M JAp., HA BBIBETPEJONW MOBEPXHOCTHU
HE(PETMHOBBIX CUEHUTOB XapaKTEPHbI YTIyOJIeHus - («OCIUHKNAY ), 00pa3yrommecs
pu pa3pyllieHnn HedenrHa, Jerdye moJ1aeTcs XUMUUYECKOMY BbIBETPUBAHUIO.

Juarnoctuka. CBerasg OKpacka, accOoLMalus ITOJIEBBIX IINATOB H
HedenmnHa, orcyrcTBue KkBapua. IlpakTmdeckoe 3Havenme. [lpu conmepxanuu
Al1,03 6osiee 23% pyna Ha aTIOMUHHUI, ChIpbE ISl CTEKOJBHOTO MPOU3BOJCTRA,
CIOCOOCTBYET MECTOPOKICHUSIM araTuTa, rpapura.



IIpakTnyeckas padora Nel19,20,21,22,23.
N3yyeHue U onucaHue MAarMaTHYeCKMX FOPHbIX MOPO/I.

Leab: onpeaenuTh U OMKUCATh PA3JIMYHBIC THITBI MarMaTU4eCKUX TOPHBIX
HOPOI.
Obopyoosanue: paboydast KOJUIEKIUS MAarMaTHYeCKUX TOPHBIX IOPO, TAOIUIIbI
KJIacCU(pHKAII MarMaTiyecKux mopoy (tadi.25, 26, 27, 28, 29),
YBEIIMUUTEIbHBIE CTEKIIA (JIYTIbI 7).

Omnucanue ropHBIX MOPOJI IO CIACTYIOIINM TaHHBIM:

1. Ha3zBaHue ropHO¥ OPOIBI.

2. lIper.

3. MuHepanbHbIN COCTaB.
4. CTpyKTypa u TEKCTypa.
5. ®opma 3arneranus.
MeToauuckue peKOMeHIAIUN IPH
MaKpPOCKONMYECKOM ONUCAHUU
MarMaTu4ecKHX Mopox.
A. Ilopooa nonnokpucmaniuyecKas paeHoMepHO3EPHUCIAA .

[{BeT — CyIIECTBEHHBIN ITPU3HAK IIOPObI, B U3BBECTHOU MEPE OTPAKAIOILUH €€
MUHEpPAIbHBIN COCTAB M YaCTO XapaKTEPHBIH J1JIs1 HOPOJI ONIPEAECIICHHOTO
MarmMaTu4ecKoro KOMILIEKCa.

MuHepabHBINH COCTaB IMTOPOIBI — BAXKHEHIIAs €€ 0COOCHHOCTD, OIP SACIISTIOIIAs
OOJILIIMHCTBO €€ (PU3UKO — MEXaHUUECKUX CBOMCTB. MakpOCKOMUYeCKU
MUHEpaJIbl y3HAIOT HA OCHOBAaHUM CYMMBbI IPU3HAKOB: 1IBETA, OJ1ecka, GopMbl
3€pEeH, XapakTepa ClaifHOCTH, U3JI0Ma, TBEPAOCTHU U T. T.

Y CTaHOBUB MUHEPATIBHBIN COCTAB MOPObI, INTA30MEPHO ONPENETSIIOT
KOJIMYE€CTBEHHbIE COOTHOIIIEHUS TJIABHBIX MUHEPAJIOB U JaJiee OMUCHIBAIOT
Kbl MUHEPAJ OTIENbHO. YKa3bIBAIOT MPE00IaJatonIe pa3Mephl 3€pEH,
XapakTepHbIE CBOMICTBA MUHEPAJIOB, C 0COOBIM BHUMAHUEM K IIPU3HAKaM,
CBH/JIETENIbCTBYIOIUM O HAJTMYUH IPOJAYKTOB BTOPUYHBIX U3MEHEHUI:
MOMYTHEHUIO MOJIEBBIX IINATOB, CEPIICHUTU3ALINN OJIMBUHA, XJIOPUTU3ALUU U
ampuodomM3auyu GpeMUIECKUX MUHEPATIOB U T. 1.

OmnuceiBast CTPYKTYpPY MOPO/Ibl, OTMEUAIOT MPpeo0iaatolye pa3Mephl 3epeH,
CTENEHb OJHOPOJIHOCTH CTPOEHUS IOPO/Ibl, IETMATUTOBBIE POPACTAHUS, KATAKIIA3
U Apyrue 0COOCHHOCTH.

IIpu onurcaHnuu TEKCTYpPHI MOPObI 0COO0 OTMEUAIOT HAIMYHUE MTOJI0CYATOCTH,
THEVCOBUAHOCTH, OPUEHTUPOBAHHOT'O PACIIOJIOKEHUS MUHEPAJIOB, TOMHS, YTO
AHM3ATPOT HOCTb CJIOKEHUSI TOPOABI PE3KO MEHSIET e¢ (PU3UKO — MEXaHUYECKHE
cBoiicTBa. Kak M3BECTHO U3 MPEABIIYIIEr0, TEKCTYPHBIE MPU3HAKK 0COOECHHO
OTUYETJIMBO BBISIBIISIIOTCSA B OOHAQ)KEHUH, XOTSI MHOT/1a UX MOKHO HAOJIOAATh B
obpaziie u faxxe B numde. Buenmue
NPU3HAKK 00111eH H3MEHEHHOCTH, BHIBETPEIOCTH, TOPO/IbI IPOSBIISIIOTCS B €€
OCBETJICHUH,

HapyIIEHUU MOHOJIUTHOCTH, MOSIBJIEHUH MEJKOW TPEIIMHOBATOCTH, OYpBIX
MOTEKOB, KOPOUEK 0’KEJIE3HEHUS HA IIIOCKOCTAX TPEUMHOK U T. 1.



b. Ilopooa nenonnokpucmannuueckan nopguposas.

[Ipu onmrcanuu MOPOIbI ¢ MOPPUPOBOI CTPYKTYPOH (TaK ke, KaK 1
nopGUPOBUIHON ) TP BCETO BU3YAILHO OMPECTISIOT KOJTUIECTBO
BKPAIJICHHUKOB B MTPOIIEHTAX KO BCEH Macce MOpO/Ibl.
Jlanee ycTaHaBIMBAIOT MUHEPAITLHBIN COCTAaB BKPAIUIEHHUKOB, OTMEYAIOT
KOJIMYECTBCHHO € TIPe00JIalaHne OTACIbLHBIX MUHEPAIbHBIX BHJIOB M XapaKTep
pacrpezeneHus BparieHHUKOB
B OCHOBHOM Macce: paBHOMEPHOE, KyqHOE, U T.J., 3aTEM OTHCHIBAIOT KK IBIN
MUHEpaJ OTEIbHO.

B 3axmoueHnu JaroT XapakTepUCTUKY CTPYKTYPBI U TEKCTYPbl OCHOBHOM
MaccChl, €€ 1IBET,
IUIOTHOCTH, TTOPHUCTOCTD, MIIONAATLHOCTD. B UTOTe MpOoBeIeHHBIX HAOFOCHHIA
JIOTUYECKH MOIXO AT K BEIBOTY O HA3BAHUH MTOPOIbI, KOTOPOE CTABAT MEPEN
OTIMCaHWEM.

MakpoCKONUYeCKOe ONTUCAHUE MOPObl HYKIAETCS B 0053aTEIbHOM
MHUKPOCKOTTMYECKOM U3YUEHUH, B TIPOIIECCE KOTOPOTO YTOUHSIOTCS OCOOCHHOCTH
MUHEPATLHOTO COCTaBa, CTPOCHHUS U Ha3BaHHUS TIOPOIBI.

Ocago4Hbie M BYJIKAHOT€HHO-0CA/04YHbIE IIOPOIBI.

OcanouHbie, TOPHBIE OPOJBI — 3TO MOPOIbI, 0Opa30BaBIIMECS B BEPXHUX
4acTsAX 36MHOM KOpbhl W Ha ee moBepxHOoCcTH. OHa HOpMHUPYIOTCS U3 OCAIKOB,
BO3HHUKIIIUX B PE3yJIbTATE MEPEHOCA U OTJIOKEHUS B BOJHOM M BO3AYIIHOM Cpele
IPOAYKTOB (PU3NYECKOTO, XUMUUECKOTO U OMOJIOTNYECKOr0 BeIBETpUBaHusl. Takum
obpazoM, mnsi ux oOpa3oBaHUSI XapaKTEPHBI yCJIOBUS, CBOMCTBEHHBIE BEPXHUM
4acTsAM 3€MJIH, T.€. SK30T€HHbIE (BOJa, aTMOc(epa, Terio XUMUYECKUX PEaKIIn,
MPOTEKAIOIIMX Ha MOBEPXHOCTH 3€MJIU, JEATEIbHOCTh OPTAaHU3MOB, U T.1.).

MeToanueckue peKOMeHAAMU
K neTporpapuyeckomMy ONMHCAHUIO 0CAT0OYHBIX MOPOJ]

JI1s ycHenHbIX MOUCKOB U Pa3BEAKU MOJIE3HBIX UCKOMAEMbIX HE0OOX0UMO
u3y4yaTb COCTaB U CTPOEHUE OOJIOMOYHBIX MOPOJ, XapaKTep MX U3MEHEHUs Ha
IUIOIAJIA U 10 pa3Mepy, T.€. BCE T€ MPU3HAKH, KOTOPHIE MO3BOJISIOT CYIUTh 00
YCJIOBUSIX 00pa30BaHUs OCAJT0UYHON TOJIIIIH.

[lecuanbie ¥ ajgeBpUTOBBIE MOPOABI HE TOJBKO SIBJSIIOTCS CaMU OOBEKTOM
pa3pabOTKH, HO W BMEIIAIOT MHOTHE MOJIE3HbIE MCKOIMAEMbIE, TAKUE KaK yroJb,
HE(Th, )KETIC3HBIE PYABI U T..

B nosieBbIX yCIOBUSX MPOU3BOIUTCS ONMMCAHUE OOHAKEHUHN, COCTABISIOTCS
JUTOJIOTUYECKHE pa3pe3bl U OTOMparoTcss 00pa3ipl MOPOA AJiA J1adOpaTopHBIX
uccienoBanuil. I[lpy MakpOCKONMYECKOM ONMCAaHUM MOPOABl HEO0OXOIUMO
OTMETUTh €€ IIBET, CTPYKTYpHBbIE W TEKCTYpHBIE OCOOEHHOCTH, MUHEPATbHBII



COCTaB 00JIOMOYHOTO MaTepuaia U LEMEHTa, MPUCYTCTBHE HOBOOOpa30BaHUU U
OpraH1YeCKHX OCTATKOB, KPEMOCTh, IOPUCTOCTh U Mpoune (PU3NYecKue CBONCTRA.

Ocoboe BHHUMaHHE CJEAyeT YIENATh HU3YyYEHHIO CTENEHH BBIBETPEIOCTH
IIECYAHbIX W QJIEBPUTOBBIX IMOPOJ, ONPEACISIONIE B HU3BECTHOW MeEpe HX
IIPOYHOCTH, BOJONPOHUIAEMOCTD, YCTOMYHUBOCTb B OTKOCAX.

[Ipy3HakaMyu BBIBETPHBAHUSI MOTYT CIYXUTh ITOCBETIIEHUE MOPOJBI,
NOSIBJICHUE TMMOBEPXHOCTHOM MATHUCTOW OKpacku, OypbIX HAaTEKOB M KOPOYEK
TUIPOOKUCIIOB JKelle3a. JlerkopacTBOpUMBIE TOPOJABI CTAHOBSTCS
IIOPUCTBIMU U KaBEPHO3HBIMH.

Kak yka3piBanoCp BbIIIE, Pa3IMYHBIE MUHEPAIbl PEArHpPyrOT HA IPOLECCHI
BBIBETPUBAHUS MO-pazHoMy. HanbombiIyto yCTOMUUBOCTh K BBIBETPUBAHUIO MPU
IIPOYMX PABHBIX YCIOBUIX UMEIOT MIECUAHBIE U AJIEBPUTOBBIE MIOPOBI, CJI0KEHHbIE
KBapLEM. YCTOMYUBOCTb ITUX IIOPOJ YMEHBUIAETCS, €CIM B UX COCTABE MHOIO
MOJIEBBIX ITIATOB, OMOTUTA, XJIOPUTA, MUPUTA, THUIICA.

Oco0oe BHUMaHUE CIeNyeT YAEsITh U3YUYeHUIO (PU3NUECKUX CBOMCTB IITUHbI
— €€ CMOCOOHOCTH K Pa3MOKaHHUIO B BOJE, HA0yXaHUE, CTENEHb TUNIACTUYHOCTH U
T.J.

CnocoOHOCTB K pa3MOKaHUIO B BOJIE IAET BO3MOKHOCTh OTJIMYUTH TJIMHY OT
aprwumra.  PuU3nyeckue  CBOWCTBA  IJIMHBI  Hapsay C  JpyruMH
MAaKpOCKONMYECKUMHU JTMATHOCTUYECKUMHU TNPU3HAKAMU TIO3BOJLIIOT TOJIyYUTh
nepBOE MpecTaBiIeHne 0 e€ MuHepaibHOM cocTaBe. HeoOxoaumo (ukcupoBath
AyTUI€HHbIE HETJIMHUCTBIE MUHEPaAJbl, XapakTep UX pacIpelesieHus B IOPOJE U
pasMepsl 3€peH. B HEKOTOpBIX CllydyasX IPUCYTCTBUE TAaKUX MHUHEPAIOB B
TIIMHUCTHIX MOPOJax CYIIECTBEHHO U3MEHsIET MX (PU3UKO-MEXaHUUEeCKUE CBOMCTRA.

B nmnoneBbix ycnoBusX HamboJiee MPOCTHIM CIOCOOOM  ONIpeeIeHHs
U3BECTHSKOB U JOJOMUTOB siByIsieTcs peakuus ¢ 10%-Ho# congHo# kucsioTou. [Ipu
CMa4MBaHUU €I0 H3BECTHSAK OYpHO BCKHUIIACT. J{OJOMHUT BCKHIIAE€T TOJBKO B
nopoike. B pe3ynprate MakpOCKONMMYECKOTO M3Y4YEHHs Kap OOHATHOM MOPOIBI
HEOOXOUMO JaThb €€ KpaTKyl0 XapaKTepUCTHKY, YKa3aB IIBET, OCHOBHOM
CTPYKTYPHO — TE€HETUYECKHM THUM (HAIpUMEP OOJIMUTOBBIA, MUKPO3EPHHUCTHIA U
T.A.), KPEMOCTh, MOPUCTOCTh, & TAKXKE MPUCYTCTBUE 0OJOMOYHON U TJIMHUCTOMU
npumecu. Oco0oe BHUMAHUE CIEAYET YACIUTh U3YUEHHUIO TEKCTYPHBIX TPU3HAKOB.

2.4. YcaoBusi 00pa3oBaHusl, 0OCHOBHbIE XapPAKTePUCTUKHU U
KJIaccupuKanmus 0caT0YHbIX TOPHBIX MOPOI.

OO6pa3oBaHne OCAAKOB, M3 KOTOPBIX BO3HHUKAIOT OCAJOYHBIE MOPOJIBI,
MPOMCXOJIHUT B TUTIEPTEHHBIX YCIOBUSAX B MPeEIeax THEBHON MOBEPXHOCTH 3EMIIU
U B BOJHBIX OacceliHaxX B pe3yJbTare pa3IMIHbIX I'e0JIOTHYECKHX MPOIECCOB.

B camom obmiem Buze mpoiiecc oOpa3oBaHUs 0CAIOYHBIX MOPOJ MOXKHO
NpeICTaBUTh B BHUJIE CICAYIOIIEH CXEMbl: BOSHUKHOBEHHE MCXOJIHBIX MPOIYKTOB
MyTeM pa3pyLICHUs MaTePUHCKHUX IMOPOJ W APYrUMH criocobamu (Hampumep,
BBIOPOCHI BYJIKAHOB), IEPEHOC OCAIOYHOI0 MaTepraja ¢ YaCTHUYHBIM OCAXKIECHHEM
ero Ha MyTAX MepeHoca, OCAXKIACHUE 0CAJJOYHOTO BEIIECTBA B BOAHBIX OaccelHax,
BO3HHMKHOBEHHE U MPe00pa3oBaHUe OCAAKOB U MEPEXO UX B OCATOYHBIE TOPOIBI.



Takum o00pa3oM, BO3HMKHOBEHHME U W3MEHEHHE OCAJO0YHBIX TOPOJ
NPEACTABIAIOT COOOW psiJ TMOCJIEAOBATENbHBIX 3aKOHOMEPHBIX MPOIIECCOB,
NPOUCXOJIAIINX B Pa3IMYHBIX TEPMOJMHAMHYCCKUX U (PU3UKO-XUMHUICCKUX
YCJIOBHSIX, KOTOPBIE ONPEAEIAIOT UX CTPOCHUE U MUHEPATIOTUUECKUI COCTaB.

Ocaoounvle TOPHBIE TOPOJBI TMOJPA3ACTSAIOTCS HA TMATh MOATPYII IO
croco0y o0pa3oBaHMs:

1) MexaHUYECKHEe WIH 0010MOUHbLE TIOPOIBI — IPOTYKTHI TP SUMYIIEC TBEHHO
(GU3NUECKOTO BRIBETPUBAHUS MAaTEPUHCKHX TIOPOJI K MHHEPAIOB C TIOCICTYIOIIAM
MIEPEHOCOM MaTepualia ¥ €ro OTJIOKEHHEM B IPYTHX y4acTKax;

2) KOMIOUOHO-0CAOOYHble TIOPOALI — PE3YIbTaT IMPCHMYINECTBCHHO
XUMHUYECKOTO Pa3JIoKEHUs C MEPEX0I0M BEILECTBA B KOJUIOUJAIBHOE COCTOSIHUE
(KOJITIOUIHBIE paCTBOPHI) U OCTATOYHBIE TIOPOJIBI KOP BHIBETPHUBAHUS,

3) xemocenmvle TIOPOJABI — OCAAKW, BBINAJAIOIIME W3  BOJHBIX,
MPEUMYIIIECTBEHHO UCTUHHBIX, PACTBOPOB — BOJ MOPEH, OKEaHOB, 03€p U APYruX
0acceiHOB XMMHYECKUM IIyTeM, WJIM MEPECHILEHUs] pPacTBOPOB, BbI3BAHHOTO
pa3sIMIHBIMY PUIUHAMMU;

4) 6uoxumuyeckue NopoIbl, BKIIIOYAOIIHE TOPO/IbI, 00pa30BaBIIKECS B X0/1€
XAMHYECKUX PEAKIMA TPU YJaCTUH MHUKPOOPTAaHH3MOB, W IOPOJBI, KOTOPHIE
MOTYT UMETh JABOSIKOE MPOUCXO0KICHUE: XUMUUECKOE U OMOTEHHOE;

5) opeanocennvie TOPONBI, O0O0pa3oBaBIIMECS TIPU YYaCTHH IKUBBIX
OPTAHMU3MOB; OTYACTH ATH MOPOJIBI SBISIOTCS HETIOCPEICTBEHHBIMU MPOTYKTaMHU
KU3ZHEJEATEIbHOCTH PACTUTEIILHOTO U YKUBOTHOTO MHpA.

Ycnosusn oopazosanun ocadounvix 2opnvix nopoo.

®opMUpPOBaHUE OCATOYHBIX MOPOJ MPOUCXOAUT B MOBEPXHOCTHOU 30HE
3emid, B TaK Ha3bIBa€MOM 30HE 0CAAKO0Opa30BaHMs, OXBATHIBAIOIICH BEPXHIOK
4yacTh JuTOoCc(dephl, Tuapocdepy U HUKHUE YacTH aTMOC(epbl. MOKHO BBIJICTUTH
cienyomnye 0ojee Wi MEHEee YETKO BBIPaKEHHbIE CTaauu: 1) BEIBETpUBaHUE, 2)
NEPEHOC U OTJIOKEHUE NPOJYKTOB BBIBETPHBAHUSA, 3) AUArcHe3 U 4) sIUreHes
(kaTareHes, MeTarcHes).

Boieempueanue
Buvigempusanuem Ha3bIBalOT MPOLIECCHI pa3pyLIEHUsT TOPHBIX MOPOJ Ha

~

O0/10MKH TOpHBIX IIOPOA Pa3HBIX pa3MepoB,

BO3HMKAIOIMe NpH MX paspylleHHH, ocelasi

BO BIAIMHAX M HU3UHAX 00pa3yloT
JIOMOQYHBIE TOpPHBIE II bl

)
~

l"opmﬂe nmopoJibl, BOSHUKIINE H3 BOAHBIX
pacTBOpPpOB MHUHEPAJILHBIX BE€LIECTB,
Ha3bIBAKOT XMMHWYECCKHUMMH, OMOXHMHYEC KHe
TOpHBIMHA TIOpOAaMH

T'nme
Kamennast
COJIb,
JKeJIe3HCThIe

J
\

T'opHble nopoabl, BO3HHKIIME B pe3yJbTare VBRecTHIR
JKM3HEesITeIbHOCTH OPraHM3MOB HAa3bIBAIOT Omnoka
OPraHM4YecKUMH TOPHBIMH TOpPOAAMH Hed1h

)




MOBEPXHOCTU 3eMJI U B €€ BepxHeM ciioe. [ maBHbIMU (DakTOpamMu BHIBETPHUBAHHMS
SBJIAIOTCS Pa3IMUHbIe aTMOC(EPHBIE areHThI U )KU3HEACATEILHOCTh OPTaHU3MOB.
B pe3ynbTare BRIBETpUBaHUS BOZHUKACT MaTepHall, 3a CU€T KOTOPOTO 00pa3yroTcs
OCaJ0YHbIC TMOPOABI. Pa3nmuyaroT JBa TUNA BBIBETPUBAHUS - (U3MUECKOE H
XUMHYECKOE.

du3nvecKoe BbhIBeTpUBaHUE. B pe3ynbrare PU3NIECKOro BEIBETPUBAHUS
NPOUCXOJUT MEXaHHMUeCKoe pa3apo0JieHHe MacCUBHOW TOPOJbI Ha OOJOMKHU
pa3sIMIHBIX pa3MepoB. [ TaBHBIMU (haKTOpaMH 3TOTO TpoIiecca SBISIIOTCS PE3KUe
KOJIeOaHusl TEMIIEpaTyphl, MEXaHUIECKOE BO3CHCTBUE BOIbI, JIbJIa U BETpA.

Xumuyeckoe BbIBeTpuBaHme. [Iporieccsl, mpoTekaroime npu XuMUIeCKOM
BBIBETPUBAHUH, IMPUBOJIAT K U3MCHCHHUIO XHMHUECKOTO W MUHEPATLHOT'O COCTaBa
nopoa. XUMHUYECKOE BBIBETpPHBAHHWE OOYCIIOBJICHO HaIMYWeM B 30HE
0CaJIK000OPa30BaHUS KHCIOPO/1a, BOJBI M YTIACKUCIOTHI, TPUCYTCTBHEM KHCIOPOIa
BO3J/IyXa, a TaKXe KUCJOPOJa, PACTBOPEHHOTO B TPYHTOBBIX BOJAX, CBS3aHBI
OKHUCJIUTENbHBIE Tpouecchl. [leiicTBMe BOABI Kak (akTOopa XUMHUUECKOTO
BBIBETPUBAHUS 3HAYUTEIHHO YCHIIMBACTCS B TOM CJydae, KOTrJa OHA COJCPIKUT B
pacTBope yriekuciaoTy. Bona, HackImeHHas yraeKUCIOTOM, pa3iaraeT CUIMKATHI.
B pesymbTare 3Toro nporecca 00pa3yroTes TIIMHUCTBIC MUHEPAIbI i KAapOOHATHI.

BomnbIiyio posib Mpyu XMMHYECKOM BBIBETPHBAHHH WTPAIOT OpraHU3Mbl. B
IpoIecCe UX KUIHEACATEIILHOCTU 00pa3yeTcs YIJIEKHUCIHBIN Ta3 W Pl APYTHX
COEIMHEHUI, CTIOCOOCTBYIOIIUX XUMUIECKOMY Pa3pyIICHUIO TOPOJI.

B pesynbrate BO3aeHCTBHS pacCMOTPEHHBIX BBIIIEC areHTOB XUMHUYECKOTO
BBIBETPUBAHUS TIPOUCXOJHUT OKHCJICHHE MHHEPAJOB, WX Tuaparamus (T. e.
oOpa3oBaHne MUHEpaAOB, OoJjiee OOTaThIX BOJAOHM), a TaKKe pPa3oKEeHHE
MHUHEPAJIOB CJOXKHOTO COCTaBa ¢ 00pa3oBaHHEM HOBBIX MHUHEPAIbHBIX BUIOB U
BBIHOCOM B paCTBOPEHHOM COCTOSIHUU Pa3jIMYHOTO POJa COCTUHCHU.

CeauMeHTOreHe3 - TPOLECCHl TMEPEHOCAa U OTJIOXKEHUS OCaTOYHOIO
MaTepuaiga  HEpPa3pbIBHO  CBSA3aHBI W COCTaBJSIIOT  €IUWHYI  CTaIuIo
ocagkooOpa3zoBanus - ceauMeHTorenes. [IpeoOmamaromas 9acTh MPOJYKTOB
BBIBETPUBAHUS BHIHOCUTCS W3 30HBI BRIBETPHBAHMS M OTJIAracTcs BJIaJIM OT MeCTa
paspylieHnss MaTepuHCKUX Mmopos. OCHOBHBIMHU areHTaMH TEPEHOCA SIBIISIOTCS
TEKy4Yne BOJIbI, ABMKYITHICS JIeT U BETEP.

JluareHe3 — (au-mBa; TeHe3 - pOXKICHHE) — mepepokaeHue. [Ipomecc
npeoOpa3oBaHUs PHIXJIOr0 OCaaKa B IUIOTHYIO TOPHYIO MOpOAY. Pe3ymbrarhl
MIPOIIECCOB JUAarcHe3a: MeCKM MepexoIaT B MECUaHUKH, aJICBPUTHI B aJICBPOJIUTHI U
T.JA. KapOOHATHBIC M KPEMHHCTHIC TIOPOJBI TaKXKe IMOJBEPTraroTCs JIUTU(UKAIIN
(OKaMEHEHHUIO).

dnuzenes.  Onucene3om  Ha3bIBaCTCSI  COBOKYIHOCTHh  MPOILECCOB,
U3MEHSIIONMX OCAI0YHbIE MOPOJLI B TEPHOJA WX CYIIECTBOBAHUSA 0 Hayaia
BBIBETPUBAHUS WM JI0 TIEpexoaa B METaMOp(puaecKue mopoabl.

B pesynbTare snurene3a npeodpaszyercsi CTpOSHHE MOPOIAbI, Pa3pyIIAlOTCs

OJIHM MUHEpaibl U BO3HUKAIOT Jpyrue, 0ojiee yCTOMYMBBIE B HOBBIX YCJIOBHUSIX
(puc.115).



OCAJIOYHBIE

I'OPHBIE IOPOJbI

——

\

| cragus Il cramus Il cragus IV cramust V cramus
T'UTTEPT EHE3 CEAMMEHTA JUATEHE3 KATATEHE3 METAT EHE3
IMpornecc 111581 IMepexon YILIOTHEHHE W3MEHEHHUE
BBIBETPUBAHNS, Iepenoc u PBIXIIOTO MOpOo, M3MEHe- CTPYKTYpHI 1
paspylIeHHue OCaXKICHUE ocanka B HU€ MUHEpaJlb- TEKCTYPBI
IUIOTHBIE HOTO COCTaBa 1
MOPOIBI JaCTHIHO
CTHVKTVDHI
y \ \ v y
ApEEEE TPaHCIIOPTHPOB HecKku — cynbdaTHbIe 4aCTUYHO
rpaBuii Ka IIPOJyKTOB MIECYAHUKH; XITOPUIHEIC TIIMHUCTEIE
EeCOK TUIIEpreHes3a rpaBuii — 00pazoBaHNs; CJIaHIbI,
TJIMHA KOHIJIOMEpaT; THIIC, KaM eHHAast KaMeHHasl COJIb
THIIC JIpecBa — COJIb;
comm Opexuus; APIUIUIATHL
TJIMHA —>
ApTUILIATEL
Puc. 109

CtpykTypa, TeKCTypa, XMMU4ECKMH U MUHEPAJbHbII cOCTaB, (hpopma
3ajeranus, 1M depeHIUaANUA 0CATOYHBIX IOPO].
Ocaoounasn oughpepenyuayua eeuiecmea.

CymHoCTh MpeACcTaBIIeHUs 00 ocanoyHoU quddepeHnrannm 3aKrovacTcs B
TOM, YTO TPH Pa3PYHICHUH MATCPUHCKHX IMOPOJ, a TaKXKe MPH IMOCIICTYIOIIeM
MEPEHOCE U OTIIOKEHHHM OCAJ0YHOI0 MaTepuaja MPOWCXOIUT €ro paszjeicHue
(muddepentmanysi) Mo pazMepy 4aCTHIL, INIOTHOCTH U XUMUIECKUM CBOMiCcTBaM. B
pe3yiabTaTe 3TOTO B OacceHaxX KOHEYHOTO CTOKAa MPOHUCXOIUT MX Pa3/ielIbHOE
HAKOIUICHHUE, 4YTO OOycJoBIMBaeT (OPMUPOBAHUE OCAJKOB OIPEACICHHOTO
coCTaBa.

Paznmuuaercss aBa Thma ocamodyHou auddepeHmanmu: MEXaHHUECKYI0 |
XUMUYECKyt0. OIHOBPEMEHHO OH TMOJYEPKHUBACT €IMHCTBO AITHX IMPOIECCOB,
BBIp@KAIOIeecss B TOM, YTO OHHM MOTYT IPOTEKaTh OJHOBPEMEHHO, B3aUMHO
nepeKpbIBas APYT Apyra.

Mexanuueckan ougppepenyuayun  TPOSIBISIETCI B COPTHUPOBKE
00JIOMOYHBIX YAaCTHI[ B 3aBUCHMOCTH OT UX pa3mepa, (GOpMBI U IUIOTHOCTH,
KpymHabie u 601ee Tskespie 00JIOMKH OTIaratoTcst BOJIM3U MecTa ux o0pa3oBaHusl,
B TO BpeMs Kak MeNKHe W OoJiee JIETKHE YacTHUIlbI YHOCITCS OT 00JacTh cHoca
3HAYUTEIILHO Jajbiie. COpTHpOBKA 00JI0OMOYHBIX YAaCTHIL IO TFIOTHOCTH IIPUBOIUT
K 00pa30BaHMIO POCCHIITHBIX MECTOPOXKACHHM 30J10Ta U TUIATHHBI, TPUYPOYCHHBIX
K TOPHBIM Y9aCTKaM PEK, XapaKTePHU3yIOIIMMCS BEICOKOU ITOIBMPKHOCTHIO BOTHOM

Cpepbl.
Xumuueckasn ougghepenuyuayusn BEILIECTBA 3aKIII0YaeTCs B
MOCJIEIOBATEIHbHOM ~ OC@XKIEHWHW  COCAWHEHWHA W3  BOJHBIX  PacTBOPOB



COOTBETCTBEHHO HUX PACTBOPUMOCTH, CXEMa, IIOKa3bIBAIOLIAd OYEPEIHOCTD
BBIMAZCHUS B OCAJ0K Pa3IMUYHBIX KOMIIOHEHTOB, ()OPMHUPYIOMIMX TJIABHBIE TUITBI
0CaOYHBIX TOPOJ.

Xemobuocennass — ocaxnenue u auddepeHnranus BelecTsa Ojaroaps
KHU3HEESITETbHOCTH OPTaHU3MOB.

Ypobens
3o| Mg

Puc.116. Cxema ocanounoii 1ugge pe Huuanum Be e cCTBa B BOJHOM
O0acceiine: 1 — xemoreHHas, 2 — xeMOOHOreHHas, 3 — Me XaHHYe CKasl
¢u3nko-xummnye ckas Audde pe HUMAMSA

Xumuyeckas — OCaKACHUE U pa3/ieJICHHE BEIECTBA UCTUHHBIX PaCTBOPOB.
(puc.116).

[IponykTel ocagouHOM AudQepeHurnanium, COCeIHUE 0 PACIOIOKEHHIO B
PacCMOTPEHHOM BbILIE CXEME, OOBIYHO BCTPEYAKOTCSA COBMECTHO. Tak, Hanpumep,
TUICHI YaCTO MEPECIAUBAIOTCS C JOJOMUTAMU M KAMEHHOH COJIbI0, HO HUKOT/a HE
acCOLMUPYIOTCS ¢ OypBIMHU KeNe3HsIKaMU U (pochopuTaMu.

Kuaccundpukanus ocagio4HbIX MOPOJ

OO01menpuHATON KIacCU(PUKALUU OCAJAOYHBIX MOPOJ MOKA HE CYIIECTBYET.
Ho Bo Bcex ciydasx oHa Oa3upyercs Ha T'€HETHUECKOM IOJX0Je, MpUYeM
BBIJICIISIIOTCSI PACCMOTPEHHBIE, BBIILIE T'€HETUYECKUE TPYIIILI TOPOI:

¢ 10pOJibl 00JIOMOYHBIE - MEXaHUUECKUE OCAIKU;

¢ XUMHYECKHE OMOXUMHUYECKUE OCATKU;

¢ OpTaHOTrEHHbIE TOPOBI;

¢ KayCTOOUOJIMTHI,

¢ BYJIKAHOT€HHO-0CaJOYHbIE MOPObl WIN MUPOKIACTHUECKHE.

Crona oTHOCATCS COOCTBEHHO ByJKaHW4YECKHe Ty(dbl, oOpasyroumecs
HEMOCPEACTBEHHO  NPU  BYJIKAHWUYECKHX  M3BEPKEHUSIX, U  Pa3JIMUHbIC
Ty(onecuaHuku U TyPpoOpeKuHnH, IpeICTaBIAIOMUE COO0M MPOAYKT LEMEHTALUN
Pa3JIMYHOTO PHIXJIOTO MaTepHuala ByJIKaHOT€HHOTO MPOUCXOKICHHUS.

Cmpykmypsl u mexcmypovl 0CA00OUHBIX 20PHBIX NOPOO

Cmpykmypa 0caiouHOW MOPOJbI ONpeneNsieTcs pa3MepoM U Gopmoii ee
MUHEPAIIbHBIX KOMIIOHEHTOB, MleKCMmypa - WX B3aUMHBIM PACIOJIOKEHUEM U
OpPUEHTUPOBKOW B mpocTpaHcTBE. CTpyKTypa U TEKCTypa XapaKTepU3YIOT
CTPOCHHE MTOPOJIBI.



N3ydeHne 0COOEHHOCTEH CTPOCHHUS OCAJOYHBIX MOPOJ UMEET OOJbIIoe
3HaYEHUE TP PEIICHUH BOTPOCOB CTparturpapuu, TEKTOHUKH, Majgeoreorpaduu.
He MeHb11yI0 pOJIb UTPAET U3YUEHUE CTPYKTYP U TEKCTYP TAKKE B TPYHTOBENECHUU
U TUAPOTEOJIOTUH, TaK KaK (PU3NKO-MEXaHMYECKUE CBOMCTBA OCAJ0YHBIX MOPO/I
3aBUCAT HE TOJILKO OT COCTaBa, HO TaK)Ke OT X CTPOCHHUS.

Cmpykmypuol

B Hactosiiiee Bpemsi OTCYTCTBYET enuHas KiacCUpUKAUSI CTPYKTYP
OCaJI0YHbIX TOpPOJ. B CBsI3U ¢ 3TUM mpeacTaBisieTcss HaubOosiee yITO0OHBIM
pPaccMOTpPETh OTACIBHO CTPYKTYPHI OOJIOMOYHBIX, TJIMHUCTBIX, XUMUYECKUX U
OMOXUMHYECKHUX TTOPOI.

| Puc.110.
Makpoc TPYKTYpbl
0CaI0YHBIX MOPOJ
(cxemarnyeckue
3apucoBku) 1 —
OpexuuneBasi (yrjioBarble
00, I0MKH; 2 — KOHIJIO-
MeparoBasi (OKaTaHHBbIE
00,10MKH); 3 — 3epHHC-
Tas (mecyaHas),
4 — cKpbITO3€ PHUCTAS ;
5 - KpUCTALIHYECKasT ;
6 — ocauToBas, 7 —

| PaKOBUTHI M MAHIBIPH B

mopojae.

Cmpykmypol 0010MOUYHBLX NROPOO
OT CTpYKTYpHI 3aBHCSAT MHOTHE (PU3UIECKHE CBOWCTBA OCAOYHBIX TOPOJ.
Takue Kak: COMPOTUBISAEMOCTh MOPOILI BO3IECUCTBUIO OYpPOBOTO MHCTPYMEHTA,
YCTOWYHUBOCTh CTBOJIa CKBKWHBI B Tpoliecce OypeHHs, CTIOCOOHOCTh MOPOIbI
aKKyMyJIMpOBaTh II0JI3€MHbIC BOJbI, OTJaBaTh MX B MpOIlECCE€ pPa3zpadOTKU
MeCTOpOXaeHuH U T. 1. (Tadm. 30).
CTpyKTYpHI 00JI0MOYHBIX MIOPO/

Taoauma 30
HaMETP 00JIOMOYHBIX
8 3?})6}1, MM Chipyyjpe
51 [cedurToBas
(rpy000610MOUHAs)
1-01 IMcammuToBas (ecyanas)
0,1-0,01 AneBpurtoBast (MydHUCTAs)
<0,01 IlenutoBas (TMuHKUCTAS)
V <\ BeanunHa 3epeH OKa3bIBAET 3aMETHOE BIMSHUE Ha
@ ~"J IMPOYHOCTH O6JIOMO‘—IHBIX mopon. KaK IIpaBHJIO, IMOPOOHBI,
cocTosimme u3 0ojiee MEIKH 3€peH, UMEIOT OOJbIIyIO
a rﬁ> MMPOYHOCTbL U YCTOﬁQHBOCTB K BBIBCTPHUBAHUIO, YEM ITOPOIbI
- N TAKOTO  JK€ MHHEpaJbHOTO  COCTaBa, HO  Oolee

KPYITHO3EPHUCTOM C TYDBHI.
Puc. 111. ®opma 06J10MOYHBIX 3¢ PeH: pyn ® p TPY(I)<6YP
a — oCKoJIbYaTast, 0 — yrjoBaras, opMa 3€pcH. BIYHO BBIOCIISIIOT

B — IIOJIYOKATAHHAasA, I — OKaTaHHAas. 3CpHa OCKOJII)IIaTOI?'I, yFJIOBaTOP'I,



MI0JTyOKaTaHHOM M cKaTaHHOU GopMel (puc. 111).

dopma 3epeH CYIIECTBEHHO BIHUSET Ha (DU3UKO-MEXAaHUYECKHE CBOWUCTBA
MOPOJBI, 3aBUCUT XApaKTEp B3aMMOJIEMCTBUS €€ COCTABHBIX yacTeu. Hampumep,
ppixJgasg OO0JOMOYHAs MOpPOJA, CJOXKEHHAs OCTPOYTrOJbHBIMU  3€pHaMH,
XapakTepu3yercs 00Jee BRICOKOU MOPUCTOCTHIO, MEHBIIIEH BOJOTIPOHUIIAEMOCTBIO .

Lemenr. Lement MOXET OBITH MOHOMUHEPAIbHBIM WIH
NOJIMMUHEPATbHBIM. Cpeli MOHOMUHEPATbHBIX HAUOOJIBIIINM PacpOCTPAHEHUEM
NOJIb3YIOTCSl KaJIbLIUTOBBIM, (poCc(aTHbIi, ONanoBblid, THAPOTETUTOBBIA LIEMEHTHI,
HECKOJIBKO PEXKE BCTPEUAIOTCA JOJOMUTOBBIM, KBApUEBBIMA, XaIIECAOHOBBIM,
TJIAayKOHUTOBBIA U TUNCOBBIA. OOJOMOYHBIE MOPOJBI C KPEMHUCTHIM LIEMEHTOM
HanboJiee MPOYHbI U YCTOMYUBBI IPOTUB BbIBETPUBAHMUSI.

Cmpykmypuol enun

Crnennduyaeckoit 0cOOEHHOCTHIO ATUX MOPOJ BISIETCS 0USHb MBI pa3Mep
TJIMHUCTBIX MuHepanoB (00buHO He mpesbimatommii 0,01 mwm). Ilopona,
COCTOSIILIAsl MCKIIOYUTEIbHO M3 TJMHHUCTBIX MHUHEPAJIOB, XapaKTepHU3YeTCs
MEJUTOBOU CTPYKTYpPOH.

llenumosasi  cmpykmypa  XapakTepHa U1 TOPOJ,  COCTOSIIIMX
npeumyinecTBeHHO (He MeHee 90 - 95%) u3 wactui pazmepom mensue 0,01 mm. B
3aBUCUMOCTH OT CTENEHU JHMCIEPCHOCTH Marepuajia TMEIUTOBYIO CTPYKTYpPY
MOApa3JeNA0T Ha mblIeBaryro (mpeobmamaror vacturpsl 0,01 - 0,001 MMm) u
reneByro (mpeo6aanaroT gacTuilsl < 0,001 Mm).

Cmpykmypol XumMuuyeckux u OUOXuMuU4YecKkux nopoo.

BonmpummM pacnpocTpaHeHUEM B
OPOAaxX XUMUYECKOTO IPOUCXOKICHUSI
NOJb3YIOTCSL ~ TaKME€  MHUHEpaIbHBIE
oOpa3oBaHusl, KaK OOJHUTHI W
chbepoNUTH, BO3HUKAOIIMEC B
pe3ynbTare KOHUEHTPAUU BEIIECTBA U

€r0 OTIONEHHA BOKPYT Kakoro-moo Puc.112. OoinTel 1 chepouThI:
HeHTpa Kpuctaumsauud. Hambonee 2— 0OHTBI, 6 — CePoTUTHI
4acTO OOJHUTOBass H cdepoauToBas

CTPYKTYpPBl BCTpeJaroTcsi B KapOoHartax, ¢ocdarax,
KEJIE3UCTHIX U ATFOMUHHUEBBIX TOPOAaX.

Oonum bl - MUHEpaJbHble  00pa3oBaHUs
OKpYIJIOM 15810 AIUTUIICOUTHOU dbopmbi,
XapaKTEPU3YIOLIUECS KOHILIEHTPHYECKHU-CIOUCTHIM

cTpoeHueM. Pa3zMepbl OOJUTOB - OT J10JIEM MUJUIUMETPA

m0 2 wmMm. bomee xpymHele OKpyrasle o6paszoBamms — Puc.113.0omTosas

Ha3BIBAIOT MU30/HTaMu (puc.112) CTPYKTYPa, GOKCHT.
Cheponumo TPEACTABIAIOT COOON KPUCTAUIMYECKUE arperarsl,

COCTOSIIIME W3 TOHKHX HIOJIbYATHIX KPHUCTAUIOB, PACIOJIOKECHHBIX PaTAAIBLHO

BOKPYT IIEHTpa Kpuctawm3anun (puc. 113).



B mopomax OWOTEHHOTO TPOMCXOXKACHHUS BBIACIAIOT  CTPYKTYPHI
omomMop(dHyo (IIETPHOPAKOBHUHHYIO) W OPraHOTEHHO-ACTPUTOBYIO (MOpoaa
CJI0’KeHa 00JIOMKaMH PaKOBHH).

JIns  XUMHYECKUX  IMOPOJ  XapakKTepHO:  Pa3IU4yaloT  CTPYKTYPHI
KpHUCTAIUIMYECKU-3epHUCTEIE  (pasmMep  3epeH  Oomee 0,01 wMm) wm
CKpBeITOKpUcTaUIMUecKue (pasmep 3epeH Mmenee 0,01 mm). Knaccudbukanms
CTPYKTYp XHUMHYCCKHX W OMOXMMHUYECKHUX IMOPOJ] M0 pa3Mepy 3epeH MoKa3aHa B
tabmuie 31.

Tabnuna 31
Pa3mep 3epen, mm Crpykrypa
>1 I'pybo3epHucTas
1-0,25 KpynHo3epHucras
0,25-0,1 CpennesepHucras
0,1-0,05 Meiko3epHuCTas
0,05-0,01 Mukpo3epHucTas
Texcmypeol.

HpI/I HN3Yy4YCHHUU OCAOO0YHBIX IOPOA OOBIYHO pa3in4arOT BHYTPHIIIIACTOBBIC
TCKCTYPhI U TCKCTYPhI HOBCPXHOCTHU HAILJIACTOBAHMUA.

Puc.114. MakpoTeKcTypbl 0CaT0YHBIX MOPOJ (CXeMaTHde cKue 3apucoBKU) 1 — ciioucras;
2 — KococJoucTas; 3 — nJoiiuaras; 4 — ciaHueBaras; S — MaccUBHAasA; 6 — mopucTas;
7 — KOHKpeus; 8 —HaTeuHas
s EA
BayTpHIuiacToBbIE TEKCTYPHI XapaKTEPU3YIOT i Pt
pacnpenencHie MaTepualia B BEpTUKAIBHOM pa3pes3e ‘
TOJIIIH, T.C. MNCPIICHAUKYJIIAPHO HaCJIOCHUIO
cnararonmx e€ mopoa. Hambonee xapakTepHOM
0COOEHHOCTBIO CTPpOCHU 0Ca0YHbIX TIOPOX
SIBISIETCSL UX croucmocms. B ToM cliydac, Koraa
CIIOUCTOCTb OTCYTCTBYET, TEKCTYPY Ha3bIBAIOT
OeCIopsIOYHON — 4YacTUIlBl pacroJararorcs 0e3
Kakou-mmObo0 OpueHTUpPOBKU. Ha moBepXHOCTIX
HartaCTOBAHUA H3.6J'IIOI[&IOTC$I TPCIOIMHbI YCBIXaHUA,
HCKoTIaeMasi psi0b, CIICABI Kamellb OIS M Tpaja,
CIETKH  Pa3IMYHBIX  KPUCTALUIOB,  OOpO3/bI, - S
Puc.115. TekeTypsbl
HaparuHbl, CJICABI ZKU3HCACATCIbHOCTH OPTaHU3MOB
MOBe PXHOCTH HAMJIACTOBAH M-
¥, HakoHel, Tueporaudsl — CKyJIbIOTYpHbIE OTIeYaTKH




00pa30oBaHUs HEBBIICHEHHOTO MPOUCXOXKIeHUs (puc.115).
K TekcTypHbIM TpuU3HAKaM MOXXHO TaKKe€ OTHECTH TOPHUCTOCTh H
MIPUCYTCTBHE B TOPOJaX KOHKPECIIUH.

2.5.00J10M04YHbIE TOPHBIE MOPO/AbI, MX KJaccupuKaus.
Oonomounvie nopoowl.

Kaaccudpukauusa o00mMouHBbIX mopoa. B ocHOBy kiaccu@ukaimu
00JIOMOUYHBIX MOPOJI TOJOXKEHBl UX CMpYKmypa (pasmep udacmuy), Haiudue
yemMeHma u MUHepaIocsu4eckuil cocmas.

[TIo cTpykType BBIAEISIIOTCS TPyO00OI0OMOUYHbBIe — ncegpumosvie (d>1Mm),
necuanbie — ncammumosvle (d=1 - 0,05Mm), mbLIeBatbic — anregpumossie (d=0,05 —
0,005MM) ¥ TIMHUCTHIE - nenumossie mopoabl (d<0,005mm) (Ta6a.32). Hapsny ¢
ATOM KiaccuUKAKMeH CpeIn TeOJIOT0B MOIydnyIa pacpoCTpaHeHHUE U Apyras, B
KOTOPO# IpaHHIa MEXKIY IMBUICBATEIMHU M TIECYAHBIMU YaCTUIIAMH TIPOBOJTUTCS T10
0,1 MM, a MeXy IBUIEBATBIMU U TJIMHUCTHIMU YacTuriamu — no 0,01 m

Taoauua 32
OxaTaHbie 00JIOMKH Pazmep OcTpoyroyibHbIE 00JIOMKH
I'pynma ropubsix
CIIEMEHTHPO- | OOJIOMKOB, CIIEMEHTHPO-
opoz pBIXITBIE PBIXITBIE
BaHHBIE MM BaHHBIC
I'pyboo06I0MOUHBIE BaJyHHBII [IIBI0OOBAst
D BAJTyHBI i >100 TITBIOBI
(ceuthl) KOHITIOMEPAT Opexuns
raJICYHBIN
rajapka 100-10 meoeHb Opexunst
KOHTJIOMEpAT
TpaBUIHBII
rpaBuii KOHITIOMEpAT 10-1 JpeBca JIPECBSIHUK
(rpaBenuT)
Ilecuanrie
IIECOK MMEeCYaHHUK 1-0,1 IIECOK MeCYaHUK
(TcamMuThI)
QJIEBPUT
AJEBpOJIUTOBBIE
(7meccsr, AJIIEBPOJIUT 0,1-0,01 QIIEBPUT AJIEBPOJIAT
(aseBpOIUTHI)
WJTBI)
IlenuToBas
<0,01 JIHHA APTHILTUT
I'muancras
I'pydoobomounbie mopoabl — mncepursl. K micehpuram oTHOCSTCA

pasiMyHbie pBHIXJble (TpaBWii, Taibka, IIe0CHb) U  CIEMEHTUPOBAHHBIC
(KoHrJIOMeparhl, OpeKYrH) MPOAYKTHI (PU3UUECKOTO ;
BbIBeTpUBaHus (puc.116).

Cmpykmypsr ~ TpyOOOOJOMOYHBIX  TIOPOJ
nceuToBpic M MCAaMMO-TICE(UTOBBIE C Pa3IMIHON
CTPYKTYpOH 1leMeHTa.

Llemenm  MoOXeT  OBITb  HM3BECTKOBBIM,
KPEMHHUCTBIM, )KE€TIE3UCTHIM, (OC()aTHBIM, TTIMHUCTHIM,
MIECYAHBIM.

Texcmypor — crnoucTble (4acTo KOCO- U
JMaroHaJIbHO-CJIIOUCTBIE) U HeCTIOUCThIE. [ py00006I0MOUYHBIE TOPOIBI 3AJIEral0T B
BUJIE CJIOEB, TUIACTOB, JIMH3 PA3JIUIHON MOIIHOCTH.

Puc. 116. Bpexkuust




Ilecuanbie mopoabl — icaMMUTHI. K mecyanbIM Hopo1aM OTHOCSATCS TECKH
Y TICCUAHUKH.
¢ Ilo pa3mepy YacTuIl IECKHU ¥ MMECYAHUKH TIOIPa3IEISIFOTCS:
kpynuozeprucmoie (1,0-0,5 Mm),
cpeoneseprucmole (0,5-0,25 Mm),
menkoseprucmote (0,25-0,05 mm),
moukozepHucmole necku ¢ npeobnananuem ¢pakuun 0,10-0,005 mm u
epybozepuucmole necku — 2,0-1,0mm.
Paznuuarom: peunvie, mopckue, 20108ble, (hniosuonayuaibHsvie u T..1. NecKu.
[lecuanble TOPOABI COCTOSIT M3 KBaplia, IMOJIEBBIX IINATOB, CIIOJBI,
[JIAYyKOHUTa, OOJIOMKM TOpPHBIX MOpoA. Pa3nmuyaroT: MOJMMUKTOBBIE,
MOHOMUHEPATLHBIE U OJIUTOMHUKTOBBIE TIOPO/IHI.

[lecuanble MOPOIBI, COCTOSIIME W3 KBaplia, MOJIEBBIX IIMATOB U CIIIOJIBI,
Ha3bIBAOT ApKO3aAMU WU apKo3oebimu TmecuaHukamu. CojepikaHue MOJIEBBIX
HII1aTOB B apko3ax 0ousee 20%, NpUCYTCTBYIOT TaKke 00JI0MKHU NOpoJ1 (HEO0bIIOE
KOJMYECTBO) U IIEMEHT, KOTOPBIA OOBIYHO TIPEACTABJICH THUIPOCIIONOMH,
KaOJIMHUTOM WJIA KapOOHATaMH.

I'paysaxkamu TEPBOHAYAIBHO HA3bIBAIM IECUYAHUKH, COCTOSIIME W3
00JIOMKOB OCHOBHBIX U3BEPKEHHBIX TOPOJI, UMEIOIINE KPYITHBIN pazMep 4acTHIl U
IUIOXYIO COPTUPOBKY MaTepHara.

Cmpykmypul TECUAHBIX TOPOJ — ICaMMUTOBBIE, MCAMMO-TICE(QUTOBBIE,
NICaMMO-aJIEBPUTOBBIE, ICAMMO-TIEJTUTOBBIE.

Texcmypvl — CHOUCTBIE: KOCO- M JIMAarOHaJIbHO-CJIOUCTBIE, BOJHHUCTHIE,
TOPHU30HTAITBHO-CIIOUCTHIE.

[Ipumep: KkBapLEBbIE TECYAHUKN OOBIYHO CBETIIbIE, OeNble, PEAKO TEMHBIE (C
MarHeTUTOM WJIM OPTaHUYECKUM BEIIECTBOM), Oypble U KpacHO-Oypwie (c
KEJIE3UCTHIM LIEMEHTOM), IOJIEBOIIIIATOBBIE U APKO30BBIE — PO30BbIEC U KPACHBIE,
IrpayBaKKOBBIE — 3€JICHOBATO-CEPhIC, TEMHO-CEPHIC 10 YEPHBIX; IIAyKOHUTOBBIC
NECYAHUKHU OKpAaIIEHbI B 3€JICHbIEC TOHA.

[leckn SBISIOTCS BMEIIAIOIIMMH TOJIE3HBIX HCKOMAGMbIX — WIbMEHUTA,
rpaHaTa, KaCCUTEpHTa, 30JI0Ta.

IIbLi1eBaTHIE MOPOBI — AJIEBPUTHI. DTO PA3JIMUHBIE PHIXIIbIE 00pa30BaHMUs
(m€cchl, WIBI) W CIEMEHTHUPOBAHHBIE TMOPOJABI (QJICBPOIMTHI). MuUHEpaIBI
IBIJIEBATBIX TOPOJ MPEACTaBICHbl KBAaplEM, MOJICBBIMH INATaMH, CIIOJAMU U

* & & o

IayKOHUTOM. [leMeHT — TJIMHUCTBIMHU, KapOOHATHBIMHU, IKEIE3UCTHIMH H
KPEMHHUCTHIMH MHHEpaJIaMH, pekKe XJIOpHTaMH, Iieomramu, docdaramu wu
cyJib(aTamu.

AJIEBpUTOBBIE MOPOJIbI OYEHb CXOJHBI C MecuaHbIMU. OCHOBHBIC PA3IAYUS
3aKJTIOYAIOTCSl B MEHBINIEM pa3Mepe 3epHa M B CBS3H C OTUM HECKOJIBKO WHOM
MUHEPAJIOTHYECKOM cocCTaBe. B ajgeBputax B OOJBIIMX  KOJMYECTBAX
HAKaIIMBAIOTCS TJMHUCTBIE MHUHEpAIbl, CIIOJBI M Mal0 WM HET OO0JIOMKOB
TOPHBIX MOPO/I.

[To KOMMYECTBY M CTPYKTYPE BBIACISIOTCS BCE TE KE MUNbl YyeMeHma, 9To u
B TIECYAHBIX MMOPOJIAX: KOHMAKMOBbLU, NOPOBblLL, OA3ANbHbIL, PeceHepAYUOHHDBLI,



KOPPO3ULLHbLU, KPYCMUDUKAYUOHHDBLU, NOUKUIUMOBLLU U YeMEHM MEXAHUUECKO20
8bINONHEHUS NOP .

[lo munepanocuueckomy cocmagy cpeau aleBpUTOBBIX MOPOJ, TAK K€ KaK U
CpeAM TMECUYaHbIX, MOXHO pa3inyaTb MOHOMUHEPANbHbIE, ONULOMUKMOBbIE U
NOTUMUHEPAIbHblEe PA3HOCTH.

Cmpyxkmypwl TIBLIEBATHIX MOPOJ] AJICBPUTOBBIC (TPyObIe U TOHKHE), AJIEBPO -
NICAaMMHUTOBBIE, AJIEBPO-TIETUTOBBIE.

Texcmypwl aneBpPUTOBBIX MOPOJ CIOUCTHIE U HECIOUCTHIE: TOPU3OHTAIIBHO -
CJIOMCTBIE, BOJTHUCTO-CIOUCTHIE, KOCO- U TUArOHAJIbHO-CIIOUCTBHIE.

Dopma 3anecanus: 3aJErarOT B BUAE CJIOEB, IUIACTOB, JIMH3. MOIIHOCTH
IJIACTOB OOBIYHO HEOOJIbIIAS — CAHTUMETPBI, METPBI, HECKOJILKO METPOB U JIMIIb B
PEAKUX CITydasX JOCTUTAIOT COTHU METPOB (JIEcC).

Jlécc — mopoaa )KenToBaTo-ceporo, OypoBaro-ceporo IBeTa, COCTOSIIAs U3
yactul, auamerpom 0,05-0,005 mm (mo 60-95%). YHacTtuisl nepkarcsi B KyCke
Oylaroiapss MEXMOJEKYISPHBIM CHJIAM U LIEMEHTAIMM, HO JIETKO pPacCTUPAOTCS
MEXy NaJlbLIaMU U JIETKO pacnanaroTcs B Boje. [lnacTnyHOCTh n€cca HEBBICOKASI.
B oOHaxeHHBIX nécc o0mamaeT CcTOJOYATONW OTACIBPHOCTBIO H OOpasyer
BEpPTUKAIbHbIE OTKOCHL. [lopucTtocTh ero odeHp BbicOKass — Oosee 50%.. Ilo
MUHEPAIOTUYECKOMY COCTaBy 3TO MPEUMYIIECTBEHHO KBaplieBas Mopoda ¢
HEOOJIbIIMM  COJIEPKAHUEM IIOJIEBBIX IIIIATOB M AKIIECCOPHBIX MUHEPAJIOB,
IMPUCYTCTBYIOT KPHUCTAUIBI W KOHKPEHHWH KalIbLUTa W Turca. [JMHUCTBIE
MUHEpaJbl COJIepKATCs B HEOOIBIIOM KOJIMYECTBE U MPEACTABICHb B OCHOBHOM
TUAPOCITIOAAMH U MOHTMOPUJUIOHUTOM.

[Ipu yBnaxHeHUH J1ECCOB IPYHTOBBIMH WJIM MOBEPXHOCTHBIMH BOJAMH OHU
Jal0T 3HAYUTENbHBIE MO BEIMYMHE KM HEPABHOMEPHBIE OCAIKH (MPOCAaKU
Oyarogapsi yMEHBIIICHUIO 00beMa).

Anesponumsl — TNIOTHBIE CLIEMEHTHPOBaHHbIE TOpobl. [Io BHENIHEMY BUAY
Y OKpacKe OHU pa3HOOOPA3HBI: CEPhIE, TEMHO -CEPBIE, KPAaCHBIE, 3EJIEHOBATO-CEPHIE,
MECTPHIE, YACTO TOHKOCJOUCTHI U IUIMTYATHI (PACKAIBIBAIOTCA HA IUTUTKH), PEKE
OJTHOPOJTHBI, 0OBIYHO [EPECTANBAIOTCSI C IECUAHBIMU WM TJIMHUCTHIMU OPOIaMU.

[loponbl, mnepexogHble MEXIy OOJOMOYHBIMM U BYJKaHOTCHHBIMHU.
KpailHuMu 4jleHaMM 3TOTrO psAna SABJSIOTCS  OOJIOMOYHBIE MOPOABI U
BYJIKAHOTCHHbIE, WM MTUPOKIACTHUECKHUE (TIETUIBbI, TY(BI).

Tygvr — cuemeHTHpOBaHHbIE MeTUbl. LlemMeHT TydoB 0OBIYHO MpeICTaBIIEH
NPOJyKTaMH BTOPUYHBIX U3MEHEHUH TOPOIbI (CM. Tab. 33).

Knaccndgukanus nopoa, nmepexoaHbIX MexKIy 00J10MOUYHBIMHA U

ByJIKaHOFeHHI)IMI/I.
Taoauma 33

Coneprkanue BelecTBa, %
BYJIKaHOTEHHOTO | 0OJIOMOYHOTO

[Topobr

['muHa, apruuTuT, TIMHUCTBIN CIIaHell, alIeBPHT,
<5 >05 QJICBPOJIUT, aJIEBPOJIMTOBBIN CIIaHEII, IIECOK, TTECYaHUK,
KBAPIMTO-TIECYAHHK

Tydorennas rmHa, TYQOreHHBIH aprUiUIUT, TY(HOTCHHBIN

5-50 95-50 . o o
IJIMHUCTBIN cIaHell, Ty(OTeHHbIN aleBpUT, TY(POreHHBIH




QJIEBPOJIUT, TY(QOTCHHBIN aJIEeBPOTMTOBBIN CIIAHEII,
Ty(hOTE€HHBIN MECOK, Ty(HOTCHHBIN MEeCYaHUK,
Ty(OTEHHBIN MeCYaHUK-KBAPIUT

['MMHUCTBIN BYTKAaHUYECKUN TTeTIeN, INIMHUCTBIN TYQQuT,
TJIMHUCTBIN CIIaHLIEBATHIN TYPHUT, aIeBpUTOBBIH
BYJIKAHUYCCKHH ITETICIT, AICBPOJIMTOBBIN TY(QQHT,
AJIEBPOJINTOBBIN claHIeBaThIi TyQPUT; mecuaHblit
BYJIKAaHUYECKUN TIETeN, HeCUaHblid Ty(hUT;
KBapIUTOBHUIHBIN TyQduT

50-95 50-5

Bynkanudeckuil nmemne, ByJIKaHUYECKyUl Ty,
>05 <5 CJIAaHLIEBATHIN BYIKAaHUYECKUH Ty(], KBapIIUTOBUIHBIN
BYJIKAHUYECKUH Ty

Koneunble mpoOayKThl BBIBETPUBAHHUS Ty(POB — MOHTMOPWIIOHUTOBBIE
TJIMHBI — OEHTOHUTBI.

K nepexonnubiM mopoaam oTHOCATCS TyhGdUThl U Ty(pOreHHbI€ MOPOIbI.
Typdutsl cocTosAT U3 00JIOMKOB BYJIKAaHHYECKOTO CTEKIIA, 3(PPy3UBHBIX IOPOJ U
MUHEPAJIOB (TMOJIEBBIX LINATOB, MUPOKCEHOB, am(puoOosoB U Ap.). Coaepxanue
NIeCcKa, aJIEBPUTA WM TJIMHUCTBIX YaCTULl 00JIOMOYHOTO NpoUcxXoxaeHus 10 50%.
OO0pa3yroTcs OHM B BOJHBIX OacceiiHax 1 Ha CYIIIe.

CueMeHTUpOBaHHbIE TOPOAbl HA3bIBAIOT Ty(pduTraMu, phIXible — MEIJIaMU
[JIMHUCTBIMU, ~ aJ€BPUTOBBIMM M mecyaHbiMd. [lembr  u TyQdurs
XapaKTepU3YIOTCS CJIIOUCTOCTbIO, WHOTJA COJEpKaT OPraHUYECKUE OCTATKH.
CTpyKkTyphl W TEKCTYpbl Y HHX OCaJO04HbIe (IICAMMHUTOBBIC, AJIEBPUTOBEIE,
nenuToBele). Makpockonuuecku Ty(p@urbl BecbMa pazHOOOpa3Hbl, Yalle BCEro
OHM OKpalmieHbl B Oypble U 3ejeHoBaThie TOHA. lleMeHTHpyrOlee BEIIECTBO
MPEICTABJICHO IITMHUCTHIMU MUHEPATIaMH, XJIOpUTaMU, KapOOHaTaMH U 1IEOJTUTaMU
U YacTO BTOPUYHOTO TNPOUCXOXKACHHUS (M3MEHEHUE BYJKAHOTEHHBIX U
00JIOMOYHBIX KOMIIOHEHTORB).

Tyghocennvle nopoosvt TIPEACTABISAIOT COOOM OCamOYHBIC OOpa3OBaHUSI —
TJIMHUCTBIC W TIeCYaHble, cojeprkamue HeOobInyo npumech (20-30, mHoraa a0
50%) BynkaHoreHHoro Marepuaiga (OOJOMKHM  BYJKaHMYECKOrO  CTEKIa,
3¢ (dy3UBHBIX IOPOJ U MUHEPAJIOB).

2.6. IleauTsl (TJIMHDbI)

K TIJIMHUCTBIM OTHOCSATCS pa3JIM4HbIE TJMHBI, APTUIUIMTHI, TJIMHUCTHIE
CJIaHLIbI U HEKOTOPbIE APYTUE MOPOIbI.

Knaccuduxarys riTMHUCTBHIX TOPOJI OCHOBaHA HA UX CBOMCTBAX, T€HE3UCE U
MUHEPAILHOM cocTaBe. Cpeny IMMHUCTBIX HOPOJT BBIIEISIIOTCS IBE MOATPYIIIIHI.

| nooepynna — rivHbBl —MMEIOT BBICOKYIO OPUCTOCTD, JOCTUTaOMLYyI0 50 1
naxe 60%. I'muabl 0051a4a10T MIACTUYHOCTHIO: TOPOIIOK TJIMHBI, 3aMEIIaHHbIN C
BOJIOM, oOpa3zyeT BA3KOE TECTO, CIOCOOHOE (OPMUPOBATHCS MU COXPAHSIThH
npugaHayo emy ¢opmy. OO0XIKEHHOE B OTHE TECTO MPUOOPETaeT KaMEHUCTYIO
TBEPAOCTh U KPEMOCTh. DTO CBOWCTBO TIJIMH MCIOJIB3YETCS B KEepaMUYECKOU
IPOMBIILIEHHOCTH.



Il noozpynna — apruinuTel U TIIMHUCTHIE CJAHIBI — CIIEMEHTHPOBAHHbBIC U
MeTaMOop PU30BaHHBIE IOPO/IbI, IVIOTHBIE, C HE3HAYUTELHON TOPUCTOCTHIO, TIOXO
pa3MOKaroIKe UM HE Pa3MOKAIOIIME B BOJAE U HE 00JIa1aloIIue TNIOTHOCTBIO.

[MuHBI, apTWUIMTBI W TJIMHUCTBIC CJAHIBI MO0 MPOUCXOKIECHHIO MOKHO
NOAPa3JeNUTh Ha TOPOJBI OOJOMOYHBIE M XHMHUYECKHE, MO OOCTaHOBKaM
OCQJIKOHAKOILJICHUS — Ha MOPCKWHE, JIaryHHbBIC, JIeTabHBbIC, O03E€pPHBIC, PCUHBIC,
BOJIHOJICIIHUKOBBIE W JIOBHAIbHBIC (KOPBI BBIBETpUBaHUS). [10 MuHepanbHOMY
cocmagy pa3anyaroT KaOJIMHUTOBbBIE, THIPOCITIOIUCTHIE, MOHTMOPUUIOHUTOBBIEC U
MOJIMMUHEPATbHBIE TIINHBI.

CocTaB, CTpyKTypa U TEKCTYPHI TNIMHUCTHIX MOPO/I. [ TaBHBIMU B TJIMHUCTHIX
NOpoJiax SIBIISIIOTCS 2IUHUCIMbIE MUHEpAbl TPYIIbl KAOJIMHUTA, THAPOCIION,
MOHTMOPWJIOHWTA.  Hapsny ¢ TIMHUCTRIMM — MHHEpallaMH — BaKHBIMH
KOMITOHEHTAaMH HEKOTOPBIX TJMH SBISIOTCS TaKKe XJIOPUTHI, MUHEPAIbI TPYIIITHI
OKHCJIBI U THIPOOKUCIIBI AFOMUHUS (THAPAPTHUILINT), & TAKIKE TTIAYKOHHUT U OTTall.

BropocteneHHnsie MuHEpaidbl IPEACTABICHBI KBaplLEM, XaJleAOHOM,
CITI0JIaMH, TIOJIEBBIMU IIMaTaMu. B BuJie HOBOOOpa3oBaHUM U B BUJIE KOHKPEIUH B
TJIMHAX MPUCYTCTBYIOT KapOOHATHI (KAJBIIUT, JOJIOMUT, CUACPHT U Ip.), CyIb(haThl
(runc), cynb@uubl (MUPUT, MapKa3UuT U Jp.), OKUCIIBI U THUAPOOKUCIIBI Kele3a u
Maprasiia.

Cmpykmypsl TIMHACTBIX TOPO/I MENIUTOBBIC, aJIeBPO-TIEIUTOBbIE, IICAMMO-
TICIUTOBBIE.

Texcmypovl TIMHHUCTBIX TIOPOJ CIIOUCTBHIE W HechoucThie. [IpeoOmamaror
CJIOUCTBIE TEKCTYPHI, YaIlle BCEr0 TOPU30HTAIBHO -CIIOUCTBIC. Y CIIOBUS 3aJleTaHuUsI
TJIMHUCTBIX TOPOJ BEChbMa pa3HOOOpa3Hbl. DTO CJIOH, IUACTHI, IMH3BI PA3IUIHON
MOIIIHOCTH U MPOTSKEHHOCTH.

MuHepanbHBIN COCTAaB TJIMH OMPENEIIeTCS COCTABOM MAaTEPUHCKHUX ITOPOI,
KIMMaToM u JaHamapToM MecTHOocTH. Cpeau HHUX HM3BECTHBI IIOYTH BCE
MUHEpaTbHBIE TUITHI TJIMH.

MunepajibHble THNBI TJHHUCTBIX Mopoa. Cpenu TIWH BBIICSIOTCS
KAONUHUmMosble, 2UOPOCI00UCmble, MOHMMOPULIOHUMOBbIE U HEKOmopble Opyaue
Munbl.

Kaonunumosvie eonunvt. K Tpynme KaoJMHUTOBBIX TJIMH OTHOCATCS
MIepBUYHBIC (XEMOTEHHBIE) K BTOPUIHBIE (00JJOMOYHOT'O T€HE3HCa) KAOIUHBI.

Ilepsuunvle kaonuHumuvl Pa3BUTHL B KOPE BHIBETPUBAHUS KPUCTALTMYECKUX
nopoa. Ilo cocrtaBy 3TO riaBHBIM 00pa3zom
KaoJIMHUTOBBIE Topoabl. [lo BHemmemy Bumy
NEPBUYHbBIC KAOJWHBI JKHPHBIE HA OIIyIlb,
NOPUCTHIE MOPOABI OEIOro W cepoBaTO-0EI0To
BETA. [Tpu pacTupaHuu naIbIIaMu
0OHApYKUBAIOTCS IECUMHKH KBap1Ia.

Bmopuunvie kaonumner 00pazyrorcsi B
pe3yibTare MepeMbiBa MEPBUYHBIX KAOJIMHOB. B
npolecce pa3MbIBa, IMEPEHOCA W OTIIOKEHHS
OPOUCXOAUT WX OOOrameHne B MPUPOIHBIX
YCIIOBUSIX-yTAJICHHE NIECYAHO-AJICBPUTOBOM

Puc.117. BropuyHble rJIMHbI



NPUMECH U TSDKEJBIX MUHEpasioB. [lo rpanynoMeTpuu 1 miIacTUYHOCTH BTOPUYHbIE
KAaOJIMHUTHI TIOYTH SIBJISIIOTCS HACTOSIIIMMH TIIMHAMHU. B MX cocTaBe coepKuTcs
oousbie 30% (unoraa no 95%) rimuucteix yactuil (d<0,005 MM), MIACTUYHOCTD
0oJiee BBICOKAs, YEM y MEPBUUYHBIX KaOJUHOB (puc.117).

B mumnepanocuueckom cocmase BTOPHUYHBIX KAOJMHOB TpeoOiamaeT
KaOJIMHUT, UMEIOTCS HEOOJIbIIME MPUMECH THIPOCIIONBI, MBUIEBATOTO KBapIIa,
OUYEHb YacTa MPUMECh CYNIb(PUIOB Keresa.

[lo BHemHeMy BHIY BTOPHYHBIC KAOJHHBI
IUTOTHBIC, YKUPHBIC HA OIIYIh MMOPOIbI, OKpAIlICHHBIC
B cepoBaro-Oenbie, Oembie W cepbie TOHA. [lpum
pacTHUpaHUM TaIblAMH  HAIAYUE OOJIOMOYHOM
npuMecH He oOHapyxkuBaetcs. [ iMHa, 3aMeranHas ¢
BOJIOM, JaeT BA3KOE TECTO M PacKaThIBacTCsS B
TOHKYIO HUTb.

Moummopunnonumossie 2nunsi(pucllf). B
HACTOSAIEE BpPEMs WX HA3bIBAIOT OEHMOHUMAMU.

berToruTHI 00/1a7a10T CITOCOOHOCTHIO OBICTPO 1
CWIbHO pa3OyxaTh B Boje. Karuis BOJbI, yIaBiias Ha IOBEPXHOCThH TJIMHEI,
BBI3BIBAET CO BCITydyHMBaHUE. MOHTMOPWIIOHUTOBBIC TJIMHBI 00pa3yroTCs B KOpE
BbIBETpUBaHUS 3(PPy3UBHBIX MOPOJ, OOTATHIX BYJIKAHUYECKUM CTEKIIOM, CPETHUX
U yIbTPAOCHOBHBIX MOPOJ (3KEIEe3UCThIE MOHTMOPHJUIOHUTH 1 HOHTPOHHUTHI).

Inagnvim nopodoobpasyowum MUHEPATOM SIBISETCS MOHTMOPHWIUIOHUT,
BTOPOCTENICHHBIM — THUIAPOCIIOJbI, Pa3JMYHbIEe CMEIIAHHO CJIOWHBIE-MUHEPAIbI,
ayutoda, omnai u Jip.

MakpoCKONM4ecKh MOHTMOPWJUIOHUTOBBIE TJIMHBI HAIIOMHHAIOT BOCK,
KHUPHBI Ha OIIyIb, CBETJIOTO, CEPOBATO-0€I0T0, 3€JIEHOBATOrO W JKEJITOBATOTO
TOHA, OTIMYAIOTCS OT APYIHX TJIMH BBICOKOW IUIACTHYHOCTBHIO, CIIOCOOHOCTHIO
pa3z0yxaTh B BOJI€ U BBICOKOHW aJCOPOIIMOHHON CTIOCOOHOCTHIO.

Apeunnumel u 2nunucmeole cranyvl. Apeuinumsi — CHIEMEHTUPOBAHHBIE U
VIDIOTHEHHBIE TIMHHUCTBIE TOPOJBI CIOWCTOW WM HECIOUCTOW TEKCTYPHI.
OxpaltieHbl B CEpBIi, TEMHO-CEPHIE, 3EJICHOBATO-CEePhIE, OyphIe, KOPUIHEBBIE, PEXKE
KpacHbIe U necTpble 1BeTa. Kak mpaBuio, oHM He pa3MOKAIOT B BOJIE U JIUILICHBI
IUTACTUYHOCTH.

Inunucmole cranybl — TUIOTHBIC CJIAHIEBATHIC TIMHUCTHIC TIOPOJBI, HE
pa3MOKarolpe B BOJE U UMEIOIINE HUYTOXKHYIO MOPUCTOCTh (0O0BIYHO MeHee |-

206).

Puc.118.

IIpakTnueckas padoraNe24.
OnpenesieHne 00J10MOYHBIX TOPHBIX MOPO/I.
Obopyoosanue. KOJUIGKIUST OOJOMOYHBIX TOPHBIX TOPOJ: KPYIMHO/00I0M;
cpeane/o6mom; Menko/0070M; TOHKO/00J0M, cossHas kuciorta 10%,Tabmuma
KJIacCU(pHKAIMK 0CaT0YHbIX TOpo 1 (Ta0.32).
Ilopsaook evinonnenus paoomot .
¢ Pasnenuts Bce OOJOMOYHBIE TOPOJLI MO PAa3MEPHOCTH, MPUYEM BHAYaJe
HEOKAaTaHHBIE PHIXJIbIC: IIEOCHB, APECBA, TIECKU, AJICBPUTHI, TJIUHEI.






2.7. XuMuuyecKHe M OHOXHUMHYECKHE TOPO/IbI.

I'nunozemucmuie nopoabt — ajljiumol.

CocraB, cTpoeHHE U KIacCH(PUKAIUA AJTJTUTOB.
K rimmHo3eMHUCTBIM MOPOJaM OTHOCSTCS IATEPUTHI U OOKCUTHL. Jlamepumul —

OPOAYKTHI  TIIyOOKOTO

Puc.119. bBoxkcur.

BBIBETPUBAHUS ~ KPUCTAUIMYECKUX mopohd  (Kopa
BBIBETPUBAHUS), OOKCUMbl OBIBAIOT JATEPUTHBIMH,
OCAJIOYHBIMH U TIAaTGOPMEHHBIMH M OCaTOYHBIMU
r'€0CHHKIIMHAIbHBIMHU.

Texcmypol u cmpykmypsl OOKCUTOB 3€MIIUCTHIE,
OOBIYHO TOPHUCTbIE U KaBEPHO3HBIE, OOJUTOBBIE,
0000BBIE,  KOHKpPEUMOHHbIE,  adaHUTOBBIE U
pa3nMuHbIe 00JIOMOYHBIE OT KOHTJIOMEPATOBUIHBIX U
OpEKYHEBUAHBIX 1O MEJIKO3EPHUCTHIX ICAMMHTOBBIX.
Omnpenensiorcst MO BHEIIHEMY BUAY U OKpacke:

KpacHble, KpacHO-Oypble, Oypble, pexe Oemnble, Cepble, 3€JIEHOBAaTO-CEpPhIE U
nectpbie. OCHOBHAas Macca J0OBIBaEMbIX OOKCUTOB MUCIIOJb3YETCS JJIsl OJTy4EHUs
JTFOMUHHS, HEKOTOPas 4acTh JJISl U3TOTOBJICHUS OTHEYIIOPOB M aICOPOCHTOB (pHC.

119).

Kene3ucrbie, MapratueBbie ropubie nopoabl. ®ochopuThl, COJIH.

Puc.121

Kenezucmuie nopooet.

CocTaB, CTPYKTYpbl H Kjaccupukanusa
JKeJIe3UCThIX mopoa. K skenesucteiM mopojiam
OTHOCSITCS JKEJIE3HBIE PYJIbl 0CaAOYHOT 0 FE€HE3UCA.
Onu 3aQJIEraroT B BUJIE oOpa3zoBaHui
HenpaBWILHOU (HOPMBI (KOpa BHIBETPUBAHMS).

I nasnvle munepansbl Kene3uCTbIX MOPOJA —
JUMOHHUT, TeTUT, TUJIPOTETUT, reMaTur,
TUAPOTEMATUT, MAarHeTUT, CHIEPUT, OKHUCIBl U

TUAPOOKHUCTBI MapraHiia, Cyab(puabl kemesa;
BTOPOCTENCHHBIC — KAJIBITUT, TJIAYKOHHT, XJIOPHUTHI,
TJIMHUACTHIC MHHEPAJIbl U TEPPUTCHHBIC TIPUMECH —
KBapII, ITOJICBBIC IIIATHI, CITFOJIBI.

Texcmypot u cmpykmypvl KeIE3UCTHIX
MOPOJ CJIOUCTBIE M HECJIOUCTHIC, 3EMIIMCTEHIE,
OOJINTOBBIE, 0000BEIE, KOHKPEILIMOHHBIE,

OpeKYHeBHIHBIE, KOHTJIOMEpaTOBHUTHbIEC,
pa3MUYHbIE KOJUIOUIHBIE W METaKOJUIOUIHBIE,
cthepomuroBkIe, paIuaTbHO-TYYUCTHIE,
Koppo3uoHHbIe (puc.120,121).

Puc.122



Onpenensorcss MO BHEMIHEMY BHUAY M OKpacke: JKENE3UCThIe MOPOJbI
OKpalieHpl B Oypbie, OXpPUCTO-Oyphle, KpacHO-Oypble, BHIIHEBO-KpPacHBIC IO
KpPacCHBIX TOHOB.

MapraHueBbie MOPOJAbI.
Cocmae cmpykmypa u Knaccuukayus map2anyeevix nopoo.

K MapraniieBsIM mopojiaM MpuHaAJISKAT Pa3IuIHbIe 0CaJOYHBIC
00pa30BaHUsI MOPCKOTO, JJArYHHOTO KOHTUHEHTAJIbHOTO MPOUCXO0K I€HUS (03€pHBIE
PYIbl, pyAbl KOPBI BBIBETPUBAHUSA ), COJIEPIKAIINE, KaK ITpaBmiio, 6bosee 10% oxucu
mapranna. Krnaccudukanuss MapraHieBbiX MOpOJI OCHOBaHAa Ha TEHE3UCe U
MUHepasorTuueckoM coctaBe. Cpeau HHX BBIACISIOTCS MO  TEHE3UCY
XeMOOUOTEHHbIE M XEMOT€HHBbIE PAa3HOCTH U 10 MHHEPAIbHOMY COCTaBY —
OKHCHBIC U KapOoHaTHbIE (Ta01.36).

I nasuvie mumnepanvt mapeauyegolx TOPOA — OKHUCIBI U THAPOOKHUCIIBI
MapraHiia — MaHTaHWT, MHUPOJIO3UT WM BaJ M JAp., KapOOHAThl MapraHiia —
MaHTaHOKAJIBIUT, poAoXpo3uT (puc.122) u np. Kpome muHepanoB maprasia B
BUJI€ BTOPOCTENEHHOW COCTABHOM 4YacTW MPUCYTCTBYIOT TJIAyKOHHUT, OIaJl,
XaJIeIoH, OKHUCIIBI M TUIPOOKUCIBI JKeJie3a, TIIMHHUCTHIE MUHEpPAJbl, KaJbIIUT,
CUJIEPUT U TEPPUTECHHBIE PUMECH.

Mapeanyesvie nopoosvl umerom uepHyr0 OKpackKy, 4YacTo 3EMIIHUCTOE
CJI0KE€HUE (HATOMUHAIOT KyCOK 3€MJIM - IIOYBY), pPEKE KOHKPELMOHHOE OOJIMTOBOE,
6060BoOE.

KpynHble KOHILIEHTpaluu Mapraiiia — pyAbl B OCaJOYHBIX MOPOJAX
BCTPEYAIOTCS 3HAYUTEIILHO PEXE.

Dochammnvie nopoowt.

CocrtaB, cTpykrypa u kjaaccupuxkanusa d¢ochatupix mopoa. K
dbocdaTHBIM MOPO1aM OTHOCSITCS Pa3IMUHBIC 0CAI0UYHBIE 00Pa30BaHMSI MOPCKOTO
U HA3€MHOTO [MPOUCXOXKJEHUS: IUIACTOBBIE, KOHKPEIMOHHO -)KEJIBAKOBbIE
dochoputsl U koctaHble Opekunn. OObIYHO K (Poc(]aTHHIM OTHOCAT MOPOIBI,
conepxamme He MeHee 10% P,0s. Knmaccudukanums mx ocHOBaHAa Ha T'eHE3WCE,
MUHEPATbHOM COCTABE U TEKCTYPHO-CTPYKTYPHBIX MPU3HAKAX.

I nasnvle nopoodoobpasyowue munepanvl (HochaTHbIX MOPOA — COJHU
docdaTHON KUCIOTHI: THAPOKCUIIANIATUT, KapOoHAT, anmatuT. BakHas coctaBHas
yacTh (ochopuTOB — KapOOHATHI KBNS, MarHUs | JKeJie3a.

BropocTeneHHbIMU MUHEpagaMH MOTYT ObITh OMaj, XalleAOH, KBapll,
TJIAyKOHUT, CYIb(QUABI KEIe3a U TAKEIbIX METAJUIOB, OPraHUYECKOe BEUIECTBO U
TEPPUTCHHBIE  YACTUIBl TPABUMHOM, MECYAHOM U  AJIECBPUTOTIMHUCTOU
pasmepHoct. IlociienHue SBIAIOTCA  CYIIECTBEHHOW COCTABHOM 4YaCThIO
YKeNMBaKoBBIX dochoputoB (puc.123).

®ocdoputsr comepxkar P,Os ot 10-40%. Ouu
BECbMa pPa3HOOOpa3Hbl MO BHUAY U TEKCTYpHO-
CTPYKTYpHBIM Tpu3HakaMm. Cpeau HUX BCTPEUAOTCs
nopo/bl 6enoro, ceporo, TEMHO-CEPOT0, YEPHOTO,
3e5eHoBaTo-ceporo 1usera. OHU MOTYT HallOMUHATh
KOHTJIOMEpPAT, NeCYaHuK, apruumT(puc.123.)

Texcmypvr u cmpykmypol GHocHoOpuUToB —

puc.123



CJIOUCTBIE, KOHKPEIHOHHBIE (M JKEIBAKOBBIE), OOJMTOBBIE, IICEBJOOOIUTOBHIC,
c(hepoMTOBbIE, PEIMKTOBO-OPTaHOTEHHBIE, OPTaHOTEHHbIE, OOJOMOYHBIE.
3aseraloT OHU Cpeau TJAYKOHUTOBBIX, OOJIOMOYHBIX M KapOOHATHBIX MOPOJ.
HNuorna ¢ocdarHoe BemecTBO SBJSIETCSI LIEMEHTOM B OOJIOMOYHBIX U
TJIayKOHUTOBBIX TIOPOIaX.

IInacmosvie — TeOCUHKIMHANBbHBIE (DOCHOPUTHI 3aJIeraloT B BUJIE IJIACTOB
MONIHOCTBbIO OT HECKOJbKHUX CAHTUMETPOB 10 15-17M, okpamieHa OOBIYHO B
TEMHbIE TOHA. MaKpOCKOTIMUECKH TOX0KHU Ha MECUAHUKH, KPEMEHb, SIIIIMY.

Kensaxoevle  ¢pocchopumevl  pacupoCTpaHeHbl B IUIAaT(OOPMEHHBIX
oTNIokeHUaX. VX pa3AensioT Ha KBap1ieBO-TeCUaHble, KBapIEBO-aJIEBPOJIUTOBBIE U
rJIayKOHUTO-TIecyaHble. B numde BuaHO, 4TO 00pa3oBaIMCh OHU B pE3yJbTare
MECTHOM 1IEeMEHTalUU 00JIOMKOB U TJIayKOHUTA (hOCHaTHBIM BEIIECTBOM.

Conanvle nopoowt uiu conu.

CocTaB, CTPYKTYpbl U KJaccupukamus coJjieil. K consiHbIM nopojam
OpUHAJISKAT pa3jMuHble OCaJO4YHble 00pa3oBaHMsA TJIABHBIM  00pa3zom
XEMOT€HHOTO MPOUCXO0XKJEHUS, COCTOSIIIME W3 MHUHEPAIOB KIJACC XJIOPHUJIOB,
Cynb(}aToB 1 HEKOTOPBIX APYyruX. OHM 3aeraroT B BUJIE TUIACTOB, MIPOCIIOEB, JINH3
pazimyHO ¥ MOIIHOCTH. COJIIHBIE TOPO/IbI KIIACCU(DULIUPYIOT MO TE€HETUYECKOMY U
MUHEPAIOTUYECKOMY TpPUHLMIAM. BBIAENAIOTCS XEeMOTeHHbIE JIaryHHbIE U
03epHbIe 00pa30BaHMs U KOHTUHEHTAIbHbIE — TIOYBEHHBIE.

I nasuvie munepanvl CconaAMbIX — AQHTUAPUA, THUIC, TaJUT, CHIbBHH,
KapHAUIMT, NOJUranur, BropocreneHHole — KapOoHaThl (coJa, MAarHesur,
JIOJIOMHT), MUHEpaJIbl O0pa (YJIEKCUT, HHbOUT), OKUCIBI U TUAPOOKHUCIIBI KeJe3a,
CynbGUAbI Kee3a U IPYruX METayiOB, OPraHMYECKOe BEIIECTBO.

Cpeny 06,J0MOYHBIX MUHEPAJIOB Yallle BCETO BCTPEUYAIOTCSI KBApII, MOJIEBHIE
IINAaThl, CIIOJBL. 1excmypvl CONAHbIX TOPOJT MACCUBHBIE, CJIOUCTHIE (TOHKO U
rpy00), ISITHUCTBIE, OPEKYNEBUAHBIC, IJIOMYATHIE.

Cmpykmypul - KpUCTAIUINIECKU-3EPHUCTHIC. Onpedensaomcsa no xopouiei
PaAcmeopumocmu u coienvle Ha 6Kyc.

CyabpaTHbie mopoabl. B Buie TOHKMX NPOCJIOEK, IJIACTOB U JIUH3
3HAYUTEIbHOW MOIIHOCTU BCTpedaercsl aHruApuT. OH yanie BCEro 3€pHUCTHIN,
TOHKO3EPHHUCTBIA Troy00BaTO-ceporo, pexe O€Ioro M KpacHOBATOTO IIBETA.
B61131 MOBEPXHOCTH 3€MJIM TOJABEPTaeTCsl TUApaTallii U TIEPEXOIUT B THUIIC CO
3HAYUTENIbHBIM YBEIMYEHUEM 00beMa U3MEHEHUEM TEKCTYpPbl U CTPYKTYphI. [Ipu
ATOM B CJIOMCTBIX AHTUAPUTAX BO3HUKAET MEJIKas
CKJIAI4aTOCTh — IJIOMYATOCT.

Aneuopum  OOBIYHO TIEpECIIAaUBACTCS  C
TUAIICOM, KAMEHHOM COJIbIO U TJIMHOW, BCTPEUACTCS
OH TaKXe B BUJI€ HEOOJbIIMX MATEH U BKIIOUEHUN
B KAMEHHOM COJIN.

T'unc Habmromaercs B TEX K€ YCIOBUSX, YTO
Y aHTUJIPUT, 4aCTO COBMECTHO C aHTUJIPUTOM. DTO
nopojga  Oenoro,  cepoBaro-O€noro  IBETa,
Puc. 124. Tunc, cTsuke HUs po3oBaTas, KpUCTALIMYECKU-3€pHUCTast (TOHKO-,

MEJKO-, CpeIHe- U KPYIMHO3EPHHUCTasi), OOBIYHO




ciaouctas (TOHKO WM Tpybo), pexe MaccuBHad. Ormnpexaensercs 10
pPacTBOPUMOCTH, JIETKO LiaparmaeTcs HOTTeM, OCTaBisisl OeJblid IBET YepThI
(puc124).

Ha riy6une (ot 100-200M u Gosee) TUMC NepexoauT B aHTUAPUT.

XJiopuaHbie MOpoAbl (rajgorennl). Kamennas conb CIOXKEHA TajJUuTOM, B
BUJICE TPUMECH COJIEPKHUT HEOOJBIIOE KOJIMYECTBO JPYTUX XJIOPUCTBIX U
CEPHOKHCIIBIX COJIeH, aHTUAPUTA, OKUCIIOB JKejle3a U TePPUreHHBIX dyacTull. OHa
OecliBeTHa WJIM OKpalleHa B cepoBaThie U OelIoBaTO-cepbleé M KpacHBIE TOHA.
M3peaka BcTpeuaercss cuuAs coib. Cepas oOKpacka CBsi3aHa C IPUMECHIO
AQHTUJIPUTA U TEPPUTCHHBIX YaCTHI], KpaCHAs -TeMaTUTa, CUHSASI — C PACCEIHHBIM B
rajure MeTaUTM4eckuM Harpuem. OOBIUHO KaMEHHas COJb WMEET TOHKYIO
CJIOUCTOCTh-PE3yJAbTAT WU3MEHEHHUsS] YCJIOBUH OCaXAEeHUS (CE30HHBIE CJION),
KPUCTAJUIMYECKU-3EPHUCTYIO CTPYKTYpPY, HacTO KPYMHO- U TPyOO3EpHHUCTYIO.
OrnpenensieTcs Mo XOpoIlel pacCTBOPUMOCTH U COJIEHAs! Ha BKYC.

Kapnannumosas nopooa coctout Ha 50-80% u3 munepana kapHawmra 20-
50% ramura ¢ HEOOJBIIMM KOJUYECTBOM AaHTUAPHUTA, TIMHHUCTBIX U JPYTUX
npumeceit. OkpailieHa B OpaHKeBO-KpacHbIe M KpACHbBIE TOHA, OKpacKa MATHUCTAS.
brnaronapss BBICOKOM THUTPOCKOMWYHOCTH KapHAUIMTA IMOBEPXHOCTH MOPOIbI
BiaxHas. [Ipu mpoBeneHnn Mo MOBEPXHOCTH MOPOJbI CTATHHOM UTJION CIIBIIITHO
XapakTepHOe MOTpecKuBaHHE. B Bujae BKIIOUEHUI B KapHAIUTE BCTPEUAIOTCS
ra3oo0pasHble YIJIEBOJOPOJbI M OCTAaTKU CoJieoOpasylollel parbl, XKryde-
coJieHas.

Cunvsunosas nopooa coctout u3 ramta (25-50%) u cuinbpBuHa (50-75%),
COIEPKUT TaKk >k€ He OO0JbIIOe KOJMYECTBO AHTHAPUTA, JUIMHBI M I yTUX
ITPUMECEN.

CunpBUHOBAsSI TOPOJA OOBIYHO UMEHYETCSI CUIbBUHUNOM, Yl 3TO Ha3BaHHE B
NPOTUBOIOJIOKHOCT JIPYTUM  (KapHAJUTUTUT, THUICUT) TMOJYYHUJIO IIHUPOKOE
npuszHanue. L[Ber ee Oenblil, MOJOYHO-OENBINA, KpPAaCHO-OypBIHA, KPacCHBIM.
MonouHo-0enasi Okpacka CBsi3aHa C MHOT'OYMCIICHHBIMU MY3bIpbKaMH U raza u
KHUJIKOCTH (TaK e, KaKk B MOJIOYHO-3aMYTHEHHOM THIPOTEPMAILHOM KBapIie),

Xopomasa paCTBOPUMOCTb U T'OPLKO-COJICHAA Ha BKYC.







Opranunyeckue mopoabl
Kapoonammnuwie u kpemuucmoie nopoovt
Kapoonammnuwie nopoowt

CocraB, cTpyKTYpa M KIaccu(PpuKanusi KapOOHATHBIX MOPOA.

K xapOoHATHBIM TIOpOJaM OTHOCATCS Pa3IUYHBIC HW3BECTHSIKH, MeEI,
WU3BECTKOBBIC TY(DBI, IOJJOMUTHI U TTIOPOJIbI CMEIMIAHHOTO COCTAaBa. 3aJIerafoT OHU B
BUJIC IUIACTOB, JIMH3, KOHKPEIMH, CJIOKEHBI, TJIaBHBIM 00pa3oM, MHUHEpajlaMu
TPYMNIbl KAIBIUTA WK CKEJIETAMU U3BECTKOBBIX OPTaHU3MOB.

[o rene3ucy n3BECTHSAKH 00JIOMOYHBIE, ONOTEHHBIE U XEMOTEHHBIE TIOPO/IHI,
0 MHUHEPATBHOMY COCTaBY — KAJIbLUUTOBBIE, JOJOMUTOBBIE U CMEIIAHHOTO
COCTaBa.

CtpykTypbl  KapOOHATHBIX TOPOJ  OOJIOMOYHBIE —  TCEPUTOBLIE,
MICAMMUTOBBIE, ATIEBPUTOBBIE (IIJTAMOBBIE), OPTAHOT€HHBIE (LIETbHOPAKOBUHHBIE U
JIETPUTOBBIC), MHKpO3epHUCThIE ¢ pasmepoMm 3epeH 0,05 — 0,005mwm,
nenmutoMoppHbie — ¢ pazmepoM 3epeH Menee 0,005 MM, KpUCTaUTU4ECKU-
3epHUCTbIie — pa3mep 3epeH Oosiee 0,05-0,1MM, 0OJIMTOBBIE, MCEBIOOOIUTOBEIE,
MU30JUTOBBIE. ONIPEAEIAIOTCS O XOPOIIEMY B3aUMOJIEHCTBUIO KUCIOTAMH.

buorennbie U3BECTHAKH. buorennsie : )
U3BECTHSKM  COCTAaBIIIOT  OOJBIIYIO  4YacTb
KapOOHATHBIX TOpo 1. OHU COCTABJISIIOT U3 OCTATKOB
OPraHu3MOB, MPEJCTABIEHHBIX LETbHBIMU
pakOBMHAMHM WM PAKOBUHHBIM JICTPUTOM, HE
HECYIIUX  3aMETHBIX  CJICIOB  MEXaHWYECKOU
obpabotkn. B 3aBucuMocTH OT  Xapakrepa

Mmarepuajla ¥ THIIOB OPraHU3MOB Pa3jMyaroT
U3BECMHAKU-PAKYULEYHUKU, COCTOSIIIIAE W3 TEIBIX
PaKOBUH U 0empumoswle U36eCmHusKU, COCTOSIINE U3
PaKOBHHHOTO JICTpHTA (puc.125)

PakylieuHUKM W JETPUTOBBIC W3BECTHAKH OOBIYHO IOPHCTHIC, O€IbIe,
YKEeNTo-0ernblie, Oyphie.

K OGuoreHHBIM M3BECTHSKAM MPHUHAJICKHUT OeNbIil MUy mer — Oenas
CpPaBHHUTEIBHO MArKasg Mopoja (B CYXOM COCTOSHUM TBepJasi) C BBICOKOH
nopuctocteio (10 50%). B Memy mmeercs Takxke METUTOMOP(HBINA KaIbIUT,
KOTOPBI B KaKOW-TO Mepe WIrpaeT poJib IIEMEHTAa, BO3MOXKHO, XEMOTEHHOTO
oOpa3zoBaHusl.

K kapOoHaTHBIM MOpOJaM XUMHUYECKOTO MPOUCXOXKISHHS MpPUHAIIEKAT
TaKKE uU3Becmrosvle mygvl, 00pa3yrolnmecs Ha BBIXOJaX MHHEPATbHBIX
HCTOYHUKOB. DTO MOPHUCTHIC, HO3IPEBaThie 00pa30BaHUs HATEUHOTO CIIOKEHHUSI C
NeTUTOMOPGHOM UM MUKPO3EPHUCTOM CTPYKTYpoil. OKpaiieHsl TyQbl 0OBIYHO B
KENTOBATO-Cephble U OypOBaThie TOHA, HHOT/Ia CBETJIbIC, IIOYTH OeJIbIe.

Jlo10MHUTOBBIE MOPOABI. J[OJJOMHTOM Ha3bIBAIOT MOPOJTY, COCTOSIIYIO H3
MUHepana aoJiomuta (>95%). OObIYHO OHAa COAEPKUT MPUMECH KaJbIUTA, PEXKE
NUPUTA, XAIIEA0Ha, KBapIa, OPTaHUIECKOTO BEIIECTBA. B HEKOTOPHIX AOJOMHUTAX
BCTPEUAIOTCS BKPAIUICHHUS aHTUAPUTA, TUIICA U CYIb(PHUIOB CBUHIA U LKHKA. [lo

Puc. 125. OrpaHoreHHbIii
U3BeCTHAK



MAaKpOCKOMUYECKOMY OOJIMKY JIOJJIOMUTHI HAlOMHUHAIOT W3BECTHAKU. OTianuue
3akirodaercs B pazmmuHoit peakmmnu ¢ HCL M3Becthsaku ¢ xomomaroit HCI GypHo
BCKUITAIOT, JOJIOMUTHI HET. Eciu donomumogyio nopody ucmepemsv 6 moHKuil
nopowoK, nocieonuit oyoem eckunamo ¢ xonoonoiu HCI, no cnaoee, uem
U36ECM HAK.

Mepzenu — 3TO TOHKO3EPHHUCTHIE, OOBIYHO MSATKHE, PEXKE TBEPAbIC
KaMHET0100HbIE MMOPO/Ibl, OKpAIlIEHHBIE B O€JIbIe, )KEITOBATO -CEPhIE, 3€JICHOBATO-
cepple, peako TeMHble TOHAa. CHOXEHbl OHU MEIUTOMOP(PHBIM WM
MHUKPO3EPHUCTHIM KaJIbIUTOM (PEAKO JOJOMHUTOM) M TOHKHM TJIMHUCTBIM
MarepuasioM. OMpeaenstoTcs Mo B3aUMOJASHCTBUIO C COJITHOW KUCIJIOTOM: MOCIe
OYpHOI peakiKy Ha MOBEPXHOCTH MEPTEIIs MOSBISETCS TPSA3HOE TSTHO.

Kpemnucmouie nopoost (cunuyumaut).
CocTtaB, CTPYKTYpPBI U KJIacCH(PUKANUA KPEMHHUCTHIX MOPO.

K KpeMHHUCTBIM NOpOJIaM OTHOCATCS pa3MuHbIe 0Caq0YHbIe 00pa30BaHMUsl,
LHEIIMKOM WJIM YacTHUYHA CJIOKEHHbIE KPEMHE3€EMOM XEMOTE€HHOr0 WU
XeMOOHMOTE€HOTO U CKeJIeTaMU KPEMHEBBIX OpraHu3MoB. OHU 3ajieraroT B BUJE
IUIACTOB, TMPOCJOEB, KOHKPEUUA U KOHKPELUMOHHBIX OO0pa3oBaHM, WHOTIA
00pa3yroT HaTEeKU, KOPKHU.

Knaccuguxkayua kKpemnucmolx nopoo ocHoeana Ha 2eHe3uce U
MUHEPATIbHOM COCHLAGe.

+¢ Ilo reHe3ucy BBIACIAIOTCS:
¢ XEMOTEHHbIE (ref3epuThl, KPEMHEBBIX KOHKPELIUN),
¢ OuOreHHbIE (IUAaTOMUTHI, PAAUOJISIPUTHI),
¢ XEeMOOMOTEHHbIE MOPOJbl, OOpa3oBaBIIMECS B pe3yJbTaTe HAKOIUICHUS

CKEJIETOB OPraHU3MOB.

K XeMOOMOTeHHBIM MNOpPOJIaM OTHOCHUTCSI TpENed, OMOKH M HEKOTOphIe
SILIMBI.

s Ilo MUHEpATLHOMY COCTaBY BBIJICIISIOTCS :
¢ OMNAaJIOBBIE,
¢ OnaJjo-XaJleI0HOBBIE,
¢ XaIlUeA0H-KBAapLUEBBIE IOPOBI.
['maBHBIE TOPO1000pa3yIOIIe MUHEPATIbl CUIMLIUTOB — Pa3IMYHbIE OKUCIIBI

KpeMHusi — onan amopdubii, coaepxkaumii 10 30% BOABI, U pa3TUUHbBIC
KPUCTANTMYECKUE MHUHEpaIbl — XallleJOH, KBAPLUT, KBapl, KPUCTOOAIUT U JIp.
BropocTenennple —  kapOOHAThl, OKUCIABI U  THAPOOKHUCIBI  XKEJe3a,

[loponooOpasyromue  OpraHu3Mbl  KPEMHHUCTBIX ~ TOPOJA  MPEICTaBIICHBI
JTMATOMOBBIMH BOJOPOCISIMU, PATUOISIPUSIMU U TYOKaMH.

KpeMHucTBIC TOPOABI XUMHYECKOTO MPOUCXOKICHMS.
Auimbl — 3TO XaNlEIOHOBBIE M KBAPIIEBO -XaJIIEIOHOBBIE TOPO/1bI, TOBOJHHO
CHJILHO M3MCHEHHBIC.
Onmanm BcTpewaercss B smmMax BecbMa peako. Kpome OCHOBHBIX
MOPOI000PA3YIOIINX MUHEPAJTIOB, B AIIMaX BCTPEUALTCS Pl MPUMECEH: OKUCIIBI U



TUAPOOKUCTBI JKene3a (AIMbI OypOBOrO LBETa, KOPUYHEBOI'O, KOPHUYHEBOTO
1[B€TA), TJIMHUCTBIC MHUHEPAILl W XJIOPHUTHI (SIIMBI CEPOT0 M 3EJICHOTO IIBETA),
OpTraHUYEeCcKO€ BEUIECTBO (SAIIMbI TEMHO-CEPOT0 U YEPHOIO I[BETA).

AummMbl pa3HOOOpa3Hbl IO CBOMM TEKCTYPHBIM OCOOEHHOCTSM M IO IIBETY:
MoJIocuateie, IMSATHUCTHIC, y30p4arhie, Oyporo, KpacHOro, 3€JIeHOTO0, CEeporo,
YEepHOTO, MAIMHOBOTO I[BETOB, IIMPOKO PACIPOCTPAHEHBI 3€JICHOBATHIC SIIIIMBI (OT
CBETJIO-3€JICHBIX 10 TEMHO-3€JICHBIX).

KpeMHuCTBIE IOPOABI OPraHOTEeHHOT 0 NMPOMCX0KIeHUsA. K KpeMHUCTHIM
nopogaM OHOTEHHOTO H  XEMOOHMOTEHHOTO TPOUCXOXKACHUS OTHOCSTCS
ouamomumasl, paouoIApUmMsl, CHOH2OIUMbL, mpeneivl U onoku. Bece OHU IMPOKO
pacrpoCTpaHEHbl B ME3030MCKUX U KAMHO30UCKUX OTIIOKECHUSX.

Jluamomumuvr — J5erkue, CBETIIbIE, TOHKOMOPHUCTBIE U MSITKUE IMOPOJbI
(mmotHOCTH  0,4-0,8). CoOCTOAT M3 CKOPJYHNOK JHATOMOBBIX BOIOPOCIIEH,
CLEMEHTHPOBAHHBIX OmnaioM. Kak u 60JIbIIMHCTBO OMATIOBBIX MOPOJI, MPUIUIAIOT
K A3bIKY (0Jaroapsi BBICOKOM MOPUCTOCTH U OOJIBIION y/IEIbHOM MOBEPXHOCTH).

Paouonapumer — nopoabl CIOUCTON TEKCTYPbI (4ACTO MUKPOCIOUCTHIE) OT
Ceporo N0 TeMHO-ceporo IBeTa. COCTOSAT W3 omaja, B KOTOPOM PAaCCESHBI
MHOTOUYMCJICHHBIE CKEJIETHbIE OCTaTKU pPaJHUOJIPUH, COJEpkKaT MPUMECH
[JIMHUACTBIX YacTUI] M OPTaHUYECKOTO BEILECTBA, CYJIb(QHUIOB Kene3a, B
YETBEPTUYHBIX OTJIOKEHUAX BCTPEUAETCA IITyOOKOBOIHOE PAJANOJIIPUEBBIN UL

Hckomaembie paguosIpUTBl  CBSI3aHBI TMOCTENEHHBIMU TIEPEXOJIaMU  C
AIIMaMH, COAEPKAIMMH OCTATKUA PATUOJIIPUMA.

Tpenenvt u onoxku — B KyCKe cepble, Oe0BaTo-cepble, MHOT1a MOYTH Oesble
MOPOJIbI, OYEHb JIETKHE, HATOMUHAIOT KaoJIMH U Men (TuioTHocTh Tpenena 0,7-1,4
omok — 1,1 — 1,8).

['11aBHBIA MUHEpANI B Tpeneiax U onokax — onail. OH BCTpedaercsl B BUJE
MENbYaWIIMX IIAPUKOB MHMKPOCKONHWYECKHX pasMEpOB M B BHUAEC LIEMEHTA,
CBSI3BIBAOILIETO 3TU IIAPUKU U JPYTrUe KOMIIOHEHTHI TOPOBL.

Omauuumenvuvle NPUHAKU: RPUTUNAIOM K A3bIKY, OROKU 0Ooee
njiomHuusle, nPU yoape Moiom KoM u30arom 360HKUIL 36K, UMEIOM PAKOBUCHL blil
U3/10M, OCMpble Kpas u 0oiee memHyIo 16em 08yio okpacky. Tpenen myunucmas
PbIXN1aA ROPOOA C OKPY2bIMU KPAAMU, C6EM A, J1€2KAA, NJ1A8Aent 8 600e, NPU
yoape mMo10mKoOM uzoaem 2iayxoil 36yK.

Tpenenbl ¥ OMOKH 3aJIeratoT B BUJE TUIACTOB PA3JIMYHON MOIIHOCTHU U JIMH3
KapOOHaTHBIX M 00JIOMOYHBIX mMopoj. Haubornee vacto oHM BCTpeyaroTcs B
MEJOBBIX, MAJIEOT€HOBBIX U HEOT€HOBBIX OTJIOKEHUS

Kaycmoouonumot.

K xayctoOuonuram oTHOCATCS TOpd, campolenb, TOpPIYHE CJIaHIIbI,
UCKOIMAaeMble yrau, HeQTh, TBEpAble OWTyMbl M Toprouue raswl. [lo cocrasy,
CBOWCTBaM M YCJIOBUAM 00Opa3OBaHMs OHU MOAPA3IEISAIOTCS Ha JBE MOATPYIIIbL:
Topda, canporness ¥ UCKOTaeMbIX yriel u HedTH, OUTYMOB U TOPIOYUX T'a30B.

IIpakTHyeckas padora Ne29, 30
M3yuyenne u onucanue 0CaA04YHBIX TOPHBIX OPOA.
1. U3y4yeHue cTpyKTyp U TEKCTYp OPTaHUYECKHUX MOPOL.



MeTtamMoppuieckne ropabie NOpoabl
2.8. YcaoBusi 00pa3oBaHusl, 0CHOBHbIE XapPAKTEePUCTUKHU
U Kiaaccupukanus MeTaMoppuIecKHUX IOPHBIX MOPOJ

Meramopduyeckne TOpPOJbI BO3HHKAIOT B pe3yibTaTe MpeoOpa3oBaHHS
paHee CYIIECTBYIOIIUX 0CaJOYHBIX, MArMATHIECKUX U METaMOPPUUECKUX TOPHBIX
MOpOJi, MPOUCXOMSIIET0O B 3EMHOW KOpE TMOJ BO3JCHCTBHEM SHJOTECHHBIX
NpOIECCOB. DTH MPEoOpa3OBaHUS TPOTEKAIOT B MIEEPOOM COCHOAHUU W
BBIPKAIOTCS 8 UBMEHEHUU MUHEPATIbHO20, A UHO20A U XUMUUECKO20 COCM a6d,
CHPYKmYPbL U HeKcmypol nopoo. Pexe MUHEpaTbHBIN COCTaB COXPaHSCTCS.

MetaMoppu3M IPOUCXOTUT TIOJT 8030€li CHL 81 EeM 6bICOKOIL ML eMNEPaAmypPbl U
Ooagnenus, a TaK IKE BCICACTBHEC HPUGHOCA U BbIHOCA BeUieC8d
8bICOKOM eMNEPAMYPHBIMU PACM 80PAMU U 2a3amu . BOTBIIYIO POJIb UTPAET TaK
e COCTaB UCXOJIHBIX MTOPOI.

[lo mpeoOnamanuio TeX WM WHBIX (AKTOPOB B XOJi€ MPeoOpa3oBaHMS
BBIJICISICTCSI HECKOJILKO PA3JIMYHBIX M UN06 Memamopusma.

1.PernonajnbHblii MeTaMOpP(pH3M BbI3BIBAETCS BBLICOKUM HEPAaBHOMEPHBIM
JIAaBJICHUEM WM TEMIIepaTypOi M 3aXBaThIBaeT OOJBIINE TUIOMIAAN. DMmom npoyecc
CONPOBOCOaemcs: NepeKpUCmaiiu3ayuell U HoeblM MUHEPAIo00pa3068aHuem 6
YCOBUAX PACNIIOWUBAHUS U NIAACMUYECKO20 MedeHUs. NOpoo0, YMmo NPUBOOUN K
NnosGNIeHU0 Haubolee XapaxKkmepHou Oas Memamopuueckux o0pa308anull
OpUEHMUPOBAHHOCMU (NAPALIETLHOMY PACHOLONCEHUI0) MUHEPATbHbIX YACMUY

(puc.126).
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Puc. 126. IlpeoOpa3oBaHue apruJUIMTa B INIMHUCTBIN cJIaHel.
3épHa pacIuIIOIIMJIMCH U IPUOOPe/M Mapajjie/ibHOe PACIoJIOKe HUe

TakoBO IPOMCXOXKAECHUE OOJIBIIEH YacTH METaMOP(HUIECKUX TTOPO/I.

Ipumep: cranyst (TTMHUCTHIC, KPUCTALIMYECKUE, TATLKOBBIC, XJIOPUTOBBIC,
CIIOASIHBbIE, PUILUIUTHI), ampuborum, Keapyum, Mpamopbsl, SHEUCHL.

2. lunamoMeTtaMop(u3M - BO3HUKACT MOJA 6030eucmeuem O0agieHus 8
VCNOBUSX HEBbICOKUX MeMnepamyp u 3axuodaemcs: 6 UHMeHCUBHOM OpOOieHuU
MUHEPANbHBLX 3epeH 0e3 CYWEeCmEeHHOU UX NePEeKPUCTATTUSAYUU.

IIpumep: mexmonuueckue opexuuu, MUIOHUMbL.

3. KoHTakToBBIIi MeTamMOpP(pU3M BBI3BIBACTCS Oe€lCMEUeM 6blCOKOLL
memnepamypui, Napog U pacmeopos, CEA3AHHbIX C 6HeOPEeHUeM MASMAMUYECKO20
pacnaasa. Habniooaemcs 6001b spanuy MazmMamuyeckux mei u umeem mMecmHoe
3HayYeHue 6 Npeoopa306aAHUU EMEWAIOWUX NOPOO, USMEHEHUU UX CIMPYKM)pbl,
MeKCmypul U coCmasa.

Ipumep: pocosuxu.

4. IIHeBMATOJIMTOBBII W THAPOTEPMAJBbHBI  MeTaMOpdu3M:
pa3BUBACTCS NPU UHIMEHCUBHOM NPUBHOCE 8 NOPOOY HOBbIX GEUJeCHE 2OPAYUMU
BOOHbIMU ~pPACMBOPAMU U 2A3068bIMU  IMAHAYUAMU, NOOHUMATOWUMUC U3
ocmulgaiowezo mazmamuyecko2o odaza. Ilpu smom npoucxooum usmeHneHue He
MONbKO MUHEPATbHO20 COCMABA, HO U XUMUYECKO20 cOCMA8ad Nopoo.

[Ipy oO4YeHb MHTEHCMBHOM NIPUBHOCE HOBBIX BELIECTB U Pa3BUTUU
3aMEILEHUs] TEPBUYHBIX MUHEPAIOB XWMHUYECKH aKTUBHBIMH BELIECTBAMMU
BO3HHKAET 0COOBIN BU MeTaMOp(pr3Ma — MeTacoMaTo3.

Takoli Bun mMeramopdusMa HanOoJjiee aKTUBHO MPOSIBISAETCS HAa KOHTAKTE
Marm KMCJIOTO COCTaBa C 0OCaJ04YHbIMU IIOPOJaMHU KapOOHATHOT'O COCTaBa.

(K xuMuyeckn akTUBHBIM BEIIECTBAM IMPEXAE BCEro OTHOCHUTCA 600d U
yenexucioma, cepogooopoo, hmopucmas KUcioma, COIsIHAsL KUCIOMA, d30m).
Ipumep: ckapmuvt u cpetizensi.



METAMOP®UYECKHUE IMTPOLHECCHI
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PEI"MOHA JIbHBIN MOP®U3M KOHTAKTOBBIU TO3
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I'neiics YECKHE CKapHBI
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Puc. 127

MeToauveckne peKOMEHIAAUMH K ONHMCAHUIO
MeTaMOpP(PHIECKUX TOPHBIX MOPOJ

N3yuenue Meramop(duUecKux TOpPHBIX MOPOJ HAUMHAECTCS B Mpoliecce
MOJIEBBIX MCCIIEIOBaHM, KOTJa pelIaeTcs BOMPOC 00 YCIOBHSX UX 3ajeraHus,
O B3aMMOOTHOIIEHUSAX C M3BECTHBIMM B PalilOHE MHTPY3MBAMH, O XaAPAKTEpE
MeraMopdu3Ma U U3MEHEHHS €r0 MHTEHCUBHOCTH B mpocTpaHcTse. [Ipu
u3ydeHun (opMbl 3ajeraHusi MeTaMop(dUUYECKUX MOPOJ CJIEAYET YUWUTHIBATD,
YTO OHa MpPEeXJ]Ee Bcero ompenessercss Mopdosoruei reoJoruyeckux Tell, 3a
CYET KOTOPBIX 3TU MOPOJbl 00pa3zoBaIuCh. B Kaka0M KOHKPETHOM CIlydae
3T0 MO0 pa3IMYHbIe MarMaruyeckue Tena, MO0 TOMIM, CJIOH, JIMH3BI
0caJI0uHbIX Mopo/1. MHaue pemiaercst BOMpoc 0 KOHTAKTOBO— METaMOP (PU30BaHHBIX
nopojiax, 00pa3yoluX OPEOJibl Pa3IMYHON MOIIHOCTH BOKPYT MHTPY3MBHBIX
TN, B OOIIMX uYepTax MOBTOPAONME (POPMY MX KOHTAKTOB.

Omnucanne MeTaMOp(UUYECKUX TOPHBIX MOPOJ MPOBOJUTCS IO TOMY K€
IUIaHy, 4TO U JUJIsl MOPOJ APYIMX NEHETUYECKUX TPYMI, HO C 0COObIM
BHUMAaHUEM U K TEKCTYPHBIM MpPHU3HAKAM.

Hekoropele 3amedaHusi MOKHO CHENIaTh B OTHOILICHWU OIHCAHUS MOPOJ
101 MUKPOCKOIIOM.

XapakTepu3yss MHUHEPAIbHBIA COCTaB IMOPOJBI, MEPEUYUCISIIOT BCE
MUHEpaJbl, BBIAEIUB CPEIU HUX TJaBHBIE, COJIEPIKAHUE KOTOPBIX B MOPOAE
npesbimaer 5%, BropocTeneHHsle - MeHee 5% u akueccopHsie. Ilpu
KOJIMYECTBEHHO W XapaKTEPUCTUKE MUHEPATIbHBIX KOMIIOHEHTOB
MeTaMOp PUUECKUX MOPO1 (B OTIUYHE OT HOPOJI MArMAaTHUECKUX, T/1€ YKA3bIBACTCS
INPOLEHTHOE COJEpKaHUE KaKJO0r0 MHUHEpana) yrnoTpeOJisitoTcsi 0OBIYHO
Ka4eCTBEHHBIE OIICHKH, TaKUE, KaK «pPe3KO MpeoOianaeT», «IPUCYTCTBYET B
MNOJYUHEHHOM KOJMYECTBE», «OOJbILIE», «MEHbIIE» HUT.N.

[anee cienyer onucaHue CBOMCTB KaXKJIOTO MUHEpajga B COOTBETCTBUH
C PEKOMEHIAUMSIMU, IPUBEAECHHBIMU ISl ONIUCAHUSI MUHEPAIOB MarMaTuy eCKUX
nopoj. ONKUCHIBAalOT MUHEPAIbl B TOW MOCJEA0BATENLHOCTH, KOTOpas



COOTBETCTBYET MX KOJMUYECTBEHHOMY COJEpKaHuI0 B mopoje. s Kaxaoro
MHHEpajga OTMEUaT BCE OCOOEHHOCTH €r0 CTPYKTYPHI - (hopMmy
nophupoOJIaCTOB, Pa3IMIHBIC THITHI B3aMMHBIX MPOCTPAIMiA, a TaK JKe
CTPYKTYpHBIE OCOOEHHOCTH, CBHJICTEILCTBYIOIIME O MPOIECCcax 3aMeIICHUS.
Janee cnenyer moapoOHas XapakTepUCTHUKA TEKCTYPHBIX TPU3HAKOB. B
3aKJIIOYCHUN HA3BIBAIOT CTPYKTYPY M TEKCTypy Iopojbl. HazpaHwe moponbl B
IIEJIOM MPECTABIISET COOOM JIOTUICCKUN UTOT BCEX MTPOBEICHHBIX HAOTIOACHIA 1
COCTaBJISIETCSl U3 HAa3BaHWA TUIA TIOPOJ— POTOBHK, CJIAHEI, THEMC W Ha3BaHUS
TJIaBHBIX MHUHEPAIOB, OOBIYHO HE OoJiee ABYX, HampuMmep OHMOTHT — aHIATy-
3UTOBBIM POTOBUK, KBapIl—OUOTUTOBBIN ClIAHEI, KOPIUEPUT —
CWUIMMAHUTOBBIA THEUC U T.J.



Puc. 127
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MuHepabHbIH U XUHMHYECKH COCTAB, CTPYKTYpPa, TEKCTYpAa.
Bewecmeennulit cocmae memamoppuueckux 2opHvIxX nopoo.

BemecTBeHHBIN cocTaB  MeTaMOpP(UYECKHX TIOPOJ  OIpPEACNsaeTcs UX
XUMHYECKUM U MUHEPATbHBIM COCTaBOM M 3aBHCUT OT COCTaBa UCXOHBIX MIOPO U
JIeHCTBYIOMUX (aKTOPOB MeTaMophu3Ma.

XUMHYECKHI COCTaB.

CormnocTaBieHue XUMHYECKHX aHAJIN30B MarMaTHYeCKHX, OCAJOYHBIX U
MeTaMOp(PHUECKUX TTOPOJI TTOKA3BIBACT, UTO KaK/as TeHETUUIECKas TPYIIIa MOPO
COCTOMT M3 OJHHMX M TeX K¢ TIaBHBIX OkucioB: SiO,, AlLO;, Fe,0s; FeO, MgO,
Ca0, Na,O, K,0, H,0, CO..

MuHepaibHbIA COCTAB.

Pa3znooOpa3ue XHMHUYECKOTO COCTaBa HCXOJHBIX TOPOJ W pPa3JUIHbBIC
TEPMOJUHAMHYECKHAE YCJIOBUS MeTamMopdu3Ma MPUBOAAT K HCKIFOYHUTEIHBHOMY
pa3zHOO00pa3UI0 MHHEPAIILHOTO COCTaBa METaMOP(PHUICCKUX ITOPOI.

MuHepaibl, ciararome MeraMopGuIecKue TOPOIbl, MOKHO Pa3/IeiUTh Ha
CJICTYFOIINE TPYIIIIBI:

1. Munepainsl, XapakTepHbIC Kak JI1 MeTaMOop(pHUecKux, Tak W I
MarMaTH4ecKuX IopoJ (IOJEeBbIC INMAThI, KBApIl, CJIIOABI, POTOBas
oOmaHKa, OOJILITMHCTBO MTUPOKCEHOB, OJIMBUH U JIP.).

MuHepanbl, TAMTMYHBIC 111 0CAI0YHBIX MOPOJ (KAIBIUT, JOJOMHT).

3. Munepaisl, KOTOpbIE MOTYT HaXOUThCSI B MArMaTHYeCKUX MOPO/Iax B
Ka4yeCTBE BTOPHUYHBIX, a TAKXKE CJIararb TUITHYHBIC MeTaMOppUICCKUE
MOPOJIbI (CEPIIEHTHH, XJIOPUT, aKTHHOJIUT, CEPULIUAT U JP.).

4, Munepanbl, MeTaMOp(PHUUECKOTO TEHE3WCa, BO3HHKIINE B YCIOBHUSIX
rIyOWMH, W TPHCYTCTBHE, KOTOPHIX BO3MOXKHO TOJILKO B TIIyOOKO
peoOpa30BaHHBIX METaMOP(PHUUECKUX MOpOoJax: TUCTEH, CTaBPOJIUT,
HEKOTOPBIC TpaHaThl, BE3yBUaH, BOJUIACTOHUT U JI.P.

®opma 3ajieranusi MetaMmopuuecKuX MOPoJ 0OBIYHO yHACIEAOBaHA OT
TE€X OCAIOYHBIX WM MarMaTHYECKHX IOPOJI, MO0 KOTOPBIM OHH 0Opa30BalMCh.
Meramopdudeckre MOpoJabl HACICAYIOT CJIOHCTOE CIIOKEHHE, KOTOPOE B HHX
MIPOSIBIISICTCS B 3aKOHOMEPHOM TOCJIOMHOM W3MEHCHHH MHUHEPAILHOTO COCTaBa U
CTPYKTYpHl. B OTIHMume OT 0CagoYHBIX TOJIII CJIOW B METaMOP (pUuecKuX mopoaax
KpaiHEe PENKO 3ajJeraroT TOpu30HTATbHO. OOBIYHO MOPOJBI CMSTHI B CKIIAJKH,
CMEIIICHBI BJ0JIb Pa3pPhIBHBIX HAPYIIICHWH, MECTaMH pa3IpO0JICHBI.

Meramopduieckne Mopoabl MPEACTABICHBI NEPECEKAIOIMMU CIOUCTOCTh
BMEIIAIOIINX TTOPOJI TEIAMHU HETIPaBUIIBHOM, KUJIO- WM JIMH3000pa3HOUM (GOPMBI,
IITOKaMH, JaiiKaM{ WA COTJIACHBIMH 3aJIe)KaMH M IIOKPOBaMHU.

no

Bascneiiwue ocobennocmu memamop puveckux nopoo
Baxuneiimme oTm4us MeTaMOp(PHUUECKUX TOPOJ OT MarMaTHYECKUX H
0Ca/IOYHBIX 3aKIIFOYAIOTCS B UX MUHEPAILHOM COCTABE, a TAKXKE B UX CTPYKTYPHBIX
U TEKCTYPHBIX 0COOEHHOCTSIX.
Cmpykmypot u mexcmypvl MemamopPuuecKux 20pHvlX nopoo.
CTpykTypl W  TEKCTypbl MeTaMOp(UYECKHX TOPOJA  Hapsay C
MUHEPATbHBIMHU aCCOLUAIUSIMUA OTPAXKAIOT YCIOBUS UX MEPEKPUCTATUTU3AIINH.



Cmpykmypui.

CtpykTypsl MeTaMOPPUIECKUX MOPOJ OTIIMIAIOTCA OT Psijia OJUHAKOBBIX C
HUMH  MmarMatmdeckux  mnopon. OnHm  oOpasyrorcs B pe3yibTare
NEePEKPUCTALIU3AINN B TBEPIOM COCTOSHUU UCXOHBIX, T.€. IEPBUYHBIX TIOPOJT .

Ilpoyecc nepekpucmannuzauyuu nopoosl 6 mMeEEPOOM COCHLOAHUU
HA3bIBAETCA KpUCmaninodnacmesom, a cmpykmypovl, BO3ZHHKAIOIME B
pe3yJibTaTe TAKOI0 NMPoUecca - KPUCH aaiodnacm o8blmu.

Kpucramio6mnacres 00yCJIOBIHMBAET crienqupuKy CTPYKTYPHBIX
0COOEHHOCTEH MeTaMOPUIECKUX MOPO/I, BAKHEHIINE U3 KOTOPHIX CIICAYIOIIHUE:
a) rpaHo0IacTOBas — 3¢€pHA N3OMETPUYHOU (POPMHBI;

0) nenua006acTOBast — 3€pHA B BUJIE YEIIYEK;

B) JIEMUAOTPAHO0IACTOBRAs - 36pHA B BUJIE YELIYEK U 3€pHA U30METPUUYHOU (POPMBI;
') HeMaTo0JIacTOBas — 3epHA MPU3MATHICCKON (POPMBI;

1) nopdupobractoBasi — nopPpupoOIacTsl METAMOP(PUUESCKUX MUHEPATIOB CpEU
MEJIKO3EPHUCTON OCHOBHOW TKAHU;

€) PEIMKTOBAasA, 0JIACTOIICAMMHUTOBASI — OCTATOYHAS.

Kpucmannobracmoswvie cmpykmypoi

OTOT TepMHH, OOUMI 11 BCEX CTPYKTYp, BO3HHUKAIOUIMX B pPE3yJIbTaTe
TIOJTHOM TIepEeKPHUCTANTU3AINH MOPO bl (puc.128).

Knaccupumupyrorcs KpUCTAIOOJAaCTOBBIE CTPYKTYPhl IO OTHOCHUTEILHBIM
pazmMepaM MUHEpalIbHBIX 3€peH, UX (hopMe U THUMaM B3aUMHBIX MPOPACTaAHUIA.

[lo oTHOCUTENBHBIM pa3zMepaM 3€peH KpHUCTAUIO0IaCTOBBIE CTPYKTYPHI
HOJIPA3IETISIIOTCS. HA PAGHOMEPHO3EPHUCIbIE (20ME00IaACcmOo8ble) N HEPaBHOMEPHO
3epHuUcmule (2emepoobnacmoswvle). Cpean ToMeo0IacTOBBIX CTPYKTYp 1Mo (popme
3€pEH BBIJEIAIOTCS CIIEAYIOIIE Pa3HOBUIHOCTH:

I’ panobnacmosas cmpykmypa CBOUCTBEHHA IOPOJaM, COCTOSIIMM U3 OoJiee
WIA MEHEe H30METPUYHBIX 3€pEH, HUMEIOUMX MO3audyHble OKpPYIJble WIN
HEMpPaBWILHBIE 3y0UaThie OUepTaHusI.

Menko3epHUcCTass pa3HOCTh TaKOW CTPYKTYpbl HA3bIBACTCSI PO2OBUKOBOU.
['pano6nacToBasg CTpyKTypa XapakTepHa JiJisi pOrOBUKOB, KBapIIUTOB, MPaMOPOB.

Jlenuoobnacmosas cmpykmypa XapaKT€pU3yeT MOPOJAbI, COCTOSIIUE U3
TaOJMTYATBIX WM YEUIyH4aTblX MUHEpanoB. TuUMMYHA [Ji1 CEPUILIMTOBBIX,
XJIOPUTOBBIX, CIFOAUCTBIX U APYTUX CIIAHIIEB.

Hemamobnacmosas cmpykmypa onpenensiercsi HUIMYUEM UT0JbYaThIX WU
BOJIOKHUCTBIX MUHEPAJIOB. XapakTepHa JJIsl aKTUHOJIMTOBBIX, CUJUTMMAHUTOBBIX,
JTMCTEHOBBIX claHIeB. JlJis MOpoJ, COCTOSIIMX U3 3€PEH Pa3IMYHOTO rabuTyca,
UCIIOJIb3YIOTCSI COCTaBHbIE HAa3BaHUSI CTPYKTYp, BKIIOUAIOIIME HA3BaHUS
npeoOnanaommx ¢Gopm. Hanpumep, cTpykTypy HOpOABI, KOTOpas COCTOUT
TJIaBHBIM 00pa3oM U3 YeUlyiuaThiX M 3€pHUCTHIX MUHEPAIOB C MpeodiagaHueM
MOCJIETHUX, Ha3BbIBAIOT JIenUO02P AHOONACHOBOLL.

I'emepobnacmosas, ni nopghupobracmosas, cCmpykmypa xapakTepusyercs
HAJIMYUEM OTHOCHUTEIBHO KPYIHBIX 3€peH Ha (poHe Oosiee MENKO3E€pHUCTOM
roMeo01acTOBOM OCHOBHOM TKaHH TIOPOJIBI.




&Q
Ny
‘\\‘\_\
RS
\\\"
LY
LT
\'k. LY
L '}\
"N
% '\
O
A\
\ W
AN

\
L] \I\
Wy
aveh
LAV
v h
LW LY

AN
6
N
A \\\
N
NN
S \'\ \
“:‘5\
v
oy
P

- %
]

" 0w
l“

%

%

S Sl e,

y -
g 7/ PR P i P R e

Puc.128. CTpykTypsl MeTaMoOp¢uve CKUX MOPOA: a) TPaH00J1acTOBAA;
0) Jenuago00JacTOBAas; B) Jie MUI0TPaH00J1acTOBAA; I') HEMaT00J1acTOBANA; /1)
B noppupodacToBas; €) peJJMKTOBas, 6J1aCTONCAMMHTOBAsA

BHemmne Takue CTPYKTypbhl TIOXOXH Ha TMOPGUPOBUIHBIE CTPYKTYPHI
MarMaTu4eckux mopoj. YToObl MOMUYEepKHYTh Pa3HyIO MPUPOAY ITHUX CTPYKTYD,
I MeTaMOp(UIECKUX TIOPOJ YIOTPEOISIIOT TEPMUH nopgupodbracmol (a He
BKPAIUICHHUKH) U OCHOBHAs MKAHb (2 HE OCHOBHAs Macca).

Texkcmypul.
Hwmxe npuBeneHa xapakTepUCTHKa HanOojee paciupOCTPAHEHHBIX TEKCTYP
MeTaMOpPPUUECKUX TOPOSI.
Maccusnas mexcmypa XapakTepHU3yeTcs MOJHON 0THOPOAHOCTHIO JIFOOOTO
ydacTKa MopoJibl ¥ MO3TOMY U30TPOITHOCTHIO €€ (PU3UKO-MEXaHUYECKUX CBOMCTB.
Ilamnucmas mekcmypa ompeensiercs HEPaBHOMEPHBIM, KYy4HBIM



pacupeeieHieM MHHEPAJIOB W BO3HHUKACT WJIM IPH KOHTAKTOBO-TEPMAILHOM
Meramop(du3Me MOpoJI, WK B Pe3yJbTaTe HEPABHOMEPHOW MHUTPAIMH BEIICCTBA
IpHU METacoMaro3e.

Ilonocuamas mexcmypa oOyCIIOBJICHA YEPEIOBAHUEM IIOJIOC Pa3JIMYHOTO
COCTaBaM CTPYKTYPHI, 00pa3oBaHKe KOTOPBIX MOXKET OOBACHATHCS KaK HATHUHUEM
OCTAaTOYHOM TEPBUYHON CJIOHMCTOCTH HCXOIHBIX OCAMOYHBIX IMOPOJ, TaK H
pesynbTatoM  Meramopduueckorr  auddepenimanyu - (epepacupeeNcHus
MUHEPAIOB MPH MEePEKPUCTALTUIAIINH ).

Cnanyesamoie mekcmypwvl XapakKTEepU3YIOT OOIIMPHYIO IPYIITY PErHOHATBHO
MeTaMop(HPU30BaHHBIX MOPOJI, (POPMUPOBABIIMXCS NMPH HATMYUHN HAIPABICHHOTO
nasyenus (puc. 129).

antyly
A2

Puc.129. TexcTypbl MeTaMOp(puye cKMX NOPoA (cxeMaTuyecKkue 3apucoBku) 1 —
moJiocyaras; 2 — cjanueBarasi; 3 — mjoiivarasi; 4 — JuHe liHast; 5 — oukoBasi; 6 u 7 -
MaCCHUBHadA

B 3aBUCHUMOCTH OT OpUEHTUPOBKHA MUHEPAIBHBIX 3€PEH CPEAU CIAHIIEBATHIX
TEKCTYP BBIIEISIOTCS HECKOJIBKO Pa3HOBUIHOCTEM.

llapannenvno-cnanyesamas mekcmypa OIPENEISIETCA PACIOJI0KEHUEM
IJIACTUHYATBIX WIA YEUIyW4aTrblX MHUHEPAJIOB MO MapaUICIbHBIM IIJIOCKOCTSIM.
XapakTepHa I CJIaHIIeB U THelcoB (puc.129, 2).

Bonnucmas  cranyeeamocms  OTIMYAETCST HAIMYHUEM HE IUIOCKUX, a
BOJIHUCTBIX ITUIOCKOCTEH CIAHIIEBATOCTH, BO3HUKAIOIMIMX OOBIYHO B CHIIBHO
neOpMHUPOBAHHBIX CJIAHIIAX HU3KOTEMIIEPATypHBIX CTyIeHel MeTamopduzmMa
(puc.129, 3).

Jlunelinas mexcmypa CBOMCTBEHHA MOPOJIaM, B COCTABE KOTOPHIX UMEIOTCS
yIJTMHEHHBIE UTOJIbYaThle MUHEPAJIbl (pOroBasi 0OMaHKa, akTHHOJIUT, CUJUTHAMHUT,
JUCTCH U JP.), OPUEHTUPOBAHHbBIC B3aMMHO TapavieiabHo (puc.129, 4).



Oukosasi, WA JUH3068UOHAA,
mexcmypa XapakTepu3yeTcs HaIndueM
KPYIHBIX  JIMH30BUIHBIX  3€peH WU
arperatoB 3€peH KBaplia, WK MOJEBOTO
[IIaTa, TaK  HAa3bIBAEMBIX  «OYKOBY,
KOTOphIE  BBLACIHAIOTCS  Ha  (poHe
CJIQHIICBATOM OCHOBHOW TKaHW MOPOJIBI.

Puc 130. I'HeiicoBuHasi CTPYKTYpa Takast TekcTypa CBOMCTBEHHA HEKOTOPBIM
raeticam (puc.129, 5)

2.9. XapakTepuCTHKA MOPO/] PerHOHAJIBLHOT0 MeTaMop(pu3ma
Quanum

Ha3zBanme ot rpeu. Dvin(-
muctoBatsiit (puc.131).

XapakrepHble MPU3HAKH.
Cmpykmypa TOHKO- M MEJIKO3EpHHUCTas,
OOBIYHO  CKpBITOUEHIyiuaras. TekcTypa
CJIaHLIeBaTas, JIMCTOBaTas, TOHKOCJIOHCTAs,
wionyartas. I nagnwle munepanvl: cepuyum,
Puc. 131 ®uumr Xaopum, Keapy, uacmo KapoOonambwl
(kanvyum, oonomum), cpaghum (yearucmote
yacmuyst), MaZHEeMum, 2emamum, RUpum,
uUHOZ0a anvboum, Inuoom (yuoum),
mypmanun. I[lgem  cBeTNO-CEpPBIM U
cepeOpHUCTO-0eNbIiA, JKENTOBAThINA, (€Cu B
Mopo/ie MpeodaiaeT CEPUIINT), 3eJIEHOBATO -
cepbiii (IPUCYTCTBHE XJIOPUTA), TEMHO-

Puc. 132. Cepuunt-rpanaroBbii Cepbli M YepHbId (IPUMECHh YIIIUCTBIX
CTaHEIl: MHHE PAILHBILI COCTaB: 3 yacTHIl U rpadura). biaeck Ha MIOCKOCTIX
ceff;‘;g;g:ﬁ:;ﬁﬁ%ﬂ;ffgz:: B CJIaHIIEBATOCTH ILEIKOBUCTHIN (puc.132).
rpano6.1acToBast; TeKCTypa: JAunarnocTuka. Baxueree oTimune
C/IaHIIE BATAsl, MACCHBHA; (GWIIMTOB OT apTWUIMTOB W TJIMHUCTHIX
nepAaMyTPOBLIH e cic CIIAHIIEB - XaPaKTEPHBIM INEIKOBUCTHIN

OJICCK Ha INIOCKOCTSX CJIAHIICBATOCTH.
Xnopumoevie u manvkoevle
CllaHybl
OkparreHsl  OOBIYHO B 3€JICHBIC
[[BETa Pa3JIMYHBIX OTTEHKOB W 00JIadaroT
CJIAHIICBATBIM CJIOKCHUEM.
XJIOpUTOBBIE€ CJAHIBI COCTOST

Puc. 133. XsropuToBbIii clanen. IJIaBHBIM ~ 00pa3oM U3  JIMCTOYKOB
CTpyKTypa-CKpBITO-He mIylivaTas, 3€JICHOTO XJIOpHTa; KPOME TOTO, B HHUX
MeJIKO3e PHUCTAafA; Te KCTypa-
caanme BaTast. Hammame MIPUCYTCTBYIOT MArHETUT, 4acTO B BUIE
MATHUTHBIX CBOMCTB Xoponuio O6pa30BaHHLIX HEOOJIBLIIINX

KPUCTAUIOB -  AKTUHOJIUT,  JIHJOT,



U3pEeIKa TaKXKe MOoJieBbIe mmathl (puc.133).

[Ipu npeobnagaHuy aKTUHOJUTA TOJYyYalOTCS aKTUHOJHUTO-XJIOPHUTOBBIE
CJIQHIIbI; TPU 3HAUUTEIHHOM YBEJIMUECHUN KOJMYECTBA STIUA0TA U B MPUCYTCTBUH
alpOUTA-XJTOPUTO-3MUA0TO-ANbOUTOBBIE CIAHLBI U T.J.

TanbkoBble cJaHIbI, XUPHBIE HA OIMyNb, YacTO Oenble, MUPOKO
pacmnpocTpaHeHbl U COCTOAT TJIABHBIM 00pa3oM M3 uellyek Tajabka. Kpome Toro,
OHM COJiep>KaT B OOJbIIEM WIM MEHbBILIEM KOJIMYECTBE MAarHe3uT, XJIOPUT, CIIOAY
(cepuLUT), pOTOBYIO OOMaHKY, peXe Apyrue MUHEPAIbI.

TanbKOBBIE CAHIIBI HCTIOIb3YIOTCS IS MOJyYE€HHSI TAIbKOBOTO MOPOIIIKA, a
TaKKe JJIs1 U3TOTOBJICHHUSI OTHEYITOPHBIX KUPITUYEH .

Kenezucmulit keapyum

HazBan no cocraBy (puc. 134).

XapakrTepHble npusHaku. Cmpykmypa
KPUCTATMUYECKU-3€PHUCTAsI, MEJIKO3EPHUCTAs 10
ahaHUTOBOM. Texcmypa TOHKOIIOJIOCYaTas,
CJIOUCTAs.

Munepanvhoiti cocmas: KBapl, U OKHUCJIbI
JKenesa (Maruerura, MapTUTa, reMarura, Puc. 134.7Kesie3uCThIi KBAPUMT.
ruporeMaruta). BropocTeneHHble MHUHEpabl U
npumecu: aMm(puoOOoIbl (MPEUMYIIECTBEHHO MIEOYHBIE), XJIOPUT, OUOTHUT, CUJEPHT,
MOJIEBBIC IIATH U Ap. L[BeT mopoabl TEMHBIN, KpaCHOBATO -OypPBIi.

YcioBusi 00pa3oBaHus U HAX0KIEHHSI. 3AJIETacT B BUJIE CIIOEB PA3JIMYHOU
MOUIHOCTHU B TOJILAX APEBHUX MeTaMOpPpuUecKux nopoi; Kene3uctoie KBapUuThl
SBISIIOTCS  TPOJYKTOM  PErHOHAIBLHOTO  MeTamopdu3Ma  MepBOHAYAIbHO
BYJIKAHOT€HHO-0CaJI0YHBIX AMIMOTIOTOOHBIX opoJ, 000TallIeHHBIX
TUAPOOKHUCTIAMH >Kene3a.

Juarnoctuka. MuHepaabHBI COCTaB U TeMHas KpacHO-Oypas OoKpacka,
00J1a/1at0T MarHUTHBIMU CBOMCTBaMH.

IIpakTn4yeckoe 3HaYeHHe. BhICOKOKauECTBEHHAA JKeJle3Hasl py/a.

Keapyum

HasBan no cocraBy (puc. 135).

XapakrtepHble mnpusHaku. Cmpykmypa
KpHUCTAIUIMYECKU-3EPHUCTAS, 00BIYHO
MeJKo3epHUCTass 10 adanutoBo. Texcmypa
CIIOUCTAasi, MHOTJA Kococioucrtas. MunepanvHuiii
cocmag: COCTOUT M3 KBaplla, MyCKOBHUTA, OMOTHUTA
rpaguT, MeJKHEe KpPUCTAUIBI TpaHaTa, HHOTIA
nmojieBov mmar. l[Ber cBemio-cepblii U CEPBIN.
SApxyro TEMHO-MaJIMHOBYIO, KpacHOBATO-
KOPUYHEBYIO, PpPO30BAaTyl0 OKpacKy MpHIAET
npuUMech TreMaTuTa Wi JuMoHuTa. Hambonee
pacnpoCTpaHEHBI CIIIOZIUCTHIE, M0JIEBOIIINATOBEIE, rpaguToBbBIC u
POroBOOOMAaHKOBbBIE PA3HOBUIHOCTH KBapIUTA.

YciaoBusi 00pa3oBaHMsi M HAXOXIeHUH. 3ajeracT B BHJE CJIOEB
pa3IMYHON, WHOTAA 3HAYUTEIBHOW  MOUIIHOCTH, SIBISIETCS  MPOJYKTOM

Puc. 135. KBapuur.



PErHOHATIHPHOTO MeTaMOp(u3Ma CYIIECTBEHHO KPEMHHCTHIX WM TECYAHHUCTHIX
opo/1

Juarnoctuka. OT mecyaHuka OTIMYaeTcs 00Jiee BHICOKOM TBEPAOCTHIO,
OTCYTCTBHUEM CTPYKTYpPbl OOJIOMOYHBIX MOPOJ M xapakTepom uzioMma. [loposga
packalibIBaeTCsl Kak OJIHO 11eJI0€, TOT/1a KaK B MECYaHUKaX pacKoJI MPOUCXOIUT 10
rpaHuIlaM 3€pEH KBaplia.

IIpakTiyeckoe 3HAYEeHUE: [ICHUTCS KaK BHICOKOCOPTHBIN 0OJUIIOBOYHBIN 1
JIEKOPATUBHBIN KAMEHb.

Mpamop.

o Ha3zBanne ot rped. upapuapoc wim
e jat. marmor (puc.136).

S XapakTepHble IPU3HAKH.
Cmpykmypa KpUCTAJUINYECKU-3EPHUCTAS,
rpaHo0yiacToBas, MHOTAa
nopdupoobiacToBasi.

Texcmypa onHOpoaHas (MacCUBHas),
roJjiocuarasl, OpeKYreBUIHAS b7 (¢10)

Puc. 136. Mpamop nATHUCTAs. MunepanvHbill cocmas: TIaBHBIM

oOpazoM KambIIUT W (WIKM) JOJOMHUT.

MuHepanbl-ipuMecH: MarHe3uT, kBapii (10 25%), Hepeako rpadur, reMaTuT U Jap.

L[gem Oenplit (y YUCTOTO CKYJABONTYPHOT'O Mpamopa), CEphIi 10 TEMHO-CEPOTO

(mpumech rpaduTa U OUTYMHUHO3HBIX BEIECTB), 3€JICHOBATHIN (MeIbYaMIINe

BKIIFOUEHHUSI XJIopUTa WM am(puOOOB), PO30BaThbld, KpPACHBINA, KEITHIM U

KPEMOBBIN (BKIIFOUEHHUSI TeMaTUTa U JTUMOHUTA). BileCK CTEKISTHHBIN, UCKPUCTHIN

(y cpemHe- W KpPYMHO-3€PHUCTBIX MPamMoOpOB) WM MaTOBbIM. KalblUUTOBBIM

Mpamop O0ypHo pactBopsercss B HLC(Bckumaer). Unctbie MpaMopbl — XOPOIIME
U30JIITOPHI.

YcaoBuss o0pa3oBaHHs M HAXOXIEHHsl. 3aJ€racT B BUAE CJIOEB, Kak
IPaBUIIO, AeOPMHUPOBAHHBIX B CJIOKHBIC CKIAAKU. [IpOAYKT pernoHAIbHOTO WIIH
KOHTAKTOBOTO MeTaMop(du3Ma KapOOHATHBIX OCaTOYHBIX MOPO] (M3BECTHIKOB,
JTIOJIOMHUTOBBIX U3BECTHIKOB U JIOJIOMUTOB).

Juarnoctuka. OTMYus OT M3BECTHSIKOB: KPUCTAUIMYECKU-3EPHUCTOE
CTpOEHHUE, OTCYTCTBHE OCTaTKOB (hayHbI, acCOIMAllMsi MHHEPAJIOB - MpHUMeECEH,
CBOMCTBEHHBIX MeTaMopduueckum nopoaam. OTIMYue KaTbIIMTOBBIX MPaMOPOB
OT JIOJIOMUTOBBIX — CM. OCaJOYHBIE MOPOJIbI, TOJOMUT. XapaKTEePHO BCKHUIIAHUE
noj Bo3aecTBuem HCL.

IIpakTnyeckoe 3HaveHue. OaUH U3 JIy4ylIMX OOJMIIOBOYHBIX U
JIEKOpPaTUBHBIX MaTepUAIOB, CKYJIBIITYPHBINH KaMEHb.

Cepnenmunumot.
Cepnenmunumst (3MeeBUKH). OMMBUHBI U OOraThle MarHUEM IMHUPOKCEHbI
0COOEHHO JIETKO MPEBPAIAOTCS B MUHEPANIbI, TJIaBHBIM 00Pa3oM B XpU30THII WA
B QHTUTOPHT. YJIbTPAOCHOBHBIE TOPHBIE MOPO/IbI, a UMEHHO, TIEPEIOTUTHI, OOTaThie



OJIUBUHOM MHUPOKCEHUTHl U JYHUTHI JIETKO MEPEXOAST B UEPHOE, PEXKE CBETIIO-
3€JICHbIEe XPa30TUIIOBBIE MIOPO/IbI, TAK HA3bIBAEMbIC CEPIICHTUHUTHI.

['abuTyc Xpu30TWJIA BOJOKHUCTBIM; AHTUTOPUT 4YelIyH4arbld (UM
MJIACTUHYATHIN ).

Oxkpacka ux pa3HooOpa3Ha, MHOT/Ia OHU JKEJITOBAThIE, 3€JICHOBATHIE.

AMpuodoauT

Ha3Ban 10 cocTaBy: TJIaBHBIMH TOPOJA000Pa3YyIOMIMMH MHHEpaJIaMu
ABJIAOTCS aM(PHUOOJIBL.

XapakTtepHuble npuzHaku. Cmpykmypa  TOJHOKpHUCTAUTAYECKas,
rpaHo6iacToBas. Pazmep 3epeH mopo000pa3yronmx MUHEpaIoB 00bIYHO 1-3MM 1
MeHee. Texcmypa ToJiocyaTtas M CjaHLEeBaTas JIMOO MacCHUBHasl, M MSATHUCTas
MunepanvHolti cocmas: COCTOUT U3 pOrOBOM OOMaHKK U B MEHBIIEH CTENEHU U3
IUIaruokiaza. BropocTenennsie MUHEpaibl M MPUMECH: KBapIl, TUOIICH]I, TpaHar,
oumotur u np. Ileem nopoosvi BapbUPYET OT UYEPHOTO JO TEMHO-CEPOro C
3€JICHOBaTbIM OTTEHKOM WJIM TeMHO-3eneHoro. Ilopona mpounasi, TBepaas (HOX
OCTaBJIAET cJa0yI0 LapanuHy).

YcaoBusi 00pa3oBaHus U HAXOKIEHUS — POTYKT MeTaMopduzma radbopo
WIA OCHOBHBIX JIaB — Pe3yJbTaT MeraMop(du3mMa KapOOHATHBIX (JI0JIOMHUTOBBIX)
OCAJI0YHBIX WM PA3JIMYHBIX BYJIKAHOTEHHO-OOJIOMOYHBIX MOpoJ. V3MeHeHHbIN
amM(puOO0UT c1a00 WM MeCTaMu BCKHUMaeT 1o BosaetictBueM HCI,

JNuarnoctuka. [lo munepanpsHOMY cocTaBy U (hopMe 3alieraHusl.

Kpucmannuueckuit chaney

Ha3BaH 1o CTpyKTypHO-TEKCTYPHBIM OCOOEHHOCTSIM.

XapakTepHble npu3Haku. Cmpykmypa NOJTHOKPUCTAITUNYECKAs!, 36PHUCTO-
yemnryiuaras  (rpaHosienupoOiacToBass W JICAJOIUIACTOBAs),  HEPEAKO
nopdupobnactoBas. Texcmypa napaielibHO-TIOJI0ocYaras MO0 OJHOPOIHAS, HO
00s13aTeNbHO ClaHLEBaTasd, 4acTo IUioWuaras. MunepanbHulli cocmas: CIOIbI,
KBapIl MPU OTCYTCTBHUU WM KpailHE HU3KOM COJEp’KaHWHU IIOJICBOTO IIMaTa,
rpaHar, poroBasi 0OMaHKa, KaJbIIUT, Tpaut u np. [/éem B OCHOBHOM CEpHIii, B
3aBUCHUMOCTA OT COOTHOIICHHS CBETJbIX (KBapila, MYCKOBUTA, KaJbIIUTA) W
TEMHOIBETHBIX (OMOTHTA, pOrOBOil 0OMaHkH, rpadura u Jp.) MmuHepayioB. bieck
MaTOBBIM, CIIOASHOW (CTEKISIHHBIN). [lo KoMmIUlekcy MOPOA00Opa3yIMMX |
BTOPOCTENECHHBIX MUHEPAJIOB BBIJCIAIOT: OUOM UM 06blI, MYCKOGUM 08bLIL,
08YCNII00AHOIU  (MYCKOBUM 0O-OUOM UM 08bLIL),  2PAHAM O-OUOMUMOBbLIL (-
08YCII00AHOIL), AHOATY3UM 0-OUOMUM 06Vl (-08YCIIOOAHOI), CHLABPONUM O-
ouomumoenlii (HepeoKo - 08yCI00AHOIL) U U3BEC KOBbLE CIAHYbL.

YcaoBusi 00pa3oBaHus U HAXOKIEHUsA. 3aJICTAOT CIOSIMU, MPUYEM YACTO
MePECIanBaIOTCS PA3JIMYHbIE KPUCTAUTMYECKUE CIIAHIThI M THEUCHI.

JAunarnocruka. [lo MmuHepamsHOMY COCTaBy.

T'neiic

HaszBaHue OoT ClaBsiHCK., «THYC) - THUJIOM.

XapakTepHble npu3Haku. Cmpykmypa MOJTHOKPUCTALITUYECKAs!, MEJIKO-,
CpeHe- WK Tpy0o3epHuUcTast (rpaHo01acToBas ) UK YEITyHYaTo -3epHUCTAs
(nmermmmorpanobacToBast) (puc.137).



Texcmypa CJIaHIIeBas, napajviesbHO-
nojiocuarasi. Munepanvbhwiii cocmas: TOJACBOM IIIaT
(mpeuMyllleCTBEHHO  IUIaruoKia3a) MW KBaplia,
Bropoctenennsie (5-20%) muHepaibl — OUOTHT,
poroBasi 0OMaHKa, MUPOKCEH, TpaHar, rpaduT U Jp.

[[Ber O0OBIYHO CcepBIi OT CBETIOTO JIO
TEMHOTO WM CBETJIO-pPO30BbIA. PxkaBo-Oyphiii
OTTEHOK MOSIBIISIETCS npu Pa3JI0KEeHUU

Puc. 137. Tueiic TEMHOLIBETHBIX MUHEpaJIOB u pa3BUTHUH

TUAPOOKHUCIIOB jkerne3a. [lo Habopy TeMHOIBETHBIX

MUHEPAJIOB CPEIU NapacHelcog PaszmyatoT OUOMUMOBble ZHelCbl, 2PAHAMO-
ouomumossvle, amgubdonosvie (P020800OMAaAHKOBbIE).

YcaoBusi oOpazoBanusi 1 HaxoxaeHusi. [laparneiicel 3ajeraioT B BUJE
CJIOEB W  XapakTEpPU3YIOTCS  MOCJIOWHBIM  HM3MEHEHHEM  HMHTEHCHUBHOTO
pETHOHAIBHOTO MeTamMophu3Ma MECYaAHO-TJIMHUCTHIX, TJIIMHUCTHIX U KapOOHATO-
TJIMHUCTBIX  OCAAOYHBIX TOPOJA (napacHeiicbl) WM KUCIBIX W CPEIHUX
MarMaTU4ecKuX Mopo/i (OPTOTHEMCHI) B YCIOBUSX TEMIEPATYPHI U TABJICHHUS.

JunarnocTuka. OT KpUCTAUIMYECKUX  CJIAHIIEB  OTJIMYAETCS MO
MUHEpaTbHOMY COCTaBY: B THeHcax 0053aTeIbHO IPUCYTCTBUE MOJIEBOTO TIIIIaTa U
HECKOJIbKO MEHBIIEE, YEM B CJIAHIAX, COJAEPIKAHNUE CIEO/.

2.10. XapakTepucTiKa NOPOJ
KOHTAKTOBO-METACOMATHYEeCKOIr0 MeTamMoppuizma.

Ckapn
Hazpanune oT mBEACK. — TOPOMBI,
HaxoJsIIMECs] B KOHTAaKTax TIPaHUTOB C
W3BECTHSIKAMU u BMeEIIAIOIINE

MarHeTuToOBBIE pyAsbl (puc.138).
XapakrepHbie NPU3HAKH.
Cmpykmypa TNOJHOKPUCTAILIMYECKAS,

OT KpPYIIHO- M THUTAaHTOAHTO3EPHUCTOU 10

Puc. 138. Dnuor-rpanar - MEJKO3EepHUCTOM, 4acTO aaHUTOBAS.

MArHe THTOBbIIl CKapH Texcmypa wMaccuBHas, OJHOPOJIHAs,
HEOJHOpO/JIHasA, MO0 mojocyatad. [ naguvie

MUHepabl — MTUPOKCEHBI JUOTICUT, TEIEHOEPTUT, TPaHaThl — TPOCCYJIISIP, aHAPAJIUT,

BOJUIACTOHUT, MAarHETUT, MOJIMOJCHUT, TaJlCHUT, CQaIEepUT, XaIbKOMHPHT,

KacCUTEPUT U Ap. [{eem IpeuMyIIeCTBEHHO TEMHBIN, OYpBIH, 3€IEHOBATO-0YPHIii,

TEMHO-3€JIEHBI 0 MOYTH YEPHOTO. Pa3HOBUAHOCTH Pa3MYaAIOT IO TJIABHBIM

NOpOA000PA3YIOIIMM  MHUHEpPATIAM: HNUPOKCEHOBblE, 2PAHAMOBble, NUPOKCEHO-

epanamoguvle CKapHbwl.

YcioBusi 00pa3zoBaHus U HaxoxaeHusi. OOPa3yroT 3aJIeXKH, JIMH3BI, TeIa
HEMpPaBWILHOU (OPMBI, 30HbI TPEUMYIIECTBEHHO B HETIOCPEICTBEHHOM KOHTAKTE
TPAaHUTOB, TPAaHOJUOPUTOB C KapOOHATHBIMU ocagoyHbiMU. [Ipoaykramu
TUIPOTEPMAIBHOTO HW3MEHEHUSI MUHEPAIOB CKAPHOB  SIBISIFOTCS  SIHIAOT,
AKTUHOJIUT, TPEMOJIUT, XJIOPUT, KAJIbIUT, KBAPIl, HEKOTOPHIE CYIIb(UIBI.




Juarnoctuka. OT M3BECTKOBO-CUJIMKATHBIX POTOBUKOB OTIMYAIOTCA IO
yCJIOBUSIM U (opMe 3aJieTaHusl, TAKKE OTCYTCTBUEM CIOHCTOCTH.

IIpakTnyeckoe 3Hauenne. CKapHBI HEPEIKO COIMPOBOXIAIOTCA pyAaMu
Kenesa, BoJibPppama, MOIMOaeHa, CBUHIA U IIMHKA, MEAU, 00pa, OTYACTH OJIOBA,
OepwHs U JIp.

I'petizen

HazBanue oT cTaprHHOTO HEMEIIKOTO HAMMEHOBAHUS TTOPO AbI, COJIepIKaIIeh
OJIOBSIHHBIN KaMmeHb (puc.139).

XapakrepHsle npusHaku. Cmpykmypa
KpPYITHO-, CPEJIHE-, MEJIKO — WJIH TOHKO3EPHUCTAs.

Texcmypa ~ OOBIYHO  HEOJIHOPOJIHAS,
nosiocyarasi, pexxe MacCHBHasl.

Munepanvhoiti cocmag: KBapll, MyCKOBHUT
WIK JISNUJOJWT, 4YacTO Toma3, TypMaJlvH,
GIIOPUT;  CKOIUIGHHMSI  ILEHHBIX  PYJIHBIX
MUHEPAJIOB: KACCUTEPUTA, BOJIb(PpamuTa,
MoymoaeHUTa, Oepmmia u ap. LlBer Oembrit 10
ceporo, 6oJiee TEMHOM TIPY HAJIMYMH CKOTUICHUH KacCUTEPHUTa, BOJIb(paMUTa UK
cynb(uaoB. bieck CTEKISTHHBIN, IepJIaMyTPOBbIN JIMOO MaTOBbINA. Pa3HOBUAHOCTH
IPEH3EHOB HA3BIBAIOT [0 TJIABHBIM MUHEpaJIaM: K8apy-MyCKOBUMOBble, KE8aAPY-
monasoevie, Kapy-monasz-1enudoiumossle m T.]1.

YcaoBusi odpazoBaHuss u Haxo:kaeHusi. Dopma 3aneraHusi: B BHJC
BBICOKOTEMIIEPATYPHBIX  KBAapIEBBIX M  TOJIEBOIINATA-KBAPIEBBIX KW C
KacCUTEPUTOM, BOJb(HPAMUTOM, MOJIMOACHUTOM, OEPUIIOM H T.II.

Juarnoctuka. OnpenenstoTcs Mo 0COOEHHOCTIM MHUHEPAIBHOTO COCTaBa,
T.e. OTCYTCTBHIO WJIM HHU3KOMY COJICP)KAaHUIO TIOJIEBOTO IINATa, BBICOKOMY
COJIEPKAHUIO KBapIla, MyCKOBUT WU JICTIUJIOJUT, TOMAa3, (QIIOOPUT, TYPMAIUH, a
TaK>Ke MO yCJIOBUSIM 3aJIeraHus, CBETIasi MOpoa.

IIpakTHyeckoe 3HaveHue. ['peiizeHN3anns COMPOBOXKIAET 00pa3oBaHUe
MECTOPOXKJICHUN BOJb(pama, Oepuiuins, MoJMOeHa (rpei3eHbl ¢ MyCKOBUTOM
OTYACTH C TOMa3OoM M OOJBIIMM KOJMYECTBOM (proopura), 0J0Ba, TaHTaIa
(rpei3eHbl ¢ JUTHUEBBIMU CIIIOJIAaMH U TomazoM). [1o3ToMy rpei3eHbl sIBISAIOTCS
OJIHUM U3 BEIYIIMX MOUCKOBBIX IPU3HAKOB HA PEAKOMETAIbHBIE MECTOPOKICHUSI.

Puc. 139. I'peiizen.

Ilopoowvt konmakmoeo2o memamopghusma.

HuxeonucreiBaeMble MOPO1bl UMEIOT OTPAHUYEHHOE PACIPOCTPAHEHUE; OHU
pPa3BHUTHl B TIpeaenax CpPaBHUTEILHO Y3KUX 30H, -
HEKOTOPbIE MHTPY3UBHBIC TeJa, MPEUMYIIECCTBEHHO TA '.3'_\3,73
CJIO’KCHHbIC TPAHUTOUIaMHU. " —

Pozosuku

Ha3panme 1o XxapakTepHOMy H3JOMYy U
BHEIITHEMY OOJIMKY, HalmOMHUHAIOIIEMY POTOBOE
BerecTBo(puc. 140).

XapakrepHble  npusHaku. Cmpykmypa Puc. 140. Porosuk.
TOHKO3E€PHUCTAs] CKPBITO-KpHUCTAIMUECKas (pa3Mep




3epen 0,01-0,03mMm), HEpenko mopdupOoIacToBas.

Texcmypa maccUBHasg MHOTJA CO CJEIaMU CIOUCTOCTH, JHOO MSITHUCTAS.
OcHOBHasl TKaHb — arperar Hepa3JIMYMMBIX Ha rjia3 BblJEIeHUN OMOTHUTa, KBaplia,
Mar”HeTuTa, poroBoi 0OMaHKH, 3MHUJI0Ta, YIIIUCTOrO BELIECTBA U Ap. MuHepasl
nopdupoOIacToB: OMOTUT, aMm(puO0JI, TpaHaT (ATbMaHIWH), TIOJICBBIC ATl U AP.
L[sem TeMHO-CEpBIN 1O YEPHOTO, MHOT/A C 3€JICHOBATHIM OTTEHKOM JINOO OEIbIil,
CBETJIO-CEPBIM, KEJITOBAThIK. l[BET paBHOMEPHBIN NATHUCTBIA U IOJOCYATHIM.
[loponaxkpenkas, (¢ Tpy1oM pa3OUBAETCsI MOJIOTKOM), TBEpiasi. M310Mm HEPOBHBIH,
paxoeucmnwiii, 3aHO3UCTBIA (POTOBUKOBBIN), MOPOa OOBITHO 3EIIEHOBATOTO HJIH
KEJITOBATOTO I[BETA U MOJI0CYATOTO (P EMUKTOBOTO CIIOMCTOTO) cllokeHus, CocTour
U3 MHUPOKCEHOB: JUOICUJ — IeeHOEepPTruT, IrpaHaTa, BOJUIaCTOHUTA, aM(puboIoB,
MJIaruoKJiasa, MUI0Ta, CyIb(UIOB.

YcaoBusi o0pa3oBaHMsl M HAaXO0XIeHUsA. Pa3BuBaeTcsi Ha KOHTAKTe
WHTPY3UBHBIX TEN C TMECYAHUKaMH, apTUUTUTAMH, MEpTeliel U JOJIOMUTOB MO
BO3JCICTBUEM TeIIa, UCTOYHUKOM KOTOPOTO SIBJSIIOTCS HWHTPY3UBHBIE Tela,
dbopMupyroimecs Ha HEOOJBIION WK YMEPEHHOM TTyOuHe (110 2-3KM).

JAunarnocTuka. BeicoKass IpOYHOCTh, pOrOBHUKOBBIM U3JIOM, OCTPBIE Kpas

IIpakTnueckoe 3Hauvenue. He wumeer. C M3BECTKOBO-CUJIMKATHBIMU
POTOBUKAMH HEPEIKO CBSI3aHbI OOTaThle CBUHIIOBO -IIMHKOBBIE WJIM MEIHBIE PY/IbI.

Ilopoovt ounamomemamopusma.
Kamaxknazum. Tekmonuueckasn opexkuus

Ha3Banme — 10 mOPOHMCXOXKIECHUIO
cM.TaKoke Opekuns (puc.141).
XapakTepHble NPU3HAKH.

CrieMeHTHpOBaHHBIE  yIJIOBaTblie  OOJIOMKH
pa3IMUHBIX TOPHBIX mopoja  (OpekuneBas
TekcTypa). llemeHTHpyromas Macca MOXET
ObITh MO0 pBIXJIOW W caa00 CBSI3aHHOM,
COCTOSIIEH u3 TOHKOPa31pO0JEHHOTO
Puc. 141. TexToHn4eckas Opexkuusi.  MaTCpHrala. PaBMepBI 00JIOMKOB OT HECKOJIbKHUX
CaHTHMETPOB JI0 MeTpa u OoJee.
YcaoBusi o0Opa3zoBaHusi uW HaxoxkaeHusi. Ilopoma, oOpasyromas
peruoHaIbHBIE U JIOKAILHBIC 30HBI APOOJICHUS 36MHOM KOPBI.
JMuarnoctuka. [To xapakrepy 1iemMmeHTa, HaTM4ue yrioBaThiX 00JIOMKOB




IpakTnyeckas padora Ne 32,33
HN3ydyeHue OCHOBHBIX THIIOB MeTaMOP(PUUECKUX MOPO]T
N3ydyenune TeKCTyp ¥ CTPYKTYp MeTaMOp(UIECKUX TOPHBIX MOPO/I.
Obopyoosanue: KOJUIEKUHS METaMOP(UUYECKUX TOPHBIX MOPOJ C pa3IMuHbIMU
BUJIaMU TEKCTYP U CTPYKTYP: THEHCHI, MPaMop, CJIAHIIBI-CIIOASHBIE, XJIOPUTOBEIE,
TaIbKOBBIC,  TJIMHUCTHIC,  KBAapUWUTHI, TabiWIa MO  KIacCUPUKAINNA
MeTaMOp PUUECKUX TOPOJI, CXEMATHUECKUE 3aPUCOBKHU TEKCTYP, COJIIHAS KUCIIOTA.
IHlopsaooxk eévinonnenusn paoomot.
¢ 1.Omnpenenuts TEKCTYPBI METAMOP(HUIECKUX TTOPOI, HCXOS U3 CXEMAaTHICCKUX
3apHUCOBOK TEKCTYP, OCHOBHBIX IIOHSITHI BHIa TEKCTYP.
['HEHCHI - THEWCOBUIHAS TEKCTYpa, IJIOMYATasi, MOJI0CYaTasl.
Mpamopa - maccuBHasi, MoJocyaTas, M THUCTAS.
CrnaHupl — claHIeBaTasl.
¢ 2.Pa3nemute meramopduyeckne MOpPOJbI Ha ABE MOATPYIIBI C Pa3HBIMH
BUJIaMU CTPYKTYD:
® a) C TMOJHOKPHUCTAJUIMYECKOW CTPYKTYpOH: THEWCHI, Mpamopa, T'PEH3eHbl,
CKapHbI, KBAPIIUTHI.
e 0)C HEMOJIHOKPUCTAUINYECKOU CTPYKTYPOU: IIIMHUCTBIE CJIaHIbI, XJIOPUTOBBIE.
IlpakTnueckasi padora Ne 34, 35
N3ydyeHue riiaBHbIX THIIOB MeTAMOP(PHUYECKUX MOPO.
Obopyoosanue: KOJUTCKIIHS MeTaMoPHUIECKUX OPOJT KOJUTEKIIHS
MeTaMOP(PUUECKUX TOPHBIX MOPOJ C Pa3JTUYHBIMU BUJAAMU TEKCTYP U CTPYKTYD:
THEHCHI, MpPamMoOp, CJAHIbl - CIIIOJISIHBIE, XJIOPUTOBbBIC, TAJbKOBBIE, TIMHUCTHIE,
KBapIUThI, Tabiauia 10  KiIaccuUKamuu  MeTaMOp(DHUUECKHX  TOPOS,
CXEMaTU4YECKHUE 3apUCOBKH TEKCTYP, COJIIHAS KUCJIOTA.
Ilopsook evinoanenus paoomot.
¢ 1 N3yuenne IIOpPOJ C MOJTHOKPUCTAUINYECKONM  CTPYKTYpPOW:
a.KpUCTAUTMYECKHE CJAHIBI (HE COJEpIKaT TOJIEBbIE IMINAThl B OTIMYHAE OT
THEHCOB), THEUCHI TI0JIOCYATas M THEMCOBHIHAS TEKCTYpa.
¢ 2. Mpamopa — XapakTepeH CHEXHBIN OJIECK, XOPOIIO pearupyer ¢ COJITHOU
KHCJIOTOM C BBIACJIEHUEM ITy3bIPbKOB YTIIEKUCIIOro rasa.
¢ 3. Kpapmutel XOpoOINO IapamalT CTEKIO, HE pPEarupyroT ¢ KUCIOTAMH,
Pa3HOBUIHOCTh KBApPIIMTOB — KEIE3UCTHIA KBApIUT 00JIaAaeT XOPOIIMMU
MarHUTHBIMH CBOWCTBaMH, NPU HAJIWYHMHM B COCTABE I'eMaTHTa JACT TEMHO-
BUIIIHEBYIO YEPTY Ha O€IOM OUCKBUTE, OUEHB TSXKENask Mopoa.
¢ 4. CkapHbl U Tpei3eHbl OTIUYAIOTCS MO IBETOBOM OKpacke. CKapHbI TEMHbIE,
I'PE3eHbl CBETIOOKPAIIEHHBIE, TAK KaK COCTOSIT U3 KBaplla, MOJIEBBIX IIINATOB,
MYCKOBHTA.
¢ 5. CnanH1pl TalbKOBBIE MATKHE, dKUPHBIC HA OIIMYTIb, JAIOT OIIYIIICHUE MbLIA,
XJIOPDUTOBBIE OTIMYAIOTCS 3€JICHOBATOM OKPAacKOW, HMHOTAA C BKIIOYEHUSIMHU
MarHeTuTa, CEPUIIMTOBBIE XapPaKTEPU3YIOTCS XOPOIIUM MepJaMyTPOBBIM
0JIecCKOM, (PHIIIMTHI ¢ MICTKOBHCTBIM OJICCKOM.



MeToanyeckue YKazaHudA

Tema «Meramopduueckue TOpHbIE MOPOABI» - CPABHUTENBHO CIIOXKHAS JIJIs
uzydyenusi. Oco0oe BHUMaHHE CJEIyeT YIENATh PacCMOTPEHHIO IJIaBHEHIIMX
NpOIIECCOB MeTaMOp(uU3Ma, KOTOpPbhie OOBACHIIOT MPUYHMHBI IPEBPAICHUS
HOPMAJIbHBIX U3BEPIKEHHBIX U OCAOYHBIX TOPOJ B MeTamopuueckue. [Ipu sTom
HEOOXOMMO YSICHUTh POJIb TaBHBIX (DakTOpOB MeTamop(duszma: TeMmreparyphl,
JaBIICHUSI COCTaB MOPO/JI, Ta30BBIX M BOJHBIX PACTBOPOB, €CJIM OHH yYacTBYIOT B
meramopdusme. SBneHus MeramopduzMa MOTYT TpOTEKaTh TMPU BechbMa
Pa3NMYHBIX YCIOBUSAX, KOTOpBIE ¢ TriyOnHON MeHstorcs. [lostomy Oosbiioe
3HaYEHHE MPUOOPETAIOT BOMPOCHI , CBA3AHHBIC C YYEHHEM O 30HAX U TITyOMHHBIX
nosicax (darusax riryOMHHOCTH).

W3ydas mopoiapl, CTYAGHTHI JOJDKHBI O3HAKOMHUTBCS C OCOOCHHOCTAMH
MUHEpPAIbHOTO COCTaBa, CTPYKTYpPbl, TEKCTyphl mopoxa. llpu meramopduzme
00pa3yroTcs HOBbIE MUTHEpAJIbl, MapareHe3uc, rOpHbIe MOPOJbl U XapaKTEepHOE
pa3BUTHE JMCTOBBIX, IUIACTUHYATHIX WM BBITAHYTHIX MHHEPAJIOB, YeM U
00BSICHSICTCS UX CJIAHIEBATOE CJIOKEHUE.



[IpakTnuyeckoe 3ansatue Ne36
Konrtpoabnas padora
IIpumep:

ConepxaHue KOHTPOJIbHOM pabOTHI:

[pakTuueckass 4acTh BKIIOYACT OINpe/eIeHe MUHEPAJIoB B 5 oOpa3uax (3MuHepasa u 2ropHsie
OpObl)

OTBETOM 10 clieAyrolen Qopme:

O6pazern 1

1. l'anenut PbS

2. Ilupur FeS2

Teopernueckas 4acThb

Brxmrouaer oTBeT B mUchbMEeHHOM popMe Ha 2 Bompoca:

[lepBrIii BOIpoC: ONMCAHKUE TPEX MUHEPAJIOB, IEPEYMCIEHHBIX B 11. 1

Bropoii Bonpoc: OTIMYKTENBHBIE IPU3HAKK ABYX IIap MUHEPAJIOB,

MPUBEJICHHBIX B II.

2 Obpa3zer] 0TBETa Ha BTOPOIA BOIIPOC:

[Muput FeS2 Xanpkonuput CuFeS2
1. Cunronus

KyOnueckas TerparonanbHas

2. O0IHK KPUCTAIIIIOB

KyOb1, oKTasAphl,IEHTarOH10/1€KadIphl,

Terpasapsl

IITPUXOBKA Ha TPaHsIX IITPUXOBKA OTCYTCTBYET
3. TBepocTh

6-6,5 3-4

Jlarotcs 200pasiia TOpHBIX TOPOJT TSl OTTMCATETLHON XapaKTepUCTHKA

3. [lppmMep MAKPOCKONMUYECKOr0 ONMUCAHUS MHTPY3UBHOI
MarmMaTu4ecKoi rOpHoi MOpoabI.

[Topona MOMHOKPUCTAIIIMYECKAs! ¢ HEPABHOMEPHO-CPEAHE3CPHUCTON
TUNTHIMOMOP(PHO3EPHUCTOM CTPYKTYpOl M MacCUBHOU TEKCTYPOH .

[lopona nonumuHepaibHas. Ee maBHbIME TOPOA000pa3yrOIMMU
MHUHEpaTaMu BJISIOTCS miarnokias (64%), porosas oomanka (30%) u
ouotur (5%). BropocreneHHbIM MIHEPAIOM B TIOPOJE SBJISICTCS KBaPI]
(oxoiso 1%). AkiteccopHbie MUHEpAJIbI ITPEICTaBIeHbI anraTuToM (o 1%) u
margeTutoMm (1o 1%) ,

4. TlppuMep MUKPOCKOMUYECKOT0 OMUCAHUSI MeTamMopd uue ckoii

TOPHOM MOPOAbI.

Iopona nmeer moppupodIACTOBYIO CTPYKTYPY — Ha (poHE MenKo-
CPEIHE3EPHUCTOM JIEMH 10-TPaHOOIACTOBOM OCHOBHOW MacChl BBIACIISIOTCS
nop¢upobacTel rpaHara. TekcTypa MOPOIbI CIIOUCTAs, CIaHIICBaTasl.
CI0ouCTOCTh BBIPAXKCHA B YePEAOBAHHIH JICHKOKPATOBBIX U MEIIAHOKPATOBBIX
MIPOCIIOEB, TIEPBBIE U3 HUX CJIOKEHBI TPEUMYIIECTBEHHO KBapIleM, a BTOPbIC
— OMOTUTOM. MOIIHOCTH TIPOCIIOEB COCTABJISIET OKOJIO 2 MM.
[Mopdupobnactel TpaHaTa MPUYPOUCHBI K MEJIAHOKPATOBBIM MTPOCIIOSIM .
CrnaHIeBaTOCTh MPOSIBJICHA B MTAPAJUICITBHON OPUEHTHPOBKE YCIIyeK
OMoTHTa M M3pEIKa BCTPEYAIOLIMXCS UTOJIBYATHIX KPUCTAIIOB
crumuMannTa. CllaHIIeBaTOCTh MapaljieNbHa CIIOUCTOCTH. I JTaBHBIMU MTOPO1000pa3yOIMU
MEHepanamu mopoasl seisrorcs keapi (55%), 6uotut (35%).



I'noccapmit
AOHCcaNBHBII - [Tped. — 0e3T0HHBIN, 0€3/1HA | - O0IbIIHE TITyOHHBI.
AreHTbI BbIBeTPUBAHUS — BO/1a, BETEP, PACTUTEIbHBINA U KUBOTHBIA MUD, JIE]I,
YTJIEKUCIIBIN I'a3, KUCJIOPO.
Arperar.-. COBOKYITHOCTb MUHEPAJIbHBIX 3€PEH WM UX CPOCTKOB, 00pa3yIOLHX
MOPOJY WK €€ YacTh.
AKKYMYJISIIMS — HAKOTICHUE.
AK1eCCOpPHbIe MUHEPAJIBbI - [JIAT. IPUBXOAAIINH |, - MUHEPAJIbI, BCTPEYAIOIIUECS
B [IOPO/I€ B HE3HAYUTEIbHBIX KOJMYECTBAX; UX PUCYTCTBUE HE UMEET 3HAYEHUS
JUISL OIIPENENIEHHS] TIOPOABL, HO CIIy’)KUT KOPPEISLIMOHHBIM IPU3HAKOM IS
TEHETUYECKUX, CTPATUTPaQUUECKUX U JPYTUX COMOCTABICHUI.
AJIeBpHT - [Iped.- MyKa], - pbIxJjias 00JI0MOYHas MOPOoJia, pa3MepaMu YacTHILL OT
0,0110 0, 1MMm.
AJLTIOBMH - [J1aT.- HAHOC, HAMBIB| - B pa3JIMYHOM CTEIIEHU OKATaHHBIE U
OTCOPTUPOBAHHBIE 0OJIOMOYHBIE OTIOKEHUS, HAKOTIMBIIMECS B PEUHOM TOJIMHE B
pEe3yJbTaTe CHOCA M OTIIOKEHUS TOCTOSHHBIM BOJHBIM IIOTOKOM.
AMGuO0JIbI - [HEACHBIH |, - MUHEpaJIbl, METACUITUKATHI C JIGHTOYHOU CTPYKTYPOM.
AdaHuUTOBBIN — TIIOTHBIN, 0€3 Pa3TMUYUMbBIX POCTHIM I71A30M MUHEPAJIOB.
I'eHe3mc — MpOUCXOKICHUE, POKICHHUE.
I'eHepanusi — B MUHEpAIbHBIX 00pa30BAHUAX CIIOKHOTO COCTABA,
(bopMUPYIOIUXCS B TEYEHHUE JUTUTELHOTO U CI0KHOTO MPOLIEcca, BhIIEISIOTCS
MUHEpaJTbl WIK TPYIIEI MUHEPAIOB, 00pa3yroMecs B pa3Hble CTaIMU MpoLiecca.
OJIHHU U T€ K€ MUHEPAIIBI PA3JIMYHOU FEHEPALIMU OTIMYAKOTCS COCTABOM H
dbopmoii.
HNuTpy3uBHBIE NOPOABI — MarMaTu4ecKue Noposl, 00pa3oBaBIIMeECs B
pe3yibTare KpUCTAIM3AlMU U 3aCThIBAHUs paciliaBa Ha TTyOuHe,
IUTyTOHUYECKHE, SHIOTE€HHbIE, TITyOUHHBIE TOPOIBI.
HuTpy3us - [1aT. - BTAJIKUBATh |, BHEAPEHNE OTHEHHO -KUIKON MarMbl Kak B yiKe
CYILLECTBYIOIIME MIOA3EMHBIE ITyCTOTHI, TAK U B Y4aCTKU 36MHOU KOPBI,
pa3ABUHYTBIE CAMOW MAarMOM.
Kaoaunu3anust — mpouecc, B pe3yiabTare KOTOPOTO MOJIEBBIE IIIATHl U IPYTHUE
AIFOMO CWJIMKAThI IPEBPAILAIOTCS B KAOJIMH.
Kopa BbiBeTpMBaHUA - BEPXHSIS HaCTh 36MHOM KOPbI, CJII0KEHHAS SIFOBUEM
MadwuTtsi - [110 3n1emenTam Mg u Fe], TeMHbBIE COCTaBHBIE YaCTH MarMaTuyeCcKuX
OPOJ.
IlapareHne3uc — COBMECTHOE HAX0XKAECHUE, BOSHUKAIOILEE B PE3YJILTATE
OJTHOBPEMEHHOTO UJIM TIOCJIEIOBATEILHOTO 00pa30BaHusI.
Du3nyecKoe BbIBETPHBAHUE — 3TO PA3PYIIEHUE TOPHBIX IOPOJT U UX
pasnpoOieHne 6€3 BUIUMOT0 U3MEHEHUSI XUMUUECKOTO COCTaBa.
¢ dy3uBHbIe (WM U3TUBLIMECS ) - 00pa3yeTcs P 3aCThIBAHUU JIAaBbI HA
MOBEPXHOCTb 3€MJIM B YCJIOBHUSIX HU3KOTO JIaBJICHUS U OBICTPOM OT/Ia4yu TEILIa U
ra3oBbIX KOMIOHEHTOB. [|J1s ’TUX TOPHBIX OPOJ XapaKTepHO aMOpHHOE UITH
nop¢$upoBOE CTPOECHHUE.
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