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BBenenue

OCHOBHOH 1IETBIO TAHHOTO MTOCOOUS SIBISIECTCS (hopmuposanue npakmuyeckux 3HaHull
0 8AJICHEUUUX MUHEPATLAX 3eMHOU KOPblL U HABLIKOS8 UX MAKPOCKONUYECKO20 ONpedeneHUs.

B cooTBercTBUM ¢ IPUHATON KiIacCU(pHUKAIME B COCTaBe KJIACCOB pacCMaTPHUBAIOTCS
IJIaBHBIE [OPOA00Opa3ylollie M pyAHble MMHEpaibl, ompeaenaeHHble IIporpammoii
NPaKTUYECKON YacTH Kypca 001l reoI0ruu.

ITpu u3noxkeHnu yueOGHOro MaTepraga OCHOBHOE BHUMAaHME YJIEIEHO XapaKTepHCTUKE
HanOoJiee CYIIECTBEHHBIX, MPEUMYIIECTBEHHO IHMArHOCTHUYECKUX YepT (OpM M CBOMCTB
MHUHEPAJIOB B ILEJIOM, MX INPOMCXOXKICHUIO M IPAKTHYECKOMY 3HadeHHIO. KOHKpeTHbIE
CBEICHMsI 0 MUHEpaiax, UMEIOIINE IPEUMYILECTBEHHO CIIPABOYHBIN XapaKTep, OMEIICHBI B
tabnuiy-onpenenutensd (IIpunoxenne 1, 2).

B koHIIe MocoOus MPUBOAATCS KOHTPOJIBHBIE BOIPOCHI U CIHMCOK PEKOMEHIOBAHHOM
JUTEPATYPHI, a TaK)Ke (HOPMBI MPUBOIUMBIX KprcTaiIoB MuHepasioB (IIpunoxenue 3).

1. CamopoaHblie 3J1eMeHThI

B kmacc caMopogHBIX 3J€MEHTOB BXOJHUT HEOOBIIOE YUCIO MUHEPATIOB (0KoJIO 45),
MPEJICTABIISIFOIINX CO00M OTAETbHBIC XHMHUECKUE IIEMEHTHI.

Bce camopoiHbie 2eMeHThl — OYeHb pejikie MuHepaibl. CyMMapHO OHU CllaraioT He
6onee 0,02% Beca 3eMHOU KOpPBI, OJHAKO UMEHHO B BHUJI€ TaKUX MUHEPAIOB OHU 00pa3yroT
MPOMBIIIIEHHBIE CKOIUJICHHS 3JIEMEHTOB, UMEIOLUX BaXXHOE MpaKTHyeckoe 3HaueHue. K Hum
OTHOCATCS 0CO00 ILIEHHBIE 3JEMEHTHl — METaJUIBl: 30JI0TO, IJIaTWHA, cepedpo W Ap., Uis
KOTOPBIX CAMOPOJIHOE COCTOSIHUE SIBIIIETCSI HAaubosee XapaKTepHbIM U 3JIEMEHThI-HEMETaJLIIbI:
MUHEPAJBI yIIIepoia — anmMa3 u rpaduT, a TAaKKe cepa.

Jlis MHMHEpaloB 3TOro Kiacca OYEeHb XapaKTepHbl SBIECHUSA MOIUMOpdHu3Ma u
oOpa3oBaHus TBEepABIX pacTBopoB. IlocneqHue HauOolee TUMUYHBI JJII CAMOPOIHBIX
MeTauIoB (Hampumep, cepedpa B 30JI0TE, MEIH B 30JI0TE U JP.).

[[Ber MuHHEpallOB TMOJHOCTBHIO ONPEIACNSICTCS OOpa3yIOIUMU WX XUMHYECKUMU
a1eMeHTaMu ( 30JI0TUCTO-KEITHIN, CepeOpSTHO-OCNbIN U T.1.).

CamopogHoe 3070TO, cepedpo W Jpyrue MeTaibl OTJIMYAIOTCA  CHUIIBHBIM
METaJUTMYECKUM OJIECKOM, HEBBICOKON TBEPAOCTHIO (2-3) M HAMOOJBINEH U3 BCEX M3BECTHBIX
MHUHEpAJIOB IUIOTHOCTBHIO (0 21), oOycioBieHHOW aTroMHON Maccoil siemeHTOB. B
KpUCTaJlJIaX BCTpedaroTcsl penko. OObIYHO HAXOAATCA B BHUJIE 3€pEH, YellyeK, JCHAPUTOB U
HUTEBUIHBIX arperaToB. NHOTa — KaK YHUKAIIbHBIC SIBICHUS — 00Pa3yIOT CAaMOPOIKH Pa3HBIX
dbopM 1 pazMepoB.

CaMopoaHble HEMETAIIBI HMMEIOT Pa3HOOOpa3HBI HEMETAITMYECKH  OJecK.
[InoTHOCTH Y HUX B OCHOBHOM HeOoubmias. TBepaocth kosebaercs ot 1 y rpadura go 10 y
anMasa, SBISIONIASICST CaMOM BBICOKOM cpean MuHepanoB. CaMOpOgHBIE HEMETaJUIbI
BCTpPEUalOTCs B BHUJE KPUCTANIOB, HO Halle OOpa3yloT IUIOTHBIE, uellydyarble, MHOIIA
3eMJIMCThIE MacChI.

BonbmMHCTBO CaMOpPOJHBIX METAIOB BCTpeyaroTcsi penko. Cpeau HeMeTauioB
CPaBHHUTEIHHO LIUPOKO PACIIPOCTPAHEHBI TOJBKO IpaduT U cepa.

OO6pazoBaHue MHHEPAJIOB 3TOTO KJIacca CBS3aHO TJIaBHBIM 00pa3oM € 3HJOTEHHBIMU
mpoleccaMu: MarMaTU4ecKuM W TUAPOTEPMANbHBIM  (CAaMOPOJIHBIE METaJUIbl), TaK
Ha3bIBAGMBIMH «TpPyOKamMu B3pbIBa» (anMa3), metamopduueckumu (rpadur). CamopomHas
cepa MMEET B OCHOBHOM 3K30T€HHOE NMPOUCXOXKICHHE U 00pa3yeTcs pasiIu4YHBIMH MyTSIMHU
(OMOTeHHBIM, SBIISICTCS BO3TOHAMH BYJIKAHOB H JIp.).

[TpoMblIIITICHHBIE MECTOPOXKACHUSI MHOTHX CaMOPOIHBIX METAJIOB (30J10TO, cepedpo
U Jp.), a TaKK€ CaMOPOJIHBIX HEMETAJIJIOB (aJiMa3) BCTPEUAIOTCS KaK B KOPEHHOM 3aJleraHUuH
(TIepBUYHBIE MECTOPOXKIICHUS), TAK U BO BTOPUYHOM 3AJIETAHUU — B POCCHITISAX (BTOPUYHBIE
MECTOPOKICHUS).

[IpakTHyeckoe 3HAYEHHE CAMOPOJHBIX JIIEMEHTOB, OCOOEHHO OJaropoAHBIX —
o0mIen3BeCTHO. 30JI0TO SIBISIETCS TJaBHBIM BalIOTHBIM MeTauioM. Hapsny ¢ npyrumu



0JIarOpOTHBIMHU MeTaIaMH (cepebpo, MmIaTWHa W Ap.) UCHOJIB3YeTCS B IOBEIUPHOM
nerne, mpuoopoCcTpoeHU. AMas SBIISIETCS JPAaroleHHBIM KaMHEM TIEPBOTO KJIacca U MIUPOKO
NPUMEHSETCS B TEXHHKE B KadeCTBE CBEPXTBEPIOr0 MaTepuana (TEXHUYECKUE alMasbl).
I'padut u cepa BaxKHBI COOTBETCTBEHHO KaK IICHHOE TEXHUYECKOE M XUMUYECKOE CBIPhE.

B Kkiacce caMOpOIHBIX JJIEMEHTOB M3 METAJUIOB PACCMATPUBAIOTCS 30JI0TO (Au),
cepedpo (Ag), u3 HemeTawioB — cepa (S) u muHepansl yriepona (C) —anama3 (rped. «amgaMacy»
- HenmoOeauMbIil) u rpaduT (Tped «rpadocy - MUILY)

(ITpunoxenwue 1).

2. CepHucrsie coequHeHus (Cyabuabl)

K xkrmaccy CepHHUCTBIX COEIMHEHUH WIM CyJIb(QHUAOB MNPUHAIICKUT OOJBIIOE
KoJIn4ecTBO MHHepasioB (Oonee 200), mpencTaBistonMX cOOOM COEIMHEHHS] METAJIOB C
cepoil.

Benymiee 3HaueHne U3 METAIJIOB B 3TUX COSAMHEHUIX NMEET kene3o (okoso 4/5 Bcex
cynbduaos). Kpome Hero TUNWYHBIC COCIUHEHHS C CEPOM 0Opa3yrOT Melb, CBHHEI], IHMHK,
cepedpo, pTyTh U ap. B Buae m3oMopHBIX npumeceld B cOCTaB Cylb()UIOB BXOAUT LENbINA
PAI PEAKUX M PACCESTHHBIX AJIEMEHTOB (KaaMUW, WHIUHN, TaJUTNH, pSHUA U JIp.), KOTOPBIC HE
00pa3ylOT CaMOCTOSITEIbHBIX MHHEPAJIOB M MOTYT OBITH MOJYYEHBI TOJBKO MOIYTHO HpPHU
nepepadoTKe CynbUIHBIX PY/I.

Cynp¢uabl, Takxe Kak 1 MUHEpaJIbl KJacca CaMOPOJHBIX HJIEMEHTOB, HE OTHOCSATCS K
nopoaooOpa3zyomuM MuHepanam. OHu cocTaBisitoT Beero okouso 0,15% Beca 3eMHOM KOpBI,
OJTHAKO MHOTHE U3 HUX UMEIOT BXHOE MPAKTHUECKOE 3HAYCHNUE KaK PYAHbIC MUHEPAJIbI.

Cynbdunapl BcTpedaroTcss B BUAE KPUCTAJUIOB, JpYy3, Yallle — B BHJIE€ CIUIOIIHBIX
3epHHUCTHIX MAacC M BKPAIUICHHUKOB.

[lBer wMuHEpasioB B OOJBIIMHCTBE CIydaeB CephId U OKEITHIA Ppa3IuYHON
MHTCHCUBHOCTH W OTTEHKOB, a TaKKe KOPHUYHEBBIH M KpacHbI. Bce cymbhuabr 3a
HEOOJBIIMMHA HWCKIIOUCHUSIMH HMEIOT METAUTMYECKHH OJecK, OOJBIIYyI0 IIOTHOCTh (Kak
MpaBuJIO, BhILIE 4) U HEBBICOKYIO TBEPJOCTH (2-4). 3a CUeT UHTEHCUBHON OKPacKu MUHEPAJIOB
Y OTHOCHUTENILHO HEBBICOKOM TBEPAOCTH CYIbGUABI AAIOT Ha OMCKBHUTE XOPOIIYI0 ueptTy. LiBeT
YepTHl SABJIAETCS OAHUM U3 AMArHOCTHUUYECKUX MPU3HAKOB CYJIb(UIOB.

Cynbduapl HMMEIOT B OCHOBHOM THAPOTEpPMAIbHOE TMPOUCXOXKIEHUE M YacTo
BCTPEYAIOTCS COBMECTHO CO MHOTMMH MHMHEpajlaMH KJIacca CaMOPOAHBIX 3JieMeHTOB. Kpome
TOro, cyibpuabl 0o0pa3yloTcsi B MarMaTHMYeCKWX W HWHOTJAa B AK30T€HHBIX IMporeccax. B
MOBEPXHOCTHBIX YCIIOBHSIX OHU HEYCTOWYHMBBI M pPa3pyLIAlOTCs, MEepexoas B pazIUuHbIC
BTOPUYHBIE MUHEPAJIbL: CyIb(}aThl, KAPOOHATHI, OKUCIIBI U JIP.

Cynbdunabl SBISIOTCS TIABHOW pyJIold Ha MeIb, CBHUHEN, LIMHK, PTYTh WU JAPYyTUE
[[BETHbIE METaJIbl. 3 HUX MOMYTHO U3BJIEKAIOT PEAKUE U PACCESHHBbIE DJIEMEHTHI, a TAKKe
cepy. HeoOxoaumMo OTMETHTBH, UTO KeJe30 U3 Cylb(UIOB HE M3BIEKACTCA M3-3a HU30BITKA
CEpBI.

B sTom kiacce paccMaTpuBaroTcs Hanbosee XapaKTepHble MUHEpAIbl: MHPHT,
WM CEpHBIM WM JKEJIEe3HbIM KojuenaH FeS, — camblil pacnpoCTpaHEHHBIM B MPHUPOJIE
CynbQUI; XaJdbKONUPHT, WU MeaHbIN Komdenan CuFeS; (rped. «XanbKoc» — Mellb U «ITup» -
OTOHB); TaJIeHUT, WA CBUHIIOBBIA Oneck PbS; cdasepur, wim nuakoBas oOmanka (Tped.
«chanepoc» - 0OMaHUYHMBBIN); KHHOBaphb (apaOCK. «knHOOApW» - KpOBb JpakoHa), HgS.

3. T'anounnble coequHeHns (TaJaouabl)

K xnaccy ranouaHbIx COeAMHEHUN WU TaJOMJ0B OTHOCATCS okosio 100 mMuHEpanos,
MIPEACTABISIIONIUX COO0W COeTMHEeHMsI MeTa/ioB ¢ rajoreHamu — propom (F), xmopom (Cl) u
ropaszo pexe 6pomom (Br) u itiogom (I) — dropunsl, xmopuasl u ap. ['maBHoe 3HaueHHE U3
METaJUIOB B 3THX coeAnMHEeHUsX umeroT Hatpuii (Na), kanuit (K), marauit (Mg), kaneumii (Ca)
U HEKOTOPbIE IpYyTHE.



Ponb raJIou/ioB KaK MOpoJ000pa3yoluX MHUHEpAJIOB HEBEIUKA:
MIMPOKOE PACHPOCTPAHEHUE UMEIOT JIMIIb XJIOPUIBI U OT/AEIbHbIE (PTOPUIIBI, HO OHU BaXKHBI B
OOLIEreoIOTUYECKOM W MPAKTUYECKOM OTHOUIEHHH. XJIOpHUIbI 00pa3yloT MOIIHbBIE
COJICHOCHBIC TOJIIM B BHUAE OCAJOYHBIX IOPOJ M SBISIOTCA IICHHBIM XUMHYECKUM U
arpOHOMUYECKUM CBIPBEM. DTOpHIBI UCIIOJIB3YIOTCS MPEUMYIIECTBEHHO B
METaJUTypruuecKOr MPOMBIIIJICHHOCTH.

lamounpl, 3a peaKkUM HUCKIIOYEHHEM, BCTPEYaloTCd B BHAE HM30METPUUYHBIX
KPHUCTAJIOB U KPUCTAITINUECKU-3EPHUCTBIX arperaTos.

Munepansl B OCHOBHOM O€CIIBETHBIE U, JIUIIb COJAEpKaIIlMe NMPUMECH OKpalleHbl B
pa3nuyHble 1IBeTa, OOBIYHO CBETIbIe. bomblnas dYacTe TaJoOWIOB Mpo3payHa MU
IIPOCBEYHMBAET, UMEET CTEKJISIHHBbINA OJIECK, HU3KYI0 TBEPIOCTb U HEOOJBIIYIO0 IUIOTHOCTb.
OObIuHa COBEpIICHHAs CMANHOCTh. XJIOPUIBI JETKO PACTBOPUMBI B BOJAE U MO3TOMY MMEIOT
BKYC.

Xaopuasl 00pazyroTcst TJIaBHBIM 00pa3oM B OCAJO0YHBIX MpoLeccax MPH MCHapeHHH
BOJ TMOBEPXHOCTHBIX OacceiiHoB. [IpeoOmanaromias  CBA3b XJOPHAOB C OCaJIOYHBIMHU
nporeccaMu 0OBSICHSETCS TeM, 4TO OKOJIO 75% BCero xjopa 3eMHON KOPBI COCPEIOTOYEHO B
OKEaHNYEeCKOI BOJE.

@dTopupl CBsI3aHBI B OCHOBHOM C 3HJJOTCHHBIMH MIPOIIECCAMH.

B kmacce raJloMJHBIX COEAMHEHUH W3 XJOPUAOB PAcCMATPUBAIOTCS TaJUT, WIH
kameHHas cosib NaCl — Hanbosee pacnpocTpaHeHHBI MUHEpaJl 3TOro kiacca, cuiabBuH KCl,
u3 GTOpUI0B — UIKOOPHUT, WIIH IIABUKOBBIN mmat (Tped. «haoop» - Teub) CakF,.

4. OKHMCJIBI M THAPOOKHCJIbI

K kitaccy oKHCII0B U THAPOOKHUCIIOB OTHOCATCS BayKHBIE U IIIUPOKO PacpOCTpaHEHHbBIE
MHUHEpaJIbl, MPEeACTaBISIOmUe co00i COeTUHEHNsT Pa3IMUHBIX 3JIEMEHTOB ¢ Kuciopogom O
(OKHCIIBI) U COCIMHEHHS C KHUCIOPOAOM M TUApOKCHiIbHOW Tpynmnoit OH (rumpookucnsi). B
HacTosIee BpeMsi u3BecTHO Oosnee 150 MuHepanoB 3TOro Kiacca, KOTOPbIE COCTABISIOT
okoJo 17% Beca 3eMHOM KOpBI.

Munepanbl 3TOro Kjacca TMOAPA3ICNAIOTCS Ha JBE TpPYyNnbl: 1) OKUCHBI U
TUAPOOKUCIBI KpeMHUS (TpyIina KBapia) U 2) OKUCIbI U TUAPOOKHUCIIBI METAJIOB.

['maBHBIMH IO PacPOCTPAHEHHOCTH SIBJISIFOTCSI MUHEPANbl TPYMIBI KBapma (KBapil,
XaNLEeOH, ONall) W, IpPeXAe BCEero, KBapll — OJUH U3 BaXKHEHIIMX MOPOA000pa3yroIInux
MUHEPAJIOB, COCTABJISIIOIIMM 1O BeCcy OKOJO0 12% 3eMHOI KOpbI M BXOISIINNA B COCTaB BCEX
FeHEeTUYECKUX THUIOB TOpHBIX mopona. Cpeau MuHepalloB BTOpPOIl rpymmbl Haubolee
pactpoCTpaHEHHBIMH  SBJISIOTCS OKUCIBI U THUIAPOOKHUCIBI JKene3a (TeMaTuT, MarHeTuT,
JUMOHHUT), ciaratomue 10 4% 3eMHOM KOpbl. 3 ocTalbHBIX HAUOOJIbIIee 3HAYCHHE UMEIOT
OKHCITBI U TUAPOOKHUCIIBI ATFOMUHUSA (KOPYHA, MUHEpalIbl O0KCUTOB U Jp.).

B MopdonornueckoM OTHOLIEHWH OKHCIBI M THUAPOOKHCIBI 00JIaJal0T XOPOILIO
BBIPQKEHHOW WHIMBHIYaJbHOCTHIO KPUCTAJUIOB M HX arperaroB, 4TO JJIsi OOJBIIMHCTBA
MUHEPAJIOB JAaHHOTO KJIAcCa SIBJISIETCS] BAKHBIM TUarHOCTUYECKUM MPU3HAKOM.

MuHepanbl OKMCIIOB, IpEJICTaBICHHbIC OONBIIMM Pa3sHOOOpa3HeM CTPYKTYD,
00pa3yloT KpHUCTalIbl BCEX MOPQOJOTUYECKUX THUIIOB — HM30METPHUYHOTO, YAJIMHEHHOTO U
YIJIOUIEHHOTO OOJMKOB. MUHEpasibl H30METPUYHOTO O0JIHMKa OOBIYHO OOPa3yIOT 3€pHHUCTHIC
arperatbl ( OT KPYITHO- U CPEIHE-3€pPHUCTHIX /10 MEJKO- U CKPBITOKpUCTANINYECKuX). Jis
MHUHEpAJIOB yJUIMHEHHOTO OOJMKa XapaKTEpHBI JIyYUCThIE M WTOJIbYaThle arperaTsl, a Jyis
VIUTOIIEHHBIX — JIUCTOBATO-YellyilyaThle.

MuHepasbl THAPOOKHUCIIOB B MOAABIISIONIEM OONBIIMHCTBE HE 00pa3yloT pa3InyiMBbIX,
3aMETHBIX TJIa30M KPUCTAIUIOB U OOBIYHO MX KPHUCTAUIMYECKUE OYEepPTaHHUs MOXKHO
YCTQHOBUTB JIMIIB MOJ JIEKTPOHHBIM MUKpOCKoIoM. [TouTH Bcera oHM BCTpeyaroTcsi B BUE
MOPOILKOBATHIX, 3EMJIUCTBIX, HATEYHBIX M OOJUTOBBIX arperaroB. HekoTopble OKHUCIbI
BCTPEUAIOTCS KaK B BUJI€ KPUCTAILJIOB, TaK U B BUJIE arperaTos.



Oxpacka OKHCIOB M THJIPOOKHUCIIOB TaKKe XapaKTepu3yeTcs CBOMMH
ocobeHHOCTsAMH. YacTh OSTHX MHHEpalIoB OeclBeTHAa WIM clabooKpameHa U HUMeeT
pa3HoOOpa3HbIi HeMeTauMdeckui Oneck. OpHAKO TMOAABIAIONIEE YHCIO MHHEPAJIOB,
COJIepIKaIIHX JKeJe30 U IPYrue TUIMUYHBIE YIEMEHTHI-XPOMOQOPBI, HHTEHCUBHO OKPAIICHBI B
TeMHBbI€ 11BeTa. OCcOOEHHO IIMPOKO PaclpOCTpaHEHBI YEpHbIE, OypO-UepHbIE U P3KAaBO-KEIThIE
OKpacku. B COOTBETCTBUM C 3TUM HaxXOAATCA M METAUIMYECKUM WM METaJUIOBUIHBIN
(MOTyMETAIITHYECKUA ) OJIECK ATUX MHUHEPAJIOB.

BoNbIIMHCTBO OKHUCIIOB HMMEET BBICOKYIO TBEPAOCTh, OOBIYHO Oombiie 5,5. Y
TUIPOOKHCIIOB TBEPAOCTh 3aMETHO HUXE U KoJebieTcst oT 1 7o 5.

[1noTHOCTh HAXOAUTCSI B COOTBETCTBUH C XUMUUYECKUM COCTAaBOM MHUHEPAJIOB.

W3 gpyrux xapakTepHbIX JAMAarHOCTUYECKUX CBOMCTB HEOOXOIUMO OTMETUTh
MarHUTHOCTh HEKOTOPHIX MUHEPATIOB, HaNOOJIEe SIPKO BBIPAKCHHYIO Y MAaTHETHUTA.

OO0pa3yroTcsi OKUCIBl U TUAPOOKHCIBI MPU CaMbIX pa3HOOOpPa3HBIX Mpoleccax, Kak
OHIOTCHHBIX, TaK W OJK30TCHHBIX. Tak, Hampumep, KBapll oOpa3yercs B pe3ylbTare
MPAKTUYECKH BCEX IMPOLIECCOB, CBA3AHHBIX MarMaTHYecKON esATeNbHOCThIO (COOCTBEHHO
MarMaTH4ecKOro, MerMaTUTOBOTO, ruapoTepmaiibHoro). Kpome Toro, xBapi BO3HUKAET B
nporuecce MeTaMoppu3Ma, a TAK)KEe MOXKET OBITh SK30T€HHBIM, BBIJEINAACH, HAIPUMED, B BUIE
JIpy3 Cpeau OCaJo4HbIX TmopoA. VIMeHHO mo3TOMY KBapll SIBISETCS  IIMPOKO
pacnpocTpaHEeHHBIM MOPOI000Pa3yIOIIUM MUHEPAIOM MarMaTUYeCcKuX, METaMOPPUUIECKUX U
0CaJIOYHBIX TTOPOJI.

Bmecre ¢ Tem, OONBIIMHCTBO MUHEPAJIOB ATOrO Kjacca o0pa3yloTcs B pe3yibTare
HK30TCHHBIX MPOIIECCOB B BEPXHEW YacTu JUTOChepsl. MHOTHE SHIOTEHHBIE MUHEPAIBI IPU
BBIBETPHUBAHUU Pa3pyLIAIOTCS U MEPEXOAT B OKUCIIBI U TUAPOOKHUCIIBI Kak 0oJiee yCTOUNBbBIE
COEIMHEHUS B TIOBEPXHOCTHBIX YCIOBUSIX.

Munepanbsl Kjlacca OKHCIOB W THUIPOOKHCIOB HMMEIOT BaKHOE IPaKTUYECKOe
3HaueHre. MHOrMEe M3 HUX MCIOJB3YIOTCS KaK OCHOBHBIE PyAbl JJI TOJY4YEHUs XKeje3a,
ATIOMUHHS W JPYTHX METAJIOB, KaK ONTHYECKOe ChIphe (KBapil), Kak 0co00 TBepIbie
abpasuBHble MaTepuanbl (kKopyHna). KpacuBo okpalieHHbIe pPa3sHOBUIHOCTH MHMHEPAJIOB
MPUMEHSIIOTCS B IOBEJIMPHOM JIeJI€ B KAUECTBE IPAroleHHBIX U MOAETOYHBIX KaMHEH.

B sToM KItacce paccMaTpuBarOTCs MOpoA000pa3yroIe MUHEPATBI TPYIIBI KBapIia, a
TaK)Ke pyAHbIC MUHEPAJIbI )KeJie3a U allFOMUHHUSL.

KBapn SiO, Ilo pacnpocTpaHEHHOCTH B 3€MHOHM KOpe SIBJSIETCS BTOPBIM IIOCIHE
CHJIMKATHBIX MUHEPAJIOB TPYIIIBI MOJIEBBIX IINAaTOB. POPMANBbHO MO0 XUMHUYECKOMY COCTaBY
KBapll OKHCEJ, OJIHAKO MO CTPYKTYpe MPUHAIJICKUT K Kiaccy cuiaukaroB. lIpo3paunbie u
KpacuBO OKpalleHHbIE PAa3HOBUIHOCTH KBaplla HMEIOT COOCTBEHHBbIC HAa3BaHUS: 2OpPHbIl
Xpycmais — BOJSHO-TIPO3PAaYHbIe KPUCTAIIIBI, OOBIYHO XOPOIIO 0Opa30BaHHBIC, aMemucm —
dbuoneroBelii; Mopuon — depHbi. MMeroTcs u npyrue Oonee peaKue pa3sHOBUIHOCTH:
payxmona3z — IbIMYATBIN KBApLL; yumpur — 30JJ0TUCTO-KEIIThIN KBapll U Jp.

Xammenon SiO;. CKpBITOKpUCTAUTMYECKAsh Pa3HOBUIHOCTh KBapma. [lo mBety u
PUCYHKY BBIICISIOTCS CIEIYIOIINE PAa3HOBUTHOCTHU: CepOOaUK — KPACHBIA WU OPaHKEBBIN;
arar — KOHLIEHTPUYECKU-30HAbHBIHN, PAa3JIMYHO OKPAIICHHBIN; KpemeHb — TEMHO-CEPBIN U JIp.

Omnaa SiO;'nH,O. Amopdusiii Munepain. [IpocBeunBaromume uin ciabookpaiieHHbIE
pa3HOCTH, OTJIMYAIOLIMECS PAAYKHOW ONAJECIHEHIUEH — WUIpOil IBETOB PAa3HBIX OTTEHKOB
roixy0oro, pexxe KpacHOTO IBETA, HA3BIBAIOTCS 0.120POOHBIM ONALOM.

I'ematutr Fe,0s5. (Tped. «rema» — KpoBb, KpoBaBhlil). iMeeT psin pa3HOBUIHOCTEH.
SIlcHOKpHUCTaIIMUECKUE arperaThl YeIyH4aToro CTPOCHHs CTaIbHO-CEPOro /10 YEPHOTO I[BETA
HA3bIBAIOTCSL J#ceNe3HbiM  01eCKOM, CKPBITOKPUCTANIMYECKHE Macchl KpacHOro IBeTa —
KpacHulm dicene3nsakom. PasHOBUIHOCTH KeNE3HOTO OJIeCKa — dkcene3Has ClrooKd, dHcene3nas
pO3a; KPacCHOTO KEJIE3HAKA — HAMeuHbll ceMamum, 3eMIUCMbll UTU OXPUCMbLU KPACHbLLL
JHCeNe3HsK.

Bo Bcex cimywasix XapakTepHbIM NMPU3HAKOM I'e€MaTHUTa, OT KOTOPOTO OH M MOJYYHII
CBOE€ Ha3BaHUeE, ABJISETCS BUIITHEBO-KPACHBIN I[BET €0 YEPTHI.



MarseTur, WA MATHUTHBINA JKEJIE3HIK FeO-Fe,O5 WA Fe-Fe,0,.
Hawuboiee OoraThblii KeJI€30M OKHCE.

JlumoHuT, uam Oypeld JKene3Hak (Tped. «iemMoH» — Iyr.). He wumeer crtporo
OTpPEACNIEHHOT0 XMMHYECKOTO COCTaBa — TPEACTABISCT COOOW CMeCh pa3InYHBIX
TUAPOOKUCIIOB JKeJie3a M TIIMHUCTBIX YaCTHIl, COOTHOIIICHHS KOTOPBIX HETTOCTOSIHHBI.

Kopynn Al,Os;. Cawmprii  TBepmplii mocie anMaza MuHEpal. braropomgHbie
Pa3HOBUAHOCTH KpPOBAaBO-KPACHOTO I[BETa HA3BIBAIOTCS pPYOUHOM, CUHETO — Can@upom;
TEMHAasi MEJIKO3EPHUCTAs! KOPYHIOBAsI IOPOJIA — HAMCOAK.

5. KapOonarsi

Munepansl K1acca KapOOHATOB SIBISIFOTCS MIPUPOJHBIMHU COJIIMUA YTOJTBHOU KHUCIIOTHI
(H,CO3) m mpeactaBisitor coO0W  COSIUHEHUS KalbLMsl, MarHus, jKejie3a, MEIU U Jp. C
KHCJIOTHBIM PaJUuKaIOM [CO3]2'.

Bcero B 3TOoM Kknacce uzBectHo okoiio 100 MUHEpanoB, KOTOpbIE COCTABISIOT 110 1,7%
Beca 3eMHOH Kopbl. HekoTopele M3 HUX OYEHb IIUPOKO PACHPOCTPAaHEHBI B MPUPOIE.
Oco0eHHO ATO OTHOCHUTCS K KalbLMTY U JIOJIOMHUTY, HEPEAKO 0oOpa3ylolluX B 3€MHON Kope
MOIIIHBIE TOJIIM B BUJIE€ MOHOMHHEPAIBHBIX OCAIOYHBIX MOPOJ (M3BECTHSIKH, JOJOMHUTHI U
np.). I3 octanbHbIX Hanbosee MupoKoe 3HaYeHHE UMEIOT MarHe3UT U CUAEPUT.

KapOoHaTel 0OBIYHO BCTPEUYAIOTCS B BUE MACCUBHBIX, KPUCTALTUIECKH-36PHUCTBIX U
HATEUHBIX arperaToB, a TaKXKe B BHUJE KPUCTAIJIOB pa3HoW ¢Gopmbl. Hanbonee xapaktepHas
dopMa KpuCTaLIOB — poMO03ap. Xopomo 00pa3oBaHHBIC KPUCTAIIBI MHOTAA JOCTUTAIOT
3HAYUTENIbHBIX Pa3MepPOB (/10 HECKOJIBKUX JECATKOB CAHTUMETPOB).

BonpImMHCTBO MIUHEPATOB ATOTO Kilacca OECIBETHHI MM UMEIOT Oenblii nBeT. OKpacka
KapOOHATOB OIpeAeNseTcss B OCHOBHOM IPUCYTCTBUEM B UX COCTaBE€ »JJIEMEHTOB-
XpoMo(opoB, a Takke H30MOP(HBIX W MeXaHWYecKHx npumeceil. Hampumep, kapOoHaThI
MEJU, SIBIISIOMICHCS THUIUYHBIM XPOMO(OpPOM, HMEIOT 3€ICHYI0 (MaJlaXWT) WM CHHIOK
OKpacKy. becriBeTHBIN Wik OEINbIid B YUCTOM BHJIE KATBIUT MPHOOPETAET PO30OBATYIO OKPACKY
OT H30MOpPQHBIX MpHUMEced MapraHiia, a TMpU 3arpsS3HEHUU JPYTUMU MHHEpalaMu—
MPUMECSIMH — 3€JICHYIO (0T BKIIOYCHHI XJIOPUTA WIIM aKTHHOJIMTA), KPACHYIO (OT BKIIFOUEHUN
reMaTuTa), TEMHO-CEPYIO WJIH YePHYIO (OT BKIIFOYCHUN OMTYMHUHO3HBIX BEIIECTB).

KapOoHaTel UMEIOT HU3KYIO TBEpIOCTh (3 — 4,5), COBEpIICHHYIO CIIAWHOCTh B TPEX
HarmpaBjeHusx (1Mo pomO037py) U OOBIYHO HEOOJBIIYIO IUIOTHOCTh. Y OOJBIIMHCTBA
MUHEPATIOB 0JIECK CTEKJISTHHBIN M MHOT/IA ( Ha TUIOCKOCTSIX CHAHOCTH) MEePIaMyTPOBBIiA.

B nenom, mumpoko pacnpocTpaHeHHbIe KapOOHAThl UMEIOT OYEHb CXOJIHbIE BHEIIHHE
npu3Haky. [|Jis uX TUArHOCTHKYU W3/1aBHA MCIIONIB3YeTCsl XapakTep (MHTEHCUBHOCTD) PEaKIIUU
¢ cosstHOM Kucnotor (HCI). Kanenut pearupyer 6ypHO — «BCKHMAeT» (gaxe ¢ pa30aBIeHHON
HCI); nomomut pearupyet cnabo, TOIBKO B MOPOIIKE; MATHE3UT U CUACPUT — MPHU JACUCTBUU
Harperoii HCl, mpu stom y cunmepura karuis xonomuoi HCI sxkenrteer ( or oOpa3zoBaHms
XJIOPHOT'O JKeJe3a).

OO6pazoBanne kapOOHATOB CBSI3aHO TJIABHBIM 00pa3oM C TOBEPXHOCTHBIMH
XUMHUYECKHUMH U OMOTEHHBIMH TIPOIecCaMy (XHMHUYECKHE M OPTraHOTECHHBIE OCAIKH), a TAKKE
¢ METaMOp(PHUUECKUMH U THIPOTEPMAIIbHBIMH.

KapOoHaTel — BaskHEHIIIIE HEMETAJUIMYECKUE MOJIE3HbIC UCKOMIaeMbIe (CTPOUTEIhHBIC
MaTepuaibl — U3BECTHIK, MpaMop, JOJIOMUT; OTHEYITOPHOE U ONTHYECKOE ChIPbE — MarHe3uT,
ONTHYECKUN KAaJbIUT; NEKOPATUBHBIE M IOJCIOYHbIE KAaMHH — MaJaxuT, Kaibnut). Kpome
TOTO, KapOOHATHI — IICHHBIC PY/IbI HA JKEJIe30 (CUACPHUT), MEb U IPYTUe METaJLIbI.

B sTOoM Kkacce paccMmarpuBaroTCa: KaJdbOHMT, Wid u3BecTKoBbI mmat Ca[COs] —
nopo000pa3yoIuii  MUHEPa, YYacTBYIOUIMM B CTPOGHHMHM KaK OCaJOYHbIX, TaK U
MeTamopdudeckux mopoi. IIpo3paunas OecrBeTHas pa3HOBHIHOCTH KAJBIIUTA HA3BIBACTCS
UCTAHOCKUM WNAMOM WIH OnmMu4ecKkum Kaavyumom. JIisi HEero XapakTEepHO CHIIBHOE
JByIyderiperiomyienne  (IposBISIIOLIEEeCs,,  HampuMep, B OTYETIIMBOM  Pa3BOCHUU



Hn300pakeHus); 10JAOMMT, Wik ropbkuit mmar CaMg[COs], — mmpoko pacnpocTpaHEHHBIN
muHepas; marHesut Mg[COs]; cuaepuT, uinn xene3usiid mmat Fe[COs] (rped. «cumepocy —
xkene30); MagaxuT Cup[CO;3](OH), — mnennbiii ( U Temepb OYEHb PEIKHI) TMOACITOYHBIN
KaMEHb.

6. Cyanparsl

Musnepaisl - cynbhaTsl ABIAIOTCS cosiMu cepHoit kucnoTel (H2SO4) n npeacraBnsior
co00i1 B OCHOBHOM COEIUHEHHS HATpusi, Kajaus, KalbllMs, MarHusi, 0apusi U HEKOTOPBIX
JIPYTHX METAIUIOB ¢ KHCIOTHBIM pagukanom [SO4]%.

K sromy knaccy otHocutcst 6onee 150 munepanoB, kotopsie coctasisior 0,1% Beca
36MHON KOpBL. XOTS MHUHEpajbl JAHHOTO Kjacca 0Opa3yloT TOBOJLHO MHOTOYHUCICHHYIO
IpyNIy, 4YHUCJIO YCTOWYMBBIX M UIMPOKO pACIpOCTPaHEHHBIX B MpUPOAE CyibdaTroB
CPaBHHUTEIHHO HEBENHUKO. CaMBIMU PaCPOCTPAHEHHBIMU SIBJISIFOTCS THIIC, aHTHAPUT, OApUT U
HEKOTOpBIE ApYyTHUE.

Cynbdarel BCTpEYarOTCS B BHJIE XOPOIIO OOpPa30BAHHBIX KPUCTAIJIOB, a TaKke
BOJIOKHUCTBIX, JYYHMCTBIX, 3€MJIUCTBIX U 3€PHUCTBHIX arperaroB. Kpucramasl B OCHOBHOM
TabIuTYaThie, OM3KKUE K M30MeTpUYHBIM. Hepenko o0pa3yroT apy3bl U MIETKH.

BbonbmimHcTBO  Cynb(haToB OeCUBETHBI, HO H3-32 MPHUCYTCTBUS MEXaHHMYECKHX
nprMecel 9acTo OKpaIIeHbI B pa3INYHbIC I[BETA.

Cynbdarbl  XapaKTepuU3yIOTCS HHU3KOM TBEPAOCTHIO H  OOBIYHO  HEOOJBIION
IOTHOCTHIO (2-3). MckimoueHue cocTaBisieT 0apuT, UMEIOIINA HauboJiee BBICOKYIO CPeIu
CBETJIBIX MHHEPAIOB TUIOTHOCTH (4,5). MHorue u3 cynbdaroB pactBopuMbl B Boze. Ilo
BHEIITHUM TIpH3HAKaM OHU HAIOMUHAIOT MHHEpAbl, BXOJIIME B Kiacc KapboHaToB. B
OTJIMYME OT MOCJIETHUX OHU HE PEATUPYIOT C COJSTHOM KHUCIOTOM.

OcHoBHast Macca Cynb(aroB — 9STO OSK30TCHHBIE MHUHEPAIbl  OCAIOYHOTO
MPOUCXOXKACHUS (XMMUYECKHE MOPCKHE W O3€pHBIE OCAJIKH), peXe MPOIAYKTHl OKHUCICHUS
Cynb(UIOB M  BYJIKAHUYECKOW  JCATENbHOCTH. VICKIIOYeHHWE  COCTaBiseT  OapuT
TUAPOTEPMATBHOTO TPOUCX 0K ICHHUS.

Cynbdarbl UCTIONB3YIOTCS B MPOHW3BOJACTBE BSIKYIIMX CTPOUTEIBHBIX MATEPUAIIOB,
XUMHUYECKON MPOMBIIIIEHHOCTH, METUIIMHE U KaK MOJEIIOYHbIE KAMHHU.

B arom knacce paccmarpuBarorca: aHruapur Ca[SOs] — TUnMuHBI MHHEpal
XEMOTeHHBIX ocaakoB. Cpeau OcaJoyHBIX MOPOJA OO0pa3yeT IJIacThl pa3HOM MOIIHOCTH
(unorma mo 1000 M), acconMupyeT B HUX C THUIICOM, TaauToM. [loriomas Boay mepexoauT B
rurnc; runc, win Jerkui mmat Ca[SO4]-2H,0; 6aput unu tspkensrii mmat Ba[SO4] (rpeu.
«bapoc» — Bec).

7. ®ocharbl

®dochater — comu GochOpHON KHUCIOTHI — TMPUHAMISKAT K JTOBOJBHO PEAKUM
MUHEpAaJIaM.

HaubGonee pacnpoctpaneHHbiM u3 HuX sBisgercss anaTut Cas[PO4]»(F,CI,OH) (rpeu.
«amatuo» — oOMaHbIBar0). BcTpedyaercs modtu BO BCEX TUINAX TOPHBIX MOPOJ, HO B BUIE
OJIMHOYHBIX MEJKUX KpPUCTAIJIOB U 3€peH. B NpOMBIIUIEHHBIX KOHILEHTPALMSIX araTUuT
BCTPEUAETCS B IIEIOYHBIX MAarMaTHYECKHUX TOpOJaxX, SBISSCH COBMECTHO C HEEIMHOM
OJIHMM M3 TJIaBHBIX MOPO000Pa3yIONIUX MUHEPAIOB (B HEQEITMHOBBIX CHEHUTAX). 371€Ch OH
o0pa3yeT 4YacTyl BKpAIJICHHOCTh 3€pEeH M TMOYTH CIUIOIIHBIE 3EPHUCTHIE CaXapOBUIHBIE
Macchl, TI€ coliepKanue anatuta aocturaet 80%.

B ocamouHbIX TOPHBIX MOPOJAaX amaTUT CllaraeT KOHKPEIWH, )KETBAKH M 3eMITUCTHIC
Macchl. OOBIYHO COAEPIKUT MPUMECH MECUaHbIX U INIMHUCTBIX YAaCTHUL, IPEJICTaBIIsIs COO0M 10
cylecTBy nopony. Takue ropHsle nopozsl HasbiBaroTCs (pochopuramu. Vx npoucxoxacHue
OMOreHHOEe — B pe3yjibTaTe >KU3HEAEATEIbHOCTH opraHu3MoB. Hepenku mnceBaoMopdosbl
($hochOopHUTOB MO UCKOMTAEMBIM OCTATKaM.



Anatut  u  QocOpHTHI  IUPOKO HCIOIB3YIOTCS OE IPOM3BOJICTBA
dbocdopHBIX YyIOOpEeHUIA, B XUMHUYECKOM MPOMBITIIIEHHOCTH.

8. Cuitukarsl

B xnacc cunmkaToB BXOIAT Hamboliee BaXKHBIE U IMHPOKO PACIHPOCTPAHCHHEIC B
3eMHOH Kope mnopoaoobOpasyromue MuHepanbl. OHM y4acTBYIOT B CTPOCHHMHM BCEX THUIIOB
TOPHBIX TIOPOJI, 0COOEHHO MarMaTHYECKUX U METaMOP(PUUECKUX, PEXKE OCATOTHBIX.

Oxkono 30% Bcex HM3BECTHBIX B HACTOAIIEE BPEMsSI MHUHEPAJIOB OTHOCHUTCS K 3TOMY
Kiaccy. B 1menom, cuimMkaThl, BKIIOYas M KBapll, OTHOCSIIUKCS IO CTPYKType TaKXkKe K
CUJIMKATaM, ciararT cBblle 85% 3eMHON KOpbl. [Ipu 3TOM caMbIMu pacnpOocTpaHEHHBIMHU
ABIIIIOTCA MUHEPAnbl 2PYNNbl NOJIEGLIX WNAmMos8 U Keéapy, Ha IO KOTOPBIX MPUXOAUTCS
co0oTBeTCTBEHHO 55% u 12%. 3a HUMM MO PacHpOCTPAHEHHOCTH CIEIYIOT HUPOKCEHbl U
amgpubobl — MX 00I1Iee KOTUIECTBO B 3¢eMHOM Kope nocturaeT 16%, a Takxke croost (4%).

Munepansl Kjlacca CUIMKATOB XapaKTEPU3YIOTCS CII0KHBIM XUMHUYECKUM COCTaBOM U
BHYTPEHHUM CTpPOEHHEM. B COOTBETCTBUM C pacHpOCTPAaHEHHOCTBIO B 3€MHOM Kope,
[JIaBHBIMH XMMHMUYECKHMHU JJIEMEHTAMU CHJIMKATOB SIBJIAIOTCS KHUCIOPOJ M KPEeMHHH —
BXO/JISIINE B COCTAB sifjpa (WM pauKaia) UX KpUCTAITMYECKONH CTPYKTYPBI, a TAK¥KE Kele3o,
KaJIbIIMWA, MAarHUil, HATPUH, KaJuii, BOJOPOJ B BUAE THAPOKCUIIA UK BOJIBI U JIp. 3HAUUTENIbHA
B CHJIMKATaX W POJb aTIOMUHUS — TPETHEro MO PacHpOCTPAHEHHOCTH (TIOCTE KHCIOpoaa U
KpEMHUS) 3JIEMEHTa 36MHOU KOPbI. AJIIOMUHHM Kak aM(poTep MOKET OJJHOBPEMEHHO BXOAUTb,
1100 HE BXOJUTH B COCTAB PaIuKalia CHIIUKATOB.

SnapoM  KpUCTAJUTMUECKOM CTPYKTYpbl CHUJIMKAaTOB, OOpa3yloOIIMM OCHOBY HX
BHYTPEHHETO CTPOCHHSI, SBIISIETCS KPEMHEKHCIOPOIHBIA TeTpa’ap. B 1eHTpe TeTpasapa
HaxomuTCs atoM KpemHms (Sit), a B BepumHax — atoms! kuciopoga (O%), oGpasyromue B
COBOKYIIHOCTH KOMIUJICKCHBI paJuKail [SiO4*. B KPEMHEKHUCIOPOAHBIX TEeTpa’pax
KPEeMHH MOXET 3aMelaThCsi 4YacTUYHO (He Oojiee MOJOBUHBI) amroMuHHUEeM. [loaTomy
MUHEPAIBI ¢ KPEMHEKHUCIOPOIHBIMH TETPadApaMH Ha3bIBAIOTCSI COOCTBEHHO CUTUKAMAMU, & C
AITIOMOKPEMHEKHCIIOPOIHBIMH — SIBJISIOTCS UX aHAJIOTaMU U HA3BIBAIOTCS ATIOMOCUTUKAMAMU.

Kpemue- u aitoMOKPEMHEKHCIOPOIHBIE TETPA3APhl PA3IUYHO COUYETAIOTCS APYT C
JIPYrOM: OHU MOTYT OBITh 000COOJICHBI MU COCTUHSITHCS YePe3 BEPIINHBI TETPadApoB (Uepe3
aTOMBI ~ Kucjopona). Pa3Has reoMeTpusi COYETaHW TETPAdIPOB  MPEIONPEACTseT
pa3zHooOpa3ue CTPYKTYp CHIJIMKATOB U JIEKHUT B OCHOBE X COBPEMEHHOMN KIacCU(PHUKAIUH.

Brigensitor cienyromye cTpyKTypHbIE THITHI (TIOKIACCHI) CUITUKATOB:

1. OcTpoBHBIE CHJIMKATBI, UMEIOLUIUE CTPYKTYPYy U3  M30JUPOBAHHBIX
KPEMHEKUCIOPOAHBIX TETPAadApoB. Paaukan CTpyKTypsl [Si04]*, cioma xe
OTHOCSITCSI CHJIMKATBI CO CABOCHHBIMH TETPA3APAMU C PAAUKAIOM [Si207]6'.

2. KoubleBble CHIHKATBI, CTPYKTYpa KOTOPBIX OOpa30BaHHA HW30JIMPOBAHHBIMU
KOJbIIAMH M3 TpPEX, YEThIpeX WM IMIECTH KPEMHEKUCIOPOIHBIX TETPadAPOB.
Haubonee pacipocTpaneHbl KOJIbLIA U3 MECTH TETPA3APOB C PaIUKAIOM [SigO15]*
5

3. llemo4yeuyHble CHJIMKATBI, XapaKTEPU3YIOTCA TE€M, YTO TETPAdIPHI COCTUHSIIOTCS
B HEMPEPHIBHBIE U30JMPOBAHHBIC IIEMIOYKHU C PATUKATIOM [Si206]4';

4. JleHTOYHBIE CHJIMKATBI - KPEMHEKUCIOPOIHBIC TETPAadJphl COCAHHSIIOTCS B
HeTIpePBIBHBIC 000COOJICHHBIC JICHTHI (CIBOSHHBIC IIEMOYKH). Pagukan cTpyKTypsl
[S14011]%;

5. JlucroBble (CJOMCTbIEC) CHJIMKATHI, JICHTHl TETPA3IPOB COCIUHSIOTCS B BHUIE
OJIHOT'O HENIPEPBIBHOIO JINCTA WM Cl0s. Pagukan [Si4010]4';

6. KapkacHble CcHJIMKATBI, aJlOMO- ¥  KPEMHEKUCIOPOJHBIE  TETpadpbl
COCIUHSIOTCS  BCEMH  YETBIPhMSI  BEpIIMHAMH, 00pa3ys  HENPEepHIBHBIMA
TpexmepHbIi kapkac. Pagukan [SinOon], [AlmSinO2min] -

BHyTpeHHsA CTpYKTypa U XMMHYECKUN COCTaB CHWIMKATOB B 3HAYUTEIBLHOM CTEIECHU

oTpeAesnsiioT MOP(OIOrHI0 KPUCTAJUIOB U TUIT MUHEPAJIbHBIX arperaTos.



®opMa KpHCTALJIOB. MuUHEpaIbl OCTPOBHBIX  CHJIMKATOB C  KOMIAKTHOM
CTPYKTYpOH Kak MpaBHIIO OOpa3ylOT H30METPUYHBIE KpUCTALIBL. YacTto Oonee win MeHee
M30METPUYHBl KPUCTAUIBI KapKacHBIX CHJIMKATOB. KoJjblieBble CHUIMKAThl (CKpEIJICHHbIE
KOJbIIa — KOJIOHKH) — HMMEIOT CTOJ0uYaTyro (opMy KpuCTaioB. MuHepanabl ¢ JIMHEWHO
BBITSIHYTBIMU CTPYKTypaMU — II€MIOYEYHBbIE U JIGHTOUHBIE CHJIMKAThl — OOBIYHO 00pa3yioT
YITUHEHHBIE KPUCTAILIBI, COOTBETCTBEHHO, Y JICHTOYHBIX OHU 00JI€€ YIUIOIICHHBIE; CIIOUCTHIC
CHJIMKAThl UMEIOT JINCTOBATHIN OOJIHMK KPUCTAJIIOB.

Munepanbnbie arperatbl. OCTpOBHBIC M KapKACHBIC CHUJIMKAThI OOBIYHO 0Opa3yroT
3€pHUCTBIE arperarbl; KOJIbLIEBBIC-IIECTOBATHIC, PAAUATBHO-TYYUCTbIE; IENOYEUHbIE U
JICHTOYHBIE — UTOJIbYaThIe, TyYUCTBHIS; TSl CIOMCTHIX CHIIMKATOB XapaKTEPHBI ITACTHHYATHIC
Y YelyivaTble arperarhbl.

B monHO# 3aBUCMMOCTH OT KPUCTAJUIOXMMHUYECKUX OCOOCHHOCTEH CHIIMKATOB
HaXOZATCS U UX (PU3UUYECKHE CBONCTBA.

TBepaocTh CHIIMKATOB ONPEACISIETCS MPOYHOCThIO UX KPUCTAIUIMYECKUX CTPYKTYP U
BapbUpyeT B MMPOKUX mpenenax. OCTpoBHbIE U KOJbIEBbIE CHIMKATHI OTJIMYAIOTCS CaMOil
BBICOKOH TBEpAOCThIO (6-8). TBEepIOCTh HE3HAUWTENBHO CHIIKACTCS TPU TEPexofie OT
OCTPOBHBIX U KOJIBIIEBBIX CHJIMKATOB K IIEMIOYEYHBIM U JICHTOYHBIM, a TaKXKe KapKaCHBIM, IS
KOTOPBIX OHAa paBHa B cpeaHeM 5-7. Eme Gomble oHa CHMXKAeTcs B CHIIMKATaX CIOUCTOTO
tumna (2-3), moxozs 10 1.

LBeT cunMKaTOB pa3HOOOPA3HBIM W 3aBHCHT B OCHOBHOM OT HAJW4YUs B MHHEpae
3JIEMEHTOB-XpOoMOGOpOB (Keje3a, MapraHiia, XpoMa  Jip.). B mpucyTcTBUU IBYXBajJE€HTHOTO
JXKelle3a MHHEPATBl TPHOOPETAIOT 3eJIEHYI0 OKPAaCKy pa3HOW HMHTEHCUBHOCTH. [Ipu Hammuum B
MUHEpaje OJHOBPEMEHHO ABYX- U TPEXBAJICHTHOTO jkeje3a (M Pa3HbIX MX COOTHOLICHMSIX)
I[BET MEHSETCA OT 3€JIEHOr0 Yepe3 KOPHUYHEBBIM 10 4epHOro. OKpalleHHbIE MapraHueM
MUHEPAIBl UMEIOT MATMHOBO-KPACHBIH 1IBET U T.J.

be3 xpoMohopoB IIBET CUITUKATOB OETIBIiA, CEPHIii.

Ber uyeprbl. CuIUKaTBl C BBICOKOM TBEPAOCTHIO YEpPTHl HE MJAIOT — OHHU
MPOIAPANBIBAIOT OWCKBUTHYIO IUIACTUHKY. CHIMKAThl C HHU3KOW TBEPAOCTHIO, TIIABHBIM
00pa3oM JTMCTOBBIC CHJIMKATHI, JAIOT OCIYI0 WK CIab0OKpaIIeHHYIO (OOBIYHO 3€JICHYIO WITH
KOPUYHEBYIO) YEPTY.

CnaiiHocTh Hanboyiee XOpOIIO BHIPAKEHA B JIMCTOBBIX CHiMKaTax. Clou (JIMCTHI)
TETPa’APOB SABJISIIOTCSA OYEHBb MPOUYHBIMU, & CBSI3b MX JIPYT C IPYroM MEHEE MpOdYHasi, 4To U
o0yclaBIMBaeT UX BeChbMa COBEPIIECHHYIO CIIafHOCTh B OJTHOM HaIpaBJICHUH, MapaJICIbHOM
CIIOSIM CTPYKTYpHI. Llenouednpie u JEHTOYHBIC CHIIMKATHI O0JIAJAIOT XOPOIIO BBIPAXKEHHON
CHaifHOCThIO B JBYX HAIPaBJICHUAX BJIOJIb JUIMHHONM OCH CTPYKTYphL. XOpOIIO IMPOSIBIECHA
CHAifHOCTh MO JIBYM HAMPABICHUSAM B KapKaCHBIX CHJIMKATaX. B OCTPOBHBIX U KOJBIIEBBIX
CHJIMKaTax CHailHOCTh HECOBEPILIEHHAS.

InotHocTh. Cpenu CHIUMKATOB Mpeo0iIafaloT MUHEpPAdbl C HU3KOW IUIOTHOCTBHIO.
SIBAsSCH TNABHBIMHM MOPOJ00OPA3yIOUIMMU MUHEpaJaMH, CUIUKATHl OMNPENESIOT HU3KYIO
IUIOTHOCTh TOPHBIX IOPOJ W 3€MHOM KOpBl B LIE€JIOM, PaBHOM B CpeiHEM Okojo 2,8.
Cunukatbl ¢ BBICOKOW IJIOTHOCTBIO BCTPEYAIOTCSI PEAKO M B OCHOBHOM IIPEICTaBIICHBI
OCTPOBHBIMH CHJIMKaTaMH C HaumOoJee IJIOTHOW CTPYKTYPOH U COJEPIKAHUEM TSIKEIIBIX
aTOMOB.

IIpoucxoxkaeHue CHIMKATOB CBSI3aHO TIJIABHBIM 00pa3oM C  SHIAOTCHHBIMHU
npoleccaMy, B OCHOBHOM C MarMaTHYeCKHMMH, U pexe — ¢ MeTaMOppUuecKUMHU U
9K30TeHHBIMU. CHIMKATBhl SK30T€HHOTO MPOUCXOXKICHHUS MPEICTABISAIOT €000 0O0BIYHO
MPOJYKTHI BRIBETPUBAHUS WM U3MEHEHUSI IEPBUYHBIX (IHIOT€HHBIX) MHHEPAJIOB.

Ipumenenne. CuaukaThl Kak TIABHBIE MOPOJ000pA3yIONINE MHHEpPAIbl UMEIOT U
BaXXHOE IMpakTH4eckoe 3HaueHue. CHIMKAThl — IEHHbIE HEMETAJUIMUYECKHUE IOJIE3HbIE
UCKONIaeMble  (KEpaMMYeCKOE€ U  OTHEYIOPHOE ChIpbE; CTPOMTEIbHBIE, TEIUIO- U
JNEKTPOU3ONIALMOHHbIE Marepuaibl). OHHM TakkKe SBISIOTCS pyJaMd Ha paccestHHbIe
9JIEeMEHThl M pefkue 3eMiu. [Ipo3pauHble M KpacMBO OKpalICHHbIE CHJIMKAThl H3/IaBHA
UCIIOJIb3YIOTCSI B KAUECTBE JIPArOLICHHBIX U MOJIETIOUHBIX KaMHEH.



Huxe paccmarpuBaioTcs B COCTaBe MOJKJIACCOB CUJIMKAaTOB BaXKHe1Ine
nopo0o0pasyromiie u Hanbosee XxapakTepHble MUHEPAJIbl ¥ TPYIIbl MUHEPAIOB CUIMKATOB
(ITpunoxxenwue 2).

8.1. OcTpoBHbIE CHIMKATHI

Cpenu cuiukatoB 9STO HauOoiiee MHOTOYMCIEHHBIA MOJKIAcC MHHEPAJOB.
XUMHUYECKUH COCTaB UX BeChbMa pa3HOOOpa3HbI — OOJIBIIEH YaCThIO 3TO CHIIMKATHI JKeJe3a,
MAarHusi, KaJblus U allFOMUHHUSL.

K uncny mopomooGpasyromux u Hanbojiee HIMPOKO PACHPOCTPAHEHHBIX MUHEPAIOB
OTHOCSITCS: OJTUBUH, TPAHATHI, SMUIO0T U HEKOTOPbIE IpyTHE.

OumBuH, nwm nepuoom (Mg, Fe)[SiO4]. SBnserca Hamboiee pacnpocTpaHEHHBIM
MuHepaioM wu3zoMopdHoro psaa dopcreputr Mgy[SiO4] — dasumur Fep[Si04]. Hazpanume
IPOMCXOMUT OT OJHMBKOBO-3€JIGHOTO IBeTa MHUHepana. llpo3paynas kenro-3ejeHas
Pa3HOBUHOCTh OJIMBHHA HOCUT Ha3BaHUE XPU30IUM U SIBISIETCS IPArolleHHbBIM KaMHEM.

I'panatrel  (1laT. «rpaHymM» — 3epHO). OTO oOOmMpHas Tpylrna MUHEPAIoB
(mpencTaBisAOMMUX COOOM cMech JABYX HM30MOpP(DHBIX psagoB) ¢ olmieit  dopmoid
R12+R23+[Si04]3, rme R - neyxBaneHTHele Ca, Mg, Mn, Fe, a R - TpexBaneHTHbIE Al, Fe,
Cr. M3BeCTHO HECKOJIBKO PA3HOBUIHOCTEN IPaHATOB, U3 KOTOPBIX CAMBIM PACHPOCTPAHECHHBIM
sBisieTcs: anvmanour FesAly[Si04]3 — kpacHO-KOpUYHEBBIH, (hr0IeTOBBINA. Pexe BcTpeyaroTcs
nupon — TEMHO-KpacHbIN (XapakTepeH Ui aIMa30HOCHBIX TOPOI-KUMOEPIUTOB), 2poccynsap —
CBETJIO-3€JICHbIN, y8aposum — N3yMpyaHO-3eneHblid u ap. [Ipo3paunbie KpacHbIe U 3€JIE€HBIC
rpaHaThl UCIIOJIb3YIOTCA KaK JparoleHHble KaMHU.

Omuaor Cay(AlLFe),[Si04][Si,07]:O(OH) oTimuaeTcss 04YE€Hb CBOCOOpPA3HBIM,
HEMOBTOPUMBIM B JIPYTUX MHHeEpaiax, KeJITO-3eJIEHbIM LBETOM ((UCTAIIKOBO-3€JICHBIM,
LIMUHATHO-3€JIEHBIM) U CPEHEN CIIallHOCTBIO.

8.2. KosibuieBble CHIIMKATHI

[Togknace KOMBLEBBIX CHIIMKATOB BKJIIOYAET HEOOJBIIOE YUCIO PEIKUX B MPUPOJE
MuHepanoB. Cpeau HUX JIUIIb HEKOTOPhIE UMEIOT OINpeesIEHHOE MPaKTHIEeCKOe 3HAaUeHHE, B
TOM YHCJI€ TyPMaJIUH — CIIOKHBIN OOpaTIOMOCHITUKAT.

Typmaaun. OObequHSET HECKOJIbKO MHHEpalIoB (MEXIYy KOTOPBHIMH CYIIECTBYET
noJsiHas M30MopdHasi CMECTUMOCTh) ¢ ooOtmel hopmynoit X;Y3Ze[Sis015][BOs]3-(OH,F)4, TE
X -Ca,Na; Y - Mg, Li, Al, Fe%, Mnu Z — Al, Fe’ *,Cr. IMeeTcst HECKOIBKO Pa3HOBHIHOCTEH
TypMaJIMHOB: HauboJiee pacIpOCTPAHEHBI Wiepl — YEPHBIA TypMAaJIUH 110 COCTABY >KEIE3UCThIH
U pybennum — po30BBIA (JINTHEBBIA, MapraHueBblid) u Ap. O4eHb XapaKTEPHBI MHOTOI[BETHHIE
TypMaJUHBl C 30HAJIBHOH MOJUXPOMHOW OKpackod. Po30BbI TypmanmuH pyOemTuT
(cubupckuiit pyOuH) SIBISIETCS APArOIICHHBIM KaMHEM.

8.3. Ilemoueunble M JIEHTOYHbIE€ CHIIMKATDI

K 1enouHbIM M JIEHTOYHBIM CHUJIMKAaTaM OTHOCATCA Ba)KHbIE MOPOI000pa3yrolne
MHUHEpaJIbl, COCTABJISIOIINE COOTBETCTBEHHO TPYIIY MHUPOKCEHOB U Tpymmy am@uOoIIoB.
Nmeercs MHOTO 4epT moaoOus MUPOKCEHOB M aM(uOogoB. OHU HMMEIOT CXOIHBIA M
OTHOCHUTEIIEHO TIPOCTON XUMHYECKHI COCTaB — Yallle BCETO 3TO CHUIIMKATHI KAIBIIHSI, MAarHUS U
kene3za. Mopdonorudeckn WX KpUCTAUIBl TOM00HBI Apyr aApyry. OHM  OMU3KH 1O
¢u3uueckuM cpoiicTBaM. OCHOBHOE OTJIMYHE COCTOMT B TOM, YTO IHPOKCEHBI 00pa3yroT
OTHOCHUTEIIbHO KOPOTKHE NpU3MAaTHYECKHE KPHUCTAUIBI U YIVIBI MEXAY HamnpaBiIeHUSIMU
craiiHocTH y Hux cocrapsioT 87° (93%). Mumepamam rpymmsl aMdHOOIOB CBONCTBEHHSI
Oojee yMIMHEHHbIE MpU3MaTHUYeCKHe (OPMBI, YACTO HrOJIbYaThle WU BOJOKHHUCTBIE U
IIJIOCKOCTH CIIAMHOCTH PACIIOJIAraroTCs MOJ YIIIOM 124°(56°) apyr k apyry. Ilocnegnum, B
YaCTHOCTH, OOBSCHSETCS MOYTH KBajapaTHas (opMa MOMEPEYHOTOo CEYEHHUS KPHUCTAIOB Y
NUPOKCEHOB, 1 pOMOOBHIHAS WM LIecTUrpaHHas — y ampubonos. Kpome toro, y ampuboaoB
0JieCcK 3HAUUTENbHO CHIIbHEE U CIIAMHOCTH MPOSIBICHA JTyYIIIE.

B epynne nupokcenos paccmarpuBarotcs: rumepcren (Fe,Mg,)[Si,O¢] u auomcun
CaMg[S1,0¢].

B epynne amgpubonos:



AKTHHOJHUT, WK Jdy4ducThii kameHb Cap(Mg,Fe)s[Si4O;;1]>- (OH), (rpeu. “aktmc”
— JIyd ¥ “nuToc” — KaMeHb). [110THas CKpBITOKpUCTAUNINYECKAsI Pa3HOBUIHOCTD, CIIOKEHHAS
NEePEeIeTAIOUMUCI UTOJIOUKaMH aKTUHOJIMTA HA3bIBACTCSI Heghpumom W SIBISETCS LIEHHBIM
MO/ICJIOYHBIM KaMHEM.

PoroBasi o6manka  (CaNa),(Mg,Fe’ )4(ALFe’)[(Si,A1)401,]2(OH),.  Becsma
pacIpoCTpaHEHHbIH MHUHEpal. XHMMHYECKUH COCTaB CIIOXKHBIM M HENnoCTOsAHHBIA. [lo
cBOMCcTBaM Onu30K K runepcreHy. Otauwdaercss (OpPMOM KPUCTALIOB W B3aUMHBIM
pacmooKeHUueM TUIOCKOCTel craitHocTu. Hanboee yacTo BCTpeyaromneiicst pa3HOBUIHOCTHIO
ABIISIETCS 0ObIKHOBEHHAS PO20BAsL 0OMAHKA TEMHO-3€JIEHOTO 1IBETA.

8.4. JIucToBble (C10MCTHIE) CHITUKATHI

K nucToBbIM cuiMKaTaM W alIOMOCHJIMKAaTaM OTHOCHUTCA OOJbIIOE KOJIUYECTBO
MUHEPAJIOB, MHOTHE U3 KOTOPBIX SIBISIOTCS TMOPOI00OPA3YIOMUMHU — CIIOJBI, TITUHUCTHIC
MUHEPAJIBL, XJIOPUTHI U JP.

B GonbIIMHCTBE cllydyaeB MUHEpPAIbl C JIMCTOBBIMH PAJUKAIIaMUA — STO CHUJIMKATBHI U
AIIOMOCHJIMKAThl MarHusg M amtomMuHus. Kpome Toro, ansi Bcex MHHEpAIOB XapaKTEPHO
npucyrcTBue ruapokcuibHoi rpynnsl OH n Hepenko H,O.

W3-3a HEKOMIAKTHOCTU KPUCTAITMYECKUX CTPYKTYP M CIA0BIX CBSI3€H MEXKIY CIOSMU
JUIIb PEIKMe MUHEPAITBI JTUCTOBBIX CHIIMKATOB U aIFOMOCHIIMKATOB BCTPEYAIOTCS B KPYITHBIX
U XOpOIIO OrPaHEHHBIX KpUCTaliaX. SIBHO pacmo3HaBaeMble COBEPILIEHHBIE KPHCTAJUIbI
00bIYHO 00pa3yroT CiroAbl, peke XJopuThl. (OYEeHb YacTO KPUCTAUIBI MHUHEPAJIOB
UCKITIOYUTENHEHO MaJibl o pa3Mepam u o0pa3yoT TOHKO/IUCIIEPCHBIE
(CKPBITOKPUCTAIUTMYECKUE) TUIOTHBIE W pBIXJIbIe arperatbl. COOTBETCTBEHHO, XapaKTepHas
JUIs. MHUHEpAJOB 3TOr0 MOJKJIAacca CHJIMKATOB BEeChbMa COBEpIIEHHAs CHAifHOCTh B OJHOM
HampaBlieHUW  (MapayUIebHO  CJIOSM  CTPYKTYpPhI), MaKpPOCKONMUYECKHM HE  BCeraa
yCTaHaBIIMBAETCSI.

K uucny moponooOpasyrommx u Haubojiee XapaKTEPHBIX MHHEPAJOB JIMCTOBBIX
CHJIMKATOB M aJIIOMOCHJIMKATOB OTHOCSTCS CIIOJbI, TTIMHUCTBIE MUHEPAJIbI, XJIOPUTHI, TAJIbK,
CEpHEHTHUH U TJIAyKOHUT.

Cawoabl  BKJIIOYAIOT — OOJBIIYIO — TPYIINY  pPacHpOCTPAaHEHHBIX  MHUHEPAJIOB,
00BeAMHIEMBIX OOIIHOCTBIO psa BHENIHUX Mpu3HAKOB. OHU UMEIOT JHUCTOBATYIO,
yemryifuatyio (opMy KpHCTAJUIOB U OTYETJIMBO BBIPAKEHHYIO BEChbMa COBEPIICHHYIO
cnailHocTh. CnroAbl  SBIAIOTCS  COCTaBHOM  4YacTbl0O MHOTMX  MarMaTMuyecKux |
Metamopduueckux mopoi. Haubonee pacnpocTpaHeHHbIE MUHEpaNbl CHIOJA: OHOTHUT
K(Fe,Mg);[AlSi300]:(OH,F), u myckoBut KAIl,[AlSi3;0,0]:(OH,F),. Ha3zBanue nocnennero
npoucxoauT oT MockoBckoro rocynapctsa (MockoBun). Menkodenryituarasi pa3HOBUIHOCTh
MYCKOBHMTA HOCUT Ha3BaHUE Cepuyum.

I'imaucTble MuHepasbl — Oonblllasg TPyNMma BaXHBIX [OPOAO0OPA3YIOIINX
MUHEPAJIOB Psijia OCATOYHBIX M MeTaMoppUYecKHuX Mopon (TJIMH, Mepreneil, TIMHUCTBIX
CIIaHLIEB M Jp.); CJIaral0T OCHOBHYIO 4acThb KOpP BBIBETPUBAHUS, MOYB. MuHepasibl TIUH
00pa3yroT TOHKOJWCIIEPCHBIC TUIOTHBIC 3EMIIMCTHIE W PBIXJIBIE MOPOIIKOBATHIE arperarsl.
VYBepeHHO  JIUArHOCTHPYIOTCS  JIMIIb  CHEIUAJbHBIMH ~ METOJaMH, B TOM  YHCIe
PEHTIEHOCTPYKTYPHBIM U 3JIEKTPOHHOU MUKPOCKOIHH.

HawuGoiee THUIIAYHBIE MUHEPAJIBI TJINH: KAa0JIHHUT Aly[S14010](OH),,
MOHTMOPHJJIOHUT (Aly,Mg3)[Si4010](OH),'nH,0, MAAMT — amioMOCHIMKAT MEPEMEHHOTO
cocraBa. OOpa3yeTr upe3BbIUAHHO TOHKOJMCIIEPCHBIE MAaCChl, SIBISSCH OJHUM M3 TJaBHBIX
KOMITIOHEHTOB TJIMH U MOYB.

XJoputhl (Tped. «XJIOpoc» — 3eleHbii). K xjgoputaM OTHOCUTCS OoJiblliasi TpyIimna
CJIIOJIOTIOTIO0HBIX MMHEPAJIOB CJIIOKHOTO cocTaBa. OHU MIMPOKO PacpOCTPaHEHBI B MPUPOE
U 9acTo SIBJSIOTCS INIaBHBIMU MOPO1000pa3yoIIuMU MUHEpAIaMUd MeTaMOp()UUECKUX TOPOI.
X7opUThl —allIOMOCWJIMKAThl MarHus W Kene3a. B COOTBETCTBUM € COCTaBOM U
CTPYKTYPHBIMH OCOOEHHOCTSIMU BBIIETISIOTCS MarHe3HajbHbIE U JKEJIE3UCThIe XJIOPUTHL,
pa3IU4YUMBbIE TOIBKO CIIEHUaTbHBIMU METOJAMH THAarHOCTUKH.



Taabk Mg;[Si4010](OH), — Mar"e3uajbHbIH JINCTOBOU CUJINKAT.
CHHOHUMBL: KUPOBUK, TAITBKOBBIN (MBUTHHBIN) KAMEHbB H T.II.

CepnentuH, wm 3MeeBUK Mgg[SisO10](OH)s (mar. «cepmeHTHC» — 3Med,
3MeeBUIHbIN). HasBaHue MuHepana JaHO IO €ro 4acTo MATHUCTON OKpAackKe, HallOMUHAOIIEH
IBET 3MEUHOW KOoxku. MIMeeT psx pasHOBHUAHOCTEH. TOHKO BOJIOKHUCTas Pa3HOBUIHOCTH
CEpIIEHTUHA Ha3bIBACTCS Xxpuzomun-acoecmom (Tped. «XPU3OTHI» - 30JI0TO€ BOJIOKHO
«acbecTyc» - HEropIOYHid ).

I'naykonut K(Fe,Al,Mg)3;(OH),[AlSi30,0]-H>O. BonHslil anroMOCHINKAT: COAEPKUT
no 10% Boabl. OTHOCHTCS K TpyNNe TUAPOCTION, SBISIOMMXCS MPOMEXYTOUYHBIMU
00pa30oBaHUSMU MEXKIY CIIOaMH U TIMHUCTBIMA MUHEPaJIaMHU.

8.5. KapkacHble cHIMKATBI

KapkacHble cuukatel 00beAUHSIOT HauboJee BaXKHBIE U MTUPOKO PaCpOCTPAaHEHHBIC
nopoaooOpa3ymomue MuHepaibl. Ocoboe MecTo Cpeld HUX 3aHMMAalOT MHUHEPAJIbl TPYIIIbI
MOJIEBBIX INITATOB, COCTABIISIIOIINE, KaK YKa3bIBaJOCh BHINIE, 00Jiee TOJOBUHBI BCEH MacChl
3eMHOHN Kopbl. [lonieBbie mIMaThl SIBISIOTCS TJIABHBIMH MOPOI000pa3yIOIIMMU MUHEpalaMu
OOJBIIMHCTBA MArMATHYECKUX, MHOTHX METaMOP(QUUECKUX i HEKOTOPBIX OCAIOYHBIX TOPHBIX
nopoa. K uuciny mopogooOpa3yronmx OTHOCSATCS U MUHEpasbl TPYIIbl (eapAmnaTon10B
(memoYHbIe MarMaTUIECKUE TIOPO/IBI).

IHosneBble mIMAaThI.

[To XuMHUYECKOMY COCTaBy MOJIEBBIE IITIATHI MPEICTABISIIOT COOON AIFOMOCHIHKATHI
Kanmus, HaTpus U Kanpuus. Kpucramibl npusmarnyeckoro obiuka gacto Oosee WM MeHee
W30METPUYHBI.

MuHepanasl HMMEIOT JOBOJBHO BBICOKYIO TBEpAOCTh (6-6,5) W CpaBHUTEIBHO
HEOOJBIIYI0 TUIOTHOCTh (2,5-2,7), 4Wro ompenensiercs, C OIHOW CTOPOHBI, CHJIBHBIMU
XUMUYECKHUMH CBSI3SIMM KapkKaca, a € JPYroM — «PBIXJIOCTBIO» CTPYKTYPhI M3-3a HAIWYUS
MyCTOT B KapkKace.

B mMuHepanbl He BXOJAT 3JE€MEHTHI-XPOMOQOpPHI, MOATOMY HMX COOCTBEHHBIN IBET
Oenblif WK CBETJIO-cephlif. OTHAKO MOJIEBBIC MITIATHI YaCTO MPHOOPETAIOT IBETHYIO OKPACKY,
CBSA3aHHYI0O HE C XpomodopamMu Kak y MHHEpAJOB JPYrHMX MOJKIACCOB CHUIIMKATOB, a C
BKJIIOYEHUSIMA B HUX I[BETHBIX MHUHEPAJTOB-IPUMECE. DTUM, B YaCTHOCTH, OMPEACISIOTCS
HauboJsee XapaKTepHbIe IBETHbIE OKPACKHU MOJIEBBIX IINATOB: PO30BO-XKENTasi U MSCO-KpacHast
(OT BKJIIOYCHMI TeMaTHTa), 3elIEHOBATO-Cepas W cepo-dyepHas (OT BKIIOYCHHUH IPYTUX
IIBETHBIX MUHEPAJIOB).

W3-3a Hanwuus mMycTOT B KapkKace, OCHAOMNSIONIMX XMUMHUYECKHE CBSI3H, B TOJEBBIX
nimaTax  Xopomlo IposiBieHa crmaHocTb. OHa MPOXOAUT B MHUHEpajax IO JBYM
HATIPABJICHHSIM, [TEPECEKAIONIMMCS IO yIIoM, 6m3kum K 90°.

bieck Ha MIOCKOCTSAX CHAWHOCTH CTEKJISHHBIA, B HM3JIOME >KUPHBIM, MaTOBBIA. Y
OTJICTHHBIX MHHEPAJIOB Ha IUIOCKOCTSX CHAWHOCTH OTMEUAIOTCS TOIyOble paayKHbBIE
nepesUBhI (MPU3ALINs).

[ToneBpie mIMaThHI MO XUMUYECKOMY COCTaBY JEJSITCS Ha JIBE MOATPYIIIbI:

1. KanmeBsie IOJIEBBIC IIITATHL;

2. KanbiueBo-HaTpueBbI€ MOJIEBBIEC MINAThI WU TJIarMOKIIA3BI.

K nmoarpynne kaameBbIX MNOJEBBIX MINMATOB OTHOCATCS MUKPOKJIMH U OPTOKJIA3.

Oproxkaa3 K[AISi;Og]

Kpucrannsl npuzMaruyeckoro o0yMka, XOpoIlo BbIPaKEHHbIE, YaCTO BCTPEYAIOTCS B
nBoitHuKax. OOpa3yroT TakKe BKPAIUICHHUKA B TMOPOAY U CIUIONIHBIE KPUCTAIMYECKHE
MAacchl.

IIBeTr Oenblii, CBETIO-CEpBI, IKEITOBATO-PO3OBBIA 10 Msco-KpacHoro. Yeprta
oTcyTrcTByeT. bieck crexisiHHbIA. TBepmocth sTanonHas — 6. IlmotHocts 2,5 — 2,6.
CnaliHOCTb COBEpIIECHHAs B JBYX HampaBieHUsX. V3110M HEpoBHBIN, cTyneHuaTslid. [Ipoune
CBOMCTBA: 00pa3yeT CKOJIBI M0 CIAWHOCTH, WIYIIHUE TOA MPSAMBIM yriioM. C 3TUM CBONCTBOM
CBS3aHO M Ha3BAHUE MUHEPAJIA — OT Tpey. «OPTOKJIA3» — IPSIMOKOIIFOIINICS.



Paszuosuonocmu: CAHUOUH — OeCLBETHBIN CTEKJIOBAIHBIH OpTOKJIa3
(BBIIENIEMBIN MHOT/Ia KaK OTACIBHBIM MHUHEpal); adyisap — BOJASHO-TIPO3PAYHBIA OPTOKIA3
KIIMHOBUJTHOM (OpMBI. ANymsipbl HEXKHO-TOJyOOr0 IBETa € MEPHAIOIMHUM OJECKOM |
NepIaMyTPOBBIMU TIepeuBaMu (TOTy0ast upHu3alus) Ha3bIBAIOTCS JIYHHbIM KamHem (Ha3BaHUE
HECTPOTO€, UCIIOJIb3YETCS B IPUIIOKEHUH K Pa3HBIM MUHEpajIaM U C Pa3HbIM CMBICIIOM).

JuarnocTuka. Pacmo3Haercs mo mBeTy — OOBIYHO KPEMOBO-XKEITOMY, OJECKY,
CMAHOCTH U TaJOHHOMN TBEPIOCTH.

Muxpoxaun K[AISi;Os]

MuHepan Toro ke cocTaBa, YTO M OPTOKJIa3, HO KPUCTAJUTU3YIOIIMICA B TPUKIMHHOK
CUHTOHMH. B mepeBojie ¢ rpeyecKkoro — «He3HAYUTENbHO OTKJIIOHEHHBINY, TaK KaK yroJl MEXy
MJIOCKOCTSIMU CITAHOCTHU B OTJIMYMU OT OPTOKJIa3a Ha 20 MeHbIIe MPSMOTO.

[To BHEMIHUM MpU3HAKAM MUKPOKIIUH HEOTJIMYUM OT OPTOKJIA3a U TOJBKO €0 peiKas
Pa3HOBUIHOCTh 3€JIEHOTO LBETa — AMA30HUM — JIETKO OTIMYAeTCs OT IPYTHX IOJIEBBIX
HIIaTOB.

JAuarHocTuka. MUKpPOKIMH OOBIYHO PO3OBBIM, a Takxke 3elieHbd. OTandue
MUKpPOKJIMHA M OPTOKJIa3a U UX TOYHOE OINpPEETICHHE MPOBOJUTCS HA OCHOBE CIICIMATbHBIX
METOJIOB JMAarHOCTMKH. B CBs3u ¢ 53TUM MHHEpalbl MUKPOKIMH M  OpPTOKJIa3
MaKpOCKOIUYECKH OMPEACIIAIOTCS 3a4acTyI0 IPOCTO KaK KaJueBbIN MOJIEBOM IIMIaT.

VY 1moxoero Ha KaJueBble MOJIEBbIE MIMATHI KBaplla HET CIIalHOCTH U OoJiee BhICOKas
TBEpaOCTH (7).

IIponcxoxnenue KanMeBBIX IOJIEBBIX MIMATOB. Marmatuyeckoe — B KHUCIBIX U
CpEeIHUX MarMaTH4eCKUX nopojax. [TermaTuToBOE. SBnstoTcst TJIABHBIMU
nopos000pa3yoIMMU MHUHEpAJlaMd TPAaHUTOB W HUX TMErMaTuToOB, CHUEHUTOB H np. B
MErMaTUTOBBIX JKWJIAX KPHUCTAIBI WMHOIA JOCTUTAIOT THTAHTCKUX Pa3MepoOB — HEPEIKH
000c00JIeHNsT KaJIMEBBIX TIOJIEBBIX IIIIATOB, TJABHBIM 0O0pa3oM MHKPOKJIMHA, Maccoil B
JeCATKH TOHH. [ napoTrepManabHOE — B COCTaBE PYAHBIX XHil. MeTtamopduueckoe — B THelcax,
rpaHUTOTHEWCaX, THEHCOrPaHUTAX.

KanueBpie moneBbie MINATHl MOJABEPKEHbI BTOPUYHBIM H3MEHEHUSIM: XapaKTEPHBIM
MPOJYKTOM WX THAPOTEPMAIBHOTO MPeoOpa3oBaHUs SIBISETCS MYCKOBHT (cepunuut). [lpm
BBIBETPUBAHUM OHU MOABEPTalOTCS KAOJIMHU3ALUUN U 3aMEIIAI0TCS KAOJTUHUTOM.

KanueBbie mnoneBble mMatel (B OCHOBHOM MHUKPOKJIMH) SIBIISIIOTCA CBHIpbEM IS
KEpaMHUYECKOW U CTEKOJbHOM IIPOMBIIUICHHOCTU. JIYHHBI KaMEHb MWCIOJIb3YeTCsS B
IOBEJIUPHOM JIeJie, aMa30HUT AJIs IOJIEIIOK.

IInarmokaasbl ABIAIOTCA BaXHEUIIUMHU MOPOAOOOpA3yIOIIMMHU MHUHEpajJaMH U
BEChbMa IHMPOKO pacrpocTpaHeHsbl. [lnarnokiassl nmpeacTaBisioT coO00i M30MOPQHBIN psin
MUHEpPAJIOB  C JBYMs KpalHUMHU wWieHaMu: anbboumom (HatpueBbiil) Na[AlSizsOg] u
anopmumom (xanprmeBsiid) Ca[AlySi;0Og]. Mexkny HHUMH pacloNaralOTCs  OJUSOKIA3,
amoe3uH, Jaabpaoop, OuMoGHumM, B KOTOPHIX YMEHBIIACTCA COJCpPKAaHUE HATPUEBOM
COCTaBIISIONICH U YBEIHMUMUBACTCS COJICP)KAHNUE KATBIIMEBOW, & COOTBETCTBEHHO YMEHBIIIAETCS
U COJIEp>KaHUE OKHCH KPEMHHUSI.

[To conepkaHUIO OKUCH KPEMHUS CPEIH IUIATHOKIIA30B BBIICTSIOTCS KUCAble, OOTaThie
Si0,, MuHepansl (aTbOUT, OJUTOKIIA3), cpedHue (AHIE3UH) U OCHOBHble (J1abpaaop, ONTOBHHUT,
aHoptuT). Kucnple miuarnoknasel XapakTepHBI ISl KHUCIBIX MarMaTHYeCKUX IMOpoA U
ABIISIOTCS HanboJiee pacpoOCTPaHEHHBIMH.

[Tnarnoxna3el OOBIYHO XapPAKTEPU3YIOTCS HEMPABUIBHBIMU 3€pPHAMU, BKPAIJICHHBIMU
B nopoay. OOpa3yroT 3epHUCTBIC arperarbl, CaXxapoOBUIHbIE MACChl, MHOT/AA PY3bl (aIbOUT).
Xopor1ro 00pa3oBaHHBIE KPUCTAIUIBI PEIKH.

IlBer Oenmiid, cepsiii. Yepra orcyrcTByeT. brneck creknsaabid. TBepmocts 6-6,5.
[MnotHOCTH TOBBITIIAETCA OT 2,6 (anpbut) 10 2,8 (aHoptut). CrialHOCTh COBEPIICHHAS B ABYX
HanpaBieHusax. M3moM cryneHudarblid, HEpoBHBIN. [Ipoume cBOWCTBAa: yroa MexIy
MJIOCKOCTSIMU CITAMHOCTH OTJIMYAETCA OT MpsiMOro Ha 3,5 — 4°. C 3THM CBOICTBOM CBSI3AHO 1



Ha3BaHME MHUHepaja — OT Tpey. «IUIaruoKiIa3» — KOCOPACKANbIBAIOUIUICS (B OTJIIMYHE OT
KAJIMEBBIX MOJIEBBIX IIMATOB).

Juarnocruka. [1o BHEITHNM MpU3HAKaM BCE IJIArMOKJIA3bl CXOIHBI APYT C APYTOM U
MaKpOCIIKONIUYECKH OOBIYHO HE pa3lensioTcs. VICKIOYeHne COCTaBISeT JHIIb 1a0paoop —
TEMHO-CEPOro IIBETa C OUYEHb XapaKTEPHbIMU CUHUMH PATy>KHBIMU TepeauBaMu (UpU3alueil)
Ha IUIOCKOCTSX CIHAMHOCTH.

OT NOXO0XMX KaJMeBBIX IMOJIEBBIX IIMATOB IUIArMOKIA3bl OTIUYAIOTCS ILIBETOM —
0GBIYHO CepbIM ¥ B3aHMHBIM PACIIOIOKEHHEM IIOCKOCTEH craifHocTH o yrioM 86 — 87°.
OpnHako Takoe HE3HAYUTENIbHOE OTKJIOHEHHE OT MPSIMOTO yria, XapaKTepHOro AJis KaJlHueBbIX
MOJIEBBIX ILIATOB, BU3YaJbHO HE 3aMETHO. B CBS3M C 3TUM MakpOCKOIIMYECKH YIAeTCs
ONpeAeNuTh JHIIb MPUHAICKHOCTh MHMHEpalla K TpyIIe MOoJeBbIX MINaroB 0e3 Oonee
npoOHoro pacwieHeHus. OT TOXO0XKEro Kpaplia IJIarMOKIJIA3bl OTIUYAIOTCS HAIMYUEM
CIATHOCTU ¥ MEHBIIEH TBEPIOCTHIO.

IIpoucxoxkaenue IUIArHOKIA30B:

1. Marmaruueckoe, merMatuToBoe. B Marmatuueckux mopojaax OHM SIBJISIFOTCS TJIABHBIMHU
opoJ000pa3yoOUIMMU MUHEpAIaMU KHUCIHBIX, CPEIHUX U OCHOBHBIX TOPHBIX IOPOJ —
TPaHUTOB (M WX TIETMATHUTOB), AHOPUTOB, TaOOPO, CHEHUTOB M HE(PEITMHOBBIX CHEHUTOB. B
3THUX TOPHBIX MTOPOJIaX BCTPEUYAIOTCA BCE IUIATMOKIIA3HI (KUCIIBIE — B KUCIIBIX TOPHBIX MOPOAAX,
CpeIHUE — B CPEHUX, OCHOBHBIE — B OCHOBHBIX FTOPHBIX MOPO/ax). B rpaHUTHBIX mermMaTuTax
MHOT'/1a HaOJII0AI0TCs KPYITHbIE, TOPON TUTAHTCKUE BBIACICHHS TUIAarHOKIa30B (OJUT0KIa3a).
2. 'maporepmanbHOE (aTBOUT).

3. Meramopduueckoe — B THelcax, amdubonuTax u Ap. XapakTepHBIMH MPOIYKTaMHU
TUAPOTEPMAIBHOTO U3MEHEHUS TIarMoKJIa30B SBJSIOTCS MYCKOBHUT (CEpULIUT), SIUAOT U .
[Ipu BeIBETpUBAaHUY 3aMEHSIOTCS KAOJIMHUTOM.

[IpakTHueckoe MpPUMEHEHHE M3 BCEX MAJNTHOKIA30B UMeeT Juuib Jadpanop. O
XOPOIIO MPUHUMAET MOJIMPOBKY U UCTIOIB3YETCsl KaK OOJIMIIOBOYHBIM KAMEHb.

DeapammnaTouanl.

Musnepainsl rpymnisl GeapAInaTouI0B COCTOAT U3 TeX K€ XMMHUYECKHX 3JIeMEHTOB,
YTO U MOJIEBBIE IITNAThI, HO C MEHBUINM COJIep’KaHueM okucu kpeMmHusa. Cpeau HuX Haubolee
pactipocTpaHeH HedgeluH — THaBHBIA  [OpOJ00OpasylolMil  MHHEpal — LIETIOYHBIX
MarmMaTU4ecKuX TOPHBIX MOPO/I.

Hedenun Na[AlSiO4]

Berpeuaercst B cITOMIHBIX 36pHUCTBIX Maccax. Kpucranisl Menkue, mpu3MaTHUeCKHe,
00pa3yIoT BKpaIJICHHUKU B TIOPOAY B BHJIE OeC(OPMEHHBIX 3€pEH U BbIACICHUN HedeTrHa.

BecueTHsIil, yaille cepblii, 3€JI€HOBATO-CEPBIi, KPACHOBATO-CEPHIN, 10 KOPUYHEBOTO U
MSICO-KPacHOTO.

Uepra Oenmast wiu OTCYyTCTBYeT. bneck >kupnblid. TBepmocth 5-6. IlmotHOCTH 2,6.
CraitHocTh OTCyTCTBYET. M3110M HepoBHBIH. [Ipoune cBoiicTBa: BKparieHHUKH HedennHa B
NOpOJYy MHOTAA MPEACTAaBIEHBl  XOPOIIMMU  KpUCTaNIaMU  YETBIPEXYroJbHOTO U
LIECTUYTOJIBHOTO CEYEHUS.

PaznoBuanocTH. Oneonum — HeenuH B BUJAE CIUIOLIHBIX CIMBHBIX MAaccC C KUPHBIM
OJIECKOM.

JuarHocTuka. XapakTepeH >KUPHBIM OJieCK B CIUIOMIHBIX MaccaxX. BaxHbIMH
JTUAarHOCTUYECKUMM TIPU3HAKAMU SIBIIIOTCS: pbIXJas cepas KOpKa Ha €ro IHOBEPXHOCTU
(mopoImKoBaTbie  MacChl ~BTOPHYHBIX  MHHEPAJIIOB), O0Opa3ymoomiascs B  pe3yyibTare
BBIBETPUBAHUS He(elnHa, a TaK)Ke 0COOCHHBIA MSCO-KPACHBINA, THUIOCTHO-KPACHBIN IBET U
JKUPHBIN OJIECK B CBEXKHMX CKOJIaX (€ro TaK M Ha3bIBAIOT — MSICHOM, )KUPHBINA KaMEHB ).

MoxHO coyrath C IIOJE€BBIM INNAaTOM U KBapueM. IlocienHuii TBepxke, He
BBIBETPUBAETCS M HE BCTpeuyaeTcss BMecTe ¢ HedennHoM. OT MOJEBBIX IINAaTOB HedenuH
OTJIMYACTCSA OTCYTCTBUEM CIIATHOCTH U )KUPHBIM OJIECKOM.

IIpouncxoxnenue. Marmaruueckoe — BCTpedaeTcsi B HE(EIMHOBBIX CHEHHTaX U
MICJIOYHBIX TTerMaTuTax. Meramopdudeckoe (HedeTmHu3aIms).

Pyna Ha amoMuHUH, UCTIONB3YyeTCS B CTEKOJIBHOM U (aphopoBOil MPOMBIIIICHHOCTH.
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KoHTposabHbIe BONpockI
[lepeuncinTe OCHOBHBIE XMMHUYECKHE JJIEMEHTBI, BCTpEHAlOIIMecs B NPHUPOAE B
CaMOPOJHOM COCTOSIHUM B BUI€ MUHEPANIOB. KakoBO UX MpakTUYECKOe 3HaUeHue?
KakoBbI xapakTepHble CBOMCTBAa MUHEPATIOB KJIacCa CAMOPOIHBIX 3JIEMEHTOB?
B kakoM BHJEe BCTpPEYAIOTCS CaMOpPOJHOE 30JI0TO W anaMa3 B MPUPOJAE MU HUX
IIPOMBILUIEHHBIE MECTOPOKIACHUSA?
Kaxkue munHepansl oTHOCATCS K cynbpuaam? VX mpakTuyeckoe 3HaUCHUE.
KakoBbl HanOosiee XapakTepHble IHAarHOCTUYECKHE TMPU3HAKM MHUHEPAJOB Kiacca
CynbpuIoB?
OxapakTepusyite NUpUT. B yeM 3akiro4aeTcs OTIMYue MUPUTA OT XaJIbKOMUpUTa?
HazoBure ciHOHMM MUHEpana careput U o KaKuM MpPU3HAKAM OH OTpeAeseTcs?
Kakne wmuHepanbl OTHOCATCA K Taimougam? KX mnOpoucXokIeHHe M MPAKTUYECKOE
3HA4YCHHUE.
HazoBurte camblii pacnpOoCTpaHEHHBI B TPUPOJE XJOPUI U YEM OH OTIMYAETCA OT
cujbBUHA?

. KakoBbI hopma kprCTAIIIIOB M TipeoOaatomuii nBeT guroopura?

.Kakue MuHepampl OTHOCATCS K  KJIacCy OKHUCIOB M T'Mapookucios?  Mx

nopoi0o0pasyoliee U MpakTUYecKoe 3HaueHue.

B dem cocrosr wmopdosoruueckue OTJIMYUS MHUHEPAJIOB OKHUCIOB W MHHEPAIOB

TUAPOOKHUCIIOB.

Kaxue Brl 3HaeTe MuHepainsl rpynmsl KpeMHezeMa?

OxapakTepu3ynTe KBapil.

[Iepeuncnute OKUCIIBI U THIPOOKUCIIBI KeJe3a.

KakoBbI XapakTepHble NPU3HAKU MATHETUTA, TeMaTuTa?

Uto Takoe Kene3HbIN OJIECK, KPACHBIN KENE3HSK, OypBIi KEIe3HIK?

OxapakTepu3yinTe KOPYH/I U €r0 Pa3HOBUIHOCTH.

Kaxkue muHepanbl OTHOCSTCS K Kiaccy kKapOoHaTtoB? MX mpakTudeckoe 3HaYCHHE.

KakoBel Hambosiee xapakTepHas (opmMa KpPUCTALIOB, CIAWHOCTb M TJIABHBIN

JTUArHOCTHYECKUI TTPU3HAK KapOOHATOB?

Kaxk pearupyet ¢ COJISTHON KHCIOTON KalbIUT, JOJIOMUT, MarHE3UT, CUACPUT?

HazoBure camble pacrpocTpaHeHHbIE MIHEPAIBI Kjacca Cynb(aros.

KaxoBbI riaBHbIE OTIUYUTENBHBIE CBOWCTBA TUIIca, OapuTa?

UYem otnmnuaercs anatut oT GochoputoB? X mpakTuyeckoe 3HAUCHHE.

Uto Takoe CHIIMKAThI W alrOMOCHIHMKAThI? MX mopomooOpasyromiee W MpaKTHUUECKOoe

3HAYCHHUE.

Kakue mnpu3HaKku mMOJOXKEHBI B OCHOBY Kiaccubukamuu cuiaukaroB? Ilepeunciaure

[JIaBHBIE TUIIBI CTPYKTYP CHUIIMKATOB U UX PaUKaIIbI?

Kak BHyTpeHHee cTpoeHHe CcKa3blBaeTCs Ha MOpGOJIOTHH U (PU3UYECKHX CBOMCTBax

cunukaroB? [IpuBenure npumepsl.

OxapakTepu3yuTe OJIUBHH.

KaxoBsl XxapakTepHble IPU3HAKHU 3MIHUI0TA U TypMaJIiHa?

Kaxue Brl 3HaeTe nupokcensl U ampuoop? B ueM ux cXoacTBO U paziuuune?

OxapakTepu3yiiTe MUHEpaJIbI TJIUH.

Kaxue Bbl 3HaeTE CITI0/IBI M CITFOI0TIOA00HBIE MUHEPAITHI?

UTo Takoe MojieBble ATl U M0 KaKOMY MPU3HAKY OHU Pa3JIestoTCs?

Ha3oBuTte u oxapakTepu3ynuTe MUHEPAJIbI KaJUEBBIX MOJEBbIX IIIATOB.

Kaxkue Bei 3HaeTe utarnoknaser? X mopogoodpasyroiiee U MpakTUIeCKoe 3HaYCHHE.

. st kakux mopoj XxapakTepeH Hedenun?
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HecunaukaTHbie MHUHEPAJIBI

XapakTepucTHKA OCHOBHBIX IOPO/1000pAa3yIOIIMX U PYAHBIX MUHEPAJIOB

IIpunoxenne 1

51 v v
& Xumuuec-Kui Tsep- IInot- CnaiiHoCTh, JluarsocTuyec-Kue
= Munepaj HBer LBeT yepThl Buaeck @opma KPHCTAIIOB MuHepajibHbIe arperatbl
2 cocTaB J0CTh HOCTh H3JI0M TIPU3HAKH
3omoTucro- Kpucrams! pexku BeT, OnecTamas 4epTa
] 3o50THCTO- o OrcyrcTByer, P P i JIeHapuThl, cCaMOpPOIKH, Heer, pTa,
= 3o50TO Au . JKENThIH, Meran. 2-3 15-19 M HEeNpaBUJIbHBIC 3€pHA, BBICOKAs TUIOTHOCTD,
= JKENTBINA . KPIOYKOBAThIN HUTEBUIHBIC (hOPMBI
= OrecTsuit IUIACTHHKH HEOKHCISIEMOCTD
Q
= CepeOpstHo-
) 6enblii (¢ CepebpstHo- IBer, BBICOKAs
] . OrcyTcTBYeT, Kpucramsl peaxu, JleHApUTBI, BOJIOCOBUIHBIC U
= Cepebpo Ag YEpPHBIM Oeblit, Meran. 2-3 10-11 > MJIOTHOCTb,
= N KPIOYKOBATBIi [UIACTHHKH MIPOBOJIOYHBIC (POPMBI
g HAJICTOM Ha OecTsuit 3JIEKTPOIPOBOA-HOCTh
g TOBEPXH.)
6 Kentslid, 3epHUCTHIE, IIOTHEIE
Csetno- Crex, OrcytcTByeT, Jlunupamu-ganbHas IIBer, Oeck, XpymKOCTb,
- Cepa S 3€JIEHOBATO- 9 % 1-2 2 . (xarudorenogo6HEIe),
o HKENThIN JKMPHBIH PAKOBHUCTBIH (ycedyeHHas) TOpIOYECTb
JKEINTBIH 3EMITHCTBIC MACChI, PY3bl
BET, )KHUPHOCTb Ha
2 . . I'excaronanb-Hast . Ueer, sp
= Tpadur C CranbHo-cepblit YepHbli, Iomy- 1 22 CosepiueHHas, (LICCTHYTOTb-HBIC ITnoTHsIe, yelryituatsle, OLILYIIb, MATKOCTb (ITHILET
e p JI0 YEPHOTO OnecTamuit MeTaJll. ’ HEPOBHBIH r 3EMITHCTBIC MACChI Ha Oymare, maukaer
z IJIACTUHKY)
= TaJbIBI)
(4]
% becugern.,
E BOJISTHO-
e pO3payH. ¢ Beicokast sTanoHHas
& . CosepieHHas (10 OxTaspuyec-Kas, .
g Anmas C OTTEHKaMHU - AJMa3-HbIH 10 35 oxTarpy) CyGmICeKas IInoTHBIE MENKO3EPHUCTBIE TBEPJIOCTH, AJIMa3HbII
S pasHoOro 1Bera Py ¥ O1eCK, TIOMEHHUCIICHIIHS
- (xpacHoro,
JKEJITOro U ap.)
]
g Xumu-veckuii Teep- Ior- CnaiiHocTb, JlnarnocTuyeckne
] Mumne-pan Ber LBeT yepThl Buaeck @opma KPHCTAIIOB MuHepajibHbIe arperaTbl
2 cocTaB J0CTh HOCTh H3JI0M TPU3HAKH
Beicokast TBepOCTS,
30JI0TUCTBIN LIBET,
ConomeHHO- UYepHsli, OreyrerByeT Kybudeckas hopma
2 ITupur FeS, JKENTBIN, 3€JIeHOBATO- Merani. 6-6,5 Oxkono 5 HeyZBHB}IIﬁ ’ KyOunueckas 3epHUCTBIE, IUIOTHBIE MACCHI KPHCTAJUIOB ¢ rpy0oit
= o o
= 30JI0TUCTBIH YEPHBIi P B3aUMHO
? TePIEeHANKYIIPHON
E. IITPUXOBKON Ha rPaHsX
i 3eneHoBaro- . XapakTepHblii LIBET
« . YepHblid, Terpasa-puueckas paktep 9
JKEITBIHN, OrcyrcTByeT, (HeTIOBTOPUMBIiT
XaJpKO-IIUPUT CuFeS, 3€JIEHOBATO- Merann 3,5-4 4,2 M (KpHCTaIIBI OYCHD 3epHUCTHIE, IUIOTHBIE MACChI .
JIATYHHO- wepHb HEPOBHBIH et) JIATYHHO-XKEJTBIH),
JKEINTBIH P p HecTpast MoOeKanocTb




CosepiieHHas (B

IIBer, coBepiieHHAst

OKTadApy)

CBHHII0BO- Ceposaro- TpeX HanpaBJIeHUAX CrnaifHOCTh, BHICOKast
T'anenut PbS . posar Merann 2-3 7,5 P P Ky6unueckas 3epHHCTHIE, INIOTHBIE MACCHI ’
cepblii YEpHBIH TI0 TPaHsAM Ky0a), IUIOTHOCTh, HU3KAasl
CTyIEHYATHIi TBEPAOCTh
Or cBetno- IIpeumym. CoBepieHHas (B .
JKEJITOTO J10 KO| IIz)llmels (or pmecm ( Anmasibiii Geck,
Coane-put ZnS P ’ AJma3sH. 3,5-4 4 Terpasa-pudeckas 3epHUCTBIE, TUIOTHBIE MACChl COBEpILIEHHAs CIIAHHOCTB,
KOPHYHEBO- CBETJIOTO JI0 HAaIpaBIeHUAX 110
KOpHYHEBas 4epTa
YEPHOTO Oyporo) poMOo-10eKadAPY)
AnmasHlii XapakTepHblif (ano
. N (B 3epHax), CogepiueHHas (B Pom6o3a-pryeckas 3epHHCTBIE, TITIOTHBIE MACChI, paKtep
Kuno-Baps HgS SIpko-kpacHblii SIpko-KkpacHbIi o 2-2,5 8 KpAcHBIi) IIBET U UepTa,
JKUPHBIH (B KPYIHBIX 3epHAX) (KpHCTAILIBI PEIKH) HAaJIETBI
BBICOKAsI IIIOTHOCTh
arperarax)
< .~ v
-1 Xumu-4ecKui Teep- ILnor- CnaiiHocTs, Jnarnocruveckune
= Mune-pan et LBeT yepThl Buaeck @opma KPHCTALIOB MuHepajibHbIe arperaTbl
< cocTaB J10CTh HOCTh H3JI0M NPU3HAKH
BecuserH., . Crek- .
o . Bensrii 1o . CogepiueHHas (10 CouneHslii BKYyC,
Tanur NaCl Oeblit, cepslit, JISHHBIH, 2 2 Ky6uueckas 3epHUCTBHIE, IUIOTHBIE MACChI .
N OecIBETH. o KyOy) COBEpLIECHHAs CIAiHOCTh
YEpHBIHA U JAp. JKHPHBIA
= Monouno-
= Gebiii - .
€IIbIH, TPSI3HO- Bensrtit no Crek- CosepmenHas (110 I'opbko-coneHslit BKyc
s CunbBuH KCl1 > IP? . 2 2 p ( Ky6unueckas 3epHUCTHIE, INIOTHBIE MACCHI P | BYC,
8 Oypblit, OecIBETH. JISTHHBIH KyOy) COBEpLIECHHAs CIAiHOCTh
I KpacHbII
. CoBepiieHHas (B
Bensrii, o Crek- dopma KpHUCTAILIOB,
2 Bensrii 1o . YEThIPEX Kybuueckas, o
Dnrooput CaF, 3CIICHBIH, JISHHBIH, 4 3 3epHHUCTBIE, IPY3bl, IUIEHKH CIalHOCTb, dTAIOHHAS
OecuBeTH. o HaIpaBICHHS 110 OKTadApHU-decKast
¢uoneToB. u Ap. JKUPHBIA TBEPIOCTh




< XuMu-4ecKuii HBer Teep- Inor- CnaiiHocTb, ®opma
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