II. MUHEPAJIOT'UA

II.1. OBILIHA YACT

HcTopnuecku 0Oesie:kku

MunepanorusitTa € Hayka, KOATO HM3y4yaBa CBhCTaBa, XMMHYHHTE W (U3WYHUTE CBOWCTBA Ha

3

MHHEPAJIUTE, TEXHUS MPOU3XOJ U MPAKTUYECKO IpuiokeHue. [lonsatuero “ MuHepa™ € crapuHHa
JyMa U O3Ha4yaBa pyza. ToBa MzBa J1a MOKaXe, 4e MO0ABaTa Ha MUHEPAJIOTUATA € CBbP3aHa C MUHHOTO
neno. CpaBHUTEIHO Hail - TouHaTa JeUHULNA Ha  MUHepan™ e cieaHata: MUHepanbT € XUMUYHO U
(GU3MYHO WHAMBUIYAJIM3HPAH TBHPT HPOAYKT HAa TNPUPOAHUTE (DPU3MKOXMMUYHU PpPEAKIUH, KOHTO
Hal-4ecTo € C OIMpejesieHa KpUCTAIIHA CTPYKTYypa. MuHepanuTe u3rpakaat moYTH HM3LsI0 3eMHaTa
kopa. Te yuacTByBaT B chcTaBa Ha CKaJIUTE U 00pa3yBaT MUHEPAIHU HAXOAMIIA.

Munepanorusta TIACHO B3aUMOJAEHUCTBA C reosIorusiTa, KpucrajgorpapusaTa, TI€OXUMUSATA,
netporpadusTta. 3a u3yyaBaHe HA MHHEPAIUTE TSI CH CIIY>)KU ChC CBOM METOAM U M3IMOJI3BAa METOAMUTE
Ha XUMUITA, PU3UKATa, MAaTEMaTHKaTa U IPYTH HAyKH. MeToIuTe M MOCTH)KEHUSITa HA MHHEPAJIOTHSTA
C€ M3M0JI3BaT B MMHHOTO JIEJI0, U3y4YaBaHETO Ha MOJIE3HUTE U3KOMAEMU U IPU TAXHATa TEXHOJIOTMYHA
npepaboTka . MuHepanorusaTa JaBa Bb3MOXKHOCT Ja C€ IOJy4yaT OCHOBHHU 3HaHHA, 0€3 KOMTO He
Morar Jia c€ OBJIaJABaT IPYr'M TE€OJIOKKUH HAyKH, Ja C€ U3IIOJI3BA CIELUAIHA I€O0JI0KKA JINTEPATypa U
Ja ce pa3BUBAT HAYYHH U TPOU3BOJCTBEHH JEHHOCTH B ONW3KM O0JIACTH KaTo Teo(du3HKaTa,
COHJIMPAHETO Ha 3E€MHUTE HeJpa, €KOJOTMATa U OINa3BaHETO Ha OKOJIHATa Cpela, MH)KEHEpHaTa
T€0JIOTHs, CTONIAHCKOTO YIIPaBJICHHUE, TEMOJIOTUATA U Ip. MUHEpanoKKUTE METOANU CE U3IOJI3BAT OT
Ipyr'M HayKd U KJIOHOBE Ha IPOMMIUIEHOCTTa,  KAaTO MHHEPAJIHHUS CHUHTE3, METAyprusra,
MeTaJloKepaMHuKaTa 1 T. H. MuHepanorusra JaBa 0O3HaHUETO 32 MUHEPAIHOTO BEILIECTBO, 3a CTPOEXKa
Ha 3emsTa M 3a IPOLECUTE Ha MHHepanooOpa3yBaHE, a TOBa ca MO3HAHUS HEOOXOIUMHU Ha BCEKU
CbBPEMEHEH 4YOBEK.

ToBa € egHa OT Hal-APEBHUTE U B CHILOTO BpEME€ Hal-AMHAMHUYHO Pa3BUBAIIUTE CE HAYKH.
[ToBeue ot 30 MuHepana ca U3MOI3BAaHU OT XOpaTa OIIE B Kpas Ha HEOJIUTA KaTO OPbIUS Ha TPy.a, 3a
yKpaca, B Outa u 3a Oou. B 1peBHUTE MUCMEHU U3TOYHULIM OT Mp.H.C. CE CPEIlaT ONUCAHUS MEXKITY
32 u 70 munepasia . OT aHTUYHU BpEMEHA JI0 JHEC MUHEPATHT € OOCKT Ha OMMCAHUS , U3CICABAHUS 1
aereHu. Mexay JpeBHUTE KHUTY 32 MUHEpalIuTe (HapeueH! JIaluAapiH) MOKEM Jia CIIOMEHEM Te3U
Ha Teodpact (npena I'sprust), Ilnunuit Crapu (apeBeH Pum), nomMuHMKaHCKHST MOHaX AnbepTyc
Marnyc (1193 - 1280),na cpeanoa3zuarckure yuenu Mon - Cun (no3nar ¢ umeto ABuueHa - 980r. ), Ha

an - bupynu (973 -1050) u opyru.
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C pa3BUTHETO Ha PyAapCTBOTO KbM HayanoTo Ha XVI Bek 3amouBar ga ce pa3paboTBaT METOIU
3a TUarHOCTHKA HAa MHUHEPAJUTE U Ce Ch3/1aBa HOBA KiacupUKaIys 3aciyrd 3a OypHOTO pa3BUTHE Ha
muHepaiorusara umat ['eopr bayep (Arpukona - 1494 - 1555), dpaitbeprckara, pyckara, ppeHckara u
LIBeJICKaTa MUHEPAJOrMYHM HIKOJM ¢ TakuBa u3BecTHU ydeHu kato H. Creno (1638 - 1686 ), M.B.
JlomonocoB ( 1711 - 1765), XK.b.Pome o Jlun (1736 - 1790), A. 'ymuenmunu (1655 - 1723), P.)K.Ou
( 1743 - 1826), Kp. Baiic (1780 - 1856) O. bpase (1811 - 1863 ), B. Hukoncon, ®. Mooc wu np.
OTKpUTH ca OCHOBHHUTE 3aKOHHU B T€OMETpPUYHATA KpHCTanorpadgus U ca HallpaBeHU IIbPBUTE CTHIIKU B
KpUCTaJOXUMHUsATA U Kpuctanopusukata. C pa3BUTHETO Ha (U3MKaTa M XUMHUSATA C€ Ch3ZaBar
BB3MOKHOCTH 32 000rarsiBaHe Ha MUHEPAJOTHYHUTE MEeToAu B oOnactTa Ha ontukara ( Copbu, 1857
), Ch37laBaHe Ha HOBU Kiacudukanuy Ha xumuuHa ocHoBa ( Jx. Jleitna, 1837, I'. Pose, 1852 ).

Ot xpas Ha 19 Bek 3amouBa CHBPEMCHHHMsI M Hail - OypeH Mepuoj B pa3BUTHETO Ha
MuHepayorusta . C OTKpUBaHETO HA PEHTT€HOBUTE JIbUU
(1895) craBa BB3MOXKHO /1a C€ ONpPENEIM KPUCTAIHMAT CTPOEXK HAa MUHEpPAIUTE U Ja C€ U3CIEIBAT
TaKWBa HEMO3HATU J0 cera siBjieHus karo nzomoppusma ( E. Murtuepnux, 1819 , B. T'ongmmunr,
1887 - 1947 ). PazBuBa ce reoxuMmsTa Kato camocrositenHa Hayka ( B. Bepraacku, 1863 - 1945, A.
®epcMman, 1883-1945 u ap. C  BBBEKIAHETO HA EIEKTPOHHUS MHMKPOCKOI U PEHTICHOBUS
MHUKpPOAHAJIU3aToOp C€ Ch3/1aJ€ Bb3MOKHOCT 3a U3y4YaBaHE U JUArHOCTUKA Ha peaulla HOBU MUHEPAIH.
Taka OT M3BECTHUTE B HAYAJIOTO HA BEKa OKoJIo 115 MuHepaa, THEC ca U3BECTHU HAJl
4 600 munepanan Buga (INTERNET: http: webmineral.com ) u OposiIT Ha HOBOOTKPUTUTE MHUHEPAIN
B 3eMHAaTa Kopa HeMpeKbCcHATO pacTe. Pa3Buxa ce B OTAEIHH KIIOHOBE CUHTE3bT HA MUHEPAIH.

[TbpBUTE TEONOXKKM H3CIENBAHUS y HAC JaTUpaT OT Hpedau OcBOOOXKAEHHETo Ha bwarapus ot
OCMAaHCKO Hro ¢ mybnmukanuuTe Ha ppeHckute reono3n Amu bye ( 1794 - 1881 ) u Orroct Bukenen (
1800 - 1867) m Ha nBamarta BueHcku npodecopu Dpanr Tyma ( 1845 - 1920 ) u Depaunang dhoH
Xoxmerep ( 1829 - 1884). IIpe3 1882 roauHa e myOnMKyBaH OpPUTHHATHUAT TpyH Ha mpodecop
I'eopru H. 3narapcku (1854 —1909 ) ©° Pyaute B bearapus ’, B koiiTo ca onucanu 45 MUHEpAIHU
Buga. OCHOBOITOJIOKHUK Ha MHHEPAJOXKKUTE M TeTporpadckuTe M3cienBaHus y Hac € mpodecop
I'eopru bonues (1866 - 1955 ), koiito B cBost Tpya ’Munepanute B bwirapus ’(1923) onucsa 107
MUHEpaJHU BHJA. 3a Pa3BUTHETO HAa MUHEPAIOTUATa y HAC 3HAYUTEJEH MPUHOC MMAT aKaJeMUK
Crpammmmup [umutpoB, akanemuk HMBan KocToB W peauma ydyeHM — HM3CIEAOBATENd, KOUTO
JOTIPUHACAT 3a MO - I'BJIHOTO WM3y4YaBaHE MUHEpPAIHUS ChCTaB Ha MHUHEPAJIHUTE CYpOBHHM M Ha
CKaJIUTE U 3a pa3pa0OTBaHE HA HOBM MHMHEPAJIOXKKU METOIU IPHU THPCEHE Ha IMOJE3HU M3KOIAEMHU.
Bbearapckure MUHEpano3W HAMHUPAT CBOETO MSCTO B CBETOBHATa MUHEPANOXKKa HayKa C OTKPHUBAHETO
Ha HOBM 32 HayKaTa MUHEpAJM, C YCTAaHOBSIBAHE HAa 3aKOHOMEPHOCTHTE B KPHCTAIOMOP(OIOXKKATa
€BOJIIOLIMS Ha MHUHEpanuTe (4eTBbPTO HAy4yHO OBArapcko orkputue, 1983), ¢ KpucTasoXumMuyHaTa

chBpeMeHHa kinacudukanus Ha muHepanute (MB. KoctoB, 1993) m ¢ MHOroTO M3ClIeIBaHHS BBPXY
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MUHEpaJHUTE CypoBUHH. JlHEC y Hac ca OTKPUTH U omucaHu noseye oT 1300 MuHepanHu BUAA U

Pa3HOBUAHOCTH (MUHEPAJIHN HA3BAHUSA).

Mop¢o10:KKH 0c00€HOCTH HA MUHEPAJIUTEe 1 HA MUHEPAJTHHUTE arperaTu

BpHIIHUAT 00MK Ha MUHEpaUTE Ce TPOsBSBA M M3pa3siBa C TEXHHUs XaOutyc. B 3aBucuMoOCT OT
CUMETpHsITa UM U ChOoOpa3HO ocHUTE UM oTHomieHus akaa. MB. KoctoB(1993) pasnens muHepamute
Ha TpU TTaBHU XaOUTYCHU THIIA : U30METPUYECH U mceBaouszomeTpudeH (I Tum) - ¢ ocHO OTHOIICHHE
npubnusutento 1; akcuaneH (A THI) - C BEPUKHA CTPYKTypa U OCHO OTHOILEHHE TO- MAJIKO OT 1;
roranapeH ( P tum) - cbc  crioecTTa CTpyKTypa M OCHO OTHOIICHHE I10- rojsiMoO OT 1 . BbHIIHMAT
0o0MK Ha MUHEpana ce o0yciaBs OT mpocTuTe (GopmMHu, KOUTO TpeoliagaBaT B KPHUCTAINUTE MY.
[Topamu TOoBa XabUTyCHT MOKE J]a HOCH UMETO Ha TakaBa IpocTa ¢opMa, HampuMep OKTaeApUYeH ,
KyOM4YeH MNHWHAKOWAAJICH, MPU3MATHUYCH ,TUPAMUJAICH U T. H. AKO MHHEpAJId OT APYTd CHHTOHHUH
uMar OnM30 10 W30METPHYHHs XaOWTyc, TOW ce Hapu4ya IICEBJIOM30METPHYCH. 3a IJIaHAPHHUTE
MHHEpaIu XaOUTYyChT MOXKe aa Obme miodect ( Je0esl0 WM THHKO IUIOYECT) IUIACTHHKOBHICH,
JUCTOBUICH WM JIIOCIECT . AKCHAIHUTE KPHUCTATd MOraT Ja MMaT CThJIOECT, MPbTECT, UIJeCT,
BIIAKHECT TUIT XaOHUTYyC, a CHIO TaKa CIOpEe] IbDKHHATA HA KPUCTAIUTE : KbCO MPU3MATHUCH, IBIITO
MPU3MATUYEH M OCTPO MHUPAMHIAIICH.

MuHepajHuTe arperatu ce AchuUHUpPAHU KaTO MOHATHS B dacT mbpBa “ Kpucramorpadus .
PaznuyaBaT ce KpHUCTaTHM TPYNU - 32 HEMPABHIHO MOJPENCHW MHHEpAIU B arperaTa W KpHUCTaidHa
Ipy3a, KOraTo MHUHEPATHUTE WHIWBHUIM Ca HapacHaIuM Ha o0mia ocHoBa. Ts OWBa MOHO - WIH
MOJTMMHUHEpATHA. ATPETUPAHETO HA MHUHEPAIUTE € B 3aBUCHMOCT OT THIIA HA TEXHUS XaOWUTYyC W OT
yCIIOBUSITA HA 00pa3yBaHETO HM.

H3omeTpuyHuTe MUHEpalu o00pa3yBaT Haii - 4yecTo 3bpHecTH arperatu. Criopes roneMuHaTa
Ha 3bpHaTa Te OMBAT €apo - A0 TUTaHTO3bpHECTH, ( 0T 5 10 10 mm u Hax 10 mm), cpeaHO 3bpHECTH (
oT 1 10 5 mm) u npedHo3bpHECTH ( oA | mm). [Ipy MUKPOCKONUYHM pa3MepH Ha 3bpHATA - IUIBTHH ,
MacuBHHU, (PUHO 3BPHECTH, KOMIIAKTHU M CKPUTOKPUCTAIMHHU, MPU KOUTO OTAETHUTE MUHEPAIU Ce
HaOo1aBaT MoJ JIyna Wik Mukpockon. CkaluTe ca TUMIUYHU 3bPHECTU arperatu. MuHepamuTe ¢
IUIAHApEH THUM XaO0WTyC U3rpaxaar THHKO -, 1ebeno - W Trpydo IUIOYecTH, IUTACTUHKOBUIHH,
JMCTOBHIHY U JIFOCTIECTH arperatu . ThHKO IUIOYECTUTE MOTAaT Ja ObAaT IUTHTHH ( MACH ) WIIA CKPUTO
mocnect. [lo- psako ce cpemar po3eTKOBUAHM M PaJuaiHO JIbYECTH arperaTtd .AKCHaIHHUTE IO
xabuUTyC MUHEpAlld MOTaT Ja Ce arperupar mapaielHo WIH paauainHo. Taka ce 00pazyBaT mapaneaHo
WIN pPaJyaHO JhUECTH, JIIOCIECTH, CTHIOSCTH, NMPU3MATHYHU, WTJIECTH, HUIIECTH  BIAKHECTH
(mapanenHo - , GUHO - , CKPHUTO, - BIIAKHECTH) CHONOBUIHM W JIbuecTH arperperatu. Cheponurute ca

C(l)epI/I‘IHI/I HJIIN CIIMIICOBUAHU arpe€ratu, KOUTO Ca U3rpaJ€HHU OT BJIAKHCCTH HWHAWBUIU J_IGHI[pI/ITI/ITe
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ca TOJHMKPUCTATHM arperaTtd ¢ MapajeslH0 WM HE3aKOHOMEPHO OpHUEHTHpAaHE Ha OT/ACITHHUTE
KpHUCTaJIH . BBHITHO Te MpHUIMYaT HAa AHPBO MIIM HA OTIIEYATHK OT pacTeHue . Paznmuasat ce omie :

- HAaTeYHW arperatu ¢ pajuajHO JbUYECT WIM KOHIIEHTPUYHO -30HAJIEH CTPOEXK, KOUTO ca
o0Opa3yBaHH OT UCTHHCKHU WJIM OT KOJIOMJIHU Pa3TBOPH, KOMTO C€ CTUYAT B OTKPUTHU MPA3HUHU, KATO
HampuMep CTAJAaKTUTH, CTAJarMHUTHU, ChepouaaiHu, ObOPEKOBHUIHU, TPO3JIOBUIHH, “ CTHKIICHA TJIaBa
> c pa3MepH OT HSKOJIKO MuiaumeTpa 1o 10 u moBede meTpa ;

- OOJIUTH M MU30JUTH ( *° 007 ** - stifre ) , oOpa3yBaHM MPH OTJIAraHe Ha BEIIECTBOTO BHB BOJIHA
cpella CbOTBETHO OKOJIO 2 mm OOJM M HaJ 2 mm MU30JIUTH

- KOHKpEIMH - C OBaJIHA JopMa , MPU OTJIATaHEe Ha BEIIECTBOTO OT BHTPE HABBH OKOJIO IUH WIIH
HSIKOJIKO KPHUCTAJIM3AIMOHHY IIEHTPOBE, C pa3MEpH OT HAKOJIKO MUJIMMETpPA 10 JIECETKH CAHTHMETPH ;

- CeKpeluu - 00pa3yBaHU B MPa3HUHU C HEMpaBUIIHA , HAll - 4ECTO oBajiHA opMa IpHU OTJIaraHe
Ha BEHIECTBOTO OT mepudepusTa KbM LeHTbpa. Cropea pa3sMepuTe UM TH pasriexaamMe KaTo
MUHJQIA - C pa3Mep Ha OaJemMoBa sijKa, T€OJH - C TOJIEMHUHA KOJIKOTO IOMPYK. 3amrbJIBAaHETO Ha
Mpa3HUHATa MOXKE Ja ObJie YaCTHYHO WJIM ITBJIHO. BCHYKM Te3wm arperatu Criope] MHHEPATHHS CH
ChCTaB CE€ 03HAYaBaT CbC CHOTBETHU HAaWMEHOBAHU: MTUPUTOBHU, MAPKA3UTOBU, KBAPLIOBU U ‘’JTOCOBU
Kyknu °.  OOpa3yBaHHUTE OT KOJOHWJHHU pPa3TBOPH Hall - 4YECTO HATEYHH arperaTd ce Hapuyar
KosnomMoppHH miu kojopopmHu. C TeueHHe Ha BPEMETO Te€ PAa3KPUCTAIM3UpAT W Hpuemar (pUHO
BJIAKHECT CTPOeX , 0Oe3 Ja TMpOMEHSAT BBHIIHMA CH OONMK W TOraBa c€ Hapuyar
METaKOJIOUAHN. XaOUTYChT HA MUHEPAJTHUTE arperatu € BaxeH OeJier 3a omnpezelissHe Ha MUHEpaIUTe
Y 32 THIKyBaHE Ha YyCJIOBHUATA Ha TAXHOTO oOpazyBaHe. Cpelar ce cpacThlid, 3€MIIECTH, 3BE3/IECTH,
MIPAIIeCTH, CaXAECTH, TOpIiesia HOMOAOOHH, KIEThUHU, HBUYECTH, CTYPOBUIHH, KOPECTH arperaTd u
obneru.IToBeveTo OT arperaTiuTe ca MOCOYEHH Ha PUTYPHUTE MPU ONMCAHUE HA MUHEpAIIUTE.

DuU3UYHU ¥ XUMHYHHU CBOIICTBA HAa MUHEpPAJIHUTE

3a MUHEpamuTe KaTo KPUCTATHU BEIIECTBA Ca XapaKTepHHW BCHUYKHU OINMCAHU B MbpBaTa 4acT
¢u3MYHU  0COOCHOCTH HAa KPHCTAINWTE: IUIBTHOCT, IEMHUTETHOCT, TOIJIONPOBOJUMOCT, CICKTPUIHH,
MarHWTHH, ONITHYHU CBOWMCTBA, OJIACHK, IBAT, I[BAT HA YepTaTa, PaJHOAKTUBHOCT W JTyMYHHUCIICHIIHS.

Bcuuku e ce u3nmon3sar 3a OIpEaACIIIHC HAa MUHECPAJIUTE.

XHMHYEH CbCTaB HA MHUHEPAJIHUTE
Beuuky XUMUYHM €1€MEHTH, KOUTO Ca M3BECTHU B INpUpoJaTa, MO €JUH WM Jpyr HAa4MH ca
YCTaHOBEHU B MUHepanuTe. HAKoM OT TAX KaTO KUCIOPOABT, CAPATA,CUIULMAT, KEIA30TO, ATyMUHHIT
OIIpEACIIAT OCHOBHUS ChCTaB HA MHOT'O MUHEpaIH. J[pyru elneMeHTH KaTo MHIUAT, CKAaHAMAT, TaJMsT,
PEHMAT M Jp. MPUCHCTBYBAT B MHUHEpPAINUTE TIJIaBHO Moja ¢opmara Ha MPUMECH U MHOTO PSAKO
o0pa3yBaT CcaMOCTOSTEITHH MHHEpalId WM BbOOIIe He oOpasyBaT. TakuBa eleMEHTH ce Hapudar

pa3CesiHu.
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Kpucranoxumuunu ¢gopmy/iu Ha MUHepaJuTe

Kpucranoxumuynara @opmyia Ha MHUHEpalIUTe, KAakTo U (OPMYJIUTE HA APYTUTE XUMUYHU

CbCAUHCHUSA C€ H3YHUCIIIBAT 110 AaHHW OT XHUMHWYHHA aganu3.M3uucisgBanero Ha (bopMynaTa Ha

XaJIKOMUPHT M0 XUMUYEH aHAIHN3 CTaBa MO CICIHHS HAYUH : tabnuna 11
Xumuy Macosu% ATtoMHa ATOMHU KOJU ATOMHHU
HU €JIEMEHTH Maca YecTBa OTHOIIICHUS
Cu 34.22 63.55 0. 538 1
Fe 35.63 55.85 0. 540 1
S 30. 15 32.06 1. 110 2
Cyma 100.00 - 2. 180 4
Emrupuyna  dopmyna CuFeS,

Obaue Ta3u ¢Gopmyna OTpa3siBa CaMO BaJOBHS CHhCTaB HA MHHEpaja U HE BUHArM YJOBJIETBOPSBA
MuHepaiora. B MuHepanorusTa Hail - 4eCTO C€ M3MOI3YBaT KPHUCTAIOXUMHUYHU (QOPMYIIH, KOUTO
0Tpa3sBaT HE CaMo ChCTaBa, HO U THUIA HA XUMUYHOTO ChEIMHEHUE U B U3BECTEH CMUCHI CTPYKTypaTa
Ha MUHepaJa.

MHoro MuHepaqu ChIbP)KAT BOJA, KOATO C€ OTAENS OT TSIX IMpU HarpsiBaHe. ToBa MOXe J1a 0Bese
710 ITBJIHO pa3pyllaBaHe Ha MUHEpaJia, 0 MPEeX0/ Ha €JMH MUHEpAN B APYT WM CE€ ChIPOBOXKJIAT CaMO
C U3MEHEHHEe Ha CBoiicTBaTa Ha MHHepana. ChOTBETHO B ChCTaBa HA MUHEpAIHUTE C€ pa3inyaBaT JBa
TJIaBHU TUIIA BOJIA : CBbpP3aHa U CBOOO/IHA.

B cbcraBa Ha Hskou MuHepanu ydacTtByBa kaTo HoH ( OH ). Te3um HoHM 3aemaT HambJIHO
OTIpEZIeNICHO TOJI0KEHUE B KPUCTAJIHATa PEIleTKa U ce OTAEAT caMO IIPU HarpsiBaHe Ha MUHepaia A0
MHOTO BHCOKa TeMIieparypa. [Ipu oTaensHeTo Ha CTpyKTypHaTa BOJia MHHEPATbT C€ pa3pyllaBa. Te3U
MUHEpaJld He Ce Pa3TIekIaT KaTo BOJHH ChEAMHEHUS.

Cpbp3anara ( KpUCTAJIOXUPATHA ) BOJA C€ ChABP)KAa B MUHEpasla BB BUJ Ha Mosekyau H,O.
Ta3u Boma e cBbp3aHa B CTPyKTypara Ha MUHEpaja Mo - ci1abo, OTKOJIKOTO KOHCTUTYLIMOHHATAa U ce
orzens npu Harpssane 300°C - 500°C yecTo IbTH CKOKOOOPa3HO ¢ 00pa3yBaHETO IPH BCEKH  CKOK
Ha HOB MuHepan. Taka BoxHus cyndar Ha kanuus ( THIC ) IPU HarpsiBaHe MpeMHHaBa B 0€3BOJCH
auxuzapar : Ca[SO4]

CBo0OoanaTa(3eonuToBaTa, MEXAycioiHaTa, a0copOLMOHHATA) BOJa CE€ pasmoyiara B

MIPOMEXAYTHIUTE MEXKIY CTPYKTYPHHUTE €JIEMEHTH Ha KPUCTATHUTE PEIIETKH HA MUHEPAIUTE BbB BHU]L
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Ha TeuHa (aza H,O. OraensHeTo Ha TakaBa BOJa MPU HArpsBaHe 3amodBa npu temmeparypa 100°C.
ToBa cTaBa mocTeneHHO U CTPYyKTypaTa Ha MUHEpaJla IpU TOBa HE ce HapyllaBa. BpB BiaxkHa cpena
00€3BOJHEHUAT MUHEPAJI OTHOBO MOIUIBIIA TOJIKOBA BOJA, KOJIKOTO CE€ € OTIENNIIa OT HETo.

3eoqiMTHATA BOJA € 3aKIIOYeHa B CBOOOJHUTE MPOCTPAHCTBA HA PELICTKUTE HAa HIKOU
CKEJICTHU CUJIMKATH: CTWIIOUT, HATpOJIUT U Apyru. [Ipu oTnensiHeTo Ha BojaTa Te3M MUHEPAIH CTaBaT
HETNPO3payHH, MU3MEHAT C€ TAXHATa TBBPIOCT, MOKA3aTeNAT Ha mpedynBaHe. llpuw morimbpimaHe Ha
BOJIaTa MUHEPAJIUTE Bb3CTAHOBABAT TE€3U CBOU CBOWCTBA.

Me:kaycioiiHaTa BoJga ce pas3mojara Mexay CTPYKTYpHUTE CJIO€BE - MaKeTH - B HIKOU
JUCTOBUIHU cuMKaTu. [lakeTute ce cpaBHSABAT ChC CyOMOJIEKYJISIpHA IIMIIAa BOJA, KOSITO IMOCTEIIEHHO
ce OTAeNs MpU HarpsiBaHe. MuHepanuTe MpU TOBa CTaBaT IO - IUTBTHU. [Ipy morreinane Ha BojaTa OT
00€3BOIHEHUTE MUHEPAJIH, OTHOBO Te ““ pa30yxBat “. TakbB THII BOJA € XapaKTepHa 32 MUHEPAJIUTE,
oOpa3yBalliy TIUHH.

AOCOpPOLIMOHHATA MJIM KOJIOWAHA BOJA € XapaKTepHa 3a THHKO JUCIEPCHOHHU MUHEPATHU
arperartu. Ts ce agcopOupa Ha MOBBPXHOCTTA HA TUCIEPCHUTE YaCTUIU U B OCHOBHATA Maca ce OTAeNs
Bede npu uicymaaHe uid HarpsasaHe 10 110°C. Ilpu Te3u yciioBus ce ompeens Biarara, Kosito ce
ChIbpKa B TOpUTE U MyKHATHHUTE HA MUHEPATUTe M Ha MUHEpPAJHUTE arperatu. TakaBa Biara ce
Hapuya XHUIPOCKONMMYHA WIH  KamwispHa. AOCOpOIMOHHATAa WJIM  XWUTPOCKONHMYHA BOJAa HE Ce
or0ens3Ba BbB OopMyIiaTa Ha MUHEpaa.

B 3akimouenue cienBa Ja ce CIIOMEHE 3a OLIE €JUH TUI BOJa, KOSTO ChIIO HE BiIM3a B
CTpyKTypaTa Ha MUHepaja U He ce 3amrcBa BbB (hopMyiaTa, HO UMa BaKHO 3HAYCHHE MPU U3ACHSBAaHE
Ha ycloBHATa Ha 0Opa3yBaHe Ha MUHepajuTe. ToBa € BojaTa Ha Ta30BO - TEYHUTE BKIIOYEHUS ((ur.
41), xoSTO € BKJIWYEHa B  MHOTOYMUCICHM  MEXypueTa, 3axBaHaTH OT MHHEpAIUTE IpU

Kpucrajin3anusiTta UM OT BOJHU pPa3TBOPH .

Metoau 3a onpejaesisiHe HA MUHEpPaJIUTe

3a ompenensHe HAa MUHEPAJIUTE CE€ HM3MONI3YyBaT XMUMHYHHU, (QU3UKO - XUMHUYHU U (PUINYHH
METO/IH.

OnpenenstHETO Ha MHUHEpAJUTE IO BBHHIIHM Oele3u € CBBbP3aHO C M3yyaBaHETO Ha
MOP(]OTOKKUTE UM OCOOCHOCTH M M3IOJI3YBAHETO HA TEXHUTE (PU3WYECKU CBOMCTBA KaTO IIBTHOCT,
TBBPJIOCT, LIETIUTEIHOCT, OJISICHK, IIBST, LIBSIT HAa YepTaTta, MAarHUTHOCT U 1p. Penuna mMuHepanun morat
na ObJaT UArHOCTUPAHM C TMOMOINTa HAa TE3WM TEXHH OCOOCHOCTH. 3a IeNTa Ce HW3MOI3yBaT
OTIpEACTUTEIH.

XHUMHYHHUTE METOIH Ce H3I0JI3yBaAT 3a OIPCACIAHE HAa CbCTaBa HA MUHEpaJia U CC U3UUCIIsIBA
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HEeroBaTa KpUCTaIOXUMUYHA opmyia. Te ca M3BECTHU OT Kypca 10 aHAIUTHIHA XUMHUSL.

MMKpPOCOHIOBUSAT AaHAJIN3 € HWHCTPYMEHTAJCH METOJ 3a KOJWYECTBEHO OIpeAeisTHe
XUMHUYHUS ChCTaB Ha MuHepanute. [Ipu nmagane BbpXy oO€KTa Ha €JIEKTPOHEH CHOI C JOCTaTh4yHA
eHeprus, 3a Ja ce Mpean3BuKa W30MBaHE Ha €JEKTPOHH OT BHTPEUIHHS CIION aToMu Ha oOpasela, ce
U3ITyCKa XapaKTepUCTUYHO PEHTICHOBO HM3IbuBaHe. CONBCKBAHETO HAa OBbp3U EJIEKTPOHU C MHIICHA,
KOSITO € M3TOTBEHA OT TBBPJO BEIIECTBO MOXKE Jia JIOBEJAE IO M3IyCKAHETO HAa PEHTTEHOBU JIBYH,
XapaKTepUCTUKUTE Ha KOUTO 3aBUCAT OT MaTepHala Ha MUIIEHATa. AHAJIU3bT HAa MOJYUYEHUS CIEKTHP
JaBa Bb3MOXHOCT Jla C€ YCTAaHOBU €JIEMEHTHHUAT ChCTaB Ha oOpasena. M3myckaHuTe OT HAarpsTa ThHKA
BoJIppaMoBa JICHTUYKA EJIEKTPOHH ce YCKopsABaT OT HampexxkeHue 5-40 kV u ce HacouBaT KbM
aHanu3upyemoto BemectBo ¢ twion npubmauszutenHo 10 000 A (1 mm). PeHTreHOBOTO M3IIbYBAaHE OT
Ta3W IUIOL] MPEeMUHaBa Ipe3 AMCIeprupaila cucremMa u ce perucrpupa. Msmnomnssat ce npubopu cbe
CHEKTPOMETHhP C JUCIEepCUsi Ha IBhJDKUHATA Ha BBJIHATA ( BBIHOBU METOJ ) U CIEKTPOMETHDP C
JUCIepcus Ha €Heprusra (€HeprueH) 3a €JIeMEHTH C aTOMHU HoMmepa Haja 11 ce momydaBar
KOJIMYECTBEHU JaHHH, aKO TEXHUTE ChIbpkaHus ca Hag 50 - 100 g/t , a 3a eleMEHTUTE C HOMEpa OT
4 no 11 ToyHOCTTa Ha aHAJIKM3a € 3aHIKEeHA. AHATU3BT C€ MIPOBEXK/IA BHPXY MOJIMPAHUA TUTA(H.

KbM XUMUYHHTE METOOM MPHUYUCISIBAME CBIIO TONTYKOJIHMUECTBEHUS CIEKTPAICH aHalu3 |
Ja3epHUs MHUKpoOCHeKTpaieH aHamu3. Ilupoko e  pasmpocTpaHeH KayeCTBEHUSAT eMHCHOHEH
cnekTpajieH anaam3. ['pemkara oOukHOBeHO He HanBumaBa +  5-10%, a nmpu oroenexkTpuueckaTa
peructpaius Ha CeKThpa AocTura 10 + 2% T.e. He € 1O - BUCOKA OT Ipelikara npu OOJIIIMHCTBOTO
octaHanu Metonu. C MOMOIITa Ha TAX CEe OMpPe/esi IPUCHCTBUETO HA Pa3IMYHUTE €IEMEHTH B
MUHepayia, KaTo MOXe Ja C€ JIOCTUTHE /0 KOJIMYECTBO, PAaBHOCTOWHO Ha KJapka Ha eleMeHTa (
MAacOBOTO My IPHCHCTBHE B 3eMHATa Kopa ). UyBCTBUTETHOCTTA Ha CrieKTpanans aHamus e 10 > 10 10~
6 %. [Ipu Hero ce u3non3zyBa MUHUMaIHO KonndecTBO BemecTBO ( 0.1 - 0.001 g ). C enun ananus
Morar a 6paat ycranoBenu 40 - 60 enemenrta. To3u METOA ce€ OCHOBaBa Ha MOJYy4YaBaHE HA CHEKTPU
Ha €JIEMECHTUTE B EJIGKTPUYHA Jbra, MIAMBK, UCKpA U T. H., KOUTO C€ OMPECNAT BbB BUANMATA H
yITpaBHOJIETOBaTa 00JacT Ha cBemIMHATa. lIpemmymnecTBaTa Ha €MHUCHOHHATAa CHEKTPOCKOIHUS ca
HelHaTa MpoCTOTa M Obp3MHA, KAaKTO W Ja ObJaT ONpeAeNsHu €JIeMEHTH C MHOIO MaJlK{
KoHIeHTpauuu. IlmambkoBata (oTOMETpHS € EMHUCHOHEH CIEKTpalieH aHaliu3 C HW3TOYHHUK Ha
BB30yXIaHe Ha chekTpure - raMbk. C momolnra Ha IMIAMBKOBH  (OTOMETPU C€ OIpeIessaT
enementu kato Li, Na, K, Rb, Cs, Ca, Sr, Ba, Mg, Cu, Tl u ap. TouHocTTa Ha omnpejensHe 3aBUCH
[JIaBHO OT TOYHOCTTA C KOATO € MOCTPOEHA U3MO0JI3BaHaTa eTajloHHa rpaduka.

Meton na masmena crekTtpockornust (ICP)e  cmektpomeTpudeH 3a MHOTOKOMIIOHEHTHO
aHaJM3upaHe Ha MpoOU OT CKayu, MUHEpaiau U mouBH. IIpobGata c xommuectBo ot 0.05 g o 1 g ce
pasTBaps B cTaHAapTeH pa3TBop. OTKpUBAEMOCTTa HA XUMUYHUTE eeMeHTH € oT 1 g0 10 mg/t. ToBa e

MPAKTUYEH METOJ, 3al0TO €IHOBpPEMEHHO ce ompenensaT oT 20 mo 40 Makpo- 1 MUKPOEJIEMEHTH U
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€JIEMEHTH - CJIe/IH, ChC CPABHUTEIHO 100pa YyBCTBUTEITHOCT, 3HAUYUTEITHO 10 - EBTUH W OpB3 CIIPSIMO
IpyruTe  MeTonu. PeHTreHodyopecHeHTHUST METOJ JlaBa BB3MOXKHOCT Ja CE€ HalpaBd IThJICH
KauecTBEH aHallu3 Ha oOpasell ¢ HEU3BECTEH ChCTaB, 0€3 J]a ce Hajara HEroBOTO pa3pyllaBaHE.
UyBCTBUTEIHOCTTA MYy JAOCTHUTA 10 10%-10" % (or + 0.5-10 5.0%).

HeyTpoHHO - AKTUBAIIMOHHHUSAT AHAJTU3 € BHUCOKOUYYBCTBHUTENIEH METOJ], KOWTO CE U3IOI3Ba 32
OTIpeNieNITHE Ha PEIKO3EMHUTE W ApYrH eneMeHTH. OOpasenbT ce o0rbuBa ¢ BUCOKO CHEPTEeTHYHHU
YacTHULIM - MPOTOHM, HEYTPOHHU, B PE3yJITaT Ha KOETO aTOMUTE Ha €IWH WJIM Ha BCUYKU €JIEMEHTH
CTaBaT paJAMOAKTHBHU. AHAIU3BT C€ OCHOBaBa Ha M3MEPBAHE Ha €HEPrusiTa H3MyCKaHa OT oOpasela
WIM Ha WHTEH3MBHOCTTA Ha m3nbuBaHe. [Ipu akTuBUpaHeTo Ha OKoyio 70 exeMeHTa TOBa MO3BOJISIBA
Jla ce TMPOBe/Ie KaKTO KA4eCTBEH, Taka M KOJMYECTBEH aHAIN3. AKO U3TOYHUKBT HA THUCHHE € AaTOMEH
peaKTop MoraT Jia c€ aKTUBHPAT €JIEMEHTH B KoJaudecTBa 1o - Maiku ot 10-10 g .M3non3Ba ce ananmus
Ha cienu ( 3a ompenensHe Ha mukponpumecu < 0.001% ), ananuz Ha npumecu ( 0,001 - 1.0 % ),
€KCIIPECECHAaBTOMATUYCH aHAIM3 M MAacOB aHalu3 (OIpeessHe Ha KHCIOPO B CTOMaHa ).

ATOMHO - a0COPOIMOHHMAT aHAJM3 C€ Mpuiara, Karo MpuU U3rapsHe Ha pa3TBOp OT
oOpazena B miaMbk ce oOpa3yBaT aTOMHHU mapu . Ompenenst ce MOrTbLIAHeTO OT Te3W TMapu Ha
XapaKTepUCTHYHO M3IbYBAHE 32 OIpeesicH eneMeHT. UyBcTBUTETHOCTTa Ha MeTona € 10-4% , kato ce
ornpenenar okoio 30 exeMeHTa, KOUTO ca MPEIUMHO IPUMECH B 00pasIuTe.

EJjlekTpOHHATa MHKPOCKOMHUSI TIO3BOJISIBA Ja CE€ HM3CIEABAT MHHEPAIUTE TPH TOJIEMH
yBenudeHus 10 750000 mbTH. B eekTpoHHMST MHKPOCKOIT MOKE /1a ce HaOmoaaBa MopgoIorusaTa Ha
MUHEpaHUS HWHAMBHUJA, XapaKTepa Ha HEroBarta IMOBBPXHOCT W HETOBUS MHKPOCTPOEK.
N300pakeHneTo ce reHepupa C MOMOIITa Ha eJIeKTpoHeH cHom. [Ipemaparute 3a HaOmionaBaHe ce
MOJITOTBAT Ype3 JE3MHTETpanus ¢ YATPa3ByKOB JUCHEPrarop M 1O KOCBEH HAYMH C MOMOIITAa Ha
peruku. llenta e ma ce mocTUrHE NOCTATHYHO THHBK OOCKT 3a HAOJIOJCHHE, KOETO o0e3leuaBa
noOpaTta KOHTPAcHOCT Ha m3oOpaxeHue. PaspemmrenHara Bp3MoxkHOCT Ha MeTona € 0.12 - 0.15 nm.
ENeKTpoHHHUAT MUKPOCKOT MMa MIMPOKO MPUIIOKEHUE JHEC U Ce M3MO0JI3Ba HE CaMO MPHU U3CJICIBAHE
Ha muHepann. C moMomITa Ha HEro ce m3ciensar ¢opmara U pa3MepuTe Ha 3bpHATA, XapakTepa Ha
pacTex, ompenensiHe Ha (puHHOAMCIEpCHH (ha3u, MUKPOBKIIOUEHUS U (OpPMHU Ha NMPUCHCTBHE Ha
MUHEpaJi, XeTEPOreHHOCT Ha MUHEpalia 1 MOP(OJI0KKO HU3CIeIBaHe HA MalIKK YacTuliy (¢ur. 42).

HNudpavepBeHaTta cneKTpPOCKONHUs orpeaens (QYHKIHMOHATHH TPYNd B MHUHEPAIUTE KaTo
cyndarHu, KapOOHATHH, CHIIMKATHH U JAPYTH, TUTIA HAa BojaTa U ApyTru. CTPUTHAT MUHEPAI ce TIOCTaBs
BBPXY IJIACTHMHKHU B CIIEKTPOMETHP U ce 00abuBa ¢ MH(pauepBeHHU IbUU. B pasznuuHuTe quana3zoHu
Ha JTbYCHHUE ( ot 10000 10 5000 u ot 400 1o 250 cm™ ) (¢ur. 43-rope) ce u3cnenBa CbCTaBbT U
KOH(UTYypaIisITa Ha aHHOHUTE KOMIUIEKCH B MUHEpasa. Bb3MOXKHa € ¥ JUarHOCTHKAa Ha MUHEPAIHUTE
MOCPENICTBOM CPaBHEHHUE HA CHICKTPUTE UM C €TaJOHHH CIIEKTPH HAa MHUHEPAJIH, KOUTO Ca TIPUBEICHU B

CTeIMajHU CIPaBOYHUIIM. MoraT Ja ce onpeaessT pa3auvyHuTe (a3u B €Ha MHOTOKOMITOHEHTHAX
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cmMec ¢ TO4HOCT A0 1-2 % mpum Terno Ha wu3cnenBanus oOpazen 1-5 mg . Mudpauepsenara
CTIIEKTPOCKOMHSI C€ M3I0JI3Ba YCIIEIIHO 32 MPOBEXKIAaHE HA KAYeCTBCHH W KOJMYECTBEHH aHAIIM3H, 32
u3cieBaHe CTPYKTypaTa Ha HEOPraHWYHHUTE KOMIUIEKCH, MEXIy MOJEKYJISIPHH BOAOPOIHU BPB3KH,
CUMETpHs Ha MOJIEKyIuTe U Ipyru. CBeAeHHs 3a poJisiTa Ha BoJaTa B MUHEpasia MOXKe

Jla ce TIOJIy4d OT HeToBHsI MH(padepBeH aOCOPOIMOHEH CHEKTHD .

JAudepeHuuaino - TepMUYHHAT aHaau3 (pur. 43-cpena u gomy) ce OOOCHOBaBa Ha
¢u3NYHUTE U XUMUYHM TPOMEHHM, KOMTO HACTBhIIBAT TIpU HArpsBaHETO Ha MUHepaiuTe. Te3u
MIPOMEHU Ca CBBbP3aHU C MOTIBIIAHE WM OTHESHE Ha TOMUIMHA M MOTrar Jia ce peryiupar B amapaTa
BbB BHJ Ha mudepeHuuannu kpuBu. Tepmuunure edexktu npu JITA meroma ca mpeau3BUKaHU OT
TaKkuBa (PU3UYHU SIBJICHUS KaTO CTaIlsiHE, N3MEHEHHE Ha KPHCTAJHATa CTPYKTypa, paspyllaBaHEe Ha
KpUCTaJIHAaTa penieTka, W3lapeHue, KUIeHe U cyoauMmanus, a Chbllo U TePMUYHH e(eKTH, KOUTO ca
MpeIU3BUKAHU OT MPOTUYAHETO HA XUMUYHH MPOIIECH KaTO JUCOLHUAIS, IeXUApATAIHS, OKUCIICHUE U
penyKIUs , peakIMy Ha ChEAWHEHHE M 3aMecTBaHe. Te3u sBICHHSA ca CBHIPOBOACHU C CHIO- U
ex3oTepMuuHu epektr. C TOMOINTA Ha ONMPEACTUTENH NPY CpaBHSIBAaHE HA KpUBATa Ha WM3CJICIBAHUS
MUHEpaJl ¢ €TaJJOHHU MOXe€E Ja Ce OChLIECTBH M TUArHOCTHKA Ha HAKoW MuHepanu. [Ipu merona ce
clenqd M M3MEHEHHETO Ha MacaTa Ha oOpaselia B XoJla Ha HarpsiBaHe, KOETO Ce€ WIIOCTpHUpa ¢
tepmorpasuMeTpruyna kpusa ( TT'A). Heo6xoaumoTo kosnmdecTBo mpoba 3a ananus € ot 10 10 50 mg ¢
enpura < 0.001 mm. C momorra Ha TO3W METOJ CE€ M3CJICIBAT TJIMHECTH MHHEPAIH U CMecH, (ha30BU
npeBpsinanus B uHTepBasa ot 20 10 1 000° C, kaTo oTHOCHTENHATA TpelKa Ha MeToza € +- 10%. Toi
€ IICHeH KOJIMWYECTBEH METOJ, C IIOMOIITa Ha KOUTO MOKE Jia ce OIpeaen TepMUYHATA YCTOWIMBOCT
Ha U3X0AHUs 00pasell, Ha MEKIMHUTE ChbeJUHECHUS U Ha KpallHUS TPOIyKT. TO3M MeTox ce M3IMo3Ba
3a M3y4YaBaHE Ha KMHETHWKATa Ha PEaklUUTe Ha pas3jlaraHe Ha TBBPJAW BEUIECTBA W HA CHhEAMHEHUS B
pastBopH (dwur. 43).

OnTuyHATa MUKPOCKOINMS CE€ IIMPOKO M3MOJ3BA MPU U3CIEABAHETO HA MPO3PAaYHH TUIACTUHKY -
TIOHIUTA(Y U HAa €HOCTPAHHO MOJMPAHU TJIACTHHKY - aHIUTH(H. 3a [eNTa ce U3MO0I3Ba MUKPOCKOII C
mpoxoJsa cBetiuHa ( meTporpad)cku ) ¥ MHKPOCKON C oTpa3eHa cBernuHa ( pynaeH ). [lpwm
u3cieBaHe Ha MUHEPAJIUTE B MOJSPU3UPAHA CBETIMHA C METPOrpaCKusi MUKPOCKOI Hail - BaXKHUTE
ONTUYHHU CBOWCTBA Ca ONTHUYHMS KJIaC M TOKA3aTeNAT Ha JibYenpedynBane. MuHepanure oT KyOu4Ha
CHHIOHHUSI Ca M30TPONHU U ca C €IUH IOKa3aTea Ha JIbYerpeuyynBaHe. MHUHEpaIuTe OT CPEIHHUTE
CHHTOHMHU Ca aHM30TPOIHU - €IHOOCHHW ( + WJIM - ) M ca C JBa TOKa3aTeNs Ha JTbYelpedyIlBaHe.
MunepanuTe 0T HUCUIUTE CHHTOHUM Ca aHU30TPOIIHHU - IBYOCHH ( + WIIM - ) U ca ¢ TP IoKa3aTess Ha
JbuenpeyynBaHe. AHU30TPOITHHUTE MUHEpAIN C€ pa3rpaHUyaBaT OT U30TPOIMHUTE MPU KPBCTOCBAHE
Ha HHUKOJIUTE Ha MHUKpockoma. ToraBa mpu BBPTEHE HA MacH4YKaTa Ha MHUKPOCKOINA W30TPOIHHTE
MUHEpaJI OCTaBaT TbMHU , @ AHM30TPONHHTE MpocBeTisBaT. C MOMOIITa HA ONTUYHUTE METOIHU CEe

ONPEACNIAT MUHEPAIUTE W BKIIIOYEHUS B TS NpH BUCOKH yBenuueHus ot 400 no 1200 mbTH, n3yuyaBat
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ce B3aMMOOTHOIICHHATA MEXIY TAX, KOSPHUIIMEHTa Ha JbYENpedylBaHe, ABYJIOM, MEMUTEITHOCT
,pened,IIeoXpon3bM U BI'bJI Ha MOThbMHEHHE. C TIOMOIITa Ha ONTHYHATA MUKPOCKOITUS MOXE /1a ce
MPOBEXKIAT PeIrIla MUKPOXUMHYHH PEAKIIHH.

Metoaute 3a omnpeseisiHe Ha ypaHOBH MUHEpAIM CE€ OCHOBABAT HAa WOHMU3MPAIIOTO JICHCTBHE
Ha pPaJUOAKTUBHHUTE M3JIBUYBAaHUA. Te MO3BOJISABAT Jla C€ OMPEEAT o0uara paaioakTHBHOCT U J1a ce
HaIpaBy ChOTBETHA KOJIMYECTBEHA OLIEHKA. V3M0i3BaT ce HOHM3AMOHHN U UMITYJICHH METOAH, KOUTO
ce aenar Ha anda - , 6eTa - ¥ TamMa METOJIU. 3a IeJiTa Ce W3IMOI3BAT Pa3IMYHU THIOBE OpOSUA .
JIyMUHECLICHTHUTE METOJU C€ OCHOBAaBaT Ha CIMOCOOHOCTTA HAa CHEIUHCHUATA HA IIECT BAJICHTHUS
ypaH Aa JTyMUHUCHMPAT B YJITPAaBHOJETOBH JIbYM. YPAaHOBUTE MHUHEpaIU ca J00pe H3yYeHH IO
JYMHUHECLUEHTHH CBOMCTBAa B ABJDKMHMTE Ha BbIHUTE Ha crnekTbpa oT 300 go 400 nm. Mexnay
pamuorpadCKUTE METOIM CE€ M3MOJI3BAT Makpopamuorpadusta u Mukpopaauorpadusita. Karo ce
M3II0JI3Ba CITIOCOOHOCTTA HA PaJIMOAKTHBHUTE BEIIECTBA JIa OKa3BaT BIMsHUE ( B MPOIBIDKCHUE Ha OT |
10 20 neHOHOIMS ) HAa eMYJICHOHHHS cloil Ha ¢oTorpadcekara miacTUHKa WM Ha (OTOJIEHTaTa ce
n3ydaBa XapakTepa Ha pasmnpeiesieHne u (gopmara Ha OTIENsSIHE HAa PAaTUOAKTUBHUTE MHHEPATH B
obpazum ot ckanmu win pyau . Cien MposiBIBAHETO MM , YYaCTBIIUTE KOUTO Ca KOHTAKTYBalH C
pallMOAKTUBHUTE MHHEPAIM IOYEPHSIBAT HA HeraThBa . METOABT Ha OTIEYaThKa CE OCHOBaBa Ha
MOJTy4aBaHETO Ha HEPA3TBOPUM OCTATBK OT COJIM Ha ypaHHJIOBaTa rpymna mpu JeiicTBHe Ha pa3TBOpa
Ha MpOSIBUTENS . METOIBT ce MpoBekAa Taka: (ororpadcka XapTus CbC CHET €MYJICHOHEH CJIOH , ce
MoTans B a30THA MJIM COJIHA KHCEJIHMHA , CJIe]] KOETO CE IMOYMCTBA C GuIThpHA XapTus. KbM BiakHata
XapTHsl ce MPUTUCKA paBHATa CTpaHa Ha oOpa3ena (Ha aHnuMda ) B IPOABIDKCHHE HA | - 2 MUHYTH,
CJIel KOETO ce M3MHBa C BOJa U ce u3cymaBa. Ha MSCTOTO Ha ypaHOBUTE MHMHEPAJIH CE IMOJIyuyaBa
YEepBEHO - KapsiB OTIIEYATBHK.

Jlpyru  IMMPOKO M3MOJ3BaEMH METOAM Ca KAadeCTBEHUTE MUKPOXMMHUYHHA  PEaKIUH:
Pa3TBOPUMOCT C KHCEJIHMHA, KaTO CE OTYMTA M PAa3TBOPUMOCTTA HAa HSAKOHW CyJ(daTHH, KapOOHATHU W
IpYTH MUHEPAIH.

ChImecTByBaT M JAPYTH CIEHU(PUYHN METOAW 3a W3CJIEIBAHE Ha MUHEPAINTE, KaTo TPEKOBa
pamuorpadust ( PerHCTpPHpAT Ce TPEKOBETe , MOIyYeHH HpH pasmagaHe Ha U>°), HOHHO - COHJOB

aHaJIn3 (321 OIPCACIISIHC HA CJICMCHTHU C MAJIBK aTOMEH HOMCP, B TOBA YUCJIO U BOJO-
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@wr 41. 'a30B0-TeYHM BKIIOYCHUS BBB (Diyoput oT Hax. “Enamnure”

@ur. 42. Xanyaszut ot Hax.Acapen (rope-yBenmuyenue 30 600) u xanoTpuxut ot Hax. Yenomned (omy-

yBenuuenue 19 600) B eneKTpoHHUS MUKPOCKOII.
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(T NpFMECI 0T KACRFHUTIR), HANYINT W AMHIPHTT

[WdapoHURanHo-TEpKUYHGT
KphLH Ha nawapur{el, asgpes

o5}, WIWTiA): WoHTWSORND-
e

¢urypa 43

pOJI), Mac-CIIeKTPOCKOMHUs ( 3a OTpeIesTHE ChABPKAHUETO HA PAIMOAKTHBHU W30TOIH ), MbOCOaepoBa

CIICKTPOCKOIINA ( AAPCH rama - peaoHch) ( 3a OMPCACIIIHC CTPYKTYPHOTO ITOJIOKCHUC HAa KaTUOHHUTC
Ha XCJIA130TO, MaHI'aHa U APYT'd, KOUTO UMAT IPOMCHJIMBA BAJICHTHOCT.

II. 2. TEHE3UC HA MUHEPAJIMTE

To3u 471 OT MUHepanorusTa U3y4yaBa YCJIOBHATA U IPOLECUTE, MPU KOUTO ce oOpa3yBaT U
W3MEHST MUHEPAJIUTE B 3¢€MHATa Kopa.
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®ur. 44. U3menenue Ha urbTHOCTTA (d) ¥ HamsTaHeTo (p) HA ABJIOOYMHA B 3eMATAa M HEHHUS CTPOEK
U TmpeolOiiagaBaliuTe KOOPAWHAIMOHHUA 4ucia [4] 3a CbOTBETHUTE aTOMHU, KOUTO s M3rpaxaar (1o
HB.Kocros, 1993)
[To naHHM OT CHBPEMEHHUTE M3CJICIBAHUS CE CUMTA, Y€ 3eMHaTa Kopa MMa MOIIHOCT 15 mo 70

Km U € OrpaHhyeHa OT rope ¢ armocdepa u xuapocdepa, a OTIOJIY CbC CEM3MHUYHA TpaHUIA Ha
MoxopoBud. B HeliHusl cbcTaB y4yacTBYBAT rOJISIMO KOJIMYECTBO JUTO(GUIHU enemeHTH - Li, Na, K,
Rb, Cs, Be, Mg, Ca, Sr, Ba, Si, Al, Ge u apyru. Te o6pa3zyBaT ycToi4nBH CheAMHEHUS C KACIOPOA.

[Tpuema ce, 4e MaHTHATA CE HAMHPA B TBHPJIO CHCTOSHUE, C M3KITIOYCHHUE HA JIOKAJTHU OTHUIIA
B ropHara i JacTt. 3a Hes ca XapakTepHu xankopuiaHuTe enementu - Cu, Ag, Zn, Cd, Hg, In, Tl, Pb,
As, Sb, Bi, S, Se, Te u np. Te umar cunen adpuHUTET KbM csipaTa ( celeHa, Telaypa ), C KOSTO
o0Opa3yBaT KOBaJICHTHH ChEIUHCHUS.

3eMHOTO SAPO € B Pa3TONECHO CHCTOSHHWE. B chcTaBa My ydacTBaT TJIaBHO CHIACPODUITHH
enemenTH - Pt, Ir, Os, Pd, Au, Fe, Ni u npyru. Te ce pa3TBapsT B *KeII30TO B 00pa3yBaT ChEAMHEHUS C
METaJHU BPB3KU. BUCOKOTO aTOMHO TETrJIO Ha Te3W €JNEeMEHTH OOYCIaBIT M BHCOKATa IUITBTHOCT Ha
36MHOTO SIPO.

Ha ¢wur. 45 e mocodeH cxeMaTHYCH pa3pe3 Ha 3eMHATa KOpa.
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®dur. 45. CxemaTtnueH pa3pe3 Ha 3€eMHATa Kopa TOJI OKeaHWTEe (OTJSABO) M IMOJ KOHTHHEHTUTE ( IO
Ponencon ,1982) I - moakopos ; II - rpanynuto - 6azantoB ; III - rpanuro - ruaiicos ; IV -
MeTtamopgen ; V - cequmenTeH ; rpanuny : M Ha Moxoposud ; K - Ha Konpan

3HauuTeNHA YacT OT 3€MHATa Kopa € M3rpajJeHa OT oceM XUMUYHM enemeHTa : 0- 46.60 (macoBu
nporedTa) U 93.77 (o6emuu mporeHTa), Si - 27.72 u 0.86, Al - 8.13 u 0.47 ; Fe - 5.00 u 0.43 ; Mg -
2091029 ;Ca-363u1.03;Na-283u132;K-259ul1.83. Te3u enemMeHTH y4acTByBaT
IJIABHO B ChCTaBa Ha ckanooOpasyBamure Muuepanu. Enementure Ti, P, H u Mn ce cpemar B
koiuuectBa oT 0.1 mo 1 %. Ocrananute enemeHTH OT MeHaeneeBara Tabauua CbhCTaBIsBAT HE
noBeue oT 0.5 % oT 3eMHaTa Kopa. 3eMHaTa Kopa € U3rpajieHa IJlaBHO OT MarmeHu ckanu (64.7 % ot
obema i1 ), Ha BTOpo MscTo OT MeTamopduu ckanu (27.4 %) u Hail - MajKo KOJIMYECTBO Ce Maja Ha
cenquMmeHTHUTE cKanu ( 7.9 % ).

Ha ¢ur. 45 ca nocouenu u obiacTuTe Ha JIOKaIU3alusl HAa MUHEPaI000pa3yBaTeIHUTE mpolecu : 1
- MarmMatudHa (a - BBB BpPB3Ka C YJITPAOCHOBHUTE ; O - BbB BPB3Ka C OCHOBHUTE CKaliu) ; 2 -
MerMaTUTOBA ( @ - CIIFOJJOHOCHU ; O - peIKOMETaIHHU ErMaTUTH) ; 3 - KOHTAKTHO - MeTacoMaTHyHa ( a -
rpaiizen; O - ckapHHM) ; 4 - XUApOoTepManHa ( a - XurmoTepMaita ; 0 - Me3oTepMalHa ; B - eluTepMaIHa
); 5 - ByJKaHOTeHHA; 6 - MeTamMopdorerna (a - ¢amuec Ha “ 3eJIeHUTEe MHUCTH “ ; O - aM(pUOOJIOB ; B -
rpaHyauTOB (anuec ) ; 7- u3BeTpsiHE ( @ - HA CHJIMKATHUTE cKanu; O - Ha cynpuaHuTe Tena ) ; 8 -

CCAMMCHTaN A ( a - XCMOI'c¢HHa B MOPCKHU JIaI'YHU | o - KoaryJjanusa Ha KOJIOUMAW B KOHTHHCHTAJIHUS

mend ).

IIpouecn Ha MuHepasoo0pa3yBaHe

[Ton nmpouec Ha MuHepanooOpa3yBaHe ce pa30upa BCEKU T'€0JI0KKU MpoIiec, Ipe3 KONTO Bb3HUKBAT,

pacTAT WK ce pa3zpyluaBaT MuHepaiau. Onpenenar ce eK30reHHU U eHAOreHHU npoliecu. Ek3oreHHuTe
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MUHEpaI000pazyBaTeITHH MPOLIECH MPOTUYAT B OKEaHWUTE, MOPETaTa, PeKHTe, e3epaTa U Ha 3eMHaTa
IIOBBPXHOCT.

[TppBUTE MUHEpAIH, KOUTO M3rpaKIaT 3eMHATa Kopa ca oOpazyBaHH OT Marma. Te oOpasyBar
MHUHEPOTEHETUYHA Tpyna u Ce HapuU4yaT MarmMatoreHHu MuHepaiu. [lpu ex3oreHHHTE
MUHEPaTI000pa3yBaTeIHH NpoIlecH ce o0pa3yBaT MUHEpAJIUTE OT BTOpaTa MUHEPOTCHETHYHA TpyTa -
CK30I'CHHUTC MUHCPAJIN. 41 CAHUTEC, U APYTUTC IPHU MOoMagaHe B 110 - I[T)J'I6OKI/ITC JaCTHU Ha 3€MsTa, 110
JEUCTBUETO HAa BBTPEHIHUTE 3E€MHHU CUJIM c€ MpoMmeHsAT (Meramopdosmpar). Taka ce momyuyaBar
MUHEpAJINUTE OT TPeTaTa MUHEPOICHETUYHA IpyTa - MeTaMOpPOreHHUTe MUHEepaiu. Ha MHOTO TomsiMa
Il'bJ'I60‘II/IHa IMIPpU BUCOKU HAJIATAHUA U TEMIICpATYypa MUHCPAJIUTC MOTraT Ja 6’bI[aT YaCTUYHO PA3TOIICHHU.
ToBa sBneHwe ce Hapuua aHaTekcuc. [IbIHaTa pas3TomsiBAHE HA MHHEPAJIUTE CE O3HA4aBa KaTo
nanuHreHe3a. O0pa3yBa ce T. H. MAJMHTCHHAa Marma, OT KOSITO MOTar Jia ce 00pa3yBaT MarMaTOTeHHU

MHHCpAJIH.

EnaorenHn MuHepajioodpa3yBaTesIHU NPoLecH

MarmaToreHHH MIHEPaJ000pa3yBaTeIHM MPOLECH

MarmaTa € MHOTOKOMIIOHEHTHa CTOIMJIKA C NMPeodiaiaBaio CHIIMKAaTeH cheTaB. T ce copmupa B
3eMHaTa Kopa U B MaHTHsATa. Haii - GmaronpusiTHH 3a MarMooOpa3yBaHE c€ CUMTAT TPHUTE OOJACTH :
30Ha Ha TpaHUIaTa C TOpHAaTa MaHTHs, TPAHUTO-THAMCOBUSA CJIOW M 30HAaTa HAa ChUJICHSIBAaHE Ha
MaTepuKoBaTa U OKeaHckara kopa (¢ur. 45). I'maBHHTE chcTaBKM Ha Marmara ca noj ¢gopmara Ha
OKCHJIH: s102, AL O3, FeO + Fe,03, Mg0,Ca0, Na,O, K,0 u H,0. Criopen konmmuectBoTo Ha Si0y, TS
ce pazzens Ha ynTpabaszuyna ( moxa 44 % ), 6azuuna (44 - 53 % ), cpenna ( 53 - 64 % ) u kucena ( 64 -
78 % ).

Vnrpabazuunute u 6azuunutTe Marmu ca 6oratu Ha MgO u FeO + Fe,0s,, a B Kucenute € BUCOKO
ceabpxanueTo Ha Na,O u K,O.Taka ce ompenensar MOMBIHUTETHO alKaJHU, HATPUEBO - alKallHU,
KaJIMeBO ajika JIHU U T. H. [locoueHnTe okucuan M3rpakaaT rJiaBHUTE CKajgoo0pa3yBa 1M MUHEpaH,
KOHUTO CcbCTaBiIgABaT 99 % ot cheraBa Ha Mar mMeHuTe cka au. Oxcuagure TiO,, ZrO,, P,Os, Fe,O3 n
Cr20; npuchCTBY BaT ¢ Majl KM KOJMUYECTBA B MarMara M o0pa3yBar T. H. aKIIECOPHU MUHEPAIH: ILIHP
KOH, PyTWJI, MarHeTuT U Jp. OcTaHaIUTe €JIEeMEHTH MPUCHCTBYBAT B HE 3HAYMUTEIHU KOJIMYECTBA U
y4acTByBaT KaTO M30MOpP(HU MpHMECH B CKa JOOOpa3yBallUTe WM aKIECOPHH MHUHEpaid. TsaXx ru
O3HaYaBaMe KaTo pa3cesiHu eieMeHTU. [loHskora chcraBa Ha Marmara ce MPOMEHs MPU ACUMUIIUpPaHE
Ha pa3IUYHU 0 XUMHYEH CHCTAaB BMECTBAIM CKaM (KOHTAMHUHAIWSI) WA MPU CMECBAHETO Ha
pa3IMYHA  THIOBE MarmMu (XuOpuausanus). Marmata chIbpKa W W3BECTHO KOJUYECTBO JIECHO

netmimBH ( Tazoo0pa3nu ) BemectBa karo H,O, H,S, SO,, CO,, CO, NHs, HCI, HF, Cl, F, xnopuu

76



creauHenus Ha Fe, Zn, Na, K u ap. Te ca necrHo noasmwxkuu. [Ipucsctuero na HF u H,O nonmkasa
TOYKAaTa Ha KPUCTAJIM 3alllsl HA MarMmara, a OCTaHaJUTe JEHCTBYBAT KaTO pPa3TBOPUTEIN HA TE JKKHUTE
€JIEMEHTH, PEeryaupaT MOJABMKHOCTTA (BHUCKO3WUTETa ) Ha MarMa Ta M ChACMCTBYBaT 3a IbJHATa U
kpuctanuzauus. Ilo pagu ToBa  5eTnM BUTE KOMIIOHEHTHM B Marmara ce€ O3HadyaBaT KarTo
MuHepanuzaropu. Kpucranusamusara Ha mMarmaTta € HENPEKbCHAT IPOLEC, IPe3 KOWTO HACTHIIBAT
MPOMEHH Ha (HU3UKO - XUMHUYHOTO W chCcTOosHHE.IIBpBUAT eram Ha MarMeHaTa KpHCTAJIM3alus €
JUKBUJIO -MarMaTUYHUST

( ligua - Teynoct ). Toii mpoTuya B orHereuHa cpena npu temmneparypa ot 1200°C no 600°C. Ilpe3
HEro KpHCTAIM3MpaT TJaBHUTE CKajJooOpasyBallM MHHEpald, KOWTO C€ O3HayaBaT KaTo
opromarmMaTHuHu (MarmatoreHHu ).Ilomapmaliku B ycClIOBUSL pa3iIMYHM OT YCIOBHUSITA HA CBOETO
oOpa3zyBaHe, MarMHUTE C€ OXJaXJaT W KpHCTalIu3upar. Hail - Hampea ce OoTAeNAT Hail - TPyIHO
TOMMMHTE MUHEPAIIH, KOUTO ca C TO0 - HUCKO chabpkanue Ha SiO; u Al,Os3 .Te ce yTasBaT Ha ABHOTO
Ha MarmMeHaTa KaMmepa, TbH KaTo MMaT IO - rojsMa IIBTHOCT . B pesynaraT Ha ToBa MarmeHara
CTONMIIKAa ce HaboraTsiBa Ha JECHOTOIIMMHU KOMIIOHEHTH , Ha SiO; 1 Ha JIECHONETIIMBY BemiecTsa. [Ipu
HaMaJIsIBaHE HAa TEMIIepaTy paTa M MOIAXOJSALIM TEKTOHCKH YCIIOBHS T C€ NPHUABH)KBA Ha M3BECTHO

Pa3CTOAHUC U 3all04Ba Ja KpUCTAJIHU3UPA. ITocnemoBarennocTTa Ha KpUCTaJIn 3alusl Ha TJIAaBHUTC

CKanoo0pasyBalu MUHEepanu oT Marma Ta (cxema Ha boyeH) e  cienHara:
Tabmuna 12
®deMUYHU MUHEPAJIH CannyHu MuHepaJIu
(6oratu Ha Fe u Mg) (6oratu Ha Siu Al)
OnuBuH AHOpPTHT
PoMOnyHM TupokceHun butoBHUT
MOHOKJIMHHY ITUPOKCEHU Jlabpanop
AmMdpubonu Anpnesnn
buotut Onuroxnas
Anout
Oproxknas
MyckoBUT
KBapn

Hepsinko mpu oxJtakJaHeTO Ha MarMEeHOTO OTHHMIIE, OIe A0 HAaYaJoTO Ha OTACISHE Ha TBHPAH
¢da3u WM eIHOBPEMEHHO C KPHCTAIM3AlMUATA HA TPYAHOTOIMUMHTE MHHEPAIH CTaBa pasJeliisHe Ha
pasiuiaBa Ha HCCMCCBAIU CC TCYHOCTHU ; CHIICCTBCHO CUJIMKATHATA U 60raTa Ha JICTJINBU KOMIIOHCHTU
cynpuaHa, amkamHO - KapOoHaTHa anmkanmHo - QocharHa w apyru. PasgensHero Ha marmara Ha

HECMECBAIIM CC TCUHOCTU CC€ Hapyu4da JIMKBAIlHA.
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OcBeH KpuCTaTM3alMOHHA MU(EepPeHIIMANNS B MarMeHaTa CTOMMIIKA HACThIIBA M TPaBUTAIIMOHHA
nudepeHIanus, B pe3yJiTaT Ha KOSATO B JIOJHHUIIETO HA MarMEHOTO OTHUIIE C€ OTICISAT MHOTO PYJIHU
MHUHEpaJu KaTo IUIATMHA, MAarHEeTUT, XpPOMUT U Ap. Morar na ce oOpasyBaT HaXOAWINA, KOUTO CE
HapuyaT CerperalvoHHu (paHHOMAarMaTW4HH, MpoToMarmatuyHu). Korato B Kpas Ha ITUKBHIIO-
MarMaTH4YHUsl €Tan ce OTAENs MO MyKHATHHH Cyl(UIHA CTOMWIIKA MPH HEWHOTO 3aTBBPISBAHE CE
oOpa3yBar XucTepoMarMaTuyHu (KbCHOMArmMaTH4H# ) Haxoauia. C JTUKBUAO-MarMaTUYHUS €Tam ca
CBBP3aHM HAXOAMINATa HA JUAMAHTH B KHUMOEpPJIUTH, HA XPOMHUT B yATpaOa3M4HH CKajad, Ha
TUTAaHOMAarHeTUT B YJATpaOa3W4HHU CKalld, HA XaJKOMUPUT W TEHTJIAHIUT B OCHOBHHU CKajll M Ha
He(denH U amaTHUT B aJTKATHH CKaJIH.

BropusiT eram Ha MarMeHaTta KpUCTAJIU3aIUs € MerMATUTHO -NMHEBMATOJIUTHHUSAT ( OT TPBLKH

2999

aymata ¢ merma ¢ o3HavaBa ~”’ 3;paBa Bph3Ka ‘ ‘. To3u eram oOXBalla HHTEpBaJia Ha TeMIeparypara Ot
600°C 1o 400°C. Crex W3KPUCTAIM3UPAHETO HA TJIABHUTE CKAJI000pa3yBalld MHUHEPAIH |
o0pa3yBaHETO Ha CKaJIUTe ce oOpasyBa T. H. MarMeH WJIH TNETMaTUTOB OCTaThK, KOWTO ChABpKA
3HaunTeiHO  KonmuectBo K,O, SiO, u Al,O;, a cbmo Taka W ra3000pa3HH BEIIECTBA W pPEIuIla
enemenTH karo B, Be, W, Mo, Li, F, Cl u np. [lermatutoBusi ocTaThK MpUTEkKaBa rOJISIM MAPEH HATUCK
U rojisiMa TOJBMXKHOCT U C€ BMBbKBAa IO IYKHATUHUTE Ha CKajauTe. B pe3yaTaT Ha HEroBOTO
M3KpHUCTaIM3UpaHe ce o0pa3yBaT >KWIHH CKalH - MErMATHTU M arunTu. [[oHsSKOora ce yCTaHOBSBAT
3akoHOMepHH ( “ rpadmuHm “ ) cpacTBaHUS OT Qenammnard ¢ KBapna T.H.  MHCMEH TPaHUT
”(“rpaduuen mermartut”’). 3a TMETMATUTUTE € XapakTEepHAa TCOXMMHUYHATA crenuanu3anus. B
TPaHUTHUTE MIETMAaTUTH ce KOHIeHTpHpaT rnaBHo Ta, Nb, Sc, Y, U u Sn, a B HeenuH-cueHUTOBUTE -
npeaumHo Zr u Th. [lermatutute ce nogensat Ha arnautoBu ¢ Na + K < Al u imymasurosu ¢ Na + K >
Al TTopaau TOAsIMOTO KOJIMYECTBO HA JICTJIMBU BEIIECTBA, HAPEUEHN MHMHEPATU3aTOPH, IETMAaTUTUTE
3a pas3jiiKa OT MarMEHUTE CKaju ca elpo3bpHEeCTH. PazMepuTe Ha MUHEpAIWUTE B TAX MOHSIKOTa ca
TUTAHTCKHU, HAallpUMEp KBapLOBUTE KPUCTAIU JOCTHUraT 0 5.5 m IbKMHA M 10 2.5 m B AMAMETHP.
Hawmepenu ca kpucranu ot 6epun 1o 200t u gparu 1o 6m, a oprokias - 1o 100t u ¢ mong 70 10m?2.
[lermatuTuTe TIpEACTABISIBAT M3TOYHUK 3a JOOMB HAa MYCKOBHT, (peyiaIImaToBa CypOBHHA, TOTMA3,
KBapl, Oepws, LHUPKOH, IUHBAIJIUT, amaTUT, MHUHEpadd Ha peakuTe 3emu U T. H. Cnoopen
knacudukanuara Ha B. M. Makaron u b. M. IlImakun ( 1988r. ) Te ce memsat Ha: ABIOOYNHH,
oOpa3yBaHu npu Haisrane 5 - 8 kbar u ca maborarenu Ha U, penku 3eMu, CIroau. Bropust tum ca

oOpa3yBaHu mpu Haisrane 2 - 5 kbar u ca HaborareHW Ha PEIKH METAIH, TPETHAT THIT - OJIU3KO

nmoBspXHOCTHU ( hopmupanu nipu Haysrane 1 - 2 kbar ) ¢ MuHepanu Ha HHOOUS U UTPHSL.
XuapoTepMaJHu MIUHEPAJI000pa3yBaTeJIHU MPOLeCH

TpeTI/IﬂT €Tall Ha MarMeHa Kpuctajau3anus € XuApoTCpMaAIHUAT

tun. Tol npotuya npu Temnreparypa mnoa 400°C.
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OT MarmMu, KOUTO ca CHJIHO 00OTraTeHH Ha BOAA M JPYTH JETIMBH ChCTABKH TIPU TeMIIEpaTypa
MmojJ, KpUTHYHATa TeMmriepaTypa Ha BomaTta ( 374.5°C ) Morar na ce OTHENST BOAHHU Pa3TBOPH,
O3HAYEHU KATO XUIPOTEPMAaNHU. XHUAPOTEPMAIHUTE PA3TBOPU CE€ OTIENAT WM OT Marmara Wid OT
BeYE CBHIIECTBYBAIIM MHUHEpalId. Te ce MOOWIM3MpAT MpPU aKTHBHA TEKTOHCKA JEHHOCT B 3eMHATa
KOpa W WrpasT 3HAYUTEIHA POJIS MPH XUAPOTEPMATHOTO MHUHEpaIooOpasyBaHe. XUIPOTEPMAaTHUTE
pa3TBOpH ca HabOraTeHW Ha BOZA, XaJTKOPHIHN €JIEMEHTH U Pa3HOOOpa3HW aHHMOHHH KOMIUIEKCH :
Cu, Pb, Zn, Ag, Au, Fe, Mo, Ni, Sb, Bi, Sn, W, U, Mn u np. B chcraBa um yuactsat ome Na, K, Ca,
Mg, Ba, Cl, F, H,S, CO,, a 630 no nosbpxHoctta 1 O,. Koraro ca B HaiKpuTHUHa TeMIiepaTtypa ce
03HAYaBaT KAaTO MHEBMATOJUTHHU. B 3aBUCHUMOCT OT TeMIleparypara € IMpHUeTO Jia TH pa3leisMe Ha
BUCOKOTEMIIEpaTypHH (xunorepmannu) - ot 400°C mo 300°C, cpeanoremneparypau ( ME3OTEPMAITHH )
- o1 300°C no 150°C u nuckoremrepatypuu ( enutepmanau ) - ot 150°C go 50°C.

B mporeca Ha XUAPOTEpPMAaTHOTO MHUHEPATOOOpa3yBaHE YECTO MBTH HACTHIIBA PUTMHUYHO
W3MEHEHHE Ha XMMH3Ma Ha pa3TBopute. [Ipu mpoMsiHa Ha TeMrepaTypara, HallsiTaHeTO U XUMHU3Ma Ha
cpenara € Bh3MOXHO J1a ce 00pa3yBaT HSKOJIKO F€Hepaluyd OT eIuH W chiuu MuHepan. Cropen I
Bbepr B 6ii130CT 10 MarMeHoTo TsJI0 ce 00pasyBaT muHepasmte Ha W, Sn, Mo. [To-otnanedenu ca te3u
Ha Bi, U, Au, As, Cu, Zn, Pb, Ag 1 B 110 - OT/1aJIeUeHUTE Y4acThlM - Ha Sbu Ag.

XuapoTepMaTHOTO MUHEPaTo00pa3yBaHe MPOTHYA MPU 3aIbJIBaHE HA TyKHATHHU U MIPa3HUHU
WIN 110 TIBTS HA 3aMECTBaHE Ha MO-paHO00pa3yBaHUTE WM Ha CKalooOpasyBamuTe MuHepanu. [lpu
LUPKyJausiTa Ha pa3TBOPUTE BbB BMECTBAIUTE CKAIM CE€ W3BIMYAT €IHU WIM JIPYTd XUMUYHH
€JIEMEHTH TIPHU pa3iaraHeTo Ha ChIIECTBYBAIIMTE MUHEPAIU U B PE3yJITaT HA TOBA ce 00pa3yBaT HOBU
MUHEpAIIH.

XuapoTepMaIHH pPa3TBOPH, KOUTO ce (opMupar B pe3yiTaT Ha EBOJIONHMATA Ha MarMeHU
OTHUIIIA Ha ABJIOOYMHA OT 2 A0 5 Km OT 3eMHaTa MOBBPXHOCT, CE 0O3Ha4YaBaT KaTo IUIyTOHOreHHH. C
TSX ca cBbp3aHu Haxoauia Ha Mo, W, Sn, U, Bi. Koraro pa3rBopute ca BBB Bpb3Ka C BYJIKAaHCKH
CKaJIM ca BYJIKAHOTE€HHH. 3a TsX ca XapakTepHH Haxoauuia Ha Cu, Pb, Zn, Ag u npyru.

Oco0eH TUT ca METHO - MUPUTHUTE HAXOJHIIA, KOUTO Ca CBBP3aHH C IOJBOJACH BYJIKAHU3HM.
XuapoTepMaiaHu Haxoauia O0e3 sCHa Bpbh3Ka C MarMaTU3bM C€ O3HA4yaBaT KaTO TeJIeTepMaHU

(amarmMaTH4HH).
ByjikaHoreHHN MHHEPaJI000pa3yBaTeIHU MPOIECH
ByJsikaHoreHHHTE MUHEpPanoo0pa3yBaTeIHU MPOIECH MPOTUYAT IMPH 3aCTHBAHE Ha JiaBara,
KOosATO ce ¢opMupa TpH H3IMBAHETO HA OTHETEYHA CTOMWIKA Ha 3€MHAra NOBBPXHOCT. [lpm

BYJIKAHOTEHHHUTE MHUHEPAIO00pa3yBaTEIHN MIPOIECH JTABUTE 3aCTHBAT OBP30 KAaTO c€ 0OCBOOOKIaBAT OT

MOYTH BCHYKH JIETIIMBU CbCTaBKU (¢pur.46). B pesynrar Ha ToBa ce oOpa3yBar ApeOHU KPUCTAIH U
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BYJIKQHCKO CTHKJIO ( amopdHO ) U MHOTO mymuid. [ToHsSKora BYJKAaHCKHTE CTHKIIA BKIIOYBAT JOOpE
odopmenu kpuctann. Te ce 03HaYaBaT KaTo BIPHCICIH I TOPOUPHE MUHEPAIIU U ce 00pa3yBaT mpu
MPUABMKBAHETO HA JlaBaTa KbM 3eMHaTa MOBBPXHOCT. Hampumep B puonutute ce cpemat nophupeH
canuauH. Huckoro Hamsrane W crnenu@ukara Ha YCIOBHATa Ha KPUCTAIM3ALMS ONPEACNAT HAKOU
0COOCHOCTH Ha MHHEpanooOpasyBaHeTo. IIporechT mpoTHYa B TECEH TeMIEpaTypeH Iuama3oH.
MarmatnyHaTa CTOINWIIKA CJIeT KaTo CE M3JIee Ha 3eMHAaTa MOBBPXHOCT WJIM HAa MOPCKOTO JBHO, OBP30
3aCTMBa M YECTO HE YCIsIBa HANMBJIHO Ja wu3Kpuctanusupa.ToraBa 1psutata maca € amopdHa,
CTBKJIOBUJHA U ce 00pa3yBa oOCHANAaH. ATperaTuTe,KOUTO ce 00pa3yBar Mpo 3acTHBaHE Ha JiaBaTa ca
IUTBTHU, CTHKIOBHIHU wiu mopdupHu. [loHSKOTa B TAX BB3HHMKBA OpPUCHTHPOBKA HA OTJCITHH
KOMITOHCHTH C UBUYECTO pasNpeielieHUE Ha OI[BETIBAHETO U YIBDKCHU TPA3HUHA (MUH/IAIN).

[Ipu otnensuero Ha necHonernuBuTe BemectBa, kato HCI, NaCl, KCI, SO,, NHs, H,S H3BO; u
npyru. Te ce cBBbp3BaT ¢ KUCIOpOAa OT Bb3Ayxa U oOpazyBar xeMaTuT (1), canmmuak (2) u apyru
MUHEpAaIH.

( 1 ) 2FCC13 + 3H20 = F6203 + 6HCI1
(2) NH;3 + HCI = NH4Cl ( canmmax )
(3) 2st+02:2H20+2S
Koraro ra3oBere HanpaBo MpeMUHABAT B TBBPO CHCTOSIHUE TE€ CE OTJIaraT uype3 CyOInMaIus mo
¢dbopMara Ha Haylenmu W Kopu. Taka mMakap W IO - psSAKO ce (GopMHpaT HAXOAWIIA HA CApa, XaJHT,
CWJIBMH W Apyru MuHepanu. [Ipu KoHAeH3MpaHEe HAa BYJIKAHCKUTE Ta30Be B MyKHATHHUTE HA 3eMHaTa
KOpa Te J1aBaT HayaJoTO Ha BYJKAHOT€HHUTE xuaporepmu. OT Tax ce oOpasyBar KBapil ( XajleIoH ),

oraj U APYrd MUHEpaiIu noJ popmara Ha T€OAN, MUHIAIN U JAPYTH arperaT.

Ex30reHHN MHHEPaJI000pa3yBaly NpouecH

(A) Cyneprennu

Cyneprennure ( XMIIEPreHHUTE ) MPOLECH MPOTUYAT MPU HU3BETPSIBAHETO HA CKAJIHUTE B
aTMocdepHH ycioBus. YacT OT MbpBUYHUTE MUHE-
palii ce MPOMEHST W Ce MPEBPHIIAT B YCTONYMBU MPU HOBUTE (PU3UKOXUMHYHH YCIOBHUS MHHEPAIIH.
Hsxon KOMIIOHEHTH OT ChCTaBa MM IIPEMHHABAT B Pa3TBOPH, a APYIH OCTaBaT Ha MACTO. [ nmaBHM
¢dakTopu, KOHMTO cHoMmaraT 3a M3BETPSBAaHETO ca TeMIepaTypara, BojJara, BATbpa U
MuKpoopranuzmute. M3perpssHero OuBa ¢u3M4HO M XUMUYHO. [Ipu (U3NYHOTO H3BETpsiHE cCe
OCBIIECTBSIBA pa3pylllaBaHe Ha MBPBUYHHUTE MuHepanu. HoBum mMuHepanu He ce oOpasymar. Haii -

BXHO  3a MPOIECUTE HA CYINEPreHHOTO MHUHEpaliooOpa3yBaHEe € XHUMHYHOTO H3BeTpsiHe. [lpm
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XUMUYHOTO W3BETPSHE C€ M3MEHS BEIIECTBCHHUS CHhCTAaB Ha MHHEPAIUTE KAaTo ce 00pa3yBaT HOBHU
MuHepanu. Haii - BaxkHa pojs MpU MPOTHYAHETO My HMMa BOJIATa, KOSITO ChABPXKA KHCIOPOI,
BBIVICPOJZICH JBYOKHMC W JIpyrd  BemiecTBa. Haii - 00moO HEWHOTO [ACHCTBHE c€ CBEXAa J0
Pa3TBOPUTETHO, OKUCIUTETHO U XUAPOIUTHO. JIECHO ce pa3TBapsT BbB BOAATa XaJIUThT, KAPOOHATHUTE
U Jpyrd  JIECHO pa3TBOpUMU  MHHeEpaind. lomsiMa dYacT OT MHUHEpAJIMTE Ca MPAKTUYECKU

Hepa3TBopuMHU. OKUCIUTEIHOTO JEHCTBHE HAa BOJATa €
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®ur. 46. Cxema Ha KopaTa Ha WU3BETPSIHE HA MEIHONMUPUTHHUTE Haxoauma : | - XUIPOOKCHUIW Ha
KeNA30To ( “ Keysi3Ha mamnka “ ) ; 2 - apo3uT ; 3 - KBapIoBa, OapuTOBa U TUIICOBA MUHepaIu3anus ; 4
- BTOpUYHU cynpuau Ha Meara ( XaJKO3WH, KOBEJIUH ), oOpa3yBaly Ooratu pyau ; 5 - TbpPBHUHHU
pyZd, CbCTaBEHH OT MHUPUT, XAJKONUPUT U APYTM MHHEPAIN; a ) 30HA Ha OKHUCJIEHHE ; O ) 30Ha Ha
U3BJIMYAHE ; B ) 30Ha Ha BTOPUYHO CYJI(PHUIHO HaOOraTsBaHE CHIHO BbpPXYy MHUHEpaH, KOUTO HE
ChIBPKAT KMCIOPO.B pe3ynrar Ha Hero Te3u MUHEPAIHN Ce MPOMEHSAT, KaTo ce 00pa3yBaT ChbOTBETHO
OKCHIHH, CylndaTHU U Jpyrd MuHepanu. OcoO0eHO CHIHO € XUAPOJIUTHOTO JEHCTBHE HAa BOJATa,
KOATO ce enekTponuTHo aucouuupa Ha (H,O- = H+ + OH- ). To3u nporiec ce Hapuva Xuaposusa u €
II0 - aKTUBEH IIPH IO - BUCOKa Temneparypa. Hanpumep B o0nactu ¢ ymepeH kimMmat QenmmnaTure
ce pasziaraT 4aCTU4HO, KaTo ce 00pa3yBaT INIMHECTH MUHEpPAJIH:
KQO A1203 68102( OpTOKJIa3 ) + 2H20 + COZ = K2C03 + 48102 (KBapLI) + A1203 28102 2H20 (
KAOJIMHUT )
To3n Tun wu3BeTpsHEe ce Hapuya KaoJMHOBO. B TponuuHuTe 00NacTHM pas3naraHeTo Ha

¢denaunaTiTe € MbJIHO:
K,0 Al,0O3 6SiOy(optokna3z) + 3H,O + CO, = K,CO; + 6Si0; (xBapi) +2Al (OH); (rubcewur).

W3BetpsieTo ce Hapuya JiareputoBo. OOpa3yBar ce T. H. JaTepuTHU MouBH. [Ipu u3BeTpsHETO
Ha YJITPAaOCHOBHHUTE CKaJll ce o0pa3yBaT CKalM, B KOMTO IIpeoOiazaBaT XaJlelOH, MarHes3uT,
XUJIPOKCUIN U Ha )KEJSA30TO U Ha HUKEJIA.

MHoro cBoeoOpa3HO NPOTHYA U3BETPSHETO H a cyinduauure pyau.Cynpuaure B KopaTa Ha
W3BETPSIHE Ca HEYCTOMYMBM W OKHUCISIBallkW ce, ce mpeoOpasyBaT B cyndaTH, KapOOHATH,
XuJpookucu. Hepa3TBopumMuTe XUAPOOKUCH Ha JKENISA30TO 3a€IHO C KapOOHATHTE HA MEATA, OJOBOTO

U [HUHKa CC yTasABAT B 30HATA HA OKHUCIICHHUC, O6pa3YBaﬁKH KOpa Ha U3BCTPAHC Ha Cyn(l)I/II[HOTO
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Haxo/AuIIe ‘“Kesi3Ha mianka”. PasrBopumute cyndpumu Ha MeATa, NMHKA W HA APYTH METaIH Ce
¢GunTpHEpar 1Mo MocoKa Ha 3aNATaHe Ha PYJHOTO TSUIO U TIOJ] HUBOTO HA TIOJIIOYBEHUTE BOIH, OTHOBO
ce BB3CTaHOBABAT 10 cyiapuau. KpMm enemeHTa, KOMTO Beue ce ChAbpika B MbPBUYHATA pyja, Ce
n00aBs MeTaj U3BJIEYEH OT TOPHUTE XOPU3OHTU HA PYAHOTO TSUIO,IOPAIN KOETO 30HATA PasMoIOKeHa
IO - I0JIy OT MOAMOYBEHUTE BOJM CE€ OKa3Ba 3HAYMTENHO IO - 6orata Ha METall M ce Hapuya 30Ha Ha

BTOPUYHO cyNpuaHo HaboratsaBane. [1o - XxapakTepHH XMMHUYHU pEaKIUH ca :

IPpHU OKHUCJICHUE

Fe,S (muput) + H,0 + 70 = Fe[SO4] + H2SO4
CuFeS;(xankonupur) + 80 = Fe[SO4] + H,SO4
2 Fe[SO4] + Cu SO4 = Fez[SO4]3 " Cu (camopoaHa mMen)
Fe2[SO4]3 + H20 = 3H2[SO4] + 2Fe (OH )3 = FeO.(OH) (rpoTHuT)
Cu + O = Cu,0O (kynpur), CuO (TEeHOPUT)
Cu+ H,0 + CO; = CuCOs. Cu(OH), (manaxwur)
2CuCOj; Cu(OH), (azypur)

B PeIyKIIHOHHA cpeaa
CuFeS;,(xankonupur) + Cu SO4 = Fe[SO4] + 2CuS (xoBemnuH)
CusFeS4 (6opaut) + Cu SO4= Fe[SO4] + 2CuS + 2Cu,S(xankomuur)

(b) CennMeHTOreHHH MHUHEPaJI000pa3yBaTeTHH MPOLECH

CeaMMEHTOTeHHUTE  MHUHEpallooOpa3yBaTeIHMTE  IPOLECHM  HpOoTHMYaT B CIEAHaTa
MIOCTIeIOBATEIHOCT: H3BETPsIHE, CEIUMEHTOreHe3a  (TpaHCIOPT M CeAMMEHTalus ), JUareHesa,
karareHesa. [IoBeueTo OT NMPOAYKTUTE MOIYYEHH IIPU CYIEPreHHUTE MPOLECU CE U3HACAT OT MSICTOTO
Ha W3BETpsHE 1moja (opmara Ha UCTHHCKU ( HOHHHU ) Pa3TBOPH, KaTO KOJOWIHU Pa3TBOPH WU IOJ
¢opmaTa Ha MEXaHWYHO pa3aApoOeHH yacTULU. OTIaraHeTo Ha MUHEpPAIUTE MOXKE Ja CTaHe IO
MEXaHUYEH, XMMHUYeH M OMOreHeH HauuH. MeXaHMYHHTE YyTallku ce oTjaraT Ha MSCTOTO Ha
MEXaHUYHOTO U3BETPSHE WIM Ha pascrosHue. [Ipu mpeHacsHeTo Ha KiacTW4HusA ( pa3apoOeHUs )
MaTepuall ce OCBILECTBsIBA AU(EepEeHIMAUs KAaTo MO-€APUTE KbCOBE CE OTjiaraT Mo-0au30, a Io-
JpeOHUTE - 10 Jajiede OT U3TOYHMKA. B Omu30CT 10 M3XO0AHATa cKajla ce yTasBaT ChLIO0 MUHEPAIH C
MI0-BUCOKA IUTBTHOCT KaTO 3J1aTO, JUAMaHT, IUIaTMHA, PyTWJI, UMpPKOH U 1p. Taka ce Qopmupar
pas3Cun, KOUTO IIPpU TOJICMU KOHICHTPALIMK HaA IOJIC3HUS MHHCPpAJI MOTaT Ha HOpCACTaBIABAT
Haxoaumia ( pa3cunHu Haxonauma ). [Ipu To31 HauMH Ha yTasBaHE HOBM MUHEpAIH He ce 00pasyBart.

XMMHYHOTO yTasiBaHE NPOTHYA BLB BOJHA cpeja npu Temmeparypa 30°C u HamsraHe ot 5-
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107 Pa. CroiiHocTTa Ha pH Ha cpenara Ha MHHEpalooOpa3yBaHe ce Kojiebae o T 5 3a MpEecHUTE e3epa
1o 11 3a conenn BogHM OaceliHU BBB 3aCyLINBH 30HU. CPEIHOTO Chbp)KaHUE HA COJUTE B MOpCKaTa
Boza e 3.5 %, kaTo Moke fa cTurue 10 26 % (MbpTBO Mope) u 1o - psiako 1o 28.5 % ( 3anuBa Kapa
bora3 na Kacnmiicko Mope IlpeoGmnanaBar conure Ha Ca, Mg, Na kato B peunure Bogu Ca > Mg >
Na, a B Mmopckute Boau Ca < Mg < Na. Cp1110 Taka ce cpabpka 3HauuTenHo KosnuuecTBo CO,, SO, n
Cl B momobGen mopsimbk. [Ipu wm3mapsiBaHeTo Ha BOjJaTa W Ha HSAKOM Ta3000pa3HU BEIIECTBA CE
MIOBUILIABA HACUTEHOCTTA Ha pa3TBOpUTE. llocaenoBaTeIHOCTTa HA OTHENSHETO Ha Pa3TBOPCHUTE
COJM OT TAX 3aBUCH OT KOJMUYECTBOTO UM M OT TAXHATa pa3TBOPUMOCT .

Ha ¢wur. 47 e nanena Haif-o01a cxeMa Ha MOCIeI0BAaTEIHOCTTA HA YTassBaHE HA COUTE OT MOpPCKaTa
BoJa ¥ o0pa3yBaHETO Ha MuHepanuTe. Hail-Hanpen kpuctanusupart Hail TpPyJJHO pa3TBOPUMMUTE COJIHU -

KapOOHaTHUTE, a MOCIEAHU - Hall- IECHO pa3TBOPHUMHUTE KAJIMEBO - MarHE3UEBH COJIH.

@ur. 47. Cxema Ha E. EHeke 3a nocneoBaTeIHO U3KPUCTAIU3UPAHE HA COIU OT BOJEH Pa3TBOP .
BuorenHoTo yrasiBaHe ce OCBIIECTBSABA TOCPEICTBOM OpraHu3mMu. CKeJIETUTE U YEPYIIKUTE Ha
HSIKOU OPTaHU3MU C€ M3rpa)K1ar OT KapOOHATH, CUIIMLIUEB TUOKCUA U apyru. [Ipu m3aMupanero um te
najat Ha JIBHHOTO Ha BOJHUTE OaceliHM M oOpasyBar AeOenn Hacjaaru OT BapOBHUIU, JTOJIOMHUTH WIIH
KpeMBbYHH CKanmu. Hsikow OakTepuu Mpu >KU3HEHATa CHM JIEWHOCT ca CHOCOOHU Ja BB3CTAHOBSBAT
cyindarute B CEIMMEHTHUTE CKaJlM, KaTo ce 0OpaszyBa cspa. [Ipu THHEHETO Ha OpraHWYHU YTalKU Ce
oTAeNs csipoBoaopoAd. Tol B3aUMOIIEMCTBYBAa C Pa3TBOPEHUTE B MOpPCKaTa BOJA COJIM W TIO TO3H
HA4YMH Ce yTasBaT Cyn(UIN HA KENI30TO, METa, OJIOBOTO U IIMHKA.
VYTasgBaHEeTO OT KOJOWJHHU PAa3TBOPU € XapaKTEPHO MPHU OTJIAraHeTO Ha INIMHECTHUTE MHUHEPAIIU.
XUIPOOKCUIUTE HAa IKEJSI30TO, ATyMUHHS, MaHTraHa ce€ MPEHAcAT OT BOAWTE MMoja QopmaTra Ha
KOJIOUJHH pa3TBopH. [IoBeUeTO OT TSIX ce oTiarat B KOHTUHEHTAJIIHUTE 00JIacTH, a €JHa MaJIKa 4acT ce

OTHACAT OT PEKUTe KbM MOpPCKHUTe OaceilHu. Hannunmero Ha eNeKTpoIMTH B MOpCKaTa BOJa BOAU O
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MpecuvaHe M yTasBaHETO Ha KOJOUIUTE.

JluareHe3ara e mpoliec Ha YIUTbTHSIBAHE U OO0E3BOJIHABAHE HA MBPBUYHUTE CETUMEHTOTCHHHU
THHU W  oOpa3yBaHeTO Ha KpUCTAJHM  arperatu M MuHepanu. [lpu nuarenesata craBa
MIPEeMUHABAHETO OT YTalKHU Ha MOJYYEHOTO BEIIECTBO B TBBPO ( CKaja ). YCIIOBUATA HA UareHes3ara
ca Ttemmeparypa na 100°C - 120°C, wnansrane (5-15). 10" Pa. [Ipu ceauMeHTOreHHUTE
MUHEPaI000pa3yBaTEIHH MPOLIECH CE OTENS OLIE €IUH CTAAUN - KaTareHes3a, Ipyu KOWTO HAaCThIIBA IO

- HaTaTBILIHO YIUTbTHSABAHE U MPEKpUCTANMU3AIIMS HA yTalKkaTa.

MeTamop¢oreHHu MIUHEPAJI000pa3yBaTeJ HU POLECH

MertamopdoreHHr MpoIeCH NPOTHYAT B TOPHUTE YacTH Ha 3€MHATa Kopa IOJ 30HHUTE Ha
u3BeTpsiHe U ceAuMeHTauus. [Ipu u3meHeHne Ha GU3MKOXUMHYHUTE U TEPMOJAUHAMUYHHUTE YCIOBUS
MUHEpAJIUTEe CTaBaT HECTAOMIIHU U C€ MPOMEHSIT, KOeTO ce Hapuya Metamopdosza. ['maBHute dakropu
3a mpoTHyaHe Ha Meramopdo3ara ca TeMIeparypara, HaISIraHeTO | BB3ACHCTBHETO Ha
LIUPKYJIUPAIIATE B 3€MHATa KOpa razoBe U pa3tBopu. [I[pomsiHaTta Ha MHUHEpaIuTe U 00pa3yBaHETO Ha
HOBM IIPOTHYA IIPU U3MEHeHue Ha Temmeparypata 10 2000°C, a HamsgraHeTo MOXE Ja JOCTUTHE JI0
HSKOJKO JeceTku xwmuanu atMmocdepu. Ilpu Bucoka TemmepaTypa M HaisraHe ce oOpasyBar T. H.
BHUCOKOKPHUCTAJIMHHU MUHepanu. Munepanute, oOpa3yBaHu NpPU MO-HUCKU TEMIIEpaTypu W HallsAraHe
ce O3HauaBaT KaTo HUCKOKpUCTANMHHU. [Ipm ompeneneHn (QU3NKOXMMHYHH YCJIOBHS ce€ 00OpasyBa
YCTOWYMBA CHBKYITHOCT OT MHHEpaiu, KosTomMuHepaiorbT u merponorbT [I. Eckoma (1920 1.)
ompezaens karo damuecn Ha MeramopdusbMm. Hampumep mpu HEMHOTO BHCOKa TeMmIeparypa u
HajsiraHe ce o0pa3yBaT MHUHEPAIH KaTo: XJIOPUT, eMHUIIOT, cepunut u ap. [Ipu cpeana remmeparypa ce
oOpa3yBaT CTaBpOJIUT, aM(puOO, OMOTUT, MYCKOBUT, OPTOKJIa3 M KHCEIH TUIATHOKIa3u u np. [lpum
yCIIOBUSI HA MHOTO BHCOKa TeMIiepaTypa ce o0pa3yBaT MUHEpaJd KaTo T'paHaT, KOPYHI, AUOICHA U
npyru. Pa3nuuaBaT ce cineaHHMTE BHIOBE MeTaMOp(U3bM: PErpecMBEH - MPU HaMalsgBaHe Ha

TCMIICpAaTypaTa 1 HAJIATAHCTO U IPOrPECUBCH - IIPU TAXHOTO YBCIINYABaAHC.
MertamopdoreHHnTe MHHEpaIooOpa3yBaTeJIHW TPOLECH Cc€ TOJeNIT Ha JAWHAMO -
MeTaMop(dHH, KOHTaKTHO-TE€pPMaJlHHU, pEruoHaIHO- MeramophHU u METaCOMaTUYHH.
HoBooOpasyBanute mnpu TAX  MHHEpaId  CHOTBETHO  Ce€ HapuyaT AUHAMoOMeTamMopdHH,

KOHTaKToMeTaMop(dHH, peruoHajsHOMeTaMOpPpHM.

Munepannu acouuanuu. Ilaparenesu Ha MmuHepajuTe. 'eHepanuu Ha MUHepaIuTe

MuHnepanHa acouuanus o0pa3yBaT MUHEpAIUTE OT AaJIeHO MUHEPaIHO HaXOJAHMIIe, KOUTO ca
o0pa3yBaHH Mpe3 pa3InyHU I'eOJIOKKH TpouecH. [loa mapareHe3a Ha MUHEpanu pazdoupame BCUUYKU
MUHEpaJii, KOUTO ca 00pa3yBaHU CbBMECTHO IPH ONpeesieHn (U3MKOXUMUYHU ycloBUs. B cbcraBa

Ha MHUHEpajHaTa acoIMaIis MOXKE Jla UMa HIKOJIKO MUHEpaJHU mnapareHe3u (¢ur. 48). Munepanure
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OT eJJHa TIaparcHe3a ce Hapuyar napareHeTHYH!. HanpuMep MUHEpanIuTe TaleHUT, CaepuT, MUPHT,
XaJIKOMTUPHUT ca O0pa3yBaHH MPU XUIAPOTCPMATHHS €Talm Ha MarMeHa KPUCTAIM3AIMs NP CpeaHa
Temneparypa. Te oOpa3yBaT eqHa MUHepajdHa NapareHe3a. MuHepanauTe aHrjiIe3uT, CMHUTCOHUT,
MaJjaxuT, a3ypuT ca oOpa3yBaHU MpU CYNEPreHHU YCIOBHS MpU HHUCKA TemrepaTypa u oOpa3yBaT
Ipyra MUHEpaliHa TapareHesa.
Karo mpumepu wmorat 1a ce mocoyaT TUIUYHH TCHETHYHH THUIIOBE MUHEpPATH3aIUU:
- MArMaTHYHM - OJIUBUH, PO, TUAMAHT, UIMEHUT, (JIOTOMUT
( B KUMOEpNIUTH ) ; OJIMBHH, XPOMHUT, TUTATHHA ( B TyHHUTH);
- MerMAaTHTOBH - OJIMTOKJIa3, MHKPOKIHMH, KBapll, MYCKOBHUT, TypMmaiuH ( mepa ) ( B
TErMaTUTH) ;
- KOHTAKTHO- MEeTACOMATUYHU - TpaHaT (aHIpaauT), IUOICH], MAarHETUT, €MHUIOT, CKAIOJIHT,
KanuT (B KapOOHATHU CKaIH U CKapHH) ;
- XHAPOTEPMAJIHM - KBAPIl, KAIIUT, c(HaJepuT, TAICHUT, MUPOTHUH, MUPUT ( B MOJTUMETATHH
pymn ) ;
- Ce/IUMEHTOreHHH - XaJIUT, CWJIBHH, KAPHAIUT (B KaJIHEBU CKaJIN);
- CymepreHHH - MaJaxuT, a3ypUT, XeMaTUT, JIMMOHUT ( B U3BETPUTEIHATA 30HA HA MEIHU
HaXOuIIaA ).
Mwma n 3a0paHeHN MHHEPATHA TTapareHe3u, KaTo HallpuMep OJTMBUH+ KBapIl.
B mnpomeca Ha MuHepanooOpazyBaHe € Bb3MOXHO Ja c€ 00pa3yBaT pa3InYHU MOKOJIEHUS OT €IHU U
CHILM MUHEpaN, KOUTO y4acTByBaT B MUHEpalHaTa acolUalus OT €IHO M Chlo Haxonuule. Te ce
O3HAYaBaT KaTo TeHepaluu. PaznudHuTe TeHEepaluu MUHepadun ce o0pa3yBaT B pe3yiTar Ha
MpoOMsIHATa Ha TEMIIepaTrypara, HaJSIraHeTo, ChCTaBa Ha pa3TBOPUTE WM BBOOIIC Ha
(HDUBUKOXMMUYHHUTE YCIIOBUS HA MUHEpasooOpazyBaHe.

Besika reHepaust OT JaaeH MUHEpal MMa pPa3iMyHU OCOOCHOCTH KAaTo KPUCTAIOMOP(OIIOTHS,
¢bu3NYHU U XUMHUYHH CBOMCTBa. Te3n ocoOeHOCTHM Ha MUHEpanuTe Hapudame turnomopduu. Te
pa3KpuBaT YCJIOBHTa HAa MHUHEpaIoOOpa3yBaHe. MHUHEpAIHUTE, KOUTO Ca THITMYHU 32 OMPEICIISTHETO
UM ca TunoMophHu. Mexay TunoMophHUTE 0COOCHOCTH Ha MHHEPATUTE OCOOCHO BaKHU Ca TEXHUTE
KpUCTAIOMOP(HOIOTUYHN OCOOEHOCTH, XUMUYEH ChCTaB, M30TOMHHUTE OTHOIICHHUS HAa €IEeMEHTH KaTo
csipa, KHCIOPOJI, BBIIIEPO U IPYTH , (PU3UYHUTE UM CBOWCTBA U CTPYKTYPHU OCOOCHOCTH, (PIywaHU
BKJIFOYEHUS u gapyru. TunomoppHuTe OCOOEHOCTM HAa MHUHEpPAJUTE C€ HU3MO0JI3Ba B

reojiorornpoy4dBareiinaTa JIEUHOCT .
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®ur.48. MuHepalHu KWK C pa3InyHa Bb3pacT : 1. Haif-cTapa ;

2. 10 - MJIaJia ¥ 3.Hail - Mitazia

@®opMH HA MUHEPAJTHH HAXOAMIIA
MunepanuTte ydacTByBaT B CbhCTaBa Ha CKaJUTe€ U MoraT Ja oOpa 3yBaT CaMOCTOSTEIHH

HaxoJuia. MuHepalHUTe HaxOuIlla CIOPE yC JIOBUATA HA TAXHOTO oOpa3yBaHe U JIPYTH IEOJI0KKH

(axTopu MoraT Jja UMar pa3iIndHa Gopma.
3a XuIpOoTepMaIHUTE HAXO/AUIIIA Ca XapaKTEePHU:

- )KWJIM ¥ TIPOKMJIKU - TPa3HUHM B CKajara, 3allbJIHEHH C MUHEpaid. Te MMaT JbJDKHHA OT
HSKOJIKO MeTpa 10 JECETKH KHJIOMETpa W AeOelrHA OT HSIKOJIKO CAHTHMETPH /IO JIECETKH METpH
(¢ur.49-rope n5180) ;

- MUHEPAJIHU UMIIPETHAIIMY U BKJIIOUEHHS - KOTaTO MUHEpPAJINTE ca BIPbCHATH B CKaJlaTa,

- JICOIKM 1 THE3aa, KOUTO Ca C pasMCpPHU OT HAKOJIIKO JO ACCCTKHU METPU U 6’bp30 U3KINHABAT

(dwur.49-rope nscHO ) ;

- IIOKOBC - MHUHCPAJIHHU TCJIa C U3OMCTPUYIHO HAIIPEYHO CCUCHUC U C IJIOLI Hal 10 KY6I/I‘IHI/I

MeTpa.
3a ceIMMEHTHUTE HaXOUIIa ca XapaKTepHU:

- tactoBe (pur.49-momy) u cnoee(dur. 49-cpena) - MIOCKKM Teda C XOPU3OHTATHO WIIH

HAKJIOHCHO IMOJIOKCHUC C MOIIHOCT U PaslpOCTPAHCHUC OT ACCECTKU MCETPHU JO CTOTULU KUJIOMETPH;
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R 1 - L T

Qurypa 49. ®opma Ha MUHEpATHUTE HAXOAMINA:d) KHIU(TOpE-JIsIBO); JieHH (Tope-AsiCHO); CIOEBe

(cpena); miacrose (J10I1y)
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II. 3. CUCTEMATHUKA HA MUHEPAJIUTE

MuHepaJjHu BUAOBE H PA3HOBUIHOCTH.

HaumMmeHnoBaHue Ha MHUHEpAJIUTE.

[Tonacrosimem odunuanHo ca peructpupanu oxoino 4 600 MuHepana U €XKEroJHo ce
OTKpuBatT 0KoJ1o 50 HOBU MHHepanHU Buja. C MOHATHETO “MUHEpaAJIEH BUA * c€ 03HaYaBa MUHEpaa C
OTIpeIeNIeH ChCTaB M BBTPEIICH CTPOSK M CHOTBETHM (U3UYHU CBOICTBa. MuHepanu, KOUTO MMaT
€IHaKbB ChCTaB HO PA3NIMUYEH BHTPEILIEH CTPOEK C€ Pa3riekIaT KaTo pa3IudyHU MUHEPATHU BUIOBE.
Hampumep kanuuT v aparoHuT, AMaMaHT U rpaduT u T. H. B npupoaaTa ce cpermar UHAUBUAN OT €AHH
MUHEpal C pa3IuueH IBSAT, NPUMECH M Jp. CBOWCTBA. Te ce pas3riaexiar Karo MHUHEpPaTHU
pazHoBuAHOCTH. Hampumep pyOuMHBT M candupbT ca MHUHEpPAIHM PA3HOBUAHOCTH Ha MHUHepaia
KOPYHII.

HaumeHoBaHMeTO HA MUHEpAIUTE UMa pa3iudeH Mpou3xol. MHOTo 4ecTo To € cho0pa3eHo ¢ :

- MOPQOJOTMYHUTE MM OCOOEHOCTH : TeTpaeApuT ( MO TEeTpacapUYHUTE MYy KPHUCTAIH )
AKTUHOJUT ( 110 JTbYUCTUTE MY arperari);

- IIBETA UM - a3yPUT U J1a3ypuT ( CUHU ), XJIOPUT ( 3€JI€H ), XeMaTUT
(uepBen);

- IITBTHOCTTA UM - OapHUT (TEXBK);

- LEMUTEIHOCTTA - OPTOKJa3 ( LIENUTENIHOCT MO JBE ChCEAHM CTEHH, KOUTO CKIIIOYBAT IpPaB
BI'bJ IOMEXY CH );

- XapaKTepHa TBbPOCT - TUCTEH pa3INdHa TBHPJOCT IO JIBE MOCOKH;

- XUMUYHHUS UM CHCTaB - CUACPUT ( HKENI30ChAbPIKALL ), XPOMHUT
( XxpoMchIbpIKalL );

- IMETO Ha IeO0JIOKKH OOEKT, KbJETO € YCTAaHOBEH 3a IbPBM IBT - MIMEHUT ( MimMeHckure
IJIAHWHU), aHAe3uH ( OT AHIUTE ), aHgaTy3uT ( OT AHmaycus );

- UIMEHAaTa Ha U3BECTHH JTUYHOCTH - ThOTUT ( OT ['bOTE ), BOIIACTOHUT
(ot Bonacton ) ;

- IMeHa OT MuTOJOorHATa - opdheut (o1 Opdelt ) mim ¢ moBepusi B MUHAIOTO (aMETHCT ).

Omie B 1p100Ka IPEBHOCT ca MPAaBeHM OMUTH 3a Kiacuukanus Ha MuHepanuTe. Ha ocHoBata
Ha XMMHYHUS ChCTaB Ha MHUHepanute B cpenara Ha XVII Bek mBenckus xumMuk A. Kponien npaBu
mbppBaTa Kinacupukanus. To3u MOAXO0J € M3MOJ3yBaH OT aMEPHKAHCKHS Teojor M MuHepaior Jx.
Hena mpe3 1837 r. Jlo nHec ca mpaBeHW I€HETHUYHHU, T€OXMMUYHH, KPUCTAIOCTPYKTYPHU U JPYTH
kinacudukanuu. boarapckust muHepanor akan. MB. KocToB m paBu KpuCTalIOXMMHYHA-TEOXUMUYHA

KJ'IaCI/I(bI/IKaI_[I/ISI, KOATO C€ OCHOBaBa CAHOBPEMCHHO Ha KPUCTAJIOXMMHYCH U I'COXHUMUUYCH IMPUHIIUIIL.
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ToBa maBa BB3MOXKHOCT J1a OBAAT OOSCHEHW (PUINIHUTE CBOWMCTBA, MOPQOJIOTHUATA W T'eHEe3uca Ha
muHepanute.llocieoBaTeTHOCTTa HAa MHUHEPAIUTE B Ta3W KiIacu(UKAIUs Ce M3IOJI3BAa B yUEOHHKA C
MaJKyd M3MEHEHHUS B KJac CHUJIMKATH, MOpaJu KPAaTKOCT Ha Kypca . MuHepanuTe ca pas3mnpesesieHu B
KJacoBe (MOJAKJIACOBE) Bb3 OCHOBA HAa aHMOHWUTE U B TPYIH, CbOOPA3HO C aHU3OMETPUYHOCTTA Ha
KpUCTaJIHATA UM CTPyKTypa. B ydueOHuMKa ca ommMcaHM caMO OMpeAeNieHH TPymu ¢ U3oMophHH

MUHEpAIHU BUIOBE KaTo HarpuMep denammarute, ampuOOIuTe U APYTH.

Kuaac 1. Enementu

B npuponara ca ycraHoBeHu okosio 80 MHHepana, KOUTO MMAT MPOCT XMMHYEH ChCTaB, B KOHTO
ydacTtBaT enementure metanu - Cu, Au, Ag, Fe, Co, Ni, Ru, Rh, Ra, Os, Ir, Pt, Pb, Sn, Hg ;
nonymetanu - As, Sb, Bi u Hemeranu - C, S, Se, Te. Te ce cpemat B TBbPJ0 CbCTOSHUE U CaMO €AHH
OT TAX - KHUBAKbT € B T€UHO. TerioTo Ha Te3u MuHepanu € okoio 0.05 % ot macata Ha 3eMHaTa Kopa.
TumbT Ha XMMHUYHATA BPB3Ka € MPEAUMHO METallHa, KOSTO OOyClIaBsl TsSXHATa KOBKOCT TOILIO - U
€JIEKTPONPOBOIMMOCT M HHCKa TBBbPAOCT. KpucramumsupaT riaBHO B KyOM4YHA, XEKcaroHalHa U
TPUTOHAIIHA CHHTOHMSI. MHOTO OT IOCOYEHHUTE €JIEMEHTH 00pa3yBaT MHTEPMETATHU cheAnHeHus. [Ipu
IO - 3HAYUTEIIHNA HATPYIBAaHUS B 3€MHATa KOpa T€3W MUHEPAIM UMAT BAXKHO NIPAKTHUECKO 3HAYCHHE 32
noOWB Ha 311aTO, cpedpo, Me, csapa, JMAMAHTH, TPaUT U JPYTH MOJIC3HN U3KOMTaeMU. MHUHEpAIUTE OT
TO3U KJIac Ce Pa3AeisaT Ha METalIH, OJyMETalld U HEMETalu

IHoaxknac A. Meraau
OO0ImOTO MEXIYy MHHEpPAIUTE OT TO3M MOJKIAC €, Y€ ca THUMHYHU METadl U KPUCTAIM3HPAT B
KyOuuHa cunronus. [lopaau 651m3kuTe UM Kpuc-
TaJOXUMHYHU CBOMCTBA U ONM3KUTE HOHHU pajinyCcH Ha €IEMEHTHUTE, KOUTO TM U3IPa¥aaT MEXIy TAX
CBHILIECTBYBA MMbJIHA H30MOP(PHA CMECUMOCT

(Mex 1y 371aTOTO U CpedpoTO ), a MeATa 00pa3yBa €BTEKTOUIHM CIUIABU ChC CPeOPOTO U 37aTOTO.

MEJ
Xumuyen cberab: Cu. Cpabpxka npumecu oT Ag, Au, Fe, As 1 Ipyru eneMeHTH.
Cumerpuss u ¢opmu. Kpucrammsupa B kyOumuna cuHronusa. Cpemar ce KyOM4YHH U
poMOOI0IeKaeIpUYHI KPUCTAIH M cpacThlid. Hail - yecto cpenranuTe arperati ca JeHIPUTOBHTHH-

NJIN MaCUBHU.
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Men (texnorenna-rope, Kumbp); Men-nenapur, vax. Llap Acen (nomny), konekmust M. Tokmak4reBa
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Ocobenoctu : Meara Ha uBAT € uyepBeHa. [lpum okucieHwe Ha Bb3Ayxa moThbMHsBa. KoBka e.
TebpaocTTa € 2.5 - 3, a OTHOCUTENHOTO TerJIo - 8.94. T4 e enekTpo- u ToronpoBoanuMa. PastBaps ce
B HNO;. Tonu ce npu temneparypa 1083°. Meara necro ce omnpeJens Mo YepBEHMs IBAT HA CBEXa
MOBBPXHOCT, BACOKOTO OTHOCHUTEJIHO TETJIO W HEWHAaTa KOBKOCT.

I'ene3uc m Haxoamma. Menra uMa npeIuMHO cyrnepreHeH npousxof. Cpella ce B 30HUTE Ha
CynepreHesa Ha MeIHUTE Haxoauia. [Ipy KOHTAKT Ha BOIHU, CHABPXKALIN MEACH CyldaT C JKeJIe3HU
MpeIMeTH Ce OTiiarat Kopu oT Mel. ToBa € eHa OT Bb3MOXHHUTE TEXHOJOTHU 3a HeWHHUs NoO0uB. 3a
pa3nMKa OT XHUIOreHHaTa MeJ, KOSATO Ce€ Cpella psjaKo, CylepreHHata € 0e3 MpUMecH.
XuApoTepMaTHATE HaXOHIA Ha MeJT ca CBhp3aHu ¢ 0a3nyan edy3uBHU ckanu. OT TO3M THII € Hal-
rossimoto Haxoaumie ['opuoro esepo- CAILl, xbaero ca HamepeHHM KbcoBe C TexuHa a0 400
ToHa.l3BecTHM Haxoauma Ha camopogHa wmen ca Monre Katuna B Utamus, Typunck - CeBepen
VYpan. Y Hac camopojgHa MeJ € HaMepeHa B 30HUTE Ha CylepreHe3a Ha MEJHUTE HaxoJulla OT
[Tanartopcko u bypracko, a cpmo B M3tounn Pomonu m B Manmanckus paitodn. Hsama npomuiiieHo
3Ha4YCHHUE.

Ynorpebda: Meara ce u3noizyBa B €IEKTPONPOMHUIIIEHOCTTA, B €JIEKTPOHUKATA U 32 HallpaBa Ha
chaoBe. T € eNuH OT Hall-BaXKHUTE METalIM 3a pa3BUTHE Ha ChbBpeMeHaTa IuBWiIu3auus. OT Hes ce
[0JIy4aBaT pa3jIuyHU CIUJIaBU, KaTO HAapuMmep OpoH3-CIIaB OT MEJ, Kajail ¥ MaJko LIUHK, MECUHT

(mMupuHY)- CIUTaB OT Ml U ITUHK.

CPEBPO

XumuyeHn cberaB - Ag. Cpabpxa npumecu oT Au (kroctenut - cpabpxka 10% Au ), Hg (
amanrama ),koHrcoeprut-cpabpxka 5% Hg, Cu, As, Sb, Bi (uunenur). Huctoro cpedbpo nma npoOHOCT
1000/1000.

Cumerpus u ¢popmu. Kpucranusupa B kyonuyna cunronus. Cpemra ce nox ¢popma Ha JIOCIHUIH,
JICHIPUTH, TUTBTHH MAach M HUIIKOBUIHM arperaTd. MHOTO psAKO ce cpemiat aodpe opopMmMeHn
KPUCTAJIM, KOUTO MPETUMHO ca okTaeapuyHu. [lo3HaTu ca mmuHenoBu cpacthiy mo (111)
Ocobenoctn : LIBeThT Ha MHHEpana € cpeObpHO Osisl, HO MPU OKHCIEHUE Ha Bb3IyXa MOTHMHSBA.
TebpaoctTa My € 2.5 - 3, a oTHOCUTENHOTO Tero- 10.5. CpebpoTo € KOBKO U € eUH OT Hail-mo0pure
MIPOBOJHUIIM HA €JEKTpHYecTBO. Ha HEOKMCIIEHU MOBBPXHOCTH MMa MeTajieH Oysichk. Yeprara Ha
IUI0YKaTa € ci1eGbpHOOsuIa ¢ MeTateH 6usicbk. CpeGpoTo ce Tomu mpu Temmeparypa 960,10°C, kato
oOpa3yBa Onectsmiu 3bpHa. To JecHO ce ompeaens Mo cpeObpHOOETHS MBSAT HA HEOKUCIICHU
MOBBPXHOCTH, MEKO €, pexke ce ¢ HOX U ce pa3rBaps B HNO; (ako B pastBopa ce nob6asu HCL ce
obpasyBa muxtuecta Maca ot AgCl).

nHenoBH cpactbim (1o 111).
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Cpebpo, naxomuie Caca, Makenonusi, konekuus P. [Taznepos

Cpebbpen mnaket, mpodbHocT 99,999, konekuus M. TokmakuneBa
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Iene3uc m Haxoauma. CpeOpoTo MMa XUAPOTEPMAJICH WM CylepreHeH mnpousxoj. Haii-roxemu
Haxonumia 3a nobuB Ha cpebpo ca Kourcoepr (Hopserus), Kobant (Kanana), [Torocu (bonusus),
I'yanxyato u 3akarekac (Mekcuko), ['onsimoro meuo ezepo (Kanama ), SAAxumoB (Uexus) m Anpe-
acoepr (I'epmanus). Hamepenn ca xbcoBe 10 80 kg. ¥V Hac camopogHo cpeOpo NMpHCHCTBYBa B
nojMuMeTaiHUTe Haxonumia B 3amaaHa Crapa mianuHa, OcoroBo u Pomonure U B MeaHUTE
opyasBanusi B CpemHoropueto. Psnko ce cpema B OKUCIMTENTHUTE U LMMEHTAIIMOHHU 30HH Ha
CyNn(UIHUTE HAXOIUIIA.

Ynorpeba. Cpebporo ce mobuBa NOMBTHO MpH IpepaboTKaTa Ha MEIHUTE M OJIOBHO-
nuHKoBUTe  pynu. CpeOpoTo Hammpa  MPAaKTHUYECKO  TNPHIOKEHHE B OmxyTepusiTa,

€JIEKTPONPOMHUIIITICHOCTTA, EJICKTPOHUKATA, 32 €MYJICUHM Ha (DOTOJICHTH U KaTO MapHyueH MeTall.

3JIATO

Xumnuen cberaB: Au. [lpucwsctByBar mpumecu ot Ag, Cu, Fe, Hg u npyru enemeHntu.
CehlllecTBYBa pell OT TBbPAM pa3TBOpH Ha Au m Ag.B moBeuero ciaydaw B 3JIaTOTO C€ ChIbpXKa
Ag.CpebponocHo 3mato ¢ 20 % u moBeue Ag ce Hapuya enekTpyM. Jlpyru pa3HOBHJIHOCTH ca
nananueso 31aro (mopnemut 10 10 % Pd ), poaueBo, menno, OucMyToBo 31ato. YucToraTta Ha 31aTOTO
ce ompeznens 1o cucreMara-koandectsoro npumecu Ha 1000.Hanpumep Haii-4ecTo 371aTOTO ChABpPKA
okoJio 10% mpumecH OT APYyTHu elIeMeHTH U ToraBa Heropara mpooHoct e 900.

Cumetpust u ¢opmu. 31aTOTO KpUCTATU3Upa B KyOnMuHa cuHroHus. Cpemar ce OKTaeApruuHU
KPHUCTAJIH , TIO - PAJKO POMOOJOeKaeIpUYHH UM KyOHUYHH , a cbIo U KomOuHamu ¢ {012}, {014},
{025}, {113}, {124}. Arperartute My ca IrbOeCTH WM IEHAPUTH , HEMIPABUIHO 3a00JICHH 3bpHA .
Haii-uecto 31matoto ce cpema noj popma Ha JpeOHU 3bpHA WIN JIFOCIUIIH.

OcobenocTn: 371aTOTO € 3IaTUCTOXKBIATO U KOBKO. TBBpHOCTTa My € 2.5 - 3, a2 OTHOCHTEIHOTO
terno - 19.3. Korato chappxka nmpuMecu Ha cpedpo € 1Mo - CBETIOKBITO U € C MO-HIUCKO OTHOCHTEITHO
terso a0 15. [[BeThT Ha MUHEpaia UMa pa3IMYHU OTEHBLM CIOpEN MpPUMECHUTE B Hero. Tomu ce npu
temnepatypa 10630C. 3naToTO c€ INUAarHocTHpa MO I[BETa, HEroBaTa KOBKOCT, HUCKa TBBPAOCT U
BHCOKO OTHOCHTENIHO Teryio.Pa3TtBapst ce camo B mapcka Boja. [lo te3um Oene3u ce oriMyaBa OT
JPYTUTE XKBIATH MUHEPAIIU, KATO MHUPUT, XaJKOMMUPHUT U OT KBITUTE JIOCIHIIM, KOUTO ce 0Opa3yBar

IIPU U3BETPSHETO HA CIIOANTE.
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3n1aTo (XUAPOTEpPMATHO-TOPE M B 3J1aTOHOCHM pascunu oT p. Jlyna Sna, Ilanartopcko- nomy),

koseknua M. TokmakuueBa

I'ene3uc u Haxoauma. CaMOpPOTHOTO 371aTO C€ Cpella B XHAPOTEPMATHUTE M PA3CHITHU HAXOHMIIIA.

B cynpuanuTe HaxoauIna 4ecTo € BKIIOYEHO B MHMPHUTA, XAJIKOMHUPHUTA, apCeHONMUpUTa, chanepura u
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raJieHUTa, KaTo CcaMOpOJTHO U 1moj (hopMaTa Ha TEeXypHIu. BTOpUYHO OTIIOKEHO 37aTO Cce cpelma B
CyI(pUIHUTE HAXOIUINA HA TPAaHHUIIaTa HA MBPBUYHOTO OpYAsSBaHE W XKells3HaTa manka. Exau ot Haii-
Ooratute 3anmexu Ha 31aTo ca ButBarepcmann (FOxxna Adpuxa), Kamudopuus, Anscka(or CAIL),
Puo Tuntro (Mcnanus), bepesock (Pycus), Kanrypu (ABcrpanus), TpauncunBanust (PymbHus).
3natoTo ce 100MBa M B 3IaTOHOCHU pa3curnu. Haii - roneMusT KbC 37aT0 € HaMepeH B ABCTpaius
npe3 1872 ronuna u e Texxan 216 kg. 3HaunTeneH € u goOmBa My OT CyJAGUIHM Haxoauiia. Y Hac
371aTOTO Ce U3BJIMYA IpHU MpepaboTkara Ha cylduaHu opyasBanus ot [lanariopcko, M3rounu Pononu,
Yunposcko, bypracko, SIm6oncko. CamocTosTenHu 3matopyAHu Haxonuma ca 3iara (TpbHCKO) U
Cemn miact (Crapa ninaHuHa). 37aTOHOCHM Pa3cUIM ca HaMepeHu 1o pekute Orocra, Ctpyma,
Tononuuna, Autpa, Tynmxa, Apna,Jlyna Sna.

Ynotpebda : 37aTOTO ce M3MON3yBa KaTO BalyTeH MeTal, B OWKyTepH- 5Ta, EICKTPOHHUKATA,
MEIUIMHATA U XUMHUYecKaTa MPOMHUIILICHOCT.

B OmwxyTtepusita ce m3non3Bar npeauMHo cruiaBu Ha Au ¢ Ag, Cu, Ni, Zn u Pb. Ome or
JPEBHOCTTAa YUCTOTaTa (MpOOHOCTTA) HA 37IATOTO B CIUIABHTE C€ M3MepBa ¢ Kapartu. YUCTOTO 37aTo
nma 24 kapara (nmpo6noct 1000/1000). Enun kapar e 41,666 xwisiaau yactu. Ha OwxyrepuitHuTe
37IATHU U3JENUs Ce MOCTaBs Hudpa, KOATO MOKa3Ba ChAbPKAHUETO Ha AU B CIIaBTa, Harpumep 585
(14 xaparoBo 311aT0).

Ot rpynara Ha mjaTHHAaTa KaTO CaMOCTOSATEIHM MUHEpaH ce cpemar eaementure Pt, Ir u Os.
[Mananuar, poausT U pyTEHUAT C€ CpelaT Hail - 4eCTo KaTo MPUMECH B IIaTHHAaTa. MuHepanuTe umat
BUCOKA TUTbTHOCT. CMeceHUTe MIATUHOBUIHK KpHucTanu ( TBbpAu pa3tBopH ) MB.. KocToB pasriexna
B J1Be peaunu : kyomuHa - ( Pt, Ru, Ir, Os ) - (I, Os, Pt, Ru ) - (Ir, Os, Pt ) u xekcaronamuna ( Ru, Ir,
Os)-(Ir,Os) - Os.

INJIATHHA
Xumu4eH cbeTaB: MunepansT chabpka 50 % Pt, ocrananara gact ca npumecu ot Fe, Ni, Pd, Ir
u Rh. OT Tyk 1 MHOTOTO pa3HOBHJIHOCTH Ha TUIaTUHATa-(pepo-, HUKEI-, KyImpo-, POJMeBa-, majaanueBa
IUIaTUHA.
Cumerpus u ¢opmu. Kpucranmsupa B kyOuuna cunronus. Cpema ce noa ¢opma Ha MaJIKH

3ppHa. Haii - ronemust ke Texu 8 kg.
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[Mnatuna, b. Kongop, 1992

Ocobenoctu: l[BeThT Ha MMHEpajla € CBETIOCHB 10 CpeOBPHOOSNT € KbATOBAaT OTTeHBK.Hsima
uenurenHocT. [lnarnHaTa € KOBKa, KaTo OT 1g MOXke Ja ce M3TeraM >kKuua,abiara okono 500 km.
TeeproctTa ti € 4 - 4.5, a oTHOCUTENHOTO Terdo-. 21.5(ot 19 no 14 3a pasHoBuaHoctute). [InaTunaTa
ce ompenens MO0 BUCOKOTO ¥ OTHOCUTENIHO TErjio, HeifHaTa KOBKOCTH BHCOKaTa TemIiepaTypa aHa
tortere (1755°C). [lnatunara He ce pa3TBaps B KMCEIMHM (C M3KIIOYEHHE Ha LAPCKaA BOJA), IO KOETO

CC OTIM4aBa OT CpC6pOTO " XKCJIA30TO.
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I'ene3uc u naxonmma. Crnopen H. Pynamescku (1984 ) mmaTuHOBUTE METaNM C€ M3HACAT OT
IbJI0OKHUTE (MaHTUMHUN) nosick Ha 3emsTa. Cpemia ce noa ¢opMara Ha BOPBCIEUM B yIATpaOazudyHU
CKamu wid B cyiadumau wMuHepanu. Hait - ronmemu Haxomumia Ha matuHa ca : Hmwkuam Tarwmick
(Ypan, Pycus), OusepBaxt ( Tpancsain), bymsenn (FOxna Adpuxa) u Ceaowspu (Kanaga). ¥ nHac
MUHEPAIBT € yCTaHOBEH B Haxoauue Emanwmre, kpaii c. 'onmsmo Kamensine (Kpymosrpazacko) u c.
JoOpomupiu (3natorpaacko), 6e3 1a iMa IPOMHUIIIICHO 3HAYCHHE.

Ynorpeda: IlnatuHata ce wu3moi3yBa B XMMHUYECKaTa MPOMHUIUIEHOCT, B €JIEKTPOHHUKATA,
3p00TeXHUKaTa, OMKyTepusaTa u ¢ororpadusara. [llnpokoro npunoxeHne Ha MIaTHHATA C€ ABDKU Ha
HEHHUTE LIEHHU KadecTBa.ll3mos3Ba ce Karo KaTaau3aTtop IMpH NMPOU3BOACTBOTO HAa OPraHUYHU U
HEOpraHWYHU BEILECTBA, 32 ChJOBE MPHU J00MBA Ha CSpHA KUCEJIMHA, 33 HAllpaBaTa Ha XUPypPruuecKu

WHCTPYMEHTH.

KEJIA30
Xumnuen cberaB: Fe. Coappka npumecu ot Ni, Co , Cu, Pt u apyru. KamacutsT chabpka
5,5 % Ni ,a TeHutsT oT 27 10 65 % Ni.

Cumerpus u ¢opmu. Kpucrammsupa B kyOuuHa cunronusi. Cpema ce moa ¢opmara Ha
IpeOHM OKTaeIpUYHH KpPUCTATM M B IUITBTHH arperatu. J[Bere moamdukanuy Ha KeIsI30TO  ca
ycroruuBH npu temmeparypa 9100C

OcoGenoctu: MuHepanbT € uYep /O CBETIOCHUB. TEHHTHT € CpeOBPHO- 10 CHBOOSI.
Teepaoctra € ot 4 no 5. OTHocuTenHOTO Terjao Mexay 7 u 8,2. Xens30To ce auarHoctupa 1o
CWJIHaTa My MarHUTHOCT, KOBKOCT U IO oOpa3yBaHaTa IpHU OKHCIEHHE KOpa OT KEJIE3HU OKCUIU U
xuapokcuan. To e pazrBopumo B HCI. 3a MeTeoprHOTO KemsA30 ca XapakTepHU GUTYpH

I'ene3nc u Haxoamma. JXens30To Hail-uecTO ce yCTaHOBSIBA B
cbcTaBa Ha MeTeoputute . Haif - ronmsamMusT ot Tax e HamepeH B HamuOust u Mekcuko ¢ TeXuHa 10
100 ToHa . Y HaAc € yCTaHOBEHO CaMOPOJHO JKEJII30 B METEOPHUT KOUMTO € maanHan npe3 1904 roguna
kpail ¢. 'ymomHuk, TposiHcko. JKensi30To ce cpema M KaTo akIecOpeH MHUHEpal B ChCTaBa Ha
OasuuHuTe ckaiau. HamepeHo e B 0azantu oT

0-B Jlucko-I'pennanaus.
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Kemnszo- mereoput En. Parmmro, bakyoupuro, mat Cunanoa- Mekcuko (b. Konmop,1992)

Hoakaac b. Ilonymeraau u HemeTaJIH .

CsIPA
XumudeH cberaB: S. Chabpxka Majgko mpuMecu oOT Se, Te uiam ¢ BKIIOYEHHS] OT TJIMHECTH
MUHEpaH.
Cumetpus u ¢popmu. Ot mecrre nomuMophHU MoAM(UKALMK Ha csipaTa B IpUpoAara ce
cpemat poMOWYHAaTa W MOHOKJIMHHATA (CylIQypuT M pocuikuuT). Haif-mmpoko pasmpocTpaHeHa e
pomOuuHara csapa. B Hes npeobnagaBar ounupamuganante kpuctanu (¢pur.50) . Cpema ce chIo KaTo

3bpHECTU, MACUBHU, CTAJITAKTUTOBUJHH, 6"[;6peKOBI/IZ[HI/I WJIN MIPAXOBHUIHU arperatu U KOpu.

®ur. 50. Kpucranna ¢popma

Ha cspa
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Cspa, naxonuie bpexane, bnaroesrpazacko, konekiust M. TokmakuneBa

Ocobenoctu: Cspata mMa XBJIT LBIT M CMOJUCT OO0 MacTeH Omsachk. [lpurekaBa HescHa
LIENUTEIHOCT ¥ HEPaBeH JIoM. TBbpaoctra i € 1-2, a otHocurenHoTo Terio - 2.05 - 2.08. Ilpu tpuene
ce HaeJeKTpu3upa oTpunarenHo. Cspara JIECHO c€ JUArHOCTUPA IO JKBIATHUS LBAT, HUCKATa i TBBPAOCT
u kpexkoct. Tonwu ce npu Hucka Temmeparypa 112,8°C. T'opu cbC CHHKaB IIaMbK, Karo 00pa3yBa
CepeH JIBYOKCHI.

I'ene3uc m naxoamma. Cspata uMa MpEeIUMHO BYyJKaHOTeHEH mpou3xoj. OOpa3yBa ce ChIIO B
pe3ysTaT Ha KU3HEHATa ACHWHOCT Ha OpraHU3MHUTE BHB BOAHHUTE OaceiiHu.B 30HaTa Ha cymnepreHnesa Ha
Ccyn(uIHUTEe HAXOmWIa ce cpema MHoro decto. C Hal - roiisiMO TPOMHUILICHO 3HAYCHHE Ca
CEIMMEHTOTCHHUTE CEPHH HAXOJMWINA, KBJAETO T ce oOpa3yBa mpu okucieHue Ha H,S. CBeroBHO
W3BECTHU Haxopauia ce HamupaT B Mranus, [lomma, Mcnanus u CAILLl (Tekcac u Jlyusuana). ¥V nHac
csipa UMa BBB BbINMIIATa 0T MuHa “[lupun” u ce oOpa3zyBa B 30HaTa Ha OKHMCJICHHE Ha CyJI(UIAHUTE
Haxoauma ot [lanarropcko.

Ynotpeba: M3nomsyBa ce B XUMHUUYECKaTa MPOMHUIIJICHOCT 32 MPOU3BOJICTBO HA XMMHUKAJHU (CApHA

KI/ICCJ'II/IHa), Ha U3KYCTBCHHU TOPOBEC, XCp6I/II_II/II[I/I, B XapTHCHATa U KaydyyKoBaTa IPOMHUIIJICHOCT.

JAUAMAHT. meTo My mpou3X0K/1a OT TPBIIKKA U 03HaYaBa “HenmoOeauM*, mopaan
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BHCaKaTa My TBbPAOCT.

XumnueH cberaB: C. [ToHsKora BKIIIOUBA MPUMECH OT TpaduT (KapOOHAI0 ) OT KeJIe3HU OKCUIH
(ctroapaut). BopT ce HapuuaT CUBHM 10 YEPHH 3BPHECTH arperaTtd . MHOro 4ecTto B JMAaMaHTa ce
cbabpxatr npumecu ot Si0,, Mg0O,CaO u FeO.

Cumetpus u ¢opmu. Kpucranuzupa B kyOuuHa cuHronws. Cpeiia ce Karo OKTaeapUIHU
(¢ur.51) u pombogoaekaenpuaan Kpuctanu (pur. 51) yecto cbC 3a00JCHU WU U3KPUBEHH CTCHH U

cpactbim 1o (111).

N
4

@ur.51 . Kpucranau popmu Ha AuamaHT

Ocobenoctu: [lnamanTsT € Oe31BETECH U Tipo3padeH. [loHsKora € KBJIT, CHH, YSPBEH WIIH Yep
or npumecn Ha Fe, Ti m Cr. Ima amamanteH g0 macteH Oysicbk.Toli e dQuryopecueHTeH u
dbochopecnienrer. [lopanu cuiaHata AuMcrepcHsl HAa CBETJIMHA MPUTEKaBa XapaKTEPHO HCKPEHE WU
mwiambk. [Ipu TpueHe ce HaeneKkTpusupBa MOJOXKUTENHO. [IpuTekaBa ChHBBpIICHA LEMUTETHOCT U
HU3KIIOYUTCIIHA TBBPAOCT - 10, KOATO CC ABJDKM HAa HCTOBUA BBTPCIICH CTPOCIK W HA ATOMHHUTC
KPHUCTAJIOCTPYKTYPHU BpPB3KH. JlyMuHHcHHpa. JluaMaHTBT HE C€ pa3TBaps B KUCEIMHU U OCHOBH. B
KUCIIOpOaHa cpeaa msraps mpu temneparypa 1000°C, xaro ce npespbiia B raz CO2./luaMauTsbT ce

OIpeacirsl 10 M3KIHOYHUTCIIHO BHCOKAaTa MY TBBPAOCT, JUAMAHTCHHSA OIICBK U H30OMCTPUYIHUTE MY

bopmu.

AunamaHT, Pycus, konekuus P. Nasgepos
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I'ene3nc u Haxogumma. /[MamMaHThT MMa MarmMaToreHeH mpousxoj. Cpema ce B yiaTpabazudyHu
ckanmu-kumoepmut.  OOpasyBa ce mpu BHCOKM Hamsranus. [lopamm HeroBara yCTOWYHMBOCT ce
KOHIIGHTpYpa B Pa3CUIHU Haxonauma . Hait - BaxkHu paiionu ca: ABctpanms, Kumoepnu ( FOxna
Adpuka ), Sxytus B Cubup(Pycus), Munac Xepauc (bpasuwnus) Wnaus, 3aup, 'ana, Hamubus,
Amnrona, Benenyena, Jlecoro u Cuepa Jleone. Ternoro Ha JuamMaHTOBUTE KPUCTalIM CE M3MEpBa B
kapatu - 1 kapar = 200 mg(0,2 g). Haii - ronemu nauamantu ca Kynunan - 3024,75 kapara u
Excencuop - 995,3 kapara (FOxxna Adpuka ), 3Be3nara Ha Cuepa Jleone ( 969 kapara ), Bemukus
Moryn - 787 xapara (Mumust ) u npyru ot 600 mo 100 xapara. MHOro oT TX ca pa3psi3aHu H
¢acerupanu . [IspBuTeqamManTy ca oTKpuTH B UHaMsa u mo-kbcHO B bpasunus (1725 rox). [pes 1866
roguHa ca otkputd B IOAP B HaHocuTe Ha p. Baan u mo-kbcHO B KUMOEpJIMTOBU TpPBHOW,
pasnojoxeHu B Omm3ocT 10 AHemHus rpaa KumoOepnu. [lHec nuamaHTuTE ce 100MBAaT OCHOBHO OT
KUMOETUTH U 10o- Majko (0koso 30%) oT pa3cUITHU HaXOAMIIA.

Ynorpeba: /[uamManThT ce U3MON3yBa KaTO CKBIIOLEHEH MHUHEpaa B Omwxyrepusta. Haif-ckpnm ca
oucTpuTe, epu M KPacUBO OIBETEHH TUAMAHTH, KOUTO cliel] (PacHTHPAHETO MM Ce€ TPEBPHIIAT B
OpunsinTu . DaceTupaH AWMaMaHT ¢ Teryio |1 kapar mma pasMepu 6,25 mm B AuaMeTsp U 4 mm B
nbiadounHa. Ilo - romsima yacT oT JoOMBaHMTE AMAMaHTU B cBeTa (Hax 75%) ce ynmoTpeOsBaT KaTo
abpa3uBH 3a COHAQXHHM KOPOHH, adpa3uWBEH Ipax, PeKeIld HWHCTPYMEHTH, TUAMAHTEHH [HCKOBE.
[IpousBexaaT ce U CHHTETUYHHM JUAMaHTH - 10 HSIKOJIKO MWJIMOHA Kaparta roguiud (B Pycus, CAILL,
Anrmus u npyru). OOMKHOBEHHO CHHTETHMYHHUTE JUAMAHTU ca JApeOHUM M HE ca MOAXOIAIM 32

(I)aceTI/IpaHe. Te ce u3non3nar 3a MPOMUIIJICHU LICJIN.

I'PA®UT Nmero My  mpousxoxknaa OT TIpbUKM M O3HayaBa  “‘miamient”’
Xumnuel cberaB: C. Ceabpika npumecu oT 10 10 20 % ot SiOs,
ALO;, FeO, MgO u CaO.

Cumerpuss u ¢opmu. Kpucranmsupa B XxekcaroHanHa cuHronus. Kpucranure wmy ca
¢unHOMOCTIeCTH. Haii - 4ecTo ce cpema Karo JIOCIECTH, PaJAuaTHOIBUYECTH, 3€MJIECTH U MaCUBHU
arperary.

Ocobenoctu: IIpurexaBa cbBbplIeHa IenuTeNHOCT. Ha 1BAT € yepeH 10 CUB, Mpo3payeH ¢
THBMHOCHH LBAT B TBHHKM IUTacTHHU. MiMa MeTaneH 1o momymeraneH O0ysichk. TBeproctTa My e 1-2, a
OTHOCHUTENHOTO Terio- 2.09 - 2.23. Mima uepHa yepTa Ha mijoukara. MaseH e Ha nunase. [loedero ot
TE3W CBOWMCTBA Ha rpaduTa ce ABJDKAT Ha CIIOSCTHSl TUI CTpyKTypa.Taka Hampumep TOH JIECHO ce
pasnenBa Ha TBHKM JIIOCOM M KpPUCTAINTE My ce orpBar. [papurbT uma BHCOKa
enekrpornpoBoaumoct. Tormu ce mpu Temmneparypa 3000°C.IIpu BrCOKa TeMIiepaTypa MOXKe Jia H3ropH,
karo ce npeBpbiia B CO,.He ce pa3zrBaps B kucenuna. JlecHo ce ompezaens mo 4yepHUs My LBAT U

HUCKaTa TBBPJIOCT (Ma3eH € Ha MHIMaHe).
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I'paduT, Kuraii, konexius M. TokmakuneBa
I'ene3nc m Haxoguma. I'padursT ce oOpasyBa mpu MeTtamMOppHM Npeodpa3yBaHUs HA CEAUMEHTHHU
ckanu, OoraTM Ha OpPraHMYHO BemlecTBO. TakoBa e Haxoauumiero Ilacay B baBapus (I'epmanmus).
BB3MoxHO € 1a ce 00pa3yBa MpH BB3ACUCTBHETO HA BUCOKOTEMIIEPATYPHHU XUIPOTEPMAITHU PAa3TBOPU
Ha OMTYMHHO3HU BElIECTBA, BKIIOYEHU B KapOoHaTHU ckaiau. OT To3u Tun e Haxoauuero botoroncu
B Cubup. Hail - ronemute Haxoaumia Ha rpa¢ut ca B Pycus, Ascrpanus, HOxuna Kopes u Kuraii.
Jlo6uBa ce ¥ CHHTETUYEH TpauT, KOWTO HAMHPA MHOTO IIUPOKO MPHUIIOKEHHUE.
VY Hac rpadut e HamepeH B M3rounute Pomorm B MetamopdHUTE CKanu, a Kpail c. MUXaJIKoBO - B
KOHTaKTMETAaCOMAaTUYHHU CKAPHHU.

Ynorpeba: Ot rpaduta ce MpaBsIT OTHEYNOPHU THUIJIH, MPOU3BEXKIAT CE CMA3KU M EJIEKTPOIHM.
Wznonm3yBa ce B~ MOJMBHaTa MPOMHIUICHOCT, 3a OOJUIIOBKA HAa AaTOMHHM pEaKTOpH H B

MIPaxOMETAITyprusTa.

TEJYP u CEJIEH
XuMH4YeH ¢bCTaB : Te u Se.

Cunronnss m ¢opmu. Kpucranuzupar B TpUrOHAJHA CHHIOHHA. 3a CEJlIEHAa € XapakTepHa
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XEeKCaroHaJlHaTa TMpHU3Ma M TOJOXHUTEIHHS pOMOOenbp, a 3a Telnypa-0asuueH IHHAKOWI U
OTpUIaTeNIeH pOMOOSTBP
Ocobenoctu. TemypbT e Osu1, a ceneHbT € cuB. OOpa3yBaT cMecH, Kato o0pa3yBaT UTJIECTH

kpuctanu. IIpurexxaBat CbBbPIIIEHA EMUTEIHOCT

I'ene3nc u Haxoauia. [To npousxon ca xuaporepMaaHu.MacuBHU arperatd OT CMeC OT TeIyp U
cesieH ca HaMmepeHu B Xonaypac. CaMOpPOJHUAT TeNyp 3a€lHO ChC CEJIEHUIN, CAMOPOJHO 3J1aTo,
37IaTHH, CpeOBPHU W MajaJMeBH TEIYPUAM CE€ Cpellla B XUAPOTEPMAIHUTE OPYASBAaHUS OT Hax.
Enanure. CBeToBHOM3BECTHH Haxoauia ce HamupaT B Pymbuus (TpancunBanus) , ABcTpanus u
CAIIl (Komnopano) .

Ynorpeba. CeneHbT € IICHEH MaTepHal 3a H3pabd0oTBaHEe Ha CEIICHOBU KIICTKH .

BUCMYT.
XumuyeH cberan: Bi. Ceabpika npumecu ot As, S, Te.

Cunronust u ¢popmu. Kpucranmsupa B Tpuronansa cuaronusi. Haii-uectu ca ¢opmure {0001},
{1011}u cnoectuTe U 3bPHECTU arperaTy.

Oco0enoctn. L[BeThT My € Osu1 € )XBAT OTeHBK. TBbpaoct 2 - 2,5 . OtHocurenHo terno 9,7 -
9,8.brsicbkbT € MertaneH. UepTara Ha Iiovkara € cpedbpHOOsIa U Onectsma. Jmarnoctupa ce mo
CJIOECTHUTE arperat, 1[BeTa, CbBbpIlieHHaTa nenureiaHocT no {1014} u nepecture arperaru.

I'ene3nc m Haxoanma. bUcMyThT MMa XUIPOTEPMAJIEH U MIETMATUTO - ITHEBMATOJIUTEH. IIPOU3XO/L.
VY Hac e ycraHoBeH B Haxomumie Enmanure. M3BecTHu ca Haxoaumiata Ha Oucmyt B ['epmanus,
Opannus, Hopeerus, [lBenus, Aurnus, Sinonuss u 3anaana ABctpanus .

Ynorped6a. bucMyThT € OCHOBEH W3TOYHHK 3a JOOWB Ha OMCMYT.75% OT moOWBaHUsS B CBETa
OMCMYT ce W3Moi3Ba B MeaunuHara . bucmyTsr ob6pasdyBa cmiaBu ¢ Pb, Sn u Cd, xouto ce
U3II0JI3BAT B €JIEKTPOIELIUTE.

APCEH.
XumuyeH cberab: As. Cpabpxka npumecu ot Sb u cienu ot Fe, Ag, Au.
Cunronusi u ¢popmu. Kpucranusupa B TpuroHajqHa CHHTOHUA. Kpucranure My ca NceBIOKyOUYHH.
Haii-uecto ce cperia B MaCUBHU, 3bPHECTU M CTAJIAKTUTONOAOOHMU arperary.

OcobeHoctu. ApceHbT € Os Ha [BIT, KAaToO CIIeJ] BpeMe CTaBa THMHOCHB. TBbpaocT 3.5.
OtHocutenHo Terio 5,7. Kpexbk e. YapTaTa Ha 1uiodkaTa € CUBa.

I'ene3uc m Haxoamma. ApCeHBT € HUCKOTEMIIEPATYPEH XUIpoTepMmaieH MuHepan. Hamepen e B
cpebbpHuTe pyaHunM B I'epmanus, Pymbuaus u CAILL
Ynorpeba. V3nonssa ce 3a 100OMB Ha apceH, KONTO OCHOBHO ce 00MBa OT APYTH MHUHEpPAIH-

ApPCEHOIUPUT U CHAPTHUT.
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Kaac II. Cya¢uau u cpoaHu chbeIMHEHMS.

MuHepanuTe OT TO3M KJac ca CheAMHEHHs Ha METalIM ChC Cspara WM CbhC CEJIEHa, Telypa,
apceHa, aHTUMOHA U OucmyTa. O61musAT Opoit Ha MuHepanuTe e okoio 500. Macata um e okoo 0.15 %
OT MacaTa Ha 3eMHaTa Kopa. Te ca CpaBHHMTEIHO NPOCTH CHhEIMHEHUS C MOHHA U MpeXoiHa KbM
METaJlHa KPUCTAJIOXMMHUYHA Bpb3Ka. OCBEH NPOCT BUJ CheAMHEHHS AmXn Bb3MOXHH ca TaKUBa OT
cmecen Tun AmBpXn, kpnero A e Cu, Ag unu Pb ; B e momymeran,a X e nemeran (S, Se, Te). B
CBHOTBETCTBUE C MPABUIIOTO HA ['pOT TE3U € MPOCT CBHCTAB NPUTEKABAT BUCOKA CUMETpUS (KyOUUHA U
xekcaroHanHa). [Ipu ycinoxHsIBaHE Ha CbCTaBa Ca XapaKTEPHU HHUCKOCUMETPUYHU KPUCTAIU OT
MOHOKJIMHHA CHHTOHUs. [lopamy cXoAcTBO B cHMeTpusiTa UM Cylnuaute U cyihoconute (CpoIHUTE
CEepHUCTH ChEAMHEHMs) HapacTBaT €IUH BBPXY Apyr. Hampumep enuTakcMUHOTO HapacTBaHE Ha
MUPUT U MapKa3uT. MHOTO 4eCcTO B MPUpOJIaTa ce cpeliaT u30MOp(hHU CheAUHEHHs (TBBPAU PA3TBOPH)
Hanpumep Mmexnay FeS, ZnS, CdS u ZnS. [loBeueTo oT MUHEpaJIUTEe UMAT METajJeH OJSCHK, TOIsIMa
IUTBTHOCT U MaJiKa TBbPAOCT.

(13

Munepanute ot kinac “ Cynduad u CpoJHU CHEIUHCHHS Ce TONEIAT Ha TMOJKIACOBE :

MeTalIHU, CyJ(HOCOIU U MOTyMETaJIHU.

Hoakaac A. Cyapuan

HHEHTJAHJAMNT. HaumeHoBaH € Ha HETOBUS OTKPUBATEI.
XumnueH cberaB - (Fe,Ni)oS.(Fe-32,55%, Ni-34,22%, S-32,33%)).
Coabpxka npumecu ot Co.
Cumetpus u popmu. Kprucranusupa B kyOuuna cunronus. Cpeiia ce
IJIaBHO KaTO MaCHBHHU WJIM 3bPHECTH arperary.

Ocobenoctu: IlBersT My e xbiar. Mma wmetanen Omsacek. TBepaoctra my e 3.5-4, a
OTHOCHUTEIHOTO Terjo - 4.6 -5. Ueprara Ha mIoYKaTa € YepHA ChC 3€JIeH OTEHBK. [[eHTIaHaIuThT HE €
Mar"uTeH, o KOETO Ce OTIMYaBa OT MUPOTHHA. XapaKTepHH 3a HETO ca ENUTEIHN MyKHATUHU.

I'enesnc u Haxoauma. IIeHTIAHIUTHT € TUIIMYEH MAarMaTOreHEH MHUHEPAJI, KOMTO € IPUBbpP3aH
KbM 0a3u4HU " ynATpada3uyHu ckand. CBETOBHOM3BECTHH ca HAaXOJUINATa Ha meHTIaHmuT: Cha0bpu
(Kanana), Amsicka (CAILL), Hopserus u bymseng (IOxna Adpuka). Y Hac € HaMepeH B HE3HAYNUTEITHU
konnuectBa B Kpymosrpaacko, Kepmkanuiicko u JlymHHUIIKO, 3a€HO ¢ MHUPOTHH, XPOMHUT U JPYTH
MUHEpaJIH.

Ynorpeda: OCHOBEH M3TOYHMK 3a J00OMB Ha HMKEJN, KOHTO c€ U3IOJI3yBa 3a MPOM3BOJICTBO Ha

3IpaBd M TEPMOYCTOMYMBHM JIETUpaHU cTOMaHW. HukenbT ce wu3moi3yBa 3a IOJydyaBaHe Ha
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HEPBXKAACMHU CTOMAHU 3a YaCOBHUKAPCTBOTO U 34 CCUCHCTO HA MOHCTH.

IMAUPOTHUH MmeTo My OT rpbIIKM O3HAYaBa YEPBEH, OTHEHOTOI00CH.
Xumuyen cberaB - Fei S, xpaero X e ot 0.10 mo 0.20 %. (Fe-63,53% S-36,47%). Cpabpxa
npumecH ot Ni u Co.
Cumetpusi u dopmu. Kpucraimsupa B XekcaronanmHa cuHronus. Cpemar ce go0pe opopmeHH
KpUCTAIM U CpacThld. XaOWUTyChT My € TIICEBIOM30OMETPUYEH [0 IUIOYECT,TMHAKOUJATIeH U

npusmaruyel (¢ur. 52). Haii - yecto ce cpemia B MaCUBHM U 3bPHECTH arperaTu

IIuporun, basapus, ['epmanus, kosnekuus M. CroiiHoBa

Ocobenoctu. Ha msr e xbaT A0 kadsaB. Ha mpsicHO oTuyneHu MOBBPXHUHHU € OpPOH30BOXKBIT, HO
JIECHO ce€ OKHCIIsABA M npunoOuBa kadsB oTeHbK. Llenurennoct ce HabmonaBa psaako. TBepaocTTa MYy
e 3.5-4.5, a orHocutenHoTo Terno € 4.58 - 4.65 (no 4.79). bascbkbT My € MeTaleH, a yeprara

CHUBOYCpHA. HpPITC)I(aBa MarHUTHHM CBOMCTBA C pa3jindHa UHTCH3UBHOCT, IOpaar KOCTO CC Hapuia omiec
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marauteH muput. [pu 248°C ry0u MarHuTHUTE CH CBOWCTBA. [10-BUCOKATa My MArHHTHOCT OTIOBaps
Ha IO-BHCOKOTO ChAbpkaHMe Ha Fe B HeroBus cbcraB. /lmarHoctupa ce Mo MAacUBHMTE arperarw,
L[BETa U MarHUTHOCTTA.

I'ene3uc u Haxoauma. [IMpOTUHBT MMa MarMaTOreHEH M MeTacoMaTH4eH INpousxoi. M3BecTHu
Haxoauma ca: Cpnospu (Kanana), bymseny ( FOxna Adpuxka), Typunck (Pycus), Tpenua (Copoust),
Tpentuno (Uranus) u Mopo Benbo ( bpasunus ). ¥ Hac e onucan B MaJJaHCKUTE OJIOBHO - LIMHKOBU
HaXOJUIIA.

Ynorpeba. [Ipu mo- ronemu KonuyecTBa MOXKE Ja c€ M3MOJI3YBa 3a JOOMB Ha CspHA KHCEJIMHA,

BMCCTO IMUPHUT.

HUKEJIMH. MmeTo My € CBbpP3aHO C HETOBUS ChCTaB
XumunueH cberaB: NiAs (Ni-43,9%, As-56,10%). Ceabpxa npumecu ot Fe, Co(mo 2%),Sb u S (1o
HSIKOJIKO IPOLIEHTA).

Cunronns m ¢opmu. Kpucranuszupa B xekcaroHaiHa cuHronus. Haili-uecto ce cpema B
MAaCHBHH, JICHIPUTOBUIHHU WIH MPEXKECTHU arperaTu.

Ocobenoctu. Ha 1BsaT e OnemodepBeH wiu Oienopo3oB. TBbpaoctS -5,5. OTHOCUTENHO Terjo-
7,78. BnbchkbT My € MeTanieH. UepraTa Ha MUHE pajia Ha IUIodkara € KagsBouepHa. Onpenens ce mo
0JieT0YepBEHMS MY IIBSIT,IIOPAU KOETO C€ Hapuya ‘“‘MesieH HuKen . Pa3TBOpuM B 11apcka Boja.

I'ene3uc m nHaxoauma. HukenuusbT € xuaporepmanien muHepan. Hamepen e B Kananma, Yexus u
I'epmanust.

Ynorpeda.HukenuHbT € BTOPOCTEIICHEH M3TOYHMK 3a JOOUB HA HUKEIL.

MWJIEPUT. HaumeHoBaH € B uecT Ha Y. Murep .

XumnueH cberaB: NiS (Ni-64,70%,S- 35,30%).

Cunronuns u ¢popmu.Kpucranusupa B TpuroHaiHa cuHronus . Cpemia ce ¢ TbHKOIIPU3MaTU4YHU U
WTJIECTH KPUCTAIIH .

Ocobenoctu. Ha uBsit e  Gnegoxsar. Tebpaoct 3 - 3,5. OTHOCUTETHOTO TETJIO HA MUHEpasa € 5,2
- 5,6.IlpurexaBa ChBBpILIEHHA LIETIUTEIHOCT. YepTara Ha MJIOYKaTa € YepHa ChC 3€JIeH OTEeHHK.B
HNO:s; ce pa3tBaps

I'ene3uc u Haxoauma. MuiepuThsT € HUCKOTEMIIEPATYpPEH XUAPOTEPMAIICH MUHEPaJ . Y CTAHOBEH
e B Haxoxumie Menet u B Poponure. Hamepen e B cpeObpHuTe pynHuim Ha ['epmanus u Kanana. .

M3non3sa ce 3a ,Z[O6I/IB Ha HUKCII.

IIUPUT. Nmero My mzaBa OT TPBUKH MIPOU3XOA, NOpaay TOBA, Y€ NPU yIAap U3XBBPIISL

UCKpH.
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XumuueH cberaB. FeS; (Fe-47%, S-53%). Ceabpixa npumecu ot Co, Ni, Se u Te. MHoro decto B
MUpPUTA CE YCTaHOBSIBA Au.

Cumerpusi u ¢opmu. Kpucranmszupa B KyOMYHA CHHTOHUA . YecTo ce cpemar KPUCTaau C
U30MeTpuueH xabutyc , kyOuera (¢ur. 53), meHTaroHgo-AeKaeapu M OKTaeIpH , KOMTO ca
HaOpa3eHu MapajenHo Ha KyOMuHHUTE pedpa B TpHU B3aUMHONEPNEHIMKYISApHU mocoku. Cpera ce
KaTo €IpO3bPHECTH, JPEOHO3HPHECTH , MACUBHU (TUTHTHU ),00pEKOBUIHH, CHEPOUNATHA U IPYTH

arperatu.Cpemat ce u cpactbiy 1o (111).

@ur. 53. Kpucranuu popMu Ha TUPUT
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[Muput (npy3a-rope; cpactbk- nony; Pononu; konekuus M. Tokmakuuena)

OcobOenocru. L{BeTsT Ha nupuTta € xbaT. Llenurennocrra My e HesicHa. IIpu ynap uckpu. Teeppoct -
6 - 6.5 ; ortHocutrenHo Teryo - 5.02. Kpexbvk €, 0COOEHO KOraTo ChIbpikKa BKIIOUEHHUS OT 3JIaTO.
bnscekbT My € MeraneH. Bppxy muioukara ocraBa TbMHO3eleHa uepra. llpm mpomsiHata My ce
MOKpHBa ¢ BTOPUYHHU XKeJie3HH MuHepanu. [IpuTtexaBa cinabu mapaMarHMTHU CBoicTBa. J(MarHoctupa
Ce 0 BHCOKaTa TBHPAOCT, MIPHUXOBAHUTE KyOUYHHM KPUCTAIHU U JIuIcata Ha nenutenHoct.IIpomens ce
B JKEJIE3HH XHJIPOKCUIH.

I'ene3uc n nHaxommma. [Tuputbt UMa Hail-uecTo XuaporepMmaineH npousxon. Cpemia ce B cbCcTaBa
Ha cyndumauTe Haxomuma. Toil ce oOpasyBa B HeyTpajiHa Wwin ciabokucena cpema. Hait - romemu
HaTpymnBaHus oOpa3yBa B T. H. MEJTHO - MTUpUTHU Haxoauma: Pagka u Enmuna, B [Tanartopcko (y Hac),
Puo Tunto - B Mcnanus, KbAETO M3rpax/a mibTHH arperatu. Cpela ce B MOJUMETATHUTE HaXO0IUIIa
B Pomonute, bypracko, 3anagna Crapa miaawaa u ap. [IuputsT ce oOpa3yBa u Mpe3 TPUTE erarna Ha
MarmeHara Kpucraiausauus. Moxe aa ObJe ChIIO CYNEepreHeH U CeAMMEHTOTeHEH. 3HauYUTEeITHU
KOJIMYECTBA C€ HATPYyMBaT TMOHSKOra BBHB BBIVIMIIHUTE IutacToBe. [loHskora mceBmomopdo3upa
BKaMEHEJIOCTH.

Ynorpebda. [luputsT ce u3moa3ysa 3a MPOU3BOJICTBO Ha CspHA KucenuHa. [Ipu npepaboTkaTa My OT
Hero Modke ja ce 3agens Se, Te, Co, Au
U IPYTH €JIEMEHTH, ChIbpKALIN ce B MUHepasa.lloBede OT mosioBMHATa OT MIPOU3BOJICTBO HA Cspa ce
n00uBa OT MUPUTA, MUPOTHUHA U IIPU METaTypruyHaTa oopaboTka Ha CyJI(PHUIHN MUHEPAIH.

MAPKA3HUT - ot apaOCKOTO HANMEHOBAaHUE HA TIHPHT.
XumuyeH cberas : FeS; (Fe-46,55% u S- 53,45%).

Cumertpus u ¢popmu. MapkazutsT € tumMopder Ha nuputa. Kpuctanuzupa B poMOMYHa CUHTOHUS.
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Cpemar ce pamuanHoiapuecTu (ur. 49-moiy), CTaJaKTUTOBHIHU, OBOPEKOBHIHU U CHEpOUTATHA

arperaru. Kpucranure My ca ¢ IiodecT Wik OunupaMuaieH Xxabutyc (¢pur.54).

®urKpuctanHu gopmu Ha Mapkasur:
e-{101} ; b-{010} ; m-{110}r-{140}

Mapkasut, Pogonu, konexkuus M. TokmakureBa

Ocobenoctu. Ha 1Bt e 0:1e105KBIT 10 051 Ha IPSCHO OTYyINEHa NOBBbPXHOCT. ViMa MeTaneH win
noiymetainieH Osichk. TBbpAOCTTa Ha Masipka3uTa € 6-6,5. Ueprata My e chiarta KakTo Ha nupura. Ot
MUpUTa Ce OTIIMYaBa TJIaBHO 1Mo ¢opMara Ha arperaTuTe 1o TsAxHaTa Kpexkoct.Ilpu Bb3neiicTBre Ha
mpax OT MapKa3WT C a30THA KHCEJIMHAa MHUHEpala ce pasiara, Karo otAeis csapa. [IupuTeT mpu TakbeB
OITUT CE Pa3TBaps HAITBIIHO.

I'ene3uc m Haxoamma. MapkasuThT € HUCKOTEMIEpaTypeH XuapoTepMmaieH MuHepan.Toi ce
oOpa3zyBa B Kucena cpeaa. MHOTo dYecto ce oOpa3yBa NMpH €K30T€HHU YCIIOBHS B IOYBHUTE TPU
OTJIaraHe OT KHCEeNW Pa3TBOPH WIM NPU NPOMSHA HAa MHUPOTHH. B ceauMeHTHUTE CKamm ce cpera
rJaBHO moJ (hopmara Ha KOHKpernuu. V3BecTHM Haxomumia Ha mapkasuT ca Kmaycran u ®paiibepr

(Iepmanus). ¥ Hac e HamepeH B Haxoxumara Yenomed, Ywmporim, CeaMOYHCICHUIM U B
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noMMeTaIHUTEe Haxoauia B Popomure. Ex3oreHeH Mapka3uT ce cpema Kpad rp. 3emMeH -
Pamomupcko. lllymeHcko € HaMepeH Mapkasut moj ¢opMa Ha KOHKPEIUH

Ynorpeba. M3npon3sa ce B He3HAUUTETHA CTEINEH 3a TOOUB Ha csIpa.

APCEHOIIUPUT . Mmero My NOpoM3X0XkAa OT CIMBAHETO HAa JBETE OYMHM ‘apCEHOB

UpUT”.

XumuueH cbetas - FeAsS (Fe-34%, As-46%, S-20%). Ceabpxa npumecu ot Co, Ni u Sb.

Cumetpus u ¢popmu. Kpucranusupa B MOHOKJIMHHA CHUHIOHUS. Kpucranute My OOMKHOBEHO ca
MPU3MATUYHH, YABIDKCHH, TICEBAOPOMOMYHY, WM TICEBON3OMETpHYHH (pur.55), a arperature My ca
npebHo o cpenHo3bpHecTH. [lo3Haru ca cpactsim mo (100), (001), (101) u (012).

OcobenocTu. ApceHonmupUTHT € 051 10 cuB.Mima cuneHn metaneH Omsichk. TBBpAOCTTAa My € 5.5-6,
a OTHOcUTeIHOTO Terio € 6,07. YUeprara My e cuBouepHa. [Ipurexana scHa nenurenaHoct o (101).

HpI/I yAap ugaBa MUprU3Ma Ha YCCHH OT ChbABbPIKAIIHA CC B HCTO As.

i

- @ur. 55. Kpucranau popmu
Ha apcenormpuTa: n {101};u {120}; e {012}; b {010}
ApPCEHONUPHUTHT C€ OMpees Mo cpeOprucTo-0enus cu 1BAT, OMSCHKBT U MO HAMPEYHOTO POMOMYHO

CCUCHUC Ha UTTICCTUTC KPUCTAJIN.

ApceHonvput, Haxoguwe PyeH , KiocteHguncko, konekuus M.  Tokmak4dveBa
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I'ene3uc u Haxoaumma. MuHepambT € BHCOKOTEMIlepaTypeH  xuuaporepmaineH. Cpema ce B
MEerMaTUTOBM M METAaCOMAaTUYHU HAXOAMINA. PSIKO ChIIECTBYBa B CEIUMEHTOICHHU HAXOMIIA.
N3Bectnn Haxomumia ca bomuaen ( IlBenus ) m B Mekcuko. Y Hac € HAMEpPEH B HaxOJMINATa
Yunposnwy, ['oBexxna u B Magancko, JlaBunkoscko (Pomonure).

Ynorpebda. M3non3ysa ce 3a 100MB HA apceH, OT KOWTO C€ MPOU3BEXKAAT OOU, HHCEKTHIIUIU U CE
M3I0JI3yBa B KOXKapcKaTa MpOMUIILIEHOCT. Ha HaTMIueTo Ha apceHONUPHUT B PYIUTE € HEOOXOAUMO Ja
ce oOpblla BHHMMaHHWE, T KAaTO TOW C€ sBSIBA CWJICH 3aMBPCHUTENl Ha BB3IyXa, MOYBUTE M

BoauTte.lIpomens ce npu usBerpsiHe B ckopoauT (FeAsO4.2H,0).

MOJIMBAEHUT. Ot rpblikaTa HAMMEHOBAaHUE Ha “0JIOBO* XuMnueH
cberaB. MoS; (M0-59,94%, S-40,06%). Chabpaxka pa3nTudyHO KOJIMYECTBO OT MpuMecH oT Re u Se.
Cumerpuss u ¢opmu. Kpucranmsupa B xekcaroHagHa cuHTroHus. Cpemar ce ABE HErOBH
Pa3HOBUIHOCTH - IUXEKCArOHAIHO-OUITMpaMHIaJICH
( 2H - Tum ) u pomboenpuuen ( 2R - tum). [IpeoOnagaBa IIOYECTHAT U JIIOCTIECTHAT XaOWTyC Ha
kpuctanute 1o {0001}c nHabpaznsBanus B Tpu Tocoku mox 60o. ArperaTuTe ca JIOCIECTH WU

PO3ECTOBU/IHU.

Monubaenur, Hax. Enamure, ETpononcko, konekius M. TokmakuueBa
Ocobenoctu. Monub1eHUTHT € cuB Ha UBAT. [IpuTekaBa metanen Omsicbk. TBeproctTramy € 1 - 1.5, a
OTHOCHUTEITHOTO Teryio- 4.62 - 4.73. Ha numane e Ma3zeH u namna npbcrute. Ot rpadura ce oTinyasa 1o

CMBHsI CH OTCHBK MW II0O BHCOKOTO OTHOCHUTCIIHO  TECIJIO. qepTaTa Ha TIIJIo4YkKara ¢
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cuBoYepHa./lparHocTipa ce mo HUCKaTa TBHPAOCT U OJIOBHOCHBHS IIBSIT.

I'ene3nc u Haxoguma. MommOIEHUTHT €  XUAPOTEPMAJICH, IErMaTHUTO- ITHEBMATOJIHTEH U
KOHTAaKTHO MeTacoMaTuueH. [IpomunuieH 100uB Ha MOIMOAECHUT C€ OCBIIECTBABA OT BHCOKO - U
CPEIHO - TEMIIEpaTypHH XUAPOTEPMAIHA HAXO/MIIA, B KOUTO € B MapareHesa ¢ MUPUT, XaIKOIUPUT U
npyru cyndumu. CperoBHO u3BecTHM ca Haxomumiara Kmaiimake (Komopamo-CAlll), Enmaxo
(bpurtancka Konym6us-Kanana, Tepray3-Pycust u Kampkapan (I'py3us). Y Hac MonubaeHuT ce 1o0uBa
B Haxoxumie Mener(ITanartopcko), Enamure (Etpomnoincko), Pocen (Bypracko), Manko ThpHOBCKO,
IOroBo (Pononure). Hamepenu ca MoauOAeHUTOBHM KPUCTAIM B KBAPLOBU KWIM OT Butomia.

Ynorpeda. Ot MonubIeHUT ce 10O0MBa MOMUOICH U PEHUI, KOUTO C€ U3IOJ3yBaT 3a MPOU3BOICTBO

Ha cri€iyaJiHi CTOMaHH.

KOBEJIMH. NmeTto My € 1aieHO B Y€CT Ha UTAIMAHCKUAT MUHEPAJIOT
H. Kosenn (1790-1829)
XumuyeH cberab: CuS (Cu-66,48% u S-33,52%). Craspika nmpumecu ot Ag, Fe, Se, Pb.
Cumerpus u ¢popmu. Kpucranusupa B XeKcaroHajiHa CHHTOHHMS. Psako ce cpemar mioyecTu

KpucTaiu cbe cuiHo pa3BuT {0001 }. Haii - yecTto arperarurte My ca JIOCIECTH, CaXKJECTU U MAaCUBHH.

KosenuH, Hax. Acapemn, [Tanartopcko, konekiust M. Tokmakunesa
Oco0enoctu. L[BeTbT Ha MHUHEpasia € UHAUTOBOCHH. [IpuTexkaBa ChbBBpILIEHA LEIUTEIHOCT U MaJKa
TBBpaocT (1.5 - 2). OtHocutenHoTo My Terio € 4.6 - 4.76. llana npbscTuTe. Aconuupa ¢ XaJKOLUT.

Veroiuus e npu Temneparypa no 507°C, cien koero ce pasnaga.llpurexaBa HEMUTENHOCT NOA00HA
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Ha cmoaute. Onpenens ce o UHAUTOBOCHHUSA 0 Yep LBST, CAXIECTUTE arperaTi, HUCKaTa TBbPAOCT
Y acollMaIusATa MY C XaJIKOIHUT U Apyru cynduan. Pazraps ce B HNO3

I'ene3uc u Haxoamma. Toil e TUNIMYEH CyNepreHeH MUHEpall U Ce Cpellla B 30HaTa Ha BTOPUYHOTO
cynduaHo HaboraTsBaHe. 3aeHO C XalKoIUuTa 00pa3yBa mceBroMopdo3u Mo MUPHUTA, XAIKOIUPHUTA,
rajienuTa, caneputa. JlecHo ce mpeBpbIa B MeIHU cyndaru, KapOOHATH WU APYTH BTOPUYHH
muHepanu. M3pectan Haxomumia ca bop (Cwpous), brotr (CAILL), Cuepa ne ®amaruna (Ap>KeHTHHA)
u Jp. Y Hac ce cpella BbB BCHYKM MEIHM M TOJUMETaNHU Haxonauuia. [lpomunuien noOus ce
ochlriecTBsiBa B Haxoauie Acapen ([Tanaropcko).

Ynorpeba. 3non3ysa ce 3a 100UB HA MEJI.

XAJIKOLHMUT. Ot rpbIku “ Xankoc - Mef.
Xumuyen cberab. Cu,S (Cu-79,86%, S-20,14%) Coabpika npumecu 1o Ag (oxn 1%) u Fe.
Cumerpuss u ¢opmu. Kpucrammsupa B MOHOKIMHHA cUHTOHUSA. Kpucramure wy ca
KbCONpU3MAaTHYHU Wi jAcbenomnouecty (pur.73) m  ce cpemar psako. XapakTepHH ca

JIpeOHOIIJIOUECTUTE arperaTu.

z { g
&
; 2 ] L N
i

®wur. 73. Kpucranmau dopmu Ha xankonut: ¢{001}; b{010}; m{110}; z{113}; {012}

Xanko3uH, Hax. Kpacen, [lanartopcko, konekuusa M. TokmakuuneBa
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Ocobenoctu. XaaKko3uHBbT Ha LBST € ThbMHOCUB. [IpuTekaBa HesCHa LENMUTETHOCT. TBBpAOCTTA MY €
2.5 - 3, a oTHOCHUTENHOTO Teryo - 5.5 - 5.8. Ueprara My € ThbMHOCHBA JI0 Y€pHA, a OJSCHKBT -
MeTaleH. JIecHo ce mpomeHst B MeAHHU cysipaTHU M KapOOHATHH BTOPUYHM MUHEpau. XaJlKO3UHBT Ce
orpeJieis IO L[BeTa, HUCKATa TBBPAOCT U CIIOCOOHOCT Jia ce pexe ¢ HOXK. AcoUuupa cbC CyIpUIHU
MUHEpaJIH, KaTo Ce IPOMEHs B KOBEJIMH, MAJaXHT U a3ypHT.

lene3uc u Haxommma. Cpema ce Mpead BCHYKO B 30HaTa Ha BTOPUYHOTO  CYJI(QHIHO
oboraTsBaHe Ha MEJHMTE HAaXOJMIla, KaTo acouuupa C KOBelIMH. Moxe na ce oOpasyBa B
XUIpoTepMaliHU ycioBus. CBeTOBHO M3BecTHM ca Haxoaumara Puo Tunto (Mcmanus), Typunck
(Pycus), bror (CAILl) u bop (Cepbusi). Y Hac e HaMepeH BbB BCHUKM MEJIHH HaXOJMWIIa, HO B
MIPOMHUIUIEHN KOJIMYECTBA CE cpellla caMo B Haxoauiue Acaped, [Tanartopcko.

Ynorpeda. XankoUUThT € €AUH OT HAal-BAKHUTE MEIHHM MUHEPAJIH.

BOPHMT. B yect Ha aBcTpuiickust munepaior . bopn (18 B.).
Xumnuen cberaB. CusFeS; (Cu-63,33%, Fe-11,12%, S-25,55%). Ilpumecure Haii-uecto
IIPECTaBIsABAT BKIOYCHMS OT IPYTH MUHEPAIIH.
Cumerpuss u ¢opmu. Kpucranuzupa B kyOuuHa cuHronus. Kpucrtamm ce cpemar psiko.

OOHKHOBEHO € B MACUBHU WUJIU 3bpHCCTHArPCTATU.

bopuur, Hax. Paaka, [Tanartopcko, konekuust M. TokmakuueBa

Ocobenoctu. Ha OBAT € YCPBCH [0 Ka(bHBO-qepBeH. B’bpSO CC OKHCJIKIBA U IIpUEMa BUOJICTOB LIBAT.

bes nenurennoct e. TBbpmocTra Ha MuHepana € 3, a oTHocurenHoto tersio € 5.06 - 5.08.
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JlmarHoctrupa ce 1o IBETa W aCOIHMANMITAa C XAJIKONMUPHUT U Ipyrd MeaHu cyidumu. [IpomeHs ce B
XaNKOIUT U KoBesuH. PazrBopum € B HNOs .

I'ene3uc u Haxoauma. bopHUTHT € mpenuMHO xuapoTepmanieH. OOpa3yBa ce Mpu CynepreHHara
nmpoMsHa Ha MenHu cyinduau. M3BecTHu Haxonmumia Ha OopHuT uma B Kazaxcran, CAILl (umrata
MomnTana), Uniu
(bamen ), ABctpus u Ap. Y Hac ce cpema B MEAHUTE M MOJUMETATIHU HaXOJWINa. 3HAYUTEITHHU
KonudyecTBa wWma B Haxomumata [lmakamamma w Cegmouuncnenunu (Bpadancko), Yenomeu
(ITupnomncko) u Pagka (ITanarropcko). [IpuckerBa B Haxoauie Enanure (ETpononcko). Cpera ce u B
30HUTE Ha BTOPUYHO CyJIpuIHO HaOOoTaTIBaHE HA METHUTE HAXOIUIIA

Ynorpeba. V3Tounnk 3a 100WB Ha Mel. MHOTO 4ecTo OOPHUTOBUTE OPYISBaHHS CHABPKAT Au,

Ag, Te, Pd u npyru penku enemMeHTH.

XAJIKOIIUPHUT - ot rpbukH “ XasKoc “ - M€l U 1O aHAJIOTUs C MUPUTA.
XumuueH cberaB. CuFeS,.(Cu-34,64, Fe-30,42%, S-34,94%). Ceabpixka npumecu ot Se, Te, In, TI,
Agu Au.
Cumerpuss u ¢opmu. Kpucranuszupa B TeTparoHaqHa cHHroHuA. Kpucramute My wumart
TeTparoHagHo-TeTpaeapudeH xaduryc (¢ur.57).Cpemar ce cpactoiu mo (112), (012) u (110) , rmaBHO
B 3bPHECTH WIH TUIBTHH | PSKO OBOPEKOBUIHM arperartw.

Ocobenoctu. [[BeTHT My € KBAT 10 CBETIOKBAT. [lopaan okuc-

®ur. 57. KpuctanHum oopMun Ha xankonuput
JICHUE Ce MOKpHUBAa C ThHKA HMpU3Mpalla KOpa ¢ YEpPBEHU U CHHM LBETOBE. Ueprara Ha MuHepaia €
YepHa ChC 3€JIEH OTEHBK. bisicbkbT € MetaneH. He npurexkasa nenutenHoct. TBeprocrra My € 3.5 - 4,
a OTHOCUTEJIHOTO Tero - 4.1 - 4.3. B cpaBHEeHHE ¢ MUPHUTA - XKbBJITEE U HUMa MO-HUCKA TBBPIOCT.
XaJIKONMMPUTHT Ce ONPEAECIIA IO LIBETAa U 3€JICHO-YepHaTa YyepTa Ha 1iodkara. OT 371aT0To ce OTIM4aBa

o0 KpexkocTTa My. [IpoMeHs ce B Maaxut, a3ypuT U Jpyrd MEJHH BTOPHUYHU MUHEpAJIH.
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Xankonuput, Ilanarropcko, konekuus M. TokmakuneBa

I'ene3uc u Haxoauma. XalKONUPUTHT € MoJUreHeH MuHepasn. OOpa3yBa ce Mpe3 TpUTE eTana Ha
MarmMeHa Kpucrainuzauus. Haii-romemu KOHLEHTpaluu oOpa3yBa B XUAPOTEPMATHUTE HAXOMAMINA,
KBICTO ce siBsiBa NoJ (hopmaTa Ha *KuiH, BOpbcienu. Cpema ce BbB BCHYKH METHH U MOJUMETATHU
Haxoauma. M3BectHm ca Haxomumara Pwo Tunrto (Mcmanus), Mancdenn (I'epmanus), Cpa0bpu
(Kanana), Uykukamata (Umnm), [xesrasran (Kazaxcran), @anyn (Ilserus) u be3ou (CAIL). YV nac
xankonupur ce noobusa B [Tanartopcko, bypracko, Bpauancko 1 MajikoTbpHOBCKO.

YHOTpeﬁa. XaJ'IKOI'II/IpI/IT’BT € OCHOBCH M3TOYHUK 3a I[OGI/IB Ha MCI.

COAJIEPUT - ot rpbuku “ chanepoc “ - u3MaMIIUB.
Xumu4deH cbeTaB - ZnS (Zn-67,10%, S-32,90%). Ceabpxa uzomopduu npumecu ot Fe, Cu, Cd u
In . Canepurst, koiito cpabpka Cd 1o 5% ce o3HavyaBa KaTo MIIUOPBMHUT, a CHIBPKALIUAT OKOJIO
26% Fe - xpucrodur.
Cumetpus u ¢popmu:Kpucranusupa B Kkyonana cuHronus. CpeniaTt ce KpUcTaal ¢ H30METPUICH
( rerpaeapuueH ) xabutyc (¢ur.58). Arperature My ca eapo 10 IpeOHO 3bPHECTH , ITbTHU WU

KOJIOMOP(HH.
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Cdpanepur, Hax. MNogypcka, MagaHcko, konekuna M. Tokmakumesa
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Ocob6eHocTu. CdhaneputbT Cce cpeuwa 4Yecto B npupogata C OBe pPasHOBMOHOCTMW.
MapmatutbT e chaneput ¢ npumecu ot Fe ( go 10%) n

IBETHT My € KadsB 10 4yepeH. KieilopaHbT € CBETIOOIBETEH N0 pe3uiaB U € OeleH Ha Kems30.
MacTten o nuamanToB OmsichK. UepTara My e Osita unu kadsaBa. CbBbpIIEHA HEMUTEIHOCT . TBBPAOCT
3,5 - 4 u orHocutenHo terio 3,9 - 4,1.Konounnara pazHoBHIHOCT Ha cdanepura e OpyHkuT.lIpu
BB3eiicTBue Ha canepura cbe HCI ce otmens cepoBomopon. Baxkum nuarHocTnyHm Oemne3u 3a
ompenensHe Ha cdangepura ca HEroBWs JAMAaMaHTEH OJSCHK, MPO3PAYHOCT, UEHUTEITHOCT U
TETpaCIPUYHUTE KPUCTAIH. ACOIMHPA C TaJICHUT.

Iene3uc u naxoguma. ChanepuTbT € TUNUYEH XHUIApOoTepMmaleH wmuHepal l[lo-psako e
MarmMaToreéHeH, IE€rMaTuToO-ITHEBMATOJIIUTCH, CCAMMCHTOI'CHCH U MCTaMOp(bOFGHCH. Haii-romemu
Haxonuma Ha cdaneputr ca B Mucypu ( CAI ), [Mumbpem ( Yexus ) m AxeOopr(llIBenms).
[Ipomunuienn KoHIeHTpauu y Hac uMma B Pogonute u 3anaana Crapa miaHuHa.

Ynorpeda. ChanepuThbT € OCHOBEH H3TOYHUK 3a J0OMB Ha NHWHK.IIMHKBT ce w3mon3Ba 3a
IPONMHKOBAHC Ha KCJIsI3HA JIaMapruHa, B MAalIMHOCTPOCHETO U aBTOMOOMJIHATA IMPOMHIJICHOCT, B
XapTHEeHaTa MPOMUIIICHOCT o1 (hopMaTa Ha IIMHKOB OKCHJ] ¥ B MEAMIIMHATA 1O (hopMaTa Ha IIMHKOB

cyadar. IIpu Mmeramypruynara oopaboTka Ha cdanepura ce qoousa Cd, Jn, Ga u Ge.

EHAPI'UT - or rppukara gyma “ sice .
XumnueH cbeTaB- CuzAsSy (Cu-48,42%, As-19,02%, S-32,56%). Cwabpxka npumecu oT Sb, Fe u
Zn.
Cumetpus u ¢popmu.Kpucranusupa B pomOruHa cuHronus (¢pur.59)
Kpuctanute My ca CUMHO yABbIDKEHN CbC L PUXOBKa MO cTeHuTe. YecTo ce

cpemar cpactbiy o (320) moa hopmaTa Ha TPOMHU TPOPACTHIIH.

| ‘| )

@ur. 59. Kpucranuu Gpopmu Ha eHaprUT
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Enaprur, nax. Yenoneu, Coduiicko, konekuuss M. TokmakuneBa
Ocobenoctu. Enaprutst e cuB 10 uep. Mima metanen 6msicek. TBbpaocTTa My € 3.5, 2 OTHOCUTEITHOTO
terno - 4.4. [IputexxaBa cbBbpiieHa nenutenHocTno (110) u oruernusa mo (100) u (010). Enaprutst
CE OIpeiens MO 1BETa, LIEUTEIHOCTTA U 10 TUIIA HA arperaTuTe.

I'ene3nc m Haxoguma. Toil e cpeaHOTEMIIEpaTypHO XUAPOTEpMaIEH MUHepai. Acouuupa ¢
MUPUT, XAJTKOMUPUT, TEHAHTUT, TETPACIPHUT, JTY30HUT, (pamMatuHuT U ap. M3BecTHH ca HaxoaumiaTa
Uykukamata (Uumu Ilepy, Apxkentuna u bop ( FOrocnaBust ). Y Hac B 3HaUUTENHU KOJMYECTBA Ce
cpema B Haxoaume Yemomeu ( Ilmpmomcko ). Hamepen e B Haxoammata Paaka u Kpaces,
[Tanarropcko.

Ynorpeda. EHapruThT € M3TOYHMK 3a JOOMB Ha MeJ, HO € CHJIEH 3aMbp CHTE]I Ha OKOJIHATa

cpeﬂa.OT HETO MOXKC J1a C€ U3BJIMYa CbIUIO U apCCH.

TETPAEJAPUT U TEHAHTHUT. I[IepBusar MuHEpaqT HOCH HMMETO Ha KpucTaimHata (opma
TETpaeabp, KOATO € XapaKTepHa 3a HEro, a TCHAaHTUTHT € HAPEUYEH B YECT Ha aHITMUCKUS XUMUK C.
TeHr.

XumMu4eH cbeTaB: Ha TeTpaeaputa: CujpSbsSi3 n Ha TeranTuTa CujpAssS 3. B TIX moutn BUHArH
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npuchkCcTByBaT npuMecu ot Ag, Hg, Fe, Zn, Pb, Ni, Co. Cnopen npeo6iiagaBanioTo KOJIUIECTBO Ha
€IMH OT TE3H EJIIEMEHTH C€ ONPEICINAT U Pa3sHOBUAHOCTHTE Ha MuHepanute.TeTpaeapuThT ChABpKA
45,77% Cu, 29,22% Sb, a reHanTutsT: 51,57% Cu, 20,26% As.

Cumetpus u popmu. Kprcranuzupar B KyOM4Ha CHHTOHUSL.
Cpemiar ce kpuctanu ¢ TerpaeapuueH xaburyc (¢ur. 60). Haii - gecto ce cpemar B MacUBHU U

IpeOHO3BPHECTH arperarH.

@ur.60. Kpucranuu ¢popmu Ha TeTpaeapuT

TenanTur u TeTpaenpur, Hax. Yenoneu, [Iupaonckco, konekuus M. Tokmakuuesa

Ocob6enocTn. MakpoCcKONCKH JBaTa MUHEpajla HE c€ OTJINYaBaT €quH OT Apyr. Te ca cuBU 10
yepHU. [lopagu okucieHne Moka3BaT UPU3UPALIN BETOBE. bISICBKBT UM € METaJICH 10 NOJyMETAJICH.
Yeprara e cuBouepHa 6e3 MetaseH Oisachk. He mpurexasar nenurenHoct. TBbpaoctra e 3 - 4.5, kato
TEHAaHTUTBT € MAaJIKO MO - TBBpA. OTHOCUTENTHOTO UM Tero € 4.6 - 5.1. [1o-BUCOKO OTHOCHTEITHO
TETJI0 WMaT CPeOpOCHIBPIKAIINTE TETPACAPUTH. TeTpaeqpuThHT M TEHAHTUTHT CE OINPEHEeNIiT B
MAaCUBHUTE arperary 1o CUBUTE UM 10 YEPHHU C UPHU3UPALIM LIBETOBE U TSIXHATa KPEXKOCT U METAJICH
omacwk.Paznarar ce or HNOs.

I'enesuc m Haxoamma. MuHepanure ca CpeaHO [0 HHUCKOTEMIIEPaTYpPHH XHUIPOTEPMATIHHU.
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AconuupaTr ¢ MHPHUT, XAIKOIUPHUT, OOPHHUT, eHAapruT W 1p. M3BectHm ca Haxoawmarta Dpaitbepr
(I'epmanus ), Ilorocu ( bomuBust ) m Mypsunka ( Pycus ). YV Hac ce cpemiar B MeTHUTE U
noiMMeTanHure cyiabuaHu opyasBaHus. [lo-romemMu KonnyecTBa NPUCHCTBYBAT B HaxoAuIIaTa
Cenmouuncnenunu ( Bpauancko ) u Yenoneu (I[Tupmoncko).

Ynorpeda. TeHAaHTUTHT U TETPASAPUTHT Ca U3TOYHUK 3a 100MB Ha Men. OT TAX ce M3BIMUAT Ag,
As, Sb u napyru enmemenTu. [Ipu TexHONMOrmYHaTa NpepabOTKa HA PYIUTE, KOMTO TH ChIbpPXKAT €
HEeoOXOIUMO J1a ce B3eMaT HeOoOXOJMMHUTE MEPKHU 3a yJIaBsiHE Ha apceHa, KOWTO JIECHO 3aMbpcsBa

IIOYBUTEC U BOAUTC.

I'AJIEHHUT - oT 1aTUHCKOTO Ha3BaHWE HA OJIOBHA pyJa.
Xumnuen cberaB: PbS (Pb-86,60%, S-13,40%). Ceabpika npumecu ot Ag, Bi, Sb, As, Se, Te,
Fe,Zn, xouTo Haif-4ecTo ce IbKaT HA MEXaHUYHU BKJIIOUEHHs OT IPYyTd MUHEpaIu.
Cumerpuss u ¢opmu. Kpucranuzupa B KyOnuyHa cuHroHHs. YecTo ce cpemar KpUCTaIH C
KyOWYeH WM OKTaeAW4YeH XaOUTyc. XapakTepHU ca CpeIHO u ApeOHO3bpHECTH arperatu (¢ur. 61) n

cpacteum 1o (111)u (114) Ha durypa 78 ca mocoueHn Hal-4€CTO CPEIIAHUTE KPUCTATHU (HOpMHU .

i [

®@ur. 61. Kpucraanu

dopMM Ha raneHuT aneHnT, MapgaHcko, konekuuss M. TokmakdneBa

Ocob6enoctu. ['anenutsT € cub. [IpurexkaBa cbBbpiieHa nenutenHocT no (100) u cunen MeraneH
Ossicbk. OTHOCUTETHOTO My Terjio € 7.5, a TBppmocTTa - 2.5 - 2.75. Ueprata € cuBouepHa. Toi e
esiekTponpoBoauM. [Ipu okucieHnero My ce oOpa3yBaT aHIJIE3UT U LEpyCcHUT. 'aJeHUTHT JIECHO ce
OTIpeJieis 10 OJIOBHOCUBUS MY LIBAT, BUCOKOTO OTHOCHUTEIIHO TErJlo, KyOMYHUTE KPUCTAIU U CHITHUS

MeTalieH 0JschK. Aconuupa cbe chanepur. Tomu ce pu 1115°C.
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Teesuc w waxomima 1yt o THMMYEH CPEIHOTEMIIEPATYPHO - XHAPOTEPMATCH MHUHEPAT. ACOIMHPA ChC
cdanepuT, XaJIKOHPHUT, TUPUT U KBapil. M3BectHu ca Haxoxumara Mucucumu (CAILL), bBpoxmua Xt
(ABctpamusi), CenuBan (Kanaga), Xapu (I'epmanus) u [Tmmbpam (Yexwmst). Y Hac ce cpemar BbB
BCUYKU CynbuaHu Haxonuma. [IpomMunieHn koiauuecTBa OT TajeHUT uMa B Pogomurte, Ocoroso u
3anaana Crtapa mjiaHuHa.

Ynorpeda. ['aneHUTHT € OCHOBEH M3TOYHUK 32 JOOHMB Ha 0510BO. OT HETO ce M3BIMYa OIIe cpedpo
u OucmyTt. OJOBOTO Ce€ M3MOI3yBa 3a IMPOM3BOIACTBO HAa aKyMyJlaTOpW, Ha OOM W Ha CIUIaBH

npeana3Bai OT paAUOAKTUBHO 00JIbYBaHE.

HUHABAPUT. TlpousxoqbT Ha UMETO BEPOATHO € OT MHAUNCKOTO HAUMEHOBAaHUE Ha
YepBEHA CKaJla, CYMTaHa 3a “ IpakoOHOBa KPbB‘.
Xumnuen cberaB @ HgS (Hg-86,20%, S-13,80%). Ceabpka npumecu OoT Seé ¥ MEXaHWYHHU
BKJIIOYEHHUS OT HKEJIS130 WIM OMTYMHHO3HU BEIECTBA.
Cumetpus u ¢popmu. Kprucranmsupa B KyoOnuHa cuaronus. Kpucranure My ca poMOOeIpUIHN WIIN

neOeronioyue Karto KOpH.

[{unabaput, Hax. AnmazaeH, cnanus, konekuus M. TokMmakunea

Ocobenoctu. [{unabaputsT € sprodepBeH 10 (QradsBodepBeH. Mima CHBBpINCHA MEMUTEIHOCT U
nuamaHTeH Osgcek. TBbpaocTTa My € 2 - 2.5, a OTHOCHUTENHOTO Terjio-7.65. Ueprata My chlIO €
yepBeHa. [IputexxaBa nuamanteH Onschk. LluHaOapuThT ce ompesesns Mo SpKOYEPBEHUS MYy LBAT U
LBETHT HA YepTaTa BbPXY IUIOYKATAa U BUCOKOTO OTHOCHTEIHO TETrJIO.

I'ene3uc u Haxoguma. Toil € MpOIyKT HA HUCKOTEMIEpAaTypHa XHIpPOTEpMaliHa JEHHOCT,
CBBp3aHa ChC CHBPEMCHEH WJIM TEOJIOKKO MIIaJ BYJIKaHW3bM. CBETOBHO HM3BECTHHM Ca HAXOJIHUIIATA
Anmanen B Ucnanus, Monte Amuara B Uranusa, Kamudopuaus (CAIL), Ilepy u Mekcuko. Y Hac e

OIIMCaH B HM3TOYHATa 4aCT Ha HaXOJIHWIIC LII/II'I];)OBIII/I n MMa CaMO MUHCPAIIOKKO 3HaueHue.)KuBak ¢
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HamepeH Kpaii c./Ipen, Pagomupcko.
Ynorpeda. [lunabapurbsT € IVIaBHUA M3TOYHUK 3a JOOMB Ha JKMBaK, KOWTO HaMupa HIMPOKO
MIPUIIOKEHHE 32 IPOU3BOJCTBOTO HA Pa3IMYHU PUOOPH, JIEKAPCTBEHU MpenapaTH, B 3b00I€UECHUETO U

KaTO KaTaJInu3aTop.

IMoakaac b. Cyadgocon
B cbcraBa Ha MuHEpanuTe Cy(oCoaM ydyacTBaT €THOBAJICHTHH METaiH, Hail - yecto Cu, Ag,
Tl wu nByBanentHu metamu ( Pb, Hg u npyru). Anuonure ca As, Sb mwiu Bi B koopauHanus cbe
csipata. M3BectHu ca okoso 150 cyndocomnn muHepanu. OO6maTa MocieA0BaTEHOCT MO MeTalleH
KOMIIOHEHT € METHH - MEIHOOJIOBHHU - OJIOBHH - OJIOBHOCPEOBPHH - CPeOBPHU U HAKpas TAIHEBU U

KHUBaK-CbABbPXKAIIH, a CIIOPC IIOJTYMETATHNUA KOMIIOHCHT - 6I/ICMYTOBI/I - AHTUMOHOBH - apCCHOBH.

INPYCTUT U NUPAPI'UPUT. HaumeHoBaHHETO CH HOCST 3a IMPYCTHTA - HA (DPEHCKUA
xumuk K. Ipyer ( XVII B. ) u 3a nupapruputa - mo 1Bera (OrHEHOYEPBE ) U ChIbPKAHUETO HA
cpedpo.

XumunueH cbeTaB: 3a npyctuta - AgzAsS; u 3a nupapruputa AgzSbS;. Mexay TAxX ChlIecTByBa
npu temneparypa Haa 300°C gobpa cmecumoct. IIpyctutsT cagapxka 65,42% -Ag, 15,14% -As u
19,44 %- S, a nupapruputa: 59,76 %- Ag, 22,48%- Sbu 17,76 %- S.

Cumerpusi u popmu. Kpucramusupar B TpuroHaiHa cMHroHus. KpucramHute GopMu psSako ce
cpemiaT ¥ UMaT npu3MaTudeH xabutyc. Hail-uecto cpemanure dopmu ca :{1120}, 0112}, {1011},
{2131}. XapakTepHU ca 3bpHECTUTE U MACHUBHU arperary.

OcobGenoctu. Ilo BBHIIHM Oene3u JBaTa MUHEpasa HE ce oTiauvaBar. Ha nBsAT ca uepBeHH 110
spkodepBeHU. MMar sicHa NENUTETHOCT W JMaMaHTeH Oysachbk. TBBpmocTtTa uM ¢ 2 - 2.5, a
OTHOCUTENHOTO Teryo € 5.57 u 5.85. [IpyCTUThT U nupaprupura ce ONpeaesar no IPpKOYEPBEHUS UM
L[BST, YepBEHATA YepTa Ha IJI0YKATa, BUCOKOTO OTHOCUTEIIHO TEIJI0 W AMAMaHTECHHUs OJSCHK.

I'ene3nc m Haxoguma. [IpycTUTBT MU NOHUPAPTUPUTHT ca CPEAHO JO HHUCKOTEMIIEpaTypHH.
Acouuupar cbc cpedbpHHM Ccyn(puau, OJOBHM M MeIHHU cyidoconu. B mpomuiieHu konudecrsa
npuchkcTByBaT B Haxoaumara [Imubpem  (Yexwust), Kobant (Onrapuo), @paitbepr (I'epmanus) u np.
VY Hac ca onucanu B HaxoaumaTa B OcoroBo u 3anajnna Ctapa miaHuHa (CenmounciieHALIH
u Yunposun).

Ynotpeba. M3non3ysar ce 3a 1o00uB Ha cpedPoO.
CTUBHUT (AHTUMOHMT) - ot rpBIIKOTO HAUMEHOBaHUE Ha Sb.

XumudeH cbetaB : Sb2S3 (Sb-71,38%, S-28,62%). Ceabpxa npumecu ot Au, Ag, Fe, Pb u Cu.

Cumerpuss u ¢opmu. Kpucrammsupa B pomOuuHa cuHTOHUsA. Kpucramure My ca
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IBITONPU3MATHYHA 10 uriiectu(pur. 79) m HaOpa3meHH mapaielHo Ha octa “ ¢ ““. Cpemia ce mon
(dhopMa Ha UTJIECTH, JTBYSCTH U APEOHO3BPHECTH arperaTH.

@ur. 62. Kpucranna

@ur. 62. Kpucraana ¢popma Ha CTHOHWUT :
A-{010};n- {210} m-{110}; b-{010}.
OcobGenoctu. L[BeThT Ha cCTUOHUTA € CHB ChC 3€JIeH OTTeHBK. ViMa MeTaneH Oisicbk. TBbpAOCT 2 1
OTHOCUTENHO Terno-4.63. IlpurexxkaBa ChBBbpILIECHA LENUTEIHOCT. YepraTa BbpXYy IUIOYKAaTa € CHUBA.
CtuOHUTBT ce ompenens MO IBETa, HUCKATa TBBPIOCT, JTbYECTUTE arperaTd W CHIIHUS METalleH

ossicek. Pasnara ce ot HCI, a or KOH ce mokpuBa ¢ xbiita Kopa.

Ctubnut, Hax. PubHoBo, I'one JlemueBcko, komekius M. TokmakdneBa
I'ene3uc u Haxomuma. CTHOHWTBT € HHUCKOTeMmIeparypeH MuHepan. Cpema ce B JKAIHU U
METaCOMAaTUYHHM HaxOJullla B MapareHe3a C peairap, [MMHA0ApUT, MHUPUT, MaPKa3UT, aypPHUIIUTMEHT,

KaJIUT, KBapll U Apyrd wmuHepann. CBETOBHO M3BECTHH Ca HaXoAWIaTa Ha CTUOHHWT B Kwuraii,
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Kuprusus, fInonnsa u PympHus. Y Hac e ycrtanoseH npu cenata VMcekpen u Enenos non - MckbpcKkoTo
nedwie, c. CecnaBuu- Coduiicko u pu ¢. PuoHoBO - [Nomie JlemaeBcko.
Ynorpeda. OCHOBEH M3TOYHHK 33 TOOWB HA AHTUMOH, KOUTO CE
U3I0JI3YBa 3a MPUTOTBSHE HA TUMIOTPACKHU CIUIaBH, 32 MPOU3BOJCTBO HA PANIUYHU XMMHKAIU U O0H,
KaTo OI[BETUTE] Ha CTHKJIA M B MCJIUIIMHATA.
BUCMYTHUHUT
XumnueH cberaB: BiS; (Bi-81,30%, S-18,90%).
Cumetpuss u ¢opmu. Kpucranmusupa B poMOMYHAa CHUHTOHUS. XapaKTepHU ca YIbIIKCHHUTE
MIPU3MATUYHU KPUCTAIIH.
OcoOenoctu. llBeThT Ha OucMyTHHUTA € CcUB. TBBpAOCT 2- 2,5. OTHOCUTENHO Terio- 6,98. Uma
MeTajieH OysichbK. UepTaTa Ha Tuloukara € cuBa.MaKpOCKOIICKHM C€ OIpeieiis MO IBeTa M HHUCKaTa

TBBPAOCT.

BucmyTtuHuT, Manko TbpHOBCKO, konekuus P. Nasgepos

I'ene3uc u Haxoaumia. Toil € MErMaTUTOB M BUCOKOTEMIIEPATYPEH XUAPOTEPMAJICH MUHEpal. Y Hac €
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HaMmepeH B Puia mnanuna ( Ypaunute e3epa ) u kpait ¢. Mycomuie ( 'onenemueBcko ). U3BecTHu
Haxonuia ca Cuepo ne [lacko B [lepy u Kazaxcran.

Ynotpeoba. M3nonssa ce 3a 7100MB Ha OUCMYT , KOUTO HAMHpAa MPH- JIO )KEHUE 32 TPOU3BOIACTBOTO
HAa JICKH U 332 CBPBXIIPOBOAUMH CIUIABH ,

Ha CTBHKJIO C BUCOK KOS(DUITMEHT Ha TbUCIPEUyIBAaHE U 32 XUMHUYECKH MperaparTy.

AYPUIIUI'MEHT. Ha natuHCKM MMETO My O3HayaBa 3J1aT€H MHUTMEHT.
XumuueH cbeTaB: As;S3 (As-60,91%, S-39,09%).
Cumerpusi u ¢opmu

Kpucranusupa B MOHOKJIMHHA CcUHroHus. Kpucramute My ca KbCO

npusMatuaHu(pur.63). Haii - yecto ce cpemia B IUIBTHH, NMPAIIECTH, OBOPEKOBUIHN WIH JTIOCIIECTH

arperard.

@ur. 63. Kpucranuu
dbopmu Ha
aypUUTMEHT

Oco0enoctu. L{BeTsT My € 3maTHCT 10 01e10KbaAT. ChUIMTE IIBETOBE MMa U yepTarta My. [Ipurexana
CBhBBPIICHA IICMUTEIHOCT. BisichkbT € MacteH no OucepeH. Teepmoctra My e 1.5 - 2, a
OTHOCHUTETHOTO Terio- 3.49./luarnoctrpa ce no 371aTUCTOXKBITHS MYy LBST, IPKOCTTA HA JKBIATHUS LIBAT

Ha 4yepTara My Ha IUIOYKaTa U acolanusiTa ¢ peajirap.
I'ene3uc m Haxoamma. Toil e HUCKOTeMIepaTypeH xuaporepMaineH muHepai. OOpasyBa ce u
ype3 cyOnumanusi (ByJKaHOreHEH). Acouuupa ¢ peairapa. M3BecTHH ca Haxoauiata My B

Makenonus, I'py3us, Kuraii, [Tepy, CALLl. Y Hac He € yCTaHOBEH.
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Aypunurment, Kuraii, konekuust M. TokmakuneBa

Ynorpeoba. 3rounuk 3a 1006uB Ha apceH. M3mnonsyBa ce 1 kKaro 0osl.

PEAJIT'AP. Ha apaGcku o3HauaBa “ MUHEH mpax .

XumuueH cbeTaB. AsS (As-70%, S-30%).

Cumerpuss um dopmu. Kpucranusupa B MOHOKIMHHAa CcHUHIoHusA. Kpucraiurte My ca Kbco
npusMmatnyHu. Haif-gecTo ce cpema B epo A0 IpeOHO3BPHECTH WM KOPECTH arperar.

Ocobenocru. Ha BT € OpaHkKEeBOXKBIAT 10 CBeTIoYepBeH. UepTara My € ApKO OpaHKEBOUYEPBEHA.
Nma macrten Onsichk. Llenurennoctra My e otdemiuBa. TBbpAOCTTa My € 1.5 - 2, a OTHOCUTEIHOTO
Terno-3.56. Onpenens ce MO0 OpaHXKEBOUYEPBEHHUsS LBSAT HA MUHEpalia M IO LIBeTa HA yepTrara Ha
mwioukara. Pasrteaps ce B napcka Boja. [Ipy  AbAro crToeHe Ha CBETIMHA Ce€ paslaja Ha CMeC OT
aypUIIUTMEHT U apCeHOJIMUT.

I'ene3nc u Haxoauma. Toli € HUCKOTEMIIEpATyPEH XUAPOTEPMaJICH MUHEPAJl WIM BYJIKAHOTEHEH.
Aconunpa ¢ aypunurmenta. CBeTOBHOM3BECTHH Ca CBHIIMTE HAXOAMIATA, KAKTO 3a aypUIIUIMEHTa. Y

Hac ¢ HaMepeH kpaii ¢. Pudbnoso ( 'ome JlenueBcko ), KaTo mMa caMoO MUHEPAIOKKO 3HAUYCHHUE.
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Peanrap, Kuraii, konekus M. TokmakuueBa

Ynorpeda. PeanrapbT, KakTo M aypHIMIMEHTa c€ M3II0JI3yBa 3a JOOMB Ha apceH U 3a OOH.

Kuaac 3. Oxcuau v XuaApoKcHIn

MuHepanuTe OT TO3M KJac ca ChbeJAMHEHHUS Ha METajH, MO0 - PSAAKO Ha IMOJyMETaad U HEMETalu C
KHUCJIOPO/JIa WJTH C XUJIPOKCUITHATA Tpyna. M3BecTHH ca olle KaTo OKCUIU U XUIPOKCUIU. B cheTaBa My
Hali - 4eCTO y4acTBYBa JKeJsA30To U 1o - psaako Ti, Nb, Ta, Mn, Mg, Ca, TR, Sb, U, Al u Pb. B chcTaBa
Ha Manko MuHepanu ydactByBaT Cu, Si, Zn, Cr, Ba, Hg, K, Se, Te, Na, Th, Zr, V, Bi, Niu Co .
KaTtnonbT Haif - yecTo € MpeACTaBeH OT €IMH €JIEMEHT M PSIIKO OT MOBEYE IVIaBHU METalu. 3a Te3u
MUHEpAJIM € XapaKTepeH MHUPOK HW30MOP(H3BM, KaTO HAMPUMEDP WIMEHUT - PYTHI, KOIyMOHWT -
Ta"HTanuT U Ap. [lo - ronsimaTa yacT ca HOHHM WM MOHHO - KOBAJEHTHU CheIUHEHUA. Thil KaTO uMar
CPaBHHUTEITHO TMPOCT CBhCTaB T€ ca MPEAUMHO BHUCOKOCHMETPUYHHM - KyOMYHH, XECKaroHaJlHU U
TeTparoHajgHu. XapakTEepHH 3a TSAX ca BUCOKATa IUTbTHOCT, rOJisiMa TBBPAOCT U
YCTOWYHBOCT.

[IpuchcTBHETO HA KHUCIOPOJAa BBHB BCHYKH MHMHEPAI000pa3yBaTEIHH IMPOIECH ONpenens u
MOJIMTEHHUSI XapaKTep Ha MUHEpaIUTe OKUCUAM W XUIAPOKCUIU. B Hail - rojgemMu KOJHuYeCTBa Te
MPUCHCTBYBAaT B 30HaTa Ha CylepreHe3a, KbAETO ce oOpasyBaT B pe3ylTaT Ha MPOMSIHATA Ha
IIBPBUYHUTE MUHCPAITH.

U3BectHu ca okono 150 munepana. Te chcTraBigBar okoio 5 % OT TEryoTo Ha 3eMHara kopa. Haii
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- 3HAUUTEJICH € JIeNIBT Ha KEJIE3HUTEe OKCUIH U XuApokcuau. Cpen MUHEpaIuTe OT TO3H KJIac ca JIeIbT,
KOMTOHE ce pasMiiexJa B HACTOSIIATa CUCTEMAaTHKa, 3aI0TO ca OOEKT Ha HAyKUTE METEOPOJIOTHS U
XHIPOJIOTHA. 3a Jiela ca U3BECTHHU cefeM NonmMopdHU MoanpuKanuu. XapakTepHH ca CKEJICTHUTE
KpucTanu (CHEXXHMHKH), ACHApUTUTE (MO CThKiaTa), 3bpHaTa (Tpaayllikarta) WIX  3bPHECTUTE H

IUTBTHUTC arperaru.

HITITUHEJL. IIpeanosnara ce, e UMETO My Ha JIATUHCKA O3Ha4aBa MaJIbK IIIMII.
Xumuyen cberaB. MgAlL,O4 (MgO-28,20%, AlOs-71, 80%). Cbabpka mpuMecu OT Fe%, Fe3+,
Cr3+, Mn*u Zn*" .
Cumerpuss u ¢opmu. Kpucrammsupa B KyOuwuyHa cuHTOHMA.Cpemia ceé B CaMOCTOSITCITHU
oKTaeapuuHu Kpuctanu (¢ur.64) wim cpactbiy mo (111)
OcobGenoctu. LIBeThT Ha mIMHMHENa € 4YepBeH, 3elieH, Oe3nBeTeH, KadaB U cuH. OIBETECHUAT B
YEepBEHO, CHHBO, 3€JICHO U BHOJIETOBO IIMMMHEN CE 03Ha4YaBa KaTo 0JIaropoJieH MIMHHEN U Ce U3IMO0JI3yBa

KaTo CKbIIOleHeH MuHepai. He npurexaa nenurennoct. TBbpaoctra My € 7.5-8, a

Owur. 64. Kpucranna popma Ha IIITAHEN.

OTHOCUTEITHOTO Terio- 3.55 - 4.62. bisachkbT HA MUHEpana € cTbkieH. [lInuHensT ce AuarHoctupa mno
BHCOKAaTa My TBBPJOCT, OKTaeIpUUHUTE (POPMHU Ha KPUCTATUTE MYy M CTBKJICHUAT My Ossicbk. Touka Ha
toriere 2135°C T.e. MIMHUHETNTE PAKTHIECKH CA HETOITHMHL.

I'enesnc m Haxoamma. Illnunenure ca meramMopporeHHH (KOHTAKTHO - METACOMAaTHYHU).
Panko ce cpemar B MarMeHM cKaau M B InermMaTuTH. CBETOBHO M3BECTHM Ca HaxOAMINATa Ha
CKBIIOLICHEH LINHUHET B
Hlpu Jlanka, Muaaus, bupma u Manarackap. JlobuBa ce KakTo OT KOHTAaKTHO- METACOMAaTUYHH CKaJIH,
Taka U OT pascunu. Y Hac e omwmcad kpait c. @akus (bypracko), c. Knucypa (bepkoBcko) 1 Mamnko

TBHpHOBCKO.
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bnaropoaen mmnunen, Pycus, konekuus P. [1aznepos
Ynorpeba. Kato 6naroposieH MIMHEN ce€ 03HAYaBaT OMCTPUTE W MPO3PAuHU IIIHHEIN C YEPBEH,
CHUH, 3€JIEH WJIM BHOJIETOB LBAT. Te ce u3nmon3yBaT B OMKyTepusiTa ¢ UMeHaTa: pyOMHOB U candupos
mmuHen. Haif-ronsmust 6maropogeH mmuHen € ¢ termo 80 kapata. [lomyuaBaT ce M M3KyCTBEHH

IOMUHCIIN, KOUTO CC U3MOJ3BAT KAaTO OTHCYIIOPCH MAaTCpHaJI.

I'pyna Ha xopyHaa
KOPYH/ - oT cakcoHCKaTa AyMa “ KaypaHTaka ‘.
XumuueH cberaB. Al,O3 (Al-52,90%, 0-47,10%).Korato cpabpxa nmpumecu ot Cr ce orBeTsiBa
4yepBeHo, Ha Ti- cBetniocuH, Ha Fe-opamkes, a mpumecute Ha Fe u Ti ro onBeTsIBaT B TBMHOCHHBO.
Cumerpusi u ¢opmu. Kpucranuszupa B TpuronanmHa cuHronusi (pur.65). Cpemar ce KyOudHwH,
XEKCaroHaJHH, TCEBIOKYOMYHHM W MOHOKIMHHU Moaudukanuu. Kpucranure ca ObUYBONOAOOHH,

6I/IHI/IpaMI/II[aJ'IHI/I WA IIJIOYCCTH. AFpeI‘aTI/ITC Cca MaCMBHU U 3bpPHCCTH.
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@wur. 65. Kpucramanu popmu Ha kopyHa: c{0001}; r{10-41}; n{22-43};
z{22-41}; w{l121}.

Oco0enoctu. L{BeThT Ha KOpyH/1a € cUB. YepBeHaTa My Pa3HOBUIHOCT C€ HapHya pyOWH, CUHSTA -
caripup, >KBIATaTa - OPHEHTAJICKM TOMAa3, 3€JieHaTa - OPHEHTAJICKA CMapari, BHOJICTOBHS -
OpPHEHTAJICKM aMeTHUCT. TBbpaocTtTa My € 9 a otHocutenHoto teryo- 4.05. He ce pa3rBaps B
KHCETUHU. 3a MPO3payHUTE € XapaKTepeH acTepu3bM, KOHUTO c€ IBDKM HAa OPUEHTHUPAHH HIJIECTH
BKJIFOUEHHUSI OT PYTWJI WM JPYTH MUHEpalu. BIsSICBKBT € CThKIEH A0 auaMmaHTeH. KopyHIbT ce
JMAarHOCTHpPA 110 BUCOKATa My TBBPJIOCT, CHITHHAT OJISICHK M BUCOKOTO MY OTHOCHTEITHO TETJIO.

I'ene3uc u nHaxoamma. Kpynapr mma meramopdorenen mpowmsxon. [lo - psamko ce cpema B
nermatutd. [IpuchbcTByBa M B pa3cunHu Haxonumia. M3BectHum Haxomuma ca Cema3 - bary
(Kazaxcran), Onrapuo (Kanaga) u Taiimann. Y Hac e HamepeH BbB BapHeHCKO U XaCKOBCKO.

Ynorpeba. [Ipo3payHusaT u Xy0aBo OLBETEH KOPYHJ CE€ H3IOJI3yBa KaTO CKBIIOIICHEH MHHEpPAJ.

[IpousBexaaT ce CHHTETUYHU KOPYHAU, KOUTO CE€ U3MOJ3yBaT

CunternyeH pyouH, konekius M. TokmakuneBa
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Cunternuen candup, konekuus M. TokmakuueBa

B YAaCOBHHKApCKaTa MPOMMIILICHOCT, B OMKyTepusTa, 3a abpa3uBu U B onTukaTta. OcobeHo IIeHHHU ca
pYOMHBT, JeBKocanupbT (CBETIOCHHUS MO O€3IBETEH KOPYHHA), HWHAWUTOCA(PHUPHT (THMHOCHUHHS
KOpYHJ), mamapapka (opaHxeBuaT kopyHA). OT OokcuTa ce A00MBa M3KYCTBEH KOPYHI, KOWTO ce

H3I10JI3Ba KaTO a6pa3HB nin B 6I/I)I(YTepI/I$ITa.

JAUACIIOP. Ha rpbiiku gymaTa 03HadaBa “pa3npbCKBaM ce.
Xumuuen cberaB. o- AIOOH (A1,03-84,99%,H,0-15,02%). Chabpska npuMecr ot Mn® " u Fe'™,
KOHUTO OIBETSBAT MUHEpaia B KasiBO H YEPBEHO.
Cumerpust u ¢popmu. Kpucranusupa B pomOuuHa cuHronus. Kpucranure My ca ¢ miodecT HId
KbcompuzMmatuueH xaburyc (pur.66) Arperature My ca (PUHOIIOCTIECTH.
Ocob6enoctu. LlBerpT Ha MuHepana e Os. [lopaam Hanmuume Ha NMPUMECH € OLBETEH B KadsBo,
YEpPBEHO WM PO30BO. TBBpAOCTTA My € 6.5 - 7, a OTHOCUTEIHOTO Terjo - 3.44. JluacnopbT HE ce
ornuuaBa no BeHIIHH Oene3un oT TMBCHUTA Al(OH); u promura(g- AIOOH).IIbpBusT OT TAX

KpUCTaJIM3Hpa B pOMOMYHA CHHTOHUS, @ BTOPHUAT -B MOHOKJIMHHA.
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dur. 83. KpuctanHa goopma Ha gmuacnop

bokcurt, Hax. [lapamyHn, TpbHCKO, KOekuusa M. TokMakuneBa

I'ene3uc m Haxoguma. J(uacmopbT , THOCUTHT U OBOMHUTBHT Ca IJIaBHO €K30I€HHH MUHEPAIH.
W3rpaxxgaT cMeceHn arperatv U ca OCHOBHATa 4acT OT ChCTaBa Ha OOKCHTOBUTE Haxomuina. OcBeH
TAX B ChCTaBa HA OOKCUTHTE YYacTBYBa OIle KAOJUHUT, >KEIE3HU XHUIPOKCHIM U KBapil. Te ce
o0Opa3yBaT MpW U3BETPSHE HA aTyMOCHJIMKATHH CKaJIA MIPH CyOTpONHMYEH W TpomnwueH kiumar. Ha
BT ca yepBeHoKadsBu. ['onemuTe Haxoauia Ha 6okcuTH uMa BB Opannus, SAmaiika, Magonesus,
Pycus u YHrapus. Y Hac eTuHCTBEHOTO OOKCUTOBO HaxojuIne ce Hamupa kpaii c. [Tapamyn ( TpbHCKO

), HO HAMA NPOMHUIIUICHO 3HAYCHUC.
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MATIHETUT (rope- ot ETnonug, konekumst M. TokmakumeBa, nony KpyMoBrpaacko, Konekumns
P. Masgepos)

MmeTo My e gafeHo oT muTonorusita Ha osyapst MarHec.

XumuueH cbetaB: Fe;O4 (Fex03=68,97%, FeO= 31,03%). Moxe ga cbabpxa npumecu ot
Ti, Al, Nin V.

CumeTtpusa u bopmu: Kpnctanmsmpa B KybruyHa CUHIOHUA. XapakTepHU ca OKTaeapu4HUTE n
KyOn4yHuTE KpucTanu. Arperatmte My ca 3bpHECTU Ui MacuBHN.

PusnyHm cBomncTBa: MarHeTUTbLT € YepeH Ha UBAT, C MeTaneH Onachbk U CUNHU MarHUTHU
cBovcTBa. YepTtarta Ha nnoykaTta € YepHa U MarHuTHa. TBbpaocTTa My € 6, a OTHOCUTENHOTO
Terno - 5,175. B okucnuTenHn ycnosus ce NpoOMeHs B XeMaTuT.

leHe3auc u Haxoauwa: Ton e marmaToreHeH, BMCOKOTEMMepaTypeH XuapoTepmareH,
KOHTaKTHOMEeTacoMaTM4YeH U perMoHanHoMmetTamopgoreHeH. [onemMmn Haxoguuia Ha MarHeTuT
uva B LWBeuus, Pycna n CALL. Y Hac marHeTMT uma B YunposBcko (Hax. MapTuHOBO),
Amboncko (Hax. KpymoBo) n MankoTbpHOBCKO.

OnarHocTuka: BaxxHn gnarHoctuyHu 6enesn ca upeta Ha MMHepana, bnsacbka n cunHara my
MarHMTHOCT.

Ynotpeba: MN3non3ea ce 3a 4o6MB Ha Kensa3o.
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XPOMMUT (Jo6pomupum, Pogonu,konekuma P. Masgepos

MmeTo My e CBbp3aHO CbC CbCTaBa My.

XumunyeH cbertaB: FeCr,04 (FeE0=32,09%, Cro03=67,91%).Moxe ga cbabpxa MgO u Co.
CumeTtpua un cbopmu: Kpucrtanmsmpa B KybmyHa cuHroHmns. Cpella ce B MacBHU arperaTtu.
PuU3nyHM cBoncTBa: XPOMUTHLT NPUINYA HA MarHeTUTa, HO HE € MarHuTeH. TBbpAoCTTa My
e 5,5, a oTHocuTenHoTo Terno - 4,5-4,8.

FeHe3nc n Haxoguwa: XpomuTbT 0BpasyBa BApbCMAEUN UK cerperauumn B yntpabasnyHu
ckanu. O6pasyBa u pascunu. M3BecTHM Haxoguwa Ha xpomut uma B LUBeuwns, Typums,
Hopeerna n Pycus. Y Hac e yctaHoBeH kpan c. Jobpomupumn (3natorpagcko) n opHo
KameHsHe (KpymoBrpaacko).

OunarHocTtuka: OTnvyaBa ce No kagsiBaTa YyepTa Ha nnoykara.

Ynorpeba: XpoMuUTbT € €ANHCTBETH M3TOYHMK 3a JOOMB Ha XpOM, KOMTO Ce M3noni3ea 3a
NPOM3BOACTBOTO Ha HepbXgaema CTOMaHa C BUCOKA TBBbPAOCT, €NacTUYHOCT M XMMUYHA

YCTONYNBOCT.

XEMATUT (Kpemunkosumn, Cocpuncko,konekumsa M. Tokmakymen)
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- rpbuUKaTa gyma "xemaTtukoc" - KbpBas.

XumunyeH cberaB: FeyO3 (Fe=69,94%, 0O=30,06%). Moxe ga cbabpxa npumecu ot Ti.
CumeTtpusa n cpopmu: Kpuctanusmpa B TpuroHanHa cuHronus. Cpelat ce pomboenpuyHn u
nMHakouganHu kpuctanu. Arperatute My ca NnbTHW, ApebHOo3bpHecTn, 6bLOpekoBMaHW,
OONMTOBK, 3EMNeCcTW, pPO3eTOBMAHM W T.H. XKendAsHa po3a. TbHKONMoYecTuTe MU
doMHHOMCNEeCTN arperatn ce 0603Ha4YaBaT KaTto crnekynapur.

PusnyHm ceBomctBa: L|BeTbT Ha xematuta € CTOMaHEHOCUMB W YepBeH. YepTtata Ha
nnovykata € BUMHaArM 4YepBeHa A0 4depBeHokasiBa. YepBeHMAT UBAT € XapakTepeH 3a
npawecTuTe arperati, a CTOMaHEHOCUBUS - 3a CMeKyrnapuTta, ¢ MeTaneH Ao nosymeTtaneH
Onacbk. TBbPAOCT - 5-6, OTHOCUMTENHO Tersno - 5,26.

FeHe3nc n Haxoguwa: XemaTuTbT ce obpasyBa MpuM NHEBMATOSNUTHU, XMAPOTEPMArHW,
BYJIKAHOr€HHUW, CynepreHHn, CeAUMEHTOreHHN 1 MeTamoporeHHn MnHepanoobpasyBaTesnHu
npouecn. N3BecTHn ca HaxoguwaTta Ha xematuT Kpuson por (YkpanHa), MuHac >Xepauc
(Bpasunus) n NopHoto esepo (CALL). Y Hac B Han-3Ha4MTENHW KONMYeCcTBa Ce cpella B
Haxoguwe Kpemukosuu, Coduiicko.

OunarHocTtuka: Onpegens ce no YepBeHaTa YepTa Ha nro4ykara.

YnoTtpe6a: M3nonsea ce 3a 4OGMB Ha Xena30 1 3a NPOU3BOACTBO HA MUTMEHTH.
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FbOTUT (Hax. KpemukoBumn, Coduincko, konekumsa M. TokmakymeBa)

- HA UMETO Ha HeMCKMA NoeT n nucaten boTe.

XumunyeH cbertaB: aFeO.0OH(Fe;03=89,86%,H,0=10,14%). NoHsKora cbabpxa npumecu ot
Al n Mn.

CumeTtpua n c¢opmu: Kpucranusmpa B pombmyHa cuHronms. Kpuctanute my ca gpebuum c
npuamMatmyeH xabutyc, a arperatute ca BriakHeCTWU, OONIUTOBMU, HATEYHU NN MACUBHM.
Pu3nyHmM ceomncTBa: LIBeTbT Ha MMHepana e kadsaB 40 YepeH unu kadse. VMima macteH go
AnamaHTeH bnacbk. YepTtata e kadasa vnm kadsisoxbnrta. [Nputexasa TBbpAOCT 5-5,5 n
OoTHocuTenHo Terno — 3,3-4,3, cnopeq Tuna Ha arperarta.

FeHe3nc n Haxoguwa: Ton e cynepreHeH U ceaguMeHToreHeH MmnHeparn. ObpasyBa ce npu
N3BETPSHETO Ha NUpuUTa, CUOepuUTa U Ha APYrv XKensas3ocbAbpXawm MuHepanu. Y Hac ce
cpella B 3Ha4UMTENHU KonmyectBa B Hax. Kpemukosuu, Coduiicko.

OnarHocTuka: [narHoctmpa ce no kapsaBns LUBAT U BNAaKHECTUTE arperaTtu.

YI'IOTPGGa: bOTUTBT Ce n3nonasea 3a 4ob6UB Ha Xenda3o.

NMUPONY3UT (Kpemukosum, Coduincko, konekumst M. TokmakuneBa)
€TMMOJSIOrMs OT rPbLUKM "MMPOC"- OrbH 1 "Ny3noc"-M3MmnBaH.
XumunueH cbetaB: MnO; (Mn=63,19%, 0=36,81%).
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Cumetpua u c¢opmu: Kpuctanusmpa B TeTparoHanHa cuHroHus. Kpuctanute My ca
npuamMaTmyHn  unn  urnectn. Ham-yecto ce cpewart ApebHournectn, nbYecTw,
ApebHO3bPHECTU, NITBLTHU K NpaLLecTn arperaTu.

®dPusnyHm cBomucTBa: Ha UBAT € CTOMaHEHOCMB A0 >Xefe3Hovep C MeTaneH Onschbk.
LlenntenHocTtta My e cbBbplleHa. TBbpaocTTa e 6-6,5, a oTHocutenHoTto Terno 5,06. 3a
npawlecTuTe arperatm TBbpAOCTTa € 2, a OTHOCUTESHOTO Terno - 4,5.

leHe3anc wn Haxoauwa: [lponysnTbT € cynepreHeH W ceauMeHTOreHeH. W3BecTHu
Haxoguwa ca Yumatypa ([pysus), Hukonon (YkpanHa), Haua, Kyba n gp. Y Hac ce cpela
BbB BapHeHcko (O6poumnwe), Coduncko (MoxapeBo), Amboncko, MaHartopcko u ap.
OunarHocTuka: Pasno3HaBa ce no 4YepHus UBAT, ApebHournectTuTe U caxgectuTte arperatu,
KOWUTO LanaT npu nunaHe.

Ynortpeba: [MaBeH n3TovHMK 3a 4OOMB Ha MaHraH, KOMTO ce M3non3ea B ctTomaHoaobuea, 3a

oLBeTsIBaHe U KaTo Ae3NH(EKTUPALLIO CpeacTBo.

KACUTEPWUT (Pycus, konekuns P. MNasgepos)
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- Ha rpbLKN 0O3Ha4YaBa kanamn.

XumunyeH cbetaB: SnO; (Sn=78,77%, 0=21,23%). Moxe ga cbabpxa npumecn oT Fey0s,
Ti2O3, Nb,O3 nog dhopmata Ha MEXaAHUYHW NPUMECH.

CumeTtpua u cpopmu: Kpuctanmsumpa B TeTparoHanHa cuHroHus. Cpewa ce nog dopma Ha
npuamMaTmn4yHu kpuctanu. MnuHepanHuTe arperat ca 3bpHECTU UNu pagnanHonbYyeacTy.
PusnyHn cBomucTBa: LIBeTbT Ha KacutepuTa € XbAT, vepBeHokadsiB go 4ep. Mma
AnamMaHTeH 00 MacTeH 6nscbk. Yeprtarta Ha nnodkata e 6Gana. TBbpaoctta My € 6-7.
OtHocuTtenHo Terno - 7,02.

FeHe3anc n Haxoguwa: KacuteputbT € TUMUYEeH MHEBMATONUTEH W MHEBMAaTONIUTHO-
xungpotepmaneH. Cpewa ce B nermaTUToOBU XUNW, B Fpan3eHn cped rpaHuToOBM UHTPY3NBU U
B pascunu.

OnarHocTtuka: KacuteputbT ce pasno3HaBa Nno BUCOKOTO OTHOCUTENHO TErno, AnamaHTEeHUs
OndacbLk n 6snara yepTta Ha nno4kara.

Ynotpe6a: KacuteputbT € eQMHCTBEHNSA U3TOYHUK 3a A0OMB Ha Kanawn, KOWTO Ce M3Mon3Ba B

XMMM4YeckaTa NpOMULLNIEHOCT U B NPUBOPOCTPOEHETO.

PYTUN (m.CTtunoH,NxTnmaHcko, konekumna M. TokmakuneBa)

€TUMOJI0rmn4d - OT JIaTUHCKN, O3Ha4YaBa YepBEH.
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XumunueH cberaB: TiO; (Ti=60%, O=40%). Moxe ga cbabpxa npumecn ot Fe, Sn, Nb u
Ta.

Cumetpua un cdopmu: Kpuctanuampa B TeTparoHanHa cuHroHus. Kpuctanute my umart
npuamaTnyeH xabutyc. Arperatute ca NAbTHU UnNu 3bpHecTn. Mpexectn obpasyBaHusa OT
UrnecT pyTun ce o3HadaBaT kaTo careHuT. Urnect pytmn ce Habniogaea nog opmarta Ha
BKMOYEHUNA B kBapua. B npupogarta ce cpewart owe ase nonuMopdHU mMoaudumkauumn Ha
TUTaAHOBUS ANOKCU - BpyKNT (poMOMYEH) 1 aHaTa3 (TeTparoHarneH).

®dusnyHm ceBomnctBa: LiBeTbT My e kKadsiBouepBeH [0 4Yep. Mima guamaHTeH 6Gnscbk.
Tebpagoct - 6-6,5. OTHocuTenHo Terno - 4,23-4,4. LlBeTbT Ha OpykuTa M aHatasa e
XbNTOYEPBEH N KaaB, TBBLPAOCT - 5,5-5,6 n oTHocuTenHo Terno - 3,9-4,0.

FeHe3nc n Haxoauwa: PyTunbT € xugpoTepmarneH unv nermMatutoB MMHepan no reHesuc.
Cpelua ce KaTo akuecopeH MMHepan B CbCTaBa Ha MarMeHn n MeTamopgHu ckanu. Y Hac e
HamepeH B CamokoBcko, WxTumaHcko, Yenenapcko, KasaHnbwko m gp. MN3BecTtHu ca
HaxoguwaTa My B Hopserus, Pycua n CALL. Hatpynsa ce B pascunu.

OwnarHocTtuka: Onpegens ce no LBeTa, BUCOKaTa TBbPAOCT U hopmaTa Ha Kpuctanute my.

Ynotpe6a: N3nons3ea ce 3a 0obmB Ha TUTaH.

KYMNPWUT (Llap AceH, MaHartopcko, konekumss M. Tokmak4ymeBa)
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MmeTo My e fageHOo 3apaau cbCcTaBa My.

XumunueH cbetaB: CuO,. MHOro 4ecTo cbabpxa NpuMech.

CumeTtpusa n cpopmu: Kpuctanuampa B KybnyHa cuHroHus. CpeLuaTt ce mMankm Kpucrtanu c
okTaegpuyHa dopma. MwuHepanHuTe arperatM ca KOMMaKTHW, KOPECTU Wnn 3eMInecTu
(xngpokynpuT, KMpNU4YeHa MegHa pyaa) u BNakHECTU (XankoTPUXKT).

®Pu3nyHmM cBoncTBa: LIBETHT Ha Kynputa € YepBeH 40 Yep C AMaMaHTeH Unu nonymeTarneH
6nsacbk. Yeptata Ha nnoykata e 4epBeHokapsaBa u Gnectawa. [lpuTexaBa HedAcHa
uenutenHoct. TebpaocT - 3,5-4. OTHocuTenHo Terno - 6,14.

FeHe3nc n Haxoamwa: KynpuTbT e cynepreHeH MmuHeparn. Acouuupa ¢ Manaxut, asyput 1
TeHopuT. N3BecTHM ca HaxoguwaTta B Pycusa (TypuHck) n KoHro. Y Hac ce Hamupa B 30HaTa
Ha OKUCNEeHWEe Ha BCUMYKM MedHW Haxoauwa. HatpynBa ce B KpanWHMS MPOAYKT Ha
MUKpOBaKTepuanHoToO U3BNMYaHe Ha Meg.

OwnarHocTtuka: Onpenens ce no YepBeHUs My LBAT.

Ynotpe6a: Manonssa ce 3a 4obus Ha mef.

Knac IV XanoreHngm
MwHepanuTe OT TO3WU Knac npeacraBndABaT COMWM Ha XanoreHHUTe KucenuHu. Han-wmpoko
pasnpocTpaHeHn B npupoaaTa ca xnopuaute Ha Na, K, Mg n Pb n donyopugute Ha Ca, Na n

Al. OBLwmaT 6pon Ha muHepanuTe e okono 100.

NMoaknac A. ®nyopuan

PITYOPUT (CnassaHka, bnaroesrpagcko, konekuua M. CtorHosa)
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oT naTtuHcku "flue” - Teve, 3aLLOTO Ce M3non3Ba KaTto TOMUITHO BELLECTBO B MeTanyprusaTa.
XumunueH cberaB: CaF,. Moxe ga cbabpka npuMecu oT UTPUK, LLEPUA U APYTN PEAKU 3eMU,
KOUTO M30OMOPHO 3aMecTBaT Kanuus B KpuctanHaTa peLleTka Ha MruHeparna.

CumeTtpua n cdopmu: dnyoputbT Kpuctanuampa B KybuyHa cuHroHms. Kpuctanute my ca
KyOU4HM 1 oKTaeapuyHu. Arperatute ot pnyopuT ca 3bpHECTU, NAbTHU, NOHAKOra MBUYECTH,
O0bOpekoBMAHN U cdheponaanHu.

PusnyHm csomrctBa: YuctmaTt nyoput e 6esuBeteH M npospadveH. Korato mMuHepanbT
CbAbpXa NpMMecu oT CTPOHLMI ce ouBeTsBa B TbMHOBMONETOBO, @ OT caMapuii - B 3eMeH0.
Ha uBeTa Ha MuHepana BMUSAAT CbLUO MPUMECU OT PagUoaKTUBHU eNeMeHTU, Peakn 3eMu.
dnyopuTbT NpuUTEXaBa CbBbPLUEHa LEenuTenHocT, TBbpAoCT 4, oTHocuTenHo terno 3,18.
Mma cTbkneH 6nacebk n 6sna yepTa Ha nnoykara.

FeHe3nc u Haxoguwa: GnyopuTbT € XxuapoTepMarneH MuHepan, no-psako € MmarMaToreHeH
n nermatutoB. Ob6pasyBa ce M Npu CEANMEHTOreHHM yCrnoBus. MI3BeCTHM ca HaxoauwaTta B
MoHronus, Mepmanus, Hopsernsa, CALL, MpeHnaHgua n KasaxctaH. Y Hac B NpOMULLNIEHN
Konu4yectBa ce cpela npu c. Muxankoso B LleHTpanHute Pogonn n npyu muHa CnaBsHka,
kpan CaHgaHCKu.

OunarHoctuka: Onpepenss ce nNo TBbPAOCTTA, CTbKNEHUss BGnAcCbk M Gsanata depta Ha
nno4kara.

Ynotpeba: V3non3ea ce kato TOMWUMHO BELLECTBO B MeTanyprudara, 3a gobus Ha HF, B

onTuKaTta 1 KaTto geKopaTtuBeH MMHeparn.

XANAT (Mposaawuincko,;konekumss M. Tokmak4ymeBa)

OT rpbLUKKM "xanoc" - corn.

XumunyeH cberaB: NaCl (Na=39,94%, Cl=60,66%).

CuHroHmna u cdopmu: Kpucranmsmpa B kybuuyHa cuHroHus. Kpuctanute my ca KyOuyHwm,
NMoHsIKOra ca CTbnanoBMOHO PasBUTU M ckeneTHU. MuHepanHuTe arperatun ca egpo- Ao

,D,pe6H03'preCTM, PAOKO BNTAKHECTMU.
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KpuctanHa chopma un ckeneTeH Kpuctasn Ha xanuTt
PusnyHmM ceBorcTBa: XanutbT e 6sn nnmn 6esueTeH. [pu HanMyne Ha NpUMecKH ctaBa CUH,
4YepBEH, XbNT, BuonetoB. [lpuTexaBa CbBbPLUEHA UENUTENHOCT, CTbKNEeH OnsAchbK,
TBBPAOCT - 2-2,5, OTHOCUTESTHO Terno - 2,168.

FeHe3nc n Haxoauwa: XanutbT ce obpasyBa Npu nsnapeHme Ha CONIEHOHOCHU Pa3TBOpU OT
BoaHM GacevHu wunu e BynkaHoreHeH. [onemn Haxoguwa uma B [lonwa, Benopycus,
"epmaHusa n PymbHMA. Y Hac ce nobuea kpan [Nposaama n oT MmopckaTa Boga kpawn byprac.
HOwarHocTtuka: Ha BKyC e cosieH, no KoeTo fleCHOo ce onpenens. Pa3tBaps ce BbB BoAa.
Ynotpeba: XanuTbT ce n3non3ea B XpaHUTENHaTa 1 rMaBHO B XMMU4YecKaTa NMPOMULLINEHOCT

3a Nnpon3BoacTBO Ha coda.

CUNBWH ("'epmaHus, konekums M. CtonHoBa)

HanmeHoBaH e B yecT Ha xumuka Cuneusa ge na belu.

XumuueH cbetaB: KCI (K=52,44%, Cl=47,56%). Moxe ga cbabpxa npumecu oT Ba u Na.
Cumetpua u cdopmu: CuneuHBLT Kpuctanuaupa B KybnyHa cuHroHus. Obpasysa KyOWYHM
Kpuctanu. Hamn-4yecTto ce cpella B MacuUBHWN U 3bPHECTW arperaTtu.

PusnyHm ceoncrtBa: CuneBuHbT € 6e3uBeTeH 1 e npo3padveH. OuBeTaBa ce OT NpMMecu B
YepBEH, CUH, XXbAT U cMB. TBBLPAOCT - 2, OTHOCUTENHO Terno - 1,99.

FeHe3nc n Haxoauwa: CUNBUHBT € TUNUYEH ceguMeHToreHeH muHepan. OTgensa ce BbB

BOOHW GacevHW crieq xanuTa, KoraTo KOHLEeHTpauusTa Ha conuTe e Bucoka. [Mo-psgko e
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ByfikaHoreHeH. 3HauuTenHu 3anacu oT cunBuH uMa B benopycusa (Hax. Conukamck),
®paHuma Hax. Ensac), N'epmanus (Hax. WacdypT) n CALL (Hio Mekcuko).
AuarHocTuka: Ha BKyC € ropuMBOCOSIEH U € CUITHO XMAPOCKOMUYEH.

Ynotpeba: CunBmHbLT € BaXkHa kanvesa Top. Vi3anonsea ce 1 3a Npon3BOACTBO Ha XMMUKanu.

Knac V Cunukatu

Okono 90% oT macaTa Ha 3eMHaTa Kopa e uarpageHa OT CUIMKaTHUTE MUHepanu. Te
HabposiBaT noseye oT 500 Bnaa. LUMpoOKOTO pasnpocTpaHeHne Ha Te3n MUHepanu ce ObImkn
Ha ronsiMOTO KONMMYECTBO CUNULUUIA U KACIOpOo B 3eMHaTa kopa. B cbcTaBa Ha cunukaTHuTe
MuUHepanu ydacteyBaT enemeHTute Al, Mg, Fe, Ti, Mn, Ca, Na, K u gp. , KOnto cToaT Ha
cnegBawio  MYACTO NO  pasnpocTpaHeHwe. CunukatHATE MUHepanu ca [naBHUTe
ckanoobpasyBalwu MuHepanu. Npun 3HauMTeNHO HaATpynBaHe Te NpeacTaBnABaT U3TOYHUK 3a
A06BUB Ha BaXXHWU MUHEpParnHu CypOBUHN.

OcCHOBEH CTPYKTYpeH enemMeHT Ha MuHepanbu OT TO3M Knac € T.H. CUNMLMIA-KNCNOPOoaEH
TeTpaeabp. 'pynata SiO4 € nsrpageHa oT eAnH CUNUUUEB KAaTUOH U YeTUPU KUCIOPOOHU
aHWOHa, KOWUTO ca pasnosfioXeHu BbB dopmaTa Ha TeTpaeabp. EanHmnynaTa rpyna mma
yeTMpu oTpuuatenHu 3apsaga. Yacrt ot Si*t (noHeH paamyc 0.39 A°) moxe na 6Gbae
N30MOpdHO 3amecTeH oT Al (CboTBETHO C MoHeH paauyc 0.51 A°).

Cvnuuun-kmcnopogHuTe TeTpaegpu Morat ga ce CBbp3BaT MOMEXAY CUM MO pasfnuvyeH
HauvH. Hanpumep B cTpykTypaTta Ha uupkoHa (ZrSiO4) Te ca pasnpefeneHn B eAuHUYHU
rpynu. TakMBa CUNUKaTHU MUHepanu ce o3HadaBaT KaTo OPTOCUNUKATU UM He30CUNUKaTu
(OT rpbUKM O3HA4yaBalLUM OCTPOBHWU cunukaTu). pyrn HauMHM 3a TAXHOTO CBbp3BaHe ca:

rpynu ot

@ur. 77. Cunuumin - KUCNOPOAHa TeTpaegpuyHa rpyna
TeTpaeapu ( COPOCWIMKATH ), B HENPEKbCHATU BEpUrU ( MHOCHUJIMKATH ), B HEMPEKbCHATHU CIIOEBE (

(dbumocwIMKaTH ), B TPUMEPHHU TETPACIAPUYHH TPYHMUPOBKHU ( TEKTOCWIMKATH ). PasHOOOpa3meTo Ha

CTPYKTYPHHUTC MOTHBHU OMNPCACIIA CTCTICHTAa HAa KOHOCHTPUPAHC Ha CUITMIINH -KUCJIOPOAHUTE TECTPpACAPU
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U Ha KaTMOHUTE B CTPYKTypaTa Ha cujaukatuTe. ToBa ompenens 1o rojsma CTENeH TsIXHaTa Gopma U
¢u3nvyHM cBOMCTBa. Hampumep moBedeTo OT OPTOCWIIMKATUTE Ca HM30METPUYHU. DHIOCHIMKATHUTE
IIPUTEKABAT CHBBPIICHA LENUTEIHOCT, a MHOCWIMKATUTE Ca BIAKHECTH. ToBa € Jajlo0 OCHOBAHHE
MUHEpaJIUTe OT KJac CWIMKATU Aa ObJaT MOJeNCHH B YeTHpH Hojkiaca. ToBa € U eJHa OT Haill - 4eCTO
U3IONI3yBaHUTE KJIACU(PHUKAIIMK HAa CUIMKATHUTE MUHEPAIU, KOSTO € MOAXOIIA MIPH KPAaThK Kypce 1O

MUHEPAJIOT U

Hoakaac A: CWIMKaTH ¢ U30JIUPAHU TeTPaeIpHu U TeTPaeIpUYHU IPyNU

(OpTOCWIHKATH U COPOCHIHKATH)

KbMm monkimac A ce mpuyucisiBaT CHIIMKATHUTE MUHEpPAIH C CAWHUYHU TPy MU U C TPYNU OT JBa,
TPH, YETUPH U IIECT CHIIMIUN-KUCIOPOIHU TETpa enpu. Kpaiinute rpymnu,
KOUTO ce mojyuanar ca : [ Si207I6', I Si3OgI6', | Si40l2Ig', I Siéolgllz-. [IbnHEKBT MEXKAY OTIACITHUTE
rpynu e ot karuonu Ha Mg, Fe, Ca, Zr, Ti, Be, Al, Mn, Ce u np. B pesynrar Ha ToBa ce moyy4aBa
IUThTHA OTAKOBKA, TOpaaud KOETO MHUHEpAIUTe HMaT BHUCOKAa TBBPAOCT(HaA 6) M IUIBTHOCT U

KpUCTAIM3UpAT B KyOUYHA U MPEAUMHO B CPEAHUTE CHUHTOHHH.

) : by -.."’guqf.

v

@ur. 78. Cunuiui -KUCIOPOIHU TETPACIAPUYHHU TPYIIH

i

BEPWJIL.
XumuyeH cbeTaB: BesAlSigOgs. (Be-14.10%, Al,03-0,19%, S10,-66,90%). Cbabpika MPUMECH OT
Cs, Li, Mnu Na.
Cumertpus u ¢popmu. Kpucranusupa B xekcaroHainHa cunronus (¢ur.98). Kpucranute my ca

IJIOYECTH, MPU3MATUYHU U psanko wuriectd. Te ca OOMKHOBEHO HaOpa3[eHM MapajesiHo Ha

ocra‘“c“(¢wur.79)
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@wur. 79. Kpucranna popma Ha 6eput
Ocobenoctu. bepunbt € 3eeH 10 XbaTO3€]eH Ha UBAT. [Ipo3paunara u 3emeHaTa pa3sHOBUIHOCT Ce
Hapuya cmaparj, OJeocuHsTa - aKkBaMapHH, 4YepBeHO-kadsBaTa - MOPraHHUT, CBETJIIOpPO30BaTa -
pOCTepHT, KbiTaTa- xenuoAop. [IpomsiHaTta Ha 1IBETa Ha MUHEpaJia ce IBJDKU Ha MPUMECHUTE B HEroO (
xbiat or Fe?', cun or Fe', CMapargoBO 3€JE€H OT cr, pO30B OT Mn®* u Li ). He mputexaBa
nenutenHocT. TBepaocTTa € 7.5 - 8, a OTHOCUTENHOTO Tero - 2.65 - 2.90. bepunsT ce nuarHoctupa
10 XEKCAaroHaJTHUTE MY KPUCTAJIM U BUCOKaTa MY TBBPIOCT.

I'enesuc m Haxoamma. bepunbT €  XapakTepeH 3a TpaHUTHUTE mermatutu. l[lo-psako e
nHeBMaTonuTeH. M3BecTHH Haxonuina uma B Pycus, bpaswmus, Komym6us, Uranus(o.En6a) u ap. B
Meita (CAILl) e Hamepen OepuiioB KpucTai AT S m U 10 1.5 m B muamersp. Y Hac OepuiioBU
Kpuctanu ca HamepeHu B mermatutute ot Llentpamuna Cpenna ropa (MectHocTtta (CMHIOBEHE).

Cwmaparg e Hamepen B Puma (Ypaunute eszepa), a akBamapuH B llenrpanau (I'en1p00B0) 1 3anagHu

(Bummepwuna) Pogomnu.
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BEPUIN (-cmaparanPycus, konekuua P. [Masgepos-rope) (6epyn ot M. CmunoseHe,

KonpuBLieHcko , cmapara, bpasvnua,konekuma M. Tokmakdnea)

148



Ynorpeba. [Ipo3paynure 1 OLBETEHN Pa3HOBUAHOCTH Ha Oepuia ce U3IMO0I3BaT B OMXKyTepusaTa KaTo

CKbIOIeHHN MUHepanu. OT Oepuia ce 1oOuBa Be 3a pon3BOACTBO Ha JIGKU CILIaBH.

KOPAUEPHUT - nammenoBan ¢ B yecT Ha ¢penckus reosnor II. Kopaue CuHoHMMHUTE
Ha3BaHUs JUXPOUT U MOJUT CE€ U3IOI3BAT 3@ BUOJIETOBO OLIBETEHUTE KOPJIUEPUTH .
XumuyeH cberaB: Mg, Al;SisAlO;g . Ceabpxka npumecu ot Fe.
Cumerpuss u ¢opmu. Kpucranusupa B poMOnMYHA CHUHTOHHMS . XapakTepeH € NpU3MaTHYHUS

xabutyc 3a kpucranure My .Cpelia ce 1 B MACUBHH arperaTu
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Kopaneput ( Yexus, konekumna M. CTonHosa)

Ocobenoctu . Ha 1uBsAT e O€3IBETEH ChC CHBOCHUHHM WM KBITH OTTEHBIM . CTHKIEH OJIACHK .
Tewpmoct 7 - 7,5 . OTHOCHUTENHA TUIBTHOCT 2,57 - 2,66 , criopea mpuUMecHTe OT kelsa30. KopaueputsbT
TPYJHO C€ pasziuyaBa OT KBaplla MU TPYAHO ce ompezens. B cpaBHeHHe ¢ KOpyHJa MMa IO-HHUCKA
TBHpAOCT. KaTo auarHocTudeH Oener ce W3MOoJi3Ba Ha JTUYMETO Ha Meoxpou3bM.OT KBapua ce
OTIIMYaBa C KPUCTATHUTE POPMU
I'ene3uc u Haxoauma. KoopauepursT ce oOpaszyBa mpu MeToMopdHaTa MpoMsHa Ha OOoratu Ha
QTYMHHUN ¥ MarHe3uil CKaju | 10 - PSIAKO B IETMAaTUTOBUTE KUJIU. ToM € ckasiooOpa3yBail MUHEpas
B ChCTaBa Ha THaiicy U MKCTU . Y Hac ce cperia B PogomnuTe.
Ynorpeba. IIpo3payHusT KOpAUEPUT, KOUTO € OLBETEH C€ M3MO0J3Ba KaTO CKBIOLCHEH

MUHEpaJ, KaTo C€ Hapu4a BOJHHUCT car(up Uiaud JUXPOUT.

AHIAJIY3UT. HaumeHoBaH € Ha UCMAHCKaTa MPOBUHIMSA AHJATy3Usl, KbJIETO € HaMEpeH 3a

H’I)pBI/I II'bT.
Xumnuen cberaB: AlSiOs5(A1,03-62,98%, Si10,-37,02). Ceabpka npumecu oT Fe, Mg, Na, K,

Mn. XHacTOIUTHT € Pa3HOBUAHOCT, CbABbPIKAIla BBITIMIIHNU BKIKOUCHUA PA3II0JIOKECHU Ha KPBCT.
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Cumerpuss m ¢opmu. Kpucramuzupa B  pomOuuyHa cuHronus. Kpucraiure My ca abiaro

npusmatuaan. Hali-uecto cpemanu dopmu ca: {110}, {100}, {001}, {011} u {101}.

AHpanysut(xmactonut- Wcnauus —rope; anpanysut-gony Yenenape, «konekumss M.

Tokmakyunesa),).
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Ocobenoctu. L[BeThT Ha aHIATY3UTHT € PO30B, UEPBEH, CUB, KBJITOBAT WK 3eeH. [Ipurexana scHa
IEMUTEITHOCT M CTHKJICH OJIACHK. TBBpIOCTTa My € 7, a OoTHOcUTEeNnHOTO Terio 3.1-3.2. Onpenens
Ce IO MOYTH KBAJIPATHUTE CEYECHUS HA KPUCTAIMTE My, BHCOKaTa TBBPAOCT U L[BETA.

I'ene3nc u HaxoaMumia. AHJATY3UTHT € PETMOHAIHO - MeTaMopdoreHeH MuHepain. Haii - yecto ce
Cpellla B KOHTaKTHUTE 30HM HAa MHTPY3UBHHU C TJIMHECTH CKaJIM, a ChIIO B rHaiicu u muctu. Ilo -
PSIKO TIPUCHCTBYBA B merMatutT. M3BecTHO € Haxoaumiero B YalT Mayntun B Kamudopuus. B
bpazunus u llpu Jlanka ca HaMepeHHU NPO3pAvYHU 3€JICHH PA3HOBUAHOCTH, KOUTO C€ U3MOJI3yBaT
KaTo CKBIIOLICHHH MHHEpaJIXd. Y HAac € HaMepeH B NErMaTUTOBU JKWIM Kpaid rp. Yenemape.
AHIamy3uTBT € cKajmooOpa3yBall MHHEpad B KOHTAKTHO NPOMEHEHHM CKalu Kpai c. JlakaTHuK
(Codmiicko).

Ynotpebda. 3nonsysa ce 3a MpOU3BOACTBO HA OTHEYTIOPH WIIA KAaTO CKBIIOICHEH MHHEpall.

KUAHUT (AUCTEH) - ot rpbiku “ aum “ - aBe U ““ creHoe * - chmporuBisBaml. MmMeto my
MPOM3IIM3a OT JBOWHATA TBHPIOCT HA MUHEpajia W MOpaJar HEOSCHOCHHUS CH IIBSIT.

XumnueH cseras: AlLSiOs.

Cumerpusas u d¢opmu. Kpucranusupa B TpuKIMHHA CcUHTOHMs. Kpucraaure My ca ABIro

MPU3MATUYHU 10 ocTa “c”. XapaktepHu kpuctaiaau popmu ca: {100}, {010}, {001} u {110}.

Knanut (MYenenape,konekums M. Tokmakyunesa)

Ocobenoctu. Ha uBsr e reabs00BocuH. [IpoMeHs iBeTa cu mpu HATMYKME HA TPUMECH - TBMHOCHH (

ot Fe ), CHUB, 65[.]'[, 3CJICHOBAT, U OOpPU YCPCH. HpHTexcaBa CbBBbpIICHA HCHUTCIHOCT U CTBKIICH
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ossicbk. TBBpHOCTTA € 4 U 5 - mapajesHo Ha YABHKEHUETO U 6 - 7 - HalpeyHO Ha TOBa HallpaBJICHHUE.
OtHOCUTENNHOTO My Teryio € 6.5 - 7. Onpenenst ce MO CHHUSA UBST, ChbBBPIICHHATA IIEMTUTEIHOCT,
pa3nuyHaTa TBHPAOCT B 3aBUCUMOCT OT HAIllPABICHUATA U YJIBIDKEHUTE IUIOYECTH KPHCTAIH.

I'ene3uc n Haxoamma. KuaHuTsT € pernoHanHo meramopdoreHeH MmuHepai. Cpella ce B eApu
KpUCTQJIM B METMAaTUTH W KBapLOBU XuiM. M3BecTHH ca Haxomuma B CAIll, Munusa, Pycus. V nac
BJIM3a B ChCTaBa Ha IIKCTUTE Kpail rp.Yenenape ¢ npmwkuHa 1-2 1o 10 sm.

Ynorpeda. KnuanuThT ce M3mos3Ba 3a MPOU3BOACTBO HA OTHEYIOPH M KATO CKBIIOIIEHEH MHHEpAJI.

TOIIA3. HaumenoBan € Ha 0-B Tonazoc B UepBeHO Mope, KbJIETO HAMEPEHHS OJMBUH €
03Ha4Y€H B MUHAJIOTO MIOTPENIHO KaTO TOMA3.
Xumnuen cneraB @ AlLSiOs ( F,OH ), . (Al,O03-56,54, Si0,-33,22%, F-17,61%). Cwabpixka

npumecu ot Fe, Mn manko Na u K.
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®wur. 80. Kpucramna ¢popma Ha Tomasz
Cumerpuss u ¢opmu. Kpucramuszupa B pomOuuna cuHronus (¢ur. 80). Kpucranure my ca

NCCBAOU3OMCTPUYHHA 0 ABJTO IMPU3MATUIHU.
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Tonas(epmaHnus , konekumns M. Tokmakynesa)

Ocobenoctu. TomazpT € Oe3lBETEH, BOJHO - OUCTBpP, JKBJITEHHKAB 1O BHHEHO JXBJIT WIM CHH.
[IpurexxaBa chbBBpIICHA HEMUTEIHOCT U CTHhKIEH Osichbk. TBbproctTa € 8, a murbTHOCTTA 3.57 - 3.52.
JlmarnocTupa ce 1o ¢popmara Ha KpUCTAIUTE U BUCOKATa TBBPIOCT.

I'ene3uc u Haxoammia. OOpa3yBa ce B ErMaTUTOBU JKWIM, KOUTO €A MPUBBP3aHU KbM KHCEIH
ckanu. ['osleMn HaxonuIa Ha TOma3 ce HamupaTr B Ypan, YkpaiiHa, [lakucran, Manarackap, CAILI.
Hawmepenu ca xpucranu 10 40 sm. ppiokuHa. TomassT ce cpemta u B pascunu (BapHeHcko).

Ynorpebda. Tona3bT € CKBIIOLIEHEH MUHEpa.

CTABPOJIAT - ot rpb1KH “CTaBpoCc* - KPBCT.
Xumuyen cweraB: AlgFeSiO50 ( OH ), (FeO-16,70%, Al03-53,30%, Si0,-27,20%, H,O-
2,00%). Ceabprka npumecu oT Mn u Co.
Cumerpusi u ¢opmu. Kpucranmsupa B poMOWYHA CHHTOHHA. MHOTrO dYecTo ce€ cpemar
KpbCTOOOpA3HU CpacThlM, NOpacHAIM NOJ MpaB  BIBJI WM Koco. Kpucramurte My ca Kbco

npusmatuyHu.(¢ur. 81).
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®ur. 81.Kpucramna popma u cpacTblid Ha CTaBPOJIHT.
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CraBpomnut, Pononu, xoneknus M. TokmakuneBa
Ocobenoctu. Ll[BeThT Ha MUHEpana € ThMHOKa(sB, KadsBO YepEH WM KBIATO KadsiB 10 YEPBEHO
kadss. [IpurexaBa sicHa EMUTEITHOCT U CTHKJIEH OSCHK. TBBpAOCT 7- 7.5 U OTHOCUTENHO Tero 3.65
- 3.72.Pa3znnuaBa ce Mo XapakTepHHUTe KpucTanu u cpactbi (¢pur. 100).

I'ene3uc m Haxoauma. TunuyeH pernoHasHo MetamopdoreHeH munepan. OOpasyBa ce mpu
Meramop(o3aTa Ha CEJUMEHTHHM CKalld C IOBUIIEHO CBhIbpXKAHUE Ha AJIyMUHUH, NpPU CpeaHa
TeMmrepaTypa u HaisraHe. M3BecTHu ca HaxoaMiiara Ha ctaBpoiuT bperan BbB ®panmus, Tupoa B
Asctpus, n-oB Kona, IIseinapus, IOxxen Ypan B Pycus. ¥V Hac e Hameper B Cakap NaHMHA U
HenTpanau Pogonu.

Ynorpebda. [Ipozpaunnre pa3sHOBUIHOCTH CE U3MOI3BAT B OMXKYTEPUSITA, & CPACTHLUTE HA KPBCT CE

MpOJIaBaT KaTO aMyJIeTH C HUMETO “BBJIINICOCH KaMbK .

OJIMBUH. CunonuMu nepuaoT, Xpu30JuT. HanMeHoBaH € Ha 11BeTa My - 3€JIeH (MacIMHEHO3EIICH).
Xumuyen cberas: ( Mg, Fe ), Si04 (MgO-45-50%, FeO-8-12%).
OnuBuHbT € m3oMopdpHa cmec oT Pasut ( Fe,Si04 ) u popcreput
(Mg, SiO4 ) ¢ M3BecTeH mpeBec B ChABPKAHMETO Ha BTOpHs. Chabpika mpumeck oT Mn, Zn, Fe’”, Ti,
Al Ca, Ni
Cumerpuss u ¢opmu. Kpucranmusupa B pomOuyHa cuHronus. Kpucramute My ca
niceBaon3oMeTpuuHu (Gur.82) wnm awiaro miodect. Cpemar ce 3bpHe-

CTH arperaTi.

@ur. §2.Kpucranuu ¢popmu Ha OJIMBUH

Ocobenoctu. OMUBHHBT € MaciIWHEHO3eNeH a0 XBaAT. Dopcrepurbt ¢ Osut. [IpuTexaBa sicHa
LEMUTEIIHOCT U CThbKJIeH Oischk. [Ipo3pauen e. OOMKHOBEHO OWCTpHUTE KpUCTalM C€ Hapuyar
xpu30iuT. TBbpaOCTTAa MY € 6.5 - 7, @ OTHOCUTENHOTO Teryio- 2.27. Onenens ce 1o uBeTa, CTbKICHUS
ONSICBK M 3BPHECTHTE arperatd B ChCTaBa Ha 0a3WyHM W ynTpabasmuHu ckamd. Pasmara ce ot HCI,

kato oraeit nuxtuecT Si0;.
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OnusuH-orbpnuua, Pycus, konekuus M. Tokmakdnesa

I'ene3uc u nHaxoauma. ONMMBUHBT € TUIIMYCH MarmMaToreHeH MuHepai. OOpasyBa ce B yaTpabasuaHu
u 0aznyHM ckanu. Moxe aa ce oOpa3zyBa PH KOHTAKT - METAaCOMaTHYHATa IPOMSHA Ha JI0JIOMUT U
Mpamopu.J/3BecTHN ca HaxoQuIlaTa Ha KpUCTaIM OT ouBHUH B Ypan u HoBa 3enanaus. Y Hac ce
cpela B chCTaBa

Ha Oasnynam ckanmu B CeBepHa brirapus 1 MaHaCTHPCKUTE BUCOUYMHH.
Ynorpebda. OnuBuH ¢ HUCKO chabpxkaHue Ha Fe ( ¢opcrepuT) ce M3Mmoa3Ba 3a MPOU3BOJICTBO Ha

OTHCYIIOPpHU MaTCpualiu. XpI/ISOJ'II/IT’bT € CKbIIOUCHCH MHHCEpAJI.

HOUPKOH - ot nepcuiicku “ nap “ - 31ato 1 “ ryH “ - IBAT.
Xumuuen cberaB : ZrSi04. (ZrO-67,01, S102-32,99%). Coabpixa npumecu ot Th u penku 3emu
(Y), Ca, Mn, Mg,U (ThO2 o 15% u UO2 no 5%).
Cumerpuss u d¢opmu. Kpucranuszupa B TeTparoHasHa cuHroHus. Kpucraimure My ca
TICEBIOM30METPUYHH, OWIMUPaMUAATHA 10 npu3MaTHuHu win wuriectd (¢ur.83). Ilosmatm ca
cpactbim  TiaBHO 1o (101) m psiako mo (111) m (221), xaro mpopacteiu. Crnopen MB. Koctor

xa6HTyca Ha MHUHCpAJIAa 3aBUCHU OT CTCIICHTA HA IMPECHUIIAHC Ha pa3TBOPa U KOJIMYECCTBOTO IMPUMECU
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ot Na, K, Th, u, Tr, H20, kouto n30MoppHO y4acTBYBaT B CTPyKTypaTa My.

Ocobenoctu. LlupkoHBT € KBAT, KaQsABOUEpPBEH (XHAIWT), Oe3MBETCH (MATYpPCKH JHAMAaHT) [0
CBETJIOKBAT (’KaproH), CuH,3ejeH U KadsB. iMa 31aTUCT OTEHBK, OTKBJIETO UABA U HETOBOTO  HME.
[IputexxaBa HesiCHa UEMUTENHOCT. bISCBKBT My € CThKIeH 10 auamanteH.llopamum Bucokus
KOC(UIMEHT Ha JMUCIEPCUs MOKa3Ba Urpa Ha 1BeroBere. TBbpAocT 7.5. OTHOcuTeNnHO Terio - 4.7 -
3.9. OTHOCUTEHOTO TEIJIO HaMallsgBa MPH MPOMsiHA HA MUHEpasa. BakHu auarHoCTHYHH Oene3u 3a
pasmno3HaBaHETO Ha IUPKOHA Ca HETOBHUS IBSAT, XapakTepHutre Gopmu Ha Kpuctanmre ( Gur.83 ),
OnsichbKa, BUCOKATa TBHPIOCT U OTHOCUTEIHO Teryo.llMpKOHBT mpuTekaBa CHIHO JIbYEHpedyIBaHe.

PastBapst ce 6aBHO B KOHILIEHTPUpPAHA CSIpHA KHCEIHHA.

@ur. 83. Kpucranuu ¢popmMu Ha HUPKOH.

FeHe3nc u Haxoamwa. LIMpKOHBT Ce cpella KaTo akueCopeH MWHepan B MarMeHute u
mMeTamopdHUTE ckanu. B nermatntoBute XMnm ca cpewiat no - egpu kpuctanu. Nopaawn
HeroBaTa YCTOMYMBOCT Ce KOHUEHTpupa B pascunu. o - ronemmn KonmyecTtBa OT LUPKOH ca
ycTtaHoBeHu B Muack (MnmeHckute nnaHuHu-Pycus), Xutepbo (Hopeerus) n Magarackap. Y
Hac NpUMCbCTBYBa KaTO akLeCoOpeH MWHepan B rpaHuTUTE, B CPeOHO KUCEeNn MarmMeHu u
MeTaMopdHN CKanu, B nermaTnToBm Xunu (3naTorpagcko) n B nAcbUmMTe Ha YepHOMOPCKOTO

HWN Kpanbpexne.
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[{upkoH B mAchUMTE OT 10KHOTO YepHOMOpCKO Kpaitbpexue, konekius P. ITaznepos

Ynorpeba. llupkoHBT ce n3mon3Ba 3a 100MB Ha HIUPKOHUH, XapHUN
U penku 3eMr . Kato CKBIIOIEHHM MHHEpald HaMHpaT NPUIIOKCHNE

HCTOBUTC 6I/ICTpI/I n 663HBCTHI/I Pa3HOBHUIHOCTH: XHUALIUT U KapTOH.

TUTAHMUT. HanmernoBaH ¢ Ha checTaBa My. CHHOHHM - CeH (OT Ip.KIJIMH).
XumnueH cbeTaB: CaTigiOs. Chabppika mpuMecH OT PEIKH 3€MU, XHAPOKCUIHYU TpynH, F, Mn, Fe,
Al, Mg, Zr, Nb u npyru.
Cumetpus u ¢popmu. Kpucranusmpa B MOHOKIMHHA CUHTOHUS. Kpucranure My ca KIMHOBUIHH C
Haii-uectu popmu: {100}, {111},{001}.

Ocobenoctu. TUTAaHUTBT € MEIHOXBAT, Ka(sAB, CHUBO3EJIEH, pPO30BO UYEpPBEH 0O
yepeH.[Ipurexana sicHa EMUTETHOCT U CTHKJICH 10 AMaMaHTeH OnsAchK. TBBpaOCT 5.5 v mbTHOCT 3.4
- 3.56. TutaHuTHT ce ornpeens Mo KIMHOBUAHATA (POpMa Ha KPUCTATIUTE, CUITHHS OJIICHK M LIBAT.

I'ene3nc n Haxoamma. Toil € akIIeCOpEH MUHEpal B CPEIHU U
KHCENM MO CHhCTaB MarMeHW CKalM, B MErMaTUTOBH JKWJIHM, @ CHIIO M B THailcu u aMmpubOIuTH.
W3BecTHH ca HaxoauIla Ha TUTAHUT B MIMMEHCKUTE MIaHUHH, KBIETO ca HAMEPEeHH KpucTamu ao 15
cm rosiemuHa, B llIBeinapus, kakto u Ha noiayoctiaoB Kona (Pycus). Y Hac ycTaHOBEH B CUEHUTUTE

ot Buroma ( kpuctamm 10 4 cm ), TpwHCKO, oT [TnoBmuBckute Tenera, bypracko, ampuOoIuTH OT
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Ponomnure,Buroma-go 4sm roineMuHa
VYnorpeba. [Ipu 1o - rosemMu KOJIUMYECTBA THUTAHUTHT C€ M3MON3yBa 3a Ao0uB Ha TiO2 u 1o -

PAIKO B OMKyTepHsTA.

I'PAHATM. Ilo BeHIIEH BUJ NpUiIMya Ha 3bpHaTa Ha Hapa ( Punica granatum ), oT KbaETO
WJIBa U UMETO MY.

Xumuuen cberas: R75, RY, [Si04]5, kbaero R* e Ca, Fe, Mg, Mn, a R*"e Al Fe, Cr. Chabpxa
npumecH ot Ti, Na, Y, Zr u V.Crnopen cbcTaBa rpaHaTHTE c€ paslpelesaT B JABe peauuu. Mexmy
YJICHOBETE Ha TE3W PEAUIM ChHIIECTBYBa M30MOp(HO cMecBaHe. [lo - MMPOKO pa3mpoCTpaHEHUTE B
MpUpoJaTa ca MUPOI, AIMAHAWH, TJIIOCYIap U aHAPAIUT.

Cumerpusi u dopmu. ['paHatute KpuCTaIU3UpaT B KyOWM4Ha cuHTOHMs. Kpucramute my ca
poMOoOI0ACKAaCAPUYHA U TeTparoHTpuokTaeApuyHu. dopmaTa UM 3aBHCHU OT CHhCTaBa U BBHTPEUIHHS
CTPOEXK. CpelllaT c€ 3bPHECTH WM MACUBHU arperari.

OcoOenoctu. [[BeThT Ha TpaHaTUTE 3aBUCH OT TEXHHUS CbCTaB. [IMpOmbT, amMaHIUHBT U
CHEeCapTUTHT Ca 4YepBeHHU, KadsBO UYEpBEHH WJIM PO30BO UEPBEHH, a TpoCyIapbT, aHAPAJAUTHT U
YBapOBUTHT Ca KbBITH, KBITO3EICHU, KadsBU WIH CMAparaoBo 3eleHu. HaMar sicHa LenuTeNHOCT
B cbKBT € CTBbKJIEH, JUaMaHTeH A0 MacTeH. TBbpAOCTTa MM € pasjidyHa. 3a TpaHATUTE OT
alMaHANHOBaTa peauna (T. Hap. mupaiacnuTh). Ts e 7.5, a 3a Te3W OT aHApaguTOBaTa peaula (T. Hap.
yrpaHauTH) - 6.5.

AJIMaH/IMHOBA peauna ( MUPAJICIUTH):

[MUPOIT - Mg3Al,[Si0O4]; - gepBeH, sTHOCT. 3,71, TB.7,5.

AJIMAHJIMH- Fe;Al;[SiO4]3 - xadsiBo wepBeH, mirbTHOCT. 4,32 , mB. 7,5 CIIECAPTHUH - Mn;
Al;[SiO4]5 - uepBen, rsTHOCT 4,18, TB. 7,5

AHJpaauToBa peauna ( yrpaHIuTH )

['POCVYIIAP - CazAl,[Si04]5 - xbaT, KadsB, TUIbTHOCT 3,53, TB.6,5

AHIIPAINT - CasFe;[Si04]; - xbaTO3CNEH , KasB , IIIBTHOCT.3,83,TB.6,5

YBAPOBUT - Ca;Cr;[S104]; - cMaparmoBo 3emneH ,IurbTHOCT 3,78, TB.6,5
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'panaTtn, orbpnuua, Pycus, konekuma M. Tokmakunesa

I'panatuTe ce AMAarHOCTUpAT MO U30METPUYHATa (hOpMa Ha KPUCTAIUTHE UM,0JI5IChKa U 1IBETA.
I'ene3uc m Haxoamma. ['paHature ca  MarMaToreHHW (MUPAJICIUTUTE) M PErHOHAIHO -
Metamopdorennun (yrpanautute). [TupombT NpHCHCTBYBa B yNTpaOasMUHUTE CKaJM, C KOUTO ca
CBBbp3aHU HAXOJUILATa HAa JUaMaHTH. EApu kpucTaim oT rpaHaT ce cpeliar B IerMaTUTOBH JKWIIH.
TakuBa ca Haxoaumara B Kapenus, Ypan, Skytus (Pycus), [lencunBanus (CAILL), Yexus u Unaus.

VY Hac T'paHaTu Ca HaMCPCHHU B IICITMATUTOBUTC XKWL OT PI/IJ'Ia, HCHTpaJIHOTO CpenHoropHe, B
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MGT&MOp(l)HI/ITe CKaJIx OT POI[OHI/ITG N B KOHTAKTHO - MCETAaCOMAaTHUYHHUTC CKaJId OT CTpaHI[)Ka.
[Topagu ycTOMYMBOCTTA CH I'PAHATUTE CE€ HATPYNBAT U B HAHOCUTE HA PEKUTE.
Ynorpebda. ['panatute ce W3MONA3BAT KaTo aOpa3sWBEH Marepuaj, a NpPO3pavyHUTE W KPaCHUBO

OLBCTCHU PA3HOBUIHOCTH - B 6I/I)I(YTepI/I$ITa.

BE3YBUAHMT - ot BysikaHa Be3yBuii, Kb1€TO € HaMEpEH.
Xumnuen cberaB: Cajg(Mg,Fe),Als[Si04]5[S1,07]2(OH)4. Chabpxka cbimo Fe, Mn, ankamuu, F, B
u COs.
Cumerpuss m ¢opmu. Kpucramuszupa B TeTparoHaiHa cuHronus. Kpucramure My ca
IBITONMPU3MATHYHA 10 KbconpuamaTuaau (¢ur.104 ), copen ycrmoBusita Ha oOpasyBane.Haii-uecto

cpemann popmu ca {110}, {111}, {001}. MunepanHuTe arperaTd ca 3bPHECTH WJIH CTHJAOYATH.

il

BeaysuaHut (M. Manactnpcka MaHgpa, Puna, konekuus P. Na3gepos)

Ocobenoctu. Be3yBuanutsbT € kadsB 10 YEpBEH, 3€lIeH J0 XKBIT, paako cuH. [IpuTexaBa HescHa

LETUTEITHOCT U CTBHKJIEH OJAChK. TBBbpIOCTTa MY € 6.5, 2 OTHOCHUTEIIHOTO Terio - 3.33 - 3.45.
I'ene3uc u Haxoauma : Toil € THMMYEH KOHTAKTHO- MeTacoMaTuyeH MuHepai. Cpela ce ChIlo B

rHaiicu 1 ampubonutu. M3BecTHu ca Haxonumata My B Ypan, Skytus ( Pycus) . YV Hac xyb6aBu

BE3yBUAHUTOBU KPUCTAJIM C€ CpelaTr B pailioHa Ha ManboBuua, YpAauHUTEe e3epa, bemus ynyk u

Cenemre puicku e3zepa ( Puna ) ,MaakoTbpHOBCKO.

Ynotpeoba . [1o - 1o6pe ohopMEHUTE KPUCTAIM MOTAT JIa C€ U3IMOJI3BAT B OMXKYyTepUATa .
EIINAOT - ot rppuku “ enupo3uc “ - yenundeHue. Toa mme My naBa Ou, T Karo

HAInpe4yHOTO CCYCHHUEC HAa KPUCTAJIUTE HE € p0M6, a Mapajuejorpam ¢ €IHakKBU CTCHH.

Xumnuen cberaB: CayAlLFeSi;05, (OH). U3BecTHu ca pazHoBUIHOCTH, Chabpskan Mn, Cr, Pb,
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Sr, V, Mg n ankammu.EnuaorsT mpencraBisBa m3omoppHa cmec Mmexay CaAl,SizO(OH) u
CazFe3Si3012(OH).

Cumetpus u popmu. Kpucraimsupa B MOHOKIMHHA CHHTOHHS. Kpu-

CTaJIUTE My Ca YABJDKEHHU MO OCTTa “C” , a arperature ca 3bPHECTH, MACUBHH, PaJHAIHOIBUYECTH,
WTJICCTH WIH IUTHTHH.

Ocob0enoctu. [[BeThT HA emMHUIOTa € CBETJIO - IO CUBO - 3€JICH, TPEBUCTO 3€JICH, 3¢JICHO KadsB,
TBMHO3€JIEHO - KadsiB 10 dep. [[MeMOHUTHT € enmuaoTOBa Pa3sHOBUIHOCT C PO30B JI0 YepBEHO KadsB
LBST, IOpPaAy IPUCHCTBUETO HA MaHTaH. TBbPAOCTTA HA enua0Ta € 6.5, a OTHOCUTENHOTO Terio € 3.35
- 3.5. TlpuTexxaBa CHBBPIICHA LEMUTEIHOCT M CTHKIEH OJIICHK, OCOOCHO B PaJUAIHONBYNCTUTE U
WTJIECTH arperatu. XapakTepHU TUOArHOCTHYHU OClIe3H 3a EMUI0Ta Ca HETOBUS TPEBUCTO 3€JICH IIBST,
WUTJIECTUTE MY KPUCTAJIM U CTHKJICHHUAT OJISCHK.

I'ene3uc n HaxoauIa. EHI/II[OT’bT € NPCAUMHO KOHTAKTHO - MCTACOMATHYCH U XHUAPOTCPMAJICH

munepad. [1o - enpu kpucranu ce cpe-
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Enngot( Pogonute, konekums P. lMasgepos-rope, Pogonute- konekuus M. Tokmak4ymeBa,
nony)

mar B XUAPOTEPMATHHM JKUIUM W TMPU 3albIBaHE MHUHJAINTE BHB BYJIKAHCKUTE CKanu. Tol e
XapaKTepeH 3a PErHOHATHO - MeTaMOp(HM CKaau 0o0pa3yBaHM TPH IO - HUCKA TeMIlepaTrypa H
HajsiraHe ( emuI0T - XJIOPUTOBH IKMCTH). M3BecTHM Haxomumia Ha enmuaoT ca Apennan (Hopserus),
KuanenBang (Anmurte-ABctpusi) 1 AxmaroBck (Ypan-Pycus). Y Hac ca HamepeHU eipy eMuI0TOBU
kpuctanu B Kamuicku non (U3rounn Pogonu) no 80 sm, kpait c. HoBa Maxana - [lemepcko (¢ur.105
), Manko THpPHOBCKO

Ynorpebda. TemHO3eIeHUTE U 10Ope 0OPMEHH KPUCTAIA UMAT IOBETMPHA KadecTBa.

AJIAHUT (Ce). HaumeHnoBaH € B YecT Ha IIOTIAHACKHM MuUHepaysor. CHHOHUM - OPTHT , OT
rphlKaTa AyMa ‘’opToc’ - Ipas.
XumnueH cberaB: (Ca,Ce)y (Al Fe);Si3012(0,0H). Ceabpxa npumecu ot La,Be,Mg, Mn u Th .

Cumerpust 1 ¢popmu : AIAHUTBHT KpUCTAIM3Mpa B MOHOKJIMHHA cHMHroHus . Kpucranure my ca
MPU3MATUYHH, YABIKEHH WIH IUI0YECTH.

Ocobenoctu. 1[BeThT Ha anaHuTa € CMOJIECTOUYEPEH WM ThbMHOKa(SB.BIsSCHKBT My € CTBKICH WIIH
cmoJiecT. OTHOCUTENIHOTO TerIo Ha MuHepana € 3,6. TeepaocT 6.Yecto e paauoaktuseH. Onpenens

C€ I10 IBE€TAa CMOJICCTHUAT OJACBK M CHJIHATA PaaArOaKTUBHOCT.
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Ananut, Pogonu, xoaexnusa M. CroiiHoBa

I'ene3unc n Haxoauma. Tol e akuecopeH MHUHEpPAN B TPaHWUTH, THaMl-
CU U B TPAaHMTHM IErMaTUTH. Y Hac ce cpema B nermMaruture oT [limana mianuna u B Pononure . Ilo-
BaXHM Haxonuia uma B Hopserus, lBeuus, Ypan u npyru.

Yrnorpeba : 32 100MB Ha PeIKU 3€MHU U TOPHIA.

TYPMAJIMHU. C TOoBa mMe € OWJI JOHACSH, KaTo cKbIonieHeH MuHepan ot Llpu Jlanka
(Iletinon) B Xonanaus.
XumuueH cberaB: Na (Mg, Li, Fe, Al)Als(BO3)3(SicO13)(OH)4. B rpynara ca u3BecTHu 4jeHOBE
OT PEIUIH C YCIOXKHEH cbeTaB. Benuku e cpabpxaTt B,Os ot 9 mo 10 %.
Cumerpusi u dopmu. Kpucrasmsupa B TpuroHamHa cuHroHws. Kpucramure My ca KbCo- [0
aparonpusMaTiuHu (¢ur.84 ). Te ca mpuxoBaHM NHapa-JeJHO Ha octa ‘“c* . Arperature My ca

paaruaIHOIBICCTU (TpraJ'II/IHOBO CIIBHIIC ), HIJICCTU UK 3BbPHCCTH.
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@wur. 84. Kpucranna ¢popma Ha TypMallnH
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TypmanuHn (rope-wepn-Butowa, konekums M. TokmakuneBa, Bepaenut-cpega, pybenut-

pony, Pycus, konekums P. MNMasgepos)

Ocobenoctu. TypMaTuHBT € € pa3IMyeH LBAT: 4epeH (1epi),3eideH (BapAeiuT ), CUH ( MHIUTOJIUT
), PO30B ( pyOenuT ), MaTMHOBO YEPBEH (alUpHT), XKbIATO3eIeH (ApaBuT) U Apyru. [Ipu Hsikon obpasiu
[0 IBJDKMHATA Ha KpUCTala ce HaOJoJaBaT pPas3jIMyHO OIBETEHM MBMIM. Te ce O3HayaBaT KaTo
NOJUXPOMEH TypMaiMH. L[BeThT Ha MMHepana 3aBUCH OT XMMHMUYHHMS CbCTaB HAa MHUHEpana U OT
Hann4yuero Ha npumecH. [Ipurexasa HescHa LenuTeaHocT. TBbpaocTTa My € 7 - 7.5. OTHOCUTEIHOTO
Terjao ce npoMeHsa ot 2.9 no 3.27 (3a mepna).llpu HarpsBaHe,HaTUCK WM TPUEHE TYPMAIUHBT CE
HaeJeKTpe3upBa pas3IMYHO B JiBaTa Kpas Ha Kpucraia (OUpO- W MHE30- €JNeKTpUYeH. BaxHu
JMAarHOCTHYHU Oene3u ca popMara Ha KpUCTAINUTE, TAXHATA IIPUXOBKA,l[BETa U BUCOKATA TBBPAOCT.
I'ene3uc n Haxoamma. OGpa3yBa ce B MErMaTUTOBU M IMTHEBMATOJIUTHO - XUJPOTEPMAITHU KUJIIH.
UYepHuTe TypMaluHU Ca IO - BUCOKOTEMIIEPATypHU OT 3€JIEHUTE U Po30BUTE. CBETOBHO W3BECTHU
ca Haxoaumiara Kopusan (Anrnus), [lefitanka u Myp3unka u 3abaitkanueto (Pycust), Manarackap,
[pu Jlanka, Kanmudopuus (CAILl). Po3oBu u 3emenu TypmanuHu ca HamepeHu Ha o.Emnba (Mramus).
VY Hac ce cpema Ha Butoma, [1nana u Cpenna ropa.
Ynorpeda. TypManuHuTe, KOUTO Ca KPacHUBO OLIBETEHU CE€ H3MON3YBaT KAaTO CKBIOLIEHHU

MHHCpAJIN. Te ChbIIO CC UBIOJIYBAT KATO AAaTUYWIU, IOpadr MMHUE30CIICKTPUIHUTC UM CBOICTBA.

XEMUMOP®UT. Hazpanuero mnpousnusa oT XeMumoppHuTe (HOPMH HA KpPUCTAIHUTE
My.CHHOHMM KaJlaMUH (Ha JJATUHCKH “‘KaJlaMyC -TPbCTHKA)
XumuyeH cberaB: ZngSi,O; (OH), H,O (Zn0-67,49%, Si0,-25,01%,H,0-7,50%). Coabpxka
npumecu ot Pb, Fe, Ca u npyru.
Cumerpus u opmu. Kpucranuzupa B pomOuuHa cuHronus. Kpucranure My ca xeMumMophHHU WiIn
CTaJIAKTUTOBU/IHU, OT KbJETO UJBA U
nMeTo My. MuHepalHUTe arperaTi ca BIaKHECTH, paJAuaJIHOIbueCcTH, OBb0-
PEKOBHUIHH WM 3bPHECTH.
Ocobenoctu. XemumMopputsT € 651 10 Oe3uBeTeH. [Ipyn Hanmuyue Ha TPUMECH € CHHBO - 3€JIeH
10 kagsB Ha UBAT. [IpuTekaBa ChBbpIICHA HEMUTEIHOCT. TBBPIOCT
5. OtHocurenHo Teryo € 3.45. Pa3rBopuM € B cojiHa KHUCEIMHA Mpu 3arpsiBaHe. [Ipo3paueH e u uma
cThKIeH Omsichk. Tol e mupo- u muesoenekTpuk. Ompenens ce mo dopmara Ha KPUCTAIATE M

pastBopumMoctTa My B HCI.
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XemumopduT,( Pogonu, konekuma M. TokmakdneBa)

I'ene3uc u Haxoauma. OOpasyBa ce Ipu CylnepreHHaTa mpoMsHa Ha IMUHKOBH cyiiduau. Cpemia ce B
30HaTa Ha OKHWCIICHHE Ha OJOBHO IMHKOBHTE Haxoaumia oT Pomomure 3aemHO C aHIVIE3UT WU
CMUTCOHHUT.

YHOTpeﬁa. HpI/I IIO-TOJIEMHU KOHIICHTpAalIu C€ U3II0JI3YBa 3a I[O6I/IB Ha IIUHK.

IMoakimac b: CniMKaTH ¢ HeNIPEeKbCHATH BEPUIH OT TeTPaeapH

(MHOCHJIMKATH)

B CTPYKTypaTa Ha TC3U CHUJIMKATU CTOAT CAMHHUYHU U JBOMHU BCpUT'U OT TCTpACOApPHU. 3a CAUMHUYHHNUTC

. 2- . 4-
BEpPUTH, KOUTO Ca XapaKTEpPHU 3a MUPOKCEHHUTE, aHMOHHUAT KoMmiuieke € [Si03]” mmm [S1206] 7, a 3a
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JIBOWHHTE (Xapak TEpHH 32 aM(PHUOOIHUTE) CHOTBETHO [Si4011]6' 503054 [SigOzz]lz'. YacT OT cuiIuIus B
TE3W KOMILUIEKCH MOXe T a ObJie 3aMeHEeH ¢ anyMmuHuil. Bepurure ca mapanennu Ha octa “c*. Ilo Ta3m
MpUYMHA TE€3W CUJIMKATH CE€ HapuyaT OLIE BEPUIKHU WIM BIIAKHECTH. B ChOTBETCTBHE € TAXHATa
CTpYyKTypa T€ MMaT BIAKHeCT cTpoex. Kpucranure uMm ca mpu3MaTUYHU (KBHCOMPH3 MATHUHU 32
MUPOKCEHNUTE U IO -ABJIT0 MPU3MATUYHU 3a ampudonute).
I'pyna Ha nupokcenurTe

Owu e cmsTa, 4e NUPOKCEHNTE Ca HECBOMCTBEHU 3a MarMeHH ckaiu. HanMeHOBaHMETO UM HaBa
OT TPBIKUTE TyMHU- OT'bH U KCEHOC - Uyk1. J[BajeceT u nBaTa BUAA OT MUPOKCEHUTE CE€ MOJECIAT Ha
MarHe3ueBO - JKEJIE3HH, MAHTaHOBO - MAarHe3WeBH, KaJIIUEBH, KAJIIMEBO - HATPUEBH, HATPUEBU U
mutueBn.[lo - mmpoko pasnpoctpanenn ca : EHCTATUT - Mg,Si,0¢, JUOIICU]] - CaMgSi,Og,
XEJAEHBEPTUT - CaFeSi;0s, MOXAHCEHUT - CaMnSi;Os, ABITUT - (Ca, Mg, Fe ),Si,Os,
ETUPHH - ( NaFe’")Si,0¢ u CIIOJYMEH LiAlSi,Os.

@ur. 85. BeprwkHU CTPYKTYpH Ha MHOCWIMKATHTE: rOpe-eIUHUYHHN O€3KpailiHu BEpUTU U J0JTY-

JBOWHU O€3KpailHu BEpUTH OT CHIIMLUI-KHCIOPOIHH TETpaeipH

EHCTATHUT - or rpbuku “ eHcTaroc “ - MPOTHUBOIOCTABAIL CE, MOpPagud BHUCOKATA MY
orneynopoct. XUIMEPCTEH -or rpbuku “mMHOro cuwieH”, TbH KaTo ce € IpelroJarajio, 4e
TBBPIOCTTA My € TIO-BHCOKA OT Ta3H Ha aM(puOOINTE, OT KOUTO TPYAHO CE pa3INyaBa.

Xumu4deH cbeTaB: Mg,Si;Og. XunepcrensbT uma 50 % depocmnuroBa chetaBka - (Mg, Fe) SiOs,

a OpOH3UTBHT OTroBaps Ha OeleH Ha kensu30 xunepcreH. Chabppkar nmpumecu oT Al. XumepcreHbT U
OpOH3UTBHT Ca Hal-4eCTO CpelIaHuTe MUHEpaiIu oT u3omopdrara peauna: MgSiOs-FeSOs.

Cumerpuss u ¢opmu. Kpucrammsupa B pomOuuHa cuHronus. Kpucrammre My ca Kbco

IprU3MaTUYHU.
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Encrarur, Pycus, konekuus P. I1aznepos

Ocobenoctu. [[BeThT Ha MUHEpAIUTE € CBETIIOKA(SIB 10 CUB, KOTaTO € OeJIeH Ha JKesI30 3a OpOH3UTA)
U 3eJIeH 10 KasB - 32 OoraTuTe Ha JKEJSA30 Pa3HOBUAHOCTH (3a xurepcTeHa). LlenurenHocrra e sicHa.
TewpmocTTa € 5 - 6, a oTHOCUTENHOTO Teryo € 3.15 (3a edcrarura) U 3.90 (3a xumepcrena). Mmar
CTBKJICH OJIICHK. boraturte Ha *kemns30 pa3HOBUIHOCTH TPYIHO CE Pa3indyaBar oT aBruta. OOMKHOBEHO
ce TUarHOCTUPAT I10 IIBETa U OJIACHKA.

I'ene3nc m Haxommma. M nBata MuHepana ce ChABPKAT B ChCTaBa Ha YJITpabOasU4UHUTE U
0asuuHUTE CKaIM. EHCTaTUTHT M XHUIIEPCTEHBT ca BUCOKOTEMIIEPATypHH U 1O cxemaTa Ha boyeH ce
oOpazyBaT 10 - paHo. EHCTatuThT ce oOpa3yBa M NMpHU KOHTAKTHO - METACOMATHYHA MPOMSIHA Ha
BapOBUTH cKallk, oborareHn Ha Mg. OT TO3M TUN € HaXOAMIIETO Ha EHCTAaTUT npu TermemapkeH
(Hopserust). Y Hac €HCTaTUTHT ydyacTByBa B ChCTaBa Ha yiTpabasmyHuTe cKanmu oT Pomonmre, a
XHIIEPCTEH - B TaOpoBHTE CKamn 0T CpeTHOTOPHETO.

Ynorpeda. XunepcTeHbT W €HCTATUTHT Ca BAKHU CKalooOpasyBalll MHUHEpPAId U HIMAT

MIPaKTUYECKO PUIIOKEHUE.

JIAOTICHUJ], XEAEHBEPTUT, MOXAHCEHUT, ABI'AT. ViMenata UM MMaT pasiducH
npousxon. JuomcuabT MMa JBE PA3NUYHU PA3HOBUAHOCTH, KOUTO ca OWIM TpuUEeMaHu 3a JBa
pa3IUYHA MHUHEPATHH BHUJA (IUC “-TBOCH” W “‘OrCUC”- sBsBaIia). XeIeHOSPruThT € HANMEHOBAH Ha
mBeackus xuMuk JI. XenenOepr, a HOXaHCEHUTHT HAa aMEPUKaHCKU MUHepasor. FIMeTo Ha aBrura e ot
OJIeCTAIUTE My CTEHH (OT TPBIIKH  aBre”- OJISICHK).

Xumuyen cneraB: [Jluoncua ( CaMgSiOg ). xernmenOeprutr (CaFeSiOg), HoxaHceHUT (

CaMnSi,04), aBrur (Ca(Mg, Fe, Al)(Si,Al),O¢). Coabpxatr npumecu ot Cr, Ti, Fe, Al, Zn, Na u
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JIPYyTH €JIEMEHTH.
Cumetpust u ¢opmu. Kpucranmmsupar B MOHOKIMHHA cuHTOHMS((ur.86) Kpucranmure um ca
KBbCONPU3MATUYHM (32 JUOICHAA) A0 ABITONPU3MATHYHM, UIJIECTH MM PaJUalIHO JIb4YecTH (3a

XCHJIEHOepruTa U HOXaHCEHHTA).

@ur.86. Kpucranna ¢opma Ha aBrur

ABrut (Yexus, konekumns M. Tokmakumesa).
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Owvoncng (Pycus, konekums P. NMasaepos)

i ,‘grg Z 2

L - P - “

WoxaHceHuT 1 xeaenbeprut (PogonuTte, konekuus M. CToiiHoBa )

Ocobenoctu. JMoncuabT € 3€leH, XeAeHOePTUTHT € ThMHO3EJICH 10 Ka(sBO3eJIeH, HOXaHCEHUTHT -
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pO30B, a aBrUTHT € UepeH. IBbpaocTTa UM € 5 - 6, a oTHOcuTenHOTO Terio 3.3 - 3.5. XapakrtepHu
Oenme3m 3a MaKpPOCKOIICKOTO WM pa3lO3HaBaHE ca IIBEeTa, OJsChbKa, XapakTepHUTe (QopMH Ha
KPHUCTAJIMTE ¥ TUIIA HA arperaTure.

I'ene3uc u Haxoauma. /[uoncuapT, HOXaHCEHUTHT U XEHACHOEPTUTHT Ca TUITMYHH KOHTAKTHO -
METACOMAaTUYHH MHHEpPAIM W Y4aCTBYBAaT B ChCTaBa Ha cKapHuTe. JlMoncuabT Moxe na Obae
MarMaToreHeH M PETHOHATHO MeTaMmopdoreHeH. ABTUTHT y4acTByBa B ChCTaBa Ha Oa3W4HU W
CpEeOHOKHCENM  KaTo radpo, aHIE3WT, HUOPUT M IPYTH CKAJIHW,IIOpaJd KOETO Te ca IIMPOKO P
a3MPOCTPAHEHH.

Ynorpeda. Cxanure, B YUHTO ChCTaB yUyacTBYBAT C€ IMOJI3YBaT KaTO JCKOPATHBHU MaTepHalIu.

Hp03paqH1/1Te PASHOBHUAHOCTHU Ha AUOIICHAA CC U3IIOJ3BAT KAaTO CKBIIOUCHHU MHUHCpAJIU.

ET'MPUH- HanmeHoBaH € B 4eCT Ha CKaHAWHABCKHs Oor Ha MopeTo ’Erup”.
XumnueH cberaB: NaFeSirOg. ErupunsT € ankaneH nUpoKCeH.

Cumerpuss m ¢opmu. Kpucrammsupa B MOHOKIMHHA CcHHroHus. Kpucranure My wumar

MPU3MATHYCH XaOUTYC.

ermpuH-lepy, konekuus P. MNa3gepos
Ocobenoctu. Ha 1BsaT € ThbMHO3eneH 10 uepeH. TBvpaoct 6 - 6,5./luarHoctupa ce Mo
XapaKTePHUTE YABIDKCHU NMPHU3MATHYHHU KPHUCTAJH, 3€JICHHUS IBSAT M acOIMAIMATa My C aJlKaJIHU
am@uOou, aBruT U (PenAInaToOn M.
I'ene3uc m Haxoguma. ErupuHsT € ckanooOpasyBalll MUHEpall B ChCTaBa Ha aJKaJIHU CKaJH.

Cpemia ce xpaii ¢. CBunns (Codwuiicko).
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I'pyna na am¢puodosmre

O6mara gopmyna Ha amdudoaute € Ag.1B,CsTsO2, (OH,F,Cl), xpaeto A e Na, K ; B - Na, Li,
Ca, Mn, Fe2+, a T - Si, Al. Cnopen cbcTaBa Ha KaTHOHHUTE T€ C€ MOJENAT Ha YETUPH TPYIU: IbpBaTa
rpyna o0eirnHsIBa pOMOMYHU ¥ MOHOKIMHHU aM(uO0IM, a ocTaHAINUTE - MOHOKIUMHHM. Tlo - mmpoko

pa3npoCTpaHEeH! B MPUPOIATA ca:

Fe - Mg - Mn am¢uboau

AHTO®UJIUT - (Mg,Fe);SigO2( OH ),
Ca amdudonn

TPEMOJIUT - Ca,MgsSi30,,( OH ),
AKTHUHOJIUT - Cay(Mg,Fe)sSisO22( OH ),

Na am¢puodoam
AM®UBOJIN - NaCa, ,MgAlFe);SiAl)sO2(OH)

aJKagaHu ampudoIn
I'IAYKO®AH - Na,Mg3;AlLSi3022(OH),
PUBEKMUT - Na,Fes*" Fes*'Sis0,, (OH),

AHTO®UJIUT ( OT IATHHCKOTO HAUMEHOBAHKE HA JICTEIINHATA).
Cumetpus u ¢opmu. Kpucranusupa B pomOuyHa cunronus. Cpema ce BbB BIAKHECTH WIIU
panuanHo TBYECTH arperaTu.
Ocobenoctu. Ha mBsaT e Osur go Omenosenen wim  OnenoxadsiB (6orat Ha Fe). Ilpurexapa
ChBBPIICHA IEMUTEIHOCT. TBBPAOCT OT 5.5 A0 6 mpH YyBEIWYEHUE CHABPKAHUETO Ha KEIA30 M
OTHOCUTENHO Terio oT 2.8 u 3.4. OT ocTaHaIUTEe MHUHEPAIH OT Tpynara Ha aM(puOOIUTe ce OTINYaBa

1o 1BeTa M opmara Ha KpUCTAIHTE.

I'ene3uc m HaxoauIIA. AHTOQWIUTHT € TUMMYEH MeTaMOp(OTeHeH MUHEpal B Maparesesa ¢ Taik. Y
Hac e HaMepeH B KpymoBrpaacko u Momumiirpaacko.
Ynorpeda. M3nomysar ce PUHOBIAKHECTUTE arperaTd, KOUTO ¢ 0O3HAYaBaT KaTo aHTO(UINTOB

azoecr.
TPEMOJIMT. NMeto cu € noyuunn oT fosnHata Tpemoiia, KbI€TO € HAMEPEH 3a IbPBU ITbT.

AKTHUHOJIAUT - OT rpbLKH “ AKTUC - TBY U “* JIUTOC * - MOPAAU JIBUECTUTE MYy arperartu.

Cumerpussi u ¢opmu. KpucramusupaT B MOHOKIMHHA CHHroHus. Kpucraimre My ca
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ITBITONPU3MATHYHN WM BIIAKHECTH. MUHEpaIHHUTE arperatd ca paauanHo jpdectd. [lrpTHara
Pa3HOBHHOCT Ha arperaTute UM ce Hapuda Hepput. Hocn nmeTo cu oT rppukara xyma “ Hedpoc -
O0bOpeK, ThH KaTo B APEBHOCTTA ca BSpBaJM, 4e JieKyBa ObOperu. ThHKOBIIAKHECTUTE arperaTu ce

O3Ha4aBaT KaTO TPEMOJIHUTOB a30eCT WM aKTHHOJIUTOB a30eCT.

AkTuHonuT (ABpeH, Kbpaxanuncko, konekumst M. Tokmakynesa).

Ocobenoctu. TpeMOIUTHT € OsJ1, aKTUHOIUTHT € 3eleH. TBbpaocT 5.5 - 6. OTHOCHUTENHO Terio 2.9 -
3.0. Baxxau auMarHOCTHYHHM Oene3n ca paguaiHO-IIBYeCTHTE arperatd U Oenus 0 3eJieH IBSAT.
I'ene3nc n Haxoauma. TUIIMYHN KOHTAKTHO - METACOMATUYHU MPOLYKTH, KOUTO C€ MOJIydyaBaT
IIpU TPOMsIHAaTa Ha Mpamop M JOJOMUTH. YUYacTBYBaT B ChCTaBa Ha XUAPOTEPMATIHO NMPOMEHEHHUTE
CKaJIi, B MHOTO CEpIEHTUHOBU U PETHOHAIHO - MeTaMOp(hHU ckayiu. CBETOBHO M3BECTHU HAXOIUINA
Ha az0ect u Heppur uma B Pycus. Y Hac ca M3BECTHH HAaXOIMIa HAa TPEMOJHMTOB a30ecT Kpai c.
KuskoBo m wmectHocTTa “CTrumnon”, Hxtumancko. Tpemomutr e ycraHoBeH B Yenemapcko u
KpymoBrpazncko, KpAE€TO ca HaMEpPEHM AKTUHOJIMTOBH KpucTaiud ¢ rojgemuHa or 1 go 10 sm. B
ckapHuTe oT Hax. Kamwmiicku noin, MBaitnoBTpancko, ce cpemar paaudalHO JIBYECTH AKTHHOJIHTOBU

arperaTd JOCTUTAIIM 70 8§ sm.
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Ynorpe6a. TpeMonuMTOBHTE ¥ aKTUHOJUTOBUTE a30€CTH C€ H3MOJ3YBaT 3a H30JAlMOHHU
Matepuanu. llpe3 mnocienHWTE TOOUMHU NPUIOKEHUETO Ha a30ecT € OrpaHu4yeHo, Nopaau
KaHlleporeHHUTe My KaudecTBa. HedpUTBT € BHCOKO IIEHEH KaTro MOJYCKBIIOLEHEH MUHepal.

KpI/ICTaJ'II/ITe Ha aKTUHOJIMTA UMAT FOBCIIMPHU KAa4CCTBA.

Hedpur, Pycus, konekuus M. TokmakuueBa
AM®UBOJIN.

Xumuyen cberaB: NaCay(Mg,Fe,Al); (Si,Al)gs O2(OH), u ce u3MeHS B IIMPOKH TPaHUIIH.
Cpemar ce pasHoBuAHOCTH Ooratm Ha TuTaH. Ceabpka npumecu oT Mn, Zn, Cr, V, Li u np.
AmpubonuTte ca BaxeH cKajgooOpasyBaml MHHEpaj. TEeXHHUSAT ChCTaB € Pa3W4YCH 3a Pa3IUIHHUTE
tunose ckainu. Hanpumep 6orature Ha tutad ( g0 10 % TiO2 ) am¢pubonu ydacTByBaT B ChCTaBa Ha
0a3anTOBUTE CKAJIH.

Cumetpus u ¢popmu. Kpucranusupar B MOHOKIMHHA cuHTOHMA. Cpemar ce no0pe opopMeHH,
apnaro npusMaTHdHU ((ur.87 ) wim crealdectn KpucTand. MUHEpaNHUTE arperatu ca 3bpHECTH,
pamuanHo apuectu U puHO BiakHecTH. [locneaauTe ce 0o603HayaBaT KaTto a30ecr.

OcobeHocTn. AMhubonute nmat YepHoserneH 40 YepeH Ha UBAT. [naykodaHbT e CuH ( Ha
rpbUkM “ rmaypoc “ e cuH ). Imat sicHa uenuTernHocCT U CTbKreH bnsacbk. TBbpaocT 5.5 - 6.

OtHocutenHo Tterno 3.11 - 3.42. AnkanHute ampundbonn mmart cCbOTBETHO TBbPAOCT 6 - 6.5,
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3a rnaykogaHa u 4 3a pubekuTta.
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®ur. 87. KpuctanHu oopMmn Ha amduboim

Maxpockoricku am(puO0IUTe ce ONMPENENsT M0 UTTIECTUTE M IBJITONPU3MATHYHN KPUCTAIN U YEPHUS
LBAT CbC 3€JICH OTCHBK.
I'ene3nc u Haxoamma. Am¢pubonnTe ca BaXXHM CKanooOpa3yBallld MUHEpaJId B CbhCTaBa Ha

MAarMCHHUTC U MCTaMOp(bHI/I CKan. AJIKaIHUTE aM(bI/I6OJII/I MNPUCHCTBYBAT B oorarute Ha Na ckaju.

Amdmbonu (Pogonute, konekuma M. Tokmak4nea)
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Ynorpeda. Hama npaktudecko mpuioxeHne. AJKaiHu amMpuOoIM y Hac ca yCTaHOBEHH Kpai C.

Ceuans Codwuiicko.

BOJIACTOHMT. NmeTo My € 1ajaeHo B YeCT HA aHTJIMICKUS XUMUK U Kpuctanorpad Y. Bomacton
(XVIII B. ).
XumnueH cberaB: Cas;Siz0y (Ca0-48,25%, S10,-51,75%).Ceabpika mpumecu ot Fe, Mg, Mn
u Al
Cumerpus u gopmu

. W3BecTHH ca miecT monuMoppHM MOAM(HKALWU, MET TPUKIUHHA U €/IHA

MOHOKJIMHHA. OT TSAX pa3NpoCTpaHEHU Ca BUCOKOTEMIIEPATYP

Bonactonut (Benusa ynyk, Puna, konekuma M. TokmakdneBa )

HaTa  MOHOKJIMHHA  Moaudukamus  (MapaBONACTOHWT),  TPUKIWHHUTE  (BOJACTOHHT U
nceBoBojacToHuT). Haii-uecto B mpupojara ce cpellla BOJACTOHUTBHT. 3a HEro ca XapaKTepHU
BJIAKHECTUTE U (PMHOBJIAKHECTUTE arperaTi.

Ocobenoctu. BonacToHUTBHT € CHEXHOOs7 ¢ KonpuHeH Omsichk. TBbpmoct 4.5 - 5. Ilpurexaa

CbBBPIICHA LHCITUTCIIHOCT. Baxxun JUAarHOCTUYHHU Oee3n ca CHEXKHOOEIHAT MYy UBAT, KOIIPUHCHUAT
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OISICHK
1 (pUHHOBIIAKHECTHUTE arperaru.

I'ene3uc m Haxoguma. OOpa3yBa ce npu KOHTAKTHO - METaCOMAaTUYHATa IPOMSHA HAa BapOBULIU U
MpamopH. B aconnanus ¢ BolacToHUTa y4acTByBaT I'pocyJjiap, BE€3yBHaH U APy KaJIllMEBOCWINKATHH
muHepanu. M3BectHu ca Haxonumiara npu Canra @e (Mekcuko), Kpectmop (Kamudopuus), Monte
Coma Ha Besysuit (Mranmus) (¢ kpuctanau ¢opmu). Y Hac € Hamepen B Puma (bemust ymyk) wu
Maiiko TbpHOBCKO.

Ynorpeba. M3non3yBa ce karo 3amecTuTesl Ha azdecra, B Kepa-MHUYHATa MPOMUIIICHOCT, 3a

MNPOU3BOACTBO HA OTHUYINOPHU MATCpUATIM U 3a CICHUAIHU MAa3UJIKH.

POAOHMT. ot rpbikara gyma “poJgoH® - po30B.

Xumnuen cberaB: MnsCa[SisO,s]. Coabpika npumecu ot Fe, Zn, Mg, Al u 1pyru enemMeHTH.

Cumerpus u popmu. Kpucranuszupa B TpukinHHa cuHronus. Cpemia ce B 1e0€10 TIOYeCTH WU

IpBbTECTU KPUCTAJIHU. MI/IHepaJ'IHI/ITC arperaTtu c¢a 3bpHCCTU, UIJTICCTHU U IIIIBTHU.
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PogoHut (Pycus,konekuna M. Tokmak4yneBa)

OcobGenocTu. POIOHUTHT € PO30B, 1O - PSAIAKO KBIATOBAT, CUB, YepeH. [IpurexxkaBa CbBBpIlICHA
uenurenHocT. TBbpaoct 5.5 - 6.5. OtHocurenHo tersno 3.40 - 3.75. Onpenens ce MaKpOCKOICKH IO
pO30BUs UBAT W IUIBTHUTE arperatv, B acolMalys C 4Yep Ha LBSAT WIBAUT U JAPYrM  CKapHOBU
MUHEpaIu

I'enesuc wum wHaxomuma. Toil e HuUCKOTeMIEepaTypeH XUJPOTEPMAJIEH. KOHTAaKTHO -
METaCOMAaTHUYEH WM PETUOHAIHO - MeTaMop(doreHeH MuHepal. M3BecTHu ca HaxoaMIaTa Ha POJIOHUT
B Pycus (Ypan), Asctpus, Kanana, CAILl u [lIBenus. Y Hac ce cpemia B OKOJIOPYAHUTE CKapHU OT
OJIOBHO - IIMHKOBHUTE HaxoauIa Ha Pogonmre.

Ynorpeba. [ImrbTHUTE arperat OT POJOHUT CE€ M3MOJ3YBaT KAaTO JIEKOPATUBEH U OOJIUIIOBHUCH

Marepuall.

YAPOUT. Hocu umero Ha p. Yapa, Mypmancka obnact B Pycusi.
XumnueH cberaB. (CaNa),(SrBa)Si4O,0(OH,F)H,0.
Cumetpus u ¢popmu. Kprucranuzupa B MOHOKIIMHHA CHHTOHUS. XapaKTepHU ca (PUHOBIAKHECTHUTE

arperaru.

YapouTt (Hapa, Akytua Pycusa, konekuma M. TokmakdneBa)
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Ocobenoctu. l[BeTpT Ha MHHEpalla € CBETJO- 10 TbMHOBHOJIETOB. TBBpaocrra My € 4,5. Nma
KOIIPUHCH OJISICBK. I[I/IaFHOCTI/Ipa CC MAKpPOCKOIICKM IO KpaCHuBHA BHOJICTOB LBAT W BJIIAKHCCTUTC
arperaru.

FeHe3uc n Haxoauwa. EANMHCTBEHOTO Haxoaule Ha Yapout ce Hamupa B MypmaHcka
obnact (Pycus) kpan p. Yapa. Ton e koHTakTHOMeTamopdoreHeH MuHepan u ce obpasysa
Ha KOHTaKTa Ha ankarHu ckanu ¢ MpamMopu.

Ynorpeda. Ot yapouta ce u3pabOTBAT XYJOKECTBEHH U3eOUs, CYBEHUPH U OWKYTCPUUHU

U3aCIus.

IHoakimac B. CniMkaTH ¢ HeNPEeKbCHATH CJIOEBE OT TeTpaeapH ((PUIOCHIHKATH
CTpyKTypuTe Ha CHJIMKATUTE OT TO3M MOJKIJIAC Ca JBYCIOWHU WM TPUCIOMHHU. Te ca u3rpaneHu
OT pelIyBalld ce CIOeBe OT CHUIHUIMI- KHCIOpoaHu TeTpaenpu. [lopaam ToBa Te ce Hapuyar oiie
¢unocunukaTu ( OT rpbIKaTa gyMa “ Gpuioc “ - IUCT ), CJIOSCTH WM JIUCTOBUIHH CHUIIUKATH.
Te umaT mUpoko pasmpocTpaHEHHE B 3eMHaTa Kopa, kaTo 3aemaT 3.8% To macara Ha 3emsTa U ca
BaYKHU CKanooOpa3yBallld MUHEpaJIu.

B crpoeka WM y4acTBYBAaT GE3KpaifHH CIOCBE OT CHIIMLMIA - KHCIOPoAHH Terpaeapr: [SisOio]",
KBJIETO, 9YaCT OT CWJIMIHS HA CUJIUIUH - KUCIOPOAHHUTE TETpaeIpH MOXe Aa ObAe 3aMEHEH OT A"
KaTo HU3JIMIIHUA CICKTPOHCH 3apsdad CC€ OOIbJIBA OT KATHOHUTC Ha K+ u Na+. ITemHEXBT MCXKIAY
oTIenHuTe cloese e oT katnonn Ha Mg®", Fe’', A, Fe’™ u npyru. Kierkute BbB Beexu cioii Haii-
YecTO ca XEKCaroHaJHH WM MCEBIOXEKCArOHAHU, KaTo B IIEHThpa UM ce pasnonara 1o eana OH-
rpyna. CJI0ECTH CHIMKAaTH, B YAWTO ChCTaB y4yacTBYBAaT JIBYBAJEHTHUTE KaTHOHU Ha Mg2+ U Fe2+,
OpeaAUMHO Ca OKTAaCApPWUYHU HJIM TCTPACAPUYHH. ITo Ta3m IMpuiruHa CCUCHUCTO HAa KPUCTAIUTC UM
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@ur. 110. CTpyKTypH Ha CJIOECTH CWIMKATH: a) MPOEKIHMs MEpIeHAMKYJsipHa Ha ocTTa “c”’; 0)
MIPOEKIIMS NEPIEHIUKYIsIpHA Ha OcTTa “a”

B otnennute cioese ca HaMIle CHIIHM HOHHO- KOBJIEHTHH BPB3KH, a BP3KUTE MEX/Y OTJCITHUTE
ciloeBe ca mo - cnabu. Ilopagu ToBa cloecTHTE CHJIMKAaTH IpHUTEXaBaT CbhbBCEM ChBbBpIIEHA

HETIUTCIHOCT U MMHAKOUJAJIHO PA3BUTHU (H.HO‘-ICCTI/I) HJIN JIIOCTICCTU KPUCTAJIH.
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ITpu moapekaaHeTo Ha CHIMIMIN - KHCIOPOJHHUTE TETPAaeAPH B CIOEBETE MOXKE Ja ce (hopMupar
€/THOTIAKETHU (HAmpUMep MpH Tajlka W MUPO(UINTA) U JABYMAKETHH (TPH MYCKOBUTA W (DIOTOMUTA)
CTPYKTYpH. /IByCIOWHUTE CTPYKTYpH Ca U3rpajiecHd OT OKTAaeAPHUYHHU U TETPACAPUYHU CIIOEBE, a MpHU
TPUCIIOMHUTE Te CE€ pelyBaT. Bpb3kaTa MeXIy OTACIHUTE MAKETU € BaHAECPBAJICOBA, & CAMUTE IIAKETH
ca enexTpoHeyTpanHu. Ilopagu ToBa (QUIOCHIMKATUTE NPUTEKABAT BUCOKHU EIEKTPOU30JIALIMOHHU

cBoiicTBa. TBBpAOCTTA UM € HUCKA 1-3, 2 OTHOCUTEITHOTO TErJI0 UM € MEeXay 2.6 u 3.4.

TAJIK. ILrbTHUTE My pa3HOBHJIHOCTH CE€ O3Ha4yaBaT KaTo callyHeH KaMbK (cTeatuT). meTto
Ha TaJKa € OT apaOCKH MPOU3XOJ.
XumuyeH cbetaB: Mg;Si,019(OH),. Craspka mpumecu ot FeO (mo 5 %), Al, Mn, Ca u Ni.
Cumerpuss u ¢opmu. TankbT KpucTanu3upa B MOHOKIMHHA CHHroHus. CTpyKTypaTa My
IIPEICTaBIIsABA PELYBAIlU CE CIIOEBE OT CHIINLIUI
KHUCJIOPOAHU TeTpaeapu U KaTuoHM Ha Mg. Psako ce cpemia B KpucTamHu (GOpMHU KaTo JIFOCIH MIIH C

HCACHU XCKCArOHAJIHU OUCPpTaHUA. XapaKTepHH Ca INTbTHUTC HUJIN JIIOCIICCTHU arperaTu.

Tank (Kutan, konekuua M. TokmakumeBa)

Ocobenoctu. Tankst € 051 A0 Gremo3eneH uiau po3oB. Toil € Ma3eH Ha MUMAaHE W ¢ Hall - HHUCKaTa
TBBpAOCT 1. OTHOCHTENHOTO Terno e 2.82. [lnactudeH e. BasichbKbT My € CTHKIIEH, OMCEPEH JO MacTeH
3a TUTBTHUTE arperatd. MakpOCKOIICKM CE€ AUArHOCTHpa MO HUCKATa TBBPAOCT (Ma3eH Ha MUIAHE) U
OuCepHHsI 10 MacTeH OJSCHK.

I'ene3uc n Haxoaua. O6pa3yBa CC IIpU MPOMAHA Ha CCPICHTUHOBU CKaJIH. HpI/I BBSHCﬁCTBHCTO
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Ha pa3tBopu Ooratu Ha H,O u CO; BbpXy OJMBHUH U APYTU MarHe3MeBU CUIMKATHU MHHEpAIH, Ype3
XHApOoTEepMallHa MeTacomaro3a ce oOpa3yBa TalK, MarHe3uT M KeJle3HH okcuau. Moke na ce
o0Opa3yBa CbIIO OT pas3laraHeTo Ha JOJOMHT IOJ BB3JEHCTBUETO HAa XUAPOTEPMAIHHM PA3TBOPH,
chabpkany Si. M3BecTHH ca Haxonumiata Ha Tank B Pycus (Ypan), Kanaga, Asctpus (Tupon) u ap.
V¥ Hac e ycranoBeH B Mxtumancko, Kpymosrpaacko, Tononosrpancko u Puna.

Ynorpeda. TankbT ce M3MON3yBa KaTO IBIHUTEN, 3a KUCEIMHOYCTOMYMBH M OTHEYIOPHU

MaTepHuali, 3a CMa3Ka U Iypa 1 KaTo eJIEKTPOU30JIaTopP.

I'pyna na carwoaure

KbM rpynarta Ha CiIIOAMTE CE€ OTHACAT IIMPOKO PA3MPOCTPAHEHU CKajJooOpa3yBalld MHUHEpAIUd B
CbCTaBa Ha MarMeHd U MeTamoppHHU ckanud. Te ce monmensT Ha MYCKOBUTOBa, OHMOTUTOBA U
JIETHI0JIUTOBA MOATPYMA. 3a TAX ca XapaKTepHH peauiia moauMopdHU MoaupuKauu
(monutuUnn).

MYCKOBMT -ot npeBHoTO Ha3BaHue Ha rp. Mocksa. B npeBHoctTa oT Pycus 3a Eppomna
ca M3MpallaHd eIpu MYCKOBHTOBU KPHCTaJH, KOUTO Ca U3MOJI3yBaHH BMECTO JHEIIHUTE CTHKJA Ha
MIPO3OPIIHTE.

XumuueH cberaB: KALIALSi;0,0I(OH),. cpappxa ceimo Mn, Cr, Ba, V, Fe mox ¢opma nHa
OKCH/IH.

Cumertpus u ¢gopmu. MyCKOBUTHT KPUCTAJIU3Upa B MOHOKJIIMHHA CUHTOHMs. KpucTtanute My ca
THHKOIJIOUECTH 10 MpU3MATHYHU. MUHEpaTHUTE arperaT ca IuiodecTtH, jrocnectu ((ur. 44) unm
oTnenHu Jocnu. PUHONIOCIECTUTE arperatd ce O3HayaBaT KaTO CEpULIUT OT TpbliKaTa ayma
“cepuKoC - KOIPHUHEH.

OcobenocTu. MycKOBUTBT € O€3LBETCH, 3eJeHoBaT 10 kadeHukaB. Yecrto ce HabOmomaBa
3oHaMHOCT. [IpHuTekaBa cbBceM CHBBPIICHA HEMUTENHOCT. TBbpAOCT 2.5 - 3. OTHOCHUTEIHOTO MY
terao e 2.76 - 3.00. Enactuuen e. BisicbKbT My € CTBKIICH 0 OucepeH. MaKpOCKOIICKH MYCKOBUTBHT
JIECHO C€ OMpeJeNsi 0 ChbBCEM CBHBBPIICHATa MY ILETHUTEIHOCT, JIIOCIIECTUTE arperaTd W CUJIHUS

CTBHKJIIEH OJISICBHK.
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Myckosut (Mactpa, Puna, konekuna M. Tokmakymesa)

Tene3nc u HaxoxMma. B cheTaBa Ha BCHUKHM THIIOBE ckamd. KpucTami ¢ ronemuHa 10 3 m” nma B
Nunua, CAI] ( mara Kapomuna ), Ypan u Cubup (Pycus). Y Hac umHTEepec mnpeacTaBisBatr
MEeTMaTUTOBUTE KU Kpai
c. [lactpa ( Puna ), Bumepuua ( ro>xHo ot Benunrpaz ) u Cmunosene (Llentpanna Cpenna ropa ).

Ynorpeba. M3non3yBa ce Karo M30J1aTOp B €JIEKTPONPUOOPH M IBJIHUTEN B  OTHE3AIUTHH

MaTepuaiu.

BUOTMUT - B yect Ha (ppenckus puzux buo (XVIII B.).
XumnueHn cberab: K(Mg,Fe);1A1Si30,0I(OH, F),. Cpabpxka Na, Mn, Ti, Zn, K, Na nox ¢popma Ha
OKCHJIH.
Cumerpust u ¢opmMu. BHOTHTBT KpucTanmu3upa B MOHOKIOHHAa cuHTOHMA. Cpema ce Karto
NICEB/I0XEKCArOHAJIHU KPUCTAJIM U HENPABUIHM JIFOCIIH. WM JIIOCIIECTH arperartu. L{BeTsT My € KbITO
- kadsB 10 KadsBo - yepeH. HeroBara pa3HOBUIHOCT (JIOTOMHT € KBJITOKA(SB 10 YepBeH Ha LBSAT (

Ha TPBUKH “ ¢uroromoc “ - oraenonodeH ). Teproctra My € 2.5 - 3. OTHOCHTETHOTO My Terjio € 2.8
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-3.2.

Buotut (Pogonute konekuus M. Tokmak4neBa)

biscbkbT € cThKIEH 10 OwucepeH. [IpuTexkaBa CbBCEeM CBHBBPIICHA LEMHUTEIHOCT. BHOTHTHT ce
JIUArHOCTHpA TIO0 CHBCEM CHBBPIICHATa MYy IEMUTETHOCT, YEPHHUS IBAT M MO CTHKJICHHUS OJSCHK.
@noronuThT € KadsB 10 KBATOKadsB. TpyJHO ce OTIMYaBa MAaKpPOCKOIICKU OT OMOTHTA.

I'ene3nc m Haxoguma. BUOTUTHT € BaXXEH CKajgooOpa3yBall MHUHEpadl B MarMeHd U
Metamopduu ckanu. [Ipu paspymaBaHeTo UM TOW TOmNaja B HAHOCHTE Ha PEKUTE, KHJIETO MPOMEHS
LIBETA CH B 3JIATUCTOXXBJIT U € U3BECTEH KATO *° KOTEHIKO 31aT0”. DIOronuThT € THIHYEH KOHTAKTHO -
METAaCOMAaTUYCH M PETHOHAIHO - MeTaMop(oreHeH MuHepan. 3BecTHM HETrOBM HaXOAMINA Cca
Cnronsiaka (kpaii baiikan), M3rouen Cubup (Pycus) m Onrtapuo (Kanama). B mermarutu ca HamepeHu
KpUCTaJIU A0 2 M B TUAMETBH].

Ynorpe6a. OnoronuThT € AUETCKTPUK U CE€ HU3IMOJ3YBa B €INEKTpHUUECKaTa MPOMHIIICHOCT.
BuoTuThT HAMA MPAKTHUYECKO 3HAUCHHUE.

[To - TonstM WHTEpEC MpeACTaBIABaT T. H. TUTHEBH ciroau - Jtenuaoiut (KLixAl [ Si4040](OH),)
n nuaBaauT (KLiFeAl T AlSi;O;0l(F,OH), oT xouTo mpu 1o - roieMu KOHIICHTPAIMH CE JT00MBa

JIATHH.
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I'pyna Ha xuapociroaure
KpM rpymara Ha XuapocHoauTe(UJIUTH) CE OTHACAT MPEXOJHHM MHUHEpAId MEXIY CIIOJUTE U
MOHTMOPWJIOHUTOBUTE MUHEpanu. B TeXHUs CbCTaB ce CBHABPKA IMO-TOJSIMO KOJMYECTBO BOAA H
HaMaJICHO MPHUCHCTBUE HA aJKaJIMU. ['JTaBHU MPENCTaBUTENN OT Ipynara ca WINT U IVIAyKOHUT, KaTo
MCKIUWHHUTC YJICHOBC, KOHUTO KIIOHAT KBM CIIOAHUTEC CC 0003Ha4YaBaT KaTo XUAPOMYCKOBHUT u

XUIPOOUOTHUT.

NJINT. HanmenoBanue Ha mata Mnunouc (CALLL), kbaeTo e HaMmepeH
Xumnuen cberaB: (K, H)O)AlL I (Al Si)Siz010I(OH),.

Cumerpuss u dopmu. Kpucrammzupa B MOHOKJIMHHA CHUHIOHHA. Arperatute My ca
CyOMHUKpPOCKOIIUYHH, CIIOI0NOA00HN. Pazmepute Ha XeKcaroHaJHUTE MHKPOJIIOCHHUIM Cce KojebasdT
mexay 200 u 2000 A.

Ocobenoctu. llBeTbT Ha MHHepana e Osl, CBETJIOCHB 10 ThMHOCUB. TBbpmoctra My e 2.5.
Juarnoctupa ce 1o0pe ¢ momorra Ha JudepeHInaTHO-TepMUIHIS aHanu3 (pur. 42-10I1y- B)

I'ene3nc n Haxoauma. InuteT € ri1aBHa ChbCTaBHA YACT HA IIMHECTUTE YTalKU B U3BETPUTEITHUTE
MPOAYKTH U B TIIMHECTUTE CKaJIH.

Ynorpeba. YuactBa B cbhCTaBa Ha IIMHMU.

I'TAYKOHMT - ot rpbiikara ayma “ riaaykoc’- CHHbO3EJICH.

Xumuuen cberas: (K, H>O). (Fe, Mg, Al), [ ( AL Si) Si30,0](OH),. Ceabpxka KO no 15 %.

Cumetrpuss u ¢opmu. Kpucranuszupa B MOHOKIMHHA CHUHTOHMsS. MUHEpalmHUTE arperatu ca
IpeOHO3BPHECTH.

Ocobenoctu. L[BeThT My € 3€JI€H, CHHBO3EJIEH A0 MO-ThbMHO3€IEH. TBBpAOCT 2. MaKpOCKONCKU
Ce IMarHOCTUpA MO 3eJICHUS IBAT U OTJIAraHeTO My B ChCTaBa Ha CEAMMEHTHU CKAJH.

I'ene3uc n Haxoauma. O6pa3yBa ce B IUIMTKOBOAHM OaceifHu, 61u30 10 Mopckus opsr. [upoko
€ pa3snpoCTpaHEH B CEIMMEHTHUTE CKaJIW. Y Hac ce cpema B BB BpawaHcko, benocnaTtuHcko,
[IneBencko, B CeBepHa bbirapus u CpegHoropuero.

YHOTp86a. HpI/I MMO-roJIEMH KOJIMYCCTBA CC U3IIOJI3YyBaA 3a ,Z[O6I/IB Ha KaJIMEBU TOPOBC.

I'pyna nHa xjgopurure
Ilon HauMEHOBAaHMETO XJIOPUT ce€ OOeAuHABAT OoraTM Ha BOJA MAarHe3MEeBH U IKEJIE3HU
TyMOCWJIMKATH, KOUTO IPUIMYAT Ha ciitoguTe. Te ca cbe 3eJeH LUBAT, OT KbJETO U/IBa U UMETO UM (OT
IPBUKUA “ XJIOpOC” - 3eleH XJIOPUTUTE Ca MOHOKIMHHH, ICEBJOXEKCArOHAJIHM, ChC ChBbPLICHA
nenutenHocT. OTrbBaT ce, HO HE ca eIAaCTHYHU, MaJIKa TBBPJOCT 2 - 2.5 U OTHOCUTENTHO Teryo 2.6 - 3.3.

HNmar cioxeH ChbCTaB, mopaau KOCTO € TPYAHO OTACIAHCTO Ha MHIPCACTaBUTCIIH. Marue3ueBuTe
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XJIODUTU CE€ O3HAyaBaT KaToO OPTOXJOPUTH, a IKEJIE3HUTE - KaTo JenTtoxjoputu. OtnenHure
MPEJCTaBUTENI C€ XapaKTEpU3UpaT Bb3 OCHOBA Ha OOMIOTO KOJHMYECTBO XKENA30 KbM CYMapHOTO
KOJIMUYECTBO Ha XKeNI30TO U MarHe3us. [lonacrosimeM ce u3noi3yBa u Apyra KiacupHUKaIus, 1o KOsSTO
XJIODUTUTE C€ pa3feNaT Ha TPUOKTACAPUYHU U JUOKTACAPUYHM, IUTPUOKTACAPUYHU U TPU -
TUOKTACIPUYHHU.
[To-Baxxuu oproxnoputu ca: KOPYHAOPUJIUT, PUIIUTOJIUT,
INEPUJAHUT, KJIMUHOXJIOP wu IIEHUH wu or nenroxinopurute -HIAMO3HUT wun
TIOPUHI'UT.

XJI0pUTUTE C€ JUarHOCTUPAT MAaKPOCKOICKM 110 3€JEeHUs LBAT, CHBCEM ChBbpIIAHATA
LENUTEIHOCT, JTFOCIIECTUTE arperaTu U CThKIJICHUS OJISCHK.

I'ene3uc u Haxoamma. XJOpUTUTE ca HUCKOTEMIIEPATYPHH XUAPOTEPMATHU U CETUMEHTOTCHHH.
OpTOXJIOpPUTUTE Ca PErHOHATHO - METaMOPPOreHHH W ca oOpa3yBaHHM MpH MPOMsSHA HA OMOTHUTA,
amdubona M mHupokceHuTe. JIENTOXIOPUTUTE ca XapaKTepHH 3a CEIUMEHTOTEHHHM OOpa3yBaHUs.
M3Bectnu ca naxomumiata B Tropunrus(I'epmanus), Jlotapunrus (®dpannwms), Kazaxcran. Y Hac
JENTOXJIOpUTH ce cpemat B TposHcko, ¢. ['uamm (Codwuiicko) u c. Jlomau Jlom (Bumuucko).

Ynorpeba:[llaM03UTHT U TIOPUHTUT CE €KCIUIOATHPAT 32 JOOMB Ha JKEJsI3HA pyJa.

I'pyna Ha MOHTMOPHJIOHUTA U BEPMHKYJIMTA
B rpymata Ha MOHTMOPWJIOHHMTA M BEPMHUKYJIUTA C€ NIPUYMCISABAT INIMHECTH MHUHepanu. MiMmero
UM CMEKTUTH HJBa OT CallyHONOAOOHMs UM BuA ( OT rpymnu “ cMekToc”- camyH ). IIpeacraBenu ca
JTUOKTAaCAPUYHU M TPUOKTACAPUYHM  wieHoBe. KBbM  JHMOKTaeaApUYHMTE  C€ TPHYUCIISABA

MOHTMOPUJIIOHUTBT. Ksm rpynara C€ OTHACAT U T. H. CMCCCHO - CIIOVHH TJIMHECTH MHUHCpAJIN.

MOHTMOPHUJIOHHUT. HanmeHoBaH € Ha U3BECTHO HaXxoauule BbB OpaHIusl.

XumuueH cbeTaB: Al SisO19( OH ), .n H,O.

Cumerpuss u ¢opmu. Kpucranusupa B MOHOKIMHHA cuHronus. Kpucranure wmy ca
IICEB/I0XEKCArOHAIIHY, CIIOO0NOA00HN, C HEMPAaBWIHU OYEPTAHUS NPU HAOJIOJaBaHE B EJIEKTPOHHUSA
mucpockon. Pasmepure um ca mox 0.2 mm. MuHepanHute — arperaté  ca (uHO  WIH
KPUIITOKPUCTAIHU U METAKOJIOUIHU.

OcobeHocTi. MOHTMOPMIIOHUTHT € OsiJ1, CUB, KBIITO3eNeH 10 Kadss. Toit e mek (TBbpAocT 1.5 - 2)
U Ma3€H Ha numnaHe. biascbKbT € MaToB.

[Ipu oBnaxxHsBaHe ce pa3MekBa. BbB Bonma yBenmuaBa obema cu 1o 10 mbrtu. Makpockorcku ce
OTIIMYaBa II0 HHMCKAaTa TBBPAOCT MU MO pa3MEKBAaHETO My IIpH OBJIaxHsBaHe. JluarHoctupa ce B
€JIEKTPOHHMST MHKpockon (¢ur. 45-rope) , ¢ mHPpauepBeHara cnekTpockonus (¢ur. 46-rope) u

nudepeHaTHO-TepMUYHUS aHanu3 (ur.46-m10my).
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I'ene3uc u Haxoauma. MOHTMOPUIIOHUTHT € IPEAUMHO U3BETPUTENICH MpoaykT. OOpasyBa ce npu
InpoMsAaHaTa Ha CIIOJU U (beJ'IILH_IHaTI/I. Tunmuen CCAMMCHTOICHCH MHUHCPAJ. W3BecTnm ca HaxoauIimara
BbB @panuus, Pycus u Yarapus. Y Hac ce cpema B Kbpmkanuiicko u JIuMUTpOBrpaacko.

Ynorpe6a. MOHTMOPWIOHHUTHT  HaMHpa  MHOTO  IIMPOKO TMPHIOXKEHHWE B He]TeHara,
KayuyyKoBaTa, TEKCTWJIHATA, KepaMU4YHaTa U XapTUEHaTa MNpoMUluIeHOCTH. OCHOBHO CBOMCTBO Ha
MOHTMOPWJIOHHUTA € Ja NOorjibllla MPOMCHJIMBU KOJIMYECTBA BOAA M Oa 06MCH$I KaTHuOHH. Hopa)m
BHCOKaTa My TMOIIIbIIATEIHA CIIOCOOHOCT MOHTMOPWJIOHUTHT C€ M3MOJI3BAT MpPH MPEYUCTBAHETO HA

He(l)T, Ha paCcTUTCIIHU MacCJla, BUHA U BOJA4, 3a IyApPH, IIaCTU 34 3’]561/1, B KOBMCTHUYHATA ITPOMUIIIICHOCT.

BEPMUKYJIUT - oT TaTUHCKH *“ BEPMUKYIYC” - YepBEil.
XumnueH cberaB: Mgs (S1,Al)4019.(OH),. nH,O.
Cumetpus n popmu. Kprucranusupa B MOHOKIMHHA CHHTOHUS.

MuHepaHUTE arperaT ca JIIOCIECTH.

Bepmukynut (MxTumaHcko, konekuna M. Tokmakymesa);
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Oco0enoctu. L[BeTsT My € OpPOH30BOXKBIT, 3MATHCTOXBIT WK KapsB. BepMUKyIUTBT € MeK
(tBbpHoct 1.5) u TpommuB. OtHOCcUTEnHO Terio 2.3 - 2.8. [Ipu HarpsiBaHe ce pasnuctBa. PazgyBa ce
710 25 BT B CpaBHEHHUE C IbPBOHAYAIHUS CH O0EM M CE M3BHBA 4YE€PBEHOOOpPA3HO OT KBJETO HOCH U
UMETO CU. BEepMUKYIUTBT MAaKpOCKOICKM CE€ pas3lo3HaBa TOBA, Y€ € MEK , TPOLUUIUB U HMa
KBIATOKA(DSB IIBSAT.

Iene3uc n Haxoauma. O6pa3yBa ce Mmpu U3BETPsTHE HA OMOTHUT WU TIPU XHIpOTepMallHA IPOMSIHA
Ha OoraT Ha Mar"He3ui ckamu. Y Hac ce cpema B Mxtumancko, Kazpumbpmiko, Ilazapmkumko u
Kpymosrpazncko.

Ynorpebda. [Ipu HarpsiBaHe Ha BEPMUKYJINTA CE OTAEIS MEXyClIOoeBaTa BOJ1a, IPU KOETO MOJIy4aBa

TOILJIO ¥ 3BYKOH30JJAllMOHHHU CBOICTBA. HSHOJ’ISYB& CC B CaMOJICTOCTPOCHECTO U CC ,I[06aB$I B ITOYBUTC.

KAOJIMHUT. HaumenoBan ¢ Ha muannHata Kao Jlun B Kuraii, kpaeTo ce e moOuBai
KaOJIMHUT.
XumuyeH cberan: AlrSi;Os( OH ),
Cumetpus u popmu. KaonmuuutsT € Tpukimaed. Cpema ce B Tpu nmoauMoppau Moaudukaum.
Kpucranute My ca nceBIOXEKCArOHaJIHW JIOCIM C MHUKPOCKONMYHM pa3Mepu. Te ca CHIHO
YABDKEHU TI0 ocTa ““ ¢ “ WM ca 4epBEHOBHIHO OT'BHATH. ATperature My ca (UHOIIOCIECTH WIIH

TJIMHOMOMOOHH U 3€MJIECTH.

Kaonunuut (H.EceHHnumnTe, rp.BetoBo,PyceHcko, konekums M. Tokmakyinesa)
Ocobenoctu. [[BeTsT € Os1. UecTo € OMBETEH OT MEXaHWYHH NMPUMECH. BISICBKBT € OMcepeH Wiu
3emiect. IlpuTterkaBa cbBceM ChbBBpIIEHA HenuTenHocT. Mek e ( TBbpAocT 1-3). JlecHo ce Tpomm.

OtHocuTenHOTO Terio ¢ mnpuOmusurenHo 2.5. Ilpu oBnaxHsABaHE HW3JaBa MHUPHC Ha TJIMHA.
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MaxkpoCKOIICKH KaOJIMHUTBT C€ paslo3HaBa Mo Oenus My LBAT, HUCKAaTa My TBBPJAOCT U MUpPHCA IIPU
oBNaxHsBaHe. J[narnocrupa ce ¢ nHppayepBeHaTa crekrpockonus (pur. 46-rope) u nudepeHIuaTHO-
TepMUdIHUS aHanu3 (dur. 46-101y)

I'ene3uc u Haxoauma. KaonuHuthT ce oOpa3yBa Mpu U3BETPSHE WIM MPU XUAPOTEpMAaTHA
poMsiHa Ha aJyMOCWIMKAaTHM MuHepand ( TJaBHO (enammard ), KOETO MPOTHYa IpH HUCKA
TEeMIEepaTypa U B KHcela cpefa. Taka HapeueHOTO KAaOJMHUTOBO U3BETPSHE € XapaKTepHO 3a
obmactu ¢ ymepeH kimmar. Haxomuima Ha KaonuHUT ca u3BecTHHM B Kwuraii, Pycus u ap. V Hac
KaoJIHHUT ce no6uBa B Pycencko, Pasrpaacko u lllymencko (Kaonunoso, BeroBo, CeHoBO).

Ynorpeba. IM3momsyBa ce B KepaMHU4HaTa, XapTHEHATa, MOpIETaHOBaTa W KaydyyKoBaTa

MIPOMMUIILIEHOCT.

AHTUI'OPUT , XPU30OTHUJI meTo Ha aHTUTOpUTa MpOU3IK3a OT Haxoauiue B Urtanus , a
Ha XpU30THJIA - OT 0OCOOEHOCTUTE MY : OT TPBIKH *” XpHU30C - 371aTO M *° TUIIOC *’- BIAKHO .

XumudeH cberaB @ Mg;Si;Os(OH)s. Corabpixka Fe, Mn, Ni.OOmo Te3n MuHEepanu ce O3HaJyat
KaTo CepreHTHH.

Cumerpusa u ¢opmu. KpucranmzupaT B MOHOKIMHHA CHHTOHUS. 3a aHTUIOpUTa ca
XapakTEepHU KPUITOKPUCTATUHUTE JIIOCIIECTH arpera- TH , KOMTO 4YECTO ca KOJOWUJHU WU
METaKOJIOMAHN . XPU3OTHIIBT CE€ CpPE - I1a BbB BJIAKHECTU A0 (MHOBIAKHECTH arperaTd, KOUTO Ce
O3HayaBaT KaTo XpU3O0TWIOB a30ecT. J[bmkuHaTa Ha BIaKHATa € OT HAKOJIKO MUK - MeTpa 10 30 - 40
mm .

OcoGeHocTi . AHTUTOPUTHT € OE3LBETEH , CUB WU 3eleH.XpHU - 30THIBT € OsUl , CUB WU
3ATUCTOXBIAT. TBbpHocTTa UM € 2- 3,5 IIpuTexaBaT chBBpIICHA LENUTENHOCT. [Ipn HaTHCK
AHTUTOpHUTA CE HAKBCBA , @ XPU30THJIA ce€ Or'bBa . Te ca JIoIM IPOBOJAHUIIM Ha TOIJIMHA Ta , 3ByKa U Ha
€JIEKTPUYECTBOTO M MPUTEkKABAT BHCOKA TOILUIOYCTONMYM BOCT. MakKpo CKOICKM C€ pa3lo3HaBatr 1o

BJIAKHECTUTE arperaTtH (az0ect), Mo pa3HO OOpa3HUTE LIBETOBE U MACTEHHUs ONSICHK (CEPIICHTHH).
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XpuzoTtun, aHturoput (asbect-Kutan.rope, cepneHtnH- CesepHa [bpunsa- gony, Konekums
M. Tokmak4ymeBa )
I'ene3unc n Haxoguma . OOpa3yBaT ce NpH XUIpoTapMaliHa PO MsHA Ha yATpaba3uyHM CKalU , IpU

npoMsaHa Ha OJIMBHHA TIIOH BB3ACUCTBHETO Ha BoOJaTa U BBIUVICPOAHUA IABYOKUC B Pa3TBOPUTC .
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M3Bectnn ca Haxomumata B Kwurait , Kanama u VYpan (Pycums) .YV Hac Haxomuma uMa B
Kpymosrpazacko, UxtuMaHcko 1 XacKOBCKO.

Ynorpeda. AHTUTOPUTHT M XPU3OTWIBT Ca JIOIIM IPOBOJHUIM HAa TOIUIMHATA , 3ByKa M
€JIEKTPUYECTBOTO M MPUTEkKABAT BHCOKA TOIUIO -yCTOMYMBOCT , MOpPaaud KOETO HaMupaT IIHPOKO
NPUJIIOKEHUE KaTo M30 JlaTopu. As30ecTta € KaHIIAPOTeHEH. 3aToBa HETOBOTO IPOU3BOJACTBO €

OTPaHUYEHO U C€ U3IOI3BAT 3aMECTUTENH .
Moaknac I'. CuiMKaTi ¢ TPUMEPHHU TeTPaeIPUYHU IPYNUPOBKHU (TEKTOCHJIUKATH )

OCHOBHMST CTPYKTYPEH MOTHUB B CTPOEXa HAa CHJIMKATUTE OT TO3HU

MOJKJIAC € HENPEKbCHATUSl TPUPA3MEPEH CKEJIET OT CWIMLUHU - KHCIOpOAHHU Terpaenpu. llopaau
TOBa TE€ OIIE CE O3HAuyaBaT KaTO CKEJIETHU CHJIMKATH WM TEKTOCWJIMKATH ( OT rpblKaTa Iyma
TEeKTOC - ckeyeT ). ToBa ca Hail - IIMPOKO Pa3NpPOCTPAHEHUTE B 3€MHATa Kopa MHHepaiu. Te ca
[JIaBHU CKaJIo0Opa3yBallld MUHEPAJIU B ChCTaBa HAa BCUYKHM THIIOBE CKaJlM, a OCBEH TOBA CE HATpyNBaT
B 3HAUUTCIIHU KOJUYECTBA B NETMAaTUTUTE U XHUAPOTEPMAIHUTE KWIH. CKEIETHUTE CHIMKATH
npencrasisBaT okoso 70 % or obema Ha 3eMHaTa Kopa.

B tpumepHarta cTpykTypa BCEKH KHCIOPOJCH HOH € 001 3a /1Ba chceHu TeTpaenpu. Hampumep
KaKTO IIPU KpUCTaIHATa CTPYKTypa Ha
kBapra. Orpunarennute 3apsian Ha O2- ce HeyTpaymsupar oT Si4+. [lo TO3u HauyWH CKENETHT €
HeyTpajieH. YacT OT CWIMLMEBUTE KaTHOHM MoraT jga Obaar 3ameHeHu oT Al3+. OcoGoneHure
oTpunaTenHu 3apsau ce HeyTpanmsupar ot K, Na, Li, Cs, Pb, Ca u Ba. Cp3ganeHure B CKeTIECTHHUTE
CTPYKTYpH TNpasHWHHM C€ 3ambiaBaT OT 406aBbunm ammond Ha F, Cl, OH,[Cos]*[SO4]*, BommHm
MoJieKyu 1 Jp. [lopaau ToBa cUaMKAaTUTE OT TO3U MOJKIAC CE MOAENAT Ha: a) 6e3 100aBbUHU AHUOHU;

0) ¢ 100aBbYHU AHHOHU; B) C BOJHU MOJICKYJIH.

AN AT A

@ur. 89. KpucranHa CTpykTypa Ha KBapIil

CKeJIETHUTE CHJIMKATH NPpUTE)KABAT BUCOKA TBBPAOCT, CTHKIICH OJIICBK M MAJIKO OTHOCHTEIHO

tersio (ot 2.2 1o 2.7). Te3au TexHU OCOOEHOCTH ca B TSICHA 3aBUCUMOCT ChC CTPOEIKA UM.
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a) be3 100aBbYHU AHHOHH
I'pyna Ha kBapua
OcBeH KBapll rpynara Ha KBaplia BKJIIOYBa HOJUMOpGHUTE MoAU(UKAIMH  TPUIUMHUT,
KpUCTOOAINT, KOGCUT U CTUIIOBUT. Te ce o0pa3yBar mpu pa3inuyHa TeMIepaTypa W KpUCTAIU3HUPAT B
pa3nuyHu cuHronuu. Haii - Bucokoremnepatypen ca jematenueputsT (1720°C), koiito e amopdeH u
a - xpucrobamutet (1470 - 1720°C), koiTto € KyOWdeH. XEKCaroHAJHUTE NPEICTABUTEIIN
kpuctanuzupar npu 870 - 1470°C - a - tpumgumur u 573 - 870°C - a - kBapu. Hai -

HUCKOTEMIIepaTypeH U Hail - IMPOKO pasnpocTpaHeH e b - kBapi ( 0 - 573°C ), KOHTO € TpUroHaJeH.

KBAPILI - ot Hemcku ( “ Qwer” u ““ erz” - cekyll Ha pyJa ).
XumnueH cbeTaB: SiO,. Moxe 1a chabprKa BKIFOYCHHS OT PYTHII, XeMaTHUT (aBaHTIOPUH) U JIPYTH.
Cumetpus u ¢popmu. Kpucranuszupa B Tpuronansa cuHronus. Cpemar ce ngo0pe odopMeHu
NpU3MaTUYHU Kpuctanu ( ¢urypu 112,113)IIpu3smMaTUUHUTE CTEHH YECTO Ca IUTPUXOBAHU
XOpU30HTaNHO. B ropHara yact Ha KpucTaauTe ce HaOiroJaBa KOMOMHALMA OT IOJIOKUTENIEH U
orpuniareneH pomboenbp. Cpemar ce cpacteuu: mo (001) (moduHoB 3akoH ) , mo (1120) (

Opasuincku) u 1o (1222) (SMOHCKH CPacThK).

@wur 90. . Kpucranau dopmu Ha kBapi: m-{1010}; r-{1011}; z-{0111}

Arperatute ca CpeAHO3bPHECTH WM MHUKpOKpUCTamHH . [locnennute OMBAT BIAKHECTH WIIH
MHUKPO3BPHECTH.
OcobOenoctu. KBapubT npurtexaBa paszanueH UBST. [lo- BaKHUTE HETOBH Pa3HOBUIHOCTH ca
CIIEZIHUTE: a) €APOKPUCTANICH KBapIl: IUIAHUHCKHU KpHucTai (Oe3LBeTeH KBapll); aMeTUCT ( OLBETEH BbB
BHUOJIETOBU LIBBETOBE); pPO30B KBapll ( PO30B 10 PO30BOYEPBEH HA LBAT); OIYIIEH KBapI( *BIAT 10

KasaB u dep); HUTPUH ( CBETIOXKBIT);, MIIEYCH KBapl ( MiedHoOsur); 0) KBapIi C BKIIOYCHUS:
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aBaHTIOPHUH (KaQsB WM 3€JICH HA IBST, MMOPAIX BKIIFOUEHUS OT JIFOCIUIN OT ThOTHT WU XEMATUT U
XpOMOBa CJIFOJIa); COKOJIOBO OKO (mceBmomMopdo3a OT KBapIll BbPXY HEIPOMEHEH KPOKUIOIUT WIIH
puOEKUTOB a30ecT); TUTPOBO OKO (KasB Ha MBAT C KONPHHEH OJSICBK, KOETO C€ IBDKH Ha
nceBqoMopdo3a OT KBapil BbPXY OKHCIEH KPOKUIOIUT); KOTEHIKO OKO ( C BKJIIOYEHHS OT a30ecT); B)
MHUKPO-KPUCTATHH PA3HOBUAHOCTH: 32 BIAKHECTUTE PA3HOBUIHOCTU € TMPHET OOIUAT TEPMHH
XaJIIEJIOH: KapHeoJ (YepBEH Xalllle JOH);Xpu30mpa3 (SO0BIKOBO3CIICH XaIIEO0H); axar (C peayBaIln
ce pa3 JUYHO OIBETCHH WBHUIU-(UTYpa); MBXOB axar (C MpoOMsSHA Ha IIBETOBETE, MOpaIn
MHUKPOCKOIIMYHU TMPUMECH); OHHUKC (axaT C peayBaHe Ha OelM W YEpHHU CIIOEBE); CapJOHHUKC ( ¢
MpociosBaHe Ha KadsBu (YepBEHU C OCM HMBUIM); XETHOTPOII ( 3€JIeH XaNIEI0H C YePBEHH IETHA),
B) 3bpPHECTH PA3HOBUIHOCTHU: ACHHUC (YEPBEH OT MPHUMECH OT XEMAaTHuT); Mpa3 (IIBTEH KBapll C
TBMHO3€JICH 1BAT); KBapubT nputexaBa CThKICH OMsCHK. TBBpAocT 7. OtHocuTenHo Terio 2.65 (

2.58 3a XajangeagoHa ).KBapII’bT HIPaKTUYCCKH € oe3 LETIUTCIHOCT U TPUTE)KaBa MUACCT JIOM.

NMnaHuHcku Kpuctan, LBeuus, konekuua M. TokmakumeBa
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O6cuagunan, Apmenus, konekuma M. TokmakumneBa
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KBapu, kpuctanHa gpy3a, Pogonu, konekuua M. TokmakuneBa

AwmeTuct, MagxapoBo, konekumsa M. TokmakumneBa




AmeTtuct, Kbpaxanuucko, konekuma M. TokmakumeBa

E"-‘ﬁ'-i.‘
',.- -LI_.'-' 5 ;,

KBapu u axaT-KoHKpeuusi, peka Bbp6uua npm c. Fnyxap, rp. Kepaxanu Konekuus

M. TokmakumeBa
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Axart, Kbpaxanuncko, konekumsa M. TokmakuneBa
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Axart, Kbpaxanuncko, konekumsa M. TokmakuneBa
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CuHTeTMYeH KBapu, konekuma M. TokmakumeBa

fAcnucoup, c.3natywa, Codmmncko, konekuusa M. TokmakumeBa
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MneuyeH onan, Momuunrpag, konekuma M. TokmakuneBa

XanuepoH, Kbpaxanuncko, konekuusa M. CtomHoBa
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KBapusT ce pasmno3zHaBa MakpOCKOIICKH IO BHCOKAaTa My TBBPAOCT (7), MO HWIVIECTUTE KPUCTAIH,
JUICcaTa Ha [EMUTETHOCT U CThKIIEHUS OJISCHK.

I'ene3nc m Haxommma. KBapibsT € miaBeH ckanooOpasyBalll MUHEpal B peaulla MarMeHH,
MeTaMOp(HU M CEeAMMEHTHM CKalu.B mermMaTutuTe KpHCTanure My MOrar ga CTMrHaT 1o 5- 6 m
IBJDKAHA U 2 - 3 m mupuHa, Texaimu 10 4 t. XuapoTepMalHUIT KBapll ce oTjiara 3aeHO C PyJAHH U
HEpYJHU MUHEpaIu B JAPY3W WIU Cpel pyAOBMecTBauuTe ckaiau. HaTpymBa ce B andyBHamHHUTE
HaXOJUINA.

W3BecTHN HaxonuIla Ha KBapl ce Hamupar B bpasunus, Manarackap, Pycus (Ypan), Ykpaiina,
HIBeitnapus, @pannus. Y Hac XyOaBM KBapLOBH KpHUCTajdu ca HamepeHH B Popomute (ApauHO),
MamxapoBo (ametuct). Haxonuma na xBapir uma B CeBepuu Pogonm, Ilnana, Cakap u ap. Xyb6aBu
axatu ca HamepeHu B Kvpmxammiicko, [llymencko u Kpymosrpazacko.

Ynorpeda. KBapusT € CHIIHO NMHE30€NEKTPUYEH U CE U3IONI3YBa B €JIEKTpOHMKaTa. KBapusT ce
U3MO0N3yBa 3a IPOMU3BOJCTBO Ha CTHKJIO, B LHMMEHTOBaTa W IOpILEJaHOBaTa IPOMMIIIEHOCT.

[Ipo3paynuTe 1 OLBETEHUTE Pa3HOBUIHOCTU HAMHUPAT IIUPOKO MPUIIOKEHNE B OMXKYTEpUSTA.

OIIAJI - or nymara “ynana’” - 6JaropojieH KaMbK.
Xumuuer cseras: Si0,. nH,O.
Cumerpus u ¢popmu. Onanst e amopdeH. ArperaTuTe ca IUIbTHU, HATEYHH, KOJIOMOP(HHU.
OcobGenoctu. IlpurexxaBa pasznuueH IBAT, MOpaaud HAIMYMETO Ha mpumecH. M3BecTHu ca
HETOBHUTE Pa3HOBUIHOCTH: KaXoJOT - Os1,lIOPbO3€H, BOChUEH OMaJl - KBJITOKa(sIB, OIaropojieH omai -
OsT WJIM YepeH, C ONMAJECHCHINS W UTpa Ha IBETOBETE, HKUPA30J- CHB WM OsUI Ha IBAT Omall C
OTIJICCIICHIIVS Ha YEPBEHH 1IBETOBE, MJICUCH OIaJl - OsUT, XHAIUT - OE3LBETECH, OUCTHP,XUAPOhaH-TIPH
MOTarsHe BB BOJA € MPOTJIeNIeH, MOPbO3eH, Mpa3onai-3eieH . TBbpaoct 5 - 5.5. OTHOCUTENHO Terjo
1.73 - 2.16. OnanbT ce pa3no3HaBa IO HATEUYHUTE arperatd, XapakTepHaTa ONajln3alus, KOsATO ce
IBJDKA Ha TUQPaKIUATA Ha CBETIMHATA , TO-HUCKATa TBBPJOCT U BOCKYHHS OJISCHK..
I'ene3unc u Haxoauma. OnajgpT € TANUYCH €K30T€HEH MUHEPAJ, KOUTO 00pasyBa IpH MpoMsHaTa
Ha CHWJIMKaTHUTE MuHepanu. OTiara ce ChIIo Taka MpPH HATPYNBAHETO HA PAJAMOIAPUU U JAUATOMEH,
YUIATO CKeseT € u3rpajeH ot SiO2 ( AuatoMur, Tpereln, HH(PY3HOHHA MPBCT ), KOUTO CEe M3MOJI3BAT 32
¢wiTpu ¥ B KepamMHuyHaTa MpoMunuieHocT. [Ipum HUCKa Temrmeparypa ce oTiiara okoio reisepure (
rpeizeput ).M3BecTHu ca Haxoxumiara Ha onain B CAILl, Pycus, Mcnannus, ABctpanus u apyru.. Y
Hac e HaMmepeH B XackoBcko U Kbpmxanuiicko.
Ynorpeb6a. M3momsyBa ce kaTto  ckbhomneHeH Martepuan. OcoOEHO BHCOKO ce IEHH
Os1aropoJHUAT omnaji. TpenenuTe ce U3MOA3yBaT 3a MOJUPAHEe HA METalld, a IMaTOMUTHT 3a QUITPH, 3a

IIPOU3BOACTBO HA JICKU TYXJIM U KaTO U30J1aTOP.

203



I'pyna Ha dgeammumnarure
[upoko pasnpocTpaHeHH B MpHUpPOAATa ca MHHEpalIMTe OT rpynata Ha (eiammnaTure.
HaumenoBannero Ha denammaTuTe € AaJeHO MOpPaAM IIMPOKOTO MM PA3MPOCTpaHEHUE B 3eMHaTa
KOpa U sicHaTa uM LenutenHocT. [lo cberaB ToBa ca anymocunukatHu MuHepanu Ha Na, Cau K, 1o -
psanko Ha Ba. 3a ¢enmmmarure € XapakTepeH ChBBPIINCH N30MOP(H3BM - MEKIY aIONTa M aHOPUTA U
OTrpaHMYEH MEXIy OpTOKJa3a U anouTta. JIumcsa cMeCUMOCT MEXAy aHOPUTa U OPTOKIa3a.
@enmmmatute usrpaxkaar 10 90 % wmarmatuuHuTe u MetamopdHuTe ckanu u a0 10 % Hsakou

CCAMMCHTHHU CKaJIu.

IJIAT'MOKJIA3M - oT rpblIKK 03Ha4YaBa “ Koca HEMUTEITHOCT .
XumnueH cberaB: Ob6marta ¢opmyna e (Na, Ca,) (AlSi) AlSi;Os. KpaiiHute uneHoBe Ha
IUIaruokjiasosara peauna ca ainout (Ab) - NaAlSi,Og u anoput ( An ) - CaAl2Si,0s. OcTtananure

YJICHOBC MPCACTABIABAT I/I30M0p(1)HI/I CMCCH MCXKIAY TE3U CbCTaBU, KOCTO CC M3passBa C IMPOLCHTA Ha

aHOpHTA.
AJIBUT (Ab)  NaAlSi;Os 0-10% An
(031141403201 7N T 10 - 30 % An
FN 3 11 2ic)% 15 SRR 30 - 50 % An
BIVN S N1 ()T 50 - 70 % An
BUTOBHUT oo 70 - 90 % An
AHOPTHT (An) CaALSiOs 90 - 100 % An

Cumetpus u ¢gopmu. Kpuctanuszupar B TpUKJIMHHA CUHTHUA. KpHC TanuTe UM ca Miao4ecT, Hai
- yecTo ce cpemar noa ¢gopma Ha cpacTbuu (pur.116). Kpucranute uMm ca KbCOMPU3MATHYHU IO
ocrtTa “c” u nede normnoyectu 1o (010).Cpemar ce U KpuCTaIM YABIKSHH IO OC “a”.

Ocobenoctu. LBeThT Ha MIarnokiasuTe € OsJl, CUB 10 CUBOYEPEH, 3€JIEH WM CUBO3€EJIEH, KaTo
IIpU TpOMSiHA ce MpoMeHs B pe3unas. [Ipu Hanuume Ha MpUMECH LBETHT CTaBa PO30B WM YEPBEH.
Muoro e xapakTtepHa 3a JjabOpamopa € T. Hap. naOpamopusauus. [lmaruokrnasurte mpuTekaBaT
CBBBpILIEHA IEMUTENHOCT. TBBPAOCT 6 - 6.5. OTHOCHTENHO Terno 2.61 3a anburta u 2.76 3a aHOpHUTA.
[TnarmoknasuTe ce pa3no3HaBaT MAaKPOCKOICKH IO CTHKJICHHS OJSICHK, OETUTE UM JI0 CHBO3EJICHU
LIBETOBE M BUCOKATa TBBHPOCT.

I'ene3uc n Haxoguma. [Inaruoknasure ca MarMaToreHHH, METaMOP(OTeHHH U CEAMMEHTOTCHHHU.
Te ca rmaBHE ckanooOpa3yBalli MUHEPATN B MarMeHUTE U MeTamMopdHuTe cKanu. Mma ckamu, KouTo

Cca U3rpaacHu U30AJI0 OT IUIaruoKJIa3v, KaTo aHOPTO3UTU U ILIAruOKJIa3uTH. B mermaturoBuTe Xuau

ce oOpa3yBa M NpH MeTacOMaTHYHATa MPOMSIHA Ha CKa-TuTe ce oriara anout. [lpm marmenara

204



mudepeHManys Hall-Hanpea ce o0pasyBa aHOPTHT, Clel TOBa OMTOBHHUT U Jlabpanop, KOWUTO ca
TJIAaBHU CKallooOpa3yBally MUHEpadn B Oa3wmyHHTE cKand. [Ipm mo-BUCOKO chabp kaHue Ha SiO; B

Marmara ce o0pa3yBar: aHJIe31H, OJTUTOKJIa3 U aJIOuT.

4

An6ut (Butowa, konekunst M. Tokmak4yneBa )
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JTabpapgop, YkpanHa, konekuus M. Tokmakdnesa
Ynorpeda. JlabpagopoBoTo rabpo ( 1adpagopuT ) ce U3IMO0JI3yBa KaTo OONMIIOBaYeH KaMbK. AJOUTHT
Ce M3IMOJI3Ba KaTO CYpOBHMHA 3a MOpIIEJaHOBaTa MPOMHUILICHOCT. Toi ce J00MBa MPEIUMHO OT

IErMaTUTOBH JKHIIU.

OPTOKJIA3 -nopaay HeMUTETHOCTTa My TIOJ] TIPaB BI'bJ (IIPABOIICTI)

Xumnuen cberaB : (K, Na ) AlSi;Os. ITonsikora chappika mpuMecH OT XeMatuT. [Ipu BHCOKH
TEeMIepaTypHu ca yCTOWYMBH. MEXIUHHATE YICHOBE MEXKAY OPTOKJIAa3 M allOMT ce O3HAa4yaBaT KaTo
AHOPTOKJIA3H.

Cumerpuss u ¢opmu. Kpucranuzupa B MOHOKIMHHA CHHTOHMSA (OpTOKJIA3 UM CAHUJUH).
MUKpOKIMHBT € TPUKIMHEH. AAyJapbT € HHMCKOTEMIIEpaTypHAa pa3sHOBHJIHOCT Ha OPTOKIA3a.

XapakTepHHu ca KapicOaaCKH CpPacThK.

- @ur.91. Kapncbarcku cpacTbiu
Ocob6enoctu. OpTOKIa3bT € OsUI, PO30B, CHUB, XKXBJIT. 3eJIeHATa My pa3
HOBHTHOCT C€ O3HA4aBa KaTo aMa30HHUT ( ChIbpPXKa OJIOBO ), a O€3IBETHH M BOJHOOUCTPH MOTaT Ja
ObJaT CAaHUIUHDBT U aaynapbT. [Ipurexana cTbkIIeH OJACHK. ALyJIapbT pAIKO onanusupa. TBbpAOCT 6

U OTHOCHTENHO Teryio 2.56. [loHskora CaHUAMHBT, ayIapbT, MUKPOKIUHBT, AIOUTHT U OJIUTOKIA3BT
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MOKa3BaT WIpa Ha I[BETOBETE, MOJOOHA Ha WpH3anusATa. Te3W PasHOBUAHOCTH CE€ O3HAYaBaT KaTo
ayHeH KambK. OpTOKIa3bT ce pas3lo3HaBa MaKPOCKOIICKH 1O Oelus 10 PO30B LBST, EMUTEITHOCTTA
My MO/ NPaB bI'bJI, CTHKJICHUS OJISCHK U TBBPIOCT 6.

I'ene3uc u Haxoaummia. OpTOKIa3uTe ca TJIABHU CKajlooOpaszyBalll MHUHEpadd B CbCTaBa Ha
KHCENUTe WHTPY3UBHU CKanu ( TPAaHUTH, PHUOIUTH, TPAHOAWOPUTH ) U B CBBP3AHHUTE C TAX
MErMaTUTOBH KUJH ( TJIABHO OPTOKJIA3 ), B KHCEJIUTE BYJIKAHCKU CKaju ( CAHUJIMH ) U B PETHOHAIIHO -
MeTaMop(HUTE CKallu - THaiicuTe (MUKpOKJIMH). ['oneMn HaxonuIIa Ha KainueB (penammar ce HaMupar
B [lIBemus, Hopserus, Manarackap, Pycus (Mnmenckutre mnanunu), CAIl u np. VYV Hac
nermarutoBute kwin B LlenTpanHoro CpemHoropue u Pomomute ca M3TOYHUK 3a JOOMB Ha
¢enmmmaToBa cypoBuHa. CaHHIMHOBUTE KPHCTAINM CE€ CpEIIaT B KUCENUTE e(QY3WBHHU CKalIH -

Krocrennuicko u JILKMHCKO.

Optoknas, Hax. CmunoeeHe

KonpuBLueHcko, konekuuns M.

TokmakymeBa
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CaHnawnH, kapncbanckm cpactbk, Noeweso, KiocteHauncko, konekumns M. Tokmakynesa

AmasonuT, Pycus, konekuna M. Tokmak4ymeBa

Ynorpeba. OpTokiasuTe CH H3IMOJ3YBaT B MOPILEIAHOBAaTa MPOMHUIILICHOCT, 8 aMa3OHUTHT H

JIJYHHHSA KaMbK CC LICHAT KaTO CKBIIOLCHHN MaTCpUaJin.
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I'pyna Ha Hedenuu - 1eBuura

HE®EJIUH - Nmeto my e ganeHo oT Ou , 3aI0TO MpH MOTAIMsSHE B KUCEIMHA MOTbMHSBA ( OT
IpBUKH “Hedenu - 00mak). XUMUYHATA MY
dopmyma e : NaAlSiO4. XekcaronaneH € . ArperaTure My ca 3bpHECTH . be3nBereH ¢ , 051, CUB WIN
cuBoseneH. TBepaoct 5,5-6 . CtekieHn Omsicbk. CkamooOpasyBail MHUHEpasl, KOWTO ce oOpazyBa B
ChCTaBa Ha aJKaJIHU CKalmu BMecTo ¢enammaru (T.H. penammnaTonan). Haxoquma - nomyoctpos Kona
( Pycus ). M3noun3Ba ce 3a 100MB Ha alyMUHHH , B CTBKJIAPCKAaTa U MOPLIEITAHOBA IPOMUIILIICHOCT.
JIEBUMUT - ot rpwiku “neiikoc - 0s1. @opmynaTa My € CXOQHA C Ta3W Ha opTokiasa - K [
AlSi,0¢] Cpema ce B 18e MoaudUKaIiK - KyOudeH u
TeTparoHaneH . banm wium Oe3nBeTeH CbhC CTBKIEH Onscbk. TBBpmoct 5,5-6. Toi e
BHCOKOTEMIIEpaTypEeH MUHEPAJ U Ce Cpella BbB BYJIKAaHCKUTE CKai . pU HepocTur Ha SiO2 U BUCOKO
cpabpxanue Ha K20 .M3moms3Ba ce 3a mojydyaBaHe Ha KajJUEBU W aTyMHUHUEBU cheauHeHus. Haii-

n3BeCcTHU Haxomuma ca Besyswii ( Utanmus ), B Pycust u ['epmanmus .

0. C no0aBLYHM aHUOHH

JIABYPUT -or mnepcuiicku “nmazyp”- cuH. Hapuua ce omie mnamuc-na3ypu (MpUpoOJIeH
yITpamMapuH).
XumnyeH cberaB: (Na,Ca) g [ AlSiO4]6 (SO4,CLS), © - cun.
Cumertpus u ¢popmu. Kprucranusupa B KyOWYHA CHHTOHHUS. ATpEraTute My ca ApeOHO3bPHECTH.
OcobOenoctu. IlBeTsT Ha mMuHepana e cuH. TBbpHocT 5,5-6. Pa3no3HaBa ce Mo CHUHUA LBAT U
BHUCOKATa TBbPJOCT.
I'ene3suc u Haxoguma. JlasypurbT ce mpuyuciasBa KbM dengmmarouaute . Toil e
KOHTaKTHOMeTacomaThueH . M3mon3Ba ce Karo CKBIOLEHEH MHUHEpad M MHOIO CKbI OOJIMIIOBBYEH

Martepuai. M3BectHu ca Haxonumara banaxman ( Adranucran ) u FOxxnoto [Ipubaiikanue (Pycus).
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NA3YPWUT (Pycusa,konekuma M. TokmakyneBa)

Ynorpebda. JIa3ypurhT ce U3M0JI3Ba KATO CKBIOICHEH U OOJHMIIOBAYCH MaTepHall.

CKAIIOJIUT . [lomyumsn e UMETO CU OT CTHIOECTHs XaOUTyc Ha KpHUCTaiauTe (OT TIPBIKH
“CKanoc”-CcThIO U “IUTOC”-KaMbK)

XuMHnyeH cbeTaB: M3oMopdHa cMec MEXTy HaTPHEB CKATIOIHT
(mapuaiur) - Nas[AlSi305]3Cl u xanueB ckanonut (MeioHUT)- Cas[ AlxS1,05]3(CO3,S0y,).

CuHronus U dhopmu. Kpucranusupa B TeTparoHajiHa CHUHT'OHUSI.
Ocobenoctu. L[BeTsT Ha MUHEpana € Os1 win cuB. TBBpIOCT 5,5 - 6. [lnarnoctupa ce mo Oenus uBsIT,
XapaKTepHUS CTHIOECT XaOUTYC Ha KPUCTAINTE U KBaJpaTHaTa (popMa Ha CCUYCHHUATA FIM.

I'ene3uc u Haxoauma. CKanoJuThT € KOHTAKTHO - METACOMATUYEH MUHEPAJl WU THEBMATOJIUTEH
. CkanooOpa3yBally € B CKaloOJMTOBH THaiicu . Y Hac e HamepeH B benus ynyk - Puna , B Pogonute ,

Ha Buroma u Haxomue [Iponaga, MankoTbpHOBCKO .
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Ckanonutn (MnageHoBo, MankoTbpHOBCKO, konekums M. CtoriHoBa)

Ynorpebda. Hsima npakTudyecko NpuIOKEHUE.

B. C Boanm mosexyn 3EOJIMTH
ToBa ca HaTpueBH, KaJIMEBU, HATPUEBO - KAJIIHUEBH, 1O - PAJKO KalWMeBH U OapueBH
ATyMOCHJIUKATH, KOUTO ce OOeqMHSIBAT MOJA OOIIOTO HauMeHoBaHHE 3eoiuTd. Cropea XUMHYHUS
ChCTaB T€ Ce€ MOJENAT Ha ueTupu rpynu. [lo3Hatu ca okoino 40 3€0OMUTOBH MHHEpaia B MPUPOAATA U
Hayg 100 cuaternynn 3eonutu. O0mara M popmyna e: (Ca,Sr,Ba,Na,,K,) Al, Siz_lo Og.04. 2-8 H,O
[Ipu TpumMepHOTO TOApPEkKIaHE HA CHUIUIIUN - KHCIOPOJHUTE TETpacApu B TAXHATA CTPYKTypa ce
oQOopMAT CBOOOTHU KaHAIM, 3aIBJIHEHU OT BOJHU MOJEKYIU. B cBOOOIHUTE MpOCTpaHCTBA MEXIY
TETpaeJpUTEe MOTaT Ja C€ PA3MOJOXKAT M KATHOHHU, MOCTHIMIM NpU OOMEH B OKOJIHATA cpela H
MIPOMEHST ChCTaBa Ha 3eonuTa. [Ipu HarpsiBaHe Ta3u T. H. ““ 3¢0UTHA” BOJA CE€ OTIENS OTKBAETO UBA
Y HAMMEHOBAaHUETO Ha MUHepanuTe ( Ha TPBIKH - * 3¢0” - KU, “ muToc” - kKaMbK ). [Ipn mocraBsiHe
BBB BJI&XKHA Cpella 3€O0JUTUTE OTHOBO MOTIBIIAT BOAA. Te€3M MpOIecH ca CBbP3aHU C MPOMEHSHE U
CHOTBETHO BHb3CTAHOBSIBAHE HA (PM3UYHHUTE CBOMCTBA HA 3COJUTHTE.

AKa)ICMI/IK HBan KocToB ru noacid Ha aKkCHAJIHU, IJIAHAPHU U IICCBAOU30OMCTPUYIHHU B JIBEC OCHOBHU
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acormaruu: npeaumHo Na - Ca u npeaumuo K - Ba .

MuHepanuTe OT Tpylara Ha HaTPOJIUTAa KPUCTAIM3UPAT B HU3IIUTE CHHTOHMH . Te ca 0enu a0
po3oBu . Te umat TBBpIOCT OT 5 A0 5,5 U OTHOCUTENHO Teryio 2,25. Urinectu Kpucranu , paako ¢
abpmxuHa 20 cm - 1 m v mupuHa 1 cm (32 HATPOJIUTA U CKOJIELINUTA ).

HATPOJIMT - Na,Al,Si30;9.2H,0. HazoBan e mopanu ToBa , ue chabpka Na. Kpucranusupa B
poMmOngHa cuHroHus. OOpazyBa paguaIHO-IBUYECTH arperaT. BISICBKBT My € CTBKIICH JI0 KOTIPUHEH.
Toii e BucokoTemneparypes 3eoaurt ( ycroiuus mpu 250 ° C)

CKOJIEHUT- CaAl;Si3040.3H,0 ( mpu HarpsiBaHe ce W3BHBa Kato uepseit ) . Kpucranusupa B
MOHOKJIMHHA CUHTOHHS.
ME3OJIUT (MeXIUHEH - IO ChCTaB MEXAy CKojernuta u HatpoimTta) - Nap,CapAleSigOsp.
8H,0. Kpucranusupa B pomObuuna cuaronusi. O6pasyBa BJIAKHECTH U TUTBTHU arperaT.

TOMCOHMT - B yect Ha mwomnanacus XuMuk T. ToMCOH , KOHTO ompenens caeaHUsl ChCTaB -
Ca;NaAlsSisO29.6H,0. Kpucranuszupa B pomOouuHa cuaronust. O6pa3yBa cdepouaiHu arperary.

JIOMOHTMT - B uect Ha (perckuss muaepayor ®. JIOMOH, KOHTO ompeaenst CISAHHS ChCTaB:
Ca[Al,S140,,].4H,0. Kpucranu3upa B MOHOKJIMHHA CHHTOHHS.

MOPIAEHUT - (Na,CaK,)[Al>S1;0024].7H,0. Kpucranuzupa B pomOuyHa cuHronus. O6pasysa
¢unournectu cheponutu.L{BeTsT € st MuHnepanuTe OT TrpyrnaTta Ha CTUIOUTa ca 6enu
1o xbeatd win Kadssu. . TBbpmoctra um e 3,5 - 4 . OtHocurenHa mrbTHOCT OT 2,09 mo 2,20.
OO0pasyBaT CHOIMOBHIHU arperary .

CTUJIBUT - nopaau OucepHust My OJsIChK . JleCMHH (CHHOHMM)Ce Ha30BaBaT CHOIOBHJIHUTE
arperatu. XumuyHata My ¢opmyna e- (Ca,Nay)[Al,Si;0:5].7H,O.Kpucranusupa B MOHOKJIMHHA

CHUHIT'OHHUA .

®ur. 119 Ctundur, nax. Llap Acen, Ilanaropcko,

yBen.30 000, B e1eKTPOHHUSI MUKPOCKOII

XEWJIAHJAMUT - HaumeHOBaH € B YECT HA AHIJIMICKUS KOJEKUHOHEp Ha MUHepanu X. XIOJIaH[ .

XumnuHata My ¢opmyna e ciaennara- Ca[Al,Si70,5].6H,0. Kpucranusupa B MOHOKIMHHA CHHTOHHUS.
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KUCMOHJUH - CaAl,Si;,05.4H,0. Kpucranmmsupa B MOHOKIMHHA cuHTOHuUs . OOpasysa
chepougannu arperata . TBepaoct 4,5 - 5 . OtHocuTenHo Teriio 2,26.
XABA3HUT - ( Ca,Na) Al,S1401,.6H,0. Kpucranmuszupa B TpuroHajiHa CHHroHus. TBbpaocCT 4,5.
OtHocurenHo terio 2,16. Xaba3uTsT e Oe3lBeTeH, 0511, pO30B,CBETIIONKBIIT 10 YEPBEH OT MPUMECH .
AHAJIIUM - Na,Al,Si1,01,.2H,0 . Hmeto My e naneHo , moHexe ciabo ce HaeleKTPU3upBa
npu TpueHe (OT TPBUKH aHaJIKUC - ciad). Kpucrammsupa B KyOW4YHA CHHTOHHUS. AHAIIUMBT €
oesuBereH win Osi1. OT mpuMecw € CHB WIM 3eleH. TBbpaoct 5-5,5. OTHocurenHno terio 2,22-

2,29.Toil € BUCOKOTEMIIEPATyPEH 3€O0JIUT .

®wur. 118 AnamuMm, bypracko, konekmus M. TokmakuneBa

3eonutu, [Tanartopcko, konekuus M. TokMakuneBa

3e0IUTUTE ca IMOJUTCHHU MHHCPAJINA. IIo CKCIICPUMCHTAJICH IIBT € YCTAHOBCHO, Y€ TC Ca CTaOUIHU B
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temneparyped unrepsain or 100°C mo 250°C. B ceauMeHTHUTE CKald MOrar aa ce obpasyBar Ipu
oOuKHOBeHa TeMiieparypa. I1lo - BUCOKOTEMIIEpaTypHHU ca KalIlMEBUTE 3€0JIUTH, @ HATPUEBUTE ca IO -
HUCKOTEMIIEPATypPHHU. 3E€OJIMTOBUTE MHMHEpPAIXM  NPEIMMHO  Ca XHUJIPOTEPMaJHU NPOAYKTH U
cenumenToreHHu. [Ipu mo - BuUCOKa ajKaldHOCT Ha cpefaTa ce oOpasyBar 3eonuTH, Oeanu Ha SiOs.
Bucoko anmymMuHHMEBUTE 3€0JMTH ce oOpa3yBaT NMpHU IO - OrpaHHYEH TemmepaTypeH uHrepBai. C
MOHW)KaBaHE Ha TeMIlepaTrypara ce o0pa3yBaT 3€OJUTH C TMOBMILIEHO BOAHO ChIabpxaHHe. ToBa
oOycliaBs 30HAJTHOTO pasnpesiesieHue Ha 3€0JIMTOBUTEe MUHepaiu. Hail - pasnpocTtpaHeHuTe 3€01MTOBU
HaxoJIMIla ca NPOAYKTH Ha XHUJpaTalusaTa Ha CKaJd, B YMMTO ChCTaB y4acTBYBa TOJSIMO KOJIUYECTBO
BYJIKAHCKa IHemnes. Y Hac 3€0JUTOBUTE MUHEPAIM ca IIHPOKO pa3npocTpaHeHu Kbpakanuiicko
(cenmmenorennu) , bypracko u [lanartopcko - cpes ByJIraHOT€HHHUTE CKalu. 3a Haxoauile Mezaet e
YCTAHOBEHA CJIEJJHAaTa 30HAJIHOCT B PA3NpPOCTPAHEHHETO HA 3€0JUTOBUTE MHUHEPAIM OT LEHThpa Ha
PYAHOTO TSUIO KbM Nepudepusra u oT AbI004YMHAa KbM MOBBPXHOCTTa B CIEIHUS PEl: HATPOIUT +
aHAJILUM + CKOJIEUT + TOMCOHHUT -€QUHITOHMT - JIOMOHTHUT + xa0a3uT + XeHIaHauT - CTHIOUT T. €.
OT MO - BUCOKOTEMIIEPATYpHU 3€OJUTH KbM 3€0JMTHU C MO- BUCOKO ChIbP)KaHUE HA BOAA U TIO -
HUCKOTEMIIEPATYPHHU.

Ynorpebda. 3eonuture ce U3NON3YBAT KaTo “ MOJIEKYJIHM CUTA’ 3a IMPEYUCTBAHE WJIK OMEKOTSIBAHE
Ha BOJM, 3a MOJNOOpsIBaHE CTPYKTypara Ha MOYBUTE U B KMBOTHOBBJACTBOTO. Y Hac ce JA0OMBaT B

Kspmxanmiicko.

Kaac 6. bopatun

boparure ca conu Ha OopHaTa kucenuHa. Te He ca MIMPOKO pa3lpOCTPaHEHU B 3€MHAaTa Kopa.
[To3natu ca okomno 120 munepana. Haif - TosMO KOTHYECTBO OT TSIX C€ OTJIara BbB BOJHUTE OaceilHu.
B cwcraBa Ha 6oparute ydacTByBat riaBHo rpynure [BOs] u [BO4], kouto mogobHo Ha cumuuui
- KHMCJIOPOJIHUTE TETpaeIpH MOraT Jla c€ CBbp3BaT B KpallHM I'PyNH, MPOCTH U JBOMHM BEPUTU WU
TpUpa3MEpHU  CKeleTH. /[BeTe mocodeHHM TIpynu Morar Ja Ce CBbpP3BaT IMOMEXIY CH € OOIIH
KHUCJIOPOAHU aTOMM KaTo 00pa3yBaT yCJIOKHEHM KpailHuU rpynu. JJo0aBbUHHUTE KaTHOHU B ChCTaBa Ha
muHepanute ca Mg, Ca u Na. B 3atBopenu e3epa ce otnarar riaBHo coiu Ha Ca u Na, a B MOpCKUTE
OaceiiHu - marHe3ueBH. boparure morar na 6b1aT M KOHTAKTHO - METacCOMaTHYHU. ToraBa KaTHOHHUTE
ca npezacrasenu oT Fe, Mn, Al u np. Enunctseno caconmunsT H3BO3 e cyOnumanuoHeH MuHepall.
CucremaTtusupar ce 1o rpymnu B aBe acoruaruu : Bi - Al - Mg u Ca - Na - Mg, a cacoluHBT CTOH

HU3BBH Tasu KJ'IaCI/I(bI/IKaI_II/IH.
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Jlynsurut, Hax. KpymoBo, IM06oscko, konekus M. Tokmakuuena
bopatute ca Genu 10 cuBM Ha 1BAT. [IoBe4eTO OT TAX Ca HUCKOCHUMET
pyuHY ( TPUKIMHHU, MOHOKJIMHHU ¥ poMOu4HU ). Te umar majika TBbpAOCT
or 1 no 5. Uzkmoyenue mpaBu OOpalMThT, KOMTO € KyOuueH u € ¢ TBbpAoCcT 7. Haii-Baxxuure
npencraButenu Ha kiaca ca : CACOJIMH -H;BO;; AITAPUT - MgBO; ( OH); JIYABUI'UT - (
Mg, Fe * ) Fe’'(BOs),; BOPAIIUT - Mg;B;0.35Cl; KOJIEMAHHUT- Ca,Bc011.H,0,
HAHAEPMMUT - CasB0019 7HO; YJIEKCHT- NaCaBs;0y. 8H,0 1 BOPAKC - Na,B407.10H,0.
[lo-ronemn Haxomuma ce Hamupar B PymbhHusa, Hopserus u CAILl. V Hac € HaMepeH JyJBUTUT B
KeIS30pyIHUTE HaxoaumIa - SImMOoIcko.

boparHuTe MHHEpaln ce H3NOA3yBaT B CTBKIAPCKaTa IPOMUINIEHOCT, 3a IPUTOTBSIHE Ha
OTHEYNOpHM CIUIaBH, KEpaMUYHHM H3JENusi, CBPbXTBBPAM M YCTOWYMBH aOpa3uBH., B  CEIICKOTO

CTOIAHCTBO, B aTOMHATa C€HEPreTHKa, CAaMOJIETOCTPOCHETO U B JIeKaTa MPOMHMIIICHOCT.
Kuaac 7. ®ocparu, apceHaTu 1 BaHAIaATH

B To3u knac ca onucanu okoino 560 muHepana. Bbrpeku rosemus
UM Opol Te MMaT HE3HAYUTEJHO Pa3NpOCTpaHEHHE B 3€MHATa Kopa. EMMHCTBEHUAT MUHEpaia C IO -
3HAYUTEJIHA POJIS € aNaTUTHT.

MuHepanuTe OT TO3M KJIac ce pasriexiaT KaTo coiau Ha ¢ocdaTHaTa, apceHOBaTa U BaHaJHeBaTa
KHCENUHU. B TexHMsl cbCcTaB ywyacTBYBAaT TETpacApUYHUTE Ipynu [ PO4*, [ VO4], xouro ca
aHAJIOTUYHU Ha CHJIMIHMN - KHCIOPOJHUTE. XapaKTEepHHU 3a ChCTaBa UM ca katnoHute Ha Ca, Mg, Cl,
Pb u ap. Haii-gecTo TOBa ca CI0XHH MO ChCTAB ChEUHEHUS, KOUTO KPUCTATH3UPAT IJIaBHO B HU3IINTE

CUHTOHMH. ArperaTuTe UM ca 3eMJIeCTH, C(HEepUUHU WM KOpH, 00pa3yBaHHU BbPXY JIPYTM MHUHEPAIH.
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TeepnoctTta uM € mMexay 3.5 u 5. [lnbTHOCTTA ceé MEHM B IIMPOKHM TPAHUIM CIOPE] ChCTaBa Ha
muHepanute. Docdarute ca Hall -JIEKUTE, a BAHAJATHTE - HAW-TEKKATE. MUHEpaIUTe OT TO3M KJac ca
MPEAMMHO CyTiepreHHu o0pasyBanus. Pazaensr ce B cnokau acomumaruu: Be - ( Al, Fe ) - Mg, Li - Fe
-Mn, Na - Ca-Ba, Zn - Cu-Pb (U), c tonbnHuTensu cyiapaTHu U Apyru aHuoHu. Hait - mmpoko
Pa3npoCTpaHEeHUE U C MO - TOJSIMO MPAKTUYECKO 3HAYCHHUE Ca MUHEpAIUTE OT Ipyrara Ha anaTtuTa, Ha

TOPOEPHHUT -LIOMHEpHTA.

AITATHUT - ot rpbLKH O3HAYaBa ““ U3MaMJIUB .
XumuyeH cberas : Cas[PO4]s(F, Cl, OH) (Ca0-55,38%, P,05-42,06%, F,Cl, OH-3,56%) . Cpabpika
kato uzoMopdHu mpumecH oT [AsOy], [S104], [SO4], [CO3],MnO, U, Th u peaxo3eMHr eIEeMEHTH.
Cumertpus u popmu. Kpucranusupa B xekcaronanna cuaronus (¢ur. 92). Kpucranure my
ca MPHU3MATUYHHU, JOCTUTALIM C Pa3MEpH JI0 MOBEYE OT METhp MO ocTa “ ¢’ ¢ Hail-BaxHU (HOpMHU:
{1010},{1011}, {1120}. Arperarure ca 3BPHECTH WJIM MACHUBHH, MO - PSAIKO 3EMJIECTH U

OBOPEKOBHIHH.

®wur. 92 Kpucranna popma Ha amatut

Ocob6enoctu. [[BeTsT Ha MUHEpaAJIa € CBETIIO3€JIEH O CUHBO - 3€JIEH, PAJIKO CHUH, BUOJIETOB WIIH
yepBeH. Diayopecumpa. [Ipurexasa sicha nenutreaHocT. [lo BpHITHE Oene3u MHOTO IpUiInYa Ha IPyTH
MHHEpaJH OT rpymnara Ha genmmmarute. OTiMyaBa ce Mo TBbPAOCTTA CH - 5, OTHOCUTENHO Tero 3.18
u xapaktepHure Gopmu. I1o uBaT npunuya Ha Gepuiia, HO UMa Mo-HUCKa TBHpAOCT. Paznara ce ot HCI
158 HNO3.

I'ene3nc m HaxoaMIIa. ATIaTUTHT € MarMaTOr€HEH U NerMaTuToB MUHepan. Hail - ronemute My
HaxOJMIlla ca CBbpP3aHM C AJIKAJIHW MarMeHM CKajlu U ce HamupaT Ha nosyoctpoB Koma (Pycus).

dochopurute ce 00pa3yBaT IMpU CEIMMEHTOTCHHH yCIOBHs. TexHM Haxoauia uma B Apkup, TyHuc,
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Mapoxo u zip. Y Hac anatut € HamepeH Ha Burorma, bypracko u ap., Ho 0€3 NPOMUIIIEHO 3HaYEHUE.

Anatut (3abankanue, Pycus; konekumsa P. Masgepos )

Ynotpeba.llznons3sa ce 3a n1o6uB Ha GocopHu TopoBe, pocdhopHa kucennHa u GochopHH COJH, B

KI/I6pI/ITeHaTa " KCpaMHU4iHa NPOMUIIIIICHOCT

KCEHOTHM - Ha rppuky o3HauaBa “ 4yxa‘’ M “yBakaBaH~, ThbU KaTO C€ € CUMTAIO , 4e
UTpUAT B CbCTaBa Ha TO3M MHHEpal € HOB €JIEMEHT -
XumundeH cveTaB - Y[PO4] (Y,Er),03-61,40%, P,05-38,60%)

Cumerpus n popmu Kpucranusupa B TeTparoHaJlHa CUHTOHUS .
Ocobenoctn XbntokadsB Ha LBAT , @ B ThHKH IUIACTUHKUA € O€3IBETEH 10 OJETOXKBIT .

TBbpaocTTa Ha MuHEpana € 4-5, 2 OTHOCUTENHOTO My Tersio Terno 4,4 - 5,1. KceHoTuMbT npuianya
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MAaKpOCKOIICKH Ha IUPKOHA, OT KOWTO C€ OTJIMYaBa IO IIO-HUCKATa CH TBBPAOCT.
TI'ene3uc u HaxoJauiia KcenotumsT ¢ AKIECOPCH MHUHCPATI B CbCTaBa HAa KUCCIHW WU aJIKaJIHU

ckaiu . B mermartutu ce cpemiar epu KpucTaiu .

MOHAIIUT - oT rpbIIKHd 03HAYaBa “‘CAMOTHUK’, Thid KaTO CE Cpella PsAKoO .
Xumuyen cberaB - (Ce,La,Y,Th) [POs] .Cpabpxka eneMeHTH - pPENKH 3€MH, ypaH, KaJlluud U
CUJIMLIAM - YepasurT .
Cumerpus u ¢popmu. Kpucranusupa B MOHOKJIMHHA CUHTOHMs. Kpucrtanure My ca KIMHOBHIHU
U TICEBAONU30METPUYHHU.

OcoGenoctn . Ha uBIT € XBJITEHUKAaB [0 uepBeHO - KadsB. BiasicbkbT € cmonect a0
BocwkueH. TBBpmoCcT 5-5,5. OTHOCHTENHO Terso - 5,1. MOHAaIMUTHT MpWIKYa MO BHHIIHK Oeje3n Ha
LIUPKOHA, OT KOWTO ce OTIMYaBa IO IMO-HHUCKAaTa CH TBBPAOCT, & B CPAaBHEHUE C THUTAHWUTA MMa ITO-
BHCOKO OTHOCHUTEIHO Terio.PannoakTuBeH e.

I'enesuc m Haxommma . MoHauuThT € akuecopeH MuHepasl. KoHIEeHTpupa ce B pa3cunu
Acomuupa ¢ kceHotuma. M3BecTHM ca Haxoxumara B Manarackap, Mwuack (Pycus)., Munac

Kepuac(bpazunus

TIOPKHU3 ( TIOPKOA3) - HaumenoBan e Ha Typuusi , Tbii KaTo € BHacsiH MTbPBOHAYAIHO B
EBpona ot Mana A3us npe3 Typuus .

XumuueH cbeTaB - CuAlg(PO4)4(OH)s.4H,0.

Cumerpuss m ¢opmu Kpucranusupa B TpukiauHHa cuHronus. Cpema ce B IUIBTHU
OBOPEKOBUIHU U CTAJJAKTUTOBUJIHU arperatu.

Ocodenoctu L[BEeTHT My € CHHBO - , SOBIKOBO- HJIM T'BIIOOBO - 3€JIeH .BIIICHKBT Ha TIOPKU3a €
BOCBYEH . PsAKO ce cpemar KpUCTadu CbhC CTBKIEH OMsIChK TBBPIOCTTa Ha TIOpKH3a € 5-6 .
[IputexxaBa Mmuaect 10M . OTHOCUTENHOTO My Terjo € 2,84 .

I'ene3uc u Haxoguma. TIOpKU3BT € CynepreHeH MUHEepall, KOMTO ce 00pa3yBa IpH Bb3AEHCTBHE
Ha MOBBPXHOCTHM BOJM Ha IiMHecTH ckaiau CBeToBHOM3BECTHM Haxoaumia ca Humanyp ( HMpan ),
Apusona u Hro Mekcuxko ( CALLl) , Kuprusus,ABranucrad U Apyru OpeJMMHO 3acylUIMBU 00JacTu

.Y Hac e HamepeH kpaii ¢. CniaxueBo-M3rounu Ponomnu.
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Tropkua (H.Cnaxueso, konekuma P. Masgepos )

Ynorpebda . M3nonsBa ce KaTo CKBIIONEHEH MUHEpal.

TOPBEPHMUT - B uect Ha mBeackus xumuk Top6epH beprman (XVIII B.).
Xumnuen cberaB: Cu(UO,) ; [PO4]2.12 HO.

Cumetrpuss u ¢opmu. Kpucranuszupa B TeTparoHaliHa CHHTOHMs Tpu Temmeparypa 75°C.
Kpucranure my ca TpHKOIUIOUECTH ¢ Hali-uectu ¢popmu: {001}, {111}, {110}, {013}. Arperatute ca
JIIOCTIECTH.

Ocobenoctu. L{BeTsT Ha TOpOepHUTa € 3eneH. [IpurexaBa ChBBbpIICHA HEMUTEIHOCT U CTHKICH
omsacek. TBBpIOCcT 2 - 2.5. OtHOCHTENMHOTO My Terio € 3.22 - 3.70. Kpexbk e u Tponutus. CHITHO

PaInOaKTHUBCH. MaKpOCKOHCKI/I CC pasno3HaBa 110 IBETA U JIIOCIICCTUTC arperaTu.
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TopbepHut—(Pogonu, konekuma M. Tokmakymesa)

I'ene3uc u Haxoguma . TopOEpHUTHT € U3BETPUTENICH MPOAYKT HAa ypaHOBUTE MHHepanmu ( Ha

ypaHUHUTA ). AcOolMupa C OTyHUTA .

OTYHMT - HOoCu nmeTro Ha MecTHOCTTAa OTYH BBB PpaHuus.
Xumnuen cbetaB: Ca(UO;)2(PO4)210 -20H,0.
Cumertpus u ¢popmu. Kpucranusupa B Terparonania cuaronus. Kpucranure ca ThHKOIIJIOUECTH, a
MUHEPAIHUTE arperary ca JrocrnecTd. OTYHUTBT U TOPOSPHHUTHT C€ HApUYAT OIIEe YPAHOBHU CITIOJTH.
Ocobenoctu. LBeTsT Ha MHHEpana € JUMOHEHOXBAT A0 SPKOXBIT. [IpurexkaBa chBBbpIIEHA
(cmomoniogo6Ha) nerurenHocT 1o (001) u crekieH Omsachk. TBbpaocT 2 - 2.5. OTHOCUTENHO TETrJIo
3.1 - 3.2. CuntHO (aryopecuypa U TyMHHHUCIUPA. OTYHUTBT € KPeXbK. J[uarHocTrpa ce MaKpOCKOTICKU
II0 1IBE€Ta ¥ aconuanusaTa My ¢ TopOepHUT. OcoOEHO XapaKTepHU ca JIIOCIECTUTE arperaTtu, OTI0KEeHN

B ITYKHAaTHHU.
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Ot1yHuTt (Pogonute, konekuuna M. Tokmak4neBa)

I'ene3nc u HaxoauIa. TOpOEPHUTHT U OTYHUTHT Ca TUIIMYHU U3BETPUTEIIHYU NIPOAYKTH Ha ypaHHUTA U
IpYTH YPAaHOBU MUHEPAIU B XUIPOTEPMAIHUTE HAXOAWIIA U B IIETMaTUTOBUTE XWin. Hail-n3BeCcTHH
HaXO/HMIIa Ha OTYHHUT M TOpOepHUT ce Hamupatr BbB Dpanuus, [lopryramus, Karanus u 3aup. Y Hac
Te ca HamepeHnu B Puiia u Ceepuu Pojomnu.

Ynorpeda. OTyHUTHT U TOPOSPHUTHT CE€ M3IOJI3BAT 32 TOOUB Ha ypaH.

IMUPOMOP®UT - oT rpbukH “nup”’- orbH U “mopdoc” - ¢opma . [Ipu cronsBane ce
HOJIy4aBa 3bPHO , KOETO CIIE/l OXJIAXKIaHe IIpreMa KpucTaiHa (opma .
Xumu4eH cberaB -Pbs[PO4];Cl
Cumerpust u ¢opmu - XexcaroHaneHn . Wrmectm kpucramum . OOpazyBa OBOpEeKOBUIHH,
cepoualIHU U 3bPHECTH arperary.
Ocobenoctu. IlBersT My € XbAT Wiau 3eneH. IBvpmoct - 3,5 - 4 . bugcsk MacteH [0
cMou1ecT.MaKkpOCKOIICKH ce pa3Mo3HaBa 10 [[BETA U UTTIECTUTE
KPHCTAIH.

I'ene3unc m Haxoauma. [TupoMopuTHT € U3BETPUTENIEH NPOIYKT Ha 0soBHU cynduau . Cpema ce B
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POI[OHI/ITG B 30HUTC Ha OKHCJIICHHUEC Ha OJIOBHO-IITMHKOBHUTC HAXOJWIIIA. H3BecTHO Haxoaumaie € BpOKeH -

Xwuin (3ambust). Ynorpeba. M3non3ea 3a 700MB Ha 0JI0BO.

Kuaac 8. Bordppamarn
MuHepanure OT TO3M KJIaCc €a CbEIMHEHMs, B YHHUTO CbCTAB YYaCTBYBAaT TETPACAPUYHUTE TPy

WO4 1 MoOy4. O61mmsT M O6poii € okoJo 15 1 ce cpemar psako B 3eMHaTa Kopa.

BOJI®PAMMUT.

Xumuyen cberaB: (Fe, Mn)WO,. IlpencraBnsBa wu3oMopdHa cMec MEXIy UJIEHOBE Ha
n3omopHara peauna: xwoOHepur - MnWO4 (MnO-23,42%, WO3-78,58%) u d¢epbepur -
FeWO4(Fe0-23,65%, WO3-76,35%).I1onsikora chabpxa Zn.

Cumetpus u ¢popmu. Kpucranusupa B MOHOKIMHHA cUHIOHUA. KpucranuTte My ca mpu3MaTHYHU

(13

no mrouectn (pur.93) m ca oOMKHOBeHO HaOpa3JeHW IO MOCOKa Ha ocra “ ¢”. Arperarture ca

IIJIOYECTH, CTBHJIOECTH WA MAaCHBHH.

10?2 011

1na{ S| 110

g10

@ur. 93.
Kpucranna

¢dopma Ha BoappaMuT
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Bondpamur, Kutaii, konexkuus M. TokmakuneBa

Ocobenoctu. BonppamMuTsT € xbaToKa(siB UiIM yepBeHOKadsB 10 yepeH. [IpurexaBa chbBBpIICHA
IEMUTEIIHOCT M CMOJIECT J0 MoiyMeTasieH Osicbk. TBbproct 4 - 4.5. OtHocuTenHo terio 7.12 -
7.51.Yeprara Ha T1UIOYKaTa € dYepHOKadsBa 10 dYepBeHOKadsBa, KOETO HApea C BUCOKOTO MY
OTHOCHUTEIIHO TETJIo, [IBeTa U OJIACHhKa ca BaXKHU AUAarHOCTUYHM OeJe3u.

I'ene3uc m Haxoauma. BonppaMuTbT € BHCOKOTEMIIEPATYpeH XHIAPOTEpMalieH MHUHEpall.
Haxonumiara ca >xuaM U rpaiizenu. Haif - Goratute Haxoaumia Ha Bosndpamut ce Hamupat B FOxkeH
Kwutait u Ha momyoctpoB Manaka. W3BectHu ca Haxomumiata B [lopryramus, bonusus, CAILl u
Pycus. YV Hac e HamepeH B Bypracko, HO HIMa IPOMHIIUIEHO 3HaYEHHUE.

Ynorpeda. 3a mpou3BOJACTBO Ha CTOMAaHU C BHCOKAa TBBPJAOCT (BOJI(PPAMUTOB KapOUI - BOJOMUT -

uMa TBBPAOCT 9.6). 3a eNeKTpUUECKH U OTHEYTIOPHU U3JIeNHs ce u3nonsysa ciiaB oT W, Os u Ir.

HIEEJIUT - B uect Ha mBenckus xumuk K. [lleene ( XVIII B. ).
Xumuyen cberaB : CaWO, (Ca0-19,47%, WO3-80,53%). [Tonsikora cpappka mpumecu ot Mo.
Cumerpuss u ¢opmu. Kpucranmuzupa B TerparoHasHa cuHronus. Kpucraimure My ca ¢

ounupamuaanen ( ¢ur.94) wim modect xaburyc. ArperaTuTe OT IICEIHT ¢a 3bPHECTH.
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@ur.94. Kpucranna ¢popma Ha meenuT

Weenut (H. MpbHYapuua,BenuHrpaacko, konekums M. Tokmakydnesa)

Ocobenoctu. llleenmuTbT € 051 ¢ KXBITCHUKAB WU 3€JICHUKAaB OTeHBK. [lo - psako e kadsaB wmimm
yepBeH. llenmutenHocTTa My € OTYeT/IMBa, a OMACHKBT MAcTeH J0 JMaMaHTOB. TBBpaocT 4.5 - 5,
Otnocurenno terno 6, 10. CunHo nymuHecuupa. IlleenursT ce pasno3HaBa MaKpPOCKOICKU IIO
BUCOKOTO OTHOCHUTEIIHO TEIJIO, LIBETA U CHJIHATA JIyMUHHUCLICHIINS.

I'enesuc wu Haxogmma. Toifi e mnermMaTUTOB, KOHTaKTHO - METacOMaTHYeH U
BHUCOKOTEMIIEpaTypeH XHIpPOTEepMalleH MHUHEepall, TapareHeTUYHO CBBbp3aH ¢ TpaHuTH. M3BecTHH ca
Haxoaumara Ha meenuT B CAILl u 'epmanus. ¥V Hac e HamepeH B bypracko, HO 63 MpakTU4YECKO
3HaueHue. Hail-ronsiMoTo HaxouIlle y Hac Ha IIeenuT € HaX. I ppHuapuna’, BenuHrpaacko.

Ynorpebda. [lleenutsT ce n3non3sa 3a 100UB Ha Bosdpam.
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BYJI®EHUT- B yect Ha aBcTpuiickusi Munepaior ©. Bynden.
XumnueH cberaB . PbMoO,. [onsikora ceabprka Ca wim V ( €03uT
Cumetpus u ¢popmu. Kpucranusupa B TeTparonanHa cunronus.Haii-uecto cpamure dopmu

ca: {001}, {011}, {010} mu {112}. ObOpa3zyBa KBaJIpaTHOIUIOYECTH WJIH MUPAMHIATHH KPUCTAIIN

(pur.95) .

@ur.95. Kpucranmau ¢opmu Ha ByndeHuT

Ocobenoctn . [[BeThT Ha MUHEpaTa € OT OPAHXKEBO- JKBJT 10 BOCBYHOXKBIIT, CUB, 3€lIeH 10 KadsB.
Teepaoct 3. OTHOCHUTENHOTO Terio € 6,6 - 7 . LlenurennocTra € oTyerauBa . BaxkHu AMarHOCTUYHU
0eJie3u ca BOChYHOKBITHS 1BSIT, BUCOKOTO OTHOCUTEIHO TETJI0, KBAJPATHOTO CEYCHUE HA KPUCTATUTE
M CHUJIHHS CTHKJICH OJIICHK.

I'ene3uc n Haxoguma. Byndenutst e cyneprenen MuHepan. O0pasyBa ce B 30HaTa Ha OKUCIICHUE
Ha osioBHMTe Haxonuia. Cpemia ce B 30HaTa Ha OKUCIEHUE HA OJIOBHO-IIMHKOBUTE HAXOJHWIA B

Pononure.

Kaac 9. Cyadaru

MuHepanauTe oT TO3M KJIac ce pas3IJiexkJaT KaTo COJIM Ha csipHara kucenuHa. Te ca okono 200 Ha
Opoii.

ChbIiecTBeH KOMIIOHEHT B cyiidaTture e rpynata [ SOy 1%, xbreTo csipara € mecrBajeHTHa. Karo
N00aBbYHHM HOHU B HSKOU OT TSIX CE SBABAT
[ PO4]*, [AsO4], [ BOs]*, [COs]*, NOs OH, CI” uu MOJIEKYJIU ¥ BoAa. KaTHOHUTE MpeACTaBeHU OT
Fe*”, K, Na, Cu, Mg, Al, Ca, Mn, Pb, Zn, U, Ni, Ba, Sr, Ag, Co u V. O6o6menara popmymna Ha
cyndarute Moxe aa 0bae npeacraBeHa taka: An [ SO4]. xH>O u An Bn [ SO4] Z. nK,O,xpaet0 A u B
ca KaTUOHH, Z - IObJIHUTEIIHUA aHUOHH.

Cyndarure ca ClI0XKHU CbeIUHEHUS U KPUCTAIM3UPAT TJIaBHO B HU3LINTE CUHIOHUU. CpeaHara um
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TBBPJOCT ce KoJiebae Mexay 2 u 3.5, 1o - psiako 110 4 - 4.5. MHoro cyidaTu ca pa3TBOPUMH BEB BOJIa.
Te mmar ureTHOCT ( OKOJIO 2 ), ¢ W3KIIOYeHHWE Ha Oaputa. [IpennMHO ca €K30TreHHH H PSJIKO

XUAPOTEPMAIIHU U BYJIKAHOT€HHHU.

XAJIOTPUXMUT - FeAl;[SO4ls. 22 H,O . OT rpbliku 03HAYaBa ‘’COJICHU BIaKHA .
Cumetpus u popmu. Kprcranmsupa B MOHOKIIMHHA CHHTOHUSI. O0pa3yBa UIJICCTH WM BIAKHECTH
arperarTy .
Ocob6enoctu. [[BeThT Ha MuUHepana e Os1, CuB, KadsB WK 3eleH. BIAChKBT € CTHKIEH A0 MaTOB.

Tebpmoct 1-2. JlecHo ce pa3TBaps BbB Bojga. Pa3mo3HaBa ce MO WUITIECTHUTE arperaTtd U Oeius LBST.

Xanotpuxut, Hax. Yenoneu, konekuuss M. Tokmakuuena
Iene3uc u Haxoguma. XaJoTpUXUTHT € cynepreHeH MmuHepan. OOpa3yBa ce B 30HATa HA OKHUCIICHHE

Ha MAPUTHU HaxoauIla. Y Hac ce cpemia B Haxoaumara Enmmia, Yenoney ( [Tanartopcko ).

AJIYHMUT - ot nymaTa allyMUHHUT, KOSATO O3Ha4aBa * CTUMIOB KAMBK".
XumnueH cbetaB: K Al;[SO4](OH)g. (K20-11,37%, Al,03-36,92%, SO3-38,66%, H,0-13,05%).
Cumerpuss u ¢opmu. Kpucrammzupa B TpuroHaiHa cuHronusa. Kpucramure My ca
MCEeBIOKYOMYHH, pOMOOEIPUYHU U IJIOUECTH U ca ApeOHH. MuHepaaTHUTe arperaTi ca MacUBHHU.
OcobGenoctu. AnyHUTBT € Os, CHHKaB, >XBJITEHHMKaB U 4yepBeHokadsas. TBwvpmoct 3.5.
OtHocutenno Tternmo 2.82. IlpurexaBa CTHKICH 10 OucepeH OJACHK. ATYHHTBT C€ OMpeAess
TPYJHO MaKpPOCKOIICKH.
I'ene3unc u Haxoauma. O6pa3ysa ce B pe3ynrar Ha cyJdaTap-
HU TPOLECH, CBHP3aHU C BYJKAHCKAa AEHMHOCT. AJyHHUTH3aLMsATa € MpOLEeC Ha Bb3AEHCTBHE Ha
CEpHOKHCENH Pa3TBOPHU Ha KajaueBHs (eammar
B CKaJMTE IMPH KOETO IMOHsSKOora ce (GopMupar MpOMHUIICHH Haxojauila Ha aixyHHT. Karo mpumep

Moratr na ce mocovyar Haxoaumara B Wramusi, Yarapus, Wcnanusa, Kurait, ABcTpus, a y Hac -
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[Tanartopcko Haxonumara Jlecoser u Acapen; JeBuncko (CtomaneBo) u Kepmkanuiicko (Ciaxueso).

Ynorpeda. ATyHUTHT Ce M3M0JI3Ba 32 OOWB HA ATyMHUHHH , KU U 32 CIICIIUAIHA [TAMEHTH.

I'pyna na crunuure
Crunmute ca nBoitHu cyndaru wa K, Na m NHs. Toa ca KAJIMEBA CTHUIIHA - KAl
[SO4]2.12H,0, HATPUEBA CTUIILA - NaAl[SO4]».12H,0 1 AMOHUEBA CTHUIILIA - NH4 Al
[SO4.]12H,0. Tlocouenute crtummu ca KyOWyHH. MUHEpATHHTE arperaTd ca 3bPHECTH WIH KOPH.
TBBbpaOCTTA HA KanMeBaTa U HA HaTpueBaTa ctumua e 2.5 - 3, a Ha amoHueBara - 1.5. [[BeTsT e Os71. OT
HaJIMYUETO Ha MPUMECH CTaBaT XbBITH, PHKIUBOKA(SIBU U 3eTIeHHKaBU. JlecHO ce Tpomrar. Pa3TBapst
ce BbB BOJIA.

Crunmute ce oOpasyBaT B pailoHM Ha cyidarapHa AeitHoct, HanpuMmep B CamapeBa bans. Te ca
MPOAYKT Ha W3BETPSIHE Ha CyNQUIHUTE MUHEpadd - HalpUMep B H3BETPUTEIHHUTE KOPH Ha
Haxonumara B [lanartopcko. Cpemiatr ce ¥ BbB BBIVIMINATA, BEPOSITHO MOPAJAX OKUCICHUE HA MHUPHUT,
HarpuMmep B booos lon. Ctumnmure ce u3Moi3yBaT B XapTUEHATa M KOXKyXapcKkaTa MPOMUIIUICHOCT, B

MeIUIIMHATa, TororpadusTa U 3a MPOU3BOJCTBO Ha OOH.

MEJIAHTEPHT- ot rpbliku 03Ha4yaBa ‘’MeieH .
Xumunuen cuetab: FeSO4.H>0.
Cunronns u ¢popmu. Kpucranuszupa B MOHOKIMHHA CHHTOHMS. OOpa3yBa KOPECTH U CTHKJIOBHIHU
arperaru.
Ocobenoctu. LBersT My e OnenoszeneH 10 kagsaB. Tebpaoct 2. Kpexbk e. Pa3smosnaBa ce mo
KOPECTUTE arperaru, IBeTa, KpeXKoCcTTa ¥ TOBa, Y€ € TUIIMYEH CYIIepreHeH MUHEpall.
I'ene3uc u Haxoauma. Opa3yBa ce B 30HUTE Ha OKUCJIEHHWE Ha MUPUTHUTE Haxoauia. OTiara ce ot
MeIChIbpKalM BoAM. Y Hac ce cpemta [lanariopcko.

Ynorpeda. MenanTepuThbT ce U3IO0JI3Ba ce 3a OOH.

APO3UT - Hazosan e Ha Spo3o B McnaHusl.
XumnueH cbetaB: KFes[SO4],(OH)g.
Cunronus u ¢popmu. Kpucranusupa B TpUrOHaIHA CUHTOHUS.

Arperature My ca KOPECTH, 36MJIECTH MJIX HATCYHH .
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ApoauT (H. Enwmua, Manartopcko, konekumst M. Tokmakyunesa)
Ocobenoctu.llBersT My € *biaT 10 KadsaB. Kpexwvk e . TBbpmoct 3-4. Jlmarnoctupa ce mo KadsBus
I[BSAT, KOPECTUTE M 36MJIECTH arperaTu U KpexXKOCTTa My .

Iene3uc u Haxoquma. OOpa3yBa ce B 30HUTE Ha OKHCJICHHWE HAa MUPUTHHUTE HAXOIHIIA. Y HAC ce

cpemra B Haxonauule Enmmuna (ITanartopcko) .

AHXMJAPHUT - ot rppuku “6e3BojeH”.
XumnueH cberaB: CaSO4 (Ca0-41,20%, SO; - 58,80%).B chcTaBa My oTchCTBa BOJIA.
Cumetpus u ¢popmu. Kprcranuzupa B poMOMUHA CUHTOHHUSL.
KpUCTAJIUTE My ca MPU3MATUYHM WK IuiouecTH (¢pur. 96), a arperatute - 3bpHECTH, MACUBHU WU

BJIAaKHCCTH.

@ur. 96. Kpucranna

(dbopMa Ha aHXUJIPUT.
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Anxunput, Hax. Pagka, [lanartopcko, konekuus M. TokMakuneBa

Oco0eHocTH. AHXUIPUTHT € O€31BETEH, 051 1O CUH U PO30B.
[IputexxaBa chBBpIICHA IEMUTETHOCT U CTHKIICH Oyisichk. YepTa Ha muoukara e Osuta. Teepmoct 3.5.
OtHocuTenHo Teryo 2.98. Pa3znnuaBa ce OT KalluTa MO MO-BUCOKOTO MY OTHOCHUTENHO TErjo U He
urymu ¢b¢ HCl, a oT rumca - o no-Bucokara My TBbPAOCT.

I'ene3uc u Haxoauma. [Ipenn BCHMYKO aHXUAPUTHT € CEIMMEHTOreHEH. [ oleMu HaTpynBaHUS
ce cpemat B coinHuTe mokoBe B Tekcac u Jlynsuana (CAILl), Bennuka (ITomma), [Takuctan u apyru.
AHXUIPUTHT € HUCKOTEMIIEPATypPEeH XUAPOTEpMalIeH MHUHepan M moJ (Gopma Ha KUIM Ce Cpella B
Haxoxauuie Paaxka, [Tanartopcko. Psiiko e mpoaykT Ha cyOnMManuoHHa JeiHOCT.

YHOTpeﬁa.AHXI/I)IpI/IT'BT CC MU3I10JI3Ba B CTPOUTCIHATA NPOMUIIVICHOCT U KaTO U3TOYHUK HaA CApa.

I']IIC - Ha rpplLKK 03HAYABA “‘Ma3MIIKA”.
Xumuyen cberaB: Ca[SO4]2H,0. (CaO -32,60%, SO; -46,50%, H,O- 20,90%)Cwabpxa
MEXaHUYHU IPUMECH OT TTIMHECTH M OPTraHWYHU BEIIECTBa.

Cumerpus u ¢popmu. Kpucranuzupa B MOHOKIMHHA CHUHTOHUA. Kpucranure My MMar IUIO4YecT
xabutyc Ilupoko ca pasnpocTpaHeHH cpacTbLUTE, O3HAYEHHU KaTo™ jsicToBMYa omamka“. (¢wur. 97).
MunepanHuTe arperaTi ca MAaCUBHU, KPUCTAITHU TPYNHU . BiakHecTHTe arperat chC CBETIN pedIiekcu
ce 03HaYaBaT KaTo CEJICHUT, a ((MHO3BbPHECTHUTE - KaTo anadbacTsp.

Ocobenoctu. ['urcwt e 6511, 6e3uBereH. [Ipy HaMYKMe HAa MPUMECH TTPOMEHS IIBETA CH IO CUB H
xbaT. [loHsAKOra € obarpeH B cBemiM TOHOBE [IpHuTekaBa ChHBBpIICHA ICTIUTEIHOCT U CTHKICH 0

oucepen Omschk. TBBbpAOCTTa My € 2 U ce apacka ¢ HOKBT. OTHocuTenHo Terno 2.32. Pa3tBaps ce B
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HCI u no n3BecTHa cTeNeH BBB BoJa. [ MIICHT ce pa3no3HaBa JIECHO 10 HUCKAaTKa My TBBPIOCT (Ipacka

ce ¢ HOKBT), (hopMaTa Ha KPUCTAIUTE U arperaTute u pa3rBopuMoctra My B ropema HCI.

@wur. 97. Kpuctamau popMu ¥ CpacThK HA THIIC

F'MNC (kpuctan-PagHeBo, Ctaposaropcko, “nyctuHHa po3sa’-Caxapa, cenenut- Pycus,
KpucTHanHa rpyna- c. megadeBo, Ctapo3aropcko, cpactbk- KbTuHa, Coduncko, konekuus

M. Tokmak4ymeBa),
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HaxoamwaTta B  Wrtanua,  ®paHuus,

lepmanusa, lMonwa, a y Hac Kowaea-
BuanHcko.

FeHe3uc 1 Haxoauwa. MNCbLT € TUNUYeH

eK3oreHeH  MuHepan. WM3BecTtHM ca

Ynorpebda. B crpourtencTtBoTo, B XapTheHaTa M UMEHTOBATAa MPOMHUIIJICHOCT, 32 MPOU3BOJACTBO Ha

6ou, B MenuLMHaTa. AabacThpbT U CEJICHUTHT CE M3MOI3YBaT 3a HalpaBara Ha CyBEHUPH.

HEJIECTHH - ot natuHCcKH “nienecuc’ - HeOeceH.
Xumuuen cbeTaB: St [SO4]. (SrO-56,42%, Ca0-43,58%). Uecto chabpika Ba, Ca.
Cumetpus u popmu. Kpucramusupa B pomOouana cuaronus (¢ur.98). MuHepanHUTe arperatu

Ca paJUAIIHOJIBUCCTU HJIN MTapaJICIIHO BIIAKHECTH.

231



@ur. 98 Kpucranuu dhopmu
Ha [EJICCTHH:
c {001};d {101}; m {210};
o {011};1 {101}; b {010}.

LEJIECTUH (Ctapa nnaHuHa, konekuus M. Tokmakdnesa”)

Oco0enocrtu. Llenectunst € Oe31BeTeH A0 OJIEOCUH UM CHB.
[IpuTexaBa sicHa NENUTENIHOCT. BISICBKBT Ha MUHEpasia € CTBbKJIEH. TBBPAOCT OKoJio 3.5.
OtnocutenHo Teryo 3.97. Ueprara My e 0Osisia. MakpOCKOIICKH c€ pa3rno3HaBa Mo OJICJOCHHHUS IIBSAT,
Osi1aTa yepTa Ha IUI0YKaTa U MapalieTHO-BIaKHECTHTE arperaTi.

I'ene3nc u Haxoauma. IIpenuMHO ce cpemia B CEUMEHTHU CKalIM KaTO >KWJIM M B MPa3HUHU.
WzBectHn ca wHaxoaumara B Aurnws, ['epmanns, bamxupus, CAL ( Kamudopuus nu Oxaiio) u
Kanana. ¥V nac ce cpema B Haxomumie Cemouucnenunu. Hamepen e B lllymencko, TwproBumiko u
Bapnencko.

Ynorpeba. ['1aBeH M3TOYHHMK 3a J0OMB Ha CTPOHIMH, KOWTO ce€ M3MOJI3yBa B  3axapHara

232



MIPOMHUIIUICHOCT, 32 00 TJa3ypH W B MHPOTEXHHUKATA.

BAPUT - or rpblIkK 03Ha4YaBa ““ TEKBK .
Xumuuen cberas : Ba [ SO4]. (BaO -65,70%, SO4 -34,30%). Cpabpxka Sr, Ca, Pb.
Cumerpuss u ¢opmu. Kpucraimsupa B poMOHUHA CHHTOHHSA. Kpucramure My ca THHKO 10

nebenormnouecty (pur. 99). MuHEepaHHUTE arperatu ca eApOo3bPHECTH, TUTHTHU U IHYECTH .

®wur. 99. Kpucranmau ¢dopmu Ha 6apuT

BAPWUT (KpemukoBuu, Coduiicko, konekuma M. Tokmak4meBa)
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Ocobenoctu. baputsT e O6e3uBeTeH WK 051, HEPAIKO KBAT. [[OHSIKOTa € OLBETEH Mopaau MPUMECH
oT xeMaTuT ( po3oBouepBeH ) . [Iputexasa sicHa nenutenHoct. TBbpAocT 3 - 3.5. OTHOCUTENHOTO My
terino € 4.50. bischkbT € CThKIEH. bapuThT ce pa3nmo3HaBa MaKpOCKOINCKM IO BHUCOKOTO CH
OTHOCHUTEITHO TErJI0 U 00JMKa Ha KPUCTAINTE U arperaTture.

I'enesuc m Haxommma. HuckoremmnepaTypeH XHIpPOTEpPMAJEH MHUHEpal U IO - PAOKO -
CCAUMCHTOI'CHCH U CYIICPICHCH. W3BecTHm ca 6apI/ITOBI/ITe HaxoauIia B
I'epmanus, Anrmusa, CAI, Kanana, I'py3ust u np. Y Hac Oaput ce nobuBa kpaii Crapa 3aropa.
Cpema ce B Uckbpcekus nposiom, KpemukoBuu, Pononute, Kamana (Crapa rmiianuHa) u Jpyri.

Ynorpeba. baputrhT ce H3MON3yBa 3a NMPOMUBHA TEXKa TEYHOCT NMPH HEPTEHOTO M Ta30BO
COHJMpaHe, 3a MPOU3BOJICTBO HA OapUEBH MpenapaTH, B TEKCTUIIHATA U XapTHEHATa MPOMHUIIIICHOCT U

paguoJiorudaTa.

XAJIKAHTHUT - oT rpblKH “MEIHU IBETS .
Xumnuen cberaB: Cu [ SO4].5H,0. (CuO -31,87%, SOs- 32,08%, H,O -36,07%). Ceabpika
npumecu oT Mg u Zn.
Cumerpus u ¢opmu. Kpucranusupa B TpuKIMHHA CUHroHus. Cpemar ce B 1e0€I0IIouecT!

kpuctanu(¢pur.100) MunepamHuTe arperatu ca 3bpHeCcTH, 0bOPEKO BUIAHM, CTATAKTUTOBHIHH, KOPH.

@ur. 100. Kpucranna ¢popma Ha XalIKaHTUT

XankaHtnt— MOK-MNupgon, konekumsa M. TokmakymeBa
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OcobOenoctn. llBeTsT Ha MuHepana € cuH. llenurtenHocrra He € scHa. TBbpmoct 2.5.
OtHocurenHoto My Teriio € 2.28. JlecHo e pa3TBopuM BBB Bojaa.BakHu auarHocTHuHHM Oenes3u ca
CUHMS MY LBST, popMaTa Ha KPUCTAJIUTE U JIECHaTa My pa3TBOPUMOCT BbB BOJA, IIPH KOETO BOAATA
T00OMBA CHH LIBST.

I'ene3snc m Haxoamma. TunuueH cynepreHeH mMuHepan. Cpelna ce B 30HaTa Ha OKUCJICHHE Ha
MEHUTE HaXOUILA.

Ynorpeda. XankaHTUTHT € IPU3HAK 32 HAIMYUE HA METHU OpY -
BaHus. M3non3yBa ce Karo M3TOYHMK 3a JOOMB HAa MeX MO METOJa Ha MHMKpPOOAaKTEpHUaTHOTO
u3nyxBaHe. MI3KyCTBEHO MOOUTHAT XaJKaHTHT HAMUPA IUPOKO MPUIIOKEHUE B PACTEHUEBBJICTBOTO,

OBOIIApCTBOTO, JIO3APCTBOTO, B XUMHNYCCKATA U APYTU ITPOMUIIIICHOCTH.

AHI'JIE3UT - Hocu umeto Ha Hax. AHrIie3u B Yeic, Benukobpuranus.
Xumuyen cberaB: PbSOs. (PbO- 73,60%, SO; -26,40%). boratust Ha Oapuii aHIIE3WT ce
Hapu4a OapuUTOAHTIIC3UT.
Cumetpus u ¢opmu. Kpuacranuszupa B poMOndHa cuaroHUs. CpemaTr ce MaCHMBHH, 3bPHECTH U
CTAJIAKTUTOBUHU arperaTu .
Ocobenocrtu . besuereH, 051, cuB, )XbATEHUKAB. TBBpAOCT 2,5 - 3 . OTHOCUTETHOTO MY TETJIO0
e 6,38. AHre3uThT UMa OucepeH OISCHK.
I'ene3nc m nHaxoauma. OOpa3zyBa ce MpH M3BETPSHETO HA OJOBHU pyAH . Y HAC € HaMEpeH B

Pononure u Bpawancko. M3momn3Ba ce 3a 0J10BO.

Kunac 10. Kap6onaTu

B knaca ca ycranoBenu kbM 80 muHepana. Te ce pasriexaar KaTo COJM Ha BbIJIEPOJHATA
KucennHa. [ TaBeH KOMITOHEHT B CHCTaBa MM € aHHOHBT [ - 3]°-, KOITO ce cBbpp3Ba ¢ Na, Ca, Mg, Sr,
Ba, Zn, Pb, Bi, Fe, penku 3emu u no - psako ¢ U. OCBeH KaTHOHUTE, MKy TJIABHUTE aHUOHH CE
pasmnosarat u 1o0aBpuHM. [lopaau ToBa obmure gpopmynu ca ot nsa Tuna:Am(COs) Zq x H,O u Am
Bn (COs3)p Zq x H,0, xpnero A u B ca xaruonute, a Z - no6aBpunutTe aHnonu. KapOonarurte ca
MPEeIMMHO XHIPOTEPMAIIHU, U3BETPUTENHHU, CeAUMEeHTOreHHU. CpeHaTa UM TBBPIOCT € OKoJio 3 ( OT
2 no 4 ). Us. KocroB ( 1993) ru paznens Ha tpu acormanuu : Al - Mg - Fe (Na), Na (K) - Ca (TR) -
Ba, Zn - Cu - Pb (U).
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MAT'HE3UT -HanmenoBaH € Ha HETOBHS ChCTaB.
Xumnuel cberaB: MgCOs. (Mg0-47,81%, CO,-52,19%). Chabpxa -

nonsikora FeO.

Cumverpuss u ¢opmu. Kpucrammsupa B TpuroHanHa cuHronus. Kpucramure wmy ca
POMOOEAPUYHH, arperaTuTe - IIbTHHU, MOPLEIAHONIOI00HH.

Ocobenoctu. [[BeThbT Ha MuHEpama e¢ Os1, Oe3nBereH. [IoHAKOTa € OIBETEH OT MPUMECH.
[IpuTexaBa chBBPIICHA HETUTEITHOCT. TBBPAOCT 4. OTHOCUTEITHOTO MY TETJIO € 3.

I'enesuc u wnHaxoaumma. OOpasyBa ce MHpH XuUIpOMETacOMaTW4YHAaTa  TpepaboTka  Ha
yInTpaba3suuHu CKaJIM WU Ha BapOBUIM U JOJIOMHUTHU. ['0leMn HaxoaMIa Ha MarHe3uT ca U3BECTHH B
CwpOous, ['eprust, Pycus u Kuraii. Y Hac e HamepeH B AceHOBTpajicko, ['omenemaeBcko, XackOBCKO U

Kpymosrpancko.

Marxesut (Pogonute, konekumst M. Tokmakunesa )

Ynorpebda. 3a nomyuyaBane Ha MgO, KOMTO HaMupa NMPWIOKEHHE B LIUMEHTOBATA,0rHEyNIOpHATa M

XUMHUYecKaTa mpoMunuieHoct. Jluec Mg ce 100MBa OT MOpCKara Jryra.

KAJIOHUT - ot rppuku “ Kajkc’, KOETO O3HayaBa CBEXJAHE 1O IpaxX 4Ype3 HarpsiBaHe,
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M3I0JI3yBaHO KaTo UME 3a BapTa.

XumnueH cberas . CaCOs. Cpabpxa npumecu oT Mn ( Mmanranokanur ), Fe ( depoxamut ),
Co ( k06anToB KaIIuT ), St ( CTPOHIIUEB KAJITUT ).

Cumerpuss u ¢opmu. Kpucranuzupa B TpuroHaaHa cunronus (¢ur.101). XabutychT Ha
KaJIMTOBUTE  KPUCTAIM €  PAa3HOOOpa3eH -  ABITONPU3MATUYHH,  OCTPOPOMOOEIPUYHH,
cKajeHoepuyHHu . YecTo ce cpemar cpacTblid. MHUHEpalIHUTE arperatu ca 3bpHeCTH ( Mpamop ),
IUTBTHU, BJIAKHECTH, HATEYHHU, OONUTHU U Jpy3u. ClloecTHTe pPa3HOIBETHH arperatu ce O3HayaBaT
KaTo MpaMoOpeH OHHMKC. KaBepHO3HU arperatu oT KaJlUT ce 03Ha4yaBaT KaTo OWUTOp, WU TPaBEPTHH.

Ocob0enoctu. KanmuTbT € 0Oe3lBETEH WM OLBETCH B JKBITO, KadsBO, PO30BO, CHHHO OT
npumecH. [Ipo3paunure W BOTHOOMCTPH  PAa3HOBUAHOCTH Ca W3BECTHH KAaTO MCIAHJCKM IITMAT.
TeBpaocTTa My € 3, a OTHOCUTETHOTO My Teriio € 2.71. Hsakou kanuutu mymuHucuupar. [Iputexasa
CHBBPIICHA LIETIUTEITHOCT U CThKIEH OnsichK. [Ipu 3anuBane ¢ paspenena HCI mrymu, kumu, KoeTo e
Hall-BaXHUAT nuarHoctudeH Oener. Jpyru BakHu Oene3uw 3a MAaKpOCKOIICKOTO MYy pasllOo3HaBaHE ca
TBBPIOCTTA, JopMaTa Ha KPUCTATIUTE H CTHKICHUST OJICHK.

I'ene3uc m Haxoamma. KanuTbT € IIMPOKO paslpoCTpaHEH MHHEpal B ChCTaBa Ha
BapOBUTUTE CKalId U MpamopuTe. Moxe 1a ce oOpa3yBa M B XHIpPOTEpMallHU YycioBus. M3BecTHH
HaxXOJUIla Ha WCIaHIACKH Kanut uma B Ucnanaus, Pycus (Cubup), a MpamMopeH OHHKC ce 100uBa

B Amxup, Eruner, Mexcuko u Typuus. Kanurosu kpuctanu ce

®wur. 101. Kpucranau ¢hopmu Ha KaIIuT
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KAJNUWUT (Odpyx6a, JIbKnMHCKO, KOonekuus

M. Tokmak4ymeBa)
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cpemar B Pogonute . [llupoko ca pasmpoctpanenn Mpamopute U BapoBuiute - CeBepHa bwirapus,
Crapa tranuna, Puna, [Mupun, Pomonure. B TakuBa paiioHu ce 00pa3yBarT Meniepu CbC CTAJaKTUTH U
CTaJIarMHUTH.

Ynorpebda. I[lpo3payHusT KamuuT ce H3MOI3yBa B onTUkata. KanmureT ce u3noi3yBa 3a
MoJTy4aBaHe Ha Bap, 3a (IIIOC B METATyprusiTa, B MUMEHTOBATa M XUMHUYECKATa MTPOMHUIILICEHOCT, KaTO

JIEKOPaTUBEH MUHEpAI.
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MpamopeH oHukc, Typuunsa-rope, Pycnsa-gony, konekuna M. TokmakvneBa

POJOXPO3MUT - ot rpbukH “pooH” - po3a U ““ Xpo30¢™ - LBST.
XumnueH cbetaB: MnCOs. Chabpika nmpuMecu OT Fez+, Ca’' u Mg.
Cumerpus u popmu. Kpucranmuszupa B TpuronaaHa cuHronus. J[o6-pe ohopMeHH KpUCTAIH C

pomOoenpudeH XxabuTyc ce cpemaT psAaKo. ArperaTure ca 3bPHECTH KOPECTH WU TUTHTHH.
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Popoxposut (bataHum, MagaHcko, konekuma M. Tokmakdnea)

OcobeHocTu.Pomoxpo3uTsT mpurexkaBa cbBbpiieHa menutredHocT mo (1011) u cThKIeH ONACHK.
Teepmoct 3.5 - 4. OtHocutennoto My terio e 3.70. B HCI ce pa3tBaps ¢ kunene npu Harpsiane.OT
OCTaHAJIUTE TPUIOHAIHU KapOOHATH ce OTJIMYaBa [0 PO30BUS MY LIBST.

I'ene3auc m Haxommma. Toil e XuaporepMmajgeH M KOHTAKTHO - METAaCOMaTHY€H MHUHepall.
OO0pa3yBa ce M 10 CEAMMEHTOT€HEH BT B IUIACTOBU HaxonuIna. M3BeCTHH HaXOAWIIa HA POIOXPO3UT
ce Hamupar B CAIl, ®pannus, Pycus, Aurmus, I'py3us. Y Hac ce cpemia Kato XUApPOTEPMaJIEH
npoAyKT B PojonuTe u kaTo ceIMMEHTOreHeH - B Haxoauue O0pouniie.

yHOTpeﬁa. 3a I[O6I/IB Ha MaHI'aH U KaTO JCKOPATHUBCH KaMbK.

CUIEPUT - ot rpbuKOTO *“ CHACPOC - KEIA30.
Xumnuen cperas: FeCOs (Fe0-62,01%, “©2-37,99%) Tpn n30MOphHOTO CMECBAaHE ¢ MarHE3HTa Ce
o0pa3yBaT MarHe3ui - ChAbPIKAIIU CHIACPUTH.
Cumerpuss u dopmu. Kpucranmusmpa B TpPUTOHAIHA CUHTOHHUS. KpPUCTAIHTE My ca
poMOoenpuuHru. MuHEpanmHUTE arperatd ca IUTBTHH WM 3bPHECTH, IMOHAKOra cepounanHu (

chepocuaepuT ) WK OOJUTHU
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Cwngeput (3netoBo, MakegoHus, konekumst Mysen Munepanorus, MY );

Ocobenoctu. CHICPUTHT € KBITO -KasiB 0 CHBO - XKBJIT UM CHBO 3€JICH Ha IIBST.

IIpu wu3Berpsine crtaBa kadsB 10 pbXauBokadsB wiau uyepHokadss. [lpuTexaBa ChBBpIICHA
LEMUTEIHOCT U CThKIEH Omschk. TBBbpaocT 4. OtHocutenHo terno 3.96.CuaepuThT ce pa3mo3HaBa
MaKpOCKOIICKH TI0 IIBETa, BUCOKOTO OTHOCHTEITHO TETJI0 U CThKJIeHUs Oysachk.Ilpu okucnsBaHne craBa
KadsB 110 uepHOKADsIB.

I'ene3uc m Haxoamma. CuaeputrhT € CeAMMEHTOreHeH ( B IUJIaCTOBM HAXOAMILA 3a€JHO C
TJIMHECTHU Y BBIVIMILIHU MPOCIOWKH - AHrnusA, Bectdanus ). Moxe ga 6bae xuaporepmaeH (B KUK
WJTU KaTO METaco
MaTH4YeH MPOAYKT BbB BapOBUTE CKayu - Haxoaume bunbao B Mcmanus ). [o - psinko e mormMaTuro -
MHEBMaToNUTEeH ( B KUIM - ['peHnanaus ). Y Hac U3BECTHO HaxXOJulle Ha cuaepuT € KpemukoBIy.
CunepuToBu KOHKpeluHu ce cpemar B 3anagHa Crapa mianuHa U1 TpostHCKO.

Ynotpeba. M3nomn3sa ce 3a 100UB Ha KeJs30.

APAT'OHUT. HaumeHnoBaH € Ha mpoBUHIIUS Aparonus - Mcrnanus.
Xumnuen cberaB: CaCOs. Chabpika npumecu ot St u Pb.
Cumerpuss u ¢opmu. Kpucranuzupa B pomOuuna cunronusi (¢pur.102). Kpucramute wmy ca
IOBJITONPU3MAaTHYHA M WIVIECTH . MMHHEpaJIHUTE arperaTd ca BIAKHECTH, CTHJIOYATH, 3bpPHECTH,

OOJIMTHHU, UBUYCCTHU, KOPAJIOBHUIHHU, PAAUATIHO JIBUCCTH U HATCUHH.
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@ur. 102. Kpucranau ¢popmu
Ha aparoHuT: m-{110};b-{010};
k-{011}; y-{215}; g-{061}.
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AparoHuT (U3pemeu, BpadaHcko, nagenue-Pycus,konekums M. Tokmakynesa)

OcobGenocTu. AparoHuThT € Oe3rBeTeH win Osil. [Ipu Hamuuue Ha MpUMECH € XKBIT, KasB, CUH U
3eneH. [Ipurexana sicHa nenurenHoct. TBBpaocT 3.5 - 4. OtHOcuTenHoTO Terno € 2.94. Kunu ¢ HCI.
MakpoCKOIICKH aparoHMThT TPWIAYa HAa KAJIOUTe M TPYyJHO CE€ OTIMYaBa OT Hero. BaxkeH

IuarHocTuyeH Oener ca ¢popMaTa Ha KPUCTAIUTE My W Ha HETOBHUTE arperary .
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lene3uc uW HaxoaMIIA. ApParoHUTHT € MPEAUMHO CK30I'CHCH WM HHCKOTEMIIEpPaTypeH
XuaporepMalieH MuHepan. Toi e HeycroiuuBata popma Ha CaCO3. OOpa3yBa ce IpH 1O - TOIUIH
BOJIY, JIOKaTO TPU TO-CTYACHU BOIM C€ OTJara KaJIlIUT. AparoHUTHT WU3rpa)/ia YepyNnKATe Ha MUJIH,
OXJIIOBH, B ChCTaBa Ha Oucepure. AparoHUT c€ Cpella 3aeJHO C KallUT BbB BCHYKU BapPOBUTHU
obmactu. Y Hac ce cpeta B Pononure u Crapa rianuHa.
Ynorpeda. 3a no6uB Ha Bap. OT paguaTHONBUECTHTE M JOOpPE OIBETCHHW arperatd ce

n3paboTBaT XyA0KECTBEHH MPEAMETH.

CTPOHUUAHMUT. Umeto my e naneno Ha Haxogumiero Crponuuad B [lloTnanaus, KbAETo €
HaMepeH.
Xumuyen eberab: SrCOs (SrO-70,19%, CO2-29,81%). Chabpika npumecu oT Ba u Ca.
Cumerpuss u dopmu. Kpucranusupa B pomMOUYHA CHHTOHHS. ArperaTUTe My MpHIMYAT Ha

AparoOHUTOBUTC.

Crponnmanut, 3amagna Ctapa miianuHa, konekuus M. TokMmakuneBa

Ocobenoctu. besnBereH wiu Os, MOHSIKOTa OIBETEH OT mnpuMmecH. [IpurexkaBa CHBBpPIICHA
nenutesHocT 1o (110). TBepmocTTa My € 3.5, a oTHOCcHUTETHOTO Terio - 3.76. lymu ¢ HCI.

lene3uc wu Haxoauma. CTPOHIMAHUTHT € CEAVMMEHTOTCHEH H  HHCKOTEMIIepaTypeH
xuaporepmaiieH. [lo-roxemu HaxoauIa ce M3BECTHU B
I'epmanus, Mcnanus u Mekcuko. Y Hac e HaMmepeH B 3anaana Ctapa IJlaHuHaA.

Ynorpeda. CTpOHITMAHUTHT CE M3MOJI3BA 32 TOOWB HA CTPOHIIHIA.
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JOJIOMMT. Nmeto My € 1a7ieHO B 4eCT Ha (PPEHCKHUSI MUHEPAJIOT
1. Honompo ( XVIII B. ).
XumuyeH cberaB @ CaMg(COs), (Ca0-30,41%, MgO-21,86%. co2-47,73%). Karo depomonomut
ce o3HauaBa CaFe(COs3),. AHKEpUTHT € MPEXO/ICH WICH MEXIY AOJIOMHUT U (PepOI0JIOMHMT.
Cumerpust u ¢opmu. Kpucrammsupa B TPUrOHAJIHA CHHTOHHS. ATpEraTUTe My Ca IUTBTHH WU

3bPHECTH.

Honomut, Pogonn, konekus M. TokmakuneBa
Ocobenoctu. JJonomutsT € OesuereH, Osu1. [Ipy Hanuuue Ha MpUMeEcH € CUB, 3elleH 10 KadsB. (
aHKepuT - oT npuMecH Ha Fe ), po3oB, cuH. [IpuTekaBa chbBbpIIEHA LHEMUTETHOCT U CTHKIECH OJACHK.
Tewpaoct 3.5 - 4. OtHOcuTenHoTo Terio € 2.95 ( 3a gomomuta ) U 3.02 (3a ankepura) Jlomomuta
MaKpOCKOIICKH TPYJHO C€ pa3inyaBa OoT KajaluTa. BaxkeH quarHocThueH Oeser e , ue npu 0OMKHOBEHA
temnepatypa He mymu ¢ HCL.

I'ene3nc u Haxoguma. Cpella ce KaTo XUAPOTEPMAIIEH MUHEpaJl, HAalIpUMEp Y Hac B ChCTaBa Ha
OJIOBHOIIMHKOBUTE Haxojmuina B Pomorute. ['maBHO ce 00pa3yBa M0 CEIMMEHTOTEHEH IBT B TOJIEMHU
BOJHU OaceiiHu. Y Hac CEJUMEHTOTCHHMST JOJIOMUT € IIMPOKO  pasnpocTpaneH B [lepHuiiko,
3amagna Crapa mnanuHa, IInesencko, Ilymencko, Baprencko, Xackoscko, Pomommre m apyru
obractu y Hac.

Ynorpeba. M3monsBa ce 3a MpOM3BOJACTBO Ha IUMEHT, 3a 10o0MB Ha MgO, Karo OrHeymopeH

MaTepuai ¥ TONWIHO CPEACTBO B METaIyprusra.
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CMUTCOHMUT - no umero Ha [xeitmc Cmurcon - ocHoBaten Ha CMUTCOHOBaTa
uHctutyus BB Bammarron (CAILLL).

Xumuyen cberaB - ZnCOs (ZnO -64,90%, COs- 35,10%). Cravpka Fe, Cu, Co ( kobanToB
CMHUTCOHHUT ).

Cumerpuss u ¢opmu. Kpucranusupa B TpUroHaJlHa CHHIOHUA .ArperaTute My ca HaTE4HH,
3eMJIecTH, ObOPEKOBUIHH.

Ocodenoctu. [[BeThT Ha MUHEpaa € Osu1 10 CUB, 3elIeH 110 KadsaB. TBEpAOCTTa HA MUHEpAJIa €, a
OTHOCHUTEITHOTO MY Teryo- 4-4,5 - 4,43. MakpOCKOIICKH ce pa3lo3HaBa Mo 1[BETa, CTHKICHUSIT OJIACHK,
paszrBopuM B HCI 1 1o ToBa, ue € TUIWYEeH CyNepreHeH MUHEPAJL.

I'ene3nc m Haxoamma. Cpemia ce B 30HaTa Ha W3BETPsSHE HAa LIMHKOBUTE HaxoJuIia. Y Hac €

yCTaHOBEH BbB Bpauancko u B PogonuTe .

MAJIAXMUT - ot natuHCKHU “ ManBa” - clies.
XumnueH cberaB: Cu; [CO3](OH), (CuO- 71,95%). Ceabpika npumec oT Zn.
Cumerpus u ¢popmu. Kpuctanuszupa B MOHOKJIMHHA CHUHTOHHUS. PAIKO ce cpemiaT KpHCTai.
MunepanHute arperati ca OBOPEKOBHIHUM , MAacHBHH, KOPU C KOHIEHTPUYHO M BJIAKHECTO

YCTPOMCTBO.
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Manaxut ¢ 1oBeIMpHU KaudecTBa OT Haxoxawuiie “Enmarmure”, konekus M. TokmakuneBa

OcobGenoctu. llBeTsT Ha MHMHepana € 3eleH 10 TbMHO3eleH. [lpuTekaBa CHBBpIICHA
LEMUTEIHOCT U CTHKJICH J0 IUaMaHTeH OJSCHK, a MPU BIAKHECTUTE arperatu - KONpuHeH. TBBPIOCT
3.5 - 4. OtrocutenHo tero - 4.05. Pasreapst ce B HCI nmpu oOukHOBEHa TemrepaTypa, o KOeTo ce
OTJINYaBa OT JPYTH 3€JICHU HA BT MUHEPAIHA. ACOIIUUpPA C a3ypHT.

I'ene3uc u Haxoauma. TunuyeH cynepreHeH MuHepal. ManaxuTbhT € MPOIYKT Ha U3BETPSHE
Ha MeaHHUTE CcylapuaHu Haxomumia. M3BecTHH ca Haxomumiata B Pycus (Ypan), 3aup, Hamubus u
ABcrpanus. Y Hac ce cpenia B bypracko, MankorspHoBcko, Bpauancko u Pononure.

VYnorpebda. 3a no6uB Ha Men. [IpuchCTBHETO HA MallaxuT B CKaJuUTe € yKa3aTeld 3a MEIHU
opynsBanusi. KOHIEHTpUYHUTE M BIAKHECTH arperatd ce M3MO0JI3yBaT KaTo CKbI OOJIUIOBBHUEH
MaTepHal 1 3a MPUTOTOBJISIBA
HE Ha XyJIOKeCTBeHM m3jaenus. HOBeNmMpeH MalaxuT € HaMepeH y Hac B Haxoawimle Enamwre -

Erpomnosncko.

A3YPUT - or nepcuiickara qyma “ a3Bapi‘‘- 03HauaBailla CUH BSIT.

XumnueH cbetaB: Cu [COs3 ], (OH),(CuO -69,24%, CO,-25,53%,H,0-5,23%).
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Cumerpust u ¢popmu. Kpucranuzupa B MOHOKJIMHHA CHHTOHHUsA. Psinko oOpasyBa KpucTanu ¢
Haii-uecto cpemann ¢dopmu: {100}, {001}, {110}, {111}, {011}.Xabutychr Ha KpHCTAIUTE €

ioyecTMUHEpaIHUTE arperaTu ca CTajJaKTUTOBUIHU, PAAHAIHO TbUECTH, CPeporIaTIHi U 3€MJIECTH.
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A3ypuT ( ¢ manaxur, Nanartopcko, konekums M. Tokmakynesa)

Ocobenoctu. LBeTsT € 1a3ypHOCUH 10 ThbMHOCHH. [IpuTekaBa chBbpILEHA LEMUTETHOCT. TBBPAOCT
3.5 - 4. Ornocutenno tero e 3.77. PazrBaps ce B HCL. Cpema ce 3aeqHo ¢ Mmanaxuta./{uaraoctupa ce
10 J1a3ypHOCHUHHA UIBAT, (1)0pMaTa Ha arperaturte, miod4eCTusaA HJIN KbBCONPU3IMATHUYHU KPUCTAIN H
acolyalusiTa My ¢ MaJaxuTa.

I'ene3nc m Haxoamma. A3ypuThT ce oOpa3yBa B 30HaTa Ha OKHMCJIEHHE HAa MEIHM HaxOAMIIa,
3ae€JHO C MajaxuT W JApyrn MuHepanu. Cpemia ce BbB BCHUKM MeIHH Haxoauula - bypracko,
[Tanarropcko u BpauaHcko. Ynorpeba. 3aeqHO ¢ MajaxuTa ce M3MOJI3yBa 3a JOOMB Ha
men. IlpuchecrBHeTo My € ykaszatend 3a MEAHM OpyAsBaHHs. PanuanHo JbuecTHTE arperaTu ce

H310JI3yBaT B FOBCJIIMPHATA IPOMHUIIICHOCT.

HEPYCHT. ot natuHCcKaTa gyma “ riepyca’’, o3HavaBaia “osu1o 010Bo”.
XumuyeH cberab: PbCOs. (PbO- 83,58%). Ceabpxka npumecu ot Sr, Zn u Ca.
Cumetpust u ¢opmu. Kpucranmsupa B pomOuyHa cuHronus. Kpucramure My ca IUIOYECTH.

o6pa3yBa MPCKECTU arperaTu. Haii-gecto ce cpeiaTt 3bpHECTHU, INITBTHU U 3CMJICCT U MaCH.
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LEPYCMT (LLlapeHka, MagaHcko, konekums mysen Munepanorus, MI'Y)

Ocobenoctu. llepycurst e 6e31mBereH, Os1 win cuB. [IpuTexaBa sicHa NEMUTETHOCT W TMAMAHTEH,
MacTeH uiu cMmojecT Omschbk. TBbpaocT 3-3.5. OtHocutenHOoTO My Terio e 6.55. Pa3tBaps ce B
HNO;. IlepycutsT ce pasno3HaBa MaKpOCKOICKH 1O BUCOKOTO OTHOCHTEIHO TErJIo, Oenus IBIT U
IAaMaHTEHUSI OJACHK.

I'ene3uc u Haxoauma. Tunmuen cynepreHen muHepasn. Cpella ce B 30HaTa Ha OKHCIEHUE Ha
OJIOBHOLIMHKOBHU Haxoauia. Y Hac € HamepeH B Ceamouncienuiy, Magancko 1 JIbKMHCKO.

Ynorpeba. LlepycutsT ce u3non3ysa KaTo OJOBHA py[a.

Kaac 11. HurpaTn u itonatu
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B T031 ki1ac ca ycranoBeHu 9 MuHepania HUTpaTH U 5 MuHepania Honatu.Hurpature ca conu Ha
azoTHaTa kucenuHa. B cbecraBa um yuactByBatr NO3, a katuonute ca npejacraBenu ot Na, K, Mg, Cau
Ba. Te ca HeycToiuuBu chenuHeHud. Hali - MMpoKo pa3npocTpaHeHUE U C Hal- TOIAMO MPAKTHYECKO
snauenne ¢ HUTPOHATPUT HATPUEBA (UWJICKA) u HUTPOKAJIUT KAJIMEBA
CEJIMTPA. Texnusar cbcraB € NaNO3; u KNOs. Yunckara cenurpa € TpUroHajlHa, a KajlueBaTa -
poMOmnuHa. Haii - yecTo ce cpemar B 3emsiecTd Macu U Kopu. L[BeTsT um e Osu1. TBepmoct 1.5 - 2.
bisicbk - cThKIIEH. JIECHO ce pa3TBapsT BbB BOJA.

OOpasyBar ce mMpu pas3iaraHeTo Ha BEIIECTBA, ChABPXKAIIM a30T, KaTO TyaHO (JUCTPaAMEHTH OT
ntuiy ). W3Bectan ca Haxomumata B Ywmnu, CAILLl (Kamudopuus) u  Erumer. Y Hac HartpueBaTa
celiuTpa € HaMmepeHa B meuiepure Kpail rp. Pyce. Cenurpara ce usnonsyBa KaTo a30T€H TOp, B
METayprusita, B CThbKJIapcKaTa U XapTHEeHa MPOMUIUICHOCT 3a MPOU3BOJICTBO HAa B3PHBHU BELIECTBA.

Mosxe na ce 10OMBa U U3KYCTBEHO

Kuac 12. OpranuyHu MUHepaJIn

B To3u kiac ce oTHacAT MUHEpalu CBHP3aHU C BBITHUINHU U He()TEHU HAXOIMINA WM KaTo
ouonponyktu. O6musT um Opoit e 27. Ilo cwcraB ca TBBpAE pasHooOpasHu. Haii-uecto
MIpE/ICTaBIsIBAT OKCAJlaTHU CheluHeHus. Kpucranuszupar TI1aBHO B HU3IINWTE CUHTOHMH. TBBpAOCTTA
UM e Majka ( okouo 2 ). CpeTHOTO UM OTHOCHTEIIHO TeTyio € Mexay 1.2 u 2.2. [IBeThT € pa3nuueH - ot
O€31[BETHH JI0 CHHHU, 3€JICHH, MypIypHHU U Ipyru. Cpemat ce psiaKko, TIaBHO BbB BOJHH YTalKU.

Pa3snpenenenu ca B Tpu rpynu, YUUTO M0-BaXKHU MIPEICTABUTENN €A CIICTHUTE :
YEBEJIUT - CaC204.H20
YEAEJIUT - CaC,04.2H,0
XAPTHT - CyoHz4
EBEHKMUT - Cy4Hs

Tyk ce mpuuucisBaT v HIKOU cMoyn ( MUHEpaiouu ), kouto ca u3BectHu kato KEXJIMBAP.
Toli e u3komaema ocunmusupana cmona. Chabpxa KexinbapeHa KHCETUHa, KOSTO €€ OTIENs Mpu
HarpsiBaHe.

KexnnbapbT € amopdeH,HO MOXe Aa CbabpXKa KpuctanHn dasmn, Tbil KaTo

ChABbpIKalIaTa ce B HEero kexiaubapeHa KucenuHa kpucranusupa. CpenHo cbabpxa 78.8 % BbIIEpos,
10.2 % Bogopox, 11.0 % kucnopoa u mManku KoiudecTBa csipa. M3BecTHU ca OanTHIICKHM, PyMBHCKH,
CULIMJIMICKH, OMpMaHCKH U Ap. KexiuOapu. IIbpBUTE TpU OT TAX CHABPKAT KeXInbOapeHa KHCEIHHA.
Teepmoct 2 -2.5. OtHocurenHo terno-1.08. LlBeTbT My e Osu1, ONEHOXKBIT, O YEpPBEHO Ka(sB.

®ayopecuupa. [IpurexaBaT HECKa €IEKTPO- M TOILIO- mpooaumoct. Tomu ce mpu 350 - 380°C. IIpu
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TPUCHE KeXJIMOapWUTe ce HaeIeKTpu3upBar. VI3BecTHW ca Haxomumiara kKpai banruiicko Mmope, B

I'epmanus, PymbHus, Cunmnus, Asus u CeBepHa Amepuka. M3monsysBaT ce B oBelMpHaTa

IIPOMHIIIICHOCT.

Kexnubap (Mpnbantuka, konekums mysen MuHepanorusa, MIY)
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