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Onpenenurens TIABHEWIINX MUHEPAIOB, HCIOIB3YEMBIX B UYEPHOU H
LIBETHOM METAJUIyprud MU JOPYTUX OTPACIAX IPOMBILUICHHOCTH, MPEICTABIECH B
TabnuyHoit (opme B andaBUTHOM mopsanke. B ompenenutene mnpeacTaBiIeHBI
KpaTKUE CBEIEHUS IO OCHOBHBIM MOP(OJIOTHUYECKHM OCOOCHHOCTSIM U
(u3MYECKUM CBOMCTBAM MHUHEPAJIOB, a TaKKe OOJACTH HMX NPUMEHEHUs. OTH
CIIPAaBOYHBIE JAHHBIE MOTYT MCIOJIB30BAaThCS CTYJAECHTAMU HE TOJBKO Ha CTaauu
U3Y4YEHUS] MUHEpAJoB, HO W Mpu paboTe HaJ KypCOBBIMU U JTUIJIOMHBIMU
IIPOCKTAMH.

[Ipenna3znauen s ctyaeHToB cnenuanbHocTer: 150101 — Merammyprus
YEPHBIX METAIIOB, CHENUAIU3ALUU: METAUIyprus 4yryHa, METaJULyprus CTalH,
150104 - JlureiiHOE MPOM3BOACTBO YEPHBIX M ULBETHBIX MeTamwioB, 150102 —
Meramutyprusa uBeTHbIXx MetaioB, 240301 — Xwumuueckass TEXHOJIOTHS
Heopranudeckux Bemiects, 130400 — Iloazemuas pazpaboTka pyaHBIX U HEPYIHBIX
MECTOPOKICHUU.



BBenenue

B onpepenutene gaHbl ONMUCAaHUWS TJABHEUIIMX MUHEPAJIOB, H3y4YEHUE
KOTOPBIX ~ PEKOMEHJIOBAaHO  MporpaMMaMH  JjIsi  CTYJEHTOB  TOpPHBIX,
METAJTypPru4eCKuX, CTPOUTEIbHBIX CIEIUATbHOCTEH.

Llens naHHOM paboOTBl — AaTh PYKOBOJACTBO CTYJIEHTaM B OINPEICICHUU
MUHEPAJIOB 10 BHEIIHUM IpU3HaKaM. BenymuMy 1MarHoCTUYECKUMHU NPU3HAKaMU
SIBIIAIOTCS: LIBET, 0JIECK, TBEPIOCTH MUHEPAIOB. MuHepaibl 00bEIUHEHBI B TPYTIIbI
IO IIBETY.

[[BeT MuHepana — BaXKHBIM IUATHOCTUYECKUU ITPU3HAK, OJHAKO MHOIHME
MUHEpaJibl UMEIOT MEPEMEHHYI0 OKpPAcKy, MO3TOMY OHH IOBTOPSAIOTCA B Pa3HBIX
rpymnmnax.

breck (oTpaxarenbHas COCOOHOCTb) MHUHEpaja 3aBUCUT OT IOKa3aTens
NPEJIOMIIEHUS M OT CTPYKTYpbl €ro MHoBepXHOCTH. C TMOBBIIICHHEM CTEIEHU
COBEPIICHCTBA KPUCTAJJIOB M TOKa3aTels MPEJIOMIICHHS MHTEHCUBHOCTH OJyiecKa
noBbIIaeTcsA. Pa3nuuaroT OJeCK CTEKISHHBIN, aIMa3HbIN, MOJyMETAUTMYECKUN U
MeTajinyeckuii (B Tabnuie 1 OHM TpencTaBiieHbl B pa3HbIX KoJjoHKax). [lo
CTPYKTypE TMOBEPXHOCTH B MHHEpAJIaXx BO3MOXKEH 3€pKaJbHBIM, IICIKOBUCTHINU,
KUPHBINA, IEPJIaMyTPOBBINA, BOCKOBOM, MAaTOBBIN U JPYTUe pa3sHOBUAHOCTHU OJiecKa.

TBepoocTh MHHEpaa SBISIETCS TPETbUM BaXHBIM JIHarHOCTUYECKUM
MPU3HAKOM. B IIBETOBBIX IpyIllIax MUHEPAJbl PACIOIOKEHBI MTOCIEA0BATENBHO 10
YMEHBILICHUIO TBEPIOCTH.

OnpenenuTensb COCTOUT U3 TPEX Pa3AeyioB:

1. Onpenenurens MUHEPAIbHBIX BHJIOB MO I[BETY, OJIECKY M TBEPJOCTH
npejcTaBiieH B Tabuiie 1.

2. Onucanpe MHHEpATIOB B aldaBUTHOM mopsjake (Tabmuma 2), T
MPEICTABIICHbl KPAaTKHWE CBEJAEHUS IO OCHOBHBIM MOP(OJIOTHYECKUM U
bu3HIEeCKIM 0COOCHHOCTSIM MUHEPAJIOB, a TAKXKe 00JaCTH X MPUMEHEHU.

3. Oo6pazen ohopmiieHus: padOTHI MPECTaBIICH B TabuuIile 3.

[Ipu ompeneneHun MHUHEPAJIOB CJIEAYEeT U3ydaTb MOPQOJIOTHUYECKUE
OCOOCHHOCTH M (PU3MYECKHUE CBOMCTBAa BCEX MHHEPAJIOB, BXOJAIIUX B 00pasell
pyabl WM TOpHOM moponabl. B omucanum JOMKHBI OBITH OTMEUEHBI BCE
WHIVBUyalIbHbIE 0COOEHHOCTH MUHEPAJIOB B M3ydyaeMoM obOpasiie. [Ipu onucanuu
MOP(OJOTUH MHUHEPANIOB CJEAyeT NPABUWIBHO IOJIB30BATHCA MOHSATUSMU
CTpyKTypa u Tekctypa. CTpyKTypa xapaktepu3yer (Gpopmy, pa3Mepsl U XapakTep
CpacTaHus WIN NPOPACTaHUSI MUHEPAJIbHBIX MHIUBUAOB. TEKCTypa XapaKTepu3yeT
dbopMy, pazMepsl U XapakTep CpacTaHUsI MUHEPATBHBIX arperatoB, OTINYAIOIIUXCS
MUHEPAIbHBIM COCTABOM WJIM CTPYKTYPOH.

Onucanust ¥ onpeeNeHrus MUHEPAIOB TOJKHBI 0OPMIISITECS B TAOTUYHOM
dopme, kak oHa mpenctaBieHa B Tabmure 3 «Onpenenutens». B uzyuaemom
oOpasme JOMKHBI OBITh OMUCAaHBI MOAPOOHO BCE MPHUCYTCTBYIOIIME B HEM
MUHEpalibl, modToMy pasznen «llaparenesuc» MoxeT ObITH omylieH. B pasnene
MPUMEHEHUSI MUHEPAJIOB JIOJDKHBI OBITH MOJPOOHO OMHUCAHBI BCE U3BECTHHIE U
NOTEHIMAIbHBIE  OOJAaCTH  MPOMBIIUICHHON, arpapHOd, CTPOUTENbHOW U
JNEKOPATUBHO-XY0KECTBEHHOMN JIEATEIbHOCTH YEJIOBEKa.
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Tabsuua 1 — Onpenenurens MUHEPAIbHBIX BUIOB 10 LBETY, OJECKY U TBEPAOCTH

LIBer Munepana biieck munepana TBepaocTh
Mertammnaeckuii | [omymeramnuyeckuid | AnmasHbId CTeKISTHHBINA MUHepajia
BbecuseTHbIit KBapI| 7
Gdrooput 4
KaJIBIIAT 3
MYCKOBUT 3-2
THUIIC 2
benprii KBapI[ 7
apPCEHOIUPUT TJIaruoKIIa3 6
JTIOJIOMHT, MarHe3UT 4-3,5
CHUJIEpUT CHUIEPUT 4-3
AHTUAPUT 3,5-3
0apuT, KaJTbLUT 3
acbect 2,5-2
TajiiT, TUIIC 2
KAOJMHHUT, TAIbK 1
Cepprii KOPYHJ 9
KBapI| 7
apPCEHOIUPUT TJIaruoKIIa3 6
reMaTHUT reMaTUT He(enuH 6-5,5
Osiexsas pyaa CHJICPHT 4-3
TaJIEeHUT CEpIEHTHH 3-2
AHTHMOHHT AHTHMOHHUT THIIC 2
MOJHOACHHUT rpadur TaJIbK 1
Kenrerit HMUPUT 6,5-6
MUPPOTUH 5-4
XaIIbKOIHPUT canepur canepur ¢mroopur 4-3
JIMMOHUT JINMOHMUT, XJIOPUT 3-1
cepa CEpIIeHTHH, cepa 2
TaJIbK 1
3eneHbli OJIMBMH, DIIUIOT 6,5-6
aBTHT, JUOIICHU/T 6-5,5
poroas oOMaHKa 6-5,5
MEJIUIAT 5,5
anaTuT 5
¢moopur 4
XaJIbKOIUPUT canepur Majaxur 4-3,5
CEepIICHTHH 3,5-2,5
XJIOPUT 2,5-2
TaJbK 1
Cunnii, ¢roopur 4
roxy0oi KOBEJJINH a3ypuT 4-3,5
®DHOIEeTOBHIH, Gdarooput 4
CHUPEHEBBIN JISTTUAOTUT 2,5-2
Kpachprid, KopyHJ (pyOuH) 9
PO30BBIT TeMaTUT OpTOKJIa3 6
TeTUT TETUT 5
OoKcHT 3-2
MeIb KHHOBaphb KapHAJLJIUT 2,5-2
CHJIbBHH 2
Bypwiit, TPaHAaThL 8-7
KOPUYHEBBIH HedennH 6
BOJI()PAMUT, TETUT 5-4,5
chanepur 4-3,5
Yepublit TypMaJIuH 8-7
reMaTUT WJIBMEHHUT, MarHETHT, poroBas oOMaHKa 6-5
XPOMHUT 5-5.5
MTHPOJTFO3UT BOJIb()PAMUT 5-5,5
chanepur 4-3,5
rpadur oHoTUT 2,5-1




Tabnuia 2 — Onrcanue MUHEPAJIOB

Mumnepan ABIUT (TpyIina MUPOKCEHOB)
Ca(Na,Mg, Fe, AD)[(Si, Al),O¢]
Xumuueckuii N36siTOK MO, FeO, oboramenue Al,O5 (10 4-9 %) u

cocmae, hopmyna

Fe,;0;. Yacts MgO 3amemaercst FeO no 20 % u MnO.
Bcerna mpucyrcrByer Na,O

Cummempusn

Mouoxknunnas, C 2/c, Z =4

Ozpanka

[Ipn3matnueckas

Oo1uK uHoOuUBUO06

KopoTkocTonbuarsiii, TaOIUTYATHIM

Cpacmanus
MUHEPATbHBIX
azpezamoe

MaccuBHBIC WU BKPAILUICHO-IIATHHUCTBIC

Ileéem munepana

TemHO-3€eeHbIN 10 YEPHOTO

Yepma munepana | CBerno-3eieHas

bneck munepana | CTEKISIHHBIN, B U3JI0ME UCKPUCTHII

Teepoocmp 5-6

Cnaiinocmo Cpennss no npusme

Tepmuteckue Temneparypa miasnenus 1250°C npu 10° Ia, 1200-
P 1275°C mpu 15'10° ITa, 1300-1375°C npu

ceolicmea

23-24'10° Ila

Ilpouue ceoiicmea

Iapaczenesuc Marunerur, am¢pu60J1, MIaruoKIas, OJIUBUH
OmauuumenvHole . . .
Ot nuoncuja - 6o1ee TEMHOMU, FPSI3HOBATON OKpacKou

npu3sHaKu
I'enesuc . .

. | MarmaTuyeckuii, KOHTAKTOBO-METaMOpPUIECKU
MeCmopoIHCOeHUTL
Ilpumenenue [Topoo- 1 nutakooOpa3yoril MUHEpa




Mumnepan

A3ypuT (TpyIina MajJaxura)

Xumuueckuii
cocmae, hopmyna

Cu;[CO;],[OH],
CuO - 69,2 % (Cu - 55,3 %), CO; - 25,6 %, H,0 - 5,2 %.
Kpucraniabl B XMUMUY€CKOM OTHOIIEHUH JOBOJIBHO YHCTHI

Cummempus

MomnoknunHas, P2,/c, Z =2

Ozpanka

O01uK uHoueuo06

Cros0uaThli, TAOJIUTUYATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

3epHUCTBIC, PAIUAIBHO-ITYUYHUCTHIE, 36MIIUCTHIE, HAJIETHI,
MPUMAa3KH, JPYy3bl

Ileéem munepana

TeMHO-CHHHUI, B 3MJIUCTBIX Maccax - roayoon

Yepma munepana | I'omy0as
bneck munepana | CTEKISIHHBIN, B 36MJIIMCTBIX PA3HOCTSIX - MATOBBIM
Teepoocmp 3.5-4
Cnaithocmb Hecosepuiennas
Tepmuueckue
g Jluccouuupyer rnpu HarpeBaHUU
ceolicmea

Ilpouue ceoiicmea

C HCI pearupyer ¢ murneHuem

Manaxur u TMMOHHT, 00pa3yeTcs MpU OKUCICHUN

Iapazenesuc

XaJIbKOMUPUTA
OmauuumenvHole . .

XapakTepHbIM CUHUN LIBET U aCCOIMALIUSI C MAJTaXUTOM
npu3HaKu
I'enesuc OO6pazyetcs B 30HE OKUCICHUS CYITb(UTHBIX
MeCcmopoIHcOeHUuil | MECTOPOKICHHUIN
Ilpumenenue Pyna na Menp, nonenoynbii KaMeHb, Kpacka




Mumnepan

AHruapur

Xumuueckuii
cocmae, hopmyna

CaSO,
CaO - 41,2 %, SO; - 58,8 %
B Buzie npuMecH JOBOJIBHO YaCTO COMEPKUT St

Cummempus

PomOunueckas, Bmmb, Z = 4

Ozpanka

[Ipuzmarnueckas, pomonueckas

O01uK uHoueuo06

N3omeTpuaHO-3€pHUCTHIN, TAaOJIMTYATHIN, HHOT A
JINCTOBATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

MaccuBHbI€, 36pHUCTBIE

Ileéem munepana

benbiit, cepslii, 011e1HO-(PHUOIETOBBIM

Yepma munepana | benas

bneck munepana | CTEKISIHHBIN, HA TUIOCKOCTSX CIIAMHOCTH MEPIaMyTPOBBII
Teepoocmu 3-3.5

Cnaithocmb CosepiiieHHas

Tepmuueckue

ceolicmea

Ilpouue ceoiicmea

Ilapazenesuc ['uric, ranut, CUIBBUH
Omauuumensusvte | OT runca 6o0Jjiee BBICOKOW TBEPAOCTHIO, OT KaJbIIUTA —
npu3HaKu Het peaknuu ¢ HCI
I'enesuc .

. | OcamouHbIi
MecmoporHcoeHuil

B Menuiuue, cTpouTensbCTBE, A1 HIEMEHTA, JJ1s

Ilpumenenue W3BJICYEHHS HUKEJS U3 OKUCIIEHHBIX PY/I, OIECJIOYHbIN

KaMCHb




Mumnepan

AHTUMOHUT

Xumuueckuii
cocmas, hopmyna

Sh,S;
Sb -71,4%, S - 28,6 %. Ilpumecu As, Au, Ag

Cummempus

PomOunueckas, Pbnm, Z = 4

Ozpanka

[Ipr3maTnueckas ¢ MPOAOIBHON ITPUXOBKOU

O021uK unHoueuooe6

Cros10uaThlii, UTOJIbYATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

3€pHUCTBIE, YACTO PAAUATBHO-TYYUCTBIE, CITyTAHHO-
BOJIOKHHCTBIE

Ileéem munepana

TeMHO-cephIii, roTy00BaTO-CePhIit

Yepma munepana | Cepas

Meramnmnieckui, 3epKajibHbIA Ha CIIAHHOCTH, MAaTOBBIN B
bneck munepana

U3JIOME
Teepoocmp 2
Cnaiinocmo CosepiieHHas

Temneparypa miasnenus 546°C. Haunnaer
Tepmuueckue yaeryuusarbest okoso 650°C, mpu 800-850°C —
ceoucmea 3HAYUTEIbHAs JIETY4eCTh, HaunHas ¢ 917°C — oueHb

SHEpruyHas

Ilpouue ceoiicmea

Iapazenesuc KBapi, kuHOBapb, TUPUT, OAPUT, KATBIIUT
Omauyumensuste | OT OIEKIBIX Py U TAJICHUTA - 10 O0JIMKY KPUCTAJUIOB U
npU3HaKu accoluaiueil ¢ KHHOBaphIO U peaabrapoM
I'enesuc .

. | 'maporepmanbHbIi
MeCmopoIHcOCHUTL

Pyna Ha cyppMy, HCIIOJIB3YETCS B Pa3IMYHbIX CIUIABAX

Ilpumenenue [[BETHBIX METAJUIOB, B MEAULIUHE, /1JIs ByJIKAaHU3ALUU

PE3UHLBI




AnaTur

Mumnepan
CaS[PO4]3(Fa Cla O, OH)
®dTopanatut (Cas[PO,4]5F):
. CaO - 55,5 %, P,Os5-42,3 %, F - 3,8 %
Xumuueckui

cocmaes, hopmyna

Xnopanatut (Cas[PO4];Cl):

CaO - 53,8 %, P,Os - 41 %, CI - 6,8 %.

ITpumecu: Na,O, peakue 3emau (Ce,Os; o 5 %), MgO,
MI’IO, FCQO3, A1203

Cummempusn I'excaronansHas, C6s/m, Z =2
Ozpanka [Ipuzmatuueckas
Oonuk
MUHEPATbHBIX KopoTtkocTonbuatelii, TaOIMTYATHIN
UHOUBUO08
Cpacmanus
3epHHUCTHIE, CaXapOBUIHBIC MACCUBHBIC UJTU TISITHUCTHIC
MUHEPATbHBIX
pannaIbHO-ITYYHCThIE B KOHKpeUusax ¢pochopuTon
azpezamoe

Ileéem munepana

3eneHsblil, roy0oi, pexe KeIThid, (PHOJETOBBIN,
OecIBETHBIN

Yepma munepana

bneck CTexsHHbBIN, KUPHBIHI, cCaXapOBUIHBINI
Teepoocmu 5

Cnaithocmo HecosepiieHnnas 1o nuHakouay
Tepmuueckue

ceoucmea

Ilpouue ceoiicmea

N3mom pakoBUCTBIN

Hapazeﬂeguc KEUIBI_[HT, He(be.HI/IH, Mar"acTurt

OT onmuBHHA, STTU0TA, TUPOKCEHA - HECKOJIBKO MEHBIIICH
OmauuumenvHule

TBEPIOCTHIO, OOJTMKOM KPHUCTAJIOB U CaXapOBUIHBIM
npu3zHaKu

0JiecKOM
I'ene3uc . . .

. | Marmaruyeckuii, merMaTUTOBBIN, OCATOYHBIN

MeCmopoiHCOeHUTL

B xumMuueckoit u arpapHoii nmpomsiiieHHOCTH, (hochop,

(ocdopHas 1 KPeMHUCTO-BOAOPOIHAS KUCIOTHI, KEpaMUKa -
Ilpumenenue KOCTSIHOH (hapdop, B CIJIaBaX CO CBHHIIOM U OJIOBOM,

ITOJIYTIPOBOJHUK, KpacKa JuJIs BOJIOC, BpEAHAs IIPUMECH B
CTaIu




Mumnepan

ApCeHOnMpUT

Xumuueckuii
cocmae, hopmyna

FeAsS
Fe - 34,3 %, As - 46,0 %, S - 19,7 %
ITpumecu: Co, Ni, Sb, Bi, Ag, Au

Cummempus MoHoknuHHas, 2,/¢, Z = 8

Ozpanka [Tpuzmatuueckas

Oonux

MUHEPATIbHBIX Hronpuatelii, IeCTOBATHIN

UHOUBUOO0B

Cpacmanus

MUHEPATbHBIX MaccuBHbIE, IATHUCTO-BKPAIUIEHHBIE, IPY3bl
azpezamoe

Ileéem munepana

OnOBSIHHO-0EJIBIN IO CBETIIO-CEPOTO

Yepma munepana | Cepas
bnaeck MeTtaninyecKuii, CUIbHBIN
Teepoocmu 5.5-6
Cnaiinocmo Cpennsis
o
Tepmnecsue | MppoTI 1 M o v it
ceolicmea

JNEJUTUHTUT

Ilpouue ceoiicmea

SnoBut

Hapaeeueguc KBapH, IMUPUT, TAJICHUT, C(l)aﬂepI/IT, MArueTurT
Omauuumensuste | OT MpuUTa - 110 O6€TI0I OKpacKe, OT AaHTUMOHUTA,
npu3HaKu rajJleHUTa, OJIEKIIBIX Pyl — BBICOKON TBEPJOCTHIO
T'ene3uc ['mpporepmanbHbIi, IErMATUTOBBINA, METACOMATUYECKHU,
MecmopoicoeHuil | 0OCaa0YHbIN

Pyna Ha MBIIIBSAK, HOCUTENB BPEAHOU IpUMecH S U As B
Ilpumenenue yyTyHe U ctanu. Mcnonbs3yercss B XUMUH, MEJULIMHE U

AIEKTPOHUKE
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Mumnepan

AcOecT (AHTUTOPUT-XPU30THJI)
(epynna anmueopuma-KaoJuHuma)

Xumuueckuii
cocmae, hopmyna

Mg[SisO40][OH]s
MgO - 43,0 %, Si10, - 44,1 %, H,O - 12,9 %
ITpumecu: Fe, Ni, Cr

Cummempus MomnoknunHas, C2/m, Z=1...2
Ozpanka Orpanka He BUJHA
Oonux
MUHEPATIbHBIX BoutokHucThIM
UHOUBUOO0B
Cpacmanus
[TapanienbHO-BOJIOKHUCTAS B MPOXKUIIKAX, PEXKE CITyTaHO-
MUHEPANbHBIX
BOJIOKHHUCTAsI
azpezamoe

Ileéem munepana

benbiii, 3e116HOBAaTO->KENTHIH, OypHhIii

Yepma munepana ---

baeck CTexsiHHbIN, ETKOBUCTBIN, > KUPHBIN
Teepoocmu 2-3

Cnaiinocmo CoBepuieHHast 1o BOJIOKHAM
Tepmuueckue

ceoucmea

Ilpouue ceoiicmea

OruecToiKOoCTb, TEIIO- U 3BYKOU30JISATOP

CeprieHTHH, T0JOMUT, TalbK, KBapIl, OPYCUT, MAaTHETHT,

Ilapazenesuc XPOMHT
OmauuumenvHole

BosokHUCTOE CTpOEHHE B IPOKUIIKAX
npU3HaKu
I'enesuc Marmatuueckuit, B yJIbTPAOCHOBHBIX MEPUIOTUTAX WU
MecmopoXscoeHul | MUPOKCEHUTAX

Tennon30asUMOHHBIN U 3ByKOU30JIALIMOHHBIN MaTepUal B
Ilpumenenue

MCTAJUTYPruu, 3JICKTPOTCXHUKC U CTPOUTCIILCTBC
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bapur

Mumnepan
BaSO4
Xumuueckan BaO - 65,7 %, SO; - 34,3 %
dopmyna [Ipumecu: Sr, Ca, Pb, Ra, Fe,O;, rauHucrele,
OpraHUYECKHUE U MPOUYNE MEXAHUYECKUE TPUMECH
Cummempusn Pomb6uueckas, Pnma, Z =4
Ozpanka [Tpuzmatuueckas
Oonux
MUHEPATIbHBIX TabnuTyaThiii, CTONIOYATHINA, U30METPUUHBIN
UHOUBUOO08
Cpacmanus
3epHUCTBIC, peXkKe MIIOTHBIC, CKPBITOKPUCTALNIUYECKUE,
MUHEPANbHBIX
3€MJIMCTBIE MAaCChI
azpezamoe

Ileéem munepana

benpii, cepblil, pEIKO TEMHO OKpallCHHBIN

Yepma munepana | benas
CTexJITHHBIN, Ha MJIOCKOCTAX CIAalHOCTH
bneck N
nepaamMyTpPOBBIM
Teepoocmp 3-3.5
Cnaiinocmo CosepiieHHas
Tepmuueckue
ceoucmea

Ilpouue ceoiicmea

O4eHb TSKEIbIA

Ilapazenesuc Cynb(duabl IBETHBIX METAJIOB, TUIIC U TAJIOU]IbI
OmauuyumensHuvle | bonblION yAEIbHBINA BEC, TAXKENBIN, UTO OTPAKEHO B
npu3sHaKu Ha3BaHUMU MUHEpaa
I'enesuc . . .

. | IlermaTuTOBBIN, TUAPOTEPMATILHBIN, OCAAOUYHbBIN
MeCcmopoicOeH Ul

B xuMu4eckoy 1 1akOKpaCO4YHOW IMPOMBIIUIEHHOCTH,

Ilpumenenue yTSDKEIUTETh B OYPOBBIX pacTBOpax, Oemas Kpacka B

IMOMCIICHUAX C BBICOKOM pPaaArnOaAKTUBHOCTBIO
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buorur (rpynna ciron)

Mumnepan
K,(Mg, Fe); [Si;Al]; [OH],
CocraB (B %): K,O 6,18-11,43; MgO 0,28-28,34; FeO 2,74-
Xumuueckuii 27,60; Fe,O5 0,13-20,65; Al,O5 9,43-31,69; SiO, 32,83-44,94;

cocmas, hopmyna

H,0 0,89-4,64; F 0-4,23. IIpumecu: TiO, (mo 12,5 %), Na,O
(mo 5 %), a taxxke Li,O, MnO, BaO, SrO, Cs,O (mo 3 %),
uspenka V,0s, Cr,05, NiO u CoO

Cummempusn Monoxkmunnas, C2,7Z =4

Ozpauka [IupamuanbHas ceBaOreKcaroHajibHas

Oonux

MUHEPATIbHBIX JluctoBathlii, TAOMUTYATHIN, YEITYHIATHINA

UHOUBUOO06

Cpacmanus

MUHEPATbHBIX CruiouiHble WM NSTHUCTO-BKPAIUJIEHHBIE YEITyHuaThle MacChl
azpezamoe

Ileéem munepana

UepHblii, OypoBaTO-4€pHBIN, HHOTIA C OPAHKEBBIM,
3€JIEHOBATBHIM U JPYTUMHU OTTEHKAMU

Yepma munepana ---
bneck CTexnsHHBIN, Ha IIIOCKOCTAX CIIAMHOCTH MEPJIAMYTPOBBIN
Teepoocmuw 2-3
Cnaiinocmo BecsMa coBepilieHHast 10 TUHAKOUIY
Tepmuueckue oo
g TepMocTonknii
ceoncmea

Ilpouue ceoiicmea

CnaitHble JINCTOYKH YIIPYTH

Iapaczenesuc KBapii, mosieBbie mmnarel, rpaHaT, MarHeTUT, allaTUT
Omauuyumensnvle | Pacuienisercs Ha TOHKHE JINCTOYKH, BECbMa COBEPIICHHAs
HpU3HAKU CIIAHOCTh
I'enesuc IlermaTUTOBBIN, TUIPOTEPMAIIBHBIMN, MarmMaTU4eCKuu,
MeECmopo)}cOeHUil | KOHTAKTOBO-METACOMAaTHYECKHUI

Hcnonb3yercss Kak CHIOJSHOM MOPOLIOK  (CKpar) Mpu
Ilpumenenue U3TOTOBJICHUU pyOepouia, 000€B, MapueBbIX, OTHEYIOPHBIX U

NEePJIAMyTPOBBIX KPACOK M KEPAMHUKHU
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I'pynna 0JekabIxX pya

Mumnepan
TETPAAPUT - TCHHAHTHUT
Cu2SbsSi3 - CupAsySy3
Xumuueckuii Cu 22-53; Ag 0-18; Zn 0-9; Fe 0-13; Hg o 17; Ni no 3,5; Co

cocmas, hopmyna

1m0 4,2; Mn no 1,5; As 0-20,0; Sb 0-29,2; Bi 0-4,5 (13,07); S
20,6-29,1

Cummempusn Kyb6uueckas, 143m,7 =2

Ozpanka Terpasapuueckas

Oonuk

MUHEPATbHBIX N3omMeTpruyHO 3epHUCTHIN

UHOUBUOO08

Cpacmanus

MUHEPATbHBIX CrutonHbie Macchl, BKPArUICHHUKU HEMPABUILHOM (POPMBI
azpezamoe

Ileem munepana

CranbHO-cepbli, 10 KOPUYHEBOTO

Yepma munepana | TemHo-cepasi, uepHas (MIHOTJA C BUIIHEBBIM OTJIMBOM)

Eneck Merammieckui, NoJIyMETALUIMYECKAM, TYCKIIbIA Ha CBEXKEM
U3JIOME

Teepoocmw 3-4

Cnaiinocmo Hecosepiiennas, n310M pakOBUCTBIN

Tepmuueckue

ceoucmea

Ilpouue ceoiicmea

Iapazene3uc XanbKOMUPUT, TUPUT U APYTHUE CYIbPHUIBI

Or rajeHuTa W XaJIbKO3WHA HECKOJBKO  OOJIBIIEH
OmauuumenoHole

TBEPAOCTHIO, OJEKIBIM OJIECKOM, XPYHKOCTbIO, OTCYTCTBUEM
npu3HaKu o

CIIAMHOCTH
I'enesuc o

. | F'uaporepmanbHbIit

MeCmopoIicoeH Uil

Pyna Ha Menp, CypbMy, MBIMIBSIK M CEPHVIO KHUCIIOT
Ilpumenenue Y > CYPbMY, pHY Y

MOy THO IIMHK U cepedpo

14




Boxcur (rpynna 6okcura):

Munepan CMech auacrnopa, 6émura, ruapapruuura (rudéocur)
A1203°HH20
Xummaeckui muactiop AIOOH, 6émutr AIOOH,
rugpapruut AI(OH);

cocmas, hopmyna

ALO; - 65,4 %, ALLO; - 34,6 %, npumecu Fe,O3 1o 2 %,
a taxoxke Ga,O3 10 0,006 %

Hunacnop — pombuueckas, Pbnm, Z = 4;

Cummempus 6Emut — pomOuueckas, Cme2y, Z = 4;
TUAPAPTUIUINT — MOHOKJIMHHAsA, P2,/c, Z = 8
Ozpauka Makpockonu4YecKy He HaOJIr0JaeTCs
Ooaux
MUHEPATIbHBIX JIucToBatThli, YeHTyUaThlid, TAOIUTYATHIMI
UHOUBUOO0E
Cpacmanus
OonuThl, 0000BUHBI, CTYTAHO-BOJIOKHUCTHIE, 3€MJTUCTHIE
MUHEPATbHBIX
Y HATE€YHBIE MACChI
azpezamoe

Ileéem munepana

benplii, pO30BBIil 10 KPaCHOTO, OyPHbIil, JKENTHIHI

Yepma munepana | benas, kpacHas
bneck CTeKJISHHBINA, MaTOBBIN
Teepoocmp 3-7 B KpucTtaiiax, 1-3 B MEJIKO3€pHUCTBIX arperaTax
Cnaithocmb CoBepilieHHas B KpUCTaJUIax, yalle HEBUIUMA
[Ipu HarpeBanuu nepexoaut B kyouueckuit y-Al,Os, pu

Tepmuueckue . o

. nanpHeeM HarpeBanuu Boiie 950°C nepexoauT B
ceolicmea

TPUTOHAIBHBIN O-Al,O;

Ilpouue ceoiicmea

Iapaczenesuc Bbypsiit xkene3HsK, onal, XajlleJoH
OmauuumenoHole o o

OOBIYHO 3€MJIUCTHIN WA OOJIUTOBBIM
npusHaKu
TI'ene3uc o

. | OcamouHsIit

MecmoporHcoeHuil

Pyna Ha amroMuHMN, ChIPBE JUIA DJIIEKTPOKOPYHIA U
Ilpumenenue Y > ©PIP TPOKOPY

IMaMOTHBIX U MYJIUIMTOBBIX OTHCYIIOPOB
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Bypbiii xes1e3HAK

Mumnepan "
(cmech rétura, TMMOHUTA, JIEMUJOKPOKHUTA, IIaMO3UTA)
Fe203-nH20
. rétut FeOOH, numonut (rugporerut) Fe,O3;-nH,O
Xumuueckuii ’ (rup ) Fe;03-nH0,

cocmas, hopmyna

nenugokpokut FeOOH, mamo3ut (cM. XJIOpUT)
Fe,O; - 89,9 %, H,O - 10,1 %, conmepxxanue BOIbI B
aumoHute 10 12-14 %, nnorna go 18-25 %

Cummempusn

['etut — pomOudeckas, Pbnm, Z = 4;
JENUAOKPOKHT — poMOudeckas, Cmem, Z = 4

Ozpanka

HpI/I?)MaTI/I‘ICCKa}I

Oo01uK uHOUBUO06

Cron0yaThlii, HTOJILYATHIN, IIIECTOBATHIM, BOJOKHUCTHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

Konkpennu, 001uThI, 3eMJIMCTHIC, HATECYHBIE, PaJIHaIbHO-
WM TTapaJuIeIbHO-BOJIOKHHUCTHIE, TICEBAOMOPGO3HI IO
Cynb(pUIHBIM, KAPOOHATHBIM, JKEJIE300KCHTHBIM
MHHEpPAJIaM U PaCTUTEIbHBIM OCTaTKaM

Ileéem munepana

I'éTut — TeMHO-OypbIii, TOYTH YEPHBIH /10 KEJITOBATO-
Oyporo; JTMMOHMT — JINMOHHO-KEJTHII, OypoBaTo-
KENTHIN; JIEMUAOKPOKUT — PyOMHOBO-KPAaCHBIM,
BUILHEBO-KPACHBIN, HHOT 1A C 30JI0TUCTBIM OTTEHKOM

Kento-Oypas, xenras, y JENUIOKPOKUATA - KPACHOBATO-

Yepma munepana
KenTast
['€TuT, NENUIOKPOKUT — AJIMA3HBIN, OJIYMETATUINYECKUN
baeck MAaTOBBIH, KUPHBIN IECJIKOBUCTBIN; TUMOHUT —
CTCKJISTHHBIM, 3eMJIMCTO-MATOBbIMN
Teepoocmo 4-5.5 (mnoTHBIN), 2-3 (PHIXJIIbIiA)
Cnaiinocmo CoBepiieHHas B KpucTajiiax
Fétur npu Temmeparype okojio 400°C pasnaraercs u
Tepmuueckue
. nepexoaut B o-Fe;Oz. JlenmuaokpoKUT mpu HarpeBaHUU
ceolicmea

npeBpamaercs B Marremur y-Fe,0O;.

Ilpouue ceoiicmea

HNuorna cinabo MarHuTeEH 3a CYET MATTEMUTA

KBap1i, KanblUT, CHACPUT, TEMATUT, MATHETUT, OOKCHT,

Ilapazenesuc

cynbQuab

I'éTut - 6ypo-KOpUUHEBHIN, TUMOHMT - KEITO-OYPBIi,
OmauyumenvHble .

JIEMUAKPOKHUT - KPaCHO-OyphIi, IIAMO3HT - 3€JICHOBATO-
npu3HaKu .

Oypblii
I'ene3uc .

g OcanouHblid

MeCmoposHCOCHUIL
Ilpumenenue Pyna nHa >xene3o u oXpHUCTbie KpaCcKH
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Mumnepan

Boasgpamur

Xumuueckuii
cocmae, hopmyna

(Mn, Fe)WO,
Mn 5,9-17,6 %, WO3; okomno 75 %
ITpumecu: Mg (110 0,5 %), CaO, Ta,0s, Nb,Os, SnO,

Cummempusn

MonoknunHnas, P2/c, Z =2

Ozpauka

[IpusmaTtnyeckas ¢ BEpTUKaJIbHON IITPUXOBKOU

Oo01uK uHOUBUO06

ToncToTabauTUaTHIM, YILIOIEHHO-3€PHUCTBIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

3€pHI/ICTI>Ie arperartbl, BKPAIUICHUA U IIATHHUCTBIC CKOIIJICHUA

Ileéem munepana

TeMHO-KOpHUYHEBBIN

Yepma munepana | Kopuunenas, Oypas

bneck AJMa3HBIH, 3epKaIbHBIN Ha CHAWHOCTH, MAaTOBBIN B U3JIOME
Teepoocmp 4.5-5.5

Cnaiinocmb CoBepuieHHas 110 MUHAKOUY

Tepmuueckue Temneparypa TIaBIeHHAS] METALTHYECKOTO BObhpama
ceoiicmea 3410°C

Ilpouue ceoiicmea

HNnorna marauten

Iapaczenesuc Kgapi, Tonas, ciarona, giroopur, opTokias
Omauuumensuvte | OT cdamepura HECKOJBKO OOJbIIEH TBEPAOCTHIO H
npU3HaKu yUTMHEHHBIM TOJICTOTAOIUTYATHIM OOJIMKOM
I'ene3uc o

. | 'mgporepmanbHbIi
MecmoporiHcoeHuil

Pyna na Bonsdpam. IIpu U3roToBieHNH MHCTPYMEHTAIHHOU

Ilpumenenue Y Y P Py

1 MarHUTHOM cTrajiu, HUTEHU AJIA JIaMIT HaKaJIMBaHUS U KPACOK
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Mumnepan

I'anenur

Xumuueckui
cocmas, hopmyna

PbS
Pb-86,6 %, S -13,4%
[Tpumecu: Au, Ag (1o 107 %), Cu, Zn, Se, Bi, Fe, As, Sb,
Mo, uszpeaka Mn, U u npyrue

Cummempus

Kybunueckas, Fm3m, Z = 4

Ozpanka

reKCElBI[pH‘-IGCKaSI, PCKE OKTAAPHUICCKAA

O01uK uHoUeUo0086

N3omeTpudeckuii, U30MeTPUIHO-TAOIUTYATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

3epHHUCTHIE MACcChl MU BKPAIUICHHBIE U IITHUCTHIC BBIICTICHUS
HENPaBUIHLHOU (POPMBI

Ileéem munepana

CBUHIIOBO-CEpBIT

Yepma munepana | Cepo-yepHas
Eneck Merannuyeckui, 3epKaIbHBIM Ha TUIOCKOCTSAX CIANHOCTH,
71 .
MaTOBbIN B JIaBHUX U3JIOMaxX
Teepoocmuw 2-3
Cnaitnocmo BecpMa coBepiieHHas 1o Kyoy
Tepmuueckue
P Temmneparypa miasnenus 1112°C
ceolicmea

Ilpouue ceoiicmea

IHapazene3uc Kgapii, chanepur, XaIbKOUPHUT, TAPUT
Omauuumensusvte | OT apcEHONUPUTA U AHTUMOHHTA - OOJIMKOM KPHCTAIIOB,
npusHaKu OT apCEHOTMPUTA - MEHBITICH TBEPIOCTHIO
T'enesuc . .

. | F'ugporepmanbHbIi, METACOMAaTUYECKUIH
MeCcmopoXsHcOeHUil

Pyna Ha cBHHEI, mONyTHOE M3BJICUCHHE cepedpa, 3010Ta

Ilpumenenue Y ’ y peopa, ’

WHIUS
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Mumnepan

Iaaut

Xumuueckui
cocmas, hopmyna

NaCl
Na - 39,4 %, Cl - 60,6 %
[Ipumecu: kamelbKu paccosa, My3bIPbKH Ta30B, BKIFOYCHHS
TJIMHKCTOTO Wiu opranndeckoro Beniectsa, KC1, MgCl, u np.

Cummempusn

Kybuueckas, Fm3m, Z = 4

Ozpanka

FCKC&E)I[pI/I‘IGCKa}I

Oo01uK uHOUBUO06

N3omeTpuuHO TaOIUTUATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

Crutomnelie 3CPHHUCTBIC MACCHI, APY3bl, BOJIOKHUCTBIC arpCrarThbl

Ileéem munepana

BecuertHblii, Oemblii, cepblil, CUHUI

Yepma munepana | benas

bneck CTexnsHHbIN, KUPHBIHI

Teepoocmw 2

Cnaitnocmo BecpMa coBepiiieHHas 1o Kyoy

Tepmuueckue Temneparypa miasiaenus 800°C, nmpu HarpeBaHWU [MOKA3aTelb
ceolicmea IIPEJOMJICHUS] YMEHBIIIAETCS

Ilpouue ceoiicmea

ConeHsblit Ha BKYC

Ilapazenesuc CuibBUH, KapHAJUIUT, TUIIC, KAJTBLHUT
Omauuumensuste | OT QuroopuTa, KajabIuTa - 00JI€€ HU3KON TBEPAOCTHIO, BEChMa
npu3HaKu COBEPIIIEHHOMN CIIAHOCTHIO MO KyOy, COJIEHBIM BKYCOM
I'enesuc . .

. | Ocamo4HbIi, THAPOTEPMATHHBIH
MecmopodHcOeHul

[TuieBasi, xuMuyeckasi IPOMBIILICHHOCTb, MOJTyYEHUE HATPUS

Ilpumenenue

U XJiopa
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I'emaTuT (rpynna xopyHzaa)

Mumnepan Pa3HoBUIHOCTH: KpaCHBIH KENE3HSIK, KEIE3HbINA OeCK
Fe203
Xumuueckuii Fe - 70,0 %, O - 30,0 %

cocmas, hopmyna

[Ipumecu: Ti, Mg, KkpemHe3eM U TIHMHO3EM B BHUJE
MEXaHUYECKUX MMPUMECEN

Cummempus Tpuronansras, R3c,Z =2
Ozpanka [InHakou1aIbHO-POMOO3 ApHUECKast
Oo6auk . . .
[InacTMHYATHIN, TAOIUTUYATHIN, TUCTOBATHIA WU
MUHEPATbHBIX . .
YernryuaTbii
UHOUBUOOB
OnHopoIHBIE WIn 10JI0CYaThIC, MEJIKO- u
CKPBITOKPUCTAJUIMYCCKHE  MAacChl, HHOIAA 31. C
Cpacmanus P P ’ Aa APy
MarHeTUTOM 00pa3yeT MapTUTOBBIC IIpOpacTaHUs IO
MUHEPATbHBIX
OKTadJIpUYCCKUM HampaBieHUsIM. ['eMaTuT nceBroMophHO
azpezamoe

3aMCIIacT MAaraucTur B MapTHTC.
HC@BI[OMOP(I)O?)B, MAarHeTuTa 110 rcMaTuTy

My1mkeToBUT -

Ileem munepana

CrasibHO-CepbIii B KPYITHBIX KPUCTAIIAX, B YEITYHUATHIX WU
3EMJIMCTBIX MAcCax — KPACHBIN

Yepma munepana | BumneBo-kpacHas
bneck Meraumyeckuil 10 NOJyMETAJUIMYECKOT0, MHOT A aJIMa3HbIN
Teepoocmp 5.5-6
Cnaiinocmo OTaeabHOCTD 110 TUHAKOUIY

Temneparypa mmasnenus 1594°C. Tlpu HarpeBaHuum J10
Tepmuueckue 1370-1400°C mepexoaur B MarHeTut. Marremur v-Fe,Os,
ceolicmea oOpasyromuiics pu HarpeBanuu remarura a0 950°C, mpu

OXJIAKJICHUH NpeBpamaercs B o-Fe,0s.

Ilpouue ceoiicmea

Hemarauren

Ilapazenesuc MarseTur, TMMOHUT, KAIbLUT, KBAPII

Omauuumensnuovte | OT UIBMEHUTA U MAarHETUTA BUILIHEBO-KPACHOW YEPTOU U

npu3sHaKu HEMarHUTHOCTBIO

T'ene3uc IlermaTUTOBBINM, KOHTAKTOBO-METACOMATUYCCKUH,

MeCmoposcoeHull | TUAPOTEPMAIBbHBIN, MeTaMOP(PUUECKUi, 0CaJOUHbIN
Pyna na sxene3o, 11 U3roTOBJIEHUS KPACOK U

Ilpumenenue

IMOJIMPOBAJIBHOT'O ITOPOIIKA, HO,HCHO‘IHBIﬁ KaMCHb
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Mumnepan I'éTut (cM. Oypblit )Kele3HSIK)
FeOOH (Fe,05;-nH,0)
X - Fe,0; - 89,9 %, H,O - 10,1 %
uMU4ecKuil

cocmas, hopmyna

CopeprkaHre BOJBI YacTO OBIBAET BBIIE, YEM TIOJIAracTCs
no ¢opmyne reruta: g0 12-14 %, a wHOTHA AaXe 1O
18-25 %

Cummempusn Pombuueckas, Pbnm, Z =4

Ozpanka Penko npusmarnyeckas

Obaux

MUHEPATbHBIX CronbyaThlii, HTOJILYATHIN, IIICCTOBATHIM, BOJOKHUCTHIN
UHOUBUOO0B

Cpacmanus KoHkpenuu, 00JIUThI, 3eMJIUCThIC, HATCUHbIC, PaAUaIbHO-
MUHEPATbHBIX WJIU TIapajuieNIbHO-BOJIOKHUCTBIE, TICEBAOMOP(]O3HI 1O
azpezamoes JIEPEBY, MUPUTY U JIP.

Ileéem munepana

TeMHO-KOpUYHEBBIH 1O YEPHOTO, KENTO-OypbIi, OypbIii

Yepma munepana Kenrto-Oypas, xenras
Eneck OT CTEKJISTHHOTO 10 MOJIyMETaNINYeCKOr0, MaTOBBIH,
YKAPHBIN 1IEJIKOBUCTHIN
Teepoocmo 4-5.5 (nnoTHBIN), 2-3 (PHIXJIIbIiA)
Cnaiinocmo CoBepiieHHas B KpucTajiiax
I'étur npu Temmeparype okojio 400°C pasiaraercs u
Tepmuueckue nepexoaut B o-Fe,O;. Ilpm yBenmuennn conepkaHus
ceolicmea pUMecel TeMIeparypa IUCCOLMAlMU CHUXAETCAd 0

250°C

Ilpouue ceoiicmea

Nuorna cinabo MarHuTeH

Iapazenesuc KBapri, KanpluT, reMaTuT, MarHeTUT, OOKCUT

I'éTur - Oypo-KOPUYHEBBIA, TUMOHMT - KEITO-OVPBIA
OmauuumeivHole YP P >, YPbIH,

JENMUIKPOKHUT - KPaCHO-OypBI, IIAMO3UT - 3€JICHOBATO-
npu3HaKu .

Oypblii
I'enesuc o

. Ocao4HbIN

MeCmopoI COeHUIL
Ilpumenenue Pyna nHa xene3o u oXpucTbie Kpacku
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I'unc

Mumnepan
CaSO042H,0
- CaO - 32,5 %, SO; - 46,6 %, H,O - 20,9 %
Xumuueckui
MEXaHUYECKUE IPUMECH: TJIMHUCTOE BEILIECTBO,
cocmas, hopmyna .
OpraHuyecKue BellecTBa (MaXy4yud THUIIC), BKIIOUYCHHS

MIeCYNHOK, MHOTJA CYIb(MOUIOB U JP.

Cummempusn MomnoxkmnnHas, A2/n, Z = 4

O:zpanka [TunakouaIbHO-TIPU3MATHYECKAS

Oo6aux . .
Cron04aThIi 10 BOJOKHUCTOIO, TAOIUTUATHIH,

MUHEPATIbHBIX . .
IJIACTUHYATHIN, N30METPUYHO-3CPHUCTHIN

UHOUBUOO08

Cpacmanusn Jpy3bl, TBOMHHUKH, TUIOTHBIC TOHKOKPUCTATHICCKUC

MUHEPATIbHBIX arperartsl (ane6acTp), napauIeIbHO-BOJIOKHUCTHIE MACChI

azpezamoe (cesieHHT)

Ileéem munepana

benpii, cepblil, pEIKO - TEMHO OKPAIIEHHBIN

Yepma munepana | benas

bneck CTexnsHHbIN, TepIaMyTPOBBIN Ha CIAHHOCTH

Teepoocmuw 2

Cnaiitnocmuo Becbma coBepleHHas 10 MTUHAKOUIY

Tepmuueckue Jlerko oTKMUraercs Uil TOJYYEHUS MEAULMHCKOTO U
ceolicmea IITYKaTypPHOr'O TUIICA

Ilpouue ceoiicmea

L[apanaeTc;I HOI'TCM

IHapazene3uc KBapii, ranousl, peako cyiabhuIbl IBETHBIX METAIOB
Omauuumensuvte | OT aHTUAPUTA - MEHBIIIEH TBEPIOCTHIO, OT TaJIbKa - OOJbIIIEH
npu3HaKu TBEPAOCTHIO M OOJIMKOM KPUCTAILIOB
I'ene3uc . .

. | OcagouHblii, THAPOTEPMATILHBIN
MeCmopOoIHCOCHUTL

JI51 TIOJTYYEHHUSI BSOKYLIUX MaTEpUaAIoOB, MUHEPAJIbHbBIN

Ilpumenenue A Y Y P ’ P

HAIlOJTHUTEIh, MUHEpAJIbHOE yA00peHNEe, MEIUIIMHA
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I'panarsl (I'pynna rpanaTos)

cocmas, hopmyna

. Auapamut Ca;Fe,[S10,]3, kpacHOBaTO-0ypHhIit

Mumnepan
1. Mupon Mg;Al,[Si04]3, KpacHbIi
2. T'poccyasip Caz;Aly[S104]3, 3€51€HOBATO-KENTHIN
3. Cneccaptun Mn;Al,[S104];, )kenToBaTo-0yphIit
Xumuueckuii 4. Aabmanaun FeAl,[Si0,];, MaaTuHOBO-KpacHBIN
5
6

. YBapoBut Ca;Cr,[Si0,]3, 3enmeHbli
7. Toaagmanut Ca3V,[Si04];, TEeMHO-3CICHBII
ITpumecu: K,0, Na,0, P,Os, V,0s, ZrO,, BeO u np.

Cummempus Kybunueckas, 1a3d, Z = 8
Ozpauka PomOonoaekaipudeckas, TeTparoHTPUOKTAdIPUIECKast
Oonuk
MUHEPATbHBIX N3omeTprudecKku-3epHUCTHIN
UHOUBUOO08
Cpacmanus
OnHOpOAHBIE WK MSITHUCTHIC 36PHUCTHIC MACChl, YaCTO
MUHEPATbHBIX
Ipy3bl
azpezamoes

Ileéem munepana

PazanunbIii, yaiie KOpUYHEBBIH, OYPBINA, 3ETICHBIN, aJIbIH,
KPaCHbIN, MAJIMHOBBIM, KEJITHIM B 3aBUCUMOCTH OT
U30MOP(HOTO COCTaBa, PEAKO OCCIIBETHBIN

Yepma munepana | Yeprol HeT

bneck CTeknsiHHbIN, KUPHBII

Teepoocmuw 7-8

Cnaithocmb

Tepmuueckue Ucnonw3yercs  kak  a"HTunpurapHas  jgo0aBka B
ceoiicmea (hOpMOBOYHBIE CMECH

Ilpouue ceoiicmea

Bricokas TBCPAOCTb

MaFHCTI/IT, AUOIICU I, KaJIbIIUT, XJIOPUT, SIIUAO0T, ITUPOII

Ilapazenesuc

CONYTCTBYET ajaMa3am
Omauuumensnvle | OT APYrux TBEPAbIX MUHEPAJIOB — OTPAHKOM KPUCTAIOB
npU3HAaKU B (hopMe pombom0eKadIpa
I'ene3uc MarmMaTu4eckuii, KOHTaKTOBO-METACOMATUYECKHUM,
MecmopodcoeHull | MeTaMopUYECKUii

AOGpa3uBHBIN, IOTYAPATOIICHHBIA KAMEHb, HCTIOIb3YETCS
Ilpumenenue B PaIHO3JIEKTPOHUKE, B TUTEHHBIX ()OPMOBOUHBIX

CMCECAX
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Mumnepan

I'padur

Xumuueckuii
cocmae, hopmyna

C
[Tpumecu: 3oma (Si0,, Al,O;, FeO, MgO, CaO, P,0s, CuO)
1o 10-20 %, Boma, GuTyMmbl U ra3bl 10 2 %

Cummempusn I'excaronansHas, C6;/mme, Z = 4
Ozpanka [InnakoupanbHas
Oo6auk . . . .
[TnacTUHYATHIN, TOHKOYEIITYHUAThIH, IECTOBATHIN HIIN
MUHEPATbHBIX .
BOJIOKHHUCTBIN
UHOUBUOO0B
Cpacmanus
OnmHOpOIHBIC, MACCHBHBIE, MHOT /1A ITOJI0CYATHIC MACCHI,
MUHEPATbHBIX
penko chepoauTh
azpezamoe

Ileem munepana

TeMHO-CepbIil 10 YEPHOTO

Yepma munepana | YepHas Onecrsias
bneck MetannoBuaHbIN
Teepoocmu 1
Cnaiitnocmo BecbMa coBepiiieHHas o NUHAKOULY

Temneparypa miasinerus 3277° + 50°C. IIpu HarpeBaHuu B
Tepmuueckue BO3yXe HaunHaeT OKUCIAThCs pu 127°K. Termnora ropenust
ceoncmea B Bo3xyxe 7856+1 kxan/e. Tlpu 1727°K cranoButcs

INJIaCTUYHBIM

Ilpouue ceoiicmea

MaxeT pyku, 31eKTPOIPOBOJICH

Ilapazene3uc Kanpuut, narnokias, nMpoOKCEHbI

Omauuyumensuvte | OT MONMHOIEHUTA - HEUTPATILHO-CEPOI YEPTOM, JKUPHBIM

npusHaKu 0JIeCKOM, MEHBIIIEH TIIIOTHOCTHIO

I'ene3uc DK30reHHbI! (ITPU BOCCTAHOBUTENBHBIX MPOLECCAX B

MeCmopocOeHull | YCIOBHIX BBICOKUX TEMIEPATYp), MeTaMOphUIECKUN
CMa304HBIN, OTHEYIIOPHBIN, JJIEKTPOIPOBOIHBIN MaTepHal

Ilpumenenue ’ yHop ’ porp puai,

B ATOMHBIX PCAKTOPAX, B JICKTPOMCTAIUTIYPIUA
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Juoncua (rpyrma nupoKCEHOB)

Munepan [Toarpynma muoncuy CaMg[Si,0¢]-renen6eprura CaFe[Si,0c¢]
CaMg[Si206]
. CaO - 25,9 %, MgO - 18,5 %, SiO, - 55,6 %
Xumuueckuii

cocmas, hopmyna

HpI/IMeCI/IZ FeO (FeI[eHGGpFI/IT), MI’IO, A1203, F6203, CI’203
JI0 HECKOJIBKUX MPOLEHTOB (xpommuoncun); V,03 < 2-4 %
(masposur), T10,, NiO, SrO, BaO, Sc,0;

Cummempus MomnoknunHnas, C2/c, Z =4
Ozpauka [TunakouganbHO-TIPU3MATHYECKAS
Oonux . . .
KopoTkocTon6uarslii, 1eCTOBATHIN, UTOJIBYATHIN,
MUHEPATIbHBIX .
M30METPUYHO-3E€PHUCTBIN
UHOUBUOOB
Cpacmanus
[IATHUCTBIE CKOIUIEHUS, PEAKO APY3bI U CIIyTaHO-
MUHEPATbHBIX
IIECTOBATHIE, CHOMOBUIHBIE WJIN PAIUAIBHO-TYYUCThIC
azpezamoe

Ileéem munepana

['psi3HO-3€11eHbIM, CEPOBATO-3EIEHBIN

Yepma munepana
bneck CrexnsHHbIN
Teepoocmu 5-6
Cnaithocmb Cpenuss no npusme

Temneparypa TIUIaBIEHUS YUCTOIO HCKYCCTBEHHOTO
Tepmuueckue nauornicuaa npu 1 amm 1391-1395°C, npu yBenuueHun
ceolicmea NABJICHUS T-pa IUIAaBJIEHUsA TMOBBIIAETCA. [erioTa

ruiaBiieHust 93-108 kan/2

Ilpouue ceoiicmea

Ilapazene3uc Kanpuur, anaTtut, rpaHaT, XJ0pUT, MarHETUT

Ot aBrura - 6oJiee CBETIION OKPACKOii, OT arnaTuTa -
OmauuumenvHole .

HECKOJIBKO OOJIbIIEH TBEPIOCTHIO U OOJIMKOM
npu3sHaKu

KpUCTAJJIOB
I'enesuc B n3Bep:KEeHHBIX IOPOAAX, KOHTAKTOBO-
MeCmOpOICOeHUNl | METACOMATUYECKUI, MeTaMOPUIECKU

IIpo3payHbIil ¥ TYCTO OKpAIIEHHBIN - APArOLEHHBIN
Ilpumenenue KaMEHb, 0aJJIACTHBIN IJIAKO- U TOPOA000pa3yOIIHii

MUHEpa
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Honomur

Mumnepan
(rpynma KaJjbuura)
Ca,Mg[CO;3],
Xumuueckuii CaO - 30,4 %, MgO - 21,7 %, CO, - 47,9 %

cocmas, hopmyna

npumecu: Fe, Mn (10 HECKOIBKHMX MPOLEHTOB), Zn, Ni,
Co

Cummempusn TpuronansHas, R3,7Z =2
Ozpanka Pom6ospuaeckast, ckaneHodIpuiecKas
Oonux . .
N3oMeTpuaHO-3epHUCTHIN, TAOTUTIATHINA, U30THYTO-
MUHEPATbHBIX N
CEJIOBUIHBIN
UHOUBUOO08
Cpacmanus
MUHEPATbHBIX Kpucrammuecku-3epHUCTbIE, TOUYKOBUIHbBIE, STYCUCTHIC
azpezamoe

Ileem munepana

benblii, ceppblil ¢ OypoBaTbIMU OTTEHKAMU

Yepma munepana | benas
bnaeck CTexJISIHHBINA, MaTOBBIN
Teepoocmu 3.5-4
Cnaiinocmo CosepiiieHHas o poM0O031py
Jucconupanusi 10J0MUTa NPOXOAUT B JIBE CTaIUU MPHU

Tepmuueckue o .

g temrneparype 700-750°C (akTUBUpPOBAHHBIA OOXKUT) U
ceolicmea

900-950°C (060K KEHHBIN ““HaMEPTBO”)

Ilpouue ceoiicmea

Pearupyer ¢ HCI Tonpko B moporike

IHapazeneszuc Kanbuur, cepneHTrH, Taabk
Omauuumensusvte | OT Apyrux kapobonaToB — no peakiuu ¢ HCl, ot 6apura -
npu3HaKu MEHBIIEH TUIOTHOCTHIO
I'enesuc . .

. | M'mapoTepmanbHbIil, 0OCaOYHBIN
MeCmOopOHCOCHUIL

@DIIrOC ¥ OTHEYTIOP B METAJLTYPTUH, CTPOHUHIY CTPHUS

Ilpumenenue yrop ypritH, ¢1p yeTpu,

y100peHHe, XUMUYECKOE ChIPhE
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Mumnepan

Niabmenur
(rpynmna ujbMeHHTA)

Xumuueckuii
cocmas, hopmyna

FeTiO3
Fe - 36,8 %, Ti-31,6 %
[Tpumecu: reitkuutr MgTi0;, nupodanut MnTiO3

Cummempusn TpuronanwHas, R3,7Z =2
Ozpanka Pomb6osapuueckas
Ooauk . .
ToncTrorabauT4aThIi, TUIACTUHYATHIN, H30METPUYHO-
MUHEPATbHBIX .
3epHUCTHIN
UHOUBUOO08
Cpacmanus .
Bxparuiennblie 3epHa HETpaBUIbHON (POPMBI, TUTACTUHYATHIC
MUHEPATbHBIX
WIH JINCTOBATO-CETYATHIC BKIIIOYCHUSI B THTAHOMATrHETHTE
azpezamoe

Ileem munepana

CranbHO-CepBhIii 710 JKEeIe3HO-YEPHOTO

Yepma munepana | Yepnas
bneck [Tomymeramnuueckui
Teepoocmu 5-6
Cnaithocmo Hecosepuiennas
Temneparypa masnenus 1365°C. Ilpu HarpeBaHud Ha

Tepmuueckue

y BO3[IyX€ pacIagaeTcss Ha TMCEBAOOPYKUT W PYTHI WU Ha
ceoiicmea

reMaTUT, NCEBAOOPYKUT, PyTHI U JIP.

Ilpouue ceoiicmea

HNnorna marauren

Ilapazenesuc Maruerut, OMOTHUT, OPTOKIIA3
Omauuumensusie | OT MarHetura — 6osiee caboil MarHUTHOCTBIO, OT FeMaTUTa
npuzHaKu — IIBETOM Y€PThI
I'enesuc .
. | MarmaToreHHb11
MECmOpPOHCOCHUTL
Ilpumenenue Pyna na tutan u xene3o. M3roroBneHue 6eoil Kpacku
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KanbumT (rpymmna KaapLuura)
PaznoBugHOCTH: TTpO3payHble KPUCTAIUIBI - UCIAHICKUHN

Mumnepan 1I11aT, CKPBITOKPUCTAIIINYECKUN - U3BECTHIIK,
KPUCTAJUIMYECKU-3EPHUCTBIA — MPaMOp, OPraHOI€HHBIN
— MEJ1 WIN PAKYLIHAK
CaCOs;
Xumuueckui Ca0 - 56 %, CO, - 44 %

cocmas, hopmyna

[Tpumecu: Mg, Fe, Mn (o 8 %), Zn (mo 2 %), Sr, Pb,
Ba, Ce, Y (10 cOTBIX J10J1€H MPOIICHTA)

Cummempusn

Tpuronanshas, R3c,Z =4

Ozpanka

PombGosapudeckas, mpusmaTudeckas

O01uK uHoueUo06

N3omeTpuaHO-TabIUTYATHII

Cpacmanus
MUHEPATIbHBIX
azpezamoe

Jpy3bl, 3epHUCTBIC arperarsbl (MpaMop), HaTEUHbIE
(GOpMBI, IIOTHBIE CKPBHITOKPUCTALTMYECKHE (M3BECTHSIKH)

Ileéem munepana

benbli, 3a cueT npuMecen OKpaleH B pa3IMYHbIC [IBETA

Yepma munepana | benas
Eneck CTeKIISIHHBIN, 3€pKAIBHBIN 110 CIIAUMHOCTH, MATOBBIN,
CaxapOBHIHBIN
Teepoocmu 3
Cnaithocmso CosepiiienHas o poM003apy
Temneparypa aucconuanuu okoiao 900°C. B mpomecce
Tepmuueckue nucconuanuu oopasyercs uzpectb CaO, ucnosb3lyemas
ceoiicmea Kak (UIFOC B METAJUTyPTUU U KPACSIIETO WA BSIKYIIETO,

HNCMCHTHPYIOIICIO MaTCpHajld B CTPOUTCIILCTBC

Ilpouue ceoiicmea

bypno pearupyet ¢ HCI

['panar, auornicu, MaraeTuT, GIOOPUT, AIMATHT,

Ilapazenesuc

Cynb(uIbl CBUHIIA, TMHKA U MEIN
Omauuumensusvte | OT Apyrux KapOOHATOB OTJIMYAETCS UHTEHCUBHOMN
npu3HaKu peakiueit ¢ HCI
I'enesuc . . .

. | OcagouHblii, THAPOTEPMATIbHBIN, SK30T€HHBII

MecmopodHcoeHul

@I10C B METAIUTYPIHUH, CENBCKOE XO3IHUCTBO,
Ilpumenenue

CTPOUTENILCTBO, ONTHUKA (MCIAHCKUI IITaT)
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Mumnepan

KaoauHuT (IMKKAT+HHAKPUT)
(rpymma ceprneHTUHA-KaoJIUHUTA)

Xumuueckuii
cocmas, hopmyna

Aly[Siy,O40][OH]sg
Al,Os - 39,5 %, Si0, - 46,5 %, H,O - 14 %
ITpumecu: Fe,03;, MgO, Ca0, Na,0, K,0, BaO, Si0,

JIMKKWT: TPUKIIMHHAS, P1,Z=1.

Cummempusn
P Haxpur: monoxksimnanas, Ce, Z =2
[lunakonganpHass B BHAE TOHKHX TI'€KCAaroHaJbHBIX
Ozpauka
IJIACTUHOK
Ob1uk
MUHEPAIbHbBIX [InmacTrHuaTeld, yemryyarsiid. benas rnuHa
UHOUBUOO08
Cpacmanus
Poixiibie, MIOTHBIE, TOHKO3EPHUCTHIE, TOPOIIKOBATHIE,
MUHEPATIbHBIX
3eMJIUCTHIC, HATCUHbIC
azpezamoe

Ileéem munepana

benplii ¢ pa3iMuHBIMU OTTEHKAMH

Yepma munepana | benas
bneck CTexsHHbIN, NTepIaMyTPOBBI, MATOBBII
Teepoocmp I-2
Cnaiinocmo Becbma cosepiieHHas
IMpu narpesanuu: 10 500-550° 06e3BokuBaetcs, mpu 900-

Tepmuueckue o

g 950 npeBparaercs B mamMot, dasHe, mpu 1200-
ceolicmea

1300°06pasyecst mysut, hapdop

Ilpouue ceoiicmea

JIumHeT K A3BIKY

Iapacene3uc JIuMoHUT, OOKCUT
Omauuumensnovte | OT NOPOIIKOBBIX PA3HOCTEH KalblUTa (MEJT) OTCYTCTBUEM
npu3HaKu peakiuu ¢ HCl, naxHeT riuHoi
I'enesuc B ycnoBHsIX BBIBETPUBAHUS N3BEPKEHHBIX U
mecmopoxycoenun | meramoppuueckux ['TL, rugporepMabHbIi
ChIpbe 15 IIaMOTHBIX OTHEYIIOPHBIX, (PasHCOBBIX U

ap(POpOBBIX KEPAMUUECKUX U3ACIUH, 111 OyMaKHOU

Ilpumenenue apdop P ’ Y ’

XUMHUYECKOM, (hapMalleBTHIECKON U rmapdroMepHoOi
POMBIIIJIEHHOCTH
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Mumnepan

Kapnasuiurt

Xumuueckui
cocmas, hopmyna

MgCl,-KCl1-6H,0
Mg - 8,7 %, K - 14,1 %, Cl1 - 38,3 %, H,O - 38,9 %
[pumecu: Br (10 0,2 %), Rb u Cs (107 %), Li u TI; NaCl,
KCl, CaSO,, Fe,Os;, BriItOYeHUS TIMHBI, PACCOJIOB, Ta30B
(cMmech a3oTa ¢ BOJIOPOJAOM M METAHOM)

Cummempus PomOuueckas, Pban, Z = 12

Ozpanka Kpaiine penxo

Oonuk

MUHEPATIbHBIX TabnuTyaThiii, U30METPUIHBIN

UHOUBUOO06

Cpacmanus

MUHEPATbHBIX CmioniHbeie Macchl, TJIaBHBIM 00pa30M KPYIMHO3EPHUCTHIE
azpezamoe

Ileem munepana

Msico-KpacHslil, pO30BbIN

Yepma munepana | benas
bneck CTexnsHHBIN, KUPHBII
Teepoocmw 2-3
Cnaithocmuo OtcyTcTBYET
Hauwnaer pasmaratecst mpu  100°C, mpeBpamasice B
OypoBaTyl0 MacCcy ¢ BKpAaIUICHUSMH 3€pPHBIIICK CHUIbBUHA.
Tepmuueckue [Ipu mocTeneHHOM HarpeBaHUM MOTHOCTHIO 00E3BOKUBACTCS
ceolicmea 10 250°C, npu 425-440°C moaHOCTHIO pasznaraercs. Temiora

miaBnenust 13190 xan/mons. Cpenusast yjaenbHasi TEIUIO-
eMKkocTh B nHTepBane 18-114°C — 0,1867 rkan/zpad mow

Ilpouue ceoiicmea

JKupHBIil CTEKISIHHBIN OJECK 3a CYET OIUTBIBAHUS HA BO3/IyXE

Ilapazenesuc lNanut, cUIIbBUH, AHTUAPUT
Omauuumensuovte | OT APyrux NOXOKUX MUHEPAJIOB - IO XapaKTEPHOU MSICO-
HPU3HAKU KPAaCHOM OKPACKE U TOPBKO-COJIEHOMY BKYCY
I'enesuc .
. | Ocagounblii
MeCmopoIHCOeHUTL
Ilpumenenue Pyna na kanuii, Marauii, MuHepaabHOE y100peHue
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KBapu
Pa3HoBUAHOCTHU: TOPHBIN XpyCTallb — OECLIBETHBIM,
IIPO3pAYHbIN; MOPUOH — YEPHBIN; AMETUCT — CUPEHEBBIN;

Mumnepan . .
UUATPUH — 30JI0TUCTO-KENTHIN; payXTOMNa3 — AbIMYATHIM;
IIpa3eM — 3€JIEHBIN; KOIIaYuid, THTPOBBIM, COKOJIMHBIN IJ1a3 U
Ap.
. a-Si0
Xumuueckuii 2

cocmas, hopmyna

ITpumecu: Al, Fe, Mg, B, Cu, Li, Ca, Ti, K, Na, Mn, Cs, Ba,
Rb, Cr, Ag, Zr

Cummempus Tpuronanesnas, C3,2 nwiu C3,2, Z =3
Ozpauka [TpuzmaTuueckas, poMOo3aprIecKas
Oo6auk . . .
Cron04aThIi, MECTOBATHIM, 00CIUCKOBUIHBIM,
MUHEPATbHBIX .
HEIPaBUJIbHO-3€PHUCTBIH
UHOUBUOOB
Cpacmanus .
JIBOWHUKY, APY3bI, 36PHUCTHIC MACChl, HATEYHBIC (POPMBI,
MUHEPATbHBIX
KOHIICHTPUYECKH-30HaIbHBIE (POPMBI (XaIIeI0H, OT1al)
azpezamoe

Ileem munepana

BecusetHblit, Oemblil, CEpbIN, KEATHIN, TbIMUATHIN, YEPHBIN

Yepma munepana
bneck CTexnsHHbBIN, KUPHBIHI
Teepoocmuw 7
Cnaiinocmuo BecpMma HecoBepiieHHas

[MoaumopdHoe npesparieiienye o-ksapua: npu 573°C B
Tepmuueckue rekcaroHaibHbIi B-kBapi, npu 870°C B rexcaroHaabHbIN [3-
ceolicmea tpugumut, npu 1470°C B KyOmdeckuii B-KpucToGaimur.

Temmneparypa miasiaenus 1713°C

Ilpouue ceoiicmea

O01agaeT Nbe302JIEKTUYECKUM CBOMCTBOM

Iapacene3uc Oprokiia3, miaruokias, cliroJa, MHOTUE IPYTrue€ MUHEPAIIbL
Omauuumensnusvte | OT NOJIEBBIX ILIATOB - OOJIBIIEH TBEPAOCTHIO, OTCYTCTBUEM
HpU3HAKU CIIANHOCTH
I'enesuc [TonureHeTuuecKuii: SK30reHHBIN, ITIErMAaTUTOBBIM,
MeCmopodcoeHuil | MeTaMOp(PUIECKHA, THAPOTEPMAIIbHBIHI
@nroc, MPOU3BOJICTBO IMHACOBBIX OTHEYTIOPOB,

EPPOCUITULINS, METATUIMYECKOTO KPEMHUS, CHITYMUHA

Ilpumenenue bepp ’ P > ALY ’

CTeKJa, JOPMOBOYHBIN MECOK B TUTEHHOM MPOU3BOJICTBE,
OITHKA, OJYAPAroleHHbIA U TTOJCIOYHbIN KAMEHb
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Mumnepan

KunoBapsb

Xumuueckuii
cocmas, hopmyna

HgS
Hg - 86,2 %, S - 13,8 %

Cummempus Tpuronanenas, P32, Z =3
Ozpauka PoMOosapuueckas
Oonux
MUHEPATbHBIX ToncToTabauTUYaTHIN, YILIOIMIEHO-3€PHUCTHIH
UHOUBUOO08
Cpacmanus .
BxparnneHHUKY U NSTHUCTBIE CKOIIJICHUS] HEMPaBUIIbHOM
MUHEPATbHBIX
(GhOpMBI, TOPOIIKOBATHIC, TPUMA3KH U HAJICTHI
azpezamoe

Ileem munepana

Kpacubiii

Yepma munepana Spko-kpacHas
Eneck MeTayutoBUIHBIN, aIMAa3HbIN, YACTO MAaTOBBIM, HA TPAHAX -
71 M

3epKabHBII
Teepoocmu 2-2.5
Cnaithocmo CoBepiieHHasi, HAOIIOJAaeTCs B KPYIHBIX KpUCTaIax

[Ipn HarpeBaHuM CHayana CTAHOBUTCS KOPUYHEBOW, MPHU
Tepmuueckue temrneparype Beime 250°C — uyepnoit. Iloj CUILHBIM
ceolicmea JABJICHUEM HE pa3jaraeTcs J0 TeMIIepaTypbl IUIaBICHUS —

1450°C

Ilpouue ceoiicmea

SnoBut

Kanbuur, kBapii, aHTUMOHUT, CYJIb(OUIIBI CYPBMBI U

Ilapazenesuc

MBIIIbSIKA
OmauuumenvHole

Ot Kymnpura - 1o 4YepHOTE
npusHaKu
I'enesuc .

- ['mpporepmanbHbIT

MeCcmopodHcOeHul
Ilpumenenue Pyna Ha pTyTh, MUHEpaIbHASA Kpacka
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Mumnepan

KoBesiun

Xumuueckuii
cocmae, hopmyna

CuS
Cu-66,5%,S-33,5%
ITpumecu: Fe, pexe Se, Ag u Pb

Cummempus I'excaronansnas, P6;/mme, Z = 6
['excaronanbHbIN YIUIOIIEHHBIM MUHAKOW] (BCTpEUYaeTCs
Ozpanka
peaKo)
Oo6aux
MUHEPATIbHBIX TabnuTyarsiii, MJIACTUHYATHIN
UHOUBUOO0G
Cpacmanus ToHKHE TpUMa3KH, MTOPOLIKOBATHIE WIIM CAKUCTHIE,
MUHEPATbHBIX MACCHUBHBIC 3€pHUCTHIE CKOIJICHUS, HHOTIa
azpecamoe KOJUITOMOP (PHBIH

Ileéem munepana

Nuauroso-cuaut

Yepma munepana | Cepas 10 4epHOU
bneck Merannuueckuii, MaTOBBIM JJO CMOJIMCTOrO
Teepoocmo 1.5-2
Cnaiinocmbo CogepiiieHHas 110 MUHAKOUTY
Tepmuueckue

P V1. rerutoemkocts 1pu 0°C — 0,49 oorc/(22pao)
ceolicmea

Ilpouue ceoiicmea

Xpynok

Ilapazenesuc XanbKOMUPUT, XaJTbKO3UH, OOPHUT, MaJIaXHT
Omauuumensusie | OT a3ypuTa - COBEPIICHHOI CIallHOCTHIO U 0oJiee
npusHaxku HU3KOHN TBEPIOCTHIO

I'enesuc I'mpporepmanbHblii, B 30HaX BBIBETPUBAHUS
MecmopoxcoeHuil | CyabQUIHBIX Py

Ilpumenenue Pyna na menp
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Mumnepan

KopyHna

Xumuueckuu
cocmas, hopmyna

ALO;
Al-53,2%,0 - 46,8 %
M3omopdubie mpumecy Cr 06yCIOBIMBAIOT KpacHyo, Fe''
— KOpPUYHEBYIO (B cMecu ¢ Mn) u po3oByto, Ti — CHHIOIO,
cMech Fe”' u Fe’' - uepHyto okpacky

Cummempus TpuronansHas, R3c,Z =2
Ozpanka PomM0bo31prueckas, AMTPUTOHAIIBHO-TIPU3MATHYECKAs
Oonuk . . .
Bo4yeHKOBHUIHBIN, CTONOYATHIN, TITACTUHYATHIN U
MUHEPATbHBIX N
Ta0JIUTYATO-3EPHUCTHIN
UHOUBUOO08
Cpacmanus
BxpanneHHUKY, MSITHUCTHIE CKOTUJICHHSI U CTUIOLTHBIS
MUHEPATbHBIX
3€pHUCTBIE MacChl
azpezamoe

Ileéem munepana

Ceppiii, yacto cunumii (candup), KpacHblii (KOpyHI),
(buoieToBbIi, OecBEeTHBIN (JieliKkocanup), YepHbIH

Yepma munepana | OTCyTCTBYET

bneck CTexnsHHBIN, aJIMa3HBbIH, 10 MOJIYMETAIUINYECKOTO

Teepoocmu 9

Cnaithocmo CnaitHOCTh HECOBEPILIEHHAS!, U3JI0M PAKOBHUCTBIN

Temneparypa masnenus o-Al,O; 2050°C, BapsupyeT B

Tepmunecxue 3aBHCHUMOCTH OT YHCTOTHI MaTepuaia. [lmactuuecku
Ny nepopmupyercst okosno 900°C. TIpu 300-800 °C moxer

ceolicmea

CYIIIECTBOBATH B
moaubukanuu y-Al,O;

KyOHn4yecKou noiMmMoppHOI

Ilpouue ceoiicmea

Ilapacenesuc Cirona, KanpUUT, TOJEBOM INIAT, MArHETUT, LITTUHEIb
Omauyumensusie | OT JPyrux MUHEPAIOB BECbMa BBICOKOM TBEPIOCTHIO U
npu3zHaKu OTCYTCTBHUEM CITAHOCTH
Tenesuc MarmaTuyeckuii, IErMaTUTOBBIN; B PE3YJIbTATE
. | TepMaJIBHOTO WJIK PETMOHAILHOTO MeTaMopdu3mMa

MecmopoIicoeHuil

0CaJIOYHBIX OPOJI, OOraThIX aAJTIOMHUHHEM

AGpa3uB, OTHEYIIOp, AparoleHHbIH (candup, pyouH), B
Ilpumenenue TOYHON MEXaHHUKE, TeHEPaTOp Ja3E€pHBIX JIyUYeH U

MOAEJIOYHBIA KaMEHb
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Mumnepan Jlemugoaut (Tpynna ciito)
KLiAl[Si;Al0,][F, OH]3
. K,0 4,82-13,85 %, Li,0 1,23-5,90 %, Al,O; 11,33-28,80
Xumuuecxkuu

cocmae, hopmyna

%, S10, 46,90-60,06 %, H,O 0,65-3,15 %, F 1,36-8,71 %
[Tpumecu: MgO (mo0 Heckonbkux mporeHToB), FeO, MnO,
Ca0, Na,0, Cs,0, Rb,0 (10 3,73 %)

Cummempus MomnoknunHnas, C2/c, Z =4
Ozpauka [MunakouganbHas
Ooaux
MUHEPATIbHBIX [ImacTrHYATHIN, TUCTOBATHIN, TOHKOYEITYUYATHIN
UHOUBUOO0E
Cpacmanus . .
MaccuBHbIN, TATHUCTO-BKPAILJIEHHBIN, CpeaHE-,
MUHEPATbHBIX .
MEJIKO3E€PHUCTHIM
azpezamoe

Ileéem munepana

Po3oBeiit, 651e1H0-PHOTETOBBIIM

Yepma munepana ---
bneck CTexsiHHBIN MepaaMyTPOBBIi
Teepoocmuw 2-2.5

Cnaiinocmo BecsMa coBepilieHHast 10 TUHAKOUIY
Tepmuueckue

ceolicmea

Ilpouue ceoiicmea

IHapacenesuc OpTokiias, TypMaiuH, Tonas, (GIroopuT
OmauuyumeibHole
OT apyrux JIMCTOBATHIX MUHEPAJIOB IO OKPaCKe

npU3HaKu
TI'enesuc o .

. | IlHEeBMaTOIUTOBBIH, IETMAaTUTOBBIM
MeCcmopoXsHcOeHUil
Ilpumenenue Pyna Ha nuTHii, HaroOJIHUTENB MEPIAMYTPOBBIX KPACOK
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Mumnepan

JIumoHMT (CM. rpynmna OyphIX >KeJIe3HSIKOB)

Xumuueckuii
cocmae, hopmyna

Fe203 lleO
Fe,O5 - 89,9 %, H,O - 10,1 %
Copnep:xanue BoJibl acTo ObiBaet 12-14 %, no 18-25 %

Cummempus
Ozpanka OtcyTcTByeT
Oonux
MUHEPATIbHBIX [TopomkoBatelil, KOJIITOMOPhHBII
UHOUBUOO08
Cpacmanus
Hareunsie popmbl, 001uTHI, 6000BHUHBI, KOHKPEIUH,
MUHEPANbHBIX
3€MJIMCTBIE MAaCChI
azpezamoe

Ileéem munepana

JIMMOHHO-KENTHIH, OypHhIid, OYpOBaTO-KEATHIN

Yepma munepana | bnenHo-xenras, Oypas

bneck MaToBbIH, OT CTEKJIIHHOTO 10 TIOJYyMETaNINYECKOr0
Teepoocmp 1-3

Cnaithocmb ---

Tepmuueckue ITpu 180-190°C mpoucxoauT aeruaparamnus ¢ 00pa3oBaHUEM
ceolicmea rematura o-Fe,O;

Ilpouue ceoiicmea

Iapacene3uc I'emaTut, MaruHeTuT, KajabIUT, KBAPIl, MTUPUT
Omauuumensnwvle | OT reMaTUTa, MIUPOIIO3UTA, IICUIIOMEIIaHA IO IIBETY YEPTHI,
npu3HaKu OT MEPBBIX JBYX TaKkKe 00Jiee HU3KOM TBEPIAOCTHIO
TI'enesuc Oca0YHBIA U B “KEJIE3HBIX NUTINAX — 30HaX OKUCIECHUS
MecmoposcoeHull | cyab(OUIHBIX Pyl

Ilpumenenue Pyna na xeneso
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Mumnepan Marse3uT (rpynmna KajabluTa)

MgCO3
MgO - 47,6 %, CO, - 52,4 %
[Tpumecu: Fe, Mn, Ca. Mexanuueckumu mpumecu: SiO, B
BUJe omnana wiu Xxamueaona, Al,O; B Buie TNIMHHCTOIO
BemectBa, H,O, momomur

Xumuueckuii
cocmae, hopmyna

Cummempus Tpuronanwsnas, R3c, Z =2

Ozpanka Pomb6oaapuueckas

Oonuk

MUHEPATbHBIX N3oMeTpuyHO-3epHUCTHIN

UHOUBUOO08

Cpacmanus

MUHEPATbHBIX OnHopopaHble 3epHUCTBIe, aMOpdHbIE PapPopoBUIHBIC
azpezamoe

Ileéem munepana benblii, ceprlil, :KENTOBATHIN

Yepma munepana | benas

CTeKIISTHHBIN, CaXapOBUHBINA UJIM MATOBBIH,

bneck o
dapdopoBuIHBII
Teepoocmw 4
Cnaiitnocmsp CoBepilieHHas y MIOTHBIX Macc
Tepmuueckue IMpu 525°C guccoruupyer Ha MgO u CO,, HO MOXKET OBITH
ceolicmea ycroiuus j10 600-700°C
Ilpouue ceoiicmea ---
IHapazenesuc Onai, cepneHTrHH, TalnbK, TOJIOMHAT

Omauuyumensuste | OT qpyrux kapOoHaToB — He B3aumoericteuem ¢ HCl, ot

npu3HaKu OapuTa - MEHBIIIEH TIJIOTHOCTHIO
TI'ene3uc . o
. | 'maporepmanbHblii, METACOMATUYECKUI
MecmopoIHcoeHuil
B mMenummnae, arpoXuMun, METAJUTYPTUA: OTHEYIIO JIIOC
Ipumenenue > arp ’ yp ymop, ¢uiroc,

IMPON3BOACTBO HEMCHTA U MCTAJTINIMYCCKOT'O MAalrHU:A
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Mumnepan

MarneTuT (TpyIina mmiHEH )

Xumuueckuii
cocmae, hopmyna

FeFe204
FeO - 31 %, Fe,03 - 69 % (Fe - 72,4 %)
N3omopdusie npumecu: Ti, V, Mn, Co, Zn, Cr, Mg, Al

Cummempus Kyobunueckas, Fd3m, Z = 8
Ozpanka Oxkrarapuueckas, poM0010JeKadipuyecKas
Oonux
MUHEPATbHBIX N3oMeTpuyHO-3epHUCTHIN
UHOUBUOO08
Cpacmanus
3epHHUCTHIC OJHOPOIHBIC WU MITHUCTBIC, PEKE -
MUHEPATbHBIX
JPY30BBIE U OOJUTOBBIE
azpezamoe

Ileéem munepana

JKene3zHo-uepHbIi

Yepma munepana | YepHas
baeck [Tomymeramummyeckuit, 10 aIMa3HOTO, MATOBBIN
Teepoocmuw 5.5-5
Cnaiitnocmpo OTaenpHOCTD 10 OKTa3IPy

Temneparypa mnasinenus 1591-1597°C. B unrepsaie
Tepmuueckue 200-400°C Fe;0, wactmuno okwmcisercs 10 Y-FeyOs
ceolicmea (marremut), npu 550-1000°C — y-Fe,O3 nepexoaur B -

Fe,O; u octarounsii Fe;O,4 okucigercs no a-Fe,Os.

Ilpouue ceoiicmea

CWIbHO MarauTeH

r paHaTbl, XJIOPHUTLI, IIMPOKCCHbI, KAJILIIUT, CCPIICHTUH,

IHapazenesuc

NUPUT, TUPPOTHUH, AATUT, TEMATUT, IUMOHUT
OmauyumenvHule .

OT Ipyrux MUHEPAIOB - CUIIbHOW MAarHUTHOCTBIO
npusHaKu
I'enesuc MarmaTudeckuii, KOHTaKTOBO-METaCOMATHUYECKHUM
Mecmopodicoenuti | (CKapHOBBIN), MeTaMOP(UIECKUA, OCATOUHBIN
Ilpumenenue Baxwueiimas pyna Ha xkeies3o
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Mumnepan Manaxur
Cu,[CO;][OH];
Xumuueckui CuO - 71,9 %, (Cu - 57,4 %),CO;, - 19,9 %, H,O - 8,2 %

cocmas, hopmyna

[Tpumecu: CaO, Fe,0s;, Si0, (ancopOupoBaHHbBIC UITH
MEXaHUYECKUE TIPUMECH )

Cummempus MonoknunHas, P2,/a, Z =4
Ozpanka [Ipu3maTnueckas BcTpedaeTcs KpaiiHe peaKo
Obauk
MUHEPATbHBIX Kommomopdusrii
UHOUBUOO0B
Cpacmanus .
Hareunble Macchl, paguaibHO-TYYUCTHIN, KOHIICHTPUYECKH -
MUHEPATIbHBIX .
30HAJIBHBIN, MPUMAa3KH, HAJICThI, BKPAILJICHUS
azpezamoe

Ileem munepana

3eJIeHbIN Pa3IMYHbIX TOHOB

Yepma munepana | binenHo-3eneHast

bneck CTeKJISHHBIN, IISJIKOBUCTHIN, MAaTOBBIH
Teepoocmuw 3.54

Cnaithocmso Cpennsisg, HECOBEpILICHHAS
Tepmuueckue

ceoiicmea

Ilpouue ceoiicmea

Peaxius ¢ HCI co ciiaObiM mmmmneHmuem

A3ypI/IT, XAJIBKOIIUPUT, KAJIBIUT, TUMOHUT, MAIrHCTUT

Ilapazenesuc

(MapTHT)
Omauuumensnuovte | OT IPYyTrUX MUHEPAJIOB 3€JICHOU OKPACKU OTIMYAECTCS
npu3HaKu B3aumozericteuem ¢ HCI
I'enesuc [IpoyKT BHIBETpUBAHUS MEIHBIX CYIb(UTHBIX
MecmopoHcOeHuil | MECTOPOKIACHHUIN
Ilpumenenue JlekopaTHUBHBIN NOIETOYHBI KAMEHb, pyJa HA ME/b
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Mumnepan

Mexs camopoaHast

Xumuueckuii
cocmae, hopmyna

Cu
[Tpumecu: Fe (< 2,5 %), Ag, Au (TBepablii pacTBOp < 2-3
%), As (TBepabiii pactBop < 11,6 %)

Cummempus Ky6uueckas, Fm3m, Z=4

Ospanxa KoMOuHanronHas, 4acTo UCKa)KeHHas: OKTadI[puiecKas,
P reKcadipuueckasi, pom0oJ10/iekadipudeckas

Oonux [limacTuHYaTO-3€pPHUCTBIE, CKEJIETHBIM KPUCTAILIBL,

MUHEPATbHBIX POBOJIOYHO- U HUTEBUJIHBIE, CAMOPOJIKH Pa3IUYHOI

UHOUBUOO0B (dbopMBI U pa3mMepoB

Cpacmanusn CrioniHble 3€pHUCTBIE MACCHI, HETIPABUIIbHBIE

MUHEPATbHBIX BKpAIUICHUS U MATHA, KOHKPELWH, I€HIPUTHI,

azpezamoe MOPOILIKOBAThIE CKOIICHUS

Ileéem munepana

MenHo-KpacHbIN

Yepma munepana | MenHo-kpacHas
bneck Meramm4yeckuil CHIIbHBIN
Teepoocmo 2.5-2
Cnaithocmso CnaiHOCTBh OTCYTCTBYET. M3110M KPrOUKOBATHIN
Tepmuueckue
P Yucras meas miasures npu 1083°C
ceolicmea

Ilpouue ceoiicmea

KoBxkwnii, 351€KTpONIPOBOHBII

Iapacene3uc Kgsapu, 6aput, cynbuasl Menu, CBUHIIA, [IMHKA
Omauuumensnuovte | OT IPYrUX KPacHbIX MUHEPAJIOB - MAJION TBEPAOCTBIO,
npusnaxu KOBKOCTBIO, OT KHHOBAPH — METALTUUECKUM OJIECKOM
Fenesuc ['maporepMalibHBIN, OCAIOUHBINA, POCCHITHOM
MecmopoIicoeHuil P ’ P

Ilpumenenue Pyna na menp
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Mumnepan

Menuaur (rpymnma MeJauiInTa)

Xumuueckuii
cocmae, hopmyna

TeopeTnyeckuil COCTaB:
oxkepmanut Ca,Mg[Si,07]: CaO — 41.20 %, MgO -
14.77 %, Si0, — 44.03 %;
reqeHut Ca,Al[SiAlO;]: CaO - 40.94 %, ALO; —
37.19 %, Si0, — 21.87 %

Cummempus Terparonansnas, P42 m
Ozpanka TeTparoHaJIbHO-TTPU3MATHYECKAS
Oo6uk

KopoTkocronbuareie, ToJICTOTa0IMTIATHIC, HHOTIA
MUHEPATbHBIX

U30METPUYHBIC TICEBIOKYOMIECKUE
UHOUBUOO08

3epHUCTHIC, MIECTOBATHIC U JIYYUCThIC arperaThl,
Cpacmanus

CILIOIIHBIC TOHKOKPUCTAJUIMYCCKHE BBIJICTICHHUS,
MUHEPATIbHBIX

nopUPOBUIHBIEC BKPATUICHHUKH B TIOPOJIaX, PEJIKO -
azpezamoe

KpHUCTaJJIbI

Ileem munepana

benpli,3e71€H0BATO-KENTHIN, JKENThIN, PO30BATHIMH,
OypoBaThIi, TEJICHUT MHOTIa CEPOBATO-3€JICHBIN,
roJy0OBaThIM

Yepma munepana HET

bneck CTeKIsIHHBIN, HA U3JIOME KUPHBIN

Teepoocmu 5-6

Cnaiinocmup CoBepilieHHas IO MTUHAKOUTY

Tepmuueckue W cKyCCTBEHHBIN TEJICHUT IUIABUTCS KOHTPYIHTHO IMpHU
ceolicmea 1590°C, rcKycCTBEHHBIN OKepMaHuT - Tipu 1454-1458°C

Ilpouue ceoiicmea

Ilapazenesuc OnuBUH, TUOTICH]T
OmauuumenvHole

TpyIHO OTIIMYKMM OT OJIMBHUHA U THOIICUAA
npu3sHaKu
I'enesuc . .

. MarmaTtudeckuii, MeTaMmoppuaeckuit

MeCmopoIHCOeHUTL

Baxnenmuii MUHEpaJI JOMEHHBIX IIUIAKOB, UCITOJIB3YETCSA
Ilpumenenue

B IIPOU3BOJCTBC LICMCHTA
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Mumnepan

MoaubaeHuT

Xumuueckui
cocmas, hopmyna

MOSz
Mo - 57,1-60,05 %, S - 39,7-42,0 %, npumecu: Re

Cummempus I'excaronansHas, P6s/mmc, Z =2

Ozpanka KopoTtkonpuszmatuueckas, TMHaKoOUuAaIbHas

Oonux

MUHEPATIbHBIX TabnuTyaThlid, YelryiuaThlid, TMCTOBATHIN
UHOUBUOO0B

Cpacmanus

MUHEPATbHBIX OOGBIYHO BKPAIJICHO-TIAITHUCTBIN, PEIAKO - CHEPOITUTHI
azpecamoe

Ileéem munepana

I'ony0OoBaro-cepsblit

Yepma munepana | Cepas C 3eJ€HBIM OTTEHKOM
bneck Meram4eckuil CUIIbHBIN, 36pPKaJIbHbIN, Yallle - )KUPHBIN
Teepoocmw 1
Cnaiinocmo Becbma coBepliiieHHas 10 TMHAKOUY
IMpu narpesanuu 10 1350°C 4acTHYHO AUCCOLUUPYET,
Boigenss S. Ipu 1650-1700°C mnaBUTCs ¢ pasjioKeHHEM.
Tepmuueckue N
g [Ipu HarpeBanuu Ha Bo3ayxe B npeaenax 400-600"C
ceoiicmea

HETIOCPEICTBEHHO OKHCIsAETCS 10 M0oOs3;, MUHYSI CTaIHIO
oOpazoBanus MoQO,

Ilpouue ceoiicmea

I racTnuHkbIi

IHapazene3uc KBapii, xanbKonupur, opTokiias, pIroopuT, BOJIbPpaMuT
Omauuyumensuvte | OT qpyrux cyiabGUI0B - HU3KOH TBEPAOCTHIO U JTUCTOBATHIM
npusHaKu CTpOEHHEM, OT rpaduTa - LIBETOM YEPThI, OJIECKOM
I'enesuc . .

. | IlermaTuTOBBIN, TUAPOTEPMATIHLHBIN
MecmopodHcOeHuil
Ilpumenenue Pyna na Mmonubaen
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Mumnepan

MyckoBuT (Tpyrima CJIroN)

Xumuueckui
cocmas, hopmyna

KAl [AISi;0,0][OH],
K,0 - 11,8 %, Al,Os - 38,5, Si0, — 45,2 %,H,0 - 4,5 %

Cummempus Momnoknunnas, C2/c, Z =4
Ozpanka
Oonux
MUHEPATIbHBIX [limacTuHYaTHIN, INCTOBATHIN, YEIIYHYAThIN
UHOUBUOO06
Cpacmanus
BxparnneHo-nsTHUCTBIE CpAaCTaHMs C KBapLeM U
MUHEPATbHBIX
MOJIEBBIMU IITIATAMHU
azpezamoes

Ileéem munepana

BecrBeTHbIl, OenbIit

Yepma munepana | benas
CTexJISIHHBIN, Ha TUIOCKOCTSIX CIIAWHOCTH -
bneck .
nepaaMyTpPOBBIN
Teepoocmu 2-3
Cnaiinocmo BecbMa coBepiiieHHas o NMHAKOULY
Tepmuueckue .
g Bricokas OorHECTOMKOCTH
ceolicmea

Ilpouue ceoiicmea

JIudnexTpuk

Iapaczenesuc KBap1i, oprokiias, miarvokinas, Tomnas, TypMaluH
Omauuumensnvie | OT APYTrUX JUCTOBATHIX MUHEPAIOB — I[BETOM U
npuzHaKu BBICOKOW YIIPYT'OCTHIO
I'enesuc .

. | IlermaTuTOBBIN
MeCcmopoIHcoeH Uil

DJIEKTPOUBOJISIIIUOHHBIM, OTHECTOMKMN MHUHEpala, B

Ilpumenenue AJIEKTPO- PATUOTEXHUKE, B IIPOU3BOJCTBE pyOepouja,

HAITOJIHUTCIIb IICPJIaAMYTPOBBLIX KPAaCOK
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Munepan Hedeann
Na[AISiOy]
1 _ 0
N UMY eCKU Si0, B m30miTke (M0 3-10 %), K,0 (comepkanue

cocmae, hopmyna

mosiekyibl K[AlISiO4] o1 5 10 20 %);
npumecu: CaO (o 0,5-7 %), Fe,0;, Cl, H,O, Ga,0; (1m0
0,01 %), BeO (0,01-0,1 %)

Cummempus I'excaronansnas, P6;, Z =2
Ozpauka KopoTkue rekcaroHaibHble IPU3MbI C THHAKOUIOM
Obauk o .

[InacTuHYaTHIN, TAOAUTUATHIN, XapaKTEPHBI KBAJPATHBIC
MUHEPATbHBIX

U IIECTUYTOJbHbBIE CPE3bI
UHOUBUOO08
Cpacmanus .

BxpanneHHuky HenpaBuibHON (hOPMBI, 3€PHUCTHIE
MUHEPATbHBIX

arperarbl
azpezamoe

Ileem munepana

becuBeTHbIN, CEpbIii, 3€JIEHBIN, KPACHOBATO-CEPBIN

Yepma munepana ---
bneck CTexnsHHbIN, KUPHBII
Teepoocmu 6
Cnaithocmo ---
Tepmuueckue

P [Tnasurcs npu remueparype okoiao 1100°C
ceoncmea

Ilpouue ceoiicmea

Ilapazenesuc AmnatuT, OpTOKJIa3, poroBasi 0OMaHKa
Omauuumensnwvle | OT IJIarMoKjIa3a — OTCYTCTBUEM CIIAMHOCTH, OT KBapla —
npU3HaKu MEHBIIIEH TBEPAOCTHIO
TI'ene3uc o

. | MarmaTnueckuit
MecmoporHcoeHuil

AJIOMUHUEBAs PyJ1a, TTIMHO3EM, ChIPHE JJIsI TTOJTYUYCHUS

Ilpumenenue

COJIBI, IIEMEHTA
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Mumnepan

OusuBHH (rpyIa oJIMBUHA)
N3omopdnas cmech hopcreputa Mg, [SiOy4] u
dasnura Fe,[SiOy4]

Xumuueckuii
cocmae, hopmyna

(Mg, Fe),[SiO4]
MgO 50-45 %, FeO 8-12 mo 20 %, NiO 0,1-0,3 %,
Co0 0,01 %, uaorna Mn, Fe B okucHoit hopme

Cummempus Pomb6uueckas, Pbmn, Z =4
Ozpauka KombOunanmonHas tunmupamMuganbHO-TIPU3MaTHICCKas
Obnuk . .
KopoTkocTon6uarslii, ©30METPUIHO-3EPHUCTHIH, B
MUHEPATbHBIX .
lakax v arjioMeparax CKeJIeTHBIN
UHOUBUOO08
Cpacmanus
MUHEPATbHBIX OnHOpOHBIE, MEJIKO-TOHKO3EPHUCTHIE arperaThl
azpezamoe

Ileéem munepana

3eJieHblid pa3HbIX OTTEHKOB JI0 KEITOT0, CEPOro

Yepma munepana ---
bneck CTexJIsTHHBIN, CYXOM, MaTOBBIHI
Teepoocmw 6-6.5
Cnaithocmb Hecosepiennas

®opcrepur Mg,[Si0,] mraButcs mpu  1890-1895°C.
Tepmuueckue @asnmur Fe,[SiO4] mmaBurcas mpu 1205+5°C, onuBuH
ceolicmea (Mg,Fe),SiO; mepexomsar B mmnuuens mnpu 800°C wu

nasinenun 45-90 kboap

Ilpouue ceoiicmea

Iapazenesuc [TupokceH, cepneHTUH, MarHeTUT, XPOMHUT
Omauuumensusvte | OT APYrux CUIMKATOB 3€JIEHOTO 1IBETA -
npU3HaKu HECOBEPIICHHON CMAHOCTHIO
T'enesuc . .

. | MarmaTuyeckuii, MeTaMOppUIeCKuit
MecmoposHcoeHuil

dopcTeput B OTHEYIIOPax, parolieHHbIN KaMeHb

Ilpumenenue perep yriopax, 2p

(XpU30JI1T), BaXKHBIN NIIAKOOOPA3yIOIIU MUHEPA
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Mumnepan OpTokJa3 (rpynra moJieBbIX IIMaToB)
K[AlSi;Og]
. K,0 - 16,9 %, Al,Os - 18,4 %, S10, - 64,7 %
Xumuueckuii

cocmae, hopmyna

[Ipumecu: Na,O (Heckonbko mnporeHToB), CaO (< 3 %),
BaO, FCO, F€203, G8.203 (< 0,005 %), SrO (< 0,5 %), Rb203
(0,01-0,3 %)

Cummempus MomnoknunHas, C2/m, Z = 4

Ozpauka [TpuzmaTuueckas

Ooauk

MUHEPATIbHBIX TabmuTyaThlid, ©30METPUUHO-3EPHUCTHII
UHOUBUOO0E

Cpacmanus

MUHEPATbHBIX CruioniHble 3€pHUCTBIC arperarhl, BKparjieHus
azpezamoe

Ileéem munepana

Po3oBrIi1, KpacHbIN

Yepma munepana ---

Eneck CTexnsHHBIN, 36pKaJbHbII WK NEPIAMYTPOBBIN HA
CIIAHOCTH

Teepoocmu 6

Cnaiinocmsp CoBepiieHHas 110 TUHAKOUAY

Tepmuueckue

ceolicmea

Ilpouue ceoiicmea

Iapazenesuc KBap11, MyckoBuT, TOMNa3, TypMajiuH
Omauuumensnvie | OT KBaplia COBEPIICHHON CIIAHOCTHIO, MEHbIIIEH
npu3HaKu TBEPAOCTHIO, OT IUIATMOKJIA3a - IBETOM
T'enesuc . .
. | MarmaTuyeckuii, merMmaTUTOBBIN
MecmopoIHcoeHuil
Ilpumenenue Kepamuueckast mpoOMBIIIIIEHHOCTh, TPOU3BOACTBO CTEKIIA

46




Mumnepan

IMenTnangur (rpynmna nMppoTUHA)

Xumuueckuii
cocmae, hopmyna

(Fe,Ni)S
Cootnomenue Mexy Fe u Ni o6brano 1:1, N1 10-42 %,
Fe 27-50 %, S 32-37 %; npumecu: Co 0,4-1,6 %

Cummempus

Kybunueckas, Fm3m, Z =4

Ozpanka

Oo6.21uk
MUHEPATbHBIX
UHOUBUOO08

N3omMeTpuyHO- WK TabINTYATO-3€PHUCTHIH

Cpacmanus
MUHEPATbHBIX
azpezamoe

Bxpannenust, OTHOpOAHBIE 3€PHUCTBIE ArperaThbl

Ileéem munepana

BbypoBarto-xenTslii

Yepma munepana | 3eJ1€HOBATO-KEIITAs

bneck Merammdeckuil, caxapoOBUAHBIN
Teepoocmw 3-4

Cnaithocmb CoBepiiieHHAas IO OKTa3apy
Tepmuueckue

ceolicmea

Ilpouue ceoiicmea

Xpynok

Ilapazenesuc [TuppoTrH, XaIBbKOIUPUT
OmauuumenvHble
B oTiinume ot nuppoTHHA HE MAarHUTEH

npU3HaKu
I'enesuc .

. | Marmatnueckui
MeCcmopoIHcoeH Uil
Ilpumenenue Pyna na Hukenp
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Mumnepan

IMupur

Xumuueckuii
cocmae, hopmyna

FeSz
Fe -46,6 %, S - 53,4 %
ITpumecu: Co, Ni, As, Sb, unorga Cu, Au, Ag

Cummempus Ky6uueckas, Pa3, Z =4
Ospanxa KyOuueckas (wacTo ImITpUXOBKAa Ha TpaHiIX Kyba),
P NEHTAroHJ10/IeKad ipuiecKas
Oonuk
MUHEPATbHBIX N30oMeTpruyHO-3epHUCTHIN, HHOT/IA TUIACTUHYATO-3€PHUCTHIN
UHOUBUOO08
Cpacmanus
BxparieHHUKY, 3epHUCTBIC arperaThl peJKU, KOHKPELUH U
MUHEPATbHBIX
CeKpenuun
azpezamoe

Ileéem munepana

JlaTyHHO-XKENIThIN

Yepma munepana | YepHas

bneck Mertannnyeckui

Teepoocmp 6-6.5

Cnaithocmb Hecosepiennas

Tepmuueckue Temneparypa mmrasiaenuss 1150°C, 1-pa pasnoxenus 600-
ceolicmea 689°C. Temora cropanus 1550 kan/monw

Ilpouue ceoiicmea

XaJbKONUPUT, MarHETUT, KBapL, KAJbLUT U MHOTHE IPYTHE

Ilapazenesuc
MUHEPAJIbI
ITo BBICOKOI TBEpOCTH; MO KyOU4IEeCKO# hopme
Omauyumenvuble | KPUCTAIUIOB; IO YUCTO XKEITOMY I[BETY 0€3 OTTEHKOB
npu3HaKu OTJIMYAETCS OT MUPPOTUHA, APCEHOMUPUTA, XaJIbKOIIUPHUTA;
OT MapKa3uTa — Mo 00JIMKY KPUCTAIIJIOB
I'enesuc MarmaTruyecknii, KOHTAKTOBO-METaCOMaTUYECKUH,
MecmopocoeHuil | TUAPOTEPMaJIbHbBIN, 0CaI0YHbIN
Ilpumenenue [Ipou3BOACTBO CEPHOM KUCIIOTHI U KETE3a
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Munepan ITupoJsro3ur
o Mn02
Xumuueckuii Mn - 63.2 %

cocmae, hopmyna

Mexannueckue npumecu: Fe,03, Si0,, H,O

Cummempus

TerparonaneHasi, P4/mnm, Z = 2

Ozpauka

(0115171
MUHEPATbHBIX
UHOUBUOO08

NronpuaTelii ¥ IIECTOBATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

CKpBITOKpI/ICTaJ'IJ'II/ILIeCKI/Ie, IIOPOUIKOBATLIC, 3CMJIMCTLIC

Ileem munepana

Kene3no-uepHblii

Yepma munepana | YepHas
bneck [TonmymMeTamin4yeckuii, MaTOBBII
Teepoocmw 5-6
Cnaithocmb CosepiiieHHas
Tepmuueckue
ceolicmea
Ilpouue ceoiicmea
Ilapazene3uc [Tcunomenan
Omauuumenshuovle | OT MarHeTUTa - HEMArHUTHOCTBIO, OT WIBMEHHUTA - 110
npu3HaKu 00JIMKY KPUCTAJUIOB U CTPOCHUIO arperaToB
I'enesuc .
. | OcapouHnsblii
MecmopodHcOeHul
Ilpumenenue Pyna na mapranen
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Mumnepan

IIupporun

Xumuueckuii
cocmae, hopmyna

FeS
S <39-40 %; npuMecH: B HE3HAUYUTEIIBHBIX KOJIMYECTBAX
Cu, Ni, Co, Mn, Zn

Cummempus I'exkcaronansHas, C6/mme, Z = 2

Ozpauka [MupamunanbHas

Ooauk

MUHEPATIbHBIX TabnuTyaThlid, N30METPUUHBIN

UHOUBUOO08

Cpacmanus

MUHEPANbHBIX MaccuBHbIE 36pHUCTBIE CKOTUICHUS, BKPAIUICHHUKHI
azpezamoe

Ileéem munepana

BpoH30BO-KenTHIN, OypOBaTO-KENTHIHI

Yepma munepana | CepoBaro-dyepHas

bneck Mertannuyeckuil 10 MOIyMETANIMYECKOTO, MaTOBBIN
Teepoocmu 4

Cnaiinocmo Hecosepuiennas

Tepmuueckue

ceoucmea

Ilpouue ceoiicmea | MarnuteH

[leHTHaHAUT, MAarHETUT, XaJbKOIIUPUT, CPaAIECPUT,

Ilapazenesuc
KaJIBLIUT, KBAPIIL, SMUJIOT
OmauuumenvHule
OT neHTIaHIuTa U XaJIbKOMUPUTA - MATHUTHOCTBIO
npusHaKu
I'enesuc DHAOreHHbIN, KOHTAKTOBO-METAaCOMAaTHUCCKH,
MeCcmopoicoeHuil | THAPOTEPMAabHbBIA, MArMAaTHUYECKUN
[Ipou3BOACTBO CEPHOM KUCIIOTHI U KEJIE3a, TJIaBHbIN
Ilpumenenue

HOCHUTCIJIb CCPBI B JKCJIC30PYAHOM KOHIICHTPATC
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MllHepaJl Ilnarnoxia3s (rpynna IMOJICBBIX I_IIHaTOB)
N3zomopdusiii psaa: anoprut Ca[Al,Si,Og] — (Te=1553°C) -
OWTOBHHUT (Cao’gNao’z)[(Al()’gSi()’z)AlSizOg] -
J'Ia6pOI[Op (Ca0,6Na0,4)[(A!0,6Si0,4)AlSi.208] —

Xumuueckuii AHAC3UH— (Na0,6Ca0,4) [(Slo,6Alo,4)AlSIQOg] -

cocmas, hopmyna

OJINTOKJIa3 (Na oygca(),g)[( Sio,gAl O,Q)AISiQOg] —
am6uT Na[AlSi;0g] (Tg=1118°C)

Na,O 0-10,79 %, CaO 0-20,10 %, SiO, 43,28-68,81 %,

Al,03 19,40-36,62 %
ITpumecu: K,0, BaO 10 0,2 %, SrO no 0,2 %, FeO, Fe,0;

Cummempus Tpuknunnas, P1, Z=4 (8)

Ozpanka [MunakounanbHas

Oonux

MUHEPATIbHBIX TabnuTyaTsii

UHOUBUOO0E

Cpacmanus

MUHEPATbHBIX Kpucrammnuecku-3epHUCTbIE arperarsbl, Jpy3bl
azpezamoe

Ileéem munepana

benwiit, cepriit

CTeKJISTHHBIN, MAaTOBBIM, HAa INIOCKOCTSIX CIIAMHOCTH

bneck N

3epKajIbHbIN
Teepoocmw 6
Cnaiitnocmpo CoBepuieHHast 10 MMHAKOULY
Ilapazenesuc KBap1, MyckoBUT, poroBasi oOMaHKa
Omauuumensusie | OT KBapua - 00jiee HU3KON TBEPIOCTHIO U COBEPILIECHHON
npu3sHaKu CIIAMHOCTBIO, OT OPTOKJIA3a - 110 LBETY
Tenesuc MarmaTuyeckuii, IErMaTUTOBBIN, TUAPOTEPMAIIBHBIM.

. | AHOPTUT, OUTOBHUT 00Pa3yIOTCA B METAJUTYPrUUYE€CKUX

MeCmOopOIHCOCHUTL

IUTAKAX

Kepamunyeckass npOMBILIIIEHHOCTD, B CTPOUTEIBCTBE,
Ilpumenenue

JIEKOPATUBHBIN KaMeHb (1abpaaop)
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Munepan Icuniomenan
MnO;,-nH,0
Xumuueckuii MnQO, 60-80 %, MnO 8-25 %, H,O 4-6 %

cocmas, hopmyna

[Tpumecu: BaO (10 HeCKONIBKHUX MPOIEHTOB), menouu, CaO,
Co0, MgO, ZnO, SiO,, Al,03, WO; (10 1, unoraa 5-8 %)

Cummempusn Pomb6uueckas, P222, 7Z=2
Ozpanka B kpucrannax He BcTpedaeTcs
Oonuk
MUHEPATbHBIX CKpBITOKPUCTAIITUYECKUN
UHOUBUOO08
Cpacmanus
[1noTHBIE CKPHITOKPUCTATUTMUECKHUE WIIA 36MIIUCTHIE MACCHI,
MUHEPATbHBIX
OOJIUTHI, HATEYHBIC (DOPMBI, TEHIAPUTHI
azpezamoe

Ileem munepana

Kene3Ho-4yepHbIN O TEMHO-CTAIIBHO-CEPOTO

Yepma munepana | Yepnas Onecrsiast
bneck MeTtannmyeckuil, y Ca)KUCTBIX Pa3HOCTEW — MATOBBIN
Teepoocmu 1-6
Cnaithocmb

Ipu 1-pe Boie 400°C nepexoauT B TOJIAHIAMT, BO3ZMOXKHO,
Tepmuueckue B KypHaKkuT, uHorjaa B raycManut. I[Ipu 800°C nepexoauT B
ceoiicmea MOHOKJIMHHYIO (a3y, cxoaHyio ¢ rojuianaurom. Jlo 500°C

BOJa N3 MHUHCpPpAaJIa ITOCTCIICHHO YAAJACTCA

Ilpouue ceoiicmea

Iapazenesuc [Tuposr03UT, TMMOHHUT, KBap1l, KAJIBIUT, CUICPUT
Omauuumensnusvte | OT TUPOJIIO3UTA — HATEUHOU (POPMOM arperaros,
npuzHaKu OTCYTCTBHUEM CIMAHOCTH U OOBIYHO MEHBIIICH TBEPAOCTHIO
TI'enesuc o

. | OcamouHsIit
MecmoporHcoeHuil
Ilpumenenue Pyna Ha mapraneu, B MeTajulypruv, MEIUIIMHE, XUMUU
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Mumnepan PoroBasi oOmManka (rpynna ampuO0I0B)
Ca;Na(Mg,Fe),(ALFe)[(Si,Al)4-Onl:
X . OTHOILICHMUS Mg:Fe+2, Al:Fe™ UIUPOKO MEHSIOTCS;
uMuYecKuil

cocmas, hopmyna

npumecu: K, F < 0,3 %, TiO, 0,1-5,5 %, MnO < 0,3 %,
NiO < 0,2 %, ZnO < 4,70 %, SrO < 0,1 %, V,05 0,01-
0,1 %, Cr,05 0,02-4,7 % u L1,0

Cummempus MonoknunHas, C2/m, Z = 2
Ozpauka [TpuszmaTuueckas
Obnuk . . .
Cron64athlii, UTOTBYATHIN, U30METPUIHBIH,
MUHEPATIbHBIX .
TaOIUTYATHINA
UHOUBUOO0G
Cpacmanus
MUHEPATbHBIX 3epHUCTBIC arperarbl, BKPAIICHHUKH
azpezamoe

Ileem munepana

3eseHblil, pexe - Oypbli 10 YEPHOTO

Yepma munepana | benas c 3e1€HOBATHIM OTIMBOM

bneck CTeKJISTHHBIN, 3epKaJIbHBINA Ha CIAMHOCTH, IIEJIKOBUCTHIN
Teepoocmu 5.5-6

Cnaithocmo CosepiiieHHas

Tepmuueckue

ceolcmea

Ilpouue ceoiicmea

Iapaczenesuc [ToneBbie mmaTkl, MUPOKCEHBI, CIFObI, HEPETUH
Omauuumensusvte | OT >NUI0Ta U AUONICUAA - 10 TEMHO-3E€JICHOM OKpacKe, B
npu3HaKu CIUIOIIHBIX arperatax BO3MOXHO CXOACTBO C ABTUTOM
I'enesuc . .

. | MarmaTuueckuii, MeTaMoppuuecKuit
MecmopoIHcoeHuil
Ilpumenenue ITopomoo6pa3yromuii MUHEpaT
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Mumnepan Cepa camopoaHast

S
Xumuueckuii MexaHnuecKkrue NPpUMECH: TIIMHUCTOE WM OPraHUYECKOE
cocmas, (popmyna | BEUIECTBO, KamelbKu HEPTH, Ta3bl; U30MOpPQHBIC

npumecu Se 1o 1-5,2 %, Te, As, Tl

Cummempus PomOuueckas, Fddd, Z = 128
Ozpauka JlunmupamuganbHas, Mpu3MaTHIecKas
Oonux
MUHEPATbHBIX N30MeTpuyHO- U yITTUHEHHO-3€PHUCTBIN
UHOUBUOO08
Cpacmanus
[TnoTHBIE 3epHUCTHIC MACCHI, IITHUCTHIC BKPATUICHHS,
MUHEPATbHBIX
HAJICTHI, HATCUYHbBIE (hOPMBI
azpezamoe

Ileéem munepana

XKentsiii, 0ypoBaTO-KEATHIN

Yepma munepana | CBETI0-XKenTas
bnaeck CTeKIISIHHBIN, )KUPHBIM, CMOJUCTHIN
Teepoocmu 2
Cnaiitnocmp N3n0m HEPOBHBIN 10 PAKOBUCTOTO
[Ipu atMocdepHOM AaBICHUM TeMmIeparypa IUIaBICHUS
112,8°C, rtemmeparypa kunenus -+444,5°C. Temiora
Tepmuueckue mwiasienuss npu  115°C 300 kan/e-amom. Temora
ceoiicmea ucnapenaus upu 316°C 11600 xan/z-amom. Ilpu atm.

naBnenud npu 95,6°C o-cepa mepexomuT B P-cepy ¢
yBEJIMYEHHEM 00beMa

Ilpouue ceoiicmea

Ilapazenesuc ['umic, kBapu, KampUUT
OmauuumenvHule

OT cepnieHTHHA — MO L[BETY U XPYIIKOCTH
npU3HAKU
I'enesuc . . .

. | Marmatnyeckui, 3K30r€HHbIN, 0CaJOYHBIN

MeCmopoIHCOeHUTL

XUMHYECKasi TPOMBIIUIEHHOCTbD, CEIBCKOE XO03MCTBO,
Ilpumenenue

(105000505 ¢:
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CeprnieHTHH (TpyIIa CEPIEHTUHA)

Mumnepan
Cmech: aHTUTOpUTA, XPU30TUIIA, AME3HUTA, JIN3ApINTa
Mg6[Si4010] [OH]3g
. MgO - 43,0 %, Si10, - 44,1 %, H,O - 12,9 %
Xumuueckuii

cocmae, hopmyna

[Tpumecu: FeO, Fe,O3; no Heckombkux mnporeHToB, NiO 110
necateix npoied mpouenta, CoO, AlL,O; mo 5,7 %, CaO,

CI'QO3, /n0O
Cummempus MoHoKIMHHAS WId poMOudecKast
Ozpanka He Bunna
Oonux
MUHEPATbHBIX BoJIOKHUCTBIN, Yallle CKPbITOKPUCTAILNTNYECKUI
UHOUBUOO0B
Cpacmanus
[1noTHBIE MACCHI, MJTACTUHYATHIC WK IS THUCTHIC arperaThl,
MUHEPATbHBIX
MOYKOBHUAHBIE (DOPMBI
azpezamoe

Ileéem munepana

3eJIeHBIM Pa3IMYHbIX OTTEHKOB, CEPBIN

Yepma munepana ---

Enecx CTexnsHHBIN, NHOT/A IIEJIKOBUCTHIN ITEPIaMyTPOBBIH,
KUPHBIN

Teepoocmw 3.5

Cnaithocmb ---

Tepmuueckue Ilpu Temneparype Beime 550°C  guccormupyer Ha

ceolicmea dopcreput Mg,Si104 u amopdusii Si0,

Ilpouue ceoiicmea

Iapazenesuc AcOecT, OJIMBHH, JOJIOMHT, MATHETHT, TaJIbK
OmauuumenvHole . .

OT cepbl — MATHUCTOM OKpacKon
npusnaKu
T'enesuc .

. | 'mgporepmanbHbIii

MecmoporHcoeHuil

CrIpbe I MarHe3uajJbHBIX OTHEYIIOPOB, IO ACIIOYHBIN
Ilpumenenue P yHopos,

KaMCHb
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Mumnepan

Cupnepur (TpyIina KajabIuTa)

Xumuueckuii
cocmae, hopmyna

FeCO3
FeO - 62,1 % (Fe - 48,3 %), CO, - 37,9 %
[Tpumecu: Mg, Mn, CaO, SiO,, Al,O4

Cummempus Tpuronanwsnas, R3c,7Z =4
Ozpanka Pomb6oaapuueckas
Oonux
MUHEPATbHBIX TabnuTyaTo- ¥ U30METPUUHO-3EPHUCTHIH
UHOUBUOO08
Cpacmanus
3epHHUCTHIE arperarbl, 3eMJIUCThIE MACChl, HATEYHBIE (HOPMBI,
MUHEPATbHBIX
OOJIUTHI
azpezamoe

Ileéem munepana

bypoBaro-06enblii, cepblit

Yepma munepana | benas

bneck CrexnsHHBIN, NHOTAA AJIMA3HbIN, IIEPIaMyTPOBBIN
Teepoocmu 3.5

Cnaithocmb CosepiiieHHas o poM0O03py

Tepmuueckue IIpu armocheprom pasienud U 500-600°C aucconuupyer
ceolicmea Ha FeO u CO,. Bnocnencreuu FeO nepexonut B Fe;04

Ilpouue ceoiicmea

Peakmus ¢ HCl narencuBHas

IHapazene3uc [TupuT, rajIeHUT, TETPAIAPUT, IUMOHUT

Ot apyrux kapOoHaToB (KpOME KaJIbIUTa) — HHTEHCUBHOUN
OmauuumeibHole Py . P (xp ) .

peakiueit ¢ HCI, oT kanpuura - 3HaUUTENBHO OOJIbIICH
npu3HaKu

IUIOTHOCTBIO
TI'enesuc . . o

. | DK30TeHHBI!, THAPOTEPMAIbHBIN, OCAOUHBIN

MeCmopoIHcoeH Uil
Ilpumenenue Pyna na xeneso
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Mumnepan CuibBHH (TpyIINa rajimura)
KCl
. K-52,5%,Cl-47,5%
Xumuueckui

cocmae, hopmyna

[Ipumecu: KUAKOCTH, Ta3bl (a30T), YIJICKUCIIOTHI,
Bosopon, metaH, renuii; NaCl u Fe,Oz, KBr (o 0,1 %),
RbCl u CsCl B HUYTOKHBIX KOJIMYECTBAX

Cummempusn Ky6uueckas, Fm3m, Z=4

Ozpanka I'ekcasgpuueckas

Oonux . .
N3omeTpuueckuii 1 TabIUTUATO-3€PHUCTBINA UITH

MUHEPATbHBIX .
MSATHUCTBIN

UHOUBUOO0B

Cpacmanus

MUHEPATbHBIX CmiouiHblie 3epHUCTBIE MACCHI

azpezamoe

Ileéem munepana

benblii, p030BbII, KPaCHBIN

Yepma munepana | benas

bneck CTexnsHHBIN, KUPHBII
Teepoocmu 2

Cnaiitnocmsp Becbma coBepiieHHas 1mo Kkyoy
Z‘;ef ;u;;t::xue Temmneparypa miasienus 778°C.

Ilpouue ceoiicmea

I'opbKO-CoJIeHBIN BKYC

Ilapazenesuc lNanut, kapHaIIAT
Omauuumensnuovte | OT rayIvTa OTINYAETCA 110 OKPACKE U TOPHKO-COJIEHOMY
npU3IHaKu BKYCY
I'enesuc .
. | Ocapounslii
MeCcmopoicOeH Ul
Ilpumenenue Pyna na xanwmii, MuHepagbHOE yI00peHue
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Mumnepan Coanepur
ZnS
Xumuueckuii /n-67,1%,S-32,9%

cocmas, hopmyna

[Tpumecu: Fe no 20 %, Cd 0,1 - 5 %, In < 0,1 %, Ga,
Mn, Hg

Cummempus Kyo6uueckas, F43m,7Z =4
Ozpauka Terparapuueckas, pexe Kyondeckas
Oonux
MUHEPATIbHBIX N3omerpuyeckuii uiau TabIuTIaTO-3€pHUCTHIN
UHOUBUOOB
Cpacmanus
Kpucrannmuecku-3epHUCTBIE MACCHI, ISITHUCTHIC
MUHEPATIbHBIX
CKOIUICHUS, BKPAIIJICHHUKH
azpezamoe

Ileéem munepana

Bypp1ii, KOpUUHEBBIN, 3€JIECHOBATO-’KEITHIN, YEPHBIN

Yepma munepana | bypas, KopuuHeBas
bneck AJIMa3HBIH, )KUPHBINA
Teepoocmp 3.5-4
Cnaithocmb CoBepiiieHHas 110 TETPadAPy
ITpu 880-1020°C mepexoaut B BIOpTHMT (0-ZnS), T-pa

Tepmuueckue nepexo/ila  NOHWXKAETCd 1O  MEpe  YBEJIMYECHUH

P . conepxkanus Fe, Mn u Cd. B npenenmax 600-1200°C
ceonicmea

NEPEeXOJUT B TPUTOHAIBHYI0 MOAU(HUKALUI0 - Y-ZnS.
CyOaumupyeTcst 10 MIaBJIeHUs

Ilpouue ceoiicmea

UepHbIit kene3ucTsiid chanepuT (MapMaTUT) - MATHUTEH

IHapazene3uc l"anenur, KanbLUT, KBAPIl, XaJIbKOIUPUT, TUPUT
Omauuumensnusvte | OT BoabdpamuTa - 00JIMKOM KPUCTAIIOB M MEHBIIIEH
npusHaKu IJIOTHOCTHIO, OT CUACPUTA - TUTIOM CHIAaWHOCTH, OJIECKOM
TI'enesuc . o

. | F'ugporepmanibHbIi, METACOMATUYECKUI
MeCcmopoXsHcOeHUil

Pyna Ha nuHK, BpeHas NpuMech B JOMEHHOM

Ilpumenenue npou3BoJicTBE. Vicnonb3yercs B MEIUIIUHE, B

JIAKOKPACOYHOM ITIPONU3BOJACTBC U CCIIbCKOM XO3SHCTBE
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Mumnepan Tanbk
Mg;[Si4040] [OH],
. MgO - 31,7 %, Si10, - 63,5 %, H,O - 4,8 %
Xumuueckuii

cocmae, hopmyna

MgO O6biBaer 3amenieH FeO (< 2-5 %), npumecu: Al,O;
(< 2 %), NiO (mo m;ecsaTbIX J0Jied TPOLIEHTA), BOJA
(0COOEHHO B BBIBETPEIIBIX PA3HOCTSIX)

Cummempus MonoxknunHas, C2/c umm Ce, Z =4
Ozpauka He Bugna
Oo1ux
MUHEPATIbHBIX YewmryiiyaTelid, THOTJA BOJIOKHUCTBIN UJIA 3€MIIUCTBIN
UHOUBUO08
Cpacmanus .
YemryituaTele, MIOTHBIC MAacChl, MHOTIA BOJIOKHUCTHIE,
MUHEPATIbHBIX
3€MJIMCTBIC arperarbl
azpezamoe

Ileéem munepana

benbiit, 651€THO-3€JICHBIN, KEThIN, PO30BBIM

Yepma munepana | benas
bnaeck CTeKIISIHHBIN, )KUPHBIN, MATOBBII
Teepoocmw 1
Cnaiinocmow Becbma coBepliiieHHas 10 TMHAKOUY
Tepmuueckue

P O6e3BoxkuBaercs mpu 675-960°C
ceolicmea

Ilpouue ceoiicmea

MBUIKUIA, CKOJIB3KHAN HA OLLYTIb

Ilapazene3uc KBapu, kanpuur, CEprieHTHH, J0JIOMUT, MATHETUT

OT KaOJIMHUTA - )KUPHBIM OJIECKOM, OT TUIICA - 00JIee HUBKON
OmauuumenvHole

TBEPAOCTHIO, OT KaJbLIUTA (ME) - OTCYTCTBUEM PEAKIIMH C
npusHaKu

HCl
I'enesuc o

. | 'mgporepmanbHbIi

MeCmOopOoIHCOCHUTL

Kucnoro- u oruecToiknii KEpaMUYECKUN MaTepual,
Ilpumenenue

QJICKTPOTCXHHKA, ITPOU3BOACTBO 6YMaFI/I, MEAUIIMHA
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Mumnepan Typmanun
(Na, Ca)(Mg, Al)s[B;Al3Sig][O, OH]3
Xumuueckui B %: Si10, 30-44; B,O; 8-12; Al,O5 18-44; FeO+Fe,O5; 0-38;

cocmas, hopmyna

MgO 0-25; Na,O 0-6; CaO 0-4; H,O 1-4. IIpumecu: K, Li,
Mn**,Cr, Ti, F u Cl; SnO,, P,0s, BeO, CuO, BaO, Cs,0

Cummempus Tpuronansnas, R3m, Z =3

Ozpauka TpuroHanbHble W JUTPUTOHAIBHBIC MPU3MbI U TTUPAMU/IBI
Oo1ux

MUHEPATIbHBIX HrosibyaTelid, IECTOBATHIN, pAAUAIBHO-TYYUCThIN
UHOUBUO06

Cpacmanus

MUHEPATbHBIX Cruio1HbIE 3€pHUCTHIE MACCHI UJIW BKPAILICHUS
azpezamoe

Ileéem munepana

Pa3nb1i, yailie yepHbIii, KpAaCHBINW, PO30BbIM, 3€JIEHBIN,
JKEJIThIN

Yepma munepana ---
bneck CTeKnsiHHBIN

Teepoocmu 7-8

Cnaiitnocmsp HecoBepiiennas

Tepmuueckue

ceoucmea

Ilpouue ceoiicmea

B MMOIICPCYHOM CCUCHUU AUTPUT'OHAJICH

Iapazenesuc Kgapi, anp06uT, OpTOKIIa3, KACCUTEPUT
Omauuyumensuste | OT TOMa3a u 6epusLIa - O UTOJIHYATOMY OOJIHKY
npu3sHaKu KPUCTAJIJIOB, TOJIMXPOMHOCTHU
I'ene3uc . .

. | IlermaTuTOBBIN, THAPOTEPMATIBLHBIN
MecmopodHcOeHul

AroLEHHBIN U NOAECIOYHBIN KAMEHB, ITUPOJICKTPUK

Ilpumenenue M > TP PHI

BaXHBIA HCTOYHUK Oopa
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Mumnepan DropuT
Can
. Ca-51,2%,F-48.8%
Xumuueckuii

cocmas, hopmyna

[Ipumecu: Cl (B IKENThIX pPa3HOCTAX), OUTYMHHO3HBIC
BEILlECTBA, ra3npl U *)ujakoctH, Fe,Os, peakue 3emnu, U (1o
HECKOJIbKUX mpoiieHToB), F, He

Cummempus Ky6uueckas, Fm3m, Z =4
Ozpauka KyOuueckasi, oktasipuyeckas
Oonux . .
N3omeTpuueckuii 3a cyeT CIalHOCTH, KAXKETCs TAOIMTYaThIM
MUHEPATbHBIX
WM TUTACTUHYATBIM
UHOUBUOO08
Cpacmanusn
MUHEPATbHBIX Bxkparuienus, 3epHUCTbIE arperaThl, peke 3eMJICThIE MACCHI
azpezamoe

Ileem munepana

3eJIeHbIi, ToTy00H, JKeNThIN, (PUOIETOBBIN, YACTO
MOJIMXPOMHBIN UJIN O€CIIBETHBIN

Yepma munepana | benas
bneck CrexnsiHHbIN
Teepoocmp 4
Cnaithocmb CoBepiiieHHas IO OKTa’apy
Tepmuueckue

g daroopecuupyeT Ipyu HarpeBaHUU
ceonicmea

Ilpouue ceoiicmea

[Ipo3paueH B MMIMPOKOM [HMANa30HE CBETOBBIX JIy4eid,
MI03TOMY MCHOJIB3YETCsl B OMHOKJISIX HOYHOTO BUIACHUS

Ilapacenesuc KBapii, 6apuT, KanbIUT, FraeHUT, chaneput
Omauuumensnusvte | OT 6apuTa — OKPACKOM, MEHBIIIEH TIOTHOCTHIO, OT KApOOHATOB —
RpU3HAaKU 00JMKOM KpHUCTauioB, oTcyTcTBreM peakiuu ¢ HCI
I'ene3uc . . .

. | [lonurennslit, ruipoTepMaIbHBIN, OCAIOYHBIHI
MeCmoposHCOeHUIL

@troc, 1S BBITUTABKH CIICIUATBLHBIX CTaJIeH, XUMHAYECKasI

Ilpumenenue

IIPOMBIINIJICHHOCTD, OIITUKA
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Mumnepan

XaJbK03UuH

Xumuueckuii
cocmas, hopmyna

Cllzs
Cu-79,8 %, S -20,2 %
ITpumecu: Ag, Fe, Co, N1, As u Au

Cummempus

PombOunueckas, Abm2, Z = 96
P6;/mme, Z =2

Ozpanka

Ooux
MUHEPATbHBIX
UHOUBUO06

TabnuTaarelii, KOPOTKOCTOIOUATHIN

Cpacmanus
MUHEPATbHBIX
azpezamoe

CruoniHeie TOHKO3CPHUCTBIC MACChI, BKPAIIJICHUA

Ileéem munepana

CBUHLIOBO-CEPBHIil

Yepma munepana | TeMHO-cepas

bneck Meramm4eckuil, Ty CKIIbIA

Teepoocmp 2-2.5

Cnaiinocmuw Hecosepiiennas, pakOBUCTBIN U3JIOM

Tepmuueckue Yucteiii Cu,S mmaBurcest B mpemenax 1107-1127°C, mpu
ceoiicmea no0aBaeHUU S TeMnepaTypa IJIaBJICHUS TTOBBIIIAETCS

Ilpouue ceoiicmea

Ilapazenesuc XanbKOMHUPUT, KYTIPUT, OOPHUT, KapOOHATHI METU

Omauyumensuvle | OT TAJICHUTA U aHTUMOHUTA OTIMYaeTCs: (POpMOi

npu3HaKu KPUCTAJJIOB U XapaKTEPOM CHAHHOCTH

I'enesuc . . .
. | OK30reHHBII, SHIOTE€HHBIHN, PEJKO THIAPOTEPMAJIbHBIN

MECHOPOIHCOCHUL

Ilpumenenue Pyna na menp
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Mumnepan

XaabKOMUPUT

Xumuueckuii
cocmas, hopmyna

CuFeSz
Cu - 34,57 %, Fe - 30,54 %, S - 34,9 %
[Tpumecn: Ag, Au, Tl

Cummempus Terparonanenas, I 42d,7 =4

Ozpanka Terparapuueckas

Obauk

MUHEPATbHBIX N3omeTpudHO-3€pHUCTHII

UHOUBUOO08

Cpacmanus

MUHEPATTbHBIX CrutoniHple MacChl, BKPAIUICHHUKH U TISITHUCTHIE CKOTUICHUS
azpezamoe

Ileéem munepana

.HaTYHHO-}KCJITHﬁ C 3CJICHOBATBIM OTTCHKOM

Yepma munepana | YepHas ¢ 3eJ1€HBIM OTTEHKOM
bneck Merannunyeckui
Teepoocmw 3.5-4
Cnaithocmb Hecosepiennas
Tepmuueckue

P Temmneparypa miasnenus: 1000°C
ceolicmea

Ilpouue ceoiicmea

Iapazenesuc [TuppoTuH, nupuT, KBapil, CyabPuasl MeIu, CBUHIIA U IIMHKA
Omauuyumenshnvle | OT IUPUTA — MEHBILIEN TBEPAOCTHIO, OT MUPPOTUHA —
npu3HaKu OTCYTCTBUEM MAarHUTHOCTH

T'enesuc MarmaTuueckuii, THIPOTEPMAIIbHBIN, KOHTAKTOBO-
MeCmopoIHcOeHUuil | METaCOMaTUYECKUN

Ilpumenenue ['maBHas pyna Ha Menb, IOMYTHO - KEJIE30 U CEPY
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Munepan XJ1opur (rpynmna XJopuToB)

1. Kponmrearur Fe4++Fez+++[Si2Fez+++O10] [OH]s
Xumuueckui 2. Mlamo3nt Fe,  Al[Si;AlO,,][OH]¢nH,0

3.

cocmas, hopmyna

AMe3uT (Mg,Fe)4A12[A128i2010] [OH]g
4. Hennmn (Mg, Fe)sAl[AlSi;0,0][OH]g

Cummempusn Ot monokuaHOM C1 10 rexkcaroHanpHOl P63cm, Z=2

Ozpanka He nabmronmaercs

Oonuk

MUHEPAIbHBIX [InacTuHYaThIi, TAOIUTYATHIN, YEITyHUaThINA

UHOUBUOO08

Cpacmanus MaccuBHbBIN, PaIMAIBHO JTyYUCTBIN, PO3ETKOBUIHBIN

MUHEPATIbHBIX . b . > PO3CT
YeyH4aTo-3€pHUCTBIN WIIM TIATHUCTBIN

azpezamoe

Ileéem munepana

3eJIeHbIi 10 3eJIeHOBATO-YE€PHOTO WK OYypOro

Yepma munepana | CBetiio-3€lIeHas, cepast

bneck CTexnsHHBIN, 110 CITAWHOCTH NEPIaMyTPOBBII
Teepoocmuw 2-2.5

Cnaiinocmo BecbMa coBepiiieHHas o NUHAKOULY
Tepmuueckue

ceolicmea

Ilpouue ceoiicmea

JIucTouku HE ynpyru

IHapazene3uc Maruertur, reMatut, Oypble KEJIE3HIKH, KEJIE3HbIC PY/IbI
Omauuumensuovte | OT Ipyrux JUCTOBATHIX MUHEPAJIOB - 3€JICHBIM I[BETOM U
npU3HAaKU OTCYTCTBUEM YIIPYTOCTH Y JIMCTOUKOB
I'enesuc KoHTakTOBO-METaCOMATUYECKHN, THIPOTEPMAIIbHBIM,
MecmopodcoeHuil | Metamop(puueckuit

Kenezopyaublit MUHEpas B OypbIX Kejle3HIKax (I1aMo3UT
Ilpumenenue Py P yp ( ’

TIOPUHTHUT)

64




Mumnepan XpoMHuT (rpyrnra mimuHeH)
FeCr204
Cr,05 18-62 %; FeO 0-18 %, MgO 6-16 %, Al,0; 0-33%,
Xumuueckuii Fe,O5 2-30 %

cocmas, hopmyna

[Mpumecu: Ti < 2 %, V,03 < 0,2 %, MnO < 1 %, ZnO no
HecKoJIbKUX eauaull, NiO 1o gecsateix gojei, CoO 10 coThIX
noiier, CaO 110 gecsaThIX JToieH

Cummempus KyOuueckas, Fd3m, Z = 8

Ozpanka OxkTrasrapuueckas (04€Hb PEAKO)

Ooaux

MUHEPATbHBIX N3oMeTpruaHO-3epHUCTHIT

UHOUBUOO0E

Cpacmanusn

MUHEPATbHBIX BxparuieHHbIe MacChl, CILIONIHBIE 36PHUCTBIC arperaThl
azpezamos

Ileem munepana

TeMHO-KOPUYHEBBIN 10 YEPHOTO

Yepma munepana | bypas, KopuuHeBas

bneck [TonymeTamnnuecknii )KUPHbIN

Teepoocmu 5.5-6.5

Cnaithocmb
[TnaBurcss npu 1450-2180°C. Touka IaBiIeHHsS TEM HUKE,
yeM Bblle coaepxkanue FeO u Fe,0;, ¢ yBennueHuem
conepxkanus Cr,O; Temreparypa IUIaBJICHHs MOBBIIIAETCS.

Tepmuueckue IIpu wnarpeBanmu 10 300°C Habmromaercs oOpa3oBaHHUE

ceolicmea remaruta, Beime 500°C — o6paszosanue CryOs, mpu 800°C

BO3HUKaeT TBepabIi pacTtBop Cr,03 u Fe O3, a npu 1000°C —
MarHeTuT. MakcuMaabHOE OKHUCJIEHHUE jKejie3a MPOUCXOIUT
mpu 1000°C

Ilpouue ceoiicmea

MarsuTHoCTh ciiadas

Ilapazenesuc OnuBUH, CEPIIEHTUH, MATHETUT, XAIIbKOIIUPUT
Omauyumensusvte | OT MarHeTuTa - c1a00 MArHUTHOCTBIO U IBETOM YEPTHI, OT
npU3IHAaKU WIBMEHHUTA U T€MaTUTA - [BETOM YEPThI
I'enesuc .

. | Marmatnueckui
MeCcmopoHcOeH Ul

Pyna Ha xpoMm, oraeynop, B XuMHYECKON U

Ilpumenenue dhapMaleBTHYECKON MPOMBIIIUICHHOCTH, BaXKHEHIIAs

JUratypa B CTajlu
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Mumnepan nuaoT
Ca,(Al, Fe)3[Si,0][SisO4][OH],
. CaO - 24,6 %, Al,O5 - 33,9 %, Si10; - 39,5 %, H,O - 2,0 %
Xumuueckuii

cocmae, hopmyna

[Tpumecu: yacte Al,O; 3amemaercsa Fe,0; (< 2-5 %), Mn,04
(tynmut posoBoro 1Bera), Cr,O; (XpOMIIOM3UT 3€JICHOTO
1[BETA)

Cummempus MonoknunHas, P2{/m, Z =2
Ozpanka IIpusmatnyeckas
Ooaux
MUHEPATIbHBIX [IlecToBaTelil, UTOJIBYATHIN, YIVIMHEHHO-3EPHUCTBIN
UHOUBUOO0E
Cpacmanus
CruioniHble 36pHUACTBIE arperarsl, APY3bl, ISITHUCTHIE
MUHEPATIbHBIX
CKOILICHHUS
azpezamoe

Ileem munepana

DuCTAIIKOBO-3€JICHBIN, KEJITHIN

Yepma munepana
bneck CrexnsHHbIN
Teepoocmuw 6-7
Cnaithocmuo CosepiiieHHas

Cnabo pacmmpsrONIMics Mpu HarpeBaHuU MuHepai. B
Tepmuueckue nponecce Harpesanus npu 100°C BeiaenseTcs HeGOIBIIOE
ceoiicmea KOJIMYECTBO BO/JIbI, 3HAYUTEIbHAS IOTEPS BECA TPOUCXOIUT

mpu 900-1000°C

Ilpouue ceoiicmea

Ilapazenesuc MarseTur, rpaHat, MUPOKCEHBI
Omauuumensnusvte | OT IPYTrUX CUIUKATOB - 10 XapaKTepHOMY (DHCTAIIKOBO-
HpU3HaKu 3€JICHOMY LIBETY
I'enesuc o o

. | KonTakToBO-M€TacOMaTUuE€CKUil, THAPOTEPMATIbHBIN
MeCcmopoIicoeHuil

Penko - nmoaenounblii KaMeHb, 4acTo - OaJlJIacTHAsI TPUMECH

Ilpumenenue

B JKEJIE3HBIX pyJax, HOPOI0- U INIAKOOOpa3yroIUi MUHEPAT
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Tabauma 3 — O6pasen odopmieHus 1a00pPaTOPHOI pabOTHI

Ne o6pasma B 3/7

JIaTKe

Musnepai KaJIbIIUT TUOTICU]] ?

Xum. popmyna CaCO; CaMgSi,0¢

CummeTpust TpuronansHas, R 3c,Z=4 | Monoknunnas, C2/c, Z =4

Crpykrypa H3omerpuuHbIi, Cronbuartslii, 0T MenKo- 10 | BeTpedeHst
CpEIHE3EPHUCTHIN, KPYIHO3EPHUCTOTO, YeLy iK1
MATHUCTHIE CKOTIJICHUS Jpy3a

TekcTtypa BxpanneHo-nsaTHUCTas 32 cueT HeMHOTro4uciIeHHBIX (20 %) Menkux
MATHUCTHIX BKIIOUECHUN KAJIBLIUTA B TUOTICUJIE

[Bet p0o30BaTO-0€mbIi CEpOBATO-3€JICHBII

LIBeT uepThl
(LIIBET B MOPOIIIKE)

OeIbIi

HET YepThl

bneck:

CTEKJISIHHBIM, )KUPHBIN Ha

CTEKJISTHHBIM, MAaTOBBIHN, Ha

TJIaBHBIN U MMOBEPXHOCTH, MPOTPABJICH- CBEXKEM CKOJIC I10
BTOPOCTEIICHHBIN HOUW KUCJIOTOU, 3€PKaAJIbHO- MIIOCKOCTSIM CIIAMHOCTH -
MEePAAMYTPOBBIN HA CBEKEM | 3€PKAIbHBIN
CHaifHOM CKOJIe
TBeprocTb 3 5-6
CraiHOCTb COBEpIIEHHAs 10 POMOOIAPY CpEenHsIsl IO MPU3MeE

[Ipoune cBolicTBa:

oypHo pearupyet ¢ HCI]

[Ipumenenue

dnroc B METaJLTYprud, ¢/X,
OIITHKA, CTPOUTENIBCTBO,
o0pasyeT U3BECTHSK
(CKpPBITOKpUCTATUTMYECKUI ) U
MpaMop (KpUCTAIUTUIECKUN
3€pHUCTHIN)

[TopomooGpa3yromuii u
[J1IaK00Opa3y oM
MUHEpaIT; COBEPIICHHBIE
KpHUCTAJJIbI UCITOJIB3YIOT
KaK JIparolieHHbIH KaMEHb
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3
Tabmuna 4 — [I10THOCTP MUHEPAJIOB M METAJIJIOB, KT/IM

Hazsanue V neapHBIN Ha3zsanue V neapHBIN Ha3zsanue V nenpHBIN
BEC BEC BEC

Boasdhpam 19,3 Pytun 4,3 Bommactorut 2,8-2.9
ITnaTtuna 14-19 IIcumomenan 4,18-4,25 | Komnodan 2,6-2,9
3051010 15,0-19,3 | Xaipkonupur 3,7-4,7 AHOPTHUT 2,76
["apuuit 13,35 Buremur 4,1-43 Tansk 2,7-2,8
CBuHel 11,34 Kopynn 3,9-4,2 burtoBHUT 2,74
Cepebpo 10,5 Cdaneput 4,02 [Inarnoknas 2,62-2,76
Monaubneun 10,2 Ilenectun 3,9-4,1 Xoput 2,6-2.9
Menp 8-9 Majmaxur 3,95-3,97 | Kagpmur 2,72
Kobanst 8-9 I'panar 3,9-4,03 | bepunn 2,65-2.8
KunoBapb 8,10 Cunepur 3,5-4,3 Ckanoaut 2,65-2,74
Huxenmn 7,78 Imuaens 3,83-3,88 | Jlabpamopur 2,71
Mapranerg 7,44 A3zypur 3,6-4,0 AmomuHu 2,69
Keneszo 7,3-7.9 Xpu3o0epuiin 3,77 AHne3uH 2,69
Tanennt 7,4-7.6 CTpoHIIMAHUT 3,65-3,8 | KBapig 2,65
XpoMm 7,19 CraBponut 3,7 Onmrokias 2,65
Huuk 7,13 Pononut 3,65-3,75 | Annour 2,62
Boasdpamur 7,0-7,5 Kuanur 3,58-3,70 | Kaomuaur 2,6-2,63
Kaccurepur 6,8-7,1 OnuBuH 3,56-3,66 | Hedenun 2,55-2,65
Iepyccur 6,55 Ponoxposut 3,27-4,37 | Oprokna3 2,57
KobGanbTuu 6,33 Anmaz 3,45-3,60 | MukpokiuH 2,54-2,57
Anrnesur 6,2-6,4 Tomna3z 3,5 Kpemunii 2,23
ApceHOnupUT 6,07 Cden 3,48 l"apabeput 2,2-2,8
Kynpur 6,0 OnuaoT 3,35-3,45 | Jletimur 2,45-2.50
leenut 5,9-6,1 DHCTATUT 3,2-3,5 Jlazypur 2,4-2,45
MBIIBSIK 5,7 ABrutr 32-34 Komemanur 2,42
IuHkuT 5,68 Jwuoncun 3,2-3,3 CeprieHTUH 2,2-2,65
XaJapKO3WH 5,5-5,8 CuniuMaHuT 3,23 bokcur 2,0-2,55
[Ipyctur 5,55 Porosast oOmManka 3,2 bpycur 2,39
MarsaeTur 5,18 droopur 3,18 bop 2,34
DpaHKINHUT 5,15 AHaay3uT 3,16-3,20 | Anodummut 2,3-2.4
bopuut 5,06-5,08 | Cnonymen 3,15-3,20 | I'umc 2,32
TI'ematur 4,8-5,3 Anatut 3,15-3,20 | Copmamut 2,30
[Tupur 5,02 Tpemonut 3,0-3,3 Kpucrobanut 2,30
Mapxkasut 4,89 Typmanun 3,0-3,25 | AHanbmum 2,27
I{npkoH 4,6-5,1 Marue3ur 3,0-3,2 Tpugumur 2,26
MonuOaeHuT 4,68 Jlazysur 3,0-3,1 Hatrpoaut 2,25
[Tupomo3ut 4,62-4,73 | AMOJIUTOHUT 3,0-3,1 I'padut 2,23
WUneMenut 4,75 denakuT 2,97-3,0 | Xpuzokoiia 2,0-2,4
[Tuppotun 4.7 Kpuoaut 2,95-3,0 | I'etimanguT 2,18-2,20
XpOMHT 4,58-4,65 | buotur 2,8-3,2 Tamut 2,16
IIcunomenan 4.6 AparoHur 2,95 Omnan 1,9-2,2
baput 3,7-4,7 AHTUAPUT 2,89-2,98 | IllaGa3ut 2,05-2,15
DHapruT 4.5 Jlenumonut 2,8-3,0 Cepa 2,05-2,09
CMHUTCOHUT 4,43-4,45 | Hartoaut 2,8-3,0 CuibBUH 1,99
T'etur 4,35-4,40 | Ilpeaut 2,8-2,95 | Maruuii 1,74
Butepur 4,37 MyckoBHT 2,76-3,1 | bypa 1,7
Manranut 4,3 Jomomut 2,85 Kanprmit 1,55
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VYyebHOe n3nanue
CocraBurenu:
ITepmsikoB ApHOIBI ApKaabeBUY
HaszapoBa AHacracust AnekcaHapOBHa

Omnpenenuresb MUHEPAJIOB

[IpakTUKyM JUIsl CTYIEHTOB CIIEUATIBHOCTEN:
JlabopaTopHBIil MPAKTUKYM TIO TUCIUTIIINHE
«OCHOBBI KpUcTaIIOrpapuu 1 MUHEPAIOTUN
JIns CTyIeHTOB ClIENHAIBHOCTEM:
150101 — Meramnyprust 4€pHbIX METAIIIOB
cnenuanu3auuu: MeTamlyprus 4yryHa,
Merautyprus cranu
150104 - JIuteitHOE TPOU3BOJACTBO YEPHBIX U LIBETHBIX METAJIOB
150102 — MeTamnyprusi IBETHBIX METAJIOB
240301 — Xumuyeckasi TEXHOJIOTHS HEOPTaHUYECKUX BEIIIECTB
130400 — IToazeMHas pa3paboTKa PyAHBIX U HEPYAHBIX MECTOPOXKICHUI

Penakrop

IloanucaHo B rieyaThb
®opmat 6ymaru 60*84 1/16 bymara nucuad. [leuats opceTHas.
Ven ned. 1. . Yu-u3a. a1, Tupax  9k3. 3akas

Cubupckuii rocyJapCTBEHHBI HHTYCTPUAIBHBIN YHHBEPCUTET
654007 r. HoBoky3Heuk, yi. Kuposa, 42
Tunorpadpus Cubl'1Y
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