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Ilopoowl copuvie — ecTeCTBEHHbIE MUHEPAJIbHbIE
arperarbl, ONpPeaeJJEHHOI0 COCTAaBA M CTPOCHUS,
chopMupoOBaBIIIHECH B pe3yjbrare
reoJIOTMYECKHUX MPOIEeCCOB U 3ajieramiime B
3eMHOH KOp€ B BH/I¢ CAMOCTOATEIbHBIX TeJl.




= Yawe Bcero MmHepasibl npeCcTaB/ieHbl
TBEPAbIMWU T€NAMU, HO K MMHEpasiaM MOXHO
OTHEeCTM TaKMe XUAKOCTU Kak BOAA U PTYTb, a
TakKXXe NPUPOAHbIE rasbl — KNCA0POS, a30T,
YINeKNUCAbIN Fa3, METAH U ApYyrue.

m Bcero nsesecTHO HECKONLKO ThiCAY

MWHEPAJIOB, HO OCHOBHYH MAcCCy FrOpPHbIX
MOpoOJ COCTABAAOT HECKO/IbKO AECATKOB
Hanbonee pacnpoCTPaHEHHbIX MMHEPAOB,
Ha3bIBAaEMbIX NOPOA006pa3yOLWLUMM.



HcTtoruga 3EMJIU

Kanuun 1,7%
TutaHn 0,9%

Mpouue anemeHTbl 1,0%

Kucnopog 45,2%

Kpemuuun 27,2%

AntomuHuim 8,0%
Keneso 5,8% |
Kanbuun 5,06%

Maruum 2,7%

Hatpun 2,3%



* Bosblwaga yacTb MMHEpPaNoB MMeeT KpuUcTaainvyeckoe CTpoeHue,
T. €. UMEIOT KPUCTA/IIMYECKYIO PELLETKY OnpeaenfioLyo NpaBu/ibHble
Kpuctannorpadpuyeckme GopMbl OTAE/IbHbIX KPUCTANN0B — KyOb,
NpU3Mbl , OKTasApbl U aAp. Kpuctannorpapuyeckne opmel
KPWUCTaN/I0B NOAUYNHAOTCHA 3aKOHAM CUMMETPUU (CM. CaeyroLWwmim
cnavg).
* HekoTopble MMHEpPabl UMEIOT aMOPPHOE CTPOEHME.
3TO N €CTb FOPHble NOPOAbI.
* Kpome TOro, MMHepaJibl BCTpPEYaloTCH B BUAE:
—KOHKpeLuun — OKpYrable arperatbl paanasibHO-1y4YUCTOro CTPOEHUS;
—CeKpeLun — NycToTbl B FOPHbIX MOPOAAX, 3aNO/IHEHHbIE

AHEPAJIbHbIM BEWECTBOM C HapaCTdaHUEM €ro G SHOK K LEH
- O0JIUTOB — C¢epMHeCKMe 06pa30BaHMﬂ pa3MmepomMm A0 ropoLlinH
e OB — )K€JIBaKN, KOPKU, CTaJZIaKTUTbI U 4.

ANII0XUMUYECKoe CTpoeHMe MUHEepasioB U3yvyaeT
orpadus.



KpucranmorpadguiecKkue CHHFOHMH (CHCTEMBbI)

MakcumyM 31
Kpucmanano- Munepan
chzdzuqecxue CI/IMMeTpI/II/I B CH
bpase

KyGuueckast Kyo
OxTasap

HKocuTeTpasap 3L 44L 36L29PC

TeTparoHanbHast KsBanpaTHbIe XanmeKOIMUPUT
NIPU3MBI 1 PyTun

MpaMUIET Hupxon L 44L25PC

T—_ G T o

X

I'ekcaroHanbsHast IlecTUrpaHHbIe L66L27PC

(rekcaroHajnbHBbIE)
IIPUA3MBI ¥ TAPAMHUOBL

TpuroHansHast TpexrpaHHbIe

(TpUroHaNbHBIC) L3 3L 23PC

MPU3MBI ¥ MTAPaAMHUOBI,
poMGo3apbl

PomGuueckast PomMm6Guueckue
MPHU3MBbI ¥ MIAPAMHALBI

3L,3PC

TIpHU3MBbI U HAKJIIOHHBIE
KOHLEBbIE FPAHU
(MIHAKOUABI UIU
MOHO3PbI)

ITapel rpaHen
(nmMHAKOUAOB),
MOHO3APBI
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JK30reHHble MUHepanbl

20pHble NOPOObl HA3bIBAKMCSA 0CAOOYHbIMU
(orri,).



KPYIOBOPOT I'OPHbIX MOPO4

0Caf,04Hble

nopoAbl
BbIBETPUBAHNE nepeHoc

MeTamMmopdusm BblBETPMBAHME
[ AvareHes

MeTaMopPUThI PbIX/ible 0CaAKM

nepeHoc

MeTaMmop$u3m I
BbIBETPMBaHME




Pevnan
Aenvra

cnoum

Cnoenbit nupor Crnom ocagkos

Korpa na pHe mops
HakanauBalTcsa
ocaaku (BBepxy),

Kpacusbiit yaop

TO Noja paBneHuem Bbicokue
nepexkpbiBaloLmux TemMnepartypa fopHble nuku
U aBieHue
CNoeB OHMu o
npespamaoTes npespamaior MU3meHeHue cBoilicTB
B TBepable nopoasil. U3BECTHSK Metamopdpusam — 3to ABWXKEHUSI
B MpamMop. M3mMeHeHue nopopg, NOAHUMAIOT ropHbie

nopg aoencreuem Xpeo6Thbl TUNa

BbICOKMX lNimanaes (BBepxy),

TeMmneparyp cnou nopopg
BynkaHnuueckas 3ateepaesanne u paBnenmit. Korga B rNy6GMHaXx Kopbl
AKTMBHOCTL \ TeKTOHUYECKUue CMMHaloTCS.

3To NnpuBOAUT

K UX pa3orpesaHuio
U NpeBpalleHunto
OAHUX MUHepasoB
B Apyrue.

BynkaHu4yeckue
nopoabl

BuiB€TPUBaHKe BeCcKOHeu4YHbI}’

LIMKJT

Ha cxeme cneBa
NnoKa3aHbl
pas3nuyHbie NnyTH
npeBpalleHUs ogHUX
TUMOB rOPHbLIX NOPoA,
B Apyrue.

&
‘an"eHHe
MeTtamopduueckue
nopopbi

LY

Ocapo4yHbie nopoabi

Cknapguyartbie



ONEANHMYECKNA
XPESBET

ara
OKEANA

OKEAHA

\ CREGMHMHO- anD

Moncidste ccadxu
ROSAUSOCTIU
om Xpgeoma

Crovcmsre
ocacra

Ldpesnue ccadru
na yoaresuy
om Xpeoma

Puc. 12. VOpoileHHas MOJIeJik cpe)lunuo-—onceauuqeglc()lo Xpetra, NOKAZLIBAFOIIIAN, KAK
oGpazyercs HOBAN KOopa.

Mouaoasie OCaATKH, HAKANJJOHNEBAaAMIOHeCs Ha AHe oOoOKcaHa NODAHM3IOCTH OT xpeﬁ'ra,
nelcpy.

Puc. 13. Monene 3I0HBI KOHTAKTA OBYX CTaJI-
KHMBANOMMMXCHS NJIHT. NKOH T UHHENRT

OxeanMIeckKan KOoOpPpa DOMPYXAAKeTCH Noa KONTHHREHNTANLEVIO Kopy. o \\{7 Byﬂ/taﬂavecn:ue
MYTO BOIET K yl'llyﬁ.’lclllllo M CHiAaTHIO l'n'yGol:o-u,Luooro HCC OO W W T A T UJBE,UJV(EHUH
OOPAIORAHMIO MOJAO/IEIX FOp HAa KPpaw KOoOHTHHeHTa.

mepeMemarmTCcHs CAJoOBHO IO KO-

MNMoperxue
Velodo 477 374
| Hommurwenmnmarernas
ropa
Humpysuu

I Jasazsmos




5PA NEPMOZADI SMOXA

(DaHepo3of/'1c|(a;| KanHo3somnckas 1 YeTBEPTUYHBIN FonoueH, MnencroueH
25 HeoreHoBbin MavoueH, MuoueH
70 ManeoreHoBbin  OnuroueH, doueH, MNaneoueH
Me3o30omncKast 135 Menosoun MNo3gHemenoBas, PaHHemenoBas
180 tOpckuit MosaHetopckas (Manbm),

CpegHetopckas (aorrep),
PaHHetopckas (nerac)

225 TpnacoBbin MNo3aHeTpunacosas (kennep),CpegHeTpracoBas
(PaKOBUHHbIM M3BECTHSK),
PaHHeTpuracoBas (NECTpbIv MecHaHMK)

Maneo3onckas 275 Mepmckuin Mo3aHenepmckas (LexwwTenH),
PaHHenepMmckas(KpacHbIN exeHb)
345 KameHHoyrosbH  [M03gHEKaMeHHOYrO/1bHbIN, PAHHEKAMEHHOY 0/1bHbIN
bIlA
400 [leBOHCKUNM MNo3aHepesoHckan, CpegHeeBoHCKas, PaHHejeBOHCKanA
44,0 Cunypumnckni Mo3aHecunypuinckas, PaHHecunypuinckas
500 OpaoBUKCKUIA MNo3gHeopaoBukckas, PaHHeopaoBuKkckas
580 Kembpumckni Mo3aHekembpuinckas, CpegHekembpuiickas,
PaHHekembpuinckas
MpoTepo3sow ChHunmckan 680 Bera
(KPMHTO3OMCKaﬂ) Pudenckas 1650 BepxHui puden, CpegHun pudeir, PaHHU puden

Kapenbckas 2600 He noapasaensiercs



[Ans onpeseneHna MMHEPAsioB ANArHOCTUYECKOE 3HAYEHME
MMEIOT CaeytoLLme CBOMCTBA:
(M30MeTpuyecKkas, NaacTMHYaTas,
cTonbyaTtas, BOJIOKHUCTANA, Uro/1bYaTan);
(uBeT, b1eck);

(BeCbMa COBepLUEHHAs, COBEPLIEHHAS,
HeCoBepLUEeHHas, CNAaNHOCTb OTCYyTCTBYET). CNAavHOCTb MOXET
NPOSABASATLCA MO HECKObKUM KPUCTANIOrPadprUyeCcKmm
HanpaBAeHUAM);

(POBHbIV, HEPOBHbIW, PAKOBUCTbIN, 33HO3UCTBIN,
3eM/INCTbIN, CTYNEHYATbIN, 3€PHUCTBIN);

(neere cpeAHue, TaXeNble);

(nepeHecTn B pabouyto TeTpagb wKaay
TBEpAOCTMH!)

[lna HeKOTOPbIX MMHEPAsIoB AMarHOCTUYECKMMW NPU3HAKAMMU
ABNAIOTCSA (raninT, CUJIbBUH), (Y TMMHUCTbIX
MWUHEPAJIOB NP YBAAXHEHNM 3aMax CbipOW 3eMN),

NPy B3aMMOAENCTBUM C CONAHON KUCAOTOM C
BblAE€/1€HMEM YI/IEKMCAOro rasa (kapboHaThl).



Kpatkuit onpenenuent raeHeiiwnx nopogooGpasylolux MuHepanos

: ®dopma kpucTaLIOB
Haumenosa- | Teep- Ilger [InorHOCTS, Brieck Wanom | Craiimocts | umumepamsex | Jpyrwe coicTsa
HHe JOCTh r/ey’ arperaTos
1 2 3 4 5 6 7 8 9
Musepasbt MATKHe ¢ TBEPAOCTBI0 < 2 (apanaloTes HOrTeM)
Tanpk 1 |Ceermbit—Ge-| 2,6..2,7 |Crexnsumsii, |Heposrii| BechMa JInctosara, Ha omyns sxupHbIi,
TbIiA, OneHO- TepaMyTpo- COBEpIIEHHAS yemyityaras JMHCTOYKH rHOKHE
3€JIEHbIH BBIA 10 OHOMY HEYNpyrHue
HAIpaBICHHIO
Iune 2 Caerslii — 2,3 Crexnsunprt,| Popnbui; BeceMma | Pasmudmaq: npusma- PactBopuM B Boze,
OenbIi, cephii, INCJKOBHC- | Y BONOK- | COBEPIICHHAS | THYeCKad, IIACTHH- | PAsHOBHAHOCTH —
PO30BaTHIH THIH HHCTBIX | TO OAHOMY | YaTad, HroMbYatas. | Gemblii Wi po3oBa-
u JIp. arpera- | HampasierHio | Betpedaercs B Buze | Thif, MeKo3epHH-
TOB — IUTOTHBIX MEJIKO3€p- | CTHIH C HEPOBHBIM
3aHO3H- HHCTBIX MacC | H3MOMOM — ajiefacTp
CTHIi
MyckoBut 2 CaeTubiif — 2,7..3,1  |Crexnauusni,| PoHbmf Becbma Jlucrosaras, Berpe- |Jlero pacmennsercs
OecuBeTHBIH, TepIaMyTpo- COBEPINCHHASA | YaeTcq B BUJE MUC- | HA TOHKHE, YIPYTHE
CBETNO- BbIi IO ONHOMY | TOBATHIX YeHIyifqa- JIMCTOYKH
3€/ICHOBATHIA HalpaBNeHHIO ThIX Macc
H Jp.
Buotur 2 Temmii, 3,0..3,1 |Crexnsunsni,| PoBubri Becrma Jlucrosaras,  |Jlerko pacmemnsercs
YEPHbIH, nepraMyTpo- COBEPMICHHAS | BCTPEYAETCS B BH/AC | Ha TOHKHE, YIpyTHE
TEMHO-3€/IEHBIH BBIH IO ONHOMY | JIACTOBATHIX YelTyii- JTUCTOYKH
HAIpaBJIeHHAIO YaThIX Macc




1 2 3 4 5 6 7 8 9
Kaonnnut 1,2 | Ceemmii~ | 26.2,7 Tyckmeit | 3ewm- | Busyamso Ornemseble | JKupHbii Ha oIy,
' OerbI, cepbii, MaTOBIH CTHI | HE 0DHApyXu- KpUCTA/LIHI TIAYKAET PYKH, JIETKO
KE/TOBATHIi BAaeTCA | BCTPEYAloTCH PEMKO, | BIUTEHIBAET BOAY,
00bryHO ~BBHIE |  00pasys ¢ Heil
3EMJIMCTBIX MACC | IUIACTHYHYIO MAcCy
MonTtmo- 1.2 | Ceermsiit- 2,6..2,7 Tyckmsii | 3emma- | Bumsyamsro | Obpasyer mrorrsle | JKupHeii Ha omyms,
PH/IOHHT CepBIi, 3eNeHo- MaTOBbIH CTbif | HE OOHapyXH- | 3EMIHMCTBIC MACCHl | CHIBbHO HaOyxaer
BaTO-CEpHIi BaeTcd TIpH YBIKHEHUH
H JIp.
[nayxomnr | 2 Temmbii - 2,2..2,3 Kupnsii, |Heposrsi| Otcyreryer | Oxpyrmsie 3epra | Xpymkuid, pacTBops-
3€MeHBIH, MaTOBBIH B 0CAZIOYHBIX 1IOPO- | €TCA B KOHIEHTpPH-
3€JIEHOBATO- JaX. 3epHACTHIE, | POBAHHOM CONAHOM
YEPHBIH 3EMJIUCTHIE MU KHCII0Te
' TOHKOYEIyHYaTHIE
Maccl

Munepaisi ¢ Teproctsio 2 < T < 3 (Mexnast MoHeTa ocTaBasier ¢1alylo HAPAMHHY, Jerko HAPANATCS HOKOM)

Tamuar 2,5 | Ceemmmi- 2,122 | Crexnannpii |Heposnsni| BecoMa | Kybmueckas, vame | Xpymkud, Xopomo
beciBeTHbIHA, COBEPIICHHAS | BCTPEYacTCs B BHAE | PacTBOPHM B BOJE,
bebIi, cephrit MOTPEM  [3CPHHCTBIX arperaToB| CONEHBIA Ha BKYC
HanpaB/eHAIM
CunibBHH Caerulif ~ 2,6..28 | Crexnsmmsii | Heposusiii | Copepmennas |  Ky6uueckas, T'opbKo-conennIi
MOJIOYHO- MOTPEM | Hale BCTpevaeTcs Ha BKyC
2,5 6enbI, kpac- HANpaBICHHAM | B BHJIE 3ePHHCTBIX
HBIH 1 Jp. arperaros




1 2 3 4 5 6 7 8 9
Kaabuur 3 Caerplit — 2,6..28 |Crexnamnsii,| Popnniit | Copepmernas | Kocsie napamnene- Bekunaer ¢ HCI
OeCI{BETHBI, B CIUIGHIHBIX TI0 TpEM munens (pombo3a- | B Kycke. JlBymyde-
Gebii, cephli, Maccax — HAnpaBNeHUAM | DHI); BCTpedaeTcs TpeNoMIICHHE
romy6o# u ap. MaTOBSIH B BHJC Y3, IIETOK, | B IIPO3paYHbIX
Xe0J1, HATEKOB, KpHCTAILIaxX
CIUIOIIHBIX MacC
Auruapat 3 CaeTubii - 23..3,0 |Crexnsmnii, | Heposusii| Coepmernas |  Tabmarvatsie, Kprcramms! BCTpe-
Oeubii, TepraMyTpo- TI0 TpeM TPA3MATHIECKHE. YAI0TCA PEAKO,
CEpOBATHIH, BBIH HanpaBeHusM | BcTpedaercs B BHe | DY THADATALNH
roy6oBaThIH IJIOTHBIX 3€PHUCTBIX | [IEPEXOMT B IHIIC
Macc, IPOKHIIOK,
KEBaKOB
Xoropur 2D Temnni - 26..34 | Crexnannsii | HepoBrbIit Becsma Tabmmryatas, Yenrytixa
3€JICHBIH, COBEpIIEHHAS yenyiyaras. HEyTIpyTue
TEMHO-3€JIEHbIH BogHoM | Berpedaercs B BHTE
HATIPABIICHAY | IACTOBHIX M YeIyH-
YaThIX arperaToB
Cepnentun 3 Caetio- 2530 Xupueit, | Hepos- | Otcyrcrsyer | Berpedaercs B Buze [IstauCTOM
(3MeeBHK) 3EIICHBIH, IIEJIKOBHC- HEIH, IUIOTHBIX CKPBITO- | OKPAacKoH HamoMH-
IATHACTBIH THIH 3aHO3H- KPUCTAUTMYECKHX | HAET KOXY 3MEH
CTBIH Macc
Munepansi ¢ TBepaoctbio 3 < T < 4 (He napanawTces MOHETOH, He [APANAIT CTEKJIO, HAPANAKTCH HOMKOM)
JloaomMuT 3,5..4 | Caemsri - 3,5..4,0 |Crexnsnnb,| Porbmt | CopepiieHHas Pom6031pH, Bcexunaer ¢ HC1
Genblit, cephIi, nepraMyTpo- 110 TPEM HAMpaB- | CIUIOIIHEIC 3¢PHA- | B IIOPOIIKE HIIH
JKENThIA BBIH JIEHHIM CTHIE WM TUIOTHBIE | TIpH HArpEBaHHH

MAacCChl, HATCKH




1 3 5 6 7 8 9
®mroopuT CeeTublii — 3.32 | Crexnsmmsii |Heposrsii | CoBepimerHas Ky6uaeckas. Xpynkui,
OecrBeTHBIH, Berpeuaercs B Buie | IPH HArpeBaHHH
()MONETOBBIH, BKpAILICHHHKOB, JPY3, IIABATCA
3eJIeHOBATHIH, CILTOMHBIX Macc
KENTHIA
Munepansi ¢ TBeprocTbio 4 < T <5 (He HapamaioT CTeK10, HOK OCTABIAET c1a0ylo HapanHmHy)

Anatur 5 Ceermsii— | 3,18..3,2 | Crexwmmsii, |Heposusi,| Hecopepmen- ITpusmaruveckas. | (Odenb Xpymok,
feceTHbIH, H3JI0ME XHp- | PaKOBH- Hat Berpeuaerca BBHjE |  IATHHCTOCTB
3€JICHOBATEIH, HBIH CTBIA 3EPHHCTBIX Caxapo- B IIpefienax
JKENTOBATHIA BHJHBIX Macc obpasna

H Jp.
Munepansi ¢ TBepaoctbio S <T < 6 (mapanaT CTEKJI0, HOXKOM NOYTH He NapanaTcs)
JIrMoHuT 55 TemusIi, 33..40 | Marossii, |Heposusii | Otcyrcrsyer Berpeuaercs P>kapbie NATHA
pXaBo- TYCKIIHIH, B BH/IC IUIOTHBIX ¥ HaJIeTH,
KEITHIH, TOTyMETAILIH- ¥ 3eMJIECTBIX Mace, |NpH BHIBETPUBAHHH
 Gyperit aeckii KOHKpEIHH, HATeKOB, |  TBEPHOCTD
JI0 YEPHOTO 00JTHTOB CHIKaeTCs
Onai 55.6 | Ceermii- | 19..23 | BockoBbr, Paxosu- | Orcyrctsyer | OGpasyer amopdusie | fIBiderca UEMEH-
GepId, Xei- ;mepraMyTpo- |  CTHIH IUIOTHBIE MacChI TOM B TOPHBIX
THIH, rony0oi BBI TOpofax
H Ip.
TloneBoii 6 Ceetmsii— | 2,5..2,9 | Crewoummei, | Crynerda- Cosepmennas | IIpusmarnyeckas, [Tpsmoit yron
mmart - OeJbii, nepnaMyTpo- ThIH, 1o ABYM CITOIINKBIE KPYTHO- | MEXNY IUIOCKO-
0PTOKIA3 PO30BBIH, BBIH HEPOBHBIH | HADABNEHMAM | KDHCTAIIHYECKHE | CTAME CHIaifBOCTH
KpacHOBAThIH Macchl, APY3Hl




1 2 3 4 5 6 7 8 9
Ilonesoit 6 Ceewmt, | 2,5..2.9 | Crexnammn, | Crynema- | Coepimetnas IIpusmaraeckas, Kocoit yron
mnar - PA3THYHBIX NepiaMyTpo- | T, MO ZBYM | CIVIOUIHEIC KPYTHO- | MEXNY IIOCKOCTS-
ILIardoK1a3 OTTEHKOB. BBIH HEPOBHBIA | HANpaBNEHHAM KPHCTAJUTAYECKHE | MH CIAKHOCTH,

Hexmoyenne - MAcChl, Zpy3sl  |Ha CBEXHX ILIOCKO-
nabpanoput CTAX — NapaLIeND-
710 YEPHOTO Has [ITPHXO0Ba-
1IBeTA TOCTb, Y J1abpazo-
DUTA — CHHEBATHIE
TIEPENHBEE
ABrur 6 Temmpiit~ | 33..36 | Crexnmmbit |-Heposremi | Copepmennas KopotkoctonGuarad, | Bxozur B cocras
(mapoKcen) Cepo-3eeHbIH, 10 IBYM TaONHTYaTas, peXe | H3BEPKEHHBIX
Oypei, HANpABNCHUAM | MPH3MATHYECKAK. | IOPOJ; IIOCKOCTH
YepHBIH Betpeuaercs B BHe | mp3M KpECTATIOB
3EPHHCTBIX Macc | 06pasyioT npamoii
., yroln
Poroas 3,9..6 |  Temmbi 3,1.33 | Crexnammsit | 3amosu- | CosepmenHas Cron6uaras, Hromsya- | [InockocT mpasM
o0bmanka 710 9EPHOTO CTBIH Tas. Berpedaetcs | kpucranos ofpa-
B BUJIC 3CPHUCTBIX | 3yIOT TYHOH YTON
4 Mace
Munepassi ¢ TBeproctsio 6 < T <7 (nerko napanaot cTexno, He 1APananTcst HOKOM)
Kgapn 7 | Pasmaumsni; 2,65 | Crexnsmmsii | Heposrerit,| Orcyrersyer | Vammermas mprsma, | I DAHH [IPH3MATH-
0T beCIBeTHOrO HATpAHAX, | paKoBHC- OKaHYMBAIOMAICA | YECKHX KPHCTAT-
JI0 YEPHOr0 UPHBL ThI mupamuzioi. Berpeda- | 1108 yacTo mMeror
Ha H31I0ME €1Cs B BHAE APY3, TIOMEpEHYI0
XeJBAKOB, KHII IITPEXOBKY




l 2 3 i ) 6 7 ! 9
Muepasi ¢ ToepnocTsio 6 < T <7 (1erko uapanator crexno, He HapaNAIOTes HOKoM)
Xamiegon | 65 | Coewmsi- | 265 | Bockonstd, | Paxoss- | Orcyremsyer Awopdes; kprcrannos | Tonocuarsit xar-
CEpBIH, roy6o- MATOBBIA |  CTBI B o0pasyer. Berpeda- |  menon - arar;
BATO-CEPBI €1C B BHIC XETBAKOB | XATLEAOH C IpA-
HIp. H IOCTOEB MECHIO [THHB! ~
KPEMEHb
Onapan 7| Tewmsit | 33.35 |Creommui|Heposmsit,| Hecosep- | Pobimseckas. Berpesa- | 3epuncrad Macca
(mepupor) JI0 YEpHOT0 RUDHOBATHIA | DAKOBH- | EHHAd | €TA B BAIC CINOMEB |  HATIOMHHAET
CTbLH 3¢PHHCTBIX MACC, ¢HA | - HepHYIO HKpY.
OKpYTIBIE Xpynox, nopomox
pasIaragTes
B HCl ¢ Beinenemm-
€M KpeMBE3eMa
[npar 6.6 | Jllarymo- | 49.50 | Memar- |Heposmsi, Orcyrersyer | Kybieckas; Botpedaer-| Tkensi, xpyn-
KCITOBATLIH, JHYECKHH | paKoBH- C B BHJIE BKDAILICHHH, | - Kitif; Ha rpaniX
3010THCTBIA CTHI CIUTOITHBIX MACC, €M | KpHCTALNOB Obia-
BAKOB, KOHKDEIH | 1OT IIepIIEH/AKY-

JAPHBIE IUTPHXH




* CBOMCTBA FOPHbIX NOPOA, KaK MPUPOAHbIX CUCTEM HE CBOAATCA K
CBOMCTBAM COCTaBJIAIOLWMX UX D/IeMEHTOB — MMHEpPaJIOB, XOTSA U 3aBUCAT
OT HUX.

* BAMsAHME MUHEepPaJIoB Ha CBOMCTBA NOPO/ C/ieAyeT pacCMaTpMBaTh C
YUYETOM NMPOUCXOXKAEHUA (FTeHe3uca) NOpPoy, B KOTOPbIX OHU COAepPXKaTCSA.
* OcobeHHO Ba)XHO yUMTbIBaTb COMPOTUB/IEHNE MUHEPAJIOB K NpoL,eccam

BblBETPUBAHUA.

CToiKkoCTb MUHEPasioB K BLIBETPUBaHUIO

Musep CreneHp YCTONYHBOCTH XapakTepHRE NPOAYKTEI
B KOp€ BHIBETPHBaHHUS BEIBETPHBAaHHAS MHHEPAJIOB
OueHs ycTolus He msmensercs
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Ksapn (SiO,) — onyn 13 HanGonee yCTONYMBEIX MUHEPATOB B KOPE BHI-
BeTpuBanus. B moponax oH moxox Ha Kycodku butoro crexia. B mpupoze
Ype3BBIYAHHO PacIpOCTPaHEH — BCTPEYAETCs B MarMaTHYeCKHX Iopoaax (rpa-
HUT, JIANAPHT), B 0CAIOYHBIX (TIECOK, FaICYHHK, [/IMHA, KOHITIOMEPAT | T. [.), B
MeTaMopdudeckux (KBapLHUTHI, KpUCTA/UIHYECKHE Clanlsl). B mopoxax comep-
XHTCS B BUJIE 36PeH, 00IOMKOB MM B BHJE IIeMeHTa, 00J1a1aeT BLICOKOH IIpoy-
HOCTBIO, XHMHYECKOH CTOMKOCTBIO. Y KBapla MPaKTHYECKH OTCYTCTBYET CIIO-
COGHOCTE K a7icopOLUH, 109TOMY IPUMECh TOHKOIMCIEPCHOTO KBapLa B [JTHHH-
CTBIX II0POJAX CHHKAET MX afCOPOLHOHHYIO CIIOCOGHOCTS.

W3 rpanuta W reeiica momyuator meGenb. Ilpu pabore apoGHIBHO-
COPTHPOBOYHBIX 3aBOJIOB 00pasyercs GOMNBINOE KOIMYECTBO KBAapLEBOM MBUIH.
Ilpu pa3BerBaHHM BETPOM OHA CTAHOBHTCS IPHYMHOM 3a00JI€BaHUS [BIXATENb-
HBIX OpraHoB. K TakuM ke MOCIeCTBUSAM MOXET NPHBOIUTEH HCIIONL30BAHHE
KBapLEeBOro IeCKa B IIECKOCTPYHHBIX amnapaTax, a TakkKe pH Pa3sBEUBAHUH €TI0
BETPOM B JIOHAX MM OapxaHax.

Onaun (8iO;nH,0) — TBepapI# ruApores, aMopdHbIi, BCTpeYaeTcs B BU-
Jle TUIaCTOB, HaTeYHBIX TEll, a TaKKe B BUMe lieMenTa. Comepxanue B HEM BOJbI
xoneGnercs ot 2-3 no 30-35%. U3 onana 06pasyroTcs NaHIMpH MHOTHX MOJ-
mockoB. OH ycBamBAeTCS M3 NOYBBI KOPHEBOH CHCTEMOH MHOTHX pacTeHMi
(6ambyx, 3maku), IPONHUTHIBAaET CTBOJIBI OTMEPLIHX AepeBseB. B cyxoii cpene
OH BBICHIXa€T H IOKPEIBAETCS MHKPOTpEmIWHaMh. B Bole BOCCTaHABIMBAET
BIaXHOCTh. OIHOBPEMEHHO C BOZOH MOIVION@ET PAacTBOPEHHBIE B HEH COMH,
TI03TOMY MOXeT 06n1afaTh eyeGHBIMY CBOMCTBAMH WIIH, HAPOTHB, COAEPKATh
TSDKEJIble METAlUlbl MM Jpyrue TOKCHKAHTHL. I0TOMy oOman MoXer HrpaTh
ponb reoxuMuyeckoro Gaprepa. OOpasyercst mpy BEIBETPMBAHMM MarMmaTHde-
CKHX ITOPOJ CHIIMKATHOTO MIIM aTIOMOCHIMKATHOIO COCTaBa (COAEpKAIUUX OJIH-
BHH, MOJIEBOH INAT, CIIOAY H T. JI.) HEPEAKO COBMECTHO C IUMOHHTOM.

B menoyHsIx cToKax pacTBOPAETCS U BRIHOCUTCS ITO36MHBIMH BOJAMH, B
KHCIOH cpefie Bhimajaer B ocamok. Ocobenno 4acTo nmpouece ero o6pa3oBanus
HJIET B MECTaX BIAJIEHHs PEYHBIX BOJ, COAEPXKAIIMX KPEMHe3eM, B MOPCKOM
6Gacceitn. Prrxiias pasHOBHIHOCTE OMasa (KU3ENBrYp) IPEACTaBIIAET IPHPOAHBIA
(HIBTp ZUIA OYMCTKY MOJ3EMHBIX BOJI.




Catoabl OkassiBaloT OTpHIATENbHOE BNMAHHME HA MPOYHOCTH GOTaThX
MU TODOZ B CBA3H C (usHueckuM BoiBeTpuBarmeM. ITox BmAsHEEM Konea-
Hiti TEMIIEPATYDEI 1 NIEPHOHYECKOTO [IPOMEP3AHNS PH CTOHCTOM PACTIONo-
XEHHH CTIOTHCTBIX MHMHEPAN0B GoraTsic HMH MOPOSH! (HATIpUMEP, TPAHHTO-
THEHCEI) MOTYT paccransartkcs, Kpome Toro, Guotut XapaKTepU3yeTcs HeBLICO-
Kol XiMi4eckoi croifkoeTsio. Pasnarasch, om ofpasyer pxasbie mATHa Okcii-
JI0B H THAPOOKCHTIOB Kele3a,

Ioneble mmaThl YCTOMUMBS! TOMBKO B COBEPIIEHHO CBEXEM COCTOS-
HiH. [loMyTHeBIIHE HITH TPEIMHOBATHIE KPHCTALNH aspyIIAlOTCs AOBONBHO
6b1CTpO, 0COBEHHO B NPHCYTCTBAN MHDHTA, ABILOMEr0CS HCTOYHHKOM CepHO#
kucxorsl. Haubonee ycroitumse oprokias u ansGur, HanMenee YCTORUMBEL oc-
HOBHEIE TLTarKoKnasst (GrosauT, nabpaniop u anoprur). [lpuskaku BBETpH-
BAHHMS TOMEBBIX 1aTOB 0GHADYXUBAIOTCA TIOX MHKPOCKOLOM B BHJE MYCTOT,
3aOMHEHHEIX NI0POIIKO0GPA3HEIM KAOMMEUTOM H MUMOHHTOM. Kpuctamms! Te-
PAIOT IIPO3PAYHOCTD, CTAHOBATCA MYTHBIMHE H TIOKE/TEBIIHMH,

Crenesb BHBETPEI0CTH TOMEBBIX IMATOB SBISETCA BAXHEAIIAM KpiTe-
PHeM H CTPOMTENBHOH OLEHKE MArMATHYECKHX TIOPOJ,

B oproknasax B BHfe TPHMECH HEPEIKO BCTPEYAETCH PaoAKTHBHBI
H30TOM Ka/Hs, KOTODBI CO31AET PAMOAKTHBHEL (OH. B MHPOTHBIX YCIOBHAX
O He pezicTaBseT 0co0olt ONacHOCTH A 30POBbA YeI0BEKa, HO IPH paspa-
GoTke OpTOKNA30BOTO TpAHWTA B KAPhEPAX, H3MENbYEHHH Ha APOGHILHO-
COPTHPOBOYHBIX 38BOJAX, 3aMeHe MeOHS BEpXHEro CTpOEHHS NyTH aTMocdepa
MOXET 3arpA3HATECA PANHOAKTHBHOM MBLTHIO.,



Input (FeS,) obpasyercs B BOCCTaHOBATENBHON Cpezie, IOITOMY COJIEp-
KHT IBYXBaJIEHTHOE (3aKHCHOE) Kene30. B Buje mpuMecu MOXHO BCTPETHTH BO
MHOTHX TOPOAaX; MHOrXa ObIBAIOT M KpymHble ckomienus. [lonanas B okuciu-
TEJBHYI0 Cpefly (B Kapbepax, CTPOUTENbHBIX KOTIIOBAHAX, B XKEIE3HOJOPOXKHBIX
BhIEMKaX, Ha IEPErOHaX TOPHBIX TOHHENEH) B pe3ynbTaTe JKH3HENEATENb-
HOCTH THOHOBHIX GaxTepuif, JBYXBaNeHTHOE Xene3o TPaHCHOPMHpYETCs B
TPEXBAJICHTHOE, ¥ NHPUT INpespamaercd B nuMonut: FeS,+0,+H,0 —
— Fe;03mH,0 + H,50,. Kpowme Toro, obpasyercst coGomnas cepras Kucnota,
KOTOpas CO3aeT arpecCHBHYIO Cpefly, paspyllasd Marepuan (yHIaMeHTOB,
KOPpOAHpYs MOA3EMHEIE KOMMyHHKaLuH, 06aenky Tonneneit. OKuceHue mu-
puTa CONPOBOXJAETCS MOBBINICHMEM TeMmeparypsl. IHOrA 3T0 MpUBOJMT K
BO3HHKHOBEHHIO I10XXaPOB B IIAXTaX, B [0/BaNaX 31aHMH, TEPPUKOHAX.

JlaMoHHT 06pasyercs NpH OKHCIEHHH XeNe30CONEPIKAIIUX MUHEPATOB
(mMpuT, BUBHAHHT, MApKa3UT) B E3y/bTaTe XKHU3HEAEATENHHOCTH JKene306ak-
Tepuil. Hepenko aTé GaxTepuu KOppOAMPYIOT —METANIHYECKHE MOJ3EMHBIE
KOMMYHHKaIuK (610KOppo3us). JIAMOHHT BCTpeyaeTcs B BUAE KPYIHbIX NpH-
poxsix Ten (Kampunbypyrckoe Mectopoxaenne B Kepuu), Ho yame B Buze
JKENEUCTOro LIEMEHTa B 00J0MOYHBIX Opoaax. JIAMOHHT LeMeHTHpyeT 06o-
MOYHBIE H IIAHACTHIE IOPOABL, TEM CAMBIM YIy4IIas KX MEXaHHYECKHE CBOKCT-
Ba. [Tox3eMubIe BOMIBI, COAEpXKAIIKe B PAaCTBOPEHHOM COCTOSHHMM CONH KeNesa,
MHQUIBTPYACH N0 TPEIMHAM B TOJIIE LIKH, IOKPHIBAIOT UX CTEHKH KOPOYKOH
JNIMMOHKTA, B PE3yJIbTATE YEro MpeKpauaeTes npouecc HabyXaHus u IIMHACTHIN
MacCHB CTAHOBHTCS CHJIBHO BOJOIPOHHIIAEMbIM.




Kaneuur (CaCO;), nomomur CaMg[CO;); 06pasyror mmpoxo pacmpo-
CTpaHeHHbIEe KapOOHaTHbIE TOPO/BI — U3BECTHAK M JonoMuT. [Tpu B3auMozeHcT-
BUM C YACTOH BOJOH MaJopacTBOPHUMEI, HO TMpPH B3aMMOAEHCTBUH C KHCIBIMH
TIPOMBIIIICHHBIMH WM KaHATM3AIMOHHBIME CTOKAaMH HX PacTBOPUMOCTE BO3-
pacTaer B HECKONBKO Pa3, 4TO CHJIBHO YBENHYHBAET CKOPOCTh KapcTa U Hepes-
KO SBISETCs NPUYMHOM OONBIMX AeopMaiuii MHKEHEPHBIX COODYKEHHI.
Kambuur u 10n0MHT HeHTpaNH3yloT BpeHble BO3NEHCTBAS OKCHAOB M JUOK-
cuzos yriepona (CO, CO,), moctynaomux B atmocdepy ¢ BHIOPOCaMH 3 JibI-
MOBBIX TPyO NpOMBIIIIEHHBIX npeanpustii, TOC, a Takxke ¢ BHIXIONHBIMH BbI-
6pocamu aBTOTpaHCIOpPTa. PacTBOpSsCH B aTMOCHEPHEIX 0CATKAX, TH Iashl 00-
PasyIoT KHCIOTHBIE JOXAH. Bbinazas Ha JHEBHYIO MOBEPXHOCTS, OHH HH(MHIBT-
pytorest B rpynToByio Tommny B Buae HyCO;, koTopast B3auMo/eiiCTBYS ¢ Kajib-
IMTOM H JOJIOMHTOM M pacTBopss ¥X, Tpancopmupyercs B Ca(HCO;),. Us-
BECTHSK B CMECH C KBapIIEBBIM IIECKOM IpH CIIeKaHHH o0pasyer QUIbTp s
OYHCTKH BOJBI OT HE(TENPOAYKTOB.
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Tume (CaS0,2H,0) ofpasyercs B pesynsTate runpataius aHTHIpHTa,
TI3TOMY 4acTo HabmopaeTca HX cloXHoe Nepeciamsanme. Kak u amruppur,
THIIC B YHCTOR Bozie 06MajiaeT cpemreit pactaopuMocTsio. ITox AeiicTareM mpo-
MbIIICHHBIX CTOKOB, [OAKHCIHHBIX CEPHOH KHCTOTOM, pACTBOPUMOCTS CyIIe-
CTBEHHO BO3PACTAET, 1 B ONHOMMEHHOH mopoie 06pasyloTes KapeToBEIe T10M0c-
TH, @ KA96CTBO TIOX3EMHEIX BO YXY/IIIaeTcs.

[HnC 1 AHTHIPHT YaCTO BCTPEAOTCA B NIECHAHO-TIMHHCTEX TIOPOAAX B
BHAE NPHMECH, TIPHPOTHOTO LIEMEHTA W OTHENbHBIX KprcTamios. Eciu Bue-
Imaloulye 10POfl 000raIeRb! 0praHHKof, T0 pH THYEHNH TOCTENHEH GopM-
PyeTcs BOCCTAHOBHTENbHAS CDEfia, B 9TOM CIy4ae THIIC i aHTHAPHT TpaHC(op-
MEDYIOTCS B IHDHT.




Tannt (NaCl), cuanBun (KCI) o6pasyiores Ha JHe CONEHBIX BOX0EMOB
(03ep, naryH) # 00BIHO BCTPEYAIOTCA COBMECTHO, XOOLIO PACTBOPAIOTCA B
BOJi¢, 00pasys paccormbl. Ecnu UX KORIEHTPalWs B BOKe NPEBLICHT KpHTHYE-
CKYIO BEMHYHHY, HAYMHAETCA MX BbiMajeHue B 0cafok. OObMuHO HabmomaeTcs
TIepecTianBaHHe  KAMEHHOW H KATMMHOM COMM M 3aCONEHHBIX MECYaHo-
TIMHHCTBIX MOPOR (eclu copepxarue coneil B Hux mpesbicut ,3% 0T Macck!
CyXoif MOpOiEI). 3acoNeHHe MPOHCXONHT Takke NpH M3OBITOYHOM OpOIICHHH
CeNbCKOXO3AHCTBERHBIX Yrofuil. B pesynbTate 3acoNeHns pesko yXymaiorcs
(hM3AKO-MeXaHHYECKHE CBOMCTBA TPYHTOB. VI3MeHSIOTCA COCTAB H CBOMCTBA
(ubTpyrOIelica BOBI: OHA CTAHOBHTCA arpeccHBHOI 110 OTHOLIEHHIO K GeToHy
H MeTainy.

PaspaboTka CONSHBIX MecTopoXneHul WM NOXOAKA B HHX BIPalo-
TOK MOXET NPUBECTH K Pe3KOMy YXyALIEHWIO Ha GONBIIMX MIOMaAAX Kave-
CTBA TOA3EMHBIX BOJ, BBIXOLY H3 CTPOS CHCTEM IHTHEBOrO, X03AHCTBEHHOTO
MM NDOMBIIIIEHHOTO BOJOCHaOXeHHA. OTBANBI CONAHBIX MECTOPOXEHHIl
criocoferBytor obpasoBanmto consHoi mbinu. [leperockmas etpoM Ha Gors-
IIME PACCTOSHHSA, OHA MOXET BHI3BIBAT 3a00/EBAHKA OPraHOB AbIXaHus. B 10
e BpeMA 9TH MHHEDAIEI HCIONB3YOTCA JUIA JIEYeHNUS — B CONAHBIX Nemepax
GombHble N1EYaTCs 0T OPOHXHATBHOH aCTMBI,




['nnmcTble MEHEpANBI (TIOPOXE) NpeACTABNSIOT cofoit ocobyio rpym-
ny. Bo-nepssix, orm 06pasylor 0FHY H3 CAMBIX PACIPOCTPAHEHHBIX PA3HOBH-
HOCTefi 0CA04HON0 YeXna 3eMHOH Kops! (6onee 40%). Bo-Brophix, Gonsmas ix
4acTb COCPEIOTOYEHA B IPHIIOBEPXHOCTHOM 30HE,  TI03TOMY OHH Haubonee ax-
THBHO Y4ACTBYIOT B TEXHOTHHO/ JIeATEMbHOCTH YenoBeKa. B-TpeTnix, xapak-

TEpH3YIOTCS BBICOKOH mmcrepeHocTsio (d'< 0,005 M), MMeloT orpomyIo

YRCTBHYIO OBEPXHOCTS H 00MARAI0T PAToM cremudHyecknx ocobernoctelt, B
HaCTHOCTH, HX CTPOHTENbHBIE CBO/CTBA OMPEAENAIOTCA HE TONBKO MHUHEpaTh-

HBIM COCTABOM TIIMHMCTBIX YACTHIL, HO X CTEMEHBI0 IMHHUCTOCTH T0pOJbl, €O~
CTaBoM 0OMeHHOro KOMILIEKCa, COZIepXaHueM OpraHHueckux Komnouaos. Ilo-

ITOMY B JAHHOM CTy4a¢ nMpaBHIbHEE TOBOPHTb O CTPOMTENBHBIX CBOHCTBAX
TTHUCTBIX TIOPOZ, @ HE TONBKO MUHEPATOB.

tvoi-uvelirr.ru



Mpu paccMOTpeHMU CBOUCTB FOPHbIX MOPOA A/l UX CTPOUTE/IbHOW OLEHKMN,
XapaKTepPUCTUKN MPOUYHOCTU, AePOPMUPYEMOCTU, BOJONPOHMLLIAEMOCTU, BOJAOCTOUKOCTH,
AOJIrOBEYHOCTU HEO6XO0AMMO YETKO NPEeACTaBAATb YC/0BUS UX 0bpa3oBaHUA — reHe3uc;
0CO06EHHOCTU UX CTPOEHUSA — CTPYKTYPY U TEKCTYPY, U XapaKTep CTPYKTYPHbIX CBA3E.
* [eHe31c — COBOKYMHOCTb BCeX MPOLLECCOB, BeAyLUX K 06pa3oBaHMIO MOPOA, a TakXke
ycnoBuii o6pasoBaHus u npeobpasoBaHUN UCXOAHOTO MUHEPAJIbHOMO BelLeCcTBa.
* CTpykTypa — ocobeHHOCTU cTpoeHus I'T1, onpeaensembie paamepom, opmon 1
COOTHOLIEHneM nopoaoobpasylowmx 31eMeHTOB (3EpHa MMHepasioB, 0610MKK NOpoA,
$parmeHTbl OpraHMYeCcKoro BewecTsa U T. n.):
-KPYMHO-,CpesHe- N Me/IKO3epHUCTbIe, a/IeBpUTOBbIe, Ne/INTOBbIe, CMELaHHOro TUNa;
-paBHOMEPHO- U HepaBHOMEPHO3epPHUCTbIE;
-KpUCTa/I/IMYeCKN 3epHUCTbIe, 06/IOMOYHO 3epHUCTbIE, YellyuyaTble, AEeTPUTOBbIE.
* TekcTypa — 0CO6€HHOCTU pPacnonoXKeHUss NOPoA006pasyoLWMNX 3/1eMEHTOB B
NPOCTPaHCTBE U XapaKTep 3ano/IHeHUSA NPOCTPaHCTBaA:
-C/I0UCTble, C/laHLeBaTble, NosocYaTble,;
-MaccuBHble (becnopaaoUHbIe), MOPUCTbIe, KOMMAKTHbIE.

* CTPYKTYpPHbIe CBA3U — CBA3U MeXAY NOPoA006pa3ylomumMm 3ieMeHTaM1 UIN MEXAY
3/1IeMeHTaMU U LLleMeHTUPYIOLMM BeLeCcTBOM (KpUCTanIn3aLMoHHble, LleMeHTaLuOHHbIe,
KOHAEHCALUOHHbIe, BOAHO-KON/OUAHbIE TUKCOTPOMHO-KOAryasLuOHHbIe).

ANA NHTEerpasbHOU OLEHKN NOPOAbI B CTPOUTE/IbHOM acneKkTe MOryT NPUMEHATbCS
pas/iMyHble KnaccupuKkauum n, B TOM YMcie, Tako HOPMATUBHbBIN AOKYMEHT KakK



N2 n/n | CnaiiHOCTb Ocobble | TBEépgocTb | HasBaHue
nNpu3Haku MUHepana

1 CoBeplweHHas CreknsiH  PoBHbIM Bckunaer 3 Kanbumnt
B TPEX HbIW c HCl
HarnpaB/eHUsAX




