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IMMPEAUCJIOBHUE

Hapazy ¢ peakHMH 371eMeHTaMu B COBPEMEHHOR TexHHKe 0co60
BaXKHOE 3nauvenue umeer Gop. Dop waxomut cefe npumeHenue RO BCEX
OTpac/siX HAPOJHOrO X03#iCTBA.

B Texuuueckolfl NPOMHNLIEHHOCTH GOpP HCDOJAB3YETCS AJAf NOJYTeHHS
0COOHX COPTOB CTA/IH — OOpPHILI, KOTOPHIE MPHMEHSAIOTCH B aBHAIIHOHHOMH
H PanHOTEXHHYECKON NPOMBLIIIIEHHOCTH.

Boabmiyio nonyaspuocts 60p uMeeT B XHMHUYECKO! NMPOMBIIIJIEHHOCTH,
MelulHHe, CeJIbCKOM XO03fiicTBe.

Ho oco6o BaxHoe 3HauenHe GOp MMeeT Kak TBepAOe pPeaKkTHBHOE
TOOJAHBO H B CBA3H C 3THM HMEET OrpOMHYIO HEPCHEKTHBY B ﬁyﬂyIHEM.

O6menssecTno, 4to 6GOp ABASETCS OAHUM H3 PACTPOCTPAHEHHBIX 3Je-
MEHTOB B 3e¢MHOd Kope, u OH ofpasyer caMue pasHoo0pasuble COoenuHe-
Hus. B Hacrosmee BpeMsi BuiapaeHno Godee uem 90 munepasnosB 6opa, KO-
TOpHIE PACNPOCTPAHAIOTCA B COCTAaBe PAa3/JIHYHLIX Te0J0ruyeckux o6paso-
BAHHI.

Munepanusaunst 60Opa CBA3aHA C MarMaTHYecKUMK (TPaHUTOMIAMHM),
0Caj0UHBIMH, 0cajouHo-MeTamopduueckumu noponaMu. Kpome Toro, Muue-
pansl 6opa 06pasyloT KOHIEHTPAUMWIO B MerMaTHTax, CKapHax M pasany-
HBIX THIOAX THAPOTEPMAJbHEIX 00Pa30BAHHI.

Muoroo6pasue MHHEPAAbHBIX BHIOB U IEHETHMYECKHX THOOB MECTO-
poxjenuit ob6pasyemMblx 60poM B NPHPOAE, CIOMKHOCTE XHMHUYECKOIO CO-
ctaBa M (M3UYECKUX CBOHCTB OTIAE/ALHEIX MUHEPAJOB B 3HAUUTENLHOH
CTENEHH OC/I0MKHAIOT NMOHCKM MECTOpPOKAeHHH 6opa H Onpele/sIoNiHX ero
MHHEPAJIOB.

B cyumecTByouux onpeaeIuTensX MHHepasaMm Gopa yJeJeHO Helo-
CTATOYHO BHHMAHHS, @ 110 HEKOTOPHIM MHHEpadaM ero BooOule OTCYTCT-
BVIOT HEOOGXOMIMBIE CBELEHUS.

B cBasu ¢ atum CpenneasnaTCKuil HayuHO-HCCIEA0BATENbCKHA HHCTH-
TYT reosorud U MunepaasHoro ceipbst (CAUITMMC) Munucrepersa ['eono-
run 1 Oxpaner Hegp CCCP cuén HeoGX0MMbIM COCTABHTH NpejiaraeMulif
onpejpeauteab MHHepPAJaoB Gopa.

[TpakTuueckoe HCnoO/Mb30BAHWE ,ONPEJETUTENA" HECOMHEHHO BBIABUT
€ro HeIOCTATKHM H IMD3BOJHT HX HMCIPABUTb B JadbHellneM.

Co3naBast BCIO TPYJHOCTb H 3HAYHMOCTb TAKOTO ONpene/]HTe/s, PelaK-
OHA MPOCHT BCeX MOJb3YVIOUIMXCHA HM INPHCHJIATH CBOH 3aMeéqaHHA H J10-
noaHennsa no agpecy CAUIMMC (Tawmkenr, yua. T. Lllesuenxo, Ne 15),
YTO IIpH HEOf)XOB.HMOCTH B CaeAVIOmeM H3JdHHH NOMOXKeT BHEeCTH HClpdaB-
JEHHS.

’ Ots. penaktop (K. 5AGAEB)



OT ABTOPA

ITpuMeHeHHe H30TOMOB J1a710 BO3MOMXHOCTh Ja)Ke B TNOJEBHIX YCJI0-
BUX OBICTPO M TOHHO onpefenats 60p B MUHEPaAaX W TOPHHIX NOPONAX.
Bopoconepxaliue Muhepans cTajd GBICTPO BBHIAEAATHCS CPEAH OCTAJbHBIX
MHUHEepa/aoe B 06ocobaennyio rpynmny, nmoiobno muHepasnam ypaua. Ilosro-
My BeCbMa OULYTHMO OTCYTCTBHE CIEIHanbHOH MOHOIpadMuM O MHUHepaJax
Gopa. Jannoit pa6oTofi Mbl NMbHITAEMCS B KAKOIH-TO MEpe BOCHOJHHTbL 3TOT
npo6eJ.

B nensax 6onee MoAHOH CHCTEMATHKH MHHEpAJOB H GOJbIero ymnob-
CTBa ONPENeJHTEIbCKOIT paboThl MBI pasauvaem, BO nepBblX, OGopocomep-
XalHe MHHEepaabl, B KOTOPHIX 00pa Malo WJIH B KOTODHIX OH WHOrAa
MOXKET IPHCYTCTBOBATL B HeOONBINMX KOJHYECTBAX (BeayBuaH, OpayHHT
W JIp.). BO-BTOPHIX, COGCTBEHHO MHHepanabl 60pa, B KOTOPHLIX OH SIBJAAETCSH
CYIIecTBEHHOIl cocTaBHoil yacTeio. B nannoit paGore MBl paccmarpuBaeMm
HX COBMECTHO, MpHuYéM OOopocoaep:alllHe NaJIeKo He Bce.

[Ipu cocrasieHun omnpenreauTens Hamu OBLIM ILHPOKO HCHIOAb20BAHBI
cneluaJu3upoBaHubie cupasodyHeie nocobus (Larsen E., Berman H., 1934;
Bungean A. H. u Bunueaa T., 1951 (1953); Tperep B. E. 1952 (1958);
Muxees B. M., 1956, Strunz H., 1957 u np.). onucatenbnbie MHHEpaJIO-
ruu) Dena E. S., 1950, Nana Ox. . 1951 (1953), Berextun A. T., 1951
H 1p.) M MHOTOYHCJIEHHBIE MHHEepaJoruyeckue paboTbl OTEHECTBEHHBLIX H
3apy0exHBIX HCCJIe10BaTeseil, ony6JHKOBaHHbBE B NEPHOAMYECKHX H314-
Huax (ocobenno 3a mepuon 1949—1958 rr).

OnpesenuTenb COCTOMT H3 ABYX 4ACTEll W KOMILIEKTA ABIPUATHIX Kap-
Touex. B mepBoli yacTH npuBeZeHa KPHCTALIOXMMHYECKAR CHCTEMATHKa
MHHEPaI0B 60pa, YKasaubl METOAH HX ONpeAe/qeHHs H 1aH Pal  Ompene-
autenbCkux tabann Bropas uwacTe mocBsimena onucanuio 93 MHHEpaaoB
Gopa ¥ IeCTH HX pazHosuAHOCcTreil. B npuaoxeHuu AdloTcs jbipyaThe
Tabuaunbl (PU3HUECKHX W XMUMHUYECKHX CBOMCTB MuHepano Oopa. Itu Tabd-
JIMIIBL JOJKHBEL IIOMOYL W B [I0J2BEIX VCJAOBHAX OBICTPO VTOUHHTL NMPHHAL-
JIEXHOCTb HCHHITHIBAEMOTO MHHEpadd K HEMHOTOUHUCASHHON rp/mme Win
Jlaxe OJHO3HAYHO ONPEOEJHTh ero.

Onucanne MHUHEPaJOB COCTABAEHO N0 OAHOMY Taany. Mu crapamncs
JIAThL BO3MOXKHO IMOJHOE NpencTaBleHHe O pHemHeM O00AHKE H (DH3HYeCKUX
CBOMCTBAX MHUHEPAJIOB, OTMETHThL HX (PH3MUECKHE KOHCTAHTH H XHMHYE-
CKuii COCTAB W3 PA3HBIX MECTOPOMKAEHHN MMDPa, NPUBECTH /ISl HHUX CBeje-
451 O NPOCTEHIINX AONOIHUTEAbHEIX JAHArHOCTHYECKHX TIPH3HAKAX H VC-
JIOBHSL HAXOMXKACHHst B npupose. HepaBHOMepHOCTL OnuHCaHHA MHHEPAIOB
Gopa oObACHAETCS TeM, 4TO B CBOeM OOJALIIHHCTBE 3TO MHHEPAJIL pPEIKHE
H oueHb penkne. OHu HMewT HeGOJbIIOE pPACNPOCTPAHEHHE M HM3YYeHbl
Ha/JeK0 He OJHHAKOBO.

ABTOpD BBHIP2XKAET NPH3HATENBLHOCTL COTPYAHHKAM OTAEAa pELKUX H
paccestnubix aaementos CAMTHMIMCa C. §1. Kaemnepry, O.A. Konosanony,
A. C. Kvapasuasy u [. Tl. KanentoBoit, npRHABIIMM 1efATEJIbHOE Yua-
ctue B noaGope Martepuasa aas  onpereantenas. J[upexkTopy WHCTHTYTa
K. JI. BaGaesy, okazagwemy Goaswoe copefictsue /s CKOpeiulero ro-
figaenus paGoibl B TeYaTH.

Mpl HageeMmcs, UTO OmpejennTesb MHHEpaJoB Oopa, HecMOTps Ha
AIMEIOU[HEeC B HEM HEJOCTATKH, OKameTcs MOJe3HHM s Te0J]0ros, Be-
JAVIIUX TOMCKH W PasBeiku ero mMecropoxaeHnii. ITpocum coo6mnTL Ham
O 3aMCYEHHBLIX HEMOCTATKAX ONPEeNeJHTENs H BLIPDA3HThb CBOH IOMEJTAHUHA,
KOTOpHE MEL ¢ 0JarolapHocTblo MPHMEM.

Jexabps, 1958 r.



YeanoBusie 0603HaueHus

a, b, c Kpucranrnorpapuueckne ocu: [001], [010], [001].
o
Boi Bgs €5 LJIMHEL pefep aneMeHTapHOH auefiuu s A.
A anrcrpem = 10—% ¢,
my. MHAHMMHKDOH = 10-6 .
Ay AnMHA pebpa poMGO3ApHYECKOlt siueilkH B Aj; o = yroa pom-
6031pa.
Z YHCJIO MOJEKYJa B 3JIEMEHTApHOH sueiike.

Swanoa By yrom Memay KpHCTAZAHYECKHMH OCAMH B MOHOKAHHHON wad
TPUKIUHHOA CHrOHHH [ -— yroa Memay @ u ¢€; {— MEXay
b uc; o—wmexay aub.

(001), (011) cumBoAE rpameil KpHCTA/IIOB.
{001} {011} cMMBOJAH TPOCTHX (OPM KPHUCTAILIOB.

N NOKa3aTelb NPeJOMJIEHHS ONTHYECKH M30TPONHBIX KpPHCTaJ-
JI0B.

No, Ne HanpaB/JIeHusa KoJebanuil O6LIKHOBEHHBIX H HEOOBIKHOBEHHBIX
Jyueil.

Ng, Nm, Np nanpaicnus nOoKasaTesell NpeJOMJAEHUS B ONTUYECKH ABY-
OCHEIX MHHepaJax.

Ng —Np BE/HTHHA IBYNPEJIOMJICHHUA.

NgNp NJOCKOCTb ONTHYECKHX OCeil B ONTHHECKH JBYOCHHIX KpPH-
cTaJIax.

¢Ng, cNm  yram noracauus.
2V YroJ1 ONTHYEeCKHX Oceil.

L]
F'suoir<o ANCHEPCHA ONTHYECKHX ocell; B mepeoM cayuae 2V B kpa-
CHOM mBeTe (#) Goabure, yem B (UOAETOBOM (T), & BO BTO-
pom cayuae — HaoGOpOT.

B sakp. 1p. B 3aKpHTON TpyGKe.

Briunca. BLIYHC/AEHHBLL.

B up.. ¢B. B NPOXOJAIIEM CBETE,

Kpucr. KpHCTa/orpadueckue MaHHLIE.



IL; 1 ‘Tp.

Cn. aH.
CTpyKT.
Ts.
¥Yn. s.
Dyu3.
Xum.
o, ¢,
IL. mp.
Maa.

N/JaBKOCTh.

nepen masabHOil TPYGKOIl.
CHEKTPAILHO-MIaMEHHBIH aH3AH3.
CTPYKTYpPHBI€ KOHCTAaHTHI.
TBepAaocTh no mikane Mooca.
yaeJabHBll Bec.

du3uyeckue CBOHCTBA.
XUMUYecKHe CBOICTBA.
siuelika CONepIKuT.
NPOCTPAHCTBEHHAA TPYNNa.
HajgydeHue



YACThH TIEPBAS

CHUCTEMATHUKA U OIIPEAEJIEHHUE
MHUHEPAJIOB BOPA



CUCTEMATUKA MHUHEPAJIOB BOPA U BOPOCOJEPYKALIHUX
MHUHEPAJIOB

B npenaaraemoil padore onuceieaetca 100 BHIOB M PA3HOBHAHOCTE
MuHepaJoB 60pa u Gopocosepkallnx MuHepanon. B nmocaennnx 60p Moxker
NPUCYTCTBOBATL B HE3HAUHTEJbHBIX KOJH4YeCcTBAX (Be3ynHaH, OpayHHT
u ap.). OrpoMuoe GOJbLUIMHCTBO MHHEPAJIOB, ONHCAHHE KOTOPHIX NMpHBELe-
HO HHXKE, H3YYeHBl C JOCTATOYHOI CTENeHBI0 AeATeqbHOCTH, 4dacTh MHHE-
Pa/OB UCCARNOBAHA HEAOCTATOUHO K HECKOALKO — OYeHb TJIOXO.

Onucanne MHHEPAJAOB NPHBOAMTCH MO KPUCTANLIOXHMHYECKOH CHCTEMe
Lrpynua (1957). OHa HECKOJBKO OT/IMYAETCs OT OTEYECTBEHHHIX KJIaCCH-
¢bukanuit Takoro xe tuna (Coboaes, 1949; Berextun, 1950; IloBapenusbx,
1955), umeer, KkaK W Kawmas, CBOH HEJOCTATKH, HO B HACTOsAllEe BpeMd
aBaseTcd nanbogee moanoil. Beakas kpucTalnoxuMHYEcKasn KJiaccnpuixa-
uHA HMEeT GOJBIIHE NPEeHMyIllecTBa nepen APYTHMH, TdK K8K NO3BOJSIET
6picTpee pasobpaThCs B NOHUMAHUM CBOHCTB MHHEPAJOB H MX 3aBHCHMOCTH
OT XHMH3Ma H CTPYKTYDHI.

B nmpuBOAHMOM HHXe CMHCKE MHHEPAJbHBIX BHAOB H pPa3sHOBHIHOCTE(
Gopocoaepxallux MHHepasoB W MMHepaJsoB Oopa jgaercd X ¢opMyaa no
BO3MOXHOCTH B TpaHckpunuuu LUTpyuua.

MHWHEPA/IbI BOPA U BOPOCOJEPXXAUMWE MHUHEPA/IbBI
Knacc dropunos

Tpynna teppyiuma:

Aoranpur — K[BF,]
®eppyunur — Na|BF,]

Kaacc npocrteiXx ¥ CJA0KHBIX OKHCIOB
Bpaynur—Mn ** Mng | O4)S10,]

Kaace runpookucaos
Caccoaun — B(OH),

Kaace Goparos

A-BesBoaume GopaTH
I'pynna awapuma-poseuma

Amapur—MgHBO,

Marnesnocyccekcut— (Mg, Mn)HBO,
Cyccekcur—MnHBO,
Amomodeppoamapur—Mg,Fe' ', Mn(OH)(BAIL)O,
Posent—CaMn|[HBO;,],
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g [pynna epemeesuma-komouma
Epemeesut— Al;B;0,;,(OH);

Koront—Mg;[BOg].
Hopneumuabaut — CaSn[BOy|,

I pynna sapsuxuma-anosuzuma

a-Bapeuxnt—(Mg,Fe);Ti[O]BOs),
6-M3omopdubil paAJ AIOABUTHTA
Jlioneurur—(Mg,Fe ?Fe " [Oz| BOg]

[Mafireur (Boucenut)—(Fe™, Mg),Fe" [Oz|BOs]
['y/IbCHT — 0JI0BOCOAEPKALIHIT BOHCEHHT

Maruesnoawasurut—Mg,Fe [0y | BOs]
Hoxaunaonut—CazNa, Al H,[(F,OH)|BO,ls
g-IMunaxuoant—(Mg,Mn"*);Mn " [O,| BO;]

r-Usomopdumii—pan pawobopuTa

dmooGoput — Mg, (F,0H)s| BO4]
Houepun—Mg;[F3| BO)

T'pynna poduyuma-6opayuma
I'am6eprut— Be,[OH|BOs)
Cyauur—Mg,[B,0;]
Poxuuur—KNaLi Al |BesB1o0.:]
Cracchyprur 1—a-Mgy[ClB;Oy)
Bopanut—#-Mgs[Cl] B;O14]

Cracchyprar 2—a-(Fe,Mg,Mn)5[C1{B;Oys}
Spukaut — 3-(Fe,Mg,Mn)y|Cl|B;O ]
Kaasuu6opur—CazBsOy;

I'pynna cukzaauma
Cunraaut—MgAl [BO,]

B-Boauwe Goparth
Ipynna nunouma-nameprouma
dpoaosur—CaB,0O; + 3,56H,0
Muunont—MgB,0, - 3H,0

[Matepuour—MgBgOy; - 4H,0
Kanu6opur—KMgeBy;1 04 - 9H:0

T'pynna kepruma-0ypbi

Kepuur—Na,B,0; - 4H,0
TuHKaaKOHHT—Na,B,0; - 5H.O
Bypa—Na,B,0; - 10H,0O

I'pynna 33xyppuma
dakypput— Na,B,;0,; - THO

I pynna aapdepesrruma-yrexcuma
AmmonnoGoput—NH,B,0; - 2,5H,0
ﬂapﬂepeﬂﬂHThNH‘Bsos b 2,5H20
[Mpo6eprut— NaCaB;O, - 5H,O



Moankaace

« ¥Yaexkeur—NaCaB,0, - 8H,0

Burunt—SrHB, 0, - H,O(?)
ITpeoGpaxenckur—Mg,B,,0,; - TH,O(?)
Ilannepmur—Ca,B;0,0H - 3H,O
Jxunopur — Ca,B,0,, - 8H,0
Tepunt—Ca, B,;,0,4 - 20H,0
Kyprantaur— (Sr,Ca),[B,O;] - H,O
Coopxur—Na,|B,044] - 10H,O

I'pynna nndepuma—rwxosemanuma

Kypnakosur—Mg,B;0y, - 13H,0
Hunepur—Mg,B,0;, - 156H,0
Jleccepur—Mg,B;O,, - 15H,0
I'mapo6opaunt—CaMgB,0,, - 6H,O
MuaepoGopur—CaMgB,0,, - 11H,0O
‘Koaemanut— Ca|B,'B"O, (OH),| - H,O
Meiteproddepur—Ca[B, ' B¥04(OH),| - H,0
Hubour—Ca,B;0,4 - 13H,0

I'pynna cyasgobopu-mazusvzapouma

Fuasrapaur—Cag[Cl, |(R;0y,)s] - 4H,0
IMaparuasrapant—Cag[Cl,| (BgOy;)s] - 4H,0
Xeipopuut—CayzNay [Cl(SO,)2|BsOs(OH ),
Cyabpobopur—Mg,[SO,IB,0,] - 4,5H,0
Cumanut—Mng[PO,[BO;| - 3H,0
Jlione6yprut—Mgs[PO,|BOOH], - 7H,0

I'pynna 6anduruma-xanuma
Banguaur—Cu[CI(B(OH),]

Tunaent—Na,[Cl|B(OH),|
Kauur—Caz|AsO,|B(OH),] - H,O

Knacc cuaukartor

— CHJIHKATHL C M30/MPOBAaHHBIMH TeTpasapamu SiO, B kpu-
CTANJIHYECKHX CTPYKTypax

I'pynna monasa-cmasporuma-cangupuna
Kopuepynun—(Mg,Fe,Al),(Al,B);](0,0H),4((Si0,),]
[Maunur—5A1,0, - Caz[(Si,BH)O,]

I'pynna damoauma
,[‘I,aTOJIHT-—CaBH][OHISiO_,]
lomunnt—CasFeB,[O;Si0,],
Bakepur— CayB, 056510, - 6H,O

I'pynna wneppuma-agsusruma

Xapkepur—Ca(Mg,A)[(Si,BH)O,] - CaCO,

11



- TIpynna dnmxopmeepuma-zpandudsepuma

. Aomopreepur—(AlFe);[05]BO,I(S10,)s]
Cepenaunbur—(Ca,Mg);(AlO),[BO.] (510, )s]
I'pananaveput— Nas(Fe, Mg), (AlO),,[ (OH)4|BQOy|(Si0O,);]
losaur—Ca,[(BOOH),; |SIO,]
lappeaesur—(Ba,Ca), [(BOOH)a]SiO |
Menanouepur—Na,Ca,g(Y,La)s(Zr,Ce)s[Fi2] (BO;) 5| (Si0,) 12}
Kapuouepur — pasnoma,mocm Me1aHOLEe PHTA

[Toakaace — cHIMKATH C KOHEYHBIMHI TPYIUIAMH, [apaMH HJH
KoablaMn u3 SiO, TeTpasiposB B KPHCTaNIHYECKON CTPYKType

[pynna sesysuarna
Beaysuan—Ca,y(Mg,Fe)s Al [(OH),[(Si0,),] (Si20;).]

[pynna HecucmemamusupoBQHHbLX CRAUKAMOB

J]efixoccbem:?LBa(Na,Ca)qTi3[BOJSfHOm]
I'manorexnt—(Pb,Ca,Ba),B[Si,O,.(I,OH)|
Cupaeant—NaB[Si,O;) - H

[TloAKAACC — CHINKATH C KOJAbLEBHIMH palHKaAaMH B KPHCTAJLLH-
HECKOH CTPYKType
C koabnesuMu panukaaamu Si;O,
Ipynna xaneaenuma

Cruaasesant—(Ce,..)s| B30, Si;04]
Kannesenutr—(Ba,Ca,Ce,Na),(Y,Ce,La);[(BO,),|SizO,]
Tpuromur— Cas(La,Ce),Zry[F,| (BO3s)s[(SisOq).|

C koabueBnMHu paxvkaaamu SiOp

I'pynna axcurnuma-wenmyrHuma
Akcunutr Ca,(Fe,Mn)AIAl[OH|BOs|Si,0,,]
C xoabueBuMH pagxukaaamu SigO
Papx rypMmMaanuua

Dasbant—Na(Li, Al);AlL [(OH)143](BOs)4] Si; Oyl
,U.paaur~NaMgsAlU"'[(OH)[ 3| (BOg) 5| 51,044
[Llepni—NaFeyAl; [(OH)H.?,‘\BO )31Si;0,5]
Tsn'ransm—NaMnsAl [(OH)143](BOy) 4| SigOs]
Y ot CaMy(Al;Mg) [(OH) 1o (BO] 1.0

[Togkaacc CHAMKATH C HEHPEePHBHBIMH ca0sMH TerpasapoB SiO,
B KPUCTA/IJIHUECKON CTPVKTYpE

prrma XAopumaoes Aumiist, Xpoma i HUxKeAd

" Mananzonut |LI{;} [(85)} 2] AIBSi, O 1u]|

[Toakaacc— CuIHKATH ¢ HENpePHBHBIMH Tpexmepﬂbnm KapKacaMu
u3 terpasapoB (Si, Al)O; B KpHCTAAAMYECKHX CTPYKTYypax
lpynna cuauxamos ¢ Gopom

Jau6ypur—Ca|B,Si,04]
Puamepaxuepnt—Na|BSizOy)
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HoBuie mpnepaan Gopa, ONHCaHHbIE B JHTEepaType Ge3 A0CTATOUHBIX
JAHHHX A8 3aYHCAEHHS HX B Ty HWJAH HHYIO Tpymmy

WMpanosur
BO/IKOBHT—BO3MOXHO, CTPOHIHEBLI JXHHOPUT

Boauwlil cTpoHuuil comepxawuii 60paT Kajabliuag —THPETBCKHI

MuunepaJan COMHHWTELBHEHE

Jlarouur
leoxuaut

TMIPUPOAHBIE BOPOCOJEPKAIIME MUHEPAANLHBIE ACCOUHALIMU
-

Kaapxu 6opa B pas/MYHEIX TeoJOrHu4eCKuX oOpa3oBaHHAX CHALHO
BapbupyloT. OHM HECKOALKO BLle B GONEe TAYOMHNBIX I'PAHNTONAHLIX TO-
poiax, ueM B PACHOJOMKEHHBIX HAL HHMH TPAHMTOHMAHBIX HHTPy3uBax. B
IOCAEAHHX coennHenns Oopa (aKTHBHBIE MHHEPAJH3aTOPB) KOHIEHTPHPY-
10TCSl B dNMHKAAbHBIX 9K30- H 3HAOKOHTAKTHBEIX H4CTAX HHEAPAIOUNXCA MATM.
Qcobo BeICOKHE KA4PKH Gopa ormeyaorcd B necrmaturax — s 10—100 pas
BHINE KA4PKOB 00pa MAaTepHHCKUX rpanutoR u B 33—330 pas Bulwe kiap-
Ka Gopa semHoft xope. HecMmoTpsi Ha 3TO, NerMaTHTHEl He AAIOT INPOMBIII-
JEHHBIX KOHIEHTpauuil Gopa.

[ToeTMarMaTHUECKHE MHEBMATO-THAPOTEPMAJbHLIE PACTBOPLL, OCODEHHO
BLICOKOTEMIIEDATYPHBIE, HHOTL4 HECYyT O4YeHb MHOro 6opa n o006pasyloT
3HAYHUTEJbHBIE CKOMIEHHS €ro MHHEpPasoB B METACOMATHUECKH H3MEHEHHBIX
KapOOHATHBEIX MOPOA4X BOJIM3H rpaHMTONAHBIX MHTPy3uil. Cpean BBICOKO-
TeMOepaTypHEIX #KHJA MHHEpPaabl 60pa HepeAKO MPUHUMAIOT OueHb 00JbIIOE
yuacTHe; HalNpuMmep, TYPMaJHHOBHE, Ty PMaJlHHO-KBAPIUEBHE, pyAHbE H 6e3-
pyansie xuas. HexoTtophie rpefisenst Taxkwe coaep:iar OoablIne KOJAH-
yecrBa Gopa, NpeuMyllecTBeHHO B Buie Typmaausa. BricokoTemmepatyp-
Hble MHUHepaJe Oopa NpencTaBieHbl CHAWKATAMH v Ge3BOIHBIMH OHOpPATAMH.

3HauureabHbIe BLHIHOCH GOpa CBA3aHbl C 3PYITHBHON BYJKaAHHYECKOH
nesiTeqbHOCThIO. BopHbe coeanHenuss Gopa BBRIHOCATCS BO BPeMsi W3Bepike-
HUSL W mOcAe Hero (3MaHaiuu U ruapotepumst). B pesyabrate CAOKHBIX
3K30TEHHBEIX [IPOLECCOB BbILIETAYHBAHUA H NEPEOTJIOMEHHST OHn 00pas3yvioT
KpynHefiline CKOMICH!S BLICOKONPOUEHTHHX 00paTos BYJ/IKAHOTEHH(=XE-
MOreHHO-0Calo4YHOr0 TeHesuca.

Mopckue oTroXeHus coaep:xar GOp B paccesHHOM BHIE H B O4Ye€HD
MaJablX KoaudecTBaX. B cosenocHbIX J4ryHHBIX ocankax, B pafionar, rae
He OblI0 NPUBHOCA BYJAKAHOTEHHOTO 60Pa KOHUEHTPAUMH €ro HeBEJAHKH U
He 00pa3ylor, mo-BHANMOMY, GOJbLUINX CKOMieuuit. Poccolinbe Mectopox-
Jenus 60pa He HMEIOT 3HA4YeHHd, XOTH B UYEpHLIX HIIMXAX HHOTAA NpH-
CYTCTBYIOT B 3HAYMTEADHBIX KOJAWUeCTBAX OOPOCHANKATH,

B pesyabrate meTtamopgusMa 0CaiOYHBIX 1OPOA GOP B OCHOBHOM
MHTPHPYET W paCHBIAAETCA; INO-BHAHMOMY, JHIbL HeDOJbIIAH YaCTh €ro
IpHHUMAET yuacTue B (opMHpoBaHuM GOpocOnepKalluX MeTaAMOP(phHUECKIX
nopoj (TypMaquHOBBIE CJAdHIB, THEHCH C JIOMOPTLEPUTOM, KOpHEpymH-
HOM H T. IL).

IToutn Bo Btex reosorumyeckux (GopmManusx HaGJIONAIOTCS MHKPOCKO-
MHYeCKUEe HOBOOOPA30BAHUA MUHepaaos 6opa (TypManuH, AKCHHUT W ap.),
HO H OHH He JAAIT CKOJABKO-HWOY/Ib 3HAYUTE/NBHBIX KOHIEHTPAIHIi.

Po/ib GHOT@HHBIX 11POLECCOR HAKOIIEHHS OOpa B reonorudyeckux ob-
PA30BAHUAX TIOKA HE BHISICHEHA.

Takum o6Gpasom, Gop (uKcHpPyeTCst B BHIE MHUHEPAJOB HJAM PACTBOPH-
MBIX COJIEHl BO BCEX TeoJorHueckux Gopmauwax, HayHHAs € MarMataye-
CKHX MOPOL M KOHYAA COBpEMeHHHIMH GOPOCONeDKALNIMMH BOAAMMU.
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B Mmarmarnueckux Nnopoaax 4uc10 GOpHHX M GOPOCOAEPIKALIUX MUH-
HepaJoB HeBeJHKO. ['aBHBIM dBaAeTCA TypMaauH (TypMasHHOBLIE rpa-
HUTH); 3HAUYUTENBHO pexe, NPEUMYLIECTBEHHO B METaCOMATHYECKHX IBY-
CMIOAAHBIX TpaHHTaX, BCTPEUAIOTCS AIOMOPTHEPHT, KOPHEPYIHH, NPH3MATHH,
1aHOyPHT. ,

OcoGendo naubosee 3HAUMTENEH CIHCOK MHHepasaoB Gopa B pas3anu-
HBIX TEerMaTHTax, Oco0eHHO B IIEAOUYHBIX. 3AeCh OTMEYAIOTCH DEeAKHE u
OuYeHb penkue GOPOCHAMKATHL M Oe3BoAuble GopaThl. K mepBHIM OTHOCATCA
TYPpMaJaHH, TOMHJHT, ﬂEHGypHT, AIOMOPTBEPUT, TPAHAUABEDPHT, MeJaHOLe-
PUT, KAPHOLEPUT, AKCHHHT, KANNOEJEHHT, TPHTOMHT, JelKOoc(heHHT, THaa0-
TEKHT M MaHaHAOHWT. Ko BTOPHIM HOPAEHWHJIBAHT, HOXaYHAOJAHT, rambep-
TUT U POIHUIMT.

3uauuTenbHoe pasHooGpa3ne MHHEpa/JoB 6G0pa OTMeYaercst B KOHTAK-
TOBO-MeTacoMaTHueckux obpasoBanuax. (OcoGeHHO MHOro MX B PAa3HO0G6-
PasHBIX THMAX CKAPHOB. 3Aech Pa3BUTH G0poCHIHKATH, Ge3BoAHEE GOpaTH,
OueHb PeAKO BOAHLIe GopaThl (KaHUT). B rpanaT-nupoKceHO-KJIMHOIYMHTO-
MATHETHTOBBIX CKapHaX, PacnoJOKeHHBIX HA KOHTAKTaX IPAHHTOMIOBBLIX C
MAarHHICOAEPKAUIUMH KAapOOHATHEIMH TOPOAAMH, THIIOT€HHLIE MWHEepaJbl
Gopa Bceraa cCONepXAaT Keaes3Q WIH MarHuii. B Mectopokaennsx aToro tuia
BCTPEYEHBl: CHAHKATH —CepeHAuOHT, TYpMaanH, AaKCHHHT H Ge3BojHbe
O0paThl — TyAbCHT, IHHAKHOJUT, allapuT, (110000PHT, BADBUKHT, CHHIAJUT,
JIOJIBUTHT, BOHCEHHT, aaloMo(eppoamapuT, KOTOHT, MaireuT.

Cpeny HeMATHEeTHTOBHLIX CKAPHOB OOHAPYKEHH B OCHOBHOM YajAbuui-
co/epiKkaliue MuHepansl Gopa — aKCHHHT, AATOAHT, NaHOYPHT, CTH/JIBENT,
TypMaauH, 60poconepKauinii Be3yBHaH (CHJAMKATH); CYCCEKCHT, Nalreur,
KaJau60pUT, (110060pPHT, MArHE3HOCVCCEKCHT, POBEHT, BADBHKHT, CHHTAJIHT
(6esponusle GopaThl) M KauuT (GOpaT C BOXOI).

OOBIYHBIM W B psile CAy4aeB BeAYIHM OOPHBIM MHHepa/JoM Tpeiise-
HOB aBasiercs typMaaud (Kopuysan, Aurausa; Menmaums u 1. 1.).

BricokoTeMnepaTypHbie pyAHLHE W Oe3py/HBE XMJIE H MeTadCOMaTH-
YyeCcKHe Tend HHOT1A CONePAT 3HAYUTEAbHEIE KOAHURCTRA TYPMANRHA BILIOTh
0 06pa3oBaHMs MOHOMHHEPAJbHLIX TYPMaJHHOBHIX XWJI. MHOrHE 30.10TO-
KBapleBble MXHJIBl TAKXKe conepxar 6oJbLIHE KOJHYEecTBa TypMma/auHa, ya-
CTO NPUCYTCTBYeT axCHHHUT. [Tocsennuit o6pasyer HeGOJ/bIIHE CKONJAEHHS
U MPOMHJAKE (10 MOHOMHHEpPAJbHEIX) B OCHOBHBIX NMopoaax. B6ausm rpa-
HUTOB M B CKapHax Ha0.101aJHCh XHJAKH C TYPMaJHHOM, HOpAEHIIMJIbIH-
TOM H (harooGopuToM. 15 3THX BHICOKOTeMmepaTypHBEIX o00pa3oBaHHil Xa-
pPaKTepPHBIMH HABJSIOTCA OGOPOCH/HKATH, 3HAYHTE/NILHO pexe O6e3BOLHEE
GopaThl.

Bosee HuskoTeMnepaTypHble THApPCTepMaJbHble 006pa3oBaHUfA Xapak-
TEPH3YIOTCA OYeHb HU3KMMH KOHLEHTpauusiMu 6opa W OejHBl €ero MHHEpa-
Jamu (TYpMaJuH, aKCHHHT, JUKHHOPHT, GaKepur).

JIOMOPTBEPUT M TYPMAJHH— 3TO THINHYHEIE MHHEPaJbl MHOTHX BTO-
PUYHBIX KBAPIMTOB, HO NMPOMBIMIEHHEIX CKOILIEHHIT B HHX He 00pasylor.

B kusnax agbnuiicKoro THIA BCTPEUEHHI TYPMAJIHH H AATOJIUT.

[lpucyrcrBue Gopa nN0Ka3aHO B BOJAX MHOTHX MHHEpPaJbHBIX HCTOY-
HHKOB, B smauauuax dymopoa U cuddouui. 3rech ObUIM BCTPEUYEHEL B
PacTBOPEHHOM COCTOSIHHH M R BHJE TBEPILIX OTJIOKEHHH CaccoNHH, KoJe-
MaHHT, BHTUMT, TAHIEDMHT H PefAuaiuIne MuHepaJs Oopa — JapiepesauT,
aBoranpur, (eppyuuT, aMMOHHOGODHT.

MunepaabHast accomuanus 0CaNOYHO-XEMOTeHHBIX 00pasoBanHil, CBs-
3aHHHX C BYJKAHWYECKOH 1esTeJbHOCTBIO, MpeAcTaBaeHa OOJbIIHM KOJIH-
YeCTBOM NpeuMyliuecTBeHHo GopaToB. Boanwle GopaThl fABIAIOTCA OCHOB-
HHMH MHHepaaaMH 3Tofi rpynnbl. OoHH H3 HRX ABJAAIOTCH IVABHEHIIHMH
PYAHEIMH MHHepa/iamMu Gopa (cBeme 999% MuPOBOH HOOGBLIYM): AWIADPHT,
O6ypa, GOpaluur, KepHHT, THHKAJAKOHHUT, YJEKCHT, IHIp0o6OpaluT, HHBLEHT,
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KOJEMaHHT, NMAHAEPMUT H KaJIHGOPHT; ApYTHe BCTPEUAIOTCH PeXe HAH OYeHb
PENKO: BUTYNT, NPOOEPTHT, NPEOOPAMEHCKHUT, LKHHOPUT, KYPTauTauT, Kyp-
HAKOBHT, HHAEPHT, JTECCEPHT, HHAEPOOPHT, FHALTAPAHT, NAParu/JIbrapiuT,
MOHEOYPrHT, TepUuT, 93KyppHuT, Meliepropdepnt, nHHHOUT, THMAeHT. M3
NPOYHX MHHEpa/g0B 60pa BCTPEYEHHl CACCONHH, 4 H3 TPYNAH CHIHKATOB—
oueHb pejlkHe 31echb mauGypur, OGakepur, TrOBIHT, CHPJAE3HT, Trappe/u-
3HT, PUAMEDIKHEPUT.

B Huzepckom monuartuu, no . . Spxemckomy (1953, 1956),
OHIM O0HAPYKeHbl caeaVIOllHe TepBHUYHbe GOPaTH (pacmoJoXkeHH B TMO-
pAAKE MOCJAENOBATENLHOCTH HMX BLULEJEHHA): KYPrauHTaut, ruapo6opauurt,
KanubopHuT, NpeobpaxeHcKnT, THALrapauT u Gopauut. [lasee Gwlau ycra-
HOBJEHBI: HMHBOWT, [APAaruabrapautT, NpoGEpPTHT, KOJEMaHHT, NaHOYPHT,
BOJKOBHT, HBAHOBUT, MHAepOOPUT, WHIASPHT, VICKCHT, MAaHAEPMHUT, aAlIApPUT
mefieprogdeput, NHHHOUT, KYPHAKOBHT H (HAIOOGOPHUT.

B npnOpekHO-MOPCKHX M JIATYHHHIX OTJ0KEHHSX, 00pasoBaBumIuxCH
6e3 ywacTHsl ByJKaHHYECKOH NeaTe/NbHOCTH, MMHepaJasl 6opa oTMeualorTcH
penko u BCTpeyaloTcs B HeOOJBIIAX KoAH4ecTBaX. 3AeCh OLLIM BCTPEUEHH
G6opanut, cracchyprur I u I, spukanur, kaaubopuTt, rugpoGopauuT, yieK-
CHT, KONEMAHHT, NIMHHOHT, MNATEPHOMT, BHTYHT, JKHHODHUT, JIOHEOYpPruT,
XeH/IOPHUT, TOBJAHT, KaAuGOpPUT, cyab(oboput H aAp. B koHeunom wutore
CIIHCOK HafileHHLIX H BO3MOXKHHIX MHHEpPaJoB 60pa B 3TOM TIEHETHYECKOM
THne oYeHb GAM30K NpeieAylleMy. @&

Munepann3oBanible MA4CTOBEE He()TAHEIE M COJEHBIE BOIEI 4aCTO CO-
AEPKAT PACTBOPEHHHE coenuneHus Oopa, B OCHOBHOM Oypy, Caccosuy,
THHKaJIKOHHT.

B conounbix rpssax HedTeHOCHBIX o6JjacTell yeTaHOBAEHE HeGoabIIHe
CTSDKEHHSl YJEKCMTa, CaccoanHa, 6yphl.

Cpean TaXKeJaBIX MHHEPAJOB POCCHIEHl, BHJEPKHBAIONMX I8JEKVIO
TPAHCIIOPTHPOBKY, BCTPEYEHHI: TYPMAaJHH, AKCHHHT, NIOMOPTHEDHT H Be-
3yBHaH.

B coepemennbiX Mopckux oGpasoBaHdaX OblIH OTMEUEHbl MHKPOCKO-
IH4eCKHe HOBOOODA30BaHMSA TYPMaJHHa.

Cpenu MetaMopHYECKHX OCANOYHBIX NMOPOJ OYEHb YACTO OTMEYaeTCs
TypMaJ/iuH, pexe KOPHepyHmHH M AIOMOpPThepuT. EcTb CBeJeHHs O HAaJAH4HHM
B HUX JIOJBHTHTA H amapura.

B sone rumeprenesnca MeCTOpPOXKIeHHil 60pa BCTPEYEHB BTOPHYHBIE:
awapuT, GAHIWJIMT, YJIEKCHT, HHIEPHT, KOJEMaHHT, HHbLEHT H Ip.

O MOATOTOBKE MATEPHUAJIA 1JI1 HCCJEJNOBAHUS

MaBecTHO, 4TO ycmex MHHEpPaJOTHYECKOT0 HCCAeOBaHMA H OBICTpPOTA
TOYHOI'O OMpEJesEeHHs] MHHepaJa 3aBHUCAT OT YHCTOTH OTOGPAHHOTO MHHE-
pasa M MeTOAHKH ero usyuednsd. OT60p 4HCTOIl NpoOB MHHEpasa— BecbMa
Tpynoemkas pa6ora. OcoGeHHO OTHTOLIAIOT €€ YacThie NPOopacTaHus MHHe-
pajioB, OueHb MeJKHE X pasMepbl, MeXuaHHYecKas 3arpsA3HeHHOCTb H mpo-
JLYKTHL U3MeHEeHUA MuHepanos. C 3TUMWU ABJAEHUAMH OUEHb YACTO MPUXO-
JUTCA BCTPEYATBLC B MHHEPaJOoTHYecKOl npaktvke. BelcTpoTa onpeneseHus
34BHCHT OT BHOOpPA METONOB HccleloBaHud. Yacrto BmoaHe JOCTATOUHO
3HATh ONTHYECKHE KOHCTAHTH ¥ YAEAbHHI Bec MHHEpaaa s OJHO3HAY-
HOro €ro omnpene/eHus.

[lepen ot6opoM MuHEpaAbHOI NPOGH CAEAVET BHHMATEAbHO TPOCMO-
TPeTh HCXOAHLI 0Opasen noja OHHOKYJASPHOI JYyMOH H ONHCATL Ero MHHEe-
panbHyI0 accouualnio. HenagecThrle MUHepaabl MOXKHO /10 HX ONpeleleHus
HasplBaTh @, B M T. A. Ilocae sToro clenyer npocMoTpeTs /e o6pasiua
H YyTOYHHTb COCTAB MHHepaJbHOIl accoumaluu. Ilpu nambosbiiem yBesH-
YeHHH HeoOXOAMMO BHISICHHTL MMKPOCKONHYECKHE B3aMMOOTHOLIEHHS H3Y-
4aeMOro MHHepa/Ja C JApyrumH 06Gpa30BaHHAMU (TECHBIE MPOPACTAHHS, MH-
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KPOBK/TIOUEHHS] HHEIX MHHEDAJIOB, }KHAKOCTE U Ta30BH T. J1.). ATO MOMOKeT
pacwudpoBa™e aHAMHTHYECKHE NAHHBIE M HAMETHTL pa3Mepsl JpoG/eHus
HCCAe1yeMOTr0 MHHepa/a.

O6paGoTka 006pasiia HAYMHARTCS C APOOJIEHUS, NPOCEUBAHUS U OTGOpPA
noJ GUHOKYJAAPHOH YN0l MOHOMHHepaabHOll dpakuuu. OToSpannblit Ma-
TEePHaJ TOJABEPrHYTh KOHTPOJABHOMY NPOCMOTPY. Bce sameuennmie B npo-
TOJAOYKE MHHEPAJBl, OCOOEHHO MHHEPAJBl, JAKIIHE TECHLIE CPacTAHHS C
HCIBITYeMBIM, HEOGX0AUMO 3aNHCAThL. B HEKOTOPBIX cayuasix HYKHO MOAb-
30BaTbC OOILENPHHATBIMM B MHHEPAaNOrHYeCKOH NPaKTHKE MeTOIHKAMH
paszaeseHus MUHEpaJoB (pasnenenue THAWEJABIMH  KHIKOCTAMH, HEHTDIIC;)}’-
ruposaHue, HCMOMbL30BAHHE MATHHTHBIX H JIIOMHHECHEHTHBIX CBOACTB MHHe-
paros, otaAvBka u T. 1.). [lIpH paspesends MuHepaJoB B Y.AbTpaHo.IeTO-
BOM cBere Oepeub raasa. [Ipn BeecTopoHneMm M3yyenuH MHHEpaJia OYEHb
Ba){Ho, 4TOOBl NepBOHAYAIbHAT HABECKA V/I0BJAETBOPsi/Aa TPeGOBaHMSIM Ha-
Me4aeMbplX aHaJIH30B (CHEeKTPANbHO-TIIAMEHHEIH, DPEHTreHOCHeKTPaIbHEIIL,
PeHTreHOCTDYKTY DHEIY, NOJHBIA HIN YACTHUHBI XuMHuYecKnit u apvrue
aHaausw). 2KenateabHo /sl BCeX AHAJIM30B HMMETh HAaBeCKH M3 OJHOTO
KPHCTa/11a, 4 eI 3TO HEBO3MOXHO, TO M3 MHHEpaja OAHOH u TOil e
reHepaiuf.

OT1of6paHHyi0 MOHOMHHEPAAbHYIO (PAKUHMIO HEOOXOIHMO TINATEJAbHO
pactepetb B 3aseaomo uucrofl nocyae. lloayuennwiit nopowox xopomo
pasMenmatb H BBIIEJHTb HEOﬁXOﬂIEMblE‘. HABECKH IJ51 Pa3HbIX BHWJIOB aHaau-
30B. OcCTaTOK COXPAaHHUTD.

Jast 0AHO3HAYHOTO OMNPELENEHUs] MHHEpaJa YacTo NOCTATOYHO TOAY-
YHTh HECKOJIbKO KOHCTAHT, KOTOPHLIMH H CAEAYyeT OTFPAHHYUTLCH, eCTH HeT
HEOOXOAUMOCTH B JOHNO/JHHTENBHBIX, ILODOI‘?TOYIHJ.HX aHaJu3ax.

Ecau xopomo odyucTHTh Marepua/i HEeBO3ZMOMKHO, TO MOJIb3yIOTCS KOC-
BEHHBIMU MeTojaamu onpeneaenus. K HAM orHocaTca (GasoBHIH XHMHUECK
4HaJH3, aHaJ M3 He4yYUCTOoro MaTepnaaa. ItH METOAR! caenver NpHMEHATH
B KPafiHMX caIyuagx M 00pamarbes ¢ pe3yJabTaTaMH  Ype3BLYaiiHo 0CTO-
POKHO.

[lpn wnarortoprenun mandosB W3 BOAHLEIX GOPATOB CJAEAYET HMETb B
BHIY, UTO 4YacThb HX TepsAeT BOAY HPH HHU3KHX TeMNepaTypax; 60paThl Mo-
ryt B mpouecce mandoskn obespoautbes. Ulauder uz Boauwix Goparos
NPUTOTOBIATL € 0c0GOil OCTOPOMKHOCTHIO (CTIPHMEHEHHEM KePOCHHA U T. 11.).
Metoauka noxaroroBku Takux Iaudos paspaborana B HMucturyte raa-
JYPIHH.

OCHOBHbLIE METOlbl ONPEIEJIEHUSI MUHEPAJIOB BOPA

[Tyt ckopefimero onpeaeseHus HCcaeyeMbslX MHHEPAaOB ONpeaeasioT
A1Ba IJIaBHEHHINX HX CBOHCTBA — naJauune 60pa H NPO3PAYHOCTHL O POMHOIO
6OJbUIMHCTBA MX B mandax.

[Tepreiimeii sagaueil ABAAETCA NOKA3ATENBCTBO B MHHepade Gopa. dto
MOUTH BCeraa MOXKHO YCTAHOBHTb B I0JE, NPHMEHAR COOTBETCTRYIOIIHE
METONHKH (OHH M3J0MKEeHBl HHXE),

3atem ciaenver mepeiTH K M3y4yeHHIO ONTHYECKHX CBO{ICTB MHHEpAJa.
IToutu y “Bcex wmunepanoB 06opa noka3aTeqd CBETONPEJOMJEHHS HHMKE
1,780, a y orpomuoro OGoabmuucTea ux—uuxe 1,710 (kpaiinss rpannna
no/b3oBaHust pedpakromerpom). Mckaouenne COCTABAAIOT ITHHAKHOJMT,
H30MOP(DHEIl PAA JIOABHTHT — NMANHreuT, ryAbCHT, THAJOTEKHT, GPayHHT u
BapBUKUT. B ¢BA3KM ¢ 3TUM PEKOMEHAYIOTCS WMMEPCHOHHEIN MeTox H 06-
Hlee KpHCTa J00NTHIECKOe HCCAE/0BaHHe MUHepaaa B mandax, mocne yero
MOMHO BOCHOJB30BaTbCA Tabannelr ,OnThueckue cBOHCTBA MWHEPANOB
Gopa“. Ilas ycxopeuus onpeneneduii rabiuua pasnenena HaTpu pasiesa:
MHHEpa/bl H:OTPONHBLIE, AHW30TPOMHHE OJIHOOCHHIE H AHH3OTPONHHE JABY-
ocHble, ['pynnbl aHu30TPONHLIX MHHEPAJOB MNOAPA3AETEHB HA MOATPYHIbI
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ONTHYECKH TOMOXKHUTENbHBIX H ONTHYECKH OrpuuateabHuix. Bo Bcex rpvm-
max u noArpynnax Goabmue nokaszaTeau npeaomaenus Ng paclno/OKeHb
B NOpsAAKEe BO3pacTaHua MX 3HadeHud. IloabsoBanne taGauuamu He Tpe-
fyeT noaCHEHMIl.

Odeub BAKHBIE MUHEPANOrHYECKHE KOHCTAHTH [3eT DEHTreHOMEeTpPH-
yecknit merox. Ocofoe 3nauenue oH HMeeT JIsl MHHEPAJIOB C IOKa3are-
JsaMH cBetonpesomaeHust suime 1,780, [lpu naanyun nedaerpamm HyKHO
BOCIIO/b30BATbCA ,KuloueM 151 onpeneneHuss MUHEpAIOB Gopa pPeHTreHo-
MeTPHUIECKHM crocobom*

Bce ocraabHble METOAL MOXKHO CUNTATHL AOUOMAHUTEABHEIMH., Onu ne-
06X0INMEL /It T1OAYyUerusl fosee NOJAHOH XaPaKTePHCTHKH ONPeieseMoro
MHHEpaIa.

Huske NPHBOAMTCH KPAaTKOE OMNHCAHME OCHOBHHEIX METONOB, 3HAKOMCTBO
¢ KOTOPHIMH HEOOXO0JAHMO MIf onpeleteHuss MunepaoB Gopa. Bece atu
METOAB HIHPOKO HMCHOAL3YIOTCA B MHHEpaAoruueckoH npaxktuke. K num
OTHOCATCS CJAELYIOWHE:

1) mpocreiimue cnoco6ul onpenesenuns Gopa B MUHepaJaxX H MOPoOAax;

2) onTHYECKHEe METOABl HUCC/AEJI0BAHHA MHHEPAaJaOB;

3) mpocrefiline XMMHYECKHe aHaAM3bl NSl ONpeje]eHHs BakHeHmnx
JOMOANATEIBHHX 3AEMEHTOB, BXOARIIUX B COCTAB MHHEPa 0B Gopa;

4) metonsl, Tpebylowue Gogee CA0HKHOTO 060pyA0BAHUA (4HAAUIBL
CHeKTPaIbHO-IIAMEHHEI, PEHTreHO-CNeKTpaJbHbH, PEHTreHOMEeTpPHYIeCKHI
TePMHYECKHIT, MOJHBII XHMHYECKHIT).

[1pHCTYUIMM K KPATKOMY H3/40KEHHIO NePeyHCJIeHHBIX METOI0B.

NPOCTENLIME CIMMOCOBbI ONPEIEJEHUS SOPA,B MHHEPAJIAX H MOPOIAX

B nacrosmee spems pa3paboTaH psag cnoco0oB OGBICTPOTO ompegede-
Hug Gopa B NOPOAAX M MHHEpaJax B NOJEBBIX yca0BHAX. Heobxoaumas
annaparypa 1 pPeakTHBH CBEAEHH 31ECh 70 MHHHMyMa W He Tpebyior 60ab-
wux s3arpar. Mckawoueuuem aBaseTca aunaparypa, ucnoabsyemas duiu-
YeCKHM METOJOM onpeneneHHs 6opa, HO M OHA CKOPO GYAET NPUMEHATHCH
BecbMa mupoko. K npensaraembiM HHKE METOLAM NPHHALIEKAT Onpeie-
JAenusi 60pa MPH NOMOULH OKPALUHBAHUA NAAMEHH, IPH MOMOIIH KYPKYMO-
BOil OyMarn, NpH NOMOIK pacTBOpA XHHAAN3ApHHAE, MeTojaMH pacTapa-
HHY TOPOWIKOB ¥ (DU3MYECKUM METOLOM.

Onpejenenue ﬁopa INPpH NOMOUILH OKPaWHBAHHA NaMeHH

DTOT METOM HCMOJAb3yer CBOIiCTBO Gopa 1aBaTh 3eN1€HOE, CJerka Xen-
TOBATOE OKpAUIHBaHHe NA-MeHnd. OnHaKo 3eaeH0e OKpdIIHBAHME NJIaMEHH
AA10T TAKXKEe coeanHedus Oapus. Dapuii or Oopa Jerkd orauuaercs uUpH
[NOMOIIH MPOCTHX PEAaKIIHil,

DBe3 npeapaputeabHoll o0paboTky muaaMms nasiabHoll TpyOKH OKpamin-
paeTcsd B 3eJeHblil LBEeT NpH [POKATHBAHUH HEOOJBUIHX OCKOJIKOB HJAH
[OPOIIKA Yy C4dCcCoaMHA, Koaemauuta, GopauuTa, cyccekcura, ruapobopaiu-
T4, AATOAWTA, AAROYPUTA u Ap.

[Mlpu npeaBapuTEAbHOM CMAYUBAHHM OCKOJAKOB B CEpHOIl Kucjaore
3e/eHoe OKpauInBaHHE IJAMEHH JaloT Bce OO0paThl U MHOTHE M3 CHJHK TOB.

[1pn narpesann# MuHepasos Gopa co cmecbio 3 obwvemoB KHSO, u
onnoro obvema GaF, B OKHCAWTENBHOM NJIAMEHH HAaAAbHOI TPYOKH noay-
4AeTCH MTHOBEHHO® 3€AeHOE OKpallHBaHue NJAaMeHu oT BuiiesenHs BFs.

Cvech KOUUEHTPUPORAHHOTO pacteopa OOPATOB CO CHHPTOM W KOH-
UEHTPHPOBAHHON CEePHOH KUCJOTOH aaer HPH TOPeHHH CHUpPTa 3e/aeHoe
OKpAUIMBAHHE MEPHMEPFH NJaMeHH. e

(Onpenenenue Gopa NpH NOMOIM KYyPKyMoBo# Gymaru

KvpkymMoByio GyMary CMauuBaioT COMAHOKHCABLIM PACTROPOM uptneﬂve-
MO0 MHHEpaAd, MOCAe Hero cyuwar (Ha NOBEPXHOCTH NPOOHPKH, < CONEP:
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Kameii kunamylo sony). Bymara npuoGperaer kpacHo-Gypeiii uBeT, a mpH
cMauWBaHUH aMmHaxoM uepHeer. HepacTBopuMbie MuHepaab HeoGX0ZHMO
NpeiBapuTENbHO pacTepeTb H CIJAABHThL C TpeMf oObeMaMu COAbl B YIIKE
IIATHHOBOil TNPOBOJOYKH; TOJYYEHHBI CIJIaB pacTBOPAIOT B  COMSHOIL
KHCJ0TE.

Onpenenesxe Gopa NpH NOMOUIH PacTBOpa XHHaluzapuHa

i OTKPHTHsI GOopa B PACTBOPE MOXKHO BOCHO/JB30BATHCS METOAOM,
npenaoxkennsiM A, C. KomaposckuMm u H. C. IMoayskrosuim (1934). [as
3TOTO HCIOJAB3YEM CBEKHIT pacTBOp HeGOJBLIIOIO KOJMYeCTBA XMHAIM3apH-
HA B KOHLEHTPHPOBAHHOI CEPHOIl KHCJOTE.

Beinoanenne. HeckoabKO MT HCIOJIb3YEMOTO MWHEpaJda HEoO6X01UMO
pacTeperb M pacniaBuTb B cepeOpsHoM THreabke BmecTe ¢ 20—&0 mr
KOH. TIlocie oxaakieHnusi pacmiaBa pacTtsopsiem ero B 8—10 kanasx
Boabl U ¢uabTpyeM. Puabrpar BHcymHBaem B ¢apdhopoBoM THTeAbKE,
noC/Je Yero K HemMy NpHaaeM Kaneabky HACHIUIEHHOTO PacTBOpA THAPA3HHA
cepuoit kueaorst (H,N,H,O,), nBe Kaniu KOHUEHTPHPOBAHHOI CEPHOI
KucaoTH. Bce monorpepaeTcss 10 MOMEHTA mosBJIeHHA Oesoro aeima SOj.
Ilocse 3TOro THreaeK ¢ COJEPKHMBIM OXJakjaaeTcs. 3aTeéM B Hero nobas-
Asetcs 4—5 kaneab pacTBOpPA XMHANM3ADHHA B KOHUEHTPHPOBAHHOI cep-
HOH KHCJIOTE H cMmech Harpesaetcs., B mpucyTctBuu 6Gopa nosBasercs
HHTEHCHBHAA CHHAA OKpacKa.

ArtuM cnocobGoM MOXKHO JOKasaTh npuUCyTcTBHEe Wopa B cuaukatax u
ajaioMocuankarax. OrgpeiTHIO G0pa 3THM METOAOM MEIIAIOT OKPAcKoil CBOMX
HOoHOB Goabimue kosnuuecrsa Fe'*, Co, Cu, Ni, Cr, C8 V° Mn7,
Mn®. OcofeHHO CHABHO MEIIAIT OKHCJHTEJH: €CJH HX MHOro, TO OHH
paspymaioT XHHAJIH3aPHH, €CJAH MaJo — MeHAIOT €ro OKPacKy Ha CHHIOW
naxe B OTCyTCTBHH Gopa.

Onpepenenne 60pa METOAOM PACTHPAHHS NOPOWKA

[1. M. Hcaxos (1953) npeanaraer aas onpenenenus Gopa B NOAEBHX
YCIOBHAX JABE peaxkuHH: ¢ XMHAIN32DHHOM H C XJAOPHAOM DTYTH.

Peakuna ¢ xwuHaausapuioMm. [lpeanonaraeTcs, 4YTO XHHAJIU3apHH
CysHzO; npu BsanmopneficTBiH ¢ G0OpPOM B NPHCYTCTBHH CEPHOIl KUCAOTE 06-
pasyer BHYTPHKOMIIEKCHBIH CIOXKHDI 3¢ p, 064aRal0muil CHHell OKPacKoii.

Brnosnnenwe. MaJsieHbKHII KyCOUeK MHHEpaJa CHavajla pacTHpPawwT B
dapdopoBoil KIOBETKE ¢ HECKOJAbKHMH KPHCTAJNJHKAMH XHHA/JIH3apuHA, 3a-
TeM cMecb obpabaThiBaeTcs Kamael KOHIEeHTPHPOBAHHON CepPHONl KHCIOTEHL.
B npucyterBun Gopa kpacHas WiaH (pHOJAETOBAA OKpacka pacTepToil cmecH
MOMEHTA/JbHO cMeHseTca cuHedl. [lo mepe pacTBOpeHHA B CepHOIl KucaoTe
APYTHX COEXHHEHHIT, MPHCYTCTBYIOUIUX B aHANH3HDYEMOM MHHEpa/de, HH-
TEHCHBHOCTb CHHEIl OKPAacKH YMeHbLIAeTCH.

Peaxkuus ¢ xaopugom prytu (HgCl,). Ochoana na mpeanosaraemom
obGpasosanun coepunenns HgB,0;. HgO xpacuoro upera npu ssaumoneil-
crBuu 6opatos ¢ HgCl,. Ilpumep (B3aumoneficTBHe MuHepala KepHuTa ¢
XJOPHAOM *PTYTH) :

1) 2Na,B,0,-4H,0 + 2HgC, = 2HB,0;-4H,0 + 4NaCl;
2) 2HgB,0. + 6H,0 = HgB,0;-HgO + 4H3BO,.

Boinoanenue. ManeHbkui Kycouek MuHepana pactsopsietcds ¢ 1—2
KPHCTA/IMKAMH  XJOpHAA PTYyTH. 3aTeM cMech oOpaGaThiBaeTcsi KarnJel
BoAb. B npucytcteun 60pa MOMEHTaJbHO TOSABJAAETCS KPACHAA OKpacka.

Caenyer umerth B Buay, yTo KOH u NaOH nocae pacrsopenus ¢ HgCl,
06pasyioT OkHCb PTYTH KpacHoro usera Ge3 obpaborii BOJOI, a confa
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Na,CO; n notam K;CO; nator kpacHo-Gypylo OKpacky nocae npuGasieHns
K pacrepToifl CMECh Kanau BOJHL.

Peakuuio ¢ XWHaJM3aPHHOM CLEYEeT CYMTaThb Hanbo.ee NpHeMAeMOil
1 Gosee YHHBEPCAJbHOIl, NOCKOJAbKY ORa OTKpPhiBaeT OOP 1 B HEKOTOPHIX
CHJIMKATAX.

Onpenenenne Gopa H3HYECKHM METOAOM

B c¢BA3M ¢ KPpYNHEIMH ycmexaMu reoHsnyeckux HAayK B HacToOfIlee
BPEMf VIAJ0Ch BOCHOJIL30BATLCHA AJAsi OOpejeaeHus O0pa METOLOM Heli-
TpoHHoro kaporaxa (Pontecorvo, 1941). MeTo/ OCHOBAH Ha HAaAHYHK Y
atoma Oopa (BY) anomanbpno GOAbLIOTO CEYEHHS 3aXBaTad TEMJIOBHX Hefi-
TPOHOB, B CBA3H C 4YeM npu o00avyeHun OOpOCOAEp:KAIero BelecTBa
GHCprlMH HEﬁTpOHaMH HHTEHCHBHOCTb BTOPHYHOIO U3Jy4Y€HHA YMEHDbIIAET-
ca. B CCCP HeillTpOHHBI KapoTa:x OB NpUMEHeH npu OYPEeHHH /s reo-
¢usuyeckoro onpenetenus Gopocoaepxauux croes. Ilosxe B. K. Xpu-
cTHanoBeiM B B. @. HMeaunopoii (1956) on 6uia npeiioxen g ONPeLeAeHNA
MPOMBIILIEHHBIX KOHUEHTpauuii 60pa B MNopojax M BMecCTe ¢ TeM 418
peructpauun nopoia. oforamennnx Li, Cd, Mg H HEKOTOPHIMH peIKHMH
3emasiMu. B pesyabrate nanbueiimmx uccaenopanuil (XpucrnaHoB M oAp.,
1957) 6wl CKOHCTPYHPOBaH CHENWdAbHBIH anmapart, ¢ NOMOUIbIO KOTOpPOTO
MOMHO OBICTPO ¥ TOYHO B MOJEBHIX YCJIOBHAX ONpERefisth COALDKAHUE
60[33 B MMOopoAax H MHHepaJax. Brlin BHIICHEHBI BO3MOKHOCTH OPpHMEHEHHA
METO0/a, YCTAHOBJeHa O00Jbllafd CXOAWMOCTb pe3yJbTATOB ONpereneHns
60pa 3THM METONOM H XHMHYECKHM H BHICOKAH €ro IpPOH3BOAHTENbHOCTH
B NoJeBuX ycaoBusx (100 ananu3oB 3a CcMeHYy HA OINHOTO aHaaHTHKA).
[MpuHnunyuanbras He3aBUCHMOCThL METOMA OT XUMHYECKOTO COCTABA WCHH-
TYyeMOro MaTeépuana H XMMHYeCcKOi CBsi3u Oopa B MOJEKV./e NaeT BO3MOH-
HOCTb OJIHHAKOBO JIETKO OTKPBEIBATL 6Op B J100BIX NMOpPOAaX H MHHEpPaJax.
IMpenes uyscTBUTEABHOCTH MeTtoza coctaBaser 0,03% B.Os B cBasm c
9THM CJEAYEeT OTMETHTb, UTO DAL 3JeMEHTCB C BLICOKMM CEYeHHeM 3aXpa-
Ta, NPUCYTCTBYIOMUX B nopoae (munepane), MOWKET MCKA¥aTb NOAYUEH-
Hele 3Hayenna aaa B,Og. B Tta6a. 1 (mo B. K. Xpucrnawosy, 1957) npu-
BEIEHH COAepXaHWs MENIAoUNnX 3JeMenToB, skpupasentusie 0,03% B,Os*s

Tabanna 1

DneMeHTo ‘ Li ‘ Cl r Mn | Cd ' Hg J Rh ‘\ Jn Au [ TR (no Gdy
|
| |
Conepxanue 3KBHBA- ’ ’ [
JEHTa TIOTJIOIEHHH, | | |
0,03% B,O; .. .| 0,070,076 3,0 | 0,032/ 0,36 | 0,5 ‘| 0,42 | 1,32 0,002

[lpu onpenenenuu Gopa B mopoaax CJIEAYET MMETh B BUAY XapaxTep
NPHPOJHHIX NAPAr€He3HCOB MHHEepaJaoB Oopa M HX XHMHYECKOTO COCTaBa.
Y runoreHHHX NapareHe3ucoB CYLIECTBEHHOE 3HAYEHHWE B HCKAXKEHHH NO-
JAyYaeMblX JNAaHHBIX HMEET MapraHell, a B 0CaZO4YHLIX — X.J0p. KoHnuentpa-
IlHK OCTAMTbHBIX 3JE€MEHTOB B NOPOAAX YPE3BLIYARHO HU3KH M, Kax Tpa-
BUJO0, HE BIUAIOT HA NOAYUEHHHE DE3VABLTATHL.

Ilpu onpeaenennu comepxands Gopa B ero MuHepalax caeiyer yuu-
THBATh, 4YTO HEKkOTOphe u3 nux coaepxar Li, Cl, Mn, TR. Ilpyrum
MELAIOIHM (AaKTOPOM sIBASETCS BAAKHOCTL (BOAOPOL), C YBEJIHYEHHEM
KOTOPOil CHHXKAETCA YyBCTBUTENBHOCTh annaparypsl. [as vMeHbHmieHus
BO3HUKAIOWHX NMPU 3TOM OmuOOK PEKOMEHAYEeTCs NPONYCKATL B annapar
CepHH npod € OAMHAKOBON BJAXKHOCTBIO, YTO NO3BOJSET KOPPEKTHPOBATD
NOJYYEHHEIE 3HAUEHHS coaep:kanuil Gopa.

* Ilostomy atim MeTtonoMm Gop He onpeneasercd B GpayHuTe d DPeIKO3EMEbHBIX
MuHepanax Gopa (KanmeleHHTe, KapuouepHTe, MeldHOUEPUTE TPHTOMHTE M CTHAJBENIHTE):
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Meroanl (usnueckoro onpenenesus 6opa, B CBA3H C HX TNPOCTOTOI,
OBICTPOTOIT -IPOU3BOACTBA AHAJIH30B H BBLICOKOH 4YBCTBHTEABLHOCTBIO, GYAYT
HrpaTh Ouehlb BaXHYIO POJb NPH MOJEBOM H KAMEpPAJAbHOM H3YYEHHH I10-
poOL H MHHEpaJOB.

Jl1a KoJMYECTBEHHOTO omnpesnenenus 60pa B M0J€ NMOKA MPHMEHSETCS
CHenHanbH0 CKOHCTPYUPOBAHKBIH HellTpoHHEl annapat Xpucrtuanosa. Ou
cHAbXEH BCeM HEOOHXOAMMBIM, B TOM 4HC/€ YIOOHBIM PAAHAKTHBHEIM 00-
AyqareseMm (H30TONMOM) H fBAAETCH XOPOUIMM TOMOULHHKOM IIPH ITOHCKAX
6opa. Bosee Tounble 1aHHBIE O crmOCcOOE@ HCIOAL30OBAHMH 3TOM ANNAPATYPHI
npuBeJeHsl B cooTBeTcTBylonleil uuHcTpykmuu. OHa HMeeTcs B Kax/JI0M
reoJIOrHYeCKOM YIpaBJeHHH.

O6GopynoBaHHE H pEaKTHBBI

Ilaa moaneroro onpejenexus 60pa B MOPOLaX M MHHepaJaX ONHCAH-
HBIMH METOJaMH He0OXO0JHMO HMETh OYE€Hb CKPOMHYIO M0.JeBYIO Jabopa-
TopHio. Ee o6opynosanue; dapdopoBasa Kioserka, I[ECTHK, HECKOAbKO
NpeAMETHLIX CTEKOJ, NagabHaf TpyOKa, MIaTHHOBAS HPOBOJOKA, CIHPTOB-
Ka, cepebpanas JIOXKEUKd, HAKOBAJEHKA, MHHEPaJOrHYecKHi MOJ0TOUYEK,
CTeKJIMHHAA Ia10uKa, Apobuaka. Bmecro dapdoposuix yameuex u mecTHka
ayume Oparh araToBHE.

PeakTHBOB TakxKe HEMHOTO: CO/1AHAA KHCJI0TA, KOHIIEHTPHPOBAHHAS
cepHas KHCJI0Ta, CEPHOKHCIBIT KaJauil, ¢TopucTHil Kaabuuii, aMMuak, coaa,
XJOPHL PTYTH, €AKHil Ka/auil, THAPA3HH CepHOH KHCAOTH, XHHAJH3aPHH,
KypkyMoBass OyMara H CIHPT.

J1s onpeneneHns MHHEIX SJEMEHTOB, BCTPEYEHHBIX B MHHepasax 6opa,
KOJMYECTRO PeaKTHBOB HECKOJbKO YBENHYMBAETCA 3a CUET CHPTa, (heHOouI-
drraneuna, nepexucy ROZOPOAA, POAU3AHATA HATPHA, YIJAEKHCAOTO AMMO-
HHf, KPAacHOH KPOBSIHOH  COJIM, FeKCAHUTPHTA HATPHUA, CBHHIA H MEIH,
CEJUTPHI, HALCEPHOKHCAOrO amMouus, Oypnl, ¢ocdoproil coam, nHpPOCYab-
tdara kaausa, AgHO;, Ca,(NO);.

.

OnTHYEeCKHE METOAbl HCCNEA0BAHHA

BOJBIIHHCTEO TeoJ0r0B W MHHEDPAJOTOB 3HAKOMO C METONAMH OINTH-
4eCKOT0 HCCJAEeN0BaHHs MHHepaaoB u nmopoa. K ux udceay oTHocsiTCs HMMMeEp-
CHOHHEII, KOHOCKONH4Yeckuii u (pemopoBckuili Meronsl. C  HEKOTOPEIMH
HOBLIMH METOAAMH, NMPHMEHsSEMbIMI NMPH ONTHYECKHX HCCACLO0BAHUAX, MOK -
HO DO3HAKOMHUTBLCH, HCOOAL3OBAB KA 3TOr0 PEKOMEHAYeMylo B KOHIE
nepBoil YacTH JHTEpaTypy.

NPOCTEHUIME XUMHYECKHE AHAJIN3bI 3JIEMEHTOB,
BCTPEYEHHBIX B MUHEPAJIAX BOPA

UHC/I0 3JEeMEeHTOB, BXOadamuX B (POpPMyJy MHHepa/sos Gopd, HEBRINKO.
O6BuBbLIMH  ABASIOTCH Ka/JAbluii, Maruuii, KpemHHi, ajlOMunuil M HaIpHii,
pexe BcTpeualorcss GOpHBEE MHHEpaJbl, COJep:Kaline }Ke/aeso, mapranel d
Gapuil, a MHHepa/bl, COJAepikallue B CBOEH (hopmyne Oepuaanii, auTHi,
Melb, MBIIIbSIK, OJOBO, THTAH, KAJHH, 1€3HIl 1 DPEJKO3EMEIbHLIE 3JEeMEeH-
Tel, HCYHCJAIOTCA NepBHMH eluHHuaMd. CuuTasi MeTOL KaueCTBEHHOTO
aHaau3a Pyl W MHHEPAJOB NPH IOMOILLIM PACTHPAHHUA TMOPOUIKOB HanboJee
1e1ec006pa3sHEIM B NOJMEBHIX YCAOBHAX, MpeliaraeM peakuuu, peKoMeHiye-
mble aas 3Tux ucneitauuilt 1. M. HMcakoseim. Oun noApofHO ONHCAHHL B
ero pyxosoxactse (Mcaxos, 1953), snech pasdupars ux ne Oyaem.

OCTaHOBHMCA KOPOTKO Ha OTKPBITHH CONMYTCTBYIOUIHX GOpY KaTHOHOB.
Metaaan WEAOYHOH M LWEJOYHO-3EeMEJbHON Tpynmm aaioT
nepej mas/JAbHOI TPyGKOH napel, OKpamuBalomue miaams. bepyT nuuuerom
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TOHKMH OCKOJIOK HCNHTYEMOTO MHHEpasda H BHOCAT €10 B KOHYC IJIaMeHN
nasibHOH TpyOKK. HabualoneHue Jyullle BCero MNPOW3BOAHWTE HA TEMHOM
done waH B TeMHOH KomHarte. EciH uMeeTcs MIATHHOBAA TPOBOJOYKA, TO
MOJKHO I10/1b30BaTLCA TMOPONIKOM MHHEpaaa, NpeldBapHTEIbHO CMOYEHHEIM
BOJON wau cnaboil coaanoil kucaotoil, [laatmnosaa mpoBoaouka N0MKHA
6bITh MPENBAPHTEALHO TILATENLHO OYHIIEHA MYyTeM KHIIYEHHS €e B Kpem-
KOt COJMSIHOH KHCJOTE H NMOCAEIYIONero NPOKAaJWBAHHA NagjbHON TPYyOKOMH
A0 TEX TOP, NOKAa B mAaMeHu ne Gyaer NOABAATHCH HUKAKOrO OKpalnBa-
Husg. [IpH MOMOIIM OKpAIIMBAHWUA IJIAMEHH MOXHO JIOKa3aTh: HATpHIl, Ka-
JUA, CTPOHLMH, KaJablui, JauTuii, Oapuii, MEObAK H Oop. Heobxogumo
HMETh CHHEE W 3EJEHOE CTeKJ]d.

CrhenyeT yyecTh, 4TO 3e1€HOE OKpauluBaHHe C O6JelHOBATO-MKEeJATHIM
OTTEHKOM faerT Moaubjaen, 6Jae1HO-3eJeH0e — Tealdyp, cypbMma, Toaybosa-
TO-3e/JeH0e — IWHK, OJenHo-roayboBato-seqenoe — ocdop, JAa3ypHO-TO-
ayGoe — ceqen (3amax peabku). Bee aTH ssementhl coeanHenuit ¢ 6opom
He o0pa3ywor. Hexoropee coenyHenus MeAW ¥ CBHHLIA NAIOT 3e/1eHoe U
roay6oe OKpamIiBAHHE ILIAMEHH, HO C HHBIMH OTTEHKAMH.

Onpenenenne anxaioMuuns ¢ nomomwsbio Co (NOj),. [Topomox
WM 3epHO CBETVIOOKPAIIEHHOTO W HEIVIABKOTO cofepixamero Al munepana
npuoGpeTalT CBETIO-CHHUA IBeT, ecad HX cmMouuTh pactBopoM Co(NOjy)a
H 3aTeM CHOBAa MNPOKAJHUTb B OKHCAHTEILHOM IaMeHH (TeHapORd CHHb
Al1,04C00).

Onpenenenue GapHsa ¢ porusoHatoM Hatpusa. Heckonbko 3epen
MUHEPAJA PACTBOPAIOT Ha TPENMETHOM WM YacOBOM CTeK/JAE B COJAAHON
kucaoTe. Pacrtrop meidiTpaqausyior cono#t 1o caaGo kucaoil peakiuu v Ie-
peHocaT Kaiiwo Ha (uabTpoBaabHY0 Oymary. Ha celpoe nsaTHO HAHOCAT
Kamiio pomusonara uatpusi. [lpucyrtcrsue Gapus BH3LIBAET KPAacHOE OKpa-
IHBAHHE.

Onpenenenne GepuaJHua NPH NOMOULM YIIEKHCIOTO aMMOHHS.
Cu¥KaThl IPeIBapHTENbHO CHAABJAAOT € COMOH, 3aTeM CIJaB PACTBOPSIOT
B coastioft xkucaore u ynaasior SiO,. B pacrsope coab Be(NH,).CO; 06-
pasyeT Oesblli OCAfOK, KOTOPHI Jerko pacTBOPseTcs B W3OHTKE PEaKTHBA
(oTaMuHEe OT TJHHO3eMa) MNpH KHNAYEHHH pPAacTBOpa CHOBA BBLIEAAETCH
0CaI0K OCHOBHOH VIVIEKHCJAOH COJMH OGepHJiHe.

XapakTepucTHKA OKPAaWUBAaHUA NJAAMEHH y NMePeuHC/AEHHBIX 3/1eMEeHTOB
npusesena B tabauie 2.

Onpenenenue Mwenesa B MuUHepale:

1. Hcnertanue Ha marHuTHOCTh. Iloc/ie HarpeBaHHS B BOCCTAHOBHTE/b-
HOM TIIaMEHH JKE/Je30COI1epallfe MHHepPaJdbl CTAHOBATCH MATHUTHBIMH.
[Ipu cosnasjaenuu ¢ COA0i nosydaercss MaruuTHeE maak. Bo Beex cayuasax
MATHUTHH — TOJILKO COBEPILIEHHO OCTHIBILIME IIIAKH HIH 06JOMKH MHHEPa/loB.

2. Crexao Oypsl. llpu cnaasieuuu ¢ Oypoil HeGOABIIOTO KOAUUYECTBA
NOPOILIKA MHHepaJsa MOJyuaeTcs CTEKJ0, HMEIOUee B OKHCJANTENbHOM IJd-
MEHH XeJThIli 1IBET W nouTH OecIBETHOe NpPH OCTHIBAHHH, a B BOCCTAHO-
BHTEALHOM I/aMeHd Guaejuo-zeqeHoe (ropsuee) H GeciBetHoe (XO0401HOE).
[lpw conaBiaenud 60JAbIIHX KOJAHYECTB NEpa HMeer OYTHIOUHYIO H Oael-
HO-3€JIEHYI0 OKPAaCKy.

3. Onpenenenne okucHoro xese3a (Fe') ¢ momniubio KpacHoil Kpo-
BsiHO# coau. HeGoabmoe KOJAHYECTBO NOPOLIKA MHHepaJa PACTBOPHIOT B
neckoabkHX Kamiasx HCL Ecam munepas #He pacTBOp#eTcs B KHCAOTAX,
€r0 NpeaBapHTEe/LHO CIJABASIOT ¢ conoil, H cnaasB pacrsopaior B HCL
Kanaio kuesoro pacrsopa HaHOCAT HA (UABTPOBAABHYIO OGyMary M mnome-
40T HA Hee Kamaw BOXHOTO pacTBopa Maum kpucramuk K,Fe(CN);. IMpu-
cyrcrBHe Fe* BoisniBaeT oOpa3opaHHe CHHEro KoJblla Ha Gywmare.

4. OTkpeiTHe 3axkHcHOro jkesaesa (Fe) ¢ moMoibkio KpacHoO# KPOBSAHOMH
comun Kg Fe(CN);. HeGoabimoe koanuectBo pacreopenioro B HCl muue-
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paJia (eCM.MUHEpa HE PACTBOPAETCS, MOCTYNAIOT KAK GBLIO OMHCAHO BHIIIE)
HAHOCAT Ha. (HALTPOBAJABHVIO Oymary W npubaBAfiOT OIHY-NABE KamlaH
KpacHoii kpbBAHOM cousu. [lpucyrersue Fe'r poisnBaeT 00pasoBaHHE CHHe-
ro ocajxa.

Ta6aupma 2
OKpamHBaHHE TMJAaMeHH

Liser OTTeHoK JnemeHT Mpumeuanne
: ’ !
Kearwrit Fycro-weatwiit Na | Toabko CHABHOE M JJHTEABHOE OKpa-
IUHBAaHHE JOKa3BIBA€T IPHCYTCTBHE
| Hatpha. [laams HeBniHMO yepes CH-
| Hee CTeKao.
Kpacubit Or KeatoBaToro | Ca [lpu cMauMBaHHH CONSIHOH WHCJAOTOM
O OPAHKEBOTO | | NOAYYAETCH 3HAUMISADHO WHTEHCHB-
| Hee. Uepes 3eneHOe CTEKAO KameTcs
3€JCHBIM.
Kpacuuiit Barpaubiii J St Illesounan peakius Mocde MpPOKaaHBa-
|  nusa(roxen y Ca,Hone Li) Ceerao-
‘ | eaTwlil UBeT IJAMEHH NDH paccMar-
| \ PHBAHKHI CKBO3b 3€IEHO€ CTEKIO.
Kpacuwiit Barpaueiii Li He ctaHoBUTCH 1IETOMHBIM TTOCAE TPO-
| KanuBauna (oramune ot Sr) Yepes
‘ 3e/ICHOE CTEKJIO MAaMsi He BHIHO.
3enenptit | Wenrosaruit ; Ba lllenoynast peakuus mocle HPOKatH-
| BalHA »
JeaeHslit Spxuit, Hemuoro ‘ B [Tocne mnpokanupanua peako Habaio-
WeNTOBATHIH | naercs 1LeaouHas peakuus. Bonpoc
‘ 0 MPHCYTCTBHH HJAH OTCYTCTBHH Gopa
pewaercd npoboil Ha KYpPKYMOBOH
| Oywmare.
Dyonerosuit | Baepuptit K Uepea cuHee CTEKAO Kawerca muyp-
‘ NYPHO KPAaCHLIM.
Toay6oi Baennuiit [ As

OTkKpHTHE KAJAHA OPH NOMOIM FeKCAHHTPHTA HATPHA, CBHHIA H
meau. Ilopomox Musepasta pacrapaercs ¢ 1—2 KPyIHHKAMH peaKTHBA.
3areM cMecb YBJAXKHAETCA ABIXAHHEM, MOCIE Yero MOMEHTa/JbHO INOfB-
aserca Oypas okpacka. OTKPHITHIO KaaHA B ABOrajpure Memaer Ie3uil.
Peakuus npoTexkaer 110 yPaBHEHHIO:

2 KNO;+Na, Pb Cx (NO,); =K,Pb Cyx (NO,); + 2NaNO,

JluTH# M HaTpHil XOpOUIo H GHICTPO OIpPene/sI0TCs OKpallHBaAHHEM
M/AMEHH.

OnpeaesenHune KaJdblUusg U MAaTHUA JAOBOALHO CIOXKHO H HA
Pe3yJabTATHl PRaKIHA B NOJIEBBIX YCIOBHSIX HE BCErjla MOXKHO MOJOMKHTHCA.
OueHb XOpOUIO AHATHOCIHPYIOTCS MPH IIOMOLIM CIEKTPaJbHOrO aHaIH3a.

OTKpHTHE MApraHua B MUHHEpPalaX IpPH TMOMOIIH CIIaBAEHHS
HX C CeIUTPOil MM COLOM B VIIKE IJIATHHOBON NPOBOJOYKH. C ceqntpo#t —
roayboBaTo-3eqeHblit nepa; ¢ conoi — 3eneHslt (ropauuit) 0 roavooBaTo-
3e/IeHBIH (XOJA0AHBIi) B OKHCJAHTE/IbHOM IJaMeHH, B BOCCTAHOBHTENLHOM —
Gesplil.

Onpeneaense mapradiua ¢ NOMOUIBIO HAACEPHOKHCIOTO dMMOHU.
IMopomox MuHEpaaa pacTBOPSIOT B HECKOJABKHX KaligX CepHOl KHCAOTH,
sateMm mpubasasior age-tpu kanan AgNO; M HECKOJbKO MeJKHX KpucTaJj-
JIUKOB HajacepHokucaoro ammoHuai (NH():S:0s. PacteBop okpammupaercs
B ()HOJETOBHI LBeT.

OrkpuTHe Menaun npu noMmomu nepioB 6ypu u docdopuoil coan.
B okHCAHTeIbHOM MaMeHH HepJH HMEIOT 3eqeHOBAaThil I1BeT (ropauue)
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