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[INTAHUPYEMBIE PE3VYJIbTATBI ObYUEHHMA (OOII 05.04.01)

I'eonorng
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pe3yJibTara

Pesynbrar 00yueHus
(BBIITYCKHUK JOJKEH OBITh TOTOB)

[TpodeccrnonanbHbIe KOMITIETEHITUT

Pl

BbIMycKHMK TOTOB MNPUMEHATh TIJyOokue ©0a30Bble U CIEHUAIbHbIE
€CTECTBCHHOHAYYHbIC M Mpo(decCHOHANbHBIE 3HAHHWS B MPOPECCHOHATHHON
NESTENIbHOCTH JJIsl pelleHus 3a/1a4 00ecreueHnss MUHEepalbHO-ChIPhEBOil Oa3bl
Y PAllMOHAIIBHOTO IPUPOJIOIIOIB30BaAHUS

P2

BeiryckHUK C€IOCOOEH NMPOW3BOAUTH IOJICUET 3alacoB M OLECHKY PECypCoB,
MPOBECTHU TMOUCK U MOJ00P MaKCHUMAaJIbHO PEHTAOCIBHBIX TEXHOJOTUH T0OBIYH,
CXEM BCKpPBITHS PyIbl Ha MECTOPOKACHUSX, OCYIIECTBIATH TI'COJIOTHYECKOe
COIIPOBOXKICHHUE pa3paboTku MecTopokiaeHnid Hedtn m raza. CnocoOew,
BBINIOJIHATH MOJICIIUPOBAHUE /ISl OLEHKH JIOCTOBEPHOCTH 3alacoB U BHIOOpa
KOHIWIIMOHHBIX MapaMeTpoB, paspadborarb TOO KOHAWIMK A YYacCTKOB
BBIOOPOYHOH JIeTaTH3aLUH.

P3

BhINyCKHUK CHOCOOEH OCYIIECTBIIATh TMOMCKH W Pa3BEIKY MECTOPOXKICHUI
HedTH, Ta3a, ra30BOro KOHJCHCATa; OPraHM30BaTh M MPOBECTH COOp, aHAIM3 H
0000meHne (POHIOBBIX T'€OTOTHYECKHX, TCOXUMUYECCKUX, TeOPUINICCKUUX U
JIPYrUX JAHHBIX, pa3pabaThiBaTh MPOrHO3HO-TIOMCKOBBIC MOJCIH Pa3IMYHBIX
r'€OJIOrO-MPOMBIIIUICHHBIX THUIIOB MECTOPOXKACHUH, (OPMYIHpOBaTh 3aJa4yu
reOJIOTMYECKUX M Pa3BEIOYHBIX paboT.

P4

MoskeT cOBEpIIEHCTBOBATH CYIIECTBYIOLIUE U Pa3pabdaThiBaTh HOBbIE METO/ABI U
METOAMKM  HCCIeAOBaHUsA  Bellectsa, InposeneHus IPP,  TexHuko-
TEXHOJOTMYECKHE pEIIECHUs, BECTH IOUCK HOBBIX TEXHOJOTHI [00bIYM U
nepepaboTKU pyJd U YIJIEBOPOAOAHOTO ChIPbs. MOXET CaMOCTOSTENIBHO
BBITNOJHATH JIa0OpaTOPHBIE U 3KCIEPHUMEHTAIbHBIE T€0JIOr0-re0(hu3nuecKue u
MUHEPAJIOro-reOXMMHUYECKUE UCCIEJ0BAaHUs C UCIOJIb30BAHUEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHH.

OOHIeKyIbTYpHBIE KOMIIETEHITUN

P5

OO6nagaer BBICOKUM YPOBHEM CTPEMIIEHHUS TOKa3aTh BBICOKHE PE3yIbTaThl,
TOTOBHOCTBIO B3SITh Ha C€0s1 TOTIOJHUTEIBLHYIO OTBETCTBEHHOCTh

[IposiBnsieT onTUMU3M. 3aJyMBIBAE€TCSI O TOM, YTO BBIXOAMT 332 PAMKH CUTYyaIlu1
U JIp.

P6

Cnioco0eH 0TKa3aThCs OT TPATUIIMOHHBIX MTOIX0/I0B, TEHEPUPOBATH HOBBIE UEU
u  moaxoawpl. CrmocoOeH HAWTH HOBBIE BO3MOXKHOCTH  Pa3BUTHS B
HEONpPEeIETICHHBIX CUTYalusIX U JIp.

P7

O¢ddexkTrBHO paboOTaTh MHIMBUAYAJIHHO, B KaueCTBE 4YJI€HA U PYKOBOIUTEIS
TPYIIBI, COCTOSAIIEH W3 CHENUAJIMCTOB PA3JIMYHBIX  HANpPAaBICHUM U
KBAJTM(PHUKAIUN, JEMOHCTPUPOBATH OTBETCTBEHHOCTh 32 PE3YNIbTaThl PabOThI U
TOTOBHOCTB CJIEA0BAaTh KOPIIOPATUBHOM KYJIBTYPE OpraHU3alMH.

P8

AKTHBHO BNIa/IeTh MHOCTPAHHBIM SI36IKOM Ha YPOBHE, TIO3BOJISAIONIEM paboTaTh B
WHTEPHAIMOHAJILHOM KOJIJIEKTHUBE, pa3pabaThiBaTh JIOKYMEHTAIHIO,
MPE3EHTOBATh M 3aIlMINATh PE3YJIbTAThl WHHOBALIMOHHOW JIESITEIBHOCTU B
reoJIoropa3BesouHoi chepe.

P9

CaMOCTOSITEIPHO YYUTHCS ¥ HEMPEPHIBHO MOBBIIIATH KBATH(UKAIUIO B TCUCHUE
BCETO MepHoia NpoPeCcCHOHATHLHON e TEILHOCTH.
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TEXHUYECKOE 3AJIAHME:

HcxonHble naHHbIe K paboTe
(HaI/IMeHOBaHI/Ie O6'beKTa HUCCIICAOBAHUA NN

MPOEKTUPOBAHUS; TIPOU3BOIUTEIIEHOCTD WITH
Harpy3Kka; pe:xuM paboTsl (HEMPEPHIBHBIM,
TIEPUOANYECKUH, TIMKITUISCKUAN U T. JI.); BUJT CBIPbS
WK MaTepuai u3Jienus; TpeOOBaHUS K MIPOAYKTY,
W3JICTTNIO WJIH TIPOIIECCyY; 0co0bIe TpeOOBaHUS K
0COOCHHOCTSIM (PYHKITMOHUPOBAHUS
(PKcrmyaTanun) 0OBEKTa WTH U3ACIHS B IUIaHE
0€30MMacHOCTH IKCILTyaTalliH, BIUSHUS Ha
OKPYKaIOIIYI0 Cpey, SHEpro3arpaTam;
SKOHOMUYECKHUI aHAIH3 | T. 11.).

OOBEKTOM HM3YyYCHHS SIBISIETCS MHUHEPATl MOHAITUT H
€ro pa3HOBUIHOCTH KYyJIAPHT;




[lepedens noanexalmx UCCiIeJ0BaHUIO,
IIPOEKTUPOBAHUIO U pa3pabOTKe BOIIPOCOB
(ananutudeckuit 0030p MO TUTEPATYPHBIM

WUCTOYHUKAM C LIEJIBIO BBISICHCHHS TOCTHIKCHUN
MHPOBOW HayKH TEXHUKHU B pACCMATPUBAEMOMN
00acTH; MOCTAaHOBKA 3a/1a41 MCCIeIOBaHUs,
MPOEKTUPOBAHUS, KOHCTPYHPOBAHWSI;, COIEPIKaHNE
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JIOTIOJTHUTENIBHBIX Pa3/IeoB, TIOICKAIIINX
pa3paboTKe; 3aKiItoUeHUe 1o padore).

O6H.II/I€ CBCACHHUA O MHUHCPAJIC MOHAIWUT, MUHCPAJIOTO-

FeOXMMUYECKUE OCOOCHHOCTH MHHEpajla Hu €TI0

Pa3HOBUAHOCTU TIO  pE3yJibTaTaM HCCHGI{OBaHHﬁ;

OTJIMYUTCIIbHBIC YEPTHI MOHAIIUTA U KYyJIapuTa.

[lepeuens rpaduueckoro mMarepuana
(c TOYHBIM yKa3aHHEM 00sI3aTENbHBIX YepTeKeil)

1 ¢wusmueckas kapra,l cxema, 6 nmuarppamm, 15
¢dotorpadwuii, 13 Tabmu
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(c yxazaHueM pa3JeioB)
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«®UHAHCOBBII MEHE/DKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHHME»
CryneHry:
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1.

CroumoCTh pecypcoB HAay4yHOIO MCCIENOBAHUSA
(HN): MaTepUalbHO-TEXHUYECKHUX,
SHEPreTUYECKUX, (MHAHCOBBIX,
WH(POPMAIMOHHBIX M YEJIOBEUECKUX

[Tpu u3rotoBneHuu NUTHQPOB U aHILTU(HOB

HopMbl 1 HOpMaTUBBI pacX0J0BaHUS PECYPCOB

CCH-92; CHOP-93; BIICH

Hcnonp3yemass  cucremMa  HaJOroO00JIOKEHMUS,
CTaBKU HAJIOTOB, OTYHCIEHUH, AUCKOHTUPOBAHUS
Y KPEeUTOBAHUS

Hasoroseiit KOJIEKC Poccutickoi

®deneparuu

HepequL BOIIPOCOB, IMOAJICKAIINX NUCCIICAOBAHUIO, IIPOCKTUPOBAHUIO U pa3pa60TKe:

1.

OlleHKa KOMMEPYECKOI0 W HWHHOBAIIMOHHOTO
noteurmana HTU

Pacuer crommoctu O3Il, oTumciaeHuil Ha
COII. HYXJIbl, aMOPTU3AIIMU, MATEPHAIIOB

. Pazpabotka

yCTaBa HAaYYHO-TCXHHUYCCKOI'O

IIPOEKTa

CocraBneHne TIIaHa WUCCIEIOBAaHHH IO
aHaJIM3y MIIH(OB

3. IlnanupoBanue mnpouecca ympaneHuss HTU: | CocraBieHne CMETHOM CTOMMOCTH IO
CTpyKTypa U rpaduK TPOBENCHMs, OIOHKET, | N3TOTOBICHUIO NITU(OB
PHUCKHU ¥ OpraHu3alus 3aKyNoK
. ., | Ob6ocHOBaHUE HEOOXOAUMOCTH
4.  Ormpexgenenne  pecypcHoi,  (HUHAHCOBOM,

HKOHOMHUYECKON 3P HEKTUBHOCTH

HU3TrOTOBJICHUA HIJ'II/I(l)OB 1 UX OIIMCaHUusA

‘ JlaTta BbIIaum 3aaHus 71 pasjiena no JuHeHHOMY rpaguky ‘

3a;[aHHe BbIJAJI KOHCYJIbTAHT:

JomkHOCTh 0)4(0) VYuenas [Tonnuce Hara
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3BaHUE
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I'pynna 5(0) ITonnuce [Hara
2JIMSA KoctpuieBa Anacracusi AHIpeeBHA




PEDEPAT

Beimycknas kBanmudukammonHas padora 105 c., 23 puc, 13 Ttabm.,

UCTOYHUKA, 1 mpui.

KntoueBbie CJIOBa: MOHAIIUNT, KVYJIAPUT, PEJIKME N
PAJIMOAKTUBHBIE ODJIEMEHTbI

OO0OBexTOM HCCIICAOBAHUA ABJIAIOTCA MUHCPATI MOHAIUT U €I'0 PAa3HOBUAHOCTD

KyJIapuT.

[enp paboTel — WM3yueHHe MHUHEPATOTO-TEOXUMHUYECKUX OCOOEHHOCTEN
MOHAIIUTOB M PACCMOTPEHHE MX KaK MOTECHIIUATBHBIX UCTOUYHUKOB PEAKO3EMEIbHBIX

QJICMCHTOB.

B nmponecce wuccnenoBaHus INPOBOJWIMCH HCCIEAOBAaHUS 3JIEMEHTHOIO
COCTaBa, IIEKTPOHHO-MUKPOCKOIIMYECKUE UCCJIEIOBAHMS, OIIPENEISIIOCH
IPOCTPAHCTBEHHOE PACIPENEICHUE PENKO3EMENBHBIX J3JEMEHTOB B KpUCTaJUIax

MOHAaIIUTOB.

B pesynpraTe uccienoBaHHMs TMOKa3aH 3JIEMEHTHBI COCTaB MOHAIUTOB,

COIMOCTAaBJICHBI COACPKAaHMS TCX WJIM MHBIX 3JICMCHTOB B MUHCpAJIAX.

CrenieHp IMPUMCHCHUS: HACTOAIIAsA pa60Ta HaxoAWnTCsa Ha CTaMU HAYYHOI'O

HCCICOAOBAaHU:.

OO0acThb MMPUMCHCHUA: ITIOJTYUYCHHBIC TAHHBIC MOT'YT OBITH MCIOJIL30BaHBI IIpu
I[ElJ'H)HCfIHICM N3Y4YCHUN MOHAIUTAa U €TI0 PA3HOBHUIHOCTH KYyJIapHUTa, 4 TAKIKC IIpU

aHaJIM3€ MUHEPAIbHO-ChIPbEBOM 0a3bl.



CIIMCOK COKPAII[EHUI

['OK — ropHo-o0oratutenbHbIil KOMOMHAT

I'OI'X — reosKoJIoTHs U TEOXUMHUS

NHAA — uHCTpyMEHTaIbHBIA HEUTPOHHO-aKTUBALIMOHHBIA aHAJIN3
PAH — Pocculickas akagemust HayK

P35, REE — penko3eMenbHbIC 2JIEMEHTHI
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BBE/JIEHUE

MonaruT — MuHEpaJI, IPEeACTaBIIeT cO00H Oe3BOIHYIO cMeCh (hochaToB
peaKO3eMeNIbHBIX METAJIIOB U TOpHs U o0o3HayaeTcst dopmynoit (Ce, La, Nd,
Th)PO,4.B monanuTe 00praHO comepkutes ot 3,5 10 10% okcuma Topust (ThO,).
CyMMma peiko3eMeNIbHBIX OKCHJIOB (TJIaBHBIM 00pa30oM LIepuH, JIaHTaH, HEOAUM ), KaK
MPaBUIIO, coCcTaBIsAET 55—74%, B TOM YUCIIE UTTPUM U DIIEMEHTHI UTTPUEBOM TPYIINbI
(1-3%, pexe 4—8%), conepkanue okcuaa dpochopa (P,Os) BappupyeT B peaenax
18,4-31,5%. Kak uCTOYHUK PEIKUX 3eMeIb U TOPHS MOHAIIUT MPEJACTABIISICT

POMBIILICHHBIN HHTEpec [26].

HGJ'IL pa6OTBI: BBISIBUTh TCOXHUMHUYCCKUC U MHUHCPAJIOTHYCCKHC 0COOCHHOCTH
MOHalluTa M €ro pasHOBUAHOCTHU — KyJapuTa C HCIIOJb30BaAHUCM COBPCMCHHBIX
MCTOO0OB I/ICCHCI[OBaHPII)'I, a TaK X€ HuX IIOTCHIHAJI B Ka4€CTBC HMCTOYHHKA

pEIKO3eMETbHBIX MUHEPATIOB U TOPHSI.
3a1aun ucciaeq0OBaHUIA .

" OIICHUTH COBPEMCHHBIMH  METOJaMH  MHUHEPAJIOTHYCCKUE U
reOXUMHYECKHE OCOOECHHOCTH.

" OLICHUTh MOTEHIIUAIBHYIO BO3MOXXHOCTb U3BJIeueHUs P30.
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1 OB30P PAHEE ITPOBEJIEHHBIX UCCJIEJOBAHMIA

Bnepssie muHepan Obul OTKpbIT Ha FOxxHOM VYpane B MibMeHCKHX ropax
(Uensbunckas obnacts) B 1826 HemenkuM MunepanoroM MoxaxHecom Mewre.
Ha3Banue MuHepana mpou30IuIo OT TPEUYECKOT0 CJI0Ba «MOHA30» — YEIUHSIOCH, U3-
3a PEIKOCTH €To MePBhIX HaX0a0K[26].

B cocraBe MuHepana couepxkaHue OKMced peakux 3emenb (B ocHoBHOM Ce,
La, Nd, Pr) moxer mocturate 50—68%. B cBoio ouepenp coxepxkanune P,Os
Haxonutcs B mpenenax 22—31,5%. B Buge npumeceid mpucyrctByeT Takke ThO,
(5—10 %, B HekoTOpBIX ciydasx 10 28 %), SiO; (1o 6 %), a uaorma CaO u SOs.
Xumudeckass ¢dopMysia MoHanurta 3amuceiBaetcs B Buue (Ce,La,Nd,...)[PO4]. B
OYCHb HE3HAYMTEIbHBIX KOJIMUECTBaxX coaepikutcs takxke MgO, MnO, PbO, Fe,Og,
A|203 n H20[12]

CunHronuss MoHamuTa MOHOKIMHHASA. OOJIMK  KPUCTAUIOB  OOBIYHO
Ta0NUTUYATBIM, peXxe MNPU3MATUYECKHUM, HM3OMETPUUECKUM ¢ MUPAMHUIATbHBIN.
HaOmronaercs mrpuxoBka. BeTpeuaercst 0ObIYHO B BUJIE MEJIKMX KPUCTAJIJIOB.

[IlBer moHammMTa BaphbUPYETCS OT JKEITOBATO-Oyporo J0 KPacHOTro, PEIKO
OBIBAIOT 3eJICHBIC KPUCTAILIBI. BileCk CHIIbHBIN CTEKIISTHHBIN, )KUPHBIH[12].

Teepnocts 5-5,5. Yaenensiii Bec 4,9-5,5. CmaifHOCTh MHOT/IA COBEPIIICHHAS.
Cpenn mpouux TPHU3HAKOB NPHUCYTCTBYET PaAJUOAKTUBHOCTH (M3-3a COJACpIKaAHUS
ThO, B cocrase)[12].

B rpanuTtax u merMarurtax OMpeAessieTcs MO XapaKTepPHBIM TaOIUTYATHIM
dbopmMaM HEMpO3payHbIX KPUCTAUIOB TEMHO-KEJITOW WU KpPaCHOBATO-Oypoii
okpacku[12].

JpyrumMu AMarHOCTUYECKUMU TPU3HAKAMU SBJISFOTCS TO, YTO B BHJIE
nopoika, cModeHHbI H,;SOy4, Mpu NpoKaTUBaHUK OKpPAIIMBAET IJIaMsi B 3E€JICHBIM
neet. B HCI ¢ tpynom pactBopsiercs, Beinenss Oenbiii ocamok. C Oypoii oOpasyer
CTEKJIO, B TOpSYEM BHUJIE JKEITOC WM IKEITOBATO-KPACHOE, NPH OXJaKICHUU

OecrseTHOE[12].
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Kak #CTOYHUK pemkux 3eMelnb H TOpPUS MOHAIUT TPEACTaBISIET
POMBITIUICHHBIN nHTEepec. JloObIBaeTCs MOYTH MCKITIOYUTEIBHO U3 POCCHINIEH IMyTeM
IPOMBIBKH, TP KOTOpPOW Oaromapsi OOJIBIIOMY YACIBHOMY BECY HAKOILUISETCS B
TspKenon (pakuu[12].

[lpumeHeHne  penkux  3eMellb, TMPEUMYIICCTBEHHO  IIEpHsl, BechMa
pa3HooOpa3zHo. B Hacrosimee Bpemsl OHM TJIaBHBIM OOpa3oM HCIOJB3YIOTCS TIPH
NPOM3BOJICTBE MUPOPOPHBIX CIUIABOB W IEPHEBBIX YIJIEH Ui IyrOBBIX JIAMIT B
npokekTopax. [I[puMEeHSFOTCS OHU TaKKe TPU U3TOTOBICHHU 0COOBIX COPTOB CTEKOJ,
MPOMYCKAIONINX CBETOBBIC JIyUH, HO OTPAXKAIOMIUX YIbTPa(QUOIECTOBBIC M OOJIBIIYIO
9YacTh TEIUIOBBIX JY4Cid, 3aTEM B MPOU3BOACTBE MPOYHBIX JICTKUX CIUIABOB (HAIIPUMED
Hepusi ¢ MarHueM, ajJlOMHUHHEM H JIp.), B Ka4ecTBE KaTaJH3aTOPOB B PA3JIMUHBIX
OTpACISIX XUMHUYECKON MPOMBINUICHHOCTH, & TaKKe B KAa4eCTBE KpacuUTeNed W s

MHOTHX JPYTHX 1enei[12].
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2 T'EHETUYECKUE THUITbl MECTOPOX/IEHMI MOHALIMTA

2.1 TlermaTuTOBBIE MECTOPOXKICHUS

2.1.1 MoHanmToBbIE ITIErMATUTHI

MoHanuT BechbMa YAacTO BCTPEYAETCS B PAHHUX THUIAX IETMATUTOB,
MIPEACTABICHHBIX CPEAHE-3€PHUCTBIMU WJIM KPYIHO3EPHUCTBIMH PA3HOCTSMH; IIPU
TOM OH TECHO aCCOLMMPYET C HUPKOHOM, I'PAHATOM, MArHETUTOM HU. OMOTHUTOM.
Takue CpegHEe3epHUCTBhIE IIETMATUTHI CBS3aHBl B3aUMHBIMU  MEPEXOJAMU  C
KPYITHO3EPHUCTHIMHU KWIBHBIMUA T'PAHUTAMU, U OTJIMYUTh UX JIPYT OT Jpyra HE BCeraa
MPEJCTABISACTCS BO3MOXKHBIM. [Ipum  paspymeHMM 3STUX TETMATUTOB  4YacTo
00pa3zyroTcs MOHAIMTOBBIE pocchinu. [10J00HOTO THTIA TETMATUTHI HE MPEICTABIISIOT
IPAKTUYECKOI0 HMHTEPECA, 3a HCKIIOYEHHEM TEX CIIy4aeB, KOrJa Ha MOUIHBIX U
MPOTSHKEHHBIX TErMAaTHUTOBBIX TelaxX pPa3BUBAECTCA KOpa BBIBETPUBAHUSA. Takue
CUJIBHO BBIBETpEJIbIE M MPEBPAILLCHHBIE B JPECBY MOBEPXHOCTHBIE YYaCTKHU
MEerMaTUTOBBIX TEN MOTYT YCIEIIHO pa3padaThiBaThCsl KaK  DIIIOBUAIBHBIC
pocchinu [16].

CkomyieHusT MOHAUUTAa BCTPEUYAIOTCA B IEJIOM pSAE CIy4aeB U B
nuddepeHIUPOBaHHBIX TMErMaTUTax, B AacCOIMAlMd CO MHOTUMH JIPYTHUMHU
PEIKO3EeMENBbHBIMM MHUHEpaJlaMH, a TaKXe€ COBMECTHO C YEPHBIM TYPMaJIMHOM H
oepumioMm. [lo manapiM D. MHrepeona, B MOHAaIMTax NErMaTUTOB BCTpEUYaETCS
MEHBIIIE 3JIEMEHTOB LIEPUEBOM TPYIIIbI, Y4EM B MOHAIUTAX T'PAHUTOB. boiee Toro,
MOHAIIUTBI, BBUTBHIE W3 pa3IMYHBIX 30H NermMatutoB bpasunuu (pailon MuHnae
Kepauc), comepkar paziM4HOE KOJWYECTBO JJIEMEHTOB LIEPUEBOM M HUTTPUCBOU
Ipynmnbl, TpU 3TOM HaOMIOJAETCs CIEAylolias 3aKOHOMEPHOCTb: 4YeM TO3XKe
BBIJICJISIFOTCS MOHAITUTHI B TETMATUTAX, TEM OOJIbIIIE B HUX COJEPIKUTCS IJIEMEHTOB

UTTPUCBOU Tpymbl [9].
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2.1.2 KceHOTUM-IIMPTOIUT-YPAHUHUTOBBIE TErMATUTHI

B umemom pspe palloHOB — IUIArMOKJIAa3-MHUKPOKJIMHOBBIE — IETMATHUTBHI,
paszpabaThiBaroluecss Uil TOJYYeHHS]  KepaMHUYECKOrOo  ChIphbs,  COJIEpKar
MOBBIIIIEHHOE  KOJIMYECTBO  PEIKO3EMENIbHBIX  aKIIECCOPHBIX  MUHEPAJOB,
MPECTAaBICHHBIX KCEHOTUMOM, MOHAIIMTOM, UHOT/Ia opTUTOM. Kpome Toro, peakue
3eMJId BXOJSAT B cOCTaB c(eHa, IUPTONMTA, amaTura W ypaHuHuTa . Bce atu
MUHEpPAJIbl  COCPENOTOYEHbI OOBIYHO B  KPaeBbIX IUIArMOKJIA30BBIX  30HAX
MErMaTUTOBBIX TEJ, TIJ€ OHU TECHO AaCCOIUUPYIOT C OUOTUTOM, MYCKOBHUTOM,
rpaHaTOM, amaTUTOM, TYypMaJIMHOM. Pexe 3TH MHUHEpanbl TNOSBISAIOTCA B

IIEHTPAIbHBIX, MUKPOKJIMHOBBIX 30HaX IerMaTuToB [16].

2.2 T'mapoTepMaibHBIE MECTOPOKICHHS

2.2.1 MecTopoxaeHus, TEHETHUECKN CBSI3aHHBIC C TPAHUTHBIMU UHTPY3UBHBIMU
koMIiekcamu. Kaccutepur-Boab(paMUTOBBIE KUITbI C KCEHOTUMOM WJTU
MOHALIUTOM

YkazaHHbIE MECTOPOXKICHUS OTJIMYAOTCA KOMILIEKCHOCTRIO (Sn, W, TR, Mo,
Nb) u BBICOKMM COIep>KaHHEM PEIKO3EMENIbHBIX 2JIEMEHTOB.

ot MECTOPOKICHUS 4acTo MIPECTABIICHBI MaJIOMOIITHBIMH
KpyTONaJaloIUMU KujdaMu (O0JbIIEH YaCThIO CO CIOKHOU CUCTEMON OTBETBJICHUN),
MPOCIICKUBAIOIIMMHUCSA Ha OOJIBIIIME PACCTOSHUS B DHJAOKOHTAKTHBIX 30HAX
WHTPY3UBOB, C KOTOPBIMU OHM T€HETUYECKH CBsizaHbl. CaMH MacCCHUBBI CIIOKEHBI
KPYITHO-, CpeHe- M MEJKO3EePHUCTBIMU (QIJIMTOBUIHBIMU) TpPaHUTAMH, T'PaHUT-
nopbupaMu W THOPHIHBIMHM IOPOJAMH TPAHMTOMJHOTO COCTaBa C HEOOJBIIUMH
CKOIUICHUSIMH  IIJUPOBBIX  KBapI-OMOTHUT-MUKPOKIMHOBBIX  IETMAaTUTOB  C
TypMaJIMHOM, HWHOTZa (PEepriocOHUTOM. ['paHUTHI HAa KOHTAKTE C CEKYIIUMH HX
TUAPOTEPMAIIBHBIMU  PYJIHBIMU JKWJIAMU YacTO 3aTPOHYThI METaCOMATHYECKUMHU

IpoIecCaMu, KOTOPbIE MPUBOJIAT K MHTEHCUBHOM MX XjlopuTu3anuu [16].
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HaunOoiiee pacnipocTpaHEHHBIMA MUHEPAIAMH 3TUX KUJ SABISIOTCS: XJIOPHUTHI
(TIOPUHTUT, CTPUIOBHUT), MAarHeTUT, TIE€MATUT, KBapl; pYyAHbIE MHUHEPAaJbI
IPEJICTaBICHbl KACCUTEPUTOM, BOJIBPPaMUTOM U KCEHOTUMOM WJIM MOHAIIUTOM.

B momumMHEHHBIX KONMMYECTBAaX B JKMJAX BCTPEUAIOTCSA: OPTHUT, (IIIOOPUT,
IEEJIUT, APCEHONUPUT, MUPHUT, XAJIbKOIHUPUT, MOIUOACHUT, c(pajepuT, TaJCHUT,
CTaHHHH, BUCMYT, KaJIbIIUT, TYPMAaJIHH, CHACPOOUILTHT, MycKOBUT [9].

OCHOBHOI peaKO3eMENIbHBI MHUHEPAl KCEHOTHUM - BCTPEYAETCSl B BHJIE
menkux (0,2 MM) KpUCTalIOB, IVIaBHBIM 00pa3oM B XJIOPHUTax, a TaKXke B Oosee
NO3JHUX KBapLEBbIX 000coOieHusX. Ha oOTHenpHBIX MECTOPOXKIEHUSAX BMECTO
KCEHOTMMa MOSABIISIETCSI B 3HAYMTENBbHBIX KOJM4ecTBax MoHauMT. Ilpu pazpabotke
JAaHHBIX MECTOPOXJACHUI Ha OJIOBO U BOJIb(PpaM MOIMYTHO MOTYT U3BJIEKAThCS U3 Py

U peakue 3emiu [16].

2.2.2 MecTopoXaeHHs, TEHETHUECKH CBSI3aHHBIC C KOMIUIEKCAMU CYOIIETOUHbIX U
QJISICKAUTOBBIX IPaHUTOB. KBapI-1oJeBOIIIaTOBO-CEPULIMTOBEIE TEJIA C
CyIb()UIHON U peIKO3eMENTbHOM MUHEpaIN3aluen

Cpenu TUIPOTEPMAIBHBIX PEAKO3EMEIbHBIX MECTOPOXKISCHUH OCOOCHHO
BBIJICTISIIOTCSL  IITOKBEPKOOOpa3Hbie, OTIMYAIONMIUECs KPYMHBIMU — MaciuTtabamu,
OTHOCUTEJIbHOM  PaBHOMEPHOCTBIO  paCHpEleNICHUs  OPYACHCHMS,  CJIO0XXHBIM
MUHEPAJIOTMYECKUM COCTaBOM U pa3zHOooOpa3ueM mosie3Hbix kKoMroHeHToB (TR, Pb,
Zn, Sn, Mo, Nb, Ta, Th, Zr, In, Hf, Cd, Ag). Pyansie Tena B psne ciaydyaes
MPEACTABIAIOT COO0OM ITOKM T'paHO(PUPOB, MPOCTPAHCTBEHHO W TEHETHUYCCKH
CBSI3aHHBIC C QISICKUTOBBIMU TI'paHUTAMU, MPOPBHIBAIOIIMMU IMaparHeicsl U amdu-
OOJIOBBIE CHAHIBI. DTH AISICKATOBBIE TPAHUTHI, IMMO-BUIUMOMY, SBIISIIOTCS OoJiee
MO3/IHUMH JIOMIOJTHUTEIbHBIMU HWHTPY3USIMH, CBSI3AHHBIMM C CHUEHHUTAMH, KakK 3TO
OTYETJIMBO YCTAaHABIMBAECTCS BO MHOTIMX panoHax. [lo3mHedmmmu mnporueccamu -
KBapIleBOr0 METacoMaTo3a rpa-HoGUphl B OOJBIICH CBOECH YacTH MpEBpaIlCHBI B
KBapIEBO-CEPUIIUTOBBIC MTOPOJIbI, a CIAHIbI B TPUKOHTAKTOBON YaCTH — B POTOBUKH;

B HHUX OTMCYANOTCA CKOINUICHUA M TOHKAA BKPAIUICHHOCTH PYIAHBIX MHUHCPAJIOB, ad
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TaK)Ke TyCTasi CEeTh MPOXHWIKOB W JKWJ, CaMbIX Pa3HOOOpPA3HBIX IO pa3MepaM H
MUHEPAJIOTHIECKOMY cocTaBy[16].

OTIMYUTETEHBIMA OCOOEHHOCTSMH MECTOPOKICHUM 3TOTO TUTIA SBIISIOTCS:

1) TecHBIi TapareHe3uc pPEAKO3EMEIbHBIX ¢ TOPUEBBIX MHHEPAJIOB
(MOHAIMTa, KCEHOTMMA, HTTPOJIAPU3NTA, TAPU3UTA, MaJlaKOHa, (EPPUTOPHUTA,
uttpodrooputa, Quroodeputa) ¢ cyiabpuaamu  (raJeHUTOM, chaJepUTOM,
MOJIMOJIEHUTOM, TTUPUTOM) M C KWJIBHBIMH MUHEpajdamMu (XJIOPHUTOM, OPTOKIIA30M,
OMOTUTOM, KBaplieM, (QIFOOPUTOM, CEPUITUTOM );

2) pasaeneHue pEeAKUX 3eMellb MPUPOAHBIMU MpPOIEcCaMH B  YCIOBHUSX
IIEJI0YHOM KapOOHATHOM cpelbl ¢ 00Opa30BaHUEM IEPUEBBIX (MOHAIUT, MAPU3UT) U
UTTPUEBBIX MHUHEPAIOB (KCEHOTUM, HTTPONAPU3UT, HUTTPOQIIOOPUT), KOTOPHIE
COJICPIKATCS B MECTOPOXKACHHUSX PHUOIM3UTEIILHO B paBHBIX KoyimdecTBax[16].

JleTanbHble MUHEPAJIOTMYECKUE HCCICIOBAHUS TOKA3ald, YTO MHHEpAbl,
oOOTallleHHbIE JIEMEHTAMHU IIEPUEBOM TPYIIIBI, KaK MPABUIIO, BBIJCISIOTCS paHbIIEe
MHUHEPAJIOB, COJACPKAIMX TPEUMYIIICCTBEHHO JJEMEHTH HWTTPUEBOW TPYIIIIHI,
KOTOPbIC HAKAIIMBAIOTCS B KOHIIE THAPOTepMalibHOTO Mporiecca [16].

Haunbonee paHHUM peliKo3eMeNbHbIM MUHEPAJIOM MOJOOHBIX MECTOPOKIECHUIN
SBJIIETCSI MOHAIIUT, KOTOPBIA 3aMEIAeTCs BECbMa TOHKO3EPHHUCTBHIM arperaTom
dbTopkapOOHATOB pPENKUX 3€MeNlb TUIAa MapusuTa, pexke kceHotumom. C Ooiee
no3nHe azoil mporecca CBs3aHO OOpa3oBaHue (EeppUTOpUTa W MajaKOHA, a C
camoii mocneaneir — cynbhuaos [9].

Takum 00pa3oM, MOBBIMIEHHOE COJIEPKaHUE PEAKO3EMETbHBIX MUHEPAJIOB B
KOMIUTEKCHBIX (ITOJIMMETA/UIMYSCKUX PYAax) CTABUT JaHHBIC MECTOPOXKIACHUS B PSIJI

HanOoJIee ePCICKTUBHBIX.
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2.2.3 MecTopoXIeHUsI, TEHETUIECKH CBSI3aHHBIC C KOMIUIEKCAMHU IMIOHKWHUTOB-
IICJIOYHBIX CUCHUTOB. DIII00pUT-0apUT-KaIBIIUTOBBIC TEJIa C 0aCTHE3UTOM

Kitaccnueckum mnpumepam KaJlbLIMTOBBIX OOpa30BaHUM C pPENKO3EMEIbHOU
MUHEpAJIN3ALMEH SABISIIOTCS pPYyIAHBIE Tena MecTtopoxaeHns Mayntun Ilacc B
Kamudopuuu (CIIA). OHM TOpOCTPAHCTBEHHO M TEHETHUYECKH CBSI3AHHBI C
OOOTaIICHHBIMU KaJlUEM WHTPY3UBHBIMU TMOpOAaMH (TpaHUTAMHU, CHUEHHUTAMH,
IHIOHKUHUTAMH), KOTOPbIE CEKYT JOKeMOpuiickue THeichl W ciaHibl. [lo maHHBIM
OscoHa, peaKo3eMEeNbHOE OpPYACHEHHE NPUYPOUYEHO K TPEM THUIIAM PYAHBIX TEll,
3aJIeralolUX Cpeld MATEPUHCKUX MOPOJI UM B HEMOCPEACTBEHHON OJIM30CTH OT HUX
¥ 00OraIieHHbIX OOJIBIINM KOJIMUYECTBOM KapOOHATHBIX MUHEPAJIOB:

1) xap6onatHoe Tteno Cynedpung Kyuwn, oTimuaronieecss OTPOMHBIMU
pasmepamu  (230X800 ™m2) u HauOosblIed KOHIEHTpAIMEH peaKo3eMeNbHbBIX
MUHEPAJIOB;

2) miacToBbIe M KapOOHATHBIE KUJIbI (MX U3BECTHO 0K0JIO 200) MOIIHOCTHIO
ot 0,3 10 7 M, mpoCIeKUBaEMbI€ HA COTHU METPOB;

3) MuUHEpalM30BaHHbIC 30HBI APOOJIEHHS, B KOTOPBIX pPa3BUBAETCA CETh
TOHYAWIINX KapOOHATHBIX MPOXKHIIKOB C PYAHON MUHEpanu3anuei[16].

KapOoHaTHble MOpPOJBI COCTOST B OCHOBHOM U3 KajiblUTa, B MEHbLICH
CTENEHU AOJOMHTA, aHKepuTa U cuaeputa. OOBIMHO OHHM COAEPKAT 3HAUMTEIILHOE
KOJIMYECTBO OapuTa, IeNecTuHa, OacTHe3uTa, mapusuTa, (paoopura, KBapiua U B
KAueCTBE HE3HAYUTENIbHOW MpUMecH — (JIOronuT, OMOTUT, MYCKOBHUT, 3TUPHH,
KPOKUJIOJIUT, XJIOPUT, C(EeH, MarHeTuT, amaTUT, OPTUT, MOHALMUT, TOPUT, LEPHT,
CaXaMaJIuT, CTPOHLIMAHUT, T€MATUT, TAJEHUT, MUPUT, XAIBKONHUPHUT, TETPAdAPUT U
TUNepreHHble MUHEPabl—MaJaxXuT, a3ypUT, LIEPYCCUT, aparOHUT U ByJIbPeHUT [16].

CooTHOILIEHNE MEXAY MUHEpPAIAMH HETIOCTOSIHHO: CHJIBHO U3MEHSIETCS J1aXe
B Mpejesiax OJHOTO pyJIHOro Tena. B cpeaHem conepkaHue KapOOHATOB B PYJIHOU
Mmacce gocturaet 60%, 6aputa u uenectua 20%, peako3eMelbHbIX GTOpKapOOHATOB

10% u cunukaror 10% [16].
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PenkozemenpHbIC MUHEPAIBI TIPEICTABIICHBI TIIABHBIM 00pa30M 0aCTHE3UTOM,
a TaKXe Mapu3uTOM, MOHALIUTOM, OPTUTOM, LIEPUTOM, CAXaMAJIUTOM U TOPUTOM.

MecTopox1eHusl JaHHOTO TUHA, U3BECTHBIC B IPYIUX YACTAX MUpA, UMEIOT
MeHbIe MacmTaObl. [IpencTaBineHpl OHM KapOOHATHBIMU KHJIAMH, 3QJICTAIOIIAMU
Cpeay IPaHUTOB, KBAPLIEBbIX CUEHUTOB U CUEHUTOE, C KOTOPBIMU, I10-BUAUMOMY, OHU
T€HETUYECKU CBSA3aHbl. PyJHBIE KpPYTOIIaJarOlKUe >KWJIbI, MPOCIICKUBAIOLIMECS Ha
OOJIbIIIME PACCTOSIHUS, TPUYPOUYEHBI K KOHTAKTaM IOJIEBOIINATOBBIX JACK, CEKYIINX
VHTPY3UBHBIE MOPOAbl. MUHEpPAIOrHYECKUNA COCTAaB PYJ IPEACTABIICH KAJIbLUTOM,
(bar00pUTOM, TAPUZUTOM, (PITIOOLEPUTOM; B OJYMHEHHBIX KOJUYECTBAX OTMEUAIOTCS
MUPUT, TaJICHUT, cdanepur, TreMaTuT, XaJdbKONUPUT, KBapIl, XaJlIEJOH.
PenkoszemenbHOe OpyleHEHHE MPEACTaBICHO MapU3UTOM, (DIIOOLIEPUTOM U PSIAOM

BTOPUYHBIX MHHEPAJIOB B 30HE OKUCIeHus [16].

2.2.4 MecTOpOXIEHUS 3TU MPEICTABISIOT MPOMBIIIUICHHBIN HHTEPEC Ha PEIKHE
3eMJIU, CPEAM KOTOPBIX IPe00ajatoT LIepu, JaHTaH, HEOIUM, IPa3EOq1M.

2.2.4.1 OnoopuT-0apuT-CUACPUTOBBIE Tella C 0aCTHE3UTOM

Pyner  ¢dmrooput-6apuT-cCUIEPUTOBBIX ~ MECTOPOXKIECHUN  OTIMYAIOTCS
OPUCYTCTBHEM HE TOJBKO LEPUEBOM IPYMIbI PEAKUX 3€MEINb, CBSI3aHHOW C IIMPOKO
pacmpocTpaHeHHBIM  0acTHE3UTOM, HO ¥ HUTTPUEBOH, COCPEJOTOYCHHOH B
utTpoduroopute. PynHble Tena MeCTOPOXKIEHUI JaHHOTO THUIA MPOCTPAHCTBEHHO
CBS3aHbl ¢ TpaHocueHuTamu. OpyJeHeHHE JIOKaJu3yeTcsl B  JIMHEHWHBIX
TEKTOHMYECKHUX 30HAaX, BBHIMOJIHEHHBIX OPEKYMPOBAHHBIM MAaTEPHUATIOM BMEIIAIOIINX
HIOPOJI, K3MEHEHHBIX PYTHBIMH THIPOTEPMATbHBIMU Mporieccamu [16].

dopma 1 pa3zMepsl pyJHBIX Tell caMble pa3HOO0pa3Hble. ITO KPYTOIaIa0Ie
aMH3000pa3Hble,  TpyOoOOpa3Hble,  WJIM  HENpaBWIbHOH  (opmbl  Tena,
IPOCJIeKMBaeMble Ha COTHU METPOB.

[lepBu4HbIE PYBI CIIOKEHBI B OCHOBHOM CHACPUTOM, (PIIFOOPUTOM, OapUTOM,
reéMaTUTOM, MAaTHETUTOM, OACTHE3UTOM, KBapIeM, TUPUTOM U OTJIMYAIOTCS JOBOJIHHO
MOCTOSTHHBIM cOcTaBOM. OKHCIIEHHBIE PYABl COCTOAT M3 TE€TUTA, THAPOTEeMaTHTA,

¢rooputa, bapurta u O0actHesuta [9].
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B mocnemneM comepikarcsi B TOBBIMICHHBIX KOJIMYECTBAX IIEPHid, JIAHTaH,
HEOJIUM, TIpa3eouM, a B HUTTPOQIIOOPUTE, MEHEE pacCHpOCTPAaHEHHOM Ha
MECTOPOXKICHUSAX, — UTTPUH, TEPOU, TUCTIPO3UM, FIpOUii, UTTEPOUIA.

KoMmriiekcHble pyapl JAaHHOTO THIA MOTYT MPEACTABISTH MPOMBIIIICHHBIHA
UHTEPEC Ha JKejIe30, 0apuT, IFOOPHUT, PEAKO3EMEIbHbIE dJIeMEHTHI [16].

ITo nanueiM TBenrodena u bak (Twenhofel and Buck, 1956), GactHe3ut
BCTpeuaeTcs: Takke BO (aoopuToBhIX xkuiax [ammunac Mayatun (Heio-Mekcuko),
B IlapareHesuce ¢ OapuToM U TeTHUTOM (TceBAOMOP(}O3bI 1O  IMHUPHUTY).
Munepanu3zaius npuypodeHa K OpeKYMpOBaHHBIM 30HAM B IUIACTHYECKUX MOPOAaxX
MIEPMCKOTO BO3pacTa, MPOPHIBAEMBIX HHTPY3HEH KBAPIICBBIX MOHIIOHUTOB, PUOJIUTOB

N CUCHHUTOB, C KOTOPBIMH I'CHCTUYCCKHU CBA3aHbI PCAKO3CMCIIBHBIC )KI/IJ'II)I[lG].

2.2.4.2 Marnetut-reMaTuT-(QJII0OOPUTOBBIE TEJIA C PEIKO3EMEIBHOM MUHEpaTU3alluen

B Kuwuraiickoit Hapoanoii Jlemokparuueckoii PecriyOnvke BBISBICHBI
KPYIHBbIE KOMIUIEKCHBIE THAPOTEPMAIIbHBIE JKEJIE30PYIHbIE MECTOPOXKICHUS C
PEOKO3EMENbHBIMUA 3JIEMEHTAMHU I[IEPUEBOM TPYIIIbI, 3ajJerarollue Cpeaud TOJIIL
CHUHAWCKOTO BO3pacTa, COCTOSIIIMX WB KBAapLUUTOB, CJIAHIIEB, HW3BECTHSIKOB H
nojiomuToB[9].

Meramopduyeckass ToJIa TPOpPBaHA TPAHUTAMH, BOJM3M  KOTOPBIX
MPOTATMBAETCS M0JIOCA, COEPKAIIAs HECKOJIBKO KPYITHBIX U MEJKUX KEJIE30PYIHbBIX
TE€JI, 3aJETalollUX COrJACHO C BMEHIAIOIIMMHU MOpPOAAaMHU, BHYTPHU OIPEAEIEHHON
CBUTHI JIOJJOMUTOB WM MEXKAY HOJOMUTAMHU M CIIOJAUCTBIMU CIAaHUAMH. OTH
IJIaCTOBBIE JIMH3000pa3HbIe TeJa, BBIAEPKAHHBIE IO MUHEPAJIOTMYECKOMY COCTAaBY,
MPOCTICKUBAIOTCSI HA 3HAUUTENbHBIC TIIYOWHBI. Pyapl XapakTepu3yloTcs MENKO- H
TOHKO3EPHUCTON CTPYKTYpOH W HUMEIOT MOJOCYATOE CTPOEHUE, OOYCIIOBIECHHOE
YepelOBAaHUEM TOHKMX TEMHBIX MPOCIOEK, COCTOSIIMUX TJAaBHBIM 00Opa3oM U3
MarHeTuTa © TeMaTUTa, CO CBETJbIMH, CIOXCHHBIMH  (DIFOOPUTOM |
penKo3eMenbHbBIME MUHEepainamu [16].

B pynax MecTOpoXJIeHHI KOJIUYECTBEHHO MPE00Iaaat0T MarHeTUT, TEMaTHT,

(I)J'IIOOpI/IT U MHHCpAJIbl PCAKHX 3C€MCJIb; B MCHBIIUX KOJMYCCTBAX BCTPCUHAKOTCH:
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STHPUWH, MIeJaouHble aM(ubonsl, OapuT, amatut, OWOTHUT, (GJIOTOMHUT, CEPHIIUT,
XJIOPUT, aTbOWUT, KaJTUEBBIN MOJEBOM IIMAT, MUPUT, MUPPOTHH, TAICHUT, C(alICpuT,
MOJIMOJICHUT, MapraHIleBble MUHEpaibl (MaHTaHWUT), WIBMEHUT. B 30HE OKHMCIICHUS
BCTPEYAIOTCS JTUMOHHT, MAPTHUT, TUPOITIO3HT [9].

Penko3emenbHbBIC MUHEPAJTBI TIPEICTABIICHBI TIIABHBIM 00pa30M 0aCTHE3UTOM,
1apa3uToOM U MOHAIIUTOM, BCTPEYAIOIITUMUCS B TSCHOM IIPOPACTaHUU JIPYT C JIPYTOM.
Crnenyer yka3aTh, 4TO COJEPKaHHE PEAKO3EMETbHBIX MHUHEPAJIOB B Py/Aax MPSIMO
IPOITOPIIMOHAIIEHO COJICPIKAHHIO B HUX (DIIFOOPHUTA.

Bokpyr n1H3, COCTOSIIMX B OCHOBHOM W3 T€MaTHTa, MarHeTUTa, (IIOOPHTA,
OacTHe3WTa W MOHAIMTA, WHTCHCHBHO TIPOSBHWJICS HATPUEBBIH METacoOMarto3,
BBIPA3UBIINNCSA B Pa3BUTHH 110 JOJIOMUTY OSTHpPHHA, IIEJIOYHBIX aM(uO0IOB u
anpONTa, BIUIOTH JO TPEBPAIICHUS WX Ha OTIACIBHBIX YYacTKaxX B CIUIONIHYIO
ATUPHUHIOBYIO TOPOAY, CPEIM KOTOPOM HHOI/A TIOSBISIFOTCS TOPUT, OSIIHHUT,

nupoxsiop [16].

2.2.4.3 KonyMOUT-CUACPUTOBBIE KUIIBI C KCEHOTUMOM

Cpenu peako3eMeNbHBIX THMAPOTEPMAIbHBIX MECTOPOXKACHUNA B HACTOSIIEE
BpeMsI HAUMHAET BBIJIBUTATHCSI KCEHIOTUMOBBIN THIT MECTOPOKICHHIA.

OTnUYuTeNnbHOM OCOOEHHOCTBIO 3TUX MECTOPOXKACHUN  SBISETCA UX
koMIiekcHOCTh (Nb, TR, Th), npuypo4eHHOCTb K 3IIPUHOBBIM CUEHUTAM U ILIUPOKOE
pa3BUTHE MOIIHOW 30HBI OKHCIEHHS 3a CUYET M3MEHEHHUS KeJIe30-MapraHI[OBUCTHIX
MHUHEpaJoB ¥ 0COOeHHO cuaepuTa [16].

PynHble cuAEpUTOBBIE KHWIIBI, TPOCIS)KHBAEMble Ha 3HAYUTEIIBHBIC
paccTosiHuSs, 3aJleraloT B 30HAaX JPOOJIEHUS MU CMSTHS, KOTOPbIE CEKYT TOJIILY
METaMOP(UIECKUX KBapI-CEPUIIUTOBBIX CIIAHIIEB M KBapIUTOB TMPOTEPO30s.
CunepuToBbIe JKWIBI TIPUYPOYCHBI B OCHOBHOM K KBaplUTaM; YYacTKH 30H
NpoOJieHus B CiIaHLaX OOoJIbLIECH YacThIo Oe3pyaHbIC.

B coctaBe pymOHOCHBIX CHAEPUTOBBIX KHJI MPUCYTCTBYIOT: KBaplil, ajibOWT,
KaJUEeBBbI TMOJEBOW IIMAT, CEPULIUT, KaJbIUT, OSTUPUH, MAarHETHT, LHUPKOH,

beppuTOpUT, MOHALMUT, KCEHOTUM, ayd3pJiHUT, amaTutr, OPTHUT, KOJIyMOWT,
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WIbBMEHOPYTWI, cdeH, SMUAO0T, aMm(uOoi, XJIOpPUT, TpaHAT, TypMaluH, OHUOTHT,
Oepwil, THUPOXIIOpP, POIOXPO3UT, TaleHUT. [JaBHbIE pyAHBIE MHHEPAIbI
NPE/ICTABICHBI KOJYMOMTOM, KCCHOTHMOM, MOHAITUTOM, ay3psutom [16].

B pyaHbix ydacTkax, paclojIO>KEHHBIX OJFIKe K BBIXOJIaM IIEJIOYHBIX MOPOJI,
MOSIBJISIIOTCS (PIIFOOPUT, OPTUT, OACTHE3UT.

Hapsiny ¢ nepueBoii rpymmoi peikux 3eMeib, 3aKIIOUEHHBIX B MOHAIUTE, B
pylax coaepKaTcs WTTPUM, TagoJIMHUN, TEepOWi, IUCIPO3WH, TOJIBMHMA, IPOUH,
TYJIUHA, UTTEPOUIL, TIOTEHH (B KCEHOTUME), KOTOPhIE MOKHO TOITYTHO J00BIBaTh MIPH
oTpabOTKEe MeCTOpOXKJIeHU Ha HuoOWi [16]. MecTropokieHuss TaHHOTO THIIA

obnapyxenbl B CCCP u B CIIIA (Konopano).

2.3 O06JOMOYHO-0CAT0YHBIC MECTOPOKICHUS

2.3.1 AnmoBuanbHbIE POCCHINU

KpynHeiimme MecTopoXIeHHs pPEeIKO3€MENIbHbIX MHHEPAIOB, MU3BECTHBIE B
CIIOA, bpasunuu, HWugoHe3uu, Mamaite u Hurepuu, SBISIOTCI OCHOBHBIM
HMCTOYHUKOM J00bIYM peakux 3eMenb. [lo nanubim Kotnsipa u Kpucransnoro [1958],
u3 HUX B 1956 r. mpeamosaranock I0OBITH Oojiee 25 ThIC. T MOHAIIUTA, YTO
cooTBeTcTBYyeT 63% ero oOmeld [100bIYM B KaNUTATUCTUYECKUX CTpaHax.
OOpa3yroTcsi 9TU POCCHIMM 32 CYET pa3MblBa KOPEHHBIX TMOPOJ: THEWCOB,
MOHIIOHUTOB, KBapIIEBBIX JUOPUTOB U TJIABHBIM 0Opa30M OUMOTUTOBBIX TPAHUTOB U
FEHETUYECKU CBS3aHHBIX C HUMM MMIMAaTHTOB WM merMaTtutoBbix >kwi. B CIIA
VMCTOYHUKOM TSIKEJIBIX MUHEPAJIOB SIBIISIIOTCS TAKXKE MEJIOBBIC M TPETUYHBIC, .CIIA00
CIIEMEHTUPOBAHHBIE W TOYTU TOPU3OHTAJIBHO 3aJIeraloline IeCYaHO-TIIMHUCTHIE
OTJIOXKEHMSI, B PE3yJIbTaTe pa3MblBa KOTOPBIX 0Opa3oBaiuch Haubosee OoraTbie
aJUTFOBHAJIbHBIE POCCHIITM MOHAIIMTA U WiibMeHuTa [16].

brnarogapss OGonbmIol yCTOMYMBOCTH K HCTUPAHUIO, MOHAIUT MOYXKET
MIEPEHOCUTHCSI peKaMu Ha OYEHb OoJbIue paccTosiHus (6onee 150 kM), mpu 3TOM €ro
3epHa MPUOOPETAIOT IJIOCKYIO, Ciierka BHITSHYTYyI0 (Gopmy. Takas ¢opma 3epeH u

OTHOCHUTCJIIBHO HEOOJIBIIION yI[CJILHBIﬁ BE€C 06YCJIOBJII/IB8.I-OT MCHBIIIYIO
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KOHIICHTPAI[MI0O MOHAIIUTA Yy TJIOTHKA, MO CPABHEHUIO C 30JI0TOM U KACCUTEPUTOM.
[TosTOMYy MPOAYKTUBHBIN IJIACT HEPEKO 3aJIETAET HE Y TUIOTHKA, a4 B CPEAHEN YacTH
pocceinu [16].

ITo cocTtaBy MoJIe3HBIX KOMIIOHEHTOB aJTIOBHAIBHBIE POCCHIIIK B OCHOBHOM
JENATCA Ha JIBa TUNA!

MoHauTO-UIEMEHOPYTUIIOBBIE POCCHINU C IUPKOHOM (3HAYUTEIHLHO PEXKE C
ABKCEHUTOM, YpaHOTOpUTOM) B Aitnaxo, Ceeproii u KOxnoit Kaponune (CILIA) u B
Puy-I'panau-ny-Hoptu (bpaswnusi). Oto Haubosiee KpymHbIE M MEPCHEKTUBHBIC
MECTOPOXKICHUST peakux 3emenb. CoJepkaHue MOHAIUTA KOJIEOJETCS B OTIIEIbHBIX
pocchimsx ot 0,18 1o 0,6%, a B HambOotee Oorateix U3 HUX gocturaeT 1,5% [16].

MomnarnuTo-kaccuteputoBbie poccbinin (Manaiisa, Hurepus u Wunonesus)
XapaKkTepU3yrTCS HEOOJIBIIUMU 3allacaMu; pa3padaThIBAIOTCS OHU Ha KaCCUTEPHUT C
MOMYTHOM J10ObIYelt MoHaluTa. COCTaB M KOJMYECTBEHHOE COOTHOILIEHUE TSHKEIbIX
MuHepasioB (Maratist) crnenyromue: MoHauT 41,6%, mupkoH 22,7%, TUTAaHOMAIIIETUT
14,1 %, anpany3ut 10,2%, pytun 4,7% u xaccureput 1,0%. B HEKOTOPBIX POCCHITIAX

coAepkaHue kaccuteputa TmoBbimaercs A0 20% U MHOSBISIETCS KCEHOTUM (/10

5%) [16].

2.3.2 Mopckue (MpuOpPEKHBIE) POCCHITH

OrpoMHbIe 3amackl MOHAIUMTa COCPENOTOYEHbI B MPUOPEKHO-MOP-CKUX
pocceinsix MHorux ctpaH mupa (bpaswnus, Unaus, lleinon, Asctpanus, CIIA).
Exeromno m3 HuX H0OBIBA€TCSI OKOJIO 7 TBIC. T MOHALIMTA, YTO cocTaBiisieT 17% ero
o0111eil 1OOBIYH.

HpeBHue (morpeOEHHBIE) ¥ COBPEMEHHBIE MPHUOPEKHBIE  POCCHITU
IPUYPOYCHBI TJaBHBIM 00pa3oM K pailoHaM, CIIO’KEHHBIM IPaHUTAMU U CBSI3aHHBIMHU
C HHMH TIETMAaTUTaMH, MeTaMop(] W30BaHHBI MH TIOpOJaMU (MHTMATHUTAMH,
rHeiicaMi), a TakKe OCaJOYHBIMH OOpa30BaHUSIMHU, BO3HHUKIIMMH B PE3yJbTaTe HX
paspylieHus (MMecYaHuKy U KoHTiomeparsl) [16].

MecTopoxxaeHusi mogoOHOro TUMa yaiie o0pa3yroTcsi B CyOTPOMHYECKOM H

TPOIIMYCCKOM KJIIMMATC, TAC IIPpU BbIBCTPUBAHWMKU HHTCHCHUBHO pPa3pylIar0oTCA
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OPOA000pa3yOIIHEe MIUHEPAJIBI, & 00JIee YCTOWYUBEIE (TSDKEIbIC) HAKATUTUBAIOTCS B
POCCHITIAX, OCOOCHHO B 30HE NEUCTBUS MPUOOs, TAC MPOUCXOAUT HEMPEPHIBHOE MX
oborareHue (TUIsKu, IecyaHbie 0aphl).

Haubonee BBICOKOE coOAep)KaHWE MOHAIUTA B POCCHIMSIX OTMEUAETCS Ha
ydacTkax OeperoBoil IMOJIOCH, HEMOCPEACTBEHHO TATOTEIOMMX K JEIbTaM peK.
[Tocneaare cmocoOCTBYIOT OBICTPOMY BBIHOCY Ha Oeper Mopsi OOJBIIIOTO KOJMYeCTBa
o01oMouHOTO Matepuana[l6].

[To mamaeiM  Kommsapa wu KpucrampHoro, Hambosee XapaKTEPHBIMH
0COOEHHOCTSIMHU TPUOPEKHO-MOPCKUX POCCHITICH SIBISIFOTCS:

dbopma pocchiTield, TPeACTaBICHHBIX JTUH3aMH, PacloJiaralonuecs B y3KOH
MOJIOCE MEXIy JMHUEH MpUiIMBa M OTJIMBA WM B 30HE MPUOOs, MOCTEIIEHHO
BBIKJTMHUBAIOIINXCS B CTOPOHY MOPS;

OoJIbINIast MPOTSHKEHHOCTh POCCHINIC M Majas (Kak MpaBwio- a0 1 M)
MOIITHOCTb MTPOJTYKTUBHBIX CIIOEB;

OoJiee BBICOKAs, YEM B AJUTFOBHAJIBHBIX POCCHITIAX, KOHIICHTPAIIUAS TKEIBIX
MHHEpPaJoB, gocturaromnias uHoraa 80% oT Macchl Mecka;

OoJpITIas OKaTAaHHOCTH TOJIC3HBIX MUHEPAIOB M HEOONBIIINE pa3MEpPhl 3epEH,
penko npesbitaroriue 0,3 mm\

YepeloBaHruEe B pa3pe3e POCCHINMU CIOE€B TEMHBIX MPOIYKTUBHBIX TMECKOB CO
CJIOSIMH CBETJIBIX ITYCTHIX TTECKOB;

OOHa)KEHHOCTh  BEPXHEro MPOJAYKTHBHOTO CJIOSl, PEXKE TMEePEeKPHITOrO
MaioMoInHbIM (0,5—1,25 M) citoeM mycThIX nieckoBy [16].

C npuOpeXKHO-MOPCKUMHU POCCHIIISIMU  CBSI3aHBI W TIECUAHBIC JIOHBI, Kak
COBpPEMEHHBIC, TaK H JpeBHUE. J[FOHBI pa3pylIarOTCs W TEPEMENIAIOTCsS TOJ
JEHCTBUEM CHJIBHBIX BETPOB, YacTO TEPEOTIAraroTCs M OO0OTaIlaroTCsA PYAHBIMH
muHepanamu. CojuepkaHue TOCIETHUX B IOHHBIX MECKaxX HIDKE, 4eM B COOCTBEHHO

MOPCKHUX pocchimsax [16].

23



2.4 MertamopdoreHHbIE MECTOPOKACHUS

2.4.1 MurmaTuTbl, aparHeicebl U KPUCTAITMYECKHE CIAHIIbI C PEAKO3EeMETbHON
MHUHEpAJIN3aLuen

2.4.1.1 MoHaIMTOBBIE MUTMATHUTEI

HanbGonee wuHTEpECHBIMU MECTOPOXKACHUSMH O3TOrO THUIA  SIBJISIOTCS
M3BECTHBIC MOHAIMTOBbIE MUTrMaTuThl MHauu, paiioHa TpaBankyp—KounH. OHu
NPOTATMBAIOTCSA B BUJE 30HBI, JJIMHA KOTOpoi okojio 1600 M mpu mmpune 30 M, u
conepxkat 10 18% mMonanura. M3 310 30HBI MUTMATUTOB Ipu yriryosnenun Ha 0,3 M
MOHO nosyduth 70 900—1800 T. MOHauuMTOBBIE MUTMATUTHl BO MHOTHX CIIy4asXxX

SIBIISTIOTCS] HCTOYHHUKOM 00pa30BaHuUs KPYIHBIX POCCHITIEH pa3imyHoro Tuma [16].

2.4.1.2 OpTUT-KEeUIBrayuT-MOHAIIUTOBBIE TTAPArHEHCHI

B psnpe pailioHoB cpeau  TONIIM JIOKEMOPHUIMCKMX TaparHeicoB ¢
BKPAIUIEHHOCTBIO PEIKO3EMENIbHBIX MHHEpaJoB (OpTUTa, KEHIbrayuTa, MOHAIIUTA,
PEIKO3EMENLHOIO alaTUTa) BBIJCISAIOTCS OTIAEIbHbIE TOPU30HTHI, K KOTOPBIM
MPUYPOUYCHBI  BBIJEP)KAHHBIE [0 TMPOCTHPAHUIO W HAa TAOyOWHY IIJIACTHI,
MJIaCTOOOpa3HbIe TeJa WM JMH3bI, 00OTallleHHbIE PEIKO3eMETbHBIMU MUHEpATaMH.
OObIuHBIC aKIECCOPHBIE MHUHEpabl B TaKUX MaparHeiicax B OTACJIBHBIX CIydasx
CTAHOBSATCS TIOPOA000PA3YIOMIMMHU U KOJIUYECTBO UX B mopoje pocturaet 20—60%.
[Taparneiicel npeacTaBieHbl OOJBIICH YacThIO MIATMOKIA30BBIMUA MOPOJAAMHU OPTHUT-
JUOTICHIOBBIMHU M IUOTICH]I-MArHETUT-CKAOJIUTOBBIMU [9].

B mnocnegnue roael B oTaenbHbIX paidioHax CIIA B cHIIIMMaHH-TOBBIX
CJIaHIaXx B OOJIBIIIOM KOJIMUYECTBE OOHAPYKEH MOHAIIMT.

BoBneueHne B MpOMBIIIJIEHHOE MCIOJIB30BAHUE U3BECTHBIX MECTOPOKICHUMN
ATOr0 THUMA W TOWCKH HOBBIX ITO3BOJISAT PE3KO YBEIUYUTH CBIPHEBBIE PECYPCHI

IICPUEBOM U UTTPUEBOM IPyII peakux 3emeib[16].
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2.4.2 Metamop(hr30BaHHbBIE POCCHIMH

PenkozemenbHble  MHHEpPANbl  HEPENKO COAEPXKATCS B 3HAYMTEIILHOM
KOJIMYECTBE B METAaMOP(PHU30BAHHBIX POCCHINSIX, UMEIOIUX O0JIbIIOE MOTEHINATIBHOE
3Ha4YCHHE, KaK KPYITHbIE HCTOUYHUKU JOOBIYU PEIKUX 3EMEb.

OTH POCCHITM UMEIOT Pa3IMYHBIN BO3pacT (0OBIYHO IPEBHEE YETBEPTUUHOIO),
XapaKTEepU3yIOTCsl  3aJeTaHueM B  KOHCOJMAWPOBAHHOM  OCAJOYHON  TOJIIE,
CLIEMEHTHPOBAHHOCTBIO ~ CJIAraloIero MaTepHala M OTCYTCTBHEM CBSA3M €

COBPEMEHHBIM peiibedom [16].

2.5 MOHaIMTOHOCHBIE KOHTIIOMEPATHI

[IonoOHO  MECTOPOXKIEHUSM  YpPaHO-PEIKO3EMENbHBIX  KOHIJIOMEPATOB,
MECTOPOXKICHUSI MOHALIUTOHOCHBIX KOHIJIOMEPATOB HMEIOT OOBIYHO KpPYIIHBIE,
pasmepbl. KoHrmomepatsl paBHOMEPHO MHHEPAIM30BaHbl W NPUYPOUEHBI K
0a3aJbHBIM BATyHHO-TAJICYHBIM OTIOXKEeHUSIM[9].

[IpumMepoM TakuX MECTOPOKACHUM SBIIAIOTCS MeTaMOp(pHU30BaHHBIE JTPEBHUE
pocceinu MOHauTa, OTKpbITEIE B 1950—1951 rr. B CIIIA B paiione [lanmemep u B
Oacceitne p. JIutia-bur-Xoph [16].

B 3THX MeCTOpOXIEHUAX MOHAIMTOHOCHBIE TJIACTBI U JIMH3000pa3HbIE Tella
raJICYHUKOBBIX KOHIJIOMEpPAaToB MoIHOCThIO 0,6—2.4 M mepecinaumBarOTCsi C
KPYIHO3EPHUCTBIMA KBapUUTaMHd M JIPYTMMH HOpOJaMH OCaJO4YHON CEPHH.
[leMeHTOM pyAHBIX KOHIJIOMEPATOB SIBISETCS IECYAHUCTBIM MaTepuali, KOTOPBIH
COJEP>KUT MOHAIUT U B HEOONIBIIOM KOJUYECTBE I'€MATUT, MArHETUT, UIbBMEHHUT U
pytun. CpegHee cojiep’kaHHMe MOHAIMTAa B KOHIJIoMepartax kojiebsiercs ot 0,14 mo
1,2%. DT MecTOopoKIEHUsI PaCCMaTPUBAKOTCS KaK BO3MOYKHBIM KPYITHBIA MCTOYHUK

PEIKHX 3eMelTb IIepreBoi Tpymibl [16].
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2.6 MOHAIMTOHOCHBIE U3BECTHIKHU

[To nanubiM AGoTTa, B Aifnaxo (CILIA) o6HapykeHbI OTAeNbHbIE KPUCTAILIHI,
a TakKe CKOIUICHMS MOHAIIUTA, BCTPEYAIOIIMECS B H3BECTKOBBIX Mapojax.
PenxoseMenbHas ~ MUHepaju3anus — MpUypoyeHa K  IUlacTaM  MPaMOpOB,
IIEPECTANBAIOIIUXCSA C MaparHeicaMyd ¥ KPUCTALIMYECKUMMHU CIIAHLUAMH IIUPOKOMN
IPOCTPAHCTBEHHON (hopMaluy METAMOPPHUUECKUX MOPOJ JOKEMOPUKCKON OenTCKOM
CEpHH.

C MOHaLUTOM acCOLMUPYIOT aKTUHOJIUT, OApUT, CUJEPUT, AllaTUT, UIbMEHUT
Y MarHeTuT.

O6pa3zoBaHue MoOHAIUTAa B METaMOP(OUUECKOM KOMILUIEKCE OOBICHAETCS
MUTpalueil pelKo3eMeIbHbIX 3JIEMEHTOB B IIpoliecce MeTaMoppu3Ma NeCUaHUKOBBIX
U apruJUIMTOBBIX OTJIOXKEHUM OENTCKOM cepuu B OoJjiee ONarompuUsTHYIO Cpery

docdopcoaepkariero u3BectHska [16].
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3 MATEPHAJIbI U METObI UCCJIIEAOBAHUA

HcxomapiM MaTepuaioM MOCTYKUJIM 00paslibl, OTOOpPaHHBIE M3 Pa3HbBIX

obuacreit Poccutickoit denepanyiv ¥ IprIIeTAIOIIMX TEPPUTOPHM (PUCYHOK 1).
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Pucynoxk 1 - Kapta Poccutiickoit denepainu co cxemoi MecT oToopa npoo.

1 - p.borynait u p. Tapaka, Kpachosipckuii kpaii; 2 - Tyranckoe
MecTopoxaeHue, Tomckas o0nacTe; 3 - TumMaHCKuil Kpsixk, ApXxaHrelbcKas 00J1acTh;
4 - KpacHokytckoe mectopoxaeHue, Camapckas obnacte; 5 - OpnoBckuii ['OK,
UutuHckas obnacth, 6 - p. Mensa, Pecnyonuka bypstus; 7 - pyd. HagexHsii,

Amypckasa o001., 8 - Mecropoxaenue Illokam, Pecnybnmka Kazaxcran; 9 —
Kynapckoe mectopoxaenue, Peciyonukak Caxa (SIkytus).

B nporniecce moarotoBku npod K aHajmu3am ObLIM OTOOpaHbl MOHO(PAKIUU

MHUHEpaJIoB. Take ObUI M3roTOBJEH aHIIIM(] oOpasla COCTAaBICHHOTO W3 3EPCH

KyJIapuTa.
UccnenoBanust o0pa3iioB MOHAIMTA W KyJlapuTa, B TOM YHCJIEe W aHNUIU(a,

OBLIO0 IMPOU3BCACHO C TIIOMOIIBIO CKAHUPYIOHICTO OJCKTPOHHOI'O MHKPOCKOIIA
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HITACHI S-3400N (pucyHok 2). DneMeHTHbII  cocTaB ObuUl TONY4Y€H MpHU
(bUKCUpOBaHUM SHEPrOMCIIEPCHOHHBIM criekTpomerpom Bruker X Flash 4010
TOPMO3SIILIETO  PEHTTeHOBCKOTO  W3IMy4yeHus. Jus TodydeHus u300paskeHUs
UCTIONB3YIOTCSL  BTOPUYHBIC  DJIEKTPOHBI, IMOKA3bIBAIOMIAE  TOMOTPadUvecKyro

MOBEPXHOCTH 00Pa3IIOB.

Pucynok 2 - Ckaaupyrommuii 3nekTpoHHbiii Mmukpockorn HITACHI S-3400N ¢

SHEProAUCIIEPCHOHHBIM criekTpomeTpoM Bruker X Flash 4010.

Taxxxe st vccienoBaHus oOpaslia KyJdapuTa, ¢ MOMOIIBI0 MCIOJIb30BAaHUS
00paTHO-pacCesHHBIX (OTPAKEHHBIX) DJIEKTPOHOB, OBLJIO IMOJIYYEHO pPACTpEICICHHE

QJICMCHTOB I10 ITOBEPXHOCTHU 06pa3u0B.

JIist  yTOYHEHHsI DJIEMEHTHOTO COCTaBa oOpasia KyJapuTa, 4acTh Oblia
OTIIpaBJicHA HAa WHCTPYMEHTAJIBLHO  HEHTPOHHO-aKTUBAIMOHHBIA  aHAJU3 B
AKKPEIMTOBAHHYIO SIEPHO-XUMHUECKYIO JIA0OPATOPHUIO HA 0a3e MCCIIEe0BATEIHCKOTO

anepHoro peakropa TITY.

C 1enpro u3y4eHus MPUPOIbl MATHUTHOCTH KYJIAPUT TakyKe ObLT OTIPABJICH B
HKIT «I'eonayka» nmpu HUI' Komm HI[ YpO PAH, rme wusyyancs ¢ MOMOIIbIO
pamuocnexktpomerpa DIIP X-auanazona SE/X 2547 (RadioPAN).

28



4 MHMHEPAJIOI' O-'EOXUMHNYECKHUE OCOBEHHOCTU MOHALIUTA

4.1 Momnauut peka borynaii

OO6pazenr mnpejacTaBiasier co0oMl dYepHbId wmumux. s HW3ydeHus M3 HEro

BpY4HYIO OblIa 0TOOpaHa MOHOMHHEpaibHast ppaxius MoHanuTa.(PucyHoK)

3epHa MOHAIUTa IO ONTHYECKAM MHKPOCKOIIOM HMEIOT HETPaBHILHYIO
dbopmy 00JIOMKOB pazmepoM 110 2 MM. B OOJBIIMHCTBE 3€pHA OKATaHBI, MECTaMU
yrioBatel. L[BeT MuHepana BapbUpyeTCsi OT OJIEIHO-)KENATOro 10 HACHIIICHHOTO.
[ToBepxHOCTH 3epeH HEpoBHas. MuHepan 00JagacT KUPHBIM OJICCKOM M MMEET He

BBICOKYIO CTEIIEHb MPO3PAYHOCTH.

[lon  SJEKTPOHHBIM  MHKPOCKONIOM  HAONIOAAeTCs  pPaBHOMEpPHOE
pacmpenesieHre 3JIEMEHTOB 10 Macce. BKIIIOYEHMsS [pyrux MHUHEPAIOB HE

HaOromaercs (pUCyHOK 3).

35544
SE MAG: 400 x HV: 20.0 kV. WD: 10.0 mm

ol

Pucynok 3 — ®otorpadguu monaruTa p. boryHaii moa onTU4ecKuM u

OJICKTPOHHBIM MHUKPOCKOITaMHU

B Tabnuie nokaszaHbl cpeiHuE COAEpk aHHUsI OKCUIOB AJIEMEHTOB B MUHEpaJe
(radbmuma 1). P,Os. cocraBmser 30,03%. Cymma penkux 3emenb coctasisetr 60,38%.
Cpenn HHX, KpOME pacCIpOCTPAHEHHBIX JJIEMEHTOB, TAaKXKE MOXKHO HaOI0IaTh

Sm,05(1,25%) n Gd;03(0,95%). Conepxkanrie ThO, cocrasnser 3,70%.
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Tabnuna 1 - Cpegaue copepkaHusi OKCHIOB 3JIEMEHTOB B MOHaLuTe p. boryHaii mo

pe3yabTaTaM 3JIEKTPOHHOU MUKPOCKOIIHH.

OKcuabl DJIIEMEHTOB

Cpennue conep>xaHusi OKCUA0B 3JIEMEHTOB, B

Mac.%

P,Os 30,03
Ce,03 13,28
La,03 29,73
Pr,0; 3,47
Nd,O3 11,71
Sm,0; 1,25
Gd,03 0,95
ThO, 3,70
SiO, 0,83
CaO 0,67
Al,O, 4,39

4.2 Momnamut peka Tapaka

OO6pazer; mpeacTaBisieT co00 MOHOMHUHEPAIBbHYIO (PaKIMI0O MOHAIUTa C

MaJiol IPUMECHIO IPYyTUX MUHEPAIOB. Bo (ppakiyu MOHAIUT 4€TKO pa3iaesseTcs Ha

JIBE pa3HOBHIHOCTH. [lepBas pa3HOBHIHOCTh UMEET CBETJIO-XKENThIH HBET (PUCYHOK

4). Arperarbl TOJIyIPO3payHbl, UMEIOT KUPHBIA OJieCK. 3epHa OKAaTaHHbBIEC, UMEIOT

HEPOBHYIO TOBEPXHOCTh. Pazmep nocturaer 2 mm. [1oj 351€KTpOHHBIM MUKPOCKOTIOM

HAOJIOaeTCsl PAaBHOMEPHOE paclpelie]ieHue AJIEMEHTOB MO Macce (PUCYHOK 4).

BxiroueHust Apyrux MUHEpaIoB HE HAOIOAaeTCs
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30108
SE MAG: 140 x HV: 20.0 kV_ WD: 9.9 mm

Pucynoxk 4 — ®oTorpadguu cBETI0-KEATOro MOHaIKMTa p. Tapaka moj

OIITUYCCKUM U 3JICKTPOHHBIM MHKPOCKOIIaMHU

Bropast pa3HOBUIHOCTh HMEET KOPUYHEBBIN I[BET (PUCYHOK 5). Arperarsl He
npo3pauHble. biieck MeHee BbIpaKE€H. 3€pHa TaKXKe€ OKATaHHBI, UMEIOT HEPOBHYIO
OBEpXHOCTh. Pasmep nocturaer 2 Mwm. [lox BNEKTPOHHBIM MHKPOCKOIIOM
HaAOJII0JaeTCsl PAaBHOMEPHOE pacHpeleieHUe JJIEMEHTOB IO Macce. BximroueHus

JIPYTrUX MUHEPAJoB He HabonaeTcsa (PUCYHOK 5).

30100 o

o

Y e
SE MAG: 231 x_HV: 2040/KV WD:10.0:

Pucynok. 5 — @ororpadun cBeto-kenaroro MmoHanura p. Tapaka non

OINTUYCCKUM H JJICKTPOHHBIM MHKPOCKOIIaMH

B tabnume MoXHO HaOMIOAaTh, YTO COACPIKAHME HEKOTOPBIX JJIEMEHTOB B
00enxX Pa3HOBHIHOCTSAX 3HAYUTENbHO pasznuuaercs (tabmmma 2). CocraB

KOPUYHEBOTO MOHAIUTa Oojiee NpUONMKEH K CTaHJapTHBIM 3HaueHusM. P,Os.
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cocraBisier 32,07%. Cymma penkux 3emenb coctaisieT 60,11%. Conepxxanne ThO,

n UO, coctaBnster 3,82%.

CocTaB e CBETJI0-)KEeNTOr0 MOHalUTa CUIbHO oTinyaetcs. P,Os. cocTaBnsier
17,64%. Cymma penkux 3emenb coctaBisieT 22,30%. Conmepxanue ThO, m UO,
coctariser 10,87%. Takxke B muHepane npucyrctsyer PbO(1,99%) (tabmuma 2).
Takue naHHBIE MOTYT TOBOPHTH HaM O 3aMEIICHUHM PEIKO3EMEIbHBIX 3JIEMEHTOB U
docdopa ypanom u TopueM. Takxke 3TO yKa3bIBaeT Ha TO, YTO Y JaHHBIX MOHAIIUTOB

OBLIN Ppa3HbIC NCTOYHUKMU.

Ta6J'II/II_Ia 2 - CpGI[HI/IC COACPIKaHUA OKCHUAOB 3JICMCHTOB B MOHAITHUTC P. TapaKa I10

pe3yabTaTtaM 3JIEKTPOHHOU MUKPOCKOIIUH.

Oxcunpl CpennHue coqiepKaHusi OKCUI0B DJIEMEHTOB, B Mac.%
3JIEMEHTOB CBeTH0-KEeNThIi KopuuHeBblii
P,Os 17,64 32,07
Ce,04 6,26 17,09
La,03 14,50 30,89
Nd,O3 1,55 12,13
ThO, 4,01 3,63
UoO, 6,87 0,19
PbO 1,99 -
SiO, 0,69 0,78
CaO 0,56 0,94
Al,O3 3,11 2,28

4.3 Momnarut Tyranckoro MeCTOpOKICHUSI.

Jliis u3yyeHus: ObLT MOJy4YeH cepblil NUTuX ¢ TyraHcKoro TUTaH-IUPKOHOBOTO
MecTopoxkaeHusl. C IOMONIBI0 MAarHUTHOM, JJEKTPOMATHUTHOW CEMapalvu H

pyudHoro otdopa Obuta MoyiydeHa MOHO(MpaKIMS MOHALIUTA JJIsl KCCIIETOBAHUS.

3epHa MOHAIMTa B IMecKaX TyraHCKOTO MECTOPOXKICHHUS O] ONTHYCCKUM
MHUKPOCKOIIOM HWMEIOT HEMpaBWIbHYI0 (QopMy o00J0MKOB pazmepoMm a0 0,5 mw,
Oonpias mMacca 3epeH okartaHHas (pucyHok 6). LlBeT Bapbupyercss or OJemgHO-

KCIITBIX OO0 HACBIIMICHHBIX }KCJ'ITOBaTO-6ypBIX OTTCHKOB. HOBerHOCTB 3€pEH UMECT
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HEPOBHYIO (hOpMY, IPOCMATPUBAIOTCS BHIOOMHBI B MOBEPXHOCTH. MuHepas obiagaer

JKUPHBIM OJIECKOM M UMEET HE BBICOKYIO CTCIICHD ITPO3PAYHOCTH.

HOI[ QJICKTPOHHBIM MHKPOCKOIIOM Ha6JII-OI[aIOTC$I MMOpPUCTOCTh B MHUHCPAJIC.
Tak xe B MHUHCPAJIC MMPUCYTCTBYIOT BKIIFOUCHMA. I[aHHBIe BKJIFOYCHUA OIPCACIICHBI

KaK 3epHa IUPKOHA, KCEHOTUMA U YPAHUHUTA.

SH

Map data 1210
SE MAG: 1800x HV: 20kV WD: 10.2mm

Pucynok 6 — ®@otorpadguu moranuTa TyraHCKOTO MECTOPOKICHHUS TTOT

OIITHYCCKHUM M 3JICKTPOHHBIM MHKPOCKOIIAMH.

B HwxkenpuBeneHHOW TabnHIle MOXKHO YBUIETh CPEAHHE COJEPKAHUS
OKCHJIOB 3JICMEHTOB B MoOHaruTe TyraHckoro mecropoxiacuus (tabnuma 3). P,Os.
coctaBisaeT 30,65%. Cymma penkux 3emens coctaBmsier 60,68. Conepkanne ThO,

cocrapyseT 2,87%.
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Tabnuna 3 - Cpegaue copepKaHusi OKCUOB 3JIEMEHTOB B MOHaNUTe TyraHcKoro

MECTOPOXKICHUS IO pe3yJibTaTaM 3JIEKTPOHHON MUKPOCKOIHUHU.

OKCHIIB SIEMEHTOB Cpennue COHCpKaHhI:II:CO-;;fI/LHOB 5JIEMEHTOB, B

P205 30,65
Ce203 15.18
La203 30.10

Pr203 420
Nd203 11.20

ThO?2 2 87

Si02 0.86

Ca0 1,74
AI203 3.20

4.4 Momnanut cpennero Tumana.

[IpenoctaBnennblii oOpazer] sBisSeTCs MOHO(Mpakiuend MoHaluTa. MuHepan
10J] ONTHYECKUM MHKPOCKOIIOM HMEET OJIeTHO-KENThI 1BeT (pUCyHOK 7). 3epHa
UMEIOT HENpaBWIbHYI0 (QopMy, okaTanbl. Pazmep g0 1 mm. [loBepxHOCTH 3epeH
UMeeT HepoBHYI (opMy. Munepan o06yiaaer *KUPHbIM OJECKOM U TIOYTH HE

MpO3payeH.

ITon AIEKTPOHHBIM MHUKPOCKOTIOM HaOJIr01aeTCs PaBHOMEPHOE
pacnpeneneHue eMeHToB 1o Macce(PucyHok). BkinroueHuss Apyrux MUHEpaioB HE

HalJIr01aeTCs
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PI/ICYHOK 17— q)OTOFpa(l)I/II/I MOHaOUTa CPCaAHCTO Tumana 1104 OIITHYCCKHUM U

QJICKTPOHHBIM MHUKPOCKOITaMH.

Cpennue coxepkaHusi OKCHIOB IEMEHTOB B MoHanute Cpeanero Tumana
IOKa3aHbl B MpUBEACHHONW Hke Tadmmme (tadimmna 4). P,Os. coctaBiser 29,74%.
Cymma peakux 3eMenb coctaBisieT 66,08%. B otnmume oT npyrux oOpasuos, B
naHHoM He npucyrctByer ThO,. OT1o kommeHcupyercs 0oJjiee BBICOKHUMHU

COZIEPKaHMUSIMU PEAKUX 3EMENb B MUHEPAJIE.

Tabnuna 4 - CpenHue conep’aHusi OKCHUIOB 3JIEMEHTOB B MOHaIuTe CpeaHero

TuMana no pe3yapraram 3JIEKTPOHHOW MUKPOCKOIIHH.

OKCI/I}:[BI 3TIeMEHTOB CpeI[HI/Ie COACPKaHUA O;(CHI[OB 3JICEMCHTOB,
B Mac.%
P,Os 29,74
Ce,04 22,82
La,O4 34,88
Nd,Os 8,39
SiO, 1,41
Al,O, 2,76

4.5 Momnanut KpacHOKyTCKOrO MECTOPOXKACHUS

OOpazer; mpencraBiseTr co00il MOHO(MPAKIIMIO MOHAIMTA TOJYYEHHOTO C

KpacHOKYTCKOTr0 MECTOPOKICHUS.
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[Tox onTMYeECKUM MHUKPOCKOIIOM MHUHEpaI UMEET KENThIA IBET (PUCYHOK §).
Pa3zmep 3epen He npeBwimaet 0,5 mm. 3epHa okatanbl. Habmomaercs skupHbIi OJ1eCK.
ITpo3payHOCTh 3€peH HMMEEeT HEBBICOKME TOKazaTenu. llog  2IeKTpOHHBIM
MHUKpPOCKOIIOM HaOJII0JJaeTCs PaBHOMEPHOE pACHPECICHUE 3JIEMEHTOB IO Macce
(Pucynok). Habnronarorcst HeOObIIE BKIFOUYCHUSI, KOTOPBIE OBLTH OIPEIeNICHbI KaK

AJIIOMOCHIIMKATbI

SE_MAG: 800 x HV: 20.0 kV_WD: 10.4 mm

Pucynok 8 — @otorpadun monaruta KpacHOKyTCKOTO MECTOPOXKISHUS IO

OIITHYCCKHUM H 3JICKTPOHHBIM MHKPOCKOIIAMH.

ITo comepkaHWIO OCHOBHBIX KOMITOHEHTOB, JaHHBIA oOOpasell MOYTH He
OTIIMYAETCs OT CTaHAApPTHBIX oOpasnoB (tabmuma 5). P,Os. cocraBmser 32,56%.

Cymma penkux 3emens coctaBisgeT 60,96%. Conepxanue ThO, coctaBnset 3,39%.

Tabnuma 5 - CpenHue copepKaHus OKCUIOB DJIEMEHTOB B MOHAIIUTE

KpacHOKyTCKOro MECTOPOXKACHUS IO pe3yibTaTaM 3JIEKTPOHHON MUKPOCKOIIHH.

OKCHIIBI STEMEHTOR Cpennue comepikaHus 0;«:14;:013 DJIEMEHTOB, B
Mac.%
P,Os 32,56
Ce,0; 17,60
La,03 30,65
Nd,O3 12,70
ThO, 3,39
Sio, 0,49
CaO 0,74
Al,O3 1,87

36



4.6 Monanuut Opnosckoro ['OKa.

OOpazer; mpeacTaBiasieT co0OM CMech MHUHEpaoOB, Ha3bIBAEMbIH CEphIM
nuiuxom. [Ipu nomneiTke 0ToOpaTh MOHO(DPAKIIMIO MOHAIIMTA, ObLIO OOHAPYKEHO, YTO
MOHAIIUT MUMEET OYCHb MaJICHbKHE pa3Mepbl. B CBS3M ¢ 3TUM HET BO3MOXXHOCTH

IMPOBCCTHU BU3YAJILHOC OITMCAHUEC MUHCpPpAJIA.

[log 2JIEKTPOHHBIM MHUKpPOCKOIIOM 3€pHa MUHEpana okartaHbsl. Ha
MOBEPXHOCTH  HAOJIOMAIOTCA  MHOTOYMCICHHBIC  BBIOOMHBI  (pucyHok  9).
Pacnpenenenne  sneMeHTOB B MuUHepaie  paBHoMepHoe.  HaOmomarorcs

MHOI'OYHCJICHHBIC BKIIIOUCHUA aJIFOMOCHIIMKATOB.

35343 N ¢
SE MAG: 945 x HV: 20.0 KV WD: 10.4 mi

Pucynox 9 — ®ororpadus monanura Opaorckoro ['OKa moa 37K TpoHHBIM

MHKPOCKOTIOM.

B cocraBe maHHOr0 MOHaIMTa MOXKHO HaOI0/1aTh, 4To coaepxkanue P,0Os -
32,09% (tabmumna 6). Cymma peakux 3emenb coctaBiser 62,20%. B Hux Bxomsar

MeHee pacupocTtpanenusie SM,05(1,75%) u Euy05(2,37%).
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Tabmuna 6 Cpeanue coaepKaHHs OKCHUIOB 3JEMEHTOB B MoHauTe OpioBCKOrO

['OKa 1o pe3yapTaTaM 3JIEKTPOHHON MUKPOCKOIIUHU.

OKCHITBI HTEMEHTOB Cpennue COI[ep)KaHI\I:II;ICO;OCI/IHOB AJIEMEHTOB, B

P,05 32,09
Ce,03 13,69
La,04 30,16
Pr,03 2,99
Nd,O; 11,24
Sm,04 1,75
Eu,0; 2,37
ThO, 1,82
SiO, 1,33
Al,O3 2,56

4.7 Monamut pexka Men3sa.

O6pazern peAcTaBisgeT coO0M YepHbIN NUKMX. [ u3ydeHus: u3 nuimxa Oblia

BPYUYHYIO MOJTydeHa MOHO(PAKITUS MOHAIIUTA.

MuHepalibl UMEIOT CBETJIO-KOpUUYHEBBIN 1BET (pucyHOK 10). [Tonynpo3pauen,
UMeeT KUPHBIA OecK. 3epHa OKAaTaHHbBI, UMEIOT HEPOBHYIO MOBEPXHOCTh. Pazmep

nocturaer 1 Mm.

[log ~ DNEKTPOHHBIM  MHKPOCKONOM  HaOJIOJaeTcs  paBHOMEPHOE
pacmpeneneHue 3JeMEHTOB 1o  Macce. BxirodeHus JApyrux MMHEpPAJIoOB He

Ha0JIr01aeTCs
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SEMAG: 348 x HV: 20.0 kV WD 404

Pucynox 10 — ®ororpadun Mmonarurta p. MeH3a 1moJ; ONTHYECKUM U

QJICKTPOHHBIM MHUKPOCKOIIaMH.

B Hmxe mnpuBeneHHOW TabiMIE MOXKHO HaOMIOJaTh, YTO MHUHEpaje
npucyrctByer 29,85% P,0s. 60,29% cocTaBisier cymMMma pEAKUX 3€Melb, CPeau
KOTOPBIX MPHUCYTCTBYIOT SM,05(1,63%) u Gd,05(1,59%), a Takke OYECHb pEIKU

Pm,05(1,46%) (Tabauma 7).

Tabnuna 7 - CpenHue coepKaHusi OKCUI0B AJIEMEHTOB B MOHaIuTe p. MeH3a o

pe3yJibTaTam 3JIEKTPOHHON MUKPOCKOIIHH.

OKCHITBI HTEMEHTOB Cpenunue COIlep)KaH;I;IC(.)(;::I/II[OB AJIEMEHTOB, B

P205 29,85
Ce203 12,35
La203 29,25
Pr203 5,49
Nd203 9,98
Pm203 1,46
Sm203 1,63
Gd203 1,59
ThO2 2,67

Sio2 2,62
Al203 3,12
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4.8 Monauut pyubst HagexxHbli.

[Toy4yenHslit oOpa3el npeacTaBiIsieT coO0N YepHbIN HUTUX. [ u3yueHus u3

nuiMxa OblIa Bpy4Hyro oToOpana MOHOGpaKIKs MOHAIIUTA.

Munepan uMmeeT KOpuyHEBbIM 1BeT (pucyHok 11). B oOpasue orcyrcTByer
npo3padyHoCcTh. briek >xupHbiil. Pazmep 3epen pocturaer 2Mm. [loBepXHOCTh 3epeH
HepoBHas. MwuHepan oOKaTaH, HO BCE €Il OTYETIMBO HAOMIOJAIOTCS TpaHu

KpUuCTAaJJIOB.

HOI[ QJICKTPOHHBIM MHKPOCKOIIOM TaK 7KC Ha6J'IIOI[aIOTC$I I'paHH KpUCTAJIIOB.

Bxurodenuit B kpucTaiax He 00HapYKEHO.

Pucynox 11 — ®ororpadum monanura pyd. HamexxHbIi o1 ONTHYECKUM U

QJICKTPOHHBIM MHUKPOCKOIIaMH.

B tabnuiie mokasaHbl CpeHUE COJCPKAHUS OKCHIIOB 3JIEMEHTOB B MUHEpAJIe
(tabmuna 8). P,Os. cocraBnser 33,90%. CymMa peakux 3eMenb coctaBiser 58,22%.
B HHMX KpoMe pacmpoCTpaHEHHBIX 3JEMEHTOB Takxke BXoaaT Smy03(1,33%)
Eu,03(1,26%), Gd,03(1,15%), Dy,03(2,46%). Conepxxanne ThO, cocraBiser
2,38%.
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Tabnuna 8 - CpenHue conepkaHus OKCUIOB 3JIEMEHTOB B MOHAIUTE py4. Hanexxubiii

10 pe3yJbTaTaM 3JIEKTPOHHON MUKPOCKOMHH.

OKCHIIB HICMEHTOB Cpennue coz[epnc?gH;I:Co;Ocm[os HJIEMEHTOB,

P,O5 33,90
Ce,05 12,03
La,05 27,87
Pr,0; 2,97
Nd,O; 9,14
Sm,03 1,33
Eu,0, 1,26
Gd,03 1,15
Dy.03 2,46
ThO, 2,38
SiO, 1,50
Al,O3 3,83

4.9 Momnarut mectopoxkaenust [1lokar.

OO6paserr npeacTaBiIseT cO00K CMECh JIByX MUHEPAJIOB IIMPKOHA U MOHAIIUTA.
[Tpu nonbITKE 0TOOPAaTh MOHOMPAKIIMIO MOHAIIMTA, OBLIO OOHAPYKEHO, YTO MOHALIUT
UMEET OuYeHb MaJiIeHbKHE pa3Mepbl. B CBA3M ¢ 3TUM HET BO3MOXHOCTU IMPOBECTU

BHU3YyaJIbHOC OIIMCAHKUC MHUHCPAJIA.

[Ton »HEKTPOHHBIM MHMKPOCKOIIOM MHHEpPAJIbl OKAaTaHHbIE, C HEPOBHOMU
MOBEPXHOCTHIO (PUCYHOK 12). DieMeHThI IO MUHEPATY paclpeiesieHbl PAaBHOMEPHO.

Brxitrouenus He HaOIIOAar0TCA.
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ISEMMAG 1111 x H\: 20.0 KV WD: 11.0 mm o
PI/IcyHOK 12 — ®otorpadun MoHaIHTA MCCTOpO)KI[GHI/ISI Hloxam noj

OIITHYCCKHUM M 3JICKTPOHHBIM MHUKPOCKOIIAMH.

B cocTtaBe maHHOTO MOHAIMTa MOXHO HaOIOAaTh, 4To comepxkanue P,Os -
34,05% (tabmuma 9). Cymma penkux 3emenb coctaBisieT 57,26%. B Hux Bxomst
MeHee pacrpocTtpaHeHHble SMy03(1,65%) m Eu,03(1,11%). Taxke B cocraBe

npucytcTBYIOT ThO2(2,94%) u UO,(0,72%)

Tabmuma 9 - Cpeanuwe comepkaHUS OKCHIOB DJJIEMEHTOB B MOHAIIUTE

MCCTOPOKIACHUA [Moxkamr no pe3yjibTaTtaM SHCKTpOHHOﬁ MHUKPOCKOIIHH.

OKCHIIBI SIEMEHTOB Cpennue COJIGp)KaHl\I:II:CO;;:I/IJIOB 3JIEMEHTOB, B

P,0s 34,05
Ce,03 28,41
La,03 13,59
Pr,03 2,81
Nd,O0; 9,70
Sm,05 1,65
Eu,03 1,11
ThO, 2,94

uo, 0,72
SiO, 1,44
Al,O, 2,85
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5 KVIJIAPUT. PASBHOBUJHOCTHb MOHAILIUTA.

5.1 Hcropust OTKpBITHS MUHEpAJIA

B cepennHe cemuuecaTbX TOAOB B MPOIECCE NEPEPAOOTKU U UCCIEAOBAHUS
TEXHOTE€HHBIX  OTBaJioB  Kymapckoro MecTopoXAeHHs, pPACIOJOKEHHOTO B
PecnyOnuke Caxa (SkyTusi), KOTOphie OOpa30BBIBAIIUCH B PE3yJbTaTe JOOBIYH
30J10Ta, CIy4yailHO ObUT OOHApyEH HOBBIM, HEM3BECTHBIM HAYyKE PEKO3EMEIbHBIN
MuHepan. OH moJiydus1 Ha3BaHHUE — KylapuT. [lepBOOTKpbhIBaTEIEM €ro CUUTAETCS
akanemuk M.f.HekpacoB, onuH u3 oTKpbIBaTenen JlenmyTaTrckoro MecTopoxacHus. B
WHOCTPAaHHOM JINTEPAType Ha3bIBACTCS KaK TEMHBIN WM CEphIi MOHAITUT [24].

Kynapur Obu1 oOHapykeH B IUIMXaX YETBEPTUYHBIX OTJIOXKEHUU B pailoHe
BepxosiHcko#t ckiamyatoi 3086l (Opynran, Xapaynax, Kymap) B 1956-1958 rr. B
BUJIC TEMHBIX arperaTtoB, B KOTOPBIX MOMOUIbIO CIEKTPaJbHOIO aHalIuW3a ObuIM
ONpEJENECHbl BBICOKME COJEpKAHUS PEIKO3EMENbHBIX 3JIEMEHTOB. (CII0XXHOCTh
NEPBUYHON AMATHOCTUKHM COCTOsUIa B TOM, YTO BHEIIHE 3TU arperaTbl HAIOMUHAIN
00J0MKM TIOpoA. Jl0CTaTOYHO BBICOKYIO CTENEHb WX H3BJICUYECHHS] NPU OTMBIBKE
IIJTMXOB HE TI03BOJIsUIA 00SCIIEYNTh TOHMKEHHAS TUIOTHOCTh arperatoB[25].

[lepBple XUMHUYECKHE AaHAIU3bl arperaroB Aajld CJEIYIOIIME pe3yJbTaThl
(mac.%): TR,03 — 30,5 - 48; P,0s5 - 14,6-22,2; Fe,053 2,6-3,2; THO; - no 1,0-1,6; H,O
- 4-6. Kpome ¢ocdaroB peakux 3eMellb B COCTAaBE arperaroB ObUIM YCTAHOBJICHBI
T'€TUT, XJIOPUTHI, CJFOBI M KOJUIOWIHBIC TJIMHUCThIC MHUHEPAIIBI[26].

B pesynbrare HmummMxoBoro omnpoOoBaHUS aulooBUs Tepputopuu JleHo-
SHCKOTO MEXIypeubsi ObLIO BBIACIEHO YEThIpE MEPCIEKTHUBHBIX paiioHa pPa3BUTHS
pOCChITNiel KyJapuTa, MPUYeM Ha OTIAEIbHBIX YYacTKaxX €ro KOHUEHTpAIUs B OcaJKax
mocturaer 16 kr/M° u Gomee. IIpOrHO3MpyeTCss OGOTAIICHHE KYIapUTOM W
MPUOPEKHO-MOPCKUX OCAAKOB MOps JlamTeBwx, Kyaa peako3emenbHbld (ocdar
BBIHOCHTCSI MHOTOYHCIICHHBIMH pekaMu [25].

3areM I[IMPOKOE pacHpoCTpaHEHUE KyjapuTa OBLUIO YCTAHOBJIEHO B
JNEBOHCKMX  KOpax  BbIBeTpuBaHUsi  Tumana.  37ech  MEPBOUCTOYHHKOM

PEeAKO3eMEIIbHBIX 3JIEMEHTOB CUMTAIOTCS OPOAbl prUdeicKkoro GpyHaaMeHTa.
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[lo3gnee xymaput OblT HaiifieH B Oojiee ApeBHUX mopojax [lpumonspHoro
VYpama, B 4YacTHOCTM B 30JI0TOHOCHBIX OOpPA30BAHMSX aJIBKECBOKCKONW CBUTBI
OpPAOBUKCKOIO BO3pacTa. 3/1eChb OH ObUI OXapaKTepU30BaH KaK HEOOBIUHBIM 110

cocraBy Nd-MoHaIuUT, MpeACTaBIICHHBIA HEMPO3PAYHBIMU TUIOCKUMU 3epHaMHu [26].

5.2 Teorpado-3KOHOMHYECKOE MOJIOKEHUE U T€OJIOTHUECKOE CTPOCHHE MOJIOKEHNE
Kymnapckoro MecTopoxaeHus.

Kynapckuii 3070TOHOCHBIM palioH pacnoiokeH 3a CeBEpHbIM MOJSPHBIM
KpyroM B CeBepHOM uacTu XpeOra Ymaxan-Cuc, B BEpXOBbsIX pek bypryar u
Kyuuyryii-Kroartontop (6acceiin pexku Omonoit — ryosl byop-Xast mopst JlanteBsix),
B 80 kM oT moOepexbsi Mopsi JlanTeBbiX, B 464 KM K ceBepo-3amagy OT pailOHHOTO
1eHTpa — mnoceka Jemyrarckuii [26].

Kynapckuii 30JI0TOHOCHBIM palloH HaxOAWTCS HAa KOHTUHEHTAJIbHOM
IPOJOJKEHUN TUTAaHTCKON PUPTOBOM CUCTEMBI CEBEPO-3alaHOr0—FOr0-BOCTOYHOIO
MpOCTUPaHUs, 3ajoxkuBuieiica Ha akBatopuu JlenoBuroro (EBpoasmarckoro)
OKeaHW4ecKoro OacceitHa u menbda Mopst JIanTeBbix Ha pyOeke paHHEro U MO3HETO
MeJia ¥ Pa3BUBaBIICHCS B TEUSHUE BCETO MO3THETO MeJa U KaliH0305[26].

Paiton mpuypouen «k Kynap-Hepckomy TypOumuTtoBOMYy  TeppeiHy
(claHLIEBOMY TOSICY) — OTHOCHTENIBHO Y3KOM C TNepeKMMaMH TEKTOHHYECKOU
IJIACTUHE, OTPAHUYUBAIOIIEN C CEBEPO-BOCTOKA AHO-KOJBIMCKHN CKIIaa4aThIi MOsIC
u nipoTsaHyBIIelcs 6oiee yem Ha 1000 kM oT BepxoBheB p. Hepa (mpaBoro mputoxa p.
Wugurupka) 1o HU30BbeB p. SHa (pucyHok 13). DTOT TeppeilH MouTH Ha BCEM
MPOTSKEHUU CJIOKEH JUCIOLMPOBAHHBIMU TOJIIAMU TpUAaca, U JUIIbL HA CEBEPHOM
dbnanre, rae pacnosioxkeH Kymapckuil 30JI0TOHOCHBIM pailoH, B HHUX B sapax
MOJIOKUTENBbHBIX CTPYKTYp OOHQ)XXAaIOTCS MOUIHBIE TOJIIM BEpPXHEH mepmu.
Kynapckoe nonuaTre o0beAMHIET HECKOIBKO COMMKEHHBIX KPYIMHBIX aHTUKIMHAJICH
CEBEPO-BOCTOYHOIO MPOCTUPAHUS, B SIIPAX KOTOPBIX OOHAXEHBI (hopMaIlii BepXHEH

MIEPMU | ITPOPHIBAIOIINE UX TPAHHUTHI MTO3THEMEIOBOTO Bo3pacTa [26].
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Pucynox 13 - Cxema pazmemienus: Kynapckoro nmoastus (pyIHOro paiioHa)

B PETMOHAIIBHBIX CTPYKTYypax Ha MPOJ0JKEHUH 1Ieab(oBoro Ycrb-JIeHckoro pudra.
1 — HagBuru; 2 — CIABUTO-HAABUIM (CTpENKa YKa3blBa€T Ha JIEBOCIBUTOBBIC
cMmenieHus); 3 — casuru; 4 — pudrorenHsie cOpockl; 5 — ropckue toimu [lonoycHo-
JIeOMHCKOTO CHHKIIMHOPUS

B Kynapckom 3070TOHOCHOM palOHE BBIJICISIOTCS CIEAYIOLIUE PYAHBIE
30HbI: 1) SlHO-OMoroiickasi ~ 30JIOTOpyJHAasi, OXBaThIBAIOIIAS  CTPYKTYPHO
Pa3HOPOJIHYIO TeppUTOpHI0  AHO-OMOJIOMCKOTO  MEXKIypeubs, BKIHOYAIOLIYIO
VnaxaH-CUCCKYI0 aHTUKIMHAIb, CMeXHble 4YacTu LlenTpansHoit m Coiypckon
aHTUKJIMHAJTEH M pa3fensione UX y3Kue CHHKIMHalIbHbIE 30HBI, 2) LleHTpanbHo-
Kynapckas  30510TO-peAKOMETaIUIbHAsA, OXBAThIBAIOLIAs  LIEHTPAJbHBIE  YACTH
Hentpanbuoidr u Conypckoil anTukiuHaied; 3) KroHaymioHCkass cypbMsHas,
IPUYPOUYECHHAsT K  IOIPYKAIOIIEMYCS ~ CEBEPO-BOCTOYHOMY  IPOJOJIKEHHUIO
[lenTpanpbHON aHTUKJIMHAIA Ha mpaBoOepexbe p. SHa; 4) Krouycckas 3o0moto-
PTYTHO-CYypbMsiHasA, MNPUYPOUCHHAs K BBIAEIAEMOM HaMU 30HE CMSTUSA BJOJb

neBoOepexbs p. Sna. Pymaeie ¢opManmm ¢ 30J0TOM TMPEACTaBICHBI B
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MEPEUYNCIEHHBIX 30HaX 30JI0TO-TIOJIUCYJIb(PUIHO-KBAPIICBOM, 30JI0TO-
PEIKOMETAUIBHO-KBAPLEBOM UM 30JI0TO-KMHOBApPHO-aHTUMOHUTOBOW. llocnenuss
UMeeT HauOoJblllee MPAKTUYECKOE 3HAYCHUE, MOCKOJIbKY MPJICTaBICHA KPYITHBIM

MecTopoxaeHueM Krouroc [26].

5.3 MuHepanoro-reoXuMH4ecKue 0COOCHHOCTH KyJlapuTa

Jns [IPOBEICHUSA Hay4YHBIX HCCIIETOBAHUM Obula  TONyYeHa

MOHOMUHEpaNbHas (GpaKIUs MUHEpaia Kyl1apuT (pucyHok 14).

s
T

Pucynok 14 — ®ororpadus KyaapuTa noJ ONTHYECKUM MUKPOCKOIIOM, JUTMHA
JUHEHKH 1 MM.

3epHa KyJlapuTa HMMEIOT OOJIMTOBYIO (opMy, B Mpo0Oe NIPHUCYTCTBYIOT
MHOKECTBEHHBIE O0JIOMKHM MHHepasa. L[BeT BappupyeTcssi OT TEMHO CEpOro 10
KEJITOBATO-OYphIX OTTEHKOB. IlOBEpXHOCTh 3€peH HMeeT HEepOBHYIO (opMy,
IIPOCMATPUBAIOTCSI BBIOOWHBI B MOBEPXHOCTH. Tak e MPUCYTCTBYIOT M3MEHEHHBIE
MUHEpaJbl pa3BUBaBLIMECS [0 TMOBEpXHOCTH MHHepana. Kymaput oOnamaer
MeTasmmdeckum OneckoM. He npo3paueH. Munepan paspyiiaercs Ipu JaBICHHUH.

JUig omnpeneneHns MHHEPAJIbHOTO COCTaBa OBLIM MPOBEACHBI aHAIU3BI C

nomouibto nuppakromerpa D2 PHASER.[lns mnpoBeaenus AaHHOTO —aHamu3a
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HECKOJbKO 3€peH ObUIM W3MENbUCHBI W TIOMEIICHBl Ha KBapIEBOE CTEKIo. B
pe3yNbTaTe aHaM3a JaHHbII MUHEPAJT ONPEAEITIIICS KaK MOHAIUT.

[Ipu mpoBeeHUH MArHUTHOM cenmapanuu o0paszel pa3feauics Ha JIBE YacTh
MAarHUTHYIO U HE MarHUTHYIO.

Jlanee ObLT mpoBeneH aHaiIM3 00pas3la MO 3JIEKTPOHHBIM MHKPOCKOTIOM
(pucyHok 15). Jlns ananuza oTOMpanivch HECKOJIBKO 3€peH MHUHEpaia U C MOMOIIbIO
NUHLETa TOMEIIAINCh, HA IBYCTOPOHHIOK MPOBOIAILIYIO YTOJIBHYIO KICHKYIO JIEHTY.

Tak xe J1 JaHHBIX 11eJ1ei ObLT U3TOTOBJICH aHILTU.

Map data 1461 .
SE MAG: 270x HV: 20kV WD,

MHUKPOCKOIIOM.

Ha pucyHke BHIHO, YTO OOJIMTHI COCTOST W3 JIBYX MHUHEPAJIOB, BUJAMMBIX Ha
M300PKEHUSIX KaK «CBETJIO-CepbIi» M «cepblity. [lpu OosbiieM NpuUOIMKEHUH
MO>KHO YBHUJIETh IPUCYTCTBUE TPETHETO MUHEPAIa TEMHO-CEPOTO» IIBETA.

Ha w300paxkeHHsxX BHIHO B OOJACTH «CBETJIO-CEpOTO» MUHepasa
DJIEMEHTHBIA COCTaB COOTBETCTBYET KyJapuTy. MuUHepan HMEeT HEPOBHYIO

MOBEPXHOCTh, MPUCYTCTBYIOT BKJIFOUEHUS IPYTUX MUHEPAJIOB.
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W3 npuBeneHHON HUKE TaOJIHIBI, NOJYYEHHOW B pE3yJbTaTe AJIEKTPOHHON
MUKpPOCKOIIMHY, BUJIHO, YTO cojJep>kaHue B arperare cyMMbl REE cocraBmisier okoio
58,1 %, P,0s - 29,33,ThO, - 2,40% ( tabauua 10).

Tabnuna 10 - Cpennue conep:kaHusi OKCHIOB DJIIEMEHTOB B KyJapuTe, 10

pe3yiibTaTaM MHUKPO30HJOBOI'O aHAJIN34a.

Oxkcung Conepxanus B mac.%
Al203 4,62
Si02 1,40
P205 29,33
FeO 4,24
La203 20,04
Ce203 27,52
Nd203 10,45
ThO2 2,40

Ha cnenyrommx pucyHkax MO>KHO HaOJI0JIaTh KapThl PACCESIHUS JIEMEHTOB B
arperare (pucyHok 16). MoXHO YBUIETh paclpeeieHue peaKo3eMeTbHbIX
aneMeHToB, Th u P. 3a uckmodenuem La, copepkaHne KOTOPOTO YMEHBIIACTCS T10
Mepe MpUONMKEHUS K LEHTPY arperarta, 3J€MEHTbl pacipeesieHbl PaBHOMEPHO IO
Macce MUHepana.

B «TeMHO-cepoM» MUHEpAJIE MPEUMYILIECTBEHHO MIPUCYTCTBYIOT AIFOMUHUI 1
KPEMHHUIA, B MEHBIIUX KOJMYECTBaX HATpui U Kanuil (pucynok 17). Mcxoas usz atoro
CHEJIaHO 3aKJIFOYEHHE, 4YTO JaHHBIM MHHEpaa SBISETCS aAJIFOMOCHIMKATOM.
[IposiBnsiercss B BUJE BKIIOYEHMA B MATpUIly OCHOBHOIO MHHEpana, 4YTO

COOTBCTCTBYCT OIMMCAHHIO B JIMTCPATYPHBIX HCTOYHHKAX.
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Map data 1461 ) Y L ‘- Map data 1461 ¥ §
SE MAG: 270x HV: 20kV .4 Sma v | SE MAG: 270x HV: 20kv WD: 43

Map data 1461 Map data 1461 k
SE MAG: 270x HV: 20kV nm T | SE MAG: 270x HV: 20kv WD:

Pucynok 16 — KapTtsl paccessHust o1 3I€KTPOHHBIM MUKPOCKOTIOM

PEAKO3EMEIIbHBIX AJIeMeHTOB 1 Th.

. SE \ . SEfFel
p data 1461 L 70 ym Map data 1461 70 um Map data 1461
MAG: 270x HV: 20kV WD: 8.9mm . SE _MAG: 270x HV: 20kV WD: 9:9mm SE _MAG: 270x HV: 20kV WDg8.9mm
S o

e " § 3
[SER B SEfica
Map data 1461 X Ao 70um Map data 1461 2 " Map data 1461
SE MAG: 270x HV: 20kV WD:9.8i , v SE MAG: 270x HV: 20kV Wi .9 > SE MAG: 270x_HV: 20kv WDz8 9

Pucynok 17 — KapTel paccesiHus 3JIeMEHTOB TOJ1 3JIEKTPOHHBIM

MHKPOCKOIIOM aJIFOMHUHHA, KPCMHUSA, KCJIC3a, CEPhI, KAJbLMA, U KaJIH.
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«Cepplil» MUHEpall pa3BUBACTCA B BHUAE KOPOYKM 1O TOBEPXHOCTH
OCHOBHOrO MuHepaia. Ha HeM mpHUCYTCTBYIOT TpEUIMHBI U  C(EpOIUTOBBIC
oOpa3oBanus. MuHepan umeer pbikui 11BeT. COCTOUT MPEUMYILECTBEHHO U3 JKele3a.
B MeHpIIMX KONMYECTBAX MPUCYTCTBYET AJIIOMHUHMM, KpeMHHU. [[n8 wm3yuyeHwus
JnaHHoro MuHepasia obpaserr O6b11 otnpaniieH B LIKII «I'eonayka» mpu UI" Komu HIJ
YpO PAH, rae usyqaics ¢ nomoripio paguocnektpomerpa P X-auamazona SE/X
2547 (RadioPAN). B pesynbrare d4ero JaHHBIH MHHEpajd OBUI ONpEICICH Kak
Maraetur [22].

Jist monmydeHus Oosiee TOYHBIX JaHHBIX MO 3JIEMEHTHOMY COCTaBY YacTH
oOpa3ua, B3sThle W3 JBYX (pakiuii, ObUIM OTMIPABIEHbl HA WHCTPYMEHTAJIbHBIN
HEUTPOHHO-aKTUBAIIMOHHBIN aHanu3 (tabmuna 11). PesynmbraToM, KoTOporo craia
MPUBE/ICHHAs! HUKE TaOuIa.

Tabnuna 11 - Conepskanus >JIEMEHTOB B KyJIapuTe, 10 pe3yjbTaTaM

HHCTPYMCHTAJILHOI'O HGfITpOHHO-aKTHBaI_[HOHHOFO aHaJIn3a.

CoJnepxaHue 3JIEMEHTOB B T/T.
DneMeHT
MarnuTHas ¢pakuus HemarnutHas dpakims

Ce 88898,7 101219,6
La 53195 64570,1
Nd 50054,2 59885
Sm 7532,5 8208,3
Eu 1663,8 1873,1
U 116 22,7
Th 3968,3 4631,3
Th 502,8 662,1
Na 83000 15800
Ca 81000 -

Sc 10390 18500
Cr 2267,9 2613,6
Fe 49800 -

Rb 851,5 -

Sb 12,5 28,9

B cnenyromeit Ttabnmie coiep)karcs JaHHBIE AHAIW30B  AJICKTPOHHOU
MUKPOCKOTIMM KYyJIapuTa W3 JIPyTUX HCCICIOBAaHHBIX OOBEKTOB B3SITHIC U3

JUTEpPATypPHBIX HICTOYHHUKOB (Tabnuua 12).
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Tabmuna 12 - DneMeHTHBI COCTaB KyjapuTa M3 pPa3iMYHBIX HMCTOYHHUKOB IIO

JIMTCPATYPHBIM JIaHHBIM.

Hentpan
Mecropoxe Tpv Kymnon Paiion
bHBII
MecTtopoxaeHus Hue TomTOp Xapuneu , Dkemyp,
Benbrus Anscka | Monrana | TaiiBanb| 3aup | @panuus | Ucnanus | Ilepy VYanbce,
U paiioHbl (ApkTHyecka Benikoop Benukobpura
[3] [ [71 [71 [71 [71 [71 [ Bemnkob
onpoOOBaHHUs. s1 Cubups) WTaHU HUS
(17 pUTaHUs 1] 1]
1
Ocanoun Ocajoun
I'enesuc ble KapOoHaTuts! 3 -/- -/-
OPO/IbI TIOPO/IbI
Anamms €)%141 -I- -/- -/- -/- -/- -/- -/- -/- -/- -/- -/-
22,3
P,0s 30,3 28,7 6 20 20,65 234 21,03 28,85 21,25 28,33 29,3 29,4
Ce0; 32,2 28,0 29 21 24,41 30,2 24,05 29,43 28,25 27,47 24,83 25,78
13,5
La,O3 11,5 15,7 4 11 10,13 11,6 8,87 10,55 12 12,23 10,23 14,4
Pr,03 3,94 2,31 3,34 2,6 2,6 41 3,15 1,05 3,33 3,37 3,05 3,48
Nd,O
15,6 7,29 14 11 11,36 19 13,82 1,17 13,5 18,32 16,73 16,98
3
Sm,0
2,93 0,46 1,92 1,7 1,69 3,68 2,8 1,62 2,1 4,33 4,15 3,70
3
Eu,03 0,19 - 0,31 0,24 0,22 0,48 0,48 0,14 0,37 0,49 0,17 0,08
Gd,0
1,51 0,55 0,98 11 0,9 1,28 2,03 2,08 1,23 - - -
3
Okcuasl 5,05 » 042 B N _ - N N - 1,84 1,25 1,20
SHIeMenT Dy,0{ 0,19 0,44 - - - - - - - - - -
® Eos| - - - - - - - - - 0.37 125 120
HOZO = = = = = = = = = = = =
Y203 0,56 - 0,47 1,2 05 0,6 0,67 0,47 0,55 - - -
ThO, 0,30 - 0,88 0,57 0,76 0,79 0,53 0,32 0,5 0,10 0,62 0,69
uo, 0,03 - - - - - - - - - - -
PbO - - - - - - - - - - - -
SiO, 0,66 0,36 8,35 14 17,25 5,78 10,32 13,8 13,5 1,57 3,25 2,80
Ca0 0,15 3,21 0,28 11 0,53 0,16 - - 0,2 - - -
SO; - 0,35 - - - - - - - - - -
F - 0,65 - - - - - - - - - -
Al,O; - 0,51 1,98 4.4 1,55 1,21 3,97 4,7 1,85 - - -
FeO - 1,18 1,77 75 0,98 0,61 3,15 15 1,28 - - -
SrO - 1,48 - - - - - - - - - -
Cymma Beex
OKCHJIOB 99,1 102,
100,00 91,64 97,41 93,53 94,87 95,68 99,91 98,42 94,82 99,68
JIIEMEHTOB B 8 89

MHHepae
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6 CPABHUTEJIbHBI AHAJIN3 MOHAITUTOB
JUis TpOBENEHUs] CPaBHUTENIBHOTO aHaiu3a ObUIM COOpaHbl JaHHBIE I10

COCTaBy MOHAIIMTOB, U3 JUTEPATyPHBIX HCTOUYHUKOB, PA3TUYHBIX MECTOPOKICHUM
mupa (tabmuma A.l).Jlo TMONy4YeHHBIM JAaHHBIM COCTABJICHBI JHArPAMMBI

COOTHOIIICHUH JIEMEHTOB B UCCIIEIOBAaHHBIX 00pa3max (pucynku 18-24).

La-Ce oTHOIIEHHE MO JAHHBIM AHAJIM30B W */TepaTypise
JTaHHbIE(MOHAITHT)

JUTEPATYPHBIX JaHHBIX B Cpenuuii Tuman

70,00

W Pexa Borynaii

60,00 . B KpacHOKyTCKOE
MECTOPOXKIEHNE

B Opnoscknit 'OK

50,00

M Pexa YcreMensa

B Hanexupiit

40,00

La,%

30,00

MPexa Tapaka. Csernas
Pa3HOBUIHOCTH

M Pexa Tapaka. TemnHas
Pa3HOBHIHOCTH

OTyranckoe
MECTOPOXKICHHUE

20,00 o

H [Ilokamickoe
MECTOPOXKICHHE
JlutepatypHsle
JaHHBIC(KYJIapuT)

10,00 —

® Kynapckoe
0,00 1000 2000 30,00 40,00 50,00 60,00 70,00 80,00 MCCTOPOAKICHHE

0 Kpacunoyhumckoe
Ce; /0 XPaHUITHIIE

0,00

Pucynok 18 — Jlnarpamma La-Ce oTHOIIEHUS 1O TaHHBIM aHAIN30B U

JIMTCPATYPHBIX JTaHHBIX
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20,00

JUTCPATYPHDBIX JaAHHBIX

18,00

3

16,00

14,00

1200 &

Nd,% 10,00 t

8,00
6,00

4,00

2,00

'S
00
L 2

0,00
0,00

2,00 4,00 6,00

Pr,%

8,00

10,00

12,00

Nd-Pr orHomieHHe 1m0 TaAHHBIM AHAJIM30B U

@ JluteparypHsble JaHHBIS(MOHALNT)

B Cpenunii Tuman

M Peka boryHait

M KpacHOKYTCKOE MECTOPOIK/ICHHE

B Oprnosckuit 'OK

M Peka YcreMen3a

B HanexHbri

M Pexa Tapaka. Ceriiasi pa3HOBHHOCTh

M Pexa Tapaka. TemHast pa3HOBUIAHOCTh

OTyranckoe MeCTOPOXKICHHE

H [Ilokamckoe MECTOPOXKICHNE
JlureparypHble TaHHBIE(KYIapuT)

® Kynapckoe MECTOpOKICHHE
Kpacuoypumckoe xpanummiie

Pucynoxk 19 — Jluarpamma Nd-Pr oTHOIIICHHS 110 TaHHBIM aHAJTHU30B U

JIUTCPATYPHBIX JaHHBIX

JUTECPATYPHBIX JaHHBIX

Eu-Sm oTHolIeHMEe 1O TaAHHBIM AHAJIU30B U

*

6,00

Sm,%

8,00

10,00

12,00

@ JIutepaTypHble

JTaHHbIe(MOHAITHT)
B Cpenuuit Tuman

M Pexa borynaii

M KpacHokyTcKOe

MECTOPOXKICHHE
B Opnosckuii 'OK

M Peka YcreMensa
B Hanexuplii

M Pexa Tapaka. Cetias

Pa3sHOBHIHOCTH
M Peka Tapaxa. TemHas

Pa3sHOBHIHOCTh
OTyranckoe MeCTOPOXKICHHE

M [Ilokamickoe

MECTOPOXKICHHE
JIureparypusie

JIaHHBIE(KYJIapHT)
® Kynapckoe MECTOPOXKICHUE

Kpacunoypumckoe
XPaHWINIIE

Pucynox 20 — Jlmarpamma EU-Sm oTHOIIEHUS TI0 TAaHHBIM aHAJIM30B U

JIMTCPATYPHBIX JJaHHBIX
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P-Th oTHomIeHHe 1O TAaHHBIM AHAJHM30B U JJUTEPATYPHBIX

JAHHBIX
35,00
30,00 f *
25,00 7S
20,00
Th.% *<
15,00
10,00 I ———
¢
5,00 = ¥ .———
0,00 - T —
0,00 10,00 0,00 30,00
P

40,00

@ JIureparypHble JaHHbIS(MOHAIUT)

B Cpennuit Tuman

B Pexa borynait

W KpacHOKyTCKO€ MECTOPOXKIECHUE

M Oprosckuii 'OK

M Pexa YcreMensa

B Hanexublii

M Peka Tapaxa. CBeTnast
Pa3HOBUIHOCTH

W Pexa Tapaka. TemHast pa3HOBUIHOCTb

O Tyranckoe MECTOPOXKJICHUE

W ][Jokanickoe MECTOPOKACHHE
JlurepatypHble TaHHBIS(KYTapHT)

® Kynapckoe MecTOpOXKIeHHE

Pucynok 21 — Jlnarpamma P - (Si+Al) oTHOIIEHUST 110 TaHHBIM aHAIH30B U

JIUTCPATYPHBIX JaHHBIX

P-(Si+Al) oTHommIeHHe 1O TAHHBIM AHAJIN30B M JTUTEPATYPHBIX® lnreparyprsic

AAHHBIX

JTaHHBIe(MOHAIINT)
B Cpenaniit Tuman

20,00
| M Pexa borynait
18,00
M KpacHOKyTCKOE
MECTOPOK/ICHHE
16100 M Oprnosckuit TOK
14,00 < W Peka YcersMensa
12,00 i
) B HapnexHblii
Si+Al % 10,00 M Peka Tapaka. Cerias
a3HOBU/THOCTD
8,00 W Pexa Tapaka. TemHas
A3HOBU/IHOCTD
6,00 & .g = O Tyranckoe MeCTOPOKIEHHE
4,00 B S - ————| MIllokamickoe
MECTOPOJK/ICHHE
2,00 -9 o .]-[I/ITeplleypHLIe
' A JaHHbIe(KyJIapHT)
0,00 ® Kynapckoe MECTOpOKIAEHNE
0,00 10,00 20,00 30,00 40,00 KpacHoydumckoe
P % XpaHUIHILIE

Pucynok 22 — JIlnarpamma P-Th oTHoOIIeHHMS 110 JaHHBIM aHAJIM30B U

JUTEPATYPHBIX JAHHBIX
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@ JlurepatypHbie

JTaHHBIS(MOHAITUT)
B Cpenanit Tuman

B Peka borynait

B KpacHoOKyTCKO€

MECTOPOXKIICHHUE
B Opnosckuit 'OK

B Peka YcTteMen3a
B HanexHbIi

M Pexa Tapaxka. CeTnas
Pa3HOBUAHOCTh

W Pexa Tapaka. Temnas
Pa3HOBUAHOCTH

O Tyranckoe MeCTOpOKACHHUE

Pucynox 23 — lnarpamma (Th+U)-> REE oTHOIIEHUS 10 TaHHBIM aHAJTU30B U

JIUTCPATYPHBIX JaHHBIX

P-La+Ce oTHOIIIEHME MO JAHHBIM AHAJIU30B U

La+Ce, %

JIMTEPATYPHBIX JAHHBIX

80,00

70,00

v

60,00

50,00

40,00

A
)

30,00

o Himes

20,00

10,00

0,00

0,00 10,00 20.00

PY%

30,00

40,00

@ JlutepaTypHble
JIaHHBIC(MOHAITUT)

B Cpenuuri Tuman

M Peka BoryHait

M KpacHOKYTCKOE MECTOPOIKICHHE

M Oprosckuit TOK

M Peka YereMen3a

B Hanexaslit

M Pexa Tapaka. Cerias

BasHOBI/mHOCTL
W Pexa Tapaka. Temnas

A3HOBHUIHOCTD
YraHCKO€ MECTOPOKIACHUC

O

B IIokaiickoe MECTOPOKIACHUE
JlurepartypHsble
JaHHbIe(KYIapHT)

® Kynapckoe MECTOPOXKIACHHE

Kpacuoypumckoe xpaHummiie

Pucynok 24 — JTnuarpamma (Th+U)-Y REE oTHOIICHHS IO TaHHBIM aHATU30B U

JUTEPATYPHBIX JAHHBIX
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Ha gumarpamme La-Ce oTHomeHust 3J€MEHTOB oOpaslax BHUAHO SIPKO
BBEIPOKECHHOE pa3jielieHne o0pa3loB KylapuTa U MOHAIKUTA. XOPOIIIO 3aMETHO, YTO B
oOpasmnax Kymapura OoJiee Hu3KHe coaepkanus La m Ce, yem B MoHaruTax. Takke
XOpOIIIO 3aMETHA MPsMast 3aBUCUMOCTh COJICPKAHUHN ITHX JIEMEHTOB 00pa3Iax.

Ha cneayromux nuarpammax Nd-Pr u EU-Sm  oTHOIICHMIA 3aMETHO, YTO B
TEMHOH pa3HOBHUIHOCTH MOHAIIUTa COJCpXKAaHUE JaHHBIX 3JEMEHTOB HAao00pOT
BO3pacTaeT. ITO TOBOPHUT O 3aMEIICHHUH JIETKUX PEIKO3EMENbHBIX IJIEMEHTOB OoJee
TsokenbiMi. Ha muarpamme Nd-Pr Takke BHaHA mpsiMasi 3aBUCHMOCTD COJEPIKaHHIMA

JTAHHBIX JJIEMEHTOB B 00pa3liax.

Jlanee MOXKHO YBUIETh XOPOIIIO 3ameTHOe oTiindue B P - (Si+Al) oTHOIIeHUH.
B kymapute Oonpmue copepxanus Si u Al. DT0 MPOUCXOIUT 3a CUST BKIIOYCHHN B

arperathbl KyJapuTa aJIJlOMOCHIIMKATOB.

Ha crneayromux JByX aWarpaMmax BHUJIHBI MCHBIIHE COJCp)KaHUs Th B
KyJIapuTe, B OTJIMYUE OT MOHamuTa. [Ipu ATOM NpaKTHUECKH HE H3MEHSIOTCS
colepkaHuss P, HO XOpOIIO MPOCIEKUBACTCS OOpaTHAs 3aBHCHUMOCTb MEXIY
conepkanuem (Th+U) u YREE. Cyas mo stoMmy, MOXHO cka3aTh, yto Th u U

3aMCIIarOT pCAKO3CMCIIBHBIC 3JICMCHTHI.

Ha mocnenneit quarpamMmme MokHO HaOmonaTh cooTHomeHnue P - La+Ce mo
BCEM MeECTOpOkaeHusiM. Ha nuarpamme BHJIHO, YTO MOYTH BCE TOYKH COOpajucCh B
OJIHy 00J1acTh. DTO TOBOPUT O TOM, YTO BO BCEX MOHAIIUTAX TOYTH HJCHTUYHBIC

conepxanms P, La u Ce.

[IpoBeneHHBIC WCCIIEOBAaHMUS TO3BOJISIIOT JaTh OMNpEIEICHHEe MUHEpaTy
Kynaput. Kymaput sBisieTCss MUHEpaJIbHBIM OOJUTOBBIM OOpa3oBaHUEM, CEpOro,
TEMHO-CEpOro IBeTa (B MHOCTPAHHOUW JUTEpaType MCIOIb3YEeTCS] TEPMHUH «CEPBI»
MoHauut). B coctaBe kortoporo cymma REE cocraBnsier okono 58,1 %(mipu sTom
coaepxanue La u Ce ke, a Nd, Pr, EU u Sm BbIitie, 10 CpaBHEHUIO ¢ MOHAITUTOM),
P,Os - 29,33, ThO, - 2,40%. Takxe OH XapaKTepU3yeTCsl HEPaBHOMEPHBIM

pacnpeiesieHueM  PEAKO3E€MEIbHBIX  3JJIEMEHTOB IO  Macce  MHUHEpana,
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MHOI'O4YHMCJICHHBIMH BKIIIOUCHUSAMHU AJTIOMOCHUIIMKATOB H KOpO‘-IKOﬁ Ha IIOBCPXHOCTHU

o0pa30BaHHON MarHETUTOM

Ha paHHBII MOMEHT MOHAUUT MCIOJB3YETCI B OCHOBHOM KAaK HMCTOYHHK
Topus. M3BinedeHneM peaKo3eMeEnbHbIX 3JIEMEHTOB U3 MOHALMTA HE 3aHUMAIOTCS 110
IPUYMHE TOrO, YTO TOPUN JUId JTAHHOTO Mpollecca sBIAETCA OOJblIE BpEIHOU
npumeckro. Kymapur mMor Obl cTaTh XOpolled 3aMeHOod MoHauuty. B Hem
IPOCJIEKUBAIOTCA 0OoJiee HU3KUE CONEPKAHUA TOPHUS M HPUCYTCTBHE OOJBILErO

CIICKTpa pCAKO3CMCIIbHBIX 3JICMCHTOB.

Ho ects m MuHycChl y JOaHHOro MuHepana. B Kymapure OpUCYTCTBYIOT
MPUMECH HECKOJIbKMX MHUHEpAJOB, UYTO MNpPH J00BIYE O3HAYAET JOMOJHUTEIbHYIO
OUYHCTKY OT HEHYKHbIX IpuMeceld. Takxke, B OTIIMYUE OT MOHALIUTA, KYJIApUT UMEET

MCHBINYIO IINIOTHOCTD, YTO CHUJIBHO OCJIOKHACT €TI0 IIOMCKHU U I[06I>I‘-Iy.
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7 ®uHAHCOBBII MEHEIKMEHT, peCcypcoddHEKTUBHOCTh M PeCypCcocOEpeKeHre

Lenb padboThl — M3yueHne MUHEPaIoro-re0OXMMHUECKUX 0COOEHHOCTEN
MOHALUTOB U PACCMOTPEHHE UX KaK IOTEHIHAIBHBIX HCTOYHUKOB PEIKO3EMEIBHBIX
JJIEMEHTOB.

B nporecce uccienoBaHus MPOBONUIIUCEH UCCIIET0BAHNS JIEMEHTHOTO COCTaBa,
JIIEKTPOHHO-MUKPOCKOIIUYECKUE UCCIIENOBAHHUS, OIIPEAEIAIOCH IPOCTPAHCTBEHHOE
pacIpeneneHue peIKo3eMeNbHBIX JIEMEHTOB B KPUCTAJITIaX MOHALUTOB.

Brlmreonncannpie METOBI UCCIIE0BAHNS BELIECTBA [IO3BOJIAIOT B IIOJIHOU
Me€pe U3yYUTh MOHAIUT U KyJIapuT, KaK ICTOYHUKHN PEAKO3EMEIIBHBIX JIEMEHTOB U
TOPHUSL.

B rnase «®uHAHCOBBI MEHEKMEHT, pecypcod(h(PEeKTUBHOCT U
pecypcocOepexeHney» BhIITYCKHONW KBATU(PUKALMOHHON pabOThl IPEICTABIIEH pPacyeT

CMETHOM CTOUMOCTH pa60T I10 N3TOTOBJICHHUIO aHHIJ'II/I(bOB.

7.1. PacueTHas 4yacTth

[TonmupoBanHble mUQbI (AaHILLTU(GBI) — TOJIUPOBAHHBIEC IUTYPBI 115
uccienoBanus B orpaxkeHHoM cBeTe (CoriacHo myHkTy 13.1 rmaser 13 CCH-92,
Breimyck 7). s uccienoBaHus 00pa3lioB aHIUIM(bI U3TOTABINMBAIOT U3 3€PEH
MOHAIINTA.

Ucxons u3 «Knaccupukauny ropHbIX MOpOA U Py MO KATETOPHUSIM CII0KHOCTH
W3TOTOBJICHUS U3 HUX MPO3PAYHbIX U MOIUPOBAHHBIX HUTMGOBY» riasel 13 CCH-92,
Brimyck 7, uMmerommuecs 00pasibl sl U3rOTOBJICHUS MPO3PAYHbIX U MOJUPOBAHHBIX

nudoB oTHOCATCA K |1 kaTeropuu cioKHOCTH padoOT.

Pacuer 3atpaTt BpemeHU U Tpya Ha 1abopaTopHbIE pabOThHI
Hopwmel BpeMeHr Ha N3TOTOBJICHHE MTPO3PAYHBIX M ITOJIUPOBAHHBIX MITU(POB

npusenensl B Tabnuue 13 (Tabnuua 13.3 rnasst 13 CCH-92, Beimn. 7).
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Tabmuma 13 - HopMbl BpeMeHr Ha U3TOTOBIICHUE W3 TOPHBIX MOPOJT U PYI

MIPO3pPAYHbIX U TOJUPOBAHHBIX NUTHU(OB (B OpHUrago/yac)

ot oB- 6pukeToB 11 ||

KaTCTrOpHU CJIOKHOCTH.

g OpuKeT

Howmep HaumenoBanue pabot Ennnuna Hopwma
HOPMBI U3MEPEHUS
1818 N3roroBiieHre NOJUPOBAHHBIX [TonupoBaHHBbII 1,06

Pacuer 3aTpat BpeMenu (N;) 0 KaxXa0My BUIY paOOT IPOU3BOIUTCS O

dbopmyiie 1, naHHbIE pacyeTOB MPUBEJACHBI B Ta0IUIIE 2:

NL:HBpXKXVi;

1)

rac HBp — HOpMa BpCMCHH HA BBIIIOJIHCHUC CIMHHIIBI 1-TO Buaa

IIPOEKTUPYEMBIX padoT;

K — nmonpaBouHbIi KO3 (ULIHUEHT, YUUTHIBAIOIINWNA U3MEHEHUE 3aTpaT BPEMEHU

B CBA3H C OTKJIOHCHUEM YCJIOBI/Iﬁ OT HOPpMAJIN30BAHHBIX

Vi — o0bem i-ro Buaa padbor.

Tabnuua 14 - Pacuet 3aTpaT BpeMEHH Ha U3TOTOBJIEHUE U3 TOPHBIX IOPOA U Py

IMPO3PAaYHbIX U ITOJIUPOBAHHBIX MHH(bOB

Ne | Bug En. O0bem Hopma Ha [lormpaBouH | 3arpatsl
n/m | paboT U3Mep. pabor eauHuLy (B BIif KO3(-T | BpeMeHH (B
Opurago-yacax) | (K) Opurano-
qacax)

1. Nzrorosn | lmud 2 1,06 1 2

CHHE

MOJINPOBA

HHBIX

nu@os
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Hcxoas 3 JaHHBIX MOMyYEHHBIX B TaOuIe 7.2, pacCYUTHIBAETCS BpeMsl Ha

HU3TOTOBJICHHUEC OJHOI'O aHIHJII/IClJaI

1 aanumad: 15/14=1,07 (B Opuramgo-gacax).

O611ast HopMa pacxoJ0B BpEMEHHU Ha U3TOTOBIICHUE U3 TOPHBIX MOPOJ U PYA

IOJIMPOBAHHBIX HIJ'II/I(i)OB:

Annuudsr: 15/8=1,9 (6purago-cmen).

Ha usroroBienune 2 moJMpoBaHHBIX NUIH(OB, C yI€TOM 8 YaCOBOTO pabOYero JHM,

notpedyercst 1 1eHb.

PacueTr MaTepHualibHBIX 3aTpaT Ha Ja0OpaTOpPHBIE padOTHI

B cootBercTBuu ¢ mynktom 3 Meroauku BIICH cToumocTs 1ab0opaTOpHBIX

I/ICCJIG,Z[OBaHI/IfI COCTaBJIACT CIACAYIOIIHMC BUALI 3aTPat:

e (OcHoBHas 3apabOTHA TI1aTa;

OTtuncieHus Ha COMAJIbHBIC HYK/IbI,

Marepuainsr;
AmopTu3anus;

Yenyru.

Pacuer 3apaboTHOM M1aThI

Tabnuna 15 - OcHoBHas 3apaboTHAsI T1aTa

Nen/m | HaumenoBanue | Kon-Bo | Okian 3a | Okian 3a | Pabion. Hroro
TOJKHOCTEN yenoBek | mMecsil (B | 1 nenb (B | Koad-T 3apriara
pyonsix) | pyOmsix) | (s (B
Tomcka) | py6iisx)
1. MmudoBmuk | 1 25000 1190,5 1,3 1547.,6
TOPHBIX TTOPOJT
IV pazpsana
2. [ToncoOubIit 1 10000 476,2 1,3 619
pabounii |
paspsia
Uroro mo 2166,5
3apruiaTe

Pacuet 3apaboTHOI MIaThl OCYIIECTBISAETCS C y4eToM TOMCKOro paiiloHHOTO

koddunmenta 1.3. PaccuntbiBaeTcs 4151 OJTHOTO MITU(DOBANBIIMKA U OJHOTO
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MOICOOHOTO pabouero Mpu NATUAHEBHON pabodeii Helelne U BOCbMIUYaCOBOM

pabouem qHe. PaboTsl mpoBoauinch B HOsiOpe 2016, konndecTBO pabounx AHEH B

sToM Mecsie coctaBuio 21 (Tabnuma 15).

PacueTt oTuncnenuii Ha COOMaJIbHBIC HYK/IbI

OTtuncneHus Ha COLMMAJIBHBIC HYKIABI ITPOU3BOAATCA COITIACHO CDCILCpaJIBHOMy

3akoHy oT 4 aekabps 2015 r. Ne 363-D3 “O Gromkere DoHa CONUATBHOTO

ctpaxoBanus Poccuiickoit @eaeparuu Ha 2016”. JlabopaTtopHbie pabOTHI 110

HU3TrOTOBJICHUIO IIPO3PAYHBIX U ITIOJIMPOBAHHBIX IIIJII/I(i)OB oTHOCATCA K IX KJIacCcCy

po¢eCCUOHAIBHOTO PUCKA, CTaBKa OTYUCIICHUS 110 HUM B DOH]T CTpaxoBaHUS OT

HECYaCTHBIX cirydaB cocTaBiser 1% (Taommma 16).

Tabnuna 16 - OTuncnenust Ha colManibHbIE HYK/IbI (32 1 1eHb)

Ne/m | Bun otuncienus Oo01mas CraBka Hroro o
cymMma oTurcieHus (B | KAKIOMY BUILY
3apiuiatel B | %) oTuucacHus (B
pyOmsix pyOIsX)
1. BHeOromkeTHEIE 2166,5 22 476,67
TOCYJIapCTBECHHBIC
(hoHIBI
2. doH/T COMAITBHOTO 2,9 63,8
CTpaxOBaHUS
3. doux 003aTETLHOTO 51 110,4
METUITUTHCKOTO
CTpaxOBaHUs
4, DoH/J| CTpaxOBaHUS OT 1 21,67
HECYACTHBIX CITyJacB
Hroro: 31 672,54
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Marepnaisl.

[lepeyeHb OCHOBHOTO 000PY10BaHUS, IPUMEHAEMOTO IPH U3TOTOBICHUHT

MPO3PAYHBIX U MOJIUPOBAHHBIX NUTM(OB, cornacHo Tadnuue 13.7 rmassl 13 CCH-92,

Beim. 7, mpuBeneH B Tabmuiie 17.

Tabnuua 17 - [lepeuenb 0CHOBHOTO 000pyI0BaHUs J1abopaTopuu

Ne /1 | HaumenoBanue Ennnuna KomnuectBo CtOonMOCTB
U3MEPEHUS (B py0OIIsIX)

1. KBaprieBooTpe3HoOM CTaHOK | IITyKa 1 56050

2. Mukpockon ITyKa 1 113000
MOJIAPU3ALIMOHHBIN
arperaTHblid pabouuit
pynusiit, [IOJIAM-P-312

3. Muxkpockorn HITyKa 1 139000
MOJIIPU3AIIMOHHBIN
[TOJIAM JI-211

4. CTtaHOK KaMHEPE3HBIH MITyKa 1 78693
anmasnbiii KPC-11-

5. Cranok nuindoBaIbHBINA ITyKa 1 57800
CIIIH-1

6. CTaHOK HaCTOJBHO- ITyKa 1 60000
CBEPJIMJIbHBIN OJTHOIIIIHH-
nenepHbii HC-12A

8. Hkad cymmabHbINH HITyKa 1 176000

BaKyyMHBIH (¢
BaKyyMETPOM

tepmonapHbim) [IICB-45k
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Tabnuna 18 - [lepeueHs 1abopaTOpHON OCYAbI, PEAKTUBOB U MaTEPHAJIOB,

IPUMEHSEMBIX MTPU U3TOTOBICHUH MPO3PAYHBIX U AaHIUTU(OB (COTIACHO TaOIHIIE

13.9 rnaBel 13 CCH-92, Boin. 7 u tabaune 2 CHOP-93, Byin.7)

Ne | HammeHnoBanue Ennuun | Ko | CmertHas
1/ a -BO | CTOUMOCTb
| nu3Mep. (B pyOIIs1X)
3a Bcero
CIUHUITY
TOBapa
JlaGopartopHas nocyaa ITyKa
1. | banku cteknsHHBIC ¢ Kpbimkamu 0,1-0,2 | mTyka | 2 177,0 354,0
1
2. | byreuib 20 n mTyka |1 765,0 765,0
3. | Kon6s! mnockogounusie 1000 Mmm mTyka |1 600,0 600,0
4. | Crakansl hapdopossie N 7, 1000 mm mTyka |1 231,0 231,0
5. | Yamm kpucramm3anuonasie YKT-90, mTyka |1 436,0 436,0
d=310 MM, BEIC. 90 MM
PeakTuBEI
6. | Harpuii yriaexucisiii, 4.1.a. KT 0,7 |43,80 30,66
7. | Okuch aaTrOMUHHSA, Y.1.4. KT 0,2 |100,0 20,0
8. | Oxmcs (I11) xxene3a, ocy.u. KT 0,2 [65,0 13,0
9. | Oxucw xpoma (III), u.m.a. KT 0,7 |372,0 260.,4
10 | Okuce xpoma (II), u.m.a. KT 0,7 |400,0 280,0
11 | [TuxToBOE MaCIO KT 0,7 |580,0 406,0
12 | Coupr-pextudukar, ocd. hi| 2 35,0 70,0
13 | DTUIEHTINKOIIb, Y.10.4. KT 0,5 |265,0 132,5
Marepuasl
14 | Kanudosb TamoBasi KpucTauiMiecKast KT 1 38,0 38,0
15 | Mukpouutudonopomok K36, N M-5 KT 0,3 790 23,7
16 | Mukponutudomnoporiok K36, N M-7 KT 0,3 |110,0 33,0
17 | Mukponutudomnopormiok K36, N M-10 KT 0,5 |150,0 75,0
18 | Muxkpouutudomnopormiok K36, N M-14 KT 0,5 [200,0 100,0
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19 | Muxkpouutudonopormiok K36, N M-20 KT 0,3 |240,0 72,0
éO Muxkpourmudomnopomok K36, N M-28 KT 15 |733,0 1099,5
él Crexia mokpoBHEIE, 24x24 MM mtyka | 100 | 363,0 36300,
.22 Crexia mpeAMETHBIC mtyka | 100 | 10,0 2000,0
.23 Hlemnax KT 0,3 [560,0 168.,0
é4 [Imudosansroe 3epao K39 N 50-16 KT 0,5 [47800,0 |23900,
é5 [mudoBanereril mopomok K37 N 12-10 | kr 0,5 |800,0 E)100,0
Matepuaibl a1 opopMIIeHUs
PE3yNIbTaTOB MPOBEACHHBIX PabOT
26 | biiokHOT Majoro pasmepa mTyka |1 53,0 53,0
.27 Kapannain MmexaHuuecKkuit mTyKa |2 24,0 48,0
.28 JIuneiika yeptexHas, 20 cm mTyka |1 7,0 7,0
é9 Pyuka mapukoBas mTyka |3 25,0 75,0
Uroro: 66990,
76
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AmopTuzanus

Pacyer amopTr3anuu mporu3BOIUTCS TOJIBKO 000pyaoBanHus (Tadmuia 19).

Hopma amopTu3aiuu BeIYUCISIETCS JIMHEWHBIM METOI0M 110 (popMmyiie 2 (Hasorosbiii

KOJIEKC 4acTh 2, TJ1aBa 25 ctaThs 259 m.1):

1 +100%
n

I7Ie N — CPOK CIIYKOBbI 000PY/T0BaHHUS.

()

Ta6nuna 19 - AMopTu3alus 0OCHOBHOTO 000pY/I0BaHUS J1ab0paTopuu

Ne | HammenoBanue Ilena 3a Cpoxk Exemecsunbie
n/m €IVHULLY, CIIY>KObI | aMOPTHU3ALIMOHHbBIC
MIPUHSATAS B OTUYHUCIICHUS
CHOP (B pyOIIs1X)
(B py0IIsIX)
1. KBapiieBooTpesHoit 56050 10 net 467,1
CTaHOK
2. | Mukpockon 139000 5 ner 579,2
MOJIAPU3ALMOHHBIN
ITOJIAM JI-211
3. | Mukpockon 113000 5 ner 470,8
MOJMPU3ALUOHHBIN
arperaTHblii pabouunit
pynubii, [I0OJIAM-P-312
4, CTaHOK KaMHEepe3HbIN 78693 10 net 655,8
aJIMa3HbIN
KPC-110
5. | Cranok mmmudoBansabiii | 57800 10 net 481,7
CIIIH- 1
6. | CraHoK HacTOJBHO- 60000 10 ner 500,0
CBEPJIMIIbHBIN
omuommHaensHbi HC-
12A
7. | CTaHOK KaMHEpE3HbIT 69000 10 ner 575,0
CKPH-1
8. | llka¢ cymmnbHbIN 176000 10 ner 1466,7
BaKyyMHBIH (C
BaKyyMETPOM
TEPMOIIAPHBIM)
HICB-45k
Hroro 5196,3
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Yenyru

s nanucanust BKP kpome usrorosnenus nungoB, BHITOIHSIUCH IPYTHE

J'Ia60paTOpHBIe HCCIICA0BAaHN BCIICCTBA.

Tabnuua 20 - Yciayru no npoBeAeHUIO 1a00paTOPHBIX UCCIICI0BAHUM.

Bun pabot En.usmepenuss | O6bem Ennnnunas | CmeTHas
pabor CMETHast CTOMMOCTh

pactieHka (B | pabort (B
pyOIIsIX) pyOIIsIX)

DJIEKTPOHHO-30HOBBIM npoba 10 201 2100

MUKPOAHAIIN3

HNHCTpyMEHTAIBHO npoba 1 1800 1800

HEUTPOHHO-

AKTUBAIIMOHHBIN aHAIN3

(MHAA).

Wroro: 3900

OO611ast cTouMoCTh padoT

OO61ast cMeTHasi CTOUMOCTh PaboT mpejcTaBieHa Tadbnuuei no popme CM4

(tabmuia 21).

Tabnuma 21 - ®opma 4. CMeTHBIE HOPMBI 110 CTaThsIM OCHOBHBIX PACX0J/I0B Ha

MIPOBE/ICHNE KOMILJIEKCa JIA0OPATOPHBIX HCCIICIOBAHUN

Crartbu pacxona

CMmeTHasi CTOUMOCTH (B

HcTouHMK IPUHATON HOPMBI

pyoIIsIX)

OcHoBHas 3apaboTHas iara | 2166,5 CCH-92, Bem.7, ri1.13;
CHOP-93, Beim.7

Otuncnenus Ha conpansueie | 672,54 @3 ot 4 nexabps 2015 r. Ne

HYKITBI 363-®3 “O oromxere ...”

Matepuans 66990.76 CCH-92, Bpim.7, 1i1.13;
CHOP-93, Beim.7

AmMopTuzanms 5196,3 HanoroBelii konekc, 4.2, 1.
25, cr. 259, n.1

Yenyru 3900 Ha noroBopHoii ocHOBE

Bcero: 78926,1
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Pacuer eqHUYHON CMETHOM paclieHKH U3roTOBIeHUs nutuda (anmuuda)

npuBezcH B Tabmuiie 22.

Tabnuna 22 - Pacuer enMHUYHON CMETHON PACIIEHKH M3TOTOBICHUS HITH(a

(arnunda)

HaumeHnoBaHue pacxoioB Enunan | Konnue | Ctoumo | Cymma
na CTBO CTh OCHOBHBIX
U3Mep | AWHMI] | €UHHI] | PACXOJIOB
eHus BlI, PYO.

OcHoBHas 3apa0oTHas IJ1aTa;

[nudosuuk ropusix nopoa IV paspsima | a.-cm. | 1 1190,5 |1190,5

[ToncoOublii pabounii | pazpsina y-cm. |1 476,2 476,2

HUTOI'O: 1 1666,7

HUTOI'O c maa. 1.3 2166,5

OTtunciieHus Ha coaabHbBIE 31.0% 672,54

HYKIbI

HUTOI'O: 2839

Marepuaiibl 66990.76

AMopTuzammst 060pyI0BaHHS 5196.3

NTOI'O 0CHOBHBIX pacxo/I0B 75026,06

EnvHnyHas cMeTHas pacleHKa 3237.18

B PE3YILTATC PACUCTOB MOKHO CKa3aTb, YTO CTOMMOCTDb UCCIICA0OBAHHA

coctaBmia 75026,06 pyOnet, a enMHUYHAS CMETHAs paciieHKa U3TOTOBJICHUS ITH(da

(anmuuga) cocraBuna 3237.18 pyouneid.
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8 ConmanbHas OTBETCTBEHHOCTh MPHU MPOBEACHUH UCCIIEI0BAaHUI 00pa3IoB
MOHAIIATA U €T0 ayTUT'€HHON Pa3HOBUIHOCTU-KYJIAPUTA

JlaHHast BRITyCKHAs KBaTH(PUKAIIMOHHAA paboTa MpeAcTaBisieT cooon
HAyYHO-UCCIIEIOBATEILCKYIO paboTy. OCHOBHOM 00BheM padoT (ITPOBEACHUE
aHaJIM30B, IOCTPOCHUE TUArpaMM, rpauKoB, HAOOP TEKCTA) BHITIOJHEH Ha
NEPCOHAILHOM KOMITBIOTEPE, O3TOMY B paszene «ConuaabHas OTBETCTBEHHOCTh
P MPOBEJICHUU UCCIIEIOBaHNN 00pa3Il0B MOHAIIUTA U €r0 ayTUT€HHON
Pa3HOBHUIHOCTH-KyJIapuTa» paccMarpuBaercs «IIponsBoacTBeHHas 6€300aCHOCTD
py paboTe Ha MEPCOHAIBHBIX KOMITBIOTEPAX).

Ienb naHHOTO pazaerna: MpoaHaIUM3UPOBAThH ONACHBIE U BPEAHbIE (PAKTOPHI
IIPU TaHHOM BH/JI€ OPraHU3ALMOHHOMN €SI TEIbHOCTH U PEIIUTh BOIIPOCHI
o0ecrniedeHus 3alUThl OT HUX Ha OCHOBE TPeOOBaHMM JEHCTBYIOMINX HOPMATUBHO-
TEXHUYECKUX TOKYMEHTOB.

B nannom pazpene paccmaTpuBaeTcs yCIOBUs TpyJa yueOHO-HAydHOM
1a00paToprur MUKPO3JIEMEHTHOTO aHain3a. Pabouee MecTo pacnosioskeHo Ha MATOM
staxke 3aanus (20 kopryc TIIY), nMeeT ecTeCTBEHHOE U UCKYCCTBEHHOE OCBEIICHHUE.
Pa3mepsr nomenienus 10x8 m. OOmas mioniaas NoMeneHus 80M>. [Imomane Ha
0JIHO Pabotee MECTO C IePCOHANBHBIM KOMITBIOTEPOM COCTABIISIET HE MeHee 4M°, a
00beM — He Meree 14 v°. B ayIUuTOpUH UMeeTCs 12 mepCOHANBHBIX KOMITBIOTEPOB.
BrimonHeHre TaHHOM BBIMTYCKHOM KBaTU(UKAITMOHHONW PaObO0ThI OCYIIECTBIISIIOCH C
MOMOILBIO MPUKIIATHOTO TPOrpaMMHOro obecnedeHus. [lpu 3ToMm UCHOIb30BANINCH:

LIBETHOM MOHUTOP, KIIaBUATYypa, MbIIlIb, CHCTEMHbIN OJIOK, JTa3epHBIA IPUHTED.

8.1 IlpodeccuonanbHas coruaabHas 0€30MaCHOCTh B KOMITBIOTEPHOM

IIOMCIIICHNN

CobnrofeHre yCTaHOBJIEHHBIX HOPM U TipaBuil npu padore ¢ [I9BM — 3anor

0e30macHo 1 MPOTYKTUBHON paboThI. J[aHHBIE HOPMBI U MTpaBUJIa HATIPABJICHBI HA
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Npca0TBPAICHUC He6HaFOHpI/I$ITHOl"O BJIMSTHUS HAa 3I0POBBC YCJIIOBCKA BPCAHBIX

(haKTOpPOB MPOU3BOICTBEHHON CPEIbl M TPYAOBOTO Mporiecca nmpu padote ¢ [IDBM.

B taGnune 23 npencraBieHbl OCHOBHBIE OMACHBIE U BPeAHbIE (DaKTOPHI 110

['OCT 12.0.003-74, BbIsIBIIEHHBIE B XOJI€ aHAJIW3a MPOBEACHUS UCCIIEA0BATEIBCKUX

paboT Ha KoMmIbroTepe [1].

Ta6numa 23 — OCHOBHBIE 3JIEMEHTHI IPOU3BOJICTBEHHOTO MPOIlecca,

dbopMupytolIKE ONACHBIE U BpeIHbIe (DAKTOPHI MPH BBHITTOJIHEHUN KaMePaTbHBIX

pabot

HaunmenoBanue dakropsr HopmatuBHBIE JOKYMEHTBI
BUJIOB pabOT (I'OCT 12.0.003-74 CCBT ¢ u3zmen. 1999 r.)

Bpenusie OmnacHeie
1 2 3 4
Pa6ora na O5BM 1. lym Ha pabouem | 1. DnexkTpudeckuii CanlluH 2.2.2/2.4.1340-03
(momck MecTe. TOK [2]
uHpopmanuu, 2.OnexkrpomarautHbl | 2. [Toxapoonacuocts | CanlluH 2.2.4.548-96 [3]
obpaboTka € TIOJISl ¥ M3ITyYeHUS CI12.2.1.1312-03 [4]
pE3yJIbTaToB, 3. HemocraTtounas CHulT 23-05-95 [5]
Ha0Op TEKCTa, OCBEIIICHHOCTD I'OCT 12.1.038.79 [6]
[IOCTPOCHHE paboueii 30HbI HITb 105 - 95 [7]
rpaduyeckux 4.HepsHo- CIT 2.6.1.3247-15 [8]
M300paKeHMI) MICUXHUYECKUE

Harpy3Ku

(ymMcTBEHHOE

NepeHarpsHKeHNe)

3. OTKIIOHEHUE

IIOKa3aTesen

MUKPOKJIMATA B

MTOMEIIICHUT

5.1.1 AHanu3 BpeIHBIX MTPOU3BOJACTBEHHBIX (haKTOPOB M 0OOCHOBAHHE

MEpOTPUATUN IO UX YCTPAHEHUIO (POU3BOJICTBEHHAS] CAHUTAPHS)

9J'ICKTpOMaFHI/ITHBIe I1OJIsA U U3JTYUCHUA

OCHOBHBIM BpeHBIM (haKTOPOM, BO3JCHCTBUIO KOTOPOTO MOIBEPTaeTCs

WHKEHEP-UCCIIE0BATEINb MPU padOTe 32 KOMITBIOTEPOM, SIBIISIETCS

SJICKTPOMAriuTHOC U3JIy4YCHHUC. Ono HaFY6HO BJIMSICT HA KOCTHBIC TKAHU, YXYAIIACT
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3pCHUC, MMTOBBINIACT YTOMIIICMOCTD, 4 TAKIKC CHOCO6CTByeT 0cJ1a0JIEHUIO TaMSITH U
BO3HUKHOBEHHIO OHKOJOTHYECKHUX 3a00ICBaHUM.

be3onacHble ypOBHU U3IIy4eHUN periiameHTupyrorcsa Hopmamu CanlluH

2.2.212.4.1340-03 [2] u npencTaBieHb B TabmIe 24.

Tabnuua 24 — Bpemennsie nonyctumbie ypoBaH (BJIY) anekTpoMarHuTHBIX

nosiei, cozgaBaembix [I19BM Ha pabouunx mecrax [2]

HaumenoBanue napameTpoB BAY
HanpsoxeHHOCTH B quana3oHe yactotT 5 ' - 2 kl'11 25 B/m
SJIEKTPUICCKOTO IIOJIA  |g npamazone yactor 2 Kl - 400 kI 2,5 B/m
II;moTHOCTE MarHuTHOTO |B Auamna3ode 9actoT 5 ' - 2 k' 250 gTn
IIOTOKA B quana3oHe yactor 2 k[ 1 - 400 x['11 25 uTn
HanpsxeHHOCTB 3J€KTPOCTaTUYECKOTO MOJIA 15 kB/m

C HCJIbI0 CHUIKCHWA BPECAHOI'O BJIMUSHUSA SJICKTPOMArHUTHOT'O U3JIYUYCHUA 1IPpU

paboTe C KOMITBIOTEPOM HEOOXOAUMO COOJIIOAATh CIEAYIONINE OOIIHE

rUTUeHUYecKue TpeboBaHus [2]:

JImuTenbHOCTh paboThl O€3 MepephiBa B3POCIIOro MOJb30BaTENs JOJKHA ObITh

He Ooutee 2 4, pedbenka —10+20 MUH, B 3aBUCUMOCTH OT Bo3pacTta. B mporecce
paboTHI CIIEyEeT MEHSITh COJICPIKAHKUE U THIT ACATEIHPHOCTH (YepeI0BaTh BBOT
JTAHHBIX U penakTupoBanue). CormacHo TpeOOBaHUSIM CAHUTAPHBIX HOPM
HE00XO0MMBI 00sI3aTEIBHBIC TTEPEPHIBBI IPHU PAOOTE 32 KOMITBIOTEPOM, BO BpeMs
KOTOPBIX PEKOMEH/IOBAHO JIeJIaTh YIPAXHEHUS TSI TJ1a3, PYK U OITOPHO-
JIBUTATEJIHHOTO arapara.

Pabouee MecTo ¢ KOMIIBIOTEPOM JOHKHO PACTIONaraThCsl IO OTHOIICHHIO K
OKHaM TaKUM 00pa3oM, 4TOOKI JIy4H CBETa IMaJIajiu ciieBa. Eciu B moMenmeHnn
HAXOJIUTCSI HECKOJBKO KOMITBIOTEPOB, TO PACCTOSTHUE MEXKITY IKPAHOM OJTHOTO
MOHHUTOpA U 3aHEH CTCHKOH JAPYTOro JOJKHO OBITh HE MEHEE 2 M, a pacCTOSTHUE

MEXTy OOKOBBIMU CTEHKAMU COCETHUX MOHUTOPOB — 1,2 M. OnTUMaIbHBIM
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PaACCTOSIHEM MEXITY SKpaHOM MOHUTOPA U TiiazaMu paboTHuka sBisiercs 60+70 cMm,
HO He Ommke 50 cMm.
Jiist ocnabiieHus BIUMSHUS pAaCCESIHHOTO PEHTT€HOBCKOTO U3IYyUYEHUs OT

monutopa [IK pexomenmyercs ucmonb30BaTh 3alUTHBIEC QUIBTPHI (IKPAHbI).

HGI[OCTaTO‘{Ha}I OCBCIICHHOCTDB pa60qeﬁ 30HBI.

Henocrarounoe ocBelieHre BiauseT Ha (GYHKIIMOHUPOBAHUE 3PUTEIIHLHOTO
anmnapara, TO €CTh OIPEAEIIAET 3pUTEIbHYI0 PA00TOCIOCOOHOCTD, HA TICUXUKY
YEJIOBEKa, €r0 IMOLIMOHAIILHOE COCTOSTHUE, BBI3BIBAET YCTAJIOCTh LIEHTPAIbHOM
HEPBHOW CHCTEMBI, BO3HUKAIOIIEH B pE3yJIbTATE MPUIIATa€MbIX YCUIINI JJIS
OTO3HAHUSI YETKUX WJIM COMHUTEIBHBIX CUTHAIOB. HepocTaTtouHas 0CBEIIEHHOCTh
MO>KET BO3HUKATh MPU HEMPABUIHLHOM BHIOOPE OCBETUTEIBHBIX TPUOOPOB MPHU
HCKYCCTBEHHOM OCBEIICHUU U MPU HEMIPABUILHOM HalpaBJIICHUH CBETa HAa pabouee
MECTO MPU €CTECTBEHHOM OCBEUIEHUH. HAYYHO-HCCIIEIOBATEIBCKUE YUPEKACHUS.
PeanpHas ocBeleHHOCTh HA paboueM MecTe B3siTa U3 MaTepPHAJIOB aTTeCTalluU
pabounx MECT IO YCJIOBUSIM TPY/a.

OueHka OCBEIIEHHOCTH Npou3BoAuiack B cootBerctBuu ¢ CanlluH
2.2.1/2.1.1.1278-03 [9]. B tabnuiie 25 npuBeaCHBI HOPMUPYEMbIC U (PAKTUYCCKHEC
MOKa3aTesii UCKYCCTBEHHOTO ocBelieHrs. HopMupyemblie mokazaTeau npeacTaBiIeHb
JUTsl KAOMHETOB, pabOUMX KOMHAT, O(PHCOB, IPEACTABUTENHCTB B aIMUHUCTPATHBHBIX
3MaHUSX (MUHUCTEPCTBA, BEJOMCTBA, KOMUTETHI, MPEePEKTYPhl, MyHUITUTIATUTETHI
yIpaBJieHUsl, KOHCTPYKTOPCKHE U MPOEKTHBIC OpraHU3allui, HAy4YHO-
HCCIIeIOBATENLCKIE YUPEKIeH s ). PeabHas OCBEIIEHHOCTh Ha paboyeM MecTe

B34Ta U3 MAaTCPHUAJIOB aTTCCTAllUN pa60‘H/IX MCCT II0 YCJIOBHAM TpyJa.
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Tabnuma 25 - Hopmupyembie u pakTudeckre moka3aTesid HCKYCCTBEHHOTO

ocBerieHus [9]

Pabouas
MMOBEPXHOCTH U
IUIOCKOCTH
HOPMHPOBAHUS

OCBCIIICHHOCTH

OcCBelIEHHOCTD

(mpu ob1IeM

Iloka3arenno

nuckomdopta M, He

Koaddurment
yJbCalluu

ocBetienHoctH, K, %,

(I'-ropu3oHTaIbHASA) | OCBEIICHUH), IK | OoJiee
He OoJee

U BBICOTA
IJIOCKOCTH HAJl
OJIOM, M

@aktny | Jonyct | @aktuu | Honmyctn | @aktuuec | Jlomyctum

r-o0,8 eckas uMas eCKHUH MBI KHH BIN
4 3 4 4
15 15
00 00 0 0

I/ICXOI[H 13 TaOJIMYHBIX JaHHBIX, MOKHO CKa3aTb, 4YTO OCBCHICHHOCTD

COOTBCTCTBYCT HOPMATHUBHBIM JdHHBIM, CJICA0OBATCIbHO, OCBCIICHHUC OKA3bIBACT

OnaronpuATHOE BIUSHUE HA KAYeCTBO paboyvero mpoiecca 1 6€30macHOCTh

y4auumxcs.

OTkJIOHEHUE MoKa3aTeae MUKPOKIMMATa B TOMEIICHUH

OCHOBHOW IOKYMEHT, PETYJIHPYIOLINI CAHUTAPHO-TUTHEHUYECKHUE YCIOBUS

paboThl 3a koMmbioTepoM - CanlluH 2.2.2/2.4.1340-03 «I'urnennueckue TpeOOBaHUS

K IIEPCOHAJIbHBLIM 3JICKTPOHHO-BBIYUCIIMTCIIbHBIM MalllMHaAM U OpraHu3alnn pa6OTBI>)

2].

B sTom AOKYMCHTC IIPOIIUCBIBAIOTCA O6H_II/IC Tpe6OBaHI/I$I K IIOMCHICHUAM OJIA1

pasMCIICHUA KOMHBIOTepHOﬁ TCXHHUKH, MUKPOKJIINMATY, COCTAaBY BO3JlyXa U

OCBEIICHHUIO TPOU3BOICTBEHHBIX TOMEILIEHU, YPOBHAM IlIymMa Ha paboueM MecTe U

000py10BaHUIO0 pabOYMX MECT.
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B cootBetrcTBUM ¢ pazaenom 2 CanlluH [2], B nomenieHus, B KOTOPbIX
OCYIIECTBIISIETCS paboTa 3a KOMITBIOTEPOM, Ha OKHAX JTOJDKHBI OBITh 3aHABECH HIIN
YKATI03M, a TAKXKE 3allIUTHOE 3a3eMJICHHE (3aHyJeHue). B Takux momenieHusx
oOsi3aTenbHa eXKeAHEBHAs BIayKHAsI yOOpKa U MPOBETPUBAHHE MTOCIIE KaXKOTO yaca
pabotsl 3a [I9BM.

Cornacuo CanlluH 2.2.4.548-96 [3] npu HOpMHUPOBAHUH TAPAMETPOB
MUKPOKJIMMAaTa BBIACIIAIOT XOJIOIHbIN NeprUo roa, XapaKTepU3yeMblid
CPEIHECYTOYHOM TEMIIEPATYPOI HAPYKHOTO BO3ayXa, paBHOM itoc 10°C u Huke, U
TEIUTBIM NIEPUOJ I'OAA, XapaKTEPU3YEMBIN CPEAHECYTOUHON TEMIIEPATYPOI
Hapy>KHOTO Bo3ayxa Bbile mitoc 10°C. Pazrpanndenue padoT 1o KaTeropusim
OCYILIECTBIISIETCS] HA OCHOBE MHTEHCUBHOCTU OOIIMX YHEpro3arpaT OpraHu3Ma B

kkai/4 (BT). OnTumanbsHbie mapaMeTpbl MUKPOKJIMMATAa MPUBEACHBI B Ta0mmiie 26.

Tabnuua 26 — OnTuManbHbIE TapaMeTpbl MUKPOKIMMATA.

Bpewmsa Temneparypa | Temneparypa | OTHOCUTENBbHAS CkopocTb
roaa BO3ayXxa, °C | MOBEPXHOCTEM, | BIAXKHOCTh JIBUKCHUS
°C BO31yXa, % BO3/1yXxa, M/C
Terutoe 21-24 20-25 60-40 0,1
Xonoanoe | 22-25 21-26 60-40 0,1

OcBenieHHOCTB pabouero mecta, mpu padote ¢ [I9BM, pernameHTHpOBaHO

.16 CanlluH 2.2.2/2.4.1340-03[2]. IIpu ucnonb30BaHUH JTFOMHUHECIIEHTHBIX JIAMIT

OCBEIIEHHOCTh pabovero Mecta JIobkHa ObITh mopsiaka S0—1000 nk.

OnHuM U3 HEOOXOAUMBIX YCIOBUN HOPMAJIbHOM JKM3HEACSATENBHOCTH

yeJIOBEKa IBJIgeTCs o0ecreueHue HOPMAaJIBHBIX MCTCOPOJIOTHYCCKUX YCJIOBI/Iﬁ B

NMOMCHICHUAX, OKA3bIBAIOINNX CYIIECCTBCHHOC BIIMAHHUC HA TCIIJIOBOC CaAMO4YYBCTBHC

YyeJIoBeKa M €ro padoTOCIIOCOOHOCTD.

Bo Bcex MMPOU3BOACTBCHHBIX K BCIIOMOI'aTCJIBHBIX ITOMCIICHUAX

npeaAyCcCMoOTpeHa €CTCCTBCHHAA BCHTUIIALHA. BCHTI/IJIHHI/ISI COS,ZIaéT YCIIOBUA




BO3IYIITHOW CPeJIbl, OJAarOMPHUSATHEIE IJIS1 3I0POBhsI 1 CAMOYYBCTBHUS YEIOBEKA,
OTBEYAOIIHE TPEOOBAHUSIM TEXHOJIOTUUYECKOTO MpoIiecca.

OnrtumanbHbIE TapaMeTPhl MUKPOKIIMMATa B TOMEIIEHUSIX 00ECIIeYnBaIOTCS
CUCTEMaMHU KOHJIUITMOHUPOBAHUS BO3AyXa, a IOMYCTUMbBIC — OOBIYHBIMU CHCTEMaMHU
BeHTWJIALMHU U oTorieHus. CornacHo Canllun 2.2.4.548-96 [3], MHTEHCUBHOCTD
TEIJIOBOT'O 00Ty4eHUs paOOTaIOIIMX OT HAIPETHIX MTOBEPXHOCTEH TEXHOJIOTMYECKOTO
000pyIOBaHUS M OCBETUTEIIBHBIX MPUOOPOB HA PabOYMX MECTax HE TODKHA
MpeBBIIIATh 35 BT/MZHpI/I obnmyaeruu 50 % u 6oJiee MOBEPXHOCTH YEIOBEKA.

[Tpu HeOOBIION 3arPSI3HEHHOCTH BO3TyXa MPUTOK BO3/lyXa B 1aOOpaTOPHBIC

NMOMCIICHUA OCYHICCTBIIACTCS IIPU ITOMOIIH €CTECTBCHHOM BCHTUIISILINHA.

[IIym Ha pabouem mecre.

[IlymoBoe 3arpsi3HeHUE Cpelibl Ha paboueM MecTe HeOIaronpusITHO
BO3JICHCTBYET Ha pabOTAIONTNX: CHIDKACTCS BHUMAHUE, YBEITMIUBACTCS PACXO]]
OHEPTUU MIPHU OJIMHAKOBON (DU3UYECKOI HArpy3Ke, 3aMeIIIeTCS CKOPOCTh
MICUXMYECKUX PEaKIuil U T.I. B pe3ynbrare CHIKaeTcs MPOU3BOAUTEIBHOCTD TPYIa
¥ KaueCTBO BBIMOJHsAEMON paboThl. B paboueli mabopaTopuu IIyMbl MPEBBIIIAIOIINE
yposenb 60 J10, ycranoBiaenubiii TOCT 12.1.003-99[10], orcyTcTBYIOT. 31aHKE
HAXOJIUTCS BJIAJH OT IEHTPATBHBIX YJIUI], aBTOMOOMIIBHBIX U JKEJIC3HBIX JOPOT U

adpOIIOPTOB.

HepBHo-nicuxuueckue Harpy3ku (yMCTBEHHOE MEpEHANPSKEHUE).

B xo/e BbITIOTHEHNS HAYYHO-UCCIEA0BATEILCKON pab0Thl HEOOXOAMMO B
CKaThle CPOKHU M3y4aTh OOJIBIIIOE KOTMYECTBO HAYIHON JTUTEPATYPhI: CTATHU U3
HAyYHBIX KypPHAJIOB, MOHOTpauu 10 ONpeIeSIeHHON TeMaTHKe, JTaHHbIC
I'COJIOTUYECKHUX UCCIICIOBAaHUNA. AHATU3UPOBATh UCXOIHBIN MaTepHal, BBITOTHATh

IIOCTPOCHHE KapT IapaMeTPOB, TaOJIHII, T€OJOTHIECKUX Mozeneit. OreHka
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MHTEJJIEKTYaJIbHBIX HArPY30K, MO MOKAa3aTeNsIM HAMPSX)KEHHOCTH TPYAOBOTO
nporiecca npomssezeHa coriacHo P 2.2.2006-05 [11].

Cornacuo Tabsumie P 2.2.2006-05, 1o coaepkanuto paboThl, 3a/1a4u,
pelaeMble B IPOLIECCE UCCIIE0BATEIBCKON pabOThl OTHOCATCS K BPEAHOMY
HanpsbkeHHOMY Tpyay 1 crenenu (PerieHue ciioxHBIX 3a71a4, ¢ BHIOOPOM O
U3BECTHBIM AJITOPUTMaM); IO BOCTIPUATHIO HH(POPMALIMU U €€ OIIEHKE — pelllaeMble
3aJla4yd OTHOCATCSA K KJIacCy TpyJa AOIMYCTUMOM BPEIHOCTH (BOCIPUATHE CUTHAJIOB C
MOCJIEAYIONICH KOPPEKIMEH TSMCTBUIM U OTIepalinii); Mo pacrpeaeacHu0 GyHKIMHN 1o
CTEINIEHU CJII0KHOCTH 3a/IaHMsI, pElIaeMble 3a1a4l OTHOCATCS K KJIaccy Tpyaa
JOMYCTUMOM BpeAHOCTH (00paboTKa, BHINOJIHEHHUE 3aaHUsl U €r0 IPOBEPKa), MO
XapaKTepy BBIMOJIHAEMON pabOThI pelIaeMbIe 3a/1a4i OTHOCATCS K KJIaccy Tpyaa
JOMYCTUMOM BpeAHOCTH (paboTa Mo yCTaHOBIEHHOMY IrpauKy, C BOZMOXKHOM
KOppeKIuen o xoay aestenbHoct) [11].

5.1.2 AHanu3 onacHbIX MPOU3BOACTBEHHBIX (haKTOPOB U 0OOCHOBAHHE

MEPONPUATHHN 10 UX YCTPAHEHUIO

DIIEKTPUYECKUN TOK.

Hcxons U3 coctaBieHHON Tabmuiibl 5.1, mpoBeeM aHaIU3 OMACHBIX
daktopoB. O00pya0BaHUE, K KOTOPOMY OTHOCSATCS DBM mnpencTapiisioT O0IbIIYIO
OMAaCHOCTh C TOUKH 3PECHHS TOPAKEHUS AIEKTPUUYECKUM TOKOM. DTO CBSI3aHO C
BO3MOXXHBIM HaJIMYMEM 000PYI0BaHUSI, OKA3aBILIETOCs MO/ HAMpPsHKEHUEM B
pe3yJibTaTe MOBPEeXACHUS N30JAu. CMEPTEIbHO OMACHBIM JJIs )KU3HH YeJIOBEKa
CUMTAIOT TOK, Benm4yrHa kKoToporo npesbimaeT 0,05A, Tok menee 0,05A — 6e3omnaceH
(mo 1000 B) [14]. dns mpeaoTBpalIeHHUs AIEKTPOTpaBMaTU3Ma HEOOX0AUMO
opranu3oBbIBaTh padoTel cornacHo [1TD [13] u IITh [13] motpedbuteneii u (I1DY)
[14]. [lng npeaoTBpamieHus dIeKTPOTpaBM cieayeT coOonaTh TpeboBanus,
NpeabsIBIIEMbIC K 00€CTICUEHUIO IeKTpoOe3omacHoCcTH padoTatomux Ha [I9BM: Bce
y3JIbI KOMIIBIOTEPA TOJKHBI TUTATHCS OT OJHOM (pa3bl JIEKTPOCETH, KOpITyca

CHCTEMHOT'0 0JIOKAa M BHEITHUX YCTpOfICTB JOJIDKHBI OBITH 3a3E€MJICHBI padrualibHO C
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OJTHOM OOIIEH TOUKOI; sl OTKIIOYEHHSI KOMITBIOTEPHOTO 000PYAOBAHUS JOJIKEH
OBITH HCTIOIB30BATHCS OTACIBHBIN MMyHKT C aBTOMATaMH U OOLTUM pyOUITbHUKOM; BCE
coequHenust [I9BM u BHemHero 000pyA0BaHus JOKHBI IPOBOAUTHCS IIPU
OTKJIFOYEHHOM 3JIEKTPONUTAHUH. AYAUTOPHUS, B KOTOPOU MPOBOJUINCH KaMEpalbHbIE
paboTsl ¢ ucnoabzoBanueM [I19BM oTBeuaeT BhllIENEpEYUCIEHHBIM TPEOOBAHUSAM
[13].

OCHOBHBIE MEPONIPUSATHS, HAIPABJICHHBIE HA JIMKBUALIUIO IPUIMH
TpaBMaTHU3Ma: CUCTEMATUYECKUN KOHTPOJIb 32 COCTOSIHUEM H30JISILIUN
AIIEKTPOIIPOBOJIOB, pa3pabOTKa MHCTPYKIUH MO TEXHUYECKOMY OOCITYKUBAHUIO U
AKCILTYaTAllMU CPEJCTB BEIYUCIUTEIbHON TEXHUKU U KOHTPOJIb 32 UX COOJIIO/ICHUEM;

co0JII0ICHUE TPABUII IPOTUBOMOKAPHOI 0€3011aCHOCTH; CBOEBPEMEHHOE U
KaueCTBEHHOE BBINIOJIHEHHUE PA0OT MO MPOBEAECHUIO MJIAHOBO-NPOPUIAKTUYECKHUX

paboT U mpeaynpeauTeNbHbIX peMOoHTOB [13].

[ToxkapooracHoCTh

JIaGopaTopHoe MOMEIIeHHE TI0 CTENEHH MOKAPOOMACHOCTH OTHOCUTHCS K
kiaccy /1 B coorBerctBum ¢ 'OCT 12.1.004-91 [18].

[TpuyrHamMu mokapa MOTYT OBITh:

- TOKA KOPOTKOTO 3aMbIKAHWS;

- HEMCIIPABHOCTB JJIEKTPOCETEM;

- HE3HaHHE WK HEOPEKHOCTh 00CTYKUBAIOIIETO TIEPCOHAA,

- KypeHHE B HEIOJIO)KEHHBIX MECTaXx.

B cBsi3u ¢ aTuM B 1abopaTopuu HEOOXOIUMO BBITIONHATH CIAEAYIOIINE HOPMBI
MOKapHOH 0€30MaCHOCTH:

- JIUISl TIPETOXPAHEHUs CeTH OT MEePErpy30K 3ampeniaeTcs BKIYaTh
JOTIOJTHUTENIBHBIC HE TIPETYCMOTPEHHBIC TTOTPEOUTENH;

- paboTHI B J1aOOpaTOpUM MPOBOJUTH TOJIBKO MPU UCIIPABHOM COCTOSIHUU
000py10BaHUS, 3JEKTPOIPOBOAKY;

- IMETh CPEJICTBA ISl TYIICHHS ToKapa (OrHETYIIUTENb);
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- IMETh B HAIMYWH TUTAH dBAKyalluu JIFOJACH, KOTOPHIN JOJIKEH BUCETh Ha
BUJTHOM MECTE;

- 000pyI0BaHKE pa3MeIaTh TaK, YTOObI ObUT JOCTATOYHBIN MPOXO K
BEIXOJTY.

Tax xe B 1abopaTopuu 3arpeniaeTcs:

- I0JIb30BaThCA OTKPBITHIM OTHEM, KYPUTh;

- MPOU3BOAUTH 3aPSAIKY aKKYMYJISITOPHBIX OaTapei;

- XPaHUTH JIETKO BOCIUIAMEHSIOLIUECS BEIIECTBA, 3a UCKIIOYCHUEM CIIUPTa
JUJIS1 TEXHOJIOTHYECKUX 1enei (1 autp).

JIJ1st TOKaTM3aluy WiTK JIMKBUIAIIAA BO3TOPAHUS HAa HAYaIbHOU CTauU
UCITIOJIB3YIOTCSI IEPBUYHBIEC CPEACTBA MOKapoTyiieHus. [lepBuunbie cpencTa
MO’KAPOTYIIEHUS OOBIYHO MMPUMEHSIOT 10 TIPHOBITHS TTOKAPHON KOMaH/IBI.

3/1aHue OJKHO COOTBETCTBOBATH TPEOOBAHUS MOKAPHOM 0€3011acCHOCTH, a
MMEHHO, HAJIMYUE OXPAHHO-TIOKAPHOW CUTHAIIU3AINY, TJIaHA YBaKyalluH,
MTOPOIITKOBBIX OTHETYIITUTENICH ¢ TTOBEPECHHBIM KJICHMOM, TaOJIMUYEK ¢ YKa3aHUEM
HaIpaBJICHUS K 3alacHOMY (?BaKyallMOHHOMY) BBIXOJTY.

DKoJiornyeckas 0€301macHOCTh

VYTunuzanuus nepcoHaibHOI0 KOMIBIOTEPA ABJIsIETCS Hanboee onacHon
DKOJIOTHYECKOM CUTyallMel, TaK KaK BCS OPTTEXHHUKA BKIIFOYAET B CBOM COCTaB Kak
OpraHUYECKUE COCTABIIAIONINE (TIACTUK PA3JIMYHBIX BUJOB, MAaTEpHUaJIbl HA OCHOBE
NOJIMBUHWIXJI0pUAA, (peHonpopmaibieruia), Tak U MoYTH MOJHBIM Ha0Op METAJIOB.

TexXHOreHHbI MyCOp B BUJIE OTCIIY>KUBIIHUX CBOM CPOK KOMIIBIOTEPOB HE
MOKET ObITh YHUUYTOKEH caMO¥ pUpoAoi. bosee Toro, ux rpoMO3KOCTh ¥ HATHIHE
BHYTPH SIJIOBUTHIX XUMUYECKUX BEIIECTB HE MO3BOJISIIOT MMOJABEPraTh 3Ty TEXHUKY
YHUUTOKEHHUIO CITIOCOOOM COXOKEHUSI.

ITopsnok yTuian3anum KOMIbIOTEPOB:

1) co3naHne KOMUCCHH Ha TIPEATIPHUSITHN, UMEIOIIEM TEXHUKY, MOJIICIKAIILYFO
YTWIA3AUMU. JTO BHYTPEHHSASI KOMUCCHS, KOTOpask CO34AETCs A1 KOJUIEKTUBHOIO

IMPHUHATHA PCIICHUA O TOM, KaKasd MMCHHO TCXHUKA MOXKCT OBITH CIIMICaAHA.
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2) CocraBiieHHE SKCIIEPTHOTO 3aKIIOUEHHS O TOM, YTO TEXHUKA
JEHCTBUTENIFHO «OTXKUJIA CBOE» U JOJKHA OBITH CIMcaHa. B kauecTBe skcnepra
MO>KET BBICTYIaTh KaK HE3aBUCUMBIN CIIEUATUCT, TaK U COTPYIHUK KOMIIAHUH,
UMEIOIINNA JTUIIIIOM, TOATBEPKIAIOIINN €r0 KOMIIETEHTHOCTh B pa0doTe ¢ JaHHOU
TEXHUKOU.

3) CocraBlieHHE aKTa TEXHUYECKOM IKCIIEPTHU3bI, MOATBEPKIAIOIIETO, YTO
TEXHHKA YK€ BBIIIIA U3 CTPOS U HE MOAJICKHUT PEMOHTY JTHOO 7K€ YTO PEMOHT €€ yKe
HeleaecooopaseH.

4) CocTaBiieHHE aKTa CIUCAHUS KOMIIBIOTEPHON TEXHHUKH C 00s3aTEJIbHBIM
OTOOpaKEHHUEM B OYXTaJTEPCKOM YUYETE MPEIPUATHU.

5) Ytunuzanusi TEXHUKU Ha COOTBETCTBYIOIEM IIPEINPUITUN, UMEIOLIEM
paBo Ha nepepaboTKy KOMITBIOTEPOB.

6) Ilonyuenue ounraibHOrO MOATBEPKICHUS B BUIE TOKYMEHTA,
COOOIIAIOIIETO O TOM, YTO TEXHUKA ObljIa YTHIIN3UPOBaHA B COOTBETCTBYIOILLEM
MOPSJIKE U ONACHBIE OTXOJIbI HE OYAYT 3arps3HITh OKPYKAIOUIYIO CPEy.

Takue MeTaibl, Kak CBUHEI, CYpbMa, PTYTh, KIMUN, MBIIIbSIK BXOJSIINE B
COCTAaB 3JIEKTPOHHBIX KOMIIOHEHTOB MEPEXOAAT MO BO3ACHCTBUEM BHEIIHUX
YCIIOBHM B OPTraHUYECKHUE U PACTBOPUMBIE COEAMHEHUS U CTAHOBSITCS CUIIBHENIIIMMU
AaMy. Y TWIM3alus IJIaCTUKOB, COJIEP KAIIUX apOMATUYECKHE YTIIIEBOAOPOABI,
OpraHUYECKHUE XJIOPIPOU3BOJHBIE COSAMHEHUS SBISECTCA HACYIIHOU MPOOIEMOit
AKOJIOTHH, IO3TOMY BCS OPITEXHHUKA JTOJDKHA YTUIIM3UPOBATHC 110 MpaBmiiam [15] .

OTAenbHOrO MON0XKEHUS, PETYIUPYIOLIEr0 YTHIN3AIUI0 UIMEHHO TEXHUKU U
KOMITBIOTEPOB, B 3aKOHOIaTEIbHOM 0a3e HeT. Y Tuiau3auus u nepepadboTka
OCYILECTBIISIOTCS COTJIACHO OOIIMM MMOJIOKEeHUAM. CriiCaHHbIE KOMITBIOTEPHI
OTHOCATCA K OTXO0JIaM U JOJKHBI ObITh YTUJIM3UPOBAHBI B MOPSAKE, YKa3aHHOM B
3aKOHOJIATEILCTBE B chepe oOparieHus ¢ orxonamu. OTX0IbI, cofepKaime B cede
YaCTH LIBETHBIX METAJUIOB, OTHOCATCS K KATErOPUU METAJUIOIOMA U MOANAIAI0T MO
COOTBETCTBYIOILYIO KaTeroputo. Eciii TeXHUKa COAEPKUT B ceOe OMacHbIe s
OKpYaIOLEl Cpe/ibl BEMIECTBA — TSHKEIIbIE METAILIIBL, COJIM, — OHA MTOANAIAET MO

KaTEropuIo OMacHbIX OTX010B [15].
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5.3 be30nacHOCTh B UpE3BBIYANHBIX CUTYALHIX

Hcxoas 13 mokapoonacHbIX CBOMCTB BEIIECTB U YCIOBUN UX IPUMEHEHMUS
i 06paboTku kabuHeT Ne 540 20-ro yueOHOro Kopiryca o B3pbhIBO- U
M0’KapOONaCHOCTH MPUHAMIEKUT K KaTeropuu /1 moxapoornacHsle — IPOU3BOACTBA,
CBSI3aHHBIE C IPUMEHEHUEM T'OPIOYMX U TPYTHOTOPIOUUX KUIKOCTEN, TBEPIBIX
TOPIOYMX U TPYAHO FOPIOYMX BEHIECTB U MAaTEPUATIOB, CHOCOOHBIX IIPH
B3aMMOJENCTBUM C BOJIOM, KUCIIOPOAOM BO3/yXa WU IPYT C IPYTOM TOJIBKO TOPEThH
[7]. K roprounim maTepuanaM OTHOCATCS MIKa(bl, CTONbI, CTYJIbs U JOKYMEHTALIHS.

JUist mpeoTBpaIlieHus [oKapa MIPUHUMAIOTCS CIEAYIOIINE MEPHI:

U3 ayIMTOPUU HEOOXOAMMO yJAIUTh HEUCIIOJIb3YEMbIE HarpeBaTEIbHbIC
puUOOPHL;

KopItyca pyOUJIbHUKOB U PO3ETOK pa3MECTUTh Ha HECTOPAEMBIX OCHOBAX;

HarpeBaTeJIbHbIE PUOOPHI PACIIONOXKUTH HAa aCOECTOBBIX KOBPUKaX U
MPOKJIAJIKAX;

paboThI C JIETKO BOCIUIAMEHSIOIIMMHUCS BELIECTBAMU JIOJKHBI TPOBOAUTHCS
BHE ayAUTOPUHU;

KypEHHUE B ayJIUTOPUU CTPOTo 3ampeiieHo [16].

B cooTtBeTcTBUU ¢ TpeOOBaHUSIMU MOKAPHOM 0€301IaCHOCTH pa3padaThIBaeTCs
IJIaH 3BaKyaluy, 3BaKyal[MOHHAs KapTa U MHCTPYKLHUS.

JIist TymeHus nokapa UCHoJIb3YIOT CIEAYIOLIUE CPEJICTBA:

MpEeKpaIIieHUe TOCTYMa B 30HY TOPEHUSI OKUCTUTENS (KUCIOPOa BO31yXa)
WJIM TOPIOYEro BEUIECTBA, a TAKXKE CHIXKEHHE UX MOCTYIUJICHUS 0 BEJIMYUH, PU
KOTOPBIX TOPEHHE MMPEKPAIIAETCS;

OXJIAKJICHME O0Yara ropeHust HUKe OIPEeIIEHHON TeMIIEpaTyphl;

MEXaHUYECKUU CPBIB IUIAMEHU CTPYEHN KUJIKOCTU WIIH rasa;

CHWKEHUE CKOPOCTU XMMHUYECKOM pPEaKIK, MPOTEKAOIIEH B IJIAMEHH;

CO3J]aHUE YCIIOBUM OTHENPErpaxAeHUs, P KOTOPHIX MIaMs

pacrpoCTpaHsieTcs Yepe3 Y3KHe KaHaJIbI.
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OcCHOBHbBIE OTHEraCUTEIbHBIE BEILIECTBA U MAaTE€pUaJIbl — 3TO BOJA U BOJSHOM
nap, IeHa, ecoK, MHEPTHBIE ra3bl, CyXue (TBEP/AbIC) OTHETACUTEIIbHBIC BEIIECTBA U
np. Kopmyc, B kotopom HaxoasTcs ayauropust Noe540, o0opyaoBaHa HOPOIIKOBBIMU
oraerymutensamu (Ol1-2, OI1-4) u aBToMaTHYECKON YCTAaHOBKOM MOXKApOTYIICHUS.
CornacHo kareropuu B noxapoonacHOCTH 0011I€CTBEHHBIX 3JJaHUSX U COOPYKEHUAX
Ha Ka)XJIOM 3Ta)K€ JIOJDKHO Pa3MeENIaThCa HE MEHEE JBYX MEPEHOCHBIX
orHerymmuteneid. OTHETYIUTENH clieAyeT pacnoiaraTh Ha BUAHBIX MECTaxX BOJIU3H OT
BBIXOJIOB U3 MOMEINICHHI Ha BbicOTE He Oosiee 1,35 M. Pa3menienne nepBUUHbIX
CPEACTB MOKapOTYIIECHUS B KOPUAOpaAX, IEPEX01ax HE JOJIKHO MPENATCTBOBATh
Oe30macHoOM BaKyaluu Joaeu. PacctosiHue oT BO3MOXKHOTO ouara rnoxapa 0 Mecta
pa3MeleHNs OTHETYIIUTENS HE JOJKHO IpeBbImaTh 30 M — 7151 TOMEILIEHUA
kareropuii A, b u B. Ha 00bekTe 10KHO OBITH OIIPEIENIEHO JIMLO, OTBETCTBEHHOE 3a
pruoOpeTeHNE, PEMOHT, COXPAaHHOCTh U TOTOBHOCTH K JCHCTBHUIO MEPBUYHBIX
CpEIICTB MoxapoTyimieHus. Kaxkipiit orHeTynmuTenb, yCTaHOBIEHHBIN Ha 00BEKTE,
MMEET MOPSAJIKOBBIN HOMEpP, HAHECEHHBIN Ha KopIityc Oesoil kpackoii. Ha Hero
3aBOJIAT MACIIOPT 10 YCTAHOBJIEHHOUW (popMe. YUET MPOBEPKU HATUYUMS U COCTOSTHUS
MIEPBUYHBIX CPEICTB MOXKAPOTYIIEHHUS CIIEYET BECTU B CIICIIUATILHOM >KypHaJIE.
OrHeTymuTeNy T0JKHBI BCErAa COJIEPKATHCS B UCIIPABHOM COCTOSIHHH,
MEPUOANYECKH OCMATPUBATHCSA, IPOBEPATHCS U CBOEBPEMEHHO MEPE3apsKaThCsl.

[IpaBoBbIE ¥ OpraHU3aMOHHBIE BOIIPOCHI 00eCIeueHus1 0€30MacCHOCTH

[Tpu pazpaboTke TaHHOTO pa3jena YYUTHIBAIOTCS HEOOXO0IUMbIE HOPMBI U
TpeboBaHus 3akoHOB Poccutickoit denepannu npu paboTe 3a KOMIBIOTEPOM.
[TpogomxurensHOCTh pabovero JHS COCTaBISIET § 4acoB.

B cootBercTBHMM ¢ TpruKka3zoM MUHHUCTEPCTBA 31pABOOXPAHEHUS U
corainbHoro pa3sutusa Poccuiickoin @enepanuu ot 12 anpens 2011 r. N 3021
paboThI MpodhecCHOHATBHO CBSI3aHHBIE C AKCIUTyaTanueir JBM He BXOJAT B mepeyeHb
BpPEIHBIX U (UJIM) OMACHBIX MPOU3BOJCTBEHHBIX (PAKTOPOB U PadoT.

B cootBercTBuu ¢ myHkTom 13.1 crateu 13 [ToctanoBnenus I maBHOrO

rocy1apCTBEHHOTO caHuTapHOro Bpaua Poccuiickoin @enepanuu ot 03.06.2003 Ne
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118 [2], mumia, padoTaromnue ¢ 9BM Gonee 50% pabodero BpemeHU
(mpodeccroHanbHO CBSI3aHHBIE ¢ AKCIUTyaTanueil 9BM), TomKHBI TPOXOIUTH
o0s13aTeNbHbBIC MTPEABAPUTENLHBIE IPU MTOCTYIJIEHUU HA PAa0OTY U MEPUOIUYECKHE
MEAMIIMHCKHE OCMOTPHI B YCTAHOBJICHHOM MOPSKE.

HopwmasnbHast mpoA0mKUTENIbHOCTh pabodyero BpeMEHH corjiacHo cratbe 91
TpynoBoro koaekca PO He moxeT npeBbiath 40 4acoB B HEJEINIO.

B cootBeTcTBUM ¢ TUMOBOM MHCTPYKIMEH 110 OXpaHe TpyAa Npu padoTe Ha
nepconanbHoM kommbiorepe TOU P-45-084-01 [17], npoaomKUTeIbHOCTh
HENPEPBIBHON pabOThI C KOMITBIOTEPOM 0€3 PETIIaMeHTUPOBAHHOTO TIepephIBa HE
JIOJKHA MIPEBBIIIATH IBYX 4acoB. [IpoomKUTENbHOCTD U 9acTOTa MEPEPHIBOB
3aBHUCHUT OT KaTeropuu paboThl ¢ KOMITIBIOTEPOM U YPOBHS Harpy3ku (tadnuia 27).

Cornacno cratee 92 Tpynosoro koaekca P® cokpamienHas
MPOJIOJDKUTEILHOCTh padoyuero BpeMeHHU NP MPOBEIEHUH paboT mpodeccruoHamIbHo
CBSI3aHHBIX C AKcIuTyatanueit [I9BM He npenycMmoTpeHa.

B cootBercTBUU co cratbeit 108 TpynoBoro kogekca PO B TeueHue pabouero
JHs (CMEHBI) pabOTHUKY JOJIKEH OBITh MIPEIOCTABIICH NIEPEPHIB I OTAbIXA U
MUTaHUs IPOJIOJKUTEIBLHOCTBIO HE O0Jiee IBYX 4acoB U HEe MeHee 30 MUHYT,
KOTOPBIN B pabouee BpeMs He BKITIOYAETCSI.

Tabnuua 27 - Kareropuu paboT ¢ KOMIIBIOTEPOM

YpoBeHb Harpy3Ku 3a CMEHY IPU Pa3HbIX BUAAX

Kareropuu paboTsI c pabort

KOMITBIOTEPOM A b B

KOJI-BO 3HAKOB KOJI-BO 3HAKOB qacChbl

I 10 20000 1o 15000 1o 2
I 1o 40000 1o 30000 1o 4
11 1o 60000 10 40000 10 6

[Ipu 8-yacoBoii pabouelt cMeHe U padoTe Ha KOMIIBIOTEPE
perJaMeHTUPOBAHHbIE IEPEPHIBHI CIEAYET YCTaHABIUBATD:
s [ kareropun paboT — yepes /1Ba yaca OT Hayasa paboyeil CMeHBbI U yepes

JIBa 4aca nocie 00eIeHHOTO MepepbiBa MPOAOHKUTEILHOCTHIO 15 MUHYT KaXK Iblif;
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mia Il kateropuun pabot — uepe3 Ba yaca OT Hayaida pabodeil CMEHBI U Yepes
1,5-2 yaca nocie 00eIEeHHOTO MepephIBa MPOJOJLKUTEIBHOCTBIO 15 MUHYT KaxK bl
WM TPOAOKUTENBHOCTHIO 10 MUHYT Yepe3 KaxK/blil uac paboTh;

st 111 xkareropuun padot — uepe3 1,5-2 gaca ot Hagana paboueili CMEHBI U
yepes 1,5-2 yaca nocie 00eIeHHOTo NepephiBa MPOJOIKUTEIBHOCThIO 20 MUHYT
KQKJIbIM WIIM TPOJIOJDKUTEILHOCTBIO 15 MUHYT uepe3 KaxKIbli 4ac paboThI.

be3onacHsble yci0BHs Tpy1a Ha MPOU3BOACTBE ONPEIEISIOTCS
JOJDKHOCTHBIMUA UHCTPYKIIUSIMUA U MHCTPYKIUSAMHU 110 TEXHUKE O€30MacHOCTH,
IIPOU3BOICTBEHHON CAHUTAPUU U TIOKAPHOU 0€30MMacCHOCTH.

Pa3paborana «Cucrtema ynpapiieHUs OXpaHOH TpyAa», KOTopas
o0ecreunBaeT pelIeHUE CIEAYIOIMX OCHOBHBIX 3a/1a4: OPTaHM3alNs YIPaBICHUS
OXpaHo! TpyJa; 00ydeHUe U HHCTPYKTUPOBaHUE paboTaromuX 0€30MacCHOCTH TPYAa;
0e30IacHOe UCI0JIb30BaHNE 000PYI0BaHus; O€30MMACHOCTh MPOU3BOICTBEHHBIX
IIPOLIECCOB; 0OecreueHne padoTalOUINX CPEICTBAMU WHMBUYaJIbHON 3aIUTHI,
CHELOICKIO0N U CIIEH00YBbIO; CO3JaHUE HOPMAJIbHBIX CAHUTAPHO-TUTUEHUYECKUX
YCIIOBUM TPYJia; OpraHu3aIus jgeueOHo-MpoUIakTUIECKOr0 U CAHUTAPHO-OBITOBOTO
oOcy>KMBaHUs pabOTarOUIMX; MPONAaraH/ibl BOIPOCOB OXPaHbl TPyJa; pacciieJOBaHUE
U y4eT HEeCYACTHBIX ciiy4aeB, npod3adosieBanuii u aBapuii. Bce paboThl T0KHBI
BBITIOJIHATHCSI B CTPOTOM COOTBETCTBUU C MHCTPYKIMSIMH, pa3pab0TaHHBIMU U
YTBEPKJICHHBIMU JJI K&XI0T0 paboyero Mecta. Becb KOMIIIEKC MPOEKTUPYEMBIX
paboT permaMeHTUpyeTCs pa3TuYHbIMA HOPMATUBHBIMU JTOKyMeHTamu [2,13,17],

KOTOPBIC OXBATBIBAIOT BCC BUALI IIPECAYCMOTPCHHBIX pa60T.
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9 3AKJIFOYEHUE
C mnoMoLIpI0 COBPEMEHHOTO aHAJIUTUYECKOrO0 OOOpPYIOBaHUS M TOYHBIX

METO/IOB aHajM3a ObUIM MpPOAHAIM3UPOBAHBI 00pa3lbl MOHALWUTA U KyJapuTa C
HEIbI0 M3YYEHUS WX MHUHEPAIOro-reOXMMHUYECKHX OcoOeHHocTel. B pesynbrare
MPOBEJCHHBIX MCCIEIOBAHUM OBUIM M3YYEHbI MUHEPATIOTUYECKUE U T€OXUMUYECKUE
0COOCHHOCTH, MPOU3BEACHO Pa3elIeHuEe MEXKIY MOHALIUTOM U €r0 Pa3HOBUIHOCTHIO-

KYyJIapuTOM, OICHCHA ITOTCHIHNAJIbHAA BO3MOKHOCTD U3BJICUCHUA P30.
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[Ipunoxenue A

Ta6JII/IIIa A.l - Dy1eMeHTHBIA COCTaB MOHAOWTA U3 PA3JIMYHBIX HCTOYHHUKOB I10 JIUTCPATYPHBIM JdHHBIM

Hp06a PzOs Ce203 La203 PI’203 Nd203 Sm203 EU203 YzO3 Gd203 Tb203 Dy203 Erzog H0203 ThOZ UOz PbO SIOZ CaO 503 F A|203 FeO SrO
1 20,05 | 23,87 8,20 2,79 8,68 1,01 - 0,65 0,35 - 0,04 - - 2390 | 057 | 0,29 | 577 0,20 - - - - -
2 24,81 | 12,43 25,57 2,65 9,59 1,40 0,03 1,69 1,00 0,05 0,21 - - 1596 | 0,77 | 0,21 | 3,26 0,60 - - - - -
3 29,13 | 27,76 15,72 2,59 8,48 0,93 0,11 2,06 0,77 - 0,36 0,12 - 8,49 065 | 011 | 097 1,31 - - - - -
4 28,48 | 11,88 26,10 2,80 9,96 1,97 0,08 2,32 1,50 0,11 0,64 0,11 0,08 8,58 041 | 011 | 115 1,01 - - - - -
5 25,23 | 28,62 14,51 2,82 9,70 1,66 - 2,37 1,17 - 0,55 - - 6,97 0,29 | 0,08 | 1,02 0,81 - - - - -
6 28,82 | 30,75 16,31 2,99 9,90 1,15 - 0,81 0,68 0,05 0,18 0,14 0,07 5,61 025 | 007 ] 0,75 0,85 | 0,04 - - - -
7 28,69 | 29,62 16,78 2,55 9,57 1,18 0,08 1,03 0,85 - 0,25 - - 6,18 040 | 008 | 1,01 0,78 | 0,19 - - - -
8 27,32 | 27,10 15,39 2,55 8,84 0,98 - 0,58 0,63 - 0,14 - - 1160 | 0,28 | 1,08 | 1,84 1,09 - - - - -
9 29,13 | 30,91 16,39 2,96 | 1051 1,08 - 0,83 0,74 - 0,17 - - 4,87 0,09 | 044 | 0,75 0,56 - - - - -
10 30,07 | 28,73 14,24 312 | 11,66 1,83 0,08 1,08 1,35 - 0,37 - - 4,30 046 | 0,20 | 0,29 1,20 - - - - -
11 28,96 | 27,85 13,81 291 | 1061 1,67 - 1,45 1,21 - 0,39 - - 8,29 059 | 011 | 0,64 1,39 - - - - -
12 28,45 | 27,39 12,92 300 | 11,26 1,77 - 1,60 1,29 - 0,40 - - 8,51 061 [ 011 ] 151 0,65 - - - - -
13 25,66 | 26,17 13,85 2,66 9,53 9,53 0,12 0,50 0,69 - 0,20 - - 1441 | 0,29 | 0,17 | 2,03 1,52 | 0,20 - - - -
14 30,13 | 28,91 14,13 3,21 | 11,66 1,60 - 2,20 1,28 - 0,53 - - 3,26 0,33 | 041 | 0,24 0,76 - 0,27 - - -
15 28,91 | 30,28 14,48 345 | 12,16 1,99 0,12 0,51 1,18 - 0,13 - - 2,36 045 | 037 | 034 0,62 - 0,31 - - -
16 28,9 30,52 15,12 3,35 | 14,34 1,81 - - 1,25 - 0,39 - - 3,68 - - - 11 - - - - -
17 24,53 | 27,44 13,64 2,35 8,94 - - - - - - - - - - - 11,71 | 3,26 | 7,10 - 1,7 7,84 -
18 30,88 | 28,86 14,47 2,41 1,26 0,95 0,20 - 1,48 - - - - 2,49 - - 5,6 43 - - - - -
19 26,48 | 29,27 14,39 2,86 | 10,43 1,21 0,53 0,92 1,14 - - - - 8,21 0,61 - - - - - - - -
20 24,55 9,21 12,86 4,63 | 15,84 1,84 - 8,97 3,80 - 5,72 - - 0,29 140 | 0,67 | 0,28 5,55 - - 0,32 - -
21 30,00 | 30,45 14,20 357 | 1497 1,03 0,46 1,18 1,10 0,02 0,20 0,03 0,04 1,14 0,05 - 0,12 0,82 | 0,59 - - - -
22 30,33 | 28,52 14,53 2,53 8,85 1,53 - 1,19 0,88 - 0,26 0,02 - 8,79 0,08 - 1,09 0,98 - - - - -
23 29,60 | 28,96 16,70 2,48 6,30 1,90 - 0,42 0,97 - - - - 10,37 | 0,39 | 0,13 | 0,49 1,73 - - - - -
24 29,03 | 34,29 13,83 3,62 | 13,30 1,31 0,31 0,34 0,86 - 0,345 - - 0,42 - - - 0,913 - - - - -
25 27,35 24,3 25,34 - - - - 1,53 - - - - - 9,84 - - 5,76 1,6 - - 0,12 1,04 -
26 28,7 32,4 29,6 - - - - 15 - - - - - 5,0 - - 1,0 0,2 - - 0,1 15 -
27 25,39 | 25,126 | 28,312 - - - - 191 - - - - - 14,45 | 0,064 - 2,606 | 0,356 - - 0,334 | 1,002 -
28 24,9 32,29 41,63 - - - - - - - - 0,2 - - 0,95 0,37 - - - 0,055 -
29 18,27 | 27,73 54,06 - - 1,48 - - - - - 5,24 001 | 001 ] 119 0,41 - - - - -
30 26,80 | 14,21 13,35 - - - - - - - - - - 31,50 | 405 | 092 | 210 6,30 - - - - -
31 26,66 | 31,90 28,00 - - - - 0,54 - - - - - 9,44 0,37 - 0,95 0,17 - - 0,15 1,30 -
32 27,22 | 22,00 32,72 - - 1,15 - - - - - 12,00 | 0,27 | 0,53 | 1,56 0,83 - - 1,20 0,44 -
33 - 28,00 | 1465 [ 324 | 11,75 [ 2,07 - 090 [ 1,00 - - - - 743 - - - - - - - - -
34 25,09 | 36,64 30,21 - - - - - - - - 1,23 - - 3,21 - - - 3,11 - -
35 - 33,18 36,31 - - - - - - - - 0,55 - - - 0,10 - - - 0,61 -
36 257513808 | 953 | - [ - - - 10,15 - - - - - 6,22 | 0,29 - 1,09 [ 0,02 - - 0,49 [ 2,07 -
37 24,80 | 28,50 29,20 - - 3,80 - - - - - 7,60 - - 2,95 0,36 - - 0,21 0,65 -
38 26,86 | 24,80 26,41 - - - - 4,76 - - - - - 12,60 - - 091 1,54 - - - 1,07 -
39 24,83 | 31,77 32,11 1,31 4,01 - - - - - - - - 0,45 - - - 2,63 - - - - 3,34
40 25,13 | 32,70 28,92 2,19 4,67 - - - - - - - - 0,28 - - - 1,70 - - - - 3,36
41 26,76 | 37,85 16,36 326 | 10,73 - - - - - - - - 1,36 - - - 4,65 - - - - -
42 23,74 | 22,18 11,12 2,39 10,20 2,03 1,11 2,65 2,65 - 2,65 - - 6,69 - - 1456 | 3,33 - - - - -
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[Tponomxenue TabIUIIbI

43 23,38 | 27,92 | 16,26 | 356 | 931 | 141 | 0,26 - 0,39 | 0,22 - - 0,26 | 1139 ] 212 | 145 | 351 - - - - - -
44 2507 | 29,39 | 2291 | 254 | 7,79 | 1,72 - 3,74 | 152 - - - - 857 | 1,11 | 145 | 548 | 2,37 - - - - -
45 24,45 | 27,46 | 16,30 | 340 | 941 | 182 | 0,25 - 0,72 | 0,22 - - 0,23 | 10,27 | 1,89 | 1,76 | 2,79 - - - - - -
46 30,02 | 24,79 | 10,57 | 3,28 | 10,89 | 2,73 | 0,26 | 2,16 | 1,30 | 0,22 | 0,33 - 020 | 921 | 1,71 | 101 ] 1,01 | 145 - - - - -
47 29,00 | 2859 | 951 | 391 | 11,73 | 255 | 031 | 130 | 135 | 0,30 | 0,38 - 031 | 645 | 2,38 | 0,34 | 0,76 | 1,67 - - - - -
48 2594 | 2437 | 703 | 342 | 1029 | 322 | 037 [ 193 | 1,72 | 0,35 | 047 - 0,30 | 1319 | 259 | 031 | 1,84 | 324 - - - - -
49 26,31 | 27,09 | 13,76 | 3,35 | 990 | 224 | 0,29 | 228 | 1,16 | 0,26 | 0,39 0,26 | 985 | 1,97 | 1,05 | 257 | 2,18

50 24,36 | 2328 | 959 | 258 | 1141 | 1,59 - 2,02 | 146 - - - - 14,25 - - 3,12 | 0,80 - - - - -
51 28,55 | 28,74 | 1554 | 293 | 954 | 153 - - 1,02 - - - - 5,55 - - 1,36 | 0,74 - - - 0,59 -
52 29,41 | 25,49 | 1458 | 3,38 | 1368 | 084 | 106 | 091 | 1,18 | 0,04 | 0,16 | 0,04 | 0,06 | 3,48 | 0,08 | 0,05 - 0,86 | 0,32 - - - -
53 27,64 | 25,36 | 14,06 | 2,89 | 8,89 - - - - - - - - 18,77 - - 3,50 | 1,59 - - - - -
54 32,74 | 30,03 | 15,00 | 2,56 | 11,86 | 3,26 - - 2,44 - - - - 4,93 - - 1,44 - - - - - -
55 32,80 | 30,14 | 13,96 | 2,03 | 1154 | 3,18 - - - - - - - 8,35 - - 2,43 | 1,47 - - - - -
56 26,23 | 30,61 | 13,74 - 10,37 | 2,16 - - - - - - - 13,58 | 0,60 - 1,85 | 0,92 - - - - -
57 23,96 | 26,82 | 1156 | 8,10 | 824 | 1,05 - - - - - - - 11,70 | 141 - 2,30 | 1,08 - - - - -
58 28,29 | 29,11 | 1591 | 2,78 | 9,73 | 1,04 - 0,70 | 0,70 - 0,17 - - 801 | 0,18 | 0,74 | 1,24 | 0,82 - - - - -
59 25,84 | 32,16 | 27,30 - - - - 1,21 - - - - - 9,74 - - 3,19 - - - 0,06 | 0,14 -
60 20,20 | 20,65 | 21,63 - - - - 0,94 - - - - - 28,20 - - 6,09 | 0,10 - - 0,29 | 1,13 -
61 28,04 60,67 - - - - - - - - - - 8,32 - 087 | 1,32 | 0,82 - - - 0,20 -
62 25,64 | 19,65 | 28,40 - - - - 1,70 - - - - - 18,10 - - 2,67 | 2,00 - - 042 | 0,73 -
63 25,57 | 31,76 | 29,84 - - - - 2,28 - - - - - 2,11 - - 1,92 | 2,00 - - 0,80 | 1,22 -
64 29,29 | 31,41 | 33,19 - - - - 5,08 - - - - - - - - 0,27 | 0,34 - - - - -
65 29,23 | 36,19 | 31,64 - - - - - - - - - - 3,01 - 0,12 | 0,70 - - - - - -
66 30,08 | 3055 | 7,85 | 6,30 | 18,51 | 4,09 - 0,56 - - - - - 1,44 | 0,12 | 0,05 - 0,22 - - - 0,18 -
Cpennne

coxepxanus | 27,01 | 2856 | 19,19 | 3,12 | 10,23 | 195 | 0,32 | 195 | 1,21 | 0,17 | 059 | 0,08 | 0,18 | 827 | 0,79 | 048 | 2,34 | 1,40 | 141 | 0,29 | 0,67 | 1,21 | 3,35
OKCHJIOB

1 - BiromoBckas komb 50, nemenckue ropsl, FOxubIin Ypan [15]; 2 - Konb 244, Mnbmenckue ropsl, FOxubiii Ypan [15]; 3 - Mnemeno-BuiaeBoropekuit komiteke, KOxubiii Ypai [15];4-5 - Anyiickuit
maccuB, Cpennuit Ypai (03-2,03-3) [15]; 6-7 - Txabbikckuit maccus, I0xHbii Ypain (K-106, E-4333) [15]; 8-9 - Taparauickuit maccus, FOxubiii Ypan (K-13666, K-1417) [15]; 10 - 3aaunrapee, Enunceiickuit
kpsik [15]; 11 - TepBomaiickuii maccus, Cpeannit Ypan [15];12 - pynnament SImana, BepxHe-Peuenckas miomap, ckB.l [15];13 - pynnament 3ananuoit Cubupu, Bocrouno-1lleGypcekast momnias,

ckB.28 [15]; 14-15 - BocrouHo-Boponexckast mpoBuHIms, BopoHexckoro kpucrammnueckoro maccusa (700a, 8240) [15]; 16 -Bamkupckuit merantukinaopuit [19]; 17 - 3anaawsiii ckinon KOxHOro

Vpana [19]; 18 - Illarakckuii koMIuiekc U Yiyenruacko-Kynammanoscekas 30Ha [19]; 19 - HoBokoHcTaHTHHOBCKOCO MecTopoxaeHue [29]; 20 - Paiion AGy Pymen, FOro-Bocrounas mycteins, Erumner [6];
21 -ITabpoBckuii Maccus [27]; 22 - Bocrounas ABctpanust [8]; 23 - BocTouHBIi 9K30KOHTaKT Anyiickoro MaccuBa (cpenuuii Ypan)[30]; 24 - 3onotopynHoe MectopoxaeHue Xenbmo, OHTapHo,

Kanana [10]; 25 - Boa Esperan Ca in the Alto Ligonha, Masputanus [9]; 26 — Hurepus [9]; 27 - IlIpu-Jlanka, Ceylon [9]; 28 — Kownro [9]; 29 — TaiiBaus [9]; 30 - Kuttakuzhi, Kepan, Uumus [9]; 31 - Kepau,
Wunus [9]; 32 - Paiion laita, Mumus [9]; 33 - Byron Bay Ascrpanus [9]; 34 - New South Wales Ascrpasmus [9]; 35 - Bandeirinha na Riacho Varas [9]; 36 - Fezenda da Barra bpazwmust [9]; 37 - Sao Joao del
Rei, bpasunus [9]; 38 - Villeneuve Kanana [9]; 39-41 — Kocsrockuii Mmaccus, Cpennuii Tuman (1, 2, 3) [20]; 42 - Illatakckuii KOMILIEKe, OTIoxeHus Yiyenruacko-Kynammanosckoit 3oub1 [ 20]; 43-49 — U3
KOHIIEHTPATOB OI'Y «YPAJ »(I/1, 11/1, 1172, 11/3, 11/4, 11/5, Cp.3Hauenus) [28]; 50-51 — Bakuapckoe mecropoxaerue (Bocrounas u 3anagnas yacti); 52 - lllabposckoe MecTopoxaenue, CpenHuii
Vpan [31]; 53- 57 — TeipkanAUHCKHIN pyaHBII paiioH (p. Manas Teipkana, pyd. ThICCHIHUAKBIBIT, pyd. TyMaHHbIH, niep. Makbuiras, p. Jxenunaa) [18];58 - Taparauickuii maccus [15]; 59 — Cubups [32];
60 - Patnamypa, Leiinon [32]; 61 - Esponeiickast uacte CCCP [32]; 62 - Monronbckuii Anraii [32]; 63 -, Cpennsist Azust [32]; 64 - JIbstibsirya, Bonuus [32]; 65 - Mayurun [Tacce [32]; 66 - [posiBienue
HUreubto, Cpenuuit Tuman[ 23].
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1. DESCRIPTION OF MONAZITE

The mineral monazite, an anhydrous phosphate of the cerium group of the
rare earths, was named by Breithaupt Breithaupt selected the name from a Greek verb
meaning “to be solitary” in recognition of the rarity of the mineral at the site of its
discovery near Miask in the liImen Mountains of Russia [12].

PHYSICAL PROPERTIES

Most monazite is various shades of yellow. Honey yellow to golden yellow
and also shades of transparent pale yellow are commonly mentioned in descriptions
of detrital monazite from stream and beach placers and in descriptions of accessory
monazite from granulite and gneiss. Shades of yellowish brown, brown, reddish
brown, red, yellowish green, green, and greenish brown are locally common in
detrital monazite from streams and lakes and in accessory monazite in schist, gneiss,
granite, and, particularly, pegmatite. Pale-orange-yellow to yellowish-gray, white,
gray, or nearly colorless monazite is rare, but monazite having these colors has been
found in veins and vugs. The streak of monazite is white, very pale yellow, or very
pale brown [12].

Monazite is transparent to subtransparent in small grains, but superficial
alteration may render it opaque. Its luster is resinous to vitreous and is more brilliant
in transparent grains than in subtransparent ones.

Monazite is brittle. It is commonly modified by conchoidal or uneven
fractures. Its hardness is 5 to 51/2 on the Mohs scale; that is, it is as hard as or slightly
harder than apatite but not as hard as orthoclase. Rinds of superficially altered grains
are softer than apatite.[12]

The specific gravity of virtually pure (Ce, La) PO, is 5.15 + 0.05. Differences
in the chemical composition of monazite cause the specific gravity to range from 4.6
to 5.47.

Distinct cleavage is on the [100] plane, less distinct cleavage on the [010],
and indistinct cleavage is rare on the [110], [101], and [011] planes. Monazite occurs
most abundantly as subhedral to round grains, the roundest grains being found
generally, but not exclusively, in detrital deposits. Small euhedral crystals from
granitic rocks, schist, and gneiss are commonly tabular or wedge shaped and are
accompanied by a fair to large proportion of subhedral to round grains. Monazite is
rarely found in grains larger than 0.02 inch across, and particles of monazite
weighing more than a few milligrams are rare in placers.

Monazite has high magnetic susceptibility, which is an inherent property
deriving from the paramagnetism of the rare earths in the mineral. This property led
to infer that it would be possible to isolate monazite of specific composition through
the use of a magnetic separator if a quantitative relationship could be found between
the composition and the paramagnetism. In 1961 Richartz reported the magnetic
separation of monazite into six fractions of decreasing magnetic susceptibility from
grains almost as magnetic as ilmenite to grains almost as nonmagnetic as zircon. A
systematic variation in the abundance of the rare earths was observed in the fractions:
the most magnetic grains contained the least lanthanum and cerium and the most
neodymium, samarium, gadolinium, and yttrium [9].

Under ultraviolet radiation unaltered monazite neither fluoresces nor
phosphoresces, but it strongly absorbs violet, blue, and yellow radiation from an
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unfiltered mercury-vapor lamp and, as observed by the naked eye, assumes the green
color of the unabsorbed radiation from the lamp. Monazite containing neodymium
can be identified by a strong band in the yellow and a faint band in the green if the
mineral is observed by hand spectroscope in reflected sunlight [9].

Monazite undergoes no chemical or structural changes on heating to about
1,000°C in the atmosphere, but heating to 1,130°C sharpens the X-ray powder pattern
and increases the specific gravity, index of refraction, and birefringence [12].

Liquid and gaseous inclusions are very rare, but they have been observed in
monazite from localities in Brazil. Sillimanite, rutile, hematite, muscovite, biotite,
quartz, epidote, apatite, magnetite, galena, and garnet have been found in monazite
from several localities, but the mineral generally lacks inclusions.

OPTICAL PROPERTIES

Monazite is biaxial positive; relief is high and dispersion is strong. The
greatest, intermediate, and least indices of refraction are 1.837-1.849, 1.788-1.801,
and 1.787-1.800. The optic angle ranges from 5° to 15°. In thin section or immersion
oils, monazite is almost colorless, pale yellow, or pale yellowish brown; it lacks
pleochroism. The optical properties probably change with variation in the amount of
thorium in monazite, but data are lacking [12].

CRYSTALLOGRAPHY

Monazite is monoclinic, in the prismatic crystal class, and is commonly
tabular, wedge shaped, equant, or twinned. Interfacial angles of the same forms on
crystals vary as the composition of the monazite varies. Comparison of crystals
illustrated by Goldschmidt and geologic source of the monazite suggests that simple
crystal form is common among monazite grains from vugs and low temperature veins
and that complex forms tend to be common among monazite crystals from
pegmatites. Monazite grains from plutonic gneisses and schists generally lack crystal
form and are globular[12].

COMPOSITION

Monazite is a thorium-bearing phosphate of the cerium earths. The cerium
earths are the oxides of the metals lanthanum, cerium, praseodymium, neodymium,
prometheum, samarium, and europium. The cerium earths include the elements of
lower atomic number in the group of elements called the rare earths. Rare earths of
higher atomic number, uncommon in monazite, comprise oxides of the metals
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium,
and yttrium[9].

Thorium, atomic number 90, is not a rare earth but is commonly associated
with the rare earths in nature. It is classed with protactinium, uranium, and the
transuranium elements in a radioactive group called the actinides. Thorium is about
four times as abundant as uranium in the earth’s crust.

The abundance of thorium and rare earths in monazite, the ratio of thorium to
the rare earths, and the ratio of cerium to lanthanum vary widely. Thorium may be
absent, as in monazite from tin veins in Bolivia and in monazite from carbona- tite
deposits in Africa, or it may reach 31.5 percent, as it does in a rare variety of
monazite from a pegmatite in India [9].

Uranium is commonly present in monazite but rarely reaches amounts greater
than 0.5 percent. Plutonium and neptunium in extremely small amounts have been
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detected in monazite from North Carolina and Brazil and are probably present in
thorium- and uranium-bearing monazite from other localities.

Thorium, uranium, and samarium make monazite highly radioactive, a
characteristic of the mineral first observed by Mme. Curie. Some minor elements
noted in its composition, like helium and lead, are at least partly of radiogenic origin.

Small amounts of the yttrium earths occur in monazite from many localities,
but the ratio of the yttrium earths to cerium earths is always low.

Small amounts of calcium, magnesium, ferrous and ferric iron, aluminum,
zirconium, manganese, beryllium, tin, titanium, and tantalum have been reported in
various analyses of monazite [9].

PRODUCTION AND USE

Monazite is the major source of thorium, and together with bastnaesite, a
fluocarbonate of the cerium earths, is the principal source of the cerium group of rare
earths.

An industrial need for thorium and the rare earths originated in 1883 when
Carl Auer of Austria developed an illuminating gas mantle composed of the oxides of
lanthanum and other metals. The composition of the mantles was gradually modified
until, in 1891, a mixture consisting of 99 percent of ThO, and 1 percent of CeO, was
accepted as best. Immediately after World War | and the general introduction of the
tungsten-filament electric lamp, the declining demand caused a corresponding
decrease in the production of monazite; however, new applications for thorium and
the rare earths were found, and by 1935 world output of monazite had returned to its
pre-War level. The United States, Brazil, India, and the Republic of South Africa
have been the chief sources of monazite, but small amounts have come from many
other countries. In the late 1950’s uranothorianite [thorianite] produced in the
Malagasy Republic and leach liquors from uranium ores produced at Blind River,
Ontario, Canada, became important sources for thorium. Between 1880 and 1961 the
world production of monazite, exclusive of the output in Europe and the U.S.S.R.,
was at least 271,000 short tons [9].

The uses of the rare earths have been discussed by many authors in recent
years, and the reader is referred to their reports for details. The rare-earth fluorides
and oxides are used as cores of carbon electrodes to produce brilliant white light for
projection of moving pictures and for high-speed photography. Lanthanum oxide is
used to make optical glass of high index of refraction and low dispersion. Cerium
metal serves as a reducing agent in some metallurgical processes and is a major
component of pyrophoric alloys. Cerium oxide is an opacifier in porcelain and is used
as an abrasive for polishing lenses and mirrors. Compounds of cerium are employed
as oxidizing catalysts in organic preparations, as industrial driers, in various aspects
of photography, and for the tanning of leather. Praseodymium and neodymium are
used both to color glass and glazes and in mixtures to produce glass that absorbs
ultraviolet light. A mixture of the rare earths in metallic form, called Misch metal, is
used for pyrophoric alloys. Misch metal added to aluminum improves the stress-
rupture properties of aluminum alloys at temperatures of 700°-800°F. Addition of
Misch metal to magnesium increases its resistance to creep at temperatures between
400° and 600°F. Added to hot- dip aluminum baths, the rare earth alloys substitute
for fluxes in producing smooth coatings on steel. The rare earths added to molten
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steel reduce the size of the grain in the steel, increase its resistance to low-
temperature oxidation, and improve its workability [9].

Rare-earth metals are excellent deoxidizing agents for copper and nickel.
Other uses include chemicals for the waterproofing, weighting, and dyeing of cloth,
and chemicals for printing inks and phosphors. Improved processes for the separation
of the rare earths, separations formerly possible only through complex and costly
fractional crystallization, should lead to their greater use by industry [9].

Thorium in nonenergy applications since World War Il has been used chiefly
for the manufacture of gas mantles and in magnesium alloys where the addition of 3
percent of Th to 96.3 percent of Mg and 0.7 percent of Zr improves resistance to
creep and maintains strength at elevated temperatures. Small amounts of thorium are
consumed as refractories and polishing compounds, as chemicals and medicines, and
in electric apparatus [9].

Political considerations resulting from the use of thorium for energy purposes
as indicated in this paragraph have led to restrictions, beginning in 1944, in the
international traffic in monazite and to curtailment of publication of production,
export, and import data on thorium-bearing ores and compounds. Thorium is a source
material under the U.S. Congressional Atomic Energy Act of 1946; thus, producers of
thorium compounds in the United States must be licensed by the U.S. Atomic Energy
Commission, and statistics on the domestic output of thorium and thorium
compounds are classified as security information. In 1944 Australia forbade
shipments of monazite to markets outside the United Kingdom and the United States.
The Atomic Energy Control Board of Canada regulates the development of thorium-
bearing deposits and the disposal of ores. The Republic of South Africa has similar
regulations. India restricted exports in 1946. At the beginning of 1951, Brazil ceased
to issue export licenses but was, like India, considering offers of foreign firms to
process monazite within the country. Rare earths extracted from the monazite would
be exported and the thorium retained in the country of origin. By the end of 1952
India had opened a state-owned plant at Alwaye, Travancore, for the processing of
monazite concentrates, and the Government of Ceylon had constructed a pilot plant at
Katurkurunda for placer monazite. At Sao Paulo and Victoria in Brazil, thorium and
the rare earths were produced from placer monazite at two plants of the Industrias
Quimieas Reunidas S.A., and export markets were sought for the rare earths. National
controls and agreements have become a part of the international traffic in
monazite [9].
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OCCURRENCE

Monazite is widely distributed throughout the world as a minor accessory
mineral in intermediate- and high- rank metamorphic rocks derived from argillaceous
sediments. It is less commonly present and less abundant as an accessory mineral in
metamorphic rocks of like ranks formed from arenaceous sediments. Monazite is
rarely present in metamorphosed calcareous or carbonaceous sedimentary rocks. It is
especially common in pelitic schists, gneisses, and migmatites of the upper subfacies
of the amphibolite facies and of the granulite facies. It may occur in magmatic rocks
ranging in composition from diorite to muscovite granite and also in associated
pegmatite, greisen, and vein quartz. In this group, accessory monazite is commonly
observed in biotite quartz monzonite, two-mica granite, muscovite granite, and
cassiterite-bearing granite. It has been more commonly reported in porphyritic granite
than in aplite or felsite, but it has not been found as a primary constituent of silicic
lava. Monazite is very rarely found in syenite but does occur locally in nepheline
syenite and syenite pegmatite; it is abundant in carbonatite from many localities and
in related alkalic volcanic rocks and dikes. It is not known to occur in mafic lavas,
nor has it been observed in plutonic mafic rocks, but at a diamond locality in Brazil,
monazite has been found in weathered mafic dikes and breccia of uncertain
composition and origin. Monazite is found in a wide variety of veins, from simple
quartz-chlorite veins and epithermal deposits, through mesothermal quartz veins and
siliceous alteration zones, to hypo- thermal tungsten- and tin-bearing quartz veins and
alteration zones associated with topaz and other minerals. Locally monazite occurs in
vugs and druses [9].

As an accessory mineral, monazite rarely makes up more than a few
hundredths of 1 percent of its host rock. Several extraordinary enrichments of
monazite are known in plutonic terrane where thorium-rich monazite is concentated
in veins formed by metamorphic differentiation. Other important concentrations in
crystalline rocks include low-thorium oxide monazite in marble and carbonatite.

Pegmatite, although a source of monazite specimens for museums, is rarely a
source of monazite ores and where monazite is present, it tends to be sparse.
Monazite from pegmatite may locally contain exceptional amounts of thorium, and
the monazite richest in thorium comes from pegmatite[9].

Erosion of crystalline rocks releases monazite for transport and accumulation
in sedimentary rocks. Locally the processes of erosion and transportation may be
varied and complicated, the detrital monazite traveling through several cycles of
transport and deposition before being lodged in the deposits where it is presently
found. Processes of glacial and wind erosion and transport are known to have
released, moved, and concentrated monazite, but the most effective agents are those
related to rock weathering, fluvial transport, and accumulation of weathered material
on beaches. Rock weathering is especially effective in warm humid regions where
chemical weathering exceeds the rate of erosion and thick mantles of thoroughly
weathered residuum accumulate. Chemical weathering reduces the variety of heavy
minerals in the crystalline rocks and residuum until only the most inert ones remain
to form eluvial deposits and to be washed into streams. In streams the heavy minerals
are further winnowed and mechanically concentrated into fluviatile placers. Stream
placers are not static deposits. A constant flow of monazite-bearing sediment moves
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downstream to interior basins or to the sea where the discharged sedimentary
materials are further sorted. The tide, along-shore currents, waves, and wind continue
to work and rework the monazite. These processes tend to concentrate it with other
insoluble heavy minerals in beach and dune placers. Economically the most
important monazite deposits are beach placers, which are the end product of several
stages of concentration of thorium and the rare earths. These stages are
metamorphism which develops the primary source; weathering; concentration in
streams; concentration in littoral sediments; and reconcentration in beach placers [9].

Recent placers are generally in unconsolidated sediments. Fossil placers are
preserved in lithified sediments of many ages, and accessory detrital monazite is
found in sedimentary rocks, mainly sandstone, of all ages from Precambrian to
Quaternary. Fossil placers are especially common in rocks of Precambrian,
Cambrian, Cretaceous, and Tertiary age [9].

CYCLES IN CRYSTALLINE ROCKS

Occurrences of accessory monazite in crystalline rocks can be related to one
of two formative cycles here called the metamorphic cycle and the magmatic cycle.
Occurrences seem to be more common in the metamorphic cycle than in the
magmatic cycle. For both cycles the geologic factors that generally and pervasively
control the abundance of monazite in the host rock and the amount of thorium in the
monazite are the temperature and the pressure existing at the time monazite
crystallizes. In the metamorphic cycle these factors are shown by the grade of
regional metamorphism, but in the magmatic cycle the temperature and the pressure
must be inferred from a greater variety of evidence [16].

The role of temperature and pressure in the two cycles of monazite may be
conveniently summarized by referring to the concept of three zones of rock formation
determined by regional geologic environment. The epizone has the lowest pressure
and temperature conditions, the katazone has the greatest pressure and temperature,
and the mesozone is intermediate[16].

Monazite in the epizone is characteristically of hydrothermal origin in veins,
vugs, druses, and disseminations associated with shallow late tectonic or posttectonic
masses of granitic rock. Granitic rocks of the epizone, except the cassiterite-bearing
granites, rarely contain monazite, and where they do, monazite is sparse. Monazite is
unreported in the effusive equivalents of the granitic rocks. Highly differentiated
alkalic volcanic rocks of the epizone contain low-thorium oxide monazite. Monazite
is rarely found in epizonal slate, phyllite, or schist. Monazite formed in the epizone
tends to be lean in thorium; locally, however, monazite from epizonal granite may be
moderately rich in thorium. At those places in the epizone where monazite occurs in
both granite and metasedimentary rocks, the amount of thorium in monazite from
granite tends to be 200-800 percent greater than the amount in monazite from
metasedimentary rocks [9].

Monazite in the mesozone is typically of metamorphic or magmatic origin. It
IS @ moderately common accessory mineral in pelitic schists and gneisses and in
syntectonic and posttectonic granitic rocks, particularly quartz monzonite, two-mica
granite, muscovite granite, cassiterite-bearing granite, and pegmatite. Monazite in the
mesozone is more abundant in granitic rocks than in metasedimentary rocks, but both
kinds of rock contain more monazite than their equivalents in the epizone. Monazite
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from rocks in the mesozone has more thorium than monazite from rocks in the
epizone. The difference between mesozonal schist and mesozonal granitic rocks in
tenor of thorium is not as great as the difference between these rocks in the epizone.
Monazite from granitic rocks tends to contain from 50-200 percent more thorium
than monazite from mesozonal schists and gneisses [9].

Monazite in the katazone tends to be about as abundant in metasedimentary
rocks as in granitic rocks; moreover, it is much more common in both kinds of rock
in the katazone than in the mesozone. Sillimanite schist and gneiss, granulite, silicic
charnockite, and synkinematic quartz monzonite generally have copious accessory
monazite. Furthermore, monazite in the katazone is especially rich in thorium. In only
a few places is the amount of thorium in monazite from granitic rocks in the katazone
more than 10-50 percent greater than the amount in monazite from metasedimentary
rocks, and it is generally only 10-20 percent greater. Monazite formed in pegmatites
associated with katazone or mesozone rocks locally contains more thorium than
monazite from any other rocks [16].

METAMORPHIC CYCLE

As long ago as 1900 the metamorphic origin of monazite in paraschist was
clearly described by Derby and in 1913 Hess recognized its formation in regionally
metamorphosed rocks. The contrary opinion that particles of monazite in paraschists
and paragneisses are relict detrital grains, however, is still generally held.
Observations in the present work confirm the metamorphic origin of monazite in
paraschists and paragneisses, and also show that monazite participates in a previously
unrecognized metamorphic cycle. The chief features of this cycle as defined in clayey
sedimentary rocks are as follows: Detrital monazite in the sediment is unstable in
early stages of regional metamorphism so that at the onset of metamorphism it breaks
down and shares its components with other minerals and detrital monazite as such
disappears. As the grade of regional metamorphism increases, an environment is
reached at which monazite is again stable, and metamorphic monazite begins to form
at a few centers of crystallization, which multiply with increasing grade of
metamorphism [16].

Many features of monazite in paraschists and paragneisses described in the
main part of this report support the interpretation that this monazite is of
metamorphic origin. These features are the direct relation between grade of
metamorphism and amount of monazite in the rock; the inverse relation between
amount of monazite in the rock and grain size of the original sediment; the lack of
similarity between the range in grain size of particles of monazite in paraschists and
paragneisses and the probable range in size in the original sedimentary rocks;
correlation between physical properties of monazite and metamorphic grade of the
host rock; inclusions in monazite identical with metamorphic minerals in the host
rock; intergrowths between monazite and metamorphic minerals in the host rock;
inverse relations between monazite, allanite, and other thorium-bearing minerals in
metamorphic rocks; systematic variation in the amount of thorium in monazite related
to grade of regional metamorphism of the host rock. A possible exception to the
interpretation that monazite is metamorphic in origin is the occurrence of detrital
monazite in quartzite [9].
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The literature shows that there is a direct relation in paraschists and
paragneisses between the amount of monazite and the metamorphic facies of the host
rock. Accessory monazite is exceedingly rare in the green- schist facies, rare to sparse
in the albite-epidote-amphibolite facies, sparse to common in the amphibolite facies,
and common to abundant in the granulite facies. This relation can be seen in
monazite-bearing areas throughout the world but is especially evident along the east
coast of the Malagasy Republic, in Ceylon, India, Japan, the South Island of New
Zealand, the Southeastern United States, and the Diamantina district of Brazil [9].

The literature shows that at uniform metamorphic facies an inverse relation
exists between the amount of monazite in a metamorphic rock and the coarseness of
grain in the sediment from which the metamorphic rock was formed. Greater amounts
of monazite are found in paraschists and paragneisses formed from argillaceous
sediments than in rocks formed from arenaceous sediments. This relation holds even
for thinly interlayered units of metamorphosed sandstone and shale; monazite is
chiefly in the biotite-rich or sillimanite-rich layers formed from the shaly component
and is sparse or absent in quartzo-feldspathic layers formed from the more sandy
components. That a greater amount of monazite is found in schist and gneiss of
pelitic origin than in rocks of equivalent facies formed from sandstone and graywack
is a reversal of the usual distribution of detrital heavy minerals in shale and
sandstone. Coarse elastics ordinarily are richer in heavy mineralsm including
monazite, than fine-grained sedimentary rocks. Obviously some process other than
initial sedimentary concentration is required to account for the inverse relation that
exists after metamorphism. This inverse relation has received the most study in the
metamorphic rocks of North and South Carolina[9].

A general lack of similarity has been noted in North and South Carolina,
Ceylon, and the Malagasy Republic between the range in grain size of particles of
monazite from paraschists and paragneisses and the probable range in grain size in
the original sedimentary rocks. Poorly sorted monazite having a wide range in grain
size is typical of schists and gneisses through the amphibolite facies, but at the
granulite facies the range in grain size tends to become narrow. At low and in-
termediate metamorphic facies, a wide range of grain size in monazite from single
samples of schist and gneiss can be interpreted to indicate a mode of formation
independent of hydraulic transport and sedimentary deposition because the
sedimentary process tends to perfect the sorting of heavy minerals. A reduction in
range of grain size that correlates with increase in metamorphic grade is unlikely to
reflect sedimentary sorting [16].

The specific gravity and the unit-cell size of monazite from metamorphic
rocks seem to vary with metamorphic grade. Data are incomplete but suggest that the
specific gravity of monazite increases and that unit-cell size decreases as the
metamorphism of the host rock increases [16].

Inclusions in monazite at several localities are identical to metamorphic
minerals in the host rock. Monazite also occurs intimately intergrown with
metamorphic minerals in the host rock. These relations can be interpreted as resulting
from the metamorphic growth of monazite. A striking relation exists in metamorphic
rocks— that is, as monazite becomes more abundant, allanite and sphene become
less abundant. At low metamorphic facies, allanite and sphene are common and
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monazite is sparse. As metamorphic facies increases to the staurolite-kyanite
subfacies, the quantity of the three minerals increases. Above that subfacies, allanite
and sphene decline in abundance and monazite increases. Monazite is common, but
allanite and sphene are uncommon in the sillimanite-almandine subfacies. In the
granulite facies, monazite is rarely accompanied by allanite or sphene; however, it
may be associated with thorite and thorianite. The literature contains much evidence
that allanite and sphene proxy for monazite as a host mineral for thorium at low
grades of regional metamorphism, and it gives some evidence that thorite and,
especially thorianite, proxy for monazite in rocks of highest facies. This relation
between monazite and the minerals mentioned seems to be an expression of a
sequential partition of thorium among mineral species in metamorphic rocks,
beginning with thorium in chlorite, biotite, apatite, garnet, and allanite in the low
grades, changing to allanite, sphene, and monazite in the middle grades, and to
monazite, thorite, and thorianite at the highest grade. If, as sometimes supposed, the
monazite consists of relict detrital grains, the arrangement here described is
inexplicable[16].

The amount of thorium in monazite from metasedimentary rocks increases as
the metamorphic facies increases. Monazite in some quartzites locally may represent,
fossil placers, although in other quartzites it seems to be of metamorphic origin.
Monazite is rarely found in metasedimentary carbonate rock, and where found, it
seems to have been introduced hydrothermally or brought in by pegmatites. Monazite
in metamorphosed carbonate rock is very lean in thorium [9].

Monazite has been reported from carbonaceous sedimentary rocks which are
highly metamorphosed but not from those which are slightly metamorphosed. Layers
or veins of graphite in granitoid gneiss at two localities in Brazil were shown to
contain as much as 7 percent of monazite.

Authigenic monazite in most metasedimentary rocks is derived from elements
in other minerals and gels or precipitates in pelitic rocks. Original detrital monazite
may supply only a small amount of the elements that form metamorphic monazite.
Indeed, the general absence of monazite in many low-grade metamorphic rocks may
be due primarily to a general sparseness of detrital monazite in sedimentary
sequences, rather than to a loss of detrital monazite resulting from the instability of
the mineral at the onset of regional metamorphism. The distribution of thorium in
sedimentary rocks can be used as a guide for an interpretation of the source of
authigenic monazite in metamorphic rocks.[9]

A clear relation was shown by Jaffe and Hughes (1953) between the
radioactivity and the grain size of sediment in samples from the bottom of the
Chesapeake Bay. Silt and clay were found to be more radioactive than fine sand, and
fine sand proved to be more radioactive than coarse sand[9].

The source of monazite in the average metasedimentary rock is interpreted to
be thorium, rare earths, and phosphorus dispersed among the clays, mica, and apatite
in the unmetamorphosed sediments. During progressive regional metamorphism these
components differentially pass from one mineral phase to another. In the early stages
of metamorphism, chlorite, biotite, garnet, and other minerals are the principal hosts
for the rare earths, thorium, and phosphorus. As the host minerals disappear and new
mineral phases enter or the composition of the earlier formed minerals changes to
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accommodate higher temperature, pressure, and stress, the components are held by
different mineral phases among which monazite becomes more common as the grade
of metamorphism rises. As the grade of metamorphism increases, the amount of
thorium in the crystallizing monazite also increases. It is not known if this increase in
thorium only affects monazite crystals forming at a given stage in the metamorphic
history of the rock, or if there is continuous reaction between early formed monazite
and other thoriumbearing minerals in the host rock. Inasmuch as the amount of
thorium in separate samples of monazite from the same metasedimentary rock tends
to vary widely, the reaction of earlier formed monazite was probably slow and
incomplete, and the rate of diffusion of thorium was probably low. Although the
amount of thorium held in monazite formed at the upper subfacies of the amphibolite
facies is only about one-tenth of the amount of thorium in the average
unmetamorphosed shale or sandstone, adequate thorium is present in other
components of the schists and gneisses to allow the greater nucleation of monazite
and to supply the higher tenors in thorium in the monazite found in schists and
gneisses of the granulite facies. A relatively high rate of nucleation and a relatively
low rate of diffusion in granulite may cause the abundance of fine-grained monazite
characteristic of gneiss in the granulite facies. At the highest grade of regional
metamorphism, some thorium in the rocks crystallizes as thorite and thorianite.
Metamorphic differentiation of the granulite facies even leads to the segregation of
aggregates of monazite and apatite and of thorianite, which migrate into veins. In
general, however, the sedimentary carbonates contain very little thorium [16].

MAGMATIC CYCLE

The magmatic cycle is here taken to refer to occurrences of monazite in
solidified mobile rock material. It includes monazite-bearing rocks formed by partial
or complete anatexis of sediments in orogenic belts.

Also included are monazite-bearing veins and alteration zones related in
origin to these rocks [16].

Differentiation under plutonic conditions yields granitic masses of batholithic
dimension in which monazite is a minor accessory mineral, but large volumes of
monazite-rich rocks are not formed. Differentiation locally produces monazite-rich
veins in the mesozone and epizone. Extreme differentiation of alkalic rocks forms
large concentrations of thorium-poor monazite in carbonatite. Fractionation during
crystallization in the magmatic cycle produces thorium-rich monazite in pegmatites.
Among rocks formed in the magmatic cycle, accessory monazite is most common in
granitic rocks, particularly in plutonic synkinematic granites emplaced
contemporaneously with folding and metamorphism of wallrocks [9].

The dominant source rock for monazite in the magmatic cycle is granite, a
term necessarily broadly used here to mean granular rocks composed of quartz,
feldspar, and mica. Undoubtedly many occurrences in granodiorite, and possibly
some in diorite, are lost in this usage, but nothing less comprehensive is suited to the
literature, especially to old reports on mining in regions of weathered rocks. The main
kinds of monazite-bearing rock included under granite are biotite quartz monzonite,
quartz monzonite, two-mica granite, biotite granite, muscovite granite, cassiterite-
bearing granite, and wolframite-bearing granite. Granites that formed during
deformation in orogenic belts are far more likely to be monazite-bearing than post-

102



Kinematic granites. Synorogenic granites that formed by regional metamorphism in
the sillimanite-almandine subfacies or granulite facies are the main monazite- bearing
rocks in the magmatic cycle. Synkinematic granites that crystallized under conditions
of low-grade regional metamorphism, and postorogenic granites exclusive of the
cassiterite-bearing granites, are lean in or devoid of monazite. Cassiterite-bearing
granites and cassiterite-wolframite granites rarely lack monazite, and hornblende
granites rarely contain monazite, regardless of spatial and temporal relations.
Accessory monazite occurs sparingly in quartz porphyry, aplite, and felsite at a few
scattered localities but monazite has not been observed as a primary mineral in silicic
lava [9].

CYCLE IN SEDIMENTARY ROCKS

The geologic cycle of monazite in sedimentary rocks begins with the freeing
of mineral grains from rocks exposed at the earth’s surface and ends with the onset of
regional metamorphism of monazite-bearing sediments. The processes in operation
are dominated by mechanical agents, which can be rather varied, except at the outset
when chemical agents are active. As a result of these mechanical processes, the
detrital monazite can occur as a sparse accessory mineral or can be concentrated
locally in sedimentary rocks. Under unusual conditions such as transport from a small
and highly concentrated original source of monazite, the mechanical processes can
disperse instead of concentrate the monazite [16].

Monazite is released from the host rock by many forms of mechanical
disintegration, but no mechanical process is as effective as chemical weathering.
During weathering the soluble fraction of the host rock is removed and the insoluble
residue collects as a mantle. Released grains of monazite concentrated near their site
of origin constitute eluvial placers. Enrichment of monazite in the residuum may
range from about 2 or 3 times to several hundred times its original abundance in the
host rock, but generally the enrichment is about 10 or 20 times. In deeply weathered
areas underlain by monazite-bearing residuum from metamorphic rocks of the
amphibolite facies the residuum typically contains 0.5-2 pounds of monazite per
cubic yard and rarely may contain 20 pounds of monazite. At many localities where
stream placers on weathered rocks have been mined for detrital monazite, the eluvial
placers have also been mined, but they have not been commercially important. The
main importance of eluvial deposits is as a protore for stream placers. Where streams
erode concentrations of monazite in weathered residuum, the stream placers tend to
be richer in monazite and the concentrates contain a greater percentage of monazite
than other heavy minerals; in areas where stream placers form over relatively
unweathered bedrock, the reverse ratio exists. Hence, concentrates from streams in
warm humid regions contain a smaller variety of heavy minerals and more monazite
than concentrates from streams in more temperate regions. Most of the monazite
placers of the world are in the tropical and subtropical regions [16].

Monazite is not completely resistant to weathering. Analyses of monazite
from Brazil show that it alters to a dull earthy product through removal of thorium
and other components. Under extreme conditions of weathering, monazite also has
been found to leach preferentially along some crystal faces and to deposit as
authigenic overgrowths on other crystal faces or around other monazite grains. Loss
of monazite from weathering or intrastratal solution in sedimentary rocks, however, is
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not as great and detrital monazite is known, even in abundance, in ancient
Precambrian sedimentary rocks. In areas of profound chemical weathering, monazite
IS more resistant to solution than hornblende, epidote, garnet, magnetite, and
apatite [9].

During fluviatile transport, detrital monazite lags behind detrital quartz,
feldspar, and other common minerals and is concentrated with such resistant min-
erals as ilmenite, rutile, zircon, and sillimanite. Monazite and other heavy minerals
tend to settle to the bed of the stream where they are concentrated with the coarser
fraction. In deeply weathered areas, most of the stream load is fine sand, silt, and
clay; therefore, the tendency of monazite to settle into thin veneers of coarse elastics
results in low tenors among fine-grained sediments. These low-tenor silt and clay
deposits generally cover the high-tenor gravels [9].

Throughout the world, like tenors have been noted for placers formed under
similar geologic conditions. Only under specially favorable economic conditions can
such deposits be mined for monazite alone. Stream placers have, however, been the
source of commercial monazite in the Malagasy Republic, Republic of the Congo
(Leopoldville), Republic of South Africa, Federation of Malaya, Korea, Republic of
Indonesia, Idaho, North Carolina, and South Carolina. Only those fluviatile deposts
where monazite is accompanied by other valuable ores, such as cassiterite in Malaya
or gold in Korea, seem profitable for sustained production [16].

Where monazite-bearing streams empty into lakes or oceans, deposits of
heavy minerals tend to form at the mouth of the stream and along downdrift shores.
Deltaic placers, particularly where further mechanical concentration has been
effected by wind, such as occurs at the mouths of the Nile, have been mined for
multiple products. Coastal deposits of great diversity are formed by the constant
sorting action of currents, waves, tides, storms, and wind. Present beach deposits are
likely to be thin and transient, though locally they may be of very high tenor. After
storms some beaches may have surface layers containing as much as 90 percent of
monazite. Fluctuations of the level of the strand result in the preservation of monazite
placers in raised beaches, terraces, lagoonal deposits, or dunes. Fossil monazite
placers may also be preserved on the presently submerged parts of the coast or on the
continental. Beach, terrace, lagoonal, and dune deposits are the main source of
commercial monazite. The exploitation of these placers in Brazil and India has
provided most of the monazite in world commerce [9].

The richest coastal deposits occur where weathered crystalline rocks of the
hinterland are separated from the ocean by a belt of coastal-plain sedimentary rocks,
many of Cretaceous or Tertiary age. Prior sedimentary concentration in the coastal
plain deposits forms a protore from which present beach sands are reworked. Belts of
monazite-bearing coastal sedimentary formations back up the beach placers in India,
the Southeastern United States, and Brazil. Similar belts of monazite-bearing
sedimentary rocks are present along the coast of Africa, but they have not been as
widely explored as those have in the Americas and India [9].

In some coastal areas the source of monazite in extensive placers is not
known. Along the coast of Queensland and New South Wales, an extremely long and
complex geomorphic history is indicated for the detrital monazite because the
composition of the monazite is unlike any in presently exposed source areas [9].
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Some beach deposits, like those in New Zealand, have had a complex fluvial-
glacial history in which alongshore migration of monazite has continued through
several geomorphic cycles. At least one monazite occurrence on the coast of
Antarctica seems to have been caused by the ice-rafting of detrital monazite from an
area of monazite-bearing plutonic rocks to an area of monazite-free volcanic
rocks [16]

Monazite in consolidated sedimentary rocks is for the most part a very minor
accessory detrital mineral. Most a sample of sedimentary rocks in which accessory
detrital monazite has been reported are conglomerate and sandstone. Monazite is very
rare in shale and is absent in limestone, except for one locality in Australia where
fresh-water limestone contains detrital monazite [9].

Consolidated sedimentary rocks adjacent to seams of coal in Western
Australia contain minor detrital monazite, but the data do not indicate whether it is
present in coal. Inasmuch as monazite occurs in unconsolidated carbonaceous debris
and in metamorphosed carbonaceous rocks, it probably is present also in coal [9].

Fossil monazite placers are reported from unmetamorphosed consolidated
sedimentary rocks of Cambrian and Tertiary age in the Western United States at
scattered localities between Canada and Mexico. These placers are composed of
thorium-rich monazite presumably deposited by processes similar to those that form
placers in the present-day sedimentary cycle. In these areas and in others that are
outside of humid and weathered regions, such occurrences might contain commercial
sources of monazite [16].

The amount of thorium in monazite from placers varies from place to place in
the world and depends upon the kind of crystalline rocks that were the source of the
detrital monazite. In general the more plutonic the source rock the more thorium the
placer monazite contains. The role of the sedimentary cycle in the thorium content of
detrital monazite is, therefore, one of mechanical blending. Mixing during transport
characteristically leads to uniform mechanical blends of detrital monazite from
diverse sources. As a result, the amount of thorium in samples of monazite from
placers varies less than the amount of thorium does in samples of monazite from
crystalline rocks. The larger the province from which placer monazite is drawn, the
closer individual samples approach a mean, although there is ordinarily a great range
in the amount of thorium in individual grains [16].

ECONOMIC RELATIONS OF THE CYCLES

At only a few localities can monazite be mined from deposits formed during
the crystalline cycles; these deposits are all in metamorphic rocks. During the early
part of the 20th century, a small output of monazite was maintained for several years
from a monazite-rich zone in biotite gneiss exposed near Shelby, N.C. In the 1950’s,
large tonnages of monazite were successfully recovered from a monazite-apatite vein
at Steenkampskraal, Republic of South Africa; the vein appears to be a product of
metamorphic differentiation. Most of the monazite used in commerce has come from
Quaternary placer deposits formed in the sedimentary cycle. Beach and dune placers
have been the leading commercial source, but lagoonal, terrace, deltaic deposits, and
fluvial placers have also been mined. As of 1962 the discovery of exploitable
monazite deposits seem more likely among products of the sedimentary cycle,
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particularly fossil placers and beach deposits, than among products of the crystalline
cycle [9].

AGE RELATIONS

Abundance of monazite — more occurrences of monazite in crystalline rocks
are reported in Precambrian terrane than in areas underlain by younger crystalline
rocks. Apparently, geologic age is an indirect rather than a direct controlling factor. It
IS indirect because regions occupied by Precambrian rocks contain a greater
proportion of high-grade metamorphic rocks and of plutonic igneous rocks than
younger parts of the crust, and plutonic rocks are the preferred host rocks of
monazite. Precambrian rocks that are not plutonic, or that are otherwise petrologically
unfavorable as a host rock, are as lean in or devoid of monazite as similar but
geologically younger rocks. Conversely, petrologically favorable host rocks of
Paleozoic or younger age are as rich in accessory monazite as similar rocks of
Precambrian age [9].

106



