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NPEAUCJIIOBHUE

[Ipenmaraemplii BHUMAHWIO YWATATENCH COOPHHUK HAYYHBIX CTAaTEH CONCPKUT MAaTepHalbl JTOKJIAIO0B
XV Poccuiickoro cemMrHapa 1o TeXHOJIOIH4eckoi MUHepasorun « TexHoaorndeckas MUHEPAJIOrus B OLIEHKE
KauecTBa MUHEPAJIBHOTO ChIPbs IPUPOAHOTO U TEXHOT€HHOTO IPOUCXOXKIeHU». CeMUHap BIIEPBBIC IPOBET
cBolo padoty Ha 6a3ze MuctutyTa 3emMHoi kopsl CO PAH B Upkytcke (17-18 masg 2023 ). B opranuzaruu ato-
ro MeponpusaTus npuHsiM yyactue Komuccus no texHonoruueckoid munepanorun PMO, denepanbHoe ro-
cymapcTBeHHoe OropkeTHoe yupexkaenue « Muctutyt 3emuoit kopsl PAH», OOO HIIK «Crmput», UnCTUTYT
reosiornn deaepanbHOro Uccie0BaTenbekoro neHTpa «Kapensckuit Hayunslil neHTp PAH».

Hayunast nporpamma ceMuHapa oxBaTblBajia cieiyrouue HampasieHus: 1. Texnosoruueckass MuHe-
payiorusi B peUICHUH MPOoOJeM KOMIUIEKCHOH M DKOJOTMYECKH 0e30macHON mepepaboTKH MUHEPATbHOTO
ceipbs Poccun; 2. [IpuMeHeHne COBPEeMEHHBIX METOIOB M IOAXOJO0B B MCCIECAOBAHUAX BELECTBEHHOIO
cocTaBa TBEPJIbIX MOJIE3HBIX NCKOMAEMBIX U MEPCIIEKTUBBI HHTEHCU(UKAIIMN TEXHOIOTUU 00OTaIlIeHHST MU~
HepanbHOro ceipbsd; 3. Mcnons3zoBanue I'MC B olieHKE MOJIE3HBIX UCKOMIAEMBbIX.

[Iporpamma Obl1a OpUEHTHPOBAHA HA PENICHNE MPOOIEM KOMIUIEKCHOTO M SKOJIOTHYECKH 0€30TIacHOTO
OCBOEHUSI MECTOPOXKAECHNH, U3yUeHHE BEIIECTBEHHOIO COCTaBa MUHEPAIBHOTO ChIPhsI C UCIIOIBb30BAaHUEM
COBPEMEHHBIX NMPELHU3UOHHBIX aHanuTHYecKnX MeTonoB u I'MC-rexHonoruii. Kirouesble nokinaas! OblIn
MOCBSIIEHBI POJIM TEXHOJIOTUYECKONH MHHEpANIOrHy B OIIEHKE IMOJIE3HBIX MCKOMAeMbIX Pa3IMYHBIX THIIOB
U PELICHUIO MPOo0eM KOMIUIEKCHOHM mepepadOTKH MPUPOAHOTO MHUHEPAIBLHOIO CHIPbSl U FOPHOIIPOMBIIL-
JICHHBIX OTXOJIOB.

B paGote cemunapa ydactBoBaiu okojio 100 4eroBeK, MpeaCcTaBISIOMIUE CIASAYIOMINE OPraHU3alnu:
Hucturyt 3emuoit kopet CO PAH, 1. Upkytck; MactutyT Teoxumun CO PAH uMm. A. I1. Bunorpamoga,
r. Upkyrck; ['eonornyeckuit uactutyt um. H.JI. Jlooperopa CO PAH, r. Ynan-Yn3; UucTuTyT reonorun
OUIL] «Kapenbckuil Hayunbiil neHTp PAH», 1. Iletrpo3aBoack; MuctutyTt reonorun GUILL «Komu HayyHbIN
ueHtp YpO PAH», r. CoikteiBkap; OOO HIIK «Crupur», . Upkytck; @I'BY «Bcepoccuiickuii HayuHO-
HCCIIEIOBATENIbCKUI MHCTUTYT MHUHEPaNbHOTO Cchipbs uM. H. M. ®enoposckoro», Mocksa; UpkyTckuii
rocymapcTBeHHbIN yHUBepcuTeT, MpkyTck; OO0 «Ilnazmiiy, 1. 3enenorpan; @PI'bOY BO «CaparoBckuii
HUT'Y wum. H.T. Yepnsimesckoroy, 1. CapatoB; OO0 «CHUAMC», 1. EkarepunOypr. [lomumo ouyHOro
yJacTus, B paboTe yJacTBoBald B ¢dopMe on-line mpemcraButenu Poccmifickoro rocymapcTBEHHOTO Tie-
narorudeckoro yuuepcutera uM. A.U. T'epuena, r. Cankr-IletepOypr; Y pUMCKOro yHUBEpCHUTETa Ha-
YKU " TexHouoru#, I. Yda; Muacruryra reonorun KapHL] PAH, r. [lerpo3aBonck; MHcTHTyTa Teonorun
1 MUHEpajoruu anmasa u oimaroponusix metaioB CO PAH, 1. Slkyrck; Cankt-IlerepOyprckoro rocymap-
CTBEHHOT0 yHUBepcuteta, I. Cankr-IletepOypr; CeBepHOro (ApKTHYECKOr0) (heepaabHOT0 YHUBEPCUTETA
nM. M. B. JlomonocoBa, . Apxanrenbck; UactutyTa Ononorun ®UIL «Komu mayunsrit ieatp YpO PAH»,
r. CeikThIBKAp; MHCTHTYTA TpOoOIeM KomiiekcHoro ocBoenust Heap PAH, Mockaa.

Ha cemuHape cocTosioch /1Ba IUIEHAPHBIX AOKIaa, 28 YCTHBIX CEKLIMOHHBIX U 4 CTEHAOBBIX JOKIAJI0B.
Jlnist y4acTHUKOB ceMHHapa ObUIM OpTaHM30BaHbI AKCKypcur B Hay4Hblid My3eit U3K CO PAH, naboparo-
puto TIIM otaena KOMIUIEKCHOTO MCIOJIB30BAHUSI MUHEPAIBHOTO CHIPbS, LIEHTP KOJUIEKTUBHOTO TOJIB30-
BaHus «l'eogrHaMUKa U TEOXPOHOIOTHS, IIEHTP KOMIUIEKCHOTO MOHHUTOPHHTA OIACHBIX T€OJOTHIECKHIX
MIPOLIECCOB.



CeMuHap 1Mo TEXHOJIOTHYECKOW MUHEPAJIOTHH OBLT IPOBEIECH Ha BBICOKOM HAYYHOM YpPOBHE Onarozaps
WuctutyTy 3eMHoi kopsl CO PAH.

Hanomuum, uro Poccuiickue ceMuHapbl 10 TEXHOJIOTMYECKOH MUHEPAIOrMU PEryJIsipHO MPOBOISTCS
¢ 2006 roma. K nacrosimemy Bpemenu ycunusiMmu Komuccnn o Texnonorndeckoit munepanoruu PMO u3-
JaHo 15 cOOPHMKOB HAayUHBIX TPYIOB, TOCBALICHHBIX aKTyaJIbHBIM BOIIPOCAM TEXHOJIOTHYECKONH MUHEPAJIO-
run. Hioke B XpOHOIOTHYECKOH MOCIIEA0BAaTEILHOCTH BBIITYCKOB ITPHBEIEM HAa3BAHUS COOTBETCTBYIOLINX
U31aHUH. DJIEKTPOHHBIC BEPCUH OOJBIIMHCTBA U3 HUX MOXXKHO HalTH Ha opuuuanbHoM caiite MHcTuTyTa
reosiorun KapHI PAH.

1. Pesynbrarsl pyHIaMEHTAIBHBIX U MPUKIAAHBIX HCCICAOBAHUHN 110 pa3paboTKe METOJUK TEXHOIOTU-
YECKON OLEHKH Py METaJUIOB W MPOMBIIIJICHHBIX MUHEPAJIOB HA PAHHHUX CTAIUSAX T'€0JIOrOpa3BedOvHbIX
pabot. Marepuaisl iepBoro Poccuiickoro ceMuHapa 1mo TeXHoJorndeckoil MuHepanoruu. [lerpo3aBojack:
KapHII PAH, 2006. 163 ¢

2. 3Ha4yeHHe UCCIICOBAaHUHN TEXHOJIOTHYECKONH MHHEPAIOTHH B PEUICHUH 3a]ad KOMILIEKCHOTO OCBO-
€HHs] MUHEpaJIbHOTO ChIpbsi. Marepuainsl BToporo Poccuiickoro ceMuHapa 1o TeXHOJIOTHYEeCKO MUHepa-
noruu. [lerpozaBozack: KapHIL[ PAH, 2007. 200 c.

3. HoBble METO/bI TEXHOIOTUYECKON MMUHEPAJIOTHUH P OLIEHKE Pyl METAJJIOB U MPOMBIIIJICHHBIX MU-
HepanoB COopHUK crareit mo marepuanam Il Poccuiickoro ceMrHapa o TeXHOIOTHYECKOH MHHEPAIIOTHH.
ITerpozaBonck: KapHLL PAH, 2008. 187 c.

4. TexHonmoruyeckass MUHEPAJIOTHsI, METOJbI MepepabOTKH MHHEPAJIBHOTO CBHIPbS U HOBBIC MaTEpH-
anel. COopHUK cTatei mo marepuanam [V Poccmifickoro ceMmHapa 1Mo TEXHOJOTHISCKOW MHUHEPAIOTHH.
ITerpozasonck: KapHILI PAH, 2010. 192 c.

5. MuHepanoro-TexHoJOTHYECKasi OLIEHKa MECTOPOXKICHUH MOJIE3HBIX UCKOMIAEMBbIX U POOJIeMBbI pac-
KpbITUS MUHEpasioB. COOpHUK cTaTeii o MatepuanaM V Poccuiickoro ceMruHapa o TeXHOJIOTHYeCKON MuU-
Hepanoruu. [lerpo3aBonck: KapHLI PAH, 2011. 242 c.

6. MeTonb! OleHKH TEXHOJOTHYECKHX CBOMCTB MHHEPAJIOB U UX MOBEICHUE B TEXHOJIOTHIECKHX IMPO-
neccax. CoOopHuK crareil mo marepuaiaMm VI Poccuiickoro ceMuHapa mo TeXHOIOTHYECKOH MHUHEPAJIOTHH.
TTerpozasoack: KapHII PAH, 2012. 162 c.

7. IlporHo3Has OlleHKa TEXHOJOTHYECKHX CBOWCTB MOJE3HBIX MCKOMAEMBIX METOIaMHU NPHUKIIaJHOM
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9. TexHonormdeckas MUHEPAJIOTHsI HPUPOIHBIX U TEXHOT€HHBIX MeCTOpokAeHU. COOpPHUK cTaTei
IX Poccuiickoro cemmHapa mo TexHonorumdeckod muHepanoruu. [lerpo3asonck: KapHI[ PAH, 2015.
171 c.

10. Poip TeXHOIOTHYECKOW MUHEPAJIOTHH B TIOYYEHNH KOHEYHBIX MTPOAYKTOB MIepeiesia MUHEPATLHOTO
CBIpbs: COOpHUK cTaTel 1o mMarepuanam X Poccuiickoro ceMuHapa 1o TEXHOJIOTMYECKOW MHHEPaJOrHu.
TTerpozasoack: KapHII PAH, 2016. 161 c.

11. Pe3ynbTaThl MEXIUCIMITIIMHAPHBIX UCCIIETOBAaHUN B TEXHOIOTMYecKol MuHepanorui. COOpHUK cTa-
teit XI Poccuiickoro cemunapa no texsonoruueckoid munepanoruu. Ilerpozasonck: KapHI[ PAH, 2017.
164 c.

12. ®dyHaaMeHTalbHbBIE U MPUKIIAJHBIE acIEeKThl TEXHOJOTHYECKON MUHEpaIoru. Marepuaisl T0KIa-
noB ceknuu «IIpobmemMsr TpuKIagHON (TIONCKOBOM, TEXHOIOTHYESCKON M IKOJIOTHUECKOOW) MUHEPAIOTHH
IO6uneitnoro cre3zna PMO «200 ner PMO». Ilerpo3aBoack: KapHIL PAH, 2018. 118 c.

13. Ponp TEXHONOTHMYECKOM MHHEpPAJIOTMH B palMOHAJIBHOM HEIPOINOIb30BAHWU. MarepHuasl
Poccutiickoro coBemanus ¢ MeXXIyHapoaHbM yuactueM. Mocksa: BUMC, 2018. 234 c.

14. Munepanoro-TexHoJOrH4YecKas OLEHKAa HOBBIX BHIOB MHHEPAJIBHOIO CHIPbs: COOPHMK cTaTel
no marepuanam XII Poccuiickoro cemunapa no texsHosornyeckoilt munepanoruu. Ilerpozasoack: KapHII
PAH, 2019. 117 c.

15. TexHoNornyeckass MUHEPAIIOTHS B OLICHKE KaUY€CTBA MUHEPATIBHOTO CHIPBS IIPUPOIHOTO U TEXHOTEH-
HOTO MMPOUCXOKACHUS: COOPHUK CTaTel mo Marepuanam nokianos XIV Poccuiickoro ceMuHapa mo TeXHo-
norunyeckoit munepasnoruu. [lerpozaBoack: KapHIL[ PAH, 2022. 104 c.



DOI: 10.17076/TM15_49

KOMIIVIEKCHASA OHEHKA TBEPABIX ITOJIE3HBIX UCKOITAEMBbIX:
MEXIACIHUIJIMHAPHOCTH TEXHOJOTI'MYECKOW MUHEPAJIOT AN
N COBPEMEHHBIE BbI3OBbI

Komosa O. B.", Oxcozuna E. I'?

! Unemumym eeonoeuu um. akaoemuxa H. I1. FOwkuna, @UL] «Komu HL] YpO PAH», Cvikmuiexkap
? Becepoccutickuil HayuHO-UCCIe008amenbCKutl UHCIMUMYm MUHepanbHo2o coipbs um. H. M. ®edoposckozo,
Mocxea

[maBHBIE mpPOOJIEMBI pPa3BUTUS OTCYECCTBEH-
HOW MUHEPAIbHO-CHIPhEBOM 0a3bl CEromHs CBs3a-
HbI HE TOJILKO C OTCYTCTBHEM KPYIHBIX U OOraThixX
0O0BEKTOB, BHIHY)KICHHBIM BOBIICUCHHEM B Iepepa-
00TKy OeIHBIX TPYAHOOOOTaTHUMBIX PYI, HEPEIKO
JIOKAJTM30BAaHHBIX B CJOXHBIX TOPHO-TE€OJIOrHYe-
CKHX YCIOBHSAX, HO U C «HEIOPa3BEIaHHOCTHIO,
HEOOECIIeUeHHOCThIO TIPOEKTHON JJOKYMEHTAILUEH,
HECOBEPIIICHCTBOM TEXHOJIOTHI JOOBIYU U TIepepa-
O0otkm». B Hactosiiiiee Bpemsi Poccusi BhIHYK7CHA
UMIIOPTUPOBATh PYAbI, HAOpUMEP MapraHiieBble,
TUTAHOBBIE, TUTUEBBIE, HECMOTPSI HA TO, YTO 3aAChI
ATOTO CBIPhS B CTpaHE 3HAUUTENbHBL. J[J1s1 oOecneye-
HUSl TEXHOJOTMYECKOH HE3aBUCHMOCTH Tpelyercs
CO3JaHME TIOJIHOTO LMKJIAa IPOU3BOACTBA MPOMYK-
LUU OT KUCXOAHOIO ChIPbS 10 KOHEYHOIO W3ACIUs.
CoBepIIeHHO OYEBHIHO, YTO peIIeHHe 3TOi 3aja-
YH JOJDKHO 0a3MpOBaThCS HAa JOCTOBEPHOW MAaKCH-
MaJbHO TIOJTHON MHHEPAIOTHICCKON HH(OpMAITII
0 CBIPHEBOM OOBEKTE, KOTOpast IIO3BOJIUT ONPEACTUTD
Cyb0y KOHKPETHBIX TIOJIE3HBIX HCKOIIAEMBIX B KOMII-
JIEKCHOM OCBOGHHH MMHEPAIBHOTO CHIPBS B IIEJIOM.
OnHaxo, ceyeT OTMETHTh, 4TO 00bEM MUHEPAJIOTU-
YECKUX MCCIIEIOBAHUHI U UX I€TaIbHOCTb IIPH ITPOBE-
JICHUU T€0JI0TOPa3BEIOYHBIX PA0OT, B TOM YHUCIIC TEX-
HOJIOTMYECKUX UCIIBITAHUM 3aMETHO CHIDKAKOTCS [1].

[maBHas 1enp TEXHOJOTHMYECKOM MHUHEpaso-
TUH — CO3JaHhe HayYHO-METOANYECKOro O00OCHO-
BaHUS PALMOHAIHLHOTO HEIPOIOIb30BAHMS, B TOM
YUCJIE KOMIUIEKCHOTO HCHOJIb30BaHUSI MHUHEpaJb-
HOTO CBIPbS, HAIIPABJICHHOI'O HAa Pa3BUTUE OTEUYECT-
BEHHON MHUHEpaJIbHO-ChIpbeBoi 0a3sl (MCB) TBep-
JIBIX TIOJIE3HBIX HMCKOIA€MBIX B CBETE II00AIBHBIX
BBI30BOB COBPEMEHHBIX 3KOHOMHYECKOH M 3KOJO-
rudeckoi okTpuH [4, 5]. B Hactosimet o0cTaHOB-
K€ TEXHOJIOTMYECKAsT MUHEPAJIOIUsl «COCTaBIISIET
¢dyHmaMeHT, 6€3 KOTOPOro Ha COBPEMEHHOM YPOBHE
HEBO3MO)KEH LIEJICHANPABICHHbIM HAYyYHBI MOUCK
KaK MPUHIUIIAATFHO HOBBIX IMyTEH pPa3BUTHS, TaK
Y COBEPIICHCTBOBAHUS TEXHOJIOTHUH IEepepadOTKU
MHHEPaTHHOTO CHIPHA [3].

l'eonornueckoe u3ydeHne U MOCIEAYIOIIEE BO-
BJICYEHHE B MPOMBIIUIEHHYIO MTEPepadboTKy CIIOXK-
HBIX KOMIUICKCHBIX PYA ONPENeNsIOT HeoOX0oau-
MOCTh UX KOMIUIEKCHOW OIIEHKH YK€ Ha paHHHUX
CTaAMAX TEOJIOTOPA3BEIOYHBIX paboT, KOTOPYIO
1es1ecoo0pa3Ho MPOBOAUTH METOAAMH MPHUKIATHOM
MUHEpaJoTuu. B mepByio odepens STO OTHOCHUTCS
K pyJaM KpUTHYECKMX METaJjuIOB: THTaHa, Map-
rafIa, TaHTaja, HUOOWs, NHUTUSA, OeprwiuHg U Ap.
(ITepeuens nmopyuenuii [Ipesnnenra. .., HarpaBiieH-
HBIX Ha pa3BUTHE NEPCIEKTUBHON MUHEPAILHO-CBI-
peeBoit 6a3er (28 mronst 2023, IIp-1130). Omenxka
Py KpUTHYECKHUX METAJIOB BCEra MpeaycMarpH-
BaeT HE TOJBKO OIMpPE/EIIEHUE UX Ka4eCTBA U TEXHO-
JIOTHYECKUX CBOMCTB, HO M BO3MOKHOCTb WJIU He-
BO3MOXXHOCTb 3aMEHBI JJAHHOTO CHIPBS JIPYTHM.

[IpuopureTHoli 3amavyeli COBPEMEHHOTO OOIIIe-
CTBa SIBISCTCS MepepadOTKa TEXHOIEHHOT'O ChIPhSI —
TOPHOTIPOMBIIIJICHHBIX OTXOAOB, KOTOpBIE BCETaa
OTJIIMYAIOTCS OT MPUPOIHBIX MOJIE3HBIX HCKOTTAEMBbIX
Y TI03TOMY, HECOMHEHHO, TPEOYIOT IITyOOKOTO MH-
Hepajorudyeckoro u3y4yeHus. KomriekcHasi OIeH-
Ka TEXHOTECHHBIX OOBEKTOB IO3BOJISIET YCTAHOBUTD
1esecoo0pa3HocTh U 3HPEKTUBHOCTL MX BOBJICUE-
Hus B MCDB ctpanb! 1 B JanbHENIIEM HX TPOMBIII-
JIEHHYIO TIepepaloTKy.

B kauecTBe mpumepa OIEHKH KadecTBa TOPHO-
MIPOMBIIIIIEHHBIX OTXOI0B PACCMOTPHM 30JI0IIIAKH,
chopmupoBannbie npaktndecku Ha 90% wmarepu-
anoM kpynHocTbio MeHee 0,01 Mmm. OCHOBHBIMHU ITO-
Pom000pa3yonMMi KOMITOHEHTaMH SBIstoTcs (%):
ALO, — (19-26), SiO, — (45-47), Fe,O0,— (10-13),
Na,O - (0,85-1), K,O - (3), CaO — (2). ®asoBbiii
COCTaB ILUIAKOB JOCTaTOYHO NECTpbId. B nerkoit
(pakimu IOTHOCTBIO MeHee 2.9 T/cM?, Ha J0Io
KOTOpO# mpuxoauTcs 10 98 % mareprana, KOHIICH-
TPHUPYIOTCSI KBapIl, KAIBLUT, MYJIJIUT, INMTHHEb, KO-
pyHn. B Tsokenoit (pakium, MaccoBast 0N KOTO-
poii He ipeBbIaeT 4 %, MPUCYTCTBYIOT MarHUTHBIE
(90%) u crexssiHHBIC (6 %) OKpPYTIIBIE O0Opa30BaHUS
(«1rapuKuMmuY), B pe3K0 MOAYMHEHHOM KOJIHYECTBE
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OTMEUArOTCsl CTEKIIO, NIMUHEIh, KBapIl, KapOOHATHI,
MHOTJa BCTPEYAIOTCS MOJICBOM IINAT, KOPYHJ, XJIO-
PHT, MyCKOBUT, POTOBasi OOMaHKa, Caxxa.
IIpakTrueckuil HHTEPEC B JAHHOM Cllydae Mpea-
CTaBJISIeT ANMIOMOCHJIMKATHAs MaTpHUlla 30JI0ILIAKOB
coJlepykaHne KOTOPOH B JIETKOH (DpaKIMU COCTABIISIET
81-87%. DneKTpOHHO-MUKPOCKOITMYECKOE H3yde-
HUE TTOKa3aJI0, 9TO OHA ChopMUpoBaHa C(HOPMHIPOBa-
Ha IUIOTHO MPWJIETAIONIUMH OKPYIIIBIMH (IIAQpOBHUII-
HBIMH) 00pa30oBaHUSIMU pa3HOTO pasMmepa (puc. 1).
OJeMeHTHBIH COCTaB TakUX OOpa30BaHUI Hemo-
cTossHHBIN. [Ipu momuHMpYyroLmIEed ponn KpeMHese-
Ma (45-50%) n timuozema (27-32%), B HUX Ba-
peupyer coxepxanue Fe O, ot 8% mo 20% u CaO
or 1.8% 1o 4%. B He3HauMTENIbHOM KOJIMYECTBE
Beerna ormevaercs SO,. Meronom mpocsednsa-
IOLICH JIEKTPOHHOM MHKPOCKONHMU OOHApy>KEHBI
amMop(dHbIe IApOBH/HBIC BBIACICHUS Pa3MEPOM
meree 50 HM (puc. 2), UMEIOIIIE HEOAHOPOAHYIO,
BOJIOKHHUCTYIO TIOBEpXHOCTb. [10o cocTaBy oHH xe-
JI€30-KPEMHHCTBIE C TPUMECHIO IIIMHO3EMA.

Puc. 1. Tlonble pa3HOpa3MepHBIC HIAPOBUIAHBIC
obpaszoBanwusi. POM

50 Hm

0.5 Mkm

Puc. 2. A — AmopdHOe okpyriioe oOpa3oBaHHe C BOJIOK-
HUCTOW mOBepxXHOCTEI0. b — Amopdnoe obOpasoBanne
C HEOIHOPOJHOI MOBEPXHOCTBIO U TpauTOBas HaHO-
TpyOKa. [IDM

OcobenHocti (a30BOro cocraBa M CTPOCHHS
30JI01IUIAKOB [103BOJISIFOT TOBOPUTH O HEBO3MOXKHOC-
TH W3BJICUCHUS U3 HUX MeTamnmueckux ¢as. Ilpu
pa3paboTKe COOTBETCTBYIOLIMX TEXHOJIOTHUH MOX-
HO paccMaTpuBaTh 3TH OTXOJbI B KaYe€CTBE AJIFOMO-
CWJIMKAaTHOTO CHIpbsi. B Omikaiimieil mepcriekTuBe
WX MOXHO HCIIOJIb30BaTh B KayeCTBE ChHIPbS IS
CTPONMHYCTPHH.

[l1yOuHa MUHEpPaJoOrn4eckoro M3y4deHus: TBEp-
JIBIX TIOJIE3HBIX HCKOTTAEMBIX OTIPENIENSIETCS HE TOMNb-
KO KOHKPETHBIMH Hay4YHO-HCCIIEAOBATEIbCKUMHU
¥ TIPOU3BOJICTBEHHBIMH 3aJladaMM, HO M BO3MOXK-
HOCTSIMH (ITPUOOPHBIMH, METOAMYECKHMH, KaIpo-
BBIMH) OPTaHU3ALNH, BHITTOJTHSIOMINX 3TH PaOOTHI.

OCHOBHBIMH TPEOOBaHMSIMH, HPEAbSIBISIECMbI-
MH CErofiHsl K OLIEHKE MHHEPAJbHOTO ChIPbS, SIB-
JSIOTCS: HAIpPaBIEHHOCTb HAa pecypcocOepexeHue
1 TOBBILIEHUE TTyOUHBI IePepadOTKH, CUCTEMHBIH



M KOMIUIEKCHBIN TTOXO0J, MPUMEHEHNE WHHOBAIIH-
OHHBIX TEXHHYECKHUX W TEXHOJOTHYECKHX pellle-
HUH, JOCTOBEPHOCTD, UCKIIOYEHNE CyObEKTHBHBIX
(haKTOpOB, IKOIOTHYHOCTH UCTIONIE3YEMBIX METOJIOB
1 000CHOBAaHHOCTH BHIBOJIOB M PEKOMEH IAITHH.
OTAMYUTENBHON YepTOl COBPEMEHHOW TEXHO-
JIOTMYECKOM MHUHEPAJIOTHU SIBIISIETCS MHTEHCHUBHOE
BHEJPEHUE KOJIMYECTBEHHBIX METOIOB AHAJIMU3a,
MO3BOJISAOINX MOJTy4YaTh JI0CTOBEPHYIO, COIIOCTaBU-
MYI0, IMEIOIIYIO IOPUAMYECKYIO CHITY HH(OPMAITUIO
0 COCTaBe M CTPOCHHMHU PY[, TOPHBIX MOPOA M TPO-
JOYKTOB MX HEepepadOTKH, U OIPEAeNseT HEOOXOau-
MOCTh METPOJIOTHYECKOTO OOecTieueHrs] MHUHEpa-
Jorn4eckux padot. [ns momyueHusi oObEeKTHBHOMN
nHpOpMAIHA 0 MOPPOCTPYKTYPHOM COCTaBe TBEp-
JIBIX TIOJIE3HBIX MCKOTIAEMBIX TpeOyeTcsi HayqyHO 000-
CHOBaHHBII KOMIUIEKC METOJIOB MUHEPAJIOTHYECKOTO
aHaJn3a, 00eCTeunBaIOIINI €MHCTBO U TPEOyeMyTo
TOYHOCTH OINpPEJIEIEHUH, JTOCTOBEPHBIE PE3YIIBTATHI
[IpY MUHUMAJIBHBIX 3aTparax. B atoMm ciyuae meTpo-
JIOTUYECKUH KOHTPOIIb CTaHOBUTCS 00s3aTeNbHON
COCTABJISIIOLIEH TEXHOIOTMYECKON MUHEPATIOTUH.
ImaBHBIM TpebGoBaHMEM K MHHEpaOTHYECKOM
UH(OPMALIMK  SBJISAETCS COMOCTABUMOCTH PE3YJlb-
TaTOB aHAJHM30B, KOTOpas OOeclednBaeTcs MpruMe-
HEHHMEM AaTTECTOBAaHHBIX METOAMK U IPOBEIECHHEM
BHYTPEHHETO W BHEITHETO JJA00PaTOPHOTO KOHTPOJIS.
HauOonee parmoHalbHBIM MHCTPYMEHTOM BHEIITHE-
TO KOHTPOJSI MPHHATO CYUTATh MEXKIa00paTOpHBIC
crmuntenbHbie ucnbitanus (MCH), mo3Bosiomniue
OLIEHUBATh JIOCTOBEPHOCTh PE3YJIBTaTOB aHAJIM30B,
MTOJTyYEHHBIX B KAXKIOH OTACIHHON JIabopaTopuu
1 JIalollye HalIAHOE MpPEACTaBIEHHE O pealbHON
TOYHOCTU METOAMK U3MEpPEHHH B 1eioM, T.e. MCU
sBystoTCs hopMoit poBepku kBanudukanmu (I1K).
MCH no mMuHepanornyecKuM MeTOaM HCCIIEA0Ba-
Hus ¢ 2016 romga mpoBomsaTcs exerogHo Bo OI'BY
«BUMC», xoTophIii sABIsSETCA €TUHCTBEHHBIM B Ha-
mei crpane nposaigepom [IK-MCH no oneHke
KOMITETEHTHOCTH HCCIIE/IOBATENILCKHUX JlabopaTopuii
(MJT) B yacTi mpoBeIeHNs NCTIBITAHUN MUHEPAIHLHO-
TO CBIPbS MPHUPOJHOTO W TEXHOTEHHOTO MPOUCXOXK-
JICHUSI MUHEPAJIOTHYECKUMH METOJIaMU aHanu3a [2].
B Hactosmiee Bpemst mpoBeeHo neBsath MCH, B Tom
Yucie 1O PEHTTeHOrpapuYeckoMy KOJIMYECTBEH-
HOMY (ha30BOMY aHAIM3y — 5, ONTHKO-TIETpOorpadu-
YEeCKOMY aHaJIN3y — 2, 10 ONTHUKO-TEOMETPHUYECKOMY
1 ONTHUKO-MHUHEPAJIOTHYECKOMY aHAJIN3y — IO OJIHO-
my. B I[IK-MCH npuanmatot yuactue WJI opranmza-
LMW pa3InyHON BEIOMCTBEHHOM MPUHAMJIEKHOCTH,
MMEIOINE pa3Hble NMPHOOPHYI0 W METOANYECKYIO
6a3p1. KommaectBo yuactarkoB MCH o Munepaso-
TUYECKUM METOaM aHallu3a BapbUpyeT oT 7 1o 12.

Hanpumep, MCU 1o onTuko-MuHEpamorude-
CKOMY aHaJu3y — TPaJULHUOHHOMY MHHEpaJlOoIu-
YECKOMY METOAY, IIMPOKO HCIIOIb3yEMOMY IIpH
aHaJM3e IITMXOBBIX M JAPOOJEHBIX MPo0 paziuy-
HOTO CBIPbS, MOKA3aJI0 COOTHOLICHHUE PE3YJIbTATOB
aHaiM30B oOpas3ia KOHTPOJIS, MPEACTABICHHOTO
KBaplEeM, KaJIbLIUTOM, TUPUTOM M TaJI€HUTOM, MIPH-
3HAHHBIX YIOBJICTBOPUTEIILHBIMY, COMHUTEIIbHBI-
MU U HeyJ0BJIeTBOpUTENbHBIMU — 90 : 5: 5. B nenom
MPOBECHHBIE MEKIA00paTOPHBIC CIMYUTEIIBHbIC
WCTIBITAHUSI TIOATBEPAWIM CTaryc, BOCTpeOOBaH-
HOCTB U KOJINYECTBEHHOTO MUHEPAJIIOTMYECKOT0 aHa-
J3a 1 000CHOBAaHHOCTH €T0 MCIOIh30BaHMS Ha pas-
HBIX CTAAMSX M 3TAax Ie0Joropa3BeJouHbIX padorT.

BaXHBIM MOMEHTOM KOMIUIEKCHOW OLIEHKH TBEp-
JIBIX TIOJIE3HBIX HCKOTIAEMBIX SIBJISIETCSI MEXIUCILIUII-
JIMHApHBI Xapakrep wnccnenoBaHuil. ClI0KHOCTB
MHUHEPAIbHBIX OOBEKTOB OMpeessieT HeoOXOmu-
MOCTh OJIHOBPEMEHHOTO WJIM IOCIE0BaTEILHOTO
HCIIONB30BAHMSA METOIOB aHAJIN3a, 3aMMCTBOBAHHBIX
W3 pa3NMYHBIX 00NacTell 3HaHWH, U aIalTHPOBAHHBIX
K PEILCHUIO MHHEPaJIOro-TeXHOIOIMYECKUX, MUHE-
PaJIOro-3KOJIOTHYECKHUX,  3KOJIOTO-TEXHOIOTMYECKUX
3agad. Creyer OTMETHUTh, YTO B IIPAKTHKE MHUHEpa-
JIOTUYECKOTO COTIPOBOMKACHHS TEOIOTOPa3BEIOIHbBIX
W, B YAaCTHOCTH, TEXHOJIOTMYECKHX pabOT CTpeMH-
TENBHO NporpeccupyroT IT-TexHOomoruu, SBISIONIH-
ecs OCHOBOM HMHHOBAIIMOHHBIX pelIeHuH TpolieM
KOMIUIEKCHOTO OCBOEHHUSI MUHEPATIBHOTO ChIPBS [6].

B 3aximouenne cinenyer OTMETHTb, YTO CETOTHS
OCTpO OIIYIIAETCs HEOCTaTOK KaJpoB MUHEpAJO-
TMYECKHUX CIIEHUAIBHOCTEN, CBSI3aHHBIA C COKpa-
nieHueM (WM 3aKpbeITHEM) MPOQWIBHBIX Kadeap
B BVY3ax crpansl. Hepenxo munepamorunueckue
WCCIIEIOBaHUSI MTPOBOJAAT CIICIUATNCTHI C 0a30BBIM
o0pa3oBaHHEM B CMEKHBIX oOnactax (oborarure-
71, (GU3UKA, XUMHUKA, OUOJIOTH U JIp.), 9TO, €CTECT-
BEHHO, CKa3bIBAaeTCSl Ha KadeCTBE pe3yJbTaToB.
[ToaTomy mpuBeTCTBYIOTCS BCE (HDOPMBI OOyUEHUSI:
OT MUHIMBHUAYaAJIBHBIX CTRXKUPOBOK MO METOJaM MH-
HEPAJIOTHYECKOr0 aHaju3a 10 O3HAKOMHTEJIBHBIX
W CIIeUWANbHBIX JIEKIWUH, MPaKTHUYECKUX 3aHATHN
[0 aKTyaJIbHBIM HAIpaBIEHHUSIM U COBPEMEHHBIM
METOJaM IIPUKJIaJHONH MUHEPATIOTuH.

Paboma evinonnena ¢ pamxax memwvl «Pazsumue
MuHepanbHo-cuipbeeoeo komnaexca Tumarno-Cesepo-
ypanvcko-bapenyesomopckozo  peuona Ha  OCHO-
6e apghekmusHozo npocHo3a, 2eon0SUYecKo20 Mo-
0enupo8anus,  2eos020-9KOHOMUYECKOU — OYeHKU
PecypcHo20 NOMeHYuanid U HOGbIX MEeXHONo2Ul
nepepabomku nonesnvlx uckonaemvixy (EIHCY
HHUOKTP —1021051101666-2-1.5.1; FUUU-2022-
0059).
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INETPOTI'PAOUYECKUE CTPYKTYPbI
N CTATUCTUKU MEXK3EPHOBBIX KOHTAKTOB

Boiimexoeckuii IO. JI.

Poccutickuii 2ocyoapcmeennbiil nedazocudeckutl ynugepcumem um. A. M. I'epyena, Canxm-Ilemepoype

B Haykax o MUHEpaJIbHOM BELIECTBE — KPUCTAJI-
norpaguu, MHUHEpAJOrud U merporpaduu — npu-
HST KOHCTUTYLHOHHBIA NPUHIMII: OOBEKT onpese-
JISETCSl COCTAaBOM (XMMHYECKHM, MHHEPAIbHBIM)
U CTPOEHUEM (CTPYKTYpOii, TeKCTypoi). [ls ompe-
JIEJIEHUs COCTAaBOB €CTh TOYHBIE METOIbl KOJIM4e-
CTBEHHOTO (XMMHYECKOTO, MOJIAJIBHOTO) aHaJn3a,
CTPYKTYp MHHEpAJIOB — KpHUCTaJiorpaduyeckas
TEOpUs U PEHTIeHOBCKHE MeTonbl. B omucanmsx
MHUHEpaJIbHBIX arperaroB U TOPHBIX Hopox GyHxaa-
MEHTaJIbHON MareMmaruku HeT. Ho ux cTpykrypam
U TEKCTypaM MOCBSIIEHbl MOHOTpa(UU M aTiachl
[1, 16], TOCKOIBKY «KaXkaasi TOpHAs ITOPOIa UMEET
CTPYKTYpY U TekcTypy» [13, 15], u motomy, 4To OHI
roBopsT o reHesuce. llepsas crares [ K. CopOu,
MPUMEHUBIIET0 MHKPOCKOIl K aHalu3y Mpo3pad-
HBIX IUTH(OB, Ha3bIBanach «O MUKPOCKOITHYECKOH
CTPYKType KPHCTAJJIOB, yKa3blBalOIEll Ha IPOUC-
XOXKJICHUE MHHEPAJIOB ¥ TOPHBIX mopom» [29].!

0. . [lonoBuHKMHA B3sima >murpadoM K Mo-
Horpapun ciosa E.C. enoposa: «Jlist onpene-

JICHHSI TIOPOABI BKHEHIITUMHI MOMEHTaMHU SIBIISIFOT-
Csl CTPYKTypa M MHUHEpaJbHBIN COCTaB, U MPUTOM
U3 JOTHX JBYX MOMEHTOB TIEPBBIN SIBIISETCS Ha-
ubonee BakHbIM» (1896). Bor moxokue MbICIH:
«CrnoxxeHue M HEKOTOphIE APYrHe OCOOECHHOCTH
MOpOJT IMEIOT HUKAK HE MEHbIee 3HAYCHHE, YeM
MUHepanoruuaeckuit cocrasy [17, c. 88], mpu stom
«M3y4YeHHE MUHEPAJOTrHIecKOro cocTaBa Topas-
JI0 CyIIECTBEHHEE M3YUYECHHS YUCTO XUMHUYECKOTO»
[17, c. 157]. Baxxno yka3aTbh Ha MOIOIIEKY OBITY-
IONINX OMNpeeNeHNl TeTporpapuyueckux CTPyK-
Typ ¥ TekcTyp. [IpencraBum cebe «II1e0XpONYHbIH
JIBOPUK» BOKPYT PaJMOAKTHBHOIO MUHEpasia. B Toii
WIM WHOW CTENeHW B HEM HapylleHa CTPYKTypa
oiikokpucTauia. Tam, rje oHa pa3pylieHa COBCEM,
HEKasi OpraHu3anys BEeIIecTBa €CTh, HO CTPYKTYPHI
HEeT. DTOT 00beM — 3a rpaHUIlaMU KpHUCTaJJIorpa-
(hum, 3mech ee TEPMHUHOIIOTHS HE TPUMEHNMA.
Tenepp npencTaBuM cebe «THEUCHI, MPOHU3aH-
HbIE )KUJIAMU aTUTATa WU TPAHUTA, B KOTOPBIX 3TH
KUl OOHAPY>KUBAIOT CHJIBHYIO CKJIaJ4aTOCTh;

! Tlosnnee on Bcriomunai: «In those early days people laughed at me. They quoted Saussure who had said that it was not
a proper thing to examine mountains with microscopes, and ridiculed my action in every way. Most luckily I took no notice
of them», To ectp «Ilonauany mroau cMmesuuch Hago MHOM. Ouu murTupoBamn Coccropa, KOTOpPBIN CKa3al, 4To He momobaer
paccMarpuBaTh ropbl B MEKPOCKOIIBI, H BCIYECKH BbIcMenBain Mou aeciictBus. K cuacTbio, s He obpaiain Ha HUX BHUMaHH»
(mep. aBT.). 3aMevaTeNbHbINH TPUMEp SBONIOIMH WACH OT MOJHOTO HEMPUATHS 10 Bceobuiero mpusHanus. OTCloaa BBIBOA: HAI0

OBITh CMEJICe B HOBBIX METOHax...
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o0pa3oBaHME CKJIQJO0K MPOU3OILIO eIle M0 KpHuc-
TaJUTH3aI[U¥ [PAHUTA, IPU YeM BMEIIAIOIIas T0pojia
B HEMOCPEACTBEHHOM COCEJICTBE ObLJIa Upe3BhIYaii-
Ho iactuuHay [13, ¢. 322]. Io 5. 1. Cenepxonsmy
MBI Ha30BeM WX MTUTMAaTUTaMHU (Tped. MTUTMa —
ckimanka). «Konrmomepar, 6oratelii KpucTalInde-
CKHUM ILIEMEHTOM» [TaM €], Ha30BeM IyIJHHIOM,
100 ero HamoMHHACT. «AdaHUTOBAs C ACHIPUTO-
MOJIOOHBIMY YJUIMHCHHBIMU MHUKPOJIMTAMU OJINBH-
Ha ¥ MHPOKCEHA WM OJHOTO M3 3TUX MHHEPAJIOB,
HaXOJAUINXCS B CIIOXKHBIX OJIOKOBBIX CpacTaHH-
ax» [15, c. 411] — ato cTpykrypa cnuHHpEKc, HO0
HallOMHWJIA aBTOpaM OJHOMMEHHYIO aBCTpalHii-
CKYI0 U F0HO-adprKkaHCcKyto TpaBy [30]. Otnagum
JOJDKHOE SI3BIKY TeTporpadoB, JOCTOHHOMY CHC-
TeM K. Jlunnes m D. I'ekkens. Hamra meromgnue-
CKasl TIPETEH3HsI COCTOUT B JIPYTOM: HEJb3s Ha3bl-
BaTh CTPYKTYPOIl TO, 4TO MO CyTH OECCTPYKTYPHO.
CMemraB uX BO BCEM HPUPOIHOM MHOT000pasum,
3aTeM B TIOMBITKE WX PA3IWYUTh OCTAHETCS TPH-
OerHyTh K MeTadopuyecKoMy OOrarcTBy s3bIKa,
YTO U CITy9UJIOCH. ..

E. C. ®enopos 3ametni: «OO11ee cTpemiieHue
BCEX HAyK CY)KHBaTh TOHSATHUE NMPUHUMAEMBIX MU
SIVHMUII TaeT ceOs TyBCTBOBAThH M B IETpOTpadu;
HO 371eCh, OBITh MOXET, ci1adee, 4eM B KaKoW-HUOYIb
NpyTOii HayKe, €MUHUIIBI OTH YIAETCS MTOIBECTH IO
CKOJILKO-HUOYNIb CTpOTHE ompeaeneHus. [maBHOIM
MIPUYUHON TPYAHOCTH SIBISIETCS TO OOCTOSTEINb-
CTBO, YTO cama eJMHUIA NeTporpaduu — ropHas
MOpoJia — €CTh HEUTO CJIIOKHOE; OHA caMa COCTOUT
13 MOJYNHEHHBIX €IMHHI] — MUHEPAJIOB, U CBSI3b MX
MEXy COO0I0 B TOPHOM MOPOJIE €CTh CBSI3b MEXaHU-
yeckash» [17, c. 87]. EMy He ynanock NOCTpOUTh Ma-
TEMaTUYEeCKyI0 TEOPHIO KPUCTAIIMYECKOW TOpHON
MIOPOJIBI, CKOPEE BCETO MOTOMY, YTO B MaTeéMaTHKe
CBOET0 BPEMEHHU OH HE BHJIEJ] HY)KHOH JIOTUYECKOU
KOHCTPYKIIMH, a KOHLEIIIUN KPUCTAIIOrpaduu ero
He ycTpowid. B coBpeMeHHO# MaTemMaTHuke Mmojaxo-
JAIed TpeACcTaBIseTcs] KOHIENINs JAUCKPETHOTO
TOTIOJIOTUYECKOTO TPOCTPAHCTBA C JallbHEHIIen
JeTanu3anreil B IPOCTPAHCTBO TOJIEPAHTHOE, W3-
MEpHMO€E, METPUUECKOE, KOPPEIUPOBAHHOE U T.[I.
[3 u mH. 1p.]. Janee ykakeM JUIIb TOT JIOTHYECKHII
XO0JI, KOTOPBIH BEeJET K ONpEAeICHUI0 neTporpadu-
YECKOH CTPYKTYPHI.

K onpenenennio
nerporpapuyeckoil CTpyKTypsbl

W3 cuctemHOrO aHanm3a 3aMMCTBYEM TIPEICTaB-
JIeHUs1 00 OpraHu3alky U CTPyKType. OpraHus3anus —
COBOKYITHOCTb BCEX OTHOLICHUH MEXIy YacTs-
Mu 1enoro. CTpykTypa — COBOKYITHOCTh CaMbIX

BR)XHBIX  OTHOIICHWH, ONPEACISIONIMX  IIeJ0¢
o cytu. OpraHu3aluio TOPHOU MOPOJABI BBIPA3UM
CyMMOH BepOATHOCTEH OWHApHBIX (eIIe ecTh Tep-
HapHBIC M KyOTEPHAPHBIC, HO 3TO — 00JIee BBICOKUE
3TAXKU TEOPHH ) MEIKIEPHOBBIX KOHTAKTOB:

Pu Pz = Pui||m
n
Py Py - Pa||m2
2 pijmimj = m my - ma| 7% 722 2n
i jel
Pni Pn2 =+ Ppn|lmn
dopmanu3M TOKa3bIBaeT, YTO I00as TopHas
Mopoja TMPEACTABISIET COO0M MHOTO3HAYHBIA aB-
ToMopdu3M (3aMbIKaHHE, OTOOpa)keHHEe Ha cebs)
Habopa MUHEPAJIOB, YIPABISIEMEIH OIlepaTopoM Pij
BEPOSATHOCTEH MEK3EPHOBBIX KOHTAKTOB!

n Pis
X pimimj = {m} —L>
i,j=1

{mi}y

Oreparop P — cummeTputeckas MaTpua K02¢-
(UIMEHTOB KBaApaTU4YHONW (HOPMBI OT N MEpeMeH-
HBIX (MHHEPAJIOB B TOPHOH TIopoze). OTBevaronyro
el MOBEpXHOCTh HA30BEM CTPYKTYpHOW HHJIU-
karpucoil. Ee Tum crtporo ompenensercs KaHo-
HUYECKOH JMaroHanbHOW (OopMOH MaTpHuIlbl Pij.
[lerporpaduueckasi CTpykTypa — MHBapuaHT Top-
HOM 1opoiel, (anredpanyeckn) PUKCUpPYEeMBIN Aua-
TOHAJILHON (OPMOI MaTpHILIbI Pij u (reomerpude-
CKH) CTPYKTYpHOU HHANKaTprcoi. Kinaccubukanus
N-MUHEPaJIBbHBIX ETPOrpapuIeCcKiX CTPYKTYp CBe-
JIeHa K TaKOBOH N-MEPHBIX KBaJPAaTUYHbBIX ITOBEPX-
Hocrtei [6]. CormacoBaHHast HOMEHKIIATypa MPOCTa:
cUMBOJI S} 0O3HauYaeT, YTo B JAMAroHANbHOW (opme
MAaTPHULIBI Pij N-MHUHEPAJIBHON CTPYKTYpbl POBHO M
(1 ... n) MOJIOKUTENBHBIX YHCET.

B GapumenTpudeckoil muarpaMMe Ha PUCYHKE
MoKa3zaH mepexoa oT HopuTa | (MHIMKaTpuca —
AJUTUTIC) K HOPHUTY 5 (MHIMKAaTpuca — THUIEpPOO-
na). I'panuna Mexay uX CTPYKTypamH — yCIIOBUE
p,, P,, = P,, B Touke 3 (MHIMKaTpuca — mapa ma-
paJIeNIbHBIX IHPSMBIX, T.H. paBHOBecHE Xapiu-
BaiinGepra). Ilepexon cocTout B MOBOpPOTE M Y-
JUHEHUN 3JUIMICA, €r0 pa3pblBe B OECKOHEYHO
yAan&éHHOW TOYKe, N3TUOAHUU Taphl MPSIMBIX B TH-
nepOony u eé nepopmanun. M3meHenus B Beposit-
HOCTAX P, B neTporpapuieckux nundax HeyI0BH-
MBI, 4TO U C(HOPMHUPOBAIO MHEHHUE, OyITO MEXIY
TOPHBIMH MIOPOJIAMU C Pa3HOUM OpraHu3aluen Bcer-
Ja ecTh HempepbiBHBIC mepexonbl [23]. Bceskas
nerporpaduyeckas CTpyKTypa YCTOWYMBA OTHO-
CUTEJIbHO HEKOTOPBIX BapUallli BEPOATHOCTEN ;-
Ho 310 HE MPOTHBOPEUUT €€ N3MEHEHUIO CKAYKOM
Ha TpaHMLaX KJIACCU(PUKALIH.
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p12 0.400000
£12 0.076000
P22 0.524000

12 0.400000
P12 0.100000
22 0.500000

Pz

BumuHepanbHble CTPYKTYpHI Ha Ipumepe HoputoB Pénoposo-Ilanckux Tynap, Koasckuit n-os

O na0mogeHuAX
B IeTporpapuveckux muingax

[Ipo6nema, kotopyto noctasui Ham [ K. CopOu
C YIOBOJILCTBUEM H3y4YaTh SPKUE METporpaduuec-
KH€ NUTU(BI — CTEPEOIOTHIECKIE PEKOHCTPYKITHH,
T.€. BOCCTAHOBJICHUSI J000r0 mapamerpa B 3D
10 MepKaMm, CHATHIM B 2D (TuromamHoW MeTon
Henecca), 1D (nuuetinbrii meton Po3uBans) u naxe
0D (Toueunsrit MmeTox [marojeBa MoJgaIbHOTO aHa-
mu3a). CTaTUCTHYECKUE pacIIpeieNieHns TeX U Apy-
TUX CBSI3aHBI CJIIOKHBIM 00pa3oM. YKaKeM JIHIIb
Ha MHTETpalibHbIe ypaBHEeHUs Bonbsreppa 2-ro pona
KaK MaTeMaTU4YeCKyl0 TEOPHUIO, UMEIOIIYI0 K TeMe
npsiMoe oTHolieHne. Ecth Hamexma (TpeOyromias
U3YUYCHUS ), YTO PEKOHCTPYKIIUS UCTUHHBIX BEPOSIT-
HOCTEH p; MO MX 2D 3HayeHUsIM TpoILLE, YeM s
IJI0MIaIel CEYeHNI MUHEPAbHBIX 3ePeH NIIH CEKYy-
IIUX UX XOPJ XOTsI ObI B 4aCTH TOYHOCTH. OUEBUIHO,
MIPUMEHEHNE METO/]a B MACCOBOM TIOPSI/IKE BO3MOXK-
HO TOJIBKO MPH HAJIMYMH IIPOrPaMMHOTO odecrieue-
HUS JIIST aBTOMAaTHYECKUX ONTHYECKUX aHaJIN3aTo-
pPOB CTPYKTyp. JIuTeparypa mo cTepeooTHuecKuM
pekoHCcTpyKuuam [2, 4, 5, 7-12, 18-21, 26, 27, 32,
33] u uctopun U3MEPEHUH MO MUKPOCKOTIOM [22,
24,25, 28, 31] obumupHa.

[IpoGiiemMa cTepeoTornuecKoil PeKOHCTPYKIIUU
HE TOJILKO TexHW4YecKas. [IpusaTHO co3HaBaTh, UTO
B Hell ecTh uiiocodckas mojoruieka. «Ha cBere ecth
MHOTO€, U3 Yero HaM JIaHO POBHO CTOJIBKO, CKOJIBKO
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HEO0O0XOIUMO, YTOOBI MBI JIOTANAINCK: 3TO, TIO CYTH,
HAI&KHO YKPBITO OT HAIIKUX IJ1a3. YTOOBI 3TO MOHSTH,
HE HaJ0 pHOEraTh K KAKUM-TO BEICOKUM a0CTPaKIIH-
sM. Bcg€, uemy cBoiicTBeHHA TITyOHHA, UMEET SAUHYIO
ocHOBy. Tak, MaTepHanbHBIE MPEIMETHI, KOTOPBIC
MBI MOKEM SIBCTBEHHO HAO0JII0JaTh, OCSI3aTh, 00J1aaa-
FOT TPEThbUM HM3MEPEHUEM, WHAYE TOBOPS, TITyOUHOM,
HEKNM BHYTPEHHHM TpocTpaHcTBoM. Ho kak pa3 3to
TPEThE HM3MEPEHHE — M HEBUIUMO, U HEOCA3aeMO.
KonewyHo, Ha TIOBEpXHOCTH MOJOOHBIX IPEIMETOB
MBI MOJKEM DAaclO3HaTh KOe-Kakue ciadble, poOkue
HaMEKHU Ha TO, YTO HAXOJIUTCS BHYTPH, HO 3TO «BHYT-
p¥» HHUKOT/Ia HE CMOXKET BBIOPATHCS HApYyXKy, CTaTh
SIBHBIM TOYHO B TaKOH k€ Mepe, KaK YMCTO BHEIITHKC
CTOpOHBI IpeaMeToB. HampacHblil Tpy — mbITaThes
Hape3aTh TPEThe N3MEPEHUE HAa TOHKUE CIIOW ITOBEp-
xHOcTel. Kak ObI TOHKO MBI HH pe3aJii — CJIOU BCeT/Ia
Oy/IyT COXpaHSITh HEKOTOPYIO TOJNIIIMHY, HHAYE TOBO-
psi, TIIyOMHY, HEBUAMMOE, HEOCsI3aeMOe BHYTPCHHES
mpocTpancTBO. Ecim ke MBI momydnMm abCOITFOTHO
MPO3PayHbIe sl B3MJISIa — MBI TIPOCTO-HAIPOCTO BO-
00I1Ie TIepecTaHeM BUJIETh YTO ObI TO HU OBLIO 1 HE 3a-
METHUM HHU TJIyOWHBI, HU moBepxHOcTH. [lepen Hamu
MIPEACTAHET TPO3PAYHOCTh KAK TAKOBas, WIM HHY-
T0. MO0 ecimm miryOuHa HY)KHAaeTCS B TIOBEPXHOCTH,
32 KOTOPOW MOYKHO OBLIO OBl YKPBITHCS, CIIPSTATHCS,
TO W TIOBEPXHOCTH, B CBOIO OYepe/b, TAaKXKe HYXKIa-
eTCsl B TIyOMHE, 4TOObI MOYKHO OBLIO HaJ 4eM-TH00
MPOCTHPATHCS, YTO-JIMOO0 COOO0I MPUKPHIBATEH [ 14].



BriBoabl

1. Ilerporpadus u TeXHOIOTHUECKas MUHEPAJIO-
'Sl HY’KJAI0TCsl B KOPPEKTHOM OIIPEAEICHUN KaTero-
puu neTporpaduuecKoi CTpyKTYpbI, IepBast I0TOMY,
9T0 3TO — ee (pyHAaMEHTaJIbHAs XapaKTepPHCTHKA,
BTOpasi — YTOOBI B TTOJTHON MEpe BOBJIEYD €€ B MPOIIe-
JypbI IPOrHO3a CBOWCTB FOPHBIX ITOPOA U PY/I.

2. Teopusi meTporpadyeckux CTPYKTYp IOIK-
Ha HUCTIONIb30BaTh MEK3EPHOBBIE KOHTAKTHI Kak (yH-
JTaMEHTaJIbHOE OTHOIIIEHHE B TOPHBIX MOPOJAX U py-
Jlax ¥ MaTeMaTH4eCcKyIO CTaTUCTHKY KaK a/IeKBaTHBIH
METO]I OITCAHUSL.

3. B mpemyokeHHOM aBTOPOM BapHaHTE Opra-
HU3aIMsA TOPHBIX MOPOA U Py — MHOTO3HAYHBIN ec-
TECTBEHHBII aBTOMOP(U3M HEKOTOPOro aHcamoOns
MHUHEpaJIbHBIX BHJIOB, PEAJM30BAaHHBIN uepe3 KOH-
TaKTHPOBaHUE MUHEPABLHBIX HHIAUBHIOB.

4. Iletporpadudeckasi CTpyKTypa — UHBAPHAHT
TOPHOI MOPOJBI, ONpEACseMblid Yepe3 KaHOHUYEC-
KyI0 JMaroHajbHyI0 (hOPMYy CHMMETPUYECKON MaT-
PHIIBI BEPOSITHOCTEH MEX3EPHOBBIX KOHTAKTOB U CO-
OTBETCTBYIOIIYIO CTPYKTYPHYIO HHAUKATPHUCY.

5. Knaccudukamnmss n-MuHEpaIbHBIX METPOT-
padryecKkux CTPYKTyp CBeIeHa K TaKOBOW n-mep-
HBIX KBaJ[paTHYHBIX TMOBepxHOcTei. CormacoBaH-
Hasi HOMEHKJaTypa: CUMBOJ S O3HAa4aeT, 4To
B INAroHAJLHON (OopME MATPHUIIBI Pij n-MHUHEpPaJb-
HOHM CTPYKTYpBI poBHO M (1 ... n) MOJTOKUTETHHBIX
YHUCEel.

6. JIist MaccoBOTO MPUMEHEHHUS METOAa HY>KHO
MpoTpaMMHOE OOecreyeHrne ONTHYECKUX aHajn3a-
TOPOB CTPYKTYP W HCCIIEAOBaHNE MPOOIEMBI CTepe-
OJIOTMYECKOH PEKOHCTPYKIMH JULS BEPOATHOCTEH Py,
MOZICYMTAHHBIX B METPOrpaduieckux nutudax.
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YIABTPAOCHOBHBIE 1 OCHOBHBIE IIOPO/JbI BYPATHUH —
MNEPCHEKTUBHOE CBIPBE JIJISI INTYBOKOM NNEPEPABOTKH

Kucnos E. B.', Xyoakoea JI. H.>, Manvuuee A. B.', I'apkywesa H. M.’

! Teonocuueckuti uncmumym um. H. JI. Jloopeyosa CO PAH, Yran-Y0s
? Baiikanvckutl uncmumym npupoodononvzosanusi CO PAH, Yian-Y0s

B HacTosiiee BpeMsi B YCIOBHSIX DKOJIOTHYEC-
KHX U SKOHOMHYECKHX OTPaHWYEHHUH NPUCTATBHOE
BHUMAaHHUE YIENseTCS Pa3BUTHIO MUHEPAIbHO-ChI-
pBheBOI 0a3bl HAIEH CTpaHBI, B YACTHOCTH, KOMII-
JIEKCHOMY HCIIOJIb30BaHUIO0 MUHEPATBHOTO CHIPHSI.
MHorue BUIBI OCTPOACHUIUTHOTO M BBICOKOJIHUK-
BuHOTO CHIphs (Cu, Ni, OIII, Au, Cr, Ti, anmassl,
acOecT, CIIJbl, KAMHECAMOI[BETHOE ChIphe) 00pa-
3YIOT MECTOPOXKJIEHUS B yAbTpaMapuT-MapUTOBBIX
KOMIIJIEKCax. YIIBTPAaOCHOBHBIE U OCHOBHBIE TIOPO-
JIbI HEPEKO 3aJIeTal0T B pailoHE MECTOPOXKIACHUN
JPYTHX TIOJIE3HBIX HMCKOMaeMbix. VX mMaccuBbl 3a-
YaCTYyI0 PAaCIOJIOKEHbI B HKOHOMHYECKH OCBOCH-
HBIX pailoHax U UMEIOT OrpoMHsbIe 3anacel. Ho yib-
TPAOCHOBHBIC X OCHOBHBIC TIOPOJIBI HCIIOIB3YIOTCSI
B ITydIlleM cilydae Kak mebeHb. Bmecre ¢ Tem, 3tu
MOPOJIbI — MEPCIEKTUBHOE CHIPhE JUIS TIONYyYEHHUSI
MHOTHX BHJOB MarepuanoB (yZoOpeHui, copOeH-
ToB). Ho mamboree 1enecooOpa3HO M IKOHOMH-
YEeCKH BBITOJHO HMX HCIIOJb30BAaHHE B OTPACIsX
CTPOUTENFHONW MHIyCTPUH. PaccMOTpUM BOIPOCHI
KOMILJIEKCHOTO HCIOJIB30BaHUS  YABTPAOCHOBHBIX
¥ OCHOBHBIX TOPOJ Ha MpHMepe AYHHTOB Moko-
JloBBIpEeHCKOTO TUTyTOHa M Tab0po WMHTPY3MBOB
Meremmuxunckuit u Octpas conka.
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Moko-/[0BbIPEHCKHIT MACCHB BXOIMT B CO-
craB Cesepo-baitkamsckoit DIII-Cu-Ni  mpoBuH-
mun. OHa pacriojio)keHa B FOTO-BOCTOYHOM YacTH
ckiaaaaroro oopamienuss Cuoupckor raTGopMBl.
B Cesepo-baiikansckoM parione bypsitun HaxomsT-
cs pudeiickne ynsTpamaduT-MadUTOBbIE MACCHBEBI
¢ DIII'-Cu-Ni opyneHeHHEM: B TIpenenax 3araIHoi
yacTu baiikano-Mylickol 0CTpOBHOM Jtyru Halckui,
T'acan-J{saxurckuii 1 HiopyHIyKaHCKHIA CUHKOIU3HU-
OHHBIE MAacCHBBI, @ B 0ceBOH 4acTH CBHIHHBIPCKOMH
pudToreHHoi CTPYKTYphl — MoKo-JloBBIpEHCKHil
1 ABKHUTCKUH pUPTOTEHHBIE HHTPY3UBHI [3, 7].

Moko-J{0BBIpEHCKHIT TyHHT-TPOKTOIHT-rab6po-
BeIi MaccuB (baifkanbckoe MecTOpOXKICHHE) Ha-
xoautcst B 60 KM K ceBepy OT 03. bailikan. bazuter
U yabTpada3utel Bopopasaena pp. Teit u OHIOKO
ormmcan M.M. TersieB B 1915 . CBenenus 00 ux
HUKeJleHocHocTH  nonydeHbl A, C. Kynpuumkum
B 19491 B 19591 @.K. YUnHakaeB 0OHApYKUIT
xuisl Cu-Ni pya B ceBepo-BOCTOUYHOM KOHTaK-
te. IlomckoBo-pa3BenoyHble PabOTHl MPOBEICHBI
B 1960-1963 rr. JI.M. baOGypunbim. [IporHo3ubie
pecypcsl nepecuntanbl A.T. CrenunbsiM B 1989—
1993 rr: Ni — 147 teIC. T, Cu — 51.01 TBIC. T, CO —
9.47 ThIC. T.



JluHzoBumHOE TENO pasMepoM 26%3.5 kM cyo-
COIIACHO 3aJIeraeT B KapOOHATHO-TEPPUTCHHBIX OTJIO-
xeHusx. KpaeBast 30Ha M OTXOISIME OT HEE CHILIBI
CJIOKEHBI TUIarHOoNIepIOINTaMu. Bhilie 30HbI: yisTpa-
MaduToBast (J[yHUTHI, B HUKHEH YaCcTH IUIarMoKI1a3co-
JeprKalye, B BEpXHEH — ¢ 000COOTCHUSIME BEPITUTOB,
JMOTICUANTOB M XPOMHTHTOB); PUTMHYHOTO Yepeio-
BaHW IUIATHOAYHUTOB U TPOKTOJIMTOB; TPOKTOJIUTOB
1 OJIMBUHOBBIX Ta00PO; MACCHBHBIX OJIMBHHOBBIX Ta0-
Opo; ONMBHHOBBIX TaOOpPOHOPUTOB. ['aOOPOHOPUTEHI
CcllararoT Tena JOTOJHUTEIbHOTO BHEPEHNS B TIOJ0-
LBy M KPOBJIO MaccuBa. YibrpamaguTOBas 30HA
CIIOKEHA TIOYTH TTOJTHOCTHIO CBEKUM JTYHUTOM MOIII-
HOCTBIO 710 1 KM 1 nipoTshkeHHoCThIo 10 10 kM. ITo ee
HIDKHEH 9acTH MPOXOMUT JO0pora Ui aBTOMOOMIICH
MOBBIILIEHHON POXOJIMMOCTH.

Hameuennsiii Ha 2007 I. ayKIIMOH Ha MPaBoO Teo-
JIOTHYECKOTO M3y4YeHus (TTONCKH, pa3Besika) U J00bI-
4y Ha ydacTke «J{oBbIpeH» ObllI OTMEHEH, TOCKOIBKY
1o Hemy mnpoiuia rpanuia LlenTpanbHOi 3KOI0rH-
4eCKOM 30HbI baliKallbCKOM PUPOIHONU TEPPUTOPUH.
Ho nanbonee Oorarsiii yu. O3epHBII HAXOIUTCS 3a €€
npeaenaMu B 6acceiine p. JleHa, 9to octaBiseT Bo3-
MOYHOCTb OCBOEHUSI MECTOPOKAEHU:. balikanbckoe
MECTOPOXKACHUE U CaM IZOKO-}IOBLIpeHCKHﬁ MAacCHUB
u3ydeHsl HepocTarouHo. OTkpbiTas B 1960-x romax
30Ha Cu-Ni OpyaeHeHHs MPOTSHKEHHOCTHIO OKOJIO
20 kM uccienoBaHa (pparMeHTapHO Ha HECKOJIBKUX
PYIONPOSIBICHUSAX C IHOBEPXHOCTH U Ha IIyOUHY
200-750 M penkuMu CKBaXHHaAMH. | eopusndeckue
JTaHHBIE TI03BOJISIOT MPOTHO3MPOBATh MPOOKEHNE
HHTPY3HUBa Ha IyOMHY U CEBEPO-3aIlafHOM Halpas-
JICHUH, HAJTMYKe B TyOMHHBIX yabTpamadurax oora-
THIX cyAbPUIHBIX pyA [4, 6]. Yaiickoe Cu-Ni mecTo-
poxneHre U Hanbonee 6orarbliii ygacTok O3epHbIH
baiikanbckoro MecTopoX/IeHUs HaXOATCs BHE IIpe-
TeNioB baitkanbckoi TpUPOIHON 00IaCTH Ha PacCTo-
stHuu 30 KM IpyT OT Apyra B paiioHe X0IOAHUHCKOTO
Pb-Zn mectopoxnenus mMexay baiikamo-Amypckoit
KEJIe3HOIOPOKHON Maructpasipio u  KamoMHbIM
K-Al, HropyHamHCKUM Au-pyTHBIM MECTOPOXKIE-
HusMA. K 9THM  MecTOpoXIeHHAM TUIaHUPYeTCs
MIOCTPOUTD JKEJIE3HYIO A0pOry. TeppuTopust MexIy
Yaiickum u baiikaabCKUM MECTOPOXKICHUSIMU 3aJTU-
LeH3upoBaHa jyisi morcka HOBbIX Cu-Ni 00bEKTOB.
Bce 370 AenaeT akTyanbHBIM MOMYTHOE HCIIONb30Ba-
HUE MarHe3WaJbHO-CHIIMKATHBIX TIOPOJ Ui CTPOU-
TEJIbHBIX LENEH.

B Gacceiine nm:xHero Tedyenusi peku CesteHru
M3BECTEH PsIJl MO3AHENPOTEPO30HCKIX UHTPY3UBOB.
Heckompko ymerpamaduT-MaUTOBEIX HHTPY3HUBOB,
Han0OJIee KPYIHBIC U3 KOTOPBIX METCIIUXUHCKHUIA,
Oiimypckuit, Octpas Cornka, 00beJUHSIIOTCS B «METe-

NIMXUHCKYIO TPYIITY» WKAaTCKOro Komruiekca. OHH
ObUTM 3aKapTUPOBAaHbI B TIPOLIECCE I'€OJIOTO-Che-
MOYHBEIX padot I. M. fenko u P. A. Hazaperuuem
[8], BKIIOUMBIIMM HX B aTapXaHCKUH paHHemna-
neo3omckuil komruteke. . JI. Ilpynosckuii [5] npu
MPOBEJICHUN TEMAaTUYECKUX HCCIEeOBAHUI OTHEC
UX B BEPXHENPOTEPO30HCKHI JOBBIPEHCKUI Oa3HT-
runep0a3uToBbEIil KoMIUIeke. [lo3mHee B ATOM paii-
OHE MPOBOAMINCH TeMaTHYeCKUe paboThl, KOTOPHIE
BKJIIOUAJIN U IIPOTHO3HYIO OLICHKY Ha pyaHyo Ti-Mt
u Ni-Cu cneruanusaiuio [2].

MeTemINXUHCKU MACCHB PacIlOJIOKEH B Mpa-
BoOepexkbe p. Cemenra, HWxke ycThs p. Mranma
B Meaypeube pp. Meremmuxa u bonbias, npumep-
HO B 80 kM 0T 03. baiikan ur. Ynas-¥Yn3. Maccus BbI-
TSHYT B CEBEPO-BOCTOUYHOM HANpPABICHUH Ha 8 KM
MIpU MaKCUMAaJIbHOHM 1mupuHe 2.5 kM. Bmemaroniue
nopoabl — 3(dy3uBbI, CIAHIBI, MeTarecYaHUKH,
W3BECTHSIKH, aM(pHOOIUTHI U KBAPLUUTHI CEICHIMH-
ckoit cepun [1]. IIpopsIBafOT pa3TuIHBIC TPAHUTHI.

Buytpennee ctpoenue cioxHoe, Ha 80% co-
CTOWT W3 PazHOOOpa3HbIX radbOpowzoB. B 1eHT-
paJIbHON YacTH Pa3BUTHI B OCHOBHOM OJIMBHHOBBIC
rabopo ¥ raOOpOHOPUTHI ¢ MEIKUMH TEeJIaMH Iy-
HUTOB, TIEPUAOTHTOB, aM()PNOOIOBBIX TEPUAOTHTOB
Y IUPOKCEHHUTOB, K KOHTAKTaM OHH CMEHSIIOTCS aM-
¢ubomoBEIME ¥ aM(PHUOONTH3UPOBAHHEIMU Tab0OpO,
a HEMOCPEICTBEHHO HAa KOHTAaKTaX C TPaHUTaMH
O0TMEUAIOTCA MOYTH Haleao aMpuOoIM3NpOBaHHbIE
radb6po. B roro-zamagHoOil 9yacTW MaccuBa Mena-
HOKpaToBbIE PAa3HOCTH rabOpo cCMeHsIoTcsl Ha 0o-
Jiee ME30KPaTOBbIE, KOTOPBIE 3a4acTyl0 HEPEXOnusiT
B JICKOKPAaTOBbIE W BHOBb CMEHSIOTCS Ha Mela-
HOKparoBble. 3/1eCh HAOMIOIaeTCs IEPEMEKACMOCTb
MamoMoIrHbIX (1-30 cM) kumoo6pa3HbIx 060c00-
JICHUH MTUPOKCEHUTOB (TOPHOJICHUTOB) C MEJIAHO-
U ME30KpaToBBIMU TabOpo. Breime k Bomopaszmemy
HaOmomaeTcs mepeMexkaeMocTb TabOponIoB c me-
punorutamMu. Kpome TOro, yasrpaoCHOBHBIE OPO-
Ibl HanOosiee pa3BUTHI B CEBEPO-3allaJHON YacTH
MaccHBa: 31eCh PaCcIpOCTPaHEHBI IPOCIION IJIaruo-
JIEPIOJIUTOB TIOCTEIIEHHO TIePEXO/ISIINeE B TUPOKCe-
Huthl. [To mpocTrpanuio MaccuBa OT 10T0-3amaIHO-
ro (pyiaHra Ha CeBepO-BOCTOK J10JIs1 YJIBTPAOCHOBHBIX
MOPOJI TOCTEIIEHHO IaJIaeT, a cpe/iu rabopo HaYMHA-
0T NIpeodnagaTh Me30- U JISMKOKPATOBbIC Pa3HOCTH
u rabOpoHopuThl. MHOTIA B Tab0pouIax BBIICIIS-
IOTCSl Y4aCTKH HEOJHOPOIHOTO TAaKCUTOBOTO CTPO-
CHHS, a TaK)Ke MEerMaTonIHOro 00rKa. KOHTaKThI
MEXJY OCHOBHBIMH M YJIBTPAOCHOBHBIMH MOPOJA-
MU IIOCTEIIEHHbIE, YTO CBUAETEILCTBYET O NPHHA-
JUIS)KHOCTH WX K eAuHoW an(¢epeHInpoBaHHOM
CepUU MUHTPY3HBA.
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MaccuB Octpas Conka o0Opa3yeT BHITIHYTOE
B CyOLIMPOTHOM HAaNpaBICHUH TEJIO TJIOMIAIBIO
okono 3 km? B paiione T. Ocrpas Comka xpeOra
Uepnas rpuBa. MaccuB B IJIaHE UMEET CEPIOBU-
HYIO (QopMy. 3anajHblii U BOCTOYHBIH KOHTAKTHI
TekToHn4Yeckue. Ha ceBepe maccwB MpOPBIBAIOT
BepXHeENpoTepo3oickue (?) rHeich u ampuodoIn-
T, B OCTaJbHBIX MECTaX HHTPY3UB INPOpPHIBAET-
C BEpPXHENPOTEPO30MCKUMM T'paHOAMOPHUTAMH,
THEHCO- U TIarnorpaHuTaMy 0apry3UHCKOTO KOMII-
nekca. [lepBoii aze cooTBETCTBYIOT aM(pHUOOIOBEIC
HNEPUIOTUTHI, IUIArMONEPUIOTUTBI,  JIEPLIOJIUTEHI,
rapuOypruThsl ¥ MHPOKCEeHUTHI. Bropas daza crmoxe-
Ha 1ab0po u radbopo-Hoputamu. Ha konrtakte das
Pa3BUThI TAKCUTOBbIE MUPOKCEHUTHI. [Ipeobnanator
rabOpoupl, coctapisironie nopsiaka 70 % rioma-
¥ MaccuBa. B IeHTpanbHON yacTu IUTyTOHA pas-
BUTHI yJbTpaMauTel, ciararomue Tena g0 400 m
B TIONEPEYHHKE, a TAKKE OKPYKAIOMINE UX MUPOK-
CEHUTHI, OJIMBUHOBBIC TaOOpPO W TabOPO-HOPHUTHI,
3aTeM clieayeT 30Ha MOIIHOCTBIO mopsiaka 300 m
amM(puOOIOBEIX Ta00OPO, CMEHSIOMIMXCS K KOHTAKTY
aM(pUOOIM3UPOBAHHBIMHA M ITHO3UTH3UPOBAHHBIMH
ra00pouaamu. JlaiikoBasi cepus pecTaBIeHa OJIU-
BUHOBBIMH JIOJIEPUTAMHU M TIETMATOWJIHBIMU aM(pu-
00110BBIME Ta00PO.

Taxum o6Gpasom, Moxo-J[OBBIPEHCKHI MacCHB
HECeT BBICOKOJIMKBUIHYI0 MHHEpalIM3allio U Ha-
XOOUTCS B Pa3BUBAIOLIEMCS TOPHOPYOHOM paiio-
He. MuTpy3uBsl Meremmxunckuit u OcTpas comka
pacrmonoXeHbl B 00KUTOM U SKOHOMHUYECKH Pa3BH-
TOM pailioHe MeX]ly YiaH-YI9HCKOW ariiomepanuyei
1 TUMITIOWCKMM IIEeMEHTHBIM 3aB0oJIoM B 1. KameHck
Kabanckoro paiiona. Y momgHoXusi MeTemmxu mpo-
XOIUT acanbTHpOBaHHAsE aBTOMOOHIIBHAS JI0pora
TypynraeBo — Octpor — [lokpoBka — [llepruno.

Omnpenenensl KaueCTBEHHBIE TTOKA3aTEeNH MOPOT
Y HanpaBlICHUs] WX UCIONb30BaHus. PaboThl mpo-
BOJMJIMCH B COOTBETCTBHHM C TPEOOBaHUSIMH TEXHU-
yeckort nokymenrtamuu: [OCT 8267-93 «Illebenn
U TPaBUH M3 IUIOTHBIX TOPHBIX MOPOA ISl CTPOU-
TeNbHBIX paboT. Texumueckue ycmoBusi»; ['OCT
530-2012 «Kupnuy u KaMeHb KepaMHYeCKHe.
OO6mue TexHuIecKre yCIoBus». [lopomsr Obum n3-
JIpOOJICHBI B IIEOCHB.

HcenenoBanHblii eOEHb MIMEET BEICOKOE KauecCT-
BO, HE COJICP)KUT 3epeH CIaObIX MOPOJA M TJIMHEI
B KOMKaX, a TaKXe YCTOHYUB MPOTHUB BCEX BHJIOB
pacmaga. @opma 3epeH MeOHs Y TyHUTOB KyOOBH/I-
Hasi, y Tab0po HabmroAaeTcsi MpUCyTCTBUE HE3HAUH-
TEJIBHOT'O KOJIMUECTBA 3€PEH IIAaCTUHYATON U UIVIO-
Boii (hopmbl. Ha OCHOBaHMU TONyYEHHBIX JaHHBIX
U TpeOOBaHMN TEXHUYECKOH NOKyMEHTALUH ycTa-
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HOBJICHO, YTO IIE0CHb M3 M3yYEHHBIX MOPOJ YIIb-
TPAaOCHOBHOI'O M OCHOBHOT'O COCTaBa MOXHO HC-
10JIb30BaTh Ul IIPOU3BOACTBA TSKENIBIX OCTOHOB,
ac(anbTOOCTOHHBIX CMeCceH, BEICHHUS IOPOKHBIX
U IPyTUX CTPOUTENBHBIX PA0OT.

Kpome Toro, 3Ti mopossl MOTYT HAaWUTH MpPHMeE-
HEHHE B KepaMUYECKOH MpoMBbIIUIeHHOCTH. OuH
13 MIMPOKO PACHPOCTPAHEHHBIX MAaTEpUaIOB, MIPHU-
MEHSEMBIX B TPOMBIIUIEHHOM M TPa)kJIaHCKOM
CTPOMUTENICTBE — KHUPNHUY Kepamuueckuid. Ero
MIPOU3BOJICTBO MaTepHajIOeMKOe M 3Heprosarpar-
Hoe. Kpome toro, Habnrogaercst 1e(UIUT BBICOKO-
KaueCTBEHHBIX IJIMH, YTO TpeOyeT M3MEHEHUS TeX-
HOJIOTHYECKUX PEKUMOB €ro noiydenus. Pemenne
9TOH 3a7auu BO3MOXKHO 32 CUET MCIIOJIb30BAHUS
HOBBIX BHJIOB CHIPHEBBIX MaTe€pHasioB, CIIOCOOHBIX
3aMEHHUTh IIUHY B mpouecce (GopmoBaHUs H3ze-
auii. [TosTOMy, MCIONB30BaHUE YIBTPAOCHOBHBIX
Y OCHOBHBIX ITOPOJT B KEPAMUUECKOM ITPOU3BOJICTBE
MIEPCHEKTUBHO U AKTYaJbHO.

[Ipu mpoBeneHnu uccrneqoBaHUil MPOOBI MOPOLT
HCTUPANN B CTEP>KHEBOM BUOPALMOHHOM M3MEJIBIH-
tene tvna 75T-JIpM B TeueHue 5 MUHYT U MCIIOJIb-
30BaJIM B Ka4e€CTBE MUHEPAJILHON 100AaBKHU, TIO3BOJIS-
OLLEH 3aMEHNUTh INIMHUCTOE ChIPbE. bl BBINOIHEH
CUTOBOH aHaJIN3 U ONpeJIeNIeH MPaHyIOMETPHUIECKUI
COCTaB CBIPbEBBIX MATEPHAIOB, BKIIOYAS I[IMHY
Oiimypckoro mMectopoxkaeHus. Haunbomnee KpyrHbIe
¢pakuy W3MENBYCHHON MOpoxabl  HAOMIOIAaIOTCs
y rab0po MeTemmrxXuHCKOTO MacCHBA — YaCTHITBI Pa3-
mepom Oonee 0.315 Mm cocraBsitor 85.5%. Janee
cienyet rab0po mHTpy3uBa Octpas Comka ¢ 77.7 %.
VY nyHHUTa COOTBETCTBYIOIINH MTOKa3aTeIb HAXOJUTCS
B npeaenax 63.3%. CaMble MEJIKHE YaCTHULIBI UMEET
IJIMHA, THe coiepkanue ¢paxiuii menee 0.315 MM
cocrasisieT 51.1%.

Jig ycTaHOBIEHUS BIUSHHS BUAA JOOABKH, €€
KOJIMYECTBAa M TEMIIEpPaTypbl OOKMIa HAa MEXaHU-
YEeCKyI0 IPOYHOCTb KEPAMHUKH TOTOBWIJIN O0pa3-
16l — KyOBI ¢ pazmepom pedpa 20 mM. IToce cymiku
o0pa3ipl oOxkuranu B jJabopaTopHOil MydenbHOI
MeYn C M30TEPMUYECKON BBIAEPKKOW 3 yaca mpu
pa3nuuHbIX Temneparypax. O0pasipl OXJIaX1aIuch
€CTECTBEHHBIM 00Pa30M IIOCIEC OTKJIIOUEHHS MEUH.
KonuuecTtBo BBOAMMON B cMech C IVIMHON MHHE-
panbHON n00aBku BapbupoBanmu oT 10 mo 50 %.
Temmneparypa oOxwura wusmensmace ot 950 °C
no 1100 °C.

C moBBIIEHUEM TEMITEpaTypsl OOXHra Mexa-
HUYECKasi IMPOYHOCTh OOpa3loB yBETUYUBACTCS.
OO0 KeHHBIE 00pasIbl ¢ J00aBKOW JYHUTA UMEIOT
MIPOYHOCTH BhIIIE 000KKCHHOM TIINHBI 0€3 T00aBKU
Ha BCEM IPOMEXYTKE 00XKHTa, a ¢ 100aBKoi rabopo



MPEBBIINICHUE COOTBETCTBYIOIIETO MOKAa3areNs Ha-
crynaet nociie 1050 °C. HaubGonpiue mokasarenu
AMEIOT 00pa3Ibl ¢ MUHEPABHOH T00aBKOH, 000XK-
*eHHble pu Temneparype 1100 °C.

Haubonbiiyto  TPOYHOCTH UMEIOT  00pasiibl
C coaepkaHWeM MuHepaidbHOH go00aBku 10%.
JanpHeliniee yBemuueHne 100aBKU MPUBOINT K CHH-
KEHUI0O MEXaHWYeCKUX ToKaszareneld 00pasios.
Haymyqume SHAQUCHUS IMOJYYCHbBI IIPU BBEACHUU
B COCTaB DIMHBI Ta00po, Xyarme — nynurta. C yBeiu-
YCHHEM KOJIMYECTBA MUHEPAIHHON 100aBKH rabopo
MIPOYHOCTHBIE TIOKA3aTeNId 00pa3IOB CHIKAFOTCS

CTYIIEHYaTo, YIBTPAOCHOBHOTO COCTaBa — MPAKTH-
YecKH JIMHeHO. TeM He MeHee, POYHOCTh 00pa3iioB
¢ noneil MuHepasbHOH nodasku 10 50 %, noryyeH-
HBIX TIPH BCEX TEMIIEpaTypax o0Kura, yInoBiIeTBOpS-
10T TPeOOBAaHMAM TEXHUYECKON JOKYMEHTALUH.

dusnko-MexaHUYeCKHe MoKa3aTel 00pasIoB
KEPaMHUKH, MOIYyYEHHBIX IUIACTUYECKHM CIIOCO-
6om opmosanus u3 70 % rmuasr U 30 % mopoas!,
o0oxokeHHbIX Tpu Temiiepatype 1100 °C, cooTBert-
ctBytor TpedoBanusmu ['OCT 530-2012 «Kupmwa
U KaMeHb Kepamuueckue. OOIIME TEeXHHUYECKHE
ycnoBus (Tadi.).

Du3NKo-MeXaHHYeCKHE M0Ka3aTeIl 00pa310B KePAMHKH ¢ 100aBKOI FOPHBIX MOPO/

Kepamuka ¢ qo6aBkoii

I'OCT
[oxazarenu 5302012 JTyHUTA rab6po rabopo
Hoxo-/loBbipen Meremnxa Ocrtpas comnka

Boponornomienne, % He MeHee 6 9.5 9.7 10.2
Hpez[en IMIPOYHOCTH IIPU CIKATUHU,

MITa HE MeHee 2.5 40.8 67 50.6
Mop030CTOHKOCTD, LUK He Menee 25 150 150 150
CpenHsist IOTHOCTB, KI/M* e Goree 2400 2230 1990 2110

B 1uenom, oOpasupl KepamMukd ¢ 100aBKOM
OCHOBHBIX U YJIBTPAOCHOBHBIX [OPOJ, TIOJIyUYEHHbIE
IJIACTUYECKUM CIIOCO00M (hOPMOBAHUSI, HIMEIOT T10-
KazaTeJy MPOYHOCTH, BOIOMOMIOLICHUS U MOPO30-
CTOMKOCTH, yAOBJIETBOPSIOIINE TPEOOBAHUSIM TeX-
HUYECKOH TOKYMEHTAIUH, MOTYT IPUMEHSThCA A
KJIaJKd ¥ OONMIOBKM HAapyXHbIX M BHYTPEHHUX
CTEH 3[]aHUM U COOPYXKECHMI, a TaKkKe IS KIIAJKU
(dyHIaMeHTa U3 MOJTHOTENIOr0 KUpIHJa.

Takum 00pa3zom, TpOBEICHHBIE NCCIIEOBAHUS 1O~
KazaJH, YTO YJIBTPAOCHOBHBIE M OCHOBHBIE IIOPOJIBI —
MIEPCIEKTUBHOE CHIPhE IS TOMYyYSHUST Pa3IUIHbBIX
BUJIOB CTPOMUTENBHBIX MaTrepuanoB. MacCuBbl 3THX

MOPOJI HAXOJSITCS B BBITOJHOM SKOHOMHUKO-TEOTpa-
¢uaeckoit curyarmu. 11leGeHp U3 Takux mopos MMe-
€T BBICOKOE Ka4€CTBO U MOYKET UCIIOJIB30BAThCS JIJIsS
MOJTy4YeHus: 0ETOHOB 1 ac(halbTOOETOHOB TIOBBIIIICH-
HOU MPOYHOCTH M JIOJITOBEYHOCTH. Vcronb3oBaHue
YABTPAOCHOBHBIX W OCHOBHBIX TIOPOIl B KayeCTBE
MUHEpaIFHON T0OABKH MO3BOIUT MOTYyYaTh KepamMu-
YECKUU KUPIINY, HE YCTYHAKOLIUNA 110 CBOUM Xapak-
TEPUCTHKAM TPAJUIIHOHHBIM aHAJIOTaM.
Hccneoosanue npogedeno 6 pamkax eo-
cyoapcmeennwvix  s3aoanutt TUH CO PAH
AAA-A21-121011890029-4 u BUII CO PAH
AAA-A21-121011890003-4.
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MHUHEPAJIBHBIN IOTEHIIUAJ MAJTEOITPOTEPO30MCKOT O
YIABTPAMA®OUT-IEJTOYHO-KAPBOHATUTOBOI'O HHTPY3UBHOI'O
TUKINEO3EPCKO-EJIETBO3EPCKOI'O KOMIIJIEKCA
(CEBEPHAS KAPEJIUSA, POCCHUSA)

Iunyoe B. B."%, Byonoea T. I1."?, ®ponos II. B.!

! Unemumym 2eonoeuu KapHI[ PAH, ®U1] «Kapenvcxuii nayunviii yenmp PAH», Ilempozasoock
2 [Temposzasodckuil cocyoapemeennviil ynugepcumem, I[lempozasoock

JlaHHBIE O MHHEPAJIHHOM MOTEHITHAIIE MTaJIe0TPO-
Tepo3oiickoro Tukieozepo-EneTro3epckoro ynsrpa-
OCHOBHOT'O-IIIEJIOYHO-KapOOHATUTOBOTO  MHTPY3UB-
HOTO KOMITIEKCa, pacroiiokeHHoro B CeBepHOi
Kapenuu, nomyueHs! B pe3ynsrare reojoro-rneTpo-
JIOTHYECKNX, MHHEPATIOTO-TEOXUMHUIECKUX, T€0XPO-
HOJIOTUYECKNX U MUHEPArCHUYCCKUX I/ICCJICI[OBaHI/Iﬁ
CPEAHENaNeonpOoTEPO30HCKOr0 MarMaTiu3Ma J1aHHON
tepputopun [9, 10, 11, 12, 18, 26, 28]. Cnemmduka
paccMaTpuBaeMOro KOMILIEKCA 3aKII0YaeTCsl B TOM,
YTO ATOT KOMIUIEKC TPUHAIIEKUT B BO3PACTHOM
OTHOILICHWU K HauOoliee JIPEeBHHM OOpa30BaHHUSIM
mupa. [Ipu orieHKe MIUHEPareHU4eCcKoro IMOTeHIa-
JlIa BBIABJIACTCA JaHHasd CliCuain3anus, Haripumep,
OTHOCHUTEJIbHASL «CTEPUIIBHOCTB» IO OTHOIICHHUIO
K peIKkuM MeTamiam u P30.

Ilenounbie MaccuBbI
H KapOOHATHTHI JOKeMOpHS

W3ydeHne MIENOYHBIX MarMaTH4ecKuX IMOpPOJ
U KapOOHAaTHTOB Havyaloch B Hadaime XX Beka.
Kapbonarutel ObUIM  OTKPBITBI W OIHCAHBI
W.C. Brogger [17] B maccuBe ®en (Hopserus),
TeOJIOTHYECKHU CBsI3aHHOM ¢ DEeHHOCKaHINHABCKAM
HIMTOM. DTO MOOYIWIIO HCCIeAoBaTesied HavaTh
TeOJIOTMYECKOe M3YYEeHHE YHIOTEHHBIX TOPHBIX T10-
pon na Konbsckom nostyoctpose B Poccuu.

A.A. Kyxapenko u jap [4] omyOiukoBanu mep-
BbId B Poccuu meTposiorH4eckuil 1 MUHEpasIoro-
TEOXUMHYECKHI 0030p KapeslbCKOro M KOJIBCKOTO
MIETOYHBIX KOMIUIEKCOB mopos. O0mmpHbIe 0030-
PBI IIENOYHBIX TOpoI B KapOoHaTuToB CeBepHOM
u IOxnoit Amepuku, crpan ObBmero CCCP
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npuBeneHsl B padorax [19, 30]. Poccus 3anmmaer
MIEpPBOE MECTO B MHUPE IO PACIIPOCTPAHEHHOCTH IIie-
JIOYHBIX MTOPOA M KapOOHATHTOB.

Ocoboe MecTo B MUPOBOH HEpapXUH 3aHUMAET
maccuB [lamadopa B IOAP [16]. DToT MaccuB oT-
HOCHUTCSI K BO3PACTHOW TPYyTIIE MMajeonpOTepO30ii-
CKOTO KOMITJIEKCa KapOOHAaTHTOBBIX MECTOPOXK-
nenuit B FOAP, pacrionoxkeH B ceBepO-BOCTOUHOM
yacTu poBuHIMH Tpancaans, B 400 kM K ceBepo-
BOCTOKY 0T Moxannec6ypra. MecTopox/IeHHe TLI0-
maaeio 6omee 28 KM? CII0KEHO HIDKHEAPXEUCKUMHE
TPAHUTHBIMU THEMCaMu, IPOPBAaHHBIMU ITOYTH BEP-
TUKaJbHBIMU TITOKBEPKOBBIMU TEIAMU alaTHUTO-
HOCHBIX TTMPOKCEHHTOB, KapOOHATHTOB M INEJIOY-
HBIX nopox. s xomiutekca [lanabopa nposeneHo
KomIutekcHoe omnpeaenenne U-Pb Bo3pacTa o mmp-
KOHY U Oajmnenenty. Pasnuunbie ¢a3bl ObUIM CHH-
XpOHHO oTIoKeHbI B 2060 miH net [32]. Komruieke
MMEET BBICOKHN MCXOJHBIM M30TOIHBIN COCTaB Sr
W HU3KHI MCXOHBIN M30TonHbINA cocraB Nd u Hf.
[lepBuunas xapOoHaTHTOBass MarmMa oOpazoBaach
u3 oboramieHHON MaHTHHM. KapOOHATUTOBBIM Mar-
matusM [lamabopa OBIT HHUIIMUPOBAH MaHTUHHBIM
TUTIOMOM, CBSI3aHHBIM C COOBITHEM (DOPMHUPOBAHMUSI
KOMIUTeKca bytBess.

BrI3BaHHBIN B MUPE HHTEPEC K LIETIOYHBIM MAC-
CHBaM M KapOOHAaTUTaM M3-3a HX BBICOKOTO SKOHO-
MHYECKOTO TIOTEHIIMaja PAaCIIUpHII TIpEACTaBIIe-
HUS 00 oOmacTsX pacnpocCTpaHEHUs IIEIOYHOTO
marmaru3ma. lllernouynsle mopoasl Obutn Haiinme-
Hbl Ha MumrapackoM kpatone Avcrpamuu [30],
B KparoHax Muauu [20] u apyrux JokeMOpUHCKUX
paiioHax Mupa.



Puc. 1. Cxema TeoJoTHYECKOrO CTPO-

enusa Tukmeosepo-EneTozepckoro yib-

Tpaba3uT-1IeT09HO-KapOOHATHTOBOTO

komiuiekca. Cocrasnena B. B. Ilumio-

BeiM U H. U. [l{unioBoii ¢ ucnonb3oBa-
HHEM MaTepuaios [1]

1 — kapOOHATUTHI; 2 — HeDeIMH U MIeTOUHBIE
CHCHUTBI; 3 — MOPOJBI OCHOBHOTO COCTaBa;
4 — mopofbl yIBTPAOCHOBHOTO COCTaBa;
S — TpaHUTOMIBL; 6 — MECTOPOKIACHUS:
1 — KapbonarutoBoe; 2 — o03. Hmxaee;
3 — Illanko3epckoe; 4 — CypuBaapa

Ha Teppurtoprn @UHISIHIMHA apXEHCKUI MHTpY-
3UBHBII KOMIUIEKC C anaTUTCOoIepKaluMK KapOoHa-
tutamu Obp1 ormmcan K. Puustinen [25] (kapOonaTth-
ToBbIN KoMmITIeke Siilinjdrvi, Bocrounast unmsiHms).
Ha nipoTskeHn# HECKONBKUX ISCATUIIETHI HAa MECTO-
poknennn Siilinjdrvi J0OBIBAIOTCS aNIaTUTOBBIC PY/IbI
[24]. YIx Bo3pacT 2.6 mupn nieT [23].

B ceBepHoil yactu @eHHOCKaHAMHABCKIO IIIUTA
W3BECTHBI CPEAHENANCONPOTEPO30MCKUE  YIBTpa-
OCHOBHO-IIIENIOYHBIE W KapOOHATUTOBHIE WHTPY-
3un (punckas Jlammangus — Latvajoki, Petaikko-
Suvantovaara, Kortejarvi u livaara ¢ Bo3pactom
oxonmo 1880-1800 muu ner [21; 22] u Kombckuit
MOJTYOCTPOB — JIOKEMOpHIICKHE YIBTPaoCHOB-
Hble (QOMTOMUTHEI W KapOOHATHTHI B MAacCCHBE
I'pemsaxa-Breipmec [14] u ynprpaocoHOBHON Mac-
cuB p. Woxanra [5]), umeroniye MHHEparcHH4e-
ckoe cxoncTBo ¢ Enerpozepckum n Tukieozepckum
MaccuBamu [29] (puc. 1). [Taneonporep3oiickue mac-
CUBBI MHOTO(A3HBI U TMPEICTABISIOT COO0M cMech
OCHOBHBIX M IIEJOYHBIX MAHTHHHBIX MarMm [24].

Lapland-Kola

Tukmieo3epckuii  yapTpaMadUT-IIICIIOTHO-Kap-
OoonarutoBbiii (~2000 Ma) [18] u Enerposepckuit
CHCHHUT-Ta00pOBEIBI KoMILTeKe (2086 + 30 Ma)
[26] BXOmSIT B COCTaB CpEAHEHANICOMPOTEPO-
30icko  SATynuiicko-JIroAMKOBUMCKON — KpyMHOM
WU3BEPKEHHON MPOBUHLUMM B BOCTOYHOW 4YacTu
DeHHOCKaHAMHABCKOTO IuTa [26].

IIpomblIlIeHHbIE MHHEPAJIbI
Tumkumeosepcko-Enerso3epckoro komiiexkca

HcTopust oTKpBITHSI 00BEKTOB HauaJlach B IIEPBOI
nosoBrHe XX Beka. KOHKpeTHBIE 11aru no mpakTu-
YEeCKOM OIIeHKE MPOMBIIIUIEHHBIX MHHEPAIoB OTHO-
csTes K Oosee mo3nHeMy nepuony — Enersozepckuii
MmaccuB [ 1, 2] u Tukmeosepckuit maccus [ 3, 8].

Enerpo3epckuii MaccuB NpecTaBisieT cO00H KOH-
LEHTPUIECKH 30HATIBHOE TENO IUINITUYECKON (POPMBI
¢ u3rubHoM oceBoit mHKel. OH 3aHUMAET TIONIA/b
oxoso 100 km?, ipoTsHyBIIKCH HA 1820 KM 110 [UTHH-
HOW OCH W Ha 6—8 KM IO KOpOTKOH. MaccuB ObIT
otkpsIT 0. C. HeycrpyeBeiM B 1936 romy. B 1954—
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1956 romax ObBUTO OCYIIECTBIEHO KapTHPOBAHHE,
TIOVCKU U OIIeHKa TUTaHOBBIX pya Cypusaapsl [2].
I'eomorus, merporpadus v pyaHBII TOTSHITHAT Mac-
CHBa U3y4aJlCh MccieaoBaresiMu [ eonornyeckoro
otnena Kapenbckoro otneneHusi AkaleMud Hayk
CCCP B 19541959 ronmax. Pesynsrarsl 3THX HCCIe-
JOBaHU npesicTaBieHbl B MOHOTpaduu [1].

Tukiieo3epckuii  KOMIUIEKC TUIOMIAIbI0  OKOJIO
24 kM’ ceder apXeliCKHe T'PAaHUTOTHEWCHI U PaH-
Henayieonporepo3oiickue rpanutel. B 1972 . mac-
CHBBl TIMPOKCEHHTOB Ha IOr0-3alajHOM Oepery
o3epa Tukmeo3epo ObUIM M3y4YEHBI KOJJIEKTUBOM
Huctutyta reomoruu KapHIl AH CCCP [8, 3], BbI-
SIBJIEH HOBBIM THII IIEJIOYHOIO MarmMaTu3Ma C acco-
[Ualyel OJMBUHHUTOB, TEPAJIUTOB U MOPOX SIKYIHU-
PaHTUT-YPTUTOBOM CEpUU, PAHEE HEU3BECTHBIM JUIS
nokemOpust Kapenuu. I'eonoramu «CeB3arreonorium»
OBLTH OOHAPY)KEHBI KAPOOHATUTHI.

TurtaHOMarHeTUTOBbIE U HJIIbMEHUTOBbIE PYAabI

TUTaHOMAarHETUTOBBII MUHEPAJIBHBINA THUII ILIH-
POKO DPa3BUT B CHUEHHUT-TAOOPOBBIX WHTPY3WBHBIX
KoMIuiekcax Enerpo3epa, dTo SBISETCS BaKHBIM
pecypcom Fe u Ti. 3BecTHO, 4TO B HacToOsIIIIEE Bpe-
Ms CYIIECTBYET MpoOiIeMa IpONCXOKICHIE TaKOTOo
tuna. OJHa rpymna uccieaoBareieil CBI3bIBaeT 00-
pa3oBaHrEe OKCHUIHBIX PYII C OCAKICHUEM INIOTHOTO
TUTAHOMAarHETUTa B UCXOJHON (hepporadopouiHOM
Marme [15], npyras — ¢ JMKBaUueld BBICOKOXKETE-
3UCTOM KHUJIKOCTH Tpu Kpucrammmiauuu Fe-Ti-
0a3aapTOBOM Marmel [33].

TutaHoBbie pyasl Ha EneTho3epckomM MaccuBe
OTMCEYCHBI Ha HECKOJBKUX ydacTkax. B radopowu-
JlaX BCETO MAacCHBAa BBIJICIICHBI J[BA PYIHBIX OIS —
3amannoe u Bocrounoe [1]. Pynnaple Tema mpen-
CTaBJICHBI BKPAINICHHBIMU U MaCCUBHBIMH PYyJIaMHU.
Bxparutennsie Fe-Ti okcumnbie pyasl 00pa3yroT co-
IJIacHBIE C OOLIEeH PaccIOEHHOCTHIO TMH3BI U CIIOU.
MaccuBHbIE PyIObl Pa3BUTHl B IMMOTYMHEHHOM KO-
JMYECTBE; OHM 00pa3yloT CIIOM M JIMH3BI, a TaKXke
cekymue xuibl. Hamnune B Fe-Ti okcumax moBwI-
HIeHHbIX cozepkanuii Nb u Ta no3BosisieT paccmar-
pHUBaTh 3TH PY/Ibl B KAU€CTBE KOMIUIEKCHBIX.

B pyaHoM mone «3amamHoe» BBIABIEHBI CyIIec-
TBEHHO TUTAHOMArHETUTOBBIE B MEJIKO3EPHHCTOM
¥ KPYIHO3EPHUCTOM Tad0po, MIHbMEHHT-TUTaHOMAr-
HETHTOBBIC B CPEAHE3EPHUCTOM rabOpo (amaTut-Tu-
TAHOMATHETUT-WJIbMEHHTOBBIE PY/IHBIC TPOSBICHUS
B KOMIUICKCAX CEPUU OPTOKIIA3-CIIOMICTOrO rabopo
U CIIONUCTOro rab0po-nepuaoTuta. OTHUM U3 TaKHUX
y4acTKOB siBisieTcst KykaBaapa B CeBEpHOU OKOHEUHO-
ctu Enerbo3epckoro maccupa. TuTaHOMarHETUTOBBIN
MHUHEPAIBHBIN THIT PYZ CBA3BIBACTCS C CHIIEPOHUTO-
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BBIMH KJTHHOITUPOKCEHUTAMH. 37IeCh 10 TAHHBIM paH-
HUX pabor [2] onpenenennl conepxkanus TiO, B Kiu-
HOITMPOKCEHUTax oT 3 10 8 %.

Pynnoe mone «Bocrtounoe» (CypuBaapa)
Enerpo3epckoro maccuBa sIBIsieTCS HamOoiee Tep-
cniektuBHBIM. B 50-¢ TojB1 371€Ch OBLIM OOHApyXe-
HBI U OIIPOOOBaHBI HECKOJIBKO 3aJIEKEH ¢ pa3IHIHON
MHUHEpAIN3aIMeH, TIPEJICTABICHHON TUTAaHCOJIepKa-
MM MarHeTUTOM U WIBMEHUTOM. BriieneHsr 5 3a-
nexeit — «CeBepHas», «3anamHasny, «LleHTpanpHasy,
«ITapannensHas» u «ImaBHas» (puc. 2).

CyOmepummoHaibHas 3anexb «CeBepHas Ipes-
CTaBJICHa MEJIAHOKPATOBLIM OJIMBHHOBBIM rab0po, Tie-
PUIIOTHTAMH U MTUPOKCEHUTAMH C KPYTHIM TIaJICHUEM
Ha 3araji, “MeeT MOIIHOCTE 0kojio 100 M. B BHcsueM
OOKy 3aJIeXKH yCTaHOBJICHB! MIIbMEHUT-TUTaHOMarHe-
TUTOBBIE PYIbI, B JIS)Ka4eM — THTAHOMArHEeTHT-HITbMe-
HHUTOBBIe. OCHOBHAS YacTh 3allacoB COCPENOTOYCHA
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Puc. 2. Teonornueckas cxema pyaaoro nous CypuBaapa
(o marepuanam [1])

1 — TUTAaHOMAarHeTHTOBBIE M WIIBMEHHUTOBBIE DYIbl (py/IbI
OJIMBHHOBBIX rab0po, MEPHIOTUTHI, CIIOAUCTBIE NEPUIOTUTEL,
amMpuOONMUTHI); 2 — MIENOYHbIC U HE(PEITUHOBBIC CHCHHUTOBBIC
MeTMaTUThI; 3 — CIIONSIHBIE Tab0po, CIOISHBIC TIEPUIOTHTHI;
4 — KpynHo3epHHCThIE Trab0bpo; S5 — OpTOKIa30BbIe
JIeKOKpaToBble rab0po, CperHe- U MEJIKO3EPHUCThIE rabopo;
6 — rpaHOIMOpPUTHI; 7 — pyaHsle 3anexu: 1 — CeBepHas; 2 —
3anannast; 3 — Llenrpanbhas; 4 — [lapayuiensHast; 5 — [maBHas



B 3anexu «lmaBHas». OHa cliokeHa PYJHBIMU OJIH-
BHUHOBBIMH KPYITHO3EPHUCTHIMU U MEJIKO3EPHUCTBIMH
rab0po, MepumoTUTaMH W THPOKCEHHTaMu. PymHas
3aj1eb UMEET TaJIeHHEe Ha CeBepo-3amaj] 1o yrilaMu
40-75°. MakcumaibHasi pyIOHOCHOCTb IpPUYypOUEHa
K JIekadeMy OOKy M TIpe/ICTaBlieHa THTaHOMAarHETUT-
WJIBMEHUTOBBIM THIIOM.

Ilo comepxaHHIO TMOKCHAA TUTaHA PYIbl MOJI-
pazzaensioTcs Ha Tpu coprta: 1 copt — Bhie 12%

K

300mMKkm | 3
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TiO,; 2 copt — 8-12% TiO,; 3 copt — 5-8% TiO,.
XUMHUYECKUI U MHMHEPAIbHBIM COCTaB ITUX PYL
oXapakTepHu3oBaH B Oojee panHedl pabore [12].
ITo MuHEpanbHOMY COCTaBy PYAHBIE MHUHEPAJIbI
MPEJCTaBICHl MAarHeTUTOM, THTAHOMArHETUTOM
1 WiapMeHUTOM. W3 Apyrux MUHEpaloB IJIABHBI-
MU SIBJISIIOTCSI TIOJIEBOW WIMAT, OJIMBUH, aM(puOOII.
Oc00eHHOCTH WIBMEHUTOBBIX PYI MECTOPOXKICHUS
CypuBaapa moka3zaHbl Ha pUCYHKE 3.

Puc. 3. Nz00paxkenns B orpakeHHBIX mekTpoHax (BSE). Pynsr CypuBaapsr: (a) HIBMEHUT B BUJIE OTICIBHBIX HEHIIC-
QIBHBIX 3ePEH Pa3HOTO pa3Mepa U CTPYKTYpPhI passioKeHus: B MarHeTure; (b) cpactaHue replUUHUT-HIBMEHHTA Ha Ipa-
HUIIe MarHeTHTa U aM(pudoma; (¢) MEIKOIUCTIEPCHAs CTPYKTYpa Pa3IoKEeHHs B MATHETHUTE, COCTOSAIIAS U3 YIUTMHEHHOTO
WIBMEHNTA, a TAKXKE B BUE BKpAIUICHUH dMYIbcHH; (d) aHTUIpHIHBIC BKIIOYSHHS WIIBMEHUTA M TEPLUHHUTA Pa3INYHBIX
pa3MepoB B THTAaHOMAarHeTHTe; (€) OoibInoe cpacTanne B am(puOOIe MIBMEHNTA W THTaHOMarHeTuta; (f) mibMeHHuT
HeNpaBWIBHON (POpMBI; (g) MUKpPOBKpaIUIeHHE WiIbMeHHTa B aMm¢uboie; (h) MIbMEHNT B BUAE MEIKHX aBTOMOP(HBIX
3epeH Ha TPaHULC 3ePEH allaTHTa U MarHeTHTa U MUKPOHHBIX BKPAIUICHHIT B MarHeTHTe; (1) CII0KHBIH MIIBMEHHT-Mar-
HETUTOBBIH arperar. CokpamieHus mo MuaepaigaM: Amf — am¢pudon, [Im — mmsmennut, Mag — maraerut, Hr — repriuauT,
Ttm — tutanomarsetut, Chl — xioput, Ap — anatut. a — d, 1 — cpemHe3epHAUCTHII rab0po, € — h — merarabopo
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Iles0uHbIE CHEHUTBI

[lenouynslie cueHUTH (MecTOpoXkaeHHe 03. Hik-
Hee) (puc. 1, 4) COCTOAT IAaBHBIM 00pPa30M M3 MUKPO-
xmna b,  .—Or,, ., Ha JIOIIO KOTOPOTO PUXOUT-
cst oxosto 70—75 % o6wema. OH 00pasyeT TadnuTyarsie
KpHUCTaJJIbl, YACTO C MUKPOJIBOMHUKOBOM PEIIETKOU
U TIEPTUTOBON CTPYKTYpOH, OOYyCIOBICHHOW Haju-
YUeM TOHKWX BBIICICHUH amnouTta. Hapsmy ¢ atmm,
ansbut cocrasa A4b,, An,,Or,, oOpasyer u Oonee
KpYITHbIE CAMOCTOSITEIIbHBIE 3€PHA; B LIEJIOM Ha JOJII0
anmpbuta mpuxomutes 15-20% obbema. Hedemmn
B TIOpOZIaX Pa3BUT HEPABHOMEPHO — OT MPAKTUYECKO-
TO OTCYTCTBHSA 110 5—6 1 6omee %; OH KOHIIEHTPHUPY-
ercst JiokanbHO. Coziep)KaHusI TEMHOLIBETHBIX MUHE-
PaJIOB TaKXKe BapbHPYIOT OT HECKOJIBKUX ITPOLICHTOB
10 15-20%. Cpean HEX npeoliialaroT STUPHH U 11ie-
noyHoi ampudon psiga apQBeCOHNTa, KOTOPBIN Yac-
TO 3aMelaeT STUPHH; B MOJIYNHEHHOM KOJIMYECTBE
BCTPEUEHBI JKeNe3ucThlii Ti-OHOTUT psifa Jenumome-
JIaHa, MarHETUT U TUTAHUT.

Puc. 4. Kapra-cxema ¢ NEpCHEKTUBHBIMU y4acTKaMU
(mectopoxaeHue o3. HuxHee)

VYcnoBHble 0003HAYCHUS: | — TpaHHT; 2 — MICJIOYHOW CHUCHUT;
3 —rab6pous; 4 — KOMIUIEKC OCHOBAHMS; 5 — I€TAJIbHBIC YYaCTKU

100MKm 60mMKkm

50MKm

Puc. 5. N3o0paxkenust B oTpakeHHBIX 3jckTpoHax (BSE) mokasbiBaroiye MHKPOCTPYKTYpHBIE OCOOCHHOCTHU

HICJIOYHBIX CUCHUTOB: (a) MUKPOKIIMH C ICPTUTOBBIMU BPACTAHUSIMH ajJbOWUTa, BKIOUCHUSIMU OHOTUTA M KalMOW

IUTATMOKIIa3a BIOJb TPAHUIIBI 3epeH; (0) MUKPOKIMH-IIEPTUTOBOE CpacTaHue; (B) MUKPOBKIIOUCHHUS OHOTHTA
B anpbuTe. Mc — MUKpOKINH, Bt — 6uotut, Ab — aneout, Og — onurokias

T 500mMkm ' T 60mMkm '

00mKkm OMKM

50MKm

Puc. 6. N3o0paxenusi B orpaxeHHbIX anekTponax (BSE), mokasbiBaroime MUKPOCTPYKTYpHBIE OCOOCHHOCTH

HedenuHa: (a) yIIMHEHHOE 3epHO HedellMHa ¢ HEPOBHBIMU IPaHUIIAMHU, HAOIIONAeTCs 3aMellieHHe MUKPOKIINHA;

(0) MUKpOMHUHEpaIbHBIC BKIIOYEHHUSI OMOTHTA U TTOJICBBIX IIATOB B He(eTUHE; (B) MUKPOMUHEPATbHbIC BKIIIOUCHUS

MUKPOKJIMHA, ajdbOuTa U comaiuta B Hedenune. Mc — MUKpOKIUH, Bt — Ouotut, Ab — ansout, Ne — HedemnuH,
[lm — unemenut, Amf — amdpubon, Mag — marHeTur
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XUMUYECKMI M  MUHEpPAJbHBIH  COCTaBbl
Enerpo3epckux CHEHUTOB MPHUBOASTCS B padboTe
[12]. Ilpu 57eKTPOHHO-MHUKPOCKOITMYECKOM WC-
CIIETOBAaHUHU BBIABICHBI JI€TAM MHHEPATbHBIX
BKJTFOUEHUH B IIEIIOYHBIX CUEHUTaX (puc. 5, 6).

[Ipu oOoraiieHdd METOAOM MHOTOCTAIHUIHHON
ANEKTPOMArHUTHOM Cerapaiiy MoJy4YeHbI BEICOKO-
KAYECTBEHHbIE KOHIIEHTPAThI, COCTOSIUE U3 MHK-
poknuHa 1 HedennHa. Hedennu-noneBommnaroBsie
KOHIIEHTPAThl COMOCTABUMBI IO KAayeCTBY C MPO-
NYKTaMd H3 HE(EIMHOBBIX CHUCHUTOB KOMITAHUU
Stjern'y (Hopserus).

Kap6onatutsi

Kapbonaruts! MecTopokierns «KapOoHaTHTOBOESY
Ppa3MeleHsI K 10Ty OT 6eperoBoii 30HbI 03. THKIIIE03epo.
OHuM 0XBaTHIBAKOT IUIOIIAE OKOJIO 2 KM, JIJIMHA OCHOB-
HOTO PYZIHOTO TeJa 10 MPOCTHPAHUIO 5.4 KM, HIMPUHA
B pazmyBax 10 600 M. dopma KapOOHATHTOBOIO Tela
HETIpaBWIIbHAS,, B TOPH30HTAJIFHOM OM3MOBEPXHOCT-
HOM CEUEHHUH C U3BIIHCTHIMU KOHTYpamu [ 10] (puc.7).

77777)
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Jiss kapOOHATUTOB TOKA3aTelIbHBIM KpHTE-
pueM SBISIOTCS  OTpHLATENbHBIC JIOKAJIbHBIC
rpaBUMeTpUdeckre aHomanuu. KapOoHATHTHI
THUKIIE03epCKOr0 MaccuBa 3aHUMAIOT CEKyllee
MOJIOKEHWE TI0 OTHOIICHUIO K OOWIeH CTPYyKTy-
pe maccuBa. C BMEIIAIONIMMH CHIMKATHBIMH T10-
podamMu KapOOHATUTBI UMEIOT PE3KHE KOHTAKTHI
C BBIPRXCHHBIMH SK30KOHTAKTOBBIMH OpeajlaMu
pa3BUTHSL KaToQOPHUTO-KapOOHATHBIX MeTacaMa-
THUTOB TI0 TMPOKCEHHUTAM, [IEOJIUTOBBIX arperaTtoB
C COMAIUTOM, ajJbOUTOM, MPEHUTOM W ATUPHHOM
0 IIEJIOYHBIM MOPOAAM, C allbOMTOM M STUPHHOM
o rpanuTonsiaMm. Hepenko BbIpaxeHO OpeKdnpo-
BaHUE BMEILAIOUINX MOPOJ U LIEMEHTUPOBAaHUE UX
KapOOHATHBIM MaTEPHAIOM.

W3oTonHbIe  HWCCIENOBAaHUSI  KaJbLUTOB  MOJI-
TBEPIKIAIOT SHJIOTCHHBIH HCTOYHHK. BriepBrie Takoit
BoiBoz caenad I.I1. Cadponoroii [7]. OOwiue Bapu-
allMy M30TOIHBIX 3HAYCHUH HE BBIXOAAT 3a MPEICIIbI
BapHaInii, yCTAHOBICHHBIX U1 KApOOHATHTOB TUIIA-
OuccanpHOU rTyOuHBI hopMupoBaHus [6].
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dopMupOBaHHE araTUTa OBLIO JABYXCTAINAIb-
HBIM: B OCHOBHYIO HHTPY3UBHYIO CTAJUIO U CTAIUIO
MeTacomaro3a (aBToMmeracamaro3a). Ilo okpacke
araTtuT CBETJI0-3€JIEHOBAThIM, PO30BaThI C KeJ-
TOBaThIM OTTEHKOM. [lokaszarenmu mperoMIICHUs
anmaruta n = 1,640 u n = 1,637. Mccnenosannpie
amaTUTHl XapaKTePU3YIOTCS HEOONBIIUMU COAEP-
JKaHUSIMU  paIuoOaKTUBHBIX d1eMeHToB U m Th,
a TaKKe MaJlol paJUMOTreHHON COCTaBIAIOLIEH
cBUHIIA. Pe3ko nmpeobiagaroT KamblUTOBIE KapOo-

700mMxm

" 100mxkm '

HATUTHBI, IOAYNHCHHOC 3HAYCHNC UMCIOT JOJIOMHUT
U aHKEPUT.

ITocnenane xapakTepHbI 11 (GIIaHTOB KapOOHa-
TUTOBOTO TeJla M Pa3BUBAIOTCS B BUE MOJIOC MOIII-
HOCTBIO 10 5 M CPE/IN KaNbIUTOBBIX KAPOOHATUTOB
WJIN Ha KOHTAKTC Kap60HaTI/ITOBBIX TCJI C MarHe-
3WalIbHBIMU BMEIAIONMME Topojamu. Ha puc. 8
M300paKEHBI B OTPAKEHHBIX JJIEKTPOHAX (HOPMBI
anaTUTOBOM MHHEpaJIn3aluu B Kap6OHaTI/ITaX MeEcC-
TopoxaeHus «KapOoHaTUTOBOEY.

200mxm

600MKkm

Puc. 8. N300paxenus B oTpaxeHHBIX MekTpoHax (BSE). TunwdHbie GOpMBI almaTUTOBOH Cerperanud U OCHOB-
HbIE MHUHEPAJIbHBIC ACCONMAINH allaTUTCOACPKAIINX KapOOHATUTOB: (a) KPYIHBIE 3€pHA alaTHTa HENPaBHILHON
(hopMBI B cpacTaHUM C WIBMEHHTOM, NOJIOMHTOM; (b) amaTHT-MarHeTHTOBAs acCOIMalus B 00beMe KaJbIINTa;
(c) KpymHBIE 3€pHa araTUTa U MEJIKHE OKPYIVIbIe 3epHa anaTruTa, cpocuirecs ¢ marHetutom; (d) 3epHo anmartuta
HENpPaBUIBHOW (OPMEI, cocTapeHHOe aM(pUOO0IOM; (€) CIIOXKHBII arperar anaTHT-HIbMEHUT-KaJIbIUT-MarHeTHT;
(f) BKIIOYEHNS B OJIMBUHE — MEJIKME OKPYIJIBIC 3epHA amaTuTa, XJopHuTa, aM(ndona, MarHeTuTa; (g) BKIIOYCHNE
am¢ubona B anature; (h) BKIIroYeHNE UpKOHA B armatute. Ap — amatut, Dol — nomomut, Cal — kaneiuT, [lm — nis-
MeHUT, Mag — maraetut, Amf — amduodoin, Ol — onmuBuH, Zrn — TUPKOH
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OJMBUHHUTHI
B 3anagnoi yactu TuKIIE03€pCKOTO MaccuBa
Hamu BbiieneH lllanmkoo3epckuii OJIOK IIOMAABIO
15 xM?, BKIIOYAIONIHI ITOMHMO JYHHTOB OJIHBH-
HUTBI, OJINBUHOBBIC TUPOKCEHUTHI M OJIMBUHOBBIC
raoopo (puc. 1). Ou otmenen ot LleHTpanpHOTO

O0rmoka MEpPUAMOHAIBHOM CHCTEMOHM pPa3iIoMOB.
Beprukanphas momHocTs MeHseTcs ot 20-100 m
B 1kHOM yactu 10 200-250 M B 1IeHTpe U Ha ce-
Bepe Onoka. XWMHUYECKHH COCTaB OJIMBHHHTOB
(mectopokaenne lllamko3epckoe) NPUBOIUTCS
B Tabiue.

XuMuueckmii coctap 0JuBHHNTOB THKIIeo3epckoro maccusa (Mectopoxienue Illanko3epckoe), mac. %

Si0, | TiO, | ALO, | Fe,0, | FeO |MnO| MgO | CaO

Na,0 |K,0| mmn NiO CoO |V,0,| PO, | Cr0,

5.67-38.110-0.16 {0.29-1.18|4.87-7.11|7.13-7.64| 0.16 |39,3-41.7

0-0.12

0.05-0.2] 0.05 {0.75-7.77{0.14-0.32{0.02-0.04| 0.02 | 0.17 [0.38-0.47

PenxomerasnbHas u P3D Munepanuzanus

Peaxomeramnpraas n P30 MuHepanu3anus BbISB-
JICHA B JKWJIAX IICIOYHBIX IETMATUTOB CPEIH WIbME-
HUT-MarHeTUTOBBIX pyA Emnerbozepa, comepxaHus
penkux MetaiuioB gocturarot (%): Nb — 0.5%, Ta —
0.015,Y-0.5%, La—0.1%, Ce — 0.3%, Hf — 0.03,
Zr — 1%, Be — 0.3%. B THTaHOMarHeTUTOBBIX Py-
JlaX OTMEYAKOTCSl YCTOWYMBO IOBBIIICHHBIE COMIEP-
kaawmst HHoOus (~100 1/T), @ BO BMEIIAIOIINX WX
KIIMHONUpOKceHuTax — ckauaus (3040 r/t) [13].
PenxomeramibHas U peako3eMenbHass MUHEpan3a-
nun Tukireo3epcko-EneTh03epckoro KoMImieKea Ko-
peIUTUPYIOTCA ¢ 3aBepliatoniel (pa3oil cTaHOBICHUS
HMHTPY3HMBa — IIEIOYHBIC U HE(EITUHOBBIC CHCHUTHI
U CBS3aHHBIE C HUMHU JaWKU OOCTOHHTOB, CUCHUT-
Top(UPOB, JKUJIBI MIEIOYHBIX TIETMATUTOB, JIAMITPO-
¢upoB 1 Opexunu B3pbIBa [1].

[maBHBIMEI MUHEpaTaMH BCEX PA3HOBHIHOCTEH
EneTho3epcKkux MerMaTUTOB SIBJISIOTCS MICIOYHbBIC
MOJIEBBIE MIMTAThl (MUKPOKIWH-TICPTUT U aJbOMWT).
B MaccuBe BBIABIEHBI 35 KW IEIOYHBIX IIET-
MaTUTOB C PEIKOMETAUILHBIM U PEIKO3EMEIIb-

HBIM OPYIEHEHHUEM, B T. 4. 25 KUJI PacloiI0KEHbI
Ha ydactke CypuBaapa [1].
3akJirouenue

Takum 00pa3oM, KOMIUIEKCHBIE HCCIICIOBAHUS
Ha y4JacTKax C pPa3BUTHEM B HUX IPOMBIIIICHHO
LIEHHOTO MHHEPAJIbHOTO ChIPbsS, KaK HWJIbMECHHUT,
TUTAHOMAarHeTUT, CHEHWTHI, alaTUThI, OJUBUHU-
THI, TIOKAa3aJl TPOMBIIUICHHYIO 3HAYUMOCTh JTUX
00bexToB. COBEpIIEHCTBOBAaHUE TEXHOJOTHYEC-
KHX METOJIOB IePepabOTKHU MO3BOJIUT OLEHUTH JI0-
CTYMHOCTb HEJP C MO3ULUNA COBPEMEHHOTO B3IVIsAa
Ha TEOJIOTHIO, TEXHOJOTHIO0, SKOHOMUKY M JKOJIO-
THI0 U KaK CJIEJCTBHE Ha (hOPMHUPOBAHHE HOBBIX
MUHEPATHHO-CHIPHEBBIX TOTOKOB.

ABTOpBI MIPUILIH K BBIBOIY, 4TO THKIIIE03epCKUit
u Enerpo3epckuii MacCUBBI MOTYT CTaTh OCHOBOM JIJIst
(dopMupoBaHus MacIITaOHOrO SKOHOMHYECKH IPHU-
OBUTLHOTO TOPHOTPOMBIIILIEHHOTO KOMITIEKCa Ha Tep-
putopun ApkTrdeckoit 30HbI PectryOmiku Kapemst.

Paboma evinonnena 6 pamxax —eocyoap-
cmeennozo 3adanus WUl KapHI] PAH, mema
Ne 102204404400124-6-1.5.5
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3KOJOTNMYECKHUE MOCJIEJICTBUS PASPABOTKHA AJLTTIOBUAJTBHOM
POCCBHIITA MOHAIIUTA (BOCTOYHOE 3ABANKAJIBE)

Koponvkos A. T.

Upkymckuii 2ocyoapcmeennulil ynusepcumem, Upkymck

BBenenue

MuHepaa MOHAIUT TECHO CBSI3aH C TPAHUTO-
WIaMM, IS KOTOPBIX SIBISIETCS aKIECCOPHBIM.
®opmyna MoHaruTa oTBedaeT (pocdary, KOTopbIit
MMeeT HECKOJIbKO Pa3HOBHUAHOCTEH: 1) mepueBbIi
(Ce, La, Pr, Nd, Th, Y)PO,; 2) nanranossii (La, Ce,
Nd, Pr)PO, (mo 28,95 % nantana); 3) HEOAMMOBbIN
(Nd, La, Ce, Pr)(P, Si)O,; 4) camapuepbiii SmPO,
(mo 13,59 % camapwus); 5) npazeomumossbrit (Pr, Nd,
Ce, La)PO,. llepuesast pa3HOBUIHOCTH MOHAIUTA
conepxkut 10 10% Topusi, 4TO CTajg0 ONPEAesiio-
M IS0 pa3pabOTKA MOHAIIUTOBOW aJUTFOBHAIIb-
HOM pocceinu B banelickoM paifoHe. DTOT MUHEpal
MMeeT KPAacHOBATO-OypbIi IBET, OOJBIIYIO TBEP-
nocth (5) u wiotHocTh (4,6-5,7 r/cm). B ammoBu-
ANBHBIX OTJIOKECHUSAX HAKAIUTUBACTCS aHAJIOTHYHO
W COBMECTHO C 30JI0TOM. MuHepan paauoaKkTHB-
HBIM M3-32 COJEpKaIllUXCAd B HEM DPEIKUX 3EMEIb
u Topusi. EcTecTBeHHO, CTETIeHb paOaKTUBHOCTH
3aBHCHT OT €ro KojimdecTna B nopone. [Ipu pacna-
Jie TOpHsi oOpasyeTcst Ta3 pajioH, KOTOPhIM Hakar-
JUBAaeTCs B BOJE, MOYBE, BO3AYXE M CO3/AET DKO-
JIOTUYECKHE TMPOOJIEMBI TSI MECTHBIX IKHTEJICH.
I'eonorus banelickoro pailoHa U3BECTHA KPYITHBIMU
KOPEHHBIMH U POCCHIMHBIMU MECTOPOKICHUSIMU 30-
JI0Ta, KOTOPhIE MHTEHCUBHO OTpabaThIBAINCh C Ha-
Yana 0 cepenuHbl XX BeKa W Jlad cTpaHe Ooree
400 ToHH 30710Ta. CaMbIMU KPYHHBIMU SIBJISIFOTCS
yOoro-cyiab(puaHble MECTOpOKICHHs baeiickoe,
TaceeBckoe, KaMeHCKHNX KOHITIOMEPATOB, JIOKAJIH-
30BaHHBIC B TrpabcHE C HIKHEMEIOBBIMH CYOKOH-
TUHCHTANBHBIMU OcagkamH. Pa3zpaboTka Takux
MECTOPOX/ICHUH MOTpeboBaIa CTPOUTEIHCTBA IBYX
30JI0TOM3BJIEKATENBHBIX (DaOpuK, TMOCIe KOTOPBIX
OCTAIIUCh KPYIHBIE XBOCTOXPAHHJIHINA C PTYTHbI-
MU U [MAHUCTBIMH pacTBopamMu. OFHO W3 TaKHX
XBOCTOXPAaHWIMIL TPOTSHYJIOCh B CTOPOHY MKP.
HoBoTpowuiika 1 norsoTusio Heckoibko yinuil. Llenb
HUKHEMEJIOBBIX I'pabeHOB TMPOTATUBAETCS B CEBE-
PO-BOCTOYHOM HAIPABIEHHUH B Tpeieiax YHIWHO-
JlauHCKOW BHAIHMHBI CEBEPO-BOCTOYHOIO IPOCTH-
paHusl, CIOKEHHOM TeppPUTE€HHO-BYJIKAaHOT€HHBIMU
MopoJaMH  BEpXHEIOpCcKoro Bospactra. C fora aTa

BITaJIMHA OOpamMIIIeTCss YHAWHCKAMHU TPaHUTOUIA-
MH TIEPMCKOTO BO3pacTa, KOTOpPhIE BMEMIAIOT DS
BEPXHEIOPCKUX  30JI0TO-CYJIb(MUIHBIX MECTOPOK-
nermii 3omota ([omroraiickoe, AHIPIOIIWHCKOE,
CocHoBckoe, Amunnckoe u fap.). CeBepHas rpa-
HUI]A BHAJWHBI OKOHTypHBaeTcs bopiieBouyHbIM
KOMIIJIEKCOM MeTaMOp(HUUecKoro sapa ¢ To3He-
FOPCKUMU OJJHOUMECHHBIMU TPAHUTOMJIAMHU B IICHT-
pallbHOM  4YacTH, COJIEpI)KALIUMH aKIIECCOPHBIN
MOHAITUT. AJITIOBHANILHBIE OTIOXKEHUS PEK, pas-
MBIBAIOIINX OOPIIIEBOYHBIE TPAHUTOUIBI, B Pa3IUd-
HOH cTemeHU oborameHbl MoHamuTOoM. HambGomee
KPYITHbIE CKOTUICHUS MOHAIIUTA Pa3Be/IaHbl ObLIN
I1. M. XpenosiM B 1948 romy B peke, mepeceka-
ro1el Mkp. Hosorpounk.

JIukBuaanusa nocjaeacTBuii
pa6otbl npexnpuaTus Ne 1084

Topuro mpuzaBagoch OOJNBLIOE 3HAYCHUE IS
M3TOTOBJICHHS aTOMHBIX 00M0. [To3xke Obla paspa-
OoTaHa Jpyrasi TEXHOJIOTHsI Ha OCHOBE ypaHa [2].
Ho B 1949 rony oneparuHo B MKp. HoBoTpowuiike
OBUI0O  OPraHWU30BaHO CEKPETHOE NPEAIPUSTHE
Ne 1084 mo pa3paboTke MOHAIIMTOBOW POCCHIIIH.
ITepBbiM pupexTopoM HazHauunu H.U. Jlereiino,
no oaroro BosmiaBisBmiero WMPI'MPEJMET
B I. MpKyTcKe, 4T0 caMo IO cebe CBUAETENILCTBO-
BaJI0 O BaXKHOCTH Ipoekra. B Mkp. Hosorpounnk
OBICTpBIMH TeMIamMHu Oblla TOCTpoeHa Qabpuka
0 MOJyYEHHIO MOHAIIUTOBOTO KOHIIEHTpAara, IIKO-
Ja, JOM KyJIbTyphl, OaHs, amOynaropus, amnTeka,
MarasuHbI C OY€Hb XOPOIINM CHaO)KEHHEM U MHO-
JKECTBO JKMIIBIX IOMOB. [l pabOTHI IPUBIIEKAINCE
KpYIHbIE CHEeLHaJINCThl u3 MpKyTcka M Apyrux
rOpo/IoB, MECTHOE HAceJIeHHEe W MHOTOYHCIICH-
Hble paboune, MpUEXaBIINEe U3 €BPOINEHCKON dac-
™1 CCCP. B 90-x romax XX Beka 0OHapyXuiach
HeOmaronpusiTHas ~ KoJorudeckas OOCTaHOBKa
B I banee u ero okpecTHOCTSX, CBsI3aHHAs C IOC-
JEJICTBUAMH OTPabOTKM MOHALUTOBOW POCCHIIH.
Bort kak aT0 oTpakeno B padore B. U. bymarosa [1]:
«Y 1. HoBoTpouiika B MecTe niepepaboTKu TOpHUii-
U ypaHCOAEP KALIMX MOHALUTOBBIX IIECKOB HAOIIO-
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JaeTcs aHOMaJusl Tiomansio 3 kMm% Ha depmakax
JIOMOB JIEXKUT PaJMOAKTUBHBINA 1IJakK... B 1. banee
oOcnemoBano 77 0OBEKTOB, B 15 u3 HUX OOHApYy-
JKEHO BBICOKOE u3nydeHue (amOymaropus — 630,
nercan «Capanka» — 250, Jlom kyneTypsl — 2500,
JBa KuiIbIx goma — 800 MxP/4). 3nech ke B MOJIOT-
He JIopory HaiineH Moniabii (50 P/4) TexHOreHHBIH
WCTOYHUK... B cermax mMeroTcs painoakTHBHEIE Te-
nsTHUKH. .. B Banee octpo crout mpobiema pajio-
Ha». B nepuon ¢ 2013-2015 rr. ®I'VII «PocPAO»
OBLTH TTPOBENIEHBI PAOOTHI MO JE3aKTUBAIIMHN U Yac-
TUYHON PEKYJIbTHBAIMU psa OOBEKTOB Ha Tep-
pUTOpHH, TpHIIETAIONEe K OBIBIIMM OObEeKTaM
npeanpusatus [3]. B xone paboT TMKBUANPOBAHEI
aBapUiiHBIE CTPOUTEILHBIE OOBEKTHI, 3arpsI3HEHHBIE
TOpPHEM, a TAKXKEe PEKYJIBTUBHPOBAHO 35 y4acTKOB,
UMEIOIIUX CIIeNbl PaJMOAKTHBHOTO 3arpsi3HEHUS
(obmras rommans 11 ra).

leoxuMuyeckasi XapaKTepUCTHKA MOYB

B mkp. HoBoTpoulike HaceaeHUe )KUBET IPEUMY-
IIECTBEHHO B YAaCTHBIX JOMaX W aKTHBHO HCIIONb-
3yeT ypoKail cO CBOMX OTOpPOJOB. DKOJIOTHYECKOE
COCTOSIHHE TIOYB SIBIIIETCS OYCHb BAXKHBIM ITOKa3a-
TeneM Ui HUX. B HamOonee 3arpsi3HEHHOW YacTu
nocesKa BOJIM3H KHUJIBIX JOMOB Ha IIECTH y4acT-
Kax ObUTH 0TOOpaHBI IPOOBI TIOYB M3 IIEHTPATLHOM
yactd MKp. HoBorpomuk T. Banmes mo mpodmiro
OT XBOCTOXPAaHWJIMINA OBIBIIEH 00OTaTHTENHHON
(habpuku sl M3BJICUEHHS] TOPUEBOTO KOHIICHT-
para U3 MOHAIIMUTOBOTO IECKa Yepe3 JIOJIHHY PEKU
¢ oTpabOTaHHOW AaJUTIOBHAIBHOW MOHAIIUTOBOM
POCCBHIIIBIO 10 XBOCTOXPAHWIIUINA 30JI0TOM3BJIEKA-
TenbHBIX (Pabpuk [4]. DneMeHTHBIN cocTaB MpPod
oTIpesiesieH METOJIOM TOTYKOJIHMYECTBEHHOIO TyTro-
BOTO aTOMHO-3MHCCHOHHOTO aHajHh3a C BHU3yallb-
HOM MHTEpIpeTauueil CleKTPOB B aHAIUTHYECKOM
uenrpe Wucruryra reoxumuun CO PAH. U u Th
OBUIH TIPOAHAIM3UPOBAHBI U3 TYOINUKATOB TEX JKE
npo0 METOJIOM PEHTICHO(IIYOPECIIEHTHOIO aHa-
mu3a B III'O «CocHoBreonorus». Murepnperaiius
MOJTYYEHHBIX JIAHHBIX ITOKa3aJia BBICOKHE COZepIKa-
HUSI PsIZia SIIEMEHTOB, 3HAYUTEIBHO MPEBBIIIAIOIINE
ITJIK. CymmapHBIi TTOKa3aTeNnb 3arpsi3HEHUS OB
(MHOMKATOP 3arpsA3HEHUs ), PACCUUTAHHBIN MO ISATH
xumuaecknM snemeHTam (Pb, As, Sb, Ag, Th), yka-
3BIBACT HA YMEPEHHO OIACHYO (4 IpOObI), ONIACHYIO
(2 mpoOsl) 1 ypesBbIuaiiHo onacHyo (1 mpoda) mist
3/IOPOBBST HACENIECHHS SKOJIOTHYECKYI0 0OCTaHOBKY.
[Ipu ymepeHHO omacHOW cHUTyallMu HaOMIOmaeTCs
obmast 3a00J1eBaeMOCTh HACEIICHHUS;, TIPH OIACHOM
pacTeT YMcio YacTo OOJICIOMIMX JAETeH ¢ XPOHH-
YECKUMU 3a00JIeBaHUSAMU, HAPYIIICHUSIMHU (QYHKITHNA
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CEepIICUYHO-COCYNUCTON CHUCTEMBI; TPH YPE3BbIUAii-
HO OIACHOM COJICP)KaHUH DIICMEHTOB OTMEYaeTCs
yBeJIH4eHHe 3a001eBaeMOCTH JIETCKOTO HACEJICHUS,
HApYIICHUE PENPONYKTUBHOW (DYHKIMU IKEHIHH
(YBEIMYEHUE TOKCHKO30B OEpPEMEHHOCTH, YHCIIA
HPESKAECBPEMEHHBIX POJIOB, MEPTBOPOXKIAEMOCTH,
TUNOTPO(UN HOBOPOXKICHHBIX). B 0000meHHOM
BHUJIE 3TO COOTBETCTBYET COCTOSHHIO 3I0POBBS Ha-
cenenust Hosorpouuxa.

COBpeMeHHafl PaAHOAKTUBHOCTD 10/IUHBI PEKH
C MOHAIMTOBOM POCCHINIBIO

B nocnennue roybl, HECMOTPS HA MTPOBEACHHYO
PEKYIBTHUBAIMIO B TIpEJieNiaX MOHAIIUTOBOM JOJIUHBI
MKp. HoBoTpowuika, BbISIBIEH psifi y4acTKOB, MOIL-
HOCTH JI03bl Ha TEPPUTOPHH KOTOPHIX IMPEBHIIIAET
Oe3omnacHbiil ypoBeHb 0.60 Mk3B/4 [S]. 1 MUKpPO3U-
oept (Mx3B) coorBeTcTByeT 100 MkP/4. Ha ygacTke
Ne 1 (oxkpecTHOCTE OyHKEpa PY/IBI) 1032 COCTABISICT
0.92 MK3B/4, uTO OOYCIIOBICHO HAKOIUIEHHEM TO-
puii-comepikarieit pyasl BOmu3u Oyakepa. KpymHoe
IUIOMIAHOE 3arps3HeHue Ha yuacTke Ne 3 mpenro-
JIOXKHUTETHHO 00YCIIOBICHO 3PO3Hel TOYBHI CO CTEH
Kapbepa — pyda PErylsipHO CMBIBAETCS OCaJKaMH
U cKarumBaercs BONM3HM pycia peku KuOupeska,
MpOTEKAOIIeH depe3 Kapbep. AHAJOTHIHAS CUTY-
anus HaOMonaeTcs U Uisl 3arpsi3HEHHBIX yYacTKOB
Ne2,4,5,7. Ha ygactke Ne 6 (OKpeCTHOCTD ITecya-
HOW HACBIIK Ha 00OYMHE AOPOTH OONBIIETPY3HOTO
TpaHcropra) 3aUKCUPOBAHO MAaKCHUMAalbHOE 3Ha-
4yeHue 1036l paguanuu — 1.30 Mx3B/4.

BoiBoABI

Jo 1990-x rr. npouuloro Beka KUTENH
HE NPEICTaBIUIM BCEH ONACHOCTH MPOKUBAHUS
B 1. HoBorpounke. Brocnenctsum Obuio cHece-
HO M OTPEMOHTHPOBAHO MHOXKECTBO COOPYKCHHH,
MMEIOIINX BBICOKUH panuannoHueiii Gon. Ho mpu-
HATBIX Mep HenocrarouHo. [ist 1. banes TpeGyercs
IPOBEICHUE KOMIUIEKCHBIX —3KOJOI0-IeOXMMHuye-
CKMX pPaloT, BKJIIOYAIOLIMX: a) JAeTalbHOE HU3yue-
HUE€ UM MOHHUTOPUHI paJHallMOHHOM OOCTaHOBKH,
0) umccnenoBaHME MOA3EMHBIX U TOBEPXHOCTHBIX
BOJI, B) OIIPOOOBAHME [10YB Ha BCEH IUIOMIAAM TOposa,
I') TEOXMMUYECKUH MOHUTOPUHI XBOCTOXPaHWIHILL,
J1) MEIUIMHCKUE WU COLMOJIOTMYECKHE MCCIIEN0Ba-
HUsL, €) ONBITHBIC pa0OTHI Ha 3apaKEHHBIX yYaCTKax
M0 TPUMEHEHWI0O COBPEMEHHBIX afICOPOEHTOB, MO-
DJIOLIAIOLIMX TSDKENbIE METAIbl U PaJMOaKTHBHbIC
raspl. J[s TEOXMMHYECKOrO WCCIIEeOBAaHHS II0YB
NpeJIaraeTcs UCHoIb30BaTh KOJTMYECTBEHHbBIE METO-
Il XMMUYECKOIO aHaJlu3a ¢ MpeAenaMyu OOHapyxe-
Hust B 2—10 pa3 Hmxe [1/IK TOKCHYHBIX 371EMEHTOB.



AxTyanbHON TIpOOIIEMOH SIBISIETCSI OIIEHKa BKJIaza
a’pO30JILHOTO TepeHoca 3arps3HUTENe B NEpUoj
TPAHCIIOPTUPOBKU 1IJIAMOB 30JI0TOM3BIJIEKATEIIbHBIX

(habpuk o Teppuropun Mkp. HoBoTpownmk. Bee atn
paboThl TPEOYIOT 3HAYNUTEIHLHOTO (DUHAHCHUPOBAHMUS,
KOTOPOE OTCYTCTBYET y TOPOACKON aIMUHUACTPAITHH.
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BBISIBJIEHUE ®A3 B BOJIb®PAMOBBIX KOHIHIEHTPATAX,
HETATHUBHO BJIMAIOIINX HA UX KAYECTBO

Paoomckan T. A., Kaneesa E. B., Bacunvesa U. E., Illabanoea E. B.,
Yyewosa A. I., benozéposa O. I0., Mumuuxun M. A., Aitcyesa T. C.

Hucmumym ceoxumuu um. A. I1. Bunoepaoosa CO PAH, HUpxymck

Beenenne

Bonbdpam BXOIUT B TepevyeHb OCHOBHBIX BH-
JIOB CTPATETHYeCKOT0 MHUHEPAIFHOTO CHIPhS, yT-
BepxAcHHbIN Pacnopsbxkenuem IIpasurenscrsa PO
ot 30.08.2022 Ne 2473-p. HecMOTpst Ha 3HAYUTENb-
HBIE pa3Mepbl POCCHICKOW CHIPHEBOW 0a3bl BOJNb-
(¢pama, B ee cOCTaBe MPAKTUYECKU OTCYTCTBYIOT
pe3epBHBIE OOBEKTHI, COIEpPIKAITUE PEHTAOCITbHBIE
Uit OTpabOTKK PyIbI M TIPEACTABISIONIAE HHTEPEC
JUlst Heipornoib3oBareneil [5]. KonmnyecTBo 3anacos
BOIIb()pama, BOBJIICUCHHBIX B OTPabOTKY, HE3HAYH-
TEJBHO, YTO BO MHOTIOM OOYCIIOBJICHO MX HCUEp-
MaHueM Ha JEHCTBYIONINX pPyIHHMKAX BCIEICTBHE
JUTUTENbHOM Kcmutyatanuu [2]. B ¢Bsi3u ¢ 3TuM ak-
TyallbHO pelIeHre MPOOIEMBI CHIPHEBOTO ACPHUIINTA
4yepe3 BHEIPeHUE 00Jiee COBEPIICHHBIX TEXHOIOTHIA
nepepaboTKH pyJ ¥ TEXHOTEHHBIX 3armacoB. OMHUM
U3 Takux OOBEKTOB sBIsieTcs bapyH-HapsiHckoe
TeXHOreHHOe  MecTopoxaeHue  (PecmyOnuka
BypsTus), kotopoe mpeacTaBIsIeT COO0I0 OTBAIBI
U JIe)KaJIble XBOCTHI, pACIUIOKEHHBIE HA TEPPUTOPUN
JIXuIMHCKOTO BONTB(PaMO-MOIHOIEHOBOTO KOMOH-
HaTa, aerctytomero ¢ 1934 mo 1996 rozasl. 3a sTot
neprosl ObUTM HAKOIJICHBI TEXHOTEHHBIC OTXOIbI

B konmuuectBe 44,5 muH TOHH. ['ocymapcTBeHHBIM
OamaHcoM P® y4uTHIBarOTCS TEXHOTEHHBIE 3aIIachl
TPUOKCHAA BOIb(pama IS OTKPHITOH OTPabOTKH
no kareropuu C, B konu4ectse 12 337 TOHH, 1O Ka-
teropun C,— 428 ToHH, 3a0a1aHCOBBIE (OTBAJIBI) —
4743 touusl [1]. Pa3paboTkoii XBOCTOXpPAHMIIUII]
JIxuHCKOTO BONTB(PaMO-MOIHOIEHOBOTO KOMOH-
Hata 3aHuMaeTcs npennpusatue AO «3akaMeHCK,
MPOM3BOSIIEE  BOJb(PaMOBBIE  KOHIIGHTPATHI.
Conepxanne WO, B KOHIIEHTparax, MPOU3BEICH-
HbIX B 2020 . AO «3akaMeHCK» U3MEHSUIOCH B TIpe-
nenax 35-37 mac. %, IpH 3TOM ypOBEHb U3BIICYEHUS
WO, B TOBapHYIO MPOAYKIMIO BapbupoBan ot 24
1o 87 mac. %, B cpenneM coctabisisi 60 mac. % [2].
Pa3paboTka TeXHOIOTHIT KOMITJICKCHOH TTepepaboTKu
TEXHOTCHHBIX OTBAJIOB U JIEXKAaJIBIX XBOCTOB COIPO-
BOYK/TaeTCS MCCIIEIOBAaHIEM MUHEPAJIHHOTO COCTaBa
MPOIYKTOB TepepabOTKU C LENbIO BBISBICHUS (a3,
HETaTUBHO BIIMSIONINX HA KA4ECTBO BOJIH(PPaMOBO-
rO KOHIIEHTpaTa.

B naHHOU paboTe MpUBOASTCS PE3yJabTaThl HC-
CJIeIOBaHNS MHHEPATHbHOTO W XHMHYECKOTO CO-
cTaBa JIBYX P00 MEIKO3EPHHUCTOTO ¥ TOHKO3EPHU-
CTOTO BOJIb()PAMOBBIX KOHIICHTPATOB, TOITYYEHHBIX
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B pesyinpTare oOOOralleHHs JIeKalIbIX XBOCTOB
bapyH-HapbIHCKOTO TEXHOTEHHOTO MECTOPOXKIE-
HUSL, C LIEJIBIO BBISIBIICHUS (Pa3, CHIDKAIOIINX Ka4ecT-
BO KOHEYHOI'O ITPOAYKTA.

MarepuaJjibl 1 METObI

BonbdpamMoBble  KOHIIGHTpaThl — Pa3lIeisuIUCh
10 YIEITbHOMY BECY MUHEPAJIOB HA TSKEITYIO U JIET-
Kyt (ppakiuu rpaBUTAI[MOHHBIM METOJIOM C IIOMO-
IIBIO TPHOpOMMETaHa. DJIEKTPOMarHUTHOE pa3/ierne-
HUE TSOKENOH (HpaKIKK 0 MArHUTHOCTH MUHEPAJIOB
Ha YeThIPE IEKTPOMATHUTHBIC (PPAKIIUU TPOBOIN-
JIOCHh C TIOMOIIBIO Ceraparopa M30IMHAMHYECKOTO
MarautHoro (CHM-1) ¢ mpeaBapuTeNbHbIM yrase-
HUEM CHJIBHOW MAarHUTHOW (Ppakmuy ¢ ITOMOIIBIO
MarHuta. lloykoin4ecTBEHHbI MUHEpaJoruyec-
KWW aHAJIA3 YETHIPEX AIMEKTPOMATHUTHBIX U JIETKOH
(bpakiuy, Moy4YeHHBIX 3 BOIb()PaAMOBOTO KOHIICH-
Tpata, NPOBOIUICS ONTUKO-MUHEPATIOTHYECKUM
MeTozoM. [lomydenHsie B pe3ynbTare rpaBUTAIHOH-
HOTO U DJIEKTPOMArHUTHOTO pa3liesieHus (paKkiuu
MOHTHPOBAJIMICh B IIANIKKA C MOMOIIBIO SITOKCH]I-
HOW CMOJIBI 11 MHUKPOCKOIMYECKOTO HCCIIE0Ba-
HUS ¥ U3y4eHUus: (a30BOr0 COCTaBa BOJIb(PPaMOBO-
TO KOHIIGHTpara Ha CKaHHPYIOIIEM AIIEKTPOHHOM
MHUKpocKonie. MuHeparpapuueckoe HcciaeqoBa-
HUe (Qpakmuii BOIbPpPaMOBOrO KOHIICHTpATa ¢ Iie-
JBbI0 MJICHTU(UKAIIMA MUHEPAJIOB 1O ONTHYECKUM
CBOMCTBaM B OTPaXEHHOM CBETE MPOBOJUIOCH
¢ ucronb3oBaHueM Mukpockona Olympus BX-51
¢ (DYHKIUSIMU TPOXOASIIETO U OTPAKEHHOTO CBETA,
ocHaméanoro ¢otoammaparom Olympus.

UccnenoBanne  BOMb()PaMOBBIX — KOHLEHTpa-
TOB ¥ (pakiyii BBHIMOJHEHHI Ha OOOPYIOBaHHH
Lentpa xomrexkTuBHOTO moONb30BaHus «M30TOMHO-
reoxumudecknx wuccnegosanuiiny MI'X CO PAH.
XUMUYECKUH COCTaB MHUKPOOOLEMOB TBEPIOTO Be-
1iecTBa 1 pazoBoro cocrana (ppakiyii BOIbPpamMoBOro
KOHIIEHTpATa OIpPENeIsUICs PEHTTEHOCHEKTPATbHBIM
MHUKpPOAHAJIM30M C TIOMOIIBIO 3HEPrOUCIIEPCHOHHO-
IO CIIEKTpOMETpa (CHUCTEMa 3HEPrOANCIIEPCHOHHO-
ro mukpoananmza AztecLive Advanced Ultim Max
40 c Oe3azotHeIM gerekropoM, Oxford Instruments
Analytical Ltd., AHIHS) Ha CKaHUPYFOMIEM 3JICKT-
ponHoM Mukpockorne Tescan MIRA 3 LMH.

MuHepanbHBII COCTaB M IMOIYKOJINYECTBEHHOE
cozepkanue (a3 onpeaessuIUCh METOAOM ITOPOIII-
KOBOH PEHTICHOBCKOW TU(PAKIMH C WCIOIB30-
Banuem nu¢paxromerpa D8 ADVANCE Bruker,
OCHAIICHHOIO CHUHTWUISLUOHHBIM JETEKTOPOM
u 3epkaioM Gobel mpy MOMIaroBoM pekuMe CheM-
k1 B jquarnazone 4—70° 20, ucnons3ys CuKa uctou-
HUK U3TYYCHHUS.
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ITomykonmudaecTBEHHOE OTpeAceHue DICMCH-
THOTO COCTaBa IMPOO BBITOJHEHO METOJIOM ATOMHO-
avuccrorHol criekrpomerpun (ITIKADC) ¢ momo-
mpto cnekrporpaga CTDO-1 crmocobom MmOTHOTO
ucrmapeHus Mmpod W3 KaHala rpaduTOBOTO AIIEKT-
pona B Iia3My BEPTHKAJIbHON JYTH MEPEeMEHHOTO
ToKa Tipu (HoTOrpaduuecKoil PEerUCTPAIlUN U BU3Y-
aJBPHOW WHTEpHpETanu CIeKTpoB. OmpenerncHue
COJIEP’KaHUM AIIEMEHTOB MPOBOJUIIOCH IO CIIOCO-
Oy WcrapeHus BemlecTBa W3 KaHaia rpaduroBoro
3JIEKTPOJIa: B Jyre MEPEMEHHOro TOKa MpH (hoTo-
rpaUYecKodl perucTpalvy U BU3yaJIbHOH HHTEp-
[IPETaIUH CIIEKTPOB.

Omnpenenenue cepbl B MpoOax BHITIOJIHEHO Me-
TOJIOM PEHTTeHO(IYOPECIIEHTHON CIIEKTPOMETPHUN
C MOMOIIBID PEHTTCHO(ITYOPECIIEHTHOTO CIIEKTPO-
meTpa Bruker CTX-800 B aHamuTH4YECKOM OTHEIE
UCCIICIOBAHUS T'€OJIOTHYCCKUX 00pa3lloB HAay4YHO-
y4eOHOHU 1Ta00PaTOPUH IKCIIEPUMEHTAIILHOM T€0JI0-
rumn UT'Y.

Pe3yJI]>TaTbI HCCIe0OBAaHUSA

Pasmep Oosblield yacTu 3épeH B MEJKO3EpHHC-
ToM Bosib(pamoBom konueHrtpare (K-107) Bapbu-
pyercst B penenax ot 0.3 mo 0.16 MM, B TO Bpems
KaK B TOHKO3EPHUCTOM BOJIL()PaMOBOM KOHIICHTpA-
te (K-86) — oT 0.2 MM 1 Menpde. Menkue pa3Mepbl
3¢épen koHieHTpata K-86 3arpyassroT ero pasnene-
HUE, KaK B TDKENON KUAKOCTH, TaK M C TIOMOIIBIO
JIIEKTPOMArHUTHOIO cernaparopa. Beixon n€rkoit
¢pakuuu U3 00OMX KOHLEHTPATOB HE3HAYUTENICH
u cocrasisiet 0.3 u 0.6 mac. % a7 MEIKO3epHHUCTO-
IO M TOHKO3EPHUCTOTO KOHIIEHTPaTa COOTBETCTBEH-
HO (Tabm. 1, 2).

B pesynbrare »IeKTpOMarHUTHOTO pa3fieieHus
BOJIb()PAMOBBIX KOHLIEHTPATOB IO MAarHUTHOCTH
MHUHEPAJIOB OBbLIO TONy4eHO dYeThipe BUjaa (pax-
LUUi: CHUJIbHOMAarHUTHAs, MarHWTHAas, CpeaHeMar-
HUTHAs!, HEeMarHUTHasl.

CunpHOMaruutHast  ¢pakius Oblia  BbIjEINe-
Ha pPy4YHBIM MAarHUTOM W JOYHWINANach Ha O3JIEKT-
POMarHMTHOM cenaparope ¢ CHJIOW Toka He Ooiee
0.2 A.Ona cocraBuna 1.5 u 4.3 mac. % ot oOei
MacChl MEITKO3EPHHUCTOTO M TOHKO3EPHHUCTOTO KOH-
LEHTpaTa COOTBETCTBEHHO. JlaHHas (paxums mpe-
AMYIIIECTBEHHO COCTOWT W3 MarHeTuTa, B MEHbBIIEeH
CTEIICHU TeMaTuTa, réTuTta U wibMeHuTa (tadi. 1, 2).
B cpocTkax ¢ MarHMUTHBIMH MHHEpajiaMd OTMeda-
I0TCS [TUPUT, CITIONIBI, TFOOHEPHUT, IIECIHT, TOJICBhIC
LIMAThl, KBapL, MOHAMT. [ IMpUT 00BIYHO HMEET Kaii-
My W3 TeMaruTa u Tétura. JT1a (pakmus 1o couep-
YKaHUIO0 MacCOBOH J1oim o0riiero xkenesa (60 mac. %)
COOTBETCTBYET OOTaThIM JKEJIE3HBIM pyzam [3].



Tabnuma 1

MuHepanbHblii coctaB Menko3epHucToro (K-107) Boib(pamoBoro koHueHTpara u gppaxknmii,
MOJIYYeHHBIX B pe3yJibTaTe IPABUTALMOHHOMN U 3JIEKTPOMATrHUTHOM cenapanuu

Wupexc mpoObr 107 107-J1dp 107-Tpp-CM 107-Tpp-M 107-Tdpp-CpM 107-Tpp-HM
Tsoxénast hpakmms
O06o3HaueHne Ucxomubrii Jlérkas
. CunbHo- Cpenne-
(bpakuuu KOHIIGHTpAT: | (paxuus MarnurtHas Hemarnurhas
MarHuTHas 04<1>0.1 A MarHuTHas 1>14 A
1<0,1 A ’ ’ 1,4<1>04 A ’

Brixon
(dpakumy, 100.0 0.3 1.5 58.7 11.8 27.7
mac. %
Munepan 1 2 3 4 5 6
I'toGueput™’ 59.8 1.2 0.9 90.7 53.8 0.6
[eenut*’ 24.3 3H. 0.7 14 24.0 74.6
[Mupur*’ 4.8 0.4 1.1 0.5 2.6 15.1
Maruerur*’ 1.2 H.O. 77.6 3H. H.O. H.0.
Wnemenut 0.2 0.8 7.7 0.2 H.O. H.O.

ko
Fevtarir 32 H.0. 10.0 52 H.0. .0.
TETUT
Pyrun*’ 0.4 0.7 H.O. 0.3 1.2 0.4
Dnupor*’ 1.4 14.0 H.O. 3H. 11.1 H.O.
Lupkou™’ 0.6 0.1 3H. 3H. 0.2 1.9
Drooput*’ 1.6 20.4 0.01 3H. 3H. 5.7

. *

COMLI: MyCKOBHT™, 0.7 10.0 1.6 0.6 0.6 0.9
(rorormut
KanueBnie
1OJICBBIC 0.1 20.2 3H. 3H. 3H. 3H.
IIIAThI
[Tnaruokmasz* 0.2 18.1 0.4 3H. 0.2 0.4
Kgapu*’ 0.2 9.9 3H. 3H. 1.1 3H.
Amnarut’ 0.1 4.1 H.0. H.O. 3H. 0.4
Monarnur’ 1.2 H.O. H.O. 1.1 4.6 3H.
YpaHuHut’ 3H. H.O. H.O. H.O. 0.1 H.O.
Cyﬂb(boc,onﬂ 3H. H.0. H.O. 3H. 0.2 3H.
BUCMYTa
lanenur 3H. H.O. H.O. 3H. 0.3 3H.
Ironprur*’ 3H. 3H. H.0. 3H. 3H. 3H.
Xanbkonupur’ 3H. H.O. H.O. 3H. 3H. 3H.
Cdanepur’ 3H. H.O. H.O. H.O. 3H. 3H.

IIpuMeyaHue: IMArHOCTUKA MMHEPAJIOB M ONPEIEICHHE HMX MOJYKOJIMYECTBEHHOIO COIEP)KAHUS HMPOBOAMIOCH KOMIUICKCHO: OITHKO-
MHUHEPAJIOTHYECKUM U MUHEparpagu4ecKuM METOJIaMi, PEHTTeHO(a30BbIM aHAIM30M (*) M PEHTI€HOCIIEKTPaIbHBIM MUKpOaHaiu3om (7).
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Ta6auma 2

MuHepanbHblii cocTaB ToHK03epHHCTOro (K-86) BoibpaMoBoro koHneHTpara u gppaxumii,
MOJIy4eHHBIX B pe3yJibTaTe IPABUTALMOHHOI H 3JIEKTPOMAarHUTHOM cenapanuu

gggg 86 86-Jbp 86-Tpp-CM | 86-Tdp-M | 86-Tdpp-CpM | 86-Tp-HM
Tsoxénast ppakums
O06o3HaYeHNE Hcxonubrit Jlérkas C
WIBHO- Cpenne-
(bpakuuu KOHIIEHTPAaT (bpaxmst MaruunTHas Hemarnurnas
MArHHTHAs | ) 3o (| o | Maruurhas 1> 14 A
1<0,1 A ’ ’ 1,4<I1>035A ’
Berxox ppaxim, 100.0 0.6 43 49.6 5.1 40.4
Mmac.%
Munepan 1 2 3 4 5 6
T'toGueput*’ 43.6 1.2 0.4 84.9 20.6 0.9
eemut*’ 29.6 3H. 0.3 1.3 46.2 65.8
[Mupur*’ 9.6 0.9 2.8 1.0 9.7 20.9
Maruetut*’ 3.5 H.o. 82.3 3H. H.o. H.o.
Wnbmenur’ 3.4 0.4 3.2 6.6 3H. H.o.
%
Fevvarru” 32 3n. 9.7 5.7 3u, H.o.
U réTuTd
Pyrun*’ 0.8 0.6 3H. H.o. 1.7 1.8
Onupor*’ 2.0 33 3H. H.o. 14.8 3.1
Hupkon™®’ 1.0 0.1 0.1 3H. 0.5 2.5
Dnrooput*’ 0.9 15.1 3H. 3H. 3H. 2.1
. L
CAONL: MyCKOBHT, 0.9 8.6 0.6 3n. 1.7 1.7
¢moronut*
Kamenpie noesie 0.2 15.1 3m. 3m. 2.4 3m.
LITIATHI
Tnarioias 05 24.2 0.6 0.1 1.2 0.6
anpout*
Kaapr*’ 0.2 28.2 3H. 3H. 3H. 3H.
Amnarut’ 0.2 2.2 H.o. H.o. 3H. 0.5
Momnarur’ 0.2 H.o. 0.1 0.4 0.5 3H.
VYpaunaut’ 3H. H.o. H.o. H.o. 3H. 3H.
Cyawocomn 3m. H.o. 3m. 3m. 0.8 3m.
BHCMYTa
l'anenur’ 3H. 0.2 H.o. H.o. 3H. 3H.
IItoneuur*’ 3H. 3H. H.o. 3H. 3H. 3H.
Xanbkonupur’ 3H. 3H. 3H. H.o. 3H. 3H.
Ccoanepur’ 3H. H.o. H.O. H.O. 3H. 3H.
Cunepur’ 3H. H.o. 3H. H.o. H.o. H.o.
Tpanar s 3H. H.o. H.o. 3H. H.o. H.o.
creccapTud

IIpumeyanue: IUArHOCTHKA MHHEPAIOB M ONpEeleHHe HX IOIYKOJIMYSCTBEHHOIO COAEPIKAHUS IIPOBOAMIACH KOMIUIEKCHO: ONTHKO-
MUHEPAJIOTHYECKUM M MUHeparpagpu4ecKuM METOIaM1, PEHTTeHO(A30BbIM aHATH30M (*) ¥ PEHTI€HOCIEKTPAIbHBIM MUKpOaHanu3oM ().

MarnuTtHass (Qpakius KOHICHTPATOB MPEHMY-
IIECTBEHHO COCTOMT U3 rto0Heputa (85-91 mac. %)
U SIBIISIETCS caMoi 00bEMHOM (pakiueii —58.7 1 49.6
Mac. %, BBIJIENIEHHON M3 MEJIKO3EPHUCTOTO U TOHKO-
3epPHUCTOTO KOHIIGHTPAaTOB COOTBETCTBEHHO. Cuia
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TOKa, IIPY KOTOPOH IMTPOUCXONIIA CEITaparus, COCTaB-
nsima He Oosee 0.4 m 0.35 A it MEJIKO3EpPHUCTOTO
U TOHKO3EPHUCTOrO KOHIEHTPAaToB. MarHuTHbIC
(hpakumu o conmepxannio Boib(ppama (50 mac. %)
COOTBCTCTBYIOT TCXHUYCCKUM TpC6OBaHI/ISIM, npeab-



SIBJISIEMBIM K BOJIL(PAMHUT-TIOOHEPUTOBBIM KOHIICHT-
param 3 copra— KBI'-3 o [4]. B kauecTBe Bropocte-
[IEHHBIX MMHEpAJIOB B 3TOM ()pakiMu OTMEYAIOTCS
TeMaTHT, TETHUT, WIBMEHHT, CIIONA, TMPUT, MOHAIIHT,
PYTHII, CPOCTKHU TFOOHEepuTa U meennta (Tadm. 1, 2).
B BUJIe eIMHUYHBIX 3HAKOB BCTPEYAIOTCS IITOJBIIHT,
MarHeTHT, IUPKOH, SIUAOT, TIOJIeBbIE ATk, KBapl,
raJIeHUT, Cy/Ib(OCOTIN BUCMYTA.

CpenHemarnutHasi  (pakis — CemapupoBajIach
B uHTepBaje ot 0.35-0.4 mo 1.4 A. B oty ¢paxuuto
OTJEISAIOTCSl TIPEUMYIIIECTBEHHO CPOCTKU THOOHEpH-
Ta W IICETINTA, YTO MPUBOIUT K HEM30EKHON MoTepe
BoNTb(hpama TMpu JTaHHOH cxeme oborameHus. Brrxon
91Ol (pakimu cocrapiser Bcero 11.8 u 5.1 mac. %
IUIsI MEJIKO3EPHUCTOIO U TOHKO3EPHUCTOTO KOHLIEHT-
paToB, COOTBETCTBEHHO. B 3Ty (hpakumio otaensercs
ocHoBHas yacth Th- n U-comeprkaiyx MHHEpPaoB —
MoHaITa U ypanuauta. OHU BHOCST PaJIMOaKTHB-
HBI BKJIaJ B BOJIb()PaMOBBIC KOHIIEHTPAThl. DTH JIBa
MUHEpaJia OTXOJAT B Y3KWH MHTEPBAJI C CUJIOW TOKa
or 0.6 10 0.9 A. B TOHKO3EpHHCTOM KOHIIEHTpare
(K-86) mMeHbIIIe pagroaKTUBHBIX MUHEPAJIOB M THOO-
HEepHTa, HO OOJIBIIIE IIIEeTUTA M0 CPABHEHHIO C MEJIKO-
3epHHUCTHIM KoHLeHTpaToM (K-107). Jlannas ¢ppaxuus
oboramena La (0.8-3.0 mac. %) u Ce (1-2 mac. %).

HemarnutHast ¢ppaxiys 3aHUMaeT 3HaYNTETbHBIN
006éM — 27.7 1 40.4 mac. % A MENKO3epHHUCTOTO
Y TOHKO3EPHUCTOTO KOHIIEHTPATOB COOTBETCTBEHHO,
U TIPEUMYILECTBEHHO COCTOMT M3 LICENIUTa C MOJ-
YHHEHHBIM KOJIMYECTBOM ITUPHTA, PITFOOPUTA, IINPKO-
Ha, pyTHJIa, 3MHUI0Ta, CIIOABI U anatuta. B cpocTkax
C IICSTUTOM OOHAPYKUBAIOTCS TFOOHEPUT U IITOh-
IUT. B Bujie eqMHUYHBIX 3HAKOB OTMevaroTcs cda-
JIEPUT, TAICHUT, XaJIbKOITUPUT, CYIb(POCOIN BHCMY-
Ta, MOHAIUT, KBapll W Iuarnokias. KonmeHrpanus
cepsl B HEMarHuTHOM ¢pakuuu coctasisser 9.07
1 5.91 mac. % 1 TOHKO3EpHUCTOTO ¥ MEJIKO3epHHC-
TOTO KOHIIGHTpara COOTBETCTBEHHO. HemarHuTHbIC
(pakuuy Mo CONEPIKaHMIO BCEX PENIAMEHTHPYEMBIX
2IIeMEHTOB KpoMe cepbl (<1.5 mac. %) COOTBETCTBY-
0T TEXHUYECKUM TpeOOBaHMSM, NPEIbSBIICMbIM

K MICECIIMTOBBIM TBEPAOCIIJIABHBIM KOHIICHTpAaTaM
3 copra — KBI-3 no [4]. B ucxonnoii ¢ppakuuu co-
JiepKaHue cephl peBbIIaeT conepxanue 0.8 mac. %o,
TpeOyemoe 1o [4], u cocraBnseT 3.9 u 1.99 mac. %
B TOHKO3EPHHUCTOM U MEJIKO3EPHHCTOM KOHLICHTpATe.
Cepa BXOAUT B COCTaB CY/Ib(PHIOB, MPEUMYIIECT-
BEHHO MUPUTA, KOTOPBI MOXKET OBITH JIETKO YIAJIEH
13 HEMarHUTHOTO KOHLEHTpara (hIoTaluOHHBIMU
MeToAaMu oboramieHust. ITOT MPOLEcC MOKHO BBI-
MOJIHUTB JI0 PA3/ENICHHsI HCXOIHOTO BOIb(PaMOBOTO
KOHIEHTpara METoAaMMn MarHuTHOM cerapanuu.

BriBoabl

Takum o00pazom, BoIb(pPaMOBBIE KOHIIEHTpA-
ThHI, TIOJNIy9E€HHBIE W3 JIEKAIBIX XBOCTOB bapyH-
HapbiHCKOrO ~ TEXHOT€HHOTO  MECTOPOXKICHUS,
B KauecTBE BPEAHON IPUMECH COIepXkar cepy,
KOHIICHTpALUsl KOTOPOH TpEBBIIIAET JIOMYCTHU-
Mble 3HadeHus [4]. K neratuBHbIM (azam, npu-
CYTCTBYIOIIMM B  KOHIIGHTpAaTrax, OTHOCATCS
Th- u U-conepskariyie MUHEpaIbl — MOHAIUT U ypa-
HuHUT. OOorameHue BONb(PPaMOBBIX KOHIIEHTpA-
TOB C IOMOIIBIO AIIEKTPOMATHUTHOHM cemapanuu
MO3BOJISICT TIOBBICUTh MX Ka4deCTBO, YAAJIUTH Hera-
TUBHBIE (ha3bl U IOIYYUTH HECKOJIBKO BUJIOB CHIPHSI:
BOJB(PaMHUT-TIOOHEPUTOBBIN KOHLEHTpAaT 3 cop-
Ta U UICEJUTOBBIM TBEPIOCIIJIABHBIA KOHIEHTpPAT.
Kpome Bonmb(paMOBBIX KOHIICHTPATOB B PE3yJIbTaTe
paszeneHus ICXOAHOTO KOHIIEHTpaTa Obljia mojyde-
Ha MarHeTuToBas (hpaKiys, COOTBETCTBYOIIAs 0O-
raThlM JKEJIE3HBIM pyaaM. MoHaluT-conepxKamas
(bpaxiys, BeIIeTICHHAS JIEKTPOMarHUTHON cemapa-
e, odoraieHa peaKo3eMeIbHbBIMH AIIEMEHTaMH
(TaHTaHOM U TIEpUEM ), KOTOPBIE HapsIy ¢ BOIb(pa-
MOM BXOJAT B IEpPEYeHb OCHOBHBIX BHJIOB CTpare-
TMYECKOTO MUHEPAIBLHOT'O CBHIPbSL.

Hccneoosanus evinonnenvl Ha 000py0osanuu
Llenmpa xonnekmugno2o nonvzoeanus «Mzomonmo-
eeoxumuyeckux uccreooganuiy HMI'X CO PAH
6 PAMKAX UCHOIHEHUsl 20CYOAPCMBEEHHO20 3A0AHUS.
no Ilpoexmy Ne 0284-2021-0008.
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MEJUCTBHIX MECYAHUKOB 3ABAHKAJIBCKOI'O KPAS
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BBenenune

MenucTble IECYaHUKH SIBIISIIOTCS OAHUM U3 Je-
BATH THUIIOB MPOMBINIJICHHBIX MeCTOpO)KZIeHI/Iﬁ
MeIM, KOTOPBI MMEeT BBICOKOE 3HAa4eHHE B 00-
meM 0OanaHce 3amacoB Meau He Tosbko B Poccun,
HO U 3a pyOeoM. 3a0aiikaibCKuil Kpall SIBIISETCS
€IMHCTBEHHBIM CcyObekTOoM B P®, Ha Teppuro-
PUHU KOTOPOI'0 BBIACIACTCA TI'€OJIOTO-IIPOMBIIIICH-
HBIA THUII MECTOPOXKJCHUH MEIMCTBIX MECUAHHKOB.
3amacel Mean 3a0alKajbCKOTO Kpas COCTaBISIOT
MOYTH YETBEPTh OT OOIIMX POCCHUCKUX 3aIacoB
[5]. Taxke Kpome KPYITHBIX 3aIacoB MEIH B HHUX
COCPEIOTOUEHBI 3aIachl 30J10Ta U cepedpa.

W3yuenne B3aMMOOTHOLICHUH MOPOA000pa3yro-
IIUX W PYIHBIX MUHEPAJIOB UMEET OOJIbIIOE 3HAYe-
HHE [IPY NPOBEJICHUH IOMCKOBO-OILICHOYHBIX PadoT,
HPEABAPUTEIILHON Pa3BEIKU U U CO3AAHUS TEX-
HOJIOTUH pa3pabOTKU MECTOPOXKIeHHUs. TeKcTypHO-
CTPYKTYpHBIC XapaKTEPUCTHUKH PYObl M XapaxTep
BKPAIJICHHOCTH ~ ONPEJCISIOT TEXHOJIOTHYECKUE
THUIIBI CPOCTKOB U TMHAMUKY PACKPBITHS MHUHEpa-
JIOB TIPY U3METIBYEHNH PYIIBI [6], TOATOMY H3ydeHHe
CTPYKTYPHBIX B3aUMOOTHOIICHUH MUHEPAJIOB CIIO-
cobcTByeT pa3paboTke 3(PPEKTUBHON TEXHOIOTHH
nepepadoTKH MUHEPAIBLHOTO CHIPBSL.

MarepuaJjibl 1 METObI

OOBbEeKTOM HCCIeOBaHU B JaHHOW padoTe
MOCITY’KHJIa yCPEIHEHHAs TeXHOIIOTHYecKas mpoda
PyZbl, OTHOCSIIAACA K MPOMBIIIJIEHHOMY THITY Me-
JUCTBIX MECYAaHUKOB U AJIEBPOJIUTOB [4], B KOTOPOI
MOy THBIMHU [IEHHBIMH KOMITOHEHTAMH BBICTYIIAIOT
30JI0TO U cepedpo.

MuHepasoro-TeXHOJIOTUIECKOe M3yUEeHUE PYIbI
npoBeHo B MuHepanoruueckom otaenae OO0 HIIK
«Crmpury. PaboTta ocyIiecTBIsiiack B COOTBETCTBUU
C METOAMYECKHMHU pyKoBojacTBamMu Hayunoro cose-
Ta 10 METOJaM MHUHEPAIIOTHYECKUX HUCCIIeOBAHHUN
(HCOMMUN) [1, 2, 3] c npuMeHEeHHEeM OMHOKYIISp-
HOTO cTepeomukpockona Mukpomen MC-2-ZOOM
2CR, cKaHUPYIOILETO MIEKTPOHHOTO MHKPOCKOIIA
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MIRA3 LMH TESCAN B meHTpe KOJJICKTHBHO-
ro TOoNb30BaHUs «l30TOMHO-reOXUMHUYECKUX HC-
cnenoBanuity MI'X CO PAH u momsipu3aiinoOHHOTO
mukpockona Olympus BX53-F B nayuno-yueGHO#
na0opaTopur HKCTIEPUMEHTATIHHOM Te0JIOTHH Te0II0-
rudeckoro ¢akyinsrera UI'Y. Pentrenorpaduueckuii
AHAJIN3 BBITIOJIHSICS B LIEHTPE KOJUIEKTUBHOTO TI0JIb-
30Banus «l eogunamuka u reoxponoiorus» N3K CO
PAH na mudpakxromerpe J[POH-3.0.

Pesyabrathl u 00cyKaeHue

IIpu BH3yasIbHOM aHaN3e 00PA3IIOB PYIbI OBLIO
YCTaHOBJICHO, YTO OHHU NPEACTABICHBI W3MEHEHHDI-
MH OCaJIOYHBIMH OOpa30BaHUSIMU, PACCECUCHHBIMU
KBapIICBBIMU MPOKUIKAMU, C KOTOPBIMH aCCOLUUPY-
eT MeIHO-CyNIbuaHas MuHepanu3aus. Cynbhuapt
Menu — OOpHUT M XaJIBKOIMPUT HAXOIATCS B TEC-
HOM CpacTaHHU JPYT C JPYTOM M BU3YaIU3UPYHOTCS
B BUJIC BKPAIUICHHA, THE3]T M TIPOYKUITKOB.

ONTHKO-MUKPOCKOMTUYECCKHE HCCIEeIOBAHUS
MOKa3aJId, YTO BMEIIAIOIINe TIOPOIbI MpeCTaBIIe-
Hbl MEJKO3EPHHUCTHIMU apKO30BBIMH MeTarecya-
HUKaMU — OJIHOPOJHBIMH MACCUBHBIMH HIIU Cla-
00 craHIeBaTBIMU, WHOTJA CIOHUCTBIMH (pHC. 1).
B MuHepanbHOM cocTaBe MpeoOiafaT KBapil
U M3MEHEHHBINM KaJIMEBBIM IOJIEBOM AT, 3ame-
IEHHBIN MYCKOBUTOM U IIMHUCTHIMH MUHEPATaMHU.
[Inarnoximaspl, MyCKOBHT U XJIOPUT UMEKOT BTOPO-
CTeTNeHHOE 3HaueHue. 3€pHa IJIaBHBIX MHUHEPAJIOB
HUMEIOT CJIOKHBIN XapakTep rpaHull. XJIOPUT O0HA-
PY’KEH B 00pasiiax B BUE PEIKO BCTPEUAIOIITIXCS OT-
JIeTBHBIX YeIIyd U JTUCTOBATHIX arperatoB. [Topoma
MPOHU3aHa KBAapIUEBHIMH KHJIAMH — B OCHOBHOM
OHH CJIOKCHBI CPETHE3EPHUCTHIM IPAHOOIACTOBBIM
kBapieM. KanbiuT HaOmomaercst B 30HaX KOHTaKTa
MeTarnecuaHuKa ¢ KBapIEBBIMU KUJIAMU U B CAMHUX
x)wiax (puc. 2). Penko oOHapy»)uBaeTcs rTUapoTep-
MaJbHBIN XaJIIea0H.

CysnbhuaHas MUHepaau3alys CBs3aHa ¢ Ipo-
JKWUIIKAMUA KBapIIEBOTO COCTaBa, a TaKKe IPOsIB-
JIGHa B BHJIE€ PACCESIHHBIX THE3 M BKpaAIJICHUU



Puc. 1. Muxpodororpadun hparmeHTa KBapIieBOro IecuaHnKa ¢ MACCHBHON TEKCTYpOIl B IPOXOJIAIIEM CBETe. A — aHa-
JM3aTop BBIKIMIOUEH, b — aHanmm3arop BrmodeH. Qz — kBapu, Pl — mmarnokmnas, Ms — myckoBut, PM — pynHblii MuHepan

400 Mkm
Puc. 2. MI/IKpO(i)OTOI‘pa(bI/II/I (bparMeHTa 30HbI KOHTAaKTa METareCYaHnuKa ¢ KBapUCBbIM ITPOKUIIKOM B IMTPOXOAAIICM

cBeTe. A — aHANMM3aTOp BBHIKIIOYCH, b — aHanu3arop BkioueH. Qz — kBapi, Cal — kanbnut, Chl — xitoput, Ms — myc-
KOBUT, PM — pynHbIif MuHepan

B MeTanecyaHuke. PynHble MHHEpasbl MpeCcTaB-
JICHBI B OCHOBHOM XalIbKOTIUPUTOM W OOpPHHTOM,
B TIOMYMHEHHOM KOJMYECTBE — XaJbKO3WHOM, KO-
BEJUTMHOM, C(hajiepuTOM U IaJICHUTOM.

XanbKOHMPUT ¥ OOPHUT 3aTONHSIIOT HHTEPCTUIIMI
HEPYIHBIX MUHEPATIOB U TPEIIWHBI B KBAPIICBBIX HKH-
JIaX ¥ HaXOJSITCSl B TECHOM CPACTaHHH JAPYT C JIPYTOM.
Taroke XaJIbKOIUPHUT 00pa3yeT TOHKYIO JaMeIUIIPHYIO
peniéTky B OOpHHTE W SMYJIbCHOHHYIO BKpAIUICH-
HOCTh B caniepute (puc. 3 B). Horna Bokpyr 3épeH
XaJIbKOTIMPHTA U OOPHUTA, @ TAKXKE 110 30HaM Jeop-
Mali HaOMIoIaeTcs TOHKAsh KOBEIUIMHOBAs KaiiMa
(puc. 3 A). Y GopHHTA TOMUMO KOBEJLTMHOBBIX KaliM
TIPOCTICKUBAIOTCS XAITFKO3UHOBEIE KaliMblI (puc. 3 b).
Penko B GOpHUTE BU3yaIM3UPYIOTCS BKIIFOYCHHS T'a-
JIeHNTA. 3a4acTyl0 BHYTPH BBIICICHUN XJIbKOIIUPHTA
1 OOpHHTA IPUCYTCTBYIOT 000CO0JICHHUS TIOPOI000pa-
3yrommx Munepanos (puc. 3 I).

OnucaHHble BBINIE CTPYKTYpHBIE B3aMMOOTHO-
1IeHus U (POPMBI BBLICJICHHUSI MUHEPAJIOB PY/bl 1103-
BOJISIIOT TPEATNOJIOKUTE, YTO MPU €€ WU3MEIbYCHUH
OymyT 00pa3OBBIBATHCS PA3UYHBIE IO KadueCTBY
CPOCTKH PYIHBIX MHHEPAJIOB C MOPOI000Pa3yONIt-
MH, @ JOCTHYb CEJIEKTHBHOTO PAaCKPBITHS PYIHBIX
MHHEPAJIOB MOYKHO TOJIBKO IPH NIPOBEICHUM OIEpa-
LM TOHKOTO U3MEJTBYCHUSL.

DIEKTPOHHO-MHUKPOCKOTINYECKHUE U MUKPO30H-
JOBBIC HUCCJIICAOBAaHUA IMOATBCPAWIN JAaHHBIC OII-
TUKO-MHUHEPAJIOrHYECKOTO aHAJIN3a, a TaKXkKe IM03-
BOJIMJIM OLIEHUTH 3JIEMEHTHbIE COCTAaBbl OCHOBHBIX
pyznHBIX MuHepasoB. Kak BuaHO u3 Tabnuusl 1, co-
JepKaHMsl 3JIEMEHTOB B XaJIbKOIIMPUTE U OOpHUTE
BBIICP)KaHHBl M OJM3KH K CTEXMOMETPUYECKHM
nokaszareisiM. B xanpkonupure Obuin ycTaHOBIIe-
HBI peIKMe BKIIOUCHUS MOJIUOJCHHUTA pa3MepoM
OKOJIO 3 MKM.
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Puc. 3. Mukpodororpadguu BbIICICHUNA PYyIHBIX MHHEpanoB. OTpakEHHBIH CBET, aHAJIM3aTOP BBIKIIOYCH.
A — pa3BUTHE XaJlbKO3MHA MO XaJbKOMUpuTy, b — cpacraHust GOpHHUTA C XaJbKOIMPUTOM M KOBEJJIMHOM,
B — 000co0neHuss mopoaoo0pa3yoniMx MHUHEPAJOB B XalbKONMHpPUTE, I — SMYJIbCHOHHAs BKPAIUICHHOCTh
xanpkomupuTa B canepute. Bn — 6opuut, Cep — xanpronuput, Cv — koBesuinH, Cc — Xanbko3uH, Sp — cdanepur

Tabnuna 1

DJIeMeHTHBII cocTaB OOPHUTA M XaJILKONUPHUTA, Mac. %

Ne n3mepenus | Cu Fe S Cymma Dopmyna
bopuur
1 61.90 11.06 25.70 98.66 Cu, Fe .S,
2 62.21 11.02 25.60 98.83 Cu, . Fe oS,
3 61.41 10.59 25.72 97.72 Cu, ,Fe .S,
4 61.62 10.74 25.67 98.03 Cu, Fe .S,
5 59.39 12.68 26.85 98.92 Cu, Fe, S,
6 60.39 12.53 26.51 99.43 Cu, Fe, .S,
XanbKOMUPUT
7 33.97 30.23 34.71 98.91 Cu,,,Fe, S,
8 34.11 30.56 33.86 98.53 Cu, ,,Fe .S,
9 33.75 29.81 34.25 97.81 Cu, ,Fe, S,
10 33.84 29.80 34.15 97.79 Cu, ,,Fe, S,
11 33.49 29.30 33.43 96.22 Cu, , Fe S,

36



OnTrKO-MHHEPAJOTHIECKU aHaIn3 APOOIEHOM
PyABl MOKa3al, YTo MOponooOpasyromye MUHepa-
Tel (KBapIl, TOJICBBIC INITATHI, KapOOHATHI M CITIO-
JIBI) CllararoT OCHOBHYIO Maccy TpoObl — 90.9%.
[IpeobnanaomymMu  pyIHBIMA MHHEpPAJIAMU  SIBIISI-
10TCs XabkonupuT (2.4 %) u 6opaut (5.5 %), B ox-
YUHEHHOM KOJMYECTBE HAXOAATCS TAJIICHUT, cae-
pUT U apceHonuput. Bropuunble MuHEpaibl Menu
MPE/ICTaBICHbl XAJILKO3UHOM, KOBEJUIMHOM U MaJja-
XUTOM. B equHuUHBIX 3EpHAaxX OTMEUEHO IpPUCYTC-
TBUE CaMOPOJHOTO 30J0Ta. [Ipy npoBeneHun MuHe-
paJlorHYecKuX HCCIECIOBAHUM MUHEpajbl cepedpa
B M3y4JaeMoil HaBecke He oOHapykeHbl. OmHAKO pa-
UMOHAJBbHBINA ((ha30BbI) aHa M3 PyAbl Ha 30JI0TO
u cepeOpo MoKasal, 4To COAEpIKaHUEe 30JI0Ta B IPO-
0e cocramisier 0.27 r/1, a comepkaHue cepedpa —
111.62 1/1. Cepebpo B AaHHOW pyIe MOXKET coep-
xartbesi opMe cyinbhoconel WM B BUJIE TIPHMECH
B CaMOPOJIHOM 30JI0TE U B CYIb(GHUIHBIX MUHEpaax.
Jlis muarHocTHKH (hOpM HaXOXKICHUS cepedpa Heoo-
xoauMo OoJiee JeTanbHOe U3yYeHUE PYIIbL.

[Tocne m3menpueHUs: pyAbl TakXke ObLIa MPO-
BeJleHa KiacCU(UKAIMS CPOCTKOB OCHOBHBIX
MHHEPAJIOB MEIH (XalbKOMMUPUTAa W OOPHUTA) OT-
KPBITOTO THIA — Pa3/eJICHUE BBIMOJIHSIOCH MyTEM
BH3YaJbHOTO OIPEACNICHUsI UX CPACTaHUH MEXIy
c000i1 U ¢ TOPOIO0OPA3YIOIITUMI MUHEPAJIAMH.

CpocTkoBBI aHanMW3 Toka3an (tabmuma 2),
YTO OCHOBHAsI Macca Cylb(pHI0B Menn HaXOTUTCS
B CPacTaHHWM C MOPOA0OOPa3yIONIMMH MHHEpaa-
Mu. Yarie Bcero CpoCTKH Cynb(pHIOB MEIH Tpe-
CTaBJSAIOT COOOM MOTMMHUHEpPaTbHbIE CpacTaHUs
CO CIIIO/Ia-TI0JICBONINAT-KBAPIIEBEIMU arperaTaMu.
B Menpmieit konmuecTBEe OOHApPYKCHBI OWMIHE-
pajbHBIC CPOCTKH C KBApPIIEM, CIIFOaMU M MaJlaXH-
ToM. CpOCTKH PYIHBIX MUHEPAJIOB (XallbKOTIHPUTA
1 OOpHUTA) C MOPOJA00OPA3YIONIUMHU, B KOTOPBIX
TIOJIS TIOCJIETHUX B 3epHe cocraBisieT 6oiee 80 %
pacmpesienstoTcss B marepuan nE€rkoi Qpakuuu
(p < 2.89%). Takoro Tuma cpactaHusi OyayT W3-
BJIEKAaThCSA B XBOCTOBYIO YacTh NPH IMPOBENECHUU
orepalnuii rpaBUTAIMOHHOTO 000TalICHHUS.

Tabnuma 2
CpocTKOBBII aHATU3 MUHEPAJIOB MeIH
?BO&? HEIe Tumnsl cpocTkoB, % OTH.
3¢pHa, % OTH
Knace
KPYIHOCTH, MM
Ce Bn Cept | Cept Cep+ Cep+ Cept | Bnt+ | Ccpt+ | Bnt+ Bn+ Hroro
p Qz arp. | Bntarp. Bn+Qz | cironma | arp. Bn Qz Mlc
—2+1 0.2 - - 16.9 8.0 - - 74.8 - - - 100
-1+0.5 2.3 - - 6.6 7.9 0.4 0.2 82.7 - - - 100
-0.5+0.25 2.6 1.6 0.3 - 2.7 - - 91.4 0.5 0.6 0.2 100
-0.25+0.125 3.1 2.7 1.4 - 2.6 0.5 - 81.9 33 4.5 - 100
—0.125+0.071 9.6 21.1 1.0 - 0.7 0.3 - 61.0 0.7 55 - 100
—-0.071+0.040 17.4 | 31.1 0.9 - — - - 49.6 - 1.0 - 100

IMpumeuanue: Ccp — xanpkonuput; Bn — 6opauT; Qz — kBapi; Mlc — Manaxur; arp.— CiIofa-moleBONINaT-KBapLEeBbIe arperarsl.

AHanmu3 pacnpesielieHus] PYIHBIX MHHEpaJIOB
(OopHHMTa M XaJBKONMUPHUTA) MPOOBI MO Kiaccam
KpYIHOCTH TT0Ka3al (puc. 4), 9To cyabhUIB MEIH
B OCHOBHOM DAaCIIpeaeNAioTcsa B MaTepua KpymHo-
¢Tbi0 OT 2 110 0.125 mMm. OgHaKo B 3TOM JUaIla3oHe
KPYITHOCTH OCHOBHAsi Macca Cylb(HUI0B MEIH Ha-
XOJUTCS B BUJIE CPOCTKOB € MOPOA000Pa3yIOIUMH

MuHepajgamMu. Takoro BHJa CpacTaHus B 3aBHCH-
MOCTH OT KadecTBa OyAyT pacupeaeiiaThcsl B pas-
JIMYHBIE IPOAYKTHI IPU MPOBEIEHUH TPABUTALNOH-
HOT'O 00OTaIICHHS:

— Cpocrku, OTHOCSIIUECS K O0raToMy U psijIo-
BOMY THIIaM, NIPEUMYIIECTBEHHO OyIyT pacmpese-
JSTHCS B Marepuai TsHKENON (ppakiuu, 4To MOKET
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NPUBECTH K Pa3yOOKWBAHHIO IONYy4aeMOro KOH-
LIEHTpaTa MpHU MPOBEJICHUM Olepalduii rpaBUTAIIN-
OHHOTO 00OTaIICHNS,

— Cpoctkn, oTHOCsSIMECS K OemHOMYy THITY
Y BKJTFOUCHHSIM, B OCHOBHOM COCPEIOTOYATCS B MaTe-

puase nErkoi Gpakmuy — 3TO TTOHECET 3a COOOH TMo-
TEPIO ICHHBIX KOMIIOHCHTOB C XBOCTAMU I'paBUTALIUH.

OToT (PaKT HEOOXOIUMO YYECTh MpPHU MOAOOpE
TEXHOJIOTUYECKOW CXEMBbI O0OTalIeHUs] HCCIey-
€MOro Marepuania.
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Knacc kpynHocTH, MM

Puc. 4. [lnarpamma CyMMapHOTO pacipee/icHus Cyib(GHUI0B MEIU O KiaccaM KPYIMHOCTH

3aKjIoueHue

JlaHHbBIE, MTONYYCHHBIC MPH MPOBEICHUN ONTH-
KO-MHHEPAJOrHIECKUX HCCIEIOBAaHUH. TTO3BOIHIH
OLICHUTh MHHEPAJIOTO-TEXHOJIIOTHIECKHNE XapaKTe-
PUCTUKH Py MEJUCTBIX [1ECUAHMKOB:

— HCCIelyeMble pyIabl 10 COIEPKAHUI0 MEeIu
OTHOCATCSI K THITy BEChbMa OOTaThIX KOMIUIEKCHBIX
CYIb(GUIHBIX PYI U SBISIOTCS CIOKHBIMHU JJIs1 000-
TalleHus] B CBS3U C MOJTMKOMIIOHEHTHBIM MUHEPAIIb-
HBIM H CJIOKHBIM MOP(GOCTPYKTYPHBIM COCTaBAMU;

— CTPYKTYPHBIE B3aMMOOTHOLICHHS U (HOPMBI
BBIJICJICHUII MHHEPAJIOB PYAbl ONPEACNIAIOT TOT
(haxT, 4TO MPH NPOBEACHUY ONEPALIUI N3METBICHHSI
Pyl OyayT 0oOpa3oBBIBAaThCS Pa3IMUYHbIC 1O Kade-

CTBY CPOCTKH PYIHBIX MHUHEPAJIOB C MOpomoodpa-
3YIOIINMH;

— 10 JaHHBIM aHaAJIM3a Ka4eCTBA CPOCTKOB CYiTh-
(humoB MeH ¢ TOPOI000Pa3yIONTIMU MUHEPaTaAMH
CIIPOTHO3WUPOBAHO WX pacTpenesieHne Mo MPOayK-
TaM 00OoraIecHHS.

[TomyueHHble pe3yabTaThl HCCIACIOBAHHN TI0-
MOTJIM OTPETYJIMPOBATH PEKUMBI PYIOIIOATOTOBKA
U 000raTUTEIbHBIX MPOIECCOB, CIIPOrHO3UPOBATH
pacnpezeneHre MHHEPAIIOB 0 MPOIYKTaM o0ora-
eHUsT ¥ 000CHOBATh NMPUYMHBI HEM30SKHBIX I10-
TEPb, YTO B CBOKO OUYEPE/b, TO3BOJIHIIO HHKCHEPAM-
TEeXHOJOoTaM pa3paboTarh ONTUMATBHYIO CXEMY
oborareHus.
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TEXHOJIOI'USA TIOBBIINEHUSA KAYECTBA KBAPIHHEBBIX KOHIHEHTPATOB,
PASPABOTAHHASI 000 «I1JTA3JID¥»

Tonmaps A. H.', Kocmpomun M. B.%, 3aapnotit A. A.', Bopooves B. B.!
1000 «ITJIA3JI2Hy, 3enenozpad

2 3abatikansckuil cocyoapcemeenHulil yHueepcumem, Yuma

B mocnennee Bpemsi mMOTpeOHTENN MOCTOSHHO
y’KecTo4yaroT TpeOOBaHUs K KadeCTBY KBapLEBBIX
KOHLICHTPATOB, [I03TOMY IEpel MPOU3BOAUTEIIMU
MOCTaBJIEHA 33J1aya MOJy4YeHHs KBapILIeBbIX KOHIICH-
TPATOB C MOBBILICHHBIM Kau€CTBOM.

Paspa6Goranxas OO0 «JTA3JID» TexHomOrHs
MpeJHa3HaueHa sl CEJIEKTUBHOIO H3MEIBUYEHUS
KBapLIEBOIO ChIPbsl C MOCIEIYIOUIMM BbIICICHUEM
B XBOCTBI 000TaIICHHs] BMELIAIOLINX MUHEPAIbHBIX
YacTUIl U3 KBApLEBBIX KOHLEHTPATOB, YIAJICHUS
MHHCPAJIbHBIX YaCTHUIl B BUJC MIEHOK C ITOBCPXHO-
CTH 3€PEH KBapLEBOW KPYIIKH, ra30->KUIAKUX BKJIIIO-
YyeHud U3 3€pC€H KBapua, XUMUUYCCKHUX DJICMCHTOB

KaK BPEIIHBIX MPUMECEH U3 IUCIOKAIMOHHBIX KaHa-
JIOB ¥ TIOBEPXHOCTH KBapua. J[o HacTosIiero Bpe-
MEHH Ha OTEYECTBEHHBIX TOPHO-000TaTHUTEIBHBIX
KOMOMHaTax TpoLecchl TIyOOKOro oborameHus
0 yIAJIEHUIO CTPYKTYPHBIX IpUMeced M3 KBapiie-
BBIX KOHIICHTPATOB HE MPUMEHSUIUCh U CUUTAIIUCH
HEBO3MOXXKHBIMH U3-32 OTCYTCTBHSI TEXHHUYECKHX
perenwuit [4].

MuUpoBbIM JIUACPOM IOJNYUEHUS] BBICOKOYHC-
toro kBapma (BUK) sBrnsercs xommanwms Unimin
Corporation/Sibelco (CIIA). TunoBoi xumuue-
CKMil aHanu3 ocHOBHBIX copToB BUK nanHoi kom-
MaHWM MpeCcTaBiIeH B Tabnuie 1.

Tabnuma 1

Conep:kaHue dJ1eMEeHTOB-NIpUMeceii B KBapueBbIX npoaykrax komnanuu Unimin Corporation, ppm [5]

1. I0TA cranpapt | IOTA aust namnoBeIx TpyO IOTA TurenbHbIi 10TA-4 IOTA-6 I0OTA-8
Al 16.2 329 17.2 8.0 8.0 7.0
Ca 0.5 4.6 0.5 0.6 0.6 0.5
Fe 0.23 3.1 0.7 0.3 0.15 <0.03
Li 0.9 - 0.7 0.15 0.15 <0.02
Na 0.9 5.9 1.0 0.9 0.08 0.03
K 0.6 5.8 0.8 0.35 0.07 <0.04
Co <0.05 - <0.05 - - -
Cu <0.05 - <0.05 <0.05 <0.05 0.002
Ge 0.9 - 1.0 - - -
Mg <0.05 0.1 0.1 <0.05 <0.05 <0.02
Mn <0.05 - 0.1 <0.05 <0.05 <0.02
Ni <0.05 - 0.08 <0.05 <0.05 <0.02
P 0.1 - 0.08 0.05 0.05 0.05
Sr <0.05 - <0.05 - - -
B 0.08 - - 0.04 0.04 <0.04
Ti 1.30 - 1.1 1.4 1.4 1.2
\Y <0.05 - <0.05 - - -
Zn 0.10 - <0.05 - - -
Zr 1.30 - 0.8 <0.1 <0.1 <0.1
> 23.51 52.4 24.46 12.14 10.89 9.075
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Copm [0TA-Cmanoapm copepxutr 16 ppm
Al. VI3 naHHOTO cOpTa CBEpXYHCTOrO KBapia BO3-
MOXHO TNOJydYaTh IUIABJICHOE KBapLEBOE CTEKIIO
C HU3KHM KO3(PQHUIMEHTHOM TEPMHUYECKOTO pac-
mupeHus. Takoe CTEKJIO MCHOJIb3YeTCS B BBHICO-
KOTEMITepaTypHBIX KOIOax IJisl PTYTHBIX M Tajo-
TCHOBBIX JIAMII, @ TakXe B IOJIYHIPOBOAHHKOBBIX
KBapLEBBIX U3JEIHAX.

Copm [IOTA-4 sBngeTcst OCHOBHBIM CHIPBEM JUIS
HOJIyTIPOBOIHUKOBO MPOMBILUICHHOCTH. M3 nanHo-
TO KBapIia MOJTy4aloT KBapIeBOE CTEKIIO C BHICOKOU
BSI3KOCTBIO.

Copm [OTA-6 npuMeHseTcs IS TIPOU3BOACTBA
CTEKJIa, UCIOIb3YyeMOr0 B HM3KOIIETIOYHBIX KBap-
HEBBIX U3AENUIX, TUPPYy3nOHHBIX TpyOax. Huskuit
YpOBEHb LIENIOYEH 3HAYUTEIHHO CIIOCOOCTBYET IO-
BBILICHUIO Ka4eCTBA KBapLEBOTO CTEKIIA.

Copm IOTA-8 BmepBble Ha pPBIHKE TOSIBHIICS
B KoHLE 1999 rona u ABIsAeTCS CaMbIM BBICOKUM
B cepun ¢ obmuM comepykarrem K, Li u Na cHu-
eHHBIM 710 90 ppb, 1 BaKHEHITMMHU TIEPEXOTHBIMH
Metaimamu <50 ppb. DTa BbICIIas CTENEHb YHC-
TOTHl B ajb(a-KBapleBOM IMOPOIIKE BENET K JIOJ-
TOMY CPOKY CIYOBI HM3JEIHH M3 HEro, KOTOpbIE
MOT'YT (DYHKLIMOHUPOBATh IIPU BBICOKUX TEMIIEpa-
Typax ¢ MHHMMAJbHBIM PHCKOM Jedopmaruu [2].
JaHHBII COPT KBapLIEBOM KPYIIKU IPUMEHSIETCS 151
M3TOTOBJIEHUS TUIJIEH OOJIBIIOTO IHaMeTpa.

Poccuiicknii  mpou3BOAMUTENL  O0OTAIIEHHOTO
kBapria OO0 «Pycckuii KBapIp BBITyCKaeT KBapIie-
BbI€ KOHLIEHTpaThl B coorBeTcTBUH ¢ [SO 9001:2015.
XapaKkTepUCTUKH CaMOT0 YHUCTOTO KOHIIEHTpara
RQ-1K, Tonpko menko# dpakium 75180 Mxm, mpu-
TOJHBI HE Ul BCEX CHOCOOOB HAIJIaBa KBAPLIEBOTO
CTEKJIa, TIONYYeHHOTO Mocie (GUHUIIHON OTepanum
o0orarieHus: — BBICOKOTEMIIEPAaTypHOTO XJIOpUpOBa-
HUS, TIPENICTaBICHBI B Tabmwe 2 [6].

TabOnuma 2

ConepixaHue 3j1eMeHTOB-IPHMeceii B KBapLieBoM
koHueHTpare OO0 «Pycckuii KBapuy», ppm

BUYK Al | Ca | Fe | K Li | Mg | Na | Ti
RQ-1K | 50 | 0.3 | 0.2 | 0.1 {0.24| 0.1 | 0.1 | 3.0

KauecTBO oTeuecTBEHHBIX KBapLCBLIX KOHICH-
TPaTOB 3HAYMUTENBHO YCTyNaeT KauyecTBY KBaplie-
BBIX KOHIICHTPATOB 3apyOeKHBIX MPOU3BOAUTENCH
[0 TUTABOYHBIM CBOWCTBaM M TEMIIEpaType BSI3KO-
CTH M3-3a HU3KOTO cojiepx anus Al.

Ha ocHoBe u3ydeHus M aHaiaM3a JUTEPATYPHBIX
HCTOYHHUKOB, PE3Yy/IbTaTOB HAyUHBIX HCCIIEIOBAHUM
U TIPOM3BOJICTBEHHOTO OIBITa POCCHICKHMX KOMIIa-
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HUH, BKJIOYas TPOBEACHHE COOCTBEHHBIX TECTO-
BBIX M OSKCIEPUMEHTANbHBIX HcmbiTanuii, B OO0
«IJTA3JIDM» paspaboTaHa TeXHOIOTHYECKas CXeMa
MOJyYCHUS] KBApIEBBIX KOHIICHTPATOB IOBBIIICH-
Horo KavyecTBa. C UCIONB30BaHUEM pa3pabOTaHHOMN
CXEeMBI OCYIIIECTBIIEH MOHTaK ONBITHO-TIPOMBIIIIICH-
ot mann (OTIJT 000 «ITJIA3JIDMY) s onpene-
JICHUS ONITUMAJTFHBIX TEXHOJIOTMIECKIX TapaMeTPOB
IKCIUTyaTallil TEXHOJIOTHYECKOTO 000pYyIOBaHHS,
C TIOCTIeyIOme pa3paboTKoi pabouero mpoekTa
U CTPOUTEIBCTBOM 000TaTUTENILHON (PadpUKH.

B mpoMBIIUIEHHBIX YCIOBUAX, AJISL APOOICHUS
KBapIIEBOTO CHIPhsI TUIAHUPYETCS TPUMEHSTH JIBYX-
CTaJAUHHOE HENpPEepBIBHOE  AIEKTPOUMITYIHCHOE
IpoOJieHne, OCHOBaHHOE Ha mpwHOHIE 3>¢dexra
IOTKkMHA  (37EKTPOTUAPOTMHAMUYECKOTO  y/iapa).
[Ipu marHOM criocobe IpOoONEHUS U W3METBICHUS
MPOMCXOUT JIC3UHTETPAIINST BMEIIAIOIIUX TOPHBIX
MOpOJ MO JAMCIIOKAMSAM HMX CpacTaHHil ¢ KBap-
1eM, a oOoraraeMblii MaTepras TOoJTydaeT MUHH-
MaJlbHbIE 3arpsi3HEHHsT OT paboyMX MOBEPXHOCTEH
0o0opy/moBaHMs, 0 CPAaBHEHHUIO C KIACCHYECKUMHU
crocobamu paspyiieHusi. B coBokynHocTH mpose-
JCHUSL DIEKTPOUMIIYJIBCHOTO JpOOJICHHS IEPBOH
cTaanu, Kinaccupukanum, (GoTocenapannu, JEKT-
POUMIYJIBCHOTO APOOJICHUSI BTOPOH CTaanuH, MOK-
pOM MarHWTHOM cemapamuu, O00eCIIIaMITHBAHMS
U 00e3BOXKMBaHUS, Ha BBIXOJE IMOJy4aeTcsl dac-
TUYHO oOoramEHHas pabovast (hpaxius KBapIeBon
Kpynku KpynmHocThio +0.075-0.4 mm. [Ipumenenne
B TEXHOJIOTMYECKOH cxeme (poTocemapanny mo3Bo-
JSIET WCKIIOUUTH TPYHOEMKYIO OTIEpaIfio PyJHOU
PYIOCOPTHPOBKH HCXOIHOTO KyCKOBOTO KBaplIia.
B tabmume 3 npencraBieHa AMHaAMAKA COIEPIKaHUS
npuMecel B KBapLIEBOM KPYIIKE /10 U MOCIE JIEKT-
POUMITYJIBCHOTO IpOOIEHUS JKUIBHOTO KBapIa Mec-
Topoxknenus ['ybepnuHka.

Jnist ynaneHust ¢ MOBEpXHOCTH KBapLEBOH KpPyTI-
KU O)XeJIe3HEHOW MUHEpaJbHOM IIJIEHKHM W OCTa-
TOYHBIX TOHKOJMCIIEPCHBIX CPOCTKOB BMEIAl0-
IIMX MUHEPAJIOB, KBApIEBBIH MaTepuall MOCTymaeT
Ha OTTHPKY B PACTBOPE COJITHOM KHUCJIOTHL. [lanee
KUCJIOTHBI PacTBOp YAANSeTCs M OTHPAaBIISETCS
Ha pereHepario. KBapueByro KpymKy OTMBIBAIOT
JI0 HEUTpaIbHOH cpeibl U pa30UBAIOT MPH TOMOIIH
BHOPAIIMOHHOTO CUTa Ha J[Ba MOJKIIAcca IS J1alb-
Heifmero oborarmeHus.

Brienenne nérkux (MONEBOM MImal, CIrona
U T.J1.) ¥ TSDKETBIX MUHEPAJIOB OTHOCUTEHHO KBapiia
OCYILECTBIISIETCA C MOMOIIBIO KOHLEHTPAIMOHHBIX
CTOIIOB MIJIAMOBOTO MCTIONTHEHMS. [ KayKIoro Trma
KOHIIEHTPALMOHHBIX CTOJIOB 3a/Ial0TCSI CBOM TEXHO-
JIOTHYECKHE MapaMeTpsl paboThI [3].



IMocne mpoBeneHus Tpoliecca rpaBUTAIK 000-
raméHHblec KBAapIEBbIC MPOMYKTHI KIACCHDUIMPY-
IOTCSI Ha JIOMOJHHUTENbHBIC TOAKIacchl. Kiaccu-
(HULIMpOBaHHBIC KBapIEBbIC IMPOMYKTHl IMOCTYIAIOT
Ha YIBTPa3ByKOBOE oOOoOraimieHue. YIBTpa3ByKoBas
00paboTka 1aéT BO3MOXKHOCTb OYMCTHUTh OT ILUIEHOK

THIPOOKHUCIIOB JKEJIe3a M OCTATOUHBIX ITIAMOBBIX TIO-
KPBITUI KBAPIIEBBIX 3¢PEH OT MUHEPAJIOB (TypMasHHa,
rosteBoro mmara) [1], a Taxoke yJaauTh OCTaTKH CBO-
OOIHBIX 3EPEH COMYTCTRYIOIIUX MHUHEpaJIoB. [Tpoiist
CTaJIMIO0 YJBTPa3ByKOBOTO OOOTAICHUs, KBapIIEBbIC
MPOTYKTHI 00ECILIAMIIUBAIOTCS 1 00S3BOKHUBAIOTCSI.

Tabnuma 3

Conep:xkanue 3j1eMeHTOB-TIpUMeceii B KpPYIIKe KHJIbHOI0 KBapua

MecToposkaeHus I'ydepimHka 10 U 1ocJie 3J1eKTPOUMITYJIbCHOTO AP0o0JieHHsl, ppm

Hcxo,
mevir T s

XKeneso 1100 8.8
Turan 136 4.1
[upxonuii 3 <0.01
Mapranen 62 0.09
AIOMUHHN 610 16
Meb 3.1 0.1
Hunk 4 0.18
Bop 0.63 0.25
Huxens L5 0.035
Xpom 1.5 0.034
KoGassr 1.2 0.021
Kanbrmit 42 21
CrpoHuuii 1.5 0.28
Bapuii 3.5 0.53
Maruuit 38 0.6
Harpwuit 18 >
Kasnuit 95 31
Jlurait 0.59 0.26
I'epmanmnii 0.5 0.51
Docdop 16 0.38

Crnenyromas omepanys TEXHOJOTHYECKOH Iie-
MOYKHU COCTOUT B YAAJICHUU OCTaTOYHBIX TOHKOUC-
MEPCHBIX BPEIHBIX MpUMecel. [TTaBHBIM 00pa3om,
Takue pas3apoOICHHBIC YaCTUYKH NPUMECed Haxo-
JIATCS] B CUCTEMaX MUKpPOTpeInH. JlaHHbIH nporecc
o0oraieHns OCYIIECTBISIETCS Ha DIEKTPOXUMHU-
YECKOM yCTaHOBKE, B PACTBOPE COJIIHOM KHUCIIOTHI.
Hanee, KBapIleBble MPOIYKThI OTMBIBAIOTCS, 00€3-
BOXKMBAIOTCS U TIOCTYIAIOT HA CYLIKY.

B 3aBucuMocTi oT TpeboBaHU K Ka9eCTBY KO-
HEYHOro MpOJYyKTa KBapleBas KpyNKa MOCTYyNaeT
Ha YCTAHOBKY BBICOKOTEMIIEPATYPHOIO XJIOPUPOBa-
HUA WK HA YCTAHOBKY INIa3MOXUMMHU.

XopupoBaHUE — 3TO TEXHOJOTUYECKHUU MPO-
[lecc HarpeBa MarepuajioB B aTMmocdepe Xiopco-
JiepKallliX Ta30B MPOU3BOAUTCS C IIEIBIO U3BJICUE-
HUS U3 KBAPIEBOU KPYIIKH XJIOPUCTHIX COJICH.

Ilnazmoxumuueckass TexHoJjorusa B OILJI
000 «ILJIA3JIDM» ocHOBaHA Ha (DHM3MKO-XH-
MHUYECKOM METOJIe W SIBJISETCS 3aKIIOYUTEITHHBIM
OTallOM  IOJIYY€HHS KBApPLEBLBIX KOHUCHTPATOB
JUTSL HATIaBa IPO3PAvyHOTO CTEKIa, MPUMEHSIEMO-
0 B DJICKTPOHHMKE, OIITHUKE, CBECTOTCXHUKE M T.H.
OO0OpaboTka KBaplEBOW KPYIKH B IUIa3Me OCY-
IIECTBISETCS C HCIOIB30BAHMEM TEXHOJIOTHYEC-
KHX Ira30B IJId yaaJIeHUA C IOBEPXHOCTHU U U3 OUC-
JIOKAIIMOHHBIX KAHAJIOB OCTATOYHBIX IPHUMECEH.
)10 MPUMCHCHUSA TNIa3MOXUMHU CHUTAJIOCH HCBO3-
MOKHBIM Y/IaJIUTh U3 3epHA KBapIla MIeTOYHOTO Me-
Tamna — auTus (Li), Tak Kak OH sSBJISETCS KOMITEHCa-
TopoM 3apsiia Al.

B Ttabnume 4 mokasaHa AWHAMHKA W3MEHEHUS
COJICpPIKaHUsI DJICMEHTOB-TIPUMECEH B KpyIlke Opa-
3WJIBCKOTO TOPHOTO XPYCTalld W KWJIBHOTO KBaplia
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Kemureimckoro 'OKa B pesynsrare 00paboTku
IIa3MOH PU TPEX PA3INYHBIX TEXHOIOTMYECKUX pe-
KHIMaxX PacXoIoB TEXHMYECKHUX ra3oB. OCOOCHHOCTD
TOPHOTO XPYyCTals 3aK/II0YaeTcs B TOM, YTO IIETI0U-
HbIE METaJUIbl, OCOOCHHO YXY/IIAIOIINE KayeCTBO

KBapIIEBOIO CTEKJIa, HAXOAATCS B OCHOBHOM B JIHC-
JIOKAIIMOHHBIX KaHAIaX KPUCTAJIA, ¥ HE U3BJICKAIOT-
s TPAIUITMOHHBIMHA METOIAMH B KUCIIOTHBIX PacTBO-
pax. B To Bpems kak 1uiazMooOpadOTKa MPHBOIHT
¢ cHmkeHMro conepkanus Li, Na, u K.

Tabnuna 4

Conep:xaHue 3J1eMeHTOB-TIpUMeceli B Kpynke Bpa3nibckoro ropHoro XxpycraJjisi M B :KHJIBHOI0 KBapua
KpmureiMekoro I'OKa Ha pasHbIX cTaausix 00pa0doTKH m1a3Moii, ppm

Onement | bp.Xucx | Bp. X Nel | bp. X Ne2 | Bp.X Ne3 | K175 06.6 mex [K175 Ne I Ne 1| K175 Ne 2 K175 Ne 3
Li 1.0 0.16 0.06 0.035 0.25 <0.01 <0.01 <0.01
Na 3.5 0.6 0.4 0.3 0.9 0.2 0.16 0.2
K 1.4 0.6 0.6 0.5 0.7 0.4 0.5 0.5
Ti 0.47 0.49 0.43 0.43 2.6 2.8 2.8 2.8
Ca 2.2 2.2 2.2 1.3 0.6 0.7 0.54 0.6
Mg 0.19 0.18 0.18 0.16 0.12 0.12 0.12 0.14
Al 9.4 10 10 10 5.5 4.7 4.5 4.6
Fe 2 1.1 1.6 0.93 0.65 0.47 0.7 0.43
Mn 0.04 0.03 0.03 0.028 0.013 0.018 0.013 0.011
B 0.10 0.085 0.076 0.079 0.11 0.10 0.11 0.11
Cu 0.01 <0.01 0.015 0.016 <0.02 <0.01 0.01 <0.01
Ni 0.056 <0.02 <0.02 <0.02 <0.02 0.03 0.03 <0.02
Cr 0.07 0.034 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Ipumeuanue: bp.X nex.— bpasuabckuit ropHbIil XpycTaib HCXOAHBIH U 00paboTaHHbIi 1a3Moit B pexxumax Ne 1, 2, 3 (bp. X Ne 1, Bp. X
Ne 2, Bp. X Ne 3); K175 06.— oboraménHnas kpyrnka xuibHOro kapia Keireivckoro I'OKa 175 sxuibl u oOpaboTaHHasl 1a3Moil B peskrMax

Nel,2,3 (K175 Ne 1, K175 Ne 2, K175 Ne 3).

OmnbrrHo-pombitinierHast aust 000 «TTJTATI»
OylieT YKOMITIEKTOBaHa TPyOUaToi TIeubto IS TIIaBlie-
HUSI KBapiia B arMocdepe 3aluTHOIO rasa MpH CTpo-
TO 33/IaHHOM PEKHMME, YTO MO3BOJIUT KOHTPOJIMPOBATH
IJIABOYHbIE CBOMCTBA KBapia jyisi nomyyenus BUK.

Ha pucyHke mokazaHbl cKaHOTpaMMBbl HallIaB-
JICHHBIX OJIOKOB KBapra. KommdecTtBo my3bIpeit
B IUIaBICHOM OJOKe KBaplia mocjie 00paboTKH
KPYIIKM IUIa3MOW B TeYeHHWE 6 MHMHYT yMEHBIIU-
J0Ch. AHAJOTWYHBIA Pe3ylbTaT JTOCTUTACTCS MPH
TPaJULMOHHOW MPOKAaJKe KBAapLEBOW KPYIKU MPH
temneparype 1200 °C B TeueHmne 6 4acos.

[pumenenue B Texnonorun 000 «TJIA3IDM»
MeTofa IUIa3MOXHMHHU TO3BOJHUT OTKa3aThbCs
OT TPAJAMIIMOHHOTO JOPOTOCTOSIIETO M 3JKOJIO-
THYECKH HeOJaronpusiTHOro MeToga oOorarie-
HHAS — QIOoTanuM, KOTOPBIM MpeaycMaTpuBaeT

3UPOBATh CPOKU OKYIaeMOCTH MHBECTUIIMOHHBIX
BJIOKEHHH.

CTpOI/ITeHLCTBO XBOCTOXpaHI/IHI/IHIa. HI/I3Ka}1 ce-
0eCcTOMMOCTh O0OTAaIIeHHUs] KBapIEBOTO CHIPhs
MPU UCTIOJIL30BAaHUM Pa3pabOTaHHOMN IKOIOTHUE-
cku Gesonacuoii Texnonoruu 000 «IJIA3IDN»
B HpOMI)IIHJIeHHBIX yCJIOBI/ISIX, ITO3BOJIUT MUHUMMU -
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BBenenue

YrenoObiBarole NPeANPUSTHS, HAXOIAITHECS
Ha Tepputopun Ky3HEIKoro yrompHOro 0Oacceiina,
cTabuiIbHO OOecreunBaoT 0oJiee MOJOBHHBI OTe-
YeCTBEHHOHN yriiemoOwran [4]. B pesymprare ak-
TUBHOW OOBIYM U TepepabOTKU YrOJIBLHOTO CHIPhs
Ha Tepputopun KemepoBckoil oOmactu ckiaaupy-
IOTCSI OTPOMHBIE MACChI OTXOJIOB YIIIC00OTaIlCHUS,
KOTOpBIE YyXe celvac 3aHUMArOT THICSYH TeKTa-
POB 3eMJIM U OKa3bIBAIOT KOJIOCCAIBHYIO HATrPy3Ky
Ha skocuctemy [1, 2].

OTxompl yIIIenoObuy SIBIISIFOTCS TEXHOTEHHBIMHU
MUHEPAIbHBIMU O0bEKTAMH M XapaKTCPU3YHOTCSI pa3-
JIMYHBIMA Ka4eCTBEHHBIMH W KOJMYECTBEHHBIMHU I1a-
paMeTpaMu, SKOJOTMYSCKUM BIIMSIHUEM Ha OKpYyKa-
FOLIYIO CPEIy Y SKOHOMUYECKOM A(PPEKTUBHOCTBIO UX
TIPOMBITITICHHON TIepepaboTKu. B cBA3M ¢ 3TUM OHU
HYXJIAFOTCSI BO BHEIPCHUU TEXHOJIOTHUECKHUX pellie-
HUI I UX KOMILIEKCHOH IepepaboTKu ¢ Haubosee
MOJTHOW yTUITU3ALMEeH 1 MUHUMAJIbHBIM HETATHBHBIM
BO3/ICHCTBUEM Ha OKpY>Karollyto cpeny [3].

B nmamHON paboTe MpeACTaBICHBI pe3yibTa-
Thl MHHEPAJIOTO-TEXHOJOTHUSCKUX  HCCIIEIOBa-
HAW OTXOMOB (prorammm oOoraTuTeNbHON (hadpu-
ku «KpacHoOpozckasi-KokcoBas», BBITOTHEHHBIX
C [IEJThI0 OIIEHKH BO3MOYKHOCTH BTOPUYHOH Tepepa-
OOTKH yTIICOTBAJIOB.

O0beKT H METOAbI UCCJICI0OBAHUSA

VYrneoborarurensHas (abpuka «KpacHoOpon-
ckas-KokcoBas) ~ HaxXomuTcsi Ha  TEPPUTOPUH
Kemeposckoii obnactu (puc. 1) u nepepabarbiBaeT
ceIppé KpacnoOpoackoro m HoBocepreesckoro mo-
Jield, OTHOCSAIIMXCS K MECTOpoXkIeHnsiM Ky3Henkoro
yrojpHOTO OacceiiHa. MomrHOCTh (haOpUKU OIIEHU-
BaeTCs B 3 MITH T YISl B TOJI.

Tomckas obnactb

(®) KEMEPOBO

HoBocubupckas Kpacnonchuﬁ
obnactb Kpaii
NEHVHCK-KY3HELIKUA
©
@ KPACHOBPOJCKAA-KOKCOBAA O
.
HOBOKY3HELIK
AnTtaiickuii  MEXAYPEYEHCK Pecny6nwvka
Kpaw Xakacusi
Pecny6nuka
Antan POCCUA

Puc. 1. CxeMa pacnoyoxeHus
0D «Kpacnobponckas-Kokcosasi»
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Marepuajiom Uil MCCIEAOBAHUNA MOCIYXHIIa
yriecoaepKaias TexHoJorudeckas mnpoba mac-
coif 1000 kr 3 oTX0mOB (HIOTAMK KPYITHOCTHIO
0-0.5 (1) mm. Ilerporpaduueckoe u3yueHHE yT-
Jell TPOBEACHO METOAAMH ONTHYECKOH MHKpO-
CKONMM B aHNUIH(-OpUKeTax, W3TOTOBICHHBIX
U3 KJIAacCH(UIMPOBAHHOTO Marepuaya IMpoObl.
VccnenoBanusi BBINOIHAINCH C HCIOJIB30BAHUEM
Metoauueckux pekomenmanmit HCOMMU Ne 162
«ONTHKO-MUHEPATIOTHUECKUI aHaIM3 IIMXOBBIX
U JpOOJIEeHBIX MPO0» ¢ MPUMEHEHHEM OMHOKYJISp-
HOro crepeomukpockona Mukpomen MC-2-ZOOM
2CR, CKaHHPYIOLIETO SJIEKTPOHHOTO MHKPOCKOTIA
MIRA3 LMH TESCAN (B meHTpe KOJIEKTHB-
HOro mnosb30BaHusl  «V30TONHO-T€OXMMUYECKUX
uccnenoBanuity MI'X CO PAH) u nonspuzanu-
onHoro Mukpockona Olympus BXS53-F (B nayu-
HO-y4eOHOH Jaboparopuu  DKCIIEPUMEHTAIBHOM

30,8 1.6
45
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3 432 512
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TEOJIOTHU  Teojorudeckoro Qakyiasrera HIY).
Pentrenorpaduueckuii aHaau3 BBITOIHSUICS B IICH-
Tpe KOJUIEKTUBHOTO TMob30BaHus «leomnmHamuka
u reoxponojorusiy M3K CO PAH na mudpakro-
merpe JIPOH-3.0. MccnenoBanue mpon3BOIMIOCH
10 MEXTOCY/IapCTBEHHBIM CTaH/IapPTaM.

Pe3ynbrarnl u 00cy:kaeHune

I'panynomeTpuyeckuii aHaau3 UCXOIHOTO ChIPbs
roKas3aji, 4To OoJiee TOJOBHMHBI MaTepuaia IIpo-
OBl pacripenensercsd B KpynHOCTh MeHee 20 MKM
(puc. 2) c mokasareneM 30JbHOCTH CyXOrO TOILIH-
Ba 40.5%. Marepuan 6omee 0,5 MM UMEET BBICO-
KHe MoKa3areau 30a6H0CTH (74.5-80.8 %) ¢ ob1um
BbIX0ZIOM 5.43%. 30MBHOCTH CHIPHSI B JHAIa3o-
He kpynHocTd oT 0.5 MM g0 20 MKM cocTaBiseT
34.84 %, uTo ma€T OCHOBAHHE CUUTAThL ITOT JHAaIla-
30H KPYIMHOCTH MPOYKTUBHBIM JIJIsT 00OTaICHUSI.

53,89

405 = BbiIX0A, %

29 ¥ 30nbHOCTD, %

29,6
220
o 12,19
451

-025+0,125 -0,125+0,071 -0,071+0,04  -0,04+0,02 -0,02

K1acchl KpYyDHHOCTH, MM

Puc. 2. Tpanynomerpudeckas XapaKTepUCTHKA IPOOBI OTXOIOB (IIOTAINU

OnTHKO-MUHEPAJIOTHYSCKUI aHaIU3 yIecomuep-
JKarei mpoObl TOKa3all, 9TO Ha JIONI0 YIS MPHUXO-
mutcst 59.8%, a Ha JONI0 MHHEPAIBHON COCTaB-
msiromet — 40.2%. MuHepalibHasi COCTaBIISIOLIAS
B CBOIO OY€pelb B OCHOBHOM COCTOUT M3 CMEIIaH-
HOCJIOHHBIX 00pa30BaHUi TUAPOCIION U CMEKTUTA —
29.52%. B MeHbIIeM KONMWYECTBE B HEW TPHCYT-
ctBytoT kBapIl (2.88%), monepbie mmarkl (0.68 %),
kapOoHatsl (0.34 %), cymeduast (0.03 %), maraeTut
(0.09%) u caromer (0.01 %).

C noMouipl0 ONTUYECKUX METOIOB HCCIEHAOBA-
HUS OBIIIO YCTAHOBJICHO, UTO 3¢pHa, KOTOPHIE cllara-
FOT MaTepual Mpoobl, MPEACTABICHBI OTACIbHBIMU
MUHEpallaMi, MUHEPaJbHBIMI arperaraMu, MUHe-
puTamu (MUHEpaJIbHBIC arperarThl C IPUMEChIO yIIIs
1o 40%) u obnomkamu yris. [Ipu u3ydeHun Mux-
POKOMITOHEHTORB 10 BH3YyaJIbHBIM IPU3HAKaM ObLIO
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OTIPEEeNICHO TPHU IPYMITBI MalepanoB (puc. 3) — BUT-
PUHUT (TEIMHUT, KOJUTMHUT), TUIITHHAT (CTIOPHHHUT
Y KyTUHHT), THEPTUHHT ((IO3EHUT U CKICPOTHHHT),
a TaKke MHHEpaJIbHBIE COCTAaBISIONINE. BUTpUHUT
MMeeT MpeBaJupyloliee 3HAYCHUE CPEAH OCTallb-
HBIX MalepaJibHbIX KOMIIOHEHTOB.

AHaN3 MUHEPHUTOB TOKa3aJl, YTO OHH B CBOEM
COCTaBE MMEIOT PA3IMYHbIE COOTHOILEHUS YIIMUCTOM
(opranmyeckoil) W MHHEPATBHOH COCTaBIISIONINX.
[No maHHBIM MUHEPATIOTUUECKOTO aHAJIN3a MUHEPATb-
Hasi MaTpHLla MUHEPUTOB IO CBOEMY COCTaBy IIPEHMY-
IIECTBEHHO KapOOHATHO-IIIMHKUCTAsI U [IMHUACTO-Kap-
OoHarHasi, pexke KapOOHaTHas M MIMHMCTas. Taroke
B COCTaBe MUHEPHUTOB OOHAPYKEHBI PEIKUE BKITIOUE-
HUS CyTb(UIOB, TETUTA, PyTHIIA, IUPKOHA, KCCHOTH-
Ma, MOHAIMTa, 0apuTa, BOIb(ppaMUTa W BBIICICHUS
caMopoJIHOTO cepedpa n nHTepMeTaunaoB Cu u Zn.



Puc. 3. Mukpogotorpapuu GpparMeHToB aHILTHP-OpUKeTOB. A — Vi, — KOIIMHKT, b — Vt — TenunuT,
B - LSp — cniopunut, I' — [ | — ckinepoTuHUT. OTpaXkKeHHBIN CBET, aHAIN3aTOP BBIKIIKOUEH

[Ipu npoBeseHNN CPAaBHUTEIBHOTO aHAIN3a CO-  IECTBEHHO CJIOKEH MUHEPUTAMU M MUHEPaJIbHBI-
OTHOIICHUS OOJIOMKOB YHCTOTO YTJISI, MHHEpandh- MHu arperaramu (puc. 4). C yMeHBITICHHEM KJIaCCOB
HBIX arperatoB ¥ MHHEPUTOB YCTAHOBJICHO, YTO  KPYMHOCTH COJCPXKaHHE YTOJbHBIX KOMIIOHCHTOB
MaTepuan KpymHOcThio Oojee 0.25 MM mpewMy-  yBEIHYWBAETCA.

Puc. 4. Mukpodororpapun ¢PparmenToB annumd-opukeroB. A — kimacc kpymHocTH —0.5+0.25 MM;
b — xmacc xpymHocTH —0.25+0.125 MM; DIEKTPOHHO-MHUKPOCKOIIMYECKIE H300paKeHHSI B 0OPaTHO PaCCETHHBIX
JIeKTpoHax. MuHepasibHas MaTpuIia — Oesast ¥ CBETIIO-Cepasi; YIIHCTOE BEIIECTBO — YEPHOE
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BpiBoABI

HccnenoBanus mokasaiu, 4To OOJbINas 4acTh
M3y4yaeMOro Marepuana MO KPUTEpHsM, NpUHS-
TBIM [IJIS YTOJBHOTO CBIPhS, MUMEET IIJIaMOBYIO
KpynHocTb. bonmee yem 50% orxomoB ¢iorta-
mnn  dabpukn  «KpacHoOpoxackas-KokcoBas»
IPEJCTaBICHO MaTepHalioM KPYMHOCTBIO MeHee
20 MKM C pacrpefelieHHeM yIiisi B 3TOT KJAcc
53.6% ¥ BBICOKMM COfIep’KaHHUEM TJIMHHUCTHIX MU-
HepaJbHBIX (a3. Beicokue nmokaszaTenn 30J1bHOCTH
B Marepuaje KpymHOCThI0 Ooiee 0.5 MM CBSI3aHBI
C TIPUCYTCTBHEM 3/I€Ch YIS B COCTABE arperaros
TIIMHUCTO-KapOOHAaTHOTO cocTaBa. Ha gaHHOM
JTarne MOYKHO 3aKJIIOYHTh, YTO Hauboyee MpoIyK-
TUBHBIM 10 BCEM IIOKa3aTeNsIM C TOYKH 3PCHHS
ero o0oTaTUMOCTH MaTepHajoM B OTxomax (io-
TalMd MOXXHO CYMTaThb MarepHaj KPYMHOCTHIO
—0.5+0.02 mM. PekomeHayeTCsl BBIBECTH U3 MPO-
ecca BBICOKO30JIBHBIM Marepuan KpYMHOCTHIO
oonee 0.5 MM, 4TOOBI M30€kKaTh PasyOOKMBAHUS

MOJIy4aeMbIX KOHIICHTPATOB, a TaKKe TPYAHO000-
raTuMbIi kjace Meree 20 MKM.

Pabomvi evinonnenvl 6 pamkax KOMNJIEKCHOZO
HayuHo-mexnuyecko2o npoexma Munucmepcemea
Hayku u evicuieco obpasosanusi  Poccutickoil
@eoepayuu Ne 075-15-2022-1192  «llepepabomia
XB80CMO8 Y2OIbHbIX 0002AMUMENbHbIX (Padpux ¢ ye-
JIbI0 NOTYYEHUs MOBAPHO20 Y20NbHO20 KOHYEeHmpa-
may npu noooepicKe KOMNIEKCHOU HAYYHO-MeXHU-
YeCKol NPOSPAMMbL NOTHO20 UHHOBAUUOHHO20 YUKILA
«Paspabomra u énedpenue Komniexca mexHoio2ull
8 0bnacmsx pazeeoxku u 00ObIYU MEEPObIX NONE3HBIX
uckonaemulx, obecneuenus NpoMblULIeHHOU 0e30-
nacLocmu, ouopemeouayul, cO30aHust HOGbIX NpPo-
OVKMO8 27yOOKOU NnepepadbomKu yeolbHO20 Cblpbs
npu NOCIe008aMeENIbHOM CHUNCEHUU IKOIOSUUECKOL
HA2PY3KU HA OKPYHCAIOULVIO CPeO) U PUCKO8 OJIsL HCU3-
HU HaceneHusy, ymeepxcoenHou Pacnopsowcenuem
Ipasumenvcmea Poccutickou @edepayuu Ne 1144-p
om 11 mas 2022 a.
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HEHHBIE IPUMECH B 30JIAX C)KUTAHUSA YIVIEH DKUBACTY3CKOT O
YI'OJBHOI'O BACCEMHA U MEPCHEKTUBBI UX NU3BJIEYEHU S

Kynunoea U. B., J/laspunenxo A. A.

Uncmumym npobnem komniekcHo2o oceoenus Hedp um. axademura H. B. Menvnurkosa PAH, Mockea

BBenenue

VY OxubacTy3ckoro yroibHOro OacceiliHa
(KazaxcraH) OTHOCATCS K KaMEHHBIM, KOTOpbIE
00agaroT BBICOKOH TeIrioToN cropaHus. /lanHbie
yDIM TpUHAUIekKAaT K YIIAM TEpBOM Tpymbl
B3pPBIBAEMOCTH, MAaJIOONIaCHBl U HE CaMOBOCIUIA-
MeHsroTes. baar odapss 3TUM JOOCTOMHCTBAM OHHU
IIMPOKO HCIOJB3YIOTCSI KaK dHEPreTHYECKOE TOII-
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JIMBO HA TEIUIOAIEKTPOCTAHIHMIX. DKUOACTY3CKUI
SHEPreTUYECKUH Yrojlb — MPOEKTHOE TOIUIH-
BO BOCbMH KPYIHBIX 3JeKTpocTaHiui Poccun
B Omckoit, YenssOunckoii, CBepIIOBCKOM 00JIaCTSIX.
Pedrunckas roposickast paiilOHHAS AIEKTPOCTAHIINS
('P3C) CaepioBckoil 001acTH SIBISIETCSI CaMOi
KPYITHOH POCCHICKOM AIIEKTPOCTaHIUEH, paboTaro-
meit Ha TBepaoM TorunBe. Ha Pedrunckoit 'POC



oOpasyeTcst 4.5 MJITH T 30IIbI B TOAI, & YTHIM3UPYET-
csl TodbKo 465 ThIC. T/Tox, T.e. mopsiaka 10% [3].
Tarxoke Ha HKHOACTY3CKOM yTiie pabOTaIOT MECTHBIE
TEII0dMeKTpocTaHnu Kazaxcrana, mpu 3ToM yTu-
nu3anuu noAsepratorcsi 8% OTXONOB COKUTAHUS
(menee 1.9 muH 1) [2].

VYo DkubacTy3cKoro yrojibHOro OacceliHa
SIBIISIIOTCSL BBICOKO30NIbHBIME (B cpemHeM 45.0%)
u TpynHooOoratumbiMH. llocie TbUICYTOIBHOTO
COKUTaHUS B JIETYUYIO 30Jy, HHAaU€ Ha3bIBAEMYIO 30-
JIOW yHOCa, TIEPEXOJIST H, B psijie CyvaeB, KOHIICH-
TPHUPYIOTCSI TaKHE LICHHBIE JIEMEHTHI, KaK pelKue
n OmaropogHbie MeTaisl [9], 4To nenaeT BaKHBIM
W3yYeHHE COCTaBa 30JIbl C TOUYKH 3PEHUS MEpCIIeK-
TUBHOCTH WU3BJICYCHUS 3TUX 3JIEMEHTOB.

IIpu crpouTenbCTBE W PEKOHCTPYKLUMU TEll-
JIOJICKTPOCTAHIMH, padOTaIOIMX Ha yIue, Ipel-
IIOYTUTCIIBHBIM  SIBJIACTCS HepCHeKTHBHBIﬁ JJIsL
3G QEeKTUBHON yTHIM3aLMU pa3leNbHBId  OTOOD
U XpaHEHHE CyXOH 30JIbl YHOCA M 30JIOLLIAKOBBIX
oTxoz0B. Llenp uccieqoBaHuil — aHAIU3 dIEMEHT-
HOTO ¥ TPaHyJIOMETPUYECKOIO COCTaBOB 00Pa3LOB
CYXOW 30IIbI 3JEKTPO(UIBTPOB, MONYYCHHOW IMpH
COKUTaHUM SKHOACTY3CKHX YIVIEH, JUIS OLCHKH (-
(heKTUBHOCTH BBIJICIICHUSI IICHHBIX IIPUMECCH.

MarepuaJibl 1 METOABI HCCIETOBAHUSA

OOBEeKTOM HACTOSIIIEI0 HWCCICIOBAHUS  SIBIISI-
Jack mpoda 30J1bl CyX0ro oT0Opa M CKIAANPOBAHUS
Pedrunckoit 'POC. HccnenoBanue 31€MEHTHOTO
coCTaBa 30JIbl TIPOBOJMIIOCH METOAMH SHEPrOANC-
MEPCHOHHOIO PEHTTEHO(IyOPECLEHTHOTO aHalu3a
Ha MuHH-Tabopatopun Olympus X-5000, nmeromeit
KpeMHHEBEIH niperioBslit gerexktop (SDD), a Takxe,
B KaueCTBE MCTOYHHMKA BO30YXKIICHHUS, PEHTTCHOBC-
Kylo TpyOKy MomHocTbio 10 BT, ¢ perynupyembim
HanpspkeHuem g0 50 kB, MakcuMambHBIM TOKOM
200 mkA, pazpemieHuem 165 »B, ¢ TaHTanoBBIM
aHOIIOM, OOECIICUMBAIOLINM IIOBBILICHHYIO UYyBCT-
BUTEILHOCTD K TSDKEIIBIM, B T.Y. PEIKO3EMEIbHBIM,
anemenTam (maboparopusi JKOH UIIKOH PAH).

Conepxanne yriaepoja ONpeAessiioch 1Mo 30JbHO-
CTH METOIOM CXKUTAHMSI Ha TepMOTpaBUMETpUYEC-
ckoM ananm3arope TGA-701 LECO.
I'panynomeTprdeckuii cocTaB 3056l ONpPeAesiI-
Cs1 METOJIaMH JIa3epHOU NU(paKINK Ha aHAJIA3ATO-
pe Analizette 22 Fritsch ¢ ynpTpa3BykoBO MMOATO-
TOBKOM M MOKpOTO pacceBa Ha CUTax ISl aHaIu3a
pacmpeneneHust >JIeMEHTOB TI0 KJIacCaM KPYITHOCTH.

PesyabTaThl 1 MX 00CyKIeHHE

Uccnenyemass 3oma mpencraBiseT co0Oi BBI-
COKOJIMCTIEPCHBIN MaTephall, YTO CBS3aHO C TIbLIE-
BUJHBIM CITOCOOOM C)KWUT'aHUs TOIUIMBA U YJIABJIH-
BaHUEM MEJIKHX YACTHII 30JIbI B AJIEKTPO(UIBTPaX.
MeTtonoMm JtazepHO# Tudpakiuyd yCTAHOBICHO, YTO
CpeIHEOObEMHBIN pa3Mep YacTHIl 30Jibl B 00pasie
cocrtapisieT 16 MkMm. KpynHoCTh yacTHIL] HAXOIUT-
Ccs B JMAIIa30HE OT HECKOIBKUX MKM 10 600 MKM.
[To maHHBIM CHTOBOTO aHANIN3a, OCHOBHAsS (ppaKius
WCCIIEyeMO 30JIbI SBISETCS KIacCOM KPYMHOCTH
menee 0.02 mMm (Beixox 41 %), Takke 3HAYUTEITHLHO
conepxanwue kimacca +0.071 mm (Borxom 28 %).

AHaII3 XUMHYIECKOTO COCTaBa UCCIIECAYEMOM 30JIbI
cyxoro otOopa nokazai (tadmn. 1), 4To OCHOBHBIMH 30-
JIOOOPA3yIOIMMH KOMITOHEHTAMHU SIBIISIFOTCST OKCHIBI
KPEMHHS U aTFOMHHUS, YTO CBSI3aHO C 00pa30BaHUEM
307161 M3 KAMEHHOTO YIUIL. B TIOMUMHEHHBIX KOJIIYECT-
BaX 30J1a COJICPIKUT OKCHUJIBI JKeJIe3a, KAJTBIIUS M JIPYTUX
IIEIOYHO3EMEITBHBIX ¥ IIEJIOYHBIX 3IEMEHTOB, CEphbI,
Tutana, pochopa. HenomokeHHbIH YIIIepo] TAKKE ITPH-
cyTcTByeT B 30ie. CleayeT OTMETUTh €0 HU3KOE CO-
neprkanme (1.75% B oOpasiie) o CpaBHEHHIO C 30710
Owmckoit TOL-4 (3.5%) u, Tem Oornee, 10 CPaBHEHUIO
C 30JIONIIAKOBBIMU OTXOAaMH, Harpumep, Karmmpckoit
I'POC (10-15%). Ipu Gosnee BHICOKMX COAEPIKAHUSIX
ymiepoza 0o TpeOOBAHUSX K COIEPKaHUIO YIIepoa
B ChIpbe MeHee 1% I MoCienyIomero nermoimb30Ba-
HUSI B CTPOUTEIIBHBIX LIEISIX LIEJIECO00pa3HO BhIIEIe-
HHE yIiepoacoaep Kaiiei (hpakium u ee oOoralieHue.
Yrnepozconepkaias (Gpakiyss MOXKET TTPUMEHSIThCS
B KaueCTBE TOOABKH K TOTIIUBY.

Tabnuma 1
Conep:xaHue 0CHOBHBIX KOMIIOHEHTOB B o0pas3ie 30161, Mac. %
KommomenT Si0, | ALO, | Fe0, | CaO | SO, | TiO, | BaO | KO0 | PO,
Conepxanue, % 57.92 21.30 3.72 2.14 1.29 1.17 | 0.89 | 0.47 | 0.21

Kak wu3BectHo [4], XUMHYECKHUH COCTaB 301
M 30JIOINIAKOBBIX OTXOJOB B IIEJIOM Pa3IUIHBIX
TETUIODIECKTPOCTAHITNH OTINYACTCS B 3aBUCUMOCTH
OT MECTOPOXKICHHH HMCXOIHBIX YIJIEH, CIIOCOOOB

U PEKUMOB CXKUTAHUS, YOAJICHHUS U CKIAAUPOBa-
Hus. B cBsa3u ¢ Hu3kuM conepxkannem CaO (MeHee
10%) wuccnemyemasi 301a OTHOCUTCS K KHCIIOMY
tuny o I'OCT 25818-2017. Mozaynb KHCIOTHOCTH
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M = (Si0,+ALO,) / (CaO+MgO) cocrapmuser 31.8
(cymecTBeHHO Oomblie 1), W TakkKe yKa3blBaeT
Ha CBEpXKHUCIbIA XxapakTtep 3o0ibl. [lokasarens,
XapaKkTepU3yIOINA OTHOCUTEIBLHOE COfepKaHHe
KpeMHe3eMa B 30J¢ — IIMHO3EMHBIH MOIYlTb —
M =Si0,/Al,0,, nns 1anHOM NPOOBI 30161 COCTaB-
nser 2.7, uto sBusercd THnuuHbIM. CopepixkaHue
xernesa 3.3 % SBISeTCs] OTHOCHUTENEHO HEBBICOKHM.
[pu BBIACTICHNY Kee30coaepkalieit Gppakuun Me-
TOZOM MarHUTHOMW Cerapaluy €€ MOXKHO HCIIOIb30-
BaTh KaK KOPPEKTUPYIOIILYIO I0OOABKY B IPOHU3BOJIC-
TBE IleMeHTa [4] WM KaK ChIphe Uil IPOU3BOACTBA
4yyryHa B 6e310MeHHOM npouecce Pomenr.

K MHKpOKOMITOHEHTaM 30J1bI OTHOCSITCS DJIEMEH-
Tel ¢ coxepxkanueM MeHee 0.1%. B 3aBucmumoctn
OT COACPKAaHUSI U CBOMCTB COEIMHEHUI, OHU MOI'YT
NPECTaBIATh SKOJIOTHYECKYIO OMacHOCTh B ONpere-
JICHHOHM CTETICHH U OIHOBPEMECHHO SABJIATHECA 1LICHHBI-
MU TpuMecsiMH. HepaBHOMEpHOCTh pacripesneneHus
COIlep’KaHNi MHKPOKOMIIOHEHTOB B YIISIX MO IUIO-
a1 ¥ DTyOMHE IJIAaCTOB MECTOPOXKICHUS, a TakkKe
HEOIMHAKOBbIC MUHEpAJIbHBIE (DOPMBI IIperonpese-
JISIIOT HEpaBHOMEPHOE pacIipesielieHne CONep KaHi
U B NOJYy4YaeMbIX B pE3yNbTaTe CKUIAHHUS 30J1aX.
B cBs3u ¢ 3TUM NONTy4YeHHBIE JAaHHBIC TI0 COAEpXKa-
HUSIM MUKPOSJIEMEHTOB SIBIISIOTCS OPUEHTHPOBOYHBI-
MU. AHaJIM3 pacnpeieNieHHs COACPKAHUI 31IEMEHTOB

0 KJ1accaM KpymHOCTH (TalI. 2) mokaszalil MmperMy-
LIECTBEHHOE KOHIICHTPUPOBAHUE LEHHBIX MHKPO-
3JIEMEHTOB B Kiacce kpynHoctd —0.02 MM, 4TO Kop-
pelMpyeT ¢ TOBBIIIEHHBIM cofiepkanneM (ocdopa,
Cepbl, JKeJe3a U KaJIbLHs B 3TOM KJIAacce U yKa3bIBacT
Ha BEPOSITHOE HAXOXKJICHHE [IepHs, TaHTaHa, TaHTaJIa,
rayutust U cepedpa B coeMHeHUsIX ¢ HUMU ((pocdaro
A CyIb(aToB KaJBIS, B YaCTHOCTH, M30MOPQHBIE
MPUMECH B CTPYKTYpY allaTUTOB M CYJb(}aToB Kajb-
uust). Banaguili KOHLEHTpHpYeTCSl Takke IpeuMy-
niecTBeHHO B kiacce —20 MxM. KoGaskt, HanpoTus,
conepskurcst Oonee B kiacce +0.04 mm. Utrpuii pac-
TIpeieNieH PaBHOMEPHO 110 BCEM KJTaccaM KPYITHOCTH.

3HaunMble K03 QUIMEHTH KOPPENUHA COoaep-
KaHUH MUKPO3JIEMEHTOB C OCHOBHBIMH 3JIEMEHTa-
MM IIPHUBEICHBI B Ta0M. 3.

ConepkaHue LUPKOHUS XapaKTepH3yeTcsl Mo-
JIOKUTEILHON KOppeIsiiueil ¢ cofepKaHueM KpeM-
nus. Copepskanus mukposnemenToB V, Ce, La, Ga
n Ag XapakTepu3ylTcs IOJIOKUTEIbHONW KOppesisi-
nuel ¢ conepxanusaMu pocdopa, cepbl U KabIHSL.
Conepxanne Ta XapakTepu3yeTcsl MOJIOKUTEIBHOU
Koppensiiend ¢ KampiiieM U cepoil. ConeprxaHue
Nb xapakrepu3yercs MOJIOKUTEIbHON Koppensuen
¢ TUTaHOM. KoppensimoHHbII aHau3 pacrpeerne-
HUH colep KaHUH SIIEMEHTOB MO KPYMHOCTH M pa-
HEe TPOBEICHHBIE IEKTPOHHO-MHUKPOCKOIINYECKUE

TabOnuma 2
Pacnpenesnenne cogep:kaHuil eHHBIX MPUMECHBIX 3JIEMEHTOB B I/T MO KJIaccaM KPYMHOCTH
Ne Knace, Mmm Zr Co \Y Y Ce La Ga Ta Nb Ag
1 | +0.071 372 377 116 46 ND ND 23 14 20 5.7
2 | -0.071 +0.04 415 383 121 57 ND ND 19 17 15 4.0
3 | =0.04+0.02 472 212 124 55 ND ND 21 16 19 3.7
4 | -0.02 457 198 169 50 122 104 41 36 15 38
Tlpumeuyanue: ND — Himxke mpejiena oOHapyKeHUsL.
Tabnuna 3
3HauuMble K03(pPUIHEHTHI KOPPEJISIIMH COIePKAHMI MIKPOI1eMEeHTOB
€ OCHOBHBIMH YJIeMEHTAMH
DneMeHT Zr Co v Ce La Ga Ta Nb Ag
Si 0.85
Al —-0.95 0.99
Fe
Ca 0.98 0.95 0.95 091 0.96 0.93
Ti 0.93
0.92 —0.91 0.82
S —0.88 0.89 0.88 0.88 0.91 0.85 0.87
0.83 0.84 0.84 0.90 0.85
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HCCIICMIOBAHUS TIOKA3aJH, YTO ITUPKOHUN MOXET Ha-
XOIUThCA B 301€ B Qopme nupkona ZrSiO, u npu-
MECH B CHIIMKaTHBIX MUHepaslaX KaJus, a JJaHTaHO-
uael — B opme monamuta (Ce, La, Nd,.Th)PO,,
raJuiiii U cepedpo — B BHJE pUMecel B cyibdarax
u docdarax kaibIys, TaHTAI — CYIb(aTa KalbIus.
WNuTepecHbIM SIBISIETCS HATUYKUE KOPPEISLUOHHOMN
CBsI3M KoOanpTa ¢ aymoMuHreM. ConepKaHusl PeIKo-
3eMEbHBIX AIIEMEHTOB U IIUPKOHUS B CYMME COCTaB-
nstt0T cBbItie 500 1/T — MUHUMaITbHOTO TIPOMBIIILIEH-
HOTO COACP KAHUS JJI1 BO3SMOXKHOCTH WX U3BIICUCHIUS
[9]. Panee namu ObLTO TIOKA3aHO [7] ¢ MCIOIB30Ba-
HUEM OMNTHKO-MHKPOCKOITHIECKOTO W 3JICKTPOHHO-
MUKPOCKOITMYECKOTO aHaJU30B, YTO 3074 OT CXKU-
TaHusl yriel DKnOacTy3CKOTo YrodbHOTO OacceiiHa
XapaKTepU3yeTcss HaJHMUUEM CIEKIINXCS arperaroB
YaCTHI] Pa3TMYHOHN ITPUPOJIBL, B T. Y. AIFOMOCHIIAKAT-
HBIX U JKEJIEe3HBIX MUKpOchep, YIIepOTHBIX JaCTHII,
TOHKOW BKPAIUICHHOCTH JAHHBIX YaCTHII, a TaKXke
HEPaBHOMEPHOCTBIO pacIIpeeNIeHns] MUKPOIJIEMeH-
TOB B 30JI€, YTO HEOOXOIUMO YYHTHIBATh TPU paz-
paboTke KOMIUIEKCHBIX TEXHOJOTHH WX ITOITyTHOTO
W3BIICUECHUSL.

OCHOBHBIMH TICPCIIEKTUBHBIMH HAIIPaBJICHUSI-
MU HM3BJICUCHHS LIEHHBIX MPUMECEH SBISIOTCS UX
MOy THOE M3BJICUCHHE TIPU BBIJIEIICHUN TPaBUTAIIH-
OHHBIX U YIJIEPOIHBIX KOHIIEHTPATOB, COEPKAIIINX
Onaropomnbie MeTaiubl [1, 8], a TakkKe CeleKTUB-
HO€ BBIIETICHHE THIPOMETAILTYPTHIECKUMH METO-
JlaMU TIpH ITyOO0Ko# mepepaboTke 3015l [ 5, 6, 10].

BroiBoabI

AHaM3 CONepIKaHU MHUKPOAJIEMEHTOB MOKAa3asl
TNEPCIICKTUBHOCTL IIOIIYTHOI'O BBIACIICHUA ITUPKO-
HUsI, BaHaWs, KOOAJIbTa, IIepUs, JIAHTaHA W WUTTPUS
mpu  TITyOOKOM KOMIUIEKCHOH TIepepadoTKe  30JIbI
Pedrunckoit 'POC ¢ ucnons3oBaHneM KOMOUHUPO-
BaHHBIX XHMHKO-THAPOMETAITYPTHYECKUX TPOIIeC-
coB. [IpenmyIiiecTBEHHOE KOHIICHTPUPOBAHUE TaJLTUS
U cepebpa B Kiacce KpymHocTH MeHee 20 MKM I103-
BOJISIET MIPOBOJUTEL UX W3BJICUCHHUE TIOCIIC OTACIICHUS
JaHHOTO Kiacca KpymHoct. ComepikaHusi TaHTalla
M, 0COOEHHO, HHOOHS SIBJISIFOTCSI BECbMa HU3KHUMH, YTO,
C YYETOM HEPaBHOMEPHOCTH PACIIPE/ICIICHUS [IEHHBIX
MPUMECHBIX BJIEMEHTOB B 30Ii€, JeNiaeT Heleneco-
00pa3HbIM WX M3BJICUCHHUE U3 UCCIICTYEMOM 30J1bI.
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BBenenue

VYronpHasg OTpaciie 3aHUMAaET HEOTHEMIIEMYIO
4yacTh B SHEpreTuke crpaHsl. Kemeposckas obnacTsb
HO-TIPEKHEMY CUUTAETCSI OCHOBHBIM YIJIeJOOBIBAIO-
MM peruoHoM [2, 3]. Ha e€ teppuropun padoraer
OOJTBIIIOE KOJIMYECTBO yIIIe000TraTuTeIbHBIX (habpuK
BO BpeMs pa0O0ThI KOTOPBIX B [IOPOAHBIE, BCKPHIIIHBIE,
TMJPOOTBAJIbI [IOMUMO TOPIOUUX BELIECTB, KOTOPbIE
MOTYT OBITH UCIIONB30BaHbl B KAYE€CTBE BTOPUYHOTO
CBIPBS, IOIAJal0T MUHEPAJIb, KOTOPbIE HECYT B ce0e
TaK e NPOMBILUIEHHbIN HHTEpec. [ToaToMy npu BbI-
0ope TEeXHONOrHH OOOTalIeHUs] YIOJbHBIX LIJIAMOB
HEOOXOJMMO YYUTHIBATH MUHEPAIBHBIN COCTaB YIIIf,
MOCKOJIbKY HEOPraHW4YeCKHE COEAMHEHHS MONAAAI0T
B IIOPOJY Pa3HBIMH ITyTSIMU, HAIIPUMEP, 00JIOMKH IO~
POZIbL, KOTOPbIE IPUBHOCATCS B CHOPMHUPOBABIIHECS
IUIACTBl YIVI TPYHTOBBIMH BOxaMmHu (IVIMHA, HECOK,
BaJIyHBI, TaJibKa, TIOJIEBON IITAT, OMOTUT, MyCKOBHT,
araTuT, XJIOPUT, MAaTHETUT, PYTHJI U APYTUE) UIN MU-
HepaJibHbIE 3JIEMEHTHI IIONAAA0T B NOPOLY Ha CTa-
muu ee popmupoBanus. st co3AaHUsS TEXHOJIOTUH
nepepaboTKi HEOOXOAMMO TIIATEIbHOE HW3y4YeHHE
UX BEIECTBEHHOIO COCTaBa, OCOOEHHOCTEW CTpoO-
€HHSl MUHEPAJIbHBIX arperatoB M BbLIBICHUE (popm
HaXOXKJCHNSI TMOTEHIMAIBHO OMACHBIX 3JEMEHTOB
[1, 4]. [Tomyuennas nuHGOPMALIUS TOMOKET BBISIBUTH
3JIEMEHTBI IPEACTABIISIOLINE IPOMBIIITICHHbIH HHTE-
pec U oIpenenuTcs B aJbTepPHATUBHON TEXHOJIOTHU
ux oboramenus. Llenp nanHoN paboTHI 3aKiIOoua-
Jach B BBIOOPE TEXHOJIOTUM 00OTaIIeHU UCXOAHBIX
YTOJBHBIX IJIAMOB Ha OCHOBAaHUH TOJTyYEHHBIX JIaH-
HBIX O BELIECTBEHHOM COCTAaBE.

MarepuaJjibl 4 METOAbI

OOBEKTOM HCCIIEIOBAaHUM cTajla TEeXHOJIOTHYec-
Kas mpo0a, 0TOOpaHHas M3 OTXO0B YIIIE000TaIICHHS.
XVUMUYECKUN aHaN3 HCXOMHON TPOOBI BBITIOHEH
IpH TIOMOLIH aTOMHO-3MHUCCHOHHOM CIIEKTPOMETPUH
C MHIyKTUBHO-CBs13aHHOM 11a3Moit (ICP-AES) u mor-
HOT'0 CHJIMKaTHOro aHainu3a. OnpezeneHue 301bHOCTH
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CYXOr0 TOIUIMBA MCXOAHOM Marephaia W MpOIYKTOB
O0OTaIleHNs] BBIIOJIHEHO METOJIOM YCKOPEHHOTO
o30seHusl. ONTHKO-MUHEPAJIOTUYECKUI aHann3 Hc-
XOZIHOT'O CBHIPBSI BBITOJIHSIICS IO METOIMYECKUM PEKO-
mermarsiM HCOMMU, ¢ ucrons30BaHueM CTEPEo-
mukpockorna Mukpomen MC-2-ZOOM 2CR.

Pe3y.]'[I)TaTLI " 06CY)I€2]€HI/I€

Ha nepBom stamne paboT OblI yCTaHOBIIEH, YTO
B COCTaB HMCXOIHOTO CHIPHSI BXOMSIT SiO ¢ comep-
xaaneM 26.01 %, Fe — 2.389%, Al O —10.03 %,
TiO — 0.19%, MnO — 1.55%, MgO - 0.97%,
Na,O - 0.11%, Ba — 0.045%. Conepxanune
BpenHbIX npumeceit S — 0.95%, As — 0.0011 %,
P —0.01%. U3 ycTaHOBIEHHBIX XUMUYECKUX 3JI€-
MEHTOB POMBILIICHHBIH HHTEPEC MOXKET MPEICTaB-
JSTH U3 ce0sl JKene30 eCIM OHO TIPEICTABICHO PYyA-
HBIM CBIPbEM, a HE BXOAWUT B XUMHYECKUI COCTaB
TOpPOA000pa3yIONMX MHHEpaJoB. B mpobe Tarxe
ObUTH OOHApY)KEHBI CIeJbl PEIKO3EMEIbHBIX dJIe-
meHToB (Y, La, Sc), Ho mHTepeca B IOy THOM U3BJIe-
YEHWU OHU HE TPE/ICTABISIOT, IIOCKOIBKY MX COMEp-
YKaHUe HAXOAMUTCS Ha Tpejielie YyBCTBUTEIILHOCTH.

BTtopoit sTam paboT 3akiodaincs B Ompemesie-
HHUE TIPaHyJOMETPHUYECKOr0 COCTaBa HCIBITYEMOIO
CBIPBSI C OIIPE/IEJICHHE NOKa3areyield 30JIbHOCTH CY-
XOT0 TOIUIMBA B KAXKIOM KJlacce KPYIMHOCTH (pHC.).
VYcranosneno, uro Marepuan Ha 61.1% mnpencras-
JIeH YIIUCTO-WiNCTON (pakmmeit Mernee 0.125 mm
C TOKa3aresieM 30JIbHOCTH CYXOTO TOIJIMBAa PaBHO-
ro 63.03%. 301bHOCTb KPYIHOKYCKOBOTO MAaT€pH-
ana 6onee 7 mm paBHa 53.44% c BeIXOAOM 2.9 %.
B kpynHOCTH OT 7 10 2 MM 3071bHOCTB paBHa 28.48 %,
BBIXOJl Marepraia B JaHHBIN AWana30H COCTaBII-
eT 6.5%. Iloka3arenp 30JIBHOCTH CyXOrO TOIUIMBA
B kpynHOCTH OT 2 10 0.25 MM coctasnser 23.91%.
Boixon marepmana B jgaHHOM auamnasoHe 29.5%.
IIpencraBnennyto kpynHocts oT 2 10 0.25 MM BO3-
MOYKHO paccMaTpHBaTh B KAY€CTBE MUCXOIAHOTO MHTa-
HUSL U151 TEXHOJIOTMUECKUX MCTIBITAHHUH.



Knace xpyrHocTi, MM

. 30/TBHOCTE cyXoro Towmmsa Ad, %

30,8 31,130,7132.173128

27,15

==g==Brxoxn, %

I'panynoMerpuueckuil aHaIU3 HCXOJHOTO CHIPbS
€ MOKa3aTeJsIMU CYXOro TOIUIMBA MO KJIacCcaM KPYMHOCTH

Tperuii sTam paboT 3akiodayicss B OMpeee-
HUM MHHEPaJbHOTO COCTaBa MCXOAHOTO CHIPBSI.
[locnenoBaTenbHOCTD OMEpaIuii 0 OMpPEeICHUI0
MHUHEpaILHOTO COCTaBa COCTOsIA B TpaBUTAIIU-
OHHOM (PAaKUMOHUPOBAHUH  KIACCU(UIIMPOBAH-
HOTO MaTepuraja UCXOTHOW MpoOsl B Opomodopme
(ynemwHbIH Bec 2.89 r/cM®) u mocneayromieM omnpe-
JIeIEHUN MHUHEPaIBHOTO cocTaBa mpoOsl. Kiaccs
KpynHocTH Oonee 2.0 MM H3ydeHbl 0e3 IpUMeHe-
HUS TPABUTAIIMOHHOTO (PPaKIIMOHUPOBAHHMS.

[Ipu npoBeeHNH BU3YAIBHOTO MPOCMOTpPA Ma-
Tepuana Oonee 2 MM YCTaHOBJIEHO, YTO OH Ipel-
CTaBJeH B OCHOBHOW Macce KaMeHHBIM YIJeM
U 00JIOMKaMHU TECYAaHUKOB M aJIEBPOJIUTOB C Ma-
JIOMOITHBIMU TPOCIOSMH YIUIs. YIJIM B KPYITHBIX
KJlaccax 4YacToO COJEPKaT BKIIOUCHUS U TPOCIIOH
TEPPUTEHHOr0 Marepuaa, 0 YM CBHICTEIbCTBY-
10T JaHHBIE ITOKa3arejeil 30JbHOCTH, TPEICTaB-
JeHHbIE Ha pucyHke 1. Matepuan menee 2 MM
B OCHOBHOH Macce npejcTaBieH ynsiMe — 88.02 %.
[Moponoobpa3zyromue MUHEpaIbl MPEICTABICHBI
KBapIleM, IUTardoKiIa30M, KapOOHaTaMW M CITIO-
namu, B cymme cocrapisitomuMu 8.07 % ot Bceit
Maccsl TpoObl. Taxke B mpoOe MPHCYTCTBYIOT
maraeTut (0.79 %), maput (0.42 %) m xaiapKomu-
put (0.21 %). MunepanbHbIi cOCTaB UCCIETyeMOn
poOkI MpecTaBieH B Tabnuie 1.

[Ipu mpoBeneHUM TPaBUTAIUOHHOTO (HpaKIu-
OHUPOBAHUSI YCTAHOBJIEHO, YTO YTrOJIb IJIaBHBIM
00pa3oM KOHIICHTPHUPYETCS B JIETKOW (DpaKIHH.
Ha ocHOBaHMM 1aHHBIX ONTHKO-MHUHEPAJIOTHYECKO-
TO aHaliu3a OBLIO TOICYMTAHO pacTpeieTICHHe yIiis
Mo KiaccaMm KpymHOCTH (Tadi. 2). YcTaHOBIEHO,
YTO OCHOBHAsl Macca Yyl COCPEJOTOYEeHa B Mare-
puasie mpoObI MeHee 2 MM, a UMEHHO B JHarna3oHe
kpynHocTH oT 0.25 10 2 MM.

Tabnuma 1

MHHepaJ’lb]—[Blﬁ COCTaB UCXOAHOTI'0 CbIPbSA

Mumnepan Coneprxanue, %
Marunerur 0.79
[Mupur 0.42
XanbKomupuT 0.21
VYroinb 88.02
Ksapug 4.08
[Tnarnoksnas 2.95
KapGonarsr 1.04
MyckoBUT Enunuynsle 3€pHa
buotur 0.12
Hupxon 0.04

MKH TIECUaHUKOB
S?;ZBPOJ‘IH:‘ZBa ° 2.33
Hroro: 100

HonyquHHe JaHHBIC MPHUBOJAT K BBIBOAY, YTO
MPUCYTCTBHE TAKOTO OOJIBIIOIO KOJIMYECTBA BBICO-
KO30JIbHOTO YIJIMCTO-MJIMCTOTO IllyIaMa IIOBJIMSET
Ha BSI3KOCTH ITYJIBIBI U CETPeraloOHHbIE CIIOCOOHO-
ctu Ooee KpynHbIX 3epeH. B Marepuane 6onee 2 Mmm
oOHapy»XeHbI Hecropaembie (asbl, MPEICTABICHHBIC
HeopraHuyeckuM BemiecTBoM. IloaTomy U3 TexHo-
JIOTMYECKOTO TIpoIecca PEKOMEHIYETCS BBIBECTH
YIJIMCTO-WIIUCTBIA  MaTepuan KpPYMHOCTBIO MEHee
0.125 mm u 60mee 2 MM. [ToCKONBKY TIIOTHOCTH YIS
M0 CPAaBHEHHUIO C MOPONOOPA3YIOIUMU U PYIHBIMH
MHUHEpaJIaMH 3HAYUTEIILHO HUKE, TO TPaIULMOHHOM
TEXHOJIOTHEN IMMOJIYYCHHU YTOJIBHOI'O KOHIICHTpAara
OyleT SIBISITBCSI TPaBUTALMOHHOE oOoramenue. Uto
Kacaercsl MPUCYTCTBUA MarHeTHTa, JAHHBI MUHE-
pan siBisieTcs (eppoOMarHeTUKOM M €ro JajibHei-
1Iee OTAENICHHE OT MOPOI000Pa3yIOIINX MUHEPAJIOB
U MHUHCPAJIOB NapaMarHE€TUKOB MOXKET OBLITh oCy-
LIECTBJICHO METOIOM MAarHUTHOM Cernaparuy.
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Ta6auma 2

Pacnpeneﬂeﬂne yYuid mo KjiaccaM KpynmHOCTH

Knacc xkpynHocTy, MM Copneprxanue B kiacce, % Pacnpenenenue, %
+15 0.33 0.37
—15+10 0.65 0.74
-10+8 0.48 0.55
—8+7 0.19 0.22
—7+5 1.00 1.14
—5+4 0.58 0.66
—443.2 0.49 0.56
-3.2+2 4.36 4.95
—2+1 7.45 8.46
—14+0.5 9.80 11.13
—0.5+0.25 11.36 12.91
-0.25+0.125 8.47 9.62
—0.125+0.071 4.52 5.13
-0.071+0.040 13.01 14.78
—0.040+0.0 25.33 28.78
Uroro: 88.02 100

HaHHBIe, IMMOJTYYCHHBIC ITPU U3YYCHUU BECIICCT-
BEHHOI'0 COCTaBa MCXOAHOIO IIJIaMa MO3BOJIMIIU
ONPENEIUTh OCHOBHBIC IOJIOKEHUS TEXHOJOTHU
IIOATrOTOBKH HpO6I)I K OGOI‘&HIGHI/IIO, YTOUHUTH
MNPOAYKTUBHBIM KJIACC KPYMHOCTH, OMNPENEIUTCS
B BBIOOpE MeTOa 00OTaIeHHS CHIPBS.

YeTBepThlil dTanm paboT 3aKiroyayics B MPOBE-
JICHUH TEXHOJIOTMYEeCKuX ucneiTanuii. Ha marepu-
aJI€ YIOJIbHOI'O HlJiaMa 61)1.]13 BBIIIOJIHCHA OIllCpanus
TPOXOYEHUSs, MPU MOMOILIM KOTOPOH MPOUCXOAUT
pasnesnenue Hecropaemoil (asel  Chipbs (Haj-
pemETHBIA TPOAYKT), IMPEICTAaBICHHON Heopra-
HUYECKMMH BEIIECTBAMH OT YIJIeconaepiKaiie-
ro Marepuasna (nmoApeméTHelid mpoaykr). amee
Ha MOAPEIIETHOM MIPOYKTE BBIIOJIHEHA OIlEepaLys
CIyILIEeHUs NPU MOMOIIY I'MAPOLUKIIOHA, TJ€ IIPO-
WCXOIUT paszfielieHne pabodero Kjacca KpYITHO-
cTU (ITECKH TUAPONMUKIOHA) OT BBICOKO30JIBHOTO
YIJINCTO-WINCTOTO MaTepuaia (CIMB THUIAPOLHK-
noHa). JlanpHeimee oboramenne padbodero Kiac-
ca (IEeCKOB THUAPOIMKIOHA) BBIMTOIHSIOCH IIPH
MIOMOIIIM BUHTOBOM cemapauuu, B XOI€ KOTOPOTO
ObLIH IMOJTyYCHBI erJII:HbIﬁ KOHIEHTpAT U IMOPOoa-
HBIH 1IpoaykT. O0oramnieHne MopoaHOro MPOyKTa
MPOAOJDKANIOCH TPU TIOMOINM MOKPOW MAarHuT-
HOH cemapaluu, B Ipolecce KOTOpO MarHuTHas
(hpakuus sBISETCS JKEIe30ConepIKalluM KOHIIEH-
TpaToOM, a HC MarHuTHas OTBAJIbHBIMHU XBOCTaMHU.
B pesynbrare ucnbITaHU OBUTH TOTYYEHBI:
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— YTOJNBHBI KOHIIEHTPAT ¢ BBIXOAOM 25.5%;
30JIHOCTH TPOIyKTa cocTaBuia 14.4 %;

— JKeINe30COoIepKANINN KOHIIEHTPAT ¢ MacCOBOM
noneit xenesa 64.72%; BBIXOI MPOAYKTa COCTABUII
0.7%.

3aKjIoueHue

TakuM 00pa3zoM, pe3ynbTaThl HUCCIEIOBAHUS
OTXOJIOB yTIIe00OTaTUTENhbHON (PaOpUKH TOKa3bI-
BAIOT TIOTCHIMAIBHYI0 BO3MOXKHOCTH HMX HCIIOJb-
30BaHMsl B KauecTBE BTOPHUYHOTO MHUHEPAILHOIO
ChIpbs. VI3ydeHune BEIEeCTBEHHOTO COCTaBa yroib-
HBIX IIJJaMOB CHOCOOCTBYeT BBIOOpPY 3(dekTus-
HOM TexHoNormn wx oborameHus. Pa3paborana
IPAaBUTALIMOHHO-MAarHUTHAsT CXeMa OO0OTaIleHHs
YTOJIBHBIX NIIaMOB. TEXHOJIOTMYECKHMMH HCIIBITa-
HUSIMHA 000TaTHMOCTH YTOJBHBIX IIUIAMOB ITOKa3aHa
BO3MOJKHOCTB IOJYYEHHUS JIBYX TOBAPHBIX MPOAYK-
TOB: YTOJILHOTO KOHIIEHTpATa, IPUTOTHOTO YIS HC-
MOJIB30BaHMS B SHEPTETHUYECKOM MPOMBIIUIEHHOCTH
U JKEeNIe30COepIKaliero KOHIEHTpaTa Uil MeTaj-
JYPTrUYECKON MPOMBIIUIEHHOCTH WM JIISl IPHMe-
HEHMS B Ka4€CTBE YTKEIUTENSI B TSHKEIOCPEIHOM
cermaparii Ha 00oTaTUTENbHEIX (padpukax.

Pabombi ebinonnenvl 6 pamkax KOMNIEKCHO20
HayYyHO-mexHu4eckoeo npoekma Munucmepcmesa
Hayku u evicuwezo obpaszosanus Poccuiickou
DedepayuuNe 075-15-2022-1192 «Ilepepabomxa
X80CMO8 Y2ONbHLIX 0002amumenvubvlx Gadpux



C Yenblo NONyYeHus MOSAPHO20 Y2ONbHO20 KOH-
yeHmpamay npu NOO0epICKe KOMNIEKCHOU Ha-
VUHO-MEXHUYECKOU NPOZPAMMbL NOTHO20 UHHO-
sayuonno2o yukia «Paspabomxa u eneopenue
KOMNJeKca MexHono2uil 6 00aacmsax pazeeoku
U 000blYU MBEPObIX NOAE3HbIX UCKONAEMDbIX,
obecneueHus NPOMbLULIEHHOU — 0e30NACHOCU,

ouopemeduayuu, co30anusi HOBbIX NPOOYKIMOG
2ny6oKol nepepabdomKu  y20nbHO20 Cblpbs Npu
nOCIe008aAMENbHOM CHUIICEHUU IKOT0SUYECKOU HA-
2PY3KU HA OKPYACATOUYIO CPedy U PUCKOS OJIsL ICU3-
HU HaceleHusny, ymeepocoeHHou Pacnopsoicenuem
Ipasumenvcmesa Poccutickou Dedepayuu Ne 1144-p
om 11 mas 2022 2.
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HOBBIE ITOAXO/JbI K PABPABOTKE
MHOT'O®YHKIIMOHAJIBHBIX COPBEHTOB

Koueea JI. C.', Komoea O. B.', Kapmanos A. I1.?, Bozoanosuu H. H.

! Unemumym eeonoeuu um. akaoemuxa H. I1. FOwkuna, @UL] «Komu HL] YpO PAH», Cvikmviexkap
2 Unemumym 6uonoeuu, UL «Komu HL] YpO PAH», Coikmuiexap
? Cegepruiii Apxmuueckuil pedepanvuviii yHusepcumem umenu M. B. Jlowonocosa, Apxaneenvck

BBenenue

K Baxxneliiemy HanpaBJI€HHUIO HUCCIIEIOBAHUU
B COBPEMEHHON TEXHOJIOTMYECKON MHUHEpaJOruu
CIelyeT OTHECTH KOMIUIEKCHOE U palHOHaJb-
HOE HWCTOJB30BAaHUE MHHEPAIBHO-CHIPHEBBIX pe-
cypcoB. OgHUM U3 BO3MOXKHBIX BapHaHTOB pea-
TMU3alAA dTOW 3a/ladd MOKET CTaTh pa3paboTka
HOBBIX COPOIIMOHHBIX MaTepUajoB Ha OCHOBE
OpraHOMHUHEPANbHBIX TPHUPOIHBIX W TEXHOTEH-
HBIX MCTOYHHMKOB, BK/IKOYasA OTXObI Hepepa6OTKI/I
Y BTOPUYHBIE MPOTYKTHI PA3IMIHBIX TPOU3BO/ICTB.
Coznmanue HOBBIX YHHMBEPCATBHBIX COPOEHTOB
SIBJISICTCSI OJHOW M3 Hauboyiee HAyKOEMKHX, aK-
TyaJIbHBIX ¥ TPAKTHYECKH BOCTPEOOBAaHHBIX 3a-
Jad IeJIOT0 psAla HAyYHBIX HaMpaBICHUH. ITO
M TIOUCK CHIPHEBBIX HCTOYHUKOB, M pa3paboTka
HOBBIX NOAXOAOB K UX MOJTYYCHHIO, CO3AaHUC TC-
OpPETUYECKHX OCHOB, OOBSCHSIONIMX MEXaHU3MBI
(byHKIIMOHUPOBAHUS COPOCHTOB, a TaKKe H3yde-
HUE CBOWCTB M c(ep MpUMEHEHUs COPOIIMOHHBIX

MaTepHalioB, PEHICHUE PsiJia IKOJIOTUYECKUX BOII-
pocoB. JlOCTaroyHO XOpOLIO H3YyYEHHBIMU SB-
nsitotest (pasoBbie TpaHC(hOpPMAILMK 30JIBI YHOCA
B TEXHOJIOTHMSIX CHHTE3a LIEOJINTOB M UX copOLu-
OoHHBIE cBoiicTBa [2, 8]. HecMmoTps Ha mepcnekTu-
BBl 3QPeKTUBHOTO npuMeHeHus 2D-rpadeHOoBBIX
CTPYKTYp B T€0DKOJIOTUX U OnoTexHosoruu [6, 7],
710 HACTOSAIIETO BPEMEHU OHU HE HAIIN ITHPOKOTO
[PAKTUYECKOI0 UCIIOJIb30BaHMsI U3-3a HU3KOH Ipo-
W3BOJIUTENBHOCTH Pa3pabOTaHHBIX K HACTOSILIEMY
BPEMEHM METO/MK WX cuHTe3a. it pa3BuTus Teo-
PUH M IPAKTUKH CHHTE3a MHOTOQYHKIIMOHAIBHBIX
COpOCHTOB TMOJIE3HO HM3yYEHHUE AJIbTEPHATHBHBIX
WM KOMOMHUPOBAHHBIX TEXHOJIOTHH.

OnHHMM U3 EPCHEKTUBHBIX MOJIX0/0B K CO3/a-
HHUIO HOBOTO KJIacCa YHUBEPCAJIbHBIX COPOCHTOB
MOJKET CTaTh MOJTyUYeHUE KapOOHU3UPOBAHHBIX Ma-
TEPHUAJIOB C UCIIOJIb30BaHUEM METO/1a CAaMOPacIpo-
CTPaHSIONIETOCS] BHICOKOTEMIIEPATYPHOTO CHHTE-
3a (CBC). B ocnoBe meTona CBC nexut peakuus
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9K30TEepPMHUYECKOTO  B3aMMOJCHCTBUS  BEIIECTB,
IpoTeKarolas B aBTOBOJHOBOM pexume [4, 11].
JList oy 4eHust yriaepoaHbIx cCOpOeHTOB, KpOMeE He-
OpPraHMYECKUX CBIPHEBBIX UCTOYHHUKOB, MPEAJIONKe-
HO HCIIOJIb30BaTh TEXHOI'€HHBIE OTXO/bl PACTUTEIb-
HOTO TIPOHMCXOXKJICHHS, B YACTHOCTH, THJPOITH3HBIH
JIMTHHUH, TEXHUYECKUH Kpaxmall v JPEBECHYIO KOpy
[5, 6]. [lepcrieKTUBHBIM CHIPHEM IS TTOJTYICHUS yT-
JIEPOAHBIX COPOCHTOB MOTYT CTaTh OMOMacca upes-
BBIYAHO PAacIpPOCTPAHEHHOI'O B HACTOSIIEE BPEMsI
WHBAa3MBHOTO pacTeHust 6opiieBnka COCHOBCKOTIO,
a Tak)Ke Jpyrue HeIpeBECHbIC PACTECHHSL.

MaTepHa.]I U METOAbI UCCJICAOBAHUSA

B namnoii pabore 0OBEKTaMH HCCICHOBAHUS
CIIYXWIH KapOOHU3MPOBAHHBIC O0Opa3Ibl aJCcop-
OCHTOB Ha OCHOBE CTeONeH OOpIIeBUKA (3aTOTOBIICH
nmerom 2020 r. (o6pasmst C-1, C-2 mw C-3) m 2019 1.
(o6pazenr C-4) B okpectHOCTAX T. CHIKTBIBKapa,
Pecryonuka Komu). KommoneHTHBIH cocTaB Ono-
Macchl OOpIIeBHKA PEACTABICH MOIUCaXapuIaMH
>75%, nuramaoMm 20-22 %, 30JIbHOCTH COCTaB-
aset 3-5%. KapOonuzanuio o0pa3ioB MPOBOIH-
nu MetogoM CBC npu pa3nudyHOM COOTHOIIEHUHU
ceipbe: okucmrens (NH,NO,). Beixox mpoxykros
cocraBun  35-40%. PentrenodayopecueHTHbIH
aHan3 00pasLoB NPOBOAWIN Ha CIEKTPOMETpE
Shimadzu XRF-1800 (SImonwust). 3anuck npoBOH-
nack Ha obOpasue B ¢popMe peccOBaHHON Tabner-
KM, COCTOSIIEH M3 ncciaeayeMoro odpasma u Io-
JMBUHUIIOBOTO CHHPTa (B KAueCTBE CBA3YIOIIETO)
Ha TOUIOXKKE W3 OOpHOW KHUCIOTHL. IIpeccoBanme
OCYUIECTBISUIM C HCIIOJIb30BAHUEM HWHCTPYMEH-
ta Carber 3912. Mukpo3oHaupoBaHrue 00pa3ioB
NPOBOJMIIM Ha CKAaHUPYIOIIEM JJIEKTPOHHOM MHUK-
pockonie TESCAN Mira-3M ¢ EDX mnpucraBkoit
Oxford instruments X-max.

OnpezneneHue  XapakTEPUCTUK  MOPHCTOM
CTPYKTYpPbl COPOCHTOB IPOBOAMIN METOAOM HH3-
KOTEeMIIepaTypHOH aJcopOIiK a30Ta Ha aHaju3a-
TOPE yAEIbHON NOBEPXHOCTH U opucTocTU ASAP
2020 mp (Micromeritics, USA). Obpa3isl amcop-
OeHTa npeaBapuTenbHO Aerasuposanu npu 100 °C
0 ocrarognoro masienus 7-107* Ila ¢ BeImEpKU-
BaHUEM TPHU 33/1aHHBIX YCIOBHIX B TCYCHHE 2 Ya-
coB. Jlanee npoBoaMIN aacoOpOLUIO U I1ECOPOLHIO
raza B uHTepBajne nasieHuilt or 0 no 101.3 xlla.
Ucnonw3ys mporpammuoe oOecreueHue mnpuodo-
pa, TO MONyYeHHBIM H30TepMaM PACCUNUTHIBAIH
napaMeTpbl MOPHCTOH CTPYKTYpbl. CyMMapHBIH
00wbéM nop V -BOT (cM’/r) u ynenbHyio niomain
nosepxHoct YIIII-BOT (M?%/r) onpeaessiiiu MeTo-
nmoMm bpynayspa-Ommera-Temnepa (BOT). O6myro
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yAenbHYI0 moBepxHocTh Mesomop VI  — (m?/r)
Beruncisin o merony BJHpec, Broekhoff-de
Boer. O0bém mukpomop V, - (em3/1) paccun-
ThIBAIM 10 MeTonaMm JlyOumHuHa-PagynikeBuua
u Xopsara-Kasaszoe, 00bém mezonop V.,  (cm*/T) —
no metoay bappera-/[xoiinepa-Xanenasr (BJH)
10 JIeCOPOLIMOHHON BETBH M30TEPMBI.

CopOIoHHbBIE XapaKTePUCTHKHA 00pasIoB yc-
TaHOBJICHBI B OTHOIIEHUH BHICOKOTOKCHYHBIX IOJI-
JIOTAHTOB HEOPTaHWYECKO M OpraHn4ecKoi npu-
ponsl — ypaHa-238 u MUKOTOKcHHA T-2.

CopOuuro-necopOunio ypaHa ONpenessuIn
B CTaTWYECKUX YCIOBHUSIX MPH KOMHATHOM TemIie-
parype, IS 4ero HaBecku 00pa3uoB (~1 r) mpuso-
WM B KOHTAKT C PacTBOpaMH HHUTpaTa ypaHuia
UO,(NO,), ¢ xonuenrpauusmu 0.625-10°r/mn
npu pH 6.0. ¥Ypan B HuTpare ObUI mpeAcTaBiIcH
MIPUPOIHON CMEChI0 M30TOoTOB. [ 'mapomomyns 1: 20.
Bpems skcnozunuun 24 yaca. [locne koHTakTa
nucciaenyemMble COpOCHTBI OTAEISUIM OT SKMIKOH
¢dassl punbTpoBanueMm. B ¢unbrpare ompenens-
JM aKTUBHOCTH DPAJMOHYKIHMIOB, MO YOBLIH KO-
TOPBIX paccuuThiBaiu cTteneHb copoumnu S (%)
ypaHa H3 BOIHBIX pacTBOpoB. CmnocoOHOCTDH
0o0pa3loB  yaepKuBaTh CcOpOMpOBAaHHBIE pa-
JUOHYKIIUJBl OIICHUBAIM METOJIOM IOCJel10Ba-
TEJIbHBIX BBITSKEK. [lj1s1 3TOrO onpexpensnau cre-
neHp gecop6ouuu D (%) B AMCTHIIMPOBAHHOM
Boze (Dy,0), B 1 M pacTBOpa amerara aMMOHHs
(Denzcoonny) B B 1 M comsnoii kucnotsr (D).
KonnyecTtBo mpovyHO COpPOMPOBAHHOTO pPaaHoO-
nykmuaa S, (%) onpenensnaM UCXOAs W3 JaH-
HBIX [0 CYMMapHOW JecopOuHMH D3JIEeMEHTOB.
VYpan omnpeaensau JTIOMHUHECHEHTHBIM METOIOM
[1, 10]. NAETEHCUBHOCTH CBEUCHUS MEPIOB U3ME-
psATM Ha JIIOMHHECIIeHTHOM QoTomerpe JIKOD-57.

Copbunro MukoTokcuHa T-2 M3ydanu Ha Tpe-
naparax MNPUPOJHBIX JUTHUHOB M IMPOAYKTOB HX
kapOonmsaruu Metogom CBC. Ilpemapatsl mpu-
POIHBIX JINTHUHOB BBIACISUIH KIACCHUYECKUM Me-
tonoMm Ilennepa [9]. KomuuectBeHHOe omnpene-
JIeHHEe MHUKOTOKCHUHa T-2 NpOBOAMIM METOIOM
TOHKOCJIOIHOH Xpomarorpaduu ¢ 6noaBTorpadu-
YECKUM 3aBEPIICHUEM C HCIIOJIb30BAHUEM KYJIBTY-
pwt Candida pseudotropicalis [3].

Pe3y.]'ll)TaTLl " 06cy>lc21elme

Uccnenyembie 00pas3ipl TPEACTABISIOT CO-
00l MEJTKOMCIIEPCHBIC MTOPOIIKH YEPHOTO IIBETA.
KonudecTBo yriiepona B o0pasmax BapbHPYETCs
B nHTepBase 74.6—81.8 % (mo pesynpratamM MHUK-
pozonaupoBanuss COM). CooTHOIIEHUE YIJe-
pona u kucinopona C/O B o0pasimax HaxOAHTCS



B nHTEepBane 5.5-6.9. [1lo naaHbM peHTreHODTY-
OPECLIEHTHOTO aHaJN3a MPUCYTCTBYIOT IPUMECH:
Si0,, AL,O,, Fe,0,, MgO, CaO, Na,0, K O, PO,
MnO.

Kak mokazanu wccnenoBanus (Tadm. 1), Makcu-
MaJIbHYIO BEJIMYMHY YICIbHOW TUIONIAIN TOBEpX-
HOocTH uMeeT obOpasen C-1. Benumunna mokasarens
VIIII-BOT mis storo amcopbeHTa, paccunTaHHAs
no meroxny bpyHayspa-Ommera-Temnepa, cocraBuia
363 m?%r. O6mas moBepxHOCTh HOPMHUPYETCS, KaK
CyMMa IUIOMIJe BCEX CTPYKTYPHBIX BIIEMEHTOB
MTOBEPXHOCTH, 1M03TOMY Tiperniapar C-1 mpeBocxoauT
OCTaJIbHBIC 00pAa3Ibl U MO BCEM JIPYTHMM OCHOBHBIM
xapakrepuctukam (V-BOT, VIIIT .,V . VMm(po)'
CooTHeceHue 3THX IOKa3aTeled C IOKa3aTessiMU
copOumuu S u S, CBUIETENLCTBYET O TOM, YTO TOBEP-
XHOCTb aJICOPOCHTOB B IAHHOM CIIy4ae UTPaeT BaXK-
HYIO pOJIb B ITpoOIlecce COPOIMHU ypaHa.

Tabnuma 1

XapaKkTepHCTHKHU MOBEPXHOCTHBIX CBOICTB 00pa3LoB

MEepPBOHAYAIBHO COPOMPOBAHHOIO ypaHa BBIMbIBA-
€TCSl B YCIOBHSIX METOJA IMOCJIE0BaTEeIIbHBIX 00-
paborok. Jlns C-1 moka3zarenn qecopOIiiy 3aMEeTHO
MEHBIIIe, YeM JIJIS IPYTUX 00pa3IioB, O3TOMY B KO-
HEYHOM HTOTe OH OKasaicsi Hambomnee 3(h(eKTus-
HBIM CPEIM MCCJICIOBAHHBIX MPENapaToB ¢ MOKa3a-
TeJIeM HeOOpaTUMOM aJcopOLuu S, TOCTHTAIOIIHMM
~70%.

Kak mokaspiBaeT aHaiM3 JaHHBIX, B3aUMOCBS3b
MESK]y COPOIIMOHHOM CIOCOOHOCTBIO S, B OTHOIIE-
HUU ypaHa M YICJIbHOW ILIONIAbI0 MOBEPXHOCTH
YIJIEPOAHBIX MaTE€PHAJIOB BhIPAXKAETCsl YPaBHECHUEM
S,=37.6+0.094x(VIIII-BIT) ¢ nuueiHbIM mapHbM
ko3 unmenTom koppessituu R = +0.945. Tlo mika-
sie Yentoka TaHHBIN pe3yabpTar yKa3blBaeT HA HAJIM-
Yie BEChMa TECHOW B3aMMOCBSI3H (KOPPEIISIUs J10-
CTOBEpHA) MEXIy IUIoMNanso nosepxHoctu YIIIT
¥ TI0Ka3aTesieM MPOYHOM ancopOumnu ypana S,

Tabnuma 3

XapakTepucTHKa cOpOnMU—Iecopoun

MHUKoOTOKcHHA T-2 06pasuamu npupogxoro (L)
Iapamerp C-1 C-2 C-3 C-4 u kapoonusuposannoro (LC) aurauna
YHIL-BOT, M*/r 363 221 33 297 XapakTepucTHKu copOumu-necoponuu, %
O6pa3sipt
V.-B3T, em*/r 0.253 0.179 0.044 | 0.208 S D S,
VI, M1 39.8 26.5 5.9 - L 41.2 225 32.4
V o CMT 0.071 0.066 0.028 - LC 99.2 0.1 99.0
V por SMY/T 0.167 0.106 0.014 | 0.142
Panee HaMu OBUIO yCTAHOBJIEHO, YTO JIMTHUH —
OIMH M3 OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB pac-
Tabnuma 2 TUTCIBHOTO CHIPbS MOXKET CITY>KUTh IICPCIICKTUBHBIM
Copounsi—tecopéuust (%) ypana u3 BoxHol azcopOeHToM MHUKOTOKCHHA T-2 [5, 6]. MUKOTOKCHH
cpeanbl oﬁpa3uaMn YIIEPOAHBIX COpﬁeHTOB, T-2 sBiagercs BecbMa TOKCHUYHBIM COCIMHCHHUEM,
CHHTe3UPOBaHHBIX MeToaoM CBC BTOPUYHBIM METa0OJIUTOM TUIECHEBBIX TPHOOB pojia
CoorHome- Fusarium, 06?aI[aIOHII/IM KaHIIEPOT€HHBIM U MY-
O6pasert | e cupre: | S Do | Daycoon | Pt | S Tar€HHbIM JE€UCTBUEM. MMKOTOKCHHBI MOTYT Ha-
NH,NO, KaIlJIMBaTbCsA B 3apaKEHHBIX 3€PHOBBIX KYJIBTypax
WA paCIpOCTPAHATHECS 110 NMUIIEBBIM IEIIOYKAM, YTO
1 30:30 7671176 21 1061697 MPEJCTABIISIET OMACHOCTh KaK ISl CEJIbCKOXO3sMC-
C-2 60:40 719 | 18.8 2.8 11.1167.2 TBCHHBIX )XMBOTHBIX, TaK U JJIs 4YCJIOBCKA.
OKCHEPUMEHThI CBUAETEIBCTBYIOT O TOM, YTO
C-3 70:30 1 999 136.1 2.7 12341378  kapGOHM3MPOBAHHBIE OOPA3Ibl TAKKE CHOCOOHDI
C-4 50:50 576 223 16 144 61.7 MPAKTHYECKUA TIOJHOCTBIO aJICOPOMPOBATh OJIUH
M3 OITACHEUIINX 3arPsI3HUTEIIEN MUILEBBIX ITPOAYK-
TOB MHUKOTOKCHH T-2 B crucTeMax, UMUTHPYIOIIUX
Wzydyenne  mpoLeccoB  COpOLMM-IECOPOLMU  YCIOBHS B IKENYJTOYHO-KHIIEUHOM TPAKTE MIIe-

ypaHa Tokazano (Tabn. 2), 9TO BCe HCCIemryeMble
00pasipl 00JIaIAl0T JIOCTATOYHO BBICOKUMH COPO-
[IUOHHBIMH XapaKTePUCTUKaMU. MICKITFOYCHUEM SIBJISI-
ercst oopaszer C-3, U1t KOTOPOTO 3HAYUTEIBHAS JTOJIST

KomuTaromux. B tabnume 3 B KauecTBe mpuMepa
MIPUBEICHBl XapPaKTEPUCTHKH COPOIMH-IeCOpOLUn
MHKOTOKCHHA T-2 OJHHMM M3 HAIIUX OOBEKTOB HC-
CJIeIOBaHUN — KapOOHU3MPOBAHHBIM COPOCHTOM,
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MOJTyYeHHBIM U3 JTUTHUHA cTebel OpyCHHUKH, U HC-
XOJIHBIM JIMTHUHOM JI0 KapOOHHU3aI1H.

YcTaHOBIIEHO, YTO A KapOOHW3WPOBAHHOTO
copbenTa npu Temneparype 37 °C u pH 2 (ycno-
BUS JKETy/Ka) aJicOpOIrs 3TOT0O MHKOTOKCHHA S
coctasisieT 6omnee 99 %. Ilpu pH 8 (ycioBus xu-
mieynuka) necopoumss D He mpesbimaet 0.1 %.
B pesynbrare S, (mpounas axcopOuus) nis Mu-
koTokcuHa T-2 coctaBuna 99 %. To ecth mporecc
KapOOHM3AIMH TTPUBOIUT K TOMY, UYTO ITOKa3aTeihb
ancopbumm S yBenmuymBaeTcs Oojee 4eM B JiBa
pasza, a mokaszareib MPOYHOM ajcopOIMM BO3pac-
TaeT B TPU pa3a MpH NPaKTUIECKHU MTOTHOM OTCYTC-
TBUHU JIeCOPOIIMH TIOTJIOMIEHHOTO TOKCUKAHTa, 4TO
CBHJICTEILCTBYET O MPOYHOM €T0 yIep>KWBaHUU.
[TonmyueHHble pe3yabTaThl YKa3bIBAIOT Ha TIepcC-
MEKTUBHOCTh M TOTEHIUATHHYI BO3MOXXHOCTH
UCTIOJNb30BAHUST YTIIEPOJHBIX MaTepHAIIOB PACTH-
TEJIBHOTO MPOUCXOXKACHUS B KAYECTBE SHTEPOCOP-
OCHTOB.

BpiBoABI

PaccmoTpeHa BO3MOKHOCTB CO3/1aHHSI MHOTO-
(YHKIIMOHAIBHBIX YITICPOJAHBIX COPOCHTOB Ha OC-
HOBE MPHUPOJHOIO U TEXHOI'CHHOTO ChIPbS PacTh-
TEJIBHOTO MPOUCXOXKICHUS, 000X BEICOKOU
VAETHHOM TUTOIIA/IBI0 TIOBEPXHOCTH M BHIPAKEHHOM
opUCTOCThI0. HOBBIE MarepHabl, CHHTE3UPOBAH-
Hble KapOOHHW3aIMeld MPUPOTHOTO OpraHOMHHE-
PAJILHOTO CHIPBSI, MO)KHO PEKOMEH/IOBAThH B Ka4eCT-
B€ TIEPCIECKTUBHBIX a7COPOCHTOB PATHOHYKIIHIOB
¥ DHTEPOCOPOCHTOB MUKOTOKCHHOB.

Hccnedosanusn nposoosimes 6 pamxax 1ocyoap-
cmeennozo 3adanus (HUP) Hucmumyma eeono-
euu (122040600011-5) u HUncmumyma o6uonocuu
(Ne 122040600024-5) ®HUIL] Komu HI] YpO PAH.
Asmopbl 8vipascarom UCKpeHHIow 01a200apHOCHb
0.x.H. A.Il. Bosnaxosckomy, k.6.n. H.I. Paukoeoil,
o.m.x. A.B. Kanapckomy u 0.6.1n. 2. . Cemenogy
3a NOMOWb 6 NPOBEOEHUU IKCNEPUMEHTNATILHBIX Pa-
oom.
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TEXHOJIOTMYECKHHN KOHTPOJIb IPOIIECCA OBOTAIIIEHUS
MPUPOJHOI'O ATIOMOCHJINKATHOI'O ChIPbSI C UCIIOJIb30BAHUEM
JIEKTPOHHOM MUKPOCKOIIUU

Hlepbaxoea H. H., 3axapeeuu A. M., Cepycanmos B. I, Benue C. b.

Capamosckuili HayuOHAIbHBI UCCTe008AMENbCKUL 20CY0APCMBEHHbIN YHUBEPCUMEM
um. H. I Yepuvtuescroeo, Capamos

MuHepan IayKOHUT SBIISIETCS CIIOKHBIM KaJIUii-
COZIEpKAIIUM BOJIHBIM AJTFOMOCHJIMKATOM, OTHO-
CUTCSI K TPYyNIE TUAPOCIION MOAKIACCA CIOUCTBIX
CIJIMKAaTOB HENOCTOSHHOIO cocTaBa. bmaromaps
BBICOKMM KaTHOHOOOMEHHBIMH CBOWCTBaM, CIIO-
COOHOCTH M30MPATENILHOTO MOTIOUICHUST KATHOHOB
M JIONTOXXUBYIIUX PaJAOU30TOIOB, TSKEIBIX Me-
TaJUIOB, TJIAyKOHUT IIMPOKO HCIIONB3yeTcsd B Ka-
YeCcTBE MPHUPOAHOTO COpOEHTa AT OYMCTKU BOJBI
Y TIOYBBI.

I'maykonnToBele mnecku bemosepckoro Mec-
TopoxkaeHnss B (CapaToBCKOW 0ONacTH SIBISIOTCS
MIEPCTIEKTUBHBIM CBHIPHEM Ul TPOU3BOJCTBA IUIa-
YKOHUTOBBIX COPOCHTOB PA3IMYHOTO Ha3HAYCHHS.
Coneprxanue rayKOHUTA B TTECKax cocTapiseT 41—
56 %, MpPUCYTCTBYIOT TaKe T'MIPOCIIONbI, MOHT-
MOPWJITOHHT, XJIOPWT, KBapll, KaJbIUT, CHJIECPHUT,
noneoil mmar. Kommanust OO0 «3OxoCopOeHT»
3aHMManach pa3paboTKoil TexHomoruu obora-
IIeHUd TJIAyKOHUTOBBIX TeckoB benosepckoro
MECTOpOXK/ICHUSI Ha OCHOBE HCCIIEJJOBAaHUH, IpO-
BomuMbIix B IIKII CaparoBckoro yHUBEpCHTETa
uM. H.T. YepnsiieBckoro. g u3ydyeHUs: MHHE-
pPaNBHOTO W XUMHYECKOTO COCTaBa IIAyKOHHUTOBO-
IO CBHIPBS, CTPYKTYPHO-TEKCTYPHBIX OCOOCHHOCTEH
WCTIOJh30BAIUCh PEHTIEHOBCKUHM NH(pPaKTOMETP
JIPOH-3 © CKaHUPYIOUIMA OSJIEKTPOHHBIH MUK-
pockon (COM) TESCAN MIRA II LMU c cuc-
temoit JJIC mmkpoanammsa AztecLive Advanced
Ultim Max 40. B pe3ynbrare uccieqoBaHuid Obuia
pa3zpaboTaHa TEXHOJOTHS TIONYYEeHUS KOHIEHT-
para ¢ comepkanueM miaykonuta 90-97 %, a tak-
K€ TEXHOJIOTHS IMOJy4YeHHs] JUHEWKH MpPOTYKTOB!
MTOPOIIKOB  PA3IUYHOTO (HPAKIIMOHHOTO COCTaBa
W TPaHyJHPOBAHHOTO TIIAYyKOHHUTA ¢ MOAUDUIHPY-
FOIITUME JO0OaBKaMH B 3aBUCHMOCTH OT Ha3HAYCHUSI.
[IpousBoarMbie U3 oOOTameHHBIX benoo3epckux
MECKOB TJIAyKOHUTOBBIE MaTepHaiabl — COPOSHTHI
MOTYT OBITH MCIIONIB30BAHBI Ui OYMCTKH, yMSATYe-
HUS M YaCTHYHOTO 00€CCOIMBaHMsI BOJIBI, XO30BITO-
BBIX U TIPOMBITIIIEHHBIX CTOKOB. B cdepe axomornn

W TIPUPOJONOIB30BaHUs — I BOCCTAHOBIICHHS
TUIOIOPONUSL TPYHTA, 3arpsA3HEHHOTO He(Tenpo-
JTYKTaMH, COJISIMH TSDKEJIBIX METAIUIOB, PaIHOHYK-
JUJIAMH, TIECTULHJIAMH U JIP., B BETEpUHAPHH U Me-
TUIMHE B KaUeCTBE MUIIEBON JOOaBKH W HOCUTEIS
JIEKapCTBEHHBIX CPEJICTB U IOJIE3HOH MUKPO(IIOPHI.

Pa3paboTrannas TeXHOIOTHS 00OTAIEHHS ChIPb-
€BOTO TJIAYKOHHTOBOTO TI€CKa BKIIIOYACT YIAJICHHE
npUMecei, U3MENFICHNUE U TOCIEAYIOIYI0 MeXa-
HUYECKYIO U XUMAYECKYIO aKTUBAIMIO TIIAyKOHNTA.
['panynupoBanue MOpOLIKa TIJAayKOHUTa oOecre-
YUBAET MEXAHWYECKYIO IMPOYHOCTH ITONy4YEHHOTO
copOeHTa, MO3BOJISIET COXPaHHUThH alcOpOMPOBaH-
HBIC BEIIECTBA BHYTPHU T'PaHyJl, PACIIUPUTH CIIEKTP
W TIOBBICHTH TEXHOJOTUYHOCTh TPAHCIOPTUPOBKH,
XpaHEHHUS! U BHECEHMS KOMIUIEKCHBIX IIayKOHUTO-
BBIX yIOOpeHUH U MUKPO(IOPHI B TIOYBY, MPOJIOH-
THPOBATh CPOK MX JEHCTBUS, WU yTUIN3ALUIO OT-
paboranHoro copOenra [1].

Lenp Hacrosiield paboOTHl — IMOKa3aTh MPUMEP
WCTIOJIb30BAHUSl  CKaHUPYIOLIETO  3JEKTPOHHOTO
MHKpockona ¢ cuctemoit I/IC MukpoaHannsa mpu
MPOBEJCHUN JIOCTaTOYHO-HEOOXOANMBIX 3aMEpOB
W OIpeJIeNIeHni B Tpoliecce 00OTaIleHus TIIayKo-
HUTOBBIX MIECKOB H MOJTYYCHUS] COPOCHTOB.

O0paboTKka CHIPHEBOTO IECKa JOJKHA TPOU3-
BOJIUTHCS B PEXKHMAX, MMO3BOJIIFOIIUX COXPAHUTh
CBOWCTBa IIIayKoHHWTa Kak copbOeHTta. [IpomykTom
oborameHnuss SBISETCS CITa0OMArHUTHBIN TIpH-
POIHBIN  KEJIe300KCUAHBIM Marepuan (Iayko-
HUT) KpymHOCTHIO 0.125-0.05 MM ¢ comep:kaHueM
Fe,0,18-29 Bec. %. OOMeHHas €MKOCTh Iuiay-
KOHUTa OOyCJIOBJIE€HAa HAJIMYMEM HapyLICHHBIX
cBs3ell Ha OokoBBIX rpaHax (mo 10-20% ot 006-
meil OOMEHHOM eMKOCTH) W HE3HAYUTEIbHBIM
BKJIAJIOM KpPaeBBIX THAPOKCHIBHBIX TPYMI, YTO
dopmupyercss B XoJe akTHBauH. B mporecce
MTPOM3BOJICTBA TJIAyKOHUTOBOTO KOHIIEHTPATa C MH-
HUMAJIBHBIM COJIEPYKAHUEM TpHUMecel HeOOXOMMO
COOJTIONICHHE TEMIIEPaTyphbl CYLIKH, PEKHUMOB yia-
JeHUsT TIpUMeceid, AWCIIEPTHPOBAHUH TIPOIYKTA.
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Tak, commacao TpeboBanmsim TY 2322-001-
69468254-2013 «O06oraleHHbIH TIIayKOHUT 01Ty C-
kaercsi Hanmmuue yactu > 0.05 mm He 6omee 0.1 %.
I'panynupoBanue Taxxe TpeOyeT TIIATeTbHOTO KOH-
TPOJIST TEXHOJIOTMYECKUX HPOLIECCOB, BAXKHO COCTO-
sHUE 000pYNOBaHUS, CIIOCOOHOTO BHECTH HEXeJa-
TEeNbHbIC METAJIIMYECKHE BKITIOUYCHHS U 00CCIICUNTD
3a/IaHHBIN TPAHYJIOMETPUUYECKUIA COCTAaB.

KadyecTBo KOHEUHOro MpPOIyKTa ONpEeseTcs
COOJIIOICHHEM TEXHOJOIMYECKOro peraMenTa, oc-
HOBOM NpPaBUJILHOW OpraHM3alyyd TEKYyLIEro KOH-
TPOJsl TPOU3BOACTBA SBIAIOTCA YCTAHOBIJICHHBIE
TOYKH 0TOOpa MO0 ¥ BEIOOP aHATTUTHYECKOTO 000-
pynoBanus. Texyuuil KOHTPOJIb TOJKEH TPU MUHU-
MaJIbHOM KOJINYECTBE 33/1€HCTBOBAaHHBIX IIPHOOPOB
U TepcoHaJla ONEepPaTHBHO OTpa)kaTh XapaKTepuc-
THKH 00palaTblBaeMOro Marepuaja W IO3BOJSTDH
CBOEBPEMEHHO BHOCHUTH KOPPEKTHBHI B IIPOIecC 00-
paboTKK IayKOHMTA, AJISl ATOTO YCHEIIHO HCIOMNb-
3yeTcsli aBTOOMMCCUOHHBIM CKaHUPYIONIUN DJIEKT-
pounbIil Mukpockon MIRA 2 LMU (Tescan).

Pe:xumbl ucciaenopanus. Vcernenosanust Mop-
(donoruM M XMMHUYECKOTO 3JIEMEHTHOTO COCTaBa
MIPOBOJWINCH B PEXHMME BBICOKOIO BaKkyyma IIO-
psaka 102 IMa. st Mopdosoruy mpu YCKOPSIFO-
meM HanpsbkeHueM 30 k3B, 11t xumudeckoro aie-
MeHTHOTo coctaBa — 20 k»B. Takue yckopsromue
HaNpsDKeHHUsT OBUTM BBIOPaHBI M3 COOOpPaKECHHIA:
1) moiy4eHne 4eTKOoro u300pakeHust MOp(HOIOTHH
1 2) yMEHBIIIEHHUS 3aTPay€HHOT0 BPEMEHH TP aHa-
n3e 00HapyKEHHBIX XUMHUECKUX 3JIEMEHTOB C CO-
XPaHEHUEM BBICOKOI TOYHOCTH aHaJIM3a.

IIpobonmoaroroBka. IlogroroBka Mmarepuaina
K HCCIICIOBAaHUIO HAYMHAETCS C €ro 00e3BOXKMBA-
HUSI — 00pa3el] BHICYIINBACTCS JTFOOBIM JOCTYTHBIM
Croco0OM, KOTOPBIH HEe HNPUBOAMT K €ro MOBPEXK-
neHunro. B Hamewm ciydae /Ui CyIIKH MCTIONb3YeT-
sl BAKyyMHasi kKamepa ¢ padoyum Bakyymom 8-1072
mbar. [Tocie cymku 00BeKT 3aKperuIsieTcs Ha TIpe-
METHOM CTOJIMKE MHKPOCKOIA C MOMOIIBIO BaKy-
YMHOM JByXCTOPOHHEH yINIEpOIHON mnpoBoAsLICH
JIUTKOH JIEHTHI (CKOT4). Ecii 06pa3mpl HempoBOas-
HIMe, TO Ha HUX HaIlbUISIeTCs TOHKUN MPOBOISIIUHA
CJIOH, Yalle BCETo HCIOJIB3YETCsl yIIepod U 30J10-
T0. B Hamem ciyyae MCHONB30BaIM 30JI0TO, Tak
KakK IpH HalbUICHUH 30JI0TOM IOJIydaroTcs Oonee
CBETJIbIe M300pakeHUs, 10 CPABHEHHUIO C YIJIEpO-
JIOM, 4TO CBSI3aHO C 3HEPruel BBIXOZA JJIEKTPOHA.
Hampinenne 30:10Ta IpOMCXOIUT B BaKyyMe: B Ka-
Mepe cosmaercs maneHus meHee 1072 Ila, mocme
4yero mojaercs pabouuii ra3 (aproH) A0 yCTaHOB-
JICHWsI PAaBHOBECHOTO COCTOSIHMS BHYTPH KaMephl.
IIpu 50 [1a B kamepe 3a)kuraercs miaazMa, KoTopas
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pacmbuIsieT 30JI0TYI0 MUIICHb, BBIJICTEBIINAE aTo-
MBI 30JI0Ta OCAXKJAIOTCS HA MMOBEPXHOCTH 00pasua.
TommuHa 300TOTO TMOKPBITHS KOHTPOJIHPYETCS
TOKOM IIJIa3Mbl U BpEMEHEM HambuieHus. TommuyHa
HanbUICHUS, KaK MpaBuio, oT 5 1o 10 HM, 4yTO MO3-
BOJISIET TOJy4aTh MHKpodororpadhuu ¢ OOIbIITUM
yBenuueHHeM 0e3 cOOCTBEHHOW BH3yalU3allMy Ha-
MTBJIEHHOTO BEIIECTBA.

Hccaenoanne mopgosorum. Perucrpanus Bro-
PHUYHBIX DIIEKTPOHOB JIaeT BHICOKOE MIPOCTPAHCTBEH-
HOE pa3pelleHne, TaK Kak 001acTh UX 00pa30BaHUS
JeXUT ONTM3KO K moBepxHOCTH oOpasua. [lo B3auM-
HOMY PACIIOJIOKEHHIO CBETIIBIX U TEMHBIX yYYaCTKOB
Ha M300paKEHUU TPH JACTEKTUPOBAHUN BTOPUUYHBIX
AIIEKTPOHOB MOJKHO CYIUTh O BBICTYTAX M BITQJMHAX
uccienayeMoro oobekra. C MoMOIIBI0 H300pasKeHUH
MOBEPXHOCTH BO BTOPUYHBIX JIIEKTPOHAX MOXHO
OBICTPO OLIEHHUTH paclpeseNiecHus] 0OBEKTOB MO pas-
Mepam U popme. Takke BOZMOKHO YBUIETh HATMYHUE
0P ¥ IPUMEPHO OIEHNUTH UX KOJTHYECTBO.

Hannume «3acBeYeHHBIX» y4YacTKOB Ha H300-
paKEHUsIX OOBACHSIETCS TOmorpagpuyeckuM KOH-
TPacToM. DTOT THUIl KOHTPACTa BO3HHUKAET 3a CUET
BIMAHUS penbeda IMOBEPXHOCTH HA OTPAXKCH-
HbIC, ¥ BTOPUYHBIC JICKTPOHBI M MMEET OOJBIIOE
CXOZICTBO C M300paskeHrneM, GOpMHUPYEMBIM B CBe-
TOBOM MHKPOCKOIIE, W TIO9TOMY HWHTEpIIpeTanus
€ro BO MHOTOM aHAaJIOTHYHA OMUCAHHWIO KOHTpacTa
B ONITUYECKOM MUKpocKore. Ha pucynke 1 moka3an
npumep COM-uccnenoBanus 3epeH IIIayKOHUTOBO-
IO MecKa Ha Pa3HbIX CTAAMIX €ro 00padoTKH.

WuaTtepnperanus w3o0paxkeHwit penbeda To-
BEPXHOCTH, MOJIy4aeMbIX ¢ nomouipto COM, or-
HOCUTEIFHO TIPOCTa W MOXET OBITh OCHOBaHa
Ha OOBIYHBIX NPUEMaX, HCIOIB3YEMbIX MIPU aHAIU-
3e onTH4Yeckux Mukpodotorpaduii. Kagectso uzo-
OpakeHUH, MoTyIaeMbIX ¢ TToMoIpio COM BEIIIIE,
yeM Ha ontuueckux ororpapusx, T.k. 8 COM
3HAYUTEIHHO BHIIIE TITyOHHA PE3KOCTH, CIEAYET OT-
METHUTH KpaeBoil 23 deKT npu GopMHUPOBAHNHN KOHT-
pacta. Ha ocTpbIX rpaHsx MOBEpXHOCTH BO3MOXKHAS
0oiee BBICOKAsi IMHCCHS AJIEKTPOHOB C MTOBEPXHO-
CTH, Y€M Ha TIAJKHX YYacTKaX, U OCTpble I'paHH
MTOBEPXHOCTH BBIACIAIOTCA KaK HanOoiee CBETIIbIC
YYaCTKH TMOBEPXHOCTH. [IpOTHBOMONOKHOCTH UM
COCTABIISIFOT TEMHBIE YYaCTKH ITOBEPXHOCTH, U3 KO-
TOPBIX UJIET HU3Kas SMUCCHS DIEKTPOHOB. Huskast
SMHCCHUSI BO3MOXKHA M3 00J1acTel MOBEPXHOCTH
HE TPOIYCKAONMX U3 ceOs IMHTUPYEMBIC DJICKT-
POHBI, BCIEACTBUE HEOJHOPOJHOCTH MMOBEPXHOCTH,
HampuMep, 3HaYNTeNbHbIe YIITyOJIeHus Wik o0ia-
CTH C HEPOBHOCTSIMH, HMMEIOIIUMH TYIIbIC YIJIBI
OTHOCHUTEIFHO POBHBIX YaCTeH MOBEPXHOCTH.
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Puc. 1. DneKTpOHHO-MUKPOCKOITHYECKIE H300paXKEHHs 3epeH INIayKOHUTOBOTO IT€CKa, IMOJNyYCHHBIC Ha Pa3HBIX

cTamusax ero o0paboTKHU: a — HCXOIHBIN CHIPhEBOH TIIAYKOHUTOBBIN MECOK; O — 00OTAIICHHBIN MOJOTHIN TIayKOHUT

(0-100 mxM™m); B-ToHKOMONOTHIH TayKoHUT (0—10 MKM); T — 0TX0aBI OOorameHus. [IpaMoyroaTpHIKaMH TTOKa3aHbI
y4YacTKH NPOBECHUS ONpPeeNIeHNIl cocTaBa

HccienoBanue xummuueckoro cocrasa. Cucrema
PCHTTEHOCTICKTPAIBLHOTO  SHEPrOAMCIIEPCHOHHOTO
mukpoananmsza AztecLive Advanced Ultim Max 40
MO3BOJISIET Ka4eCTBEHHO M KOJIMYECTBEHHO OIpese-
JISITh XUMHYECKUI AJIEMEHTHBIA COCTaB C BBIOOPOM
WccreayeMoil o0acTd — BBIIETICHBI HAa CHUMKaX.
CKOpOCTh ITPOBE/ICHKS aHAJIU3a 3aBUCUT OT BHIOpaH-
HBIX YCJIOBHI TPOBEICHHS WCCIIEIOBAaHHA: B HAIleM
CITyd4ace 3TO MOpSKa | MUHYTBI ISl KAJKJIOTO CIIEKTPa
Ha BBIOPaHHOM y4acCTKe, YTO JOCTaTOYHO JUIS TOIY-
YEHUsI HaJISKHOTO Pe3ysIbTaTa ¢ BBICOKOH TOYHOCTBIO.

Onpeaesienne pazmepoB 4yactun. [lpu uc-
CJIeIOBAaHUM OJHON OTOOpPAaHHONW TEXHOJOrHYe-
CKOW MPOOBI, MOKHO ONpPEACIUTh MOPQOIOTUIO
U COCTaB 3aKPYITHEHHBIX YaCTHUL], YTOObI BHIIBUTD
TEXHOJIOTHYECKHE MPUYUHBI HUX HaXOXKACHUS
B HccieqyeMoM npoaykre. Ha pucynke 2 nokasan
HpUMEP, UWILUTKOCTPUPYIOIIUI PE3YIbTaThl U3MEPE-
HUS Pa3MEPOB YaCTHI] HCXOAHOTO CHIPHEBOTO IJIa-
YKOHUTOBOTO Tiecka. Jlasee naHHble W3MEpeHUH
CBOIATCA B TaONMUIy, MPOBOAUTCS CTAaTUCTHYE-
CKHI aHaJIH3.
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Puc. 2. DNEKTPOHHO-MUKPOCKOITMYECKOEC H300paKeHUE 3E€PCH ITIayKOHUTOBOTO MECKa.
[Ipumep ompenencHus pa3MepOB YaCTHII

TakuMm o0Opa3oMm, AJUTENbHAsi IMpakTHKa Be-
JEHUsI TEXHOJIIOTMYECKOIO KOHTPOJIL IPOLECCOB
Ha onbITHOHN MuHUK OO0 «3x0oCopOeHT» mpH 1mo-
Jy4eHUH MOPONIKOOOPA3HBIX M TPAHYINPOBAHHBIX
MaTepHualioB IoKa3ajaa MpPeuMyIlecTBa HCIOJIb30-

BaHuss COM B TEXHOJIOTHYECKOM KOHTpOJIE: He-
CJIOJKHAsI TPOOOIIOrOTOBKA, OBICTPOE MONyueHHE
HATJISITHOTO pe3ysibTaTa M IMPOCTOTa €ro HHTep-
[peTaruy MNPy HaJTHYUKd COOCTBEHHON CTAaTHCTHKHU
JaHHBIX.

JIUTEPATYPA

1. Berur C. b., CepxanroB B. I, Uepnosa P. K,
[lepbakosa H. H., Cemmdonora E. U., Cruroxun B. I1.,
XammeB 3. FO. OtedecTBeHHBIC TEXHOJOTHH ITOTYYCHUS

DOI: 10.17076/TM15_62

W TIPUMCHEHHS TJIAYKOHUTOBBIX COPOCHTOB JUISI OYHUCTKU
W BOCCTaHOBJICHHSI OOBEKTOB OT XHUMIYECKUX 3arpsI3HCHUIN
// Xumuyeckas 0ezonacHoctb. 2018. T. 2. Ne 2. C. 183-198.

MHUHEPAJIBHBIN COCTAB U KAYECTBEHHBIE XAPAKTEPUCTHUKHA
AITIOJOJTOMHUTOBOI'O HE®@PUTA HA ITPUMEPE 3AJIEKH Ne 1
YYACTKA IMMPO3PAUHBI KABOKTUHCKOI'O MECTOPOXJIEHUS,
CPEJHE-BUTUMCKAS I'OPHAS CTPAHA

Kucnos E. B.

Teonoeuueckuti uncmumym um. H.JI. Jloopeyosa CO PAH, Yian-Yo0s

Hedpur — MoHOMUHEpanbHAs CITyTaHHO-BOJIO-
KHHCTas 1OpPOJa, COCTOSIIIAs U3 TPEMOJIHUTA, PEXeE
aKTUHOJINTA WK apyTuX ampuoonos. Hedpur — BbI-
COKOJIMKBHU/IHBIN FOBEJIMPHO-TIOAETIOYHBII KaMeHb,
U371aBHA HCIOJIb3YEMBIH YEJIOBEKOM, 0CO0O0 IOIy-
nsipablid B Kutae, Hosoit 3enannuu, LlenTpansuoit
Awmepuke. Haubosee nieHsiTest Oelblii mpocBedrBa-
IONMHA HEe(DPHUT, YepHBIH, SPKO-3€JCHBIH C MHHH-
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MaJIbHBIM KOJTMYECTBOM PYIHBIX MHHEPAJIOB, & TaK-
e ¢ 3(h(HEeKTOM «KOIIAUBETO 11233, AITIOBUAJIbHbIC
rajibKu ¢ KaeMKaMH TPOKPAITUBAHNSI.
MecTopoxaeHusi HeppuTa OTHOCATCS K JBYM
SHJIOTEHHBIM ~T'€0JIOTO-TIPOMBIIIJICHHBIM — THUIIAM:
anoyabTpaMaUTOBBIE METAaCOMATUTHI  O(HUOJIHU-
TOB (allOCEpIIEHTUHUTOBBIN) U arokapOoHATHBIC
TPEMOJIUT-KAIBIIUTOBBIE MarHe3uajbHble CKapHBI



(amomonomuToBsIif). Ko BropoMy Tumy OM3KH Mec-
TopoxaeHus [laxya B I'yancu-HKyaHCKOM aBTOHOM-
HOM paiione [4] u Jlomsn B mpoBuHIMn [yitaxoy
[3] Ha 1ore Kutas, oOpa3oBaBmuecs: Ha KOHTAKTe
na0a30B M U3BECTHSIKOB. MeCTOPOXKICHUS ITePBO-
rO THUNA — UCTOYHHUK TPEUMYIIECTBEHHO 3€JI€HOT0
10 Oyporo um 4epHOro HedpuTa, MECTOPOKICHHS
BTOPOTO THTIA JAfOT, B OCHOBHOM, CBETJIIOOKpAIIICH-
HBIH HEQPUT OT OEIIOTO 0 CBETIIO-3€JICHOT0, OypOro
(MemoBOTO0) BCIIEICTBUE OKUCICHUS JBYXBaJICHTHO-
ro ’KeJe3a 70 TPEXBAJIEHTHOTO, PeKe BCTpedaeTcs
4yepHbIil HeppuT [2, 4]. DK30TeHHBIH I'€0I0ro-1po-
MBIIUICHHBIA TUTT TPEJCTAaBIEH POCCHIIAMH, U3 KO-
TOPBIX HanOOJIee MPOAYKTUBHBI aJUTFOBHAIILHBIC.

CBeTiooKpamieHHelid  HepuT B Oacceiine
p. KaBokra nHaiinen B 1983 . mpu nmpoBeieHnu 3K-
cneauuueit «balikaakBapLCcaMOLBETbD) IOUCKO-
BBIX paboT Ha HE(PHUT B pailoHE HUKHETO TEUCHUS
p. Huna. IlepBelii auTfOBHANIGHBIA BallyH HeE]-
puta obuapyxun FO.C. Bempes. B.U. Ctpyros
u B. 1. beisieB BbISBUIM U OKOHTYPUIIM OPEOJI pac-
MPOCTPAHEHUsT BalyHOB He(pHUTa B PYCIOBBIX OT-
noxenusax p. Kasokra. B 1984 r. B. 1. Ctpyrossim
u H.B. CexepuHoil HaillecHbl KOPEHHBIC BbIXOJIbI.
B 1984-1993 rr. B OacceifHe BEepXHETO TEYEHUS
p- KaBoxra Ob110 pa3Benano KaBokTuHCKOE KOpeH-
Hoe MecTopoieHue ¢ [Ipo3paunbiM 1 MenBexbuM
ydacTKaMH, TepeJlaHHOe JJisi oTpaOoTKH B 1994 1.
C2007 r. ceMeltHO-pOIOBOM 3BEHKHICKOM OOIITMHOM
«/Ipimagay mpoBogMIIMCH AO0BIYA C IKCILTyaTallu-
OHHOI1 pa3Benkoil. AO «3abalikaabCKoe TOPHOPY/I-
Hoe mpennpusaTue» ¢ 2014 r. BemeT reosoropasne-
Jo4HbIe paboThl M 3kciuryatanmoo [1]. B 2021 .
MOCTaBIIeHBl Ha OamaHc 3amackl JleBoOepexHoro
yJacTka.

Ota pabora MOCBAILICHA I'e0JOrHYecKoi obcTa-
HOBKE, MHHEPAJIbHOMY COCTaBy M OCOOEHHOCTAM
(hopmupoBanus He(h)pUTa MECTOPONKIICHUS HA TIPH-
Mmepe 3anexu Ne 1 yuactka [Ipo3paunslid.

KaBokTHHCKOE — Hambolee KpyImHOE MEeCTo-
pOXIIeHHE aroJoIoMUTOBOrO Hedpura Poccuu:
na 01.01.2022 3amacer no C, cocrasusitor 346.81 T.
B 2021 . no6srro 70.36 T nnm 28.58 % noObrum He-
(pura Poccun. MecTopokieHHE BBIACIACTCS BBICO-
KHM Ka4eCTBOM Hedpura.

[Inomane MecTOpoOXIEeHUSI CIOKEHa TpaHHUTa-
MU, AHOpUTaMHU |- (a3bl MO3IHENaIeo30iCKOro
BUTHMKAHCKOTO KOMILUIEKca. B MeHblIell cTeneHu
MIPOSIBIICHBI HEOOJBIINE TeJla JIEHKOKPATOBBIX T'pa-
HUTOB 2-1 (pa3bl BATUMKaHCKOTO KOMILIeKca. B rpa-
HUTaX 3aJIeTaloT KCEHOJIUTHI CIIOKHOU (hOPMBI, OC-
TaHIBl B MPOBHCAX KPOBIM TOPOA TaJaJIWHCKON
TonmH (paHee — CyBAaHMXWHCKON CBHTHI), KaK Ceil-

Yac CYMTAETCs, HWKHETO MpoTeposos. OHU mpen-
CTaBJICHbI METalleCYaHUKAMU, KPUCTAJUTHYECKUMU
cnaHnamMu, aM(@uOOIUTaMHU, TOJIOMHTOBBEIMH Mpa-
Mopamu. CremneHb MeTamMop(du3Ma OTBEYaeT aM-
(pnboMUTOBON M AMHIOT-aMPUOOINTOBOM (harmsim.
[TomHas MeTacomMaTndeckas 30HANBHOCTh: JI0JIOMH-
TOBBIA MpaMop — KalbIUPUP — KAITBIUT-TPEMOITH-
TOBBIHN CKapH ¢ HEYPUTOM — SITUAOT-TPEMOTHTOBEII
ckapH — ampuoOonuT win auoput. Yame Hadmona-
FOTCSI COKpAIIEHHBIE BAPHAHTHI 30HAITBHOCTH.

Ha mectoposkaenun BbIgeneHO 3 ydacTka, CO-
CTOALIMX U3 6 HEPPUTOHOCHBIX 30H, BKIIOYAIOLINX
B cebs 3anmexxn Hedpura. Yuactok IIpozpadnsbrit
Ha CeBepo-3aMaje MECTOPOXKAEHUS BKIIOYAET He-
(dpuronocHsie 30HBI 1 U 2. HedpuronocHas 3oHa 1
CyOIIMPOTHOTO MPOCTUPAHHUST HAXOAUTCS HA FOXKHOM
(rmanre ygactka u oObeuHseT 3anexu Ne 1,4, 9.

3aexs Ne 1 — He(hpUTOBOE TEJIO C TEKTOHWYEC-
KHMH KOHTaKTaMH CII0KHON MOP(OJIOTHY C TIEPEKH-
MaMH, pa3AyBaMH B pailoHe KOHTaKTa JOJTOMHTOBBIX
MpPaMOPOB € AMUAOTU3UPOBAHHBIMU aM(UOOTUTAMH.
Jmna 3anexu 15 M, momuocts 0.2—2.8 M, T1ajieHne
KpyToe Ha foro-3amaj noa yrmiom 60-70°. Bekpeita
Ha n1yOuHy 15 M. Ha rimyOnHe BBISIBIsIeTCS CIIOXKHAS
npornesuiepoodpazHast MOp(HOJIOTHS 3a CYET U3MEHe-
HuUs yrioB naaenus ot 20 mo 65° [1].

JlomoMuTOBEIE MpaMOpBI CIIAraroT OTHOCHTENb-
HO HEOOJBINHE Tea YIJIMHEHHOW M HETMpPaBHILHOMN
¢dopmbl. DTO Oelbie, CBETIO-CEephle, CpeIHe-KpYII-
HO3EpPHHCTHIE TTOPOABI C MACCHBHOM, yYacTKaMu
nosiocyatoit TekcTypoi. COCTOAT OHU U3 AOJTOMHUTA
(50-60%) un xamprTa. B CKapHUPOBAHHBIX Mpamo-
pax ormedaercs 10 5 % QopcrepuTa, AUONCHIA, Tpe-
MOJINTa, CePIIEHTHHA.

AM(pUOOIUTBI  MPOCTPAHCTBEHHO  TATOTEIOT
K TeJlaM JIOJIOMHTOBBIX MpamopoB. BHeliHe oHHU
MIPEJCTABIISAIOT TOJIOCYATHIE W MSATHUCTHIE TOPOIBI
3€JICHOBAThIX TOHOB, CJIOXKEHBI KPYITHBIMU TIPHU3Ma-
TUYECKUMHU 3€pHAMU POTOBOW OOMaHKH M HeTpa-
BUJIbHO-TAONMUTYATBIMU — TJIaTMOKNIa3a. B He3Ha-
YUTETHHBIX KOJIMYECTBAX MPUCYTCTBYET MarHETHUT,
MHUKPOKJIMH, XJIOPUT, TUTAaHUT. BTOpHUYHBIC H3Me-
HEHUS BBIPAXKAIOTCS B 3aMeIeHUuU aM(puOoia 3mu-
JOT-KIIMHOIIOM3UTOBBIM arperaroM, XJIOPUTH3AIHH,
AKTUHOJIMTU3ALINH, COCCIOPUTHU3ALINU.

Bwmemaronne KCEHONHUT TPaHUTOWUIBl BUTHM-
KaHCKOTO KOMIUIEKCa TIPEACTaBICHBI TOPPUPOBHUI-
HBIMH M KPYITHO3EPHUCTBIMU CJ1a00 THEHCOBHIHBI-
MU Pa3HOCTSIMH.

Kanbur-TpeMoNIUTOBBIE CKapHBI, MPOJYKTUB-
Hble Ha HEPPUT, NPEACTaBICHBI y3KUMH 30HAMHU
MOIIIHOCTHIO 710 3—4 M. PacmpocTpaHeHbl OTHOCH-
TEJIHHO TPOCTHIE JIMH30- U JKUI000pa3Hble (GOPMBI
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TEJ Pa3IMYHON MPOTSHIKEHHOCTH M MOIIHOCTH, KaK
NpPaBUIIO, C YSTKUMH, IOCTAaTOUYHO MPSIMOJIMHCHHbI-
MU KOHTAaKTaMH, BbIIEP’KaHHBIM NaJICHUEM Ha IIy-
Oouny. KanpuuT-TpeMONUTOBBIE CKapHBI — Oeible
MacCUBHbBIE, TI0JIOCYATHIC, MSTHUCTBIE CKPBITOKPH-
crayuimdeckre nopossl. OHU CIOKEHBI arperaTrom
TOHKO3EPHUCTOTO, TOHKOJIYYHCTOTO  KaJlbIIUTa
¥ MUKPOBOJIOKHHCTOTO TPEMOJIUTA.

Pacnipenenenne Hedputa B TeNax CKapHOB
KpaiiHe HepaBHOMepHOe. Hambonee xapakrepHa
MPOXKHIIKOBasE M JIMH30BUIHAs ¢opma 000co0-
JeHui HepUTa MOLIHOCTBIO OT N MM /0 N CM
C TIOCTENIEHHBIMU MEPEXOJIaMH K KalbI[UT-TPEMO-
JUTOBBIM cKapHaM. bonee kpymHbie 000co0ICHUS
HepHuTa OOBIYHO UMEIOT TEKTOHHYECKHE KOHTAaK-
THI C KaJbIUT-TPEMOJIUTOBBIMH CKapHaMH, 4acTo
C 3epKajlaMH CKOJIb)KEHHSI, BAOJIb KOTOPBIX Pa3BU-
BaeTCs JUIMHHOBOJIOKHUCTHIN TpeMonuT. OKxpacka
HedpuTa cepoBaro-0eias, CBETI0-canaTHasl, Cepo-
BaTO-caJaTHasl A0 3EJIEHOM M CepoBaTO-MENOBOM
(6ypoii). IIpocseunBaemocth oT 1 10 5 cm. JlBe
CHUCTEMBbI KPyTONaJAIOUINX TPEIINH CYOIIUPOTHO-
IO U CEBEpO-3alaJHOTO MPOCTHPAHHS Pa3OUBAIOT
HE(QPUT U BMELIAIOMINE MTOPOJIBI Ha TIOCKONApa-
JIEJIBHBIE OJIOKM TOJIIIMHOM 5—15 CM W JQIWHOHI
70-80 cm.

MuHepallbHBIH cocTaB 16 o0pa3moB KepHa 3a-
nexu Ne 1 m3yuen B mumdax mox mnerporpadu-
yeckuM MHuKpockonioM «I1OJIAM JI-213» u B an-
nuudax Ha pacTPOBOM IEKTPOHHOM MHUKPOCKOTIE
LEO-1430VP ¢ cuctemoii sHeprogucnepcuoHHOTO
mukpoaranm3a INCA Energy 350 8 'MH CO PAH,
Vnan-VYo.

Crpykrypa Hedpura B mnumdax pazHooOpas-
Hasl 9aCTO C y4acTKaMH Pa3HBIX CTPYKTYP B OJJHOM
nude: GudpodnacToBas 10 rpaHOHEMATOOIACTO-
BOW, MHKPOBOJIOKHHCTAsI JIO CITyTaHHO-MHKPOBO-
JIOKHUCTOM, paJuaibHO-IydyucTas, MeTenbyaras,
pEeNMKTOBas /10 TiceBaoMOpgHON. TekcTypa nmaTHHUC-
Tas, HEOTHOPOIHAs, OECIOPsIIOYHAsI, PEKE MACCHB-
Hasl, CJIAaHIIeBAaTasl, PEJIMKTOBAs peréTyaras.

3aukcupoBaHo 25 MHUHEPAJIOB, OTHOCSIIIMXCS
K CJICIYIOIIUM CTaIUsIM:

— PenukToBBIE MUHEPAIBI JOJTOMHUTOB M aMpu-
OOJIMTOB: AJJIAHUT, TOJIOMHUT, XPOMMArHEeTHT, TUTA-
HUT, CKaIlOJUT (MEHOHHUT), UMPKOH, SITUIOT;

— Meracomarnyeckue MUHEpabl TOHEPPUTO-
BOM CTaauu: AMOTICH] (KOPPOAUPOBAHHBIC PEIHK-
ThI), OPCTEPUT;

— Meracomarnyeckue MUHEpaiIbl HePPUTOBOK
CTaJMU: anaTUT (OTMEUEHBI BKIIOYCHHS KallbLU-
Ta), KaJIbIMT | (OTMEUEHBI BKIIOYCHHS TPEMOIUTA
u QTOpanaTuTa), TpPEMOJIHT, (IOronuT;
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— MuHepanbl THIPOTEPMAIBHON CTaIHUU: aAH-
TUIPUT, OApUT, TAJICHUT, MOJTUOICHUT, ITUPHT, Ca-
neput, GaroopuT, meenut. B cynsdumax 3a pen-
KUM HCKJTIOUCHUEM HE (DUKCUPYIOTCS H30MOp(HBIC
MIPUMECH, YTO TOBOPUT 00 MX HU3KOTEMIIepaTyp-
HOM TIPOVCXOXK/ICHNH;

— MuHepanbl BTOPUYHBIX U3MEHEHUMN: KaJlb-
T I, mperut, pomanemut (?), CEpIEHTHH, XJIO-
pHT.

Hlupokoe pazsutue ¢propduaoronura u Gropa-
rmaTuTa OOBSACHAET OTMEYaBINHECS paHee BBICO-
Kue cojiepxanus F B amomonoMuToBoM HedpuTe.
Penxue menkue 3epHa aroopura HE MOTYT obec-
MEYUTH 3TOT (hEHOMEH.

Ipuunnbl okpacku. B Tpemonure 12 o6pas-
OB pas3nu4yHOil okpacku FeO He oOHapyx)eHO.
B ceporaro-canarubix (06p. 550101) — 0—1.45%,
(06p. 519703) — 0-4.64%, cepoBaro-3eJICHBIX
(o0p. 915902) — 0.78-1.24%, (0b6p. 916202) —
0.82-3.91 %, B uepHoii yactu obpasua 10 14.23 %.
3eneHasg OKpacka ompezensercss mpumechio Fe
B TPEMOJIUTE: MO MEpPE yBEJIMUYEHUS COAECpPKaHUs
Fe Ton cranoBUTCS HACHIIEHHEE, YTO OTMEYAIIOCH
u panee [1]. UepHas okpacka Hedpura B o0Opas-
e 916202 oOBsicHSETCS BBICOKHUM COJIEpKAHUEM
Fe u3-3a 6mum3koro koHTakTa ¢ am(puOOIUTOM —
TOJIBKO 3TOT 00pa3el COACPKUT TUTAHUT U XPOM-
MarHeTut. YepHbli y4acTOK CIIOKEH TPEMOJIUTOM
U aKTHUHOJIIUTOM C KpaiiHe HepaBHOMEpHBIM pac-
npenenexHueM Fe.

®opmupoBaHue HedpuTa, Cyas IO B3aUMO-
OTHOUICHUSIM MHUHEPAJIOB, IPOXOJUT B HECKOJIBKO
craauii. IlepBoHauaibHO JOJOMUT Ha MpOrpec-
CHUBHOH CTaJuu MeTacoMaro3a C y4yacTHEeM COfep-
JKaIUX KpemHe3eM U3 aM(PuOOIUTOB (IIFOUIOB
3aMelaeTcs JUOTICHIOM:

CaMg(CO,), +2Si* + 20, — CaMgSi,0, + 2CO,

Ha perpeccuBHOM MeTamopduueckoM 3Tare
y’Ke TUOICH TPH YYaCTHU MarHus M KpeMHe3eMa
13 aM(pHOOINTOB 3aMEIAETCsI arPeraToM TPEMOJIH-
Ta (HeppuUTOM):

2CaMgSi,0, +3Mg** + 4Si*" + H,0 + 5,50, —
Ca,Mg(Si,0,),(OH) ,
B npyrom BapuaHTe AMOTICH]] 3aMEIIAeTCsl Kajlb-

LUT-TPEMOJIUTOBBIM CKAPHOM — YIIIEKUCIIOTA U3 TIep-
BOH peakIiuy, KHCIOPO U3 BMEIAIOIINX ITOPOI;

5CaMgSi,0, + H,0 +3CO, — Ca,Mg,
(51,0,,),(OH), + 3CaCO, + 2Si0,

[Ipu 5TOM KaJlbLUT CKapHa TAaK)Ke MOXKET 3aMe-
IaThCs TPEMOJIUTOM ¢ 00pa3oBaHuEM HepuTa:



2CaCo, + SMg?> + 8Si* + H,0 + 10,50, —
Ca,Mg(Si,0,),(OH), +2CO,

B HekoTOpbIX 00pa3siax JHONCHUI HE YCTaHOB-
JieH — Tu00 OH BECh 3aMeCTHJICS, JTHO0 TPEMOJIUT
00pasyercsi HEMOCPEICTBEHHO IO JIOIOMHUTY:

2CaMg(CO,), + 8Si* + 3Mg> + H,0 + 9,50, —
Ca Mg, (Si,0,),(OH), +4CO,

[Ipu mpogOMKEHUH PErpecCHBHOTO Tpolecca
TPEMOJIMT 3aMEMIACTCSl XJOPUTOM M KaJbIIUTOM
C IPUBHOCOM TIIMHO3E€Ma U3 aM(pHUOOIHTa, YTO TIPH-
BOJUT K YXYAILICHUIO KadecTBa Hedpura:

Ca,Mg [Si,0, ,(OH),+ 2A1* + 3H,0 + 2CO, +
1,50, — Mg Al [Si,AlO, J(OH),+ 2CaCO, + 5Si0,

[Ipu 3TOM pPONBb T'PAaHUTOB CBOIUTCS K PETru-
OHaJLHOMY IOBBIIICHHIO TEMIEPaTypbl, obec-
MEYNBAIOLUIEMY  METaCOMAaTHYECKHE  pEakLuH.
HemocpenctBenHoe ywacTHe B MeETacomaro3e
He TpaHuTa, a amdubonuTa, copepxauero 0oib-
me Fe, ompenmenser pasHooOpaswe IIBETOBOM
ramMMmbl Hedpura. Pone MeTamopdusma cBOIUTCS
K TEKTOHHYECKOMY ApOOJIEHHUIO, 00JerdyaromemMy
MIPOHUKHOBEHHE (IIIOUIOB, U CTpeccy, obecnedn-
BaIOILEMY CITyTaHHO-BOJIOKHUCTYIO CKpPBITOKpPHC-
TaJUIMYECKYIO0 TEKCTYpy Hedpura.

BeiBoabl. Uzydensr 16 o00pa3noB Hedpu-
Ta u3 KepHa 3anexu Ne 1 yuactka Ilpo3paunsbril
KaBOKTMHCKOTO ~ MECTOPOXKJEHHS  amnoO0JIOMHU-
toBoro Hedpura B Cpenne-Butumckoit rophoit

crpane. JlmarHocTupoBaHbl 25 MUHEPAIOB, OTHE-
CEHHBIC K PEIIMKTOBBIM, METACOMATUYECKHM JO-
He(pPUTOBOW M HEPPHUTOBOW CTagWi, THAPOTEP-
MajJbHBIM U BTOPUYHBIM. BBICOKHE CoOjpepiKaHUs
F B anmomomomutoBOM HehpuTe OOBSCHEHBI IIH-
pokuM pazBuTHeM (ropanaruta u GTOpQIOronu-
Ta. VIHTEHCHBHOCTh 3€JICHOW OKpacku Hedpura
obOwscHeHa mpuMmeckio Fe B Tpemonnte, a depHas
OKpacka — pa3BUTHEM AaKTUHOJIUTA B ydYacTKax
KoHTakTa ¢ amdubomurom. [lpuBegena Mmonmens
(dbopmupoBanus HepuTa: pa3sBUTHE IO JIOJIOMHU-
Ty JAHWOIICHJA, 3aMElIeHUE JHOICHIA TPEMOJH-
TOM, 3aMEIICHHE MPU3MATHYCCKOTO0 TPEMOJIUTA
CITyTaHHO-BOJIOKHHUCTHIM. B OTHENBHBIX CIllydasx
TPEMOIIUT MOXET Pa3BUBATHCS HETOCPEACTBEHHO
Mo JAO0JOMHTY. B manmpHeimeM TpeMonuT 3amerna-
€TCSl XJIOPUTOM. | paHUTHI 00ECIIEUNBAIOT TETLIOM
Meracomaro3. Yyactue B oOpa3oBaHUHU Hedputa
am¢ubdonuTa onpeaenseT pazHooodpa3rue BETOBOH
raMMbl HedpuTa. MeTaMOppU3M BBI3BIBACT TEK-
TOHHYECKOe ApoOieHue, odneryaromniee MpOHHUK-
HOBeHHUE (IIIOWIOB, U CTpecc, 00eCTeunBarOIIni
CITyTaHHO-BOJIOKHUCTYIO  CKPBITOKPUCTAJIMYEC-
KYIO TEKCTypy HedpHTa.

Asmop npuznamernen 3a npedocmasieHHble Ma-
mepuanvt AO «3abaiikanvckoe 20pHOPYOHOE NPeo-
npusamuey, nepconanvro A. I1. Cyzdanvruykomy,
E. B. Paescxotl, 6vinoanenue ananuzos — E. A. Xpo-
moeoti, E. B. Xoowipesoil. Hccrnedosanue evinonwe-
Ho 3a cyem epanmma Poccutickoco mayunoeo gonoa
Ne 22-27-20003, https://rscfru/project/22-27-20003.
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NCITIOJIB30OBAHUE BCKPBIIIHBIX ITIOPOJ MECTOPOXAEHUSA KOPITAHTA
B KAYECTBE KBAPL-ITOJIEBOLIIIATOBOI'O ChIPbA

Hnvuna B. I1., Byonosa T. IL." 2, ®ponos II. B.!

! Unemumym 2eonoeuu KapHL] PAH, ®HUL] «Kapenvckuu nayunwiii yeump PAH», I[lemposasoock
2 [Temposzasoockuii 2ocyoapemeenuviil ynusepcumem, I[lempozasoock

BBenenune

Jis GonbIIMHCTBA COBPEMEHHBIX TOPHOI00BIBA-
IOLTNX MPEeNNPUITUN aKTyaJIbHBIM BOIIPOCOM SIBIISI-
€TCsl peopraHn3alvs HEIPOIIOIB30BAHMS C YUETOM
0oee pPaMOHATBFHOTO KOMIUIEKCHOTO OCBOEHUS
MECTOPOXK/IEHUI IOJIE3HBIX HCKOIAEeMBIX, OXpaHbI
HE/Ip M OXPaHBl OKPYXAroIel Cpeasl B COOTBET-
CTBHH ¢ TpeOoBaHUSIMHU (pefepanbHbIX 3aKOHOB PO
U HOPMAaTUBHOH MpaBOBOW JOKyMmeHTanuu [16].
B Oonprmmx o6beMax OTBaJIbl TOPHBIX MTOPOJ] MOTYT
UCTIONIB30BaThCS B MPOM3BOACTBE I1eOHS. Bmecte
C TeM, OTBAJIBI U OTXOJbI IepepPadOTKHA TOPHBIX TI0-
POA MOTYT coAepKaTh HE MEHee BaXKHbIe U Ae]u-
IIUTHBIE TIOJIE3HBIE WCKOIIAeMbIe U MUHEPAIBI, YTO
MIpeoTpeieNisieT aKTyaJlbHOCTh M IieJecoobpas-
HOCTh W3YUYEHHsI WX COCTaBa C IENBI0 BBISIBICHUS
BO3MOXHBIX 0OacTeit ucronp3oBanus [11].

OtBansl 1 XxBocToxpaHunuma Kocromykiickoro
I'OKa 3anmuMaroT oOImwupHBIE TIIOMAIN, Ha UX CO-
Jiep’)KaHue MPEeayCMOTPEHbl 3HaYUTENbHbIE Cpejl-
ctBa. KOMIUIEKCHOE T€0I0rn4ecKoe U TeXHOJIOTH-
YeCcKOoe H3y4deHHe BCKPBIIIHBIX MOPOJ MOKa3ajo,
YTO OHHM MOTYT HCII0JIb30BAaThCS B KAUECTBE CTPOHU-
TEJTHHBIX MaTEPHUAIOB U TEXHOJIOTUYECKOTO CHIPHS
pa3nuuHoro HazHaueHus [3, 8].

Mecropoxnenue Kopranra HaxomuTcss B ce-
BepHON yacT KOCTOMYKIICKOTO »Kele30pyqHOro
paiioHa ¥ OBLIO OTKPHITO KakK JKEJIe30pPYIHOE Mec-
TOPOXJICHNE CPEIHEro pasMepa I0 pe3ylbTaraM
reopusnueckux [14, 15, 16] u reos1oro-cheMOYHbIX
[2, 8, 7] pabot. B 1974—1976 TT. Ha y4acTke OBLITH
MIPOBE/IEHBI TOMCKOBBIE M IMOHMCKOBO-OLIEHOYHBIE
paboter [9, 10], a B 1977-1981 r. — neranbHas
pasBenka [6]. B macTosimee Bpems pa3paboOTKy
Mectopoknenusa ocymectsisieT AO «Kapenbckuii
OKaTBII», KOTOPHI BXOAWT B TOPHOTOOBIBAFOIIIHIA
(cpippeBOil) AMBU3MOH KoMIaHUM «CeBepCcTamby.
Panee BckpbliHble mOponbl  Kocromykiickoro
JKEJIe30PYJHOTO  MECTOPOXKACHHA  HU3y4alnuCh
B Unctutyre reonorun KapHIl PAH [12]. Kak na-
nboree MepCreKTUBHBIE TOPOABI B Ka4yecTBE He-
TPaJULMOHHOTO MOJEBOIIIATOBOTO CBHIPbsl OBLIH

64

u3ydeHsl reuieuMHTBl U arnonopgupsr [13].
Ha wmecropoxxmennn Kopmanra ObUIM BBIZCIICHBI
3aJIe)KH JIENITUTOBBIX T'HEMCOB, MO0 MHHEPAILHOMY
COCTaBy aHAJOTWYHbIE HATPUEBOW TesiedIuHTe.
OnHako TpeabIaylIe pe3ysibTaTbl HCCIeOBaHUN
HE MO3BOJISIOT CHIENaTh BBIBOA O BO3MOXKHOM HC-
MOJTb30BAHUN JICTITUTOBBIX THEHCOB B KadecTBE
TI0JIEBOLLIIATOBOIO ChIPbA M KepaMHKH. B HacTos-
el paboTe mpeAcTaBlIeHbl Pe3yIbTaThl MUHEPAJIO-
rO-TEXHOJIOTMYECKOTO MCCIE0BAHUS JIEITUTOBBIX
THEHCOB, BBIIOJIHCHHBIE C IIETIbI0 OLIGHKH BO3MOX-
HOCTH HMX HCIIOJB30BAaHUS B Ka4eCTBE 3aMEHHUTEISI
TPaZUIIMOHHOTO MOJIEBOIINATOBOTO CHIPhS IS TMO-
Jy4EHUs] KepaMUIECKUX MaTepHasoB.

MarepuaJbl 1 METOAbI HCCJIEOBAHUM

Marepuajiom Il MCCIEJOBAHUM IOCITYKHWJIN
JIBE TEXHOJIOTUYECKUE MTPOOBI JIENTUTOBBIX THEHCOB
Maccoi mo 25 Kr Kakjasi, OTOOpaHHBIE HAa MECTO-
poxnennn Kopnanra u3 cksaxuns! Ne 377 B uatep-
Basnax 75.8-90.9 m (mpoda 377/80) n 178.6-237.5 m
(mpobGa 377/200). ITo MuHEpanbHOW, XUMHUYECKOH
U TpPaHYJIOMETPUYECKON XapaKTepUCTHKaM JIEI-
TUTOBBIE THEWCHI AaHAJIOTWYHBI HATPHUEBOM Trelie-
¢smaTe LenTpanbHoro kapbepa KocToMykiickoro
MectopoxaeHus. IlocnenHue XOpomo W3ydeHBI
B TEXHOJOIMYECKOM IUIaHE Ha II0JEBOIINATOBOE
CBhIpbE JUIsl KepaMUKH [3].

MuHepanbHblii 1 XUMUYECKHHA COCTaBBI JIENTUTO-
BBIX THEHCOB, UCCIIEA0BaHbI Ha 0a3e 1abopaTopHOro
000pyI0BaHMsT AHAIMTHYECKOTO IIeHTpa MHCcTHTYyTa
reonorun KapHI{ PAH. MunepanbHblii cocTaB npoo
OLICHMBAJICSI METOJOM IEeTPOrpa(uueckoro usyde-
HUS NUH(OB Ha onTuaeckoM Mukpockone [TOJIAM
P 211, a Takxke METOOOM CKaHUPYIOIIEH ANIEKTPOH-
Ho MuKpockormu (COM) ¢ ucnonp3oBaanem COM
VEGA II LSH (Tescan) ¢ sHeprogucnepcuioHHbIM
mukpoanamu3aropom INCA Energy 350 (Oxford
Instruments). Xumudeckuit coctaB Tpod H3yUYCH
METOIOM MOKpOH XuMHHu. DH3HKO-MEXaHHYECKHE
CBOICTBa 00pa3IloB KepaMUKH MPOBEPEHBI HA COOT-
BerctBue ['OCTawm [4, 5].



Puc. 1. BSE-m300paskeHuns JIEITUTOBBIX THEICOB: a, 0, B-ipoba 377/80; 1, 1, e — mpoda 377/200

YcnoBuble 0003HaueHus: Aln — ammanut; Ap — anmartut; Bt — 6motut; Cal — kanpuut; Ep — snmnort; Fsp — K — moneBoii mmar;
Ms — myckoBuT; Pl — knciblif mmarnoxiias; Spn — tutanut; Qtz — kBapiy; Zrn — HUPKOH

PeSy.HbTaTbl HCCJIeA0BAHUA

MunepanvHbitl u XumMu4ecKutl cocmaeg 1enmumo-
6bIX 2HElCO8

JlenturoBsle rHelickl KOpmaHrckoro MecTopox-
JICHHSI TIPEICTABIISAIOT COOO0M IITyOOKO METaMOP(H30-
BaHHbIe 2 (dy3uBHBIe opoakl. [leTporpadudeckoe
W3y4YeHHE MOKa3ajo, YTO OHU MPEACTABICHBI MEJl-

KO3EpHHUCTBHIM KBapll-IIOJIEBOIINATOBBIM arperaroMm
C IIEPEMEHHBIM COJepKaHueM OMOTUTA, MyCKOBHTA,
snunpora (puc. 1). B Bume npumeceit ormedarorcs
3epHa KapOoHaTa, pyIHBIX MHHepajioB. M3 akuec-
COPHBIX MHHEPAJIOB BCTPEYAIOTCS LHUPKOH, THU-
TaHUT, TpaHaT, TypmanuH. [lnmarmoxmas sBnserT-
Csl OCHOBHBIM IOPOI00OPasyIOIIUM MHHEPAIOM
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¢ comeprkanueM B mopoje ot 40 1o 65 %, npencras-
JICH TPEUMYIIECTBEHHO KHUCIBIM IUIATHOKIa30M
(asrpOuT-0NMTOKIIa30M). MUKPOKIIMH TIPUCYTCTBYET
B nmomunHeHHOM KonmuectBe 3—7%. Comeprkanue
KBapLa B nmopoje Bapsupyer ot 25 1o 40%. B co-
CTaBe KBapI-TIOJEBOIINATOBOTO arperara mpeod-
nanarot 3epHa pasmepoM ot 0.05 mo 0.1 mm, Taxxke
OTMEUAIOTCS MOPPUPOBHUIHEIE 000COOICHHS pas-
MepOM JI0 1 MM.

ConepxaHnue BTOPOCTETIEHHBIX MHHEPAJIOB —
OMoTHTa, MyCKOBUTA, JITUJIOTA BapbUPYET B Ipejie-
nax ot 1 mo 15%. buotut npeacraBieH MEIKUMU
(0.05-0.2 MmMm) gerryiikamMu, 3aMETIAIONITIMICS DITH-

JIOTOM, MYCKOBHTOM, MarHeTUTOM. MYCKOBHT pPa3BH-
BaeTCs B BUJC PEAKHX YIJIMHEHHBIX YCITYeK 3a CUeT
3aMeIIeHust ONOTUTA ¥ TIaruokiia3a. DMHUI0T Pa3BUT
B BUJIC BBITSIHYTBHIX NPU3MAaTHUECKUX 3EPEH pa3Me-
pom ot 0.1 10 0.3 MM, TECHO aCCOLIMUPYET € AJTAHU-
ToM (puc. 1 6, 7). Kanmpimut oOpa3yeT kcenoMmopdHbIe
3epHa pazmepom otT 0.1 10 2 mm.

ITo cpaBHEeHHIO ¢ TeuteduHTaMHA [3] JTENTHTO-
BbIe THEHCHI MecTopoxIeHus KopmaHra xapakre-
pu3yroTcs Ooiee KPYMHO3EpHUCTOH CTPYKTYPOH.
Jnst HUX XapaKTepHO MOBBIIICHHOE COJepKaHUe
OKHCJIOB Jkesie3a. CpaBHUTEJIbHAS XapaKTEPUCTHKA
XUMHYECKOTO COCTaBa MPUBOJNTCS B TAOJIHIIE.

XuMHYeCKHi cOCTAB TEXHOJIOTHYeCKHX Npod, mac. %o

OKeHbI Yu. Kopnasra Harposas FEJUIE(I)JII:IHTa
Ip. 377/80 Ip. 377/200 y4. LlenTpatbhbrii*
SiO, 69.58 67.68 69.30
TiO, 0.11 0.14 0.07
ALO, 15.38 14.93 17.45
Fe,0, 1.25 1.39 0.61
FeO 2.30 3.52 0.87
MnO 0.031 0.043 0.02
MgO 1.41 1.51 0.77
CaO 2.80 2.87 2.55
Na,0 5.15 5.00 591
K,0 1.16 1.11 1.17
H,0 0.05 0.06 0.21
PrP 0.58 1.73 0.88
S 99.80 99.98 99.81

Mpumeuanue: * [IpuBeneHsl ycpeaHeHHble conepxanus o 20 nmpodam no [3, 12].

Obozamumocms 1enmumo8sbixX eHelico8

Ha pucynke 2 nimoctpupyeTcst pactpeeneHme
JUMUTHPYEMBIX OKCHUIOB [5] MO Kilaccam KpyIHO-
CTH TIO JIaHHBIM BBIIIOJIHEHHBIX paHee HCCIeoBa-
HHUH Ha 00OraTUMOCTB JICIITUTOBBIX THeHcoB [12].
Bricokoe comeprkaHie OKCHIOB JKene3a HaOmomaeT-
cst B Menkux (0-0.25 mm) dpakuusix mpo0 (puc. 2 a).
DTO CBSI3aHO C TIPUCYTCTBHUEM B TIOPOJIE MUKPOCKO-
MUYECKUX BKIIOUEHUH MarHeTuTa, a TAKKe TEM, YTO
OMOTUT, XapaKTepU3ysACh HU3KUMH ITOKa3aTeJsIMU
TBEPAOCTH, TPH W3MEIBICHUH TIEPEXOTUT HNMEHHO
B 9TH KJIACChI KPYITHOCTH.

ConeprxaHue OKCHIa HaTPHsI B MEJTKUX (DpaKITv-
sx (puc. 2 B) Oonbliie B po0e resuieUIMHThI, YeM
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B mpo0ax JIENTHTOBBIX THEHWCOB, a OKCHAA KaJns
MeHbIIIe cojuepkutTcst B remieduunate (puc. 2 0).
AHanu3 JUMHATHPYIONINX KOMIIOHEHTOB B COCTaBe
UCXOIHBIX TEXHOJIOTHYECKUX IPOO JICITUTOBBIX
THEMCOB W COMOCTABIEHHE €r0 C TEXHHYECKUMU
TpeOOBaHMSIMH K KBapIl-TIOJICBOIINATOBOMY ChlI-
prwto [S5], moka3za HeoOXOAMMOCTh U3MENTBUEHUS UX
U1t 9(PPEKTUBHOTO yIaICHUS JKEIE30Comep Kamnx
IpUMECEH.

®drnoTtanoHHOE 000TalleHHe JIeTUTOBBIX THEl-
COB OBUIO BBITIOJIHEHO IO CXeMe, pa3paboTaHHOMN
quist resnednuHT [7, 12]. TexHOMOrHUYecKas cxema
BKJIFOYANia ApoOieHne, M3MEIsdeHne J0 KPYITHO-
ctu meHee 0.071 MM, obecrulaMJInBaHKE IO 3EPHY



650 +
I ‘\\f/*\““ﬁ —

haty

o

=)
"

cozepmanne Na20, %
s W
o W
o o

ho
[
=

&0 ¢ |Z| 2 16 ¢
o -
60 + [=}
& g 14
2501 <
® =
E 40 + ',,—O""\\. E 12 |
g 30 -
£ £10.
s 20 | 8
10 + ‘//* TR A 08
00 . s . .
06
> o e 5 N
SR ® &
N & & N4 S oF 2D &
o o o & >

KJacc Kp YMHOCTH,, MM

KJIACC XP YNHOCTH , MM

—8—11p.377/30 —+—1p 377/200 ——np Tem.

g .g>'°'

~8—p 377/80 —4—np.377/200 —A—mplen.

&
o
=)

vl a2

N
KJIACC KP YNHOCTH, MIM

—8—1p377/30 —4—np377/200 —s—mplem.
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0.02 MM U ¢roTanKIo0 JKENe30COACPKAIINX MUHE-
PaJIOB U CIIIOZ C KOHTPOJBHOM 3JIEKTPOMAarHUTHON
cemaparueir  ¢iotokonnentpara. KoHneHrpar,
MOJyYEHHBIN mociie (pIOTOMAarHUTHOTO oOoraiie-
HUS JIENTUTOBBIX THEWCOB, conepskan menee 0.2 %
OKCH/JIa KeJie3a, YTO COOTBETCTBYET TPeOOBaHHSIM
I'OCT 70-30-75 Ha cbIpbe Ij151 TOHKOH KEpPaMUKH.
Onnako 1o cozxeprkanuto menounbix (K ,0+Na,O)
n menogHozemenbHbIX (CaO+MgO) okucioB
He cooTBeTcTBOBaN TpeboBanmsam ['OCTa [5].

Kepamuueckue uchvoimanus 1enmumogbix 2Heiicos

B kepamuueckoM NPOM3BOJCTBE IOJICBOIIIIA-
TOBO€ CHIPbE HCIIONB3YEeTCS B KadyecTBE ILIaB-
Hi. B mpouecce oGxura moneBoi mmar, oopasys
cTekinodasy, YMEHbBIIAET MOPHCTOCTh O0OMIKEH-
HBIX U3ACNUi, o0ecrneynBaeT MPOLECcC CHEKaHHS
U IpUAaeT Marepuagy MPOYHOCTb, KOMIIAKTHOCTb
U TepMocToikocTh [1]. B HacTosimiel pabote mpu
MOJyYEeHUHM KEepaMHUYECKUX H3AEIUN TpaauLu-
OHHOE TOJIEBOIINTATOBOE CHIPhE OBLIO 3aMEHEHO
Ha JIENTHTOBBIE THEHCHL. Kepammuueckue HUCIbI-
TaHUS BBINOJIHEHBI 110 METOIUKE HCCIIEAOBAHUS
KBapI-IOJICBOILIIATOBOTO CHIPbS B COOTBETCTBHE
c'OCT [4, 5].

3a ocHOBy mpu pacuere ¢GaphopoBoil Macchl
ObUI B3ST COCTAaB KJIACCHYECKOM MacChl TBEpAO-
ro dapdopa: 50% TIMHUCTBHIX MUHEPAJIOB (TJIMHA,
KaonuH), 25% kBapua u 25% MOJEBBIX LINATOB.
3areM, ¢ y4e€TOM COAEp’KaHMs KBapla B KOHLCHT-
pare mccieayeMoi mpoObl, paccuuTaH Marepuallb-
HBIH COCTaB MAacChl: IOJIEBOLINATOBBIM KOHLEHT-
par JIenTHTOBBIX THeWcoB — 37.23 %; KBapreBbId
necok — 12.77%; xaonun (IIpocsiHOBCKOoe MecTo-
poxnenne) — 38%; rmHa (BecemoBckoe mecto-
poxaenue) — 12 %. Xumudeckuil cocTaB MOTydeH-
Hol dapdoposoii Maccrl (B Mac. %): SiO,— 65.18;
TiO, - 0.32; Fe,0, - 0.37; ALO, - 23.48; CaO —
1.16; MgO — 0.25; Na,0 - 2.57, K,O - 0.42.

OOpa31bl 000KEHHON KePAMUKH HCTIBITHIBAIIMCH
JUISL OIIPENENCHUsT yCaaKd NpU OOKHIE, MOPHCTO-
CTW TIO BOJOTOIIONICHHUIO, MPOYHOCTH TPU HU3THOE.
3aBHCHMOCTb H3MEHEHHUS] KEPaMHYECKHX CBOMCTB
OT TeMmeparypbl 00padOTKH 00pa3lioB IPEICTaBlie-
Ha Ha pucyHke 3. BumHO, 4TO TOBBILIEHHE TeMIiepa-
TYpBl TEpMOOOPaOOTKH CONPOBOXKIACTCSI Iporpec-
CHUpPYIOIIMM YBEJIMYEHHEM JIMHEHMHON ycalkd mpu
O0XKHIe W CHIKCHHEM 3HAUCHHMH MOPHUCTOCTH, YTO
CBUJICTEIIECTBYET 00 aKTUBHOM OOpa30BAHUH CTEKIIO-
(ha3bl 32 cyeT MOJIEBOTO MINAaTa B JICNITUTOBBIX THEH-
cax. Bogonomomenre o0pa3loB B 3TOM HHTEpBaje
Hanmvenbiiee — 0.16%, urto coorBerctByer OCTy
17-84-71, mo KOTOpOMy 3TOT IMOKa3areib AJsI CIEK-
mierocsi 4epemnka JokeH Obith He Oomee 0.20%.
[Nokazarenu ycaaku npu oOKHUIre U IOPUCTOCTH ONH3-
KU JU1s 00Pa3L0B, IOTyYEHHBIX HA OCHOBE JICIITUTOBBIX
THEWCOB M reJuIeUIMHTBI U PA3IMYatoTcs B TIpeieax
2-3%. llomy4eHHble JaHHBIE YCAOKH M MOPUCTOCTH
00pa3IoB OMBITHOW MAacchl MPH Pa3IMYHbIX TEMIIe-
parypax oOykura MokKazajii, YTO WHTEpBaJl CIICKaHMS
Macchl JISKUT B mipeaenax 1200-1250 °C, gro 3Ha4H-
TEJIEHO HIDKE TeMIIepaTypbl 00XKHra U3EIUi TOHKOH
KepPaMMKH, I0JIy4aeMOM C HCIOIb30BAHUEM IeTrMaTH-
Ta, MpuHsITON Ha (hapdopoBoM 3aBozie uM. JlomoHOCOBa
B Cankr-IlerepOypre 1370-1400 °C [1].

3HaYeHNS IPOYHOCTH IPU U3THOE KePAMHUIECKUX
00pa3LoB yBEIUYMBAIOTCS C MMOBBIIICHUEM TEMIIe-
parypsi ooxura 10 1250 °C (puc. 3). 3HaunTensHOe
yBEJIMUEHNE HAYMHACTCS [IPU TEMIIEpaType 00KHura
1050 °C. MakcumanbHOE BO3pacTaHUE MPOYHOCTU
npu usruoe Habmronaercs nmpu 1250 °C. BepositHo,
MOBBIILICHHE TPOYHOCTH HMPOUCXOAUT B Pe3yNbTaTe
o0pa3oBaHusl HEOOXOAMMOI'O KOJIMYECTBAa CTEKJIO-
(da3pl, HapsIy ¢ 00pa3oBaHMEM U POCTOM HOBBIX
KpHCTaINUecKuX (a3 3a CyeT MPOLECCOB Pasio-
KEHUS M MEePeKpUCTALTN3AlMd MHHEPAJIoB, CO-
CTaBJISIIOIINX CBIPbHE.
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Puc. 3. 3aBucuMOCTh M3MEHEHHs (DU3UKO-MEXaHUYe-

CKUX CBOWCTB OT TEMIIEPaTypbl OT)KHIa OIBITHBIX 00-

pa3loB KepaMHUKH, MOITYYEHHOH Ha OCHOBE JICHITUTO-
BbIX THelicoB (1) u remneduunTs (2)

3akilouenue

JlenrtutoBble THElCH MecTopoxaenus Kopnanra
MIPEJICTABIISAIOT CO00M ITyOOKO MeTaMOp(HU30BaH-
HbIC KPYIHO3CPHUCTBIC IOPOIbI M OTIMYAIOTCS
TTOBBIIIICHHBIM  COZIEP’)KaHWEM OKHCJIOB JKelle3a
10 cpaBHeHUIO ¢ reyuteuuaTol. [loeBomnaroBbIii
KOHIIEHTpAT, MOTyYeHHBIN (PIIOTOMarHUTHBIM 000Ta-
IIEHHEM JICITUTOBBIX 'HEHCOB MOYKHO HCIIOIBb30BaTh
JUTS TIOTTYYEHHST KePAMUUECKHX MaTepHajioB, HE Tpe-
OyTOIINX BEICOKOH OCITM3HBI, HAITPUMED, IS KepaMu-
YECKOU OOTMIIOBOYHOM TTMTKY U TUTUTKH JJIsI TIOJIOB.
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MOANP®UIINPOBAHHBIE MUHEPAJIBI
B OTJAEJE UCTOPUU UHCTUTYTA 3EMHOM KOPBI CO PAH

Heanoea Jl. A.

Hnemumym semnoii kopvr CO PAH, Hpkymck

Kax m3BecTHO, mpu pazpaboTKe MECTOPOXACHUI
KaMEHHOTO CBIPbsI MOIYTHO C JOOBIYEH KOHIULIMOH-
HOTO Marepuajiia BBIBO3UTCS OOJIBIIOE KOIMYECTBO
HHU3KOCOPTHOI'0, HCTIONB30BAHME KOTOPOIO B KAUECTBE
TIO/IENIOYHOTO KaMH$1 OTpaHU4YeHO. HermocTostHCTBO phI-
HOYHOT'O CIpOCca Ha M3AENUS U3 KAMEHHOTO MaTrepua-
JIa TeX WM UHBIX OTTEHKOB CO3/IA€T JONOIHUTEIIbHBIC
TPYAHOCTH, 3HAYUTENTLHOE KOJIMYECTBO COPTOBOIO Ma-
Tepuaia B 00paboTKy He BoBiekaeTcs. OHaKO, MHO-
T PUPOIHBIE CaMOLIBETHI, KaK MPaBHJIO, HE3aBHUCH-
MO OT IIPOSIBIICHHOM OKPAacKH COIEpKaT HECKOJIBKO
JPYTHUX THUTIOB IEHTPOB OKPACKU: JIMOO MOTEHINAIb-
HBIX, KOTOPBIE MOTYT IPOSIBISITHCS MPU KAKUX-THOO
(hM3UIecKUX BO3ICHCTBUAX, JTMOO CKPBITHIX («3aTy-
LIEBAHHBIX») yKe MPOSIBICHHOW OoJjiee MHTEHCHBHOM
okpackoil. TemmeparypHasi yCTOMYHMBOCTb LICHTPOB,
TIPOLIECChI X 00PA30BaHMUS U Pa3pyIICHUS PA3TUIHBL
[ToaTOMy, M3MeHss1 TeMIepaTypHbI HHTEPBAJ OTKH-
ra, MO’KHO Pa3py1iaTh OJHU U COXPAHSTh APYTUE LIEHT-
pbI okpacku. MomudunmpoBanue (obnaropaxuBatue,
KOHIWIIMOHUPOBAHUE) — ITO MPeoOpa3oBaHue, H3Me-
HEHHE CBOMCTB (I[BeTa, KaYecTBa) IOBEJIMPHBIX U I10-
JICTIOYHBIX KaMHEH pasiMYHbIMA METOAAMH, IOMHUMO
OTpaHK{ W TOJUPOBKHA. MoauunypoBaHue KaMHel
MPOU3BOUTCS PA3IMYHBIMU CIIOCOOAMH, KaK aHaJIO-
TMYHBIMUA HPUPOIHBIM IpoLeccaM, TaK U MMEOLIH-
MH YHCTO MCKYCCTBEHHYIO MpUpony. PasHooOpasHbIe

crocoObl  00NaropaXMBaHUsg —KaMHECAMOLBETHOIO
CBIPbsl, HAIIPABJICHHbIE HA YITyUILIEHHE IeKOPATUBHBIX
CBOMCTB 3a CUET W3MEHEHHsI OKPACKH, YCUIICHUS 11BE-
TOBOTO TOHA M MPO3PaYHOCTH, U3BECTHBI C IIIyOOKOI
npeBHOCTH. Tepmudeckass oOpaboTKa MUHEPAJIOB,
3aJI0KUBILIAs OCHOBY 3TOMY HAaIpPaBJICHUIO, SBIISICTCS
COCTaBHOM YacThI0 MHOTOYUCIICHHBIX METOJIOB U TEX-
HOJIOTHYECKHX pa3padoTOK 10 00NIaropasKMBaHuUIo.

OKCTO3UIMS PEe3yIBTaTOB pa3paboTaHHOTO CO-
TPYAHHKaMH J1a00paTopvy METPOIOTHH, TEOXHMUHU
u pynoreneza Mucrturyra 3emHoit kopel CO PAH
crocoba 00pabOTKM MPUPONHBIX KAMHEH W W3-
Jnenuid U3 HUx [3], HADIAOHO JEMOHCTPHUPYOIAs
BO3MOJKHOCTH 00JIaropa)KMBaHUsI HEKOHIMLIMOH-
HOTO MOAETIOYHOTO CHIPbsI HA MPUMEPE YIyUIlICHHS
JICKOPAaTHBHO-XY/I0KECTBEHHBIX CBOWCTB Hedpura
U JIPYTHX MHUHEPAJIOB CIY)KUT HAIISIIHBIM MOCOOU-
eM y4eOHOH KOJUIEKLMH B INPOLECCE MPOBEICHUS
3aHATUN B Kypce jeknui mo «OomaropakxnBaHUIO
IOBEJIMPHBIX KaMHEI».

Ewme B JIpesnem Kurtae npakTukoBaaioch UCKYC-
CTBEHHOE OKpallMBaHWE HeppuTa B KalITaHOBBIH
LBET — aJ KOHCKUH. B Hacrosmee Bpems oOna-
ropakuBaHue He(pHuTa MPOBOAUTCS B aBTOKJIAaBaX
B BOCCTAHOBHTEIIFHOH arMocdepe NpH JaBICHUH
400-500 arm, Temmepatype 300-500 °C B TeucHmE
24-100 u [5]. B pesynbrare 3a cueT M3MEHEHUS
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coornowenust FeO/Fe O, npoucxonur nsmeHenune
BeTa HepUTa OT TPSI3HO-3EEHOr0 10 YCTOHYH-
BOTO s0109HO-3enmeHoro. M3 TabauyHO-OyphIX He-
(pUTOB B OKUCIUTENBHBIX YCIOBHUSX ITONyYaroT
CYpry4YHO-KpacHble M XenTble. VHOraa mpu 3ToM
MOJTYYal0TCsl TOJMXPOMHBIE He(DPHUTHI 3eJIeHOBATO-
KpacHOTO IIBETa, a OJIeHO OKpaIIeHHBIC Pa3HOCTH
B 3HAUUTEIBLHOW CTENEHU OCBETIAIOTCS. MeTonuka
o0naropaxuBaHusl IPUPOJHBIX KaMHEW M M3JeNuit
U3 HUX B THAPOTEPMAJIbHBIX YCIOBHSX IPH BBICO-
KOH TeMrieparype ¥ I0J| IaBICHUEM SIBIISCTCS JUIsI
HedpuTa HanboJee ONTUMAIBLHBIM METOIOM 00pa-
0O0TKM HEKOHIWIIMOHHOTO MaTepuaia C IeNbi0 BOB-
JICYCHUSI €TO B MPOU3BOJCTBO.

B xosutekumy npezncTaBieHbl HCXOIHbBIE H 00J1aro-
PpOkeHHbIe 00pa3ibl YiaH-X0IUHCKOro U Butnmckoro
HepuToB (puc. 1, 2): MIACTHHBI, KOJIbIIA, OpaceThl,
JIBYXIIBETHAsI FEMMa U JPYTHE W3JIEIHS.

Hecomuennslii uHTEpeC B yueOHOH KOJUICKIIMU
BEI3BIBAIOT OOpA3Ilhl araToB W XaJIeIOHOB 00pabo-
TaHHBIX B TA30BBIX Cpeax MNP aTMOCEPHOM JaBIie-
HUH (prc. 3) ¥ METOZOM M300apHO-N30TEPMUIECKOM
BBIJICPKKH (aBTOKJIaBHas Mertonuka) [4]. B ararax
OKpacKa 3a4acTylo CBs3aHa C TOHKOIUCIIEPCHOM ITpu-
MECBIO JPYTrUX MUHEPAJIOB. BeicOKoTEMIIEpaTypHBIii
OT)KUT IPUMEHSETCS, YTOOBI YCUIIUTD WU MPOSIBUTD
KpPacHO-OPaHXEBYI0 OKpaCKy, KOTOpasi CBs3aHa
C TOHKOJHCIEPCHOW MPHUMECHIO OKUCIOB M THUAPO-
OKMHCIIOB KeJie3a. Briaeprkka B OKUCIUTENTBLHOM cpe-
JIe TIPUBOJIUT K YCHJICHUIO SIPKOCTH OKPACKH 32 CHET
YaCTHYHOTO OKHCIICHHS Keje3a JI0 TPEeXBaJCHTHOH
(opMBL, @ B BOCCTAHOBUTEIILHON Cpeie YacTHUHOE
BOCCTaHOBJICHHE KeJle3a JI0 JIByXBaJICHTHOTO MIPUBO-
JUT K OCBETJICHUIO U MPOSIBIICHUIO CKPBITBIX TOJIOC.
ABTOKJIaBHASI METO/IMKA MTO3BOJISIET YITyUIIaTh AEKO-
PaTHBHO-XYIOKECTBEHHBIE CBOIMCTBA araToB M Xall-
[EJIOHOB, TIPOSIBIISISI TOHYAHIIIUE paHee HEBUINMBIC
30HBI U YCUJINBAS SIPKOCTh 1 KOHTPACTHOCTH KaMHSI.

B ocHoBe TepMOOOpabOTKH JIEKHUT CHOCOO-
HOCTB NpeoOpa3oBaHusl IEHTPOB OKPAcKH B MHHE-
payiax moj ACWCTBHEM MOBBIIICHHBIX TEMIIEPATYP.
[TonoOHbIe SBIEHUS TPOUCXOIAT HETIOCPEACTBEHHO
npy 00pa30BaHUKM MHHEPAJOB B MPUPOIHBIX YCIIO-
BUSIX. B psizie ciyuaeB Hamuune TeX MM MHBIX OKpa-
IICHHBIX PA3HOBUJHOCTEH Na)ke B MPEAEIax OJHO-
IO MECTOPOXKICHUS ONPEACISIETCS] TEMIIepaTypPHBIM
PEKUMOM U COCTaBOM OKpY>Karoleil cpessl.

OfHUM U3 METOJIOB TEPMOOOPAOOTKH SIBIISCTCS
METO/] BBICOKOTEMIIEPATYPHOM BBIJICPKKH B KOHTPO-
JUPYEMBIX cpeiax. B 0CHOBe SKCIIepUMEHTAIBHBIX
UCCIIeIOBAaHUM JICKHUT CIIOCOO M3MEHEHHS OKPACKH
XaJIIEIOHOB TIPH TEPMOOOPaOOTKE B OKHUCITUTEITLHOM
arMocdepe, npeaoxennoi H. 1. Kamaespim ¢ co-
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aBropamu [2]. Cnoco0 BkirouaeT B ceOs HArpes,
BBIICPKKY U OXJIQKICHUE B KOHTPOJIHMPYEMBIX yC-
nmoBusaX. Takoil MeTox ob6aropa)kuBaHUs TOBBIIIA-
eT JIEKOPaTHBHOCTH KaMHS 32 CUET YBEITUUCHHS SIp-
KOCTH PHCYHKA JI0 TEMHO-CHUHETO, TIOYTH YEepPHOTO,
U SIPKO-OPaH)KEBOTO IIBETOB, TIEPBOHAYAIILHO ITOUTH
OecLBETHBIN (POH TPU 3TOM MPHOOPETAET OTTEHOK
OT HEKHO-PO30BOTO /IO TEMHO-BUIITHEBO-PO30BOTO.

OO0pasibl, oOpabarbiBaeMble B TA30BBIX Cpeax
mpy atMoc(epHOM JaBJIEHUH, TI0 CKOPPEKTHPOBAH-
HOW HaMU METOMUKE [4], YKIAIbIBAIOTCS B METa-
JIMYECKUH KOHTEHHep 00beMOM 2.5 11 U 3aChINAroTCs
KBapIeBbIM TIeckoM. [lecok ucromp3yeTcs B KauecTBe
WHEPTHOTO BEIECTBA, YTOOBI CO3aBallach BBICOKAs
TEIUTOBasT MHEPHUS W 00pabaThIBaeMBIN MaTepHai
HE MWCIIBITHIBAT TEPMUYECKHX HANpPsHKEHUH. 3arem
KOHTEHHEp CTaBUTCSA B OONBIIEOOBEMHYIO My(eb-
Hyto iedb KO-14. Bpems BbIBOzIa Ha TeMIiepaTypHbIi
pexnM — 24 4. OOpa3iibl BBICPKUBAIOTCS B TCUCHHUE
ompenenieHHoro BpemeHu B pexxume 300 + 5 °C. [l
HOJIEP>KaHMST OKHCITUTENIEHON arMoc(epbl epHoau-
YEeCKH Yepe3 METATHYECKYI0 TPYOOUKY BITPHICKHBA-
eTcs TIepeKHch BOJOPOa, KOTopas MpHU HarpeBaHUU
pasiaraercsi Ha KHCJIOpPOI M BOLY B COOTBETCTBHHU
¢ peaxkuumeir 2H,0,—O,+2H,0. Tlocne wneobxomu-
MOH BBIIEP)KKH KOHTEHHEp OXJIayKIAeTcsl B TEUCHHUE
24 4. B pe3yabrare 3KCIEPUMEHTOB 3a CUET OKHUCIIE-
uust Fe?” o TpexBasieHTHOM (HOpMBI 00pasIibl PHOO-
PETaroT POCKOIITHBIEC CePIOITUKOBBIE OKPACKH.

Meton w300apHO-N30TEPMHUYECKON  BBIICPIKKA
NIPH TTOBBIIICHHBIX TEMIIEPATypax 1 AaBICHUIX B KOH-
TPOIMPYEMBIX YCIIOBHSX (aBTOKJIaBHAs METOIHKA)
(puc. 4) TpeOyeT MpUMEHEHHS araparypbl BHICOKOTO
JIABJICHUS TPAJAWIIMOHHO MPUMEHSIEMOW TIPH THIPO-
TEpMaJIbHBIX MCCIIENA0BAaHUAX B 00JIACTH TeMIepaTyp
100—-600 °C u maBnennii ot 100 o 1000 arm.

B pesynbrate npoBelEHHBIX HKCIIEPHUMEHTOB
10 U3MEHEHHIO OKPACKHU araToB U XaJIeJOHOB 3TUM
METOZIOM BBISICHEHO, UTO JJISl araToB M XaJIETOHOB,
OKpacka KOTOPBIX CBsI3aHa C IPUMECHBIMH BKITIOUE-
HUSIMH OKHCIIOB ¥ THIPOOKHUCIIOB jkeje3a (TeTUTOM,
TEMATUTOM U T.JI.), T4 METOAWKA SIBISIETCS JeHC-
TBEHHBIM METOJIOM 00J1aropaKMBaHMsL.

DKCTIOHUPYIOTCS B KOJIEKITNH 00JIaTOPOKCHHBIC
o0pasubl skento-3esieHbix  OepuiwioB  [llepnoBoit
TOPBI, TPHOOPETAIOIINX MOCIIe 00padOTKN aKBama-
puHOBBIe Okpacku. [IpencraBnena pabora mo 3a-
JICYMBAHUIO TPELIMH B OepuiiaX. DKCIIEPUMEHTEI
¢ OepwIIIIOM MTPOBOIMIIMCH TIPH TEX K€ MapaMeTpax
T-500 °C u P-1000 arM, HO BBUAY CIOXHOCTH
CUCTEMBI TPOHUCXOUIIO TIOCTENEHHOE YCIOKHEHUE
(irontHOM (pasbl ¢ OCIIEIOBATEIBHBIM BBEICHUEM
B Hee KHCJOT, coJIel W Ienodeii. B ynucTo BogHO-



lracTius: Bummecxore anoxapBomar

MIORHANM — MCXOAMMIt we.

BepxHmn y6pador
PXHMs OOPACOTANMMM B BOCCTAHOBMTENLHOM

drmne

CDpal"MeHT JKCIIO3UIINN O6Har0pO)K€HHLIX

He(pUTOB

Puc. 2. bpacier u3 TabaqyHoro, o6paboTaHHOTO B BOC-
CTaHOBJIEHHOM (iIromje  yJIaHXOIUHCKOro Hedputa
HAa JIByXIIBETHOM sI0JIOYHO-TabauHOM 00Opasie

Puc. 3. KoHLEHTpHUYECKU-30HAIbHBIN arar:
CIpaBa — MCXOIHBIN, ClIeBa — TEPMUICCKHA 00paOOTaHHBIN

BOJIOPOJIHOM cpelie Ha MOBepXHOCTH Oepuiia oopa-
30BBIBAJICS O€JBIN XJIOMBEBUAHBIN HANIET XprU300e-
punna Al,BeO, ¢ npumeckio kBapua SiO,.

B pesymbrare TepMHYeCKOTO BO3ACHCTBUS Ha-
OJFOIIANIOCh XapaKTepHOe M3MEHEHHE OKpacku Oe-
pwIa ¢ romy0oBaToO-3eNeHOM, KEATOBATO-3eICHON
Ha HaCHIIIEHHO-TOIYOYI0, YTO 00yCIOBIEHO XPOMO-
(OpPHBIMH LIEHTPaMH, CBSI3aHHBIMH C BXOXKICHHUEM
Fe?'; Fe** B crpykTypy O0epuiia. OtaensHas paboTa
ObLIa MOCBSIIEHA 00JIArOPAKUBAHUIO MIEPIIOBOTOP-
ckux OepwiioB (puc. 5). B maHHBIX 3KcriepuMeH-
Tax MPOUCXOIMIIO BOoccTaHOBIeHHE xenes3a (Fed™—
Fe?"), uTo u cTano mpu4MHON U3MEHEHUs] OKpacKu
Oepmia. Ha ocHOBe mmonrydeHHBIX JaHHBIX 3TOU pa-
OOTHI BBISIBJICHA ONTUMAaJIbHAS METOINKA, TI03BOJIS-
folas yydmiarb coptHOCcTh OepmuioB LllepmoBoit
TOPBL.

Puc. 4. KoHUEHTpHUYECKU-30HAIbHBIN arat

1. Ucxonwusrif; 2, 3 (aBTOKIaBHAsI METOMKA):
2.T-300 °C, P-1000 atm, H,O+10% O,;

3. T-500 °C, P-1000 arm, H,0+10% H,;

4. T-300 °C, P — armocdepHOe

c Xpucrannos ronasa. llepnosas I'opa,
Tap B.A. dunenko (MOP3K ~ === - .
s TM-1793. AxBaMapuH-xBapiy
M-uue llepnoBas ropa. 3a6
Hap B.U. Konopesa

Puc. 5. AxBamapuHbl (crpaBa), TOIYYCHHBIE METOIOM
aBTOKJIABHOH 00pabOTKH IKENTO-3€NIEHBIX OEepUILIOB
(cnmesa). T-500 °C, P-1000 arm, H,0+10% H,
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B okcmepuMeHTax MO 3alieYMBAHUIO TPEIINH
B Oepwiutax, MPH OTMEUCHHBIX BBIIIE YCIOBUSIX Ha-
YHHAETCS pOCT Be-comeprkanux MUHEpaIoB (Xpr3o-
Oepriuia, OepTpaH/UTa) Ha TIOBEPXHOCTH 00pa3IlOB.
Nmes Onm3kue K Oepuiuly IMOKas3aTelld MperoMIie-
HUSI, HEKOTOPBIC U3 BHOBb 00pPa30BaHHbBIX (a3 MOTYT
UTpaTh POJIb 3AMOTHUTENEH TPEIIMH U 3HAaUUTEIBHO
TTOBBITIIATH JEKOPATUBHBIE CBOWCTBA KAMHSL.

ITogBo/A UTOTH TaHHOTO HCCIIEIOBAHUS, MOKHO
KOHCTaTUPOBATh, UTO JIJISI KIIPOCTHIX)» MHHEPATBHBIX
CHCTEM PAaCCMOTPEHHBIM MEXaHWU3M «3aJ€UHBaAHM»
TPELIMH U IyCTOT B MUHEpaax sIBISETCS IeHCTBEH-
HBIM W JIa€T TIOJIOXKHUTENbHBIC Pe3yiabTaThl. A s
MHOTOKOMITOHEHTHBIX CUCTEM TPEOYIOTCS AOTIOIHU-
TEJTbHBIE UCCIEAOBAHNS ¥ WHAWBUTYaIIbHBIHN MTOAXO
K KaX101 MMHEPAJILHOM CUCTEME.

Ha mectopoxnennn «CupeHEBbI KaMEHbY» J10-
ObIBaeTCS 3HAUYMTEIHHOE KOJIMYECTBO IOBEIMPHBIX
1 TIOJIEJIOYHBIX PA3HOBHUIHOCTEN YapOUTHTA C SIPKOH
(hMoNIeTOBOM M CHPEHEBO OKPACKOH, TPHUBIICKATEITh-
HOW COBEPIIEHHOW CTPYKTYpOHM U BBICOKMM COAEp-
JKaHWEM dapouTa-muHepaia. l[lomyTHO ¢ BBICOKO-

Puc. 6. CnanneBaro-noysocuaTslii 4apOUTHUT:
crpaBa — UCXOJHBIH, ciieBa — 00pabOTaHHbIH

Meroauka ynydli€HUs] IBETHOCTH HEKOHAUIU-
OHHOT'O YapOUTHUTA, 3aKIHOYAIOIIAACS B MPOMUTKE
KpacauMHu BEIIECTBAMU, OTHOCAIIIUMHUCS K KJIIaCCy
AKTUBHBIX CHHTETUYECKUX KpacuTeNe, 1 MOCiey-
FOILIEM 3aKpEIUICHHH OKPAcKW BO BHYTPUIIOPOBOM
MIPOCTPAHCTBE KaMHS, IpUeMIIEMa JIJISl peaJIU3aLUH.
BusyanbHble nokaszarenu LBETOBOM XapaKTepUCTHU-
KH 00JIarOpPOKCHHOTO YapOUTHTA PA3TUIHBIX MOP-
(hOJTOTHYECKUX THITOB, TIO3BOJISIFOT C/IEIaTh BBIBOJ
0 TOM, YTO NPHOOpETEeHHas OKpacka CTaHOBUTCS
ONMU3KOM K JIyYITMM Pa3HOBUJIHOCTSIM FOBEIHPHO-
MOJIEJIOYHOI0 YapOUTOBOIO Marepuaia, yCTOMYHu-
BOI1 K OBITOBBIM arpeCCHBHBIM Cpe/iaM M IPUBIICKa-
TenbHOM [yt moTpeduTens. [Iporece okpammBaHus
00pasIoB YapOUTHUTA — ITO CIIOKHBIN MHOTOCTa -
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KaueCTBEHHBIM YapOHMTOM, HW3BJIEKaeTCsi OOJbIIoe
KOJIMYECTBO CBHIPbsl, KOTOPOE TI0 CBOUM KOJIOpHMe-
TPUUYECKUM TTapaMeTpaM, MEXaHUYEeCKUM CBOWCTBaM
U DCTETHUECKHM TPEOOBaHUSIM HE COOTBETCTBYET
KpPUTEpHUsIM KadecTBa JUIsi KAMHEPE3HOW IPOMBIII-
JIEHHOCTH. Takoe ChIphe HEJIb3si OTHECTH K BHICOKUM
copram kamus. llosTomy, yuuTbIBas Bce STH JaH-
HBIE: OTPaHUYEHHOCTH 3allacoB, CYIIECTBCHHAS BBI-
paboTKa Ka4eCTBEHHOTO YapOUTHTA HA YHUKAIILHOM,
eTMHCTBEHHOM B MUPE MECTOPOXK/ICHUH, BOSHHKACT
HEOOXOIMMOCTh  3KCTIEPUMEHTAIILHOTO HCCIIE/IOBa-
HUSI yITy4ILICHUS KaueCcTBa HU3KOCOPTHOTO KaMHI.

I[BeTOBOE BOCHpUSTHE YapOUTHTA 3aBHCUT
OT KOJIMYECTBA HaXOXKICHHUS B MOPOAE CaMOro ya-
pouTa-MHuHepaia, OT XapakTepa W KOJIMYecTBa CO-
MYTCTBYIOIIUX (MEJIaHOKPAaTOBBIX M JICHKOKpAaToO-
BBIX) MUHEPAJIOB H OT €r0 CTPYKTYPHO-TEKCTYPHBIX
0COOEHHOCTEH.

B naHHO# SKCTIO3UIMHU MTPEACTaBICHBI 00pa3Ibl
MIPOLIEANINE OKPAIINBAHNE OPTAaHUIECKUMH Kpacs-
OIMMHU BEIIECTBAMHU AJISl PUOOPETEHUs] YCTOHYH-
BOH OKkpacku "apoutHra (puc. 6, 7).

7 8 R

iz e

Puc. 7. IloppupoBHUIHBII YapOUTHUT:
cripaBa — UCXOJHBIH, ciieBa — 00padOTaHHbIH

HbIH riporiecc [ 1], BKIIFOYaroIuii B ce0st OATOTOBKY
KaMHSI K OKpallMBaHHUIO, caM MPOLECC KpalleHus,
3aKpeIIeHNs TIOJTYYEHHOTO Pe3yNbTara U MPOBEPKU
YCTONYHMBOCTH OKpPAcKH K BO3AEHCTBUIO BOJIHO-IIIE-
JIOYHBIX PAacTBOPOB, COJIHEYHOTO CBETAa U MEXaHU-
Yyecko 00paboTke. TeXHONOTHMUECKUH LUK CO-
crasiser oT 20 1o 40 nuen.

Bce xameHHbIE KOJJIEKIIMH B OTHEIE HCTOPUHU
WHcTuTyTa 3eMHOHM KOPBI CITy’KaT HaIVISIIHBIM Mare-
pHagoM IpU MPOBEACHUU JIEKUMOHHBIX M IPaKTH-
YECKHX 3aHATHH co cTyneHTamu MpkyTckoro rocy-
nmapctBeHHoro yHuBepcurera (MI'Y) nu Upkyrckoro
HAI[MOHAIBHOTO HMCCIIEI0BATEIbCKOTO TEXHUYECKO-
ro ynusepcurera (UPHUTY). Hcnonesys otamen
KaK y4eOHYI0 aynuTOpPHIO JJIS 3aHATHH, ymaaercs



3HAYUTEIHHO YCHWJINTH BOCIPHUATHE H3JIaraeMoro
MaTepuasia CIylaTesssMU, TaK Kak MHOTHE JKCIIO-
HUpyeMble 00pa3lbl NPUHUMAIOT HENOCPEICTBEH-
HO€ y4acTHUE B JIEKIIUOHHOM IIPOLIECCE.

AcnupanTsl MIHCTUTYTa 36MHOH KOpBI, HauWHAas
C IepBOro roja oOyueHUs B Kypce 00s3aTelbHBbIX
JIEKIWH BEAYIINX HAYYHBIX COTPYAHUKOB HHCTUTYTA,
[OJIy4ar0T BO3MOXKHOCTh Ha NPHUMEPE SKCIIO3MLIUH
Ooee 1eTadbHO O3HAKOMHUTHCS C MPEACTABIISIEMBIMH
Hay4YHbIMU HanpasieHusMu. [Ipoling no BeicTaBOU-
HBIM 3aJlaM, BHUKHYB B UCTOPHIO Pa3BUTHSI CyIIECT-
BYIOIIMX B MHCTHTYTE B HACTOSILIIEE BpeMsI PO uIIb-
HBIX T'€OJIOTMYECKHUX OTHIEJIOB, OCO3HAB, YTO OTAEIN

WCTOPWH — ITO HaIlla TTAMSATh, OyAyIIHe COTPYAHUKN
Oonee OTBETCTBEHHO M 3aWHTEPECOBAHO OLIyINA-
10T ce0sf B HMHCTHTYTCKOM HayYHOM COOOIIECTBE.
MMeHHO OT HUX 3aBUCHUT COXpaHCHUEC TTPEEMCTBCH-
HOCTH, KOTOPasi IO3BOJIUT BOBJICYb YK€ UMEIOIINECS
B I/IHCTI/ITYTC KOJUICKIIMHK W OTACJIIbHBIC BBICTABOY-
HBIE 00pa3Ibl B HOBBIE SKCIIO3HULIUH, TaK KaK OJHOM
W3 TIaBHBIX (YHKIMU oTaena uctopum MHCTHTyTA
SBJISETCS HE TOIBKO COXpaHEHHE, HO U JaibHenIIee
MOTIOJIHEHNE KOJUICKIMH, 1 (OPMHUPOBAHUE HOBBIX.
3a cyeT HOBBIX pa3pabOTOK COTPYIHUKOB, CTYIACH-
YEeCKUX KypPCOBBIX U TUIFIOMHBIX PaOOT SKCIIO3ULIHS
yueOHOU KOJJICKIIUH PACIITHPSIETCSL.
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AHHOTAIIMHN

VYIK 549.08:622

Komoea O. b., Oxcozuna E. I KomnjiekcHasi oneH-
Ka TBePAbIX MOJIe3HBIX HCKONAEMBbIX: MEKAMCIMILIH-
HAPHOCTH TEXHOJIOTNYeCKOli MHHEPAJIOrMH U COBpe-
MEHHbI¢ BbI30BbI // TexHonoruyeckass MUHEpPaIOTrus
B OIIEHKE Ka4eCTBa MIHEPAJIbHOI0 ChIPbs MPHUPOIHO-
r0 M TeXHOTeHHOro mpoucxoxaeHus. [lerpozaBoack:
Kapeabcknii nayunbiii nenrp PAH, 2023. C. 7-10:
puc. 2. bub.a. na3s. 6.

IlokazaHbl BO3MOXHOCTH KOMIUIEKCHOM OLIEHKH
TBEPIBIX IOJIE3HBIX MCKOMAEMBIX METOIAMH TEXHOJO-
THYECKOH MHUHEpaNoTuH. AKIICHTUPOBAHO BHUMAHHE
Ha HAyYHO-METOANYECKOM COIPOBOXKIACHUH MUHEPAo-
THYECKUX HMCCIIEIOBAaHMM, TPEOOBAaHMIX K MUHEPAIOTH-
4eCcKOW MHPOpPMAIHK, HEOOXOIUMBIX MPHU OIICHKE MUHE-
PaJIBHOTO CHIPBS.

The possibilities of complex assessment of solid
minerals by methods of technological mineralogy
are shown. Attention is focused on the scientific and
methodological support of mineralogical research, the
requirements for mineralogical information necessary for
the assessment of mineral raw materials.

Knrouegvie cno6a: KOMILIEKCHAs! OLICHKA, TEXHOJIOTH-
Yeckasi MUHEpaJIoTHs, TBepbIe IOJIe3HbIe HCKOIIaeMbIe,
30JIOIIITAKH, METPOIOTHIECKOE 00eCIIedeHUE, MEKITa00-
PaTOpHBIE CIIMYUTEIBHbIC HCIIBITAHHUS.

Keywords: comprehensive assessment, technological
mineralogy, solid minerals, ash and slag, metrological
support, interlaboratory comparison tests.

YIK 552.2+552.12+681.786

Boimexosckuii FO.JI. TleTporpadguueckue cTpyk-
TYypbl W CTATHCTHKH MEK3E€PHOBBIX KOHTAKTOB
/I TexHojiornyeckasi MHUHEpPAJIOrusi B OLIEHKe Ka-
YyecTBa MHHEPAJIHLHOTO CHIPbsI MPUPOIHOTO U TEXHO-
renHoro mpoucxoxaenusi. IlerpozaBoack: Kapen-
ckuii HayyHblii nentp PAH, 2023. C. 10-14: puc. 1.
buoa. nass. 33.

B crarpe oOpallieHo BHUMaHHE Ha COBPEMEHHOE He-
Y/IOBJIETBOPHUTENILHOE OINpEAEIeHNEe MNeTporpagpuuecKkux
CTPYKTYp U TeKcTyp. MIMEHHO 3TO OCTaBiIsieT MX OmMca-
TEJIbHBIMM M HE MO3BOJISIET B MOJIHOM Mepe y4decTh Ipu
XapaKTEpUCTUKE TOPHBIX OpoA U pya. KopoTko usnoxeH
MOJIXOJl, OCHOBaHHBII HA CTATUCTUKAX MEXK3EPHOBBIX KOH-
TaKTOB, U JaHO MaTeMaTU4YeCKOe OMpEEIEeHHE IETPOrpa-
(rueckoil CTPYKTypbl. YKa3aHO, YTO IOJCYET CTaTHCTHK
MEK3EpHOBBIX KOHTAKTOB B IIUIM(AX B pealbHOM BpeMe-
HU U C BBICOKOI TOYHOCTBIO BO3MOMKEH TOJNBKO C MOMO-
LIBIO aJJANTHPOBAHHBIX ONITHYECKUX aHAIM3aTOPOB.

The article draws attention to the current unsatisfactory
definition of petrographic structures and textures. This is
what leaves them descriptive and does not allow them
to be fully taken into account in the characterisation of
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rocks and ores. The approach based on intergrain contact
statistics is briefly outlined and a mathematical definition
of petrographic structure is given. It is pointed out that
calculation of intergrain contact statistics in thin sections
in real time and with high accuracy is possible only by
means of adapted optical analyzers.

Kniouegvie cnoea: ropHbie MOPOALI U PYIbI, HETPOT-
paduyeckue CTPYKTYpbI U TEKCTYPbl, CTATHCTHKH MEX-
3€PHOBBIX KOHTAKTOB, ONITHYECKHE aHAIN3ATOPbI.

Keywords: rocks and ores, petrographic structures and
textures, intergrain contact statistics, optical analysers.

YK 553.679

Kucnos E.B., XyoskoeaJl.H., Manviues A.B.,
T'apkywiesa H. M. YAbTPaoCHOBHbIE U OCHOBHbIE I0-
poasl Bypsituu — nepcnexkTUBHOE chIpbe IS II1y0o-
Ko#i mepepadorku // TexHosoruyeckass MUHEPAJIOTHsl
B OlleHKe Ka4eCTBAa MHHEPAJIbHOI0 CHIPbsI IPUPOIHO-
0 U TeXHOTeHHOro npoucxoxaenus. IlerpozaBoack:
Kapeabcknii nayunblii nentp PAH, 2023. C. 14-18:
Tadu. 1. budu. nass. 18.

HccnenoBanbl BO3MOYKHOCTH UCIIOIB30BAaHUSI B CTPOU-
TEJIbHOM UHyCTPUU OCHOBHBIX U YIBTPAOCHOBHBIX TIOPOJL
ﬁoxo—HOBLIpeHCKoro MacCHBa, KOTOPBI HECET BBICOKO-
JIMKBUHYI0 MUHEPAIM3alUI0 U HAXOAUTCS B Pa3BUBAIO-
IeMCsl TOPHOPYIHOM pailoHe, ¥ MHTPY3UBOB Meremu-
XUHCKHI 1 OCTpast COIKa, PacroIOKEHHBIX MEXKIy YIaH-
VioHckol armoMepauueil 1 TUMITIOWCKUM LIEMEHTHBIM
3aBozioM. [1leOeHb U3 TakuX OPOJ UMEET BEICOKOE Kadec-
TBO U MOXKET HCIIOJNB30BAThCS JIJIs MOTyYCHHsT OCTOHOB
1 achabTOOCTOHOB MOBBIIICHHOW MPOYHOCTH U JIOJITO-
BeuHOCTHU. Vcroibp30BaHue yIBTPAOCHOBHBIX U OCHOBHBIX
MOPOJT B KAUSCTBE MUHEPAIBHOW JJOOABKHU MO3BOJIHT ITOJY-
4yaTh KePaMUUECKUN KUPIUY, HE YCTYHAIOIIUN 110 CBOMM
XapaKTepUCTUKaM TPAJAULIMOHHBIM aHAJIOTaM.

The paper discussed the potential of mafic and
ultramafic rocks from Yoko-Dovyren massif as a raw
material for the building sector. The gravel from such
rocks has high quality and can be used for the production
of high-strength and durable concrete and asphalt concrete.
The use of ultramafic and mafic rocks as a mineral additive
allows for the production of ceramic bricks that are
comparable in characteristics to traditional counterparts.

Kmioueswvie cnosa: nynut, rabopo, 1medeHb, KUPITHY.
Keywords: dunite; gabbro; crushed stone; ceramic
bricks.

VIIK 553.823 (470.22)

Iunuyoe B. B., Byonoea T.II., @ponoe I1. B. Mune-
PaJibHbI NOTEeHIHAJ MAJIE0NPOTEPO30iicKOro yabTpa-
MapUT-11eT04YHO-KAPOOHATUTOBOIO  MHTPY3UBHOIO
Tuxkmeo3zepcko-Enerno3epekoro komimiekca (Cesep-
Hasa Kapemnsi, Poccusi) // Texnonoruvyeckass MuHe-
pajiorusi B olleHKe Ka4ecTBa MUHEPAJIbLHOIO ChIPbS



MPHPOTHOTO W TeXHOTeHHOro mpoucxokaenus. Iler-
po3aBoack: Kapenbckuii nayunsiii nentp PAH, 2023.
C. 18-26: puc. 8., Ta0u. 1. buoa. nass. 33.

Jannbpie 0 MuHepanabHOM moTeHuuane Tukiieo3epo-
EmeTo3epckoro ympTpaoCHOBHOTO IENIOYHO-KapOOHATH-
TOBOTO MHTPY3UBHOTO KoMmIuiekca B CeBepHoil Kapemmn
MOJTy4eHBl B PE3yNbTaTeé MHOTOJETHHUX IIEIEBBIX T€O-
JIOTO-TIETPOJIOTHYECKHUX, MHHEPAIOTO-TeOXUMHYICCKUX,
T€OXPOHOJIOTHYECKUX M MHUHEPATreHUYSCKUX HCCIIeI0Ba-
HUW CpEIHENaIeoNnpoTePO30MCKOr0 MarMaru3mMa JaHHON
Tepputopun. OxapaTepu30BaHbl MECTOPOKACHUS U TIPO-
SIBTICHUS] TIPOMBIIIUICHHBIX MHHEPAIOB (THTAaHOMArHETHT,
WIBMEHUT, He(heMH U IEIOYHBIC CHEHUTHI, KapOOHATUTHI
C armaTUToOM, KaJbIIUTOM W OJMBUHHMT), a TaK)KEe MHUHEpa-
muzays penkux metamuioB u P3D. Tukmeosepcko-Ene-
THO3PCKHI KOMIUIEKC MOXKET CTaTh OCHOBOH it (op-
MHUPOBaHHS MacCIITaOHOTO AKOHOMHYECKH TPUOBUIBEHOTO
TOPHOIPOMBIIIJICHHOTO y3I1a.

Data on the mineral potential of the Tiksheozero-
Yeletozero ultrabasic  alkaline-carbonatite  intrusive
complex located in North Karelia were obtained by the
long-term geologo-petrological, mineralogo-geochemical,
geochronological and mineragenetic studies of Middle
Paleoproterozoic magmatism in this area. Industrial
mineral (titanomagnetite, ilmenite, nepheline and alkaline
syenite, carbonatite with apatite and calcite and olivinite)
deposits and occurrences, as well as rare-metal and REE
mineralization, are described. The Tiksheozero-Yeletozero
complex may provide a basis for the formation of an
economically profitable mining zone.

Kniouegvie cnosa: menodHple CHEHUTHI, KapOOHATH-
TBI, WIIbMEHHUTBI, OJINBUHUTHI, MAJICONPOTEPO30H, MECTO-
poxaenue, Tukireosepcko-Enerro3epeknii MarMarniec-
kuii Komruieke, Pecryonmka Kapemus.

Keywords: alkaline syenites, carbonatites, ilmenites,
olivinites, paleoproterozoic, deposit, Tiksheozero-
Yeletozero magmatic complex, Republic of Karelia.

YIK 550.75

Koponvkos A. T. Ixkonornyeckue nocJaeCTBUSA
pa3paldoTKku aJLUIIOBHAJILHOM POCCHINIM MOHALUTA
(Boctounoe 3abdaiikanbe) // TexHoJioruyeckasi MUHe-
pajorusi B olleHKe KayecTBAa MUHEPAJIbHOIO CHIPbA
NMPHPOIHOTO M TEXHOTeHHOTO mpoucxo:xaeHus. Ier-
po3aBojack: Kapeabckuii Hayunblii uentp PAH, 2023.
C. 27-29: bub.. nass. 11.

Momatur — ¢ocdar, conepkaliuii peaKo3eMelbHbIe
anemeHTsI ¥ Topuit (10 10 %). C 1949 no 1964 rox B Mxp.
Hosotpouik 1. banes 3abaiikanbckoro kpast AecTBOBa-
JIO CEKPETHOE MNpEeNNpUsITHE [0 IKCIUIyaTallud MOHa-
HHTOBOﬁ POCCHIITU, BXOAUBHICEC B CHUCTEMY ATOMHOTO
mpoekta CCCP. MoHAaIUTOBBINA TECOK HCIIOIB30BAJICS
npu crpouTtesberse. [locie 3akpbiThs mpeanpusTus 00-
Hapy>XujaCb BBICOKasd PaJUOAKTHUBHOCTH MHOTHX IIPO-
MBIIIJICHHBIX U KHUJIBIX 3ﬂaHHﬁ. K HaCTOAIEMY BPEMCHU
OOJIBIIMHCTBO DKOJOTUYECKH OMNACHBIX OOBEKTOB pas-

pymeHo. Ho panuanuoHHas onmacHOCTh JAJIsI HACETICHUS
coxpansercs. O000IIeHBI Pe3yIbTaThl AIEMEHTHOTO aHa-
JI3a TIOYBEHHBIX P00, OTOOPAHHBIX B IIEHTPAILHON Yac-
i HoBoTpownnika. IHTeprpeTaIiust Mory4eHHBIX JTaHHBIX
I0Ka3aJ1a BEICOKHE COJEP)KaHMs Psijia IEMEHTOB, 3HAYHN-
TenpHO mpeBbimarontie [1JIK. CymmapHbIii TokazaTens
3arps3HEHUS MOYB (MHIMKATOP 3arps3HCHHSA), PacCyUu-
TaHHBIN TO TATH XuUMHYecKuM d1emenTam (Pb, As, Sb,
Ag, Th), yka3zpBaeT Ha yMEpEHHO OIACHYIO, OTIACHYIO
1 9pEe3BbIUAIHO OMACHYIO TS 30POBbsI HACETICHUS KO-
JIOTHYECKYI0 0OCTAaHOBKY M HEOOXOIUMOCTD MPOBEACHHUS
JIETaIbHOTO TEOXMMNYECKOI0 MOHHUTOPHHTA TTOUB.

Monazite is phosphate containing rare-earth
elements and thorium (up to 10%). A secret monazite
placer mining company was operating in Novotroitsk,
Baleya, Trans-Baikal Region, under the USSR Atomic
Project from 1949 to 1964. Monazite sand was used as
building material. After the shutdown of the company,
many industrial and apartment buildings were found to
be highly radioactive. By now, most environmentally
hazardous structures have been destroyed. However,
radiation danger for the population persists. The results
of element analysis of soil samples taken from the central
zone of Novotroitsk are reported. The data obtained
show high concentrations of some elements, which
exceed maximum allowable concentrations. The total
soil pollution index (pollution index), calculated for five
chemical elements (Pb, As, Sb, Ag and Th), indicates an
environmental situation moderately hazardous, hazardous
and extremely hazardous for human health and the need
to conduct detailed geochemical soil monitoring.

Kniouegvle cnosa: MOHALIUT, SKOJIOTHSA, TEOXUMHUS
MI0YB, CyMMAapHBIH 1TOKa3aTeNb 3arpsiI3HEHNs 1109B, Paan-
auus, ropon baneil.

Keywords: monazite, ecology, soil geochemistry,
total indicator of soil pollution, radiation, Baley city.

VIIK 546.78:622.766+622.778

Paoomckaa T.A., Kaneea E.B., Bacunveeéa U.E.,
Illabanosa E. B., Yyewosa A.I., benoszéposa O. 0.,
Mumuukun M. A., Aiicyeea T. C. BbisBienue ¢a3
B BOJb(PaMOBBIX KOHLEHTPATAX, HEraTUBHO BJIU-
SIIIIUX HA UX KavecTBO // TexHoJiormueckass MUHe-
pajiorusi B OlleHKe KaYecTBA MHHEPAJbHOIO ChIPbS
NMPUPOTHOr0 U TEXHOTE€HHOT0 Mmpoucxo:xkaenus. Ilet-
po3aBoack: Kapeabckuii Hayunsiii uentp PAH, 2023.
C. 29-33: Tada. 2. buoda. Hass. 5.

MeTogamMu TpaBUTAIIMOHHON M 3JIEKTPOMArHUTHOM
cemapanyy pas3leNIeHbl JBE IMPOOBI MEIKO3CPHUCTOTO
U TOHKO3EPHUCTOTO BOJIb(PAMOBBIX KOHIICHTPATOB, IO~
JIYYCHHBIX B PE3YJIbTaTe 0OOTAIICHHUS JICXKAIBIX XBOCTOB
bapyn-HapblHCKOTO ~ TEXHOT€HHOTO  MECTOPOXKACHHUS.
MuHepanbHbIi 1 XUMHUYECKUN COCTaB MCXOIHBIX KOH-
LICHTPATOB, U BBIJICJIICHHBIX U3 HEr0 (Ppakiuil ucciemo-
BaH KOMILIEKCOM METOJIOB: ONITUKO-MUHEPAIOTHYECKHUM,
MUHEparpaQuuecKuM, MOPOIIKOBOH  PEHTTCHOBCKOM
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qudpaxunei, pPEeHTTEeHOCIEKTPAIbHBIM MHUKPOAHAJIHU-
30M, AaTOMHO-3MHCCHOHHOH U PEHTIeHO(IyOpECIECHT-
HOW cmekTpomerpuei. [lokazaHo, 9TO BOJIB(PpPAMOBEIC
KOHIIEHTPAThI B KaUECTBE BPEIHBIX MPHMECEH comeprkar
cepy, BXOAANIYI0O B cocTaB cyabdumoB. OOorameHue
BOJIb()PAMOBBIX KOHILIEHTPATOB C TIOMOIIBIO AJIEKTpOMar-
HUTHOHM Cenapaiyy MO3BOJSIET MOBBICUTH UX KauecCTBO,
YAAIUTh HEraTHBHBIC (PAa3bl U MONYYUTh HECKOIBKO BHU-
JIOB CBIPBS: BONb(PAMHUT-TIOOHEPUTOBBI KOHIICHTPAT
3 copTa ¥ IICETUTOBHIN TBEPHAOCIUIABHBIA KOHIIEHTPAT.
Kpome BombhpaMuT-TIOOHEPHTOBOTO W IIEEITUTOBOTO
KOHIIEHTPATOB OblIa IOMydeHa MarHeTuToBas (hpaxuus,
COOTBETCTBYIOI[Asi OOTaTBIM JKEJIE3HBIM PyAaM M MOHa-
IUT-coAeprKaras ppakmus, o0oraméHHas peaKo3eMelb-
HBIMH 3JI€MEHTaMH (JIAHTAHOM U IIEPHEM).

We separated two samples of fine-grained and close-
grained tungsten concentrates using gravitational and
electromagnetic separation methods. The concentrates
were obtained as a result of the enrichment of stale tailings
of the Barun-Naryn technogenic deposit. The mineral
and chemical composition of the initial concentrates
and their fractions was studied using a complex
of methods: optical-mineralogical, mineragraphic,
powder X-ray diffraction, energy dispersive X-ray
microanalysis (EDXMA), atomic emission spectroscopy
and X-ray fluorescence. It has been shown that tungsten
concentrates contain sulfur, which is a harmful impurity.
Electromagnetic separation makes it possible to improve
the quality of tungsten concentrates, remove negative
phases and obtain several types of raw materials: grade
3 tungsten-huebnerite concentrate and scheelite carbide
concentrate. A magnetite fraction was obtained, which in
terms of the amount of iron corresponds to rich iron ores.
A monazite-containing fraction enriched in rare earth
elements (lanthanum and cerium) can be distinguished.

Knioueswvie crnosa: BonbhpaMoBBIl KOHIIEHTPAT, 000-
raimeHue, TIOHepuT, meennt, P30

Keywords:  tungsten  concentrate,
hiibnerite, scheelite, REE.

enrichment,

YJIK 553.086

Komapoea A. I., Quxuwesa T. A., Ilpoxonsves E. C.,
Ilpoxonves C. A. CynbpuaHble MHUHepaJbl U3 PYy-
JONPOSIBJIEHUIT MeIMCTBIX NecYaHuKoB 3alaiikajib-
ckoro kpasi // TexHojormyeckass MHHepPaJIoOrus
B OIIEHKe Ka4eCTBa MHHEPAJIbHOI0 ChIPbsl MPHUPOIHO-
r0 U TeXHOreHHOro mpoucxosxaeHus. IlerpozaBoack:
Kapeabckuii Hayuynbiii nentp PAH, 2023. C. 34-38:
puc. 4, Tada. 2. buba Hass. 6.

B crartee MPEACTABIICHBI PE3YJIbTAaThl UCCIICAOBAHUA
MUHEPAJIOrO-TEXHOJIOTMYECKUX XApAKTEPUCTUK PYyL Me-
JUCTBIX TICCHAHUKOB. ABTOpaMI/I ObLIN YCTaAHOBJICHBI
BEILIECTBEHHBIN COCTaB, TEKCTYPHO-CTPYKTYpHbIE Xa-
PaKTEPUCTHKHA M THUIBI CPOCTKOB PYAHBIX MHHEPAIOB
B ApoOnéHoit pyzne. IlomydeHHBIC CBEJCHHS HCIIONB30-
BaHBI JId ONIPEACIICHUA ONITUMAJIbHOTO PEXXUMa pyaoI10-
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JTOTOBKH ¥ TIPOTHO3MPOBAHUS PACTIPEACICHUS PYAHBIX
MHHEPAJIOB U UX CPOCTKOB IO IMPOAYKTaM 00OTalIeHNUSI.

The article deals with the results of the mineralogical
and technological characteristics study of cuprous
sandstone ores. The authors have determing the material
composition, textural and structural characteristics and
intergrowth's types of ore mineral in crushed ore. The
obtained data were used to choose the optimal mode
of ore preparation and to predict the distribution of
ore minerals and their intergrowth in the enrichment
products

Knrouegvie cnosa: MeIUCThIC IECYaHUKH, PYAOIIOATO-
TOBKa, 00OTaIlICHHE.

Keywords: cuprous sandstones, ore preparation,
procrssing.

YK 622.7

Tonmapwv A. U., Kocmpomun M. B., 3aapnwuii A. A.,
Bopoovée B. B. Texnonorusi mNOBbILIEHUS] KadecTBa
KBapLeBbIX KOHUEHTPAaToB, pa3padoranHas 000
«IJTA3JIIMW» // Texnoaormdeckasi MHHEPAJIOTHsI
B OLIEHKe Ka4eCTBa MHHEePAJIbHOIO0 ChIPbsl MPHUPOIHO-
r0 W TeXHOTeHHOro mpoucxosxaeHus. IlerpozaBoack:
Kapeabckuii Hayuynblii nentp PAH, 2023. C. 39-43:
puc. 1, tada. 4. buba. HasB. 6.

Crenmanuctamun OO0 «IIJIA3BJIDM» paspaborana
KOMIIJIEKCHAsl, YHUBEpCaIbHasg TEXHOJIOTHS OCHOBHOTO
U TIyOOKOro 00OOTaIlCHHsI KBapIEBOTO CHIPHs, MMO3BO-
JArouas MojyyaTh KBaplEBble KOHLEHTPAThl BHICOKOM
yucToThl. Hu3kass ce0eCTOMMOCTD HKOJIOTHYCCKU YHUC-
TBIX METOJIOB 00OTAIeHHUsT KBapIIeBOW KPYIKUA U KpaT-
Yyaire CpoKH OKyNaeMOCTH MHBECTUIIMOHHBIX BIIOXKE-
HUM BBISIBJISIOT K TAKOW TEXHOJOTUM MPOMBIILICHHBIN
HHTEpEC.

PLAZLAY OJSC experts have developed an
integrated general-purpose technology for basic and deep
quartz enrichment used for the production of high-purity
quartz concentrates. The technology is of great industrial
interest due to the low cost price of environmentally safe
quartz grain enrichment methods and a short payback
period of investment.

Knrouegvie cnosa: BBICOKOUUCTBIN KBapll, KBapLIEBbII
KOHIICHTpAT, 00OTaIIeHHE.

Keywords: high purity quartz, quartz concentrate,
processing.

YK 553.94

Yukuwesa T. A., Komaposa A. I., IIpokonsves C. A.,
Ilpokonves E. C., Anexceesa O. JI. Munepajoruye-
cKasi OIleHKA 0TXO0J0B yIi1e000raTuTeIbHOM hadpuku
«Kpacnoopoackas-KokcoBasi» // TexHonoruueckas
MHMHepaJorus B OlleHKe KayecTBa MHHEPAJILHOI0
ChIPbsI MIPHPOIHOIO H TEXHOT€HHOI'0 MPOUCXOKICHHS.
Ilerpo3aBoack: Kapeabckuii Hayunbiii nentp PAH,
2023. C. 43-46: puc. 4. bu6.a. na3s. 4.



B crarbe mokazaHa Ba)KHOCTb HW3YY€HHs BEIIECT-
BEHHOTO COCTaBa OTXOMIOB yIIENOOBIYHN TIepe BEIOOPOM
TEXHOJIOTHH WX 00OTaIeHusl. ABTOpaMU U3y4eHbl OTXO-
16l QroTtarmu yrreoborarutensHon padpuxn «KpacHo-
opoynckast — KokcoBasi», MpHBeieHbl JaHHBIE O BeIlec-
TBEHHOM COCTaBe HCXOJHOTO Marepualia, BBIMOIHEeHA
OIICHKA BIIHMSHUSI MUHEPAIOTHYECKUX 0COOCHHOCTEH OT-
XOJIOB Ha 000TaTUMOCTb.

The article deals with the importance of studying
the material composition of coal mining waste before
choosing a technology for their enrichment. The authors
studied the flotation waste of the coal concentration plant
«Krasnobrodskaya — Koksovaya». Data on the material
composition of the starting material are obtained. The
effect of mineralogical features of the waste on their
dressing was determined.

Kniouegvie cnosa: oTxompl yrinemoObIdH, KOMIUIEKC-
Hast epepaboTka MUHEPAIBHOTO CHIPhsI, YTOJIbHBIE IITa-
MBI, MUHEPAJIOTO-TEXHOJIOTHUECKast OIIeHKa ChIpbsi, Ky3-
HEIKUI YTOIBHBIN OacceliH.

Keywords: coal mining waste, complex processing
of mineral raw materials, coal sludge, mineralogical and
technological assessment of raw materials, Kuznetsk
coal basin.

VJIK 549.02:628.477

Kynunoea U. B., /lagpunenrxo A. A. Ilennble npumecu
B 30J1aX CKMTaHMsl yriieil JKu0acTy3CKOro yroJbHoOro
OacceiiHa 1 mepcneKTHBBI UX u3BJIeyeHus // TexHoso-
ruyeckasi MUHEPAJIOrusl B OlleHKe KaueCcTBAa MUHePalb-
HOTO ChIPbsl MPHPOJAHOIO M TEXHOI'CHHOIO MPOMCXOK-

nenust. Ilerpo3aBonck: Kapesbckuii HaydHbI LEHTP
PAH, 2023. C. 4649: Tao.. 3. buoJ. Hass. 10.

C Hcronb30BaHUEM COBPEMEHHBIX METO/IOB aHAIN3a
IIPOBEJEHO UCCIIEIOBAaHUE PACIIPENEICHUs CONCPKAHUN
LIEHHBIX MUKPOBJIEMEHTOB B COCTABE 30JIbl OT CXKUTAHUS
KaMEHHBIX yIIed DKuOaCTy3CKOro yrojbHOro oOacceii-
Ha. [IpoOiembl M3BJIEUEHMS] LIEHHBIX MHKPOAJIEMEHTOB
00yCIIOBJIEHBl MX HHM3KHMH COJIEP)KaHHSIMH, HAJINYUEM
CIIEKILUXCS arperaroB 4acTULl Pa3IM4YHON MUHEPaIbHOU
IIPUPOJIbI, & TAKKE HEPABHOMEPHOCTBIO PACIPEICIICHUS
MHUKPOBJIEMEHTOB B 30JI€.

Valuable trace element distribution in ash formed
upon burning coal from the Ekibastuz Coal Basin was
studied using up-to-date analytical methods. Problems in
the recovery of valuable trace elements are due to their
low concentrations, the presence of caked aggregates
of particles of varied mineral origin and irregular trace
element distribution in ash.

Kniouegvie crosa: 3oma cxuranus yrieit, Dxubacrys-
CKHMI YTOJNBbHBIA OacceilH, IeHHbIe MPUMECH, H3BJICUE-
HUe, 00oralleHne, THAPOMETAILTY Prys

Keywords: coal combustion ash, Ekibastuz coal
basin, valuable impurities, extraction, enrichment,
hydrometallurgy.

VK 552.574

Ilpoxonsves E.C., Typeuxasa H.I0., Yukuwesa T. A.,
Ilpoxonsves C. A. KomniiekcHasi nepepadoTka 0TX010B
yIJIe100BIYM: BeleCTBEHHBII COCTAB U MepCHeKTHBA
NPHMeHEHUs] TPABHTALMOHHO-MATHUTHOH TeXHOJI0-
ruu odoramennsi // TexHoJoruueckasi MUHePaJIOTrusi
B OLleHKEe Ka4eCTBA MUHEPAJIbHOI0 CHIPbs MPUPOIHO-
TO M TEXHOTeHHOro npoucxoxkaenus. IlerpozaBonck:
Kapeasckuii Hayunslii neatp PAH, 2023. C. 50-53:
puc. 1, Tada. 2. buda. nass. 4.

B crarbe npencTaBieHsl pe3yinbTaThl H3yUYEHHs OTXO-
JIOB yIJIe00OraTuTeNbHOM (aOpuKH, paccMaTpuBaeMbIX
B Ka4eCTBE BTOPUYHOTO MUHEPATIBHOTO CBIphs. C yueTom
BBISIBJICHHBIX OCOOCHHOCTEH BEIIECTBEHHOIO COCTaBa
YroJIbHBIX IIIaMOB pa3padOoTaHa IpaBUTALMOHHO-Mar-
HUTHAas TEXHOJIOTHUS MX oOoramieHus. TexHomornueckue
UCTIBITaHHsI 000TaTUMOCTH YTOJBbHBIX [IJIAMOB ITO3BOJIU-
JIU TIOJIyYUTh /IBa TOBAPHBIX MPOJYKTA: YTONbHBIA KOH-
LIEHTPAT C BBIXOJAOM 25.5 %, NPUTOMHBIN AJIsT UCTIONB30-
BaHUS B DHEPreTHYECKOH MPOMBIIIJICHHOCTH U JKeNe30-
coJiep KAl KOHIIGHTpaT ¢ Jonei xenesa 64.72 % nis
METaJUlypru4eCcKoi UHAYCTPHUU.

The results of the study of waste from a Coal
Concentration Factory, used as a secondary mineral
product, are reported. A gravity magnetic concentration
technology was developed with regard for the
mineralogical composition of coal slime. Industrial tests
of coal slime concentration capacity have yielded two
commercial products: coal concentrate with 25.5 % yield,
which can be used in power engineering, and ferruginous
concentrate with an iron concentration of 64.72% for
metallurgy.

Kurouesvie crosa: T'paBUTaIMOHHO-MarHUTHOE 000-
raiieHne, OTXObl yIIeq00bIUH, BEIICCTBCHHBIN COCTaB,
MUHEPAJIOTHYECKUN aHAIN3

Keywords: Gravity-magnetic enrichment, coal mining
waste, material composition, mineralogical analysis.

VIIK 552.574

Kouesa JI. C., Komoea O.b., Kapmanos A. Il., boz-
oanoeuu H. U. HoBble noaxoabl K pa3padoTke MHO-
ropyHKIMOHAJbHBIX cOpOeHTOB // TexHoMOru4ecKas
MHHEPAJIOTHS B OIleHKe KayecTBa MHUHEPAJIbHOI0
CHIPbS MPHPOJAHOT0 H TEXHOT€HHOT0 MPOUCXOKAEHHS.
Herpo3aBoack: Kapeabckuii Hayuynbiii nentp PAH,
2023. C. 53-56: Ta6u. 3. buou. Hass. 11.

PaccMoTpeHa BO3MOXHOCTB CO3/IaHHS HOBBIX COpPOIH-
OHHBIX MaTepHaIOB Ha OCHOBE KapOOHU3UPOBAHHBIX MPO-
MBIIUIEHHBIX OTXOJOB M BTOPUYHBIX IPOIYKTOB Iepepa-
OOTKH IIPUPOTHOTO CHIPHSI JISl U3BJICUECHHSI OPraHUUECKHUX
W HEOPraHMYECKUX TOKCHKAHTOB U3 BOAHBIX cpel. M3yde-
HBI SIBJICHUSI COPOIMU-IecopOLmny ypaHa-238 1 MUKOTOK-
cuHa T-2 Ha kapOOHM3MPOBAHHBIX OPraHOMHHEPAIBHBIX
copOenTtax. [IpeiokeHbl MEpCIEeKTUBHBIC HAIPABICHUS
MPAKTUYECKOTO HCIIOIb30BaHMs Pa3padOTaHHBIX COpOIH-
OHHBIX YIJIEPOJIHBIX MaTEePUAIIOB.
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The possibility of creating carbonized sorption
materials for extracting organic and inorganic toxicants
from aqueous media based on industrial waste and
secondary products of plant raw materials is considered.
The phenomena of sorption—desorption of uranium-238
and mycotoxin T-2 on carbonized organomineral
sorbents have been studied. Promising directions for the
practical use of the developed sorption carbon materials
are proposed.

Knrouesvie cnosa: xapObOHH3UPOBAHHBIC OPraHOMH-
HepaJibHbIe COPOSHTBI, PAMOHYKIIUIbI, MUKOTOKCUHBI

Keywords: carbonized organomineral sorbents,
radionuclides, mycotoxins

VK 553.086

H]epbarkosa H. H., 3axapesuu A. M., Cepican-
moe B. I., Benuz C. b. TexHojorn4eckuii KOHTPOJIb
npouecca odorameHusi MPUPOAHOTO AJTIOMOCHINKAT-
HOTO CHIPBSI ¢ HCMOJb30BAHNEM IEKTPOHHOI MIKPO-
ckonuu // TexHosornyeckasi MUHEPAJIOTHsI B OLIEHKe
Ka4ecTBa MHUHEPAJILHOTO ChIPbsi IPUPOTHOTO M TeX-
HorenHoro npoucxoxiaenusi. [lerpozasonck: Kapein-
ckuii HayuHbIil nentp PAH, 2023. C. 57-60: puc. 2.
Buoa. nass. 1.

B pabote moxazana 3QQeKTHBHOCTH HCIOIB30BAHIS
ABTOAMHCCHOHHOTO CKaHHPYIOMIETO JICKTPOHHOTO MHUK-
pockona Tescan MIRA II LMU st T€XHOIOTHMYECKOTO
KOHTPOJISL B TIpoIiecce 00OoraIeHns! IayKOHNTOBOTO TIec-
ka benosepckoro mecroposkierns: CapatoBCKoi 00IacTH.

Our study has shown the efficiency of a Tescan MIRA
II LMU autoemission scanning electron microscope for
technological control of the dressing of glauconite sand
from the Belozersk deposits located in the Saratov Oblast.

Kniouesvie crosa: raaykoHUT, COpOEHT, penbed, Mop-
(ororusi, CKaHNPYIOUIHUH IMEKTPOHHBI MUKPOCKOII.

Keywords: glauconite sand, sorbent, relief, morpho-
logy, scanning electron microscope.

YIK 553.89

Kucnoe E. B. MuHepaJbHBI COCTaB H Ka4eCTBEH-
Hble¢ XaPAKTEPHCTHKH AINOJA0JIOMHTOBOI0 He(dpHTa
Ha npumepe 3ajexxu Ne 1 yuacrka Ilpospaunsiii Ka-
BOKTHHCKOI0 MecToposxaeHus, Cpenne-Burumckas
ropHasi crpana // TexHoJioru4yeckasi MHUHePaJIOrust
B OlICHKe Ka4eCTBa MHUHEPAJILHOTOChIPbS MPHPOIHO-
T0 M TeXHOTeHHOro mpoucxoxaenus. [lerposaBoack:
Kapeascknii Hayunsnii nenrp PAH, 2023. C. 60-63:
Bbuoa. nass. 4.

B crarpe mpencTaBieHbl pe3ynbTaThl MUHEPAJIOTH-
YECKOTO M3Y4YECHHMs arnojoiaoMuToBoro Hedpurta KaBok-
THHCKOTO MecTopoxeHuA. [IpuBenena Mmonens Gpopmu-
poBaHUs HepHUTA: Pa3BUTHE MO TOJIOMHTY THOIICH/A,
3aMeIIeHUE THOMCH/a TPEMOIUTOM, 3aMEIICHUE TpH-
3MaTHYECKOTO TPEMOJHUTA CITyTaHHO-BOJOKHHCTBIM.
B oTmenpHBIX caydasx TPEMOJHT MOXKET Pa3BHBATHCS
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HEMOCPEACTBEHHO MO AO0JIOMUTY. B nanpHelimeMm Tpe-
MOJIUT 3aMeIIaeTcsl XJOopuToM. ['paHUTHI obecreun-
BAIOT TEIUIOM METacoMaro3. YdacTHe B 0Opa30BaHUU
HedpuTa amMmpuboIUTa OMpEAETAET pazHOOOpa3ue IBe-
TOBOW TaMMbI HepuTa. Pons MmeTamophuzma cBoguTCs
K TEKTOHHYECKOMY JAPOOJIEHHIO, OOJIerdaronemMy mpo-
HUKHOBEHHUE (PIIOMIOB, M CTPECCY, 00ECIICUNBAIOIIEMY
CIIyTaHHO-BOJIOKHHUCTYO CKPBITOKPHCTATITNIECKY IO
TEKCTypy HedpHTa.

The results of the mineralogical study of apodolomitic
nephrite from the Kavoktinsk deposit are reported.
A nephrite formation model (the evolving of diopside after
dolomite, the replacement of diopside by tremolite and the
replacement of prismatic tremolite by felted-structured
tremolite) is presented. Tremolite is occasionally derived
directly from dolomite. Tremolite is then replaced by
chlorite. Granites provide heat for metasomatism. The
involvement of amphibolites in nephrite formation
is responsible for a variety of nephrite colours.
Metamorphism is responsible for tectonic crushing, which
contributes to fluid penetration, and stress, which provides
felted nephrite structure.

Kniouesvie cnosa: KaBOKTHHCKOE MeCTOPOXKICHHE,
HepUT, CTPYKTYpa, TEKCTypa, MHHEPAIbHBIH COCTaB,
MIPUYHHBI OKPACKH, MOJIENIb (POPMHUPOBAHUSI.

Keywords: Kavokta deposit, jade, structure, texture,
mineral composition, causes of color, formation model.

YJIK 666.643: 666.32/36

Hnovuna B. II., Byonosa T. I1., ®ponoe II. B. Uc-
MO0JIb30BaHHE BCKPBINIHBIX TMOPOJ MeCTOPOKIeHHS
Kopnanra (Kapesusi) B kauecTBe KBapI-10J1€BONIINA-
TOBOro chbipbsi // TexHoJiormueckasi MHHepPaJOTrHs
B OIlEHKe Ka4eCTBa MHHEPAJIbHOTO ChIPbs PUPOIHO-
T0 W TeXHOTeHHOro mpoucxoxaeHus. IlerpozaBoack:
Kapeascknii Hayunblii nentp PAH, 2023. C. 64-69:
puc. 3, Tada. 1. buba. nass. 16.

B craTthe paccMOTpeHa BO3MOXKHOCTb IPUMEHEHHUS
JENTUTOBBIX THEHCOB JKEIE30PYAHOI0 MECTOPONKJIe-
Hust Kopnanra (Kapenus) B mponsBoacTBe kepamude-
CKHMX OOJNMIIOBOYHBIX MarepuaioB. OxapakTepu3oBa-
HBI CBOMCTBA MOJIEBOLINATOBOIO KOHIEHTpaTa, MOJy-
YEeHHOTro ()IOTOMAarHUTHBIM O0OTALICHUEM JICHITHTO-
BBIX rHelcoB. [TokazaHo, 4TO UCIOIB30BAHNE TAHHOTO
KOHIIEHTpaTa B Ka4ecTBe J100aBKU K KepaMHKe, 1103BO-
JS€T CHU3WUTH TEeMIleparypy O0XKHra M YBEIHYHTH e
MPOYHOCT.

The paper discusses the potential of leptite gneiss
from the Korpanga iron deposit, Karelia, as a raw
material for the production of facing ceramics. The
properties of feldspar concentrate, produced by floto-
magnetic enrichment of leptite gneiss, are described. It
is shown that the use of the concentrate as additive for
ceramics decreases roasting temperature and increases
its strength.



Kniouegvle cnoea: TONEBOIIIATOBBIN KOHIIEHTPAT,
KepaMuKa, 00XWT, TPOYHOCTh TPH H3THOE, IENTHTOBEIE
THEHCBL.

Keywords: feldspar concentrate, ceramics, firing,
bending strength, leptite gneisses.

VK 549.091.7

Heanoea JI. A. MogupuuupoBaHHble  MHUHEPAJIbI
B oT/AeJie HcTOpuHM MHCTUTYTa 3eMHOi kopel CO PAH
// TexHoorn4YecKass MUHEPAJIOTUsl B OLlCHKe Ka4ecTBa
MHMHEpPAJIBHOIO CHIPbsl NMPUPOAHOI0 M TEXHOTCHHOI'O
nponcxoxaenus. IlerpozaBoack: Kapenbckmii Hayu-
Hb1ii neHTp PAH, 2023. C. 69-73: puc. 7. bu6.. Ha3s. 5.

B crartee paccmarpuBaroTcs MOAM(DHUIIMPOBAHHEIC
MHUHEpaIbl B 3KCIO3WIUU OTAela uctopun MHCTHTyTa
3emHoi kopel CO PAH. IlpuBonstcs MeToasl U CIOCO-
ObI oONaropaxuBaHust He(PUTOB, araToOB M XaIIIEIOHOB,

XKEJITO-3eJICHBIX OCpHIIOB M YapOUTUTOB Pa3IMUYHBIX
CTPYKTYPHO-MOP(OJIOTHYECKUX THIIOB, pa3paboTaHHBIE
U TIPOBEJCHHBIC B J1a0OPaTOPUH METPOJIOTUH, TEOXUMUH
U pyAOreHe3a HHCTUTYTA.

Modifiedminerals,exhibited inthe History Department
at the Institute of the Earth Crust, RAS, Siberian Branch,
are discussed. Methods and techniques for ennobling
of nephrite, agate, chalcedony, yellow-green beryl and
charoitites of various structural and morphological types,
developed and tested at the Laboratory of petrology,
Geochemistry and Ore Formation of the above institute,
are described.

Knrouesvie crosa: sxeno3unust, MOIH(OUIIPOBAHHBIC
MHHepaibl, HeQPUTHI, TPyIIa XaleIOHOB, OCPHILIHL,
YapOHUTHTHI.

Keywords: exposition, modified minerals, nephrites,
chalcedony group, beryls, charoitites.
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