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PE®EPAT
Brimycknas kBanudukanuonsas paboTa c., puc., Taba., UCTOYHUKA, MPUIL

Kirouessie cnosa: YPAH, PAJIMI, BEINIECTBEHHBIN COCTAB, ChIPJIAPBMHCKAS
YPAHOBOPYJHAA ITPOBUHITNA, TMIPOT'EHHOE.

OOBEKTOM HCCIIEIOBaHMS ABIsIeTCsT MecTtopoxaeHne Kapamypyea Pecnyoimkn Kazaxcras.

HCJH) pa6OTI)I —HU3Y4YCHUEC BCHICCTBCHHOI'O COCTaBa BMCIIAIONINX MTOPOA U Py, U UX BIUAHUC

Ha u3BJIeKkaeMocTh ypana MeronoM [ICB. A Taxke BBISIBUTH 3aKOHOMEDHOCTH IIPOCTPAHCTBEHHOTO

pPacupoCTpaHCHUA ypaHa WM paavsa B CBIDH&DBHHCKOﬁ YPaHOBOPYIHOM IPOBUHIINKM HA TIPUMEPE

KapaMypyHCKOT0 MECTOPOKIACHUS

B mpouecce HCCICAOBAHHA ITPOBOAMIIACHE MHUHEPAJIOTHUYCCKOC H3YUCHUEC BCIHICCTBCHHOI'O

coCTaBa BMEHIIAOIMMUX TMOPOJa C TNPUMCHCHUEM KdK TpPaAUIIMOHHBIX, TaK HW COBPEMCHHBIX

BBICOKOPA3pCHIaOMMnX METOJ0B TaAKHMX KaK:

-U3YYCHUEC CTPYKTYPHO-TCKCTYPHBIX 0COOEHHOCTEN M MHHEPAJIBHOTO COCTaBa ONTHYCCKHUM

METOAOM B OTPAXKECHHOM H ITPOXOAAIIEM CBETEC,

“PEHTICHO- dZ)J'IVODeCHeHTHI)II\/’I dHaJIW3 C IECJIBKO ONPEACICHUSA XUMHWYCCKHX DJICMCHTOB B

COCTaBEC NMOPOAbI;

-TG[}MI/I‘ICCKI/Iﬁ AHAJIN3 C IEJIBIO OMPEACTICHUC TTIMHUCTBIX MUHCPAJIOB B IOPOJAC,

-A3yYE€HYUE B YILTPA(QHOJETOBOM CBETE JTIOMUHECIICHTHEIM MUKPOCKOIIOM Mukmen-2J1;

-U3VYEHHE MUHEPAILHOI0 cOCTaBa YpaHOBEIX pyva ¢ otueToB I'PP 3a 1979-20151. TOO «PVY-

6»:;

-IIpyU 1IOMOIIIM  COBPEMCHHOT'O IIPOTrPaMMHOI'O obecrieueHus OIMPpEACTIUTD PACHPECACICHUC

YpaHa v paaui.

-U3Yy4YUTHh 3aBHCHUMOCTDH KOBd)d)I/IHI/IeHTa PaIMOAaKTHUBHOI'O PABHOBCCHUA OT 30HBI ITJIACTOBOI'O

OKHCJICHMUA

B PE3YIbTATC UCCICAOBAHUA OblLia W3Yy4Ye€Ha BEIIECTBEHHBIM COCTAaB PYAOBMEIIAIOIIUX ITOPOJI

U _DpYA W BBIABICHA BpEAHbIC IPHUMECH MHUHEPAIOB, KOTOPbIC MNOCIYKWUThL B JadbHEHIIIEM B

THAPOICHHBIX MCCTOPOXKIACHUAX YpaHa.

CreneHb BHCAPCHMUS. HACTOAII A Da6OTI>I HaxXoAUuTCA Ha CTaJANKY HAYYHOI'O MCCIACAOBAHMA.

OO6nacThb IIPUMECHCHUA . IIOJIYYCHHBIC TAHHBIC MOT'YT OBITh MCIIOJIb30BaHBI Py JadbHEUIIeM

HW3YYECHUM THAPOTEHHBIX VPAHOBBIX MECTOPOKICHUH, a TaK YK€ IIPU aHAIN3€ MUHEPAJIbHO-ChIPhEBOM

0asbl.


http://www.rosmed.ru/catalog/36/Mikroskop_lyuminescentnyy_Mikmed_2_variant_12/6513.html

CIIMCOK COKPAILIEHUH
TI' — TepmorpaBumeTpus

ATA - muddepeHnnanbHO-TEPMHUUECKOTO aHATN3a

P®A - Pentreno-¢urypecieHTHBIN aHaIn3

[IP — npoyKTUBHBIN PacTBOP

BP — BbllienaunBaromumii pacTBop

OTII — OnBITHO-TEXHUYECKUN TTOJTUTOH (OJIOK)

3110 — 30Ha MIACTOBOrO OKUCIIEHUS

[1B — noA3eMHOE BBIIIECIAYNBAHNE

I'PP — reonoro-pa3zBegounbie paboThI

PBP — peMOHTHO-BOCCTaHOBUTEIbHBIE PAOOTHI

I[IMVYOC — nepenBuxHasi MOAYyJIbHAsl yCTaHOBKA

1BA-15b — OypoBoii arperat

MPIL] — Me&XpEMOHTHBIN LUK

BDA — 6udropun-dpropua ammoHmst

XO- xumuyeckas o0padboTka

TVYIIIP — Texaudeckuii y3en nepepaboTKH MPOIYKTHBHOTO PacTBOpa
Kpp — koadpdunueHT paanoakTMBHOTO paBHOBECUS

I'K — ramma kapoTax

I'"C — reodusmnueckue uccie10BaHNE CKBOKUH

[I5BM — nepcoHaabHbIN 31EKTPOHHO-BBIUYHUCIUTEIbHBIN MEXaHU3M
CK- CesepHnbiit Kapamypyn

IOK — IOxHnb1i1 Kapamypys



Beenenue
Mecropoxaenne KapamypyH, pacnoyio’)keHO B CeBepO-BOCTOYHOM 0opTy ChIpaapbHHCKON

nenpeccun, Bomu3u KapamypyHckoro Beictyna Xp. b. Kaparay. Ilo cymecTBy cocTouT u3 IBYX
MectopoxkaeHuil - CesepHblii U IOxHbI KapamypyH, HO 4YacTo MNpeACTaBISETCS U EOUHBIM
o0bekToM. ['TaBHas CTpyKTypa pyaHoro mnoiis - KapaMmypyHCKuit mporu0, 0CiI0KHEHHBIH CHCTEMOM
pa3pbIBHO-(IEKCYPHBIX HAPYIICHUHA. YPAaHOBOE OPY/ACHEHHE CBS3aHO C TPAHHUIIAMH PETHOHATBHBIX
3110, mposiBJICHHBIX B KamIlaH- MaacCTPUXTCKOM BOJIOHOCHOM ropus3oHTe. B 1utane oOpasyer
CUCTEMY CHJIbHO U3BUJIMCTBIX NPEPHIBUCTBIX PYAHBIX JIEHT MPOTSKEHHOCTHIO 0T 500 M 110 5,5-6 kM,
B pa3pesax npeooiiaatoT TMH3000pa3HbIe U HEMPaBUIIbHBIC PYAHBIC TeIa MOIIHOCTHIO OT 0,1 10 25
M. Conepxkanue U msmensiercs ot 0,01 no 1,2%. 3anacsl ypana Ha mectopoxaeHun KapamypyH
Cesepnbiii coctaBisitoT 1o kareropun Cl - 20,5 Teic. T co cpenuum coaepkanuem 0,069%, mo
kareropun C2-2,2 teic.T ¢ conepxkanueM 0,050%, na mecropoxnaennn Kapamypyn FOxHbIl - 1O
kareropuu C1 - 9,1 teic.T ¢ cogepxkanuem 0,090%, C2 - 7,8 Toic. T ¢ conepxkanuem 0,081%.
CenenoBoe opyaeHEeHHE 00pazyeT CaMOCTOSITENIbHYIO 30HY, pa3esiollyl0 YpaHOBOE
opyleHeHue U Oe3pynHble mopoabl. OHO B OCHOBHOM COBMAJaeT C IOJ30HOW pa3zpyIIeHHs
YpaHOBBIX Py/ B THIJIOBOM YacTH ypaHOBOpYIHOTO poiiia. CeraeHocoaepKalue necyaHble mopo/ bl
UMEIOT OoJiee cBeTiyto okpacky. Coaepxanus Se BappupyroT B npenenax 0,01-0,2%, peaxo Goee.

MOTTHOCTH CETEHOBOPYAHBIX 3aJIekKEH OT 0JIeH MeTpa 70 5-6 M u Goiee.



1.OBIIME CBEAEHUA
1.1 I'eorpago-3xoHOMHUYECKHI 0YepK

KapamypyHckoe pynHoe mosie, BKiItoyaroniee mectoposkiaeHus Cesepubslii Kapamypyh,
IOxns1it Kapamypyn, Upkons u Xapaca, 3anumaroT 1iomaas okoio 8000 kB. kM. B HmkHeM
teueHuu p. Ceipaapeu O0nuM3 oro-3anafHbix oTporoB (ropel Kapamypyn, Yaymunum) xpebra
Bbousbmoit Kaparay (pucyHok 1).

AJIMUHHUCTpAaTUBHO  Tepputopus KapaMypyHCKOro  pyaHOTO TOJs — IPUHAIICKUT
[Huenuiickomy wu JKanakopranckomy paiionam Ke3suopaunckoir obnactu  Pecnyonuku
Kazaxcrana. Haubonee kpymHbIMH HACEICHHBIMHU MyHKTAMHU Ha TUIOMIATU PYTHOTO TOJIS SIBISIOTCS
paliOHHBIE LIEHTPbl M JKEIE3HONOpOXHble cTaHiuu Illmenn u JKanakopraH, 4depe3 KOTOpbIE
MIPOXOJAT JKeNe3HOAOopokHass Maructpanb. Hacenenwe [luenniickoro u JKanakopranckoro
paiioHoB coctaBiasier 110 Thicsil4 4YETOBEK M COCPEAOTOUYEHO B OCHOBHOM Ha IJIOLIAAM
KapamypyHCKOTO pyAHOTO MOJIS.

B oporpaduueckom otHomenun KapamypyHckoe pymaHOE TMoJie TpEeACTaBiIsieT coOou
OOIIMPHYIO TIPEATOPHYIO PABHUHY C aKKYMYJSITUBHBIM pelibe(oM, MPUMBIKAIOIMIEMY K TOPHOMY
coopyxeHnuto bonbmoro Kaparay. C 10oro-Boctoka Ha ceBepo-3anaj ee nepecekaet pexka Coipaapbsi.
[ToBepxXHOCTh paBHUHBI CIOKE€HA B OCHOBHOM CYTJIMHUCTBIMH W TE€CUAaHBIMU TpyHTamMu. B moiime
Ceipnapbu  npeoOnaialoT JiecCOBUIHbIE HaHOCHL. HamOosee BO3BBILIEHHBIE YYACTKH CIIOKEHBI
MeCYaHbIMU TPYHTAMH W TPEICTABISAIOT co00# OGapxanbl. B ropax bompmoro Kapartay rpyHTHI
CKaJbHblE U KaMEHHCTbIe. AOCOIIOTHBIE OTMETKH MOBEPXHOCTH B mpenenax KapamypyHckoro
pyaHoro moJig Jexar B npenenax +170, +175 m. Ha roro-Bocroke u +150, +160 M Ha ceBepo-
3amajie, CocTaBisisi B pailoHe mectopoxkaeHus CeBepHblii Kapamypyn ot +152 mo +156 M. Bes
CEBEpHAasl 4acTh IUIOLIATUM MECTOPOKIACHHUS 3aHITA MH)KEHEPHO-NOATOTOBJICHHBIMUA 3€MIISIMU O]
BO3/IEJIBIBAHUS pUCA.

Knumar paiiona pe3ko KOHTUHEHTaJIbHBIN ¢ OONBIINMU KOJICOAHUAMH CE30HAX U CYTOUYHBIX
TeMIIepaTyp BO3yXa, MaJIbIM KOJMYECTBOM 0CaJKOB — 0K0J10 120 MM 3a rog Ha paBHuHE U 200MM B
ropax [1].

3uma (nexabpb-deBpaip) Msarkas, MajgocHexHas. Temneparypa Bo3ayxa auem —30 , -80 C,
Houbto —120, -180C (MurrMym —360C). I'pyHT npomep3aeT Ha TyOuHy 10 1 M.

Jleto (maii-ceHTSOpb) CyXoe U KapKoe ¢ ACHO# comHeuHou nmoroaoil. TemnepaTypa Bo3ayxa

naem 22-32 0 (makcumym + 420C), Housto 12-170C.



OB30PHAA AOMUHUCTPATUBHO-3KOHOMUWYECKAH
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MNpoMblllNeHHBIe NPeANpUSTUS U MarucTpanu:

HedhTeneperoHHLIn 38804

CBWHLOBO-L{MHKOBbIA kOMBUHAT

KOMBWHAT Mo oBoralleH o W nepepatoTre docoprTos
BNBKTEOCTAHL MK

BbICOKOBOILTHbIE MWHWW SNekTponepeaay
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MNonesHele Kckonaembie

MecTopoageHua(1) 1 pyfonpodsneHUA2) ypaHa B Me3080HCKo-

) KAAHOZ0HCKAX OTNOMEHUAX W WX HAZESHWS

MecTopompeHra(1) M pDynoNpoasneHUal2) Apyrix NonesHsIx
UCKOMEEMbIX W MX HB3BSHWA:

nommeTannos
Meaqu

pefKux 3eMens
YpaHo-BaHaavesble
coccoprTos
KaMEHHOM yrna
rasa

MNOBAPEHHOK GO
UaBeCTHAKA

GEeHTOHWTOBbIX FMAH

CTROUTENMEHBIX MaTepUance
(Necok, ranska, rpaeui, GyTOBbLIA KameHb)

Mpouue o6oaHaueHns

Bbixoh Ha AHEBHYIO MOBEPXHOCTL
[OMEe3030HCKX 0BpasnBaHuii

MPaHWLEl CaMOWaNWEa NMECTOBLIX BOA
CaMonaN1ESIOINECH CKEEXIMHBI

KoHTyp yuacTka 1 mecTopomaeHus CesepHbllt xapacaH

Pucynok 1 — 0b630pHas admunucmpamuno-3KoHOMU4eCKAs Kapma panona




1.2 T'eonnornueckasi U3y4eHHOCTh U HCTOPHS MOMCKOBO-Pa3BeI0YHBIX PadoT
[InanoMepHBIE€ re0JIOTHYECKUE UCCIIEIOBAHMS B pailoHe Hayanuch B 20-X rojax MpoIuioro

cTOJeTus1, HO 10 50-X TOJ0B OXBATWIIM MPEUMYILECTBEHHO TOPHbIE COOpYyXeHus xpeodTa bompiioro
Kaparay. IlepBble reosiorndyeckue CBEAEHUS 10 OCAJOYHOMY YEXJy HW)KHETO TEUEHUS PEKU
Coipnapbu u CeBepHbIM Kbi3bl1-KymaMm Obliin 1OJTydeHBl B PE3YJbTaTe PErMOHAJIBHBIX MOMCKOB
HepTH W ra3a W, B MEHBIICH CTENEHW, NMPHU PEIICHUH BOIMPOCOB TEXHUYECKOTO M IMHUTHEBOTO
BOJOCHA0KECHUSI.

N3yuenne ypaHOHOCHOCTH paiioHa Hayanoch B 1942 romay BBISIBICHHEM U OILICHKOMN
pPaIMOAaKTUBHBIX MPOSBICHUA B KeMOpHICKHX BaHAJMEHOCHBIX ciaHmax xpebra Kaparay. Ha
npotsokeHud  40-x u 50-X TOJOB 3/1ech ObUl BBHINOJHEH OOBEM CHEMAIU3UPOBAHHBIX
UCCIIEIOBAaHUM, MOKa3aBIIMX OJIHAKO, YTO M3-3a HU3KOIO COJEp’KaHUs ypaHa (B CPEAHEM OKOJIO
0,01%) BaHagUEHOCHBIE CIEHIIBI HE MOTYT SIBJISIThCS TPOMBIIIJIEHHBIM €0 HCTOYHUKOM.

[InanHoMepHbIE MOUCKH MPOMBIIUIEHHBIX MECTOPOXKIEHMH ypaHa THJPOTE€HHOTO THMA B
OTJIOKEHUSAX OcagoyHoro oOpamieHus xpedra bombmoi Kapatay Opimm Hawater B 1961r. Ha
npotTsokeHnuu 1961-1963 rr onn npoBoawinck BoskoBckoit skcneauuuent. [Ipyu 3TomM mouckamu
macmraba 1:200000 u 1:100000 Opma oxBaueHa TUIOIMIA[b, JIKABINAs K OrO-3amaay OT XpedTa
bonbmoit Kaparay. OCHOBHOE BHHUMaHHE YIESIOCHh MECYaHbIM OTJIOKEHHSIM 301I€HAa, B KOTOPBIX
OBbUIO YCTaHOBJIEHO Pa3BUTHE 30H IUIACTOBOrO OKUcIeHHs. Ha OTaenbHbIX yuacTKaxX BBIKIMHUBAHHE
9THUX 30H OBLIO YCTAaHOBJICHO YPaHOBOE opyneHeHue (pynonposiienus Kei3buikons u Komkypras),
HE TOJYYUBIIHUE MOJOXKUTEIbHOU olleHKU. B 1963 r. maptueir Ne 27 BoikoBCkoOM 3KCIeUIINN B
JBYX CKBKHHAX IMOMCKOBOTO MpoduiIs Ha CeBepo-3amagHoM oOpamiieHHMH xpebrta bosmbmoit
Kaparay Oblna 3adukcupoBaHa HOBBILIEHHAsE paanoakTUBHOCTH ([layrckas anomanus). OngHako,
BCJEJCTBHE YOOTMX COJEp)KaHUN ypaHa Ha BBIABICHHBIX OOBEKTaX M CIIOKHBIX HMHXKEHEPHO-
re0JOrMYECKMX UM THAPOre0JOrMYeCKMX YCIOBHUM, MCKIHOYABIIMX BO3MOYKHOCTb OTPaOOTKU
€IMHCTBEHHBIM H3BECTHBIM B TO BPEMsI TOPHbIM CHOcOOOM, JanbHeimue paboTsl Boskosckoit
SKCIETUIMH B 3TOM palioHe ObUIN MPEKPALIECHBI.

WuunuarruBa BO30OHOBJICHUS IOMCKOBO-Pa3Bel0OUHbIX padoT Ha ypaH B oOpaMiieHUH XpeOTa
bonpmoi Kapatay, B CBSI3M C 3apOXAE€HHEM HOBOIO MPOTPECCUBHOrO crocoda OTpabOTKU
IIOJI3EMHBIM BbIIIETaYMBaHueM, NpuHaIexkuT KpacHoxonamckoit skenemunuu (H.H.Mypowmues,
B.I'.Tapa6opun, T.5.[lemuna) [1].

Ot paboThl ObLIM BO30OHOBIIEHBI B 1967 roay cnenuaibHO OpraHu3oBaHHOM maptueit Ne
23 KpacHOXOJIMCKOM 3KCIEIUIUU W OPUEHTHUPOBAHbl, B IIEPBYI0 O4Yepeab, HA M3y4EHHUE
BEPXHEMEJIOBBIX OTJOXEHUH, Hamboyiee NPOAYKTHBHBIX B mpenenax cMmexHoi LleHpranbHO-
Kb13puikymckoit npoBuHuuu. B Teuenune 1968-70 rr. mouckamu Oypenuem macmrtaba 1:200000

(cetp 12,8x6,4-0,2 xM.) OblTa MOKpHITa IJIOIIAAb CEBEPO-3aMagHOr0 oOpamiieHus boibiioro



Kaparay([layrckas anomanus). [Ipuuem, miomaab, pacnosiokeHHas K 0Ty OT HEE, BKJIIOUYAIOLIas
KapamypyHckoe pynHOe 1oJie, BbIIelIieHa B KauecTBe HanboJiee MepCIeKTUBHOTO y4acTKa.

[TouckoBbie padoTsl 1971 r., mpOBOAMBIINECS 11O MPOEKTY, COCTABICHHOMY CIIELUAIACTaAMH
naptun Ne23 u LleHTpasibHOM Ie00rnuecKkoi U npoopkeHue nouckos napruei Ne23 B 1972 rony
IpUBENIN K OTKpbITHIO MecTopoxkiaeHus CeBepHblii KapamypyH. B ToMm ke roay coTpyaHUKamu
KpacHoxomMckoi 3KcrieuIuu ObIO BBICKA3aHO MPEIOJI0XKEHHUE O KPYMHBIX MaciiTadax 3TOTo
MECTOPOKICHUS, TIOJIHOCThIO IOATBEPAMBILIEECS IPU JaIbHEUITNX padoTax.

Bec mectopoxnenus KapamypyHckoro pynHoro moJis 3aierator Ha riryounax 500 u Oosee
METpPOB B IUIACTaX C BHICOKUMHU HANOPAMU MOJ3EMHBIX BOJ. OMBIT 3KCIITyaTallil MECTOPOXKICHUU
MOA3EMHBIM BBIIIETAYMBAHUEM B TaKUX YCIOBHUSIX B cepeauHe 70-X TroJl0B HE CYIIECTBOBAJIO.
[ToaToMy 3amaya OLIEHKHM BO3MOKHOCTH PEHTA0EIbHOM OTpabOTKH MECTOPOKICHHH METOJ0M
MOJI3€MHOTO BBINIETAYMBaHU mHUp TiayomHax Oonee 500 MeTpoB mpuobOperana ompenessioiiee
3HaueHue. B 1enax ee pemieHust ObLI 3aKIIOUEH JIOTOBOP Ha MPOBEJIEHUE COBMECTHBIX OIBITHBIX
pabot. OnbIT ipoBoauics B 1976-1978 rr. mo MHOTO CKBOXKMHHOW CXeMe, paHee anpoOupOBaHHOM
Ha YpaHOBBIX MECTOPOXKJIEHUIX KbI3bUIKYMOB.

B 1978rony MCM CCCP 0bl10 NpPUHSTO pElIEHHWE O pa3BUTUU HA MECTOPOXKIACHUU
OTIBITHO-TIPOMBINITIEHHBIX paboT. Ilo mpocb0e MPOMBINIIEHHOCTH B pailoHE OMBITHOIO IMOJIUTOHA
[IB-76 Obuta mpoBemeHa naeTaidbHas pa3BeAKa M 4YacTh 3alacoB ypaHa CeBepHOro duaHra
mectopoxaeHust Cesepnbiii Kapamypyn mno cocrosauto Ha 01.07.1979roma, yTBepxIaeHHas

MEKBEJIOMCTBEHHOM KOMHUCCHEH, epenana JIeHnHabackoMy rOpHOXUMHYECKOMY KoMOHMHATY [1].



2. TEOJIOT'NYECKAS XAPAKTEPUCTUKA KAPAMYPYHCKOI'O PYJHOT O ITOJISA
PaccmarpuBaeMblii palloH pacroJyiokeH BOJHM3M CEBEpPO-3aMaJHOr0  MEPUKINHAIHHOTO

3aMBIKaHUs TOPCTAaHTUKIMHAIM bosbmoro Kaparay, Ha cCO4JIeHEHHH €€ I0ro-3arajgHoro Kpblla C
KpynHo# ChIpJlapbMHCKOW BIIaJJUHOM.

B crpoenun palioHa NPUHUMAIOT ydacTUe JBa CTPYKTYPHBIX JTaxa, CHJIBHO
MeTaMOp(U30BaHHBIA W TUCIOIMPOBAHHBIA (PYHIAMEHT, CIIO)KEHHBIH TPOTEPO30MCKUMHU |
NaJ€030MCKUMU 00pa30BaHUSAMU M €JIa00 AMCIOLMPOBAHHBIA 4YEXOJI, CJI0KEHHBIN 0CaJ0YHBIMU
OTJIO)KEHUSIMU BEPXHETO MeJa, MAJIE0reHa, HEOI€Ha U YeTBEPTUYHBIM.

B cBor0 ouepenp BEpXHHUI CTPYKTYPHBIM 3Ta)k pasfensercd Ha ABa noadTtaxka. Hrokaui
Mpe/icTaBieH  MIATGOPMEHHBIMM,  IIOJIOTO  3aJIETalOlMMU  OCAJKaMHU  BEPXHEMEJIOBOTIO,
IIaJICOTEHOBOI'O0 M MMOLICHOBOTO BO3pacTa. BepXHWH NpenCcTaBlIEH NPAKTUYECKH TOPU30HTAIBHO
3QJIETAOIIMM BEPXHEIUIMOLIEH-YE€TBEPTUYHBIMH OTIOKECHHUSIMU.

OcHOBHOE BHHMMaHHE @pU M3YyYEHUM pailoHa oOpamjajoch Ha Me30KaiiHO30HCKHe
OTJIOKEHUS M, B TEpPBYIO ouepenb, Ha BepxHeMesoBble. Jlome3o3oiickue 00pazoBaHus,
YYaCTBYIOIINE B CTPOEHUU TOPHOTO coopyxkeHus bompmoro Kaparay m dyHmamenTa, maptuei
CHELMAJIbHO HE U3y4alloCh.

B reonoro-cTpykTypHOM OTHOIIEHHH XpeOeT OTHOCHUTCS K CKIAJ4aThiM COOPYKEHUSIM
Ceepnoro Tsub-11lanst u ipeacTaBisieT OO0 CI0KHO MOCTPOSHHBIN aHTUKIUHOPHN, ITTUTEIHHOE

bopMHpOBaHKE CTPYKTYP KOTOPOTO 3aBEPIIMIOCH B TEPIIMHCKOE BpeMs [1].

2.1. Crparurpadus

Crnararoniue pyaHbId pailoH reosiorudeckue GopMamuu 00pa3yloT TpU CTPYKTYPHBIX sipyca
— Metamop(du30BaHHBIE U IUCIOIMPOBAaHHBIE 00pa3zoBaHusl (yHIaMeHTa, MIaTGOpPMEHHbIE MeE-
MajaeoreH-MHUOIICHOBBIE TEPPUT€HHBIE OTIOKEHHS U BEPXHEIUIMOLIEH-aHTPOIIOT€HOBbIE HAKOIUICHUS

CcyOOpOTe€HHOM CTaJ K TEKTOTeHe3a.

[TepekpsIThlii MIATHOPMEHHBIMU OCaAKaMi (DYHIAMEHT MPEICTABICH METaleCYaHHKaMH,
METAaleBPOIMTAMHU, CIIAHI[AMH THOJBbKYOAIICKOM CBHUTBI CPEIHEro [EBOHA, W3BECTHAKAMH H
JoIoMHUTaMH (hEMEHCKOTO sIpyca BEPXHEro eBOHA, KapOOHATHBIME MOPOJaMH HHU)KHEro KapOoHa,
UHBEIMPOBAHHBIMA HHTPY3HSIMH T'PAaHUTOUIOB MO3/IHENAIC030MCKOTO BO3pacTa. B OOHaXEHHOM
YaCTH MPUIETAOIIer0 TOPHOTO MAacCHBa, IMOMHMO YKA3aHHBIX, IMHPOKUM pacIpOCTPaHEHHEM
MOJIB3YIOTCS  [ECYaHO-CIIAHICBbIC OTIOKCHUS OpAOBHKAa U 3(h(Yy3HBHO-0CATOYHBIC IOPOJIBI
npotepo3ost [1].

PynoBmernaromeii CTpYKTypoil BCEero pyIHOTO paiioHa SBJS€TCS 3ayeraromias Ha
KPUCTAUTMYECKOM  MaJe030MCKOM OCHOBaHMM TOJNIIA IUIATGOPMEHHBIX KOHTHHEHTABHBIX

OTJIOXKCHMI AJUTFOBUAJIBHOT'0, AJUIFOBUAJIBHO-IIPOJIIOBUAJIBHOTO U ACIIHOBUAJIBHO-IIPOJIFOBUAJIBHOTO
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TEHE3MCOB, JaThpyeMas Kak BepXHHUU Men. CyMMapHas MOILHOCTb OCAJKOM Me3030s B IIpelenax

paitona cocrasisieT 270...290 meTpoB.
B nacrosiiee BpeMs B pa3pes3e IPUHATO BBIICIATH CICAYIOIINE OTIOKECHUS:

» CeHoOMaH-HWKHeTYPOHCKHiT ropu3oHT (KoCm-t;) momHOcTRIO 10 50 MeETpoB
MPEJCTAaBICH KPAaCHOBATO-KOPUYHEBBIMH AJIEBPOJIMTAMH, 3aMEIIAIONIMMHUCS B IOT0-

BOCTOYHOM YaCTH paﬁOHa CCPO-UBCTHBIMH MMECHAHO-TJTIMHUCTBIMU OTJIOKCHUSAMU.

* Bepxneryponckue otriaoxenusi (Kyty) wmomuocteio g0 40...50 wmerpoB
MPEJCTAaBICHBl TMAYKOH CEpO-IBETHBIX MEJIKO3EPHHUCTHIX AJUTIOBHAIBHBIX MECKOB C
MPOCIIOSIMA  03€PHO-00JIOTHBIX TJIMH. B mMomomBe 4YacTo pa3BHTHI MECTPO-IIBETHHIE

MECYaHUKH U aJICBPOJIUTHI.

» Kounbskckuii sipyc (KzCn) mpezacraBieH rpy0o3epHHCTBIME cocTaBoM. CTpoeHue
spyca  MPEepbIBUCTO-CIOUCTOE, TaJeYHO-TPAaBUMHBIE TOPOJBI  YEPEAYIOTCS  C
MEJIKO3EPHUCTHIMU TIECKaMH, peXe TIJIMHaMU, ajleBposuTaMu. B BepxHeM paspese
nmpeoOsagaloT  CBETJIO-Cephle, Oypo-)KENThle U  KpacHble TIeCKH, TIECYAHHKH,
aneBposuthl. OOmas MomHOCTh oTIoXeHui — 60 Mmerpos. 70...90% B oOBEME

TOPHU30HTA MPUXOJUTCA HA HquaHO-FpaBHﬁHBIe CMECH.

» CanroHckmii sipyc (K5S). Jlns damuii  caHTOHCKOrO spyca XapaKTepPHO
npeobnasaHie pPYCIOBBIX, MOWMEHHBIX W JIYTOBBIX HAKOIUICHHH MPEUMYIICCTBEHHO
TJIMHUCTOTO COCTaBa. PacrpocTpaHeHHWE Cepo-IBETHBIX aUTIOBUAIBHBIX OTJIOXECHUH
JIOKAJIbHO, OHHM TpeoOagaroT B BEPXHUX YaCTAX pa3pe3a W B 00beMe TOpPU30HTA
HapalMBalOTCsS Ha 3alagHOM W CEBepHOM (UIaHTax pyJHOro paiioHa. MOIIHOCTB

CaHTOHCKHX 0CaJKOB — 80 METpOB.

= Kamnanckuii ropu3ont (Kycp) npeacraBieH aumtOBHAIbHBIM KOMIUIEKCOM M TIO
IPaHyJOMETPUU B OCHOBHOM OTMEYAeTCs INECKaMH, MecyaHbIMU TimHamMu. OKpacku
mopoJ1 adpoMopdHsie U THApOoMOpdHBIe. MOomHOCTE oTH0XeHHH — 20 MeTpoB. B 3TOM
TOPU30HTE COCPENOTOYCHBI 3aleKU OallaHCOBBIX Py MeCTOpoxIeHUH «CeBepHBIit

Kapamypyn» u «tOxub1ii Kapamypyn».

» Jlatckuii sipyc (D) mepekpriBaeT pa3pe3 BEpXHEro Meia TPUAATUMETPOBON MauK O
CEPO-IIBETHBIX M IMECTPO-IIBETHBIX JOJOMHUTHUCTBIX TJIMH, JTOJOMHUTOB M TMIECYaHHKOB Ha
kapOoHaTHOM 1eMeHTe. [locrnenHue ycTOWYMBO pacnpOCTpaHEHbI HAa BCEH IUIOMIAAM
paiioHa U SBJISIOTCS pPErepHbIM TOPU30OHTOM MEXKY JaTOM M MaaCTPUXTOM.

= JlaseorenoBbie otJoxkenusi (P) mnpencraBieHsl  10JIOMHTaMH, TUIICAMM,
aHTUJIPUTaMHU, U3BECTHsKaMU maneornena (13...15 M); rmaykoHUTOBBIMU TIECUAaHUKAMU,
YepHBIMU U TEMHO-CEPhIMU TJIMHAMH HIbKHero nsoreHa (30...34 M); KOpUYHEBATO-
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CepBIMHU MEPresIsiMU, U3BECTKOBUCTHIMU TJIMHAMHU cpeaHero so1eHa (50 M); 3eneHoBaTo-
CEpbIMHU AJIEBPOJUTAaMM W IJIMHaMHU BepxHero soneHa (200...220 m); po3oBbIMH,
KpacHO-OypbIMU M3BECTKOBUCTHIMH aJICBPOJUTAMU W TJIMHAMHM MuoleHa. llocnennue
BEHYAIOT pa3pe3 IUIaTGOPMEHHOTO CTPYKTYPHOTO sIpyca M HMMEIOT H3MEHUYHBYIO
MOIIHOCTh (0T mepBbIX MeTpoB 10 200 M), ONpEleNsiollyl0 YPOBHEM 3PO3UOHHOTO
cpe3a B MOCJIENYIONIeH CyOOPOTeHHBIM TeKTOHMYECKHI Tal pa3BUTHs pailoHa. B cBsizu
C OTCYTCTBHEM B IAJICOT€HOBBIX OTJIOKEHUSAX paHOHA PACKPBITBIX T'MIPOr€0JOTHYECKUX
CTPYKTYp — FOPU30HTOB IIPOHULIAEMBIX ITOPOJI — Pa3BUTHE 30HBI IUIACTOBOIO OKUCICHUS

B HUX, KaK ¥ py10(OpMUPOBAHNE, HE TPOUCXOIUIIO.

* BepxHemHoueH-aHTPONOreHoBbIii cTpykTypHbIii sipyc (N2-Q) mnpencraBnen
MACCHUBHBIMM HM3BECTKOBUCTBIMHU TJIMHAMH, AJIEBPOJIMTAMHM C JIMH3aMH IE€CYAHUKOB,
XJIAJIOJINTOB, COJEPKAIIUX APECBY, TalbKA KpPEMHEH, KBapla, CilaHueB. MOIIHOCTh
otnoxkeHud — g0 100 merpoB. OtioxxeHUs (HOpMHUPOBAINCH B YCIOBUSX CYyXOH
MIPEATOPHON PaBHHMHBI U JATHPYIOTCA KaK BEPXHEIIMOLIEHOBBIE. BepxHssa yacTp sipyca
MPEACTABJIEHA OCAaJKAMHM AJUTFOBHAIIBHO-20JI0BOM pPAaBHUHBI MOIIHOCTBIO — 10...120
MeTpoB. B coctaBe mopox pa3sBUTBI KOCOCIOUCTBIE M HECIOMCTBIE TECKU C JIMH3AMHU
MaJeBO-XKENThIX, PEIKO CEpPO-LIBETHHIX TIJIMH, (PUKCHUPYIOIIMX BpPEMEHHBIE O3€pa B
MeXOapXaHHBIX MOHMKEHUAX M cTapulibl. Takue IJIMHBI OOBIYHO HECYT IOBBIIIEHHBIE

CHHTCHETHYeCKUe KoHIeHTpalmu ypana — 0,005...0,01% [1].

2.2. T'uaporeoJiornyeckasi XapakTepucTuka mectopoxnenuii «Cesepublii Kapamypyn» u

«HOxupiii Kapamypyn»

B ruaposiorndyeckoM OTHOIIEHUH PYAHBIM pailoH pacnosioKeH B Mpejeiax KpailHel ceBepo-
3amagHoi yactu KpynHoro CheIpJapbUHCKOTO apTe3naHcKoro 6acceiina. B pa3pese pyaHoro paiiona

BBIJICJICHO TPU BOJOHOCHBIX 'OPHU30HTA I'PYHTOBEIX U MCKILIACTOBBIX HAIIOPHBIX BOMI:

[TnroneH-4eTBepTUUHBIN TOPU30HT IPYHTOBBIX BOJI UMEET MOBCEMECTHOE PACIPOCTPaHEHUE
Ha momaau mecropoxkaenuit «Cesepublii Kapamypyn» u «tOxubsiii Kapamypyn». Paznoobpazue
nanamadTa pailoHa OOYCIOBHIO HalWYHME JBYX IUIAHOBBIX T'PAHUIl y IUIMOIEH-YETBEPTHUYHOTO
TOPU30HTA: a) Ha 3amajie ¥ ro-3amaje nporekaer peka Ceip-Jlapbs, BOJIbI KOTOPOH APEHUPYIOTCS
BOJIOHOCHBIM TOPH30HTOM; 0) Ha CEBEpe-BOCTOKE palioHa MUTAHWE TOPU30HTA OCYILECTBIISETCS 3a
CYET TPYHTOBBIX BOJI NaJ€O30MCKOr0 TOpU30HTa M3 TropHOoro maccuBa bonbmoi Kapartay. B
MMUTAaHUM TOPU30HTA TAKKE YYaCTBYET CEHOHCKMH BOJIOHOCHBIM KOMIUJIEKC, BBIXOASIIMN W3 MO
IJIMHOIIEH-YETBEPTUYHBIX OTJIOKEHUN B oceBoi yactu KapamypyHckoro Bana, i€ ¥ IpPOUCXOJIUT
YacTUYHAsl pasrpy3ka HamoOpHBIX BOJ. B JieTHee BpeMs [OIMOJHUTENBHOE MHUTAHWE TOPU30HTA

OCYIICCTBJIAICTCS 3a CUCT I/IH(1)I/IJ'IBTpaI_II/II/I BOJbI U3 IMOJIMBHBIX KaHAJIOB U PUCOBBIX TIOJIEH.
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BOI[OBMGH.I&IOH_II/IMI/I SABJIIIOTCA IICCKHU, B HIDKHEM dYacTH KOTOPBIX PA3BUTBI IIPOCION
aJIEBPOJUTOB. MOIIHOCTh BOJOHOCHOTO TOPH30HTA M3MEHSETCS OT METPOB B IPEArOpPHOM
(ceBepHoif) yactu paiiona, 10 100 merpoB BOMM3U peku Coipaapbu (10)KHas 4acTh padoHa).
I'myOuna 3anmeraHusi ypOBHS T'PYHTOBBIX BOJ| HOCHT CE30HHBIM Xapakrep u coctasusier 0...25

METPOB.

HuxHuM BOJOYHOpOM TOpU30HTa CIYKUT MoIHas (10 600 MeTpoB B IOXKHOW 4YacTu
paifoHa) TOJIIA TIMHUCTO-AIEBPUTUCTHIX OTIOXKEHWH HEOTeHa M maneoreHa. BomooOHiIbsHOCTE U
MIPOHUIIAEMOCTh OTIOXKEeHHI HepaBHOMepHas. Koapduument ¢unprpanun — ot 1 mo 14 wm/cyr.
OO11eil 3aKOHOMEPHOCTBIO SIBIISIETCSI HATMYUE MPECHBIX WIIH cIa00COJICEHBIX BOJ B BEPXHEH YacTH
BOJIOHOCHOTO TOPU30HTa 10 rayounsl 15...20 merpoB — 0,5...3,0 1/11, ¢ TiiyOMHOW MUHEpaTU3aLUs
yBenuuuBaercs — 10 8...11 r/n. [IpecHble BOJIbI pa3BUTHI TAKXKE BJOJIb MArUCTPaIbHBIX MOJMBHBIX
KaHaoB. [0 XMMHYECKOMY COCTaBy BOJBI MPEUMYIIECTBEHHO CYIb()aTHO-XJIOPUIHO-HATPHEBO-

KaJIbIIUEBEIC, peske MaraueBbie. CoJiep)kanue ypaHa B Bojie konebnercs ot 1,7-10-5 mo 7,8-10-5 /.

. CeHOHCKUH (PyZOBMEIIAONINI) BOJOHOCHBIH KOMILJIEKC SIBIISIETCS OCHOBHBIM B
apTe3naHckoM OacceifHe. BogoBMeNaronuMu SBISIOTCS BEPXHEMEIOBBIE OTJIOKEHHUS, KOTOPHIC
pPEruoHAIbHO-BBIZICPKaHbl BOJIOYIOPAMH W pa3leleHbl Ha PsAJl CAMOCTOATEIBHBIX BOJOHOCHBIX
ropu3oHTOB. OHAKO Ha PSAJE YYaCTKOB, a MMEHHO B 30HAX KPYITHBIX Pa3pbIBHBIX HAPYIICHUH, B
MECTax BBIXOJOB KOMIUIEKCA O] MPOHUIIAEMbIE TUIMOIEH-UY€TBEPTUUHBIC OTJIOKEHUS, a TaKKe B
MeCTax BBIKJIMHUBAHUSI BOJOYIOPHBIX MTOPO/I, BOJIOHOCHBIE TOPHU30HTHI KOMIUIEKCA THIPABITHYCCKH
CBSI3aHBI MEXIy cOo00i. B 3TOi CBsI3U, U B COOTBETCTBHUHU C YCIOBHSMH THUTAaHUS W TPaH3UTA
MOJ3EMHBIX BOJ[ PETHOHA, BOJOHOCHBIE TOPU30HTHI KOMILIEKCA HMMEIOT TMPAKTHYECKH OOIIyIO
MbE30METPUUECKYI0 TTOBEPXHOCTh. OCHOBHOE MHUTAHHUE TMOA3EMHBIX BOJ MPOUCXOIUT CO CTOPOHBI
3anaaHbIx octporoB Tsub-lllans 3a mpemenamMu OMUCHIBAEMOW IUIONMIAAW W, B HE3HAYUTEIHHOM
CTEeneHH, co cTopoHbl Kaparayckoro ropHoro maccuBa. MecTHOE MUTaHKUE OCYIIECTBIISICTCS 32 CUET
pasrpy3Kd TPEUIMHHBIX W TPEHIMHHOKAPCTOBBIX BOJ MAJIC0305, a TAKXKE TOJPYCIOBBIX MOTOKOB
TPYHTOBBIX BOJl B pycilaXx MHOTOYHCIICHHBIX CaeB, MEPECEKAIOIIUX T'OPHbIE MACCUBBI M BBIXOJbI
KOJUIEKTOPCKUX TOPU30HTOB BepxHero mena. KpoMme Toro, B MUTaHUU MEJIOBBIX BOJ YYacCTBYIOT

aTMOC(bCprIe OCaJKH, BbIIIaJar0IIUEC I''IaBHBIM O6p330M BECHOM U HO3HHCﬁ OCCHBIO.

MaxkcumanbHasi OTMETKa MbE30METPHUECKO MOBEPXHOCTH B MpeAaropHoi uactu Kaparay
cocTaBisieT +195 MeTpoB pernoHaibHOrO MOTOKA B IOr0-3amaJHoOi YacTu miomaau paBHa +180
MeTpoB. [lanee ABMKEHUE MOA3EMHBIX BOJ IMPOUCXOJUT B CEBEPO-3alaJHOM HANPAaBICHUU CO
cnabpiMu ykmoHamu 0,0001...0,0006, yTo 00BsACHSAETCS HAIWYMEM MOJNOpA MOA3EMHBIX BOJ IO
KapamypyHckomy Bany. B 1ieHTpe npoucxoauT 4acTuuHas pa3rpy3ka MOJI3€MHBIX BOJ B IJIHOLICH -

YeTBEPTUYHBIN TOPU30OHT B NpHoceBoi yactu KapamypyHckoro Basa, a OoJiblias yacThb MOTOKA
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oru0aer ero ¢ rro-3zamnajga. AGCOJIOTHBIE OTMETKH ITbE30METPUYECKON MMOBEPXHOCTH B ITOM YacTu

iom@amy coctasisitoT +150 metpos [1].

2.3. TekTOoHMKA

B pernonansHOM 1uta”e paiioH KapamypyHCKOTro pyIHOIrO IOJI PacloJIOKEH B KpaeBOu
yactu Tsub-1llanbckoit oporeHHoN 00JacTH Ha 3aMbIKaHUKM KpynHOM KapaTtayckoit maneo3oickoin
CKIIa[9aToil 30HBI ceBepo-3amaasoro (320-325°%) mpocrupanns. CoBpeMEHHBI CTPYKTYpHBI MITaH
ONMCHIBAEMOM TEPPUTOPUHN SIBIISETCS PE3YJIbTaTOM MPOSBICHMS IPEABEPXHEINIMOLIEHOBOIO U
YETBEPTHUYHOT'O ITANOB TEKTOHHYCSCKUX JBIKCHUHN (PUCYHOK 2).

OCHOBHOM CTPYKTYpOM pervoHa siBjsieTcs ropcTaHTUKIMHOpUi XpeOra bonbmoit Kapartay,
I0ro-3amajiHasi 4acTb KOTOporo B3OpoiieHa no riaBHomy Kapartayckomy pasiomy Oosee yem Ha |
KM. U OCIOXHSSICb CEpUed OTHOCHUTEIHLHO MAaJIOAMIUIMTYJIHBIX pazioMoB (1o 100 M), momoro
norpyxkaercs B CbIpIappUHCKYIO aenpeccuro. ['maBubiii Kaparayckuii pazinom, OpueHTUPOBAHHBIN
B CEBEpO-3alaJHOM (320-3250) HaIpaBJIEHUH, MPOCIICKUBACTCS HA COTHU KUJIOMETPOB U HMEET
KpyTO€ (65-850) MajieHue Ha Ioro-3amaj. Pa3noMm riayOMHHOTO 3al0KEHUS, JOJTOXUBYIIHM,
MOABEprajicsi HEOJHOKPATHBIM MOAHOBIECHUSIMU, MPOI0JKAIOUIUMUCS U B HACTOSIIIEE BPEMSL.

Oro-3anannoe kpputo Kaparayckoro moaHaTvs B mpezenax IUIOHaad paldoT, OCIOKHEHO
cepueil CTPYKTyp BTOpPOTO U TPETHEro MOpsiiKa, OOJIBIIMHCTBO M3 KOTOPBIX HMEET CEeBEpO-
BOCTOYHOE HampaBjeHue. Hambonee KpynmHeIMH U3 HUX sABJstoTcs KapamypyHckuid  Bad,
JKanakopraHckuii BBICTYN U pazaensomui nx KapamypyHckuit mporuo.

KapamypyHckuii Bajl OpMeHTHpOBaH BKpecT mnpoctupanusi bospmoro Kaparay m umeer
norpe0eHHOE MPOJAODKEHUE OT Maie030MCKuX MoaHATHH (ropsl KapamypyH n YaynuHun) Ha 1oro-
3aman Ha nporsokeHun Oonee 30 kM. B cBOOOgHON wyacTH Bajia MajeoreHOBBIE OTJIOXKEHUS
MOJIHOCTHIO 3POJUPOBAHBI U TOJ] BEPXHEIIMOLIEH-YETBEPTUYHBIE OCAJKH BBIBEJICHBI MOPOJIBI
BepxHero mena. CeBepo-3anaJHblii U I0r0-BOCTOYHBIN CKIIOHBI KapaMypyHCKOro Baja orpaHHyYeHBI
CUCTeMaMHM TOIEPUYHBIX CEBEPO-BOCTOUHBIX pa3ioMoB. Hambonee KpymHBIMU M3 HUX, B Ipeleiax
IOr0-BOCTOYHOTO CKJIOHA, SBJIAIOTCS cepusi Anrabackux paznomoB, Mpkonbckuil 1 YammHUMHCKUMA
pasjIoMbl C aMIUIUTYI0M BepTUKANbHOTO cMmelmieHus mo ¢ynaamenty g0 300 m. ITo BepxHuUM
TOPU30HTAM YeXJjia aMIUIUTYya CMEIICHUs 3aMETHO YMEHBIIAETCs 3a CUET Pa3BUTUSA B HHUX B 30HE
3TOrO pazjomMa (IeKCYypHOro neperuoa.

JKanakypraackuii BEICTYN pacloJIOKeH K I0ro-BOCTOKy oT KapaMypyHCKOTO Baia u OT/eNeH
OT MOCJEIHEro OAHOMMEHHBIM Mpornb6om. CTpykTypa 3Ta ciabo BBIpaXXEHA, C yrilaMu MaJeHUS
nopox Ha kpbisax 1,0°-1,5° u coCTONT U3 psija TOKANBHEIX MOHATHHA H MPOTHOOB G0JIee BHICOKOTO
nopsi/iKa, MMEIOILUX CeBEpO-3alaiHoe (KapaTayckoe) MPOCTUPAHUE COCTABISIONIMX €ro JIEMEHTOB

(rpymmna XapacaHCKUX TMOHSATHIA, XapacaHckuii mporud u ap.) [1].
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Pucynok 2 — eeonocuueckas kapma Coelp0apbuncko2o ypanogopyoH020 paoOHaA CO CHAMbIMU
sepxHenuoyen-vemeepmuunbimu  omuodcenusimu (leonoco-npomvnunennsie ..., 2008): 1-4 —
omaodicenus wexaa: 1 — muoyen (anespoarumst), 2 — naneocen (enunsl, mepeenu), 3 — CEHOH (nNecku,
anespoaumsl), 4 — mypown (2iuHbl, a1e8poIumvl, necku), 5 — odomesozouckuil gynoamenm;, 6 —
PA3spuleHble HapYuWeHUs, 7 — 0CU NIUKAMUBHBIX CIPYKMYP Yexaa. a — NoOHamuil, 6 — npo2ubos, 8 —
9 — 2udpoceonocuueckue ycnosus 6epxHemenn8020 B000HOCHO20 KOMNJeKca: 8 — HanpasieHue
osudicenus 600, 9 — ouazu mpanzumuotl pazepysku; 10 — epanuyvl LIKIUHUBAHUSA 30H NIACTNOB020
OKUCTIeHUsl 8 HUdICHeM mYpoHe (a), 6 HudcHem (0) u eepxuwem (8) cenone; 11 — ypanosopyomsie
3anexcu u ypanosvie mecmopodicoenus (I — Ces. Kapamypyn, 2 — FOoxc. Kapamypyn, 3 — Ces.
Xapacan, 4 — FOxc. Xapacan, 5 — Upronw, 6 — Keizviimay, 7 — Ywankonw)

KapamypyHckuil nporu6 npezacrapiseT co00il B I[EJIOM OMYIIEHHBIN TEKTOHUYECKHH OJIOK,
pa3AessIoIUIACcS Ha JIBE YaCTH ; TIyOOKO MOTPYKEHHYIO 3allaJHYI0 U OTHOCUTEIbHO IPUIIOTHATYIO
BOCTOUHYI. B 3anmasHoil yacTu, B Bepxax paspes3a, NpPOSBISAIOTCS MHOLICHOBBIE OTJIOKEHHS, a
KpOBJISI M€Jla BCKpbIBaeTCsl Ha oTMeTKax -350 M -400 M. B BocTO4YHOI — KpOBJIs MéeJa 3aj1eraeT Ha
otMmeTkax -100 M -150 M. Pazpensitorcss TH JBE 4YacTH WIMPOKOH (IEKCypoil ceBepo-ceBepo-
3aIaJHOTO MPOCTUPAHUS M COBHAJAIOT C BbIIEIEHHOHN reopu3nuecKuMu pabotamu XapacaHCKoOH U

KapamypyHCKO# TeKTOHHYECKHMU 30HaMHU B pyHIameHTe [1].
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3.1. YpaHoBble pyabl
[lo conepxanuto ypana pyisl MecTopoxaeHnil KapamypyH B OCHOBHOM O€HBIE U PSIIOBBIE.

3. BEHIECTBEHHBII COCTAB PYJ 1 BMEHIAIOIINX IMOPO/I

I[To rpanyIOMETpUYECKOMY COCTaBY OHH OTHOCSTCS K CPEJIHE- M MEJIKO3EPHHUCTHIM (Tabuia 1).

Tabnuya 1 — pacnpedenenue ypana no Kuaccam KpYRHOCMU 8 NeCUaHbIX pyoax
mecmopodcoernus Cegepuviti Kapamypyn

Kaaccsl B Beixon Conep:xanue H3Baeuyenue Boixon Copep:xanue N3Bneyenune
MM KJIacCOB B % ypana B % ypana B % k | kiaaccoB B % ypaHa B % ypaHa B % k
K HCXOTHOMY HCXOJHOMY | K MCXOAHOMY HCXOHOMY
IIpoba 1595-96 cks. 615 Ilpoba cxe 1627-28 cxs. 616
>| | 3epHO - - 13,26 0,024 1,86
1-0,5 0,86 0,026 0,31 13,28 0,044 3,42
0,5-0,25 44,00 0,032 19,55 33,82 0,102 20,17
0,25-0,1 47,00 0,063 41,12 31,12 0,179 32,57
0,1-0,05 4,35 0,165 10,00 3,91 0,557 12,78
Cymma 96,21 70,98 95,39 70,80
NEeCKOB
0,05-0,01 1,95 0,341 9,26 2,15 0,740 9,30
<0,01 1,84 0,773 19,76 2,46 1,380 19,90
IAMOB 3,79 0 29,02 4,61 0 29,20
HUTOT 0 100,00 0,072 100,00 100,00 0,171 100,00

[1o maHHBIM PEHTI€HOCIEKTPAIHLHOTO METO1a HAOMI0JaeTCsl YBEJIMUEHUE COIepKaHus ypaHa
B pyJlax OT IIECYAHBIX KJIACCOB K MEJIKUM, aJI€BPUTO-TJIUNHUCTBIM;

[Tocnennune oboraimieHbl ypaHOM IO CPaBHEHHUIO C MUCXOMHBIM B 5-10 pa3, 4To KOCBEHHO
YKa3bIBaeT Ha JUCIEPCHBIE pa3Mepbl ypaHOBOM MuHepanuzauuu. CoxepkKaHus ypaHa B IECUYAHBIX
Kjlaccax OOBSCHSIOTCS HAJIWYMEM B HHUX pACTUTEIBHOM OpraHukd, Hecylled B cede ypaH, U
MIPUMAa30K JUCIEPCHBIX BBIICICHUI YPAaHOBBIX MUHEPAJIOB Ha 3€pHAX MECKA.

B necuanbix knaccax, coctapisitomux ot 78,5% o 90,43 %, ckoHueHTpupoBaHo Ao 35,56-
70,98 % ypana. B aneBpuTo-TIIMHUCTBIX Kilaccax necuaHslx pya (pasmep vactun 0,05-0,01 MM u
MEHbIIIE), cocTaBsOmMuX ot 3,57 % 10 21,5 % ot obmiero cocraBa mopoj, coaepxxurcs a0 29,02 -
64,44% ypana.

Brixon nerkux ¢paxiuit cocrapnsier 92-94%, conep:kanue ypaHa B HUX Jocturaet 56-66%.

Tsoxensie ¢pakiuu (0>2.9), M0 cpaBHEHHIO ¢ JErKMMHU, oboraiieHsl ypaHoMm B 10 pas, HO
BBUJIy He3HAUUTENBbHOTO UX Bbixoza (0,76-0,83 %), B HUX cOAepKUTCS BCETo 0K0JI0 6% ypaHa.

HInamsl (kmacesl ¢ pazmepom yacTtull 0,05-0,01 MM u MeHbIIIe) 0OoralieHbl ypaHOM 3a CYET
JMCIIEPCHBIX BBIIEICHUN YpaHOBOW MHHEpalU3allK MO0 CPaBHEHHUIO ¢ UCXOAHOM pynoi B 5,8-16,2
pa3za. Beixox ux cocrasmser 1,68-6,5%, conep:xxanue ypana 27,34-37,83 %.

VYpaHoBas MuHepanu3anus B pyiax NPUCYTCTBYET B TOHKOJIUCIIEPCHON MUHEPATOTrHYECKOM

HeHHaPHOCTpreMOﬁ (bopMe, B BHIC HOBOOGpaSOBaHHLIX YPaHOBBIX MUHCPAJIIOB, TCPPUTCHHBIX
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YPaHOBBIX M YpPaHCOJEpPXKAIIUX MHUHEPAIOB U YPAaHCOJCPKAIIEr0 OPraHMYECKOro BEUIeCTBA.
Pacnipenensiercss oHa B OCHOBHOM YacTH IE€CYAaHBIX TpyJ Oojee WM MEHee pPaBHOMEPHO U
BCTPEYAETCS B BUJE YEPHBIX MEIKOArPEraTHBIX CKOIJICHUH B OKPYIJIBIX KOHKYPEHIHUSIX, KOPOUEK,
IUICHOK, TNPHUMAa30K W CKPBITOKPHCTANIMYECKUX MAacC Ha IIOBEPXHOCTHM OOJIOMOYHBIX 3E€pEH,
MIPONUTHIBACT PHIXJIbIE YYACTKH MOPO/I, 3aMOJHAET MPOMEKYTKH MEXITYy 00JOMOYHBIMU 3€pHAMH U
[EMEHTUPYET UX.

OcHOBHOI MUHEpanbHOU (PopMOil ypaHa sBisgeTCS KOPPHHUT, peke TUATHOCTHUPYIOTCS
HacTypaHa u ypaHoBas 4epHb. Jlo 3-5% ypaHa mpuCyTCTBYeT BO BTOPHUYHBIX YPAaHOBBIX MUHEpasaXx,
B COPOMPOBAaHHOM COCTOSIHUM B YPaHCOJEpKaIIUX OOJIOMOYHBIX 3epHaX, TUTAHOBBIX MHHEpasax,
TJIMHUCTOM BEUIECTBE M PACTHTEIBHON OpraHUKe.

XapakTepHOH OCOOCHHOCTHIO B pACHpeACiICHUH YPaHOBOW MUHEpAIN3AIlUHU SBISIETCS €e
TeCHas CBsI3p C NUCYIbPuoamMu kene3a W yrieUIIUPOBAHHBIM PACTUTENBHBIM JaeTpuToM. OHa
MPOSIBISIETCS. B OTJIOKCHWH YPAaHOBBIX MUHEPAIOB HETMOCPEJCTBEHHO BOKPYT BBIJICICHUH
ICynb(OUI0B U 0OJOMKOB PAaCTUTENHHOTO JETPHUTA WM HAa HEKOTOPOM PACCTOSIHUU B cdepe ux
BITMSTHHSL.

To pasMepy ypaHOBBIX MHHEPAOB Pyabl gucriepcHsie (ot 11 10 0o 1 0'3MM).

TekcTypel pya BKpaluieHHBIE, TMSTHUCTOBKPAIUIGHHBIE ¥ TOJOCYATO-BKPAIJICHHEIE,
00yCIOBJIEHHBIE paCHpeeIeHUeM TJIMHUCTOTO BEIIeCTBa B OPYACHENBbIX Meckax M TecuaHUKax
(pucyHoKk 3). ANEBpPOJUTOBBIE U TIMHHUCTHIE OKATHIIIM, OOPBIBKA U MPOCIOU TJIMH, aJleBPUTOB U
TJIMHUCTBIX TECYAaHUKOB B MECKEe ypaHa HE COJAepKaT WM COJAepKaT B HEOONBIIOM KOJUYECTBE.
OcHOBHbIE KOHLIEHTpAllMd ypaHa TMPUYpPOUYEHbl K TecyaHoMy MaTtepuany. [ns mneckoB c¢
MOBBIIIEHHBIM  COJICPYKAHUEM  aJICBPOJUTO-TJIMHUCTOIO MaTepuana XapakTepHbl ISITHUCTO-
THE3/I0BbIE€ TEKCTYpPbI, 00YCIOBIEHHbIE TPUYPOUCHHOCTHIO YPAHOBOM MHUHEpalM3allud K THe3JaM
necka (PUCYHOK 4).

[IprnypoueHHOCTh ypaHOBBIH MHUHEpAIM3alUN K [ECYAaHOMY MaTepHally MOATBEPKAAETCS
JAHHBIM TaOIUIBI 2.

Tabnuya 2 - [IpuypouenHocms ypaHo8blli MUHEPAIU3AYUL K NeCUAHOMY MAMEPUATLY

Howmepa mpob u Oo6mee Conepxanue Copnepxanue Crenens 000TammeHHOCTH
CKBaYKHH Co/iep)KaHUE B | ypaHa B IIECKE B ypaHa B yYpaHOM IIeCYaHOT0 MaTepHaa
% % TJIIMHUCTBIX 0 OTHONIEHUIO K TJINHUCT.
OKaThIIIax
118598/3236 0,1819 0,2337 0,0195 12
118682/3239 0,1192 0,1833 0,0163 11
118683/3298 0,1182 0,1480 0,0332 4,5
118684/3339 0,1535 0,3985 0,0417 10
118685/3305 0,1108 0,2064 0,0550 4

16



[lemeHTaIMs OpyACHENBIX TIECKOB U MECYAHUKOB, KaK U OE3pYAHBIX, cialas, B BOJE OHH JIETKO
pa3sMokaroT. LleMEeHT HX TJIMHUCTBIM CONPUKOCHOBEHMS, NOpOBbIA. HenonHoe 3anosHeHue

TJIMHUCTBIM MAaTCpruaJIOM MCK3CPHOBBIX IIOP O6yCJIaBJII/IBaeT XOpouyr MmpoHUIAacMOCTh MMECHAHBIX

nopo [1].
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Pucynox 3 — expannennoe (a, 6) menxkoernesoosoe (8, 2) u 6kpanieHo-noaociamoe (0, e)
pacnpeoeienue ypaHo8ol MUHepatu3ayuu 8 neckax u necuanuxax. Paouoepagus, sxcnozuyus 15
CYMOK.
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0

Pucynok 4 — namnucmo-ene30060e pacnpeoenenue ypano8ou MUHEPAIU3AyUY 8 anespoIumax u
2NIUHAX, NPUYPOUEHHOU K eHe30am necka. Paouoepaguu, sxcnozuyuu 18-20 cym.

19



3.2. CeieHOBBIE PYABI
CenenoBasi MMHEpanu3alMsl KOHLEHTPUPYETCS B CEPOLBETHBIX M JIMMOHUTH3UPOBAHHBIX

nopojax. Ilo rpanyoMeTpUYecKOMY COCTaBY MECUaHbIE CEJICHOBBIE PY/Ibl AaHOJTHYHBI YPaHOBBIM.

Pacnipenenenue cenena mo KiaccaM KpPYIHOCTH YKa3BaeT Ha TO, YTO CeJeH oloraimaer
ToHkHe Kimacchl (pazmep vactuil 0,05 — 0,01 MM u menee ) 10 15 pa3 Mo CpaBHEHUIO C UCXOIHBIM
CoJIep’KaHuEeM B IIpodax.

OcHoBHOI MUHEpanbHOU (opMoil HaoxkaeHUs ceneHa (10 90%) Kak B CepOLBETHBIX, TaK U
JTMMOHUTH30PBAHHBIX TIOPOAAX, SBISETCS CAMOPIIHBINA raMMa —CelleH.

Yacte cenmena (mo 10%) cBs3aHa € CEICHOCOACPXAIIUMHU TUIPOOKHCIAMH JKeje3a U
TJIMHUTCTBIMU MUHCpAJIaMU, 1 HAXOJUTCA B COp6I/IpOBHHOM COCTOsSIHHH.

B Manpix konMuecTBax BCTPEHalOTCS CEJIEHM]IbI CBUHIIA, HUKENS, K0OOanbTa, peppocenur u
CEJICHOBBIM MHHEpall CJIOJHOTO COCTaBa, ONPEHENEHHBIM B HUIM(PaxX M MOATBEPKIECHHBIM ¢
MOMOIIIBIO MUKpOaHaTU3aTopa. Bce OHM MPeCcTaBIsIOT TOJIEKO MUHEPATIBHBIN HCHTEPEC.

XapakTepHOH 0COOCHOOCTHIO B JIOKAIM3AINHU CEIICHOBOH MHHEPAIH3alMU B CEPOIBETHBIX
mopoaax ABJIACTCA €€ TCCHas acconuanus C er'IGCbI/II_[I/IpOBaHHI)IMI/I PaCTUTCIbHBIMU OCTaTKaMH U
mcynshuaamu skene3a. Kak mpaBuio, OoraTele CKOTUICHHUS! CEICHOBBIX MHUHEPAIOB OTMEUAIOTCS
HAaT MOBCPXHOCTU OKaTBIIIEeH THUH U AJICBPUTOB, IMOKPLITBIX TOHKUM CJIOEM CHEMCHTHPOBAHHOI'O
MUPUTOM TIecKa, BOJIM3M UM HEMOCPEACTBEHHO Ha KOHTAKTe ¢ 00JOMKaMH (B pa3NUYHOMN CTENeHU
3aMEIEHHBIMU MUPUTOM ) YIrie(pUIUPOBAaHHON JpPEBECUHBI, 00pa3ys IJIOTHbIE MM IETKOBUIHbBIE
KOPOYKH, TOHKHE IJICHKHU, PeXe OTJeNIbHbIC MJIACTUHKN Ha TIOBEPXHOCTH PACTUTEIBHBIX OCTATKOB U
oOpacraromux ux cyinbunoB. Hepenko ceneHoBas MHUHepaidHu3alUsl OTMEYAETCsl BHYTPH
yriaedepoBaHHbIX OOJOMKOB B BHJAE CETKOOOPAa3HBIX BBIICICHUNW U BBINOJIHEHUS SUEEK
pPacTUTEIbHOM TKAHU.

B okucneHHbIX [OpoAax CeNeHOBas MHUHEpalM3alisl BCTpeYaeTcs Ha KOHTAKTe
BOJIOTIPOHMIIAEMBIX OKHCJICHHBIX TII€CKOB C CEPOLBETHBIMM TJWHAMH U aJeBpUTaMHU, Ha
MMOBEPXHOCTU HAXOJSIIUXCS B OKHCIEHHBIX MECKaX TJIMHHUCTBIX OKATBIIIEH, MOKPBITHIX TOHKOM
KOPOYKOI MHTEHCHUBHO JIMMOHHTH3HPOBAHHOIO IECKa, B MaJOMOIIHBIX CIOHKaX OXKEJIE3HEHHOTO
MecKa BHYTPU MMayeK CEPOLBETHHIX IVIMH U aleBpUTOB. Bo Bcex ciywasx mecku, oOoraiieHHbIE
CEJICHOM, IMEIOT OXPHUCTO-XKENTYI0 OKPACKy, 00YCIOBICHHYIO HATMYHEM THAPOOKHCIIOB JKee3a.

B GonpmmacTBEe MO0, 060TAlIEHHBIX CAMOPOIHBIM CEJIEHOM, KaK B CEPOLBETHBIX, TaK U
OKHCIICHHBIX IIE€CKaX, yCTAaHABIUBAIOTCS THAPOOKUCIIBI JKeJie3a, pa3BUBAOLINECS B MPHIIETAIOLINX K
PYAHOMY CTSDKEHUIO TIECKaX.

VYpaH-ceneHoBbIE pyibl HE OTJIMYAIOTCS MO TPaHyJIOMETPHUUECKOMY COCTaBy, MOT COCTaBY
00JIOMOYHOT0 MaTepHasa, IEeMEHTUPYIOIEro BEIeCTBA U PYAHON MUHEpaIU3alluy, OT YPaHOBBIX U

CCJICHOBBIX.
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B HuX, KpoMe ONHCAaHHBIX KpOME BBIIIE IIOPOLIKOBATBIX BBIJACICHUN YpPaHOBOU
MUHEPAIN3aLUU U UTOJIBYATHIX KPUCTAJUIOB CAMOPOJIHOTO CelieHa, BCTPEUaloTCs Cylb(uIHO-ypaH-
CEJICHOBBIE KOHKpELMM pa3sMepoM 10 3-5 cM, UMEIOUIME 30HAIbHOE cTpoeHue. B 1eHTpanbHOR
YaCcTH UX MPUCYTCTBYET OOJIOMKHU Yriie(UIIMPOBAaHHON JPEBECHHBI, 3aMEIICHHbIC TUPUTOM, PEkKE
Mapka3uToM. Bokpyr cynbpuaoB, 4aCTUYHO KOPPOAMPYS, Pa3BUBAIOTCS KOPPHUHUT, HACTYpaH,
ypaHOBas 4epHb. BHENIHNME 30HBI KOHKPELMH CIIOKEHBI CAMOPOIHBIM Y- CEJICHOM.

N3 conmyTCcTBYIONMX MUHEPAIOB B PylaX OTMEYAETCS XEITHT.

OCHOBHBIMU pYJHBIMH MUHEpaJaMU Ha MECTOPOKICHUH SBIIAIOTCA KOPPUHUT, HACTYpaH,
ypaHOBasi 4YepHb, CAMOPOJIHBIM raMma-ceneH. Peko BCTpeyaroTcsi HepaCKpHUCTANIM30BAHHBIN Tellb
YEeTHIPEXBAJICHTHOIO ypaHa, BaHaAaT ypaHuia ((paHCBWIIMT), CEJEHUIbl CBUHIA, HHUKE,

koOanbTa 1 Xerrur [1].
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FUCYHOK D — YNJIOMHEHHAs NeCUaHo-
2NIUHUCMASL NOPOOA

MUKpPOCKOTIHYECKHUE  TEKCTYPBI
OecropsI0YHO-3epHUCTAS
HEOPHUEHTUPOBAHHAS,  HEOJHOPO/IHASI.
CrpykTypa AJIEBPOTICITUTOBAS,
obmomounasi.  Pasmeper  00510MKOB
BappupytoT ot 0,1 mo 0,01mMm. TTopoma
CIOK€Ha  KBapuem, THAPOCIIONION,
TOHKOJIUCIIEPCHBIM KaonnHUTOM. Bosee
KpyIHBIE  YepHBIE  BKJIIOUEHHUS  —
OOpBIBKM OOYTJICHHBIX PACTUTEIbHBIX
TkaHe. CooTHOUIEHHE OOJIOMOYHOM
gacth u  nemedra 20:80. Ilo
B3aMMOPACIIOJIOKECHUIO  OOJOMKOB U
[IEMEHTUPYIOIETO MaTepuaa
CTpYKTypa Oa3ajbHas, T.K. OOJJOMKH HE
COTIPUKACAIOTCSI MEXIY COOOM, IIEMEHT
— KkapOOHATHOTO, THIPOCIIOIUCTOTO
cocTaBa (pUCYHOK 6).

3.3. CTpPYKTYPHO-TeKCTYpPHbIe 0COOEHHOCTH U MHHEPAJIbHBIH COCTaB BMEIIAIOIIUX MOPO/

YILUI0OTHEHHAS eCYAHO-TJIMHUCTAS MOPOo/a
ITopona wumeeT 3elICHOBATO-CEPYIO OKpPACKY

(pucynox 5). B cocraBe moponasl mpeodsanaroT
[JIMHUCTBIE ~ MUHEPAJBl, BEPOSATHO  T'MIPOCIIOMBI.
[IpucyrctByer B MOpOAE MEJIKOKPUCTAILIMYECKUN

KBapl, ¥ YEPHOE TOHKOPACCESIHHOE OpPraHuYeCcKoe
BemiecTBo. OkoJi0 Hambojiee KPYIHBIX CTSDKCHHMA
OpPraHWYECKOTO BEIIecTBa HAOMIOJAeTCS  KHPHBIC
nATHA  OWUTYMOWJIOB, TIPOCIOM  TIECKOB  KBapIl
MOJICBOIINATOBOTO  cocTaBa. CTpyKTypa MOPOABI
MEJINTOBAs, aJIeBpPONENUTOBasA. TeKcTypa NOPObL,
MJIOTHAsA, OJHOPOIHASL.

I[Topogqa B Bome He HaOyxaeT, pa3MOKaer,
CTaHOBUTCA KUPHOW WJIM MBUTLHOW HA ONIYIIb.

‘

7
Pucynok 6 — mukpockonuueckue mexcmypboi
0ecnops00UHO-3ePHUCIAS HEOPUECHMUPOBAHHAS,
He0OHOPOOHAS.
Cmpykmypa anesponeiumogas, 0010MOUHAsL.
Huxonu: a) N//; 6) N +; Vs. 2,5x;
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IMoMMHKTOBBIN NECYAHUK

[lopona wuMeeT CBETJIO-CEPYIO  OKpACKY.
CoctouT M3 MeNKUX OOJOMKOB KBapIa, MOJEBBIX
HIMATOB, IEMEHTHPOBAHHBIX C KaIbIUTOM (OypHOE
Bckunanne ¢ HCI). Msmom  Gnectsmui,
LIEpOXOBaThIi. B Iopoxe NpUCYTCTBYET YeEpHOE
TOHKOPACCesTHHOE OPTaHUYECKOE BEIIECTBO (PUCYHOK

7).
TekcTypa mTOpOJABI OMAHOPOJHAS, TOPUCTASL.
IMopucTtocTh OYEeHb TOHKas, KamwuiipHas. [lopoaa
HOTJIOIIAeT  BJjary, OHa XpyHKas W JIETKO
Pucynok 7 — nonumuxmosulii necuanux ¢ PACKaIbIBACTCA HA Pl 00JIOMKOB.
pacmumenbHbiM 0empumom Crpykrypa HOPOAbI 000MOUHas,

PaBHOMEPHOOOIOMOYHAsA, ICAMMHUTOBAS.

MHUKpPOCKOTIMYECKH ~ TEeKCTypa  OecropsgouyHO  opueHTupoBaHHas.  CTpykTypa
rcaMMHTOBasi, obsomouHas. Pasmeprsl 06oMkoB BapeupytoT oT 0,3 mo 2 mMm. CooTHoleHue
obomouHo# yact u nemeHTa 70:30% cooTtBeTcTBeHHO. [10 B3aMMOPACHIONOKEHHIO OOJIOMKOB U
[EMEHTHPYIOIIEr0 MaTepralia CTpPyKTypa 0a3anbHasi, KpUCTaJUINIEeCKasl.

Munepanbhsblii coctaB: KBapu 70%, Ilnarnoknas 10%, I1.IH 6%, mukpokBapuutsl 10%,
upkoH 3% typmanus 1-2% (pucysok 8, 9).

OONOMOYHBI — AUTOTUTEHHBI MaTepHall TPEACTABICH H30METPUYHBIMH, YIIIOBATO-
OKaTaHHBIMH 3epHaMHu KBapia pazmepamu ot 0,3 10 2mm

Pucynok 9 — [upxon 6 accoyuayuu ¢ 2nuHUCmMbiM MAMePUaIoMm.
Huxonu: 6) N//; )N +; Vs. 2,5x;
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JIpecBsIHO- rPaBeJIUTO- ICAMMHUTOBAsI IOPOAA

Ilopona wuMeeT 3€I€HOBATO- CEPYK0  OKPAcKy.
CocTouT OHa W3 MENKUX OOJIOMKOB KBapla, MOJEBBIX
IIMTaTOB W TIUHHUCTBIX MHUHEPAIOB, CIEMEHTHPOBAHHBIX
kanpuutoM (OypHoe Bckumanmme ¢ HCI). B mopone
NPUCYTCTBYET Yriau(EennpOBaHHBIE OPraHMYECKUE OCTATKU.
ITopona B Boxe He pa3dyxaer, HE pa3MOKAET, HE CTAHOBUTCS
JKAPHOM WJIN IIBUIBHOM HA OILYIIb.

Tekctypa  mOpoAbl  HEOMHOPOIHAS,  IUIOTHAs,
nopucrasi, TpenuHoBaras (pucyHok 10).

CtpykTypa HEpaBHOMEpPHO3EPHHUCTas (IpecBsHA,
MICAaMMHTOBAS, IpaBeUTOBAs), cdepoauToBas
XapaKTepU3yeTcs HaludueM CQEepOJIMTOBBIX arperaroB
CIIEMEHTHUPOBAHHBIX MEXY COOOM, CIOKEHHBIX CHACPUTOM
(pucynok 11 a;0;).

2paserumo- nCammumosas
nopooa

Pucynoxll — cgheporumosnvie acpecamol kapboHamos.
Huxonu: a) N//; 6)N +; Ves. 2,5x
1

Pucynox 12 — menxouewytivamoie azpecamuol 2u0pocio0 u 0OJIOMKU MUKPOKEAPYUMOB.
Huxonu: a) N//; 6)N +; Ve. 2,5x;

MHUKpOCKOTIMYECKM ~ TeKcTypa  OecropsoyHO  opueHTHpoBaHHas.  CTpykTypa
rcaMMHTOBas1, 0b6JoMouHas. Pa3meprl 0610MKkoB BapbupytoT oT 0,3 10 8 mm. CooTHomieHHe
obnomouyHoit wacth u 1memeHta 60:40% cooTBercTBeHHO (pucyHok 12 a; 06;). Ilo
B3aMMOPACIOJIOKEHNI0 OOJOMKOB M IEMEHTUPYIOIIEro MaTepuaia CTPyKTypa O0a3albHO-
noposas, kapOoHaTHas (kanbuuToBasi). KapboHatHblil MaTepuan obpa3yeT cepoiauTsl pazmepsl
ot 0,1 1o 4mmM. CheposIuThl KaIbLIUTOBOTO, CUAEPUTOBOIO COCTABA.
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Pucynokl3 — anespumsi ¢ npocnosmu
MOHKO3EPHUCMO20 NecKa

Pucynox 14 — necmpoysemnule anespumul

25

AJ1eBpOJIMTBI
[Moponsl umMmeroT Oypble, cephle,
KpacHOBAaTO- 3€JICHHbIE OKpacku. B cocraBe

TOPOIBI peooIagaroT TJIMHUCTBIC
MHUHEPAIbI, BEPOSITHO TUAPOCIIOABI. 3aMETHO
HHUYTOXHas IIpHUMECH MeNnbYalImx

OnecTAmMX CBETIBIX IUIaCTUHOK. Ha omrymb
opoJia, HIepIIaBas, YTo OTPAKAET HAJIHUHE
MEJIKO3epHUCTOr0  Martepuana. Tekcrypa
MopoJ| TUIOTHAs, MaccuBHas (puUcyHOK 13;
14;).

MUKpPOCKOTIHYECKUE TEKCTYPhI
Oecrops104HO OpUEHTUPOBAHHBIE.
CtpykTypa menuTOBasi, ajieBPOIEIUTOBAs,
00J0MOYHAas.

B mummde BumHO, YTO OCHOBHAs
macca (okosio 70% mopoisl), TpencTaBieHa
TJIMHACTBIM MAaTEepPHAIOM, W BKJIIOYCHUEM
aneputuctoro Marepuana 30%. ['munucteie

MUHEpAaJIbI MIpe/ICTaBJICHbI
TUAPOCIIONUCTBIMUA ~ MHUHepanamu. Dopma
00JIOMKOB yriaoBaTO-OKaTaHHAast u

JIOCTaTOYHO XOPOILIEH CTENeHU COPTHUPOBKH.
ITo pasmepy  0OOJOMKOB CTPYKTypa
rncaMMuTOBasi, KpymHozepHuctas (0,3 —4
MM). CoOTHONICHHE OOJIOMOYHOW YacTH H
nementa 60:40. I[lo B3aMMOpPacmoIOKEHUIO
00JIOMKOB M LIEMEHTHPYIOIIET0 MarepHuala
CTpyKTypa Oa3anbHas, T.K. OOJOMKH HE
COTpUKACAIOTCA MEXAYy COOOH, HEeMEeHT —
KapOOHATHOTO, TUAPOCIIIOIUCTOrO COCTABA.



3.4. JIroMUHEeCHEHTHBINA AHAJIU3
JIFOMUHECIICHTHOCTh TOPOJ HM3y4aloCh B YIBTPA(QHOIETOBOM CBETE JITIOMUHECIICHTHBIM

MUKpocKkorioM Mukmen-2/[. Pe3ynbTaThl JTIOMUHECIICHTHO-MUKPOCKOIIMYECKOTO MCCIICIOBAHUS
CBeZICHHI B Ta0. 1.

MeTo1 TIOMHUHECHEHTHOW MUKPOCKONIMHU pa3zpadoTaHHON DropoBckoii- MenbkoBbiM (1954)
ITUPOKO HCIOJB3YeTCS I M3ydeHHE OMTYMHUHO3HBIX KOMIIOHEHTOB OPTaHWYECKOE BEIICCTBA B
HedrerazoBoii u pymHod reosormd. OH MO3BOJISIET OE30MMOOYHO OMPENCNIATh COCTaB,
TCHCTHUYECKUI THIT U pacipeielieHue OUTyMOUIOB B TIOPO/IC.

[IpenmyIiecTBOM MeTOa SBISETCS €r0 SKCIPECCHOCTh U BO3MOYKHOCTH OMPEIENSTh JaXe
camMble MaJiIeHbKHE COCJMHEHHE OMTYMOWJIOB B HE pa3pylmIeHHOM 0O0pasIie MOPOJbI JIake B TOM
clydae KOrjia, HEBO3MOKHO OIMPEICITUTh XUMHUKO- OMTYMHUHOJIOTHYECKUM aHATA30M.

MHoTHe pPa3HOBHIHOCTH IOPOJ COAEpkKAT OpPraHUYecKoe BEMIeCTBO. B CBS3M C 3TUM
BEIIECTBEHHBIN COCTAB MOPOJI MPEJICTABIISCT CYIECTBEHHBIN HHTEPEC.

Opranuka SBJISETCS BaKHBIM KOMIIOHEHTOM TIOPOJIbI, OTPHIIATEIIFHO BIUSIONIAM Ha
MO/I3€MHOE BBINIEITAYNBAHUE BCIICJCTBHEC CBOMX BOCCTAHOBUTEIBHBIX M COPOIMOHHBIX CBOWMCTB.
IIpu BeICOKOM conepkanuu opranuku (6onee 3% Copr) B yYrIUCTHIX TMECKax YXYAIIAIOTCS
MOKa3aTel KUCIOTHOTO BBITIEIAaYMBaHMs. B TO e BpeMsl MPOHHUIIAEMOCTh TaKUX MOPOJ] 3aBUCHUT
OT XapakTepa paclpeieNieHUs OpraHuKW U HX TEKCTYpHBIX ocoOeHHocTedl. HebnmarompustHo
BO3JICHCTBYET Ha BBILEIAYUBAHUE TAK)Ke OMTYMHAsi OpraHuka

B pesynbrare uccienoBaHHs BEPXHHX MEJIOBBIX TEPPUTEHHBIX MOPOJ MPEICTaBIECHHBIX
MPEUMYILIECTBEHHO T'paBeIuTaMH, MeCYaHUKaMH, aJEeBPOJIMTaMH CHAEJIaHbl CIEAYIOIINE BbIBOJIBI
(tabmuna 3):

1. Bo Bcex m3ydeHHBIX oOpasiax 3auKCUPOBAHBI CIICIBI MUTPAIMA OUTYMOUIOB. DTOT (HaKT
cam 1o cebe CBUJIETENIbCTBYET O Ipoliecce OMTYMOOOPa30BaHUsI B U3y4aeMOM paiioHe.

2. Copepxanue snuObUTYMOUI0B B nopoaax uzMensiercs ot 0,02-0.05%, npu cpennem 0,03 %.
Otmedaercss ycToW4MBasi TEHACHLMS K TIOBBIIIEHUIO KOHIIEHTPAIMM OUTYMUHO3HBIX
KOMITIOHEHTOB TI0 Mepe MPUOIMKEHHE K PyTHOM MmavkKe.

3. CocrtaB >MUOUTYMOHIOB BapbUpPyeT OT JErKux (rosyOOBaTO CBEUEHUS) JI0 CMOJHCTOTO
acdarbTeHHOTO (TEMHO- KOpUYHEBOTrO cBeueHus). [Ipu npenmMyiecTBeHHOM Ipeoliiaganme
OUTYMOHUIOB CMOJIKCTOIO COCTaBa (TeMHO Oypoe cBeueHue) (pucyHok 15).

4. butyMmouapl TpUYpOUYEHBI K OCITaOIEHHBIM 30HAM B TIOpPOJE: 3aIlOJHSIOT TPEIIUHBI,
OTMEUAIOTCS B LIEMEHTHUPYIOIIEH Macce, o0pa3ys, opeoiibl BOKPYT cyibhuaos (mupur). Bee
3TO CBUETEILCTBYET 00 SMUICHETHYHOCTH OUTYMHUHO3HOTO BeliecTBa (pucyHok 16).

5. OCOOEHHOCTBIO OTJIOKEHHIO HW3YUYEHHOTO pa3pe3a SBISETCS HUYTOXXHBIE COJEp)KaHHe

6I/ITYMOI/I,[[OB, KOTOPBIC OUCBUJHO SMUT'PUPOBAJIU U3 TTIOPO.
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http://www.rosmed.ru/catalog/36/Mikroskop_lyuminescentnyy_Mikmed_2_variant_12/6513.html
http://www.rosmed.ru/catalog/36/Mikroskop_lyuminescentnyy_Mikmed_2_variant_12/6513.html

Tabnuya 3 — péesyaobmamosl IIOMURECYEHNMHO-MUKPOCKONUYECKO20 Ucc1e008aHUs

Ne Ha3BaHMe cojepsKaHue cOCTaB XapakTep TEKCTYPbI U
NOpPoAbI ouTyma CBeYeHHs CTPYKTYPHI
1 AneBponuT 0,02 CMOJIUCTBIIT> Temno-Oypas> | HepaBHOMepH
CMOJIUCTO- TEMHO- O-paccesiHHas,
ac(aabTeHOBOEC™> KOpUYHEBAs™ IS THUCTAS,
MacJIsIHO- JKEJITOBaTO- TOYEYHAS,
CMOJIMCTBIN> Oypas™> romy0oil | TpeuHOBaTAas
JIETKHE
2 HpecssHo- 0,05 MAacCJISTHO- Ceetnio- xenro- | llemenTHas,
TPaBEIUTO- CMOJIUCTBIA> OypbIit > OpeoJbHas,
TICAaMMHTOBAs MAaCIISTHUCTBIN CBETJIO- YKETHIN TISATHUCTAS
>CMOJIMCTBIN >0ypblil
3 AneBponuT 0,03 CMmounucThIit Temuo-Oyperit> | HepaBHOMepH
>MacisHo- Oypb1ii> O-paccesiHHas,
CMOJIMCTBIN> rosy6oit [IATHUCTAs
JIETKHe
4 [lecuanuk 0,03 CmonucTbIit Byperit >temHo- | HepaBHOMepH
MOJIMMHUKTOBBIN >MacisHO- OyphIif >TEMHO- | O-paccesHHas,
CMOJIUCTBIN> KOPHUYHEBBIN MIATHUCTAS
CMOJIUCTO- >Tomyboit
acanpTeHOBOC>
JIETKHe
5 Ilecok Oenecorit 0,03 CMOIUCTBIH TemHO-OypbIii> IlemenTHas,
MEJIKO3EPHUCTBIN >MacisHO- OypbIii> TOYEYHast
CMOJTUCTBII> roJryooit
JIeTKHe
6 [Tecox cepprit 0,05 Macnsno- Byperit >temuo- | llemeHTHas,
MEJIKO3EPHUCTBIN CMOJIUCTBIN OypBIii >TEeMHO- MSTHUCTAS,
>CMOJIUCTBIN KOPUYHEBBII TpeLUHOBATas
>CMOJIUCTO- >roy0oit , TOUeYHast
acanpTeHOBOC>
JIeTKHe

PMCyHOK 15— ajzleepoyiumol, meKCmypbobl NAMHUCMAA, MOoYedHas mpeujuHoeamas.
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Pucunox 16 — nonumuxmosuwlii necuanux u Opece}mo- cpaeseiumo- ncammumoeas nopoda.

3.5. Tepmuyeckuii anaau3z
Tepmuueckuit ananuz (TepMorpadusi) CIYKUT Ul H3Y4E€HHsS CBOMCTB BelleCTBa U

MIPOIIECCOB, TPOUCXOIAIINX B HEM TTPH HArPEBAHUH HIIM OXJIAXKICHUH 110 33JaHHOH ITporpaMMe; OH
MPOU3BOJIUTCSA C TOMOIIBIO CICUATBHON ammaparypbl, ¥ OCHOBHBIM €r0 TEXHUYECCKHM
PE3yIbTAaTOM SIBIISIOTCS TEPMHUYECKHE KPUBBIC — TEPMOTpPaMMBI (KPUBBIC HArpeBaHWs), KOTOPHIC
3aBHCSAT IJIaBHBIM 00pa3oM OT XUMHUYECKOTO COCTaBa U CTPYKTYPHI UCCIeayeMoro oobekra [1].
CaMbIM pacnpoCTpaHEHHBIM U OCHOBHBIM METOJOM TEPMHUYECKOIO aHaIMU3a SIBISETCS

muddepennnansao- TepMudeckuii ananu3 ([ TA), KoTopblii MO3BOJISIET BBIABISATH U UCCIIEIOBATH
(ha3zoBbIe MpEBpaIllEHUs 1 XUMUYECKHE PEaKIiH, MPOTEKAIOIINE B BEUIECTBE NMPU HATPEBAHUU WJIH
OXJXKICHUH, TIO0 TEPMUYECKHM OJ(PdeKTamM, COMPOBOXKIAIOUIMX OTH H3MEHEeHHs. boibmmm
JOCTOMHCTBOM METOJia SIBJSIETCSI BO3MOXHOCTh  OTpEAENCHUS COCTaBa TOHKOJMCIEPCHBIX
MOJIMMUHEPAIbHBIX IPUPOJIHBIX CMecel 0e3 pa3eneHusi UX Ha MOHOMHHEpaJIbHbIE (PpaKLIUU.

[Ipu u3ydyenue nopoja AaHHBIM METOJOM 0c000€ BHUMaHKUE ObUIO YJENEHO Ha TIUHUCTOE
1 kapOoHaTHOE MUHepasbl. Tak Kak TNIMHUCTOCTh MOPOJA U PYA U COCTaB INIMHUCTOTO LIEMEHTa BO
MHOTOM OIPEESIOT MPOHUIIAEMOCTh MOPOJ M pacxoj peareHTa. OOBIYHO CUMUTAIOT, YTO MPHU
colepkaHud B mopoje Ooinee 20% TIMHUCTOrO MaTepuana OHAa CTAHOBHUTCS TPAKTUYECKU
HETPOHUITAEMOH.

Kap6oHaTHOCTh MOPOJ OTHOCUTCS K YHCIy OCHOBHBIX CBOWCTB IMOPOJ, OMPEAEISIFOIINX
BBIOOD BBIIIENaYMBatoiero pearedra. [lpu cogepxkanuu kapOonaroB B niemeHte 6oinee 2% (CO2)
KHCIIOTHOE BBIIIETAYNBAHNE CTAHOBUTCS YKOHOMUYECKH HE BBITOJHBIM M3-3a CIUIIKOM OOJBIIOTO
pacxoia KHUCIOTHI W Pa3BUTHSI TPOIECCOB KOJBMATAlMM PACTBOPOMPOBOIAIIMX KaHAIOB
00pa3ymIuMHCS B Pe3ylIbTaTe PEaKIMH OCAIKOM THUIICA U YIIIEKUCIBIM ra3oM. (s Takux mopoi
OOBIYHO  paccMaTpuBaeTCsl BOMPOC O  IeIecOooOpa3HOCTH  NPHUMEHEHHs  KapOOHATHOTO

BBIIIENIAYMBaHUS HIIH JPYTUX CIIOCO00B pa3zpadoTku [3].
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Ilecku ¢ MpoC/JI0IMHU I'VIMH

Ha tpex xpuBbix ATA nmopon nabmromaeTcs cienyromue TepMuueckue 3(pQexTsr: nepBbii,
camblii OomnbIIoH, sHIOTepMHuYeckuil dpdexT B unteppaie 30-180°C; BTOpol 3HIOTEPMUYECKUN
addext B uaTepBaie 460-600°C; Tpetuii sunoTepMuueckuii adpdext 860-930°C (pucynok 17).

KpuBbie oTepu mMacchl MopoJI MOKa3hIBaeT, YTO M3MEHEHHE MAcChl HarpeBaeMoro odpasma
MPOUCXOIUT B TpH dTarna. OcHOBHAs moTeps (00JIBIIOE MOJOBHHBI BCEH COeprKaleiicss B MUHEpasie
BobI) Habmronaercs B uHTepBasie 30-180°C. Pe3kuii mepern® TepMOTrpaBUMETPHUYECKHI KPUBOW B
ATOM MHTEpBaJIE CMEHSETCS MOJOTHM IOCTENEeHHBIM CIrycKoM. Cremyromas moTeps OTMEYaeTcs: B
untepsaie 440-550°C. Kpusas notepu umeet nojoruii Bua. B uatepsane 860-930°C dbuxcupyercs
ci1abblii epernd TepMOrpaBUMETPUUECKUM KPUBOH.

[lepBBIii 3HOOTEPMUYECKHI MNHMK OTBEYaeT OOpa30BaHUIO T'HAPOMYCKOBUTAa W THIICA
(maTepBan 30-180°C).

Bropoii sHaoTepMuueckuii MUK oTBeYaeT 00pa30BaHUIO KBapla U cuaepura (uHTepBai 460-
600°C).

Tpetnit >HIOTEPMUYECKUI TUK OTBEYAET 00Opa3oBaHuio KaibiuTa (860-930°C).

Kanpiur 800-1000°C — muccoumanus c¢ obpazoBanueMm CaQO; TemmepaTypa BapbuUpyeT B

npeaenax ot 860 no 930°C.

Ob6pasew: 3
Paamep: 30.7300 mg DSC-TGA
MeTton: Ramp
310 ] 400.8°C Ocmamoxk: | 0.0
| ] 0.936puV -min/mg 28.18mg
] 413.3°C (91.70%)
30.5-_ 78.8-5.]/9 _--0.5
5 047
1 1.313mg - i
30.04 869.9°C %_ -1.0 5
1 0.090pV-min/mg = : =
— E‘ =
2 8703°C & B
29,54 496.7°C 14.940ig 2 -06+-15¢E
5] ] 1 s I ’
m 572.7°C o 2
Q0 =
] 104.6°C 520.6°C 5 c
29.0—_ % _—-2.0 s
& oal
] 897.2°C ~e7
39.8°C
2857 130.3J/g 1.236mg [ 23
139.9°C
28.0 ‘ 15'90u'vrr!ln/n?g T T T T T T T T T T T T T T T T T -
0 200 400 600 800 1000
OK30 BBEPX Temneparypa (°C)

Pucynox 17 — kpusvie /[TA u TI neckoe ¢ npocioamu 2aun
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Ha tpex xpuBbix ATA nmopon Habironaercs cienyronme TepMudeckie 3(h(eKThl: mepBblii,
camblii OOMBIIOHN, SHAOTepMHUecKud 3Pdext B umHTEepBane 91-100°C (ruapocitonsl U THIIC);
BTOpO sHAOTepMUUecKuil 3pdext B uuTepBane 420-440°C (aparOHUT M CHJIEPUT); TPETHH

supotTepmuueckuit 3¢ ekt 754°C (aHKepUT U 10J0MUT) (pucyHOK 18).

O6paszsew: 7
Paamep: 32.0000 mg DSC-TGA
MeTton: Ramp
1
a2 | . 720.0°C 719.4°C |
| 0. 226bmg i 0.6557mg 5.04pV-min/mg  798.2J/g |
89.6°C . 482 0.4820mg 1
o] T ' 542.8°C 0.070
. 3.589mg g ]
| ot.19°C S | s
- . 571.6°C 505112
- 21 154.4°C \ e z
© =
£ o 2
8 N
m o 2
-1.0+-2
26 5 =
] o 2
4.435mg @
] 754.7°C o 1
24 495°C 420.2°C 15+-3
20.86J/g 62.36J/g I
Ocmamok: |
| s05°C 420.1°C 22,61mg
5 |_0:258V-min/mg 0.474uV-min/mg 804.6°C (70.64%)
0 200 400 600 800 1000
3K30 BBEPX Temnepatypa (°C)

Pucynox 18 — kpussie J[TA u TI" craboyemenmuposanubix neckos ¢ KapoOoHamHviMu
CMANCeHUAMU
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3.6. PenTreno-guiypecueHTHbIN aHAIU3
Pentreno —  ¢ayopecuentHsii anamu3z  (POA) —  oaMH W3 COBPEMEHHBIX

CHEKTPOCKOMMYECKUX METOJIOB MCCIICOBAHUSI BEIIECTBA C IENbIO0 MOJYYEHHUSI €r0 3JIEMEHTHOIO
coctaBa. C MOMOIIBIO HETO MOTYT aHAIM3UPOBATHCS PA3TUYHBIE AIEMEHTBI OT OSPHIUIHS 0 ypaHa.
Meton P®A ocHoBaHO Ha cOOpe M IMOCIEAYIOLIEM aHaJIU3€ CIEKTpa, INOJYyYEHHOro NyTEM
BO3JICUCTBUSI HAa MCCIEIYEMbI MaTepHall PEHTICHOBCKMM wu3inydeHueM. llpu oOnydeHun arom
MEPEXOUT B BO30YXKICHHOE COCTOSIHHME, COMPOBOXKIAIONIEECS MEPEX00M JJIEKTPOHOB Ha Ooiiee
BBICOKHE KBAaHTOBBIC YPOBHU. B BO30YKICHHBIM COCTOSIHUM aTOM IPEOBIBACT KpPaifHE MaJloe BpeMs,
MOPsiZKAa OJTHOM MHUKPOCEKYH]IbI, TIOCJIE YEeTr0 BO3BPAIACTCS B CIIOKOWHOE TOJOKEHHE (OCHOBHOE
coctostue) [4]. IIpu 3TOM 3JIEKTPOHBI C BHEIIHUX 000JI0YEK JTUOO 3aroJIHAIOT 00pa30oBaBIIHECS
BAaKaHTHBIE MECTa, a W3JIMIIEK SHEPTHHU HMCIYCKaeTcs B BUIe (OTOHA, MO0 PHEPrusi mepeaaeTcs
JIPYrOMY SJIEKTPOHY U3 BHEITHUX 000JI0UEK.

B kauecTBe WCTOUHMKA W3JIy4€HMs] UCIIOJIB3YIOT peHTreHoBckue Tpyoku. Ilocne
BO3OY)K/ICHHSI CIIEKTp PETHCTPUPYETCS Ha ChenuagbHOM jetektope. llocie momamanus Ha
JETEKTOpe (DOTORIEKTPOHE TPEOOPA3OBHIBACTCS B HMITYJICE HAMPSHKEHUS, KOTOPHIH B CBOIO
odepe/lb TMOJCUYUTHIBACTCS CUETHOM AJIEKTPOHMKOW M, HAKOHEI, Tepenaercs Ha kKommbiotep. [lo
MMUKaM TOJTYYeHHOTO CIIEKTPa MOKHO KA4eCTBEHHO OMPE/IEINTh, KAKUE AJIEMEHTHI TIPUCYTCTBYIOT B
obOpasme. [l mosiydeHHs TOYHOTO KOJMYECTBEHHOTO COJEp)KaHUs HEoOXoauMo o0paboTarth
MOJTYYCHHBIM CIIEKTP C TOMOINBIO CHEIHATBHOM MporpamMmbl KanuOpoBku. KamnOGpoBouHas
MporpaMMa J0JDKHA OBITh NMPEABAPUTENBHO CO3/laHa C MCIOJIB30BAaHUEM CTaHIApTHBIX 00pa3IoB,
TakuM 00pazoM, noaydaercs HHGOpMaIUs O KOJIMIECTBEHHOM COCTaBE BELIECTBA.

Pentreno- ¢yopecueHTHBINH aHanu3 ObLI MPUBEJEH HAa COBPEMEHHOM clieKTpoMeTpe Innov-
X 50. IIpoOwl ObuTH yclOBHA pa3OMTHI Ha 4 TPYMIBL: MECUYAHUKH, AJICBPOJIUTHI U aApPTHILIUTHI,
IpecBIHUKM, W Tiecku (Oenecble u cepwie). [lomyueHHble B pe3ynbTare aHalu3a JaHHBIE,
MIPEJICTaBISAIOT cO00W TaOIMYHBIM BapuaHT MPOLEHTHOTO COOTHOIIEHUS KaXKIOrO 3JIEMEHTa B
obpasiie (Tabnuia 4).

XuMHYecKasi XapakTepUCTHKA MO 3JIEMEHTaM BMEILIAIOIINX TOPOJ

Conepxxanne Ca B mopogax mensercs oT 14 % no 43%. B meckax oOoraiieHHBIX MEITKUMH
CTSDKCHMSIMH KaJbIIUTa OHO MOXeET AocTurath 10 43% (cpeanee 30,7%). B ymnoTeHHBIX meckax 0

19,4 (cpenuee 18%).
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Tabruya 4 — pe3yriomamol peHm2eHo-QaypeyeHmHo20 aHaAIU3da

P S Cl K Ca Ti Mn Fe Co Cu Rb Sr Zr [ Ba U
Hazeanue nopoovl | (&/m) | (/m) | (e/m) | (Z/m) | (/m) | (/m) | (/m) | (&m) | (e/m) | (/m) | (&/m) | (&/m) | (Zm) |(/m)| (&/m) | (o/m)
JIpecBsiHO- TpaBeIUTO-
rcamMmMuToBble opoasl (16670 3883 | 677 | 952 142984 118 555 5572 24 27 130 75 [2236| 194 11
[MOJTUMHUKTOBBIC
[eCUaHUKHU 18421| 3654 | 727 | 4291 |178089| 902 | 2788 | 7301 27 117 | 165 |2374| 146 84
QIICBPHTHI 22067| 6287 | 3268 | 3344 |213318| 226 38 145 299 215 | 251 | 159 |1612| 210 11
VYII0THEHHAS IECYAHO-
IJIMHUCTHIE TIOPObI 22157| 3866 | 3135 | 3667 |194407| 213 37 60 122 128 | 122 |1415| 229 6
[TECKH JKEJIThIC 15952| 4469 | 2485 | 1181 |185737| 91 0 2445 59 100 55 12002| 414 9
[IECKHU Cephie 17481| 4887 | 2718 | 2350 |187518| 125 30 8767 37 89 99 228 | 128 |1491| 450 10
P S Cl K Ca Ti Mn Fe Co Cu Rb Sr Zr [ Ba U
naseanue nopodv | (%) | (%) | (%) | (%) | (%) | (%) | (B) | (%) | (%) | (%) | (W) | (%) | (%) | (%) | () | (%)
J{pecBsiHO- TPaBEIUTO-
ncamMuTOBBIC opokl | 1,667 | 0,388 | 0,068 | 0,095 (14,2984| 0,012 | 0,056 | 0,557 | 0,002 0 0,003 | 0,013 | 0,008 |0,224| 0,019 (0,0011
[OJTMMHUKTOBBIC
[eCYaHUKU 1,842| 0,365 | 0,073 |0,429(17,8089| 0,09 | 0,279 | 0,73 0 0 0,003 | 0,012 | 0,017 |0,237| 0,015 |0,0084
QIICBPUTHI 2,207| 0,629 | 0,327 | 0,334 21,3318/ 0,023 | 0,004 0 0,015 | 0,03 | 0,022 | 0,025 | 0,016 [0,161| 0,021 |0,0011
VIUIOTHEHHAS [TECYaHO-
[JIMHUCTBIC TIOPO/TbI 2,216| 0,387 | 0,314 | 0,367 (19,4407| 0,021 | 0,004 0 0,006 0 0,012 | 0,013 | 0,012 |0,142| 0,023 |0,0006
[IECKH JKEJThIC 1,595| 0,447 | 0,249 | 0,118 |18,5737| 0,009 0 0,245 0 0 0,006 | 0,01 | 0,006 | 0,2 | 0,041 |0,0009
[ICCKH CepbIe 1,748| 0,489 | 0,272 |0,23518,7518| 0,013 | 0,003 | 0,877 | 0,004 | 0,009 | 0,01 | 0,023 | 0,013 |0,149| 0,045 | 0,001
[ICCKH JKEJThIC 3,655| 0,957 0,142 |42,6686| 0,015 0 0,315 0 0,006 | 0,012 | 0,007
[ICCKH CepbIe 4,005| 1,046 0,283 43,0778| 0,021 | 0,004 | 1,128 | 0,005 0,011 | 0,027 | 0,017
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3.7. MuHepaJIOrTH4ecKHii COCTAaB Py U PyAOBMeIIAIOIIHUX NOPoa MecTopoxkIeHus1 CeBepHbIii
Kapamypyn
PynoBmenaromuMy Ha MECTOPOKICHUN SBJISIIOTCS. KOHTUHEHTAIIBHBIE OTJIOKEHUS BEPXHETO

KaMIlaHa, MPEACTaBICHHbIE MEIKO-CPEAHE3EPHUCTBIMU MIECKaMH, MEJIKO3EPHUCTBIMU INIMHUCTBIMU
[IeCYaHUKaMM, I[EPECcIauBalOIIUMUCA C aJeBPOJIMTAMM M TJIMHAMH UM CBS3aHHBIMH C HUMH
[epexo1aMu.

Penxo Bcrpewarores manmomomninsie (0,2-0,4 M) mpocion kKapOOHATHBIX MecuaHUKOB. [leckn
OKpallIeHbl B CBETJIO-CEPBIN, PEKE cephlil LBET. llecyannkn Takke XapakTepU3yHTCs 3€JIEHOBATO-
CEepoii, pexe cepoil (TJTMHUCTHIE TIECUaHUKHU) U CBETIO-CEpoi 10 Oenoi (kapOoHATHBIE MECUAHKH )
OKpackoi. Iy IIMH U aJeBpOJIMTOB XapaKTepHa 3€JI€HOBAaTO-cepasi, cepas U TEMHO-cepasi OKpacka.
3eneHplii U OoJjiee TEMHBIM Ha cepoM (OHE OTTEHOK IECUaHBIX MOpOJ OOYCIOBJIEH HAIUYUEM
HEPAaBHOMEPHO paCHpPEEeIEHHOTO TJIMHUCTOrO MaTepuaia M TOHKOPACHbUIEHHON pPAaCTUTENbHOMN
OpraHMKH B IJIMHAX.

[leckn ¥ mecyaHWKH MacCHBHbIE, MHOTJIAa TOPU3OHTAIBHO M KOCOCJIOUCTBIE C NPUMECHIO
3epeH IrpaBusi, OOPbIBKOB, KOMOUYKOB U OKATbIIIEH TJIUH U aJIEBPOJIUTOB.

[lo MuHepaloTHYECKOMY COCTaBY NECKM M MECYaHWKH aHAJOTH4YHBI Apyr npyry. Cpemu
00JIOMOYHOTO MaTepuayia mpeoOagaroT yriioBaThie, TMOJyOKaTaHHBIE W PeXe CIad0 YUTMHCHHBIC
3epHa kBapua (1o 70 %). M nmomuuHeHbl 3epHa KPEMHUCTBIX M TIIMHHCTO-KPEMHUCTBIX MOPOJ.
KpemHucteie moponapl 3aHMMAIOT BEAYIIEE MECTO CpEeAd 3€peH TPaBHITHON pPa3MEpPHOCTH.
[TocTOSIHHO TIPUCYTCTBYET MOJIEBBIE IINATHI, BKIIOUYECHHUS MEJIKOW M TEPETEPTONl PaCTUTEIbHOU
OpraHMKH YEpHOIO IIBETa, YEUIyHKU MYCKOBUTA, (PIOTOMUTA U XJIOPUTA. AKLECCOpPHbIE LIMPKOH,
CTaBPOJIUT, TYPMaJIuH, WIbBMEHUT, TPaHar, JEMKOKCEH U APyrue MUHEPAbI.

AyTUreHHbIE MUHEpPaJbl PYAOBMEILIAIOUINE OTJIOKEHUS OelHbl. B mecku U mecdyaHuku
Haubojee pacrnpoctpaHeH nuput. Criopagudeckre BCTPEUaIOTCs KalbIMT, AOJOMUT, cameput u
Jpyryue MUHEPAaJIbl.

CueMeHTHUpOBaHbl MOPOJbI, B OCHOBHOM, TJIMHUCTBHIM U pexe KapOOHATHO-TJIMHUCTBIM H
KapOOHATHBIM MaTepuanoM. [ IMHUCTBINM MaTepual HepaBHOMEPHO paclpeAemsieTcsl B Mopojaax,
MIPEJICTaBJICH TUIPOCTIOAON C MPUMECHIO0 KAOJMHUTa U MOHTMOPUJUIOHUTA. KapOoHATHI COKEHbI
KaK  TOHKO3EPHHUCTBIMH  KPHUCTAJUIMYECKU-3€PHUCTHIMU  arperaraMd  KalbllUTa, Tak U
UIMOMOP(HBIMUA POMOOBUIHBIMU KPUCTAIIAMH JIOJIOMHTA. L[eMEeHT MOpoBBIif 10 COMPUKOCHOBEHHS
Wi  0a3aJbHO-TIOPOBBIM, HEPAaBHOMEPHO  pACHpEAETCHHBIM,  KpPUCTAUINYECKU-3EpHUCTHIH
(xapakTepeH A KapOOHAaTHOTO MaTepHaa).

ITo cocraBy BMeHIaOmuUX pyIbl MECTOPOKJICHHUS MPEJICTABISAIOT cO00M necyaHblil (MecKku u
TJIMHUCTBIE MUHEPAJbl) U alleBPUTO-TIMHUCTBIA MaTepuan. OTaudue pya OT BMEIIAIONIIUX TOPOJT

COCTOMT, I''TaBHBIM 06p8.30M, B IIPUCYTCTBHHU B ICPBBIX ypaHOBOﬁ MHHCPpAINU3AIUA OT COTBIX JoJei
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npouenta 10 2-3%. Haubonee Goratbie pynasl ¢ comepkanueM ypana Ooisiee 0,1% Bu3yasbHO
OTIIMYAIOTCS OT BMEIIAIOUINX OPOJ IO Oojiee TEMHOW OKpacke, 00yCIOBICHHON KOHIIEHTpAIUeH B
HUX MHUHEPATH3AIIIH.

Ileckn 1 mecyaHUKU MACCUBHBIC, HHOTJIa HAOIIOAAETCSl CIIOMCTOCTh, PA3HO3EPHUCTBIE — OT
MEJIKO-CPEHE3EPHUCTBIC IO KPYITHO3EPHUCTBIX, ¢ JTUHIYUITUMUCS TIPOCIOSIMU U JIMH3aMU TPaBHS
(pa3mep 3epeH oT 1-2 10 5 MM) U aJIeBpUTOB, U TJIMH.

Oxpacka pyn Oemeco-cepas, cepasi, TEMHO-CEpas, 3€JICHOBATO-cepas, paBHOMEpHasi,
OJTHOPOIHASI.

O6nomouHbIif  Martepuai, coctaBisiomuii 10 80-90% oT olmero cocraBa MOpon,
MIPEJICTABJICH IMOJTyOKATAHHBIMU YTJIOBATHIMH 3EpPHAMMU.

MuHepanoru4eckuii CoCTaB pyll TOT e, YTO M PYAOBMEIIANINX Nopoa. B mx cocrase
npeoOnagaet kBapil (10 65-75%), B MOAYMHEHHOM KOJMYECTBE MPUCYTCTBYIOT MOJIEBbIE IIMATHI (5-
7%), 06;10MKH KpeMHHCTBIX TIopoJ (5-10%), dernmyiiku MyCKOBUTa, OMOTHTA, (JIOTOMHUTA, XJIOPHUTA,
BKJIFOUCHUSI PACTUTEIBHOW OpraHukd. PacrmpenerneHne yrieUIIMPOBAHHBIX PACTHTEIBHBIX
OCTaTKOB B pa3pe3e MPOIAYKTHBHOTO TOpPH30HTAa HepaBHOMepHOe. OTIeNbHBIE YYacCTKH €ro
MPAKTUYECKH HE COJCpXAaT PACTUTEIBHBIX OCTATKOB, B JIPYTMX OHU OOpAa3yIOT CKOIUICHUS WU
penkue BKItoueHHs. V3 akIecCOpHBIX MUHEPAIOB YCTAHOBJICHBI TYPMAJIWH, HIIbMEHUT, JICHKOKCEH,
rpaHaT, CTaBpPOJUT, LIUPKOH, amaTUT, PYTWJI M Jpyrue. AyTUTE€HHbIE MUHEpajbl MPEICTaBICHbI
MUPUTOM, MEITbHUKOBUTHIM, KaJbIIUTOM, JOJOMHUTOM, CHUIEPUTOM, B OTHENBHBIX CIydasx OBLIN
0OHApPYKEHBI TAJICHUT U CaAJICPUT.

[leMEeHT MECKOB M MECUYAHWKOB TJIMHUCTBIA M PEIKO KapOOHATHO-TIMHHUCTHIN. CTpyKTypa
[IEMEHTa OT BBINOJHEHUA IOP U CONPUKOCHOBEHHUH, pEAKO J0 Oa3albHON, HEPaBHOMEPHO
pacnpeneneHHoi. [MUHUCTBI MaTepHal COCTOMT M3 MENKUX (COTbIe W THICSYHBIE JOJIM MM)
YelyiuaThlX U OIYTaHO-BOJOKHHCTBIX arperaToB, MOCTOSHHO COJEP>KUT TOHKO PaCHbLICHHYIO
opranuky. [lo maHHBIM TEepMHUYECKOTO, aHAJIM3a B COCTaBE IVIMHHUCTOTO BEIIECTBA YCTAaHOBJICHO
HaJIW4ue THAPOCIIONbI, MYCKOBUTA, W/UIMTA, KAOJMHHUTA, MOHTMOPHJIJIOHHTa W HEOOJIBIIOro
Koju4decTBa xjoputa U auddysHoro kBapra. COOTHOIIEHHE OTAEIBHBIX MHUHEPAIOB B COCTaBE
[[EMEHTa B pAa3JIMYHBIX MPOCIOSAX IIECKOB HMEET IepeMeHHbI xapakrep. OOBIYHO B HHUX
npeoOmagaer ruapocmoaa (ot 53 g0 99%): MOHTMOPWIUIOHUT W KAOJUHHUT HAaXOAATCA B
IO TYMHEHHBIX KomruecTBax (5-15%).

KapOoHaTel IposIBISIOTCS B OT/EIBHBIX MAuKax Mecka B BUAE MEIKUX OKPYIJIBIX CTSHDKEHUN
U peXe IMPOCIIOEB, B KOTOPHIX KapOOHAT IEMEHTHPYET 00JIOMOYHBIE 3epHA. Y CTAHOBJIECH KalbIUT B
BUJIE MENKHUX TOHKO3EPHHUCTHIX CKOTUIEHHH C MPUMEChI0 UAMOMOP(HBIX KPHUCTAJUIOB IOJIOMHUTA
pazmepom 0,01-0,06 mm. Conepxkanue xkapOOHATOB B MOpPOAAax cocTaBisieT B ocHOBHOM (,5-1%,

MOBBIIIASCH B PEAKHUX MPOCIIOAX KapOOHATHBIX MecyaHukoB 10 10-15%.
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[To copepxxanuro ypaHa pyael MECTOPOXKIeHUs psaaoBbie. [lomumMo  ypaHOBOU
MUHEpaJIM3allii B pylax (PUKCHpYyeTcs CeICHOBOE OPYACHEHHE C COACPKAHHEM CEJIeHa OT COTBHIX
nonei nporenta 1o 1-2%.

B ypanoBbIX pymax coxpaHseTcs BC€ NEpPBOHAYAJbHBIC, CHHXPOHHBIE C HAKOIUJICHUEM
0CaJIKOB, TEKCTYPHO-CTPYKTYPHBIC OCOOCHHOCTH TOPOJ B TIOSBISIOTCS HOBBIC, JHATCHETHYCCKHE,
CBSI3aHHBIC C XapaKTEPOM pacIpe/Ie/ICHUs] HAJIOKEHHON Ha HUX PyIHOU MUHepanu3aimu [1].

PynoBmernaronue mopoasl MMEIOT, KaKk MpaBUIO, HECIOUCTYI0, MACCHUBHYIO TEKCTYpY.
[TosToMy OpyzeHenble X Pa3HOCTU XapaKTEPU3YIOTCS BKPAIUICHHBIMU U MATHUCTO-BKPIAJICHHO-
THE3JIOBBIMU TEKCTYpaMH, 00YCIOBICHHBIMHU CTPOSHUEM MTOPOBOT'O MPOCTPAHCTBRA.

VYpanoBas MuHepanuzanus Oojiee WIM MEHEe PAaBHOMEPHO paclpelesaTcss B pyldax M
MpeAcTaBieHa OHa KOPPUHUTOM, HACTYPAHOM U yPaHOBOW YepHbIO. YacTh ypaHa MPHUCYTCTBYET B
pPacCTUTENBHBIX OCTAaTKaX, BO3MOXHO, B TJIMHUCTOM BEIIECTBE U B (JOPME HEKPUCTALTU30BAHHOTO
reqsi. YpaH B PACTHTENBHBIX OCTaTKaX M TJIMHHUCTOM BEIIECTBE OTMEYACTCS B COPOIMOHHOM
COCTOSIHUH, a B PACTUTEIBHBIX OCTATKaX eIe U B (popmMe ypaHOOPraHMIECKUX COSTUHEHUH.

VYpaHoBass MUHepanu3alus B pyAax AUCHEpCcHA (pa3Mep BBIICIECHUN THICSIYHBIC W TEPBHIC
COThIE JOJIM MM), oOoramiaer TOHKHE KJIacChl MeckoB B 5-10 pa3, 1Mo CpaBHEHHUIO C HCXOIHBIM
cojJepaHWeM B Macce. B cocraBe ypaHOBOW MUHEpaIHM3allid, 1O JaHHBIM XHUMHUYECKOTO
OTIpEe/IeNIEHUs] YeThIpEX U IIECTUBAJICHTHOTO ypaHa Mpeo0iaaeT YeTbIpeXBAJCHTHBIN ypaH, Wi OH
MPUCYTCBYET B PABHBIX KOJIMUYECTBAX C IIECTUBAJICHTHBIM.

Cpenu TeppuUreHHBIX MHMHEpAJOB pyd U TOPOJA BBIACIAIOTCA IOPOJ000pasyIone U
aKI[ECCOPHBIE, a CPEN AYTUT€HHBIX — TUAr€HETUYECKHE U SITUTC€HETUYECKINE MUHEPAIIBI.

Crircox MUHEPAJIOB Py U MOPOJ] PUBECH B Tabuuie 5.

B KxonnuyecTBEHHOM OTHOIIEHH B COCTaBE MOPOJ U PYyI, Kak B IMpeleaax MECTOPOXKACHUS,
Tak ¥ Ha yyacTke [1B, pe3ko mpeobnagaroT KBapl, MOJEeBbIE MIMAThI, 00JIOMKHA KPEMHHUCTBIX MOPOJI,
MYCKOBHUT, TJIUHUCTBbIE MHUHEpAJIbl, B HECKOJbKO MEHBIIEM KOJMYECTBE COJEp:Karcsi OUOTHT,
XJIOPUT, PACTUTENbHBIA AETPUT. AKIIECCOPHBIE MHHEpalbl B MOPOJAaX MU PydaX BCTPEUAIOTCS
MOCTOSIHHO, TPEACTaBICHBl TYpPMalMHOM, WIBMEHHTOM, JIEHKOKCEHOM, TI'PAaHAaTOM, LHUPKOHOM,
amaTUTOM M IPYTHMMH U COCTaBIIAIOT B cymme 1o 1,0-2,0% oT ob1iero cocraBa nopoa u py..

AyTureHHas MUHEpalu3alys B MOPOoJax U pyaax MpeacTaBieHa MTUPUTOM, MEIIbHUKOBUTOM,
KaJbIUTOM, JJOJIOMUTOM, TAJICHUTOM C(PaIepUTOM U JPYTUMU MUHEpaJIaMHU.

OCHOBHBIMU PYJHBIMH MHUHEpaJlaMM Ha MECTOPOXKJIEHUHU SIBIIAIOTCS ypaHOBas 4YEpHb,
HacTypaH, KOGMO(UHUT, CaMOPOIHBIA CeNeH, YypPaHOCOIEPKAIMIMMHU-OO0YIIIeHHAs pacTUTeNbHas
OpraHuKa.

Hwxe npuBomuTcs KpaTkas XapaKTepUCTHKa OTACNIbHBIX MHUHEpAJOB YypaHa, CeJeHa,

KeJes3a, BaHaIMs M PaCTUTENbHOW opranuku [1].
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Tabruya 5 — munepanocuieckuii cocmas pyo u pyooemeuarouyux nopoo Mecmopo*cOeHUs

Cesepnviii KapamypyH
Cooeporcanue Cooeporcanue
Teppuzennvie munepannt o Aymuzennvie munepanvl 0
6 % 6 %
IHoponooGpasyromme JluareHernyeckue
Ksapn 65-75 [upur
IloneBrle mmIaTh 5-7 MeabHUKOBUT 0,7-1,0
O6n10MKH TOpPOT 10-15 Mapxka3zut
I'mapocmrona lanenur
oT 2-5 nol5- 1o 0,5
MOHTMOPHJUTOHHUT 20 Coanepur
Kaonukur Kampuut ot 0,5-1 no
MyCKOBHT JlosoMuT 10-20
buotur bapur 0,0m
mo 1-2
Xnopur SHTaps 0,0n-0,n1
dnoronut
VYrnepuuupoBaHHbie 1-3
pacTUTENbHBIE OCTATKH
AKI1eCCOPHBbIE JnureHeTu4ecKne
Typmanun Pyanasi 30Ha
NneMenuT Koddunaut
- b no 0,1-0,2
JlelikokceH Hacrypan
CraBponut YpaHoBas yepHb
I'panar ['enb yeThIpex BAJIGHTHOTO ypaHa en.3.
I'p.anugoTa ®paHCBEUTUT en.3.
Hupxon CaMOPOJIHBIN-CEIEH 0,0m-0,1
ot 0,2-0,5 mo
Anatut 1-2 CeneHunpl CBUHIIA en.3.
Pytun CEJICHU[IbI HUKETS ¥ KoOanbTa el.3.
bpanuepur deppocenut el.3.
HUCTECH [Tupur
4 P no 0,1-0,5
Kopynn Mapkaszur
Maruetut Xerrur en.3.
I'mpporemartut 30Ha OKHCJIEHUA
JImmoHUT TI'etur-rugporerur no 1-2
I'ematur en.3.
1o 0,5
I'unpookcunsl Mapranmna

ypaHOBafl YCPHb SBJLCTCA OAHUM M3 OCHOBHBIX PYAHBIX MHHEPAJIOB MECTOPOKIACHUA.

HaxoauTcs oHa B HCKIIOYUTEIHLHO TOHKOPACIIBIJICHHOM COCTOSTHHUU.

Ona MPOIUTHIBACT PBIXJIBIC YYACTKU IOPOJd, B BHUAC INNICHOK W IIPUMA30K 00BOJIaKMBAET

3epHa MOPO1000PaA3YIONINX MHHEPATIOB, 00pPa3yeT CPOCTKU C MUPUTOM, aCCOIIMHUPYET C OOYTIIEHHON

OPraHuKOU.
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Berpedaercs B Buie aMOp(HBIX MEITKOArPEraTHbIX HETOJIUPYIOIIMXCS MacC YepHOTO IBETa
B TECHOM CpACTaHHH C HACTYpPaHOM, MHPUTOM, MEJIBHHKOBHTOM M B OTACIBHBIX CIIydasix C
CaMOPOJIHBIM CETICHOM.

Hactypan mmpoko pacmpocTpaHeH B pylax MECTOPOXKICHUSA. YCTAaHOBICH B BHUIE
CKPBITOKPUCTAJUTMYECKUAX YCPHBIX MacC, MOYKOBUIHBIX 0O0pa30BaHUN M W3BWIIUCTHIX BBIJCICHUH,
3aIOJHSIONINX MTPOMEKYTKH MKy 00JIOMOYHBIMH 3€pHAMH U IEMEHTHPYIOMUX uX. OT™MedaeTcs
n3buparenpHas MPUYPOUYCHHOCTh HACTypaHa K CKOIUICHHSM IUPHUTA, KOTOpPBIE OH oOpacTtaer u
Koppoaupyer. HaOmromaercss Takne 4aCTHYHOE 3aMENICHHE HACTYPAaHOM OTICIBHBIX OOJIOMKOB
ropHBIX Mmopoj. [lomMuMo mHpUTa B acconManuy C HACTYpaHOM YyCTaHaBIHMBaeTcs KohduHHT,
ypaHOBas YepHb, CAMOPOTHBIN CEJICH U XEITHUT.

Kodpduaur muarHoCTHpOBaH HEOJHOKPATHO B UEPHBIX PYAHBIX CKOIUICHHUSX H B
00OTAaIEHHBIX METAUIOM YIJICPHUIIMPOBAHHBIX PACTHTEIBHBIX OCTaTKaxX. Bcerpeuarorcs B BUC
YePHBIX CKOIICHWH BOKPYT OOJIOMOYHBIX 3epeH. B TECHOM cpacTaHWM ¢ HUM HaXOJUTCS XCTTHT,
MTUPHUT, HACTYPaH, CAMOPOJTHBIH CEJICH.

CaMOpOIHBIA CEJIGH BCTpPEYaeTCs B TIMHUCTBIX M IECYAHBIX pPyJax M TPEJCTaBIICH
MEJTbYAUITUMH TOHKOWTOJBYATHIMH KPUCTAJUIAMA W HMX CPOCTKaMH, CIUIONTHBIMH MaccaMu |
chayepuTaMu, COCTOSIIIAMH W3 CITyTaHHO-BOJIOKHUCTBIX W PaJIHATBHO-TYYUCTBIX HWTOJBYATHIX
KPUCTAJZIOB M CHOIOBUIHBIX CPOCTKOB. Hamboyiee 4YacTo OH yCTaHABIMBAETCA HA TpaHUIIC
CEPOIBETHBIX M JIMMOHHUTHU3UPOBAHHBIX TOpoJa. [Ipn 3TOM OH pa3BHBaeTCs Kak Ha CEphbIX, TaK U
OXPHCTO-)KEITHIX IMMOHUTU3HPOBAHHBIX ITOPOIAX.

B ceporBeTHBIX ypaHCOAepKAIIMX MECKaX CaMOPOJIHBIN CEJIEH YacTO BCTPEYAETCS BMECTE C
TUCYITb(GUIAMH JKejle3a U OKUCIIaMH ypaHa, KOTOPhIC pa3BUBACTCS B IIEMEHTE, 00pa3ys JOBOJILHO
IUIOTHBIC JKEJIBAKH pa3MepoM 70 7MM. B accormaruu ¢ caMOpOTHBIM CEJICHOM OBLIN YCTAHOBJICHBI
MUPHUT, HACTypaH, KOPPUHUT, ypaHOBas YEPHb U XCTTHT. MaKpOCKOIMYECKHH MHUHEpal HMEeT
CBUHIIOBO-CEPBIH JI0 YEPHOTO I[BeTa. biieck MeTaUIMYeCKUH.

Xertut ycranoBieH 3.A. HekpacoBoil 1 00Hapy»eH 101 MUKPOCKOIIOM B OJTHOM M3 PYJIHBIX
CKOILJICHUH B Teckax. MuHepas BbIICIsACTCS B IIEMEHTE IIECKOB B BHjie oueHb Menkux (0,002-0,005
MM) TOHKOTIPU3MATHYECKHX KPHCTAIJIOB M MX CPOCTKOB. B TECHOM cpacTaHHM ¢ HUM yCTaHOBJICHBI
ko(h(GUHKUT, HACTYpaH, ypaHOBask YePHb, TUPUT, CAMOPOIHBIN CEJICH.

OOyrneHHasi pacTutejbHas OpraHMKa OTMEYaeTCsl KaK B TIUHHUCTBIX, TaK U B MECUAHBIX
MOPOJax U py/lax MECTOPOKJICHUS B BHUJIE TOHKOM MPOMUTKU TITMHUCTON YacTH aleBPUTOB U TJIMH,
MEJKUX M KPYIHBIX BBITIHYTBIX, H30THYTBIX M KOMKOBATBIX OOJIOMKOB YriehUIIMPOBaHHON
JPEBECUHBI, OCTaTKOB cTebnei M nuctheB. Cpenu yriepUIMpPOBAHHBIX OCTATKOB PA3IUYarOTCS

(I)I036H63I/IpOBaHHBIe TKaHHU, COXpPAaHUBIIUC KJIICTYATYIO CTPYKTYDPY paCTHTeHBHOﬁ TKaHU,
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renuUIMPOBAHHOE U CAXHCTOE BemecTBO. L[Ber wux uepHblil, Oypwiid. bineck mnoBepxHocTH
MAaTOBBIN, HA CKOJIaX CMOJIMCTBIH.

[lo oprannyeckum ocTaTKaM M BOKpPYI HHMX B pYyAaX pa3BUBAIOTCA MHUPUT, HACTYpaH,
KO(GGUHHUT U ypaHOBAs YEPHb.

o crenenun yrnepukanuu OpraHnYeCcKue OCTATKH OTHOCITCS K OYphIM YTIISIM.

[luputr sBieTCSs TMOCTOSHHBIM AayTUIC€HHBIM MHUHEpaJOoM U oOpa3yeT J0BOJIBHO
paBHOMepHyI0 TOoHKYIO (0,01-0,1MM) BKparuieHHOCTh B TOpOJAaX M pylax MECTOPOXKICHUH.
Berpedaercs B Bue mapooOpa3HBIX CPOCTKOB, 000COOICHHBIX KceHOMOP(HBIX Bhiaenenuit (0,1-
0,3MM), arperatHpIX CpOCTKOB KPHUCTAJJIOB U OJUHOYHBIX UAMOMOP(PHBIX KPUCTAIIIOB (pa3MepoM
0,01 MM) um ux KoMOMHaIMii, KOPOUEK Ha 3€pHaX KBapla M KaTyHax IJIMH, MEJIKOArperaTHbIX
IPO3JEBUIAHBIX CTSDKEHUN M NICEBIOMOP(O3 MO pacTUTENbHBIM OcTaTkaM. MHOrAa oH 1ieMeHTupyer
U 3aMellaeT 3epHa NopoJoo0pas3yoX MUHEpaAJIoB. B npeaenax pyAHbIX Tell MUPUT aCCOLIMUPYET
C YpaHOBOHM 4YepHbBIO, HACTypaHOM, KODPUHUTOM, CAaMOPOIHBIM CEJIEHOM U B PEIKUX CIydasix C
MUHEpaJlaMy U3 TPYIIIbl OKUCIIOB BaHAIUS.

W3 conyTcTBYIOMKUX MUHEPAIOB B pyJaX OTMEYaeTCsl XEITHUT.

OCHOBHBIMH PYIHBIMA MUHEpaJIaMH Ha MECTOPOXKICHHH SBISIIOTCS KOGOUHHUT, HACTYypaH,
ypaHOBasi 4YepHb, CAMOPOJIHBIA ramMMma-cesieH. Pelko BCTpeyaroTcsi HepaCKpHUCTANIM30BAHHBIN Tellb
YETBIPEXBAJICHTHOTO ypaHa, BaHaJaT ypaHa ((hpaHCBUIUIUT), CEJICHU Bl CBUHIIA, HUKENS, KOOaIbTa
U XEITHT.

Kodpdunur sBrsercs OCHOBHBIM MHHEPAJIOM YPaHOBBIX pyn, coctaBmsis 70-80%.
Berpeuaercss B BHJIe MUKPOKPUCTAJUIMUECKUX M KOJOMOP(MHBIX BBIJIEICHUN B IIEMEHTE IMOPOA
(pucynoxk 19,20). [Toa 2IeKTPOHHOM MHKPOCKOIIOM MMEET BHJ] CTOJ0UYATHIX, BEPETEHOOOPA3HBIX U
KeyeoOpa3HbIX KPHUCTAUIOB Ha IMOBEPXHOCTH 3€PEeH KBapla M APYTUX IMOPOJI000pa3yIONINX
MUHEpaoB (pucyHok 21, 22, 23).

Hactypan ycranaBnuBaeTcs B BHJE CKPBITOKPUCTAIMYECKMX MacC YEpHOTO IIBETa,
MOYKOBHUJHBIX O0pa3oBaHMi U TJIOOyNelW pa3sMepoM B JIOJIM MHUKpOHa 10 1-5 MHKpOH,
pacmojiaraloiux Ha 3epHax KBaplla, XJIOPHUTA, MOJEBBIX INNATOB, Ha TNIMHUCTBIX MHUHEpaiax U B
1eMeHTe nopo (pucynok 24, 25, 26, 27).

CaMoOpoaHbBIN Y-CeNeH SBIJIAETCS OCHOBHBIM MUHEPAJIOM CEJICHOBBIX pyA U MpeAcTaBleH
MEJIKUMHU TOHKOUTOJIbYaThIMU KpucTammamu pasmepom 0,02-0,2 MM, ux cpoctkamu (pUCYHOK 28),
CIUIOIIHBIMU Maccamu (pucyHok 29) u cdeponutamu, COCTOSIIUMU U3 CIIYTAaHHO-BOJOKHHCTBIX U

paMabHO-TyYUCTHIX arperatos [1].
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Pucynox 19 - swioenenus kopgpunuma (cepoe),  Pucynox — 20 evidenenusi Kop@uuuma 6

Ppassuearowe2ocs N0 00JIOMKY 20pHOU NOPOObL U YeMeHme NecKa U YACMUYHO 3aMeujarnule2o

60kpye nupuma 6 yemenme OmpasiceHnwili cgem, 00I0MOK 20pHOU nopoosl. OmpadicenHvlil ceem,
8. 300-x 8. 400-x

Pucynox 21 — cmonbuameie u stncenydesuonvie KpUcmaiivl Kog)ghenuma Ha nogepxHoOCmu
HO8000pA308aHH020 Kéapya. DiekmponHvlll Mukpockon Penauxa, ys. 15000-x
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Pucynox 22 — scenyoeobpasmvie gvioenenus koghghenuma Ha eIUHUCMBIX MUHEPALAX.
IAnekmpounwlil mukpockon Pennuka, ys. 15000-x
- P N

Pucynox 23 — paouanvro-nyuucmetii acpecam kpucmainos koggenuma.
Onekmpounsiil mukpockon Pennuka, ys. 15000-x
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Pucynox 24 — noukosuonvle evioenenus  Pucynox 25 — kaemku nacmypana 8okpye
OKUCI08 YPAHA HA 2TIUHUCTNBIX 0010MOYHBIX 3€PEH.
Mmunepanax. ys. 15000-x Ompaowcennwiii ceem, ys. 15000-x

Pucynox 26 — 6azanvhuiii Pucynox 27 — svioenenue nacmypana
npeuMyujeCcmeeHHO YepHUeBblll YeMeHm (cepoe)sokpye azpecama Kpucmaiios
KoHKpeyuu. benoe nupum. nupuma (benoe) 8 yemenme pyOOHOCHbIX
Ompaosicennwiii ceem, y8. 15000-x NecKos.

Ompaosicennwiii ceem, ys. 15000-x
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Pucynox 28 — cpocmku uconvuamuvix kpucmanios camopooHo2o y- ceier (benoe) 6
yene (cepoe). Ompadicennwiii ceem, y8.250-x
. 2 :
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Pucynox 29 — camopoomnwiii y- cenen (benoe) 6 suoe cniowHvlx macc,
yemenmupyrouwux ooromouroe sepua. Ompasicenniii ceem, y8 115-x
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[To xumMHYECKOMY COCTaBy YpaHOBBIC, YPaH-CEJICHOBBIC M CEJICHOBBIC PYJIbI, 3aJICTAIOIIUC
KaK B OTJIOXKCHHUAX BCPXHCTO, TAK MU HUIKHCIO KaMIlaHa, OTHOCHUTCA K CHUJIMKATHBIM (HecanHe) u
ATIOMOCHJIUKATHBIM  (TJIMHUCTO-AJIEBPUTOBBIC) pylaM C HEOOJBIION HPUMECHIO YIJIEKUCIOTH,
dbocdopa, OpraHuIecKoro yriepoaa u Cepel.

3.8. XuMnueckasi XapaKTepucTHKa Py
Conepxanne yriekucinotsl (COz) B BBIICIEHHBIX THMAX Py 0OOWX TOPU30HTOB HU3KOE

(0,12-0,66%). Ilo otnensHBIM MepecedeHusiMm oHo um3Mensercss ot 0,00% o 5,1 %. Haubomee
BeicOkHe coaepkanue COz 0OyCIOBIEHBI MPUCYTCTBHEM B PYJOBMEIIAIOIMIMX OTIOXKCHUIX
MaJIOMOTIHBIX MTPOCTIOEB KAPOOHATHBIX TIECUAHUKOB U TIECKOB C «TOPOXOBHIHOI» KapOOHATHOCTHIO.
Taxoke HesHaunTenbHO conepxkanue P2Os (ot 0,00 mo 0,50 %).

Cpennue conepxanue Copr HU3KHE, KoseOmores oT 0,09-0,11% B TMMOHUTH3MPOBAHHBIX
neckax 710 0,19-0,33% B cepolBETHBIX MecKax M MECYaHUKaxX U OOYCIIOBJIEHBI NMPUCYTCTBUEM B
MOPOJaX PACTUTEIIHLHOTO JICTPHUTA.

Copepxanue cepsl uzmensiercs ot 0,00-0,04% B muMuOHUTH3HPOBaHHBIX Nopoaax o 0,17-
0,39% B ceporBeTHBIX. B pymax MecTOpokIeHHs cepa BXOJUT B COCTaB IUCYIb(DHI0B Keme3a.

ConepxaHue eje3a BAIOBOTO, B cpefHeM, B meckax coctapiser 0,48-0,80%, B mecuanunkax
—0,84-1,35%, noseImasch B rimmHax 10 1,41-1,88%.

Copepxanune xene3a B cyabhunHoit ¢opme wusmensercs ot 0,01-0,04 % B
JIMIMOHUTU3UPOBAHHBIX Meckax u necyanukax 10 0,10-1,34% B cepouBETHBIX.

[To maHHBIM XMMHUYECKUX AHAJM30B PYJ Ha *KeJIe30 yCTaHABIMBAETCS, YTO B YPAHOBBIX U
YpaHCEJIEHOBBIX MIECUaHbIX pyAax MnpeoliasaeT *Kene30 B ABYXBaJICHTHOU U CcyabhuaHoN popmax,
a B TUMOHHUTU3HPOBAHHBIX CEIEHOCOEepKAIIUX MIecKaxX U MecYaHUKax — B TpexBajieHTHOH. JKeneszo
BXOJIUT B COCTaB IUCYIbGUIOB KeJe3a, XJIOPUTa, OMOTUTA, TUAPOCIIO, 0OOJIOMKOB TOPHBIX MOPOA
U THJIPOOKHUCIIOB XKelie3a.

[lo pe3ynbraraM CHEKTpaJIbHBIX aHAJIM30B PYA, PYAbl XapaKTEpPHU3YIOTCS OJHOOOpa3nem
CJIararolifX UX 2JIEMEHTOB U OTCYTCTBHEM 3aMETHBIX HAKOTUICHWH KaKUX-TMOO METaIOB: CPEIHUE
coJiep>KaHus Ui OOJBIIMHCTBA U3 HUX OTBEUYAIOT KIAPKOBBIM 3HAYCHHSIM WJTH, Yallle BCEro, HIKE
nocieqHuX. EJWHCTBEHHBIM 3JIEMEHTOB-CIIyTHUKOM ypaHa B  pylax SBISETCS  CEJIEH,
MpOMBIIIIeHHbIe KoHIeHTpausa kotoporo (0,01-1,0%) 3akoHOMEpHO BIUCHIBAIOTCS B ILIACTOBYIO
PYIOKOHTPOJUPYIOIIYIO SIMTUTEHETUYECKYIO 30HAIHOCTD.

MonubaeH HaxOIUTCS B PyJOBMENIAIONIEH TONIIM B HAIKIAPKOBBIX KOHIIGHTPAIMSIX U
CaMOCTOSITENILHOM 30HBI HEe 00pa3yeT. Ero aHoManbHbIe 3HaUeHHs BCTPEUYAIOTCS B pa3pe3e pyaHbIX

3ajiekel 000TaleHHbIX YTiae(QUIUPOBAHHONW APEBECUHOM.
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Tabmuua 3.8.1 — xumuueckas xapakTepucTika pyn mecroposxaeaus Ceepuolii Kapamypyn

Cooepoicanue 6 %

Homepa
CKBaKUH . . Fe2 Cymma
Si02 | TiO2 | MnO | Al203 03 FeO | CaO | MgO | Naz20 K20 | P205 | Soow n.n.n. U
Pyabl B npoHuniaeMbIX nopoaax (IecKu cepbie)
1,2 87,88 | 0,15 0,01 499 1 105| 0,32 | 0,85 | cn 0,78 2,50 0,50 0,08 1,42 0,070 100,60
3 88,42 | 0,15 0,01 484 | 0,77 | 0,75 | 0,70 | 0,40 | 0,57 2,33 0,00 0,15 1,49 0,062 100,64
4,5,6,7 87,15| 0,10 0,01 571 (038 | 0,11 | 0,28 | cn 0,66 2,50 cI 0,08 2,52 0,060 99,56
8,9,10 87,62 | 0,10 ) 591 (034 | 0,14 | 0,84 | 0,00 | 0,80 2,72 ¢l 0,04 1,00 0,040 99,55
11,12,13,14 | 87,43 | 0,15 ) 6,00 | 0,22 | 0,14 | 0,84 | 0,00 | 0,72 3,50 0,10 0,01 1,44 0,010 100,56
15 79,80 | 0,25 0,01 9,26 | 0,05 | 0,54 | 0,70 | 0,50 1,00 3,25 0,02 0,10 3,64 0,067 99,19
16 84,08 | 0,15 cl 8,03 cl 0,36 | 0,70 | 0,40 1,76 1,62 0,03 0,06 1,90 0,072 99,16
17 86,72 | 0,15 0,01 498 | 053 | 0,65 | 0,42 | 0,50 | 0,57 3,50 0,03 0,70 1,52 0,165 100,45
18 8594 | 0,15 0,04 6,58 | 0,23 | 0,36 | 0,28 | 0,40 | 0,50 2,50 0,04 0,03 2,00 0,098 99,15
19 82,35 | 0,20 0,01 851 (035 0,25 | 0,70 | 0,20 | 0,82 3,00 0,08 0,12 2,70 0,058 99,35
20 87,11| 0,15 0,01 498 | 0,27 | 043 | 0,28 | 0,30 | 0,42 2,12 0,02 0,75 2,64 0,124 99,60
21 85,65| 0,15 0,01 6,00 | 0,28 | 0,54 | 0,70 | 0,40 | 0,50 1,80 0,01 0,15 2,96 0,063 99,21
22 85,48 | 0,20 0,01 6,47 | 028 | 05 | 0,70 | 0,30 | 0,50 1,75 0,02 0,25 3,02 0,099 99,62
23 84,42 | 0,20 0,01 6,35 | 1,20 | 0,22 | 1,54 | cn 0,65 2,25 0,04 0,23 2,76 1,193 101,06
24 84,98 | 0,11 0,03 6,01 | 030 | 0,42 | 1,72 | 0,03 1,12 2,71 0,09 0,10 1,83 0,054 99,50
25 85,78 | 0,11 0,04 6,31 | 0,27 | 0,85 | 0,62 | 0,04 1,04 2,84 0,16 0,11 1,54 0,037 99,75
coopnas | 87,13 | 0,22 0,04 543 | 067 | 0,49 | 105 | 0,53 | 0,64 2,26 0,09 0,10 1,60 0,032 100,28
Pynbl B HempoHNIaeMbIX OPOAX (J1eBPOJIMTHI M IIMHbI)
26 70,6 0,60 001 | 12,57 | 1,74 | 0,65 | 0,98 | 0,60 | 0,54 3,00 0,02 0,27 7,96 0,080 99,62
27 74,78 | 0,50 0,04 | 11,46 | 0,97 | 0,65 | 1,24 | 0,04 1,16 2,66 0,09 0,10 5,32 0,020 99,03
28 66,33 | 0,80 0,03 | 1461 | 1,75 | 0,94 | 081 | 0,03 | 0,76 2,88 0,09 0,12 9,76 0,010 98,92
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He oTmeuaercss KOppensLMOHHBIN 3aBUCUMOCTH MEXJY COJEp’KaHUSAMU YpaHa U BaHa/usl.
Tak, mpu Bapwanuu coAepKaHWil ypaHa B mpobOax OT 1-10® 1o 0,2%, KOHIIGHTPALIMA BaHAIUs
HaxomsTes B mpenenax n-107 — 2,10%%, T.e. He BXOIAT 3a PaMKH KJIAPKOBBIX 3HAYCHHUIA.

Bmecre ¢ TeM, OHM OTYETJIMBO 3aBUCAT OT IPUCYTCTBUSI B IOPOAAX YIJIMCTOIO MaTepuana —
npu Bo3pactanuu koiudectBa Copr 10 0,8-2,0 % comepxkanus Banagus pocruraer 0,05-0,5%.
Bricokue conepxanus BaHaaus 00ycI0BIEHbI 00pa30BaHUSAMM XETTHUTA.

B ypaHoBBIX pynax, 60raTbIX yriIUCTBIM AETPUTOM, U BBIJICJIICHUAX PACTUTEIbHON OPraHuKH,
0TOOpaHHOW W3 Oe3pyAHBIX MOPOJ, OTMEYAIOTCS MOBBIIICHHBIC cojep)kaHue ¢ocdopa, CBUHIIA,
repMaHus, IIUHKA U JPYTUX 3JIEMEHTOB.

Takum o00pa3zom, MO JaHHBIM HU3YYEHHUS BELECTBEHHOTO COCTaBa Py, MOXHO CHAENIaTh
CJIEYIOIIHE BBIBOJIBI:

1. JeranpHoe M3y4eHHE MHUHEPAIOTMYECKOTO COCTaBa PYA MECTOPOXKACHHUS yKa3blBaeT Ha
OOLIHOCTh M AaHAJOTHI0 MX C TUAPOTEHHbIMU MecTopoxjaeHusmMu Uy-Capricyiickoit
NPOBUHIMA M HAa HUX OTIWYHME OT MECTOpPOKIeHUU KbI3bUIKyMOB. OTIMYMATEIBHOMN
4epToil pyJl MECTOPOXKICHHUS SABJISIETCS IIMPOKOE Pa3BUTHE B HUX KOG (PUHUTA.

2. Pynommemaromiye moposl MECTOPOXKACHHUS CIIOKEHBI B OCHOBHOM HEPAacTBOPUMBIMHU H
TPYAHOPACTBOPUMBIMH B yciioBusX [IB munepanamu.

3. Tlo maHHBIM CHIEKTpalIbHBIX AHATM30B JIJIs1 YPAHOBBIX U CEJIEHOBBIX PYJ MECTOPOKICHUS
XapaKTepHO HU3KOE COJIep’KaHNEe B HUX JIEMEHTOB CITyTHUKOB.

4. Jlns pya XapakTepHO CTaOMJIBHO HH3KOE  COJEpP)KaHHE MHUHEPaTU30BaHHOU
YTJIEKUCIIOTHI, YTO SIBJISETCS OAHMM M3 OJArompUsATHBIX YCIOBHH AJSi CEPHOKHUCIOTHOM
cxeMbl oTpaboTku metoioMm [1B.

[IpombInuieHHbIE PYIbl MECTOPOKICHHS XapaKTEepPU3YIOTCS HE3HAUUTEIbHBIMH COJCPKAHUSIMU
nsatuokucu docdopa, oo1Iel cepbl U OPraHUYECKOT0 YTIepoa.

45



4. BIMAHUE BEHIECTBEHHOI'O COCTABA PYJ U BMEIIAIOIIUX ITOPO/I HA
N3BJIEKAEMOCTDB YPAHA CIIOCOBOM IICB
MeTto1 0/136MHOTO CKBaKMHHOTO BbllleNaunBaHus, npuMeHuMsblil B 11ly- Capsicyiickoil u

ChIpAapbHHCKON  YpaHOBOPYAHBIX TNPOBUHLMH, sABIsSeTcs 0€3  IMPEyBENUYEHUS  CaMbIM
HKOHOMHUYHBIM M 3KOJIOTUYECKH O€30MIaCHBIM METOJIOM J00bIY ypaHa U3 BCEX N3BECTHBIX.

HaznexxHoCTh U J0ATOBEYHOCTh TEXHOJOTHYECKMX CKBAaXXUH IPHU IMOJA3EMHOM CKBAKHHHOM
BBIIIETAYMBAHAN YpaHa 3aBHCUT OT MHOTHX (PaKTOPOB TaKMX KaK: KayecTBa M CIIOCOO OypeHwus;
re0JIOTMYECKOTO CTPOCHHE PYIHOTO Tela; KOHCTPYKIHS CKBAXHH M (HIBTPA; CIIOCOO YCTaHOBKU
¢uIbTpa; XMMUYECKUN COCTaB MOPOM; TUIl peareHTa, IPUMEHsEMOro /s BhIIIeTaulBaHUs peKuMa
JKCIUTyaTalM U Apyrux (akropoB. OT TEXHUYECKOTO COCTOSIHMSI TEXHOJIOTUYECKUX CKBaXUH
nocie OypeHHus, BBOJAa CKBa)XHMH B OKCIUTyaTalldI0 M B MPOIECCEe OSKCIUIyaTallud 3aBUCUT
3¢ deKTUBHOCTh NPEANPUSTHS IO T0ObIUE ypaHa.

B npouiecce paboThl CKBaXUH MPOUCXOIUT CHHKEHUE UX TPOU3BOJUTEIBLHOCTH.

Ha pucynke 30 npuBeneHbl JaHHBIE MOHUTOPUHIA XapaKTEPHOM NMPUEMHUCTOCTH 3aKAYHOMN
(a) m nmebuta oTkayHOW (0) CKBa)XMH, CBHUJICTENHCTBYIOIIMX O HEOOXOJMMOCTH CTaOWIIM3AIIH

pexKHUMa 2166I/IT3 KaK 3aKa4HbIX, TaK U OTKAQ4YHBIX CKBa>XHH.

a) MameHeHne NPpUEMMUCTOCTH CKBaXMUHB 30-5-2
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Pucynox 30 — epaghuxu usmenenus npuemMucmocmu 3aKa4Hou U 0eouma OmMKa4yHOU CK8ANCUH
(mecmopocoenue Kapamypyn)

OHHOﬁ U3 OCHOBHBIX TIPpHYMH YMCHBIICHUA ,Z[e6I/ITa CKBAXXKHMH ABJIACTCA KOJIbMaTallus
(I)I/IJ'ILTpa u HpI/I(bI/IJ'IBTPOBBIX 30H CKBAXXHH, BbI3bIBAasl YBCIIMYCHUC I'NIPABINYCCKUX COHpOTI/IBJ'ICHI/II\/'I

U CHIDKCHUMN (bI/IJIBTpaI_II/IOHHBIX XapaKTCpUCTUKH ILIACTA.

B YCIIOBUAX [1CB 00b14HO BBLACIIAIOT CIICAYIOIINUE BUABI KOJIbMATAllUN:
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e XUMHUECKYIO, CBI3aHHYIO C 00pa30BaHHEM B MIOPAX XUMUYECKUX OCA/IKOB;

e ['a30Byr0, 00YyCIOBICHHYIO 00pa30BaHUEM YIIJIEKHCIOrO ra3a U CepoBOAOpPOJA B IUIACTE B
pe3yibTaTe B3auMOICHCTBUS KUCIOTHI C BMEIIAIOUIMMH OPOIaMH;

e loHOOOMEHHYIO, CBSI3aHHYIO C M3MEHEHUEM pa3Mepa MOp B MPUCYTCTBHHM OPraHUYECKOTO
BEIIECTBA U TIMHUCTHIX MUHEPAJIOB B MPOHHUIIAEMBIX MOPOJAAX MOJ JACHCTBUEM H3MEHEHUS
pH 1 MuHepanm3anuu GUIBTPYIOUINX PaCTBOPOB;

e MeXaHHUYECKYIO, BBI3BIBAEMYIO 3aKYIOPKOW MOPOBBIX KAHAIOB MEXaHHMYECKHUMH B3BECSIMU

WM YacCTHUI[AMM, COAEPKALTUMUCS B QUIBTPYIOLIUXCSI paCTBOPAX;

XuMmu4deckasi KOJbMaTalusi, B CBOIO OUepe/ib MOIpa3IesieTcss Ha 00paTUMYI0, BHI3BaHHYIO
BPEMEHHBIM BBINA/ICHUEM M3 PAacTBOPOB T'HAPOOKUCIIOB aJIOMUHHUS M JKejle3a B HeoOpaTHMYIO,
00yCIIOBJIEHHYIO BBINAJIEHUEM U3 PacTBOPOB TUIICA.

KpOMe BBIICTICPCUNUCIICHHBIX, M0 HAIEMYy MHCHHIO, CIICAYCT BBIACINUTH, KaK OT)IGHBHBIﬁ
BHU/, KOJIbMaTallMIO CKBa>XUH TJIMHHUCTBIMHU YaCTHIIaMH U3 6ypOBOFO pactBOpa B MOMCHT
COOPYKEHUSA CKBAYKHUH.

HpOfIBJ’IeHI/Ie BCCX BHAOB KOJIbMaTallMv, KaK ITPaBUJIO, HOCHUT KOMILIEKCHBIN XapakTep "
KKl OTIENbHBIM BUJ, pa3BUBasCh, CIIOCOOCTBYET OOpa30BAaHHIO M PA3BUTHIO JPYrHMX BHUJIOB
KOJIbMaTallHH.

B naumbonbmieit creneHun mMoABEpraeTcs IEHCTBHIO KOJbMAaTallMM NPUQPMIBTPOBAs 30HA
CKBAKMH, TNPUYEM B MAaKCHUMAaJIbHOM CTEMEeHH KOJIbMATUPYIOTCA TMOPOJIbl, HEMNOCPEICTBEHHO
MpUMBIKaOIKUe K GUIbTPy. DTO MOATBEPKAAOT PE3YNbTAaThl BCKPBITUS TNPU3a00MHBIX 30H
BOJI03a00pHBIX CKBaXHH. XHUMHYECKHH COCTaB KOJbMATUPYIOLUIUX COEIMHEHUN BecbMa
paszHooOpazeH (Tabi. 6), 0JHAKO, MOYKHO BBIJICIUTH OCHOBHBIE 0CaIKOOOPA3yIOLIUE FIEMEHTHI: 3TO
COEIMHEHUS JKeJe3a, Kalblus, MarHus. B Oombluell cTeneHu BIMSET Ha Pa3BUTHE KOJIbMAaTallUud
XUMHYECKUN U MUHEPATOTHYECKHI COCTaB BMEILAIOUIUX MTOPOJ.

Ta@zuua 6 — XuMu4ecKull cocmas KoaibMamanmos

DIeMeHT Al Ca Fe K V U COs> |SiO; | Sem | SO~

Conepxanne | 5.52 0.80 0.86 0.3 0.21 0.34 1.7 6.82 2.94 8.82
emn.m3M. %

Uctopust mecropoxxaenuii Cesepubiid u HOxubiit Kapamypyn (manee KapamypyH) B
Pecnyonmuke Kaszaxcran HacuutbhiBaeT Oosiee 30 neT sKcljlyaTallMd, U B HAcCTOSIIMNA MOMEHT
00paboTaHHOCTh MECTOPOXKIEHUS cocTaBisieT 6osee 63%. Hanbosee mpoayKTUBHbIE 3aJI€KH ypaHa
y’K€ BCKPBITBI, U C KaXJbIM T'0JIOM YBEIMYUBAETCS /101 OJOKOB C MEHbLIEH MPOJIYyKTUBHOCTBIO,

Oonee clokHOM Mopdosorueid 3anexedl ypaHa u  OJOKOB C cojAeplkaHHEM KapOOHAaToB
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pynoBmemarmux nopoa 6onee 1%. He ocBoeHHBIME OcTatoTcst 070K, KOTOPBIE PACIIONOKEHBI Ha
nepudeprun MECTOPOKICHUS U CIIOKHBI B OTPAOOTKE.

TIpoIyKTHBHOCTb BCKPHIBAEMBIX OJIOKOB CHHU3MIIACH 33 BPEMs SKCILTyaTaruu ¢ 8 kr/m> 1o 1,8
...3,2 xr/m?. Tax 2013 rojly MpOAYKTUBHOCTh BCKPHIBAEMBIX M BOBJICKAEMBIX B JI00BIYY OJIOKOB
cocTaBsuIa B cpenHeM 3,4 kr/m’. Kak cliecTBHE HAGIIONACTCS CHIDKCHHE COJACPKAHHE YpaHa B
npoaykruBHoM pactope (IIP). B 2013 roay cpenneronoBoe coxaepkanue ypana B [IP coctaBuno
40,4 mr/n ipu no6srde 1000 T, 9To HIKE TUIAHOBOTO 3HaUeHUs B 40,9 Mr/iI.

Ha wecropoxnennn KapamypyH mporecc m00blYM ypaHa OCYHIECTBISIETCS CIIOCOOOM
MOJ3EMHOTO  CKBAXMHHOTO  BBIIICNIAUMBAHUS, KOTOPBIA  OCJIOXKHSAETCS  LEIBIM  PAIOM
MIPOU3BO/ICTBEHHO-TEOJIOTHUECKUX (PaKTOPOB, TAKUX KaK:

— no06br4a ypana ¢ riayoun 500-700 m;

— ypoBeHb moa3eMHbIxX Bog — 10-15 m;

— TPHUCYTCTBHE B PYIHOM TOPHU30HTE 3HAYUTEIHHOTO KOJHYECTBA MEIKO3EPHUCTOTO MEeCKa
MEPEXOSIIETO B MBUIEBATYIO GOPMY;

— HaJHM4YUe MPOMEXKYTOYHBIX PBAHBIX BOJOYIIOPOB;

— Hajguyue OJIOKOB C cojiepaHueM KapOOHATOB B PyAOBMEIIAIONINX mopoaax a0 1,8% (mpu
CpeIHEM CoJepKaHUuU KapOoHaTOB 1o MecTopoxaeHuto 0,5%);

—  HEBBIIAECPKAHHOCTH (CTPYHHOCTD U JIMH30BHIHOCTH) CAaMHX PyIHBIX Tei [1].

Ha 0630pHoii cxeme mectopoxaeaus Cesepubiii Kapamypys (pucyHok 31) BUIHO, 9TO
LEHTpaJIbHAs 4aCTh MECTOPOXKACHUS OTpabOoTaHa, Ta YTO 3aKpelleHa cepbiM 1iBeToM. Ha ceronus B
AKCIUTyaTaI[MM HAXOJUTCS 4acTh I'e0JIoruueckux 010koB 3anexeit No2, 3, 4, koTopble 3aKpalleHbl
Ha CXEME B XKEJTHIH LIBET.

['eomornueckue Oj0Ka pacmoioKeHHbIE HA NepudepuitHbIX JacTsax 3anexxku No2. OcBoeHue
nepudepuiinbix 4vacteir wmectopoxacHus CeBepHbli  KapamypyH 3aTpyaHEHO — CIIOKHBIM
Te0JIOTHYECKUM CTpOEHHEM pyAHbIX Tell. [Ipu ux oTpaboTke ciieyeT 0XKUAaTh HE MOITBEPKICHHS
3armacoB Ha CTaJMM BCKPBIIIHBIX pa0OT, a TaK € OTKIOHEHHS BBIXOJHBIX 3KCILTyaTallHOHHBIX
MapaMeTpoB TEXHOJIOTHMUYECKUX OJOKOB (HU3KHE AEOUTHI TEXHOJIOTUYECKUX CKBAXUH U HE BBICOKHE
conepkanus ypana B I1P)

N3 cxembl paillOHUPOBAHUS T'€OJOTHYECKUX OJIOKOB MO pacueTHOW ce0ecTOMMOCTH BHJIHO
(pucynok 31), uro, 3a 30 JeTHHWI CpPOK IKCIUTyataru MectopoxacHus CeBepHbiii KapamypyH,
0J0Ka ¢ HaMMEHbILEeH pacuéTHON ce0ecTOMMOCThIO ObUIM OTPabOTaHbl, HE OCBOCHHBIMU OCTAIOTCS
610ka ¢ pacuétHoii cebecrommocThio 40-48 § u BhIe 32 1 GYyHT ypaHa, KOTOpPBIE PACHOIOKEHBI HA

nepudeprn U CI0KHBI B OTPAOOTKE.
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Ha cxeme (pucynok 32) pa36uBku O10koB MectopoxieHus CeepHblii KapamypyH mo
COJICP’KAaHHI0 KapOOHATOB PYIOBMEIIAIOMIMX MOPOJ BHIHO, YTO OJOKa C HU3KUM COJACPIKAaHHEM
kapOoHaToB B pynoBMemammux mnopoxax 0,3-0,5%, otpaboraHel, MO0 HAXOIATCS B
IKCIUTyaTallMi. 3a TIOCIEAHUE TSATh JIET B OKCIUIyaTallMI0 BOBJICYCHBI OJIOKA C BBICOKUM
coJiepkaHueM KapOoHATOB B pynoBmemiaromux mopomax 1,1...1,8% u oTpaboTka Takux OJIOKOB
HECET 3aTsDKHOM XapakTep M IPUBOJUT K YBEIMYEHHUIO OSKCIUIYaTalMOHHBIX 3aTpar H

COOTBETCTBEHHO C€0ECTOMMOCTH JI0OBITOTO ypaHa.

OtpaboTanHbie 610ka

268
B 26.31%
31,408
40.48S
>48
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Pucynox 31 — 0630pnas cxema Mecmopoocoenus « Cegepuwiit Kapamypyn» u pauloHupoearust
O10K08 N0 pacuemmuol cebecmouMocmu MecmopoHCOeHUs
[IpakTuka SKCIUTyaTalluM MECTOPOXKICHHI ypaHa cmocoOOM MOJ3€MHOTO CKBAaXHMHHOTO
BoimenaunBanus (IICB) mokaspiBaer, 4TO NPOU3BOAUTENHHOCTH TEXHOJOTUYECKUX CKBAXKUH
CHUYKAETCS BCJIEJACTBUE MTPOSIBICHUS KOJIbMaTallUU.
B ycnoBusix [ICB 00bI1YHO BBIIEISIIOT CIEAYIONINE BUABI KOJIbMATAILIUU:

[IposiBieHne BceX BHJIOB KOJIbMAaTallMW, KaK IPaBUIIO, HOCUT KOMIUJIEKCHBIM XapakTep u
KK OTIENbHBIN BUI, Pa3BUBAsCh, CIIOCOOCTBYET 0OpPa30BAaHUIO M PA3BUTHIO IPYTUX BUIOB
KOJIbMAaTaIMu.

B Haubonblineil cremeHu moABepraeTcs NEHCTBUIO KOJbMAaTallMd TpU(UIBTpOBas 30HA
CKB&)XWH, IPUYEM B MAaKCUMAJIbHOM CTENEHH KOJbMATUPYIOTCS MOPOJIbl, HEMOCPEACTBEHHO

IpUMBIKAOIKUEe K (QUIbTpY. OTO MOJATBEPKAAIOT PE3YJIbTaTbl BCKPBITHS NPU3a00MHBIX 30H
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OTKAYHBIX CKBOXMH. XMUMHYECKHIA COCTaB KOJbMATHPYIOIIUX COCIUHEHUI BechMa pazHooOpa3eH,
OJIHAKO, MO>KHO BBIJICJIUTH OCHOBHBIE OCAIKO0Opa3yIoUIMe 3JIEMEHTHI: 3TO COCIMHEHUS XKeles3a,
Kalplusi, MarHus. B OoJblneil CTEmeHW BIMSIET HAa Pa3BUTHE KOJIbMATAlMA XUMHUYECKHA U

MHHEPAJIOTUYECKUIM COCTAaB BMEIAIOIINX MOPo [2].

" E T T |
3anexb 5 5.42.

Otpa6oTaHubie 6noka

‘Skcnayatupyembie 6noka

|bnoka passegauHbie no
lkateropum C1

Bnoka passefjaHHble No
kaTeropum C2

bnoka sckpbiBaemsie 8 2014

KapBonarwocTs o 0,5%
- KapGossarnocTs 0.56-0,8%
B «opsonarmocts 0.8-1%
- KapBowarnocts Ganee 1%

3anexb 3

nacet 3421 TOHH
roay 3

3.3-C] N\

Pucynox 32 — 0630pnas cxema Mecmopoowcoenus « Cesepuviit Kapamypyn» u cxema pazousku
OJI0K08 MeCmOPOAHCOEHUSL NO COOEPAHCAHUIO KAPOOHAMOE PYOOBMeWaArouux moiy

OcBoeHne 3amacoB pacHOJIOKEHHBIX Ha Tnepudepur TreoJIOTHYECKUX 3aleked C
MOBBIIIEHHOW KapOOHATHOCTBHIO TMOBBIIIAET CTENEHb PHUCKA BBIOJHEHUS IPOU3BOJCTBEHHBIX
IporpaMm, Tak Kak gakTudeckue cojaepkanus ypana B [IP Moryt ObITh HHXKE IPOEKTHO -PACYETHBIX

3HAYeHHi 710 5 pa3 (pucyHok 33).
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Pucynox33 — epagpux ompabomku 610ka Haxooswuxcs Ha nepugpepu

, (HEe MOATBEPkKICHHE BCKPHIBAEMBIX

, B JaHHOW CUTYyallul

OnHako BOMPOC O JTOCTHIKEHUU

oCTaJICAa

MOBBILIIEHHAs! KAapOOHATHOCTh) TMPOEKTHBIX IOKa3aTeleld HSKCIuTyaTaluu

3aracos,

OTKpPBITBIM U pELICHHE MOXHO OyleT HaWTH MpU CO3AaHUU W MPOBEACHUU OIBITHO-HATYPHBIX

pabor.

Ha pucynke 34 rpapuk oTpaboTKu TexHoJoruueckoro Ojoka 25-19 ¢ conepxaHuem

kapboHaToB pynoBmeniaromux nopon 0,3%. U3 rpaduka BugHO, 4TO (DaKTUYECKOE COAEpIKAHHE

ypaHna B [P u daktuueckas crerneHb 0TpaOOTKH COOTBETCTBYIOT PACUETHO-IIPOCKTHBIM 3HAUCHUSIM.

KoaddunmenT ncnonp3oBaHus OTKaYHBIX CKBAXHH cocTaBiisieT 93%.
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Pucynok 34 — epaghux ompabomxu mexnonoeuueckozo o1oka 25-19, cooepacanue kapbonamos

0,3%, koaghdhuyuenm ucnonvzosanue cxkeasxcun 93%

4.1. Metoabl 60pbObI
CylecTByIOIIME METOABl BOCCTAHOBJICHHS IPOM3BOJUTEIBHOCTH CKBaXHH MOYHO

pa3aeNnuTh Ha HECKOJIBKO HalpaBICHUI:

Ou3MKO-MEXaHHYECKOE W JIMHAMHYECKOE BO3JICHCTBHE HAa BOJIONMPOHHMIIAEMYIO YacTh
CKBa)XXHMH (IIPOMBIBKA BOJIOM, MTPOKAYKa, KEIIOHUPOBAHNE, CBAOUPOBAaHUE, BBICOKOYACTOTHAS
BUOpaIys, HMITYJIbCHBIC Jelpeccud Tpu 3a00€ CKBaXWH, THAPOPA3pbIB IUIACTA,
TOPIEUPOBAHNE, AKYCTHYCCKOE BO3CHCTBHE H JIP).

l'uapoarHamMudeckue MeTo/bl  (BaKyyMUPOBaHHE CKBKWH, HAarHETaHHUE BO3lIyXa B
CKBa)KMHBI).

Xumudeckass 00paboTKa CKBaKHH.

Haubomnbiee PacipoCTpaHCHUC Ha ITPAKTHKC, 6naroz[ap51 CBOEH JOCTYIIHOCTH U BBICOKOH

B(I)(I)GKTI/IBHOCTI/I, MOJIyYuJI METOJ XUMHYECKOM O6pa6OTKI/I CKBa’>XHH. HpI/IHHI/IH JENCTBUSA 3TOTO

METOAa 3aKJIHYacTCsa B IIOAAYC B HpI/I(bI/IJ'IBTPOBYEO 30HY CKBAXHHBI XUMHUUYCCKUX PCArCHTOB,

PaCTBOPAOIUX WA Pa3pbIXIBIIOMNUX  KOJbMATUPYIOIIUE COCAUHCHUA, KOTOPLIC YAAIAKOTCA

HOCJ'IC,Z[yIOH.ICfI HpOKﬁ.‘-IKOfI CKBakMH. PeareHT mogaercs B CKBa’)KMHY HAJIMBOM Y€pPE3 YCThHE, 0o

HCTMIOCPCACTBCHHO B 30HY (I)I/IHBTpa " BBLACPKHUBACTCA B Hel OIPCACIICHHOC BpCMH, HCO6XOI[I/IMOC
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JUIL  pacTBOpeHUs KoibMaTaHTOB. llocie oxoHuaHuss o0OpabOTKM CKBaXHHY THIATEIHHO
MIPOKAYMBAIOT, IPOU3BOIAT HEOOXOAUMBIE 3aMEPhI M CKBKMHY 3aITyCKaIOT B paboTy.

Xopome pe3ylbTaThl JaeT IMYJIbCUPYIOIIee 3aJaBIUBAaHHE peareHTa B IUIACT CXKATBIM
BO3/IYXOM (ITyT€M I'€pMETU3AIMU YCThsS CKBAXKUHBI).

O6bem pacTBOpPOB it 0OpaOOTKM CKBKUHBI BHIOMPAIOT B 3aBUCUMOCTH OT MOIIHOCTH
I1acTa, HaMEYEHHOTO K 00paboTke, TpeOyeMoil riayOWHBI MPOpabOTKH NPUQPHIETPOBON 30HHI,
XHMHYECKOTO COCTaBa KOJbMATaHTa, (PM3MUECKUX CBOUCTB IUIacTa (IOPHCTOCTH, MPOHUIIAEMOCTH),
CTETIeHH 3aKOJIbMaTHPOBAHHOCTH.

KoHneHTpanmio mpuMeHseMbIX UIi 00pabOTKH PEeareHTOB BBIOMPAIOT B 3aBHCHMOCTH OT
CTaiH OTPaOOTKH OJI0Ka, CTENEHH 3aKOJIbMaTHPOBAHHOCTH, XAMUYECKOTO COCTaBa KOJIbMAaTaHTOB.

CocraB peareHTOB Uil XMMHMUYECKHX 00pabOTOK BechbMa pa3zHooOpaszeH. Jlyis oOpaboTku
BOI03a00PHBIX CKBXUH OCHOBHBIM PEareHTOM SIBIISIETCS COJISTHAsI KHCIoTa. B kauecTBe n00aBKH K
KHCJIOTE, MOBBIIIAIONICH PaCTBOPUMOCTh TJIMH, HCIIOJIB3YETCSl (PTOPHCTOBOJOPOIHAS (TIIABUKOBAS)
kucnota W (Qropua-omdropun ammoHus. s TpeAOTBpalICHHS SBICHUS IEPEOTIOKCHHS
pPacTBOPEHHBIX COJIEH JKele3a K COJSTHOM KHCIOTe JJO00aBISIOT YKCYCHYIO, JIMMOHHYIO WIH
MOJIOUHYIO KUCTOTYy. KOHIIEHTpaIus COJSHOM KUCIOTHI it 00paOOTKH BOJ03a00PHBIX CKBAKUH
BbIOMpaeTcs B uHTepBaie 18...35%, nobaBka miaBUKOBON KUCIOTHI 6...8%.

KpomMe BhIIIEnepeuncaeHHBIX PEAKTUBOB Ui  0OpabOTKH BOJI03a0OPHBIX CKBaXXHUH
PEKOMEHAYIOT CYIb(haMUHOBYIO, MyPaBbUHYIO KHUCIOTHI, TpUJIOH «b» u ap. OnHaKo, 3TH peaKTUBbI
SBIAIOTCS JIUOO JTOPOTOCTOSIIUMH, JHUOO NeDUUIUTHBIMU. XOPOIIME TMEPCHEKTUBBI HMEET
KOMOMHUPOBAHHBIA METOJ BOCCTAaHOBJIEHUS IPOU3BOJUTENLHOCTH CKBA)XMH, COYETAIOUIUIT
BO3JICHICTBUE UMITYJIbCHBIX HArpy3ok (Hampumep, dJIEKTpOpaspsa) U MOCIEAYIOUIYI0 XUMHYECKYIO
00paboTKy.

Ha mnpenmpustusix otpacnu, pabotatomux B oOmactu [IB, ans  BoccraHOBieHUs
MIPOU3BOIMTEIBHOCTH CKBAKMH HAIIUIA IPUMEHEHUE PEaKTUBBI, 3aMMCTBOBAaHHbBIE U3 OTIbITA PAOOTHI
XO35IIICTBEHHO-TTUTHEBOTO  BOJOCHAOXKEHHUS, HampuMep, OOpabOTKy CKBaXUH OCYLIECTBIISIIOT
15+30% pacTBOpPOM COJITHOM KHCIOTBHI, B OTJAEIbHBIX CIIy4asX MPUMEHSIOT no0aBKu Oudropuma
aMMOHMS 110 3 I/IL.

B pesynbrare xumuueckux oOpabOTOK OTKAYHBIX CKBOXHMH HX JEOUT B CpelHEM
yBenuuuBaeTcs Ha 50%. [lepnoandHOCTh XUMHUYECKUX 00pabOTOK 3aKauHBIX M OTKAYHBIX CKBAXKUH
Ha JIOJDKHA OBITh IpHUMEpHO 7 pa3 B roi. Jlpyrue MeToapl XMMHMUYECKOW JeKOJbMaTallud Ha
MPAKTUKE OOBIYHO HE MPUMEHSIOT. Y CIOBUS KaXKI0TO MECTOPOXKACHUS MHIUBHYaIbHbI, IO3TOMY
JaTh pElenTbl BOCCTAHOBJIEHUS MPOU3BOJUTENBHOCTH CKBAXKHMH, KOTOpbIE OBl MOJIXOAMIH IS

KaXKZI0ro MCECTOPOXKIACHUS, HCBO3MOIKHO. OTCIO,Z[a CJICAYCT, UTO JIAA KaXJA0Io0 MCECTOPOKIACHUA,
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otpabaTsiBaeMoro crnocobom IIB, HE0OX0IMMO TMpOBEEHHE UCCIENIOBAaHUN, N3ydYeHHE MPUYUH U

MOCIIE/ICTBUH KOJIbMATAIIHOHHBIX SBICHUHN JJ1s1 T0100pa 3 EKTUBHBIX METO0B OOPHOBI C HUMHU.

4.2. OnbIT BOCCTAHOBJIEHNS IPOU3BOUTETLHOCTH I€0TEXHOJIOTHYECKUX CKBAKUH B
ChIpaapbUHCKOH YPAaHOBPY/IHOI NPOBUHIIUM HA PUMepe MecTOpoxkIeHus1 «CeBepHbIH U

IOxub1ii Kapamypyn»

Bere nmepeunciieHHbie (pakTOpbl MPUBOAAT K CHUKCHUIO 1€0MTA OTKAYHBIX TaK M 3aKa4HBIX
IF€OTEXHOJIOIMYECKUX CKBaXHUH. JUJig pelleHue TIOCTaBJICHHBIX 3ajady, ObUIM H3y4YEHbI
BELIECTBEHHBIH COCTaB TOPOJ MPOAYKTHUBHOTO TOPU30HTa W  MHUHEpAIbHBIH  COCTaB
KOJIbMATUPYIOIINX OCaaKOB Ha ydacTke «CeBep» Onok 2-9 u 2-4 na 6aze TOO «PVY-6» HAK
KA3ATOMIIPOM (Pe3ynbraTel HCCIEAOBAHHE BELIECTBEHHOI'O COCTaBa PyA M BMELIAIOMIMX
MOPO/JT IPEJICTABIICH B ri1aBe 2)

B mecropoxnenuit CesepHbiii n IOxHbI KapaMypyH pyIHBIMH MHHEpajJaMU SIBISIOTCS
HacTypaH U ypaHOBBbIE€ YEPHH, IPEICTABIISIIONINE COOON acCOLMAMU OKCUJIOB YETHIPEXBAJIEHTHOTO
(UO2) u mectuBanentHoro (UO3) ypana, wacto ob6o3znadaempie U308 wmmm U409, a OGoree
npaBuiibHO — UOmn, rae n u3MeHsieTcs OoT 2 J0 3 M COOTBETCTBYET OTHOLICHHIO COJEpKaHUN
YeThIpeX- ¢ IIeCTHUBaJEHTHOM (¢GopMm, a Takke oTMedarorcs KoQPuHUT - CcriMkaTa
yeTeipexBasieHTHOTO ypaHa (USiO4).

JI1st 0TpaOOTKHM MECTOPOKICHUN MPUMEHSIOTCS PACTBOPBI CEPHON KUCIOTHI (KOHIIEHTpAITUs
pactBopos 0,5-3,0%).

B cooTBeTcTBUM € MPUHATHIM JAEJICHUEM BCE MHHEPAJIbHBIE KOMIOHEHTHI, COCTABIISIIOIINE

IIOpOJAbl IMMPOAYKTHUBHOI'O T'OPU30HTA, 10 KX OTHOIICHHUIO K C€pHOI71 KHCJIOTE OCIATCA Ha TpU I'PYIIIBL
[1]:

— TI'pynma xopomo pacTBOPUMBIX MHHEPAJIOB: KapOOHATHI, OKHCIBI METAJUIOB, THAPOOKHUCIIBI
JKese3a, akIleCCOpPHBIE (araTUT, XJIOPHT, (QITIOOPHT).

— TI'pymma cmabopacTBOPHMBIX MHHEPAJIOB: TJIMHUCTBIE MHUHEPAJbl, TOJCBBIC INIATHI,
CyNb(UIBI, TUAPOCITIOIBI.

— TI'pynma BecbMa crabopacTBOPUMBIX MUHEPAJIOB: KBapIl, OMOTHUT, aKIIECCOPHBIC (TypMalluH,
rpaHar, IUPKOH U Jp.).
OCHOBHBIMH TIOPOJI0O00PA3YIOIIMMH MHHEpaTaMy SIBISIOTCS KBapl] M TMOJIEBbIE IIMATEHI,

XapaKTepPHU3YIOIIHECS BBICOKOW YCTOWYMBOCTHIO MO OTHOIIEHHUIO K YKa3aHHOMY PaCTBOPUTEIIO.

OCHOBHBIMU KHCIIOTOEMKHMH MHHEpadaMH SBISFOTCS KapOOHAThl (KAJIBLHUT, JOJOMHMT,

MaFHC3I/IT) N HCKOTOPBIC BUJBI INIMHUCTBIX MUHEPAJIOB.
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HebGnaronpusiTHbIe TIOCIEACTBHS PEAKIIUU CEPHOM KHCIOTHI ¢ HEPYAHBIMU MUHEpaIaMHu HE
OTPAHUYUBAIOTCS TOJHKO AKOHOMHUYECKOW CTOpOoHOU. OboramieHue B pe3yinbTare dTUX pPeaKIHid
MIPOJAYKTUBHBIX PACTBOPOB MAKPOKOMIIOHEHTAMU P ONPEIEICHHBIX YCIOBHUIX MOXKET MPUBECTH K
BPEMEHHOMY WJIM ITOCTOSIHHOMY BBIJICJICHUIO U3 HUX B IJIACTE TBEPABIX MPOAYKTOB PEAKIUH, YTO, B
CBOIO O4Yepe/lb, YXYALIAET MPOHHUIIAEMOCTh IUIacTa (TaKk Ha3blBaeMasl KOJbMaTalusi) M YCJIOBUS
KOHTAKTa PACTBOPUTENS C PYJHBIMU MHUHEPAJIaMHU.

[IpakTka skcruyaranuu MectopoxxaeHud KapaMypyH NOKa3bIBaeT, 4YTO M3BIEKAEMOCTb
MIPOJAYKTUBHBIX PACTBOPOB U3 T'€OTEXHOJIOTUYECKUX CKBAXXUH CHIIKAETCS BCJICJICTBHE MPOSBIICHUS
KOJIbMAaTaIllH.

B.U. beneuxuii, KOTOPBI OJHUM U3 TIEPBBIX OCYIIECTBUI U3yYEHUE MOJTOOHBIX MPOIECCOB,
BBIJIEJISIET HECKOJIBKO BO3MOYKHBIX BUJIOB KOJIbMATAIIHIH.

Bpemennas konmpMaranusi B OCHOBHOM BO3HUKAeT TPH 3aKUCICHHH 3a CUYET OOOTraIeHus
MPOAYKTUBHBIX PACTBOPOB MOHAMU KeJe3a U ATFOMUHUSL.

3aKuCICHUEM HAa3bIBAIOT TMEPBYIO CTAAMIO0 OTPAOOTKH MECTOPOKACHHN KHUCIOTHBIM
MTOI3€MHBIM BBINIETAYMBAHUEM - OT Hadayia MoJauyu pabounx pacTBOPOB B 3aKaUYHBIE CKBAYKUHBI 10
3aMETHOTO YBEIMUYCHHS KHCIOTHOCTH OTKAYMBACMbIX PacTBOPOB (T.¢. cHIbKeHus ux pH 1o 2,5-2,0).
B sTOT mepuos kucipie pacTBOPHI, 00OTAIIIEHHBIE JKEJIE30M U aTIOMHHHEM B PE3yJIbTaTe PEaKIUi C
[IOPOJIaMH, MPOJBUTASICH MO IUIACTY IO HAIPABJICHUIO K OTKAYHBIM CKBa)KMHAM, HEUTPATU3YHOTCS
3a CYEeT B3aUMOJCHCTBHSA C HOBBIMHU OOBbeMaMu MoOpoja, W Tuapokcunsl Fe m Al BcrmenactBue
YBEIMYEHUS B pacTBOpax KOHUEHTpauuu noHoB OH- BbImaaaroT B 0CaioK.

ITo pesynbraram pacueroB P.II. Padanbckoro mpuMEHHUTENHHO K pealbHBIM PAacTBOpPAM
MO3eMHOTO BhITenaunBanus [5], ocaxaenne Fe(OH)3 momkHO mpoucxoauTs B uHTEpBasie pH oT
2,0 mo 3,5; cootBercTBytonuii matepsan ait A1(OH)3 - ot 4,4 no 5,7.

BeimaBmne B 0CaloK T'MAPOKCHIBI M3-32 BECbMA PBIXJIONO XapakTepa ocajka U 4acTo
BBICOKMX (COTHM M THICSYM MWLIMTPAMMOB Ha JIMTP) COJIEp>KaHUM Kele3a M alllOMUHHS B
pacTBOpax MOTYT CYIIECTBEHHO YXYAIIUTh MPOHULIAEMOCTh IJIACTa, YTO BBIPAXKAETCS B CHIXKCHUU
NeOUTOB OTKAYHBIX M 3aKAUHBIX CKBaXXUH, a TAaKK€ B TMOBBIIICHUH YPOBHEH (MM YCTBHEBBIX
JIABJICHUI) B 3aKa4HbIX CKBaXuHaX. TOT ke 3¢ ekt OyayT OKa3bpIBaTh THIPOKCHIBI, HAXOASIIUECS
B pacTBOpax B BHJIE€ B3BECEHl, MOCKOJIbKY IPU 3TOM CYHIECTBEHHO YBEJIMYMUBAECTCS BSI3KOCTb
pactBopoB. OJTHAKO MOCJIEAYIOUUMHU MOPLHUSIMHU 00Jiee KHCIBIX PACTBOPOB, HEUTPATU3YEeMbIMU B
MIPOTrPECCUBHO YMEHBIIAIOMICICS CTENEHU, BbINABIINE THAPOKCUIBl BHOBb PACTBOPSIOTCA, TaK YTO
MocJ€e BbIXOJAa M3 OTKA4yHbIX CKBaXKHMH pacTBopoB ¢ pH < 2,0 omucaHHble KOJIbMaTallMOHHBIE
3¢ deKTh 00BIYHO HCYE3ALOT.

[ToctosinHas konpMaraius. Hambonee omacHBIM MpoOIECCOM, CIOCOOHBIM MPUBOAWUTH K

MMOCTOSIHHOM (HCyCTpaHHMOﬁ) KOoJIbMaTallui, CYUTACTCA BBIIMMAACHHUC cym,(baTa KaJIbIIUs (FI/IHCB.) u3
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CEpHOKHCIBIX PAacCTBOPOB, OOOTAaTHBIIMXCS MOHAMH KaJIbLUS 33 CUYET peakuuil ¢ KapOOHaTamu -
KaJbIIUTOM U JOJOMHUTOM - M TOCTOSHHO OOOTamaromuxcs CyiabpaT-noHOM MU JOYKPEIJICHUN
O00OpOTHBIX pPa0OYMX pPACTBOPOB CEpHOW KHCIOTOW. BrlmameHwe rumca #3 PpacTBOPOB
00yCIIOBIIMBAETCSl €r0 HEBBICOKOH pPacTBOPHUMOCTBIO, KOTOpas B IepecdeTe Ha, OE3BOJHYIO COJb
COCTaBJIAET s qUCTHIMPoBanHoi Bojsl ipu 0 °C - 1,76 1/1, ipu 40 °C - 2,09 1/51; npousBecHue
pacTBOPUMOCTH COOTBETCTBeHHO 3,22-10-5 m 3,74-10-5[8]. IlpaBma, B pacTBOpax C BBICOKOWM
WOHHOW CHJIOH, K KOTOPBIM OTHOCSATCS WM MPOTYKTHBHBIC PACTBOPHI MOJI3EMHOTO BHIIICIAYUBAHHMS,
pPacTBOPUMOCTh THIICA CYIIECTBEHHO TOBBIIIACTCS BeieacTBue ydactus moHoB Ca2+ m SO2-4 B
KOMILJIEKCOOOpa3oBaHuu [5], a TakKe 3HAYUTENIBHOTO CHIDKEHUS! MX KO3((UIIMEHTOB aKTUBHOCTU
[6]. Tem He MeHee BBICOKOE BAJIOBOE COJCpPIKaHHE CYIb(PATOB B pabOYMX CEPHOKHCIIBIX PACTBOPAax
M TIOBBIIICHHAS KapOOHATHOCTH PyA M BMEMIAIONINX IMOPOJ MOTYT, B OIPENEICHHBIX YCIOBUAX
MIPUBECTH K BBITIAJICHUIO TUTICA, KOTOPBIH, B OTIMYNE OT ONMMMCAHHBIX OCAIKOB THIPOKCHIOB KeJe3a
U aJIOMHUHHS, HE JOJDKEH 3aMETHO PACTBOPATHCS B IMOCIEAYIONIUX TOPIHSIX PacTBOPOB, T.C.
Croco6eH 00yCIIOBUTh OCTOSTHHYIO KOJIbMaTAIIHIO I1J1acTa.

BooOmie B Bompocax popMupoBaHUS TOCTOSIHHON KOJBMATAIIMHA PYAOBMEIIAIONINX I1JIACTOB
NPH  CEPHOKHCIOTHOM IIOJI3EMHOM BBINIENIAYMBAHUHM €IIe OYEeHb MHOTO HeEsICHOTO. OTbIT
IKCIUTyaTaI[Md MECTOPOKICHUH MOKA3hIBAET, YTO YAaCTO XUMHUIECCKHE B3aHMMOICHCTBUS MMPUBOJIAT K
3aMETHON KOJIbMAaTalliyd HE BCETO ITUIACTA, a JIMIIb MPUQPHIBTPOBBIX 30H OTKAYHBIX CKBAXKHH, YTO
VCIICIIHO yCTpaHseTcss 00pabOTKOW pacTBOpaMH CEPHOM WM COJITHOW KHCIIOTHI TIOBBIIIEHHBIX
KoHIeHTpanui. [Ipu OypeHUN HOBBIX TEXHOJIOTUYECKUX CKBKHH PSIIOM C BBIIICIIIUMHU H3 CTPOS
9acTO OTMEYAETCsl 3HAYMTEIBHO OoJiee HM3Kas CTENEHb KOJbMATaluu (BIUIOTH JO TIOJIHOTO €€
OTCYTCTBHS).

BriosiHe 0YeBUIHO, YTO OMACHOCThH PA3BUTHUS MOCTOSIHHOW KOJIBMATAIIMU 33 CUET BBITIAJICHHS
THIICA MTPAKTUYECKH TOJHOCTBIO YCTPAHSETCS MPH MPUMEHEHUU BMECTO CEPHOW KHCIOTBI IPYTUX
CWJIbHBIX KHUCIIOT - COJISTHOW WJIM a30THOHM, aHHUOHBI KOTOPBIX OOpa3ylT € KajJbIIMEM XOPOIIO
pactBopuMbie cosid. OHAKO N0 TEXHUKO- 3KOHOMHYECKHM COOOPaKCHHSM B MPOU3BOJICTBEHHBIX
MaciuTadax Mmoka MpUMEHSIETCS TOJIKO CepHAast KUCIIOTA.

A Takxke, OTMEUCHO HaJIM4YUEe HOBOOOpPA30BaHMIA, KOTOpPBIC MPEACTABICHBI ATYMHHUTOM,
THIpOOKUCIaMu M cyinbdatamu  Fe,  THUICOBBIMM  HOBOOOpA30BaHHSMH.  AJYMHHHUT
(AI2(OH)4S04.7H20) —  CKpHITOKPHCTAIUIMYECKHMI  arperar, >KEJITOBaTO-0elIoro  IBETa.
XapakTepHbl €ro OTIOKEHHWs, KaKk B CKBaXWHE, Tak U Ha oOopyaoBanuu (dpraudrax,
BO3JLyXOOTIEJINUTENS U T.1.).

B pactBopax mosiBneHHe ocajka alyMHUHUTA MPOUCXOAUT B MEPHUO]] 3aKUCICHHS TJIacTa MpH

U3MCHCHUU pH oT 5 1o 2,5, 9TO TMOATBCPKIAACTCA aAHAJIM30M PACTBOPOB. HpI/I INOHM>XKCHHUH
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KHCJIIOTHOCTH OH pacTBopsieTcs. McrounnkoM Al B CEpHOKHCIBIX PACTBOPAX SIBJISIIOTCS TJIMHUCTHIC
muHepaisl (A1203 no 10+12%), cmronst (A1203 no 40%) u monessie mmatsl (A1203 g0 20%).
Ocanku THIICa TPEACTaBICHBI B BHUAC TOHKHX NPHU3MATHYECKUX KPHUCTALIOB (puc 36).
XapakTepHbl HOBOOOpa30BaHUsS TUIICA BHYTPU CMECHUTENEH Spiau(TOB MPUBOAUT K 3apacTaHUIO
oTBepcTUil mucnepraropa (pucyHok 35). B oTaenbHBIX CKBaXMHAX HAOIIOAATIOCH 3apacTaHHe JI0
2/3 oTBepcTHii Ha cMecuTene dpiudra. B ocHOBHOM, U3 TUIIca ¢ IPUMECHIO COSIMHEHHI JKene3a u

AIIOMHHUS COCTOSIT HOBOOOPA30BaHMUs HA IIEJIEBUKAX, TPYOOIIPOBOIaxX U APYroM 000pyAOBaHUN.

Pucynox 36 I'uncoguvle acpecamvl, obpasyrowuecs npu nepecviujenuu pacmeopos no CaSO4
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[ToMuMO XMMHYECKMX TPEBpALCHHUH, KOJIbMATalusi MOXeT ObITh 00ycJoBIEHA
3arpsi3HEHUEM pabOuYuX PacTBOPOB PA3IMYHOIO POJIa MEXAaHUYECKHMMH B3BECSIMH. B 3THX ciyyasx
KOJIbMATaIu{ IOJIBEPTalOTCsl B OCHOBHOM NPH(UIBTPOBBIC 30HBI 3aKaYHBIX CKBAXKMH, M OHA, KaK
IIPAaBUJIO, YCIEIIHO YCTPAHSAETCA IIPU NEPUOJUYECKHX IIpOKadyKax. PagukanbHON XKe Mepou
SIBJISIETCS BBICOKAs CTEIIEHb OUYMCTKU PAaCTBOPOB OT MEXAaHUYECKUX B3BECEH.

W3ydeHne rpaHyloMeTpHUuecKOro U MUHEPAIOTMYECKOTO COCTaBa OCAJKOB IPOBOJIUIOCH Ha
MaTepuae, MoJIy4eHO B IPOLECCE MPOKAUKU CKBaKHH.

B Tabmuue 7 mpuBeAeHBI pe3ynbTaThl MHHEPAIHLHOTO M TI'PaHYIOMETPUYECKOTO COCTaBa
0CaJIKOB Ha MpUMEpE 5 3aKauHbIX U 3 OTKAYHBIX CKBaKMH MecTopoxaeHus Kapamypyn. [Tokazano,
YTO OCHOBHBIM KOJbMAaTaHTOM CKBa)XMH siBIsieTcsl OypoBas riauHa. CoaepraHue TJIMHBI B TBEPAOH
(daze uzmensiercs ot 42 10 98,2% u B cpenneM coctaBisieT 76%. OcTaibHas 4acTh MpeCTaBlIeHA
MIECKOM Pa3IMYHbIX Qpakuuii, B ocHoBHOM OT 0,1 10 0,5 MM, pa3pyiieHHOM HOHOOOMEHHOM cMOJIOM
B OCaJIKax W3 3aKauyHbIX CKBAXXUH M HE3HAYUTEIbHBIMHM KOJIMYECTBAMHU rumca. B HekoTopbIx
CKBOKMHAX  TJMHUCTas  KOJIbMaTalusi  OKa3ajlaCh  HAaCTOJIBKO  CWJIBHOM, 4YTO  TOCTe
MTHEBMOUMITYJILCHON 00paOOTKH M3 CKBa)KUHBI OTKAYMBAJICS TIIMHUCTBIA pacTBOp IIOTHOCTHIO 1,11
r/cM3, 4TO CBUAETEILCTBYET O TOM, YTO IIPU OCBOCHHH CKBAXKWH yIAETCS JHILb YaCTUYHO YAAIHUTh
OypoBoii pacTBOp M3 30HBI QUiIbTpa. B ocaakax W3 BBIIIENAYMBAIOLUIUX PACTBOPOB MPUCYTCTBYIOT
YacTHULIBI pa3pylIeHHOTo copOeHTa (Iocae TEXHOJorun4eckoro komruiekca) 10 20-25%. OcranbHast
4acTh OCAJKa COCTOMUT, MPEHUMYILECTBEHHO, U3 aIEBPUTOINIMHUCTON (paklMM C IPUMECHIO 3€pEH
KBapua.

Ilo pe3ynpTaTaM MHHEPAJIOrHYECKOTO, XMMUUYECKOTO U IPaHYIOMETPUYECKOT0 aHaIu3a ObLIH

CACJIaHbI CIICAYIOIIUC BBIBOJbI:

— MexaHnuveckue B3BECH MPOJTYKTHBHBIX PACTBOPOB MPEICTABIICHBI TECYaHBIMUA YACTUIIAMH C
MPUMECHI0 TOHKOTO QJIEBPUTOTIMHUCTOTO Marepuaia. M3 HOBooOpa3oBaHHMH B TBEpIOU
(daze o0OHaApYKEHBI COCJAMHCHHS aOMUHHUS (QIyMHUHHT), Kene3a (Cynbdarbl H
TUAPOOKUCIIBI) U KaJIbIIHS (THIIC).

— MexaHnuveckrue B3BECH BBIIICIAYMBAIONIMX PACTBOPOB COCTOST, IJIABHBIM 00pa3oM, H3
TOHKMX YaCTHI[ aJCBPUTOIVIMHUCTOTO MaTepuaia ¢ MNPHUMEChI0 KBapICBOrO IIeCKa W
M3MEJIbUECHHOTO COpPOCHTA.

— Tsepnas ¢asza pacTBOpPOB IpH MPOKayKe (YUCTKE) 3aKAUYHBIX CKBAKUH COCTOUT U3 MENKO U
TOHKO-CPEHE3EPHUCTHIX MECKOB, PEXE — aJIeBPUTOTTUHHUCTON (pakiuu. [louyTn Bo Bcex
mpo0ax OTMEUEHO HaJnu4ue COpOeHTa.

— Ha craguu ocBoeHHS CKBaXMH HEOOXOIMMO MaKCUMaIbHO YIANATh TIUHY, UCIIOIb3yEeMYIO

npu OypeHuwu.
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HenmomyctiMo BBOAMTH B IUIACT PACTBOPBI, COJEPIKAIUME B3BELICHHBIC BEIICCTBA.
HeoOxomuMo pekoMeHIOBaTh IPOBEACHHE TIIYOOKOTO OCBETJICHHS pPacTBOPOB Ha
MTOBEPXHOCTH.

JInst eKoJabMaTaluy CKBKUH MEPCIEKTUBHBIM SIBIISICTCS METO/]I TIa3MEHHO-UMITYJILCHOTO
BO3/ICHCTBUS. DTOT METO]] MOKET OBITh YCIEUIHO MCIOJIb30BaH sl BOCCTAHOBJICHUS Je01Ta
Y TIPUEMHUCTOCTU CKBAKUH MOCIE XUMUYCCKOM U MEXaHUYECKOW KOJIbMATAIUH, a TAKKE IS
YAYYIICHUS OCBOCHUSI CKBAXHH B IPOIECCE COOPYKEHHsS, YTO MO3BOJIUT MAKCHMAJIbHO

yIaIuTh OypoBOU pacTBOp U3 GUIBTPa U MPUMUIHTPOBOM 30HBI CKBAKHH.

Ta@zuua 7 - 2paHle0MempuquKud cocmas U MUHEPpANocu4ecKoe onucanue Kojlbmanmarnmoe

Ne Coaepaxan I'panysomerpuyeckmii coctaB TBepaoi ¢a3bl, %o Kparkoe munepaoruueckoe
CKB He TBepaoi onucanue nNpoobl
Pasel e T 05 [ 052025 | 025:01 | 01 | T
pacTBOpe, ] VU = Uy L 9 9 * Uy 1 J]HH"I
o/ acTH
bI
3aKkavHble CKBAKHHBI

5-3 207 0,3 3,3 11,9 21,4 4.2 58,9 AJIEeBPUTO-TIIHHUCTO-TIECUAHBIN
MaTepuan ¢ NPHMECHIO CMOJBI [0
1%. IlBer cepblii, mnpeodIamacT
rnuHucTas  ¢Qpakuus.  [lecuansie
3epHa  MPEJACTABJICHBl  KBapleM,
MYCKOBHUTOM

5-8 54,8 4.0 44 8,24 6,6 1,5 75,3 TeMHOCepBIi TJMHUCTBIA MaTepual
c MPUMECHIO MeCYaHbIX u
AJIEBPUTOBBIX 3€PEH.

5-10 74,5 1,32 2,38 6,1 1,99 88,2 AJIeBpUTOTIIMHUCTBIN MaTepua
ceporo 1BeTa ¢ mpumechio 10 0,5%
00JIOMKOB CMOJIBL. I'muancTeIi
MaTepuan npeodnaaer.

23- 202 0,32 8,3 24,3 42 62,9 AJIeBpHUTO-TJINHUCTO-TIECUAHBIH

13 MaTepuan ceporo IBera. [lecuanas
(dpakuust TpencraBieHa  KBapleM,
MYCKOBHTOM.

23- 64,6 0,48 1,6 25,2 29,6 1,12 42,0 [Mecuano-ruMHKCTasT OPOJA CEPOro

10 LBETA.

OTKaYHbBIe CKBAKHHDI
4-3 59,5 0,51 6,5 49 88,1 ITecuaHO-TIIMHUCTHIN MaTepuan

Ceporo IBeTa C MPUMECHIO THIICA 10
0,1-0,5%. Pa3mep wurosiouek rurca
ot 2 mo 5 mM. Yacto rurmc obpasyer
3Be34aThle CKOIUICHHSI.

59




IIpooonxcenue Tabnuya 7

4-7 57,9 0,35 2,83 2,12 94,7 TemHOCEpBIHi  aJEBPUTOTIMHUCTHII
MaTepuans ¢ MPUMEChI0 TIlecka u
BKJIIOUEHUSAMU XOpOIIO

PAaCKPHUCTAIIM30BAaHHOI O
UTOJbYATOTO THIICA pa3MepoM 2-5
MM.

4-8 30,1 0,35 1,1 0,35 98,2 I'muaucras TemHocepas mopoaa. Ha
MOBEPXHOCTH YaCTHI[ HAJIET THIICA.

Bce Bunpl PBP yciioBHO MOKHO pa3fennTh IO XapakTepy IEHCTBHS HA MEXaHUYECKHE,
xuMHuueckue M komoOunHupoBaHHble. K PBP ¢ mexanuueckum Bo3zelictBueM otHocsitcsi PBP ¢
ucnosib3oBanueM yctaHoBok 1BA-15B u [IMYOC. K xumnueckum PBP oTHocsTCS peareHTHBIE

00paboTKH GHIIBTPA CKBAXHUHBI U PU(UIBTPOBOM 30HBI.

4.2.1. PBP ¢ MexaHHM4YeCKHM BO3/1elCTBHEM
CamoxojHast OypoBast ycrtanoBka (1bA-15B) (puc. 37) npumensercst aus nposeaenus PBP B
TEXHOJIOTHYECKMX CKBaXHHAX B  CiIydYasX, KOTJa Jpyrue MeTOJbl  BOCCTAHOBJICHHUS
MIPOU3BOIUTENBHOCTH CKBAXUH HE J1aJIi TPeOYEMBbIX pe3ylIbTaToB.
Texnuueckoe ocHalleHne OYpOBBIX arperaToB MO3BOJISET OCYIIECTBIIATH CIEAYIOIINE METO IbI

BOCCTaHOBJICHHS TIPOU3BOIUTEIBHOCTH [7]:

MPOMBIBKA (PUITBTPOBO# KOJIOHHBI 1 OTCTOMHUKA OT IMECYaHBIX MPOOOK;

— peareHTHas 00paboTKa GUIbTpa CKBAKUHBI,

— TUAPOIUHAMUYECKOE pa3pylIeHUE KOJIbMAaTaHTa METOZOM «CBAOUPOBAHUSM;

— peMOHT (3ameHa) GUIBTPOBON KOJIOHHBI;

— yJaJCeHHE W3 CTBOJIA CKBAXHHBI WHOPOIHBIX OOBEKTOB IMPEMSTCTBYIONINX €€ HOpMalIbHOMN

paboTOCIIOCOOHOCTH.

Pucynox 37 — 6yposoti acpecam 1b5A-15B
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[lepenBuxnas MopayibHas ycTaHoBka ocBoeHusi ckBaxuH (IIMYOC) npumensiercs B
KadecTBe anbTepHaTuBBl 1BA-15B mis nmpoMeiBKH (HIBTPOBOM YaCTH CKBaKWHBI OT TECYAHBIX
npobok [8]. Ha wmectopoxaennn Kapamypyn wucnons3yercs ¢ 2011 roma, 4ro MO3BOJUIO
3HAYUTEIBHO COKPATUTH 3aTPaThl HA MPOMBIBKY (PMIIBTPOBOM KOJOHHBI M OTCTOMHUKA CKBAXXHHBI OT

necyaHbIX MpoOok (Tadmwuia 8).

Tabauya 8 — nokazamenu pabomovl OMKAYHBIX CKEANCUH nocie ycmanoekou 1BA-15B

Ne ckB C (U), pH JleouT no, JleOuT moc.ie, MPILI, cyr
Mmr/a m3/4ac M3/4gac
2-9-45 45 4,28 3,3 5,2 46
2-9-37 56 4,05 3,7 4,9 39
2-9-46 46 4,52 3,1 4,5 41
2-9-55 34 1,95 2,9 6,0 35
2-9-22 56 1,76 2,8 4,5 36
2-9-35 34 5,84 3,7 51 42
2-9-21 40 1,87 2,9 50 37
2-9-23A 56 2,02 3,4 5,8 33
2-9-35 28 1,53 3,5 6 39
2-9-23 34 1,93 3,7 54 41
2-924 35 1,76 3,2 5,8 38
Cpennee 42 2,9 3,3 5,3 39

4.2.3. PBP ¢ XuMHYeCKHM XapaKkTepoM BO3/1eiCTBHS HA (PUJILTP CKBAKHMHBI

TpaauuuoHHAsA XMMHUYeCKass 00padoTka

Haubonpiiee pacrnpocTpaHeHre Ha MpakTHKE, Oiarojaapsi CBO€H JOCTYIMHOCTH U BBICOKOM
3¢bGEeKTUBHOCTH, MOJYYUIT METOJl XUMHYECKOH 00paboTKu CKBaKWH. [IpuHIMI AEWCTBUS 3TOTO
METO/Ia 3aKJoYyaeTcs B Mojade B MPUPMIBTPOBYIO 30HY CKBAKHMHBI XUMHYECKHUX PEareHTOB,
PaCTBOPSAIOIINX WM Pa3phIXJISIIOMIMX KOJbMATUPYIOIIME COCOUHEHHs, KOTOpbIE YHAISIOTCS
MOCJIEYIOIEH MPOKauKoW CKBaKMH. PeareHT mojaercs B CKBOKMHY HAJMBOM 4epe3 yCThe, JTH00
HEMOCPEJCTBEHHO B 30HY (PHIIbTpa M BBIIEPKUBACTCS B HEW OMpENEICHHOE BpeMsi, HEOOX0AUMOe
JUIs pacTBOpeHHUs KoibMaraHToB. [locme okoHYaHHMS OOpaOOTKM CKBaKHUHY TIIATEIHHO
MPOKAYMBAIOT, TPOU3BOIAT HEOOXOAUMBIE 3aMEPHI H CKBAXKUHY 3aIyCKAIOT B padoTy.

O6beM pacTBOpOB st 0OpabOTKM CKBa)XKUHBI BHIOMPAIOT B 3aBUCHMOCTH OT MOIIHOCTH

I1acTa, HaME@YEHHOro K o0paboTke, TpeOyeMoil TiayOMHBI MpopabOTKHU MPU(UIBTPOBOI 30HBI,
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XMMHUYECKOTO COCTaBa KOJbMATaHTa, (PU3MUECKUX CBOMCTB IUIAacTa (IIOPUCTOCTH, IPOHUIIAEMOCTH),
CTENEHU 3aKOJIbMaTHPOBAHHOCTH.

KoHnenTpauuioo npuMeHsieMbIX Jisi 00pa0OTKH pPeareHTOB BHIOMPAIOT B 3aBHCUMOCTH OT
CTaguH OTPabOTKH OJI0Ka, CTENICHH 3aKOJIbMAaTHPOBAHHOCTH, XMMHUYECKOTO COCTaBa KOJbMAaTaHTOB.

K PBP c¢ xumuueckuMm BO3JEMCTBHEM OTHOCSTCS pEarceHTHbIE OOpadOTKU CKBaXXUH
pacTBOpamMu CEpHOM KHUCIIOTBHI.

TpanuuMoHHbIE XUMHUYECKHE OOpaOOTKM CKBXHH NPOBOIATCA pacTtBopoM 10% cepHoit
KHCIOTHI 00BEMOM 8 M°, JOCTABKA KOTOPOTO OCYIIECTBISIETCS K YCTBIO CKBAKHHBI C MOMOIIBIO
MepEeIBUYKHOTO y371a, ycTaHoBiIeHHoro Ha maccu «KPA3 63-221». Henocrarkom JaHHOTO MeTo/a
SBJIIETCS OrpaHUYEHHE MO 00BEMY MOJAaBAEMOTO JEKOJIbMATHUPYIOIIEr0 pacTBOpa B CKBAXKHUHY (8
M3) U KOJIMYECTBY IMPOBOJMMBIX omepanuii B cMeHy (3-4 00paborku). OrpaHudeHHbI 00bEM
[10/1aBa€MbIX PaCTBOPOB 00YCIIaBJIMBAET OTHOCUTEIIBHO KOPOTKUN MEKPEMOHTHBIN IIUKJI CKBaKUHBI
(MPLY) — 17 nueit (Tabnuma Ne9).

Jnst yBenmmderus: ko3 UIIMEHTa UCTIOJIb30BAaHUS CKBAKMH W ONTUMM3AIMU 3aTpar Ha PBP
ObUTH MPOBEACHBI PA0OTHI O U3MEHEHUIO XUMUYECKOTO COCTaBa JEKOJIbMAaTUPYIOIINX PACTBOPOB U

YIYHYHICHUIO TEXHOJOT WU UX ITOJa4YH.

Tabauya 9 — s¢hghexmusrnocms mpaouyuoHHOU XUMUYECKOU 00PAOOMKU CKBANCUH

Jeour go JleouT mocJie
Ne n/m No cke C ), Pu 00padoTKH, 00padoTKH, MPIL,
MI/J1 3 3 CYTOK
M~ /4 M- /4

1 2-9-130 87 1,6 4,5 6,3 24

2 2-9-430 60 6,2 4,2 6,1 15

3 950186 32 1,6 3,7 6,1 33

4 2-9-55 94 4,3 4,1 6,1 36

5 3-3110 108 2,2 3,5 5,8 12

6 3-5140 150 15 4 6,7 13

7 20904a 65 1,9 4,2 5,8 18

8 20805a 59 2,2 4,4 5,6 19

9 209040 79 2,7 4 5,2 14

10 208050 66 2,6 4,1 5,6 17
Cpennee 3,8 5,6 17

budTopug ammouus

[lepBbIM HampaBieHHEM SIBISETCS HCHoOJb30BaHUe OudTopua-propun ammonus (BDA)
(NHsHF,) mis mony4yenus: pacTBOpOB MIaBUKOBO# kucimoTsel (HF) 1 ucmons3oBanus e€ B KauecTBe
nexkonbmaranTa. [lpumenenne BPA 1 mosydyeHHs] MIABUKOBOM KHCIOTHI BO3MOKHO 3a CUET
CHEAYIOUIEH XUMUYECKON PEaKIUU:

NHsHF; + 2 HCI = 2 HF + HCI + NH,4CI
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Hns mpurotoBieHuss pactBopoB HF HeoOxoanma TexHudeckas COJsHas KHCIOTa, YTO
CYLIECTBEHHO YBEJIMUYMBAET ONACHOCTH MPOBOJUMBIX pabOT U crommocTh nposeneHus PBP. Ha
OCHOBE OIIbITa TPOBEJICHHUS BOCCTAHOBUTEIBHBIX PA0OT B HE(PTIHONW NPOMBIIUIEHHOCTH OBLIO
IIPEJI0OKEHO 3aMEHUTD COJIIHYIO KUCJIOTY CEPHOM, TaK KaK MUHEpaJIbHAsl KUCJIOTa B IaHHOM Cllyyae
Heo0X0/MMa TOJIBKO JUIsi 0OecriedeHHus KHUCIOTHOCTH pacTBOpoB. [locie 3amMeHbl MUHEpalbHOU
KHUCJIOTBI peaKliys PHOOpEeTaeT BUA:

2NHsHF, + 2H,S0O,4 = 4HF + H,SO, + (NH4)2804

PacTBOpBI IJIaBUKOBON KHUCJIOTHI NMPUTOTaBIMBAINCH B EMKOCTSAX IMEPEIBUKHON YCTAaHOBKHU
XUMHUYECKOM 0OpabOTKM W 3aTeM JOCTaBISUIMCh K CKBaKuMHe. s onTuMM3anuu 3aTparT Ha
nposefeHrue PBP npumeHsnMch pazinyHble KOHUEHTPALUMU IUIABUKOBOM KHCIIOTBI B PacTBOpax.
Pesynbrarel apdextuBHOCTH TpuMeHeHnss bBMA Ha ckBaxuHax npuBeeHbl B Tabnuie Ne2.

MPIl npu o6pabotke 1,5% pactBopom HF cocrtaBnser 55 nmueit (tabmuma Ne2), npu
obpaboTtke 1,0% pactBopoMm — 48 nHeii u mpu o6padoTke 0,5% pactBopoM — 45 areit. OTMedaercs,
YTO MpHU JBYKPATHOM CHIDKeHHH KoHUeHTpauu HF B pactBope MPL] ckBaxkuH CHMKaeTCsl TOJIBKO
Ha 15 %. Takum oOpazoMm, sddexktuBHOCT, mnpuMeHeHHsT BDOA Bblllle B CpaBHEHUH C
TPAAUITMOHHBIMHA METOJJAMU XUMHUYECKOU 00pabOTKH.

Taxxe OgHUM U3 TOJOXKUTENbHBIX 3¢ ¢dekToB mnpuMeHeHuss BDA saBnsercs yBenuueHue
pearnpoBaHMs CKBaXUHBI HAa TpaJuUMOHHBIE BUAbI PBP, T.e. ME&XpeMOHTHBIC LIMKIIBI CKBAKUH OT
TPAIULMOHHBIX XUMHUYECKHX OOpabOTOK CEpHOM KHUCIOTOM YBEIMYMBAIOTCS IOCIE Pa30BOrO
npumenennsi bOA. Ormerum, urto npumeHeHue BDA ocobeHHO yA00HO B TPYIHOIOCTYITHBIX
palloHax, T.K. CBIIY4YHMH IMPOIYKT YIIAKOBAH B MEIIKaX U MOXKET XPaHUTBCS U TPAHCIOPTUPOBATHCS

OOBIYHBIMH MCTOJaMU.
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Tabnuya 10

Dhhexmusnocms obpabomox pacmeopamu bDA

MaccoBoe e0uT 10 eOuT mocJje
Ne Ne ckB C), Pun conep:kanue HF ojﬁlpaﬁoTKn, I([)ﬁpaﬁoTKn, MPIL,
n/n MI/J1 o 3 3 CYTOK
B pacTBopax, % M /4 M /4

1 2-9-136 | 87 1,60 4,5 6,3 62
2 2-9-436 | 60 6,20 4,2 6,1 23
3 950186 | 32 1,60 3,7 6,1 96
4 20334 94 4,30 4,1 6,1 38
5 95063 73 4,00 4,2 54 79
6 17412 52 6,30 3,4 6 29
7 40788 48 4,90 3,9 6,1 62
8 2-9-178 | 56 2,10 15 3,1 6,2 79
9 930146 |41 4,00 4,5 6,1 55
10 44441 65 1,90 3,7 6 63
11 45902 94 5,80 3,9 57 41
12 2-9-23a | 91 4,30 3,6 53 71
13 2-9-23B | 86 3,80 3,5 5,3 38
14 44076 70 2,00 3,6 5,3 53
15 11203 85 2,00 3,3 5,2 37

Cpennee 3,8 5,8 55
1 2-9-13a | 29 2,30 2,9 5,7 81
2 2-9-136 | 32 2,30 3,1 6,6 88
3 930146 | 72 5,00 3,5 6,1 64
4 950606 | 65 3,90 3,2 3 29
5 209016 | 47 1,70 10 4.4 5,3 14
6 209076 | 30 1,90 ’ 4,5 6 12
7 2524026 | 110 4,90 4.4 5,5 24
8 209076 | 79 2,40 4,2 5,9 17
9 3-5136 | 300 1,70 3,4 5 74
10 3-5156 | 150 1,30 3,5 5,8 74

Cpennee 3,7 5,5 48
1 20700 62 3,90 4.4 6,4 64
2 13760 40 2,60 3 4,8 32
3 2-9-17a | 32 5,80 3,2 4,5 74
4 2-9-46 | 31 3,90 3,5 55 65
5 92002 30 5,60 3,8 4,3 79
6 93004 53 5,70 3 51 7
7 2507146 | 60 2,70 4,3 5,8 49
8 250711 | 65 2,30 0,5 4,3 55 32
9 3-513a | 270 2,00 4,1 54 70
10 3-3116 | 108 2,20 3,5 5,8 65
11 3-5146 | 150 1,50 4 6,7 68
12 20904a | 65 1,90 4,2 5,8 18
13 20805a | 59 2,20 4.4 5,6 32
14 209046 | 79 2,70 4 5,2 5
15 208056 | 66 2,60 4,1 5,6 19

Cpennee 3,9 5,5 45
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CTaHHOHapHLIﬁ y3e¢ NpoBeACHUSA XUMNYICCKUX OﬁpaﬁoTOK OTKAYHbI CKBA’KUH B CUCTEME

TYIIIIPa

PazpaboTka M M3roTOBIIEHHE Y37a IMPHUTOTOBJIEHUS M TOAAYM PACTBOPOB B OTKAuyHBIC
ckBaxkuHel B cucreme TVYIIIIPa s yBenudeHus konudectBa M KadectBa PBP
JEKOJIBMATHPYIOIIUMHU pacTBopaMu (pucyHOK 38). B KOHCTpyKIMHU y3ia IpeayCMOTpeHa 1mojaJya B
COCTaBE PacTBOPOB CEPHOM KUCIIOTHI 33/1aHHOM KOHLIEHTPALIUH.

[logaua neKONBMATHPYIOLIUX PpACTBOPOB B CKBAXXUHBI OCYIIECTBISETCS IMEPEBOJOM
CKBaXMHBl B peXHUM mnojgaun pactBopoB B TYIIIIPe nox npaBieHHMEM C NOMOIIBIO YyXKe
MPEyCMOTPEHHOM CHUCTEMBI OOBS3KH, IPU AITOM OIOJIOBOK CKBAXKMHBI TE€PMETH3UpPYETCS U
pacTBOpBI MOJAIOTCS Yepe3 IJIeTh CKBaKMHBI. JlaHHAsi cucTema mepeBojia CKBAKMHBI B 3aKayHOM
peXUM He TpeOyeT 3HAuMTENbHBIX 3aTpaT Tpyda M BPEMEHM, T.K. IMOJATOTOBKA CKBa)KMHBI
3aKJIF0YAETCs TOJIBKO B TE€PMETHU3AIMH OT0JIOBKA M OTKPBITHS 3aJBI)KEK B CHCTEME TIOJauH.

Hcnonb3oBaHue y31a  CTallMOHApHOW  XUMHMYECKOodl  oOpaboTku mo3Boimiio  6e3
JIOTIOTHUTEIBHBIX 3aTpPAaT Ha aBTOTEXHUKY M YEJIOBEYECKHE PECypChl YBEIUYUTH KOJUYECTBO
00pabOTOK U CYIIECTBEHHO YBEJIUYUTH 00BEM MOJaBAEMbBIX PACTBOPOB B CKBAXKHHBI.

O6beM mojauM JAEeKOJbMaTaHTa OTPAaHUYMBAETCS TOJIBKO MPHUEMHUCTOCTHIO CKBAKHUHBI U
BPEMEHEM TI0JIadyd PAcTBOpPa, YTO OCOOCHHO BakHO mpu TmpoBeAcHMH PBP Ha ckBakuHax
Tpedyromux ocodboro noaxoaa npu Benenuu PBP.

KonnuectBo omHoBpemeHHbix PBP ¢ mnomompio CTallMOHApHBIX — y3JI0B  MOJA4YU
nexkonbMaranta B oTAenbHOM TVYIIIIPe orpanwumBaeTcsi TOJIBKO MPOIMYCKHOW CIIOCOOHOCTHIO

TpyOOIIPOBOJIOB y3JIa M COCTABIIIET HE MEeHee 5-6 00paboTOK.

JInHmna nogaum
L= ! [AeKonbMaTUpYHLLMX
o 0 PacTBOPOB B CKBaXUHbI

S|

Pucynox 38 — cxema u ghomoepaghus cmayuonapro2o y3ia npoeedeHus XuMu4eckux
obpabomok ckeaxcun 6 cucmeme TVIIIIPa.
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Tabnuya 11 — nokaszamenu pabomsi ckgaxcutn nocie PBP cmayuonapuvim y310M Xumuieckou

0bpabomku

Ne nn Ne C (U), mr/n pH JedouT no, JleOuT moc.ie, MPII,

CKBAaKMHbI m>/4ac m°/aac CyT
1 2-9-45a 27 4,28 3,2 4,6 26
2 2-9-37 34 4,05 3,0 5,2 23
3 2-9-46 30 4,52 4,1 53 24
4 2-9-55 54 1,95 3,2 4,7 27
5 2-9-22 26 1,76 2,8 4,5 12
6 2-9-356uc 42 5,84 4,0 5,2 22
7 209230 40 1,87 2,9 5,5 23
8 209220 56 2,02 3,4 5,8 35
9 212620 23 1,53 3,5 6 35
10 211360 85 1,93 3,7 5,4 15
11 213420 180 1,76 3,2 5,8 36

Cpennee 3,3 5,4 24

N3 tabmumer Nell BumnaO, uTo MPIL] ckBakuHbl coctaBuia 24 mHs, 9ro Ha 11 gHei OombIe
4eM TP TPATUITMOHHBIX XUMHYECKIX 00paboTKax.
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5.3AKOHOMEPHOCTHU NPOCTPAHTCBEHHOI'O PACIIPEJAEJIEHUS YPAHA
U PAIMSI HA MECTOPOXKJIEHAU CEBEPHBIA KAPAMYPYH
(PECIIYBJIMKA KA3AXCTAH)

5.1 AKTyaIbHOCTDH MCCJIEOBAHUSA
[Ipumenenne wmeroma vy-kaporaxa (I'K), Kkak OCHOBHOTO MeToja Treo(PHU3MUECKUX

uccnenoBanuii ckBaxuH (I'MMC) Ha ypaHOBBIX MECTOPOKJIEHUSAX IUIACTOBO-HUH(PHIBTPALIMOHHOTO
TUna, TpeOyeT MOTOJHHUTENbHBIX CBEACHUH O pPaaMOJOTHYECKOW OOCTaHOBKE Ha H3y4aeMOM
00beKTe. ITO 0O0YCIOBIIEHO CHENU(UKON ABYXITAITHOTO OTPEACICHUS MapaMeTpPOB PYIHBIX TI0
ypaHy MHTEpBajOB (MOIHOCTh MHTEpBaJla U MaccoBas J0Js ypaHa): 1) ompenesneHne MaccoBOM
noyia 226 Ra mytem peructpaiuu ero y-usjiydeHus; 2) pacuetr maccoBoi noyu 238 U Ha OCHOBaHWU
3aKOHA PAJMOAKTUBHOTO PpABHOBECHS W B MPEINOJOKEHHH COXPAHHOCTH (3aMKHYTOCTH)
reoxumuueckon cucrembl 238 U - 226Ra. Jlng paccmMaTpuBaeMoro THUIIA MECTOPOXKICHHM
XapaKTepHBI JIOCTATOYHO YaCThIC CIy4ad HE BBHIMOJHEHHUS YIIOMSHYTOTO MPEIIOJIOXKEHUS, U TPH
pacuere MaccoBOM JOJNM ypaHa, HEOOXOJWMO YUYUTHIBATH pEANTbHO COpPMUPOBaBIIEECs
cooTHomeHue Marepunckoro (238 U) u gouepnero (226 Ra) n30TONoB, TO €CTh MyTeM yueTa
BEIIMYMHBI «HApYyIICHUs 3aMKHyTOoCTH cucteMbl - (Kpp)». Omnpenenenme Kpp — mocraTtouno
TpyZOeMKas 3ajada, peIIeHHe KOTOPOH CBS3aHO C BBINIOJHEHHWEM AaHAJTUTHYECKHX pPadoOT IO
KepHOBOMY MaTepuany. B To ’ke BpeMs CyIIECTBYeT METOJ, OO0ECIEeUUBAIOUIUN «IIPSMOE»
ompenenenue ypana [9,10,11,12,].

[Tepexoa Ha KOJIMYECTBEHHOE OMPEACIICHUE COJICPKAHUI ypaHa C U3BECTHOM MOTPEINTHOCTHIO
obecneunr:

- YMEHBIIIEHHE HEOOXOJUMBIX 00BEMOB OypeHus ¢ OTOOPOM KepHa M, COOTBETCTBEHHO,
CHIDKEHHE 00bEMOB aHATUTHUECKUX padoT;

- TMOJIy4Y€HUE KOJUYECTBEHHBIX MMapaMETPOB OpYACHEHHs (MOLIHOCTh PYyJHOTO MHTEpBala U
MaccoBasi JI0Jii ypaHa) Ha y4YacTKaX CO CJIOXHOM TE0JIOTMYECKOM CcHUTyalueu, rae
MIpe/ICTaBUTENbHBIA KEPHOBBIA MaTepHall JUisi ONMpoOOBaHUS MOJYYUTh MPAKTUYECKH HEBO3MOKHO
(pyZioBMeNIaromye Mopo bl MPeACTaBIeHbl BAyHHO-TAJICYHBIMHU OTJIOKEHHUSIMH U TIP. ).

- OLIEHKAa JJOCTOBEPHOCTH PE3yAbTATOB HHTEPIPETAIIH MaTEPHAIOB FraMMa — KapoTaxa,

- omepaTuBHOE (B TOT K€ JEHb) IMOJY4YEHHUE OKCIpecc HHpopMaluu O mapameTpax
opyIeHeHus, o0ecreunBarolee aIeKBaTHYI0 KOPPEKTUPOBKY Ipoliecca OypoBhIX paboT;

- ONpeAereHHe OCTaTOYHOTO COJEepXKaHWd MeTalla B Heapax M pacueT Kod(p¢uIireHTta

H3BJICYCHUA METAaJlJIa U3 HEIP.

5.2 PagmoakTUBHOE paBHOBeCHE
UlteHbl KaXXI0TO psa CBSA3aHbI IPYT C APYTrOM IMOCIEN0BaTeNIbHBIMH HEOOPAaTUMBIMH albda

u Oera MMpEBpalICHUAMH. Ecnu cucrema B KOTOpOﬁ HaxodATCd PAAUOHYKIHUABI TOTO WX HHOTO
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psma, 3aKpeiTa, TO €CTh HE IMPOUCXOAMT BBIHOCA WJIM TOCTYIUIGHHS OTHENBHBIX €€ YJICHOB
OTHOCHUTEIILHO JAPYTUX, TO CO BPEMEHEM B Py HACTYMaeT paJuoakTUBHOE paBHOBecHe [16].

OCHOBHBIMU FaMMa-U3Ty4aTeNIIMU B YPaHOBO-PAIEBOM PSAY SIBISIOTCS KOPOTKOXKHUBYIIHE
POAYKTHI pacnana Pamona-222 — Bucmyt 325 u Cunen-214 [13]. Ha ux 10110 MPUXOUTCS TOYTH
92% raMMa-u3nydeHHus psAa, MO3TOMY TraMMa-aHOMAJIMM PErUCTPUpPYEMbl€ IpPHU IPOBEIECHUU
raMMa-KapoTaxka, OTPaXaloT COJCPKAHUS B TIOPOIaX UMEHHO 3TUX DJIEMEHTOB.

Kak wm3BecTHO, NPUPOAHBIA ypaH MpPENCTaBIsET COOON CMech Tpex H30TONOB (Tabimia

5.2.1)
Tabnuya 5.2.1 - Hzomonwt ypana [11]
Mzoron CozepxaHusi B IPUPOJAHOM ypaHe, [lepuon nonypacnana, jer
%
=y 99,2739 4,47*10°
Y 0,7204 7,04*10°
iy 0,0057 2,04%10°

Bce M30TOMBI ypaHa SBISIOTCS anb(a-u3mydarensimi. M3otomst ~ U 1 *°U 06pasyioT psibl
pacnaza U uyepes3 Mocjae10BaTeIbHOCTh MPOMEXYTOUHBIX MPOJIYKTOB MPEBPALIAOTCS B CTAOMIbHbBIE
n3oTonsl cBuHIA 206 u 207.

B nnurtenbHO CylecTBYIOMMX 3aMKHYTBIX MPUPOTHBIX CUCTEMAaX MEXIY COJIep>KaHueM ypaHa
U pagus ¥ raMMa-aKTUBHBIX IPOAYKTOB pacliajia yCTaHABIMBAETCS PaBHOBECHE, MO3BOJISAIOLIEE 110
MHTEHCUBHOCTH TraMMa-U3Jy4eHHsI ONpeAeNsaTh coJepxaHus ypaHa. Takoe paBHOBecue
YCTaHaBJIMBACTCS 4Yepe3 2,5%10° ner. Opnaxo MPUPOJHBIE CUCTEMBI BCErJa B KaKOM-TO CTEIECHU
HE3aMKHYThl, U B HHUX MOTYT MPOUCXOJUTH IMOTEPs] YaCTU MPOMEXKYTOUHBIX MPOIYKTOB H
HapylIeHHe DPaJUOAKTUBHOTO paBHOBecHs. Yaiie Bcero Takoe HapylleHue ObIBAaeT CBSI3aHO C
Pa3HOIl re0OXUMMUYECKOU MOABMKHOCTBIO ABYX 3JIEMEHTOB — CaMOTO ypaHa U panus. Paauii, sBussch
TOMOJIOTOM  II[EIOYHO3EMENbHBIX METa/IOB (Kajblus, Oapusi), MPaKTUUYECKU HEMOJBHKEH B
cynbaTHOM cpene U Oe3pa3inyeH K BEIMYUHE OKUCIUTEIHbHO-BOCCTAHOBUTEIHLHOTO MOTEHIMAA.
VYpan, Oyayuyud MONHMBAJICGHTHBIM METaUIOM, YYBCTBUTENEH K W3MEHEHHIO OKHUCIUTEIBHO-
BOCCTAaHOBUTEJIHHOTO TMOTEHLMANa CPelbl U B IIECTHBAJICHTHOM COCTOSIHUHU JIETKO IMOJBIKEH B
cynbdaTHOM U kapOoHaTHOU 00cTaHOBKaX [14]. COOTHOIIEHHS MEXKAY PaueM U YpPaHOM MPHUHITO

BbIpAXXaTb KOB(I)(I)I/II_[I/ICHTOM pPaaAuOaKTUBHOI'O PABHOBCCHUA:

Kpp = 2,94:10% Cra/Cy,
rac CRa u CU — COOTBCTCTBCHHO MACCOBLIC NOJIM paavsd B CAMHUIAX PABHOBECHOTO YpaHa (lr
U ~ 3,4*10r Ra) u ypaua.

Jns paBHOBecHBIX pya Kpp = 1, npu u30sitke pagust Kpp>1, npu ero Henocratke Kpp<l1.
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CooTHollIeHHE MEXIy KOHIICHTpAlKe ypaHa 1 HHTEHCUBHOCTHIO raMMa-U3Jy4yeHUs 3aBUCUT
OT COCTOSIHUSI PAJIMOAKTHUBHOTO PaBHOBECHS CHUCTEMbl, XUMHUUYECKOIO COCTaBa Cpelbl (BETUYMHBI
3¢(dEeKTUBHOTO aTOMHOTO HOMEpa), IUIOTHOCTH M BIAKHOCTH pyJd, HAIWYUS JPYTUX
PAIMOAKTUBHBIX JJIEMEHTOB (TOpUS, Kajus), TEXHUYECKUX XapPaKTEPUCTUK H3MEPUTEIbHOU
anmnapaTtypsl U CTaOUIBHOCTD €€ padOTHI.

Pesynbprar KapoTaka, BBIIOJHEHHOTO C COOJIIOJIGHUEM YCTAHOBJIEHHBIX TpeOOBaHMIA,
MOJUIeKAT KOJMYECTBEHHON MHTEPIIPETALIUH.

[TepecueTHBIi KOA(UIIMEHT, CBSI3BIBAIONINA HHTCHCHBHOCTH HM3IIy4EHUS C KOHICHTpaIuei
ypaHa JJii PaBHOBECHBIX pYyJ 3aBUCUT OT DJEKTPOHHOM TIJIOTHOCTH CpEAbl, OIpenesieMoin
BEIMYMHON 3(P(PEKTUBHOTO aTOMHOTO HOMEpa pPyAbl, IUIOTHOCTH U BIAKHOCTH pPyIObl U
cojiepaHueM Topusi U Kanus. Kpome Toro, mpu MHTEpHpeTanuy HEOOXOJAUMO KOPPEKTUPOBATH
3HAYECHHUS] HU3MEPSEMON HHTEHCHUBHOCTH TaMMa-M3JIy4eHUs C YYETOM IMOMIONIEHUS O00CaTHBIMHU
TpyOaMu ¥ OYpOBBIM PacTBOPOM B KOJIBIIEBOM 3a30p€ MEKIY CTEHKaMH JAaT4yWKa U CKBAKHUHBI.
[TormpaBkM Ha CMeIlIEeHUE PAAMOAKTUBHOTO PABHOBECHS MEXKIY YPAaHOM W paaueM BBOJIATCS IO
pe3ynbTaTaM CelHaJIbHOTo ONPOOOBaHUs KEpHA, C aHAIM30M Mpo0 Ha COJAEp)KaHUS ypaHa U pajusl.
[Ipu »TOM B pacuetHyro (opMyny BBOIUTCA KOAIDDUIIMEHT pPaTUOAKTHBHOTO PaBHOBECHS,
paccUMTaHHOE 10 pe3yibTaraM aHanu3os [1,12].

5.3. PaguoJiornyeckasi XapakKTepuCTHKA Py

B uemom ypaHoBeie pynbl MectopoxkaeHusi CeBepHblii KapamypyH Xapakrtepusyercs
CMEIICHUEM PaJMOaKTHBHOIO paBHOBeCHA B cTOpoHY ypaHa (K,=0,80) n HanumuneM 3akOHOMEPHOU
PaanoIOrH4ecKOi 30HAIBHOCTH B paspese U B IulaHe. M3yueHue 3TON 30HaIbHOCTH MPOBOIUIOCH
pa3aesibHO AJIs BEpXHE- U HIYKHEKaMIIaHCKOTO PYI0BMELIAOIINX OATOPU30HTOB.

Bepxuuii moAropu3oHT KaMIaHCKOTO sipyca.

Pacrnipenenenne ko3ddunrenta paanoakTUBHOTO paBHOBECHS IO TUIOMIAN MECTOPOKIACHUS
U3Yy4aJoCh C Y4YETOM T'€OXMMHUYECKON 30HAIBHOCTH C CYIIECTBYIOIIMMH MPEICTABICHUSIMH O
dbopMHUpOBaHUM PYIHBIX 3aexked. B miaHe mo xapakTepy MHUTpaliy pagloaKTHBHBIX JIEMEHTOB,
pYyIOHBIE 3aJ€KH MECTOPOXKIEHHUS MOKHO pa3[eNiuTh HAa TPU 30HBI: 30HBI MPEUMYIIECTBEHHOTO
BBIHOCA YpaHa, 30HY JIOKAJLHOTO IepepaclpeleieHuss ypaHa M pajaus U 30HY HAKOIUICHUS
(oTHOXEHUS) ypaHa.

30Ha MpeuMYIIECTBEHHOTO BbhIHOCA ypaHa (30Ha |l) 3aHMMAaET 10KHYI0 U BOCTOYHYIO YacTH
MECTOPOXKIeHUS (pUCYHOK 39), pa3BUBAasCh MO HAMPABIECHUIO OCHOBHOTO PyI0(OPMUPYIOLIETO
MOTOKA IJIACTOBBIX BOJ M OTAENBHBIX €ro crpyed. OHa MNpOTATMBAETCA OT TPAHULBI MOJHOTO
OKHCJIEHUS BEPXHEKAMIAHCKUX PYIOBMEIIAIOMINX OTJIOKEHHMW, COBMaAas B IUIAHE C YYacCTKOM

HaMOOJIBIIIECH HpOpa60TKI/I Iopoa KHucCJIOpoACOACpKAalllUMH BOJaMH. Pannonoruueckas 00CcTaHOBKa
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B 9TOH 30HE OTpakaeT MNpOIecC NepeMelIeHHss Haubosiee MOIBMKHOTO B OKHUCIHMTEIBHOW cpere
ypaHa U BBIACISIOTCS TOBBIIICHHBIMU KOA(D(OUIIMEHTAMH PAaTUOAKTUBHOTO paBHOBecHs B pyxae. B
[IEJIOM OHA XapaKTepU3yeTcs CPEIHUM 3HAYeHHEM KOd(PQHUIMEHTa paJMOaKTHMBHOTO pPaBHOBECHUS
0,95 (koadpdunuent Bapuanuu paex 24%), npu xonedanusx ero ot 0,71 go 1,33.

30Ha JIOKAJIbHOTO MepepacnpeiesieHus: ypana u paaus (3oHa |) pacrnonaraercs B 3anmajHoN U
HCHTPAIBHON YacTIX MECTOpOXJIeHHs (PUCYHOK 39) B mpenenax 3TOH IUIOIIAANM FeOXUMHYECKast
0o0CTaHOBKa M3MEHSETCS OT YaCTHUYHOTO  CTPYHYaTOTO  OKHUCIEHHS  PYyIOBMEIIAIONINX
BEPXHEKAMITAHCKUX OTJIOKEHUU Ha BOCTOKE 30HBI 0 HEU3MEHHBIX CEPOIIBETHBIX MOPO/I Ha 3amae.
B cBsi3u ¢ Takoil HEOJHOPOTHOCTHIO TEOXUMHUYECKOW 0OCTAaHOBKH MPEUMYIIECTBEHHOTO Pa3BUTHE
3/1eCh MOJYYMIIM MPOLECCH JIOKAIBHOTO MepepacnpeiesieHle ypaHa U paaus B paszpese. [Iponeccs
HaKOIUICHUsI ypaHa HUMEIOT B ATOW 30HE MOJYMHEHHOE 3HAYEHWE W TPOSIBJISIIOTCS, B OCHOBHOM,
TOJIBKO Ha 3alaJHOW 4acTH, MPEHMMYIIECTBEHHO B MEHIKOBBIX yacTeil 3anexeid. KoapduireHnTs
PaIMOaKTHBHOTO PABHOBECHS 37IECh MMEIOT OoJiee IMHMPOKUA auanazoH u3meHeHud (ot 0,39 mo
1,72). 3ona | xapakTepusyercsi cpeJHUM 3HaYeHUEM KOIPPHUIIUESHTHI PaHOaKTUBHOTO PABHOBECHUS
0,85, mpu korddunmente Bapuanun -26%.

3oHa HakoruleHus ypaHa (3oHa |1l) HaxoauTCs B ceBepHOM YacTu MecTopokaeHus (puc. 31).
BepxHekamMmaHCcKHe OTJOXKEHUAX B IpeAerax €e, B OCHOBHOM, He OKHCcIeHbl. OKucieHue
CTpyHYaTO Pa3BHBAETCS TOJBKO IO mMepudepun Ha TpaHUIlE C 30HOW BhIHOCA ypaHa. B mpemenmax
9TOM TUIOIIAH JOKAJIU3YIOTCSI B OCHOBHOM IEPEOTI0KEHHBIE PYABI CO 3HAUUTEIBHBIM CMEIICHHEM
paBHOBECHSI B CTOpPOHY YpaHa. OJTa 30Ha XapaKTEpHU3yeTCs COCTOSIHUEM pPaJHOaKTHBHOIO
paBHOBecus co cpeaHuM Ky, paBabiv 0,70 npu kos3dduunente Bapuannu -23%.

Pagnoxumuyeckasi uccieqoBaHus BKJIIOYAIH ONpe/IesieHue KOJTUYECTBEHHBIX COOTHOIICHUIN
238y, B4y, 2Th, #Ra, a Tarxke >'Pa o po6aM, KOTOpbIe OTOMpANUCh ¢ yueToM u3MeHeHuil Ky, B
OTIICNbHBIX PYAHBIX ceUeHUSIX 47 CKBaXUH M XapaKTepU30BAIM ILIOLIA[b MECTOPOXKIEHUsS (puc.
31). IlockonbKy HW3BECTHO, YTO HOHUN 0O0NazaeT 3HAYUTEIHHO MEHBUICH IMOIBUKHOCTHIO IO
CPaBHEHHIO C YPAaHOM M PaJHeM, 3TO CIYKUJI0O OCHOBAHUEM CBS3BIBATH OTKJIOHEHUE OT PAaBHOBECHS
MEXAY YpaHOM W HOHHEM U MEXIy HOHHEM U pajJueM B pyAax C MpOoIecCaMd MUTpAIUU
paIMOaKTUBHBIX JJIEMEHTOB, B TEPBYI0 oOudepeab ypaHa U pagus. JlOMOTHUTETbHBIM
CBUICTETLCTBOM MHUIpallMM ypaHa Ha wectopoxaenud CeBepHbli Kapamypyn sBusieTcs
BBISIBICHHC 3HAYNTEIBHBIX HAPYIICHHH DPABHOBECHS MEKLY YPaHOM H HpOTakTHHHEM (2> Pa),
KOTOPBI OTIUYAETCS OT MOHHS MO0 XMMHUYECKUM CBOWMCTBAM, HO TaKXK€ XapaKTepusyercs ciaboit
MTOJIBUKHOCTBIO.

B pe3ynbTaTe BBINOJHEHHBIX PAIMOXUMUYECKHUX YCTAHOBJIEHO, YTO B Ipe/AeNaX CEBEpHOMU

qacTu MecToposxkaeHus (3oHa |11) Huskuii K, cs3an ¢ npuBHOocoM ypana (ckB. 3350, 3349, 3281 u

7p).
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3HaunTeNbHAS YACTh PYAHBIX IepecedeHuid 30HBI | Xapakrepuszyercs mnpeodsiagaHnuemM
ymepeHHoro (10 15-20%) cMeleHus: paBHOBECHS B CTOPOHY HEJIOCTAaTKa MOHMS 1O OTHOIICHUIO K
ypaHy. B pyIOHBIX mepecedeHusK 3TOM YacTH MECTOPOXKACHUS OTYETIHBO MPOSBIAETCA PPEKT
nepepacupeneneuus pagus. IIpu stom, onHako, cpennue 3HadeHusd K, He BBIXOJAT 3a Ipeeibl
0,75-0,90 1 mpuMepHO COOTBETCTBYET YPOBHIO, OTPEICIIIEMOMY COOTHOIICHUEM HOHUS M ypaHa
(cxB. 731, 3132, 3110).

B neHTpanbHON YacTH M FOr0-BOCTOYHBIN YacTAX MECTOPOKJIEHUS HAOJIIOACTCS CIOXKHOE
IepepacnpesesieHuss ypaHa M pajaus, CBSI3aHHOE C BBHIHOCOM U, B HEKOTOPHIX CIlydasx,
MepeoTIIOKEHUEM ypaHa U niepepactpeaenenrem paaus (cks. 3159, 3457, 3459 u ap). CnenctBuem
BBIHOCA YaCTH ypaHa u3 30HsI || sBisercs Bo3pacranue cpequx Kpp.

B xone panmoXMMHUYecKOTO H3Y4€HHsS B pa3HbBIX 30HAX MECTOPOXKICHHUS BBIIBIECHO
HECKOJIbKO pyAHbIX mepeceueHuil (cksB. 3108, 3145, 3206) c mnpakTU4YecKH HapyLUIEHHBIM
pPaBHOBECHEM MEKy HOHHEM M ypaHOM. B »Tux pyaHbIX cedyeHHsAX uaMeHeHus K, CBA3aHbI TONBKO
C mepepacrpeieIeHUeM paaus.

B nenom ke OCHOBHBIE KOJeOaHUs BeMYUHBI K, 110 MIIOMAaM MECTOPOXKIECHUS CBA3aHbI
MPEUMYIIECTBEHHO C $IBJIEHUEM MUTpPAllMU YypaHa, KOTOpPOE BBI3BAHO JIB)KEHHEM IIOTOKa
IJIACTOBBIX BOJ CEBEPO-3aMaIHOTO HAMPABICHHUS.

Murpanus paaus CKa3bIBaeTCs INIaBHBIM 00pa3oM Ha JIOKalIbHOW u3MeHunBOCTH K, B
OTJIEbHBIX PYAHBIX MIEPECCUCHUSX.

OTW BBIBOJBI JIOCTATOYHO XOPOIIO COMVIACYIOTCA C BBIJEIECHHOW PaauoJIOrhyecKou
30HAJILHOCTHIO Ha Tuionaan Mectopoxaenus Ceepubiii Kapamypys (puc. 31). Kpome onmcanHoi
BBIIIE PAJMOJIOTMUECKOI 30HABHOCTU B IUIaHE, O0YCIOBJICHHON JIaTepajabHBIM MEPEHOCOM ypaHa,
Ha MECTOPOKICHHM TMpOSsBICHAa 30HAIBHOCTh ypaHa M paaus B paspeze. OHa ompexaensieTcs
IpolieccaMy BBIHOCA YpaHa U JIOKAJIbHBIM IepepacipeieieHeM ypaHa U paJus Ha KOHTAKTax 30HbI
IJIACTOBOTO OKHCIICHUSI.

B paspese Boiaenstorces aBe moA30HBI A U b ¢ pa3nuyHbIMU B3aMMOOTHOIICHUSIMU ypaHa U
paaus Ha TpaHULAX PYAHBIX UHTEPBAJIOB B 3aBUCUMOCTU OT UX MOJIOKEHUS OTHOCUTEIBHO 30HBI
[JIACTOBOTO OKHCIICHUSI.

[Tom3ona A xapakTepu3yercs NPEUMYIICCTBEHHbIM HAKOIJICHHEM YpaHa W pa3BUTHEM
¢ dy3HOHHBIX PAJMEBBIX OPEOJIOB B KpPOBJIE U MOJOIIBE YpPaHOBBIX PYAHBIX Ten. PanueBbie
opeoJsl umeroT MomHoctu 0,20-0,70 M u conepkanust paaus 0,010-0,025 skB. % npu conepxaHue
ypana 0,003-0,008% (pucynox 39).

Ilom3ona b xapakrepusyeTcs NpEeUMYIIECTBEHHBIM BBIHOCOM YypaHa U JIOKAJIbHBIM
nepepacnpeeeHueM ypaHa U paaus. B pyaHbIX HHTepBaiax 3TON MOJ30HbI B pa3pe3bl CO CTOPOHbI

30HBI IIJIACTOBOTO OKHUCJICHUS IMPOABJICHBI MHTCHCUBHLIC OCTATOYHBIC pAaJAUCBBLIC OPCOJIbI, OOBIYHO
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umeronre MomHocTh 0,3-1,00 M u, B oTeabHBIX cayyasx, 10 2,0 M ¢ coaepxanuamu paaus 0,015-
0,050 skB.% mpu comepxkanmsx ypaa n*10* — 1-5%10° %. B To e BpeMms CO CTOPOHBI
HEOKHCIEHHBIX MOPOJA MO ATUM K€ PYIHBIM HHTEpBaJIoM o0Opa3syeTrcs Mu(Qy3rOHHBIE paJueBbIe
OpEOoJIbl, C TAKUMH XK€ MapaMeTpaMH Kak U B o30He A (pucyHok 39).

Takum o0Opa3omM, B moa3oHe b B pa3pe3e YCTaHOBIIEHBI pa3IMYHBIE 3aKOHOMEPHOCTH B
pacnpesesieHue ypaHa M pajaus Ha TIpaHuLax pPYAHBIX Tell, OOYCIOBJIEHHBIE HX IOJIO)KEHUEM
OTHOCHUTEJIHO 30HbI IJIACTOBOI'O OKUCIICHHUSL.

BoiienenHblie Ha IUIOLIaAM MECTOPOXKAECHUS MOA30HbBl A ¥ b 103BOJISIIOT IPABUIIBHO Y4YECTb
YCTaHOBJIEHHBbIE 3aKOHOMEPHOCTU B pacHpeesIeHUH paJHOaKTUBHBIX 3JIEMEHTOB B pa3pese A
OTIpE/IeNIEHUs] MOIIHOCTH YPaHOBBIX PYIHBIX MHTEPBAJIOB MpPH KOJIWYECTBEHHOM HHTEpIIpEeTaluu
ramma-KapoTaxa.

HuxkHMil MOATOPU30OHT KAMIIAHCKOIO sipyca

Kakux-m10o 3akoHOMEpHOCTEH B paclpeieieHHH YypaHa M paaus MO IUIOMIaau st
YpaHOBBIX pPyA HIKHEKAMIIAHCKMX OTJIOKEHUI YCTaHOBUTh HE ynaanoch. Pynel B 3TOM
HOJTOPH30HTE YCIOBJIECHO BBIACICHBI B OJHY 30HY (30Ha |1V) co cpeannum 3HaueHuamu K, paBHbIM
0,75, npu xoadduruente papuanuu K, -28%.

B HmXKHEKaMIaHCKOM TOpPWU30HTE Ha IUIOMIAJM  MECTOPOXKICHHMS  OTMEYaroTCs
MPEUMYILECTBEHHO JIOKAJIbHOE BBIKJIMHUBAHMS 30HBI MJIACTOBOIO OKHUCIICHUS B KPOBJIE TPAH3UTHOM
30HBI IJIACTOBOTO OKHUCIJIEHHS, YTO BBI3BAIO JIOKAIbHOE MepepacrlpeliefieHue ypaHa W paaus B
paspese U pa3BUTHE MaJOMOIIHBIX (P GY3HOHHBIX OPEOJIOB B KPOBJIE U MOJOUIBE PYAHBIX TEIL.

[Tpu n3yuenne 3aBucumoctu Ky, 0T MOIIHOCTH PyJHBIX T€N M COACP/KaHMsA B HUX ypaHa, B
LEJIOM IO MECTOPOXKICHUIO KOPPEISIUOHHBIE CBSI3M HE YCTAaHABIMBAIOTCS, TaKXKe Kak He
cymecTByer pasnuuus B Kp, A1 pasHbIX JuTOonorndeckux tumnos pya. Cpennue kodG@uIreHTs!
PaZMOaKTUBHOTO PABHOBECHS MPOHUIAEMBIX U HEMPOHHUIAEMBIX Py oTinyatoTcs Bcero Ha 0,02-
0,03 orn.ex. [1]

Kpatko pe3romupys U3710KEHBI BBIIIIE MOKHO CIIENATh CIEIYIOIINE BHIBOIbI:

1. Pymet wmecropoxaenus CeBepHblii KapamypyH xapakTepu3yroTcs CMeELICHHEM
paaloaKTUBHOIO paBHOBecUs B cTOpoHY ypaHa (K, s mecropoxkaenus paseH 0,80),
PaMOIOTHYECKON 30HATBHOCTHIO B IJIaHE W pa3pese, HU3KUM COJEp)KaHUEeM TOpHUS U
KaJusl.

2. B mnane pacrnpenenenne K03QQPUIMEHTOB paJHoaKTUBHOTO PAaBHOBECHUS B3aMMOCBSI3aHO
C FEOXMMHUYECKON 30HAJIBHOCTBIO U ONPEAEIATHCS NEPEPACTIPEEICHUEM YpaHa U paaus
B npoiiecce GOpMUPOBAHUS PYAHBIX TeT (BHIHOC-TIPUBHOC YpaHa).

3. B pa3spese pacmpeneneHne COOTHONIGHWH ypaHa M paaus Ha TpPaHUIAX PYTHBIX

nepecequI/Iﬁ onpeaAcisICTCA, B OCHOBHOM, HX IOJOXCHUCM OTHOCHUTCIBHO 30HBI
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IUIACTOBOTO OKHUCIICHHMSA- CO CTOPOHBI 30HBI HEOKUCIEHHBIX HOpoA oOpasyercs
ManoMouIHble Iu(@y3nOHHbIE, @ CO CTOPOHBI 30HBI OKMCIIEHUS OoJjiee MOIIHBIE C
BBICOKHMHU COJICP’)KaHUEM Pasiisi OCTATOUHBIEC PAHUEBHIC OPEOJIBL.

Mecropoxkaenne CeBepHblii KapamypyH XapakTepu3yercss HMIMPOKHMH JHANa30HOM
M3MEHEHHsI COJCP)KaHU PaMOaKTUBHBIX 3JIEMEHTOB (ypaHa U pajius) U 3aBHCUMOCTBIO
OpEOJIOB paaus OT COJACP)KAHHS €ro B PyIHBIX MHTEPBAIAX, HAJHMYUEM 3HAYUTEIBHBIX
OCTaTOYHBIX PAJAUEBBIX OPEOJIOB, YTO TPEOOBANO JONOJIHUTEIBHOTO Yyd4eTa 3THX
MOJIOKEHHH TIPU KOJIMYECTBEHHON MHTEPIIPETAIIMH PE3YJIbTATOB FaMMa-KapoTaxa.
PagroakTBHOE paBHOBECHS HE 3aBUCUT OT MOIIHOCTH PYIHBIX Tell, COJEPKAHHS B HUX

ypaHa ¥ JIMTOJIOTUYECKOTO COCTaBa py/Il.
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