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HEKOTOPbIE TEHLlEHUHH 
COBEPillEHCTBOBAHHR TEXHOIlOrHH 
nEPEPAfiOTKH ynOPHbIX PYLl 
fillAI'OPOLlHbIX METAfI/IOB H AIlMA30B1 

Flpneenenu OCHO BHble nertpaeaennn /fHHOIJfl II110HHOrO p fl 38HTI1H r e x n o a o n t u 

nep ep a tio r s n 301l0 TO- II enuasocoaepseuunx pya. n OKa:XIH O, '!TO r enaen u n n 

COBeplJleHCTBOBa lll!H TeXHOllorUH n epepeootsn CBH3<1Hbl C Onnl MH3allffff r ex­

HOIlOnJ'fe CKJ-IX peMIfMOB pYllonOllrOTOBKI1 C IfCn OIlb30 Ba HHeM coepenenttux 
KO.\ m blO Tep HbIX nporpesos, en eap en n est r exnoa o rnn CBepXTOIIKo r o H3M e.l7b 'fe ­

HIfJl. BeK TOp ottrnn nseunn TeXHOIIOT/fff H TeX IIIIKH o n p ea easrcn KOMn l l eKCHO­

CTblO IfCTlOI Ib30 Ba HIfJI cups» if 3KOIIOrlf'fe CKIfMIf rpeooes n n smu. 

Kruoueeue CIi OEa : y t to p n u e pyrn«, 301l0TO, aIIMa3bl, o m HMI13a llHJI pyaortoaro ­

TOBKH, TOHK o e 1f3Mellb'feHlfe . 

C o BpeMeHHo e COCTOHHYle TeXHOnOrnl1 0 6 0 r a m e HYlH n o ­

n e3HblX Y1CKOn aeMbIX 0 6eCne 4 Y1BaeT ilOCTaTOl.JHO BbICO­

KyIO cr encns KOMn n e KcHo ro I1Cn Onb30 Ba HYlH MYlHe p anbHo r o cu psa , 
B MeCTe C Te M lII1B 3cPcPe KTl1BHo ro Y1HHOBa m lo HHo ro pa3Bl1Tl1H He­

06XOill1MO peuren u e B3a I1MOCBH3a HHbIX n p 0 6 n e M paUl10 HMbHOr o 

I1Cn Onb30 BaHYlH npn p o ziaux p ecypco B 11 3KOn OfYI l1 , 4T0 r p e o y er 

HOBoro n OllXOila K Te XHOn Or l1l.JeCKHM OCHOBa M n e p e p a60 TKl1 MH­

nepaa snoro cu pss . 
Enaropoznrsre Me Tannbl n panazvteacar K CTp aTe fYI4 e CKI1M n o ­

n e 3HbIM n cxoneensn-r. OHI1 cn yJKaT I1CT04HHKOM BanIOTHblX no· 

cTynne HYlI1, Y1cnOn b3Y IOTcH B 6a30 BbIx o r p a c zrax rtpovsnnztenuo­
er n . YIx p o /r s COXpaHI1TCH B nep crtexruae , 0 4 eM csncerezn-crayer 
P OCT nOTpe6neHHB B CBH311 C 6 n a r On pl1HTHbIMYI MI1P OBbIMYI ueua­

MI1 l1 Kpl13HCOM MHp OBOI1 3K OHOMHKI1. n o ilo 6bl4e MeTannOB nna­

TH HOBOH rpynnu (MlIl") P OCCI--IH 3aHI1MaeT sropoe MeCTO B MHpe, 

30nOTa 11 cepe6 pa - urecroe-cezisxoe . B noczrezmae r oziu Te Mn bI 

I Pa60 Ta Bbl 1l0nHCHa B paa xax cj:JellCpaIlbHOH uerreaoit n p o rpaMMbl - v!ccn e,10 Ba HHlI H pas­
paoorxn n o npaop areruu a HanpaaneHl1l1M Pa.3lJfl THll lI aY4 110-TeXIlOnOnl4ecK o ro KOMI1nCKca 

P OCCI111 Hil 2007- 20 13 r ozur - , r o c. T(OHTp a KT NQ 14.515 .11.0066. 
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pOCTa I1X np0l13BOnCTBa B crpane BbIWnl1 na cpeLiHeMl1poBoi1 
ypoaeas. Munepazn.ao-cu pses aa 6a3a (M C5) 30nOTa no r-racce 
3anaCOB 06eCneLJl1BaeT no 2030 r. , POCT Ll06bILJl1 no soztor op yzt­
HbIM, KOMnneKCHbIM 30nOTOCOLIepIKaWl1M 11 POCCbInHbIM MeCTOp o­
lKLIeHl1f1M [1, 2]. 

B aIl Ma30Ll06bIBalOwei1 npOMblwneHHOCTI1 cymecrayer zisa TI1­
na nposununennsrx I1CTOYHI1KOB aIl Ma30B, COLieplKaWI1X perrra­
6enbHble Llnfl oTpa60TKl1 KOHueHTpaUI1I1: 

1. MM6e pnl1TOBble Tpy6Kl1 (fOA P , 50TcBaHa, Anrozra , Poe­
CYlH, K YlTai1, Kaa azra , epYlHnflHLIYlH, 5pa3J.1nI1H, Csep pa-Zleo na), 

2. /Ian np oar o aue Tpy6Ki'1(A BCTpanl1f1) . 
B nacroauiee Bpe MfI orpaoan-nsaerca rozn.i«: OLiHO zrax npon­

TOBoe MeCTOp OlKLIeHl1e - rpyoxa Apraazr (ABCTPaIlYlfl), a xopen­
Hble MeCTOpOlKLIeHI1H OCTaIlbHbIX Tl1nOB He npezmonaraerca orpa­
6aTbIBaTb B 6nl1.lKai1weM 6YLlYIlIeM, nocxozrsxy OHI1 cozrepscar rozrs­
KO TeXHI1LJeCKYle aIlMa3bI. Hnsxaa CTOYlMOCTb TeXHI1LJeCKYlX aIlMa30B 
nossozraer Ll06bIBaTb YlX rozrsxo n onynro 113 MeCTOpOlKLIeHYli1 C 
LlOCTaTOYHO BbICOKOi1 Llonei1 IOBenl1pHbIX pa anocren, onpezrensno­
WI1X BbICOKYIO cpeznuoto ueny Ll0 6bIBaeMbIX aIlMa30B. 

B Anro/re pa apaoorxa p occsincii 11 Kl1M6epnYlTOBbIX Tpy60K 
BeLleTCfI C 1917 r. Ha aHrOnbCKI1X rpyoxax «Kar oxa», «K aMaYYlfI», 
«K aMacPYKa» LlOBonbHO BblCOKoe coziepzaanne aIlMa30B - 3­
4 xap/ f . llnH HI1X xapaxrepea CBernO-3eneHbli1 orrenox. fl0 6bILJa 
LlO 1,2 M[lH xap B roll, npn 3TOM MHoro IOBenl1pHbIX xpacrazvros 
pasr-repor-r cssnne 1 xap , 

H a repprrropna POCCI1i1CKOi1 epeLiepaUYlI1 OTKpbITO 60nee 

750 KYlM6epnl1TOBbIX Tp y60K, J.13 KOTOPbIX 2,5 % cozrep xsar npo­
MbIIllfleHHble cozrepacanna aIlMa30B. vb HeCKOnbKl1X LleCHTKOB POC­
csm en, coziepacaunrx n osu uiennu e KOHUeHTpaUl111 aIl Ma30B, pas­
sezranu 11 yYTeHbI 6aI1aHCOBble 3CmaCbI no 32 POCCbInflM. 

O c06eHHocTYI 060raWeHI1f1 aIlMa30COLIepIKaWYlX pyLi ooyczros­
zrerrsr y pe3BbIyai1Ho Hl13Kl1M COLieplKaHYleM aJIMa30B B I1CXOLIHOM 
csrpse (scero oxozro 0,000005 %), YlX xp yn xocr sio 11 60nbwoi1 
ueHHOCTblO, npezionpczrensnourea He0 6xOLlYlMOCTb LlOCTHlKeHl1f1 BbI­
COKOi1 CTene HYI 113BneLJeHl1H anMa30B. 

Oco6eHHoCTH PYllonOllrOTOBKH 3 0/l0TO- H atlMa30CO­

llepJKamero CblpbR 

COBpeMeHHaH YlCTOp YlH pa3BI1TJ.1f1 n pouecca CaM0l13MenbyeHl1H 
TeCHO CBH3aHa C COBepIlIeHCTBOBaHl1eM 30n OTO- 11 aIl Ma30- Ll06bI­
sarouren npOMbIIlIneHHOCTJ.1. n OfIBneHYle B 1890 r ozty MeTOLIa 113­

BneLJeHI1f1 30nOTa C n oraouiuo Ul1aHl1LIOB norpcoosano 60ne e TOH­
xoro 113MenbyeHl1H pyznr, YTO 11 nOBneK!IO sa c060i1 113MeHeHl1e 
Bcei1 TeXHI1Kl1 p YLIonOLIrOTOBKI1 11, B LJaCTHOCTI1, C03L1aHl1e ncpssrx 
Tpy6HbIX MenbHI1U CaM0I13MenbLJeHI1f1 . 

K HaCTOHilleMY BpeMeHI1 Ha6nlOLiaeTCfI MaCCOBoe npl1MeHeHl1e 
MenbHI1U nonycaMoYl3MenbLJeHI1f1 C nocneLlYIOWI1M wapOBbIM nOMO­
nOM 11 KaK zion ozmenne - Llonpa6nl1BaHl1e «KpYITI1LJeCKo i1» xpyn­
HOCTI1 B np06l1nKe C B03BpaTOM nponyKTa np06neHI1f1 B ronoBy 
MenbHI1UbI. n06aBKa tuapos. Llnfl OnTI1MaIlbHOro ynpasneaaa pe­
1K11MHbiMYI napaaer p asia npouecca Yl3MenbLJeHI1f1 YI n ocaeziytourer o 
060raWeHYlfI sa noczreznme 40 C nl1WHI1M zrer MOnenl1pOBaHYle 
npoueccos 06 0raWeHl1H nonesnux I1CKOnaeMbIX vraepznvrocs KaK 
aecssra BalKHbli1 I1HCTpyMeHT nflH I1HlKeHepOB-060 raTI1Tenei1. 
npl1HUl1n l1aI1bHble cdiepsr ero npl1MeHeHI1f1 BK!IIOLJaIOT npOeKTI1­
posanae, aHaIl113/ 0ffiYlM113aUI1IO 11 ynpasnenne TeXHOnOrl1LJeCKI1MI1 
npoueccasrn . Eztaroztapa Wl1POKI1M B03MOIKHOCTflM, xoropue np e­
nOCTaBflHeT HaM cospcnemraa xosinuorepnaa TeXHI1Ka, MOnenl1­
posannc nossozraer 113 MHOlKeCTBa paCCMaTpYlBaeMbIX Bapl1aHTOB 
BbI6paTb re , xoropuc n03BonflIOT MYlHYlMi'13I1pOBaTb aar par u 11 
PI1CKI1. 

vb xonnuorepau x naKeTOB BblLIenl1M r pn OCHOBHbIX npo­
rpaMMHbIX npoziyxra, xoropsre r-rorvr 6bITb I1CnOnb30BaHbI nnH MO­
nenl1pOBaHI1H TeXHOnOrI1LJeCKl1X npoueccos pyztonozrrorosxn n a 
oooranrrezn.nux cPa6p YlKax: 

1. [laxer U SIM PA C (B RGM, eppaHUl1H) 
2. Flexer MODSIM (Mineral T echno logies, C W A ) 
3. Flexer JKSim M et (JK M RC , A BCTPaIl YlH) 
Ecznr B OCHOBY cpasnenna nOflOIKYlTb Kp l1Tep l1Y1 npl1MeHl1MO­

CTYI, Bapl1aHTHOCTb peuraex u x sazra-r 11 crencas BOCTp e60 BaliHo­
CTYI u a psnrxe, TO n axcr J K SimMet HBnHeTCH nyLJ WI1M. 3a CBOIO 
nOYTl1 4 0 -n eTHIOIO YlCTOp l11O naxer J K Sim M et I1MeeT ymiKanb­
Hbli1 yp o sen s BHenpeHI1H (cssnue 300 ropno-ooorarnrezn.a u x 
np ezmp narnu) 11 IlI l1p OLJai1IlIy lO rcorpadnuo pacnpocrpanemra 
no BceMy Ml1p y . BKllIOLJaH CTpaHbI C l-l f 11 POCCI1IO . Bne-raraaer 
raiose nepe-ren s p cuia ex srx sazra-r: OT npOeKTYlpOBaHl1H MenbHl1Ll 
11 cxc a cano- 11 nony caM0l13MenbLJeHl1f1 no nposezrea na nccne­
n OBaHYli1 no OnTHMl13au YI YI TeXHOnOrl1LJeCKOrO p elKYlMa pyzionozt­
rOTOBKYI [3. 4]. 

T aKHM 06 pa30M, B n acr ossurea parior e HCnOnb30BanCH naxer 
JRSim M et B KaLJeCTBe I1HCTpyMeHTa I1CCnenoBaHHi1. 
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Mozreaapoeaane npouecca H3MellblJeHJUI 

Moziezmposanu e n p o u e c c a H3Meflb4eHvlH n p OBOLlHn OCb LlIIH 

OnTHM H3a UHH p a 6 0 Tb I Lle l1CTBYlOlllerO Te XHOn OrH4 e CKOr O Y3n a Ha 

I1p J.1Mepe anMa 30 COLle p m a llle l1 p ynbI Me CTOp OII\lleHHH «KaTOKa» 
(Anrozra). 

KOp e HHOe Me CTOp OiKLIeHJ.1e anMa30 B - Tpy 6 KJ.1 "Ka TOKa » 110 

CBO J.1 M pasa epax OTHOCJ.1TCH K 4J.1Cn y Kp y nHCI111lJ.1X KJ.1M6 e p n J.1TOBbIX 

Ten MJ.1 p a . f fla BHblM nopon o 0 6 p a3YIOlllJ.1M MJ.1He panOM HBlIHe TCH 

CanOHJ.1T, KOTOpblM n a u e zro 3aMe llle Hbl see MarMaTJ.14 e CKJ.1e KOM n o ­

HeHTbI n o p o n (lI J.1TOKna CTbI - oxpyrzrue 0 6 n OMKJ.1 TJ.1na «KYIM6 e p­

nJ.1T B KJ.1M6e pnJ.1TC» pasxepo» no 2- 3 CM : Kp J.1CTan n OKna CTbl _ 

OnJ-IBJ.1H zrsyx re aepauna J.1 XlI0P J.1T J.13 J.1pOBa HHbII1 cPnoronJ.1T) J.1 J.1X 

CBH3YlO lllaH xacca . Coztepxcamre sroro MJ.1He p alla n OCTJ.1r a eT 90­
95% 0 1' oourero 0 6 wMa n o p o n J.1 B u enOM xoppezupyercs C co­

n e p m a H J.1e M C0 6 CTBe HHO rnJ.1HJ.1CTOI1 cPp a KU J.1 J.1. 3TO ~1 rna BHOI1 ceo­
6eHHocTbiO 0 6 y cn o Bn e H XJ.1M J.1y e CKJ.111 COCTa B wr YcP06p e 4 J.1J.1 nopoz», 
KOTOPbII1 np naeziea B Ta6f lJ.1Ue. 

XHIlfH'leCKH;; cocraa KH1lf6epIlHTOB rpy6KH «K aToHa » 

KO~mOHeHThI 

Maccosaa 
53,68 12,68 126,90 / 1,73 12,90 13,72 10,26 11,67 10,14 16,32 ziozta , % 

n OMHMO canoanra H ynoxnaasmeroca ssrure xsapua, B pynax 

npacyrcrayior ruzrpoczuozra (B cpezinen , 2- 5 %) 11 xapooxantsre 
MI1He p i1/lbl (no 2-5 %). 

Buxozi TH mefl O ~1 cPp a KU HI1 se csxa Hl13K l111 11 COCTaBf IHeT B 

cpezmesr 5,38 %, B T .Y. 

• xcenorexnsrx MI1He p anOB (6110TI1T , a McPl16 0 fl , TYpMi1/Il1 H , pe­

IKe - UJ.1p KOH , arranrr, Ylfl bMe HHT , rurpoxcenu. 3nYlLlOT , nJ.1CTeH, 

c cp ea, a aar as J.1 r.zi .) - 0,37 %; 
• n OCTMa r Mam yeCKYlX MJ.1He paflOB (nJ.1p J.1T , 6apJ.1T, ranemrr. 

MapKa3J.1T , nYl p OflI03J.1T, x azrsxo rt a p rrr , r e x anrr , fYlLlpOreTJ.1T J.1 r.zi .) 

- 4,80 %; 
• n a p a r enera s e c x n x cnyrH J.1KOB a flMa 3a - 0.21 %, cpezi n KO­

TOp bIX nOMJ.1H J.1p YIOT x p OMWnYmeflYlLlbI - 156,3 Kr/T, coneplKa HJ.1e 

nJ.1 p OnOB - 11.1 Kr/T H x p OMLIl10 n CYlLlOB - 8 ,1 Kr / T . 

Flpeoonazraouice KOflH4 e CTBO MH He p arlOB THII<e flOI1 cPpaKUYlH 

cocpezior o-reao BO cPp aKUHH MYlHYC 2+0,2 MM (90 % H 60flee) npa 
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PHC. 1. Cxesra IlfOJIeIlHpOBaHHR B naxere JKSimMet (TexHOIlOr H'leCKHH 
Y3e1l: H3llfellb'leHHe - HIlaccHcl,"HauHR - rpoxouenue]. 

n p J.1Me p HO paanox 
- 0,5+0,2 MM . 

Flozirorosxa 

pacnpezieztenua n o KnaCCaM -2+0.5 

pynbI K 060rallleHJ.11O 3aHJ.1MaeT ocoooe 

MM 

Me CTO 

J.1 

B 

ee nepepaoorxe. O CHo BHo e rpeoosanue, npezrsaanaenoe K rex­
1I0 flOr J.1y e CK0 I1 CXCMe I1 060pynoBaH J.110 - He zionycxar s nepena­
Me flby e H J.1H aflMa30B npn MaKCJ.1Ma flbH OM VlX paCKpbITJ.1 J.1 B npouec­
c a x np06f1e HI1H J.1 J.13MeflbyeHJ.1H. n 0 3TOMY uenecooopasno npl1Me ­

nenne np06f1eHI1H B oztay CTaLIl1 10 C nanbHel111lJ.1M 113MeflbyeHl1eM B 

Me flbl-lJ.1Ua X CaM0113MeflbyeHI1H . 

VlCCflen OBanOCb BflHHHHe OCHOBHblX TeXHOflOrHyeCKHX cPa KTO­

p OB Ha r p aHy floMe Tp HYe CKHI1 COCTa B VI s u x o zr xziacca H3M e flby e H­

a e r o n p o ziyxr a (-25+0 MM). Mozteznrpoaanae npoaoznvrocs B TpH 

ara na. 
1 - BflYlHHHe CTe n eHH 3arpY3KJ.1 Me flbHJ.1Ubl p y n ol1 (cpaxr op ­

F1) x a s u x ozr xzra c c a J.13MeflbyeHHOrO n p o ziy x r a (-25+ 0 MM) npn 

cPHKc Hp OBa HHOI1 np0 J.13BOn HTe flbHOCTH (dia x r op - F3) H y a CTOTe 

ap a ur e a n a 6 a p a6aHa Me flbH J.olUbI (cPa KTop - F2); 
2 - Bfl J.1HHYle yaCTOTbI apaiuen a a 6apa6aHa Me flbHHUbI (cPaK­

TOp - F2) na ssrxozt xzra c c a H3MeflbyeHHOrO npoztyx ra (-25+0 MM) 

I1P H cPHKc Hp OBaHHOI1 np0J.13BOn HTeflbHOCTH (cpaxrop - F3) H CTe­

neHH 3arpY3KH Me flbHHU bI pynol1 (cpaxrop - Fl ), 
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a) BIlI151Hl1e 4aCTOTbI Bp aWeH Yl51 6apa - 6) BIlI151Hl1e CTeneHI1 3a rpY3KI1 MellbHI1Ubl 

6aHa MellbHYlUbI (q,aKTOp - F2) Yl Yl3Me- (Fl) Yl Yl3MeHe HI151 np0l13B Olll1TellbHOCm 

HeHYl H np0 l13BOlll1Te llbHOCTI1 Ha rpany- (F3) Ha rpaHyllo MeTpl14 e cKy lO xapaxre­

lloMeTpwle c KylO xap a KTe p YlCTI1Ky 113- PI1CTYlKY Yl3Mellb4e HHoro MaTepl1aI1a 

Mellbl l e HHoro r-tarepnazra 

PHC. 3 . BnHRHHR r e XH On On ' 'le CKJfX q,aKTopoB ue nsweneuue tpe nyno­

MerpH<w cHOH xapaKTepHCTI'KIf 1f3Metlb'leHHOrO MarepHana 

3 - Bnl1F1Hl1e 113J1.1eHeHI1F1 np0l13BOlll1TenbHOCTl1 clJa 6 p l1Kl1 

(cPa KTOP - F3) n a Bbl XOll xzracc a 113Menb4eHHoro npoziyxra 

(-25+0 MM ) n p n cPl1l<Cl1pOB aHHOI1 CTeneHI1 3a rpY3KI1 JI.1enbHI1Ubl py­

llOI1 (rpaxrop - Fl) 11 4aCTOTe Bpa WeHI1H 6 apa6aHa JI.1enbHI1Ubl 
(cPa KTop - F2). 
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C x e Jl.1a JI.10llenl1pOBaHl1H npouecca MO Kp Oi O CaJl.10113J1.1enb4eHl1H 

npaseziena Ha PI1 C. 1. 
P e3ynbTaTbI JI.10llenl1pOBaHl1H (npn 113J1.1e He H I111 CTe n e HI1 sarpys­

KJ1 MenbHI1Ubl) npnaezrenu Ha P I1C. 2. 
V! ccnenOBaHl1e COBMeCTHOiO Bnl1F1HI1F1 Te XHOnOi l14 e CKI1X cPaK­

TOpOB na 113J1.1eHeHI1e rpaHynoJl.1eTpl14eCK0l1 xap a KTe p l1CTI1KI1 113­

Me n b4 e HHo ro r-rarepnana npasezien na p VIC, 3. 
AHanl13 npnseziemn,rx naHHblX IlOKa3bIBa e T, 4TO YBenl14 e HI1e 

ssrxozia Kpl1Tl14eCKl1X KlTa CCOB Kp y n HOCTI1 JI.10JKHO n 06l1TbCH npn 
ysen l14 e Hl111 np0 l13B Onl1TenbHO CTl1 Me n bHI1Ubl n o VIcxonHo My IlI1Ta ­

HYIIO 11 YBenl14e Hl1 1O 4 a CTOTbI BpaWe HYIFI 6 a pa6a Ha (n = 70 %). Flpn 
CKOp OCTI1 BpaWeHI1F1 6 apa6aHa n = 60 % Ha 6nlOnaeTcFI CHYllKeHl1e. 

TOHK oe H CBepXTOHKo e H3MenblJeHHH npn nepepafiorxe 
soaoroconepacamax pya 

M mrepansr C TOHKI1M B3aI1J1.1HbIM npopacraanen 4 a CTI1U , n l160 C 

l1PYi l1MI1 MI1He p ana MI1 I1II11 JI.1I1HepanaMI1 n YCTol1 ncpozisi n 06bIBa ­

IOTCFI BO BCe B03paCTa lOWe Jl.1 KOnI14 eCTBe. 3TO CblPbe C03naeT HO­

Bbi e Ilp06 n e Jl.1bl Ha 0 6 0iaTVITenbHblX cPa6 pl1Ka X , Tpe6yH TOHKOro 11 

y n bTp a To HKo ro 113Menb4 eH.vfFI LlnH r oro , 4 T0 6bI nczry-nrrs neooxo­
n HMble Ka4eCTBO 11 113Bne4 eHl1e . Flporpccc cPnOTaUl10HHblX Te XHO­

n Or l111 r en eps n 03Bo nHeT 3cPcPeKTl1BHO cPnOTl1pOBaTb MI1He p an bI 

xpyna ocr uo HVIJKe 10 ,··, I1Kp OH , ziezraa B03MOIKHbIM cerrapaumo 
TOHKO nl1CCOUl1l1pOBaHHblX C rrycr of no pozion u eHHblX MI1H e panOB. 

A HanOi I14 HO, cno cooaocrs npouaaoznrn, ynbTpaTOHKoe IlI1Ta Hl1e 

llnH pa3n l14 HbiX np ouecc os BbIWena4 I1BaHb 51 , BKlTI04aH 6110Bb1We ­

na4 l1Ba Hl1e 11 OKI1CneHl1e npl1 Hl13K 0Jl.1 n aBneHI1I1, 4 a CTO Tpe6YlOT 

TOHKOro I1n l1 ynbTpaTOHKOiO 113J1.1enb4eHl1H nnH ynyYweHI1H KI1He TI1­

KI1 p e a KU l111 no y pOBHH, npn KOTOpOJl.1 3Tl1 npou eccsr CTaHOBHTCH 

npov u mzreuuo o c y weCTBI1MblMI1 . 3KOH0Jl.1l14eCKl1 npoueccsi ynbT­

p aTO HKOi O 113Menb4eHl1H TaKJKe CTaHO BHTCH ocyweCTBI1MblMI1 nnH 
n p HMOi O BbIWena4l1BaHl1H TYiOIllIaBKI1X 30nOTblX pyn , 4TO asrrozi­
f le e , 4eM 0 6 )Kl1 i I1II11 aBTOKlTaBHbl e np oueccsr npn BblCOKOM zraazre­
HI·m [5]. 

O CTp a H He06xon l1J1.10CTb 113J1.1enb4eHl1H 11 n 0 l13Menb4eHVIH 4 a c ­

111U no 10- 15 JI.1KJI.1 11 JI.1eHee zieztaer aKTyanbHol1 He 06xon VIMocTb 

p a3Bl1TI1H TeXHVIKVI VI Te XHonOiVIVI TOHKOiO VI ynbTpa TOHKOi O VI3 ­

fI.1efI b4 e H W I. B HaCTO Hwee BpeMH B 1I--1l1pe n OHBl1nOCb MHOi O paspa­
6 0 TOK . nanpaazremn,rx na p eurenne 3T0l1 np06neJl.1bI , B TOM 4VIcne 11 
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P H C. 4. CxeMa nepep a60TKH ynOp HblX 30110TOCOaepJKaIDH X p y a C H C­

nOllb30BaHHeM CBepXTOHKoro H3Me llb'lelfHR (AncrP allHR ) 

B acnexrc rtpostsnnneuuoro r-racurraoa . COBpeM8HHaH TeXHOnOn'!H 

TOHKoro noxozre 6a3l1pyeTcH aa npl1MeHeHl111 B OCHOBHOM Menb­

HI1U 3 -x Tl1nOB, Y1cn Onb3YIOIllI1X npnn uun Y1CTl1paHYlH: 6aweHHol:1 

(BepTI1KMbHol:1), Isa Mill u Detrito r. Flpouccc 113Menb4eHl1H B Men b­

HI1Ue IsaM i li paLIl1KMbHO OTnl14aeT ee OT ura p o s o a MenbHYlUbI , KO­

TOpOI:1 c ao ncr aenn u ziznrrezrsuoe BpeMH npe6bIBaHl1e 4aCTl1U PYLlbI , 

HeYLlo BneTBop l1Te n bHaH pacTHHyraH CI1TOBaH xapaKTepl1CTYlKa 

n p o ziy xra , Hl13KaH crcnens 113Menb4eHI1H. 3 TO I1 npl1BOLlI1T B KO­

He4HOM I1TOre K n epel13Menb4eHYlIO, nOBblWeH111O pacxozia p eareu­

TOB, a rarose n epepacxozry 3HeprYll1. Hartporua, Y13Menb4eHl1e B 

MenbHYlUe Isa M i ll c n o c o o cr nyer He paCTHIKeHI1IO, a CIKaT l110 CI1TO­

BOI:1 xap a KTepl1CTI1KI1 . Flpn 3TOM L10CTl1raeTCH BbICOKaH crcneus 

113Me n b4eHYlH B OTKpbITOM UI1Kne, 6narOLlap H I1CnOnb30BaHHIO 

3Heprm 1 B OCHOBHOM L1nH Y13Menb4eHYlH xpyrursrx 4a CTYlU, 4eM MYI­

HYlMYl3Y1p y eTcH o uvta a o a a n a e . T Ylnl14HOe BpeMH npe6bIBaHYlH -rac­

TYlUbI B MenbHYlUe - oxozro 90 cex, 4TO MYlHYlMYl3Y1pyeT BepOHT­

HOCTb OIlln a MOBa HI1H. KOM6 Y1Ha UYlH cIKaTol:1 CYiTOBOI:1 xapa xr epn­

CTYlKYI npoziyx r a He60nbwaH 3aHl1Mae Ma H npOYl3BOLlCTBeHHaH nno­

m azrs , I1HepTHaH Y13Menb4alOIllaH cpezta - see 3TO HBnHeTCH n pn­

BneKaTen bHblM n p u npOeKTYlpOBaHI1Y1. M en bHI1Ua Y13Menb4aeT rozrs­

KO x p y nny io 4aCTb n YiTaHYlH npu cIKaTol:1 CYiTOBOI:1 xapaxrepncrnxe , 

6 e3 Knac c YlcPYlI<;a u YI YI B r YlLlpOU YlKn OHaX, 4TO YILleMbHO L1n H nocne ­

L1ylOIlle l:1 cPnoTauYll1. OLlHoBpe MeHHo 3TO BalKHO YI LIM BbIWena4Y1 ­

BaHYlH, m e Y13Bfle4eHYIe On p 8L1en HeTCH L1nYlHol:1 rpy60H 4aCTYI CYlTO­
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1'" , 

IBOI:1 xapaxrep ncruxu rnrranaa, OUeHI1BaeMol:1 He n o 80%, a no 95 % H 

98 % OCTaTKY . Baeapeirae CBe p XTOHKoro H3Menb4e HHH COBMeCTHO 

CO Illen 0 4HbiM BCKp bITHe M (Alb io n proce ss (p n c . 4.)) n03Bo n HeT 

CHH3HTb p a cx o zi UI" a HYILla n p n n epepa o o r x e ynopnux 30nOTOCO­

a e p lKaIllHx p yLl [6, 7J. 
3aKlllOlJeH He 

T e I-lLleHUHYI cOBepllIeHCTBOBaHYlH TeXHOn OfYIl:1 nepepacor xn 
30n OTO- YI an Ma30COlle p IKaIllero c u psa CBH3aHbI. B nepay io 0 4 e­

pezis, C On THMl13aUYlI:1 TeX\-IOn OfYIH pyno n onrOTOBKYl. r na BHblMI1 

n p e l1MYIlle cTBa MYI TeXHOn OfYI l1 pyzmoro c aM OH3Men b4eHHH H n o ny­

c a MOH3Men b4 e HHH HBn HlOTCH I1X BblCOKaH 3cPcPe KTHBHOCTb, He sa­

BHCHw aH OT cPH3HKO-Mex a HH4e CKHX CBOI1CTB Cblp bH, H OTHOCHTenb­

\-IaH npOCTOTa npoeKTHO-KOMn OHOB0 4 Hbl X p e We HYlI:1 - Ha l-16 0nee 

«arurraoo H :m e p r o e MKo r o n e p en en a m0 6 0 H oooran.rr e /n.n oii 

cPa 6 p HKI1. n03TOMY, HecMoTpfl na cyweCTBe HHbIH HenOCTaTOK 3T0l:1 

TeXHOn Or Hl-1 - noasnuenno e 3HepronoTpe 6neHl1e - OHa OCTaeTCH 

n o -n p eaere x y n pHBn e KaTellbHOH n flH npoeKTaHTOB I1 oneparopos 

COBp e MeHHblX cPa6Pl1K 0 60raTHTe n bHbIX cPa6 p HK, n e p a p a o ar u ­

BalOIllHX Ka K anMa30conepIKawee cupse, TaK H ynopHble 30 n OTO­


c o zie p sca unre pynbI.
 
B Hen p eHl1e TOHKoro H CBepXTOHKoro H3Menb4eHl1H - n ep­

en e KTHBHaH TeHlIeHUHH B TeXHOnOr YlHX nepepa60TKl1 ynopHoro
 

30nOTOCOn e p >Ka Ulero cupss . n p HM eHHTen bHO K pynaM C nnpar­


a p Ce HOn l1p l1THOH Ml1Hepanl13aUHeH 30 n OTa , BalKHblM MOMeHTOM
 

HBllHeTCH ceziexuaa nHpHT-apc eHonHpHTHblX KOHueHTpaTOB. Oc­


I IOBI-IbIMH n yrHMH nOBbIWeHI1H CeneKUI1H nnpirra I1 apcenonapara
 

1I0 CHX nop HBllHlOTCH HCnOnb30BaHHe OKHCllHTenel:1 npn HX 3Ha4H­


Ten bHblX pacxoztax, peryn HpoBaHHe w en 0 4HOCTH, BKnlO4 aH I1C­


ncn sso ea a u e nopTnaHnUeMeHTa , H npHMeHeHl1e MOl lHcPl1KaTOp OB
 

- B OCHOBHOM a MMOHHt'IHbIX H Men bCOn e p >Ka UlHX c o eLlHHeHHH [8].
 
O KYICm rre fl bHo -Bo c CTaHo BHTen bI-Ible rtpoueccsr, n p OI1CXOllHWHe B
 

cPH3HKO
CYfl bcPYILlHblX nyzrsnax H npnaozmuure K H3MeHe HHIO ­


XHMH4 eCKHX n OBe p XHOCTHblX CBOHCTB MYlHep an OB, HBn HIOTCH oc­


I-IOBHOH n pwm Ho l:1 B03HI1KalOWHX npn cene KHIBHOH cPnoTaUYlH
 

rpyn Ho cTe H B BblLleneHHH ceneKTHBHblX KOHUeI-ITpaTOB [9J. Flpa
 
3TOM HaH60nbIllee Bn YlHHHe na c en e KTI1BHYIO cPnoTauHIO OKa3 b1Ba ­


lOT: OKI1Cn e Hl1e MHHepanOB H p eareHTOB, MexaHH3M B3aHMo n eHCT­


BHH KOMn OHe HTOB >KYILlKOI:1 cPa 3bl nynbnbl Me>KlIY c0601:1 H C n o ­


BepXHOCTblO p yno06pa3YlOlllYlX Mv!He p M OB, COp6UHH coo a par ezra
 

11 ca p o c o zre p aca unrx MOl1l1cPl1KaTOp OB [8J .
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TaKl1M 06pa30M, lIfrn 3cPcPeKTl1BHoro I1HHOBaUl10HHOro pa3Bl1TI1H 
TeXHOfIOIYll1 nepepaoorxn ziannoro TYIna pyn , He06xon l1MO peWel--Il1e 
B3aI1MOCBH3aHHbIX np06fIeM paunoaazunoro I1CnOfIb30BaHYlH npnpozi­
HbIX pecypcos, 3KOfI0Il1I1, 3HepreTl1Kl1 11 ynpasfIeHYlH npOI13BoncrnoM, 
'-ITO Tpe6YeT KayeCTBeHHO HOBOro yposaa TeXHI1Kl1 11 TeXHOfIOIl1I1 ne­
pepaoorxn MI1HepaIIbHoro 11 npyrnx BI1LlOB cupss. 
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CHM)f(EHME 3HEPrMM PA3PYlHEHMH
 
rOPHblX nOPOLI nOLI B/lMHHMEM
 
MOP03Horo BblBETPMBAHMH
 

Flpneeaenu pesyaste tu nccneaosennii n o Y CTa HOBlleHUlO BIIJ1HHJ1H IJJ1K110B sa ­
MOpaJKJ1BaHlfH-orraUBaW 'fH H<1 y!1 ellbHYIO 3J-Jep roeMKO CTb pespyiuenu» Kap6 o­

Ha THblX ttopon C a/HB3HbIX M eCTOpOJK11el-mH H KYT J1U. 3 KcnepUMeHTM bH b1MJ1 

J1CClleLIOBaHUHMJ1 yen »IOBlle HO, 'ITO B0 3LIeiic TBJ1e 3-5 UJ1K110B 3aMOp aJKUBa HJ1H­

o rra UBa HJ1H B B OLIHOH cpeae n p UB OLIUT K CHJ1JKeHl'11O 3Hepro eMIW CTJ1pespytue­

I IUH nccaeayensix nopoa B 2-3 pese . S Ollee 70% nepBOHa'lallbHOH taeccu
 
KJ-u6epllUTa LIe3J1HTerpJ1pyeTcH 6 e3 Me Xa HJ1'1e CKOr O B0 3LIeHCTBUH 11I1Wb n OLI
 

BIIUHHJ1eM UJ1I{//OB.
 

Krnouesue cnoee. KPUOIIUT030Ha, BblBe 7pJ1BaHJ1 e ropuux ttopoa, sneprose­

tperu , U I1K11bI 3a MOp aJKUBa HUH-orra UBa HI1H.
 

B YCfIOBI1HX Cesepa, a TalOKe MeCTax pacrtpocrpaneuna 
KPI10fII1T030HbI, C YMeHbWeHl1eM rny6l1HbI 3aIIer aHI1H, yse­

fIl1LiI1BaeTCH BfIl1HHl1e sn axo nepea enn u x TeMneparyp ua npoueccsr 
BbIBeTp l1BaHI1H ropnsix nopozi [1], B CBH311 C 3TI1M, 3HaYI1TefIbHbIl1: 
I1HTep eC npeztcraazrser B03MomHOCTb I1CnOfIb30BaHI1H UI1KfIl1yeCKO­
r o 3aMOpamI1BaHI1H-OnaI1BaI-lI1H n fI H npeziaaptrrensuoro paaynpo-r­
HeHI1H ropusrx nopozi. 

B vIrLIC CO PAH nposezreuu I1CCfIenOBaHI1H BfIl1HHI1H UI1KfIOB 
3aMOp amI1BaHI1H-On aI1BaHI1H aa 3Hep r oeMKOCTb npouecca paspy­
meHI1H ropasrx nopozi. YIccnenoBaIIl1cb otipasuu 113BeCTHHKOB 
xap sep os HY naYHbIl1:», HAl1:xaII», «Moxcoronzrox», a TalOKe KI1M6 ep­
fI l1T Tpy60K "YIHTep HaUI10HafIbHaH» 11 HM l1p ». B Ta6fI . 1 rrpnsezrenu 
OCHOBHble cPl13l1yeCKl1e CBOl1:CTBa I1CCfIenyeMblx nopozi. 

Taozmua 1 
OCHO BHbIe cPH3Jf<1eCKHe CBOH CToa ttopon 

Flopozra 
H CT. nzror­

uocrs, KT /M
3 

B nalKHOCTb, 

% 
n OpHCTOCTb , 

% 

V13BecTHHK K. «YnaLIHbli1" 27 10 0.5 12 
V13secTIIHK K. «AJ1xafl» 2550 0,9 13,5 
V1 3BeCTHHK K. «M oxcoro/rrox» 275 5 0,3 1 
Kl-lM6ep!lJ.-rrrp. «vh-rrepHaUl10!-la/lbHaH» 2780 3.5 13 
KI1M6epll l1T r p . «M up» 2805 3 10 
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