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O nEPEPAEOTKE nOPO/JHEIX OTBAJIOB YrOJlbHBIX UIAXT

ÁHHOTaiiHsi. B CTaTbe o6ocHOBaHa ueaecoo6pa3HOCTb KOMnaeKCHoii nepepaóoTKM 
nopoflHbix OTBajlOB yrojibHbix uiaxT. RpeaaoaceHbi TexHoaornMecKne cxeMbi nepepa6oTKH 
OTBajiOB paa H3Biie4eHna repMamia u peflK03eMeabHbix aaeMeHTOB, aaiOMHHMH - h 
>Kejie30coflep>Kamero Cbipba, peaaroattna KOTOpbix no3BoanT yaymiiHTb SKOaorwiecKyio 
oScTaHOBKy h noaynHTb 3HaHHTeabHbiñ sKoaornHecKMH 3<])(|)eKT.

SOCIAL AND ENGINEERING FACTORS INFLUENCING LABOUR PRODUCTIVITY 
AND SAFETY IN COAL MINING INDUSTRY

A bstrac t. The article states the practicability o f  complete coal wastes processing. Waste 
rock processing technological cycles have been presented to extract germanium and rare-earth 
elements, aluminium- and iron-containing materials, which enable to significantly improve 
the environment and cost-effectiveness.

B o n p o c  n p a K T M H e c K o r o  w c n o a b 3 0 B a H n a  n p o M b i u i a e H H b i x  o t x o a o b ,  , a o 6 b i H n  u  

o S o r a m e m i H  y r a e ñ ,  n p e a c T a B a a i o m u x  c e p b e 3 H y i o  3 K o a o r n H e c K y i o  r i p o S a e M y ,  h  b  t o  * e  

B p e M a  c o a e p a c a m n x  u e H H o e  M r m e p a j i b H o e  C b i p b e ,  a B a a e r c a  c e n n a c  B e c b M a  a i c r y a n b H b i M .

B H a c T o a i n e e  B p e M a  B e a y r c a  M3 b i c K a H n a  n y T e i i  j i H K B i i a a m m  m a x T H b i x  r e p p i i K o h o b  n a n  

o r p a H H H e H H a  h x  B p e p H o r o  B0 3 f l e n c T B n a  H a  O K p y a r a t o m y i o  c p e p y ,  a  T a i o x e  c n o c o G o B  

n e p e p a 6 o T K n  H a K o n a e H H o ñ  b  h h x  r o p H o i i  M a c c b i .

H c x o a a  H 3  c a O / K i i B i n e i i c a  3 K o a o r n M e c K o i ł  u  s k o h o m u ' i c c k o m  C H T y a u n n ,  c e f i n a c  

r i p e a c r a B a a e T c a  B e c b M a  n e p c n e i c r H B H b i M  B O B a e H e H n e  u i a x T H b i x  T e p p H K O H O B  b  

x o 3 a H C T B e H H b iH  o 6 o p o T ,  K a x  M o m H y i o  u  n p a K T H a e c K H  G p o c o B y i o  M H H e p a a b H O - c b i p b e B y i o  

6 a 3 y ,  3 a n a c b i  K O T o p o i t  6 o a e e  n e M  a o c T a T O M H b i  p a  a  C0 3 f l a n n a  B b i c o K o p e n T a o e a b H b i x  

n e p e p a 6 a T b i B a K ) u t H x  n p o n 3 B o p c T B  H a  M H o r n e  p e c a T n a e T n a .
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OraaabHaa nopoaa hm cct pa3AHHHbiñ MHHepaaorHHecxHÍí cocTaß u npuroAiia aaa 

ncnojib30BaHiia B xanecTBe cbipba a a a  npoH3BOACTBa CTpoHTCJibubix MaTepHajioB, MTo y>Ke 

no3BOJinjio cosAaTb paa nepepaoaTbiBaiOLLiHX riponsb o a c t b  cooTBercTßyioiaero npo<j)HAfl. 

Hapaay c o t h m ,  HCcaeaoBaHna, npoBeaeHHbie cneunaan3HpoBaHHbiMM opraHHsannaivm, 

noKa3biBaiOT, h t o  OTxoabi yraeaoobaiH (uiaxTHaa nopoaa, o t x o a m  yraeoöoraneHHa) 

npeacTaBJiaioT ocoGbiñ HHTepec Tax >xe, xax h c t o h h h x h  noayneHiia MeraaaoB, b  nepßyio 

onepeflb uBeTHbix h  peaxnx. Tax, Hanpmviep, b  nopoAHbix OTBaaax ayraHCxnx maxT 

OTMeMCHO noBbiLueHHoe coaepacaHHe 6epHaana, oaoßa, nn-pHa, HirepSna, unHxa, Mean, 

CTpoHUMB, h h o ö h a ,  cxaHana u apyrrix MeTajuiOB, a b  OTxoflax ymeooorameHna HMeiOTca 

3HaMHTeabHbie xoHueHTpaunn BaHaana, MapraHiya n xpoMa [1],

AHaaH3 xHMHMecxoro cocrraBa paaa nopoaHbix OTBaaoß ^OHeuxoro perHOHa (Taöanua 

1) Tax>xe no3BoaaeT oueHHTb xoaii'iecTBeHHbiH cocTaß saeMeHTOB, npeacTaBJiaioiHHX 

HHTepec a  aa H3Bae4eHna h aaabHeñuieñ nepepaßoTxn.

TaôaHLia 1

Pe3yabTaTbi aHaaH3a n p o 6  n op o a b i h y ra a

HaHMeHOBaHHe noxa3aHHß Flopoaa YroAb

Flpooa 1 llp o o a2 Flpoöa 3 Flpoöa 4 Flpoöa 5

1 Maccoßaa aona 3oabi, % 72,0 65,0 54,1 72,5 21,7

2 Bbixoa nerynHx BemecTB, % 21,5 18,4 17,1 21,2 69,9

3 Maccoßaa aona cepu, % 1,09 0,67 1,75 2,07 2,3

4 CoacparaHHe repMaHHa (Ge), r/r 40,0 20,0 30,0 55,0 5,0

5 Maccoßaa aoaa oxchaob 

b  3oae

S i0 2 47,00 47,00 47,00 47,00 42,20

Fe20 3 20,65 20,65 20,65 20,65 19,96

a i2o 3 14,90 14,90 14,90 14,90 18,30

CaO 3,40 3,40 3,40 3,40 4,15

MnO 0,14 0,14 0,14 0,14 0,13

MgO 1,45 1,45 1,45 1,45 2,06

P2O5 0,28 0,28 0,28 0,28 0,86

FeO 0,32 0,32 0,32 0,32 0,32

Ü3 Ta6a. 1 caeayeT, h to  nopoaHaa Macca aaHHbix OTBaaoß coaepaaiT noBbimeHHoe 

xoAHHecTBO yraa (o t  28 ao 46%), a Tax>xe Cbipbe aaa noayneHna aaiOMHima -  AI2O3 (ao
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1 5 % )  h  r e p M a H H a  ( a o  5 5  t / t ) .  O c H O B H y t o  M a c c y  c o c r a B A a i o T  O K C n a w  K p e M H H A  h  * e j i e 3 a  

( S i 0 2 -  4 7 %  h  F e 2 0 3  -  2 0 % ) ,  n p n n e M  c o a e p > r a H n e  m e a o w H b i x  k o m h o h c h t o b  -  C a O  h  M g O  

H e  n p e B b i u i a e T  5 % .  C a e a y e T  T a i o x e  o T M e T H T b , h t o  c y a a  n o  p e 3 y j ib T a T a M  c n e i c r p a j i b H o r o  

a H a j n o a  y r a e f i ,  K O T o p b iM  c o n y r c T B y e T  p a c c M a T p n B a e M a a  n o p o a a ,  B b i n o j i H e H H o r o  1 1 0  

« y  K p r e o A o r H H » ,  n o M H M O  r e p M a H i - i a  ( G e ) ,  b  a a h h o m  M a c c H B e  6 y a y r  b  a o c r a T O H H O M  a a a  

H3 B J ie H e H H 5i K O J iH H e c T B e  r a j u i M H  ( G a ) ,  K aK  c o n y r c T B y iO L U H H  r e p M a n m o  s a e M e H T ,  n r r p H H  ( I ) ,  

U H p K O H H M  ( Z r )  h  C K a H flH H  ( S c ) .  I l p H  3 t o m ,  H a  o c H O B e  a H a j i n s a  3 0 A  m o a c h o  n p e f l B a p t f r e A b H O  

o n p e a e A H T b ,  h t o  r a j u i H i i  O K H A a e r c a  b  K O A H n e c T B e  n p H M e p H O  1 0 0  t / t ,  ( H 3 B j i e n e H H e  

u e j i e c o o 6 p a 3 H O  c  1 0  t / t ) ,  c k b h / i m h  0 5 K H a a e r c a  b  K O J in n e c T B a x  n p H M e p H O  1 0 - 2 0  t / t  

( H 3 B j i e H e H H e  u e a e c o o 6 p a 3 H o  H a n H H a a  c  1 0  t / t ) .  K o H K p e T H o e  n p o u e H r a o e  c o a e p > K a H H e  b  n o -  

p o a e  y K a 3 a H H b i x  a a e M e H T O B  6 y a e T  y T O H H e H O  H a  o c H O B e  o p r a H H 3 y e M o r o  b  H a c T o a m e e  B p e M a  

a H a j i H 3 a  h c x o a h o t o  B e m e c T B a  H a  p a 3 « e j i b H o e  c o a e p w a H i i e  b  h 6 m  p e a K 0 3 e M e j i b H b i x  

3 j i e M e H T 0 B ( H a  o c h o b c  n p e A B a p H T e j i b H o r o  a H a j iH 3 a  o 6 m e e  k o a h h c c t b o  b  n o p o a e  

p e A K 0 3 e M e j i b H b i x  3 i ie M e H T O B  c o c r a B A a e T  n p H M e p n o  2 3 0 - 2 6 0  t / t ) .

H cxoaa H3 H3Jio>i<eHHoro, mo>kho HaMeTHTb cjieflyK>mne HanpaBjienna (jjopMnpoBaHna 

TexHOJiorHHecKoii cxeMbi nepepaooTKM aanHbix nopoflHbix otbbaob:

1 . I l 3 B J i e H e H n e  > K e x e 3 0 c o a e p > x a m e r o  c b i p b a .

2 . H 3 B j i e 4 e H H e  r e p M a H H a .

3. H3BaeHeHHe peAK03eMeabHbix aaeMeHTOB.

4 . H 3 B J ie H e H H e  a a iO M H H H H C O A e p > K a iA e r o  c b i p b a  a n a  o r a p a B O K  H a  n e p e a e a  h a h  

o p r a H H 3 a u n a  c o 6 c T B e H H o r o  n p o M 3 B o a c T B a .

5 . H 3 B a e M e n n e  c H A H K a r a b i x  M a T e p n a j i o B  a a a  n p o H 3 B o a c T B a  c T p O H T e a b H b i x  

MaTepnajiOB.

I l o c K O A b K y  p a c r i p e a e j i e H i i e  p e a K 0 3 e M e a b H b i x  M a T e p n a a o B  b  h c x o a h o h  M a c c e  T p e 6 y e T  

e m e  y r o H H e H n a  n y r e M  B b i n o a H e H H a  c n e u n a a b H b i x  a H a a H 3 0 B, n p n  < |» o p M H p o B a H H H  

n p e a a a r a e M O M  TexHoaorHHecKofi c x e M b i  y H H T b m a a o c b  6e3ycaoBHoe na;iHMne r e p M a H H a  h  

O K C M fla  a jH O M H H i ia  b  KOAHHecTBe, n p e a c T a B a a i o m e M  H H T e p e c  aaa n p o M b i m a e H H o r o  

H3BaeHeHHa.

B H a c T o a m e e  B p e M a  o c h o b h m m h  c b ip b e B b iM H  H C T O H H H K aM H  r e p M a H H a  a B J i a i o T c a  

M e c T o p o > K A e H H a  r e p M a H H e B b i x  M H H e p a j io B  h  p y a  ( M e c T o p o a < a e H H e  T c y M e S  h  K n n y u i n ) ,  a 

T a x a c e  p y a b i  u a e r H b i x  M e r a a a o B .  K p o M e  t o t o ,  r e p M a H H i i  n o a y n a i O T  H3  n p o a y i c r o B  o h h c t k h  

r e p M a H H a  h  o t x o x o b  n p o H 3 B O A C T B a n o a y n p o B O A H H K O B .  I l p o M b i u j j r e H H o e  H3 B a e M e n n e  

r e p M a H H a  H 3  M H H e p a j i b H o r o  h a h  p y a H o r o  c b i p b a ,  K aK  n p a B H A O , L ( e A e c o o 6 p a 3 H O  n p H  e r o  

M H H H M a A b H O M  c o A e p a c a H H H  2 0  t / t ,  n o s T O M y  H c n o A b 3 0 B a H H e  a a a  y x a a a H H O H  n e A H  c b i p b a  c
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coaepacaHHeM r e p M a m i a  55 i7t  a B j r a e T c a  H a n 6 o n e e  nepcneKTHBHoii n a c T b t o  n p e j j j i a r a e M O H  

TexHOJiorHHecKOH cxeMbi.

r ip o p ecc  M3BjieMeHH5i repMâHHB H3 BMemaiomero MHHepajibHoro Cbipb» qejiecoo6pa3HO 

npoBOflHTb cnocoôoM  BbiujejiaHHBaHHa c nocjie/jyiOHiHM ocaxoieHHeM h nojiyneHHeivi 

KOHueHTpaTa anoiccH aa repMaHHH TpajjHLjHOHHbiMH MerojjaMH.

ITpHHôM HHTeHCHtjjHKauHio npoqecca BbimejiaMHBaHHa cjiejjyeT npoM3Bo.uMTb c 

ncnonb30BaHneM paapaziHO-HMnyjibcuoñ tc x h o jio th h , oGecnemniaiomeH Bbicoxyro 

np0H3B0flHTenbH0CTb h CTeneHb nepexo.tja repMaHHHCOflepacaiHHX ajieMeHTOB b  Bo/jy. 

CooTBeTCTByKDinee ooopyaoBaHHe b  wacroamee BpeMa pa3 pa 6 oTaHO h HaxojjMTca b  CTajjHH 

H3roTOBjieHHH h naTenTOBanua.

J l a j i e e ,  b  3aBncHMOCTn o t  KOJiHHecTBa, coaepjKamwxca b  ocTaTxe Tai<nx s a e M e n T O B ,  x a x  

CKaHflHH, LJHpKOHHH H HTTpHH CTpOHTCa JjajIbHeHlIiaa TCXHOJlOTHHeCKaa uenOMKa HX 

n3BjieHeHHB. HanGojiee nojiHO 3 t h ,  h  jjpyrne pejjKne ajie.MenTbi, nesaBucuMO o t  oGteivia h x  

coiiep>KaHna, M oryr 6biTb H3Bjie4eHbi c noMombio merozja ajieicrpocTaTHHecKOH cenapauHH, 

ozjHaxo CTOHMOCTb cooTBeTCTBytoinero TexunnecKoro oGecneneHHa MoaceT GbiTb 

npezjBapHTejTbHO oqeHeHa npwMepHO b 500 Tbic. jjojuiapoB. noaroiviy Ha ocHOBe TexHuxo- 

3KOHOMHHecKoro conocTaBJieHHa, cjiezjyeT oueHWTb aejiecooGparinocTb Hcnojib30BaHna jyia 

H3BjieHeHHB yKa3aHHbix 3/ieMeHTOB a ro ro  h j i h  Tpa,annnonHbix h ,  cjieflOBarejibHO, Gojiee 

anpoôwpoBaHHbix MeroflOB (HanpnMep, BbiujejiaHHBaHHeM, jjjia CKaHjiHa h j i h  

xjiopupoBaujjeM  c noMoujbio c o j i b h o h  k h c j i o t m  j j j w  uwpKOHHa) h j i h  x<e Ha nepBOM 3Tane 

cosaaHHB npOH3BojjcTBa CHHTaTb nojie3HbiM HCKjiioHHTb s t h  aaeM enroi h 3  paccMOTpeHna b  

Ka'iecTBe oG teicra jyia j j o G m h h ,  paccMaTpmaa ocrraBuiytoca Maccy, TOJibKO xax Cbipbe jyia 

nojiyHeHHa CHJiyMHHOB h  CTpoHTejibHbix MaTepnajiOB.

B CBB3H c TeM, HTo b YxpaHHe npaKTHHecKH OTcyTCTByioT 3anacbi rjiHH03eMa, 

nocjiejiHHH HMHopTHpyeTca H3-3a pyôeaca no ueHe jjo 200$ 3a TOHHy. IIo3TOMy 

ripeijcraBjiaiOT ocoGmh HHTepec TexHOjiorHH Mcnojib30Banna neTpajum noH noro, 

OTHocHTenbHO GejjHoro Cbipta ;yia npoH3BO,gcTBa ajuoMHHHeßbix cnjiaBOB. K TaKHM 

TeXHOJIOrHBM MOJKHO OTHeCTH TeXHOJlOTHK) npOH3BOJJCTBa 3a3BTeKTHHeCKHX CHJiyMHHOB 

“3EBC”, pa3pa6oTaHHyto h anpo 6 HpoBaHHyio b Pocchh , Hcnojib3 yiomyK) Cbipbe c 

cozjepjKaHHeM AI2 O 3 zjo 20%. CroHMocTb Taxon npozjyKijHH aocTH raer 3000x3500 jjojuiapoB 

3 a TOHHy. CbipbeM b s tom  cjiynae Brio/me mojkct aBjiaTbca ropuaa Macca h3 OTBajiOB, 

nocKOjibKy TOJibKO BCJiejjcTBHe nepBHHHOH aaeicrpoMarnnTHOH cenapauHH bo3mo>kho 

yBejiHHeHHe KOHqeHTpaqHH AI2O3 ao  19 h 6ojiee npoueHTOB, a c yneroM  nocjieuyioiuero  

BbiropaHHB y n ia  -  25 h  6ojiee npoueHTOB. TexHOjiorna npoH3aoflCTBa CHjiyMHHOB c
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H cn ojib 30B aH n eM  ö e a H o r o  b H a cra  AI2O 3 Cbipba p eaan 3yeT C « Ha 6 a 3 e  MMHM-3aBoaoB c  

rOaOBOH MOIHHOCTbK) 2 0  TbIC. TOHH TOTOBblX H3aeaHH B r o a  H 3aHMMätOLUHX naoiaaab a o  

2 0 0 0  m2. roTOBaa npoayxHH» BbicoKoaHKBHaHa h m ojkct HaÜTH HinpoKoe npHMeHeHne b 

He(j)TexHMHHecKOH, r a 3 0 B o ii h a p y r n x  O T p acaax  npoM biiaaeHHOCTH.

K poM e Toro, Cbipbe c  K onueH Tpauneii CBbime 15%  m ojk ct iicnojib30B aT bca b KanecTBe 

G o k ch to b  n p n  npoH 3BoacTBe aaroMHHHH 3aeKTpornapaBaHHecKHM c n o c o 6oM.

IlpeaaaraeM aa cxeMa nepepa6oTKH npeaycMaTpHBaeT Hcnoab30BaHHe xpeMHHH- h 

KaabUHHCoaep'/KamHx OTxoaoB aaa n3roxoBaenna CTponTeabnbix MaTepwaaoB. ripaKTHica 

noKa3biBaeT [2 ] , h to  npH oTHOCHTeabHO HeöoabiiiMx, ao 1 0 0 -1 3 0  Tbic. aoaaapoß C H IA , 

KariHTaabHbix Bao>Kennax bo3mo>kho co3aaHne BbicoKopeHTaoeabiioro npoH3BoacTBa no 

Bbinycxy KOHKypeHTOcnocoGnbix cTponTeabHbix MaTepnanoB n roaeaHH.

T a K H M  o 6 p a 3 0 M, H a  o c h o b c  n p o B e a e m iH  a e T a a b H o r o  T e x H H K O -3 K O H O M H H e c K o ro  

o ö o c H O B a H H a  O T a e a b H b ix  n p o u e c c o B  n e p e p a o o T K H  O T B a a o B  n  n p o B e a a  a o n o a H H T e a b H b ie  

3 K c n e p n M e H T b i h  a H a a n 3 bi b o 3 m o> kh o  n p n n a T b  T y  H aw  H H y io  T e x H o a o r H H e c K y io  u e n o H x y  

n e p e p a ö o T K H  n o p o a H b ix  O T B a a o B . y n p o m e m ia s i  T e x H o a o n in e c K a a  c x e M a  n e p e p a o o T K H  

n o p o a H b ix  O T B a a o B  n p e a c T a ß a e H a  H a  pwc. 1 .

KpoMe Toro, no HauieMy m hchhk), 3acayx<nBaeT BHHMaHHa TexHoaorHwecKaa cxeMa c  

npHMeHeHweM m h o  ro CTaa h ii h 0 h saeKTpoMam h th o h  cenapaunn Ha 6a3e m oihh w x  

BbicoKorpaaneHTHbix KpHOMaraHTHbix cenapaTopoB (pHC. 2).

OaHaxo ca e a y e T  oTMeTHTb, hto a a a  noaH oii oueiiKM ee 3(ja})eKTHBH0CTH b 3aBHCHMOCTH 

ot  cocT aß a n c x o a H o r o  CbipbH, H eoöxoanM O  npoBeaeH H e paaa 3KcnepHMeHTaabHbix npoBepox.

IlpoH3BoacTBo no nepepaGoTxe nopoaHbix OTBaaoB ueaecoo6pa3Ho pa3BopaHHBaTb Ha 

6a3e 3aKpbiBaiomnxca uiaxT wan oGoraTHTeabHbix (JiaGpnx, OTBaribi KOTopbix h m c io t  

HeoöxoaHMbie cbipbeBbie KOMnoHeHTbi. H aaiiM ne oxoao h h x  a<eae3Hoaopo>KHbix h 

aBTOMOÖHabHbix nyTeü, 3HepreTHHecKoro KOMnaexca, 3aaHMM w coopyaceHMH 

npoMbimaeHHoro m 6biTOBoro Ha3HaneHHa no3BoaaeT coxpaTMTb KanHTaabHbie 3aTpaTbi h 

cpoKH BBoaa b aeficTBHe nepepaGaTbiBaiomero KOMnaexca.

PeaaH sauH a npeaaaraeM oK  T exH oaorun , noMHMO o 'ieB n a iio ro  axoHOMHHecxoro 

r3(j)(])eKTa (cTOMMOCTb T oab xo  repMaHna h peaxo3eM eabH bix M aTepnanoB, coa ep a ca in H x cs b 

oaHOM OTBaae cocT aßaaeT  n o p a a x a  10 0  MaH. a o a a a p o ß )  no3BoanT peuiHTb Ba>xnyio 

3KoaorHHecKyK) npoG aeM y anxBHaauHH nopoaH bix  OTBaaoB w pexyabT H B aann  

ocBoGoaHBLHHxca 3eM eab. K poM e t o t o ,  co3aaH H e BbicoxopeH TaG eabH oro  

n e p e p a 6 aT b iB aioiaero n p ean p n aT n a , B b in y cx a io ia ero  BbicoxoaHXBHaHyio npoayxuH K ),
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H a n p H M e p ,  c m i y M i i H ,  n o 3 B O n n T  T a i o K e  n o j i y H H T b  f l o n o j i H H T e j i t H b i e  c p e z i c T B a  H a  n p o ß e a e H H e  

n p H p o f l O O x p a H H b i x  M e p o n p n a T n i i  b  ^ O H e q K O M  p e r a o H e .
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KOé bOCCTOHOWeWK (5

A l z O j >  15*/, 
T

S/ieKToo/iuTuaecKl 
cnocoo npomMal

f lg ?  O rnxodbi j-t

|22|CTpounQTepua/ibi

23 floTpeßuTe/ib |j

P h c .  1 . Y n p o m e H H a n  T e x H o a o r m e c K a a  c x e M a  n e p e p a ö c m a i  n o p o f lH b ix  OTBajiOB
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napoflHbiu omE>Q/i 
^£ucx^3Hoecbipbe)^

noepMJKQ a mpQHcnop-
mupO&KQ Cbipbfl

flpoLvec-c npeö6apume/iti- 
Hoeo öpoöaeHUfl

i lp o w ecc  M H O iO crnoduuH O ii 
3 iieKmpoM aeHumH0ii c e n ap a p u u  
KpuQMflZHUiTiHtiiw cenapam opoM

Phc.2. Ynpom eHHas re\Ho.nornMecKaH cxeMa nepcpaooxicH nopoanoro oTBaaa c npHMeHeHHeM 

MHorocTaAHHHOH ncpBH'iHoii ajieKTpoMarHHTHOH cenapauHH Cbipba
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