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AJIIOMMHMM, fJIMH03EM, YfJIEP0ll:HhIE MATEPMAJIhI 

fA HT e HCM<!>MKau.MSI npouecca 
aBT OKnaBHOrO BblLJ..J.en a "'l MBaHMSI 

60KCMTOB CY6P 
YAK 669.712.1 I© B. r. KaJ3KOB. B.A. J111n111l. E. H. MJlTpo1ll3l1ona* 

C nouoiuuo MaTp vll..jbl p OTaTB6enbHOiO n n aHl1pOBaHl1>13 KCnepl1MeHTB I1CCn e/l,OB aH a 3aBl1Cl1MOC Tb 

O/l,HOBpeMeHHOiO Bnl1>1HI1>1 p e aK Ljl10 HHOM remneoetvpu, KOHLje HTpa Ljl111 KaYC Tl1~eCKO M iuen o-u« S 

060PO THOM o e creooe 11 BpeMeHI1 sblw,ena'1 I1SaHI1>1 n e 113Sne'1eHl1e ml1H0 3 eMa 113 60KCl1TOB 

Ceeeoovpe neccoro 60KCl1TOBOIO p Y/l,HI1Ka (CY5P ). 
A Ha nl13 oesvn s rsroe nooeeaennu x I1CCn e/l,OS aHI1M n03BOn>leT 3aKnlO'1I1Tb, 'I TO On TI1ManbHOM 

rewieoervoo e Bblw,ena'1 I1SaHI1>160KCl1TOS CY5 P c n en y e r C'1/11 TaTb Te Mn e p aTYP Y 240 -245 -c n o « 

80 MI1H 3KC n 0 3 /11 LjI1/11 S eer o xneee x /II KOHLjeHTpaLj I1/11 «evcrn-ecrca w,enO'1/11 060POTHOiO pecr e o oe 

240- 260 r / n . B 3 Tl1X vc n o eu exann r eru.no c re npouecce aSTOKnaBHOiO Bbl w,ena ~I1BaHI1>160KC/IITa 

MO )/(eT 6 blTb coxoeiue ne B 1,5 oese n o c paBHe H/II1O C cY/.1.( eCTBYIO/.1.( /IIM n p O/ll3B O/l, CTSOM . 

KJ1IO'leBble CJ10Ba: m11H0 3 e M , euiu ene-useenne , r e wie o e r vp e , KaycTI1'1eCKa>l iuen o-us , uetpnu«, 
n naH/IIpO Sa H/IIe erc a eowsen r e, CI1Mn neKC-MeTO/l, . 
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CYilleCTBeHHO HHTeH CH<pHUl1pOBaT b p a60TY aBTOKJlaBH blX 

6 aTapeH rJll1H03eMHblX 3a BO,llOB. B q aCTHOCTH, COKpaTHTb 

npOLLOJOKHTeJlbHOCTb asnuenauasan HH, nonu cim, H3Bne­

'leH He r JlHH03eM a H 1. LL. 

KaK H3BeCTH O [4], a a KJoIHeTH KY H rr OJlHOTY naane-re­
HHH OKCHna aJIfOMIlHI1~ H3 6 0 KCIlTOOOH pyns: OKa3blBaJOT 

BJlHHHHe cnenyioiune OCHOBHbIe diaxropu : KOHueHTpa­

U HH uteno-m B pacrsope; r evneparypa p ea KUHH ; XH MH ­

'-leCK.l1H H MHHep aJlOfH'-leCK.l1t'1 COCTaBbl aJlfOMHHl1 fr coLLep­

)f(a illHX MHHepaJIOB H c o n YTCTBYIOillHX H M npnwecer; B 

60KCHTOB OH nopone, a r axxe HX B3a HMon e H CTBI1e C 

illeJlO'l eanfOMHHaTHblM pacr eoposr ; rpanynouerpn-re­
CK H H COCTa B H 3M enb'leHHoH pyau (yne.nsuas nosepx­
HO CTb). 

Iloauurenne rextneparypsr nsnuena-mnau n» 6 0 KCH­

TOB rr03BOJlHeT He TOJlb KO norty-nrrs pacrsopsi C HH 3KHMJI 

KaYCT11'IeCKHM MonYJl eM H KOHueHTpaUHeH uienosn, HO 

H cyurecraenno COK paTHT b BpeM5I a BTOKJla BHOr O npo­
u ecca. 

B03MO)KHOCTb HHTeHCHC!m KaUHH npouecca na OCHO­

Be CH H)f(eH HH xaycrn-rec xoro MO LLYJlH aJI lO MJlHaTH OrO 

pacrsopa ssnnena-rasanas orpann -reaa. Ta K, no LLaHHblM 

paficru [ 4 ] pana oeecxsnt MO,ll YJlb npn KOHueHTpaUI1H 

xayc.ra vec xosi ureno -rn 2 5 0 r / Jl 11 resm eparvp e 
240 °C ,UJIH60KCHTOB C Y E P COCTaBnHeT 1,4 J. PaCl{ eTHbIH 

Mon YJlb nocrte aBTOKJla BHOr O Bbl illeJlalJ:HBaHHH LLOJl)KeH 

npessnirars paBHOBeCHblH na 0 ,2 eLLHHHUbJ. B rrpOTHBHOM 

CJlY'Jae p e3KO 3a Me,llJl 5IeTC5J p acrsopeuae r nHH03eMa H 

CH H )KaeTC~ YCTOH'IHBOCTb aJIJOMl1HaTH o r o p acrso p a pas­

6 a BJleHHoti nvn srru. O c06eHHO 3H a ' II1Motl 3T a p eKOMeH­

,llaU I1 ~ CTaH OBHTCH.UJJ5I npou ecca aBTOKJlaBlfOrO ssnuena­

"JI1BaHH 51 6 0 KCHTa zmacrtcponoro 'rnrra npn nOHH)f(eHHOH. 

p eaKuHOHHOH rev rr eparyp e . 

BTOPbIM no Ba)KHOCTH <pa KTopOM HHTeHCH<pJl KaUH I1 

npouecc a aBTOKJlaBHOrO Bbl illena'lHBaH H5I 60KCHTa HBnH­

eTCH KOHueHTp aUH~ KaycTYJlleCKOM ureno-ru 060pOTHoro 

p acrsopa. C rtonuuremrea KOHueHTpaUHH Ka YCTlfCleCK OH 

uieno-m LLO 400-450 r /rr B03MO )KHO 3<p<peKTH BHo s srure ­

Jla 'IHBaTb 60K CHTbl n pu LLOCTH)f(eHHl1 xay c r a-re c x o r o 

MOLLYJlH LLO 1,2 npn H3 BJle'-le H H H rJlH H0 3eMa no 91 %. 
C nO)KH OCTb p aooru C BbICOK00513KHM H p acraopann, npo­

111K u 
cme e 
-enue, 
'0360 ­

P030 ­

'6 am 

l!
an b He Hw ee COBe p We HCTBOB a H l1e TeXHO n OrHH 

ne p ep afiorx n 6 0 K CHTO B n anpaan eno B n epsvto 

osepens na HHTeHCI1 <pHKaUHIO OCHOBH bl X TeXHO­

J10r W{ CK.l1Xnp oueccon, B TOM ' IHCJle H na 6a3e )0Ke cyuie­
CTBYlOwer O 060pYLLOBaHH51. )loCTI1)f(eHHe nocraaneurrori 
UeJlH BO MHOrOM 3aBI1CHT OT HaY'-JHO0 60CHOBaHHOrO nOLL­

XOLla K On TH MH3a U H I1 TeXHOJIOrl1lJ: eCKH X nap axrerpon 
nepeaenos np ouecca Eaaepa. 

.ilo HeLLaBH e rO BpeMeHH noauurenne TeMn ep aTypbl 

SbI llLeJlal:fHBaHH51 zmacnopoasrx 60KCHTOB (LLO 300 ° C ) 

C4HTaJlOCb OLLHHM H3 Ba)K]-IeHWHX, eCJlH He rnaaustx, rpax­
TOpOS CHH)f( eHH 51 p a CXOLLa napa B rrpouecce Eaaepa. 
O OJlO)KHT eJlbHotl CTOpOHO tl asrcoxoresmeparypxoro 
esnuena-rnean us 6 0KCHTOB HapHLLY C B03M O)f(1l 0 CT blO 

nOm 1)Ke H HH K OH u eH Tpa U H H xaycr auecxori w enO'J:J1 B 

p eaKUI1H 5JBJlHeTCH CHH)KeH He paaaonecnoro KaYCTH'le­

cxoro MOLLYJlH , n oasnne rure XHMH"re CK o r o H3BJle 'IeHIMl , 

coxpauten ue BpeMeH H asruierra-runauua . K HeLLOCTaTKaM 

sucoxore a ne par vpuor o Bbl illeJla'IH Ba H HH OTHOCHTC5J 

CYllLeCTBe H H ble xannransuue sarparu na TenJlo0 6MeH­

HYIO VI p ea KUHOHHj'lO anna parypy 3TH aar par u onpene­
J1HfOTC5J BbICOKOtl reuneparypoa narpesa csrpori nynsn sr 
npuBbiCOKOM LLaBJleHHH, 60JlbW~IM MaTepHaJIbHblM nOTO­

KOMnpa CHH)KeH I1H xouuenrpaunu xavcr n-recxoa uieno­
411 S pea KUHH H He06xOLLHMOCTbJO 3aLLetlcTB o BaH H5I 60Jlb­

llJHX npOH3BO,llCTBeHH bI X nnouiaaen [1 , 2] . 

B TO )Ke BpeM5J 3K c epreTHlJ:eCKH H aHaJIH3 TenJlOBbIX 

cxeu n ep epaoorx« 60KCHTOO [ 3] n oxaa uaaer, '-lTO ziaxe 
npn cyweCTBYJOillHX TeXHOJlOrH'leCKH X rrapaaerpax nepe­

pa6 0TKH miac n o p o nux 6 0 KCHTOB MO)KHO nOJlYY:HTb TaK OH 

x e 3cP<peKT, Ka K npn HCnOJlb30Bamll1 aucoxoreunepa­

rypn o r o Bbl illeJlalJl1Ba HH H 60KCI1Ta . 

Bcnee r o r o, OrrTJI M I13a U H5I re xuonorn -recxu x n apa­

xrer p o s aBTOKJlaBHOH 0 6pa60TKH 6 0KCHT OB n03BOJl5JeT 

* B. r. Kasaxon, rrpodi, KaqJ. npouu umeuuoa r ennosuepre r a ­
KH, Cauxr-Flerepoyprcxrra ro cyn apcraen nur! TeXHWleC K.J1 H )'HH ­

BepCHTeT pacrwrcns iu,rx nOJlJ.1MepOn; B. A. JIHlUlH , npodi . Ka<jJ . <jJH3. 

XHMIllI , MJ.1 KPO- H HaHOTCXHOJlOrHH , Ca ukr- Flere pfiyprcxuq racy ­

lla pCTBCHHbrH nOJill TeXHHlJeCKI1i1 YHlI nep ClITeT. e- mail: vad im. 

lip in@ram bler.ru; E. H. Mjrrpodi auoaa , CT. HfDKeHep Hay<l.-TeXH. 

uenrpa , DOrOCJlOnCKHH MlOM HHuenblH saaon. 
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Taorutu a 1 
<l>aKTopbl 1II ypOBHlII lIIX BapblilpoBaHlIIll npa npoBeAeHlIIlII 3KcneplllMeHTa 

HV1)KHV1 Cl vpoecus I O CHOBHOCl YPO~e Hb I Bep xHV1 Cl vpcseu e I 3Be3.Q Hall T0 4Ka I 3 Be3.QHall TQ4Ka 
<l>a KTOpbl 

-1 0 + 1 - 1,682 + 1,682I 

Teraneparypa Bbll.lJ,en a 4V1Ba HV1 11, -c 

KOHl.(eHTp a l..\V1 11 KaycTV14ecKoCl 

w,en 04V1 B 060POTHOM p acrsope 
3aBTOKnaBHo(;1 n ynbnbl , r /.QM

BpeM ll Bblw,ena 4V1BaHV1111 , MV1H 

6JIeMbI C KOPP0 3HOHHbIM H3HOCOM annaparypsr, 3 TaI0Ke 

60JIbW Oe IlOTp e 6JIeH H e napa OT BH e W Her O HCTO<IHHKa 

nanaraior OrpaHWleHH5I ua y BeJIH <.JeH He KOH ueHT p aU H H. 

OnTHMaJIbH Oe CO<.JeTaHHe nOBbIWeHH 5I rejarteparypst 
H KOH u eHTpaUHH 060p OTHO rO pacr aopa !!JU1 BbIweJI3<IH­

BaHH5I 6 0KCHTa n03BOJI5IIOT cyuiecr aea no HHTeHcHqm­

U11pOSaTb npouecc nyrev COKpaweHH5I Bp eMeHH ssuue ­
JIa<IH BaHH5I. 

B Bblf1 0 JIHeH HblX panee 3Kcnep H Me HTaJI bHb1X I1CCJIe ­

,lJ,OBaHH5IX [4 J BJIH5IH He pa3JIWIHb IX rpaxropon ua rtoxasa ­
TeJII1 H3BJIe 'I eHH5I np n BbIweJI a<.JI1BaHHH I1CCJIe,lJ,OBaJIl1 

OTlleJIbHO npyr OT npyra H B 1l11arr330 H3X, He n03BOJI5IIO­

W,HX p e K OMeH1l 0 B3Tb u eJIeC00 6 p a3 Hoe COOTH OWeH l1e 

reuneparypsr, KOHueHTp3Ul111 060pOTHoro pacrsopa 11 

np01l0m KHT eJIbHOCTI11lJI 5I n p3KTH 'I eCKOr O HCnOJIb 30B3­

HI-HI na lleI1CTBYIOWHX rJIHH03e MHb[X aanonax. 
3ana 'I eI1 1l3HHbIX HCCJIenOBaHHI151BJI5IJIOCb n OJIyLIeHl1e 

3a BI1CI1M OCTH , orpax aiouien 01l H OBpeMeH H o e BJIH5IH He 

p e3KUHOHHOH re smeparypu, KOHueHTpa U ~Il1 xaycru-re­
CKO i1 weJIOLlI1 B 060POTHOM pacrnope 11 BpeMeHI1 asnue ­
JIa<IH B3HH5I na H 3BJIeLJeHH e r JII1H 0 3eM a H3 6 0 KCHTOB 

CYEP. 

3 KCnepl1MeHT 6bIJI nOCT3BJIeH B COOTBe TCTBH I1 C 

MaTp HueI1 pO TaT36eJIhHoro TIJIaH H pOB aHI151 3KC n ep11MeH­

Tatinnua 2
 
Marpwua nnaHlilpoBaHlIIll 3KcneplllMeHTa
 

O n biT N2 t Na 20 K 1I I I 
1 - 1 

2 + 1 

3 - 1 

4 + 1 

5 - 1 

6 + 1 

7 - 1 

8 + 1 

9 - 1,682 

10 + 1,682 

11 0 

12 0 

13 0 

14 0 

15 0 

16 0 

17 0 

18 0 

19 0 

20 0 

-1 

- 1 

+1 

+1 

- 1 

- 1 

+ 1
 

+ 1
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0
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'ra [5 ] uenrpam.n o ro KOMn0 311U H OHHoro n n a na. 
30 

Pe3YJIbTaThI axc rtepnnetrr a 06p a6aTbIBaJIHch xaanparn-i­
HOH MOlleJIblO (Ta 6 JI . 1, 2) . 

20 
Vf CCJIe1l0B3HI1e Bh[ weJIa 'II1S3H I151 60KCI1TOB C Y E P a 

npn pa3JIWlHb[X TeM n epaTypHbI X 11KOHueHTpaUl10HHbI X 
10 

pe)f(]-lMaX 6bUIO npon eneno B JIa60paTopHbIX aBTOKJIa Ba X 

no CTaH1l3 p THOJ'1 M eTOllI1 K e . cDpa K UHOHH b[ii COCTas o 
WI1XTb1, cvinecrayiounra B rrp0 l13BOnC TBeHHbIX yCJIOBHH X: 

2,5 %xnacca + 0, 15 MlIl ; 75 %xnacca - 0 ,0 5 6 Ivrill. COCTaB 

WH XT bI, % ( M ac . ) : 51 , 8 A1 20 3; 2 3 , 5 Fc 20 3 ; 
90 

3,65 Si02; 3 ,7 C30 ; 0,79 S03; 3,89 C O 2; 2,2 5 Ti0 2; 

14 , 0 n . n , n. ; IlSi = 14, 19 ( XI1M I1'IeCIU1H nsixon TeOpeTI1­
80 

YeCKHI192 ,9 5 %). ,ll0 3HPOB K3 C a O - 2 % OT Ma CCbI 60K­

CI1Ta. PaC<IeTHbIH (Jxy = 1,65. 70 
B ap bHpyeM blMH n epeMeHHb[MI1 5IBJI5IJII1Cb rev nepa­

ry pa BbIweJIaLJI1Baml51 (X[) , KOH u eHTp3UH5I xaycru-rec xoa 60 
w eJIO<II1 B 0 6 0pOTHOM pacrsope (X2) 11 np01l0m KI1Te JIb­

HO CTb npou ec ca (X3) . Marprrua nJIaH l1pOBaHI151 axcne­ 50 
pHMeHTa COCTaB JIeHa no CHMJ1JIe KC-MeTOllY. 

AHaJIH3 3Kc n epHMeHTaJIbHbIX 1l3HHbl X (Ta6JI . 3, p HC. 40 
1, 2 ) nOKa3aJI , 'ITO nOJIy<-1eHHaH MO.LJ:eJIb He n OJIHOCTblO 

ane xnar na <p~13I1YeCKOH MOlleJIl1. ,llJI5I 6 0 JIee nOJIHOrO 30 
COOTs eTCT BH5I H e0 6xo ,llI1Ma nOCT3HOBKa ns yx-rpex napan­
JIeJIbHhI X 3KcnepHMeH TOB B Ka)f(,L(OH TOL[Ke . B 0 3MO)f(H0 , 20 

He06 xollHMO COCTaBJIe H H e Ma TeMaTH y eC KO H MO .LJ:eJII1 

60JIe e Bb1COK0 i1 pa3MepHOCTH (Tp W H 60JIee ) , JIH60 H y)f(HO 
Pile 

«CY3I1Tb,) I1HTe p BaJIb I Baphl1pOBaHI15I nepevennux. 
B nepaov CJIYY 3 e (rrpn YBe JIH ye H H H p a 3M epHOCTH 

MaTeMaTH'leCKOI1 M O,lleJIH ) nOTpe60BaJI a Cb 6 b[ nOCTa ­

HO BKa 60JIblllOrO 'lI1 CJIa OnhITOB, BO BTOp OM - nOJIY'le­

H H e OrpaHH 'leHH o i1 HH <popMa U I1I1 no COBM ecTH o M y 

BJII15IHHIO aapi.apye srsrx nepeveuasrx H3 11 3BJIe<[eHl1e ne 

rJI I1H03eMa . 11 31 

06pa60TKa 3KCn epl1MeHTaJIhHbl X nannsrx nOKa3h1Ba ­

eT, 'lTO llaHHhIe rt afioparopuoro sxc nepuae ara 6JII1 3KI1 K 

H 3s eCTHbIM ony6JI11KoBaHH bIM pe3YJIbTaT3M 1lJI5I O,llH HX 11 

r ex )f( e 3Ha'leH I1H aapsnpveusrx napaverpon . 

D. JI5I npa xruuecxoro I1CnOJIb30BaHH 5I rronyxerrau x 

p e 3YJIbT3TOB crr enyer Bbl6paTb ,llOCT3TO <lHO Y3K YlO 

06JIaCTb H a K p HBbIX , nOJ!Y"1eHHbIX H3 OCHO Be HCCJIe,llO­

BaHHH MaTeMaTl1ye CKOH MOlleJI 11 , H nOCTa BHTh B s r o a 

06JIaCTI1 ,llOnOJIHI1 TeJI b H b le axc rt epn rae tr ru no O,llHOMY 

113 aJIrOpHTMOB On TI1MI13aUI1I1, uanpnnep CI1M nJIeKC­
-,;

n JI3H , MeTO,ll xpyroro BOCXO)f(,L(eHI15I 11 1lp . 

K3K n p aBHJIO, ,llJI5I rpex aapsnpyesu rx axc nepu a en ­
TOB ,llOCTaTO'lHO n OCT aBI1 T b 4-5 orrsrro s . Ta KYIO 

H a cTpoH K Y H d OnT HMaJIbH bI H p e )f(H M B JII060M CJIY'la e 

He06xo,llHMO nen ari, B y CJIOBHHX npocn.uun ennoro 3 KC­

n epanenr a. O,llH a KO B 3TOM cnyxa e B0 3M O:>K.HbI H yurepf 

OT HaCTpOH KI1 aB TOKJIaBHo t'1 6 aTa peH aa On THMaJIb HbII1 

pe)f(H M 6 Y,lleT cseneu K MI1HHMyMy. 

40 IS 
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CHO Boe Mfi BbIWenaYI1 BBHI1f1. MI1H 
Puc. I. KHHeTHKa BbHu en a'IHBil HHH 60KCHTa npn xonuerrrpau aa 

xaycrtruecxon uieno s u B coopor nou pacrnope 240 flIl (0), 
:TH 260 f l Il (6) , 280 fi n (8), 300 f l Il (Z); rcxrn eparype , 0c: 
ra­ 7- 235; 2 - 240; J - 245 
4e ­

' ~IY B K3 '-leCTBe cPYH KU H I1 OTKJl I1K3 npn 06p360TKe 3 KC­

rl1e nep l1M eHT3 JIbHbI X ,.o:3 H HbIX rrp l1HHTO X I1M I1'-leC K Oe 

nsane-renue r JI I1H 0 3eM3 113 60KCI1T3 (y) . 
ea­ 06P360TK3 3KCrrepI1 MeHT311bHbIX ,.o:3H HbIX KB3,ll.P3TW I ­

11 K HOM Mo.a eJIblO C ycIeTOM Bb IHBn eHI1H 3H3LfI1MbIX cP3KT OPOB 

XI1 B y p3BH eHI111 p erpec c nn I1M eeT BI1,.o: : 

2ux Y= 89,68 + 8,89Xj + 3,19X2 + 16,89X3 - 0,69X ­l 
)'10 2 2- 3,57XtX2 - 9,4X + 0,37X2 - 1,52X2X3 - 14, IOX3JX310­

(n o lliJI3M Y) , (I ) 'oil 
'My 2y = 92,1 8 + 9,65Xt + 2,47X2 + 18,69X3 -1,42Xt ­
(C­

2- 2,7I XIX2 - 10,64X\X3 - 1,35X2 - 0,91X2X3 - 14,6 1X/ 

:H­ (no P3CTBOPY) . (2) 
y'1O 

rae 
cc- CBH3b KO,.o:I1P OB3H H bIX 3H3LfeH I1H C H 3Typ3n bH bIMI1 

p6 onpen enserc s 113 Bblp3)KeHI1H 

bIM. 

a 6 

95 
3 2 ,3 

8 0 

75 

70 
200 240 280 200 240 28 0 

95 

90 

85 

80 

e 

2,3 

200 240 280 

KO HueHTpaUI1f1 U{e n o YI1, r / n 

XI = (~ - Xo)/ L'lX= (XI ­

X2 = ( ~ - XO)/L'lX= (XI -


Pu c. 2.	 BJ1HlI Hl1e KOHu eH ­

r paunu xaycru -re-
CKOt[ meIlO'JH B 

0 6 0 p OTHOM p acrso ­

pe n a H3BneyeH He 

nIHH03eMa 113 60K­

c trra npn resmepa-
Type, 0c: 
7- 235; 2 - 240; 
J- 245.Bpexur 
Bbl w en a 'JI.!BaH l1l1, 

MYlH : a - 70; 6 - 80; 
8- 90 

240)/10, 

250)/ 30, 

X3 = (Xi - Xo) /LU'=(X1-70)/30. 

H c cne..o:OB3HI1H Mo ,.o:enl1 n OK33 31111, CIT O n pn nl1HeHHbIX 

3 cPcPeKT3x H3 116 0ne e 3H 3 cl l1M bI M K03cPcPI1Ul1eHT (16,89) 
rrpn X3 (BpeM eHI1 BblLUen3CII1B3H I151). O,.o:H 3KO OH cyure ­

CTBe HHO ocn ao nen K03<P<PI1Ul1eHTOIvI flPI1 KB3,ll.P 3TWIHOM 

3 cPcPeKTe ( 14,10). CYLUecTBeH Hoe M I151 Hl1e nponorrxn ­

TenbHOCTI1 Bb lLUen3tII1B3H I151 H3 113BJIe'-leHl1e rnl1H0 3eM3 

113 60KCI1T3 OK33blB3eT T3JOKe K03<P<PI1U l1eHT B3311MHoro 

BJII151HI151 rexmeparypsr 11 BpeMeHI1 BblLUeJI3'-lI1B3HI151 (9,4). 
CJIe,.o:YeT OTM eTI1Tb, CITO rrO CJIe,.o:HI1 H K0 3 cPcPI1UI1eH T OK3 ­

3bl B3eT He o,.o:H0 3H3'-lHOe BJI I151 H ~1e H3 XH MWleCK.l1H ssrxon: 
npu OTpl1U3TeJIbHOM n p 0l13ue,.o:eHI111 K O,.o:OBbIX 3H 3Cl eHI1H 

reurreparypsr 11Bpe MeHI1 113BJIeCleH I1e p3CTeT, rtpn nono ­

)K.l1TeJIb H bIX - n 3,.o:3 eT. 

113 OCT311 bHbIX JII1HeHHbI X 3cPcPe KTO B H3116 0nbUl l1M 

K03<PcPI1U l1eHT (8,89) OTp3)K3eT BJII1HHl1 e resmeparypsr , 
HeCKOJIb KO MeHbUlI1M - Bn I1HHI1 e KOHueHTpaUI1I1 K3YCTI1 ­

l.feCKOH LUeJIOcII1 B 0 6 0 pOTH OM pacrs ope (3, 19). ITPI1 3TOM 

KB3,ll.P3TWIHble 3 cP<peKTbI M3JI0 3H3 CII1 MbI rro c p 3BHeH I1JO 

C rr po,.o:OJ1)KJUeJIbHOCTbJO BbI LUeJI3'-lI1BaHI151. H CKJIJO'-leHl1 e 

COCT3BJIHeT K03<PcP.l1U I1eHT, OTp a)K3JO lll.l1H COBM eCTHo e 

BJII1HHl1e r evnepar ypu 11 KOHueHTpaU l111 LUeJI04HOrO 

060POTH OfO paCTBOp3 H3 113BneCleHI1e rnl1H 0 3eM3 (3,57 ). 
Hccnenosanae KI1HeTI1K11 BblLUeJI3tII1B3HI1H 6 0 KCI1T3 

(C M . puc . I) rrOK333JI0 , « TO npu resmeparype 235 DC 

113BJIe'leHl1e f JII1H 0 3e M3 90 % ,.o:OCTI1r3eTCH 33 100 MI1H, 

rrpn 240 DC - 33 80 MI1H, 3 n pn 245 DC - 33 70 M I1H. 

nOBbIWeH l1e KO H ueHTp3U I1 11 otiopornoro p3CTBOp3 

sezrer K ,.o:3JI b H eMUleMY cO Kp 3LUe H I1JO np ononxur ens­
HOC TI1 BblLUeJI3l.f I1B3HI1H: npn KO HueHTp3UI111 260 f /JI 

(C M . P I1C. 1, 6) H 3 - 10 MI1H, npn 280 r /rr (C M . P I1C. 1, B) 
- H 3 10 MI1H , npn 300 f / JI ( puc . 1, c) - euie H 3 10 M I1H. 
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Tatinaua 3 
Pe3YIlbTaTbllla6opaTopHblX pa60T no aBToKllaBHoMY BblU.\ella<il-lBaHl-IlO 60KCl-ITOB CYEiP 

YcnoB VI ~ auuiena -
COCTas aSToKnasHo (;i nv nsns: COCTaB ooopcraoro pacraopa, r /AM 3 

YVl Sa H VI ~ 

N2 

onsrra rae pnas o aaa , %)l(Vl AKa~ <j>a3a, r /AM3 
Bpe MH, 

l ,oC 
MVl H AI20 3Na 2Oo6 CtK .yNa2O" y 

Si02 Fe20 3 (Na20 06 I Na 20 " y I AI20 3 I ~'Y I AI20 3 1 

1 230 40 234, 0 220,6 102 ,0 3,5 5 220 , 1 199,9 137 ,7 2,39 

2 250 40 234 ,0 220,6 102,0 3,55 2 18,5 199,4 190 ,7 1,72 

3 230 40 299 , 1 280 ,0 130 ,6 3,53 286 ,7 260 ,9 199,9 2, 15 

4 250 40 299 ,1 280 ,0 130,6 3,53 283,6 256 ,5 243,8 1,73 

5 230 100 234 ,0 220 ,6 102,0 3,5 5 218,5 199,2 187 ,7 1,75 

6 250 100 234, 0 220,6 102,0 3,55 2 13,9 192,4 191 ,2 1,66 

7 230 100 299, 1 28 0,0 130,6 3,53 279 ,0 250 ,2 24 1,2 1,71 

8 250 100 299 ,1 280,0 130 ,6 3,53 277,4 148 ,2 242,8 1,68 

9 223 70 266,6 25 1,8 118,8 3,49 246,4 223 ,5 211,2 1,74 

10 257 70 266,6 251 ,8 118,8 3,49 24 1,8 2 17, 1 2 19,3 1,63 

11 240 70 2 12,3 199,4 93 ,8 3,50 20 1,5 184,0 174,4 1,74 

12 240 70 320,8 300 ,2 142, 8 3,46 297,6 265 ,0 261,1 1,67 

13 240 20 266 ,6 25 1,8 118 ,8 3,49 249,5 229 ,1 127, 5 2,96 

14 240 120 266 ,6 25 1,8 118,8 3,49 243,4 2 18,3 2 18,3 1,65 

15 240 70 266 ,6 251 ,8 118,8 3,49 249 ,5 226,0 22 1,8 1,68 

16 240 70 266 ,6 251 ,8 118 ,8 3,49 260 ,4 235 ,1 229,5 1,69 

17 240 70 266 ,6 251 ,8 118 ,8 3,4 9 252 ,6 228,5 221 ,8 1,69 

18 240 70 266,6 251 ,8 118,8 3,49 246,4 223 ,5 2 19,8 1,67 

19 240 70 266,6 251 ,8 118, 8 3,49 248,0 225 ,8 222 ,4 1,67 

20 240 70 266,6 251 ,8 118,8 3,49 249,5 226,8 221,3 1,69 

4 ,1 

6,8 

4 ,6 

6,8 

6 ,9 

7 ,3 

7 ,0 

7,3 

6,3 

7,4 

6,9 

6,9 

3,4 

7 ,3 

7,2 

7,2 

7,35 

7,25 

7,2 

7,3 

4 1,6 

13 ,9 

34 ,35 

10,9 

13 ,3 

10,2 

11,0 

10,2 

18,6 

9,9 

13 ,9 

10,0 

48 ,75 

10,2 

10,9 

11,3 

10,8 

10,8 

11,0 1 

11,1 

28,35 

47 ,0 

33,85 

49,4 

47, 2 

5 1,0 

48,8 

52 ,0 

42,6 

49 ,8 

46 ,0 

50 ,1 

23 ,2 

49 ,7 

48 ,7 

48 ,6 

49 ,6 

49,5 

48,4 

48,4 

7. 

1 

8 

1 ~ 

1 

I ! 

1: 

1: 

1 
npl-lMe<iaHl-Ie . H/A - HeT AaHHbIX. 

OTMeU1M, 'ITOn pn no ssnuemm KOHueHTpaUHYI 060 ­
pOTHOro pacr sopa BJlM5IHMe peaKUMOHHOH re v neparypu 
OCJla6eBaeTMnpn 300 r /JI npu scex a cnonssyeaux 13 3KC ­
neprorenre r esmeparypax H3BJIe\.jeHMe rJlHH03eMa ,UO 
90 % ,UOCTMraeTCH sa 50-60 MHH npOTI1 B 120 MMH 13 
HaCT0511uee BpeM5I . 

BblTIOJIHeHa ouenxa (CM. pHC. 2) BJlH51HH51 KOHueHTpa­
UMI1 060pOTHoro pacrsopa aa XHMM\.jeCKI1H BbIXO,U npn 
pa3JIWIHbiX BpeMeHI1 11 resr rrepary pe BbIllleJIa\.jMBaH\1}I 13 
,UMana30He sapsupyesrsrx n apaverpos, npencr aanmourax 
MHTepec tlJU1 npaKTMKI1 HHTeHCM ctJHKaUl111 neHCTBYJOllll1X 
aBTOKJIaBHbIX 6aTapeH. Vl313JIe\.jeHl1e rJlHH03eMa 90 % 
,UOCTMraeTC5I sa 70 MHH npn xonueirrpauim 060POTHOro 
pacrsopa ssnne 280 r /JI (CM. pMC. 2, a) M npn t = 235 °C , 
a npn resmeparype 245°C - MeHbwe, ' leM npn 200 r/JI . 
3a 80 MI1H BblllleJIa\.j I1BaHH5I (CM. pHC. 2, 6) H3BJIe' leHl1e 
90 % MO)l(eT 6bITb zrocr nrtryro npn 270 r/JI M t = 235 °C , 
npu 240°C - npn 240 r /JI, a t = 245 °C - MeHbllIe, 'IeM 
npl1200 r/JI. llpl1 90 MJTH BblllleJla'll1BaHH5J (CM.pMC. 2, e)TOT 
)I(e 3ctJctJeKT no M3BJ1e\.jem1lO rJIHH03eMa nOCTl1raerC5I npn 
240r/JIMt= 235°C 11 <200r/JI,UJI5I rexrneparyp 240H 245°C. 

ARaJIH3 pe3YJIbTaTOB npoaenemrsix HCCJle,UoBaHMH 
n03BOJ15IeT 3aKJllO\.jMTb, \.jTO OnTHMaJIbHOH revneparypoa 
BblllleJTa4MBaHH5I 60KCHTOB eYE Pcnenyer C\.jHTaTb 'rexrrte­
parypy 240-245 -c npn 80 MMH 3Kcn03MUHH BaBTOKJIaBaX 
H KOHueHTpaUl1l1 xaycnrsecxoa menonn 060POTHOro pac­
r sopa 240-260 r/JI. B 3TI1X yCJIOBH5IX ,UJll1TeJIbHOCTh npo­
ueccaaBTOKJIal3Horo BbuueJIa'MBal-[IDl60KCMTa MO)l(er 6bITb 
coxpauteua B 1,5 pasa no cp3BHeHMIO C CYJ.lI,eCTBYlOlllMM 

npOH 3BO,UCTBOM 6e3 H3MeHeHHH CYllleCTBYlOlllHX 
armaparypao-r exaononrsecxnx cxexr. I1pM3TI1X napav e­
rpax npaveaenne COBpeMeHHbL"( npHeMOB pereae paunu 

INTI 
TenJIOTbI BbIllleJIO'IeHHo(1 nynsnst ua ,UeHCTBylollll1X aBTO­

KJlal3HbTX 6aTape5IX TaK)l(e n03130JUleT COKpaTI1Tb pacxoa V.G
 
rpeiouiero napa B aBTOKJIaBHble6aTapeH B 8-10 pas.
 

By r060CHOBaHI1eM pexoueunyevcr o nnanason a KOH­
spill 

rrearpauna 060pOTHOro pacrsopa HBJI5IerCH TOT ctJaKT, \.jTO 
reSE 

n pn 3TOM C03,U310TCH OnTMMaJIbHble yCJIOBM5I no BbIBO,Uy 80 r 
CO,Ubl 11 opraua-recknx npuaecen M3 060POTHbIXpaCTBO­ bau 
pOB. Vl3 yCJIOBHH paCTBOpJ1MOCTH CO,Ubl B aJIIOMI1HaTHblX 

Keypacr nopax B pexov eunyeno« ,UJifana30He KOHueHTpaUMH 
KaycTHtleCKOH llleJI04MB060pOTHOM pacr sope 13 nOCJIe,U­
HeM 6yneT uexoropoe yaenu-reaae cone pxanua Kap60 ­
HaTOI3. YBemJ4eHHOe conepxaaue Kap60HaTOB BpaCTBO­
p e cnocoocr sye r cTa6HJlH3aUMJif amOMHH3THo r o 
pacr nopa H, CJTenOBaTeJIbHO, n03BOJIHTYMeHbllIHTb rrore­
pn OT rHnpOJIM3a pa36aBJIeHHOH aBTOKJIaBHOH nyrn.nsr H 
asnnena-ntaars 60KCHT aa 60JIee HM3KMi1 pac-iernsrn 
MonyJIb. )la)l(e npn rexmeparype BblllleJla411BaHI1H 60K­
CMTOB 235 °C H3BJIe4eHH5I rJIHH03eMa no 90 % MO)f(HO 
nOCTM4b npn KOHueHTpaW1l1 xavcru-recxon ureno -m 
240-260 r/JI3a 90- 100 ~U1H MTaKHM 06pa30M MHTeHCM­
ctJHuMpoBaTb npouecc BblllleJIatII1BaHH5I . 

YCTaHOBJIeHHble Bsxcnepaueirre Mna Mo,UeJII1TeXHO­
JIOTWleCKHe pe)f(lli\1.b1n03BOJI5IlOTooecne-nrrs coxpaureane 
BpeMeHHBbIllleJIaIIHBaHM51 no cpaBHeHHIO CCYJ.lI,eCTBYJO­
lllMM np0H3BOnCT130M, no Kpa(IHeH Mepe, B 1,5 pasa. 
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23.2 

% 

28 ,35 

47,0 

33,85 

49,4 

47,2 

51,0 

48,8 

52,0 

42,6 

49,8 

46,0 

50,1 

49,7 

48,7 

48,6 

49,6 

49,5 

48,4 

48,4 

l WHX 

J3Me­

'3mlH 

3810­

1CXOLl 

KOH ­

r, '-lTO 

BOllY 
:TBO­

rHbIX 

lUI1H 

.nen­
p60­
:TBO­

ioro 
:OTe ­

rTbI I-! 

HblH 

SOK­

JKHO 

10 'lH 

{CI1 ­

'(HO­

;mle 

lYJO-

ICaO 8 ° 3 I Na20 \ n. n. n. 

X"lM"lyeCK"lC1 BbIXOA, % 

</J aKT"lyeCK"lC1 OTr eopera-re-
CKOro 

7.35 

11 ,9 

8,55 

13,0 

11,7 

12,3 

12,7 

12,4 

11,2 

12,7 

12,1 

12,9 

6,1 

12,95 

12,6 

12,7 

12,0' 

12.0 

12,4 

12,4 

2,55 

4,5 

2,8 9 

4,2 

3,8 

3,4 

4,1 

3,4 

3,6 

3,45 

3,57 

3,9 

2,07 

3,8 

4 ,11 

4,0 5 

4,08 

4 ,15 

4 ,0 

4,0 

1,8 

2,9 

1,95 

2,9 

3,1 

3,0 

2,9 

2,8 

2,6 

3,05 

H/A 

2,9 

1,35 

2,95 

H/ A 

H/ A 

H/ A 

H/A 

3,1 

3,2 

10,7 

6,8 

9,65 

6,4 

6 ,5 

5,3 

5,0 

4 ,9 

7,45 

5, 1 

7,3 

5,6 

11,7 

4,5 5 

5,3 

5,6 

5 ,3 

5,3 

5,9 

5,7 

33 ,4 36,0 

86,6 93,2 

54,0 58,1 

90 ,0 96,8 

78,2 93, 8 

90 ,9 97,8 

89,8 96,6 

91 ,1 98,0 

80 ,2 86,3 

91 ,0 97,9 

86 ,3 92,8 

90,9 97,8 

4,67 5,1 

90 ,7 97,6 

89 ,8 96,6 

89 ,5 96,3 

90 ,1 96 ,9 

90. 1 96 ,9 

89,7 96 ,5 

89 ,6 96 ,4 

BbIBO,l(b1 

Hnmencutbutcauun npouecca a6mOKfla6HOcO eu tuenauu­
eanusi tiotccuma n0360JlUm cokpamums epeus esuuenauuea­
«us 6 1,5-2,0pasa no Cpa6t-leHUIO c oeiicmeytotuuu npOU3­
600Cm60J1.! nymeu: 

- noeuu tenus meun epamypu eu uienanueauus 00 240­
245 DC npu KOH1leHmpau, IIU «aycmunecxoii tuenonu 6 060­
pomnou pacmeope 250- 260 e/n; 

- UCnOJlb306aHII51 epetouiu); a6mOKJla606 6 «aitecmee 
peakuuounux npu nepeuoce30Hblnaepeea c cpelOUI,UX aemo­
KJla606 6 6b1COKOl lHmeHc1l6Hble mennootiuennuxu cue tuuea­
Him; 

- opzanusauuu 6blCOKOU cmenenu peeenepa uuu menno­
mb1 6b1Ul,eJlOl/eHHOII nynsnu, tinaeooaps 'teMy nomo« KOHoeH­
cama epetotueeonapa MOJICem tiu m«3aMeHeH3K6116QJ1eHm­
HblM nomOKOM CblPOUnynsn« npu OOHOM II mOM »ce 6peMeHU 
euuienauueanus . 
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INTENSIFICATION OF AUTOCLAVE LEACHING PROCESS OF BAUXITE FROM "NORTH URALS BAUXITE MINE" 

V.G. Kazakov, V. A. Lipin , E. N. Mitrophanova 

Bymatrix rotatab le planning of expe riment dependence of simultaneous influence of reactionary temp erature, caustic concentration in 
spillage liquor and time of dig estio n for extract ion of alumina from SUBR bauxite is investigated. The analysis of results of the lead 
researches allows to conclude it is necessary to cons ide r as op timum temperatu re of SUBR bauxite digestion tempera ture 240·245 'C at 
80 minutes of an expositi on in autoc laves and caustic concentration of spillage liquor 240-260 g/ dm3. In these conditions duration of 
bauxite autoclave d igestion can be reduced in 1,5 times in comparison with existing pro duction . 

Keywords: alumina, leaching, temperature, caustic alkali, matrix , planning of experiment, simplex method . 
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