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OnhIT n O,lj,r OTOBKH oTpa60TaHHhIX meJIOKOB K perenepauna
 
B cPHJIHaJIe OAO "Tpyrma IIJIHM" B Bparcxe H npe,lJ,JIOlKeHHH
 

no onTHMH3aIJ,HH pa60ThI asmapnsrx CTaHIJ;HH
 

Cvcnos B. A., ,D,OKTOp T8XH. HayK 

CaHKT-neTep6yprcKVI~ rocYAapcTBeHH bl~ TeXH0110rVl...eCKVI~ 

paCT VlTel1 bH ~X nOl1V1MepOB 

rOTOBCKVlVI M. A., ,D,OKTOp T8XH. HayK 

OAO " Hn o LJ.KTW', CaHKT-neTep6ypr 

n03,D,Hs:tKOB A. A., V1H)I(. 

OAO "Tpynna L111V1M", CaHKT-neTep6ypr 

YHVlBepCVlTeT 

Ilpencranneuu annaparypnoe orpopsrnenae nsmapuoro uexa , pe)J(I1MHble napawerpu paficrsr 
OCHOBHoro 060pYll,OBaHHH. naHbl npell,J1O)J(eHI1H no OnTHMl13aUl1H sxcnnyarauna asmapustx 
CTaHUHH npennparrr ua . 

KnIO'IeBble CJIOBa: ueJlJlIOJl03Ho-6YJ\la)[(HaH npOMbIWJleHHOCTb, ueJlJlIOJ103a, xepnue WeJ10KH , 
MHorocTyneHlJaTble uaxyysr-nunapuue CTaHUHH, asmapusre arm aparu . 

OCHOBHa51 nponyxuna ueJIJIIOJI03Ho-6YMa)l(

HhlX KOM611HaTOB - ueJIJIIOJI03a. B npouecce ee 

npOJ13BonCTBa pacrurerrsnue u eJIJIIOJI030COnep

»cauiue TKaHI1, npenaapnrensao nonsepr uyr u e 
MexaHWleCKOM 11 XI1Ml1KO-MeXaHWleCKOH o 6 p a 

6oTKe , nunepxmsaror (aapsr) npn onpezterten 
HblX rexmeparype 11 naBJ1eHI1I1 B meJIOlfHOM 

pacrsope ezucoro narpa 11 cYJ1b<pl1na HaTpl151 B 

COOTHOWeHl111 npnvepno 70 11 30 %. ITPI1 

cYJIh<paTHOM sapxe ace KOMnOHeHThl npesecnoa 
TKaHI1 sa I1CKJIIOlfeHl1eM ueJIJ1IOJ103bl paCTBOp5l

IOTC5I. B pe3YJ1bTaTel13 npenecuast nOJ1YlJaIOT 

nOJIY<Pa6pI1KaT - TeXHl1lJeCKYIO ueJ1J1IOJI03Y C 

BhlXOnOM OT 50 no 80 % [ 1]. 
OTpa6oTaHHblH n OCJIe BapKI1 npenecanu 

BOnHblH llleJ10I.[HOH paCTBOp Ha3 blBaIOT lJepHblM 

cYJ1b<paTHhIMmeJIOKoM. O H COCTOHT 113 1/3 He 

Op r aH W IeCKl1X 11 2/3 OpraHl11.[eCKl1X Be m eCTB . 

lI3BecTHo, YTO llJl51 n OJIy'-l eH H5I 1T ueJ1JIIOJI03bl 

Ha116oJ1ee "6e3BpenHbIM" CYJIb <paTH bI M cnoco

60M 3aTpaYl1BaeTC5I OKOJIO lO T I.[MCTOH sonsr, 
rrpespautaeuoti B npouecce rrpoM3BOn CTBa B ar

p eCCI1BHhle paCTBOpbI. TI03TOMY llJl51 coxpane
HH5I 3KOJIOrl111 pernona yepHhIM CYJ1hQJaT H bIH 

meJIOK nonaepraercs KOMnJIeKCHOH o6pa6 0 TKe 

llJl51 BhICB06o)l(lleHl151 Xl1M l1y eCKl1X p ea r errr o n B 

npouecce C)I(l1raHI151 Op r a H HKM B con o p er enep a

U l10 H H bl X xornoar perar ax ( C P K), n ony r no re

nepnpyrounrx nap llJl51 npo H3BOn CTB a 3JIe KTp O

3HepfHI1 11 TeXHOJIOrWle CKI1X H~. 

B HaCT05Imee BpeM5I B QJHJIl1ane OAO 

"Fpynna J1JTI1M" B Eparcxe B c yrxn nupatiar sr
BaeTC5I 3450 T ueJ1JIIOJI03hl pa3JI W lHb l X Map OK . 

ITPI1 3TOH np0l13BOnl1TeJIbHOCTl1 OCHOBHOH npo

nYKUl111 B sunapuoa uex KOMnJIeKCa nocrynaer 
OKOJIO 1410 T/'-I CJ1a6h1X xepnstx meJ10KOB. ).:(J151 

,LI,OBeneHI151 cyxocrn meJIOKa ,LI,O ypOBH5I npuron
HOC TI1 K y CTOHYH BOM Y ero C)I(l1raHI1IO paCTBOp 

KOH ueHTpl1pyeTc5I na BOCbMH usmapnsrx CTaH

UM5IX (BC) 11 'rpex xonuenrparopax ,LI,O KOHueH

r pa una a6C0J1IOTHO cyxnx BemeCTB (a.c.B.) 

65 - 75 %. l{eM nsnue KOHueHTpaUI151 YepHOrO 

iuenoxa, TeM xa-recrnennee ero ropeuue 11 

xrensure spennsrx BbI6poCOB. 

TaKJ1M 06pa30M, 5IBJ15I5ICh OCHOBHbIMI1 y'-IaCT

HI1KaMI1 npouecca nonrOTOBKI1 or patior ann srx 
paCTBopOB K perenepaunn peareirros H nonyse
HHIO TenJ10BOH 11 3JIeKTpl1yeCKOH 3Heprl111 ira 
TeXH0J10rHlJeCKI1X T3l.1" nsmapnue CTaHUl111 

06eCneYl1BaIOT CHH)I(eHHe ce6eCT0l1MOCTI1 nponyx
UI1I1 11 3K0J10rHyeCKYIO fieaortacuocrs pernoua. 

Y.epHblM meJ10K, nOJ1YlJeHHbIM OT np0I13BO,LI,CT

sa XBOHHOH 6eJ1eHOH ueJ1JIIOJI03bl, eurtapusaerca 
n o KOHu eH TpaUl1 11 53 % a.C.B. aa 'rpex urecrucry
n eH '-IaThIX aocsstnxopnycu srx BC NQ I , 2 11 3 
c o CMellIaHHblM mrranaeu KopnYCOB meJ10KOM: 

~ I V ~ V ~ VIA ~ VIE ~ III ~ IA ~ IB ~ II. 

TI HT aH11e BC npen sap n r cn s no ynJ10THeHHbIM 

n o KO H ueHTpaUl111 24 % a.C.B. CJ1a6b1M meJ10KOM 

OCYllleCTBJI5IeTC5I H aCOCOM napaJ1J1eJ1bHO B Bbl

n aPHbIX annaparax (BA) IV, V 11 VIA B KOJII1

'leCTBaX COOTBeTCTBeHHO 50, 25 11 25 % o 6 w e r o 

pacxona, 113 B A I V meJIOK caMOTeKOM nOCJ1e

,LI,OBaTeJIbHO n e p ex o znrr B BA V , VIA 11 VIB, 

n ane e HaCOCOM n OL(a eTC5I B 6aK n o n y y n ap e mro -
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Tatinuua I 

[JO Ka3aTeJlb 
Kopnyc BC NQ I 

I 2 3 4 5 6A 6B 

Tevneparypa rpeiourero napa, °C 138 123 lO2,6 90 81,3 71,3 71,3 

Teuneparypa xnnaurero uienoxa, °C 129,5 111,6 95,0 84,4 75,2 64,0 63,5 

TeMnepaTYPHb1K nanop, °C 8,5 11,4 7,6 5,2 6,1 7,3 7,8 

KOHUeHTpalll151 pacrsopa na nuxone 113 annapara, % a.C .B. 42,4 52,8 35,3 27,2 29,3 31,9 26,9 

Pacxon WeJlOKa na axone B annapar, xr/c 48,8 40,6 60,2 39,3 51 ,5 44,1 19,7 

KOJll1lJeCTBO nsmapennof nnarn, xr/c 8,2 8,6 7,6 4,3 5,6 3,2 3, I 

K03<pqll1UMeHT rennonepena-ur, KBT/(M2 . "C) 0,934 1,118 1,509 1,248 1,372 0,657 0,588 

3<p<peKTI1BHOCTb BbmapMBaHM5I, Kr/Kr 0,27 
bI 

11, 

IBHOM npo
nocrvnaer 

~OKOB. )l,Jl5I 
H5I npnron
[ /0 paCTBOp 
)Hb[X CTaH
no KOHl.I,eH
:TB (a.C .B.) 
fHI lJepHoro 
ropenne 11 

blM11 yvacr
pa60TaHHb[X 
3 I1 nonyse
3HeprH11 na 
Ie CTaHlll111 
ern nponyx
Tb pernona. 
np0113BonCT
nrnapneaerca 
~X urecrucry
'i"QI , 2113 
IB weJlOKOM: 
~IB~II. 

nJlOTHeHHblM 
,1M weJlOKOM 
nsuo B Bb1
VIA B xonn
25 % 06I1.1,ero 
eKOM nocne
VIA H VIR, 
)JlyynapeHHo

ro uienoxa, rne npOI1CXOnl1T CbeM MblJla. 113 
sroro fiaxa HaCOCOM utenox npoxaanaaerca -te
pes nonorpeuarerm l1 npOTl1BOTOlJHO noziacr cs B 
BA Ill. vb BA III HaCOCOM xepea nonorpena
TeJlI1 I..I.I,eJIOK nOnaeTC5I B )],BYXXOllOBOH xopnyc 
- nonorpesarem, lA, me llOBOllI1TC51 )],0 xnne
HI15I. 06pa30BaBWa51C5I napOI..l.l,eJIOKOBa5I CMeCb 
nepexonnr B BA IE. 3aTeM WeJIOK caMOTeKOM 
nocrynaer B BA II, a 113 Hero HaCOCOM nona
eTCH B 6aK xpenxoro utenoxa, OTKYlla OTKal !l1 

BanCH lln51 nam.nejuuero Bbmap"BaHI151 B KOH
uenrparopax. KOHlleHTpaUl15I xperncoro menoxa 
COCTaBn5leT npmrepuo 50 % a.C.B. 

Kopnyca IA l1 BA IB 060rpeBalOTC51 OCTpb[M 
napov naanennev 0,35 MOa 11 reurteparypoa 
138 °C. BA II , III, IV 11 V 060rpeBalOTC51 COOT
BeTCTBeHHO BTOPl1lJHb1M napojt KopnYCOB IB, 
II , III 11 IV. BA VIA 11 VIB pa6oTaJOT n o napy 
napannensno 11 o60rpeBalOTC5I naposr BA V. 
BTOPI1'-lHb1H nap 113 BA VIA 11 VIB rtocryrtaer 
na KOHlleHcaUl1oHHYIO yCTaHoBKy, me KOH)],eH
Cl1pyeTC51 B nOBepxHocTHOM xorrnencarope [2]. 

BC YKOMnneKTOBaHb1 ceMblO BA qmpMb1 
"Rozenblad" C nocxonsuief nJIeHKOH pacrsopa 
C Kl1n5lTl1nbHOH nOBepXHOCTblO 1800 M2 H He 
I1MelOWI1M cenaparopa Kopn YCOM- neperpeBaTe
JleM IA C rrOBepXHOCTblO TenJIo06MeHa 1190 M2

. 

Tpy6Hb1e CI1CTeMbI 11 'laCTH, COnpI1KaCalOlll11eC5I 
co IUenOKOM, B xopnycax lA, I B 11 II BbITIOJI
HeHbI 113 uepxcaaejouteft CT3J111, yaCTI1 OCT3J1b
HblX KoprrYCOB naroroanensr nOJIHOCTbJO 113 yr 
JlepOnl1CTOM CT3J1 I1. Kopnyca I B 11 11 
nayxxonoasre. BC yKoMnJIeKTOBaHbl TaK)Ke no
norpesarenaaa uienoxa, nOBepXHOCTHb1MI1 KOH
JIeHCaTOpaMH, 6aKaMH cnafioro, nonyynapeuuoro, 
xperrxoro weJIOKa 11 BcnOMOraTeJIbHb1M 060py
JIOBaHl1eM . 

qHCTb[M KOHneHCaT H3 neperpenarena IA 11 
BA I B, npOMn51 -repea paCWI1pHTeJI11 xonneuca
r a, OTKaY11BaeTC5I na T3U. fp5I3Hb1e KOH)],eHca
Tb[ OT OCT3J1bHbIX BA rrOCJIe paCWl1pl1TeJIeH na
rrpaBJI5IIOTC51 na OYI1CTKY. I1P0I13Bo)],I1TeJIbHOCTb 
no nu napen nori none Ka)K)],oH BC COCTaBJI5IeT 
160 T/'l . PaCCQ11TaHHhle napaverpsr pa60Tb1 BC 
NQ 1 npencraaneau B rafin. 1. 

qepHblH utenox, nOJIyyeHHbllt OT np0I13BO)],
CTBa ueJIJIIOJI03bl BblCOKOro suxona, BbITIapHBa
eTC5I )],0 KOHl.I,eHTPaLl,1111 47 % a.C.B. aa )],Byx urec
TI1CTyneHlJaTblX cexnucoprrycasrx BC NQ 4 11 5 
qmpMbl "Rozenblad" co CJIelIYlOweH cxeMOH rurra
HI15I BA: ~ IV -jr V -jr VI ~ III ~ IA ~ IB ~ II. 

I1poH3Bo)],I1TeJIbHOCTb no nsmapenuon Bone Ka)K
)],OH BC COCTaBJI5IeT 99 T/'l. I1JIOw alIb nOBepXHO
CTI1 rennooouena xopnyca-rteperpenarens co
CTaBJI51eT 540 M2

, KHn5ITl1nbHolt nOBepXHOCTH oc
2 ransuux BA - 260 M . TeXHOJIOrJ1lIeCKa51 cxeua 

3THX BC rtpaxrasecxa aH3J10rJ1llHa onHcaHHOH 
ssnue. OTJIWll1e BC 3aKJ1lOyaeTC51 B OTCyTCTBHH 
xopnyca VIB I1 MeHbweH nOBepXHOCTH rennoofi
MeHa BA. PaCCQI1TaHHb[e nOKa3aTeJI11 pe)KHMa 
pafioru BC NQ 4 np encraanenu B rafin. 2. 

113 I1p11 Be)],eH HbIX B rafin . 1 H i )],aHHbIX 
cnenyer , 'lTO paccuorpemrsre BC (1964 r. BBO
zta B 3KCrrJIyaTaLl,111O) MoryT ycneuino patiorars 
n a rrpoexruon np0113BOlIHTenbHOCTI1. Tennonue 
pacuersr BC NQ 4 I1 5 noxasamr B03MO)KHOCTb 
Bbmapl1BaHI15I utenoxa )],0 rperiyeuot! KOHueH
TpaU11 11 55 % a.C.B. 

)J,n5I BbITIapHBaHI15I QepHbIX wenOKOB 113 
np0I13BOlICTBa 6eneHOH uenJIlOJI03bI B 1974 1'. B 
cP11JII13J1e 6bIJII1 aaenenu B 3KcnnyaTaLl,111O nae 
O)],I1HaKOBble BC NQ 6 H 7 cPl1PMbI "Rozenblad" 
np0l13BOlII1TeJIbHOCTbJO DO 220 T/Q nuuapeauoii 
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Tatinuua 2 

O OKa3aTeJlb 
K opnyc BC NQ4 

1 2 3 4 5 6 

Tevneparypa rpeiouiero napa, °C 138 123,2 102,6 90 81,3 71 ,3 

Texmeparypa xnnauiero iuenoxa, °C 129,9 112,1 95,0 84,9 75,3 64,2 

Teu nepar ypusni nanop, °C 8, I 11,I 7,6 5,0 6,0 7, I 

KOHueHTpaUvHJ pacrsopa ua BbIXOLI:e 113 annapar a, % a.C.B. 39 ,8 48,4 33,7 26,6 28,6 29 ,5 

Pacxon uienoxa na BXOLI:e B an napar, xr /c 27,4 23,3 31,3 21,2 28,0 34 ,9 

KOJlWleCTBo BbII1apeHHOH nnaru , xr/c 4,7 4,6 3,6 3,3 3,4 3,7 

K03¢QmUl1eHT rennonepena-nr, KBT/(M2 . °C) 1,117 1,184 1,321 1,794 1,457 1,423 

3c!)¢eKTHBHoCTb BhmapI1BaHI151, Kr/Kr 0,2 

Ilo xaaarens 

K opnyc BC NQ 6 

KOHueHTpaTOp 
1 2 3 4 5 6 

A B 

Tevneparypa rperouiero napa, °C 140 143 138 129 116,4 99 86 ,9 72,8 

Tessrteparypuuri nanop, °C 5 5 16,3 6, 6 L3 8,8 10,4 6,7 

Tesmeparypa KHn5lWerO urenoxa, °C 135 138 121, 7 122, 4 103,4 90,2 76,5 64 

KOHueHTpaUH5I pacrsopa ua BbIXOLI:e 
113 annapara, % a.C.B. 

52,8 62,6 42 ,7 39 36,2 25,6 28, I 31,5 

PaCXOLI: uienoxa na axone B annapar, Kr/c 32,5 58,0 32,5 66 ,6 82,3 83,0 70,6 

KOJlWleCTBO BbII1apeHHOH nnarn , xr/c 9,0 7,7 3,4 9,1 5,75 9,2 8,4 

K03¢qmUHeHT rennonepena-ur, KBT/(M2 . K) 1,319 0,397 0,840 0,632 2 ,293 0,822 L,19 5 

3¢¢eKTHBHoCTb BbII1apHBaHI15I, xr/xr 0,28 

BO,llbI. n 110 111a,ll b nOBepXHOCTl1 Te n JIo0 6 MeHa B A 
2

COCTaB1151eT 2800 M . TeXH OJIOr W reCKa51 cxexia 
,llaHHbIX B C npaxr u uecxn M,UeHTH'ma Onl1CaHH OH 

auure cxe xre. O T11l1ql1e 3aKJIIOtraeTC51 B OTCyrCT

BI1I1 na B C NQ6 11 7 xopnyca VI S, xoprryca- rre 
perpesarena I1 66JIb W eM tmCJIe nonorpesarerreji 
uienoxa. 

Pacc-nrrannsre p e)(( I1M H bl e n OK a3aTe11 11 patio 
TbI B C NQ 6 npeacr annenu B Ta6JI. 3, 113 K OTO

POH cnenyer , -rro KOJII1q eCTBO BblI1 apeHHOH BJIa

rH B BA 11 (1 2 T/q) B 2 - 3 pasa MeHbwe, qeM 

B npyrnx BA, 'ITO 06b 51CH51eTC51 3Hat ll1'reJIb HOH 

HeXBaTKOH napa, nocry n atouier o 113 x o n u en r p a 

'ropa. Manoe K011l1'IeCTBO nsm apenaoji nnar n B 

BA 1I onpenenser HeLI:OCTaTOtm y JO 3 cp<peKTI1B

Tatinuua 3 

TpaJ..l I151 

60 - 62 
n11aH l1p 

e M 0,4
Tp aT opo 

xop nycs 
,lIe HCaT 

KOHu eH' 

Xl1MBO,UC 

Ll1151 

,ll o ra KG 

snare H 
H OCTb p a 6 0 TbI nocneayionmx BA. 113-3a nOH I1 an napar 
)((e HHOH TenJIOBOH narpyaxn K03<P<PI1Ul1eHTbl nepr11 I1C 
r ennonepena-nr B SA Hl1)((e, '!eM npueeneuusre C r pam 
B Ta611. 1 11 2, 'lTO caanerenscrsyer 0 He3cP p aCTBOp, 
¢ e KTl1 BHOM pacnpeztenen mt 30H KHneHI151 B KH OCTanC5I 
n 51Tl1JlbHbIX r pyfiax BA. HOCTb 

,[1,1151 YMe Hb WeHl151 cepoconepxaunrx BbI6po 1865 1\/ 
COB C rrponyxr ava cropanns B arxrocrpepy OT nan paas 
C P K B 1993 r. 6 blJIl1 aaenen sr B 3Kcn11yaTaUHIO xonuea t 
nsa nnyxcry nenuarsrx xonuenrparopa qmpMbl TOK 

"Alst rem" C I1JlOIl.l,a,zu,1O nOBepXHOCTbl1 TenJIo06Me Ma cern 
na 1155 M 2 

rrJIa CTI1H q aTOr O (nasrensnoro) runa, llleCTBJI 

Cxexia xon ueirrparopa npnseneua aa PYlC. I. Heyztoa 
TIP0113BO,lll1TeJIb HOCTb xouuerrrparopa COCTaB n ap a O~ 

n ana 28, 8 T/ Y n o nunapeunoa Bone. KOHueH- np0l13BO 
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Ta6J1l1l{G 2 
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I 71,3 

~ 64,2 

7,I 

29,5 

34,9 

3,7 

) 

0 

I 

57 1,423 

Ta6J1l1l{G 3 

5 6 

6,9 

0,4 

6,5 

72 ,8 

6,7 

64 

:8,1 31 ,5 

:3,0 70,6 

9,2 8,4 

,822 1,195 

11 3- 3a nOHI1 

~¢¢I1 11 l1eHTbl 

ipuseaennue 
reT 0 He3¢

neHI151 B KI1

WYIX Bbl6po 

rMoc¢ epy OT 

KcnnyaTalll1l0 

.op a ¢I1PM bI 

f1 rennootive
suoro) rnna, 
ua pac. 1. 

rropa COCTaB 

ac. KOHlleH

BTOPJ1l!JIbIH nap 

K anJIeOTLleJIeIll1ePacnpenenenne n ap a 

Pacnpenenenne weJIOKa 

nap 

Tpyfisr 

UHPKYJI5IUl1H
w eJIOKa K o)I()'X 

KOHLleHcaT 11 r asu 

BXOLlweJIOKa 

\ 
BbIXOLluieno xa 

Puc. I . TCXHOJlOrJ\'ICCKa H 

TpaUI151 Y£lJlOTH eH H o r o uienoxa LlOCTJ;rraJIa 

60- 62 % a .C.B . )],Jl5I ofiorpeua KOHlleHTpaTopOB 

nJlaHl1 pOB aJIOCb nona aars CBe)l(I1H nap LlaBJleH I1

eM 0,4 - 0,5 M TI a. B TOp W IHbI H n ap OT KOHueH

rparopos npennonaranocs nanpannars B r peri,n 
xopnyca nsinapn u x CTaHllI1H NQ 6 11 7. K OH 

nencar rpeiotuero n apa OT B C 11 YCTaJ-lOBKI1 

KOHlleHTpaTop o B H anpaBJl5IeTC5I Ha YliaCTOK 

XI1MBOn OOllI1CTKM . 

D,Jl51 YBeJlW l e H115I n p 0 113BOLlI1TeJlbH OCT11 Ka)K

noro xonueur par opa LlO 42 T/tI no asmapeuaoli 
snare 11 KOHu eH Tp aU 11I1 urenoxa ua ss txone I13 

annaparon LlO 68 % a. C.B . xonueirrparopu non
seprnncs peKOHCTp YKU11M. Tn n KOH u eJ-ITp aTOp a 

C rpaBI1TaU I1OHH bIM TelleH11eM nunapnnaesroro 
pacrsopa na uapyaoron CTeHKe nOBepXHOCTI1 

OCTaJIC5l £lp e)KHI1M , H O KI1n5JTI1JlhHa5I nos ep x 

HOCTb CTaJIa Tpy6 11aToH I1 ynenu-teua LlO 

1865 M2. Bropa-unre n apsi 113 KOHueH Tp aTopOB 

n anpannenst B BA 1I B C NQ6 I1 7. )],aHHbIH 

xonueurparop I1MeeT cyIl(eCTBeHHbIH HeLlOCTa

TOK - OH n paKTI1l1eCK11 Jl11WeH pafiouero ofn,e 

Ma cenap ar o p a (CM. p 11C. 1), rae LlOJDKH a ocy

rueCTBJl5ITbC5I cenap ainta BTOpWIHbIX napon. 

HeynOBJIeTBOp I1TeJlbH a5I cenapauna BTOpI1lfHOrO 

napa oc0 6 eHHO n p 0 5lBJl5JeTCH npn YBeJI11lfeHH OH 

np0l13BOjlI1TeJIbH OCTl1 x oau en r p ar o p a . 3TOT cj:>aKT 

CXCMa KOHl\CHTp aTOp a 

n OLlTBepLlI1Jla p eB 113I15J B A I I BC NQ 7, n OKa3aB

uras 3H a lll1TeJlbHblH 3a H OC w eJlO KOM (no n ap o 

BOH CTo pOHe) M e)l(Tpy6 H o r o · n p OCTp aHCTBa KI1

n5ITI1JlhHI1Ka BA. 

)],Jl5I otiecnexenn a H aLle)KH OH cenapau mr 
BTOPJllfHblX napoa He06xOLlm lO: 

YBeJlMlfMTb B xouueirrpar opax pa601lI1H 0 6b 

eM cenaparopa, 06eC£le ll I1B ero Bbl COTY He Me

nee 1 M LlJI5I cenapaun u BTOpl1l1HOro napa ne

pen KanJleYJlOBMTeJleM sa cser YBeJll1l1eHI15I 

rOJlOBKH artrtapara; 
npu HeB03MO)KH OCTI1 pexou cr pyxua a KOH

uerrrparopon yCTaHoBMTh na ncex n aponposonax 
sropa-raoro n ap a , CB5I3bIBa lOIl(I1X xonueurparo
psr C xoprtycaxur B C , uienoxonste JIOByWKI1 C 

TaHreHllI1aJIb HbIM BBOLlOM napOweJlOKOBOH CMe

CM [3J. 
)],Jl5I YMe HbllIeHI15I cepOCOnep)KaWI1X Bbl6po

COB B arnocrpepy OT C PK aa CYIl(eCTBYIOWI1MI1 

KO HueHTpaTopaM11 6 bIJl I1 £lOCJleLlOBaTeJIbHO ycra

HOBJleHbI c ynepKoHu eHTp aTo p b l np0113BOn11TeJIb

H OCTblO 27,2 Tf ll n o nunapenuori snare, nsma
pnaarounre Il(eJlOK n o 75 % a. c . B. )],aBJleHI1e I1 

rexmeparypa rperourero cynepxonucnrparopu 
penyunp o aaa n o r o napa paBHbl COOTBeTCTBeHHO 

0,4 M ila I1 200 °C. YCTaHOBKa cynepxonuen

rparo p os o tiec n e-mna CHI1)KeHI1e COnep)KaHI15I 
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P IIC.	 2. Cxea a usmapnoro ann apara C rpamrrauaonuua 'reseu n
eM uunapuaaea orn pacraopa IjJIlPMbl "Metso Power": 

/ - narpytiox BXOD,a nunapuuaesioro utenoxa; 2 - unpxynuuu 
OHHblH uacoc; 3 - BXOD, nienoxa B uapxynnunonnyio CIICTCMY; 
4 - nOD,bCMHaH 'rpytia; 5 - HI1)1(HHH Tpy6HMI pCIlICTKa; 6 
axon rpeiouiero napa ; 7 - Kl1nHTl1nbHblH ny-rox; 8 - ra300T
BOD,HOH narpyfiox ; 9 - BCpXH 51 H Tpy6HaH pCWCTKa; IO - ronon 
xa annapara ; /1 - narpytiox BbIXOD,a KOHD,CHCaTa; I2 - narpy
60K BblXOD,a ur opuuu oro napa ; /3 - certaparop arm apara ; /4 
narpyoox BbIXOD,a uunapeunoro uienoxa; /5 - narpyoox nuxona 
uapxynapyiouiero uienoxa 

BpeLI, H bIX Bbl6p o COB B arvocrpepy LI,O LI,OnycTM

MbIX npenenoa. 
C uenuo yJI yY.W eHI1 H 3 K OJIOr WleCKOH 0 6 CTa 

HOBKJ1 na npenrrpns rna CMOH TMp OBaHa y CTaHo B 

xa LI,e30LI,OpaUMI1 , na KOTOPYlO Han p a BJI51 IOTC5I 

rpasuue K OHLI,eH CaTbI co ncex Be. YCTaHOBKa 

COCTOI1T H3 pea xr op a K aTaJIMTI1'-1eCKo ro OKI1 CJIe 

Hl1H H 6 a Ka - c60pH I1Ka O'-lI1IU,eH Horo K OH,ll,eHCaTa . 

LI,y p H o n aXHYlllH e rasu OT B C H anpaBJI5l10TC51 

Ha O KMr a HMe B «opsesoa K OTeJI. 

LI,JI5I 0 6 eCn e'-leHMH npouecca pere uepaumr 
llleJIOK OB rrpu yBeJIH'-IeHM I1 npOM3BOLI,HTeJIbHOCTH 

qmJIHaJIa no Bbm ycKY u eJIJI IOJI0 3 bI CM OHTHpOBa 

ira -rer srpexcr ynea -rar aa CTaH UM5I npeztaapnren s 
uoro BbInapI1Ba HH 5I ( C TIB) co CMew aH H bl M nn 
TaH l1eM Ko p n YCOB llleJIOK OM : [J I ~ I V ~ V ~ 

IIB ~ 1IA. n p OH 3BOLI,I1TeJIbHOCTb C n B COCTa B

JI51eT 175 T/'-I n o nsmap ermo ii snare . C n B 

yKoMnJIeKTOBaHa rnrr sro BA qmpMbI " M e t so 

P o w e r " ( pnc . 2), Bbm apMBa lO llll1M l1 r p aBI1TaUl1 

OHHO CTeKalOIU,H H ~I e pH bIM IU,eJIOK LI,O KOH ueH 

TpaUI1M 30 % a .C.B . nJIOWaLI,H Kl1n5ITl1JIbHbIX no

sep xaocreii B A IIA M II B COCTaBJI5IIOT no 

900 M 2, BA III - 1300, IV - 1200 11 V 
21500 M . B A IIA 11 II B 060rpeBalOTcH BTOpl1'-1

H bIMI1 napava COOTBeTCTBeHHO OT KOHueHTpa  Te 
ropa 6eJIeHOH ueJIJIIOJI03bl 11 yCTaHOBKI1 ne30LI,0

p aUI1M. LI,aBJIeHI151 rperouinx napon pannu Te 
5 

2,5	 . 10 11 1,2 · 10) ITa, resmeparypu - 127 11 
Te

105 "C. BTOpl1'-1Hble rtapu 113 IIA 11 II B BA Ha

n paBJI5IIOTC51 B BA II I. BA IV 11 V ofiorpenaior Kc 
C5I BTOPl14HbIM napou BnepeLI, 11 CT05IlllerO BA 

Pa 
I I I . B TOp W I H bl M nap 113 BA V nocrynaer aa 
KO HLI,eHCaUI10HHYIO yCTaHoBKy. Kc 

CJIa6bIH	 utenox 113 nl1TaTeJIbHbIX 6aKOB Ha
Ko

COCOM nOLI,aeTC5I B BA I II, pafioraiouur H C rpa
Bl1TaUl10HHbIM Te4eHl1eM n JIeHKI1 pacrsopa 3cj: 
BHYTpl1 'rpyf 11 npHHYLI,I1TeJIbHOH UI1PKYJI5IUl1eH. 

vb B A III tuenox np51MOTOKOM nOCJIeLI,OBaTeJIb

HO nepeXOLI,I1T B ananoru-mue BA IV 11 V, 
n pOKa'-lI1BaeTC5I 4epe3 nOLI,OrpeBaTeJII1 uienoxa 11 

npOTMBOTO'IHO n011aeTC5I B BA I I B 11 11aJI e e B 

II A. Bsm apen nsrii 110 31 % a.C.B. paCTBOp na 
rrpaBJI5IeTC5I B CMeCI1TeJIb uienoxa, Pe3YJI sraru 
Te ITJIOBOrO pacsera CnB npa aeneust B Ta6JI . 4. 

113 n p en CTa BJIe H H bIX naHHbIX CJIeLI,ye T , lITO 

HeCM OTp51 aa BblCOKl1e K03cP<PI1Ul1eHTbI TenJIO 

rtep ena-rn B B A c n B I1MeeT Hl13KYlO TerrJIOByJO 

3 cP<peKTMBHOCTb. 3TO 06bHCH5IeTC5I pa60ToH 

C IT B n o -rerupexcrynea-raroit cxeue, npn KO

ropon BTOp l1'-1 H bl e nap st 113 B A IIA I1 I I B Ha 

n p aBJI51IOTC5I B B A II I. B A C rpaBI1TaUl10HHbIM 

Te4eHHeM nsmapasaea oro pacrsopa MorYT pa

6 0TaTb C HI13KI1MH reraneparypnsrau HanOpaMI1 , 

'ITO naer B03MO)l(HOCTb C0311aBaTb BC C 60JIb

WI1M '-II1CJIOM cryneneii BbInapHBaHI15I. 113BecT

HO, '-ITO C yBeJII1'-1eHHeM 4l1CJIa cryneueii nOBbI

WaeTC51 3cPcPeKTHBHoCTb Be. B 11aHHOM CJIy4ae 

peKOMeHLI,yeTC5I nepenecrn cn B na n5ITI1CTY

neH4aTYJO cxexty , nanpaans nropn-mste rrapu CJIel 
H3	 B A llA B B A II B. ITPI1 3TOM He06x0l1l1MO uien 
n On OJIH HTeJIbHO ooecne-nrn, CTaHUHIO COOT BeT

4eCl 
CTBYIOllll1M H CpeLI,CTBaMI1 KI1 ITI1A nJI5I ynpaane napi 
H I15I p e)l(HMaMI1 patioru CnB npu COrJIaCOBaHl111 ortp: 
napav er pon BTOPH'-IHbIX napon, nocryrtaiouuix 

OTpc
OT xonueurparopa 6eJIeHOH ueJIJIIOJI03bI 11 YCTa 

JIOK~ 
HOBKJ1 LI,e3 0 LI,OpaUI1H . 

[
Bu napnaaa ae rteuoofipaaytouurx paCTBOpOB 

113 r 
CJIa 6 0 M K OH u eHTpaUI1H B armaparax, pafioraio

nne: uni x npn r p a BHTaU110 H HOM Te4eHl1H nunapa 
JIOK<iaaeuoro pacrsopa, CB5I3aHO C I1HTeHCI1BHbIM
 
1lJI51
n eH o 0 6 p a30 BaH MeM , BbI3bIBalOlllHM MHO)l(eCTBO 
npi .i HeraTI1BHblX MO M eH TOB , BJIH5I1Ollll1X na 3cPcPeK

THBH OCT b patiorsr [4, 5]. IT 0 3 TOM Y paCCMOTpeH ueH 

Mo r c nsre BC n p eLI,Ha 3H a 4 e H bI LI,JI5I BbInapI1BaHH51, 
311Te. KaK rrpannn o , KOHueHTpl1pOBaHHbIX paCTBopOB. 
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blX 00
lOT no 
fI V 
sropuu
ueHTpa
nesono

paBHbl 
. 127 11 
SA Ha

peBaIOT
.ero BA 
naer aa 

KOB Ha
~ C rpa
pacrsopa 
ynHUl1eH. 
.osarens
V 11 V, 
tenoxa 11 
nanee B 

mop Ha
:3ynbTaTbI 
Ta6n.4. 
tyer, '-lTO 
,I TeOJIO
reOJIOByJO 

pa60TOH 
npn KO

I lIB ua
11110HHbIM 
10ryT pa
1a00paMI1 , 
, C 60JIb
. VI3BecT
eM OOBbl
)M cny-tae 

TIHTI1CTy
rsre napsi 
:06XOllI1MO 

COOTBeT
ynpaane

nacoaaH1111 

rynaioumx 
hi 11 ycra

paCTBOpOB 
pa60TaJO
sunapa

'eHCI1BHbIM 
\iHo)\(eCTBO 
fa 3cPcPeK
ICCMOTpeH 
apl1BaHI151 , 

paCTBopOB. 

Iloxaaarens 
Kopnyc C fl B 

II A lIB 3 4 5 

Textrteparypa rpetouiero napa, DC 127 105 95,1 85,2 73,6 

Teunep arypusnt uanop, DC 27,7 6,5 7,6 9,1 10,7 

Teuneparypa Kl1n5l111erO uienoxa, DC 99,3 98,5 87,5 76, I 62,9 

KOHueHTpaUl151 pacrsopa ua suxone 113 BA, % a.C.B. 31 26,4 18,5 20,5 23, I 

Pacxon WeJlOKa ua axone Bannapar, Kr/ c 85,7 92,7 129,8 116,7 104 

KOJlI1'-lecTBo aunapennoa snaru , xr/c 13,0 5,9 12,6 14,2 13,2 

K03cPcPJ1Ul1eHT rennonepena-m, KBT/( M2 . T) 1,324 2,36 3,205 2,679 1,731 

3cPcPeKTI1 BHOCTb BbmapI1BaHI151 , Kf/ Kf 0,349 

Bsmapnan Ilp0l1 3BOnl1TeJl bHOCTb Kou uetrrpauns uienoxa, % a.C .B 

CT3HUI151 no weJlOKY, Ti ll HalJaJJbHa5I H3 axone B BC H3 BbIXOne 11 3 BC 

NQ1 278,2 15,0 25,5 53,1 

NQ2 278,2 15,0 25,5 53,9 

N23 288,9 15,0 24,4 46,2 

NQ4 149,8 10,1 24,4 48,4 

NQ5 144,4 10,1 24,4 51 ,4 

NQ6 270 15,0 26,8 40,2 

NQ7 378 15,0 26,8 34,4 

e n B 515 12,0 17 ,0 31 ,0 

VI3 nanusrx MaTepl1a.nhHoro 6a.naHca uexa 
cnenyer , '-lTO np0113BO,llI1TenbJ-IOCTb scex BC no 
uienoxy (npnuepno 1690 Till) npessnuaer KOn l1
'-leCTBO nocrynaiouiero cnafioro utcnoxa B Bbl
napnoii uex (1431 Till). Pa3Hl1LJ,a B pacxonax 
OnpelleJI51eTCH ,ll06aBKaMI1 xpenxoro uienoxa K 
oTpa60TaHHOMY B npouecce napxn cnafiov y rue
noxy ,rUlH ero yxpennenna B 6aKax CMeWeHI1H. 

WenOK, KaK cnenyer 113 Ta6JI . 5, nocr ynaer 
113 npovusnoro ornen a co CpeLI,HeH KOHLJ,eHTpa
Ul1eH 13,5 % a.C.B. CpeLI,H5151 KOH LJ,eHTpaUl151 uie
noxa, nonaaaesroro a a CMeCI1TeJII1 OT ncex BC 
llJIH yKpeOJIeHI151 cn afioro uienoxa , COCTaBn51eT 
npnuepno 45 % a.C.B. Ilpu 3TOM CpeLI,H515I KOH
ueHTpaUI1H yxpenneuuoro ui enoxa, aanpasnne
MOro na BC ,llJIH Bbmapl1BaHI15I , panaa op116JII1
3HTenbHO 24,3 % a.C.B. 

Tatiauua 4 

Tatinuua 5 

M3MeHeHI1e paCXO,lla nOLI,aBaeMOro Ha YKpen
JIeHl1e xpenxoro w.eJIOKa B 3aBl1CI1MOCTl1 OTGKP 
ero KOHueHTpaUl1l1 n pn nOCTOHHHblX KOHbKP 
LJ,eHTpaUl15IX cn atio ro 11 yKpenJIeHHOrO w.enOKOB 

n OKa3aHO B rpadsm ecxo« BI1LI,e Ha PI1C. 3. byKP 
K aK BI1LI,HO, HI13KaH KOH LJ,eHTpaUI1H xpenxo

ro ruenoxa, rtonasaeraoro na yxpennenue , 11 
BblCOKaH KOHLJ,eHTpaLJ, I151 yxpennennoro uienoxa 
npl1BOLI,HT K 113JII1lliH11M pacxonast aunapa nae
xroro na BC pacr s opa. TaK, ,llnH yxperrnemoi 
cnafioro uie noxa n pn asnueyxaaaaaux napaMeT
pax B HaCT051w.ee BpeMH nOLI,aeTCH 800 T/'-l 

xpenxoro uienoxa. Bo 1136e)((aHl1e nepepacxonos 
napa na nsmapunanae 11 anexr poanep rn n na 
nepexaxxy nOTOKa uienc xos He06xo,llI1MO crpe
MI1TbC51 nOLI,aBaTb ua yxpertneuue KpenKHH ute
JIOK C KOHueHTpaLJ, l1eH He HIDKe 55 % a.c.B., a 
yxpennars cna6blH ,ll0 KOHueHTpaLJ,l111 He ssnue 



20 TIPOMblillJlEHH A5I 3 HEPrETI1 KA .N~ 12, 20 I6 

BKJllOy:aH Cfl B, )lOJDKH bI K OHueHTpl1pOBaTb me

n OK OT 22 n o 55 % )lnH nansne riure r o era BbI
1400 +-- ....'--+:-------::--+::-c:----j-----j 

napnaanna B xonuerrrparopax.
 
1200 +---\c7 '1-- - +-- - -+-- - -1
 

CmlCOK mrreparypsi
1000 +-_I--~---+----j-----j 

1.	 TCXHOJIOrHH ueJUIIOJI03bI. B 3-x T. T . n. H erre
HI1H 10 . H . np0I13BO.uCTBO cyJIbcPaTHoH ueJUIIOJI03hI: 

-1 Ysefi . rroco6 . .uJl51 By30B. - 2- e 113.u., rrepepa6. - M .: 
JleCHa51 nponsnunennocrt., 1990. 

2.	 CyCJI08 B. A. OCHoBHble npoueccsr np n BbIITapl1BaHMH 

22 % 
800 +--~+---"x 

600 +-------',--t--.....,,~-..."'.,._- --+--- -

400 +----,'--+----";..........,,-'1=--...H=---;:;i!=--~----1 

200 +----+----+- ---'j'0""==_----1
 
ll~ eJlOKO B ueJUIIOJI03HOro rrp0I13Bo.uCTBa : Y 'le6. rroco6. 

0 +-- - -+- - - +-- - -+-- - ---1 .uJIH By 30B. - C n 6.: CI16ITY Pfl , 1998. 

30 40 50 60 70 3. Cnpa80QHlfK no TenJIoo6MeHHI1KaM: B 2-x T. T . 1 / 

K OHu eHTpaUl151 xpenxoro uienoxa bKp , Il ep. C aHfJI., non pen . E. C. Ileryxosa, B. K. lliI1KOBa. 
- M.: 3 HeproaTOMI13.uaT, 1987 . nonanaev oro na yxpenneuae, % a .C.B. 

4. KYTcn08 A. M ., CTcpMaH Jl. c., CTJOllI HH H. r. Funpo
PHC. 3. 3aBHcHMoCTH pacxona xpenxoro inenoxa GKP ' nonasae .uI1HaMI1Ka 11 TenJIoo6MeH np n napootipaaosaa aa: 

MOro na yxpenneune, OT ero KOHueHTpaUHH bKP Y'le6. rroco6. .uJISl BT Y 30 B. - 3-e 113.u., n cnp . - M.: 
Bucinaa iuxona, 1986. 

5.	 TOOHJIC8HQ H. 10. KP l1311C rennootiaeua npn acnape
22 % a .C.B. OPI1 yxasaanux rrapaverpax ,llflH HI1I1 B crexaio uieri nnen xe )KI1.[lKOCT11 npu CrrYTHOM 
yxpennemta 1410 T/tI cnafioro uienoxa C KOH .uBI1)KeHI1I1 )K11.uKOCT11 11 BTOpl1'l HOrO rrapa. - B KH. 
nearpaunen 14 % a.C .B . no KOHueFITpaUl111 22 % T errJIocPI13I1Ka 11 rnnporaaon mraraa xa rrpoueccos KI1ne

a.C .B.	 rpetiyercs 340 T/ Y: menoxa C KOHueHTpa HI151 11 KOH.ueHCaUI1I1. T. 1. Ilyaupsxoaoe, nepexonnoe 
11 nJIeHO'lHOe xnnen ne. K PI1311CbI KI1 neHMSl (resacaU l1eH 55 % a.C.B. T aKoH pacxozr xpenxoro me
.uOKJIa.uOB Bcecoiosn . KOlHp.) . PI1 r a, 1982. 

noxa ,llfl51 yxpennemor MorYT otiecne-nrn, zme 
BC, nanpnvep BC N 2 1 I1 2. Ocransnue BC , vyachsuslov@mail.ru 

Experience in preparation of the waste liquor to regeneration at OJSC " Ili m Group" in Bra tsk 
and approaches to optimization of the evaporator plants 
Suslov V. A , Gotovskii M . A., Pozdnyako v A A. 

Hardware design of an evaporation plant, operation parameters of the main equipment are presented. Approaches to CH 
optimization of the operation of evaporator plants of the enterprise are considered. 6011 11 

3allWIe K eyw or d s: pulp and paper industry, pulp and black lye, a multistage vacuum evaporator plant, evapora tors. 
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