


01 [2016] 

YAK 676 

npofineM3 p33BumUR cucmeM
 
233 - HlugKocmb Bq6n
 -UBD3MOIHocmb npUMeHeHUR cmpguHblK 
2330npoMblB3meneu 

C. B. AHH CKH H, 

K. T. H., cn6 rrYpn 

B HaCTOiHJjee BpeMil CYll1eCTByeT npo­

6lleMa pa3BHHlil CHCTeM raa -}l{HAKOCTb 

B lion . V13BecTHo , 4TO PilA rexuonora­
4eCKH X np04eccoB npoH3BoAcTBa 4ell ­

lllOll03bl nporexaer B YCllOBHilX nepeuoca 
seuiecraa B ra30}l{HAKOcTHoi1 cpene, KaK 

B HanpaBlleHHH H3 raaa B }l{HAKOCTb, TaK 

H B HanpaBlleHHH H3 }l{HAKOCTH B ras 
[1,2,3] . TaKHe CHCTeMbl ras - }l{HAKOCTb 

Hcnollb3YlOTCil npa nonrorosxeTeXHOllO­

rH4eCKH X pacrsopoa (pHC. 1, 2) . 
B np04ecce npoH3BoAcTBa 4ell ­

lllOll03bl B arnocoepy eufipacuaaercs 
3Ha 4 HTell bHo e KOllH4eCTBO TOKCH4H~X 

r a30 B H nblllH . Ilpofinexa sakmo-raercs 
B TOM, 4TO 3aAa4a nOAroToBKH TeXHOllO­

ru-recxoro pacrsopa H aanaxaCHH}l{eHHil 

KOllH4eCTBa Bbl6poCOB BpeAHblX Bell1eCTB 

B arnocdiepy, KaK BHAHO Ha pHC. 1 H 2, 
peuraiorca OTAellbHO . 

CHCTeMbl ra3-}l{HAKOCTb WHpOKO 

npHMeHillOTcil Allil CHH}l{eHHil raaonune­
BblX Bbl6poCOB lion . Cxexa HCT04HHKOB 

raso sux Bbl6poCOB B npOH3BOACTBe 

uenrnoncsu,Allil KOTOpblX npHMeHillOTCil 

HllH MoryT 6blTb npHMeHeHbl cKpy66epbl, 

npencrasneua B rafin. 1 [1,2] . 
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PaCT80p MOHocy llb41Ta HarpHA 

PHC. 1. CXeMa nOAroToBKH Bap04HOrO pacrsopa CYllbepHTHOro npOH3BOACTBa
 

uennonosu:
 
1 - 6YHKep-nllaBHllbHHK cepu: 2 - rpaacnopruas rpyfia nllaBlleHoi1 cepu :
 
3 - ne4b Allil C}l{HraHHil cepu: 4, 5 - cKpy66epbl 1-0i1 H 2-0i1 CTyneHH oxnaxne­

HHil cepuux ra30B; 6, 7 - a6cop6ep N£ 1 H N£2 nOllY4eHHil 6HCyllbepHTa uarpas:
 
8 - a6cop6ep 04HCTKH raaa aT 50 ; 9, 14 - axcraycrepu: 10, 15 - HaCOCbl nOAa4H
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pacrsopa: 11, 16 - eMKOCTH Allil MOHOCyllbepHTa uarpas: 12, 13 - a6cop6epbl Allil 

04HCTKH rasa KOllOHOK CTH66eHca. 

Ha ace HCT04HHKH ycranoaneuu HOp­

MaTHBbl Bbl6poCOB no TOMy «Ilpeaens­
HO Ao n ycTHMble Bbl6po Cbl » (nAB). 
npeBblWeHHe Bbl6poCOB Y4HTbiBaeTCil 

llHMHTaMH B npenenax BpeMeHHO corna­
COBaHHblX Bbl6poCOB (BCB). Paspeureaae 
Ha aufipoc 3arpil3HillOll1HX Bell1eCTB 

sunaerca CpOKOM Ha OAHH rOA H 60llee 

4eM no 40 HHrpeAHeHTaM C YKa3aHI1eM 

(BCB) [4]. 
Y4HTbIBail, 4TO rexaonoruveckoe H 

3KOllorH4eCKoe 060PYAoBaHHe CHCTeM 

ra3-}l{I1AKOCTb ofinanaer 061l111MI1 npaa­
4HnaMH patioru, B03MO}l{HO 06beAHHeHHe 
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TeXHOnOr~YeCKO~ ~ 3KOnOr~YeCKO~ 

3aAaY~. 06beA~HeH~1O TaKlKe cnocoti­
crsyer HOBbl~ TeXHOnOr~YeCK~~ nonxon 
K peWeH~1O 3aAaY~ npenorapauieaas ~ 

KOHTpOnll 3arpIl3HeH~~. B pane aapy­
6elKHbiX CTpaH np~MeHlleTCll nouarae 
BAT - Best Avaiable Techniques [5]. Bbl­
6POCbl caasueaiorcs Crexaonoraeji. llpa 
ouesxe ~cnonb3yeTcll aefionsuroexona­
yeCTBO cyMMapHblx napanerpos no BceM 
~CTOYH~KaM Bbl6poCOB npennpasraa. no 
aaanorna, BPOCC~~ np~HllT ll>eAepanb­
HblH3aKOH «06 oxpaae oKpYlKalOl.l4eH 
cpensr », rne BBeAeHo nosnrae Ha~nyY­
we~ cyU\ecTBYIOU\e~ rexaonorua (HCT), 
oCHoBaHHo~ Ha nocnenauxAocT~lKeH~llx 

HaYK~ ~ TeXH~K~ [G]. 
06beA~HeH~e 3KOnOr~YeCKO~ 3a­

DOJIA 

+ • 0('(:'1' IIUnll'l'l".rn. 
Na I~ 

AaY~ C TexHOnOr~YeCKO~ n03BonlleT 
coaepureacraoaan, C~CTeMbl ras-xan­
KOCTb, KaK OCHOBHO~ rexaonorna, TaK ~ 

rexuonorwa OY~CTK~ raaosux BbI6poCOB, 
COBMeCTHO, 060CHoBbiBaeT nepcnexrua­
HOCTb pa3pa60TK~ cooTBeTcTBYIOU\ero 
060pYAoBaH~1l Ha OCHOBe HOBe~w~x 

~ccneAoBaH~~. 

OAH~M ~3 Ha~60nee npocrux ~ 3cjl­
cjleKT~BHb IX annaparos C~CTeM raa-xnn­
KOCTb, np~MeHlleMblx B 1..\6n, nanaerca 
CTPY~Hbl~ r aao npo nu aar eru, (er n, 
B aHrnOIl3bIYHO~ nareparype - Jet 
scrubber) [7]. B ern OTCyTcTByeT Hd ­
canxa, lK~AKOCTb B3a~MOAe~cTByeT C 
ra30M B B~Ae xanenssoro nOTOKa. ern 
np~MeHlllOT Anll ynaBn~BaH~1l nbln~ ~ 

TOKC~YHbIX ra30B, TaK~X KaK A~OKC~A 

cepu, cepOBOAOPOA, MeT~nMepKanTaH ~ 

APyr~x ra30B. B KayeCTBe opouiaouiea 
lK~AKOCT~ ~cnonb3YIOT X~M~YeCK~e 

pactsopu, YTO npanaer ~M CBO~CTBa 

X~M~YeCK~X peakropos, OH~ MOryr 6blTb 
~cnonb30BaHbl B xaxecrse a6cop6epOB 
~n~ necopfiepos OCHOBHblX rexuono­
r~YeCK~X npoueccos . B 3aB~C~MOCT~ 

OT cjlOPMbl npocjl~nll xopnyca ~3BeCTHbl 

CTpY~Hble raaonpoauaarenu ABYX B~­
AOB: CJ1~He~HbIM npocjl~neM (pHC.3) ~ C 
npocjl~neM Tpy6bl BeHryp~ (pHC. 4) [8]. 

KanenbHbl~ nOTOK ofipaayercn C 
nOMOU\blO diopcyao«. Ha pHC. 5 ~306pa­
lKeHa cjlopcyHKa C«pecrootipasuu« skna­
AblweM, BKOTOPO~ spauieaaelK~AKOCT~ B 

P~c. 2. Texxonora-recxan cxexa nonyYeH~1l Cl0 cnocotiox R3/SVP:
2 

1 - necopfiep , 2 - xonOA~nbH~K, 3 - a6cop6ep Aflll nonyyeHI-111 ortienaaaiouiero 
pacrsopa. 

Tatinaua 1. 

(xeMa I1CTO'lHI1KOB raaoasrx Bbl6poCOB 11 MeCT npl1MeHeHI111 cKpy66epoB 
B np0l13BOACTBe l(elllllOlI03bl 

N~ CylIbcjJaTHOe np0l13BOACTBO uenmonoau 

1 fl ocne GaKa - aKKyMyJ1llTOpa Bapo4Hblii uex 

2 llocne TepneHTI1HHOrO xouneucaropa Bapo4Hblii uex 

3 fl ocne OTC TOiiH I1Ka - cllllopeHTI1 Hbl Bapo4Hblii uex 

4 HeKoHAeHcl1pyeMble ra3bl nocne sunapxa BblnapHoii uex 

5 np l1 RMOKGapoMeTpl1 4eCKO ro KO HAeHcaTopa BblnapHoii uex 

6 AblMoBble raau CPK nocne anexrpooansrpa Conopereaepauaouaua 
7 BeHTI1Il11l\11 0HH ble rasu pacrsop arena nnasa CO AopereHepal\110HHblii 

8 AblMoBble raau MPn M3BecTepereHepal\110HHblii 

9 llocne YCTaH oBKI1 OYI1CTKI1 CKl1nl1 Aapa neCOXl1MI14eCKI1ii uex 

10 llocne YCTaHoBKI1 0411CTKI1 MeTI11l0Boro cnapra neCOXI1MI14eCKI1ii uex 

11 llocne YCTaHoBoK nOllY4eHI111 ranoaoro MaClla neCOXl1MI14eCKI1ii uex 

12 IlocneaGcopGepa Al1oKcl1Aa xnopa 11 cjJI11lbTpOB llex oTGellKI1 uenmonoau 

~ CYllbcjJl1THoe np0l13 BOACTBO uennonosu 

1 llocne neYI1 ClKl1raHI111 cepu llex nparorosneaaa 
eapoxaoro pacrsopa 

2 llocne aficoptiep Al1oKcl1Aa cepu llex npl1rOTOBlleHI111 
aapo-u-oro pacraopa 

3 llocne CYWKI1 Ill1rHI1Ha llex CYWKI1 Ill1rHI1Ha 

4 llocne CYWKI1 APolKlKeii ApolKlKeBoii uex 

nepl-1cjlep~~Ho~ 1-1 lleHTpanbHO~ 06nacTI-1 Ap06neH~ecrpyu lKI-1AKOCT~ uesrpofiex­
npcacxonar B pasuux aanpaaneuaax HO-CTPY~HO~ cjlOpCyHKI-1 conposcxnaer­
BcneAcT B~e cne ll~a nb Ho ro B~pe3a cs CTPYKTypHbIM~ 1-13MeHeH~IlM~ Bcrpye, 
B nonacrax 06TeKaeMo~ cjlOPMbl [9] . pac, 6, xoropae B 3HaYI-1TenbHO~ Mepe 
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PHC. 3. ern CnHHeHHblMnpoqmneM: 
1 - cjJopcyHKa; 2 - xopnyc, 

onpenenator HHTeHCHBHOCTb a6cop6l.\HH 
Hnecopfiua«. no Mepe YAaneHHll OT conna 
crpys MeHlleT CBOIO crpyxrypy, KOTOpylO 
ycnosao MO}f(HO paanenun, Ha TpH omens­
HblX Y4acTKa: 1 - Y4acToK CB1l3aHHoro 
Te4eHHll }f(HAKOCTH, 2 - cjJparMeHTapHoro 
Te4eHHll H3 - xanensuoro Te4eHHll. 

Donee neransuo ABH}f(eHHe }f(HAKO­
CTH Ha nepso« HBTOpOM Y4acTKe MO}f(HO 
yBHAeTb Ha pac, 7 H8, rne cdiororpadia­
poaauara }f(e tpopcyuxa. HacjJoTorpacjJH­
llX BHAHO nocneAoBaTenbHoe pa3BHTHe 
aonuoaoro ABH}f(eHHll B crpye. BonHbl 
HMelOT CnO}f(HYIO cjJOpMy. lt1x Mac wTa6 
soapacraer no Mepe pacurapeaas CTpyH. 
Ha xpasx B03HHKalOT acnnecxa B BHAe 
MHO}f(eCTBa TOHKHX crpyex, AP06neHHe 
KOTOpblX npHBoAHT K 06pa30BaHHIO 
kanens. YBenH4eHHe MacwTa6a aona 
npHBoAHT KB03HHKHOBeHHIO BHyTpeHHHx 
nneH04HbiX crpyxryp (pHC. 8). lt13 aaanu­

2
 

PH C. 4. ern CnpocjJHneM Tpy6bl 
BeHTypH: 1 - cjJ opcyHKa; 2 - Kopnyc. 

aa cjJOTorpacjJ HH cnenyer , 4TO npH4HHOH 
6blCTporo pa3BHTHll Kone6aHHH CTpyH 
aanner ca HeyCTOH4HBOCTb, Bbl3BaHHall 
He CTonbKO nO BepX HOCTHblM HaTll}f(eHH­
eM, CKonbKO BHyrpeHHHM Hanpll}f(eHHeM, 
koropoe B03HHKaeT B pesynsrare HHep­
l.\HOHHOro pacunrpeuasCTpyH. OCHOBHall 
Macca xanens l.\eHTp06e}f(HO-cTpyHHbIX 
cjJOpCyHOK 06pa3yeTCll B pe3ynbTaTe 
cjJOpMHpOBaHHll Ha nOBepXHOCTH CTpyH 
ornensaux crpyex, KaK Ha Y4aCTKe css ­
sauuoro Te4eHHll, TaK HHa cjJparMeHTap­
HOM Y4aCTKe npa paapuse nneuox. 

Orpua xanens B crpyaxax conposo­
x naerca HHTeHCHBHblM nepene uruaa­
HHeM }f(HAKOCTH. npOBeAeHO axcnepa­
MeHTanbHoe HccneAOBaHHe np0l.\eCca 
AeCOp6l.\HH ceposonopona C acnonsso­
BaH HeM reaeparopa MO HOAHcnepCHblX 
(fM K) xanens. Bonurax 6bln06Hapy}f(eH 
CHnbHblH KOHl.\eBOH 3cjJcjJeKT B MOMeHT 

06pa30BaHHll xannu [10]. Oxaaanocs, 
4TO necopfiuas npa 06pa30BaHHH xanna 
COCTaBnlleT 84-90 % BceH B03MO}f(HOH 
AeCOp6l.\HH cepoBoAopoAa H3 cna60­
uieno-moro pacrsopa cynbcjJHAa HaTpHll . 
POCT KannH Ha KOHl.\e CTpyHKH conposo­
}f(AaeTCll BHyrpeHHHM Te4eHHeM nOXO}f(HM 
Ha BHXpH XHnna (puc. 9) [11]. 

Ba}f(HOH oc06eHHoCTbIO ern ssnaer­
cs B03HHKHO BeHHe CTpyHHOro 3cjJcjJeKTa, 
KOTOpblH nosaonaer cYLl.\eCTBeHHo HH­
TeHCHcjJHl.\HpoBaTb npoueccu nepeuoca 
B CHCTeMe ra3-}f(HAKOCTb [12] . 

B ern CKOpOCTb ABH}f(eHHll xanens 
Bbl6HpaeTCll scerna 60nbwe CKOpOCTH 
raaa. eO npOTHBneHHe ABH}f(eHHIO Ka ­
nens C03AaeT 06beMHylO cHny, xoropas 
arsraaaer raa BHYTPb KanenbHOH CTpyH . 
Ofipasyerca rasoeaa crpys . nOCKonbKY 
OHa B03HHKaeT B npenenax KanenbHoH 
CTpyH, HX COBMeCTHoe ABH}f(eHHe ua­
auaaior ra30-}f(HAKOCTHOH crpyeji, Ha 
pac. 10 nOKa3aHO, 4TO pacnpeneneuae 
CKOpOCTH ABH}f(eHHll rasa (xpua ue 1 H2) 
B nonepe-nron ce4eHHH CTpyH nOA06Ho 
pacnpenenetuuo nnOTHOCTH opoureuua 
(KpHBall 3) . Pacveru noxasana, 4TO npa 
YBenH4eHHH Typ6yneHTHoH B1l3KOCTH 
AO 0,02 KpHBall pacnpeneneaua CKO­
pOCTH rasa He OTJlH4aeTCll OT KpHBOH 1 
Ha pHC. 10 H TOnbKO npa AOCTH}f(eHHH 
0,2 M2jC (kpasan 2) B03HHKaeT 3aMeTHall 
pasuaua Me}f(AY HHMH . MaKcHMyMy CKO­
pOCTH raaosoro nOTOKa COOTBeTcTByeT 
MaKcHMyM nnOTHOCTH opoureuas. Ha 
puc, 11 nOKa3aHO, 4TO aepaauoraepnocn, 
3THXpacnpeneneaaii MO}f(eT npHBoAHTb, 
KaK K CHH}f(eHHIO 3cjJcjJeKTHBHoCTH Mac­
cootiseua B ern npa YCJlOBHH MoneKy­
JlllpHOH AHcjJcjJy3HH B rase (JlHHHll 2), 
TaK H K ero YBeJlH4eHHIO npa 3Ha4eHHH 
K03cjJcjJHl.\HeHTa ryp6yneHTHoH AHcjJcjJy3HH 
60nee D=10-3 M2jC (JlHHHH 3 H 4) no 
OTHoweHHIO K paBHoMepHoMy pacnpe­
AeJleHHIO (nHHH1l1), xorna K03cjJcjJHl.\HeHT 
AHcjJcjJY3HH HeBJlHlleT Ha 3cjJcjJeKTHBHOCTb 
a6cop6l.\HH . B03paCTaHHe CTeneHH 
04HCTKH 3Ha4HTenbHO. npH HHTeHCHBHOM 
nepeMewHBaHHH, aa OAHOM H TOM }f(e 
paCCTOllHHH, OCTaT04Hall KOHlleHTpallHll 
npHMecH MO}f(eT 6blTb 60nee 4eM B10 pas 
MeHbwe 4eM npa OTCyrCTBHH nepeneuru­

32 

PHC. 5. Kpecrootipasaue BKnaAblwH: 1 - cjJHpMbl Bapxayc: 2 - nareur BanHHa; 
3 - nareur DOY3Ha. 
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P~C. 6. Cxexa pasneneaaa CTPY~ BOAbl 

4eHTp06e>KHO-cTpyi1Hoi1 cjJOPCYHK~ 

Ha TP~ nOCJleAOBaTeJlbHblX Y4acTKa 

Te4eH~1l CTPY~: 1 -CB1l3aHHoe, 

2 - cjJparMeHTapHoe, 3 - KaneJlbHoe. 

BaH~ll rasa BHYTP~ CTPY~. nOJlY4eHHbli1 

pesynsrar Ha3BaH CTPyi1HbIM 3cjJcjJeKToM. 

CTpyi1Hbli13cjJcjJeKT n03BOJllleTYMeHbw~Tb 

paanepu annapara. 
HOB~e ~CCJleAOBaH~ll crn n03BO­

Jl~Jl~ paapafiorars TeopeT~4ecK~i1 cno­

c06 MacwTa6Horo nepexona or MaJlblX 

natioparopaux yCTaHoBOK K 60JlbW~M 

npOMblWJleHHblM annapara« Ha OCHOBe 

MOAeJl~pOBaH~ll B3a~MoAei1cTB~i1 OT­

AeJlbHO AB~>KYUjei1cll KanJl~ C ra30BbiM 

nOTOKOM . Pa3pa60TaHa A~CKpeTHall 

MOAeJlb nonnnacnepcaoro kanenssoro 
nOTOKa [13]. TaKall MOAeJlb ~MeeT Ba>K­

Hoe npe~MYUjeCTBO B TOM, 4TO npouecc 
B3a~MoAei1cTB~1l xariens C ra30BbiM 

nOTOKOM MO>KHO npencraaars KaK CO­

BOKynHocTb np04eccoB nepeHoca Ha 

Ka>KAoi1 OTAeJlbHoi1 xanne. ~MeIOUjei1 

CBOIO ~CTOp~lO. 

B HaCTollUjee apexa pa3pa60TaHO 

HeCKOJlbKO MOAeJlei1 B3a~MoAei1cTB~1l 

nOJl~A~CnepcHoi1 CTPY~ crn C raaoaun 
nOTOKOM Ha OCHOBe cjJYHAaMeHTaJlbHblX 

ypaBHeH~i1 coxpaHeH~ll KOJl~4eCTBa 

AB~>KeH~ll, aeurecrsa ~ 3Hepr~~ [14]. 

P~C. 8. ¢loTorpacjJ~ll nJleHOK 

Ha Y4acTKe cjJparMeHTapHoro Te4eH~1l 

CTPY~· 

P~c. 7. ¢loTorpacjJ~ll CB1l3aHHoro 

Y4aCTKa CTPY~. 

np~MeHeH~e paapafiorauuux MO­

AeJlei1 n03BOJllleT paCC4~Tb1BaTb raro­
AYTbeBbie xapaxrepacraxn, a6cop64~1O. 

YJlaBJl~BaH~e nblJl~ ~ TenJlo06MeH ern 

B KOMnJleKCe, Y4~Tb1Ball B3a~MHoe BJl~­

llH~e [15]. 

TeopeT~4eCK~e npeACTaBJleH~ll 

6b1Jl~ np~MeHeHbl npa paapaoorxe crn 

AJlll 04~CTK~ AblMOBblX ra30B CPK-720 

(pHC. 12). HOBbli1 annapar ~MeJl nps­

MoyrOJlbHYIO cjJOpMy,cesenue 1,05x4,5 M, 

BbICOTOi1 4,7M. Pacc4~TaH ua 04~CTKY 

60000 Ml/4ac.,I:\Jlll 04~CTK~ ~CnOJlb30Ba­

JlOCb serape TaK~X crn, YCTaHOBJleHHblX 

napannensuo. 

~cnbITaH~ll npOBOA~Jl~ B pe>K~Me ~C­

napeuaaopouraiourero pacrsopa. PaCXOA 

HOpMaJlbHblX BJla>KHbIX ra30B COCTaBJlllJl 

232400 M3/4. 

Ha nOJlHOMaCwTa6Hoi1 yCTaHoBKe 

3cjJcjJeKT~BHoCTbYJlaBJl~BaH~llA~oKc~Aa 

cepu COCTaB~Jla 97,8 %, YJlaBJl~BaH~e 

ceposonopona, npoacxonaauiee B pe­

3YJlbTaTe UjeJl04Hoi1 a6cop64~~ np~ 

pH=12+13, AOCT~rJlO 9 5 %, MeT~JlMep­

xarrtaua - 9 3 % [16]. 

P~C. 9. Cxeaa Te4eH~1l >K~AKOCT~ 

npa cjJOpM~poBaH~~ KanJl~ B rMK: 

1 - crpys >K~AKOCT~, erekaiouiaa B 

cjJOPM~PYIOUjYIOCll KanJlIO; 2 - xanna: 
3 - Te4eH~e >K~AKOCT~, ofipasyouieeca 

BHYTP~ KanJl~. 

llepcnexraaa np~MeHeH~ll crn cas­
sana C era xapaxrepaun« cBoi1cTBaM~ ~ 

oc06eHHocTbIO TeXHOJlOr~~ Won. 

AJlll opoureuas crn ~CnOJlb3YIOTCll 

X~M~4eCK~e pacr aopu. Ilepeuoc Be­

UjeCTBa conposoxnaerca X~M~4eCK~M~ 

59 .. .... :... ilennonosa 6YMaraKapTOH 



_ _ 

01 [2016] 

20,-.=::::----------, 

u 

~ 
> 

10 

r/R 

P~C. 10. PacnpeAeneH~ecKopoCT~ 

AB~>KeH~H rasa (1, 2) ~ nnOTHOCT~ 

opoureuas (3) no paA~Ycy Tpy6bl: 
1 - npa v,=0+0,02 M2jC; 

2 - npu v, =0) M2j C. 

P~C. 11. 3aB~c~MoCTb Kon~4eCTBa 

raaosoji np~Mec~ OT pacCToHH~H 

anons oca Tpy6bl AnH pasnoxepaoro 

pacnpeneneaas nJ10THOCT~ opoureaas 
(1) ~ uepaauonepaoro pacnpene­
neH~~ (2,3,4).2 - 0=2.10-5 M2jC; 
3 - 0=10-3 M2jC; 4 - 0=5.10-3 M2jC . 
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P~C . 12. Cxeaa crn AnH 04~CTK~ 

AblMOBblX ra30B CPK-720. 

peaKll~HM~. npOAYKTbl peaKll~iii aeotixo­

A~MO BbIBOA~Tb ~3 C~CTeMbl opouresaa. 
Bpane cny-aea MO>KHO eocnonsaoaarsca 
TeXHonor~4eCK~M~ pacraopasia llfifl 
~ COOTBeTCTBYIO~~M~ C~CTeMaM~ pe­

reuepauau. Hanpunep. AnH 04~CTK~ 

BeHT~nHll~OHHbI X Bbl6poCOB ~3 pac­
rsoparena nnasa ucnonsayercn cna6bliii 

6enbliii uienox, KOTOPbliii npenaaparensuo 
HaCbl~aHCb Bbl6pocaM~ ceposonopona ~ 

COAOBOiii nuna, B03Bpa~aeTCH AnH pac­
TBopeH~H nnaaa ~ uanpaenaercs HaKay­

CT~3all~lO. TaKaH rexaonoras Herpefiyer 
nononuarensuoro paCXOAa peaKT~BOB, 

60nee roro, B03Bpa~aH Bbl6poCbl ~3 6aKa 

nnaaa, CH~>KaeT CTO~MOCTb uenmonosu. 
np~ 04~CTKe AblMOBblX ra30B CPK OT 

A~OKC~Aa cepu ~cnonb30BaHlile cnafioro 
6enoro uienoxa np~BOA~T K Aecop6ll~~ 

ceposonopona. n03TOMY IiIcnonb3YlOT 

paCTBOp KanblllilH~pOBaHHoiii COAbl. B 
3TOM cnysae cepOBOAOPOA Heaunenner ­
CH, a npu onpeneneasuxycnoaasx KpOMe 

AIiIOKC~Aa cepu B03MO>KHO 3cjJcjJeKT~BHoe 

ynaBnlilBaHlile ceposonopona. 
Oc06eHHOCT~ crn n03BonHIOTC03Aa­

sars 3cjJcjJeKT~BHble KOM6Ii1H~pOBaHHble 

annaparu. 
HOBbliii crn KOM61i1HlilpOBaHHbliii C 

Tenno06MeHH~KOM 6bln paspatiora« AnH 

BeHT~nHll~OHHbI X Bbl6poCOB ~3 6aKa 

nnaaa ~ CMeCIiITenH cynsdiara CPK-3 

Kornaccxoro l.(6K [17]. Cxena annapara 
npencraanesa Ha puc. 13. Cffl,0603Ha­

4eHHbliii ll~cjJpoiiil , ~MeeT xcpnyc ll~n~H­
APlil4eCKoiii cjJOPMbl. Ha 60KOBOiii CTeHKe 
xopnyca YCTaHOBneH Tenno06MeHH~K 2. 

KOM6~Hall~H C Tenno06MeHH~KoM 

c03AaeT AononH~TenbHble npeaayuie­
CTBa. A~aMeTp kopnyca crn 3Ha41i1 TenbHO 

60nbwe sxonaoro raso xona ~3 fiaxa 
nnaaa,4TO n03BonHeT CH~3~Tb cpeAHlO1O 

CKOpOCTb raaa, c03AaTb AOCTaT04Ho 
60nbwylO nosepxaocrs Tenno06MeHH~Ka, 

iii AononH~TenbHo B pesynsrare oxnaxae­
HIiIH CHIiI31i1Tb CKOpOCTb ABIiI>KeHIiIH rasa. 
CH~>KeH~e CKOPOCT~ rasa n03BonHeT 

ocannrs 4acTIiIllbinblnlil fionsuia x pasae­
pOB, CKOpOCTb BIiITaHIiIH KOTOpblXfionsure 

C K O POCT~ rasa. KOHAeHcalllilH Bna>KHbiX 

ra30BB06beMe nOTOKa ~ Hdnosep xaocra 
Tenno06MeHH~Ka noauurator 3cjJ cjJeKTIiI B­

i 

P~C. 13. Cxexa crn 041i1CTKIiI 

naporasoaux Bbl6poCOB 6aKa 
pacraopurens nnaaa CPK-3 

KOTnaCCKoro l.(6K. 

3 

6 

-------- . - - - --- ­
------___ _ --___- ~ L-------_ 

I 

P~c. 14 . Cxeaa pafioru neunoro 

annapara co CTpyiiiHblM cjJlilnbTpoM . 

HOCTb ynaBnlilBaH~H Men KoA~ cnep c Hblx 

nblnlilHOK, ceposonopona iii MemnMep­
xanraua. Opoureuae 06beMa ~ CTeHO K 

crn yny-uuaer rennootinea . 
Pe3ynbTaTbi ~3MepeH~H 3cjJcjJeK ­

T~BHOCTIiI 041i1CTK IiI raacsu x Bbl6poCOB 
OT nbln~ noxaaana, 4TO crn n03BonHeT 

ynasn aears nblnb C 3cjJcjJeKT ~BHOCTblO 

fionee 97 %, ynasnasan, ceposonopon 
~ MeT~nMepKanTaH C 3cjJcjJeKT~ B HoCTblO 

60nee 90 %. 6e3 opoureaas 3cjJcjJeKT~B­

HOCTb CH~>KaeT CH AD 80 %, HO OCTaeTCH 

AOCTaT04Ho BbICOKO iii. 

I..(eJ1moflO3il 5yMara KapTOH '.' ••• :.. I 60 
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PI-1c. 15. <PoTorpacjJl-111 CTpyi.1HOro 
cjJl-1nbTpa. 

CBOi.1CTBO cTa6l-1nl-13a~1-11-1 1-1 B03MOlK­
HOCTI-1 pacnpeneneaas rasoaoro nOTOKa B 
crn 6blnoI-1CnOnb30BaHO Aflll pa3pa60TKI-1 
KOM61-1 HI-1 pOBaHHoro annapara, BKOTOpOM 
I-1cnonb3YlOTcil COBMeCTHO ABa cnocofia 
OpraHl-13a~1-11-1 KOHTaKTa MelKAY ra30M 1-1 
lKI-1AKOCTblO, KorAa CKOpOCTb ABl-1lKeHI-111 
raaa 60nbwe CKOpOCTI-1 lKI-1AKOCTI-1, Cno­
nOlKl-1TenbHblM COnpOTI-1BneHl-1eM +L'lP 1-1 
xorna CKOpOCTb ABl-1lKeHI-111 rasa MeHbwe 
CKOpOCTI-1 lKI-1AKOCTI-1, C OTpl-1~aTenbHblM 

COnpOTI-1BneHl-1eM -L'l P. HOBbli.1 KOM61-1­
Hl-1pOBaHHbli.1 annapar 6bJn C03AaH Ha 
OCHOBe 06beAI-1HeHI-111 crn 1-1 annapara C 
neHHblM cnoen [18]. crn BHOBOM yCTpOi.1­
CTBe aunonuser acnoaoratensayo cjJyHK­
~1-11O. YYI-1TblBall cne~l-1cjJI-1YeCKI-1i.1 BI-1A, OH 
Ha3BaH CTpyi.1HbIM cjJl-1nbTpOM. 

CxeMa annapaTa npeACTaBneHa Ha 
pHc.14.AnnapaTCOAeplKI-1TBepTI-1Kan~ 

Hbli.1 xopnyc1, CTpyi.1Hbli.1 cjJl-1nbTp 2,cerxy 
C neHHblM cnoex 3, xanneynoaarens 4, 
searunsrop 5 1-1 nacoc 6. 

neHHbli.1 annaparco CTpyi.1HbIM cjJl-1nb­
TpO M (nAC<P) pafioraer cneAYlOlI\l-1M 
06pa30M. laaoeue Bbl6poCbl nocrynaor 
BHYTPb Kopnyca 1 Yepe3 nOACeTOYHOe 
npocrpaucrao B CTpyi.1Hbli.1 cjJl-1nbTp 2. 
nOA Aei.1cTBl-1eM lKI-1AKOCTI-1, pacnunasa­
eMoi.1 1-13 cjJOpCyHOK CTpyi.1HOro cjJl-1nbTpa 
(pHC. 15), cjJopMl-1pyeTcll OCeCI-1MMe­
Tpl-1YHall ra30-lKI-1AKOCTHall crpya. Crpys 
aanpaeneua panaansso 1-13 ~eHTpanbHoi.1 

06naCTI-1 K CTeHKaM annapara, PaAl-1anb­
Hoe OCeCI-1MMeTpl-1YHOe ABl-1lKeHl-1e raaa 
nocne CTpyi.1Horo cjJl-1nbTpa noasonaer 
paBHOMepHO pacnpenenars ra30Bbli.1 no­
TOK, npOXOAllll\l-1i.1 CKB03b neHHbli.1 cnoi.13. 

PI-1c. 16. <PoTorpacjJl-111 suaoca 
MenKOAI-1CnepCHblx xanens npa patiore 
CTpyi.1HOro cjJl-1nbTpa. 

B ofinacrs MelKAY CTpyi.1HbIM cjJl-1nb­
TpOM 1-1 ceTKoi.1 BblHOCI-1TCIl 60nbwoe 
KOnl-1yeCTBO MenKOAI-1CnepCHblx xanens, 
3aXBayeHHbiX ra30BbiM nOTOKOM, KO­
ropue xopowo BI-1AHbl Ha cjJoTorpacjJl-11-1 
(pHC.16). MenKl-1e Kannl-1 YBenl-1YI-1BalOT 
I-1Hep~1-10HHOCTb raaosoro nOTOKa, BXOAll­
utero B neHHbli.1 cnoi.1 1-1 AOnOnHI-1TenbHO 
nossnuaor ero yCTOi.1Y1-1 BOCTb. llpa 3TOM 
MenKl-1e kanna He paspyuraor neHHbli.1 
cnoa, KaK :no BI-1AHO Ha cjJOTorpacjJl-11-1 
(pHC. 17). Ilpouecc OYI-1CTKI-1 rasanpouc­
XOAI-1T, KaK BCTpyi.1HOM cjJl-1nbTpe 2, TaK 1-1 B 
neHHOM cnoe 3. 3cjJcjJeKTI-1BHOCTb OYI-1CTKI-1 
rasa B3TOM annapare 60nee98 %, orpa­
Hl-1yeHa Benl-1YI-1Hoi.1 kanneynoca. 

~3 npaseneuuoro 0630pa cnenyer, 
YTO npa peWeHl-11-1 npotineau COBep­
weHCTBOBaHI-111 CI-1CTeM ra3-lKI-1AKOCTb 
uenmonoaao-oyaaxuoro np0l-13BOACTBa 
~eneco06pa3HO I-1CnOnb30BaTb 06beAI-1­
HeHl-1e TeXHOnOrl-1yeCKoi.1 1-1 axonoraxe­
CKOi.1 3aAa41-1. OAHI-1M 1-13 nepCneKTI-1BHblX 
HanpaBneHI-1i.1 llBnlleTCIl pa3pa60TKa 
KOM61-1HI-1pOBaHHbiXannaparos Ha OCHOBe 
CTpyi.1HbIX raaonpoauaarenea. 

CnHCOK nareparypsr, 
1. BH~V1Ei - TeXHOnOrl-111 uenmonos­

Ho-6yMalKHoro np0I-13BOACTBa. B 3-x 
TOMax. TOM 1. '{acrs 1. ,/J,peBeCHoe cupse 
1-1 np0l-13BOACTBO nonyrpafipaxaroa. Cflfi.: 
nTA, 2002. - 424 c. 

2. BH~~Ei - TeXHOnOrl-111 uenruonoa­
Ho-6yMalKHoro np0I-13BOAcTBa. Cnpa­
BOYHble MaTepl-1anbl . B 3-x TOMax. TOM 1. 
'{acrs 2. np0l-13BOACTBO nonyrpafipaxa­
TOB. Cflfi.: nTA, 2005 - 633 c. 

PI-1c. 17. <PoTorpacjJl-111 neuuoro enos 
npa patiore CTpyi.1HorO cjJl-1nbTpa 

3. MHnoBHAoBa 11. A. OT6enKa uen­
nlOn03bl./ fl. A. Ml-1nOBI-1AOBa, r. B. Ko­
MapoBa, T. A. Koponesa. - Apxanrenscx: 
~3A-BO AfTY,2005. - 130 c. 

4. llH'lyTHHa T. Ill. O~eHKa cjJaKTI-1­
xecxoro COCTOllHI-111 raaoaux Bbl6poCOB 
B arwocdiepy ua npeAnpl-111TI-111 X l..(Ein 
Cesepo-Janana POCCI-1I-1 B COOTBeTCTBl-11-1 
HOpMaTI-1BaM EC. / T. <P. flI-1YYTI-1Ha, M.A fy­
caxoaa, A. n. BI-1WHIlKOBa / / Ilenmonoaa, 
6yMara, xaproa. 2009, N~ 3. -c. 69-74. 

5. ,/J,l-1peKTI-1Ba COBeTa E3 C96/61EC 
OT 24.09. 1996 «0 KOMnneKCHOM npeny­
npelKAeHl-11-1 1-1 KOHTpone 3arpll3HeHI-1i.1 
(Integrated Pollution and Control) IPPC. 
EBponei.1cKaIlKoMl-1cCI-1~1996. 

6.¢leAepaTI-1BHbIH 3aKoH OT 10.01.2002 r. 
«06 oxpaae oKpYlKalOlI.leH cpenu», 

7. MaKcHMoB B.IIl. OYI-1CTKa 1-1 pexy­
nepauas npoMblwneHHblx Bbl6poCOB uen­
monoauo-fiyxancuoro np0I-13BOAcTBa: B 
2 T. T.2. Casarapaaa oxpauaB03AYWHOro 
6accei.1Ha, OYI-1CTKa 1-1 pexynepauas ra­
aonunesux BbI6poCOB./ B.<P. MaKCI-1MOB 
1-1 AP. - M.: Jlecaas npoauumeuaocrs, 
1972, - 312 c. 

8. ranycToB B. c. npllMOTOYHble 
pacnunarenssue annaparu Brennosuep­
reTI-1Ke. / B. C. Ianycroa- M.: 3HeproaTo­
MI-13AaT, 1989, - 240 c. 

9. ranycToB B. C. Pacnunaeaouiae 
ycrposcrsa C 3anonHeHHbiM cjJaKenoM 
Anll OpOWeHI-111 renno- 1-1 Macco06MeHHbix 
annaparos. 0630pHail I-1HcjJopMa~I-111. Ce­
pl-1fl XM-1/ lanycroa B. c, AHI-1CKI-1H C. B., 
MI-1Xai.1noB E. A. - M.: XI-1Ml-1fl, 1984, 33 c. 

10. AHHCKHH C.B.3KCnepl-1MeHTanb­
Hoe I-1CCneAOBaHl-1e npo~ecca Aecop6­

61 Pulp Paper Board 



01 [2016] 

llennonosa 6yMara KaPTOH 

LjI414 cepoBogopoga C 14cnonb30BaH14eM 
reaeparopa MOHog14cnepcHblx xanens. 
/ AH14CK14H C. B., flporonsnxonoe lo1 . o, 
lo10HOB B. A. / / xnx. -1998. T. 71. N~ 7. 
- C. 1158-1160. 

11. AHHCKHH C. B. TeOpeT14 KO-3KC­
nepuaeuransnoe 14ccnegoBaH14e necop­

6LjI414 ceposonoponaBnpouecce06pa30­
BaH14R xanens 143 Lj14n14Hgp144ecKOH CTpy14 
cnatiourenosuoro pacrsopa. / AH14CK14H 
C. B., llporonsaxoaoa lo1 . a. / / }/{nx. ­
1998. T. 71. N~ 10. - C. 1681-1686 . 

12. AHHCKHH C. B. CTpyHHblH 3<j) <j)eKT 
0414CTK14 rasa B npRMoT04HOM pacnuna­
TenbHOM annapare. / AH14CK14 H C. B. / / 
xnx. -2010 . - T. 83, N~ 6.- C. 966-970. 

13. npOTOAbHKOHOBaO. H. Bn14RH14e 
nonanacnepcuoro COCTaBa xanensaa r14­
gpog14HaM14KY ra30>K14AKOCTHOH CTpy14./ 

npOTogbRKoHoBa a. lo1 ., AH14CK14H C. B., 
KagaweB14 4 lO.lo1 . / / x nx.2001. - T. 74, 
N~ 12. - C. 1994-2000 . 

14. npOTOAbHKoHoBa O. H. f14gpo­
g14HaM14 4eCKaR Mogenb CTeCHeHHoro 
<j)aKena pac nblneHHoH >K14 gKOCT14 . / 
Ilporonsakouoaa a. lo1 ., AH14 CK14 HC. B. / / 
x nx. - 2002. T. 75. N~ 5. - C. 779-785. 

15. AHHCKHH C. B. np14MeHeH14e 
pacnunarenssoro annapara AnR0414CTK14 
XBOCTOB blX ra30B OT g 14 oKc14ga cepu . 
/ AH14CK14H C.B., 5lKoBneB B.A., Kasa­
KOB o.a., XeHK14HeH n.H. // 6yMa>KHaR 
nponsuuneuuocrs. 1992. - N~ 6. -c. 32. 

16. AHHCKHH C. B., hOBneB B. A. 
n pliIMeHeH14 e npRMOT04Horo pacnu­
n14TenbHOro annapaTa gnR 04Ii1CTK14 
gblMOB blX ra30B conopereaepauaouaux 
KomOB . / AHIiI CKIiI H C. B., 5lKoBneB B. A. 

/ / npOMblWneHHaR 3HeprenlKa. - 1991. 
- N~ 3, - C. 24-25. 

17. llar. RU2079592Cl POco1HcKaR 
llJegepaLj14R, MnK 6D21C11/06 Cnocof 
peresepauna X14M14KaTOB 143 naporaaosux 
Bbl6poCOB cynb<j)aTHoro npo143BogCTBa 
uenruonosu. / AH14CK14H C. B,KpaKOBCK14H 
n. 6., 6anaKW14 H 10. A., Cnenuos lo1. E.; 
3aRB14 Tenb 14 naTeHTo06nagaTenb Aa 
«KoTnaCCK14H l..\ 6K» - 95117250/12; 
3aRBn . 10.10 . 95; - ony6n . 20.05.97, 
61On . N~ 14. 

18. flat. 2294790Cl POCC14HCKaR 
llJegepaLj14R, MnK. B01D47/4 neHHblH 
Macco06MeHHblH annapar/ AH14CK14H C. B., 
3anopo>KeLj A. L : 3aRB14Tenb 14 naTeHTo06­
nanarens AH14 CK14 HC. B.,3anopo>KeLj A. f . 
- 2005117012/15; 3aRBn .27 .05.05; 
ony6n. 10.03.07, 61On . N~ 7. 

OfiHOBneHHblUKOpnOpamUBHblU 
BeO-C-m 

KOM naHIiIR I nt ernat i onaLPaper, OglilH 143 KpynHeHwliIX Me>KgyHapogHblX npOIil3BOA14TeneH 6yMarlil iii ynaKOB K14, BBOg14T B 
geHCTBlile 06HOBneHHblHKopnopaTIiI BHblH eefi-caiir. 

Ha HOBOM cajrr e MO>KH O 03HaKOM14TbCR co CTa HOBneH lileM IiICTOplil14 International Paper KaK MelKgyHapogHoH counansuo 
OTBeTCTBeHHOH KOMn aH IiI 14 . CaHT BblAenReTCR cOBpeMeHHbl M g143aHHoM 14 npeanaraer Kn14eHTaM, cOTpygHIiI Ka M, COIilCKaTenR M 
14 gpyr lilM 3a14 HTepeCOBaHH bIM n14LjaM IiIH<j)opMaLjIilIO 0 geRTenbHOCT14 KOM naH14Ii1, 0630P ee npoAyKLj14 Ii1 , ycnyr, xapsepaux B03­
MO>KHOCTeH. nOceTIiIB caar, MO>K HO fionee nonpotino Y3HaTb 0 peanasyexu x IiIHIiILj14aTIiI BaX B ctpepe YCTOH414 BOro pa3B14T14 R iii 

otiurecrseausrx nporpax nax. HOBblHcaHT anarrtaposau gnR npocaotpa Ha M061i1nbHbiXyCTpoHCTBax, 4TOn03BonReT nonY41i1Tb 
He06xoglilMYlO IiIH<j)opMaLjIil IO, IiI CnOJl b3YRcMapT<j)oH 14Jl14 nnauuier. 

COBpeMeHHblH glil3aHH 14 14 Hry IilTIiI BHO nOHRTHaR cr pyxrypa soaoro catrra I nternati onal Paper 06ecne414 BalOT 6blCTPblH 14 
yg06HblHaccry n KJl 1060HHe06xoAIiIMOHIiI H<j)0pMaLjIilIil. llopran. pacnOnO>KeHH blH no anpecy www.i nternati onalpaper.com. 14MeeT 
pRg HOBblX xapaKTep14 CTIiI K, cpena KOTOpblX MO>K HO OTMeTIiITb: 

• a6HoBneHH blHAIiI3aH H, Halil60nee BbllilrpblW HOnpegCTaBnRIO LllIiIH npogyKLj141O I nte rnatio nal Paper. 
• Inotiansuce B14 AeHlile aupax euo -repes 06LllYlO CTa pTOBYIO CTpaHIiILjy. Iexcrsr, pasneuteaaue ua HOBOM caare nocry nsu 

gnR npocnorpa aa 11-T14 R3blKax. 
• MHO>KeCTBOaapaanros noncxa npogYKTOB, BKnlO4aR IiIHTepaKTIiI BHblH n014CK npogyKLjIil Iil. 
• AganTlilpOBaHHblHglil3aHH gnRM061i1nbHbiXyCTpOHCTB n03BonReT npOCM aTp14BaTb cajir HanlO6blx ycrpoacr sax, OTHOyT6yKa 

go r enerpoua IiIn14 nnauurera. 
• 6blCTPblH n014CK no caHry nosaonar HaHTIiI HylKHylO IiIH<j)opMaLj 14 IO, He TepRR BpeMeH14 .
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