3awmta atmocdepbl OT
NPOMBbILLUIIEHHbIX 3arpsi3HEHUN




3arps=|3HeH|/|$| MOTYT MOCTYINAaTb.

* 1. HEMPEPLIBHO C oTxooswumm razamu
e« 2. 3annamu B aTMocdepy
e 3. MFTHOBEHHO NOCTynatoT.

1. TBepAable

2. Xugkune (napo v
razoobpasHble)

3. CwmeluaHHble
A) opraHuyeckume

b) HeopraHudeckune
BellecTBa



OTxoasalme rasbl — AByxdasHbie
a3poancnepcHble CUCTEMBDI -

a3p0o30mnn

[ncnepcHaa pasa —
TBEpPAblE YacTuULbl
NN Kanenbku
XUOKOCTMW:

[lbinn — TBEpAObLIE
yacTtuubl 5-50 MKM

Obimbl — 0,1- 5 MKM

TymMaHbl — KanenbKu
xungkoctn 0,3-5 MKm

« CnnowHas gasa —
rasbl (BO34yX)



A3p030nn OensaTcs

[1lo opraHusauuu [1lo Temneparype:
KOHTPOJIA. * HarpeTtble (BblLle
* OpraHnsoBaHHblE TemnepaTypbl
(OYULLEHHBbIE U OKpy>KarLlero
HEeOuYULLEHHbIE) BO34yXxa)
 HeopraHn3oBaHHbIE e XONoOHblE
(Heo4ynLLEeHHbIE) U3
HEMMOTHOCTEMN,

Leneu



Ouncrka -

« OToeneHne oT rasa unmn npespaLleHne B
6e3BpeaHOe COCTOSAHNE 3arpsA3HAOLLErO
BellecTBa, MoCTynawLero ot
MPOMBILLITIEHHOrO NCTOYHUKA

* Bbibop meToga 3aBUCUT OT AUCNEPCHOro
cocTaBa 1 CBOUCTB AucnepcHoun dgpassbl



Pa3smep 4actuu (MKm)

* 40-1000 nbineocoaguTenbHble KamMmepbl
« 20-1000 umknoHbl gnameTpom 1-2 m

* 5-100 UMKnNoHbl anameTpom 1 m

« 20-100 cky©bbephl

* 0,9-100 TKAHeBbLIE PUNBLTPDI

* 0,05-100 BONOKHUCTbIE PUNLTPDI

* 0,01- 10 anekTpodUNLTPLI






1 ONOK — OYUCTKA OT Nblnen

Bbibop ycmpoucmea 3asucum om
makKux ceoucme Kak:

 [1noTHOCTbL YacTunu

* [lncnepcHoCTb

» AaresnBHble CBOMCTBA (CIMNAaeMoCTb)
* ADpa3nBHOCTb

 CMa4yMBaeMoCTb

e QMNEeKTPONnpPoOBOAHOCTb



[1na o4NCTKN UCMONb3YyHTCA

* lHepUMOHHbIE NblN1IeynoBUTENN
 Kanto3Hble nNbineynoBmuTenu
 LlnknoHbl (Hanbonee pacnpocTpaHeHbI)



1.1. locTOMHCTBA LIMKITOHOB

OTcyTCTBME OBMXKYLLUUXCA YacTul, B annapare
HapexHocTb paboTbl BNnotb Ao 500 rp. C

Bo3MOXXHOCTb yraBnmBaTb abpasnBHbIE
YyacTuLbl NPU YCITIOBUN BHYTPEHHETO
3aLUMTHOIO NOKPbITUSA LIMKINOHA

YnaBnuBaHue nbifin B CyxXomMm BUAeE

YcnewHasa paboTta npu BbICOKOM JaBNEHUM
rasoB

[1pocTOTa N3roTOBMEHUS



HeOoCTaTKu

* [INnoxoe ynaBnmBaHue YacTul, MeHbLle 5
MKM

e HEBO3MOXXHOCTb OYUCTKUN OT aare3nBHbIX
yacTtuy,

* [1pn yBENMYEHUM NOTOKA HEMb3A
yBeNuU4MBaTb AMaMeTp, HaOo co3gaBaTth
baTtapeto LIMKITOHOB



1.2. O4UCTKA ra3oB Ha PunbsTpax

» duneTpauna Yepes NnopucTyto
neperopoaky, rae Nbifib 3agepXxMBaeTcs:

* [MOKMe nopucTble Neperopoaku
* [lonyxecTkne (BONOKHa, CTPYXKa, CETKW)

» )XecTKne (3epHUCTTbIE, MOPUCTas
KepamMmuka)



1.3. OMUCTKa B aneKTpodunbTpax

B npouecce noHusauuu
MOJIEKYI ra30B
NEeKTPUYECKMUM pa3psaaom
npoucxoguT 3apsan
cogepKallmxcst B HUX
yacTuu. VoHbl
abcopbupyroTca Ha
NOBEPXHOCTU MbISIMHOK, a
3aTtemM noa AencTBUeEM
9N1IEKTPUYECKOIro NOsiA OHU
nepemMeLlarTcs K
ocaguTernbHbIM 3MeKTpodam
N oca)OarTcs



YnaBnmBaHue TyMaHOB

* TymaHbl 0OpasyoTca BCreacTene
TEPMMNYECKOU KOHOEHCALUMM NapoB 1N B
pes3ynerate XMMM4YecKoro
B3aMMOOEUNCTBUSA BELLECTB, HAaXOOSALWNXCS
B a3poaANHaAaMUYECKON CUCTEME

 T. obpasytoTcsa npu Npon3BoaCTBE KUCHOT,
KOHLEHTPUPOBAHUN KUCNOT, COomneun, npwu
ncnapeHun macen



YnaBnmBaHue TyMaHOB

* [IpMeHAIOT BONTOKHUCTLIE U ceTvaTble
donnbTpsbI

* Mokpble anekTpoOUnLTPLI

* Ha noBepXHOCTU BONTOKHA NpomucxoauT
KoanecueHumsa ynoBNeHHbIX YacTUL, U
obpa3oBaHME NMEHKN XUOKOCTU, KOTopas
OBWXETCA BHYTPU Croga BOJIOKOH U 3aTeM
pacnagaeTcyd Ha oTaernbHble Kannu,
KOTOpble yaanarTca U3 unstpa



YnaBnmBaHue TyMaHOB

* Bbicokagd * bbiCTpoe 3apacTtaHune
9P PEKTUBHOCTL (B T.M NpU BbICOKUX
TOHKOAQMCMNEPCHbIE KOHLIEHTpaUMnsX
TYMaHbl) KUCIOT UNn npwu

. HagexxHocTb obpa3oBaHUn

» MpocTota MoHTaxa n  HEPACTBOPUMBIX
06CnyXMBaHNS coneu (conu

XKeCTKOCTM BOAbI)

 + ra3bl CO, CO2,
SO2, HF



JTtobon 13 npoueccoB MOXET UAOTU
C pekynepaumen

Pekynepauna nbinen nu BO3MOXHbIe MyTH

1.

o bk owbh

o

MCMosfib30BaHUA
icnonb3oBaHMe B Ka4eCTBe LieneBbIX
NPOAYKTOB (NP-BO CaxWu)

BoaBpaT B Nnpon3BoACTBO
[TlepepaboTka B Apyrom Npon3BoacTBe
YTunusaums B CTPOUTESNbHbIX Lensax

[lepepaboTka ¢ n3Brne4eHNEM NEHHbIX
KOMMOHEHTOB

B c\x



2. DU3NKO-XnMmyeckme

2.1. agcopbunsa — nornowieHne rasa nnu
XMOKOCTWN NMOBEPXHOCTHLIM CINOeM TBPAOro
Tena unm >XNQKocTu

MoryT ncnonb3oBaTbCsl AN O4YUCTKN ra30B C
HEBLICOKMM coaepKaHNeM razoodpasHbIx
N NapoodbpasHbIX Npumecen

Ho no3sonsatoT NpoBOAUTE OHUCTKY MPU
NOBbILLUEHHbLIX TEMIMEPATypax



2.1. apcopbuus

* LleneBon KOMMOHEHT, HAaxXo4ALNNCS B
nogBepraeMon o4YUCTKe razoBoun ase
Ha3bIBaKOT aCcopPOTUBOM

* Ero xxe B agcopbmnpoBaHHOM COCTOSAHUN —
agcopbaTtom

 [lormoTuTtene - copbeHT



CopbOeHTbI

* [lopucTtble maTtepuansbl, KOTOPble UMEIOT
DonbLUYO NOBEPXHOCTb YAENbHYIO A0
HECKONbKUX COTEH M KyO./r

* CyMMapHbIN 00bEM MUKPOMOP B eANHULE
Maccbl coOpbeHTa onpeaenstoT CKOPOCTb U
MHTEHCUBHOCTb OYNCTKN —

ALNCOPBLUNOHHYIKO CINMOCOBHOCTb
* [1poLiecc naeT c BblaeneHnem Tenna
* M.6. npnpogHbLIMU NN CUHTEPTUYECKUMU



[TornotTutTenbHasa crnocoOHOCTb
onpenensaeTcs

KonHuenmpauueu adcopbama 8
mMaccoeou usiu obwbeMHOU eOduHuue
adcopbeHma

OlNPEOENAKOTCAH
* [lpupogon NoOBEPXHOCTU
e XapaKTepoM MOpUCTOCTHU
* Temneparypou npouecca

« CBoncTtBamMu agcopobTtmea, ero
KOHLEHTpaUnen



CopbeHTtbl — 1. AKTUBHBIE YI'TIN

OOCTOUNHCTBA
[mapodobHOCTb

Cnepq. pekynepauus
nerko

[paHynbl 1-6 MM
[lelweBo

HeBblCcOKasa Temneparypa
CTaumoHapHbIN CIon

BonbLuon obbem aAns
CBarku

[ToXkapoonacHOCTb (Temn

OTXOOALLMX ra3oB Ha
razoBbix T3AL 120-160 rp.
C

Ha masyTHbIx — 200-250
p.C



CopbeHTbl — 2. cenukazernu
SI02*nH20 — audpamuposaHHskie
aMopgbHbIe KpeMHe3eMhbl,
rnpespawjeHus rnpoucxoosim rio
MexaHuU3My rnosiukoHoeHcauyuu

« NOCTOMHCTBA

« Ob6pasyloT XeCTKNU

« [opoxe

KPpEMHMEBO-KUCITOPOAHbIN
Kapkac

 MenkonppucTble - 4N

NErkOKOHAEHCUPYEMbIX NapoB
1 rasoB

* KPYMHOMPPUCTLIE - ANS NapoB

OpraHn4YecKkmnx coeanHeHum



* ONd NONApPHbIX

CopbeHTbl — 3. arrromozeru
Al203*nH20 — nony4arom
npokanueaHuem Al(OH)3

« JOCTOMHCTBA

* [paHynbl 3-7 MM

« [lopoxe
OpraHn4ecKmx

coeOVHEHUN N OCYLLKMK
ra3os



4. ueonnumsl anromMocusriukamel,
cooepxxauwiue oKcuOobl WErT10YHbIX U

WEes104YHO-3eMesJIbHbIX Memarlijioe

,EI,OCTOI/IHCTBA

* Xap-Cs perynsapHon CTpyKTypoW nop, pasmepsi
CON3MEPUMbBI C MOJIEKYITON — MOSEKYISIPHbIE CcUTa

 [Tony4atoT UCKYCCTBEHHO U JobbIBAOT N3 NPUPOAHbLIX
MECTOPOXXAEHUM

* And NoNApHbIX OpraHN4YeCcKnx COeAVNHEHUN U OCYLLKH
ra3oB

« C makcumanbHon adppekTMBHOCTbLIO aacopbupytoT H2S,
CS2, CO2, NH3, aueTtunneHosBble y/B, 3TaH, 3TUNEH,
nponunex

« CoXpaHSAT aKTUBHOCTb MPU BbICOKNUX TEMMNepaTypon

* BO3MOXHO 30pJEKTUBHO NPU N3BMIEYEHUN KUCIbIX
kKomnoHeHToB (SO2, NO2, ranoreHoB)



[ecopbuuns

* He0OXOOAMMOCTb NepPMoaNYECKON
pereHepaumn — LUMKNNYHOCTb
NPOLIECCOB

e Ee BO3SMOXXHOCTb
+ Ong meTtoaa



1. Tepmunyeckas

A. NOTOKOM BOASAHOrO napa

b. ropayero Bo3gyxa

B. nHepTHOro rasa

[. NnpoBOASA HArpeB Yepes CTEHKY

100-200 rpC aKkTUBHbLIX Yrren, cenukareneu,
anromoreneu

200-400 rp.C - yeonuTtos



2. BbiTecHuTenbHas (xonogHas)

« OcHOBaHa Ha pasnuinm copoupyemocTu
BbITECHAEMOIO BELLECTBA U
BbITECHAIOLLIEHO (OecopbeHTa)

 [1na necopbummn opraHNYECKNX BELLLECTB —
CO2, ammunak, Boay

* OcobeHHO NepcnekTMBHO AJ1A LIeOnMTOB



3. ecopbuust CHMXKEHNEM
NaBneHus

* MO>XHO CHU3UTbL OgaBrieHune

* MoXXHO npoBOANTL aacopbLUmio Npu
NOBbILLEHHOM JaBNeHnKN, a NOTOM JOBECTU
[0 HOpMarbHOro

* PASPEXXEHUWE



4. BakyymHaa gecopbuus

Bbicokne aHeprosarparhl

HeobxoaumocTb obecnevyeHus repMeTUYHOCTU
yCTaHOBOK

[TpuHUMN oCcHOBaH Ha pa3sHuue aasneHna Aun [

OCHOBaH Ha NMPUMEHEHUN KOPOTKOLIMKITOBOW
be3HarpeBHoON [l Ans oCyLlKK BO34yxa v ap.
rasoB

AsnseTcsa HeobXoAMMON CTYNEHbIO,
npegLlecTByOLEN UX OYUCTKE OT BPeaHbIX
npumeceu



Apcopbuma NOXx

OH JOCTaTOYHO MHEPTEH, SABNSIETCS
HecosieobpasyLnmMm CoeaNHEHNEM

MO>XXHO yrnn, HO NpoLUecc UAET C BbiAENEHNEM
Tenna

Xemocopbuusa ncmn. pasn. TBepa. B-Ba:
YnaBnuBaHune cMecbo Topdpa 1 N3BECTU

Topd obpaboTaHHbIN aMMUAKOM, YTO

CNOCoDCTBYET OKUCIEHUNIO HUTPUTOB A0
HUTpaToB. B ntore rotoBoe opr yaobpeHue n .
He HYyXHa



OT NOX

Peunpkynauusa rasos (B 2-3 pasa MOXHO
COKpaTUTb BbIOPOC) — ra3 nogaeTcs B roperky
B CMECU CO BCEM BO3QYXOM CO CKOPOCTbIO
PaBHOW CKOPOCTM BO3ayXa. OTO XOPOLLUO npu
C)KUraHum rasa n masyTta, ansg yrna — MeHbLue
adodekT. cnonbaytoT Ha Mol 3C, Ho
OTKIHO4YaloT, T.K. 3TO CHMXXAET MOLLHOCTb

CHuXeHmne n3bbiTka Bo3gyxa BO BCEX BUOaAX
Tonnuea. [lpegen npMMeEHMMOCTU B
NosABMEHUN NPOAYKTOB HEMOSTHOro CropaHus
CO+yBennyecHne NHTEHCMBHOCTU
LLIITAaKOBaHNS NOBEPXHOCTUN Harpesa+pocCT
TOMOYHOWU KOPPO3nNU



3. [IByxXCcTyneH4yaToe CXXuraHue:

- YacTtb Heobxogmmoro Bo3ayxa B
TOMOYHbIE TOPENKU

- OcT BO3agyx nogaetca yepes
cneunanbHble comnna Bbille padboTatoLmnx
ropenok

[1Ipn cXXuraHuUmM rasa 9To CHUXKAET B 2 pasa
BblIOpoc, masyTta — Ha 30-40%

B oTe4yecTBeHHOW NpakTUKe Ong masyTa
LLIMPOKO HE NUCMNONb3yeTCH



4. PaccpeaoTo4eHNE 30HbI ropeHUsa B obbeme
TOMKN N NOBbLILLEHNE CKOPOCTUN OXNaXXaeHUs
dakena (bonbLle YNCIOo MESIKUX ropenokK B
HECKOJbKO sipycoB Mo BbicoTe). [pu
CXXUraHumm yrnga adpdekra HeT

5. CHMXKeHne nogorpesa Bo3ayxa aAng rasa.
[ns masyTta v yrns nnoxo, T.K. OHU TpeoytoT
bonbLwe Tenna

6. YMeHblUeHNe Harpy3ku Kotnoarperarta —
ype3BbldanHaa Mepa B TAXKENbIX
MeTeoycnoBuax. [pn cCHUXeHUN Harpys3kn Ha
25% Ha rase BbIbpoc NOX cHUKaeTcs Ha
50%, Ha masyTe u yrrne Ha 20-30%



/. PaunoHanbHasa opraHmsayma pakenbHOro
npouecca ropeHnsa ang yrna — apekxT
OBYXCTYNeH4yaToro ropeHnsa B goakerne,
rasbl peumpKkynsaumnm BBOOATCA B PACCEYKY
MeXay ABYyMA NoTokamMu Bo3gyxa. [ns
Ma3yTa adpdekT B 2-3 pasa, Ana yrnga — 2
p.

8. XMn4yeckne Metoabl — Nnpucaaku,

KOTOpble MPUBOAAT K Pa3noXeHuto.
[TpOMBILLNEHHbIE YCTAHOBKM A1 O4UCTKM
ObiMoBbIX ra3oB oT NOx noka Hurae B
MUPE He MPUMEHSAIOTCS



Apcopbumna SO2

[ToyT  HeBO3MO)XHa, MO3TOMY  TBepable
XeMOCOPOEHTbI BBOAATCHA B MblNeBUOHON dOOpMe
B TOnNKy wunm rasoxogbl TOL (M3BECTHSK,
gonomut) NOSTOMY:

[lpowe Bcero wux yoanate Ha HIMI3 w
MCMoSib30BaTb MasfioCEPHUCTbIE Ma3yThl

[[aszndumkauyms CEPHUCTOro MasyTa —
npegoTBpalleHne 3arpsa3HeHns

Mokpas ouncTka (M3BECTKOBOE MOJSIOKO)

Cyxon W3BECTKOBbIM C€nocob — nponycTuTb
yepe3 Ca CO3 (30% adpdPeKTUBHOCTb OYNCTKN)
MoXHO ONONMOMUT, cnaHubl (50-60%

9P PEKTUBHOCTL OHYUCTKN)



Ancopbuna napos NeTyvmnx
DACTBOPUTENEN

X pekynepaunsa UMeeT KaK 9Kosl. Tak U 9KOHOMUYeCcKoe
3Ha4yeHune, T.K. notepu ¢ Boibpocamu cocTt. 600-800 ThIC.
T /roa

AKTUBHbIE YrnK, T.K. rnapodO0OHbl

[ NaBHOE — HEMPEepPbIBHOCTb, MO3TOMY MUH. 2
peKkynepaunoHHble KONMOHHbI (00bI4YHO 3-6)

B MnupoBoun npaktuke 2 HanpaBneHus
COBepLUEHCTBOBAHUA:

- annapaTypHoe oopMreHne pekynepaLnoHHbIX
YyCTaHOBOK

- yrnepoHble NorfoTUTENN NapoB NETYy4nX
pacTBoOpUTENEN



2.2. KOHOeHcauud

XopoLo noaxoauT Ans NeTy4Ynx pacTBOpUTENen

Cmechb napoB pacTBOpUTENEN C BO3OYXOM
npeaBapuTENbHO OXNaXXaakT B
TennoobMeHHNKe, a 3aTeM KOHOEHCUPYIOT

[lpocTOTa annapatypHOro odoopMreHusa

Ho — cogepraHune napoB pacTBopuUTENEn B 3TUX
CMecsIX NpeBbILIAaoT NOPOr UX B3pbIBAEMOCTU

+BbICOKME pacxodbl XON10OUIbHOro arperaTa u
SNEeKTPO3Heprum

+HU3KNN % KOoHOEeHcauunn napos (BbixoAa)
pactBoputenen (0obi4HO 70-90%)

MeToa MOXeT ObITb peHTabernbHbIM Mpu
KOHUEeHTpaunu pacteoputenen 6onee 100 r/ky6.
M



2.3. KOMMPUMUpoBaHUE

 Toxe, YTO KOoHOeHcauus, HO
NPUMEHUTENBLHO K Napam pacTBOpPUTENEMN,
HaxoasLWMXCH Noa NOBbILLEHHbIM
naBreHneM.

» bonee cnoXxeH B annapaTtypHOM
opopmMneHnu, T.K. Heobxoanm
KOMMPUMUPYIOLWKWA arperar

* + BCE Te e HedoCTaTKn, KoTopble
CBOWCTBEHHbLI MeToAQy KOHOAeHcauunu



3. XuMun4yeckme metoabl

« 3.1. AbCOPBUWNA — B Lunpokom cmbicne
nornoLweHne oaHoro BelwecTsa BCEM
oO0beMOM Apyroro BellecTsa.

A — XXMOKOCTbI ra3a Ha3blBaeTcs
9KCTpaKunen



B kayectBe abcopbeHTa M.0. Boaa

1. SO2+H20 = H+ + HSO4-

2. Abcopbuusa cepoBogopoga pocdaTHbIM
meToaom pactBopom 40-50% dbocdaTa
kanna K3PO4+H2S=KHS+K2HPO4

3. OT NOX:

- Booow

- [lepekucbto Bogopoaa

- PacTtBopamu Leno4vyen n coneu



B kayectBe abcopbeHTa M.0. Boaa

4. OT pTopcoaepxKallumx npumecen BoOOU
|I20+2F=H30+ + HF2-

5. OT xnopa pactBopamMmu LLENMOYEN, B
pe3ynsrate 0bpasyroTcsa Conu.



3. Xummyeckume

3.2. KaTanutnyeckme Mmetoabl OCHOBaHbI HA
XUMNYECKMX NpeBPALLEHUAX TOKCUYHbIX
KOMMOHEHTOB B HETOKCUYHbIE HA
NOBEPXHOCTUN KaTanm3aTopos.

OuuncTke nogBepratoTcs rasbl, He
cogepaLime nbinm n KaTannTUn4ecKnx
a008B.

Unctat ot NOx, SO2, yrnepoaa, opr.
npumMmeceun



4. Tepmnyeckme metoasbl

* OT nerko okncnaemblX, TOKCUYHbIX U OYPHO
NaxHyLMX NpuMeceu

* OCHOBaH Ha CXXuUraHmem roproymx NnpuMecemn
B TOMKax neyen nnu akenbHbIX ropenkax

« CocTaB OTXOAALMX ra3oB CMNOXEH U HY>XHbI
MHOIOCTYMEeH4YaTble CUCTEMbI OYUCTKM

[lpenmyllecTBa HepocTtaTku

- MPOCTOTa annapaTypHoOro - A4Or. pacxon Tonnuea
ohopmneHus - Heobx gon agcopounn

- YHUBepCasribHOCTb

NCIMOJ1Ib30OBaAHUA



