DHIreabCCKUM TEXHOJIOTHUECKUI MHCTUTYT (dunuan) denepanbHOro rocy1apcTBEHHOTO
OI0/PKETHOrO0 00pa30BATEILHOIO YUPEKACHUS
BBICIIIET0 00Opa3oBaHUs
«CapaToBCKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEPCUTET
uMenH ['arapuna 10.A.»

Kadenpa «EctecTBeHHBIC 1 MATEMATHYECKUE HAYKH

OIIPEJAEJIEHUE KOJIMYECTBA
BPEJHBIX BBIBPOCOB B ATMOC®EPY

MeToanveckue ykazaHus K MPAKTUYECKUM 3aHSATHSIM
Y BBITIOJTHEHUIO KOHTPOJIHBHON PabOTHI
IUISL CTYJICHTOB HaIPaBJICHHUMN

09.03.01 «MudopmaTrka U BHIYUCIUTEIbHAS TEXHUKA

09.03.04 «IIporpammHasi UHKEHEPHUS»

15.03.02 «TexHonOrHYECKUE MAIIMHBI 1 000PYAOBAHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTMYECKOCO0eCTIeYeHUE MAIITMHOCTPOUTEIBHBIX
IIPOM3BOJICTB

18.03.01 «XuMuueckass TEXHOJIOTUSD)

20.03.01 «TexnochepHas 6e30MacHOCTH

23.03.01 «HedrerazoBoe memox»

29.03.05 «KoHcTpyrpoBaHue U3AEIHM JIETKON TPOMBIIIIEHHOCTH

OYHOM U 3a04HOM (popM 00yueHuUs
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Ileny padomer: 03HAKOMUTBCA CO  CIOCOOAMHM  KOJMYECTBEHHOIO
onpenereHus BHIOPOCOB MPOMBIIUICHHBIX MNPEANPHUATHNH B arMocdepy U €O
croco0aMy OYMCTKU OTXOJSIIUX T'a30B OT MbUIEH U BPEHBIX BEILIECTB.

OCHOBHBIE ITOHATHUA
1.Bpeanbie BHIOPOCHI NPOMBINLICHHBIX NPEANPUATHI

Bce wuctounukm 3arpssHeHuss aTMOCHEpHOTO BO3yXa MOKHO YCJIOBHO
pa3nenuTh Ha JIBE OCHOBHBIE TPYTIIIBI:

- Op2aHU308aHHble UCMOYHUKY OCHOBHOTO BBIOpOCAa MPOU3BOJCTBEHHBIX
ra3oB W BEHTWISAIMOHHOTO BO3/yXa, MOCTYMAKOIMX B aTtMocdepy dYepe3
JTLIMOBBIC TPYOBI, MAXThl BEHTUJISAIIMOHHBIX CUCTEM U JIP.;

- HeopeaHu308aHHble UCMOYHUKU BBIOpOCA Ta30B, TBEPABIX U KUIAKUX
yactull (a’po30Jieil), MOCTymaromux B arMocdepy uepe3 HEIJIOTHOCTH B
anmaparype 1 KOMMYHHMKAIIUSX, OT BHYTPHU3aBOJCKHX TPAHCIIOPTHBIX CPENICTB,
OT CKJIAaJIOB CHIPbs, MOIy(}HaOpUKaToB, 30J00TBAJOB, OTBAJOB IIIaKa, W3
BO3IYIITHUKOB EMKOCTHOTO 000PY/IOBaHUS U T.J.

KonuyecTtBo BBIOPOCOB OT HEOPraHM30BAHHBIX HMCTOYHUKOB Hambojee
TPYJHO y4€CTh MPU MPOSKTUPOBAHUU XUMUYECKUX Tipennpusatuid. [To ycroBusm
BBIOpOCa OOJBITMHCTBO MCTOYHHUKOB M3 ITOW TPYIIIBI OTHOCATCS K HHU3KHM,
HAa3eMHBIM  HMCTOYHHKaM, I[IO3TOMY  paclpoCTpaHeHHWEe B  aTMocdepe
MOCTYIMAIINX TaKAUM IIyTEeM BpPEIHBIX BEIIECTB HOCHT OTPAaHWYCHHBIN
(JIoKaNbHBIN) Xapakrep.

Ha npenmpusituax, riae MUPOKO TMPUMEHSIOT OTKPBITHIE YCTaHOBKHU
(oOopyioBaHME, CMOHTHUPOBAHHOE TMOJT OTKPBITBIM HEOOM), HMCTOUYHHKAMHU
3arpsI3HEHHS SIBIIIOTCS BPEIHBIC BEIIECTBA, IMOCTYIAIOIINE B OKPY)KAIOIIYIO
cpemy depe3 (raHIeBbIe COEAMHEHUS W HEIUIOTHOCTH OOOpyAOBaHMUS,
HaXO/ISAIIEroCs MO/ TaBIICHUEM WM HEOOJBIITUM Pa3peKCHUEM.

KonuyecTBO BpemHBIX BEIIECTB, BBIICISIONIUXCS U3  000pPY008aAHUs,
padomarouiezo noo 0aesieHueM, pacCUNTHIBAIOT 110 (hopMmyiie:

6= (©.-G) zl[ﬂ_ﬂ} (1)
T t{ RT, RT,
raie G — KOJMYecTBO Tas3a, BhITEKAIolero u3 obopyaoBanus, kr/u; Gy, u G, —
HAaYaJIbHOE W KOHEYHOE COJIEp’KaHWEe ra3a B 00OpYyIOBaHWMH, KT; T — BpeMsl, B
TE€YEHUE KOTOPOTO U3MEPSIETCs IaBJIeHHE OT HadanbHOro Py, 1o koneuHoro Py; V
— 00BeM ra3oBOM WM TAapoBO3AYIIHON (a3el B obopynoBanuu; T, u T, —
HavyaJbHAs U KOHEYHas Temrepatypa, K; R — razoBas nmocrosiHHas aiis pabodeit
cpensl, x/(kr-K), R=8314/M,,;,., ecu T,=T, =T, To dbopmyina (1) npumer Buz:

G=APV/1RT. 2

s onpenenenusi 3HaueHus G TPOBOJSAT UCMBITAaHUS OOOPYAOBAHUS U
TpyOOIIPOBOJIOB HAa TE€PMETUYHOCTh. [IpH HCHBITAaHUSIX Ha TEPMETUYHOCTH
0o00opy0BaHUs U TPyOONpPOBOAOB, padOTAIOUIUMX MO JABJICHUEM, U3MEPSIOT
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pabGouee naBjieHNE WM JaBJICHUE Hayaja UCTIbITaHus Py, v majgeHue naBneHus 3a
ONpEACIECHHBIH TPOMEXYTOK BpeMeHHM T. JIs 3TOro K UCHBITYEMOMY
000pyI0BaHHUIO MTOICOEAUHSIOT IPUOOP, N300paXKeHHBIN Ha puc. 1.

PabGouee naBneHue U3MEPSIOT MAHOMETPOM 2, a TMAJCHHUE AABJICHUSA —
KUJIKOCTHBIM AuddepeHnnanbHbiM  MaHoMeTpoM 4. Ilopsnok mpoBeneHus
u3MepeHuit cnenyromuid. [logaroT uccieayemslil ra3z u3 6amwiona 5 10 paboyero
(HayanbHOTO) AaBieHUs Py, U TpexxoJoBOM KpaH 3 CTaBsAT B IOJIOKEHHUE,
yKka3zaHHoe Ha puc. 1, 6. [Ipu yTeuke uccienyeMoro rasa 4yepe3 HEIUIOTHOCTH
naBjieHue B 000pyaoBaHuM yMmeHbluaeTcs. [lagenue naBnenust Ha BennuuHy AP
3a BpeMsl T PETUCTPUPYIOT M0 AU(PMaHOMETDY.

a ®a2 5 7
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Puc. 1. [IpuGop 11t u3MepeHus naieHus JaBJIeHUs PU UCIIBITAHUH 000pyJOBaHUs
Ha FepMETHYHOCTH: a — MPUOOP AJIS UCTIBITaHUH; O — TOJ0KEHHUE TPEXXO0BOTO
YPaBHUTEIHHOTO KpaHa M KUIKOCTH B TU(MaHOMETPE BO BpeMsI UCIIbITAaHUS,

1 — ucneiTyeMoe o6opyaoBaHue; 2 — MAHOMETP; 3 — TPEXXOJ0BOM YpaBHUTEILHBIN KpaH;
4 — nuddepeHnaNbHBIE MAHOMETP; 5 — KOHTPOJIbHAS EMKOCTh
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/
R i
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[lo pe3ynapraTaM HCOBITAHWS  PACCUMTHIBAIOT  KOJIMYECTBO  Trasa,
BBITEKAIOMIETO M3 O0OpYIOBaHHS, W JENAIOT 3aKIOYCHHE O TEePMETUYHOCTH
nocieanero. ['epMeTHYHOCTh XMMHYECKOTO 000pYJOBaHUSI KOHTPOJIHPYIOT IO
KOJIMYECTBY BBHITEKAIOIIEro M3 00opymoBaHusi raza G; ypoBeHb IOMYCTHMBIX
BBIOPOCOB M3 paboTaromero o0OpyIOBaHUS JIMMUTHUPYETCS HOPMATHBOM,
IPEBBIIICHUE BETMYMHBI KOTOPOTO HEIOITYCTUMO.

YucieHHbIE OIEHKM KayecTBa OOOPYAOBaHUS, MOHTaXa, YIUIOTHEHUI
IPOBOAAT C HCHOJB30BAaHMEM IIOKa3aTelsi, Ha3bIBAEMOTO KOI(hduyuenmom
He2epMemuyHOCMU.

KoaddummenT HerepmMeTHYHOCTH M €CTh BEIHMYMHA OTHOCHUTEIHHOTO
NaJICHHs JaBJICHUS TIPH UCTIBITAHUN 000PYIOBaHHS B €IMHHILY BPEMEHHU:

m :1(1_ P, j (3)

T P.T,
[Ipeobpazys hopmynsl (1) u (3), moaydum:
RT
=G—=. 4
m PV 4)

H



®opmyna (4) TO3BOJSAET paccUUTaTh MO  JAHHBIM  HUCIIBITAHUS
000pyI0BaHUS HAa TEPMETUYHOCTh 3HaUeHue Kod(PUIIeHTa HETePMETUYHOCTH.

B kauecTBe uccieayemMoro ra3a npu UCIbITAHUA HAa TEPMETUYHOCTh MOKHO
WCITIOJIB30BaTh pad0yUMii ra3 WM BO3AYyX. ECIM UCTIBITAHHS MPOBOAST BO3AYXOM
npu T=293 K, To pacuer Benyt o ¢opmyie:

T
m=83.10°G_+ | -» (5)
nP . VM,

rae 8,3-10° — kosddurment, yuuTsiBaromuii Bpemst ucrbitanns (1 g, T=293 K)
¥ Ta30BYIO NOCTOsHHYI Bo3ayxa R,=286,5 JIx/(xkr-K); n — xosddunment
3amaca, YYMTHIBAIOIIUN  YXYALIEHUWE COCTOSHUSA TE€PMETH3ALUM  MEXAY
KalHUTaJIbHBIMUA PEMOHTaMU 000py0BaHus (BbIOMparoT B uHTepBane 1,5-2,0); T,
— pabouas temmneparypa, K; M, — MonekyispHas Macca pabo4ero rasa.

Tabmuma 1
KoaddunmeHT HerepMeTHYHOCTH M 1151 000PYI0BaHMS U Ta30ITPOBOJIOB
Ob6opynoBanue Cpena [ponomwxutens- | Koadpou-
B 000pYZIOBaHUH HOCTh MCIIBITAHUH | IIMEHT
NP HAYaIbHOM | HeTepMe-
pabodem naBICHUH, THIHOCTH,
q m, u
Cocyibl, MOPIIHEBBIE KOMITPECCOPHI Toxcuunas
U JIPYTO€ TEXHOJIOTHIECKOEe U T0XKapo-
obopymoBaHue, padoTaromiee B3pBIBOOIIACHAS
MOJT JaBJICHUEM:
- BHOBb YCTaHOBJICHHOE 24 1,0-10'2
- MIOJIBEPTarOIIEeCs] TOBTOPHOMY 4 0,5-10'2
UCTIIBITAHUIO
TpyOompoBOABI ISt TOPIOYHX,
TOKCHUYHBIX U CXKM)KCHHBIX T'a30B:
- BHYTPHUIIEXOBBIC ToxcuuHas u roproyas 24 0,05-107
[Ipoune roproune raspl 24 0,1-10
- MEXKIIEXOBBIE TokcuyHas u roproyas 24 0,1-10'2
[Ipoune roproune rassl 24 0,2:10%
Kopnyca snexrpoduabTpoB Toxkcuunas 1* 0,03
JUTSE OYUCTKH B3PBIBOOITACHBIX WJIA B3PBIBOOTIACHAS
WJIH TOKCUYHBIX Ta30B

* Tlpu naBnenun 5-200 xIla.

Ecnu ra3oBoe mpocTpaHCTBO B 000pYAOBaHUU 3allOJIHEHO CMECBHIO T'a30B,
To B Qopmyny (5) MOACTaBISIOT CpeAHEe 3HAYEHHWE OTHOCUTEIbHOMN
MOJIEKYJIIPHON MaCCHhI:

Mp=Mii1+Maiz+... +Myi, (6)
rae Mi, My, ..., M;, — OTHOCUTEJIbHBIE MOJIEKYJISIPHBIE MAacChl Ta30B U MapOB,
BXOJAIIUX B CMECH; l1, lp, ..., Iy — JOJI IO MAacce KaXIO0ro rasa wiu Iapa B

CMECH.
KonmuecTBo Kaxaoro ra3a WM IMapa, BBHITEKAIONIETO W3 00OPYIOBaHWS,
paBHO, KI/4:
Gn=inG, (7)
rae G, — o011ee KOJIMYEeCTBO BRITEKAIOIIETO raza, HailieHHoe 1o gopmyire (5).
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B Tabn. 1 mpuBenmensl 3HaueHUss M 111 00OPYIOBaHUS M Ta30MPOBOIOB
PAa3JIMYHbBIX TUIIOB.

Ilpumep 1. Paccuntarh KOJIMYECTBO AMOKCUIA CEPBI, BBIICIAIOUIETOCS 3a
1 u u3 TpybompoBoaa, umeromiero BHyTpeHHui nuamerp 100 MM u 001IyIO
npoTsbkeHHOCTh 100 m. IIpu ucnbITaHUSIX HAa TE€PMETUYHOCTH B TeueHHe 24 4
YCTAHOBJICHO, YTO IABJICHUE TMOKCH/IA CEPBI B 5TOM TpyOOTIPOBOJIE CHUZMIIOCH C
1-10° Ia g0 9,909-10° Ia, T,=T,=293 K.

Pewenue. Haxonum 3HaYeHHWE ra3o0BOM IMOCTOSSHHOM JUISI JTUOKCHUIA CEPBI
(Mso,=64).

8314 8314

Ry =——=—— =130 (JIx/(xr-K)).
"M 64 ([x/(xr-K))
Paccuntaem 06beM TpyOoTIpOBOA:
2 2
V= ”'Z | = 3’1440’1 1100=0,7 (M).

[To dopmyne (2) HaXOOUM KOJMYECTBO JUOKCHA CEPBI, BBIICISIOMIETOCS

U3 TpyoOmpoBoO/IA:
3
_ L0707 5 45 (xr/a).
24-293-130

Ilpumep 2. Tlo pawupiM mpumepa 1 paccuutath Kod(hduIMEeHT
HErepMETUYHOCTH U CPABHUThH C HOPMATUBHBIM 3HaueHHeM (Tadi. 1).

Pewenue. Tlo popmyne (4) Haxoaum:

m=7.10° 139298 _ 30110 (u?).
B Tabn. 1 1s  paccumthiBaeMeix  yciaoBumit m=  0,05-10° u™,
CnenoBaTenbHO,  PacCUMTHIBAEMBIH  TPyOONpPOBOJI  HUMeeT  Tpedyemylo

Ir¢pMCTUYIHOCTD.

Ilpumep 3. Tlo pe3ynbraramM UCHBITAHUN PacCUUTAThH Koc-)(b(bnunem
HErepMETHYHOCTH eMKOCTH Ta3000pa3HOro xjopa ooseMoM 20 M°, mMeroieit
pabouyro Temmneparypy T,=300 K. Hcneitanune emxocTtu Ha repMeTHqHOCTL
NPOBO/IA € I/ICHOJIBSOBaHI/IeM BO3yxa u ycraHoBwin G=2 Kr/u;
P,=1,5-10° ITa.

Pewenue. Bpionpaem n=2,0, monekyisipHas Macca xjaopa M,=71. Ilo
dbopmyne (5) Haxoaum K03GOUITUEHT HErePMETUUHOCTH:

1 300

2-15-20V 71

B cooTrBercTBHM € Taba. 1 paccMaTpuBaeMas €eMKOCTh HE UMEET TpeOyeMoi
Ire€pMETUYHOCTH.

m=83.10°-2 —=55.10"° gt

Oobopyoosanue, padomarwouiee nNpu paspesceHuu 00 10° Ia, raxxe
SIBJISICTCS UCTOYHUKOM 3arps3HEHUs BO3AYIIHOW cpenwl. [Ipu Gosiee BHICOKOM
pa3pekeHuu O00OpyIOBaHHE pacCMAaTPUBAETCS KaK BaKyyMHOE M K €ro
IrepPMETUYHOCTH MPEIBSABISIOTCS MOBBILIEHHBIE TPEOOBAHUS, KOHTPOIUPYEMBIE



COOTBETCTBYIOIIMMU HOpMaTuBaMu. B cBsi3u ¢ 3TuM Takoe 0OOpynOBaHHE
MO>KHO HE paccMaTpUBaTh KaK HCTOYHUK 3arpsi3HEHUS] BO3YIIHON CPEJIbl.
HecMoTps Ha paspekeHue, B pe3yibTaTe MOJIEKYJIsipHON nuddys3un yepes

HEIUIOTHOCTU HABCTpEUYY TMOTOKY BO3JyXa MPOUCXOAUT BBIHOC BpPEIHBIX
BEIIECTB B OKPYXKAIOLIYI0 Cpeay, OCOOEHHO KOrja BHYTPU OOOpYyIOBaHUS
IPUCYTCTBYIOT BPEAHbBIC BEIIECTBA MPH BBHICOKUX KOHIEHTpauusax. Kommuectso
TaKUX BEIIECTB, [MPOHUKAIOIIUX YEpPe3 HEIUIOTHOCTH  000pyAOBaHUA,
paboTaroNIIero noj| pa3peskeHUeM, MOXKHO pacCUUTaTh Mo hopmyIe:

_ C,fD?

2m AP’
rame Co — KOHIIGHTpAIMs BPEIHOTO BEIecTBA B 00OpymoBaHHH, r/M°; D —
koahurenT quddy3un B BO3IyX BPEAHOrO BEIIECTBA B MPOU3BOJICTBEHHBIX
ycnoBusx, wr/c; f — cymmapHas miomans CKBO3HBIX IOp B Koprycax
000py0BaHUS, M2 m; — KOod(PPUIMEHT HErepMeTUYHOCTH, Y paBHBII/I
OTHOIIEHHUIO pacxojia Ta3a, OTCACHIBAEMOI0 U3 00O0pYyIOBaHMUS L M/d, K
CO3/1aBa€MOMY B O6OPYHOBaHHH pa3pekeHuto,

(8)

L
m, =—;
AP
AP — BennunHa paspexeHus B 000pynoBanuy, Ila.
(,}M‘?‘J 6,2/9’
a
10
|
|
|
I
o5 ! I
' |
| |
| |
L 1 o L ] i
o 100 200 AP,la -APfla 100 50 0

Puc. 2. I[IpumepHBIil TacnopT BaHHBI AIEKTPOJIN3A XJIOPA HA PTYTHOM KaToJe:
a — 3aBUCHMOCTb Pa3peKXEHUs B BAHHE DJICKTPOJIM3a XJIOpa OT KOJIUYECTBA YAAISIEMOTO
U3 Hee BO3yXa; 0 — 3aBUCUMOCTh KOJIMUECTBA BBIJIEJIAIONIET0OCS U3 BaHHBI XJI0pa
OT pa3peKeHus B HEM

3aBucuMocTh L 1 G 0T pa3pexeHusi B XUMUUECKOM anmnaparype npuBeeHa
B nacroprte obopyaoBanus. [Ipumep Takux 3aBUCUMOCTEMN, B3AThINA U3 MAacIopTa
BaHHBI JUIS IOJYYEHHUs XJIOpA HAa PTYTHOM KaToze, IIPEACTaBlICH Ha puc. 2. B
IPOU3BOJACTBEHHBIX  YCJIOBHUAX  ONPEACNAOT  TOJBKO  KOA(p(ULMEHT
HerepMeTHyHOCTH M;. CoBNageHue €ro 3HAa4YeHUs C MACIOPTHBIM JAaeT
OCHOBAaHME 3aKJIIOYUTh, YTO KOJUYECTBO BPEAHBIX BEILECTB, IPOHUKAIOIINX U3
ATOT0 00OPYAOBaHMS, OYyIET COOTBETCTBOBATH MACIIOPTHOMY.

Ecnu B MpOM3BOJACTBEHHBIX YCIOBUSAX BEJIIMYMHA M; OKa3bIBAETCS OOJIbIIE
NAaCIOPTHOM, TO MPUHUMAIOT MEPBI K YCWICHHIO F€pMETU3aluu 000py10BaHUS.
Eciu m; MeHbIlle MACIOPTHOW, TO MOKHO CYIIECTBEHHO CHHM3UThH BBIJCICHHE
BPE/IHBIX BELECTB U3 000PY10BaHUS.
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Ilpumep 4. Tlo pmaHHBIM TacmopTa paccuyuTath  Kod(hduuueHt
HErepMETUYHOCTH BaHHBI JIJIS 3JIEKTPOJIN3a IIPU MTOJIyYE€HUH XJIOpa.

Pewenue. 11o puc. 2, a HaxoJIuM U1 BbIOpaHHOTO paspexxenus AP=200 IIa,
nonyctumblii pacxoa L=0,9 m“/u. CormacHo ompezaeneHuto koddduimenrta
HErepMETUYHOCTH:

m == =99 00045 (u?).
AP 200

Ilpumep 5. B pe3ynpTare UCNBITAHUN BAaHHBI JICKTPOJIN3A IS MOJIYYCHUS
XJIOpa B IPOU3BOJCTBEHHOM ITOMEIIEHUU YCTAaHOBJIEHO, YTO MPHU CO3/1aBAEMOM
paspexenuu 75 Ila u3 Hee Beiaensaercd 3 T xyopa B 1 4. JlaTe 3aKiiroueHue o ee
TE€pMETUYHOCTH.

Pewenue. Tlo puc. 2, 0 HaxoAWM JOMYCTUMOE KOJHUYECTBO XJOpa,
BbIeNsieMoro mpu  paspexenun 75 Ila, onHo cocraBaser 3,05 1/u.
CrnenoBaTenbHO, TEPMETUYHOCTD BaHHBI COOTBETCTBYET IACIIOPTHOM.

Cy1iecTBEHHBIM HMCTOYHHUKOM 3arpsi3HEHHs BO3AyXa HAa XUMUYECKHUX U
HEPTEXUMUYECKUX TMPEANPUATUAX, B TOM UHCJIE C PACIOJIOKCHHBIM Ha
OTKPBITHIX IIJIOLIaIKaX 00OpPYIOBAaHUEM, SABISIOTCS HENJIOMHOCMU (IAHUEBbIX
coeounenuu. l'epMernsanys HX CO3LACTCA NPOKIANAKAMH U3 Pa3JIUYHBIX
YIUIOTHUTEIBHBIX MaTepuaioB (MapoHUTa, pe3uHbI, acOecrta, (roporacta u
ap.). OnHaKo, MPUMEHEHHUE MPOKIAJOK HE TapaHTUPYET MOJHOW IepMeTU3alun
YIUIOTHEHUH.

Ha puc. 3 noka3aHna 3aBUCHUMOCTb MCTEUEHHUS NApOB AllETOHUTpUIIA YEpe3
IPOKJIAJIKK U3 MapoHUTa OoT BpeMeHH. lIpouecc ncredeHnss BO BpeMEHU MOYKHO
pa3ienuTh Ha TPU NEPUOJA: NEPBBIM — BO3pacTaHUE YTE€YEK OO MaKCUMyMa
(mpumepno 30-59 cyt), BTOpoil — yMmeHnblieHue yteuek (100-150 cyrt) mo
cTabwin3anuu, TPEeTUW — CTAIMOHApHBIM mporecc. VcTedeHne mpoucxoauT
NBYMSl MYTAMH: 4Y€pe3 MHUKPOHEPOBHOCTH Ha TpaHUIE MNPOKIAJKa-MeTaul U
yepes 00beM MPOKIIAIKU B pe3ysbTaTe AudPpy3umu.

Qe
15707 -
10107
3
s,
! ) I
0 50 00 150 z,0ym

Puc. 3. 3aBUCMMOCTb yT€UEK alleTOHUTPHUIIA OT IPOJIOHKUTEILHOCTH €r0 BO3ICHCTBUS
JUTSL IPOKJIAJIOK U3 HsapOHI/ITa npu 5pastqHOM ,Z[SaBJIeHI/II/I Cpebl:
1-1-10°IIa; 2 - 3-10°I1a; 3 - 6-10° I1a

JInsi yMEHBbILIEHUSI BBIJICICHUS Ta30B MPOKIAIKH CIEAYeT 3aMEHATh
YaCcTUYHO, @ HE Ha BCEM allllapare UM APYroM o0OpyI0BaHUH OJHOBPEMEHHO.
Uepez 300-400 cyT skcmutyataliid MOJ, BO3JCHCTBUEM arpeCCUBHBIX CBOWCTB

;



cpedbl MPOKJIAgKa TepsAeT YIPYrocTh, a YTEUKU BO3PACTAIOT MPUMEPHO B
1,5 pa3a.

KonuyectBo BpegHoro BemectBa G, MoOCTymaromiero 4depes3 MpOKIAKY,
pPacCUYHMTHIBAIOT O (popmyIie, Kr/c:

G~ aAPé" 9)
gyt)v

rie AP — mageHue naBieHus raza BO (IaHIEBOM coenuHeHuu, Ila; gy, —
yIeJIbHOE JaBJCHHE, OKA3bIBAEMOE Ha MPOKIAAKY (JIaHaMU NPU 3aTATUBAHUU
ux 60JITaMI/I [Ta; 6 — TonumMHA NPOKIAAKU, M; V — KHMHETHYECKas BS3KOCTb
cpensl, M/c; a — Ko3(pHUIUHEHT MPONOPIHOHATEHOCTH, PABHEIA OTHOIICHUIO
OPOHUIIAEMOCTH K  yACNbHOMY  JaBICHUIO M YCTaHaBJIMBACMbIN
AKCIEPUMEHTANIbHO (pa3MepHocTh H).

Takum 00pa3zoMm, KOJMYECTBO BpPEJHOTO BEIIECTBA, IOCTYNAIOLIETO B
atMoc(epy uepe3 MPOKIAJIKH, BO3PACTAET C YBEIMYECHHUEM JaBJICHUS BHYTPH
o0opynoBaHusl WM TPyOONpOBOJA, TOJIIMHBI MPOKIAJ0K U YMEHBIIAETCS C
POCTOM yCHUJIUS 3aTSDKKH (DIIaHILIEBOTO COCIMHEHHs, a TaKKe MPH BO3pacTaHUU
BSI3KOCTH KHUAKOCTH, HAXOAIIEIHCS B 000py10BaHUH WU TPYyOOIIPOBOIE.

Ipumep 6. Pacch/ITaTL YTEUKy alCTOHUTPHIIA YEPE3 NPOKIAIKY U3 MApOHHUTA
TommmHOi 3:10° M, 3aTAHYTYIO J10  YACJIBHOTO  HANPSIKEHUA 166:10° Tla.
Jlaienue B paGouem oobeme 1-10° [Ta, Temneparypa 30 °C (¢=0,5-10" H).

Pewenue. Tlo CHIPaBOYHHKY HAXOTHUM 3HAYCHUE KMHEMAaTU4YECKON BSI3KOCTHU
aneTonnTpua, pasroe 1,28-10° m/c. Tlo dopmyie (9) paccyuTBHIBAEM yTEUKY
alleTOHUTpPUJIA!

B 1-10°-3-107°.0,5-10™
166-10°-1,28-10°°
Ilpumep 7. CoxpaHsss yclnoBus mnpumepa 6, OLECHUTb HW3MEHEHUE
HKOJIOTUYECKON OOCTAaHOBKH B II€X€ MPU YMEHBIICHUH YJEIbHOTO HANPSHKEHHUS
3aTsHKKU TTPOKIIAJIOK BIIBOE.
Pewenue. Ucnionb3ys ypaBHeHue (9), mosmydum:
~1.10°-3-10°-0,5-10™"
83-10°-1,28-10°°
KoHueHTpanus aleToHuTpuiia B TOMEIICHUH 11€Xa YBEIUYUTCS TPUMEPHO
B 2 pa3a [0 CpPaBHEHHUIO C HOPMOM.

=7-10"?(kr/c).

=14-10"xkr/c =5-10 3 kr/u.

2. OuncTKa BHIOpPACHIBAEMOI0 NPEeANPUATUAMEA B aTMOC(hepy Bo3ayxa
OT BPeIHbIX ra30B U NbLIN
[Io KOJMMYECTBEHHOMY M Kauye€CTBEHHOMY COCTaBY BpPEIHBIX BBIOPOCOB
MPOMBIILICHHBIE TPOU3BOICTBA MOKHO PA3JAEIUTh HA YETHIPE TPYIIIIbI:

1) Tpou3BOACTBa, BBIOpachIBarOlIHe B aTMocdepy YCIOBHO YHCTHIS
TEXHOJIOTUYECKHE W BEHTWISIMOHHBIE BBIOPOCHI C COAECpPHKAHUEM
BPEJIHBIX BEILIECTB, HE MPEBBIMIAIOIIUM HPEACIbHO JOIMYCTHUMbIE
KOHIICHTpAIuu B pabodeil 30He MPOU3BOICTBEHHBIX IIOMEIIECHU;

2) TPOHM3BOJCTBA, BHIOPACHIBAIOIIME B aTMOC(Epy HEMPHUATHO MaXHYIIHE
rasbl;

3) TpOM3BOJCTBA CO 3HAYMTEIBHBIMH BBIOpOCAMH Ta3a, COJCPIKAIICro
HETOKCUYHBIEC UJIM UHEPTHBIE BEILIECTBA;



4) TpoW3BOJACTBA, BBIOpachHBAIONIME B arMocepy TOKCHYHBIE U
KaHLEPOT€HHbIE BEIIECTBA.

B xumunueckoi n HepTEXMMUUYECKON MPOMBILIUIEHHOCTH K MPOU3BOACTBAM
NEPBOM TPYIIBI OTHOCATCS IIEXU C TEXHOJIOTMUYECKUMHU NeYaMU, paboTalomuMu
Ha NPUPOAHOM Ta3e U MaJIOCEPHUCTOM Ma3yTe; KO BTOPOl — MPOM3BOJICTBO
a30THOM KUCJIOTHI C KaTaTUTHYECKON OYMCTKOM; K TPEThel — 11eXu ¢ ApOoOUIBHO-
NOMOJIBHBIM 000PYJOBaHMEM, CYIIMJIbHBIMH OapabaHamu, 00OTaTUTEIbHBIE
(abpuky; K 4YETBEPTON TIpymme OTHOCUTCA OOJIBIIMHCTBO XUMHUYECKUX M
HEe(PTEXUMUYECKUX  MPOU3BOJCTB. ITO, B  YacCTHOCTH, IPOU3BOJICTBO
NOJMUATHIICHA, (eHosa, TMOMMAMHUIHBIX U (eHoIHOpMaTbACTUIHBIX CMOI,
(TasieBOro aHruJApuaa, CEpPHOM U COJSHOM KHUCIOT, CTHpOJa, 3(UpOB,
AIIEKTPOJIMTUYECKONW IIENI0OYM W XJiopa, cyibdaTa M KapOuaa KalblLus,
HeTIHOTO KOKca, Kopja, kKapOamuaa, TepOUIUAOB, cl1a00i a30THON KUCIIOTHI
0e3 KaTaJUTUYECKON OYMCTKM, aMMHAaKa, METaHOJa, alueTwieHa U ap. Takum
o0pa3oM, OOJBIIMHCTBO XUMHUYECKMX IPOU3BOJICTB OTHOCUTCS K UYETBEPTOM
IpYyIIIE 110 COCTaBY BPEIHBIX BEIOPOCOB.

TexHuka OYMCTKM Ta30B BechbMa pa3HOOOpa3Ha KaK [0 XapakTepy
KOHCTPYKIUH anmapaToB yJIajeHHs MbUIM U BPEIHBIX ra3oB, UX MacliTady, Tak
U 10 METOJlaM yJaJeHMs MbUIM U BPEAHBIX ra3oB. OUKUCTKA ra3oB MOXKET ObITh
MEXaHUYECKOM (OYMCTKAa OT TBEPAbIX YAaCTHUIl U KamleleK >KUAKOCTH),
COpOLIMOHHOM M OCHOBAaHHOW HAa XMMHUYECKOM NPEBPAIEHUU BPEIHBIX I'a30B B
0e3BpeiHbIe (KaTATUTUYECKOE OKUCIICHUE, TEPMUYECKOE PA3JIOKEHUE U T.1.).

Bribop MeTona OYMCTKM Ta30B OINpEAeseTcs B MEpPBYIO oOdepeab HuX
XUMHYECKUMH U (DU3UKO-XMMHYECKMMH  CBOWCTBAMH,  XapakTEpOM
IPOM3BOJICTBA, CBOMCTBAMH YYaCTBYIOLIUX B IMIPOM3BOJICTBE BEILECTB, 00HEMOM
BbIOpPAChIBAEMOT'0 Ta3a U MbUIM, BO3MOXKHOCTBIO PEKYNEPALUU WIN YTUIN3ALUU
YIIOBJICHHBIX MTPOYKTOB U T.II.

2.1. MexaHu4eckasi OMMCTKA ra3oB

BriOpacbiBaemble NpEeANpUITHSIMU  XUMUYECKOM UM He)TeXUMUYECKON
MIPOMBIIIJIEHHOCTH Ta30BbIE CMECHU [0 arperaTHOMY COCTaBy TOKCHUYHBIX
pUMecel MOXKHO KJIacCU(PUIIMPOBATh HAa TPyOOAMCIEPCHBIC, a3pPO30JIbHBIE U
MOJIeKYJIsipHBIe. [ pyboaucnepcHast ra3oBasi CMECh COAEPKUT TBEPJIbIC YACTHUIIBI
pasmepom 100 MkMm m OGojee. A’p0o30M cojaepKaT 0oyiee MEJIKHE YaCTHIIBI,
B3BCIICHHBIE B BO3[yX€ WJIM APYrOM Ta3e, HAPUMEP AbIMbI UMEIOT YaCTHIIbI
pazmepom 0,1-5 MKM, TymMaHbl COCTOAT W3 KalleJIeK JXHIKOCTH Pa3MepoM
10 MmxM. YacTuisl a’po3osisi, UMes Malyl0 Maccy U OOJIBIIYI0 TOBEPXHOCTH,
COpOUpYIOT  3apsDKEHHBIE  YaCTHMIBI M BCIEJACTBHE  ATOTO  CIIOCOOHBI
nepeMeniaTbCsi B DJIEKTPUYECKOM TIOJie, MOJO00OHO HOHAaM pacTtBopa. B
MOJIEKYJISIDHBIX Ta30BbIX CUCTEMaxX TOKCHUYHBIE MPHUMECH COJIEPKATCS B BHUJE
rasa uju rnapa.

B Xxumuueckod NPOMBINIUIEHHOCTH U1 OYUCTKM BO3AyXa OT MbUIM H
a’po30JIed  IIUMPOKO MPUMEHSIOT MbUICYJOBUTEIN  CICAYIOUIUX  THUIIOB:
nwlieocaoumenvhvie Kamepvl, OCKICHHUE THUIA B KOTOPHIX MPOUCXOIUT
MIPEUMYIIECTBEHHO IMOJ JCUCTBUEM CHJI TPABUTALMM; YUKIOHbL, B KOTOPBIX
TBEpJIbIE€ YaCTHUIIBl OCAXKIAIOTCA TMOJ JEHCTBHEM I[EHTPOOCKHBIX CHII,
BO3ZHUKAIOIIUX B PE3YJIbTaTe OBICTPOTO CIIMPATHLHO-TIOCTYATEIBHOTO JIBHKCHHUS

9



ra3oBoro MOTOKa BJOJb OrPAaHUYMBAIONICH MOBEPXHOCTH ammapara (puc. 4);
npomvieamenu, B KOTOPBIX TBEPAbIC YaCTULbl BBIICISIOTCS B PE3YJbTATE
VWHEPLMOHHOIO OCAKICHUS HA KaIUIAX M IUICHKAaX I[POMBIBAKOLICH KXUAKOCTH,
Gunempsl C TEPETrOPOAKAMHU, B KOTOPBIX HUCIHOJB3YIOTCS 3(PGEKThl KacaHUS
UHEPLIUU U CUTOBOW; 271ekmpodunbmpsvl, B KOTOPbIX HAa B3BEIIECHHBIC YACTHILIBI
JEUCTBYIOT B OCHOBHOM 3JIEKTPOCTATHYECKUE CUIIBI (pHC. 5)

B nuknoHax 3arpsi3HEHHBIA BO3AYyX MOCTYIMAET Yepe3 BXOIHOW maTpyook 1
(cM. puc. 4) M JIBWXKETCS BHU3 IO KOJIBLIEBOMY 3a30py MEXKIY KOPIyCOM
anmnapara 1 BXOJHBIM YCTpoicTBOM 2. [Ipy 3TOM ra3oBblid IOTOK 3aKPYYUBAETCS
B ycrpoiictBe 3. TBepaple yacTULbl, NOJYYHB YCKOPEHHUE, JBUTAIOTCS BIOJIb
CTEHKM KOpIyca ammapara BHU3 B OyHKep 4, a OYMILEHHBIH BO31yX uepe3
BBIXO/IHO€ YCTPOMCTBO TMOAHMMAETCA BBEpX. B 1muKiIOHaX 3(PPEeKTUBHO
YJIaBJIIMBAIOTCS TOJIBKO KPYITHBIC YACTULIBI.

L] - L
L] o L
": * o o
» & e
‘+
W-y 2
A
~ .
/ _____ ]
\‘_‘H y— :|...-‘i‘-
- - e
gy o | fe
] ¥
[ = \\S K 3
Puc. 4. [IluknoHHBIN anmapar: Puc. 5. DnexTpopuibTp MIacTUHYATHIN:
1 — BxoaHO#M maTpy0OoK; 2 — BEIXOA 1 — xamepa; 2 — u30aATOpP; 3 — BHIXOIHOU
OUMIICHHOI'O I'a3a; 3 — 3aKpy4yuBarouice ras; 4 — pama ¢ KOpOHUPYIOIIUM
YCTPOWCTBO; 4 — OyHKEp 1 cOOpa MbUIH 3JIEKTPOJIOM; 5 — OCAAUTENbHBIN NEKTPO;

6 — pacnipenenuTeNbHAs PEIIETKA;
7 — BXOIHOU ra3zoxon

JIisi TOHKOW OYHCTKH Ta30B OT MBUIM W TyMaHa TPUMEHSIOT MOKPYIO
OUYHCTKY — MPOMBIBKY I'a30B BOAOW WJIM JPYroM >KUJKOCThbIO. B3aumonericTBue
MEXIY XKUIKOCTHIO W 3aNbUICHHBIM Ta30M (TyMaHOM) MPOUCXOIUT JHOO Ha
MMOBEPXHOCTHU KUAKOW IIJICHKH, CTEKAIOIIEH MO BEPTUKAIBHOM WM HAKIOHHOU
MJIOCKOCTH (IUJIGHOYHBIE WJIM HacaJo4dHble CKpyOOephl, JEeMHUCTpHI), JHOO Ha
MOBEPXHOCTH Kamenb (ToJyible CKpyOOephl, ckpyobepsl Bentypu). Moxpyro
OYHCTKY Ta30B NPUMEHSIOT B TOM Cclly4ae, Korja JONYyCTHUMO YBJIAKHEHHE
OYHMIIAEMOTO Ta3a.
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B oanextpodunbTpax K 3J€KTpoAaM MPUKIAIABIBAETCS BBICOKOE, [0
HECKOJIBKUX JECATKOB ThICSY BOJIBT, HANPSKEHUE IMOCTOSHHOIO TOKa. Takas
Pa3HOCTh MOTEHUUAJIOB MEXKAY AJIEKTPOAAMU MPUBOJUT K MOHU3ALUU MOJIEKYJI
raza ¥ 00pa3OBaHUIO MOJIOXKUTEIBHO 3aPSKEHHBIX MOHOB U AJEKTPOHOB. MOHBI
JNBIKYTCS K OTPULIATEILHOMY KOPOHHUPYIOIIEMY JJIEKTPOJY, a CBOOOJHbIE
JIEKTPOHBI — K MOJIOKUTEIBHOMY OCaIUTENBHOMY AEKTpo1y. Conpukacasch co
BCTPEYHBIMH MBUIMHKAMH M KaleJbKaMHi, HaxXOJAUMMHUCA B Ta3e, OHH
COOOIAIOT TMOCJEAHUM CBOM 3apsii U VYBJICKAIOT HUX K OCAJAUTEILHOMY
EKTpoAy. B pesynbrare 3TOro 4YacTWlbl MBUIM M TyMaHa OCENAIOT Ha
anekTpoae. 1lo Mepe HakOIIEHUS OCEBIIYIO MbUIb YJAISIOT BCTPSIXUBAHHUEM
aneKkTpooB. [Ipu ocenanuu TymaHa BCTpsIXMBaHUE, KaK MPaBUIIO, HE TpeOyeTcs,

MOTOMY dYTO OOpa30BaBINASICS JKUIKOCTh CaMOCTOSITENIBHO CTEKaeT ¢
AIIEKTPOJIOB.
Konctpykuuu ANEKTPOYUIBLTPOB BECbMa Pa3HOOOpa3HBbI. B

OpEJICTaBICHHOM Ha  pUC.S  IJIACTUHYATOM  3JCKTPOPUIbTpE  MEXKIY
NapajuIeIbHBIMU TOBEPXHOCTSAMH OCAJUTENbHBIX 3JEKTPOJOB S5 IOJBELICHBI
KOPOHUPYIOLIUE 3JIEKTpoJbl 4, BBHINOJIHEHHbIE U3 MpoBOJOKH. CBepxy
KOPOHUPYIOLIUE JIEKTPOIbI MOABEIIECHB K pame. O4HIaeMblil Ta3 Mo ra3oxony
7 moJaeTcsl MOJl pacupeeIUTENbHYI0 PEIETKY 6, IOJHUMAETCS BBEPX MEXKIY
napajuIeIbHBIMU JIUCTAMU OCAIUTENbHBIX 3JIEKTPOJOB, OUUIIACTCA U YAAIAETCS
yepes BBIXOJAHOM ra3oxof 3.

OneKTpoPUILTPHI UCIIOJIB3YIOT ISt yJaJIeHUS u3 ra3oB
TPYAHOYJIABIMBAEMON NbLIM U TyMaHa. CTeneHb OYMCTKH jaocturaet 98%, a
nHormaa 99,9%.

Tabmuma 2
XapaKTEpUCTUKH NBUIEYJIOBUTEIIE OCHOBHBIX TUIIOB
[TpineynaBnuBaronme ycrpoiictea | I'mapas- OtHocu- MuHuManbHbIA pazmep
JINYECKOE TeNbHas 3¢ HeKTHBHO
COMPOTHB- | CTOMMOCTH | YJIABJIMBAEMBIX YACTHII,
nenune, Ila OYHCTKH MKM
[TeuteynoBuTenu (IIUKJIOHBI):
- HUHEPLMOHHBIE 100-300 1 40
- IGHTPOOESKHBIE 750-1250 2-3 30
[TpombiBaTenu 750-1500 2,5-4 2-5
5000-12500 7-15 0,1-1,0
TkaneBbie PHIIBTPHI 750-1500 3-7,5 0,1
OAEKTPOPHIBTPEI 100-400 5-15 0,25-1,0

XapakTepuCTUKH MbLICYJIOBUTEIEH OCHOBHBIX TUIIOB IPUBEACHBI B Ta0. 2.
O heKTUBHOCTh NBUICYIOBUTENS 3aBUCUT OT (U3MKO-XMMHUYECKHX CBOWCTB
ra3oBOM cpeibl U TBEPABIX YACTHUL, UX pacHpeleseHus MO pa3Mepam, OT TUIa
NBUICYJIOBUTENISA, MMAapaMETPOB €ro paboThl UM TEXHUYECKOTo cocTosHus. Ee
ONPEIEIAI0T IO OTHOLIEHUIO PA3HOCTU KOJIMYECTB TBEPABIX YACTHUI HA BXOJE B
NBUICYJIOBUTEIb U BBIXOJIE U3 HETO K UX KOJIMYECTBY HA BXOJie, %:

J= —Csx; Cor 100, (10)

8x
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B Ttabn. 3 mpuBeneHbl XapaKTEPUCTUKH TYMaHOYJIOBUTEIEH OCHOBHBIX
TUNOB. [Ins1 BbIAENEHUS M3 Ta30BbIX IOTOKOB YACTHI[ Karlelb >KUIKOCTH
IPEAYyCMOTPEHbl  YCTPOMCTBA, MPUHIMI JIEUCTBHS KOTOPBIX aHAJIOTHYEH
IIPUHLHNIY JAEUCTBHS NBUICYJIOBUTENEU. Pasnuuue 3aKiro4aeTcss TOJIBKO B TOM,
YTO BC€ TYMAHOYJOBUTEIM pabOTAlOT B PEXKHUME CaMOOYHUIICHUS, T.€.
HaKalIMBaeMasi JKUIKOCTb W3 3THUX YCTPOMCTB MOCTOSHHO yaaisercs. [lpu
OYHCTKE TYMaHOB, OOpasylommxcs mpu paboTe ¢ pacTBOpaMH COJICH, IS
NpEeIOTBpAleHUS] KPUCTAIUIM3AlMU COJIeW M 3apacTaHus (UIbTPOBAIBHBIX
NEPEropOoI0K MOCIEAHUE OPOIIAIOT BOJAON WM B (PUIBTP BBOJAT BOJISHOM map.

Tun meie- WM TyMaHOYJIOBUTENS BBHIOMPAIOT HA OCHOBAaHUM JAHHBIX O
XxapakTtepe uactuil (Kameynek) U uxX pasMmepe, TpeOyeMor 3(PhEeKTUBHOCTH
OUHCTKH, JOITyCTUMOTO THIPaBIMYECKOTO COTIPOTUBIICHUS,
MPOU3BOAUTEIILHOCTH YCTAHOBKHU U €€ SKOHOMUYHOCTH.

Tabnuua 3
XapaKTEpUCTUKU TYMaHOYJIOBUTEJIEW OCHOBHBIX THUIIOB
TymanoynoBuTenu CkopocTb I'unpas- | DPPeKTUBHOCTH OUUCTKH, Yo, TS
rasa B JIUYECKoe YaCTHII C Pa3MEPOM, MKM
AKTUBHOM COTPOTHUB- 1o 1 1-3 3-10
30HE, M/C nenwue, klla
OAeKTPOPHUIBTPHI 0,3-15 0,1-0,3 75-95 90-99 98-100
Ckpy606eps! Bentypu 50-150 5,0-20,0 90-97 95-100 98-100
BomnokHucThIe QUIBTPHI:
- HU3KOCKOPOCTHBIE 0,01-0,1 0,5-5,0 92-99 96-100 100
- BBICOKOCKOPOCTHBIE 1-10 1,5-8,0 50-85 85-97 95-100
JleMucTpsI 2,4-4,5 0,2-1,0 20-40 70-90 90-98

Ilpumep 8. BpiOpaTh THN NBUICYTOBUTENS AJII MEXaHHMYECKOHW OUYMCTKU
BO3JlyXa OT MbUIK 1I€Xa IPAHYJISIUU U JbIMA CUJIOBOM YCTAaHOBKH.

Pewenue. W3 paHHpIX Tabi. 2 craeayer, YTO KpPYHHbIE YacTHILIbI
3G (})EKTUBHO  yNIABIMBAIOTCA B  WHEPLHMOHHBIX  WJIM  LEHTPOOEKHBIX
npuieynoBUTeNAx. [loaToMy JUisi OYMCTKU BO3/lyXa OT MbUIM TPaHyJISLIUUA OYIyT
npUeMJIeMbl UHEPIIMOHHBIE MO0 LEHTpOoOeXHbIe mbuieynoButenan. Haobopor,
MEJIKHUE YacCTHUIbI biMa 3P HEKTUBHO 3aACP>KUBAIOTCS B ANEKTPOPUIbTPaX.

Ilpumep 9. OueHuTh KOHUEHTpAIMIO TyMaHa Ha BBIXOJE U3
ANIEKTPOPUIIbTPA, €CIM Ha OYHCTKY MOJAETCS TyMaH, MUHUMAJbHBINA pazMep
gacTuil B KOTOpoM 1 MkMm, KoHLieHTpauus C,,=10 r/m’,

Pewenue. CornacHo Tabn. 3, 3(pPEeKTUBHOCTh OUYMCTKH TAaKOTO TyMaHa
coctaBisieT 75-95%. 1o ¢popmyne (10) Haxomum:

Ko 1910 55
100 100

cr —10-210 o5 o,
100

B8bIX

C, = Cex -

B8bIX

CJ'IC,Z[OB&TCJ’IBHOé Ha BBIXOJC U3 3JI€KTpO(I)I/IJIBTpa KOHICHTpAalHsA TyMaHa

coctaBut 0,5-2,5 r/m".
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2.2. CopOIrioHHast OYUCTKA Ta30B

CopOryeli Ha3bIBAIOT TMOTJIONMICHUE TBEPALIM TeJIOM (aacopOrus) wWin
KUJKOCTBIO (abcopOIusi) BemiecTBa M3 OKpykaromied cpenbl. OOpaTHBII
IPOILIECC HA3bIBAIOT AeCOpOIeil; O0ee YacTo €ro OCyIIECTBIISIOT MOBBIILICHUEM
TEeMIIepaTyphbl WK CHIDKEHHEM JaBJieHUs copOupyemoro BemiectBa. [Iporecchb
copOIMM TPOBOJAT TEpHOAWYECKH (B ammaparax ¢ HEMNOJBI)KHBIM CJIOEM
copOeHTa) W HEeMPEPHIBHO — B amiapaTax ¢ ABKYIIUMCS WA KUTSIIAM CJIOEM
copOeHTa, a TakKe B arapaTax ¢ HENOJBMXKHBIM CJIOEM, €CIM COpOLIMOHHBIE
YCTaHOBKU MUMEIOT HECKOJIBKO MapajuIeIbHO BKIIFOUCHHBIX alapaToB.

JIBrokymie cuioil aacopOIMM  SIBISETCSA Pa3HOCTb HMCXOJHOTO H
PAaBHOBECHOT'O MaplMAJIbHBIX JABJICHUN B3aUMOJEHCTBYIONIUX KOMIIOHEHTOB,
KOTOpasi BeIpaxaetcs (popMysou:

_ (P’r _P;)_(P¥ _P;) (11)
A TN
rae P'., P". — mapuuaiibHble AaBJIEHMS MOTJIONIAEMOT0 KOMIIOHEHTa B Ta30BOM
(pase Ha BXojae B anmapaT M Ha BbIXojge M3 Hero; P',, P", — paBHOBecHbIe
napuyagbHble JaBIICHUS TOTJIONIAEMOr0 KOMIIOHEHTA HaJl JKUJIKOCThIO Ha ee
BXO/I€ B alllapaT ¥ Ha BbIXOJI€ U3 HETO.

N3 Beipaxenus (11) cnemyer, uto mo mepe COMMKEHUS MNapLUUATbHBIX
JABJICHUM TOTJIOIAEMOM TPUMECH B ra30BOH (aze U Ha MOBEPXHOCTU KUIKOCTH
JBIKYINAS CUJIa TIpoliecca abcopOIMu yMEHbIIaeTCsl.

Coueranue abcopbunu ¢ gecopOLuelt Mo3BoIsIET MHOTOKPAaTHO MPUMEHATD
MOTJIOTUTEIb U BBIJACIATH MOTVIONIEHHBIM KOMIIOHEHT B YUCTOM Buze. OmHako
OpU OYMCTKE Ta30B BO MHOTHX CIIy4asX HPOBOAUTH JAEcOpOLUi0 He
00s13aTeNbHO, TaK KaK MOTJIOIIEHHBIEC BEIIECTBA MOJIEkKAT 00€3BPEIKUBAHUIO.

Ha puc. 6 mokaszana cxema adbcopbepa. B abcopbep nmocTymaeT ouninaeMblii
ra3 ¢ mapiuaibHbIM JaBJICHHEM BBEPEHHOTO BemiecTBa P'., 6bapOoTupyet uepes
CJIOW KUAKOCTH (B BUJI€ My3bIPHKOB) M BBIXOJUT U3 amnmapara ¢ MUHUMaJIbHbIM
napiuaibHbIM JaBjieHueM BpeaHoro BemiectBa P'.. Ilormomatomast sKuaKoCTb
MPOTUBOTOKOM TIOCTYIA€T B ammapar 4yepe3 pa30ophi3ruBatelib | M BBIXOIAUT
yepe3 mnarpyook 4. Ilpomecc abGcopOuum  SBISETCS TE€TEPOrCHHBIM,
OPOTEKAIOIMM Ha TpaHUIle Ta3-)KUIKOCTb, MO3TOMY JJsi €ro YyCKOpPEHUs
MPUMEHSIOT Pa3IMYHbIC YCTPONCTBA, YBEIMYHUBAIOIIUE TUIOMIA b KOHTAKTA Ta3a
C )KHJIKOCTBIO.

Jlnst moBbiieHUsT 3G(GHEKTUBHOCTH OYUCTKA Ta30B BMECTO PACTBOPUTEIS
IPUMEHSIOT XUMUYECKHE MOTJIOTUTEIN BPEIHBIX T'a30B, KaK MPAaBUIIO, BOJHBIE
PacTBOPBI AIEKTPOJIUTOB (KUCTIOT, 1Ieia0ueH, cosiet). Tak, 1isi OUUCTKH ra30B OT
JUOKCHJIa CEpbl, CEpPOBOJOPOJAa M METUIMEPKANTaHa WX HEUTPaIU3yIOT
PacTBOPOM IIEIOYH, B pE3YyJbTATE YETO MOJYyYatOT COJIb:

SO,+2NaOH=Na,S0O;+H,0.
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Mudrocts
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Puc. 6. A6copOep: 1 — pactipenenurens KUAKOCTH; 2 — Haca/lKa; 3 — ONOpHAs pPelIeTKa;
4 - BbIXOJ XXUAKOCTH, 5-— BBIXO/J O4YHUINAEMOI'O Ira3a.

AJCOpPOLIMOHHBIA METOJ| TOTJIOIIEHUSI TOJYYHJI PAa3BUTHE B IMOCIEIHEE
BpeMsi B CBA3M C  OCBOGHHMEM  IPOMBIIUIEHHOTO  IPOU3BOJCTBA
BBICOKOO((EKTUBHBIX  aJICOPOCHTOB:  aKTUBHBIX  YIJIEH,  CHJIMKaresnew,
CUHTETHUYECKUX II€OJUTOB. AJCOPOLIMOHHBIA METOJ MO3BOJSET PEUINTh 33Ja4u
IIIyOOKOM OYMCTKH TEXHOJOTMYECKUX M OTXOMSIIMX IMPOMBIIUICHHBIX Ta30B,
CoJlepKalX pa3HOOOpa3Hble BpeaHbIe BemlecTBa. Eciu mpaBMIIBHO BBIOpAaHbI
TEXHOJIOTHYECKHI pErilaMeHT, CXeMa M amlmnaparypa mnporecca, IpuMech MOXKET
OBITH yJajeHa 3TUM METOJIOM MPAKTHUYECKH MOIHOCThIO. Kpome Toro, Hapsiay ¢
OYHUCTKOM OTXOJSIINX MPOMBINUICHHBIX Ta30B, aJICOPOIMOHHBIA METOJ
NO3BOJISIET €LIE YJIABIMBATh W BO3BpallaTh B TEXHOJOTMYECKUU IPOLECC
HEKOTOpbIE [IEHHBIE BEIlIECTBA, HAPUMEP PACTBOPUTEIH.

AncopOeHTBI XapaKTepPU3yIOTCsl BETMYUHON TOTJIOTUTEIBHON CIOCOOHOCTH —
BeJIMUMHOU ajacopOiuu (a, 1/100 1) Mo KOHKpEeTHOMY BellecTBY. BenuunnHa
aJcopOLMK 3aBUCUT OT CBOMCTB aJcopOeHTa W IMOIJIOIIAEMOr0 BPEIHOIO
BemiecTBa (amcopOtuBa). Kpome Toro, BenmnumHa ancopOIUU 3aBUCHUT OT
BHEILIHUX YCJIOBHUM: JaBJIE€HUS Mapa BPEAHOrO BEIECTBA B OYUIIAEMOM Tra3e W
TEMIIEpaTyphl.

3aBUCHUMOCTh  aJICOPOLMM OT JaBJCHHUS OINMCHIBACTCS YPaBHEHHUSIMU
H30TepMbl ajicopOruu. B ciiyyae MOHOMOJIEKYJISIpHOM ajcopOlMu Ha OJHOM
NOBEPXHOCTH YPABHEHHE U30TEPMbI UIMEET BUJL:

g = 4nPP (12)
1+bP
rI€ a — BEeJIWYMHA aAcopOlUU TpU 3aJaHHBIX YCIOBUSAX, MOJB/T, am —

MaKCHUMaJlbHasi BEJIWYMHA aJCOpOIUU fzum JAHHOTO aJcopOeHTa, MOJB/T; b —
afacopOuuoHHbId kKod(pdunment, I[la~; P — npaBiaeHue Imapa TOKCHUYHOIO
KOMIOHeHTa, I1a.
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Puc. 7. M3oTepmbl aacopOIMu AMOKCHIA YTIIEpOIa Ha aKTUBHOM YyTJIe
pu paznuaHoi remmneparype, °C: 1 -76,5;2-0;3-30; 4-50; 5-1515

Ha puc. 7 B kauecTBe wutocTpanuu ypaBHeHus (12) mokazana mzorepma
ancopOIMu TUOKCHAA YIJepoJa Ha AaKTUBHOM yrjie TMpU pa3iudHOM
TeMIiepaType.

N3 ypaBHenus (12) ciaemyer, 4TO ¢ yBEIIMYEHUEM NapLHUAIBHOIO AaBICHUS
BPEIHOTO BEIIECTBA B ra3e pacTeT BEJIUYMHA aICOPOIIIH.

C yBenuveHHEM TeMIepaTrypbl BelWYMHA aacopOLMHM YMEHBIIAETCS |
HACTymaeT oOpaTHbIi mpomecc — paecopOuus. B Ttabn. 4 mnpeacraBneHa
XapaKTepUCTHKa HauboJiee pacpoOCTPAHEHHbBIX aJICOPOCHTOB.

HauOonbiiee pacnpocTpaHeHuE B MPOMBIIUIEHHOCTH aJCOPOIIMOHHbBIE
METO/IbI TOTYYHIIN I YIaBIMBAaHUS PA3IMYHbIX PACTBOPUTENIEH. Y IaBIUBaHUE
pacTBopuTelied TPOBOJAT B  PEKYNEpPalMOHHBIX ycTaHOBKax. CTemneHb
U3BJICUCHHS] PACTBOPHUTENS OOBIYHO cocTaBisieT 95-99%, a ero OCTATOYHOE
COIEpKAHWE B OTXOAAIIEM M3 ajgcopbepa rase He mnpesbimaer 0,5 r/m°. B
KauecTBe aJcopOeHTa B ATOM CIy4yae MPUMEHSIOT TOJbKO aKTUBHBIM YIroJib, UTO
oOycnoBiieHo ero ruapododbHOCThI0. KpoMe TOro, akTWBHBIA yroib oOJagacT
BBICOKOUM aJICOPOLIMOHHON CIOCOOHOCTHIO MO MapaM OPraHWYECKUX BEIIECTB,
HEOOJIBLION yAepKUBAIOIIEH CIOCOOHOCTHIO, IOCTATOUYHO MPOYEH U T.II.

Tabnuma 4
XapakTepucTUKa OTEYECTBEHHBIX aJCOPOEHTOB MO MOTJIOMIAIOIICH
crocooHoctH a, r/100 T

AncopOeHT [Tornomenue anernnena npu| I[lormomenue nuokcuaa
naBieHuu, klla yriiepo/ia TpH JaBJICHHH,
klla
6,65 | 93,10 6,65 | 93,10
AKTHBHBIE YIIIH
["a3oBsrit yroms AI' 1,4 6,3 1,0 55
["a3oBsrit yroms CKT 3,2 12,7 2,0 10,0
Pexynepaunonslii yrons AP 2,0 7,8 1,2 7,4
Cunukareinu
KpymHonopucTerit 0,4 3,8 0,4 2,0
MenkonopucThIi 1,6 4.8 - -
CHHTETHYECKHUE L[EOTUTEI
Leomur NaA 6,0 8,6 9,0 13,2
Leomur CaA 6,6 9,4 13,8 16,8
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Pacxoanslie Koaqg(pHuHeHTbI Ha | T yJOBJIEHHOTO PAaCTBOPUTENS MPU €T0
KoHIeHTparuu 10 r/M”~ IpuBEICHBI HIKE:

ITap (0,3-0,5 MITQ), T ..oeeereieciiieiieeeiie et 2-3,5
Oxnamna}omaﬂ BOJIA (15 °C), M7 30-50
DIEKTPOIHEPTHUS, KBT U ...ooiiiiiiiiiiciie e 100-250
AKTHUBHBIT YTOITB, KT ...veeeuvveerureeesreessseeensseeessseesssseessssessssessnsesesssessnnsees 0,5-1,0

[TpoaomKuTeNbHOCTh Pa0OThI OJHOM 3arpy3kH afcopOeHTa, nukibl... 10000

Pacxomubie  KOOQQPUIMEHTHI  NpU  aACOPOLMOHHOM  MOTJIOUICHUH
pacTBOpUTENE BeCbMa 3HauyuTENbHBL. [l03TOMY B HacTosiiee BpeMs TaKueE
YCTAaHOBKA SKOHOMHUYECKHA ONpaBAaHbl TOJIBKO B ClIy4ae TMOMVIOUIEHUS U
peKynepanuu 10porux U CUIIbHOTOKCUYHBIX PACTBOPUTENEH.

[Ipou3BOANTENBHOCTD PEKYIEPALIMOHHBIX YCTAHOBOK KoJiebseTcs ot 10 1o
150 TeIC. M3 raza B | 4, a KOHIIEHTpaIUs B HEM pacTBopuTeis usmensiercs ot 0,5
10 20 r/m°. VIX MCIIONB3YIOT B PA3INYHBIX OTPACISX IPOMBIILICHHOCTH. Hapﬂz[y
C pacTBOPUTENIIMH aJCOPOIIMOHHBIE METOJbl NPUMEHSIOT I OYUCTKH
OTXOIAIIMX Ta30B OT TOKCHYHBIX BEWIECTB: Cyilbduma yriepona,
XJIOPOPTAaHUYECKUX COEAUHEHUM, AUOKCUZIAa CEphbl, MapOB PTYTU U JPYTUX
METaJIOB.

Ilpumep 10. Paccuutath €MKOCTb (QuiabTpa A 10 aleTUJIEHY,
3anojgHeHHomy ra3oBeiM yriieM CKT B KOJIHYECTBE Q=100 xr. [TapumnanbpHOE
JaBJICHUE alleTUIeHa Ha Bxoje B GuibTp 93,10- 10° ITa.

Pewenue. VI3 Tabn. 4 ciemyet, 4To BeTUUYMHA aJICOPOLIMU B 3TUX YCIOBUSIX
cocrapmsier Q=12,7 1/100 v wmu a=0,127 «xr/kr. IlockombKy
A=aQ=0,127-100=12,7 kr; QuibTp C TaKUM KOJIUYECTBOM YIS MOMKET
MMOTJIOTUTH JI0 12,7 KI arnjeTHJICHa.

2.3. Katasnuruyeckas 04YMCTKA ra3oB

Karanutrnyeckast ourcTKa ra3oB 3aK04aeTcsi B 00€3BPEXKUBAHUU Ta30BbIX
BBIOPDOCOB  MyTeM  XHMHUYECKOTO  TPEBpAlICHHs]  BPEIHBIX  BEIIECTB,
colepxalmxca B Tra3e, B Oe3BpelHble B MNPUCYTCTBUU KaTayiuzatopa. s
KaTaJIUTUYECKON OYMCTKH Ta30BbId MOTOK, KaK MPaBHJIO, IMPOMYCKAaIOT uyepe3
CJIOM KaTanu3aropa, coOJito/lasi TEXHOJOTUYECKUE YCIOBUSA 3(PPEKTUBHOTO
npeBpaileHus (Temreparypy, pacxod rasa u jap.). Karanuzatopel o0ianaroT
CHEIU(PUIHOCTHIO JEHCTBUS, MO3TOMY O0E3BPEKUBAHUIO MOJIBEPTAIOT TOJBKO
T¢ KOMIOHEHTBI, JUIi KOTOPBIX OHH IPEIHA3HAYCHDI. [TpomblneHHbIE
YCTAaHOBKHU KaTaJTUTHUYECKOU OYUCTKU razoB ¢ peKynepalueii Teria paccunTaHpl
Ha  TPOHM3BOIUTENBHOCTD 900-14000 m°/a. Onm paGoOTAaIOT IO THIIOBOWA
TEXHOJIOTUYECKON cxeMe. OuuiiaemMbpie ra3bl MPOXOASIT OTOOMHUKUA U JIOBYIIKH
JUISL OTIEJCHUS B3BEIICHHBIX YaCcTHUIl M KOHJEHCATa, 3aXBAaUY€HHOI'O Ta30BbIM
MOTOKOM. 3aTeM Tra3bpl HarpeBarT (CHa4aja B  TEIJIOOOMEHHUKAX-
pekymepaTopax, a MOTOM B MOJOrpeBaresie) 10 TeMIepaTyphl peakluu |
HANpaBIIIIOT B PEAKTOpP, pa3Mep M KOHCTPYKIHUIO KOTOPOrO BBIOMPAIOT
ONTHUMAJBHBIMU JIJISl JAHHOTO MPOHM3BOACTBA. OUUIIEHHBIE Ta3bl OXJAXKIAIOT U
BBITyCKalOT B armocdepy. [lpumepoM MIHMPOKO HCMIONB3YEMOTO IMpollecca
KaTaJIUTUYECKOTO O0E3BPEKUBAHUS Ta30BBIX BBIOPOCOB SIBISIETCS OYHCTKA
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XBOCTOBBIX Ta30B OT OKCHJOB a30Ta B IPOMU3BOJICTBE a30THOM KHUCIOTHL. B
peaKkTope KAaTAIUTHYECKONW OYUCTKH IPOMCXOJIUT OOE3BpEKHMBAHUE Ta30B I10
peaKIusIM:
CH4+0,50,=CO+2H,+Qq;
2N02+4H2=N2+4H20+Q2;
2NO+2H2:N2+2H20+Q3;
2C0O+0,=2C0,+Qy;
2H2+02=2H20+Q5.

Bce 3Tu peakuuu uayT ¢ BBIACICHUEM TEIUIA, O3TOMY TEMIIEpaTypa rasza
noBbimaerca A0 690-730 °C B 3aBUCHMMOCTH OT COJIEpXaHHUSI KHUCJIOpOAa B
MOCTYMNAIIIMX Ha OYUCTKY XBOCTOBBIX Tra3zax. C Ieiabl0 MOJJIepKaHUS
TEMIIEpaTyphl BBIXOJIIMX W3 pPEaKTopa KaTaJUTUYECKONM OUYMCTKH Ta30B
MOCTOSTHHOM B HETO MOJAIOT JOMOJHUTEIBHO JUOO BO3YyX, JUOO MPUPOTHBIN
ra3. Beixonsmmii U3 peakTopa OUYMINECHHBIM ra3 coaepkut He Oozee 0,005%
(06.) okcumoB azora u He 6oxee 0,1% (00.) okcuaa yraeposa.

KaTtanutuyeckuii mpoiiecc mo3BojsieT OYUCTUTh oTXoasmmue ra3sl 10 1K
BO3JlyXa MPU MUHUMAJBHBIX dHEPTeTUYeCKnX 3arpatax. OCHOBHBIM aIapaToM
KaTaJIMTUYECKOTO MPOIIecca OYUCTKH Ta30B SBISIETCS PEaKTOp, PabOTy KOTOPOTO
XapaKTEPU3YIOT TEXHOJOTMYECKHE IIapaMeTphl: pacxold rasa Ly, M/c,
TemIepaTypa Tipolecca obe3BpexkuBanusi T, KOHIEHTpAIUs TOKCHYHBIX
HpI/IMeCCI/I B nocrynawiieM Cy U IpolIeaneM yepe3 KaTaIuTUIeCKUN anmapar
C Mois/M, raze. Pa3mep cios karanuzaropa 0e3 ydeTa morepb (TOJIIHMHA CIIOS

3, M) onpez[enﬂ}oT 110 YPaBHEHUIO:

52 Lpacx(CO C) 1 (13)
S(p Praed 30 Wi
rae Sy — IUIomanb CI0S KaTalu3aTopa, M) pPua — HacBIMHas TIOTHOCTh
Karanusaropa (IUisl rpaHyJIMPOBAHHBIX KaTaJImaTopOB) Kr/M; Syx — yAenbHas
TMOBEPXHOCTb ~ KaTalu3aTopa, M /Kr Wyuw — CKOPOCTH  TE€TEPOTECHHOM
KaTAIUTUYECKON pEaKIln, MOJ'IB/(M “C).

CKOpOCTh KaTaJIUTUUYECKOW pEaKlMK 3aBUCUT OT MPHUPOALI KOMIIOHEHTOB B
00€3BpeKMBAEMOM Ta3e W KaTajau3aTropa, TeMIEpaTyphl Mpolecca, a TakkKe OT
KOHLIEHTpaluu (mapluabHOTO JIaBJICEHUS) TOKCUYHOM MpuMecu. boapmHCTBO
KaTAJIMTUYECKUX PEAKIIMHA UMEeeT APOOHBIA MOPSIOK, HAMPUMEP OKHCIICHHE
IpollaHa Ha XPOMUTE MEIU OMKCHIBACTCS CICAYIONIMM KHHETHUYECKUM
ypaBHEHUEM:

Weon, = chzfzs’ (14)
rae K — yaenbHast CKOpoCTh OKHCIICHUS TIPOIIaHa.

AOCOIIIOTHBIE 3HAYEHUS! CKOPOCTEM peakiui MOTYT pas3jinyaThCsi OYEHBb
CUJIBHO, B COOTBETCTBUM C HUMHU BBIOMPAIOT TEXHOJIOTMUECKHE TMapaMeTphI
YCTaHOBOK J1J1s1 00€3BPEKUBAHUS ra30BbIX CPE.

B Tabn. 5 mnpuBeneHbl XapakTEPUCTHUKA HEKOTOPBIX KaTalh3aTOpPOB
OKHUCJICHUSI YTIIEBOJOPOJOB, KOTOPHIE Pa3IUYalOTCS MO CKOPOCTU PEaKIMH Ha
HECKOJIbKO TMOPSAKOB. B mpakThke, Hapsily cO CKOPOCTBIO KaTaJUTHYECKOU
peakiuuu, I OLEHKH  KAaTaJiu3aTOPOB  MPUMEHSIIOT  BEIMYMHY  UX
IPOU3BOAUTEIILHOCTH.
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Tabmuia 5
XapakTeprucTUKa KaTajanu3aTOPOB OKUCICHHS YTIIEBOAOPOIOB
(temniepatypa okuciaenus 300 °C)

CoctaB | VaenbHas moBepXHOCTb, M/KT |  CKOPOCTH OKMCIIEHHS] METAHA, MOJIb/(M*C)
CrOs 28,0-1° 0,08
MnO; 20,0-10° 0,2
Fe.0s 16,2-10° 0,06
Co030,4 17,7 10 0,5
HpOI/ISBOI[I/ITCJ'IBHOCTB KaTaJm3aTtopa OonpeCaAciIACT KOJIMYECTBO

00€3BpEKMBAEMOT0 TOKCUYHOTO BEIIECTBA B KI' B PE3yJIbTaTE€ KATATUTHUYECKOM
peakuMM 3a ONMH dac, Mpuxomimeecs Ha 1 M°  Karammsaropa.
HpOI/IBBO,Z[I/ITCJ'II)HOCTL COBPEMEHHBIX KaTaau3aTopoB COCTAaBJISIET
100-300 xr/(m>-u).

[To xapakTepy OCYLIECTBIIIEMOM B  HEUTPAIM3AaTOpPaX  PEaKUUH
KaTaqu3aTopbl MOJAPA3JIENSAIOTCS Ha OKUCIUTENbHbIE (HA3bIBa€MbIE TaKXKe

JOKUTATENSIMU ), BOCCTAHOBUTEIBHBIE M  TPEXKOMIIOHCHTHBIE  WJIU
Ou(pyHKIMOHANbHBIE. B OKUCIMTENbHBIX HEUTpalu3aTopax MPOUCXOAUT
OKHCJIEHUE TPOJYKTOB HEIMOJHOIO CrOpaHMsi — OKCHAAa Yyriiepoja H
YTJIEBOJAOPOIOB:

2C0O+0,—2CO0y;

CnHm+(n+m/4)02—>nC02+(m/2)Hzo.

B BoccTaHOBHUTENBHBIX HEUTpalu3aTopax Mjsl MIyOOKOTO BOCCTAHOBJICHUS
OKCHJIOB a30Ta HEOOXOIMMO, YTOOBI Ta3, MOCTYMAOIINK B peakTop, ObLI ci1ado
BOCCTAHOBJICHHBIM WM OJHM3KUM K HeWTpaibHOMy. B 3TOM ciywyae peakuuu
BOCCTAaHOBJICHMSI OKCHJOB a30Ta B HeWTpanu3zarope OyAyT NpOTEKaTh
JIOCTaTOYHO TOJTHO:

2NO+2CO—>N2+2C02,
2NO+2H2—>N2+2H20.

[Ipu GoaBIIOM COAEPKAHUM KUCIOPOAa B 00E3BPEKUBAEMBIX ra3ax OKCHUJY
yriaepoAa W BOJOPOJA PEarupyloT B OCHOBHOM C KHUCJIOpPOAoM M 3ddekTta
OYHCTKH BBIXJIOMHBIX T'a30B MO OKCHUJIAM a30Ta HE JOCTUTAETCSl.

[IpuHuun AeMCTBUS TPEXKOMIIOHEHTHBIX HEWUTPaM3aTOPOB OCHOBAaH Ha
OJTHOBPEMEHHON ® noctaTtouHo 3¢ dekTruBHON ouucTke (10 80%) BBIXJIOMHBIX
ra3oB OCH3WHOBBIX JIBUTATEIICH.

prwep 11. Pacch/ITaTB pacxo]l raza, COJAEpKaIlero MeTaH B KOJIUYECTBE
160 /M (Co=10 momb/M®), mpoxozsiero gepes KaTaJ'II/ITI/I‘-IeCKI/II/I peakTop s
JOCTHIKCHHSI KOHI[CHTPALMK METaHa Ha BhIXOAE 1 Moub/M°.PeakTop 3amoiHeH
OKCHJIOM XpOMa  CJIOeM TOJ'IHII/IHOI/I 0,5 w™; mjomanp, 3aHUMaemas
KaTamm3aTopoM, coctasisier 0,5 M. Temmeparypa mpouecca 300 °C.

Pewenue. Tlo Tabn. 5 ONPEJIEIISIEM  CKOPOCT KaTAJINTUYECKOW PEAKLIUU
OKHCIICHI] METaHA w=0,8-10 MOJIB/(M°*C) 1 YIETbHYIO TOBEPXHOCTh
Sy=28- 10° m%/kr. TTo popmyste (13) HAXOANM PacxXoj ra3a 4epe3 PeaKTop:

_ 0S4PucS, Wy, 05-05-15-28-10%-0,8-10
paex C,-C 10-1

=105-10* (M*/c).
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KOHTPOJIBHBIE 3AJIAHUS
3aganmue 1

1. PanmonanbHOE MCMOIB30BaHKE BO3yXa. OCHOBHbBIEC HAMpPaBIECHUS padOT
M0 CHIDKEHHIO 3arpsI3HEHUS aTMOC(HEPHI.

2. BnusiHue 3arpsi3HEHHOTO BO3/lyXa HAa PACTUTENbHBIA MHUP.

3. 3a0aqa KomuuectBo Cl,, Beenstomerocs 3a 1 yac u3 TpyoomnpoBojia
G=12-10" «xr/u. Buyrtpenuuii amametp TpyGompoBoma D=500 wmwM, JuHa
=500 ™M, HavajdpbHOE MJaBJICHWE B TPYyOONpPOBOJE COCTABISLIO 4 10 I1a,
TH—TK—293K Paccuurath ko3 duiiueHT HerepMeTHaHocTH (M, 4 ) U cjenaTh
BBIBOJ] O TEPMETHYHOCTH TPYOOIIPOBOAA, €CIU Myopyarusmmii—0,02- 107 , d 1, ; N=2.

3aganue 2

1. OcHOBHbBIE MPUHILIUIBI BHIOOPA METOJIa OYUCTKHU T'a30BBIX BHIOPOCOB OT
TBEP/AbIX YACTHII.

2. BnusiHue 3arpsi3HEHHOTO BO3/lyXa Ha 3/I0POBbE YEJIOBEKA.

3. 3adaua. Paccuutarh KO3QPUIIUCHT HErepMETHYHOCTH (m, a') emxoctn
ra3006pasHoro xjaopa oobemoM 120 M°, mMeromeil paGodyio TeMIeparypy
Tp=800K. HcnoeiTaHue  €MKOCTH  HA  IE€PMETUYHOCTH MPOBOHIHN
C HCIONB30BAHMEM BO3AyXa M ycraHoBwid G=8 xr/a; Pu=2,5-10° Ila;
KO3 GUITUEHT samaca M= 1,5. CpenaTh BBIBOJ O TE€pPMETUYHOCTH, €CIHU
mHopMaTHBHbIﬁ_O 07- 10 11

3axanue 3

1. OuncTKka TONOYHBIX M OTXOASIIUX T'a30B OT IUOKCHUA CEPBI U a30Ta.

2. Bpennble BeniecTBa, onpeaeieHue, KiiacCupukaims.

3. 3aoaua. Paccumtarh KOIPPUIMEHT HETEPMETHUYHOCTH EMKOCTH
ra3006pasHOro aMMmaKa, obbeMoM 50 M°, HMerolIell pabouylo TeMIepaTypy
Tp=310K. HcnsiTaHue  €MKOCTH  HA  TIE€PMETUYHOCTHh  MPOBOAWIMN
C HMCIIONB30BAHNEM BO3/yXa M yCTAHOBUIHN G=3,3 kr/u4; Pu=2-10° Ila; n=2,0;
Miopmarsieii—0,9* 102 41 . J1aThb 3aKJII0O4€HHE O TEPMETUYHOCTU EMKOCTH.

3aganue 4

1. OuncTKa OTXOASIIMX Ta30B OT JTUOKCHAA YIIIEpOJa U MEPOIPHUITHS IO
CHIDKEHHIO €ro BRIOpOCOB B aTMocdepy (rodabHOe MOTEIICHUE).

2. DKOTOKCUKAHTHI: OIpe/ie]IieHre, TpUMepHI 1o ansoomy A.[Ipeiidyca.

3. 3a0aua. OLeHUTh KOHIIEHTPAIMIO TyMaHa Ha BXOJE B 3JIEKTPO(PHUIBTD,
€CIIH HA OUHCTKY MOJIACTCS TYMAH C MUHHMAITBHBIM PA3MEPOM HACTHIL — 1 MKM,
KOHIIEHTpalusi  yactull Ha  Beixoge  Cy=2 r/M BCb(beKTI/IBHOCTB
TymaHoyjoBuTens 3=85...93%.
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3aganue 5

1. BiusiHue aHTpONOreHHbIX (PAKTOPOB HA OKPYKAIOLIYIO IPUPOIAHYIO
cpeny.

2. Knaccudukaius IpOMBIIUICHHBIX 3arpS3HEHUH U UX BIUSHUE Ha
3/10pOBbE YEJIOBEKA.

3. 3aoaua. Paccuuratb KOBCl)Cl)I/IHI/IeHT HEr€PMETUYHOCTU BAHHBI IS
MOJTyYeHNs BHCKO3HOTO BOJNOKHA (M’, u ). Pa3pe>1<eHHe BaHHbl AP=100 Ila, a
pacxoj rasa, 0TCacblBa€MOIo U3 060py,ZLOBaHI/I}I 0 5 M/, JIaTh 3aKITIOUEHHE O
T€PMETUYHOCTH BAHHBI, €CIIN Myopvarnsmsii =4O 10

3aganue 6

1. DKOTOKCHKAHTBI, OCHOBHBIE MOHATHUS U ONpeIeiIeHHsI, 0003HAYSHHSI 110

ansoomy I'. Jlpeiidyca
Onpemudeckue 3aboneBaHus (D3). @akTopbl, BIUAIONIME Ha
BO3HHKHOBEHUE D3, IPUMEPHI.

3. 3aoaua. Paccuntarh eMKOCTb QUIbTpPa A 10 allETUIIEHY, 3alI0JITHEHHOMY
razoBeiM yriaem CKT B konuuectse Q =200 kr. IlapumampHOE naBiIEHUE
aneTHieHa Ha BXoje B (GuubTp 93,1-10° ITa, mpu 3TOM BeTHYMHA amCOPOLHH
a=0,127 Kr/kr.

3ananue 7
1. I[lpuponHas cpeia: OCHOBHBIC TIOHATHUS U ONIPEACIICHUS.
2. Kputepuu O1leHKH YUCTOTHI HJIM 3arpsSA3HEHHsI BO3IYIIHOTO OaccelHa.
3. 3adaua. OueHUTh KOHILEHTPAIIMIO TyMaHa Ha BBIXOJE U3
AEKTPOPUIbTPa, €CIM HAa OYUCTKY MOJAETCAd TyMaH, MHUHUMAJIBHBIA pa3Mep
yactuil B kKoTopoM 1 Mkm; Cy, =10 F/M3; D2=75...95%.

3aganmue 8

1. buocdepa: onpenenenue, pasmepsl 6rochepbl, OCHOBHbIE KOMIIOHEHTHI.
VYuenue B.U.Bepnanckoro o 6uocdepe.

2. MeponpusiTus mo 3amure atMochepHOro Bo3ayxa oT Ibuie- U ra3o-
00pa3HBIX BEIOPOCOB.

3. 3aoaua. Paccuurars kommdectBO CO,, BEIACIAIONIErOCS 3a 1 dac w3
TpyOonpoBoaa € Dyuypy=150 MM u mmsON =600 M. IIpu uchbITaHHAX Ha
TEPMETHYHOCTb B TEYEHHE CYTOK (24 ) YCTAHOBJIEHO, 4TO [1aBJICHUE B
TpyGonposoze cHusmnock ot 4,5-10° ITa mo 110 IMa; Te=Tk=303 K.

3aganue 9

1. OcHOBHBIE METOIBI M O0OOpYHOBaHHE S MEXAaHUYECKOW OYHMCTKU
BO3/yXa OT 3arpsi3HEHUI.

2. Bpennble BemiecTBa B MPOMBIIIIEHHOCTH, KIacCU(PUKAITHS.

3. 3a0aqa KomnuectBo Cly, BeiAenstomerocs 3a 1 1 u3 tpybomnpoBoaa
G=3-10" kr/u; JIMAMETP Tpy6Bl D™yyyrp=100 MM, mmna =500 M. HauambHOE
JABJICHUE P =1-10° Ila; T,=T,=293K. Paccumrats  k03(dHIHEHT
HerepMeTu4yHocTu (M, u ) u C,Z[CJIaTI) BBIBOJI O T€PMETUYHOCTH TPYOOIIpOBO/a,
€CIn mHOpMaTI/IBHLII/I_O 03- 10
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3ananue 10
1. OcHOBHBIE XUMUYECKHE METO/IbI, HCTIOJIb3yEeMBbIE JIJISl OYMCTKH BO3/IyXa
OT 3arpsAA3HECHUN.
2. CniocoObI MOCTYTUICHHSI BPETHBIX BEIIECTB B OPraHU3M YEJIOBEKa.
3. 3adaua. Ouenutb 3¢dexTuBHOCTE (D, %) NbUICYIOBUTES,
YJIABJIMBAIONIETO MBLTH C PA3MEPOM JacTHII 3 MKM, €CI MX KOHIEHTPAIWs Ha
BBIXOZIE cocTasisier oT 0,3 10 1,5 r/m’, a Ha Bxoze 13 T

3ananme 11

1. OcHoBHBIE MeETOIBI M OOOpPYIOBaHUE MJiI OYHMCTKH BO3AyXa OT
3arpsA3HECHUM.

2. OTpunarenbHOE BO3AECHCTBUE aHTPOIIOI€HHBIX 3arpsI3HEHUN Ha 310POBbE
YeJ0BeKa.

3. 3aoaua. PaccuurtaTh KO:—)(I)(I)HHI/IGHT HErepPMETUYHOCTH BaHHBI JUIS
MOJYYEHHs] IITANeIbHOrO BOJIOKHA (M’, 4 Y, ecau pa3pekeHre BaHHbBI (IO
BakyymoMm) AP= 160 [Ta, a pacxonm rasza, oTcachlBA€MOT0 M3 O0OpPYJOBaHMS,
cocramster 0,8 Mm>/u. I[aTL 3aKJIIOYEHUE O TEPMETHYHOCTH BaHHBI, €CIU
mHOpMaTI/IBHLIPI_S 10 39 9 *

3ananme 12

1. KaranuTudyeckuid METOJT OYMCTKHA THPOMBIIUICHHBIX BBIOPOCOB OT
3arpsA3HEHUM.

2. 3arpsi3HeHUE IPUPOTHON CPEbl BPEAHBIMU BEILIECTBAMMU.

3. 3adaua. Paccuutare HavanbHOe (P, Ila) nmaBnenue B TpyOompoBoje
muamerpom D=250 MM wu mmuHOM |=420 M, eciiMi TpU UCHBITAaHHAX Ha
TEPMETHYHOCTL B TEYCHHE 24 4 KOJIMYECTBO BBIICIIAIOLIET0Cs NO,
G=12-10" kr/u. HavansHoe maBieHue mpuHsTh pausiM 3-10° Ia; T,=T,=313
K.

3axanue 13

1. [lpunnun paboThl U YCTPOHCTBO ANIEKTPOPHUIBTPA AJII OYUCTKU BO3yXa
OT IBUIEBBIX 3arPA3HEHUIM.

2. 3arps3HeHHE MPUPOJHOW  cpeAbl  BpEAHBIMU  (PU3UUECKUMHU
BO3/ICUCTBHSIMU.

3. 3adaua. OueHUTE KOHIEHTPAIIUIO TMBUIM Ha BLIXO,ZIG AIEKTpODUIBbTPA,
eCIIM Ha OYHCTKY IOACTCS TbITh KOHIEeHTpauH Cyp=12 r/M°, a 5GOEKTHBHOCTD
¢unbTpa cocraiser 9=90...99%.

3ananue 14

1. Murpauust 3arps3HeHuM.

2. IlpuponHbie pecypcehl: Kiiaccu@uKaius no BO30OHOBUMOCTH.

3. 3a0aqa PaccuuTath pacxon rasa, COJZIEPIKALIETO NPOTAH B KOJTHYECTBE
580 r/m°, MpOXOAAMIEro depes KaTaJII/ITI/I‘ICCKI/II/I peakTop i JIOCTHKEHUS
KOHHeHTpaHI/II/I rmponaHa Ha BeIxoze 1,5 MOJTTB/M". Peaxrop 3anosHeH OKCHUAOM
xeneza Fe,O3 crnoem ToamMHON o= 15 M, IUIOIIAJb KaTtanu3aropa 1,5 M.
CkopocThb KaTaJ'II/ITI/I‘{CCKOI/I PCaKIM OKHUCJICHUSA MpONaHa = 6 Momb/(M*-C);
Sy,=16,2- 10% M%/kr; Prac=1,0 Kr/M°.
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3ananue 15

1. CopOrmoHHas O4MCTKA BHIOpAChIBAEMOr0 MPEANPUATUSIMU B aTMOchepy
BO3JlyXa OT BPEJAHBIX Ta30B U MbUIH.

2. buoreoxumudecKkuit MK MUTPAIMA BEIIECTBA U SHEPTUH B PUPO/IE.

3. 3adaua. PaccumTaTh TONIIMHY CJIOS KaTanu3artopa (O, M) M3 OKCHJA
mapranima MnQO,, ecaum yepe3 HeEro MPOTYCKAIOT AIETHJIEH, I KOTOPOTo
HavayibHas KoHUeHTpauusa Co= 2 MOHB/M a xoneunas - C=1 moms/M°. Pacxon
raza 4epes peakrop Lpacx=1" -10% M/c, Hnomasz KaTanau3aTopa 1 M%, CKOPOCTB
KaTaJMTUYECKOU PEaKUUH OKHMCIICHUS alleTHIIEHa O =2 MOJ'IL/(M ‘C), yleJbHas
IIOBEPXHOCTh KaTanu3aTopa Sy,=20- 10° m /KF Prac=1,5 Kr/MC.

3ananue 16

1. OcHOBHBIE BUJIbI 000PY10BaHUS JIsl aOCOPOIIMOHHON OYMCTKH Ta30B.

2. PecypcHBIi IUKII: OCHOBHBIC MTOHSTHS M OTIPEICIICHUS.

3. 3adaua. Paccuntarhb KOHEUHYIO KOHIIGHTPAIMIO TOCJIE OYUCTKU
YIJIEBOZIOPOZIOB B PEAKTOPE € OKCHIHO-KEJIE3HBIM  KATAH3aTOPOM (Fex03
Sy,=16,2- 10° M%/KT, prac=1,6 Kr/M>, Sy=3 M°, 6=0,5 M), eciM Ha BXOIE HX
KOHIEHTPAIs COCTaBIIsIA 5 MOJ'IB/M CKOpOCTb KaTaJ'II/ITI/I‘-IeCKOI/I peakuuu
®=0,6-10" moub/(M?-¢), pacxoj oumiaemMoro rasa 3,5-10% m°/c.

3ananue 17

1. OcHoBHBIE BUIBI 000PYI0BAHUS ISl aICOPOLIMOHHON OYUCTKU ra30B.

2. 3akonsbl 3kosiornu bappu KommoHepa, npuMepsl UX AEHCTBUS.

3. 3adaua. PaccumTaTh pacxo]l rasa 4epe3 peakTop, MOTJOMIAIIIHNA U
00e3BPEIKUBAIOIIUN AIETUIICH, €CITU TOJIIMHA CJIOS KaTann3aTopa COCTaBIACT
1 M, xoHueHTpauus auerwieHa Ha Bxoae Co=7 MOJB/M°, @ Ha BBIXOJE
0,5 MOJIB/M3 [Tnomanes MnO,-katanuzaropa 2,4 M2 CKOpPOCTb KaTaJII/ITI/I‘{CCKOI/I
pEaKUUU OKHUCIICHUS auSeTIgneHa ®=0,2 MOJ'IB/(M c) YAEIbHAS MOBEPXHOCTh
kaTanusaropa Sy,=20-10" M7/Kr, pyac=1,5 Kr/M°.

3ananme 18

1. Dkosornueckue CTaHAAPTHl KauyecTBa MPUPOAHOM cpenbl. IIpenenbHo-
JOIYyCTUMBIE HOpMBI aHTponoreHHoro Bosnercteus (1K, IT1Y).

2. Katanutnueckast O4MCTKA OTXOJAIUX ra30B.

3. 3a0aua. Paccuntath KOHEYHOE JaBJIEHUE B TPyOONpPOBOJE AMAMETPOM
60 MM u qumHOM 120 M, eciiv MpU KUCHBITAHUAX Ha TEPMETHIHOCTb B TEYCHUE
CYTOK KOJMMECTBO BbI/ICIHMBIIEIOCs SO; cocramno G=7-10" kr/4. HauambHoe
JIaBJICHUE MPUHATH PABHBIM 1 - 10° ITa, T,=300 K.

3ananue 19
1. OcHOBHBIE TOHSTHS MPOMBIIUICHHOW  OSKOJOTHMH  (MPUPOTHO—
MPOMBIIILICHHBIN KOMILJICKC, MIPOU3BOJICTBEHHOE peAnpusiTUE,

IPOU3BOICTBEHHBIH MpoOIIecC U Ip.).
2. O0mas XxapakTepUCTUKAa MOHUTOPUHTA MPUPOTHOMN OKPYKAIOIEH CPEIbl.
3. 3a0aua. Paccuntath koimyectBo SQO,, BBIIENAIONIErocs 3a T=1 4 U3
TpyOonpoBoaa, Dyuyy=100 MM u amuuoit |=100 M. Ilpu uchbITaHHAX Ha
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TEPMETHYHOCTh B TEUEHHWE CYTOK OBLJIO YCTAHOBJIEHO, YTO JIABJICHHE B
TpyOOIPOBOJIE CHU3UIOCH OT 1-10° ITa 0 9,909-10° ITa. T,=T,=293K.

3axanue 20

1. Obmas xapakTepuCTUKA 3arpSA3HEHUST OKPYXKAIOMICH Cpelnbl B MPOIEcce
IPOU3BOICTBEHHOM JIEATETLHOCTH.

2. OCHOBHbIE HaIpaBJIeHUs! TPUPOJOOXPAHHOM JAESATEIBHOCTH.

3. 3adaua. PaccuntaTh KOJIWYECTBO TPUOKCHIA CEPHI, BBIACISIONICTOCS 3a
CyTKM U3 TpyOOINpoBOAa, HMEIOUIEro BHYTpeHHHU sguamerp 120 MM
npoTsbkeHHOCTh 150 M. [Ipu ucnbiTaHKUSIX HAa TEPMETUYHOCTh YCTAHOBJIEHO, UTO
nasienne SOz B TpyGomposoe cuusmtocs ¢ 1-10° ITa mo 8,1-10° [a. T,=273 K,
T,=295 K.
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