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Ilenv pabomwvi: 03HAKOMUTBCS CO CHOCOOAMM  KOJMYECTBEHHOI'O
OTIpE/ENICHUS] BBHIOPOCOB MPOMBINIICHHBIX NPEINPHUITHA B atMochepy U co
Coco0aMy OUMCTKU OTXOJAIIUX ra30B OT MbLJICH U BPEAHBIX BEILIECTB.

OCHOBHBIE ITIOHSATUA
1.Bpennbie BLIOPOCHI MPOMBINLJIEHHBIX NPeANPUsTHIA

Bce ucrounukm 3arps3HeHUs aTMOC(PEpPHOTO BO3AyXa MOXKHO YCJIOBHO
pa3zeauTh Ha IBE€ OCHOBHBIC TPYIIITHL:

- OpPeaHUu308aHHblEe UCMOYHUKYU OCHOBHOTO BBIOpPOCAa MPOM3BOJCTBEHHBIX
ra3oB M BEHTWISAIMOHHOIO BO3AyXa, IOCTYHAaIIMUX B arMocdepy uepes
JTBIMOBBIC TPYOBI, MAXThl BEHTUISIIMOHHBIX CUCTEM U JIP.;

- Heopeamusz08amHHble UCMOYHUKU BBIOpOCA Ta30B, TBEPABIX M KUIKHUX
yacTul] (a’po3oJeil), mocTynarwmux B aTtMocdepy uepe3 HEIUIOTHOCTH B
anmaparype 1 KOMMYHHKAIIAAX, OT BHYTPU3aBOJACKUX TPAHCIOPTHBIX CPEJCTB,
OT CKJIaJIOB ChIpbs, M0y(HaOpUKaTOB, 30JI00TBAJIOB, OTBAJOB IIJIaKa, U3
BO3IYIITHUKOB EMKOCTHOTO 000PYIOBaHUS U T.1I.

KonndyecTBo BBIOPOCOB OT HEOPraHM30BAHHBIX HMCTOYHHUKOB HambOojee
TPYJAHO YUECTh IPH MPOCKTUPOBAHUM XUMHUYECKUX TpeanpusiTuii. [1o ycaoBusam
BBIOpOCa OOJBITMHCTBO MCTOYHWKOB W3 ITOW TPYIIIBI OTHOCATCA K HHU3KHM,
HAa3eMHBIM  HUCTOYHHMKAM, TIO3TOMY  pAclpOCTpaHEHHEe B  aTMmocdepe
MOCTYMHAIOIMMX TaKUM IIyTEM BPEIHBIX BEIIECTB HOCHUT OTPaHMYCHHBIN
(JIoKaNbHBIN) Xapakrep.

Ha mnpennpusarusx, rae MHUPOKO TMPUMEHSIOT OTKPBITHIE YCTAaHOBKH
(o6opynoBaHMe, CMOHTHPOBAHHOE TMOJ] OTKPBITHIM HEOOM), HCTOYHHUKAMU
3arpsiI3HCHHS SIBJISTIOTCS BPEAHBIC BEIECTBA, MOCTYIAMOIINE B OKPYKAOIIYIO
cpeny depe3 (hIaHIEBbIE COCNMHEHHMS UM HEIJIOTHOCTH 000pY/IOBaHUA,
HaXOISAIIETOCs MO/ TaBIICHUEM UM HEOOJBIITNM Pa3peKCHUEM.

KonmndyecTBO BpEmHBIX BEIIECTB, BBIACISAIONIUXCS U3  000py006aHuUs,
padomarouiezo noo 0aeieHueMm, paCCUNTHIBAIOT 110 hopMmyIie:

6-©.-G) zl[ﬂ_ﬂ} )
T 7 RT, RT,

rae G — KOMMYECTBO Ta3a, BRITEKAOIIET0 W3 oOopymoBanms, Kr/d; Gy, u Gy —
HAvyaJlbHOE W KOHEYHOE CcojepXaHue raza B oOOpyAOBaHUH, KI; T — BpeMs, B
TE€YEHHE KOTOPOro U3MepsIeTcs JaBjeHue OT HadaiabHoro Py 10 koneunoro Py; V
— 00beM ra3oBOM WM MAapOBO3AYLIHOW (a3l B obopyaoBanuu; Ty m T —
HavalbHas U KOHeuHas temreparypa, K; R — rasosas nocrosiHHast 11 paboueit
cpenbl, Jx/(kr-K), R=8314/M;as., ecu T,=T,=T, To popmymna (1) npumer BUx:

G=APV/1RT. (2)

st ompeneneHus 3HadueHUs G MPOBOIAT HMCHBITAHUS OOOPYJAOBAHHS M
TpyOONIPOBOJIOB HA TEPMETHYHOCTh. [IpW HUCHBITAaHUSIX HA TEPMETUYHOCTH
000OpyZIOBaHUSI W TPyOOIPOBOJOB, PAOOTAIOIIMX TOJ JABJICHUEM, HU3MEPSIOT
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paboyee aBIeHUE WU AABJICHUE Hayaja UCTIbITaHus P, 1 majeHue naBieHus 3a
ONpPENEICHHBI IPOMEXYTOK BpeMeHM T. 11 3TOro K HCHBITYEMOMY
000pyIOBAaHUIO MOJICOCTUHSIOT TPUOOP, N300paKeHHBIH Ha puc. 1.

Pabouee naBneHHE H3MEPSIOT MAHOMETPOM 2, a NAJCHUE AABJICHUS —
KUAKOCTHBIM AuddepeHnraibapiM  MaHoMeTpoM 4. Ilopsnok mpoBeneHus
u3MepeHuil cienyromuii. [logarot nucenenyemsliii ra3 u3 6asiona 5 10 paboyero
(HauanbHOrO) naBieHus Py, M TpexxoaoBoW KpaH 3 CTaBAT B IOJIOKEHUE,
yKka3aHHoe Ha puc. 1, 6. [Ipu yTeuke uccienyeMoro rasa yepe3 HEIIOTHOCTH
JaBlicHHE B 000pyaoBaHuu ymeHbiaercs. [lanenue napnenus: Ha BenuunHy AP
3a BpEMsl T PETUCTPUPYIOT IO TU(PMaHOMETPY.

b

__.-__l/j r____...._.,__ -
|

o

|
E
— *}w W

Puc. 1. [IpuGop 1111 u3MepeHus najeHus JaBlIeHus pu UCIIBITAaHUHM 000py10BaHUS
Ha FepMETHUYHOCTh: a — IPUOOP AJIS UCTIBITaHUi; O — IOJ0XKEHHUE TPEXXO0J0BOTO
YPaBHUTEIBHOTO KpaHa U KUJAKOCTHU B TU(MaHOMETPE BO BPEMSI UCIIBITAHUS;

1 — ucneiTyemoe 060py0BaHKE; 2 — MAHOMETP; 3 — TPEXXOJ0BOW ypaBHUTENIbHbBIN KpaH;
4 — muddepeHaTbHBI MAHOMETP; 5 — KOHTPOJIbHAsL EMKOCTh

I[To pesymbraTaM WCHBITAaHUS  PACCUUTHIBAIOT  KOJMYECTBO  Tasa,
BBITEKAIONIETO W3 OOOPYIOBaHUS, U JENAIOT 3aKIIOUYEHHE O TePMETUYHOCTH
nocyenHero. ['epMeTuyHOCTh XMMHYECKOTO O00pPYJOBaHUSI KOHTPOJIUPYIOT IO
KOJIMYECTBY BBITEKAIONIETO M3 00O0pyaoBaHMs raza (G; ypoBEeHb IOIMYCTUMBIX
BBHIOPOCOB M3 paboTaromero o000pyIOBaHUS JUMUTHUPYETCS HOPMATHBOM,
MIPEBBIIICHUE BEIMYUHBI KOTOPOTO HEIOYCTHMO.

YuclieHHBIE OIIGHKM KadecTBa OO0OpYyJOBaHMs, MOHTaXa, YIUIOTHEHUH
MPOBOJSAT C WCIOJIB30BAHMEM TIOKA3aTelis, HA3bIBAEMOTO Kodghuyuenmom
He2epMemuyHOCmU.

Kosddurment HerepMeTnyHOCTH M €CTh BEIWYMHA OTHOCUTEIHHOTO
NaJICHUS JaBJICHUS MPU UCTILITAHUU O00PYOBaHUS B €MHUILY BPEMEHH:

1(, P.T,
=i o
[Ipeobpazys hopmyst (1) u (3), momydum:
— RT, . 4)
PV

H



@®opmyna (4) 1O3BOJSET paccyUTaTb IO  JAHHBIM  MCHBITAHUS
000pyI0BaHUs HA TEPMETUYHOCTh 3HAUCHHE KOIPPUIIMEHTA HErepPMETUYHOCTH.

B kauecTtBe nccneayemMoro raza npu UCIbITAHUU HA TEPMETUYHOCTh MOKHO
UCII0JIb30BaTh padouMii ra3 WM Bo3AyX. Eciy ucnbpITaHus MPOBOAST BO3LYXOM
npu T=293 K, To pacuer BenyT no popmyre:

m-83.10°G L | o 5)
nP. Vv M,
rae 8,3-10% — koadpuiment, yunteiBaronuii Bpems ucnsitanus (1 u, T=293 K)
W Ta30BYIO ToCTosiHHYIO Bo3ayxa R=286,5 JIx/(xkr-K); n — xosddunmest
3amaca, YYWATHIBAOIMWNA  YXYAIICHHE COCTOSIHHS TEPMETH3AMHA  MEXKIY
KalUTaJIbHBIMU pEMOHTaMH 000pynoBaHus (BeIOUpatoT B uHTepBaie 1,5-2,0); T,
— pabouas Temneparypa, K; M, — MmonekymnsipHas Macca paboyero rasa.

Tabmuma 1
KoadduumeHT HerepMeTHYHOCTH M Jyisi 000PYI0BaHUS U Ta30IIPOBOJIOB
Ob6opynoBanue Cpena [Tponomxurens- | Koaddu-
B 000pYyJJOBaHUH HOCTb MCIIBITAHUHM | I[MEHT
[Py HAYaJIbHOM | HerepMe-
paboueM aBJICHUU, THYHOCTH,
q m, gl
Cocyibl, MOPIIHEBBIE KOMITPECCOPHI Tokcuunas
U IPyroe TEXHOJIOIHYECKOEe U TI0XKapo-
o0opyoBaHue, paboTaroiiee B3pBIBOOIIACHAS
0] IaBJICHUEM:
- BHOBb YCTaHOBJIEHHOE 24 1,0-102
- [IOJIBEPTAIOIIEECS TIOBTOPHOMY 4 0,5-10%
UCTIBITAHUIO
TpyOonpoBOBI 715l TOPIOYHX,
TOKCHYHBIX U CKUKCHHBIX Ta30B:
- BHyTPHIIEXOBEIC Tokcuynas u roprovas 24 0,05-10?
[Ipoune roproune rassl 24 0,1-102
- MEXKIIEXOBBIE TokcuyHas u roproyas 24 0,1-1072
[Ipoune roproyue rasbl 24 0,2:10?
Kopryca anexkTpodmisTpoB Tokcnunas 1* 0,03
JUTSE OYUCTKH B3PBIBOOITACHBIX WJIA B3PBIBOOIIACHAS
WJIA TOKCUYHBIX T'a30B

* Ilpu naBnenun 5-200 xI1a.

Ecnu razoBoe mpocTpaHCTBO B 00OPYIOBaHHMM 3arllOJHEHO CMECHIO Ta30B,
To B Qopmyny (5) TMOACTaBIAIOT CpPEIHEE 3HAYEHUE OTHOCHUTEIIBHOU
MOJIEKYJISIPHOM MAaCCHI:

Mcp:M1i1+M2i2+...+Mnin, (6)
rae Mi, My, ..., My — OTHOCHUTEIIbHBIE MOJIEKYJIAPHBIE MACCHI TAa30B U IAapOB,
BXOJALIUX B CMECH; Iy, I, ..., In — I0JA MO Macce KaXJIOro rasa Wi Iapa B

CMECH.
KonmuecTBo Kakaoro rasa WU Mapa, BBITEKAIONIETO M3 000PYIOBaHMS,
paBHO, KI/4:
Gn=inG, (7)
rae G, — o011iee KoJIMUEeCTBO BBITEKAIOIIETO rasa, HaijieHHoe 1o Gopmyire (5).
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B Tabn. 1 mpuBenens! 3HaueHuss M 1 000pYyAOBAaHUSA M Ta30IPOBOOB
Pa3JINYHBIX TUIIOB.

Ilpumep 1. Paccuntarh KOJIMYECTBO NMOKCUIA CEPBI, BBIICISIOMIETOCA 3a
1 4 u3 TpybomnpoBoaa, umeromiero BHyTpeHHu aumamerp 100 MM u oOIryro
npoTskeHHOCTh 100 M. ITpu ucnbITaHUSAX HA TEPMETHYHOCTH B TeueHue 24 4
YCTaHOBJICHO, YTO JaBJICHUE JHOKCHIA CEPBI B 3TOM TPYOOIPOBOJE CHUZUIIOCH C
1-10° ITa 10 9,909-10° ITa, T.=T.=293 K.

Pewenue. Haxonum 3Ha4ueHUE ra30BOM MOCTOSHHOM JJISI TUOKCUIA CEPBI
(M502=64).

8314 8314

Ryo =—— =—— =130 (JIx/(kr-K)).
o = e =0 (bR
Paccuntaem 06beM TpyOOTIpOBOIA:
2 2
V= ”'Z |- 314-01 1100=0,7 (M.

[To dopmyne (2) HaXOAUM KOJIMYECTBO AMOKCHUIA CEPBI, BBIACISAIOIIEIOCS

U3 TpyOONpoBOJIA:
3
_ 910707 _ 5 445 (xr/u).

24-293-130

Ilpumep 2. Tlo npanHbIM 1npumepa 1 paccuutath Ko3(pQUIUEHT
HErepMETUYHOCTH U CPABHUTh C HOPMATUBHBIM 3HaueHueM (Tadi. 1).

Pewenue. 1o popmyne (4) HaxoquMm:

m=7-10" -132'& =381.10"* (ul).
B r1abm. 1 gua  paccumThiBaeMbIX  ycnosud  m=  0,05-102 gl
CrnemoBaTellbHO,  pacCUMThIBAGMBIM  TPyOONpPOBOJ  UMEET  Tpedyemylo

repMCcTUYHOCTD.

Ilpumep 3. Tlo pesyabrataM HCHOBITAHUN paccuuTarh Kod(PPUIIMEHT
HErepMETHYHOCTH EMKOCTH Ia3000pa3Horo xyjopa oosemom 20 M3, uMeromeit
pabouyto temmeparypy T,=300 K. HcnbeiTanue eMKOCTH Ha IepMETUYHOCTH
NPOBOJMIM C HCIOJB30BaHWEM Bo3ayxa ©  ycraHoBmwm G=2 kr/4;
P,=1,5-10° Ia.

Pewenue. Bwibupaem n=2,0, monekynspHas macca xyuopa M,=71. Ilo
dbopmyiie (5) HaxoauM K0IGOUITUEHT HErePMETUYHOCTH:

1 300

2-15-20V 71

B cooTrBercTBHM ¢ Tabn. 1 paccMaTtpuBaeMasi EMKOCTh HE UMEET TpeOyeMoit
TePMETUYHOCTH.

m=283-10°-2 =55.10"° gl

Obopyoosanue, pabomarouiee npu paspexcenuu oo 10° ITa, taxxe
SBJISIETCS MCTOUYHUKOM 3arps3HeHUs] BO3AyuIHON cperabl. [Ipu Oosee BBICOKOM
pa3pexeHuu OO0OpyJOBaHHE pacCMaTpUBACTCd KaK BaKyyMHOE H K €ro
TePMETUYHOCTU TPEABSIBISIOTCS MOBBIIIIEHHBIE TPEOOBaHUS, KOHTPOJIUPYEMbIC



COOTBETCTBYIOIIMMU HOpMaTuBaMu. B cBsi3u ¢ 3TUM Takoe 00OpyIoBaHHE
MO’KHO HE pacCMAaTpPUBAaTh KaK HCTOYHUK 3arpsi3HEHUS] BO3AYLIHON CPEIBL.
HecmoTtps Ha paspekeHue, B pe3yibTaTe MOJEKYISIpHOU quddy3un yepes
HEIUIOTHOCTU HABCTpEdy IOTOKY BO3[yXa IPOUCXOIUT BBIHOC BpEIHBIX
BEIIECTB B OKPY’KAIOIIYyI0 Cpely, OCOOCHHO KOrja BHYTPH OOOpYIOBaHUS
IPUCYTCTBYIOT BpEIHBIC BEIIECTBA MPH BBHICOKUX KOHIEHTpanusax. Komamaectso
TaKUX BEIIECTB, IPOHUKAIOIIMX YEpPe3 HEIUIOTHOCTH  00Opya0BaHuA,
paboTarolIero MnoJi pa3pekeHUEM, MOKHO PaCCUUTATh 110 popMyIie:
2
G :ﬂ’ (8)
2m,AP
rme Co — KOHIEHTpalMs BPEJHOTO BEIIECTBA B 00OpymoBaHuM, r/m%; D —
kodduueHT Auddy3un B BO3AYX BPEAHOTO BEIIECTBA B MPOU3BOICTBEHHBIX
ycnoBusix, wmr/c; f — cymmapHas miomags CKBO3HBIX TOpP B KOpPITycax
000pyI0BaHus, M% M; — KO3(QOHUIMEHT HErepMETHYHOCTH, Y., pPaBHBIMA
OTHOIIEHHIO PAacXoja Trasa, OTCACBIBAEMOrO M3 oOopynoBanus L, M*/u4, k
CO3/1aBa€MOMY B 000PYZOBAHUU Pa3pEKEHUIO,

L
m, =—;
AP
AP — BennunHa paspexeHus B 00opynosanuy, [la.
[_,Ms/u G2y
a g
6
7)) S
i
[ 41
[
| [—
o951 } |
[ 2f '
| }
| l
1 . 1/ L | 1
o 100 200 AP la -APla 100 50 0

Puc. 2. IlpumepHbIil TacnOpPT BaHHBI JIEKTPOJIN3a XJIOpa HA PTYTHOM KaTOJIE:
a — 3aBUCUMOCTb Pa3pPEKEHNs B BAHHE JJIEKTPOJIM3A XJI0pa OT KOJIUYECTBA yAAIIEMOTO
U3 Hee Bo3/Ayxa; O — 3aBUCUMOCTh KOJIMYECTBA BBIJEIISIOIET0Cs U3 BaHHBI XJI0pa
OT pa3peKeHHs B HEM

3aBucuMocTh L 1 G oT paspexeHus B XUMHUYECKOH anmaparype mpuBecHa
B macrnopte obopynoBanus. [IpuMep Takux 3aBUCUMOCTEMH, B3ATHIN U3 MACIIOPTa
BAaHHBI ISl TIOJyYEHUsI XJIOpa Ha PTYTHOM KaToze, MpEeACTaBleH Ha puc. 2. B
MPOU3BOJICTBEHHBIX  YCJOBHUSIX  ONPENEISIOT  TOJBKO KO3 PUIUEHT
HerepMeTuyHocTd Mjp. CoBMaJieHWE €ro 3HA4YeHUs] C MacHOPTHBIM J1aeT
OCHOBAHHUE 3aKJIFOYUTh, YTO KOJMYECTBO BPEIHBIX BEIIECTB, MPOHUKAIOIINX U3
ATOTO 000pYyAOBaHUsA, OyAET COOTBETCTBOBATh MACIIOPTHOMY.

Ecnu B mpom3BOJCTBEHHBIX YCIOBUSAX BEIWYMHA M; OKa3bIBaeTCS OOJIbIIE
MacCIOPTHOM, TO MMPUHUMAIOT MEPHI K YCUJICHUIO FepMeTHU3allii 000pYA0BaHUS.
Ecau m; MeHbIle NMacrnopTHOM, TO MOKHO CYLIECTBEHHO CHU3UTH BbIJEICHUE
BPEIHBIX BEIIECTB U3 000PYI0BAHMUS.
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Ilpumep 4. Ilo pgaHHBIM macmopra paccuuTaTth  Kod(PhUIIMEHT
HET€pMETUYHOCTY BAHHBI JIJIS AJIEKTPOJIN3A [P MTOITYUYECHHUH XJI0pA.

Pewenue. 1o puc. 2, a HaxonuM Ju1s BeIOpaHHOTO paspexkenust AP=200 Ila,
nonyctumblii  pacxon L=0,9 m%/u. CormacHo ompenmenenuio kodd@uimeHTa
HETrepPMETUYHOCTH:

m, = L _99_ 4oms (ah).
AP 200

Ilpumep 5. B pe3yJsibTaTe UCIBITAHUN BaHHBI 3JIEKTPOJIM3A JJIS TTOJYUYCHUS
XJIOpa B MPOU3BOJCTBEHHOM MOMEIIECHUN YCTAHOBIICHO, YTO IPU CO31aBa€MOM
pa3pexxenun 75 Ila u3 Hee Boigenserca 3 T xyopa B 1 4. J[ate 3akimtoueHue o ee
r€PMETUYHOCTH.

Pewenue. Tlo puc. 2, 6 HaxoguM IOMYyCTHMOE KOJMYECTBO XJIOPA,
BBIZIETIsIeMOr0  Tipu  paspexxenun 75 Ila, ono cocrtaBmser 3,05 1/4.
CrnenoBatellbHO, TEPMETUYHOCTh BAHHBI COOTBETCTBYET MACIOPTHOM.

CylleCTBEHHBIM HCTOYHUKOM 3arpsi3HEHUS] BO3JlyXa Ha XUMHUYECKUX U
He(PTEXUMUYECKUX TMPEANPUITHSIX, B TOM YHCIE€ C PACIOJOKEHHBIM Ha
OTKPBITBHIX IUIOHIAJAKAaX 000PYIOBAHUEM, SIBIIIOTCS HENJIOMHOCMU (PAAHYEEbIX
coeounenui. l'epMernzanusi HMX CO3JACTCA NPOKIAJAKAMH U3 Pa3IUYHBIX
YIUIOTHUTEIBHBIX MaTepuaioB (IMapoHUTa, pe3uHbl, acOecrta, ¢roporuiacta u
ap.). OgHako, NpUMEHEHHE MPOKJIAJA0K HE TapaHTHUPYET MOJHON repMeTU3alu
YILUIOTHEHUH.

Ha puc. 3 moka3zana 3aBUCHMOCTb HCTEUEHHMS IMAPOB ALECTOHUTPHUIA YEPE3
IIPOKJIAJKA U3 ITApOHMUTA OT BpeMeHH. [Iponecc ncreuenuss BO BpEMEHU MOKHO
pa3AennTh Ha TPHU TMEPHUOJA: IMEPBbIM — BO3pACTAHUE YTEUYEK OO MaKCHMyma
(mpumepno 30-59 cyt), BTOpoil — ymenbuieHue ytedek (100-150 cyrt) no
cTabuinu3aiuy, TPEeTUHW — CTalMOHApHBIM mporecc. VcTeueHrne MPOUCXOAUT
JBYMsI MYTAMH: 4€pe3 MHKPOHEPOBHOCTHM Ha TpaHUIIE MPOKIaJKa-MeTall U
yepes 00beM MPOKIAIKU B pe3ysbTaTe AudPy3umu.

Q,M&‘/'v
15107
0107
3
-3
! ) T
0 50 100 150 ¢,cym

Puc. 3. 3aBHCMMOCTB yT€UEK alleTOHUTPHUIIA OT MPOJOJKUTEIBHOCTH €r0 BO3ICUCTBHUS
Ans IPOKIALOK U3 IAPOHHTA TPH PASIMTHOM AaBICHHH CPEBL:
1-1-10°TIa; 2 - 3-10° I1a; 3 - 6-10° I1a

JIns yMEHBIIEHHSI BBIJCICHUS Ta30B MPOKIAIKH CIEAyeT 3aMEHATH
YaCTUYHO, @ HE Ha BCEM ammapare Wiu APyroM 0O00pYyI0BaHWU OJTHOBPEMEHHO.
Uepes 300-400 cyT skcIulyaTanuy IMOJ BO3JIEMCTBHEM arpeCCHUBHBIX CBOMCTB
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Cpellbl MpOKJIaJKa TepsAeT YNPYrocTh, a YTEUYKH BO3PACTAIOT MPUMEPHO B
1,5 pa3a.

KonnuectBo Bpemnoro BemectBa G, MOCTYMAaOIIEro 4Yepe3 MPOKIAKY,
pPacCUUTHIBAIOT 110 hopmyJie, KI/c:

G~ aAPoS | 9)

9,,v
rie AP — mageHue naBieHus rasa Bo (QuaHIeBOM coenuHeHuH, Ila; Oy, —
yAelbHOE JaBJCHUE, OKa3bIBa€MOE Ha MPOKIIAJKY (pJlaHllaMH NP 3aTSITUBAHUU
ux Oonramu, Ila; 6 — TonmIMHA MPOKIAAKH, M; V — KMHETHUYECKas BSI3KOCTb
cpenmbl, M?/c; a — KOO(pOHUIMEHT MPONOPIUOHAIBHOCTH, PABHBIA OTHOLIEHUIO
NPOHUIIAEMOCTH K  yACIBbHOMY  JaBJICHUI0O W YCTaHABJIMBAEMBIH
AKCTIIEPUMEHTANIbHO (pa3MepHocTh H).

Takum 00pa3oMm, KOJIMYECTBO BPEIHOTO BEIIECTBA, MMOCTYHAIOIIETO B
aTMocdepy udepe3 MPOKIAJIKH, BO3PACTAET C YBEIMYECHHEM JaBJICHUS BHYTpU
o0opynoBaHusl WM TPyOONpPOBOJA, TOJIIMHBI MPOKIAJA0K U YMEHBIIAETCS C
POCTOM YCUJIHS 3aTSHKKU (PIIAaHIIEBOTO COCIMHEHUS, a TAaK)KE MPHU BO3PACTAaHUU
BA3KOCTH HUAKOCTHU, HAXOAALIEHCS B 000py1I0BaHUH UK TPYyOOIIPOBOJIE.

IIpumep 6. Paccuntarh yTeuKy alleTOHUTPUIIA Yepe3 NPOKIAAKy U3 ITapOHUTA
tommuuoi 3-10° M, 3araHyTyr0 [0 yOenbHOro HampsbkeHus 166-10° Tla.
JlaBnenue B pabouem oobeme 1-10° Ila, remneparypa 30 °C (¢=0,5-101 H).

Pewenue. 1o cipaBOYHUKY HAXOJIUM 3HAUYEHUE KHHEMATHIECKON BSI3KOCTH
aneronuTpuia, pasaoe 1,28-10° m?/c. ITo dpopmyre (9) paccunThIBaEM yTEUKY
alleTOHUTPUIIA!

~1.10°-3-10°-0,5-10™"
166-10°-1,28-107°
Ilpumep 7. Coxpansia ycinoBus mnpumepa O, OIECHUTh H3MEHEHUE
HKOJIOTUYECKON OOCTAaHOBKM B II€X€ MPH YMEHBIICHUH YACIBHOTO HAIPSKEHUS
3aTSHKKU TPOKJIAJIOK BIBOE.
Pewenue. Uctionb3ys ypaBHenue (9), monydum:
G 1-10°-3-10°-05-10™"
83-10°-1,28-10°
KoHueHTpanusi aleTOHUTpUia B MOMEIIEHUHN 11€Xa YBEIUYUTCA MPUMEPHO
B 2 pa3a [0 CPaBHEHUIO C HOPMOIA.

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

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

2. OuncTKa BHIOpPachIBAEMOI0 NPEeANPUATUAMEA B aTMOChepy Bo3ayxa
OT BPeIHbIX ra30B U NbLJIN
[lo KOJMYECTBEHHOMY W KauyeCTBEHHOMY COCTaBY BPEIHBIX BBIOPOCOB
MPOMBIIIIEHHBIE TPOU3BOJICTBA MOKHO Pa3/IeNIUTh HA YETHIPE TPYMIIbL:

1) mnpou3BOACTBA, BBHIOPACHIBAIOIIME B aTMOChEpy YCIOBHO YHUCTHIC
TEXHOJIOTUYECKHE W BEHTWISIMOHHBIE BBIOPOCHI C COAECpPHKAHUEM
BpPEAHBIX BEIIECTB, HE MPEBBIMIAIOIUM MPEACIbHO JOMYCTUMbIE
KOHIICHTpAIMU B paboyeil 30He MPON3BOICTBEHHBIX MTOMEIICHU;

2) TpOM3BOJCTBA, BHIOPACKIBAIOIIUE B aTMOCHEPY HEMPHUATHO MAXHYIIUE
rasbl;

3) MpOW3BOJCTBA CO 3HAYUTEILHBIMH BBIOpPOCAMH Ta3a, COJCPIKAIIETO
HETOKCUYHBIEC UJIM UHEPTHBIE BEILIECTBA;



4) TpoW3BOACTBA, BBHIOpACHIBAIOIIME B aTtMochepy TOKCHYHBIE U
KAHIIEPOT€HHbIE BEIIECTBA.

B xumudeckoil 1 HEPTEXUMUYECKON MPOMBIIINIEHHOCTH K MPOU3BOICTBAM
NEPBOM TPYMIIBI OTHOCATCS LIEXU C TEXHOJIOTMUECKUMHU TeYaMH, pabOoTaIoIMMU
Ha IPUPOJHOM ra3e W MAJOCEPHHUCTOM Ma3yTe; KO BTOPOU — IPOM3BOACTBO
a30THOM KUCJOTHI C KATATUTHYECKOW OYUCTKOM; K TPEThEN — LIEXU C IPOOHIIBHO-
IOMOJIBHBIM 00OPYJOBaHMEM, CYIIMJIbHBIMU OapaOaHaMu, OOOTaTUTENIbHBIE
babpuku; K 4YETBEPTON Tpymme OTHOCUTCA OOJBIIMHCTBO XUMHUYECKUX H
HEe(PTEXUMUYECKUX  TMPOU3BOJCTB. ITO, B  YaCTHOCTH, IPOU3BOJICTBO
NOJUATUIIEHA, (EHOoJa, MOJMAMUIHBIX U  (PeHOIPOPMaNbAECTHAHBIX CMOJ,
¢dTaneBoro aHrUApUAa, CEPHOM U COJSHOM KHCIOT, CTUpOJda, 3(HpoB,
AJIEKTPOJIMTUYECKON IIEeJIOYM U XJopa, cyinbdara M KapOupa Kajblus,
HE(TAHOrO KOKca, Kopja, kKapbamuja, repOuIuIoB, c1aboi a30THOM KHUCIIOTBHI
0e3 KaTaJIUTUYECKOW OYMCTKH, aMMHaKa, METaHOja, alueTWieHa U Ap. Takum
o0pa3oM, OOJNBIIMHCTBO XUMHUYECKHUX IPOM3BOJCTB OTHOCUTCA K YETBEPTOU
TpYIIIE MO COCTaBYy BPEAHBIX BEIOPOCOB.

TexHuka OYMCTKM Tra30B BeCbMa pPAa3sHOOOpa3Ha Kak II0 XapakTepy
KOHCTPYKLUH anmapaToB yJAaJeHHs MbUIM U BPEIHBIX ra3oB, UX MacluTady, Tak
U 10 METOJaM yAAJIEHUS MbUIM U BPEIHbIX ra3oB. OUUCTKA ra30B MOXET ObITh
MEXaHUYECKOM (OYMCTKAa OT TBEPAbIX YAaCTUIl U KamleleK >KUAKOCTH),
COpPOLIMOHHOW M OCHOBAaHHOM Ha XMMHYECKOM IPEBPALLEHUHN BPEIHBIX ra3oB B
0e3BpeHbIe (KaTaIUTHYECKOE OKUCIEHUE, TEPMUUECKOE Pa3IOKEHUE U T.11.).

Beibop MeToja OYMCTKM Ta30B OIpENeseTcsl B IMEPBYI0 OYepenb HX
XUMUYECKUMH M (U3UKO-XMMHYECKUMHU  CBOWCTBAMH,  XapaKTepOM
IIPOU3BOJICTBA, CBOMCTBAMM YYaCTBYIOLIMX B MPOU3BOACTBE BEUIECTB, 00BEMOM
BbIOpPAChIBAEMOI'0 Ia3a U MbUIM, BO3MOKHOCTbIO PEKyIEpallii WX YTUIN3ALUH
YJIOBJIEHHBIX ITPOAYKTOB U T.II.

2.1. MexaHu4ecKasi 0O4UCTKA ra3oB

BriOpacbiBaemble MPEANPUATHSIMU XUMUYECKOM U HeYTEeXUMUYECKOU
MPOMBIIJICHHOCTH Ta30BbIE CMECHU [0 arperaTHOMy COCTaBy TOKCHUYHBIX
MpUMecel MOXKHO KJacCUPUIMPOBATh Ha TPyOOJMCHEPCHBIC, adPO30JIbHBIE U
MosekyJsipHble. ['pyOoaucnepcHas ra3oBasi CMECh COACPKUT TBEPJIbIE YACTUIIBI
pasmepom 100 mMxm m Oosee. Adpo3os coaepkaT Oojiee MEIKHE YaCTHIIbI,
B3BCILICHHBIC B BO3JIyXE WM JAPYrOM Tras3e, HalpuMep IbIMbI UMEIOT YaCTHIIhI
pasmepoM 0,1-5 MKM, TymMaHbl COCTOSAT W3 KamleleK >XUIKOCTH Pa3MEPOM
10 mxM. YacTuiisl a’po30iisi, ©Mesi MaJIyl0 Maccy M OOJIBIIYI0 MOBEPXHOCTb,
COpOUPYIOT  3apsDKEHHbIC YaCTUIIBl U BCJIEACTBUE 3TOrO  CIHOCOOHBI
nepeMeniaThCsi B DJIEKTPUUECKOM TIojie, TMOJ00HO HOHaM pactBopa. B
MOJIEKYJISIPHBIX Ta30BbIX CHUCTEMAax TOKCHUYHBIE MPUMECHU COJIEPKATCA B BHIE
ra3a Wid rnapa.

B xuMnueckoil MNpPOMBINUIEHHOCTH [ OYMCTKH BO3[yXa OT MbUIM H
a’po30JIed  IIMPOKO MPUMEHSIOT MbUICYJIOBUTEIN  CICIYIONIUX  THUIOB:
nwlieocaoumenbhvie Kamepuvl, OCAXKJICHUE TMbUIM B KOTOPBIX MPOUCXOAMT
MPEUMYILIECTBEHHO TMOJ{ ACHCTBUEM CHUJ TPAaBUTALMU; YUKIOHbL, B KOTOPBIX
TBEpJIbIE YaCTHUIIBl OCAKIAIOTCA TMOJ JACHCTBHEM IIEHTPOOCKHBIX CHII,
BO3ZHHKAIOIINX B PE3YJIHTATE OBICTPOTO CIIUPATHLHO-TIOCTYATEIbHOTO JIBHKCHHUS
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ra3oBOro IOTOKA BJIOJIb OTPAaHUYMBAIOIIEH NOBEPXHOCTH ammaparta (puc. 4);
npomviéamenu, B KOTOPBIX TBEPAbIC YaCTHULbl BBIICISIOTCS B PE3YJbTaTe
WHEPIIMOHHOIO OCAXKIEHUS Ha KaIUISIX M IUIEHKaX MPOMBIBAIOIIEH >KHJIKOCTH;
@urompsl ¢ TEPErOpoOAKaMHU, B KOTOPBIX MCIONB3YIOTCS 3((EKTHl KacaHUs
WHEPLUU U CUTOBOM; 271ekmpoduibmpsl, B KOTOPHIX HAa B3BEUICHHBIC YACTHIIBI
JEUCTBYIOT B OCHOBHOM 3JIEKTPOCTATUUECKUE CUJITBI (pHUC. )

B nukinoHax 3arpsi3HEHHBIH BO3AYX MOCTYHAEeT 4epe3 BXOJHOU natpyOok 1
(cM. puc. 4) W JIBWXKETCS BHU3 IO KOJIBLIEBOMY 3a30py MEXAY KOPIIyCOM
anrapara U BXOJHBIM yCTPOUCTBOM 2. [Ipy 3TOM ra3oBbIi IOTOK 3aKPYYMBAECTCS
B ycrpoiicTtBe 3. TBepaple yacTHIbl, NOJy4YHB YCKOPEHHUE, NBUTAIOTCS BIOJIb
CTEHKHA KOpIlyca ammapaTta BHU3 B OyHKep 4, a OUMINEHHBIM BO3IyX uepes
BBIXO/JIHO€ YCTPOMCTBO MOAHMMAETCA BBEpX. B 1muKiIoOHaX 3(PPEeKTUBHO
YJIABJIMBAIOTCS TOJIBKO KPYITHBIE YACTHIIBI.

L0 2E ]
eloie
ola|e

Y

VI

Y
l.i.
-

‘ s /W“< &z

Puc. 4. l{lukyioHHBIH anmapar: Puc. 5. DnexTpo@uibTp MIacCTUHYATHIN:
1 — BxonHO# MaTpyOoK; 2 — BBIXO] 1 — xamepa; 2 — U30IATOP; 3 — BBIXOTHOM
OUHMIICHHOTO Ta3a; 3 — 3aKpy4yHuBaromiee raz; 4 — pama ¢ KOpOHUPYIOIIUM
YCTPOUCTBO; 4 — OyHKEp i cOopa MbUIH AIEKTPOJIOM; 5 — OCAIUTETBHBIN JIIEKTPOSI;

6 — pacnipenenuTeNbHAS PEIICTKA,
7 — BXOJIHOM ra3oxon

JUIs TOHKOM OYHMCTKH Ta30B OT IbUIM M TyMaHa MPHUMEHSIOT MOKPYIO
OYHCTKY — IIPOMBIBKY I'a30B BOJAOM WJIM APYTOM XKUIAKOCTHIO. B3anmmoneiicTeue
MEXIY *UIAKOCTBIO U 3albLICHHBIM Ta3oM (TyMaHOM) MPOMCXOAMUT JMOO Ha
MTOBEPXHOCTHU JKUAKOW IUJICHKH, CTEKAIOIIEH MO BEPTUKAIBHOM WM HAKIIOHHOU
IJIOCKOCTH (IJIEHOYHbIE WJIM HAacaJo4yHble CKpyOOephl, NEMHUCTPHI), JUOO Ha
MOBEPXHOCTH Kamenb (Tosibie CKpyoOepwl, ckpyOOepsl Bentypu). Mokpyto
OUYMCTKY Ta30B NPHUMEHSIOT B TOM CcCllydae, KOIrJa JOMYCTHMO YBIIA)KHEHHE
OYHMILIAEMOr0 Ta3a.
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B oanexktpodunpTpax K 2J€KTpoAaM IMPUKIAIABIBAETCS BBICOKOE, [0
HECKOJIBKMX JECATKOB ThICSIY BOJIBT, HAINPSKEHHE IMOCTOSHHOIO ToKa. Takas
Pa3HOCTh NMOTEHIMAIOB MEXIY 3JEKTPOJAMH MPUBOJUT K MOHU3ALHUHA MOJEKYJI
raza 1 00pa30BaHUIO MOJIOKUTENBHO 3apPsHKEHHBIX MOHOB U 3JIEKTPOHOB. MOHBI
JIBUKYTCS K OTPUIATEIILHOMY KOPOHHUPYIOLIEMY OJJIEKTPOAY, a CBOOOIHBIE
AJIEKTPOHBI — K MOJIOKUTEILHOMY OCaIUTENbHOMY AIEKTpoay. Conpukacasch co
BCTPEUHBIMM TBUIMHKAMM M KalellbKaMM, HaxOJAIIMMHCS B Ta3e, OHH
COOOIIAIOT TMOCJIETHUM CBOM 3apsii M YBIEKAIOT HMX K OCAIUTEIbHOMY
NEKTpOoLy. B pesynbrare 3TOro 4acTuibl NbUIM M TyMaHa OCEHAlOT Ha
anektpone. Ilo Mepe HakOIUIeHHs OCEBIIYIO IbLIb YJAISAIOT BCTPSXUBAHUEM
anekTpo1oB. Ilpu ocenanum TyMaHa BCTpSIXMBaHUE, KaK MPaBUo, HE TpeOyeTcs,

MOTOMY 4YTO OOpa30oBaBIIAsACS >KUIKOCTh CaMOCTOSTENIbHO CTEKaeT C
AIIEKTPOJIOB.
Koncrpykiuun ANEKTPOUIBTPOB BECHhMA Pa3HOOOpa3HBbL. B

NPEACTAaBICHHOM Ha  pHUC.5  IUIACTHHYATOM  JJICKTPOQUIBTPE  MEXKIY
NapajuieIbHBIMU TOBEPXHOCTSIMU OCAJIUTENbHBIX AJIEKTPOJAOB S5 MOJIBEIICHBI
KOPOHUPYIOIIUE DJICKTPOJbl 4, BBINOJHEHHbIE U3 TPOBOJIOKH. CBepxy
KOPOHMPYIOIIKE AJIEKTPO/Ibl MOABEIICHBI K paMme. OUMIIaeMblid Ta3 MO0 Ta30X0Ay
7 mopaeTcs MOJA pacHpeAcUTENbHYI0 PEIIeTKY 6, MOJHUMAETCS BBEPX MEXKIY
MapaJiICIbHBIMU JIUCTAMHM OCAJUTEIBbHBIX AJIEKTPOJIOB, OUUIIACTCS U YIAJISIETCA
yepes BBIXOAHOM ra3oxoj 3.

DNeKTPOPUIBTPHI UCIIOJB3YIOT IS yAanaeHus 13 ra3oB
TPYJAHOYJIaBIUBAEMON MbLIM M TymaHa. CTeneHb OYHUCTKH gocturaer 98%, a
nnoraa 99,9%.

Tabmauma 2
XapaKTepI/ICTI/IKI/I HBIHCYHOBHTCHeﬁ OCHOBHBIX THITIOB
IIputeynaBiauBaromue ycrpocrsa | ['mapas- OTtHocH- MuHuManbHBIN pazMep
JINYECKOE TeIbHas 3¢ hekTHBHO
COMPOTHUB- | CTOUMOCTH yJIaBIMBAaE€MbIX YaCTHII,
nenwne, [1a OYHCTKH MKM
[TeieynoBuTenu (LIMKIOHBI):
- HIHEPLIMOHHBIE 100-300 1 40
- IICHTPOOCIKHBIC 750-1250 2-3 30
[TpomeIBaTeN 750-1500 2,5-4 2-5
5000-12500 7-15 0,1-1,0
TxaHeBbIe (PHIIBTPHI 750-1500 3-75 0,1
OneKkTpoGUIBTPHI 100-400 5-15 0,25-1,0

XapakTepUCTUKH TMBIICYJIOBUTEICH OCHOBHBIX THIIOB MPUBEICHHI B Ta0I. 2.
O(P(DEKTUBHOCTh TBUICYJOBUTENSI 3aBUCUT OT (PUBMKO-XMMHUYECKUX CBONCTB
ra3oBOM Cpelibl U TBEPJIbIX YACTHIl, UX PACHpPEACIICHUs MO pa3Mepam, OT THUIIa
MBUICYJIOBUTEIIS, TapaMeTpoB €ro paboThl MU TEXHUYECKOro cocTosiHusA. Ee
OTPENICIISAIOT IO OTHOIICHUIO PA3HOCTH KOJIMUECTB TBEPABIX YACTHI] HA BXOJIC B
MBUICYJIOBUTEIb U BBIXOJE U3 HETO K UX KOJMYECTBY HA BXOJE, %o:

c,—-C

= =100, (10)

8X
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B Tabn. 3 mnpuBeneHbl XapaKTEPUCTUKM TyMaHOYJIOBUTENEW OCHOBHBIX
TUNOB. /[l BBIIENEHMS M3 Ta30BBIX MOTOKOB YaCTUI[ Kaleidb >KHUJIKOCTH
IPEeTyCMOTPEHbl YCTPONCTBA, MPHUHIMI JCHCTBHS KOTOPHIX aHAJIOTUYCH
NPUHLIMITY AEMCTBUS IbLICYJIOBUTENECH. Paznuune 3akimtodaercs TOIBKO B TOM,
YTO BC€ TYMAHOYJIOBUTEIM paboOTal0T B peXHUME CaMOOYMIICHHUA, T.C.
HaKaIIMBaeMasi >KUAKOCTb W3 ATHX YCTPOWCTB MOCTOSHHO ynamsercs. [lpu
OYUCTKE TYMAaHOB, OOpa3yloIIMXCs HpU padboTe C pPAacTBOPAMM COJIEH, Ui
NPEIOTBPAICHUS] KPUCTAJUIM3AIMN COJIeH W 3apacTaHus (QUIBTPOBAIBHBIX
NEPETOPOIOK MOCIEAHUE OPOIIAIOT BOAON MM B (DUIBTP BBOAST BOJSHOM map.

Tun neine- WM TyMaHOYJIOBUTENS BbIOMPAIOT Ha OCHOBAHMM JIAHHBIX O
xapaktepe dactul (Kamenek) W Hux pasmepe, TpeOyemon 3¢hdeKTUBHOCTH
OYUCTKH, JOITyCTUMOTI'O T'UJIPaBINYECKOTO COIIPOTHUBIICHMUS,
IPOU3BOJAUTENILHOCTH YCTAHOBKH U €€ 3KOHOMUYHOCTH.

Tabawna 3
XapaKTepHCTI/IKI/I TYMaHOYHOBI/ITGJIGﬁ OCHOBHBIX THUIIOB
TymaHOyIOBHTEH CKOpOoCTh I'ugpaB- | DPPeKTUBHOCTh OUMCTKH, Yo, 15
rasa B JIAYECKOE YaCTHI] C pPa3MEPOM, MKM
aKTUBHOMI COIIPOTHB- mo 1 1-3 3-10
30HE, M/C nenune, klla
DIeKTPOhUILTPHI 0,3-1,5 0,1-0,3 75-95 90-99 98-100
Cxkpy006epsl Bentypu 50-150 5,0-20,0 90-97 95-100 98-100
BomnokHucThIC QUIBTPHI:
- HU3KOCKOPOCTHBIE 0,01-0,1 0,5-5,0 92-99 96-100 100
- BBICOKOCKOPOCTHEBIC 1-10 1,5-8,0 50-85 85-97 95-100
JeMuCcTpBI 2,4-45 0,2-1,0 20-40 70-90 90-98

Ilpumep 8. BpiOpaTh THI NBUICYJIOBUTENS JJII MEXaHUYECKOW OYUCTKU
BO3MIyXa OT MBLIHU IIeXa TPAHYJISAINN U JbIMa CUJIOBOM YCTAaHOBKH.

Pewenue. W3 nannpix Tabn. 2 choeayer, YTO KpPYIHBIE YacTHIIbI
3G ()EKTUBHO  yNABIMBAIOTCSA B  MHEPIHOHHBIX WM  IIEHTPOOEIKHBIX
MBUICYTOBHTENAX. [[03TOMY /ISl OYMCTKY BO3MyXa OT MBUTH TPAHYJISAIIANA OYIyT
prUeMJIeMbl UHEPIIMOHHBIE MO0 IEHTPOOESKHBIE MbuieyIoBUTeNIU. Haobopor,
MEJIKAE YaCTHUIIhI bMa 3P GEKTUBHO 3aI€PKUBAIOTCS B DJIEKTPODUIBTpaXx.

Ilpumep 9. OuEHUTH, KOHUEHTPAIIMIO TyMaHa Ha BBIXOJE U3
NMEKTPOPUIbTpa, €CM HAa OYUCTKY MOJAETCS TyMaH, MUHUMAJIbHBINA pa3zmep
gacTuIl B KoTopoM 1 MM, konuenTpanus Cy=10 /M5,

Pewenue. CornacHo tabin. 3, 3¢(}EeKTUBHOCT OYMCTKH TaKOTrO TyMaHa
coctaBisieT 75-95%. I1o popmyie (10) Haxoaum:

C =C, - Ko _qp_ 1510 25 r/m3;
100 100

C’ zlo—Mzo,s /M3,
100

6blX

CnenoBaTenbHO, Ha BBIXOJE M3 2JIEKTPO(UIBTPA KOHLEHTpALMs TyMaHa
coctasut 0,5-2,5 r/m>.
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2.2. CopOLMOHHAs OYMCTKA Ta30B

CopOrueli Ha3bIBAIOT IOTJIONICHHE TBEPABIM TeEJIOM (aacopOIus) WU
KUIKOCTBIO (a0copOIns) BemecTBa W3 OKpykaromen cpeabl. OOpaTHBIM
MpoliecC Ha3bIBAIOT JecopOIrei; 6oJiee YacTo ero OCyIIEeCTBISIOT MOBBIILIEHUEM
TEeMIEpaTyphbl UM CHUKEHHEM JaBlIeHHUs] copOupyeMoro BemiecTBa. I[Ipoiecco
COpOIMU TPOBOAAT TMEPUOAMYECKH (B ammaparax C HEMOJIBIKHBIM CIIOEM
copOeHTa) U HEMPEPHIBHO — B allllapaTax ¢ ABUKYIIMMCS WU KUIAIIUM CIOEM
copOeHTa, a TakKe B ammaparax C HETMOJBIKHBIM CJIOEM, €CJIA COPOITMOHHBIC
YCTaHOBKHM MMEIOT HECKOJIBKO MapaiesIbHO BKIIOUECHHBIX allapaToB.

JIBvokymied cuiioil  aacopOIMu  SIBISETCA Pa3HOCTh HMCXOAHOTO |
PABHOBECHOTO NapIUaIbHBIX JABJICHUI B3aMMOJICUCTBYIOIIUX KOMIIOHEHTOB,
KOTOpast BeIpaxaeTcsi GOpMyJIOii:

:(P'F_P;)_(P;_P;) (11)
T (PL-PL(PT-P})

rae P'., P". — mapunanbHble NABIEHHS MOTJIOMIAEMOrO KOMIIOHEHTA B Ta30BOU

(aze Ha BXOJe B ammapar M Ha BbIXxoAe u3 Hero; P',, P", — paBHOBecHbIE

napuyalibHble JABJICHUS MOTJIOIIAEMOr0 KOMIIOHEHTAa HaJ JKUJIKOCTBIO Ha €€

BXO/I€ B allllapat U Ha BBIXOJE U3 HETO.

N3 Boipakenus (11) crmemyer, 4to mo Mepe CONMMKEHUS TMapIUaIbHBIX
JTABJICHUH TIOTJIOIAeMOM TPUMECH B Ta30BOM (paze U Ha MOBEPXHOCTU KUIKOCTH
JBIKYIIAs CHJIa ITpoliecca adcopOMU YMEHBIIAETCS.

Couetanue abcopOiuu ¢ aecopOIHeit mo3BOIsSET MHOTOKPATHO MPUMEHSTh
MOTJIOTUTENb M BBIICIATH MOTJIONICHHBIM KOMIIOHEHT B YMCTOM Buje. OHaKo
IpU OYKMCTKE Ta30B BO MHOTUX Cly4yasx MPOBOAUTH JECOpOLMIO HE
00s3aTeNIbHO, TAK KaK MOTJIONIEHHBIE BEIIECTBA MOIJIEKAT 00E3BPEIKUBAHMUIO.

Ha puc. 6 nokazana cxema abcopoepa. B abcopbep nmocTymnaeT ouniaeMbiii
ra3 ¢ napiuajibHbIM JIaBJIEHUEM BBEPEHHOro BemiecTBa P'y, 6apOoTupyer yepes
CJION >KHJIKOCTH (B BUJE MYy3BIPHKOB) U BBIXOJMT W3 allllapaTa ¢ MUHUMAJIbHBIM
MaplUyraibHBIM JTaBJICHUEM BpenHoro BemiectBa P'.. Ilornomaromas »XuakocThb
MPOTUBOTOKOM TIOCTYIAe€T B ammapar 4epe3 pa3opbi3ruBarelb | W BBIXOAMT
yepes mnatpyook 4. Ilpomecc abcopOuuu  SBISIETCS  TE€TEPOTCHHBIM,
MPOTEKAOIIUM Ha TPAHUIE Ta3-KUIKOCThb, IMOATOMY [JII €ro YCKOpPEHHUs
MPUMEHSIIOT Pa3JIMYHbIE YCTPOKUCTBA, YBEJIMUYHMBAOIINE MIONIAb KOHTAKTA ra3a
C )KUJIKOCTBIO.

Jlnst moBbitieHUst 3(G(GHEKTUBHOCTH OYUCTKU Ta30B BMECTO PACTBOPUTEIS
MPUMEHSIIOT XUMUYECKUE MOTJIOTUTENHN BPEJIHBIX Ia30B, KaK MPABHUIIO, BOIHbBIC
PacCTBOPHI JIEKTPOJIUTOB (KUCTIOT, 11esiouel, coneil). Tak, 1j1si OUMCTKU ra30B OT
JUOKCHIA CEPbI, CEPOBOJAOPOJA W METWIMEpPKANTaHA WX HEUTPAIU3YIOT
pPacTBOPOM WIEJIOYH, B PE3YIbTATE YETO MOTYyHatOT COJb:

SO,+2NaOH=Na,SO3;+H,0.
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Puc. 6. Abcopbep: 1 — pacnpenenuTens )KHAKOCTH; 2 — HacaaKa; 3 — OmopHas pelieTKa;
4 — BBIXOJT )KMJIKOCTH; 5 — BBIXOJ] OYHMILIAEMOT0 rasa.

AJCOpOIIMOHHBIA METOJ TOTJIONMICHHS TMOJIYYU Pa3BUTHE B IMOCIEAHEE
BpeMsi B  CBSI3M C  OCBOGHHMEM  IPOMBIIUIEHHOTO  MPOU3BOJICTBA
BBICOKOO(()EKTUBHBIX  aJCOpPOEHTOB:  AKTUBHBIX  YIJVIEW,  CHUJIMKAresiei,
CUHTETHYECKUX IICOJUTOB. AJCOPOIIMOHHBIA METOJ] MO3BOJISET PEIIUTh 3a7a4u
rTyOOKOW OYMCTKH TEXHOJOTHYECKHMX M OTXOJAIIUX MPOMBIIUICHHBIX Ta30B,
COJIEp KallliX Pa3HOOOpa3HbIE BpeIHbIE BelllecTBa. EciM MpaBUiIbHO BHIOPAHBI
TEXHOJIOTUYECKUI PETJIaMEHT, CXeMa M anmnapaTrypa Mpouecca, IpuMech MOXKET
OBITH yAaJIeHa 3TUM METOJIOM IMPaKTUUECKU MOJHOCThI0. Kpome Toro, Hapsiay ¢
OUHUCTKON OTXOISIIMX MPOMBIIIJICHHBIX Ta30B, aJCOPOLIMOHHBIA METO]
MO3BOJIIET €LIE YJaBlMBaTh M BO3BpallaTh B TEXHOJOTMYECKUN Mpolece
HEKOTOpBIE IIEHHbIE BEIlIECTBA, HAIPUMEP PACTBOPUTEH.

AncopOeHThI XapaKTepU3yIOTCSl BETMUNHON MOTJIOTUTENILHOM CTIOCOOHOCTH —
BenuuuHOM ancopOuuu (a, /100 T) MO KOHKpETHOMY BelIeCTBY. BemmunnHa
afcopOlUM 3aBUCUT OT CBOMCTB aACOpOEHTa M TMOIVIOHNIAEMOr0 BPEIHOTO
BemecTBa (amcopOoTuBa). Kpome TOro, BenmwumHa aJacoOpOIIMU 3aBUCUT OT
BHEIIIHUX YCJIOBUH: JaBJCHUS Tapa BPEAHOTO BEIIECTBA B OYMIIIAEMOM rase U
TeMIepaTyphbl.

3aBUCUMOCTh  aJIcOPOLIMM  OT JABJIEHUS OMHCHIBACTCS YpaBHEHUSIMHU
M30TepMbI aJcopOuu. B cliyyae MOHOMOJEKYJISIpHOM aicopOUuUM Ha OJHOMU
MOBEPXHOCTH YPAaBHEHUE U30TEPMbI UMEET BU/I;

g = P (12)
1+DbP
II€ a — BEIWYWHA aJCOpPOIMU TIPU 3aJaHHBIX YCIOBUAX, MOJB/T, dm —
MaKCHMajbHas BEIWYHMHA aacopOIUH IS AAHHOIO amcopOeHTa, MOJb/T; b —
ancopOumonnbli  kodpduument, Ilal; P — nasneHwe mapa TOKCHMYHOTO
KOMMOHeHTa, I1a.
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P xfla

Puc. 7. 30TepMBbI aficopOIiu TMOKCUAA YTIepoaa Ha aKTUBHOM YTJIe
pH pa3augHoi Temmneparype, °C: 1 —-76,5;2—-0; 3-30;4-50; 5—-151,5

Ha puc. 7 B kadecTBe wumtocTpaluu ypaBHeHus (12) moka3zaHa muzorepMma
ajcopOoIMM  TUOKCHUIA yriepoja Ha AaKTUBHOM yriie TpU  pa3IudyHOU
TeMmreparType.

N3 ypaBHenus (12) ciienyer, 4To C YBEJIMUCHUEM MapIUaIbLHOTO JaBICHUS
BPEHOTO BEIIECTBA B T'a3€ PaCcTET BEJIMYMHA aICOPOIIHH.

C yBeJMYeHHEM TEMIIEpaTyphl BEIMYMHA aACOPOIMHM YMEHBIIACTCA U
HAcTymaeT oOpaTHBIA mporecc — jgecopouus. B Tabn. 4 mnpeacrtaBieHa
XapaKTepUCTUKa HanboJee paclpoCTPaHEHHBIX aJICOPOEHTOB.

Haubonwiiee pacnpocTpaHeHHE€ B MPOMBIIUICHHOCTH aJICOPOITMOHHBIC
METOJbI TIOJIYYUJIN AJIsl YJIaBIMBAHUS PA3JIUYHBIX PACTBOPUTEIICH. Y IaBINBAHUE
pacTBOpUTENEed TMPOBOAST B  PEKYNEpPAlMOHHBIX ycTaHOBKax. (CTeneHb
U3BJICUEHUS PAcCTBOPUTENS OOBIYHO cocTaBisieT 95-99%, a ero ocratoyHoe
colepKaHue B OTXOAAIEM U3 ajacopbepa rase He npesbimaer 0,5 r/mS. B
KadyecTBe aJicOpOEHTa B 3TOM cllydyae MPUMEHSIOT TOJIbKO aKTUBHBIN YroJib, YTO
o0ycioBiaeHo ero ruapodobHocThio. KpoMe TOro, akTMBHBIN yroiab obiamaet
BBICOKOM aJICOpPOIIMOHHON CITOCOOHOCTBIO TIO MapaM OPraHUYEeCKUX BEIECTB,
HEOOJBIION yep KUBaOIIEH CTOCOOHOCTHIO, JOCTATOUYHO MTPOYEH U T.1I.

Tabana 4
XapaKkTepuUCTUKa OTEUECTBEHHBIX aJICOPOCHTOB IO MOTJIOIAIOIIEH
crocobnoctr a, /100 T

AncopOeHt [Tornomenue anerwnena npu| Ilornomenne nuokcnaa
nasiaennu, klla yTIIepoa Mpy JIaBJICHUH,
klla
6,65 | 93,10 6,65 | 93,10
AKTHUBHBIE YTJIU
["azoBerit yroms Al 1,4 6,3 1,0 55
I"azoBsrit yroms CKT 3,2 12,7 2,0 10,0
Pekynepanuonsiii yrosip AP 2,0 7,8 1,2 7,4
Cunukareiu
KpymHonopucTsiii 0,4 3,8 0,4 2,0
MenKOnopHUCTRIN 1,6 4.8 - -
CHHTETHYECKHE I[€OINUTEI
IHeomut NaA 6,0 8,6 9,0 13,2
eomut CaA 6,6 9,4 13,8 16,8
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Pacxognble ko3¢ ¢unueHTsl Ha 1 T yJIOBIEHHOIO PacTBOPHUTENS IPHU €ro
KoHIeHTpanun 10 r/M MpUBeICHBI HIKE:

ITap (0,3-0,5 MITQ), T ceocereeeeiiee ettt e 2-3,5
Oxnaxknaromas BOAA (15 °C), M3....iiiiieee i 30-50
DIEKTPOIHEPTHS, KBT U ..eoiiiiiiiiiiiciiecciee e 100-250
AKTUBHBIM YTOIIB, KT ..uuvieeeeerieeeserieeeessueeeesssseeessssseeessssesssnssesssssseesenns 0,5-1,0

[TpoomKUTENEHOCTE pabOTHI OTHOM 3arpy3Ku ajacopOeHTa, mUKIibL... 10000

Pacxomapie  konddumHMEHTHI TpH  aaCOpOIMOHHOM  IOTJIONICHUHU
pacTBOpuUTENIA BeChbMa 3HAauMTENbHBL. [l03TOMYy B HacTosimiee BpeMs TaKHE
YCTaHOBKM SKOHOMMYECKU OIpPaBlaHbl TOJBKO B Cllydae IOIJIOUIEHUS H
peKynepanuu J0pOruX U CHIbHOTOKCUYHBIX PACTBOPUTEIIEH.

[Tpou3BOANTENBHOCTh PEKYNEPAIMOHHBIX YCTAHOBOK KoJieonercs oT 10 mo
150 ThIc. M ra3a B 1 4, a KOHIEHTpALK B HEM PacTBOpUTENs usMeHsercs ot 0,5
10 20 1/M3. VIX UCHONB3YIOT B Pa3jIMYHBIX OTPACIAX IPOMBIIIEHHOCTH. Hapsy
C PpAacCTBOPUTEIISAIMHU aJICOPOIMOHHBIE METOJIbl MPUMEHSIOT [JIi OYUCTKHU
OTXOSIIIMX Ta30B OT TOKCHMYHBIX BELIECTB: cyiabduma  yriepoja,
XJIODOPTaHUYECKUX COEIMHEHUHN, IHOKCUIA CEPbl, MapoB PTYTU U JAPYIHUX
METaJJIOB.

Ilpumep 10. Paccuurarb eMmkocTh (uibTpa A 1O  alETUJICHY,
sammoaHeHHOMY Ta3oBbIM yriieM CKT B kommuectBe Q=100 kr. [TaprmansHoe
JaBJICHHE arleTUIeHa Ha Bxoje B mibTp 93,10- 10° Ia.

Pewenue. V3 Tabn. 4 cienyer, 4To BeIUYMHA aCOPOLMHU B 3TUX YCIOBUSIX
cocrapmier Q=12,7 1/100 r wm a=0,127 «r/kr. IlockodbKy
A=aQ=0,127-100=12,7 kr; ¢QuabTp ¢ TaKUM KOJUYECTBOM YTJSI MOXKET
MOTJIOTUTH J0 12,7 Kr arneTuieHa.

2.3. Katanuruyeckasi 04MCTKA ra3oB

Karanmutryeckast 04rCcTKa Ta30B 3aKIII0YACTCs B 00€3BPSKMBAHUHN Ta30BBIX
BHIODOCOB  IMMyTE€M  XHMMHUYECKOTO  TIPEBpAIlCHHUS  BPEAHBIX  BEIECTB,
CoIlepKaIlUXCs B Ta3e, B OE3BpeIHbIC B TMPUCYTCTBUHM Karamusatopa. Jlims
KaTaJIATUYECKON OYUCTKH Ta30BbIM MOTOK, KaK IMPaBWJIO, MPOIYCKAIOT dYepes
CIIOM KaTajau3aTopa, coOJtogas TEXHOJOTHYECKUE YCIOBUA A(DPEKTUBHOIO
npeBpaileHus (Temreparypy, pacxoa rasa u np.). Karaimuzaropsl oOiagaror
CHenuUIHOCTBIO TEUCTBUS, TTO3TOMY OOE3BPEKUBAHUIO TMOJABEPTAIOT TOJBKO
T€ KOMIIOHEHTBI, JJII KOTOPBIX OHHU TIpeaHa3HadyeHbl. [IpoMBIICHHBIC
YCTAaHOBKH KaTATUTHUYCCKOW OYUCTKH TAa30B C PEKyIEpaIMel Tera pacCYnTaHbI
Ha npoussoauTensHocTh 900-14000 M%4. Omm pabGoraroT 1O  THIOBOM
TEXHOJIOTUYECKON cxeme. QuuIaemMple ra3bl MPOXOAIT OTOOMHUKU U JIOBYIIIKH
JUTSL OTJEJICHUS B3BEIICHHBIX YACTHUII M KOHJIEHCATa, 3aXBaYE€HHOTO T'a30BBIM
MOTOKOM. 3aTeéM Tra3bl HarpeBalT (CHavyaja B TEIOOOMEHHHKAX-
peKyrepaTopax, a IMOTOM B IIOJOTpPEBaTeNe) A0 TEMIEPAaTyphl PEAKIUU H
HaIpaBJIAIOT B PEAKTOp, pa3Mep M KOHCTPYKIIMIO KOTOPOTO BBIOMpAIOT
ONTUMAJBLHBIMU ISl JAHHOT'O IPOM3BOJIcTBa. OUHINEHHBIC Ta3bl OXJIAKIAOT U
BBITyCKalOT B armochepy. IlpumepoM MHUPOKO HCIONIB3yeMOro IIpolecca
KaTAJIMTUYECKOTO O00E3BPE)KMBAHUSI Ta30BBIX BHIOPOCOB SIBIISIETCS OUYMCTKA
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XBOCTOBBIX Ta30B OT OKCHUJIOB a30Ta B MPOW3BOACTBE a30THOM KHUCIOTHL. B
peaKkTope KaTaJIUTHUYECKON OYMCTKH IPOMCXOIUT OO0E3BPEKUBAHHE Ta30B IIO
pEaKIIUsIM:
CH4+0,502:CO+2H2+Q1;
2N02+4H2=N2+4H20+Q2;
2NO+2H2=N2+2H20+Q3;
2C0+0,=2C0,+Qq;
2H2+02:2H20+Q5.

Bce 3t peakiuu uayT ¢ BBIIEICHUEM TeIlIa, TIOITOMY TeMIeparypa rasa
nosbimaerca g0 690-730 °C B 3aBUCUMOCTH OT COJIEp)KaHUS KHUCIOPOJa B
MOCTYIAOIMIMX HA OYMCTKY XBOCTOBBIX Tazax. C Menpl0 MOAJep:KaHus
TeMIEepaTypbl BBIXOJAIIMX U3 peakTopa KaTaTUTHYSCKOW OYHCTKH Ta30B
MIOCTOSTHHOM B HEr0 MOJIAlOT JOIMOJHUTEIBHO JUO0 BO3AYX, JMOO MPUPOIHBIN
ra3. Beixomsmmii u3 peakTopa OUYHMINCHHBIA Ta3 coaepxkuT He Ooinee 0,005%
(00.) okcunoB azora u He 6onee 0,1% (00.) okcuna yriaeposa.

Karanmutrueckuil mpouecc no3BoyisieT OYUCTUTh oTXoasmme rassl 10 [TJIK
BO3MIyXa MPH MUHUMAJILHBIX dHEPTeTHUECKHX 3arpaTax. OCHOBHBIM aIlliapaToM
KaTATUTUYECKOTO MPOIIecca OUYMCTKHU T'a30B SIBJISETCS PEaKTOp, paboTy KOTOPOIo
XapaKTEPU3YIOT TEXHOJNOTHYECKUE TApPaMETPBl: pacxom rasa Ly, M/c,
TeMmreparypa mpolecca O00e3BpeKMBaHUS Ty, KOHIIEHTpAIds TOKCHYHBIX
npuMeceit B nocrynatomem Co B IpOIISAIIeM Yepe3 KaTaTuTUYeCKUi armapar
C, mons/M3, raze. Pasmep cnos karanmsartopa 06e3 ydeTa noTeph (TONIMHA CII0S
0, M) OTIPENICIISIOT 10 YPaBHEHUIO:

5 — Lpacx(CO - C)

Sq’;pﬂacsydwxu.w ’
rme Sy — IIomamb CJI0s KaTauuM3aropa, M2, pPuc — HACHIIHAs ILIOTHOCTH
KaTanus3aTopa ([l rpaHyJMPOBaHHBIX KATaIW3aTopoB), KI/M>; Sy, — ylenbHas
IOBEPXHOCTh  KAaTauM3aTopa, M2Z/KT; Wxyy — CKOPOCTH TI'eTEpOreHHOM
KaTaJIMTUYECKON peakum, MoJIb/(M2-c).

CKOpOCTh KaTaJTUTHICCKOW PEaKIIMK 3aBUCUT OT TPHUPOABI KOMITIOHEHTOB B
00€3BpPEKMBAEMOM Ta3e U KaTalu3aTopa, TEMIEpaTyphl MpoIlecca, a TakkKe OT
KOHIICHTpaIuu (MapiraJbHOTO JIaBJICHUs) TOKCHYHON TPUMECH. boNbIIMHCTBO
KaTATUTUYCCKUX PEAKIUH WMeeT APOOHBIA TOPSIOK, HAIPUMEP OKHCIICHHUE
MpolaHa Ha XPOMUTE MU OIKCHIBACTCS CICAYIONIMM KHHETUYECKUM
ypaBHEHUEM:

(13)

WCsHs - chﬂga ! (14)

rae K — ynenbHast CKOpOCTh OKMCIIEHHUs IPOIIaHA.

AOCONIIOTHBIE 3HAYEHUS] CKOPOCTEM peakuuid MOTYT pas3jinyaThCsi OYEHb
CHJIBHO, B COOTBETCTBUU C HHUMHU BBIOMPAIOT TEXHOJOTHYECKHE IapaMeTphl
YCTaHOBOK JJIs1 00€3BpEKUBAHUS Ta30BbIX CPE/l.

B Tabn. 5 mnpuBeneHbl XapakTEPUCTHKKM HEKOTOPBHIX KaTaau3aTopoB
OKHCIICHHsI YTJIIEBOJAOPOJAOB, KOTOPBIE PA3IUYAIOTCS II0 CKOPOCTH PEAKIMU Ha
HECKOJIBKO TOPSIKOB. B mpakTuke, Hapsay €O CKOPOCTBKO KaTaMTUYECKOU
peakuuu, I OLUEHKM  KaTaJlu3aTOpPOB  MPUMEHSIOT  BEJIMYHMHY  UX
IIPOU3BOIUTEIILHOCTH.
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Tabmuna 5
XapakTeprucTUKa KaTaanu3aTOPOB OKUCICHUS YTIIEBOAOPOIOB
(temniepatypa okuciaenus 300 °C)

CocTaB | YienmbpHas MOBEpXHOCTh, M/KT | CKOPOCTh OKHCIIEHHS] METaHA, MOJIB/(M>-C)
CrOs 28,0-1°3 0,08
MnO> 20,0-10°3 0,2
Fe203 16,2-1073 0,06
C0304 7,7-10° 0,5
HpOI/ISBOI[HTeJIBHOCTB KaTaJm3aTopa OIIPCACIIACT KOJINMYCECTBO

00€3BPEKHUBAEMOrO TOKCHYHOTO BEILECTBA B KI' B PE3YJIbTATE KATATUTHUECKON
peakuuM 3a OJMH uac, Ipuxojsmeecds Ha 1 M°  karammsaTopa.
[IpoK3BOANUTENHLHOCTE COBPEMEHHBIX KaTalIu3aTOPOB COCTABJIAET
100-300 xr/(m3-4).

[To xapakTepy OCYIIECTBISEMOW B  HeHTpaiu3aTopax  peakluH
KaTaau3aTopbl MOAPA3NEIAIOTCS Ha OKHUCIUTENIbHBIE (HA3bIBAEMBIE TaKKE

,Z[O)I(I/IFaTeHHMI/I), BOCCTAHOBHUTCJIBHBIC )51 TPCXKOMIIOHCHTHEIC NN
6H(1)YHKI_[HOHEUII>HI>IG. B  okucauTenbHBIX HeﬁTpaJIHSaTOPaX IMPOUCXOOUT
OKHCJICHHMC TIIPOAYKTOB HCIIOJIHOI'O CropaHvsa — OKCHAa YIjepoaa H
YIIICBOAOPOOAOB:

2C0O0+0,—2CO0y;

B BoccTaHOBUTENBHBIX HEUTpanu3aTopax s TIIyOOKOTO BOCCTAHOBIICHUS
OKCHUJIOB a30Ta HEOOXOJUMO, YTOOBI Ta3, MOCTYNAIOIIUNA B pPeakTop, OblI ci1abo
BOCCTAHOBJICHHBIM WJIHM OJHM3KUM K HEWTpaibHOMY. B 3ToM ciiydyae peakuuu
BOCCTAHOBJICHUS OKCHJIOB a30Ta B HeWTpaiau3zatope OyayT MpOTeKaTh
JIOCTaTOYHO IOJIHO:

2NO+2CO—N»+2COy;
2NO+2H,—N»+2H,0.

[Ipu GonbIIOM COAEpKAaHUM KUCIIOPOJa B 00€3BPEKUBAEMBIX T'a3aX OKCH]
yriepojia U BOJOPOJl pEarupyroT B OCHOBHOM C KuciaopoaoM u 3ddexra
OUYHCTKH BBIXJIOMHBIX T'a30B M0 OKCHIAM a30Ta HE JJOCTUTAETCHI.

[IpyHIMDO [OEeWCTBHA TPEXKOMIIOHEHTHBIX HEWTPAIM3aTOPOB OCHOBAaH Ha
OJTHOBPEMEHHOUN u JocTaTouHO 3(PdexkTuBHON ouncTKe (10 80%) BBIXJIOMHBIX
ra3oB OCH3WHOBBIX JIBUTATEICH.

Ilpumep 11. PaccunuraTh pacxo] rasa, CoAEpKallero MeTaH B KOJIMYECTBE
160 r/m® (Co=10 Momb/M®), MPOXOAAIIErO Yepe3 KATAIMTHIECKHN PEAKTOp IS
JTOCTHKEHUSI KOHLIEHTPALMM MeTaHa Ha BbIxoae 1 Moib/m3 PeakTop 3amoiHeH
OKCHAOM Xpoma cioem TommmHOoM 0,5 ™M; momanb, 3aHUMaeMas
karanu3aTopoM, cocrasiuser 0,5 Mm%, Temneparypa mpouecca 300 °C.

Pewenue. Tlo Tabn. 5 ompenensieM CKOPOCTh KAaTAIUTHYECKON peEaKIuu
okucienus merana W=0,8-10 Momb/(M?¢) U yIeIbHYI0 TOBEPXHOCTD
S,,=28-10° m?/kr. 1o dopmyste (13) HaXOAUM PacXol ra3a 4epe3 peaKkTop:

_ 0SyPucS, Wy, 05-05-15-28-10°-0,8-10

pacx = 1,05 . 104 (Mg/C).
C,-C 10-1
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KOHTPOJIBHBIE 3AJIAHUSA
3aganmue 1

1. ParimonanbHOE MCIONb30BaHKE Bo3yXa. OCHOBHBIEC HAIIPaBICHUS padoOT
M0 CHWKCHHIO 3arPS3HEHUS aTMOC(EpHI.

2. BnusiHue 3arpsi3HEHHOTO BO3/lyXa Ha PACTUTEIIbHBINA MUD.

3. 3aoaua. KomnuectBo Cl,, BeImenstomerocs 3a 1 yac u3 tpybompoBoaa
G=12-10" xr/u. Buyrpennmii mmamerp TpybompoBoga D=500 mm, mmHa
=500 M, HauanbHOEe naBiaeHHME B TpyOompoBoie cocraBisiao 4-10° Tla,
Tu=Tx=293K. Paccuurars ko3dpuument Herepmernanoctu (M, ut) u caenars
BBIBOJI O TEPMETHYHOCTH TPYOOIIPOBOAA, €CIU Myopyarusssii=0,02:102, ul; n=2.

3amanue 2

1. OcHOBHBIE MPUHLIUIBI BHIOOPA METOJIa OYMCTKH T'a30BBIX BHIOPOCOB OT
TBEP/BIX YACTHII.

2. BnusiHue 3arpsi3HEHHOTO BO3lyXa Ha 3/10POBbE YEJIOBEKA.

3. 3adaua. Paccunrars kod>pduIUeHT HerepMeTnuHocTH (M, 4l) eMKOCTH
razoobpasHoro xjaopa oovemom 120 M°, mMeromel pabodyro TemmepaTypy
Tp=800K.  HcmelTaHne  €MKOCTH  Ha  TE€PMETUYHOCTH  ITPOBOAWIIH
C MWCIIONB30BaHMEM BO3AyXa M ycraHoBunu G=8 kr/u; Pu=25-10° Ila;
ko3pounueHnt 3amaca n=1,5. Cnenarb BbIBOA O TE€PMETHYHOCTH, €CIH
mHOpMaTHBHLIﬁ=0107 ' 10-2, q-l-

3aganue 3

1. OuncTKa TOMOYHBIX U OTXOJSIINUX T'a30B OT JUOKCHUA CEPHI U a30Ta.

2. Bpennsle BelecTBa, onpeeiaeHue, Kiiaccupukaius.

3. 3aoaua. Paccunutarb KOIPPUIMEHT HETEPMETUYHOCTH EMKOCTH
razo00pazHoro ammmaka, oobemom 50 M3 mmeromel pabouyro Temmeparypy
Tp=310K. HcnelTaHne  €MKOCTH  Ha  TE€PMETUYHOCTH  IPOBOAMIH
C MCIOJIL30BaHMEM BO3Ayxa M yctaHoBwim G=3,3 xr/g4; Pu=2-10° Ila; n=2,0;
Miopmaruseii=0,5-102 L, JlaTh 3aKi10ueHre 0 TEPMETUYHOCTH EMKOCTH.

3aganue 4

1. OuncTKa OTXOJAIIMX Ta30B OT JAMOKCHAA YTIJepoaa U MEPONPUSITHS TO
CHIDKEHHIO €ro BRIOPOCOB B aTMocdepy (Ti1obaaprHOe MOTEIICHUE).

2. DKOTOKCUKAHTHI: OlpeiesieHre, mpuMepsl o anboomy A.Ipeiidyca.

3. 3adaua. O1IeHUTH KOHIIGHTPAIIMIO TyMaHa Ha BXOJE B AJIEKTPODUILTD,
€CJIM Ha OYKMCTKY TOJIaeTCs TyMaH ¢ MHHHUMAJIBHBIM pa3MEpPOM YacThIl — | MKM,
KOHIEHTpausi 4YacTull Ha  BbIXOAE  Cpux=2 /™S, 3¢ PeKTUBHOCTH
TymMaHoyJoBuTens 3=85...93%.
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3ananue S

1. BiustHue aHTPOMOTEHHBIX (PAKTOPOB HAa OKPY>KAIOIIYIO PUPOIHYIO
cpeny.

2. Knaccudukanus npoMbIIUICHHBIX 3arpSI3HEHUN U UX BIMSIHHUE HA
3JI0POBbE YETIOBEKA.

3. 3aoaua. Paccuntath KOIPOUIMEHT HETEPMETHUYHOCTH BaHHBI JIf
TIOJTydeHHs] BUCKO3HOTO BojokHa (M’, ul). Paspexxenne Banusr AP=100 Ila, a
pacxoj rasa, 0TCachlBaeMoro u3 ooopynaosanus, 0,5 M3/4. JlaTh 3aKII0YEHHE O
rEpMETHYHOCTH BAHHBI, €CIH Myopyarmsmsii=4,5-1073, aL,

3aganue 6

1. DKOTOKCUKAHTbI, OCHOBHBIE TIOHATHSI U OIpe/iesieHrs, 0003HAUCHUS 110
ansoomy I'. Jlpetidyca

2. DOunpemmueckue 3aboneBanus (23). DakTophl, BIUAIOIMHAE Ha
BO3HUKHOBEHUE D3, IPUMEPHI.

3. 3aoaua. Paccuntath eMKOCTh QPUIIbTpa A MO aleTHIICHY, 3all0JIHEHHOMY
razoBeiM yriaeM CKT B xommuectBe Q=200 kr. IlapumanmsHoe maBicHHE
aneruseHa Ha Bxoze B QuubTp 93,1-10% Ila, npu 5TOM BelnnMuMHA anCcoOpOLMH
a=0,127 Kr/kr.

3ananme 7
1. ITpupoaHas cpena: OCHOBHBIE ITOHSATHUS U ONPEIECICHUS.
2. KpuTepuu OLIeHKH YUCTOTHI UJIU 3arps3HEHUS BO3YIIHOTO OacceiiHa.
3. 3adaua. OueHUTh KOHIIGHTpAIMIO TyMaHa Ha BBIXOJAE U3
ANEKTPO(PUIbTPa, €CM HA OYUCTKY MOJAETCA TyMaH, MUHUMAJIbHBIA pa3mep
gacTuil B KotopoM 1 MrM; Cp=10 r/m3; D=75...95%.

3aganue 8

1. Buocdepa: onpenenenue, pazmepsl ouocdepbl, OCHOBHbIE KOMITOHEHTHI.
VYuenne B.U.Bepnaackoro o 6uocdepe.

2. MeponpusTHs 0 3aluTe aTMOC(HEPHOro BO3AyXa OT MbLIe- U ra3o-
0Opa3HbIX BHIOPOCOB.

3. 3aoaua. Paccumrtath koimmdectBo CQO», BwIAcagromerocs 3a 1 gac w3
TpyOompoBoga ¢ Dyuyrnp=150 MM u mmmuoi =600 m. [lpm wucnbiTaHusx Ha
TepMETHYHOCTh B TEUEHHE CYTOK (24 d) YCTaHOBJICHO, YTO JaBJICHHE B
Tpy6onpoBoe cau3mIock ot 4,5-10° I1a no 1-10% ITa; Te=Tk=303 K.

3aganue 9

1. OcHOBHBIE METONIBI U OOOpYy/IOBaHUE JUISI MEXaHUYECKOW OUYMCTKH
BO3/lyXa OT 3arpsA3HEHUM.

2. Bpennbie BerecTBa B IPOMBIIIUICHHOCTH, KJIacCU(pUKAIIHS.

3. 3adaua. KommuectBo Cl,, BeLAenstonierocs 3a 1 4 w3 TtpyOompoBona
G=3-102 xr/u; muamerp TPyOBI D™Phyry=100 MM, mmmna 1=500 M. HauanbHOE
nasnenne  P,=1-10° Tla; T, =T.=293K. Paccumrats  K0>()PHIUEHT
HerepmeruuHoctd (M, 9'l) U crenars BBEIBOI O TepMETHYHOCTH TPYOOIIPOBOJA,
€CIM Myopyarmsme=0,03-1072, u',
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3aganue 10
1. OcHOBHBIE XUMHYECKHUE METO/IbI, UCIIOIb3yEMBbIC SISl OUUCTKH BO3AyXa
OT 3arpsA3HCHUMN.
2. CriocoObI MOCTYIJICHUS BPEIHBIX BEILIECTB B OPraHU3M YeJIOBEKA.
3. 3adaua. Ouenute 3ddexTuBHOCTE (D, %) NBUICYIOBUTES,
yJIaBIUBAIOUIETO MbUIb C PA3MEPOM YaCTHUIl 3 MKM, €CJIM UX KOHIICHTpaIus Ha
BeIXOZE cocTasisier oT 0,3 1o 1,5 r/m3, a Ha Bxoze 13 r/m°.

3ananue 11

1. OcHoBHblE MeTOABI M OOOpYIOBaHHE JJIsi OYMCTKA BO3IyXa OT
3arpsI3HEHUN.

2. OTpunarenpbHOE BO3ACHCTBHAE aHTPOIIOICHHBIX 3arPSI3HEHUN Ha 310POBBE
YeJIOBEKa.

3. 3aoaua. Paccuntath KOIPOUIMEHT HETEPMETHUYHOCTH BaHHBI JIf
TOJIy4EHHs INTANENbHOr0 BOJOKHA (M’, 9l), ecnu paspexenre BaHHbBI (O[]
BakyyMoM) AP=160 Ila, a pacxonm rasza, orcacblBaeMoro u3 00OpyAOBaHMS,
cocramsier 0,8 m%/u. JlaTh 3aKIIOYEHME O TE€PMETHYHOCTH BAHHEL, €CIH
mHopMaTHBHLIﬁZS ' 10-3, I‘I-l-

3aganue 12

1. Karanutudyeckwii MeETOJ OYMCTKH IIPOMBIIIJIEHHBIX BBIOPOCOB OT
3arpsI3HEHUN.

2. 3arpsi3HEHHE MPUPOJTHON Cpe/ibl BPEAHBIMU BEIIECTBAMM.

3. 3adaua. Paccuutats HauambHOe (P, Ila) maBnenue B TpyOOmpoBoje
muamerpom D=250 mMm wu mmHOW |=420 M, eciii TpH HCHOBITAaHHSIX Ha
rePMETUYHOCT, B TedeHHMe 24 u koimuecTBO Bbiaeistomerocss NO;
G=12-10"* kr/u. HavyaneHOE maBneHHEe NpUHATH paBHEIM 3-10° Ila; T,=T,=313
K.

3ananue 13

1. Ilpunnun paboThl U YCTPOHUCTBO IAEKTPOPMIBTPA I OUUCTKHA BO3TyXa
OT MBUIEBBIX 3arpsI3HEHUN.

2. 3arpsi3HEHME  MNPUPOJHOM  cpeAbl  BPEIHBIMU  (PU3HMUECKUMHU
BO3/ICUCTBUSIMU.

3. 3aoaua. OueHnTEe KOHICHTPAIMIO MBUIM HA BBIXOAE AJICKTPOMHUIBTpA,
€CIIM Ha OYMCTKY TOJaeTCs NbLIb KoHueHTpamuu Ce=12 /M3, a 3¢ pexTuBHOCTS
bunbpTpa coctasusieT 3=90...99%.

3ananme 14
1. Murpauus 3arpsi3HEHUH.
2. IlpuponHble pecypcbl: Kilaccuukaiys no BO300HOBUMOCTH.
3. 3a0aua. PaccunTaTh pacxo] ra3a, CoJIepKallero nNpomnad B KOJUYECTBE
580 r/m®, mpoXomANIEr0 Yepe3 KaTaIMTHYECKUH PEAKTOp IS JOCTHIKEHUS
KOHIICHTPALlMK IIPONaHa Ha BIXOZAE 1,5 Momb/M®. PeakTop 3amolHEH OKCHAOM
xenesa Fe,Os crmoem TommmHOM 6=1,5 M, muomane karamusatopa 1,5 M2,

CKOpOCTh KAaTaJMTHYECKOW PEaKLUMM OKHUCJIEHHS IMPOMaHa =6 Moub/(M?-c);
Sy}l=16,2' 103 MZ/KF; pHaCZl ,6 KF/MS.

21



3aganue 15

1. CopOurioHHas o4UCTKa BHIOPACHIBAEMOTO MPEANPUITUSIMU B aTMOChepy
BO3ITyXa OT BPEIHBIX TA30B U IHLIH.

2. buoreoxumMuuecKkuil MK MUTPALIUU BEILIECTBA U SHEPTUU B PUPOJIE.

3. 3ao0aua. Paccuntarh TONIIMHY CJIOS Karaimu3artopa (G, M) M3 OKCHIA
mapranuna MnQOj, ecaum dyepe3 Hero NPONYCKAIOT AUETHIEH, Ui KOTOPOro
HauvajgbHas KoHmeHTparus Co=2 Monb/M°, a koHeuHas - C=I Moabs/Me. Pacxos
rasa 4epe3 peaktop Lp.x=1-10% m%/c, muomans katamuszaropa 1 M2 ckopocTh
KATAIMTHYECKOM PEAKIMU OKHMCIICHUS aleTHIIEHa =2 MOIb/(M2-C), yaelbHas

TIOBEPXHOCTH KaTamusatopa Sy, =20-10% M%/KT, pyac=1,5 KI/M°,

3aganue 16

1. OcHOBHBIE BUJIBI 000PYIO0BaHUS SISl aOCOPOIIMOHHON OYMCTKU Ta30B.

2. PecypcCHBIN IIUKJI: OCHOBHBIE MIOHATHS U OIIPEACICHUS.

3. 3aoaua. PaccumTaTh KOHEUYHYIO KOHIICHTPAIMIO TIOCJIE OYHUCTKHU
VIJIEBOJIOPOJIOB B PEAKTOPE C OKCHAHO-)KeNe3HbIM KaTanuzatopom (FexOs
S,;=16,2-10° M%/kr, puac=1,6 xr/M3, S%=3 M?, 6=0,5 M), eclM Ha BXOJ€ HX
KOHIICHTpAITUSI COCTaBJsUIa 5 MOJIB/M®, CKOPOCTh KaTaJUTHYECKOM pPEaKINH
©=0,6-10" mons/(M?-c), pacxox ounmaemoro rasza 3,5-10% m%/c.

3aganme 17

1. OcHoOBHBIE BUJIbI 000PYAOBaHUS ISl aACOPOIIMOHHON OYMCTKU Ta30B.

2. 3akonsl 3xosiornn bappu KoMMoHepa, mpuMepsl UX ASHCTBUS.

3. 3aoaua. PaccuutaTh pacxoj Tra3a depe3 peakTop, MOTJIOMAIINN U
00€3BPEKHUBAIOIIUN ALETUIICH, €CIM TOJIIMHA CJIOS KaTalu3aropa COCTaBIIAET
1 M, xoHueHTpaums aunetuiaeHa Ha Bxoge Co=7 Monb/M3, a Ha BHIXOJE
0,5 momb/M2. Tlnomans MnO,-katanmusaropa 2,4 M2, CKOPOCTh KaTaIMTHYECKOI
pEaKkuMy OKHUCIeHus anetwieHa ©=0,2 Moib/(M%C), ylenbHas IOBEPXHOCTD
karanusaropa Sy,=20-10° M%/KT, puac=1,5 Kr/M>.

3aganme 18

1. Dxosormyeckne cTaHmapThl KaduecTBa NMPUPOAHOUN cpexsl. lIpenensHo-
Oy CTUMbIE HOpMBI auTponiorenHoro Bozaencteus (1K, ITY).

2. Katanurnueckass O4MCTKA OTXOJAIINX Ia30B.

3. 3adaua. PaccuntaTh KOHEYHOE JAaBIIEHHWE B TPyOOMpPOBOJE AMAMETPOM
60 mm 1 mmHOU 120 M, €cliM IPHU UCHBITAHUAX HA TEPMETUYHOCTh B TEUEHUE
CYTOK KonmdecTBo Bhiaenmbiierocsi SOz cocrasmno G=7-10 kr/4. HauansHoe
JIABJICHUE MPUHATH PABHBIM 1-10° Ia, T,=300 K.

3aganue 19
1. OcHOBHBIE TOHSTUS MPOMBIIUICHHOW  OSKOJOTHH  (MPUPOTHO—
MIPOMBIIIJICHHBIN KOMILIEKC, MPOM3BOJICTBEHHOE MpeaTpusITUE,

MIPOU3BOJICTBEHHBIN TIPOIIECC U JIp.).
2. O01ras xapakTepucTHKa MOHUTOPUHTA MMPUPOTHON OKPYIKAIOIICH CPE/Ibl.
3. 3a0aua. Paccumtath koimyectBo SQO;, BBIIEIAIONIErocs 3a T=1 4 wu3
TpyOonpoBona, Diuyrpy=100 MM u mmusoit 1=100 m. Ilpu wucnbiTaHusx Ha

22



rePMETUYHOCTh B TEYEHHUE CYTOK OBbUIO YCTAaHOBJIEHO, 4YTO [aBJICHUE B
Tpy6onposoze causunock ot 1-10° Ila 10 9,909-10° ITa. T,=T,=293K.

3ananue 20

1. O6mas xapakTepucTHKa 3arpsi3HEHUSI OKPYKAIOMIEH cpefbl B MpoIecce
MIPOU3BOJICTBEHHOM AECATEIBbHOCTH.

2. OCHOBHBbIE HaIPaBIICHUS] TPUPOIOOXPAHHON JEATEIBHOCTH.

3. 3adaua. Paccuntarh KOJIMYECTBO TPHUOKCHJIA CEPBI, BBIICTSIONIETOCS 32
CyTKH U3 TpyOOmpoBoAa, HUMEIOLIEr0 BHYTpeHHUM auamerp 120 MM u
npoTsKeHHOCTh 150 M. [Ipu HCnbITaHUSAX Ha T€PMETUYHOCTh YCTAHOBIIEHO, YTO
nasnenune SOz B Tpy6onposoe causminock ¢ 1-10° Ia o 8,1-10° IMa. T,=273 K,
T,=295 K.
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