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BBenenue

Ha coBpemeHHOM 3Tame 1 OOJNBIIMHCTBA MPOMBIIUICHHBIX TPEITPUATHI
OYMCTKA BEHTUJISILIUOHHBIX BEIOPOCOB OT BPEHBIX BEIIECTB SBIISAECTCS OJHUM W3
OCHOBHBIX MEPOMPUATHUH 110 3aIUTE BO3AYITHOrO OaccelHa.

O0e3BpexrBaHue BHIOPOCOB TMpe/rionaraeT Jubo yAajaeHue BPEIHbIX NMpUMe-
Ceil M3 MHEePTHOTO Ta3a-HOCUTENA, TUO0 TPEeBpaIeHNe UX B 0€3BpEIHBIC BEIIECT-
Ba. O0a mpuHIMIA MOTYT OBITh PEATM30BaHbl Yepe3 pasnuHbie (HU3UYECKHE U
XUMHYECKUE TPOIIECCHI, i1 OCYIIECTBICHUS KOTOPBIX TPEOYIOTCS OIpeieICHHbIC
yciioBus. PacyeTsl mporieccoB U anmaparoB Ta300YUCTKU MPH UX MPOSKTHPOBA-
HUM JIOJDKHBI OBITh HAMpaBJICHBI HA CO3/IaHUE YCIOBHM, 00CCIICUMBAIOIINX MaK-
CUMAaJIbHO MOJIHOE 00E3BPEKUBAHNUE BHIOPOCOB.

B nHacrosiiee BpeMs HCHOIB3YIOTCS pPa3IMYHbIC METOJbl YJIaBIWBAHUS U
00e3BpeKUBAHUS TIapO- W Ta3000pa3HBIX BEIISCTB M3 Bo3ayxa. Ha mpakTtuke
IMPUMEHSIOT CJICAYIOIINE CIOCOObI OYMCTKH rasza: abcopOIMOHHBIN, ancopOoIu-
OHHBIM, KATAJIUTUYECKUMN, TCPMUUYECKHUMN U JIP.

Metonuku pacdera anmapatoB g (GU3HKO-XUMHYECKOW OYUCTKUA Ta30B
0a3upyrOTCs Ha 3aKOHOMEPHOCTSAX Macco- W TerooomMeHa. [Ipu 3Tom ncmonb-
3YIOTCS DJIEMEHTHI TEOPUH Mo 100ust T Py3nOHHBIX TPOIIECCOB.

[lenb HAcTOsIIIIErO Y4eOHOrO MOCOOUS - CUCTEMATU3UPOBATh CBEACHUS IO
MacCOOOMEHHBIM, (DU3UKO-XMMHYECKUM W TEPMUUYECKUM TMPOIleccaM, METOIH-
YecKHe MOAXObI K pacdyeTy o0opyIoBaHMs MO abcopOuuu U ajcopOIuu, KaTa-
JUTHYECKOMY M TEPMHUECKOMY OOC3BPEKMBAHUIO BPEAHBIX MPUMECEH W3 TPo-
MBIIIUICHHBIX, BEHTHISIITUOHHBIX U TPAHCIIOPTHBIX BbIOpocoB. [IpuBomsTcs He-
00X0UMBIE CBEJICHUS TI0 YCTPOMCTBY, paboTe M pacyeTy THUIIOBOr0 00OpYyI0Ba-
HUs, a TaK)Xe CIIpaBOYHbIE MaTepHabl. M3moxkeHue MaTepuana COMpPOBOXKIACT-
cs IpUMEpaMH pacuera, KOTOpPhbIe 00JIETYarT YCBOSHUE TEOPETUICCKUX BOIPO-
COB.



1. Ucrounnkm 3arpsizHeHHus1 atMocdepbl BpeAHBIMHU I'a30BbIMU BHIOPOCAMHU

IIpoMBIIITIEHHOE MPOU3BOJACTBO U APYIUEe BUIBI XO3AMCTBEHHOMN NEATEIb-
HOCTHU JIIOZIEH CONPOBOXKJIAIOTCS BBIACIECHUEM B BO3IyX NOMELIEHUI U B aTMO-
c(epHbIil BO31yX pa3iIMyuHbIX BEUIECTB, 3arPsI3HAIOLIMX BO3IYIIHYIO CPEY.

MHorue TeXHOJOrMYeCKUE MPOLECCHl HA MPEINPUATUIX METAUTypru4ecKoH,
XUMHUYECKOH, HE(PTEXUMHUYECKON IMPOMBILIUIEHHOCTH, B pAA€ II€XOB MAaIIUHO-
CTPOUTENBHBIX 3aBOJOB, Ha MHOTHX JAPYTHX MPOU3BOJCTBAX COMPOBOXKIAIOTCS
HOCTYIIJICHUEM BPEIHBIX ra30B U MapoB B aTMOC(EPHBIN BO3IyX. AKTUBHBIM 3a-
IpSA3HUTENEM aTMOC(HEPHOrO BO3[yXa SIBJISIETCS TPAHCIOPT, B MEPBYIO OYEPE/b,
aBTOMOOMJIbHBIN.

Ha BbIOpOCH! SHEpreTudecknx 00bEeKTOB mpuxoautcs okono 60%, tpanc-
nopt 20...25%, npomsinuienHocts 15...20%. B cBs3u co 3HaUUTEIHHBIM yBe-
JUYEHUEM aBTOMOOMIIBHOTO MapKa MOCTOSHHO BO3PACTAET €ro poiib B 3arps3He-
HUU aTMOC(EPHOro BO3AyXa.

K 3arps3HeHHsM OTHOCSTCS BEIIECTBA, cojepxamuecs B aTmocdepe B
KOHIIEHTpALUAX, KOTOPbIE MOTYT OKa3bIBaTh HEOJIArONpUATHOE BO3AECHCTBUE HA
4eJI0OBEKA, KUBOTHBIX U PACTEHUS, 3/1aHUS U COOPY>KEHHUS, MaTepHalibl U 000py-
noBanue. Hexotopseie ra3el (IMOKCHI Cepbl, OKCHIIBI a30Ta U JIp.) OOBIYHO MPH-
CYTCTBYIOT B aTMOC(epe B HU3KUX ((DOHOBBIX) KOHIICHTPALIUSAX, HE OMACHBIX JUIS
00BEKTOB OHOC(hEpHI.

B taba. 1.1 npuBenensl (OHOBBIE KOHLEHTPALUU a30B B €CTECTBEHHBIX,
HE 3arpsi3HEHHBIX AHTPOIIOTEHHOM JEesTENbHOCTBhIO YCIIOBUSAX, B NPU3EMHOM
cioe aTMocdepbl (HIKHSS Tporocdepa).

Tabawnma 1.1.
@OHOBBIE KOHLIEHTPALMH I'a30B B ECTECTBEHHBIX YCIOBUX
T'a3 doHOBas KOHIEHTpauus, | PacueTHbii nepuos
% BBIBEICHUS

OCHOBHBIE Ta3kl.

a3oT 78,0 HenpepriBHoe
KHUCJIOPOJ 20,9 To xe
aproH 0,93 To xe
JTMOKCH]T yTJIepoJia 0,032 2—4 rona
CJIebI Ta30B 0,034-0,035

WNHepTHBIE Ta3bl:

rejui 5,2 2 MJIH. JIET
HEOH 18,0 HenpepsiBHOE

KPUIITOH 1,1 To xe



KCEHOH 0,086 To xe
PeaknimonHocrocoOHbIe
OKCHJI yTiiepoja 0,1 0,5rona
MeETaH 1,4 4—7 ner
HEMPEACIbHBIE YTIEBOIO- menee 1-10 3 Het nanubix
OKCHJIbI a30Ta 0,25 OT HECKOJIBKUX
nHew 1o 4 ner
aMMHaK (6-20)-10° 7 nHei
CEpPOBOJIOPO] 0,2-10- 3 2 HA
JTIUOKCHJT CEPhI 0,210 3 4 nmus
XJIOp (3-15)-10* Heckonbko aHeit
mon (0,4-4)-10-° To xe
(bTOPHUCTBIN BOIOPO/ (0,08-18)-10* To xe
BOJIOPO]I 0,58 To xe
030H 0-0,05 Oxouo 60 mueit

[Tox mepuo0oM BBIBEJEHHUS IOHUMAIOT CPEIHEE BPEMS], B TEUEHHE KOTOPO-
ro BEIIECTBO HaXOJUTCS B aTMocdepe 0 MOJHOTO 00e3BpexuBaHus, OO0 10
a71copOIIMK 3eMHOM MOBEPXHOCTHIO, JTMOO0 10 B3aUMOJIECUCTBHS B aTMOCheEpeE.

Bce rasel, maxopmsmuecss B atMocepe B KOJIUYECTBAX, MPEBBIIIAIOIINAX
npuBeAeHHbIe B Ta0nuie 1.1, unu ra3el, He NMPUBEICHHBIE B 3TOW TabiuIle, OT-
HOCSIT, TAKUM 00pa3oM, K 3arpsi3HEHUSIM.

3arpsi3HEHHE BO3yXa B PE3YJbTATE MOCTYIUIEHUS B HETO PA3JIMYHOTO POJa
BPEIHBIX BEIIECTB UMEET PsiT HEOIArOMPHUATHBIX MTOCIICICTBUA.

["a3oBbIe 3arpsi3HEHUS, KaK M a’dpO30JIbHBIC, 3arpsi3Hss aTMOChEpHBIA BO3-
yX, 3HAYUTEIIBHO yXYJIIAKT €r0 Ka4eCTBO, a B PAJIC CIIYy4aeB AECIAIOT €ro He-
MIPUTOJHBIM JIJISI HAXOXKJICHUSI B HEM JIIOJICH.

Bpeanbie BeniecTBa NOCTYNalOT B BO3yX MTOMEIICHUN TAKXKE B PE3YyJIbTATE
JKA3HEICSITETbHOCTH JIFOJIEW U 'KUBOTHBIX.

KpoMe a3p0307bpHBIX YacTUI] B BO3AYX IOCTYNAKOT rasbl, Mapbl, a TaKKE
MUKPOOPTaHU3MbI U PaJIMOAKTHUBHBIEC BellecTBa. KauecTBo Bo3Myxa yXyIIaercs
TaKXe U3-3a IPUCYTCTBUSA B BO3/IyXE HOCUTEJIEH HEMPUATHBIX 3aI1aXOB.

Oxcupn yriaepoja B MOBBIIIEHHBIX KOHIIGHTPAIMAX OOHApY>KEH Ha 3HAYH-
TEJIHHOM BHICOTE, a TAKXKE B PA0OUYUX U JKUIIBIX TTOMEIIEHUAX BBICOTHBIX JIOMOB,
Ha YJUIaX C MHTEHCUBHBIM aBTOMOOWIBHBIM JIBUYKEHUEM.

Bonbmmast KoHIIEHTpanmsi OKCHIA YIIIepoa MOXKET CO3/1aBaThCsl B KaOWHAX
modepoB, TPaKTOPUCTOB, KOMOAHEPOB U JIp.

[IpuunHaMu 3HAYUTENBHBIX BBIOPOCOB B aTMOC(epy SBISIIOTCS. OTCYTCT-
BrC WM Hed(P(DEKTUBHAS JIOKAIH3AIMS UCTOYHUKOB BBIJICIICHUS TAa30B U IBLUIH;



HEJ0CTaTOYHASI TEPMETUYHOCTh, KOHCTPYKTUBHBIEC HEIOCTATKHA MPOU3BOACTBEH-
HOTO 000pY/IOBaHMSI, €T0 TEXHUYECKAss HEUCIIPABHOCTh,; HEMPABIIILHOE BEICHHE
TEXHOJIOTHYECKHX MPOIIECCOB U JIP.

JlicriepCHBIC M Ta30BBIC 3arPSA3HUTEIA HEPEIIKO SIBJSIFOTCS CIICIICTBHEM OHHUX
TIPOM3BOJICTBEHHBIX IPOIIECCOB, BMECTE IMEPEMEIIAIOTCS B KOMMYHHUKAIIUAX, TECHO
B3aMMOJICHCTBYIOT B OYMCTHBIX aIlliaparax U arMocdepe, COBMECTHO HAHOCAT YIIepO
OKpY’KaroIleH cpejie U 4esioBeKy. [103ToMy HEOOXOIMMO YYIHUTHIBATH BECh KOMILIEKC
NPUCYTCTBYIOIIMX B TEXHOJIOTMYECKOM BBIOpOCE 3arpsi3HuTeNei. Hemb3st mpuHuMaTh
3a CPEJICTBO OYMCTKH 3aITbUICHHBIX Ta30B IbIICOCATUTEIIBHOE YCTPOMCTBO, BBIOpa-
chIBaroIee B atMocdepy BpeaHbIe Ta3000pa3Hble BemecTBa. HeaomyctuMel u Takue
Cpe/CTBa, B KOTOPBIX 00E3BPEKMBAHNE MCXOHBIX Ta30BBIX 3arpsS3HUTENCH COMPO-
BOKIACTCSI 0Opa30BaHUEM M BBIOPOCOM SIZIOBUTHIX TYMaHOB W JIHIMOB JPYTHX Be-
IIIECTB.

CaHuTapHble HOPMbI OTPAaHUYMBAIOT KOHIICHTPAITUIO BPEIHBIX TTAPOB U T'a30B
B BO3/lyX€ HACEJICHHBIX MYHKTOB, OJHAKO 3TH TPeOOBaHMS HE BCeraa coOJojia-
IOTCSl. DTO HAHOCHT 3HAYMTENLHBIA YIIEPO 370POBBIO JIFOACH, MPOKUBAIONIUX B
MECTHOCTSIX, MOJABEPKCHHBIX BO3JICHCTBHIO BPEIHBIX T'a30B W IApPOB, BEICHHIO
CCIIbCKOTO XO3SHCTBA B JIAHHOM paiioHe, OpraHu3amy OTIbIXa JIFJICH, TPUBOIUT
K TIOBPEKICHUIO apXUTEKTYPHBIX COOPY)KECHUH, MAaMATHUKOB UCTOPUU U KYJIb-
TYpBI U T.]I.

Jlns Toro, 9To0BI M30€kKaTh ATUX TSHKEIIBIX MOCIICICTBUN M MOIICPKUBATH
KaueCTBO BO3JlyXa Ha yYPOBHE, COOTBETCTBYIOIIEM CAaHHUTApPHBIM TPEOOBAHUSM,
BBIOPOCHI B aTMOC(epy JTOKHBI OUHIIATHCS HE TOJIBKO OT a3PO30JIbHBIX 3arpsi3-
HEHUH, HO TaKXKE OT BPEIHBIX MapOB U Ta30B. BEIOpOC BpeaHBIX Ta30B U NMapOB B
aTMoc(epy MOKHO 3HAYMTEILHO YMEHBIIHUTH OJIarofapsi OCYIIECTBICHUIO TEX-
HOJIOTUYECKUX MEPOTPHUSITHH.

[To mepe pa3BUTHS TEXHUKA W COBEPIICHCTBOBAHHUS TEXHOJOTHYECKUX
IIPOIIECCOB TOSIBJISIFOTCSI HOBBIC BH/IbI BEIIIECTB, BEIOpAChIBAEMBIX B aTMOCchepy. B
TO K€ BpPEeMsI MPOMCXOIUT MOJCPHHU3AINS CYIIECTBYIOMIETO M pa3paboTKa HOBBIX
BUJIOB TEXHOJIOTHYECKOTO 000pY0BaHUS, B KOTOPOM OCYIIECTBJICHA TIOJIHAS T'ep-
METH3allysl, aBTOMaTH3aIlysl, JUCTAaHIIMOHHOE yIpaBlicHHe. BHempseTcs 6e30TXx01-
Hasl TEXHOJIOTHS, TIPH KOTOPOH MCKITFOYAIOTCSl BBIOPOCHI B aTMoc(depy, BOSHHKAIOT
HOBBIC METOJIbI OYMCTKH BO3/JyXa OT BPEIHBIX ra30B M MMApOB, pa3padaThIBaeTCS
U TIPUMEHSETCS HOBOE TEXHOJIOTHYECKOE 00OPYJ0BaHME, B COCTaB KOTOPOTO BXO-
JIT BCTPOCHHBIC arperarsl JUIs yIajdeHus U 00e3BpEKUBAHUS BPEIHBIX BEIIECTB.



2. KJIaCCI/I(l)I/IKaIII/IH MNpoHECCOB U allIIapaToB OYNCTKH I'a30BbIX BblﬁpOCOB

OuricTka BEIOPOCOB B aTMOC(EPY CKIIAIBIBACTCS U3 JBYX NMPUHUHUIIHAAIBHO
Pa3IUYHBIX TIPOLIECCOB:

- ouucmKa om aspo3ofieli - U3BJICUCHHUE COAEpIKAIIMXCs B BRIOpOCax B3Be-
IICHHBIX TBEPJBIX U KHIKUX TpuUMeced (MbUTH, JbIMa, KalejleK TyMaHa WM
OpBI3T);

- QuU3BUKO-XUMUYECKAsi 0YUCMKA - U3BIICUYCHUE WM 00E3BPEKUBAHHUE TEX
WJIM UHBIX Ta30- U Tapo0Opa3yomux IpruMecei.

Knaccudukamms cpencts o0e3BpeKMBaHUS Ta3000pa3HBIX 3arpsisHUTENEH 3a-
KJTFOUAETCS B pa3/IeNICHUH TI0 IPUMEHSIEMBIM TIporieccaM. B oCHOBHOM 151 Ta3004u-
CTKH UCTIONB3YIOTCS CPENICTBA XUMUIECKON TexHOJIOTHH. [loaToMy Kiaccupukarms
CpenCcTB 00E3BPEKUBAHUS BHIOPOCOB TPAKTUYUECKUA COBIMAACT C KiaccupuKanuei
MPOIIECCOB W aIlllapaTOB XMMWYECKOW TPOMBIIUICHHOCTH, BbIpaOATHIBAIOIINX
BPEIHBIE BEIOPOCHI KaK OTXOJIbI OCHOBHOTO IMPOM3BO/ICTBRA.

M3BeCTHO 4YeThIpE OCHOBHBIX METOJa OYHUCTKH BO3JyXa OT Ta3000pa3HBIX
MIPUMECEH

- MeToJ1 abcopOIuy;

- METOJ] XeMOCOPOIH;

- METOJI aJIcopOIH;

- METOJI TEPMHUYECKON HEUTPATU3ZALIUH.

VYnaneHue u3 TEXHOJOTUYECKUX M JBIMOBBIX BBIOPOCOB COJIEPIKAIIUXCS B
HHUX ra3000pa3HbIX KOMIIOHECHTOB (CEPHUCTOIO aHTHUIPHUIA, CEPOBOIOPOIA, XJIO-
pa, XJIOPUCTOTO BOJOPOA U JIP.) MPOBOIUTCS XUMHUCCKOH OYMCTKOW ra30B Me-
TomaMu abcopOInu, aacopOITUU U XeMOCOPOIIHH.

Memoo abcopbyuu 3aKTI0YAETCS B TOTIIOMICHUH OTICTHHBIX KOMIIOHCHTOB
ra3oBoil cMecu abcopOeHTOM (TIOTJIOTUTENIEM), B Ka4eCTBE KOTOPOTO BBHICTYIACT
KUIKOCTh. AOCOPOEHT BHIOMPAIOT U3 YCIOBUSI PACTBOPUMOCTU B HEM rasa, Mmoj-
JeXallero yJnajleHuio U3 ra3oBoi, cmecu. Hampumep, Afs OYHCTKH Ta30B OT
aMMHaKa, XJIOPUCTOro U (PTOPUCTOro BOJOpPOAA B KauecTBe abcopOeHTa mpume-
HSIOT BOJY, JJIsl YJIaBIIMBaHUS BOSHBIX MApOB — CEPHYIO KUCIOTY, AJIS yjaB-
JIMBAHUS apOMATHUUYECKUX YIIJIEBOJOPOJOB — Maciia.

[Tpu aGcopOmum MpPOUCXOAUT KOHBEKTHMBHAsS Au(y3us mapo- U ra3zoo0-
Pa3HBIX KOMIIOHEHTOB OUYHMIIAEMOTO Ta3a B KUIKUE MOTIOTUTENHU. J{JIs1 BHICOKO-
3 PEKTUBHOTO M3BATHS 3aTrPS3HSIONICTO BEIIECTBA HEOOXOIUMO XOpoIlee Ie-
peMelIMBaHne OYHUIAaeMOro raza ¢ abcopoeHTOM. DTO peann3yercsl Mpu OYHCT-
K€ BEHTWISIIIMOHHOTO BO3/yXa, OTCACHIBAEMOTO M3 TPaBWJIBHBIX U TajbBaHUYE-
CKHMX BaHH, B KOJIOHHaX C Hacajgkam#, B (POPCYHOUHBIX U 0apOOTaKHO-TIEHHBIX
ammaparax.



Perenepanuio (BOCCTaHOBIICHHE) PACTBOPUTEIIST OCYIICCTBISIFOT CHIYKCHH-
eM 001ero (WM napuuaibHOTO) AaBJICHUS MPUMECH, TIOBBIIICHUEM TEMITEpaTy-
pBI OO TEM U IPYTUM OTHOBPEMEHHO.

Memoo xemocopbyuu OCHOBaH Ha IOTJIOLIEHUH Ta30B U MApOB TBEPABIMU
WIN )KUJKUMHU TOIJIOTUTENSIMH, B PE3yJIbTaTe 4ero oOpa3yroTcsl MajoIeTydue u
MaJIOpacTBOPUMBIE COEIMHEHUS. XEeMOCOPOLNIO pallMOHAIIBHO IPUMEHATh MPU
HU3KHX KOHUEHTPALUAX 3arpsA3HUTENEH, COAepKAIUXCS B OUUIIIAEMbIX Fa30BBIX
cMecsX. XeMocopOIus 3aK/II0YaeTcsl B IPOMBIBKE OUYHMIIIAEMOI0 ra3a pacTBOpa-
MU, BCTYNAIOIUMU B XMMHUYECKHE PEaKLUU C COJEPKAIIUMHCS B Ta3e OTHEIb-
HBIMU T'a3000pa3HbIMU KOMIIOHEHTAMHM, YTO IO3BOJISIET M3BJIEYb UX WU 00€3-
BpenuTh. Hampumep, ouncTka ra3oB OT OKCHAOB a30Ta MPOBOJUTCS C TOMOIIBIO
U3BECTKOBOTO pacTBopa. [l O4YMCTKH Ta30B OT CEPOBOJOPOJA MPUMEHSIOT
MBIIIBAKOBO-IIEI0YHOW pacTBOpP. OYHCTKY BBICOKOCEPHHUCTBIX Tra3000pa3HBIX
IPOAYKTOB CrOpaHHsl YHEPTeTUYECKOTO TOIUIMBA MPOBOJIAT MyTEM MPOITYCKH
JpIMa yepe3 MOpcKyto BoAy. CTeneHb OYMCTKU ra3a JocTUraeT npu arom 95%.

Memoo adcopbyuu OCHOBaH Ha yJIABIMBAaHUU BPEIHBIX ra30BbIX NMPHUMECEH
HOBEPXHOCTBIO TBEPJBIX TEJ. ANCOPOLMS NPUMEHSIOTCS NPU HE3HAUYUTEIBHOM
COJEPKAaHUU Tapo- U ra3000pa3HbIX 3arps3HAIOLIMX KOMIIOHEHTOB B OYMILAe-
MOM Tra3e (mapbl pacTBOpuTeNei, 3(upa, aleToHa, pa3IHYHbIX YTIIECBOIOPOJIOB).
Haubonee mupoko U3BECTEH U PaclpOCTPaHEH B KaUeCTBE a/IcOpOEHTa aKTUBU-
POBaHHBIN yrojib. Ero mpuMeHsoT A1 OYMCTKH ra3oB OT OPTaHUYECKUX MapoB
Y HEKOTOPBIX JIpPYyTUX IpumMmecer. [I[puMeHsIoT Takke aKTUBUPOBAHHBIN TJIMHO-
3eM, CHJIMKareib, aKTHBUPOBAHHBIA OKCHJl altOMMHHUS U JAp. OUYUCTKY ra3oB
OCYIIECTBIISIOT Yepe3 HEMOABMKHBIC CIIOU aICOPOEHTA U JBUKYIIHECS CIIOH.

Jla mpeBpamieHus 3arps3HUTeNe B Oe3BpeAHbIE BEIIECTBA HEOOXOIUMO
COUYETaHHE XUMUYECKUX U (pu3nyeckux mporeccoB. C 3Toi LEIbI0 Yalle BCEero
UCIIOJIB3YIOTCSL TIPOLIECCHl MEPMUYECKO20 OKUCTEeHUS U MepMU4eckoli 0ecmpykK-
yuu. IIpu cmocoOHOCTH TOPIOYMX Ta30B U MapOB, BXOIAIINX B COCTaB BEHTHIIS-
IIMOHHBIX U TEXHOJOTHYECKHX BBHIOPOCOB, CropaTh ¢ 00pa3oBaHWEM MEHEe TOK-
CHUYHBIX BEILECTB UCIIONIB3YETCs mepmuyeckas Heumpanuzayus. OHa TPOBOINUT-
Csl 110 TPEM CXeMaM — KaTaJIUTUYECKOE JOKUT'aHHE, TEPMUUYECKOE OKHUCIICHHUE,
psIMOE COKUTaHHUE.

Kamanumuueckoe Odoxcucanue (mepmoxamanu3) WCIONB3YyeTCs s Tpe-
BpallleHUs] TOKCUYHBIX KOMIIOHEHTOB, COJIEPKALIUXCSA B OTXOASIIUX ra3ax B He-
TOKCUYHBIE WM MEHEE TOKCUYHBIE IyTeM MX KOHTaKTa Cc Karajau3aTopom. Jleii-
CTBHE KAaTaJM3aTOPOB MPOSBISETCS B MPOMEKYTOUYHOM XMMHYECKOM B3aMMO-
ACMCTBUM KaTalIU3aTopa C PearupyrouuMi BeIeCTBaMt, B pe3ybTaTe 4ero o0-
pa3yroTcs MPOMEXYTOUHBIE COeIMHEHUs. B KauecTBe KaTanu3aTOPOB HCIIOJNb-
3yIOT MeTaJutel Wi ux coenuHenus Pt, Pd, Cu u np. Karanu3aTopsl UMEIOT BUJ
IIapoB, KOJEI WK APYyTyio ¢opmy. [ KaTaIUTHIECKOTO JOXKUTAHUS HE00XO-
JMa IOCTaTOYHasi TeMIepaTypa U CKOpOCTh JABIDKEHHUsS ra3oB. Hampumep, ok-
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CHJ yIiIepoja aouraercs rnpu temmeparype 316...343 °C, npoman — 293...332
°C, Toayoun — 200...250 °C, auerunen — 207...241 °C, anpaeruast — 173...234 ©
Cur.nm

Karanutuueckne HEUTpaau3aTOphl MPUMEHSIOTCS Ui 00€3BPEKHUBAHUS
CO, neTyuyux yrieBOJIOPOIOB, PACTBOPUTENICH, OTPAOOTABIINX aBTOMOOMIHHBIX
ra3oB. DTH CIIOCOOBI MPUMEHUMBI JIJISl 3arps3HUTENICH BCEX arperaTHbIX COCTOS-
HUM, HO OTpaHUYEHBI COCTABOM 00padaThIiBaeMOro BeliecTBa. TepMuueckoi 00-
paboTKe ¢ IENbI0 00E3BPEIKUBAHUS MOTYT OBITh TOJBEPTHYTHI JIMIIIH BEIECTRA,
MOJIEKYJIBI KOTOPBIX COCTOSIT M3 aTOMOB YTJIEpO/ia, BOJOPOa u Krciaopoa. B mpo-
TUBHOM CJTy4ae YCTAaHOBKH TEPMOOOC3BPEKUBAHUS TIEPEXOIAT B pa3psi UCTOUHH-
KOB 3arpsi3HEHUS aTMOC(EPBI, U HEPEIIKO - KpaliHE OITaCHBIX.

Tepmuueckoe okucieHue UCIONB3YETCSI B CITydae, KOT/Ia C)KHTacMbIe Ta3bl
UMEIOT BBICOKYIO TEMIIEpaTypy, HO HE COJEp)KaT JOCTATOYHO KHCJIOPOJa WU
KOI'JIa KOHIICHTpAIMS FOPIOYMX BEIISCTB HE3HAYMTEIbHA M HEAOCTATOYHA JIJIS
HoJIZIepKaHus TUTaMeHU. B mepBoM cilydae mporecce TePMUYECKOT0 OKHCICHHUS
IPOBOJAT B KaMepe ¢ mojayeii cBexxero Bo3nayxa (moxkuranue CO, CpH,), a BoO
BTOPOM — TIpH T0/Ia4ye AOIMOJHUTEIBHOTO MPUPOAHOTO ra3a. [Ipu 3Tom mpowuc-
XOIUT TOOKHCIICHHE COCAMHEHWH TPHU BBICOKOW TeMIepaType M TOCTaTOYHOM
KOJIMYECTBE KUCJIOpoa (Hampumep, JOOKHCICHHE OKCHJIA YIIIEpoaa B JUOKCHU]L
yTJepoaa, OKCUIA CEPhl B THOKCH] CEPHI U T. II.).

IIpsimoe corcueanue NCTIONB3YETCS B TEX CIIyYasxX, KOTJAa OYUIIACMbIE Ta3bl
o0iamaroT dHEprueil ropeHusi, (pakeIbHOTO CKUTAHHS TOPIOYUX OTXOJ0B. Tak
HenTpanuzyroTcs HCN B dakenax HepTEXMMHUYIECKUX 3aBOJIOB.

CoOOTBETCTBYIOIIME arapaThl AjIsi 00E3BPEKMBAHNS [A30BbIX BBIOPOCOB HA3bIBA-
10Tcs abcopOepamu, ancopOepamMul, yCTaHOBKaMH (TIe4aMK) TEPMOACCTPYKIMH (ITMpo-
JM3a, KPEKHMHTa, PU(OPMUHTA), TEPMOOKHCIICHHS (JI0XKUTAHUS), TSPMOKATATUTIICCKH-
MH yCTaHOBKaMH (IleUaMH, peakTopamu), XMMHYCCKUMHU peakTopamu. B mpenemax
IPYII anmaparbl pa3iudaloT M0 KOHCTPYKIHSAM, THIIOpa3MepaM U YaCTHbIM OTJINYH-
TEJILHBIM ITPU3HAKAM.

MeToapl OYHMCTKH BBIOMPAIOT B 3aBHCHMOCTH OT (PH3UKO-XUMHUYECKHX
CBOMCTB 3arps3HSIOINIETO BEIIECTBA, €T0 arperaTHOr0 COCTOSHUS, KOHIIEHTPAIlUU
B OUMINIAEMOM CpeJie  JIp.

3. AGCOpOIIMOHHASI 0YHMCTKA ra30B

HekoTropele KUAKOCTH M TBEPABIE BEIECTBA IPU KOHTAKTE C MHOTOKOMIIO-
HEHTHOW ra3oBOM Cpefoil COCOOHBI M30MpAaTENbHO M3BJIEKATh U3 HEE OTIENIbHBIE
WHTPEAMESHTHI U TIOrJIomarh (CoporpoBaTh) uX.

Abcopbyus - TOTIIOIEHNE Ta30B WM apOB M3 ra30BBbIX HIIM MapOTa30BbIX
cMecell KUAKUMHU TMOTJIOTUTENSIMH, Ha3blBaeMbIMU abcopOeHTamu. Bo3zmox-
HOCTb OCYILIECTBJICHUS Ipoliecca aOCOPOLIMU OCHOBBIBAETCSI HA PACTBOPUMOCTH
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ra3oB B xuakocTsax. [Iporecc abcopOuuu siBisieTcss n30upaTesibHbIM U 00paTH-
MBIM, YTO JAa€T BO3MOYKHOCTh NMPUMEHSATH €ro HE TOJBKO C IENbI0 TOTyYCHUS
PacTBOPOB Ta30B B KUIKOCTIX, HO TAKXKE U JUISI pa3AC/ICHUS Ta30BBIX WJIU MApO-
BBIX CMECEH.

B nocnennem ciywae mocie u3bupareabHoil abcopOLMK OJHOTO WM He-
CKOJIbKUX KOMITOHEHTOB U3 ra30BOM WJIM MapOBOM CMECH MPOBOJSAT decopOoyuro -
BBIJICJICHUE dTUX KOMIIOHEHTOB U3 KHJIKOCTH - U TAKUM 00pa30M OCYIIECTBIISIOT
pasnenenue. PereneprupoBanHblii a0COPOSHT BHOBH BO3BpalIaeTrcs Ha abcopO-
1o (KpyroBoii mporiece).

[Tornomenne raza MOXKET MPOUCXOJUTH JIMOO 3a CUET €ro pacTBOPEHUS B
abcopOeHTe, MO0 B pe3yJibTaTe €ro XMMHUYECKOTO B3aUMOJICUCTBUSL ¢ abcop-
oenToMm. B miepBoM ciyudae mpoiiecc Ha3bIBAIOT Qusuueckol abcopbyueil, a BO
BTOPOM Cllydae - xemocopoyueti. BO3M0OXHO Takxke coyeTaHue 00OMX MEXaHU3-
MOB Tporecca. A6copOupyeMble KOMIIOHEHThI T'a30BOM CMECH Ha3bIBAIOT ab-
copomueom, a He abCopOUpyeMBbIE - UHEPHIOM.

AOGcopOeHTaMu CiTy)KaT WHAWNBUAYAIbHBIC JKUIKOCTH WM PACTBOPHI aK-
TUBHOT'O KOMIIOHEHTa B JKHUJIKOM pacTBoputenie. Bo Bcex ciyuasx k abcopOeH-
TaM MPEABSIBISIIOT Pl TpeOOBAaHUM, CPEIM KOTOPBIX HanboJiee CyIeCTBEHHBIMU
SIBIIIIOTCS: BbICOKasi aOCOPOLMOHHAA CIOCOOHOCTh, CEJIEKTUBHOCTh, HU3KOE
JaBJICHUE TIapa, XUMHUYECKasi MHEPTHOCTD MO OTHOIICHUIO K PACIPOCTPAHEHHBIM
KOHCTPYKIIMOHHBIM MaTtepuanaM (rpu ¢Gu3nveckoil abcopOuu - TakKe K KOM-
MOHEHTaM Ta30BOM CMECH), HE TOKCHYHOCTh, OTHE- W B3PBIBOOE30MACHOCTS,
JOCTYITHOCTh ¥l HE BBICOKAsi CTOUMOCTb.

[Tpu npoBeaennn abcopOuHK B KayecTBE aOCOPOEHTOB MPUMEHSIOT BOIY,
OpraHUYECKHE PACTBOPUTEIH, HE BCTYMAIONIME B PEAKIIMIO C U3BJICKACMBIM Ta-
30M, U BOJIHBIE pacTBOPHI ATUX BemiecTB. [Ipu xemocopOuuu B KauecTBe adcop-
OEHTa UCIOJIb3YIOT BOJIHBIE PACTBOPHI COJIEH, OpraHWYECKHE BELIECTBAa M BO/I-
HBIC CYCIICH3MH Pa3JIMYHBIX BEIICCTB.

Ecnu pactBopumocts ra3zoB npu 0°C u naprumansaom nasienuu 101,3 klla
COCTAaBJISIET COTHU I'paMM Ha 1kr abcopOeHTa, TO TaKkue Mapbl Ha3bIBAIOT XOPOIIIO
pacTBOpUMBIMU. [ ynaneHus U3 TEXHUYECKUX BBIOPOCOB TaKUX ra3oB, Kak
NH3, HCIl u HF, nenecoodpa3no npumMeHsITh B KauecTBe aOCOpOCHTA BOAY.

Hernenecoo6pa3no ucnosib30BaTh BOJY JJII OYHMCTKH BBIOPOCOB C HeEpac-
TBOPUMBIMH B HEH OpraHUYecKUMHU mpumecsiMu. [1omoOHbIe 3arps3HUTENN Kak
MPABUJIO XOPOIIO TMOTJIOMAIOTCS OPTaHUIECKUMU KUIAKOCTIMHU, CPEIU KOTOPHIX
MOTYT HCIIOJIh30BaThCS KaKk a0COPOCHTHI BBICOKOKHIISIINE BEIIESCTBA, TAKUE KaK
ATaHOJIAMHHBI M TSDKEJIBIE MPECIbHBIC YTIICBOAOPOIbI (MUHEpALHBIC MacIIa).

AOCOpOEHTHI, MPUMEHSIEMbIE JIJIS OYMCTKHU OTXOASIINX Ia30B, IPUBE/ICHbI B

tadi. 3.1.
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AOCOopOeHTHI,

Tabnuua 3.1.
MPUMEHSEMBIC JIJIT OYUCTKU OTXOJISIINX Ta30B

Ilornmomaemslie
KOMITOHCHTHI

AOGCOpOCHTHI

Oxcuapl azota N»Os,
NOz, N205

Bona, Bonubie pactBopsl u cycnenzun: NaOH,
Na,CO3, NaHCO;, KOH, K,CO3, KHCO3, Ca(OH)z,
CaCOs, Mg(OH)g, MgCO3, Ba(OH)z, BaCOs,
NH,HCO;

Oxkcun azora NO

PaCTBOpI)I FQC'Z, FeSO4, N3.28203, NaHCO3, NaQSO3,
NaHSO3

Huoxcun ceprl SO,

Boma, Boaubie pactBopnl: Na,SOz; (18—25%-HbIe),
NH,OH (5—15%-use), Ca(OH),, Na,COz; (15—
20%- ueie), NaOH (15—25%-usie), KOH, (NH,4),SO3
(20—25%-np1e), ZnSO3z;, K,COs; cycnensun CaO,
MgO, CaCO3, ZnO, 30ibl; KCHIIMIHH—BOJIa B COOT-
womenuu | : 1, numernnanuann CgHz(CHz),NH,

CepoBoaopona H,S

Boaubiii pactBop Na,COz; + NazAsO, (Na; HasOg);
BOAHBIN pacTBOp AS,O3 (8—10 r/nm) + NH3 (1,2—1,5
r/n) + (NH,)3AsO; (3,5—6 r/n); MOHOITaHOIAMHH
(10—15%-up1ii  pacTBOp); pactBopel K3PO, (40—
50%-HBIC), NH,OH, K,COj; Na,COj; CaCN,, na-
TPHEBasi COJIb AHTPAXUHOHINUCYIb()OKHUCIOTHI

Oxcun yriepoaa CO

Kungknit  a3or; MEJIHO-aMMHUAYHbIE  PACTBOPHI

[Cu(NH3)]nx COCH

Jnokcun — yraepoaa
CO;,

Boauwsie pactBoper Na,COj; K,COz; NaOH, KOH,
Ca(OH),, NH,0H, sranomamunsr RNH,, R,NH,

Xnop Cl,

Pactsoper NaOH, KOH, Ca(OH),, Na,CO3, K,COs,
MgCO3, CaCOs, Na,S,03; Terpaxmopuameran CCly

XJIOPUCTBIN BOIOPOJ
HCI

Bomna, pactBoper NaOH, KOH, Ca(OH),, Na,COs,
K,CO,

Coenunenust ¢ropa
HF, SiF,

Bopna, pactBopsr Na,CO3, NaOH, Ca(OH),

Jlo 00paboTKu OpraHMYecKrM aOCOpPOSHTOM M3 OTOPOCHBIX T'a30B HEOOXO-
MO YAaJUTh IUCTiepCcHbIe mpuMecu. Haue abcopOeHT OBICTPO 3arpsi3HAETCS U

CTAaHOBUTCA OTXOJ0M, IMPAKTUYICCKHN HC ITOJAA0IIMMCS OYHUCTKC.

Opranndeckre aOCOpOSHTBI JOJDKHBI MMETh HU3KOE J[aBJICHNE HACHIIICHHBIX T1a-
POB Ipu TemIeparype mnpotiecca. PacTBopuresiv ¢ He10CTaTOYHO HU3KOM yIIPYTOCTBIO
napoB OyJTyT MHTEHCHBHO UCHAPSATHCA U 3arps3HATH oOpabaTbiBaeMble Trasbl. Kpome
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TOr0, HU3KOKHITSAIIMI a0COPOCHT CJI0YKHO PEreHEpHPOBaTh, TaK Kak U3BIIeYb (1ecopOu-
POBATh M3 HETO) YJIOBJICHHOE BEIIIECTBO HArPEBAHUEM HEBO3MOKHO.

Ha uHTeHCHBHOCTH Mepexo/ia 3arpsi3HUTENST U3 Ta30BOM (asbl B KHUJIKYHO 0O0JIb-
I0€ BIMSHUE OKa3bIBAIOT TEMIIEpaTypa U JaBJIEHUE MPOILIECcca, a TaKkKe Crocod op-
raHU3alK KOHTaKTa ¢as.

C pocToM naBieHHsI U CHIKEHUEM TEMIIEpaTyphbl CKOPOCTh aOCOpOLIMU yBe-
nnyuBaeTcs. AGCOpOCHTBI, paboTaroliue Ipu oTpuiarelbHbIX (o Llenbcuto) Tem-
niepatrypax, MpPUHATO HA3bIBATh XAA0OHOCUmenamuy, a mpouecc adbcopOumu, mpore-
KaIOITUI B TAKUX YCIIOBUSIX - KOHMAKMHOU KOHOeHCayuel.

AOGCOpOIMOHHYIO OYMCTKY BBIOPOCOB B arMoc(epy MPUMEHSIIOT KaK JiIsl U3BJie-
YEHUS [IEHHOTO KOMITOHEHTA U3 Ta3a, Tak M JUIs CAHUTAPHOU OYMCTKH ra3a. CUuTaroT,
YTO T1€71eCO00Pa3HO MPUMEHSTH aOCOPOIHIO, €CITM KOHIICHTPAITHS JAHHOTO KOMITO-
HEHTa B ra30BOM IOTOKE cOCTaBsieT cBbiie 1 %.

Couerast abcopOuuto ¢ aecopOLuen, MO>XHO MHOTOKPAaTHO HCHOJb30BaTh
oyt 0e3 MOTeph JKUAKHHA MOrIOTHTENb (a0COPOEHT) B 3aMKHYTOM KOHTYpE arl-
napatoB. abcopOep-mecopOep-adcopOep (KpyroBoi mporiecc), BbIASISS IOIJIO-
HICHHBIA KOMIIOHEHT B YMCTOM BH/IE.

Paznuuaror dusnueckyro abcopOiuro u xemocopomuto. [Ipu dusnyeckoi
abcopOLMKM pacTBOPEHHUE Ta3a B KUIAKOCTH HE COMPOBOXKIACTCA XMUMHYECKOM
peaKuuren WiH, 1o KpauHed mMepe, BIUSHUEM DTOM pEeaklUMu Ha CKOPOCTh IPO-
1ecca MOXKHO IpeHeOpedb. BeneacTBue storo ¢usmdeckas abcopOius HE Co-
MIPOBOXKIAETCsS TEIUIOBBIM d(pdexrom. Ecnu B 3TOM ciiydae HadaabHbIE TTOTOKH
ra3a M >KUJKOCTH HE3HAYUTEIHHO Pa3IUYarOTCs M0 TeMIlepaType, TO Takyro ao-
COpOITHIO MOXXHO PACCMaTPUBATh KaK U30TEPMHUIECKYIO.

Ha puc. 3.1. mpencraBneHa NMpUHIUMITMATIBHAS CXEMa YCTAHOBKH ISl a0-
COpOIHH OTMPENIEIICHHOTO KOMITOHEHTA W3 Ta30BOW CPEIIbl U MOCIEAYIONIETO €ro BhI-
nesenus u3 abcopoenTa (necopOrun).

Puc. 3.1. [IpuauunuansHas cxema yCTaHOBKH JIJIs1 a0COPOLIMOHHO-
JeCOPOIIMOHHOTO YIIaBIMBAHHS OTPEICICHHOTO KOMIIOHEHTA U3 Ta30BOW CMECH:
1 - abcopbep; 2 - xomoauIbHUK; 3 - necopOep; 4 - TeIT000MEHHUK
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["a30Bast cMeck, coeprkariias N3BIeKaeMblil M3 Hee KOMIIOHEHT, TIOCTyIaeT B al-
copOep, e MPOUCXOAUT KOHTAKT C abCOPOEHTOM, KOTOPBIN MOIJIOMIACT JAHHBINA
KOMIIOHEHT. ['a3, OUMIIICHHBIN OT KOMIIOHEHTA, YAAIACTCS (OUMILICHHBINA BO3IYX MOXKET
OBITH BBIOpOIIICH B arMoc(epy), @ pacTBOp TOITIOTUTESIS, COIEPYKaIiii abCoOpOrpOBaH-
HBII KOMIIOHEHT, MOCTYTIAaeT B TEIUIOOOMEHHHUK, TJIe HarpeBaercs. Harpersiii pacTBop
HaCOCOM I0ZIACTCS B JiecopOep, TJIe U3 HErO BhIIEISICTCS (IecopOMpyeTcst) TIOJIOIICHHBIHN
KOMITOHEHT TyTeM UCIIApEHHs B Pe3ysIbTaTe HarpeBaHus mornoturess mapom. [lorso-
THUTEITb, OCBOOOKICHHBIN OT KOMIIOHEHTa, TIOCTYTAeT B TEIUIOOOMEHHUK, T/I€ OTIAET Te-
TUIOTY a0COPOSHTY TIPH €TI0 IMPOTUBOTOYHOM JIBKDKSHUH B JiecopOep, a 3aTeM HarpapJIs-
€TCs B XOJIOJIWJIBHYIK, TTPOMIS KOTOPBIN, CHOBA MOCTyMaeT B abcopoep. Kpyr 3amkHyI1-
cia. Ilo takomy muKiIy paboTaeT ycTaHOBKa JUisi abCOPOLMOHHO-IECOPOIMOHHOTO
yJIaBIIBaHUSI OTIPE/IETICHHBIX MTAPOB U I'a30B U3 ra30BOM CMecH (13 BO3IyXa).

3.1. TexHoJiorusi a0COpOIHOHHOI 0YMCTKH NPOMBIILIIEHHBIX BLIOPOCOB

OpHOM M3 OCHOBHBIX 00JIACTEH MPUMEHEHHS a0COpOIMU SBIISICTCS yaaje-
HUE BOJOPACTBOPUMBIX I'a3000pa3HBIX 3arps3HEHUN U3 OTXOJAIIUX Ta30B pas-
JUYHBIX mporeccoB. [Ipumepamu Takux 3arpssuenunit sistores HCI, SO,, NO,,
HF, SiF4, NH3 1 H,S. 13-3a orpanndennoit pactsopuMoct SO, B BOJE OOBIYHO
MPUMEHSIIOT MIETOYHYI0 a0COPOMPYIONIYIO KUIKOCTD, UTO MTO3BOJISICT HEUTpaIu-
30Bath SO, B aOCOpOUPYIOIIEH KUJIKON TUICHKE, CHU3UTh AaBieHue mapoB SO,
Y YBEJUYUTD JBIDKYIITYIO CHITY.

Ounctka ra3zoB ot SO, BeAeTCS MPEUMYIIECTBEHHO XEMOCOPOIIMOHHBIMU
METO/IaMH Ha OCHOBE M3BECTH WJIM M3BECTHsKA. [Ipm abcopOmmu M3BECTKOBBIM
MOJIOKOM TTIPOIIECC MPOTEKAET CICTYIONTUM 00pa3oM:

SO, + H,0O — H,SO0g3; C&(OH)Z + SO, - CaS0O3 + H,0;
2CaS0O3 + O, — 2CaSO0,.

[Ipy MCTIONB30BAaHUU CYCIIEH3UM M3BECTHSAKA CYMMAapHbBIC PEaKIUd UMEIOT
BHU/I.

SOZ + CaCOs3 + 2H20 — CaSO0s3 + 2H20 + COo;

CaSO; + %oz + 2H,0 —> CaSO, * 2H,0.

Bricokast crenenp ynaBiauBaHus SO, gocturaercs Npu HUCIOJIb30BAHUU
aMMHa4YHOTo croco0a:
SO; + NH,OH — NH4HSOs;
(NH4)2803 + SO, + H,0 —» 2NH4HSOs.
[Tpu HarpeBanuu 6uCyIbpAT AMMOHUS Pa3JIaraeTcs:
2N H4HSOg - (NH4)2803 + SOg + Hgo
Henocrarok meroza - 6osbioil pacxox NHs, ciioxxHOCTh cxeM ynaBiuBa-
HUS U pereHepanuy NoJy4eHHbIX paCTBOPOB.
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OnHaKo TOCKOJIBKY MPOMYKTHI cropanus conaepxkat CO,, B ciydae CHIBHO
eouHbIX pactBopoB (pH > 9) Oyayr abcopOupoBaThesi 0OJIBINNE KOJIHYSCTBA
CO,, 4TO mpuBEAET K MOBBIIICHHOMY PAacXojay IIEIOYH U TBEPABIX PEarcHTOB
it yaanenust otxooB. OObuHO BennunHy pH abcopOupyromiei KuaKocTu Ha
BBIXOJIE Ta30BOr0 MOTOKA nojjaepxkuBatoT paBHou 8,0...8,5. [Ins noxnepxanus
B O0TpaboTaHHOMU kuaAKocTH pH > 7 COOTBETCTBYIOIIMM 00pa3oM PEryjJupyroT
OTHOILIEHHUE CKOPOCTEH JKHUIKOTO U T'a30BOr0 MOTOKOB. UTOOBI ABMXKYILAs cujia
ObLTa MAaKCUMAJIbHOM, ’KHUJIKOCTh U a3 HAMPABJIAIOT IPOTUBOTOKOM.

Hacanmounbsie 1 TapenbuaThie KOJIOHHBI, oOecrneyuBaroIiue Hanbosee 3¢-
(eKTUBHBIN KOHTAKT Ta3a C )KUJKOCTBIO, SIBISIOTCA ONTUMATIBHBIMY anmapaTaMu
st abCcopOIMK B OTCYTCTBHE TBEPBIX YacTHIl (KaK MPUCYTCTBYIOIIUX B ra3o-
BOM IIOTOKE, TaK M 00pa3ymoIIUXCs B pe3ybTaTe peakiuu ocaxaeHus). M3pectsb
(a Takke W3BECTHSK) - JIOCTYIHBIE M HEIOPOTHE MICTOYHBIC areHTHI - 4acTo
OPUMEHSIOTCA JJIs JocTHxReHus: Tpedyemoro pH abcopbupyromeit xuakoctu. B
TO YK€ BpPEeMsI MHOTHE COJIM KaJbIIHs, TAKUE Kak Cynb(artel, CynbhuTel U Gropu-
IIbI, UMEIOT OTPAaHUYCHHYIO PACTBOPUMOCTH. [IpH MCTIOIB30BaHUH UX PACTBOPOB
BO3MOXHA 3a0MBKa TPyOONPOBOIOB, (POPCYHOK, HACATKU U T. II., UTO MPEACTAB-
JSIET CephEe3HYI0 MpolieMy B cHCTeMaX o0eccepuBaHUs TOMOYHBIX ra3zoB. J[is
abcop6umn HF dacto ucnonp3yloT OTKPBITHIE pACTIBUIMBAIONIME KaMephl, OHa-
KO Ipu obeccepuBaniy B 3THX almaparax TakKe BO3MOXKHBI yKa3aHHBIE TPY/I-
HOCTH. YcIenrHo ObUT MPOBEACH MPOIECC OYUCTKHA B CKpyOOepax Bentypu u B
TypOyJICHTHBIX KOHTAKTHBIX arfaparax.

Jpyrum BO3MOKHBIM pEIICHHEM MPOoOIeMbl 3a0MBKH 000PYIOBAHUS SIBIIS-
€TCsl UCIIOJIb30BaHuE B abcopOepax XOpPOIO paCTBOPUMBIX IIEIOUYHBIX areHTOB,
Hanpumep NaOH. Kuakocts mocne craguu abcopbumu obpadbaTbiBacTCsl U3Be-
CTBIO B CIICLIMAJILHOM PEAKTOPE, U CMECh MOJACTCS B OTCTOMHUK; B Pe3yJbTaTe
Takoi o0padoTku perenepupyerca NaOH, koTopslil Bo3Bpaiiaercs B abcopoep.
B cucteme nmpoTekaroT crleAyone XUMUYECKUE PEeaKIIHH.

B abcopbepe:

SO, + 2NaOH — Na,SO; + H,0
Na,SO; + Ca(OH), —» CaSO; + 2NaOH.

WNHorna pacTBop MpoIyBalOT BO3AYXOM JJisi OKUCIICHUS CYJbQUTa B CYJIb-
dar.

Ecnmu o6pasyrommuiicst mpu o0pabOTKe MPOAYKT HaXOAUT IMOJIE3HOE MpUMe-
HEHHE, TO HeOOXOIMMOCTh B CTaJMM pereHepanuu ormnanaer. Tak, mpouecc ad-
cop6run SO, THIAPOKCUAOM WU KapOOHATOM HATPHUSI MOXKET OKa3aThCs YKOHO-
MHUYECKH BBITOJHBIM B T€X CIIydasx, Korja oOpasyromuecss OUCYIb(PHUT HIU
Cynb(hUT HATpUsl HAXOAST MPUMEHEHHE Ha PACIOJIOKEHHBIX HEMoJaleKy Oyma-
roJieJaTeIbHBIX (haOpuKax.

st abcop6uu SO, Uenonb3yIoT MEI0YHON pacTBop coinu aMmMoHus. [1pu
3TOM MO Mepe HEOOXOJUMOCTH MOTYT OBbITh MOJyYeHBbI OUCYIb(UT, CyIbQUT,
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oucynbdar uau cyabdar aMmmonwus. ['a3bl, MOCTYIMAOIIME HA TIPOMBIBKY, Ha TIEp-
BOH CTaJNM KOHTAKTUPYIOT C PACTBOPOM, UMEIONIUM SIBHO IIEJIOYHYIO PEAKIIHIO,
B pe3yJIbTaTe 4yero mocturaercs momHoe yaainenue SO,. Ha BTopoit cramuu, ras
IPOXOJIUT Yepe3 CKpyOOep ¢ HeUTpaIbHBIM MM CIA0OKHUCIIBIM PaCTBOPOM, YTO-
o1 ipeoTBpaTuTh YHOC NH3 B atmMocdepy.

B npyroii abcopOrmonHoit cucreme, paspadboranHon ais yaaneHuss SO, u
MPOIIEAIICH OMBITHYIO MPOBEPKY, UCToNb3yloT MQO u mpombiBKy (ochaTHbI-
MU, KapOOHATHBIMU WM JIUMOHHOKHCIBIMHA PACTBOPAMH.

IIpu aGcopOburonHOM 00pabOTKe, KOrja Ha HaYalbHBIX CTAIUAX KOHTAKTa
UCIIOJIb3YETCsl BOJA, CojeprKamiasi JeTyuyuid HEeUTpalM3yroNIfil areHt, HeoOXo-
JIMMO yYYHUTHIBATh, YTO OH MOXKET B3aMMOJICHCTBOBATh C Ta3000pa3HBIMHU 3arpsi3-
HEHUSMHU B Ta30BOM (haze ¢ oOpa3oBaHWEM TBEPABIX MPOIYKTOB peakiuu. B ka-
YeCcTBE IMpUMepa MOXXHO ynomsiHyTb abcopOuuto NHjz Bomo#, moakucieHHOM
HCI unmn HNOj3, niu adcop6ruio HCI Bomoi, conepixkarieir NHs. IMazodasubie
peakuy MPOTEKAIOT B Hayaje KOHTAKTUPOBAHUS, OHHM MPHUBOAAT K 00pa3oBa-
HUIO JIbIMA C YaCTUIIaMH CyOMHKPOHHBIX Pa3MepoOB, KOTOPHIE IJIOXO CMadyhBa-
I0TCS U MOTYT IIPOXOJIUTh 4yepe3 abcopOep, MpakTUUECKH HE yiaaBiauBasich. s
MPEIOTBPAIICHHS 3TOTO SBJICHUS HEOOXOAMMO COOTBETCTBYIOIIMM 00pa3oM pe-
I'YJIMPOBATh KOHIICHTPAIUH (aBJICHUE MMapa) HEHTPaM3YIOIIero areHTa B TOY-
Kax, TJIe MPOUCXOJNUT MEPBUYHBIN KOHTAKT. MOXHO PEKOMEHI0BATh MCIIOIb30-
BAHUE YKMCTOM BOJBI WJIM OYEHb MAJIBIX KOHUECHTPALMNA HEUTPAIU3YIOLIETO arcH-
Ta C MOCISAYIONIUM €ro J00aBIICHHEM K abCOpOMPYIOIIEH JKHIKOCTH IO Mepe
CHW)KCHHS MaplUaIbHOTO JABJICHUS 3arpsi3HSIONIETO BEIIECTBA B Ta30BOM I1O-
Toke. [logo0HbIe MpoOIeMBbl CTAaHOBSTCA €1lie 60Jee CEPhE3HBIMH B TEX CIyYasX,
KOT/Ia Ha OYHMCTKY TIOJIAF0TCS TOPSYUE Ta3bl, YTO MOXKET MPUBECTH B HAYATIHHBIN
MOMEHT K WCHApeHUI0 HEUTPAIM3YIOIIETO areHra. B 3ToMm ciydae mocTymaro-
U Ta3 KeJaTeIbHO MPEABAPUTEIIEHO OXJIAIUTh.

Xota uzmeHenue pH BoaHoil (a3wl siBiseTcss Haubosee pacrpoCTpaHEH-
HBIM METOJOM IpH a0copOLMH ra3000pa3HbIX 3arpsA3HEHHM, BO3MOXKHO TaKXKe
UCIIOJIb30BAHUE JPYTHX BCIIOMOTATENbHBIX XHMUYECKUX PEareHTOB, MpHUpoAa
KOTOPBIX OMNPEIEIsIeTCs] KOHKPETHHIMU XMMHUYECKUMHU CBOWCTBAMHU CHCTEMBI.
Jlnst yaaneHus ciaeioB OpraHUYeCKUX COCUHEHUH, B TOM YHCIIE B TAKUX KOJIU-
4ecTBaX, KOTOPBIE OMPENETSAIOTCS TOIBKO IO 3araxy, K BOAHOMY PacTBOPY JO-
OaBJISIIOT OKHUCIHUTENW. TUIMHMYHBIE MPOMBIBHBIE PACTBOPHI MOTYT COJIEPXKATh
KmnQ,4, NaClO4, HNO3; u H,0,. B Tex ciyyasx, koraa HCOOXOAMMO HCIIOIb30-
BaHUE BOCCTAHOBHUTENEH, MOKHO pekomeHaoBaTh Na,SO3. B HekoTophIx cimyua-
X OoueHb A(()EKTUBHBI KOHIICHTPUPOBAHHBIE PACTBOPHI HEOPTAHUYECKUX CO-
CMHCHUM; PUMEPOM MOXKET CIIYKUTh YIAJICHHE OJIC(PHUHOB C MCIIOIH30BAHUEM
H,SO,.

[Tpu abcopbuuu NO, cepbe3Hbie MpoOJIeMbl CBSI3aHbI C TEM, YTO U3 KaXK-
JbIX 3 MOJIEH JUOKCHJIA, MOTJIONICHHBIX BOJIOM, oOpasyercs, Hapsay ¢ a30THOM
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kucioroit, 1 moias NO. IMocnennuit HeooxoauMo BHOBb oKuCIATH 10 NO, (pe-
aKIUs TPOTEKAeT ¢ MajJol CKOPOCThIO) M CHOBA MojaBaTh Ha abcopOuuto. [Tpu
YMEHBIIICHUU KOHIIEHTpaIui OKCHja a3oTa oOIas CKOPOCTh Mpolecca CHUXa-
ercs. [Ipu mpakTUYEeCKOM OCYIIECTBICHUU aOCOPOIMM B HACaJOYHBIX U B Ta-
penbYaThIX KOJOHHAX IMOJIHOE YIaJIeHHEe HUKOI/Ia HEe JOCTUTaeTCs U BhIOpAchI-
BaeMble B aTMoc(epy Ta3bl 4acTO UMEIOT KOPUYHEBYIO okpacky. [lomHoii oum-
CTKH MOXHO JIOCTUYb ITyTE€M JIOMOJIHUTEIHLHOTO MTPOMBIBAHHMSI IIEIOYbI0, OJTHAKO
yAalleHne 00pa3yroIIMXCS MPU 3TOM MPOIYKTOB CBSI3aHO C OYEHHb OOJBITUMU
tpynHoctsimu. CepHas kuciorta xoporio noriormiaer NOy, ogHako 1 B 3TOM City-
yae BO3HUKAET MpoOiieMa YTUIU3AIMKA WA YIAJICHUS OTPaOOTaHHBIX PacTBO-
poB. Taxxe mpoBomsT abcopOunto NO, OTOrHaHHON a30THOM KHUCIOTOH C HC-
MOJIb30BAaHUEM KATAIUTUYECKOW HACAIKH, HA KOTOPOW MPOWCXOAUT OKUCICHHE
obpasytromerocst NO.

[Tapel opraHMYEeCKUX COCAMHCHHH, HE pacCTBOPUMBIX B BOJIe, OOBIYHO a0-
COpOUPYIOT OPTaHWMYECKUMH MAaJIOJICTyYHMH SKHAKOCTSIMH. Ha mpakTuke wuc-
MOJIB3YIOT MPOIIECChl yaaeHus HyS u KUCIBIX MPOIYKTOB JJISI OUUCTKHU YTJIEBO-
JIOPOJHBIX Ta30B, OCHOBAaHHbIE Ha a0COPOLIMK OPraHUYECKUMU aMUHAMH.

Ha puc. 3.2. nokaszana cxema abcop6uuu CO; pacTBOpOM MOHOAITaHOJIA-
MHUHA C PEUUPKYJISIIEH )XKUAKOCTH U IecOpOLHel, mpuMeHsemasi B pOU3BO/ICT-
BE KHUJKOU YTJIEKUCIOTHI U CYXOTO JIbJIa.
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Puc. 3.2. Cxema abcopOIIMOHHON YCTaHOBKH JJIS1 U3BJICUCHUS YTIIEKUCIOTO
ra3a U3 JbIMOBBIX ra30B BOJAHBIM PAaCTBOPOM MOHOITAaHOJIAMUHA

Oxnaxzaennsie 10 Temneparypsl 30...40°C 1 OTMBITBIE OT MEXaHUYECKUX
puUMece U CEPHUCTBIX COCAMHEHUM NBIMOBBIE Ta3bl, conepxaniue CO,, nmoaa-
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I0TCA CHM3Y B aObcopOep 1, 3amoiaHeHHbI HeperyJsapHOil Hacaakou 4 u3 kosel
Pammra. Hacagka opomaercs 10...30 % - M pacTBOpoM MOHO3TaHOJIaMHUHA, T10-
JaBaeMbIM uepe3 pacnpenenuresp 3. CTeKarolmui N0 HacaJKe pacTBOpP KOHTAK-
TUPYET C MOJHUMAIOIIMMHUCS BBEPX ABIMOBBIMHU T'a3aMH, HACHIIIACTCS YIJICKHU-
CJIOTOM W cOOMpaeTCsl B HIDKHEHN yacTu abcopoepa.

BcenencTBue BoizieseHUs TEIJIOTH a0COpOLIMU TeMIepaTypa pacTBopa U OT-
XOAAIIMX ra3oB nosbimaercs. [Ipoxoas yepes3 yCTaHOBJIEHHBIM B BEPXHEU 4aCTH
abcopOepa TpyOUaThlii BOASHON XOJOIUIBHUK 2, Ta3bl OXJIAXKIAIOTCS 0 TEMIIe-
paTypbl, KOTOPYIO OHM UMEJIU Ha BXOJIE.

Haceimennsiii pactBop u3 abcopOepa HacocoM S5 yepe3 peKylepaTUBHBIN
TeruiooOMeHHUK 8 HampaBisieTcs B aecopoep 12. B temnooOMeHHUKE pacTBOp
HArpeBaeTcs 3a CYET OXJIAXKJIEHUS MCTOLIEHHOTO pacTBOpa, OTBOJUMOIO U3 Jie-
copoepa. [ecopbep 12 cocTouT M3 ABYX YacTei: HUKHSS MPEACTABISIET COOOM
KUTIATAIHHUK 9, BHITIOJTHEHHBIH B BUJE BEPTHKAIBHOTO KOXKYyXOTPYOHOTO Terl-
J000MEeHHUKa, BepxHssi 13 3anmojiHeHa Haca Kol U paboTaeT Kak peKTUudUKaTop.
HaceblieHHblit pacTBOp pacnpenensieTcsl 1o HacaJKe peKTU(PUKATOpa U CTEKAeT
M0 Hel, KOHTaKTUPYsl C TOJIHUMAIOIIEHCsl BBEpX Mapora3oBoi cmechio. M3 pek-
TU(UKaTOpa MO HAPYKHOMY TPYOOMPOBOAY PACTBOP MEPETEKAET B HUKHIOKO
4acTh TPYOHOTO MPOCTPAHCTBA KUMATHWIbHUKA 9. 371eCh OH HarpeBaeTcs 3a CUeT
TEIUIOThI KOHJIEHCAIIMH BOJASHOIO Iapa, MoJaBaeMoro B MEXTpyOHOE MPOCTpaH-
CTBO, U 3aKWIIaeT. Beiiesstonascs npu KUIEHUU pacTBOpa Mapora3zoBasi CMeCh
yepe3 TpyOy 14 nampasnsercs B pektuduxatop 13 mecopOepa, a HCTONICHHBIH
pacTBOp MOHO3TAaHOJIAaMHUHA OTBOJUTCSI HAa OXJIAXKJEHUE B PEKYINEPATUBHBIN Te-
1000MeHHUK 8, a 3aTeM HacocoM [/ 4Yepe3 XONOAMIbHUK 0 HampaBisercs Ha
opomieHue Hacanku 4 abcopbepa. Takum oOpazom  aOCcOpOIIMOHHO-
JeCOpOLIMOHHBIN ITUKI 3aMBIKAETCA.

Brixoasmias u3 BepxHel yacTu Jiecopoepa rnaporazoBasi CMECh, COCTOSIAS
U3 YIJIEKUCIIOro ras3a, MmapoB MOHOJTAHOJAMUHA M BOJBI, MOCTYMAET B XOJIO-
munbHUK 10, Tae mapbl MOHOATAaHOIAMHMHA M BOJBI KOHJEHCUpYIOTCs. KoHmeH-
caT otnensiercs B cOopHuKe KoHaeHcaTa 11, a yraekucnslil ra3 HanpaBiiseTcst Ha
OTMBIBKY OT CJIEIOB MOHOJTAHOJIAMHUHA, a 3aTEM Ha COKIKEHHUE.

["a3000pa3ublie 3arpsi3HEHUsT MOTYT OBITh YJAJ€Hbl C MOMOIIBIO TBEPABIX
abcopOeHTOB, Tak, HampuMmep, yaamrsiercs H,S mpu mpoxoxaeHun udepes cioi
rpaHyJIMPOBaHHOTO okcuja xkene3a Fe,03;. B npouecce 06paboTku OKcui CyJib-
buaupyercs, U 4epe3 HEKOTOPOE BpeMs €ro pereHepupyroT, oopadaTbiBas BO3-
ayxoM. OKcuJ IIMHKA Takke OBLT MCIIONIB30BaH Ui yaajueHus cepsl. [IpoBoan-
JOCh TaKXe THAPUPOBAHUE OPTaHUYECKUX CEPYCONEp)KalUX COCIWHEHUN Ha
TBEPABIX KAaTaau3aTopax, CoAEepk alux CylabPuabsl KoOaabTa, HUKEIS U MOJIUO-
neHa. B pesynbrare 4ero 1OCTUranoch BBIIEICHHE CEPbl U3 OpPraHUYECKOH MO-
JeKybl. OOBIYHO UCTIONB3YIOTCS HEMOABIKHBIE CJIOU MaTepuana, XOTsS OMHUCaHO
U TPUMEHEHHUE OXXIDKEHHOTO CIIosi OKCHa kene3a. DPPEeKTUBHOCTh PEaKIni,
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KaK MPaBUJIO, HEBEJIMKA, YTO CBSA3aHO C HEAOCTATOYHO OOJBIIMMH TUIOIIAIIMU
MIOBEPXHOCTH TBEPJBIX MaTepuaioB. B HacTosIee BpeMs CIEIUAINCTHI TEXHO-
JIOTM paccMaTpHUBAIOT MOAOOHBIE METO/bl KaK ycTapeBlIMe U Maiod(p(HeKTHB-
Hble. OJJHAKO NPU MHTEHCUBHON pa3paboTKe MpoLeccoB ra3udukanuu U OxKu-
KEHMsI YIUIA 3TH METOJIbl CHOBA MOTYT IPHUOOPECTH MPAaKTHYECKOE 3HAYECHHUE,
IIOCKOJIBKY CIIE€AYyEeT OXKHUAATh, 4TO OyAyT pa3paboTaHbl TBEpAbIE A0COPOEHTHI C
0O0JIBIION TMJIOIAAbI0 MOBEPXHOCTH, MPUTOAHBIE ISl UCIIOJIb30BAHUSA B OXKU-
KEHHBIX U B JBUKYLIUXCS CIOSX.

B nocnennee Bpems ObLIM IPEIIPUHATHI HOMBITKU UCIIOJIB30BAaTh TBEPAYIO
U3BECTh U U3BECTHSK JUIsl 0OeccCeprBaHus TONOYHBIX ra30oB. OIHAKO B 3THUX HKC-
nepuMeHTax crenenp ynaieHus SO, peaxo mpessimana 50...60 %. Hamuoro
6onee addextuBHoe ymanernue SO, OBUIO MTOCTUTHYTO TMPU HCIOIH30BAHUH
KHUJKUX CYCIICH3HM, YTO MPUBENO K MPEKpalleHHI0 paboT C TBEPABIMU Marte-
pHUaiaMu.

3.2. KoHcTpykuum u npuHIun Aeiicreus adbcopoepos

I[Tporieccr abcopOIMu MPOBOIAT B CIICITUAIBHBIX anapaTax - abcopoepax.

AOcopOuus, Kak ¥ Apyrue mpoLecchl Maccolepeiayu, MpoTeKaeT Ha pas-
BUTOM MOBEpXHOCTU pazzaena ¢az. s uHTeHcupuKamu mnporecca abcopOrum
HEOOXOAMMBI ammaparbl ¢ Pa3BUTON MOBEPXHOCTHIO KOHTAKTA MEXKIY JKUIKOU U
ra3oBoii (azamu (abcopOeHTa ¢ razom-Hocuresiem). [lo crmocoOy oOpa3oBaHwMs
ITOU MOBEPXHOCTU U JucIiepraiuu abcopOeHTa, UX MOKHO TOJIpa3JeiuTh Ha 4e-
TBIPE OCHOBHBIC rpynmnbl: 1) ruieHouHbIe; 2) HacagouHbie; 3) OapOoTaKHBIE (Ta-
penbyathie); 4) pacbUTUBAIONIUE WIIH PacTbUTUTEIIbHBIC (OphI3rajbHbIC).

B mieHouHBIX abcopOepax MOBEPXHOCTBbIO KOHTaKTa (a3 sBISETCS IO-
BEPXHOCTh KHUJKOCTH, TEKYIIEH MO TBEp/IOH, 0OBIYHO BEepTUKaIbHOU cTeHke. K
TOMY BHJY ammaparoB oTHOcATCS: 1) TpyOuaTeie abcopOepsl; 2) adcopOepsl ¢
IUIOCKONapaslIeIbHOW WIIM JIMCTOBOW Hacaakoil; 3) abcopOepsl ¢ BOCXOMASIIUM
JIBHYKEHUEM TIJICHKU YKUKOCTH.

Hacanounbie abGcopOepbl MPEACTABISIIOT COOOW KOJIOHHBI, 3allOJIHEHHbIE
HACAKOM - TBEPJbIMH TEIaMH Pa3IuYHON (HOPMBI, KOTOPAs CIY>KUT JIJIsl YBEIH-
YEHUS TIOBEPXHOCTH KOHTAKTa COMpUKacaromuxcs ¢as - ra3a u )KHIKOCTH.

MHoro4uciieHHbIe THIBI 0apOOTAXKHBIX a0COPOEPOB MOMKHO pa3lEeIUTh
Ha TPU OCHOBHBIE TPYTIIIHIL:

- abcopOephl cO CIUTONTHBIM 0apOOTAXKHBIM CJI0E€M, B KOTOPBIX OCYIIIECTB-
JISIETCSl HEMPEPHIBHBIN KOHTAKT MEXy (hazamu;

- abcopOeprl Tapeapb4yaToro THIA CO CTYNEHYATHIM KOHTAKTOM MEXIy (¢a-
3aMH, IPUYEM CTYIICHH (Tapesiku) pa3MeIleHbl B OJHOM armapare;,

- abcopOephl ¢ MEXaHUYECKUM MEPEMEITUBAHUEM KHUIKOCTH.
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bap6otaxkubie abcopOepbl TapeapyaToro THUMA, HUMEKUUME HaumOoJblIee
NPUMEHEHHE, BBITIOIHSIOT B BUIE KOJOHH KPYrIoro (MHOTa MPSMOYTOJIBHOTO)
CEUEHHMs], TI0 BBICOTE KOTOPBIX PACHOJIOKEHBI TOW WJIM MHON KOHCTPYKLHUHU Ta-
PEJIKM, MPUYEM Ha KaXJAOM TapesKe OCYIECTBISETCS OJHA CTYNEHb KOHTAKTA.
Takum oOpa3om, B paccMaTpuBaeMbIX abcopOepax MPOUCXOAUT CTYNEHYAThIN
KOHTAKT C COCJMHEHUEM CTyIEHEW MPOTUBOTOKOM: a3 MOCTYIAET B HHMKHIOKO
94acTh KOJIOHHBI M BBIXOJUT CBEPXY; *KUAKOCTb MOJBOIUTCS CBEPXY M BBIXOJUT
cHu3y. Ha kaxx/10#1 Tapeiike, B 3aBUCUMOCTH OT €€ KOHCTPYKLMHU, MOXKET OCyllle-
CTBJISITbCSL TOT WJIM MHOM BUJ JBHKEHUS (Da3, OOBIYHO MEPEKPECTHBIM TOK WU
MOJTHOE MEePEMEILIMBAHUE )KUIKOCTH.

B pacnpuinBaromux abcopbepax KOHTakT MEXAy (a3amMu JOCTUTAeTCs
pacmbUIMBaHUEM WJIM pa3OpBI3TUBAHUEM JKUIKOCTH B Ta30BOM IMOTOKE. JTH ab-
copOepbl OIPa3IESAI0OT Ha CIEAYIOIINE TPYIIIIbL:

1) dopcyHoUHBIE pacHbUTUBAIOIIME a0COPOEPHI, B KOTOPBIX KHIKOCTh pac-
NBUIAETCA Ha Karuid (popcyHKaMu;

2) CKOPOCTHBIC MPSIMOTOYHBIC PACIbLIMBAIOIIAE a0CcOpOephl, B KOTOPBIX
pacnbUIEHHE KUAKOCTU OCYIIECTBIISETCS 32 CUET KMHETUUYECKON SHEpruu raso-
BOT'O TIOTOKA,

3) MexaHMuYEeCKHE pacIbUIMBAIOIIUE a0bcopOepbl, B KOTOPBIX KHIKOCTh
pacnbuIsieTcs BpaIlaloIIUMUCS JETASIMHU.

[To cnocoOy opranm3ai MaccooOMeHa aOCOPOIMOHHBIE YCTPONCTBA TPUHSITO
JIEJIUTH Ha almapathl ¢ HEIIPEPBIBHBIM U CTYTIEHYaThIM KOHTAKTOM ¢a3. K ycrpoiictBam
C HENPEPbIBHBIM KOHTAKTOM MO>KHO OTHECTH HACAJ0YHBIE KOJIOHHBI, PACIbLINTEIbHbIE
armapatbl (moJble CKpyOOepsl, CKkpyOOepbl BeHTypH, pOTOKIIOHBI U JIp.), OIHOIIO-
JI0uHble 0apOOTaXKHbIE U IIEHHBIE YCTPOMCTBA, a K YCTPOWCTBaM CO CTYIIEHYaThIM KOH-
TaKTOM - TapesbyaThle KOJOHHBI, MHOTOIIOJIOYHbIE 0apOOTa)KHBIE U TIEHHBIE YCTPO-
CTBa.

YacTb Mo1I00HBIX YCTPOMCTB MPUMEHSIFOTCS 7151 MOKPOM MbUICOYUCTKHU. B mpun-
LUIIE UX MOXKHO ObLIO Obl MCHOJIB30BaTh U JJIsl COBMECTHOIO YJIABIIMBAHMS JUCIIEPC-
HBIX U Ta30BbIX 3arps3HUTENEH, OAHAKO OCYILECTBUTh 3TO HAa NPAKTHKE yJIAeTCs
penko. OUMCTHBIE YCTPOWCTBA CO3AaBATINCH U COBEPILIEHCTBOBAIMCH JIMOO /Isl IOIJIO-
IIEHUs1 Ta3000pa3HbIX MpUMeceH, OO Il Iblie3osoynaBiuBanus. [loatomy co-
BpEMEHHbIE aOcopOephl IS YIIaBIMBAHUS Ta3000pa3HBIX MPUMECEH HE TPUCIIOCO0IIe-
HBI 7151 0OPaOOTKH TOTOKOB C JUCIIEPCHBIMU 3arpsi3HUTEISIMH, a BBICOKOA(PHEKTHB-
HbIE TbUIE30JI0YJIOBUTENH, KaK IMPAaBUJIO, HETPUTOHBI IS CKOJIBKO-HUOY/Ib CYIIECT-
BEHHOTO M3BIICYEHHS ra3000pa3HbIX BpeaHocTel. CepriltHble MOKpPBIE MBLICYIOBUTEIIN
MOT'YT OBITh HCTHOJIB30BAaHbI TOJIBKO IS IIPEBAPUTEILHON 00pabOTKHU C IETBI0 OCBO-
OOXKJICHHMST Ta30BOTO MOTOKA OT JIUCIIEPCHBIX MpUMeECcEl niepes abcopOIOHHON 00pa-
OOTKOM.

Jlist abcopOrpin ra30BbIX 3arps3HUTENIEH HAUOOJIee YacTo UCTIONB3YIOTCS  Haca-
JIOYHBIE U TapebyaThle KOJIOHHBI.
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3.2.1. Hacagounble aGcopoepsbl

Hacanounpie abcopOephl OMyUniIN HauOOIbIlIee MPUMEHEHNE B TIPOMBIIII-
JgeHHOCTH. DT abcopOepbl (puc. 3.3) mpeacTaBisioT co00il KOJOHHBI, 3aI1oJI-
HEHHBIC HACAJKOH - TBEPABIMHU TEIaMH PA3INYHOU (opMBI. B HacagouHBIX KO-
JIOHHaX O0O0ECTICUMBACTCA JIyUIlIMi KOHTAKT 00padaThiBaeMbIX ra3oB ¢ aOCOPOESHTOM,
YeM B TOJIBIX PACIIBUIMTENSX, Oaroaps 4yeMy MHTCHCH(DUIMPYETCS MPOIIeCC Macco-
MIEPEHOCA ¥ YMEHBIIIAOTCS Ta0APUTHI OYUCTHBIX YCTPOMCTB.
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Puc. 3.3. CxeMbl Haca109HBIX a0COPOEPOB:
@ - CO CIUTONIHBIM CJIO€M HACAJIKH; O - C CEKIIMOHHOM 3arpy3KOi HACaIKU:
1 - xopriyc; 2 - pacupenenuTelNb KUIKOCTH; 3 - Hacaaka; 4 -OropHbIC PEIICTKH,
5 - mepepacrpeaenuTenb XUAKOCTH; 6 - THIPaBINYECKUE 3aTBOPHI; 8 - IMYJIbra-
[IMOHHAS HACaJ0YHas KOJIOHHA: 1 - Hacazaka,; 2 - ceTka, (PUKCUPYIOIIas HaCaAKy;
3 - TUIIPaBINYECKUH 3aTBOP; 4 - OTIOpHAs PeIIeTKa; 5 - pacpeeuTeNb ra3a.

B nacagounoii komonne 1 (puc. 3.3, @, 6) Hacagka 3 yKJIajabIBacTCs Ha
OIOPHBIE PEMICTKH 4, UMEIOIINE OTBEPCTHS MM IIENIN IS IPOXO0XKICHHUS Ta3a U
CTOKa KHMIKOCTH, KOTOpas JOCTAaTOYHO PaBHOMEPHO OPOIIACT HACAAKY 3 C IT0-
MOIIBIO PACIIPEICIUTENS 2 M CTEKAET 110 MOBEPXHOCTH HACAIOYHBIX TEI B BHJIE
TOHKOH IUTeHKH BHU3. OIHAKO paBHOMEPHOE paclpeae/icHIe KUIKOCTH 110 BCEi
BBICOTE HACAIKH 10 CEYECHUIO KOJIOHHBI OOBIUHO HE JOCTUIaeTcs, 4TO OOBIACHI-
eTCs MPHUCTEHOYHBIM 3 dexToM. BeaencrBrue 3TOro sKMIKOCTh MMEET TCHCH-
IIUIO0 PACTEKAaThCs OT IEHTPAIbHOW YacTH KOJOHHBI K €€ CTCHKaM U IIpaKTHYe-

22



CKU TIOJIHOCTBIO OTTECHSIETCSI OT MecTa BBoJla abcopOeHTa K nepudepun KOJIOH-
Hbl Ha PacCTOSIHUM, PAaBHOM YETBIPEM-TISITU ee nuamerpaM. [loatomy vacro Ha-
CaJIKy B KOJIOHHY 3arpy’KaroT CEKIMSIMHA BBICOTON B YETHIPE-TISITH TUaMeTpoB (HO
He Oosiee 3...4 METPOB B KaXKJOW CEKIIMU), a MEXIy CEKIUAMH (CIIOSIMU Hacaj-
KH) YCTaHaBIMBAIOT MEpepacipenesuTeNn Kuakoctu 5 (puc. 3.3, 6), Ha3HaYe-
HUE KOTOPBIX COCTOUT B HAMPABICHUU KHUAKOCTH OT nepudeprun KOJIOHHHI K ee
OCH.

YCTpOUCTBO HACAaJIOYHOW KOJIOHHBI M PACIOJIOKEHUE €€ KOHCTPYKTHMBHBIX
AJIEMEHTOB ITOKa3aHo Ha puc. 3.4.
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Puc. 3.4. Koncrpykuus HacaiouHoro abcopoepa.
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CooTHOIIIEHUE PACXOJOB KHUAKOCTH M Ta3a, MOCTYMAIOIIUX B KOJIOHHY,
JOJHKHO COOTBETCTBOBATH ONTHMATBHOMY THIPABINYCCKOMY PEXKUMY PaOOTHI
HACaJI0YHOTO CIIOS.

PaccMoTpuM ruapogmHaAMUYECKUE PEKUMBI B MPOTUBOTOYHBIX HACaI04-
HBIX KOJIOHHAX, HCIOIB3Ys TPAaPUUECKYI0 3aBUCUMOCTH THAPABINYECKOTO CO-
IIPOTHUBJICHHS OPOIIIAEMOM HACcaIKH OT CKOPOCTH Ta3a B KoJIoHHE (puc. 3.5).

[lepBblii peKUM — HIeHOYHBIL - HAOTI0IaeTCsl TPU HEOOIBIITUX MIIOTHOCTSIX
OPOIIICHHS Ha MaJIBIX CKOPOCTSX Ta3a. B 3ToM pexuMe OTCYTCTBYET BIUSHHE Ta-
30BOTO MOTOKA Ha CKOPOCTh CTEKAHMsI MO HACAJKE KUIAKOW TUICHKH U, CIIeI0Ba-
TEJIBHO, Ha KOJIMYECTBO 3aJICP)KUBAEMOI B HacaJKe XKHUAKOCTU. [IIeHOUHBIH pe-
UM 3aKaHUYMBAETCS B TMEPBOH MEpexonHON Touke 4 Ha puc. 3.5, Ha3pIBaeMOM
TOYKOH TIOJIBUCAHUS.

g 4P
A

0 Lgﬁ

Puc. 3.5. 3aBucumoctn I'uaApaBJIMICCKOTO COIMPOTUBJICHUSA HACAIKHU OT CKO-
POCTH ra3a B KOJIOHHC. 1- cyXxas HacaJka, 2 - opomracMasd HacaJaka.

Bropoii pexum - pescum noosucanus (wau Topmoxenus . [locie Touku A4
ITOBBIILICHUE CKOPOCTH ra3a MPUBOJIUT K 3aMETHOMY YBEIIMUYEHUIO CUJI TPEHUS O
KUJKOCTh Ha MOBEPXHOCTH KOHTAKTa (pa3 v MOATOPMAKMBAHUIO >KUIKOCTHU ra-
30BBIM MOTOKOM. BcCleACTBHE 3TOr0 CKOPOCTh TEYEHUs IUICHKHA KUJIKOCTHU
YMEHBIIAETCS, a €€ TONIINHA U KOJIUYECTBO YACPKUBAEMOW KUJIKOCTU B HACAI-
K€ YBEIMYUBAIOTCA. B pexuMe noAaBHUcaHus C MOBBIIIEHHEM CKOPOCTH ra3a Ha-
pylIaeTcsi CIIOKOMHOE TEYECHUE IUICHKU JKUAKOCTH, MOSBIISIOTCS 3aBUXPEHMS,
OpbI3TH, YBEIUYUBACTCS CMOYEHHAs MMOBEPXHOCTh HACAJIKU U COOTBETCTBEHHO -
MHTEHCHUBHOCTbD IPOLIECCa Macconepeaay. ITOT PEKUM 3aKaHUMBAETCS B TOUKE
B.

TpeTuit pexuM - peacum dMy1beUupo8anisi — BO3ZHUKAET IIPU MPEBBILIEHUH
CKOpPOCTH, COOTBETCTBYIOILLIEH TOUuke B. B pe3ynbrate npoucXOauT HAKOILUICHHE
XKUIKOCTH B CBOOOJTHOM 00bEME HACAIKHU JI0 TE€X IMOP, MOKa CHJIa TPEHUS MEXKTY
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CTEKAOIIEeH >KUIKOCThIO U MOJHUMAIOIIMMCS MO KOJIOHHE ra3oM HE ypaBHOBE-
CUT CWIY TSDKECTHU KHUJKOCTH, Haxojsiieics B Hacaake. [Ipu »Tom Hactymaer
oOparenue, win uHBepcHs, (a3 (KUAKOCTh CTAHOBUTCS CILIOMIHOM (a3oid, a ra3
- nucnepcHoit). O0pa3yercsi ra30’KUAKOCTHAs JAUCIIEPCHAs CUCTEMa, 10 BHEII-
HEMy BUJY HAlOMHUHAoIas 0apOOTaKHBINA CIOH (MEHY) W Ta30’KUIAKOCTHYIO
AMYJBCUIO. PEeKUM 3MyNbIUpOBAHUS HAYMHAETCS B CAMOM y3KOM CEUYEHUH Ha-
CaJIKM, TUIOTHOCTb 3aCHIIIKM KOTOPON HEpaBHOMEPHA IO CEYEHUIO KOJIOHHHI. [1y-
TEM TIIATEIBHOTO PEryJIMPOBAHUS MMOJAYU ra3a PEKUM SMYJIbIUPOBAHUS MOXKET
OBITh YCTAHOBJICH 110 BCel BbIcoTe Hacaaku (oTpe3ok BC Ha puc. 3.5).

PexxuM >MynbrupoBaHusi COOTBETCTBYET MaKCUMaIbHOU 3(h(HEKTUBHOCTH
HACaJIOYHBIX KOJIOHH NPEUMYIIECTBEHHO BCJIEACTBUE YBEIMYCHUS KOHTAKTa
(a3, KOTOpBII B 3TOM PEKUME ONPENEIAETCS HE CTOJIBKO IMOBEPXHOCThIO Haca-
JIOYHBIX TE€J, CKOJIBKO MOBEPXHOCTHIO 00pa3yrolencs ra30KuAKOCTHON IMYIIb-
CHUH, 3alOJIHSIONIEH BeCh CBOOOMHBIN 00beM Hacanaku. ClelyeT OTMETUTh, YTO
3TO NOBBIIIEHHUE 3P(HEKTUBHOCTH HACATOUYHOM KOJIOHHBI CONMPOBOXKIAETCA PE3-
KHM YBEJIUYCHHUEM €€ THIpaBIIndecKoro conporupieHus (orpesok BC). B Haca-
JIOYHBIX KOJIOHHAX 0€3 CHelUalbHbIX YCTPOUCTB MOACPKUBATH PEKUM dMYJIIb-
TUPOBaHUsl OYEHb TPYJIHO, TaK KaK Maj MHTEPBAJI U3MEHEHHUs CKOPOCTEH rasa,
IpU KOTOPOM Hacago4yHasi KOJIOHHA paboTaeT B 3TOM pexume (MEXay TOUKaMu
B u (). Iloaromy paspaboTaHa cCrelUalibHass KOHCTPYKITUS SMYJIbrallHOHHOM
KOJIOHHBI (cM. puc. 3.3, ).

Kak mpaBuio, pabota B pekMMe MOJBUCAHUS W dMYJIbIUPOBAHUS I1I€JIECO-
oOpa3Ha TOJIbKO B CIIy4ae, €CIi TMOBBIIIEHUE TUIPABINYECKOTO COMIPOTUBIICHUS
amrmapara He UMeeT CYIISCTBEHHOro 3HaueHwus (Hampumep, eciau abcopOep pa-
O0oTaeT TpH TOBBINICHHBIX JaBJICHUAX). [103TOMY OOJBIIMHCTBO HACAIOYHBIX
ajcopOepoB paboTaeT B INICHOYHOM pekuMe (T. €. MPU CKOPOCTAX Tas3a JI0 TOY-
ku A). [Ipenenom ycToiunBoii paboThl HACAIOUHBIX KOJIOHH SIBJIIETCSI CKOPOCTh
rasa, COOTBETCTBYIOIIAsl TOYKE MHBEPCUU (MITH 3aXJICOBIBAHNSA).

YerBepThiii peskumM (0T Touku C Ha puc. 3.5 u BBIIIC) - pedrcum yHoca, Win
00paIieHHOro JBMKEHUSI JKUJIKOCTH, BBIHOCUMOW W3 ammapara ra3oM. JTOT pe-
UM B TEXHUKE HE UCIOJIb3YyETCS.

HexoTopble pacripocTpaneHHbIe TUTIBI HACAI0K TIOKa3aHbl Ha pHc. 3.6, a Xxapak-
TEPUCTUKHU HACAJIOK TIPUBE/ICHBI B Ta0II. 3.2.
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Puc. 3.6. ®opMbl 251eMEHTOB HACAIKU:
1 — cemyio beps; 2 - konwiio Pamura; 3 — kosnbiio [lamns; 4 - po3etka Ten-
nepa; 5 — cemno «MHTaIOKC.

K OCHOBHBIM XapaKTEpHCTHKAM HACaJIKd OTHOCAT €€ YICIbHYIO MOBEpX-
HOCTh a (M°/M°) 1 cBOGO MBI 06beM & (M°/M°). OGBIYHO BETHUNHY & OIPEeIs-
I0T MYTEeM 3amoJIHeHUs 00bema Hacalku BoJoM. OTHoIeHHe o0beMa BOJBI K
o0BeMy, 3aHIMaeMOMY HACaJKOH, TaeT BeTUUnHY €. Ellle 0HO# XapakTepucTu-
KOl HACAJKH SBIIETCS ee cBOOoaHOe ceuerne S (M7/M°). [IPHHUMAIOT, 9TO CBO-
00J1HOE CeYeHHE HACaIKHU S PaBHO IO BEJIMYMHE €€ CBOOOJIHOMY 00beMy, T. €. S

=3
Taomuna 3.2
XapakTepucTUKa HacaJ0K
Hacazxa Paz- | I'eomer- C1306011— 9KBI/IBa: Yucno |Haceimaas
Mep, | ppuuecKkas |Hblii 00beM | JIEHTHBIA | JJIEMEH- IUIOT-
MM | TIOBEpX- €0, nuametp d,, TOB HOCTb,
HOCTB MM M B1M Kr/M
ao, M2IM°
Komnpua Pammuara | 25 190 0,605 0,01275 50600 890
50 93 0,74 0,0318 5530 580
Cema Tuna 25 230 0,77 0,0134 76600 575
«HHTanoke» 44 | 130 0,77 0,0237 | 14000 550
50 100 0,81 0,0324 3400 505
Cenna bepins 25 235 0,74 0,0126 70000 840
Koapna Iams:
W3 IpONUJIeHa 50 112 0,86 0,0307 6800 100
CTAJILHBIE 35 170 0,9 0,021 19200 455
50 108 0,9 0,033 6400 415
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[TockosbKy B HacaJ04YHBIX KOJOHHAX MOBEPXHOCTHIO KOHTaKTa (a3 sBIIS-
€TCSl CMOUCHHAs MOBEPXHOCTh HACAJKU, MOITOMY HAcajKa JIOJKHA UMETh BO3-
MOXKHO OOJIBIIIYI0 MOBEPXHOCTh B eauHUIIe 00bema. Bmecte ¢ Tem ans Toro,
4yTOOBl Hacajka paborana 3¢(HEKTUBHO, OHA JOJKHA YJIOBJIETBOPSTH CIIETYIO-
UM TPeOOBaHUAM: 1) XOPOIIO CMAaYMBATHCS OPOIIAKOIEH KHUIKOCTBIO, T.€. Ma-
TepHUaJl HaCaJKHU MO OTHOIICHUIO K OPOIIAIONIEH KUIAKOCTH JOKEH OBITh JIMO-
(GHIBbHBIM; 2) OKa3bIBaTh MAJI0E THAPABINYCCKOE COMPOTUBICHHE ra30BOMY I10-
TOKY, T.€. UMETh BO3MOKHO OoJiblliee 3HaUYeHUEe CBOOOTHOTO 00beMa WM ceue-
HUSI HacaJkH; 3) CO3/1aBaTh BO3MOXKHOCTD JJIsi BBICOKMX HArpy3oK armmapara 1o
KUJKOCTH U rasy; JUisl 3TOr0 HacajKa JO0JKHA TaK:Ke UMETh OOJIbIlIMe 3HAUYCHUS
e wm d,; 4) UMETh MaJIYIO TUIOTHOCTh; 5) paBHOMEPHO pacmpeeiATh OpoIIaro-

IIYIO YKUAKOCTh; 6) OBITh CTOMKON K arpeCCHMBHBIM cpenaM; 7) 00jamaTh BhICO-
KO MEXaHWYECKOH MPOYHOCTHIO; 8) MMETh HEBBICOKYIO CTOUMOCT.

MaxkcumalbHy 0 MOBEPXHOCTh KOHTAKTA HA €IMHUIY 00BheMa 00pa3yroT Ceijio-
oOpasnble Hacanky "MuTanokc” u bepns. OHM UMEIOT U MUHUMAIbHOE TUApaBIHYe-
CKOE COTPOTHBIICHHE, HO CTOMMOCTh X BBIIIE, YeM Kouell. I3 KOMbIeBbIX HACaIo0K
HAWTYYIIINA KOHTAKT CO3Aai0T KoJblia [1amis, HO OHM CIIOKHBI B U3TOTOBJIEHHUH U JI0-
poske kosern Parmura.

B kauectBe Hacanku HamboJsee MUPOKO MPUMEHSIOT TOHKOCTEHHBIE KOJIb-
na Pamura, umeromniue BHICOTY, PaBHYIO IMAMETPY, KOTOPBIM U3MEHSETCs B Ipe-
nenax 15...150 mm. Konblia Majasix pa3MepoB 3achIlalOT B KOJOHHY HaBaJIOM.
bosnbime koinbiia (0T 50x50 MM U BBIIIE) YKIAABIBAIOT MPABUILHBIMU PSIaMH,
CABUHYTBIMU JIPYT OTHOCUTENIBHO Jipyra. Takoi crmoco0 3amoJHeHHs anmapara
HACaJKOW Ha3bIBAIOT 3arpy3KOil B YKIAJKy, a 3arpyKCHHYIO TaKUM CIIOCOOOM
HacaJKy - peryisipHoil. PerymnspHas Hacajka uMeeT psll MPEUMYINECTB Mepen
HEpEeTyJSPHON, HABAJIOM 3aCBIIaHHON B KOJOHHY: 00Ja/laeT MEHBIIUM THAPaB-
JIMYECKUM COIPOTHUBIICHHEM, JOIyCKaeT OoJibliue CKOpocTH raza. OgHako pe-
ryJsipHas Hacajika Tpedyer 0oJiee CIOXKHBIX MO YCTPOMCTBY OpPOCHTENEH, YeM
HACaJKa, 3aChbIlIaHHAsl HaBAJIOM.

[Ipu BeIOOpE pa3smMepoB HACAIKK HEOOXOJUMO YUUTHIBATh, UTO C yBeJIUYe-
HUEM DPa3MEpOB €€ 3JIEMEHTOB YBEIMUYMBAETCS JOMYCTHMas CKOPOCTh rasa, a
TUIPABINYECKOE COMPOTUBIICHUE HacanodHoro adcopOepa cHrkaercs. OOrmmas
CTOMMOCTb KOJIOHHBI C KPYITHOM HacaJKoil OyJeT HUXe 3a CUEeT CHM)KEHUS Jna-
MeTpa abcopbepa, HeCMOTps Ha TO, YTO BBICOTA HACAJKU HECKOIBKO YBEIUUUTCS
[0 CPAaBHEHHUIO C TAKOBOM B abcopOepe, 3aloJHEHHOM HACcaJIKoil MEHBIIUX pa3-
MEpOB. JTO OCOOEHHO OTHOCHUTCSI K aOCOpPOIMH XOpOIIO PAaCTBOPHUMBIX Ta30B.
[Ipu abcopOunK MIOX0 PACTBOPUMBIX T'a30B 0osiee MOAXOASIIEH MOXKET OBbITh U
CpaBHHUTEJIHHO MEJKasi HacaJKa.
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Ecnmu HeoOXoammo MpoBecTH TIyOOKOe pa3jelieHHe ra30BOM CMECH, Tpe-
Oyroree OOJIBIIOTO YHCIIa STUHUIL TIEPEHOCA, TO B ATOM ClIydae palioHaIbHEe
HCITOJIB30BaTh MEJIKYIO Hacanaky. Memnkas Hacajka MpearovYTUTeIbHEee TIPH TIPo-
BEJICHUU a0COpPOIMU TOJ1 MOBBIIICHHBIM JABJICHUEM, TaK KaK MPH 3TOM IOTEps
Haropa B abcopOepe COCTaBUT MaIylO JOJI0 OT OOIEro JAaBJICHHs Ta30BOM cMme-
CcH.

Hacanounbie abcopOepsl JOMKHBI pabOTaTh C MAKCUMAIBHO BO3MOKHBIMHU
CKOPOCTSMH Ta30BOr0 IIOTOKA, MPU KOTOPHIX HacajJka HE 3axJieObIBacTCS.
OOBIYHO 3Ta CKOPOCTH MPEBBIMIACT TMOJOBUHY CKOpocmu 3axiebviganusi. Jjis
koJjer Pammra ee moxxao npuHumath 10 60...80%, nis cenmooOpa3HbIX Haca 0K
- o 60...85%, nns macamok Temnepa - mo 75...90% ot ckopocTH 3ax1eObIBaHUS.
[TapameTpsl Havama 3axJI€OBIBAaHUS OMPEICISIIOT IO SMITMPUIECKAM COOTHOIIIE-
HUSIM.

B ciydae 3arps3HEHHBIX cpejl 11eJIeCO00pa3HO MPUMEHSTh PEryJIIpHbIC Ha-
CaJIK{, B TOM YHCJIE TIPU paboTe MO/ MOBBIIIICHHBIM JAaBicHUEM. [ 3TUX cpen
MOHO HCIIOJIB30BaTh TAKXKE TaK Ha3bIBaeMble aOCOpOEpHI ¢ MIIaBaroleld Haca-
Koi. B kauecTBe HacaJku B Takux abcopOepax 0OBIYHO MPUMEHSIOT JIETKHUE T0-
JIbl€ IIaphl U3 TJIACTMACChl, KOTOPBIE MPHU JOCTATOYHO BBICOKUX CKOPOCTAX rasza
NEepexoAsaT BO B3BEIICHHOE COCTOsIHHME. BcenencTBre uX MHTEHCUBHOIO B3aWMO-
JIENUCTBUA TaKas HacaJIKa MPAKTUYECKU HE 3arps3HSIETCS.

B abcopbepax ¢ miaBarorieil Hacaakoil BO3MOXKHO CO3/1aHue 00jiee BBICO-
KUX CKOPOCTEH, YEM B KOJIOHHAX C HEMOABM)KHOW Hacaakou. Ilpu s3TomM yBenu-
YeHUE CKOPOCTHU ra3a MPUBOJUT K PACIIUPEHUIO CIIOS MIAPOB, UTO CIIOCOOCTBYET
CHUKEHUIO CKOPOCTH Ta3a B CJIoe Hacanku. [103ToMy CylecTBeHHOE yBelude-
HHUE CKOPOCTH T'a30BOr0 MOTOKA B TakuX ammaparax (mo 3...5 m/c) He mpuBOIUT
K 3HAUUTEIILHOMY BO3PACTaHHUIO WX TUIPABINYECKOTO COMPOTHBIICHHUS.

K OCHOBHBIM JOCTOMHCTBAM HACAJOYHBIX KOJIOHH CIEAYET MPEkKIE BCETO
OTHECTH MPOCTOTY YCTPOMCTBA M HU3KOE THIAPABIMYECKOE CONMPOTHUBIICHUE, a K
HEJI0CTaTKaM - CJIOKHOCTh OTBOJIa TEIIOTHI, TUIOXYK0 CMAadyUBaeMOCTh HACaIKH
IpU HU3KUX IUIOTHOCTAX OpPOILIEHHUS, OOJbIIMe 00beMbl HACAJKU BCIE/ICTBHE
HEJIOCTaTOYHO BBICOKOHW e¢ 3PPEeKTHBHOCTH (IO CPABHEHUIO C Tapelb4aThbIMU
arrmapaTamH).

3.2.2. TapeabuaTbie adcopOepbl

Tapenvuateie abcopOepbl OOBIYHO TPEACTABIAIOT COOOW BEPTHKAILHBIC
IIUIUHAPKI - KOJIOHHBI, BHYTPU KOTOPBIX HA OMPENICTICHHOM PACCTOSIHUU JIPYT OT
Jpyra 1O BBICOTE KOJIOHHBI Pa3MEIAlOTCS TOPU3OHTAIBHBIE TEPETOPOIKH-
Tapenku. Tapenku Ciay>KaT JIJis pa3BUTHS MOBEPXHOCTH KOHTakTa (a3 mpHu Ha-
NPaBJICHHOM JBMXCHHH 3TUX (Pa3 (PKUIAKOCTh TEUeT CBEPXY BHH3, a ra3 IpoOXo-
JUT CHU3Y BBEPX) U MHOTOKPATHOM B3aUMO/ICHCTBUH JKHUIKOCTH U Ta3a.
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Ha xaxxnoii Tapenke, B 3aBUCUMOCTH OT €€ KOHCTPYKIIMH, MOXHO MOAEP-
KUBAaTh TOT WJIM WHOW BUJ ABWXEHUS (a3, OObIYHO MEPEKPECTHBIA TOK HIIU
MOJIHOE TIEPEMEILINBAHUE KU]IKOCTH.

Tapesku MOXKHO MOAPA3AENUTh HA TPU OCHOBHBIE TPYIIIIBIL:

1) Tapenku mepekpecTHOrO THIIA, B KOTOPBIX JBIKCHHE ra3a M )KUIKOCTH
OCYLIECTBJISIETCS MIEPEKPECTHBIM TOKOM. JTH TAPEIKH UMEIOT CIIELUaIbHBIE T1e-
pENMBHBIE YCTPOMCTBA ISl NIEPETOKA JKUJIKOCTU C OJTHOM TapelIku Ha JIPYTyIo,
IIPUYEM ra3 10 NEPETUBAM HE IPOXOIUT.

2) Tapenku nmpoBaibHOTO (OECIIepEIMBHOTO) TUIA, B KOTOPBIX IMEPEITUBHBIC
YCTPOMCTBA OTCYTCTBYIOT, TaK YTO ra3 M KUAKOCTb IPOXOIAT YEPE3 OJHU U TE
xe oTBepcTus. Ha 3THX Tapenkax KOHTAKT rasa M >KUIKOCTH OCYIIECTBIISIETCS
10 CXEME IOJIHOTO NEPEMENINBAHUS KUJKOCTH.

3) Tapenku ¢ OJHOHANPABICHHBIM JIBM)KCHUEM Tra3a U JKUAKOCTH (TIpsMo-
TOYHbIC). B TaHHOM cilydae ra3 BBIXOJUT U3 OTBEPCTUH B HANPABIICHUH JIBIIKE-
HUS )KUJIKOCTH IO TapesKe; 3TO BbI3bIBAET CHMXKEHHUE MPOJA0IBHOr0 MepeMelu-
BaHUS JKUJKOCTH M CIHOCOOCTBYET JBIKEHHMIO >KMJKOCTH, YTO HPUBOAMUT K
YMEHBUICHUIO TMAPABINYECKOTO I'PAIUEHTA.

ITo ciocoOy cirBa KUIKOCTH € TapesIKu abcopOepbl ITOro TUIIA MOApa3/e-
JSIFOT Ha KOJIOHHBI C TapeJIKaMM CO CIIMBHBIMM YCTPONCTBAMH U C TapeiakaMu 0e3
CIIUBHBIX YCTPOMCTB (C HEOPraHU30BAHHBIM CIIMBOM JKHJIKOCTH).

K tapenpuarsiM ammapaTtaM €O CIMBHBIMHM YCTPOMCTBAMHU OTHOCSTCS KO-
JIOHHBI C KOJIMAYKOBBIMH, CUTYATBIMHM, KJIAIIAHHBIMU U JPYTUMU TapejKamMu. JTH
TapeJIKi UMEIOT CHELHUAIbHbIE YCTPOMCTBA IS MEPETOKA KUAKOCTH C OJHOH
TapeNKky Ha APYTYIO - CIUBHBIC TPYOKH, KapMaHbl U 1p. HkHue KOHIBI CIIMB-
HBIX YCTPOMCTB MOIPY>KEHBI B JKUJIKOCTh Ha HUKEPACIOJOKEHHBIX TapesKax
JUISL CO3JIaHMsI TMAPO3aTBOpA, MPEIOTBPAIIAIONIEr0 MPOXOKIECHUE Ta3a depes
CIIMBHOE YCTPOWCTBO.

[TpuHun paboTel abcopOEepoOB TAKOIro THUIA NOKa3aH Ha puc. 3.7,a Ha Mpu-
Mepe KOJOHHBI C KOJIMAYKOBBIMU TapeiakaMu. JKUAKOCTh MOIAE€TCA HAa BEPXHIOKO
TapelIKy, JABUKETCS BJIOJIb TAPEIKU OT OJHOT'O CIIMBHOT'O YCTPOMCTBA K APYIOMY,
IEPETEKAET C TAPEJKU Ha Tapesky U yJalsercs U3 HUXKHeW dactu abcopbepa.
IlepenuBHBIE yCTpOWCTBAa Ha TapeiKax pacloyiaraloT TakuM o0pa3oM, 4TOObI
KUAKOCTh HA COCEJHMX IO BBICOTE alllapaTra Tapejakax MpOoTeKaja BO B3aUMO
IPOTUBOIOJIOXKHBIX HalpaBieHUsX. ['a3 MOCTymaeT B HIXKHIOIO 4acTh abcopOe-
pa, MPOXOIUT Yepe3 MPOPE3H KOJIMAYKOB (B Ipyrux abcopOepax yepe3 OTBep-
CTHSI, IIENU U T.J.) puc. 3.7,6 ¥ 3aTeM TOMAAET B CJIOW KHMJIKOCTH Ha Tapeske,
BBICOTAa KOTOPOI'O PETYJIUPYETCS B OCHOBHOM BBICOTOM CIMBHOro mnopora. Ilpu
3TOM T'a3 B JKHUJKOCTU paclpenessieTcs B BHUJIE My3bIPbKOB U CTPYH, o0pa3ys B
HEW CIIOM IIEHBI, B KOTOPOW MPOUCXOAAT OCHOBHBIE IIPOLIECCHI MAcCO- U TEIIO-
nepeHoca. JTa 1eHa HecTaduibHA, U MPU MOAXOAE €€ K CIMBHOMY YCTPONCTBY
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JKUAKOCTh ocBeTysercs. [Iponas yepe3 Bce Tapeliky, ra3 yXOAUT U3 BEPXHEU
YacTH amnrnapara.
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Puc. 3.7. YcTpoiCTBO KOJIOHHBI M KOJIMAYKOBBIX TAPEJIOK C KaICyJIbHbI-
MU KOJa4KaMu:

@ - KOJIOHHA C TapeJIKaMu; O - IB€ COCEHUE TAPEIKHU; 6 - KAICyJIbHBIN
KOJIMIAYOK; 2 - OPMBI KarCyJIbHBIX KOJMAYKoB; 1 - Tapenkw; 2 - ra3oBbie (apo-
BbIC) MATPYOKH; 3 - KPYIJIbIE KOJIMAYKH; 4 - IePETOYHbIC IEPETOPOAKH (MK
TpyOBI) C MOPOraMu; 5 - TUAPABINYECKHE 3aTBOPHI; 6 - KOPITYC KOJIOHHBI

s TapenpyaTbiX KOJIOHH CO CIMBHBIMU yCTPOMCTBAMHU XapaKTepHA M-
pOAVMHAMUYECKAass HEPABHOMEPHOCTh II0 JUIMHE TapesiKH, KOTOpasl SBISACTCS
CJIECTBUEM T'MAPABIMYECKOIO CONPOTUBIICHUS IBUKECHUIO KUJIKOCTHU 110 JIJIMHE
Tapesiku. JTa HEPABHOMEPHOCTh OOBSICHSETCS TEM, YTO MPHU JIBIXKCHHUH KUIKO-
CTH IO TapeJiKe e¢ YPOBEHb MOBbIIIAETCS (HAIpUMEp, U3-32 HATMYHS KOJIAauKOB
WIW TI0J AEWCTBUEM NEPIECHAUKYJIPHOIO ITOTOKA MPOXOIAILIETO Yepe3 KUMI-
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KOCTb T'a3a), ¥ [0 [UTMHE IyTH JIBUKEHUS )KUIKOCTH BO3HUKACT I'MIPABINICCKUI
rpaauent. Takoe siBICHHE MPHUBOIUT K HEPABHOMEPHOMY PACIIpeaCIICHUIO Ta3a
MO TUTONIAJX TAPEIKU: OOJbIIAs YacTh ra3a JBHXKETCS Yepe3 4acTh Tapeliku,
HPUIETAIONIYIO K CIIMBHOMY IMOPOTY, I/Ie YPOBEHb JKHUAKOCTH HHIKE, YTO CTaHO-
BUTCS 0OCOOCHHO 3aMETHBIM Ha Tapesikax OOJBIINX JHAMETPOB, KOT/Ia BEIUMYHHA
TUPABINYIECKOTO TPAJUEHTa 3HAYUTEIbHA. J[JI1 CHDKCHUS THIPABIMUYCCKOTO
rpajiieHTa B anmaparax 00jbmoro auamerpa (oT 1...2 M U BbIIlIE) YMEHBIIAIOT
yTh MPOXOXKACHUs xuaKoctu (puc. 3.8, 6, 6).

=

Bepxnag —_— - | £ 3
mapenka — -] | =

N~ |17 O

/—\ ?
H [ e .
USHHAR I - -

MmaoenK ———— - e Ob O ‘O
v_ | e é)
a . : ) 8

Puc. 3.8. HexoTophie TUIBI CAMBHBIX YCTPONUCTB TapEIbUaThIX KOJIOHH:
@ - OTHOIIOTOYHOE YCTPOMCTBO CO CIIMBHBIMHU Ileperopojakamu 1; 6 - npyxno-
TOYHOE YCTPOICTBO CO CIMBHBIMH MEPErOPOAKaMU 1; 6 - yCTPOMCTBO AJIs paju-
aJIbHOTO HANpaBJICHUS KUIKOCTH C IEPETUBHBIMU TpyOamu 2

OcHoBHOE BiMsSHHE HAa 3()(PEKTUBHOCTH TAPENOK JHOOBIX KOHCTPYKLIMMA
OKa3bIBAIOT THIPOJMHAMHYECKHE YCIOBUS UX paboThl. B 3aBuCMMOCTH OT CKO-
pPOCTH Ta3a pa3iuyaloT TPU OCHOBHBIX THAPOJAWHAMUYECKUX pexuMa PabOThI
TapeabYaThiX amapaToB. NY3bIPbKOGbIL, NEeHHbIL U cmpyunblil (I UHICeKYU-
OHHOLIL). DTH PEKUMBI PA3INYAIOTCS CTPYKTYPOH Ta30)KUIKOCTHOTO CJIOSI Ha Ta-
pesKe, KOTopas B OCHOBHOM OIPEEIIIeT €ro THApaBINdecKoe COMPOTUBIICHHUE,
BBICOTY ¥ TIOBEPXHOCTh KOHTaKTa Ha TapeJiKe.

Bri6parh onTuManbHOE KOHTAKTHOE YCTPOMCTBO U3 OOJBIIOTO pazHoobOpa-
3WsI TUIIOB TapeJoK TOBOJILHO CIOXKHO. [IpuBeneHHbIe HIKEe KOHCTPYKIIMH Ta-
penok (puc. 3.9) xapakTepHu3yrTCs CISAYIONUME MTOKa3aTeIIMU.
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Puc. 3.9. Konctpykuuu Tapenok:
a, 6, 6 — KOJMAYKOBasd; 2, 0, e — CUTYATas; Jic, 3 — pemeryaras (IpoBaibHas)

KoanaukoBble Tapejaku yCTOWYMBO padOTAIOT MPU 3HAYUTEIBHBIX U3MeE-
HEHMSIX HArpy30K I0 ra3y W )KUJAKOCTHU. DTOT MOKA3aTeIb OYEHb BAXKEH MPHU Op-
TaHU3alMU TPOoLEecca B MPOU3BOACTBEHHBIX yCIOBUAX. Ho HemocTaTku konmnay-
KOBBIX TapEJIOK JIOBOJBHO CYHIECTBEHHBI - OHHM CIIOXHBI IO YCTPOMCTBY, JJIS UX
U3TOTOBJICHUS TpeOyroTCs OONbIIME 3aTpaThl METAJJIa, OHU OTJIMYAIOTCS OO0JIb-
IIUM TUJIPABINYECKUM CONPOTUBIICHUEM M MaJION MPEAEIbHO TOMyCTUMON CKO-
pocTheio Ta3a. [103TOMy KOJOHHBI C KOJITAYKOBBIMU TapPEIKAMHU BBITECHSIOTCS
6oree 3P heKTUBHBIMU KOHCTPYKIMSIMHU Tapeab4yaThiX anmnapaTos.

Y CTPOKCTBO TapenbyaToi KOJIOHHBI C KOJIIMAYKOBBIMU TAPEJIKAMU M PACIIOIOKE-
HHE €€ KOHCTPYKTUBHBIX 3JIEMEHTOB MOoKa3anbl Ha puc. 3.10.
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Puc.3.10. ABcopbep ¢ KOIMauKOBBIMU TapeIKaMu
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CutuaTbie Tapeaku. Jtu Tapenku (puc. 3.11) umeroT 00JbIIOe YUCIIO OT-
BepCTUil qraMeTpoM 2...8 MM, Yepe3 KOTOpbIe MPOXOIUT T'a3 B CIIOH KHUIKOCTH

Ha Tapelike. YPOBEHb JKUIKOCTH Ha Tapeyike MOMICPKHBACTCS IEPEITHMBHBIM
YCTPOMUCTBOM 2.

1 T Hudracme

Mudnocme
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Puc. 3.11. YcrpoilcTBO KOJIOHHBI C CUTYATHIMU NIEPETOUYHBIMU TapesIKaMu:

@ - KOJIOHHA C TapeJjKkaMmu, O - IB€ COCEIHUE Tapeliku; 1 - Tapenku; 2 - re-

PETOYHBIE MEPETOPOAKU WIH TPYObI C MOpOraMu; 3 - TUAPABIMYECKHUE 3aTBOPHI;
4 - KOpIyC KOJIOHHBI

[Ipy caumkoM Majioll CKOPOCTH ras3a €ro JaBJICEHHE HE MOXET yAepiKaTb
CJOM MHUJKOCTH, COOTBETCTBYIOIIMI BBICOTE MEPEIUBA, U KUIKOCTH MOMKET
NpOCaYMBaThCs (MIIH IIPOBAIMBATLCS») Yepe3 OTBEPCTHsI TAPCIKUA HA HUXKepac-
MOJIOKEHHYIO TapeJKy, YTO MPUBOJIUT K CYIIIECTBEHHOMY CHHM>KEHUIO JIBUXKYILIEH
cuiibl nporecca abcop6uuu. [loaToMy ra3 HoKeH ABUTaThCsA C ONPECIICHHOM
CKOPOCTBIO U UIMETh JABJIEHUE, JOCTATOYHOE AJI1 TOTO, YTOOBI IPEOJOJIETh /1aB-
JIEHUE CJI0SI KUAKOCTH Ha TAPEJIKE U NPEIOTBPATUTh OTEKAHUE KUIKOCTH Yepe3
OTBEPCTHS Tapesiku. TakuMm 00pa3oM, CUTHATHIE TAapeiku o0namaroT Oosee y3-
KUM JIMANa30HOM pabOThI 10 CPABHEHUIO C KOJIMAYKOBBIMH.

K nocTtonHCcTBaM CHUTYATBIX TapesiOK OTHOCSTCS MPOCTOTa UX YCTPOMCTBA,
JIETKOCTh MOHTa)Ka U PEMOHTA, CPABHUTEIBHO HU3KOE THAPABINYECKOE COMPO-
TUBJIEHUE, JOCTATOYHO BbICOKas 3((PexkTuBHOCTh. OJIHAKO 3TU TAPEIKU UYBCT-
BUTEJIbHBI K 3arPS3HEHUSIM U OCaJIKaM, KOTOpble 3a0MBatoT ux oTBepctus. Eciu
IPOMCXOJUT BHE3AITHOE MPEKPALICHUE MTOJAUYM ra3a WIK CyUIECTBEHHOE CHMXKE-

35



HUE €ro JaBJICHHs, TO C CHTYATBIX TapeJIOK CIIMBAETCS BCS KUAKOCTD, U TS BO-
300HOBIIEHUS] HOPMATBHON paboTHI ammapara HE0OXOAUMO BHOBB 3aITyCKaTh KO-
JIOHHY.

Kinanannble Tapenku. [Ipunuun aeiicTBust 3tux tapenok (puc. 3.12,a)
COCTOUT B TOM, YTO KJamaH 2, CBOOOJHO JIeXkaIIUi HaJl OTBEPCTHEM B Tapelke
1, c u3MeHeHUEM pacxojia ra3a yBEJIMYUBAET MOJBEM M COOTBETCTBEHHO ILIO-
Ia/ib 3a30pa MEXKIy KJIAIaHOM W TUIOCKOCTBIO TapesKu Juist mpoxoja rasa. [lo-
TOMY CKOPOCTh ra3a B 3TOM 3a30p€, a 3HaYUT U BO BXOJI€ B CJIOW >KUJIKOCTH Ha
Tapesike, 0CTaeTcsl MPUOIU3UTENBHO AOCTOSIHHOM, 4TO 00€CIeurBaeT HEU3MEH-
HO 3¢ dexTuBHYIO0 paboTy Tapenku. [‘mapaBIudecKoe COMPOTUBIICHUE TapelKH
IIPU 3TOM YBEJIMYUBACTCS HE3HAYUTENIBbHO. BhicoTa mogbeMa kiamaHa ompeje-
asiercst BeicoTor orpanmuutens 7 (puc. 3.12,0). Jlnamerp oTBepcTHid mox Kia-
naHom coctabisieT 35...40 MM, a nuametp camoro kinanana 45...50 mm.
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Puc. 3.12. YcTpoiicTBO KIIalTaHHBIX TapesIoK:

@ - IB€ COCEJTHUE TAPEJIKU C KPYTJIBIMH KJIallaHAMU; O - TIPUHITUAT paOOTHI
knanana; 1 - tapenka; 2 - knanas; 3 - IepeToyHas eperopojika ¢ moporom; 4 -
TUIPABINYCCKUAN 3aTBOP; S - KOPITYC KOJIOHHBI; 6 - TUCK KJanaHa, / - OorpaHudH-
TEJIM TTOIbeMa KJIalaHa; 6 - KPyTJIble KJanaHbl ¢ BEepXHUM orpannauteieM (1) u

¢ 6amutactom (I1): 1 - qrCKOBBIN KiIammaH; 2 - OrpaHUYUTENb; 3 — OaylIacT

Kosonnbl ¢ Tapeinkamu 0e3 CIMBHBIX ycTpoiicTB. B Tapenke 6e3 ciuBs-
HBIX ycTporcTB (puc. 3.13) ra3 u )KUIKOCTh MPOXOIAT Yepe3 OJHU M TE KE OT-
BepcTUs Uiy 1menu. [lpu 3ToMm 0gHOBpEeMEHHO ¢ B3auMojieicTBUEM (a3 Ha Ta-
peJiKe MPOMCXOAUT CTOK KHUIKOCTU HAa HUKEPACIOJIOKEHHYIO TapesKy - «IIpo-
BaJIMBaHUE» XUAKOCTU. [103TOMY Tapenku Takoro TUIa 4acToO Ha3bIBalOT IPO-
BaJIbHBIMU. KOHCTPYKIMU (THUIIBI) TPOBAJIBHBIX TAPEJIOK MPEICTABICHBI HA PHC.

3.14.
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Puc. 3.13. YcTpoiicTBO KOJIOHHBI ¥ MPOBAIBHBIX TAPEIIOK:

a - KOJIOHHA C IPOBAJILHBIMU TAPCIIKaAMHU, 0 - ABC COCCIHUC IbIPYATBIC IIPO-

BaJIbHBIC Tapeiky; 1 - KOJIOHHA,; 2 - TApeIKH

Mudracms

Puc. 3.14. Tumnpl poBaJbHBIX TAPEIIOK:

a - npipyatas (B Iu1ane); 6 - peuieryarbie (B IUIaHE); 6 - BOJIHUCTAS (B IPO-
JI0JIBHOM CE€UYCHHUN); 2 - TpyOuartas (B miane); 1 - mucter; 2 - TpyOsI; 3 - mepdo-

PUPOBAHHBIN JUCT; 4 — KOJJIEKTOPHI

['maponrHaMHUYECKUE PEKUMBI paOOTHI IPOBAIBHBIX TAPEJIOK CIIEHU(PUUHBI
TEM, YTO HOpMaJbHas UX paboTa BO3MOKHA TOJIBKO MOCIIE TOCTHXKEHUS ONpeie-

JICHHOM CKOPOCTH rasa.
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Huametp oTBepcTHil B 3THX Tapenkax oObryHO 10 mm, mnornma no 15...20
MM, YTO MO3BOJISIET CYIIECTBEHHO YBEJIMYUTHh HArpPy3KH MO >KUAKOCTH U Tazy
IIpU HE3HAYUTEIHLHOM THUIAPABINYECKOM COMPOTUBICHUH. CyMMapHas II0MIalb
cBoOoaHoro ceuenus 10...15 %.

Pemeruarsie Tapenku UMEIOT, KaK MPaBUIIO, BHIIITAMIIOBAHHBIC IIEIH LIHU-
puHoii 3...8 mm (cm. puc. 3.14, 6).

BoaHucTeie Tapenku U3roTOBISIOT TOQPUPOBAHUEM METAITUYECKUX JIUC-
TOoB ¢ orBepcTusiMu (cM. puc. 3.14, 6). B aTux Tapesikax CIHMB KUAKOCTH B OC-
HOBHOM TIPOMCXOJIUT Yepe3 OTBEPCTUS B HIDKHMX M3TrMOax Tapesku, a ra3 mpo-
XOJIUT B OCHOBHOM uepe3 ee BepXxHHe M3ruobl, Takoe yCcTpolCTBO MPOBATBHBIX
TapeoK YBEIMYMBAET MHTEPBAII UX YCTOMUYMBOW pabOTHI, OJTHAKO OHU CIOKHEE
B M3TOTOBJICHUH U MOHTaXXE, UEM JIbIpYAThIC U PELIECTYATHIC TaAPEIIKU.

TpyOuatbie Tapenku OOBIYHO M3TOTOBISIOT B BUIE PEHICTKHA U3 psija Ta-
payienbHbIX TPYO (cM. puc. 3.14, 2), NIPUCOSAMHEHHBIX K KOJUIGKTOPY. DTH Ta-
peKM 11eJ1IeCO00pa3HO MPUMEHSTh MPU HEOOXOJAMMOCTH TMOJBOJA TEIUIOTHI K
KUJKOCTU WK, €€ oTBoja. K HemocTaTkaMm TpyOUaThIX TapesioK CleayeT OTHe-
CTH CJIO)HOCTh W3TOTOBJICHHS M MOHTa)a, OOJIBIION pacxoj] MeTala.

[TockonbKy AbIpUaThie U pelIeTYAThIE TAPEJKHU, MIPOCTHI MO YCTPONCTBY U
MOHTaXXy, OOJaJar0T HU3KUM THUJIPABIMYECKUM COMPOTUBICHUEM U JAPYTHUMH
JIOCTOMHCTBAMH, TO OHHM 00JIe€ IUPOKO MPUMEHSIOTCS B MPOMBIIIICHHOCTH T10
CPaBHEHUIO C JIPYTUMU IPOBATLHBIMU TapeIKaMH.

[To cTeneHn OYUCTKU BHIOPOCOB OT ra3000pa3HBIX 3arpsi3HUTENEH BCE KOH-
CTPYKUHMHU TapeIOK MPUMEPHO PAaBHOZHAYHBI.

TapesnbuaTbic KOJOHHBI UMCIOT CTAHIAPTU3UPOBAHHBIA P TUAMETPOB OT
400 mo 4000 mm.

3.2.3. PacubliuBawouue adbcopoepsl

B pacnbeunBaromumx abcopOepax KOHTAaKT MexAy (aszamu J0CTUraeTcs
pacnbUIMBaHUEM WM Pa30OpBI3TUBAaHUEM JKMIKOCTH B Ta30BOM MOTOKE. DTH al-
copOepbl MoApa3AEAIOT Ha CIEAYIONIIE IPYIIIIbL:

1) dopcyHouHBIE pacnbUIMBaIOIIKE A0COPOEPHI, B KOTOPBIX KHUIKOCTh pac-
IBUTSIETCS. Ha KaruTk (POPCyHKAMHU,;

2) CKOPOCTHBIC MPSIMOTOYHBIC pPaCIbLIMBAIOIINE abcopOephl, B KOTOPHIX
pacrblUIeHHe KUAKOCTH OCYIIECTBIISIETCS 32 CUET KMHETHYECKOW YHEPTHU Ta30-
BOTO TOTOKA,

3) MexaHHYeCKHe paclbUTUBaIONIe adcopOephl, B KOTOPBIX >KUIKOCThH
pacCIbUISETCS BPAIIAIOIIMMHUCS JCTAISIMH.

[Monwie pactputuBatomme abcopoeps! (puc. 3.15) npeacraBisiror coOo# 1mo-
JpIe KOJOHHBI. B 3THx abcopbepax ras ABMKETCS CHHU3Y BBEpX, a KUIKOCTH IO-
JTAETCs Yepe3 paclioyioKEHHbIE B BEPXHEW 4acTH KOJIOHHBI 1 hopcyHku 2 ¢ Ha-
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npaBiieHHEM (pakelia pacbuia OObIYHO CBEpXY BHU3. DP(HEKTUBHOCTH TAKUX a0-
cOpOEpOB HEBBICOKA, YTO OOYCIIOBJIEHO NEPEMELIMBAHUEM ra3a IO BBICOTE KO-
JIOHHBI U «IUIOXUM» 3aII0JIHEHUEM €€ CeueHHUs (PakeaoM paclbUICHHOW >KUIKO-
ctu. B pe3ynbrare 00beMHBIN KOAIPOUIMEHT Macconepeaud U YNCIO €IUHUIL
IepeHoca B ITUX almnaparax HeBelauku. [loaromy pacnsuinTensHble POPCYHKH B
HoJIBIX abcopOepax 4acTo yCTaHABJIMBAIOT Ha HECKOJIBKMX YPOBHSIX.
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Puc. 3.15. YcrpoiicTBO MOIBIX paclbUIMBAOLIUX aOCOPOEpOB:

@ — BEPTUKAILHOTO C BEPXHUM PACTBUIOM KHJIKOCTH; O - BEpTUHUKAIBHOTO C
pacmbUIOM KHJIKOCTH TI0 BBICOTE ammapaTa; 6 - TOpU30HTAIBHOTO C MEPEKPECT-
HBIM TOKOM; 1 — Kopryc; 2 — (pOpCyHOUHBII KOJJIEKTOP OPOILIAIOIIEH KUIKO-
cTH; 4 - OpBI3roTOOMHUK; 5 - razopacnpeeTuTeb

[Toneie pacmpuMBaroIIe abcopOepsl OTIMYAIOTCS IPOCTOTON YCTPOICTBA,
HHU3KOM CTOMMOCTBIO, MajbIM THAPABINYCCKHM COIPOTHUBICHUEM, MX MOXHO
NPUMEHSTH I 00paOOTKH CHUIIBHO 3arpsi3HEHHBIX Ta30B.

K HemocTaTkam MOJBIX PAaCIbUTUBAIOIINX a0COPOEPOB, TOMUMO UX HH3KOM
3 PEKTUBHOCTH, OTHOCSTCS TaKXKe HH3KHE CKopocTH Tasza (mo 1 m/c) Bo u3be-
’KaHWE YHOCA, HEYJIOBIIECTBOPUTEIbHAS UX PadOTa MPU MaJBIX IUNIOTHOCTAX OpPO-
IICHUS, JOCTATOYHO BHICOKUH PacXo]l SHEPTHH Ha PacCHbUICHUE KUAKOCTH. Pac-
NBUIMBAIOIIKE TOJIbIE a0COpOEpPHI 11e1eco00pa3HO MPUMEHSTD ISl YJIaBIUBAHUS
XOPOIIIO PACTBOPHUMBIX T'a30B.
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CkopocTHbIE TMPSAMOTOYHBIE PACHBUIMBAIONIME aOCOPOEpPhl OTIMYAKOTCS
TEM, 4TO B CiIydae MpsSMOTOKA MPOIECC MOXKHO MPOBOIUTH MPU BBICOKHUX CKOPO-
crsax ra3a (mo 20...30 m/c u BbIlIe) IpUYEM BCS )KUJKOCTh YHOCHUTCS C Ta30M U
OTJIENSETCS OT HEeTO B cenapairoHHoM mpoctpanctse 4. K aTomy Tumy anmapa-
TOB OTHOCUTCS abcopOep Benrypu (puc. 3.16), 0CHOBHOI 4acThi0 KOTOPOTO SIB-
asercst Tpyoa Bentypu. XKumgkocTs moctymaer B KOoHQY30p 1, Teder B BHIE
IUIEHKHU U B TOPJIOBUHE 2 PaclbUISIETCSA Ta30BbIM IMOTOKOM. 3aTeM KHUAKOCTh ra-
30BBIM ITOTOKOM BBIHOCHUTCS B TU(Pdy30p 3, B KOTOPOM CKOPOCTh T'a3a CHUIKAET-
Csl U €ro KMHETUYeCKasi SHEeprus NepexouT B SIHEPIHIO JaBICHHUS] ¢ MUHUMAaJlb-
HbIMU noTepsiMu. OTlieNeHre Karesb OT Ta3a IPOUCXOIUT B cernapaTope 4.
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Puc. 3.16. YcrpoiictBo 6echopcynounoro adbcopoOepa Bentypu:
a - C 2KEKIUeH )KUIKOCTH; 6 - C INIEHOYHbIM OpolieHueM; 1 - koudy3opsi;
2 - TopnoBuHBL; 3 - T dy30psl; 4 - cenapaTtopsl; S - HUPKYISLIUOHHAS TPYOa;
6 - rumpaBIMYECKUI 3aTBOP

Mexannueckue pacnbuiuBawiue adcopoepnl. B atux abcopbepax pas-
OpBI3rUBaHUE KUJIKOCTU MPOU3BOJIUTCS C MTOMOIIBIO BPAAIONIUXCS YCTPOUCTB,
T. €. C TIOJIBOJIOM BHEITHEH SHEPTUH JJI pa3BUTHS TTOBEPXHOCTH (Ha30BOr0 KOH-
takta. Ha puc. 3.17 npeacrasien Takoit abcopOep, B KOTOPOM pa30phI3TUBAHUE
KHUJIKOCTH OCYIICCTBIIICTCS ¢ MoMoInbio Jiomacred (puc. 3.17,a) wim TUCKOB
(puc. 3.17,6), 3aKpeIuieHHBIX Ha TOPU30HTAIBHBIX Bajlax 1. Pa3Opei3ruBaroriue
AJIEMEHTHI 2 YCTaHABJIUBAIOT TaK, UTO ra3 JBIXKETCS MEPHEHAUKYISIPHO WU Ta-
paJIEIbHO OCSAM UX BaJOB.
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Puc. 3.17. Mexanudeckue pacubuIMBaroIIre abcopOepsl:
a - ¢ pa30BI3TUBAHUEM KHJIKOCTH BAJIKAMU JIOMIACTHOTO THUTIA; O - C pa30pbI3ru-
BaHHMEM KUIKOCTU UCKaMU; 1 - Bajibl; 2 - pa3OphI3ruBaTes; 3 — Meperopoaku

[To cpaBHeHuUIO ¢ abcopOepaMu APYrux TUIIOB MEXaHUUYECKUE abcopOephl
Oosiee KOMIAKTHHI U 3((EKTUBHBI, HO OHU 3HAYUTEIHHO CII0XKHEE M0 KOHCTPYK-
MU U TpeOyIOT OOJBIIKX 3aTpaT SHEPrUM Uil TpoBeaeHUs mpoiecca. [loatomy
MEXaHUYECKHUE paclblInBarone abcopoepsl 1e1ecoo0pa3Ho MPUMEHSTh B TEX
ClIyyasix, KOTJla paciblIeHuEe ¢ MOMOIIbI0 (POPCYHOK WJIU Ta30M, B3aUMOJEHCT-
BYIOIIUM C >KMJKOCTBIO, IO KaKMM- JIMOO NMPUYMHAM HE MPEACTABISIETCS BO3-
MO>KHBIM.

BoABIIMHCTBO pacCMOTPEHHBIX BBIIIE aNNapaTroB MCMIOJIb3YETCS U IS
MPOBEJICHUS JPYTUX MPOILIECCOB MACCOMEPEHOCA, MPEkKIE BCEro sl peKTU(U-
KallMH U KUJKOCTHOM IKCTPAKIUH.

3.3. MeToabl pacuera aGcopoepoB

ATMochepHbIe 3arpsS3HUTENH B OTXOISAIINX Ta3ax 0OBIYHO MPUCYTCTBYIOT B
HU3KHUX KOHIIEHTpalusaX. B CBs3M C 3TUM NpuU NMPOEKTUPOBAHHH abCOpPOEPOB
MpeXke BCEr0 YUYUTHIBAIOT HEOOXOIUMOCTh 00pabOTKHU Ta30BbIX MOTOKOB C Ma-
JBIMHA KOHIICHTPAIUSIMH TIPAUMECEH U TOT (akT, YTO IMPHU ITOM 00pa3yrOTCs KU
KH€ TIOTOKH C HU3KUMH KOHIICHTpAIUsAIMHU BEIIeCTB. PacueTHbie HOpMYIIBI IS
ATOTO CiIy4as 0O4eHb MPOCThl. DPdekTamu, CBI3aHHBIMU C TEIJIOTON pacTBOpe-
HUS, MOKHO TIpeHeOpedb; KpoMe TOTro, amnmapar MpakKTHYeCKu paboTaeT B M30-

41



TEPMHUYECKOM PEXUME, UTO elle 0ojiee ynpoiaeT mpoekTupoBanre. OCHOBHbIE
3aTpyAHEHHUs] OOBIYHO CBSI3aHBI C TE€M, 4TO TpeOyeTrcss 0OpabdaThiBaTh OYEHD
OoJbIIME KOJIMYECTBA ra3a.

[TockonpKy KOHEUHAsI KOHIICHTPAIIHUS 3arpsI3HUATENS B Ta30BOM (haze Bceraa
BEIIIIC PABHOBECHOMW C PACTBOPEHHBIM B XKHUIKOH (haze, abcopOephl MPOSKTUPYIOT
JUTSE TPOTUBOTOYHON CXEMBI JIBFKCHHSI TTOTJIOTUTENS U 00pabaThIBaeMbIX Ta30B.
[Ipu 3TOM CTEneHb U3BJICUCHUS 3arpsi3HUTENS 3HAUUTENIBHO 3aBUCHUT OT (pakTo-
POB, BIUSIONINX HA BEIWYHUHY MapUHATBHOTO JABJICHUS 3arPSI3HUTENS HAJ KU1~
KOCTBIO: TEMIIEPATYPHI MOTJIOTUTEIIS], HAYAJIBHOTO COAECPKaHUs B HEM 3arpsi3HU-
TE€JISl U €r0 paCTBOPUMOCTH.

["a3oBbIe M XKHIKUE MOTOKM B abcopOepax cilaOOKOHIIEHTPUPOBAHBI, UTO
MIO3BOJIAET BBECTH PAJI YIPOILICHHI: ONEPUPYIOT MOJIEIBIO UAECATBHOTO PaCTBO-
pa, noauuHsonierocs: 3akonaMm ['enpu u Payns; npeneOperaroT HeM30TepMUY-
HOCTBIO TIpoliecca, TEII0TaMu (Pa3oBBIX MEPEXO0B PACTBOPEHUS U XMMHYECKUX
peakiuuid, psaoM Ipyrux GakTopoB.

BOJIBIIMHCTBO pacyeTHBIX 3aBUCHUMOCTEW OTHOCUTCS K KOHLIEHTPAlMOH-
HBIM JIMana30HaM, XapaKTEPHBIM ISl XMUMHUYECKOM TexHojoruu. OHU He pac-
MPOCTPAHSIOTCS Ha OOJACTh 3HAYEHUN KOHIIEHTpalui, B KOTOpPOl paboTaroT
CHUCTEMBI 3alIUThl aTMOC(hEphl, a JHIIb COMPUKACAIOTCS C HEH. BBIXOJTHBIC
(cOpocHbIE) KOHIICHTpPAIIMM TEXHOJOTHYCCKUX YCTPONCTB, B TOM YHUCIIC U a0-
copOepoB, SABIAIOTCA HAYaJIbHBIMHU, T.€. BXOJHBIMU ISl OUUCTHBIX aIlapaToB.

Pacuerbl aOCOpOLIMOHHBIX allapaToB YIPOIIAIOT HE TOJIBKO MO MPUYUHE
HU3KOM KOHUEHTPALUHUH MOTJIOMIAEMBIX BEIIECTB. MHOXKECTBO YNPOUIEHUN BBO-
JTUTCSL HA TOM OCHOBaHUH, YTO OHU YMEHBIIAIOT 00bEM pacueToB 0€3 3aMETHOTO
CHW)KEHHS] TOYHOCTH pe3ysibTaTa. B COOTBETCTBUU € 3TUM MOTJIOTUTEIh OOBIYHO
paccMaTpUBarOT KaK WHIWBUAYAIBHOE BEIIECTBO, 3 MHOTOKOMIIOHEHTHBIE Ta30-
BbIE CMECH - KaK OWHApHBIC, COCTOSIINE U3 OJHOTO YJIABIMBAEMOTO W OJHOTO
VHEPTHOTO KOMITOHEHTA.

Texnonoruyeckuii pacuer abCOPOIMOHHON YCTAHOBKM BBITIOJIHSIIOT B He-
CKOJIBKO JTaroB.

Ha nepBoM 3Tane npous3BOIAT MAaTEPUAIBHBIE U SHEPrETUYECKUE PACUETHI
Y YCTAHABJIMBAIOT YCJIOBUS PABHOBECHS], CTPOSIT JIMHUIO PABHOBECHUS U PabOUyIO
JIMHUIO, HAXOJST YUCJIO TEOPETUUYECKUX CTYNEHEW M3MEHEHHS! KOHUEHTPALUH,
ONPEACIISIOT HEOOXOAUMOCTh LUPKYJIAIIMU PACTBOPA, PACcXo]l SHEPTUU Ha IUP-
KYJISIUIO, YCTAHABIMBAIOT HEOOXOAMMYIO CTEIIEHb pereHepaluy pacTBopa, pac-
XOJl SHEPTUH Ha PETEHEPALUIO U IIOTEPU PACTBOPA IIPU PErCHEPALIHH.

Ha BTOopom »sTame BbIOMpAIOT KOHCTPYKIIMH allllapaToB, PaCCUUTHIBAIOT
Macco- U Terionepeaady, TuIpoIMHaMHUKy U rabapuThl anmnapaTos.

Ha TperpeM 3Tamne yTOYHSAIOT TEXHOJIOTHMYECKUE MapaMeTpbl U OCYIIECTB-
JISFOT ONTUMU3ALMIO [TpoLecca.
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[Ipu mpoexkTupoBanuu abcopdepa HEOOXOAUMO ONPENETUTh. TUAMETpP all-
mapaTa U €ro BBICOTY, pa3Mepbl BHYTPCHHUX 4acTed (pa3Mepbl M THI HACAJIKH,
KOHCTPYKIMIO TapesoK, YHUCIO TapeJioK, yCTPOMCTBA JUIisl BBOJA U pacmpejee-
HUSI )KUJIKOCTH), ONTUMAJIBHYIO0 CKOPOCTh XKHIKOCTH B abcopoepe.

3.3.1. PaBHoBecHe, IBIKYIIAS CHJIA M KHHETHKA a0copOumnu

[TockonbKy abcopOLMs SBISAETCS TUITUYHBIM MPOIIECCOM B3aUMHOTO OOMe-
Ha Maccoil BENIeCTBa MEXKIy COMpPUKacaoImUMHUCs dha3amu, TO JUIsl €€ ONMHUCAHUS
UCTIOJIb3YIOTCSl 3aKOHOMEPHOCTH MAaCCOOOMEHHBIX MPOLIECCOB.

OOmuM IS TIPOIIECCOB SIBJIIETCSA TO, YTO B HHX y4acTBYIOT nBe (asel (B
HEKOTOPBIX CIIyYasiX UX MOXKET OBbITH OOJIbIIE), MPUIeM KOMIIOHEHT (KOMIIOHEH-
TBI) MIEPEXONUT U3 OJTHOW (ha3bl B APYTYIO yepe3 TpaHuIly pasaena ¢a3. OObIYHO
B MacCOOOMEHHBIX TpOIleccax pas3iHyaroT TpHU cTaiauu: 1) mepeMerneHue KOM-
TIOHEHTA W3 sipa OTHaroIel (a3bl K TpaHUIle pasfena; 2) mepexol KOMIOHEHTA
Yyepe3 rpaHully pasnena ¢as; 3) nepeMenieHue KOMIOHEHTa OT TPAHUIIbI pasfie-
na ¢a3 B 00beM sapa NpuHUMAKOIICH (ha3bl.

[Tporecc mepexona BemecTBa W3 OAHON (a3bl B APYTyIO Yepe3 TPaHUILy
pasnena (a3 HOCUT Ha3BaHHE Mdacconepedayu, a TPOIECC TMEepeHoca BEIIeCTBA
u3 o0beMa (a3bl K TPAHUIIEC pa3 Jejia WIK B MPOTUBOIOIOKHOM HAIIPABICHUH —
maccoomoauda.

Macconepeoaueti Ha3bIBAIOT TIEPEXO]] BEIIECTBA U3 OAHOU (Da3bl B APYTYIO
B HaIlPaBJICHUU JOCTHUKEHUSI PAaBHOBECHSI.

[Ipu B3aumMojelcTBUU ABYX (a3, COMVIACHO BTOPOMY 3aKOHY TEPMOJIMHA-
MUKH, UX COCTOSTHHE M3MEHSETCSI B HAMPABICHUN JOCTHKEHHUS PAaBHOBECHS, Xa-
PaKTEePHU3YIOMIEroCsS PaBEHCTBOM TeMIIEpaTyp W JaBjieHUi (a3, a TakkKe XUMU-
YEeCKMX TMOTEHIMAIOB KaXIOTO KOMIIOHEHTa B COCYIIECTBYOIUX (azax. [[Bu-
KyILeld CUIION mpolecca rnepeHoca J00ro KOMIOHEHTa U3 OJHOM (a3bl B Apy-
T'YIO SIBIIACTCS Pa3HOCTh XMMHUYECKUX MOTCHIIMAIIOB 3TOI0 KOMIIOHEHTa BO B3au-
MoeicTByommx ¢azax. [lepemenienne KOMIOHEHTa MPOUCXOAUT B HaAIpaBlie-
HUW YMEHBIICHHS €T0 XUMUYECKOTo MOoTeHIHana. [[0CKoIbKy XUMUYECKHE T0-
TEHI[MAIBl KOMIIOHEHTOB HEHJICATBHBIX CMECeH SIBIISIOTCS CIOXKHBIMH (DYHK-
IIUSIMUA COCTaBa, MPH aHaJIN3€ MPOIECCOB Maccolepeaadyn OObIYHO paccMaTpu-
BalOT M3MEHEHHUE HE XUMUYECKUX MOTCHIIMAIOB, & KOHIEHTPAIUi KOMIIOHEH-
TOB. DTO OOBSICHIETCS TEM, YTO KOHIICHTPAIIUA KOMIIOHEHTOB MOJJAI0TCS HETIO-
CPEICTBEHHOMY OTIPEACIICHUIO U Yallle BCETO PacCMaTPUBAIOTCS KaK MapaMeTphI
COCTOSIHUS JIBYX- © MHOTOKOMITOHEHTHBIX CHCTEM.

B maccooOmeHe y4acTBYIOT B OOJIBIIMHCTBE CIy4aeB TPU BEIIECTBA: pac-
npexnensitoniee BeniectBo (G), cocraBisromee nepByr ¢a3y; pacrnpeaessronee
BemiectBo (L), cocramistomiee BTopyio ¢a3sy; pacnpenenseMoe Beiiectso (M),
KOTOPOE MEPEXOIUT U3 OJIHOM (a3bl B APYTYIO.
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[TockombKy BCE paccMaTpuBaeMble MAaCCOOOMEHHBIE TPOIECCHI 0OPATUMBI,
pacrpejiensieMoe BeIeCTBO MOXKET nepexoauTs u3 ¢assl G B gazy L, u Haobo-
POT, B 3aBUCUMOCTH OT KOHIICHTPAIIUX 3TOTO BEIIECTBA B pacnpeaesomux da-
3ax.

B kauecTBe MBMXKYIICH CHJIBI MTPOIECCA MACCONEPEHOCA KOMITOHEHTA | U3
o0beMa (ha3bl K rpaHHIle pasjiesia Wik B 0OpaTHOM HaNpaBiICHUH MPUHUMACTCS
Pa3HOCTh KOHIICHTPAIIUN 3TOr0 KOMIIOHEHTa Ha rpaHuIle pa3zaena ¢a3 u B o0be-
Me paccmaTpuBaemMont ¢asbl. Tak mpu aecopOIuu, eciiv KOHIEHTPAIUs KOMIIO-
HEHTa | B oTjarolieil (ha3e paBHa X;, a B MPUHUMAIOIICH Y; U HA TPAHMIIC pa3jiea
a3 KOHIIEHTpAIUM COOTBETCTBEHHO PAaBHBI Xi* U i, TO NBIKYIIAsl CHJIA MPO-
1ecca nepeHoca B oTAaroiien gase OyzieT paBHa X; - Xi*, a B ipuHUMArONIeH y;* -
y. CornacHo paBWITy JTHHEHHOCTH, TTOTOK BEIIECTBA MOKHO IIPEICTABUTH TAK:

G, :ﬂx(x_xi*):ﬂy(yi*_yi)l (31)
rae f, u f, - K0o3QOUIUEHTH MACCOOTAa4H, XaPAKTEPU3YIOIINE KUHETUKY IIe-

peHoca COOTBETCTBEHHO B OT/AOIIECH U MpUHUMAKOIEn (a3zax.

Kak cnemgyer u3 3Toro ypaBHEHHs], IOTOK JHOOOr0 KOMIIOHEHTa B OTAAr0-
el u npuHuMatoien ¢gazax oguHakoB. Koadduiuentsl MaccooTnaun onpee-
JSI0T MEPEHOC PacCMaTpPUBAEMOTO BELIECTBAa B OJHOW U3 (pa3 depes eIuHUIly
MIOBEPXHOCTH MONEPEYHOr0 CEUYEHHUS NPU ABUKYILEH CUJIE, PABHOM €AMHUILIE.

KonndecTBo BemEecTBa, IEPEHOCUMOE 3a BpEMsl 7 4YEpE3 €IMHMILY TIOBEPX-
HOCTHU KOHTaKTa (a3 F, onpenensercs BbIpaKeHUIMU

M; =giFT=KxF(Xi_Xi*)TzKyF(yi*_yi)T' (3-2)

CnoXHOCTh aHaju3a MPOIECCOB Maccomepeayu, MPOTEKAOIINX B KOJIOH-
HBIX anmaparax, COCTOUT B TOM, YTO B OOJIBIIMHCTBE CIIy4aeB TOYHO HE HU3BECT-
HbI HU BEJIMYMHA IOBEPXHOCTH KOHTAKTa (a3, HU 3HaUeHus Xi* u y;*. [loatomy B
KauecTBE JBIXKYLIEH CHJIBI MPOLECCAa MacCONEepenayd INPUHUMAIOT PA3HOCTb
MEXTy KOHIICHTPAIIUCH pacipeesieMoro KOMIIOHEeHTa | B OTHaromei ¢ase Xj, u
€ro KOHIIEHTPaLHUEH X;*, COOTBETCTBYIOIIEH COCTOSHHIO PAaBHOBECHS B NMPUHU-
Maronier (ase, B KOTOpOH KOHIICHTpaIrusi KOMIIOHCHTA | paBHA yj. AHAJOTHYHO
MO>KHO ONPEIEIUTh ABMKYIIYIO CHITY ITPOLIECCa MACCOIIEPEAAUN YEPE3 PA3HOCTh
KOHLIEHTpAalMii, OTHECEHHYIO K MpuHUMaroen ¢ase: yi* - Vi, rae y* - KOHUEeH-
Tpalusi KOMIIOHEHTA | B MPUHUMAIOICH (haze NP JOCTHKEHUH COCTOSIHUS PaB-
HOBecHsl ee ¢ otnaronieit pa3oi coctaBa Xj. B COOTBETCTBUU C 3TUM KOJIMYECTBO
BemectBa M, mepexosiiee u3 oHOU ¢da3bl B APYTryIO Uyepe3 MOBEPXHOCTh KOH-
takTa ¢a3 F, 3a Bpemsi r cocTaBUT

M; = K F(X; =x*)7 =Ko F(y; *-y;)7, (3.3)
rae Ko 1 Koy - 00mue koa¢dduimenTsl Macconepenayy, pacCUnuTaHHbIE 110 pas-
HOCTH KOHLEHTpAIMil pacnpenenasieMoro KOMIOHEHTa COOTBETCTBEHHO IJisi OT-
JAIoIIe ¥ mpuHUMaroen ¢as.
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Koaghduyuenmor maccoomoauu xapakTepusyroT KMHETHKY Mpoliecca Tie-
peHoca BelecTBa B OTACIHHOU (aze W 3aBHCAT OT €€ (U3NYECKUX CBOMCTB U
TUAPOMHAMUYECKOTO COCTOSHUS.

Kosgppuyuenmor macconepedauu xXapakTepu3yloT KHHETHKY IIpoliecca
pacnpeneneHuss KOMIOHEHTa M3 OTHAloIIed (a3bl B MPUHUMAIOINIYIO, T. €. BO
Bcel cucteme B 11esioM. Bennuubbl, oOpaTHbie Kod(dduiieHTaM MaccooTaayu,
UMEIOT CMBICJT COIMPOTHUBIICHUM MAacCOIEPEHOCY B COOTBETCTBYIONIMX (azax u
Ha3bIBAIOTCS (PAa30BBIMU COMPOTHUBJICHUSIMU MaccooTnadr. OTHOCUTETbHBIH
BKJIaJT (ha30BBIX COMPOTHBIICHUHN B OOIIEe COMPOTUBICHUE 3aBUCUT OT YCJIOBHIA
¢$ha30BOT0O paBHOBECHS.

Ecnu gonyctuth, yTo nipu abcopOIMM Ha rpaHulle pasiena (a3bl HaXOoasT-
Csl B PAaBHOBECHH, TO MOXHO 3aITUCaTh.

y,*=mx, (3.4)
rJie M - KOHCTAaHTa PAaBHOBECHS, MM PaCIpe/ICIICHUsI, KOMIIOHEHTA I,

Cesa3p Mexay kodddunuentamu macconepenadn Koy, Koy 1 MaccooTnaun

B, A B, onpenensieTcss COOTHOIICHUSIMU

1 1 1 . 1 1 m

o B M8 Ky, B, B

Ecmu m > 1 (1. e. npu paBHOBECHH Y; > Xj), TO OCHOBHOE CONPOTHBIICHHE
cocpeioToueHo B (ha3e, cocTaB KOTOpOH 0003HaUeH OYKBOM X, eciu ke M < 1,
TO Mpeo0agaeT ConmpoTuBIeHUE (a3bl, COCTaB KOTOPO 0003HAaUeH OYyKBOM ).
Korna ¢a3oBbie conmpoTuBiieHUs MacCOOTAAUN 3HAUUTENIBHO Pa3IMyaroTcs, KO-
3¢ duULKMEHT Macconepesayl IPUMEPHO PaBEH MEHbIIEMY KO3(p(PUUUEHTY Mac-
COOTHa4H, T. €. 00IIee COMPOTUBICHUE MEPEHOCY BEIIECTBA JTUMUTHPYETCS TOM
¢a3oii, B KOTOPOil KO3()PHUIMEHT MACCOOTAAYN MEHBIIIE.

Ecnu koadduumenT pacnpeaeneHus M = CONSt, To B KOOpAMHATAX X - )
rpaduyeckoe n300pakeHne ypaBHEHUSI PAaBHOBECHOTO paclpeAesieHus yi* = MXx;
- 3TO MpsMasi IMHUS, IPOXOIAIIAs Yepe3 Hayalo KOOpJUHAT, C TAHTEHCOM yTja
HaKJIOHA paBHBIM M, €ClIK k€ M # CONSt, To paBHOBECHOE paclpesesieHue mpe/l-
CTaBIseT 000 KpuBYtO MuHMIO (prc. 3.18).

Takum 00pa3oM, mpu KPUBOJIMHEHHOM paBHOBECHH KOX(D(UIIMEHTHl PaBHO-
BECHOT'O paclpeiesieHus], a CIeI0BaTeNbHO, U KOd()(PUIIMEHTH Maccomepenradu
U3MEHSIOTCA TI0 BBICOTE KOJIOHHBI. B 3TOM ciyudae mpu pacueTe KOJIOHHY OObIU-
HO pa3JIeNsIFOT 0 BBICOTE HA YYaCTKH, B MpeJesiax KaxJA0ro U3 KOTOPBIX MpH-
HUMAIOT, YTO M - BeJIMYMHA TOCTOSHHAs W IS BCETO ammapaTra HCIONb3yIT
cpeaHee 3HaUeHUE Kod(PuilMeHTa Mmacconepeaaum.

(3.5)
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Puc. 3.18. PaBHOoBecHas TUHUS TUarpaMMBbl -xX

YtoOBI ompenenuTh MacCcy BeEIIeCTBA, NMEPEHOCUMOIO W3 OJHOW (ha3bl B
JIPYTyI0 B KOJIOHHOM arapare, He0OXOIUMO yJIeIbHBIA MTOTOK, PacCUHThIBaC-
MBI 110 YPaBHCHHUIO, YMHOKUTh Ha BEJIMYMHY TTOBEPXHOCTH ()a30BOTO KOHTAKTa
U JUTUTEIBHOCTh mporiecca. OMHAKO ONMPEACIUTh BEIUYHHY MOBEPXHOCTH KOH-
TakTa (pa3 B OOJBITMHCTBE CIy4aeB OYCHHb TPYAHO. [lo3TOMY mJis pacdeToB uc-
MOJIB3YIOT TaK Ha3bIBAEMBIC 0ObeMHble KOIPDUYUESHMbI MACCOOMOAyU U MAC-
conepeoau.

IBVX = aﬂx; ﬂVy = aﬂy , Kva = aKox; KV0y = aKoy’ (36)
IJI€ a - yJIeJbHas IOBEPXHOCTh KOHTaKTa (a3, T. €. IOBEPXHOCTh, OTHECEHHAS K
eAuHuIe pabouero o0beMa KOJIOHHBI, MV - pabounii 00 beM KOJIOHHBHI, M.

Torga ypaBHeHUs mMaccornepeaadn Mpu JecOpOIMd MOXKHO 3amucaTh clie-

TYIOIUM 00pa3oM:

IVli = KVoxV (X_X*)T: KVoyV(y*_y)T' (37)
3.3.2. MaTepuajbHblii 6aj1aHC U YpaBHeHHUe padoueii JUHUM a0COpOUN

B pacuerax nporiecca abcopOIiuu UCIIONB3YIOTCS YPaBHEHUSI MaTepUaIbHO-
r'O ¥ DHEPTreTUYECKOTO OATaHCOB.

B xomonHBIX abcopOepax KOHTakT (ha3 MOXKET OCYIIECTBISATHCSA OO He-
IIPEPBIBHO, JTUOO CTYNEHYATO, KOT/Ia B KaXKIO0W CTymeHu (a3bl B3aUMOJCHCTBY-
10T JAPYT C IPYTOM, a TIO0 BBIXOJy M3 CTYNEHU - pa3AensroTcs. B oboux ciydasx
3 PEeKTUBHOCT, MaccOOOMEHA OMpPEAeNIeTCS HalpaBJI€HUEM OTHOCUTEIBHOIO
TIBWKEHUS a3 W CTPYKTYpoi MX MOTOKOB. [0 HampaBieHWIO OTHOCHUTEIHHOTO
IBWOKEHUS (Pa3 pa3muvaroT: npomugomox, NPAMOmoK U nepexpecmmublii mox.

PaccMoTpuM MPOTHBOTOYHYIO CXEMY JABM)KCHHS ITOTOKOB B KOJIOHHOM afl-
napare aiusa adcopouuu (puc. 3.19), npuHATONH B CHCTEMax Ira3004KMCTKH. B arm-
napat noctynarT $asel G (ra3) u L (kuakocts). [TycTs pacxoa HOCHUTENS B ra-
30B0it (paze cocraBisier G kr/c, a B xuakoi dase paBen L kr/c. Comepxanue
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pacmpeenseMoro KOMIOHEHTa, BEIPaXKEHHOE B BHJIE€ OTHOCUTEIIBHBIX BECOBBIX
cocTaBoB, B aze G ob6o3Haunm uepe3 Y, a B ¢aze L - yepes X.

I
ro
e

ICJ
!

el I .

Puc.3.19. Cxema mpoTUBOTOYHOTO MAaCCOOOMEHHOTO armapara

HpI/I IMPOTUBOTOKC YPABHCHUA MATCPHUAJIIBHOT'O Oatanca JIIA Jr000ro ceue-
HHUA KOJIOHHBI 6y,Z[YT HUMETh BUI.
dG=dL; d(G,)=d(L,). (3.8)
[Tocne UHTErpUpPOBAHUS ITUX YPABHEHUM JJIs1 JIIOOOTO CEYEHUSI KOJOHHBI
IOJIYYHM.
GHyH - LKXK = nyk - LHXH = Gy - LX'

Ecom G, ~G, u L, ~L_,TO

L L
=y, +—(X=X)=y +—(X—X,). 3.9
Y=Yt g (X=%) =y, o (x=x,) (3.9)

OTa 3aBUCUMOCTb SBJIECTCS YpaBHEHHEM paboueil JTUHUH Mpolecca Macco-
nepesady B IPOTUBOTOYHON KOJIOHHE.

Kak BugHo u3 ypasuenus (3.9), nmpu L/G = const pabouast 1uHUS B KOOP-
JMHATAX X - - IpsMasi C TAHTEHCOM YTJIa HaKJIOHA K OcH abcuucc, paBHbIM L/G.

Ha puc. 3.20 B xoopanHaTax y —x MOKa3aHa paboyas THHUS AB, a Taxxke
auaust paBHOBecus: OC BbIpakaroliash 3aBUCHMOCTh MEXKIY PaBHOBECHBIMHU
KoHUeHTpausamMu (a3. [Ipu abcopOuuu KOHUEHTpALMs B Ta3€ BhIIIE PaBHOBEC-
HOI 1 pabouast TMHUS PACTOIaraeTcs BBIIIE JIMHUU PaBHOBECHSI.

47



v

Puc. 3.20. Bzaumuoe pacnosnioxenue paboueit TUHUM U JIMHUU PAaBHOBECHS

CBs3p MCIKAY COCTaBaMH MATCPHUAJIbHBIX IIOTOKOB M OTHOIICHHCM HX pacC-

xonoB pu G, #G, u L, ~L, MOXKXHO IpeICTaBUTh 3aBUCUMOCTBIO
L Tl 7 (3.10)
G X —X,

Bennuuna |, omnpenensemass u3 ypaBHenus (3.10), sBisiercs  yaenbHBIM
pacxooM HorIoTUTeNs (KI/Kr HHePTHOTO Ta3a).

[Tpu momHOM M3BIEUYEHNH KOMIIOHEHTA U3 raza ero colep:KaHue B ra30BOU
¢a3e He BrIX0JIe M3 abcopOepa ObL10 ObI paBHO O (HyIIO), @ KOJIMYECTBO IOTJIO-
IIEHHOTO KOMITOHEHTa cocTaBuiio 061 G'y;. OTHOIIEHHE KonmuecTBa (pakThye-
CKH TIOTJIONMIEHHOTO KoMItoHeHTa G(y; - )2) K KOJMYECTBY, MOTJIOMAEMOMY TPH

ITIOJIHOM H3BJICYCHUU, HA3BIBACTCSI CTCIICHBIO U3BJICUCHUS.

ng(M_J’z):M_J’z _1_22 (3.11)
Gy bzl Y1
DHepreTuyeckuil 0anaHc A1 NPOTUBOTOKA:
GHiH_LKjI(—l—Q':Gi _Lj =GKiK_LHjH_ "’ (3'12)

rae i, u J, - COOTBETCTBEHHO dHTaIbIMK MOTOKOB G, u L,; Q' - KomudecTBo Ten-
JIOTBI, BBOJMMOU B KOJIOHHY Ha Y4acTKe OT MecTa Bxojia moroka G, 1o paccmar-
pPHBAEMOT0 CEUEHHUS KOJOHHBI; Q" - KOJMYECTBO TEILIOTHI, MOABOAMMON Ha
y4acTKe OT pacCMaTPUBACMOTO CCUCHHSI KOJIOHHBI JI0 BBIXO/a MOTOKA.
Ecnu npoiiecc npoBoauTes B aguadaTHYECKUX yCiaoBusx, T. €. Q =0, To
G,i,+L,j, =G +L;. (3.13)
YT1oObl MOCTPOUTH PAOOUYIO JIMHHIO, HAJIO0 3HATH COCTaBhbI (Da3 Ha BXOJC B
abcopOep (v1, x2) 1 HA BBIXOJe U3 HEero ()2, X1). [1o 3THM cocTaBam CTPOSIT TOYKH
A B, a pacxoJl IOTJIOTUTEIIS ONIPENESIOT 1Mo ypaBHeHuo (3.10).
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OpnHako OOBIYHO 3aaHbl TOJBKO HAaYaJbHBIC COCTABBI Ta3a M KHUIAKOCTH
(v1, X2) U cTeneHb W3BJCUCHHUSA. 3aJJaHHBIM YCIIOBHSAM COOTBETCTBYET OINpeE/e-
JICHHOE 3HAYCHHUE ), , KOTOpOe MOXHO HaiTH 1o ¢gopmyie (3.9) u Takum obpa-
30M MOCTPOUTH TOUYKY B. B 3aBHUCHMMOCTH OT yJeNbHOrO pacxoja MOTIOTUTENS
pabouas JInHUS OyJIeT MOBOPAYMBATHCS OKOJIO TOUKH B, nmpuyem Touka 4 Oyner
NepeMeIaTbesi Mo rOPU30HTANIM, COOTBETCTBYIOIIEH opauHaTe );. llomoxxenue
A*B, xorjga Touka A* JNEXHUT Ha JIMHUU PaBHOBECHS WM Koraa padodas JTUHUS
KacaeTcs JIMHUW PaBHOBECHS, COOTBETCTBYET MUHHUMAJIBLHOMY PacXojy IMOIJIO-
TUTES.

[Ipn MUHUMATBFHOM PACXO0J€ MOTJIOTUTENS ABIKYIAas cuja B TOUKE Kaca-
HUs pabodeil TUHWUW W JIMHUWA PABHOBECHUS PaBHA HYJIO, IPH 3TOM TpedyeTcs
abcopOep OeckoHeuHO OO0JbIION BBHICOTH. C yBEIMUYEHHEM YAEIBHOTO pacxoja
MOTJIOTUTENSI YMEHbIIAETC Tpedyemasi BbicoTa abcopOepa, HO BO3pacTaroT pac-
XOJIbI Ha JIeCOpOInI0, Ha TEepeKavyuBaHUE TOTJIIOTUTENS U T.J1. ONTHUMAabHBIN
yACIbHBIN PacxXo] MOTJOTUTENS MOKHO HANTH TEXHHUKO-3KOHOMUYECKUM pacue-
TOM.

3.3.3. Pacuer npoueccoB Macconepenaum B abcopoepax

[Tepenoc BemiecTBa U3 0HOM (ha3bl B IPYryr0 00YCIIOBJICH TEM, YTO COCTa-
BBI X M V B TIPOM3BOJHHOM CEUCHHH KOJIOHHBI OTIIMYAOTCS OT PABHOBECHBIX.
Ecnu nepeHoc BeriecTBa MPOUCX0uT U3 (Gasbl, COCTAB KOTOPOH 0003HAUYEH
¥, B a3y, cocTaB KOTOpOi 0003HAYEH X, TO KOJUYECTBO KOMIIOHEHTA, MEPEHO-
CHUMOT0 Ha 0ECKOHEYHO MAJIOM 3JIEMEHTE BBICOTHI KOJIOHHBI OH, Oymer paBHATH-
cst
dM =K, aS(x*-x)dH = K aS(y - y*)dH , (3.14)
rje S - mIoa b MOMePeUHOr0 CEUCHHUS KOJIOHHBI.
[To yciioBuio MaTepHaabHOrO OaaHnca
dM = Gdy = Ldx, (3.15)
rae G u L — pacxonsl das.
W3 nocieHuX ypaBHEHUH CIEAYET, YTO
KyaSdH  dy | K, aSdH  dx
G  y-y*’ L Xx*-x_
Ecmu pomyctuts, uto Ky,aS/G n Ky@aS/L He U3MEHSIOTCS 10 BBICOTE KO-
JIOHHBI, TO

(3.16)

G %t d L F dx
-5 y*:K i (3.17)
oya Yy y - y OXa X, X _X

s MHTErpupOBaHuUsl STOTO BbIpaKEHUsI HEOOXOIUMbI JaHHbBIE O (Pa30BOM
paBHOBecuU. B mpocTeliiem ciaydae MOXHO 3aIicaTh:

dy = mdx, (3.18)
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re M - KOHCTaHTa (pa30BOro paBHOBECHUS.
Torga u3aMeHEHHe NBUKYIIEH CUJIbI MPOLECCa MACCONEPEIadyu MO BBICOTE
dH Oyner
m 1

d(y—y*)=dy—dy*:dG[L EJ (3.19)

Otcrona ciaenyer, 4To ABMXKYyLIasi CUJIA IPOLECCOB MAacCONEPENAYN 3aBUCHUT
OT pacxoja MarepuanbHbix NMOoTOkOoB G u L. KonmdectBo pacmpenensemMoro
KOMITOHEHTA, IEPEHOCUMOI'0 0 BCEH BBHICOTE KOJIOHHBI IIPU MIPOTUBOTOKE (a3 U
IIpHA YCJIIOBUM M = CONSt, cocTaBisieT

L
Mi=G(y, =) =L(x =x,) = (Y, *~y.*), (3.20)

rac yn* 141 yK* - COOTBCTCTBCHHO COACPKAaHUA KOMIIOHCHTA B COCTOSHUHU PABHO-
BECH CO CMECAMHU COCTaBa X, U X.

Orcrona
m o1 Lo o, 1o
Lo w0 y)=loyl= ey, -ay), (3.21)

I
rae Ay, = y,* - v u Ay, = »* - y, — ABUXKYIIUE CUIIBI ITPOLIECCa Maccomnepea-
91 KOMITOHEHTA | COOTBETCTBEHHO Ha BXOJIC B aIiapaT M Ha BbIXOJE U3 HETO.

[ToncraBus 3nauenue dG u3 ypasuenus (3.15) B (3.14), momyunm:
1 Fdly=y*) o o
i | oy KoyasidH : (3.22)

m_
L G
m 1 .
[TpouHTETpUPOBAB U 3aMEHUB BBIPAXKCHHEC T g T (3.21), onpenenum:
M.
= (3.23)

Ko, aSAy,,
Ay,
Ay
1ecca Maccorepeiadn, OTHECCHHas K (haze, COCTaB KOTOPOi 0003HAYEH Y.

AHAJIOTUYHO MOXKHO TOJIYYUTh

M.
S A E— 24
KoaSAX,, - (3.24)

rae Ay = (Ayy - Ay)/In=—=- cpennenorapudmuueckas ABWXKYIIas CUIa IPo-

K

AX,
AX

K

mecca MaccoIriepeaain, OTHECCHHAA K (1)3,36, cocCTaB KOTOpOﬁ 0003HAYCH X.

B sTux BBIPAKCHUAX ABWXYIIAs CUJIa ITPOICCCa MACCOIICPCaAAYN BbIPAKCHA
qcpe3 CPCOAHIOO Pa3HOCTb KOHHCHTpaHHﬁ, 4 KMHCTHUKA IIponecca ONpCACIsICTCA
3HAaYCHUAMMUA KOB(i)(I)I/IHI/IeHTOB MacCCoOIICpcaaiu. Pa3Mepr arIiapara 1o 3TUM BbI-
PAXKCHUAM PACCUHHUTBIBAIOT, HCXOAA N3 KOJIHNYCCTBA IICPCHOCHUMOI'O BCIICCTBA.

rae AXep = (AXy - AX)/In—=- cpennenorapudmuueckas ABWXKYIIas CUIa IPO-
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[TogpiHTErpaNIbHBIC BHIPAXKEHHS B YpaBHEHUU (3.22) 3aBHCAT OT yCIOBHIA
($a30BOro paBHOBECHS, COOTHOLIEHUSI MAaTEPUAIIbHBIX MMOTOKOB U (haKTOPOB, OM-
peAeAIoIINX CTaTUKY Ipolecca. BenmnuuHsl, crosiye nepe MHTErpaioMm, om-
pEeAENAIOT KUHETUKY Ipoliecca.

B€3pa3MepHBIC BCJINYNHBI
Yy

[~ N Hj X _\, . (3.25)

oy oX

WY—y® XX
Ha3bIBaOT wuciamu edunuy neperoca (UEII), a mpenquHTErpanbHble MHOKHUTEIN
G/KyaS u L/IKyaS, nMeromue pa3MepHOCTb JUIUHBL, - 8bICOMOU eOUHUYbl nepe-
noca (BEIL, u BETI).

Torma BeICOTa KOJIOHHBI

H = BE/I,N,, = BEIIN,,. (3.26)

ITpu sToM BenmuuHbl Noy B Noy SBIIOTCA MEPON peanu3aliy JBHXKYLICH
cuibl, a BEIL, u BEII, - Mepoii ckopocTu nporecca.

3nadyeHus: Noy 1 Noy pacCUMTBIBAIOT 10 JaHHBIM (Da30BOr0 paBHOBECUS U
ypaBHeHUAM pabounx nuHuM, 3HadeHus BEII, u BEII, onpexendror mo smnu-
PUYECKUM 3aBUCUMOCTSIM.

Yucsao eAuHMIT TIEPEHOCa BRIYUCIIAIOT rpadguueckuM MetoaoM (puc. 3.21).

Jl
4

. o - __
: } y 4

Puc.3.21. Onpenenenue uncna eqUHUI] IEPeHOCA TPpahUISCKIM METOIOM

Jlst aTOro Ha nuarpammy x - y HaHocsT paBHoBecHyto OO' u pabouyro 4B
nuHuMU. 3ateM npoBoAsT auHuio CD, xoTopas aenut momoiam OTpe3KH Op.u-
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HAT, 3aKII0YCHHBIC MEXTy PAaBHOBECHOW M pabodeii TMHUSAMU. DTH OTPE3KH Op-
JTUHAT BBIPAKAIOT JBIDKYIIYIO CHJTy Tporiecca MmaccooOMeHa. Uepe3 Touky 4 Ha
paboueil TMHUHU, COOTBETCTBYIONTYIO COCTOSHUIO (pa3bl G Ha BBIXOJE U3 allapa-
Ta, IPOBOSAT TOPU3OHTAIBHYIO JIMHHUIO, TIepeceKatonyrocs ¢ muaueit CD B Tou-
ke E, u mpoaneBarot ee 10 Touku N, mpuuem orpe3ok AN pasen 2 AE. 13 Touku
N mpoBoasT BepTuKanbHY0 JuHUI0 NM 10 nepeceuenust ¢ pabodeit TMHUEH.

N3 momobus TpeyrompankoB ANM u AEK cnez{yeT:% :%. [To mo-
crpoennio AN = 24FE u KE = KL/2, ciegoBarebHo,
MN = KEAN _ KL 2AE ) (3.27)
AE 2 AE

Crynenp ANM cOOTBETCTBYET ydacTKy ammapaTra, B KOTOPOM H3MEHEHHE
pabouunx koHneHTpamnuii B ¢paze G pasao NM, a B daze L - AN. Otpezox KL co-
OTBETCTBYET BEJIMUMHE CPEHEHN JABMXKYLIEH CHIIBI MPOLECca MaccolepeHoca Ha
stoM yuacTtke. Ilockonbky u3meHeHue padoueil koHueHtpauuu NM pasHO
cpenneit nprokyiei cuie KL (o moctpoenwuio), To cryrnedb ANM cooTBETCTBY-
€T OJTHOM eIMHMUIIE ITepeHoca.

BruceiBast TakuM 00pa3oM CTYIEHU JI0 JOCTHUKEHUSI TOUYKU B, COOTBETCT-
BYIOIIEH COCTOSIHUIO CHUCTEMBI Ha BXOJI€ B allllapaT, OMpeaesisieT YUCIIO eIUHHUIL
HepeHoca, paBHOE YHCIY CTyNeHeW, HeoOX0auMoe IJis JOCTHKEHUS 3alaHHOTO
U3MEHEHHS pab0ounX KOHIIEHTpAIil MeX 1y Toukamu 4 u B.

OnucaHHbIH BhIlIe TpauUecKuii METOI MPUMEHUM B TOM Cllydae, Korja Ha
y4acTKe, COOTBETCTBYIOIIEM OJHOM cTyreHu (cM. puc. 3.21), TuHUS paBHOBECHUS
HE3HAYUTEIFHO OTKJIOHSAETCS OT MpsAMoi. B mpotuBHOM citydae otpe3ok KL He
OyJZIeT COOTBETCTBOBATh CPEAHEN JBIKYLIEH CHIIe Mpoliecca Ha JaHHOM yd4acT-
ke. B aToMm ciiydae ucnonbp3ytoT 0osiee TOUHBIA METOJ rpapuuecKoro MHTErpu-
pOBaHUs, KOTOPBIA COCTOUT B cienytonieM. Ha yuacTtke 6eCKkOHEUHO Masioil Bbl-
coThl KoJoHHbI OH m3meHenune koHieHTpanuu B (ase G coorBercTByer dy, a
JBIDKYINAs cuia mporecca - (y - y*). Uucnmo eauHUI] mepeHoca AJis 3TOro yda-
cTka B quddepeHmaibHoM, BUjie OyaeT

dN, = - dy/(y - *) (3.28)
(3HaK MHHYC O3Ha4YaeT YMCHBIICHHE KOHICHTpaluu V). [[poMHTErprupoBaB 3TO
ypaBHEHHUE B MpeJeiax N3MEHEHHsI KOHIICHTPAIIUU OT V1 JI0 Vp, TIOJIYYUM YHCIIO
€IMHMII TETICHOCA TI0 BCEH BBICOTE armapara;
Y1
Ny = [~ (3.29)
P Al

WuTerpan Haxonar rpaduyecku, Il YEro 1o OCu aOCIUCC OTKJIaAbIBAIOT
3HAYCHHUS ), a M0 OCH OPJUHAT - COOTBETCTBYIOIIME 3HaueHus 1/(y - y*), u on-
peAeNIoT IJIOMab, OIPAHUYEHHYIO KPUBOHM, OChIO ) U BEPTUKAIbHBIMU JIH-
HUSIMU, TIPOBEJCHHBIMU Yepe3 TOUKH, aOCIIMCChl KOTOPBIX PaBHBI COOTBETCTBEH-
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HO V1, U ), (puc. 3.22). D1a miomaas COOTBETCTBYEeT HCKOMOMY MHTETpaiy, T. €.
YUCIly €MHMI] IEpeHoca.

[Ipu pacuere ymcia equHUL NepeHoca rpauyeckuM crnocoooM HeoOXo-
JUMO YUYUTBIBaTh MaciiTadbl mocTpoeHus. Eciau mo ocu abcuuce oTia0kKeH mac-
mrabd My, a o OCK OpAMHAT — My YUCIIO €UHUIL IEpeHoca OyAEeT paBHO

N,, = fmm,, (3.30)

Trac f- mjiomanab, OrpaHuYCHHAasd KpHBOfI N COOTBCTCTBYIOIIUMU a6CI_[I/ICC&MI/I.

[/ Y ¥

Puc. 3.22. Onpenenenue dnciia eIUHUAL IEPEHOCA METOJIOM IpaduuecKoro
WHTETPUPOBAHUS

OcobeHHOCTh mpolecca abcopOIMU COCTOUT B TOM, YTO M3-3a Majioil OTHO-
CUTENLHOU JieTydecTn abcopOeHTa MepeHoC BEUIeCTBa MPOUCXOIUT MpPEeuMyIiie-
CTBEHHO B OJTHOM HaIlpaBJICHUU - U3 Ta30BOM (pa3wl B xkuaAKyto. [lepexon Bemre-
CTBa M3 T'a30BOT0 COCTOSIHUSI B KOHACHCUPOBaHHOE (3KUIKOE) COMPOBOXKIACTCS
YMEHBIIIEHUEM HEPTUM 3TOTO0 BellecTBa. B pesynbrare B mpoiecce adbcopOmuu
IIPOUCXOANT BBIJCIIEHHUE TETUIOTHI, KOJIMYECTBO KOTOPOH PaBHO MPOU3BEACHHIO
KOJIMYECTBA IMOTJIONMIEHHOTO BENIECTBa HAa TEIUIOTY €ro KoHjaeHcaruu. CBs3aH-
HOE C 3TUM TIOBBIIIICHHE TEMIIEPATyphl B3aUMOJICHCTBYIOIUX (a3, KOTOpOe OIl-
penensercs Mo ypaBHEHHIO TEIJIOBOTO OaiaHca, MPUBOIUT K YMEHBIIICHUIO PaB-
HOBECHOTO COJIEP>KaHUsI MOTJIONIAEMOr0 KOMIIOHEHTa B JKUJKOU (ase, T. €. pas-
JIeJICHHEe KOMIIOHEHTOB yxyamaetcs. [loaromy, mpu HEOOXOAUMOCTH, TEIUIOTY
abcopOIUU OTBOJIAT.

Kunernueckune 3akOHOMEPHOCTH aOCOPOIMHU OIMUCHIBAIOTCS OOIIMM ypaB-
HEHUEM MacComepeiadu A 1BYX(Pa3HbIX CHCTEM.

B ypaBHeHusx aGcopOuu JBUXKYIIYIO CUITy B ra3oBoil ¢aze y - y* vacto
3aMeHSIOT Ha Pj - Pi* (pi - pabodee mapuuanbHOE AABICHHE PACHPEACIIEMOTO
KOMIIOHEHTa B Ta30BOM CMecH, Pi* - paBHOBECHOE JaBJICHHE KOMIIOHEHTAa HaJ
a0COpOEHTOM, COOTBETCTBYIOIEE paboueii KOHIICHTPAIIUH B KUIKOCTH).
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Yem BbIllIE pacTBOPUMOCTb Ta3a, TeM OOJibllle BEJIMYMHA KOd(PPuumeHTa
pacnpeneneHus M; sl TPYJIHOPACTBOPUMBIX T'a30B BEJIIMYMHA M UMEET Hau-
MeHblIee 3HaueHne. Eciiu M Benmuko, To BeauduHa 1/mg, <<1/ B, , Torma MOXHO

CYMTaTh, 4TO K, ~ S, T. €. B JaHHOM cily4ae Ju((Py3MOHHOE CONPOTHBICHUE
cocpeioToueHo B ra3oBoi (pase. Eciam Bemnmumaa m mama, To m/ B, <<l p, n
MOXKHO TojlaraTh, 4ToK, ~ 3, T.e. B 3TOM cliydae Bce auddy3uoHHOE COMpO-

THUBJICHUE COCPEIOTOYCHO B XKHAKOH (haze.
Jns onpenenenus Kod(pEGUIMEHTOB MacCOOTAAYd HCIIOIB3YIOT KPUTEPH-
aJbHBbIC YpPaBHEHUS THUIIA
Nu, = ARe" Pr" (3.31)
C KOHKPETHBIMU IS JAHHOTO Cliy4ash SKCIEPUMEHTAIBHO ONpPEIeICHHBIMU
3HaYeHUusIMHA 4, M u n.
Nu, =A/D, (3.32)

rae Nu, - nuddysuonnsnii kpurepuii Hyccenbra; | - xapakrepHblii TUHCHHBIN

pasmep; D - koapdunuent monekynspHoit nuddysuu; Pr = C’E)’u - 1 dy3uoH-

Hbll kpurepuil Ilpannmis; c, - yaenpHas TEIULIOEMKOCTb; 4 - KO3((UIHEHT
JTUHAMHUYECKOU BSI3KOCTH.

Ecnu abcopbep paboTaer B MJIEHOYHOM pexXHUME, KOIP(HUIMEHT MaccoOT-
Jla4uM B ra30BOM (pa3e MOKHO pacCUUTaTh MO YPABHEHUIO

Nu, = 0,027Re,.* Pr,.>%, (3.33)
Koaddunment maccootnaun B xxuaKoN (aze onpeaeisioT 10 ypaBHEHUIO
Nu, =0,0021Re " Pr °°. (3.34)

3.3.4. PacueT XeM0OCOPOLIMOHHBIX aNNAPATOB

[Tpu abcopOumK, COMPOBOXKIAEMON XUMUUECKOW peakiueil B UKol ¢a-
3e, abcopOnpyeMbIli KOMIIOHEHT BCTYTAET B PEAKIIMIO C MOTJIOTUTENeM. Bo3pac-
TaeT TPAAUCHT KOHIICHTPAIUKA OKOJIO TIOBEPXHOCTH pasjieia, CKOPOCTh IOTJIO-
nieHus yBenauuuBaercs. Koadgdumument yckopeHus: abcopOiuu B XuUAKON ¢ase
U MPOTEKAHUU XUMUYECKOM peakIuu paBeH

%= BB (3.35)
e Px U Px*— K0dh HUIMEHTH MAacCOOTIauM B KUAKOH (haze mist pusudeckoit
abcopOruu u abcopOIH, COTPOBOXKIAEMOM XUMHYECKON peaKIIuei.

AOcopbOepbl 17151 MPOIECCOB XEMOCOPOIMU PACCUUTHIBAIOT TEMH K€ METO-
JaMU, 4TO U JIJIs MPOIECCOB PU3NUECKON abcopOLHH.

YpaBHeHue MaTepuaibHOro OanaHca

G(Yl - Y2) = iL(XAl - XAZ) - iL(Cz - Cl), (336)
rae C — XxuMu4deckasi eMKOCTh PacTBoOpa:
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C= XB(l - R)/n = Xg/n - X4, (337)
Xanm Xg — KOHIOCHTPAINH KOMIIOHCHTA U AKTUBHOM 4acTH B pacTBOpE, R —
JIOJIs AaKTMBHOM 4YaCTH, XMMHWYECKH CBSI3aHHOU C a6cop6preMI>IM KOMIIOHCH-
TOM; 1 — 4YMCJIO KWJIOMOJIEH aKTMBHOM YacCTH, pearupyrommx c 1 xMOIIb KOM-
MIOHEHTA; MHACKCHI 1 M 2 OTHOCATCS K BXOAY M BBIXOAY I'a3a. 3HaK IUIIOC O3HAYa-
CT IPOTHUBOTOK, da 3HAK MUHYC — IIPAMOTOK.

MuHUMaIIBHBIN YAEIBHBIA PACX0]l PACTBOPA PABEH
Imin = iLmin/G = (Yl - Y2) n/XB, (338)
rae Lyin— MUHUMaIBHBIN pacxo/l KCXOAHOTO pacTBOpA.
VYpaBHeHue paboueil THHUA UMEET BU/T

Y=Y, -I(C-Cy (3.39).
WM JIJIS1 COCTaBa rasa (B MOJIbHBIX JOJISX):
_ Y,-1(C-C)) | (3.40)
1+Y,-1(C-C))
roe | = +L/G.

Huarpamma Y—X niis abcopOI1iiu, CONMpOBOKAAEMON XUMHUESCKON peaKIlu-
eil, mokazana Ha puc 3.23.

[J:-'Xg,'n - £=0 g 8"
yﬁ A
T D
> 8
¢ e
XA=U )"A:/rﬂfn;
R=0 Ky, R—> R=1

Puc. 3.23. luarpamma Y — X g xe- Puc.3.24. I'padux 1 onpenenenus X,
MocopOIHH B )XuIK0H (aze (BepTu- npu adcopOLUH, COMPOBOKIAEMON
KQJIbHBIE OTPE3KU MEXIY JIUHUSAMU AB  XMMHUUYECKOW peakuuen B )KUIKOHU (ase
u CD sBnsroTCs 3HAYEHUSAMU JABUKY-
men cuibl Y Y, ; AB — paboyas iu-

uust; CD — nuHus 3Ha4ueHwui Y),)

[To mepe mpoTekanus XxeMocopOIy KOAPGUIIMEHT MacCOOTAaYN B KUIKON
daze Bx* yMeHbIIaeTCs, 4TO 3aTPY/IHSIECT BEIYMCIICHUE JIBIXKYILIEH CHIIBI U YHCIIa
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eauHull neperoca. Jjist Heoopatumbix peakuuii No. paccuutbiBatoT o hopmyie
(pu nepeMeHHOM 3HaueHnn K ):

j (3.41)
Al *

s Heo6paTHM0H peakiuu 3HaueHue Y* paBHo 0, moatomy B opmyity
NOJICTABJIAIOT 3HAYEHUS Y.

Tak xak ko3¢ (UIMEeHT MaccOOTaauM B ra30Boil ¢aze B, mpu xemocopOouuu
HE U3MEHSETCSI, YUCIIO eIUHUI] TIEPEHOCa MOYKHO OTIPEACTUTH 10 (opMyIie

Y.
¢ dy F
02 = = IBE 1 (3'42)
Y=Y, G
rae Y, — paBHOBECHas KOHLEHTpaUys Ha TpaHuLe pasjaena ¢as.
M3 cooTtHOIIEHUSA

Br(Y - Yp) = BmxXp
npu Y, = MX, nory4nm
X= (BF/BM)(Y/XP - m), (3.43)

rae y — Ko3()PUIMEHT YCKOPEHUS.

3HaueHne X, COOTBETCTBYIOIEEC NAaHHOMY Y, ONpPENEIIOT Ipaduyecku
(puc. 3.24) Jins 1010, 33/1aBasCh 3HAYECHUAMH X), CTPOST JMHHIO AB, onpese-
JAIOLIYIO 3aBUCUMOCTB ), OT X,. [anee crposar muauu CD, C'D', C"D" u c'"D"
o ¢opmyie (3.43) npu pasubix 3HaueHusax Y Touku E, E', E" u E™ OyayT cooT-
BETCTBOBAThL 3Ha4YeHWAM X, Juld 3HadyeHus Y. 3areM u3 Y, = MX naxomar Y, u
crpodr (cm. puc 3.25) nmuanto CD, sBisrontytocs ¢pynknueit Y, = f(R).

Ecnu peakuusi mpoTekaeT 1mo nepBoMy UM MCEBAONEPBOMY MOPSIKY, TO ),
Bx 1 K. B mpoiiecce abcopOIMy MOCTOSIHHBI U YUCJIO €UHUIL TIEPEHOCA PACCUH-
TBIBAIOT TaK e, Kak U Uil puU3ndecKkol abcopOIuu, HO JBMKYIIYIO CHITYy BBI-
paxaroT pasHocTbio Y - Y*/y. Mcxoast U3 3TOro, CTPOSAT ICEBIOPABHOBECHYIO
nuHuto B KoopauHatax Y*/y—X. ITpu Y* = 0 yucno equHHUIl IEpeHOCca PaBHO

N =In (Y4/Y,). (3.44)
[Ipu OBICTPBIX HEOOPATUMBIX PEAKIUSAX BTOPOTO MOPsIKa
Bl Br = (Y - Y)I(X, + C). (3.45)

3Hauyenue Y, Haxomar mo auarpamme (puc. 3.25). Jlunnio CE mpoBOIAT
0]l yIJIOM, TAaHT'€HC KOTOPOro paBeH m''. BepTUKallbHbIE OTPE3KU MEXIy JIu-
Hussmu CD n CE pasusl X, = Y,/m. Uepe3 npon3BoibHYI0 TOUKY M IPOBOAST
auano MQ ¢ tanreHcoM yria HakioHa tg o = B,/B;, u3 TpeyroapHrka MNQ
cienyert, uto Y - Y, = MN; X+ C = NQ. Opaunara Touku N paBHa Y,,.

3amaBasch APYTMMH TOYKAMU Ha JUHUU AB W nenas aHAJIOTHYHBIE I10-
CTpPOEHHs, NoTy4aroT TuHUI0 FG, opauHaTh! 11000i TOUKU KOTOPOM paBHBI Y.

[Tpu 0OpaTUMBIX XUMHYECKUX PEAKIHSIX PacdeT MOXKHO BECTH, HUCIIOJB3YS
nceBaokodGuimeHT maccootaauu. [lpu pacdere crpost Ha auarpamme Y—X
IICEBJOPABHOBECHYIO U TiceBaopabdouyto uauu (puc. 3.26).
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Puc. 3.25. luarpamma Y — X myst a6-  Puc. 3.26. [TocTtpoenue niceBnopado-
copOI1MH, COMPOBOXKIAEMOM OBICTPO Y€l U MCeBIOPABHOBECHON JIMHUU Ha
XMMHYECKOHN peakiueii B xkuakoi ¢paze auarpamme Y — X (AB — paboyast -

(4B — pabouast nmuuusi; CE — BCriomo- Hus; A'B' - nceBmopabodas TMHUS;
rarenbHas nuaust; FGH — nuuns sHa-  OC — nuans pasrosecus; OC' - nces-
qeHuit Yp) JIOpPaBHOBECHAS JIMHHSA)

PaBHoBecue Mexay dazamu onpezensiercs ypasuenueM (kpusas OC):
X=a+b=Y*m+f(a), (3.46)
rne X — oOmas KOHIICHTpalus KOMIIOHEHTA B JKUJKOCTH; a U D — KOHIIEHTpa-
MU CBOOOJHOTO U CBSI3aHHOTO KOMIIOHEHTA, 71 — KOHCTaHTa (pa3oBOro paBHO-
BECHUs
VYpaBHeHue nceBaopaBHOBeCHOM JMHUU OC', BBIPAXKAIOIIEH 3aBUCUMOCTD
Mexay Y* U KOHIEHTpaluei cBo0OAHOr0 KOMIIOHEHTA d, UMEET BUJ

*=mX. (3.47)
VYpaBHeHue rceBaopadboueii THHUN UMEET BHUI:
Yi-Y =HK[a+f(a)] - [a + f(a)]}. (3.48)

3aaBasch 3HAYEHUSMU d, HAXOAAT 3HaueHUe Y U CTPOAT MCEBAOPAdOUYIO
JIMHUIO AB.

W3 nuarpamMmsl onpenenstor A' — MceBAOABUKYILYIO CHUITY.

Pacuersl anmapaToB, B KOTOPBIX IPOLECCH] MACCOOOMEHA CONPOBOKIAIOT-
Csl XMMHYECKMMM DPEAKIHUSIMH, HOCST OLICHOYHBIH XapakTep M MOTYT BBINOJI-
HATHCA Pa3IMYHBIMU criocoOamu. Hanbomnee mpocThIiM 1 MPaKTHYECKH yI00HBIM
SIBIIsIeTCS cleayomuit noaxo. [lpeanonaraercs, 4To ABMXKYIIas CUila Mpolecca
XEeMOCOPOIIMKM paBHA NBIKYIIEH cuie (Gu3ndeckod abcopOmuu, a yCKOpeHHUE
nporecca MacCOOOMEHa XMMUYECKON peakUued YUYUThIBAETCS MOMPABKON K KO-
3¢ PUIMEHTY MAacCOOTAAauM B KUIAKOW (pa3e, ONpefeseHHOMY MO KpUTepUallb-
HBIM 3aBUCHUMOCTSM Uil (pu3nyeckod abcopOuuu. BennunHbl monpaBok JUis
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JBYX THIOB XMMHYECKHX pPEaKIUii, Ha3bIBaeMble KOA(DPHUITMEHTAMU YCKOPCHUS
Y, IpeACTaBlIeHbI Ha rpaduke puc. 3.27.

Ecnmu B xumkoi ¢aze mpoTekaeT oOpartumasi peakiys MEpBOro MOpsiKa
A< B, TO JUIsl OTIPENIEICHUS ) MOXKHO BOCITOJIB30BATHCS JIEBOW OT JUArOHATHN
gacThio puc. 3.27. Ha ocu aGcruce 3/1ech OTIIOKEHBI 3HAYCHHS 0e3pa3MepHOro
napameTpa oy, ONpeAesIIEMOro BhIpaKEHUEM

(Dak)™?
a =2 (3.49)
B,
rae D, - koabdurment mbdysun abecopoupyemonorasa, M7/C; k, - KOHCTaHTa
CKOPOCTH PEAKIUH MEPBOTO MOPSAKA, ¢t Bx — Kod(phULIMEHT MaccoOoTAauYH B
XKuakon (aze rnpu Gusndeckoi abcopouuu, m/c.

Kaxk cienyer u3 pucyHKa, Ipy 3Ha4YEHUU KOHCTAaHTBI paBHOBecHs Keq = 0,
kKodhpunueHT yckopenust y = 1, 4TO COOTBETCTBYET CIy4ard OTCYTCTBHS XUMU-
yeckol peakuuu. Kpusas Keq = 00 COOTBETCTBYET HEOOpPaTUMON pEaKLUH.

JlanHbie 10 HEOOpaTUMOI peakliui BTOPOTo MOPSIKAa MEXKAY KOMIIOHEHTA-
MU A 1 B mipuBeNieHbI B MPAaBOW OT JAMArOHAIM 4acTu puc. 3.27. 31ech HA OCH
abcruce 3/1ech OTJIOKEHBI 3HAUCHUS O€3pa3MEpHOTO MapaMeTpa O, OTpeesie-
MOTO BBIPQKEHUEM:

o, - (OikC.)
P
rae k, - KOHCTAHTA CKOPOCTH PEAKIHH BTOPOrO MOpsimKa, M /(kMombc); Cay —
KOHIICHTPALWS HECBS3aHHOTO KOMITOHEHTA B B sKUIKOH (ase, KMoiIb Ha 1 M° mo-
TJIOTUTETHHOM KUIKOCTH.
Benmnuuny M onpenenstoT o ¢popmyirie:
— Csx DB
~ NC,D, ’
rae N - 4KCIIO KWJIOMOJIEH BellecTBa B, pacXoayeMbIX B peakiuu Ha 1 kMouib
BemectBa A; C, — KOHIEHTpaLUsI KOMIIOHETa 4 y TpaHMIIbI pasjena das.

Ha puc.3.27 MOXHO BBICIUTH HEKOTOPBIE OOJACTH, TJC OINpeeieHUue Y
JUTSI TIPOIIECCa XeMOCOPOILIUU € Peakilield BTOPOro MOpsAKa yIpoIaeTcs.

[Tpu manbix 3Hadenusx napamerpa o, (0,5 u menee) y ~ |, T.e. BnusHHE
XUMUYECKON PEaKIMd HE3HAYUTEIHHO, M TPOIECC MOXKET MPHUOIMKEHHO pac-
cMaTpuBaThCs Kak (usudeckas adcopOrus. [Ipu 3HaueHusx o, >2 u M —o©
BEJIMYMHA ) HE 3aBUCUT OT M W paBHa Oly.

[Ipu 3HaYCHUSAX TapameTpa O, HAMHOTO mpeBocxoasamux M (o0nacte, B
KOTOPOW JIMHUK M TPUMEPHO TOPU3OHTAIBHBI), KO3()(HUIIMEHT ¥ HE 3aBUCUT OT
Olp, M paBeH M + 1 (ObIcTpast peakiius).

, (3.50)

(3.51)
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Puc. 3.27. KoaddunmenTtsl yckopeHus mpoiiecca MaccoooMeHa
XUMUYECKOW peaKkuen
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Cumnraetcs, 4To K03(pPUINEHT YCKOPEHHUS ), ONPEACTICHHBIN ONBITHBIM ITy-
TEM NIl KOHKPETHOTO MpoIiecca, YUYUTHIBAET BIMSIHUE BCeX (PAKTOPOB HA mapa-
METPbl XeMOCOPOLIMOHHOIO IpOIecca U BKIIOYAET B C€Osl BCE OTIMYMSI OT MPO-
necca ¢usnyeckoit copbuuu. [To3romy B ocTanbHOM pacueT ammapara Xemo-
COpOITMU BBITIONHAETCS KaK JJi1 00BIYHOTO abcopbepa.
Jis1 XeMOCOpOIIMOHHOM OYUCTKH TpeOyeTcs B HECKOJIBKO pa3 MEHbIask Mo-
BEPXHOCTh MacCOOOMEHA 0 CPAaBHEHUIO C MOBEPXHOCTh MaccOOOMeEHa 1Sl (pu-
3UYECKON aOCOpOIHH, YTO COOTBETCTBYET KPATHOMY YCKOPEHHMIO MpoIiecca.

3.3.5. PacueT ocHOBHBIX pa3MepoB aGcopoepoB

Bce MmaccooOMeHHbIE KOJIOHHBIE alapaThl MOXHO YCJIOBHO pa3/ieuTh Ha
JIBE TPYINIBI. C HENPEPHIBHO U CO CTYIIEHYATO M3MEHSIOLICHCS KOHIEHTpalUen
BEIIECTB, YYACTBYIOIIMX B Mpoliecce Maccooomena. Llenbio pacuera Takux Ko-
JIOHH SIBJIAETCS ONPEAECIECHUE UX THUAaMETPa U BBICOTHI. /[nameTp KOJOHHBI OIpe-
JENSIeTCsl OOBEMHBIM PACX0JIOM U PEKUMOM JBUKEHUS CIUIONIHOM (ha3bl:

Y
D = [—%—, 3.52
“ 10,785 w, (3:52)

rae Vo= G¢/ p. — o0beMHBIH pacxoj ciuiomHo# ¢asel; G., p.— COOTBETCT-
BEHHO MaCCOBBIA PAacXOj U IUIOTHOCTH CIUIOINHOW (ha3bl; W, — CKOPOCTb JBH-
KCHHUS CIUIOIIHON (ha3bl B KOJIOHHE.

CKOpOCTh JBYOKEHHS CIUIOIIHOW (ha3bl W, 3aBUCUT OT peKuMa paboThl U
KOHCTPYKTHBHBIX OCOOCHHOCTEH MacCOOOMEHHOro ammapara. BeICOTy macco-
OOMEHHO¥ Y4acTH armaparta ¢ HelPEePhIBHO M3MEHSIOIICHCS 110 €ro BhICOTE KOH-
[ICHTpAIUEH BEIIECTBA MOKHO PaCCUUTATD:

1) M0 OCHOBHOMY YPaBHEHHIO MacCOIepeIadn;

B M B M )
 K,aSAx,r  K,asAy,

2) o unciy eauau nepeHoca (Nox miu Noy) 1 BEICOTE eaMHMIIBI IEpeHoca
(hox mmH oy):

H = Nyh, =N, h

(3.53)

(3.54)

3) 1O YHMCIy TEOPETHUECKUX CTYNEHEH M3MEHCHHs KOHICHTpaluid (Yuciy
TeopeTHdecKux Tapesiok) N,, ¥ BBICOTE MacCOOOMEHHOW YacTH ammapara, SKBH-
BAJICHTHOMN OJTHON TEOPETHUUECKOM Tapeike Ny,

H=N,h (3.55)

Teopemuueckoii mapenkou Ha3bIBAIOT OJHOKPATHBIA KOHTAKT B3aWMOJICH-
CTBYIOIIIMX IMOTOKOB, 3aBEPIIAIOIINICS JOCTUKEHUEM (ha30BOTO PAaBHOBECHSI.

BricoTy MaccooOMeHHOM 4YacTu ammapara cO CTYNEHYaThIM HU3MEHEHHEM
KOHIIEHTpAI[MU BEIECTB, yUYaCTBYIOIIUX B MPOIIECCE MACCOOOMEHa, MOKHO pac-

ox' 'ox oy ?

K6 °
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CUMTATh 10 YUCITY JECHCTBUTCIIBHBIX CTYIICHEH W3MEHEHHUsS KOHIICHTparui (duc-
Jy JCUCTBUTEIBHBIX Tapesok) N, M pacCTOSHUIO MeX 1y Tapeiakamu h:
H=N,h. (3.56)

PaccTosHre Mexay Tapenkamu N MPUHUMAIOT MM PaCCYMTHIBAIOT B COOT-
BETCTBUHM C KOHKPETHBIM IIPOIECCOM Maccollepeaayd M TUIIOM KOHKPETHOTO
KOHTAaKTHOTO YCTPOWCTBA.

OO6m1ast BbICOTA KOJIOHHOTO allfapara COCTaBIISIET

H,=H,+H+H,, (3.57)
rae H, - paccTosiHue OT BEpXHETO psijia KOHTAKTHBIX AJIEMEHTOB /10 KPBIIIKH
KOJIOHHBI, M; H - pacCTOsSHUE OT HUXKHETO psjia KOHTAKTHBIX 3JIEMEHTOB JI0
JHUIIA KOJIOHHBI, M.

Paccrossaue H, oObIYHO ompenenseTcss MUHUMaIbHBIM O00BEMOM >KHJIKO-
CTH, HEOOXOMUMBIM JIJIsi 0OECTIeUeHHsI CTAOMIIBHOCTH TpoIiecca mapooopas3oBa-
HUS ¥ PAaBHOMEPHOTO pacrpenesicHus rasza (mapa) 1mo nornepeuHoMy CEUCHHIO
KOJIOHHBI. JTO paccTosiare npuauMarot pasabsiM (1,0... 1,5) D,.

Paccrosinue H, 3aBUCHUT OT pa3MepoOB paclpeeIuTeILHOI0 YCTPOCTBA
JUUISl OPOIICHUST KOJIOHHBI KUAKOCTHIO U OT BBICOTHI CEMapaliMOHHOTO MPOCTpaH-
CTBa, B KOTOPOM YyCTaHABJIMBAIOT OTOOHHBIE YCTPOMCTBA JIJIsi MPEIOTBPAIECHUS
OpBI3rOyHOCA U3 KOJIOHHBI.

B 3aBucumoctn OoT nuamerpa KOJOHHBI D, MOXXHO pEeKOMEHIOBaTh Clie-
JyIOIIME BBICOTHI BepxHel H, u HkHel H,, yacTel KOJOHHBI:

D, M 04-1,0 1,2-2,2 2,4 u Oonblile
HB! M 0’6 1,0 1,4
H,, m 1,5 2,0 2,5

3.3.6. Pacuer HacagouHbIX aGcopOepoB

HCHBIO pacucra ABJCTCA OIPCACICHHUEC AWaMETpa M BbICOTHI KOJIOHHBI,
TUIPABIMYECKOTO CONPOTUBIICHUS HAcaaku. ['MIpOAMHAMUYECKUN pacyeT BbI-
MMOJHACTCA Ha OCHOBC PE3YJIbTATOB TEXHOJIOIMYCCKOT'O pacycTa.

JlnameTp KOJIOHHBI OIpPEAENAECTCS METOJOM MNPUOIMKEHUS: TpeaBapu-
TEJIbHBIN pacdcT - UCXO0OA U3 BUJAA IIPpoHccCa U reOMCTPUICCKOIO q)aKTopa Ha-
CaIKHu, OKOHYATEJIBbHBIN - C YUCTOM THUIIA U MAaTCpHUajla HACAAKH.

[IpenBaputenbHbIi pacyeTHBIN TUaMeTp KoJOHHBI D ompenensercs gomyc-
TUMOM CKOPOCTBIO CILIONIHON (a3l W, (ra3a, mapa Wid )KHIKOCTH), PACCUYUTAH-
HOM Ha II0JIHOE CeYeHHE KOJIOHHBI.

D = (v, /0,785w,, **, (3.58)

. 3
rae Vo — pacxon crutoniHou ¢a3sl (rasa), m°/c.

JlonycTuMasi CKOpOCTh raza W, B CBOIO O4epe/ib, IBIACTCS (QYHKIMEH CKO-
poCTH 3axj1e0bIBaHUsA W,
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w, = 0,8 w,. (3.59)
CkopocTb rasa (mapa) B CeYeHUH KOJOHHBI, COOTBETCTBYIOIIAs 3aXJIcObIBa-
HHIO KOJIOHHBI, ¢ YY€TOM BH/Ja MMPOHCCCa U TCOMCTPHICCKOIO Q)aKTopa HaCalKu
OoIIpCACIIACTCA 110 YPABHCHHTIO

W2 a p L 0,25 P 0,125
lgl —=— ==Y 4 % |=b-c| — Y . 3.60
g( g & p " J C(Gj (px] (3.60)

Jlnist mporteccoB abcopOiuu u Aecopouuu b = 0,022; ¢ = 1,62; mis npomecca
pektudukanuu b = - 0,125; ¢ = 1,75. 3nauenus kospdunrentor b u ¢ mis He-
KOTOPBIX BHJIOB HAacaJI0K pUBeACHBI B Ta0uIe 1.1 mprioxeHus.

CkopocTh 3axJyieObIBaHUS IS HAcaJKH M3 ceaell MHTammoke MOKHO pac-
CUMTATh TAKXKE 110 YPABHCHUIO

W, = Kl[%j | [11_ K, fl(/ux )LOVS]; (3.61)

y

f(u,)=0,775+0,2254>% (3.62)
B 3TOM ypaBHEHHH MOIIpaBKa Ha BSI3KOCTh YUUThIBaeTcs npu u, > 1 mlla-c.

3navenus ko3¢ dunrentoB K; u K, npuseaens: B Tad:m. 3.3.
Tabnuma 3.3.
3unauenus kodpduimeHTos K; - Kg

Bung Hacagku Pa3mep, K1y K, Ks K4-108 Ks Ks
M

Konblia 3 xepaMukw, 0,015 0,050 | 0,110 | 45,5 | 1460 | 0,3 | 0,115
dapdopa, mnoaydap-| 0,025 0,062 | 0,095 | 444 | 1400 | 0,3 | 0,1
dopa 0,035 0,074 | 0,083 | 16,7 | 1300 | 0,3 | 0,09
0,050 0,083 | 0,077 | 15,5 955 | 0,3 | 0,08

Kousbna ¢ npopessamu:
- U3 METaJa, 0,025 0,100 | 0,071 | 129 | 1260 | 0,6 | 0,1
0,035 0,107 | 0,064 | 9,9 | 1140 |0,55| 0,09
0,050 0,113 | 0,058 | 7,1 | 1025 |0,45| 0,08

- Y3 IJIaCTMACCHI 0,050 0,113 | 0,062 | 7,1 650 0,3 | 0,08
CemtoBuaHas

HacajKa.

- U3 KEpaMHUKHU 0,035 0,083 | 0,070 | 7,8 730 |0,35| 0,09
- u3 oy apdopa 0,050 0,093 | 0,065 | 7,1 650 0,3 | 0,08

CkopocTh 3axyeObIBaHus I ceayioBUIHON Hacaaku paszmepom 0,05 wm
(cucTema ra3 - )KHIKOCTh) MOXHO paccuMTaTh 1Mo ypaBHeHuto (3.60) mpu 3Haye-
UM ko3 dummenton b = - 0,099, ¢ = 1,505; padouas ckopocTs W, = 0,7 W,

CkopocTb 3axye0bBanus Jyist kosrer [lams
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w, =V, /(0,785D°); (3.63)

0,5

0,5
G P
D, =0339 37— ——~—| -510LIgA, | , (3.64)
Px — py
rae Ao u A; - koo unmenTsl, onpenensemsle 1o puc. 3.28 u 3.29.
[ e e Ar
- 4
e n - " y 4
T o = . ,
v - g -
= 098}
O 70 o A0 @8 dm <
Puc. 3.28. I'paduk ans onpenene-
HUs Koadduimenta Ao (Hacaaka — 096

g 2 3 A

Puc. 3.29. Fpaq)nk JUJIS1 OTIPEICTICHUS
koahdurmenta 4;

MCTAJIMYCCKHUC KOJbIla HaJ'IJIH)

XapaKTEePUCTUKN OCHOBHBIX THIIOB HAcaJ0K IpuBeIcHBl B TaOmwuie I1.2
MIPUIOKEHHUS.
C yderoMm ko3 duIHeHTa BO3MOKHOTO YBEIUUYCHHUS MPOU3BOIUTEIBHOCTH
K7, mpeaBapuTebHbIA pacueTHBIN JUAMETP KOJOHHBI COCTaBUT
D =V,K, /(0,785w,) . (3.65)
N3 nByx mpenBapuTeNIbHO PaCCYUTAHHBIX BEIMUYUH D 1J1s1 BEpXHEH U HUX-
Hel JacTel KOJOHHBI BEIOMPAIOT HAMOOJbIIYI0 BeTUIUHY Dpax. Y3 cTanmapTHO-
ro psjla JMaMeTpOB NMPUHUMAIOT OJMMXKAWUIIUNA OONBIIMN K Diay, SBISIOITUHCS
IPEIBAPUTEIILHBIM JUAMETPOM KOJIOHHBI Dy
JleliCTBUTENBHBINA PACYETHBIM AUAaMETP KOJOHHBI Dy onpeznensror mo pac-
YETHOM CKOPOCTU Wp, KOTOpas sABsAETCS (yHKIHMEH MaKCUMAalbHO IOIyCTUMOMN
CKOPOCTH W max.
D, =(V,K, /0,785w, °, (3.66)

oJ.max !
W().max = Kl(px /py )0’5 (1_ K2A60an0'5)'
3nauenust kodpdunuentop K; u K, npunumaror o tabdn. 3.3. Beauuuna
A=f(u,) - (cm. ypaBuenue (3.62)). IlpemBaputenbHas OObEMHAs CKOPOCTh

rae w, = 0,8w

JKUJIKOCTH

L, =L/f,, (3.67)
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rae f,, =0785D,°

ITo Gonpiiemy pacueTHOMY 3HadueHUI0 D, 11 HuKkHEH U BepxHel dacTeil
KOJIOHHBI ITIPUHUMAIOT K ITPOEKTUPOBAHUIO JUAMETP KOJIOHHBI Dy m3 cranmapr-
HOTO psiia JUaMETPOB.

Ecau Dy > 2,8 M, pacueT mpekpaiaroT, IOCKOIbKY CTaHIApTHOH Hacago4d-
HOU KOJIOHHBI TAKOTO INaMETPa HET.

JI1s1 KOJTOHHBI, MPUHATON K IPOEKTUPOBAHMUIO:

- ¢cBOGOHOE ceuenue kKoaounsl f, = 0,785D,%;

- 00beMHas CKOpoCTh kuakoctu Ly = L/;

- CKOpOCTh Ta3a B kojionne W = V/f;

- (haxTOp HAarpy3ku mo razy F = w (py)o’s.

BricoTy ci10s1 Haca K ONpeAeaoT M0 YPaBHEHUIO

H=N h (3.68)

rae N, - YUCIIO TEOPETHUECKUX Tapesok; N, - BBICOTA HACAIKU, SKBUBAJICHTHAS
OJTHOM TEOPETUYECKOU TAPEIIKE.
Bricoty Hacagxku u3 konen Pamura, SKBUBAJIEHTHYKO OJHOW TE€OpETUYE-

CKOM TapCJIKC, MOKHO paCCUUTATh 110 YPABHCHUIO

h G 0.35 0,8 |gi
=52 Rey“(fj (&] Tn% , (3.69)
py 1_7

JK6

rae O, = 4€/a - S5KBUBaJICHTHBIN AHaMETp HacaJKu; M - TAHTEHC yTrja HaKJIOHA
y4acTKa JJMHUU PAaBHOBECHS.
Jliis HeperynspHoii Hacagku N, OPUEHTHPOBOYHO MOKHO PACCUHUTATH I10

YpaBHEHUIO
1

_|Ks [ 1 Ly LRl
hm{w \/:y ) ﬁ - 60K, va)f[DKH (3.70) (3.3)

Koadpummentst Ks n Ks mongbuparot mo tad:i. 3.3.
Bennuuny f (d/Dy) npubnmxenno onpenenstot no puc. 3.30 wim paccyu-
TBIBAIOT TI0 YPAaBHCHUIO

f [Di] _ o,az(Dijm | (3.71)

K K

Ecmu d/Dy < 0,043, mpuammarot f (d/Dy) = 1.
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763,

Y, E—

L g0 010 o5 df

Puc. 3.30. 3aBucumocts dynknuu f (d/D,) ot oTHOMIEHUs d/D)

FI/II[paBJII/I‘{eCKOC COMMPOTUBJICHUC HACAAKU JIsSI CUCTEM TI'a3 - XHAKOCTb H
map - KUIKOCTb B TOUKC MHBCPCHUU MOXKHO paCCUUTATD 110 YPABHCHHUIO

(APMJ :(A_Pj 1+A(£j (&J Al (3.72)
H ), (H /. G) (o) \ay

AP
rac [ Hu - COIIPOTHUBJICHHUC HACAAKH IIPU HAJTUYHNH OPOIICHUA B TOUKC MHBCP-
op

CHH JUIS TAKOW K€ CKOPOCTH Tasa, Kak M IMpH cyXxoi Hacajake (Ha 1 M ee BBICO-

Th1); L/G - OTHOILICHHE MACCOBBIX PACXOJIOB XKHIKOCTHU U ra3a (mapa); (AWP] -
o
COIPOTHBIICHUE CyXOl Hacaaku (Ha 1 M e¢ BBICOTHI).
3HadeHus 4, M, N ¥ ¢ NpuBeeHbI B Ta0. 3.4,
['mapaBiIryecKoe COMPOTUBIICHUE CIIOSI CYXOW HACa K1

2

W w

Ap”:ﬂ_H Py _iH_?[f’_py’ (373)
g d 2 4 ¢ 2

JKe6

SKBUBAJICHTHBIN AnamMeTp

d, =4R =4s/a; (3.74)
pabouas (IeiicTBUTENBHAS) CKOPOCTh -
w,=w,/¢, (3.75)

rne H - BBICOTA €Ol HacaaKH, M; A - KO3()PHUIMEHT COMPOTHBIICHUS HACA/IKH,
Wy - GUKTUBHAsA CKOPOCTb I'a3a, OTHECEHHAs K IOJIHOMY CEYEHMIO HE3aIlOJIHEH-
HOTO CKpyOOepa, M/C; a - yaeibHas IIOBEPXHOCTh HACAAKH, M2/M°; € - CBOOO-
HBIiT 00beM Hacamku, MM, R, - THAPABINYECKHUi pauyc HACAIKH, M.
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Tabnwuma 3.4.
3HavyeHus kK03 duireHToB B ypaBHeHuu (3.72)

Cucrema A m n C

["a3 — )KUAKOCTH NpHU 8,4 0,405 0,225 0,045
L 18 ,0 0,2

CIRRE
G) o\ u,y

I'a3 — )xuIKOCTH MpHU 10 0,945 0,525 0,105

L 1,8 p 0,2

(&) (2] ) <os
G) Lo\ 4,

[Tap — KuaKOCTH TIpH 0,352 0,342 0,190 0,038
L 1,8 p 0,2

(—j (_Vj(ﬂ} <05
G/) Lo\ 4,y

Koaddumment conpotuBienus Hacaaku A sBIseTcS (QYHKIMEH KpUTEpHs
Rey m1s razoBoro (mapoBoro) MOToOKa:

— Wpdakgpy 4W{j)py

Re, = = (3.76)
Ton pya
U A MOXXHO OTIPEACTUTH 1O CICAYIOIINUM yPaBHEHUSIM:
npu Re, <80 i:i?%; (3.77)
Re,~”
70
Ipu 80<Rey <400 ﬂ:ﬂ, (378)
Re,”
16,5

Rey

I'mapaBinueckoe CONPOTUBIICHUE B PEKUME SMYJIbITUPOBAHUS BBIILIE TOUKHU
VHBEPCUU

AP, =AP, +p gH; (3.80)

|_ 0,325 p 0,18 0,0362
p, = p, +043(p, —py{a) [—yj [ﬂ—] : (3.81)

Px 78
T7ie p, - TNIOTHOCTh Ta30KUAKOCTHOM MU MTAPOKUIKOCTHON IMYJIIHCHH.
BeicoTa mepenuBHOM TpyObl B HAcaJO4YHON KOJIOHHE, OOecledrBaronias
paboTy B peKUME SMYJIBIUPOBAHUS, OYIET PABHATHCS
h, = ARt R (3.82)
Px 9
riae H - o0mas BeIcOTa JKUIKOCTH B KOJIOHHE.
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ComnpoTuBiIeHHE OpOIIaeMOi HEePEryJIIpHOM HAcaIKu OOIIeT0 Ha3HAYCHUS
Ha 1 M BBICOTBI CJIOSI MOXKHO PacCYHUTATh M0 YPABHEHUIO

AP, = K, p, w? H 10"-%%, (3.83)

Koadpdumuentst Kz u K, monbuparor mo tad:. 3.3.

OOmiee TUIPaBINYECKOE COMPOTHBIEHUE CIOS HACAIKH BBIYUCISIOT IO
dbopmyie

APuac = AI:>1 H ! (384)
JABJICHHUC B HYKHEN YaCTU KOJIOHHBI.
P,=P, +AP__, (3.85)

rne P, - naBieHne B BEpXHEH 9acTH KOJIOHHHBI.

IIpumep 3.1. Paccunrtarh Hacaao4YHbIM abcopOep s MOTJIONIEHUS] aMMHa-
Ka BOJOW M3 aMMHa4YHO-BO3IYITHOW CMECH C HavadbHBIM coaepkanneM NHj 5
00. %. Koneunoe conepkanne NH3 B raze 0,29 00. %. KonuyecTBo mocrymnaro-
mero rasa (P HOPMAIBHBIX YCIOBHSX) cocTaBisier 2,778 m°/c. Comepxanue
aMMHaKa B TIOCTymarome Ha abcopoumro Boje - 0,16 mac. %. Kononna padora-
€T MoJ; aTMOC(EPHBIM JaBiIecHUEM. AOCOPOIUS N30TEPMHUIECKAs, CPEIHSSI TEM-
neparypa notokos t = 20 °C.

KonmdecTBo nHEpTHOTO ra3a (Bo3ayxa), MOCTymnarolero B abcopoep:

G, =V_ (1-y) =2,778(1-0,05) = 2,64 M°/c,
WIH G =G, p, =2,64-1,29=34 xrlc.
OTHOCUTENBHEIE MAacCOBBIE COCTAaBBI Ta30BOM (hassl Ha BXoje (HUKHSSA
94acTh KOJIOHHBI)
y Mu, _ 005 17

Y, = = -=—=0,0309 Kr/kr,
1-y M_, 1-005 29
Ha BbIX0JI¢ (BEpXHSSA YaCTh KOJIOHHBI) -
00029 17

Y= =0,0017 Kr/xr.
1-0,0029 29

KOJ'H/I‘-IGCTBO IIOTJIONICHHOI'O aMMHAKa B eI[I/IHI/I]_Iy BpeMeHI/I
M =G(y, - y,) =34(0,0309-0,0017) =01 kr/c.

KonienTpanus ammuaka B Boje, OCTynaroiieid Ha abcopO1uio, B OTHOCH-
TETHHBIX MACCOBBIX KOHIICHTPAITUIX

X, = _00016 _ 0,0016 Kr/kr.
1-0,0016
Pacxonm abcopbenTa paccuntaeM depes Lyin 1 ko3 duiineHT n3obiTKa G:
L=L,,0.

s onpeneneHus Ly, Bocmonb3yeMcss paBHOBECHBIMH JaHHBIMU, MPHUBE-
neHHbIMH B Ta0x. 3.5 u Ha puc. 3.31. Jns pacuera HJaHHBIX B YCJIOBHUSX PaBHO-
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BECHs MOKHO HMCIIOJIb30BaTh 3HaueHUs Kod(¢uurenta I'eHpu, npuBeeHHbIE B
tabmune I1.3 mpunoxenus.lIpenBapuTenbHO OTHOCHUTENBHBIE MAacCOBBIE KOH-
LHEHTpALMU HEOOXOJUMO MEPEBECTH B MOJIbHBIE!

Mo 18

X, =X, = 0,0016- -2 = 0,00169.
M . 17
Tab6aura 3.5.
PaBHOBeCHast KOHIICHTPALIMSA aMMHAaKa B CHCTEME BO3IyX - aMMHaK — BOZa
B Bo3nyxe B Bone
Y, KT/KT Y, KMOJIb/KMOJIb X, KT/KT X, KMOJb/KMOJIb
0,0009 0,0154 0,002 0,00212
0,0025 0,00426 0,005 0,00532
0,0057 0,00974 0,01 0,0106
0,0097 0,0165 0,015 0,0159
0,0147 0,0251 0,02 0,0212
0,0212 0,0362 0,035 0,0266
0,0284 0,0485 0,03 0,0318
0,037 0,063 0,035 0,0372

B cooTBeTCTBUU ¢ MaTepHaIbHBIM OalaHCOM
L —gYu~Ys _ 0030900017
mn TP g% %,  0,335-0,0016
W3 puc. 3.31 X = 0,0335, orkyna Lyin = 3,223 kr/c. YBenuuuB Ly, Ha 20
% (o =1,2), momyuum pacxoj abcopOeHTa
L=L,, o =322312=3867 kr/c.
MarepuanbHbIii OagaHC KOJIOHHBI IpeAcTaBicH B Ta0i. 3.6. Konnenrpanus
aMMHaKa B BOJIE Ha BBIXOJIE U3 KOJOHHBI
o G —Y5)+ X, _ 3,4(0,0309 - 0,0017)+ 3,867 -0,0016
. L 3,867
MosipHOE cofiep:KaHie aMMHUaKa B BOJE Ha BBIXOJE U3 abcopbepa

X, =X,  —2 =0,027 18 0,028 kMmoMB/KMOTE.
17

NH;

.3,4 kr/c.

= 0,027 Kr/kr.
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=

904 802 403 80 x
Puc. 3.31. K onpenenenuto L, u N, HacagouHoro abcopoepa

OOBEMHBIN pacxon JKUAKOCTU B BCpXHCfI HaCTU KOJIOHHBI
L, = L/p, =3,867/1000 = 0,00387 m°/c,
B HIOKHEN YaCTH KOJOHHBI —
L, =3,96/1000 = 0,00396 m°/C.
IInoTHOCTE raza B BCpXHCfI HaCTU KOJIOHHBI
_ M,PT,  29.102.273
- 22,4P(t+T,) 22,4-1.295
B HWKHEN YacTH KOJOHHBI —
29.1,02-273
P = 5241295
OOBeMHBIN pacxo] ra3a B BEpXHEW 4aCcTH KOJIOHHBI
G, =G, /p,, =3185/1,2 = 2,654 m’/c.
B HMJKHEM 4aCTH KOJIOHHBI —
G, =G,/p,, =3278/119=2,778 m’/c.
HOCKOHBKy PAaCUYCTHBIC IMApaMCETPbl B CCUCHUAX KOJIOHHBI OYCHb 6JII/13KH,
JTadbHEUINHA pacyeT Oy1eM MPOU3BOIUTH 110 OJTHOMY CEUCHHUIO - BEPXHEMY .
Yucno TCOPCTUICCKUX CTYIICHCI\/JI N3MCHCHUA KOHLCHTPALIWU PACCUHUTACM
rpadudecKkuM crocodom. s 3TOro mpeaBapuTeIbHO Ha AHarpaMmy x - y (Cm.

~119 kr/M’,

pyB

—119 kr/M’.
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puc. 3.31) HaHOCHMM pabo4yIO JIMHUIO - TPSAMYIO C KOOpJIWHATAMHU BEpXHEU U
HIDKHEH To4Yek paboyeil IMHUU COOTBETCTBEHHO Yy, Xi U Vi, X,..

B cootBerctBuu ¢ puc. 3.31 m1s pa3neneHus JaHHON Ta30BOM cMecu HeoO-
XOJIUMO 6 TeOpeTUYECKHUX CTYNeHel N3MEHEHUS KOHIICHTPALIUH.

KoadduimenT Bo3MOKHOT0 yBeIMUEHUS MPOU3BOIUTEIbHOCTH K7 TprMem
paBHbiM 1,1. JlomycTMoOe I'MIpaBINMYEcKOE CONPOTUBICHUE Hacaaku AP, =
0,003 MIla. B cooTBeTcTBHMM O JaHHBIMU TabJI. 3.2 MPUHUMAEM HACaAKy W3 TUIa-
ctmaccoBsIx kojerr [amns pazmepom 0,05 m.

CxopocTh 3axJIeObIBaHUS OMPEICTUM IO YPAaBHEHHUIO

Ig[w§ 1372 12 ij: 0,022_1'62(3,867j0’24( 1,2 Tm’
9,81 1000 3185 1000
OTKyZa AOIyCTUMasi CKOPOCTb rasa
w,=08-34=27 m/c.

[IpenBapuTenbHbIN pacueTHBIA AUaMETP KOJIOHHBI C Y4eTOM KO3 duineH-

Ta BO3MOXXHOT'O YBEJIMUEHUS TPOU3BOAUTENBHOCTH K7:
D =[2,654-11/0,785-2,7]"° =117 Mm;
Ilpumem TpenBapuTENbHBIA JAuaMeTp KoJoHHBI D, =12 M. IlpenBapu-

TCJIIBHOC CB060I[HOC CCUCHHC KOJIOHHBI
f, =0785-122 =113 M
Hpe,IIBapI/ITCHBHa}I oO0beMHas CKOpPOCTDb KUAKOCTH
L,,, = 0,00387/113 = 0,00342 wm/c.
MaxkcuManbHO A0o1yctuMast CKOpPOCTh I'a3a B CCUCHUH KOJIOHHBI

W, gy = 0,113 %(1—0,062 1-60,/0,00342 ) = 2,55 mc.

Koaddunment, 3aBucsuiuii 0T BI3KOCTH KUJIKOCTH, COCTABIISAET

A=0775+0,225,/1, =0,775+0,225V1 =1.
Koaddummentsr K; u K, Bei6upaem mo tabds. 3.3:

K, =0113; K, = 0,062.
PacueTtnas CKOpPOCTDB I'ada
w, =0,8-255=2,0 m/c.

PacuetHblil TMamMeTp KOJOHHBI

D, =[2,654-11/0,785-2,0° =136 m.

ITpumem nuametp kosoHHsl D = 1,4 m.
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MarepuanbHblii 0anaHC KOJOHHBI

Taomuna 3.6.

Bxon Brixon

% I'az (M = 28,4) Kunkocthb I'a3 (M = 29) Kuakoctsb

= e |3 | EF | S| E R | SIET e |T |E&

) - Q =B = Q E R = Q E B = Q = =

- > g s g |~ g 3 & = Sl g | *® g S g

= = = =

Boszayx 3,179 | 97,0 | 0,95 3,179 | 99,83 | 0,997
Bona 3,86 [ 99,84 | 0,997 3,86 | 97,5 | 0,958
Ammvumak | 0,099| 3,0 |0,0512 0,006 | 16 |0,00169 |0,0053| 0,17 | 0,003 | 0,1 | 2,7 | 0,0028
Htoro 3,278 | 100 1,0 |3,867| 100 1,0 3,185 | 100 1,0 | 3,96 | 100 1,0
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CBobOoHOe ceuenue koiaouHsl f, = 0,785 - 1, 4% = 1,54 m.

Oobemuas ckopocTh xkuakoctu Ly = 0,00387/1,54 = 0,0025 wm/c.

CkopocTb ra3za B KoJioHHe W = 2,654/1,54 = 1,72 m/c. ®akTop ra3oBoi Ha-
rpy3ku F = 1,72 - (1,2)*° xr®/(m"° - ¢).

BricoTa Hacaaku, DKBUBAJICHTHAS TeopeTquCKoﬁ Tapeike,

-1
1000 1 60-0,08,/0,0025)1| =0,89.
172 12 1+14

Koadpdunmentsr Ks = 0,3 u Kg = 0,08 npuHUMaeM 1o Tabi. 3.3.
MaccoBas ckopocts skuakocta L = 3,867/1,54 = 2,51 kr/ (MZ'C).
OOmas BeicoTa Hacanku H,,. = 0,89 - 6 = 5,4 m.
OxpyrisieM BBICOTY Hacagku 10 Hy,. = 6 M.
BricoTa Hacamku MeXIy epepacipeaeIuTeIbHBIMI TapeIKaMu
h=3-14=42 M.
Takum 0Opazom, MOTpeOyeTCs OJIHA TTepepacpeCIUTEIbHAS TapeiKa.
OOmrast BLICOTA KOJIOHHBI
H=H,+H  +H, =25+6+132=982 M.
Oxpyrasem H 10 10 m.
['mppaBnuyeckoe CONMPOTUBICHUE HACAIKU BBICOTON 1 M
AP, = 71-1,2-1,72% .9,82.10°%10" 251300 _ 983 [Tg,

Koaddumments Kz u K4 mpuaumaem no tada. 3.3:

K,=71; K,=650-10".
OO01miee TUAPABINYECKOE COMPOTUBICHUE HACAKH COCTaBUT

AP =283-6=1716 Ila;

3.3.7. Pacuer TapeabyaTbix abcopoepoB

PacueTsr TapenpyaThix aOCOPOEPOB MOTYT BBHIMOJTHATHCS B CIEIYIONIEM I10-
psaKe:

- ONpEJENSIOT COCTaB M PacXo]] OTOPOCHBIX Ta30B, COCTaBISIOT MaTEpH-
aNbHBIN OanaHc;

- CTPOSAT PaBHOBECHYIO M pabouyro JTMHUU MpoIlecca, OMPEACIIOT Pacxo/
MIOTJIOTUTEIILHOM JKUIKOCTH;

- OIPEICIIAIOT IBIKYIIYIO CHITY TpoIiecca.

- OTIPEICNIAIOT ONTUMAIIBHYIO CKOPOCTh Ta30BOTO TIOTOKA,

- OMpeNeIsIOT K0P HUIIMEHTH MAaCCOOTAAuH;

- ompenensitoT K03 PUIMeHT Macconepeady,
- OMPENIETISIOT CYMMAapHYIO TOBEPXHOCTh M YHUCIIO TapEyoK;
- OMPENEIISIOT TUAPABINYECKOE COMTPOTUBIICHNE TaPEIIOK.
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Bun ypaBHEHHS 71 HAXO0XKICHHUSI ONTUMAIBHOW CKOPOCTH Ta30BOTO TOTO-
Ka 3aBHUCHUT OT THIA TapelKH, KOHCTPYKIHUIO KOTOPOH TOMOMUPAIOT UCXOJS U3
TEXHUKO-YKOHOMHUYECKHX U APYTUX COOOpPaKCHUH.

MuHnManbHasi CKOPOCTh, IPU KOTOpoW obecrieunBaeTcs paboTa CHTYATOU
TapenKy Ha BCeH €€ TUIOIIAIN W THIPABINYECKOE COTPOTHBIICHUE, OTIPE/eIIsIeT-
cs 1o hopmyIiam:

1/2
Wy =3{%J , (3.86)
3L ¢p.
I 2/3
AP. = | 7,(1-Kk) +10°(L+ k)[aj o (3.87)

rie AP, — majeHue ypoBHS MPU HepaBHOMEpPHOU padoTte; { — kodpduiueHt
CONPOTUBIICHHS CYXOi TAPEIKH, PT, Px — IUIOTHOCTH IA3a W JKUIAKOCTH, KI/M;
Z; — BBICOTA CIIMBHON meperopojkud, MMm; | — HHTECHCHMBHOCTH OpOILICHUS,
M /(ma); M — kodbdUIMEHT pacxoma CIMBHOW meperopoxku (or 6400 1o
10000); k — MuHUMaNbHAS yaAeabHas TUIOTHOCTD TICHBI.

CKopocTh Ta3a, COOTBETCTBYIOIIAs BEpPXHEMY Mpeaesy pabdoThl MpPOBaIb-
HBIX TapeJoK, MOKHO OIMPEIEIUTh MO popMyJie

3 1/2 -0,228
W opp =11,6(£j , (3.88)
Fo o\ P, G

3. 2, 2
re Py — IUIOTHOCTH BOIbI, Kr/M’; F. — cBOOOAHOE ceueHune Tapesiok, M/m”,

[ToBepxHOCTH KOHTaKTa (ha3 IJis MPOBAIBHBIX M IMEPEKPECTHBIX TapEIOK
OTIPENICIIIOT 10 hopMyJie

C'(pq Wh n W2 0,2 o —O,S/J z
) B ] @9
1-9, \ v, ghy £,:ho H

rne ¢ — Ko3(hGUIMEHT MPONOPIHOHAILHOCTH; IS TPOBAIBHBIX TAPEJIOK ¢ = 5
(mpu h, >210 m) u ¢ = 250h, (mpu h, < 2710 M), [T CHTYATBIX TAPEIOK ¢ =

0,65, nns xknananubix ¢ = 0,32; ns konmaukoBbix ¢ = 0,6, ¢, — raszocozaepixa-
) . 2
HUE IIEHHOTO CIIOS; V; — KOA(PPUITUESHT KHHEMAaTHIECKOM BA3KOCTH, M°/C.
3HaueHus Mokas3aTeneil cTenenel g, N u Z npuBeAeHsI B Ta0m. 3.7.
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Tabmuma 3.7.
3HaucHUS MoKa3aTeliel creneneli B ypasuenuu (3.89)

Cucrema q n z

pH Ly < 1 cIl | mpu py > 1 cll

[IpoBanbHbIE TapeKku

["a3-Boma-BoIHEIE 0 -0,25 0 -0,25
PacTBOPHI DJICKTPOJIUTOB

["a3-oprannueckue 0 -0,25 -0,43 -0,25
JKHUJIKOCTH

[IepekpecTHbIE TapeIIKH

["a3-Boma-BoaHEIE 0,3 0 0,25 0
pacTBOPHI
["a3-opranudeckue 0,3 0 - 0,18 0
JKUIKOCTHU

Koaddummentsl MaccooTnaun, OTHECEHHBIE K (DAKTUYECKON MOBEPXHOCTHU
KOHTaKTa (pa3, pacCUYMUTHIBAIOT M0 YPABHEHUSIM

0,5
Nu_ = 012" Re®” Prf's[;j—”j | (3.90)
dcm 0s
Nu, =12 Re’’ Pr(ff[d"J : (3.91)
B.d,

rae Nu, =

— muddy3nonHsI KpuTepuit Hyccenbra s rasa;

2

w.d, S DA .
Re, = — KpuTepuil PeliHoibca 1 rasa;

®.vV,
ﬂofcdn T | .
Nu, = o nubdy3uoHHbIN KpuTepuii HyccenbTa st )KUIKOCTH;
w,d, v D
€., :W — KPUTCPUHU PCI/IHOHBI[(:a IJIs1 JKUOKOCTH, TaAc W, — CKO-
P )V

pocTh rasa, m/c.

Koadpdbunmentsr quddy3un 1j1s HEKOTOPHIX T'a30B MPUBEICHBI B TaOJIUIIC
I1.4 mpunoxxenus. Jljisi Apyrux ra3oB Nnpu pacuere kodpdunueHToB nuddy3um
MO’KHO HCIIOJIb30BaTh 3HAYEHHS aTOMHBIX M MOJIBHBIX 00BEMOB BemecTB (Tad-
numa I1.5 mpunokenus), a Takxke K03(PGHUIUCHTHI, TpUBeaAcHHbIe B Ta0uIe 1.6
MIPUIIOKCHHUS.
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Benuuuna razoconepkanus @, onpeaensiercs no gpopmyie

wzh, )
[ToBEpPXHOCTHO-00BEMHBIN TUAMETD Iy3LIPHLKOB I'a3a paBeH
_6p,  6¢.h, (3_93)

d, = = ,
a  (1-¢)A
Il @ — yJenbHas OBEPXHOCTh KOHTAaKTa (a3, M2/M’,

Pacuer yucna Tapenok B abcopOepe Mpu yCIOBHH, YTO pabouasi JIMHUS U
JIMHUS PaBHOBECHS TpPsMbIE, a JABUKEHUE ra3a W KUJIKOCTA MPOTHBOTOYHOE,
MIPOBOAAT CJICAYIOIIMM 00pa3oMm:

1) na nuarpamme Y—X CTposT pabouyro U PaBHOBECHBIC TUHHU;

2) ompeeIAIOT IBMXKYIIUE CHIIBI B HAYalle ¥ KOHIIE ITPOoIiecca,

3) ompeAensIoT CPEIHIO IBIKYIIYIO CHITY;

4) W3 MaTepHaIbHOTO OajlaHCa HaXOJAAT KOJUYEeCTBO abcopOupyemMoro Be-

IIECTBA,;

5) onpexaenstor kodhdunueHTs B, B 1 K

6) BBIYMCIAIOT MIOBEPXHOCTH KOHTAKTa (ha3 sl OHOM TapesKy;

7) 10 ypaBHEHHIO Maccolepeadn OMPeeIIAOT OOIIYI0 MOBEPXHOCTh KOH-

TakTa Qa3s:
__M . (3.94)
K.AY,,
8) HaxoIAT YMCIIO TAPEJIOK B KOJIOHHE:

n=—, (3.95)

rae F, — moomams Tapenku, M.
Ecnu pabouas nuHus npeacTaBisieT coO0M MpsMyto, a JIMHUSI paBHOBECHS
— KPUBYIO, TO pacyeT NMPOBOJAT MO CXEME:
1) onpeaensoT MOBEPXHOCTh KOHTaKTa (a3 st OAHOM Tapeaku F;
2) BBIYUCISIOT KOXPPHUIIMEHTHI MaccooTnaun Py, B, U Macconepenaun K.
i K, ; HaXOIAT CPEeIHIO BEIIMYMHY TAHTEHCA yria HAKJIOHA KPUBOU

paBHOBECHS;
3) paccuuTHIBAIOT YUCIIO CAMHUIL IIEPEHOCa, U OJHON TapeiKu:
Fm
N,..=K, G (3.96)
1581051
F
=K - (3.97)

oxc.m aHe L 1

4) MeToIoM rpauuecKoro WHTCTPUPOBAHUS OINPEACISAIOT YHCIO €IMHHMIL
nepeHoca Jutst Bcei KOJIOHHBI Nop Ui Ny ;
5) ompeaensioT YUCIIO TAPEIOK B KOJIOHHE:!
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N N
SELTRA 3.98
=N (3.98)

oe.m ooic.m

s pacuera k0d3pPHIMEHTOB MaccoOoTAadn KpoMe ypaBHeHUH (3.72) u
(3.73) MOXKHO HCIIOJIB30BATh U APYTUE YPABHEHUS.
['mapaBmuUecKkoe CONPOTHUBICHUE TAPEIOK PaBHO

AF)m = APc.m + APO' + AF)C—JIC ' (3'99)
ConpoTuBieHue cyxou tapenku AP, , HaXoadt 1o Gopmyre
2
o, =k (3.100)

Ilorepss maBienuss AP, Ha NMPEOJOJICHUE CUJI ITOBEPXHOCTHOIO HATSKEHUS
G paBHa
4o
AP =2
d

9

(3.101)

rae O, — SKBUBaJCHTHBIN JUAMETP OTBEPCTHUS, M.
ConpoTusiieHHE ra30KUAKOCTHOTO CJIOS

AP _,. =Nyp,, (3.102)
rae hg — 3amac )XUIKOCTH Ha Tapeyke, MM.
Jns cutuaTont Tapenku AP, MOKHO ONIPEAEIUTD U3 BBIPAKECHUS
AP_ =13(k'z, +h,k"*)p,. . (3.103)
OO01iee COMpPOTUBICHUE ISl TPOBAIBHBIX TaPEIOK MOKHO PACCUUTATh 10
YpPaBHCHUSAM

_ oo opfw) 1o 20,
Ap‘l_ﬂ'zg(ﬁ] G-, (3.104)
/ :1’1{&) ’ (3.105)
P
l:('-jz b1 :llls
e (3.106)

2 1/3 !
1+{(Lj p. 1 }
G) P s H,
rae § — ko3 ULIKeHT COnpoTUBIEHUS; G — KOI(PPUIUEHT MOBEPXHOCTHOTO
HaTshkeHus, H/M; a — mmpuHa menu wim paguyc OTBepCTus, M; L, — K0d¢-
(UIHEHT HCTEeYeHUS )KUIKOCTH U3 oTBepeTust (W, = 0,62).

3.3.8. Pacuer pacnbuiuBawIuXx abcopoepon

K ammaparamM 3TOro THUTNa OTHOCSATCS TOJIbIE, CKOPOCTHBIC MPSIMOTOYHBIE U
MexaHuuyeckue abcopOephl.
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B nonbix abcopbepax >KUAKOCTh pacrnbuinBaeTcst GopcyHkamu. Dddek-
TUBHOCTh abcopOepa 3aBHCHT OT KOJMYECTBA PACHbUIAEMON >KUIKOCTH, yria
KOHYCHOCTH (pakena pacmblia, TUCIIEPCHOCTH Kareib U pacipeeieHUs X B ce-
yeHuu (akena.

TIpOHM3BOANTEIBHOCT (POPCYHKH OMPEIESIOT 1Mo dhopmyire (B M/c):

V=¢ f(Z—P)”Z, (3.107)

HC
riae P — nmaBiieHHe XKUAKOCTH mepen ¢popcyHkoH, [1a; p, — TUIOTHOCTH KUI-
koctH, kr/m®; f — IUIowagk BEIXOXHOTO oTBepcTUsi (POpPCyHKH, M7 § — K0d(-
dbuIeHT pacxoaa Xuakocty, pasasii 0,2...0,3.
CpenHuii pa3mep Kareib d onpeesnstoT mo GpopmyJie

2 OIO)—”, (3.108)
1%

oHC

i — A( lu ozfc )—m (W
dg Pae 0 g
rne dp — auameTp BBIXOJIHOTO OTBEpCTHsI POPCYHKH; A — KO3 UIMESHT TPo-
HOPLUUOHAIBHOCTHU; Wy — CKOPOCTb UCTEUYEHHUS KUAKOCTU U3 (POPCYHKHU.
VY nenpHas NOBEPXHOCTH Kallelb paBHA
6U
ud’
riae U — TIOTHOCTh OpOIIIeHHS, M3/(M2'c); u — abCOIOTHAS CKOPOCTh Karelb,
Mm/c, U=Wy + W (Wg— CKOpOCTb NajicHHs Karuiu, M/c, W — CKOpOCTh Ta3a, M/c).
Maccootnady B ra3oBOil M )KUIAKON (ha3zax MOKHO ONPEAEIHUTH 10 GopMy-
Jam

(3.109)

Nu,' = 2 + 0,552'Re,’” (Pr,)*%, (3.110)
Nu,' = 1,65 (d/do)*"®Re, > (Pr,)>*, (3.111)
rae Nu,' = 1,13/(F0')1/2; Fo'=D,t/d% t— BpeMsI MaJICHUS KarlIH.
K mpsiMOTOUHBIM pacHbUIMBAIONIMM abcopOepam OTHOCITCA (HOPCYHOUHBIE
u 6ecopcyHnounslie anmnaparsl Bentypu tuna APT u ynapHO-pachbUIMBaOIIKE.
['uppaBnuueckoe conpotuBieHre abcopoepoB BenTypu siBisiercs cyMMO# ru-
PaBIMYECKUX COMPOTUBJICHUN TpPyObI-paclbUIMTENS W KamuieynoBurens. ['ua-
PaBIUYECKOE CONMPOTUBIICHUE TPYObI-PACTIBUIUTEINS PABHO
2 2
2 2
I l,,w
&, =0165+0,034—10,06 + 0,028 =] —,
d d,”w

9 9 36

AP =&, , (3.112)

(3.113)

£, =AE mME, (3.114)

rae & — KOIPPUIMEHT TUIPABIUYECKOTO COMPOTHUBIICHUS CYXOH TPYOBI-
pacbuntens; & — KOIPPUIMEHT THIPABIUYECKOTO COMPOTHUBICHUS TPHU
BBOJIC KUJIKOCTH; W, — CKOPOCTh T'a3a B TOPIIOBUHE, M/C; pPr, Px — IUIOTHOCTH
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rasa u xuakoctd, kr/m>; |, — muna TOPJIOBUHBI, M; 0, — SKBHBaJICHTHBIN
JMaMeTp TOPJIOBUHBI; W, — CKOPOCTh 3ByKa, M/c; W./W,, = M — gucio Maxa,
A u B — ko3¢ HULIMEHTDI, ONIpEeNsieMbIe 10 CIIPABOYHUKAM.

Cpennuii pasmep Kareiab, OOpa3yHOIIMXCS IMPH PACHbUICHUH KUIKOCTH
MTHEBMATHUYECKOU (POPCYHKOM

5851072 ot/? L,
d= 172 +534[ 172
W, 05, (P, O)

[Ipu paBeHCTBE CKOpOCTEH Kamesb Ta3a yjAellbHas MOBEPXHOCTh KOHTAKTa
¢a3 paBHa

1°%. (3.115)

6U  0,006m
w. d d
KoadummenTsr maccootnaun B popcyHouHOM abcopOepe MOKHO ompe/ie-
JUTH 110 popMyiamMm
Nu,' = 0,36'10 Re,>®* (Pr,)?%", (3.117)
Nu,' = (0,145 - 0,0081w,) (Re, - 30)° (Pr,)°, (3.118)
rae Nur' = (umlur)(BrVRTdO/Dr)(G/gpm)llzy Nu)l(' = B)I(V-.VHpI/IB.dO/D)K; BFV Hu B)KV -
00BbeMHbIe KOG (PUITMEHTHI MACCOOTIauH B Ta30BOi U kKuakor aszax, 1/c; Vipus
= (W¥p.29)"® — npusenennas tommmza wienku; p =7,410*w,** B BbIpa-
xeHusx Re. u Re, 3a TMHEHHBIN pa3Mep MPUHST JUAMETpP TOPIOBHHBI .
['unpaBnudeckoe conpoTuBieHne B 0echopcyHOUHBIX abcopOepax BhIUHUC-
JS0T 0 popMmyTie

(3.116)

AP = AP, + 18w, %m"®, (3.119)
JIns My IbCUPYIOLIEro peXruMa YUCIIO0 €AUHHUL] IEPEHOCA PABHO:!

Nor = 0,847(L/IG)**. (3.120)
JlJ11 paBHOMEPHOTO PEXMMa UCIOJNIb3YyeTCs Apyras (Gopmya:

Nor = 0,477 wo’® (L/IG)**. (3.121)
Jnst abcopOepoB tuna APT ko3 PUIIMEHT CONPOTUBIICHUS PaBEH:

£=1,32(1+am", (3.122)

YMUCJIO CAUHUIL IICPCHOCA
No: = 0,43 + Bm, (3.123)

rae a=o@(Ww.) u B=o¢(w); mmanynscupyroiero pexxuma N = 0,68; nis pas-
HomepHoro n = 1,9.

3.4. lecopbums 3arpsi3HuTej el U3 a0copOeHTOB

B pesynbrare ynanenus raz000pa3HBIX 3arpsi3HUTENEH MmyTeM abcopouuu
IPOUCXOIUT TNEPEXOJ ATUX 3arpsA3HUTENICd B PAcTBOp, Kak IMPaBUJIO, BECbMa
pa3baBneHHbIil. UToOBl n30exarh mpoOieM, CBSI3aHHBIX C yJaJeHHEM TaKHX
pacTBOPOB, KeJaTelbHO UX KakuM-In0o oOpazom yTtuimsupoBath. Ecnu 3a-
IPS3HSIONICE BEIECTBO a0COpOUPYETCs B YMCTOM BuUJe (HE pearupys ¢ ApyruMH
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XUMHUYCCKUMH BEIIECTBAMH), €r0 MPAKTUYSCKH BCET/Ia MOYKHO TOJIYYUTh B KOH-
LHEHTPUPOBAHHOM (QopMe MmyTeM OTrOHKM abcopOupyromieit xuakoctu. I[lomy-
YEHHOE TaKMM 00pa3oM BEIICCTBO B MPHUHIIAIIC MOXKET OBITh HCIIOJIH30BAaHO B
TOM € CaMOM IMPOU3BOJCTBEHHOM IIPOIIECcCe WM B ApYyrux mnpoieccax. Muorna
B pe3yJbTaTe MepeBoja B JIPYryto GopMy ATOT MaTepuall MOXKET CIY>KUTb HC-
XOJTHBIM CBIPBEM ISl MPOMBIILIEHHBIX NPEANPUSITHI WM UCIIONb30BATHCS KU-
TeJSIMU ONU3NIeKanmx paitoHoB. [locne HeHTpanu3aum yaoBISHHOTO BEIIECTBA
BO3MOYHBI €T0 OCAXJICHHUE WM KOHIIEHTPUPOBAHKE B PACTBOPE, a TAKXKE CYIIIKa
C TIOJYyYEHHEM TPOJYKTa, HMEIOMIEro OMpPEAeNEHHYI0 TOBApHYIO II€HHOCTD,
MyCTh JaXe IOCTAaTOYHYI TOJBKO JIJIi TOTO, YTOOBI TMOKPBITH PACXO/Abl HA
TPAHCIIOPTUPOBKY. BrigeneHubie cynbdar U cyiabPUT HATpus (B KUJIKOM U B
TBEPJIOM BHJIC) MOTYT HAalTH NMPUMEHEHHE Ha OyMakHBIX (haOpukax. B pesyib-
TaTe UX PEAKIIMA C AMMHAKOM MO>KHO TIOJTYYHUTh Y00OPEHUSI.

[Ipu 0OpaboTKe M3BECTHIO WM APYTUMHU pEeareHTaMU 3arps3HSIONIUE Be-
[IeCTBA MOTYT OBITh BBIJIEJIEHBI U3 A0COPOIIMOHHOIO pacTBOpa B BHUJI€ HEPACTBO-
PUMOTO OcagKa. ITOT OCATOK KOHIIEHTPUPYIOT IyTeM OTCTaMBaHUs, a 3aTEM W3
HEro yJaJsioT BOAy GuibTpauuen win neHrpudyruposanuem. OaHaKo BO MHO-
UX Cllydasx ocajJku Tmocie obOe3BoxuBaHusi cozaepxkar He Oozee 30...50 %
TBEPBIX BEIIECTB, YTO CO3/Ia€T Cephe3HbIE MPoOIeMbl TpH UX yaaneHuu. Copoc
B BOJIOEMBI, KaK MPaBUIIO, 3aMpelieH Wiu TPYAHO ocymecTBuM. st copoca oT-
X0JIOB MOKHO MCTIOJIb30BaTh CBOOOIHBIC 3€MENbHBIC YYACTKH, OJIHAKO MPU TOM
ClIelyeT YYUTHIBATh BO3MOKHOCTb BPEIHBIX MOCIEICTBUN JUISI OKPY>KArOIIei
Cpelbl, K KOTOPBIM MPUBEIET Takoil metoj B Oyaymiem. Kpome Toro, mocie 3a-
KaIrbIBaHUS OCAJKOB B 3€MJIIO JaHHBIC YYACTKH MOTYT OKAa3aThCsl HETPUTOTHbI-
MU JIJII CTPOUTETBCTBA, TTOCKOJIBKY CONPOTUBIICEHNE TPYHTA HArpy3Ke CHUKAET-
csl.

Cepbe3Hyr0 TpoOieMy MPEACTaBISACT BBIJACICHUE XJOPUIOB, HUTPATOB H
HUTPHUTOB, TMOCKOJBKY HX OCAXICHHE - JOPOTOCTOSIIHIA Mporecc. B ciydae
XJIOPUIOB HEOOXOIUMO YUHUTHIBATH BO3MOKHOCTh UX OUYMCTKH M UCIIOJIb30BaHUS
B Ka4eCTBE CBIPhS JJIs MOJy4YeHHs Xjopa. HUTPUT MOXKHO OKHUCITUTH B HUTPATHI
U TI0CJIe KOHIEHTPUPOBAHUSI UCTIOIB30BATh B KAUECTBE KOMIIOHEHTA Y100pEHUH.

B cinywyae opranmdeckux 3arpsizHutened HauOoisiee 3(pQPeKTUBHOM, MO-
BUJIUMOMY, SIBIISIETCS OTTOHKA M BBIJCJICHUE BEIIECTBA B KOHIICHTPUPOBAHHOM
BUJIE, TAXKE B T€X CIIy4asiX, KOT/Ia BBIJICISIEMbII MaTepral MOXXET ObITh HCIOJb-
30BaH TOJIBKO B Ka4eCTBE TOIUIMBA. Eciu oprannueckoe coelMHEHUEe pacTBOPH-
MO B BOJIE U CITIOCOOHO MOABEPTaThCS OMOJIOTUUECKOMY pa3pyIIeHHO0, TO Oosee
PKOHOMHUYHOW MOKET OKa3aThCs OJHOKpaTHasi abcopOIus BOAOW C MOCIETYIO-
UM OMOJIOTUYECKUM PA3JI0KEHUEM, OCOOCHHO B TeX Clydasx, Korja oOpa-
3YIOIHUECS PAacTBOPHI CHJIBHO pa30aBiieHbl M OTroHKa ManodddektusHa. I 'pa-
HUYHOE 3HAYEHWE KOHIIEHTPAIMH 3arps3HUTENS B 00pabaThiBAEMOM rase, IpH

80



KOTOPOM IIeJIECO00Pa3HO MEePEXOUTh OT OTTOHKH K OMOJIOTHYECKOMY pa3pylle-
HH0, 00b14HO coctasisier 100...300 mna™ (o 06bemy).

[ToMHMO OTrOHKH, CYIIECTBYIOT M JPYTHE€ METOJbI pereHepanuu oTpado-
TaHHOTO a0copOIMOHHOrO pacTBopa. K HUM oTHOcHTCS 00paboTKa 030HOM W
apyrumu okuciautessmu (H,O,, HCIO, KCIO,;, KMNnOy4, HNO;3 1 1p.), ruaposn3
(Bo3MOKEH TMpH BBICOKMX TEMIEpaTypax M JaBJICHHSAX), 00pabOoTKa IPyruMu
peareHTamu, B pe3yJibTaTe KOTOPOM MOTydatoTCs:

a) HETOKCHUYHBIC OTXO/IBI;

0) HECMEIIMBAIOIIUECS TPOIYKThI, KOTOPBIE MOXHO OTJCIIUTh OTCTAMBAHU-
€M,

B) HEPACTBOPUMBIC OCAJIKH.

MOKHO HCTOJIB30BaTh TAKXKe aJCOPOIMI0O OPTraHWYECKUX BEIICCTB TJIMHA-
MU, JAPEBECHBIM yTJIEM, OIMMJIKAMHA M CMOJIAMH; SKCTPAKIUIO PACTBOPHTEIISIMU,
00pabOTKy TBEPJBIMU WM KUJAKAMH MOHOOOMEHHBIMU MaTepHUallaMH; OXJIax-
neHue abCOpPOIIMOHHOTO PacTBOPA, MPHUBOISIIIECE K KPUCTALIA3ANMK 3arps3He-
HUSL.

s ogHOKpaTHOW abcopOIMK WHOTJA TMPUMEHSIOT BOAY, OJHAKO HCIIOJb-
30BaHUeE I STOW IEeTU OPraHMYECKUX >KHIKOCTEH BO3MOXKHO TOJBKO B OUCHB
PEIKUX, CIICIUANBHBIX CiIydasx. Eciu Takas BO3MOKHOCTh MPEICTABIISAETCS, €10
npeHeOperaTh He cieayeT. [I[puMepoM MOXKET CITyKUTh UCIIOJb30BaHUE B Kade-
CTBe aOCOpOEHTa OPraHUYECKOrO ChIPhsS MM TOTUIUBHBIX HEPTEH, KOTOPHIE IMO-
ciie abcopOIMKM HEMOCPEACTBEHHO HAIIPABJISIOTCS Ha MEepepadOTKy WM Ha CIKU-
TaHwHe.

4. A1copOIIMOHHASI 0YNCTKA ra3oB

AJncopOuus MO3BOJISIET MOYTH MOJHOCTBIO M3BJIEYb U3 Fa30BOM CMECH 3a-
TPSI3HSAIOIINE KOMIOHEHTHI, OHA JAeT BO3MOXHOCTb OCYUIECTBIISTH TIIyOOKYIO
OUYHCTKY ra3oB. DTHUM OOBSCHSETCA Bce OOJblliee MPUMEHEHHUE B 3alIUTE OKPY-
Karollel cpenbl aJCcOpOLMOHHBIX METOJOB pa3lelieHuss U OYMCTKH TaM, IIe
JpyTrue METO/Ibl 0Ka3bIBAIOTCS HEAOCTATOUHO 3()(PEKTUBHBIMU.

[Tpouecc apcopOLUMU MPOUCXOOUT HA MOBEPXHOCTH TBEPIOTO MOPUCTOrO
Tena — ajcopOeHTa, IJie HEHACHIIEHHbIE MOBEPXHOCTHBIE CHJIBI BCTYIAIOT BO
B3aMMOJICMCTBHE C CHJIOBBIMHU MOJIIMU aJICOPOUPYEMBIX MOJIEKYJ.

AZNCOpOEHTBI, MCIONb3yeMble B CHUCTEMaX OYMCTKH OTXOJSIIMX TIa30B,
JOJHKHBI yIOBJIETBOPATH CIEAYIOIIMM TPEOOBAHUAM: UMETh OONBIIYIO afcopo-
LUOHHYIO CITOCOOHOCTH IMPH MOIJIOIIEHUH KOMIIOHEHTOB IPU HEOOJBIIUX KOH-
LEHTPALMIX UX B ra30BbIX CMECAX, 00JIaJaTh BICOKOW CEIEKTUBHOCTBIO, UMETh
BBICOKYIO MEXaHMUYECKYIO IIPOYHOCTH, 00JIaJaTh CIIOCOOHOCTBIO K pereHepanuu
Y UMETh HU3KYI0 CTOMMOCTb.
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Ha nmpakTuke Hanuiy npuMeHEHHUE CIeAyIolIre aicOpOCHThI: aKTUBHBIC yT-
M, CHJIMKAreJd, alfOMOTENd M IICOJUTHI. XapaKTEepUCTUKa M 00JacTH MpHMe-
HEHUsI HEKOTOPBIX aKMUBHHIX yeaeli IPeACcTaBIeHbI B Ta0. 4.1,

Tabaura 4.1.
XapakTepucTuka u 00JIaCTH MPUMEHEHHUS aKTUBHBIX yTIIEH
Mapka Pasmep | Haceimnas Bpewms IIpenenbHbIn Oo0uactpb
azicop- rpaHyJi, | IJIOTHOCTbh, | 3alIUTHO- | aJICOPOIIMOH- | MPUMEHEHUS
OeHTa MM Kr/m° ro IeUCT- | HBIA 00BEM
BUSI, MUH MHUKPOTIOP,
em/r
BAY 1-5 350 - 0,26 AncopOrus
ra3oB M Ia-
pOB
CKT 1-3,5 380-500 70 0,45-0,59 To ke
AT-3 1,5-2,7 450 38 0,3 To xke
ATI'-5 1-1,5 450 45 0,3 To xe
CAY 1-5 450 - 0,36 To xe
KAY 1-5 400 - 0,33 To ke
AP-3 1-5,5 550 - 0,33 Hnsa  pexyre-
panuu
APT 1-6 550-600 - 0,33 To xe
CKT-3 1-3,5 420-450 - 0,46 To xe

Cunuxazenu NCTIONB3YIOT JUIsI OCYIIKU Ta30B U MOTJIONICHUS TTAPOB TOJISIP-
HBIX OpraHMYECKUX BeliecTB (HampuMep, METHIIOBOTO cHHpTa). [IpoMBIIIIcH-
HOCTh BBIITYCKAeT KYCKOBbIC W T'paHyJIMPOBAHHBIC CHJIMKArelIW C 3epHAMHU pa3-
mepom 0,2...7 MM, HacemHON mioTHOCTHIO 400... 900 kr/™°. XapakrepucTika
cuiukareien nqaga B ta0i. 5.6.

[To cpaBHEHHWIO C YIISAMU CHJIMKArejld. HETOPIOYHM M UMEIOT HU3KYIO TeM-
neparypy perenepanuu (100...200°C), HU3KYIO0 CTOMMOCTh U OTHOCHUTEIBHO BbI-
COKYIO0 MEXaHUYECKYIO TPOYHOCTh K UCTUPAHHUIO.

Antomocenu (aKTUBHBIA OKCHUJI QTFOMUHUS) UCIIOJIB3YIOTCS ISl OCYIIKH Ta-
30B W TOTJIOUICHUS TIOJSPHBIX OPraHWYECKHX BEHIECTB M3 Ta30BBIX CMECEH.
[TpOMBIIIIJICHHOCTh BBITTyCKAeT TPaHYJIUPOBAaHHBIC ATFOMOTEIN IHIHMHIpUYC-
ckoir opmbl (auamerp rpanyn 2,5...5,0 MM u Bbicota 3...7 MM, HACBITHAsA
miotHocth 500...700 kr/m®, cpennnii paguyc mop 610°...10° m), a Takke ma-
poobOpasHoii ¢opmbl (amamerp dwactuil 3...4 MM, HACBITHAS TUIOTHOCTH
600...900 kr/m°, cpeanii paanyc mop 310°9...4107 m).

Lleonumbl — aMOMOCWIIMKATHI, COJEPIKAIINEe OKCHABI HICNIOYHBIX M IIIe-
JIOYHO3EMENbHBIX MeTa/liIoB. OHU TOpa3eIIOTCS Ha MPUPOIHBIE U CHHTETH-
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yeckue. U3 HpPIpOI[HBIX IICOJIUTOB HpaKTI/I‘IGCKI/I I/ICHOJ’IB3YIOTC5[ KIIMHOIITHUIIO-
JIUT, MOPJACHUT, 11a0a3uT, SPUOHUT. KIMHONTUIONUT MUMEET pa3Mmep Mop 10
(3,5...4)10™, a 06wem muxpomop 0,15 cv’/r.
I/ICHOJIBBYIOTC}I CUHTCTHUYCCKHC NCOJIUTHI CJIICAYIOIIUX MapOK:
Ieomut KA NaA CaA CaX NaX
Pasmep Bxogusix 310 410 5100 810" 10°°
«OKOH», M

[Tpumeuanue. [1epBbIif HHAEGKC MapKu COOTBETCTBYET (hopMe KaTHOHOB, a BTOPOi 000-
3HA4aeT TUI KPUCTAJUIMYECKON PEUIETKH.

CuHTeTHYECKHE LIEOJIUTHI BBITYCKAIOTCS B BHJIE TpaHyll LIapooOpa3sHOU
dopmbl (quametp 2...5 MMm) u wmHApUYeckoit popmel (d = 2...4 MM U JIHHA
2...4 Mm).

Heonut KA ncnosb3yeTcsi TOIbKO AJISl OCYIIKHU ra3oB; neoauT NaA amacop-
GUpPYET Ta3bl, KPUTHIECKHIT pa3Mep MOJeKy KOTopsix He mpesbimaer 41070 m
(cepoBomOpoI, CEpOYTIIEPOI, aMMHUAK, TaH, MPOMIICH, METaH, OKCHJ[ yIiepoJa
v ap.), neomut CaA moriomaeT yriieBoJA0POIbl U CIIUPTHI TOIBKO HOPMAITBLHOTO
ctpoenus. Lleomuter CaX u NaX umeror Gomplvie BXOAHBIE KOKHa» U cOpOu-
PYIOT BCe MOJIEKYJIbI, ajicopoupyembie rieosutamu NaA u CaA, a takxe HadTe-
HOBBIE U ApOMATUYECKHUE YIIJIEBOJIOPO/Ibl, OPTaHUYECKUE CEPHUCTHIE, a30TUCThIE
U KUCJIOPOJHbIE COCIMHEHHUS], TAIOreH3aMeIlEHHbIE YIIIEBOJOPOAbI C OTKPBITOM
LENbIO U JIp.

JIJ1 OYMCTKH Ta30BbIX BEIOPOCOB OT BPEAHBIX MPUMECEH B MOCIeHEE Bpe-
MSl UCCIIEIyIOTCSl aKTHUBUPOBAHHbBIE YTJIEPOAHbIE BOJIOKHA. JIOCTOMHCTBA MX IO
CPaBHEHHUIO C AKTUBHBIMHU YIJISIMU CIIEIYIOIIME. OHU 00Ja/1at0T PUIBTPYIOLIUMU
U aJcCOPOLMOHHBIMH CBOMCTBAMH, BBICOKOW CKOPOCTBIO IPOLIECCOB alCcOPOLMH
— JecopOuuu, a TaKKe BBICOKOM XMMHYECKOW, TEPMUYECKON U paHallMOHHON
CTOMKOCTBIO.

4.1. TexHoJiorusi aacOPpOLMOHHON 0YMCTKH MPOMBIILICHHBIX BBIOPOCOB

Hawubosnee mmpokoe NpUMEHEHHE METOJbI aICOPOIIMU HAXOAT B TEX CIIy-
Yasx, KOrja HEOOXOIUMO CHHU3UTh COJCPIKAHUC 3arpsi3HSIONIMX BEIIECTB [0
OYCHb HU3KHUX, CIICAOBBIX 3HaueHHH (OT MUJUTHAPIHBIX JOJICH 0 HECKOJIBKUX
MHUJUTHOHHBIX J10JIel). MHOTHE 3arps3HUTENN C CHJIBHBIM 3allaxoM OOHapyXH-
BAIOTCS YK€ MU COAepaHmsAX mopsiaka 100 Mupa™; [is MONHOTO yAaleHHS
3armaxa KOHIIEHTpAIWs 3arps3HSIONICTO0 BEIecTBa JODKHA OBITh CHUXKCHA J0
Ooyiee HU3KUX 3HAYCHUH, Yero HEBO3MOXKHO JTIOCTUYh, MPUMEHSST OOJIBIIINHCTBO
JIpYyTHX MeTOoA0B 00paboTku. [lomo0HbIe 3a1auvi BOSHHKAIOT B IMHINEBOM IMPO-
MBIIUICHHOCTH (yAaJIeHUE 3aIlaXxoB IMPU KOHCEPBUPOBAHUH, 00KHTe Kode, Tepe-
paboTKe PHIOBI, BHITAIUIMBAHUM cajla, ()epPMEHTAINH, KaPCHUH W BBHITICUKE), B
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XUMHUYCCKON M TepepadaThIBAIONICH MPOMBIILICHHOCTH (B YaCTHOCTH, B IIPOU3-
BOJICTBE KJIesI M TIPH IepepaboTKe MPUPOTHBIX MAaTEPHATIOB, TAKUX KaK KPOBb H
JKeJe3bl, IpH TyOJCHUH B IPOU3BOCTBE OyMaru), a TakXke Mpu OCYIICCTBICHUU
JPYTUX MPOIIECCOB, HAIIPUMED, B JIMTCHHOM IIPOU3BOJICTBE, NTPU HAHCCCHUH Jia-
KOKPACOYHBIX M JIPYTUX IMOKPHITHI, U B Ja00OpPaTOPHUAX, TJC MPOBOAITCS dKCIIE-
PUMEHTHI Ha )KUBOTHBIX.

Ancopbrust MmeHee 3G (eKTUBHA TP HEOOXOAMMOCTH yAaJICHUS OOJIBITUX
KOHIIEHTpAIMi 3arps3HSIONMX BEIIECTB, MOCKOJIbKY TpPH ATOM HEoOXoauma
OonpIast aacopOIMOHHAsT €MKOCTh WJIM OOJBIIOE KOJIMYECTBO ajncopoeHTa. B
TeX CIydasx, Korja KOHIICHTpAIlMU 3arpsi3HEHUN HEBEIUKU U 00padoTKe MO/I-
Bepraercsi OOJBINOE KOJIMYECTBO BO3AyXa, afACOPOINS MOXKET OKa3aThCs OYCHD
3¢ HEKTUBHON IS yAAICHUS JIETYYUX yTIEBOAOPOJIOB U OPTaHUYECKUX PACTBO-
puteneii. Hanbonee nenecooOpa3HO MCHOJIB30BATh 3TOT METOJ ISl yAAJICHUS
MapoB SIIOBHUTHIX BEIIECTB W IMPEANOJIaraéMblX KaHIIEPOTCHOB B TEX CIydasXx,
KOT/Ia COJIEp)KaHKMe MPUMECEH TOJDKHO OBITh CHMDKEHO /10 HECKOJBKHX MUJLIHU-
OHHBIX JIOJICH W HUXKE.

[[Inpokoe MpUMEHEHUE HAXOAUT aICcOpOLUs JIIS yIajaCHHUS TapoB pacTBO-
puTens U3 oTpabOTaHHOTO BO3ayXa IMPH OKpacKe aBTOMOOMJICH, OpraHWYCCKUX
CMOJI M TIaPOB PACTBOPUTENSA B CUCTEME BEHTWIISIIUU MPEATPUITHA IO TPOU3-
BOJICTBY CTEKJIOBOJIOKHA M CTEKJIOTKAHH, a TakkKe mapoB 3¢upa, arleToHa u Apy-
TUX PacTBOPUTENIEH B MPOU3BOACTBE HUTPOIEIUIIOIO3bI U OE3BIMHOTO MOPOXa.
AJIcOpOEHTHI MCTIONB3YIOTCS JJII OYMCTKUA BBIXJIOMHBIX Ta30B aBTOMOOWJIEH U
JUTSL YIAJICHHS SIIOBUTHIX KOMIIOHEHTOB, Hampumep HyS U3 ra3oBbIX MOTOKOB,
BbIOpachiBaeMbIX B aTMoc(epy uepe3 J1abopaTOpHbIE BHITSKHBIE HMIKadbl. A-
COpOIMST MPUMEHSETCS M JIJIS1 yIaJeHUsI PaIMOAKTUBHBIX Ta30B MPHU IKCILTyaTa-
ITUU SITIEPHBIX PEaKTOPOB, B YACTHOCTH, PaJIoHA M PAIMOAKTUBHOTO HOJA.

AgcopO1iss HaXOAWT MPUMEHEHHE M B TEX CIy4asX, Korja HeoOXOJUMO
Oonee M MeHee HM30MpaTeIbHOE YyAAJICHHWE OIPEACIICHHBIX Ta3000pa3HbIX
KOMITOHEHTOB M3 cMecH. [IoMUMO MCTIONB30BaHUS I OCYIIKH Ta30B, HMIIPET-
HUPOBaHHBIC aJICOPOCHTHI HMEIOT M JAPYTHe 00JaCTH MPUMEHEHHUS, CBI3aHHBIC C
WX CEJICKTUBHOCTBIO, HAIPUMED, JUIS yJaJICHUS STHJICHA M3 OTXOJAIINX Ta30B.
MoJteKyJIIpHbIC CUTa UCITOJIB30BAIKCH IS YIaJICHUS IMapoB PTYTH HA TPEANpPH-
ATHAX TI0 TIPOU3BOJICTBY XJIOPA U IIETIOYH, TJI€ MPUMEHSIOTCS DJIEKTPOIU3EPHI C
PTYTHBIM 3J1eKTpoaoM. [IpoBenensl skcriepuMeHTshI 1o yaanenuto SO, Ha MoJie-
KYJISIPHBIX CUTax. AJCOpOIMs IPUMEHSIETCS ISl YIAICHHUs] HEOPTaHUYECKUX 3a-
TPSI3HEHUH U3 TOMOYHBIX Ta30B.

B HEKOTOpBIX ciydasx, B 4aCTHOCTH IpH 00pabOTKE TOPIOYMX Ta3oB, IS
pa3pylIeHus] TOKCUYHBIX OPTaHUYECKHUX BEIIECTB MOXXET OBITh HCIIOJIH30BAHO
JO’)KATAHUE, OJTHAKO MPUMEHEHHE dTOTO METOJAa 3aTPYIHEHO TeM, YTO KOHIICH-
TpaIy OPraHUYECKUX TIPUMECEH, PacTIpeICIICHHBIX B OOJBIIOM 00beMe BO3IY-
Xa, 0YeHb HU3KH. /{11 TOTO UTOOBI HarpeTh TaKue OOJIBIIKE KOJIMYECTBA BO3AyXa
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70 TeMIeparyp, MPU KOTOPHIX MPOBOIUTCS ITOKUTAHUE, PACXOAYETCS OYCHBb
00JIBIIOE KOJUYESCTBO DHEPTUH, JaKE MPHU HCIOJB30BAHUHU CIICIIUATLHOM armma-
paTyphbl, o0ecreunBarolell YCUIEHHBIA TEMJI000MEH B ra3oBod (aze. DKOHO-
MUYHOCTb IPOLIECCa JOXKUTAHUS MOXET ObITh 3HAUUTENIHHO IMOBBIIIEHa Oyaro-
napsi aJCOPOIIMOHHOMY KOHIIEHTPUPOBAHUIO 3arpsi3HEHUM TMepes JOKUTaHUEM.
HaunGonpimuit s5xoHOMHYECKU 3)PeKT gocTUraeTcs B T€X ciydasx, Korna o0b-
eMHasl KOHIleHTpanus 3arpsisaurteneit cocrapmser 20...100 MJIH ©, XOTS METOJ
octaercs d(pQEKTHBHBIM U MpH KoHIeHTpaumsix 10 300 mun". O6pabaTbiBac-
MbI€ Ta3bl MPOMYCKAIOT Yepe3 CJIOoW ajacopOeHTa OOBIYHBIM O0pa3oM, a HACHI-
HICHHBIA aJICOPOCHT MPOYBAIOT BO3YyXOM, KOTOPHIA 3aTE€M MOCTYyHaeT Ha JI0-
uranue. Takol MEeTOJ IMO3BOJISET MOBBICHTH KOHIICHTPAIIUIO 3arpsS3HUTENS B
40 pa3. AcopOIMOHHOE KOHIIEHTPUPOBAHUE OKAa3ajoCh IEJIECO00Pa3HBIM TIPHU
0OBEMHBIX KOHIEHTpALMsIX 3arpsauTens m0 300 mun", mpuueM sddexTns-
HOCTh aJICOPOIITMOHHON 00paOOTKH PE3KO BO3pACTaeT C yBEIWYEHHEM oObema
00pabaTbIBaeMOro rasa.
Aocopouyusa napoe opzanuueckux pacmeopumeneil

Br16pock! mapoB pacTBopUTeNield IPOUCXOAT IPU UX XPAHEHUH U TIPU UC-
M0JIb30BAaHUU B TEXHOJIOTHYECKUX Mpolneccax. s ux pexynepanuu Ucroiab3y-
I0T MEJIKOMOPUCTHIE aJCOPOCHTHI: aKTHBHBIC YTIJIM, CHJIMKAreid, ajlroMOTeNH,
[IEOJIUTHI, TIOPUCTHIE cTekina. Hambonee mpeanodTuTenbHbl JUisl PEIICHHs TOM
3a/layu aKTUBHBIEC YTJH, MOCKOJBKY 3TH THAPOGOOHBIE aACOPOSHTHI XOPOIIIO
COpOUPYIOT Mapbl OPraHUYECKUX PACTBOPUTENICH MPU OTHOCUTEIILHON BIIAYKHO-
CTH OYMINAaEMbIX Tapora3oBbix cmeceil 10 50%. PenTabenbHOCTH pekyrepaiu-
OHHBIX YCTAaHOBOK 3aBHCUT OT KOHIICHTPAIMH TMApPOB JIETyUYUX PACTBOPHUTEIICH:
HAMMEHBIIAS KOHIEHTPALWs s OyTunamerata pasHa 1,5 r/m®; Tomyoma — 2
/M anerona — 3 /M, Gensona — 2 r/M°; 6ensuHa — 2 T/MC) cepoyriepona — 6
/v,

[Tornomenre mapoB JETy4YUX PACTBOPUTENCH MPOU3BOAUTCA B PEKyIepa-
ITMOHHBIX YCTAHOBKAX CO CTAI[MOHAPHBIM CIIOEM aJcOpOEHTa, pa3MelIacMbIX B
BEPTUKAJBHBIX, TOPU30HTAIBHBIX WJIM KOJBLEBBIX ajcopOepax. AmcopOepsl
BEPTUKAJIBLHOTO THUIA UCIIOJIB3YIOT MPU HEOOIBIIMX MOTOKAX OYHUIIAEMBIX MMapo-
ra3oBbIX CMeCeH, TOPU30HTAIbHBIE U KOJIBLIEBBIEC annapaThl MIPUMEHSIOT AJis 00-
paboTKH cMecel TP BBHICOKUX CKOPOCTSX MOTOKA. PexymnepalimoHHble yCTaHOB-
KU TIEPUOANYECKOT0 JACHCTBUS pabOTaIOT MO YEThIpEX-, TpeX-, U AByX(pazHomy
rkiaM. YeteipexdasHplii UK BKIOYACT MOCIEA0BATEILHO (ha3bl aacopOmumu,
necopOIuu, CyIKN ¥ oXJaxaeHus. B TpexdaszHom 1ukiie HCKITF09aeTcst OJTHa U3
¢da3 cymku unu oxyaxaeHus. J[Byxda3Hbli UK BKIIOYACT JIBE OMEpaIluu: aj-
copOIHIO U 1ecOpOIHI0, TIPH ATOM IMPOIIECC aCOPOIUU COBMEIIAIOT C CYIIKOM
U OXJIQXJACHUEM TorjoTtutens. JlJis HempephIBHOCTH PEKYIEPAIMOHHOTO TIPO-
1[ecca yCTAaHOBKA YJIABJIMBAHMS MAPOB JICTYYUX PACTBOPUTENCH JOJKHA BKIIIO-
JaTh Kak MUHIMYM JIBa ajicopOepa MepuoguIecKoro JCHCTBHSI.
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B mocnegnee Bpemsi OOJbIIOE pPa3BUTHE MOJYYHIH HETMPEPHIBHO-
JCHCTBYIOIME YCTAHOBKU C JIBMKYIIMMCS TUIOTHBIM WJIHM TICEBIOOKUKCHHBIM
CJIOEM aJIcOpOEHTa, K MPEUMYIIECTBAM KOTOPBIX OTHOCSATCSI BHICOKHE CKOPOCTH
00pabaTbhIBa€MbIX MOTOKOB, KOMIAKTHOCTh OOOPYJIOBaHHUS, BBICOKAs CTEMEHb
UCIIOJIb30BaHUS aJICOPOEHTOB, HU3KME dHEPro3aTpaThbl, BO3MOKHOCTh aBTOMAaTH-
3anuu mnpoiecca. COBEpUICHCTBYIOTCS TaKKe YIJIEPOJAHbIE MaTepUalibl — MOTJIO-
TUTENIN B BHUJAE YIJIEPOIAHBIX BOJIOKOH, OOECIIEYMBAIOLIUE BBICOKYIO CTEIEHb
(6osee 99%) pekymnepanuy pacTBOPUTENICH, TOHWKEHHYIO T0Xapo- U B3PbIBO-
OIMAaCHOCTh, CHM)KEHHUE IOTEPh PACTBOPUTENECH H3-32 TEPMHUECKOIO pasiioiKe-
Hus. g Gonee rayOOKOM OYMCTKM MAapora3oBbIX MOTOKOB OT MApoOB JIETYYHUX
pacTBOpHUTENEH HCIONb3YIOT KOMOMHHPOBAHHBIE METOJbI, COYETAIOIINE pa3-
JUYHBIE Tpolecchl ouncTku. Hampumep, mpu pexynepanuu cmecu ¢GeHoja u
ATaHOJA U3 OTXOMAAIIUX Ta30B JUIs yJIaBIMBaHUS NapoB (PeHOIa HUCTIONb3YIOT ab-
COpOLMOHHBIA METO/, a JUIsl YJIaBIMBaHUA [MapOB 3TAHOJA — aICOPOLMOHHBIN.

Ouucmka 2a306 om oKcuooe azoma

Kak abcopOuunoHHbIe, TaKk U aJACOPOLIMOHHBIE PUEMBI MTOTJIOMIEHHS c1abo0-
OKHUCJIMTENIbHBIX HUTPO3HBIX Ta30B Manod((PEeKTUBHBI BCIEJICTBUE 3HAYUTENb-
Holt uneptHocTu NO.

B npoMbIieHHOM MpakTUKe OYUCTKAa OTXOMASIIMX ra30B OT OKCHIOB a30Ta
IPU KCIOJIb30BAHUHU aJICOPOEHTOB — IMOTJIOTUTENEH OrpaHUYeHa. XeMocopOLu-
OHHasl OYUCTKA ra3oB OT OKCHUJOB a30Ta MPUMEHMMA Ha OCHOBE MCHOJIb30BaHUS
TBEP/bIX BELIECTB, CIIOCOOHBIX BCTYIAaTh B XUMHuyeckoe B3aumosenctaue ¢ NO;.

C uenpto ynaBnmuBanust NOy U3 OTXOASAIIUX Ta30B pa3padOTaH METOA aj-
cOpOLIMU OKCHIOB a30Ta TOPQOIIEIOYHBIMU COPOCHTAMH B anmaparax KHIIsIe-
ro cnos. CteneHb O4YHCTKH Ta3oB, coaepxkamux 0,1...2% NO, npu Bpemenu
koHTakta a3 1,6...3 c, mocturaer 96...99%.

Eme Gonbmmii adext mocruraercs mpu MCnoiab3oBaHuu Topda, odpado-
TAaHHOTO aMMHaKoM. HemocTaTkoM 3TOro MeToja sBIsieTcss BO3MOKHOCTh CaMo-
BO3rOpaHus Topda.

Jnst neHutpuduKanyd OTXOJAUIMX Ta30B BO3MOXHO HMCIOJIb30BaHUE OY-
pBIX yriaei, ¢ochaTHOro Ceipbs, JUTHUHA. TBEpAbIE OTXOJbI - MPOAYKTHI ra30-
OUYKCTKH HE MOJJIekKAT PEereHepaluy U MOTyT UCIOJb30BaThCs KAK OpraHOMUHE-
paJibHbIe yI0OpEHUs U MPOMBIIIEHHBIE peareHThl. B kauecTBe Apyrux A0CTyI-
HbIX U AemeBbix nornotuteneil NOy, MOryT HCIONb30BaThCsl U3BECTh, U3BECT-
HSIK, claHleBas 301a. OTpaboTaHHbIE XeMOCOPOEHTHI MOKHO UCHOIb30BaTh IS
HENTpaIu3aii KUCIBIX CTOKOB M B KQUECTBE a30TOCOAEPKAIUX YA0OPEHUH.

Ouucmka 2a306 om OUOKCUO08 cepbl

JIJ1si OYMCTKH JBIMOBBIX Ta30B OT JIMOKCHUJIA CEPhl MCHOIB3YIOT TBEPJbIE
XEMOCOPOEHTHI ITyTEM MX BBEJEHUS B MBUICBUJIHOM COCTOSIHUU B TOTIKU WJIU Tra-
30XO0Jbl TEIJIOPHEPTEeTHUECKUX arperaroB. B kauecTBe XxeMOCOpOEHTOB MOTYT
OBITh MCTIOIH30BaHBI U3BECTHSK, TOJTOMHT WUJIH U3BECTh.
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Jlsi yBenWYeHHUsI aKTUBHOCTH XEMOCOPOSHTOB BBOMST CIEIIMATIBHBIC JO-
0aBKM B BHJIC HCOPTAHMUYECKHUX COJICH, OKCUXJIOPHIA MEaH, OKcuaa maraums. K
CYXHM CIOcO0aM OTHOCHUTCS TOTJIONIEHUE TUOKCHIA CEPhl YIIIEPOIHBIMHU IIO-
IJIOTHTEISIMH (aKTHBHBIC YIUIM M TIOIYKOKCHI) mpu Temmeparype 110...150 °C.
DddexTuBHOCT yrieaacopOuonnon ounctku pocturaet 90...95 %. Jlns pe-
reHepaliyd HaCBIIEHHBIX MOTJIOTUTENIEH MOTYT ObITh MCIOJIb30BAHBI TEPMUYE-
cknit (10 400...450 °C) u sKcTpakUHOHHBIH (IT0OrPETOil BOOIT) CIIOCOOEL.

Pazpabotan npouecc mist ancop6imu SO, U3 OTXOASIIMX ra30B, B KOTOPOM
MPOMCXOJUT AACOPOIMA M KaTanuTudeckoe okuciaeHue SO, B ABKYyIIEMCS
CJI0€ aKTMBUPOBAHHOTO YIJISA, & TAK)Ke MPOIIECC C MCIOJIb30BAHUEM IIEIOYHOTO
OKCH/JIa aTIOMUHHSI, TPaHyJIbl KoToporo coxepxkat 56% Al,O; u 37% Na,O.

Ouucmka om xaopa u xnopuoa 6000pooa

["a3000pa3HbIil XJIOp XOPOLIO MOTJIOMIAETCS TBEPABIMH OPraHUYECKUMU CO-
CIMHCHHUSIMH, TAKUMHU KaK. JIMTHWH, JIATHOCYJIh()OHAT KaJbIUs, MPEICTABIISAIO-
mpe coO00l OTXOJIBI MPOIIECCOB XUMUYECKOH MmepepabOoTKH JPEBECUHBI U PACTH-
TEIBHOTO CHIPhs. B KauecTBEe TBEPABIX MOTIOTUTENICH XJI0pHIa BOJOPOIA U3 OT-
XOJIAIUX Ta30B MOTYT OBbITh MCHOJIB30BAHBI XJIOPOKCH/T JKelle3a, XJIOPHUI 3aKUC-
HOUM menu, cynbdaTel U pocdarbl Mean, CBUHIA, KaAMUs, a TaKXKe IEOJIUTHI.
DT TOTJOTUTENU HUCHONB3YIOTCS Il 00pabOTKM HU3KOKOHIEHTPUPOBAHHBIX
o HCI razos (mo 1 06.%) B mmpokom uHTEpBaje ux temmeparyp. s yaane-
Hust HCl u3 oTxoasmnmx ra3oB BO3MOXKHO HCIIOJIb30BaTh MOPOIIOK HErameHOn
u3BecTH. KOHTaKT ee ¢ razamu OCyIIECTBIISIOT B PEAKTOPE KHUIISIIETO CJIOS WIH
HEMOCPEJICTBEHHO B razoxoje. OTIeNeHHBIN OT ra3a morjioTUTelb MOCie pere-
HEpaIy MOKHO BO3BPATUTH B TIPOIIECC.

Ouucmka 2azoe om cepoeooopooa

['my6okyro ouncTKy Tra3oB oT H,S obecnieunBaroT amcopOIMOHHBIE METOIBI
C WCIIOJIh30BAaHUEM THAPOKCHIA JKeJIe3a, aKTUBHOTO YTJIs, IEOJUTOB U JIPYTHUX
MOTJIOTUTENEH.

D¢ddextuBHBIM MOTIIOTUTENEM H,S sSBIsSIETCS aKTHBHBIN yroyb. Beicokas
9K30TEPMUYHOCTh IIPOLIECCOB OKUceHus H,S B agcopOeHTe mpUBOAUT K MHTEH-
CHUBHOMY pa30rpeBy CJIOSl MOTJIOTUTENS U K PUCKY BO3ropaHus yrisi. B aToil cBs-
3M OYMCTKY ra30B aKTUBHBIMU YIIISIMU OT H»S MpoBOIAT npu KOHIIEHTpALUU 3a-
rpsisHATens 10 5 r/M°. CepoeMKOCTh HCIOIB3yeMBIX IS OUUCTKU ra30B oT H,S
akTUBHBIX yriteit coctaisier 200...520 kr/m’. Ilpu BeicoTe citost yriis Gomee 1 M
JOCTUTaeMasi CTETNeHb HaChIIeHUs noriotutens mpeBocxoaut 90%.

Perenepanuio HaCBIEHHBIX yTEH MPOBOAST PACTBOPOM CyJb(umaa aMMo-
aust (NH,),S.

DKCTparupoBaHHBIA YTOJIb OCBOOOKIAIOT OT CYIb(UIHON CEPhl TPOMBIB-
KOU €ro BOAOW, OTIIAPUBAIOT JUIS Y IAJICHUS] aMMOHHUMHBIX COJIEU U CyIIAT.
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D} dexTUBHBIM CPEACTBOM OYUCTKH Ta3oB OT H,S sBisAIOTCS CHHTETHYeE-
CKH€ IIEOJIUTHI MpU 00paboTKe razoB ¢ cojepxkanueM cepol < 2 %. Konuenrpa-
IISE CephI B OYMINAEMBIX HMH Ia3aX MOYXET OBbITh CHIDKeHa 10 1 Mr/m° i HIKe.

B npaxTtuke ounctku ot H,S TEXHOIOTMYECKUX ra30B HAXOASAT MpUMEHeE-
HUE TMOTJIOTUTENH, MOJyYaeMbIle Ha OCHOBE OKCHJIa IIMHKA, OKCHUJOB LIMHKA W
ME/IH.

[Iporiecchl OYMCTKHA C HWCIOJB30BAHUEM JTHX XEMOCOPOEHTOB TPEOYIOT
MpeABapUTEIBLHOIO HarpeBa oopadaThiBaeMbIX ra3oB. OTpabOTaHHBIE MOTJIOTHU-
TEIU OOBIYHO HE PETEHEPUPYIOT B CBSI3U CO CIIOKHOCTBIO IpoLecca JeCOpOIun.

4.2. YcTpoiicTBO U PUHIIUI el cTBUS acopOepoB

JIsi O4MCTKU ra3oB MCHOJB3YIOT ajcopOepbl MEpUOAMYECKOTr0 U Hempe-
peiBHOTO JeicTBUsd. CylIecTBYIOT pas3fiMyHble KOHCTPYKIIMU aJcOpOepoB: Iie-
PHUOANYECKOTO U HEMPEPHIBHOTO JEUCTBUS, TOPU30OHTAIBHBIE U BEPTUKAIbHBIE U

T.JI.
4.2.1. AncopOepbl NepuOAHYECKOT0 JeiiCTBUSA

K ammapaTtam mepuogndeckoro AeWCTBHS OTHOCSTCS BEPTHUKAIbHBIC, TOPH-
30HTaJIbHBIC, KOJIBIIEBEIE aIcOPOEPHI, a TAKKE BBHIMOJTHEHHBIC B BHUJIE TPyO4aTO-
ro TErmI00OMeHHWKA. ENWHWYHAS MPOW3BOAUTEIBHOCTh BEPTHUKAILHBIX OJIHO-
CIIOMHBIX ancopOepoB 00baHO He mpesbimaet 10000 m*/u.

AncopOepsl IEPHOTUIECKOTO IECHCTBUS MOTYT OBITh C HETIOJBHMKHBIM CJIO-
€M H C KUIIAIIIM CII0OEM aJcopOeHTa.

OCHOBHBIM TOJIOKHTEIHHBIM (AaKTOPOM aJCOPOIMOHHBIX YCTAHOBOK TIIE-
PUOIUYECKOTO JEHCTBHUS C HEMOJBIDKHBIM CIIOEM aJICOpPOSHTA SBISETCS OTCYT-
CTBHE B HUX MCTHPAHUS YaCTUIl COPOEHTA B PE3yJIbTaTe TPEHUS OJHA O JAPYTYIO
U O CTEHKH armmapara, TpybompoBoaa u T.n. B aacopbepax mepuoanueckoro
JIEUCTBUS JTOCTUTACTCS IOCTATOYHO BBICOKAsi CTEMEHb OYMCTKH W OCYIIKH ra-
30B, MTOIABAEMBIX B aImapar.

OCHOBHBIMHM HEIOCTATKAMH aJICOPOEPOB MEPUOIUIECKOTO JIEHCTBUS SIBIIS-
I0TCS HEOOIBIIINE CKOPOCTH Ta30BOTO MOTOKA B IIUXTE M OTHOCUTEIHHO MaJias
10711 COpOeHTa, aKTUBHO YYaCTBYIOIIIETO B Iporecce (30Ha Maccorepenad, Kak
NPaBUIIO, 3HAYUTEIBHO MEHbIIe 001Iel ToMIHMHbI ciios). Kpome Toro, Gosbiioe
CEUeHHEe TOPU3OHTANBHBIX a7cOpOepoB HE 0OecrednBacT PaBHOMEPHOCTH pac-
IpeIeIeHUs Tapora30BhIX MMOTOKOB IO CEYCHHIO |, CJIEAOBATEIBHO, U TTOJHOTHI
UCTIONB30BaHUsS aJCOPOIIMOHHON eMKOoCcTH copOeHTa. [loaToMy BepTHKaIbHBIE
ajcopOepsl MO CPABHEHHIO C TOPU3OHTAILHBIME 00JIe€ palliOHAIBHBI B UCIIOJb-
30BaHUU. AJCOpPOEpHl TOPU3OHTAIBHOW KOHCTPYKIMH I1elecoo0pa3Ho MpHuMe-
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HATH MPU OYMUCTKE OOJIBIINX KOJIMYECTB ra3a OT XOPOIIO COPOUPYIONIUXCS TPH-
Meceil.

B ancopOIHMOHHBIX YCTaHOBKAX MEPUOIUYCCKOrO JCHCTBUS MPETyCMAaTPH-
BAlOT HECKOJBKO a7cOpOEpOB I Pa3IUYHBIX TEXHOJOTHUECKUX CTaJMiA — al-
copOumu, A1ecopOIru, CYIIKH WA OXJTaKICHUS.

AncopOepsl ¢ HEMOJABIKHBIM CIIOEM MPEACTaBISIOT COOOH IMIMHIpUYE-
CKHE€ BEPTHKAJIBHBIC WM TOPU3OHTAJIbHBIC €MKOCTH, 3allOJHCHHBIE CIIOEM al-
copOenTa. B Takux ammaparax aacopOIui0 MPOBOAAT MO cTaausMm: 1) amcopO-
s, 2) gecopOiust; 3) cymika aacopoenta u 4) oxnaxaenue aacopoenra. HoBeie
KOHCTPYKITUU aJICOPOEPOB TIEPUOJIMUYECKOTO JEHCTBHUS TO3BOJISIOT Oojee -
(GeKkTUBHO MpoBecTH Tporiecc. K HUM OTHOCAT ajicopOep MOJIOYHOTO MHOTOCCK-
uonHoro tumna (puc. 4.1).

8 xondericamop

Ovuien-
Holld 203
i tataaec 8

a3 Ha

oYucmK g

Tennonocumens

Puc. 4.1. Aacop6ep monoyHOro Tvna ¢ HeMmOABUKHBIMU CJIOSIMU aJCOpOEHTAa.

Pa3mermnas agcopOeHT B anmapaTe ropu30HTAIbLHO BBICOKMM CJIOEM, MOYKHO
MPAKTUYECKN YCTPAHUTH BIIMSIHUE HEPABHOMEPHOCTH CJIOA HA CTENEHb OYMCTKHU
ra3oB, HO IIPH 3TOM BO3pacTaeT a3poAMHAMHUUECKOE COMPOTHUBJIEHUE ajcopoepa.
Kpome Toro gacTuiibl ajicopOeHTa B BEHICOKOM CJI0€ MHTCHCUBHO IPOTPEBAOTCS
13-3a cJIaboro TEIJI00TBO/IA M3 30HBI KOHJICHCAIIMH, YTO YMEHBIIIAET COPOITNOH-
HYI0 €MKOCTh aJICOpPOCHTA U HEXKEJIaTeTLHO BCIIEJCTBHE BO3MOXXHOCTH BO3Tropa-
HUsl. Ecu KOHLEHTpalus 3arpsi3HUTENS BBICOKA, TO MOXKET CTaThb HEOOXO/H-
MBIM U UCKYCCTBEHHOE OXJIQXKJICHHUE CJIOS aICOPOEHTA.
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OnHOKpaTHOE UCIOJIb30BaHUE aICOPOEHTOB B amnmnaparax MNepuoguuecKoro
NENCTBUS MOKET MPelyCMaTPUBATHCS MPU HEOOXOIUMOCTH 3MHU30IUYECKON 00-
pabOTKM MJIM OYMCTKH MAaJIbIX KOJMYECTB 3arpsA3HEHHBIX T'a30B; MPHU HU3ZKUX
KOHIEHTpAIUAX 3arps3HUTENIEH; PYU OYMCTKE ra30B, COJAEPKAIIUX OaKTepuoIIo-
TUYECKHE, PAIMOAKTUBHBIC 3arPSI3HEHUS WM BBICOKUE J103bl CUIIbHOJEHCTBYIO-
IIMX SIIOBUTBHIX BEHIECTB. B Takux ciydasx yJi00Hee BCEro yrnakoBbIBaTh aicop-
OCHT B KacCeThl COBMECTHO C (DUIbTpaMU WM MOMEIIATh B KOHTEHHEPHI C MIPH-
COEIMHUTEIbHBIMU 3JIEMEHTAMM.

[IpoomkuTenbHOCTh PAaOOTHl MEPUOANYECKUX aJcOPOEpOB HA CTAIUU afl-
copOLuMU onpeaensieTcs: HOJHOTON MOTJIOMICHHS 3arPSI3HAIOIIET0 KOMIIOHEHTA.

st HecTanmoHapHOro ajfcopOepa ¢ 3aKpeIuIeHHbIM CI0eM HeoOXO0IUMO
ONPEIEIUTh MOMEHT NPOCKOKA. [IpOCKOK MPOMCXOAUT, KOIZa H3MEHSIOIIAACS
KOHLIEHTpALUs 3arpsA3HUTENS B BBIXOJSLIEM a30BOM IOTOKE JOCTHUTaeT OIpe-
JIeJIEHHOTO 3aJJaHHOTO 3HAYE€HHs, KOTOPOE MOXKET OBbITh, HAIPUMEP, PABHO Be-
JUYWHE, JOMyCKaeMOil cTaHAapTaMH Uit JaHHOTO BeIOpoca. Bpems, Heo6xoau-
MO€ JIJIs1 TOCTH>KEHHSI TPOCKOKA, ONPEAEIISIETCS] U3 YPaBHEHUI MAaCcCONIEPEHOCA U
yCIIOBUI paBHOBECHS; OHO, B CBOIO OUYEPE/Ib, O3BOJIET ONPEACIUTh HEOOXOAH-
MO€ KOJIMYECTBO ajcopOeHTa. J[namerp aacopOLUMOHHOrO CI0S pPacCUUTHIBAIOT,
KaK U B Cilyyae adcopOLuu, UCXO0J U3 JOMYCTUMON BEJIMYMHBI THAPABINYECKO-
IO CONPOTUBIICHUS.

B ancopbepax ¢ HEMOABMKHBIM CIOEM Ta3 HEMPEPHIBHO MPOXOAMUT Yepes
a7cOpOEHT, KOTOpbI B HaYaJIbHbIH MOMEHT BPEMEHHU HE COJIEPKHUT ajcopdaTa

(puc. 4.2).
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Puc. 4.2. HecranmonapHas agcopOIis B 3aKpEIUICHHOM CJIOe COpOeHTa!
1 - Touka mpockoka; 2 - aacopOuunonHas 30Ha; O. H. - 00beMm, 3armoaHeHHbBIN
HacaJaKou
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CHauana agcopOEHT KOHTAKTHUPYET € MOCTYyNAIOUIMM KOHLIEHTPUPOBAHHBIM
pacTBOopoM. B pesynbTaTe mpoxoxAeHUs depe3 BECh CIOM afcopOeHTa MOYTH
BCE PAacTBOPEHHOE BEINECTBO yJaJIsAeTcsl U3 pactBopa. Puc. (puc. 4.2) wirocT-
pHUpYeT MmpoIiece MpH Mojaye MoToKa cBepXy BHU3; puc. (puc. 4.2,a) cOOTBETCT-
BYET CJIy4aro, KOT/la BBIXOASIIMI MOTOK MPAKTUYECKH HE COJEP>KUT PacTBOPEH-
HOT'O BEUIECTBA.

Camasi BepxHsisl 4acThb CJIOSl HAChIILAETCsl, U OCHOBHAs aJcopOLusl Mpouc-
XOJUT B CPABHUTEIBHO Y3KOM 4acTH ci10s copOeHTa, rJie KOHIIEHTpalus ObICTPO
U3MeHseTCs. DTa y3Kas aJcopOIMOHHas 30Ha CMellaeTcs BHU3 IO CIIOK, o0pa-
3ysl KOHIIEHTPALIMOHHYIO BOJIHY; CKOPOCTh CMEUIEHUS HAMHOI'O MEHBIIE, YEeM
JUHENHAas CKOPOCTh rasa, Impoxondiiero yepe3 cioi copOenta. C TedeHreM
BPEMEHU KOHIIEHTPALMSI PACTBOPEHHOI'O BELIECTBA B BBIXOJSALIEM IOTOKE BO3-
pactaet. Korga oHa pocturaer 3apaHee 3aJaHHOTO MPEAEIbHOIO 3HAUEHUs, KO-
TOpOE, HApUMEp, MOXKET ONPENEAThCS TPeOOBAHUSAMH 3aKOHOJIATEIbCTBA IO
OXpaHe OKpY>Karolleil cpefbl, CYMTAIOT, YTO MpoU3o0I1LIea Npockok. [Tocie aToro
KOHIIEHTpAIMsl PaCTBOPEHHOI'O BelllecTBa OBICTPO BO3pPACTAET, TaK Kak aJcopo-
[IMOHHAs 30HA BBIXOJUT 3a MPEEIIbl CI0d COPOCHTA; B KOHEYHOM MTOT€ KOHIIEH-
Tpalusi pacCTBOPEHHOI'O BEIIECTBA HA BBIXOJIE CTAHOBUTCS TaKOM ke, KaKk U B UC-
XOJTHOM pacTBOpe. 3aBUCUMOCTh KOHIIEHTPAIMU OT 00beMa BBIXOJSIIETO MOTO-
Ka B 9TOI 0071aCTH HOCUT HA3BaHUE KPUBOL NPOCKOKA.

Ecnu mape! BemecTBa aguabaTudecku aacopOUpyIOTCS U3 Ta30BOM CMeECH,
TO TEIJIOBBIJEIIEHUE B MPOIIECCE aJICOPOIIMH OMUCHIBAETCS TEMIIEpATYPHOU KpH-
BOM, KOTOpas MPOXOJUT MO CJIOK COpOEHTa aHaJOTHMYHO KPUBOM aJicOpPOIUU.
[ToBbliieHre TeMIIEpaTypbl BHIXOSIIETO MOTOKA MOKET CIIYKHUTh YKa3aHHEM Ha
NpUOIMKEHUE POCKOKA.

Bpewms, uepe3 KoTopoe MpOUCXOAUT MPOCKOK, U (opMa KPUBOM MPOCKOKA
OKa3bIBAIOT 3HAUMUTEJILHOE BIUSHHUE HA PEKUM PabOTHI aacopOEpoB C HEMO-
BIKHBIM ciioeM. Dopma kpuBoil onpezaenserca (PaKTUYECKO CKOPOCThIO U Me-
XaHU3MOM aJICOPOIIMOHHBIX MPOIECCOB, MPUPOJION aJCOPOILIMOHHOIO paBHOBE-
CHsl, CKOPOCTBIO TIOJIaYM KUIKOCTH, KOHIEHTPAIEel pacTBOPEHHOTO BEIECTBA
U BBICOTOU cJI0si copOeHTa. B HEKOTOpBIX ciydasx TOYKa MPOCKOKA BbIpaKeHa
OYEHb PE3KO, a UHOI/Ia €€ BEChMa TPYAHO OOHAPYKUTb.

Kak npaBuio, BpeMs 10 HAcCTYIUIEHHsI IIPOCKOKA YMEHBILIAETCS C YMEHb-
IIEHWEM BBICOTHI CJIOSI U YBEJIMYEHUEM pa3Mepa 4acTHUll aicopOeHTa, CKOPOCTU
MOJIa4YM CHIPbsl M KOHIIEHTPAIIMM PACTBOPEHHOrO BeliecTBa B HeM. [Ipu mpoek-
TUPOBAHUU Tpoliecca TpeOyeTCs: OMPEeeNaTh BpeMs 10 HACTYIUICHUS TPOCKOKA,
JJI Yer0 HEOOXOAUMO MOCTPOEHUE KPUBON POCKOKA.

B cxeme, mpuBenennoit Ha puc. 4.3, agcopOep MoxkeT paboTaTh MO TPEM
TEXHOJIOTUYECKUM IMKJIaM: 4yeThlpexdazHoMy, Tpex(dazHoMy H IBYX(a3zHOMY.
[Ipu uerkbipex¢da3HOM LUKIE MNOCIEAOBATENIBHO MPOBOJATCA aAcopOLMs, [e-
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copOmmsl, cylka u oxJaxaeHue ajacopoenta. Tpu mocneaHue craauu mpencTan-
JSIFOT c00O0¥H Tpoliece pereHepanuu aacopoenTa, T. €. BOCCTAHOBIEHUS €T0 CIO-
COOHOCTH TIOTJIONIATh IEJIeBbIC KOMITOHEHTHI U3 MCXOAHOW cMmecu. B Tpexdas-
HOM IIMKJIE aICOPOEHT TMOCIe PereHepali OXJIAXKIAACTCS UCXOMHON CMECHIO B
Hayvasne Qa3sl agcopouuu. [lpu aByx(ha3HOM IMKIE YacTh UCXOTHOW CMECH IIO-
JaeTcs B agcopOep cHadasa ¢ MoJA0rpeBoM, a MOTOM 0€3 HEeTo, WM JKe B TCUCHHE
BCeW cTaauu afcopOIMU CMECh MOAAETCA MPU OJHOW TeMIiepaType. DTUM JI0C-
TUTAETCS] COBMEIICHHUE CYIIKU U OXJIAXKICHUS CO CTauel aacopOIuu.

HenpepriBHOCTB mporiecca 1o Tra3oBoil ¢daze o0ecrnedynBaeTcsi COeTUHEHN-
€M HECKOJIbKUX OJJMHAKOBBIX aicopOepoB B OaTapero.

HecoMHEHHBIM JOCTOMHCTBOM TaKHX YCTAHOBOK SIBIISIETCSI UX MPOCTOTA U
HAJC)KHOCTh, YTO MPU COBPEMEHHBIX BO3MOYKHOCTSX ABTOMATH3AIMH KOMIICH-
CUPYeT HEIOCTaTKH, CBS3aHHBIC C MEPUOAMYHOCTHIO JCHCTBUS OTIEIHHBIX afl-
1aparToB.

Jliist obecriedueHrst HEMPEPHIBHON pabOThl YCTAHOBKH HEOOXOIMMO UMETh B
cXeMme He MeHee ABYX aacopOoepoB. OOBIYHO, YUUTHIBAs Pa3HOE BPEMs MPOTEKa-
HUS CTaui, B OJHON yCTaHOBKE MOHTHPYIOT OT TPEX JI0 MIECTH aJcopOEpOB.

[TpuBenennas Ha puc. 4.3 cxema afAcOpOMOHHON YCTAHOBKH PEKyIepaInu
JETY4YHX pacTBOPUTEIICH paboTaeT Mo YeThipexPpazHOMY ITUKITY.
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Puc. 4.3. Cxema afgcopOIIMOHHON YCTAHOBKHU MIEPHOINICCKOTO ACHCTBUS C
HETIOJIBIKHBIM CJIOEM aJICOpOCHTA!
1 —ancopbep, 2, 10, 12 — BeHTUAATOPHI, 3 — PUIBTPHI, 4 — OTHENPETPATUTEIIb,
5, 8 — X0OIUITbHHUK, 6 — pa3aenuTenb, / — KOHASHCATOP, 9 — COOpPHUK,
11 — xanmopudep, 13 - rupo3aTBOp
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Hcxoanast cmech nogaetcst B aacopOep 1 BeHTunsitopamu 2 uepe3 pykas-
Hble QUIBTpHl 3, OrHEemperpaauTens 4 ¢ pa3pbIBHBIMH MeMOpaHaMH M XOJO-
TIIBHUK 5. Ynceno agcopbepoB ompeenseTcs B COOTBETCTBUH € TpaduKoM pa-
OOTBI YCTAaHOBKH, COCTaBIISIEMbIM B 3aBUCUMOCTH OT MPOU3BOJUTEILHOCTH O/I-
HOTO anmnapara u MpoJI0JKUTEILHOCTH OTACIbHBIX (ha3 HHKIIA.

OuwnilieHHBIM B pe3ysbTaTe ajacopOuuu ra3 ypanserca usz ajacopoepa. Ilo
OKOHYAaHWHU (a3bl aJCcOPOIMU JIMHUS TMOJAaYM HCXOJHOM cMmecH (BEHTHIISATOD,
(GUIBTP, OTHENMpErpaanuTelib, XOJOMUIBHUK) MEPEKIIOYAIOTCA Ha CICAYIOIINUN
ancopOep, B KOTOPOM YK€ TPONLTH CTaIuM pereHepanun ajcopoenta (mpecopo-
1Hs1, CYIIIKa, OXJIAK/ICHKE), a B TICPBOM alllapaTe HaYMHACTCS 1eCOpOITus.

Octpeiit map gasiaenuem 0,3...0,5 MIla mogaetcs Ha necopOiuio B ajcop-
oep 1 (maBiernue B ajcopbepe mo 0,05 MITa) yepes mrynep b. Cmech u3Biekae-
MOT'0 KOMIIOHEHTA C TaK Ha3bIBACMbIM JTUHAMHUYECCKHM TapoM (Tiap, KOTOPBIA He
KOHJICHCHPYETCS B CJIoe acopOeHTa) BEIXOIUT U3 afcopdepa uepes mrynep A u
MOCTYIIAeT Yepe3 pa3Ae/IuTeIh 6 B KOHACHCATOP 7, XOJOAUIBLHUK 8 1 cOOpHUK 9.
N3 coopuuka 9 cMech UACT Ha pasneicHue (OTCTauBaHWE, PEKTU(DUKAILUSA U T.
1.).

OOpasoBaBimiics B aacopOepe KOHACHCAT rperoliero mapa (4acte mapa,
UAYIIEro Ha HarpeB CHUCTEMBI JI0 TeMIEepaTyphl mpolecca, Ha IecopOLuio u3-
BJIEKAEMOI'0 KOMITOHEHTA, HA KOMIIEHCAIIUIO OTPUIIATEIbHOM TEIIOTH CMayrBa-
HUS aJIcCOPOCHTA BOJOM M HAa KOMIICHCALIMIO MOTEPh TEIa) yAAIseTcs uepes
ruapo3atsop 13.

Bosnyx mis cymku Bentuisitopom 10 HarpeBaetcs B kanopudepe 11 mo
80...100 °C, momaetcs B ajcopOep uepes mMTynep A u ynaiasercs u3 ajacopoepa
yepe3 mryuep b. Bentunsatop 12 uepes mrynep A mogaer Ha OXJIaXACHUE -
copbeHTa aTMOC(EpPHBII BO3yX, KOTOPBIN yAaNsAeTCs U3 afcopOepa uepes Ty-
nep b (mpu HanuMYMK B cXeMe TOJIBKO JIBYX ajcopOepoB IS 3TOH IETH MOXKET
ObITh Mcnosib30BaH BeHTHIsATOP 10). Ha 3TOM Imki 3akaH4mMBaeTcs, u aacopoep
NEPEKITI0YAETCs Ha CTAAHIO aICOPOIUH.

[IponomxurensHOCTh (ha3 mpoliecca MPUHITO U300paxkaTh B BUje rpadu-
KOB WJIM TaOJUIl, HA3bIBAEMBIX IIUKJIOTPAMMaMHU.

Hwxe mpuBoauTcs mUKIorpaMMa padOThl PEKyNEpallMOHHON yCTaHOBKH,
COCTOSIIIIEH M3 JBYX aJcOpOCpOB M paboTaromIeii Mo YeTbipexdazHomMy UKy (a
— ajzcopOmus, 0 — JaecopOIus, ¢ — CYIIKa, 0 — OXJIAXKJICHHUE).
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Tabnuma 4.2

[MukiiorpaMMa paboThl peKyNnepaliOHHON YCTaHOBKH

Bpewms, 1 1 2 3 4 5 6 7
Ancop6ep Nel a a a a 0 c 0
Ancop6ep Ne2 0 c 0 - a a a
Bpewms, 1 9 10 11 12 13 14 15
Ancopoep Nol a a a a 0 c 0
Ancopbep No2 0 c 0 - a a a

Br10op nukita (4eTbipex-, TpeX- WK ABYX(a3HbIN) ONMpeaeseTcss TeXHUKO-
AKOHOMHUYECKAM PacdeToM, MPOBOJUMBIM B KaXKJIOM KOHKPETHOM CIlTydae B 3a-
BUCHMOCTH OT Ha3HaueHHsl mporecca (pexyneparus, 00e3BpeKUBAHUE OTXOI0B
IPOM3BOJICTBA, CO3/IaHUe OE30MACHBIX YCIOBUH Tpy/aa U T. I1.).

B mpakTuke aacopOLMOHHON OYKMCTKM Ta3oB HaubOojee pacipOCTPaHEHbI
WINHJIPUYECKUE BEPTUKAIBHBIEC U TOPU3OHTAIBHBIC a7ICOPOEPHI.

BepTukanabubie aacopdepbl H3TOTOBISIOT HECKOJIBKUX MOIUMDUKAIUN.
AncopOepbl ¢ BepXHHUM BBOJOM HCXOIHOH cMecH (puc. 4.4) BBIMOIHSIOT U3
CTaJIbHOTO JucTa ToamuHou 8...10 mm. Lmnunapuueckas obedaiika mpu BbICO-
T€ 10 2,2 M MOXET UMETh AuaMmeTp 2; 2,5 u 3 M B 3aBUCUMOCTH OT TpeOyemMoit
IPOU3BOJAUTEILHOCTH. J[HHINE W KpBIIIKAa — KOHHWYECKHe. BricoTa ciosi cop-
Oenrta BeIOMpaercsa B uaTepBaie oT 0,5 10 1,2 M. AACOpOEHT B 3TUX armapaTax
MOMEIIAETCS Ha pa300PHBIX KOJIOCHUKOBBIX PEIIETKAX, KOTOPBIC PACIIOIaratoTCs
Ha Oankax. [Tocieqnue ycTaHaBIMBAIOT HA OMOPHI, TPUBAPEHHBIC K CTEHKE KOP-
myca ajzcopoepa.

Jlnst mpenoTBpallieHus nonafgaHusi copOeHTa MOJ| PelleTKy Ha Hee MoMe-
HIAIOT JBa CJIOS CETKM M3 HEp)KaBEIOLIEH CTalM WM CJIOW KYyCKOBOTO TpaBHs
tonmuHOoM 100...200 mMm. CeTKy HCMONB3YIOT € SYehKaMU CIICIYIOMHNX pa3Mme-
pOB. HIWKHHKA cioil — oT 3,2x3,2 10 4x4 MM Tpu JUaMeTpe IMPOBOJIOKHU
0,9...1,0 mm; BepxHHit cioit - oT 1,4x1,4 no 1,8x1,8 Mmm npu quamerpe mpoBo-
goku 0,65...0,7 mm. Ilpu ucronb3oBaHUU TpaBHUsS MPSIMO HA PEIICTKY KIIATyT
Kycku pazmepom 25...30 MM, Ha HEX — pazmepom 15...20 mmMm, 3atem — 7...15
MM, a Ha HUX — 5...7 MM. JIJ1s pereHepaiuy akTHBHOTO Yallle BCEro MPUMEHS-
10T HACBIIMIEHHBIN BOJSHON Map, KOTOPHIH MOCTYNAET B YTONBHYIO TUXTY CHU3Y
noj pemeTky. [Ipy UCOIp30BaHNM B KAYECTBE MOJIOKKHU CIIOS TPABUS JJISL €T0
HarpeBa TpeOyeTcsl 3HAYUTENHHOE TOTIOJHUTEIBLHOE TEIUIO, TIO3TOMY BBITOJHEE
MPUMEHSATH TOJUIOXKKY U3 CEeTOK. [sl mpemoTBpaIieHuss yHoca yrias CJIol cop-
OCHTa MOKPHIBAIOT CBEPXY CETKOM C siueKkaMu pazMepoM oT 2,2x2,2 10 2,5x2,5
MM Tipu 1uametpe npoBosioku 0,7...0,8 mm. CeTka pukcupyeTcsi CBEpXy rpysa-

MU, TIPEJICTaBISIONIMMH COOOW YYTYHHBIE OTJMBKH IOTNICPEYHBIM CCUCHHEM
25%x25 mmMm, mmmaoi 600...900 M.
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Puc. 4.4. AncopOeppl NepuoIUUECKOro AEUCTBHS C HETIOIBU>KHBIM CJIOEM
ITOTJIOTUTEIIS:

1 — rpaBwmii; 2 — pa3rpy304HbIi JTIOK; 3, 6 - ceTKa; 4 — 3arpy304HbIH JIIOK; 5 —
IITYIEP IS TIOJa9H UCXOIHOM CMECH; 7 — IITYIIEp M1 OTBOJIA TIapOB MPH Je-
copOumu; 8 - mTyIep A NpeoXpaHuTeNIbHOTO KiianaHna; 9 — kpeimka; 10 —
rpy3sl; 11 — konbIto )kecTkocTH; 12 — kopiyc; 13 — ancopbenT; 14 — onopHoe
KOJIBII0; 15 — KoJlocHUKOBAs penieTka; 16 — mrynep /uisi OTBOIa OYHUIIIEHHOTO
rasa; 17 — 6anku; 18 — cmoTpoBoii 1mrok; 19 — mrynep /st OTBoIa KOHACHCATa U
noaaun Bojbl; 20 — 6apOotep; 21 — nHuie; 22 — onopsl 0anokK; 23 — mTyIep
JUISL TIOIa9M BOJISTHOTO T1apa dyepe3 6apoorep

Bo BxomHbIX marpyOkax MOMENIAIOT Ha KapKacax paclpeeTuTeIbHbBIS
MIPOBOJIOYHBIE CETKH M3 MEIU WM HEP>KABEIOIICH CTalM ¢ SYCHKOM 2,2x2,2 MM
npu auamerpe mpoBoioku 0,8 mm. OCTpblil BOASHOW Hap AJs BeACHUs JecopO-
MU TOJIAI0T Yepe3 KOJIbIEBOM 0apOOTep, pacHoSIOKEHHBIN IMOJ| PEHIETKOM, C
oTBepTUsIMHU AuameTpoM 4...6 mm. Ha BepxHeil kpbilike agcopbepa umeeTcs
IITYLEp I YCTAaHOBKHU MPEIOXPAHUTEIHLHOTO KITalaHa.

TopusontanbHbie aacopoepsl (puc. 4.5) usroropnstor guamerpom 1,8 u 2
M MpH JUIMHE [WIMHIPUYECKON YacTu Kopiyca 3...9 M; IHHUIIA JUIUITUYECKHE;
BbICOTA cJost agcopoenTa 0,5...1,0 M. Koprryc BBITIOJIHSIOT U3 JIMCTOBOM HepkKa-
BEIOIIEH WJIM yriiepoaucTor ctanu tonmuuoi 8...10 mm. B ancopOep, uzobpa-
JKeHHBIN Ha puc. 4.5, UCXOJIHAsI CMECh, CYIIMJIBHBIA U OXJIaXIAIOIIMN Ta3bl MO-
CTYIAIOT B BEPXHIOID YaCTh, B MPOCTPAHCTBO HaJ CI0eM ajcopOeHTa. Bxoaubie
naTpyOKu BHYTpH 00OPYIOBaHBI PacHpeICIUTEIIBHBIMUA CETKAMU U3 MEAN WU
HEPIKABEIOIIEH CTalu ¢ sTYeiiKaMu pazMepoM 2,2x 2,2 MM TIpU AUAMETPE TTPOBO-
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joku 0,8 Mmm. OuumIeHHBIN Ta30BBIN MIOTOK OTBOAUTCS M3 HWKHEH 4acTH ajicop-
Oepa, U3 MPOCTPaHCTBA MOJI clioeM ajicopoeHTa. OCTphIil ap Ha 1ecopOIIo To-
naeTcst yepe3 6apOoTep ¢ oTBepcTUAMH auaMmeTpoM 4...6 mm. Ilpu gecopOruu
CMECh IMapoB PACTBOPHUTEIICH C TTapaMH BOJBI OTBOJMTCS U3 afcopoepa CBEpXy.
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Puc. 4.5. 'opu3oHTa)IbHBIN afcopoep:

1 — xoprryC; 2 — ITYIIEp A7 TI01aYd TapOBO3AYIITHOM CMECH MPH afcopo-

MU ¥ BO3yXa MPH CYIIKE U OXJIAXKICHHUH, 3 — paclpeAeIuTeIbHas ceTKa; 4 —
3arpy304HBIH JIFOK C TIPEIOXPAHUTEILHON MEMOpaHOi; 5 — Trpy3sl; 6 — ceTku; 7 —

HITYLEp AJIs PEAOXPAHUTENILHOTO KilanaHa; 8 — mTylep g 0TBOJAA MapoB Ha
ctaauu aecopounu; 9 — cioit aacopoenTa; 10 — oK /U1 BEITPY3KHU aJcOPOCHTAa,

11 — mrTyuep AJig 0TBOAA OYMIIIEHHOTO ra3a Ha CTauu aJcopOIuu U oTpado-

TAHHOTO BO3/lyXa MPH CYIIKE U oXJaxaeHuu; 12 — cmorpoBoii mtok; 13 — my-

1ep JJIS OTBOJIa KOHACHCAaTa M 1oaauu Bobl; 14 — onopsl 1u1s 6anok; 15 — 6ai-
ku; 16 — pazbopHas KOJOCHUKOBAs pemierka; 17 — 6apborep

OCHOBHOUM HEIOCTATOK TOPU3OHTAIBHBIX aIcOpPOEPOB — HEPABHOMEPHOE
pacmpeneneHne TMOTOKOB IO CEYCHHIO aJcopOeHTa W 00pa3oBaHUE 3aCTONHBIX
30H. HecMOTpst Ha TPOCTOTY KOHCTPYKIIMHM ¥ Majlo€ THIPABINIECKOE COMPOTHB-
JICHUE, 3TH a7copOephl HE HAIIUINA ITUPOKOTO MPUMEHEHHUS B IIPOMBIIIJICHHOCTH.

AzncopOepbl KOJIbUEBOro THa. sl OYUCTKU Ta30B OT NPUMECEH, IpU-
CYTCTBYIOIIMX B HEOOJBITUX KOHIIEHTPAIUAX, MOXKHO MPUMEHATH KOJBIICBBIC
aacopOepsl. BepTukaibHbie ajicopOepsl, TOKa3aHHbIC HAa puc. 4.6 mpeacTaBiis-
10T cO0O0M TOJIBIA IUJIMHJP, B KOTOPBIM MmoMemiaercs: aacopOeHT. OHM KOHCT-
PYKTHBHO CJIOKHEE PacCMOTPEHHBIX BBIIIE a7COpOEpPOB C IUIOCKUM CJIOE€M, HO
Omarogapsi OOJIBIIIOMY TIOTIEPEYHOMY CEUYCHHUIO IMTUXTHI 00JIee KOMITAKTHBI H
UMEIOT OOJIBIIYIO MPOU3BOAUTEIBHOCTh MPH OTHOCUTEIBHO HEBBICOKOM TH/I-
PaBINYECKOM COMPOTHUBIICHUH.

96



6~
I~

4~

T

7 T
7 1L 19
Puc. 4.6. KonbreBoii agcopoep:

1 — ycranoBouHas namna; 2 — mTyuep A MoAa4u MapoBO3AYIIHON cMecH,
CYLIMJIBHOTO M OXJIKJIAIOIIEro BO3AyXa; 3 — ornopa Ajs 6a3bl Mo HUIUHAPHL; 4
— KOpItyC; 5, 6 — BHEIIHUI U BHYTpEeHHUH niepPopupoBaHHbIC TUITUHAPSHI, [ —
KpHbIIKa; 8 — cMOTPOBOIl NIOK; 9 — 3arpy3ounsbiit 1tok; 10 — OyHkep-
KoMrieHcarop; 11 — mryuep Ay npegoxXpaHUuTeNIbHOTO Kiamnana; 12 — cioii ak-
TUBHOTO yTiist; 13 — 6a3a ais nunuHApoB; 14 — pa3rpy304HbIii Ji0K; 15 — nHu-
mie; 16 — mTymep 4J1s 0TBOAA OYUIIIEHHOTO U OTPabOTaHHOTO BO3AyXa U IS T0-

Jla4M BOJISTHOTO Tapa; 17 — mtymep /uist OTBOJa MapoB W KOHJEH CaTa MpH Jie-
COpOLIMH U JIJIS T1OJJaYU BOJIbI

ArmapaTsl BBITIOJHSIOTCS TUaMeTpoM 10 3,2 M, BBICOTON 10 8 M. 3arpy-
304YHBIC JIFOKH PACIIONIOXKEHBI HA BEPXHEH KPBIIIKE, a Pa3TPy304YHBII — BHU3Y
HUWIMHAPUYECKON oOevaiiku. MicxoHas cMech JBUXKETCS OT nepudepuu K 1eH-
TPY, YTO CIIOCOOCTBYET JyUllIEeMY MCIOJIb30BAHUIO aJICOPOEHTA, TaK KaK 10 Mepe
CHWKEHHSI KOHLEHTPALMM LEJIEBOIO KOMIIOHEHTa B CMECH YMEHBIIAETCA H
wiomaabs ceuenus ciosi. Tum amcopOepa BHIOMPAIOT ¢ y4€TOM KOHKPETHBIX YC-
JIOBHH TIpoliecca, MpUYeM BEPTHKAIbHBIE aJcOpOephl MPUMEHSIOT HA YCTaHOB-
Kax Maloi M CpemHeil MOIIHOCTH, MPOU3BOAUTEIHHOCTEIO0 10 30 000 M/u mc-
XOJTHOHM cMmecHu. ['opu30oHTabHBIC U KOJBIIEBBIE afcopOepsl paboTaloT Ha ycTa-
HOBKaXx Cpe/iHeU 1 O0JbIION MOIIIHOCTH.

[IpennoxkeHbl KOHCTPYKIUH, B KOTOPBIX CTaJuU aJICOPOIMU U JAecopOLuu
COBMEIILIEHBI B OJIHOM Kopryce. OnHako 0ojiee MHTEHCHUBHBI anmaparbl Herpe-
PBIBHOTO JIEUCTBUSA C JBHXKYIIMMCS CIOEM aJcOpOCHTa U TCEBI00KUKEHHBIM
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cioem azacopOenta. [IpennokeHo HECKOJIbKO KOHCTPYKIMW amnmapaToB Hempe-
PBIBHOTO JEUCTBHUS.

4.2.2. AncopOepbl HelmpepbIBHOTO 1eiicCTBUSA

OpauM H3 myTed MHTCHCU(UKAIMKM aJICcOPOIMOHHOTO IMpoIiecca SBISCTCS
IPUMEHEHHE HenpephIBHOM ajcopOiuu. IlpenMylniectBa HENMpPEpHIBHBIX al-
COpOILIMOHHBIX MPOIIECCOB C JIBMXKYIIUMCS IUIOTHBIM CJIOEM COpOEHTa CIeAyIo-
000% (SH

- BBICOKAasi CKOPOCTH IMAPOra3oBOr0O IIOTOKA B IMHXTE (IO CPaBHEHHIO CO
CKOPOCTSIMH B CTAIlHOHAPHOM CJI0€);

- BBICOKHH K03()(PHUIIMEHT UCTIONB30BaHUs COPOCHTA,;

- OTCYTCTBHE DHEPro3arpaT Ha NEPHOJUICCKOE HarpeBAHUE W OXJIAXKICHHE
B OJTHOM W TOM K€ aIlapare;

- BO3MOKHOCTH TIOJTHOW aBTOMATHU3AIMH U MTPOCTOTA 00CTyKHUBaHUSI.

Henocratku HEMpephIBHBIX MPOIIECCOB:

- BBICOKHE TPeOOBaHHUSA K IMPOYHOCTH 3€PHUCTOr0 copOeHTta (HEOOXOAMMO
UCIIOJIb30BaTh BRICOKOIIPOYHBIE aICOPOCHTHI chepruecKoii (opMbi);

- HEOOXOUMOCTh IPUMEHEHHSI JIOPOTOCTOSIIETO TEIJIOHOCUTES,

- 3pO3Hs anmnapaTyphl;

- HU3KUH KO3 HUITMEHT Terutonepeaayu, YTo TpeOyeT OOJIbIIHE TUIOMAIN
TEIUIOOOMEHHBIX ITOBEPXHOCTEH B KOJOHHE (XOJIOJMIBHHUK, Jecopoep)

HemnpepbsIBHOCTH mporiecca MOXKET ObITh JOCTUTHYTA MUPKYJISIITUEH amcop-
OCHTa B 3aMKHYTOH CHCTEME W PACTPEICICHHEM B aJICOPOIIMOHHON KOJOHHE
JIOKANBHBIX 30H, B KaXJOW M3 KOTOPHIX B ONTUMAIBHBIX PabOYMX YCIOBHUSIX
OCYIIIECTBIISIETCS OJTHA M3 OCHOBHBIX CTQJHMH TMpOIecca: afcopOIusi, HarpeB H
JecopOIIusl, OXJIAXKIECHUE U T.I.

AJICOpOIMOHHBIC YCTAHOBKH C JBIKYIIIMUMCS CIIOEM TOTJIOTUTENS OTHOCST-
Cs K yCTAaHOBKaM HEIMPEPBIBHOTO JACHCTBUA. AJCOPOCHT ImepeMeniaeTcsl B arma-
paTe IJIOTHBIM CIIOEM IO JICHCTBUEM CHJIBI TSDKECTH, YTO MTO3BOJISIET OPraHu30-
BaTh HENPEPBHIBHYIO pabOTy. DTH yCTAaHOBKHU I€JIeCOOOpPa3HO MPUMEHSTH IS
BBIJIEJIEHHS 1IEJIEBOTO KOMIIOHEHTA W3 Ta3a-HOCHUTENIS C HCIOIL30BAHUEM al-
COpPOIIMOHHOM U JECOPOIMOHHON CEKITH.

Cxema aacopOepa ¢ ABIKYIIUMCS CIO€M 3epHHUCTOTO aJCcOopOCHTa MoKa3a-
Ha Ha puc. 4.7, C TICEBA00KMKEHHBIM clIoeM — Ha puc. 4.8.
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Puc. 4.7. Aacopbep ¢ ABMKYILIUMCS Puc. 4.8. Cxema MHOTOCTYTIEHUATOTO
cioeM ajacopOenTa: 1 —30Ha afcopO-  ajgcopOepa ¢ MCeBI0OKMKEHHBIM CJIO-
IIUH; 2 — pacTpeieIUTeIIbHBIC Tapel-  eM. 1 — IICEBI00KMKCHHBINA CIIOH; 2 —
KH; 3 — XOJOAWIbHUK; 4 — Io1orpeBa- penieTka; 3 — mepeTok; 4 — 3aTBop

TeJb; 5 — 3aTBOP

Jlnst mepeToka ancopOeHTa ¢ TapenKy Ha TapesKy HUCIOIb3YIOT PA3IUYHbIe
neperounsie ycrpoiicta (puc. 4.9). IlepeTounoe ycTpoWCTBO ¢ JOTOTHUTEIb-
HBIM TICEBJIOOKIKEHHBIM ClI0OeM aficopOeHTa rnokazano Ha puc. 4.10; ¢ koHuue-
CKHUM 3aIlIOpPHBIM YCTPOKWCTBOM — Ha puc. 4.11 1 ¢ aBTOHOMHBIM MOJBOAOM rasa
— Ha puc. 4.12.
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Puc. 4.9. Tunsl mepeTouHbIX TPYOOK
azcopOepa:

a — WWINHAPUYECKas ¢ KOHUYECKUM
CY’>K€HUEM; 6 — IMJIMHIpUYecKas C Iu-
JUHAPUYECKUM CYKEHUEM; 8 — KOHU-

Yyeckas; & — HWIUHAPUYIEcKas C mo/I-

MOPHBIM AUCKOM,; 1 — meperouynas
TpyOKa; 2 — Tapenka; 3 — TUCK

Puc. 4.11. [lepeTouHO€ YCTPOMCTBO C
KOHHYECKUM 3allIOPHBIM YCTPONHCTBOM:
1, 2 — natpy6Oxku; 3 — pemerku; 4 — Ko-

HYC

.

Puc. 4.10. IlepeTouHoe yCTPOHCTBO C
JOMOJIHUTEIBHBIM IICEBI00KKEHHBIM
cio0eM ajicopOeHTa:

1 — OCHOBHOI IICEBI00KMKEHHBIN
CJION, 2 — IOMOJIHUTEIBHBINA CIION; 3 —
pelIeTKH

a3

Puc. 4.12. IleperouHoe ycTpOHCTBO €
aBTOHOMHBIM I10JIBOJIOM Ta3a.
1 — xopmyc neperoka; 2 — meib; 3 —
HAKJIOHHAs pelieTka; 4 — pelerka

Pa3paboTanbl KOHCTPYKIIMHU aIcCOPOEPOB C MPOBAIBLHBIMU TAPEIKaMU U pe-
ryJIupyeMbIM CBOOOIHBIM ceueHueM (puc. 4.13). TlpeasioskeHbl TakKe KOHCT-
PYKIIMHU TapesioK CO CIUPATICBUTHOM IIETBIO.
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Puc. 4.13. DneMeHTbl ABYXCIOMHBIX MPOBAIBHBIX TAPEJIOK:
a — yroJibHbIC; 6 — KBAJAPATHBIE, 8 - KPYTJIbIE.

Jlyisi HempepbIBHOW TOJayu B ammapar ajcopOeHTa MPUMEHSIOT pa3iiny-

uele nutarenu (puc. 4.14). Pacxox amcopOeHTa peryaupyercs: mepeMeneHueM
muoepa Wik U3MEHEHUEM Yucia 000pPOTOB 3BE3/J0UKHU WJIU JUCKA.
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Puc. 4.14. Cxembl TUMIOBBIX MUTATEIICH:
a — MUOEPHBIN; 6 — CEKTOPHBIN; 6 — TapenpuaThii; 1 — mmbep; 2 — 3Be3-
J0YKa; 3 — peryIupyIonui narpyook; 4 — TucK.

[IpenMy11ecTBOM O0XKHKEHHOT'O CJIOSl SIBJIIETCS BBICOKAs CKOPOCTbH TEILIO-
nepeayy Mpu UCIOIb30BAaHUU OXJIAKIAIOIIMX TPYOOK Il OTBOJA Terjia aj-
copO1uu. JlaHHbIN BapuaHT Takxke 3G(HEeKTHUBEH B TEX CIIy4asiX, Korja Tpedyercs
gacTasi pereHepanus copoerHta. OH MOXKET ObITh MCIOJIB30BaH IS afCcOpOIHH
OpPraHMYEeCKUX COEJWHEHUN M3 ra30B, UMEIOIIMX OYE€Hb BBICOKYIO BJIA)KHOCTD,
9TO TpeOyeT YacTOl pereHepaIii UCIOIb3yeMOT0 YIS, PYU KOTOPOH ymamseT-
sl aicopOMpoBaHHas BOJA.

OnHO W3 OCHOBHBIX MPEUMYIIECTB, Ojarofaps KOTOpOMY aacopOepsl C
MICEBJIO0KUKEHHBIM CIIOEM HAXOJSIT MPUMEHEHHE — 3TO BO3MOXKHOCTh MHTEH-
CHUBHOT'O TEIUIOOTBOJA U3 COPOIMOHHON 30HBI. OJIHAKO H3-3a OBICTPOIrO HACHI-
nieHus ajcopOeHta Haumbosiee F3(hPeKTUBHON 00JaCThIO UX HMCMOJIb30BAHUS SB-
asieTcst 00paboTKa ra3oB ¢ HEBBICOKOM KOHLIEHTPAMEN 3arpsi3HUTETIS.

BaxxHol TexHOMIOrnYecKko mMpoOJIeMOi, CIEACTBUEM KOTOPOM SIBISETCA
CHIDKEHHE PKOHOMUYECKOW A((PEKTUBHOCTH, HYKHO CUUTATh HCTUPaHUE COP-
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OeHTa, MPHUBOIAIICE K ero MmoTepsM. JKenareapHo MCIOIb30BaTh OYCHb TBEPIbIC
IpaHyJibl, yCTOWYMBBIC K HCTUPAHUIO.

Bce mpeumyiiecTBa U HEAOCTATKU TCEBIO0KKEHHOTO CJIOS XapaKTePHBI
i (OHTaHHUpPYOIEro pexuma. DoHTaHUpOBaHUE a7copOeHTa 0COOCHHO 3(-
(EKTUBHO JUIS OCYIICCTBICHHS MPOIECCOB XeMocopOimu. CKOpoCTh mporiecca
XeMOCOPOIMK PacTeT C YBEIWYCHUEM JUCICPCHOCTH YACTHII, @ TOHKOIUCIIEPC-
HbIC YaCTHIBI IUIOXO IOJAIOTCA TICEBIOOKIDKEHUI0. VHTECHCHPHUIMPOBATH
polecc XxemMocopOuuu ynoOHee BCEro IMOCPEICTBOM oOpraHu3anuu (HOHTaHU-
PYIOILIET0 PeKUMa TaKOTO aJICOPOCHTA.

4.3. IlpuHuMnbl pacyera ajcopoepon
[Tporecc ynaneHusi 3arps3HSIONIETO BEIIECTBA M3 ra3a-HOCUTENS B CJIO€

ancopOeHTa MOKET OBITh OIMCAH C TOMOLIBIO «aJCOPOLIMOHHON BOJIHBI», ITOKa-
3aHHOM Ha puc. 4.15.
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Puc. 4.15. /IpmxeHue aacopOLMOHHON BOJIHBI IO CTAIMOHAPHOMY CJIOKO.

KpuBass 1 xapaktepuszyeT 3aBUCUMOCTb KOHIICHTPAIIUU 3arps3HUTENS OT
TIOJIO’KEHUS CIIOS JUIS CBEXKEro aficopOeHTa, a MITPUXOBask TOPU3OHTATIbHAS JIU-
Husi Cp - MaKCUMAaJIbHO JIOMYCTUMYIO KOHIIEHTPAIUIO 3arpS3HUTENSI B Ta30BBIX
BbIOpOCax mocie afcopOImoHHon o0paboTku. [Ipu mpaBUIbHON KOHCTPYKIIMH
ajicopbepa BBIXOJHBIC KOHIICHTPAIIMM HAMHOTO HIJKE 3TOro 3HaueHus. B mpo-
1ecce paboThl Ha BXOJIE B aJCOPOIIMOHHBIN CIIOW MTPOUCXOINUT HACHIIIEHUE U 3a-
TPS3HUTENN HAYMHAIOT TPOHUKATH JAJIbIIE B TIIyOUHY CJOS, T€ IPOUCXOIUT UX
a¢dexTuBHas agcopOus (kpuBas 2). HakoHelr, B TeX Ciydasx, KOTJ/Ia JJOCTHTa-
eTCSI MAaKCHMAJILHO JIOMyCTHMas KOHIICHTpAIUs Ha BbIXOJe U3 ciios (kpuBas 3),
a7IcOpOEHT HEOOXOJUMO PEr€HEPUPOBATD.
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[Ipouecc ancopOuum BKIIIOYAET MPOBEICHUE CTAAUNHOIO WM HENpepbIB-
HOTO KOHTAaKTUPOBAaHUs, KaK U B CiIydae >KMAKOCTHON abcopOIuu, mpu KOTOPOit
NPEANOUTUTEIIBHO a0COpOUPYETCs TOJIBKO OJMH KOMIIOHEHT ra3oBoil ¢a3sl. [Ipu
azcopOI1u OoJiee YeM OJIHOr0 KOMIIOHEHTa, mpolecc 6oJiee cXo/1eH ¢ (pakiuo-
HUPOBAHUEM, B YACTHOCTH, C IKCTPAKIUEH.

Jns pa3baBiIeHHBIX PACTBOPOB, MpeHeOperas TeMIOBbIMU 3ddexTamu,
MO>KHO TIOJIYYUTH (POPMYIIbI, OTBEHAIOIINE H30TEPMUUECKOMY TIPOIIECCY .

4.3.1. AncopOoumoHHOE paBHOBeCHE

[Tpupona cui, BBI3BIBAIOMIMX aACOPOLIMIO, MOXKET OBITh paznuyHoOu. [Ipu
aacopOLMK MPOUCXOAUT KOHLUEHTpALMs MOJEKYJ MOTJIOMaeMoro BEIIeCTBa Ha
MOBEPXHOCTHU aJcOpOeHTa MO JEHCTBIUEM BaH-AEp-BaaIbCOBBIX CUII. DTOT MpPO-
LIECC YaCTO COMPOBOXKAAETCS KOHACHCALMEN MapoB MOTJIOIIAeMOro BEIECTBA B
KamWuIsipax aacopOeHTa, NPUCOSAMHEHUEM MOJIEKYJI MOTJIOIIAEMOr0 BEIIECTBa
[0 MECTY HEHACBIIICHHBIX BAJIECHTHOCTEH 3J€MEHTOB COCTABJISIOLIMX KpUCTaJ-
JIMYECKYIO PEIIETKY aJcopOeHTa, U IPYTMMHU MPOLIECCAMH.

[Ipyyem mpu KOHTaKTe aacopOEHTa C ra3oBOM CMEChIO WM PacTBOPOM
NEePBOHAYAIBLHO MOTJIOMIAIOTCS BCE MX KOMIIOHEHTHI, HO TIOCJI€ HACBIIIEHUS T10-
BEPXHOCTH a/cOpOEHTa B HEE BHEIPSIOTCS MPEUMYLIECTBEHHO MOJEKYJbI C
Oosbllel afcopOoUpyeMOCThIO, BBITECHSS Apyrue MoJekynsl. [Iponecc ancopO-
UM IpeKpalniaeTcs Mnocje 3arnoIHeHUs] aKTUBHON IMOBEPXHOCTH aJICOpPOEHTa MO-
JeKyJaMu ajicopoarta, T.e. 0 JOCTHKCHUU PAaBHOBECHSI CUCTEMBbI (MJIH TTOJIHOTO
HACBIIICHUS aJICOPOCHTA B TAHHBIX yCIOBHSX).

Ecnu ra3 wnm map npormyckaroT uyepe3 THIAaTebHO OTKauaHHBIM aJcopOeHT,
TO MPOUCXOJUT PACHpEICTICHUE €ro MOJIEKYJI MEXAy T'a30BOM M TBepAou (aza-
MU. Uepe3 HEKOTOpPOE BpPEMs JOCTUTAeTCs COCTOSIHUE PABHOBECHUS U IPOIIECC
npekpamaercs. KonuuectBo rasa, agcopoupyemoro 1 r copbeHTa B paBHOBEC-
HOM COCTOSIHMM, 3aBUCUT OT TEMIIEpaTyphl, JaBJIEHUS, a TAKKE OT NPUPOIbI al-
copOenTa u aacopbara. BenuuuHsl, mosydaemble ISl JTaHHOTO KOJIMYECTBA ajl-
copOeHTa MpU NOCTOSHHOW TeMIlepaType, COOTBETCTBYIOT TaK HAa3bIBAEMOil
usomepme aocopoyuu.

HezaBucruMo oT mpupozsl acOpOIMOHHBIX CHJI HAa BEJIMYMHY aJcopOouuu
BIMSIOT Clenyromue (pakTophl: MpUpoja MOIJIONIAEMOI0 BELIECTBa; TemIlepa-
Typa, AaBlieHUE; IpuMecH B (aze, U3 KOTOPOU MOTIIOMIAETCS BEIIECTBO.

Ilpupooa nozcnowjaemozo eewjecmea: CUATAETCS, YTO PABHOBECHAs KOH-
EHTPALMS X TEM BBIIIE, YeM OOJIbIIe MOJNCKYIIAPHEIHA BeC MOTIOIAeMOro rasa,
a B CIy4ae pacTBOPOB - YEM MEHBIIE PaCTBOPUMOCTb IMOIJIOIMIAEMOr0 BEIIECTBA
B KUJKOCTH.

C noBbIlLIEHUEM Mmemnepamypsbl IPU MPOUYUX PABHBIX YCIOBHIX PaBHOBEC-
HAst KOHI[CHTPALINS X yMEHBIIACTCSL.
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C poctoM oOasneruss B mapora3oBoil (asze paBHOBECHAs KOHIICHTpaIlus
YBEITMYUBACTCS.

Ilpumecu 6 ¢aze, uz Komopoil noenowaemcs eujecmeo. NpU HATUUYHH B
(asze, U3 KOTOPOH aaCOPOCHT MOTJIOMIACT BEUIECTBO A, KOHKYPUPYIOIIETO (BbI-
TECHSIOIET0) BellecTBa B, T.e. BEIIECTBA, TAK)KE CIIOCOOHOTO TOTIOMATHCS
STHM aJCOPOEHTOM, YMEHBIIAETCS PABHOBECHAS KOHI[GHTPALHMS X BemecTsa A.
B stom ciyuae BemectBo B 00 4acTHUYHO, JIMOO TOIHOCTHIO BBHITECHSET WIIU
3aMelaeT BemecTBo 4 B aficCOpOEHTE.

AJICOpOEHTHI XapaKTEpU3YIOTCS CTATUYECKON M JUHAMUYECKON aKTUBHO-
cthio. [locie HekoToporo mepuoga padOTHl aJACOPOCHT MEPECcTaeT MOJHOCTHIO
NOTJIOIIATh M3BJIEKAEMbIM KOMIIOHEHT M HAOJIIOJAETCS "TPOCKOK KOMIIOHEHTa
yepes cioit agcopoerTa. C 3TOro MOMEHTa KOHIEHTpalUsi KOMIIOHEHTa B OTXO-
JSIIEN 1Tapora3oBoOr CMECH BO3pPACTAET BIUIOTH 10 HACTYILIEHUS PABHOBECHS.

KonuuecTBO BelecTBa, MOTJIOMAEMOr0 SAUMHMIICH Macchl (MM oObema)
azcopOeHTa 3a BpeMsi OT HavaJia aJIcoOpOIMHU 10 Hayaia 'MpoCcKoka', onpenesnser
OUHAMUYECKYI0 aKMUBHOCMb aJICOPOCHTA.

KonudecTBo BeliecTBa, MOTJIONIEHHOE TEM K€ KOJIMYECTBOM a/icopOeHTa 3a
BpeMsi OT Haudaja aJcopOlMM /10 YCTAHOBJICHUS PABHOBECHUS, XapaKTEPHU3YeT
cmamuyueckyio akmusHocms (PaBHOBECHYIO aKTHBHOCTB).

Crarnyeckas U TUHAMUYECKas aKTUBHOCTHU aJIcCOPOEHTa 3aBUCST OT TeMIIe-
paTyphl ra3a U KOHIICHTPAIUU B HEM TOTJIONIAeMOT0 KOMIIOHEHTA.

CornacHO OCHOBHBIM TIOJIOKEHHSIM Maccolepeiaun, paBHOBECHBIE COOTHO-
HICHUS TIPU aJCOPOIMHU JOKHBI BBIpAkKaTh 3aBUCUMOCTH MEXIYy KOHIIEHTpa-
IUei ancopOMpPOBAaHHOTO TBEPIBIM TEIOM BellecTBa (amcopbaToM) W PaBHO-
BECHOM KOHLIEHTPALMEW MOIJIOMIAEMOr0 BEIIECTBA B MApOra3oBOM CMECHU WU
pacTBOpE - aACOPOTHBOM.

Ecnm mornomniaeMbeIM BEIIECTBOM SIBIIICTCS Ta3 WIH Map, TO PAaBHOBECHYIO
KOHIICHTPAIUIO B IMApOTa30BOM CMECH MOKHO 3aMEHUTH MapIHUaIbHBIM JIaBiie-
HUEM.

AJncopOupyemMoe KOJUYECTBO OOBIYHO BBIPAXAIOT O0O0BEMOM, MOTJIOIIEH-
HbIM 1 1T afgcopOenta npu 0°C u naBnenuu 760 MM pT. CT., WJIM Maccou rasa, aj-
COpOMPOBAHHOW Ha €IMHUILY MacChl COPOEHTA.

[Ipu mocTostHHOM TeMIiepaType KOJIMYECTBO aJcOPOMPOBAHHOTO ra3a WU
mapa BO3pacTaeT C yBelnueHueM JaBieHus. [1ockombKy afcopOIus sBIseTCS
IK30TEPMHUYECKUM MPOIIECCOM, KOJIMYECTBO BEIIECTBA, aICOPOMPOBAHHOTO B CO-
CTOSITHUM PaBHOBECHSI, BCET/Ia YMEHBIIIACTCS TIPH MOBBIIICHUH TEMIIEPATYPHI.

B pesynbrare mpoTekaHWs HEKOTOPBIX CIIOXKHBIX IMPOIECCOB, TaKWUX, Ha-
npuMep, Kak CMaduMBaHHWE aacopOeHTa WJIM W3MEHEHHUS (POPMBI OTBEPCTUH Ka-
NUWUIIPOB U TOP TBEpAOW (a3bl, mapaMeTphl, XapaKTePU3YIOIUE PaBHOBECHE
JecCOopOIMy, OTIMYAIOTCS OT BEIWYHMH, OMPEACICHHBIX IS aICcOpOIMOHHOTO
paBHOBecus. Jyig mpoiiecca ancopOIuu XapaKTepHO HaJIM4Me TUCTepe3uca, U
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JTABJICHHC I[GCOp6HI/II/I BCCraga HUIKC, 4EM BCJIMYHHA, ITOJIydacMas IIpHu azlcop6-
1105048
PaBHOBEcHE TIpH aaCcOpPOITMU MOXKET OMPENCTIATHCS MO CICTYIONUM ypaB-
HCHUSM.
abP - S1/8B

X =KPY", X = : X =AY ", (4.1)
1+aP

rie X — KOHIIGHTpAIIUs IMMOTJIOIIEHHOTO aIcOpOCHTOM BellecTBa, Kr/kr; P —

PaBHOBECHOE JaBJIEHHE MOTJIOIIAEMOro BelllecTBa B razoBoil cmecw, Ila; Y —
paBHOBECHAsI KOHIIEHTPAIUS TOTJIONAEMOr0 BEIIECTBA B Ta30BOM CMeCH, KI/KT
uHeptHOM yactu cmecu; K, n, a, b, A, B — KOHCTaHTBI, HaliIEHHBIE U3 OIBITA.

[IpennoxkeH psa TeoOpuid I pa3pabOTKU MaTeMaTHISCKUX MOJIEICH, OIH-
CBIBAIOIUX M30TEpMYy ancopOrmu. [[ns dusmdeckoit aacopOIuy OMMCaHO TISITh
TUIIOB M30TEPM aJCOPOLMU. DTU MOJIENIM U YPABHEHUSI OMUCHIBAIOT MPOIECCHI
XeMOCOpOILIMHY, MOHOMOJIEKYISIPHON aacopOLMK U MHOTOCIONHON ajcopOiuuy,
MpOTEKaroIIMe 0€3 KanuUIIPHON KOHICHCAIIUH.

Ypasuenue @peiinonuxa, cipaBeJIMBOE B Cliydyae MOHOMOJIEKYJISIPHOHN (u-
3UYECKON WM XUMHUYECKOM ajacopOluu, MPECTaBsIEeT cOO0M AMIHUPUUECKOE
COOTHOIIICHHE. B COOTBETCTBYIONIMX CIIydasX OHO IO3BOJISET XOPOIIO OMUCAThH
AKCTIEpUMEHTAIbLHbBIE JIaHHBIC, OJTHAKO HE JIaeT TOYHOT'O MPEJACTaBICHUS O MeXa-
HU3ME aJICOpOIMU. DTO COOTHOIIEHUE - MEPBOE BBIpAKEHUE, BHIBEJICHHOE IS
OTMCAHMS U30TEPMbI aJCOPOIHH; €ro IMHUPOKO MPUMEHSIOT IIPH pacdeTe IMpo-
MBIIUIEHHBIX MpoueccoB. M30TepmMa ONMUCHIBAETCS CTEIEHHBIM YPaBHEHUEM, B
KOTOPOM L - aIcCOpOMPOBaHHBIN 00beM, P - 1aBiieHue:

v=kP"", (4.2)
r7ie U - aJcopOupoBaHHbIN 00beM; P - naBieHue.

[Ipu norapudmupoBaHuu MoOJydaeTCs JMHEHHOE YpaBHEHUE:

Inv=Ink+InP/n. (4.3

Takum oOpazoMm, B JorapuMUUECKHX KOOPJAWHATAX IKCIIEPUMEHTAIBHBIC
JaHHBIE MOKHO TPEJCTaBUTh B BUJC MPSIMOM JIMHUM ¢ HAKJIOHOM 1/n m oTpes-
KOM, OTCEKaeMbIM Ha OCH OpJIHAT, paBHBIM In K.

Ypasuenue Jlenemopa. ITo ypaBHEHUE SIBJIICTCS OJHUM U3 MEPBHIX, BbIBE-
JEHHBIX TeopeTudecku. OHO OBLIO MOJYYEHO JJIsi MOHOMOJIEKYJISIpHOU (hu3nye-
CKOHM ajicopOIuu, HO TeM HE MEHEE OIMCHIBAET W XeMOocOopOmuio. 31ech Un -
00BeM, afcopOrpyeMblil PU MOHOMOJIEKYJISIPHOM 3alIOJIHEHUH TTOBEPXHOCTH:

v=DbPuv, /(1+bP). (4.4)

Jnst oOpaboTKM JaHHBIX YpPaBHEHHUE MOXKHO MEPEerpynmupoBaTh JIBYMSI
crocobamu. Jlns 3aBucumoctu P/v ot P HakioH paBeH 1/vy, a BeaIu4nHA OTCe-
kaeMoro orpe3ka 1/buy:

P/v=(1/bv,)+Pluv,. (4.5)
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Jliis 3aBucumoct 1/v ot 1/P makion paBen 1/bun, a BenmnuumHa OoTpe3ka

1/ vy
1/v=@1/bv,P)+1lv, .. (4.6)

Vpaenenue BOT. Teopus bpynayep-Ommer-Temnep (BOT) mo3sosser mo-
JYy4YUTh YpaBHEHUS, OMUCHIBAIOIINE BCE MATHh TUIIOB M30TEPM aJIcOpOLIUHU, MPU-
BEJICHHBIX BBIIIE U OTHOCAIIUXCS KaK K MOHOMOJICKYJISIPHOM, Tak U K MHOTO-
CJIOWHOM aJCOPOIMH M YUYUTHIBAIONIUX MPOTEKAHUE KATWJUIAPHON KOHACHCAIINH.
[Tpu BeiBosie ypaBHenus bOT ucxonar u3 pusuveckoit ancopouun. [Tockonbky
ATO ypaBHEHHE OMUCHIBAECT M30TEpMYy THUIMA |, OHO JaeT U MaTeMaTUYECKOEe OMu-
caHue mporiecca xeMocopOruu. Ecnu agcopOumsi mporcXoauT B OTpaHUICHHOM
MIPOCTPAHCTBE, TO MPH JOCTIKCHHUH HACHIIMICHUS 00pa3yeTcsi KOHEYHOE YHCIIO
a7ICOpOUPOBAHHBIX MOJIEKYJISIPHBIX CIIOEB.

[Ipu BBIOOpE BHJIa U30TEPM Hallle BCETO UCXOASAT U3 MOJEIEH MOHOMOJIE-
KyJsipHO# aacopOuuu (mo JISHrMIopy), MOJMMOJICKYJISpHON ancopOumu (1Mo
BOT), 00beMHOT0 3a0JTHEHUST MUKPOTIOP.

B 6osee 0011eM ypaBHEHUH 77 O3HAYAET YHUCIO aJCOPOMPOBAHHBIX CJIOEB, a
¢ - KOHCTaHTAa, CBSI3aHHAs C BETMYMHOM TEIJIOTHI aJCOPOIUU:

i:( cX j{unx””—(n—l)x"} (4.7)

v, \1-xJ)] 1+(c-1)x—cx
TJIe X - sIBJseTCS (DYHKIMEH, 3aBUCSIIEH OT JaBICHUSI.
B ciyugae, korma n = 1, ypaBaenue (4.7) ynporiaercs:
v C'X
— : (4.8)

v, C1+cX

[TockonbKy cx siBIsieTCS (PYHKIIMEH MABIEHUS, IPU KOTOPOM MPOUCXOIUT
azcopOIus, TaHHOE ypaBHEHHE (PAKTHUYECKH OMUCHIBAET M30TEPMY aJCcOpOLMH
Jlenrmiopa. Eciou aacopOuusi mpoucxXoAuT Ha CBOOOTHON MOBEPXHOCTH, TO TIPU
HACBIILIEHUH MOXKET aIcOPOUPOBATHCA OECKOHEUHOE YHCIO MOJIEKYJIIPHBIX CIIO-

CB.

Ecmu N — 00 1 IpOMCXOAMT HACKIIIEHUE IIOBEPXHOCTH, TO X — P/Py, rme Py
- JIaBJIEHUE HACBIILIEHUS .
cP

" (R, —P)[1+(c-1)P/P)]
Jlnst 00pabOTKK IKCIIEPUMEHTANBHBIX JaHHBIX ypaBHeHue (4.9) MOKHO Tipe-
00pa3oBaTh K BUIY:

P/u(P, —P)=1/v,c+(c—1)/v,c(P/P,) (4.10)

vlv

(4.9)

B arom cityuae otkiaapiBaeTcs 3aBucuMOCcTh P/U(Pg - P) ot P/Py n HakIoH
paBeH (c - 1)/vn'C, a OTpe30K, OTCeKaeMblii Ha ocu opauHar, 1/uyC. YpaBHeHHE
(4.10) MosxeT OBITh MCITOJIB30BAHO JIJISI CHCTEM, B KOTOPBIX JOCTUTACTCS 3HaYe-
uue P/Py = 0,35. IIpu 6oiee BHICOKHMX 3HAUYEHUSAX CICAYET OXKHIATh 3HAYMTEIb-
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HBIX OTKJIOHEHH. BETUUMHBI ¢ M Uy CHauYaIa ONpeeIsOTCS C TOMOIIBIO YPaB-
Henus (4.9). IIpu ux nozacraHoBke B ypaBHenue (4.7) MetoaoM npob U OmuO0K
MOYKHO OTIPEICIIUTh 3HAUCHUE 71.

B oredecTBEeHHON NpakTHUKE MPOCKTUPOBAHUS B OCHOBHOM HCIIOJIB3YIOT
MOCJICTHIOI0 MOJIETTh, U CTPOSIT U30TEPMY COpOIIMH 0 ypaBHEHUIO JlyOnHMHA!

T 2
C, :k—oexp —b[ilghj } (4.11)
VK z p}’l
o [t |k T i
C,=—texp —b{ @ Ighj ]+—2exp[—b2( @ Ith ], (4.12)
VK Z p}’l VK Z pﬂ

rae C,- paBHOBECHas KOHLIEHTpalus, (KMOJb 3arpa3HHUTENS/Kr ajacopOeHTa);
k,,K;,k, - KOHCTAHTBI, XapaKTEePU3YIOLIUE MPEIETbHBIN aICOPOIMOHHBIN 00BeM
MUKpPOTIOp; b,b,,b, - KOHCTaHTHI, XapaKTepU3yrIIne pasMep MHUKporop; T, -
cpenHss temrieparypa npouecca, K; p,,, p,- 1aBlI€HAE HACBILIECHHBIX [1APOB 3a-

TPSI3HUTEIS IPU CPEHEN TEMIIepaType Mpoliecca U MapluuaibHOE JaBJICHHUE 3a-
rpsizauTens, [1a; v, - MOJNbHBIA 00BEM 3arpsSA3HUTEINS B KUJAKOM COCTOSIHUM MPU

273K, m*/xmonb; Z - koddduument ahduaHOCTH.
KoHcranTel ypaBHeHus [lyOnHnHa npuseneHsl B Tao. 4.1,

Tabauma 4.1
KoncranTs! ypaBHenus Jlyonnuna (4.12)
Mapka aja- KoHncranTel ypaBHenus /lyounnna
copGenra ky10", m/kr | ky10%, mfxr | by10° K b,10° K*
BAY 2,2-2,6 - 0,55-0,7 -
AP-A 2,53 1,39 1,2 4.4
AP-b 3,4 - 1,0 ,
AP-B 2,3 - 0,7 -
AP-3 1,9 1,8 0,74 3,42
AT-3 3,0 - 0,7-0,8 -
CKT-3 4,8 - 0,73 -
KA JI-nomgHblit 2,3 1,3 0,7 3,1

4.3.2. MatepuaabHblii 0aj1aHc aqcopoumnu

[Ipouecchl aacopOIMM MPOBOASAT HEPUOJUYECKH WM, €CIU aACOpPOEHT
JBUKETCS Yepe3 anmnapar - HempepbIiBHO. MarepuanbHblid 0anaHC HENPEPHIBHOTO
npolecca aacopOUuu BbIpaXkaeTcsl YpaBHEHHEM, OOIIMM JJisi BCEX IMPOLIECCOB

Maccorepecaain

Gdy = Ldx,
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rae G - pacxon mapora3oBoii (a3bl WM pacTBopa, (Kr mHepTHOH dactu)/d; L -
pacxo ajcopOeHTa, (KI akTHBHOW YacTH)/4; Y - pabodrie KOHIICHTPAIMH aJIcop-
OMpyeMoro BelIeCTBa B Iapora3oBoii (ase uian pactBope, Kr/(Kr HHEPTHOU Yac-
TH); X - paOouue KOHIICHTpAIMK aacopOMpyeMOro BEIIeCTBa B aJICOPOCHTE,
kr/(kr agcopOeHTa).

B npenenax u3MeHEHUsT KOHIICHTPALUK OT HaYaJbHBIX JI0 pab04HX IO pac-
npeeasieMOMY BEIIECTBY B aJCOpOCHTE M B HOCHUTENIC ypaBHEHHE MaTepHasb-
HOro OajlaHca HENPEpBIBHOTO Mpolecca mpu (HU3MYECKOr aacopOrmu OyaeT
UMEThb BU]I

G(Yi - Y) = L(X — Xu). (4.14)

JI71st IepruoIMYecKoro mporecca, KOHIEHTPAIHs MMOTJI0IaeMOro BEIeCTBa
B a/ICOPOCHTE M3MEHSETCS BO BPEMEHH M MPOCTpaHCTBE. Toraa ypaBHEHHE Ma-
TEPUAIBHOTO OalaHca MPUHUMAET BH/T

-Gdydt = SdH p,dx (4.15)
rae S — IUIOLIab MOMEPEYHOr0 CeUeHUs aacopoenTa, M%, H — BBICOTA CIIOS
afIcOpOCHTA, M; P, — HACBIITHAS IUIOTHOCTb acopOeHTa, Kr/m’,

4.3.3. KuneTtuyeckue XapaKTepUCTHKH aAcoOpOLun
[Ipotiecc mepemMerneHus: MOTJIONIAEMOT0 MPU aaCcOPOIMU BEIeCTBa B 00-

IeM Ccllydae OMHMCHIBACTCS KPUTEPUATBHBIM YpPaBHEHUEM, MOJYYCHHBIM IS
CUCTEMBI C TBepJ0i (a3oii:

Cc-C : z
— =1(Bi,, Fo,, ). (4.16)
CH_CpH 8
. _ pl
rae Bi, = n muddy3ronHoe unciao buo, mokaspiBaroliee BO CKOJIBKO pa3

Dr
MacCOIPOBOIHOCTh 00JIbIIIE Maccomnepeaadu; Fo, = T nuddy3MOHHOE YUCIIO

®dypre, XxapakTepu3yIolee HHTEHCUBHOCTh U3MEHEHUsI CKOPOCTH MOTOKA Belle-
CTBa, IEPEMEIAEMOT0 MaCCOIIPOBOAHOCTBIO B TBEPJIOM TEIIE.

OpHako MHOTOYMCIIEHHBIE OMbBITHI MOKa3ad, 4To Npu aacopouun auddy-
3MOHHBIE CONPOTUBIICHUSI BHYTPH TBEPAOH (pa3bl Majbl IO CPABHEHUIO C BHEIII-
HUM 1 PYy3MOHHBIM CONPOTUBIIEHUEM, ITIOATOMY IIPH pacyeTax MpoLEecCoB ajl-
copOLMH OOBIYHO HCIIONB3YIOT OCHOBHOE YPAaBHEHUE MAacCONEpEIauH:

VYpaBHeHUE Macconepe1ayl IPUBEACHO HUXKE!

dH =K, (y-y,) dF . (4.17)

KoadhpummenT macconepenaun cBsizan ¢ kKodhPpuimeHTaMu MacCoOTIauu:
1 1 1

=— 4+ —.
Kz ﬂl ﬂZ
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Koapduument maccoornaun ais BHeMmHeAUPPy3MOHHON 001aCTH MOKHO
paccuuTaTh MO ypaBHEHUSIM:

Nu' = 0,395Re®** (Pr')*** mpu Re > 30, (4.18)
Nu' = 0,725Re®* (Pr')** mpu Re = 2 — 30, (4.19)
Nu' = 0,515Re*® (Pr)** mpu Re < 2. (4.20)

Koaddumment BHyTpeHHEr0 MaccomepeHoca [, MOXKET ObITh OmpenecH
110 COOTHOIICHHUIO
B2 = 4n” Dild,’6 (4.21)

3necy Nu' = B,d,/D — xpurepuii Hyccenbra; Re = wd,/(e'v) — xpurepwii
Pefinonbaca; Pr' = vD — kpurepwii [Ipannmis; d, — SKBUBaJICHTHBIN JHAMETP
3epHa ajgcopoenta; D — xoaddumment monexynspaor muddysun; W — CKo-
pOCTh ra3a, paccuyuTaHHas Ha CBOOOJIHOE CEUEHHUE anmnapara; v — KHHeMaTuye-
CKasl BSI3KOCTh Ta3a; €& — MOPO3HOCTh ciosl; Dj — koadduimenT BHyTpeHHe

b dy3un.

4.3.4. Pacuet agcop0epoB NepruoOANIECKOTrO AeHCTBHS

Haubonee pacnpocTpaHeHHBIM MacCOOMEHHBIM ITPOLIECCOM OYMCTKH ra3o-
BbIX BBIOPOCOB, OCYIIECTBISIEMBIM B almaparax ¢ HEMOABM)XHBIM CJIOEM TBeEp-
nou (assl, sBaseTcs aacopOuus. Takoro poga Mporecchl SBISIOTCS HECTaIHO-
HapHBIMU U NEPUOANYECKUMU. [Ipu 3TOM KOHLIEHTpaluu B TBEPAOM MaTepHUalle
U B rase, HaXOJIIUXCs BHYTPH anmnapara, MEHSIOTCS BO BPEMEHMU.

B 3akpenneHHOM cioe aacopOeHTa MPOMCXOAMUT ABUKEHHE aICcOpPOLIMOH-
HOM 30HBI BHU3 IO KOJIOHHE. MOXHO pacCMOTPETh U TAKOM CiIydald, KOTraa TBEp-
nas (aza JBMKETCS BBEPX IO KOJOHHE IPOTHUBOTOKOM Tra3y CO CKOPOCTBIO,

o0ecreurBaroIIell CTallMOHAPHOCTD aJICOPOIIMOHHON 30HBI B KOJIOHHE (pHLC.
4.16).

Ls:xr

1 RIAIA
I == N W

Y A
1 R

z,
X =a\‘é=ﬂ Adcopdiuonnan 3o8a

Puc. 4.16. Pacuetnas cxema ajcopOepa ¢ HETIOABUKHBIM CIIOEM
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Ha puc. 4.17. noka3ansl JMHUS paBHOBeCUs M paboyas nuHusA. BuaHo, 4to
TBepAas ¢aza ¢ KOHLEHTpauuen X;, pacnoyio)KeHHas B BEPXHEHW 4yacTu, Haxo-
JUTCSI B PABHOBECUH C MOCTYMAIOIUM ra3oM KoHueHTpauue Yo, 1.e. X, = Yo, u
BCE PaCTBOPEHHOE BEIIECTBO YAAJSETCS M3 rasza 10 TOro, Kak OH BBIXOJWUT W3
KOJIOHHBI (HACBINICHUS B KOJIOHHE HE MpOoUCXomuT). Takoil ciydail sBisieTcs
UJeaIbHBIM, TPEOYIOIIMM KOJOHHBI ¢ 0€CKOHEYHOM BBHICOTOM.

m<Ss

-~ ~
*

AOHYBHITIPAYUA PaCTIBONEHHOZD
=<

dewecmba £ omxodauer nomone,

we bewecmba/ne pacinbopumen

Ag X Ae A,
Honyenmpayus adeapiupodamiozo
Bewsecmba, Kz/we adoapdenima

Puc. 4.17. JIunust papHOBecusl 1 paboyasi TUHUS B afcopOepe
C HETIOJIBUKHBIM CJIOEM

Onnako HaWOONBIIMN MHTEPEC MPEJCTABIISICT caMma aJICOPOIIMOHHAs 30HA.
PabGouas nmuHMS 171 Beel afcOpOIMOHHON KOJOHHBI OMUCHIBACTCS CICAYIOIIH-
MU ypaBHEHUSIMU:

Gs(Yo - 0) = Ls(X - 0); GsYo = XiLs, (4.22)
a TakKe

GS Y=X Ls, (423)
rae Gs - CKOPOCTb [OAABAEMOTO ra30BOr0 MOTOKa-uHepTa, Kr/(cM?); Ls — cko-
pOCTh TIOTOKa ajcopOeHTa, HE COJEp)Kalllero pPacTBOPEHHOIO BEIECTRBA,
kr/(cm?).

Teneps MOXXHO COCTaBUThH OajlaHC MAacC, UCIOJIb3YS MOHATHE BBICOTHI €/1H-
HUIIBI IEPEHOCA!

Gs dY = Ky ag(Y — Y*)dZ, (4.24)
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rae Ky — koadduureHT Maccomepeaadn B ra3oBoii (ase, kr/(cM’); as — yaems-
Hast TTIOBEPXHOCTh YaCTHIL afcopOenTa, M/M>; Y* - paBHOBECHAS MAcCOBAst OIS
(KOHIIEHTpAIIKsI) paCTBOPEHHOTO BEIIECTBA B Tra30Boi (hase, Kr/Kr.

Torna BeicoTa amcopbara (aacopOIMOHHOM 30HbBI) B a7cOpOEpe COCTaBUT

Za Ye
Zo= [ dz= [ 2T (4.25)
0 Yg KY as Y=Y
qI/ICHO CIANHUIL HepeHOCEl OHp@I{CHHCTCfI BBIpa)KeHI/IeM:
Y,
gy
Ny = Y{Y_Y*, (4.26)
d BbICOTA €ANHUIIbI HepeHoca paBHa
Hy= Cs (4.27)
KY a‘S
CienoBaTelIbHO, BBICOTA aCOPOIIMOHHOM 30HbBI paBHA
Zn = Hy'Ny. (428)

Jlnst onpeneneHus BpeMEeHH, Mociie KOTOPOTo MPOUCXOIUT MPOCKOK, OMpe-
JIeTUM CHavasa moHsaThe creneHu Hacwimienus cinos (CHC). O6bem aacopbara
V -510

V=FZ (4.29)

CaenoBatenbro, Z = V/F - 00bem ancopbara Ha €IUHUITY TUTOIIAIH TOTIC-
PEYHOro ceyeHus aacopOoruonHoro cios F.

Torna, npu u3BecTHOM BeaM4MHE MIOTHOCTU cios: Z'Fps - macca anacop-
oenra; ZFps X, - Macca pacTBOPEHHOTO BEIIECTBA, aICOPOMPOBAHHOIO B YCIIO-
BUsAX paBHoBecus; (Z - Zp) FpsX; - Macca pacTBOpEHHOTO BEIIECTBa, aJcopOu-
POBAHHOT'O B TOM YaCTH KOJIOHHBI, TJie JocTUraeTcs HacwieHue; Z FpsX (1 — ¢)
- Macca pacTBOPEHHOrO BEILECTBA, aJCOPOMPOBAHHOIO B TOM YACTU KOJIOHHHBI,
I7le HACBIIIEHHE HE JIOCTUTAETCs; ¢ — MaplHalibHasi CIOCOOHOCTh aJICOPOLIUOH-
HOM 30HBI K aJICOPOILIMK PACTBOPEHHOI'O BEILIECTBA.

Torna crenens Hachimenus cinos (CHC) moxer ObITh ompejencHa ciie-
JTYIOIAM 00pa3oM

CHC — KommgectBo ancopOupoBaHHOTO pAaCTBOPEHHOTO BEIIIECTBA

MakcuManbHO BO3MOKHOE KOJIMYECTBO aICOPOMPOBAHHOTO

PAaCTBOPCHHOI'O BCUICCTBA, UJIM PABHOBCCHAA KOHIICHTPALIHA
(Z-Z,)F ps X, +Z,F ps X, 1-9).
Z,FpX, ’

CHC = ¢(Z - Zp)/Z. (4.31)

Torz[a BpEM:, 3a KOTOPOC JOCTHUIACTCA IIPOCKOK, OIIPCACIACTCA KaK

CHC = (4.30)
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Macca PAaCTBOPCHHOI'O BIICCTBA, HAKOIIMBIICTOCA HA

€IMHUILY TUIOIIA 1 TOBEPXHOCTH aJICOPOIIMOHHOTO CIIOS

Tg =
Macca PACTBOPCHHOI'O BCIICCTBA B IIOCTYIIAIOMIEM I'a3€

3a CAMHHIY BpEMCHHU Ha CAMHUILY IJIOIIAa AU ITOBECPXHOCTU
Tg = (CHC)Z ps Xd/(Gs Yo) - (4.32)

Pacuetsl anicopOepoB MEPHOIUIECKOTO NEHCTBUS C HETOJIBUKHBIM a7Ccop-
OEHTOM C HMCIIOJIb30BaHHEeM ypaBHeHus JlyOuHuHa (4.12) MOTYT BBITOJHATHCS B
CJIEIYIOIIEM TTOPSIIKE.

1. OnpenensitoT PaBHOBECHYIO KOHIICHTPAIMIO 3arpsi3HUTENS B TBEPAOU
¢aze. 3HaUCHUS KOHIICHTPAIUH 3arps3HUTENS B afiICOPOCHTE, PAaBHOBECHBIX TIPH
JTAHHOW TeMIIepaType ¢ €ro KOHIICHTPAUsSIMH B Ta30BOM (has3e, BHIPAKAIOT B BU-
1ie u30TepMbI copommu. [1o m3BecTHOM M30TEpME COPOITMU ONIPENETAIOT KOJIHYe-
CTBO 3arps3HUTENSI, KOTOPOE MOXKET IMOTJIOTUTH aJICOPOCHT MPHU JTaHHOW TeMIIe-
paType, €CiHM TpoIlecc OyIeT MPOI0JDKATHCS 10 PaBHOBECHOTO COCTOSHUA.
dopma PyskionansHol 3aBucuMoctTd Cqq = f(C) momkHa ObITH mpHCTIOCO0-
JieHa JJ1sl TPaKTUYECKUX PacueToB.

KoHcraHThl, BXOAsIIME B YpaBHEHUS U30T€PM COpOLIMU, MOTYT ObITh Hal-
JIEHBI TOJIBKO JSKCrepuMeHTanbHO. [loka WX 3HAYEHUS HAJEKHO OIPEICIICHbI
JIMIIb JJ11 HEKOTOPBIX BUIOB COPOEHTOB U 3arpsizuuteneil. [loatomy npuxoaut-
Csl CYMTATh MPOIECCHI aJCOPOIMH JIFOOBIX BEIIECTB HA OJIMHAKOBBIX COpOEHTaX
nonoOoHpIMA. Ha 3TOM OCHOBaHMHM W30TEPMY COPOIMH paccMaTpUBAaEMOro 3a-
TPSI3HUTENS PACCUUTHIBAIOT O AMITUPUYECKOMY YPABHCHHIO WU TPAPUKy IS
KaKOTO-JIM00 M3 XOPOIIO HMCCIEJOBAaHHBIX COCIUHECHHM, CUMTAs €ro CTaHAapT-
HBIM, C BBEJICHHEM MOMPABKH, KOTOPYIO Ha3bIBalOT kK03 duiineHToM adhPpuHHO-
CTH ¥l HAXOAT U3 COOTHOIICHHUS:

z=—", (4.33)

rmc v,,v - MOJIbHBIE OOBEMBI pacCMaTpuBacMoOro u CTaHAapTHOI'O BCHICCTB,

N.cm
M>/KMOJTB.
KoadhdurmenTsl ahuHHOCTH HEKOTOPHIX BEIIECTB MO OTHOIICHUIO K OEH-

30J1y IpUBEJICHbI B Ta0. 4.2.

Tabaua 4.2
Koadpummentst apuarOCTH
BemectBo dopmyna A
MeraHoa CHsop 0,4
Metun6pomua CH;Br 0,57
DTHIIOpOMUT C,HsBr 0,61
DTaHoI C,HsOH 0,61
MypaBbuHas KUCIOTA HCOOH 0,61
Cynsdun yriepoaa CS, 0,7
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DTUIXIOPHU C,HsClI 0,76
[Tpoman CsHs 0,78
Xnopopopm CHCl; 0,86
AteToH (CH,),CO 0,88
byrtan CsHip 0,9
YKcycHast KUCioTa CH3;COOH 0,97
benzoxn CeHg 1,0
[{ukorekcan CeHio 1,03
Terpaxmopun yriiepoa CCl, 1,05
JaTrnoBbIH 3¢up (C2Hs),0CO 1,09
Ilentan C5H12 1 ) 12
Tonyon C;Hg 1,25
XTOpIUKPHUH CCI3NO, 1,28
I'excan CeHia 1,35
I'enrran C/Hy6 1,59

MonpHBIE 00BEMBI 3arpsI3HUTEINS ¥ CTAaHAAPTHOTO BEIIECTBA B )KHJIKOM CO-
crostHuu npu 273K BBIYUCTAIOTCS 110 hopMyJIaMm:

v = (4.34)
P
Vn.cm = h ! (435)

rae  m,,m,. - MOJBHBIE MAacChl 3arpsi3HUTENI M CTAaHAAPTHOTO BEIIECTBA,
Kr/MOIb; p,,p,, - TUNIOTHOCTH 3arpsS3HUTENSA U CTAHJIaPTHOTO BellecTBa mpu 273

K B KHIKOM COCTOSHHH, KI/M°,

Cepbe3HbIM OTKJIOHEHHEM OT PEabHBIX XapPAKTEPUCTUK aJICOPOIMH SIBIIS-
eTcs M NIPENIoJIOKEHHEe 00 M30TEpMUYHOCTH Ipolecca. ACopOLHs MOXKET
OBITh M30TEPMHUUYECKOM TOJBKO NMPU COOTBETCTBYIOIIEH OpPraHMU3alMM TEIIOOT-
BOJIa U3 30HBI KOHJEHCAIMU. B MHBIX Cllydasx TEIUIo, BBIIEISIEMOE IIPU KOH/IEH-
calMu ajcopdara U CMauyMBaHUU MOBEPXHOCTU aJCOpPOEHTa, MOWJET Ha HArPeB
oOpabaTpiBaeMoOro rasa, yactuil afgcopoenta. OgHaKko ¢ 1eJbl0 yIpOIIeHHUs pac-
YETOB CUUTAIOT aJICOPOLMIO M30TEPMUYECKUM IPOLIECCOM, TEMIIEpaTypy KOTO-
poro T, (K) HaxomaT kak cpemHIor apu(pMETHYECKYI0 MEXIy TeMIIepaTypaMu
0o0pabaTbIBaeMOro raza Ha BXOJI€ U BBIXOJIE afcopoepa.

2. BriOuparot Tun agcopdepa u ero KOHCTPYKTUBHBIE apameTpsl. [IpuHu-
MaloT QUKTUBHYIO CKOPOCTh 00pabaThiBaeMbIX Ta3oB B ajacopdepe W = 0,3...0,5
M/c, IO 3aJaHHOMY PacXojy T'a30B MMOJACYUTHIBAIOT JUAMETP armapara u moa0ou-
paroT OmKalliui TUIopasMep ajacopoepa BbIOpaHHOW KOHCTpyKuuu. [1o KoH-
CTPYKTHUBHBIM XapaKTEPUCTHKAaM aIlmapara MNoJ0HpaloT MPUEMIIEMYIO BBICOTY
CJI0s1 a/1ICOpOEHTA.
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3. OnpeaensroT K03 HUIMESHT MacconepeIayn.

[Ipu ajmcopOMu Ha aKTUBUPOBAHHOM yTJie KOA(POUIIMEHT MACOOTIA4YU B
ra3oBoil (haze peKOMEHyeTCsl HaXOUTh U3 YPABHEHUS:

Nu = 0,355 Re** Pr®®/ ¢,
g=1-Pr :
P

I7e € - MOPO3HOCTh CIOS aACOPOCHTA; Py — HACKIIHAS MIOTHOCTD CIIOS, KI/M;
Py — IIIOTHOCTh YACTHII aACOPOeHTa, KI/M’,

Yucna Peltnonbaca u [IpanaTis moACUUTHIBAIOT 110 COOTHOIICHUSIM:

Re — W.d‘t.3 pz ,
A,
pr=—t
p.D,

rae 0., — 9KBUBAJCHTHBIN AWaMeTp YacTull aacopoenta, M; D, — koaddumment
muady3un mapoB 3arps3HATENS, M/C.

3Havenue O, [ AKTHBHPOBAHHOTO YIUISi MOXHO MPHHSATH paBHbM 2107
M.

KoaddunueHt MaccooTmaum oT ra3a K MoBEpXHOCTH afcopoeHTa (ko3¢-

(GUIMEHT BHENTHEW MaccooTaauu) 3, HaxoaaT 1o Benmuuae Nu:

D
=Nu—=.
B. g

4.9

Koaddunment maccootaauu BHyTpH Mop aJcopOeHTa:

D
=10—*
P =10

.2

rae D, — koadduuuenT nuddysun B mopax agcopbenTa, M7/c, KOTOPBIH MOXKET
OBITh HAJIS)KHO OMPEJIETICH TOJBKO HA OCHOBAHUH OIBITHBIX JAHHBIX.

Ecnu u3BecTHBI pazMepsl op ajcopOeHTa, TO i OLEHKH BeMuuuHbI D,
MO>KHO BOCIIOJIb30BaThCSl ypaBHEHUEM:

D, = g, D, 1-exp| - 2d, [8RT ’
2 3D, \| m,

re €, — MOPUCTOCTh YaCTHI] afcopOeHTa (107151 00BeMa op OT 00beMa YaCTH-
1pl); O, — cpenHuil muameTp nmop copOeHTa, M; R — yHuUBepcalibHas ra3oBasi mo-
crosiaHast, JIx/(kmoinw K); m, — MosIeKkysipHas Macca 3arps3HUTeNs, KI/KMOJb.
JI7i1 aKkTHBUPOBAHHOT'O YU CPEIHHIA JTUAMETpP MOP MOXKHO MPHHSATH OpH-
EHTHPOBOYHO B mpesenax 6107 m.
[MopHUCTOCTh YaCTHIl HAXOAT U3 COOTHOIICHUS:

g, :1—&,
P
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e P, — INIOTHOCTD 3epHa aiacopberTa, Kr/m®; p, - IUIOTHOCTh MaTephala aj-
copbenta, Kr/m°.

KoaddunmenTt macconepeaaymu:

1
1 1
N
p. B,

OTKII0OHEHHWE OT PEeXMMa HICATLHOTO BBHITECHEHUS M3-3a MPOJOJIBLHOTO IIe-
pEMEIMBAHUS MOXKET OBITh YUTCHO BBEJCHUEM JIOMOJHUTEILHOTO AU((y3HOH-
HOTO COTPOTHBIICHHUS, JIJIS YE€TO ONpeaenseTcs Kod(pPHUIMeHT npoaodbpHOTO Tie-
pememuBanus C:

K, =

w Re%?
C =0,0567 ———
1-¢
Koaddunment macconepenaun (M/c) ¢ monpaBKoil Ha MPOIOIBHOE IEpe-
MEIIIMBAHUE HAXOSAT U3 COOTHOIICHHUS:

! 1
K =—".
oLt

K, C

2l

. -1y.
O0beMHbIH K03 uLHeHT Macconepeaaun (¢):
! !
K, =K, a.
Ecnm HameXHBIX CBEIEHUH O XapaKTEPHCTHKAX MOPHUCTOCTH afcopOcHTa
HET, TO MPH aJICOPOIIMU Ha aKTUBUPOBAHHOM yTJIe C pa3Mepamu yactui 1,7...2,2
MM U (PUKTHBHOM ckopoctu otoka W = 0,3...2 m/c:
' D 1
K., =16 —=.Re”™ ¢, (4.36)
EAY d 2
Ypasuenue (4.36) He peKOMEHyeTCs UCIIOJIb30BaTh, €CIIH (hopMa H30TEPMBI
COpOLIMM 3HAYUTEIBLHO OTJIMYAETCS OT U30TEPMBI JISHrMIOpAa.
4. OnpenenstoT MpoA0HKUTEILHOCTh aacopOiuu. s cios aacopOeHTa
BBICOTOM N MOJACUNTHIBAIOT YHCIIO SAUHHMII IEPEHOCA!
!

N — Ke.V h .
W
W3 BeIpaxkeHus It Oe3pa3MepHOro BpeMeHu mporiecca 7
he
T -——
T=wC —W
pCh
HAXOJAT BpeMs mporiecca T (c):
C +¢C
r—nf T (4.37)
wC

rae C, — paBHOBECHAs! KOHILICHTpALMsA 3arpA3HUTENS B aICOPOEHTE, COOTBETCT-
BYIOIIasl €0 HaYaIbHOM KOHIIEHTPAIIUU B Ta30BBIX BHIOPOCAX.
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BrIxoaHYyI0 KpUBYIO aJCOPOIMU PACCUUTHIBAIOT MPU MOMOIIU YpaBHEHUS
Tomaca:

C3=J(a,y),

rae J(o, y) — GyHKIUSA ABYX MEPEMEHHBIX OL M Y, KOTOPBIE 3/IeCh COOTBETCTBEH-
Ho paBHbI N; N, T. 3nauenus J(o, y/o) mpuBeaeHsl B Ta0MI. 4.3.
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3uauenus ¢yakuu J(a, y/o)

Taomuua 4.3

o
0,1 0,15 0,25 04 0,5 0,6 0,7 0,75 0,8 0,85 0,88 0,9

1 2 3 4 5 6 7 8 9 10 11 12 13
0,01 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901
0,02 0,9802 | 0,9802 | 0,9803 | 0,9804 | 0,9804 | 0,9804 | 09804 | 0,9805 | 09805 | 0,9805 | 0,9805 | 0,9805
0,05 0,9515 | 09516 | 0,9518 | 0,9522 | 0,9524 | 0,9526 | 0,9529 | 0,9530 | 09531 | 0,9532 | 0,9532 | 0,9533
0,10 0,9057 | 09062 | 0,9071 | 09084 | 09093 | 09101 | 09108 | 09114 | 0,9119 | 09124 | 09126 | 0,9128
0,20 0,8220 | 0,8238 | 0,8267 | 0,8314 | 0,8344 | 0,8374 | 08395 | 0,8417 | 0,8430 | 0,8445 | 0,8454 | 0,8460
0,50 0,6214 | 06291 | 0,6427 | 0,6628 | 0,6756 | 0,6880 | 0,6988 | 0,7056 | 0,7092 | 0,7152 | 0,7189 | 0,7248
1,0 0,4038 | 04167 | 0,4543 | 0,5010 | 0,5301 | 0,578 | 05758 | 0,9965 | 06090 | 0,6139 | 0,6233 | 0,6318
15 0,2724 | 0,2952 | 0,3425 | 0,4078 | 0,4487 | 0,4874 | 0,5159 | 05415 | 0,5581 | 0,5688 | 0,5792 | 0,5858
2 0,1957 | 0,2162 | 0,2690 | 0,3456 | 0,3943 | 0,4409 | 04731 | 0,5064 | 05259 | 0,5417 | 0,5528 | 0,5602
3 0,0992 | 0,235 | 0,1/78 | 0,2633 | 0,3209 | 03777 | 0,417/5 | 04597 | 04842 | 0,5066 | 0,5184 | 0,5297
4 0,0528 | 0,0745 | 0,1234 | 0,2085 | 0,2700 | 0,3331 | 0,3827 | 04269 | 0,4571 | 0,4864 | 0,4996 | 0,5129
5 0,0309 | 0,0463 | 0,0878 | 0,1686 | 0,2313 | 0,2982 | 0,3498 | 0,4011 | 04333 | 0,4682 | 0,4838 | 0,4998
6 0,0198 | 0,0298 | 0,0635 | 0,1380 | 0,2003 | 0,2695 | 0,3257 | 0,3796 | 0,4169 | 0,4536 | 0,4720 | 0,4891
8 0,0077 | 0,0152 | 0,0341 | 0,0948 | 0,1535 | 0,2242 | 0,2890 | 0,3446 | 0,3886 | 0,4289 | 0,4526 | 0,4699
10 0,0025 | 0,0089 | 0,0188 | 0,0665 | 0,1198 | 0,1894 | 0,2564 | 0,3163 | 0,3638 | 0,4090 | 0,4348 | 0,4547
15 0,0006 | 0,0013 | 0,0045 | 0,0288 | 00674 | 0,1292 | 0,2041 | 02627 | 0,3125 | 0,3711 | 0,4032 | 0,4259
20 0,0006 | 00011 | 0,0130 | 0,0393 | 0,0909 | 0,652 | 0,2230 | 0,2792 | 0,3448 | 0,3798 | 0,4040
30 0,0002 | 0,0028 | 0,0142 | 0,0472 | 01161 | 0,1619 | 0,2268 | 0,2997 | 0,3414 | 0,3703
40 0,0006 | 0,0053 | 0,0254 | 0,0808 | 0,1258 | 0,1881 | 0,2644 | 0,3138 | 0,3440
50 0,0002 | 0,0021 | 0,0140 | 0,0572 | 0,0961 | 0,1580 | 0,2379 | 0,2879 | 0,3221
60 0,0000 | 0,0008 | 0,0078 | 0,0410 | 0,0754 | 0,1339 | 0,2159 | 0,2685 | 0,3032
80 0,0001 | 0,0025 | 0,0215 | 0,0473 | 0,0979 | 0,1808 | 0,2348 | 0,2714
100 0,0000 | 0,0008 | 00116 | 0,0299 | 0,0727 | 0,1528 | 0,2005 | 0,2453
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1 2 3 5 6 7 8 9 10 11 12 13
150 0,0026 0,0110 0,0361 0,0931 0,1478 0,1951
200 0,0006 0,0040 0,0185 0,0624 0,1109 0,1585
300 0,0006 0,0052 0,0293 0,0694 0.1082
400 0,0001 0,0015 0,0143 0,0442 0,0759
500 0,0008 0,0078 0,0261 0,0541
600 0,0046 0,0166 0,0390
800 0,0025 0,0069 0,0207
1000 0,0012 0,0029 0,0112
ITponomxkenue tadm. 4.3
o vlo
0,92 0,94 0,95 0,96 0,98 1,0 1,02 1,04 1,05 1,06 1,08 1,10 1,12 1,15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0,01 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9901 | 0,9902
0,02 0,9805 | 0,9805 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9806 | 0,9807
0,05 0,9533 | 0,9533 | 0,9534 | 0,9535 | 0,9535 | 0,9536 | 0,9536 | 0,9537 | 0,9537 | 0,9537 | 0,9538 | 0,9538 | 0,9538 | 0,9539
0,10 0,9129 | 0,9130 | 0,9131 | 0,9132 | 0,9134 | 0,9135 | 0,9137 | 0,9138 | 0,9139 | 0,9141 | 0,9142 | 0,9143 | 0,9145 | 0,9147
0,20 0,8465 | 0,8470 | 0,8473 | 0,8476 | 0,8481 | 0,8487 | 0,8492 | 0,8498 | 0,8501 | 0,8503 | 0,8508 | 0,8513 | 0,8516 | 0,8527
0,50 0,7264 | 0,7279 | 0,7288 | 0,7296 | 0,7312 | 0,7329 | 0,7368 | 0,7389 | 0,7408 | 0,7412 | 0,7421 | 0,7429 | 0,7442 | 0,7461
1,0 0,6358 | 0,6415 | 0,6456 | 0,6492 | 0,6519 | 0,6543 | 0,6611 | 0,6664 | 0,6702 | 0,6738 | 0,6768 | 0,6789 | 0,6828 | 0,6857
15 0,5920 | 0,5986 | 0,6044 | 0,6096 | 0,6140 | 0,6215 | 0,6314 | 0,6388 | 0,6431 | 0,6460 | 0,6493 | 0,6522 | 0,6598 | 0,6657
2 0,5669 | 0,5749 | 0,5810 | 0,5876 | 0,5932 | 0,6035 | 0,6145 | 0,6220 | 0,6227 | 0,6308 | 0,6349 | 0,6384 | 0,6491 | 0,6578
3 0,5396 | 0,5458 | 0,5535 | 0,5601 | 0,5681 | 0,5833 | 0,5966 | 0,6039 | 0,6098 | 0,6162 | 0,6205 | 0,6258 | 0,6410 | 0,6546
4 0,5132 | 0,5311 | 0,5373 | 0,5446 | 0,5558 | 0,5717 | 0,5861 | 0,5948 | 0,6018 | 0,6084 | 0,6138 | 0,6238 | 0,6394 | 0,6542
5 0,5068 | 0,5178 | 0,5254 | 0,5356 | 0,5464 | 0,5639 | 0,5798 | 0,5901 | 0,5978 | 0,6045 | 0,6115 | 0,6235 | 0,6392 | 0,6559
6 0,4970 | 0,5074 | 0,5163 | 0,5249 | 0,5382 | 0,5582 | 0,5775 | 0,5870 | 0,5956 | 0,6024 | 0,6110 | 0,6232 | 0,6402 | 0,6597
8 0,4803 | 0,4918 | 0,5020 | 0,5138 | 0,5207 | 0,5503 | 0,5719 | 0,5839 | 0,5924 | 0,6011 | 0,6119 | 0,6259 | 0,6437 | 0,6657
10 0,4651 | 0,4782 | 0,4921 | 0,5032 | 0,5205 | 0,5449 | 0,5684 | 0,5822 | 0,5904 | 0,6002 | 0,6139 | 0,6298 | 0,6478 | 0,6721

120




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
15 0,4383 | 0,4568 | 0,4719 | 0,4865 | 0,5058 | 0,5366 | 0,5618 | 0,5801 | 0,5902 | 0,6038 | 0,6202 | 0,6402 | 0,6602 | 0,6882
20 0,4206 | 0,4401 | 0,4685 | 0,4738 | 0,4971 | 0,5316 | 0,5601 | 0,5808 | 0,5910 | 0,6064 | 0,6265 | 0,6518 | 0,6716 | 0,7034
30 0,3916 | 0,4176 | 0,4398 | 0,4558 | 0,4819 | 0,5258 | 0,5598 | 0,5849 | 0,5985 | 0,6168 | 0,6428 | 0,6705 | 0,6922 | 0,7309
40 0,3708 | 0,4019 | 0,4259 | 0,4429 | 0,4737 | 0,5223 | 0,5580 | 0,5919 | 0,6058 | 0,6245 | 0,6558 | 0,6884 | 0,7158 | 0,7588
50 0,3531 | 0,3879 | 0,4156 | 0,4338 | 0,4672 | 0,5200 | 0,5599 | 0,5975 | 0,6142 | 0,6341 | 0,6689 | 0,7044 | 0,7258 | 0,7812
60 0,3379 | 0,3778 | 0,4068 | 0,4263 | 0,4620 | 0,5182 | 0,5603 | 0,6034 | 0,6233 | 0,6432 | 0,6819 | 0,7188 | 0,7538 | 0,7996
80 0,3087 | 0,3576 | 0,3811 | 0,4132 | 0,4528 | 0,5158 | 0,5642 | 0,6128 | 0,6369 | 0,6610 | 0,7041 | 0,7441 | 0,7827 | 0,8298

100 | 0,2820 | 0,3362 | 0,3728 | 0,4026 | 0,4447 | 0,5141 | 0,5682 | 0,6242 | 0,6488 | 0,6768 | 0,7239 | 0,7657 | 0,8112 | 0,8572
150 | 0,2376 | 0,2980 | 0,3412 | 0,3774 | 0,4302 | 0,5115 | 0,5765 | 0,6448 | 0,6759 | 0,7076 | 0,7622 | 0,8088 | 0,8552 | 0,9000
200 | 0,2017 | 0,2691 | 0,3152 | 0,3542 | 0,4219 | 0,5100 | 0,5848 | 0,6629 | 0,6980 | 0,7312 | 0,7926 | 0,8415 | 0,8868 | 0,9295
300 | 0,1558 | 0,2276 | 0,2744 | 0,3192 | 0,4079 | 0,5081 | 0,6033 | 0,6958 | 0,7340 | 0,7739 | 0,8392 | 0,8879 | 0,9308 | 0,9635
400 | 0,1229 | 0,1971 | 0,2425 | 0,2896 | 0,3937 | 0,5071 | 0,6145 | 0,7205 | 0,7630 | 0,8026 | 0,8688 | 0,9189 | 0,9532 | 0,9806
500 | 0,011 | 0,1717 | 0,2156 | 0,2667 | 0,3814 | 0,5063 | 0,6295 | 0,7395 | 0,7857 | 0,8291 | 0,8955 | 0,9405 | 0,9685 | 0,9896
600 | 0,0808 | 0,1490 | 0,1939 | 0,2466 | 0,3693 | 0,5058 | 0,6402 | 0,7581 | 0,8068 | 0,8504 | 0,9151 | 0,9559 | 0,9790 | 0,9939
800 | 0,0526 | 0,1139 | 0,1618 | 0,2132 | 0,3485 | 0,5050 | 0,6593 | 0,7895 | 0,8411 | 0,8839 | 0,9431 | 0,9753 | 0,9905 | 0,9981
1000 | 0,0348 | 0,0883 | 0,1371 | 0,1861 | 0,3306 | 0,5045 | 0,6758 | 0,8151 | 0,8646 | 0,9088 | 0,9613 | 0,9859 | 0,9956 | 0,9993
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Pe3ynbrarhl pacueToB BBIXOJHOW KPUBOW yAOOHO MpEACTaBUTH rpaduye-
CKHU B BHJIE 3aBUCUMOCTH Oe3pa3MepHbIX KoHneHTpamuidi C/Cp 0T 0e3pa3MepHOro
Bpemenu mporecca T (puc. 4.18). Ilo stomy rpaduky Uit 3aJaHHON BBIXOIHOU
(koHeuHOI) KOHIeHTpaluu U cooTHOIIeHU0 Ce/Cy, HETPYJIHO OTBICKATH COOT-
BETCTBYIOIIIee Oe3pa3MepHOe pacuyeTHoe Bpems Iy a mo ypaBHenuto (4.37) -
pacueTHYI0 NPOJOJKUTENBHOCTh CTA U aICOPOLIUH T

Ci Cb o.0L1p

0.01

.001
0.

Puc. 4.18. 3aBucuMocTth 6e3pa3MepHbIx KoHneHTpamuii C/C,, oT
0e3pa3mMepHOro BpeMeHu mporiecca 1’

5. 1o pacueTHON POJOIKUTENBHOCTH MPOLIECCa HAXOIAT KOJIMYECTBO Te-
11a, BhIJEIsIEMOE MPU aJCOPOLIUU 3arpsi3HUTENS, U OLICHUBAIOT BEJIMYMHY Tepe-
naja Temneparyp oTOpoCHBIX Ta30B Ha BXOJE U BbIxoJe ajcopoepa. Ecnu mony-
YEHHBIN Mepenaj TeMNEPaTyp 3HAYUTEIbHO OTJIMYAETCS OT IPEABAPUTEIBHO
npuHATOr0 (OpueHTHpOoBOYHO B 1,5...2 pa3a u Oosee), TO MEePeCUUTHIBAIOT Xa-
PAKTEPUCTUKH MpoLecca.

6. Ilo ypaBHenuto Tomaca, 3amrcanHOMy Jisi 6€3pa3MepHON KOHIIEHTpa-
I[UU TIOTJIONIEHHOTO aJICOPOCHTOM 3arps3HUTEINS B BUJIE!

C J(NT,N)
C_ ERE I A |

CTpOST oMb KOHIIEHTpanui B ancopoente (puc. 4.19).
[Tpu monb3oBanuu Tadymiei 4.3 HEOOXOIUMO YYHTHIBATh, UYTO 37IECh O =
N,7, a yla. = N/(N,T) = T™. Paccrosirmst x (M) OT HAYAIBHOTO CIIOS aACOPOCHTA
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710 TOYKHU € KOHLIeHTpauuen C npeCTaBIsAioT B BUJie QYHKIMH OT Oe3pa3MepHO-
ro BpemeHu 7.

T wC
X=————.
pCT+Ce¢
C/C
X eqg l ]
ey
\\
a8 \

\

1 1
F N7 B B 1 B TR ¥ A 7 1T

X, M

Puc. 4.19. IIpodunp KoHLIEHTpaLui B aAcopOeHTe

7. BBITIONHSIIOT TPOBEPKY CXOJUMOCTH HAWJECHHBIX MapaMeTPOB, COCTABIISSA
MaTepHaIbHBINA OanmaHc. [ 3TOTO BBIUMCISAIOT KOJMHYECTBO 3arps3HUTENS II0-
CTYNHBIIETO B aicopOep, U CPAaBHUBAIOT €T0 C KOJWYECTBAMU 3arpS3HUTEINS T10-
[JIOLIEHHBIM aJCOPOEHTOM, OCTaBIIMMCS B ra3oBoil (ase cios ajacopOeHTa u
YIIEJIIAM M3 amrapara B COOTBETCTBUHU C 3aJIaHHBIM MPOCKOKOM. KomndecTBo
3arps3HUTENIA, TIOCTYIAIONIEro B ajcopoep (Kr):

M=WrzrC .

KonuuecTBo 3arps3uuTens (Kr), MOTJIOMEHHOTO aICOPOCHTOM:
H

C
M =p fC |—adx, 4.38
=P ! . (4.38)
riae f— IUIOMIaIk TONEePEeYHOTo ceueH s afcopoepa, M.

KonmdectBo 3arpsi3autes (Kr) B ra3oBoi ¢ase ciios aacopOeHTa:
Cc -C
M 2.a = gvd A

KosmdectBo 3arpsi3autens (Kr), BEIOPOIIEHHOTO B aTMochepy:
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M, =WC jcidf, (4.39)

IJ€ Tp — BpeMsl ¢ Hayaja mpoliecca 10 BbIX0Ja 3arpsi3HUTEN U3 agcopoepa, c;
T, — BpeMs azicopOuuu, .

Nurerpanst B ypaBHeHusix 4.38 u 4.39 HaxoasaT rpadudecKuM METOJIOM Kak
IUTOIAM COOTBETCTBEHHO 1Mo npoduieM kouieHTpanuu (puc. 4.19) u o BbI-
XOAHOM KpuBoii (puc. 4.18).

CocTaBnsitoT MaTepuaIbHbIN OaJaHC 3arpsI3HATEIS !

M=M_+M, +M,_.

[Ipu 3HAUMTEIBHOM HEBA3KE JIEBOW M MPABOM YACTEM pacyeThbl MOBTOPSIOT,
BapbUPYsl MPOJAOHKUTEIIHOCTHIO aJICOPOLIMU WU BBICOTOM CJI0S afiIcOpOEHTA.

8. OmpenensoT Npoa0HKUTEIEHOCTh BCIIOMOTATEIbHBIX CTaAMM mporiecca
00pabOTKH ra3oB.

[Ipn KOMIIOHOBKE CXEeMbI aJcopOIMK U3 4-X amnmapaToB MPOJIOJKUTEIh-
HOCTh KaXKJIOM M3 BCIIOMOTATEIbHBIX CTaJAWHA - 1eCOPOINH, CYIIKH U OXJIaXKe-
HUS alcOpOeHTa, MPUHUMAIOT OAMHAKOBBIMU C PACUETHON MPOJIOKUTEIHLHO-
CTBIO aJICOPOLIUH.

[Ipy KOMIOHOBKE M3 2-X WM 3-X amnmapaToB MOKHO OTBOJUTH Ha CTAJIHIO
necop6ruu He Menee 0,5...1 gaca, a ocTaBieecss BpeMs JIeITUTh TOPOBHY Ha CTa-
JIUU CYIITKH B OXJIXKICHUS.

IIpumep 4.1. Paccuurarh aacopOLUMOHHYIO YCTAaHOBKY MNEPUOIMYECKOTO
NEUCTBUA AJIA YJIAaBIMBaHUS MApoB OyTuUialleTaTa U3 BO3/JAyXa aKTUBHBIM YTJIEM,
paboTaroIIyI0 MO YeThipeX(pazHoOMy LUKITY, TPHU CIACTYIONINX YCIOBUSIX:

- pacxon napopo3aymHoi cmecu 30 000 Mg = 8,33 M3/c;

- TeMriepatypa napoo3ayurHoi cmecu 20 °C;

- atmocdepHoe aaBiaeHue /35 MM pT. CT. = 9,81'10% Ia;

- HadaJIbHas KOHIICHTpamus OyTriiamneTraTa B Bo3ayxe y, = 0,0082 Kr/vS;

- JoTycTUMasi KOHIICHTpaIus OyTuiiameraTta 3a cioeM ajacopOeHTta (KOH-
LeHTpaLust mpockoka) y, = 0,00040 kr/m®; (kak MpaBHIIO, 5TO0 MHHHMAIBHO OII-
penenrMas aHaTUTHICCKUMH METOJIaMU KOHIICHTpAIUs aJcopOTHBA);

- THII anrapaTta — KOJIbIEeBOH amcopoep (cm. puc. 4.6);

- MPUHSTH, YTO COMPOTUBIICHUE Maccolepeaadye coCpeIOTOUCHO B Ta30BOM
daze.

B xauectBe ancopOeHTa BhIOMpaeM aKTUBHBIN yroib Mapku AP-A mo ta6-
mune [1.7 npunoxenus. B nannom ciydae yroinb AP-A BbIOpaH B COOTBETCTBUU
CO CBOWMCTBaMH, MOPHCTOW CTPYKTYpPOHW M Ha3HA4YeHHWEM (i1 peKyIeparu).
OTOT yroib o0JagaeT HU3KOU YIepKUBAIOIIEH CITOCOOHOCTBIO, T. €. JIETKO pere-
HEPUPYETCSI.
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[Ipu mpoexkTHpOBaHWY ammapara MepuoIUIECKOro IEHCTBUS 3aTaf0TCS OI-
HOW W3 JIByX B3aMMOCBSI3aHHBIX BCJIIMYMH — BBICOTOH CJIOS (ISl KOJIBIIEBOTO
ajicopOepa - TOJIIIHUHOM CI10s1) WK MPOIOJIKUTEILHOCTBIO (ha3bl aICOPOLIHH.

B xonbiieBoM afcopOepe TONMIIMHA CII0s aacOpOCHTa OIpenesieTCs pa3me-
pamMH KOHIICHTPUYECKHX PEIIETOK, 3aKII0YAIOIIUX YToJbHYI0 MHXTY. [IpuHH-
MaeM CIEIYyIOIHe pa3Mepbl KOHIEHTPUUECKUX peIeToK: Dy,, = 3 M; Dy, = 1,6
M. Bricota pemetok H = 5 m. Toraa Beicora (TonuHa) ciios aacopoeHra H,, =
(3,0-1,6)/2=0,7 m.

DTa BHICOTA 3HAYUTEJILHO MPEBBIIMIACT BHICOTY pabOTAOMIETo Ciosi (30HbBI
Maccorepeadn), YTO UCKIYaeT BO3MOXKHOCTh MPOCKOKa afacopOTuBa. Beicota
ciost, 60bIIast BRICOTHI 30HBI MAacCOTIEPEIauu, OMPeaesaeT TOIbKO €ro THIPaB-
JMYECKOE COMPOTUBJICHUE W HEOOXOIUMYIO MPOJOHKUTEIBHBI CTaIUuu acopo-
WY,

BricoTa pemrerok, oOecreynBaromas CE4YeHHE, Yepe3 KOTOPOe MPOXOIUT
UCXOJIHASI CMECH, OTNIPEACIIICTCS MTPOU3BOANTEILHOCTRIO alapaTa U CKOPOCTHIO
ra3oBOTO MOTOKA.

Kak yxe oTmedanocs paHee, B TOM CiIydae, Korja CIpaBOYHbBIC TaHHBIE 110
PaBHOBECHIO OTCYTCTBYIOT, U30TEPMY aJCOPOIMU CTPOST MO KoddduimeHtam
ah(GUHHOCTU XapaKTEPUCTUUYECKUX KPUBBIX PA3JIUYHBIX BEIIECTB JIJISi aKTUBHBIX
yIJIEH.

Koadpdunmentsr ahduHHOCTH 11 HEKOTOPBIX aacOpPOTUBOB MPUBEICHBI B
Tabu. 4.2.

[Tonb3ysiCh PaBHOBECHBIMHU 3HAYCHHUSIMU X; M y; TO ajfcopOIuu OeH3oja
(cranmapTHOE BelIecTBO) Ha akTUBHOM yriie AP-A (tabsmna 1.7 npunoxeHus),
pPACCUHMTHIBAIOT COOTBETCTBYIONTUE 3HAYCHUS X, U ), JUIsl OyTHiIamerara mo clie-
TYFOIIM YPaBHECHUSIM

X—Xl
1ﬂ’
T,y
lgy, =lgy,, - f>lg—= ,
? S )

II€ Yy U Yy — KOHIIEHTPALMH IOTJIONIAeMOro KOMIIOHEHTa B Ta30BoM (asze,
COOTBETCTBYIOLLHE YCIOBUSAM HACBIIIECHUS, kriv®, Tom T — temneparypa, K.

OnpenenuM 3HAYEHUS ), U X HJs OyTWiamerara mo TOYKE Ha M30TEpMe
azcopOuuu Gensona ¢ koopauHatamu y; = 0,00854 kr/m® u x; = 109,0 kr/n’.
[To nanupiM Tabsmie! 11.8 mpunokeHus naBlieHUE HACHIIIIEHHBIX MTapoB O€H301a
Pu1 = 75 MM pt. c1. = 9997,5 Ila, a 6ytunanerara p,, = 18 mm pt. cr. = 2399,4
ITa.

[To ypaBHeHuto razoBoro cocrostHus y = P/RT ompenensieMm oObeMHBIC
KOHIICHTpPAITUH:
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Y= 15183 0,0041kr/m>;
8310293
y =—8133 400099 kv’
8310293
0,0041
lgy, = 1g0,00099 — 1,48 Ig— ;
9% =1 90,00854

y, = 0,00069 krm®, x, =109(1/1,48) = 73,7 Kr/™m".

Pe3ynpTaThl pacyeTa paBHOBECHBIX JAHHBIX IS CHCTEMBI «Iapbl OYTHII-
aleraTta — aKTUBHBIN yroib AP-A» nipuBenensl B Tab1. 4.4.

Tabnuna 4.4
Pe3ynbTarhl pacuera paBHOBECHBIX JaHHBIX
benzon byrtunanerar
Y, kr/m® x, kr/m® Y, kr/m® x, kr/m®
0,00854 109.0 0,00069 73,7
0,02560 134,2 0,00322 90,8
0,05125 139,8 0,00863 94,2
0,09390 143,0 0,02025 96,7
0,17060 147,3 0,04715 99,4
0,25610 151,2 0,08394 102,1

Kak nmokazano Ha puc. 4.20, uzotepMy aacopOIHH Or0 THUIA ACTAT HA TPH
o0JacTH, JUIsl KaXJIOW M3 KOTOPBIX pAaCUETHBIC ypaBHEHHS JJIsi ONpPEACIICHUS
POJIOJDKUTEHHOCTH aJICOPOITUN PA3IUIHBI.

[To u30TEpMeE ancopOIMK OMPECIIIIOT 00JACTh KOHIICHTpAIMi (B JaHHOM
ciydae o0nacth |I) m paBHOBECHYIO KOHIICHTpALMIO OyTHjalieTata B TBEpPIOM
dase: x,* = 94 kr/m®. OGbeMHBIH K03(hMUIMEHT MACCOOTAAYH B Ta30BOH (hase
OTIPEIETISIOT TI0 YPABHEHHUIO:

Nu = 0,725 Re®*' Pro®,

d? . .
rae Nu=g, D — muddysnonnsnii kpurepuit Hyccenpra, d, — SKBHBajeHT-

HBIM IUaMeTp rpanyn aacopoenta, M; D — koaddurment auddy3un B razoBoit

2 . Wdapy ~ (o3 .
dase, m“/c; Re=—""Y — kpurepuii PeitHonpaca; W — (QUKTHBHAsS CKOPOCTh
Hy
Mapo-BO3YIIHOH cMecH, M/c; Py — IUIOTHOCTH ITapOBO3IYILIHON CMECH, kr/m;

o . H . o
Wy — BA3KOCTbH rasosoi ¢asel. Ilac; Pr=——"— — muddy3noHHsIi KpUTEpUii
y

[Ipanatis.
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P

g ¥
Puc. 4.20. O6aactu u30TepMbl agcopOiuu (K pacyery
IPOIOJKUTEIBHOCTH MTPOIIECcca)

[TpuHsiB mopo3HOCTh ciiosi copbenta € = 0,37, paccunthiBaroT d, JIst 1uU-
JMHIPUYECKHUX Tpanys auamerpoM d u mmHoi | mo ypaBHEHMIO:
M _06-—3% _13mm=0,0013 m.
d/2+1 3/2+4
[To1aap MOMEPEUYHOI0 CEUCHHS MIUXTHI, Yepe3 KOTOPYIO MPOXOAUT Iapo-
BO3/yIIIHAs CMECh, PaBHa:

d =06

D _H+zD,H 1 -
oS58, TR AH g ) 3145 6362 M2
»TT 2 g N 2
DUKTUBHAS CKOPOCTH MAPOBO3AYIIHOM CMECH B ancopoepe:
v 30000
=0,23 m/c.

"= 3600 S, 360036,
Ckopoctb motoka 6osbiie 0,3 m/c HelenecooOpa3Ha BCIEACTBHE BO3pac-
TaHUs TUJpaBInueckoro conporurieHus npu Re > 20...30. [1pu HeoOXxoaUMO-
CTH YMEHBIICHHsI CKOPOCTH CIIEAYET 3aJI0’KUTh B pacdeT OOJBIIYIO BBICOTY KOH-
IEHTPUUECKUX PEIIETOK.
CpolicTBa MapoBO3YIIHON CMECH MPUHKUMaeM 1o Bo3ayxy npu t = 20 °C:
p, = 1,21 xr/m®; p,=0,018 cIl = 0,01810° Mac. Torma
0,230,0013
Re=———
0,01810°°
PaccunteiBator koo dumment qud¢y3uu B ra3oBoi dase:
-mpu t=0°C

Do% i+ 0,034 = 12'992 5 1 +0,034 = 0,0203 Mm%y =
V" +310472\ M (151° +3104)2 | 116

=0,05710" mM%/c;

=201.

-npu t=20°C
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3/2 3/2
D, =D | —o005710[ 28| 0063510 mc.
T 273

0
PaccuuteiBator auddysnonnsie kputepun [Ipanamis u Hyccenbra:
1N-3
pro_ty _ 0018107 54
D'p, 0,0635107*1,21
Nu = 0,72520,1"%"2,34°% = 0,7254,021,325 = 3,86.
Omnpenenstor 00beMHBIA KO3 HUIIMEHT MAacCOOTAa4H B Ta30BoH (ase:
B = NuD 3860,06510°
vd? 0,013

—145¢™,

-1
B cootsercTBuu ¢ 3ananuem Ky, = By, = 14,5 ¢™.
ITponoIKUTEIBHOCTL aCOPOLMU PACCUUTHIBAIOT 110 YPABHEHHMIO!

—_— Hm_ﬂ{lln(ﬁ—qﬂnﬁ—l} .
wy, Knlp Ly y

[loncTaBuB, NOIyYUM:
o4 {o 7_0.23 [3.2,3- Ig[0’0082 —1) + 231920082 } =32510° ¢ =

£ 0,230,0082 | _m 4 0,0004 0,0004
=9,03 u.

[Tpoa0KUTEILHOCTh OCTANIbHBIX (a3 HuKIa (IecopOIrK, CYIIKA U OXJja-
XKJIEHUS a7icopOeHTa) PacCUMTHIBAIOT, KaK MPaBUIIO, HA OCHOBAaHUM DKCIICPH-
MCHTAJIbHBIX JAaHHBIX WIN [0 SMITUPHUUCCKUM ypaBHEHUSIM (BBUY CIOKHOCTH
MaTEMaTUYECKOTO OMHCAHUSI COOTBETCTBYIOIIMX MPOILECCOB, OOYCIOBICHHOM
TJIABHBIM 00pa30M BHYTpPEHHEH MOPUCTOCTHIO afcOPOCHTA).

4.3.5. Pacuet agcop0epoB HenmpepbLIBHOIO JIeliCTBUS

[Tpu paccMOTpeHHH METOI0B MPOCKTUPOBAHUS CTAIIMOHAPHBIX aIcOPOEPOB
C JIBIDKYIITHUMCS CJIO€M IPEIIOIaracTcs, YTo mporece MpoTeKaeT B H30TEPMUYC-
CKHX YCJIOBHSAX M afCOpOHpPYyeTCs TOJBKO OJAMH KOMIIOHEHT. B 3TOM cirydae
mpoliiecc aHajoruueH adcopouuu raza. OTauyue COCTOMUT JIMIIb B 3aMEHE KUJ-
KOT'O PACTBOPHUTES TBEPABIM aJCOPOEHTOM. 3/1€Ch U J1ajiee CKOPOCTH ITOTOKOB M
KOHIICHTpAIUil OyIyT OTHOCUTBHCS K MarepuaiaM, HE COJIEPIKaIlUM PacTBOPCH-
HBIX BEINECTB, @ BMECTO MACCOBOM JIOJIM OYJET MCIIOJIB30BaThCS MAacCOBOE OT-
HomieHue. Takum oOpa3oM: Y — macca pacTBOPEHHOro BelecTBa/ Macca pac-
TBOpa; G5 — Macca razoo0pa3HOro pacTBOpUTEIIs/(eTUHUIIA BpEMEHU X e IMHHIIA
wiomraan); X — Macca ajcop6Oara/(macca amcopOenTta); Ls - macca agcopOeH-
ta/(eIMHMIIA BPEMEHUX €IUHHIIA TUIOIIAIH).
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Ha puc. 4.21 npuBeneHa cxema IpOTUBOTOYHOTO ajcopoepa ¢ JBUKYIIIM-
Csl CJIOEM HENPEPBIBHOIO IEUCTBUS C YJIAJEHUEM OOHOTO KoMmoHeHTa. [lokaza-
HbI TAK)K€ COOTHOLLIEHUS MEK/y IEPEMEHHBIMU.

6si ¥y

__LS;XZ

Adcopdyuonran 3o4a
V4

SQUIIIIT

Paspes wonoHHs

Puc. 4.21. PacueTHas cxema MpOTUBOTOYHOTO ajcopoepa

banaHc pacTBOPEHHOTO BELIECTBA IO BCEM KOJIOHHE BBIPAXKAETCS ypaBHE-
HUEM!

GS(YI_YZ):LS(XI_XZ) (4-40)
AHAJIOTUYHO JJ1 BEpXHEH YacTH KOJIOHHBI!
Gs(Y_Yz):Ls(X_Xz) (441)

DTy 1Ba ypaBHEHMs 3aJal0T pabOYyro JIMHHMIO JJI CUCTEMBI. YpaBHEHHE

(4.41) moxeT OBITH PEIICHO OTHOCUTEIHHO Y
Y= (LS/GS) X+ [Y2 - (Ls/Gs)XZ]- (4-42)

CooTtBeTCcTBYyIOIIas 3aBUCUMOCTD Y OT X MpeacTaBisieT co00M MpsMyro Ju-
HUIO ¢ HAaKJIOHOM (Lg/Gs) 1 0Tpe3KoM, OTCEeKaeMbIM Ha OCH OPJIMHAT, paBHBIM [Y,
— (L/Gs) X3].

[Tpu ancopOumu GOJBIIUX KOJUYECTB BELIECTBA CYLIECTBEHHBIMU CTAaHO-
BATCS TETIOBBIE YPPEeKThl. PacueTsl 3TUX TEIIOBBIX 3PPEKTOB OUEHb CIOXKHBI.
[Ipu ux mpoBeAeHUH MPEANOaraiT, YTO aACOPOIUsS OCYIIECTBISIETCA U3 pa3-
OaBieHHOM ra3oBoi cMecu. [1o anamoruu ¢ abcopOIMeil MacCcOmepeHoc Xapak-
TEPU3YIOT CYMMAapHbIM KO3 (ULIMEHTOM MaccolepeHoca B razoBou (¢ase, B KO-
TOPBIM BXOIUT BEJIMUYMHA IJIOMIAAN HAPY>KHON MOBEPXHOCTH, MPUXOAAIIASACS HA
eIMHUIY o0beMa ajcopOeHTa (yaeiabHas MOBEPXHOCTh KOHTaKTa ¢a3), as. Cko-
pPOCTh MEepeHOca PACTBOPEHHOTO BEIIECTBA /ISl AJIEMEHTa BBICOTHI CIIOSI a/ICOp-
Oenra dZ B aTOM ciydae:

LdX = GgdY = K, a5 (Y —=Y*)dZ . (4.43)

Torma
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A

A (4.44)
P Kag Y Y *
BricoTa emMHAIIBI IEpeHOCA OTPEIETIAETCS KaK
HY = GS y (445)
KY a‘S

a YUCJIO CAUHUILL HepeHoca BBIpa)KaeT Ci UHT erpaJIOM
Tody
N, = j .,
Y —Y *

Y,

(4.46)

Ecnu nuHus paBHOBecus, Kak U paboyasi IUHUS, MPEACTABIsAET COO0H Mmpsi-
My10, TO 17151 mostydeHus: Ny MOKHO MCIOJIb30BaTh CPEeIHUE JIOTapu(PMHUUECKHUE

3HAYCHUI.

NY — Y1A_YY2 : (447)

_ (Yl _Yl*)_(Yz _Yz*)
|n ﬁ
Yz _Yz*

4.4. lecopOumst aicoOpOMPOBAHHBIX NPOXYKTOB

AY (4.48)

OnHolt M3 OCHOBHBIX CTaIui aACOpPOIIMOHHOIO TIpollecca SBISETCS Je-
cOpOIMs TIOTJIONIEHHBIX BEIIECTB, KOTOPask MOXKET MPOBOAUTHCSA Pa3TUYHBIMU
croco0amMu: TMOBBIIIEHUEM TEMIIEpaTyphl CIIOs acopOeHTa, CHHYKEHHEM JaBJie-
HUS B CHCTEME, OTIYyBKOM ajcopbaTa B TOKE Ia3a-HOCUTENs, MPUMEHECHUEM Ba-
KyyMa, BBITECHEHHE copOara Oosiee JIErKO aJcOpOMPYIOIMIMMCS MaTepHajIoM,
KOMOUWHAITUS JBYX WK 00Jiee YKa3aHHBIX METOJIOB.

Kak mpaBuiio, BO3MOXXHOCTh pereHepanuu ajcopOeHTa U BBIICICHUS aj-
COpOMPOBAHHOTO 3arpsi3HEHUSI OMPENENAETCS YIKOHOMUUYECKUMU COOOpaKeHHUsI-
MH.

OmuuM U3 myTed ynajaeHus ajcopOUpPOBAHHBIX 3arpsI3BHUTENICH SBIISIETCS
MOJIHAasl 3aMEHa aJiIcOpOeHTa C HalpaBJICHHEM OTpabOTaHHOrO Marepualia B OT-
xo1bl. Takol myTh BO3MOXEH B T€X CIydasxX, KOorja KOJIU4YeCTBO ajcopOara He-
BEJIMKO WJIM TPOLECC 3aMEHBbI MPOU3BOAMUTCA OCTATOYHO peako. CTOMMOCTh
CBEXKEro aJicopOeHTa HEBEIMKA [0 CPABHEHHUIO CO CTOMMOCTBIO Mpoliecca pere-
HEpalMu ¢ Y4eTOM TPYAOBBIX 3aTpaT. AJCOpPOCHT MOXKET HaXOJUThCs Ha Oy-
Ma)KHOM HOCHUTEJIC WM BO BCTABHOM TWJIb3€. Y TAISIEMbIM MaTe€pHal MOXKET
OBITh BBIBE3CH Ha CBAJIKY; OJIHAKO B TEX CIIyyasx, Korja ajicopOHpOBaHHOE Be-
IIECTBO TOKCUYHO WJIM KAHIIEPOT€HHO U MOXXET PACTBOPATHCS B BOJIC, a TaKXKE
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MpU UCIOJIL30BaHUU YIUISI B KAa4eCTBE aJICOPOEHTa MPEANOYTUTEIHLHO OTpado-
TaHHBIA MaTEPHUaJl CIKUTATh.

[TpoGiieMa yTHIIM3AlMKM WM YAAJCHUS MaTepHasa, BbIICICHHOTO MPHU aj-
COpOIIMOHHOW OYMCTKE, B 3HAYUTEIHHOW CTETICHW CBS3aHA C TPUTOTHOCTHIO
ATOrO MaTepHalia Jjisi TOBTOPHOTO MCIIOJIb30BAHUS B TIPOIECCE, OJJHAKO OTPEJIe-
JICHHYIO POJIb MOKET UTpaTh M BBIOOpP METOJA JECOPOIUH, MPUMEHSIEMOTO IS
pereHepanuu oTpaboTaHHOrO copOeHTa. Ecim BbIIEICHHOE BEIIECTBO MOXKET
OBITh WCIIOJIE30BAHO B TPOIIECCE MPOM3BOACTBA, TO ONTHUMAIBLHBIMH METOJaMH
AecopOry MOTYT OBITH IMPOCTOEC HATPEBAHHWE WJIM HATPEBAHHE MPH YACTUIHOM
BaKyyMHPOBAHHH, TIOCKOJIbKY 3arps3HUTEIb MTPH BHIKUTIAHUKM 00pa3yeT KOHIICH-
TPUPOBAHHBIN TIap; MPH KOHJEHCAIIMHU Tapa oOpa3yeTcs KOHIICHTPHPOBAHHBIN
pacTBOp, KOTOPBIH MOMKET OBITH BO3BpallIeH B mporecc. Ecim oaHOBPEMEHHO
BBIJICTISICTCS. HECKOJILKO 3arps3HUTENICH, HAalpuMep, CMECh IapoB PacTBOPHTE-
JICH, ¥ 3Ta CMECh HE MOXKET OBITh YTHJIM3UPOBAHA KaK TaKOBas, TO HEOOXOIMMO
JIOTIOJTHUTEIBHOE Pa3/IelicHUE, HAPUMED ITyTeM JUCTHILIAIUU. [10CKOIbKY aj-
COPOIIMIO YacTO HMCITOJIB3YIOT IS BBIJICIICHUS OPTaHWYSCKUX 3arpsi3HUTEICH, TO
BO MHOTHX CJIy4asX BBIJCJICHHBIH MaTepHall MOXHO HCIIOJIb30BaTh B KaueCTBE
TOIUIMBA WJIM JTOOABKH K TOIUIMBY, €CJIM OH HE HAXOJWUT JAPYroro MPUMEHCHHS.
[Tpu ckMraHuW 3aMEIEHHBIX YIIIEBOAOPOI0B HEOOXOIUMO MPUHUMATh BO BHH-
MaHHe, YTO BO3MOXHO 00pa3oBaHWE MPOAYKTOB, BHI3BIBAIOIINX KOPPO3UIO HITU
HAHOCSAIINX BPEI OKPYXKAIOIIeH cpejie.

HarpeBanue pacrpocTpaHeHo HarboJiee IIMPOKO, OHO MO3BOJISIET MTOJTYYaTh
copbar B KOHIIECHTPHUPOBAHHOM BHJIC, 2 B HEKOTOPBIX CIydasX U B BUJE, MPH-
TOJTHOM JJIsS TIOBTOPHOTO HCITOJIb30BaHMS. [IpH TOBBINICHUH TeMIIEpaTyphl ajI-
cOpOCHTa J0 BEIMYWHBI, PaBHOW TeMIlepaType KHUICHHS copOarta Mpu aTMo-
chepHOM JaBIICHUW, HAYMHACTCS BBIKHITAHWE BEIIECTBA, Mapbl KOTOPOTO KOH-
JICHCUPYIOT. Ecii MOBBIIIEHHE TEMIIEPaTyphbl 10 TAKOTO 3HAYCHUS MPHBOIUT K
Pa3JI0KEHUIO BEIICCTBA, TO JOMOJHUTEILHO MOXHO MPUMEHHTHh YaCTHYHOE Ba-
KyymupoBaHue. [IpH HCIONB30BaHMKM TOJHKO BAaKyyMHUPOBaHHWs CTCICHb Jie-
COpOLIMM HE CTOJIb BBICOKA, KaK MpH HarpeBaHuu. Kpome TOro, B 3TOM ciydae
JUI KOHJCHCAIIMH JIECOPOMPOBAHHOTO MPOJIYyKTa MOTYT MOTpedoBaThbes Ooiee
3¢ (GEeKTUBHBIC XOJOIMIBHUKU MM OKaXETCS HEOOXOIUMOM KOHJACHCAIUS MPHU
COKaTHH.

JlecopOuus myTeM IpoayBaHUs HHEPTHOTO ra3a, 3a HCKIIFOUESHUEM TIPOIIeC-
ca aJICOpOITMOHHOTO KOHIICHTPUPOBAHUS C IMOCIICTYIOIINM CKUTaHHUEM Ta3a, Kak
NpaBUIIO, CO3JAET MPOOJIeM OOJBINE, YeM pelIaeT, MOCKOIBKY 3arps3HSIoNee
BEIICCTBO B ATOM CJIy4ac CHOBa OKAa3bIBACTCSl JUCIEPTUPOBAHHBIM B Ta30BOM
notoke. [IpoayBka ra3oM, HHEPTHBIM OTHOCHUTEIBHO aJICOPOIIMOHHOTO TIpolecca
(HamprMep, BO3yXOM WIJIM a30TOM), UMEET TOT HEJIOCTATOK, YTO JIecopOupye-
MO€ BEIIIECTBO CHOBA OKA3bIBACTCS PACHPEICICHHBIM B ra3oBoit ¢aze. OgHako B
onpeAenéHHBIX CUTYyalluAX MPUMEHEHHE 3TOTr0 MeToja ueinecoobpasno. Jlms
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KOHIICHTPUPOBAHUS 3arPsI3HAIONINX BEIIECTB, MPUCYTCTBYIOIIUX B OYEHb MaJIbIX
KOHIICHTPAIUSAX, MOXKET ObITh UCIOIb30BaHa adcopoius. [Ipu mpoayBke BO3y-
XOM 00pa3yIoIuiics MpU AecOpPOLMH ra30BbIil MOTOK MOKET OBbITh HEMOCPEICT-
BEHHO HAIPAaBJICH HA CKUTAHUE.

OO06paboTKa yrojapHOTO aacopOeHTa BOJSHBIM MAapOM MPEJICTaBIsAET COOOM
METOJI pereHepalii, OCHOBAHHBIA Ha BhITeCHEHUH. BosiHO# nap agcopoupyer-
Csl, BBITECHSISI MOJIEKYJIbI aJicopOaTa, KOTOphIM nMeeT OoJiee HU3KOE paBHOBEC-
HOE MapuuanbHoe AaBieHue. [lecopbupoBaHHble 3arpsi3HEHUST KOHIECHCUPYIOTCS
BMeCTE ¢ MU30BITKOM BoAsiHOrO mapa. [locie HachlmeHus agcopOeHTa napom He-
o0xouMa pereHepanust JUis yaajaeHusl BOJbI; €€ MPOBOJAT MPOyBaHUEM ropsi-
gero Bo3ayxa. OO0paboTka BOASHBIM MapoM (aKTHUECKH MPEICTaBIsSET co00i
KOMOHMHAIIMIO METOJ0B. XOTSI OCHOBHOM JBIKYILEH CHUIION JecOopOLUU SABISETCS
BBITECHEHUE, TIap OJAHOBPEMEHHO MOBBIIIACT TEMIIEpATypy aJacopOeHTa, a ero
M30BITOK BBIMONHSET POJIb WHEPTHOTO Tra3a, MCIOJb3yeMOTo IS MpoayBKu. B
clly4ae OpraHM4eCKHX MaTepHUajioB, XOPOIIO PAaCTBOPUMBIX B BOJIE, IPUMEHEHHE
ATOT0 METO/a CBS3aHO C TPYJHOCTSMH, MOCKOJBKY TpeOyeTcs MpoBeleHue J0-
MOJIHUTEIBHOTO pa3/iesieHHus BOJHOTO KOHAEHCATa U OPraHUYECKUX MPOTYKTOB.
Jlaxke B Tex ciydasix, KOrjja pacTBOPUMOCTb OPraHMYECKUX MPOYyKTOB HE3HA-
YUTeJIbHA U Pa3JeieHHe OCYIIECTBIAETCS MPOCTOU JEKaHTalUel HeCcMeIlu-
Baromerics (paspl, HEOOXOAMMO MPHUHATH BO BHUMAHUE MPOOJIEMBI, CBSI3aHHBIE C
yJaJeHUEM MOJyYaeMbIX BOJHBIX pacTBOpoB. Eciim MX 0O0beMbl HEBEIMKH, a
pacTBOPEHHbIE OPraHMYECKUE BELIECTBa MOABEPraloTCs OMOJIOrMYECKOMY pas-
JIO’)KEHUIO, TIPUEMIIEMBIM BapUAHTOM MOXET ObITh 00bIYHas 00paboTKa B KaHa-
JU3ALUOHHBIX COOpYKeHUsAX. OTHAKO MPU HATMYUHU YCTONUMBBIX OPraHUYECKUX
COEMHEHHM WU B ClTydae OOJIBIINX KOJUYECTB BOJHBIX PACTBOPOB KEJIATEIbHO
OTKa3aThCsl OT IAaHHOTO METOa EeCOPOLIHH.

B mpouiecce perenepanny HUKOTAa HE TOCTUTAETCSI aOCOIOTHO TOJTHAS Jie-
copOuusi, MO3TOMY HEOOXOAMMO MpeaycMaTpUBaTh HEKOTOPBIA H30BITOK a/l-
COpPOLIMOHHOW €MKOCTH, KOMIICHCHUPYIOIIUH €€ MOTEPI0 32 HECKOJIBKO ITUKIIOB
pererepauuu. [Ipu perenepanuu MOTYT BO3HUKAaTh U APYrHe MpoOJIeMbl, KOTO-
pble HY>KHO MpeaycMaTpuBaTh Mpu BeIOOpe MeTosa 00padoTku. HexkoTopeie op-
raHUYeCKUe COEAMHEHUS, B YaCTHOCTH, MOHOMEPHI, HAPUMEpP Mapbl CTUPOJIA, B
IpOLECCE pEereHepaluid MOTYT OJIMMEPU30BaThCS B IIOpax aJIcOpOeHTa, YTo Jie-
JaeT ero HeNmpUrogHbIM AJIs AaJbHEHIIEero UCnoib30BaHus. IIpyu BBICOKUX TeM-
neparypax pereHepanuy BO3MOXKEH paciaj] OpraHU4eCKHX COEIUHEHMM, B pe-
3yJbTaTe Yero COpOEHT MOKPHIBACTCS CMOJION M CaXkel M TakKe CTAaHOBUTCS He-
aKTUBHBIM. B Takux ciydasx ciieyeT HCIOib30BaTh APYrHe METOIBI AecopO-
UM, WIK paboTaTh MPU YMEPEHHBIX TeMIIepaTypax U MOHMKEHHBIX JaBICHHSIX,
WIN NIPOBOJUTH 00pabOTKY BOISHBIM MTApOM; BO3MOXKHA TAK)Ke pereHepaus Jie-
3aKTHBHPOBAHHOTO aJICOpPOCHTa B OKUCIHUTEIBHOW atMocdepe meuyu. B Takux
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neJax B KOHTPOJHUPYEMBIX YCIOBUSX OPTaHUYECKHUE MaTepUalbl BBDKUTAIOT C
MOBEPXHOCTH U U3 TIOp COpOEHTA.

B pesynbrate xemocopOmmu copOaT CBSA3BIBAETCS HACTOIBKO MPOYHO, YTO
necopOIusi BO3MOXKHA TOJBKO MPU yNaJE€HUU HEKOTOPOTO KOJIMYECTBA CaMOTO
copOeHTa. B OoNbIIMHCTBE Clly4aeB pereHepanus NpOBOAUTCS B CIEIMAbHBIX
ycinoBusix. [IpuMepoM MOXKET CIY>KUTh pereHeparus aKTUBUPOBAHHOTO YTJIA,
ucnosibzyemoro aisa yaainenus SO,, mpoayBkoi Bo3ayxom. Yacte SO, mocTosH-
HO HaKaIUIMBaeTCs Ha COpOEHTE B BUE cepHOil kuciotel. Ee necopbupyror, Ha-
rpeBas 1o 37/0°C B uHepTHOU aTMocdepe, B pe3yibTaTe 4Yero KUCiIoTa pearupy-
eT ¢ yriem, oopazys CO, u SO..

B Tex cnydasx, korjaa aacopoupyemple 3arpsA3HUTENN MPEACTABIAIOT COOOM
HEOPTaHUYECKUE UM HErOpIOYHe BEIIECTBA M HE HAXOJAT HUKAKOTO TOJIE3HOTO
NPUMEHEHUs, MPOOJIEMbl yIaTeHNUs aHATOTHYHBI TeM, KOTOPbIE BOSHHUKAIOT MPHU
yAaJIeHUU TTOAOOHBIX MaTEpUaIOB METOJaMHU aJICOPOITUH.

5. KOHI[CHCﬁIII/IOHHaH OYHUCTKA ra3oB M 1mapos

Konnencaimonnyto o6paboTKy OTOPOCHBIX T'a30B OOBIMHO BKJIFOYAIOT B TEXHO-
JIOTHYECKUH IMKII, €CTIH TIPOIECC COMPOBOXKAACTCS OITYTUMBIMH TTOTEPSIME TTPOMEIKY-
TOYHBIX WM KOHEYHBIX TPOAYKTOB. YacTo MOCPECTBOM KOHJICHCAIIUH YJIABJIMBAIOT U
BO3BPAILAIOT B TEXHOJIOTMUECKHIA IMPOLIECC Mapbl PacTBOPUTENEH, yIaIIeMbIX C IO-
BEPXHOCTH W3JICNINIA TIOCTIE HAHECEHUs (DYHKIMOHATBHBIX, 3aIlIMTHBIX M OKpAIIUBAIO-
X cjoeB. MHoraa KOHIEH A0 MPUMEHSIOT TSl M3BJICYEHHUS U3 Ta30BOT0 TIOTOKA
IICHHBIX (OPOrOCTOSIIMX) FJIM 0COO0 OMACHBIX BEHIECTB. [Ipy SKOHOMUUESCKH M TEX-
HUYECKU MPHEMIIEMBIX TTapaMeTpax pabouell cpelbl MOXKHO TEpEeBECTH B KOHICHCH-
POBAaHHOE COCTOSIHHE Tapbl JITKOKUITSIINX COSAWHEHUH (OOBIYHO HCIIONB3yEMBIX B
Ka4eCTBE PACTBOPUTENEiT) ¢ KOHIeHTpaimsMu He Hivke 5...10 r/m®. Kornencaryst 6o-
Jee pa3z0aBICHHBIX 3arpsS3HUATENCH TMPEACTABISET TEXHHMYECKH CIOKHYIO 3a1ady |
TpeOyeT 3HAYUTETLHBIX 3aTpar.

Crenenp ynapimuBaHus (TTyOWHA M3BJICUCHUS) 3arPA3HUTEIIS 3aBUCHT OT CTE-
TICHU OXJIAXKIICHUSI M CXKAaTUs Ta30BBIX BBHIOPOCOB. B MPOHM3BONICTBEHHBIX YCIOBHUSIX
TeMIIEpaTypy U JaBJeHHE PUHUMAIOT TAKUMH, YTOOBI SHEPro3aTparsl Ha KOH/ICHCa-
MO0 COCTAaBJISUTM HE3HAUMTENBHYIO JIOMI0 OOIIMX 3aTpaT Ha TexHosoruto. [loatomy
CTENEHb U3BJICYCHUS 1K€ JOPOrOCTOSIIMX MTPOTYKTOB Ha3HAYAIOT HEBBICOKOM, KaK
npasuiio, B ipezaenax 70...80%. [To 31oif sxe nmpuyurHe UCHOIb30BaTh KOHCHCAIIHIO
B KQueCTBE CAMOCTOSITEIIHHOTO CPEJCTBA CAHUTAPHON OYMCTKH (T.€. C TITyOHHOH W3-
BJICYCHUS /IO CAHUTAPHBIX HOPM) HEMPUEMIIEMO.

B To >xe Bpems KOHJEHCAIIMOHHAsE 00pad0TKa MOXKET YCHEIIHO MPUMEHSITHCS B
MHOTOCTYIIEHYAThIX CXEMaX OYMCTKH BBIOPOCOB. CyILECTBYIOT TpHU HalpaBICHUS B
00J1acT! TA3004MCTKH, T7e KOHACHCALMS HE TOJBKO IMOJIe3Ha, HO M HeoOXoauMma.
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D70 - mpeaBapuUTEIbHOE OCAXKACHUE OCHOBHON MAacChl MapoB 3arpsi3HUTENEH Tie-
pen ancopbepaMu pu BHICOKOH CTEMEHH 3arpsi3HEHNS BHIOPOCOB;

- MApLIUATHFHOE M3BJICUEHHE TIapOB, COAEPKAIMX coequHeHHs (hocdopa, MBIIIbsI-
Ka, TSHKENBIX METAJUIOB, TAJIOTEHOB TEpe]] TEPMOOOE3BPEKUBAHUEM CMECH 3arpsi3HUTE-
JIEW,

- KOHJICHCAIMs1 3arpsi3HUTENEH TIocie XUMUYEcKor 00pabOTKHU C LENbIO TTepeBo/ia B
JIETKOKOH/ICHCHPYEMbIE COSIMHEHMS, HAIIPHMED, TTOCIIE XeMOCOPOITMOHHBIX aIlapaToB.

Konnencarust MoxeT ObITh TPUMEHEHA 11 00pabOTKU CHUCTEM, COJepxkKa-
IIMX Mapbl BEMIECTB MPU TEMIIEpaTypax, JOCTATOYHO OIMM3KUX K UX TOUKE POCHI.
OtoT MeToa Hanbosee 3GGHEeKTHUBEH B Cllydae YIiIeBOJAOPOJIOB U JIPYTUX OpraHu-
YECKUX COCIUHEHUH, UMEIOIINX JOCTaTOYHO BBICOKHE TEMITEpaTyphl KUTICHUS,
MpU OOBIYHBIX YCIOBUSX M MPHUCYTCTBYIOIIUX B Ta30BOH (haze B OTHOCHUTEIHHO
BBICOKUX KOHIICHTpanusx. JJisg yaaneHus 3arps3HUTeNel, UMEIONUX T0CTaTou-
HO HHM3KOE JIaBJICHHE Tapa MpHU OOBIYHBIX TEMIIEpaTypax, MOKHO MCIOJIb30BaTh
KOHJICHCATOPHI C BOASHBIM M BO3AYIIHBIM OXJaxkaeHueM. [[ns Gonee nerydmx
pacTBOpUTENieH BO3MOXKHA JBYXCTAJWHAS KOHJICHCAIUS C HCIOJb30BaHHUEM
BOJSTHOTO OXJIAKJCHUS Ha IMEPBOM CTaJMM W HU3KOTEMIIEPATypHOTO - Ha BTO-
poii. MakcuMalibHOE CHIDKCHHE COJICP)KAHMSI WHEPTHBIX WM HEKOHJICHCHPYIO-
IMXCSl Ta30B B oOpabaThiBaeMOW CMECH TO3BOJSET OOJETYUTh IMPOBEICHUE
nmpoliecca KOHACHCAIIMU U TIOBBICUTH €€ 9KOHOMUYECKYIO0 A (HEKTUBHOCTS, IMO-
CKOJIBKY JJa€T BO3MOXHOCTh UCKITIOUUTh HEOOXOIUMOCTh OXJIQXKICHUS 10 OYCHb
HU3KUX TEMIIEPaTyp, COOTBETCTBYIOIINX TOYKE POCHI.

Ecnu ra3z Heo6XxoaumMo oxJ1aauTh 10 TeMiiepaTypsl, Jdexameid Ha 40...50 K
HUKE TOYKH POCHI, 9YTOOBI JOCTUYL TPEOYEMOTro yAalieHWs 3arpsi3HSIONINX Be-
IECTB, TO B IpOIECCe KOHACHCAIMU B MacCce Ta30BOr0 MOTOKAa MOXKET HAYaThCs
oOpa3zoBanne TyMaHa. Pa3Mepbl 4acTHIl TOTO TyMaHa COCTaBIsOT 00braHO 1,0
MKM HJIM €I MEHBIIIE, YTO 3aTPYIHSACT yIaBIuBaHue. TymaH oOpa3yeTcs Tora,
KOTJla CKOPOCTh TEIUIONEpPEAaun 3HAYUTEIBHO MPEBHIIIAET CKOPOCTh Maccole-
pEeHOCa U OCHOBHAS 4acTh ra3a OXJaKIAeTCsl 10 TeMIepaTyphl, JeKaIei 3Haun-
TEJIBbHO HWKE TOYKH POCHI KOHJIEHCHPYEMOro mapa. B mape 3aTeM BO3HUKAIOT
IIEHTPBI KOHJICHCAIIUM ¥ HAYMHACTCS TPOIECC KOHICHCAIIUN Kalelb B OCHOBHOM
Macce Tra30BOro MOTOKa €Ille 0 TOTO, KaK Map JOCTUTHET XOJOTHOW MOBEPXHO-
cti. B KkoHaeHcaTopax ¢ HENOCPEACTBEHHBIM KOHTAKTOM TyMaH oOpasyercs
peaKo, MOCKOJIbKY Macca ra3a HaXOJUTCS OYEeHb OJU3KO K XOJOJHBIM TEIUIo-
MPOBOIAIIAM MOBEPXHOCTIM (KaruTi WM IJICHKH XHUIK0ocTH). OOpa3oBaHue Ty-
MaHa B TMOBEPXHOCTHBIX KOHACHCATOpaX MOXKHO MpeJCKa3aTh IMyTEM pacdeTa
CKOPOCTEH TeII0- M Maccomepeiadl B IpoIlecce MPOXOKACHHS ra3a yepe3 KOH-
neHcatop. Eciu Macca ra3oBOTO MOTOKA MPU JAHHOW TEeMIIepaType CTaHOBUTCS
MEePECHIIIEHHOM, TO 00pa3oBaHNe TyMaHa BEPOATHO. JlJis mMpesoTBpaIleHus Ty-
MaHa CJICTyeT MCIIO0JIh30BaTh KOHIEHCAITUIO C HEMOCPEICTBEHHBIM KOHTAKTOM.
Hpyroit MeToa COCTOMT B TOM, YTOOBI 3apaHee BhI3BaTh OOpa30oBaHUE TyMaHa U
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YIQIUTh €r0 C IMOMOIIBI0 COOTBETCTBYIOIIETO YCTpOWcTBa (AIIEKTpOdUIBTP,
cKkpy00ep BeHTypH, COOTBETCTBYIOMINE (DUITBTPHI).

KonneHncanust MoxeT ObITh MPUMEHEHA ISl NIpeABApUTEIbHON 00pabOTKU
ra3oB, MPU KOTOPOW BBIAETSAIOTCS LIEHHBIE PACTBOPUTENN U YMEHBIIAETCS KOJIU-
4YeCTBO 3arpsi3HUTENEH nepen nocinenyromei craaueit oopadotku. [lapuuansnas
KOHJIEHCAIMsl MOKET HalTH MpUMEHEHUE B TeX clydasx, Korja oOpadaTbhiBae-
MBIH ra3 HE BHIOPACHIBACTCS, @ CHOBA BO3BPALIAECTCS B MPOLIECC WIIM UCIIOJIb3Y-
ercs B nporecce goxxkuranus. [IpenBapurenbHas o0paboTka KOHASHCALMEN Lie-
JecooOpa3Ha B TEX Clydasix, KOr/a rnepej; OCHOBHOM 00pabOTKOM ra30BOM MOTOK
HEOOXOMMO OXJIaJIUTh, HAIIPUMEDP, MIPH OCYIIECTBICHUU aJICOPOLIUH.
Paznuuarot nBa BUIa KOHIEHCALIUU:

- nosepxnocmuyto (WA MPOCTO KOHOeHcayuro), IPU KOTOPOH KOHICHCH-
pyroLIMecs Mapbl U OXJIAXKIAAIOUIMN areHT pa3/ieleHbl CTEHKONM M KOHACHCAIUs
[IapOB IIPOMCXOJWUT HA BHYTPEHHEHM WM BHEIIHEHM IOBEPXHOCTH XOJOIHOU
CTCHKH,

- KOHOeHcayuilo cmeulenuem, TP KOTOPON KOHAEHCUPYIOIIUECS mapbl He-
MOCPEJICTBEHHO CONMPUKACAIOTCA € OXJIAXKIAOIINM areHTOM.

Ecnu KoHaeHcaluu MOJABEpraloTcs Mapbl HEPACTBOPUMBIX B OXJIAXAArO-
meM areHre (Boje) KUAKOCTESH WU Tap, SBJISIONIUICS HEHCIIOIb3YEMbIM OTXO-
JIOM TOTO WJIM MHOTO MpoIlecca, OXJIaXICHUE U KOHJEHCAIIMIO 3TUX MapoOB MOXK-
HO MPOBOAUTH IIyTEM HEMOCPEACTBEHHOTO CMEIICHUSI C OXJIAKIAIOIUM areHTOM
(Bomoit).

D} heKTUBHOCTh pabOTHI KOHIAESHCATOPOB CMEIICHUS] HAXOJIUTCS B TIPSMOM
3aBHCUMOCTH OT MOBEPXHOCTU CONPUKOCHOBEHHUS OXJIAXKIAIOIIETO areHTa M Ina-
pa, MOATOMY IHOBEPXHOCTh CONPUKOCHOBEHMSI YBEJIUYMBAIOT, PacIbLIMBas OX-
JAXKIAOIINAN areHT IPU IIOMOLIY Pa3JINYHbIX YCTPOMCTB.

5.1. IpuHIUN KOHJAEHCAITMOHHOH OYHUCTKH

[Tpu oxnakIeHn MHOTOKOMIIOHEHTHOM Ta30BOI CMECH, CoJieprKalield OObIYHbIC
HEKOHJCHCUPYIOLIKECS Ta3bl, OXJAXKICHUE CMECH CHayaja IPOUCXOIUT 3a CYET
KOHBEKI[MH, a TEIUIOCOJCPKAHHUE TMepelaroliell MOBEpXHOCTH (CTeHKa TPyObl B
MOBEPXHOCTHOM KOHJIEHCATOpe JIMOO KAl WM TUICHKa XJIaJloareHTa Impu He-
MOCPEJICTBCHHOM KOHTAKTE) YMCHBIIIACTCS JIO0 TeX IMOp, MOoKa razoBas (aza HE
HACBHIIIAETCSA OJHUM WJIM HECKOJBbKHMH U3 €€ KOHIAECHCHUPYEMBIX KOMIIOHEHTOB.
[Ipu 1OMOJHUTENHHOM OXJIAXKIECHUU KOHJCHCHUPYEMBbIE Ta3bl TUPOYyHIUPYIOT K
TEIUIONEPEAAIOICH TOBEPXHOCTH, T/I€ MPOUCXOIUT UX KOHJICHCAIUS C BbIJETE-
HHUEM CKPBITOMN TerioThl. HauanbHast Touka pochl WM TEMIIEpaTypa HACHIIICHUS
JUISL KQKJIOr0 KOMIIOHEHTa MOXET OBITh OINpeJesieHa W3 KPUBOWU 3aBUCHUMOCTH
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TEMIIEpATyphl OT JaBJICHUS Tapa JUIs JAHHOTO KOMIIOHEHTA IMPH U3BECTHOU Be-
JWYWHE €T0 MOJIBHOM JIOJH B Mapax:

Ya P = (Pa)n, (5.1)
re Ya — MOJIbHAs JI0JIT KOMIIOHEHTa A B mapax; P — cyMMapHoe abCOIFOTHOE
JaBJIeHHE Ta3a; (Pa),; — HapluaIbHOE JaBJICHUE KOMIIOHEHTa A B Mapax.

KommioHeHT 4 HayMHAeT KOHIACHCHUPOBATHCS, KOTAa TeMmIleparypa rasza
CHIDKAETCS IO TEMITepaTyphl, P KOTOPOH KOMIIOHEHT 4 UMEET JaBJICHUE Mapa
Pa = (PA)n-

[Tocne Hagana KOHJAEHCAIIMH TeMIIepaTypa ra3a OyJeT MOHMKATHCS TOJIBKO
10 MEpe OTBOAA COOTBETCTBYIOIIETO KOJIWYECTBA TEIJIa M CKPBITOW TETUIOTHI,
BCJIC/ICTBHE KOTOPOTO B MPOIIECCE CHIKEHUS TEMITepaTyphl ra3 OyJIeT OcTaBaTh-
Cs1 HACBITIICHHBIM KOMIIOHEHTOM 4.

[Tockonpky mapsl BemecTBa A JMOIKHBI TUGGYHIUPOBATh K TEILIONEpE-
JIAFOIIeH MMOBEPXHOCTH, MPOIIECC KOHTPOIHMPYETCS TEIJIO- U MaccorepeHocom. B
CUCTEMe, COJIepIKaIlIel Apyrue KOHISHCUpYIoNIrecs: KoMmoHeHTol (B, C u T.1.),
KQXIBIH M3 ATUX KOMIIOHEHTOB HAYHET KOHJICHCHUPOBATHCSA TOTNA, KOrja Ta3
CTaHET HACHIIICH dTHM KOMIIOHEHTOM, M JUIsl HETO OyJIeT BBITOJHATHCS COOTHO-
IICHUE NapIHUaIbHBIX TaBJICHUH, aHamoruaHoe Pa = (Pa)u-

JIyis onpeiesieHus TeMIIepaTyphl, 10 KOTOPOH HYXKHO OXJIAJAWTh ra3, 4TOObI
JOCTUYb Tocje 00paboTku Tpedyemoe coiep:kaHue KOMIIOHEHTa A, UCIOJIb3Y-
IOTCSI CJICTYIOIINE YPaBHEHUS:

(VA)r = (yA)r; (yA)r'P = (pA)r! (5-2)
rae (Va): - JormyctuMasi oObeMHasi J1oJisi KOMIIOHEHTa 4 B ra30BbIX BhIOpOCax;
(Ya)r - momycTuMasi MoJibHasI 07151 KOMIIOHEHTa 4 B BbIOpocax; P - abCOII0THOE
napiyaibHOe AaBiicHHe ra3a; (Pa); - TOMyCTHMOE JaBJICHUE Mapa KOMIOHEHTa A,

HeoOxomumas Temmeparypa rasza mpeacTaBiisieT coO00d Temmeparypy, IpH
KOTOPO# JaBjeHHE Tapa KOMIIOHEHTa A paBHO BenuvuHE (Pp): HA KPUBOW JaB-
JeHHs Tlapa. B mpuCcyTCTBHHM HECKOJIBKUX KOMIIOHCHTOB YJIABIMBAHUE OCYIIECT-
BJISICTCSI 10 KOMIIOHEHTY, TpeOyroleMy HarnOoiee HU3KOU TeMIIepaTypHl.

5.2. Tunbl 1 KOHCTPYKUHH KOHAEHCATOPOB

Io criocoOy B3anMOEHCTBYS OXJIKIAIOIICH 1 OXJIKIaeMOM CPEIbl KOHIEHCATO-
PBI pa3AEISIIOT HA KOHTAaKTHBIE M TIOBEPXHOCTHBIE. B KOHTAKTHBIX KOHJEHCATOPAX OX-
JIAKIAEMBbIE Ta3bl U XJIAJIOHOCUTENIb CMEUIMBAIOTCS, a B TMTOBEPXHOCTHBIX Pa3/ICiICHbI
TBEPJION CTEHKOM.

KoHTakTHBIC armaparsl M0 KOHCTPYKIIMM M METOJaM pacyeTa aHaJIOTHYHbI a0-
COPOIIMOHHBIM YCTPOMCTBaM (CM. pazzen 3).

KoHieHcarmst cMeltieHHeM OCYILICCTRIIETCS B arllapaTax — KOHOCHCAMOopax cmelte-
Hus. B 3aBUCMMOCTH OT crioco0a 0TBOJIA U3 alllapaToB ITOTOKOB PA3IMUAtOT MOKpPbIe U C)-
Xue KoHOeHcamopbl cmeuteryst. B MOKPBIX KOHJIEHCATOpaxX OXJIAXKIAIOIAIN areHT, KOHJICH-
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caT U HEKOHJICHCHPYFOLIECs Ta3bl (BO3/IyX) OTBOMIAT M3 HIDKHEH YacTy armapara COBMe-
CTHO TIpY TTIOMOIIIM MOKPO-BO3IYIITHOTO HACOCA, B CyXMX OXJIKIAIOIIHI areHT ¢ KOH/CH-
CaToOM OTBOJIATCS U3 HYDKHEH YacTH armapara, a BO3IyX OTCAChIBACTCSl BAKYYM-HACOCOM U3
BEPXHEM YaCTH.

Kpome Toro, pazimuuaror npsvomoytsle KOHICHCATOPI CMEIIEHHS], B KOTOPbIX OX-
JKIAFOIINN areHT U Tiap JBIKYTCS B OJHOM HarpaBliecHUH (CBEpXY BHU3), 1 NMPOMUEO-
MOYHble, B KOTOPBIX Map ¥ OXJIAKIAFOIIHI areHT ABMKYTCS B MPOTUBOIONIOKHBIX HATPaB-
JIeHUSIX (areHT CBEPXY BHU3, a Tap CHU3Y BBEPX).

Tlosepxnocmmble KoHOeHcamopbl IO KOHCTPYKIMN CXOHBI C JPYTUMU TUTIAMU T10-
BEPXHOCTHBIX TETUIOOOMEHHHMKOB - TIOIOTPEBATEISIMH, XOJOAMILHUKAMU, HCTIApUTE-
JISIMHL.

KoxyxoTrpyOuarbie KOHIEHCATOphl MOTYT KOMITIOHOBATHCSI BEPTUKAIHHO MM TOPH-
30HTaILHO. KOHIeHCHpYeMBble ra3bl 00OBIMHO HAMPABILIIOT B UX MEXTPYOHOE, a XJ1a]10-
HOCHUTEJb - B TPyOHOE MPOCTPAHCTBO.

Hawnbosnee mpocThIME SIBISIFOTCSI KOH/IGHCATOPBI THIA ''Tpyba B TpyoOe" (pHc.
5.1, a), KOTOpbIE U3rOTaBIMBAOTCS 10 HOPMAJISIM WITH UHUBUTYJTbHBIM ITPOCKTAM.

MHorotpyOHbIE KOHIEHCATOPHI 00JIee CIOKHBI MO0 KOHCTPYKIUHM M UMEIOT JIBE
Pa3HOBUIHOCTH:

- tunt H (¢ HenmoaBMKHOM PeIIeTKOM) NpeIHa3HaueH I YCIOBHM, HE TPeOyIo-
IIUX KOMITEHCAITUH TEMITEPATYPHBIX HAIPSHKEHUIA;

- un K (puc. 5.1, 6) vMeeT JTMH30BbIH KOMIIEHCATOP Ha KOYKYXE.

Eme 6omnee coBepIlieHHbI, HO IOCTaTOYHO CIIOKHBI KOHCTPYKTUBHO KOHJIEHCATO-
pBI ¢ MiaBaroliiei ronoskoi (puc. 5.1, B). Termoooomennuku ¢ U- u W-00pasHbiMu
TpyOKaMu UMEIOT XOPOIIHE KOMITEHCAITMOHHBIE MTOKA3aTeNX U MPOIIIE IO KOHCTPYKLIHH,
HO B KaQ4eCTBE KOH/ICHCATOPOB MX HE MPUMEHSIOT.

Jnst anmaparoB thna H B 3aBUCHMOCTH OT MaTepuaia, TUaMeTpa U JaBICHUS
JIOMYCKAeTCsl MaKCUMAJTbHASI Pa3HOCTh TEMIIEPATYp OXJIKIAIOMICH U OXJIakKIaeMOM
cpen 20...60°C. [Ipu Gosblieii pa3HOCTH TeMIIepaTyp MPUMEHSIOT anmapartsl Tumna K
WK C TIJIaBAIONIEeH TOJOBKOM. MakCcUMasbHOE JaBiIeHUE sl KOHICHCATOPOB THUIA
K cocransier 1,6 Mlla, a jy1a KoHIEHCATOPOB ¢ IIaBarolei rojaoBkoit 10 1 Mlla B
TpyoHOM U 1...2.5 MIla B MexTpyOHOM MpocTpaHcTBe. Bee aneMeHThI KoKyXoTpyOua-
TBIX KOHJICHCATOPOB (TPYObl, MIEPETOPOIKH, KOXKYX U JIP.) MOTYT WU3TOTABIMBATLCS U3
YIIIEPOJMCTHIX WM JIETUPOBAHHBIX CTANICH.

[ImacTuH4aThie KOHAEHCATOPHI OOJIee TMPOCTHI B M3TOTOBJICHUH, UMEIOT MEHb-
M€ COMPOTUBIICHUS U MEHEE METAUIOeMKH. [lakeTHbIe MmiacTUHYaThIE TEr000-
MEHHUKH U3TOTABIIMBAIOT U3 TOHKUX METAUTMYECKUX JINCTOB B BUJIC MHOTOCITIOMHBIX
Pa300PHBIX, TOMYPa300PHBIX WM HEPA3OOPHBIX MAKETOB. B pa3z00pHBIX KOHCTPYKITHSIX
(puc. 5.1, r) iacTuHbI 1 cCOOMPAFOTCS Ha CTSHKHBIX YCTPOMCTBAX C TepMETH3aIHEH I10-
CpPEIICTBOM OOJIBIINX 2 U MaJIbIX 3 MPOKIIAIOK U3 TEPMOCTOMKON pe3uHbl. B momypas-
OOpHBIX WM HEPa30OPHBIX KOHCTPYKIMSX TUIACTHHBI YAaCTUYHO WM TOJHOCTBEO CO-
eIMHSTIOTCST Ha cBapKe. Pa30opHbIe KOHCTPYKIIMU UCTIONB3YIOTCS TIPH pabovnx JaBlie-
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Hsix 710 1 MIa B mpenenax temmeparyp - 20... 180°C, cBapHsbIe - Tipu JaBieHUsIX 110 4
MlIla u TeMnepaTypa}( -100...300°C.

i1

Puc. 5.1. KoHcTpyKimu TemnooOMEHHUKOB-KOHIEHCATOPOB.

Hanbonee wacro [yl KOHJAEHCAIIMM WCHOJB3YIOTCS KOXYXOTpyOuarble U
TUIACTMHYATHIC KOHCTPYKITUH.
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5.3. Pacuer KOHIEHCATOPOB

Pa3maroT KOHCTPYKTHBHBINA U TTOBEPOYHBIN pacueThl KOHAeHCaTOpoB. KoHCT-
PYKTUBHBIN pacdeT OmpeeiseT reOMETpHUYSCKUE pa3Mepsl (B TIEPBYIO Oouepeb
IUIOIA/Ab MMOBEPXHOCTH TEIIooOMeHa). [I0BepOYHbIil pacueT MMEeT IeIIbI0 OIl-
peneneHne pacXxoA0B U TEMIIEPATypPHBIX PEKUMOB TEIJIOHOCHTENCH IS 3a1aH-
HOTO TUIIOpa3Mepa TEIUIO0OMEHHUKA. Y CIIOBUSI MPUMEHEHHSI HEKOTOPBIX TETIO-
HOcHTelNel mpuBenaeHsl B Tabmuie 1.9 npunoxenus.

Pacxon oxsiaxaarorero areHra Ha KOHJICHCAIMIO 1apa B KOHJICHCATOPE CMEITICHUS
ONpeieNsieTcs U3 TEMIOBOro OaraHca KOHIGHCaTopa:

DH+Wec¢, t,, = (D +W)cy, tows (5.3
OTKyia
W = D(I;I - Cc/wttcm) ’ (54)
CCM CM - CO O.H

rame D - KomMuecTBO KOHIEHCHPYIOIIErocs mapa, Kr/c; H — SHTabIis KOHISHCUPYTO-
mierocs mapa, Jpx/kr; W - pacxom OXJIIaKIaroIIero areHTa, K/, ¢, — TCINIOEMKOCTh
oxyaxkaroriero arenra, [Lr/(krrpan); t,, - HadaIbHas TeMriepaTrypa OXJIKIAIOIICTO
arera, 'C;  Co - TEIUIOGMKOCTb CMECH KOHJICHCATA C OXJIKIAIOLIM ArcHTOM,
Jhx/(krrpan); 1, — Temreparypa cMecH KOHJICHCATa C OXJIK/IAIOIIM areHTOM, o,

B coorrorrenws (5.3) u (5.4) He BKIIOUCHBI TIOTEPH TEIIA B OKPYIKAIOIILYIO CPE/TY,
KOTOPBIE HECKOJIBKO CHIDKAFOT PACXO/] OXJIAK/IAFOIIICTO areHTa.

Hamaue Bozayxa B mape pe3ko CHIKaeT KOd(@UIMEHT TEIUIO0TIauM TPH KOHJICH-
calljy rapa H, CJIe/IOBaTeNIbHO, TIPOM3BOIUTEILHOCTD arapara. 1103ToMy Bo3myx J0DKeH
HEIPEPbIBHO OTCACHIBATHCS W3 KOHJICHCATOPA.

KomirgectBo Bo3myxa (Kr/c), oTcachiBaeMOoro u3 KOHICHCATopa CMEIIICHHS, COCTABIIS-
eT

G, =0,000025(D + W) + 0,01D.
KomidecTBo Bo3Myxa, 0TCachBACMOr0 M3 MOBEPXHOCTHOIO KOHICHCATOPA, PABHO
G, =0,000025D + 0,01D ~0,01D.

O0BeM BO3IyXa (M3/c), OTCaChIBAGMOTO M3 KOHJICHCATOPA, OMPEICIISCTCS 10 ypaBHe-
HUFO COCTOSTHUSI
_ 288G, (273+1,)

P, ’
rae 288 - razoBas nmocrosiHHAsA i Bo3ayxa, Jhk/(kr K);  t, — Temmeparypa orcachiBacMOro
13 KOHJIeHCATopa Boayxa, 'C; Ps = (P — Py) — MApLMATBHOE JAB/ICHHE OTCACHIBASMOTO
BO3/yXa, [1a; p- obiee AaBieHre B KOHzEHcaTope, [1a; P, - MapliuaabHOE JaB/ICHIE Ma-
pa B 0TCachIBaEMOM BO3yXe, I1a, KOTOpOoe MPUHMMAETCS PABHBIM JIABIICHHIO HACHIIICHHO-
IO Iapa rpu Temmeparype t.

Temreparypa orcachiBaeMOro 13 KOHJIEHCAaTopa Bo3ayxa t, MpHHUMAeT pasHble 3Ha-
YCHHS B KOHJICHCATOPAX Pa3IMUHbIX THIIOB.

V

6
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JI71st MOKpBIX KOHICHCATOPOB CMEILICHUSI TEMIIEpaTypa BO3yXa MPUHUMACTCS PaB-
HOM TEMIIEPATYPE CMECH OXJIAKIAFOILIETO areHTa ¢ KOHJIEHCATOM Ha BbIXOJIE U3 KOHJICHCa-
Topa: t;= .

JI1s1 IOBEpXHOCTHBIX KOHJIEHCATOPOB TEMIIEpATypa BO3MyXa MPUHUMACTCS paBHOM
TEMITEPATYPE OXJILKIAOIIETO areHTa IMpy BXOJIE B KOHEHcaTop: t; = 1.

[ToBepXHOCTHBIE KOHACHCATOPHI ISl 00pabOTKH KOHIIEHTPUPOBAHHBIX, Ha-
CBILLIEHHBIX OJHOKOMIIOHEHTHBIX MApPOB MPOECKTUPYIOT B COOTBETCTBUM CO CTaH-
JTAPTHBIMA WHXKEHEPHBIMHU IMOJXOJIAMHU, XAPAKTEPHBIMM JUISI MPOILECCOB TEILIO-
nepeaayn, rae notok Temmonepeaaun Q/F, BelpaskaeMblil B BaTTax Ha 1 M eCTb

Q_
== KAt , (5.5)

rae Q — nmorok terwia, Jx/c; F — MOBEpXHOCTH TEILIONIEpEIaYH, MZ; Aty, - cpen-
HEEe 3HaYEHUE TEPMHUYECKOMN IBIXKYLIEH CHIIBI MEXIY KOHJACHCUPYIOIIHMMCS Na-
pOM M XJajoareHtoM, rpal; K; - cymmapHsblii K03 (ULIHMEHT Temionepenayu,
Br/(M*Tpaj), peICTABISIONIHIT COGOi CIOKHYIO BEINUIHHY, B KOTOPYIO BXOIAT
KO3 (PUIMEHTB! IS MJIEHKA C TOW CTOPOHBI, I/I€ MPOUCXOJIUT KOHJIEHCALUS;
JUI TUIEHKHU CO CTOPOHBI XJIa[J0OAr€HTa; TEIUIONPOBOAHOCTh Pa3elIAioIel CTEeH-
KH{, a TaK’K€ KOMIIOHEHTBI, MIO3BOJISIOLINE YUUTHIBATh BO3MOYKHBIE TIOMEXU TEIl-
jonepenaye.

B o01em cnydae B MOBEPXHOCTHBIM KOHAEHCATOP MOCTYIAET NMEeperpeThlid map.
OdeHb 4acTo OXJIaXKIalIIUM areHTOM SIBJISETCS BOAA.

OHTaAJBINIO MOCTYMAOLIETO IEPErPETOro napa MOKHO BbIPA3UTh KakK

H= Cn(tn - tHac) +r+ Cx tHac (56)
" IIPCACTaBHUTh TEILIOBOH OajlaHc Ipouecca paBE€HCTBOM.
DH+ Wcyt,, = DCyti + Wity + Qu, (5.7)

rae H — sHranenus nocrynaroriero mapa, JDK/Kr; C, — TEMI0EMKOCTh mieperpe-
toro mapa, Jlx/(krrpan); t, — TemmepaTypa MOCTyMAIOIIEro MeperpeToro mapa,
°C; tyuc — TeMmepaTypa HachluleHns (KOHAeHcaun) mapa, 'C; I — TemIoTa KOH-
JeHcanuy Tnapa (Teriora WCmapeHus XUAKocTh), JK/KT;, C, — TEII0eMKOCTh
konjaeHcara, Jlx/(krrpan); D — KoIM4ecTBO MOCTYHAIONIETro B KOHACHCATOP I1a-
pa, xr/c; W — komu4ecTBO oXJaxaaromero areata (Bojpl), Kr/c; C, — TEIJIOEM-
KOCTh OXJIaKaroriero areuta (Boael), [x/(krrpan); t,, - HadaabHas TeMIepa-
Typa oxnaxaromero arenta (Bompi), °C; t, — TeMIepaTypa KOHACHCATa Ha BbI-
xoze u3 ammaparta, °C; t,, — KOHEUHAs TEMIIEPaTypa OXIAKIAOIIEro arcHTa
(Bomet), °C; Q, — moTepy Tema B OKpyKaromyio cpexay, Jix/c.

W3 paBencta (5.7) onpenensieTcs pacxo1 OXJIaXIAIOMIEero areHTa (BoIbl):

DH-c t )-
CO (tG.K - tBH)
[To ycimoBusm TEIUTO0OMEHA OXJIAXK TAr0Ias IIOBEPXHOCTHh KOHIAEHCATOpA AECIUT-

Cs Ha TpH 30HBI.
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- 30HY OXJIQXKACHUS NIEpErpeToro napa,

- 30Hy KOHJICHCAIIUH,

- 30HY OXJIQXKJCHUS KOHJICHCAaTa.

B pesynbraTe 3TOr0 NOBEpXHOCTH OXJIAKACHUS IIPUXOIUTCS HAXOIUTH JJIS
KaKJI0M 30HBI B OTAENbHOCTU. s onpeesieHuss X He0OOXOAUMO BBIYUCIICHHUE
KOJIMYECTB TEIUIa, IMPEAABAEMOr0 4Yepe3 IMOBEPXHOCTh OXJIAKICHUS B KaXIOU
30HE, U IPOMEKYTOYHBIX TEMIIEPATYP OXJIAXKIAIOLIETO areHTa iy u to).

KonnuecTBo Teria, mepenaBaéMoro 4epes3 IMOBEPXHOCTh OXJIAKICHUS B
KaXJ0M U3 30H, HAXOJAT U3 CIECAYIOLIUX PABEHCTB!

- JUIS 30HBI OXJIAXKICHUS NIEPETPETOrO napa

Qo.n = D.Cn(tn - tHac) = W(tB.K - t02); (59)
- AJI1 30HbI KOHACHCAllUHN

QK =Dr= W(tog - tol); (510)
- AJI1 30HBI OXJIQAXKACHUA KOHACHCATA

QO.K = D.Cm(tﬂac - t)l() = W(tol - tB.H)' (511)

N3 pasencts (5.9) u (5.11) onpenensrorcs MPOMEKYTOUHBIC TEMITEPATYPBI
OXJIQK/IAIOIIETO areHTa:

QO.K .

tol :te.u - W ’ (512)
Qo.n

bz =l =7 (5.13)

OHAKO 3TH METOBI IPOSKTUPOBAHUS HEITPUMEHHUMBI, €CITH TIPUCYTCTBYIOT
Jake OTHOCUTENHHO HEOOJBIIINE KOJMYECTBA HEKOHIEHCHpyeMoro raza. Korma
IIPOUCXOIUT MIOBEPXHOCTHASI KOHJICHCAITUS IMAPOB U3 HEKOHICHCUPYIOIINUXCS Ta-
30B, HEOOXOAMMBI CIICIIMAILHBIE METOIbI, YIYUTHIBAIOIIIE MAcCO- U TEIIonepe-
nady. B aToMm ciydae ucmosib3yercsi MpOSKTUPOBAHKUE C MCTIOJI30BAaHUEM METO-
na mpo0 U OIIMOOK.

WmkeHepHble METOIUKHA pacdeTa YCTPOWCTB ISl KOHACHCAIIMH MHOTOKOM-
MOHCHTHBIX MApPOB M3 MOTOKA HEKOHJCHCUPYIOIIUXCS Ta30B B HACTOSAIIEE BpEMS
OTCYTCTBYIOT.

[TpubmkeHHbIe pacdeThl KOHJICHCATOPOB IS OOPaOOTKM Ta30BBIX BHIOPOCOB
MOTYT BBIIOJTHATHCS TIO CICAYFOIIEH CXEME.

1. Tlo 3amaHHBIM KOHIICHTPAIASM TIAPOB 3arpsi3HUTENICH U TeMreparype t razo-
BBIX BHIOPOCOB TIOICYMTHIBAIOT MAPIHATBHBIC JaBICHHS UHTPEAUCHTOB, OLICHUBAIOT
WX arperaTHbIe COCTOSHHS, OIPEICIITIOT BO3MOYKHOCTh MIPUMEHEHUsSI B pacuerax 3a-
KOHOB MJICATHHBIX MJIA PEATBHBIX TA30BBIX CMECEH, PYTrHuX TEPMOJMHAMUYECKUX CO-
OTHOLLICHUM.

2. lloncuntsiBaroT MaccoBblie G, 1 00beMHBIC V., pacxo/ipl OTOPOCHBIX Ta30B B I1e-
JIOM M TI0 MHrpeeHTam: Bozayxa - (G,, V), mbMoBbIX razoB (G, V), KOMIIOHEHTOB 3a-
rpsuuTenei (G;j, Vs)).
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3. 3amaroTcs TeMIiepaTypHBIMH XapaKTePUCTHKaMH TIporiecca. B oTimune ot
KOHJICHCALIMM OJJHOKOMIIOHEHTHOT'O Mapa TEMIEPATypa KOHJEHCAIIMU MTapOB CMECH
BEIIECTB HE OCTAETCS MOCTOSIHHOM BCJEJICTBUE U3MEHEHUS] KOHUEHTPALMA UHTPEIN-
€HTOB. YYET XapaKTePUCTUK BCEX KOMIIOHEHTOB 3HAYUTENILHO YBEJIUUMUBAET TPYIO-
€MKOCTb PacyeToB, U MO3TOMY TPH BHIOOpE HAUaJIbHOM t; M KOHEUHOM t, TemmiepaTyp
KOHZICHCAIIMM MOYKHO TIPUJIEP>KUBATHCS CIEAYIOIIMX PEKOMEHTALIIA.

Ecymm B cocTase 3arps3HUTENIEN MOYKHO BBIIEIITH OCHOBHOM KOMITOHEHT, KOJIMYe-
CTBO KOTOPOTO COCTaBJIsIeT He MeHee 75...90% oT uX Macchl (HYKHUIM MPEIEN - s CMe-
ceit, comeprKalx OJM3KKE 10 CBOMCTBAM KOMIIOHEHTHI), t, MOYKHO IPUHSTH 10 CBOMCT-
BaM OCHOBHOI'O KOMIIOHEHTA, a HAIMYKE OCTATHHBIX KOMIIOHEHTOB YUUTHIBATH A/IUTHB-
HOM KOPPEKTUPOBKOM €10 (PUBMKO-XUMUYECKHX CBOKCTB.

Ecnu jxe KOMIIOHEHTBI CMECH 3arps3HUTENEH UMEIOT MPUOIM3UTENBHO OIMHA-
KOBBIC KOHICHTPALMH M BCE MOIIEKAT YIAJICHUIO, PAaCUEThl CIECAYET MPOBOAUTH IO
HarMeHee OJIaronpUsSTHOMY BapUAHTY, MPUHSB B KAYECTBE PACYETHOTO KOMITOHEHTHI C
HaMMEHBIIIEH TEMIIEPATYPOil KOHJICHCAIUH.

Koneunyro temrieparypy KOHIACHCALMH t, IPUHUMAIOT 10 KOHEYHOMY MapIralIb-
HOMY JIABJICHHIO pacCyeTHOTO KOMITOHEHTA, COOTBETCTBYIOIIEMY TpeOyeMOl MOIHOM 1)
VI TIAPUUAIIBHOM 1); CTENIEHH OYUCTKH.

[o 3HaueHusM t, 1 t, MOAOMPAIOT BUI XJIAJOHOCUTEIS, 33/IAF0TCS €r0 HaYallbHOM
t; 1 KoHeuHo t, TeMnepaTypaMu, IpUHUMAasE OpUeHTHUPOBOYHO 1) Ha 5...10°C Hu-
xe t, aty—ma 5...12 °C Bpimie t; 3aTeM BHIOMPAIOT THII, KOMIIOHOBKY arapara u
YTOYHSFOT CXEMY JBMYKCHHS MTOTOKOB (IIPOTUBOTOK WITH TIEPEKPECTHBIN TOK).

B TunoBbIX pacuerax KOHAEHCATOPOB [Jisi MApOB WHAWBUIYAIbHBIX BeE-
HIECTB BHIOOPY CXEM JIBUKEHUS MOTOKOB HE MPHUAAETCA 0COOOT0 3HAYEHUS BBUY
MOCTOSIHCTBA TEMIEPATyphbl KOHJEHcalnu. Eciaum KOHACHCUPYIOTCS TONBKO OT-
JIeIbHbIC KOMIIOHEHTHI TIOTOKA Ta30BOM CMECH, TO HapaBJICHHUS] TOKOB XJIaJIOHO-
CUTENSI U OTOPOCHBIX Ta30B CYIIECTBEHHO BIIMSIIOT HA MPOIIECC, TaK KaK TeMIle-
parypa KOHAEHCAllMX HEMPEPHIBHO CHUYKAETCS BCJICICTBUE YMEHBIIICHUS KOJIUYE-
CTBa yJaJIIeMbIX KOMIOHEHTOB. [Ipu HEBBHICOKON KOHIIEHTPAIIMK KOHJEHCHUPYIO-
HIMXCS MApOB IMPOLECC B OOJIBIICH CTENEHU OIpenessieTcs] TEI000MEHOM XJia-
JOHOCUTENSL U Ta30BOT0O MOTOKA, YEM TEIJIOOTAAYEN OT KOHJECHCHUPYOUIUXCS 3a-
TPSA3HUTEIICH.

Haunbonee BBIrOAHONM CXEMOW JBMIKCHHSI IOTOKOB SIBIISETCS MPOTHBOTOK
WJIM MHOTOKPATHBIN MEPEKPECTHBIN TOK.

4. OnpenenstoT KOJIMYeCTBO TeIia, OTBOJAUMOE OT OTOPOCHBIX Ta30B MPH KOH-
JICHCALAY T1apOB 3arPSA3HUTEINIEH.

Kax mpaBusio, 0TOpOCHBIE ra3bl MOCTYMAIOT Ha KOHACHCAIIMOHHYIO 00paboTKy ¢
TEMIIEPATYpOi, COOTBETCTBYIOLICH MEPErPETOMY COCTOSHUIO IApOB 3ArPS3HUTEIIEH.
Oxy1axIeHre TakuxX Ta30B BCEra COMPOBOXKIACTCS KOHJICHCAIIMEH HEKOTOPOU 4acTH
MapoB Ha TMOBEPXHOCTAX TEIUIOOOMEHA €Il /10 JOCTIKEHHS TeMIlepaTyphbl HAChIIIE-
HUsI Bcero o0beMa. OJJHaKO MaTeMaTUYECKUX 3aBUCUMOCTEHN JIJI ydeTa TOTO siBJe-
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HUSI HET, ¥ TO3TOMY JUTSl PEIICHUSI 33]1aUK MPUXOIUTCS YIIPOIICHHO JETUTh MPOLIECC
Ha JIBE CTA/IMH: OXJIAXK/ICHUE Ta30BOr0 MOTOKa 03 KOHICHCAIIMK OT 33 [aHHOM TeMIIe-
patypsl t.,; 10 TeMIepaTypbl Hadaia KOHJCHCAIMK t; U MOCIISIyIOIee OXIIKICHHS C
KOHJICHCAITHEH JI0 TeMITepaTyphl t,.

Konmuectso teria, B, otBomumoe Ha niepBoit (Q)) u Bropoit (Q))) cramusx, co-
CTaBUT:

Q| = (Gecp.g + ZGa.iCp.i)(ten _tH) ) (514)
Qu=(G,c,, + iGs.iCp,i)(t,, —t)+ ies.i L s (5.15)

e C,, C,i- cpemnne TermoeMkocTd, [x/(kr’K), Bo3myxa (v HEKOHICHCHPYIOIICHCS
9acTH OTOPOCHBIX Ta30B) U MAPOB 3arpsi3HUTENCH; | j - CpeHAS SHTATBITHS KOHJICHCA-
MM I-TOTO KOMITOHEHTA MapoB 3arpsHutenei, JH/Kr; 1 - riyOuHa W3BJICUeHUS |-
TOr0 KOMIIOHEHTA 3arpsi3HuTeNieh (B 1071s1X); N - YHCII0 KOMITOHEHTOB KOHJICHCHUPYIO-
IMXCS 3arPSI3HATENICH.

B ¢dopmynax (5.14), (5.15) 3HaueHus (PU3MUECKUX CBOWMCTB MPHUHUMAIOTCS TPU
CPEIIHUX TeMIIepaTypax COOTBETCTBYIOLIMX TEMIICPATYPHBIX HHTCPBAJIOB.

5. Haxomsat npuOIIbKeHHOE 3HAUCHHE MPOMEKYTOYHON TEeMITepaTyphl Ly, pac-
TpeZIeNB TemriepatypHbiid nepena (t, — t;) nponoprmonansHo BenmmanHam Q; 1 Qy
(cm. puc. 5.2).

143



x0T d

t"=-28% -0

e

- |
L
0. th-"-?‘?o c
2
13

s SPe™3, 0397R 2

o f s
4 &
£
F | 1081
t'=- 38, ;e -32C
S B=20, 2325004 o
24

1%
E— e
Puc. 5.2. 3aBucuMOCTb AaBlIeHHs HACBILIEHHBIX [TAPOB OT TEMIIEPATYPBI

3aTeM OmpeneNsIoT 3HAYCHHUs CpeIHeNorapu(MIIECKIX TEeMITepaTypHBIX Ha-
nopoB Aty,, Aty Ha TIepBOI U BTOPOM CTaaUsIX 00pabOTKK BHIOPOCOB
Atmiany = (Atsiany — Aty i/ IN(Ataigry Atwqy) , °C, (5.16)
rae Alg, Atgy, Aty, Aty - Oonblie ¥ MeHBIIHE pa3HOCTH Temrieparyp, °C, onpenersie-
MBbIE U3 COOTHOLLICHUI:
Atg =t—1; Aty = Aty =t, —tue Aty =t —to
[penBapuTenbHBIC 3HAYCHHS HAYATHHBIX 1., M KOHCUHBIX { ., TeMmepaTyp Io-
BEPXHOCTH TEIIOOOMEHA CO CTOPOHBI KOHICHCHPYOIIMXCS 3arpsA3HATENICH MPUHAMA-
IOT IT0 BEIPKCHUIO:
AtH(K)CT = tH(K) - (A t5||/ 2), OC. (517)
6. [TpuHSB MO OIBITHBIM JaHHBIM OPHEHTHPOBOYHBIC 3HAUCHUS KOA(QHUICH-
TOB Terutonepenaun Ha neppoit (K) u Bropoii (K)|) cramusx oOpabOTKH, ONPEICIOT
TIPEIBAPHUTEIIHHO BEJIMIUHBI TLTOMIAJICH TETTIOOOMEHA!
Fi = Q/(KiAtw), M Fy = Qul(Kidty), M* (5.18)
[Ipu OTCYTCTBHM TOIXOMSIIMX OMBITHBIX JAHHBIX MOYKHO TIPUHUMATH OPHEHTHPO-

BOUHBIC 3HAUYCHMS KoddduimenToB temonepenasn K, = 20..50 Br/(M*K) u K, =
100...150 Br/(M*K).
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JlanpHeias cxema peieHus 3a4a4i 3aBUCUT OT COOTHOILICHUS TUIOIIAJICH Terl-
noobomena F, u Fy. PaccMoTpyM BO3MOXKHBIE BApUAHTBI JISI HEKOTOPHIX KOHKPETHBIX
CUTYaLUN.

Ecnu coneprkanue apoB 3arpsi3HATENEH B ra30BBIX BEIOpocax Bbicoko u Fi/ Fy <
0,1, To noabop THUHOpa3zmMepa KOHJEHCATOpa MPOU3BOIAT 10 CyMMApHOM IUIOIIAAN
TeruooOMeHa F + Fy 1 BBIIONHAIOT €ro yTOUHEHHBIM pacyeT Mo TUIIOBOM METOMKE
pacyeTa KOHAEHCATOpOB YHUCTOIO Mapa ¢ 3MIMPHYECKON MONPaBKON K KOI(PQPUIMEHTY
TEIUIONEPEIAuy, YUUTBIBAIOIICH MPUCYTCTBUE HEKOHICHCUPYIOMIMXCS Ia30B (CM. puc.
5.3).

[1pu HEBBICOKOM COJICPYKAHUH MTAPOB 3arps3HUTENCH B Ta30BbIX BhIOpocax u Fy/
Fi < 0,1 Tunopa3mep KoHIEHCATOpa TaKke MOAOHPAIOT IO CyMMapHOM IUIOIIAAN Te-
1000MEeHa, @ YTOYHEHHBIN pacyeT BBITIOIHSIOT IO TUTIOBOM METOMIMKE JUIS [a30- WK
BO3IlyXOHarpeBaresneil (oxiaaurenell) TIOBEPXHOCTHOIO THUIA, HE YUHTHIBASI TPOLIECC
KOH/ICHCAITIH.

Ecmm mmotmamm Fy u Fy; comoctaBuMBl, MPUXOAUTCS MPUHAMATH MOJIENTH IBYX-
CTyneH4YaTrol 00pabOTKK ¢ aBTOHOMHBIM PacyeTOM KaXKJIOM CTYNEHH TEII000OMEHHH-
Ka. B Takom ciydae Ui CTyneHH OXJIaXKZIEHHs ra30B JI0 TEMIIEpATypbl Hauasla KOH/IEH-
CallMM MO>KHO MCIOJIb30BATh TUIIOBYO METOJMKY PacueTa MOBEPXHOCTHBIX BO3MY-
xooxJyiagurenei. [Ipu 3ToM ynpoIieHHO MpenoaraeTcsi, YTo NpoLece KOHAEHC AU
HapOB 3arpsi3HUTENEN U3 BO3/IyXa MPOUCXOAUT TOIBKO HA BTOPOH CTYIEHH, KOTOPYIO

PaCCUUTHIBAIOT KaK CaMOCTOSITENbHBIN KoHAeHcaTop. [IpuBomimMast qanee mMeToanka
YTOYHEHHOT'0 paciyeTa OTHOCUTCS TOJIBKO K CTa/IMH KOHJIEHCAIIMOHHOM 00pabOTKH.

I O i R |

OrHomesMe KOIPPHUUMEHTOB

....... de e

0 001 002 003 004 GO 006 007
OTHOCHTEJEHAA Maccosad Hond Y.,
KI' BojayxXa/Kr rnapd

Puc. 5.3. CootHoreHre ko3 QUITMEHTOB TEIUTO0TIauH MpY KOHICHCAIUH T1apa, 3a-
IPSA3HEHHOTO BO3TyXOM (011) ¥ urcToro mapa (ot)

2
7. OnpenesstoT CPETHIO BEIMUMHY TEIUIOBOTO IMOTOKA ¢, BT/M, 0T 0TOpOCHBIX
ra30B K MOBEPXHOCTU KOH/ICHCALIWN:
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N —
q=a,At + z 15 %’ (5.19)
i1

rie o - koaddurpent erwooraaun, Br/(M*K); Aty = (t, — t)/2 - cpemsis pasHOCTh
temmeparyp, “C; Pi - Koo HUIHEHTH MacCOOTIaYN KOHIECHCUPYIOIIMXCS HHIPEUEH-
TOB, M/C; Py, Pxi - HAYQJIbHBIC W KOHCUYHbIC KOHIICHTPAIMHU (IUIOTHOCTH) KOHJICHCH-
PYIOIIXCS 3arpsi3HATENeH, KriM®, | - SHTaIbIms Henapenust (KOHACHCALMN) I-TOTO
KOMITOHEHTA 3arpSI3HUTEIS.

JIJs cTalimOHAapHOTO TpoIlecca TEIUIoNepeaadn CIPaBeIMBO PABEHCTBO

q = ap Aty, B/, (5.20)
rae o - Ko3(QUIFEHT TeIonepeIaun epes ICHKY Konercara, Br/(M*K); At, -
CpemHsisi pa3HOCTh TEMITEpaTyp Ha TPaHUIIAX TUICHKW KOHJIICHCATa, TIO/ICUNThIBAacMast
TI0 COOTHOIIICHHIO:

Aty = (t,— t)2 — (tuer — tee)/2 , °C. (5.21)

B npubmmkeHHbIx pacderax it koddduiMeHTa MaccooTaa4uu 3 MOXKHO BOC-
TIOJTE30BAThCS BHIPAKEHUEM, TIOITYUYEHHBIM B OITBITaX C KOHJICHCAIIMEH BOJITHOTO Mapa
U3 BO3/IyXa Ha TOPU3OHTAIIHHBIX TPyOax:

Nu=0,5Re™ &% p 2%, (5.22)
rne Re =w | p/u - gucno PeitHombca; W - onpenensrormmasi Ckopocts, M/c; | - ompe-
NEISIOIIHIT pasMep, M, P, |4 - IUIOTHOCTB, KI/M°, M JMHAMHYECKasi BS3KOCTb, 11ac,
Iapora3oBoro MoToKa; € - HCXOJHOE COZCpKaHMe BO3IyXa B MMapora3oBoi cmecu (B
00BEMHBIX ONIAX); P, = AP/P - OTHOCHUTEIBHOE JABJICHHUE, PABHOEC OTHOIIICHHIO I1e-
pemnaza naBieHust Ap mapoB B MpoIIecce KOHASHCAIMHU K 001IeMy abCOFOTHOMY J1aB-
JIeHHIO B cucteme P.

B Boipakennn (5.22) onpenenstonii pasmep | — 310 HapyKHBIH quamMeTp TPyOKd
KOHJICHCATOPA; OTPENENSIONIas CKOPOCTh W - CPEIHSISI CKOPOCTh Mapora3oBoi CMECH B
MEXTPYOHOM TpocTpaHCcTBe. DU3MUECKUE MapaMeTphl MOACUYMTHIBAIOT MO CpPEIHEH
TEMITEpaType Mapora3oBoro MoTOKa OKOJIO MOBEPXHOCTH KOHJICHCAIMH (IPAKTHYCCKH
10 CpeHeN TemIiepaType MOBEpXHOCTH KOHJEHCAIMU 0e3 ydyera CKauka Temriepa-
Typ).

[Ipu KoHAEHCalMK BOISIHBIX MapoB W3 BO3Ayxa KOI(D(MUIIMEHT TUHAMUYECKON
BSI3KOCTHU HAXOJISIT M3 COOTHOIIICHHSI:

w=[1-e)u*+1,6ep)/(1+0,6¢),Iac, (5.23)
TIC Mg, My - KO(PQUIMEHTHI TMHAMUYECKON BSI3KOCTH BOJSIHBIX TIapOB M BO3IyXa,
Ilac.

Koahdurmentsr MaccooTaaum KOHACHCUPYIOIIUXCS WHTPEAUSHTOB CBS3aHBI C

grcnom Hyccensra NU cooTHOIIIEHIEM
Bi = Nu'Dy/l, (5.24)
rae Dj- koahduimenTs! auddy3nun KOMIOHEHTOB IaPOB 3arps3HATENEH, M/C.

[Nomyuennoe 3HaueHue unciaa Hyccenbra NU MpUXOIUTCS NCTIOB30BATh TAKKE

JUTSI HaXOXKIeHUs Kod(hPuIeHTa TermmooTaaqM o1 XOTS OCHOBAHHUEM ATOMY U
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CITY)KUT TIPUHIIUI aHAJIOTHH, COTJIACHO KOTOPOMY CXOJHBIE MPOIIECCHI TEIUIO- H
MaccooOMeHa JOJIKHBI OIHCHIBATHCS CXOJHBIMH BBIPOKCHHUSIMH, HEOOXOIUMO
NpUHUMATh yMeHbIneHHbIe Ha 15...20% 3nauenus NU, co3maBasi TEM caMbIM 3a-
1ac MOBEPXHOCTH TEIUIOOOMEHA JIJIsl HEKOTOPOH KOMIICHCAIIMH BO3MOYKHBIX TPO-
CYETOB:

o; = (0,8...0,87)NuMI, Br/(M*K). (5.25)

B s1oM BeIpakeHHn KodhduimeHt TerwionporoaHoct A, BT/(MK), MoxHO BBI-
YHUCIIATH TIO MPUHIUITY aJJIMTUBHOCTH TIPY CPEIHEHN TeMIiepaTrype mapora3oBoil cMe-
CHL.

Koadhdurment teronepenaunt o, yepe3 MICHKY KOHAEHCATa K Hapy>KHOM I10-
BEPXHOCTU TPyObl MOXKHO OMNpPEIENATh 1Mo ypaBHeHuto Hyccenbra, KoTopoe s ciry-
Yasi KOHJICHCAIIMM CMECH TIapOB 3arps3HUTEIICH MOXKHO MPEJICTABUTh B CIIEMYOIIEM
BUJIE:

N
02 = C(Pe’ A Wt A, L) 31 v, Br/(MK). (5.26)
i=1

3nech C - YMCICHHBIA MHOXUTEIL, paBHbIA 0,943 ms BeprukansHoro u 0,728
JUTSl TOPU30HTAIIBHOTO PactoiokeHus TpyO, L - ompenemnsromuii pa3mep, M, B Kade-
CTBE KOTOPOTO MPUHAMAETCSI BEICOTa H, M, TpyO MpH BEPTUKATLHOM HJTH HApPy>KHBIHI
mametp D, M, TpyO npu ropu3oHTaIbHOM pacnoioKeHHH KOHIEHCATopa.

du3nyecKre mapaMeTphl JKAIKOH CMECH Py, KT/, Aew BT/(MK), ey [ac,
cocrosimei 3 N CKOHIEHCHPOBABIIMXCS KOMITOHCHTOB 3arpsi3HUTENCH, HaXOJMT,
OCHOBBIBASICH Ha OIBITHBIC JTAHHBIC, WM TIOJCUYUTHIBAIOT 110 AMITUPUICCKUM 3aBUCH-
MocTsim. [Ipu oTCyTCTBHM SMIMPUYIECKON MHPOPMAIMH TSI KOHKPETHBIX COCTaBOB
cMecell BBIYUCIISIIOT WX MapaMeTphl 0 aJUIMTUBHOCTH. JIJIsl TOr0 XapaKTepUCTUKU
WHVBUIYaJIbHBIX BEIIECTB, BXOAIIMX B COCTaB CKOH/ICHCHPOBABIIEHCS CMeCH,
MOXKHO TIPUHHUMATh TIO CpPEJHEH TeMIiiepaType IUIGHKH KoHJeHcarta tn, a oo
BKJIaJa KQXKJI0r0 KOMIIOHEHTa B ()OPMUPOBAHUE MCKOMOU XapAKTEPUCTUKH CMECH
1oJlaraTh paBHOW CTEMEHU €ro M3BJICYCHUS U3 Ta30BOM (a3bl. 3HaYeHue 1, Haxo-
JSIT U3 COOTHOLLICHUS:

tn = (L, + te + te, + L )4 = [(t, + t)/2] - (Aty/4), °C. (5.27)

Jlnst mojicyera o MOTYT OBITh HCTIONB30BaHbBI TAKKE MOH(UIPOBaHHBIE (HOp-
MyJIbl, IOMOJHUTEIFHO YUMTBHIBAOIIME T€ WM MHbIE OCOOCHHOCTH MpOLIecca Terioo0-
meHa. Tak, mepeMeHHOCTh (PU3UYECKHX CBOIMCTB KOHZIGHCATa BCIICICTBIE HEM30TEPMIY-
HOCTH YUHMTBIBAIOT, YMHOKasl BEJTMUKHY 0 110 dopmyiie (5.26) Ha TemIiepaTypHytO Io-

NPaBKY &

0,125

ﬂ’cm 3 lll
g = || Lo | A (5.28)
ﬂ( ILIC‘m

TIae A, Uor - Kodddurmentsl Termonposoauocty, Bt/(MK), u auHamideckoil BsI3Ko-
cty, [ac, koHmeHcara mpu TEMIIEpPaType CTEHKH; A, Ll - TO e, P CPEIHEH TeMITe-
paType IUICHKH KOHJIEHCAaTa.
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JInist cimyyast KOHJeH Al CMECH TTapoB 3arpsi3HuTenell ypasHeHne Hyccernbra ¢
YUETOM KOJIMYECTBO TPYO B MyYKax # W MHTEHCU(DUKAIUIO TEII000MEHA TPU BOJTHO-
00pa30BaHUU B JIAMHUHAPHO TEKYIIEH MJICHKE KOHJEHCATa MOKHO TPE/ICTABUTh B BU-

I[e:
0z = C healpev N V(e Y 16, )", BT/(MPK). (5.29)

Kosdpduiment C B 3TOM BhIpakeHHH paBeH 3,78 i BepTHKaibHOrO U 1,41
(mpu n <100) wm 1,21 (mpu N > 100) a1 rOpH30HTATBHOTO pacoIoKeHus TpyO. 3a
ONpEICIISIONIMI pa3Mep |, M, MPUHUMAIOT HAPYXKHBIN JMAMETP BEPTUKATBHBIX HITA
JUTMHY TOPU30HTAJIbHBIX TPYO.

8. Ecnu BeTMUuHBI TEIJIOBBIX IIOTOKOB, BRIYHCIIEHHBIC 110 hopmysam (5.19) u
(5.20), pazmuarorcst 6omee yeM Ha 10... 15%, T0 HEOOXOAMMO 3a1aBaThCS APYTHMH
XapaKTEpHbIMU TEMIIEPATYpaMHU M BBIMOJHATh PACUEThI JI0 YBA3KH TEILIOBBIX MOTO-
KOB.

Tak xax HauabHAs ¥ KOHEYHAs! TEMIIEpaTyphl MOBEPXHOCTH KOHJICHCAIIUHN Ke-
CTKO CBSI3aHBI C 33JaHHBIMH 3HAUCHUSMH KOHIICHTPAIU 3arpsi3HUTENCH Ha BXOJIE U
BBIXOJIE, OCTAaCTCS BOMO)KHOCTh BapbHPOBAHUS TEMIIEpaTypaMu XJIaIOHOCUTENS U
CTeHKH. MOXHO PEKOMEHJIOBAaTh TMPY 3HAYMTEIBHBIX PACXOXKICHUSIX M3MEHSATh Ha-
YaJIbHYIO0 U KOHEUHYIO TEMIIePATyPhl XJIQI0OHOCUTENICH, a TIPY HEOOBIIHX - TeMIIepa-
Typbl cteHkd. [Ipu mepecuete ay, Pi, 0, GU3HMUYECKUE MapaMeTphl TAKKe ITePECUUTHI-
BAOT JIJIsI HOBBIX MHTEPBAJIOB TEMIIEPATYP.

3
9. OnpenensroT CyMMy TEPMITYECKHX CONPOTHBIICHUH Y 5,/ 4 , M°K/BT cTeHKH
i=1

TpyOBbI C OTJIOKEHUSIMA Ha BHEIIHEH M BHYTPEHHEW MOBEPXHOCTH, A€ Oj - TOJ-
IIMHBI CTEHKU U CJIOEB OTJIOKEHH, M, U BETMUUHY KO3 UIMEHTa TEIJI00TAaYU
oz, BT/(M*K), OT BHYTpeHHEH CTEHKH TPYOBI K XJIaT0HOCHTEIIO.

OpreHTUPOBOYHBIE 3HAUYEHHSI TEPMUUYECKHX COITPOTHUBIICHUH CIIOEB 3arpsA3HEHUN
TSl HEKOTOPBIX BUJIOB OMBIBAIOIIMX cpell TpeacTaBnensl B Tadmmie [1.10 mpumoske-
HUSI, @ KOA(PPHULMEHTHI TEIUIONPOBOJIHOCTH Psijia METAIJIOB U CIUIABOB - B TAOJMLIE
I[1.11 npunoskeHwsl.

Kpurepuanbhbie 3aBrcUMOCTH A1 onpenienienns: yncna NU v HaXxoxneHus: 13
Hero Ko HIMEHTa TEIUIOOTIaul O3 TOOUPAIOT C YYETOM JABHKEHUS XJIAIOHOCH-
TeJA B TpyOax:

- st TypOynenTHoro pexnma Re >10°

Nu = 0,021 Re®*Pr**®(Pr/Pr.,)*?, (5.30)

- s mepexoaHoro pexnma 2300 < Re <10000

Nu = n Pr®(Pr/Pr,)*?, (5.31)

- JUIA JaMHHApHOTO pekuMa 0e3 ydeTa rpaBuTanuoHHbIX cuil (Re<2300,
GrPr < 810°)

Nu = 0,15 Re®**Pr®**(Pr/Pr,,)*?, (5.32)
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- IS JIAMUHAPHOTO PEXHMMa C y4eToM TpaBuTanmoHHbIX cui (Re<2300,
GrPr >810°)

Nu = 0,15 Re***Pr®*(Gr/Pr)**(Pr/Pr,,) . (5.33)

B ypasrermsix (5.30)...(5.33)114...117: Gr = gB At - xpurepuit ['pacroda; Pr
= Wey/A - kpurepwit [pasnamst; 3 - TemreparypHbiid KO3QGHIMEHT 00bEMHOTO PaCIi-
PEHUS KUAKOCTH, K" At- Pa3HOCTh TEMITEpaTyp KUIKOCTH U cTeHky, K; | - ompene-
JISTFOIAIN pa3Mep, M; N - HHTEPIIOISIIIUOHHBINA KO3(D(DUITUEHT.

3a onpenensronwii pa3Mep MPHHUMAIOT BHYTPSHHHN THaMETP TPYOOK KOHIICHCA-
TOpa, M, @ 3a ONPEICNSIONIYI0 CKOPOCTh - CPEIHIOI CKOPOCTh JIBVKEHHS TOTOKA B
TpyOKax, pacCUUTHIBAEMYIO IO COOTHOIICHHIO:

Wy, = Qu[pColtix — to)fp], M/c, (5.34)
rae f, - IUiomams TpyOGHOro MPOCTPAHCTBA KOHACHCATOPA, M, P, C, - IUIOTHOCT,
/v, 1 TermoemrocTs, Jhk/(krK), Xi1aI0HOCHTeIIS TP €r0 cpejIHeil TeMIepaType.
duznueckre mapamMeTpsl XJIaI0HOCHTENS Tt TosicueTa urcen Re, Pr, Gr taxke
NpUHUMAIOTCA MIPU €ro CpefHed Temmeparype, a sl mojcuera yucna Pr - mo
CpeIHel Temrieparype BHYTPEHHEH CTEHKH, KOTOPYIO OPUEHTHPOBOYHO MOXKHO IIpH-
HITh Ha 3...5°C HIDKE CpeiHel TeMIepaTypbl HApy>KHOM MOBEPXHOCTH TEIJIO0OMEHa.
3HaveHus kod(pUIMEeHTa N, MpeiaracMple pa3IMIHBIMA aBTOPaMH, B OC-
HOBHOM HaxOJISITCA B MpejieNiax, npuBeaeHHbIX B Tabiuie [1.12 npunoxenust.

10. Vcnionb3yst BEIMUKHY Olp, TIOIYYSHHYTO TIOCIIE YBSI3KH MOTOKOB (I1. 8), a Tak-

e paccurTaHHbIe B 1. 9 3HaueHust X(0i/Aj)) U O3, BBIYUCISIIOT KO3(D(HIIMEHT TErio-

nepeaavm 0T KOHJICHCAaTa K XJIaJIOHOCUTECIIIO.

K = !  BT/(M2K). (5.35)

ESUNE
a, ‘TAh a,
3areM no cootHomreHnio (5.16) HaXoIT YyTOYHEHHOE 3HAYCHHE CpeTHENora-
prGMIYIECKOro TeMIepaTypHOro Hamopa Aty it BTOpoit cTaamu 0o0paboTKH Tra3o-
BBIX BBIOPOCOB C Y4ETOM YBSI3KU TEIUIOBBIX TIOTOKOB (1. 8) M MOJICUMTHIBAIOT BEJTUYH-
HY TETUIOBOT'O TIOTOKA OT TICHKH KOHJIEHCATa K XJIaJJOHOCHTETIO:
q=KAty, B, (5.36)
Eciu pe3ynbTar BEIYHCIICHUI OTIMYASTCS OT YBS3aHHBIX B 1. 8 BEJIMUHH TEILIO-
BbIX IMOTOKOB Oojiee yeM Ha 10...15%, To HE0OX0IMMO BHOBb M3MEHUTH TEMIICPATY-
PbI XJIQJIOHOCHTEJISI ¥ BBITIOJHATD ITEPECUET JI0 YBSI3KH.
11. Tlocne yBSI3KH OMPEAENSIOT CyMMAapHBIN KO3()(HUIMEHT Terrionepesadd ot
Mapora30BOM CMECH K XJIQJIOHOCUTEITIO JJTsl BTOPOM CTaanuK 0OpabOTKH:
Ki= 1 - BI(wK). (5.37)
L=
a, K
3arem 1o cooTHoIeHuro (5.18) HaxoaIT YTOUYHEHHOE 3HaYeHHUE TPeOyeMOi TII0-
au TeriooOMeHa kouzaeHcatopa Fy. Eciu oHa npeBocXoauT miomaap Teriooo-
MEHa KOHJICHCATOPA, BHIOPAHHOTO JUIS TPEIBAPUTEIIHEHOIO pacuera (CM. 1. 6), To moj-
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OuparoT OOJBILIMIA TUTIOpa3MeEp armapara U BHOCAT B PacyeThl HEOOXOAMMYIO KOPpPEK-
THPOBKY.

Ecnm yrouHeHHas BenMurMHa OKa3aiach HAMHOTO MEHbIIE IPUHSATOM B Mpe/iBa-
PUTEINIBHBIX pacyeTax, MOKHO MOCPEICTBOM TOBEPOYHOrO pacyeTra HaWTh Ooree KO-
HOMUYHBIE PEKUMBI TEMIIEPATYP XJIAJJOHOCUTEJIS.

12. Tlocne 3aBepiieHuMs TEIUIOBOTO pacyera anmnapara nepexoiaT K THIpaBIIie-
CKOMY pacyeTry, KOTOPbIil BBIIOJHSIOT 10 OOBIYHON METOAMKE: HAaXOMST IO CHpaBOyY-
HBIM JIaHHBIM COIIPOTHUBIIEHUS MEXTPYOHOTO U TPYOHOrO MPOCTPAHCTBA U BbI-
YUCISAIOT MOTEPU AABJIEHUS MOTOKOB T'a30BBIX BBIOPOCOB M XJIAIOHOCUTEINS, a
3aTeM IO M3BECTHBIM pPAcXOIOM MOTOKOB M TpeOyeMbIM Hamopam MOJ0UparoT
IYThEBBIE YCTPONCTBA M HACOCHI.

6. TepMokaTaIuTHYECKAsA OYUCTKA Fa30BbIX BLIOPOCOB

Tepmooxkucnenue razo000pa3HbIX 3arpsI3HUTENECH MOXKET MPOUCXOJUTH B ra-
30B0O# (paze (B 0ObeMe) Wian Ha TpaHulle pasaena (a3 (Ha moBepxHocTH). I'a30-
¢a3HBIil TpolLecC OCYUIECTBISIOT HEMOCPEICTBEHHONM OrHeBOil 00paboTkon
(ckuraHueM B IJIAMEHH) Ta30BBIX BBIOPOCOB MPHU TEMIIEpaTypax, MPeBbIIIAr0-
IIMX TEeMIIepaTypy BOCILUIAMEHEHHUS! TOPIOYMX KOMIOHEHTOB BHIOpOCOB. Jliist op-
raHM3allMU TpoIlecca OKUCIICHUS Ha TPaHMIIe pa3nena (a3 UCIONb3YIOT Kamaiu-
3amopbl - KOHIACHCUPOBAaHHBIE BEIIECTBA, CIIOCOOHBIC 32 CUET aKTUBHOCTH IIO-
BEPXHOCTHBIX YaCTHI[ YCKOPSATH MPOLIECC OKUCIEHHS TOTO MM MHOTO 3arpsi3HU-
TEJIs IPU TeMIIepaTypax HUKE TEMIIEPATypbl BOCIUIAMEHEHUSI.

KartanuTiaeckne MeToabl OYNCTKHA Ta30B OCHOBAaHBI HA T€TEPOrCHHOM Ka-
TaJI3e W CIYXaT JUIsl IPEeBpaIleHus TpuMeceld B Oe3BpeHbIC WU JIETKO y[a-
JsieMble U3 Taza coeamHeHus. [Iporecchl reTeporeHHOro Karain3a MpOTEeKaroT
Ha TIOBEPXHOCTH TBEPJBIX TN — KaTaIM3aTopoB. KaTamm3aTopsl JOJKHBI 00-
JagaTh OIpPEISIICHHBIMU CBOWCTBAMHU. AKTUBHOCTBIO, MOPHUCTON CTPYKTYpPOH,
CTOMKOCTBIO K sJlaM, MEXaHUYECKOW MPOYHOCTHIO, CEIIEKTUBHOCTBHIO, TEPMO-
CTOMKOCTBIO, HU3KUM THAPABINYECKHM CONPOTHBIECHHEM, UMETh HEOOJBIIYIO
CTOUMOCTb.

OcoOEeHHOCTh MPOIECCOB KATATUTUYECKONH OUMCTKHU T'a30B 3aKJIIOYAECTCS B
TOM, YTO OHHU MPOTEKAIOT MPH MAIBIX KOHIEHTPAIUAX YIAJSEMBIX MPUMECEH.
OCHOBHBIM JJOCTOMHCTBOM METO/Ia SIBIISIETCSI TO» YTO OH JIA€T BBHICOKYIO CTETICHb
OYHMCTKH, & HEJIOCTATKOM — 00pa30BaHNE HOBBIX BEIIECTB, KOTOPHIE HAI0 yIa-
ST U3 Tasza ajacopOumer wim abcopoumeit. [locpencTBoM TepMoOKaTamTUTHUE-
CKOTO OKHMCIJICHHUSI BO3MOXHO 00e3BpexnBaHue Bojopona H,, okcuna yriepozaa
CO, yrneBomopogoB CyH, ¥ KHCIOpPOAHBIX MPOU3BOIHBIX YIJIEBOAOPOIOB
CinHnOp TOIBKO B ra3000pa3HOM COCTOSHUM.

Tepmokaranus HenpuemsieM sl 00pabOTKH ra3oB (IapoB) BHICOKOMOJIE-
KYJISIPHBIX M BBICOKOKHITAIIMX COCTUHCHUN, KOTOPBIE, TUIOXO MCIAPSISICh C KaTa-
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JIU3aTOpa, KOKCYIOTCS U "OTpaBISIIOT ' €ro, T.€. 3alOJHSIIOT aKTUBHYIO MOBEPX-
HOCTbH Ca)X€BBIMHU MIPOAYKTAMHU HEMOJIHOTO OKUCIICHHUS.

TemmepaTypHbIli YpOBEHb MpoOIlecca TEPMOKATATUTHIECKOTO OKUCIICHHUS CO-
crasisiet auanazoH 350...500°C, yto TpeOyeT COOTBETCTBYIOUIUX 3aTpaT TOTUIH-
Ba.

DU3NKO-XUMUYECKHE OCHOBBI TEPMOKATAIUTUYECKOTO OKUCIICHUS OpraHu-
YEeCKUX 3arpsA3HUTENEH CIIOKHBI M MaJlo U3ydeHbl. MIMeroTcst obmiue npeacras-
JeHus1 00 OTACNBHBIX CTAIUAX MpoIlecca U UX TMocienoBaTenbHoCcT: quddy3us
MOJIEKYJI 3arPSA3HUTENS U OKUCIUTENS K MOBEPXHOCTU KaTajlu3aTropa U ux copo-
IIUsl PEIIECTBYIOT aKTUBAIIMM UCXOJHBIX MOJIEKYJ Ha TOBEPXHOCTH; aKTHBH-
POBaHHBIE MOJIEKYJIBI MPETEPIIEBAIOT LIETh PAa3INYHBIX U3MEHEHUH, IpeBparia-
ACh B PaJUKaJbl, BCTyNas B peakluuu U 00pasysi HOBbIE COCAMHEHHUS; TIOCIIEIHNE
MEePEeXOAsT HA TIOBEPXHOCTH M3 BO30YKICHHBIX COCTOSHUN B OCHOBHBIE (CTa-
OusbHBIE), cOpachiBas MU3JIMIIKWA SHEPTHH TMOBEPXHOCTHBIM YACTHIIAM, U 3aTeM
MOTYT YIAQJIUTHCS B Ta30oByI0 ¢a3y, 1ecopOUpysICh C TOBEPXHOCTH KaTaau3aTo-
pa. [IpakTudyecknx METOI0B pacyera CTaAui TEPMOKATATUTUYECKOTO OKHCICHUS
B COBOKYIHOCTH WJIA TIO OTJEJIBHOCTH HET, U amnmnaparbl 00€3BpeKUBAHUS IS
KaXJI0OTO BUJa BHIOPOCOB pa3pabaThIBAIOTCA WHIMBHUIYAIbHO Ha OCHOBE DKCIIE-
PUMEHTAJIBHBIX UCCIEAOBAHUM.

B kauectBe KaTanu3aTopoB OOBIYHO HCHONB3YIOT METAJIbl WM OKCHIBI
MmeTaiioB. Hamnydmine karanusaTopsl pa3padaThIBalOTCSI HA OCHOBE 0J1aropo/i-
HBIX METAJUIOB, a CPElIU JPYruX HauOoJyiee aKTHUBHBI KaTaJIM3aTOPhl U3 OKUCIIOB
KoOaJibTa, XpoMa, *Keje3a, Maprania, Hukens u ap. OJIHaKo OHU UMEIOT MEHb-
IIYI0 aKTUBHOCTh, YeM KaTaJIu3aTOPhl U3 OJIArOPOIHBIX METAJIOB, a TAaKXKe HU3-
KYIO XUMHUYECKYIO U TEPMUYECKYIO CTOMKOCTb.

OOBIYHO aKTUBUPYIOIINE KOMIIOHEHTHI HAHOCATCS Ha HEUTPaJIbHBIE TEPMO-
croiikue Hocutenu (dapdop wim mamor B BUAE TAOJIETOK, MIAPUKOB, TPAHYII;
CETKH U3 HUXPOMOBOM MPOBOJIOKH). KaTamu3aTopsl NOJOUPAOT WHAMBHY ATHHO
Ui KaXJIOTO KOHKPETHOTO Cllydas, YYHMTbIBas WX CTOUMOCTH, (U3UKO-
XMMUYECKHME CBOMCTBA M KOHIICHTPALIUU 3arps3HUTENel, 00beMbl BBHIOPOCOB,
NPUCYTCTBHE KAaTaIU3aTOPHBIX S0B, IPYTrye YCIOBHs. YHUBEPCAIbHBIX KaTalu-
3aTOPOB HE CYLIECTBYET.

PaznuyaroT Tpu OCHOBHBIE 00JIACTH MPOTEKAHMS KaTATUTUUECKUX MpOIiec-
COB. KMHETHYECKYI0, BHEMIHeAUPDY3noHHYI0 U BHYTpuauQdy3nonnym. B 3a-
BUCUMOCTU OT CTaJWH, JUMUTHUPYIOUIEH 0OIyI0 CKOPOCTh Ipolecca, UCHOIb-
3YIOTCSl pa3InyHble ypaBHEHUSI KUHETUKHU Tpolecca.

Bo BremHeand@y3noHHON 007aCTH CKOPOCTh PEAKIUH OMpPEeNIIeTCs
CKOPOCTBIO TIEpeHOCa KOMIIOHEHTA K MIOBEPXHOCTH 3€pEeH KaTalau3aTopa;

A} (6.1)

y
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rne F, — BHeNIHssS MOBEPXHOCTH YacTHUIlbI KaTanu3aTopa; (B, — xodddurmeHt
maccootaauu; Cp, cap — KOHIIGHTpALUU KOMIIOHEHTA A B ra30BOM IIOTOKE U €T0
PAaBHOBECHAs HA MOBEPXHOCTH YACTHIIBI KATAIU3aTOPa COOTBETCTBEHHO.

B oOnacTi XMMHUYECKOW KHMHETHKH CKOPOCTh HeoOpaTumoi (00paTtumoii)
peaKuuu MepBOro NopsAIKa ONpeieaeTcs 0 YPaBHEHUAM

p= kCAp WA Fp = k(CA - CAp)- (62)
Jly1st HeOOpaTUMOM peakiuu N-ro MOPsIKa ypaBHEHUE UMEET BU/I!
Ma= kCAn. (63)

Hns BayTpuanddy3MoHHON 00JIaCTH U peaKlUM TMEepPBOro MOpsAKa CyMm-
MapHYI0 CKOPOCTh KaTaJUTUYECKOTO Mpolecca HaXoaT, KOMOUHHUPYS ypaBHe-
Hue Macconepenauu (6.1) ¢ ypaBHeHreM auddy3un U peakuy BHYTPU YaCTH-
1Bl

1 dG
JIs1 YaCTHUII KaTaIn3aTopa MUJINHAPUUICCKOU (DOPMBI ITIOJIYUYarOT.
p p i1 op y
_i-dGA = . C o (65)
F, dr  F,/(k3V,)+1/B,
nJIn
i- %, = : Cho- (66)
V, dr 1/kD+V,/B.F,
Jiist 1iapooOpa3HbIX YaCTHI] PATUYCOM I
N B S E— (6.7)
F, dr 1/4 +3/kor
nJIn
1496, 1 (6.8)

—A Chos
V., dr 1/kD+r/3p,

Y

rae V, — 00beM YacTHIl KaTaau3aropa; K — KOHCTaHTa CKOPOCTH PEaKIUH, OT-
3 . - = —
HeceHHas k 1 M~ kartanuzaropa, O = Ca/C,, C4 — CpenHssi KOHIIEHTpaIlUs

KoMIToHeHTa 4 BHYTpH TOpbI; C4. — MaKCHMaJIBHO BO3MOXKHAsI KOHIICHTPAITHS
KOMIIOHEHTa A y IOBepXHOCTH Katanu3aTopa, (4o — HavaabHas KOHIICHTpAIUS
KOMIIOHEHTA

Karanuruueckue peakTopbl MOTYT OBITh C HETIOJBHKHBIM, TBHKYITUMCS U
TICEBIOOXKIDKEHHBIM cj10eM Katanu3zaropa (puc. 5.20). OHu paboTaroT MO MPHH-
IIUITy WJCATIbHOTO BBITECHEHHUS WM HUJI€aTbHOTO cMemieHus. s onpeaeneHus
pa3MepoB PEakTOPOB MPOU3BOJAT KUHETUUECKHE PACUEThl, a TAKXKE pacdeT Ma-
TEepPUATBHBIX U TETUIOBBIX OAJaHCOB.
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Puc. 6.1. CxeMbI KaTAIUTHYECKUX PEAKTOPOB:

@ — C HETIOJIBM>KHBIM CJIOEM KaTajau3aTopa; 6 — TO ke, U OXJIAXKJIECHUEM; 6 —
MHOT'OCJIOMHBIN € OXJIQXKIEHUEM, & — C IICEBJO0KMKEHHBIM CJIOEM;, O — TO Ke, U
C OXJIQXJCHUEM; € — MHOTOCTYTIEHYATBIN C MICEBIO0KIKEHHBIM CIIOEM; /¢ — C
JBIDKYITAMCS cJioeM; 1 — HEeMOABMKHBIN CIIOH; 2 — XOJIOJUIBLHUK, 3 — B3BEIIICH-
HBIN CJI0M; 4 — pereHeparop; 5 — IBMKYIIUNCS CIIOMH; 6 — 351eBaTop.

[Tpu ouncTKe ra3oB peakiuyl MPOTEKAIOT TIaBHBIM 00pa3oM B nu¢dy3uoH-
HBIX oOnactsax. [[st Hax0XIeHUs pa3MEepOB PEaKTOpa OMPENENISIOT YHCIO €IIH-
HHUII IEPEHOCA U BBICOTY, SKBUBAICHTHYIO eauHuIle nmeperoca (Npgn):

Hp = hBEH.NO . (69)
G 2l
hgen = (6.10)
BEII M w» ﬂzacp
Apcp _ (P+ pAyA)_(P_ pAi7A) (611)

I[P+ paya) (P + Pay )]
qI/ICJIO CANHUIL nepeHoca paCC‘{I/ITBIBa}OT I10 ypaBHeHHIO

N Sy S 1 6.12)
’ Pa (P+Pa7a)(Pa—Pas) N, (1+NA}/A)(NA_NA5)’

153



rae H, — BbicoTa peakropa; G, — MaccoBas CKOPOCTb rasa, KF/(MZ"-I); Mep —
CpeIHss MOJICKYJISIpHAs Macca KOMIIOHCHTOB ra30BOT0O MOTOKA; & — yjAeibHas
MOBEPXHOCTh KaTaju3aTopa, MM P — cpenHee norapuMUIECKOe MapIy-
aJIbHOE JaBJICHUEC KOMIIOHEHTa 4 B TUICHKE T'a3a OKOJIO MOBEPXHOCTH KaTaln3a-
TOpa; Pa — MapUHaIbHOC AaBJICHUEC KOMITOHEHTa A, I1a; pps — mapumambHOe
JaBJICHUE KOMIIOHGHTa Ha MOBEPXHOCTH KaTanm3aTopa, [la; ya — WU3MCHECHHE
quclia MOJICH KOMITIOHEHTa A B pe3ynbrare peakuuu (Ha 1 MOJIb MCXOJHOTO Be-
mectBa A); Nep = Pep/P — cpennee norapudmudeckoe 3HaueHNE KOHICHTPALUH
pearenTa A B meHke ra3a; Nau Nas — MoJbHas 10J19 KOMIIOHEHTa 4 B ra3e u
Ha TIOBEPXHOCTH KaTaJIM3aTopa COOTBETCTBECHHO.

Jlis  ompeneneHUs YUCIA CAMHHI[ TIepeHoca TpadUIeCKUM HHTET-
pPUPOBAaHUEM OTKJIAJBIBAIOT HA OCH OpJMHAT 3HAYCHUS Pp, @ Ha OCH abcruce
Pep/[(P + Pava)(Pa - Pas)]-

3nauenus hggp m Ng MokHO ompenenuth no Gopmynam (6.10) u (6.12).
['mapaBInYecKoe COMPOTHBIICHUE PEaKTOPa PACCUMTHIBAIOT MO pa3HbIM (Hopmy-
JaM B 3aBUCUMOCTH OT €r0 KOHCTPYKITUH,

Jli1st peakTopa ¢ HEIOABMKHBIM CJIOEM KaTajau3aTropa

AP = & (aleo®) (pwy2/2)Ho, (6.13)
rae & — xodddumuent conporusieHus, npu Re < 50 Bennunna & = 220/Re;
npu Re > 50 Benmunna & = 11,6/Re®®; Wy — (GUKTHBHAsI CKOPOCTH rasa, M/c;

Hy — BBICOTa HEMOJBIKHOTO CJIOS KaTalau3aTopa, M; € — IOPO3HOCTh HETO/I-
BUKHOTO CJIOSI.
Jlyis peakTopa co B3BEIICHHBIM CJIOEM YacTHIl CKOPOCTh Hadalia B3BEIINBa-
HUS HAXOJIAT IO (hopMyIie
- Ar :
1400 + 5,22 Ar°*
Wier = Wisg €. (6.15)
['mapaBnudecKoe COMPOTHUBICHUE B3BEIICHHOTO CIIOSI PACCUUTHIBACTCS TIO
dbopmye

eB3B

(6.14)

AP = g pT(l - S)H (616)
3HadyeHus H U € ONpenensioT CIeAYIOIMM 00pa3om
H :Ho(l_go); (6.17)
l-¢
2
oz 18Re+ 0,36 Re ’ (6.18)
Ar

I7I€ € — CPEeIHss NOPO3HOCTh B3BELIEHHOIO €J10s; H — BBICOTA B3BELIEHHOIO
CJ041.

s otBonma (mMoaBOAA) TeIia U3 PEaKTOPOB C HETOABIIKHBIM CIIOEM HC-
MOJIB3YIOT TETJIO0OMEHHUKH, PAcIoIOKEHHbIE BHE CJIOEB KaTaiau3aTopa, a B pe-
aKTOpPaxX CO B3BEIICHHBIM CIOEM — TEIUIOOOMEHHHKH, PACIOJIOKEHHBIE BHYTPH
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cnoeB Karanmusatopa. [IoBepXHOCTh TEIUIOOOMEHAa PacCUMTHIBAIOT IO ypaBHE-
HHIO TEIJIOOTIAa4H.

KoadpumueHT temnootaaun oT B3BEMICHHOTO CJIOS K MIOBEPXHOCTH TETUIO-
00MEHa 0ly;; TPU ONITHUMAIBLHON CKOPOCTH T'a3a PaCCUUTHIBAIOT 1O (hopMyJie

Nu = 0,86 Ar’?, (6.19)

rae Nu = a,,d/A, — kputepuii Hyccenbra; A — KO3(QOUIUSHT TEILIOMPOBO/I-
HoctH ra3a, Br/(MK).

Karanutudyeckoe OKHCICHHE HCMONB3YIOT IS YAAJICHHUS THOKCHIA CEPBI
U3 JILIMOBBIX Ta30B, a KaTAIUTHYCCKOE BOCCTAHOBJICHHE JJII 0OC3BPEIKMBAHMUS
ra3oB OT OKCHIOB a3oTa. OKHCIICHHE MPOBOJAT HAa BaHAJAMEBOM KaTaIM3aTOpPE
npu 450...480°C. [Tocne okucieHus ra3pl HAMIPABISIOT HA aOCOPOITHIO.
Karanmutrueckoe BOCCTaHOBIICHHE OKCHJIOB a30Ta MPOU3BOIAT J0 JIEMEHTHOTO
a30Ta B MPUCYTCTBUU Ta3a-BOCCTAHOBHUTENSA. B KadecTBe BOCCTAaHOBHUTENEH HC-
MOJB3YKOT METaH, KOKCOBBIM M MPUPOAHBIN Ta3, OKCUJ YTJIepOJa, BOJOPO, aM-
Muak. KatanmzaTtopamu cCiy>)KaT TUIATUHOBBIE METAJUTBI, TaJUIaUi, pyTEHUH,
MJIaTUHA, PO JMOO CIUIaBhl, COACPIKAILUE HUKEIh, XPOM, MEJlb, IIMHK, BaHa-
nui, nepuid u ap. CTeneHb OUucTKU JocTuraet 96%.

Hcrnonp3oBaHne KaxJoro KaTan3aTopa MMEET OIpeIelieHHbIC TeMIiepa-
TypHBIE OrpanuueHus. [IpeBbilieHne TemnepaTypsl MIPUBOANT K €ro paspyie-
Huto. [leperpeB katanmuszatopa yaie BCETO MPOUCXOAUT HM3-3a HECTAOMIBLHOCTH
COJIEp)KaHMS OKHCIISIEMBIX KOMIIOHEHTOB OTOPOCHBIX Ta30B, KOHIICHTPAIIMHA KO-
TOPBIX 32 TEXHOJIOTHICCKUN UK OOBIYHO HECKOIBKO pa3 U3MEHSIOTCS OT HYJIS
710 MaKCUMyMa, JIOCTUTAOIIETO WHOT/Ia HECKOJIBKUX JCCATKOB I'paMM Ha Ky0o-
MeTp BBIOpOCOB. [yt mpegoxpaHeHus: OT TMeperpeBa MPUXOAUTCS 000PYI0BaTh
YCTaHOBKH 00€3BPEKMBAHUS aBTOMATHKOW PETYJIUPOBAHMS IMOJAYU IHEPTOHO-
cutestst (0OBIYHO Ta30BOTO TOILIMBA) B 3aBHCUMOCTH OT KOHIICHTPAIIUU 3arpsi3-
HuTens. CuctemMa aBTOMATHKHA OCHOBBIBAETCS HAa OCOOEHHOCTSIX KOHKPETHBIX
TEXHOJIOTUYECKUX MPOLIECCOB U pa3pabaThiBaeTCA UHIUBHUIYATBHO.

KOHCTpYKTHBHO YCTaHOBKHM TepMOKATalM3a OOBIYHO COCTOSIT M3 TOMKHU C
ra3orOpeIOYHBIMA YCTPOMCTBAMHU U PEAKTOPa, B KOTOPOM Pa3MENIaloTCs KaTa-
JUTUYECKUE HACAJIKH.

[IpoekTupoBaHWe YCTAaHOBKH TEPMOKATAIUTHUECKOTO O0E3BPEKUBAHUS
CBOAMTCS K MOAOOPY KOHCTPYKIIMKA W Pa3MEpPOB TOTIOYHBIX W TOPEJIOYHBIX YCT-
POIICTB, THIAa KaTanu3aTopa W crmocoda ero pa3MelleHus B peakTtope. Buimoin-
HSIOT TaK)Ke THIPABIHYECKUE PACUYEeThl BO3IYyXOBOJIOB, Ta30MMPOBOIOB, IBIMOXO-
JI0B, TTOIOUPAIOT BEHTUIISITOPBI U ABIMOCOCHI.

KonmuuecTBO TOMIMBHOTO Ta3a OMPEICSNSIOT MO TeMIepaType mpoliecca
TEPMOKATATUTHYECKOTO 00E3BPEIKUBAHUSA, KOTOPYIO HAXOMAST OMBITHBIM ITyTEM
WIA TI0 JICHCTBYIOIIMM aHajoraM. Pa3mepbl peakropa 3aBHCAT OT KOJIMYECTBA
o0pabaTbiBaeMbIX BEIOPOCOB M 00beMa KaTanu3zatopHoi macchl. [locnennuii na-
pamMeTp MOKET ObITh ONPEICTICH JHUIIh IKCIIEPUMEHTATBHO WM TI0 CBEACHUSIM O
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JEHUCTBYIOIIUX aHAJIOraX, peajbHO 00ECIEeUnBAONIUX TPeOyeMYyIO CTENeHb OUU-
ctku. CBefieHrs MoJ00HOTO POjia MOYKHO CUMTATh HAJCKHBIMU, €CIIM OHU TOJTY-
YEHBI CHEIUATUCTOM MPU HEMOCPEACTBEHHOM O3HAKOMJIEHUHU C JCHCTBYIOIICH
YCTaHOBKOM.

ITonady oGpabGaThIBacMbBIX T'a30B OOBIYHO 3aHalOT B BHAE Pacxoma, M/d,
npuxozsmerocs Ha 1 M° Karanm3aTopHOil Macchl. Takylo XapaKTEpHCTHKY Ha-
3bIBAIOT CKOPOCTHIO OOpaOOTKM W HCIOIB3YIOT NJIsi CPAaBHEHUS MPOIYyCKHOMN
CIIOCOOHOCTH peakTopoB. B nurepatype npuoautcs nHbopmaius 00 yCTaHOB-
Kax 00e3BPEKHUBAHMS CO CKOpOcTsIME oOpaborki 50000...1000000 u™ u Gouree.
C yBenuM4eHHEeM MPUHSITOTO 3HAYCHHS] CKOPOCTH OOpabOTKH yMEHBIIIAETCs CTe-
IICHb KOHBEPCUM HMCXOJIHBIX 3arpssHurtencil. VX mpeBpamieHus He AOUAYT 10
KOHEYHOU cTaauu ¢ 6e3BpeaabiMu poaykramu - CO;, u HyO, a octaHoBsATCS Ha
KaKOW-ITH00 M3 MPOMEKYTOUHBIX CTYIMEHEH OKHUCICHHsS ¢ 00pa30BaHHEM COEIH-
HEHUM, BO3MOXKHO 00Jiee OMACHBIX, YeM HCXOJIHBIE.

7. Tepmudeckasi 00padoTKa ra3oBbIX BLIOPOCOB

Jlst 006e3BpeXKUBaHUS TA30BBIX MPOMBINUICHHBIX BBIOPOCOB HCIONB3YIOT
TEPMHUYECKUE METOBI MPSIMOTO M KaTATUTUIECKOTO CKUTAHUSA. MeToa psiMoro
CKUTaHMSI IPUMCHSIOT JJIs1 00€3BPEKUBAHUS MTPOMBIIIUICHHBIX Ta30B, COACpIKa-
IUX JIETKO OKHUCJISIONINECS OPTraHWYECKHUE MPHUMECH, HalpUMEpP IMaphbl yTIIeBO-
noponaoB. [IpomykraMu cropaHus yrieBOJAOPOIOB SBISIOTCS TUOKCHI YTieposa
¥ BOJIA, a OPTaHUYIECKUX CYJIb()HUIOB — TUOKCH CEPHI U BOJIA.

Cucrema, coneprkamiasi TOKCUYHBIC BEIIECTBA, MOXKET OBITh 00€3BpEKEHA
MOCPEJICTBOM TEPMOOOPAOOTKH, €CIU PEaKIUH, MPOUCXOAIINE B HEH, TpHUBe-
IyT K 00pa30BaHUI0 MEHEE TOKCHYHBIX KOMIIOHEHTOB.

M3 Bcex OKUCIUTENBHBIX MPOLIECCOB AJII TEPMOOOE3BPEKUBAHUS PUTO-
Hbl MCKJIIOYUTEIBHO PEAKIIMU C KHUCJIOPOJIOM, MOCKOJIbKY TPH YYaCTHUU HHBIX
OKHCIIUTENEeH MPUHLUIINATBHO HEBO3MOKHO MOIYYUTh O€3BpEAHbIE MPOAYKTHI
okucienus. Ilostomy panee moa TEPMUHOM 'OKHUCIEHHE' MOAPAa3yMEBAETCS
IIPOLIECC, OKUCTUTENIEM B KOTOPOM CITY>KUT KUCIOPO/I.

["a3odazupiii mporecc TEPMOOKUCICHHUS OCYIIECTBISIOT HETOCPEACTBEH-
HOW OTHEBOH 00pabOTKOM (CXKUTAaHWEM B TUIAMEHH) Ta30BBIX BBIOPOCOB IPHU
TEeMIepaTypax, MPEBHIIIAIOINX TEMIEPATypy BOCIUIAMEHEHHUS TOPIOYUX KOM-
MIOHEHTOB BHIOPOCOB.

OrneBoil 00pabOTKOM, Kak U TEPMOKATAIUTHUYECKUM OKHCICHHEM, MPUH-
UITMAJIBHO BO3MOKHO O0E€3BpEIUThH JHUIIL BEUIECTBA, MOJIEKYJIBI KOTOPBIX HE
coliepKaT Kakux-IMOo APYyrux 3JeMeHTOB, kpoMe Bopopoaa H, yrnepona C u
kuciopona O. ITocpeacTBoM CokuraHusi BO3MOXHO 00O€3BpEKUBAHUE IEPEUUC-
JICHHBIX BEILECTB B Ia3000pa3HOM, KUJKOM U TBEPIOM COCTOSIHUSIX.
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3arps3HUTeNH, cojepxkalue Kakue-imoo snementsl, kpome H, C u O - ce-
py S, dochop P, ramorensr, MeTayuibl u Ap., HEMB3S MOAaBAaTh HA TEPMOOKHUCIIH-
TEIBHYI0 00pabOTKy, Tak KaK MPOAYKTHI CTOpaHHs OyIyT COAEpP,aTh BBICOKO-
TOKCUYHBIE COE€MHEHUs. B peanbHbIX YCIOBHSIX U MPU CKUTAHUU YHCTO Opra-
HUYECKUX COEIMHEHUN HEe ylaeTcs 00ecrneunuTh adCOMIOTHO MOJIHOE OKUCIICHHE
UCXOJIHBIX KOMIIOHEHTOB JI0 MPAKTUYECKU Oe3BpeIHbIX yriekucioro raza CO, u
napoB Bojibl H,O. B ApIMOBBIX razax Bcerja mpuCcyTCTBYIOT okcu yriepoaa CO
U Jpyrue IpoAyKThl XUMHUYECKOTO HEI0)Kora (HEmOoJHOro okucieHus). Kpome
TOTO, TIPU TOBBIIIEHHBIX TEMIIEpaTypax 3aMETHO YCKOPSAETCS PEaKIusi OKHUCIIe-
HUS a30Ta, KOTOPBIN MOCTYIAET B 30HY TOPEHUs C TOTUIMBOM M Bo3ayxoM. Heko-
TOpBIE OKCHJIBI a30Ta OKa3bIBAIOT BPEIHOE BO3JCHCTBHE HA OPTaHU3M YEIIOBEKA
Y OKPYXKAIOIIYIO CPEIy.

B03MOXHOCTH TEPMOOKHUCIUTEIHHOTO METOJa 00€3BPE)KMBAHUS OTPAHU-
YUBAIOTCS TAK)KE KOJIMYECTBOM OTOPOCHBIX Ta30B U COJIEP)KAHUEM B HHUX TOPIO-
YUX KOMITOHEHTOB. ECM KOHIIEHTpaIis rOprOYnX KOMIIOHCHTOB BBIOPOCOB HE
JOCTUTAET HIDKHETO Mpejeiia BocruraMeHeHus ('OeqHbie’ TOPrOYMM BBIOPOCHI),
TO UX OTHEeBast 00paboTKa TpeOyeT JOMOTHUTENBHOIO PacxXo/ia TOIJIMBA HA TPO-
IpeB BHIOPOCOB JI0 TEMIIEpATypbl CAMOBOCINIAMEHEHHMSI, KOTOpasi JJid MMapoB yr-
JIEBOJIOPOJIOB M KUCIOPOAHBIX MPOU3BOIHBIX YIIIEBOJOPOIOB COCTABIISIET OKOJIO
500...750°C.

[Ipu BBIOOpPE CHIOCOOOB 00E3BpPEKUBAHUS OPUCHTUPOBOUHOE KOJIUYECTBO
OTOpPOCHBIX Ta30B, ''OEMHBIX" TOPIOYHUM, KOTOPOE MOXKET ObITh IMOJBEPTHYTO
TEPMOOKHCIIUTETLHON 00paboTKe C MpPUEMIIEMBIM PACXOJOM TOIUIMBA, MOXKHO
npuHAMatk He Bbime 1,5...2 m°/c.

JIyst KpyITHBIX UCTOYHUKOB BBIOPOCOB C HEBBICOKHM COZCPIKAHUEM 3arpsi3-
HUTEJNEeH OoJiee ONTUMATBHBIM PEIICHUEM SBJISETCS KOMOWMHHMpPOBAHHAS JBYX-
CTYIICHUaTass OYHWCTKAa C TIPEABAPUTEIBLHBIM KOHIICHTPUPOBAHHEM TOPIOYUX
KOMITOHEHTOB JI0 HIDKHETO Tpejaesia BociiameHeHus. [lociemyromas orHeBas
00paboTka MOJOOHBIX BBIOPOCOB CTAHOBHUTCSI SKOHOMHMYECKH IMPUEMIIEMOM.
BnusHue roprounx KOMIIOHEHTOB Ha MapamMeTpbl FOPEHUs CTaHOBUTCS 3aMeET-
HBIM TIpU KoHIIeHTpanusax 6omee 50...100 Mr/ve,

7.1. YcTaHOBKH TepMO000O€e3BpeKUBAHUS T'a30BbIX BLIOPOCOB

["a3bl CKUTAIOT HA YCTAHOBKAX C OTKPHITHIM (DaKeIoM MJIU B TIeYax pa3ind-
HbIX KOHCTpykuuid. [Ipsimoe cxxuranme ocymectsisitor npu 700...800°C ¢ uc-
MOJIb30BAaHUEM Ta3000pa3HOTO WIIM KUJKOTO TOIUIMBA. JJis CokUraHus HE0OXo-
UM n30bITOK Kucioposa Ha 10...15% Gonpire cTeXnoMeTpruIecKoro KOJIHIecT-
Ba. Ecnu TemioTel cropanus yrieBOJOPOIOB JOCTATOYHO, YTOOBI TEIUIOTA PEaK-
1y mpesbimana 1,9 MI[)K/M3, ras3pl TakyKe CKUTaroT B (akesne. UToObI rmiamMs
¢dakena ObUIO HEKONTAILIMM, H00aBISIOT BOAY B BUjE napa. B aTom cinydae mpo-
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UCXOJUT peaKIus BOJSHOTO Mapa C yriaeBOAOPOIaMH, COMPOBOXKIaeMas odpa-
30BaHHEM BOJOPOJIa U OKCHAA yriepoaa. KomnuecTBo mapa B 3aBUCHUMOCTH OT
KOHIICHTpAIUH yriieBoAopo 0B konedmercs ot 0,05 mo 0,33 kr/kr.

Ecnu xoHIEHTpaIusl roprourx ra3oB Malla M BBIJCIAIONIETOCs Teruia He-
JIOCTATOYHO JJIsl PEAKIMHM CTOpaHuUsi, TO Ta3bl MPEABAPUTEIHHO IOJO0TPEBAIOT.
Ha puc. 7.1...7.3 moka3aHbl pa3M4HbIC CXEMbI (paKeJIbHBIX YCTAaHOBOK. Y CTa-
HOBKa, MpeJicTaBieHHas Ha puc./.l, paboraer npu u3bpITouHoM napieHuu 0,15
MIla.
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Puc. 7.1. YcranoBka s pakeabHOTO CKUTaHUS Ta3000pa3HbIX OTXOJI0B:
1 — ruapo3aTBop; 2 — OTHENIPErpaIuTeh, 3 — OCHOBHAS ropenka; 4 — me-
JKypHas TOpeJKa; 5 — CUCTeMa 3aKUTaHUs JICKYPHOU TOpeNIKr

Ha puc. 7.2 noka3ana ycraHoBKa A1 (paKeIbHOI'O C)KMTaHUS ra3oB, CMOH-
TUPOBaHHAs Ha TEXHOJIOTMYECKOM amrmapaTe, Ha puc. /.3 — yCTaHOBKa JJs
CKUTaHUs Ia30B, COAECPKAIIMX alleTUiIEH. ['OpeHre Takux ra3oB CONPOBOXKAACT-
cs1 00pa3oBaHMEM 3HAUUTEIBHOIO KOJIMUYECTBA TEXHUYECKOTO YIiiepoja, Mo3To-
My IpeayCMOTpPEHa IToJaya Iapa B ra30BbId NOTOK. sl TOIKUTaHUs OCHOBHOM

TOpEJIKU BO BCEX YCTAHOBKAX MPEIyCMOTPEHA JIEKypHasl ropeska, padoTaromas
Ha IPUPOIHOM rase.
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Puc. 7.2. YcranoBka mist pakeabsHOTO
CKUTaHMSI Ta3000pa3HBIX OTXOJIOB,
CMOHTHPOBaHHAS Ha PEaKTOPE:

1 — peakTop; 2 — MKEKIIMOHHBIN cMe-
CUTeNb, 3 — dNeKTpo3anai; 4 — nexyp-
Has TOpeJika, 5 — OCHOBHAsI TOpeka; 6
— HacaJIKa-orHeNperpaJuTeb

3

Puc. 7.3. YcranoBka s pakeapHOTO
C)KMTaHUS Ta30B, COJICPKAIINX alleTH-
JICH.

1 — dakenpHas ropenka,; 2 — Tpyoa; 3 —
pa3pbIBHBIE MeMOpaHbl; 4 — orHenpe-
TpaJNTENh; 5 — HHXKEKIIMOHHBINA CMe-
CUTEJb C dJIEKTpo3anaioM; 6 — cucre-
Ma 32KUTaHUs JEKYPHOU rOpesKu

TepmookucauTeapHOe 00€3BpEKUBAHNE KOHIIEHTPUPOBAHHBIX T'a30B IPO-
BOJIUTCSA B YCTAHOBKAX, KOTOPbIE OOBIYHO COCTOSIT U3 TOMOYHBIX M TOPEIOYHBIX
YCTPOMCTB € ABIMOXOJAMU JJIsI OTBOJA MPOAYKTOB CTOPAaHHS M TEILUIOYTHIIA3A-

TOpPaMHU.

CxeMbl TEpMUYECKUX HEUTpaIM3aTOpPOB JaHbl Ha puc. 7.4. KoHCTpyKIusa
HEHTpanu3aropa J0JDKHA 00ECIIeYrBaTh HEUTPAIM3AIMIO TOKCHYHOTO TPOAYKTA.
s sToro Bpemsi mpeObiBaHUs ero B HeWTpammsarope coctasiser 0,1...1,0 c.
Temmneparypa cxuranus Ha 100...150°C mpesbiiaeT TeMieparypy caMoBOCILIA-
MeHeHusl, mpuBeieHHbIC B Tabmuiie [1.13 npunoxeHus.
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Puc. 7.4. CxeMbl TEpMUYECKUX HEHTPAITU3ATOPOB TIPOMBITIICHHBIX
OTXOJISIIIMX Ta30B. a - 0e3 TEIUIOOOMEHHUKA, O - C TEIIOOOMEHHUKOM

KOHCTPYKIIMK TOMOYHBIX YCTPOMCTB JUIS TMe4ell TepMOOOE3BPEIKUBAHUS
MOYKHO pa3JIeJNTh Ha KaMEepHbIC, IMKIOHHbIE, IIaXTHBIC U Oapabanubie. Hanbo-
jiee pacrpoCTpaHeHbl BEPTHUKAIbHBIC W TOPU3OHTabHBIC KaMmepHbie (puc. 7.5,
@), a TAKXKe IUKJIOHHBIC TOPU30HTAJIbHBIC (pHC. 7.5, 6) KOHCTPYKIIUH,
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Puc. 7.5. KOHCTpYKIIMU TOMOYHBIX YCTPOMCTB!

a — KaMepHas TeYb ISl CKUTAHUS Ta3000pa3HbIX 0TXO0I0B; 1 — Kopmyc meyu; 2
— oTBepcTHE; 3 — KOJUICKTOP; 4 — ra3000pa3HbIe OTXOBI; 5 — pacpeeTuTelb-
HBIE TATPYOKH; 6 — PpoHTOBAS cTeHa,; / — ropenka; 8 — nepdoprupoBaHHas
crenka, 9 — nox; 10 — kamepa; 11 — kamepa a1 yTUIU3aIUKU TEIa; 6 — 1u-
KJIOHHAsi TOPU30HTaNIbHAS Meub; 1 — ropenka; 2 — uuiauHIpuyeckas Kkamepa,; 3 —
naTpyOKu st OTOPOCHOTO Ta3a
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B UUMKIOHHBIX Te4Yax OpraHU3yeTcs BpalllaTelbHO-NOCTYNaTENbHOE IBU-
YKEHHUE TPOJYKTOB TOPEHHS, UTO OOecreyuBaeT OoJiblliee BpeMs MpeObIBaHMS
0o0pabaTbIBaeMbIX ra30oB, YeM B KAMEPHBIX M€4ax Takux ke radbaputos. [locnen-
HUE OOBIYHO KOHCTPYUPYIOT OJIHO- WJIM JIBYXXOJOBBIMH IO JBIMOBBIM Ta3aM.
OHu MOryT OBITH IPSIMOYTOJIBHOTO WJIM KPYTJOro ceuyeHus. BepTukaiabHbie
PSIMOYTOJIbHBIE KOHCTPYKIIMM UMEIOT XYJIIIee 3aM0JIHeHHE 00bemMa TOIMKH JIbl-
MOBBIMHU ra3aMU IO CPABHEHUIO C TOPU3OHTAIBHBIMU TONKAMHU KPYIJIOTO cede-
HUA. B KaMepHBIX TONMKax BO3MOKHO YCTPOMUCTBO JOMOIHUTEIBHBIX CBOJOB, IO~
BBIIAIOIINX TEMIEPATypy B PEAKIIMOHHOW 30HE, YTO HEBO3MOKHO BBITIOJTHUTH B
[IUKJIOHHBIX Tle4ax. B KOHEYHOM cueTe KOHCTPYKIMS U radapuThl TOMIOYHOTO
YCTPOMCTBA BBIMOJIHAIOTCA TaKUMH, YTOOBI 00€CIIeYnTh TpebyemMoe BpeMs Ipe-
ObIBaHUSI OTOPOCHBIX Ta30B B 30HE BBICOKUX TEMIIEPATYP.

Tun ropenoyHoro ycTpoicTBa Al YCTAaHOBOK TEPMOOOE3BPEKHBAHUS U
CXeMy IMOJBOAAa OTOPOCHBIX ra30B BHIOMPAIOT B 3aBUCUMOCTHU OT UX cocTaBa. | a-
30BbI€ BBIOPOCHI C BBICOKHM COJIEPKAHMEM KHUCIOPOAA, KOTOPbIE MOTYT OBITh
UCIIOJIb30BaHbl B KAueCTBE AYThEBOIO BO3/YXa, BBIFOJIHEE BCEro MOAABaTh B
BO3JIYIIHbIE TPAKTHI TyThEBBIX Ta30TOPEIOYHBIX YCTpOUCTB. borareie roprounm
ra30BbIe BBIOPOCHI C HHU3KUM cojepkaHueM (WU OTCYTCTBHEM) KHCJIOPOa
MO>KHO MOJIaBaTh HEMOCPEICTBEHHO B Ta30BbI€ U BO3AYLIHBIE TPAKTHI YThEBBIX
ropenok. ['openkyu MHKEKIMOHHOIO TUIA JUIsl 3THX LEeJed NTPaKTUYEeCKU HEeNpu-
TOJIHBI M3-32 HECTAOWJIBHOCTU COCTaBa BHIOPOCOB. B TO e Bpemsi MHKEKIIUOH-
HBIE TOPEJIKH, pabOoTaOIINE HA TOIUTMBHOM Ta3e CTa0UILHOTO COCTaBa, HAXOASIT
NPUMEHCHHE B Ka4eCTBE MUJIOTHBIX (MOIIEPIKUBAIOIINX TOPEHHE) YCTPOMCTB.
Bricokass TeMriepaTypa B 30HE€ T'OPEHHUs TaKHX T'OPEJIOK OOECIEYHBAET TEPMO-
OKHUCJICHHE 3arps3HUTENS] TPH KOJIeOaHUSX cocTaBa 0OpabaThIBaeMBIX Ta30B.
Kpome Toro, oHn He TpeOyIOT 3aTpaT 3JIEKTPOIHEPTUHU HA MOJady BO3AyXa s
TOpPEHHUS.

OpHa U3 KOHCTPYKIUH (haKeIbHOW FOpPEIKU ¢ MAPOBBIMU JIF03aMU MTOKa3aHa
Ha puc. 7.6, ropernka A CKUTaHHs TAJIOTeHCOAEpKAIIUX MMPUMECEH MpeIcTaB-
JieHa Ha puc. 7.7.

N3 nnddy3rMoHHBIX TOPENIOK 3aCiy>KMBAET BHUMAHUS JTIOCTATOYHO MPOCTast
KOHCTPYKIUS, MpeAcTaBsitonas coboil nephopupoBaHHYIO TpyOy, YCTaHOB-
JICHHYIO B TIOTOKE€ OTOPOCHBIX T'a30B TaK, YTO Tra30BbIe (DAKeNbl, BHIXOISIINE U3
OTBEpCTHH, pa3BUBAIOTCS B €€ a3pOJIMHAMHUYECKOM CIIEZIe, 3a CUeT 4ero obecrie-
YUBAETCSl YCTOMYMBOCTH ra30BOTO (hakesia Mpy BHICOKUX 3HAYEHUSAX Kodduiu-
€HTOB M30bITKa BO3/lyXxa. B pe3ynbTaTe uepe3 ropeaodyHoe yCTPOUCTBO yIaeTcs
IPOMYCTUTH OOJBIIIOE KOJTUYECTBO OTOPOCHBIX ra30B MPH HE3HAYUTEIHLHOM pac-
X0JI€ TOTTUBHOTO Ta3a. OHAKO MpH O0NBIINX U30BITKAX BO3yXa CPEIHSAS TEM-
neparypa ra3oB CTAHOBUTCS HW)XKE TEMIIEpaTypbl CAMOBOCIIAMEHEHHUS MapoB
OpPraHUYECKUX COEIUWHEHUM, BCIEACTBUE YEro TEPMOOKHCICHUIO OyAyT MOA-
BEp KEHBI JIMILb YacTHIIbl, HEMOCPEJACTBEHHO COIpHKacapiiueca ¢ ¢akenom. B
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TO € BpeMs TaKO€ YCTPOHUCTBO MOXKET ObITh 3(P(HEKTUBHO UCIOJIB30BAHO U MPHU

OoJiee BBICOKMX M30BITKAaX BO3yXa, €CJIM Ha 00€3BPEKUBAHNE ITOCTYIIAIOT rOps-
YHe ra30BbI€ BHIOPOCHI.
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Puc. 7.6. dakenpHas ropenka ¢ mapo-
BBIMU JIFO3aMH
1 — nexypHas ropeska; 2 — BO3AyIIHas
Tpy0a; 3 — 3alUTHBINA KO3BIPEK; 4 —
KOpIyc (pakenbHOU rOpeIKH; D — na-
poBasi Ar03a; 6 — KapMaH JJis TEPMOTIa-
pHBI

Puc. 7.7. T'openka st CKUTaHMsI rajao-
TeHCO/IepKaIuX ra30B B aTMocepe
MHEPTHOTO rasa:

1 — BHyTpeHHUI KOPITYC TOPEIIKH; 2 —
OTBEPCTHUE ISl BBIXO/1a Ta3000pa3HBIX
OTXO0JI0B; 3 — BHEIIIHUIA KOPITYC TOpeJ-
KH; 4 — OTBEpCTHUE JJIA BHIX0J1a UHEPT-
HOT'0 ra3a; 5 — KkaHaJ UIsI CMECH
WHEPTHOTO Ta3a U Ta30BBIX OTXOJIOB; 6
— BBOJ MHHEPTHOTO Ta3a; / — uria; 8 —
BBOJI MPUPOIHOTO Ta3a; 9 — KOIbIEBOE
MPOCTPAHCTBO JIJIsl IPUPOTHOTO Ta3a;
10 — mTyuep A mogaund HHEPTHOTO
ra3a; 11 - KkoibIieBOe MPOCTPAHCTBO
JUTSI MTHEPTHOTO Ta3a

7.2. IlpyHIUIIBI pacyeTa YCTAHOBOK TePMO00e3Bpe:KNBAHMS

[TotHOTa TEPMOOKHCIIEHUSI OPraHUYECKUX 3arpsA3HUTENCH 3aBUCUT OT TEM-
neparypsbl MpoLecca, BpeMEHHU NMPpeObIBaHUS YaCTHUI] 3arPSA3HUTENS U KUCIOpoJa
B 30HE BBICOKHX TEMIIEpaTyp, TEIIOHANPSKEHUSI TOMOYHOTO 00bema, (pU3HKO-
XUMHUYECKUX CBOWCTB 3arps3HUTENICH, MapaMeTpoB COCTOSHUS M COCTaBa OT-
OpOCHBIX Ta30B, a TAK)KE MHOXKECTBA IPYTUX (PaKTOPOB.

[Ipennaraemas METOIMKA pacyeTa MO3BOJSIET MOTYYUTh OPUECHTHPOBOYHBIC
3HAYEHUs IapaMeTpoB Ipolecca.
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Pacyer cocTouT U3 ciaenyroUnMX CTaguil. ONpPENENIEHNE COCTaBa IPOAYKTOB
cropanusi, KoaduimenTa n30bITKa BO3yXa U TEMIIEpaTypbl TOPEHUs, BPEMEHH
npeObIBaHUs U Pa3MEPOB TOIMOYHOTO YCTPOWMCTBA; MOJ00p TUIIOPA3MEPOB rope-
JIOYHBIX YCTPOWCTB; pacyeT ra3onpoBOJ0B, BO3TyX0OBOJIOB, AIMOX0/I0B, 10100p
ra30000py10BaHMsI U TATOLYThEBBIX YCTPOICTB.

VIcXO/IHbIC JaHHBIE [T pacueTa - pacxo oTopocHsix razos W, m°/c, i ux
COCTaB, BBIPAXKEHHbII 00bEMHBIMU JI0JISIMH KOMIIOHEHTOB [ .
Pacxon TorumBHOro raza W, onpenensiercst U3 COOTHOLIECHMS:

W, = Wy(L - Y1, (ot ), mfe, (7.1)

rne N — KoaumdecTBO 3arpsi3HUTENEH; o, — K03 PUIMeHT n30bITKa BO3yXa 10
OTHOINICHHUIO K TOTUIUBY; V, — TEOPETUYECKH HEOOXOIMMOE KOJTUIECTBO BO3MIY-
Xa, PACCYMTAHHOE [0 COCTABY TOILINBA, M /M,

[Tpu 06paboTKe ra30oB ¢ HU3KUM COJEPKAHHUEM KHUCIIOpOJa BEIMYUHY KO-
apdunueHTa u30bITKa BO3AyXa MO TOIUIUBY MPUHUMAIOT B MpeAenax o, =
1,05...1,2. Ecu oTOpOCHBIE Ta3bl UCIIONB3YIOTCS B KAYECTBE BO3IyXa JJIs TOpe-
HUS, TO 7Sl YMEHbBIIEHUS MOTPEOICHNUS TOIUIMBA CIIEAyeT MPUHUMATh MO BO3-
MOYKHOCTH OOJbINNH KOI(D(HUIMEHT U30bITKA BO31yXa (OPUEHTHPOBOYHO Ol ~

3) O6’BCM TOIIKHU ITOACUHUTBIBAKOT I1O BLIpaH(eHI/IIOZ
Vi = YW .1 o, (7.2)
a ec TEIIOBYIO IHlarpy31<y — Kak
V,[a] = iNzlvviQi KB, (7.3)

rae Wi, Qi — COOTBETCTBEHHO Pacxoi, M /c, M TerIoTa cropanus, kJx/M°, Tor-
JIMBHOTO Ta3a WM (1) OTOPOCHBIX Ia30B, COAEPIKAIINX TOPIOYHE BemecTsa; [y ]
— JIOMyCTHMOE TEIIOBOE HAIPSUKEHHE TOMOYHOro o0beMa, KBT/m®; N — kommde-
CTBO BUJIOB FTOPIOYUX I'a30B.

[Tpu copepxaHuM roOprOYNX TOKCUYHBIX 3arps3HUTENICH B OTOPOCHBIX ra3ax
menee 50...100 mr/m® Bemmunny Q MOXKHO PAacCUHTBHIBATH MO OOBIYHBIM COOT-
HOILIEHUSM JIJIs1 TOIUTMBHOTO ra3a

3HavyeHus [Qy] UIS MPSAMOTOYHBIX KOHCTPYKIUH TOIOK PEKOMEHIYETCs
npuHIMath He 6omee 200 kBT/M®. st IUKITOHHBIX TOIOK 3T BEIMYHHA MOXKET
ObITh yBeNIMYEHA B 4...5 pas.

Heobxonumoe BpeMsi IpeObIBaHUSA Ty, OPIAHUUECKUX TOKCUYHBIX COCIMHE-
HUI B 30HE PEaKIMy IPH TeMIepaType ropeHus i, = 700...1000 °C opuenTupo-
BOYHO OIpEeesieTcs M0 SMIUPUIECKON (hopMyIie:

Top = 25(1 - t,,,/1060), c. (7.4)
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[Ipn OTCYTCTBMHM ONBITHBIX JAHHBIX O TEMIIEpPAType TOPECHHUS €€ MOIKHO
OIICHUTH TI0 COOTHOIICHHUIO:
trop =N tKam OCa (75)
r7ie 1| — NUPOMETpUYECKUl Kod((DUIIMEHT, 3HaYeHUE KOTOPOro MPUHUMAIOT IS
HEIKPAHUPOBAHHBIX HEU3OJUPOBAHHBIX TOMOK B mpenenax 0,75...0,85, s sk-
panupoBaHHbIX — B npenenax 0,5...0,8, i HedKpaHUPOBAHHBIX U30JIUPOBAH-
HbIX — B nipenenax 0,8...0,09; t.,, — kamopumerpuyeckas TeMIepaTypa ropeHus.
Ipu comepskaHuM roprounx 3arpssuuteneii 6oxee 100...150 mMr/m° HeoO-
XOJIMMO YUYUTHIBATh UX BIMUSIHUE HA MPOIIECC TOPECHHUS.
ITo naiieHHON BETUYMHE T, IPOU3BOIAT MOBEPKY JOCTATOYHOCTH IIPUHSH-
TOTO paHee 00beMa TOKH
V, > T Wor(273 + top)/ (273 K,), M, (7.6)
rae K, — koapduimeHT 3anolHeHUs] TOMKYA MPOAYKTaMH CTOpPaHUs, 3HAYCHUE
KOTOPOTO MOKHO TpuHUMAaTh OT 0,7 M BEPTHKAIBHBIX MPSIMOYTONBHBIX 0
0,95 mns ukIoHHBIX TOMOK; W . — pacXxo/1 TBIMOBBIX Ta30B, M/c.
Ipu conepxannu 3arpssuautencii menee 200 mr/m°® Bemmauny W, ToICHH-
TBHIBAIOT I10 BBIPAYKEHUIO'
Wor = Wi (Veo, +Vio +Va, +Vo,) M/, (7.7)

e Veo,s Vi,o0 Vi, Vo, - 00BbEeMBI COOTBETCTBYIOIIUX KOMIIOHCHTOB MPOIYyKTOB

CrOpaHus, OTHECeHHbIe K 1 M° TOIUIMBHOIO ra3a M ONpeseNnseMble IO ero CocTa-
BY.

[Ipy 3HAYUTENBHBIX KOHLUEHTPALUIX F'OPHOYUX 3arpsA3HUTENEH pacxon Jbl-
MOBBIX I'a30B PACCUUTHIBAIOT IO BBIPAKEHMUIO:

Wor = W, Ve, + V4 0 +Vy, +V,) /Ry, M/, (7.8)
rae Vo, Vi,o: Vi, Vo, - 00BEMBI COOTBETCTBYIOLIMX KOMIIOHEHTOB MPOJYKTOB

CrOpaHwsi, OTHECEHHBIE K 1 M° TOpIoYeil CMeCH TOILIHBA U 3arpsi3HHTENCH; R, -
JI0JIsI TOIUTMBA B TOPIOYCH CMECH.
Haxonast skBuBaneHntHolii quamerp D, m mmmny | (BbicoTy h) TomouHoro

YCTPOMCTBA!
D,=0,8V,"? w, (7.9)
| =(2,0...2,3)D,, ™, (7.10)
h=(1,7...2,0) D,, m. (7.11)

[To pacxomy razoBoro TOIUIMBA MOJAOUPAIOT pa3Mep rOpeIoyHOro yCTpoi-
CTBa, HEOOXOAMMOE ra30000pyAOBaHNE U PACCUUTHIBAIOT TUAMETPHI Ta30Ipo-
BOJIOB, a [0 PAacXO/ay JBIMOBBIX T'a30B HAXOAAT pa3Mephl JbIMOXOJI0B, IBIMOBOM
TpyOBI U TIPU HEOOXOJUMOCTH - TBIMOCOCA.

8. OumcTKa ra3oBbIX BblﬁpOCOB aBTOMOOMJILHOIO TpaHcIopTa
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3arpsi3HEHHE OKpYXKalollleld Cpeabl BBHIOpOCAMU JIBUTaTENIe BHYTPEHHETO
CTOpaHMsI MPEJICTABISET B MOCIEIHUE TOBI BCE OOJNBIIYIO0 OMMACHOCTh M3-32 BO3-
pociiei yrpo3sl 370pOBBIO YeTOBEKa M OKPY KaIoIIeH cpejie.

B o6mem Ganance 3arpsisHeHHs aTMOC(epbl aHTPOTIOTEHHBIMU UCTOYHUKAMU
TPaHCIIOPTHBIE CPE/ICTBA MPEACTABISAIOT co00l Hanbosee CyIeCTBEHHbIH UCTOY-
HHK, XOTSI OCHOBHYIO JIOJIO 3THX 3arpsiI3HEHUI COCTaBIISIOT OTHOCUTEIBHO HEs/I0-
BUTBIE OKCHUJIBI yTJIEpO/Ia.

CoBpeMeHHbII1 00pa3 KU3HU M Pa3BUTOE MPOM3BOACTBO TECHO CBSA3AHBI C
aBTOMOOMJIBHBIM TPaHCIIOPTOM.

ABTOMOOMJIBHBIN TPAaHCHOPT MOJIYYMJI LIMPOKOE PACHPOCTPAHEHUE, UMEs
psil TOCTOMHCTB: 1) OTHOCHTENBHO BBICOKYIO CKOPOCTH JIBHIKEHHS TIO YCOBEp-
IICHCTBOBAHHBIM JIOPOTaM; 2) XOPOIIME MPOXOJUMOCTh U MAaHEBPEHHOCTH; 3)
BO3MOXXHOCTh 9KOHOMHUYHOHN TIEPEBO3KU MEIKUX TapPTHil Tpy30B; 4) MEHEe BbI-
COKHE KallMTaJTbHBIE BIIOKEHUS B CTPOUTENHCTBO aBTOJOPOT B CPAaBHEHUU C JKe-
JI€3HOIOPOKHBIM TpaHcmopToM. B Hagane XX B. Ha Hallel MIaHeTe HACUUTHIBA-
jock 6 Thic. aBToMoOmMIei. K 1998 . uncio TpaHCOPTHBIX CPEACTB C OEH3UHO-
BBIM JIBUTATEJIEM BO BCceM Mupe mpeBbicrio 1,5 mupa. [IpoTsskeHHOCTh aBTOMO-
OWIBHBIX JOpOr ¢ ac(haiabTOBBIM MOKpHITHEM TONbko B EBpome u CeBepHoit
Awmepuke gocturia moutd 10 M kM. [lo HUM exeronno nepeBo3utcs 16 mMip/.
T. TPY30B

Bmecre ¢ TeM aBTOMOOMIIN SABJISIOTCS OJTHUM M3 OCHOBHBIX HCTOYHHUKOB 3a-
I'PSA3HEHUS OKPY>KAOILEH cpesibl, MPEkIe BCEro BO3AYIIHOIO OacceiiHa, TaKUMU
TOKCUKaHTaMH, Kak MOHOOKCHUJ yIepoja, OKCUJIbI a30Ta, CBUHEL, YTJIEBOJOPO-
1wl 1 Ap. Tak, B 1990 r. ux BEIOPOCH B MUPE COCTABHIIN, MIIH T: YTJIEBOJOPOIBI -
39, MoHOOKCHIBI yriiepoa - 231, muokcua yriaepoza - 3969, okcuasl azora - 32.
B 3arpsisaenun atMochepHOro Bo3ayxa KpyMHBIX TOPOJAOB MUpa JI0Jii aBTOMO-
ounpHOTO TpaHcmopTa Bapbupyet, %: 88...97 CO, 31...33 NO,, 63...95 yrue-
Boa0poioB. Jlo 70 % BechMa TOKCHYHBIX COCIWHEHWN CBHHIIA, COACPIKAIIIXCS
B OTHJIMPOBAHHOM OCH3MHE, TaKKe MomanarT B atMocdepy. TOKCHUYHBIMU BBI-
Opocamu aBTOMOOWJIEH, KpOME OTMEUEHHBIX BBIIIE BBIXJIOMHBIX Ta30B, SBISIOT-
Csl TaK)Ke KapTepHbIE Ta3bl, Maphl TOIIMBA U3 KapOlopaTopa U TOIUIMBHOTO Oaka.
B nenom, B BBIOpOCAax TPaHCIOPTHO-YHEPIeTUUECKUX YCTAHOBOK COICPKHUTCS
1200 xuMHYECKHUX KOMIIOHEHTOB, BKJIIOYasi BEChMa TOKCUYHBIN OeH3(a)mupeH.

ABTOTpPaHCIIOPT CYIIECTBEHHO 3arpsi3HseT Takke Boay (HedTh, Macia, pac-
TBOpHTENN) U TI04BY (He(Th, HEHTEIPOIYKTHI, IBETHBIC METAJUIBI M PE3UHA KaK
CJIEZICTBHE MCTUPAHUS JeTalell aBTOMAIINH U MOKphIiek). Ha Mecte MacistHbIX
nsTeH B TeueHue 20 et Huyero He pacteT, nmonoca mupuHoit 50...100 M mo o6e
CTOPOHBI OT JOPOT SBJISETCS 30HOM JAerpagaliil MOYBEHHO-PACTUTEIBHOTO IMO-
KpoBa ¢ u30bITKOM TspKenbIXx MeTayioB (10...20 IMAK) u nedumurom OnoreH-
HBIX DJIEMEHTOB.
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B cBs3u cO 3HAYMTENBHBIM YBEIMYECHUEM aBTOMOOHMIBHOTO IMapKa MOCTO-
SSHHO BO3pacTaeT €ro pojib B 3arpsA3HCHHH aTMoc(epHOoro Bo3mayxa. [IpumepHO
60 % 3arpsi3HEeHUs aTMOChEPBI MPUXOAUTCS Ha aBTOTPAHCIIOPT. Ha npyrue BuibI
TPAHCIOPTA MPUXOIUTCS HEOObIAs YacTh 3arPSI3HCHUI aTMOCQEPHI.

Oco00eHHO BBICOKOE COZCp)KaHHWE OKCHIA YIiIepoja B BO3AyXe OTMEUEHO Ha
VIIMYHBIX TEepeKpecTKax, IJie JBUTAaTeIu aBTOMOOWIICH paboTaroT Ha OOraThIx
CMECSIX TIepe]l CBETO(HOPOM.

BrIxjomHbIe ra3bl U CHIIBHBIC KOJICOAHHUS TTOYBBI OT aBTOMOOMIICH yCKOPSI-
IOT TMPOIECC CTapeHUsl 3JaHUM, IPUBOJAT K JeTpajallid IMPUI0POKHON pacTH-
TEJILHOCTH.

B paiionax ¢ y3kuMu yauIiaMu ¢ BBICOKUMHU JJOMaMu OOJIbIasi KOHIICHTpa-
IIUsl OKCHUJA YTJIEPOJIa PACCEMBAETCS MEIJICHHO M BBI3BIBACT XPOHUUYECKHE OT-
paBICHUS JIIOJICH, JIIMTEILHOE BpEeMs HAXOSAIIUXCSI B OTUX pPalloHax, 0COOCHHO
Ha MepPeKpecTKax (PeryJMpPOBINUKOB YIUYHOTO JBHKECHUS, YIIMYHBIX TOPTOBIICB
U T.1I.).

OcCHOBHBIE DKOJIOTHYECKHE OECIOKOMCTBA CBSI3aHBI C BBICOKOM TOKCHYHO-
CTBIO BBIXJIOIHBIX T'a30B M HEYJIOBJICTBOPUTEIHLHBIMHU ITYMOBBIMH XapaKTEpH-
ctukamu aBroMoOuiei. [Ipoder B 1000 kM aJ1s1 KaXa0T0 JISTKOBOTO aBTOMOOU-
7S COMPOBOXKIACTCS MOTPEOICHUEM 3HAYMTEIIBHOTO KOJWYECTBA KHCIOpOJa U
BBIOPOCOM M3 BBIXJIOMHOM TPYObI 10 40 Kr BEHIECTB, 3arps3HAIONINX aTMochepy.

B oTpaboTaHHBIX razax aBTOMOOWJIEH MPHUCYTCTBYIOT OKHUCH YTJIepo/ia, JIH-
OKCHJI Cephl, ca)ka, COSAUHEHUs] CBUHIIA, OKHUCIIBI a30Ta, OCH3MHUPEH M JIPyTHE
BCIIIECTBA - JCCATKHM KOMIIOHCHTOB, HEKOTOPBIC M3 KOTOPBIX KaHIICPOTEHHEI.
OHu BBI3BIBAIOT KUCJIOPOJIHOE TOJIOAAHWE, HapylieHue (PYHKIUN MEHTPaTbHOM
HEPBHOM CHCTEMBI, pa3ApaKeHNEe CIM3UCTHIX 000JI0YEK I1a3, HocA.

8.1. XapakTepucTika BLIOPOCOB JBUTaTeIeil BHYyTPEHHET0 CropaHus

OCHOBHBIMU 3arpsI3HUTEISIMA TPAHCIIOPTHBIX CPEICTB SIBIISIOTCS YTIIEBOJIO-
POJIbI, OKCHT YTJIEPOJia U OKCUJIbI a30Ta.

VYTI1eBonopoabl — 3TO MUPOKHUMA KJIACC COBEPUICHHO MPOU3BOJIBHBIX CMecei
YTJIEBOJOPOJIHBIX coequHeHU. OHU POUCXOAAT U3 OEH3UHA, AU3EJILHOTO TOILIU-
Ba U MPOJYKTOB WX CropaHus. B cocraB 3THX TOIIMB BXOJAT COTHH YTJIEBOO-
POIHBIX coequHEHUH. [ ynpoleHust 0ObIYHO U3 YIJIEBOJOPOIOB BBIIEISIIOT Ka-
KOE-TO OIPEENICHHOE COECMHEHUE U ONEPUPYIOT B JalbHEHIIEM ¢ HUM, MPeJIo-
Jarasi, YTO OCTaJIbHbIC SKBUBAJICHTHHI eMy. B KauecTBe Takoro cCoeJMHEHUs BBIOH-
parot 06sraHO MetaH (CHy), mpoman (C3Hg) mm rekcan (CgHyg).

B uH>KeHEpHOM TEPMHMHOJIOTUY JUIsl HEU3BECTHOM CMECH OKCHJIOB a30Ta IpH-
Hsto oboznadenne NO,. Kak npaBuio, B BEIOpocax OKCHIOB a30Ta JOMUHUPYET
okcup aszora (NO) ¢ meGompmon mpumechio (<10 %) mmokcunma azora (NO,). B
atMocheprbix ycrmoBusx NO npespamraercs B NO,.
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BeiOpockr meurareneii BHyTpernero cropanust (JIIBC) mensitcs Ha BBIOPOCHI
OT KapOIOPaTOPHBIX U AU3EIIbHBIX JABUTaTeNel. Takoe pa3/ielieHre CBA3aHO C TEM,
yro kapOroparopuble apurarean (KJ/[) paboTaroT ¢ OXHOPOIHBIMH TOIUIMBHO-
BO3IYIIHBIMA CMECSIMH, B TO BpeMs Kak Jau3enbHble apurarenu (JI/1) — ¢ rerepo-
T€HHBIMH CMECSIMHU.

Br16pock! 3arps3HeHuid OT ABUraTesiell BHyTPEHHEr0 CropaHusi Kaporoparop-
HOT'O THIa BKJIIOYAIOT YTJIEBOAOPO/bI, OKCHJIBI YIJIepoJia, OKCUIbI a30Ta U Hepe-
TyJIsIpHBIE BBIOPOCHI. 3arpsi3HEHHUS BO3HUKAIOT BCIIEJCTBUE PEAKLIM U B Ipolecce
ropeHusi B 00beMe U Ha MOoBepXHOCTsX. [IpopbIB ra30B yepe3 MopIiHeBbie KOJbla
Y BBIXJION U3 LWJIMHAPOB SIBJISIOTCS MEHEE MHTEHCUBHBIM UCTOUHUKOM BBIOPOCOB
3arpsi3HEHUM.

B 1980 r. 4 % BhImyCKaeMbIX B MUpPE JIETKOBBIX M TPY30BBIX aBTOMOOMIIEH
ObUIO OCHAIICHO AM3ENIMH, a K KOHIy 80-X rofoB 3TOT MOKa3aTeslb BO3POC 10
25 %. OcHOBHBIE BBIOPOCHI 3arps3HEHUN JAU3ETBHBIX JIBUTATENICH TE )K€ CaMble,
9YTO W KapOOpaTOpHBIX nBHUrarened (YriaeBoJopobl, OKCHJ YIJIepoaa, OKCHUJIbI
a30Ta, HEPEryJIsipHbIC BEIOPOCHI), HO K HUM JJOOABJISIFOTCS YaCTHIIBI yrieposa (ca-
’KEBBII a3P030JIb).

Coneprkanue BpeIHBIX BEHIECTB B BHIOpOCaX aBTOMOOWMIIEH KoyiebaeTcs B -
POKHX Tpefenax U 3aBUCUT OT MHOTHX (PaKTOpOB, Hampumep, npu ckopoctu 70
KkM/4 B BeIXJome aBromobmis coxepxwurcs 0,2...0,3% CO, mpu ckopoctu Oosee
100 xm/4 1 Tipu paboTe IBUrATENS Ha XOJOCTOM X0y COAEPIKAHUE ITOTO OMACHOTO
raza gocruraet 12 %.

JIerkoBoii aBTOMOGMIIb BEIOpackBaeT okcnaa yriepoaa CO no 3 m°f4, rpy-
30B0# — 10 6 M/ (3...6 Kr/).

O cocTaBe BBIXJIOMHBIX TA30B aBTOMOOMJIECH C pa3iMyHBIMU THIIAMU JIBHUTa-
TeNel MOXKHO CyJIUTh IO JJAHHBIM, PUBEICHHBIM B Ta0I. 8.1.

Tabmuma 8.1.
[TpumepHbIl COCTaB BBIXJIOMHBIX T'a30B aBTOMOOUIIEH
KoMmoHeHTBI Conepxanne, % (00.)
KapOIOpaTOPHBIN | TW3ENbHBIN JABU-
JIBUTATEIb raTelib

N, 74—77 76—78
0O, 0,3—8,0 2—18
H,O (mapni) 3,0—5,5 0,5—4,0
CO, 5,0—12,0 1,0—10,0
CO 5,0—10,0 0,01—0,50
Oxcubl a30Ta 0—0.8 210°—0,5
YTaeBo0po/Ib! 0,2—3,0 1'10'3—0,5
AJberuapl 0—o0,2 1'10°—910°
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Caxa 0—0,4 r/m’ 0,01—1,1 r/w’
benzanupen (10—20)10°, r/vm®| mol1°10” r/m°

Br16pock! okcua yriaepoja u yriieBoJopo0B y KapOropaTOPHBIX JIBUTaTe-
JIEW CYILLIECTBEHHO BBILIE, YEM Y IU3EIbHBIX JBUTATEICH.

8.2. CHM:keHMe BBIOPOCOB IBHraTe/ieil BHYyTPEHHEro CropaHusi

[ToBbIIIIEHNE PKOJTOTHUCCKUX TOKa3aTeIeH aBTOMOOMIIS BO3MOXKHO 32 CUET
MIPOBEICHUSI KOMIUIEKCAa MEPOTIPUATHN 10 COBEPIICHCTBOBAHHUIO €r0 KOHCTPYK-
UK ¥ peXuMa dKCIuTyatanuu. K yIIydieHnio SKoJOTHYECKUX TToKazaresel aB-
TOMOOUJIS TIPUBOJAT: TMOBBIIMIEHHE €r0 SKOHOMUYHOCTH; 3aMeHa OEH3MHOBBIX
JIBC na nuzenshbie; nepesoj JIBC Ha ucnonb3oBaHue aqbTEPHATUBHBIX TOTUIMB
(ckaThlil WM CKMDKEHHBIN ra3, STAHOJ, METAHOJ, BOJOPOJ | JIp.); IPUMCHECHUE
HeWTpaau3aTopoB orpadoTaBmux razoB /IBC; coBepiieHcTBOBaHNE peKUMa pa-
60te1 JIBC 1 Texarueckoro o0CIyKUBaHUsI aBTOMOOUIIS.

W3BecTHBI M MPUMEHSIOTCS PSiZi METOJIOB CHIDKEHUS] TOKCHYHOCTH BBIXJION-
HBIX Ta30B. Cpeny HuX paboTa aBTOMOOWIISL B YCJIOBUSIX, KOT/Ia IBUTATEN b BBIIEIIS-
€T HAaMMEHBIIIeE KOJTMISCTBO TOKCHYHBIX BEIIECTB (YMEHBIIICHUEC TOPMOXKCHHUSI, PaB-
HOMEPHOE JIBIDKCHHUE C ONPEICIICHHON CKOPOCTHIO H T. [1.); IPUMCHEHUE CIICIHAIb-
HBIX MPHUCAJOK K TOIUIMBY, YBEIMYMBAIONINX TIOJHOTY €T0 CTOPAHUS U YMEHBIIIAI0-
X BeiOpoc CO (CrupThl, Ipyrue COSAMHEHUs); TUIAMEHHOE JTOKUTaHHE HEKO-
TOPBIX BPEIHBIX KOMITOHCHTOB.

B kapOropaTopHBIX JBUTATENISIX COOTHOIICHUE MEXKTY BO3yXOM M TOIUTUBOM
BJIMSIET Ha COZIEP)KaHUE YTIIEBOJOPOJIOB M OKCHIA yriepona B Beixyone. Tak, Ha-
npuMep, BEIOPOCHI YBETMUMBAIOTCS MPU YBEIMYeHUH oOoraiieHus: cmecu. Cozep-
xanre CO yBenMuuBaeTcs M3-3a HEMOJIHOIO CrOPaHMsl, BHI3BAHHOTO HEJIOCTATKOM
KHCJIOpOJa B CMECH. YBEJIHUEHHE COJIEp)KaHHs YTIEBOJOPOJOB NMPOMCTEKAET B
MIEPBYIO OUYepe/b M3-3a YBEIWYCHUS aJCOPOIMH TOIUTUBA M YCHJICHUS MEXaHU3Ma
HETOJIHOTO CrOpaHus TOIUIMBA. beHble cMecu co31at0T 0oJiee HU3KUE KOHIIEHTpa-
i CHp, 1 CO B BIOpOCE B pe3ylibTaTe ux 0oJiee MOTHOTO CrOpaHusl.

B mu3enbHBIX IBUTATENSIX MOIIHOCTH U3MEHSETCS MPU U3MEHEHUH KOJIMYECT-
Ba BIPBICKUBAEMOTO TOIUIMBA. B pe3ysibTraTre M3MEHSETCS pachpeesieHue CTPyU
TOTIJTMBA, KOJIMYECTBO TOIUIMBA, YIAPSIOMIETOCS O CTEHKY, JaBJICHUE B IIMIMHIIPE,
TEMIIepaTypa, a TAKXKe MPOJODKATEIIEHOCTD BITPHICKUBAHUS.

CrienuagucThl CYUTAIOT, YTO JJIT 3aMETHOTO CHW)KCHHS BPEIHBIX BBHIOPO-
COB HEOOXOJMMO COKPAaTHUTh MoTpedienune Oensnna ¢ 8 nurpo (Ha 100 kM mpo-
oera — 1o 2...3 1. D10 TpeOyeT COBEPIICHCTBOBAHUE YCTPOMCTBA JIBUTATENS U
KauecTBa TOILIMBA; MEpexo0/ia Ha HEATUIN3UPOBAHHBIA OCH3MH; IPUMEHEHUS Ka-
TaJIUTUYECKOTO JO0KUra i yMeHbllleHus BoiOpoca CO; BHEAPEHUS IJIEKTPOH-
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HOM CHCTEMBI YIIPaBJICHUS MPOIECCOB TOPSHUS TOIUIMBA;, M IPyTHUe MEPHI, B Ya-
CTHOCTH NMPUMEHEHHUS TIYITUTENCH IIIyMa B CUCTEME BBIXJIONA.

[ToBbIIIEHWE TOTUTMBHOW 3KOHOMHYHOCTH aBTOMOOWIISI JOCTUTAETCS TJIaB-
HbIM 00pa3oM 3a CyUeT COBEpIICHCTBOBaHUs mpolecca cropanus B [IBC: mo-
CIIOMHOE COKMTaHuUEe TOIUIMBA; (popKaMepHO-(pakeIbHOE CKUTaHUE; MPUMEHEHHE
MOJIOTPEBa M HMCHApEHUs TOIUIMBA BO BIIYCKHOM TpPaKTE, MCHOJIb30BAHHUE AJICK-
TPOHHOTO 3aKUTaHUs. J{OMOJHUTETHFHBIMU pe3epBaMH IMOBBIIICHUS KOHOMUY-
HOCTH aBTOMOOWIISI SIBJISIFOTCS:

— CHIDKEHHE MacChl aBTOMOOWJIS 32 CUET YCOBEPIICHCTBOBAHUS €TI0 KOH-
CTPYKIIMH ¥ IPUMEHEHUSI HEMETAITMYECKUX M BBICOKOIIPOYHBIX MaTEPUATIOB;

— YIy4IICHHE a’pOJMHAMUYCCKUX IMOKa3aTeleld Ky3oBa (ITOCIICTHHE MO-
JIEJH JIETKOBBIX aBTOMOOMIIEH 00manaroT, kak mpasuio, Ha 30...40 % meHbImmM
kK03 punmeHTOM JI0O0BOTO COMPOTUBIICHUS);

— CHW)KCHUS COIPOTHBIICHHS BO3AYIIHBIX (PUIBTPOB M TIIYIIUTEICH, OT-
KITFOUEHUS BCTIOMOTATEIIbHBIX arperaToB, HaIlpUMep BEHTUIISITOPA | T. IT.;

— CHIDKEHHUS MacChl MEPEBO3UMOr0 TOILIMBA (HEMOJHOE 3alojiHeHue Oa-
KOB) U MacChl UHCTPYMEHTOB.

CoBpeMeHHbIE MOJIENN JIETKOBBIX aBTOMOOMIIEH CYIIIECTBEHHO OTJIMYAIOTCS
0 TOIUTMBHON 3KOHOMUYHOCTH OT MPEAIIECTBYIOIUX MOJIEICH.

[lepcniekTHBHBICE MapKH JIETKOBBIX aBTOMOOWJIEH OyayT o0iiazaTh pacxo-
nom Oensuna 3,5 /100 kM u Menee. [ToBbIICHHE SKOHOMUYHOCTH aBTOOYCOB U
IPY30BbIX aBTOMOOMJIEH JOCTUTAETCS MPEXJE BCEr0 MPUMEHEHUEM TU3EIIbHBIX
JIBC. Onu 00yanaroT 3KOJIOTHUYECKUMHU TMPEUMYIIECTBAMHU IO CPaBHEHUIO C
o6en3uHoBeIME JIBC, OCKOJIbKY UMEIOT MeHbIHM Ha 25...30 % ynenbHBIN pac-
XOJ1 TOIUIMBA; KPOME TOT0, COCTaB O0TpabOTaBIIMX Ira3oB y auzenabHoro JIBC me-
Hee TokcndeH (cM. Tabi. 8.1).

DKOJIOTHYECKUMH TIPEUMYIIIECTBAMHU TI0 CpaBHEHUIO ¢ OeH3mHOBBIMU JIBC
o0JlaaroT JBUTATeNM, padoTaroliMe Ha ajdbTepHATUBHBIX ToIuMBax. OoOiiee
npeacTaBlicHne o cHWkeHuu TokcnuHoctu JIBC mpu mepexone Ha aibTepHa-
TUBHOE TOIJIMBO MOKHO MOJYYUTh U3 JAHHBIX, TPUBEACHHBIX B Ta0I. 8.2.

Tabmuna 8.2
Tokcuunocts BeIOpocoB JIBC Ha pa3nuyHbIX TOILIMBAX

TormBo Bri6pocsr, %
CcO NO,
bensun 100 100
[Tpupoanslii ra3 60 74
MeTtaHou 50 55

MHorue y4eHble BUASIT YaCTUYHOE PEIIEHUE SKOJOTUYECKON MpOoOIeMbl B
NepPeBoJie aBTOMOOWIIEH Ha Ta3000pa3Hoe TOIUMBO. Tak, cofep:KaHue OKUCH YT-
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Jepoja B BBIXJIONAx razomoOuieidi MeHpme Ha 25...40 %; okucu a3ora Ha
25...30 %; caxwu Ha 40...50 %. [Ipu ucmons30BaHAM B aBTOMOOMILHBIX JIBUTATE-
JSIX CKVDKEHHOTO WM CKATOTO Ta3a BBIXJIOMHBIC Ta3bl MOYTH HE COJCPKAT OKCHIA
yriepoaa. Pemenuem npoOieMbl SIBUJIOCH Obl IIMPOKOE MPUMEHEHUE AJIEKTPOMO-
Ousisi. Beimyckaemble AJIEKTpOMOOUIN UMEIOT OTPaHUYEHHBIN pajuyc NEHCTBUS
U3-32 OFPAaHMYEHHOM eMKOCTH M OO0JIbIIoN Macchl Oarapeil. Ceituac BeayTCsl IIMPO-
KHE UCCTIeIOBaHUS B ATOM o0nacTu. HekoTopbie MOI0KUTENbHBIC PE3YIbTAThI YKE
JNOCTUTHYTHI. CHIDKEHHE TOKCHYHOCTH BBHIOPOCOB MOKET OBITh JOCTHUTHYTO YMEHB-
IIEHUEM COJEPYKaHUSI COCMHEHUN CBUHIIA B O€H3MHE 0€3 YXY/IIEHUs €ro SHepre-
TUYECKUX KaYeCTB.

[TepeBom Ha Ta30BOE TOIUIMBO HE MPETyCMATPUBACT 3HAUUTEIHHBIX H3Me-
HeHull B KoHCTpykuuu J[BC, ogHako caep:KuBaeTcs OTCYTCTBUEM CTAHIIMI 3a-
MPaBKH M HEOOXOJAMMOTO KOJIMYECTBA aBTOMOOWIIEH, Iepeo0opyA0BaHHBIX IS
pabotel Ha raze. Kpome Toro, aBromMmoOuib, nepeodOpy10BaHHbIN 11 padOThI
Ha Ta30BOM TOIUIMBE, TE€PSET TPY30MOAbEMHOCTh M3-3a HaJIN4uus OasIoOHOB M 3a-
nac xozaa npudmmsurenbHo B 2 paza (200 km npotus 400...500 kM y OeH3uHO-
BOT0 aBTOMOOWJISI). DTH HEIOCTATKU YaCTUYHO YCTPAHUMBI TIPU MIEPEBOJIC aBTO-
MOOUJISL HA CKMDKEHHBINA MTPUPOHBIN ras3.

[IpumeHnenue MeTaHoja M 3TaHoJa TPeOyeT M3MEHEHMM KOHCTPYKIUU
JIBC, Tak kak cnupTbl Oojee XUMUYECKA aKTUBHBI K PE3WHaM, MOJUMeEpam,
MeqHbIM cruiaBaM. B xoHcTpyknuio JIBC HE0OX0IMMO BBOJUTH JTOTIOJHUTEb-
HBIN [OI0TPEBATEIIb IS 3allyCKa JBUraTells B XOJOIHBIN mepuoa roga (mpu t<
-25 °C); HeoOXoauMa mepeperyarupoBka KapOmparopa, Tak KaK H3MEHSETCs
CTEXMOMETPUUECKOE OTHOIICHHE pacxoj]ia BO3ayXa K pacxoay TOIuMBa. Y OeH-
3uHOBBIX JIBC oHO paBHO 14,7; y nBurateneit Ha meTaHoiie — 6,45, a Ha 3TaHO-
ne — 9. 3a pybexom (bpas3wius) IpUMEHSFOT cMecH OCH3MHA M 3TaHOJa B TPO-
nopuuu 12:10, 9To mo3BOIAET UCIIONB30BaTh OeH3MHOBBIE J[BC ¢ He3HaunUTEh-
HBIMH W3MCHEHHUSIMHU MX KOHCTPYKIIMH, HECKOJBKO TMOBBIIIAS TIPH ATOM KOJIO-
TUYECKUE TTOKA3aTeN JBUTATEIIA.

HecmoTtpst Ha TO, uTo BRIOpOCH TokcHUHBIX BeriecTB (ChnHy u CO) u3 kap-
Tepa ¥ TOIUTMBHOW CUCTEMBI JBUTATEINS MO KpailHell Mepe Ha MOpsI0K HUXKE Bbl-
OpOCOB BBIXJIOMHBIX T'a30B, B HACTOSIIIEE BpeMs pa3pabaThIBalOTCsI METOIbI CHKU-
ranus kaptepHbix razoB [IBC. M3BecTHa 3aMKHYTasi cXeMa HEUTpallnu3aluu Kap-
TEpPHBIX Ta30B C MOJa4Yeil WX BO BIYCKHOW TPyOOMpPOBOJ JBHrareis C mocie-
JTYIOIIUM JIOKUTaHUEM. 3aMKHYTas CUCTeMa BEHTHJIAIMK KapTepa ¢ BO3Bpallle-
HUEM KapTepHBIX ra30oB J0 KapOIOpaTopa yMEHbBILAET BBIIEICHUE B aTMOCc]epy
yraeBonopoaos Ha 10...30 %, okcuaoB azora Ha 5...25 %, HO PU ITOM yBeIH-
guBaeTcsl BeIOpoc okcuma yriepona Ha 10...35 %. [Ipu Bo3BpameHun kaprep-
HBIX Ta30B MOCie KapOropaTopa cHmkaercs Beiopoc C,Hp, Ha 10...40 %, CO nHa
10...25 %, Ho BO3pactaeT BEIOpoc NO, Ha 10...40 %.
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Jlst mpenoTBpaIieHnus: BEIOPOCOB MapoB OCH3WHA W3 TOIUIMBHON CHUCTEMBI,
OCHOBHAsI 9aCTh KOTOPBIX MOCTYIaeT B aTMoc(epy, Koraa aBuratennb He paboTa-
€T, Ha aBTOMOOMJISIX YCTAaHABIUBAIOT CUCTEMY OOE3BPEKUBAHUS MCTIAPCHHUHA TO-
IUIMBA U3 KapOropaTopa v TOIUIMBHOIO 0aKa, COCTOAILYIO U3 TPEX OCHOBHBIX Y3-
70B (puc. 8.1): repMeTHYHOrO TOILIMBHOIO Oaka 1 co crenuaibHOH eMKOCTBIO 2
JUTsl KOMIIEHCALIUM TETUIOBOT'O PACIIMPEHUs] TOIUIMBA; KPBIIIKA 3 TOIJIMBHO-3a-
IPABOYHOM TOPJIOBUHBI 0aKa ¢ JBYCTOPOHHUM MPEIOXPAHUTEIHHBIM KJIarmaHOM
JUTSI TIPEIOTBPAILIEHUS YPE3MEPHOTO JIABJICHUS WK pa3pekeHus B Oake; ajcop-
Oepa 4 1 MOTJIONICHHS TTApOB TOIUIMBA MPHU BBIKIIOYEHHOM JIBUTATEJIE C CHC-
TEMOU BO3BpaTa MapoB BO BITYCKHOW TPaKT IBUTATENsSI BO BpeMsi ero pabothl. B
KauecTBE aJICOpPOSHTA UCTIOJIb3YIOT aKTUBHPOBAHHBIN YTOJIb.

Puc. 8.1. Cxema ynaBnuBanus napoB ToruiBa 6enzunooro JIBC

CobunroieHre perjiaMeHTa TEXHUYECKOTO OOCIIYyKMUBAaHUS U KOHTPOJIb CO-
craBa otpabotanHbiX ra3oB (OI') IBC mo3BosiseT 3HAYMTEIBHO COKPATUTH TOK-
CUYHBIE BEIOpOCHI B aTMocdepy. N3BecTHo, uTo npu 160 ThiC. KM mpobera u mpu
oTCcyTCcTBUM KOHTpoJisi BeiOpockl CO BospacraroT B 3,3 paza, a C,H, — B 2,5
pasa.

[ToBbIlIeHNE SKOJOTUYECKUX TOKa3aTesield ra3oTypOMHHON JBUTATEIbHON

ycranoBku (I'T/IY) Ha camosieTax JOCTUTAeTCs COBEPIICHCTBOBAHMEM IpoIiecca
CrOpaHHUs TOIUIMBA, IPUMEHEHUEM allbTEPHATUBHOTO TOTLTUBA (CKMIKEHHBIN Ta3,
BOJIOPOJT ¥ JIp.), PAIIMOHATLHON OpraHu3aliell ABMKEHUS B a9POTIOPTax.

VYBenuueHue BpeMeHH NMpeObIBaHUs MPOAYKTOB CTOPaHUs B KaMepe cropa-
Hust ['T/IY compoBokagaeTcsi yBETUYEHUEM IOJHOTHI CrOpaHus (YMCHBIICHHE
coaepxkanust CO u C Hp, B mpoayKTax CropaHusi) U COACPKaHUS B HUX OKCHIOB
azota. [loaToMy, U3MeHss BpeMs NpeObIBaHUs ra3a B KaMepe CrOpaHUsi, MOXKHO
JOCTUYb JIMIIb MUHUMAJIBHOW TOKCUYHOCTH NPOAYKTOB CrOpaHus, a HE yCTpa-
HUTH €€ II0JIHOCTBIO.
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bonee r3¢dexTuBHBIM cpencTBOM CHIKEHUSI TOKCUYHOCTH ['TIY siBisiercs
IPUMEHEHUE CIOCOOOB MOJA4YM TOIUIMBA, OOECHeYnBaroIUX Oojee paBHOMEp-
HOE€ CMEIIIeHHe TOIUIMBA U BO3ayXa. K HUM OTHOCSTCSI yCTPOMCTBA C MpeaBapu-
TeJIbHBIM MCIIAPEHUEM TOIUIMBA, POPCYHKHU C asparueit Torumsa u ap. McnbiTa-
HUS HAa MOJICJIbHBIX KamMepax CBHUJIETEIbCTBYIOT O TOM, YTO TaKUMH CIIOCOOAMMU
MO>KHO CHHU3UTh cojiep:kaHue B nmpoaykrax cropanusi CoHy, Oonee yem Ha mopsi-
nok, CO — B HECKOJIBKO pa3, 00ecrneunTh Oe3bIMHBIN BBIXJION U YMEHBIIHUTh
coaepxkanne NO.

CymectBennoe camxenue coaepxanusi NOy B mpoaykrax cropanust ['TAY
JIOCTUTAETCS MPU CTATUIHHOM TPOIIECCe CrOpaHus TOIIMBA B IBYX30HHBIX Kame-
pax cropanus. B Takux kamepax OCHOBHas 4acThb TOIUIMBA Ha peXumax Oo0Jib-
IION TATU CXKUTAETCS B BHUJE MPEIBAPUTEIHHO MOJATOTOBICHHON OeIHOM cMecH.
Memnbias gacth TorumBa (~25 %) cxuraercs B Buje OoraToi cMecH, rjie u 00-
pa3yroTcsi B OCHOBHOM OKCHIBI a30Ta. ONBITHI MOKAa3bIBAIOT, YTO MPHU TaKOM
CTOpaHUU MOKHO CHU3UTH coaepxanne NO, B 2 pasa.

Pemenue sxonorudeckux mnpobieM, CBI3aHHBIX C MPUMEHEHUEM PaKeTHOMN
TEXHUKH, OCHOBAHO HA MCIIOJIb30BAHUM YKOJOTUUECKH 0€30MacHOr0 TOIUIMBA U
IpeKie BCEro KUCIOpoaa U BOAOPOa.

8.3. HeiliTpaau3auusi BLIXJIONOB JABUTaTe el BHYyTPEHHEr0 CropaHusi

VYiayuiieHne 3KOJIOTHYECKUX XapaKTEPUCTHK aBTOMOOHWIEH BO3MOXKHO 3a
CYET KOMILJIEKCa MEPOTPHUATHN TI0 COBEPIICHCTBOBAHUIO UX KOHCTPYKIIMHA U pe-
KUMOB JKCIUTyatanuu. K HUIM OTHOCSTCS TMOBBINICHHE SKOHOMUYHOCTH PaOOTHI
JBUTATENICH, 3aMEeHa WX OCH3MHOBBIX BEPCHM Ha AW3EIbHBIC, UCIOJb30BAHUE
AJIbTEPHATHBHBIX TOTUIMB (COKATHIM MM CKMKCHHBIN ra3, 3TaHOJ, METaHOJ, BO-
JOPOJI U JIp.), IPUMEHEHUES HEUTPAIN3aTOPOB OTPAOOTAHHBIX T'a30B, ONTHMH3A-
nusl pexxuma paboThl JBUTATENE M TEXHUYECKOro OOCIIyKMBaHUS aBTOMOOU-
JIEN.

3HauyuTebHOE CHIDKeHHE TokcnuHocTu JIBC gocturaercs mnpu MCHoJb30-
BaHUU HeWTpanu3aTopoB oTpadoraBmiux razoB (OI'). M3BeCTHBI KHIKOCTHBIE,
KaTAIUTUYECKUE, TEPMUUYECKHE U KOMOMHUPOBaHHbIE HeHTpanu3aTopsl. Hanbo-
nee 3¢ (HEKTUBHBIMU U3 HUX SBJSIOTCS KaTaJTUTHYECKUE KOHCTpyKiuu. OcHaie-
HUe UMK aBToMoOwmIer Hadasoch B 1975 r. B CIIIA u B 1986 1. - B EBporne. C
TeX MOp 3arps3HeHrue aTMocdepbl BBHIXJIONAMU PE3KO CHUZWIOCH - COOTBETCT-
BeHHO Ha 98,96 u 90% mo yraeBomopomam, CO u NO,.

Hevimpanuzamop — 3T0 TONOJHATEIHLHOE YCTPOUCTBO, KOTOPOE BBOJUTCS
B BBIITYCKHYIO CUCTEMY JBHUTATENS IS CHIDKeHUS TOKCHIHOCTH OI'. M3BecTHBI
KUIKOCTHBIC, KaTATUTHYECKUE, TEPMUICCKHE W KOMOWHUPOBAHHBIC HEHTpaIU-
3aTOPBI.
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[TpyuHIMIT 1ENCTBUS KUAKOCTHBIX HEUTPAIU3ATOPOB OCHOBAH HA PACTBO-
PEHUU WM XMMHYECKOM B3aMMOJICHCTBUHM TOKCHYHBIX KOMIOHEHTOB Ol mpu
MPOITYCKaHUH WX Yepe3 KUIKOCTh OTMPEIEICHHOTO COCTaBa. BOJa, BOJIHBIN pac-
TBOP CyJb(UTa HATPUS, BOJHBIN pacTBOP ABYYIJIEKUCION COMBI.

Ha puc. 8.2 npencrasieHa cxema *HUIKOCTHOTO HEWTpaiu3aTopa, Mpume-
HSIEMOT'O C JIBYXTaKTHBIM JIU3€NIbHBIM ABuraresneM. OtpaboTaBiiue ra3bl NocTy-
NaroT B HEUTpanu3arop mo Tpyoe 1 u uepe3 KoJuieKkTop 2 nonagaroT B 0ak 3, rie
BCTYNAIOT B PEAKIUI0 ¢ pabouelt kuaKocThio. OUHIlEHHBIE Ta3bl IPOXOIST Ye-
pe3 duneTp 4, cemapatop 5 U BeiOpackiBatoTcsa B atmocdepy. Ilo Mepe ucnape-
HUS KUJIKOCTH JIOJIMBAIOT B pabouuii OaK U3 JTOMOIHUTEILHOIO Oaka b.

—7 77
bN— — —- 5
~ 4
or i 5
- 2
— ek o h,
1
7 3

Puc. 8.2. Cxema XHAKOCTHOTO HEUTpaIn3aTopa

[Ipommyckanue oTpabOTaBIIMX Ta30B AW3EICH dYepe3 BOJIY NPHUBOJUT K
YMEHBIIICHUIO 3alaxa, ajlbJIeruabl noriomanTtca ¢ 3gdekruBHocThio 0,5, a 3d-
dbexktuBHOCTh OunCTKHA OT caxku pocturaer 0,60...0,80. [Ipu 3TOM HECKOIBKO
yYMEHBINIAETCS cojepkaHue OcH3(a)iupeHa B OTpaOOTaHHBIX Ta3ax IU3EIICH.
Temmneparypa ra3oB mocie kuakoctHoi ounctku coctapiset 40...80 °C, mpu-
MEPHO JI0 TOH K€ TeMIlepaTypbl HarpeBaercs u paboyas kxuakoctb. [Ipu cHu-
YKEHUHU TEMIIEPATYPHI MPOIIECC OUYUCTKH UJIET MHTCHCUBHEE.

JKunkocTHBIE HEWTpanu3aTOphl He TPeOYIOT BPEMEHHM JUISl BBIXOJAa HA pa-
O0oumnii peKUM TOCNE IMyCKa XOJIOAHOTO aBHWTrareis. HemocTaTku >KUIKOCTHBIX
HEUTpaIn3aTOPOB: OOJIbIlIAs Macca U rabapuThl; HEOOXOJUMOCTh YACTOM CMEHBI
pabouero pactBopa, HedpdekTuBHOCTh Mo oTHomeHWIO kK CO; mamas >¢ddek-
tuBHOCTh (0,3) mo ornomenuio k NOy, MHTEHCHBHOE HCHApEHHE >KUIKOCTH.
OaHaKo MCMOJIB30BAHKUE KUIKOCTHBIX HEUTPATIMU3aTOPOB B KOMOMHHPOBAHHBIX
CUCTEMaX OYHMCTKH MOKET ObITh palliOHATBHBIM, OCOOEHHO JJIsl YCTAaHOBOK, OT-
paboTaBiye ra3bl KOTOPHIX JOJDKHBI UMETh HU3KYIO TEMIEPATypy MPH MOCTYII-
JIEHUH B aTMocdepy.
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[Ipu pacuere XUAKOCTHOTO HEHTpamM3aTopa OMPEIACISIIOT €r0 OCHOBHBIE
pa3Mepbl 1 HEOOXOAMMOE KOJIMYECTBO PacTBOPA JJIsk pabOTHI B TCUECHUE OIPE/Ie-
neHHoro BpeMmeHu. CpenHue 3HaYeHUs KOHIIEHTpAIlUii BPEIHBIX KOMITOHEHTOB
OTpabOTaBIIMX Ta30B JI0 M TOCIE XKUIAKOCTHOTO HEHTpain3aTopa IMPUBEACHBI B
Tab1. 8.3.

Taomuna 8.3
CrerneHb OYMCTKY BPEIHBIX KOMIIOHEHTOB OTPA0OTAHHBIX Ta30B
BemectBo Konnenrparusi, o0bemMHuble 1oiu, % CreneHb OYHCTKH,
JI0 HEUTPAJIM3ALMKU | TOCIIe HEUTpaIu3aluu %
CO 0,06 0,06 0
NOy 0,002 0,001 50
AJpneruasl 0,0144 0,003 98
SO, 0,008 0 100

Haubonee 3deKTHBHBIM U TIEPCIEKTUBHBIM CPEJCTBOM YMEHBIIICHHS BPE/I-
HOCTH BBIXJIONIA aBTOMOOWIIEH SIBIIIETCSl KaTaluTUYecKass HelTpanu3auus. [Joxu-
raHue HECTOPEBILMX KOMIIOHEHTOB BBIXJIOIIOB OCYILECTBIISETCS HA KaTaau3aropax.
KartammTrueckue peakTopbl YCTAHABIMBAIOTCS B BBIXJIONHOM CUCTEME U, B 3aBHCHU-
MOCTH OT KOHCTPYKIIMH, UCHIOJIb3yeTcs s yaanenus He Tonbko CO u CHy, HO 1
NO,. CoBpeMeHHBIN JoKUTaTEb 00ECIEUMBACT OUYUCTKY BO3/IyXa OT OKCHJIA yTJie-
pona Ha 98 %. B noxwurarene nomxaa noaaepxkusarbes Temmeparypa 200°C. Oto
JOCTUTAETCS 3a CYET TEIUIOThI, BBIACISIOICHCS MPU OKUCICHUH JOKUTaeMOM
npumecH (pu okuciacHur CO B CO, MPOMCXOAUT BbIICICHUE TEILUIOTHI).

Karanutunueckas Heittpanuzanus otpadorasmux razos JIBC Ha nmoBepxHo-
CTH TBEPJOIr0 KaTajln3aTopa MPOUCXOOUT 3a CYET XUMHUUYECKUX IPEBpAILCHUIM
(peakuuy OKHMCJICHUSI WM BOCCTAHOBIICHHS), B PE3yJIbTaTe KOTOPBIX 00pa3yroT-
cs1 6e3Bpe/IHbIE UM MEHEE BPEIHBIE ISl OKPY>KaloIel Cpelibl U 310POBbsI Ueso-
BEKa COECIMHEHUH.

Karanu3aTopsl Ha OCHOBE OJIarOPOJHBIX METAIOB (IIATHHA, MMaUIaIuH,
pYyTEeHHIA, pOIUil U Ap.) HauOoJiee MIMPOKO HUCHOIB3YIOT JJISi OUYUCTKU OTpabdo-
taBux razos JIBC. DT Kataiu3aTopbl XapaKTEPU3YIOTCS XOPOILIEH CEJIEKTHB-
HOCTBIO B PEAKUUAX HEUTpaIM3aUU TOKCUYHBIX KOMIIOHEHTOB, HU3KHUMH TEM-
neparypamu Hadana 3Q(eKTUBHON paboThl, 1OCTATOYHON TeMIepaTypOCTONKO-
CTBIO, JIOJITOBEYHOCTHIO M CIOCOOHOCTBIO YCTOMYMBO padOTaTh MPH BBICOKUX
CKOPOCTSIX ra30BOro noroka. OCHOBHOM HENOCTATOK KaTajau3aTOPOB 3TOrO THUIA
— HUX BBICOKasi CTOMMOCTb. PyTeHuil, poauii U UpUani MUPOKO UCIIONB3YIOT B
KauecTBe J00AaBOK K IUIATMHOBBIM M MaJUIaIMEBbIM KaTaIn3aTopaM, CIOCOOHBIM
paboTaTh B MIMPOKOM JMAINla30HE M3MEHEHUsl cocTaBa padoveil cMecHu JIBUrare-
TS
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Jl1st aBTOMOOMIIBHBIX TPaHCHOPTHBIX cpelcTB s okucnenuss CO u CHy,
WCTIOJIB3YIOTCSl TaKMe KaTaau3aTophl, KaK IJIaTHHA W Mayutaauid. Jus yMmeHblire-
HUS COACPaHMsI OKCHIOB a30Ta B KAYECTBE KaTaanu3aTopa UCIIONIb3YEeTCsl POIUH.

JI71st BOCCTaHOBINIEHUSI OKCHJIA a30Ta MPUMEHSIOT KaTalu3aTopbl HA OCHOBE
NEPEXOAHBIX METAJIOB, B YAaCTHOCTH MEAM, XpoMa, KOOallbTa, HUKENIS U UX
CIUTABOB. DTH KaTalll3aTOphl MEHEE J0JITOBEUYHBI, YeM IiaTuHa Pt u mammaguii
Pd; ux 3(¢)(eKTHBHOCTH 3aMETHO HUXKE MPHU BBICOKUX OOBEMHBIX CKOPOCTAX XH-
MUYECKUX peakiuii; 3ppexTuBHas HEUTpaIU3aIus MPOIyKTOB HEMOIHOTO CTo-
paHusl IOCTUTAETCS Ha TaKUX KaTalu3aTopax Mpu 0ojiee BHICOKUX TeMIIEpaTy-
pax, 4eM Ha IJIaTUHOBBIX. [103TOMY, HECMOTPS Ha BBICOKYIO CTOUMOCTb, ISl Ka-
TATUTHYECKOW HEUTpaIn3anuu oTpaboTaBITUX Ta30B Yallle UCIOJIB3YIOT KaTau-
3aTOPBI HA OCHOBE OJIAarOPOTHBIX METAJIJIOB.

Jlnst metitpammsaruu B otpabotasimux razax NOy, CO u CHy, npumensitot
JBYXCTYICHYATHIH KaTaIUTHYeCKUil HerTpamusarop (puc. 8.3), cocTosmuii u3
MOCJICIOBATEIPHO COSIMHEHHBIX BOCCTAHOBUTEIBHOTO 1 M OKHCIHMTEIHLHOTO 2
Katain3atopoB. OTpaboTaBiIue ra3pl yepe3 Marpyook MOCTynaroT K BOCCTAHO-
BUTEJILHOMY KaTaJIu3aTopy.

Bo3dyx

Puc. 8.3. Cxema IByXCTyneHYaTOro KaTAIMTHIECKOTO HEHTpamu3aTopa

Ha stom kaTanuzaTope HeUTpamu3aiusi OKMCIOB a30Ta MPOUCXOIUT IO pe-
akiuu (st JIBC ¢ uckposeiM 3axkuranrem NO, Ha 99% coctout u3 NO)
NO + CO — 0,5N; + CO,,
NO + Hg - 0,5 Ng + Hgo
[locie BOCCTAaHOBUTENBHOTO KaTajiu3aropa K OTpabOTaBIIMM ra3zaM IS

CO37aHUsI OKUCIIUTEIHLHON Cpebl TIOIBOAUTCS Yepe3 MaTpyOOK BTOPUYHBIN BO3-
nyx. Ha okucnuTenbHOM KaTanu3aTope NpOUMCXOUT HEeUTpanu3auus NpoayKTOB
HenonHoro cropanus CO u C Hp,. OCHOBHBIMU MPONECCaMU SIBISIFOTCSI OKUCIIE-
HUE OKCHUJIOB YIJIEPO/a U YTIIEBOJOPOIOB:

CO+0,50, » COy,
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CHn+ (n+0,25m)O, - nCO, + 0,5 mH,0.

Pe3ynbTaThl MCHBITAHWI aBTOMOOWJISL C JBYXCTYNEHYATHIM KaTaJUTHYe-
CKUM He#Tpanmzaropom (B 1-if CTymeHH — MEIHOHUKEJCBBIN CILIaB, BO 2-i —
IUIaTHHA) TIPUBECHBI B Ta0. 8.4.

Tabmuma 8.4
Pe3ynbraThl HCIBITAHWN aBTOMOOWIIS ¢ KATATUTUYECKUM HEUTPATH3aTOPOM
ABTOMOOWITH KoHIleHTpalusi TOKCHYECKUX BEIIECTB
NO,, mr/m° CiHm, % CO, mr/m®
bes HeiTpanuzaropa 1759 100 9100
C HeWlTpanu3aTopoM 283 46 3500

[TpuMEeHSIOT B OCHOBHOM OKHCJIMTEIbHbIE KaTAIUTUYECKUE HEUTpan3aro-
pbl. D¢ deKTUBHOCTh pabOThl HEUTpanu3aTopa, €ro MaccoBble M rabapuTHBIC
MOKa3aTeNu, CO3JaBaeMOe UM MPOTHBOIaBiIeHHE BITycKy Ol 3aBHUCAT B OCHOB-
HOM OT XapakTepa MPOTEeKaHUs Ta30JUHAMHUYECKUX U MacCOOOMEHHBIX IMpoliec-
COB.

OpHOM U3 OCHOBHBIX 33/1a4 MIPH MPOCKTUPOBAHUH HEUTpanIM3aTopa sBIsIeT-
Csl OTIpeJieNieHre UTMHBI KaTaJUTHYECKOTO CJI0s, Yepe3 KOTOPBIA MPOXOAST ra3bl
B Ipolecce HelTpanuzauuu. B obmiem cinyyae AnuHA cios, HeoOXoauMas Juis
JOCTIDKEHUS 3a/IaHHON CTETIeHU OYHMCTKH, 3aBUCUT OT CKOPOCTH KMHETHYECKUX
HpeBpaleHuii 1 CKOpocTH noToka. OIHaKo BCieACTBHE OOJBIIOI CKOPOCTH pe-
aKLUH, JOCTUTaeMOl Ha IJIATUHOBBIX KaTaJM3aTopax B 0OJACTH MallbIX KOH-
LHEHTpalui OKCHJAA yIiepojaa, OCHOBHBIM (PaKTOPOM, ONPEIEISIIOIINM OOIIyIO
CKOPOCTb €€ OKHUCJIeHHMs, cTaHoBUTCA qud¢y3us. [lpakTuuecku 310 03HAYaET,
YTO pacyeT KaTaJIUTHUYECKUX HEUTpanu3aTopoB JUis 00€3BpEKMBAHUS IPOAYK-
TOB HenoJHoro cropanus OI' MoxHO 6e3 OOJBIION MOTPEIIHOCTH BBIMOIHATS,
YUUTBIBas TOJIBKO MPOLIECCHl Macconepeaadr B Au¢Gy3noHHON 00m1acTu.

Pacuer mpodunst KoHIIEHTpanuil Mo UIMHE CJIO0S TPaHYJIUPOBAHHOTO KaTa-
AM3aTopa MpOU3BOIUTCA O hopMmyiie

X

S exp| — ax
Co 1,385c**(Re”*-15) |’

re Cy — TeKyIlas KOHIICHTpAIUs KOMIIOHEHTA 10 KOOPJUHATE X; Co — UCXOHAs
KOHIICHTpAIMsl KOMIIOHEHTa Ha BXoje B peaktop; a = 6(1 — €)/d, — ynenpHas
MOBEPXHOCTh HACBIITHOTO KaTaIM3aTopa; € — HOPUCTOCTh CJIOS Katanu3aTopa; d
— JIUaMeTp OTIEIbHOW TpaHyJbl HACBITHOIO CIIOS Karaimusaropa; SC = v/ID -
gyucio lImuara; v — koadduimeHT kuHeMaTuueckoit Bsaskoctu; D — xkoaddu-
mueHt quddysun; Re = w d /v — uncno PeiiHonbaca; W — CpeaHsisi CKOPOCTh
TEUEHHUs ra3a Yepe3 KaHajbl, 00pa3yIoIIue CIIOi.

Crenenb ounctku OI' oT BpeaHbIX BeriecTB mpu X = | cocraBut 1 = 1- ¢//Co,
rae | — mHa cnos karanusaropa.
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ITomHOE CONMPOTHUBIICHUE HEUTPAINU3ATOPA BKIIKOYAET IOTEPU JABJICHUS HA
BXOJI€, AKTUBHOM 30HE U BBIXOJIE:
ApZ = Apr + ApaKT + ApBbIX'
[Totepu Ha BXoni€e Apyy U BBIXOAE APy OIPEIEISIIOT 0 (GOpMyIaM
TUPABIIMKY, a IOTEPU JABICHUS B aKTUBHOM CJIO€ — 10 YPABHEHUIO

APac = & p WA(2 d),
rae (.= %(H 0,0056Re® £ 7).

K

B kauecTtBe ckopocTu npu omnpeneneHuu uyucia PeiiHonbaca Re, HeoOxo-
JMMO HCIIOJIb30BaTh CKOPOCTh rasza B mopax, paBuyr W = Q./(Fy €), rme Q; -
pacxoa OTXOSIINX Ta30B; F— Mmiomaap MOMepedyHoro CeYCHHS KaTaln3aTopa
¢ mopucTtocThio €. Umcmo PeliHonmbiaca ompenensioT mo cooTHomeHuio Re, =
wd,/v, rae d, = 2e d/[(1 - €)°].

["a3omuHaMuKa CIOS KaTalIu3aTopa SBISETCS TOJIBKO OJHHUM M3 (DaKTOPOB,
OTIPEACTISIONIUX adPOTUHAMUYECKHIE XapaKTePUCTUKN HEHTPaIn3aTopa B HEIOM.
B wacTHOCTH, paBHOMEPHOCTH pacmpeiesieHus ra3a 1Mo MOBEPXHOCTH CJIO0S 3aBU-
CHUT HE CTOJIbKO OT a0COJIOTHOW MOTEPH JABICHHS B HEM, CKOJIBKO OT OTHOIIIE-
HUSI KHHETUYECKOW YHEPTUH TIOTOKA Ta3a BO BXOIHOM MOJIOCTH HAJl PEAKTOPOM K
niepernazy JaBJICHHs Ha CJI0€. DTO OTHOCHTCS U K BBIXOHOM MOJIOCTH HEUTpan-
3aropa.

[Tpuemnemoe ISl MPAKTUYECKUX IIETICH paBHOMEPHOE pacIpeielieHue Io-
TOKa ra3a JOCTHTacTCs, €CJIM BBIMOIHIETCS yciaoBue Ap, /AP, < 0,15...0,2. C
y4€TOM 3TOTO YCJIOBHS, a TaKkKe TpeOOBaHUI KOMIIAKTHOCTH CTETICHb paciliupe-
HUs BXOAHOTO nuddy3opa BeIOMparOT B mpeenax 2...2,5.

DKCNepUMEHTAIIbHBIE MCCIICOBAHUS TIO3BOJISIIOT CPOPMYITHPOBATH JTOCTa-
TOYHO TPOCTHIC MPaBUJIA, KOTOPHIX HAAO0 MPHUACPKUBATHCA MPHU MPOEKTUPOBA-
HUU KaTAIUTUYECKUX HEUTPAIN3aTOPOB: JJIMHA TPaHYJIUPOBAHHOTO CJIOS KaTa-
mu3aropa s kaporoparopHoro JIBC momkna coctaBnsats 10...15 nmamerpon
TpaHybl, a JUIsl AU3eIBHOTO B 2...2,5 pasza 0oJblle; IpuBeACHHAS K HOPMailb-
HBIM YCJIOBHSIM CKOPOCTh Ta3a IO IOJHOMY CEYCHHUIO peakTopa (CKOpOCTbh
(GUIBTpalliu) HEe TOJIKHA PeBbImaTh 1 m/c.

Karanutuueckne HeHTpannu3aTopbl KOHCTPYKTHBHO COCTOST U3 BXOAHOTO U
BBIXO/IHOTO YCTPOMCTB, KOpITyca W 3aKIIOYEHHOTO B HETO peakTopa. Paspabora-
HBI KaTaJIUTHYECKUE HelTpanu3aropsl (puc. 8.4) mis otpadorarimx razos JIBC
TPAHCTIOPTHBIX CPEJICTB ¢ OCH3MHOBBIMU W NTU3EJIbHBIMU ABUTaTENsiMu. Karanu-

TU4Yeckue HeuTpanuzatopsl cHkaioT B O comepxanue CO na 70...90 %.
CnHm_ Ha 50...85 %.
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—

Puc. 8.4. Karanutudeckuii HedTpanuzaTop s 6ensuHosoro JIBC

CxeMma yCTaHOBKM KaTaJUTHYECKOro HeuTpanusaropa B cucteme J[BC mo-
Ka3aHa Ha puc. 8.5. OrpaboTaBiire ra3pl OT ABUTaTeist 1 MOCTyMalT MO BbIMY-
CKHOM TpyOe 2 K KaTaJUTHYECKOMY HEUTpaiu3aropy 3, IOcCie 4ero BhIOpachl-
BaloTcs B arMocdepy. ns noanepxaHus HEOOXOAUMOM TeMIepaTypsl ra3oB B
HEUTpalln3aToOpe MCIHOJIb3YETCs 3JEKTPOHHBIA OJOK 4, peryiupyromui Kiamna-
HOM 5 mojady Bo3ayxa 4epe3 pecuBep 6 u oOpaTHBIN KiiamaH 7/ u3 aTMOC(hepHI B
HEWUTpaIu3arop.

1/ \\-———‘;—
/

2
Puc. 8.5. Cxema ycTaHOBKM KaTaJTUTUYECKOTO HEHTpalin3aTopa

8.4. YaaBiauBaHue a3po30Jieii, BbIOpacbIBaeMbIX AH3€JIbHBIM JBUraTE €M
Jns ynaBnuBaHusi caxu B Au3enbHbIX J[BC M3BECTHO HECKOJIBKO KOHCT-

PYKLIHM yCTPOWCTB, UCIOIB3YIOIIMX KaK MPUHLUII JIEKTPOCTATUYECKON OYUCT-
K{, TaK ¥ METOJ (PUIBTpaLIUU.
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CyurHocTs po0JIeMbl, CBA3aHHOM C yJaBJIMBaHUEM YacCTHUIl CaXU U3 MOTO-
Ka BBIXJIOMHBIX T'a30B, COCTOUT B TOM, YTO 3TH YACTHUIbl OYEHb MaJlbl IO pa3me-
paM — IMaMeTp MOJIOBUHBI U3 HUX MEHEE 9 MKM, IJIOTHOCTh UX TaK)Ke HU3KA —
0,05 rlem®. Kak MpaBuUJIo, BbIxo 1 adpo3ois coctasiser oT 0,1 mo 0,5 % macchr
toruinBa. CienoBaTeabHO, TPAAUIIMOHHbBIE (UIBTPBI Oy IyT OBICTPO 3a0MBATHCS.

OaHUM M3 JIy4IIUX KOHCTPYKTHBHBIX PEIICHUN JUIsl CHUXKEHHUS COJAepIiKa-
HUS TBEPABIX YACTHUIl B BBIXJIONE JAU3EIBHBIX JABUTATENICH CUMTACTCS YCTaHOBKA
¢GubTpoB pereHepatuBHoro Tuma. unetp (puc. 8.6, a) npeacrasisier coboi
COTOBYIO KOHCTPYKLHIO C SYEUKaMU IPSAMOYTOJIbHOrO ceueHus. [lopucteiii ma-
Tepuasl GuiIbTpa 00aaeT TOCTATOYHON MEXaHWYECKON MPOUYHOCTHIO, CTONKO-
CTBIO K arpeCCMBHBIM XMMHYECKHM BEIIECTBaM, CONMPOTHUBJICHUEM K OILIaBIIE-
HUIO U 00pa30BaHUIO TPEUIUH MPHU TEIUIOBBIX BO3JICUCTBUAX, a TAKKE TEPMUUE-
CKOM CTaOMIIBHOCTHIO.

®unsTp (prc. 8.6, 0), BHITOJHEHHBIH B BHJIC HECKOJIBKHUX MOCIEA0BATEIHBHO
PACIIOIOKEHHBIX MOPHUCTBIX MEPETOPOJIOK, 001agacT MOBBIMIEHHON A((eKTUB-
HOCTBIO OYUCTKH.

Sigiiagieag

]
25

£ 0.
-

%% 0% %%
Lot e

P60 28

_
=

X

..2
-

Puc. 8.6. Cxema GpuIbTpOB-caXXeyJIOBHTENCH ¢ COTOBOM (@) ¥ MHOTOCIION-
HOM Hacaakoi (0)

HakonuBmivecss B (GuibTpe YacTULIBI CIEAYET NEPUOJUYECKU YIANISTh
MPEANOYTUTENIBHO TEPMUUYECKUM OKHUCIEHUEM. J[Jisi 3TOro orxoAsuiue ra3bl Ha-
rpeBatoT 10 450°C u BbIlIE, YTO MPUBOJUT K BOCIUIAMEHEHHUIO HAKOMHBIICICS
caxku. [laHHbIe, MOMyYEHHBIEC MIPU MPOBEJICHUN IKCIIEPUMEHTa C JAu3eeM pado-
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9uM 00beMOM 2,3 JI, TI0 ONPEACIICHUIO KOHIICHTPAIlMd OCHOBHBIX NpPUMECEH B
0TpaboTaBIIMX Ta3ax AU3ENs, TPUBEACHHI B Ta0I. 8.5.

Tabmnwuma 8.5
DKCIepUMEHTAIbHBIC JaHHBIC UCIIBITAHUN JU3EILHOTO JBUTATEIIS

Cxema BBIITyCKa 0Tpado- Komnrenrparwusi, r/'km

TaBIINX T'a30B YIJIEBOJIOPO/IbI CO NO, TBEPABIC

CoHn YACTHIIBI

be3 dhunpTpa 0,312 0,937 0,784 0,169
C dHCTBIM  Kepamude- 0,337 0,931 0,700 0,031
CKUM (UIBTPOM

CaxeynoButenu nuzenbHbix JIBC momkHbl oOecrieunBath pecypc 10000
KM U OoJiee Tpy HE3HAYUTEIHHOM YBEITUYCHUU THAPABIMYECKOTO COMPOTHUBIIE-
HUs, 4TO oOecrmeunBaeTcs nepuoanyeckort (mpumepno depes 100 km mpobOera)
pererepanueid punbTpodnieMenta. KOHCTPYKTUBHO (UIBTPOIIEMEHTHI BBITIOJN-
HSIOT B BHJIE MHOTOKaHAJIbHBIX MOHOOJIOKOB, OOBEMHO-TIPOBOJIOYHBIX JJIEMEH-
TOB ¥ B BUJIE HAMOTAHHBIX Ha MEPPOPUPOBAHHYIO TPYOY CTEKIOKEPAMUYECKUX
HUTEH, Homyckamumx pereneparuto mpu 600 °C.

9. Ouenka 3¢)¢peKTUBHOCTH YCTPOMCTB AJIsl OUUCTKH ra30BbIX BLIOPOCOB

DKOJIOTMYECKOE COBEPILEHCTBO OYHMCTHOIO OOOPYJIOBaHUS OIPENEIISETCs] OTHO-
[IEHUEM JIOCTUTAaEMOro YpPOBHSI OOE3BPEKHMBAaHUS M SKOJIOTHMUYECKH IPUEMIIEMOTO
ypoBHs1 3arpsisHeHus: Ouocdepbl. OOBEKTUBHBIM KPUTEPUEM TMOCIEIHETO CITYKHUT
TEMIT €CTECTBEHHOTO U3MEHEHHUsI KauecTBa atMocdephl, XapakTepu3yeMblil apameT-
POM U3MEHYMBOCTH R:

R =dC/(Cy dr), 9.1)
rne Cou T - HavanbHAsl KOHIICHTPAIMs BEIIECTBA U BpeMsi HAOIIOJIEHUS 3a ee
W3MEHEHUEM.

Onenka a¢dexTnBHOCTH paboThl OYMCTHBIX ycrpoicTB 1o [IJIK ymoOna, HO
HKOJIOTMYECKH MajlonH(popMmatuBHasd. OIHAKO HE 3TO MPENSITCTBYET PACHPOCTPAHE-
HHUIO CaHUTAPHO-TUTUEHHMYECKOTO MeTo/a OLEHKH 3((EKTHBHOCTU OYHCTHBIX YCT-
POICTB, OCHOBaHHOIO Ha CPAaBHEHUH JTOCTUTAEMOrO ypoBHs 00e3BpexuBanus ¢ T1/1K.
Heyssizka B TOM, 4TO0 00paboTKa BRIOPOCOB COBPEMEHHBIMH METOJAMU TO3BOJISIET
YMEHBIITUTh KOHIICHTPAIMK BPEIHBIX MpuMeceit Oosnee yem Ha 95%, 1 Bce ke ux
3HA4YEHUs ocTaroTcs Ha 4...5 1 Oosee mopsiakoB Bbile HopmaTueos [1/1K.

JlaspHeliiee NOHWKEHNE KOHLICHTPALMK 3arpsi3HUTENIEN 10 YPOBHS, COITOCTaBU-
moro ¢ [TJIK, oGo1utock Ob CIUIIIKOM I0POTO.

Tak, HanpuMep, MUHUMAIBHOE KOJIMYECTBO PHEPrUH, HEOOXOAUMOE Il KOH-
JICHCAIIMHU eTUHUIBI Macchl (1 KT) TOMOT€HHOM MPUMECH, YMCICHHO PaBHO paboTe
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IpOoIECCa H30TEPMUUECKOTO 00PAaTUMOTO CHKATHsI e 00beMa OT MapIHaILHOTO J1aB-
JIEHUS. Py, JI0 JABICHHS HACHIIIECHUS Pyoc:

A=2303R T lg(puac/Pu), 9.2)
rne A - pabora cxarus, JDx/kr; R - rasoBas nocrosunast, Jpx/(kr’K); T - abcomoT-
Hast TeMIieparypa cmecH, K.

TTpHHSIB 10 OPSIIKY BEJMYUHBI JABICHHS TA30BBIX BEIOPOCOB U Py OJIM3KMMH K
armochepromy, a [TJIK . 3arpsi3auresst mopsyika 10° % 06. (107 06.10meit), Bbrauciim
COOTHOIIICHHE 3aTpar 3Heprur K Ha KOMIIPECCHIO MPUMECH ¢ KOHIICHTpAIUEH, cpaB-
anmoit ¢ TTJIK,., ranpimep, 10 * % 06. (10 ® 06.107eit) 1 ¢ 0OBIMHOI [T IPOMBILILTCH-
HBIX TOMOTEHHBIX 3arpsisHuTeNei koHuentparpeii 107 % 06. (10° 06.xomeit). ITapum-
AJTbHBIC JABICHHS IIPHMECH B PACCMATPHBACMBIX CIyJasX cOCTaBsT: py = 10132510° =
01013 IMa u p, = 10132510° = 101,325 Ila, a COOTHOLICHHE 3aTpar SHEPruu OyJeT
PaBHO:

 2,303RT Ig(101325/101,325) 3

Takum 06pazom, HEpreTHYECKUe 3aTpaThl HA yIAICHUE OJMHAKOBOTO KOJIUYe-
CTBa 3arpsi3HUTEIIST TIOCPEJICTBOM KOHJICHCAITUH JIOTapU(MHIYECKH BO3PACTAIOT C TI0-
HIDKCHHUEM €TO KOHIICHTpAIUK. AHAIIOTMYIHAS 3aBUCUMOCTD XapakTepHa U I COpO-
IIMOHHBIX METO/IOB OYMCTKH, OCHOBOWM KOTOPBIX TAKXKE SBIISICTCS KOHICHCAIUS TIPH-
MECEH.

Xumudeckre (B TOM YHCIIE M TEPMOOKUCIHTEIBHBIC) METOBI 00PaOOTKH BbI-
OpOCOB XapaKTepU3YIOTCS POCTOM 3aTpaT SHEPrHd C MOHIKEHHEM HAYaIbHBIX KOH-
LEHTpaIMi 3arpsi3HUTENEH KaK Ha eIMHULLY 00padaThIBAEMOM Macchl, Tak U Ha MPo-
1IECC B LIEJIOM BCJIEACTBHE YMEHBILICHUS! CKOPOCTH PEAKIIHH:

w=kA*B", (9.3)
rae o u P - crexuomerpudeckue Ko3QUIMEeHThl ypaBHEHUSI PEAKIIUH C UCXOIHBI-
mu peareHTamMu A u B; W, K - CKOpOCTb M KOHCTaHTa CKOPOCTH MPSAMO# PEaKIIUH.

Jlist obecriedeHnst IPeXKHEH CTETICHH 3aBEPIIICHHOCTH ITPY 3aMeICHUH TIPEBpAILie-
HUS BEIIECTB HEOOXOMMO TIOBBICUTH TEMITEPATYPHBIN YPOBEHb MPOIIECCa, KOMITCHCH-
pysi K03hHUIMEHT MPOCKOKA 3arps3HUTEIIST Yepe3 N-bIid armapar; MOHKEHHE KOH-
IIEHTPAIK 00SCIIEUNBACTCS YBEIIMUCHNEM KOHCTAHTHI CKOPOCTH PEAKIIMH VI HHTCH-
cr(UITPOBATH TIPOIIECC 32 CUET MOJIBO/IA MEXAHUUECKON SHEPIHH.

B psine ciydaeB 11t OYUCTKY THUTETa30BbIX BEIOPOCOB MPUMEHSFOT TEPMOXHUMH-
YECKUE, TEPMOKATATUTHUYECKUE, XEMOCOPOLIMOHHBIE U JIPYTHE CIIOCOOBI 0OpPabOTKH,
KOTOpBIE TT0 CYTH SIBJISIFOTCSI CKOMOMHMPOBAHHBIMH M3 PACCMOTPEHHBIX BbIIIE. [1po-
LIECChI, IPOMCXOISAIIIME MPU STOM, Oy TyT UMETH elile Oosiee CIIOKHBIN XapaKTep, OHAKO
MPUHIAIT BO3PACTAHMS 3aTPaT SHEPIUM C YBEIIMUEHUEM TITyOUHbBI OUMCTKH CIPABEIIB
U TS HUX.

[To »To¥ mpu4rHE YpOBEHb 00€3BPEKUBAHUS TMBLJIETa30BBIX BHIOPOCOB yC-
TAHABIIMBAETCA MCXOJS W3 IKOHOMHUYECKHX COOOpa)KEHWM, a HE MO IKOJOoThYe-
CKHUM WJIM CAHUTAPHO-TUTUEHHUYECKUM TPEOOBAHUSIM.

« _ 2303RTg(101325/01013) _ 6 _
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B 3KOHOMMYECKH JOMYCTUMBIX IIpeeiax COBEPIICHCTBO COBPEMEHHBIX IIbI-
JIETa3004YHCTHBIX YCTPOWCTB TPHUHSITO OIEHWBATH IO CTENeHH (KO3(hpHIMEHTY)
OYMCTKH:

M —M vV, -CV
n= H K].OO:M]-OO: 1- GV, 00%, (94)

H H H

rne M, C, V- Macca, cpenHsisi KOHIICHTPAIUS 3arps3HUTENS U Pacxo]l Ta30BbIX
BBIOPOCOB 110 0unCTKH; M, C, Vi - TO XkKe, TTOCIIe OUUCTKH.

B psine KOHKpETHBIX CITy4aeB MOXKHO IIPUHSTH C JJOCTATOYHOM JUTS PAKTUYECKUX
pacyeroB ToUHOCTHIO V,; = V,; Torma

n= [1— g leO%. (9.5)

H

Ecnu otOpocHbIe ra3pl mocnenoBaTeIbHO 00padaThiBalOTCS B HECKOJIBKUX arta-
parax, To KO3(Q(PUIMEHT OUUCTKH ONPEIENSIOT U3 BHIPAKEHUS

N=100- ] &% 96)
n=1

rae €, = 100 — n, - koappurmeHT mpocKoka 3arpsA3HATENS Yyepe3 N-bIi armapar,
Mn - K03GGUIMEHT O4YMCTKH B N-oM anmapare; N - KOJIMYeCcTBO anmaparos.

CootHortrenust (9.4-9.6) cripaBe/yMBBGI 71 BBIOPOCOB, COIEPIKAIIMX OIMH TOMO-
TeHHBIA 3arpsi3HUTENh, TPU 00pabOTKe KOTOPOro HEe 0Opa3yeTcs HOBBIX TOKCHYHBIX
coeHeHui. 17151 MHOTOKOMIIOHEHTHBIX CMecel 3TH (POPMYITbI MOYKHO MPHUMEHSITh, €C-
JIM CTIOCO0 00€3BPEKUBAHMS IMEET OJTMHAKOBBIC KOI(D(PHUIMEHTHI OYMCTKH 10 BCEM WH-
rpeauentaM. OTHaKO Ha MPAKTHKE MPUXOIUTCS UMETh JIETIO C CEEKTUBHOCTBIO OUHMCT-
HBIX YCTPOMCTB MO 3arps3HUATEISM.

B03MOKHOCTD MCIONB30BaHMST TOTO MM MHOTO THITA YCTPOKCTBA Il 00€3BPEKH-
BaHUs BHIOPOCOB OIPEIEIEHHOIO COCTaBa YCTAHABIIMBAETCA IO MOJHOMY KO3((hu-
IUEHTY OYMCTKH, JJIS TIOJICUETa KOTOPOTro HEOOXOMUMBI IAHHBIE O CEJIEKTUBHBIX KOA(]-
(UILIMEHTaX OYMCTKY PaccMaTpruBaeMoro arrapara.

[IpuMeHUTEeTbHO K TOMOTEHHBIM Ta30BbIM BBIOPOCAM BBIPAYKEHHE JUIS OIpesierie-
HUSl CEJICKTUBHBIX (MApIUATBHBIX) KOI(P(HUIIMEHTOB OYMCTKU TIPEICTAaBISACTCS He-
CKOJIBKO B MTHOM BHJIE, YEM JUISl TTbIJIEra30BbIX BIOPOCOB, TAK KAK COCTaB TOMOTCHHbBIX
3arps3HUTENIEN B OTJIMYKE OT JTUCHEPCHBIX yJI00HEEe OTHOCUTh KO BCEMY KOJUYe-
CTBY OTOPOCHBIX T'a30B:

AM,
nC = M—'lOO =

in i H
Ecim HUCXOOHBIC 1 KOHCUHBIC PACXOAbI I'a30BbIX BBI6pOCOB MOKHO IIPHUHATH OAU-
HAKOBBIMU, TO

Ne = (1—%}100%. (9.8)
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3neck — My, AM; - HCXOIHOE U YJIOBJIEHHOE KOJIMYECTBO I-TOT0 3arpsi3HUTE-
as; Ciy, Cic - uCXoIHas ¥ KOHEYHAs: KOHIICHTPAIUH I-TOTO 3arps3HUTEIS B CO-
CTaBe Tra30BbIX BHIOPOCOB.

[ocrne pertieHust BONpoca O CENEKTUBHBIX KOA(D(MUIIMEHTaX OYHMCTKA MOYKHO TIOA-
CUMTATh TIOJHBIA KOI(P(HUIMEHT OUMCTKH Ty (COCTAB 3arps3HUTENCH JOIDKEH OBITh 3a-

JIaH WK OTIPEJICIICH 3apaHee):
N
i=

Zciﬂci

= 1100%. (9.9)

N
zcil-t
i=1

Memnee Bcero pa3zpaboTana mpodiema OLIEHKH COBEPIIEHCTBA CIIOCO00B 00-
paOOTKH, CBA3aHHBIX C XUMHUYECKUMHU MpeBpalleHusIMu 3arpszuureneit. [Ipaktu-
KyeMoOe B TaKMX ClIydasx (opmaiibHOe mprMeHeHue Gpopmyiibl (9.5) MoxeT npu-
BECTH K TIpyObIM ommbOkam. MrHOpupoBaHUE KOHKPETHBIX CBOMCTB HCXOHBIX
peareHTOB M TEePMOIAMHAMHUYECKH BO3MOXHOTO HaOOpa KOHEYHBIX MPOIYKTOB
MOXKET O0EPHYTHCS TSDKEJIBIMHU MOCIEICTBUSIMH, TOCKOJIbKY 3a4acTyl0 MPOIyK-
Thl peakiuu He Oe3Bpe/Hbl, a MHOTJa U 00Jiee TOKCUYHBI, YeM HCXOJIHbIE KOM-
MOHEHTHI.

Taxue ommMOKM TUMWYHBI MPU OLIEHKE METOJAa TEPMHUECKOro 0Oe3BPEKHBaHU,
KOTOPBII 4acTO paccCMaTpUBAETCS B KAUECTBE YHUBEPCAIBHOTO cpencTsa. Eciu tep-
MOOOE3BPEXHMBAHUIO TIO/IBEPratOTCsl TOKCUUHBIE OPraHMYECKHE BELIECTBA - ajlbJe-
TUJbl, KETOHBI, OPraHUYECKUE KHCIOThI, apOMAaTHYECKUE COCIUHEHUS, MOJIEKYJIbI
KOTOPBIX cozepkaT Tosbko aroMel C, H u O, To npu npaBrIIbHOM OpraHU3aliy MMpo-
1[ecca CYKMTaHHsl OHH TMOYTH TMOJHOCTHIO OKUCIISIFOTCS IO TIPAKTUUECKU Oe3BPEIHBIX
CO, u H,0. Bwmecte ¢ Tem B mporiecce ropeHust oopasyrorcst okeuabl azota NO u
NO,, KOoTOpbIe caMH 10 ceOe MEHEee TOKCHYHBI, YeM WCXOMHBIC COCAMHEHHS, HO TI0
BO3JICUCTBUIO Ha OMOC(epy CpaBHUMBI C (POPMATBIACTHIOM, aKpPOJICMHOM, OKCHUAaMHU
Cephbl U JPYTMMHU COCAMHEHUSIMH, YYaCTBYIOIIMMH B 00pa30BaHuM CyibhaTHbIX U (OTO-
XUMUUECKHX cMOroB. dDopmarbHbIi pacyeT cTerneHn 00e3BPEXUBAHUS IO UCXOIHBIM
3arpsi3HUTENSM MOXKET TOKa3aTh KapTUHY TITyOOKOM OYMCTKU BPEIHBIX BHIOPOCOB, B
TO BpeMs Kak yueT B hopmyiie (9.5) 00pa3oBaBIIMXCsI OKCHIIOB a30Ta TIOMOXKET BbI-
SIBUTh PEAbHYIO CUTYyalnto. Eciu cTeneHb OUMCTKU BBIOPOCOB OKAKETCS MPU 3TOM
HEJIOCTATOYHOM (HAIpUMEp, MPU BBICOKMX KOHIICHTPAIMSIX OKCHIIOB a30Ta, XapaKTep-
HBIX JUIS DHEPreTUUECKHX MapOreHepaTopoOB M BBICOKOTEMIICPATYPHBIX IEUCH), TO
MO>KET BOHUKHYTh BOIIPOC O IBYXCTYIIEHYATON OUKMCTKE H, CJECA0BATENBHO, O JOTON-
HUTEJIbHBIX 3aTpaTax cpenctB. [lpu Takom BapuaHTe pellieHus 3a/1aud TOJHBIA KO-
3 urmeHT OYUCTKM MOXKHO MOJCYUTATH 110 opmyste (9.6), yuuThiBaroIieid pe3yib-
TaThl 00EHX CTyTEHEN 00€3BPEKHBAHUSL.

KosdduimeHT ouncTKr CIy>KUT TPEKAE BCETO MOKa3aTelIeM WHTEHCUBHOCTH
MPOIIECCOB, MPOTEKAIOIIMX B OYMCTHOM yCTporcTBe. [lokazarerneii 3K0I0rnIeckoro uim
CaHUTAPHO-TUTHEHNYECKOTO COBEPIIICHCTBA aMapaToB 00e3BPEKIBAHNS B HACTOSIIICE

rIE: 1-
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BpEeMsl HET, a UX pa3paboTKa CONpshKEHA C 3aTPYyAHEHHUSIMHU MPUHLMIAAIBHOIO Xa-
pakTepa, KOTOpble OTMEYAHCh paHee. COMHUTENBHO TAKKE, YTO TAKOrO POJia MoKa3a-
TEJIM OKaXYTCsl 0oJiee MOJIE3HBIMH, MOCKOIbKY NPUMEHSTh HEKOMIIETEHTHO MOYKHO
KaK MPOCTHIE, TAK ¥ CAMBIE CIIOMKHBIE METOJIMKU PACUETOB.

10. Bb100p BapuaHTOB ra3004YMCTKH

CoBpeMeHHbIE TEXHUYECKUE CPENICTBA 00PAOOTKUA TEXHOIOTUYECKUX Ta30BBIX
BBIOPOCOB HE 00ECHEUMBAIOT MX TOJHOTO OOE3BPEKMBAHMS WM BOCCTAHOBIICHUS
MIEPBOHAYATIBHOTO KAa4eCTBa BO3/yXa, UCIOJIL30BAHHOTO B MPOU3BOICTBEHHOM IIHK-
ne. [Toatomy oTpaboTaHHBIE Ta3bl BCEra BHOCAT B aTMOC(hEpy 9acTh OTXOIOB TPO-
W3BOJICTBA.

[TpocTteie MeToap! 06PabOTKH BEIOPOCOB COBPEMEHHBIX POM3BOICTBEHHBIX IIPO-
IIECCOB TAaKXKe CKOpEe BCEro He olecredar HaIeXKallel CTeNeHH OYHMCTKU, TPeIoT-
BpallArOIIe Oy TUMBIN YIIepO OKpy»karoiei cpenie. He ctout paccunthiBath Ha TO,
YTO MOYKHO OyJIeT 0OOHTHCHh MPHUMUTHBHBIMH YCTPOWCTBAMH TIPY TIOCTAHOBKE 33 1a41
00e3Bpe)KMBaHNS TOMOT€HHBIX 3arpsi3HUTENIeH. TakumMu MeToamMu, Kak OpoIeHHe Ta-
30BBIX TIOTOKOB B KaHAJIaX M KaMepax, HEBO3MOXKHO JIOCTHYb TTYOOKOTO 00€3BPEIKH-
BaHMS TOMOTCHHBIX BRIOPOCOB, a CYITIECTBYIOIIME TPOOJIEMBI JOTIOTHSTCS TIPH 3TOM He-
00XOIMMOCTBIO OUHINATH 3arPS3HEHHBIE CTOKU.

[Ipu mocTaHoOBKe 3a/1a4kl POSKTUPOBAHUS JIOJDKHBI OBITH OXBaYEHBI BCE 3arpsi3-
HUTENH, KOTOPbIE MOTYT MPUCYTCTBOBATH B BHIOpOCAX, /IS YEro HEOOXOAMMO TINA-
TEJIbHO MPOAHATM3UPOBATH COCTAB BHIOPOCOB, BHIJIETINB HEUTPATBHYIO YaCTh U KOMIIO-
HEHTBI, KOTOPbIE MOTYT HAHECTH YIIIEpO OKPY>KaroIIIeH cpere.

Ctporo roBopsi, 0€3BpeAHBIMA KOMIIOHEHTAMH BBIOPOCOB OTHOCHUTEIBHO aTMO-
cepHOTO BO3MyXa MOXKHO CUUTATh TOJIBKO a30T N, 11 kucnopon O,, O1HAKO HA TIPAKTH-
K€ K HUIM OTHOCATCS TAKOKe YIIISKUCbIN ra3 (muokcuy yrirepoaa) CO, 1 BOASHBIC Ta-
pel HyO Kak HETOKCHYIHBIE COSTMHECHUS,

Bce ocTanbHBIE KOMITOHEHTHI CIIeAyeT JIMO0 00e3BpENUTh, T.€. TIPEBPATHTh Ka-
KUM-JTHOO CIOCOOOM B yKa3aHHBIC BBIIIE OE3BPEIHBIC COSITUHEHUS, JIMOO YIAHTh.
Takum 00pazoM, B MPUOMMKEHHOM K HICATHHOMY BapHUaHTy BBIOPOC HE JIOIDKEH CO-
JiepyKaTh HUKaKUX IPYTUX KOMITOHEHTOB, kpoMe Ny, Oy, CO,, H,0.

Bce xoMImoHeHTHI, mojiexaliye yAaaleH!uI0, HeoOX0MMO OIICHUTh 10 (hH3UKO-
XVUMHUYECKUM M CaHUTApHO-TUTUCHUYECKUM CBoMcTBaM. Cremyer oOpaTuTh BHHUMA-
HHE Ha arperatHoe COCTOSIHME W TEPMOJMHAMHUYECKUE TapaMeTphl 3arps3HUTENEH,
UX PEAKIMOHHYIO CIIOCOOHOCTh WM KAaTAIMTUYECKUE CBOMCTBA B aTMOC(EPHBIX XHU-
MHUYECKUX U (POTOXUMHUYECKUX TPOIIECCaX, CTETICHh OMACHOCTH BO3/ICHCTBUS Ha KU-
BBIC OPTaHU3MBI.

JIiis Ta3000pa3HbIX 3arps3HUTENICH BAKHBI TAHHBIC O TEMIIEPaTypax KUITCHUS
U JICCTPYKIINH, KPUTHIESCKUX MapaMeTpax, TerioTax (pa3oBbIX MEPEX0a0B, XapaKTe-
PHUCTHKAX pacTBOPeHWs W Jp. (Hampumep, IS TOPIOYMX ra30B - O TEMIleparypax
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BCITBIIIKA ¥ BOCIUTAMEHEHHUS, TEIJIOTE CrOpPaH¥s, KOHIICHTPAIIMOHHBIX TIpeeNiax BOC-
TUTAMCHEHUSN).

Haunbonee crnoxHbl Uil OUYKCTKU BBIOPOCHI, 3arpS3HUTENN KOTOPBIX MPEICTABIs-
10T MHOTO(azHyto cucteMy. [10CKOIbKY OONBITMHCTBO COBPEMEHHBIX OUYMCTHBIX
armaparoB HE MPUCTIOCOOICHO /TSI OTHOBPEMEHHOTO 00E3BPEKUBAHUS AUCTICPCHBIX
¥ TOMOTCHHBIX 3arpsi3HUTEINCH, TO B O0IIEM CiTydae MOJO00HbBIE BRIOPOCH JOIKHBI
MIPOWTH TTOCTICIOBATEIHHO 4 CTauu 00pabOTKH: TIPEABAPUTEIBHYIO H TOHKYIO OUH-
CTKY OT a’p030JIs U 3aTeM IPeIBAPUTEIILHOE M OKOHYATEIFHOE 00€3BPEKIBAHUE T'a-
3000pa3HOro 3arpsi3HUTENS. B 4acTHOCTH, ecim ra3000pa3Hblil 3arps3HUTENb XOPOIIIO
pacTBoOpsieTCs B BOJIE, MOXKET ObITh OpraHU30BaHa MpeiBapuTeNbHasi 00padOTKa BbI-
OpOCOB MOKPBIMHU CIIOCOOAMH, KOTOpast TIO3BOJIUT TIOHM3UTH KOHIICHTPAIINH KaK JIUC-
TICPCHBIX, TAK ¥ TOMOT'€HHBIX 3arps3HHUTEIICH.

JInst OYMCTKH BBIOPOCOB OT Ta3000pa3HBIX 3arps3HUTENCH 4Yalle BCero MpH-
MEHSIFOT METO/IbI KOHIEHCAITH, a0COPOIUH, aICOPOIIMH U TEPMOOOE3BPEKUBAHUSI.

Eciu Temmiepatypa KUIeHus 3arpsisHATENCH py aTMOC(HEPHOM JaBIICHUH He-
BbIcoka (opuentupoBouHo Hrke 100°C), To rIyOoKas O4MCTKa IMOCPESICTBOM OXJia-
KJICHWSI ¥ TIOBBIIIICHUS AaBJICHUS TTOTPEOYyEeT Ype3MEPHO BBICOKHX PACXOI0B dHEP-
T'd, U KOHJCHCAIIMOHHYIO OYMCTKY MOKHO HCIIOJIB30BaTh TOJBKO KakK MpeaBapH-
TEIBHYIO.

AGCopOIIMOHHOM 00pabOTKE MOTYT OBITh TIOJIBEPTHYTHI BEIOPOCHI, 3arps3HU-
TEJT KOTOPBIX XOPOILO PacTBOPSIIOTCS B abcopOeHTe. Eciu mpu 3ToM KOHIEHTpa-
LWsT 3arpssHUTENsE B BhIOpocax mpesbimaet (1...2)10  kr/m°, To TexHimdeckn BO3-
MOYKHO JIOCTUYb cTerieHn ounctku 6omee 90%.

B kauectBe aOcopOEHTa yalle BCEro MCIOJIB3YIOTCS BOJA WM OPraHUYECKHe
KUJIKOCTH, KHIISIIME TIPH BEICOKOH Temrieparype. B armaparax ¢ opranndeckiumu ad-
copOeHTaMH MOXKHO 00padaThIBaTh BHIOPOCHI, HE COJAEpIKAIlME TBEPAbIX MpUMe-
cell, KOTOpbIE MPAKTHYECKU HE TIOATAIOTCS OTACIICHUIO OT TIOIIOTHTEILHOMN JKHIIKO-
cri. Jiisl HEKOTOPBIX Ta30BBIX 3arpsi3HUTENCH MOKHO YCIICIIHO IMPUMEHHUTh XUMHYE-
CKyI0 abcopOImio (XeMOCOPOIIMIO) - TPOIIECC, B KOTOPOM MOUICHKALMN YIATCHHIO
3arpsI3HATENH BCTYMACT B XUMHYECKYIO PEAKIHIO C MOTJIOTHTENIEM U 00pa3yeT Heil-
TpaJbHOE WM JIETKO yAaIsIeMOe U3 Mpoliecca COeMHEHHEe. TaKkue MpoIecchl crie-
MQUIHBI U pa3padaThIBAIOTCS] KOHKPETHO JUTS KaXKAOTO BHIa BHIOPOCOB M Habopa
3arpsI3HUTEIIEH.

CaMbIM yHHMBEPCAIBHBIM CPEIICTBOM OYMCTKH BBIOPOCOB OT ra3o00pa3HBIX
3arps3HUTENe Ha HACTOAIIEE BPEMsl OCTAaeTcsl alcopOuus, a HambOojee yHHBEp-
CaJIbHBIM aJICOPOSHTOM - aKTHBUPOBaHHBIN yroik. [locpencTBoM aacopOrmu nprH-
[UITHATEHO BO3MOKHO W3BJICYb M3 BEIOPOCOB JIF000M 3arpsi3HUTEND B IIMPOKOM JIHa-
na3oHe KOHIeHTparuid. OHAKO BBICOKOKOHIICHTPUPOBAHHBIC 3arps3HUATENH (OpHeH-
THPOBOYHO ¢ KOHUeHTpamsivi Gomee 5107 kr/m’) yaoGHee mojBeprats mpexBapy-
TEJIbHON 00paboTKe (KOHACHCAIMEH, a0COpOITMei) /ISl CHIDKCHUS MX KOHIICHTPAIIUH.
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HeoOxomuma Takke npeiBapuTelibHas 00padoTka (OCYIIKa) CHIIbHO YBIAKHEHHBIX
Ta30B.

Yacto B KaueCcTBE YHUBEPCATIHHOTO CPEJICTBA OUYMCTKH BHIOPOCOB paccMaTpu-
BAeTCsl TEPMOOOE3BPEKUBAHUE, KAKOBEIM OHO Ha CaMOM JieJie He sBisiercs. B tep-
MOOKHCITUTEIIHHBIX TIPOIIeccaX HEOOpaTUMO TepsieTCsl KauyeCTBO BO3IyXa, UCIIOJIB30-
BAHHOTO JIJIsl TOPEHUS], a MPOYKTHI OKHCIICHUS, BRIOpackiBaeMble B aTMocepy, co-
JepKaT HEKOTOPOE KOJIMYECTBO HOBBIX TOKCHYHBIX BEILECTB - OKCHAA yriepoja
CO u okcunoB azora NO, . Boobiie o0nacth nmpuMeHEeHUsI TEPMOOOE3BPEKMBAHNS
OrpaHHYeHa TOJILKO COECAMHEHUSMH, B MOJIEKYJIaX KOTOPBIX HET JAPYTUX 3JIEMEHTOB,
kpoMme yriepoaa C, Bonopoaa H u kucnopona O. [1onydnts HETOKCHUHBIE POIYK-
Thl PEAKIMU JIIOOBIX JPYTUX COCJUHEHUH C KHUCIOPOIOM NPHHIMITHATGHO HEBO3-
MOXHO. TepMOOKHCIUTENbHAsE 00paboTKa BEIOPOCOB, 3arpsI3HEHHBIX YTIICBOIOPO/A-
vu wm KITY (KuCIOpOmHBIME TIPOM3BOAHBIMU YIJIEBOAOPOJIOB), OrPAaHUIMBACTCS
TaKoKe TI0 3aTpaTaM TOIUIMBA Ha CO3/IaHKe TpeOyeMbIX TEMIIepaTyp B 30HE PEaKIfu
(400...550°C s tepmokaranutrueckor oopadotku u 800...1200°C mis Henocpe-
CTBEHHOT'O TEPMOOKHCIICHUS, T.€. CKUTAHHS B INITAMEHH).

K nepcniektuBHBIM criocob0aM 0OpabOTKH OOJBIITMX 00BEMOB BEIOPOCOB C He-
BBICOKMMH KOHIICHTPAIUSIMUA OPTaHUYECKUX Ta3000pa3HBbIX 3arpsi3HUTENEH MOYKHO
OTHECTH CXeMy TEepMOOOE3BPEKHMBaHUSI C TIPEIBAPUTEIHHBIM KOHIICHTPUPOBAHHEM
3arpsi3HUTENE nmocpeacTBoM aacopoumu. Takas cxema MOXET ObIThb TEXHUUECKH U
HKOHOMHMYECKH TPUEMIIEMON TMPU HAYaIbHOW KOHIICHTPAIMHU 3arpsi3HUTENs Bbiiiie 50
mr/v®. TeIIoTy, BeIACTSIONIYIOCS TPH CTOPAHMH 3arps3HUTENIEH, MOMKHO JOCTATOUHO
JIETKO YTWIM3UPOBaTh. ECIM KOHIIEHTpAIMsl TOPIOYMX 3arps3HUTENCH MOXKET OBbITh
noBezieHa opreHTHpoBo4HO 10 (5...6)10° kr/M®, To TepMO0BPAGOTKY MOXHO Opra-
HHU30BaTh C HE3HAYUTENBHBIM JI00aBICHUEM TOILINBA, @ MPU 00JIee BHICOKMX KOHIICH-
TpaLUsiX MOKHO OXKUJIATh ¥ SKOHOMHUYECKON 3 (PEKTUBHOCTH PabOTHI yCTAHOBKH.

[IpencraBisitoTcs MEepCEeKTUBHBIMU CHOCOOBI 00Pa0OTKM OTOPOCHBIX Ta30B,
OCHOBAaHHBIE Ha TIEPEBOZC MapOOOPa3HBIX 3arpsi3HUTENEH B KOHICHCHPOBAHHOE CO-
CTOSIHHE W TIOCTIEAYIoMIeH (DuIbTpalmy o0pa3oBaBIerocs a3po3os. Eciu 3arps3Hu-
TEJIM UMEIOT HEBBICOKOE JaBJICHHME HACHIIICHHBIX TIAPOB, TO MOXKET OBITH MpHUEMIIe-
MOU KOHZICHCAITUsI TIOCPEICTBOM TTOBBIIIICHHS JTABJICHHS M TIOHKESHHST TEMITEPATyPhI
BBIOPOCOB. [1apbl 3arpsi3HUTENEH JIETKOKHIISIINX BEIIECTB MOTYT OBITH TIOABEPTHY THI
00paboTKe XUMUUECKUMH PEareHTaMHu TaKUM 00pa3oM, YTOOBI TIPOYKTHI PEaKIIUU
MMEJT HU3KKE JaBJICHUSI HACBIIIEHHBIX TTApOB. 3a4acTyIO MPU ATOM CIIOCOOBI XUMU-
4YecKkoil 00paboTKu ynmaercss mogoOpaTh Tak, 4ToObl ObUIa BO3MOMKHA YTHIIM3ALIUS
yJaBIMBAEMOTO MPOAYKTA.
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Ipuioxenus

Taomuna I1.1.

3naueHue ko3 dummenToB b, C s pacyera CKOPOCTH rasa

Ipu 3axJIcOBIBaHUH

Koadpournuent
Tun Hacagku b c
TpyOuatas 0,47+1,5 1g(d,/0,025) | 1,75
[inockonapannenpHas, XopaoBas 0 1,75
[TakeTHas 0,062
Konpua Pamura B HaBasn 0,073
Komnbia IMamnsg -0,49 1,04
Cenna pazmepoM 25 MM -0,33 1,04
To xe 50 Mmm -0,58 1,04
Tab6numa I1.2.
XapaKkTepUCTUKH HACaI0K (pa3Mephl IaHbl B MM)
Hacanku a, €, d, M P,
Mo Iv® Mo M kr/m’®
1 2 3 4 5
PerymnspHbie Hacaaku
Hepessitanas xopaosas (10x100),
I1ar B CBETY:
10 100 0,55 0,022 210
20 65 0,68 0,042 145
30 48 0,77 0,064 110
Kepamnueckue konbna Pammura:
50x50x5 110 0,735 0,027 650
80x80x8 80 0,72 0,036 670
100x100x10 60 0,72 0,048 670

189




1 2 [ 3 4 5
HeynopsinoueHHble HACAAKU
Kepamuueckue konba Pammra:
10x10x1,5 440 0,7 0,006 700
15%x15x%2 330 0,7 0,009 690
25x%25%3 200 0,74 0,015 530
35x35x4 140 0,78 0,022 530
50x50x5 90 0,785 0,035 530
CranbHble kosbIla Pamura:
10x10x0,5 500 0,88 0,007 960
15x15x0,5 350 0,92 0,012 660
25x25%0,8 220 0,92 0,017 640
50x50x1 110 0,95 0,035 430
Kepamuueckue konpua Ilamns
25x25%3 220 0,74 0,014 610
35x35x4 165 0,76 0,018 540
50x50%5 120 0,78 0,026 520
60x60x6 96 0,79 0,033 520
CranbHuble konba [Tamms:
15x15%0,4 380 0,9 0,010 525
25x25%0,6 235 0,9 0,015 490
35x35x0,8 170 0,9 0,021 455
50x50x1,0 108 0,9 0,033 415
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3naueHus ko3ppuuuenta ['enpu E 1 BOgHBIX pacTBOPOB HEKOTOPBIX ra30B

(B TabumIe faubl 3HaueHnst E'10° B MM pr.cT.)

Taomuna I1.3.

Ne Temmneparypa, °C
/i a3

0 5 10 15 20 25 30 40 60 80 100
1 |Asor 40,2 45,4 50,8 56,1 61,1 65,7 70,2 79,2 90,9 95,9 95,4
2 |AMmMuax 0,0002| - 0,00036 - 0,0006 - 0,0010 0,0016 0,0037 - -
3 |AuetnieH 0,55 0,64 0,73 0,82 0,92 1,01 1,11 - - - -
4 |Bpom 0,0162 | 0,0209 | 0,0278 0,0354 | 0,0451 0,056 0,0688 0,101 0,191 0,307 -
5 |Bomopon 44 46,2 48,3 50,2 51,9 53,7 55,4 57,1, 58,1 57,4 56,6
6 [Bosmyx 32,8 37,1 41,7 46,1 50,4 54,7 58,6 66,1 76,5 81,7 81,6
7 |JIByOKHCH CEpBI 0,0011 - 0,0016 - 0,0027 - 0.0042 0,0059 0,012 - -
8 [duokcun yriuepo- | 0,553 0,666 0,792 0,93 1,08 1,24 1,41 1,77 2,59 - -
9 [Kucnopon 19,3 22,1 249 27,7 30,4 33,3 36,1 40,7 47,8 52,2 53,3
10 |Meran 17,0 19,7 22,6 25,6 28,5 31,4 34,1 39,5 47.6 51,8 53,3
11 |Okcup yraeposa 26.7 30,0 33,6 37,2 40,7 44,0 47,1 52,9 62,5 64,3 64,3
12 |CepoBomopon 0,203 0,239 0,278 0,321 0,367 0,414 0,463 0,566 0,782 1,03 1,12.
13 | Xnop 0,204 0,25 0,297 0,346 0,402 0,454 0,502 0,6 0,731 0,73 -
14 |Otan 9,55 11,8 14,4 17,2 20,0 23,0 26,0 32,2 42,9 50,2 52,6
15 |Dtunen 4,19 4,96 5,84 6,8 7,74 8,67 9,62 - - -
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Koaddurments! nudys3uu ra3oB 1 mapoB B BO3AyXe
(Tpu HOPMAITEHBIX YCIIOBUSIX)

Taomuna I1.4

a3 Do, 10° M?/c Do, M°/a
A3or 13,2 0,0175
AMMHak 17,0 0,0612
beunson 1,7 0,0277
Bonopon 61.1 0,22
BonasHoit map 21,9 0,079
Jlnokcun cepbl 10,3 0,037
Jluokcun yriepojaa 13,8 0,0497
JuaTrIIOBEIHN 3up 7,8 0,028
Kucnopon 17,8 0,064
MeTtunoBblii CiupT 13,3 0,0478
CepHblil aHTUIIPU 9,4 0,034
Cepoyrnepon 8.9 0,0321
XJTOpUCTHIN BOIOPO/T 13,0 0,0467
DOTUIIOBBIN CITUPT 10,2 0,0367
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Tab6mauna I1.5.

ATOMHBIE 00BEMBI HCKOTOPBIX JICMCHTOB U MOJIbHBIC 00BEMBI HCKOTOPBIX I'a30B

BemniectBo ATOMHBIN BemiectBo MOoJBHEBII 00BEM,
o0beM, cM°/MOITB
cm’latom

Br 27,0 |J 37,0
C 14,8 H, 14,3
Cl 246 |0, 25,6
H 3,7 N, 31,2
N B mepBUYHBIX aMHHAX 10,5 Bozmyx 29,9
N BO BTOPHYHBIX aMHHAX 12,0 CO 30,7
N ¢ 1ByMs HaCBIIIICHHBIMU CO», 34,0
CBSI3SIMU 15,6

O c AByMs HaCBHIIIIEHHBIMU SO, 44 8
CBSI3SIMU 7.4

O B anpIerugax U KETOHAxX 7,4 NO 23,6
O B coXHBIX dupax 9,1 N,O 36,4
O B mpocThIX dupax 9,9 NH; 25,8
O B BBICIIUX IIPOCTHIX U 11,0 H,O 18,9
CJIOXKHBIX dupax

O B KuciIoTax 12,0 H,S 32,9
O B coenunenusax ¢ S, P, N 8,3 CcOS 51,5
S 256 |Cl, 48,4
F 8,7 Br; 53,2
J 37,0 |J, 71,5

[Tpumeuanue. CTpyKTypHBIE IOCTOSIHHBIE:

- OEH30JIBHOE KOJBIIO - 15;

- HadTaMMHOBOE KOJIBIIO - 30;
- aHTpAaIlEHOBOE KOJbI[0 — 47,5.
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TaoOurua I1.6.

3Hadenust K03PGUIUEHTOB A1 1 By 1711 HEKOTOPHIX BEIIECTB,
PacTBOPEHHBIX B BOJIE:

BemectBo Koaddurment
A B,
a3 1,0
OTUJIOBBIN CIIUPT 1,24 2,0
MeTunoBeiii CIUPT 1,19 2,0
VYKcycHast Kuciora 1,27
Bona 4,7
A1ieToH 1,15
HeaccounupoBaHHBbIE )KUAKOCTU 1,0

Tab6muua I1.7

PaBHOBeCHBIE JaHHBIC I10 aI[COp6I_II/II/I ImapoB OCH30J1a U3 UX CMECH C BO3JYXOM Ha
AdKTUBHBIX YITIIX PA3JIMYHBIX MAPOK
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Konuenrpanus Konuenrparus
Mapka Genszomna, Kr/m® Mapka Gensona, Kr/M®
yru B ra3oBou B TBEPIOU yr B ra30BOM | B TBEPIOU
dase y'10° daze X dase y'10° daze X
1 2 3 4 5 6
AP-A 0,854 109,0 CKT 0,085 60,0
2,560 134,2 0,213 125,6
5,125 139,8 0,850 174,0
9,390 143,0 4,270 178,0
17,060 147,3 12,805 185,1
25,610 151,2 17,060 188,0
24,400 193,4
25,610 198,0
AT-3 0,035 75,0 CKT-6A 0,000 150,0
0,427 120,0 1,000 220,0
2,134 157,5 2,000 263,0
4,691 170,5 4,000 276,0
8,540 180,0 5,000 280,0
17,060 197,5 6,000 284,0
25,610 215,0 8,000 285,0
10,000 290,0




1 2 3 5 6
16,000 296.0
25,000 300,0
30,000 300,0
Tab6aunia I1.8.

Du3nKo-XxNMHUYECKHNE CBOMCTBA BEILIECTB

Monbnas | Ilmor- | Temneparypa | JlaBieHue HachI-
JKunkocts Macca, HOCTh, | kumenus, °C | IIEHHOTO mapa
Kr/MOJb kr/m® pu 20°C,
MM PT.CT.
Aneron C3HgO 58,08 810 56 186
Bbenzon CgHg 78,11 900 80,2 75
byrunanerar 18
Huxaoparan C,H,4Cl, 98,97 1250 83,7 65
MypaBbrHas KUCIOTa 46 1220 33,1
CH,0,
Cepoyriepon CS; 76,13 1290 46,3 298
CrupT METHUIIOBBIN 32,04 800 64,7 97,7
(meranon) CH,O
Cnupt STUNTOBBIN 46,07 790 78,3 44
C,HgO
Tomyon C7Hg 92,13 870 110,8 22,3
Yraepona 4eThIpexJio- 153,84 1630 76,7 90,7
puctsiii CCly
Xaopodopm CHCI; 119,38 1530 61,2 160
Ddup AUITUIOBBINA 74,12 710 34,5 442
C4H100
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Tabmma [1.9

Pexomentyemble npenerisl TeMITEpaTyp U BEIMYUHBI TABJICHUN
JUTS. HEKOTOPBIX XKUAIKHUX XJIAJOHOCHTENIEN

XJ1aJJOHOCUTEID IIpenensl Temne- | Ilpenensl naBiaeHui,
paryp, K MIla (aOc.)

I'ennit 1 0,01
A3oT 60 20
AMMHaK 225...310 0,04..13
®peon-11 240...280 0,1013
®dpeon-12 230...310 0,04..0,8
®dpeon-22 220...300 0,05...0,8
®dpeon-30 200...300 0.001../11013
®peon-1 15 185...225 0,1013
Paccon xnopuaa Hatpus 240...270 0,1013
(23% mac.)
Paccon xnopuaa xKanbius 230...270 0,1013
(30% mac.)
Bona 280...320 0,1013
BonHslii pacTBOp 3THIIEH-
riukoisa, % mac.:

30 270...280 0,1013

40 260...280 "

50 245...280 "

60 235...280 "

70 220...280 "
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Taomuna I[1.10

TepMudeckoe conmpoTHBIICHHE /A OTIIOKEHUS
Ha CTEHKE TPyObI IIPU OMBIBAHUU €€ Pa3IMYHbIMU CpEIaMu

OMebIBaromas cpeaa

S/, M°K/BT

Bopna texanueckast
Bona nutbeBas

Bopa nuctunnupoBanHas

Bo3ayx, mapooOpaszHbie XJIaq0HOCUTEIIH

BoasHble napsl, 3arpsi3HEHHBIE TapaMU Macell,

HEPTENPOTYKTOB.
[Tapbl OpraHNYECKUX KUAKOCTEN

OpFaHI/I‘IeCKI/Ie KHUAKOCTH, XXUAKKUC XJIaJOHOCHUTCIIN

1/1800... 1/3000
1/3000.. 1/6000

1/10000. ..1/12000
1/3000
1/5000

1/10000... 1/12000
1/5000...1/6000

Paccousr 1/3000... 1/6000
Taosmma [1.11.
Koa(primeHTsI IIIOTHOCTA P U TETUIONPOBOAHOCTU A
HEKOTOPBIX METAIOB U CILIABOB
Marepuain p, Kr/m® A, Bt/(MK)
ATOMHUHUIA 2700 210
JIropamoMuHmi 2800 165
Bpomnza 8500 1o
JlaryHn 8650 85
Mens 8900 385
Hukenb 8900 65
Cranp HeJlernpoBaHHas 7800 50
Crans nerupoBaHHas 7900 15...30
Tutan 4500 15
UyryH 7300 50
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Tabmuma [1.12
[Ipenensl pekoMeHIyeMbIX 3HaUCHHUH K03 duiimenTta n
11 onipenienieHust yuciaa NU B mepexoaHoOM pexuMe

Rel10° | 26 2,75 3 35 4 4,5 5 55
n 465- |5154]60-70| 79- | 1025 | 13,0- | 155- | 17,6-
4,8 10,0 12,0 14,5 16,5 18,7
Okonuanue t1a6;. I1.12

Re10° | 6 6,5 7 75 8 85 9 95 | 9,75
n 19,5- | 21,4- | 23,2- | 25,0- | 27,0- | 28,9- | 30,4- | 32,0- | 32,4-
204 | 221 | 240 | 255 | 275 | 291 | 306 | 322 | 328

Tabmuma I1.13

TemmnepaTypsl camoBOCIUIaMeHeHUs T, HarboJiee pacpOCTPAHEHHBIX TOPIOYUX
3arpsi3HUTENIEH OTXOSIIMX Ta30B TPOMBIIIIEHHOCTH

BemectBo T, BemmecTBo T, BemectBo T,
AMMuak 649 |Metan 537 |DraneBswiii anrua- | 584
pHuA
A1eToH 538 |Metunossiii ciupt| 470 |Dypdypon 393
benzon 579 [(Metunossiii 3¢up | 350 |DypdyponaoBbrit 490
CIHPT
byranuen 449 |MeTUIITHIKETOH 516 |XjopbeHn3on 674
ByTunossrit 367 |Hurpobenzon 496 |Lluxnorekcan 268
CIUPT
Bunwnnanerar | 426 |OneuHoBast Ku- 363 |LlukiorekcaHoH 495
CJIOT:
Bomopon 538 |(IIpomnan 468 |DTUIXIIOPTUAPUH 410
IUAHUCTHIN
[ unepun 393 |I[Iponmien 504 |Oran 510
Jubytundra- | 404 |CepoBomopon 260 |Drtunanerar 486
jat
Juxaopmeran| 640 |Cxunumap 253 |Dtunbenson 466
Huxnopatu- | 413 |Crupon 491 |DrtuneHa okcua 430
JIeH
Kepocun 254 |Tomyon 552 | DTUJIeH IIHMKOIb 413
Kpeson 559 |VYrnepona oxcung 652 |DTUIIOBBINA CIIUPT 426
Kcumon 496 |Denon 715 |Dtunossiii 23¢dup 186

[Tpumeuanue. B Tabnuiie ykasana ctaHaapTHasi TeMIiepaTypa caMOBOCILIIAMEHEHUS.
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