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B wu300peTeHMM MPEACTaBICH CIOCOO COBMECTHOTO IPOU3BOJCTBA JBYX pa3HBIX KapOaMUIIHBIX
nponykroB. OAWH TPOAYKT MpEACTaBIsieT coO0M BOTHBIA pacTBOp KapOammua, MOIXOMSIINA IS
HCTIOJB30BaHMs TPU CHIKEHUH conepykaHus NOy (10 CymIecTBY, yKa3aH Kak >KUIKOCTH JJISI OYUCTKH
BBIXJIONHBIX ra3oB au3enbHbIXx geurarencit (DEF)). Jlpyroit mpoaykr mpeictaBiser coOoil pacTBop,
HCTIONIB3yEeMBIH B KauecTBe yIoOpeHus, a UMeHHO KapOamuaHo-ammuadHyto cMechk (KAC). [IpousBoacraa
DEF u KAC o0bearHeHB! CIIeAyIOmUM 00pa3oM: aMMHaK, U3BIICKaeMBbIi MTPH MIPOU3BOACTBE KapOamMua,
WCIONB3YIOT B KQUeCTBE CBHIPBS JJIs MPOU3BOACTBA HUTpaTa aMMOHuUsI. [1o MeHbIIel Mepe YacTh BOJHOTO
MOTOKa KapbaMuaa, IMoyyaeMoro IpH MPOU3BOACTBE KapOaMuaa, CMEMIMBAIOT C HUTPATOM aMMOHHS,
yT008I Toyunth KAC.
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O0aacTh NpuMeHeHNs H300peTeHust

N3o0peTenre 0THOCHTCS K 00JaCTH MPOM3BOJCTBA KapOaMujaa, a B YaCTHOCTH OTHOCHTCS K CIOCOOY Co-
BMECTHOTO TPOM3BOJICTBA KapOaMHIHOTO pacTBOPA, MOAXOISIIETO ISl CHIDKEeHUS conepkanus NOy B BBIXJIOT-
HBIX Ta3ax JBHUTaTeJed BHYTPEHHETO CrOPAaHMs, HAPUMEP B BBIXJIOMHBIX Ta3axX, 00pa3yeMbIX JU3eIbHBIMHU JABH-
rate’siMu (KUIKOCTB JUISI OYMCTKH BBIXJIONMHBIX ra3oB au3ensHbIX asurareneit (DEF)), n mponsBoacTBa pacTso-
pa kapbamunHo-ammuadHol cMmecu (KAC). M300peTeHne Takke OTHOCHTCS K YCTAHOBKE JJISi OCYIIECTBICHUS
cnoco0a.

Ipeanockliky co3naHus U300peTeHUs

Kapbamuyi B OCHOBHOM NPOM3BOAAT U3 aMMHaKa M JUOKcUaa yriepona. OH MOXXET OBITh MOJyYeH ITyTeM
BBE/ICHHS U30bITKAa aMMHUaKa BMECTE C JMOKCHIOM yTiepoaa npu aasieHuu ot 12 1o 40 MIla u npu temmeparty-
pe ot 150 o 250°C B cexkuuro cuHTe3a Kapbamuna. THIIOBBIE YCTAHOBKH IO POU3BOJICTBY KapOaMuaa JOmoI-
HUTEIBHO COJEpKAT CEKIMI0 PEreHepaluy U JOBOAOUHYIO CEKIHUI0. B cekuuu pereHepanyu HEpopearupoBas-
MM aMMHAK ¥ TUOKCH] YIIIEPOAa PEreHEPUPYIOT U PELIUPKYIUPYIOT B CEKIMIO CUHTE3a. 3a CeKLUel perenepa-
IIMM B OCHOBHOM CJIEIyeT CeKIHs McTapeHus. B Hell koHIeHTpanust kapbamuaa JOMOTHUTEIBHO MOBBIIIAETCS
MyTeM BBITAPUBAHUS BOJBI, YTO MPUBOIUT K 0Opa30BaHUIO BEICOKOKOHIICHTPHPOBAHHOT'O PacTBOpPa, KOTOPBIMH,
M0 CYIIECTBY, Ha3BIBAIOT IUIABOM KapOamuia. B moBOoYHOI cekimy, Kak MpaBHIio, IJIaB KapOaMuaa JOBOIAT
JI0 TpeOyeMOTO COCTOSIHUS TBEPABIX YAaCTHII, IO CYIIECTBY, C HCIOJIB30BAHNEM TaKUX METOIUK, KaK MPUILTHPO-
BaHUe, TPaHyJINPOBAaHNE WIH TaOIeTHPOBaHHE.

B ceknmu ucnapeHus yaausioT Bee enle 3HaunTenbHble kKomdecTBa CO, u B ocobenHoctn NH3. AMMuak
YAAISIOT TIOCPEACTBOM 00pabOTKH B CKpyOOepe. 3aTeM OTXObI HAMPaBISAIOT B YCTAHOBKY MO 00paboTKe cTOU-
HBIX BOJI, UTO ABISIETCS OYEHb JOPOTOCTOSIIEH U YHEPTOEMKON ONepaIuei.

LeneBoit kapOaMHIHBIH MPOIYKT HpeEICTaBIIeT cOO0OH pacTBOp AJst cHIDKeHUs coxepxanust NOy, Takoi
KaK HCIIOJIb3yEeMBIH TPH CEJIEKTHBHOM BOCCTaHOBIICHHH, KOTOPOE MOKET MPEACTAaBIATH COOOH HeKaTaluTH4e-
CKUH TEPMUYCCKUH MPOIIECC WIH MPOLECC CEICKTHBHOTO KaTanTHueckoro BocctanopieHus (SCR). [Ipumepom
pactBopa it SCR sBiseTCS )KUAKOCTH IS OYMCTKU BBIXJIOIMHEIX T'a30B au3enbHbIX neurarened (DEF). Otot
TEPMHUH HCTIONB3YETCS B OMHCAHUH, [0 CYIIECTBY, A 0003HAYCHUS KapOaMHIHBIX PACTBOPOB IJISI CHIDKCHHS
conepxxanus NOj.

DEF mpencrasnsier coboit 32,5 mac.% kapOaMUAHBIA pacTBOP B IEMHUHEPAIN30BAHHON BOAE C KOMITO3H-
IHeH, UMeroIeil MakcuManbHoe coxepkanne ouypera 0,3 Mac.% W MaKCHMAalbHYIO MIETIOYHOCTH B IEepecdeTe
Ha ammuak 0,2 mMac.%. DEF npezcTaBieHa Ha peIHKe 0J (KOMMEPUECKHMHU) TOProBeIMH HazBauuaMu Ad-Blue®,
Airl®, Arla 32 u AUS-32. Ee BOPBICKHBAIOT B OTXOJAIIMIA T3 ABUraTeleil BHYTPEHHETO CrOPAHHS /Ui yJIaBIIU-
BaHus1 NO,, 94TOOBI MPEAOTBPATHTH €ro BEIOpoc B atMochepy. DEF npexnasHauena ays nmpeodpazoBanus NO,
nocpeacTBoM peakunu: kapoamun+NO,—N,+H,0 B 6e3Bpennslit a30T u Bony. Boccranosienue NOy, oOpasye-
MOTO JIBUTATEJIIMU BHYTPEHHETO CTOPAHMS, UMEET IHUPOKOe IpUMEeHeHHe, TOCKOIbKY NOy SIBISICTCS OTHIM U3
OCHOBHBIX HCTOYHHMKOB 3arpsA3HEHHUS OKPYKAIOMIeH Cpelsl IO CTENEHHW BO3ICHCTBHS Ha IMI00ANbHOE MOTEIlIe-
HUE, HAIIpUMeEp, TI0 OIEHKe MOTeHInana rimobaipHoro noremienns (GWP), morennuana GopMHUpOBaHHS TPOTIO-
cteproro o3oHa (TOFP) u o30HOpa3pymaromero noteniuana (ODP).

JKuakocTh ISl OYHMCTKU BBIXJIONHBIX ra3oB nu3enbHbIX jasurarened (DEF), mo cymecTBy, monydaror my-
TEeM PacTBOPEHHUS TBEPAOTO KapOaMHIHOTO HPOIYKTa B JEMUHEpAIM30BaHHON Boxe. TBepablii kapOaMumHBIN
NPOJYKT, HAPUMEP, MOTy4aeMblii HOCPEACTBOM OJHOW M3 BBIIICYTTOMSHYTHIX TEXHOJIOTHH TOBOJKH, U JIEMHHE-
PaJIM30BaHHYIO BOAY OOBEAMHSIOT M PacTBOP IEPEMEIINBAIOT IO MOJHOTO pacTBOpeHUs kapbamuna. Henocrat-
KOM 3TOT0 crocoba ABisieTcss He00X0ANMOCTh 3HAYUTEIBHBIX HHBECTHIINH B TEXHOJIOTHIO TOBOIKHM KapOammuna,
a TakXke HeoOXOAMMOCTh yIaJeHHs TTOOOYHBIX MPOAYKTOB, TAKUX KakK M00aBKH, MCIIOJIb3yeMble MM 00pa3yro-
IFecss BO BpeMsl JIOBOJKH, HampuMmep (GopMaibIeTHI HWIH OMypeT (KOTOPBIH SBISETCS MOOOYHBIM MPOIYKTOM
MPOM3BOJICTBA KapOaMua), Al TOIydIeHHUs MPOIyKTa ¢ TpeOyeMBIMH TEXHHYECKUMH XapaKTepUCTHKaMH. TH-
MUYHBIE KOHIIEHTpauK OMypeTa B TOTOBBIX MpoAyKTax cocraBisaoT oT 0,9 mo 1,1 mac.%. CrnemoBaTensHO, 3TO
MPUBOJIUT K TOMY, YTO cofepxanue ouypera B ToToBoM nponykre DEF mpessrmaet 0,3 mac.%, 9T0 MPUBOAUT K
MOJYYCHHUIO HEKOHIUIIMOHHOTO Marepuaia. JleHcTByloMe TEeXHUYECKHE XapaKTePUCTUKU B COOTBETCTBUH C
ISO 22241 pomyckator MakcuMmaibHylo KoHueHTpanuio 0,3 mac.%. Bomee Bbicokast KoHuIeHTpauus Ouypera
NPUBOAMT K MeHbIIeH s dexruBHocTH pactBopa DEF B oTHOmenun ynasiauBanus NOy, HOCKOJBKY JUIsl yiaB-
muBaHus NOy TOCTYIHO MeHble kapoamunaa. boiee Toro, Bo BpeMsi NpOU3BOJICTBA IPaHyJISITa U IPaHyJI yIaJs-
10TCsI OOJIBIIINE KOJIMYECTBA BOJIBI, KOTOPHIE TO3/IHEE T00ABIISIOTCS Ha dTAle PacTBOPEHUs. DTO TpeOyeT 3HauUH-
TENBHBIX 3aTpaT SHEPTUH, YTO IPUBOAUT K JJONOIHUTEIBHBIM PacX0oaaM.

Y coBepIeHCTBOBaHHEIHN crmoco0, onvcanHbiii B fokymMeHTe EP 1856038 Al, 3akmiodaercs B HCIONB30Ba-
HHUH BOIHOTO pacTBOpa KapbaMua, MOTYyICHHOTO HEMOCPEICTBEHHO B CEKIIMU PETreHepalii yCTaHOBKH IO TIPO-
M3BOJICTBY TUTaBa KapOamu/ia Wi 1ociie Hee, U pa30aBIeHNH yKa3aHHOTO BOJHOT'O pacTBOpa KapbaMuaa BOIOH ¢
MOJy4eHnEeM Tpebyemoro pactBopa. B mHOM ciygae BOIHBIN pacTBOp KapOaMmuIa HAIMpaBIsUICA OBl B CEKIIHIO
WCTIapeHUs U YAAJICHHUS BOIBI U3 IIaBa KapOaMuIa C TOIYYeHHEM TBEpAOro KapbamMuaa mocpecTBOM IPpaHy-
JMPOBAaHUS B KHILAIIEM cJoe, TaOlIeTHPOBAHUS WM NMPWIIHPOBaHMs. TakuM o0pa3oM ycTpaHseTcst HeoOXOoau-
MOCTb B BBINAPUBAHHUU BOJIbI, HO BOAHBIH PacTBOp KapOaMuaa MOXKET COAEpKaTh OTHOCHTENHHO BBICOKHE YPOB-
HU aMMHUaKa, TPEBBIIIAIONINC 3HAUCHUS, YKa3aHHBIC B TEXHHYCCKMX XapaKTEPUCTUKAX Ha TOTOBBIM MPOIYKT
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DEF. B nokymente EP 1856038 A1l omucaHo, 4To ypoBeHb aMMHaKa (B Iiepecuere Ha CBOOOJHBIH aMMHUaK WIH B
¢opme kapbamaTa aMMOHUSI) B paCTBOPE MOXKHO CHH3HTh, BBITIOJIHSS Pa3Io)kKeHHE BOJHOTO pacTBopa Kapbamu-
Jla, HATIpUMeEp, ITyTeM IPHIIOKEHUS TeIUla WIN CHUKCHUS JaBJICHUS, HE0OsS3aTeNbHO ¢ JOOABICHUEM OYHIIA0-
el cpepl MM ¢ KOMOMHAITHEH BRIICYKa3aHHBIX CIIOCO00B. DTOT ATAIl IO CYTH TaKOH ke, KaK ITall BhIITapHBa-
HUS B TPaIUIIOHHON TOBOZOYHOM CEKIMM YCTAaHOBKH IO IPOM3BOJICTBY KapOaMuaa, U MOXET IPOBOJUTHCS B
000pyIOBaHUN 3TOTO K& THMa. 110 3TOH MpUYHMHE 3TOT ATAll WHOTJA Ha3bIBAIOT "ITAllOM BHITIAPUBAHUS" WU
"3TaroM MpenBapuUTEeILHOTO BBRIAPUBAHUA". DTaIl PEABAPUTEIHLHOTO BHITIAPUBAHUS MPEIHAZHAYCH JIJIST TPOU3-
BOJICTBA BOJHOTO pacTBOpa KapOamuma, KOTOPHIA MOcie pa30aBIEHHS BOJOH COOTBETCTBYET TPEOOBAHUAM K
JKUJIKOCTH JJIs1 OYMCTKU BBIXJIOIHBIX Ta30B TU3EIIBHBIX JIBUTATEICH.

OCHOBHBIM HEJIOCTaTKOM SIBJISIETCSI TO, YTO Ha 3Talle MPeIBapUTEIFHOIO BHIAPHBAHUS M3 BOJHOTO pac-
TBOpa KapOamuaa BHICBOOOXIAETCS aMMHAK C WHEPTHBIMH BEIIECTBAMH, KOTOpPHIE, BO3MOXKHO, IOTpeOyeTcs
yIAIUTh, 9YTOOBI 00ECTICUNTh COOTBETCTBHE HOpPMAaTHBaM IO BhIOpocaM aMMuaka. J{Jist 3TOro B YCTAHOBKY IO
MPOM3BOJICTBY IUIaBa KapOaMuaa HEOOXOIUMO WHTEIPHPOBATH CIICIHAIbHYIO CEKIUIO KOHICHCAIINN/OYUCTKH 1
PpacIooKeHHYIO IT0CiIe Hee CEKIUI0 00paboTKH CTOYHBIX BOJ, YTOOBI H3BJIEKATh BEICBOOOKICHHBIH aMMHAK.

Kapb6amunno-ammuagnas cMmech (KAC) mpencrarisieT coboit ynoOpeHue, KoTopoe, Mo CYIECTBY, HCITOJIb-
3yeTcs B BHJE BOJHOTO pacTBopa kKapOamuaa W HATpaTa aMMOHMSA. HuUTpaT aMMOHHMS POM3BOISAT IyTEM peak-
IIUF aMMHaKa ¢ KOHIICHTPUPOBAHHBIM PAaCTBOPOM a30THOM KHCIIOTHI, IPH 3ToM pH pacTBopa moaaepKuBaT B
Y3KOM JHanazoHe. 3aTeM MOJYYCHHBIH PacTBOP CMEIINBAIOT C BOJHBIM PAacCTBOPOM KapOaMuaa sl MOTydeHHS
KAC. Tunmansie npoayktel KAC comepsxat ot 28 mo 32 mac.% obmero a3ora, Kak mpasmio, ot 29 mo 38 mac.%
kapbamuza 1 ot 36 1o 48 Mac.% HUTpaTa aMMOHWUS, TIPY 3TOM OCTAJIBHYIO YaCTh COCTaBIIIET BOJA.

Cnpoc Ha KAC, kak npaBuio, noBep>keH CHILHBIM CE30HHBIM KOJICOAHHSIM, TI03TOMY XKEJIaTeIbHO HAUTH
TaKoH croco0 SKCIUTyaTallid YCTAaHOBKH M0 Ipon3BojcTBY KAC, mpu KOTOpOM €€ HCIOIb30BaHNE B MEPHUOMIBI
Hu3Koro crpoca Ha KAC takxke MOKeT ObITh SKOHOMHUYECKH LieJiecoo0pa3HbIM. Takum o0pa3oM, cienyeT oTMe-
TUTh, YTO BOJHBIM pacTBOp KapOaMuza, IMPOU3BOJUMBIN B THIMYHOM ycTaHOBKe 1o mpou3BoiactBy KAC, uc-
MOJIB3YEMBIH [UISl TPOM3BOACTBA ToToBoro nponaykra KAC, no cymiecTBy, Helb3sl UCIIONB30BaTh sl IPOU3BOI-
ctBa DEF. KonnenTpanus aMmmMuaka B BOJIHOM pacTBope kapbamuia cymecTBeHHO Bbimie (>2000 4./mutH Mac.),
yeM JoryctuMoe 3HaueHue i nmpousBoactBa DEF (<0,2 mac.%). Kpome Toro, nmockonsky npoaykt KAC mpen-
CTaBJsIET COOOH KUIKOCTH, €0 HEYTOOHO M IOPOTO TPAHCTIOPTHUPOBATH HA OOJIBIIINE PACCTOSHUS.

Bri10 GBI xKenmaTenbHO COBMECTHTH Mpom3BoAcTBO kapbamuma 1 KAC Takum oOpa3om, 4ToObI ObLIa BO3-
MO>XKHOCTh KOMITEHCHUpOBaTh HM3KHU crpoc Ha KAC. Beuto ObI 0COOCHHO JKeNaTeahbHO CO3MaTh TAKYIO CXEMY
COBMEINICHHOTO Tpou3BojcTBa kapbamuaa u KAC, xoTopas O3BOJUT MOJSydaTh BOAHBIH pacTBOp KapOaMmwmIa,
COOTBETCTBYIOIINI TpeOOBaHMAM K HCToyb30BaHuI0 B kKadecTBe DEF. JlomomHuTEeNbHO OBUIO OBI JKenaTeNbHO
obecrieuuTs Oo0Jiee IKOHOMHYHBIH c1Toco0 00padOTKM aMMHAYHBIX OTXOJIOB, 0OPa3yIOIIUXCS B CEKLUH HCTIape-
HUS KapOaMua.

B kauecTBe BecbMa HaNeKOW TEXHUUECKOM MPEAIOCHUIKY MpHBeacHa cchiika Ha US 4174379. B nHacTos-
IIeM JIOKYMEHTE OIHcaH crocod npousBoacTea kapoamuna u KAC. Kapbamua npousBoAsT NPSIMOTOYHBIM CIIO-
co0OM IpOM3BOJCTBA KapOaMuaa. DTOT THUI MPOU3BOJCTBA KapOaMuaa ycTapes U OTIMYaeTCsl OT COBPEMEHHBIX
CHoco0O0B, MPAKTHYECKH UCKIIOYUTEIBHO MPEICTABIIOMNX co00ii crocoOsl crpummuara. Hampumep, mpsmo-
TOYHBIE CIOCOOBI B CHITY CBOEH crieM(UKH JAf0T HU3KOE COJepKaHHe OMypeTa, TOrna Kak OWypeT SBIseTcCs
HEN30€)KHBIM ITOOOYHBIM MPOIYKTOM CTPHUIIITUHTA PEaKIIMOHHOTO KapObaMuIHOTO pacTBopa. Cyuraercs, 94To 3TO
CBSI3aHO C OTHOCHTEIHHO BBEICOKMMH TEMIIEPAaTypaMH M KOHIICHTPAIUSIMH, TIPEOOIagaioNiMH B CTPHUIIIIEpPE Kap-
6amuna. Kak ymomsinyto Beime, st DEF momyctiMo Hanmudme TOMBKO OYeHb HU3KUX ypOBHEH Omypeta (B va-
CTHOCTH, KaK yKa3zaHo B HopMax npuMeHuMBIX ISO n DIN). Takum o6pa3om, npon3BoJICTBO KapOaMHIHOTO pac-
TBOpa, TMoaXoasIero s npeodpazoBanus B DEF, ocobeHHO mpobnematnyHo B TOM cilydae, Korjaa kapOamun
MPOU3BOJIST CIIOCOOOM CTPHITITIMHTA.

H3n0xeHne cyniHoCcTH H300peTeHHSA

Jlyist Toro 4To0Bl HAMJIYYIIMM 00pa3oM PEIINTh OAHY WK Oojee W3 yKa3aHHBIX BBIIIE 3a7ad, B OJJHOM ac-
MeKTe M300peTeHrne 00eCcIednBaeT Cloco0 MPOU3BOICTBA KapOaMUIHO-aMMHAYHOW CMECH, BKITIOUAIONIHN B ce0s
CTalluu:

B3aMMOJICHCTBHS a30THOM KHUCJIOTHl M aMMHaKka B YCTaHOBKE I10 TIPOM3BOJCTBY HUTPATa aMMOHHS B TaKUX
YCIIOBHAX, YTOOBI TTOJTyIUTHh BOAHBIA PacTBOpP HATPAaTa aMMOHHS;

B3aMMOJICHCTBHA TUOKCH/IA YTIEpOoJa U aMMHaKa B TAKMX YCJIOBHSIX 0Opa3oBaHus KapOamuia, 9ToOBI TO-
JYYUTh PEaKIMOHHBIA PacTBOp, COAEp KAl Boxy, Kapbamma, kapbamMar aMMOHHS M HENPOPEarnpOBaBIIHE
C02 u NH3,

BBINIOJTHEHHS CTPUIIMHIA YKAa3aHHOTO PEaKIMOHHOTO PacTBOpa, YTOOBI IOJYYHTh HEIpOpearupoBaBIINe
aMMHaK U TUOKCHU] yIIIepoja, a TAaK)Ke OUYHIICHHBIA PeaKIMOHHBIA PAaCTBOD; PEHUPKYISALIUU YKa3aHHBIX H3BJIC-
YCHHBIX aMMHUAKa U TUOKCHIA YIIIepoJia B Ka4eCTBE UCXOJHBIX MAaTEPHAJIOB I 00pa3oBaHMs KapOaMuia;

BBITIOJTHEHUS Pa3eeHUs] yKa3aHHOTO OYHMIICHHOTO PEaKIMOHHOTO PacTBOpPA, YTOOBI MOJIYYHUTH BOJHBIH
MOTOK KapOaMua U MOTOK Ta3a, conepxanuii CO, u NHj;

nogayn NH; U3 yka3zaHHOTO IMOTOKa Tra3a B KAYECTBE pearcHTa B YKa3aHHYIO YCTaHOBKY IO IIPOU3BOJICTBY
HUTpaTa aMMOHIS;

CMEIIMBaHMA MO0 MEHBIICH Mepe YacTH YKa3aHHOTO BOJHOTO IOTOKa KapOaMuaa C yKa3aHHBIM BOJHBIM
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PACTBOPOM HHUTpAaTa aMMOHUS, YTOOBI TIOJIYYUTh PACTBOP KapOaMUIHO-aMMHAYHON CMECH.

Jlyist aTOrO B M300pETEHNH Npe/ICTaBIeHa O0bEANHEHHAs CHCTEMa JUTsl TPOM3BOACTBA Kapbamuaa 1 kapoa-
MHUTHO-aMMHAaYHOH CMECH, KOTOpasi COAEP>KUT YCTAaHOBKY JJIS MMPOM3BOACTBA KapOamua, YCTaHOBKY AJISL TIPO-
M3BOJICTBA HUTpPaTa aMMOHUS M YCTaHOBKY JJIS TIPOW3BOJICTBA KapOaMUIHO-aMMHUAYHON cMmecH, ipudeM (i) yc-
TAaHOBKA JJISI TPOM3BOJICTBA KapOaMuIa COAEPIKUT CEKIIUIO CHHTe3a KapbaMuia, CoepKamlyio peakTop, CTpUI-
mep W KOHACHCATOP, KOTOPBIE CBA3AHBI MEXKIY cOO0OM Mo TeKydeil cpeme Tak, 4To oOpa3yloT KOHTYp CHHTE3a
KapOammIa, ¥ CeKIIMI0 OYUCTKH KapOaMmuIa, pacloIoOKEHHYIO IOCNIe CEKIIMM CHHTE3a W CBA3AHHYIO C HEH 1o
Tekydel cpexe, moaxoaantyto s otaenenus CO, u NH; ot BogHOTO pacTBOpa Kapbammaa, CoAeprKaIiero yka-
3annble CO, u NH;, u umerontyto nepBblii BBIXO Ul BOJHOTO PacTBopa KapOaMuia M BTOPOH BBIXOA JUIS BOJ-
HOTO pacTBOpa KapOammuna, (ii) yCTaHOBKA IO MPOW3BOJCTBY HUTpPATa aMMOHUS BBHINOJHEHA C BO3MOXKHOCTBIO
MPOU3BOJICTBA HATPaTa aMMOHHS U3 aMMHUAKa M a30THON KUCIIOTHI, IIPH 3TOM BBIX0A /Uit NH; U3 cekuuu oumncT-
K{ YCTaHOBKH T10 TIPOM3BOJICTBY KapOaMuia coeTMHeH co BXoaoM Juisi NH; ycTaHOBKH 11O TPOM3BOACTBY HHUTpA-
Ta aMMoOHus, U (iil) yCTAaHOBKA JIJIsl MPOM3BOJCTBA KapOaMHUIHO-aMMHAYHON CMECH COACPIKUT YCTAHOBKY JUIS
CMCIIIUBAHMSA, MIPHU STOM IEPBBIM BBIXOA IJIsl BOJHOTO pacTBOpa KapOamuma U3 CEKIUM OYHCTKHA W BBIXOJ IS
BOJIHOTO PacTBOpA HATPATa aMMOHUS U3 YCTAHOBKH 110 TIPOM3BOJCTBY HATPATA AMMOHHSI COEIMHEHBI C YCTaHOB-
KO 17151 CMEUINBAHMS, KOTOPAs BEIIIOIHEHA C BO3MOYKHOCTHIO CMEIIMBAHMS YKa3aHHOTO BOJHOTO PacTBOpa Kap-
O6aMpa ¥ yKa3aHHOTO BOIHOTO PacTBOPa HUTpaTa aMMOHUS ¢ 00pa3oBaHKEM KapOaMHIHO-aMMHAYHOHN CMecH, U
CHCTeMa JIOTIOJTHUTEIHFHO COACPIKUT CEKINIO Pa30aBiIeHUs, IMEIONTYI0 BBOJ IJISl OYHMIIIEHHOTO BOJHOTO pacTBOpa
KapOaMuIa WK ero 9acTH, COeIMHEHHBIA CO BTOPHIM BBIXOJOM YKa3aHHOM CEKIIMU OYMCTKH KapOaMuaa, ¥ BBOX
U IEMIHEPATU30BAaHHOW BOIBI, IPUYEM yKa3aHHas CEKIMA pa30aBIICHHS BBHIIOJHEHA C BO3MOXKHOCTBIO pas-
0aBJIeHUsI OYMIIICHHOTO BOJHOIO pacTBOpa KapOaMu/ia Uil ero YacTH IEMHHEPAIM30BaHHOM BOIOH.

OObeaMHEHHAsT CHCTEMa JUIS MPOW3BOJCTBA KapOamuna U KapOaMHIHO-aMMHAYHOH CMECH MpeIIIoYTH-
TEJNBHO COACPIKUT YCTAHOBKY JUTS MPOU3BOJCTBA KapOamuia, YCTAHOBKY JUTS MMPOU3BOJICTBA HUTPATa aMMOHUS U
YCTaHOBKY I TIPOM3BOJICTBa KapOaMUIHO-aMMHAYHON CMECH, puueM (i) yCTAaHOBKA I MPOHM3BOJCTBA Kap-
Oamuza CONECPXKUT CEKIMIO CHHTE3a KapOamua, COAEpKallylo peakTop, CTPHUIIIEP M KOHAEHCATOpP, KOTOpPHIC
CBSI3aHBI MEXIY CO0O0H MO TeKydeH cpene Tak, 9To 00pa3yloT KOHTYp CHHTe3a KapOaMuaa, M CEKIIUI0 OYHCTKH
KapOamuza, pacroioKEHHYIO [TOCTIe CEKI[MH CHHTE3a W CBSI3aHHYIO C HEl 1Mo TeKyd4el cpeze, MOAXOISITY0 s
otnenernst CO, u NH; oT BomHOTO pacTBOpa kapbammua, coneprkamiero ykasanuble CO, u NH;, n nmeronryro
TIEPBBIN BBIXOJI IJIs1 BOJHOTO pacTBOpa KapOammua ¥ BTOPOH BBIXO JUIS BOJHOTO pacTBopa kapbamuma, (i) yc-
TAHOBKA IT0 MPOW3BOJICTBY HUTPATa aMMOHHS BEIIIOJIHEHA C BOZMOKHOCTBIO TIPOM3BOJCTBA HUTPATa aMMOHUS U3
aMMHaKa M a30THOM KHCIIOTHI; IPX 3TOM BBIXOZ 11t NH; M3 CEeKIIH OYMCTKH YCTAaHOBKH TI0 TIPOU3BOICTBY Kap-
Gamuna coeuHeH co BXoJoM Uit NH; ycTaHOBKM 1O NMPOU3BOACTBY HUTpaTa aMMOHUS, U (ill) ycTaHOBKa JIs
MPOU3BOJICTBA KapOaMUIHO-aMMHAYHONH CMECH COJICPXKUT YCTAHOBKY JUIsl CMEINUBAHUS, TIPU 3TOM TEPBBIA BBI-
XOJI JUISL BOJJHOTO pacTBOpa KapOaMuia U3 CEKIUU OYHCTKH U BBIXOJ JJIsl BOJHOTO PACTBOpA HUTpATa aMMOHHS
W3 YCTAHOBKH IO TPOM3BOJICTBY HUTpaTa aMMOHHUS COCJAMHCHBI C YCTAHOBKOM IJIsI CMEIIMBAHUS, KOTOpPAs BBI-
MOJIHEHA C BO3MOYKHOCTBIO CMEIIMBAHUS YKa3aHHOTO BOJJHOTO pacTBOpa KapbaMuaa M yKa3aHHOT'O BOJHOTO pac-
TBOpa HUTpaTa aMMOHHS ¢ 00pa3oBaHUEM KapOaMHIIHO-aMMHAYHOW CMECH, M CHUCTEMa JOIOJHHUTENBHO COlep-
JKUT YCTAaHOBKY KPHCTAJUIM3AIMK OBICTPBIM HCHApEHHEM, BBHIIOJHEHHYIO C BO3MOXKHOCTBIO KPHCTAJLTH3AINH
OBICTPBIM HCHAPEHUEM YKa3aHHOTO OYHIIEHHOTO BOJHOTO pacTBOpa KapOammuaa M3 BTOPOTO BBIXOJA AJIS BOJIHO-
To pacTBopa KapbaMua WiTd ero YacTH ¢ 00pa3oBaHUEM TOPOIITKA TBEPIOTO KapbaMua.

B eme ogHOM MPEaNOYTHTEIEHOM acleKTe CHCTEMa JOMOIHUTEIFHO CONEPKHUT YCTAHOBKY IO MPOM3BO-
CTBY @30THOM KHCJIOTHI, IPHYEM YKa3aHHAsl YCTAHOBKA COAEPIKUT BBIXOA JUIA IIPOU3BEACHHON a30THOM KHUCIOTHI,
KOTOPBIM CBsI3aH IO TEKy4eil cpesie cO BXOJOM ISl a30THOHM KHCIOTHI YCTAHOBKH IO IPOU3BOJICTBY HHTpaTa
aAMMOHUSI.

N3o0peTenne o3BoJIsIET MOAEPHU3UPOBATh YCTAaHOBKY O MPOW3BOJCTBY KapOaMuaa, colepiKallyro CeK-
IIMI0 CHHTE3a KapOaMua, COIEpKAIIYIO PEaKkTop, CTPUIIEP M KOHJCHCATOP, KOTOPHIE CBSI3aHbI MEKLy COOOH 110
TeKy4el cpene Tak, 4To o0pa3yloT KOHTYp CHHTEe3a KapOaMmuja, U pacrojiOXKEHHYIO TIOCIe CEeKIMH CHHTe3a, U
CBSI3aHHYIO C HEl MO TeKy4el cpelie CEKIHI0 OYUCTKH Kapbamuia, moaxoasamyro s otaeneaus CO, u NH; ot
BOJHOTO pacTBopa kapbamuaa, coneprkaniero ykazanusie CO, 1 NHj, myTem no6aBieHnus K yCTAaHOBKE TI0 MPO-
M3BOJICTBY KapOaMuaa yCTaHOBKHM IO MPOM3BOJICTBY HHUTpaTa aMMOHHS W3 aMMHAaKa M a30THOW KHCIOTHI, IpU
3TOM BBIXOZ 1t NH; M3 CeKInMu OYMCTKH yCTAaHOBKH MO MPOM3BOJCTBY KapOammma COEAWHEH CO BXOIOM IS
NH; ycTaHOBKH 1O TPOU3BOJICTBY HATPaTa aMMOHHUS, ¥ TIPY 3TOM BBIXOJ U BOJHOTO pacTBOpa Kapbammuaa m3
CEKITMHM OYUCTKH W BBIXOJ JJISI BOJHOTO PAacTBOpa HUTpaTa aMMOHHS M3 YCTAHOBKU IO IPOHM3BOJACTBY HHUTpAaTa
AMMOHHUS COSIMHEHBI C YCTAaHOBKOW JUTS CMEIIMBAaHUS yKa3aHHOTO BOJHOTO pacTBOpa Kapbamuna U yKa3aHHOTO
BOJIHOTO PAacTBOpa HUTpaTa aMMOHHUSL.

B eme ogHOM acriekTe B M300peTEHHH BO3MOXKHO MOJIEPHU3MPOBATh YCTAHOBKY IO NMPOM3BOJICTBY KapOa-
MUTHO-aMMHAYHON CMECH, KOTOpasi COJICPIKUT YCTAHOBKY JJIs CHHTE3a HUTpaTa aMMOHUS M3 aMMHaKa M a30T-
HOW KHCJIOTHI, ITyTeM JOOABJICHUS K YCTAHOBKE IO MPOU3BOACTBY HUTPATa AMMOHHUS YCTAHOBKH 110 TIPOU3BOJICT-
By Kap0aMuia, B pe3yabTaTe 4Yero yCTaHOBKH OOBEIUHSIOT, KaK OIMCAHO B MPEABIIYIIEM ad3are.

Kpartkoe onucanne yepre:xei

®ur. 1-5 npeacTaBisIIOT OO0l cXeMaTHYECKUe YePTEeKHU eTaneid 000pyIOBaHUS U TEXHOJIOTHUISCKUX TIO-

TOKOB, OTHOCSIINXCS K BAPHAHTAM OCYIIECTBICHUS H300pETCHUSI.
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IHonpo6Hoe onncanne u3o0peTeHUs!

N3o0peTenrie 0CHOBAaHO Ha palMiOHAJIBbHOW Hiee 00 oObeanHeHuu npousBoacTBa DEF ¢ mponsBoacTBom
skuakoro ynoopennus KAC. Ono obecrnieunBaeT crioco0d, KOTOPBIHA SBISETCS SKOHOMHYECKH IIEJIeCO00pa3HbIM U
aJlalITUPYEMBIM K TIOTPEOHOCTSAM PBIHKA, a TAKXKE YKOJIOTHUECKH 0e30MacHbIM 1 3HeprodhGekTHBHBIM Oaroma-
ps HEOOJIBIIOMY YHCITY €AWMHHI 000pYyIOBaHMS, OTCYTCTBHIO BRIOPOCOB B aTMOC(epy M BO3MOKHOCTH HCKIIIO-
YUTh CEKIUI0 00pabOTKH CTOYHBIX BOA. B COOTBETCTBUU ¢ M300peTEeHHEM OOpa3YIONIUICS TPH MPOU3BOJICTBE
KapOammuia OTXOAIINN aMMHAAYHBIN Ta3 HANPABIIIOT B CEKIMIO CHHTE3a HUTpaTa ammMonus (HA) ycTaHOBKH 11O
npon3BoacTBY KAC, rae oTxoasmre aMMHuadHbIe Ta3bl (AaMMHAK MOYKET OBITh KaK XKHIKUM, TaK U Ta3000pa3HbIM
(BO3MOXHO, pa3BeICHHBIM)) HEUTPATH3YIOT a30THOW KUCIOTOH ¢ 0Opa3zoBanreM HA M COOTBETCTBCHHO CMEIIIH-
BatoT ¢ KAC. Takum 00pa3zoM, OTXOASAIINE ra3bl HE BHIBOSITCS BO BHEIITHIOIO CPEY, @ OCTAIOTCS B IIPOIIEcCe.

B uwacTHOCTH, HEOXHMIAHHO OBUIO OOHAPYIKEHO, UTO TIpU o0BenuHeHnu mpousBoacTBa DEF ¢ nmpousBoacT-
BOM uKoro ynoopernsi KAC MOXHO MOJIy4UTh HU3KYIO KOHLIEHTpaluio ouypera B auanazone ot 0,01 no 0,3
Mmac.%, HECMOTpPS Ha TO YTO CIIOCOO BKIIIOYACT B ce0sl MPOM3BOJICTBO Kapbamuaa ¢ IIOMOIIBIO crocoda CTpHII-
nuHra. CUuTaeTcs, 9YTo TaKOe HU3KOE COJCpIKaHUE OMypeTa JOCTUTACTCS B TOM YHUCIEC OJaroaapsi BO3SMOXKHOCTU
HUMETb CEKIUIO PEHUPKYISIINAN ¢ OTHOCHTENbHO Hu3kuM masneHneM (HJI). Kak npaBumno, cekuus penupKyssimun
(perenepanuu) HJI ycTaHOBKHM IJIsi CTPUIIITUHTA KapOaMmuia COAEPKUT MHOXKECTBO €IMHHII 00OpYHOBaHUs, B
HEKOTOPBIX U3 KOTOPBIX MPUMEHSIOTCS BRICOKHE TemIepaTyphl (Hampumep, okoio 135°C). Conepxanne duype-
Ta UMEET TEHICHITMIO K POCTY BCIICJCTBHE OOJIBINEH MPOMODKUTEIBPHOCTH HAXOXKISHUS B dToW cekuuu HJI.
Bo03MOXXHOCTE HCKITIOUEHUSI 000PYIOBAaHHUA MOXET MMETh IMPEUMYIIECTBO C TOYKH 3PEHHUS COKPAILICHHS IPO-
JIOJDKUTEILHOCTH HaxoKJeHus B ceknuu HJI (Harmpumep, orpaHudYeHHe OJHOW PEKTHU(PUKAITMOHHON KOJIOHHOM).
310, B CBOIO 0Y€pe/ib, 00ECIEYNBACT MPEUMYIIECTBO B BHJIE BO3MOXKHOTO CHIDKEHHUS 00pa3oBaHus OuypeTa.

Kpome toro, B crocobe 1mo m300peTeHHIo map M3 CEKIMH pereHepaliy HAIpaBIsIOT B CEKIUIO CHHTE3a
HUTpaTa aMMOHHUA. B TpaauIMoOHHOM croco0e 3TH Mapbl KOHACHCUPYIOT ¢ 00pa3oBaHHEM KapOamMaTHOTO pac-
TBOpA ¥ BIIOCIICAICTBUH BO3BPAIAIOT B CEKIIUIO CHHTE3a BBICOKOTO AaBieHus (B/l). OTo mpuBoauT hakTH4ecku K
PELMPKYIISAIUK BOJIBI B CCKIIUU CHHTE3a. B MHTEpecyromeM BapruaHTe OCYIIECTBICHUS KapOaMUJI MPOU3BOAAT B
000pymoBaHNH, CIIEIMAILHO HacTpoeHHOM Ha mpou3BoacTBo DEF Bmecte ¢ KAC. B wactHOCTH, KapbaMu mpo-
M3BOJUTCS TAaKUM 00pa3oM C MCIIOIB30BAHUEM 3aTOIUICHHOTO KOHAEHCATOpa/peakTopa (KOTOPHIi MpeacTaBisIeT
c000it kKapObaMHUIHBINA peakTop, 0OBEAMHEHHBIH C 3aTOTUICHHBIM KapOaMaTHBIM KOHJIEHCATOPOM), HampuMep Oac-
CEHHOBOTO PEaKTOpa, KOTOPBIM MPENCTaBIseT COOOW TOPH3OHTAJIBHBIN 3aTOIUICHHBIM KOHACHCATOP/PEaKTop.
IIpu Takoit koHPUTypauy HET HEOOXOAMMOCTH B PEIMPKYIISIIIAK BOJbI/KapOamMaTa B CEKIIUIO CHUHTE3a KapOamHu-
Jia. DTO SBISETCS TMPEUMYIIECTBOM, IIOCKOJIbKY TTOBBIMIAET d(PPEKTUBHOCTD CHHTE3a KapbaMua.

Kpome Toro, mockoibpky H300peTeHre Mo3BOISIeT IPOU3BOIUTE KapOaMUIHBIA PACTBOD, MPEIHA3HAYCHHBIH
it DEF, MOXXHO amanTHpOBaTh pa3lIMYHBIC MMapaMeTphl Cocoda Tak, YTOObI CBecTH oOpa3oBaHHE OMypera K
MuHEMYMY. Hampumep, myTeM CHIDKCHHUS TEMIIEPATyphl B CTPHIIIEPE. DTO MOXKET MMETh 3HAYMTEIBHBIA (-
(hekT, Tak Kak OMypeT MPEUMYIIECTBEHHO 00pa3yeTcsl Ha BBIXOJIe M3 Hero. Takke JOMyCTUMO CHH3HUThH TEMIIepa-
Typy ¥ TOBBICHTH JaBlcHUE B cekiuu HJ[, 4ToOBI CHU3UTH COAEpIKaHHEe aMMHaKa M YMCHBIIUTH 00pa3oBaHHE
Ouypera.

B pesynbrarte sToro B pactBope DEF Gombimie kapbamuma Oyaer qoctymHo i yiaBiuBaaus NO,, 9T0 TO-
BhIIaeT 3¢ (HeKTUBHOCTH roToBOTO MpoaykTa DEF mpu ero mpumenennn s aeautpudukanuu NO, mpu BBICO-
Koi Temrieparype. B pesymbTaTe 3T0r0 3¢)()eKTHBHOCTH TEXHOJOTHH CENEKTUBHON HEKAaTaJTUTHUECKON peakiuu
(SNCR) moxer ObITh yBenmuaeHa MakcuMyM Ha 20%. IIpu TakoMm moaxonae B Ouypet OyzmeT nmpeoOpa3oBHIBATHCS
MeHbIIe kKapOoamua. DTO 03HAYaeT, YTO, B3SB 33 OCHOBY M300peTEeHNE, MOKHO MPOU3BOIUTEL OOJIBIIE TOTOBOTO
npoaykta DEF, ueM mpu HCIoIh30BaHUU CYNISCTBYIOMICTO pelieHus. [Ipu 3ToM Ui MOTydeHUs OJHOW TOHHBI
DEF notpe0yercst npudian3nTenbHo Ha 1% MeHble cbipbsi. KpoMe Toro, MoxXHO M30€XaTh 3HAUNTEIbHBIX Ka-
MUTAJIOBIOXCHUH, TOCKOJIBKY MPEIBAPUTEIIFHOS BRITAPUBAHNE, KOHACHCAIMS  00pa0d0TKa CTOYHBIX BOJ OOJb-
nIe He TPEOYIOTCS. DTOT0 MOKHO JOCTHYB 3a CYET UCIOJIF30BaHHS HAXOASAIICTOCS MO JaBICHUEM KapOaMHuTHO-
IO pacTBOpa U3 CEKLUH PereHeparyu.

Crioco6 mpou3BoCTBa KapOaMuia, MPUMEHSICMBIH B H300pETCHUH, IPUBOIUT K TIOIYYCHUIO BOJHOTO ITO-
TOKa. BMecTo BRIMapWBaHMS yKa3aHHOTO IMOTOKA C BO3HUKAIOMIEW MPHU 3TOM HEOOXOIMMOCTBIO B 00paboTKe
CTOYHBIX BOJI, CIIOCO0 M300peTeHus: o0ecreunBaeT ero THOKOe UCTOIb30BaHUE B MPOU3BOJCTBE. [10 MeHbIIEH
Mepe YacTh MTOTOKa MCHOJb3yeTcs B mpou3BoacTBe KAC myreMm ero oO0beIWHEHHS C HUTPATOM aMMOHHS. B To
JKe BpeMs Ha CTaJIuH pa3elieHHus MapajuieNlbHO ¢ YKa3aHHBIM BOJHBIM ITOTOKOM KapOammma o0pasyeTcs aMMHaK,
KOTOPBII HCTIOJIB3YETCsI B MTPOU3BOJICTBE HUTPATa aMMOHHUSI.

[IpeanodTuTeNnsHO KOJIMYECTBO BOJHOTO IMOTOKAa KapbaMmaa, ncmonb3yemoro B mpomsBoactse KAC, co-
CTaBIISIET, 10 MEHBINIEH Mepe, KOIMIECTBO, COOTBETCTBYIOIICE KOJMYSCTBY HUTPATa aMMOHHsI, KOTOpOe 00pasy-
eTCsI U3 KOJIMYECTBA aMMHUaKa, OTJIEJIIEMOTO TIPH TIPOU3BOCTBE KapOaMua.

DTO0 MOKHO HCTOJKOBAaTh B KOHTEKCTE TOTO (haKTa, YTO PacTBOpP KapOaMHIHO-aMMHAYHON CMECH COJIep-
*uT oT 29 1o 38 mac.% kapbamuaa u ot 36 1o 46 mMac.% HuTpara aMMoHMs. TakuMm 00pa3oM, 4acTh BOJHOTO
MOTOKa KapOammua, CMEIIUBacMasi C pACTBOPOM HUTpATa aMMOHHS, MMPEIIOYTHTEIIHEHO COCTABISACT KOJITUYECTBO,
MO0 MCHBIICH Mepe JOCTATOYHOE I 00CCIICUCHHS KETaeMOT0 KOJIMYECTBA HUTpATa aMMOHHUSI, KOTOPOE MOXKHO
MOJYYHTh U3 KonmdecTBa NHj, ogaBaeMoro B yCcTaHOBKY 110 IPOU3BOACTBY aMMHAKA.

B cootBercTBHM ¢ M300peTEHHEM IMPEIOCTABIAETCS BHIOOP B OTHOIICHWH ABHEHIIETO HMCIIOIB30BAHUS
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BOJIHOTO MOTOKa KapOaMuaa. MoxkHO Ti00 MCIoNb30BaTh ero s noaydenus DEF, mubo B nanpHeieM 4acth
MOTOKa (WJIM BeCh MOTOK) MOXKHO UCIOJIb30BaTh B mpousBojactBe KAC. Byner moHITHO, 4TO MpH MPUMEHEHUU
OompIrero KomyecTBa kapoamuaa B npou3BoacTBe KAC HE0OX0AMMO TaKkke COOTBETCTBYIOIIUM 00pa3oM yBe-
JMYUBATh KOJNYECTBO HATPATA aMMOHHUA. DTO MOXET OBITh HUTPAT aMMOHHS U3 BHEITHETO MCTOYHHUKA, HUTPAT
aMMOHWUSI, TPOU3BEACHHBIN HETIOCPEACTBEHHO HAa MECTE M3 aMMHAaKa M a30THOM KHUCIOTHI, FJIH 00a.

B cmoco6e n3o6perennss KAC mpou3BOIsIT MyTeM CMEIIMBAHHS BOJHOTO pacTBopa KapOaMuaa ¢ yKaszaH-
HBIM BOJTHBIM PAaCTBOPOM HHUTpPaTa aMMOHHMS, YTOOBI OIYYHTh PAcTBOP KapOaMuAHO-aMMHUadHON cMecr. Hurpar
AMMOHHUS TIPOU3BOJIAT IyTEM PEAKIIMU MEKAY aMMHUAKOM U a30THOW KHUCIIOTOHA.

[Ipu IpOMBIIIICHHOM TPOHM3BOJICTBE HUTPATa aMMOHHS MIPUMEHSICTCS KUCIOTHO-OCHOBHAS PEAKIUs MEXK-
Jly aMMHaKOM U a30THOM KUCIOTOM

HNO3+NH3—)NH403

OOBIYHO WCIIONB3YIOTCS aMMHAK B OE3BOMHOU Ta3000pa3HOl (popMe M KOHIICHTPUPOBAaHHAS a30THAs KU-
cloTa (THIWYHBIA quana3oH KoHneHTpammid ot 40 no 80 mac.%, Hampumep mpubnusurensHo 60 Mac.%). Pac-
TBOp HHUTpaTa aMMOHHS JIETKO OOpa3yercs MOCPEACTBOM IK30TCPMHUCCKOW PEaKUIUU W, KaK MPABUIIO, UMEET
KOHIEHTpaIMIo oT npubmm3sutensHo 70 o 95 mac.%, nanpumep ot 83 no 88 mac.%. Ilpu momydeHnn TBEpIBIX
MPOAYKTOB HUTpaTa aMMOHHS, TAKUX KaK HMPWLIBI WIN TPAHYIBI, M30BITOK BOJBI BHINIAPHBAIOT A0 JTOCTH)KCHUS
KoHIeHTparu HuTpara amMmMoHus (HA) ot 95 mo 99,9 mac.%. Ilpm momydeHmm pacTBOpa KapOammuIIHO-
aMMHaYHOH CMECH 3Ty CTAIHIO MOKHO IPOITyCTUTh. DTOT pacTBop KAC MOXHO MoTydaTh IMyTeM CMEUIHBAHUS
BOJIHOTO pacTBOpa KapOaMuaa ¢ paCTBOPOM HHUTPATa aMMOHHSI.

A3OTHYIO KHCJIOTY, HCIIONB3yEMYIO B IPOM3BOJICTBE HUTPaTa aMMOHHSA, MOYKHO MOJy9daTh B Ka4eCTBE CHI-
pBsl U3 BHEUTHETO MCTOYHHMKA. [IpenmodTuTensHO a30THYIO KHCIOTY HOJYYaroT Ha MECTE, MOCKOJIBKY 3TO, IO
CYIIECTBY, OoJiee 1es1ecoo0pa3Ho B AKOHOMHUYECKOM OTHOIIEHHH, YeM TPAHCHOPTUPOBKA a30THOM KHUCIJIOTHI.

[MpeanoyrnTenbHO COCOO M300pETEHMSI OCYIIECTBIAETCS B OOBEJUHEHHOW CHCTEME ISl MPOM3BOJICTBA
KapOamua ¥ kapOaMHuI0-aMMHAYHOM cMecH. DTa CUCTeMa COACPXKUT (i) YCTAaHOBKY 110 IPOM3BOJICTBY KapOamu-
na 1 (il) yCTaHOBKY IO MPOW3BOJICTBY HUTPAaTa aMMOHUS M3 aMMHAKa U a30THOHM KHUCJIOTHI. Y CTaHOBKA IO TIPO-
W3BOJICTBY KapOaMuIa COACPIKUT CEKIMIO CHHTEe3a KapOaMu/ia TUIIa CTPUIIIIMHTA U PACIIOIOKEHHYIO TIOCIE CeK-
IIUM CHHTE3a U CBA3aHHYIO C HEH 10 TEKy4eH cpelie CEKIIUI0 OYUCTKH KapOaMua, MOIXOISIYI0 U OTACICHUS
CO, u NH; ot BogHOTO pacTBOpa Kapbamuaa, coaepxkamero ykazanaele CO, u NH;. B cooTBeTcTBHU ¢ M300pe-
TeHneM BbIxox Uit NH; U3 ceKunm OYMCTKH YCTaHOBKH 110 MIPOM3BOJICTBY KapOaMuIa COSIMHEH CO BXOJIOM IS
NH; ycTaHOBKH 110 MPOM3BOJCTBY HUTpaTa aMMOHUS, T.€. TaK, 9TOOBI o0ecneunTs ucnoib3oBanue NHs, otne-
JSIEMOTO TP TPOM3BOACTBE KapOaMmmua, B Ka4ecTBE CHIPbSA IS MPOU3BOJCTBA HUTpaTa aMMOHHA. [lomomHu-
TEJNBHO MPETyCMOTPEHO CMEIIMBAHNE BOJHOTO TIOTOKA KapOaMuia, TI0Iy4aeMoro B YCTAHOBKE IO TPOU3BOJICTBY
KapOammza, ¢ JKUAKAM HUTPATOM aMMOHHUS, IOJTy9aeMbIM B YCTAaHOBKE II0 MPOM3BOACTBY HUTpaTa aMMoHHA. C
9TOM TEJNBIO BBIXOJ JUIS BOAHOTO PAacTBOpa KapOaMmuaa W3 CEKI[IMH OYUCTKH YCTAaHOBKH ITO TPOM3BOJICTBY KapOa-
MUJIa W BBIXOJ JJIsl BOJHOTO PAacTBOpa HUTpPaTa aMMOHHS U3 YCTaHOBKH IO MPOW3BOJCTBY HHUTpAaTa aMMOHHS
COCJITHEHBI C YCTAHOBKOM UIS CMEIIMBAHUS YKa3aHHOTO BOJHOTO PAacTBOpa KapOamuaa U YKa3aHHOTO BOJHOTO
pacTBOpa HUTpPaTa aMMOHUSL.

N300peTenne Tak:ke OTHOCUTCS K TAKOW MHTETPUPOBAHHOMN CHCTEME JJIs IPOU3BOJICTBA KapOaMuaa U Kap-
O6amuaHO-aMMHuauHOW cMecH. CrcTeMa M300peTeHHS MOXKET TakKe BKIIOYaTh MM He BKIIOYaTh B cebs ycTa-
HOBKY TI0 TIPOM3BOCTBY a30THOM KHCIOThI. OCHOBHOHM MPOMBINIICHHBIN CITOCOO MTPOU3BOJICTBA a30THOM KHUCIIO-
THI 3aKITFOYAETCS B €€ MOIyUYEeHIH U3 aMMHaKa.

CooTBeTCTBEHHO 0€3BOIHBIM aMMHAaK OKHCISIETCS /IO OKCHAA a30Ta B IPUCYTCTBUH CETYATOTO IIIATHHOBO-
TO WJIM POJMEBOTO KaTajau3aTopa P BRICOKOH TemIepaType, cocTtapistonieit npubmumsutensao 500 K, u nasie-
auu 0,9 MITa (9 6ap)

4NH; (r)+50, (1)—>4NO (1)+6H,0 (T).

[Tocne 5TOTO OKCHJ a30Ta B3aMMOJIEHCTBYET C KHCIOPOJIOM B BO3JIyXe C 00pa30BaHHUEM JNOKCH/IA a30Ta

2NO (r)+0, (1)>2NO, (1) (AH=-114 xJI>x/MOB).

Briocnencteum oH abcopOupyeTcst BOJOH ¢ 00pa3oBaHUEM a30THOM KHCIOTHI M OKCHJIA a30Ta

3NO, (1)+H,0—>2HNOs (Box. p-p)+NO (1) (AH=-117 xJI»/M01B).

Okcup a30Ta BO3BpAIAIOT OOPATHO B CHCTEMY JJIsl IIOBTOPHOTO OKUCIICHUS. AJBTCPHATUBHO MOCICTHUMA

JTaIr MOXKHO BBIIIOJHATE B BO3AYIIHOW Cpefie
4NO; (1)+0; (r)+2H,0—4 HNO; (Bom. p-p).

IMomyuyennslit Bogusli pactBop HNO; MOXKHO KOHLIEHTPUPOBATh MyTEM AUCTHUIALUY, O CYLIECTBY, IO
npubIn3nTeasHO 68 Mac.%.

[IpenmymiecTBO ¢ TOYKHU 3pEHUs CIIOCO0a M CUCTEMBI HACTOSIIETO M300PETCHHS 3aKIIFOYaeTCs B TOM, YTO
A30THYIO KHCJIOTY MOKHO TIOJIy4aTh HEMIOCPEACTBEHHO Ha MECTE, TIe MMEETCsI MHPPACTPYKTYpa JUIS MPOU3BOI-
CTBa aMMHaKa, OCKOJIbKY OH TaK)Ke MCIIONB3YETCs B KAUECTBE CHIPBS I MIPOM3BOJICTBA KapbaMua.

B ToMm cimydae, xornma cucteMa U300pEeTEHHS COACPKUT YCTAHOBKY IO TPOHM3BOJICTBY a30THOM KHCIOTHI, B
3Ty yCTaHOBKY OyIIET, IO CYIIECTBY, ITOaBaThCA CHIPhE U3 BHEIIHUX UCTOYHUKOB M OHA OYAET MMETh BBIXOJ IS
A30THOM KHCIIOTBI, KOTOPBIN CBs3aH MO TEKy4el cpejie CO BXOAOM JUIsl a30THOM KHUCIIOTHI YCTAHOBKH IO MPOU3-
BOJICTBY HUTpaTa aMMOHHSL.
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YcTaHOBKA IO IPOU3BOJICTBY KapOaMuIa MOKET MPEACTABIATH COOOH MOTHOCTHIO OCHAICHHYIO TPaIHIIU-
OHHYIO YCTAHOBKY ISl CTPHIIIIUHTA KapOamuia, B KOTOPO# MOcie CEKIUI CHHTE3a W PEereHepaldu TakKe pac-
TIOJIOXKCHBI CEKIUSA MCTIapeHus], ceKIns 00paboTKM CTOYHBIX BOM M TOBOJOYHAS ceKuus. TeM He MeHee BayKHBIM
MIPEUMYIIIECTBOM H300PETEHUS SBISIETCS BOZMOXKHOCTH Mpon3BoicTBa kKapoamuaa 1t DEF u st KAC B ycra-
HOBKE I10 TIPOM3BOJICTBY KapOamMuaa criocoboM CTpHUNIHHATA 0€3 CEKIIUU UCTIAapeHHS U CeKIIMH 00pabOTKU CTOY-
HBIX BOX. Tarxke MOXKHO OOOWTHCH 03 OOBIYHOW JOBOJOYHOW CEKIMU (KOTOpasl CIYKUT JJIsl TIOTYyYeHUS TBEp-
IeIX popm kapbammIa, TaKUX Kak TpaHyJIbl, TIEJUIETHl Wi Ipuiuikl). B crmoco6e nzooperenus DEF moxHO mpo-
W3BOJIUTH ITyTEM pa3z0aBIIeHHUS YacTH BOIHOTO IOTOKA KapOaMuaa, TMOIydaeMoro TOCie pa3aelieHus PeaKkInoH-
HOTO KapOaMUIHOTO pacTBOpa, NEMHHEPATU30BAHHOW BOMOH. B pe3ynpraTe 3TOrO MOIy4arOT pacTBOp, MOAXO-
JUIIIAHN JUTSL ICTIOJIh30BAaHUS B YCTAHOBKE [T BoccTaHOBICHUSA NO,.

Crioco6 m300peTeHHs Tak:Ke MOXKHO OCYIICCTBIATH TaKHM 00pa3oMm, utoOsl npousBoauts DEF B TBepmoii
tdopme. C 3Toi TIETBIO YaCTh BOJHOTO MOTOKA KapOamu/a, OIyYSHHOTO MOCe pa3eliCHHs PEaKIIMOHHOTO Kap-
0aMUIHOTO PacTBOPA, MOXKHO MOJBEPraTh KPUCTAJUIA3AIUH OBICTPHIM UCHAPCHHEM. JTOT MPOIECC HCIIONb3YET-
csl sl 00pa30BaHMsS TOPOIIKA TBEPAOr0 KapOaMuIa, KOTOPBIA TOAXOIUT IS MpeoOpa3oBaHus MyTeM pa30aB-
JICHWsI TEMUHEPATN30BAHHOW BOJIOW B PACTBOP, MOIXOMSAIIINA ISl MCTIONB30BAaHMS B YCTAHOBKE JUISI BOCCTAHOB-
neans NOy,. D10 60NbIIOE MPEUMYIIECTBO, TOCKOIBKY ¢ SKOHOMHYECKONW TOYKH 3PEHHS HAMHOTO BBITOJHEE
TPaHCHIOPTHPOBATH MOPOIIOK TBepAoro kapdamuaa, uem DEF B Buze pactBopa, uro moTpedoBasio OB TpaHCIIOP-
THPOBKH OOJIBIIIOTO KOJMYECTBA BOABI C MecTa pon3BoacTBa DEF.

B oTHOmEHNN IPOU3BOACTBA TBEPAOTO KapOaMHUIHOTO MPOAYKTA MyTEM KPHCTAIIN3AIMK OBICTPHIM HICIIa-
pEHUEM HACTOSIIHUM IPHUBEICHA CChUTKa Ha JokyMeHT WO 2013/055219. OnucaHHBIA B 3TOM JOKYMEHTE TIpO-
JIYKT TOJYYar0T IMyTeM NPWIOKEHHUS MEXaHWYCCKOTO YCWIMSA K KpHcTauiam kapOamuaa. [lpu mpomsBoicTBe
MOPOIIKa, KOTOPBIH MOKHO pacTBOPATH s pousBoacTBa DEF, 3Ty cTamuio MOXHO pomycTuTh. B yacTHOCTH,
JICTKOCHITYYH MOPOMIOK KapOamuaa MOXHO TMOJIYYaTh MyTEM MOJYYCHHS BOJHOTO IOTOKAa KapOaMuma, Kak
YIOMSHYTO BBIIIE, BBITIOJHECHUS KPHUCTAJUTM3AlMU YKAa3aHHOTO MOTOKAa OBICTPHIM HCHApEHUEM MpPH IaBICHUH
HIDKE aTMOC(EPHOTO0, TaK YTOOBI MOTYYUTh TBEPABIA MPOIYKT, CONCPKAIIUI KPUCTALTH30BAHHBINA KapOaMu, U
map, coJeprKaluid BOJAy W aMMHaK, MPUYeM TBEPAbIH KPHUCTAINTN30BAaHHBIA KapOaMUIHBIH MPOIYKT COIEPIKUT
meHee 0,2 mac.% BOABI, M NMPEANOYTHTEIHEHO YHAKOBBIBAHHUS TBEPIOTO KPHUCTAJUIM30BAHHOTO KapOaMHIHOTO
MPOAYKTa B YCIOBHAX, MO3BOJLIOMINX MOJACPKHABATH COEPKaHUE BOIBI B YIIAKOBAHHOM IPOAYKTE HA YPOBHE
ke 0,2 mac.%. s 3TOro KpUCTAUTM3AIUIO OBICTPBIM HCTIAPEHHEM MPEIIOYTHUTEIHFHO OCYIIECTBISIIOT IpH
nasieHun Hwke 15 klla, 6oee mpeanouturensHo ot 1 no 10 xI1a. Kpome Toro, 6picTpoe ncnapeHue mpeamnod-
TUTETHFHO OCYIIECTBISIOT B BU/E CYIIKH OBICTPBIM HCIIApPEHUEM.

BricTpoe mcmapeHue MOTYT BBINOJHATH B YCTPOWCTBE Ui OBICTPOTO HCIAPCHHS, HANIPUMEDP B BBHICYIIH-
BAaIOIIEM HCIAPHUTEIC MTHOBCHHOTO JCHUCTBUS. BBICYIIMBAIOMINN HCIIAPUTEIIh MTHOBEHHOTO JICUCTBHSI XapaKTe-
pHU3YETCs TEM, YTO MOTOK KHMJKOCTH 3a CYET KPUCTAJUTU3AIMK M UCIAPCHUS MpeoOpa3yercs, Mo CYIIECTBY, B
TBEPJIOC BEIIECTBO W Map. B BEICyIIMBaIOIIeM HCIapUTesic MTHOBEHHOTO JCHCTBUS YCIOBHS MpOIiecca BRIOMpa-
FOT TaKUM 00Pa30oM, YTO KOJIMYECTBO OCTAIOIICHCS KUAKOCTH PAaBHO, MO CYIIECTBY, HYJIIO. DTO MO3BOISIET 00ec-
MICYUTH TIOJTHOE Pa3JelICHHUE Ta3a M TBEPIBIX YACTHIl O3 CYIIECTBEHHOTO CIUIaHusA U oOpactanus. Eme oaHO
MPEUMYIIECTBO KPUCTAJUIM3AINHN OBICTPHIM HCIIApEHHEM COCTOHMT B TOM, YTO HM3-32 OTCYTCTBHUS CYCICH3HH OT-
CYTCTBYET HEOOXOIUMOCTh B Pa3eJICHIH Ha TBEPIbIC YaCTHUIIBI U )KUIKOCTh, HATIPIMED, B IICHTpU(DYTE U B yCT-
pOMCTBE ISl TIEpETIaBKU. DTO TIO3BOJISIET CYIIECTBEHHO YIPOCTHTH CXeMYy Iporiecca. Takoi BBICYIIMBAIOIIHMA
WCTIapUTETh MIHOBEHHOTO JIEHCTBHS MPEICTABISIET COOOH COCY[, KOTOPHIH (PYHKIIMOHUPYET HMPEAIIOYTUTEIHHO
TIpH AaBJIeHWW B Auama3one ot 1 mo 15 kIla, a Gosee mpeanouTurensHo npu AaBieHuu oT 2 1o 10 k[la. B yka-
3aHHOM BBHICYIIHMBAIOIICM HCHAPUTENIC MTHOBEHHOI'O JCHCTBUS KapOaMUIIHBIH PacTBOP PaCHpPEACISIIOT C MTOMO-
HIBIO pacTpeAeTuTeNs XuaKocTu. [Ipu pacimuperHnn kapoaMua u OUypeT CIIOHTAHHO KPHUCTAIUTH3YIOTCS B TBEP-
JIBIC YACTHUIIBI, a OCTABIIMECS KOMIIOHCHTHI, COACPKAINE BOAY, aMMHAK M HEOOJBIIOEC KOJIHMYSCTBO TUOKCUIA
yriaepoja, UCIapsIOTCsL.

Pasmep gactuil TBepIoro kapoaMUIHOTO MPOAYKTA, MOYUCHHOTO MyTeM aaquadaTHYecKoro ObICTPOTO UC-
napeHus, Haxoaurtcs B quanazone ot 0,1 1o 1000 mxm, npeanoururensHo ot 1 10 800 MKM.

B sTOM BapmaHTe OCYyIIECTBIEHHS CIIOCOO MO M300PETEHUIO TO3BOIAET MPOU3BOANTE JIETKOCHITYUHH TO-
POIIIOK, KOTOPBIH MOXKET ObITh ymakoBaH B MemkH (20 kr) win Oonpmue Menku (T.e. Mentky Ha 500 wmm 1000
KT'), KOTOPBbIE MOT'YT OBITh JIETKO OMOPOKHEHBI HAa MECTe IS pou3BoacTBa pactBopa DEF.

KapbamMunHBIH TOPOIIOK, MPON3BEACHHBIA ¢ IPUMEHEHHEM JaHHOTO CII0co0a, COAepKUT OYeHb Majloe KO-
JUYeCcTBO OMypeTa, Kak mpaBuio, Menee 0,5 mac.%, npeamoururenpHo MeHee 0,4 mac.%, 4To 00ycnaBiIMBaeT
ero coaepxkanmne menee 0,20 nmm menee 0,15 mac.% B koHeunoM pactBope DEF. 310 03HadaeT, 9T0 KOJIMYECTBO
AKTUBHOTO KapOammua B pacTBOPE COOTBETCTBEHHO OYET BBIIIC IPH TOM XK€ COJICPKAHHH TBEPJBIX BEHICCTB.
ITo TexHWYeCcKMM TpeOOBaHUSIM coJlepxkaHue OuypeTa B KoHeuHOM pactBope DEF cocraBmser ne Gonee 0,3
Mac.%. Ecimu Ui mpUroTOBICHHS pacTBOpa MCIONB3YIOT MPHILIEL, COJICpKaHUE ONypeTa B pacTBOPE COCTABIIACT,
Kak npasuJo, ot 0,27 no 0,36 mac.%.

B »TOM BapmaHTe OCYIIECTBJICHHS CIIOCO0a W300pETEHHS MOMYYCHHBIH TBEPIBIH KPUCTAJUIN30BAHHBIN
KapOaMUIHBIA TPOIYKT yIMAKOBBIBAIOT B YCIOBUSIX, MO3BOJISIONIAX MOIACPKUBATH COJCPKAHUE BOIBI B YIIAKO-
BaHHOM IIpoayKTe Ha ypoBHe HIDke 0,2 mMac.% Taxoe HU3KOe cofepikaHUe BIark HEOOXOIUMO UIS TOTO, YTOOBI
TBEPIBIN KapOaMuI, KOTOPHIH SBIAETCS TUTPOCKOMIYHBIM IO CBOEH MPHPO/IE, OCTABAJICS MOPOIIKOM, JIETKO BEI-
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CBOOOKIaEMBIM U3 YIIAKOBKH M PAaCTBOPHMBIM B PacTBOpe. B COOTBETCTBUU C HACTOSIIIUM H300PETCHHEM CO-
JIepKaHUE BOJBI B YIIAKOBAHHOM MPOIYKTE MOJACPKUBAIOT HUKE BEHIIICYIIOMSIHYTOTO YPOBHS IO TEX IOP, MOKa
MPOAYKT HE Oy/eT UCIOB30BAH JJIS IIPUTOTOBICHHUS PacTBOPA.

Ha mpaxTuke 370 03HaYaeT, 4TO MOITYYEHHBIH MMOPOIIOK, KOTOPHIH MMeeT TpedyeMoe HU3KOE COoIep KaHue
BJIard, YHAaKOBHIBAIOT B BOJOHENPOHHMIAEMYIO YIAKOBKY (HampuMep, KOHTeWHep miau Memok). Ilomxomsmme
YIIaKOBOYHBIE MaTEPHaIbl BKIIOYAIOT B CeOS MOJMATHIICH BHICOKOH IIOTHOCTH. J[pyrue IIacTHKH, TPUTOIHBIC
JUTS N3TOTOBJICHHUS TUTPOCKOIIMYHBIX YITAKOBOYHBIX MaTEPHUAIOB, H3BECTHBI B JAHHOI 00JIaCTH TEXHUKHU. Y aKO-
BOYHBIH MaTepHall MOXKET OBITh HETIOPUCTHIM M TepMeTHYHBIM. KpoMme Toro, yrakoBKa MOXKET COCTOSATh U3 MHO-
TOCJIOMHOTO MaTepuaia.

BrIieymoMstHy THI# IOPOIIOK TpeAHA3HAYECH T UCTIONb30BaHus npu norydeHun DEF mytem ero pactBo-
peHUs B JIEMUHEPAIM30BAaHHON Boje. ByleT MOHATHO, YTO €ro TakkKe MOXKHO HUCIIONB30BaTh MPH TONTYYCHUH
KAC, xorza 310 HeoOX0nMO, HaIIpUMep, B cirydae BeIcokoro crnpoca Ha KAC. B mociennem cirydae moporox
MOJKHO PAaCTBOPSATH TAKKe B OOBIYHOI BOJOTIPOBOIHOM BOJE.

B cmocobe no m300peTeHnI0 KapOaMu MOXKHO CHHTE3UPOBATH JIFOOBIM MOIXOASAIINM CIIOCOOOM CTpPHII-
nuHTa KapOammaa. Takue mporeccsl, Mo CyIIecTBY, OCYIIECTBIIOT B YCTAHOBKE Il cTpuimiHra. CeKIus CuH-
Te3a KapOamMuia yCTaHOBKH IS CTPUIIITUHTA COICPIKUT, TI0 MEHBIIEH Mepe, PeaKkTop, CTPUIIIEP U KOHACHCATOP.
Kaxk npaBwito, oHu GYHKITMOHUPYIOT NP BhICOKOM AaBiieHny (BJl) u B maHHOM 00J1aCTH TEXHUKHA OOBIYHO Ha3bI-
BaroTcs peakropoMm B/, ctpunmepom BJ] n kapbamatHeiM KoHIeHCaTOpoM BJI. Peaktop, crpummep u kKoHaeHCa-
TOp CBS3aHBI MEXAY COOOH Mo TeKydel cpeae ¢ oOpa3oBaHHEM KOHTypa cHHTe3a KapOamwuma. [ crienmanucra
B JJaHHOU O0JIACTH TEXHHKH 3TO HE TpeOYyeT MOMOIHUTEIHHOTO pa3zbsicHeHNs. Kak mpaBuiio, peakTop mpomu3BO-
JIIT BOJHBIA pacTBOp KapOaMuia. YKa3aHHBIH pacTBOP MMOJBEPTAIOT CTPUIIITUHTY, YTOOBI IIOIYYUTh OUHIICHHBIH
pacTBOp, Ta3000pa3HEIil TUOKCH yTepoa u aMMHuak. ['a3000pa3Hble KOMITOHEHTHI KOHJICHCUPYIOT B KOHJICHCA-
TOpe, B PE3yNIbTaTe Yero oopaszyercs: kapdaMaT aMMOHHS, KOTOPBI PEIMPKYIUPYIOT B peakTop. B 3aBucuMocTu
OT THMA KOHJICHCATOpAa TaK)kKe B HEM MOXKET MPOMCXOIUTHh KOHBEPCHs 3HAYHTEIBHOTO KOJIMYECTBA KapOamara
aMMoHus B kapOamua. Kpome Toro, KOHICHCATOP W PEaKTOP MOTYT OBITh OOBEIMHEHBI B OJTHO YCTPOMCTBO.

B mporecce 1o m300peTeHUIO OYNIIEHHBIN PaCTBOP MOJABEPTarOT JOMOIHUTEIHHOMY Pa3AesICHHIO, YTOOBI
TIOJTYYUTh BOJHBIN MOTOK KapOaMuaa W MOTOK Tasa, coaepxamuii CO, u NHjz. DTo pasgenenue, 1mo CymecTBy,
MPOMCXOINT MPH OoJiee HU3KOM JaBJICHHUH, YeM B CEKIIMU CHHTE3a. Takoe OoJiee HIU3KOE NaBICHUE MOXET OBITh
cpenaum nasierneM (CJI), auszkum mpaBrenuem (HJI) nmm MokeT BKirodaTh 00a BapuaHTa. CEKIMH PEIUPKYJIIs-
uu CJ] m HJI (Taxke Ha3pIBaeMble CEKIMSIMU PETeHEPAINy) XOPOIIO U3BECTHBI CIEIMAINCTY B TAHHOW o0ac-
Th. [Ipeobnanaromue AaBJIeHUs, IO CYIIECTBY, COCTaBIAOT nopsaka 1-10 Mlla, 6onee TurmmaHo 1-5 MIla s
cekiuu CJ1 u ot 0,1 mo 1 MIla, 6onee Tummano ot 0,2 mo 0,6 MIla ans cekumu HJ. YcraHoBka o m300peTe-
HUIO U CHOCOOBI MOAM(HUKALMU YCTAHOBKH 10 W300PETECHUIO BBHIMIOJHCHBI C BO3MOXKHOCTBIO MPHCIOCOOTICHUS
JUTSL OCYILIECTBIICHUS CIIOCO0a TaK, KaK OMUCAHO, ITyTeM 00CCIICUCHHS COOTBETCTBYIOIIUX CEKITUHM PEIUPKYIIAIIH
CH w/umu HI.

YacTo HCImoMb3yeMbIM CIIOCOOOM CTPHITIHHTA KapOaMua sBISCTCS CIIOCO0 CTPHIIIIUHTA C TUOKCUIOM yT-
nepoxa, Hanpumep, onucanubiid B Ullmann's Encyclopedia of Industrial Chemistry, Vol. A27, 1996, pp 333-350.
B sToM cmocobe 3a cexnmeil cuHTe3a CIeAyIoT OfHa WiIn Oonee cekiuil pereHepannn. CeKIus CHHTE3a COIep-
JKUT peaKkTop, CTPHIIIEP, KOHAEHCATOP B CKpyOOep, B KOTOPOM pabouee NaBleHHEe HAXOIUTCS B AWAana3oHe ot 12
no 18 MIla u npeamoutuTenpHO B auanazone oT 13 mo 16 Mlla. B ceknum cuaTe3a pacTBOp KapdaMuaa, BBIXO-
IAIAR 13 KapOaMHUIHOTO PEaKTopa, MOJAeTCS B CTPHIIIEP, B KOTOPOM OONBIIOE KOJIMYECTBO HEIPOpearupo-
BaBIIMX aMMHaKa W AMOKCHIA YIiepoja OTACISIETCS OT BOJHOTO KapOaMumHOTO pacTtBopa. Takoil crpummep
MOJKET MPEACTABIATH COO0H KOXKYXOTPyOUaThIi TEIUIOOOMEHHUK, B KOTOPOM KapOaMUIHBIA PacTBOP MOJAIOT B
BEPXHIOIO YacTh TPYOOK, a TMOKCH]] yIiIepoa, MOJaBaCMbIH Il CHHTE3a, BBOJIAT B HUKHIOIO YacTh CTPHIIIEPA.
B MexTpyOHOE MPOCTPaHCTBO BBOAAT Map JJIs HArpeBaHUs pacTBopa. KapOamMumHBIN pacTBOpP BEIXOIUT U3 TEI-
JOOOMEHHHKA B HIDKHEH YacTH, a mapoBas (a3za BEIXOIUT M3 CTPUIIECpa B BepxHei yactu. [lap, BEIXoaamuii u3
YKa3aHHOTO CTpPHUIIIEpa, COACPKHUT aMMHUAK, JUOKCHJ YTIepoaa W HEeOONBIIOE KOJIHYCCTBO BOJBL. Y Ka3aHHBIH
nmap KOHJICHCHPYETCS B TCIDIOOOMEHHHKE C MAJAONICH IICHKON WM B 3aTOIUICHHOM KOHJICHCATOpPE, KOTOPHIHA
MOJKET OBITh TOPH30HTAIFHOTO TUIIA FJIH BEPTUKAIHHOTO THIA. 3aTOIICHHBIH TEIUNIOOOMEHHUK TOPH30HTAIIBHO-
ro tumna onucad B Ullmann's Encyclopedia of Industrial Chemistry, Vol. A27, 1996, pp 333-350. Temo, BBICBO-
6ok IaemMoe TpH SK30TEPMUIECKOI peakny KOHISH Al kapbamara B yKa3aHHOM KOHJEHCATOpe, OOBIYHO HC-
MOJIB3YIOT /IS TIOJTyYeHHs Tlapa, MPIMEHSIEMOT0 B PacIIOIOKEHHOH Iociie Hero ceKuuu oopaboTku kapbammna
JUI HarpeBaHWsS M KOHIEHTPHUPOBAHHSA KapOaMUAHOTO pacTBopa. IIOCKONBKY B 3aTOINICHHOM KOHACHCATOPE
JKUJIKOCTh HaXOJIUTCSI HEKOTOPOE BPEMs, HaCTh PEaKIHUU 0Opa30oBaHUS KapOaMua MPOXOAUT YK€ B YKa3aHHOM
KoHmeHcatope. OOpa3oBaHHEBIN PACTBOP, COACPKAINUN KOHICHCUPOBAaHHBIC aMMHUAK, JHOKCUJT YTIepoaa, BOAY U
KapOaMUJl BMECTE ¢ HECKOHJICHCHPOBAaHHBIMH aMMHAKOM, THOKCHIOM YIJIepoJa M MHEPTHBIM MapoM, HaIlpaB-
JSIOT B peakTop. B peakTope BhIieykazaHHas peakius mpeodpa3oBaHus kapoamaTa B KapOaMul MpUOIHKACTCS
K PaBHOBECHOMY COCTOSHHIO. MOJIIpPHOC COOTHOIIICHHE aMMHaKa M JUOKCHIA yriiepoia B KapOaMHIHOM pac-
TBOpE, BBIXOSIIEM H3 PEakTopa, IO CYIIECTBY, HAXOIUTCS B Auama3oHe oT 2,5 mo 4 monb/Monb. Takke BO3-
MOKHO KOMOWHUpOBaHUE KOHJICHCATOPA M PEaKTOpa B OJHOM y3i1e 00opymoBanus. [Ipumep Takoro y3mna obopy-
noBanust onucad B Ullmann's Encyclopedia of Industrial Chemistry, Vol. A27, 1996, pp 333-350. O6pa3oBan-
HBIA KapOaMHUIHBIA pacTBOP, BRIXOIAIINN U3 KapOaMUIHOTO peakTopa, MOJA0T Ha CTPUIITIEp, a MHEPTHBIN Tap,
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COJICp AN HECKOHJCHCUPOBAHHBI aMMUAaK M JWOKCHJ yIJIEpPOia, HAMPABISIOT B CEKIIMIO OYUCTKH, pabo-
TAIOMIYIO MPHU TaKOM K€ JABJICHHUHU, YTO M PEAKTOpP, WIH YKa3aHHBIH Map HAMPABISIOT HEMOCPEICTBEHHO B CEK-
IIUIO CHHTE3a HUTpaTa aMMOHHMS [T HEHTpaNn3aIuy (T.e. pEakIiy ¢ a30THOM KUCIOTOH ISl TIOydIeHUsI HUTPa-
Ta aMMOHHSI). B 3TOH CeKIMM OYNCTKYA WHEPTHBIN Map OYMIAIOT OT aMMHaKa M THOKCHA yriiepona. B kadecTse
abcopOeHTa B ATOH CEKIWH OYMCTKH NMPUMEHSIOT KapOaMaTHBIN pacTBOP M3 PACIIONIOKEHHOH Mocie Hee CHUCTe-
MBI pereHepannu. KapOaMuaHbIH pacTBOp, MOKUJAIONINA CTPHIIIIED B 3TOW CEKIMH CHHTE3a, TpeOyeT, 4ToObI
KOHIICHTpAIs kKapOamMuia cocTaBisiia 1o MeHbIIeH Mepe 45 Mac.% U MpeanodTUTENHHO 10 MeHbIIei Mepe 50
Mac.%, 9ToObI 00paboTKa IPOXOIiIa B €AMHCTBEHHON CHCTEME pereHepaIiy, Pacio0oKEHHOH ITOCie CTPHUIIIIe-
pa. Cekuust pereHepaIuy COACPKUT HArpeBaTelib, CenapaTop KHUIKOCTH/Ta3a M KOHIeHcaTop. JlaBieHue B 3TOM
CEeKLIUU pereHepanuu Haxoautcs B auanazoHe ot 200 go 600 klla. B HarpeBartesne ceKUUU pereHepanuy OCHOB-
HYI0 MacCy aMMHUaKa M JUOKCHJA YTIIEpoia OTACIAIOT OT KapObaMuia u BOIHOU (has3bl MyTeM HarpeBaHHs KapOa-
MUIHOTO pacTBopa. Kak mpaBmito, B Ka4ecTBE HArPEBAIOIICTO arcHTa MPUMEHSIOT BOJsSHOMN map. KapOamun u
BoHAs (paza copepikaT HEOOIBIIOE KOJMYSCTBO PACTBOPEHHOIO aMMHUAKa M JUOKCHJIA YIIepoia, KOTOPHIH BbI-
XOJIUT U3 CEKIIUH PEreHEepalliy U HAIIPABIACTCS B PACIIONOKCHHYIO TIOCHIE Hee CEKIUI0 00paboTKH Kapbamua, B
KOTOPO KapOaMUIHBIN pacTBOpP KOHIIEHTPUPYIOT ITyTEM BHITIAPUBAHHS BOJBI M3 YKa3aHHOTO PacTBOpA.

Hacrosimee n3o00peTeHrne He OTpaHYEHO KaKMM-THO00 KOHKPETHBIM CITOCOOOM TPOM3BOICTBA KapOaMmuIa.
Jpyrue crocoOsl M YCTAaHOBKH BKIIFOYAIOT T€, KOTOPhIE OCHOBAHBI HA TaKOW TEXHOJOTHMH, KaK YCTAaHOBKH C 00-
mei perupkynsiueit, crocod HEC, paspaborannsiii kommanneir Urea Casale, cioco6 ACES, pa3zpaboTaHHbIi
kommanueit Toyo Engineering Corporation, u crmoco0, pazpaboTaHHbBIM KoMIaHUeH Snamprogetti. Bce aTu cro-
c0OBI, a TaKXKe IPyTUe CIocoObl MOXHO UCTIONB30BaTh B CIIOCO0E N300peTeHUs.

B omHOM BapHaHTE OCYIIECTBIICHUS CEKIMS OYUCTKH KapOaMuaa COMCPKUT PEKTUPUKAITUOHHYIO KOJIOHHY,
COJIEPKAIIYI0 KOKYXOTPYOUaThIi TEINIOOOMEHHUK M CEMaparop ra3a/’>KuIKOCTH, IPpUIeM BOTHBIN PacTBOP Kap-
OaMua TedeT Mo TpydaM, a B MEXKTPyOHOM MPOCTPAHCTBE UCIONB3YeTCs Map. B qpyroM BapuaHTe OCyIIeCcTBIC-
HUS TAaKXKE MOXKHO UCTIOJIB30BaTh OYHIIIAIOIITHIA Ta3.

Cekust OUMCTKY MpenHazHadeHa st yaanenus CO, 1 aMMHaka U3 BOJHOTO pacTBOpa KapOaMuia, mpous3-
BOJIMMOTO B CEKIIMU CHHTE3a. BOomHEBIN pacTBOp KapOamma, Mo CYyIIECTBY, COACPKUT KapOaMum, Kapdamar am-
MoHUsI 1 Hempopearuposasiine CO, u NH;. Cnenuanvcty B JaHHON 00JIACTH TEXHUKH XOPOIIO U3BECTHO, UTO
CO, u NH; B BogHOM pacTBOpe KapOaMuaa HaxXomATCS B PaBHOBECHHU ¢ kapOamaToM amMoHus. OOpa3zoBaHue
kapOamara ammonmst m3 CO, m aMMuaka sIBISIETCS IK30TepMHUIecKoi peaknueid. Y naneane CO, n aMMHaka u3
BOJIHOTO PacTBOPa MOXHO OCYIIECTBIIATH ITyTEM IPHIOKEHIS TeIIa W/WIIN CHIDKEHUS JaBIICHUS, HE0OsI3aTeb-
HO C UCTIOJIb30BaHKeEM ouutiaroniero areara. IlepeBon CO, n aMMuaka B ra3oByro a3y (McrapeHne) mpuBeaeT K
CMCIIICHHUIO PABHOBECHUS B CTOPOHY KapOaMaTa aMMOHUS, TAKUM 00pa3oM CIOCOOCTBYS Pa3JIOKEHHUIO Kapbamara
aMMOHHUSI, YTO, B CBOIO 04yepeib, criocodcTByeT ucnapenuto CO, 1 aMmMuaxa.

B ycranoBke mo nmpon3BoACTBY KapOamuaa 000pyIOBaHKE, UCIIONB3yEMOE Ha CTaJlH OYHCTKH, IO CyIIe-
CTBY, Ha3bIBAalOT MO OCHOBHOM BbIMONIHSAeMOW uM ¢(yHkumu. TepMuHbl "cucrema pereHepanuu kapOamara',
"muccormatop”, "crpunmep”, "(IpeaBapUTENBHBIN) UcTIapUTENh" ABISIOTCA 00meynoTpeOumMbiMu. CTaauio ouu-
CTKU MOJKHO BBITIOJHSTH B 000PYIOBaHUU TOTO K€ TUIA, KOTOPBIA HCIOJIB3YETCS B CCKI[MH PEreHEPAllUU CTaH-
JApTHOM YCTaHOBKHU IO TPOM3BOACTBY KapOammia. Hampumep, MOXKHO HCIOIB30BATh PEKTU(HUKAITMOHHYIO KO-
JIOHHY. AJTbTEpHATHBHO MOYKHO HCIIOJIb30BaTh KOXKYXOTpyOUaThlii TEIUIOOOMEHHHUK, HE0OSI3aTEILHO C CenapaTo-
POM Ta3a/’KUIKOCTH B BEpXHEH YaCTH COCYyHa FUIM OTHENbHBIM CETapaTopoM raza/kuakoctd. CTaauio OYUCTKH
MOJKHO BBITIONHSATH B OJWH WK Ooinee 3TamoB. CrienuannucTy B JaHHON 00JacTH M3BECTHBI TaK)Ke APYTHe KOH-
¢uryparmu 1 BUAbI 000pynoBaHUA. B kaduecTBe HE0OS3aTEIFHOTO OYHUINAIONIETO areHTa MOXKHO HCIOIh30BaTh
CO,, aMmMuak unu nap. B cranmgapTHON ceKuu pereHepanuu celpbeBble MaTepuansl aMmMmuak u CO, penupKynu-
PYIOT 00paTHO B CEKIIUIO CHHTE3a KapOaMua, MOITOMY HEKENATSIFHO UCIOIh30BATh MAp B KAUECTBE OUHIIAIO-
IIETO areHTa, MOCKOJBKY 3TO MOKET MPUBECTH K YCHICHHIO PEIIMPKYJIISIMH BOJIBI B CEKITHIO CHHTE3a KapOaMuaa.
N300peTeHue mo3BosieT n30ekKaTh 3TOTO OTPAHUYCHUS. B ciydae OTCYTCTBHS PEHUPKYIISAIMA aMMHAaKa B CCK-
IIUFO CHHTE3a, YTO SBISCTCS MPEANOYTUTCIHHBIM, HAIMYHE BOJBI TIOCIIE CEKIIMM OYHCTKH HE SBISCTCS TpoOIie-
MOi1.

YacTe BOJHOTO MOTOKA KapOamua, MOTyYSeHHOTO U3 CEKIMH OYMCTKH YCTaHOBKH IIO TIPOU3BOACTBY Kap-
O6ammuna, ucronb3yercs npu noiaydernn DEF. B ycranoBke mo mpousBoactBy DEF npumensercs, Hampumep,
(TepMHUYECKUI) CTPHINUHT ¢ TIApOM IO JaBJICHHEM, OCHOBAaHHBIM Ha MPSMOM BIpBICKMBaHWM (¢ur. 3), win
WCIIapeHNE B TETNIOOOMEHHHKE C HCIOJIh30BaHNEM HAaXOISIIETOCS IO JaBJICHHEM Iapa MOCPEICTBOM KOXKYXOT-
py0YaToro WM IIACTUHYATOTO TEIJIOOOMEHHHKA ((PUT. 4) I KOHTPOJS KadyecTBa MPOAYKTa Ha COACpIKAHHE
aMMHaKa Ha BBIXOJIE M3 CEKIMM CHHTe3a KapOammuia. Takod CTPHUIIIUHT NMPUMEHSIOT IS yIaleHUs n30BITKa
aMMHaKa, 9ToOBl 00ECIICYUTh COOTBETCTBUC TEXHUYCCKUM XapaKTEPHUCTHKaM Ha roToBbli npoaykT DEF mo co-
nepxanuto ammuaka (0,2 mac.%).

[pu HEOOXOIMMOCTH OTXOJIAIINE Ta3bl MOCIIC TEPMUICCKOTO CTPUMIEepa KOHICHCHPYIOT, TOBHIIIAIOT JaB-
JICHHE C MTOMOIIBIO ITAPOBOTO KEKTOPA 110 MEHBIICH Mepe Ha OJJHOM CTaIUU U HANPABIISIOT B HEUTPAIH3aTOP B
CEKI[UM CHHTE3a HUTPAaTa aMMOHHUS IS 00BCIUHCHHS ¢ OOBIYHBIMU OTXOJISIIUMU Ta3aMu MOCJIE CHHTE3a. AJb-
TEPHATUBHO 3TH OTXOJSAIINE Ta3bl HAMPABISIIOT HEMOCPEICTBEHHO B CEKIMIO HelTpanu3aTopa (WX B Paciolo-
JKEHHYIO TIOcJie HeWTpanu3aTopa) B yCTaHOBKE ITO MPOW3BOJCTBY HUTpaTa aMMoHHUs (dur. 3 u 5). BricBoO0OX-
JICHHBIA TaKuM 00pa3oM aMMHAaK HCIIONIB3YETCs ISl HEeHTpaIN3aIliy a30THOM KUCIOTHI, 9YTOOBI MOIYYIHTh HUTPAT
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amMoHus. [Ipu TakoM crocoOe MOXKHO COKPAaTHTh pacXoj OOBIYHOTO aMMHaKa, UCIIOIb3yEeMOTro Uil HeHTpaiu-
3alliu, UCIONB3Yysl aMMHUaK U3 TepMHUUecKoro crpummepa. [Ipu 3ToM cokpalmaercst pacxoJ YACTOIO aMMMaKa B
YCTaHOBKE I10 IPOU3BOJCTBY HUTpPATa aMMOHHUS. TaKylo CXeMy MOXHO MPHMEHSTh B OTHOIIEHHUH JTFO00H CXEMBI
cuHTe3a KapOamuaa. DTOT crocod MoBhImaeT 3G(HEKTUBHOCTh HEOONBIIOTO CHEHATTU3UPOBAHHOTO MTPOU3BO/I-
ctBa DEF. Ero Taxske MOXHO TIPHCIIOCOOUTH T KpyrmHoMacmTabHoro npousBoactsa DEF, mo momHocTH aHa-
JIOTUYHOTO CHHTE3Y KapOaMHua.

AJNbTepHATHBOH BHIMICYIOMSIHYTOMY CTPUIIIMHTY SBISIETCSI ONTUMH3ALMS KOHIIGHTPAUH TJIaBa KapoaMu-
Jla Ha CTaJuM CHUHTe3a KapOamuzaa. B ciyuae cTpunmmHra aMMuaka WM JHOKCHAA YIJIEpona AJS IOydeHUS
pacTBopa 1IaBa Kapoamua, noaxoasmero s npousoactsa DEF, npuMeHsroT cnexyromuye n3MeHseMble Ha-
paMeTpsl:

6o1nee BeIcoKas 3hexTHBHOCTH cTpunmuHra B crpurmnepe B/ (0,70-0,95);

OoJiee BBICOKOE JaBJIeHUE B ceKuuu ¢ Hu3kuM nasnenuem (0,4-0,8 MIla (4-8 Gap));

OoJiee BBICOKOE JIaBJICHUE B CEKLIMH PEreHepalnu co cpeaauM nasienueM (1,5-4 Mlla (15-40 6ap));

Ooiiee BBICOKasl TeMIeparypa pekthudukaronaoro Harpesareis (90-145°C);

MOBBIIIEHUE 3P (PEKTUBHOCTH KOHICHCAIINN HIIH POU3BOIUTEIBHOCTH PEaKTOpa.

N300peTeHne Takke MOKHO HCIIOIb30BaTh B PaMKaX CIOCO0a MOJEPHHU3ALNH CYIIECTBYIOMIEH yCTAHOBKH
0 IIPOM3BOACTBY KapOaMuaa. Takas ycTaHOBKA COIEPKHUT CEKIMIO CHHTE3a KapOdaMuga M paclooKeHHYIO T0-
CcJie Hee U CBSI3aHHYIO C HEH MO TeKydel cpesie CEeKIMIO OYMCTKHU Kapbamuia, nmoaxosuryto s otaeneHus CO,
1 NH; ot BogHOTO pacTtBopa kapbammua, coaepxaimiero ykasanabie CO, u NH;. Croco6 Bkirodaet B cedst 10-
6aBieHUE K yCTAHOBKE 10 MPOM3BOJCTBY KapOamMuaa yCTaHOBKH 10 IPOU3BOACTBY HATPATa aMMOHUS U3 aMMHUa-
Ka ¥ a30THOM KHUCIOTHL. [yt aToro Beixoa st NH; M3 ceKIuM OYMCTKY YCTaHOBKH IO MIPOM3BOJICTBY KapOamuaa
JIOJDKEH OBITH coeinHeH co BxoaoM utst NH; ycTaHOBKH 1O IPOM3BOACTBY HUTpaTa aMMoHus. Kpome Toro, BbI-
XOJ JUTSL BOJHOTO pacTBOpa KapOamuia U3 CEeKIMM OYMCTKU M BBIXOJ JJISI BOJHOTO PAacTBOpa HUTpaTa aMMOHUS
U3 YCTAaHOBKU IO TMPOU3BOJCTBY HHUTPAaTa aMMOHHS COEAMHSIOT C YCTAaHOBKOM Sl CMEIIMBAaHUS yKa3aHHOTO
BOJIHOTO PacTBOpa KapbaMua U yKa3aHHOTO BOJAHOTO pacTBOpa HUTpATa aMMOHHSI.

ITpenMymiecTBO MOJCPHU3UPOBAHHON YCTAHOBKH 3aKJIIOYAETCA B TOM, YTO OHAa OOECIEYMBACT JIOMOIHHU-
TENBHYI0 BO3MOXHOCTh HCIIOJIB30BaHMS aMMHAaKa, U3BJIEKA€MOTO M3 YCTAHOBKH IO NPOHM3BOACTBY KapOaMua,
YTO MO3BOJISIET 00XOIUTHCS 0€3 CEKITNH 00pabOTKHM CTOYHBIX BOJ.

Byner noHATHO, 4TO H300PETEHHE TAKIKE OTHOCUTCSA K CTPOUTENNBCTBY HOBBIX YCTAHOBOK IO TIPOU3BOJCTBY
KapbaMuzia, OObEIMHEHHBIX C YCTAHOBKOW IO MPOM3BOJCTBY HUTpaTa aMMOHHMS. BONBIINM MpenMyIIecTBOM,
KaK OIHMCAHO BBIIIE, SBISETCS TO, YTO HOBYIO YCTAHOBKY MOXKHO CTPOMTH 0€3 CEKLIMH MCHAapeHus U 0€3 CeKLUH
00paboTKu CTOYHBIX BOJ. CIeIyeT OTMETHTD, YTO MOXKHO TAK)K€ CTPOUTH HOBYIO YCTAHOBKY C 9THMHU CEKLIUSIMH,
ecn Hapsiny ¢ npousBoncTBoM DEF n KAC tpebyercst pacmmpuTh acCOPTUMEHT Pa3HBIX KapOaMHIHBIX MPO-
IYKTOB (BKJIIOYasl TBepbIle GOpMBI KapOaMKa, Takue Kak NPl WM rpanysisl). Kpome Toro, ¢ menbsio npous-
BOJICTBA ITOPOIIKA, KOTOPBI MOXHO pacTBOpATH It nonydeHnst DEF, kak onmucaHo BbIlIE, HOBYIO YCTaHOBKY
10 IPOU3BOJICTBY KapOamuaa B 00BbEJMHEHHON CHCTEME 10 N300PETEHHIO CIIEAYeT CTPOUTH C CEKINEH KpHcTall-
mu3anuy (OBICTPBIM HCHAapeHHEM), HO TPH HE0OXOTUMOCTH 0e3 ceKuuu (OpMOBaHUS, KOTOPas TPaIULIHOHHO
MPUMEHSETCS UIs TIPOU3BOJCTBA TBEPIBIX POPM KapOaMuIa, TAKUX KaK IPUIUIBI WIIH TPaHyJIbL.

N3o00peTeHne OMOTHUTENBHO TIPOMILTIOCTPUPOBAHO CO CCHUIKOM Ha (hurypsl. CiieryeT MOHUMATh, 9TO (HH-
TYpbI HE OTpaHUYMBAIOT H300peTeHne. Hampumep, n300peTeHne He OrpaHMUYCHO KOHKPETHBIMH TUIIAMU 000pY-
JIOBaHMS U KOHKPETHBIMU CHCTEMaMH YCTaHOBOK, Kak Ioka3zaHo. Ha Bcex ¢urypax mokaszaHbl cXeMaTHYECKHUE
YepTeXU JAeTaled 000pyNOBaHHUA M TEXHOJIOTHYECKHX IOTOKOB, OTHOCAIIMXCS K BAPHAHTAM OCYIIECTBICHUS
n300peTeHns. KOMIIOHEHTHI M TIOTOKH yKa3aHbl Ha YePTe)KaX KOPOTKUMH KIIFOUEBBIMH CIIOBaMHU.

Ha ¢wur. 1 NH; u CO, nogarorcst B 30Hy cuHTe3a kapOamuaa. [lokazaHn BapHaHT OCYLIECTBICHHS, B KOTO-
poM NH; momaercst B peakTop 1uisi cuHTe3a Kapbamuaa, a CO, 1momaeTcsi B CTPHUIIIEP C BHICOKUM JaBIICHUEM.
OO6pazoBaBuIMiicst pacTBOp KapOaMuaa HarpaBiIgeTcs B CEKLUIO OYHUCTKH. TaM MpOMCXOIUT yAaJeHHE HErpo-
pearupoBaBmux NH; u CO, n3 pactBopa. HacTh MOIyd4eHHOTO BOJHOTO IMOTOKA KapOamMua MCHONB3YIOT JUIS
noyuernst DEF, a wacTp - st cMemmBaHus ¢ HUTPaToM aMMOHHS (He TOKa3aHo), Tak 4To0bl nmoiayunts KAC.
Vnanennsrii NH; BMecTO pelMpKyJISIIUY B KOHTYp CHHTE3a KapOamMuia HaIIpaBJISIOT B yCTAaHOBKY (HE IMOKa3aHa)
TI0 TIPOU3BOJICTBY HUTPATa aMMOHHSI.

CrienyeT OTMETHTbh, YTO TaKXKE JOIMYCTUMO HCIIONB30BaTh dacTh NHj Ui pon3BOACTBAa HUTpATa aMMO-
HUA, a APYTYI0 4acTb PELUPKYIUPOBATh I CHHTe3a KapOamuaa. OIHAKO MPEANOYTUTEIHHO B IIOJIHOH Mepe
HCIIOJIb30BaTh NIPEUMYIIECTBA N300peTeHUs 0€3 peUPKYISIINN KaKoi-1100 yacTH aMMHaKa.

®ur. 2 anamornyHa ¢ur. 1. B naHHOM citydae BOJHBIN pacTBOp KapOamuaa HampaBlsioT B pe3epByap. Ha
9TOH CTaZuM MOXKHO C/ENaTh TEXHOJOTMYECKHH BHIOOP: MCIONB30BaTh BOJIHBIM pacTBOp KapOamuga B IpOU3-
BoactBe KAC, B mpomsBoactBe DEF mim B obenx. IIpenmyinecTBoM Takoi cHCTEMBI SIBISIETCS OOecredeHue
OydepHOro KoIMYeCTBa BOJHOTO pacTBOpa KapbaMuaa, 4yTo JeaeT mnpolecc 0ojee ruOKnum.

Ha ¢wur. 3 nokazano npounssonactso DEF ¢ moMomnipro mapoBoro CTpHIIIHMHTA C IPSIMBIM BIPBICKHBaHUEM
napa ¥ HampaBIEHHEM OTXOSIINX ra30oB B YCTAHOBKY IO INPOHM3BOACTBY HUTpaTa aMMOHHS (IIOCPEIICTBOM
BIpBICKMBaHUs napa npu HJT).

Ha ¢ur. 4 mokazano nmpounsBoactBo DEF ¢ TepmudeckumM cTpumnmnepoM. B cOOTBETCTBUH ¢ 00bSTUHEHHBIM
npousBogacTBoM DEF n KAC mo u300peTeHHI0 OTXOASMIIUN Ta3 M3 TEPMUUIECKOTO CTPHINIECpPa HAMPABISAIOT B
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HelTpanm3atop HA, a He B cex1iro 00paboTKM ra3a ¥ CTOYHBIX BOJ IJISl OUUCTKH.

Ha ¢wur. 5 nokazana koHdurypanus, aHaJorudHas IpesCTaBIeHHOH Ha ¢ur. 4, HO C UCTIOJIB30BaHHEM KOH-
JIeHCAaTopa M MMapoBOTO 3KEKTOpa B KAUECTBE alIbTEPHATUBHOTO IyTH HANPABICHUS OTXOSIINX Ta30B B CEKIIHIO
HA nns mHeliTpanmusanuu. XOTs U300peTeHne ObIII0 TOpOOHO MPOMIIIOCTPUPOBAHO M ONUCAHO Ha (PUrypax M B
BBILICIPUBEICHHOM ONMCAHUH, TAKHE WITIOCTPAIMU U OMHCAaHHUE CJIEAYET PacCCMaTPUBATH JIMIIb KaK MIITIOCTpa-
THBHBIC WM NIPUBEICHHBIEC B KAUECTBE IPUMEPA U HE MPEAIONarallliue OrpaHndeHNs; T.c. 1300pEeTeHNE HE Or-
PaHUYEHO OMMCAHHBIMH BapUaHTaMH OCYIIECTBICHUS.

Hanpumep, MOXXHO NPUMEHATH HACTOSIEE M300pETCHHE B BapHaHTE OCYLIECTBICHHUS, B KOTOpOM Oosee
YeM OJMH BOJHBIM MOTOK OTAENSAIOT B pa3sHbIX MECTaX B CEKIHH PereHepanuyl WX Iocie Hee Ul MOIydeHUs
BOJIHOTO PacTBOpa Kapbamua.

Jlpyrue BapuaHTBI PacKphITBIX BAPUAHTOB OCYLIECTBJICHHS MOTYT OBITH MPEAJIOKEHB! M BOILIOILICHBI CIIe-
[AJIMCTaMHU B JJTAHHOW OOJIACTH TEXHUKH IIPH OCYLIECTBICHUU 3asBJICHHOTO M300pETEHUs Ha IPaKTHUKE IOCIe
u3y4deHust Guryp, onucaHus W IpuiaaraeMoi Gpopmyinsl u3odperenus. B popmyne uzobperenus ciaoso "conep-
Kaui" He MCKIII0YaeT APYTHX JIEMEHTOB WM CTaJNH, a NCIIOIb30BaHNE €ANHCTBEHHOTO YHCIIa HE HCKITIOYaeT
MHOXecTBeHHOTO. CaM 10 cebe TOT (PakT, YTO OonpeaeTecHHbIEe MPU3HAKN U300pETEHUS MTePEIHCICHBI B Pa3iInd-
HBIX 3aBUCHMBIX ITyHKTaX (popMyIsbl H300peTeHHUsI, HE YKa3bIBAae€T Ha TO, YTO COYECTAHNE 3TUX MPU3HAKOB HE MO-
JKeT OBITh UCTIOJIB30BAHO C BBITOJIOM.

Takum 00pa3oM, H300peTeHNE BKITIOYAeT B ce0s cTIOc00 00beIMHEHHOTO MPOU3BOJICTBA IBYX Pa3HBIX Kap-
OaMHUIHBIX TPOAYKTOB. OIMH MPOIYKT MPENCTaBIIsSeT coOOH BOMHBIA pacTBOp KapOaMuia, MOAXOMSIIAN s
UCTIONb30BaHMA NP CHIDKEHUN conepxanust NOy (10 cymiecTBy, yKa3aHHBIM KakK >KUAKOCTb AJSI OUYUCTKU BBI-
XJIOITHBIX Ta30B au3enbHbIX Aurareneil (DEF)). [Ipyroit mpoaykt npeacTasisieT co00i pacTBOp, UCTIONIB3yEMBbIi
B KauecTBe yJ0OpeHus, a UMEHHO KapbamunHo-ammuaunyio cmeck (KAC). [Ipomssoactea DEF u KAC o6benn-
HEHBI CJIEAYIOINM 00pa3oM: aMMHaK, W3BJIEKAEMBIH NpH IPOU3BOJCTBE KapOaMujaa, MCIOIb3YIOT B Ka4eCTBE
CBIPbS JUIS TIPOW3BOJCTBA HUTpaTa aMMoHUS. [lo MeHbIIel Mepe JacTh BOAHOTO IOTOKa KapbaMuaa, rmojydae-
MOTO IIpH IIPON3BOJICTBE KapOamMua, CMEIINBAIOT C HUTPATOM aMMOHWUsL, 4T00bI moiaydnts KAC.

DOOPMYVYIJIA N30BPETEHNA

1. OO0benuHEHHAs CUCTEMA JIJISl POU3BOJICTBA KapOaMuaa U KapOaMHUIHO-aMMHUAYHOW CMECH, KOTOpast CO-
JICPXKHUT YCTAaHOBKY JUIS MMPOU3BOJICTBA KapOaMuIa, YCTAHOBKY JIJIsl IPOM3BOJICTBA HUTPATA AMMOHHUS M YCTaHOB-
Ky JUTS TIPOU3BOJICTBA KapOaMUTHO-aMMHAYHON CMECH, TIPHYEM

(i) ycTaHOBKA [UIS TIPOM3BOJCTBA KapOaMuIa COICPKUT CEKIMIO CHHTE3a KapOaMuaa, CONCpKaIIyI0 peak-
TOp, CTPUMIEP W KOHICHCATOP, KOTOPBIC CBS3aHBI MEXKY COOOH MO TEKydel cpele Tak, 4TO 00pa3yrT KOHTYD
CUHTE3a KapOaMuIa, U CEKIIMI0 OYHCTKU KapOammu[a, paclioIOKEHHYIO MOCIe CEKIMU CHHTE3a U CBI3aHHYIO C
HEl mo Tekyuel cpene, moaxoasuryto mius otaeneHuss CO, u NH; oT BogHOro pactBopa KapbaMumia, coaepika-
mero ykazanueie CO, 1 NH3, 1 IMeroIyto mepBbiii BEIXOA JJIs1 BOJHOTO pacTBOpa KapObaMuaa U BTOPOH BBIXOJT
JUTS BOIHOTO pacTBopa Kapbamuaa,

(i) ycTaHOBKA TIO TIPOM3BOJICTBY HUTPAaTa aMMOHHUS BBITIOJTHEHA C BO3MOXKHOCTBIO IPOU3BOJICTBA HUTpaTa
aMMOHUS M3 aMMHaKa ¥ a30THOW KHCIIOTHI; TIPH 3TOM BBIXOA [Tt NH3 M3 CeKIMU OYMCTKH yCTaHOBKH IO TIPOU3-
BOJICTBY KapOamuia coeinHeH co BXoaoM st NH; yCTaHOBKH 10 IPOU3BOACTBY HUTpaTa aMMOHUA,

(iii) ycraHOBKa 7Sl TPOU3BOJICTBA KapOaMHUIHO-aMMHAYHOW CMECH COJIEPKUT YCTAHOBKY JJISI CMEITHBA-
HUS, TPU 3TOM IEPBBIN BBIXOJ JJIS BOJHOTO pacTBopa KapOamwuaa W3 CEKIUH OYHCTKU W BBIXOJ JJIS BOJHOTO
pacTBOpa HUTpaTa aMMOHHS U3 YCTAHOBKH II0 MPOU3BOJCTBY HUTpPATa aMMOHHS COCIMHEHBI C YCTAHOBKOW IS
CMCIIIUBAHMS, KOTOPAast BRIIOJTHEHA ¢ BO3MOXKHOCTBHIO CMEIITMBAHUS YKa3aHHOTO BOJHOI'O pacTBOpa KapbaMuia u
YKa3aHHOTO BOJHOTO PAaCTBOpa HUTpaTa aMMOHUS ¢ 00pa3oBaHHEM KapOaMHUIHO-aMMHAYHOH CMECH, U

cUCTEMa JIOTIONHUTEIFHO COJNICPIKUT CEKIUIO pa30aBJICHUS, UMCIOIIYIO0 BBOJ JJS OYHIICHHOTO BOJIHOTO
pacTBopa KapbammIa WM ero YacTH, COSAMHEHHBII CO BTOPBIM BBIXOJIOM YKa3aHHOM CEKIIMU OYMCTKH KapOaMu-
Jla, ¥ BBOJ IUIS IEMIHEPATU30BAHHOW BOJBI, IPUYEM YKa3aHHAs CEKIsI pa30aBIICHUs BHIIIOIIHEHA C BO3MOXHO-
CTBIO pa30aBIeHH OYUIIEHHOTO BOJHOTO pacTBOpa KapbaMuia Mk €ro 9YacTH JeMHHEPAJIH30BaHHONW BOJION.

2. O0benuHEHHAsI CUCTEMA JIJISl IPOM3BOJICTBA KapOaMuaa U KapOaMHUIHO-aMMHUAIHOW CMECH, KOTOpast CO-
JEPXKHUT YCTaHOBKY UIS MMPOM3BOJCTBA KapOaMuia, YCTAHOBKY JJIsl IPOM3BOJCTBA HUTPAaTa AMMOHHS U YCTaHOB-
Ky JUIA IPOM3BOJICTBA KapOaMUTHO-aMMHAaYHON CMECH, TIpHIeM

(i) ycTaHOBKA [UTS TIPOHM3BOJCTBA KapOaMuIa COICPKHUT CEKIMIO CHHTE3a KapOaMuaa, CONEpKaIlyI0 peak-
TOp, CTPUMIEP W KOHICHCATOP, KOTOPBIC CBS3aHBI MEXY COOOH MO TEKydel cpelie Tak, 4TO 00pa3yrT KOHTYD
CUHTE3a KapOaMuia, U CEKIIMI0 OYHCTKU KapOammu[a, paclioIOKEHHYIO MOCIe CEKIMU CHHTE3a U CBI3aHHYIO C
HEl mo Tekyuel cpene, moaxoasuryto ais otaeneHus CO, u NH; oT BogHOro pactBopa KapbaMumia, coaepika-
mero ykazaHuele CO, 1 NH;, 1 nmeroniyto nepBblii BBIXOJ ISl BOJHOTO pacTBOpa Kapbamuaa 1 BTOPOH BBIXOA
JUTS BOJTHOTO pacTBOpa KapbaMuaa,

(i) ycTaHOBKA TIO0 TIPOM3BOJICTBY HUTPAaTa aMMOHHUS BBITIOJTHEHA C BO3MOXKHOCTBIO ITPOU3BOJICTBA HUTpaTa
aMMOHHUS M3 aMMHaKa ¥ a30THOW KHCIIOTHI; TIPH 3TOM BBIXOA [Tt NH3 M3 CeKIMU OYMCTKH yCTaHOBKH IO TIPOU3-
BOJICTBY KapOamuia coeinHeH co BXoaoM sl NH; yCTaHOBKH 10 IPOU3BOACTBY HUTpaTa aMMOHUS,

(iii) ycraHOBKa JIJIsl TPOM3BOJICTBA KapOaMHUIHO-aMMHAYHOW CMECH COJEPKUT YCTAHOBKY JJISI CMEITHBA-
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HUS, TIPU 3TOM IEPBBIN BBIXOJ JJIS BOJHOTO pacTBopa KapOamwuaa W3 CEKIUH OYHCTKU W BBIXOJ JJIS BOJHOTO
pacTBOpa HUTpaTa aMMOHHS U3 YCTAHOBKU II0 MPOU3BOJCTBY HUTpPATa aMMOHHS COCIMHEHBI C YCTAHOBKOW IS
CMELIMBaHMsI, KOTOPAsk BHIMOJHEHA C BO3MOXHOCTHIO CMEIIMBAHMUS YKa3aHHOTO BOJHOTO PacTBOpa Kapbamuia u
YKa3aHHOTO BOJHOTO pacTBOpa HUTpaTa aMMOHHMS ¢ 00pa3oBaHHEM KapOaMHIHO-aMMHAYHOW CMECH, 1

cUCTeMa JOMOJIHUTEIBHO COIEPKUT YCTAHOBKY KPHCTAJUIU3AIMU OBICTPBIM MCIAPEHUEM, BBIOJHEHHYIO C
BO3MOXKHOCTBIO KPHCTAJUTU3AIMH OBICTPBIM UCTIAPEHUEM YKA3aHHOTO OYHILEHHOTO BOJHOTO pacTBOpa Kapbamu-
Jla U3 BTOPOTO BBIXOJA JIsl BOJHOTO PAacTBOpa KapOaMuIa WM €ro 4acTH ¢ 0O0pa3oBaHMEM MOPOILIKA TBEPOro
KapOammua.

3. Cuctrema 1o 1.1 wim 2, TOTIONHUATEIHHO COJCpIKAIIas YCTAHOBKY TI0 MPOU3BOICTBY a30THON KHCIIOTHI,
IpUYeM YKa3aHHAs YCTAHOBKA COJCPXKHT BBIXOJ JJIS MPOU3BEACHHOW a30THOW KHCIOTBI, KOTOPBIH CBS3aH IO
TEKydel cpelie Co BXOJOM Il @30THOW KUCIIOTHI YCTAHOBKHY I10 MPOU3BOJICTBY HUTPATa aMMOHHUSL.
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