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YCTAHOBKA JJIA [TIOJYYEHWA MOYEBUHBLI 1 CUCTEMA OUMCTKU I'A3A

H300peTeHne OTHOCUTCSI K YCTaHOBKE ISl TIOJyY€HHs] MOYEBUHBI C HOBOW YCTaHOBKOH
OYHMCTKH Ta3a M OXJKACHUs, K MPUMEHEHHIO YCTAHOBKU JUIA MOJYyYeHHs MOYEBHHBI IO
M300pETeHNI0 Il MPOM3BOACTBA TIPaHyJl YAOOpeHHs Ha OCHOBE MOUEBHHBI U K CHOCOOY
W3TOTOBJICHUS TPAHYJI MOYEBHUHBI.

Bcrnencreue HenpepbIBHOTO YBEJIHMUYEHHUS! MUPOBOTO HACEJIEHUS CYLIECTBYET MOCTOSHHAS
NOTPeOHOCTh B HAJEKHBIX, MPOCTBIX C TOYKU 3PEHUS MMPOM3BOACTBA M JEIIEBBIX YAOOPEHUSIX.
DT CcTaHIapTHBIE YAOOPEHUsT MOTYT COAEpsKaTh a3oT, pocdart, cepy, Kanuil WM MUTATEbHbIE
MHKPO3JIEMEHTBI.

OObIYHOE, IIUPOKO WCMONb3yeMOoe YyIOOOpeHHe COAEPKUT MOYEBHHY B KadyecTBe
OCHOBHOTO KOMIIOHEeHTa. BopjopacTBopumas MoueBUHa OBICTPO pas3jaraercss B MO4YBE C
o0Opa3oBaHHEeM aMMOHHEBBIX M HUTPATHBIX COENUHEHUH. B 3aBUCHMMOCTH OT mpeqHa3HaYeHHs,
ynoOpeHre MOXKET COAep:KaTh TOJbKO MOYEBHHY MJIM KOMOHMHALIMIO MOYEBUHBI C OIHUM WJIH
HECKOJIbKUMH U3 BBILIEYTIOMSHYTHIX KOMIIOHEHTOB, Hampumep, ¢pochaTom, cepoii, KaiueM WiIn
NHUTaTEeIbHBIMH MUKPO3JIEMEHTAMH.

Mou4eBHHY MOXKHO MPOM3BOAUTH B KPYIHBIX MPOMBIIUIEHHBIX MAcIITa0ax ¢ MOMOLIBIO
peakuud MeXIy aMMHAaKOM C JHOKCHAOM  yIJiepoja IOCPEACTBOM  (YHpPOIIEHHOM)
JIBYXCTaAUNHON PEAKLIUH:

2 NH;z + CO2 = HaN-COONH4 [1]
HxN-COONHs = (NHz2CO + HaO [2]

ITornowmenue BOABI, OCHOBAHHOE HA TMIPOCKONUYECKOW MPUPOAE MOYEBHHBI, JIETKO
NPUBOAUT K HEKOHTPOJMPYEMOM arperanuy, yXyIIIEHUIO KayecTBa M CIHEKAHUI0 MEJKHX,
HeoOpaOOTaHHBIX YACTUI] MOYEBHUHBL. JTOT MPOLECC MOXKET OTPHULATENbHO BIUATH Ha
pPacTBOPUMOCTb, OOBEMHOE XpPaHEHHE, JOJTOBEYHOCTb WJIM XHMUYECKYH) CTaOMIBHOCTB
yaoOpeHust Ha OCHOBE MOYeBHHBI. KpoMme TOro, HEKOHTPOJIMPYEMOE yBEIMUeHHE Beca 3a CUeT
MOTJIOLIEHNUsT BOJbl YBEIWYMBAET TPAHCIOPTHUPOBOYHBIM Bec M 3aTpaThl. (ClenoBaTeNbHO,
HEOOXOAMMBI IOTIOJTHUTENbHBIE CTAUH IOCTIE MPOLIeCca CHHTE3a, YTOOBI MONYyYUTh YAoOpeHne
Ha OCHOBE MOUYEBHHBI, KOTOPOE MOKHO TPAHCIIOPTUPOBATh M XpaHHUTh. OOIINe TEXHOJIOrHYECKHe
croco0Bl BKJIFOYAKOT Pa3sHOOOpa3HbIE METOIbI I'PAHYJIMPOBAHHUS, TaKHE KaK NPHIIMUPOBAHUE,
rpaHyIMpOBaHNE B OapabaHHOM IpaHyJIATOPE WIN IPaHyIMPOBaHME B KHIsAeM ciaoe. OcobeHHO
IpOLECChl MPWIIHUPOBAHUS CTPAJAOT HEKOTOPbIMM Ba)XHBIMU HEAOCTATKAMM, TAKUMM Kak
OTHOCHUTEJIbHO MSTKHE U MHOTAA Je(pOPMHUPOBAHHBIE HEOAHOPOIHBIE YACTHIIBI.

OTux npobiemM MOXKHO H30€XaTh, UCIONB3Ys CIIOCO0 IPaHYJIHNPOBAHUS B KUIIALIEM CJIOE,

KOTOPBIH NPUBOANT K 00pa30BaHUIO OoJiee TBEPAbIX, Ooiee CTaOUIIBbHBIX U OJJHOPOIAHBIX IPAHYJIL.
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[TonyuyeHHas1 rpaHyJIUPOBaHHAS MOYEBHHA OCOOEHHO MOAXOIUT JJIS OTEPAlUi M0 CMELIMBAHUIO
B Oonpinx oObemax. Kpome TOro, yMeHbIIaeTcsi cerperamys Wik MEXaHUIeCKOe MOBPEXKICHHE
BO BpPeMsI CMEIINBAHMS U TPAHCIIOPTUPOBKU YAOOPEHUSI HA OCHOBE MOUYEBUHBI.

[Tpumeps! ciocoda rpaHyIUPOBAHHS MOYEBHHBI B KUITALIEM CJIO€ MOXKHO Haiith B WO
2010/060535 Al, nanpumep, B maparpagax [0025] - [0035], Ha ¢ur. 1, wnmm B marenrax US
4701353 A, DE 3116778 A1 u US 4219589 A.

YnoOpeHust Ha OCHOBE MOYEBUHBI MOTYT ObITh KOMOMHUPOBAHBI C CYJIb()aTOM aMMOHUS
WM 3JIEMEHTAPHOMN Cepoii, TeM camMbIM olecrieunBasi 00a MUTATENbHBIX BELIECTBA Il PACTEHUHN
B ogHOM ynobpenun. CynbpaT aMMOHHUSI MOXKET HEOCPEACTBEHHO MOTPEONAThCS PACTEHUSIMH,
TOrAa Kak »JJIEMEHTapHas cepa MAOJUKHA pasjiaraTbCs IMOYBEHHBIMH MUKPOOPTAHM3MAaMHU,
o0ecrieunBasi TEM CaMbIM JOJTrOCPOYHOE CHAOKEHHE PACTEeHUH NMHUTATENIbHBIMH BELIECTBAMHU.
[TpuMepsl rpaHysl MOYEBHHBI/CEPBI MOXKHO HaiTH, Hanpumep, B US 4330319 A.

Croco® rpaHynUpOBaHHS B KHUILIIIEM CJIO€ OCHOBAH HAa HAJIWYMU 3apOJbIIIEH
rpaHyIo00pa3oBaHus, KOTOPbIE PACTYT 3a CUET HAPACTAHUS OYEHb MEJKHX KameseK >KUAKOCTH,
o0ecrieunBarOIEel WX pPOCT. DTH MENKHE KalelbKH MOTYT O0€CHeunBaThCsl € IMOMOLIBIO
«aTOMHM3UPOBAHHOTO» JKMIKOTO IUIaBA MOYEBHHBI. TE€PMHUH «aTOMHU3UPOBAHHBIN» IPH €ro
UCTIOJIb30BAHUH B OMHMCAHHH, OTHOCHUTCSI K CIIOCOOY CMELIMBAHMS JKHIKOTO IIaBAa MOYEBUHBI
(W qpyrUx MOAXONSILINX TUIABOB yIOOpEeHUi) ¢ HaXOASIIEeNHCs moj U3ObITOYHBIM JaBJICHHEM
Cpemoi, Takol Kak BO3AyX. JTOT CIOCOO CMEIIMBAHUS CO3AAET ra30-KUIKOCTHYIO 3MYJIBCHIO,
IUCTIEPCUI0 MM a3pO30JIb M3 MEJKHMX Karenek. TepMHUH «aTOMH3HPOBAaHHBIN» HE CleAyeT
IyTaTh C MPOLIECCOM pa3beJUHEHUs MOJIEKYJISIPHBIX CBA3€H Ha aTOMapHOM ypoBHe. B pamkax
M300pEeTeHNsI TEPMHH «IUIaB» BKIIFOUAET IUIABBI COJEH M KOHLEHTPUPOBAHHBIH PACTBOP COJH U
UX CMECH, MPEATIOYTHTEIbHO PacTBOPhBI, comepskamue Oonee 50 mac.% comu. ITonmydaembie
KareJbKu MOTYT UMETh paclpeieseHne BEeIUYUHbI cpenHero pasmepa or 1 Mkm 10 200 MkwM.
DTU MeNKHe KarejbKH paciuiaBa OCEAAT HA MOBEPXHOCTU 3apOJBILICH IPaHyJI000pa30OBaHUs,
TEM CaMbIM CO3/1aBasi «PACTYLIME» YaCTUIbI TPAHYJATA. DTH CBEKEOOPa30BaHHBIE T'PAHYJIBL
NOJIy4EeHHBIE «in-situ» («Ha MecTe»), OOBIMHO MOTYT HMMETh Temmeparypy okojo 100°C u
HAXOJSATCSI B OTHOCHUTENIbHO MSITKOM COCTOSTHHHM. [lanee 4acTHLIbI OCTHIBAIOT B KHITALIEM CIIOE
IPaHYJIATOPA W/WUJIH B OTAEIBHBIX OXJIAKAAOIIUX OTACIEHHSX.

N3-3a BBICOKOH TEIUIOTHl KPUCTAJUIM3ALIMH, BBIASJSIOUICHCS B XOHe IMporecca
IPaHyJMPOBAHUS, TpeOyeTcs OONBIIOE KONMYECTBO OXJIAXKIAIOIIEr0 BO3AyXa Ul MOAAEPIKaHUS
NPEANOYTUTENFHOIO HANa30Ha TEMIIEpaTyp BO BpeMsl TPAHYJIMPOBAHUS U MOCIEIYIOLIUX
NPOIIECCOB OXJAXKACHUS. ITO HEN30€KHO MPUBOIUT K BBIACIEHHIO 3HAYUTEIBHOIO KOJIHYECTBA
IbUIM B OXJIXKAAIOLIMHA Bo3nyX. 1o skonorndeckum cooOpakeHusM, 0Opa3yroLIascs MbUlb HE

MOJKET TOMNaJaTh B OKpyKawmyrw armochepy. B To ke Bpewms, yaaneHHe MbUTH MOYEBUHBI
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ABIISIETCS CIOXHBIM M npobnematndHbiM. M3-3a o0meil nmpupoasl mporecca rpaHyIHpOBaHUS
IbUTb MOYEBUHBI HEOOXOAMMO YIAJSATh W3 O4YeHb OOJBIIOrO KOJMWYeCTBa Bo3ayxa. Kpome Toro,
pasMep YacTHIl MOXKET MOTpeOOBaTh PA3IMYHBIX METOAOB yIAIECHUSA. Y CTAHOBJIEHHbIE M XOPOLIO
U3BECTHBIE MPOLEAYpPbl BKJIIOYAIOT IPOLECChl MOKpPOH ounucTku. Ilpumepbl noaxonsdumx
ckpyObepoB mMoxkHo Haiitu B WO 2005/032696 Al (manmpumep, ¢ur. 1 u cooTBercTByIOIIEe
onucanue) wi WO 2010/60535 Al. JlomomHHUTENbHBIE NMPUMEPbl YAAJIEHUS OUYeHb MEJKHX
yactun omucanbl B WO 2014/094987 A1l. JIonOJHUTEIbHBIM 3arPsS3HUTENIEM BO3yXa SIBJISIETCSI
aMMHaK, KOTOPBII Takke O0s3aTENIbHO BBIAEISIETCS] B MPOLECCE TPAHYIMPOBAHUS MOYEBHHBI.
Hanexxnble mpouecchl yaneHus aMMUaka BKIIIOYAIOT KHUCJIOTHYIO OYUCTKY, HalpuMmep, ImyTeM
NPUBEACHUS B KOHTAKT HACBIIIEHHOrO aMMHAKOM BO3YIIHOTO TIOTOKA B KUCJIIOTHOM CKpyOOepe
C CEpPHOM WJIM a30THOW KUCJIOTOM.

CymecTByeT MOCTOSIHHAast MOTPEOHOCTh B AAJBHEHINUX YIYYIICHUSX B OTHOIICHUH
CoZlep KaHuUs BBIIEISIEMON MBI U aMMHAaKa B BO3JyXe AJISl TPaHyJIUPOBAHUS, YTOOBI CIIEIOBATh
HOpPMAaTHBaM MO KOHTPOJIKO BbIOpocoB. Kpome Toro, B OynymeM cienyer OkuaaTh eme Oolee
CTPOTUX 3KOJIOTHYECKUX HOPM.

IToMUMO 3KOJIOTHUYECKUX MPOOJIEeM, PELUPKYJIISIIHS MbUTH MOYEBHHBI OOPAaTHO B MPOLIECC
IPaHYJIMPOBAHUS JAET AOMOJHUTENbHbIE Y KOHOMUUECKHE U (PMHAHCOBBIE IPEUMYIIECTBA.

OnHako, Kaxmas JOMOJNHUTENbHAs CTaaAus Ipolecca HEM30EeKHO YBEIMYHBAET
notpeOieHne SHEPruM U KOMMYHAJIBHBIX YCIyT (HampuMmep, BOIBL, Mapa U TeIia), TEM CaMbIM
yBeNn4MBas 00IKe MPOU3BOACTBEHHBIE 3aTPATHI.

B WO 2015/072854 A1l packpbIT cnioco® ynajeHus: pacTBOPUMBIX TBEPIBIX HACTHILI,
HarpuMep, MbUIM MOYEBUHBI, U3 ra30BOro noroka. Crnocod BKIOYAET MOABEPraHUE OTXOASLIETO
rasa 1o MeHbllel Mepe ABYM CTaIUsAM OXJIAKICHHUs BOJHON OXJIaKIAIOIIEH KUAKOCTBIO.

B WO 2013/165245 A1 packpbITa YCTAaHOBKA JJIsi IPOM3BOJACTBA MOYEBHHBI. Y CTAHOBKA
COZIEP>KUT CTaHAApPTHBIE CEKLUU JUIsl CUHTE3a U U3BJIEUEHHUs, JJIs1 UCTIApPEHUs U KOHJEHCAllUH,
IUI KOHEYHOW 0OpaOOTKM MOYEBMHBI M JUII OYUCTKU MBbLUIH. B COOTBETCTBHM ¢ M300peTeHHEM
JIOTIOJIHUTENIbHBIN KOHTYp HCHAapeHUs] U KOHAEHCALIUU BBIXOAUT U BXOAUT B CEKLMIO OYHUCTKHU
IIBLIH.

B NL 2009295 C packpeIT ciocod NMpOU3BOACTBA I'PaHYJ, HApUMeEp, MOUYEBUHBI U
HUTpPaTa aMMOHHUS. PacKpbITBIi Crmoco® BKJIIOYAET YCTAHOBKY Tpex CKpyOOepoB s
YMEHBIICHUS COAePIKaHUsI CyOMUKPOHHOM TTBLIH.

B WO 2016/099267 Al packpbIT cioco0 yaajeHHs MbUIM MOYEBHHBI M3 OTXOSIIETO
rasa CeKIMM KOHeYHOW oOpabOTKH B YCTAHOBKE JUIA MOJy4eHUss MoueBHHBI. Criocod BKIIIOYAET
NOJBEPraHNe OTXOJSAIIErO ra3a OXJIAXKIEHUIO BOAOH U TOTO, YTOOBI MOJYyYUTh OXJIAKIACHHBIH

oTXOoAALMH ra3. OXIakIeHHbIN OTXOAALINN a3 NOABEPraroT YBIAKHEHHUIO MTyT€M CMEIIUBAHMS
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YKa3aHHOT'O OXJIAX/IEHHOTO Ta30BOT0 MOTOKA € YBIAKHSIOLIEH JKUAKOCTBIO, BBIOPAHHOH 13 (2)
HaceimeHHoro mapa u (b) meperperoro mapa, CMEIIAHHOTO CO BTOPBIM BOJHBIM MOTOKOM, T€M
CaMbIM MOJIy4asl YBJIAXKHEHHBIM ra30BbIi MOTOK, MOJABEpras YKa3aHHbIA YBJIAXKHEHHbBINH Ia30BbIA
MIOTOK Pa3feNIeHHUIO YaCTHII.

B US 2016/0184758 Al packpbIT croco0 ynaneHus NbUIM MOYEBHHBI U3 OTXOASLIETO
ra3a CeKUMM KOHEYHOH OOpa0OTKM B YCTaHOBKE JMJIsI IOJYYEHHs MOYEBHHBI, NPU 3TOM
yKa3aHHBIH CHOCcO0 BKIFOYAET IIOABEPraHHE OTXOASALIEro ra3a OXJAXKICHUIO BOIOH C
MOJIY4eHHEM OXJIAXKIEHHOTO OTXOJSIIIEro ra3a, ¥ MoABepraHue OXJKISHHOTO OTXOISLIETO ra3a
OYHCTKE C MCIIOJIb30BAHUEM 110 MEHBLIEH Mepe OTHOro CKkpyobepa Bentypu.

Takum 0Opa3zom, IETbI0 HACTOALIETO M300PETEHUs SIBISIETCS CO3JAHHE YCTAHOBKU IS
NOJIy4eHUSI MOYEBHHBI C MPOLECCOM VAAJNEHHWs TbUIM, OONagaroIlUM  MOBBIIEHHOM
5 (EeKTUBHOCTPIO B OTHOLICHWH YAAJICHHS MbUIM U OJHOBPEMEHHO CHIDKEHHEM MOTpeOJIeHUs
TEXHOJIOTHYECKOHN CPEAbL.

Ilenp HacTosiero M300peTEeHUs] TOCTUTAETCS] C TMOMOIIBI0 YCTAHOBKU IS TIOJTYYEHUS
MOYEBHHBI B COOTBETCTBUH C MyHKTOM 1 popmyisl m3obpererns. IIpeanodrurenbHble BApUaHTHI
OCYILIECTBIICHUS M300PETEHHS SIBIISIOTCS MPEAMETOM COOTBETCTBYIOIIHMX 3aBUCHUMBIX IYHKTOB
(bopMyJIbI H300pETEeHUSI.

B crnemyromem acrekre emie OXHOW IIEJbE0 HACTOSIIErO0 H300PETEeHHs SBISIETCS
o0ecriedeHrne NMPUMEHEHHUs] YCTAHOBKH JJISI MOJYYE€HUsS MOUYEBUHBI IJI TPOU3BOACTBA I'PAHYII
ynobpenus. TepMuH «rpanynibl yIoOpeHHH» BKIJIIOYAET YaCTHULIbI, arJioMepaThl W/ WU TPaHYJIbL,
COoziepIKalie MOYEBUHY H JOMOJIHUTEIbHbIE HEOOS3aTeIbHbIE KOMIIOHEHTBL.

Ienp HacTOAIIErO N300PETEHNUS TAK)Ke JOCTUTAETCS C MOMOLIBIO CIIOcO0a U3rOTOBIIEHUS
IPaHyJI MOUEBUHBI B COOTBETCTBHU C MYyHKTOM 9 (popmyinbl m3obperenus. [IpenqnoyrurenbHbie
BApUAHTBI OCYIIECTBICHUS] N300PETEHHUSI SIBJISIOTCSI TIPEAMETOM COOTBETCTBYIOILIMX 3aBUCHUMBIX
NYHKTOB (POPMYJIbI H300pPETEHUSI.

YcraHOBKa AJIsl TIOJyYEHUs] MOUEBUHBI B COOTBETCTBHH C M300PETEHHEM COIEPXKHUT IO
MEHBLIEH Mepe CEKIHI0 CHHTE3a U U3BJICUSHHs. B 3TOI CeKLMN CHHTe3a U U3BJICUEHHSI aMMHAK U
MOYEBHHA BCTYMAIOT B PEAKIHMI0 C OOpa3oBaHMeM MoO4eBHHbL. (OCHOBHBIE W YIPOLICHHBIC
CXeMaTH4eCKHe peakLMM TIOoKa3aHbl B ypaBHeHUsAX [1] u [2]. BeuueynomsiHyTas peaxuus
NPUBOIUT K TMOJYYSHHIO BOIHOTO PAacTBOPA MOUEBHHBI IOCHIE HECKOJBKHX CTAAMHA CHHTE3d U
u3BjeueHns. OCHOBHBIE CTalUU CHHTE3a W W3BJICUEHUs] XOPOLIO M3BECTHBI B JAHHOH 00NacTH,
HampuMep, OMHCaHbl B «JHIUKJIONEAUH TpOMbIIUIeHHOH xumuu Yiapmana “Ullmann's
Encyclopedia of  Industrial Chemistry, 2010, Urea, chapter 4 [DOLI:
10.1002/14356007.a27 333.pub2]”. ITony4eHHBbIH pacTBOP MOYEBHUHBI OOBIYHO CONEPIKUT OKOJIO

50-80 wmac.% wmoueBuHbl. Ilocnenyromasi cragusi KOHIEHTPUPOBAHHUS HeEOOXOomMMa JIJist
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NOJIy4eHUS] PacTBOpa MOUEBHHBI C COAEpIKaHMEM BOXIbI OOBIYHO Hmke S5 Mac.%.
IIpeanodTurenbHO TEPMUH «PAaCTBOP MOYEBHHBDY BKJIIOUAET pacTBop, coaepxawmui 50 mac.%
MOYEBHHbI WK Oosiee. B KOHTEKCTEe HACTOSIEro M300pPETeHUs TEPMHUH «PAaCTBOP MOYEBHUHBIY
BKJIFOUAET AMYJbCUM W/MIU AUCIIEPCUH, W/HIN UX CMECH, COnepskalue rno MeHslneil mepe 50
Mac.% MOUYEBHUHBI

IlepBast cekuusi UCHAPEHUsT COCAUHEHA C CEKLMel CHUHTe3a U W3BJICYEHUs, U NEepPBOU
CeKUuel KOHIeHcalu. TepMUH «COEOUHEHHbBI» B H300PETEHHWH B LEJIOM OTHOCHUTCS K
CPEACTBAaM COEAMHEHUsI, KOTOPBIE SIBJISTFOTCS] CIIOCOOHBIMI/TIOAXOSIIIUMU JUTSI TPAHCTIOPTHPOBKH
WIN TEPEeHOCa TEXHOJOTHYECKUX KMIKOCTEH, TBEPABIX BEIIECTB HMJIM ra3oB (WM UX CMecei),
HampuMmep, 4epe3 TPyObl, KaHaJbl, HACOCHI, LUIAHTH H, KPOME TOTO, BKJIOYAET EMKOCTH,
pe3epByapbl H/MJIM HACOCHL. JTO ONpPENENIeHHE BKIIOYAET CPENCTBA COCOUHEHUS, MOIXOISIINe
IUIsl Ta3000pa3HbIX M JKUIKUX CPEHd, HAXOISIIMXCS IMOJ HU3KUM HaBieHHeM (MmeHee 1 Oap), u
razoo0pasHbIX M JKUAKUX CpeN, HaXOMSIIUXCS IOA BBICOKUM paaeineHueM (Oomee 1 Oap,
npeanoututensHo Oonee 10 Oap). IlepBast cekumst HMCHapeHHWsl NPUBOAUT K IOJYYEHHIO
KOHLIEHTPUPOBAHHOTO PAacTBOpPa MOYEBMHBI, COJEpIKAaIlero mnpeanodrurensHo 95-98 mac.%
MOYEBHMHbI, M IIOTOKAa BOASHOTO mapa. B KoHTekcTe Hacrosimero H300peTeHus TEPMHH
«COENMHEHHBII» BKJIIOYAET HANPABJICHUS TEUEHHs BBILIE IO NMOTOKY W/WIM HIDKE 1O TOTOKY.
IIpennoururenpHO nepBasi CEKLUs MCMApPEHUs] MEPEHOCUT BOAY, COAEPIKAIIYIO Map, U3 MepBO
CeKIMM HcrmapeHuss B (IVIaBHBIM ~ 00pa3soM  JKHUAKOCTB), Ooyee  MPEANOYTUTENBHO
TE€XHOJOTUYECKYHO KUAKOCTb MOBTOPHOI'O UCIIOJIb30BAHUS.

KOHUIEHTpUPOBaHHBI pAacTBOP MOYEBHUHBI MOXKET OBITh MEPEeHEeCeH B CEKIHIO
IPaHyJIMPOBAHUs, COEIUHEHHYIO C MepBOil cekuuel wucnapenus. Cekuusi TpaHyJIUPOBAHUS
BKJIIOYAET CEKLUH TPAaHYJHUPOBAHUS B KHUITALIEM CJIO€, NPUUIMPOBAHMSA, TPAHYJIMPOBAHUS B
OapabaHHOM TpaHYJSITOPE WIM JAPYrHe CEKIMH TPAHYJIUPOBAHHS, MPEANOYTUTENBHO CEKIHIO
rpaHyJMpPOBaHus B KursuieMm cioe. IlpennouTutenbHO cucTeMa TpaHyssiTOpa KUISIIEro Clos
COIEpPKUT MO MeHbIIEH Mepe TIPaHyJTOpP KHUITALIEro CJosi, COAEpKalIUil IPOCTPAHCTBO
rpaHyJMPOBAHUS B TPaHYJSITOPE KUITALIErO Cios. ['paHyIsTOp KUISILEro clios, KpoMe TOro,
comepkuT  nepOpPUPOBAHHYIO  IUIACTHHY,  PACIOJOKEHHYK0  BHYTPH  IMPOCTPAHCTBA
IPaHYJIMPOBAHUS, M PACIBUINTEIbHbIE (POPCYHKH, PACIIONOKEHHBIE BHYTPH, HAa TMOBEPXHOCTH
wi BOMM3M meppopHpOBaHHONW IUIACTHHBI. OTBEPCTHE IS BIYCKA ICEBAOOKIIKAOIIETO
BO3/1yXa, MPEINOYTHTENBHO PACTIONOKEHHOE HIDKE TepPOpPHPOBAHHON ITACTHHBI, 00eCeunBaeT
HEOOXOIMMBIN TICEBAOOKMKAIOMINI BO3AYX Ul KHUILAIIEro CJOsl rpaHyJs yaoOpeHus. TepMuH
«TICEBIOOKMKAIOIINN BO3yX» BKJIIOUAET BO3AYX WM MHEPTHbIE rasbl, Takue kak COz, a3or,
aproH wiu ux cMmecu. PacnbuturenbHble POPCYHKH COEAMHEHB! C MUTAOIIUMU JIMHUSAMH IS

BO3AyXa aTOMH3AallMU U NMUTAOIUMU JIMHUAMU IJII KOHHECHTPUPOBAHHOIO paCTBOPpa MOYCBUHBL.
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Kpome TOro, rpaHyjsTOp KHUILIIErO CJIOS COAEPXKUT OTBEPCTHE U BIyCKA 3apOopbliieit
rpanynoobpaszoBanus. TepMHH «OTBEpCTHE IJIA BIyCKa 3apOIbIleil rpaHysooOpa3oBaHUA)
NOJPa3yMeBaeT BHYTPEHHHUE U BHEIIHUE YCTPONCTBA, JIMHUU M OTBEPCTHUS AJIsl BBOJA 3apOJbILIEH
rpanynoobpaszoBaHus. TepMHH «BHYTPEHHHUI» OTHOCHTCS K TIOJIYYEHHIO 3apOJbILIeH
IPaHyJI000pa30BaHUsl BHYTPU TPAHYJSITOpa. TepMUH «BHEUIHUHY» OTHOCUTCS K OOECHEYEHUIO
CHaOKeHMS WM K TIOJYYEHUIO 3apojbliell IpaHysnooOpasoBaHMs CHApPYKH TPaHyJIATOPA,
HampuMep, C MOMOLIBI0 CHT WM IPOOHMJIOK BHE TpaHysisaTopa Kumsimero ciosi. Kpome Toro,
TPAHYJIATOP KHUISIIIErO CJIOS COAEP’KUT BBITYCKHOE OTBEPCTHE TPAHYJIATOPA U OTBEPCTHE IS
BBIXOZIA BO3/yXa.

Cekuust OUUCTKU COEIMHEHA C CEeKIMel IpaHyJIUpOBaHUS U BTOPOH CEeKIMel UCTIapeHus.
Oxnakparomuii BO3AyX U OTXOISIINE Ia3bl U3 CEKLUH IPAHYJIUPOBAHMS MIEPEHOCSTCS B CEKIIHIO
OYUCTKH. IIpeamodTuTeNbHO MbUTh, HANPHUMEp, IbUIb MOYEBHHBI, W/WIA XHUMHYECKHE Maphbl,
Takde KaK aMMHAK, KOTOpPbIE TEHEPHPYIOTCS WM BBIACISIOTCS B XOAE Ipolecca
IPaHYJIMPOBAHUS, YAAIAIOTCA (IO MEHbIIEH Mepe YacTUYHO) B CKpyOOepHOU ycraHOBKe. M3-3a
BBIJCNICHUs] TeIUla B TPOLECCe TIpaHyJIHpoBaHus Tpedyercs OOJbIIOE  KOJUYECTBO
OXJIQXKIAFOIIIETO BO3yXa, YTOOBI MOAAEPKUBATh MPEATIOUYTUTENbHBINA TEMIIEPATyPHBIA HHTEPBAI
BO BpEMsl TPaHYJHPOBAHHMA U MOCIEAYIOLINX TIPOLECCOB OXJAKIAEHUA. IJTO HEHU30eKHO
NPUBOIUT K BBIACICHHIO 3HAYUTEIBHOIO KOJMYECTBA MBbUIM U aMMHMaKa B OXJIXKIAIOLIMH
Bo3ayx. llpeamouturensHO CckpyOOepHas yCTaHOBKAa COAEPXKUT IO MEHbLIEH Mepe
nbUIeyJSIOIUN  ckpyOOep u ckpyOOep 1y yhaneHus amMmuaka, Oojee MPeArnoYTHTEIbHO
JOTOJHUTEIbHBIA OXJIAKAAIOMIMN CKpyOOep i OTXOASIIIMX ra30B OXJIAAUTENS KUISIIIETO CIIOS.
ITpumeprl nmoaxonsamux ckpyOOepoB Mmoo Haiitn B WO 2005/032696 Al (¢ur. 1) nm
WO02010/60535 Al. IIpuBeneHHast B KauecTBe mpumepa ckpyOOepHasi yCTaHOBKA BKJIFOYAeT (B
HaNPAaBJIEHUH TIOTOKA OTXOMSINEro rasa W3 TPaHyJsITopa). NbUIeydaJSIFoIIui  cKpyOOep,
KUCJIOTHBIN CKpyOOep u HeoOs13aTeIbHO CKpyOOep IUIsl yaaneHus MeKHUX 4acTull (a3po3onieii),
HanpuMmep, Kak packpeito B W02014/094987 Al. Tlomxoxsimiue CMa4duBAIOLIUE KUIKOCTH B
cKkpyObepe BKITFOYAKOT pa3OaBleHHBINM PacTBOP MOYEBHHBI (Hampumep, 5-60 mac.%) B kadecTse
CMa4YMBAMOIIEH JKUIKOCTU U TbUIEYAAJSIOIero ckpyodepa. PacTBopbl cepHO KHCIOTBHI,
a30THOW KHCIOTBI U (HOCHOpPHON KHUCIOTHI SIBIAIOTCS MOIXOASIIMMH MPOMBIBOYHBIMU
KUIKOCTSMH JUIsl KHCJIOTHOTO CKpyOOepa. AMMHak, Hampumep, yIAISIOT B COOTBETCTBHH C
IIpUBEIEHHBIMU B KaUeCTBE NMpUMepa ypaBHeHUusAMH [3 ] unu [4]:

2 NH3 + H>SO4 — (NH4)2S04 [3]

NH; + HNOs - NH;HNO; [4]

Bropas cexkuus ucmapeHMs, pacIiONIOKEHHas HUXKE II0 TMOTOKY CEKLUH OYHCTKH,

COENMHEHa C  CEeKLUMeW  TrpaHyJupOBaHMUs, 4YTO  T[O3BOJIAET  I[OBTOPHO  BBOAWTH
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KOHLIEHTPUPOBAHHBIA PACTBOP, COAEPKALIMI MOYEBHUHY, B CEKLHIO IrpaHyauposaHus. TepMuH
«HIKE T10 MTOTOKY» OOBIYHO OTHOCHUTCS K HAIIPABJICHUIO TEUEHHS] COOTBETCTBYIOIIUX KUIKOCTEH,
napoB win razoB. Cekuus OYUCTKH, MPEANOYTUTEIbHO CEKLUs OYUCTKU MbUIM, MPOU3BOAUT
BOAHBIA PACTBOP MOUEBHUHBI, conepxamuii okojgo 30-60 mac.% MOYEBHUHBI. DTOT BOIHBIN
pPacTBOp MOUYEBHHBI MOXET OBITh INEPEeHECeH BO BTOPYIO CEKLHIO HMCHAPEHUs, OTIMYHYIO OT
YIOMSHYTOH paHee MNepBOM cekuuu ucnapenus. Kak ynoMuHanoce paHee, NOJyYEHHBIN
KOHLIEHTPUPOBAHHBIA PACTBOP MOYEBHHBI (MIPEANOUTHTENbHO Oonee 95 mac.% MOYEBHHBI) U3
BTOPOM CEKLHUU HCIAapeHUs MEePeHOCUTCS B 30HY TPaHyJUPOBaHUS. JTa YCTaHOBKA C JIByMs
cekIMsiMUA (TiepBasi U BTOpasl CEKIMs HCHApeHUs) MO3BOJIsAET H30ekaTb OOOTalleHus WU
3arpsi3HEHUs] NEepBONM cekluu ucnapeHus. Kpome TOro, myreM HCHNOIB30BAHMSI KHCJIOTHOTO
ckpyOOepa B CEKIIMM OUMCTKH BTOPAsi CEKIUsl MCTIAPEHHs MO3BOJSIET OCYINECTBIATH 33JaHHOE
BBeneHue cynbdara ammonusi [(NH4):SOs] wmum wurpata ammonust [NHiNOs3] w3 cekimm
OUYHUCTKH 4Yepe3 BTOPYIO CEKLUI0 MCMAPEHUs B CEKLUK MPAHYJIMPOBAHMS U MOJTY4aTh KOHEYHBIN
rpaHyJUPOBAHHBIN MPOAYKT.

Bropas cekuus KOHAEHCALMM COEAMHEHA CO BTOPOM  CEKLUUEH HCHNapeHus.
Obpasyromasicss maposasi (pasa BTOPOH CEKILMH HCMAPEHUs MEPEHOCHTCS BO BTOPYIO CEKLIUIO
KOHJIEHCALIUH, OTJINYHYIO OT NepBOil cekunu KoHneHcauuu. Ilapoas ¢asza (mo mMeHbluel mepe
YaCTUYHO) NEPEHOCUTCS B MPEATIOYTUTENBHO TNIABHBIM 00pa3oM JKUAKYIO (asy.

Cexkumst OXJaxAeHus, cojepskamias OTBEpPCTUE JAJsd  BIYCKA OKUAKOCTH  AJiA
pacripeneneHusi WK BBIMTYCKa OXJIAXIAIOIIEeN JKUAKOCTH, PACHOJIOXKeHa (CEKLHUs OXJIaKACHUs)
MEXy CeKLMel IpaHyIMPOBaHMS U CEKLHeH OYNCTKHU, U CoenuHeHa ¢ HUMHU (o0enmu). TepmuH
«OTBEPCTHE [JIs1 BIIyCKA >KUAKOCTU» OTHOCHUTCA K MOAXOAALIMM YCTPOWCTBAM IJisl BBOAA
KUIKOCTEH B COCUHEHHUE, Hampumep, TPyObl UM KaHAJbI, MEKAY CEKLUEH rpaHyJIHMpPOBAHUS U
CeKIMeW OYMCTKU. OTH YCTPOWCTBA BKIHOYAIOT (POPCYHKHM M aHAJOTHYHBIC YCTPONCTBA.
BrlmeynoMsiHyThie  OTBEPCTHS/YCTPOMCTBA IUJIsl BIyCKAa JKUIKOCTH OOECTIEYMBAIOT BBEIACHHE
KHUOKON (a3pl B Tra3oBbIl MOTOK MEXAY CEKIHeHW TIpaHYJIMPOBAHUS W CEKLHEH OYHCTKHU.
[IpennoyTHTeNnbHO OTBEPCTHE IUISA BITyCKA JKUAKOCTH OOECIeYnBaeT BBEACHHUE KUIAKOHN (assl B
BHUJI€ TOHKO TUCIIEPTUPOBAHHBIX MEJKHX Karesek. OOpa3oBaHHe MENKHUX KareleK MOXKET ObITh
IOCTUTHYTO MYTEM PACHbUICHHUS JKUAKOH (ha3bl B BBIIEYIIOMSHYTBINA Ia30BbI MOTOK. Memkue
KaleJbKu >KUAKOCTU JEHCTBYKOT B KAaueCTBE OXJAXKAAMOLEH >KUAKOCTH, KOHIULIUOHUPYS
ra3oBbI TMOTOK, MOHWXKast Temmneparypy (mpenmouturensHo Hipke S0°C), Hampumep, myTem
¢azoBoro mepexoma M3 JKUAKOTO B ra3000pa3HOE COCTOSHUE, M MPEATIOUTUTENBHO IMOBBIIIAS
OTHOCUTEJIbHYIO BJIXKHOCTh mnpuoOmmsurenabHo 10 100%. IlomppoOHoe omumcanue mpoiecca
OXJIAXK/IEHUs] MOKHO Haitu, Hampumep, B WO 2015/072854 Al, crpanuusr 12-14. Cekuus

OXJIAKJICHUs] COEAMHEHAa C CEeKLUMEN IOAAYM OXJIAKOAMIIEH XUAKOCTH U BTOPOM CEKLUEN
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KOHJeHcauuu. TakuM o0pa3oM, KOHIEHCAT, NMOJYYEHHBIH BO BTOPOH CEKLUU KOHACHCALIWH,
MOXET OBITh MCIIOJIb30BAaH MOBTOPHO U OXJIAXKAECHUS OTXOJSIIEro rasa rpanynstopa. Kpome
TOTO, CEKIHs OXJAKACHUsS COEAMHEHA C CeKIUel rnomavyu oxjaxkparouieil xunkoctu. Cexuus
NOJaYu OXJIAKAAIOMEH J>KUIKOCTH COMAEPXKHUT PAa3JINYHble HUCTOYHUKM BOJHOW SKUAKOCTU HU
COOTBETCTBYIOIIME COEAUHEHUS MJIsi TEXHOJOIMYEeCKON BOJIBI, TEXHOJOTMYECKHX BOJHBIX
KUAKOCTEH WM CBekel BOAbL. IIpennouTuTenbHO cexkuus MOAAYU OXJIAKIAKOLIEH >KUIKOCTH
JEWCTBYET B KAQ4eCTBE MCTOYHHMKA HEOOXOIUMBIX JOMOJHUTENbHBIX KOJIUYECTB OXJIAKAAIOIIEH
KUOKOCTH. [IpeanoOYTUTENIbHO CeKLMsS MONAYH OXJIAXKIAOIEH KUIKOCTH MOXKET ObITh YacThIO
coennHeHUs1 (YCTPOMCTB) MEXKAY CEKUMEH TIPaHyJIMPOBAHUS M CEKLUMEH OYHUCTKH WJIA MOMKET
ObITb chopMHUpPOBAHA B BU/IE OTAEIBbHON CEKLIUH MEKAY YIIOMSHYTHIMHU BBIIIE CEKLIUSIMH.

[IpennoyTuTenbHO OTBEPCTHE MJISI BIYCKA SKUAKOCTU CONEPXKUT PACHBUIMTENIbHBIC
(OPCYHKH HITH aHAJIOTHYHBIE YCTPONHCTBA.

B 1OMONHUTENBHOM NPEATIOYTHUTENIbHOM BapHAHTE OCYLIECTBICHUS CEKIHS OYHCTKU
COIEP KHUT MbUISYNATIOMUN CKpyOOep, KUCIOTHBIH CKpyOOep n/mim ckpyOOep-XOMOaUIbHUK.
[IpenqnoyruTenbHO B MBUIEYAAISIOMEM CKpyOOepe B KadecTBe NPOMBIBOYHOTIO pPacTBOpa
UCTIONIb3YETCSl BOAHBIN pacTBOp MOueBUHBL [loaxonsire pacTBOPHI IJIsI KHCIOTHOTO CKpyOOepa
BKJIIOYAIOT ~ CEePHYK0  KHCIOTY, a30THYH  Kuciory w/miu  (GochopHYrO  KHUCIOTY.
[IpenqnoyrurenbHO, B Clydae HATUYUSA JOMOJHUTENBHOIO OXJIQAUTENS IJsl IPaHYJIMPOBAHUS,
3TOT OXJIAZUTENb AJIsI TPAHYJIHUPOBAHHS COENUHEH C OTAENBHBIM CKPYyOOEpOM-XOJOMUIBHUKOM.
[IpeqnoyrurenbHO B 3TOM  OXJIQAWTENE JUIA  TPAaHYJUPOBAHMS — HCIONB3YIOTCA — Kak
LIy JASIOUI CKpyOOep, Tak U KUCIIOTHBIN CKpyOOep.

ITpeanouTHTENbHO MBUIEYAAISIIOINNA CKpyOOep COeMHEH ¢ CeKILHel IMOfauu JKUIKOCTH
IUI OYMCTKU MbUTH. Kak OomucaHo BbIIIE, TEPMUH «COEAMHEH» OOBIYHO OTHOCHTCS K CPEACTBAM
COEMHEHUs, KOTOpbIE  CIIOCOOHBI/TOAXONAT JJIsl  TPAHCIOPTHPOBKH WM  MEPEHOCa
TEXHOJIOTUYECKUX JKUAKOCTEH WM Ta30B, Hampumep, mo TpyOam, BO3AYXOBOIAM, HACOCAM,
HmUtaHraM. TepMHH «CeKLHsl MOJa4Yd SKHUIKOCTH [JIsi OYHCTKM MbUIN» BKJIOYAET E€MKOCTH,
pe3epByapbl W/WJIM HACOCHI, TMOIXOISINNE ISl TPAHCIIOPTUPOBKH M XPAHEHHS JKUIKOCTEH,
NPEANOYTUTENIBHO MOAXOMSINUX SKUAKOCTEH sl OYMCTKM TBUTH, Hampumep, BOIbI,
pa30aBIEHHBIX BOAHBIX PACTBOPOB MOUEBUHBI, PAa30aBIEHHBIX WIH KUIKUX KHCIIOT.

Bbonee mpeanodTUTENEHO CEKLNS MOAAUN OXJIAXKAAOLIEH KUAKOCTH COAEPIKUT (SIBJISETCS
UIEHTHYHON) CEKIMIO IMONAYM JKMIKOCTH Ui OYMCTKH mbutd. [lbuieynansrommii ckpyooep u
CEeKILVsI OXJIAKICHHS COEIUHEHbI C CEKIMEH MOJaun OXJIXAA0LIeH JKUIKOCTH. Takum oOpasom,
CEeKIMsI MONAYM KUIKOCTH Ui OYUCTKH IbUTH OJHOBPEMEHHO OOECIIEYMBAET OXJIAKAAIOILIYIO
KHUIKOCTb JUISI CEKIMU OXJAKACHUS U JKUAKOCTb Ui OYUCTKU IBUIM JUIS MbUICYJANSIOLIETO

ckpyObepa. Taxum oOpa3om, omHa U Ta K€ TEXHOJOTHYECKas >KHIKOCTb MOXKET OBITh
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UCTIOJIb30BAaHA HA JIBYX PAa3HbIX CTAAMsX MpOLecca, CHIDKAash OOIYI0 CIIOKHOCTB IpoLecca U
NPOU3BOJCTBEHHBIE 3aTPATHL

[IpenmodrurenbHO, YTOOBI MbUIEYNASIIOIINNA CKpyOOep He MMel MoJayu CBEXe BOIBI.
Tepmun «nogaua cBexel BOJBI» MPEANOUTUTENBHO OTHOCHTCA K BOAONPOBOAHON BOAE W/WIH
TEXHOJIOTHYECKOW BOze 0e3 3HAYUTENPHOTO KOJMYECTBA MpPUMECEH, BIUSIOIUX HAa IPOLECC.
Takum oOpa3om, MbUIEYJANSIOLINI CKpyOOep He Hy»KIaeTcsl BO BHELIHEH Moaaye CBeKeH BOJIbI,
YTO 3HAYMTEJIBHO CHIDKAET MPOU3BOACTBEHHBIE 3aTpaThl M oO0Inee morpedneHue Bonbl. MokeT
ObITh peajn30BaHA IMOJAYa CBEXKEH BOABI, HANPUMEp, MYyTeM COCAMHEHUsS] CEKLUHU IONa4H
KUIKOCTH Uil YOQJIEHHUs] TMBUIM CO CKpyOOepoM-xononmiabHUKOM. Kak OmucaHo BbIle, 3TO
COEIMHEHNE MOXKET BKJIFOYAThb TPYObI, KaHaJbl, [IJJAHTH, €MKOCTH, pe3€pByapbl H/MJIH HACOCHI.
bonee mpenmouyTHTENBPHO OPEHAXK CMAYMBAKOIEH JKUAKOCTH CKpyOOepa-XolIonuIbHHUKA
COEAMHEH C OTBEPCTHEM JUJIs BIyCKA CMAaYMBAIOIIEH JKUAKOCTH IMbUIEYAASIOMIEro ckpyoOepa,
TEM CaMbIM NEPEHOCS HCIOJIb30BAHHYIO JKUIAKOCTb U3  CKpyOOepa-XononuibHHUKAa B
MbUISYJSIOIUNA  CKPyOOep. DTO yHOMSIHYTOEe paHee COSAMHEHHE MEXIy CKpyoOepoMm-
XOJIOAMJIBHIKOM H TBUICYJAISIOIUM CKpyOOepoM aenaer HeHy KHOH IOMOJHUTEIBHYIO MOJaqy
CBEeXKEH BOJBI JUIS TbUICYNAJSIIOIEro cKpybOepa. AnbTepHaTHBHO, mopada Oe3 CBeked BOIBI
MOXeT OBITh peaJin30BaHa aHAJIOTHYHBIM OOpa30M C MOMOINBI COCAMHEHUS MEXAY CEeKIHen
MOJIA4H KUJKOCTHU AJISi OUUCTKHU TBLTH U KHCJIOTHBIM CKpyOOepom.

[IpenmodrurenpbHO CeKLUsl TMOCHeAyiolle o0paboTku COeArMHEeHa C  CeKIHel
IPaHyJIMPOBAHU. JTa CeKUMs TOocieayromed oO0paboTKH COAEPKUT XOPOLIO H3BECTHBIE
HJIEMEHTBI, TaKHe KaK, HAlpUMep, CUTA, IPOOUJIKH, IPOTOUYHBIE JIEHTBI, OXJIAJUTEIH MPOAYKTOB
U 3JIEMEHTBI, HeOOXOAMMBIE IS AajIbHeIIe 00pabOTKH, TPAHCTIOPTUPOBKHU U YITAKOBKU TPAHY.JI
ynoOpeHuit.

Uzo0pereHne MOMOMHUTENBHO BKJIKOYAET NPUMEHEHHWE YCTAHOBKH JUISl TIOJYYEHUS
MOYEBHHBI COTJIACHO M300pETEHUI0, KaK OMICAHO paHee, Ui MPOU3BOACTBA MPaHYJ YAOOpEHU,
COZIepIKALIMX aMMOHHUEBBIE COSAMHEHUS, HUTPAThI, (ocdaThl, MOUEBUHY, 3JIEMEHTAPHYIO CEpY,
cynbdat ammonust, UAS (MoueBuHy - CysnbhaT aMMOHHMS) H/HITH UX CMECH.

Eme ognn acnekt n300peTeHus OTHOCHTCS K CIIOCOOY TOJYYEHHUs] TPaHyJ MOYEBHHB,
cofieprKalieMy 10 MEHbIIEeH Mepe CIeNyIoIne CTaI M.

Huokcun yraepona (CO2) BCTymaeT B peakiUi0 HAa OJHOW WJIM HECKOJBKHX CTaIusX
cuHte3a U m3BjeueHusi ¢ ammmakoMm (NH3) c¢ obpasoBanuem pactBopa (A), comepskamiero
MO4YeBHHY W BoAy. OCHOBHBIE CTQANM CHHTE3a M HU3BJECUEHHs XOPOIIO W3BECTHBI B JAHHOU
o0JjacTu, HarpuMep, OMUCAHbI B « JHIHUKJIONEANH MPOoMbIIUIeHHON xumun YibMaHa “Ullmann's
Encyclopedia  of  Industrial ~ Chemistry, 2010,  Urea, chapter 4, [DOL:
10.1002/14356007.a27 333.pub2]”. IlpeanodruTenbHO TMOJNYYEHHBIH PACTBOP MOYEBHHBI
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00prgHO comepkut okojo 50-80 mac.% moueBuHsbl. [locnenyromas cragusi KOHIEHTPUPOBAHHS
HeoOxonuma 1Jis IOJy4YeHHsl PACTBOPA MOUEBHHBI C COIEP KAaHUEM BOZIBI OOBIMHO HIKE S5 Mac.%.
Ota cragus KOHLEHTPUPOBAHHS JOCTUIAETCS MyTeM HCMapeHus BOABI M3 pacTBopa (A), 4To
NPUBOIUT K MOJYYEHHUIO NEPBOrO KOHLEHTPUPOBAHHOI'O pacTBopa MoueBuHbI (B) m mepsoro
BogsiHoro mapa (C). ITocie atoro nepsbiit BonsiHo# nmap (C) moaBepraroT CTaagul KOHIEHCALINH,
YTO NMPUBOIUT K MOJy4eHHIO nepBoro kouaeHncara (I). KoHueHTpupoBaHHbIN pacTBOP MOYEBHHBI
(B) momBepraroT craanu rpaHyJIMPOBaHUs B YCTPOWCTBE Uil TPAHYJIUPOBAHMUS, YTO MPUBOIUT K
NOJIyueHUr0 rpaHys ModeBuHbl (D) u otxopsimero razosoro noroka (E), comepskaiiero mpuib
mMouyeBHHbI. CTagusi TPaHYJUPOBAHHUS BKJIIOYAET TPAHYJUPOBAHHUE B KHUILIIIEM CJIOE,
NPWUIMPOBAHUE WM TPaHYJUpOBaHHE B OapaOaHHOM TPAHYJSATOPE, MPEANOYTUTENBHO
rpaHyJupoBaHue B Kumsimem cioe. Orxomsmuii rasosenii nmotok (E), conmepkamuii mbuib
MOYEBHHbBI, IMOJIBEPrarOT CTAAHHM OYUCTKH, YTO MPUBOAUT K MOJYYEHHIO BOJHOTO pPacTBOpPA
mouesuHbI (F), HarpuMep, myreM O4UCTKH NbUTH. [IpeArnodTHTENbHO CTausl OYUCTKH BKJIFOYAET
OYUCTKY WBUIM, OOJiee MPEANOYTUTENIbHO OIHY WM HECKOJBbKO JIOTOJHUTENbHBIX CTaIHi
OYUCTKH B KHCJIOTHOM ckpyOOepe. Bonueiii pactBop MoueBuHbl (F) moaBeprarT OTHENBbHOM
CTaINM WCIAPEHUs, YTO MPHUBOAMT K MOJYYEHHIO BTOPOrO KOHLEHTPHUPOBAHHOTO PaCTBOPA
mouesHHbI (G) 1 Broporo BogsHoro napa (H). Bropoit koHIeHTpHpOBaHHBIH PacTBOP MOYEBHHBI
(G) momaroT B YCTPOWCTBO [JIsI TPAaHYJIUPOBAHUS W TOBTOPHO BBOAST HAa CTaAHIO
rpanyJpoBanusi. Bropoii BogsHoit nap (H) nogseprarot otaenbHON CTaAlui KOHASHCALUU, YTO
NPUBOAUT K IOJYYEeHUIO BTOpOro kouaeHncara (J). Bropoit xonmencar (J) m oxnaxkparoias
xuakocTh (K) KOHTakTHpYyIOT, Hampumep, B (pOpMe MENKHUX KalejeK C OTXOASILIMM Ta30BbIM
IIOTOKOM, COZI€p>KaIllMM IbUTb MOYEBHHBI. [IpennouTuTeIbHO OXJIaX/IEeHHE TPOUCXOAUT B 30HE
OXJIaXKJIeHUsi, 0ojiee MPEANOYTUTENIbHO B 30HE OXJIAXAEHUs, OMHCAHHOW Bbille. TepMuH
«OTXOJSALIMHA Ta30BbIi MOTOK» OTHOCHTCSI K TA30BOMY TOTOKY, MOKUAAIOLIEMY YCTPOHCTBO IS
TPaHYJIMPOBAHUS HA CTAINH IPAHYJIMPOBAHUS U MEPE BXOKACHUEM Ha CTaIUI0 OYHCTKH TBbLIH.
[IpennoyTuTeNnbHO CTAAUsl OYUCTKH BKJIIOYAET CTAAHMIO OYMCTKH TBUIM W/WIA CTaJUI0
OYHCTKH B KUCJIOTHOM CKpyOOepe, W/Wiim CTauio OYUCTKH B CKpyOOepe-XooIuIbHUKE.
[TpennoyTuTeNnbHO HA CTAAMH OYUCTKH MBLIH HCIIONB3YIOT JKUAKOCTD JJISI OYUCTKH TBUIA
(L), m xunkocte s ouucTku mbuiM (L) Takke HCHONB3YIOT B Ka4yeCTBE OXJIAXKIAOIIEH
xugkoctu (K). Ora TexHomorndeckas cxema MOXET ObITh pPealMi30BaHA IYyTEM COEIUHEHHS
MBUICYJASTIOINEro CKpyOOepa W CEeKIUHM OXJIAXKIEHHUs C OOHOW U TOW K& CeKUMeH Momaqu
OXJIAXKJAroIen XKUAKocTH. TakuMm o0pa3oM, CeKuMs NMOAauu JKUAKOCTU ISl OYUCTKU TBbLIH
OJTHOBPEMEHHO 00eCIeYNBaET OXJIAKIAOIIYIO KHUIKOCTh JAJI CEKIMU OXJIAKACHUS M KUIKOCTb
IUIE OYUCTKW TBUIM JJIsl TbUIeynajsitolnero ckpyoOepa. Takum oOpa3om, omHa u Ta ke

TCXHOJIOMYECCKasA XXUAKOCTb MOXKET OBITH UCIOJIL30BaHA Ha ABYX PA3JIMYHBIX TEXHOJOTMYCCKUX
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CTAIMsIX, YTO CHHYKAET OOIIYIO CIIOKHOCTh TEXHOJOTHMYECKOrO IMPOLecca U MPOU3BOJACTBEHHBIE
3aTpaThl.

B cooTrBercTBUM C MpPEANOYTHTENBHBIM BAPHUAHTOM OCYIIECTBJICHUS H300pETEHHUs Ha
CTaJM OYUCTKH IBIIM HE UCIIONB3YIOT JOMOJHUTENBHYIO CBEXKYIO BOAY. JTa TEXHOJIOTUYeCcKas
cxeMa MOXeT ObITb peajM30BaHa, HApUMep, MyTeM COSIUHEHUs CEeKLUH TTOA4U KUIAKOCTH IS
OYHCTKH TIBUTH CO CKpyOOepoM-xomonuibHIKOM. Kak OnmcaHo BbIIe, 3TO COCAMHEHHE MOXET
BKJIIOYATh €MKOCTH, pe3epByapbl W/IIN HACOCHL. bosee mpennoYTuTeNbHO ApeHaX OYMILIA0LIeH
KUIKOCTH U3 CKpyOOepa-XOJOAMIbHUKA COENWHEH C OTBEPCTHEM JUis BIyCKa OYHIIAFOIIEH
KUIKOCTH TBUICYIANSIOIEro CKpyOOepa, TeM CaMbIM MEPEHOCS HCIIOJNB30BAHHYIO KHIKOCTh
CKpyOOepa-XoNOAMIIbHUKA B MbLISYJAISIOMKNA CKpyOOep. DTO paHee YIOMSHYTOE COSIUHEHHE
MEXKIy CKpyOOepOM-XOJOMUIBPHIUKOM U MBUICYIAJSIFOIINM CKpyOOepoM 1enaeT HEeHYKHOM
JOTIOTHUTEJIBHYIO TIOJIEPIKKY CBEKEH BOIOH MbLISYyAANSIOIEro CKpyooepa.

Uzo0pereHne  OOMONHHUTENBHO ONHCAHO Ha cieayrommx — Qurypax.  @urypsl
NpeAHA3HAYEeHbl TOJIBKO ISl MJUTFOCTPALIMU M HE OTPAaHMYMBAIOT 00beM OXxpaHbl. PuUrypbl HE
COOTBETCTBYIOT peajbHOMy MacmTady. CTpenku yKa3blBalOT MOIXOASIINE HAIMPABICHHS
TEXHOJIOTHYECKOTO ITOTOKA.

Ha ¢ur. 1 nokasana 610k-cxemMa MpON3BOICTBEHHON YCTaHOBKH/CTIOCO0a TSI IOy IeHHUST
IPaHyJ MOYEBUHBI.

Ha ¢ur. 2 nokaszana 610k-cxema mpON3BOICTBEHHON yCTaHOBKH/CIIOCO0A 1Is MTONTyYeHUs
IPaHyJ MOYEBUHBI B COOTBETCTBUU C U300pETEHHUEM.

Ha ¢ur. 3 nmnokasaHa mnpeamodTuTeNbHas  OJIOK-CXeMa  MPOU3BOICTBEHHOM
ycTaHOBKH/criocoda [isl MOJTy4YeHHs TPaHyJl MOYEBHHBI B COOTBETCTBUH C H300pETEHHEM.

Ha ¢ur. 1 mnokasaHa mNpPOM3BOICTBEHHAS YCTAHOBKA/CIOCOO W3TOTOBJICHUS TPaHYJl
MOYEBHHBI. Y CTaHOBKA JUIsS MOJIyYEHHs] MOYEBUHBI COAEPKUT NO MeHblIel mepe cekuuro (1)
CHHT€3a W W3BJICYCHUs. B 3TOHW CekuMM aMMHaKk W MOYEBHHA PEarhpyrT ¢ oO0pa3oBaHUEM
Mo4eBHHbI. [lonyueHHBIH pPAacTBOP MOYEBHHBI OOBIMHO comepxuT okoyso 50-80 mac.%
ModeBHHbL. Crenyromasi cTagusi KOHLUEHTPUPOBAHUS HEOOXOAMMA JJisl MOJIyYeHHs! pacTBOpa
MOYEBHHbBI C COZIEP’KAaHMEM BOJIBI, KaK MpaBmiIo, Hike 5 mMac.%. CrienoBatenabHO, epBasi CEKIUs
(2) ucnapenuss coenmHeHa ¢ ceknmed (1) CHMHTe3a W W3BIEUEHUs U TEepBOW cekuuen (6)
KoHIeHcauuu. llepBast CeKIUsl WCMAPEHUs MPHUBOAMT K TOJYYEHUIO KOHLEHTPHPOBAHHOTO
pacTBOpa MOYEBUHBI, MPEANOYTUTENBHO coepkaliero 95-98 mac.% MOueBUHBI U BOASTHOMN Map.
KoHeHTpupOBaHHBI PAacTBOP MOUYEBHHBI IEPEHOCHTCS B CEKUMIO (3) TIpaHyJIHMPOBAHMS,
COeMHEHHYI ¢ mepBoil ceknued (2) ucmapenus. Cexkums (3) TpaHyJIUPOBAHHS COAEPIKHUT
CEeKIMIO TPaHyJUpoBaHUs B kursimieM cioe. Cekuus (4) odnucTku coeauHeHa ¢ cekuueil (3)

rpanyiupoBaHus. OXJTaKOAIOLUA BO3AYX U OTXOASIIHWE Ta3bl U3 CEKUUU TIPAHYJIUPOBAHUS
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nepeHocsATCs B ceKumto (4) ouncTku. I1puib, HapuMep, MbUTb MOUEBUHBI, U XUMHUYECKUE TapBbI,
TaKWe KaK aMMHAaK, KOTOpble OOpa3yIOTCs WM BBIIEISIIOTCA B IpOIecce TIPaHyJIMPOBAHUS,
yaAISIOTCS. B CKpyOOepHol ycraHoBke (4). HeoOsi3arenbHo ckpyOOepHasi yCTaHOBKA COIEPIKUT
MO0 MEHbLIeH Mepe MbUIeyAaNsomuil ckpyodep u ckpydbOep sl yoaneHus amMmmuaka. Bropas
cekuusi (5) ucCmapeHus HIKE MO TOTOKY CEeKLHUHM OYHCTKH CcoenuHeHa ¢ cekuueil (3)
IPaHyJMPOBaHMA. TePMHH «HIDKE IO MOTOKY» OOBIMHO OTHOCHUTCS K HAIIPABJICHUIO TEYEHUS
COOTBETCTBYIOILIMX JKUAKOCTEH, mapoB miu ra3oB. Cekuus (4) OYUCTKH, B YACTHOCTH, CEKLIMS
OUYUCTKHU TbUIM, NMPOU3BOAUT BOAHBIH PacTBOP MOYEBHHBI, copepxamuii okono 30-60 mac.%
MOYEBHHBI. DTOT BOAHBIH PACTBOP MOYEBUHBI MEPEHOCUTCSI BO BTOPYIO CEKLHIO (5) ncnapeHws,
OTIMYHYK0 OT YIOMSIHYTOW paHee mepBod cekuuu (2) wucnapenus. Bropas cexuus (7)
KOHJICHCAIIMU COeMHEHA CO BTOpoH cekmuei (5) ucnapenns. OOpa3osasiasicsi maposas ¢asa
BTOPOH ceKIuH (5) UCTapeHHsI MEPEHOCHTCSI BO BTOPYIO CEKIHIO (7) KOHAEHCAINH, OTIHYHYIO
oT nepBoil cekunu (6) koHaeHcauu. KOHIEHCHPOBAHHYIO KUIKOCTb, MOJYYEHHYIO BO BTOPOH
ceknu (7) KOHAEHCAIMW, MOBTOPHO HCHOJB3YIOT B CKpyOOepHOH ycrtaHoBke (4), Ha YTO
YKa3bIBa€T COENUHEHNE MEXy BTOPOU cekunel (7) KOHOeHCalnuu U CKpyOOepHOH yCTaHOBKOH,
HaNpuMep, B KA4eCTBE KUIKOrO KOMIIOHEHTA JUIs yAAJeHUs MTbUTH. | paHyIupOBaHHbBIN MPOIYKT
u3 cekimu (3) rpaHyIupOBaHHs najee oOpadareiBaeTcst B cexkiuu (9) mocnenyromei oopadoTKH.
Ora cexnus (9) mocnenyromei 06paboTKH COAEPKUT XOPOLIO H3BECTHBIE HJIEMEHTBI, TAKHE KakK,
HanpuMep, CHUTa, NPOOWJIKH, MPOTOYHBIE JIEHTHI, OXJIAAUTENH, 3JIEMEHTbl, HEOOXOIUMBIE IS
nanpHelme 00pabOTKH U TPAHCIIOPTUPOBKHU T'PaHYJI.

Ha ¢ur. 2 nokazana 610k-cxema MpOH3BOACTBEHHOMN yCTaHOBKH/CTIOCO0A ISl MOy YeHUS
IPaHyJl MOYEBHHBI B COOTBETCTBHMM ¢ H3o0pereHmeM. bas3oBas ycraHOBKa, 0OO3HaueHHas
CCBUIOYHBIMU TO3ULUsIMH CeKiwst (1) CHHTe3a W U3BJIEYEHUs, MepBoi cexuuu (2) ucnapeHus,
cekuu (3) rpaHyJIMpOBaHUs, CeKUUH (4) OYUCTKH, BTOPOH cekiuu (5) uUcCmapeHws, MepBOH
cekuuu (6) KOHAeHcauuu, BTOpoi cekumu (7) koHmeHcanwu W cekumu (9) mocnemyromei
00paboTKH, HWIOEHTHYHA YCTaHOBKe, omucaHHoM Ha ¢ur. 1. OpgHako BTOpas cekuusi (7)
KOHJeHCAMU coenrHeHa ¢ cekuuer (8) oxnaxknenus. Cekius (8) OXJakIeHUs, comep Kainas
OTBEPCTHUE ISl BITYCKA YKUAKOCTH JJISI pacTIpeeIeHUs] OXJIAKAA0IIEel KIIKOCTH, PACIIONIOKEHA
MekIy cexuuel (3) rpaHyimpoBaHust U cexuuei (4) ouncTku u coequHena ¢ HuMu. Cekius (8)
OXJIaXIeHUs1 coenuHena ¢ cekuei (10) momaun oxna)aaroen >KUIKOCTH U YIIOMSIHYTOH BBIIIE
BTOpO# cekuueit (7) konneHcanuu. Takum oOpa3om, KOHIEHCAT, MOJyYeHHbIH BO BTOPOU CEKIHU
KOHJIEHCALIUK, MOXKET OBITh IOBTOPHO HCIIONB30BAH MJISI OXJIAXKIEHHs] OTXOMSLIEro rasa
rpanyJsitopa. Kpome Ttoro, cekuus (8) oxnaxpaenus coeauHena ¢ cekuueit (10) momauwm
oxjaxparomenn skugkoctn. Cekuus (10) momaum  OXJKAAIOIMIEH SKUAKOCTH — COAEPIKHUT

pa3InviHbIC HCTOYHUKHU BO)IHOI\/'I JKHUAKOCTH u COOTBETCTBYIOIIIHE COCAUHCHUA JJIA
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TEXHOJIOTUYECKOH BOJIBL, TEXHOJIOTUYECKUX BOIHBIX JKUAKOCTEH UJIM CBEXKEH BOJBL

Ha ¢ur. 3 mnokazaHa mnpeamoytrurenbHas  OJIOK-CXeMa  IPOU3BOACTBEHHOMN
YCTAHOBKH/CIIOCO0A ISl M3TOTOBJIEHHSI TPAHYJ MOUEBHUHBI B COOTBETCTBUHU C H300pETEHHEM.
IIpuHuMnManbHasi yCTAaHOBKA WIEHTHYHA YCTAHOBKE, MOKa3aHHOW Ha ¢ur. 2. Kpome Toro,
cekuus (10) momaum oxyaxnaromed SKMAKOCTH COeNWHeHa C cekiuen (8) oxmaxkaeHwus u
cekuueil (4) OYMCTKH, MPEANOYTHTENHHO C MbUIeyJasomuM ckpyodepom. Takum obpasom,
OOUH M TOT € IMOTOK >KUAKOCTH MOXKET OBbITh HCIIOJNB30BAH B KAueCTBE OXJIAKAAIOILIEH
JKUIKOCTH B CEKLUH (8) OXJIaKIEHHUs U B KAYEeCTBE *KUIKOCTU JUJISl OUUCTKH NbUTH B CEKIHH (4)
OYHCTKH. JTa YCTAaHOBKA yMpoLIaeT OOILIyK CXeMy, TeM CaMbIM CHIDKAash MPOH3BOJCTBEHHBIC
3aTpaThl.

CchuiouHbIe MO3ULIUU:

(1) cexuusi cMHTE3a W U3BIICUEHHS

(2) mepBast cexus UCTIAPEHUS

(3) cexuust rpaHyJIUPOBAHHS

(4) cexuust OUUCTKH

(5) BTOpas cexuus UCTIapeHust

(6) mepBasi ceKLUsI KOHACHCALIUU

(7) BTOpAsi ceKkIusi KOHIEHCAILUU

(8) cexuust oxyakaeHus

(9) cexmst mocnenyrome 00padoTku

(10) cexuus momavu OXJIaXKIAKOLIEH JKUIKOCTH
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®OPMYJIA U30BPETEHUA

1. YcraHoBKa A1 MONy4eHUs MOYEBUHBIL, COAEPIKALAs IO MEHbLIEH Mepe:

a. cekuuo (1) cuHTE3a U U3BJIEUEHUS,

b. mepByro cexuuio (2) ucnapeHus, COeANHEHHYIO ¢ cekiuelt (1) cuHTe3a U u3BJIeUeHus,
U TIepBOH cek1ueil (6) KOHAeHC AN,

C. cekumio (3) rpaHyJIMPOBaHUs, COETUHEHHYIO C MepBol cexuuel (2) ncnapeHus,

d. cexuuro (4) OUYUCTKHU, COENMHEHHYIO C CeKIueit (3) rpaHyIupOBaHMSI,

€. BTOPYIO CeKuuio (5) ucrmapeHusi, COeqUHEHHYIO C CeKIueil (4) OYMCTKH, U MPU ITOM
BTOpast cexuus (5) ucrmapeHust COeqUHEeHa ¢ cekuueit (3) rpaHyInpoBaHus,

f. BrOpyro cexuuro (7) KOHASHCALIUU, COSIMHEHHYIO CO BTOPOH CcekIiueit (5) ucrnapeHus;

g cexuuio (8) OXJaXIeHHs], CONEpPKAIIYI BIYCKHOE OTBEPCTHE VIS KUAKOCTU IS
pacripeneneHnsi  OXJKNAKOLIeH  JKUOKOCTH, PACIOJIOKEHHYK — Mexay  cekumed  (3)
IPaHYJIMPOBAHUS U CEKIMeH (4) OUUCTKHU, U COSAMHEHHYIO C HUIMH, U

npu 3ToM cekims (8) oxnakaeHus coenuHeHa ¢ cexuueil (10) momaum oxnakmaromei
JKUJIKOCTU U BTOPOU cekiueit (7) KOHIeHCaIHH.

2. YcTaHOBKA ISl TTOJIyUEHHUs] MOYEBHHBI 1O M. 1, OTIMYAIOINAsCS TEM, YTO BITyCKHOE
OTBEPCTHUE JUISA KUIKOCTH COAEPKHUT PACTIBUIUTEIbHbIE (POPCYHKH.

3. YcTaHOBKA A1 MOJy4Y€HUsI MOYEBUHBI 110 M. 1 WK 2, OTANYArOLIasiCs TEM, YTO CEKLIHUs
OUYUCTKHU COIEPKUT MbUICY TSI CKpyOOep W/ KUCIOTHBIN CKpyOOep, u/mmu ckpyoboep-
XOJIONUJIBHUK, W/HITA X KOMOMHALIHIO.

4. VYcraHoBKa nJ MOJYyYE€HHsT MOYEBHUHbI MO 1. 3, OTIMYAKOLIASCS TEM, 4YTO
NbUICY IO CKpyOOep CoearHeH ¢ CeKLUel MoAaYy KUAKOCTH AJIsl OUUCTKH IBLIH.

5. YcTaHOBKa [Tt OJyYeHHsT MOYEBHHBI O 1. 4, OTJIMYArOIascs tem, 4to cekuus (10)
NOJIaYH OXJIAXKIAFOIIEH YKUAKOCTH COAEPIKUT CEKLUIO TTOAAYH JKUAKOCTH IS OUUCTKU MbUTH HITH
UJICHTHYHA €H, U KaK MbUIeYJAJIIOMMi cKpyOOep, Tak u cekuus (8) OXJIaxIeHus] COSTUHEHBI C
cekuueii (10) momayu oxyakIaroIei JKUIKOCTH.

6. YcTaHOBKA JUISA MTOJTYYEHHsT MOYEBUHBI TI0 1. 5, OTJIMYAIOLIAsICS TEM, YTO CKpyOOep mus
OYHCTKH TBUIH HE UMEET IMOAa4YM CBEKEH BOABI, MPEANOYTUTENbHO NMPU 3TOM CEKIHs MOAaydu
KUIKOCTH JUII OYHMCTKU TbUTH COEAMHEHA CO CKpyOOepOM-XOJOAMJIBHUKOM W/WJIH TPU 3TOM
CEKIIVSI ITOJJA4H YKUIKOCTH JUJIsl OYUCTKH MbUIA COEIMHEHA C KUCIOTHBIM CKPyOOepoM.

7. YcTaHOBKA JUTSl TIOJYYEHUS] MOYEBHHBI 1O JIFOOOMY W3 M. 1-6, OTIUYAIOINASICS TEM,
yro cekuws (9) nmocnenyromeii 00paboTku coenrHeHa ¢ cekuuel (3) rpaHyIMpOBaHUS.

8. [IpumeHeHne yCTaHOBKY IS TIOJTyY€HUs] MOYEBHHBI 110 JIOOOMY U3 nm. 1-7 B KauecTse
YCTAHOBKH i1 TPOM3BOACTBA TpaHyJ YyAOOPEHHS Ha OCHOBE MOYEBHHBI, COIEPIKALINX

COEMHEHUs] aMMHUaKa, HUTPaThl, pochaTel, SIEMEHTAPHYIO cepy, CylibdaT aMMHUaka, MOYEBHHA -
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cynbdat ammuaka (UAS) w/ wim ux cMecu.

9. Crioco® W3roTOBJNIEHUS! T'PaHyJ HAa OCHOBE MOYEBHHBI, BKIFOYAIOIIMA MO MEHbIIEH
Mepe CIenyIoIue CTaAu1, Ha KOTOPBIX:

a. OCYLIECTBJSIIOT OJHY WJIM HECKOJBbKO CTAIMi CHHTE3a M H3BJIEUEHHs], Ha KOTOPBIX
mokcun yriepoaa (COz) pearmpyer ¢ ammmakom (NH3) ¢ oOpasoBanuem pactBopa (A),
CofIep>Kalllero MOYeBUHY U BOAY,

b. mpoBomsAT wWcmapeHwe BOAbl W3 pactBopa (A), ¢ TOJyYEHHEM TIEPBOTO
KOHLIEHTPHUPOBAHHOTO pacTBopa MouyeBHHbI (B) 1 mepsoro BoxsHoro napa (C);

c. moasepraroT mnepBblii BoxsHOH map (C) KOHAEHCAIMH, C TOJYYEHHUEM IEPBOrO
xonxaencara (I);

d. monmBeprarOT KOHIIEHTPUPOBAHHBIM pacTBOp MoueBHHbI (B) rpanymmpoBanuio, ¢
NOJIy4eHHEM TpaHyJ1 MoueBUHBI (D) 1 mMOTOKAa OTXOAALIETO ra3a, COAEepIKaIlero MbUlb MOYEBUHBI
E);

€. TIOABEPrarT MOTOK OTXOISIIEro ras3a, cogepkariero neiib ModeBuHbI (E), ouncrke, ¢
NIOJIy4€HHEM BOAHOTO pactBopa MoueBHHHI (F);

f. momeepratoT BOxmHBIA pacTBOp MoueBHHBI (F) OTAeNnpHOW CTaauu WCHAapeHws, ¢
MOJIy4€HHEM BTOPOTO KOHIIEHTPUPOBAHHOTO pacTBOpa MoueBHHBI ((G) M BTOPOro BOASHOTO Mapa
(H);

g TONAIOT BTOPOM KOHLEHTPUPOBAHHBIN pacTBOp ModeBuHbl ((G) Ha crTaauio
rpanynupoBaHus d;

h. momeeprator BrOpo#t BomsHONW map (H) oramenpHON cTaauuM KOHAEHCALMH C
oOpaszoBaHHeM BTOPOro KoHaeHcara (J),

1. BO3EWMCTBYIOT Ha BTOpOi koHzaeHcar (J) u oxnakmaromyro skuakocth (K) morokom
OTXOZSIIEro rasa, COAESPIKAIIEro MblJIb MOYEBUHBI, TTOCJIE BBIXONA U3 CTAIUH IPaHYJIUpOBaHus d.
Y Mepe]] BXOIOM Ha CTAIHI0 OYUCTKH TBUIH €.

10. Cnocob mo m. 9, OTIMYAOLIMICS TEM, YTO CTAAUsl YMCTKH €. BKJIFOYAET CTAIHIO
OYMCTKU TBUTM W/HMIU CTaaUI0 C HUCIOJb30BAHHEM KHCJIOTHOTO CKpyOOepa, W/WiHM CTaauio
UCTIOJIb30BaHUs CKpyOOepa-XONONHIbHUKA, W/WTH UX KOMOUHAIIHIO.

11. Cnocob mo n. 9 wiu 10, OTIUYAOLIUICSA T€M, YTO HAa CTaJAMH OYMCTKH OT TMbLIH
UCTIOJIB3YFOT JKUIKOCTh JUJIst OYUCTKH TbUTH (L), mpudeM *KUAKOCTb it ouucTKY mbutd (L) Takxke
UCTIONB3YIOT B KaueCcTBe OXJaxkaaromier xunkoctu (K).

12. Cnocob mo jrobomy u3 mm. 8-11, OTaMYAIOMUIACS TEM, YTO HA CTAANH OYUCTKU OT

MbUIA HE UCIIOJIB3YHOT JOMOJIHUTCIIbHYIO CBEXKYIO BOOY.
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