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IHJIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS (OOII 18.04.01)

Kogp pesynbrara

Pesynbrat 00yueHus (BBITYCKHHUK JODKSH OBITH
TOTOB)

Tpebosanus ®I'OC BIIO,
KPUTEPUEB H/WIY 3aHHTEPECOBAHHBIX
CTOPOH

Ilpogheccuonanvuvie komnemenyuu

P1 [MpumensTh 6a30BBIC W CIEIHAIbHBIE, MaTeMaTHieckue, [Ipebosannss OIrOC (IIK- 1,2,3,19,20),
CCTECTBCHHOHAYYHBIC, COIMaJbHO- dKOoHOMHYeckue ulKpurtepuit S5 AWOP (wl.1),CBIO(m,
npodeccroHanbHble  3HaHUS B npodeccuonanbhoi (1.1,4.1, 4.3, 4.8)

IMesTebHOCTH

P2 [Mpumensats  3HaHus B oOmact  coBpemeHHbIX [[pedoBanus ®I'OC (ITK-7,11,17,18, OK-
XUMHYECKIX TEXHOJIOTHI JUTSE pemenuss  |8), Kpurepuit 5 AWOP (mm.1.1,1.2),
MPOM3BOJCTBEHHBIX 33734 CDIO (m. 1.1, 3.2, 4.2, 4.3, 4.5, 4.6)

P3 CTaBUTH U pelIaTh 33Ja4d MPOU3BOJCTBEHHOIO aHaiu3a, [[pedoBanus ®I'OC
CBSI3aHHBIE C CO3/IaHMEM W TepepaboTkoit mMarepuanos c|(I1K-1,5,8,9, OK-2,3), Kpurepwmii 5
MCITOIb30BAHUEM MOJIETTHPOBAHUS 00BEKTOB nAHOP (mm.1.2), CDIO (1.2, 2.1, 4.5)
MPOLIECCOB XUMHIECKOH TEXHOIOTHH

P4 IPa3pabaThIBaTh HO6ble TEXHOJIOTHYECKHE Tporecchl, [Ipebosanms PI'OC (I1K- 11,26,27,28),
[POCKTHPOBaTh W KCIOJB30BaTh HOBOe oOopynoBanue [Kputepuit 5 AUOP (1.13)

XUMHAYECKOM TEXHOJIOTUH, upoekmuposams oovexmot (OK-9, OK-10, OK-13, I1K-4, 7, 10, 12 -
Xumuueckol mexnonozuu 6 Konmexkcme npeonpuamus, 17, 26 ) CDIO (n.1.3, 4.4, 4.7)
o0wecmea u oKpyscarougeii cpeovt

P5 I[MpoBomUTh TeOpeTHUecKHe U SKcnepuMmeHTanbHbie | Tpeboanus ®I'OC (TIK-
MCCIIEIOBaHUs. B O0JACTH COBPEMEHHBIX xuMmuueckux | 4,21,22,23,24,25, OK-4,6), Kpurepwii 5
TEXHOJIOTH AHOP (11.1.4), CDIO (n. 2.2)

P6 IBHEmpsITH, 9KCILTyaTUPOBATh U 00CIyXHBaTh TpeboBarns PI'OC (TTIK-

COBpEMEHHOE BBICOKOTEXHOJIOIMUHOe oOopymosanue, | 6,10,12,13,14,15, OK-6,13,15),
00eCIeunBaTh €0 BEICOKYIO (D (PEKTUBHOCTE, ébt600ums | Kputepuii 5 AUOP (11.1.5) CDIO(" 4.1,
Ha puinoK Hoeéble mamepuansi, cobmonars npasuia | 4.7, 4.8, 3.1, 4.6)
OXpaHbl 37I0pOBbsi M 0E30MACHOCTH Tpyda HA XMMHKO-
TCXHOJOTNYECCKOM IMpOU3BOACTBE, BBIIIOJIHATH
TpeOOBaHUsI MO 3aIIUTE OKPYKAIOLICH CPE/Ibl.

Obwexynbmyphvie KOMHEmeHyuu

P7 /IeMOHCTPHPOBATh 3HAHMSA COLMAIBHBIX, 3THUeCkHX H/Ipebosamms D®IOC (OK-5,9,10,11),
KYJTBTYPHBIX acIeKTOB npodeccuonansHori  [Kpurepuit 5 AUOP (mn.2.4,2.5), CDIO
eI TENLHOCTH. (m. 2.5)

P8 CaMOCTOSTEIBHO YYUTBCA M HENPEPBIBHO TOBBIMIATh [IpeboBanus PIrOC (OK-1,2,7,8,12),
KBaTH(DUKAITUIO B TEYCHHE BCETO nepuona |Kputepuit 5 AUOP (2.6), CDIO (m. 2.4)
npodeccnoHaIbHON IeSITENFHOCTH.

P9 UKmueHo BIANCTh UHOCMPAHHBIM A3bIKOM Ha YpoBHE, [IpeboBanus ®I'OC (OK-14) , Kpurepwuii
[O3BOJISIOIIIEM pa3pabaThiBaTh nokymenranuio, |5 AMOP (a2.2),CDIO (m. 3.2, 3.3)
MpPE3eHTOBATh Pe3yIBTaThI npodeccnoHaIbHON
eI TeTbHOCTH.

P10 DddexTnBHO paboTaTh HHANBHAYAIBEHO U B KoJutekTuBe, TpedoBanus OI'OC (OK-3,4),
Oemoncmpuposamy  nudepcmeo ¢ umycenepnou | Kpurepuit 5 AUOP (nm.1.6, 2.3)
Deamenvhocmu u UHIHCEHEPHOM CDIO(™4.7,4.8,3.1)
npeonpunumamenscmae, OTBETCTBEHHOCTH 33|
[pe3yibTaThl  pabOTBl M TOTOBHOCTh  CJIEJIOBATh

KOPIIOPaTUBHON KyJbTYpe OpraHU3aluHm.




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepanun
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[Ixoma UmxeHepHas MIKOJIa IPUPOIHEIX PECYPCOB

Hampasnenue noaroroku (cnenuanbHocTh) 18.04.01. « Xumudeckast TEXHOJIOTUsD (XUMUYecKas

TCXHOJIOIM TOIJIMBA 1 ra3a)

Otnenenne mxkonbl (HOLL) OTaeneHrne XMuMHUYECKONH HHKEHEPUH

VYTBEPXIAIO:
PykoBoautens OOIL

(IToamuce)

(Jata) (®.1.0.)

3AJJAHUE

HA BbINOJIHEHNE BbINYCKHON KBAJIN(QUKAIMOHHOMH PadoThI

B dopwme:

MaFI/ICTepCKaH AUccepranus

(bakanaBpcKkoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MAaTUCTEPCKON AUCCEPTALIHHN)

CryneHry:

I'pynna

(0] 4 (0]

2JIM6B

JlurBunoBa An:xkena EBrenbeBHa

Tema paboThI:

MojaennpoBanue U KOMILIEKCHBIH aHAJIU3 PeXKMMA PadOThl YCTAHOBKH OYMCTKH ra3a oT
CepOBOIOPOIa PACTBOPOM AUITAHOJIAMHHA

YTBepxkIeHa NPUKa30M JUpeKTopa (1ata, HoMep)

Nel881/c ot 19.03.2018

Cpok ciauu CTYJIEHTOM BBITIOTHEHHON paOOThI: 21.05.2018
TEXHUYECKOE 3AJIAHUE:
HcxonHble 1aHHbIE K padoTe TexHomornmueckass cXemMa W TEXHOJOTHYCCKUH

(HaumeHoBaHUe 00BbEKMA UCCIeO08AHUS UNU NPOSKMUPOBAHUSL;
NpoU3600UMENbHOCHIL UL HAZPY3KA, PEHCUM PAbOmbl
(Henpepblgnblil, NEpUOOUYeCKUll, YUKIUYECKUl u m. 0.); 6uo
CHIPbA UMY MATePUan usoenus; mpebosanus kK npooyKmy,
u30enUIo U npoyeccy; 0cobvle mpebosanus K 0COOeHHOCHAM
Gyuryuonuposanus (Skcnayamayuu) 06vekma unu u30enus 6
naawne 6e30NacHOCHU SKCAYAMAayuu, BIUAHU HA
OKPYAHCAIOULYIO CPedy, FHEP203AMPAMAM, IKOHOMUHECKUTL
ananuz u m. 0.).

perilaMeHT yCTaHOBKM OYMCTKH ra3a OT CEpOBOJAOpPOAA
pacTBOPOM IMATAaHOJIAMMHA.

Mertonuka pacyera MPOU3BOAUTEIBLHOCTH JAHHOU
YCTaHOBKH.

IlepeueHb moaJieskalIMX HCCIEI0BAHNIO,
MPOCKTHPOBAHUIO U pa3padoTke
BOIIPOCOB

(ananumuyeckuii 0630p NO IUMEPAMYPHLIM UCTHOYHUKAM C
Yenblo BbIACHEHUS. OOCMUNCEHUL MUPOBOLL HAYKU MEXHUKU 6

AnanuTHueckuii  0030p  mo  pa3paboTaHHBIM
TEXHOJIOTHUAM OYHUCTKHA YIJIEBOAOPOJAHBIX Ta30B OT
CepoBOIOPOAa A0COPOIIMOHHBIMEI METO/IAMHU.

AHanmu3 pexuMa pabOThl  YCTAaHOBKHM  OYHMCTKH
YIJIEBOJOPOAHBIX Tra3oB OT  CEpPOBOJOpOJAa  Ha




paccmampugaemoti 061acmu,; NOCMAH08KA 3a0adu e Hb(b OBBIX MECTOPOKICHUSIX

uccnedo8anusl, NPOEKMUPOSAHUs, KOHCIMPYUPOBAHUSL; Pacuer DeKMMA DAGOTHL VCTAHOBKH DI O —
codepaicanue npoyeoypsl UCCIeO08AHUSA, NPOCKMUPOBAHU, p p Y pu ym
KOHCMPYUpo8anus; 006cysicoetue pesyibmamos olnoIHEHHOU €€ IMPONU3BOAUTEIIBHOCTH.

pabomol; HAUMEHOBAHUE OONOIHUMENLHBIX PA30eos, P acuer 3HepFeTquCKOﬁ 3(1) q)eKTI/IBHOCTI/I p 216 OTBI
nooxedcawux paspadomke; 3aKuoverue no pabome).
YCTaHOBKH.

ITepeyens rpauyeckoro MaTepuaja

(c mouHwbIM yKazanuem 06s3amenpHbIX Yepmedicetl)

KoncyabTaHThI 110 pa3jaesaM BbITYCKHONH KBAJIM(PUKALMOHHOH PadoThI

(¢ ykazanuem pazoenos)

Paznen KoncyabTant
DuHaAHCOBBIH MeHemxkMenT, | lonenr, k.1.H., Kpuaunpina 3os BacuibeBHa
pecypco3pPeKTHBHOCTD H
pecypcocoepexenue

CounmanbHasi oTBeTcTBeHHOCTh | JlomeHT, k.X.H., Kopons Mpuna CrenanoBHa

HNHocTpaHHBIi A3BIK Houenr, x.¢.H., CeicknHa AHHa AJeKCaHAPOBHA

Haszpanus pa3aejioB, KOTOPbLIE€ JTOJ/IZKHBI ObITh HANMCAHBLI HA PYCCKOM M HHOCTPAHHOM
A3bIKAX:

1 JlutepaTypHblii 0030p

1.1  Knaccudukamms crmoco60B OYHCTKU T'a3a OT KUCIBIX TPUMECEH

1.2 Ouuctka ra3oB pacTBOpaMH alIKaHOJAMHHOB

1.2.1 Xwumu3Mm mporecca aMMHOBOW OYMCTKH ra3a

1.2.2 OcHoBHble npoueccsl 0uucTkH ra3a oT HpS u CO, amunamu

1.3 Meropl MaTEMaTHYECKOTO MOIEIMPOBAHUS aMUHOBON OYMCTKHU Tra3a
1.3.1 MopaenupoBaHue paBHOBECHOM pacTBOPUMOCTH

1.3.2 MopenupoBanue abcopOepoB U KOJIOHH PEreHepalny MmoTJI0TUTEeH

JlaTa BbI1a4¥ 32/1aHUA HA BBINOJTHEHHE BBIITYCKHOM 15.01.2018 r.
KBAJIH(UKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JoxkHocTh [5(0] Yu4eHnas creneHb, Moanuch Jlata
3BaHNe

Homear OXUW UIIITP [Tomok E.B. K.T.H., JIOIICHT 15.01.2018

33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna (07 (0] Hoanuch Hara

2JIM6b JlutBunoBa A.E. 15.01.2018




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
CTyneHry:
'pynna DPUO
2JIM6b JlutBuHOBa AHkenna EBrenneBHa

Hucruryr NIITIP Otnenenne OXHA
mkoabl (HOII)

YpoBeHn o6pasoBaHus MaruCTpaHT Hanpasiienue/ 18.04.01 Xumuueckas TEXHOJIOT U
CHCHUAIBHOCTE | TOIUIMBA U ra3a

Hcxoanbie 1anHble K pa3aeny « DMHAHCOBbBIH MEHEIKMEHT, pecypcodPPeKTUBHOCTD U
pecypcocOepekeHue»:

1.

Cmoumocms pecypcos nayunoeo ucciedosanusi (HH):
MaAMepUaIbHO-MEXHUYECKUX, IHEP2EeMUIEeCKUX, (PUHAHCOBYIX,
UHPOPMAYUOHHBIX U UeTI08EHECKUX

Hopmul u nopmamuesl pacxooosanus pecypcos

HCI’IOJst’yeMaﬂ cucmema Ha]l02005ﬂ09fC€Hu}l, cmaesKku
HAJl02086, omwcxzeﬂuﬁ, ()MCKOHmupOG(,ZHuﬂ u erdumoeaﬂuﬂ

Paboma ¢ unpopmayueii, npedcmasnennon 6

poccuzZCKux u UHOCMPAHHBbIX HAY4YHbIX
ny6ﬂukaz4wzx, anaiumu4yecKkux mamepuanax,
cmamudecKkux OKo1IemeHsix u u30aHuﬂx,
HOpMAmMueHo-npasoesblx OOKymeHmax;

aHKemupoeanue, onpoc

IlepeyeHb BONMPOCOB, MO/JIEKANMX UCCTETOBAHNIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1.

Oyenka KoMmepuecKko2o nomeHyuand, nepcneKmugHOCmu u
anvmepramug npogedenus HU ¢ nosuyuu
pecypcoaghgexmugHocmu u pecypcocbepedxcerus

IIposedenue npednpoekmnozo ananusd.
Onpeoenenue yenesozo pvika u npogedeHue e2o
ceeMeHmuposanust. AHANU3 NPUYUH U CLe0CMmEUs.
npobiem, OYenKa KOMMEePYUATU3AYUY NPOEeKma.

Huuyuayus npoexma

Onpedenenue yeneil u 0#CUOAHUL, Mpebo8aHull
npoexma. Onpeoenenue 3auHMepPeco8aHHbIX
CIMOPOH U UX 0HCUOAHUIL

HﬂaHUpO@aHU@ ynpaeieHus Hay4YHo-mexHu4eCcKum npoexknom

Paspabomxa epaguxa npogedenus nayunozo
uUcc1e008aHus.

Onpedenenue 6100xcema HayyHO — MEXHUUECKO20
uccnedosanus (HTHU)

Onpedenenue pecypcHoll (pecypcocbepezarouyell),
Qunarncogotl, 0100AHCeMmHOU, COYUATLHOU U IKOHOMUYECKOU
aghgexmugHocmu uccredo8anus

Ipogeoenue OYeHKU 9IKOHOMUYECKOU
aghpexmugHocmu  UCCIe008aHUL KOMALIOMEPHO-
MOOETUPYIOWUX NPOSPAMM NPOYECCO8 AMUHOBOL
ouuCmKU 2a3a

Hepeqenb rpa(l)nlleucoro MaTEPHUAJIA (c mounvim yrazanuem 06a3amenvHbIX Yepmedicel) .

| laTa BbIIauM 3a1aHus1 VIS Pa3/ieia 110 JTHHEHHOMY rpaduKy | 12.03.2018
3agaHue BbI1aJ KOHCYJIbTAHT:
JoskHOCTH [27(0] Yuenas crenenb, IToanucn Jara
3BaAaHHUC
Houent Kpununeizna 3os K.T.H.
BacunbeBHa
3agaHue NPUHAJ K HCIIOJHEHUIO CTYICeHT:
I'pynna DPUO Hoanuch Jara
2JIM6b JlutBuHoBa AHxena EBrenbeBHA




3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:
'pynna DPUO
2JIM6b JlutBuHOBa AHkenna EBrenneBHa
Hucruryr NIIITP Otnenenue mxoabl (HOL) OX!
Yposenb 00pazoBanusi | MaruCTPaHT Hanpagsienne/cneunansuocts | 18.04.01 XumMnueckas
TEXHOJIOTHs TOIUIMBA U ra3a

I/ICXO[IHbIe JaHHBbIC K pasaejry «ConuajibHasi OTBETCTBEHHOCThY |

1. Xapaktepuctiuka 00beKTa HCCICTOBAHMS
(BeniecTBO, MaTepua, IPUOOp, aarOPUTM,
METOAMKA, pabodast 30Ha) ¥ 00JIACTH €T0
MPUMEHEHUS

OOBEKT HccIeIoBaHusI — YCTaHOBKA aOCOPOIMOHHOM
OYUCTKH TIOMYTHOTO HE(PTAHOTO Tasza IIelb(OBOTO
MECTOPOKACHUS, COIEpPXKALEr0 B CBOEM COCTaBe
0,1 % mon. H,S u 0,77 % mon. CO, 10 ocTaTo4HOro
COJICpKaHUsl CEPOBOJOPO/a B OUMIIEHHOM ra3e He
6osee 10 ppm.

Meroauka — OYMCTKAa ra3a OT KHCIBIX IpUMEcel
PacTBOPOM AMITAHOJIAMHHA.

Pabouass 30Ha — MOAENMpPOBAHUE YCTAHOBKHU
aMWHOBOHM OYHCTKH ra3a B nadoparopun OXU TITY.
Ob6nacth MIPUMEHEHUS - HedTerasopas
IMPOMBIIIIJICHHOCTD

Hepeqeﬂb BOIIPOCOB, NOJICKAIUX HCCIACTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3pa60TKe:

1. lTpousBoacTBEHHAs 6€30MACHOCTH

1.1.Ananu3 BpemHBIX W OMNACHBIX (AKTOPOB,
BO3HHUKAOIINX Ha TPOM3BOJICTBE:

1.2.AHanu3 BpeIHBIX U OMNACHBIX (AKTOPOB,
KOTOpBIE MOTYT BO3HHKHYTh Ha pabodyeM MecTte
IPH [IPOBEICHUH UCCIIEI0BAHMIA

1.1 Bpeansie u omnacHble (aKTOpPBI, KOTOpbIE
MOIKET C03/1aTh 00bEKT HCCIeA0BAHUS:

OmnacHele ¢usndeckue (PakTopbl BOZHUKAIOT
npu paboTte 000pyAOBaHMS YCTAHOBKU OYHMCTKHU Tras3a.
B nmaHHOM mpoM3BOJACTBE TaKUMH (PAKTOpaMU MOTYT
OBIThH TOBBIIICHHAs TEMIIEPaTypa BO3AyXa U paboumx
MOBEpXHOCTEW (mecopbep, KOHTAKTHBIA —ammapar,
TEIIO0OOMEHHOE ~ 000OpY/IOBaHHUE),  IMOBBIIICHHBIM
YPOBEHB nryma (TpyOompoBoz, HacoCHl,
KOMIIPECCOpPBI, JiecopOep), MOBBIINICHHBIC 3HAYCHUS
HaNpsDKEHUsT  DIIEKTPUYECKOro  Toka  (HAcCOCHI,
KOMITPECCOPHI).

OnacHele  xuMudeckue (akTopbl  OOYCIIOBIICHBI
HaJIN4YueM BPEAHBIX XUMHYCCKUX BCIICCTB Ha
YCTaHOBKE OYHMCTKH Ta3a: CepOBOJOPOJ, MOHOOKCHI
yriepona, JTMOKCH]T cephl, YTJIEBOJOPOIBI,
JAUATAHOJIAMUH.

CpencTBa  3alIMTHI:  OTPaHUYEHHE KOHTaKTa C
BpPEIHBIMH BELIECTBAMH, COOJIIOACHHWE HHCTPYKLIUHN
IpY BBINOJIHEHUH PabOT Ha YCTaHOBKE, MPOBEICHUE
WHCTPYKTaXEH, IIPUMEHEHUE CpenCTB
WHIWBUAYaJbHON 3alluThl (CHEeloaexaa, MepyaTKy,
MPOTHUBOTA3bI, KACKH, CATIOTH).

IoCT 12.0.003-74 Cucrema CTaH/IapTOB
6e3onacHoctu Tpyaa (CCBT). OmacHble u BpemgHbIC
MIPOM3BOJCTBEHHBIE (PAKTOPHI.

1.2 Bpeansble u onacHbie (paKTOPHI, KOTOPbIE MOTYT
BO3HHKHYTH Ha padoyeM MecTe NMPH MPOBeIEHUH
HCCIeI0OBAHMII:  MHUKPOKJIMMAT,  HEIOCTATOYHAs

OCBCIICHHOCTH pa60qe171 30HbI, DJJICKTPOMArHuTHOC




u3nydeHne (UCTOYHHKOM SIBJSIETCS  KOMIIBIOTED),
OMAaCHOCTh BO3HUKHOBEHHS IOXapa, TOpaXKeHUe
ANEKTPUICCKUM TOKOM.

1.I'OCT P 12.1.019-2009 CCBT.
Onekrpobe3omacHocTs.  OO0mmue  TpeOoBaHMSI W
HOMEHKJIATypa BUJIOB 3alllUTHI.

2.CanlluH 2.2.1/2.1.1.1278-03. EctectBeHHOe U

HCKYCCTBEHHOE OCBEILICHUE. 4.CaunlluH
3.2.2/2.4.1340-03. Turuenuueckue TpeGOBaHUSI K
MEPCOHAIBLHBIM  3JICKTPOHHO-  BBIYUCIIUTEIBHBIM

MallliHaM ¥ OpraHu3aluy padoTHI.

4.CanlluH 2.2.4.548-96. CanurtapHblc TIpaBHWIa M
HOpMBI. [ urueHnyeckne TpeOoBaHUS K MUKPOKINMATY
MPOM3BOJCTBEHHBIX MOMEICHHH.

5.CHull 23-05-95. EcTtecTBeHHOE M HCKYCCTBEHHOEC
OCBEIIICHHE.

6. 22.07.2013 1. Nel23 — @3. TexHu4yeckuit
periaMenT o TpeOOBaHMAX MOKapHOU 0€30MacHOCTH.

2. DKoJornueckas 0e30IMacHOCTh:

Breibpocamu B arMocdepy Ha MPOU3BOACTBE
SIBJISIFOTCS: CEPOBOJIOPOJ, OKCHA YIIIepOaa, THOKCH
CepHl, YIIIEBOAOPOIHI;

BO3/IeICTBHS 00BEKTa Ha THAPOChEepy— HET;
BO3JICHCTBUS OOBEKTA Ha JINTOC(Epy— HET;

3. be30nacHOCTh B Ype3BbIYaiiHbIX CUTYalMAX:

BeposTHeie Ype3BbIYaliHbIE CUTYyallUHU:
BO3HMKHOBCHHME TMOXXKapa Ha paboueM  MecrTe.
IIpoTuBONIOXapHas 3alUTa: B CJIy4ae BOSHUKHOBEHHUS
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Maructepckass muccepranus coxepxut 120 c., 27 pwuc., 26 Tabn., 64
MCTOYHUKA JINTEPATYphI, 2 TIPUIL

KiroueBbie cioBa: MOMYTHBIA Ta3, CEPOBOAOPOJ, AUITAHOJIAMHUH, aMHUHOBAs
ourctka, Aspen HYSYS, ontummu3arius, KUCIIbIe KOMIOHEHTHI, aOCOPOIIHSI.

OOBEKTOM HCCIEAOBAHUS UCCIEAOBAHUS SIBISIETCS YCTaHOBKA aOCOPOILIMOHHOMN
OYUCTKHU TMOMYTHOTO HE(TSHOTO Trasza, conepkaiiero B cBoem cocrase 0,1 % mo.
H,S u 0,77 % mon. % CO,, 10 ocCTaTouyHOro CcoJepKaHUs CEPOBOJOpPOJa B
OUHMIIIeHHOM rase He 6oiiee 10 ppm 28 % pacTBOpoM au3TaHOJIAMHHA.

Ilens paboOTHI — MOAETMPOBAHUE YCTAHOBKM AaMHUHOBOW OYHCTKH IOMYTHOTO
He(TAHOTO Ta3a OT KuCIbiXx mnpuMeced B cperne Aspen HYSYS ¢ wmenbro
ONITHUMHM3AIIN TEXHOJOTHUECKHX MTapaMeTPOB pabOTHI OJIOKAa aMUHOBOM OYMCTKH Ta3a
11eJIb(OBOTO MECTOPOKICHUS.

Meronosorusi TPOBEACHUS HUCCICIOBAHMS: MOJCIUPOBAHUE YCTAHOBKHU
aMUHOBOM OYHCTKH Ta3a C WCIIOJIh30BAaHUEM pacTBOpa AWATAHOJIAMHUHA OBLIO
MIPOBEJICHO C TOMOIIBIO YHUBEPCATIBHOU cucTeMbl moaenupoBanus Aspen HYSYS.

B mpormecce wuccnemoBaHus MPOBOAUIUCH OSKCIIEPUMEHTHI TI0 HW3YYCHHIO
BIIUSHUAS CKOPOCTH IUPKYJSAIMU OOCITHEHHOTO aMHHa, TEMIEpaTyphl 0OCTHEHHOTO
aMUHA W JaBlicHUE pedoilyiepa KOJOHHBI pereHepanuyd amuHa Ha 3(()EKTUBHOCTH
yIaJICHUS CEPOBOIOPO/Ia U IHEPTETUICCKUE 3aTPATHI.

B pesynbrare wuccienoBaHus OBLIM ONpENENEHb ONTHUMAIbHBIC PEKUMBI
paboOThl YCTAHOBKM aMHUHOBOW OYHCTKH Tra3a OT KHUCJBIX MPUMECEH, MPU KOTOPHIX
JIOCTHTAETCs TpeOyeMasi CTEeIIeHb OYMCTKH Ta3a MPU MHUHUMAJIBHBIX SHEPTeTHICCKUX
3arparax.

CrerneHn BHCAPCHUA: HAXOAUTCA HAa CTAAUH UCCICAOBAHM.
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BBenenne

PanmonanpHas yrunusanus 100bBaeMoro momyTHoro Hedrssaoro rasza (ITHI)
SBJIICTCSI OAHOM W3 HambOoJiee aKTyaldbHBIX 3aJad B OOJacTH DSHEPro- M
pecypcocOepexkenus. B 1mensx mpeaoTBpainieHus 3arpsA3HeHusi armochepHoro
BO3IyXa BEIOPOCAMU BPEIIHBIX BEIIECTB M COKPAIICHHS YMHUCCUN TTAPHUKOBBIX Ta30B,
o0pa3yloluxcsi Mpu CKUTAHUM TOMYTHOro HedTsHoro rasza, [IpaBurensctBo PD
YCTAaHOBWJIO JKEeCTKuEe TpeOoBaHusi K oObemMaM cxwuranus [IHI' nHa ¢akenbHbIX
YCTAaHOBKAaX W YBENMYMIIO pa3Mepsl IMTpadoB B cCiIydae TMPEBBIICHUS OTHUX
IOKa3aTeseu.

OnnuM 13 HamOoJiee MEPCIEKTUBHBIX BapUAHTOB MPOMBICIOBON YTHIIM3AINU
MOMYTHOTO HE(PTIHOrO Ta3za HEOOJBIIUX MECTOPOKIACHUM CEpPHUCTOH HeTH
SBJIIETCSI €r0 UCIIOJIb30BAHUE JJIsI BHIPAOOTKH AJIEKTPUUECKOM M TEIUIOBOW SHEPTHUU
Ha Ta30MOPIIHEBBIX WM TYPOMHHBIX CTAHIMSAX [JIs1 JIOKAJIBHOTO HCIOJIb30BaHUS
noxy4yeHHou sHeprun. OnHako Hannuue B coctase [THI' cepoBogopoia He MO3BOISIET
MPUMEHSTh €r0 B KAyeCTBE TOIUIMBHOIO Ta3a OOJIBIIMHCTBA YHEPrOyCTAHOBOK U
3HAUUTEIBHO COKPAIIAET CPOK CIY>KOBI Meuel mojorpeBa HeTU U MapoOBBIX KOTJIOB
Ha MPOMBICIIAX.

AMHWHOBasE OYUCTKa SIBJISETCS OJIHUM M3 Hanbojee 4acTO HMCIOJIb3YEMBIX B
He(dTerazoBoi MPOMBIIIIICHHOCTA CIIOCOOOB y/IaJe€HuUsl KUCIBIX Ta30B U3 MPUPOTHOTO
raza. B KkadecTBe TOTJIOTUTEIBHBIX PACTBOPOB OSTAaHOJAMHHOB HaMOOJbIIEE
pacrpocTpaHeHue MoIyuniii MOHOATaHoJaMuH (MDA) u austanonamut (IDA).

OOBEKTOM HCCIIEIOBAHUS SIBIIAETCS YCTAaHOBKA a0OCOPOIIMOHHOW OYHMCTKHU
MOMyTHOTO HEe(TSIHOTO Tasza, coaepkamiero B cBoeM coctaBe 0,1 % mon. H,S u
0,77 % mon. % CO,, 10 OCTAaTOYHOTO COJIEPIKAHUS CEPOBOAOPOIA B OUUIIICHHOM rase
He 6omee 10 ppm 28 % pacTBOpoM AUITaHOJIAMUHA.

[lenpr0 nMaHHOM MAarucTEPCKOM JUCCEPTALMU  SBISETCA MOJECIUPOBAHUE
YCTAaHOBKA aMHHOBOW OYHMCTKH MOMYTHOTO HE(PTSHOTO Tra3a OT KHUCIBIX NMpUMEceh B
cpene Aspen HYSYS ¢ nenbto onTuMu3aiuy TEXHOJOTHYECKUX MTapaMeTpoB padOThI

0JI0Ka aMUHOBOM OYMCTKH rasa meab(hoBOro MeCTOPOKACHHUS.
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JIJIsi TOCTHMIKEHUSI TTOCTaBICHHOW Ienu ObUTH CPOPMYIUPOBAHBI CIIEIYIONTHE
3aJlayu:

1. Pa3paboTka maremaTnueckol MOJIEIM Mpoliecca aMUHOBOW OYHMCTKHU
rasa oT C€pOBOIOPOa Ha MIeIb(HOBOM MECTOPOXKICHUU B IpOrpaMMHOM cpene ASpen
HYSYS.

2. [IpoBepka pa3paboTaHHON MOJEIH HA aJIEKBATHOCTD.

3. AHanu3 TeKymiero pexunma paboThl YCTAaHOBKA aMHUHOBOM OYHCTKH rasa
JUTSl BBISIBJICHUS] OTKJIOHEHUN OT Hanbosee 3 PeKTUBHOrO pexxuma padoThl.

4, BripaboTka pekoMeHIalui 1Mo yBeIHnueHUIo 3pGEeKTUBHOCTH pabOThl U
IIPOU3BOAUTEIIBHOCTH YCTAHOBKH.

[IpakTyeckoli 3HAYUMOCTBIO  SIBIIIETCSI BO3MOXHOCTH  HMCIIOJIb30BAHMS
pe3yNbTaTOB padOThl Ha JEWCTBYIOIIEH YCTAHOBKE C LEJIbIO YBEIMYECHHS €€
IPOU3BOJUTENILHOCTH U pecypcodp(HEKTUBHOCTH.

OcHOBHBIE pe3yNnbTaThl MO TEME MAarucTepcKod JuccepTaluu  ObUIH
npeacrasieHbl Ha XXII MexIyHapoZHOM Hay4YHOM CHUMIIO3MYME CTYAEHTOB M
MOJIOZIBIX Yy4Y€HbIX HMMeHHM akajgemuka M. A. VYcoa «lIpoGnembl reosorud u
OCBOCHHMSI HEIIP», MOCBSIIEHHOM 155 - JIeTuio co JIHS poKIeHUs akagemuka B. A.
OO6pyueBa, 135 - meturo co aHSA poxAcHUsA akagemuka M. A. YcoBa, ocHOBaTene
Cubupckoi ropHO-T€0JIOTHYECKOM MIKOIBI U 110 — JIeTHIO IEPBOTO BHIMTYCKA TOPHBIX
umxeHepoB B Cubupu, r.Tomck; 72-ii MexayHapoaHON MOJIOJEKHONW HAay4dyHOU

koHpepeniu «HedTs 1 raz — 2018», r.Mocksa.
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1  JluteparypHblii 0030p

1.1 Knaccudukanus cnoco00B 0OYUCTKH ra3a 0T KHCJIbIX IpUMecei

JIsi O4MCTKM MOPUPOJHOrO Ta3za OT CEPOBOAOPOJAa M AMOKCHAA Yrjiepojaa
MPUMEHSIIOT PA3JIMYHbBIC MTPOIECCHI, KOTOPhIE MOYKHO Pa30OUTh Ha CJICAYIOIINE TPYIIIbI

(pucynok 1.1) [1]:

dusnyeckasn
abcopbumn

Xnmunyeckasn
abcopbuma

=1 A6COPOUMNOHHDbIE

DU3NKO-XMMUYEecKasn
abcopbumn

dusnyeckan
- agcopbumsn
AnacopbunoHHble

Xumunyeckas
agcopbums

OKucnutenoHole

Cnocobbl 04MTCKM rasa
|

-1 KaTanutuuyeckue

BoccTtaHOBUTENbHbIE

Pucynok 1.1-IIponecchl OUUCTKU Tra30B OT KUCJIBIX KOMIIOHEHTOB

HaunbGonee mumpoko  MNpUMEHSIOTCS  aOCOpPOIIMOHHBIE  TPOIECCH  C
UCIIOJIb30BAHUEM XUMHUYECKUX U (PU3NYECKHX a0COpPOEHTOB M HMX KOMOWHALIHH.
OxuciauTensHble M aJCOPOLIMOHHBIE MPOLECCHl NMPUMEHSIOT, Kak MpPaBUIIO, IS
OUYMCTKH HEOONBIINX MOTOKOB ra3a WM AJi1 TOHKOM OYMCTKH rasa.

K abcopbeHTtam, HCHOJIB3yeMbIM B MPOMBIIUIEHHOCTH, MPEAbIBISIOTCS
cieaywomnme  TpeOoBaHMS: HEACPUIIMTHOCTh,  BBICOKAs  MOIJIOTUTENbHAS
CIIOCOOHOCTh, HU3KOE JAaBJICHUE HACHIIICHHBIX MAPOB, XUMUYECKAs] U TepMHUECKas
CTaOMJIBHOCT, TPHU HCIOJB30BAHMU B pabOYMX YCIOBHUSX TMpollecca, HUBKHE
BA3KOCTb M TEIJIOEMKOCTb, HETOKCUYHOCTh, CEJIEKTUBHOCTH (TIPU CEJIIEKTUBHOMN
abcopOuun).

N3 ¢usnyeckux abCcopOEHTOB NMPOMBIIUICHHOE MPUMEHEHHE ISl OYMCTKU
ra3oB MOJY4YUSIH MeTaHoJ, N-MeTWInUppOINAOH, MPONUICHKApOOHAT, AJKHIOBBIE

B(prBI HOHHBTHHGHFHHKOHeﬁ, AUDTUIICHTIJIMKOJIb H Ap. PereHepauI/Iﬂ 9THUX

14



a0COpOEHTOB Ha TEXHOJIOTMYECKUX YCTAaHOBKaX B OOJBIIMHCTBE CIy4yaeB
MPOUCXOJIUT TOJIBKO 32 CUET CHIKECHHMS JIaBJICHUS B cUCTEME Oe3 JOMOTHUTEIBHOTO
noaBojna Teruia. duzmyeckue abCOPOEHTHI HE TMEHATCA, HE KOPPOIUPYIOT
anmaparypy, HWMEIT HH3Kyl0 Temmeparypy 3amep3anus (ot —24 °C gns  N-
MeTminupponuaona 10 —97,8 °C miig MeTaHona), U3BJIEKAaOT U3 ra3a OJHOBPEMEHHO
C CEpPOBOJOPOAOM M JHMOKCHIIOM YIJIEPOJA, MEPKAINTaHbl U CEPOYIJIEPOM, B pAlE
ciydaeB ocymaroT ra3. K HejgocTtatkam HMCHOIB30BaHMS (PU3NYECKUX aOCOPOEHTOB
OTHOCHUTCS MOBBIIICHHAS! PACTBOPUMOCTh B HUX YTJIEBOJOPOIHBIX KOMIIOHEHTOB ras3a
U HEBO3MOXHOCTh IMOJYYUTh TJIYyOOKYIO CTENEHb OYHMCTKM Tra3za, a Takke HX
CPaBHUTEIBHO BBICOKASI CTOMMOCTS [ 1].

N3 xumudeckux abCcopOEHTOB HamOosiee MIMPOKO MPUMEHSIOTCS BOIHBIC
pacTBOpPBI aJKaHOJIAMHUHOB KOHIeHTpauuen 10-20 % wmac. mimd MOHO3TaHOJIAMUHA
(MDA), 20-30 % wmac. gusa gudta"HomamuHa (JA29A) u 30-50 % wmac. nus
MetwiaudTanonamuaa (MI9A). Mcnonb3oBanue JI9A ocoOeHHO 1ienecooOpa3Ho B
TeX Cy4asix, KOrja B UCXOJHOM rasze Hapsay c cepoBogopoaoM (H,S) u nuokcumom
yraepona (CO,) comepxkarcs cepookcup yriepoga (COS) u cepoyriepon (CSy),
KOTOpbIE BCTYMAIOT B HEOOpAaTUMYIO peakiuio ¢ MDA, BbI3bIBas €ro 3HAUYUTEIbHBIC
notepu. MJIDA ucnonb3yeTcs sl CeNEeKTUBHOTO M3BieueHus H,S B nmpucyrcrBumn
CO,. Kpome »oTux, HauboJiee IIUPOKO PACIPOCTPAHEHHBIX aOCOPOEHTOB,
HCTOJIb3YIOTCS Ttakke TpudTaHomamuH (TOA), nmurmukonmpamun  (II'A),
nuusonpornanonaamut (ANUIIA). K xeMocopOIMOHHBIM MpoIieccaM OTHOCATCS TaKKe
IIPOLIECCHI C MCIOJIb30BAHUEM IPYTUX IOITIOTUTENEH: MOTAlla, IIEJI04YM, aMMUAKA,
MEIHO-aMMHAYHOTO KOMILUIEKCA U THAPOOKCHUIA kKeJe3a [2].

K mocromHcTBaM XuMMHUYECKHX aOCOPOEHTOB ClieAyeT OTHECTU BO3MOKHOCTh
TOHKOM OYHCTKHM HCXOJHOTO Ta3a IMPU Pa3JIMUHBIX KOHIEHTPALMSIX B HEM
CEpPOBOJIOPO/IA UM JMOKCUJA YTIEpoaa, HO MPU 3TOM OTCYTCTBYET KOMIUIEKCHAs
ounctka raza ot H,S, CO,, COS, CS, u mepkantanoB (RSH); moryT oOpa3oBbIBaThCs

HEPETCHEPUPYEMBIE B YCIOBHUSIX MPOIECCA COCAUHEHUS M TMPOAYKTHI JETpajaluu
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aMHHa, HEOOXOJUMBI BBICOKHE KpPAaTHOCTU IUPKYJISIuU abcopOeHTa U OOJbIne
TEIUIO3HEPreTUYECKUEe  3aTpaTbl HA  PEreHepaluio  aMHHOB;  HaOIIoaeTcs
MOBBIIIIEHHAs] KOPPO3UOHHASI arpecCUBHOCTh HACBHIIIEHHBIX PAacTBOPOB abcopOeHTa,
pacTBOpsl aMHHOB MOTYT BCIIEHUBAThCS. TeM He MeHee, UMEHHO aOCOpOIMOHHBIM
npolieccaM ¢ HCIOJIb30BAaHMEM aMHHOBBIX PACTBOPOB OTAACTCS MPEANOYTEHUE MPU
NPOCKTHPOBAHUU U CTPOUTEIBCTBE COBPEMEHHBIX 3aBOJOB IO MepepadoTke

BBICOKOCEPHHCTBIX MPUPOJIHBIX Ta3oB [2].

1.2 Oumucrka ra3oB pacTBOpaMu aJIKaAHOJIAMUHOB

1.2.1 XumMu3m npouecca aMMHOBOI OYMCTKHU ra3a

AMMHBI TIPEJICTABISIFOT COOOW opraHnueckue coequaeHus ¢ ammuakom (NH;)
B KaU€CTBE OCHOBHOT'O COEIMHEHUS. 3aMEHss OIMH WM HECKOJIBKO aTOMOB BOJOPOA
OpPraHUYECKOM YTJIEBOJOPOIHON Ipynmnoi, oOpa3yroTcsi pa3ivyHble BUIbl AMHHOB.
3aMeHa OJHOTO aToMa BOJAOPOJa MPUBOAUT K OOpa30BaHUIO NEPBUYHOTO aMHHA,
3aMeHa JIByX 00pa3yeT BTOPUYHBIA aMUH, a 3aMEHa BCEX TPeX 00pa3yeT TPEeTUUHbIN

amuH. Ha prucyHke 1.2 nmoka3aHbl pa3aIdyHbIe THITBI aMUHOB [3].

‘ e
H-N .C—N -C-N C-N
\ \ \ ‘ C'-_—
H H H A
AmMmmuak MepBUYHLIA aMHUH BTOpMYHbIK aMUH TpeTuuHblii aMuH

Pucynok 1.2 — Pa3iauyHble TUITBI aMUHOB
CtpyKTypHBIE dbopmyIibl HanboJee 4acTo UCIIOIb3YEMbIX B

MIPOMBITIIUICHHOCTH aJIKaHOJIAMHHOB MPUBEICHbI B Ta0smiie 1.1.
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Tabnuna 1.1— MonekynspHbie CTPYKTYpPbl IPOMBIIIIEHHO UCIIOJIb3YEMbIX aMUHOB.

Ha3Banue Tun dopmyna
MoHo3TaHOIaMUH [MepBuuHbIit H,N OH

N/
Ju3TaHonaMuH BTopuunstii HO_~y~_-OH

H
MeTUIau3TaHOIaMUH TpeTuuHbIii HO\/\N/\/OH
JurinkonsamMud IlepBruuHbIi1 H
N -(CHz): - O - (CHz), - OH
i

B Tabmuue 1.2 mnpuBeneHbl OCHOBHBIE (PU3MKO-XMMUYECKHE CBOMCTBA

AJTIKaHOJIAMHHOB, ITPUMCHACMBIX B ITPOMBIIIIJICHHOCTH [4]

Tabmuna 1.2 — OcHOBHBIE (PU3UKO-XUMUYECKHE CBOMCTBA alTKaHOJIAMUHOB

IHoka3zarenun MDA DA MDA
dopmyna HOC,H,NH, | (HOC;H,),NH | (HOC,HO,CH;N
MonekynspHast Macca 61,1 105,1 119,2
ITnorHocTs mipu 20 °C, Kr/m® 1,015 1,094 1,018
Temneparypa, °C:

- KUTICHHS TIpU aTMOC(EPHOM JaBIICHUN 170 268 247
- 3aMep3aHus 10,5 27,5 21,0
JlaBjienue HachleHHbIX apoB npu 60 °C, I1a 660 4,5 24
Jlunamuaeckas szkocTs mpu 20 °C, 10° ITa-c 19 300 80
V nenvHas TernoeMkocTs pu 20 °C,
2,72 2,47 2,32
kJx/(krrpam)
MaccoBas o amMmuHa B pabouem pactBope, %o 10-20 20-30 30-50
Tennora peakuuu, kJ[x/Kr:
- ¢ H2S 1511 1173 1047
- ¢ CO2 1919 1511 1340
ConepxaHre OCHOBHOTO BeIlecTBa, % Mac., He
99,0 99,0 99,0
MeHee
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Conepxxanne H,S B mpupogHOM raze MOKET ObITh YMEHBIIICHO PEAKITUSIMHU C
aMuHaMUd. AMUH TpUHUMAaeT TPOoTOH OT H,S, 4TO sBIsSETCS MEPBBIM ATAllOM €ro
paznoxenus. Peakius mexay amuHoM 1 HpS cunmbHO 3k30TepMuyHa. HeszaBrucumo ot
CTpYKTypbl ammHa, H,S pearmpyeT kKak ¢ TEpBUYHBIM, TaK W BTOPUYHBIM U
TPETUYHBIM aMUHaMH. AMUHBI yaanstoT H,S B AByxaTanmHoM nporiecce [5]:

1. T'a3 pacTBOpsieTcs B )KUAKOCTH ((hHU3UIECKOE MOTIIONIEHHUE);

2. PacTBOpeHHBIN Tra3, KOTOPBIM SBISETCS CIa00N KHCIOTOHM, pearupyer C
IEJTIOYHBIMA AMUHAMH.

AJKaHOJIaMUHBI, OyIy4H IIEI0YaMH, JIETKO BCTYIIAIOT B PEAKIIUIO C KUCIBIMHU
razamu H,S (CO,), o0pa3ys BojgopacTBOpUMBIC coju. Ilpu 3TOM MPOTEKAOT
CIEyIOIINE peakiuu [6]:

H,S + [Amun] <> [Amun-H]" + HS™ (MruosenHo);

CO, + 2:-[Amun] < [Amun-H]" + [AMun-COO] ™ (651cTpO);

CO; + H,0~H,CO; (MemteHHo);

H,CO; <& H" + HCO 5 (651cTpoO);

HCO3; < H" + CO3 (6b1cTpo);

[Amun] + H' & [Amun-H]" (6s1cTpO).

CymiecTByeT 4eThIpe OCHOBHBIX THUIIAa aMUHOB JJIsl TTPOIIECCa OYMCTKH Ta3a OT
KHUCIIBIX KOMITOHEHTOB:

e  Monostanonamun (MDA);

e JludranonamuHa ([IDA);

o  ['nukonb-amuHHBIE TIpotiecchl (II'A);

e  Mertungurtanonamun (MIDA).

MDA, IDA u MIIDA sBastoTcs HanboJiee YaCcTO MCIOJIb3yEMbIMA aMUHAMU

JJIs1 OYHUCTKHU I'a3a B He(i)TeFaSOBOﬁ IMPOMBIINIJICHHOCTH.

1.2.2 OcHoBHbIe nponecchl ouncTku raza ot H,S u CO, amunamn
1.2.2.1 Ipouecc MDA
MDA — camas cuibHas WIEJIOYb CPEAH alKaHOJIAMUHOB. 1o 3TOW mpuuuHe

MDA Oyner Hamboisiee OBICTPO pearupoBaTh C cepoBoAopoaoM. MDA crnocobOeH
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YAAIATHh KaK CEPOBOJOPOJ, TaK U JABYOKHCH YIJIEPOJa M3 Ta30BbIX MOTOKOB. OIHAKO
MDA  Oompmie He  SBASETCS  MPEeoONafalolM  ra3o00paldaThIBAIOIIUM
JIIKAHOJIAMMHOM U €T0 HCI0JIb30BAHUE B MOCJIEIHUE TOJIbI COKPATUIIOCH [7].

MDA o00b1yHO ucnonb3yioT B Buae 10-20 mac.% BomHoro pactBopa. M3-3a
npobJieM ¢ KOppo3uel 3arpyska 1o Kucjiomy rasy oosdHo orpanuduBaercs 0,3-0,35
MOJIb KHUCJIOTO Ta3a Ha MOJIb aMUHa JUisi 000pyJ0BaHUsI U3 YTIEepoaucToil ctanu. B
ammapare W3 HEp)KaBEIOIICH CTald WCIONb3yoTcs Harpy3ku ot 0,7 mo 0,9 mons /
MOJIb [8].

K mpeumymecrBam MDA otHocsTes [9]:

e  Hwmskas cTOUMOCTH PACTBOPUTEIIS;

e  Xopoias TepMUYecKas CTaOuIbHOCTD;

e  Yacruunoe yaanenue COS u CS,, nis yero tpedyeTcst pereHeparop;

e Bricokas peakIMoHHAs CHOCOOHOCTh, OOYCIIOBJICHHAS XapaKTepOM
MIEPBUYHOTO AMHHA.

Henocrarku MDA [9]:

e  Bricokoe maBiieHWE IapOB pPACTBOPUTENS, YTO TPUBOAUT K Ooee
BBICOKHM TTOTEPSIM PACTBOPUTEIIS, YEM Y APYTUX aTKAaHOJIAMUHOB;

e  bosee BbICOKMI TOTEHIMA KOPPO3HUH, YEM Y IPYTUX AIKAHOJIAMUHOB

e bonbmue »HEpreTHYecKue 3aTpaThl U3-3a BBICOKOW TeMIIepaTyphl
peaxuuu ¢ HyS u CO,,

e  HecenekTuBHOE yIalieHNE B CUCTEME CMEIIAHHBIX KHUCIIBIX Ta30B;

o  dopmupoBaHHe HEOOpAaTUMBIX MPOAYKTOB paznoxkenus ¢ CO,, COS u
CS,, uto TpeOyeT HEMPEPHIBHOM pereHepary.

Peakuus nerpagaiiuun MOA-CO, naet okcazonuaoH-2, 1- (2-ruapoKCUITHII)
umMuaa3ouaoH-2, N- (2-TUAPOKCHITHI) STHICHAUAMUH W JAPYTHe MOJHAMUHBI,
KOTOPBIE YCKOPSIOT KOPPO3HI0, a TAKXKE MpeACcTaBisitoT motepto MEA.

1.2.2.2 IMpouecc DA

Bomubiii pacTBOp auMdTaHONAMHHA OOBIYHO WCHOJIB3YETCS IS y/aJICHUS
CEpOBOJIOPOIA M3 MPUPOJHOro raza. OH UMeeT mpeuMylecTBO nepegq MDA B ToM,

YTO MOJKET HCIIOJIBL30BAThCA 0OoJice BBICOKAs KOHIOCHTpAaOusA BOJHOIO pacTBOpa
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(xonuentpauus [IDA B pacTBOope 0OBIYHO BapbUpyeTcsi B uHTepBaie 25-35 %) npu
TOM € NOTEHLHAJIE KOPPO3UH. DTO MO3BOJISET NEpepadOTUMKaM OYHMILNATH ra3 OT
CEpOBOJIOPOIAa TIPH O0JIee HU3KOW CKOPOCTH LIUPKYISAIUMK aMUHA ¢ MEHBIIMM OOIIUM
NoTpeOICHUEM SHEPTUH, YTO, OYEBHHO, SBISIETCS SKOHOMUYECKH d()(PEKTUBHBIM.
bonee HU3KME CKOPOCTH LUPKYISIUU CBA3BIBAIOT ¢ 00Jiee HU3KUM MOTpEOJIeHHEM
AHEPIuM HacocaMU IUPKYJIAIMU aMrUHa B abcopOepe [10].

[Tpeumyiectna JIDA:

e  VYcroitunBocTs Kk nerpaganuu oT COS u CSy;

e  Huskoe naBieHue napoB PaCTBOPUTENS, UTO MPUBOJUT K MOTEHIHAIBHO
00J€€ HU3KUM MOTEPSIM PACTBOPUTEIIS;

e  CHmXeHHE KOPPO3HOHHOI'O XapaKTepa M0 CPaBHEHUIO ¢ MOA;

e  Hwuskas CTOUMOCTH PACTBOPUTEIIS.

Henocratku JIDA:

e  Huskas peakiimoHHast ciocOOHOCTH 10 cpaBHeHUIO ¢ MDA u [II'A;

e  HecenekTuBHOE yJaneHHWE B CHCTEMaX CMEHIAHHBIX KHCIBIX TIa30B,
BO3MOYKEH IIPOCKOK 3HaYUTENBHOr0 KosmyecTBa COy;

° Bricokuil ynenbHbIN pacxos.

OObsicHEHHE HIMPOKOro Hcnoiab3oBaHus DA B razonepepabaThiBarouieit
IPOMBIIIIEHHOCTH O0OBscHseTcs TeM, yto JIDA mo3Bossger cOajmaHcupoBaTh TpU
KJIFOUEBBIX ACIIEKTa OYUCTKH rasa:

1) PeaknuonHasi crmocOOHOCTh, TO €CTh CIIOCOOHOCTh MPOU3BOJUTH MPOIYKT
3QTAaHHOM crier(pUKaIuu;

2) Koppo3uoHHasi akTHBHOCTb, KaK MPaBUIIO, MEHBIIIE, yeM y MDA

3) bonee pamumoHaIbHOE SHEPronOTpPeONCHUE, YeM MPU HCIOJIH30BAHHE
JOPYTUX PacTBOPOB AJIKAHOJIAMHUHOB.

Texnonornueckne cxembl MOA- u JIDA-mpoueccoB NpakTHUYECKH HE
OTJIMYAIOTCS, 3@ HCKIIOYEHHEM Yy3J1a OYHMCTKH PacTBOpa OT HEPEreHEPHPYEMBIX
coenuHennii. Ha ycraHoBkax JIDA-0o4uuMCTKM UX YJIajsloOT MyTeM QUIbTpaluu

pactBopa (4yepe3 puibTpbl mpomyckatoT 10 10% mupkynupyromiero pactsopa). Ha
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ycTaHOBKax MODA-OYMCTKM I8 3TUX LeJed HUCHOIB3YIOT JUCTHWUIALMIO U
bunsTpanuio (10 4% pacTBopa IUPKYIUPYET uepes3 ATy cuctemy) [11].

[loBbIlIEHHE KOHIIEHTPAllMM aMHUHA TIO3BOJIIET CHU3UTH KOJIMYECTBO
HUPKYJIUPYIOUIET0 pacTBOpa MpPU COXPAaHEHUM HArpy3kd IO ChIpOMY Ta3y W,
CJIEIOBATEIbHO, COKPAaTUTh 3aTpaThl TEIUIOTHI HA PEreHepalyio HaChIIEHHBIX
pacTBOPOB, a TAaKKe MOTPEOJICHUE DIIEKTPOIHEPTUN HA TIEPEKAUKY pacTBOpa aMUHA.

Texnonorusi ouuctku raza JIDA mnosblieHHONM KoHuUeHTpauuu (10 40%
Mmacc.) BHeApena Ha Openoyprcekom ['TI3 [12].

[TonroroBka raza Ha Actpaxanckom ['TI3 BkitouaeT B ceOst aOCOpOLIMOHHYIO
OUYUCTKY OT KHCIIBIX KOMIIOHEHTOB (CEpOBOAOPOAA U AUOKCUJIA YTIIEPO/ia) HE TOJbKO
00BIBAEMOI0 MPUPOJHOTO Ta3a, HO M ra3a HU3KOTO JIABJICHUS — CTAOUIIM3AlMK U
BBIBETPUBAHUSI KOHJICHCATa, cojepxkanmx 10 54% 06. H,S u 14% 06. CO,, koTopas
OCYHIECTBJISIETCST B abcopOepax yYCTAHOBOK OYMCTKH U KOMIIPUMHUPOBAHHS C
UCITIOJIb30BAaHUEM B KadecTBE abCOpOEHTa BOJHOTO pacTBOpa AudTaHojdamuHa ([IDA)
[13].

OcHOBHOI TIpoOJIEMOl TpHU AKCIUTyaTanu abcopObepoB Ha AcCTpaxaHCKOM
['TI3 siBnsieTcsl CUIBHBIA 3PO3HOHHBIM M3HOC METAJIa YacTH KOpIlyca armnaparos,
PACIIOJIOKEHHOM MOJI HHXKHEN KJIAIIAHHOW TapeJiKoM, T.€. B 30HE BXOJa KHUCJIOrO rasa
Y CJIMBA HACBIIICHHOTO abcopOenTa [13].

[To pesynbraram uccinenoBanuii, mpoBeneHHbIx OO0 «HUUI'A3-Xumrex»,
BBISIBJICHO, UTO HAa CTEHKAX HIKHEH 4acCTU KOPITyCOB UMEET MECTO HE KOPPO3HUOHHBIM
W3HOC, a KaBUTAIlMOHHOE paspylieHrue mnoBepxHocTu. OCOOEHHOCTH mMpoliecca
aMUHOBOM OYMCTKM Ta3a TaKOBbI, UYTO B pe3yJbTaTe XHUMHUYECKUX PEaKIIHil,
MPOTEKAIONUX C 00pa30BaHUEM CEPHOW M YTOJBHBIX KUCJIOT U MX B3aUMOJCHCTBUS
MeXAy co0oil, M3 pacTBOpa aMHHA BBIJEISAETCS Tra3000pa3HbId (CBOOOHBIN)
CEpPOBOZIOPO, T.€. MPOUCXOIUT €ro «BCKUIIAHHWE» C OOpa30BaHMEM MHOXKECTBA
ny3bIpbkoB H,S. TIpu KOHTaKTe Takoro pacTBopa, CTEKAlOUIEro B BHUJE IUICHKU IO
cTeHkaMm abOcopOepa, ¢ Tra3oMm, NOCTYMAIOIIUM Ha OYUCTKY U HMMEIOUMM OoJiee
HU3KYIO TEMIIepaTypy, NPOUCXOAUT OXJIAKICHHE IUICHKH, YTO NPUBOAUT K

KOHJICHCAIIMU MapOB BOJBI M CXJIONBIBAHUIO (MCUE3HOBEHUIO) ra30BbIX My3bIpbKOB. B
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pe3yapTaTe 3TOr0 U MPOUCXOIUT OBICTPOE pa3pylleHHE HIDKHEH YacTh Kopryca
abcopOepa, NMpUBOAsIIEE K CHIDKCHHIO HAJEKHOCTH M CpPOKa CIIyObI aImaparos,
COCTaBJISIOLIEMY 1O JaHHbIM AcTtpaxaHckoro ['1I3 (2 + 3) roxa, a cienoBarensHo, K
POCTY KallUTAJIBHBIX M DKCIUIYaTallMOHHBIX 3aTPaT HA MPOU3BOJCTBE, CBSI3aHHBIX C
U3rOTOBJIEHUEM U 3aMEHOM M3HOUIEHHBIX YacTe abcopbepoB Ha HOBBIE [13].

JUIsL CHMKEHHUs TEMIIOB HM3HOCAa CTEHOK KOpIyca JaHHBIX anmnaparoB M
IpOJIEHUs CpoKa uxX ciyk0bI B 2005 roay Obliia BHIIOTHEHA PEKOHCTPYKIIUS OJHOTO
u3 abcopOepoB (pucyHok 1.3), 3axirodaromascs B UICKIFOUEHUN KOHTAKTa UCXOAHOIO
rasa M CTEKAloIlero HACBHIIEHHOro al0copOeHTa €O CTEHKaMu KopIyca IyTeM
YCTAHOBKM B HIJKHEM 4YaCTHM amnmapara 3allUTHOTO KOpPIyca KBAaJPAaTHOIO CEYCHMS,

BBITOJIHEHHOTO M3 HeprkaBerolei crtamu [14].
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Pucynok 1.3 — AGcopOep nocie peKOHCTPYKITUN
B 2005 romy ObulM MNPOBEACHBI OMBITHO-MPOMBIIIJICHHBIE HCIBITAaHUS
MOJCPHU3UPOBAHHOTO abcopbepa, KOTOpbIE  TIOATBEPAWIN  TpeOyemyro
3 PeKTHBHOCT, pabOTHI ammapara ¢ O0OeCIeYCHHEM HOPM TEXHOJIOTHYSCKOTO
periameHTa, a uMeHHO [15]:
e  3arpy3ku a0OcopOepa MO OYHIAEMOMY Ta3y W HOPMATUBHOW Mojadye
nudTaHojaMuHa B mpenenax oT 50 mo 120% 06e3 yBenuyeHUs TUAPABIMYECKOTO

COIIPOTHUBIICHUS,
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®  OCTAaTOYHOTO COJEpP>KaHUS CEPOBOIOPOAA B 0OECCEPEHHOM ra3e He BBIIIE
0.3% 00.

Kpome Ttoro, 3a Bech mepuoj] UCMBITAHUN TOJladya AHTUBCICHUBATENS HE
MIPOU3BOINIIACE.

Jlna nosbitenns 3¢GEeKTUBHOCTH MaccooOMeHa B abcopOepe OuMCTKU Ta3a
OT CEPHHUCTBIX COCAMHEHUHN TMpejuiaraeTcs NPUMEHUTh B KaueCTBE BHYTPEHHHX
YCTPOMCTB NMEPCIEKTUBHBIC HOBbIE KOHTAKTHBIC KJIallaHHBIC TAPEJIKH, pa3pabOTaHHbIC
B 3AO «I'K «Pycl'asnxunupunr» [16]. Texnudueckuil pe3ynbTaT 3aKII0YaeTCs B
NOBBIIEHUH S(P(PEKTUBHOCTU KOHTAKTHBIX YCTPOMCTB, YBEJIMYEHUU HArpy30K IO
KUIKOCTH W Ta3zy, TMIOBBIINICHUN ECTKOCTH KOHCTPYKIIMHM TIPH CHIDKCHUH
METaJUIOEMKOCTA M CHIDKEHHWM YHOCA KamleJdbHOM KUIAKOCTH C Ta30BBIM IOTOKOM,
YBEIMYCHUN CPOKA CIYy)KObI KOHTAKTHOW TapelKh 3a CUYeT TOT0, YTO Tapeiku
BBITIOJTHEHBI M3 HEPIKABEIOMICH CTalM, a KKl KIanmaH paboTaeT Kak 3aBUXPHUTEINb
Y IPUMECH CMBIBAIOTCS C TIOJIOTHA TapEJIKU.

W3BecTeH cmoco0® OYHCTKM TOTOKOB KHCIBIX YTJIEBOJOPOJHBIX Ta30B
paznuuHoro jamieHus [17]. B ocHOBe [aHHOM TEXHOJIOTUU JIEKHUT CHOCOO
HOJIFOTOBKK CEPOBOJIOPOACOACPKAIIMX Ta30B, BKIIOYAIOLIMN OUYMCTKY rasa oT
KHUCJIBIX KOMIIOHEHTOB a0OcopOIiuell BOJHBIMU pacTBOpaMHU aMUHOB B abcopoOepe
BBICOKOI'O JaBJIEHHA, a 3aTeM B aOcopOepe HU3KOro JaBJICHHS M IOCIEIYIOIIYIO
perenepanuto mnorjorutens. Ha pucynke 1.4 mokazaHa mOpUHIUNHATBHAS

TCXHOJOIN4YCCKasd CXEMa YCTAHOBKMU.
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PI/ICYHOK 1.4 — TexHojornyeckas cxema YCTAaHOBKH OYUCTKU IIPHUPOIHOI'O

ra3a OT KUCJIBbIX KOMIIOHEHTOB: 1, 2 —abcopOepbl BEICOKOTO M HU3KOI'O JaBJICHUS; 3 —
Kommpeccop; 4 — necopoep; 5-15 — MTMHUKM TEXHOJOTUUECKUX MaTepUaIbHbBIX
IIOTOKOB.

Ucxonnsiii ra3 Hu3koro aasienus 2,5 Mlla ¢ temneparypoit 46 °C nogaercs
no sinanu 10 B HUKHIOI YacTh abcopOepa 2 HU3KOTo JIaBlICHUS Ha KOHTAKTUPOBAHHE
c BOAHBIM pacTBopoM audTaHonmamuHa (JDA). HaceimeHHbIil  KUCIBIMU
KOMIIOHEHTaMu aOcopOeHT u3 abcopOepa 1 BHICOKOTO JaBJIEHUS MMOJACTCS MO JIMHUU
9 B abcopOep 2 HU3KOTO JABJICHUS HAa BEIBETPUBAHUE U3 HETO YTIIEBOJAOPOIHBIX Ta30B
M 3aTeM Ha KOHTAaKTUPOBAaHUE C HCXOAHBIM Ta30M HU3KOTO JaBJICHUS U C
HACBIIIIEHHBIM a0COPOEHTOM HU3KOTO JaBJIeHUA. Y JaJeHUE KUCIbIX KOMIIOHEHTOB U3
raa BBIBETPUBAHUA OCYIIECTBIsCTCS B abOcopOepe 2 TOTJOMIEHUEM UX
pereHepupoBaHHBIM a0COPOEHTOM HU3KOro JaBieHUsi ¢ KoHueHTpauueit 33% macc.
AbGcopOeHT mogaeTcs B abcopOep 2 mo ymHuAM 11 u 12. YacTHYHO OYMINEHHBIA OT
KHCJIBIX KOMIIOHEHTOB T'a3 OTBOJUTCS U3 abcopbdepa 2 no jqunuu 13 B kKommpeccop 3,
B KOTOPOM €ro KOMIIPUMHPYIOT A0 AaBieHus 6,5 Mlla, a namee mo mmauum 14
MOAAETCSA B JIMHUIO O, TJ€ €r0 CMELIMBAIOT C MCXOJHBIM IMOTOKOM ra3a BBICOKOTO

napinenus (6,5 Mlla), u nHampaBisitoT B abcopOep 1 BBICOKOTO [aBJICHHS Ha
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IIPOMBIBKY pEreHEepUpOBaHHBIM pacTBopoM (DA koHuentpauueir 33%, KOTOpPBIA
nojatoT B abcop6ep 1 mo nunusaM 6 u 7. OuuiieHHsIi ra3 oTBoAUTCsS U3 abcopbepa 1
10 JINHUU 8 B MarucTpajbHbIi TPyOOIIPOBO/I.

Perenepariusi HaCHIIICHHOTO KHUCIBIMH KOMITOHCHTAMH aMWHA MPOBOJUTCS B
necopbepe 4 mnpu paBnenunm 2,5 MIlla, kortopoe obOecnieunBaeT AOMYCTUMOE
cCoJlep>KaHUe YTJIEBOJOPOAHBIX KOMIIOHEHTOB B CMECH KHCIBIX Ta30B IOCIIE
necopOiuu, paBHoe (2+5)%.

[IpenyioxkeHHasi ~ TEXHOJOTHUA  TMO3BOJIIET  JOCTUYL  3HAYUTEIHHOTO
HKOHOMHUYECKOT0 3(deKTa 3a CUeT YMEHBIICHHs] KOJIMYECTBA LUPKYIUPYIOUIETO B
cuctemMe abcopOeHTa Ha OJHY TEXHOJOTHYECKYIO JIMHHIO M Mapa Ha pereHeparifio
abcopOeHTa, JaeT BO3MOXHOCTh 3HAUUTEIbHO CHU3UTh METAIJIOEMKOCTh JiecopOepa,
abcopOepa HHU3KOro JaBiieHHsT W abcopOepa BBICOKOTO JaBJEHUS 3a CYET
YMEHBIIICHUS UX JUaMeTpa, M03BOJISIET OCYIIECTBUTh 00pabOTKy raza 6e3 abcopbepa
OYMCTKH  OKCIIAH3EPHBIX Ta30B W HUCKIIOYUTH JIPyrOo€  BCIOMOTaTelIbHOE
00OpyIOBaHUE sl YTHIN3ALMN 3THUX Ta30B, a TAK)KE YMEHBIIUTh SHEPro3aTparhl Ha
nepekayky abcopbeHTa B CUCTEME.

1.2.2.3 Mpouecec AT'A

Bynyun nepBuuHbiM amuHOM, areHT JII'’A Bo MHoOrom moxox Ha MDA, 3a
UCKIIFOUEHHUEM TOTO0, YTO €ro 0oJiee HU3KOE JIaBJICHHE Tapa MO3BOJSET UCIOIb30BaTh
0oJiee BBICOKHME KOHIIEHTpaIlMd pacTBopuTeis, o0brdyHo OoT 50 mo 60 mac.%, Urto
MPUBOJUT K 3HAYUTEIHHOMY CHIDKEHUIO CKOPOCTH IUPKYJSAIMH U UCIIOJIb30BAHUIO
sHepruu [18].

[IpenmymectBa JII'A:

e  DKOHOMHS KAaNMHUTAIBHBIX M JKCIUTyaTallUOHHBIX 3aTpaT W3-3a HU3KUX
TpeOOBAHMI K ITUPKYJISAIIHNH;

e  Vnaanenne COS u CS,;

e  Bricokas peakiimoHHasi CHOCOOHOCTb;

e VYcwieHHOE YyJAJICHHE MEPKAlTaHOB TI0 CPaBHEHUIO C JPYTUMH

AJIKaHOJIaMHHaMM,
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e  OtmnuyHas TepMUYECKas CTaOMIBLHOCTh. ATMOC(EpHOE BOCCTAHOBJICHHE
npoaykrta peakuuu JII'A ¢ CO, u COS.

Henocratku JI'A:

e  HecenekTuBHOE yJaneHue B CUCTEMaX CMEIIAHHOTO KHUCIIOTO Ta3a;

e  AOcopOupyeT apoMaTHYECKHE COEAUHEHUS M3 BXOJHOIO rasza, 4To
MOTEHIIUAJIBHO YCIOKHIET KOHCTPYKIIMIO YCTAHOBKU JJIsl U3BJICUCHHUS CEPBI;

e  boJsee BBICOKAsi CTOMMOCTh PACTBOPUTENS OTHOCUTENBHO MDA u JIDA.

1.2.2.4 IMpouecc MDA

B mocnemnue rompl, paspabotaHHBIi pacTBOp MJIDA  momydwmi
3HAUMTEIBHYIO JIOJII0 Ha pbIHKE. BHenpenue paspaboTaHHBIX pacTBOopoB MJIDA
CTaJO0 OCHOBHBIM HOBIIECTBOM B Ta3onepepadaThIBAIONICH MPOMBIIIJIEHHOCTH 3a
nocJeaHee JeCATUIIETHE. DTOT KOMMEPUYECKHUM ycrieX 00yCIOBIIEH IIIaBHbIM 00pa3oM
cniocobHocThi0O MJIDA cenexktuBHO yaansats H,S npu 06paboTke ra3oBoro motoka,
coneprkarniero kak H,S, tak u CO, [19].

[TpeumymecrBamu M/IDA:

e  CenektuBHocTh MO H,S mo cpaBHenuto ¢ CO, B cucTeMax CMEIIAHHBIX
KHUCJIBIX Ta30B, MO CYIIECTBY MoOJiHOE yaaneHue H,S, B TO Bpems Kak ynaiseTcs
ToJIbKO YacTh COy;

e  Huskoe naBneHue mapa, 4TO MPUBOJIUT K MOTEHIIMATIBLHO 00JIe€ HU3KUM
MOTEPSIM PACTBOPHUTEIIS;

e  Hu3skas KOppO3MOHHAsi aKTUBHOCTb;

e  Bricokas yCTOMYMBOCTD K IECTPYKILIUU;

e DddexTuBHOE HCHOIB30BAHUE HSHEPTUM (PKOHOMHS KaNMUTAIBHBIX H
AKCIUTYaTallMOHHBIX 3aTpar).

Henocratku MJIDA:

e  Bricokas niena otHocutTenbHO MDA, JIDA u [II'A;

e  boJsee HU3KaAs CpaBHUTEIbHAS PEAKIIMOHHASI CIOCOOHOCTB;

e  HeBoccraHaBnuBaeTcsi 0OBIYHBIMU METOJIAMU pEreHepalliu;

° Munumansnoe yaanenue COS, CS,.
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B Tabnume 1.3 mpeactaBieHO CpaBHUTENBHOE HCCIEAOBAHUE PACTBOPOB

AJIKAaHOJIAaMHHOB.

Tabnuua 1.3 — CpaBHEeHHE PacCTBOPOB aJTKaHOJIAMHHOB

PacTBOpuTe B MDA JADA JATA MDA
Hena Huskas Huzskas OTHOCHTENBHO Bricokas
BBICOKAas
IHorepn Beicokoe nasienue | Huskoe nasienue |— Huskoe naBnenue
MapoB PACTBOPUTEIIS | TAPOB rapa, 4To MPUBOIUT K
— BBICOKHE TIOTEPH | PACTBOPHUTEINS — MOTEHIIUATBHO HU3KOM
pacTBOpHUTETIS. HU3KHE MTOTePH MOTEPH PACTBOPHUTEIS
pacTBopuTens
CeaexkTuBHOCTL| HecenexkTuBnoe HecenexktuBHOE HecenektnBHOE Cenexrtused o H,S
y/IaneHue B CUCTeME | yIaleHue B yaaneHue B Hag CO, B cucremax
CMCEUIaHHbIX KHUCJBIX | CUCTEMEC CHUCTEMCEC CMCHIIaHHBbIX KHUCIIBIX
ra3zoB. Yactnyaoe CMETIaHHBIX CMEIIaHHBIX ra3os. [lo cymecTBy
ynanerune COS u KHCITBIX Ta30B. KHCITBIX Ta30B. nonHoe ynanerune H,S
CS, Vnanenue COS 1 | ¥ yacTuuHoE
CS,. ynanenue CO,.
MuHuManeHoE
ynanenue COS u CS,.
Tepmuueckas | Xopomas - OTnnyHast —
CTA0MJIBHOCTh | TepMHUECKas TEepMHUYECKast
CTaOUIHLHOCTH CcTaOUIBLHOCTH
Peakuuonnas | BsIcokas Huzkas Bricokas Bonee Huzkas
CMOCOOHOCTH peaKIMoHHAs peaxkIroHHast peaKIMOHHAS CpaBHUTEJbHAS
CIOCOOHOCTB, CIIOCOOHOCTB 10 CIOCOOHOCTH peaxkuoHHas
00ycoBIeHHas CpaBHEHHIO C CIIOCOOHOCTH
XapakTepucTUKaMu | areHTamu MOA u
nepBuyHoro amuna. | JATA.
Koppo3uonnas | Beicoxuit Menpmui - Huskuit
AKTUBHOCTH KOPPO3HOHHBIN KOPPO3UOHHBII KOPPO3UOHHBIH
MOTEHITUAIT MTOTEHIHAI TT0 MTOTEHIIH AT
CPaBHEHHIO C
MDA.
Perenepamnust Tpebyercs Tpebyer - Tpebyer
HEIIPEPhIBHAA OIMPEACICHHBIX OIMPEACIICHHBIX
pereHepanysl. TEXHOJIOTHUECKUX TEXHOJOTHIECKUAX

YCIOBUM JIs
perenepanuu.

YCIIOBUM JIJIs1

pereHepanum.

Her xecTkux W o00s3aTENbHBIX TMPaBWI, ONPEACIAIONINX, KaKOW Crocod

OYUCTKH HCIIOJIB30BaTh JIsI 00paOOTKHM WMEIOIIETOCs MPUPOIHOTO Taza. Kaxmwii

aMHUH o6na11aeT YHUKAJIbHBIMN MPCUMYIICCTBAMHW W HCEAOCTATKaMMU. HaHpI/IMep,

nepBuuHbli amuH (MDA) sBisieTcs 6onee peakimoHHocnocoOHbpM 1o CO,, dem

BTOpHYHBbIN aMuH ([IDA), KOTOpHIH, B CBOIO ouepe/b, 00jee peakIMOHHOCIIOCOOEH,
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yem TtpetnuHblidi amuH (MJIDA). Ilpomecc BbIOMpAIOT HMX TEXHOJOTHYECKHX
BO3MOXXHOCTEH NpeanpusiTisi U TpeOoBaHUM K ouMIleHHOMY razy. OCHOBHas LeNb —
BBIOpAaTh ONTHUMAJIBHBI PAacTBOP AQJKAHOJAMHUHA, IMOCKOJBKY HTO TO3BOJIMT
ONTUMHU3UPOBATh pasMep U CTOUMOCTb OOOpPYAOBaHUA M  MHHUMHU3ZUPYET
HKCILTyaTallMOHHbBIE PACXO/Ibl 3aBO/JIa, BKIIIOUAs 3aTPaThl HA pEreHEPALIHIO.

Hekoropsie u3 (hakTopoB, KOTOpHIE CIAEAYET YUUTHIBATH IIPHU BHIOOpPE aMUHA
JUISl TPOCKTUPOBAHMS WJIM OLICHKU CYIIECTBYIONICH YCTAHOBKH, BKIIFOUAIOT:

e  Tumnbl npuMeceil B MIOTOKE OYMINIAEMOrO ra3a;

o ConepxaHuE€ KHUCIBIX KOMIIOHEHTOB BO BXOJHOM TIOTOKE rasza H
Tpedyemasi CTeTIeHb OUUCTKHU.

e  (CeleKTUBHOCTH PACTBOPA MO KUCIBIM KOMIIOHEHTAM;

e  OOmuit 00beM 00pabaThIBAEMOTO rasa;

e  (CTOMMOCTH pacCTBOPOB AJIKAHOJIAMUHOB U 3aTPaThl HA YCTAHOBKY;

e  DKCIUTyaTallMOHHBIE YCIIOBHS, MpPH KOTOpBHIX OyaeT oOpabaThiBaThCs
IIPUPOJIHBIN Ias3;

e CkopocThb HUPKYJISIUMA aMmuHA. [IpeanodTuTenbHO HCHOJIB30BATH
pacTBOpbl aMHWHOB, MUHHUMAJIbHAsE KOHIIEHTpPAIMsI KOTOPBIX JaeT 0oJiee BBICOKYIO
3 PEKTUBHOCTB;

e JlomwkHbl OBITH MHUHHUMHU3UPOBAHBI 3aTpaThl Ha pabory peboinepa /
KOHJIEHCATOpa C MUCMOJb30BaHUEM aMUHA, KOTOPBINA TpeOyeT O6osiee HU3KOM CKOPOCTH
HUPKYJSLIUK U / WK uMeeT 0oJiee Hu3kue TerinoTsl peakiuu ¢ HyS u CO,.

Bri0op KOHIIEHTpalliid aMHWHA MOKET OBITh JIOBOJBHO MPOU3BOJIBHBIM H
OOBIYHO JIEJIAeTCsl Ha OCHOBE OMbITa AKCIUTyaTaluy. TUMUYHbIe KOHIIEHTparuu MDA
BapbupyroTcs oT 12 1o 32 mac.%, OnHako cieyeT OTMETUTh, UTO TIPU 100aBJICHUH
WHTHOUTOPOB KOPPO3UM K PACTBOPY KOHIIEHTpAIUs MOXET JAoCTUTaTh 10 32 Mac.%
MDA u xorma CO, sgBnseTCd €OUHCTBEHHBIM KHCJIBIM KOMIIOHEHTOM B T'a30BOM
notoke. PactBopel DA, KOTOphIE HCHOJB3YIOTCS Mg OOpabOTKHM Tra3oB
HeTenepepadbaThIBAIOIUX 3aBOJIOB, OOBIYHO HMMEIOT KOHIeHTparuio oT 20 mo 25
Mac.%, Torma kak mjIsi OYHMCTKHM TPUPOJHOTO Traza OOBIYHO HCHOJb3YHOTCS

koHneHTparuu oT 25 1o 30 mac.%. PactBopsr JII'A o6braHO comepkat ot 40 g0 60
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Mac.% aMHHa B BOJE, a KOHIIEHTpauuu pactBopoB MJIDA moryT coctaBiirs oT 35
10 55 mac.%. OueBHIHO, YTO YBETUYECHHE KOHLEHTPALMA aMHUHA OOBIYHO CHUXKAET
TpeOyeMyl0 CKOPOCTh LMPKYJSIMKA pacTBOpa U, CJIEA0BATENbHO, CTOMMOCTD
yctaHoBkd. OmHaKo 3 deKT He Tak BEIHUK, KaK MOXKHO OBIJIO OBl 0KMIaTh, OCHOBHAS
MPUYMHA 3aKIIOYAaeTCs B TOM, YTO JAaBJICHHE MapOB KHCIOrO ras3a BBIIIE IIO
CpPaBHEHHUIO C 0OoJiee KOHIEHTPUPOBAHHBIMU PACTBOPAMU NPH SKBUBAJIECHTHBIX
MOJIIDHBIX ~ COOTHOILIEHUSX KuUchabld ra3 / amumH. Kpome Toro, korma
MPEANPUHUMACTCS MOMBITKAa a0COPOUPOBATh TAKOE K€ KOJIMYECTBO KUCIOrO raza B
MEHBIIIEM 00beMe pacTBOpa, TEIUIOTAa PEAKIIUH MPUBOIUT K OOJbIIEMY YBEIUYECHUIO
TEMIIepaTypbl U, KaK CJIEICTBHE, YBEJIMYEHUIO NABJICHUS MAapOB KUCJIOrO ra3a Haj
pactBopom [20].

1.2.3 Onucanue TEXHOJOTHYECKOI CXeMbI NpoLecca aMHHOBOI OYMCTKHU

Ha pucynke 1.5 nmoka3aHa OCHOBHas OJTHOTIOTOYHAsi cXeéMa a0COPOIIMOHHOM
OUYMCTKM Tra3a pacTBOpaMM 3TaHoJaMHMHOB [21]. IlocTynaromuii Ha OYMCTKY ras c
temnepatrypoit (10 + 40) °C npoxoAUT BOCXOIAIIUM IOTOKOM uepe3 adbcopOep
HaBCTpeuy MOTOKY pacTBopa amuHa. Pabouee naBieHue B abcopbepe 1o JaHHbIM [22]
MOKET HaxoauThes B npenaenax ot 0,2 go 5,5 MIla. HachllieHHBIN KUCIBIMU Ta3aMU

pPacTBOp BBIXOJIUT ¢ HU3a abcopOepa.
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Pucynok 1.5 — Cxema aOCOpOIMOHHON OJHOIMOTOYHOM OYUCTKH Trasa
pacTBopamMH 3TaHOJaMHMHOB: | — ra3 Ha oumctky; |l — oummennwii raz; Il —
9KCITaH3epHbIN Ta3; |V — kucneli ra3; V — BoasgHo# nap; 1 — abcopbep; 2,9 — HacocHr,
3, 7 — XOJNONWJIBHUKH, 4 — DKCHaH3ep; 5 — TEII00OMEeHHHK; 6 — mecopOep; 8 —
cenapatop; 10 — KUIATUIBHUK; 11 — eMKOCTh pereHepUpPOBAHHOTO aMHUHA.

B cxemMe nipeaycMoTpeH sKcnaH3ep (BBIBETPUBATENb), TJI€ 32 CUET CHIDKCHUS
JABJICHUSI HACBHIIIEHHOTO pPAacTBOpPa BBIIEIAIOTCS (U3UYECKH PACTBOPECHHBIE B
aObCopOCHTE YIJIEBOJIOPOALI M YAaCTUYHO CEPOBOJOPOJ W JUOKCHZ YIJIepoja.
OKCHaH3epHBIM ra3 IMOcje OYUCTKHA UCIOJIb3YyeTCsl Ha COOCTBEHHBIE HYXIbl B
KaueCcTBE TOIUIMBHOTO Ta3a WJIM KOMIPUMHUPYETCS U MOJAETCS B TTOTOK MCXOJHOTO
raza. B psjge cioydaeB JKCIaH3ep CMOHTHPOBAaH C KOJOHKOW 1T OYHCTKH
BBIJICJISIEMOTO Ta3a.

ITocne »skcmaH3epa pacTBOp  IMOAOTPEBACTCS B TEIJIOOOMEHHUKE
pereHepupoBaHHBIM pacTBOpoM u3 aecopdepa mo (95 + 100) °C u moctymaeT B
BEPXHIOIO WJIM B CPEJHIOI YacTh JecopOepa, Tlie W3 HETO OTIAPUBAIOTCS KHCIbIE

rasbl, BOJIa ¥ OCTaBIlKECs YrieBoa0poabl. OOBIYHO 3Ty (hjierMy MoJal0T B BEPXHIOKO

31



4acTh JecopOepa, HECKOJbKO BBHIIIE BXOJAa HACHIIICHHOTO pacTBOpa IS
KOHJICHCAlMW IapOB aMHMHA U3 MOTOKA KUCJIOTO ra3a.

Temmneparypa B HWXKHEW KyO0oBOM uactu gecopbOepa moaaepkupaetcs (115
+130) °C 3a cuer HarpeBa paCTBOPUTEIS, CTEKAIOIIETO C HIKHEHN Tapenku necopoepa
u B puboinepe (pabouee nmapieHue B necopoepe 0,15 MIla). Temno, HeoOxoaumoe
JUIsl pereHepali HaChIIIEHHOTO pacTBOpa, COOOIIAETCS pacTBOpPY B pubOOMiepax,
000TpeBaEMbIX TTAPOM HU3KOTO JTABJICHHSL.

CMech KHCHBIX Ta3oB, MAapOB BOAbI M YIJIEBOJOPOJOB BBIXOJUT C Bepxa
necopbepa, OXJaXAaeTcsi B BO3AYIIHOM U (WJIM) BOJASHOM XOJOAWJIbHUKAX, MOCIIE
yero AByx(QazHas cMech MOCTYNAeT B eMKOCTHBIM CemapaTop, I/i€ BoJia OTAEAETCA
OT KHUCJIBIX W YTJIEBOJOPOJHBIX Ta30B; BOJA M3 €MKOCTH IOJAETCs B KauecTBe
OpOIIECHMSI Ha BEPXHIOK Tapenky JnecopOepa, Uil MNPEJOTBPALLEHUS YHOCA
MOHO3TaHOJAMUHA C BEPXHUM IMPOAYKTOM, a KHUCJbIE Ta3bl HANpPABISIIOTCS Ha
YCTaHOBKY MO MPOU3BOJICTBY CEPHI.

PerenepupoBaHHbIf  pacTBOp ajJKaHOJAMHUHA TMIOCIAE  OXJaXACHUS B
pEeKyIepaTUBHOM TEIUIOOOMEHHHUKE, B BO3IYIIIHOM UJTU (M) BOJSHOM XOJIOIUILHUKAX
nogaetrcs B abcopOep ¢ Temmeparypoit (35 + 45) °C (Ha cxemMe He MoKas3aH y3en
OYUCTKH PACTBOPUTEIS OT MEXaHMYECKHX TPUMECe U HeperecHepUpPyeMbIX
BBICOKOMOJICKYJISIPHBIX COCTMHEHU ).

Hawunbonee pammonanbHas ¥ 9KOHOMHUYHAs CXe€Ma aMUHOBOM OYMCTKH rasa ¢
OOJBIIINM COJIEPKAHUEM KHUCJIBIX KOMIIOHEHTOB TpHBeleHa Ha pucyHke 1.6 [23]. B
JJAaHHOW CXeMe Tojada pacTBopa B aOcopOep OCYIIECTBISECTCS ABYMS MOTOKaMH, HO

Pa3HOM CTENEHU PETCHEPALUN.
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Pucynok 1.6 — CxemMa aMMHOBOM OYMCTKH ra3a ¢ pa3BETBICHHBIMU TOTOKAMH
pacTBopa pa3Ho creneHu pereHeparuu: [ — ra3 Ha ounctky; || — ounmennsriii ras; |
— KUCTBIN ra3; IV — TOHKO pereHepupoBaHHbIi aMuH; V — rpy00 pereHeprupoBaHHBIM
amuH; VI — Haceimennbiit amud; VI, VI — axcmanzepusbie rasel; | X — BoastHOM map;

1 —abcopbep; 2, 5, 13 — xomoawIbHUKH; 3, 4 — s3KcnaH3epsl; 6, 8, 9, 15 — Hacockr; 7,
11 — TennmooomMenHuKH; 10 — eMKOCTh pereHepupoBaHHOr0 amuHa; 12 — necopOep; 14
— pedIIrOKCHAsI eMKOCTD; 16 — KUIISITUIIBHUK.

Yactuuyno (rpy0o0) pereHepupOBaHHBIM pacTBOp aMHHA OTOMpaeTcs COOKY
necopbepa U 1mojaeTcs B CPSAHIO CEKINI0 adbcopoepa.

['myGokoii pereHepanuy TOJBEpPraeTcsi TOJIBKO YacTh pPacTBOpa, KOTOpas
nojaaercs HaBepx abcopOepa st oOecriedyeHusl TOHKOM O4MCTKH rasza. Takas cxema,
P HEKOTOPOM YBEIMYEHUU KPATHOCTH LUPKYJISAIUU aOCOpOEHTa, MO3BOJIAET IIO
CpaBHEHUIO ¢ O0BIUHOM cxemoit Takoro tumna 10 (10 + 15)% cHu3uTh pacxon napa Ha
percHepannio pacTBOpa NPH HE3HAYMTEIBHBIX KaIUTAJIbHBIX JIOMOTHUTCIIBHBIX
3aTpaTax Ha 0OBS3KY BTOPOTO NOTOKA PEreHEPUPOBAHHOTO PACTBOPA.

IIpu oumcTKe ra3a ¢ BHICOKUM COJIEP)KAaHHEM KHCIIBIX KOMITOHEHTOB, KOTJa
HEOOXOMMO OOJIbIIOE KOJIMUYECTBO al0copOeHTa, 1enecoo0pa3Ho OCYIIECTBUTh

JIBOMHOE pacuiupeHue (BbIBETPUBAHUE) HACHIIIIEHHOTO aMUHA ITPU Pa3HOM JIaBJICHHH.
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Ha I crynenn npu npasnenuu (1,5 + 2,0) Mlla u3 pactBopa BblAEHsE€TCS
OCHOBHOE KOJIMYECTBO PACTBOPEHHBIX YTJIEBOAOPOAOB, YTO OOECHEYMBAET B
JanbHEHIIeM HU3KOEe cojiepkaHue X B KuciaoMm rase (< 2% 00.) — 3To rapaHnTupyer
BBICOKOE Ka4eCTBO MOJy4aeMOl cepbl. DTOT MOTOK IKCIAH3EPHOTO Taza Jubo
UCIIOJIB3YeTCsl Ha COOCTBEHHBIE HYXKIbl B BHJI€ TOIUIMBHOTO Trasza, JUOO IMocie
rpy0oii OYUCTKH OT cepoBOAOpoa (Wi O6e3 Hee) KOMIPUMHUPYETCS U CMEIIIMBACTCS C
OCHOBHBIM IIOTOKOM CBIPOTO rasa, Mmocrynaromero Ha ouuctky. Ha II crynenu npu
JaBJIEHUH, OJM3KOM K aTMocepHOMY, 0€3 TEIUIOBOM pereHepanuu BbIACISIETCS U3
pacTBopa IMOTOK KHUCIOTO Tra3a, KOTOpPBIM IOCJE€ BBIACICHUS W3 HEro BOJBI U
OXJIQXJICHUS MOXET ObITh HEMOCPEJCTBEHHO HAMPABJICH HA YCTAHOBKY MOJYy4YCHUS
cepbl. 3a cuer 3TOro cokpamaercs 10 10% pacxon mapa Ha pereHepanuio
HACBIIIIEHHBIX PACTBOPOB AMUHOB.

B cxeme qOnoJIHUTENBHO YCTAHABIMBAETCS HACOC JIJISl MOJJaYM HACBIIEHHOTO
pacTBOpa W3 BTOPOTO BBIBETpUBATEINA B JecopOep, KOTOpbI paboTaeT B KpailHe
HEOJaronpusTHBIX YCIOBUSX (BBICOKAs CTENEHb HACBIIMICHUS aMUHA KHUCIBIMU
ra3amMu U OTHOCHTEJIBHO BBICOKAs TEMIIEPATypa pacTBOpPa) — 3TO HEJTOCTATOK CXEMBI.

[Ipu ounctke rasa, copepxkamiero Hapsany ¢ H,S u CO, cepookucs yriepona,
B abcopOepe MokeT OBITh IPEeayCMOTpeHa 30Ha morjomieHus u ruaponusza COS,
cocrosimas u3 (5 + 8) Tapesnok, KyJa MmojacTcsi pereHepupoOBaHHBIN PaCTBOP aMUHA C
noBbIieHHON TemnepaTtypoit (60 + 80) °C. IIpu stom st 3pHeKTUBHOTO BeACHUS
mpoliecca OCYIIECTBISIOTCS TEPETOKM pacTBOpa M3 BepxHEl 30HBI abcopbOepa B
HIDKHIOIO YaCTh 30HBI THIPOJIN3A.

[Ipu ounctke rasa, copepxkamiero Hapsany ¢ H,S u CO, cepookucs yriepona,
B abcopOepe MOXKET OBITh MpeaycMOTpeHa 30Ha morjomeHus u rugponusza COS,
cocrosimas u3 (5 + 8) Tapenok, KyJa nogaeTcsi pereHepupoOBaHHBIN PacCTBOp aMUHA C
noBeIieHHON Temmepatypoi (60 + 80) °C. IIpu stom mist 3 HEeKTUBHOTO BeACHUS
mpoliecca OCYIIECTBISIOTCS TIEPETOKH pacTBOpa W3 BepxHEH 30HBI abcopbOepa B
HIDKHIOIO YaCTh 30HBI THIPOJIN3A.

B npou3BOACTBEHHBIX CXEMaxX aMUHOBOW OYMCTKH Ta3a MpeaycMaTpUBAETCS

TaK K€ CUCTEMaA q)HHBTpaI_[I/II/I pacTBOpa U BBOAA aHTUBCIICHUBATCIIA B CUCTEMY.
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ITo cxeme, mpuBeeHHON Ha pUCyHKE 1.6, paboTaeT OOJBITMHCTBO YCTAHOBOK
OUHCTKHU raza oT Kucibix kKomnoHeHTOB B Kanane, ®pannuu, CIIA. Ananoruynas
cxema MpUMEHEHa JJI OYMCTKH ra3a BOJHBIMHU pacTtBopamu JIDA Ha AcTpaxaHCKoM
I'T13 [24].

1.2.4 Bausinue TeXHOJOTHYeCKHUX MapaMeTPoOB Ha IMpolecc aMUHOBOM
OYHCTKH

Ha »d¢dexTuBHOCT mporiecca aMHHOBOM OYMCTKH Ta3a OT KHCIBIX
KOMIIOHEHTOB  OKa3bIBAlOT BIIMSAHHE CIEAYIOUIME T[apaMeTphl: TeMIeparypa,
JaBJICHHE, KOHIIEHTPAIUsl aMUHA, KPaTHOCTh LIUPKYJISAIIUU aMUHA.

1) Temnepamypa abcopoyuu:

CHmwxkeHue  TeMmmeparypbl  aOCcopOIMU  CIOCOOCTBYET  YBEIMYECHHIO
3 PEKTUBHOCTH M3BJICUCHUS KHUCIBIX KOMIIOHEHTOB, HO CHHUXAET CEJICKTUBHOCTh
MpoIlecCa BCJIEACTBUE BO3pPACTaHHUSI PACTBOPUMOCTH YIJIEBOAOPOAOB B PAaCTBOPE
aMUHa ¥ YBEIIMYMBAET BO3MOXKHOCTh OOpa3zoBaHus ruapatoB. Kpome Toro, Hu3kas
TeMmrepaTypa pacTBopa a0COpOeHTa MPUBOAUT K YBEIUYEHHUIO €TI0 BSI3KOCTH, YTO
MIPUBEJIET K JAOMOJHUTEIBHBIM 3aTpaTaM Ha €ro nepeKavky.

VYBenuueHne TeMreparypbl MOBBIIMIACT CEIEKTUBHOCTD MPOIECCa MO KUCIBIM
KOMIIOHEHTaM, OJTHaKO MPUBOJUT K BO3PACTAHUIO OCTATOYHOIO COACPIKAHUS KUCIBIX
KOMIIOHEHTOB B OYMIIEHHOM Tra3e. Takxke, YBEJIMYEHUE TEMIIEpaTyphbl Ipoliecca
MPUBOJUT K BO3PACTAHUIO COJEPKAHUSA BJard B OYMIICHHOM Ta3e, YTO MOXET
MPUBECTH K JOMOJHUTEIIbHBIM 3aTpaTaM Ha €ro OCYLIKY U PEr€HEpalri0 OCYIIUTEIIS.

Temnepatypa necopbunu He AomkHa npesbimath 120-125 °C Bo uzbexanue
MOTEPh aMUHA C KUCIBIMU Ta3aMH U €T0 TEPMOACCTPYKIIUU.

2) lasnenue npoyecca:

VYBenuueHue aBJeHUST TPU TOCTOSHHOW KOHIIGHTpauu abcopOeHTa u
TeMIEpaType MOBBIIAET CTENEHb OYMCTKU ra3a OT HEXKEIATEeIIbHbIX KOMIIOHEHTOB,
YTO SIBIISETCS CJCJACTBHEM BO3PACTAHMs JBIDKYIIEH CHIIBI TIporiecca abcopOrum.
Onnako B OOJBIIMHCTBE CIIy4aeB MpoIecC aOCOpOLMU MPOBOJAT MNPH JABJICHUU
MOCTYIAIONIET0 HAa OYHCTKY Tra3a, 4ToObl HM30eXaTh JOMOJIHUTENBHBIX 3aTpaT Ha

KOMIIPUMHUPOBAHUE Ta3a.
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JlaBnenne mpu npecopOumm BbIOMpaeTcs TaKWM, 4YTOOBI OOECIEeYUTh
PUMEHEHUEM OOBIYHBIX XJIAAreHTOB (BOJBI WJIM BO3/yXa) KOHIACHCAITUIO BOJSHBIX
mapoB W3 KHUCHBIX Ta30B, XOTS TOHIDKEHHE JMaBJICHUS CIIOCOOCTBYeT TIIyOHWHE
pereHepanuy pacTBopa abcopOeHTa.

3) Konyenmpayusa amuna:

[IpuMeHeHHe  pacTBOPOB  AJKAHOJAMHUHOB  OOJNBIIMX  KOHIICHTPAIUA
MO3BOJISIET MUHUMU3UPOBATh O0BEM ITUPKYJIHUPYIOMIETO PacTBOpPA, YTO TO3BOJIUTH
CHU3UTh HArpy3Ky Ha HAacOoCHOe OOOpyJOBaHHWE U COKPATHTh JHEPreTHUYECKUE
3aTpaThl, HO MOKET MTPUBECTH K Py HEKEIATSIbHBIX MOCICACTBUM:

e  Ype3MEpHOE MOBBIINICHUE TEeMIEpaTyphl pacTBopa abcopOeHTa 3a CueT
YBEJIMYEHHS TOTJIOTUTEIBHOW CHOCOOHOCTH W YBEIWYEHHUs TerioBoro sddexra
peakuu;

®  YBEIMYCHHE BI3KOCTH PAaCTBOPA;

®  yBEIMYCHHUE YNPYTrOCTH MapoB pacTBopa abcopOEeHTa, YTO MPUBEAET K
YBEJIMYECHHIO TTOTEPh PACTBOPA B pe3yibTaTe UCTIAPECHHUS;

®  YBEIMYMBACTCS PACTBOPSIONIAsl CHOCOOHOCTH MO YTIIEBOJOPOIaM.

4) Kpamnocmo yupkynayuu pacmeopa abcopoenma:

KpatHocTs mupkymsiiiuu abcopbeHTa J0ikKHA ObITh ONTUMAIBHOM, T. K. €ro
M30BITOK HE TMPUBOJUT K 3aMETHOMY YBEJIIMUCHHUIO CTCTICHHM OYMCTKH Tas3a, HO PE3KO
MOBBIMIAET IKCIUTyaTallMOHHBIE 3aTPaThl, & €ro HEJAOCTATOK HE IMO3BOJIIET obecrie
YUTH TPEOYyEeMYIO IITyOUHY OYMCTKH.

1.3 MeToabl MATEMATHYECKOT0 MOAEJIHPOBAHUSI AMHHOBOW 0YMCTKHU

MopenvpoBaHue XeMOCOPOIIMOHHBIX CHCTEM TIOJHOCTBIO OMHUpAeTCS Ha
KOMITJICKCHBIE ~TEPMOJIMHAMHYECKHE W KHWHETUYSCKHE MOJCIH JJII TOYHOTO
MIPEICTABIICHUS] COCTaBa KaKIOoH (a3l B Pa3IMUHBIX YCIOBHUSAX JKCILTyaTtanuu. Ha
OCHOBAHHH JTAHHBIX MOJIETICH TIPOU3ZBOJUTCS pacueT abcopOepoB U MeCOPOIMOHHBIX
KoJoHH. IIporpammuoe oOecrniedueHHe I MOACIHPOBAHUS MOXKET IPEIOCTABUTH
JOTIOTHUTENBHBIA MHCTPYMEHT JUJII OIICHKH allbTEPHATUBHBIX KOH(MUTyparuii
MOTOKOB, JTUHAMHYECKOTO MOJICTUPOBAHHS W SKOHOMHUYECKOW OIICHKH YCTAaHOBKH

OuuCTKM  Ta3a. Kpome  Toro, cuUMyJATOpbl  MpoIlecca,  OCHALICHHbIE
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TEPMOJIUHAMUYECCKUMU U DHEPTreTUYCCKUMU HHCTPYMEHTAMU aHaJM3a, MOTJIHU OBl
nath Oousiblie WHGpOpMauu 00 DdHEPreTHKe IMporecca. B Hacrosimee BpeMs
CYILIECTBYET OOJIBIIION MHTEPEC K UCIOJIb30BAHUIO METO/I0OB BBIUYMCIUTEIBHOW XUMUU
JUTSL pa3pabOTKX HOBBIX PACTBOPUTEIICH.

1.3.1 MoaeanpoBaHue paBHOBECHOI paCTBOPUMOCTH

BaxHeWmmM CBOMCTBOM IS TOYHOTO MOJCIMPOBAHUA XUMHYECKOU
abcopOLUK SIBJISIETCS PaBHOBECHAs pacTBOPUMOCTh Ia3000pa3HOro0 PacTBOPEHHOIO
BEIIECTBA B JKUJIKOM pacTBoputesie. TouHas olleHKa paBHOBECHOW pacTBOPUMOCTU
HeoOXoaMMa JJii  BBIOOpAa  pacTBOPUTENS, TPOCKTHPOBAHHUS OOOpYHIOBAHWS,
CKpUHHMHTA  aJbTEPHATUBHBIX  MPOIECCOB M  ONTUMHU3AIMU  MPOLIECCOB.
TepmomuHaMuueckass MOJENb, KOTOpas MOXET TMpeJCKa3biBaTh PABHOBECHYIO
PacTBOPUMOCTh MPH PA3TUYHBIX pabOUYMX YCIOBUSIX TEMIEpaTyphbl, IaBJICHUS U
COCTaBa KaK pPAaCTBOPUTENEH, TaKk W PACTBOPEHHBIX BEIIECTB, SBISICTCS BaKHBIM
WHCTPYMEHTOM  JUIsl ~ WHXEHEpa-KOHCTpyKTopa.  M3yueHne  paBHOBECHOM
PAaCTBOPMMOCTH KHCJIBIX Ta30B B PAcTBOpaX aMHUHOB SIBJISIETCS CIIOKHOM 3a7adei.
Heobxoaumo yuuThIBaTH JBa THUIA TEPMOJUHAMHUYECKUX PABHOBECHUMN: XMMHYECKOE
paBHOBECHE MEXAY MOHAMHU M paBHOBECHE Map/>KUAKOCTh. Kaxblii U3 3TUX THUIIOB
oO0BsicHAETCS O0Jiee MOAPOOHO B CIASAYIONIMX pa3/enax.

1311 XuMHuUyecKoe paBHOBecHe

JUist u3ydeHHsT XMMHUYECKOrOo paBHOBECHS HEOOXOJMMO YKa3zaTb Habop
peakiuii, TPOUCXOIAIUX B *KuAKoN ¢aze. Hanmpumep, ocHoBHBIE peakinu MDA ¢
CO, u H,S moxxHO cymMmMHpOBaTh, Kak mokazaHo B Tabnwuie 1.4 [25].

Tabmuna 1.4— Peaximu MDA ¢ CO, u H,S

Peakuus YpaBHeHue
1. MoHu3amnus BOIbl H,O=H"+OH"
2. Nonuzarus pactBopeHHOTO H)S H,S=H"+HS"

3. Tuaponns 1 noHm3amus pacteoperroro CO, | COy+ H,0= HCO3+ H

4. IIpoTOH NEPBUYHOIO AJTKAHOJAMHUHA RNH,+H"'=RNH;"

5. ®@opmupoBanue kapbamara RNH,+ CO,=RNHCOO +H"

37




MaremaTnueckue MOJENH, OMYOJMKOBAaHHBIE B OTKPBITOM JHTEpaType,
MO>KHO pa3/iesIuTh Ha JBE OCHOBHBIE KAaTETOPHH: SMIIMPUYECKUE MOJEIN U TOUYHBIE
Mojenu [26].

1.3.1.2 IMNMpUYecKue MOIe/ N

Pabota Kenra u Diizen6epra (1976) — npumep smnupuyeckoro nojaxona. Mx
MOJIXO0/I, XOTSI U OYE€Hb IIPOCTOM, HO OBbLIT BKIIFOUEH B MHOTOUMCIICHHBIE CUMYJISITOPBI,
Hanpumep, Aspen Hysys u Aspen plus. Onu MoauduimpoBaiu MOJENb AJIs pacyera
napienuss CO, u H,S B Bogubix pactBopax MDA u [IDA. OHU DBITATUCH
COMOCTAaBUTh JAHHBIE O pPAaCTBOPUMOCTH C HCIOJIb30BAHUEM OITYyOJIMKOBAaHHBIX
KOHCTAHT paBHOBECHs 0€3 KaKoW-TM0O 3aBUCUMOCTH OT HWOHHOW cuibl. OHH
IPENOJIOKUIN, YTO KO3((ULIMEHThl aKTUBHOCTH U (DYTMTUBHOCTH MapoBOU (ha3bl
pPaBHBI €IMHUIIE U COOTBETCTBYIOT JIByM PAaBHOBECHBIM KOHCTAHTaM PEaKLUUil aMHHA
10 OKCIEPUMEHTAJIBHBIM JaHHBIM. MoJienp UMena Tpu OCHOBHBIX HezocTarka. Bo-
IIEPBBIX, OHA JCHCTBUTEIbHA TOJBKO B AWana3zoHe 3arpy3ku amuHa ot 0,2 mgo 0,7
MOJISI KMCJIOTO Ta3a / MOJb amMuHa. BO-BTOpBIX, OHa HE MOYET TOYHO MpPEACKa3aTh
COCTaB aMHMHA W pe3yJbTaThl 3HAYUTEIBHO OTJIMYAKOTCS OT HKCIIEPUMEHTAJIbHBIX
naHHbIX. HakoHen, He MoOeT OBbITh MCNOJB30BAHA JJII MOJEIMPOBAHUS CHCTEM
TPETUYHOTO aMHUHA, MOCKOJIbKY OHU He 00pa3yroT KapOamaTbl W, CJI€OBAaTENbHO,
OJIMH U3 PEryJIUPYEMbIX MapaMeTpoB OyAeT OTCYyTCTBOBATH [27].

HayuHblli KOJUIEKTMB aBTOpOB palboTel [28] MoauduimpoBan MOIXO[
moxenupoBanusi Kenrta u Dizenbepra, onpeaennB KOHCTAHTY PAaBHOBECHS] OCHOBHOM
peakuuM amMuHa Kak (YHKIUIO OT TEMIepaTypbl, KOHUEHTpaluu Tra3a u
pacTBOpUTENA. IJTOT MOAXOJ MOXHO paccMaTpUBaThb TakK, Kak €ciau Obl Bce
CHUCTEMHbIC HEHJCaIbHOCTH OBLIM BKIIOYEHbl B BBIPAXKEHHE JJII KOHCTAHTHI
paBHOBecua [29]. C Tex mop MOYTH MNPAKTUYECKH HUKAKOTO CYLIECTBEHHOTO
yIIydIIeHUs! He ObLIO BKJIIOUEHO B AMIIMPUYECKHUI MOAETBHBIN MOAXOI.

1.3.1.3 Tounble Moaenn

OMIUpUYECKUEe MOICIH TPEACTABISAIOT CO00M MPOCTON MOAXOJ] K PEIICHUIO
CJIOKHOM CHCTEMBI, TAKOW KaK ajIkaHOJaMUHbI. OJJHAKO y HUX €CTh JBa HEIOCTATKa;

HCIIOJBb3YA KAXYINYIOCSA KOHCTAHTY PaBHOBECHS, AAIOT JIUIIb HpPI6J'IPI)KCHHBII>i COCTaB
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noryioturensa. Bropas npobOiema 3akitoyaercss B TOM, YTO MOJENb JIEMOHCTPUPYET
HedhpexkTuBHOCT, Tipu  AKcTpanossiuu  [30].  JIpyrum  moaxomaoM — SIBISETCS
WCIIOJB30BaHUE MOJIeIu U30bITOYHOM »sHepruu [nb6ca wmm kodpdunmueHta
aKTUBHOCTU JJISI TPEJCTABJICHUSI KOHCTAHTBHI paBHOBecHs. Jlig BbIUUCIEHUA
ko3 uIeHTa JIETy4eCTH MOXHO HCIOJb30BaTh HECKOJIBKO YPaBHEHUN COCTOSIHHMSL.
Kaxxnoe ypaBHEeHHE COCTOSIHHS MTOCTPOEHO HA OCHOBE TEOPETHUECKUX MCCIIEI0BAHUN
U TpeOyeT psga mapaMeTpoB [Jisi TOYHOTO MOJICTUPOBAHUS TEPMOJUHAMUYECKUX
cocTostHUM. JleTanu Takux ypaBHEHHH ObLIN paccCMOTpeHBI B padote [31].

1.3.2 MoaeaunpoBaHue abcopOepoB U KOJIOHH pereHepanuu
MOIJIOTUTeJIeH

AGcopO1moHHast KOJIOHHA ABJISIETCS] BAXKHOW €TUHUIIEH B MTPOIIECCE aMHUHOBOM
ouucTKM Ta3a. lloaToMy TOUYHOE MOAECIMPOBAHHE TAKOro OOOPYJOBaHUS HUMEET
peraromiee 3Ha4eHUe sl YCIEIIHOr0 MOJACIUPOBAHUS JIFOOOH YCTAaHOBKH OYHMCTKHU
raza. B Mozgensax Ha ocHoBe paBHOBecusi (pa3 aOCOpOLMOHHAS KOJIOHHA JIETUTCS Ha
HECKOJIbKO CTyNEHEW pa3elieHUus] W MpEeArnoyiaraetcsi, 4ro Mmap U >KUJIKOCTb,
MOKHU/IAIOIIUE KXY CTYIEHb, HaXOAATCA B paBHOBecuu [31]. OgHAaKo 3TO OYEHb
YIPOILEHHOE MPEANOI0KEHNE U HEIEUCTBUTEIIBHO B PeaibHBIX cliydasx. B cBsi3u ¢
ATUM HCMOJIb3YIOTCA TAKWE MAapaMeTpPbl KaK: BHICOTA KBUBAJIEHTHAS TEOPETUUYECKOM
tapenke (BOTT), KIT/ ctynenu.

KIIJI ctynenu npeacraBisieT coO0W MOMPaBOYHBIN KOA(DPHUIIMEHT, KOTOPHIN
KOPPEKTUPYET MPOU3BOAUTEIILHOCTh TEOpeTUuYecKor crymeHu. OmgHako, 0COOEHHO
JUIL  TIPOIIECCOB  PEAKIMOHHOTO pa3/elieHHs, HCIoJb30BaHUEe A(HPEKTUBHOCTH
TEOPETUYECKOW CTaauu He paboTaeT XOpollo, MOTOMY YTO OTKJIOHEHHUS OT
pPaBHOBECHOUM Mojien oueHb Benuku. ClieoBaTeIbHO, B 3TUX CIIy4asiX HEOOXOIMMO
MOJICJIMPOBATh TaHHBIC CUCTEMBI C TIOMOIIIBIO «rate-based» momeneit [32].

«Rate-based»  momear  mo3BodseT — u30ekKaTh — NPHOIMKEHHS 110
3¢ (HEKTUBHOCTH TEOPETUUECKON CTAIUU. DTOT MOIXO]] 3aBUCUT OT aHAJM3a TEIUIO- U
MacCONEPEeHoca, KOTOpbhIE MPOUCXOJAT Ha peabHOM Tapenke Wiau (aKTHYeCKOU

BbicoTe Hacanku [33]. JlaHHas Monenb UCHOJBb3yeT KOA(PPUIMEHTH TEIo- |
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MacCoIepeHoca, TPaJueHThl KOHIEHTpauuid Mexay (aszamu Ha IpaHUIlE KOHTaKTa

ra3-KuAKOCThb.

B HeckobKHux HCCIICOO0OBAHUAX ObLIa CMOACINPOBAHA 0o a6COp6LII/IOHHaH,

1100 J1ecopOLMOHHAs KOJIOHHA C MCIOJIb30BAHUEM PA3IMUHBIX Mporpamm (Tadiauna

1.5).
Ta6nuna 1.5 — MoaenupoBanue abCOPOIMOHHBIX U JIECOPOITMOHHBIX KOJIOHH
OBLeKT Hcnoab3yemoe
oraoruresan nporpamMMHoe esap uccienoBanus Hcrounux
MO/1eJTUPOBAHMUS
obecreyeHne
Hacamounas CpaBuenne > PeKTHBHOCTH
abcopOIMoHHAs MDA u MDA ProTreat™ ynanenust H,S € momoriipro [34]
KOJIOHHA MJIDA u MDA
Vnanenune CO, u3 Pesynbrater Op1H
CHUHTE3-Ta3a DA+ ropsiunit Aspen plus COIIOCTAaBJICHBI C JAHHBIMU [35]
pacTBop moTama HEPTEXUMUIESCKOTO
KOMILJIEKCa
HeckonbKk0 HOBBIX s kaxxaoro OreHKa anbTepHATUBHBIX
KOH(UTypaIuit ciry4ast ObLIO TEXHOJIOTHYECKUX CXEM
OTIApHOW KOJOHHBI CMOJICITUPOBAHO Aspen plus ynasnuBauus CO, [36]
HECKOJIBKO
abcopOeHToB
Aobcopbep Pe3ynbTarhl conocTaBieHb
ynasnuBanus CO, C OKCTIIEpUMEHTAILHON
MDA Aspen plus KOJIOHHOI [37]
HCCIIEIOBATEIILCKOTO
npoekta CASTOR
AGcopbumonHast Aspen plus MopnenupoBaHue U aHaJIN3
KOJIOHHA MDA Aspen Hysys pabotsr abcopbepa [38]
Promax
AOGcopOnmoHHas MDA Aspen plus Monenupopanue adbcopoepa [39]
KOJIOHHA
Kononna MDA Aspen plus MojenupoBaHue KOJOHHBI [39]
pereHepanuu pereHepanuu
AbGcopOIMoHHAS CpaBHEHHE MOTYUYCHHBIX
KOJIOHHA MDA Aspen plus pe3yabTATOB C [40]
OKCIICPUMECHTAJIbHBIMU
JTAHHBIMU

1.3.3 MoaesnpoBaH#e YCTAHOBOK OYMCTKH ra3a

CumynstTopsl TipoiieccoB — 3OPEKTUBHBIC UHCTPYMEHTHI JJISI MOICITUPOBAHUS

CYmECTBYIOIINX YCTAHOBOK H IIPOTrHO3UPOBAHUA UX JUHAMHUYCCKUX PEIKHUMOB. Taxxe

CUMYJIATOPBI

MOTYT

HCIIOJIB30BaTbhCA

JJIA

IMPOCKTUPOBAHUA

nporiecca,

nporHo3upoBaHuss 3G(OEKTUBHOCTH TMpoIecca U ONPEACTICHUsT ONTHUMaIbHbIX
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YCIOBHM 3KCIulyaTauuu. B jmTepaType CylecTBYe€T HECKOJbKO IPUMEPOB,
UMUTHPYIOIIMX pEAIbHbIE TEXHOJIOIMYECKUE ycTaHOBKH. Hampumep, B padore [41]
HCIIOJIb30BaIN Aspen HYSYS T UMUTALIIU baxpabasnckoro
razonepepadatpiBaromiero  3aBoga B Cuixere W CPaBHWIM  PE3yJbTaThl
MOJICIMPOBAHUS C JAHHBIMU 3aBojia. CUMYJISITOPHI Mpolecca TakKe MPEeI0CTaBISIOT
JIPYTUEe TEOPETUYECKUE MHCTPYMEHTHI NIl OLICHKU U YIYUIICHUS CUCTEMbl OUMCTKHU
IpUpOAHOro rasza. Hampumep, mMHTaLMs BIMSHHS Pa3IMYHBIX PACTBOPUTENEH Ha
(b ()EKTUBHOCTh yAQJICHHS] KHUCIBIX KOMIOHEHTOB MOXET OBbITh MCIOJIb30BaHA IS
MoIU(UKAIIMKA CYIIECTBYIOLIETO IMpoliecca sl MOBBIIIEHUS MPOU3BOJUTEIBHOCTH.
3aBon Cesepnoit Kapomunel (CIIA) nmpeacraBiseT co0oil paHHMI mpuMep, Kornaa
3aBoj ycnemHo nepemeln ¢ JI9A na M/I9A Ha 0cHOBE pe3ynbTaTOB MOJIEIUPOBAHUS
TSWEET®. Ilocne Toro, kak 3aBoj ObUT MOCTPOEH, BHOBb OTKPBITHIE TIa30BbIC
CKBaKMHBI UMENU OO0Jee BBICOKMI MPOLEHT YIJIEKUCIOro ras3a, 4yTo HoTpeOoBajo
CMEHBI OIJIOTUTENS.

ABTOpBI paboThl [42] moka3aiau pe3yabTaThl MOJEIUPOBAHMS, YTO MEPEBOJ
ycTaHoBKM Ha MJIDA-mpouecc mo3Boimil COBITOBOMY Ta3y COOTBETCTBOBATh
cnenudukausiM  TpyobompoBojga 0e3 BHECEHHUS KaKUX-TMOO MEXaHUUYECKUX
VW3MEHEHUN B YCTAHOBKY.

B pa6ote [43] ucnonszoBanu HYSYS u iCON mist MojennpoBaHus mporiecca
OUYMCTKH raza Ha eabPOBOM MECTOPOXKICHUU.

B pabore [44] wmcnomp3oBamu ChemCAD jans  mMojaenupoBaHHS
s dextuBHocTH yaanenus CO, B npouecce benduiga u nu3zydeHus: TemrnepaTypHoro
npodussi 00X KOJIOHH.

B pabGore [45] ucnonp3zoBanu tuiatrgopmy MojenupoBanus Pro-Max mis
OTpEJEICHHUs] OCHOBHBIX MEPEMEHHbIX, BIUSAIOIINX HA YCTAHOBKY OYMUCTKH raza. OHu
ONPEAETMWIA CIHOCOOHOCTh TMpollecca PEeryIupoBaTh pa3IUYHbIE OTKJIOHEHHUS B
pabouMx YCIOBHSIX U MPU JAHHOM COCTaBE ChIPhSI.

ABTOp paboTel [46] cMoaenMpoBall YCTAaHOBKY aMHHOBOW OYHCTKH C
ucrosib3oBanueM Matlab uw mpencrtaBus  MaTeMaTHYECKHUE KOPPENSIUHA IS

MOJICJIMPOBAHUS BCEr0 000pYyI0BaHUS MPU PabOTE B yCTAHOBUBIIIEMCS PEKUME.
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CumynsSTopbl MPOIECCOB, KOTOPHIE OCHAILEHbl HHCTPYMEHTOM aHalv3a
3aTpaT MOTYT OBITh MCTIOJB30BAaHBI JIJII SKOHOMUYECKON OIIEHKH JAHHOTO Ipoliecca
uiau yctaHoBku. Hampumep, aBTopsl padotsl [47] ucnons3zoBaiu Aspen HYSYS s
M3YUYCHHUS] KOPPEJSIIUU MEXAYy KOHIIEHTpAlMeW KUCIBIX T'a30B B HMCXOJHOM Ta3e U
oO0I1Iel CTOMMOCTBIO YCTAaHOBKHU. ABTOPBI OOHAPYKUJIIU, YTO KaK ONepaluoOHHbIE, TaK
M KaluTajdbHbIE 3aTpaThl YBEJIMYMBAIOTCS KaK TOJMHOM BTOPOTO TOpsAIKa C
yBenmaennem kak CO,, tak m H,S B umcxomHom rasze. 3To O3Ha4yaeT, 4TO TPH
3aJlTaHHOM  KOHIIGHTpPAllMd OJHOTO M3 KHCIBIX Ta30B JIO00O€  yBEJIMYEHHUE
KOHIICHTPAIIUU JAPYroro OyAEeT COMPOBOXKIATHCS JTUHEWHBIM YBEJIMYEHUEM 3aTpar.
Kpome Toro, aHepro3arparbl Ha SKCIUTyaTaluio 000pyI0BaHusl, TMaMETP KOJIOHHBI U
IUIOMIAN TOBEPXHOCTH TEIJIOOOMEHHUKOB TakKe JMHEHHO YBEITUYMBAIOTCS C
YBEIMYEHUEM KOHIIEHTPALIUH JIF0OOTO KUCIOTHOTO ras3a.

Jpyrum  pacnpoCTpaHEHHBIM  METOJOM  SIBJISIETCS  MOJICIHPOBAHHE
CYILIECTBYIOILIErO0 Mpoliecca MPHU HCHOJIb30BAaHUM cMmeceld aMMHOB. CMECHM aMUHOB
MOTYT OO€CHeUYuTh Jydlylo 3(Q(EKTUBHOCTh YJAJI€HUS M CHHU3UTh TPeOOBaHUA K
DHEPruM pereHepanuu. TpeTuyHble aMuHbl, Takue Kak MJIDA, Moryt ObITh
YIIYUIIEHBI yTeM J00aBJICHUSI HEOOIBIINX KOJIMYECTB MEPBUYHOTO WJIM BTOPUYHOTO
aMuHa NS yaydiieHus: 3QpGEeKTUBHOCTH yNaleHUs KUCIBIX Ta30B. ABTOPBI pabOThI
[48] ucrnonap30BaM TaKOM METO JJIsl OLleHKH jo0aBieHns MDA wmu 1A k MJIDA
B CYIIECTBYIOIIEM Ipolecce. ABTOPHI HCIOJIB30BAIM MPOTpaMMHOE OOECIeUeHHE

TSWEET®.
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2  D®uHAHCOBBII MEHEeKMEHT, pecypco-3pPeKTUBHOCTH U
pecypcocdepe:xeHue

[TpoGiemsr 3(pdeKTUBHOTO pecypconoTpeOeHUsI 1 pecypcocOepekeHus: B
HEe(TAHBIX  KOMIIAHUSIX  BCErJa  SIBISIOTCA  JOCTaTOYHO  aKTyaJbHBIMH.
TexHoIOTHYECKHE MTPOLIECCHI B OTPACIIN MOATOTOBKH U TiepepaboTku HeTH, a TakKe
He(PTEXUMHH COTIPOBOXKIAIOTCS MOTPEOICHUEM TOTUTUBHO-IHEPTETUIECKIX
pecypcoB. Takum oOpazoMm, QopMupoBaHWE ©  pealu3alis  CTPATETHH
pecypcocOepexeHusT Ha BCEX YPOBHSIX YIPaBJICHUS SIBISETCS OJMH M3 BaKHEUITHX
BOIPOCOB CTPATETHMYECKOTO MEHEIKMEHTa, MOCKOJIBbKY PECypCOEMKOCTh SIBISETCS
BTOPOCTETICHHBIMH TIOKa3aTeNIIMA TMPOAYKIIMH, B TO BpeMs KaK KIIOYEBBIM
NOKa3aTeJeM SBJIETCS €€ KaueCTBO.

B Hacrosimiee BpeMs  MEPCHEKTHBHOCTh  HAyYHOTO  MCCIIECOBAHUS
OIIPENENAETCS] KOMMEPUYECKON IIEHHOCTBIO pa3pabOTKU, UYTO SBJIETCS HEOOXOAUMBIM
YCIIOBUEM IMPU MOUCKE MCTOYHUKOB (DMHAHCUPOBAHUS /I MPOBEICHUS HAYYHOIO
UCCJICIOBAHMS 1 KOMMEPIIMATU3AllUU €T0 Pe3yIbTaTOB.

KoMneloTepHoe MOJEIMPOBAHUE XUMHUKO-TEXHOJOTMYECKUX CHUCTEM K
HACTOAIIEMY  BPEMEHHM  TOJHOCTBIO  JIOKa3ajdo  CBOIO  aKTyaJlbHOCTh U
nepcrneKTUBHOCTh. C €ero IMOMOIIBI0 YNAeTCs MOBBICUTh KadyeCcTBO YIPaBJICHUS
XUMHUKO-TEXHOJIOTUYECKUX CHUCTEM H A(OPEKTUBHOCTH UX pPabOThl, CTaHOBUTCA
BO3MOXXHOH M DKOHOMHYECKas ONTHMHU3ALMSA PEXKHMA DKCIUTyaTallud yCTaHOBOK
MyTeM pacCMOTPEHHS M pacueTa pa3IMYHbIX BAPUAHTOB TMOBBIIMICHUS HX
MIPOU3BOJUTEILHOCTH.

Lensto paznena «DOUHAHCOBBIM MEHEIKMEHT, pecypcod(dPeKTUBHOCTL U
pecypcocOepexeHne» ABIIETCS MPOEKTUPOBAHUE U CO3/IaHHE
KOHKYPEHTOCTIOCOOHBIX pa3pabOTOK, TEXHOJOTHH, OTBEYAIOIIUX COBPEMEHHBIM
TpeOOBaHMIM B 007aCTH pecypcodPEeKTUBHOCTH U pecypcocOepeKeHHUS.

JUis AOCTMXKEHMSI TOCTABIIEHHOM WENH HEOOXOJUMO pEIIUTh CIEeAYIOINe
3a/1aun;

®  OIICHKa KOMMEpPYECKOro MOTEHIHala U MEPCHEeKTUBHOCTU IMPOBEICHUS

HAayYHBIX HCCHGI[OB&HHIZ;
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®  I[UIAHUPOBAHHME HAYYHO-HCCIIEA0BATEIbCKUX PaldoT;

e  oOmpeaeNieHHe pecypcHolt  (pecypcocOeperaromieii), (HHUHAHCOBOM,

3
<
g}
@ E
S 38 =
S
3
E
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2.1.2Ilnarpamma McukaBbl

JuarpamMmma mTpUUMHBI-cIenACcTBUA VcukaBel — 53TO rpaduueckuili MeTof
aHain3a M (OPMUPOBAHUS IPUUYUHHO-CIEICTBEHHBIX CBS3€H, MHCTPYMEHTAJIbHOE
CPEACTBO JJIsl CHCTEMAaTUYECKOTIO ONpeIEICHNs IPUYMH NTPOOJIEMBI U MOCIIEIYIOIIEr0
rpaguyeckoro mnpexacraBiaeHus. O0JacTp NPUMEHEHUs IUarpaMMbl: BbISBICHHE
IPUYUH BO3HUKHOBEHUS NPOOJIEMBI; aHAIU3 U CTPYKTYpPUpPOBAHHE IPOLIECCOB Ha

IPEIIPHUITHH; OIICHKA IPUIMHHO-CIICJICTBEHHBIX CBsI3el (pucyHOK 3.1).

’ MeTtoap! M3mepeHuna ‘

OIIHOKH B H3MEPCHHH

MartemaTnueckoe JlaGopaTopnble T1apaMETPOB TEXHOTOTHYECKOTO
Mojie/IHpoBaHHe IKCIEPHMEHThI pekiiMa z
-
N\ IlompIniienHbIe = m
yuer HAXOXJICHHE  Y4eT MHOrooGpa3Hsa TIePHO/IHYHOCTE TOrPEMmHOCTh ! . EOR~
HECTALIHOHAPHOCTH ONTHMATBHBIX ()aKTOPOB BHENIHEl noKasatesneif KOHTpos ~ Pe3y/IbTaToB IKCIIEPHMEHTbBI ; -
nporecca peniennii cpesibl | %
03
> s §
OTCYTCTBHE CTICIHATEHBIX 00 g Z o=
y ] ) paGoTKa GO/BIIOrO MacCHBa =
TPOTPAMM B OTKPBITOM JI0CTYTIE IKCTICPHMEHTATILHBIX JTAHHBIX -
L
: g
Komnsiorep MarucTpant g
o
/ :
Hegocratodroe
pyuHOE JUTHTETBHOCTE Hezocratomsie BIIAJIEHHE
PeIaKTHPOBAHHE pacyeToB JHAHHA 0 Tponecce IporpaMMHOH
AMHHOBOH 0THCTKH cpenoit HYSYS
‘ O6opyaoBaHue ’ Wcnonuutens ‘ 0

Pucynox 3.1 — Ilpuunnno-cnencTeennas quarpamma Mcukapbl

2.1.3 OueHKa roTOBHOCTH MPOEKTAa K KOMMePUHAIU3AIUN

JlornueckuM 3aBEpIICHUEM Ppa3padOTKHM MAaTEeMaTUYECKOM MOJIENU SIBJISIETCS
€e TMpaKTHUUeCKOe NPHUMEHEHHE Ha Ta30- W HedTeAOOBIBAIOIINX MPEAIPUITHIX.
[Tokazarenu o creneHu MpopabOTaHHOCTHU MPOEKTA € MO3UIUUA KOMMEPLHUAIU3AIUU U

KOMITETEHILIUSIM pa3paboTurKa HAyYHOTO IIPOEKTa NpUBEICHbI B Tabiuie 3.2.
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Tabmuna 3.2 — bimaHK OLGHKM CTENEHHM TOTOBHOCTM HAy4yHOTO TMPOEKTa K

KOMMCpHIaIn3alun
CreneHb YPOBCHE
Ne MMEIOLINXCA
i HaunmenoBanue pOpabOTaHHOCTH smamm y
HAYYHOTO MPOEKTa
paspaboTunka

1. |OnpeneneH UMEIONTUICS HAYIHO-TEXHUYECKUI 3a]1e71 5 5

2. |OnpeneneHsl MEePCIEKTUBHBIC HarpaBjeHus | 4 4
KOMMEPIHAN3alUY HAyYHO-TEXHHUECKOTO 3ajelia

3. |OnpeneneHsl OTpaciv M TEXHOJIOTHUHU (TOBAPHI, YCIYTH) 11s | 4 5
MIPEJIJIOKEHUS Ha PBIHKE

4. |Onpenenena ToBapHas (¢(opmMa HaydHO-TEXHUYECKOro|4 4
3ajiernia JUIsl IPeICTaBICHUS Ha PhIHOK

5. |OmnpeneneHbl aBTOPBI U OCYIIECTBICHA OXPaHa UX MPaB 4 5

6. |IIpoBemeHa oOlLieHKa CTOMMOCTH  HWHTEJIEKTYyaJbHOM | 2 5
COOCTBEHHOCTH

7. | IIpoBeneHbl MAPKETUHTOBBIE UCCIICIOBAHMS PHIHKOB COBITA | 4 4

8. |Paspaboran Owm3Hec-TUIaH KOMMEpPIMAIW3ANUA Hay4dHOU | 4 5
pa3paboTKu

9. | OmpeneneHsl MyTH MPOJIBUKECHUSI HAYYHOU pa3padoTku Ha| 4 5)
PBIHOK

10. | Pa3zpaborana ctparerust (dopma) peanm3anuvi HaydHOU | 4 5
pa3paboTKu

11. | I[IpopabGoTaHsI BOITPOCHI MexayHapoaHoro| 1 4
COTPYJHUYECTBA U BBIX0JIa HA 3aPYOCIKHBIN PHIHOK

12. | [IpopaboTaHsI BOIIPOCHI HCITOJIb30BaHUS ycnyr| 4 5
WHOPACTPYKTYPHI TTOIICPIKKH, TTOTYIEHUS JIbTOT

13. | [IpopabGoTraHs BOIIPOCHI ¢buHaHCUpOBaHMS | 2 4
KOMMEpLIMAIN3allii HayYHO! pa3paboTKu

14. | VImeercs KoMmMaHAa Ui KOMMEpPIHMATU3alUKd HAYYHOH | 2 4
pazpaboTKu

15. | IlpopaboTan MexaHU3M peann3aliii Hay4HOTO MPOEKTa 3 4
NTOI'O BAJIJIOB 51 68

CornacHo pesyiabTatam TaOaMIBl 3.2 CymMMapHOE KOJIMYECTBO OajlioB IO

KaTeropuu CTENEeHb MPOpPabOTAaHHOCTH HAYYHOrO TpoeKTa cocrtaBiser 51, yTo

YKa3bIBACT HA TOTOBHOCTL HAYYHOI'O IIPOCKTA K KOMMCPpIOHAIN3alluU C HepCHeKTHBOfI

BBIIIE CpenHero (45-59 6amioB), a ypoBEeHb MMEIOLIUMXCS 3HAHUN y pa3paboTyuuka

(68 6aoB) cuuTaeTCs TOCTATOUHBIM ISl YCTICITHOM KOMMeEpIHAIN3allud HayYHOTO

npoekTa (60-75 6anon).

Takum oOpa3zom, peanuzanus [IaHHOTO NPOEKTAa BEPOSITHA B YCIOBUSAX

He(TeTOOBIBAIONIETO TPEANPUITHS, HO TIPEXKIE HEOOXOIUMO PEIINTh CICAYIOIINe

BO3ZHHKIINE MPOOIIEMBI:
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e  mpopaboTaTh BOMPOCHK MEXKIYHAPOIHOTO COTPYAHUYECTBA U BBIXOJIa HA
3apyOeXKHBIN PHIHOK;

®  MPOBECTHU OLICHKA CTOMMOCTU MHTEJUIEKTYaJIbHON COOCTBEHHOCTH;

®  pacCHIMPUTHh KOMaHAY AJII KOMMEPIHUAIU3ANN HAYYHOTO MPOEKTA;

e  npopaboTaTh BOMPOCHl (PMHAHCUPOBAHUS KOMMEpPIMAIU3AIUN HAYYHOM
pa3paboOTKH.

2.1.4 Metoabl KOMMEPUHMATU3AUNH Pe3YJIbTATOB HAYYHO-TEXHHYECKOIO
HCCJIeI0BAHUS

Jliist oGecrieueHuss KOMMEPUYECKON OTAa4d OT peaTn3allii MPOEKTa BO3MOKHO
MPUMEHEHUE CIEIYIONUX METOJ0B KOMMEpPIMAIM3allMi HAYyYHBIX pPa3padOTOK, Kak
TOPTOBJIS TATEHTHBIMH JIUIICH3USAMU, TIepeaada HOy-Xay, HHKHHUPHUHT, (hpaHIai3uHT
U T.JI.

JIJist KoMMepIHaIn3aliud MaTEMaTHYECKON MOJIETTH YCTAaHOBKH OYMCTKH rasa
OT CEpOBOAOPOJIa PACTBOPOM AMATAHOJAMHUHA aKTyaJeH METOJ HWHXUHUPHUHTA,
MOCKOJIbKY Ha JAHHOM CTaguu  HUMEIOTCSA MPEAIpUITHSA-TIAPTHEPHI, KOTOPHIC
3aMHTEPECOBAaHbl B TOKYIKE JAHHOTO HAYYHOTO TMPOEKTa M MPHUMEHEHWUU €ro Ha
TIPaKTHKE.

[IpumeHnenrne Hay4yHOTO TPOEKTa HA TPAKTUKE TO3BOJIUT IPOBECTH
ONTHMM3AIINI0, DHEPro- M PEeCypcocOepekeHre M, B KOHEYHOM CYETE, TIOBBICHUTH
3¢h(HEeKTUBHOCTS PabOThl YCTAaHOBOK OYHCTKU Ta3a OT CEPOBOJIOPOJA PAcTBOpaAMU
aJIKAaHOJIAMMHOB Ha ra30- U HeTe00bIBatonuX npeanpustusx Poccun.

2.2 WnHunuanus mpoexTa

1) Lenu u pezyromamovl npoexma. llenpi0 MaHHOTO TPOEKTA SBISETCS
MIPOTHO3UPOBAHUE [MoKa3arejeu u BBIpa0OTKa PEKOMEH AU o
COBEPIIICHCTBOBAHHUIO PEKMMOB PabOThI YCTAHOBKM OYHMCTKH ra3a OT CEpOBOAOPOJIA
pPacTBOPOM AMAITAHOJIAMUHA.

['pynma mpoleccoB HWHUIMAIIMA  COCTOMT M3  IIPOIECCOB, KOTOPBIE
BBITIOJTHSIFOTCS TS ONIPECIICHHUSI HOBOTO MPOEKTA UM HOBOU (ha3bl CYIIECTBYIOIIETO.
B pamkax mporieccoB MHUITMAIIMN OTPEEISIIOTCS N3HAYABHBIC 1IEJTH U COJEPIKaHNe

U pUKCUpYIOTCS W3HAYalbHbIEe (PUHAHCOBBIE pecypchbl. ONpenensaoTcss BHYTPEHHUE U
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BHEIIHHE 3aMHTEPECOBaHHbIE CTOPOHBI MpoekTa (Tabnuma 3.3), KoTOpbie OyayT
B3aMMOJICCTBOBATh W BIUATH Ha OOIIMIA pe3yibTaT HAYYHOTO MPOEKTa (Tabmwia
3.4).

Tabnuna 3.3 — 3auHTepecoBaHHbIE CTOPOHBI MMPOEKTA

3anHTEPECOBAHHBIE CTOPOHBI Oxuanve 3aMHTEPECOBAHHBIX CTOPOH
MIPOEKTa
OcBoeHUE TPUHIUIIUAIBLHO HOBOM 00JIACTH MCCIEIOBAHMUS.
Hayunoe Pa3BuTHe = B3aMMOOTHOIIEHUNH  C  MPEICTABUTEISIMHU
o0beIHeHne HedTenoObIBAIIEHl  OTpaciu € IENbl0  pa3paboTKu
(MHCTHTYT, COBMECTHOT'O HAYYHOTO MPOEKTA.
YHHBEPCHUTET) [TponBuxkeHne MpoeKTa Ha 1EJIeBON PHIHOK.
IIpencraBuresin [IpuMeHeHre Hay4yHOTO MPOEKTa C LEIbl0 ONTHMH3AINH,
HedTeq00bIBALIICH OTPACIH SHEPro-u pecypcochepexeHus JEHCTBYIOIIETO
(KOMIIAaHMH, 32BO/IbI) IIPOU3BOJCTBA.

Ta6nuua 3.4 — [enu u pe3ynabTaThl IPOEKTA

exu nmpoekTa

PazpaboTka MaremMaTHyecKOW MOJEIHM YCTaHOBKM OYHMCTKH Tasza OT
CEpOBOZOPOAA PACTBOPOM JAMITAHOIAMUHA C LEIbI0 ONPEHCICHUS
nokaszatenel  paOOTbl  YCTAaHOBKHM,  ONpEAETCHHUS  TEKyUIMX U
ONTUMAJIBHBIX PEXHUMOB €€ paboThl, a TaKXKe MPOTHO3UPOBAHUS PAOOTHI

YCTAHOBKHU B OTHETHOM IICPUO/JIC.

O:xunaembie [oBpiieHue >PPEKTUBHOCTH pPabOThl YCTAaHOBKM OYUCTKH Ta3a OT

pe3yJbTaThl CEpOBOAOPOAA pPAacTBOpOM audTaHoNamMuHa. COKpallleHHe SHEepro- u
MPOEKTA pecypco3arpat, OBbIILIEHHE Ka4yecTBa FOTOBOTO MPOIYKTA.

Kpurepun AZNIEKBaTHOCTH MTOJIyY€HHON MOJENN JOJDKHA COCTABIIATE HE MeHee 95%
NPHEMKH

pe3yJbTara
NMPOEKTA

TpeboBanue K
pe3yabTary
NMPOEKTA

OneHka aJeKBAaTHOCTM MOJENM JOJDKHA II0Ka3aTh, 4YTO aOCOIIOTHAs
MOTPEIIHOCTh PacueToB He npeBbimaeT 5%.

Monenupyroriasi cucteMa J0KHA MPOU3BOIUTE PAacYeThl ONTUMATBHBIX
MapaMeTpoB Ipoliecca C ILENbl0 IMOJIYYeHUS MaKCHUMaJbHOTO BBIXOJA
MIPOJYKTa, COOTBETCTBYIOIIETO TPEOOBAHUSAM CTaHIapPTOB.

C Touku 3peHus SKOHOMUKH — BCE€ 3aTpaThl Ha pa3pabOTKy MOJeNu
JIOJKHBI OBITH OlpaBAaHbl €€ 3¢ (HeKTUBHON pabOTOM.

2) Opeanusayuonnas cmpykmypa npoexkmad. YYaCTHUKHA paboueil rpymibl

MPOEKTa MpeCTaBiIeHbl B Ta0IMIE 3.5.
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Tabnuna 3.5 — PaGouas rpynmna npoexra

g+ 2 3
P
= % =
2 5k ) = s
= S 9 o = =y
~ == = =] (=" = =
= Q s = = = S S
ol e ] ™) = Q7
Z ~ O g > =]
S E& 2 3 =
= 2 X = 2
S = = =
1 [Tomoxk Hayunsrii Pa3zpaboTka JIUHEHHOTO rpajuka | 60
E.B., PYKOBOJIUTENb | BhIMONHEHUs pabor. KoHcynmbTHpoBaHuE
noredt OXU MpoeKTa mo mpobieme wuccienoBanus. KoHTposb
NHIITP BBIIIOJIHEHUSI WHIWBUAYAJIBHOIO ILJIaHA B
YaCTH HaJl MATUCTEPCKOMN AMCCEPTALUEH.
2 JluTBUHOBA Ucnomuutens mo | CocraBnenue wu  opranusanus 3tanoB | 800
A.E., IIPOEKTY Tekymed padotel. [IporpammupoBanue,
MarucTpaHT MIPOBEPKA PE3YJIbTATOB pacyeTa Mo MOJIEIN
OXM HUIIITP Ha aJICKBaTHOCTbH, COCTABJICHUE OTYETOB 110
pa3paboTKe HAyYHOTO MPOEKTA.
HUTOTI'O: 860

3) Oepanuuenusi u oonywenus npoekma. OrpaHHUYEHHs MPOEKTa — 3TO BCE
(haKTOPBI, KOTOPBIE MOTYT TOCITYKHTh OTPAaHUYCHUEM CTEIEHN CBOOOBI YIaCTHUKOB
KOMaH/Ibl MPOEKTa, a TaK K€ «TPAHMIIBI MPOEKTa» - MapaMeTphbl MPOEKTa WU €ro
MPOJIYKTa, KOTOphle HE OyAyT peaJM30BaHHBIX B paMKaX JaHHOTO TIPOEKTa.
OrpaHuueHus MPoeKTa MPUBEACHBI B Ta0mile 3.6.

Tabnuna 3.6 — OrpanuueHust IpoeKTa

daxkrTop OrpaHudeHus /TOnyIeHHs
bromxer npoekra He 6osee 150000 py6.
HcTounuk prHaHCUPOBaHUS MatepuanbHas 0aza paboueid rpynmbsl
POeKTa
CpoKH MpoeKTa: 01.09.2017-31.05.2018
Jlata yTBEpKACHMsI IIJ1aHa YIIPABJIEHUS IPOEKTOM 01.09.2017
JlaTa 3aBepiieHus NpoeKTa 31.05.2018

2.3 TliaHupoBaHMe yNpaBJeHUs] HAYYHO-TeXHUYECKHM MPOEKTOM

2.3.1 Pa3paboTka rpaduka npoBeeHUsI HAYYHOT'0 HCCIeT0BAHUS

B pamkax mimaHMpoBaHMS HAy4YHOTO TIPOEKTa HEOOXOIUMO TMOCTPOUTH
KaleHAapHbIii Tpaduk mpoekra. Hambomee ymoOHBIM UM HArJISIAHBIM - SIBIISIETCS
NOCTPOEHUE KaJleHIapHbIi rpaduk npoekTa B hopme quarpammsl ['anTa.

HuarpamMma 'aHTa — 3TO rOpPU3OHTAIBHBIN JEHTOUYHBIN Tpaduk, HA KOTOPOM

paboThl 1O TEeMe WPEACTABISIOTCS TPOTSIKEHHBIMH BO BPEMEHU OTPE3KaMH,
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XapaKTEPHUIYIOMIUMUCS JTaTaMd Hadaja W OKOHYAHWS BBITIOJIHCHUS JTaHHBIX PaOoT.
Kanennapuslii muiaH-rpauk NpOBEIECHHUS HAYYHOI'O HMCCIEIOBaHUA MO pa3paboTke
MaTEeMaTU4YeCKOM MOJIeNId YCTAaHOBKM OYHMCTKM Ta3a OT CEpOBOAOPO/Ia PaCTBOPOM
JIMATaHOJIaMUHA npuBeeH B Tabmauue A.1( mpunoxenue A).

2.3.2 BroxxeT HAYYHO-TEXHHYECKOT0 UCCIe0BaHMS

B npouecce dhopmupoBanus OroakeTa HAy4YHO-TEXHUUYECKOTO MCCIEI0OBAHUSA
UCITIOJIB3YETC CIIEAyIoIasl TPyNIUPOBKa 3aTpaT MO CTAThsIM:

®  MaTepuajbHBIC 3aTPAThl HAYYHO-TEXHUUECKOTO HCCIICIOBAHUS;

®  OCHOBHAas 3apabOTHas MJIaTa UCIIOJHUTEINICH TEMBI,

®  JIONOJIHUTEIbHAS 3apa0OTHAs MJIaTa UCIIOJHUTENEH TEMBI;

®  OTYHCIICHHS Ha COIUATbHBIC HYXK/IbI;

®  HaKJIAJIHbIC PACXO/IbI.

1) Cuipve, mamepuanvl, nokynuvie uzoeaus u noiygadpuxameol (3a 6bluemom
0mx0008)

B naHHyr0 cTaThi0 BKJIIOYAIOTCS 3aTpaThl Ha MPUOOPETEHHE BCEX BHUIOB
MaTepHaioB, KOMIUIEKTYIOIIUX H3JAeIUi U moiaydadbpukaToB, HEOOXOAUMBIX IS

BBINIOJIHEHUS pa0OT Mo JaHHOW Teme. Pe3ynbTarhl 10 JaHHOM CTaThe NMPUBEICHBI B

tabnuue 3.8.
Tabmuupr 3.8 — Ceipbe, MaTepuanbl, KOMIUICKTYIOIIUE HW3JIEIUS M TIOKYITHBIC
nosty(aOpuKaThbl
HanmeHnoBaHue Kon-Bo | Ilena 3a eqununy, pyo CymmMa, pyo
Terpann 1 10,0 10,0
Pyuka 2 15,0 30,0
Kapanpgam 1 17,0 17,0
Kaptpwmk nist nmpuaTEpa 1 450,0 450,0
bywmara (300 nuctoB) 1 300,0 300,0
Bcero 3a MmaTepuas 838,0
TpaHCIOpTHO-3ar0TOBHUTENbHbIE pacxosl (5%) 40,0
NTOI'O: 1654

2) Oobopyoosanue u  npocpammHoe  obecneueHue  ONsl  HAYYHBIX
(aKCnepuMeHmanbHoulx) pabom
B maHHY!0 CTaThi0 BKJIIOYAIOTCS BCE 3aTPaThl, CBA3aHHBIC C MPUOOpETEHUEM

o0opya0BaHUs, HEOOXOAMMOTO JJI TIPOBEICHUS padOT 0 KOHKPETHOM Teme. Pacuer
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3aTpaT Ha npuodpeTeHrne 00O0pyAOBaHUS M MPOTPAMMHOTO 00ECIICUEHUS MPUBEICHBI

B Ta0ymnax 3.9 u 3.10 COOTBETCTBEHHO.

Ta6nuna 3.9 — Pacuer 3atpar Ha npuoOpeTeHrne 000pyA0BaHUS Il HAYUHBIX paboT

Ne | HaumenoBanue | Kois-Bo enunun | llena enuHuUIb! OOmas AmMopTtuzanus
n/m | obopymoBaHus | 00OpyAOBaHHS | OOOpPYAOBaHMS, CTOMMOCTD o0opynoBaHus,
TBIC. PYO obopynoBaHus, TBIC.pyO
THIC. pyO
1 Kommnprotep 1 25,0 25,0 (25/60)*10=4,2
2 [TpunTep 1 2,0 2,0
NTOI'O: 27,0 4,2

*U3 pacuéra Ha 10 MecsiieB pabOThI, CPOK CITYKOBI 5 JIET.
Ta6muma 3.10 — Pacyet 3aTpar Ha MpuOOpEeTEHUE MPOTPAMMHOTO OOECIICUEHUS IS

Hay4HBIX padoT

Ne mi/mm HaumenoBanue Komn-Bo Lena OO6m1ast CTOUMOCTh
POTPaMMHOTO CIIUHUII CIIUHUIIBI, POTPaMMHOTO 00eCTICueHUs,
obecrniedeHus TBIC. PYO THIC. pyO
1 Microsoft office 1 1,6 1,6
2 Aspen HYSYS 1 10,0 10,0
HNTOI'O: 11,60

3) Ocnosnas 3apabomuas niama

Jlns pacdyera OCHOBHOM 3apaOOTHOM TIJIaThl MCHOJIB3YeM MECSAYHBIA OKJIaJ
PYKOBOJUTENS U MAarCTPAHTA.

Cratbst 3apaOOTHON IUJIATHl MCIOJHUTENEH TEeMbl BKIIOYAET OCHOBHYIO
3apabOTHYIO IJIaTy paOOTHUKOB, HETIOCPEICTBEHHO 3aHATHIX BBIMOJIHEHUEM HAy4HO-
TEXHUYECKOTO HCCIEIOBaHMs, (BKIHOYAsi MPEMUU W JOIJIAThl) U JOMOJHUTEIbHYIO
3apaboTHYI0 Mmiaty. Takyke BKIIOYAETCS MPEMUs, BhIIJIauMBaeMasi €KEMECSYHO W3
dbonma 3apadotHoi matel B pazmepe 20 — 30 % ot Tapuda unm oxnana:

3., =3 +3 (3.1)

zoir 1

rae 3., — OCHOBHas 3apaOoTHas MJjaTa,

3,0. — JOTIONHUTENBHAS 3apaboTHas miaata (12-20 % oT 3,cx)
OcHoBHast 3apa®oTHast 1wiata (3,.,) PYKOBOAMTENIS  PACCUMTHIBACTCS II0

cienyromieit hopmyse:
(32
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rne T » MPOAOJKUTCIIBHOCTD pa60T, BBIIIOJTHACMBIX HaYyUYHO-TCXHHYCCKHUM

paboTHUKOM, pald. JH.
CpennenHeBHas 3apabOTHAS IJIaTa PACCUUTHIBACTCSA 110 hopMyIIe:
3,-M
o F ’

it

3

(3.3)

rae 3, — MECSIUHBIN TOMKHOCTHOM OKJaa paboTHHKA, pYO.;

M — KoaM4ecTBO MecALeB pabOThl €3 OTIYCKa B TEUEHHUE r0/a:

npu otycke B 24 pad. qus M =11,2 mecsiia, 5-g1HeBHas HEEs;
npu otiycke B 48 pad. nueidi M=10,4 Mecsdia, 6-1HeBHas HEAEIS;

F. — JEHCTBUTENbHBIA TOMOBOM (OHI pabovyero BpPEMEHH HAy4HO-

I

TEXHHYECKOTO TepcoHaa, pad. ad. (Tadmuia 3.12)
B tabmune 3.11 npuBenen Oananc paboyero BpEMEHU KaKJIOTO pabOTHUKA
HAyYHO-TEXHUYECKOTO MCCIICIOBAHUS.

Ta6muna 3.11 — bananc pabouero BpeMeHH 3a JBa rojia

[Toxazarenu pabouero BpeMeHU PykoBogurens Maructpasnt
Kanenmapuoe yucio mHei 365 365
KonnuectBo Hepabouux aHel (BBIXOIHBIE U 66 66
Hpa3AHAYHbIC THH)
[Torepu pabodero BpeMeHN
OTITYCK: 48 48
HEBBIXOJIbI IO OOJIE3HU: 0 0
JlelicTBUTENBHBIN r010BOM (POH pabovero BpeMeH! 251 251
MecsauHbIi TOJKHOCTHOM OKJIa paOOTHUKA:
3, =3 @+k, +k,)-k,, (3.4)
rae 3, — 06a30BbIi OKIaM, pyo.;
k,, — IpEMHUAILHBLIA KOdbPuument, (onpenensercs [lonoxennem 06 ormare
Tpyna);
k, — koapduuuent gomnat u HanbaBok (B HWMM m Ha mpoMblnUIEHHBIX

NPEeANpUATUSIX — 3a paciupenne chep oOcmyxkuBaHUs, 3a TpodeccHoHaTHLHOE
MacTepCTBO, 3a BpeIHbIC yCIOBUS: onpeaenseTcs [lomoxeHnem o6 oriare Tpyaa);

k,— palioHHbIN KO3 duuuenT, paBubii 1,3 (s Tomcka)
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Pacuet ocHOBHOI 3apa00THOM IaThl MpUBEAEH B Tabnuue 3.12.

Tabnuna 3.12 — Pacdet 0CHOBHOI1 3apabOTHOI MIIATHI

ki | Ky 3 3 T 3
M H) D OCH,
Ucnonaurenu 35, pYO. py6 pyb. pab. 1. pyG.
PykoBoauTens 26300 1,3 | 34190 1416 26 36816
MarucrpanT 1860 | 03° [ 13| 2418 100 175 17500

4) Jlonoanumenvhas 3apabomuas Niama  HAYYHO-NPOU3B0OCHEEHHO20
nepcouana

B maHHy!0 cCTathi0 BKJIIOYACTCS CyMMa BBIIUIAT, MPEIYCMOTPEHHBIX
3aKOHOJIATEIBCTBOM O TpPYJE, HApUMep, OIUIaTa OYEPEAHBIX M JIOMOJHUTEIHHBIX
OTITYCKOB; OIJIaTa BPEMEHH, CBSI3aHHOTO C BBIMOJHEHUEM TOCYIApCTBEHHBIX W
OOIIIECTBEHHBIX O0S3aHHOCTEN; BBIIJIaTa BO3HATPAXKICHUS 32 BBICIYTY JIET U T.I. (B
cpenaeM — 12 % oT cyMMbI OCHOBHOM 3apa0OTHOM TIaThl).

JlonosiHuTeNbHAS 3apaboTHAs I1aTa paccuuThiBaeTcs ucxons u3z 10-15% or

OCHOBHOM 3apa0OTHOM TIaThl PpAOOTHUKOB, YUaCTBYIOIIUX B BBHITTOJIHEHUE TEMBI:
3ZLOH = k,uon ) 3OCH ' (35)
e Kyn — K03 PHIMEHT JOMOJTHUTEIBHOMN 3apIliaThl

B Tabnuue 3.13 mpuBenena ¢opma pacuéra OCHOBHON W JOTOJHUTEIHHOU

3apa0O0THOM TJIATHI.

Tabmuma 3.13 — 3apaboTHas maTa WCIONHUTENCH HAayYHO-TEXHHYECKOTO
HCCIICAOBAHUA
3apaboTHas TuiaTta PykoBoauTenn Maructpant
OcHoBHas 3apriaTa 36816 17500
JlononHuTenbHas 3apriaTa 4418 2100
Hroro o craree Cyy 41234 19600

5) Omuucnenus na coyuanvhvie HYHCObL

Cratbs BKJIIOYACT B ce0sl OTUMCIICHUS BO BHEOIOKETHBIC (DOHIBI:

CBHe6 = kBHe6 ) (3OCH + 3LLOH) ) (36)

rac k — KOD3 HUIHUCHT OTYHCJIECHUI HA YIUIaTy BO BHe6IOI[)KeTHBIe OHJIbI
BHEO

(merncuonnbit hoHA, HOHT 003aTETHHOTO METUIIMHCKOTO CTPAXOBAHUS U TIP.).
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JUIsl OCHOBHOM KaTeropuu IUIaTeNbIIMKOB CTPaXOBBIX B3HOCOB Ha MEPUOJ 10
2018 roga BKIIOYUTEIHHO COXPAHEH TapHu(] CTpaxoBbIX B3HOCOB B pasmepe 27,1 %.

Otuncnenust Bo BHEOWOKkeTHBIE (GOHBI cocTaBisitoT 11133 pyo.

6) Haxnaouvle pacxooul

Haknanuele pacxoabl YYWMTHIBAIOT TIPOYME 3aTpaThl OpraHU3aluu, He
MomaBIIMe B TMPEAbIAYIIME CTaTbU pPacXoJOB: Ie4aTb M KCEPOKOIHMPOBAHHUE
MaTepHalOB HCCIEAOBaHMUS, OTOIUICHMS, SJEKTPO3HEpruud M T.0. WX BenuunHa
oTpeeNsieTcs 1o cieayroilen Gopmyie:

Byaxn = kup * (cyMmacraTeii 1 + 5), (3.7)
€ Ky, — K03 QUIMEHT, yUUTHIBAIOIIMA HAKIIAIHBIE PACXOJIBL.

Bennuuny kod¢duiieHTa HakIaaHbIX pacxoloB K,, JOMyCKaeTcs B3STh B
pa3mepe 16%.

Haxnagneie pacxomsl coctaBisitor 18627 pyo.

Kanskymnsauus IIJIAHOBOM ce0eCTOMMOCTH HAay4YHO-TEXHUYECKOI'0
VCCJIEIOBAHNSI HA OCHOBAHUM IOJYYEHHBIX JAHHBIX IO OTJECIBHBIM CTaThsIM 3aTpaT
npuBenieHa B Tabnuie 3.14.

Tabnuma 3.14 — I'pynmnupoBKa 3aTpar Mo CTaThsiM

CraTbu Cymma, pyo.

1. Coipbe, MaTepuabl (3a BBIYETOM BO3BPAaTHBIX OTXO/0B), TOKYITHBIE U3/ETHS U 1654
noJy(habpuKaThl

2. O6opynoBaHue sl HAYYHBIX pabOT 31200

3. IlporpaMmHoOe obecrieyeHne Al HAy4YHbIX paboT 11600

4. OcHoBHas 3apaboTHas 1aTa 54316

5. JlonomHUTENIbHAS 3apaboTHAs TUIaTa 6518

6. OTyuClIeHs! Ha COLIMAIIbHBIE HYK/IbI 11133

7. Haknanubie pacxopl 18627

7. IToro niaHoBasi ce0eCTOMMOCTb 135048

CormacHo Tabmume 3.14, OCHOBHBIC 3aTpaThl HAYYHO-TEXHUYECKOTO
UCCJIEIOBAHMSI TPUXOJATCS Ha BbIUIATY 3apabdOTHON mjaThl PaOOTHHUKOB,
YYaCTBYIOIIMX B BBIITOJIHEHUE TEMBI ITPOEKTA.

2.3.3 OpraHn3alMoOHHasi CTPYKTYpPa NPoeKTa

JIJisi JTaHHOTO Hay4YHO-KCCIEAO0BATENIbCKOr0 MPOEeKTa Hanbosee MOAXOAsIen

SBJISICTCS IPOSKTHASI OpraHU3aIMOHHAs CTPYKTYpa (pucyHok 3.3).
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Mpepcrasutennc | | Pykosogutenb
HM3 NpoeKTa

KomaHaa npoekra
(0bbeguHeHue
CTYAEHTOB)

‘ Lenun H MpoekTt H Peanusauwnsa H 3aBepLlieHune ‘

Pucynok 4.3 — [IpoekTHast CTpyKTypa MpoeKTa
2.3.4 MaTpuua 0TBETCTBEHHOCTH
C menpro pacmpeseNieHrss OTBETCTBEHHOCTH MEXIY YYaCTHUKAMH IPOEKTa
copMHpOBaHa MaTpHIla OTBETCTBEHHOCTH (Tabiuma 3.15).

Ta6nuna 3.15 — Matpuiia OTBETCTBEHHOCTH

OTansl IIPOCKTAa PYKOBOI[I/ITGJ'IL ITPOCKTAa MarI/ICTpaHT

DopMupoBaHUE aKTyaJIbHOM MPOOIEMBI )41 O
Br160p MeToauku pereHus C )41
JlutepaTtypHslii 00630p C n
IIpoBeneHue pacueTon C )41
AHaJIi3 NOJYYEHHBIX TaHHBIX C J4!
CrpykTypHpoBaHue 51 oopmiieHne C n
pe3yNIbTaTOB

O (OTBeTcTBEHHBIN) — JUI0, OTBEYAIOLIEE 3a PeaM3alMI0 Tana MpoeKTa 1
KoHTponupytomiee ero xoa; M (McnomHurtenb) — JWI0, BBIMOJHSIONIME PabOTHI B
pamkax stama npoekta; C (Cornacyroiiee JUI0) — JUI0, OCYIIECTBIISIONIEE aHAIIN3
pe3yJabTAaTOB MPOEKTAa U YYACTBYIOIIEE B MPUHSITHU PEIICHUS O COOTBETCTBUU
pE3yNIbTATOB dTara TPEOOBAHUSIM

2.4 OmnpenejeHue pecypcHoii (pecypcocOeperaromieii), (puHaAHCOBOI,
OI0’KETHOM, COUMATBHON U IKOHOMUYECKOM 3P (PeKTUBHOCTH HCCIEIOBAHUSA

Onpeneneare  3¢h(EKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacdyera
WHTETpaJIbHOTO TOoKazaTenss HA(PGEKTUBHOCTH HaydyHOro wucciemoBanus. Ero
HaxOXXJICHUE CBS3aHO C OMNPEICIICHHEM JIByX CPEIHEB3BEIICHHBIX BEJIMYMH:
dbuHaHCOBOM 2PHEKTUBHOCTH U pecypcodhHEKTUBHOCTH.

NurterpanpHbiil GUHAHCOBBIN TTOKa3aTeNb pa3pabOTKU ONpeeseTcs Kak:

O

ucn.i — pl (38)

(rmp (Dmax y
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rae @, — CTOMMOCTb i-ro BapUaHTa UCIOIHEHHS;

@D max — MAKCHMaJIbHASI CTOUMOCTD UCITOJIHCHHSI HAYYHO-HCCIICIOBATEIHCKOTO
MpoeKTa (B T.4. aHAJIOTH).

[TomydyeHHnass  BeIWMYMHA  WHTETPAIBHOTO  ()MHAHCOBOTO  ITOKA3aTeIs
pa3paboTKH OTpa’kaeT COOTBETCTBYIOIEE YMCIICHHOE YBEIMUYEHHUE OOJKETa 3arpar
pa3paboTku B pa3ax (3HaueHUWe OOJbIINE EIUHMIIBI), JIMOO COOTBETCTBYIOIIEE
YUCJICHHOE YCIICBICHHE CTOMMOCTH pa3paboTKu B pazax (3HAYCHHE MEHBIIEC
SIUHUIIBI, HO OOJIBIIIE HYJIA).

WHuTerpanbHbIil MoKa3aTenab pecypcoddPeKTHBHOCTH BapHAHTOB MCTIOTHEHUS
00BEKTa UCCIEAOBAHMSI MOKHO OTIPEICIIUTD CIEAYIOIIAM 00pa3oMm:

n
a __ a
S E ab,
i=1

, (3.9)

rae &; — BecoBOM KO3 PUIKEHT 1-TO apaMeTpa;

a )
b’ — uaTerpanbHEIl MOKa3aTens pecypcodhheKTHBHOCTH BAPHAHTOB;

N — YKCJIO TapaMeTPOB CPABHEHUS
Pe3ynbTaThl 10 pacdeTy UHTETPAIBHOTO ToKa3arens pecypcoddPexTuBHOCTH
MpeIcTaBiIeHbI B Tabsmiie 3.16.

Tabnuma 3.16 — CpaBHuTeNbHAsT OIEHKA XapaKTEPUCTUK BAPUAHTOB HCIIOTHEHUS

MPOEKTa
OOBeKT HCCIENOBAHNUS | »x < = < d = . .
o = 9 ) ) S
g€z s dH 3
(o) —% g s g ;» = g S =RN =R
iEEEETEET 275
Kpurepun m = = =
1. BO3MOXHOCTH BEIOOpaA pacTBOpPHUTEIEH 0,25 4 3 4 3
2. IlpocroTa unTepodeiica 0,2 4 4 4 2
3. BO3MO)KHOCTB y4eTa BIUSHUS IpUMECEn 0,25 5 4 3 3
4. BeictpoTa pacuera 0,2 4 3 5 3
5. DHeprocbepekeHne 0,1 4 5 5 4
NTOI'O: 1

It =4-0,25 + 4-0,20 + 5-:0,25 + 4-0,20 + 4-0,1 = 4,65;
Amnanor 1 = 3:0,25 + 4-0,20 + 4-0,25 + 3:0,20 + 5:0,1 = 4,25;
Amnanor 2 =4-0,25 + 40,20 + 3-0,25 + 5:0,20 + 5:0,1 = 4,05;
Ananor 3 = 3-0,25 + 2-:0,20 + 3-:0,25 + 3-:0,20+ 4-0,1 =2,9.
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CpaBHEHHE HHTETPAIBHOTO MOKa3aTeNsl 3PEKTUBHOCTH TEKYIIETO MPOCKTA U
aHAJIOTOB TIO3BOJIUT ONPEICTUTh CPABHUTEIBHYIO 3(PPEKTHBHOCTH MPOEKTa. (Tabymia
3.17).

Tabnuna 3.17 —CpaBuurenbHast 3pPeKTUBHOCTD pa3pabOTKu

Ne Texymmuii AHajior | AHajior | AnaJjior
IMoka3arenu 1 5 3
/i NPOEeKT
HNHTerpaibHbld  (PUHAHCOBBIN ITOKA3aTENb 0.96 10 0.99 097
1 pa3paboTKu ’ ’ ’ ’
NHterpanbubi [10Ka3aTelib 465 45 405 29
2 pecypcoadhekTuBHOCTH Pa3pabOTKH ’ ' ’ ’
NHTerpanbubi [10Ka3aTellb
3 SberTHBHOCTH 4,82 4,25 411 2,99
CpaBHHTENIBHAS 3¢ peKTUBHOCTH
4 BapUaHTOB MCIIOJHEHUS 1 0,88 0.85 0,62

B pesynpraTe mnpoBeneHHOW pabOThI OblIa CIPOCKTHUPOBAaHA W CO37aHA
KOHKYpPEHTOCIIOCOOHass pa3paboTKa, OTBEUAIONIas COBPEMECHHBIM TpPEOOBaHHSAM B
o0OnacTu pecypcoddHEeKTUBHOCTH u pecypcocoepekeHusl. CpaBHeHue
3¢ (EKTUBHOCTH BapHAHTOB HCIIOJHEHUS MTOKA3aJI0, YTO JIAHHBIA BapUaHT PEIICHUS C

no3ulKu (PMHAHCOBOM U pecypcHOM 3(PPEeKTUBHOCTH sABIIAECTCA 00JIee TPUEMIIEMBIM.
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1 Literary review

1.1 Classification of methods for gas sweetening

Many types of cleaning processes have been developed and tested for gas
sweetening based on both chemical and/or physical principles. Some of the more

common processes are presented in Fig. 1.1 [1]:

—|Physical absorption

- Chemical
absorption

— Absorption

| Physico-chemical
absorption

Physical adsorption
— Adsorption F[

Chemical
adsorption

Oxidation
Catalytic F[

Reduction

Gas purification methods
|

Figure 1.1 — Methods for gas sweetening.

The most widely used absorption processes use chemical and physical
absorbents and their combination. Oxidation and adsorption processes are used, as a
rule, for the cleaning of small gas flows or for fine gas cleaning.

The following requirements are imposed on absorbents used in industry: non-
deficiency, high absorptive capacity, low saturated vapor pressure, chemical and
thermal stability under operating conditions, low viscosity and heat capacity, non-
toxicity, selectivity (with selective absorption).

Physical absorbents, such as methanol, N-methylpyrrolidone, propylene
carbonate, alkyl ethers of polyethylene glycols, diethylene glycol and others are used
to purify gases in industry. Regeneration of these absorbents in process plants in most
cases occurs only by reducing the pressure in the system without additional heat
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input. Physical absorbents do not foam, do not corrode the equipment, have a low
freezing point (from -24 ° C for N-methylpyrrolidone to -97.8 ° C for methanol),
extract mercaptans, carbon disulphide, H,S and CO,, and in some cases dry the gas.
The disadvantages of using physical absorbents include increased solubility in them
of hydrocarbon gas components and the inability to obtain a deep degree of gas
purification, as well as their relatively high cost [1].

Aqueous solutions of alkanolamines are most widely used from chemical
absorbents with a concentration of 10-20 wt.% for monoethanolamine (MEA), 20-30
wt.% for diethanolamine (DEA) and 30-50 wt.% for methyldiethanolamine (MDEA).
In case when carbon dioxide (COS) and carbon disulfide (CS,) which enter into an
irreversible reaction with the MEA and cause its significant losses are contained in
the feed gas apart from hydrogen sulphide (H,S) and carbon dioxide (CO,) the use of
DEA is particularly appropriate. MDEA is an attractive solvent for the selective
removal of H,S from process streams containing CO,. Apart from these absorbents,
triethanolamine (TEA), diglycolamine (DGA), diisopropanolamine (DIPA) are also
used. Chemisorption processes also include processes using other absorbents: potash,
alkali, ammonia, copper-ammonia complex and iron hydroxide [2].

The advantages of chemical absorbents are the possibility of fine purification
of the feed gas at various concentrations of hydrogen sulphide and carbon dioxide,
but there is no complex purification of the gas from H,S, CO,, COS, CS, and
mercaptans (RSH); unreacted compounds and amine degradation products can be
formed under process conditions, therefore high absorbent circulation times and large
heat energy costs are required for amine regeneration; saturated solutions of
absorbents have increased corrosive aggressiveness, amine solutions can foam.
However, absorption processes using amine solutions are preferred in the design and

construction of modern plants for the processing of high-sulfur natural gases [2].
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1.2. Gas sweetening by amines

1.2.1 Alkanolamine gas treating chemistry

Amines are organic compounds with ammonia (NHs) as the fundamental
compound. By replacing one or more of the hydrogen atoms with an organic
hydrocarbon group, different kinds of amines are formed. Replacement of a single
hydrogen atom produces a primary amine, replacement of two produces a secondary
amine and replacement of all three produces a tertiary amine. In Fig. 1.2 the different

types of amines are illustrated [3].

| o
.. H 15 C-{:__ I -:"c pe=
H-N —C-K — G- i i ™™
H H H /C:\
Ammonia Primary Amine Secondary Amine Tertiary Amine

Figure 1.2 — The different kinds of amines
The structural formulas of the alkanolamines most commonly used in the
industry are given in table 1.1.

Table 1.1 - Molecular structures of industrially used amines

Name Type Formula
Monoethanolamine Primary HN OH
S
Diethanolamine Secondary HO_~ o~ -OH
H
Methyl- Tertiary HO-_~p~_-OH

diethanolamine

Diglycolamine Primary H

N —(CHz); - O - (CHz); — OH

/

H
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The table 1.2 shows the main physico-chemical properties of alkanolamines
used in industry [4].

Table 1.2 — Basic physical and chemical properties of alkanolamines

Indicators MEA DEA MDEA
Formula HOC,H,NH, (HOC2H4)2NH (HOCzHOZCHgN
Molecular weight 61.1 105.1 119.2
Density at 20 °C, kg/m® 1.015 1.094 1.018
Temperature, °C:
- boiling at atmospheric pressure| 170 268 247
- freezing 10.5 27.5 21.0
Equilibrium vapour pressure at 60
660 4.5 24
°C, Pa
Dynamic viscosity at 20 °C, 10° Pa-
19 300 80
S
Specific heat at 20 °C, kJ / (kg
2.72 2.47 2.32
*deg)
Mass fraction of amine in working
_ 10-20 20-30 30-50
solution, %
Heat of reaction, kJ/Kkg:
- ¢ H,S 1511 1173 1047
- ¢ CO; 1919 1511 1340
Content of the main substance
99.0 99.0 99.0

wt.%, not less than

The content of H,S in natural gas can be reduced by reactions with amines.
The amine accepts a proton from H,S, which is the first step in the decomposition of
it. The reaction between the amine and H,S is highly exothermic. Regardless of the
structure of the amine, H,S reacts with both the primary, secondary and tertiary

amine. Amines remove H,S in a two-step process [5]:
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1. The gas dissolves in the liquid (physical absorption);

2. The dissolved gas which is a weak acid reacts with the alkaline amines.

Alkanolamines are alkalis so they easily react with acid gases H,S (CO,) and
form water-soluble salts. The following reactions occur [6]:

H,S + [Amine]<>[ Amine-H]" + HS™ (instantaneously);

CO, + 2:-[ Amine] < [Amine-H]" + [Amine-COO]  (rapidly);

CO; + H,0=H,COs (slowly);

H,CO; & H" + HCO; (rapidly);

HCO; & H* + CO; (rapidly);

[Amine] + H" < [Amine-H]" (rapidly).

There are four different types of amines for sweetening processes:

e  Agueous monoethanolamine process (MEA);

e  Aqueous diethanolamine process (DEA);

e  Glycol-amine processes (DGA);

e  Methyldiethanolamine processes (MDEA).

MEA, DEA and MDEA are the most commonly used amines for gas
sweetening in the oil and gas industry.

1.2.2 The main processes of gas sweetening by amines

1.2.2.1 Monoethanolamine (MEA)

MEA is the strongest alkaline between the amines. For that reason MEA will
be the one reacting most rapidly with the acid gas. MEA is able to remove both
hydrogen sulfide and carbon dioxide from gas streams. However, MEA is no longer
the predominant gas treating alkanolamine; its use has declined in recent years [7].

MEA is generally used as a 10 to 20 wt.% solution in water. Due to corrosion
problems, the acid gas loading is usually limited to 0.3 to 0.35 moles acid gas per
mole of amine for carbon steel equipment. Loadings as high as 0.7 to 0.9 mole/mole
have been used in stainless steel equipment with no corrosion problems [8].

The advantages of MEA include [9]:

. Low solvent cost;
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e  Good thermal stability;

e Partial removal of COS and CS,, which requires a reclaimer;

e  High reactivity due to its primary amine character.

Some of the disadvantages of MEA are [9]:

e High solvent vapor pressure which results in higher solvent losses than
the other alkanolamines;

e  Higher corrosion potential than other alkanolamines;

e High energy requirements due to the high heat of reaction with H,S and

e Nonselective removal in a mixed acid gas system;

e  Formation of irreversible degradation products with CO,, COS and CS,,
which requires continuous reclaiming.

The MEA-CO, degradation reaction produces oxazolidone-2, 1-(2-
hydroxyethyl) imidazolidone-2, N-(2-hydroxyethyl) ethylenediamine, and higher
polyamines which accelerate corrosion in addition to representing a loss of MEA.

1.2.2.1 Diethanolamine (DEA)

An aqueous solution of diethanolamine is usually used to remove hydrogen
sulphide from natural gas. It has the advantage over MEA in that a higher
concentration of agqueous solution can be used (DEA is most commonly used in the
25 to 35 wt.% range) with the same corrosion potential. It makes possible to purify
gas from hydrogen sulphide at a lower amine circulation rate with less overall energy
consumption, which is obviously cost-effective [10].

The advantages of DEA are:

Resistance to degradation from COS and CSy;

Low solvent vapor pressure which results in potentially lower solvent

losses;

Reduced corrosive nature when compared to MEA,

Low solvent cost.

Some of the disadvantages of DEA include:
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e  Lower reactivity compared to MEA and DGA agent;

e Essentially nonselective removal in mixed acid gas systems due to
inability to slip an appreciable amount of COy;

e  Higher circulation requirements.

An explanation for DEA’s wide utilization within the gas treating industry is
due to DEA’s ability to balance three key gas treating process considerations:

1) Reactivity, i.e. ability to make specification product;

2) Corrosiveness, generally less than that of MEA,;

3) Energy utilization allowing a wider array of gas treating applications than
other solvents.

Enhancement of amine concentration allows decreasing the amount of
circulating solution at the same raw gas flowrate level, and therefore reducing heat
losses on saturated solution regeneration. Also it helps to save the electric energy
used to pump amine solution.

The technology of gas purification with DEA (diethanolamine) of enhanced
concentration (up to 40 wt.%) is presented at Orenburg GRP [12].

Preparation of gas at Astrahan GRP involves absorption gas treating with the
aim to eliminate the acid contaminants such as hydro sulfuric acid and carbon
dioxide. It should be added that not only takes place the sweetening of produced
natural gas, but also of low pressure gas. This gas preparation process includes
stabilization and aeration of the condensate containing up to 54 % by volume of H2S,
and 14 % by volume of CO,. The process is conducted in the absorbers of gas
treatment and compression units, with the water DEA solution as an absorbent [13].

The main problem of absorber operation at Astrahan GRP is a strong metal
erosive wear of the apparatus casing located under the lower valve tray, i.e. in a zone
of acid gas and saturated absorbing agent input [13].

According to the results of the study carried out by OOO «NIIGAS-
ChemTechy, it has been revealed that corrosive wear does not occur on the walls of
vessel lower parts, but does the cavitation damage of the surface. The particularities

of amine gas treatment are to form the gaseous (free) hydrogen sulfide out of amine
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solution, i.e. its «boiling» with formation of H,S bubbles. This gas is obtained as a
result of chemical reactions that generate sulphur and carbon acids and their
interaction. In case of contact of this solution, running down the absorber walls, with
the gas, entering the sweetening and having a lower temperature, the film cooling
takes place. Consequently, water steam condensation and gas bubble collapse
(evaporation) occurs. As a result, fast destruction of absorber lower parts is presented,
which leads to decreased reliability and service life of the equipment. Due to Astraha
GRP data, this period amounts to 2-3 years, which presumes higher capital and
operating costs, connected with production and replacement of the worn-out absorber
parts, at the manufacture [13].

To reduce the rate of apparatus wall wear and to prolong its service life, one
of the absorbers (Fig. 1.3) was reconstructed in 2005. It involved the elimination of
contact between the raw gas and running saturated absorbent and casing walls by
setting the protective square section case, made of stainless steel, in a lower part of

the apparatus [14].
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Figure 1.3 — Absorber after reconstruction

In 2005 pilot-scale tests of the modified absorber were conducted. Those tests
confirmed the demanded apparatus efficiency with provision of technology regulation
standards [15] including:
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e |oading of absorber with treated gas and specified diethanolamine
flowrate within the interval from 50 to 120%, without increasing of hydraulic
resistance;

e residual hydrogen sulfide content in a desulfurized gas of concertation of
not higher than 0.3% by volume.

Besides, antifoam agent was not injected during the tests.

To increase the efficiency of mass transfer process in the gas treating
absorber, it is suggested to implement the long-range contact valve trays, developed
in ZAO «GK RusGasEngineering», as internal devices [16]. The technical results
consist in upgrading contact device efficiency, enhancing gas and liquid flowrates,
improving casing stiffness when metal intensity and jetting of the dropping liquid are
decreased. Also it should include the prolongation of contact tray service life due to
the fact that the trays are made of stainless steel, and each valve is working as a
vortex, and all contaminants are being washed out from the tray deck.

There is one method of sweetening acid hydrocarbon gases of various
pressures [17]. It is based on the way of treatment of hydrogen sulfide containing
gases which includes gas sweetening from acid components using the absorption with
water amine solutions in a high pressure absorber, and then — in a low pressure
absorber followed by agent recovery. The general technological layout of the unit is

presented in Fig. 1.4.
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Figure 1.4 — Technological layout of gas sweetening unit. 1,2 — high and low
pressure absorbers; 3 — compressor; 4 —stripper; 5-15 — technological material flow
stream lines.

The raw low pressure gas of 2.5 MPa and temperature of 46 °C is being fed
through the line 10 into the bottom part of the low pressure absorber 2 to contact with
water diethanolamine solution. Saturated with acid components, absorbing agent
from the high pressure absorber 1 enters low pressure absorber 2 through the line 9 in
order to remove hydrocarbon gases. Then it contacts with initial low pressure gas and
saturates low pressure absorbent. Flash gas sweetening takes place in the absorber 2
by absorption with regenerated low pressure absorbent with concentration of 33
wt.%. Absorbent enters the absorber 2 through lines 11 and 12. Partially treated gas is
being eliminated from absorber 2 through the line 13 into compressor 3 where it is
compressed up to 6.5 MPa. After that it enters the line 5 through the line 14, where it
Is mixed with initial high pressure gas flow (6.5 MPa) and flows to high pressure
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absorber 1 for flushing with regenerated DEA solution with concentration of 33% wit.
This solution, in its turn, enters the absorber 1 through lines 6 and 7. The treated gas
Is eliminated from absorber 1 through line 8 toward the main pipeline.

Regeneration of amine, saturated with acid contaminants, is being carried out
in stripper 4 under the pressure of 2.5 MPa. This pressure provides an acceptable
concentration (2-5%) of hydrocarbon components in an acid gas mixture after the
desorption.

The proposed technology allows achieving a significant economic effect with
respect to decreased circulating absorbent quantity by one technological line, and
volume of steam for absorbent regeneration. Also it enables to substantially reduce
metal intensity of the stripper, low and high pressure absorbers by decreasing their
diameter. It should be noted that this technology ensures gas treatment without
applying expansion gas absorber, and allows excluding another types of auxiliary
equipment to utilize these gases. Moreover, it helps to diminish the electrical power

consumption for pumping absorbent within the system.

1.2.2.3 Diglycolamine (DGA)

Being a primary amine, DGA Agent is similar in many respects to MEA
except that its lower vapor pressure permits higher solvent concentrations, typically
50 to 60 wt.%, to be utilized, resulting in significantly lower circulation rates and
energy utilization.

The advantages of DGA Agent include:

e Capital and operating cost savings due to lower circulation requirements;

e Removal of COS and CS,;

e  High reactivity;

e Excellent thermal stability. Atmospheric reclaiming to reverse the
product formed by the reaction of DGA with CO, and COS.

Some of the disadvantages of DGA Agent are:

e Nonselective removal in mixed acid gas systems;
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e Absorbs aromatic compounds from inlet gas which potentially
complicates the sulfur recovery unit design;

e  Higher solvent cost relative to MEA and DEA.

1.2.2.4 Methyldiethanolamine (MDEA)

In recent years, the specialty formulated MDEA solvents offered by several
solvent vendors have gained a significant share of the market. The introduction of the
formulated MDEA solvents has been the major innovation within the gas treating
industry over the past decade. This commercial success is due principally to the
ability of MDEA to selectively remove H,S when treating a gas stream containing
both H,S and CO, [19].

The advantages of MDEA are:

e  Low vapor pressure which results in potentially lower solvent losses;

Less corrosive;

High resistance to degradation;

Efficient energy utilization (capital and operating cost savings).

The disadvantages of MDEA are:

e  Highest solvent cost relative to MEA, DEA and DGA Agent;

e Lower comparative reactivity;

e Non-reclaimable by conventional reclaiming techniques;

e Minimal COS, CS, removal.

The comparative study of solutions of alkanolamines is shown below in table
1.3.
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Table 1.3— Comparative study of solutions of alkanolamines

Solvent MEA DEA DGA MDEA

Name

Solvent  |Low Solvent Cost [Low Solvent Relatively Highest Solvent Cost

Cost Cost high

solvent cost

Solvent High solvent Low solvent Low vapor pressure which

Loss vapor pressure vapor pressure results in potentially low
results in higher | results solvent loss.
solvent loss. potentially

lower solvent
loss.

Selectivity| Non-selective Non-selective | Non-selective| Selectivity of H,S over
removal in a removal in a removal ina | CO, in mixed acid gas
mixed acid gas mixed acid gas | mixed acid | applications. Essentially
system. Partial system. gas system. | complete H,S removal
removal of COS Removal of | while only a portion of
and CS.,. COS and CO, is removed enriching

CS.. the acid gas feed to the
sulfur recovery unit.
Minimal COS and CS,
removal.

Thermal | Good Thermal Excellent

Stability | Stability Thermal

Stability

Reactivity|[High reactivity due| Low reactivity | High Lower comparative

to its primary compared to reactivity reactivity
amine MEA and DGA
characteristics. Agent.

Corrosion| Higher Corrosion | Reduces Less corrosive
potential corrisive nature

compared to
MEA.

Recovery | Requires Non- Non-reclaimable by
continuous reclaimable by conventional reclaiming
reclaiming. conventional techniques.

reclaiming
techniques.

There are no hard and fast rules determining which solution to use for treating

available natural gas with sweetening operation. Each amine has unique advantages
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and disadvantages. For example, a primary amine (MEA) is more reactive with CO,
than a secondary amine (DEA), which is in turn more reactive than a tertiary amine
(MDEA). The process is selected on the bases of designed for the specific sweetening
application. The main objective is to select the amine because it optimizes equipment
size and cost and minimizes plant operating costs which include regeneration cost.

Some of the factors to be considered in the selection of the proper amine for
design or existing plant evaluation include:

e  Types of impurities in the sour gas stream;

e Acid gas concentration in the sour gas and degree of removal required;

e  Preference of an acid gas to react with the solution (acid gas selectivity);

e  The total volume of sour gas to be treated;

e  The cost of sweetening agents and plant costs;

e  Operating conditions at which natural gas will be treated;

e  The amount of amine circulation rate. We will use those amine solutions
which minimum concentrations give higher efficiency;

e  The reboiler/condenser duty should be minimized by use of an amine
which requires a lower circulation rate, and/or which has lower heats of reaction with
H,S and CO..

The choice of amine concentration may be quite arbitrary and is usually made
on the basis of operating experience. Typical concentrations of MEA range from 12
wt.% to a maximum of 32 wt.% however it should be noted that higher amine
concentrations, up to 32 wt.% MEA, may be used when corrosion inhibitors are
added to the solution and when CO2 is the only acid gas component. DEA solutions
that are used for treatment of refinery gases typically range in concentration from 20
to 25 wt.% while concentrations of 25 to 30 wt.% are commonly used for natural gas
purification. DGA solutions typically contain 40 to 60 wt.% amine in water and
MDEA solution concentrations may range from 35 to 55 wt.%. It is obvious that
increasing the amine concentration will generally reduce the required solution

circulation rate and therefore the plant cost. However, the effect is not as great as
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might be expected, the principal reason being that the acid-gas vapor pressure is
higher over more concentrated solutions at equivalent acid-gas/amine mole ratios. In
addition, when an attempt is made to absorb the same quantity of acid gas in a
smaller volume of solution, the heat of reaction results in a greater increase in
temperature and a consequently increased acid-gas vapor pressure over the solution
[20].

1.3 Methods of mathematical modeling of gas sweetening by amines

The modelling of chemical absorption systems completely relies on
comprehensive thermodynamic and Kkinetic models to accurately represent the
composition of each phase at various operating conditions. Based on such models,
equilibrium based or rate based models are formulated to simulate the absorber and
the distillation towers. The modelling software can provide extra tool to evaluate
alternative flow sheet configurations, dynamic simulation and economic assessment
of the sweetening unit. Moreover, the process simulators that are equipped with
thermodynamic and energetic analysis tools could provide more insights about
energy conversion and energy destruction through each unit. Nowadays, there is a
great interest on relying upon the computational chemistry techniques to design new
solvents at the molecular level.

1.3.1 Modelling equilibrium solubility

The most important property to accurately model chemical absorption is the
equilibrium solubility of the gaseous solute in the liquid solvent. Accurate estimation
of equilibrium solubility is vital for solvent screening, equipment design, alternative
process configurations screening and process optimization. A thermodynamic model
that can predict equilibrium solubility at different operating conditions of
temperature, pressure and compositions of both solvents and solutes is an essential
tool for the design engineer. Studying the equilibrium solubility of acid gases in
amine solutions is a challenging task. Two types of thermodynamic equilibria have to
be accounted for; the chemical equilibrium between the ions and the vapor liquid
phase equilibrium. Each of these types are explained in more details in the following

sections.
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1.3.1.1 Chemical equilibrium

To study chemical equilibrium, the set of reactions occurring in the liquid
phase has to be specified. For instance the main reactions of MEA with CO, and H,S
can be summarized as shown in Table 1.4 [25].
Table 1.4-Reactions of MEA with CO, and H,S

Reaction Equation
1. Water ionization H,O=H"+OH"
2. lonization of dissolved H,S H,S=H"+HS"
3. Hydrolysis and ionization of dissolved CO, CO,+ H,0= HCOz+ H"
4. Protonation of the primary alkanolamine RNH,+H"'=RNH,"
5. Carbamate formation RNH,+ CO,=RNHCOO +H"

The mathematical models published in the open literature can be classified
into two broad categories; empirical models and rigorous models.

1.3.1.1.1 Empirical models

The work of Kent and Eisenberg is an example of the empirical approach.
Their approach, although being very simple, has been incorporated into numerous
simulators; for instance Aspen HYSYS and Aspen plus. They modified the model to
calculate CO; and H,S pressures in MEA and DEA aqueous solutions. They tried to
correlate the solubility data using published equilibrium constants without any
dependence on ionic strength. They assumed all activity and vapor-phase fugacity
coefficients to be equal to one and fitted two of the amine reactions (amine
protonation and carbamate reversion) equilibrium constants to experimental data. The
model had three main drawbacks. The first is only valid for the amine loading
ranging from 0.2 to 0.7 mole of acid gas/mol of amine. The second cannot predict the
composition of species precisely and significantly deviates from experimental values.
Finally it can’t be used to model tertiary amine systems because they don’t form

carbamates and hence one of the adjustable parameters would be missing [27].
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The authors of [28] modified the modelling approach of Kent and Eisenberg
to determine the equilibrium constant of the main amine reaction as a function of
temperature, gas and solvent concentration. This approach can be regarded as if all
system non-idealities were included in the expression for the equilibrium constant
[29]. Since then almost no significant improvement has been included in the
empirical model.

1.3.1.1.2 Rigorous models

Empirical models represent a simple approach to tackle a challenging system
like alkanolamines. However, they do have two disadvantages; using the apparent
equilibrium constant gives only an approximation of the species composition. The
second problem is that the model shows inefficiency upon extrapolation [30].
Another approach is to use excess Gibbs energy or activity coefficient models to
represent the equilibrium constant. Several equations of state can be used to calculate
the fugacity coefficient. Each equation of state is constructed based upon a theoretical
framework and requires a number of parameters to accurately model thermodynamic
states. The details of such equations have been reviewed in the work of [31].

1.3.2 Modelling of absorption or stripper columns

The absorption column is a critical unit in the sweetening process. Therefore,
accurate modelling of such equipments is crucial for a successful simulation of any
sweetening unit. In equilibrium based models, the column is divided into a number of
stages and the assumption is that the vapor and liquid phase leaving a stage in the
column are at equilibrium. However, this is very simplistic assumption and is not
valid in actual cases. In this regard, factors such as the height equivalent to a
theoretical plate (HETP), stage and Murphee efficiencies are employed.

The “stage efficiency” is a correction factor that corrects the performance of a
theoretical stage. However, particularly for reactive separation processes, the use of
efficiencies does not work well because the deviations from the equilibrium model
are very large. Hence, in these cases, it is necessary to model these systems with rate-
based models [32].
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The “rate based” model avoids the approximation of efficiency. This

approach depends on analysing the mass and heat transfer phenomena that occur on a

real tray or actual packing height. The rate based models use mass and heat transfer

coefficients, concentration gradients between phases and gas—liquid contact area.

Several studies modelled either the absorption or the desorption column using

various simulators (table 1.5).

Table 1.5 — Simulation of the absorption and the desorption columns

System Software _
Solvent Study aim References
modelled used
Packed Comparison of
absorption MDEA and v | efficiency of removal
ProTreat _ [34]
column MEA H,S using MDEA and
MEA
CO,removal Estimates were
from syngas DEA promoted compared to
hot potash Aspen plus | data from [35]
solution petrochemical
complex
Several novel Several Evaluation of
stripper absorbents were alternative flow
_ _ _ Aspen plus [36]
configurations simulated for sheets for CO,
each case capture
CO, absorber Results compared
column with CASTOR
MEA Aspen plus [37]

research project pilot

plant column
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Continuation of table 1.5

Absorption Aspen plus Modeling and analysis of
column MEA | Aspen Hysys | absorber operation [38]
Promax

Absorption Simulated the absorber tower

MEA Aspen plus [39]
column
Desorption Simulated the regeneration

MEA Aspen plus [39]
column tower
Absorption Compared their results with

MDEA |  Aspen plus ) [40]
column experimental data
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