CTEXUOMETPUSL. IIOKA3ATEN YOOEKTUBHOCTU XMMUKO-TEXHOJIOTUYECKOT'O
MPOIECCA (XTH)

BelecTsa BCTYNAIOT BO B3aUMOICHCTBHE B OTPEICTIEHHOM COOTHOWEHHU. CMexuomMempuieckoe ypasHenue
OTIpEJIENAeT KAYeCTBEHHBIE H KONMYCCTBEHHBIE H3MEHEHN COCTABA PEAKLHOHHOH MacChl

VAA +veB + ... = vrR + vsS + ...
JIsg pacuéra KOJNMYECTB BEIUISCTB, NPOPEArHPOBABIIAX WK OOpPa3OBABLINXCS B PE3YJbTATe XAMHWYECKOH

peaKIIHH, HCTIONB3YCTCA OCHO6HOE cmexuomempwtecxoe COOMHOUEHUE
AN, AN, 4Nz AN

V4 Vg Vr Vs
IIpu aTOM, eciu IpH pacuéTe NMpeHebperaeTcs H3MeHEHNE 00BEMA PEAKIMOHHOH MACChl, TO BMECTO KOJI-Ba
BEILECTBA UCTIOIB3YIOT MOJBHYIO KOHLEHTPAIHIO
Tins wexomubix coequaennit AN; = Nig — Ni > 0
Jns npoayxros peakmyu AN; = Nijp — N;j <0
Crmienenb npeepamieHus 6euecmen

KOJ — BO IIpopearipoBaBIUEro B — Ba A
xA —

HCXOJHOE KOJ1 — BO BellecTsa A

ANy  AC,  Cuo—Cy HeoGpaTuMbIe TIpomecch Xa € [0 1]

Nao  Cao Cao oBpaTIMbIe TIPOIECCH XA € [0 5 xa*]

Xgq =

ITpopearuposaino BemecTBa A: ACa = Cao - Xa
Ocranocs Bemectsa A: Ca = Cao - (1 ~xa)
Bbixoo npodyxma

KOJI — BO [I0JIy4E€HHOr0 NpoAyKTa R 110 peakiuu
" MaKCHMaJbHO BO3MOXHasl KOHLIEHTpaLus npojyKra R

Eg
HeoOpaTUMBbIC ITPOLIECCH] oOpaTHMBIE TPOUECCHI

- CR — ACA--M‘? E*’ = _6:5 - ACA—»R
C}Ten * CAO 3 C,; CAO - CZ

Eg

Humezp(wbuaﬂ CENEKIMHBGHOCHLb

KOJI — BO WCX. COEJIMHeHHs A, IpeBpaTUBIIErocs B IPOAYKT R

S "
K BCE KOJI — BO lIpopearupoBaBliero Hex. coeJMHEeHNA A

S ACA——;R S CR
= et WJTH T . : =TT A
R ACA HJ py €AUHUYH. CTEXHOM. op CR n CS

CymiectByeT GopMyIia, 06beOUHAIOUAA 6CE BIMIEORUCAHHDIE ROKA3AMEN U IPPexmusHocmu XTII.

Ep = x4 Sp




1. Xumugeckuii Iponece ONUCHIBACTCS CASAYIONMM YPAaBHCHHEM PEAKIIHH:
2A—R+S

KosuectBo Bemectsa A B Hawane npouecca Nao =24 Monb. B pesynprare XMMHYECKOro Imporecca
obpasosanock BemectBa R Nr = 8 Mo, Onpenemuts konudecTBo BemecTBa A # S (Na, Ns) 110 3aBepiicHuR
npoiecca, CTelieHb peBpateHus BetmecTsa A (xa) 1 BeIxof npoaykra R (Er).

Na = 8 moJin; Ns = 8 moJb; xa = 0,67; Er = 0,67.

2. XUMHUYECKHAHR [TPOIECC ONUCHBAETCS CICAYIONIUMHE YPaBHECHUAMH PEaKIIMH:
A+B—P+R
P+M—S+Q

ITo 3asepmenuu nmpouecca BemecTB P u S obpasosanocs Np =12 mons, Ns =4 mons. g nposeneHus
npouecca 6u10 B3910 Nag = Npo =20 Monb. Onpeaenurs CTENCHb IPeBpAINCHHS BemecTRa A (Xa) H
CEJIEKTHBHOCTH 110 TIpoAyKTy P (Sp).

xa = 0,8; Sp = 0,75.
3. XUMHYECKUH IIPOLIECC ONUCHIBACTCA CIENAYIOMIHUMY YPAaBHEHHUSIMHU PEAKIHH:
2A+B—R
R+2B~—S
3B — 2T

Hagansnsie xoruentpauuu semects A u B Cao = 0,3 mois/it, Cpo = 0,2 Mons/i1. ITo 3apepmennu nponecca
KoHHeHTparuu Bemects B, S, T coctapmm coorsercreenno Cp = 0,016 mons/n, Cs=0,011 mons/m,
Cr=0,03 mons/n. OupenenuTh HHTETPATBHYIO CEICKTHBHOCTE IO BEIIECTBY R OTHOCHTENBEHO HCXOIHOrO
coenuaeHus B (Sr(B)).

Sr(B) = 0,58.
4. Xumurgecku# IIpolecc ONUCHBACTCS CACIYIOMMME YPaBHEHUAMH PEAKIIHH:
A+B—-R
2A - S
28S+B—T+2D
R+A—-T

Hawansrsle konnerTpamun BemecTs A u B Cao =2 mons/n, Cpo = 1,7 mons/n. Ilo 3apepmenuu nponecca
xonnenTpamuy semects A, B, T, D cocraBumu coorserctBenHo Ca=0,1 mome/n, Cs=0,5 MOJIB/TL,
Cr = 0,15 mons/n, Cp = 0,05 mons/n. Onpenenuts koHnerTpamy Bemects R 1 S (Cr, Cs).

Cr = 1,05 moaxn/m; Cs = 0,25 moan/i.
5. XuMu4ecKu#i Nponece OMMCHIBACTCS CIEAYIOIHMM YPABHEHHEM PEAKIIHA!
A+2B — 2R

CreneHs npeRpaiieHys BemecTsa A coctasisier XA = 0,45, Onpenenuts BbIX0] IpoaykTa R mo Bemectsy A
(Er(A)) u crenens npespamienus B (xp) [uig cinydaes: 1) BeinecTBa A ¥ B B34TH B CTEXHOMETPHYECKOM
cootaomenny, Cao = 1 mons/it, Cpo = 2 Mosb/i1; 2) Cao = Cpo = 1 MOTIB/IL.

Er(A) = 0,45; xp1 = 0,45; x82 = 0,9.



6. Xumugeckuii IIPOnece ONHUCHIBACTCH CIEAYIONIMMH YPABHCHUAMHU PEaKIIHH:
2A — R
A — 38

Ilo 3aBeprieHuH mpolecca KOHIEHTpanun Beiects A, R u S cocrasumm cootseTcTBEHHO Ca = 1 MOIB/,
Cr = 2 Mons/1 1 Cs = 2 Mons/n1. OmpenenuTh CTeNeHb IpeBpalleHns BemecTsa A (Xa), BRIX0A mponykra R
(ERr) ¥ celeKTHBHOCTH nporecca o npoaykty R (Sr).

xa = 0,82; Er = 0,71; Sr = 0,86.
7. XuMuYeCKAH TPoIecC ONMCHIBACTCS CISAYIOLIMMY YPABHEHHAMHK PEaKIHU:
A+B—-R+D
2B—P
2R — S

Havaneasie xornenTpanan semects A u B Cao = 0,1 Mone/n1, Cro = 0,3 moms/n. [lo 3apepinerun nponecca
KoHIerTpanui Bemects P, S m D cocraBmmi cootsercreenno Cp = 0,028 moms/n, Cs= 0,012 mons/m,
Cp = 0,034 mons/n1. OnpenenuTs KoHUEHTpamio npoaykra R (Cr), cTeneHb npespamenus semectsa B (xs)
u BeIXox npoaykra P (Ep).

Cr = 0,01 mosn/nx; xs = 0,30; Ep = 0,19.
8. XumprgecKuit IPOece ONHUCHBAETCS CIEXYIOIHMA YPaBHCHUAMH PEAKIIAM:
A+2B—R
R+B—S
A+B—2T

Hawansras xornenrpanus semectsa A Cao = 2 mous/11. ITo 3aBepinenyun nponecca KOHISHTPAIMH BEIECTB
A, B, R, S cocraBmm cootBercTBeRHO Ca = 1,2 Mons/n, C = 2,3 moss/n, Cr = 0,2 Moms/n, Cs = 0,4 MOaB/J1.
OnpenemuTs HavaabHyIo KoHIenTpamuo semectsa B (Cro) ¥ koruenTpanmio npoxyxra T (Cr).

Czo = 4,1 mosn/ir; Ct = 0,4 MoJsIB/JL
9%, XuMuueckuil pOLECC OMHCHIBACTCS CACAYIOIIMMH YPaBHEHHSIME PEaKIHA:
A+2B—R
R+B—S
3B—2T
2A+B—S+D

Hauansnas xonnenrparus semectsa A Cao = 1 mons/n. 1o 3aBepmenuu npoecca KOHUCHTPALHH BEIECTB
A, R, S, T cocrasmm cootBerctBenHo Ca= 0,44 mons/n, Cgr= 0,05 moms/n, Cs=0,33 MOJIB/JI,
Cr =0,14 monbe/n. Bemecteo B mpopearwpoBano nonHOCTEO. OIpEeNenuTs HAYaIBHYIO KOHLUEHTPAIMIO
semectsa B (Cro) » xosuenTpanuio npoaykra D (Cp).

Cgo = 0,94 moas/n; Cp = 0,18 Moas /.




XUMHYECKAS TEPMOIVMHAMHUKA

K3yqae"f O6paTHMbIC XAMHUYECKHE NIPOLECCHI. I’ISBGCTHO, y1o
AGTJP = AGTQ + RT - anp

Ecnu Benuyuna AGr p < 0, TO npouece UaST caMOIPOM3BONBHO B IPSMOM HallpaBleHHH; > ( — IPOLECe B IMPIMOM
HAIpaBIeHNH He WAST, a MpoTekaer B OOpaTHOM HampaBneHuM; = 0 — paccMaTpuBaeMasd CHCTEMa HAaXOOHTCH B

TEPMOIUHAMHIECKOM PaBHOBECHH.

U3 usomepmur Banm-I'oghgha crepyer, 4r0 TEPMOIHHAMHYECKYIO KOHCTAHTY PaBHOBECHS Kp MOXKHO ONPEENIMTE:
0

—AG
K, =exp (ﬁ#) ,AGY = AHY ~T - AS?

Koncranra pasrosecus K ssisercs QyHKUMeit TeMIIepaTypbl, 3TY 3aBUCHMOCTE ONIMCEIBaeT usobapa Banm-I'ogpa:

Kp

dinK, AH}
dT — RT?

1 — AH1® < 0 (Qxp. > 0), 3K30TEpMHUY. p-LHs

2 — AH1®> 0 (Qxp. < 0), 5HAOTEpMHUY. p-IWA

Cenzs mescoy xoncmanmanu K, u K. Ky = Ko(RT)Y, rne Av — pasHuna MexIy 4MCioM Monel razoo0pasHbix

MPOAYKTOB M YHCIIOM MOJIeH ra3000pa3HBIX MCXOIHBIX BEIECTB.
Ecnu paccmarpuBaercs TepMOAHHAMUKA McuOKopasznsrx npoyeccos, 1o Kp = Ko
KOHIEHTPaIMOHHY0 KOHCTAHTY paBHOBecHA K¢ MOXKHO OIpeieuTh HCXOAA 13 IIOHATHS «PaBHOBECHE !

ky

Kc=k 1,

rie k) — KOHCTaHTa CKOPOCTH IPSMOM peakiyy, K -] — KOHCTaHTa CKOPOCTH OOpaTHOM peaKLky.

Hcxonst B3 TOro, 4To BCE paccMaTpuBacMbIe IIPOLIECChI ABJIAKOTCH }KPI,D;KOQ)&BHBIMH, IIOTy4Jaercs:

vaA <> vrRR
Vv *
K. =K Cr'R {'gf‘ Cao " Xa]"®
PTRET AT [Caor (L= xp)]vs

Ipunyun Jle-Ilamenve ~ bpayna
1. Iopsiuenne T B 5K30TEpMHYECKUX TIPOLIECCAX CMELAET PABHOBECHE «—, B DHIO- — =
2. Hosemienve P cMelaeT paBHOBECHE B CTOPOHY MEHbULUX 06bEM06 (T.€. B CTOPOHY MEHBIIHX MOJIeH razo00pasHbix

MCXOJHBIX B-B/IIPOYKTOB PEaKIIHH)
3. TToBBIIEHHE KORIEHTPALIMH HCXOIHBIX BEIIECTB / BBIBOJ M3 CHCTEMBI IIPOTYKTOB PEaKIIHH CMEILaeT paBHOBECHE —

4. obapneHue B CHCTEMY Ia3006pa3HOro HHEPTa SKBUBATIETHO HOHUNCEHUIO OAGEHUA B CUCTEME

I{ama.nwamop HUKAKO20 GTIUARANRUA HA pasHosecUe He okazvieaem!




1. XKuaxohasHelil XEMUYECKHHM POLECC ONMCHIBACTCS ypaBHeHeM peakiuy A <> 2R. KOHUEHTPalMOHHAS KOHCTAHTA
pasrosecus Kc = 1,33 Monb/il, HavabHasd KOHUCHTpals BELNECTBa A Cao = 2 mons/n. U3sectHo, yto AocTHraeMas
CTeNeHb IPEBPAIECHHS Xa PABHA ¥ OT BENWUMHBI PABHOBECHOH CTCNEHH NpespamieHus Xa*. Onpenenurs CTerneHb
TpeBpalIeHys BemecTsa A (Xa) M PABHOBECHBIH BEIXOX npoaykra R (Er*).

xa = 0,25: Er" = 0,75.

2. YKunkodasHplil XMMHYeCKHH Mpollece ONMMCHIBaeTCA ypaBHeHueM peakuuu A <> R. Temmeparypa rpouecca
T:=298K, omramenms peaxouu AH®=-26000 JDx/MOns ©M  He 3aBHCHT OT TEMHIEDATyphl. SHTponuA
nponecca AS? rakke He 3aBHCHT OT TeMneparypsl. M3BeCTHO, 4TO KOHCTAHTa PaBHOBECHA Kpa0s = 17,5. Onpenenurs,
BO CKOJIBKO YBEJHUYHTCH/YMEHBIUMTCS PaBHOBECHAs CTENEHb NPEBpaLIeHHs, eC/Id TeMIIepaTypy npouecca NoaHAT: 10
T, =348 K.

Xa348 <Xazes B 1,19 pas.

3. KumxodasHbi XMMIYECKHH TIpoTiece OIMChIBaeTCs ypaBHenneM peakuun A +B <> 2R, Temneparypa npouecca
T =500 K. O6e peaxumu (npsmas W obpaTHasg) — BTOpOro mopsaka. HayajibHeie KOHUSHTPAlMH BELIECTB AuB
Cao =2 Moms/n, Cro=2,5 Monb/i1. OUpeNe/uTs PABHOBECHBIA cocTaB peakimonnod cmecn (Ca*, Cs¥*, Cr*), ecim
M3BECTHO, YTO KOHCTAHTH! CKOPOCTH NPAMOM ¥ 06paTHOM peaKLi 3aBHCAT OT TeMIEPATyph! 110 GopMyTaM:

X s —27600 b

1=62-10 exp( RT )’Monb-c

b 75105 ey (32000) 7
=1 = A exp ( RT )'Mom:-c'

Ca’ = 1,56 mosn/n; Cg* = 2,06 moas/a; Cr" = 0,88 Mosin/n.

4. XuaxohasHsii XHMHYECKHH ITPOLIECC ONMCHIBACTCS YPABHCHHEM PEAKIHA A+ B e R + S. Temneparypa 1pouecca
T =330 K, suransmus peaxuun AHas® = -59500 x/Di/KMONIb, SHTPONMS TNpoLiecca ASa30° = -175,5 xJDx/(xmonp-K).
HauanbHble KOHUEHTpaluK BemecTs A U B paub! 1 cocTaBismoT Cao = Cpo = 1,5 MoJIs/11. OripeenHTh paBHOBECHBIH
coctap peaxuuonnoii cmecr (Ca¥, Ce*, Cr*, Cs™).

Cr' = Cs* = 0,86 moan/i1; Ca™ = Cg" = 0,65 Mmoun/in.

5. Kunxodazupii XMMHUMECKHH NPOLECC OIMCHIBACTCS YPABHEHHEM PeaKLMI A+ B « 2R. Temnepatypa npouecca
T =298 K, snransrus peaxumn AHaog? = -30,5 kJDx/Monb, SHTPONKA Nporiecca AS298° = -80 xJx/(xmonb-K). CpaBHUTH
paBHOBECHEBIE CTENICHH NpeBpainesns (Xar*, xa2*), ecym: 1) Cao/ Cro = 0,5; 2) Cao / Cro = 0,25.

Xa1 <xa2 (xa1"/xaz =091).

6. XumxodasHpli XUMITIeCKuii IPOLIECC ONMCHIBACTCA YPABHEHHEM peaKiun A + 2B <> 3R. TeMnepatypa npouecca
T =373 K, sueprusa I'm66ca AGs® = -11,2 xJpx/Monb. HayaabHble KOHICHTPAIMHK BEIECTB A u B Cao= 1 mons/m,
Cso=2 Monb/1. ONpeneNuTh PABHOBECHYIO CTeNeHb IpeBpallieHys Bellectsa A (xa*) paBHOBECHBIH COCTaB
peakuuonnoi cmecu (Ca*, Cs*, Cr¥).

x4* = 0,64; Co" = 0,36 moan/x; Cg* = 0,72 moin/i; Cr* = 1,92 mos/a1.




XUMHYECKAS KHHETUKA

CKopoCTh 2JIeMEHTapHOH CTaNH XHMHYECKOI0 TTponecca:
K — KOHCTaHTa CKOPOCTH XUMHIECKOH peaKiiu

r=k-C
C- TEeKyUlask KOHUCHTPAKA HEX. COEMHEHNH

1 — NOPSAOK PEAKIHHK (HTeMCHTapHOR CTaIvH)

KOHCTaHTa CKOPOCTH PeaKivy siBiseTcs QyHKIHEH TeMIepaTyphl, 3Ty 3aBHCHMOCTD OTIMCHIBACT YPABHCHHUE

Appenuyca:

k = A-exp(—k%

CKOpOCTh peaKyy 10 KOMIOHEHTY i

KOJI — BO [IPEBPAIEHHOro B — Ba | dc; MOJb

w; = _ =
' e, peakLMOHHOrO 06béMa - e/l Bpemenu  dt JC

]

H(Ipaﬂﬂeﬂbﬂble U ROC1e008amenvHble peakuyuu

A—-R;A—S A—-R—S

Cy = Caoexp(—(ky +k3) - 1) Cy = Cag - exp(—ky - t)

ky k
CR = CAO ‘ ’ (1 —exXp ('""'(k “+ k ) ‘ t) ) C = C . -—-v-—l-—» - e(_kl't) - e(""kz'f)
ky + ko R R A0 K, — ki ( )
k
Cs = Cyp - i _sz (1 —~exp (=g +k3) ) Cs = (Cao — C4 — Cr)
ks
l?’l("]"c“
t — %.....-.1—-—
max kz . kl
Jugppepenyuanyvnan cereKmMmugHOCmMb
, CKOPOCTB NPeBPaILeHUst UCX. B — Ba A B IIPOAYKT R
R o6uas ckopoCTh NpeBpaLieH s UCX. B — Ba A
' W4-r [ Wr
Sy = WM [IPH €JUHHYH. CTeXUOM, S'g = ————
Wpr + Wg

Wy



1. TIpouecc onuceIBaeTCs CI0XKHON NapalenbHO-TI0CIEI0BATEIPHON CXeMOH IIpeBpaleHII BUAA:

3A === R —> 25 —> F
N\
N 2D |

3C == 27

Bce peakuyy HNPOTCKAKOT 110 MEXaHM3MY IICPBOIoc MOpALAKA. 3Janucath CKOpOCTH pCaKLiMU 110 BCEM
KOMIIOHCHTAaM.

2. Koncranra ckopoctu peakumu A + B — R cocrabnsger k= 100 a/(monb-uac). HavanpHbre
KOHIEeHTpalmy BemecTs A u B paBHer u coctaBistoT Cao = Cpo = 0,08 monw/s1. MI3BecTHO, 4TO 11O
OKOHYAHMU Npoliecca KOHICHTpaluy UCXOMHBIX BerecTB A u B cocraBumu Ca = Cg = 0,04 MoJ1n/11.
OmnpenennuTs BpeMs NpoTeKaHus npouecca (t).

t =450 c.

3. DHeprus axkTUBallUM XUMHYECKON peakuuyd ©e3 HCIIONB30BAaHUSA KaTaiM3aTopa COCTaBISeT
Ea = 75,24 x/Lx/Monb, a eciim MCHOJIB30BaTh KaTadu3aTop, TO 3HEPrus aKkTUBAUUU IMaJaeT /0
3HaueHuss Eaw = 50,14 x/Dbx/mons. Temmeparypa mnpoBeneHuss o0OMX MPOIECCOB COCTABISET
T =298 K. Onpenennts, BO CKOJBKO pa3 CKOPOCTH IIPOLECCa ¢ KaTaIU3aTOPOM BBIIIIE/HIIKE, 9eM 0e3
KaTajInu3aropa.

r«/ r =25106.

4. B annapare nporekaer napaiensyas peakuus A — R (1); A — S (2). Korcraunta ckopoctu
nepBoil peakumu pasHa ki = 0,28 MuH "', KOHCTaHTa CKOPOCTM BTOpPOH peaklMd paBHa
k2 = 0,12 mun ~!. TTo 3aBepienun nmpouecca KOHIEHTpanus Bemectsa A cocraswia Ca = 2,6 MOIB/I,
a pemectsa R Cr = 2,8 monw/i1. OnpeenuTs cTeleHb IpeBpalicHus BelecTsa A (Xa), KOHEYHYIO
KoHueHTtparuto sewecTra S (Cs) U BpeMs npopeneHus npouecca (1).

xa = 0,65 Cs = 1,2 moan/i1; t = 2,33 mun.

5. B ammapare npotekaer nocnenosarensHas peakuus A — R (1); R - S. KoncranTa cxopoctu
epBoii peaxkumn pasra ki = 0,2 ¢ !, Bropoii ko = 0,1 ¢ -, HauajpHas KOHIEHTpaLus BemecTsa A
coctarnseT Cao = 1,8 moaw/i1, crenieHs npespaiieHus Beuectsa A xa = 0,9. Onpenennts KOHEYHYIO
KoHIeHTpanuto rmpoaykra R (Cr), unrerpaisuyto (Sr) 1 qudbepeHIHaIbHyI0 (SR”) CEIEeKTUBHOCTH
1o npoaykry R.

Cr = 0,78 moun/i1; Sg = 0,48; Sg’ = -1,17.



6. MzBectHO, 9TO CKOpOCTH HeKo# peakimuy npu T1 = 300 K 6oibie CKOPOCTH 3TOM XKE peakIuy IpH
T2 =298 K B 10 pa3. Onpenenurs, yeMy paBHa SHEpIHsA aKTHBAlKH JAHHOTO XMMHYCCKOM PCaKIHHL.

Ea = 855,7 /Ix/moi1b.

7. TIpoTekaer xumudeckas peakips suna 2A + 3B — S + 4R + 2F. V3BecTHO, 9T0 CKOPOCTH JaHHOU
PEAKIIUY 110 KOMIIOHEHTY A COCTABISIET Wa = -5 MONB/(J1-C). ONpesenuTs CKOPOCTh JaHHOH peaKkuy
II0 OCTANBHBIM KOMIIOHEHTaM.

w3 = -7,5 MoJab/(11°¢); ws = 2,5 Moaw/(i1-c); wr = 10 mosib/(rc); wr = 5 Moan/(J1°¢).

8. B ammapare nporekaer mapauiensuas peakuus A — R (1); A — S (2). Koncranra ckopocTH
HepBo# peakuuy pasHa ki = 1,8 MuH ~!, kOHCTaHTa CKOPOCTH BTOPOIi peakuuu pasHa Ky = 1,2 MuH !,
HauanpHas koHIeHTpamus BemiectBa A cocrapisieT Cao = 2,4 Monp/i. KoHeuHas KOHUIEHTpalud
nponykra S pasra Cs = 0,8 monp/i. OnpeaenuTs cTeleHb NPeBpaINe s BEMECTBa A (XA) B BpeMs
poBeneHus npouecca (t).

xa = 0,83; t = 0,60 mun.

9. B ammapare mporekaer nociepoBatensHas peakmus A — R (1); R — S. Koncranra ckopocTH
TiepBoit peaxnwi pasxa 0,6 Mun ~!, Bropo# — 0,8 MuH -1, HaganpHas KOHICHTpAIA BEHIECTBA A
cocrapiser Cao= 5 MOJL/I, BpeMs nposeieHus mnponecca t=3 muH. OnpepenuTs KOHEUHYIO
KOHIeHTpanwio npoaykTos R (Cr) u S (Cs) u cTeneHb NpeBpalleHns BelecTsa A (Xa).

Cr = 1,12 moan/i; Cs = 3,05 moan/n; x4 = 0,83,

10. B anmapare IpoTekaeT nmapajuleiibHas peakiui A — R; A — S. KoncranTta cKOpoCTH NepBoH
peaximu para ki =103 ¢! k=102 ¢ ~!. HaganpHad KOHLEHTpalMs BEIUECTBA A COCTABILICT
Cao=2 monn/n. Koseunas koHmeHTpauua mpoxykra S pasHa Cs=0,5 moms/n, mpoaykra R
Cr = 0,05 Mons/n. OmpenenwTs CTENEHb IpeBpalleHus BemecTsa A (Xa), BpeMms NpOBEACHUA
nporecca (t) ¥ CKOPOCTh PEaKiiy [0 BCEM BEIECTBAM (WA, WR, Ws).

xa = 0,28; t = 29,23 ¢; wa = -0,016 moas/(irc); wr = 0,0015 moun/(i1°c); ws = 0,015 moun/(a1°c).



TEOPUSI PEAKTOPOB. T30TEPMUAYECKUE PUC-H 1 PHB
PeakTophl MOXHO PA3eIUTh O CISTYIOWHUM IIPH3HAKAM!
~ 110 mar. mozenn: PUC, PHIB
— 110 OPTaHU3AIMY JBIKCHHUS PEAKIl. CPEBI: TPOTOYHBIC (HETpEPHIBHBIE), HETPOTOUHBIE (ITEPHOHIECKNE)
— [10 TEMIICPATYPHOMY PEXAMY: M30TECPMHUECKHE, a)HA0ATHIECKHE, TONTATEPMAICCKAC
Peakmop uoeaibHo20 CMeUieHUA HENRPepbleHoco oelicmeusn (PUC-n)

,TAeT = —5’3— — ycJ1. BpeMsi pe6blBaHNsA peakll. CMeCH B peaKkTope
0

Cao OcHoBHbBIE AONYIIEHHS [P PACCMOTPEHNH
Vi
’ l PUC-u:

1. VisMeHeHrHe KOHIEHTPALMY PEareHTOB U IIPOIYKTOB

peaKiuy IPOMCXOTHUT CKa4KoOOpasHo B HayaTbHBIA

MOMCHT BPECMCHHU

2.B moboli  Touke  peakuuoHHOro  00bEMa
v KOHLICHTpANMs, TeMIlepaTypa, HABJICHHE, CKOPOCTH
[CA PeaKIMy OIVMHAKOBBI (3TO CIEACTBHE HACANBHOTO
peXxuMa NepeMelInBaHyst BHYTPH PUC)
Peaxmop udeanvrozo evimecienus (PUB)
_ag
= E
OCHOBHbBIE JONYIIEHHs IPH PACCMOTPEHUH
PUB:
1. U3MeHeHre  KOHIIEHTpAIlWKW  pEareHIoB U

MIPOAYKTOB PCaKUH MPORCXOANT TOCTENICHHO 110

L dVm .
e ; Mepe TIPOXOX/IEHNS peakioHHoH cpeael PUB (1o
¢ ’,ﬁ ¥
% l JUTHHE PeakTopa)
Ca % 'p Ca
foomemniiiorc /7 R o
vo % Vo 2. B mo6oi TouKe JIEMEHTApHOIO pEaKinoHHOro
i i -
. o0béma dVpup KOHIEHTpAUUS, TEMIIEPATypa,
< A - JaBJieHMe, CKOPOCTh PEAKIMH ONWHAKOBBL Her

IEpEMEIUHBAHNS PEAKIMOHHOH CPEAbI  MCXILY
Pa3HBIMHA NIEMEHTApHBIMA 00BEMaMH
3. IBxkeHpe  TOTOKA  IIOPIDIHEBOCH (mer
npucTeHOYHOTO dhdexTa)
Ilpou3zeodumenbHocmy/HAZPY3Ka peakmopd
I, = C; - Y
— eCITH pacuéT BeAETCS 10 MPOAYKTY, TO «IPOM3BOAHTEABHOCTEY (GepéTes KOHEYHAs KOHIEHTPALKs)

— €CJIH pacuéT BEAETCS 10 MCX. COCAUHEHHIO, TO «HArpy3Kay (Bepéres HavaNbHAs KOHIEHTPALVs)



Ipocmbie xumuuecKkue peakyuu
1. Koncranta ckopocTy peakiuu A — R cocrasnser k = 0,45 mug'!. OnpegenuTs CTENEHb
TIpEeBpALICHNS BeecTBa A (Xa) IP¥ IPOBEACHHUH IIpoLecca B PUC u PVIB, eciu uX 0OBEMBI
paBHBI M COCTaBIAIOT Vpuc = Vpus = 150 51, a 0OBEMHEIA pacxo] MCXOJHON CMECH paBeH
vo = 30 1/MuH.

x4 puc = 0,69; xa rus = 0,89.

2. B PUC o6néMoM Vpuc = 2,6 M°> mpoBoguTes obpaTumas peaxius 2A < R. Koncranra
CKOpOCTH MpsAMOM peakiiy cocTaBiseT ky =31,4 /(MoNB-MHUH), 00paTHOH K. =2 MHH 1,
HavanpHas KOHIIEHTpalMs BellecTBa A paBHa Cao = 0,6 Mounn/n, BemecTBo R B YUCXOJHOM
cMecu otcyrcTBoBano. OnpenenuTs NPOU3BOMUTENBHOCTD PUC mno mpoxykty R (Ilr) B
KMOJIB/9acC, ecliy CTENeHb IpeBpaleHus BemecTsa A pasta xa = 0,7.

g = 93,62 xMoJb/4ac.

3. B PUC 06néMoM Veuc = 1,8 M® iposonures peakuus A + B — R ¢ KOHCTaHTOH CKOPOCTH
k = 0,005 1/(MonsMun). Pearentsl A u B moznarorcst pa3saenbHO, KOHICHTPAA HEXOMHBIX
BermecTs A ¥ B B HCXOIHBIX II0TOKaX PpPaBHBI COOTBETCTBEHHO Canex = 2,4 MOIB/I ¥
Cpucx = 3,6 MoIIs/11. COOTHOIIEHHE IOTOKOB ¢ peareHTamu A 1 B 1:1. Crenens npeBpalleHus
pemmectBa A coctaBiuger Xxa=0,8. OmpemenuTs Harpysky peaxkropa IO HCXOIHBIM
coemuuerrsM (ITao, Tlso).

a0 = 2,27 moan/mun; Iipo = 3,40 Moas/MuH.

4. B PUC o6séMoM Vppe = 200 1 npoBoautcs peakuus 2A — R ¢ KOHCTAHTOM CKOpPOCTH
k =2,3-10° n/(monp-¢). HaganpHas KOHIEHTPALUA BEIIECTBA A cocraBinsieT Cao = 0,6 MOJB/II,
OGBEMHBIA pPacXo] MCXOJHOH PEaKIMOHHOW CMECH DaBeH Vo = 3,6 M/gac. OmpezmemuTs
npomssourensrocts PUC mo mpoaykry R (Ilr) B xMons/gac 1 066EM PYB (Vpus), HYKHBIA
JULSI TaKOH K€ IIPOU3BOUTENBHOCTH,

Ik = 0,31 kmoub/gac; Veus = 143,70 o1




5. B PUB nposoautcs peakus A — 2R. KoHcTanTa CKOpOCTH JaHHOM peaKkiLUn COCTABIISET
k=03 a/(monw-c). HavanpHas xoHuenTpauust BemectBa A paBHa Cap = 2,8 MOIB/I,
KOHILIEHTpauus npoiykra R ma Beixoge u3 PHUB  pasHa  Cg = 5,32 moms/m,
IPOM3BOAMTENBHOCTE peakTopa 1o npoaykTy R cocrasuser Ilr =4,256 xkmonb/yac.
OnpenenuTs CTeNeHb NpeBpalienus BerlecTsa A (X4) 1 0668M PUB (Vpug).

xa = 0,95; Vpus =5 1.

6. B PUC o6bémom Vpye = 0,12 M* nposoaurcs obparnmast peakuust A + B «» R + S ¢
KOHCTAHTAMHM CKOpPOCTH IUpsmo¥t u ofbpartHoit peaxkuuit k; =0,118 s/(monec) #u
k.1 = 0,005 n/(monp-c). BemectBa A u B nonawoTcs COBMECTHO, HX KOHUEHTpPAlUH B
WCXOJHOM cMecH cooTBeTcTBEHHO paBHbl Cag = 2,8 Mois/1 1 Cpo = 1,6 Mons/n1. Bemecrsa R
B MCXOJHOM peakuuonHOW cmecu He 6bw1o. Onpenenuts npousponurensHocts PYC mo
npoaykty R (T1r) B kMosib/uac, ecjid CTETeHb NpeBpaieHus senectsa B cocrasuna xg = 0,75,

g = 29,51 kmoaw/yac.

7. B PHC o6némoM Vpye = 0,2 M* iposoautes xumugeckas peakiust 3A — 2R ¢ KoHCTaHTOH
ckopoctd k = 0,55 mun™'. O6BEMHBLN pacxol peakiMOHHOH cMecH Vo = 80 J1/MHH, HadaIbHas
KOHLEeHTpaLus Bemectsa A pasra Cao = 3,6 mois/n1. Onpenenuts npoussoaurensHocts PUC
no nmpoaykty R (I1x) B kmoJip/4ac.

IIr = 9,22 kmoJb/4ac.

8. Onpenenurs Harpy3ky o ucxonuomy sewectry (IIr) na PMC u PMB npu nposenennu

peakuuu A — R ¢ koHCcTaHTOM ckopocTd k = 0,12 mun"', eciin 06BEMBl pEaKTOPOB PaBHEI U
w = o 3 r

COCTaBIsAOT Vpue = Veur = 0,8 M°, uHcxonHas KoHUEHTpaiMs BenlecTsa A paBHa

Cao = 3 Monp/1, a Tpebyemas cTeneHb npeppallenus BerecTsa A xa = 0,85.

Hao puc = 50,85 moan/mun; ao pus = 151,80 mosis/Mus.
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Cnosicrvie XUmMuuecKue peakyuu

1. KoHcTadTel ckopocTd Henesod v noboynoi peaxuuii B napannensHoM npouecce A — R (1), A — S (2) cocraBngror
cooTBeTcTBeHHO k1 = 0,28 n/(Mone MuH), ko = 0,12 n/(Monp-MuH). Hadansnag KOHUEHTpallMs MCXOQHOTO peareHra A
cocranngeT Cao= 1,6 Monp/it, oOBEMHBIN pacxon HCXOXHOM cmecH paseH Vo= 100 n/MuH. OnpenenuTs CTENCHD
npeppauiesns semectsa A (xa) u 066EM PUC (Vruc), eciii IPOM3BOAUTENBHOCTS PeakTopa 1o HpoxyKTy R coctapnser
Tz = 4,8 xmob/yac.

xa= 0,713 Veuc = 1,36 M>.

2. KoncranTel ckopocTH LeneBod M noGouHol peaximi B nocienoBatensHoM mpotlecce A — R (1), R— S(2)
cocTaBsoT cootercTBeHHO Ky =2 ¢!, ko = 0,8 ¢!, HayanpHas KOHLEHTpALMs MCXOIHOTO peareHTa A COCTAaBIAET
Cao = 1,8 MonB/n1, 06BEMHBIN pacXo] MCXOXHOM CMecH paBeH Vo = 1,2 M*/uac. Omnpenenuts 06bEM PHUC (Veuc),
TpeOyeMblil I HOCTIUKSHHS MakCHMANbHOW KOHUESHTpAIMy LeJIeBOro NpojykTa R, a Taixe NPOH3BOAMTENBHOCTH

peaxTopa no uenxesomy npoaykry R (IIr).
Vruc = 0,26 a; Tg = 0,81 kmoan/qac,

3. KoHcTanTh CKOPOCTH LIENEBOH 1 MOGOYHOM peakimii B napaiensHoM rpouecce A — R (1), A — S (2) coctasisaior
cooreTcTBeHHO ki = 1,25 mun!, k; = 0,15 mun'!, HauanpHas KOHLEHTpalis MCXOZHOTO peareHTa A COCTaBlfeT
Cao = 6 Monb/n, 00BEMHBIN pacxox HCXOXHOH cMecH paBeH Vo = 20 j/mMuH. TpebyeMas NpoH3BOANTENBHOCTE PEaKTOPa
cocrasset Ir = 54 mMons/Mun. OnpenenuTs creneHb Npeppamenns semecTsa A (xa), 06s8M PUB (Vrug) 1 06bEM
PUC (Vruc), HeoOXonrMBIe 115 YKa3aHHON NPOU3BONHUTENEHOCTH.

XA= 0,50; Veus = 10 i A Venc = 14,52 J.

4, KoHCTaHThl CKOPOCTH LENeBOd W mMOGOYHON peakuuii B nocienoBarenbHoM mpouecce A — R(1),R— S (2)
cocTaBnsoT coorseTcTBeHHO ki = 0,18 Mun!, ko = 0,06 Mua’!. HayansHas KOHIEHTpALWs HCXOHOrO peareHra A
cocraBnsger Cao = 2,4 MOnb/11, OOBEMHBIH pacxol UCXOMHONH cMecH paBeH Vo = 40 Ji/mun. OnpenenuTs KOHUEHTPalUH
BemecTB A, R, S (Ca, Cr, Cs) Ha Bexone u3 PUC 00n&MoM Veue = 60 11 npu npoBeeHMH B HEM BBIILEOIMCAHHOM

HOCJIG}IOB&T@'IBHOﬁ peaxuﬂn.
Ca = 1,89 moan/n; Cr = 0,47 moaw/i; Cs = 0,04 moan/i.

5. KOHCTaHTsI CKOPOCTH LENEBOH M MNMOGOYHOM peakumii B mochepoBarensHoMm npouecce A — R(1),R-— S (2)
COCTABIAIOT cooTBeTcTBeHHO ki = 0,6 9ac”!, ky=0,8uac’!. HayanbHas KOHLEHTpaUMs MCXONHOIO peareHra A
coctasiser Cao = 5 MONB/71, OBBEMHBINM PacXo/l HCXOMHOW cMecH paBeH Vo = 2,4 M*/gac. Onpegenuts o6bémsr PUC
(Veuc) u PUB (Veus), a Takoke NMPOU3BOAUTENLHOCTE peakTopoB no nenesomy npoxykry R (Ilk), ecnu tpebyemas

CTeNeHb NpeBpalleHus BemecTsa A cocrapiget xa = 0,8.
Veuc = 16,01 M*; Veus = 6,43 m%; g puc = 1,51 xmoan/4ac; Hr pus = 3 kMoab/gac.

6. KOHCTaHTEI CKOPOCTH LIENIeBOM M IOGOYHOM peakuyii B napamienbaoM nponecce A — R (1), A — S (2)
COCTABNAIOT cooTBeTcTBeHHO ki =4 n/(Monms-MuH), k2 =19 n/(mons-Mun). HagansHag XOHIEHTpauus
ucxomuoro pearenta A coctaBiuserT Cao= 0,8 monp/n, OOBHEMHBI pacxXol MCXOMHOH CMECH paBeH
v = 2,4 1i/mun. Onpeaenuts 006éM PUC (Vriic) ¥ ero Hpou3BOAATEIBHOCTS 110 neseBoMy npoaykTy R (1Ir),

CCJIH CTCIICHD IIPCBPALICHAS BCINCCTBA A xa=08.

Veuc = 10,18 a; Ilr = 62,4 moan/4gac.




TEOPHUSI PEAKTOPOB. H30TEPMUYECKHI PUC-IT

Bee peareHTsl BBOASTCA A0 Hayana IIPOLeCCa BPYUHYIO, NPOMYKT BhIMPYHacTCH TOMBLKO ITOC/E FIONHON OCTaHOBKH

peaxkTopa 10 OKOHYaHHH 1IpoIiecca.

dc;
| = ——, T/i€ ty, — BpeMs [IpoBeeHHs peaxiuy B PUC — 0

P dty,
ty = typ. T g, IA€ Lycn, — BPEMS, 3aTpadrBaeMoe Ha BCIL ONiepalHy (3arpysKa/BbITpY3Ka, IPOMBIBKA)
Che

Eg OcHopHbIE Jonymenns npy paccvorpennsa PUC-n:
1. UsmeHende KOHUEHTPaLM PEareéHToB M IPOIYKTOB
peaKLBy MPOHCXOMHUT TNOCTENEHHO II0 MEpe NPOTEKaHHA

XHMHYECKOH peaKipu
| . 2.B moboit Touke peakuuoHHOro 06bEMa B KOKIBIA
; < — MOMEHT BpeMEHH KOHLIEHTPALHA, TEMIIEPATypa, NaBIeHue,
\‘—// CKOPOCTB PeaKLMH OJMHAKOBBI (3TO CIEACTBHE HACAILHOIO
' pexuma nepemennpanus BHyTpu PUC)

IpervMyniecTBa B HEAOCTATKH OpraHm3anuu nponecca 8 PUC-u:
Munycor:
— 3aTpaTa BPEMEHH Ha BCTIOMOTaTellbHbIe OlIepaLliH — CHIbKeHKe npoussopuTensHocT PUC-1t
~ bonplias o015 py4yHOro Tpyna
~ ClHOXHOCTH PelIeHMs 3a/1ad aBTOMATH3aLMH IpoLecca
ITnwocer:
— PHC-n npucriocobien K IMPOKOMY IHANa30Hy YCIOBHH NPOBEACHUS PeaKiii

PHC-11 MCIIONB3YETCH A TEXHOJIOTHYECKHX IPOLECCOB ¢ HEGOIBIIIMH MOIIHOCTAMH, HO BBICOKOH IICHOM NPOIYKTA.

1. B PUC-n nposomures peaxuus A — R ¢ koHcTaHTO# ckopoctd k = 0,026 muH!, PeakTop HO/DKEH NPOU3BOAUTE
Nz = 4,8 xmomb nmpoxykra R 3a t =8 wacoB. YroGbl 3arpy3uTs peaKkTop, HarpeTh €ro A0 HY)KHOH Temmeparypbl X
PasTpy3UTh TIOCHE OKOHYAHHA Npoliecca, Tpebyercs tun = 1 gac. Onpenennrs 06béM PUC-11 (Veuc.m) 18 TIPOBENCHHSA
JAHHOTO TIPOLECca, eC/M HadalbHast KOHIeHTpauws A cocrasaeT Cao = 8 MONIB/JI, & NPEBPAIIEHUIO IIOABEPraeTCs 99 %
pexonHoro pemectsa. Ompenenuts Tawke o0béMbl PUC-H (Veucw) 1 PUB (Veus) 1% MONYHYeHHA TaKOTO ke
KOJIMYECTBA NMPOAYKTA B CYTKM [P TO ke CTENEHH NpeBpalleHns BeWwecTsa A.

Veuca = 0,30 M3 Vencu = 4,82 M%; Veus = 0,23 »°.

2.B PUC-n npoeoputcs peakimst A — R. Bpems npopejeHds IpoLecca B alrapare COCTABIAET tep = 120 c,
JIOCTHTaeMas CTETIeHb NPEBPALIEHHS PaBHa XA puc- = 0,2. PacCunTaTh CTENCHD TIPEBPALIEHAS] HCXOTHOTO BEIECTBa A
(XA prc-1), ECIIH 5TY e peakiyio nposecty B PUC-H ¢ yCIOBHBIM BpeMeHeM NpeOLIBAHUA T = 360 c.

X4 puc-a = 0,4.

3. B PUC-11 IpoBOAMTCS CIOXKHAS Tapasuiensaas peakiusa A — R (1), A — S (2), mopanku obeux peakuyi — IepBbIe.
Bpema nposeeHHs IpoLecca B ammapare COCTaBIAeT ty =50 MuH, AoCTHraeMmas CTENeHb [PEBPAICHMA paBHA
xa=0,9. OnpenenuTs KOHCTAHTHl CKOPOCTEH IleNeBOM M MOGOYHON peaxuuH, eci¥ Ha BBIXOJE M3 amnapara
KOHIEHTpatys Bemectsa S cocraswia Cs = 1 Monb/a, a Bemectsa R Cr = 9,1 Mons/iL.

k; = 0,042 man’; k; = 0,0046 muau,



AJUABATUYECKUI PUC-n

Ci=Cao  Cuorxy
Wa = T R
T - TO Qx.p. K'r ) Fy,zg
= (0, 1) ~ A (T~ T,,)
T Cp,o6. Cp,o6. .

Bropoe cnaraemoe onuceiBaeT npouecc TemiooOMeHa ¢ TeIUIOHOCUTENeM, I03TOMY, IIpH

PacCMOTPCHUU aauabaTHYCeCKUX TIPOLICCCOB, OTO C1aracMoc NnpupaBauBacTCad K HyJrO.
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T Cp,06 T
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Cp.o6 Coyn ™ P

rae ATay — aguabaTryeckuil pa3orpes — Ha CKOJIBKO peaKMOHHAsA CMECH HarpeeTca/oOXIauTcs Ipu
NPOBEACHUY aabaTHYECKOro poliecca NPy YCIOBHM ITOHOI'O [IPEeBpaIeHus] HCXOHOIO
BEILECTRA.

qp YT
Toykn 1 m 3 Ha rpaduxe 3aBUCUMOCTH

TEIJIOBBLICNEHNS ((p) M TEIUIOOTBOAA (qT) OT 3
Temreparypel T COOTBETCTBYIOT YCTOMYHMBOMY

qr
gr
TEILIOBOMY pCiKuMy

Touka 2 Ha rpaduke  COOTBETCTBYET 2
HEYCTOMUUBOMY TEIJIOBOMY PEXKUMY

gp = Qxp.- Cao." xa." Vo, x/lx/uac unu Jx/c
qr = Cp.r p.r Voo (T —To), k/x/gac unnm x/c T T




1. B amuabataueckom PUC-H 06bEMoM Veuc = 0,3 M® NPOBOIMTCA 9K30TEPMUUYECKAs PeAKUmA A - R. Temnopo#
sdpext peakumy paseH Qxp = 9637 w/Di/kMONb. VieiabHAd TEIUTOEMKOCTE PEaKLHOHHOM CMECH HE 3aBHCHT OT
temnepatypsl u cocrasiser Cp m= 3,98 kIli/(xr-K), 1mioTHOCTE pEeaKMOHHONW CMECH He 3aBUCHT OT COCTaBa H
cocTaBiser p =420 kr/m’. OFBEMHBIA Pacxoll HCXOMHOM cMeck paseH Vo = 0,6 M*/4ac, KOHLIEHTpALs BemecTsa A B
srott cMecu Cao = 6 Mons/71. OTipee/NTh, Kako JO/DKHa ObiTh TEMIIEpaTypa Ha BXOAS B aguabarugeckuit PUC-H (to),
€CITH M3BECTHO, YTO TEMIIEPATYpa TIOTOKA Ha BEIXONIe cocTaBisieT t = 60 °C, a KOHCTaHTa CKOPOCTH PeaKLiii 3aBUCHT OT

TEMIIEPATYPh! II0 YPaBHEHHUIO:
—~20000

RT

k= 10° exp( ) [Mua~1].

to = 26,9 °C.

2. B agpabaruueckoM PUC-H npoBOAMTCA SHIOTePMHYECKad PEaKIyi A — R. Ternosoi 3¢¢exT peakuuu paBeH
Qup = -23000 JIx/mors. VienpHas TEIVIOEMKOCTb PeakIMOHHOW CMECH He 3aBMCHT OT TEMIEepaTypsl H COCTaBJAET
Cpm = 1,3 kbx/(xrK), IIOTHOCTh PEaKLHMOHHOH CMECH HE 3aBHCHT OT COCTaBa M cocragnger p=1030 xr/m’.
KoHIIeHTpaLus BemecTsa A B HCXOJIHOM ToToKa coctasiiset Cao = 1,7 Monb/1, 06BEMHAS CKOPOCTh UCXOQHOTO IIOTOKA
pasHa vo = 1,2 n/c. Onpenenurs CTENCHb NPEBPAINEHIA BEIICCTBA A (xa) 1 00b8M PUC-H (Veuc) A8 NpOBEAEHHUA
IpoLIECCca, €CIIM H3BECTHO, YTO TEMIISpPaTypa IIOTOKA Ha BXOAE COCTABIIACT to = 72 °C, Ha Beixoge t = 60 °C, a KOHCTaHTa

CKOPOCTH PEaKLM 3aBUCHT OT TEMIIEPaTyphl 10 yPaBHEHHIO!
k = 2,4-10%exp (MWZ;?OO)‘ [c1].

Xa = 0,41; Vpuc = 5,95 a1

3.B annabarmueckom PUC-H 065&MOM Vpuc = 10 M® OPOBOIMTCH SK30TEPMUHECKas PeaKiyd A — R. Tennoso#
shdexr peakuun paseH Q= 2,1 107 Jhx/xvMone. YienbHas TEIUIOSMKOCTh PEAKLHOHHOH CMECH HE 3aBHCHUT OT
Temiteparypsl u coctapnseT Cpm = 2082 JDi/(xkr-K), miotHocTb PEaKIHOHHOM CMeCH He 3aBHCHMT OT COCTaBa M
cocTapngeT p = 1420 kr/m’. OGBEMHBIH pacxo/l HCXONHOM CMECH PaBeH Vo = 3,6 M>/uac, KOHLEHTpalus BeleCTBa A B
103t oMecu Cao = 6 Mons/n. Onpeaenurs, kakol JO/mkHA OBIT TEMIIEpaTypa Ha BXOAC B anuabaruyecknit PUC-H (to),
€CJIM U3BECTHO, YTO TEMIIEPATYPa MTOTOKA Ha BHIXOAE COCTABNIACT T =353 K, a KOHCTaHTa CKOPOCTH peaKiiyl 3aBHCHT

OT TEMIIEPATYPEI 110 Y PABHEHHIO:

—~12000

-—---,~r————) ,[mun—?).

k = 10** exp (
to = 37,88 °C.
4. B amma6aruaeckom PUC-H npoBOIMTCS SK30TepMUHeckas peakius 2A — R + S. TerutoBoii 3QHeKT peakuuu papeH
Qg = 75000 Jbx/xmons. OGBEMHAA TEMIOEMKOCTh PEaKITHOHHOH CMECH HE 3aBHCHT OT TEMIICpaTyphi K COCTaBJIAeT
Cpv = 1,8 kJIw/(m-K). O6BéMHBIH pacxon HCXOIHOM CMecH paBeH vp = 12 M*/4ac, KOHLEHTpaLs BeecTsa A B 3T0H
emeck Cao = 1,2 mons/it. Onpepenuts 0668M PUC-B (Veuc) 21t IPOBEJCHHMA JAHHOTO [IPONECCa, ECiH W3BECTHO, YTO
TeMIlepaTypa FOTOKa Ha BXOJIe COCTaBseT to = 20 °C, cTerleHb IpeBpalienus BemecTsa A pasHa XA = 0,8 a KOHCTaHT2
CKOPOCTH PEaKi[HU 3aBHCHT OT TEMIIEPATYpBI IO yPaBHEHHUIO:

. (—42300\ [ 7
k =508-10 exp( - ),[Monb_c].

Veucs = 0,24 Mm%,

5. B agpabartaueckom PUC-H 06b8MoM Vene = 1,26 M® IPOBOIMTCS IK30TEPMIYECKad PeaKLyid 2A — R. Temiopok
sdpdexr peaxuun paseH Qup=2,7-107 Ihi/kmons. YienpHas TEILIOSMKOCTE PEaKUHOHHOH CMECH HE 3aBHCHT OT
temreparypsl ¥ cocTapiieT Com =2.2-10% Jin/(xrK), IWIOTHOCTh PEaKUMOHHOM CMECH HE 3aBUCHT OT COCTaBa M
cocraBusier p =850 kr/m’. KoHIeHTpamus BellecrBa A B HCXOQHOM IOTOKa COCTABIACT Cao=3,2 KMOIB/M.
OrnipeesaTh IPOU3BOANTENBHOCTD PUC-H, eciti H3BECTHO, WTO TEMIIEPATypa 0TOKa Ha BXOZE COCTABIIACT To=325K,
Ha perxone T = 357 K, 2 KOHCTAHTa CKOPOCTH PeaKIdH 3aBHCUT OT TEMIIEPATYPhL [0 YPABHECHHIO:

-1200
k=179-10"2exp (W) e

T
g = 12,02 kmoib/4ac.




KACKAJI PUC-H. AHAJJTUTUUECKUI 1 TPAOUYECKHN METOABI PACYETA K-PUC-H

1. CocraB peakliMOHHON CMECH MEHACTCS OT
peaKropa K peakropy
2. [Mapametpsl mpoLecca IMOCTOsHHBL B

Kkayx oM oraensaoMm PUC-H

3. Brixoauo# notok npeasiaymero PUC-n

ABJISETCS BXOAHBIM i caexyromero PUC-u B

KacKaje
Jlns peaxiuit nepeoco nopaoka.

CAI - CAO

= =k,
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1. Ompenemuts 06BéMer PUC-1, PUB u 06béM xackana PUC-u (Veuc-y, Veus, Viprc.s), TPeOYIOIMECS 1S
IIPOBEACHHUS NPOCTOH HeoOpaTuMoH peakunn 2A — R 10 crenens npespauierus BemecTsa A xa = 0,8, ecnu
M3BECTHO, YTO KOHCTAHTA CKOPOCTH peakuwy cocrabiser k = 0,6 M>/(kmonbyac), OOBEMHBIA pacxon
HCXOIHOM peakniOHHON CMECH COCTaBISET Vo = 2,8 M/4ac, KOHLEHTpaUMs HCXOAHOTO BEIIECTBA A B 3TOM
motoke Cao = 24 Mosp/11, 06BEM SUHHHYHOrO peaktopa B Kackajae Vex cocrasnser 10 % or o6bpéma PUC-m
Veuc-s. Mcnone3oBars rpadHueckrii MeTo pacuéra Kackaia.

Veuc-x = 1,93 m3%; Veus = 0,39 m?; Virucs = 0,77 m3.

2. B PUC-u o6béMoM Veuc.y = 0,1 m* mposoamtes mpoctas obpatumas peaxius A + B < R + S, KoHCTaHTBI
CKOpPOCTH TpsiMOM W ofparHoit peakuuit pasubl ki = 0,12 mY(xmomp-c) u k.i = 0,05 M¥/(xmomb-c)
COOTBETCTBCHHO. JlocTWraemas CTEIEeHb MpPEBPALUCHHUs! Xa COCTaBIseT 75 % OT paBHOBECHOH Xa*.
Havanpnple KOHUCHTPAILWHA HCXOMHBIX BemeCTB A u B paBwl u coctaBismioT Cao = Cro = 1,4 xmons/m?,
OnpeenTuTh, KAKOE YHCIIO PEAKTOPOB B Kackazle (M) rmoTpedyeTes ist TPOBEIEHNS 3TOM 5Ke PEaKiiy C TaKOH
K€ CTENEHBIO IPEBPAIeHHS BEIECTBA A, eCliH 00BEM eMHNIHOTO PEAKTOPA B KackKale paseH Veg = 0,02 M3,
Hcnome3osate rpaduyeckuit METO pacuéra Kackaza.

m =3,

3. Ilpotekaer mnpocras HeobpaTiMmas peakims A+ B-—>2R ¢  KOHCTGHTOH CKOPOCTH DEAKIUH
k=2 n/(monb-Mun). Hauanbubie KoWueHTpaudu semects A u B passpl u cocrapisioT Cao = Cro= 1,4
MOJIB/ 11, OOBEMHBIH PacXol UCXOIHOM cMecH paieH Vo = 10 n/mun. Onpelenuts, ckonbko PUC-4 B kackazne
(m) HYXHO ¥ XakoB OyneT 00beM eAMHHYHOTO peakropa (Vey), €CiIM H3BECTHO, YTO CTEIEHb IPEBPAIEHUS
seuectsa A B K-PUC-H paBHa xa = 0,75, a cTenens npeBpaluenust A B IEPBOM peakTope Kackana xa1 = 0,25,
Hcronb3oBare rpaduHecKuil METON pacuéra Kackaaa.

Va=1,61;,m=8,

4. B xacxaze, coctosmem u3 Tpéx PYC-H, npotekaeT npoctas HeobpaTnmas peakius A — 2R ¢ KOHCTaHTOH
CKOPOCTH XMMHYECKO peakuuy pasroi k = 8,310 ¢, OGBEMHBIH pacxo HCXOXHOM PEaKIMOBHON cMecH
coctasnseT vo = 0,13 M°/MHH, KOHIEHTPAINS HCXOIHOrO BemmecTBa A B 3ToM notoke Cao= 0,36 Mos/i.
O6béM omnoro PUC-H Vey = 0,3 M. OnpenenuTs TPOU3BOIUTENBHOCTE Kackana no npoxykry R (IIr) B
KMOJIb/4ac, HCITOIB3YS U aHANHTUYECKHUH, U TpaduuecKuit METO pacuéTa.

IIr = 5 kmoub/gac.

5. B xackaze u3 Tpéx peakropoB naeansHOro cMmewenus (K-PUC-1) npoxoanT peakuus A — R, xoHcTanTa
ckopocTy nanHoi peaxumn k = 0,02 ¢! O6wBEMBI peakTopor B kackane: Veucy1 = 0,15 M3, Vencaz = 0,25 M,
Veucss = 0,5 v, Hauamsnas kouenTpanus semectsa A Cao= 20,4 kMons/v>. OGBEMHBIH pacXo HCXOIHOM
cMeck Vo = 18 m*/uac. OnpenenuTs TPON3BOAMUTENBHOCTS NAHHOM crcTeMs! 1o poaykTy R (IIR) B KMOTIB/4ac.
Hcnonezosars rpadruecknii meTo pacuéra Kackaza.

IIr = 329 kmoan/4ac.

6. B xackazme u3 Tpéx peakTopoB wmueanpHoro cMemenus (x-PUC-1) npoxomut peakims 2A — R, 06péM
K&XIOT0 peakTopa B Kackame Ver = 5:10° m°. TemmepaTypsl nmponiecca B peakropax kackaxa: t =20 °C,
t2 =35 °C, t3 = 55 °C. Koscranra CKOPOCTH 3aBUCKHT OT TEMIIEPATYPHI 110 YPABHEHNIO APPEHHYCA:

k= 4,510 exp (—32162'4> [ i ]

' RT /' |xkmosb - cf

Hawanenass xonuentpauus A Cao=2 mons/n. O6BEMHBI pacxox HexomHofi cMmecm v = 3-107 M/c.
OnpenennTe TPOU3BOMUTENBHOCTL NaHHOM cuceTeMbl o npoaykty R (ITr) B kmoss/gac. Menosns3osarts
rpaduueckuit MeTON pacuéTa Kackaa.
g = 77,2 kmoab/4ac.




IOCJEJOBATEJBHOE U IIAPAJUIEJILHOE COEJMHEHHUE PEAKTOPOB
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1. B ycranoske, cocrosmedf w3 PVB n PUC-H oasoro o6wséMa Vpuc = Veus = 0,02 M, COeTMHERHBIX
NapaJUlelIbHO, [POBOAWTCS NpocTas HeoOpatumast peakuust 2A — R+S ¢ KOHCTAHTOM CKOPOCTH
k = 0,05 M*/(xmonb-c). OOBEMHBIH pPAacXOM WCXONHON CMECH, MOCTYNAOmMUA B YCTAHOBKY, DaBeH
vo = 0,21 M*/MuiH, HavanbHAs KOHUEHTpauus BemectBa A cocrasiuier Cao = 0,6 KMOTB/M®, OTIpeNeuTh
IPOU3BOAUTENBHOCTE YCTAHOBKH B kKMoJTs/dac (I1r) nexons u3 yeiosuii, 4To CTEIEHE IPEBPAIICHMS BELIECTBA
A B PUB u PYC-1 01MHAKOBA XA PUC = XA PUB.

IIr = 1,36 kmoan/uac.

2. B ycrasoske, coctosmeit us PUC-# (151 peaxrop) o6bémom Veric = 15 1 u PUB (20# peaxtop) 06bEMoM
Veus = 30 11, COSXMHEHHBIX TIOCIEIOBATENBHO, IPOBOANTCS TpocTas HeoOparumas peaxuus 2A — 3R ¢
KoHCTaHTOH cxopoct k = 0,24 ¢!, Harpyska ycraHoBky 1o Beiecty A cocrasnsieT [1ao = 270 moss/muH,
HAYANbHAS KOHIEHTpALXs BEWecTBAa A B MCXOIHOM moTOKe coctasiuser Cao= 1,8 kMomb/M®, OnpenenuTh
HPOM3BOAUTENIBHOCT YCTaHOBKH B kMouib/4ac ([r).

IIr = 24,3 kKMoab/9ac.

3. B ycranoske, cocrosuei us asyx PYIC-w, xaxnpil o6séMoM Vpuc i = Vpyca = 0,2 M°, coenuHeEHHBIX
nocieRoBarensHo, ¥ oTaensroro PYC-u ob6sémMoM Veucs = 0,6 M>, COEIMHEHHOTO C KACKAZOM PEaKTopoM
napauieNbHO, IPOBOANTCA TpocTas HeoOpaTHmas peakuus A — 2R ¢ KOHCT@HTOH CKOPOCTH k=0,02 ¢
OOBEMHBIA PacXol WMCXOXHOHM CMeCH, NMOCTYNMarUMA B YCTAHOBKY, pPaBeH Vo = 18 ™M’/4ac, HavambHas
KOHIEHTpanus BeuecTBa A cocrapaser Cao = 2,6 KMOJTB/M®. ONpeiesnTh TPOU3BOAMTEIBHOCTE YCTAHOBKH
B kMouts/gac (IIR) Hexoms U3 yeoBuil, yTo yCIOBHOE BpeMs NpeObiBanus B O0CUX BETBIX CXEMBI OJJMHAKOBO
T + 12 = 13.

IIr = 78,2 xMmoJib/4ac.

4, B ycranoske, coctosimeit u3 PVIB o6sémom Veys = 50 1 u PUC-n o6bEMoM Vpuc = 80 11, coenuHEHHBIX
TapasiIenbHO, NPOBOIMTCS MpocTas Heobparnmas peakims A — R ¢ koncranTo# ckopoctn k = 0,025 ¢!
Harpyska yCTaHOBKH 110 BeLecTBY A coctapisieT [lap = 576 Monb/MuH, HavasbHast KOHUCHTPAUs BEIECTBA
A cocrasnsier Cao = 0,8 Mouts/n1. OnpeaeniTh TPOU3BOAMTEILHOCTD YCTAHOBKH B KMOJIB/4ac (1Ir) nexons u3
YCIOBUH, YTO HCXOAHBIN 00BEMHBIN NOTOK AETUTCS MTOPOBHY MEKAY PEaKTOpaMu Voi = Vo2.

IIr = 7,56 kmoan/qac.

5. B ycraroBke, cocrosimueit u3 PUC- (1s1it peaxrop) 06bémMoM Verc = 300 1 PYIB (20# peaktop) 00béMOM
Veue = 300 11, COENMHERHBIX [TOCNENOBATENBHO, TPOBOAUTCS npocTast Heobparumas peakmus 2A — R ¢
xoHcTaHToOl Cckopocti kK =0,1 M*/(xmonbc). OOBEMHBIN PacxXoi HCXOAHOH CMeCH, TOCTYNalomui B
YCTaHOBKY, paBeH Vg = 0,6 M°/MWH, HayaibHas KOHUECHTPAIHS BEUIECTBA A B HCXOIHOM MOTOKE COCTABIISET
Cao = 0,6 xmons/M®. OTpefeuTh NMPOM3BOANTENBHOCTD yCeTaHOBKH B Kmojs/gac (IIr). Kax u3merwIcs
HPOU3BOMUTENBHOCTE cucTeMsl, eciin PUIC-H 1 PYIB nomensTe MecTamu?

IR PriC-u — PuB = 9,02 kMoab/gac; IR pus — pucx = 9,25 kKMoJIB/9ac.




PEAKTOPHASI CUCTEMA C ®PAKIIMOHHBIM PA3JEJEHUEM
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1. Hlpoctas HeoGpatmmas peaxuis 2A — R NpOBOAMTCS B YCTAaHOBKE, COCTOALUEH M3 CMECHTENS, pPeaKkTopa UAEATHHOI'O
BBITECHCHUS W NCTUTENILHOTO YCTPOHCTBA, B KOTOPOM NPOAYKT R NONHOCTHIO OTAENAETCS, a HENPOPEArHpOBaBLiee BEIMEeCTRO A
Bo3Bpawaercs B peakrop. KoHcranTa ckopocTy peakiwmy pasa k = 6+ 107 s/(moib ¢). KOHUEHTpalus BeiecTsa A B HCXOIHOM H
PCLBKIIHIECKOM TOTOKAX COCTABIAET Ca nex = Ca peu = 2 MONB/T. CTETIEHD NPEBpPALLEHUS BELIECTBA A B PeaKTope paBHa Xa = 0,8.
TiponsBouTenbHOCTh CHCTEMBI 10 MPOAYKTY R coctasnset [lr = 1,2 monb/c. Onpenennts o6bEMHbIH pacxojl peLuKINIecKOro
n0ToKa (Vpew), 00bEM PUB (Vpug) 1 Harpysky Ha peaktopHyto chctemy (ITa vex) B KMOMb/4aC,

Vpew = 0,3 51/c; Veugs = 250 j1; A uex = 8,64 KMoaB/YaC,

2. Cnoxnas napannenphas peakuns A — R (1); A— S (2) nNpoBOAMTCS B YCTAHOBKE, COCTOSWIEH u3 CMECHTelA, PeaKTopa
HICANBHOTO CMEIICHHA B HEMMTEALHOIO YCTPOHCTBE, B KOTOPOM NPOLYKTH R i S NIOAHOCTBIO OTHENAKOTCS, @ HENPOPearupoBaBLIee
BEIIECTBO A BO3BPALUAETCS B PakTOp. KOHCTAHTbI CKOPOCTH 1L1EAEBOH U TOB04HOM peakLmii COOTBETCTBEHHO paBHbl ki = 2,4 Mun"!
1 ko= 1,8 mMun'. KOHUEHTpALMs BEIMECTBA A B MCXOJHOM M PELIHKIHYECKOM [OTOKAX COCTABAAET Cuox = Cpey = 4,1 MonB/n.
Creness IIpeBpalleHys BEIIECTBA A B peakTope pasHa Xa = 0,65. O6bEMHbIHA PACXON HCXOLHOM CMECH COCTABIIAET Vyex = 210 11/uac.
Onpenennts 06BEMHBIN Pacxoa PELMKIMYECKOrO NOTOKA (Vpew), 06BEM PHC-H (Venc) 1 NPOU3BOAKTEABHOCTD YCTAHOBKH [0
nporykTy R (ITr) B kMomb/yac,

Vpeu = 113,1 51/¢; Veuc = 2,37 a5 Ir = 0,49 kmonn/yac.

3. CaoxHas nocnenopatensHas peakuus A — R (1); R — S (2) nposonutes B YCTaHOBKE, COCTOSALICH M3 CMECHTEN, peakropa
HICAIBPHON0 CMELIEHA 1 IE/IHTENILHOTO YCTPOHCTBA, B KOTOPOM NMPORYKTHI R M S NONHOCTHIO OTAEIAOTCS, 4 HEl[pOpearuposasiee
BELICCTBO A BO3BpAaliaeTcss B peakTop. KOHCTAHTHI CKOPOCTH LENEBOH M MOBOYHON peakUmil COOTBETCTBEHHO PaBHb!
ky=23107c! u ka=0,7-10% ¢!, O6bém PUC-u paBeH Vpuc = 1200 1. KoHuleHTpauus BelwlecTBa A B HUCXOAHOM I[OTOKE
coctaBnfeT Cawex = 0,6 Moab/s1. CTerneHb NpeBpALICHUs BEIIECTBa A B PeakTope paBHa Xa = 0,64. O6bEMHI pacxod HCXoaRoMH
CMECH COCTABIET Uyex = 1 J1/C. ONpeaesuTh Npou3BOANTENBHOCTS YCTRHOBKH 110 NpoaykTy R (ITr) B kMonb/4ac.

Ilr = 1,4 xmMonb/yac.

4. Tlpocras peoOpatnmas peakuus A — R NPOBOAMTCH B YCTAHOBKE, COCTOSMIEH H3 CMECHTENS, PEaKTopa WAEANbHOr0 CMEIEHI
1 AENATEBHOI0 YCTPOHCTBA, B KOTOPOM NPOLYKT R NONHOCTBIO OTAEAETCH, 4 HENPOPEarnpoBaBIiee BEWECTBO A BO3BPAIIAETCS
B peakrop. KoHcranTta ckopocTn peakuuu pasHa k= 0,06 ¢, Konuentpauus BelwecTBa A B MCXOZHOM MOTOKE COCTABINET
Cauex = 1,4 Monp/n. CTeneHs NpespalleHKs BemwecTsa A B peaxTope pasHa Xa = 0,8. O6wém PUC cocrasmger Veue = 0,2 M.
HpoK3BoanTENBHOCTE YCTAHOBKM [0 NpoiykTy R pabHa [Tr = 10 kMonb/uac. Onpeneants o6bEMHBIHR pacxol PeUMKIHYECKOro
IOTOKA (Vpey) ¥ KOHUEHTPALMIO BEIECTBA A (Ca per) B PEUHKIHYECKOM NOTOKE.

Upeu = l .J'I/C; CA petr =& 0,7 MO.i'lb/.ﬂ.

5. Ilpocrasi neoSpatumas peakuHs BTOPOro Nopsaka 2A — R NpOBOIMTCS B YCTAHOBKE, COCTOSINEH u3 CMECUTENS, peakTopa
HIEANLHOI0 CMEIIEHHS W NE/UTENbHOTO YCTPOHCTBA, B KOTOPOM MPOAYKT R MOMHOCTBIO OTAENAETCA, 4 HENpOpearupoBaBllIee
BEIIECTBO A BO3BpallaeTcs B peakrtop. KOHUEHTpalms BellecTBa A B HCXONHOM M PELMKIHMECKOM [OTOKAX COCTARJISET
Chanox = Capen = 2,38 MONB/I, KOWLEHTpALMs BellecTsa A Ha BBIXOJE M3 peakTopa pasHa Ca=0,92 Monwn/n. O6ném PUC
coctanser Veuc =300 1. Harpyska Ha peakTopHyio crcTeMy cocTaBiseT [Taue = 12,15 kMons/uac. Onpeneiuts o6bEMHEBL
PACXOA PELHMKINYECKOrO MOTOKA (Vpen) B KOHCTAHTY CKOPOCTH XHMuueckoit peakuwn (k).

Vpea = 0,89 a/c; k = 0,0066 a/(monb-c).

6. Ilpocras weolparumas peakuus A — 2R TpOBOIMTCS B YCTAHOBKE, COCTOALNEH M3 CMECHTENs, peakropa WAEANbHOTO
BBITCCHEHUA U NEJIMTENBROO YCTPOHCTBA, B KOTOPOM HPOAYKT R MONHOCTBIO OTHENAETCS, @ HETIPOPEArypOBABIIEe BEIIECTBO A
BO3BpaillaeTCs B peakTop. KoncTanTa cxopocty peakunn pasHa k = 0,025 ¢!, KoHieHTpallis BemecTsa A Ha BBIXOIE K3 peakTopa
cocranaeT Ca = 0,36 MOAB/JI, 4TO COOTBETCTBYET CTEIEHH IPEBPALLEHHUS B PEaKTOpe Xa = 0,4. O6bem peakTopa paBed Vpug = 75 1.
KonuenTpauus sewectsa A B MCXORHOM N0TOKE Ca yex = 0,8 KMOIIB/M?. OnpenenuTb 06bEMHBIN PACKOL PELMKIMYECKOTO TIOTOKA
(Vpew), KOHLIEHTPALIIO BEIECTBA A B peLKAMyeckoM riotoxe (Ca pew) H NPOM3BOAMTENBHOCTD YCTAHOBKH 1O HpoaykTy R (IIx) B
KMOJIb/Hac,

Vpeu = 2,37 a1/¢; Ca pen = 0,51 moaw/i; Ir = 6,34 kMonb/yac.




IJIEMEHTBI XTC BE3 XUMHUYECKOI'O IIPEBPAINEHMA

1. Ha ¢uapTpe mpoxomuT mporecc QUIBTPALIMH MYJIBIEl TTOCIE CEPHOKHUCIOrO pasioxeHus ¢docdopura.
IIponecc uuér rno cxeMe:

CasF(PO4)3 + 5H2804 + 10H20 — 5CaSO4 - 2H20 + 3H3PO4 + HF

Maccossiit pacxon nysiener Gy = 1000 kr/gac, otHomenue TBEPHOH (azpr k xuaxold B mynene — 1:4. B
pe3ynbTaTe nponecca oTdumiIbTpoBeBacTes 90 % xuakoit ¢dasel. Konnentpauus GochopHOHE KHCHOTHL B
duieTpare coctasuseT 33,5 % macc. Cocrapurs Mb npouecca dpuabTpanun.

Ha crnenyrome#l craauy NMpOHCXOAUT NpoMBIBKAa TBEpHOH a3kl or ¢Gocdoprolt kucnmotel. Ha Brixone
noiydaercs 12 % mace. KHCJIoTa, MacCOBOE COAEPIKAHNE KOMIIOHEHTOR B TBEPHOH (ha3ze Ha BHIXOIE C IOJOTHA
¢unerpa: CaSOs - 2H20 — 95,4 %; H3PO4 — 0,6 %; H20 ~ 4 %. OnpeneauTe MaccoBBIi pacxos BOAbI,
MOAABaeMoOil Ha NPOMBIBKY.

Qocdopras KHCIOTa, MOTYUEHHAS CO CTaiWH (QUIBTPALUKMH M [POMBIBKH, OTIIPABISAETCS B CMECHTEND.
Onpenenurs MaccoBoe coaep:kanne GocdopHOH KHCI0THI B HTOr0BOM PACTBOPE.

Ilpuxon Pacxox
KomnonenT Kr/yac Komronesr Kr/gac
nyasha: 1000 H;POq4pasé: 720
CaS0O4 - 2H20 200 H3POq4 2412
H3POq 268 H>O 478.8
H,O 532 me. asza 280
CaSOy - 2H20 200
H3POyq4 26,8
H,O 53,2
)y 1000 = 1000

G4(H20) = 142,96 xr/gac; @7 (HsPO4) = 0,29.

2. TloTok BO3/yXa, MOCTYTAIOMKE B TOMEHHYIO TIe4b, 06OralaeTcs KMCIOPOAOM B cMecuTele. BripasuTs
3aBMCHMOCTh PacXojid YHCTOro KHCIOPOXa V2 Kak (YHKIMIO pacxoia BO3AyXa Ui, eCnu o0bEMHAS OIS
KHCJIOpO/ia Ha BXO/IE B MEYB (T.€. Ha BBIXOJIE B3 CMECHTENS) cOCTaBgeT @3 = 0,25,

v2 = 005301

3. IloTox TBEPHOTO CBIPBs pacxoaoM 240 kr/uac u BaxHOCTHIO 11 % oTnpasnsercs Ha cymky. [Tocne cymxu
BIIXKHOCTB TBEPAOTO ChIpbs cocTaBuia 4 %. OnpeAennTh KOJIHYECTBO BiAlY, YIIeAIee IIPH CYLIKe,
G (Baara) = 17,5 kr/uaac.

4. Cxomsko 92,5 % CepHOM KMCIOTHI ¥ BOJEI HYXKHO CMeEIaTh, 41006 mostydnTs 180 xr 38 % pactBopa cepHoi
KHACIIOTHI.
m(k-ra) = 73,95 xr; m(soxa) = 106,05 xr.

5. O6wém Bosmyxa V = 1000 n. O6wémuas nons xuciopona ¢(O2) = 0,21, asota ¢(N2) = 0,79. Paccunrars
MACCOBBIE ((0;) ¥ MOJIBHBIE (¥;) AOJM KHCIOPOIa U a30Ta.
® (02) =0,23; ® (N2) =0,77; 1 (02) = 0,21; % (N2) = 0,79.

6. l'azoBas cMecs comepxut (mace. %): Ha —44.9; 02 — 25.4; COz — 21,9; N2 — 7,8. Macca cmecn — 2750 xr.
PaccumTaTh KOHEUHBI! COCTAB CMECH B OOBEMHBIX A0MAX (i), ecu yaameno 146 m* COz u Oz — 280 v, a
nobasnero 25 xmons CHa.

¢ (H2) = 0,923; ¢ (02) = 0,014; ¢ (CO2) = 0,011; ¢ (N2) =0,012; ¢ (CH4) = 0,037.



AJAEMEHTBI XTC C XUMHYECKHM IIPEBPAIIEHUEM

1. ]I peakiuy THAPHPOBAHUS, IPOBOAMMON Npm MoJbHOM cooTHomeHHH peareHToB Ha:CeHe = 5:1,
crerreds npespamenus O6ensona X(CeHs) = 0,9. Paccunrare MonpHBIH coctaB cMecH (Yi), €CIIM MCXOQHOE
konmpuecTro 6erzona cocraniser No(CeHs) = 8 Mous. [lpornece onuchIBaeTcsl ypaBHECHAEM PEaKIUH.

CeHe + 3H2 — CgHiz
1(CsHg) = 0,03; x(Hz) = 0,70; x(CeéHi2) = 0,27.
2. Ilpouecc obxura CepHOTO Konueaana (IIMPUTA) MPOXOAXT IO CIEIYIOMEMY YPAaBHEHHIO PCAKIIHM:
4FeS; + 1102 — 8502 + 2Fe;0s

MaccoBbli pacxon HeOUHINeHHOro Iupura paseH Go(Texs. muput) = 1000 kr/gac, MaccoBoe colepKaHne
gucroro FeS; B meownmmennoM mnupurte cocrapisier o(FeS:)=0,62. Crenenp oxuciesus FeS; pasHa
x(FeSz) = 0,95. Koadduument u3bpiTka BO3ayxa cocTaBisieT Kiuss = 1,4 OT TEOPETHUECKOro KOIHYECTBA.
Paccuntarh 00BEMHEBIH pacxo Bo3ayxa (Vo (BO3yX)) Ui 00xura kondeana, 00bEMHEIN pacXol KOHEYHOTO
(oBxurosoro) raza (v (o6xwur. raz))) u cocraB 00XXHIOBOTO rasa (i) B 00. 107sX.

vo (Bo3ayx) = 2123,52 M%/uac; v (o6xur. ras) = 2041 m*/uac; ¢ (SO2) = 0,11; ¢ (02) = 0,07; ¢ (N2) = 0,82.

3. Ilponecc razupuKaruy yris ONUCHIBACTCS CACAYIOIMMHI YpaBHEHUSIMH PEaKUMK:

C+HO — CO+Hz
2C+ 02— 2C0

CooTHouIeHNe BOJSHOTO Iapa K Bo3ayxy = 1:3. O6wém napoposnymro# cmecu paseH Visc = 1000 M3,
Creneny npespaliesus BosI ¥ kucxopoaa coctasisiioT x(02) = x(H20) = 1. Paccunrars coCTaB KOHEUHOI'O
(reHepaTOpHOTO) raza B OOBEMHBIX IOJIIX (@)

¢ (H2) = 0,18; ¢ (CO) = 0,40; ¢ (N2) = 0,42,

4. Onpenenutrs oObEMHBIE pacxoabr ammuaka (Vo(NHs)) w Bosmyxa (vo(BO3HyX)), TpeOYeMBIX IS
npoussozacTBa G(HNO3) = 100000 t/rox 100 % azoTHOH xucnoTel, ecny nex paboraer 355 nued B roxy,
BBIXOJ MOBOOKCcH A aszora E(NO) = 0,97, crenens abcopbuun auoxcrna asora B(NO») = 0,92, conepxanue
aMMuaka B cyxod ammuayHo-soznymuoM cMecu (NHz) = 0,0713. JlonmonHUTEIBHO B CHCTEMY NOJAETCH
BO3MYX B KosmuecTse 9000 m>/qac.
XUMHYCCKas CXeMa IIPOU3BOACTBRA:

4NH;3 + 502 — 4NO + 6H0
4NH; + 302 — 2Nz + 6H20
2ZNO + Oz «» 2NO;
4NO;z + 2H20 + Oz — 4HNOs
vo (Bo3ayx) = 35705,15 m3/uac; vo (NH3) = 4676,22 mM3/4ac.



PACXO/IHBIE KO3®PUIHUEHTHI 110 CbIPHIO

1. Ilpu obpabotke 1 T dochopura, comepxamero 62 % macc. pocdara KaIbIusi, CEPHOM KUCIOTOM
6110 1onydeHo 727,7 xr cynepgochara (cmecH auruapodochara Kaublys U CyibdhaTa Kaabllus).
IIporecc onucHBaeTCS ypaBHEHUEM PEaKIHU:

Ca3(PO4)2 + 2H2S04 — Ca(H2PO4)2 + 2CaS04
OmnpenemuTs BEIXOJ cynepdocdara u pacxomusie koddduimenTr o Gocdopury.

E (cynepdochar) = 0,72; Kup = 1,37 kr docdopura / kr cyneppocdara;
Kreop = 0,99 xr docdopura / Kr cynepdocdara.

2. PaccunTaTh TEOpETUYIECCKUI U MPpaKTHYECKUi pacxoHple K03 GHIMEHTH 110 IPUPOJHOMY Ia3y,
copeprkainero 97 % o6. meraHa, B IPOU3BOACTBE 1 T YKCYCHOM KHMCJIOTHI U3 alleTalpaernia. Brxox
aleTUJIEHA U3 METaHa cocTaBlgeT 15 % o1 TeopeTHuecKy BO3ZMOXKHOT0, alieTaNb/IErH/Ia U3 alleTIICHA
— 60 %, a ykcycHO# KUCIOTH U3 aneTanpaeruia — 90 %. [Ipouece momyyeHus yKCyCHOM KHCIOTEH U3
IIPEPOJHOTO a3 OIMCHIBAETCS CIECYIOIUMY YPaBHEHUSIMMY:

2CH4 — CoHz + 3H2
C.Hz + H20 — CH3CHO
CH3CHO + 0,502 — CH3COOH
Krp = 9,50 M® npupoxsoro rasa / Kr yKCycHOM K-ThI;

Keop = 0,77 M> ipupoasoro rasa / Kr YKCyCHOM K-ThI.

3. Ompenenutpy TEOPETHIECKUN U MPAKTHIECKUH pacXomHble KO3(QQUIMEHTH N0 TEXHUYECKOMY
cynpary HaTpusa Ha Opom3BOICTBO 1 Kr cyiusbuaa mHarpua. CocrtaB Texuudeckoro NaxSOs:
95 % macc. NaxSQa, ocranpHoe — HHepTHEIE IpaMecH. CocTaB TeXHUYIECKOro Bogopoaa: 97 % o6.
Ha, ocransroe — azoT N2 (28 r/mons). Crenens npeppalleHus cyiabdara HaTpus cocrasiger 0,96.
Koaddumment u3briTka BoAopoaa — 1,5 OTHOCHTEIBHO TEOPETUIECCKH HEOOXOAUMBIX.

Na;SO4 + 4H> -— NaxS + 4H,O

Kup = 2,00 xr Texs.cynsgpara / Kr cyabduna HATpHAS;
Kreop = 1,92 K1 Texn.cynbpara/ Kr cyabpuaa HaTpHs.

4. OnpeienuTs TEOPETUYECKUM W IpaxTH4YecKu#l pacxojHble KOIGOUIMEHTHl IO aMMHaKy Ha
TpoM3BOACTBO 1 Kr MoueBHMHH (kapGamuaa). Mcrounnkom Juokcuaa yriaepoaa CO; spigeTcs ras,
comepxammi 93 % 06. CO, ocramsHoe — a30T N2 (28 r/mons). AMMuaka NH3 Ha nonydenue
kapbamuia OpUTO IO1aHo B 2 pa3a GoJIbIIe TEOPETHIECKH HE0OXOMOTO KOJIMYECTBA.

2NH; + CO; — CO(NH2)2 + H;O

Kaup = 1,13 kr ammuaka / kr kapbamuja;
Kieop = 0,57 xr ammuaxa / kr kap6amuja.



5. Onpenenuts TEOPETHYECKHH ¥ IPAKTHIECKUM pacXoiHble KOI(pOWIMEHTH II0 BO3JYXYy Ha
npou3BOACTBO 1 Kr uzodranenoit kuciaoTsl CeH4(COOH)2. Crenens npespammerus n-xkeuiona — 0,95.
KosppunueHTt n3651TKa Bo3ayxa — 1,4 OTHOCHTENIBFHO TEOPETHIECK HeobxoauMoro koaxdecrsa. [1-
KCWJION noja€Tca B BHJE pacTBopa B ykcycHo#t kucimore CH3COOH (60 r/mons), conepxanue In-
Kcwitona B pactBope — 57 % macc., ocransHoe — CH3COOH.

CsH4(CHz)2 + 30, — Ce¢H4(COOH), + 2H,0

Kunp = 2,70 M* Bo3ayxa / Kr H30)TaI€BOM KHCIOTHI;
Kreop = 1,93 M° Bo3yxa / K H30()TaIeBOM KHCJIOTHI.

6. B anmapare mpoXOMUT MPOLECC IMOAYYCHHS MUOKCHIA YIVIEpOJa TEPMUUECKMM pas3ilOXEHUEM
~ MCXOJIHOTO CHIpBS Maccoii 1 T, cogepikarmero 94 % macc. kapOoHara KajibIys, OCTaIbHOE — HHEPTHEIE
mpumecH. Ilporece NpoXOoAWT NpPH JaBIEHMH | aT™M M OIUCHIBACTCH CIEAYIOUIMM YPaBHCHUEM
peaxiuu:

CaCO3 — Ca0O + CO2
B pesyibTate TEPMMYECKOTO pasloxeHMs momydeHo 168 m® muoxcmma yraepopa. OIpenennuTs

TEOPETHYESCKUIM U MPAKTHYESCKUAN pacxoJHbie KO3(PUIMEHTH IO HCXOAHOMY CBHIPBIO M CTEICHb
IpeBpalieHis KapOoHaTa KaJIbIH.

x (CaCOs3) = 0,80; Krnp = 5,95 kr Texn. kap6. / M CO2; Kreop = 4,75 Kr TexH. kap6. / v COa.

7. Ilponecc nmomyueHus cyias(ara HATpUs U3 IOBapeHHON conl, copepxkameit 97 % mace. xmopusaa
HaTpus, W KYIOPOCHOTO Macia, cogepxxamero 93 % Macc. CepHOM KUCIOTHL, ONHCBHIBACTCA
CJICIYIOINUM YPAaBHEHUEM PEaKIuy:

2NaCl + H2S0O4 — NaxSO4 + 2HCI

Crenens npespallenss xuopuga Harpus — 0,95, cremeHp NpeBpalieHus CEpPHOH KHCIOTH — 1.
Onpegenurs TEOPETUYECKUM U MIPAKTHYSCKUM pacXoAHbIe KO3(DUIMEHTH 110 TOBAPEHHON COJNA H
KyIIOPOCHOMY Maciy.

Kip = 0,89 xr moB. cosin / Kr cyibpara; Keeop = 0,85 kr mos. conn / kr cyiabdara;
Kup = Kieop = 0,74 K1 Kyn. macaa / kr cyabdara.



PACYET MATEPHAJBHBIX BAJJAHCOB XUMUKO-TEXHOJIOTMYECKHX IPOLIECCOB

1. CocraButs MaTepHanbHEIA GaNane 3/1EKTPOIM3a PacTBOpa xyopuaa Hatpus ¢ xoHueHTpanuei NaCl 870 r/n u
nIoTHOCTBIO 1170 1711, ecmu B peynsrate Gpuio noxyueno 1000 m? xnopa, a cTereHb NPeBpaileHrs XIopua
HatpHs coctaBmia 0,6. IIponece onuceiBaeTes peakuMei:

2NaCl + 2H,0 — 2NaOH + Clz + Hz

Ipuxon, kr/yac Pacxon, kr/uac
NaCl 8704,80 NaCl 3481,92
H;O 2995,20 H0 1388,16
NaOH 3571,2
Cl 3169,44
Ha 89,28
) 11700 z 11700

2. CoctaBuTh MaTepranbHEH OanaHc npolecca MOMyYeHUs BaHaJaTa HATPHMA M3 XJIOpUIa HATPHSA, BaHAJHEBOIO
nuiaka 1 Bosayxa. [Iponecc npoxoauT B ABe CTAIHH — IOJMYYECHHE OKCH/IA HATPHA U3 XJIOPHAA HATPWs M CTIeKaHKe
TISITHOKMCH BaHAIMS M OKCHAA HaTpus — IO CNEAYIOMMM YPaBHEHWIM PEaKiliu:
2NaCl + 0,50, — Na;0 + Ch,
NazO + V205 — 2NaVOs3

[pousBoauTensHOCTD MO BaHanaty Harpust — 1000 kr/yac, MaccoBas JOJA MATHOKMCH BaHAa[Ms B BaHAJMEBOM
waaxe — 0,13, MaccoBoe COOTHOIUCHHE XJIOPHA HATPUS M BaHAAMEBOro Huiaka — 1:10, MONBHOE COOTHOMEHHS
ucxoaHoro NaCl u Oz = 4:1. V20s u Na;O npopearnposaiy IOJIHOCTEIO.

Ipuxon, kr/uac Pacxopn, kr/gac
V205 746,2 V205 0
HHEPTH. HPHMECH 4993,80 MHEPTH. IPHMeECH 4993,80
NaCl 574 NaCl 94,30
02 78,40 18] 12,80
N2 258,16 N2 258,16
NaVvQ;3; 1000
Cl, 291,10
X 6650,56 z 6650,16

3. CocTaBuTh MaTepuaibHBi OanaHc nNpouecca OKHCICHHMS aMMuaka KHCIopoioM Bospyxa. Ilpomecc
OTIHCHIBACTCS CHICAYIOMIMMHU YPABHEHUAMMY pEaKLHK:

4NH3 + 502 — 4NO + 6H20

4NHj3 + 303 — 2N2 + 6H,0
OGHEMHBII pacxo] MOHOOKCH/IA a30Ta cocTaBnseT 980 m>/4ac, CTeleHb OKUCICHIS AMMHAKa — 1, CENIeKTUBHOCTR
mporecca 1o MOHOOKCHAY a3oTa paBHa 0,95, 06bEMHaA JoI1 aMMHaKa B aMMUAaYHOBO3YIIHOH CMECH — 0,09.

TIpuxoj, kr/uac Pacxona, kr/gac
NH3 782,85 NH; 0
02 3128,96 83 1323,68
N> 10299,52 N2 10331,72
NO 1312,50
H.0 1243,44
pa} 14211,33 pX 14211,34




4, CocTaBuTs MaTepManbHEIN 6agaHC medd JJA CKUTaHust Cephl Harpysko# 60 T/CyTkd mo MCXOIHOM cepe.
Crenens oxucienns cepsl 0,95 (OcTanbHas cepa BOSTOHSETCH W cropaer BHe neyw). Kosduument nsbrirka
Boaayxa — 1,5 oT Teopun. PacuéT BecTH Ha NPOM3BOAMTENBHOCT NEYH IO CKMIaeMoH cepe B kr/4. [pouece

rOpCHHA CEPHI OIMCBIBACTCS YPaBHEHHCM:

S+ 080,
Ilpuxon, xr/gac Pacxon, Kr/yac
S 2500 | S 124,96
0, 3750 O 1374,96
N> 12343,74 N2 12343,74
SO, 4750,08
Py 18593,74 b3 18593,74

5. Ha oxucieHHe AMOKCHAA cepsl nocTynaer 500 KMOB/d MCXOAHOTO AMOKCHAA. [l OKMC/IEHHA HUCTIONB3YEOT
BO3ZYX B CTEXHOMETpHUECKOM KosmyecTe. CreneHs okucienus guokcuua cepsl — 0,8. Ilponece onuceisaetcs
YpaBHEHHEM PEaKIHH:

2802 + Oz +> 2803
PaccuutaTs MaTepuanbHbIi OanaHe npouecca.
Hpuxoa, kr/uac Pacxon, Kr/yac

SO, 32000 SO, 6400

0 8000 1973 1600
N> 26333,44 N; 26333,44

SOs 32000
X 66333,44 p 66333,44

6. CocTaBuTh MaTepHaNbHBI OanaHC NPOM3BOACTBA OKCH/A STHIIEHA IPAMBIM KaTAJHTHYECKHM OKHCICHHCM
sTHIeHa Bo3gyxoM. COCTaB HCXOAHOM ra3oBoi cmecH [% 06.): stunen — 3, Bosayx — 97. CreneHb OKUCIEHUS
steHa — 0,5. Pacyér Bectr Ha | T okeuza atunena. [lpouece onuckiBaercs ypaBHEeHHEM peaKLIMu:

2CH4 + 02 — 2(CHa)O
Ilpuxona, kr/gac Pacxon, kr/4ac
C:Hy 1272,88 C.H, 636,44
02 9877.,44 )] 9513,76
N2 32513,60 N2 32513,60
(C2Hy)O 1000
z 43663,92 z 43663,80

7. CoCTaBHTH MaTepHaXbHEIH Gananc nporecca MapoBoi KoHBepcyy 1 T KoKca, coaepxare# 97 % Macc. yrius,
0CTaJIbHOE — HHEPTHEIE TpuMecH. ITponece ONMCHBASTCS CEAYIOIIHMH YPaBHCHUAMH:

C+HO « CO+Hz
CO+H:0 < CO2+H
MaccoBoe COOTHOIEHHE KOKC : BOsHOM map = 1:1,8, 10 % MO/IbH. MOHOOKCH/IA YITIepo/ia MONUIO Ha I0D0YHYIO
€aKIMIO, CTeNEeHb NpeBpalieHus yriaepona — 0,98,

IIpuxon, kr/gac Pacxon, kr/gac
C 970 C 19,48
HHEPTH. NPHAMecH 30 HHEPT. paMecH 30

H,O 1800 H,0 231,66
CO 1996,09

CO; 348,48

H> 174,26

) 2800 ¥ 2800




PACYET MATEPAAJILHBIX BAJIJAHCOB XUMHKO-TEXHOJIOMMYECKHUX ITPOOECCOB

8. CoCTaBHTb MATEpHANbHEIH Gamasc nomydeHus Genoro gochopa CICKAHHEM TEXHHIECKOro docdara KaneLua C
KOKCOM ¥ KpeMHe3éMoM. Harpyska yCTaHOBKH 10 HCXOMHOMY TEXHHYECKOMY docdary ~ 1150 kr/uac, Maccopas 10714
docdara kanslus B ceiphe — 0,94, MaccoBad 014 yIiepoaa B KOKCe — 0,97 crenens npespawenus Gocdara Kabuus —
0,97, a cTeNleHy IIpeBpaLlieHns YIIEPOAa U OKCHIa KpeMHUs — 1. Y paBHEHHe TpoLiecca:

Cas(POW); + 5C + 38i0; — 3Ca0-Si0, + 2P + 5CO

Hpuxon, Kr/uac Pacxon, kr/gac
Caz(POq): 1081 Caz(PO4): 30,1
HHEPTH. IPAMECH H3 69 HHEPTH. IPAMECH H3 69
dochara dochara
C 2034 C 0
HHEPTH, IPUMECH H3 11,84 HHEPTH. NPHMECH K3 11,84
KoKca KOKCa
Si0; 610,2 Si0; 0
P 210,18
CaO-'SiO; 1179,72
CO 474,6
3 1975,44 by 1975,44

9, COCTaBHTH MATEpUANILHBIN OallaHe IpoLiecca CEPHOKUCTIOTHOrO PasIoKeH s aaTHTa pacTBOPOM H,SO4 ¢ MaccoBoOi

noneii kucnotet B pacteope 0,68, onucsBaeMoOro ypaBHeRHeM

2CasF(POs)s + TH2S04 — 3Ca(HaPOs)y + 7CaS0O4 + 2ZHF
Harpyska peaktopa pasioxKeHus no anatuty — 1500 kr/4ac, Maccopas ROJA CasF(POq)s B ucxogsoM anature — 0,96,
crenenb pasnoxenns CasF(POs); — 0,98, crenens npeBpalleHus CepHOH KHCTIOTE! — 1.

Hpuxoxa, Kr/yac Pacxon, Kr/yac
CasF(POq): 1440 CasF(PO4):2 28,8
HHEPTH. NpHMeECH 60 HHEPTH. NPUMECH 60
H,S80, 960.4 H,S0, 0
H.0 451,95 H,O 451,95
Ca(H,POy)2 982,8
CaSOq 13328
HF 56
p 2912,35 p2 2912,35

10. CocTaBuT: MaTepHaNbHbIM Oamanc MoMydesHs ammodoca H3 IKCTPAKIHMOHHOH docthopHOH KHCIOTHL H
rasoobpasnoro ammuaka. [loxyuenne aMMopoca OTHCHIBACTCH CIIEYOIMMH YPAaBHEHHAMA peaxumit:

HsPO4 + NH; — NH,HPO4
NH;H;PO4+ NH;z — (NH4)HPOq4
H,SO4 + 2NH; — (NH4)2804
H,SiFs + 2NHs — (NH1)2SiFs
Pacxo GochOpHOH KUCIOTHI, IOCTYNAIONIHH 13 peakTopa CSPHOKHCIIOTO PA3IOKEHHA allATHTA, COCTABIACT 420 xr/4ac.
Coctas 5Toit kucaoTht: 39 mace. % HsPOq, 2,5 mace. % HySO4, 1,8 Mace. % HaSiFs, ocTaneroe — Boaa. Peaxuuu (1),
(3) u (4) nporexaror 10 KOHua. BeIxox nurunpodocdara ammonns NH4HPO4 cocrasisger 79,5 %. CreneHb

npespalieHus aMMuaxa - 1.

Hpnxoa, kr/gac Pacxop, Kr/g9ac
H3POy4 163,80 H;PO4 0
H:S04 10,50 H;S04 0
H,SiFs 7,56 H;SiFs 0
H:O 238,14 H.O 238,14
NH; 39,71 NH; 0
NH/H:PO, 152,81
(NH4),HPO, 45,22
(NH4)2804 14,14
(NH4):SiFs 9,35
z 459,71 p> 459,66




11. CocraButh MaTepuanbHeli Oanane npousponctea guankunmapuuHa (JIAIT) CoHs-CsNH;z-CHs meTonom
xoHpencanun napansaeruga (CH3CHO)s ¢ ammuakom NHs. Ilpomycksas cIiocOGHOCTh YCTaHOBKH 110 aMMHAYHOK
Bone — 3400 kr/uac. Cocras ammuagnoit soas: 30 % mace. NHj, 70 % mace. H2O. Creness npeBpalleHus aMMHaKa —
0,85. Coneprkanre napansaeruna (CH:CHO); B ykeycro# xucnore CH:COOH (60 r/Mois, siBngeTca paCTBOPHTENEM)
- 50 % macc. Cenextasrocts o JAIL oTHocuTeNnsHO aMMuaka coctaBiser 85 %. [lapansaerun npopearupobat
NONHOCTBIO. PaccunTarh pacxofHsle koo HLMeHTH 0 aMMUayHO Bozle Ha npoussozctso JAIL

4(CH;CHO); + 3NH; — 3CHs-CsNH;-CHs + 12H,0
(CH3CHO)3 + NH;3 —> CsNH4-CH; + 3H;O + H>
Hpuxon, kr/gac Pacxon, kr/gac
NH; 1020 NH; 153
H;O 2380 H:O 5914,30
(CH3CHO); 8639,40 (CH3CHOQO); 0
CH;COOH 8639,40 CH;COOH 8639,40
C,Hs-CsNH;3-CH; 5245,35
CsNH4+-CH; 711,45
H; 15,30
po 20678,80 z 20678,80

Kap = 0,65 kr amm.Boast / kr JIATIL ; Kyeop = 0,49 kr amm.Boas! / k1 JAIL

12. CocraBaTs MaTepranbHbIH Galane MPOU3BOACTEA KabLMHApoBanHoi coxsl Na;COsz aMMHEauysbM criocoGom.
IIpomsBoaurensHOCTh YeTaHOBKH o NaxCOs — 10 1/4ac. CocraB HCXOAHOH peaKlMOHHOM CMECH — «paccoiay:

25 mace. % xnopuna natpus NaCl, 8,8 macc. % ammuaxa NHs, 66,2 macc. % soap! H,O. Cocta HCXOZHOTO ra3oBoro
noroka: 68 % 06. muoxcuna yriepona CO», ocranmsroe — a30T Na (28 r/mons). Konsepena CO; — 0,65, konsepens
NaCl — 1. TuapoxapGonar Hatpus NaHCO3; Ha BEIXOZIe U3 alapaTa B peakiHOHHOM cMecH OTCYTCTBYeT. Paccunrats
pacxonsbie K0 OUIMEHTE! O ra30BOH CMECH Ha NPOW3BOACTBO KAIBLIMHMPOBAHHOM COMBL.

NaCl + NH3 + H,O + CO; —  NaHCO3 + NH,Cl
2NaHCO; - NaCOs + CO, + H,O
prxox, kr/uyac Pacxon, kr/uac
NaCl 11037,78 NaCl 0
NH; 3885,30 NH; 677,74
H;O 29228,04 H;O 27529,92
CO; 12772,18 CO; 8621,22
N, 3824,83 N 3824,83
N2a,CO; 10000
NH4Cl 10094,38
z 60748,13 X 60748,09

Kap = 0,96 M? raz.cmect / KT Kaan1.conbl; Kreop = 0,62 M raz.cMecH / K& KAIbO.CONBL.

13. CocraButs MaTepHaisHbi Oananc mpoumssoncrsa sranona C:HsOH meromom ruaparamum statena CHi c
m36eTkoM Boziel HyO. TIpOH3BOAMTENEHOCTS IO «CUpTy-chipity» — 100 kr/gac. Cocras «crmpTa-chipna»: 38 % macc.
CHsOH, 4 % wmace. (CoHs)0, 58 % mace. HoO. Crenens npespamenus C:Hy — 0,94, Cocras rasosoi cmecw,
nozasaeMoi Ha ruaparauuio: 60 % 06. CoHs, octanbHoe — stan CyHs (30 r/Mois).

CoHy + H,O - C,Hs0H
2CHs0OH ~> (C2Hs)20 + H,O
Ilpuxon, kr/guac Pacxon, Kr/9ac
C,H, 27,94 C,H, 1,68
C,H;s 19,96 CiHs 19,96
H,0 72,94 H,0 58
C,H;0H 38
(C;H5),0O 4
p2} 120,84 z 121,64

Kup = 0,37 M> ras.cvech / kr cnapra-chipua; Krep = 0,35 M° ras.cmecn / Kr caupra-ceipua.



