OHTeNbCCKUN TEXHOIOTHYECKUA HHCTUTYT ((prsna)
(denepanbHOro rocyJapCTBEHHOI'0 OI0/PKETHOTO 00pa30BaTEIbHOTO
YUPEKJICHHS BBICIIErO 00pa30BaHUs
«CapaTOBCKUI TOCYy1apCTBEHHBI TEXHUYECKUN YHUBEPCUTET
nMenu ["arapuna FO.A.»

Kadenpa «Texnonoruu u o60pyaoBaHre XUMUYECKHUX, HE(TEra30BbIX
Y TTUIIEBBIX TPOU3BOACTB

TEXHOJIOI'MYECKHUE PACYETbI
B XUMHUYECKOH TEXHOJIOT UM

MGTOI[I/I‘-IGCKI/IG YKa3aHHuA K IIPAKTHUICCKHUM 3aHATHAM I10
10 ANCHUIIIINHC «O6HIaH XUMHUYCCKasA TCXHOJIOT' A

JUTS CTYJICHTOB
HaIpaBJICHUS MTOATOTOBKH
18.03.01 «Xumuueckas mexnono2usy

Ourennc 2024



BBEJAEHUE

Perymupysi mapamMeTpbl TEXHOJOTHYECKOTO PEKUMa, WHKEHEP-TEXHOJIOT
yIIpaBIIsCT ICHCTBYIOIINM IIPOU3BOICTBOM, IOOMBAsICh HanOOJIee pariOHaIbLHO-
IO HCIIOJb30BaHUS CHIPhS, MaKCHMaJbHOI'O BBIXOJAa TOTOBOIO MPOAYKTa H
HanOOJIbIIICH TPON3BOIUTEILHOCTH PEAKIIMOHHOM aIapaTyphbl.

TeXHOIOrnYeCKHUEe pacueThl, Kak MPaBUIIO, HAYMHAIOTCS C BEIOOpa METoIa
IIPOM3BOJICTBA, TOCKOJIBKY B 33JIaHMH Ha IMIPOCKTHPOBAHNE OOBIYHO YKa3bIBACTCS
o0111ast MOIITHOCTH OY/TyIIEeTO 3aBOja WU 11eXa.

[Tocme BBIOOpa METOJA IPOM3BOACTBA TEXHOJOT IPHUCTYMAeT K CO-
CTaBJICHHIO TEXHOJOTHYECKON CXEMBI, KOTOpas BKIIFOYACT B ceOs BCE OCHOBHBIC
amnmapaTbl 1 KOMMYHHUKAIIUA MEXIY HHMH, a TaKXK€ TPAHCIOPTHBIC JTUHHUH I10-
JIa4¥ CBIPBS U TOTOBOM MPOIYKIIMKA. B OCHOBY HOBOTO ITPOM3BOJICTBA BCEIJIa 3a-
KJIaJIBIBAIOTCS CaMbl€ MPOTPECCUBHBIC, MHTEHCHUBHBIC, BBICOKOIIPOU3BOIUTEb-
HBIC ammaparhl, UMEIOIIHME K TOMY K€ OOJIBIIION CPOK CIYKOBI, TPOCTHIE B 00-
CIIY)KHBAaHUH U BBIIOJHCHHBIC IT0 BO3MOXKHOCTH U3 JICTKOAOCTYITHBIX, JICIICBBIX
KOHCTPYKIITMOHHBIX MaTEPHUAJIOB.

CocTaBUB TEXHOJOTHYECKYIO CXEMYy IIPOM3BOJICTBA M OMPEICIUB OC-
HOBHBIC HAIPABJICHUS IIOTOKOB CBHIPHS, IOJIYIIPOAYKTOB MJIU IOy (padpruKaToB, a
TaKX€ TOTOBOM MPOAYKIHUH, MPUCTYIAIOT K COCTABJICHUIO MaTEePHAIBLHOTO H
AHEPIreTUICCKOro OaJaHCoB.

1. PACYETBI PACXOJAHBIX KOOPPUIIUEHTOB

Pacxonnbie k03 PUITUEHTHI - BEIUUYUHBI, XapaKTEPU3YIOIIHUE PACXO0 pas-
JIUYHBIX BUJIOB ChIPbS, BOJbI, TOILUIMBA, AJCKTPOIHEPTHUH, Mapa HA €UHUILY BBI-
pabaTbIiBaeMOi MTPOAYKIMHU. [Ipu KOHCTpYHMpOBaHUH allapaToB U OMPEACICHUN
MapaMeTpoOB TEXHOJOTMYECKOTO PEeXUMa 3aJIal0TCs TAKXKE YCJIOBUS, MPU KOTO-
pPBIX paIMOHAIBLHO COYETAIOTCS BBICOKAss WHTEHCHUBHOCTH W TMPOU3BOAUTENb-
HOCTh TpOIlecca ¢ BHICOKUM KayeCTBOM MPOAYKIIUH U BO3MOXKHO 00Jiee HU3KOM
ce0EeCTOUMOCTBIO.

IIpumep 1. OnpenenuTs TEOPETUUECKUE PACXOIHBIE KOIPPUIMEHTHI IS
CICIYIOIINX >KEJIE3HBIX PYJ B MPOIECCE BBIIJIABKK YyTryHa, coaepxaiero 92%
Fe, npu ycioBuu, 4To pyJsl HE COACPKAT IyCTON MOPOABI U IPUMECEH:

MouJibHas Macca

[HInaroseiii xene3usk FECO3 115,8
JIumonurt 2Fe,03-3H,0 373
[etur 2Fe,03-2H,0 355
KpacHhsrit sxene3nsik Fe;03 159,7
MaruutHbii xene3usak Fe304 2315
Pewenue
FeCO;

N3 1 kmonb FECO3 moxHo nmonyunts 1 kmomnb Fe wmm u3 115,8 xr FeCO3
- 55,9 kr Fe. Orcroga s mojydeHust 1 T yyryHa c coaepxkanuem Fe 92%
(Macc) He0OXOaMMO:
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1.0,92-1158

559

AH&HOFH‘IHO HaxXO0OguM 3HAUYCHHUA TCOPCTHUUCCKHUX PACXOAHBIX KOBd)-
(UIMEHTOB IS APYTUX PY:

19T

2F€203-3H20
1-0,92-373 ~155 T
4.559
2Fe,03-2H,0
1.0,92-355 _145 T
4.559
F6203
1-0,92-159,7 ~133 T
2-559
FE3O4
1-0,92-2315 ~128 T
3-55,9

IIpumep 2. Paccunrars pacxoaHbiit KO3(QPUITUEHT 111 TPUPOTHOTO Ta3a,
coneprkarero 97% (00.) MeTaHa B IPOM3BOJICTBE YKCYCHOM KUCTOTHI (Ha 1 T) U3
aneranbaeruaa. Beixon amerusiena u3 Merana cocrasiser 15% ot Teoperuye-
CKH BO3MO’KHOTO, alleTajibJeruaa u3 aneruwicHa - 60%, a yKCyCHOM KHUCJIOTHI U3
aneranpaeruga 90% (macc).

Pewenue

YKCyCHasi KUCJIOTA MOJYyYaeTCsl U3 METaHa MHOTOCTaAUWHBIM METOIOM.
CxeMaTuyHO TPOIIECC MOXKET OBITh OMHCAH CIEAYIOIIMMH, MOCIEI0BATEIHHO
MPOTEKAIOIIMMHU PEAKIIUAMMU:

2CH, < C,H,+3H,
C,H,+H,0 < CH,CHO
CH,CHO + 0,50, <> CH,COOH

Monexkynspuas macca: CpH, - 26; CH3CHO - 44; CH3COOH - 60;
CHs- 16.
Teopernueckuil pacxoa MeTaHa Ha | T YKCYCHOM KHUCJIOTBI COCTaBHUT:
1000 -2-16

=534 kr
60
C YYETOM BbIXOJAa MPOAYKTA IO CTAAUSIM
& =6590 KT
0,9-0,6-015
W
6590 - 22,4

=9226 cm® CHy4
16

0)0%1



9226
" 0,92

Ipumep 3. Onpenenuth KOIMYECTBO aMMHaKa, TpeOyemoe IS IPOu3-
BojicTBa 100000 T/TON @30THOM KHCIIOTHI, H PACcX0J BO3AyXa HAa OKHUCICHHE aM-
muaka (B M°/4), ecnu 1ex paboraeT 355 JHel B rofy, BBIXOJA OKHCH a30Ta
X1 = 0,97%, crenenp abcopoiuu X, = 0,92, a comepkaHre aMMHaKa B CyXOi
aMMHaYHO-BO3yIIHOM cMecH - 7,13% (macc).

A = 9500 M IPUPOJHOrO Ta3a

Pewenue

OxucieHre aMMHakKa SIBJISI€TCS TEpPBOM CTaguell MOJydeHUs a30THOM
KHCIIOTHI 3 aMMHaKa. [1o 3ToMy MeToly aMMHUaK OKUCTSIETCS KUCIOPOIOM BO3-
JyXa B MPUCYTCTBUM IIATHHOBOTO KaTtanu3aropa npu 800-900°C no okucion
a30Ta. 3aTeM, MoJIydyeHHasi OKUCh a30Ta OKHUCISETCS /IO IBYOKHUCH, a MTOCIIETHSS
MOTJIONIAETCA BOJOM ¢ 00pa3oBaHHEM a30THOU KHUCIOThL. CXEMaTUYHO MPOIIeCC
MO>KHO U300pa3uTh CIEAYIOMNMA YPaBHEHUSIMU:

4NH3 + 50, = 4NO + 6H,0
2NO + O, = 2NO,
3NO; + H,0O = 2HNO;3; + NO

JIst MaTepHuabHBIX PAcYETOB MOYKHO B IEPBOM IMPHUOJIMIKEHUE 3aMKCaTh
CyMMapHO€ YpaBHEHHE 3TUX TPEX CTaJUM B BUJIE:

NHs + 20, = HNO3 + H,0O

Monexynsapnaas macca: NH3-17; HNO3 -63.

Heob6xomumoe kommuectBo ammuaka s monydenus 100000 T HNOs ¢
Y4E€TOM CTEMEHU OKUCJICHUS U CTENEHU aOCOPOIIMH COCTABUT:

100000-17 30300 T
63-0,97-0,92

Pacxox aMmMmuaka cocTaBUT:

1000 - 30300
355 - 24

O0BbeM aMMHaKa COCTaBUT:

3560 -22,4
17

Pacxox Bo3ayxa (B M3/4), TpeOyeMblii 171 OKHCIeHHsT (B COCTaBE aMMH-

a4yHO-BO3AYIITHOM CMeCH), OyJIeT paBeH
4680-(100-115)

=3560 Kr/4

= 4680 m°

= 36000 m°
115
rae 11,5 - conepxanne NHs B cmecu B % (00), To ecTh
71’173 -100
713 9287 1

+
17 290




2. CTEXHOMETPUYECKHUE PACYETBI

PacueTbl TEXHOJIOTMYECKHUX MPOIIECCOB, B PE3YIbTATE€ KOTOPBIX MTPOUCXO-
JTUT XUMUYECKOE U3MEHEHUE BEIIECTBA, OCHOBAHbI HA CTEXMOMETPUUYECKUX 3a-
KOHAX: 3aKOHE MOCTOSIHCTBA COCTaBa M 3aKOHE KPATHBIX OTHOIICHUH, KOTOpBIE
BBIPAKAIOT CO0OM B3aMMHOE OTHOIIIEHHE aTOMOB U MOJIEKYJ MPHU UX XUMHUYE-
CKOM B3aUMOJICUCTBHUH JIPYT C APYTOM.

CoryiacHO 3aKOHY IOCTOSIHCTBA COCTaBa, JII0OO€ BEIIECTBO, KAKUMU OBl
croco0aMu €ro HM IMOJydyaid, UMEET BIIOJIHE OIpPEACNICHHbIN, TOCTOSHHBIN CO-
CTaB.

3aKOH KpaTHBIX OTHOILIEHUN COCTOUT B TOM, YTO MpPH 0Opa30BaHUM KaKo-
ro-1u00 MPOCTOr0 MU CJIOKHOIO BEIIECTBA JIEMEHTHI B €r0 MOJIEKYJIY BXOJSIT
B KOJIMYECTBAX, PAaBHBIX WJIM KpaTHBIX UX aTOMHOM Macce. Eciu ke oTHecTH
ATOT 3aKOH K 00beMaM BCTYMHAIOIIUX B PEAKIMIO BEIIECTB, TO OH MPUMET CJie-
Y01y (OPMYJIUPOBKY: €CIU BEIIECTBA BCTYNAIOT B XUMHYECKYIO PEAKIIUIO B
ra3000pa3HOM COCTOSHUH, TO OHH IPU OJMHAKOBBIX ycioBusx (P u t) MmoryT co-
€IUHATHCS TOJIKO B 00BEMax, KOTOPhIE OTHOCATCS MEXKIY COOOW Kak IIejbie
qyucha.

IMpumep 4. XuMudeckuil aHaau3 MPUPOTHOTO M3BECTHSKA TOKa3all clie-
nytomiee: u3 HaBecku 1,0312 r myTem ee pacTBOPEHUsI, MTOCIEIYIOIIEr0 OCaXK/Ie-
Hus noHoB Ca’+ 1aBeeBOKKCIBIM aMMOHUEM M IpokanuBanus ocaaka CaCyOy
nonydeHo 0,5384 r CaO; u3 HaBecku 0,3220 T myTeM pa3yiokKEHUS] KUCIOTOU
noaydeHo 68,5 cm® CO, (MpUBeICHHBIX K HOPMaIbHEIM yCIIoBHAM). Iloacuurars
COJIep’KaHHE YTIIEKUCIIOrO KalblUs U MarHus B U3BECTHSIKE, €CII BECh KaIbIUN
B Hem HaxoauTcsi B Buje CaCOs, a yrojibHasi KMCJIOTa - B BUJIE€ KapOOHATOB
KaJIBIUSI U MarHus.

Pewenue

Monexynspnaas macca CaO - 56,08; CO; - 44,0; CaCOs-100,1 u MgCQOs3
- 84,32. Monbnslii 066eM CO, 22,26 M%/xmons (22260 cm®/xmons). 1o naHHBIM
aHanuza, u3 100 r nprupoaHOTO U3BECTHSIKA MOTYYEHO

05384-100 =0,931 moup CaO
1012-56,08

68,5-100

0,3220- 22260

Orcrona cnenyer, uro B 100 r uzBectHsika comepxurcs 0,931 moub, wim

0,931-100,1=93,2 r CaCOs. Ha s10 xomuyectBo CaCO3 BbIICTUTCS MPU pa3iio-

s)keunu 0,931 mons CO,. Ocranbabie 0,956-0,931 = 0,025 moap CO; cBsI3aHBI B

u3BectHsike B Buje MgCO;. CnenoBarensHo, B 100 T U3BECTHSIKA COMEPIKUTCS

0,025-84,32 = 2,1 r MgCO3. Takum 006pa3oM, IPUPOJHBIA U3BECTHSIK COIEP-
xKuT: 93,2% CaCOs, 2,1% MgCO; u 4,7°/p mycTOM HOPOIBI.

=0,956 moisib CO»



3.PACYHETBI XUMHNYECKHUX PEAKTOPOB

XUMUYECKUM PEAKTOPOM Ha3bIBAIOT aNNapar, B KOTOPOM OCYIIECTBIISIOT
XUMHKO-TEXHOJIOTUYECKHE MPOLECCHI, COYETAIOIMME XUMUYECKUE DPEAKLMHU C
TEIUIO- U MaccooOMeHHOM. OT MpaBUIIBHOCTH BHIOOpA THIA PEAKTOpa U OT €ro
COBEpIIEHCTBA 3aBUCUT 3(P(HEKTUBHOCTH BCEro npouecca. MHOroobpasue XuMu-
YEeCKUX MPOLECCOB OOYCIOBIMBAET M pazHOOOpa3ue XUMHUYECKHX PEaKTOPOB,
UCIOJIb3YEMBIX B HUX. B COOTBETCTBUM C 3TUM M KiIaccu(UKalus peakTOpoB
MO’KET OBbITh OCYILIECTBIJIEHA IO Pa3IMYHbIM Ipu3HakaM. Haubonee cymiecTBeH-
HBIM JJI pacyeTOB SIBJISIETCS JEJIEHUE PEaKTOPOB 110 BPEMEHU pabOThl, a UMEH-
HO,

1) nmepronnu4ecKoro NeHCTBHS; 2) HEMIPEPHIBHOTO JCHCTBUS C yCTAaHOBHB-
IMMCSI 1 HEYCTAHOBUBILINMCS IOTOKaMHU. TaKoe NIeJIEHHE pPEeaKTOPOB IPUMEHU-
MO Kak JUI1 TOMOT€HHBIX, TaK U JUIsl TETEPOTr€HHBIX MPOLECCOB, MPOTEKAIOIINX B
KMHETHYECKOW 00JacTH, TaK KaK MaTeMaTU4YeCKOE OMUCAHUE IMPOLIECCOB OyIeT
OJIMHAKOBBIM.

CoBpeMEHHBIE KPYITHOTOHHAXHBIE XUMHUYECKUE IPOLECCHI OCYILECTBIIS-
IOTCSI B OCHOBHOM B PEAaKTOPAX HENPEPBIBHOTO IEUCTBUS.

Jlia onpeneneHuss KOHCTPYKIMU U pa3MepoB JII000T0 peakTopa HeoOXo-
IMMBI CBeZIeHUS: 1) O CKOpPOCTSIX MPOTEKAHHsI XUMHYCCKUX PEaKIMi, TeIUio- U
Maccorepeauy; 2) 0 THIPOJAMHAMHYECKON 0OCTaHOBKE B peaktope. Bo Bcex
Clly4asiX MCXOJHBIM COOTHOILIEHUEM SBIIIETCS MaTepUalbHbIN OanaHc, cOCTaB-
JICHHBIN 110 OJTHOMY U3 KOMIIOHEHTOB PEaKkIMOHHOW cMecu. X 3akoHa coxpa-
HEHHsI MacChl BEIIECTBA CIIEIYET, YTO Macca BELIECTBA, IMOCTYIIAIOUIErO CUCTE-
My, TOJ>KHA OBITh PaBHA Macce BEIIECTB, MOKUAAIOIINX CUCTEMY U OCTAIOLIUXCS
B HEM.

MarepuanbHblii 0ajJaHC MOXKHO MPEACTaBUTh B BUAE AU (hepeHInambHbIX
YpaBHEHUH, OTHOCAIIUXCS K €IMHULIE 00beMa. YpaBHEHUE MaTEpUAIbHOIO Oa-
JIAHCA, COCTABJIEHHOE JJISI OCHOBHOTO MCXOJHOTO BEIIECTBA, CONEPHKHUT CIEMY-
IOIKE COCTABJISAIOIIME. KOJMYECTBO BEMIECTBA, MOCTYIAIOIIETO B 3JIEMEHTAPHBIN
00BbEM B €IMHUILy BPEMEHH, KOJIMYECTBO BEUIECTBA, BBIXOSIIETO U3 3JIEMEH-
TapHOro o0beMa B €AMHMIY BPEMEHH, CKOPOCTh PAcX0/I0BaHUSI UCXOIAHOIO Be-
LIECTBA B PE3YyJIbTATE XMMUYECKOW pEaKLMH, IPOTEKAIOUIEH B 3JIEMEHTApPHOM
o0beMe, CKOPOCTh HAKOIJIEHHUS BELIECTBA B 3JIEMEHTAPHOM 00beMeE.

Ecnu xoHIIEeHTpaIus BelecTBa BO BCeM 00beMe peakTopa OJMHAKOBA, TO
MaTepuaIbHbI OasaHCc MOXKHO COCTaBUTH ISl BCero ammapata. Eciu ke KoH-
LIEHTpALXsl BEIIECTBA PA3JINYHA B PA3HBIX TOYKAX PEAKLMOHHOIO MPOCTPAHCTBA,
TO MaTepualbHbIA OajJaHC COCTABISETCS IS AJIEMEHTapHOro 00beMa, U 3aTeM
YPaBHEHHE UHTETPUPYIOT B COOTBETCTBUM C PACIPENEICHUEM MOTOKOB U KOH-
LEHTpaluil B 00beMe peakTopa.

Ecnu peakuus npoTekaeT B HEU30TEPMUYECKHUX YCIOBUSX, TO MaTEpUab-
HBIN OajaHC paccMaTpUBalOT COBMECTHO C TEIJIOBBIM. TersioBoil OanaHC 3amu-
ChIBACTCS AHAJIOTMYHO MATEPUAIBHOMY B CIIEIYIOLIEM BHUJAE. KOJIUYECTBO TEM-
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JIOTHI, MOCTYMAIOIIETO B 3JIEMEHTapHBIM 00BEM B €AUHUILY BPEMEHHU = KOJIMYE-
CTBO TEILIOTHI, OTJAAHHOE JJICMECHTAapPHBIM OOBEMOM B CIMHMIYY BpeMeHH) +
(ckopoCTh pacxoJ0BaHMUs UCXOTHOTO BEIIECTBA B PE3YJIbTATE

XUMUYECKON peakiuu, MPOTEKAIoIed B 3JIIEMEHTApPHOM O00BeMe + CKO-
POCTh HAKOILJICHHS BEILIECTBA B AJIEMEHTAPHOM O0BEME.

JIns pacyera peakTOPOB MCIOJB3YIOT UX HICATU3UPOBAHHBIE MOJIEIH.
OOBIYHO BBIJICTSIOT TPHU THUIA UJICATBHBIX PEAKTOPOB:

a) IEPUOINICCKHI PEAKTOP MOJTHOTO CMEIICHHS;

0) IPOTOYHBIN PEAKTOP MACATHLHOTO BBITCCHCHUS,

B) MMPOTOYHBIN PEAKTOP MOJTHOTO CMEIICHUS.

Peaxmop cmewenus nepuoouueckoeo Oevicmeus — anmnapar, B KOTOPBIM
€MHOBPEMEHHO 3arpyKar0TCsi MCXOIAHBIE KOMIIOHEHTBI U HAXOJATCS B HEM
OMPENICICHHOE BPEMSs, 10 JOCTHKEHUS HEOOXOIUMOMN CTENEHU MPEBpAILCHHUS.
3aTeM MOJYYEHHYI0 CMECh BBITPYKAIOT. B TakOM peakTope COCTaB peakIMOH-
HOM Macchl OJIMHAKOB BO BCEM 00BhEME U HETIPEPHIBHO U3MEHSAETCS BO BPEMEHH.

Peaxmop uoeanvnoco evimecnenus XapakTepuzyeTcs TEM, 4YTO JIOOOM
AIIEMEHT 00bhEeMa PEearupyrome Cpesl ABIKETCS 1O BeICOTE (JUTMHE) peakTopa
MapAJIICTBHO JAPYTUM 3JIEMEHTAaM, HE CMEIINBASCh C MPEABIIYIIAM U MOCIEIy-
IOIIMMU dJIeMEHTaMHu 00beMa.

4. MATEPUAJIBHBIE PACYETDBI
XUMHUKO-TEXHOJOI'MYECKHUX MTPOLECCOB

MatepuanbHblii OalaHC OTpa’KaeT 3aKOH COXPAHEHUSI MacChl BEIECTBA:

BO BCHAKOH 3aMKHYTOM CHCTeMe Macca BellecTB, BCTYNHMBIIUX B pe-
aKIUI0, PABHA Macce BelleCTB, MOJYYUBIIMXCS B pe3y/ibTaTe peaKkium.

[IpuMeHUTENBHO K MaTEepUAILHOMY OajaHCy JH000T0 TEXHOJOTHUUECKOTO
MpoIlecca 3TO 03HAYAET, YTO Macca BEUIECTB, MOCTYNUBIINX HA TEXHOJIOIHYE-
CKYIO OIEpalHrio - IPUXOJ, paBHA MAacC€ BCEX BEUIECTB, MOJYYUBIIUXCA B pe-
3yJbTaTe €€, - PacXo.y.

MatepuanbHblii 0aslaHC MOXET OBITh TPEJICTABIICH ypaBHEHUEM, JIEBYIO
4acTh KOTOPOT'O COCTABJISIET Macca BCEX BUIOB ChIPbsl U MaTE€pUaIOB, IOCTYMa-
IOLMX HA NepepadoTKy, a MPaBylo - Macca MOJy4aeMbIX MPOAYKTOB IUIHOC MPO-
W3BOJICTBEHHBIC MTOTEPHU:

ZmI/ICX = ZmKOH + EmHOT (1)

B mpomecce He Bcerna mMpUCYyTCTBYIOT Bce (asbl, B OJHOM (asze Mo-
KET COJEPKaThCd HECKOJBKO BEIIECTB, YTO MPUBOIUT K YMPOIUIEHUIO WU
yClIoKHEeHUI0 ypaBHeHus (1).

Teopernueckuii MarepuaabHBIM OalaHC pPACCUUTHIBACTCS HA OCHOBE
CTEXMOMETPUYECKOTO0 YpPAaBHEHUSI peakuuu. J[Ji1 ero coCTaBlIEHUS] TOCTATOYHO
3HaTh YPaBHEHUE PEAKIIUU U MOJIEKYJISIPHBIE MACChl KOMITOHEHTOB.

[IpakTyeckuii MaTepuadbHBIA  OajgaHC YYUTHIBAET COCTAB MCXO/I-
HOTO CBIpbSl ¥ TOTOBOM MPOAYKIIMH, U30BITOK OJHOTO M3 KOMIIOHEHTOB CHIPHS,
CTEIEHb MPEBPAIICHUS, TOTEPHU CHIPbSI U TOTOBOIO MPOIAYKTA U T. 1.



W3 naHHBIX MaTepuaabHOTO OajaHca MOXHO HAWTH PacXojl ChIPhS U
BCIIOMOTATENbHBIX MATEPUATIOB Ha 3aJaHHYI0 MOIIHOCTH almapara, lexa,
NPEeANpUATUS, CEOECTOMMOCTh TPOJIYKIIMH, BBIXOJBI IMPOAYKTOB, 00BEM peaK-
IIMOHHOM 30HBI, YUCJIO PEAKTOPOB, MPOU3BOACTBEHHbIC OTEPU (HEMPOU3BOIAU-
TEJIbHBIN PACXOJI ChIPbS, MATEPHUATIOB, TOTOBOTO MPOAYKTa Ha Pa3JIUB, YTECUKY,
YHOC).

PacueTsl OOBIYHO BBIMONHSIOT B €AMHUIIAX MACChl (KT, T); MOKHO BECTH
pacdeT B MOJISIX. TOJBKO JJISl Ta30BBIX PEAKIINi, UAYIMUX 0e3 U3MEHEHUsT 00he-
Ma, B HEKOTOPBIX CIIy4asiX, BO3MOKHO OIPaHUYUTHLCS COCTaBJICHUEM OajiaHca B
KyOUYEeCKUX METpax.

Pe3ynbTathl moAcueToB MaTepHalibHOTO OanaHca CBOASTCS B Tabnuity 1.

Tunosas Ta6JIPIHa MaTCpUaJIbHOT'O OajaHca

[Tpuxon Pacxon
Cratpu npuxoga | KomudecTBo Cratbu pacxojia KomnuecTBo
[Iponykt A ma ITpoaykT A (ocTaTokK) Ma1
[Iponyxt B Mg [TpoayxT B (ocTarok) Mg1
IIponykt C Mc
[Tponykr D Mp
[Ipou3BOICTBEHHBIE TOTEPHU Am
Hroro: m m

Ecnu Gananc He cXoauTcs, TO CUMTAIOT HEYBs3Ky Oamanca (H), kotopas
HE JI0JDKHA npeBbimarh 1,5%.
m_-m .
H = %-100% ,
np
rae My, - CyMMa MacC BEIIECTB BCTYMHUBIIUX B PEAKIUIO; My, - CyMMa Macc
BEILIECTB MOJYYUBIIUXCS B XOJI€ PEAKIIUH.

CocraBJiieHne MaTepraJIbHBIX 02JIaHCOB

IMpumep 5. CoctaButh MaTepuaIbHbIA OaJlaHC TIEYH ISl CKUTAHUE CEPBI
pou3BOAUTENBLHOCTEIO 60 T/cyTKu. Crenenb okucneHus cepsl 0,95 (octanbHas
cepa BO3roHseTcss M cropaeT BHe mneuu). KoaddummeHT m30ObITKa BO3ayxa
o = 1,5. Pacder crnenyeTr BeCTH Ha MPOU3BOIUTEIHLHOCTh MEYH IO CXKUTAEMOM
cepe B KI/4.

Pewenue

I[Tporiecc ropeHust Cephl OMMCHIBAETCS YPAaBHEHUEM; PEAKITUH
S+ 0,=S80,
HpOI/I3BOI[I/ITeHBHOCTB I1e4yu

% =25 T/q = 2500 K/ cepsI

KonuuectBo oxucnennoit 10 SO, cepbl
2500 - 0,95 =2375 kr




OcTanock B BU/I€ MAPOB HEOKUCIEHHOU CEPBI

2500 — 2375 =125 kr

M3pacxo10BaHO KUCIOPOa Ha OKUCIICHHE

_ 2375 -22,4 _1670 M3
32
C yuerom ko3 dunirenTa n30bITKA O
B 3 2500-32
1670-1,5=2500 m° mmu ———— =3560 xr O,
C KHCIIOpPOOM MOCTYyNAET a30Ta
Vy, = 201 _gr50 w8 B0 11800 xr
O06pazoBanock B pe3yJabTaTe peakluu ABYOKHUCH CEpBI
2375 -64
———— =4750 Kkr
WIH
Voo, = A0 2 41675 WP
? 64
Ocranock HEU3pacXOLOBAHHOIO KUCIOPOJA
16700.5 = 835 M3 335 3221185 kr
22,4
[TosrydyeHHbIe JaHHBIE CBOJIUM B TaOJIUILY:
MatepuasibHblii OaJIaHC €YU JJIS CKUTAHUS CEPhI
[Ipuxon Pacxon
HCXOHOC KT M IPOMYKT KT M3
BEILECTBO pony
S 2500 S 125
02 3560 2500 SO, 4750 1670
N> 11800 9450 O, 1185 835
N> 11800 9450
Htoro: 17860 | 11950 HWroro: 17860 | 11955

IMpumep 6. CocTaBuTh MaTepHAIbHBIN OaTaHC MPOU3BOJICTBA OKUCH ITH-
JieHa TIPSIMBIM KAaTAJIMTUYECKUM OKHUCJICHHEM JTHJIeHa Bo3myxoM. CocTaB uc-
XOJIHOM Ta30Bo# cMecu B % (00.): aTuiieH - 3, Bo3nyx - 97. CTeneHb OKUCICHUS
stuneHa X = 0,5. Pacyer cieayer BecTu Ha | T OKUCH 3TUJIEHA.

Pewenue

Okuce >THIIeHA ABJSIETCA OJHUM W3 BXXHEUIIUX MOIYHPOIYKTOB, UME-
IOIIUX [IAPOKOE MPHUMEHCHUE B PA3JIMYHBIX CHUHTE3aX - I MOJIYyYEHUS ITHU-
JICHTJIMKOJIS, TIOJIUTJIMKOJICH, JTAKOBBIX PACTBOPHUTEINEH, TUIACTH(PUKATOPOB, dTa-
HOJIJAMMHOB, PAa3JIMYHBIX 3MYJBIHPYIOUIMX W MOIOIIUX CPEACTB; COCIUHEHHS,
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CUHTE3UPYEMbIC U3 OKHCH ITUJICHA, HAXOASIT IPUMEHEHUE B MTPOU3BOJICTBE CHUH-
TETUYECKUX BOJIOKOH, KAYYyKOB U JPYTUX MPOTYKTOB.

B Hacrosiee BpeMsi MPUMEHSIOTCS JIBAa OCHOBHBIX METOJAA MOJTYyYECHUS
OKHUCH 3THJICHA:

1. TUNOXJIOPUPOBAHKUE 3TUJIEHA C MOCIEIYIOUIMM OTIIEIJIEHUEM XJIOPH-
CTOTO BOJIOPOJIA OT MOJTYYaIOLIErocs dTUICHXJIOPTUAPUHA;

2. IpAMOE KaTaJIUTHYeCKoe OKHcIieHue 3TuiieHa. [Ipu mpomycka mpo-
MyCKaHUU CMECH BO3[yXa C 3TWJICHOM (HWXHUMW MpeAesl B3phIBAEMOCTH 3TH
JaeHoBo3AyHON cMecu - 3,4% C,Hy) Ha cepebpsitHoM karanuzarope mpu 250-
280°C obpa3zyeTcsi OKUCh ITHIICHA:

2CH,=CH, + O, =2CH,- CH,
N o /

Okuch ITUJIEHA M3 Ta30BOM CMECH BBIJICISIOT BOJAHOM ajacopOluei, a
OCTaTOYHBIM ra3 HAIIPABJISIIOT BO BTOPOM KOHTAKTHBIN anmnapar.

[To ypaBHEHUIO peakIuy HAXOAU PaCcXoJ ATUJIEHA Ha | T OKHCU ATUJIEHA.
N3 28 xr satuniena obpaszyercs 44 kr CoH2O unm pacxon CoHa Ha 1000 kro oku-

CH ODTHUJICHA COCTaBUT.

M:MO KT

C y4eToM CTEIeHU OKHUCIICHUS:

@ =1280 Kr WiIn M

O0beM Bo3Ayxa B ATUIICHBO3YIIIHOW CMECU COCTaBUT
M =33000 M3

=1020 M3

B TOM uncie kuciopoaa 33000-0,21 = 6800 m® nim

@-32 =9700 kr
22,4

azota 33000-0,79 — 26200 m® wm

26200, 28 = 32500 kr

22,4

M3pacxo10BaHO KKCIOPOIa HA OKHCIICHHE
1020 -0,5 2
—— =255 M

B npoaykTax OKUCIIEHHS COIEPIKUTCS KUCTOPO/Ia:

6800 — 255 = 6545 M wim % =9340 KT

1

Pe3ynbTaThl pacueToB CBEACHBI B TAOJIHILY.

MartepuanbHplii Oaanc Ha 1 T OKHCH dTUJICHA

ITpuxon Pacxon

HCXOJHOE ‘ KT ‘ M IPOIYKT ‘ KT M
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BCIICCTBO

DTuiIeH 1280 1020 | Okucek >THIIEHA 1000 510
Bo3nyx OTHIICH 640 510
B TOM YHUCJIE: Kucnopon 9340 6545
KHCJIOPOJ 9700 6800 Asor 32500 26200
a3oT 32500 26200
Htoro 434800 34020 Hroro 43480 33765

Ipumep 7. CocTaBuTh MaTepUANbHBIA OaJaHC OTACICHUS OKHCICHHS
amMMuaka Ha 1 T azorHod kucioTel. Crerrenb okuciieHus NHsz; no NO - 0,97 u 1o
N - 0,03; NO mo NO; - 1,0 u crenenp abcopoumu 0,92. CoaepkaHue aMMuaKa
B CyXOl aMMHayHO-BO3yIIHOM cMecu 7,13% (Macc). Bo3myx HachlleH napamMu
BOJibI ITpu 30°C. OTHOCHUTENBbHASA BIaXHOCTH 80%.

Pewenue

A30THYIO KHUCJIOTY MOJy4al0T OKHCIECHUEM aMMHaKa KHCIOPOJIOM BO3IY-
Xa ¢ MocleayoIel mepepadoTkor 00pa3yoIIUXCcs OKUCIOB a30Ta.
baancoBoe ypaBHEHHE MPOU3BOJICTBA Aa30THOM KHUCJIOTHI M3 aMMMaKa
MOYHO 3aIiCcaTh CIACAYIOITUM 00pa3oM:
NH3 + 20, = HNO3 + H,0 + 411,2 x[»/MOJIb
OkucneHue aMMuaka J0 OKHCH a30Ta MPOU3BOMST HAa IJIATUHOBOM WIIH
OKHCHOXPOMOBOM KaTajiu3aTope.
3aTeM OKHCh a30Ta OKHUCISIOT A0 JIBYOKHCH M TOCJEAHION IMOTJIOMIAI0T
BOJOM M a30THOM KHUCIOTOM.
B cooTBercTBUM ¢ OanaHcOBbIM ypaBHeHHEM U3 1 kmonb NH3 oGpasyetcs
1 xmomb HNO3. KonmnuecTtBo ammuaka, HEOOXOAUMOE MJIsi MTPOM3BOACTBA | T
HNO3 coctaBurt
1.17
63-0,97-0,92
rie moJekynspaas macca: HNOs — 63; NH; — 17
WA

=0,303 T=303 xr

300 -22,4
17
Pacxon Bo3myxa va 1 T HNO;3 cocraBur

303(100-713) _ 3950 KT
713

=400 M3

1581051
3950-22,4

29,0

=3070 m°

rae 29,0 — MosekysipHas Macca Bo3yxa.
B Tom uncne:
KHUCJI0poAa
11




3070 - 21
100

azora
3070 -79 _ 2425 3

=645 M3

645-32
22,4

=923 KT

2425-28 _ 3030 kI
22,4

[Toctynaer cyxux razo 3070 m°. IlapuuanbHOE JaBJI€HHE MAPOB BOJBI

ripu 30°C u oTHOCHUTENBHOU BiIakHOCTH 80% COCTaBUT:
0,8-4,22-10°=3,37-10°T1a

rae 4,22 - 10° [1a naBieHye HACHIIIEHHOTO BOASHOTO napa npu 30°C.

C ra3oM mocTymnaroT BOIbI:

3
3070-337-10° _ 105

(101-337)-10°

105-18 =845 KIr

Pacuet coctaBa HUTPO3HBIX ra3oB. OOpa3yeTcs Mo peakinuu

4NHs + 50, = 4NO + 6H,0
OKHCHU a30Ta
400 - 0,97 =388 M® w0030 518 r
BOJIBI
gﬁ =582 M3 582-18 _ 468 KT

Pacxonyercs kucinopona:
5

32

388-= =485 M® wmum 485-—— =693 Kr
4 22.4

ITo peakuuu:
4NH; + 30, = 2N, + 6H,0
obOpasyeTcs a3ora
40-003-2 _ 6 M mm 6-28_ 7,5 Kr
4 22,4
BOJIbI
400-003-6 ‘2’03'6 =18 M® wm 18-18 =14,5 Kr

Pacxonyercs kucnopona:

400-0,03-3 =9 M wm —9’32 =12,7 Kr

4 :
CocTaB HUTPO3HBIX Ta30B: KT M % (00)
NO 518,0 388 10,3
O, 923-693-12,7=217,3 152 4,1
N3 3030+7,5=3037,5 2430 66,6
H.0 14,5+468+84,5=567 706 19,1

Pe3ynbTaThl pacueToB CBEACHBI B TAOJHILY.
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Martepuanbhbiiit 6ananc Ha 1 T HNOj3

ITpuxon Pacxon

HCXOIHOC KT M3 HPOIYKT KT M’

BEIIECTBO
AMMUayHo- Hwutpo3Husble rassr:
BO3/IyIIIHASI CMECH: NO 518 388
NH;3 303 400 | O, 217,3 152
O 923 645 | N3 3037,5 | 24,30
N> 3030 | 2425 | H,O 567 706
H,O 84,5 105

Htoro 4340,5 Htoro 4339,8

3AJAYNA IJISA CAMOCTOATEJIBHOI'O PEHIEHUA

1. PaccumntaTh pacxoiabie K03 GUIIMEHTHI IO CHIPHIO TIpoliecca Moryde-

HUS TIEPOKCHUIA HATPUSA:
2Na+0,—>Na,0,

€CIIM TEXHUYECKUN HAaTpUl CONEpkKUT 3% mpumecend, roOpeHue HATpus IPOUC-
XOOUT B CYXOM BO3JyX€ C colep:kaHueM kuciopona 21% macc., crenenp npe-
BpalleHust HaTpus B riepokcun - 98,5%.

2. PaccuuTaTth pacxomnbie KOA(PGUIIMEHTHI MO CHIPHIO MPOIEcca MPOU3-
BOJZICTBa coJibl 0 criocoOy Jlebnana (crmaBnenue mpu 1000°C):

Na2804+2C+CaC03—>Na2C03+CaS+C02T

€CJIM U3BECTHO, YTO CTENEHb MPEBpAIlCHUs CyJib(aTa HATPUS B LIETIEBOM MPO-
nyKT cocTtaBisieT 80%, TEXHUUECKHU KapOOHAT KalbIus coAepKuT 15% mpume-
ceit u 6epetcs ¢ 25%-HbIM U30BITKOM OT TEOPETUYECKU HEOOXOJUMOTO KOJInYe-
CTBa.

3.Paccunrtarh pacxomnpie KOAPGUIUEHTHI MO CHIPHIO TpOIlecca MOoTyde-
HUS HATpaTa KaJIus METOJIOM KOHBEPCUH YMITUHCKON CETUTPHI:

KCI+NaNO;—>NaCl+KNO3;

€CJIM COoJIepKaHWe OCHOBHOI'O BEIleCTBA B 0OOTaIlicHHOM HUTpaTe HaTpus 56%,
cTerneHb npeBpanieHus coctaBisieT 80%, TEXHUUECKUN XJIOPU KU COACPKUT
15% npumeceii u ucnonb3yercst B BuAe 73% BOIHOTO pacTBOpA.

4. Paccuntath pacxomHbie KOAI(D(PHUIIMEHTHI MO CHIPBHIO TMpoIlecca MPOou3-
BOJICTBA OKCHJa MarHusi u3 00OTalleHHOTO MarHe3uTa
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MgCO;—>MgO+CO,T
C YYETOM COJIepKaHMsI OCHOBHOTO BellecTBa B MarHesute 48%, cremneHs mpe-
BpanieHus - 85%. [loOouHbIMU TIpOLIECCaMU, TTPOUCXOIAIIMMU TP TPOKAIUBA-
HUU Mar"e3ura npeHeopeyb.
5. Paccuutath pacxomnbie K03h(UIMEHTH IO CHIPbIO Mpollecca Mpou3-
BOJICTBA BOJIOPO/Ia MO PEaAKIINU:
CaH,+2H,0—Ca(OH),+2H,T
€CJIM CTENEHb Pa3JIOKEHUs ruapuaa Kanbius - 98%, coaepkaHue npumecen -
8%, a Boma Oepetcst ¢ 30% H3OBITKOM OT CTEXHOMETPHUYECKH HEOOXOJIMMOTO
KOJIMYECTBA.
6. Paccuurtarh pacxomHbie KOd()PUIIMEHTHI MO CHIPHIO MpOIEcca MOoTyde-
HUS HETalleHOW W3BECTH U3 KajlblUTa (COAEp’KaHWE OCHOBHOI'O BEIIECTBA B
oOoraiieHHOM MuHepalie cocTaBisieT 58%, crenens paznoxxenus 90%):
CaCO3;—>Ca0+CO,T
[To6ouHBIMU TIpOIIECCAMHU, TTPOUCXOAIIMMHU MPU MPOKATUBAHUM KaJbIUTa Mpe-
HeOpeyb.

7. Paccuurath pacxomHbie KOd()PHUIIMEHTHI MO CHIPHIO MpoIEcca MoTyde-
Hus Gapys aTIOMOTEPMHYECKHAM CIIOCOOOM B BakyyMHOI meun pu ~ 1200°C no
peaKInu:

3Ba0+2Al—->AlL,0z+2Ba

€CJIM CTEeICeHb NpeBpalleHus okcuaa Oapus 96%, a TEeXHUYSCKUN AIFOMUHHM,
conepxkamuii 2% npumeceit 6epercs ¢ 15% u30bITKOM.

8. Paccunrarh pacxomHble KO3(PPUIMEHTHI IO CHIPHIO TPOIlecca BOCCTa-
HOBJICHUS JKeJie3a U3 OKCHUA AlIFOMOTEPMUYECKUM CTIOCOOOM:

3Fe;04+8AI—>4A1,05+9Fe

€CIIM COJZIEp)KaHUE MPUMECEN B OKcHAE kemne3a-6%, CTENeHb pas3ioKeHUs Co-
ctaBisieT 96%. AntoMunui, cogepxxamuit 3,5% npumeceit 6epercs ¢ U30bITKOM
20% OT CTEeXMOMETPUIECKH HEOOXOIUMOTO KOJTMYECTRA.

9. Paccuutath pacxomHbie KOI(PPHUITUEHTHI MO CHIPHIO MPOIEcca MOoTyde-
HUS CyJib(aTa aMMOHHS TI0 PEAKIIUHU:

2NH3+HQSO4—)(NH4)2SO4

€CJIM CTeneHb npeBpaieHus ammuaka 90%, a 70%-Has cepHas Kuciora oepercs
¢ 15% u30bITKOM.

10. Paccuutath pacxoanble KO3(P(GUIHUEHTHI MO CHIPHIO IMpoliecca Moy-
YCHHS BOJOPO/Ia KapOUITHBIM CITOCOOOM TI0 PEaKIINH:

CaCz+2H,0—Ca(OH)+C,H, T

€CJIM CTETICHb PA3JI0KEHUSI TEXHUIECKOTO (comepxanue mpumeceit - 7%) kapou-
na kaneius - 95%, a Boga 6epercs ¢ 20% U30BITKOM OT CTEXMOMETPUYECKU He-
00XOIMMOr0 KOJIMYECTBA.
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11. Paccuutath pacxoiHble KO3()PHUIMEHTHI MO CHIPHIO Mpolecca Moy-

YEHUS BOAOPO/IA IO PEaKITUH:
6NH3+3Mg—3Mg(NH,),+3H,T

eciu ammuak 6epercst ¢ 10% u30bITKOM, cojiepKaHUE MPUMECEH B TEXHUYECKOM
Maruuu - 6%, crenens npespaiienus - 87%.

12. CoctaBuTh MaTepuajabHbIN OanmaHc moiydeHus rujpasuHa NaHi 1o
peakuuu

2NH3+NaOCl—->N;Hs+NaCl+H,0

C Y4YETOM TOr0, YTO CTEIEHb MPEBpPAIICHUS aMMHaka coctaBisieT 25%, a 76%
BosHbI pactBop NaOCI 6epercs ¢ 20% n30BITKOM

13. CoctaBuTh MaTepHUaJIbHBIN OalaHC MOJIYyYEHUS H0/1a 10 peaKIuu:

2KI+MnO,+2H,S50,4,—1,+K5S04+MnS0O,4+2H,0

€CJIM CTETeHb IpeBpaimeHus noauaa kamus 85%, a 80%-nas H,SO4 OGepercs ¢
10% n30BITKOM.

14. CoctaBuTh MaTepualbHBIN OanaHc monydeHus kaiomemn HQCl, mo
peaxIuu:

2HgC|2+SOZ+2H20—>Hg2C|2+2HC|+H2804

eclii crerneHb npeppanieHus Texundeckoro HYCl,, cogepxkarero 7% npumeceit
coctasisieT 80%, auokcun cepbl Oepetrcs ¢ 10% u30bITKOM, a Boja - ¢ 40% us-
OBITKOM.

15.PaccunTarh KOJWYECTBO CHIPHS, HEOOXOAMMOE IJis TMONydeHus 1 T
ITUKJIOTIPOTIaHa IO PEaKITHH:

CI-CH2-CH2-CH2-CI+Zn—>CH2\-CI-}2+ ZnCl,

CH;
€CJIM CTENeHb npeBpamenus 1,3 auxmopnponana - 95%, a TEXHHYECKUN LIUHK
(mpumecu-15%) 6epetcs ¢ 20% HU30BITKOM OT CTEXUOMETPUUECKU HEOOXOIUMO-
ro KOJMYECTBa.
16.PaccunTath KOMMYECTBO CBHIPHS, HEOOXOIUMOE AJIs MOdy4YeHus 1 T To-
JyoJja Mo peaklyu:
C6H5-MgC|+CH3-C|—)C6H5-CH3+ MgClz
€CJIM CTeTeHb TpeBpalieHus henunmarauiixaopusaa - 80%, a XJIOPUCTHIN METHI
oepercs ¢ 30% U30BITKOM OT CTEXMOMETPUYECKH HEOOXOIUMOTO KOJTMYECTRA.
17.Paccuntarh KOJMYECTBO CHIPbS, HEOOXOAMMOE nJisi moiydeHus 1 T
MIaBUKOBOM KucioThl HF mo peakuuu:
CaF,+H,S0O, ->CaSO,+HF
€CJIM CTEeTeHb npeBparnieHus Gropuma kambius - 80%, a cepHast KHCJIOTa ¢ KOH-
neHtpanueit 98% oOepercs ¢ 15% HM30BITKOM OT CTEXHOMETPUYECKH HEOOXOIH-
MOTO KOJIMYECTBA.
18. CocraBuTh MaTepuabHbIi Oananc nonydenus anaaus npu 950°C mo
peaKIuu:
V,05+5Ca—2V+5Ca0
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€CJIM CTENEeHb MpeBpalieHus okcuaa BaHaaus 85%, a TEXHUYECKUN KablHM,
conepxkammii 8% mpumeceit 6epercs ¢ 30% U3OBITKOM.

19.CocTtaBuTh MaTepHalbHBIN OajaHC mMpoIlecca TMOMyYeHUs KapOuja
maraust Mg,Cs 1o ciemytorneii cxeme

MgCI2+CaC2—> MgC2+CaCI2
6MgC, —» 3Mg,C; + 3C

€CJIM U3BECTHO, YTO CYXOM XJIOPHUI Maraus couepxut 12% npumeceii u 6epercs
c 42% u30BITKOM, MOCTYIAET C BIAXHOCTBIO 2,5%; B KapOune kanbuus 3,5%
MIPUMECEN, a ero cTeneHb npeppamieHus =0,88

20. CocTaBuTh MaTepUaIbHBIA OaNAHC MOTYUYEHUsI OOPHOM KUCIOTHI

Na,B,O7 + 2HCI + 5H,0 — 4H3BO; + 2NaCl

€CJIM U3BECTHO, UTO Bo3aymHocyxas 0ypa Na:B,O; coxepxut 96,5% 0CHOBHOTO
BEIIECTBA, CTEIEHb MpeBpaleHus - 87%, NOCTynaeT B PEaKTOP C BIAXKHOCTBHIO
8%; 56% counsiHast kucyiota oepetrcs ¢ 25% U30bITKOM.

21. CocTaBUTh MaTepUATBHBINA OATaHC MOTYYCHUS aMMHAKa TI0 CIIOCO0y

NaNOs + 4Zn + 7NaOH + 6H,0 — 4Nay[Zn(OH)4] + NH3

€CJIM U3BECTHO, YTO BO3JYIIHOCYXOW TEXHUYECKUU HUTPAT HATPUS COJACPIKUT
13,5% npumeceii, BiaxHocTh - 4,8%, Oepercsa ¢ 15% U30BITKOM; COJIepKaAHUE
npuMmeced B MHKE - 3,5%, creneHp npepamieHus -96%; KOHIEHTpauus pac-
TBOpa eAKoro Hatpa - 68%, Oepercst ¢ U30BITKOM 28% OT CTEXHOMETPUUYECKU
HE0OXOMMOT0 KOJINYECTBA.

22. CocTaBUTh MaTepUATBHBINA OATaHC MMOTYUYEHHUS a30THCTOBOIOPOTHOM
KHCIIOTBI TT0 YPaBHCHUSIM:

NaNH; + N,O — NaN3; + H,0
2NaN; + H,SO, p2136. — 2HN3 + Na,SO,4

€CJIM U3BECTHO, UTO CEpHAasl KUCJIOTa KoHLeHTpanuei 15% Oepercs ¢ 46% wus-
OBITKOM; OKCHJI a30Ta COACPKUT 2% mpumeceid (Macc), CTEeNeHb MPeBpaIleHus -
78%, wu30bITok - 10% OT CTEXMOMETPUYECKH HEOOXOIUMOTO KOJIMYECTBA;
NaNH; conepxut 6% npumeceii (Macc), cTeneHb nmpeBpaiieHus - 66%.

23. CocraBuTh MaTepHalbHBIN OanaHc moiydeHus docdopa 1mo ypapHe-
HUSM:

Cag(PO4)2 + 3Si0, — 3CaSiO; + P,0s5
P,Os + 5C —» 2P + 5CO

€CJIM U3BECTHO, YTO BO3AYIIHOCYXOH (hocdar Kamblus comaepx ut 22% mpume-
cell, crerneHb npeBpamieHus - 89%, n30bIToK - 18% OT cTeXMoOMETpUYECKH He-
00XOJIMMOTO KOJIMYECTBA; MUOKCUJl KpEeMHHs colepxuT 12% mpumeceii, CT.
npeBpaieHust - 77%, u30bIToK - 45%; TeXHUYECKUU yriepona coaepkut 3,5%
NpuUMecei, creneHb npespaiieHus =90%.

24. CocTtaBUTh MaTepHAIbHBIN Oananc moaydeHus cynepdocdara

Cag(PO4)2 + 2H,S0, — Ca(H2P04)2 + 2CaS0O,

€CJIM U3BECTHO, YTO BO3AYIIHOCYXOM (hocdar Kambius comepxkut 28% mnpume-
ceid, creneHb npeBpaiieHus - 80%, BIaXKHOCTh - 8%, cepHas KUCJIOTAa KOHIICH-
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Tparueit 88% Oepetcs ¢ 25% u30bITKOM.

25. CocTaBUTh MaTepUaIbHBINA OaaHC MOTYUYCHUS TUTHOHUCTON KUCIOTHI

2NaHSO; + H,SO3 + Zn — 2ZnS03 + Na,S,04 + 2H,0

€CJIM M3BECTHO, YTO BO3AYIIHOCYXOH THiapocyibdar Hatpusi coaepxkut 11%
npuMecel, cTeneHb npespamieHus - 85%, u30bITok - 8%, BIaXXHOCTH - 6%; cep-
Hasg kuciota koHreHTparuend 80% Oepercs ¢ 25% W3OBITKOM; TEXHUYECKUM
IIUHK COJIEPKUT 6% MpuMeceid, cTeneHb npespaieHus - 96%.

26. CocTaBUTh MaTepUATBHBINA OANTAHC MTOTYUYEHUS XJIOPUTA HATPHUS

4NaOH + Ca(OH); + C + 4ClO; —» 4NaClO; + CaCOs3 + 3H,0

€CJIM U3BECTHO, YTO €KUM HATp mocTymnaeT B Buae 84% pactBopa ¢ U30BITKOM
18%, crenens npeBpaiieHusd - 96%; BO3AYIIHOCYXOM THAPOKCHUI KalbIUs CO-
nepxut 11% mpumeceit, BIaxxHOCTb - 6%, 6epeTcs ¢ n30bITKOM 23%; TexXHuYe-
CKHIl yriepoJ conepxut 4% npumeceid, CTENeHb NnpeBpameHus =95%; okcunu
xJyiopa 6epetcst ¢ 15% M30BITKOM OT CTEXMOMETPUUECKH HEOOXOIMMOT0 KOJInye-
CTBa, cTeneHp npespanieHus = 0,76.

25. CocTaBUTh MaTepUATBHBINA OaTaHC MOTYYCHUS Hoaa

2KI1 + MnO, + 2H,S0O, — |, + K,SO4 + MnSO4 + 2H50

€CJIM U3BECTHO, YTO CEpHasi KMCJIOTa MOCTynaeT B Buae 75% pacTBopa ¢ U30bIT-
koM 18%, crenenp npeBpanieHus - 96%; BO3AyIIHOCYXOM OKCHJT MapraHiia co-
nepxkut 6% npumecel, BIaXHOCTh - 9%, Oepercs ¢ u30bITkoM 23%; CTENeHb
npeBpatienus noauaa kanus = 0,88, cogepkanue B HeM rpumeceit - 2%.

26. CocTaBUTh MaTepUaAIbHBIN OalaHC MOTyUYeHUs Hoaa

NalO;z + 3SO; + 3H,O — Nal + 3H,SO,
4Nal + 2CuSO4 — 2Cul; + 1, + 2Na,SO,4

€CJIM M3BECTHO, 4TO Cylb(aTr meau mocrynaeT B Bume 84% pactBopa ¢ U30BIT-
koM 18%, crenens npeBparmienus - 96%; Bo3aymuocyxoit NalOs conepxut 2%
MpUMECEN, BIAXHOCTh - 6%, cTeneHb npeBpaieHus1-92%; AuoKCua cepbl Co-
nepxkut 8% mnpumecei, 0epercs ¢ 20% u30bITKOM; BoJa Takxke oepercs ¢ 15%
M30BITKOM OT CTEXHOMETPUUYECKH HEOOXOUMOI0 KOJIMUECTRA.

27.CocTaBUTh MaTepHAIIbHBIN OajaHC TOJNyYCeHHS IMHKA U3 cdanepura
(TMHKOBOM OOMAaHKH)

2ZnS + 30, —» 2Zn0 + 350,
Zn0O + CO —» Zn + CO;

€CJIM M3BECTHO, YTO BO31yX (coaepkaHue kuciopona 21% macc, octaibHOE -
a30T) mogaeTcs ¢ U30bITKOM 22%; BO3AyIIHOCYXOM chameput coaepkut 84%
OCHOBHOTO BEIIECTBA, BIAXKHOCTh - 6%, cTeneHb npeBpameHus=86%; okcuma
yriepojia coaepkut 6% mnpumeceii, 6epetcs ¢ 15% u30bITKOM OT CTEXHOMETPH-
YeCKd HEe0OXOoaMMOoro kKojumdecTBa. Pacxos kucioposa Ha MOOOYHBIE PEaAKIIHH
HE yUUTHIBATb.

28. CocraBUTh MaTEpHAIBbHBIN OalaHC OYMUCTKH HEPTEIPOIYKTOB, CO-
nepxammx 3,4% H,S no conepxanus H,S = 0,3% npu oMo 1 T. cMecu Be-
niecTB, coaepxkanieit 16% nstanonamuna, 41% denonsta Hatpus u Ki;PO, 1o
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peaKuuiIM: 2NHzCHzCHzOH'l‘HzS:(CHzCHzOHNH3)2S
CsHsONa+H,S=CsHsOH+NaHS
K3PO4+H,S=K;HPO4+KHS

CUMTATh, YTO PEAKIIMU NMPOTEKAIOT MOJTHOCTHIO.

29. CocTtaBuTh MaTepuanbHblii Gananc npousoactsa HNOsz uz 1000 m°
NH3 (conepxkanue npumeceit -8%, crenens npespaiieHus - 48%) 1Mo peaxiusam:

4ANH3+50,=4N0O+6H,0
2N0+0,=2NO;
ANO2+0+2H20=4HNO3

JUTSL OKUCJICHHSI UCTIONIb3YETCSl KUCIOPO/] BO3/AyXa, U30BITOK - 24%.
(coctaB Bo3ayxa: kuciopon -21%, azot - 79%)

30. CoctaButh MaTepuaibHbIi Oananc mpousBoacTBa HySO4 mo peaxiu-
SIM:;

S+0,=S0;
250,+0,=2503
SO3+H,0=H,S0,

OKHUCJICHHE MPOBOJISAT KUCIOPOaOM Bo3ayxa (21% kuciopoja), n30bITOK KOTO-
poro cocrtaBisieT 36%, u30bITOK BOABI - 33%, comep:kaHue NMpUMeEcEd B BO3-
TyITHOCYXOH cepe - 12%, BnaxHoCTh - 4%, crenenp npespatieHus -94%.

31. CocTaBuTh MaTepHAIBHBIN OalaHC TTPOU3BOACTBA cymepdocdara, ec-
JIM U3BECTHO, YTO BO3AYIIHOCYXOW anmaTUTOBBIA KOHLIEHTPAT COUEpKUT 46%
OCHOBHOTO BemlecTBa, creneHu npespaiienus CasF(PO4)s mo peakmum - 86%,
MOCTymnaeT ¢ BIaxXHOCThIO 12%; docdopHas kucimoTa koHueHTparuen 92% oe-
percs ¢ 18% u30bITKOM

C&5F(PO4)3+7H3PO4+5H20=5{C&(H2PO4)2'H20}+HF

32. CocTaBUTh MaTepHaNbHBIA OajaHC Mpollecca TMOJYyYEeHHs XJIOpHIa

XpOMHUJIA TIO PEAKIINH:
K,Cr,0;+ 4KCl + 3 H,SO, —» 2C|’02C|2T + 3K,S0O,4 + 3H,0

eciu K,Cr,07 comepoxut 12% npumeceit, crenedb ero npespaiienus 86%; KCI
coepkut 6% mnpumecei u ucnonb3zyercs B Buae 85% pactBopa; HaSO4 73%
KOHIICHTpaIruu oepetcs ¢ 25% n30bITKOM.

33. CoctaBuTh MaTepuanabHbIi Oananc mporecca noaydenus Na;CrO4 1o
peaKiuu:

Cr,03 + 2Na,CO3 + 3KNO3; — 2Na,CrO4 + 3KNO, + COZT

eciu CryO3 comepxut 6% npumecei, cteneHb ero npeppaiieHus 64%; NaCOs
ucrosib3yetcst B Bunie 94% pactBopa u Oepercs ¢ 40% wu3osirkom; KNO3 co-
nepxut 12,5% npumeceil u ucnoib3yeTcss B Buje pactBopa 67% KOHIEHTpa-
ITUH.

34. CocTaBuTh MaTepHAIbHBIN OallaHC Tpollecca TOMYyYCHUS TUCYIIb-
(baTepoKCOTUTAHOBON KUCIOTHI TIO PEAKITHH:

TiOSO, + H,0, + H,SO, — Hz[TiOz(SO4)2] + H,O

eciu TI0OSO4 comepxur 16% mnpumeceit, CTeneHb ero npepamieHus 76%;
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H,O, wucnonp3yetcs B Bune 96% pactBopa; H,SO, mcnons3yercs B Buae pac-
TBOpa 68% KoHIeHTparuu u 6epetcst ¢ 60% U30BITKOM.
35. CocTaBUTh MaTepUaNbHBIN OanaHc Mpolecca MOydYeHus: TeJUTypOBOM
KHCIIOTHI TIO PEaKITHH:
3H,TeO; + 2H,CrO4 + 4H,0 — Cry,03 + 3HgTeO;3
eclii TeXHHW4ecKas Teurypuctas kuciora HpTeOs; comepxkur 3% npumeced,
cTeneHb e€ mpeBpanieHust 65% u ucnonbdyercs B Bujae 46% pactsopa; HoCrO,4
UCIIOJB3YyeTCsl B BUsie pacTBopa 84% koHueHTpanuu u oepercs ¢ 40% u30bIT-
KOM.
36. CoctaBUTh MaTepuaIbHBIN OanaHc mporecca moydeHus Hs[AlFsg]
AlLO3 + 12HF —» 2H3[A|Fe] + 3 H,O
2H3[A|F6] + 3Na,CO3; — 2NazAlF¢ + 3H,0 + CO,
€CJIM M3BECTHO, YTO COJEpKaHWE OKCHAA AJTIOMHUHHUS B ChIpbe 56%, CTENEHb
npeBpaieHust 69%; mnaBukoBas kuciaora HF xoHueHntpanuein 76% Oepetcs c
15% wu30bITKOM; KapOOHAT HATpHs CONEPXKUT 8% MpUMecei, UCTIOIb3YEeTCs B
BUJIe pacTBopa 60% KOHIIEHTpaluu ¢ U30bITKOM 25%.
37. CocTaBuTh MaTepHaIbHBINA OaIaHC MpoIlecca MOTyUYeHUs TUAPUIA
ATFOMUHUS:
4LiH + AICl; — LiAIH, + 3LiCl
3LiAIH, + AICI; — 4AIH3 + 3LiCl
€CJIM U3BECTHO, YTO TUJPUJI JTUTHUS COEPKUT 2% MpuMecei, CTEeNeHb peBpa-
meHust 56%; xjaopu amomMuHus coaepxkut 12% npumeceit, 6epercs ¢ 65% us-
OBITKOM, ITPOLIECC TPOBOAAT IpHU Temmneparype 560°C.
38. CocTaBuTh MaTepHAIBHBIN OajlaHC MpoIiecca kapoboHara kamus (op-
MHATHBIM CIIOCOOOM:
K>SO, + Ca(OH); + 2CO — 2HCOOK + CaSO,
2HCOOK + O, —» K,CO3 + CO, + H,O
€CJIM M3BECTHO, YTO COJEP)KaHHUE MPUMECEH B TEXHUYECKOM Cylib(aTe Kamus
13%, crenens npeBpaiieHuss 69%; rameHas U3BECTh UCMOIb3yeTCS B BUAE 35%
pactBopa, 0epercs ¢ 20% u30bITKOM; 17151 OKUCIIeHUs (hopMuaTa Kajaus UCIOb-
3yeTcst Bo3ayx (coaepskanue kucioponaa 21% macc.) ¢ uzdositkoM 15% ot cre-
XHOMETPUYECKH HEOOXOAMMOTO KOJIMYECTBA.
39. CocraBuTh MaTepuaIbHBIN OanmaHc mporecca moaydenus Hs[AlFsg]
Al,O3; + 12HF — 2H;[AlFg] + 3 H,0O
2H3[A|F6] + 3Na,CO3; — 2NasAlFg + 3H,0 + CO,
€CIIM M3BECTHO, YTO COJIEp)KaHWE OKCHAA AJTIOMHUHHUS B Chipbe 56%, CTeneHb
npeBpaieHust 69%; nnaBukoBasi kuciora HF xonuenrpanueit 76% Oepetcs ¢
15% wu30bITKOM; KapOOHAT HATPHS CONEPKHUT 8% MpUMECEH, UCTIOIh3YETCS B
BuJIe pacTBopa 60% KOHIIEHTpauu ¢ U30bITKOM 25%.
40. CocraBuTh MaTepHAIbHBIA OallaHC TPOW3BOJCTBA METaHOIA U3
1000 M3 cmecu CO u CO3 B cooTHOImEHHH 3:1 10 peaKusM :
CO+2H; -»CH;30H (1),
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CO,+3H,—CH3OH-+H0 (2),
Crenenp npeBpamienuss CO = 62%; crenenb npeppamieHuss CO2 = 93%; Bomo-
pon 6epercs ¢ 25% U30BITKOM OT CTEXMOMETPUYECKH HEOOXOJIMMOI0o KOJIUYe-
CTBa.
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