OBLIAA
XMMMMECKAA TEXHOJIOINiAa

B ABYX 4acTsx

Hananue tpethe, nepepaGoTaHHOe ¥ JONOJHEHHOE

Hop pepakuwesi npop. U. Il. Myxnenosa




BAXKHEMWWUE XUMUYECKUE
NMPOU3BOACTBA

YACTD |

Jonyweno
MuHKHCTEpPCTBOM BbICIIEr0 W CPeIHEro CMenHaJjbHOro
o6pazosanuss CCCP B xauectBe yueGHWKa 151 CTYNEHTOB
XMMHKO-TEXHOJIOTHYECKHX CreuualbHoOCTell BY30B

MOCKBA «BbICLLAR LLKONAn». 4977



607.1

0-97

YK 66.0(075.8)

. I. Myxaenos, A. 1. Asepoyx, 1. A. Ky:i}lellm;,
A. . Ameann, E. C. Tymapkuna, H. 3. dypmep.

_Peuengent: npod. H. H. TepnuaoBckuit (KasaHckiil XHMHKO-TEX-
HOTOrHUeCKHil HHCTHTYT)

0-97 -

1229564

O6Gumas XuMHuecKas TEXHOJOrHs. B 2-x uacrax. Ilon
pex. Y. I1. Myxaenosa. Vue6unk aas Bysos. H. 11 Baxneu-
e xuMpueckue rnpoussoicTsa. Man. 3-¢, nepepal. u 10M.

M., «Bpiciu, WKoa2», 1977.

Ha o6opore tur. a. ast.: W. IL Myxaenos, Ao S Asepbyx,
J1. A. Kyauenos u ap.

288 ¢. ¢ 1,

Bo BTopoil sacTH ysehHuKa «Ofias XHMIgecKa R, TeXHOTOrHA» paccMOoTpPEHB
THOoBsle 1 Hanfolee BawHBE B HapOLNOXO3THCTBEHIRON OTHOLIEHAH "pOHTBO.J'
cTBa, OCHOBAHHBIE Ha Npoueccas KHMHUSCKOll TeXHOAOTIH. Ha ocHoBe ofuux \,am;-‘
HoMepHOCTEl NpHBELCHE ME waMel  peanuiil, ofiocHoBanie  YCIOBHU I‘!e_:l_?l-l!l‘
NpOUEeccos W NPHHILHNE yoTpoiicTea peakionnail annapatype. 0 Takwe MpoBo
LATCA TeXHHKO-IKONOMUHECKIE conocTasaednd. B TpeThed HILAHMIL TpH onncandy
MpPoH3BOACTE y‘lTelr'l..J HayuHbIC JlOCTHHEHHA B ['Ipnl\'l.b]Llj.‘!EiillO\‘_‘l’H.

31401—020 6M7.1
oo 56 —T77
001(01)—77
‘ﬂ—'m © Hapatennctso «Bucluad mKonA>, 1977 1.
W iaepent”



NPEAMCNOBME

B nacrosiiee Bpemsi u3BecTno cBoie 50 000 HHAMBHAYaNbHBIX
HEOpraHHYeCKHX M OKOJO 3 MJH. OPFaHHYeCKHX BewectB *. B npows-
BOJACTBEHHBIX YCAOBHAX M0JYYaIOT JIHIIL He3HAYNTRABHYIO YaCTh OTKPbl-
TBIX BELIECTB H BCE 7K€ YHC/I0 MPOM3BOAHMEIX XHMHUECKHX TIPOAYKTOB
orpomto. CoGCTBEHHO XHMHYECKas MPOMBIILICHHOCTb, OGBeAHHAIONLAs
npOM3BOACTBA HEOPTaHHYECKHX KHCJOT, wWieJ0yel, CojeH, OKHCIoB,
NPOJYKTOB OPI@aHHYeCKOro CHHTe3a M BHICOKOMOJIGKYJSPHBIX COeJH-
HenHH (CHHTeTHUECKHX CMOJ, MJacTMacc, XMMHUECKHX BOJIOKOH, Kay-
yyKOB, pe3HH, JaKOB H KJeeB), Bbinyckaer cshbiiie 50 000 naumeno-
BAHUH TNPOAYKTOB. .

B XHMHUECKOH TeXHOJIOFHH PaccMaTpHBAIOTCS TaKMke MpPOH3BOACTBO
CTPOHTEIBHBIX MaTePla/oB, MeTaMIy pris, Ueanion03no-6ymMmakuas, ned-
TenepepabaThiBAIOLAA H KOKCOXHMUYeCKas OTPAc/H NMPOMBIIIEHHOCTH,
XHMHIyecKas nepepabotka caaHues, Topda, AepeBa W APYTHX NPHPOJ-
HBIX OpraHHyeckKitX mMartepuaoB. Bo BceX 3TUX OoTpaciqX Takke Bbipa-
GaTbIBAIOTCS AeCATKHM ThICAY MPOAYKTOB. ECTeCTBeHHO, 4TO OMHMCAaHHe
BCEX MPOU3BOACTB HEBO3MOXKHO OCYLUECTBHTH B yuyeOHHKe 0OwieHd XHMH-
yecko# Texuonoruu. Ilosromy pacemaTpHBaIOTCS NHIUB THHIOBBIE XHMH-
KO-TEXHO/IOrHYCKHe MPOLEecchl H CUOOTBETCTBYIOLLHE annapaTthl HA MpH-
Mepax TPOH3BOACTB, HMEIOWHX HauGo/blUee HAPOAHOX03AHCTBEHHOR
3HaYeHHe.

PaznuyaioT TeXHOMOTHIO OPraHHYecKHX M TEeXHOJIOTHIO HeopraHi-
yeckux BewecTB. OAHAKO YeTKOH TPaHullbl MemJy HHMH IPOBECTH
Helb3#, TaK KaK BO MHOCHX MPOM3BOACTBAX ChIpbeM C/lYaT H opra-
HHUECKHE H HeOpraniyecKue Bel(eCTBAa HJM XKe B pe3yJbTate peakuuii
MEXAY OpraHdyeCKlMil BeleCTBAMH MOMYYalOTCS M OpraHHyecKue
H HeOprampHyeckue TnpoaykThl. MmeloTcs npous3BoacTBa, B KOTOPHIX
M3 HEOPTaHMYeCKMX BeleCTB TOJYYaloT TMPOAYKThl, OTHOCHLLHECH
K OpraHHyecKHMM BellecTBaM, HalpHMep NPOH3BOACTBO Kapbamuja H3
aMmMHaka M ABYOKHcH yraepoga. [IpoH3BojacTBa OpraHuyeckHX H Heop-
FaHMYeCKHX BelleCTB 4acTO ObIBAIOT B3aHMOCBA3@HBl ¥ PALHOHAMBLHO
KOMOWHHPYIOTCS HA OJHOM XHMHUYECKOM mnpeanpustuu. Tak, and
NPOLEeCCOB THAPHPOBAHHA, X/JIOPHPOBAHHUS, THAPOXJOPIPOBAHUSA, HIIT-
poBaHud, cy.ab(HPOBAHNS, OMBLIEHHST OpPraHHYeCKHX BeleCTB Heol-
XOJMMBl COOTBETCTBYIONHE HeOpraHHyecKHe areHTel, KOTOpble Bbipa-
GarbiBalOTCS  HA TeX JKe TPEINpPHATHAX, YTO W OpraHHyeckKie
BeLeCTBA. _

Cunres-ras (nCO + mH.,), noayuaemblii KouBepcuefi MerTana ¢ BOJifi-
HBIM TapoM, CJVHHT HCTOUHHKOM JJIst TIPOH3BOJCTBA BOJAOPOIA, CIOb-

* K opraHHyecKHM BelleCTBaM OTHOCAT COSANHEHHA Yriepola, KpoMe ABYOKHCH
YLiepona, ee codeil H Kap6iloB MeTa/ /0B, KOT@pEE NPHYNCAAIOT K HEOPraHWHUECKHM
BELIECTDAM, -
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3yeMOro B CHHTe3e aMMHaka, a npu npyrux coorHouwenusix CO u H,
W3 HEX T0JYYaIOT Npejie/ibHEIe H Henpee/bHble YI/IeBO0pOsbl, a TakxKe
CITHPTHL.

Bo Bropoii yactu raasa 1 vanucana M. I1. Myxnenosuim u A. ', Ame-
aunbiM; raasel 11 w 111 nepepaborana nns 3-ro uspanus JI. . Kys-
HenoseiM; raasel IV u V Hanucansl E. C. Tymapkunoii, rnasa VI—
A. §1. Agep6yxom; raasa VII —H. 3. ®ypwmep; rnasa VIII —
H..9. @ypmep u A. T, Amenunnnv; ta, 1X u X — A, §. Agepbyxom;
rnasa XI — E. C. TymapKunoi,



1 NPOU3BOACTBO CEPHOW KMCNOTHI

raaBa

1. CBOHCTBA, NPHMMEHEHHME M CNOCOBLI NONYYEHUA

Ceoiictea. De3poiHafi cepHaf KHCJIOTa (MOHOTHApaT) mpen-
cTaBAAeT COOOH THAMKENYI0O MACASHHCTYIO MKHAKOCTb, KOTOpAas CMeLIH-
BaeTcs ¢ BOAOH BO BCeX COOTHOIUEHHAX C BbiIeseHHeM 60Abilore KOJIH-
gecrBa Teraa. Ilnorwocers H,SO, npu 0°C paBua 1,85 r/em®. Onua
kunut npH 296° C u 3amep3aer npu — 10° C. CepHofi KHCA0TO#H Ha3bI-
BalOT HE TONBbKO MOHOTHApPAT, HO W BoAHbe pacTBopdl ero (H,SO, +
—+ nH,0), a TakxKe pacTBOpBI TPEXOKKCH cephl B Monoruapare (H,S0, -+
-+ nS0;), HaseiBaemble oneymMoM. Oneym Ha BO3AyXe «ABIMHTY BCIEACT-
pue jgecopbumy 3 Hero SO,. Umucras cepHas Kucnora OecuBeTHa,
TexHHYecKas OokKpalleHa NPHMECSMH B TeMHBIH [Ber,

40
30 | H,50,50, AP h5042505
A AR SOy SIRTY aw.
® 0 gzo__fzsoﬂﬁzd / | 503
" L] \
%»2?; N H,so,ﬂﬂlio_ ]
S-30
S FINILE
40 /‘ i
x50
-4 \ 8
~70
=80
0 7020304050 6070 80 9010010203040 5060 70 6080100
H,yS04, fec.% S0g(cad), bec. %

]
Puc. 1. [uarpamma KpucTadiH3alH CHCTeMb

2

Ins npownsBoacTBa, TPaHCMOPTHPOBKH, NMPHMEHEHHS CEpPHOH Kwc-
JIOTBEl 6OMblIOe 3HAYeHHe HMeeT W3MeHeHHe TemrepaTyphl NaBJieHHs
H TemnepaTypbl KHMIEHHS ee B 3aBUCHMOCTH OT KoHueuTtpaunu. Kax
BuaHo u3 puc. 1, npu yBennuenuu koHuentpauuu ot 0% H,SO,; no
64,35% SO, cBO6. nocnenoBatenbHo 0oGpasyercst WIeCTh THAPATOB,
ABASIOWKUXCSA WHIUBKHAYAJNBHBIME XHMHUYECKUMH COEIHHEeHHAMH, KOTO-
PHe B3aumMHO He pacTBOPHMbI B TBEpIAOM BHje, a OGPa3yioT 3BTEKTH-
deckne cmecn (em. 4. I, pue. 61). B obnactn wonuentpaunit SO; ot
64,35 10 100% npwu kpucTanauzaunu obpasyiorcsl TBepable pacTBOpHI,
T. €. 3Ta yacTb Auarpammbl Kak 6bl cOcTaBiena M3 ABYX JHArpamM,
(em. g, 7§, puc. 61). Puc. 1 noxasbiBaer, yTo B 31MHee BpeMs NpH HHU3-
KHX Temmeparypax Hesb3si NPOM3BOAWTL H TIPHMEHATH KHCJOTY KOH-
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50 % genTpaunedl, Onu3KOll K UHCTOH
3w NS SOy 250, S H,0; SOy - H0 n
5 260 ik A SO; - 2H,0, Tak Kak W3 3THX pacT-
_ g‘_?ﬂ} I i T BOPOB MOTYT BHIIaAaTb KPHCTA/JILI,
S 180 /“ S - KoTopbie 3a6bLIOT  KUCIOTONPOBO/IbI
S 0 \‘&“L | 4 Mexay uexam, XpaHHAHila, Hacock
= 10— ?““-_m%_%\\ '{ u weyTemnenmyio anmaparypy. Bee
S o i N TOBApHHE COPTAa CEPHOH KHCJIOTHI
ol Ly ] [T]  mMeloT KOHIeNTpalliH, 61H3KHE K 3B-
0 20 40 60 80 10

=

20 40 60 80100 TexTHuyecKHM cMecaMm, H3amenennue

Hy504 SO36000.  (hazoBoro paBHOBECHA MAPOB C KUJ-

Konyenmpauus, bec. % kocteio pas cmecein H,O—SO, npu

Puc, 2. [l#arpaMma KAMEHHA CiCTe- aTMocepHOM J@BNEHHW NOKasaHo

mbl Hy,0—SO; npu amMocpepmom HA PHC. 1. Cwmecb, COOTBETCTBY!IO-

NaBNeRUH - man 98,3% H,SO,, asaserca azeoT-

pomHOH 1 HMeeT eAHhYI0 TeMmmnepa-

TYpY KOHJIEHCAIMH NMapoB U KHIEHHA KUAKOCTH 336,6° C. Ilpu nebonp-

1IOM. H3MEHEHHH cOCTaBa B 0fe CTOPOHBI OT a3e0TPONHO TOYKH Temite-

paTypa Hayana KOHJeHCalNM napa, HasblBaeMas TOYKOH POCBI, CHIbHO

OT/IH4AETCH OT TeMIEpaTypbl Hayana KHIEHHs XHJIKOro pacTBopa.

CoOTBeTCTBEHHO OTJIMYAIOTCSl COCTaBbl JKMAKOH (ashl M NOJYYEHHBIX
13 Hee MapoB (MWAH HaobopoT).

Juarpammy kunenus cucremsl H,O—SO; na puc. 2 ucnoas3yior
ANs ONpefeNeH|st peXkiMa KOHLEHTPHPOBaHHA pas3GaBleHHON CepHOH
KMCJIOTHL TIPH BHIMAapHBaHMH W3 Hee Bojbl. - JlHarpamMMa MOKa3biBaer,
YTO TIpU HarpeBaHuM KHCJAOTH, coxepxaweii menee 80% H,SO,, Tem-
nepaTypa Kulenus AexuT Huxe 200°, npy 3TOM B naphbl NepexomuT
TIOUTH HCKAIOYHTENBHO BOAA; JIHLIL TTPH KOHLEHTPALHH KHCIOThl CBbILle
93% (nmyHKTHpP Ha AuMarpaMme) B MapoBod (a3e 3HAYHTENLHO MOBbI-
waercs copepxkanue H,SO,. ITapbr ceproilt KHCAOTHI MPH NMOBBILEHHH
temneparypsl muccounnpyior HySO, 2 H,O + SO, u sbiwe 400°C
_yxe comepxat Gonbuie mosekya SOy, uem HySO,. Jdanbrefivee Harpe-
Bauire Bbi3biBaer mucconnannio SO, 280, 2= 250, + O,. Beuue 700° C
B mapax npeobaanaer SO,, a Buiwe 1000° C SOz nuccOUHHPYET MOYTH
noaxocTbio. Crenenb JHCCOMAIHN MEHAETCH TNPH H3MEHEeHHW JaBje-
nua. Takoro poja TepMuyecKas JHCCOLHALUA XapaKTepHa s CJA0XK-
HBIX XHMHuYecKHX coeannenuil. Tennosbie dhdexTsl peakuuit nonyue-
HIS CepHOil KHCAOTbI 1 MpoMexyTouHbx coeaunenuit npu 298K (25° C)
MMEIOT CaefyioliHe 3HAYyeHH !

Peaxyus KHnc[sonb kKA MOAL
S (ras)—S (poMG.) . .. ... ... 64,8 15,5
S {poM6.)+ O, (ras)—SO, (ra3) .. ... 289 71,0
S0, (ras)+120, (ras)—> SO (raz) ... 961 2291
SO, (rasd) — SO3 (WHAK.) + v o v v v v v v 39,8 9,50
S0, (ras)-+-HyO (ra3)— HyS0, (raz) ... 1250 29.83
H,SO, (ras)— HySO, (kuak.} . . ... ... 502 11,08

HaO (ras)—»HaO (KHAK.) « v+ v oo v v o 44l 10,52



Cepras KHcaoTa BecbMa akTHBHA. OHA pacTBOpSeT OKHCIBI MeTasl-
0B ¥ OOJBIIHHCTBO YHCTBIX METANJIOB; BBITCCHSICT NPH MNOBBILEHHON
TeMmieparype BCe Apyrue KHCAOTH H3 cojieH. Oco0eHHo XKajlHo cep-
pasi KHCIOTa coeiuHsierca ¢ BOJAOH Omaronapsi cnocofHOCTH JIaBaTh
rmlpaTbI.”O‘.Ha OTHHMAaeT BOJlY OT JIPYTHX KHCJOT, OT KPHCTalJaoruapa-
TOB COMeH H Jlarke KHCMOPOJHBIX MPOH3BOJHHIX YIVICBOAOPOJAOB, KOTO-
pble COAEPXKAT HE BOJY KaK TAKOBYIO, @ BOJAOPOA H KHCJIODOX B COye-
ranud H 1 O = 2. JlepeBo 1 Apyrue pacTUTe/bHbIE H XK HBOTHBIE TKAHH,
conepxkauie penaonosy (CgH,;,0;),, Kpaxman u caxap, paspylaiorcs
B KOHIICHTPHPOBAHHOH CEPHOH KHCNOTE;, BOJA CBA3BIBACTCH C KHCJO-
TOH ¥ OT TKaHH OocTacrcs NHLIb MeTKOJHCIEepCHEIH yraepoa. B pas6as-
JEHHOM KHCJIOTE [EeIN110/103a H Kpaxmas pacnanaioTcsl ¢ o6pasoBanmeM
caxapoB. [lpu nonafjanuu Ha KOKY Ye/MOBEKa KOHUCHTPHPOBAaHHAsA
-cepHas KHCJI0TA BHI3HIBAET OXKOTH.

Mpumenenne. Bblcokas akTHBHOCTL CEPHOM KHCJOTHL B COYETaHHHM Co CpaBHH-
TellbHO HeBGOMBINOH CTOMMOCTBIO IPOH3BOACTBA Npelonpele/ Il rpoMagHLe MacluTabhl
1 upe3pbidaiipoe passoobpasue ee npumexenns. TpydHo HAATH TaKylo oTpacis Ha-
pOHOTO X0351HCTBA, B KOTOPOH HE MOTpe6isinach Gbl B TeX WJIH HHBIX KOMHYeCTBax
cepuas KHC/OTA WJIH NMpOM3BefelHble H3 Hee npoayktel. Kpynweefurum morpe6uTteness
cepHOil KHCAOTH! SBAfAETCH NMPOM3BOACTBO MHHepalbHHX ylo6peHuii: cymepdocdara,
cynsdara ammonua W ap. Muoruwe kucnoTel (nanpumep, cocchopuafd, ykcycHas,
conanas) H CONH MPOU3BOAATCA B 3HAURTENLHON UACTH NPH NOMOMA CEPHON KHCTOTHL.
Cepnasi KHCAOTA LINPOKO NPHMEHSETCA B NPOH3BOACTEE LBETHBIX H PeIKHX MeTallioB.
B Mmerannoo6pabaThiBaiollell NPOMBILIZIEHHOCTH CEPHYI0 KHCIOTY WIH ee ColH npHMe-
HAIOT ANA TPaBjieliHa CTalbHBIX M3fennil nepes UX OKPACKOll, JNyXeHHeM, HHKelH-
poBaHHEM, XpPOMHPOBaHHWEM M T. n. 3HAYHTENbHEIE KOJNHUECTBA CEPHOH KHCIOTHI
3aTpayHBalOTCA Ha O4MCTKY HetrenpoaykrtoB. [lonyuenne paja kpacurenefl (fns
TKaHew), NaxoB H KPacok (AN 3AaHHi M MalluH), NeKapcTBEHHLIX BelIecTs H HeKo-
TOPLIX MJAACTHUECKHX MAacC TAKKE CBA3AHO C npiMeHeHHeM CepHOil KucAothi. [IpH
noMowy cepHod KHCJIOTHI NPOM3BOAATCA 3THNOBLIL M JApyrHe CNHPTHI, HEKOTOpPble
3HpLl, CHHTETHUECKHE MOOUHe cPelCcTBA, PAJ ALOXHMHKATOB IAA GOpLOLI ¢ BpefH-
TeNAMH CelbCKOTO XO3AHCTBA H COPHLIMH TpapaMH. Pa3basJieinble pacTBOphl cepHoil
KHCHAOTHE H ee cofleit NPHMEHAOT B IPOH3BOACTBE HCKYCCTREHHOIO LIENKA, B TEKCTHIL-
HOIi NPOMBILIIEHHOCTH AN 06pa0oTKH BOMOKHA WNAH TKaHell nepejl MX KpalleHHeM,
a TaKie B JPYrHX oTpaciax jerkoil npoMbliueHHoCTH. B nHUeBol npoMuILINeHHOCTH
cepHast KHCJAOTA MPIMEHAETCsl NMPH MOMAYUCHMH KpaxMana, NaToOKH H PAja Apyrux
NPoAYKTOB. TpPaHCMOPT HCNOMb3YET CBUHLOBLIE CEPHOKHCIOTHLIE AKKYMYJIATOPHI.
Cepuy}o l'{l‘lCJ'](']T}r HCI’!OJ]I:SYI[)T JAna OCYUIKH ras3oB H l'IpH KOHUEHTRHPOBAHHH KHCOIOT.
Hakoneu, cepryio KHCAOTY NPHUMeNAIOT B NpPoUeccax HHTPOBAHHA H NPH npoH3BoJACTEE
6onbliell YacTH B3pbIBYATHIX BelIeCTB.

[Ipu unTpoBaHHH, A Takke B NPOH3BOJCTEE 3THAOBOTO CHHPTA M3 ITHJEHA, npH
KOHUEHTPHPOBAHHH a30THOH KHCI0TH H B PAJE APYTHX NPOUECCOB NPHMEHAIOT KHCAOTY
KoHUeHTpauHeit or 92 1o 98% H,SO,, a BeiBoAAT M3 npouecca padGapienuyio 50—
80% -ty kHcioTy, Taxyio KHCAOTY KOHUEHTPHDYIOT BhiNapHBaiHeM BOAb, NP
3TOM MCMOAL3YIOT JAHarpaMmy, NpHBeleHHY Ha pHc. 1.

Mpoussoactso ceproii kucnorst B Poccuut cocrasnano B 1913 r. 0,15 mau. T,
a8 1975 r. 8 CCCP npoussoactso ee Jocturio 18,6 mnu. 1. [To Macwitabam npoxaeoa-
¢tBa Poccns 3apumana B 1913 r. 13-z MecTo B MHpe, a HelHe HALIA CTPaHa oNepefMia
BCe cTpaHbl MHpa, 3a Hckmowennem CILA.

Cnoco6ul noayuenus. Eme B XIII B. cepuyio kicaory noayyanu
B HE3HAUHTCABHHIX KOMIUECTBAX TEPMIUYECKHM pAa3/IOMKCHHEM Kele3-
Horo kynopoca FeSO,, nostomy H celiyac o1HH H3 COPTOB cepHOli Kuc-
“IOTHl HasblBaeTCAd KYMOPOCHBIM Mac/0M, XOTS yyke NaBHO CepHas KHe-
70Ta He MPOM3BOJAHTCH 113 KyNopoca,



B Hacrosuee BpeMs cepHas KHCJIOTA NPOHM3BOIHTCH [ABYMS CIOCO-
GaMi: HHUTPO3HEIM, cyuiecTByiouuM Goaee 200 Jjer, M KOHTAKTHHIM,
OCBOCHHBIM B npombilzienHoct B Kontle XI1X u navyane XX 8. Kor-
TaKTHBIH croco6 BoiTecHsieT HUTpoanblii (Gailennslil). TlepBoli cragnei
CePHOKHCJAO0THOIO TNPOH3BOACTBA TIO J'iIOﬁOMy METOLY dABJASCTCA MOJaYy-
YeHHE JIBYOKHCH CCPBI IIPH CXKHUT'aHHH CEPHHCTOTO ChIPbBA. INocae ouncTKn
JIBYOKHCH cepbl (0cOGCHHO B KOHTAKTHOM METOAE) €€ OKHC/ASIOT [0
TPEXOKHCH CEpH, KOoTOpasd COCIUHACTCH C EOIIOf‘I C TOJYy4YCHHEM cep-
Ho# KucnoTe. Okneaenne SO, B SOy B OOGHIYHBIX YCJAOBHAX NMPOTEKaeT
Kpafine Memnenno. [l yCKOpeHHfl Npollecca MPUMEHAIOT KaTanusa-
TOpBL.

BKoOHTaKTHOM Meroje NPOH3BOACTBA CEPHOH KHCAOTH OKIiC-
JieHHe JABYOKHCH cephl B TPEXOKHCh OCYILIECTBJAACTCS Ha TBEPIABIX KOH-
TAKTHHIX MaccaxX. Baarogapsi ycoBepilleHCTBOBAHHMIO KOHTAaKTHOIO cCIIO-
coba npoussojctBa cebecrouMoctb 6onee YUCTOH M BBICOKOKOHLCHTPH-
POBaHHOH KOHTAKTHOH cepHOH KHCJAOTHl JHIUb HE3HAUYHTENABHO BHIILE,
yem Gawenuoii. ITostomy B CCCP crpodTcs JHIUb KOHTAKTHBIC LieXH,
B nacrosuee Bpems cBuine 80% Bcefi KHCAOTbI NPOU3BOIHTCA KOHTAKT-
HBIM criocoom.

B nuTtpo3snom crocobe KaraiH3aTOpOM CJy:KaT OKHCJBL
asora. Oxucaenne SO, NPOHCXOIHT B OCHOBHOM B HIKOH hase u ocy-
weeTsafeTcs B Gawnax ¢ Hacaakof. IlosTomy HHTpo3HHIf croco6
MO anmapaTypHOMY NpH3HaKy HasbiBaioT 6 a il e H H bl M. CyisocTs
Gawlennoro criocoba 3akaioyaercs B TOM, YTO MOJYyUYeHHas MpH CXKHra-
HHH CCPHHUCTOTO CBIPbS ABYOKHCH cephl, colepxkawas npumepto 9% SO,
1 9—10% O,, ounmacres OT YacTHIl KOJYEJaHHOTo orapKa H NocTynaer
B GAILCHHYIO CHCTEMY, COCTOAIMLYIO M3 HECKOMbKHX (YCTHIPEX — CeMH)
Gawen ¢ nacaakoi. bammu ¢ Hacankoi paboTaioT Mo NPUHIHIY Hjeaslb-
HOTO BEITECHEHHS TpH NOJUTEpMHYECKOM pexume. Temmeparypa rasa
Ha BXoje B mepBylo GawHio okojo 350° C. B Gammnsax nporekaer psi
abcopOuHOHHD-1ecOPOIHOHHBEIX  TIPOLIECCOB,  OCJOMHEHHBIX  XHMHYe-
CKHMH mnpeBpaumeHisMi. B nepBeIX aByX-Tpex OaulHaX Hacaika opo-
I1aeTCH HHTPO30H, B KOTOPOil pacTBOPEHHBIE OKHCIBL a30Ta XHMHYECKH
cBfi3aHbl B BHAe HuTposuiceproit kucnoret NOHSO,. Ilpu Bblcokoit
TeMrnepaType HHTPO3WJICEPHAA KHCAOTA THAPOIH3YETCA 10 YyPaBHEHHIO

9NOHSO, -+ H,0 7= 2H:50; + N;0; — Q (a)
JIByokuCh ceprl aGcop6Hpyercs BOJIOH 1 06pasyeT CEPHUCTYI0 KHCAOTY:
SO, 4+ H,0 = H,SO3+Q (6)

NocNeIHAs pearupyeT ¢ OKHCJAMH a30Ta B JKMIKOM ase:
H,S05 4+ N,0; = H,S0, +-2NO+Q (8)

Yactnuno SO, MomeT OKHcAATbLCA B T'a3’oBoi case:

S0, +Ny03 — $034+2N04-Q ()
SO,, abcopbupysack BOjOil, TaKKe 1aeT CepPHYI0 KHCJIOTY:

S0, H,0 ~ H,S0;+Q (1)
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OKHCh a30ta JecopGupyercs B rasoByio a3y H OKHCIAETCSA A0 ABYOKHCH
a30Ta KHCJOPOJIOM BO3lyXa: .

2NO+ 0y — 2N, +Q (e)

Oxkucasl asora NO + NO, — N,O; nor/ouaiorcsi cepHoi KHCIO-
TOH B NOCTENYIOHIUX TPeX-yeTbipex GallHAX N0 peakliu, 06paTHOH ypas-
HeHuto (a). [Lna 310r0 B GallHH NOAAIOT OX/NakKIeHHYIO CEPHYIO KHC/IOTY
¢ MajbIM COJIep:KAHUeM HUTPO3HE, BHITEKAIOLYI0 H3 MepBbIX OalleH.
Ilpu abcopOuMK OKHCIOB TIOTY4aeTcsi HHTPO3WJCepHAs KHCJOTa,
yuacTBytomas B npoilecce. Takum 06pasom, OKHC/IBI a30Ta COBEPLUAIOT
KPYyrooGopoT H TeopeTH4ecKH He JOJ/LKHBE pacxojoBarbesi. Ha npakruke
;K€ H3-32 HEMOJIHOThI abGCopOHUM UMEIOTCA TNOTepH OKHCIOB a30Ta.
Pacxoyn okucnoB asora B nepecyere Ha HNO; cocraBnser 10—20 kr
Ha ToHHy wmoHorufpara H,S0,. HurposneiM crmocofom mnodyyawoT
3arpsAsHeHHyl0 npuMmecaMu H pasbaBiennyl 75—77%-Hyl0 cepHyio
KHCJOTY, KOTOPAS HCMOJB3YETCs B OCHOBHOM /IS NMPOH3BOACTBA MHHe-
paJbHBIX YIOOpeHHH.

2. NPOU3BOACTEO ABYOKHUCH CEPLI

Ieyoxruck cepsi SO, — 970 GecuseTHsidt ras, B 2,3 paza TA:Kesee BO3LyXa, ¢ pes-
kwM 3anaxom. Yneras (100% -uasn) SO, npu am™ocheprom fasaennu w — 10° C cxu-
xkaerest. [py pacteopenun SO, B Bome ofpazyerca cnabasi H HeCTORKas cepuucTas
kuenora SO, + HyO = HpSO5. CuipbeM 118 NpoM3BoACTBa ABYOKHCH cephl (a cie-
A0BaTeNbHO, W CEPHOH KHCJIOTH) MOMeT clyXHTb Mw0foe BellecTBo, COAepKallee
Cepy: Kak NpHpoAHbie MarepHaibl, Tak H NpoMbll/eHHble oTXoawl. B mpupoge cepa
BCTpENAeTcss B OCHOBHOM B TpeX BHiax: l) sjemeHTapHas caMoponHas cepa, MeXaHH-
YeCKH CMellaHuas ¢ ApYrHMHI MHHepadaMHy; 2) cepHHCThIe MeTalk! (CyAb(HAL), TaKie,
kak nHpHr [eS,, wMeaunit koauepan FeCuS,;, weannit Oyeck Cu,S, unHkosas
obManka ZnS, a Takke PbS, CoS, NiS u 1ap; 3) cyasgare: runc CaSOy-2H,0,
auruJput CaSOy, a taxrke Na,SO; MgSOy u ap.

Csouue 40% cepuoit kueaorel 8 CCCP nponssoanTesl W3 rasa, noJyuyeHHoro oG-
JKHTOM CePHOTO KOJ4elaHa, COCTOANIero 3 MHHepaia NHPUTa ¥ npumecefi. YucThil nu-
put FeS, conepant 53,5%S u 46,59, Fe. B cepHoM Kosueaate cofiepxaHue cepl 00bYHO
KoteGaeTes oT 35 no 509, mene3a — o1 30 no 40%, ocraneHoe cocTaBAMIOT CyAbGH-
/lbi LBETHBIX METAAJ0B, YIJeKHCILIEe CONH, NecoK, IMuHa ¥ Ap. Haubojee 3HayuTeNbHbe
MecTopoxen#s cepHoro koduegaka B CCCP nmerorest Ha ¥pane, Kasxase u Cpente-
a3HATCKHX pecnyGaHKaX. Cepuwlil KoM4eAan yacTo 3ajeraeT B cMecH ¢ cyJibdugamu
UBETHHX META//10B, KOTOPLIE ABJAAIOTCS ChipheM AAS NPOH3BOACTBA MeIH, LHHKA, CBHH-
ua, HHKeaq, cepebpa u ap. [laa oTaeqaenns cynbhuLOB UBETHBIX METaAMNOB pYLy u3-
MedbuaroT, pasfensioT gMioTanHell Ha KOHUEHTPATh! CYNL(HIOB UBETHBIX METANI0B H
Tak Ha3mBaeMmble (WIOTALHOHHEIE XBOCTH, KOTODbiE COCTOAT IMIaBHEIM 0Gpa30M H3
NHpHTa. CepHbill KOJNYelaH, COACPMKAULHN Mako LBETHHIX MeralijoB, JOCTaBaseTCs
Ha 3aBoAn npaAMo nocle 1o0LMH B BHAE KYCKOB PasfiH4YHO# BelHunusi. Ha cepHokHC-
JOTHBIX 3apojlaX KOJ4efaH JAPOBGAT HA LIEKOBHX H BaJKOBLIX ApOOHAKaX, a 3areM
OGIKHIAIOT 2718 MOJy4YeHHs: H3 HEro JBYOKHCH Cephl.

[lpu ofikure KOHUEHTPATOB CY/Ib(HAOB MENH, UHHKA W APYTHX UBETHHIX METat-
7I0B Ha MeTalJypPrHYecKHX 34BOAAX TOKE MNONYYaeTca ABYOKHCH CepPbl, KOTopas
HCTONMBb3yeTesl AN NMpOH3BOACTBA cepHOfi KHenotel TakuM 06PazoM, MpoH3BOACTBO
UBCTHLIX MeTa]soB H3 CEPHHCTHLIX PYA KOMOHHHDYeTcss ¢ MPOH3BOACTBOM ABYOKHCH
Cepbi. Coritwe 25% cepHOil KHCAOTH MOAYYARTCS H3 OTXOAAUIMX Ta30B IBETHOI MeTa-
IYPruH. 3naunTeNbHas YacTh CePHHCTHIX Ta30B B LBETHOH MeTaAAyDPrHi MoayyaeTcs
€ conepxannem SO, Menee 3% . JIAA HCMOAL3OBAHHA B MPOKIBOACTBE CepHOIl KIICJAOTHI
?’:{z a3kl HeOOXOANUMO KOHLEHTPHPOBaTh. ONHAKO HA pAje 3aBOAOB IE€THOH MeTalnyp-

KOHUEHTpHPOBaHHE 'a308 enie He MPOH3BOJHTCS I OHM BHITYCKaloTes B atMocdepy.

HacTosiliee BpemMst NPOEKTHPYeTest GOJEe MOJHOE HCMOJb3OBAHHE CEPHHCTHIX [a30B
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UBETHOH MeTaanyprus. JIyuiiuM chipbeM 118 NPOH3BOACTBA ABYOKNCH CEDhi CAYKHT
cepa, KOTopas BLINIABJASETCA H3 NPHPOAHBIX NMOPOA, COJAEPKalUHX Cepy, a TakKe no-
ﬂyqae‘rm KakK Il(.)ﬁ(]‘llilxlﬁ npDﬂ}’KT B H])DHSBD}ICTI’!E MeH, JIpDH CGUYHCTKE rasoB #H T. II.
Cepa nnasures npy 113°C, nerko BocniaMeHsieTesl 1§ cLOPAeT B POCTHIX MO YCTPOHCTBY
neuax. Ilpu cKurawuu cepw B BO3AYXEe MoAyuaercs ras Oodee BHICOKOH KOHLEHTpA-
I, YeM TIPH CHHTaHHM KOJuellaHa, C MeHbLINM COAep:KaHHeM BpeJHHIX npHMecell.
Onuako cToHMOCTh Cepbi B HECKGNbLKO pa3 Bbillle, YeM KOJYEaHa, NO3TOMY H3 HEE Bhbl-
pabareiBaercsa anwb ogoao 20% npoussopumoii 8 CCCP cepHoil ¥HCAOTH B OCHOBHOM
Ha 3aBOAAX, yAAJeHHHX OT MECTOpPOMKAEHHI KoavepaHa.

Kawmenuniit yroab sceraa cojepikur okono 1—3% cepui. Ilpn cKuransm yras
B TOMKAaxX cepa cropaer # suijeasercs s shge SO, B at™Mocdepy. PaspaboTaiur adcopl-
LHOHHO-ecopPOUHOHKbE CTIOCOBh! 06e3BPeN HBANNS JIbIMOBLIX T'a30B, NPH KOTOPeIX SOy
H3BJCKAETCS U3 ra3a ¥ MOKeT GhiTh HCHONbB30BaHa A1 NPON3BOJICTBA CEPHON KHCAOTH.
Onnako ceGecTOHMOCTE ABYOKHCH cepbl, H3BAeYeHHON H3 ALIMOBbIX 4308, B HECKOJILKO
pas Beillie, YeM NoAY4YeHHOH OGMHIOM KOJM4egaHa, MOITOMY OHA HCNOMb3yeTcs JTHLIb
B HHUTOMHOH cTemens. Bo Bcem MHpe BmipachiBaercsl B aTsocdepy ABYOKHCH cepbl
B 2 ¢ JHIWIHKEM Pasa Godblie, Y4eM HCHOAb3yeTca B MHPOBOM NPOH3BOACTBE CEPHOI
KHcanoThl: [IpH KOKCOBaHHH KaMEHHOrO Yriif, a Tak:Ke npH nepepaGortke Hedrts co-
JepKamaacs B HHX cepa wacTHUAO nepeXoiHT B ra3 B BHae ceposopopojaa. [lpu
QUHCTKE Ta3a NOAYYAOT 3JeMEHTapHylo cepy HAH Tasoo0paskbiil CePOBOJOPOA, KOTO-
phifi CKHTAOT, TOAyuYas ABYOKHCH CePbl H H3 Hee CePHYI0 KHCJAOTY.

B Coserckom Coose #MeOTeA TPOM2JHLIC MeCTOPOKAEHHS cyandaros Kaabuus
1 HATPHA, KOTOPLIE NOKA YTO HE HCNOAB3YIOTCS B NPOH3BOIACTBE CEPHOI KHCAOTL, T. €.
ABAAWOTCA NOTEHUHAALHLIM cblpbeM. TlpH TpasjeHHH CTAMH cepHas KHCJAOTA fnpespa-
maeTes B cyanarsi xKenesa. [Ipy ouncTke HedTenpoAyKTOB OCTAETCH KHCJALIH I'yAPOH,
conepKamnii cepHyio Kiueaory. B pajge oprannyeckux npOH3BOJACTB NOAyYaeTes B BHAE
0TX0Aa pasfaneHHas CcepHasg KHCAoTa, CWIbHO 34drpA3HeHHash OPraHHUYeCKWMH NpH-
MecaMH. Bee 3TH B MM 110106HEIE OTXOAL! MTPOH3BOACTS, COAEPKALLHE CePHYIO KHCJIOTY
H/IH €€ COJH, NPH HArPEBAHHH B DPHCYTCTBHH BOCCTAHOBHTENEH AAIOT ABYOKHCDH Cepbi,
KOTOPYIO MOMKHO NepepafaThiBaTh HA CEpHYIO KHCJAOTY. PaccMOTPHM NPOH3BOACTBO
NBYOKHCH Cepbl 00:KHIOM OCHOBHOI'O ChIPbSl — KOJHeJaHa H 3aTeM CHUCaHHEM Cepbl.

O6HT cepHOTIo KoJadejJgaHa B BO3IYLWHOM MOTOKe
MPOU3BOJUTCA B TNeyax pasaHUHOH KOHCTPYKUMH NpHU aTMocdepHoM
naenenun. Ilpouecc o6xHra nupuTa XapaKTepUsyeTcs CYMMapHbLIM
ypaBHeHueM

4FeS, 4 110, - 2Fe,05 + 850, 43400 k[ (a)

KOTOpoe MNpumeHAeTCs MpH pacyerax MaTepUaJbHOrO H TeIJOBOTO
GanancoB. PakTUYECKU 3TOT HeoBpAaTHMBbIH TNPOMECC COCTOUT U3 pAjaa
NOCJIeIOBATENBHBIX M MapaJseJbHBIX XUMUUYECKHX peakUuil, a Takxe
At y3sHOHHEIX cTaaull, KOTOpbIe ¥ JTUMUTUPYIOT 00LLyI0 CKOPOCTh Mpo-
1ecca 1py BLICOKUX Temneparypax. IIpi narpeBaHHH KoJsdenaHa B Medy
Boue 500° C mpexae BCero TPOHCXOAUT JHCCOUHALMS THpHTA:
2FeS, - 2FeS + S,. Cepa GbicTpo cropaer B rasosoif dase: S, + 20, —
~ 250,. Cyabduj xejge3a OKHCIALTCA MO YPABHEHHIO

4FeS 470, > 9Fe,05 4450,

B jeficrBurensrocty, Huxe 600° C okuc/IeHHe MPOHCXOIHT yepes
obpasoBaHie CyJIb(aTOB JKejae3a B KauyecTBE NPOMEKYTOUHBIX COeu-
HeHHH, a npu Gojee BHICOKHX TeMreparypax CHadana obpasyercs FeO,
a 3arem yxe Fe,O, nau Fe,Oy. Bo Beex ciiyuasix npu OKHC/AEHHH CYJb-
duna obpasyercsa mjeHKa OKUCJOB Kejes3a, H JlajdbHellee BhlropaHue
Cepbl JHMHTHDPYETCA OGbIYHO CKOPOCTbIO Au(dy3uu KHCI0poga BO3-
LyXa K Heokuc/JeHHoMy Aapy FeS u obparHoii nuddysued asyoxucu
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cepel M3 IVTYOHHBI 4acTHubl. IMeHHO 3TOT mnpouecc Tak Ha3biBaeMoil
BHyTpeHHeH AH(QY3IHH H JHMHTHPYET OOLLYI0 CKOPOCTh OGHHId KOJ-
yenara. Ot 5 no 10% Bcelt ceprl KoJueaHa NepexofHT B ra3 B Buje
SO,. TpexokHCh cepbt noyuaercs BeaencTeie okneaenus SO, npH kara-
JIUTHYECKOM JeHCTBHH orapka, a TaKkxKe 3a CUeT pasJsioxkKeHHA Cy/bga-
TOB, KOTOpBI€ MOTYT COJepPxKaThCsl B KoJ4YelaHe H/IH OﬁpaBYIOTCH npu
okucieHnH nuputa. IIpH BbICOKHX TeMneparypax BbiXOJASAILUETO H3
medH orapka H Ipu MaloM H30bITKe KHCJIOopojaa, HanpHMep, B nedax
KHMALIEr0 C/10s CyMMapHBIH npoilece O6XKHIa NUPHTA XapakTepH3yeTcs
YpaBHeHHEM

3FeS, 480, —> FegO; 4650, 4 Q (®)

[Ipn oGxKHre OKHCTAITCA TakkKe CYAbQHIb JApPYrHX MeTallJoB,
colleprKaliHXcsd B KoJue/laHe, pasiaraicrcsi KapGonaTbi, B Ta30Bylo
¢asy u3 cbipbs nocrynaior tTakxke As,Og, SeO, 1 Bes Bara xkoJyenaHa.
OxncJbl ese3a, cyabdarsl H OKHC/IB! IPYTHX MeTAM0B, KBApIL H aslto-
MOCHJIHKATHI, a TaKxe HeoKHCIeHHbIH FeS cocraBasior orapox. B orapke
ocraercs oT 0,5 no 2% cepel. OnbITHbIE JaHHBlE, XaparTepH3YIOmHe
CTeneHb BHITOPAHUSA CepHl H3 KOJMUYelaHa NPH OGKHIE €r0 B HEHOJBHXK-
HOM ¢JIo€, TIpHBeJieHb Ha puc. 3. OnTHMaJbHEIE YCIOBHS 0GXUTE MOKHO
onpefiesINTh, aHAJU3HPYA BJIHAHHE HAa CKOPOCTb Npolecca pasiHuHbIX
yCJIOBHI TI0 ypaBHEHHIO reTeporeHHOro nporecca:

dGg, jdt=kF AC. (L.1)

JlBuxKyIias cHsa nporecca BO3paCTaeT C yBeNHUEHHEM COJepiKa-
HHA FeS, B Ko/uejaHe H € MNOBBILEHHEM KOHNEHTpAaiuu KHCIO0pPOAd
B rasopoil cmecu. Ee ypesnnueHue JocTHraercd oforaileHHeM KoJue-
naHa (otneneHus npHmeceit or FeS,) MeTonioM dioTanuu, a Takxe npu-
MeHeHHeM J/15 o0xura Bosayxa, oborameHHoro kuciaoposgom. OnHako
5TH cnoco®bl YCKOpEHHS nporecca Tpe-

Oyior GoabUIMX 3aTpaT H [PHMEHATCH 100 =0 -
peako. OOGBIMHO NPUMEHSAOT H3GBITOK W q@;l:@n“ﬁ;ﬂc
BosnyxaB 1,2—1,8 pasa no cpaBHeHHIO . W
CO CTeXHOMETPHYECKHM MO YypaBHEHHIO &0 77 f/ﬁ"“(

(a) wau (6). OcHOBHBIE peakiuH B yc- o/ J//, I
JOBHAX OGMKHra HeoGpAaTUMBI, MO3ITOMY % 0 /A, / 5@:5,
MeToNbl CMellleHHs paBHOBecHA 371eCb  § l// /"
HerpuMeHHMBI. ¥ BeIHUEHHe CKOPOCTH & & /

Peaknuun 3a cuer BospacTaHusl Koapdu- T 4 IJ y

. lWenTa Mmaccomepenaud k jocrnraercs 8 I//

NpH nopbllenuu temneparypbl. Onnako  § % /4

NOBEILIEHHe TeMIeparypsl OrpaHuuH- = ppHifs .
Baercs cpexkaHuem uwacTHi, KoJyelaHa

B KOMbsl, koTopoe HacTynaer npu 850 — 10

1000°C B saBmcumocrs ot npHmeceii

féomenaﬂa H BuJa OGKHTOBOIl meurl.
HelHe nu - g

TeHcy A q)q)yBHOHHHe npoueccm‘;IH Puc. 3. Bauaune TteMneparypl

Ko Ipunupyrores NEPEMEIHBALLM  ya cremenn Buropanus cephl ua
JY€laHa B BO3ayXe, OAHAaKO OOLiMil KoJNuenana

0 4 & 12 16 20T,mun
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npotiecc ropeHHs JHMHTHPYeT B OCHOBHOM JH(xpy3usa Kuciaopona H
JIBYOKHCH CepHl B MOpax OKUCH 3Kene3a, Hapacrawolileld no mepe oGxHra
Ha 3epHe Komauenaua. Ilosromy s obierdeHus puddpysun H ype-
JIH4eHHA MOBEPXHOCTH CONPHKOCHOBEHHS F cyJibdHa #xee3a ¢ KHCJIO-
poJIOM BO3[yXa BakHellllee 3HaueHile MMeeT H3MelbueHHe KO/IYeNdHa.
OGruHO nMpHMeHAeMEIH (JIOTAUHOHHBIH KOJUeJdaH COCTOHT B OCHOBHOM
u3 yacruil pasmepom or 0,03 mo 0,3 MM; ecrecTBeHHO, UTO NMPH CTOMIb
60J1bILIOH pa3HHile B pasmepax BpeMms MOJHOrO BHIOpaHHA cepbl KoJeb-
JieTcs 1715 OTJe/IbHBIX YaCTHIL B JeCATKH pas. IToBepXHOCTb COMpHKOC-
HOBEHHA KOJYeIaHa ¢ BO3JYXOM yBeJHUMBAETCS TaKxKe MPH IepeMenit-
BaHHH, Xapaxrep KOTOPOro OMpenefferc THNOM NpHMeHAeMOH mMeuH.
ITponykToM o6xkura ABAsiercA CepHHUCTHIH ras, COCTOAILMH H3 JBYOKHCH
cepel, KHcJoposna, asora H npumeced, Kuenopon B rase HeoOXOaHM
175 OKHCJIeHUS [BYOKHCH cepbl B TpexOoKHCb, COOTHOLLeHHe KHCI0-
pojia u ABYOKHCH cepHl B rase 6e3 yuera SOy BeiyHcafeTCs Mo Gopmy.ie
n(m—1

Coy=n—[m—2C=D]e 02)
rne Co, 4 Cso, — KOHIEHTPAIH KHCJIOPOAa H JIBYOKHCH Ce€pHl B rase,
06.%; m — OTHOLIEHHe YHCJAA MOJEKY/J KHC/I0pPOoJAa, BCTYNAOLIHX
B pPeaKiHIo, K 4HC/Y MOJIEKYJI JIBYOKHCH cephl, 06pasyoiHxcs B pesy/b-
TaTre peakiHH (M0 CyMMapHOMY ypaBHEHHIO PedKilHH); n -— cojepxa-
HHe KHCJ0pPO/ia B BO3yXe WIH HHOH a30TOKHCJIOPOANOH CMECH, MOCTY-
natoieif Ha ropetue, 06. %.

[Teuw gaa o6xura KoJuemaHa MNpPIMEHAIOTCA
B CoserckoM Cotose Tpex THMOB: 1) MexaHHuecKHe MOJOUHBIE, B KOTO-
pbIX KOJMUendaH NepeMellHBaercss B cJoe, 2) NbUIGBHAHOTO OOKHTra
C pacnblieHHeM KoJueqaHa B MOTOKe BO3JyXa M 3) CO B3BeleHHbIM
(kunamuM) cJioeM KoJddenana. B nmewax 2-ro i 3-ro THIOB AOCTHIAercs
MdKCHMAaJ/ABHOE Pa3BHTHE TIOBEPXHOCTH COl'IpHKOCHOBEH}IH, KOTOpa
paBHA Bceill NMOBEPXHOCTH YacTHIL.

MexaHuHuecKHe NOMOUHBE meud (cM. u. I, puc. 72)
SIBJIAIOTCS YHHBEPCAJBHEIMH /1 06XKHTa JI0GOTo Chillydero CepHUCTOro
cHipbs., B HHX 0GXKHrator (WIOTAUHOHHBIH H PSANOBOH CEePHBIH KOJYe-
JlaH, CyJsibHAHBIE pyAbl UBETHHIX METa/JIOB H CepyCOAepIKallyo raso-
QUUCTHTEJIBHYKO MACCy. HIJH ob6Kure KOJIgyedHa HOJ!yHaeTCH ras,
coftepxkamuit B cpennem SO, 9%, O, 9%, N, 82% *. Brixonfwui
H3 MeyH OTapoK CONleP KHT B cpenHeM 2% HeBwiropeBulefi cepul. MuTeH-
CHBHOCTb pabOTel Meuelt cocraB/sier B cpefHeM 225 Kr 060XIKEHHOTO
KoJuenaHa Ha 1 M* CBOJIOB meud B CyTKHM HJH okovsio 185 kr wa 1 m*
o6veMa neud B cyTkH **, Tlpu cs0eBoM CKHTFaHHH (DJIOTAIHOHHBIH
KoJluenaH JJerKo CrieKaeTcs B KyCKH. MOo3TOMY B neyH HeaonycruMa reMmne-

* B TeXHOMOTHYECKHX pacyeTaXx COCTaB ra3oBHIX CMecel OGLIYHO Onpeessiior
B lepecueTe Ha CyXod ras, Tak Kak KOJHYECTBO BJAard B rase [OYTH BCErJa CHABHO
xofieGaercd. B nanHoM ¢lyyae oHO ONpeleseTcs BAaKHOCTBIO KOJI4e/1aHA H BO3jyXa,
HuepTHble raser, cofepacaiieca B BO3AyXe, YCJIOBHO YUHTHIBAIOT COBMECTHO C A30TOM,

** Tlpu pacuere WHTEHCHBHOCTH PalOThl MeuHd HaTypaibHMH KoJyelaH nepecuu-
ThIBAaeTCA Ha CyXoli Koduepad, cofepxawuit 45% S. B uartypasbHOM KoduepaHe
COAEPKHTCA cephl 00LiuHO Menee 45%, cllefoBaTebHO, HHTEHCHBHOCTD, PACCUHTAHHAS
H@ HATYPaAbHLIH KoJyenaH, Gojblle, YeM BRILENPHBEAEHHAA,
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parypa Bbillie 850—900° C B 34BHCHMOCTH OT HaJHUHS JErKOMIaBKHX
npumecefi B KonmuelaHe. BriCokas TeMneparypa BhI3bIBAeT TaKxke Kop-
03HI0 H TIOJIOMKH YYTYHHHIX 3y6beB, rpeOKOB U jJaxe Bana Ieyu.

MexaHuyecKHe Me4YH CJOKHBI B YCTPOHCTBE, MAJIOMHTEHCHBHBI,
JOpOrH B 3KCIUyaTauuH, He o0ecredHBaioT JOCTaTOYHOrO BBUKHTAHHSA
cepbl H3 KOMYelaHa H BBICOKYIO KOHIEHTPAlHIO CEpHHCTOro rasa H
NO3TOMY BBITECHAIOTCA NeYamH JPYrHX THIIOB.

[Teuun neJeBHJHOTro ofxura (cMm. 4. I, puc. 74)
npHMEHSAIOTCs 17151 “oGxura cyxoro ¢uoraunoHHOrO Kosmdenana, O6xu-
ralolHecs B ToJeTe MeJKHe YacTHIbI KOMTuelaHa OMBIBAIOTCA CO BCex
CTOPOH BO3/1yXOM H NI03TOMY HHTEHCHBHEE Cropaior i Tpy/Hee CieKaioTcs,
yeM B TOJIOYHBIX NMeyax. B neun ponycruma temmeparypa jgo 1100° C.
2710 NO3BOJISET NOJAABATL B NeYH MEHbUIHI (YeM B NOJOYHEIX) H3GBITOK
po3nyxa. B pesysabrare nosyuaercsi ras, coxpepxamwmit o 13% SO,
a B orapke ocraerca 1—1,56% S. Ilpu npocTom ycTpoiiCcTBe HHTEHCHB-
HocTh pabothl meveit cocrapasier 700—1000 kr/m®-cyr. Temnno rasos,
BHIXOAAIMX ¢ Temneparypoii 1000° C, ucmonb3yerca B KOTJaX-yTHIH-
3aropax Jas NOJy4eHHs mapa.

Henocrarkamu 3THX nedefi, npenaTCTBYOIHMH HX LIHPOKOMY pac-
MNpOCTPAHEHHIO, SIBJISIFOTCS, BO-NEPBHIX, HEOGXOJHMOCTb TNpHMEHEHHA
(h10TAlHOHHOTO KO/14elaHa C MasIofl BJaXHOCThIO 0 6e3 60/IbIIHX KoJle-
Ganuil colepxkaHua cepbl. Ilpy H3MEHEHHH COCTaBa KOJ4eTaHa Pe3Ko
KosIe0/IeTCsl COCTAB ra3a, BJaXKHBIH KoJsuelaH 3abHBaeT (OpPCYHKY H
HapywaeT paloTy mneuH; BO-BTOPLIX, 3aMbIIEHHOCTh ra3ad COCTABJIAET
o6buHO GoJsiee 100 r/m® npotus, npumepuo, 10 r/M® B MexaHuuecKuX
neyax.

[Teuw co B3BeWeEeHHHM (KHOAUWHM CcJOeM
(em. u. I, puc. 75) npumeHsitorcs ais 00;KHra GUIOTAllHOHHOIO H pAJIO-
BOTO KOJ4elaHa H JPYTHX CyabpuIHBIX pyA. B oranuue or mexaHu-
YeCKHX nedefi B newax kunsiero ciaos (KC) Henb3fl CXKHraTbhb Mmare-
pHaJ, CHJABHO pas/HYalomHics 1Mo pasMepy YacTHIL (B OAHOH M TOi xe
Neyyd), TaK Kak CKOpPOCTb BO3AYXa, COOTBETCTBYIOIAA B3BEIUIHBAHHIO
3epeH, INPHMEPHO TMPONOPUHOHANBLHA HX pasMepy H /S  KPYIHBIX
YaCTHI1 PA0BOTC KOJ4eaHa OHa B IeCATKH pas GoJiblle, YeM s 4acTHLL
(uoraunonnoro. B newax KC npu nosHom o6TeKaHHM BO3TYXOM YacTHIL
KOHIIEHTPallisl HX B ofbeMe Bhilile, UeM B MedaX MNbLJIeBHHOTO 00XKHra,
NO3TOMY Bhille HHTEHCIIBHOCTBH paboThl meuefi, cocraBisiomas 1000—
1800 kr/m® - cyr. I1pu 3TOM MOKHO NOJyuaTh ras, cogepxautii 10 15%
SO, mpu 0,5% S B orapke. [l HCNIOMBL30BaHNS TENAa PeakiHn TpyGol
NIAPOBBIX KOT/IOB-YTH/IH3aTOPOB YCTAHABIHBAIOT KaK B TOTOKe rasa,
TdK M HenocpeACTBEHHO B KHMALLEM cJioe, rie Ko3(puuueHT Tersio-
OTJaul MHOTO Bhifre, 4eM ot rasa. Crem napa Bbillle, 9eM B Neuax Ibliae-
BHIHOrO oGxura, H jocturaer 1,3 T Ha 1 T Konuenana. Temmeparypa
ONMHAKOBa BO BCEM CJIO€; nyTeM OTBOJIA TEI/Id OHa TOJANepXKHBAETCHA
Ha ypoBHe 800° C. 3anbi1eHHocThb rasa B neuax KC eme Gosblue, yeMm
TIPH nbl1eBuHOM 06xure. Baaronaps 6Go/bLIoH HHT@HCHBHOCTH paboTh
NPH BHCOKO# Kounentpailid SO, B raze ¥ JydiieM BHITOPAHHH CepbI
H3 KO/4enaHa meun KuMAUIEro ¢/1051 BHITECHILTH NOJOYHBIE MeYH B cep-
HOKHC/IOTHOM npOMBILIIEHHOCTH H LIBETHOH METaTypriH.
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Marepuanpupeit U TennoBoH OGasmaHC neyw
Aasd O6GXHUTra KoJue aHa PpPacCUHTHIBAIOT Mo ofulenpH-
HATOH Meronuke (cM. u. I, r1. II). B kauecrBe npimepa paccMoTpHM
MaTepHaabHBIH W TensoBoll Gamanc neun KC-450.

HcxonHbie nanHple 1J8 paccuera:

Tpoussonuteastocts mewn (1009, HySOy) Gy o, T4 v v v oo 20,833
Crenenb HCMOMB30BAHAS €epel B . . v . o o o v v v o L. 0,885
Pacxog cyxoro Koaduegaua (459, S) ma 1 1 HaSOuet, T . . . . .. 0,82
CogepxaHue, 9%,:
Cephl B KOMUEHAHE Cg . v v v v v v v v v v e e 41
BJArH B KOMWedaHe Cpy o« v v v v v v v v v e v e e v a e u s 6
Cepbl B OrapKe Cg o)« v v v v v v e e e e I
SOz ® cyxoMm of:kHrosoMm rase Cso, .............. 145
. SO3 B CcyXem OGKHTOBOM rase Cso, ......... R | 8
Temnepatypa, “C:
e (T T T T 20
BOBMYXA g3 « « « 0 v v v b e e e e e e e e e e e e e e e 20
0GKHIOBOrO ra3a Ha BeIXOAS W3 Teud £ . . . . .. .. ... 850
OTAPKA gr v v v v e i e e e e e e e e e e 850
OtHocHTeNbHAS BAAKHOCTL BO3OYXA @, % « « v v s v v v . . 20

PacyeT:
Ofuee cogepxaHHe cepbl B KoJuelahe:

MGy,50,1000 32,06 - 20,833 1000

ST T MpsoB | OB08-088 00 K/
KoanyectBo cyXoro xosueana:
Gg100 7695 100
GKOJ‘I‘{: = = = |8 758 Kr,"‘{.

Cs 4
KOJ’I[IIIE(‘,TBO BJard B KoJauegaie.

Guowi Coo  18758:6
GBH_ 1—00:'-6; = mﬁ_jﬁ——' 1198 Kl"f‘{.

Konnuecteo orapka

G 160—Cs 4 160 41 o 68— 0,748 18 768 38
o TR0 g oy C%0r T TGO T 000 = 0,748 18 76814 038 wru.

Konnyectso cepel B orapxe:

Gop* Csory 14038 1

Gs ory = 700 =00 = 40 xr/u.

[MoTepn cepwl ¢ orapkoM:
Gg oy - 100 140- 100 .
oy T e N
Konuuyecto Bbiropesiuell cepoi:
Gg— G (o) = 7695 — 140 == 7555 &r/u.
O6muit 06vew SOy + SOt
v _(G5— Gsory) 22,4 7555-224

(50, + SO;}'—'_ MS = 32,06_.=52?9 Msf‘l.




O6bem SO,:
V(50,+50,Cs0, _ 5279-14,5

Vso,= Cso, T Coo, 1540,
O6beM SO;:
Vso,= 1/(50’+ S0, — Vso, =5279 —5243 =136 Mm3/y,

=5%43 M3/u.

KosueHTpauua KHCA0POAA B OGKHIOBOM rase onpepeisercs no cdopmyne

n{m—1) - n{m—0,5)
CO! =n— ]’m—l—m—-] Choz—[m+0,a —I'OO—J CSO, s

rle n — COIep:KaHHe KHCIO0poAa B DosayXe, n = 21%; m — cTeXHOMeTpHuyecKoe OT-
HowIeHHE YHeAa MONeKyJd KHCIOPO/a K YHCAY MOJEKYJ ABYOKHCH Cepbi, 0 GanancoBoMy
ypasHenuio 4FeS; 4 110, = 850, + 2Fe;0g; m = 11 : 8 = 1,375,

_ 21 (l,_s_w?f)—l) _
Co,=21—| 1375 — ZLH= D 14,5
- [1,375+ 0,5 gﬂ%ﬂ)] 0,1 =2,06%.

O6seM cyXoro o0MHIOBOTO rasa:
Vso, - 100 5243-100

Vr—_r_ Cso: = 4.5 =36 159 WI"I.

O6beM KHCAOpOjaz B OGKHIOBOM rase:
V.Cy  36159.2057
— LI

VO’_“_IG-U_ = —Wm 744 w3/u.

O6veM azora 8 OGXKHTOBOM rase:
Vst V.—"(Vso, -+ Vsos‘i' Vog) =36 159 — (5243 4- 36 4-744) =30 136 m3/u,

Ofbem cyxoro Bo3pgyXa, MOCTyMawoUlero Ha ofXKHT KoayeraHa (BO3Ayx 'COREP}KHT
79% No),
V1000 30136100

LT ——— e = = 3
= Tn. 75 38 147 w3/,

Marepnanohuptii 6anauc neun KC-450

Konuuecrro Konuuectro
Mpuxoy Paczog
Kr a3 K m?

Komvegan . . . ., 18 768 — | Orapok 14038
Q6:xurosbiil ras: -
Bnara konuegana 1198 — SO, 15337 5243
. Cyxofi mosgyx . . .| 49400 | 38147 | SO, 129 36
Oa 1063 744
B Ny 37 600 30136
Jara ¢ poigyxom 358 445 H,0 1 536 1 936
Beero 69724 38 092 Beero 69724 35 035
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OGvem napop B pozayxe (npu 20° C 1 OTHOCHTENBHOH BJAAMKHOCTH BO3AyXa ¢ ==
= 50% naB7ende napos BOAbI B HeM paBHO Py o= 8,77 MM PT cT.):

V,Puo  38147-877

o= = 3
VH'O_‘-?GO——PH?O = 760 —8.77 =445 My,
O6wuit 06bem napos BOAB B OGKHIOBOM rase
8 .
VH’O";6274122'4+ Vﬁgoz_lﬁa_ﬁgﬁi+445=1g3e /4,
H,0

TensoBol GanaHc meuu, pacCUMTAHHBIH Ha OCHOBE MaTepHalbHOTO
C MpHMeHeHUeM pacueTHBIX (Gopmy., npuBeneHHeliX B 4. I ra. II, ce-

JleH B chaenyollyo Tabauily:
Tennooii Hananc neyn KC-450

KO.HH‘!CCTBO KGJ.IH YecTeo
Mpuxog Pacxog
10— M % 10 8 x]Jx %
Tenno cyxore Kodue- Tenno orapka 8 380 8,2
HAHA . . v v w e . . 204| 0,20 Tenao o0:;xkHroBOro ra-
Tennao Baaris xosadena- 7 R 46 128 | 45,3
HA . v v v v v v 101} 0,10 Tenaonorepn 1022 1,0
Tenac cyxoro po3gyxa 993 0,97 Tenno ©a mnoayyeuue
TenAo BAari BO3AYXa 13,4 0,0l{ napa B kunaumeM cnoe 46437 | 45,5
Tenao ropeHHs Kojue-
G 1 - EN 100 656] 98,72
Beero .. .|~ 101967} 100 Becero 101 967 | 100

Kak Buano n3 tabiuibl Ten/ioBoro GanaHca, TenyIo FOPeHHs KO-
yesaHa npeobiajaer Hal IpYTHMH CTATbAMH MPUXO/a TeMjaa, Tak 4To
UMH MOKHO npeHeGpeypr B OpPHEHTHPOBOUHBIX pacuerax. B rabiuue
YYTEHO TEeI10, H3pacXO0J0BAHHOE HA MOJy4eHHe Napa HEeMoCpeaCTBEHHO
B Kunsulem cjoe. OnHako nap rnoayyaercs TakxKe 3a CUeT UCMOJb30Ba-
HUA TemnJa oTxojsiliero obxurosoro rasa. Takum oGpasoMm, GoJbuias
4acTh TeMJa ropeHus Ko/ueJaHa HCMoJab3yercs nojaesHo. (s npuMepa

Ha puc. 4 npuBejieHa auarpamma TemnJsioBoro Ganauca.

Pacuem ocrogrsix nokaszameaed neau KC-450

HMexopHble maHHBE a5 pacyera:
Bricora kunswero caos neyd KC B cnokounom cocrosauiu, Hy, M
WUnrencnsHocrs padoTel meyn [, Kr'M® eyt .. Lo L.

Temmeparypa raza, °C

H3 BXOZE B KOTEA-YTHAHSATOD fgx + + + o v o v o v v v v v v v
Ha BBHIXOZE M3 KOT/AA-YTHAH3ETOPA foiy « o v v v v v 0 0 v 0 v s

TennoceMKkoeTh OGMKHroBoro rasa ¢p, KX . .. .. ......
Juamerp neyd onpelessieM UCXOAs H3 ypaBHEHHS
F==(nD?/4=24CG"/I,
18
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rie F — nosepxHocTh noaa nedu, M2, G — KONHYECTBO CYXOTo Koiuefana (45% S),
C/HHTAEMOTO B [€WH, OMpeaensioT no dbopMyde

GyomCs  18768-41

r__ _KOAM S .
G'= 15 = 5 =17 100 Kr/y,
4.24G’ 1 24.17100
D_l/ Y] “]/3,14-10000 =73m

Apuxod Pacxod

%//

Tenngma 20penua
romyedana 56723%

 02apiam. 11%
=

C eadamu 17,3%

7

100%

\\\\\\\

Ha nonysenue
napa 377% \
C yxnum \\ \,\\
Bo3dgxam 103% AT
C 8nazold C cyxuit wag- £ 8razou

foadyxa 00i4%  vedawom kom€iasa
0,186%  0,097%

Puc 4, JIuarpamMa rtemsosoro GanaHca neuu KC-100

KonuyecTBo Tensa, ucnonb3yeMoro B KOT/Ie-YTHAH3aTOpe (ecld TNoTepH Tera
B HeM cocrasasior 1%), onpeieasioT No ypasHeHHIO

Qu="Vep (fs — tpux) 0,99 =138 095 - 1,43 (850 — 450) 0,99 =21 500 000 K [Txkc/u.

O6ulee xoauyecTs0d ncnodb3yeMoro tenda (s Neus KC 0 B Komle-yTHansatope)
cocraasier [yuurbisas, uyto Q, = 46 437 000 k/Ixk/u (cM TensoBoit Gamanc)]

Qo6 =Qn + Q=46 437 000 - 21 500 000 =67 937 000 L x/u,

Konuuecrso noayuaeMoro napa:

Qosee 67 937000

r[____q_ ZW:% 400 xr/4,

TAe g — sHranpnud napa npu 40 arv, g = 2790 g/Ix/kr.
KonnyeerBo nonysaemoro napa s nepecuere Ha 1 T HoSOy
24 400

a ~ 20,833

= 1167 xr/T H,S0,,
Hmd 1,17 T,I'rT Hgso.;.

Momuocty ycraHaBnnBaembix Ha 3aBojax Tiedell BO3pacTaeT H3
Fona B rox. Mx npousBoautenbHocTh jAocruraer yxke 1000 t/cyr. Meto-
IHKa MPHBETEHHBIX pacyeTOB MPHMEHHMa He3aBHCHMO OT MOLIHOCTH
neyy,

CKXHraune cepsl NPOUCKOAHT MpoOLle H Jerue, yeM OGKHr
KOMuenauna, no peakuuu

Sip+0s — SO, ++29 kIx
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dakTHUYECKH cepa nepeq ropexneM naasutes (r. m1. =~ 113°Q),
uycnapsierca (. kun. =~ 444°C) u cropaer B rasoBoit ¢asze. Takum
o6pa3oM, Cam Mpolecc ropeHHsl romorenHsblii. Pacuer cocraBa rasa
no ¢opmyae (1.2) nipu cKuraHuu cepbl ynpouaercs, Tak kak m = 1.
ITpu cxkuranun cepbl B Bosyxe (n = 21)

C0: =2] — Cso, (1.2)

T. e. TEOPETHUECKH MOXHO nNoJyuuth ras, cogepxkamui 21% SO,.
QakTauecky Jal0T H30LITOK BO31yXa W MOJYYAIOT B 1€4aX CepHOKHC-
JIOTHOTO TIPOH3BOJICTBA ras, colepxamii oxono 12% SO,, a B ueamo-

JIO3HOM TIPOHU3BOJICTBe —

Xudras cepx  Cwamsnd Bpadyy 3 10 16% 502; Iaa cxu-
- FaHHA YHCTOH CepLl npu-

1 - MeHsIOT  (hOpCyHOUHBIe

! /23 (puc. 5) H UHKJOHHBE

2 //I' neqrr. Ilepen notaueil B

neub cepy IIABAT IJy-
Bo3dyx onn \ XUM [1apOM B IT4BUIBHOM
Z0pERUA CERBI 7 KOTJ/Ie, OT(HILTPOBLIBAIOT

Puc. 5. DopeyHounas neub AIS CHKHIaHHA CEpBI OT TNpHMECEH 3 pacrbl-
JIAKT CHATHM BO3JIYXOM
] — cranbuoli LuaunAp ¢ dyreposkoil; 2 — dopcyrKa;

3 — Kamepa BOMKHIaHHA NMapoB cephl ‘iepefﬂ (pOPCYHK)’ B NIeyu;
NpH 3TOM cepa Hcmapser-
ca u cropaer. B dopcynouHolt meud mnepemeluuBaHHe Cephl ¢ BO3Ay-
XOM HENOCT4TouHOe, Mporece TopMosutc audxpysuefi u NnpoucXoauT
3KCTEHCUBHO. B HK/IOHHON neun 6Jarofaps TaHreHIHaJbHOMY MNOJ-
BOJY BO3lyXa NpPOUCXONHT HCKJIOUHTENLHO CHJIbHOE MepeMellHBaHie
mapoB Cepbl C BO3YXOM H HHTEHCHBHOCTL CrOpaHHAl yBe/HUHBaercs.
[TosTOMY HOBbie UMK/JOHHBlE [€UH BLITECHAWT (POPCYHOUHBlE TeyH
craporo Tdmna,
QuucTKa rasoB OT ONObJH, YHOCHMOH NOTOKOM rasa
13 neuefl, HeoGxoauMa A5 TOro, 4ToObl NMELIL He 3acopsja Nocienyo-
Lyl0 annaparypy M He 3arpA3HAjga KHcaory. B rasax, BhIXOAALIMX
u3 rededl, cojaepxkurcs orapkoBoii mewin or 10 o 300 r/m3. T'pyGas
OUWCTKA rd30B NPOHM3BOJHUTCA B UMK/JIOHAX, WIH HHEPILHQHHBIX INbLie-
VJIOBUTENAX, KOTOPHle ycTanaBjuBairca nocte neued KC u nbiie-
BHAHOrO 06XHUTd, NAOMHUX CHJALHO 3anbllelHsle rassl. [locrte rpyfofi
OUHCTKH Td3 NMPOXOAMT Noj TPpyGaMmii napoBOro KoTJd, NPOU3BONALLIETO
nap BbICOKHX mapaverpoB. Dosee mosHas ouucrka rasa 1o cogepka-
nus B Hem mewd 0,1 r/m® mpousBoaurcst B 3a€KTpodUIbTpAX.

3. KOHTAKTHLIF CNOCOE NPOM3IBOACTBA CEPHOM KUCHOTHI

KoHrakTHBIM croco6oM NpOH3BOAMTCA 60JIbILIOE KOJTHYECTBO
COpTOB CePHOH KHCJIOTH, B TOM HHC/Ie oJeyM, cofepxkawuil 20% cBobos-
noit SO, KynopocHoe macao (92,5% H,SO, u 7,5% H,0), akkymynsa-
TOpHAs KHCJIOTA, NPHMEPHO TaKOH e KOHUeHTpaluH, KaK H Kymo-
pocHoe Macso, Ho Gonee uncrasi. KoHTakTHbIfi cnocof npoH3BOACTBA
CepHOfl KHCJIOTBI BKJAKOYAET TPH CTAJMH: 1) OUHCTKY rasa OT BpelHbIX
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1A KaTaau3atopa npuMeceii, 2) KOHTAKTHOE OKHC/IEHHE ABYOKHCH Cephl
B TPEXOKHCH, 3) aGcopOLHIO TPEXOKHCH Cephi cepHoil kucaoToil. [nas-
qoil ctanHell aABAsfeTcs KOHTakTHoe okucjaenne SO, B SOj; no nHaspa-
yHIO 2TOH ofepauHH HMeHyeTcs H Bech cnocod.

KoHTaKTHOe OKHCJEHI e JBYOKHCH Cephl fABJAfeTCHA
IUNHYHLIM TTPHMEPOM TeTepOoreHHoOro OKHCJIHTENLHOTO IK30TEPMHUEC-
KOr0 KarajH3a. JTo OAHH M3 HauboJee H3YUYEeHHLIX KaTaJHTHUYCCKHX
cunre3oB., B CCCP nauGosee ocHoBarenbHble paGoTE MO H3Y4YEHHIO
okucnenns SO, B SO; 1 paspaborke karanunsaropos nposenebi [ K. Bo-
PECKOBEIM. PagioBecne o6pariMoii peakuuy

950, + 0, == 250, +2 - 96,7 xx (500 °C) (2)

B COOTBETCTEHH C TMPHHIHMNOM .He-LUaTeﬂbe CABHraeTcs B CTOPOHY

obpasoBanna SOz NpH NMOHHMKEHHH TeMnepaTypsl H MNOBLILEHHH JaB-

JleHHd; COOTBETCTBEHHO YBEIHYHBaeTcsd paBHOBeCHasa cyelleHb npeﬁpa-
menns SO, B SOy:

G* Plo,

Xp= =
Gma‘ Pso, ! P’%os ’

. (1.4)
rae G * — koanyectBo SOy, MOJyYeHHOE B COCTOAHHH DPaBHOBECHS,
Gmax — Hanbosblee koanuyecTBo SO;, KOTOpoe MOLJIO ORI TMOJYUYHTLCA
upu nosaxom npespaiiennn SO, B SO; no peakum (a); pfo, H péo, —
paBHOBecHble napuHanbHele pasienus SO, u SO, win pashoBecHble
o0beMHLIE KOHIIEHTpaIHH *,

TlopbiulenHe napjeHHA YBEJIHYHBAaeT H CKOPOCTh peakuuH (a).
KoanyecTBeHHO paBHOBeCHe BBLIYHCJAIOT MO KOHCTaHTe, KOTOpas onpe-
jendAeTcs KaK KOPeHb KBaJpaTHEI H3 oOLenpHHATOH KOHCTAHTHl pae-
HopecHsa [em. 4. I, ypaBuenne (I1.5)]:

K=VKp=]/ ( = Ty (15)

P%0.)*PE, P80,V P,
HJH B nepecyere Ha HadadbHble KoHueHTpauHu SO, (pso,) H O, (po,)
X

1

= l_"x — _ , (1.6)
p l/ Po, —0:5Ps0.%p

P (100 — 0’5930,"9)

Tie P — obluee nasJelHe rasa, ofbiyno pasHoe 1 - 10° H/m2,
3aBicumocts K, OT TeMmeparypbl, MOKa3aHHAd AJAA NPOH3BOJCT-

BEHHOTO MHTEpBaJsa TeMNepaTyp Ha pHC. b, BEIUHCIAETCA N0 YPaBHEHHIO
Bal-lr-Foc]Jq)a [em. u. I, (11.26)]. ParHoegecHyt0 creneHb NpeBpaleHHA
*p OOBIYHO BLIYMC/IAIOT N0 3HAYEHHAM K, KOTOpble NPHBOASNTCA B Crpa-

BOuHKKax H pykoBoacTRaxX 1o cepoit Kneaote. 114 BLIYHCICHHS HCTOb-
YT npeoGpasosannyio Gopmyay (1.6) npu P = 1 amm:

K

Xp= __ISI._—.__. (L.7)
Kt _I/IOD—D,SpSOZxD
1 e N B e
_— Po,—0:5Ps0,%,
* p,
Paenosecume o6nemusie KOHUEHTpaUHH 0603HayaT cuMBoioM C*,
2i



W3 (1.7) BeiyHcasior Xp, METOJOM MOCJIeNOBaTe/IbHEIX [10ICTaHOBOK
B NOAKOpeHHOe BLIpayKeHHe NpPeaBapHTEIbHO BBIYHC/IEHHOTO 3HaAYeHHs
Xp IO JIOCTHXKEHHA pPaBeHCTBa INpaBOH H

283\ neBoii yacteii ypaBHeHHA. [lna OObIYHbLIX
240 rasoBux cmeceit (7% SO, u 11% O,) Huxe
\ 450° C KoHCTaHTa paBHOBECHA JOCTAaTOYHO

200 \ BeJqHKa, uToOB ofecrneyutb x, => 97%;
70 NpH  MOBLIUEHHH  TeMlleparypb!  BblLe
T 450° C K, u x, ouicrpo cHuxaiorea. Og-
f \ HAKO Ha MepBbIX CTAAHAX OKHCJEHHS 1ame
80 N B TPHCYTCTBHH AKTHBHHX KaraJH3arOpoB

) N HeOoOXOAHMO [IOBBHIIATL TEMIEpaTypy BLl-

, ~_ me 450°C aaa  yBelMyeHHs CKOPOCTH

470 460 500 540 580 620 pPeakKiliH. OTKprTH COTHH BEH.{gCO'IB, }"Cé{O'
Tewnepamypa, °C PAOIHX peakuuio oxkueaerns SO,, HO Owi-

JIH TIpHMeHeHbl B MPOHU3BOACTBE JHLUIL TPH
Puc 6 3asncumocts koHeraw- JYYIUHX KarajJHsaropa: 1) meTasinyeckas
Tl papropecHs K or Temme-  rarina; 2) OKHCH Jkese3a; 3) MATHOKHChH
paTyphl npi ggﬁgf{‘;’ep“w A%B- papanua. Ha npumepax nefCTBHA 3THX

KaTaJH3aTOPOB MOKHO [OKa3aTb BJHA-

HHe TIOHHXKEeHHA 3HepTHH aKTHBAIH H
yMeHBUIEHHS TMOpAAKAa peaKiHH Ha cKopocth mnpotecca. Corsacuo
ypaBHenuto 250, 4 O, = 250, ckopocTb MpAMOi peaklUHH TOMOTeH-
HOTO HeKaTaJHTHYECKOro OKHeJeHHs SO, Jo/KHa BLIpaKaThesd Ypas-
HeHHeM TpPeTbero nopsaaka (NOpAAcK peakuud n = 2 4 1 = 3):

u=dCg, jdv="k Clo Co,, (L.8)

rae Cso,, Cso, 1 Co, — TeKylHe KOHIEHTpAIlMH B JaHELI MOMEHT.
Y, nefictBuTesbHO, 3Ta peakliia NPOXOAHT KpaiiHe MelJIeHHO BCJen-

CTBHE MaJIOH BepOATHOCTH CTOJIKHOBEHHA TPEX MOJEKYJ H OueHb 0OOJib-

woit 3Heprud axktHBauun E = 280 k/Ixk/r-moab SO;. Ha okucHOxe-

JesHoM katasusarope (Fe,Og) ckopocTb npsAMOli peakuHH Bblpa<aercst

ypaBHeHHEM

- Cso,\ !

COTJIAaCHO KOTOPOMY MOP#AAOK CcHHxKaercsd a0 n = 1,04+ 1 =25, a
SHeprHa aKTHBauuH cocrapiser E, = 160 k[IK/T-Monb MpH BBICOKHX
Temrneparypax 3axurauua fy > 600—650° C B 3aBHCHMOCTH OT COOT-
HoweHnua O, : SO, B razoBoii cmecH.

Jly1s1 BaHaHeBLIX KaTa/JH3aTOPOB ¢ KaaHeBeIM akTHBaropoM (nV,05 +
-+ mK,O) npH oOBIYHBIX YCJIOBHAX KarTajH3a NPHMEHHMO MNPUG/IHIKeH-
Hoe ypasleHHe DopeckoBa, B KOTOPOM CyMMapHas CKOpPOCTH PeakiHH
BEIpakaercs YypaBHEHHEM N

-~ dC Cgq, —Ctq, 08
o= —0 (_59—_— 50’) Cost (1.10)
Cso, :

dt
n=08+1=18u E, = 92 glx/r-monb npu #; > 400° C. Ypas-
Herne (I.10) HemOCTATOUHO TOYHO MPH MAJBIX CTEMNEHAX OKHCJEHHS
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(MaaBIX X) H NpH BLICOKHX TemneparypaX. BopeckobiM npentoxeno
u 60JIee TOUHOEe ypaBHeHHe, CTpaBe HBOe B LIHPOKHX Npeaesax H3me-
nenns Cso,, Co, W x:

C C. 2
u=kLCo, e 1 “( b?f? - (I.11)
Cs0,+0,7Cso, | ' Cs0,CH2K,

OnHako aHaJH3 MeXaHH3Ma KaTaJIHTHYECKOTO [pollecca, a TaKixkKe
y pHOIHKEHHBle BEUHCIeHHA Npowe festath no (1.10), nosromy B nasb-
peiilzeM HM H 6y1eM NOJb30BaThCA.

Ina Hanbosee AKTHBHOTO MJIATHHOBOTO KaTanuszaropa (MeTasJH-
yeckad MJaTHHA)

U= chO, —k CSO, - CEO,

dt " Vs, '

rie C#o, — paBHoBecHast kosilentpauua SO, n=1 wu E,=
= 68 kILK/r-Mosb mpu ¢, << 350° C. 3aBHCHMOCTb CKODOCTH KaTa-
JIHTHYECKOTO Mpolecca ot KoHleHnTpaunn SOj B rase (Cso,) yKkasbiBaer
Ha TO, 4TO CKOPOCTb TOPMO3HTCA NPOIleccoM aecopOitiit 06pa30BaBIIerocs
SO, ¢ MOBEPXHOCTH KaTaJH3a10pa. AKTHBHOCTb K4TaJH3aTOPOR NOJACYH-
THBAIOT [0 YpPaBHEHHIO

(1.12)

A:——]&=eRf (I1.13)

rne AE = E —E,.

HanGosee akTHBHBIM KaTajH3aToOpOM fABJAETCA MJAaTHHA, OfHAKO
OHa BbILLIIa U3 ynoTped/aeHHs BCJIEICTBHE JOPOrOBH3HBI H JIerKoi oTpas-
JISEMOCTH [IpHMeCAMH OGKHMIOBOIO Ta3d, OCOGEHHO MBILbLAKOM,
OxkHeb xese3a neueBas, He OTPaBJIseTcsa MBIUbAKOM, HO NPH OObIYHOM
cocraBe rasza (7% SO, n I11% O,) oHa nposABIseT KaTaJHTHYECKYIO
aKTHBHOCTb TOJbKO Bbite 625°C, 1. e. xoraa x, << 70%, u nosromy
npEMeHANach JHIb A5 HayaJbHOTO OKHcieHus SO, 10 ROCTHKeHHA
x, 50—60%. Bananuepblit Karanusarop MeHee akTHBEH, 4yeM [IaTH-
HOBbIIui, HO pellieBJI€ H OTPaRJ/JAdAeTCA COeIHI{EHHAMH MBEILUIbAKA B HECKOJbKO
THICAY pa3 MEHbILE, YeM MJIaTHHA, OH OKasajcs HauGoJiee palHOHaJb-
HHIM H TOJbLKO OH TIPHMEHseTcA B TIPOM3BOJCTBE CEpPHOH KHCJOTHI,
BanagueBas konTakTHas Macca coiepKHT B cpegnem 7% V,0;;
aKT}!BaTo[]aMH ABJAIOTCHA OKCHJABI EJOYHBIX METANJORB, OOBIYHO npH-
MEHAI0T AKTHBATOP Kg(); HOCHTEJEM CJYKAT NOPHCTLIE a/TIOMOCHJIHKATLI,
OObiunibie BanagHeBble KOHTAKTHBIE MAcChl NIPEACTABIAIOT cO0O0fi MOpHC-
Thie rpanyJbl, TableTKH WIH KoJbla. Ilpu KaTanuze OKHCb Kamus
npespamwaerca 8 K,S5,0;, a KOHTakTHaa Macca B o0ueM NPeCTaBJIsAET
co0oit MOpHCTHIT HOCHTENb, TICBEPXHOCTE 0P KOTOPOTrO CMOYEHa TUIeH-
KO pacTBopa NMATHOKHCH BaHajHs B KHAKOM MHpOCYJb(paTe KajHA.

Bananuesaa koHTakTHaa Macca IKCIIyatHpyeres npu 400—600° C,
Hpu ysennyenyu remneparypu euiie 600° C HauHHaeTCA HeOGpaTHMOE
CHHXKEeHHe aKTHBHOCTH KaTaJaH3atopa BCJIE€ICTBHE CleKaHHA aKTHBHBIX
KOMIIOHCHTOB ¢ 00pa30BaHHEM HeaKTHBHBLIX coeaHHeHHil, He pPacTRO-
PHMBEIX B nupocyabpare kaaus. TIpi NOHHKEHHH TeMmepaTypbl aKTHBR-
HOCTL KaTaqausaropa pe3KO CHHXKAeTCs BCJEACTBHe NpeBpaieHis Ver
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B V% ¢ o6pasoBanueM MaNOaKTHBHOrO cyJjbkpara Banaguaa VOSOy.
3ro npotiecc obparumblii u yeM Goabute cootHouwlende SO, : O, B rase,
TeM Bbille Temreparypa o0pasoeauna VOSO4, T. €. Temneparypa
3akuranud {,. B NpoH3BOACTBEHHBIX YCAOBHAX HA KOHEYHBIX CTAAHAX
okucaenusi SO,, korga O, : SO, > 30, ¢, << 400°C, a npu nepsbIX
CTAjHAX OKHCIAeHHsA TMpH TepepaloTKe KOHUEHTPHPOBAHHLIX Ta30B
aocriraer 500° C. [li1a o6biunoro rasa, cogepxautero 7% SO, u 11% O,,
TeMIleparypa 3a)KHTaHHA Ha HAYAJIbHOH CTAJMH OKHCJIEHHA COCTaB/fdeT
okoso 440° C. Tlpu 3710# TeMneparype 3Heprius akTHBAIHI Pe3KO MajlaeT
or E = 188 k[ /r-moab SO, (Ha cyabdare BaHajin1a) 10 92 K J[3K/r-MOMb
Soa (Ha V2O5 ‘I"' Kgo).

Ilponece karanusa ciaaraetca H3 craauii: 1) auddysuu pearupyio-
LWHMX KOMIIOHEHTOB U3 A1pa ra30BOro [IOTOKA K I'panyJaM, a 3ateM B [1opax
KOHTAKTHOH Macchl; 2) copOllii KHCJA0pPOAA KaTajqH3aTopoM (mepenauya
3JEKTPOHOB OT KATANH3ATOPa K atoMaM KHejaopoaa); 3) copbiuu moe-
Kya SO, ¢ o6pasoBanneM Komnaekca SQ, « O - Karanusartop; 4) nepe-
TPYNIHPOBKI 3JIeKTPOHOB ¢ oGpa3oBaHueM Kommiiexca SOy « Katanusa-
Top; B) aecop6binu SOz n 6) auddysun SOz 3 NOp KOHTAKTHOH Macchbi
M OT NOBepXHOCTH 3epeH. [IpyU KpyMNHBIX TpaHyJax KOHTAKTHOH Macchl
CyMMapHas CKOpPOCThL Iporiecca onpeaensderca audysneii peareHToB
(I-a n 6-a craguu). O6LIMHO CTPEMATCA MOJYYATh TPaHyJbl He OoJsee
5 MM B moflepeyHHKe; NPH 3TOM IMpOLECC HAET HA MepBbIX CTAAHAX
oKHCIeHHs B AupQPy3uOHHOH, a Ha nocaenHux (npd x > 80%) B kHue-
THyecKkoii obaactu. CymmapHas CKOpPOCThL Mpollecca B KHHETHUeCKOM
o6sacTH, OTHeceHHAasd K eAuHHIle 00beMa BaHaJHEBOrO KAaTajlu3aropa
fem, u. I, (11.44)], Beipaxaerca KuHeTHYeCKHM ypaBHenueM Dopeckosa
(1.10), cnpapeyMBEIM AJIA AMaparoB MAEANLHOIO BHITECHEHHA:

— 0.8
o dcso“a—_k,( AC:kKlES()’ C§0§—‘ Co.
dt CSO,‘ 2

rae Cso,, C,o0., Co, — TeKylllie KOHIEHTpalllii B [AAHHEIH MOMEHT;
%o, — paBHOBecHas KouleHTpaunda. [locjie 3aMeHB TEKYIllHX KOH-
[[EHTpaIJ,Hﬁ HayaJbHBIMH KHHeTHUYeCKoe ypaﬁl-lel-me rlpm-mmae’r BHA

dx x, — )03 Cen X
%o =9 ( 0, — —2 ). (1.14)

S st
dt Csoax“‘s

rae Cso,, Co, — HavanbHble KOHUEHTpAUHH; X — CTeNEeHb OKHCIEHHS
SO,; T — QuUKTHBHOE BpeMs CONMPHKOCHOBEHHS ra3a C KOHTaKTHOM
MacCoi, JJia pacuera KOoToporo o0beM KOHTAaKTHOH MacChl B annapare
U, OTHeceH K 00beMy rasa V., MpoxoadiieMy yepes annapar B €IHHHLY
BpeMeHH:

T=u,/Vp (1 15)

Bopeckos 1 Cinntibko paspaborasii MeTOl MaTeMaTHYecKoTo MOJednii-
POBaHHSI KOHTAKTHRIX amnapatoB ¢ npumetenueM ¢opmya (1.14),
(1.15). Hcnoan3ysa ypasuense (I.10) uan (I.11), no OnNbITHBIM ZauHbIM
ONpefeTAloT KOHCTAHTY CKOPOCTH R,, a MpH NPOEKTUPOBAHHH MpH
U3BECTHOH &, Onpejesslor T. 3aTeM, 3a7aBasch [pON3BOAHTENBHOCTLIO
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annapara V. u npuHuMas KoadxpuimeHt 3anaca lem. u. I, (VI 18)],
pasubiit 1,3—2,0, naxonar obvem karannsaropa v,. Popmyaa (I1.10)
y100Ha I H3YueHWsA BJHAHMA HA MPOIECC PA3JHYHBIX NapamMeTpoB
pexxuma. M3 anamusa asrxyuwieir cunbt nmporecca

{Cso,—C3o,
A== Co, (1.16)

BHAHO, UTO HauboJblilee BAUAHHE OKA3LIBAET KOI-ILLEHT]I]&H,HH KHCJIoOpoaa.
Takum obpasoM, B nmpolecce Karajiusa Hauboslee MeAJeHHOH W3 KuHe-
THYECKHX CTaauil ABaAerca copObuna kucaopoaa. s ysesnyeHusa cre-
neHy OKHCJIEeHH A SO_,_ cJjaenosalio Obl MOBLILIATH KOHIIEHTpallllo KHCJ0-
pojia B Tase, HO NpH pa3GaBIeHHH ra3a BO3/ly XOM YMEHBILAIOTCA KOHIIEHT-
pauna SO, u npoussoautennHocTh annapara. Ilostomy yeranosiena
nauboJsiee palHoHaibilas KoHueHrpaiuua SO, B rase; NpH CXKHMaHHH
cephl B Bo3nyxe oHa paBHa 9% SO,, a npu obxure komuerana — 7%
SO, u 11% O,. Ilo mepe nporekanus npouecca Bo3pacraeT Cso, H CHH-
xaetesl Cso,, noatoMy AC 1 ofuwasa cKOpPOCTb Npolecca # CHHKAIOTCA
no Jorapupmuyeckoil KpuBoit (cMm. u. [, puc. 1).

Pocr remnepatypsl yBenuuuBaeT Céo, U COOTBETCTBEHHO CHMMKAET
AC. Onunako k, nosblliaeTcd ¢ POCTOM TEMMEPATypbl COIJIACHO 3aKOHY
Appenuyca[cem. u. [, (11.86)]. IToatomy B Hauase nporecca npy HU3KOH
creneHy okuciaeHua SO, ¢ poCTOM TeMmepaTypbl CKOpOCTb [porecca
yBeanuyusaercs (cM. u. I, puc. 16), a nmpu npubiukenun Qdakru-
yeCKOTo BbIXO/a K PaBHOBECHOMY cuJibHee CKasbiBaercs BauaHue Cso,
U CKOPOCTh Mpoilecca € AaflbHeHlIuM POCTOM TeMreparypbl HauuHaer
cHukatbed. Ypasuenusa (1.9)—(1.14) cnpaBeanussl AJa8 annaparos,
THAPOAHHAMHYECKHH PEXHUM KOTOPbIX OJHM30K K peXHUMY HAEATLHOro
BbITECHEHHA. B yacTHOCTH, HX C yCcnexoM MPHMEHAIOT NPH TEeXHOJOrH-
YECKHX pacyeTax KOHTAKTHBIX anmaparoe ¢ (I)HJ'I]:T[JYIOLI_LHMH CJIOAMH
Kartanusatopa. HeGoablloe npojosbHoe NepeMewiyBaHue rasa B anmna-
pare, Kotopoe cHuxkaer AC, yuuthiBaeTcA B Koa(puiueHTe 3anaca
ypaBHenns [em. 4. I, (VI.18)] v, = EV1, no KOTOpOMYy pacCyuThIBAIOT
KOJIHYECTBO KaTa/lu3atopa.

B KoHTakTHBIX annapaTtax KMOAWEro ¢JOA MPOHCXOAMT Mepeme-
IIHBaHWE H NPOCKOK YacTH rasa B BUAE My3blpeH, HX MOMKHO pacCyH-
THIBATh O MOAEJIH NOJHOro CMelleHud, T. €. B JIEBOH yacTH ypanuenuﬂ
(1.14) craBar x/t (BMecto dx/dt). B To e BpeMa 418 MEJIKO3EPHHCTOTO
Ka'ra.ﬂnaa"ropa B KHMALLEM CJ0€ CHHUMAalOTCHd I{I‘IW}’SHOHHHE TOpMOKe-
Hu4 rporecca ¥ ONTHMH3UPYETCA TeMIepaTypa, NO3ITOMY CHAbHO YMEHb-
Hwaerca kosdpuiuent 3anaca Karajausatopa & MakcumasibHbI BbIXOR
SO; 1A naHHOTO BpeMEHH COMPHKOCHOBEHHA rasa ¢ KaTaJn3aTopOM
NoJdyyaeTcs Npy onpe/lesieHHOH ONTUMalbHOl TeMnepaTtype. Yem meHsb-
ule BpeMa COMPHKOCHOBEHMA T (H COOTBETCTBEHHO *so,), TEM Bhille
OnTHManbHas teMneparypa (cm. u. I, puc. 94). Takum oGpasom, B
KOHTAKTHBIX annaparax A NOCTHIXKEHUA MaKCHMaJleOﬁ CHKOPOCTH
fpouecca cieroBano Gbl HauuHAaTh €ro MPH BO3MONKHO 00J€e BBICOKHX
TeMneparypax, okoio 600° C, npOBOAMTH [0 KPHBOH ONTHMaJbHbLIX
Temneparyp u sakanuusarh npu 400° C. [laa 310ro HEOGXOAHM Mpei-

25



3anadye H NoAYHHEHB! B OCHOBHOM
KOHCTP)’KILHH COBpEMEHHBIX KOH-
TaKTHBIX alnapaToB, OAHAKO pe-
raerTcd OHa JajyiekOo He II0JHO-
cthio. CBeuit ras, coaepKaiiui
SO,, nojorpepaerca 3a Cyer Ten-
Jla NpopeariipoBaBLiero rasa (Ten-
Ja peakiHH) JHLIbL A0 TeMrepa-
Typul 3axuranus (440—450° C),
a 3aTeM BO BpeMA KaTaluTHYe-
CKOro Iiporlecca  TeMIlepaTypa
cHayajla BO3pacraer TIOYTH [0
600° C, a 3aTem NpOH3BOAUTCA TIO-
HiuxKeHHe ee. B TpyOuartelx anna-
parax (cM. u. I, puc. 109) renno
OTBOJAHTCA HellpepblBHO, HO TakHe
annaparbl OKa3aJuch Hey100HBIMA
B 3Kcnayaranuu. Yame npume-
HAWTCA MOJOYHble annaparhbl! (CM.
y. I, puc. 105) co cryneHuatsM
OTBOJAOM Temja B TelJIoOOMeHHH-
Kax Mexay noikamu. Ilpu nosbl-
IeHHOH KoHLleHTpauuu SO, NpH-
MeHAIOT TakiKe II0JIOYHbie arrna-
paThl, B KOTOphIX TeMIleparypa
MeXAY TMOJKaMH CHIXKaeTcd J10-
GaBJietiHeM XOJIOAHOTO BO3/yXa.
HauGonee nerkuii Tenaoorsop H
HaHBBICIIAA AKTHBHOCTL KaTaJJH-
3aTOpa JOCTHTAIOTCA B KOHTAKT-
HBIX annapaTtax ¢ YeTblpbMA-NA-
ThIO KHMAIUHMH CJAOAMH KaTaJH-
satopa (cMm. 4, I, puc. 114) u ¢
XOJIOH/ABHITKAMH, IIOMeLieHHbIMH
HETMOCPEICTBEHHO B CJIOAX Karta-
Jiu3aTopa.

Beanencreue  paspylueHus U
CaeliBaHlis rpauy.ﬂ, 331‘})513”6'
HHA CJ0A, OTpaBJeHHd KaTa/JlH3aTopd COelHHeHHAMH MbIIIhAKA H TeMile-
paTypHOH MOpPYH €ro TpH CAydYaHHBIX HApYLIEHHAX peXHMa BaHajHe-
Bas KOHTAKTHAadA Macca 3aMeHsercd B cpeiHeM uepe3 4 ropa. Ecau
JKe HapylleHa OYHCTKa rasa, MojydyaeMoro o0:KHIOM KoJdejaHa, To
paﬁora KOHTAKTHOro arlnaparta HapyllaeTrcda BCJIEACTBHE OTpaBJieHH A
NepBoTo CJI0A KOHTaKTHOH Macchl yepe3 HeCKOJbKO cyTOK. Jlia coxpa-
HeHHSA aKTHUBHOCTH Karajau3aTopa MpHMeHAeTCA TOHKafd OYHCTKa rasa
MOKPBIM €rocofoM,
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N z BapHTeJLHBIl NMOAOTPEB rasa H He-
Sls = NpepbIBHBIA OTBOA TemNja Mo XOAy
SIS o - 3 KaTaJHUTHYECKOro Mmpollecca. IToil
5 G >

!

h

fpodyxuun
(aneym)

d — MOKpBI saexTpopUABTR;

EiSis

{3 — nenTpodemHLe Hacoco

2 — 2-5 npoMblBHan GallHs ¢ HacalKoil,
falwng ¢ Hacadkod, § — TypGokoMnpeccop; 6 — TpyGuatelii TennoobMmennHy; 7 — KOHTAKTHWIl annapar; § — TpyGuaTnil

Puc. 7. CxeMa npoH3BoACTBA CepHON KHCJAOTH KOHTAKTHBM crocobom:

1 — 1-7 npoMuiBHas Gawus,

XONOAHJBHUK Tasa; 9, 10 — aGecopbuncuubie Gallin ¢ Hacaakoi, /J — XOJORHJABHHKH KHCAOTH, /2 — COHODHHKN KHCAOTE

Obwuzobui
2a3
Kucrama
{70%HyS0y



[TpHHUHNIHATBEHASA TeXHOJOTHYeCKas CXxeMma POH3BOJICTBA CEPHOII
KWCJIOThl KOHTaKTHLIM CIOCOGOM MnpejcTaBieda Ha pHc. 7. OGKHIOBbIH
ra3 nocse TpyGoif OYMCTKHM OT TMBWIM B OFapKOBLIX 3J€KTPOpHIbTpax
npu 300° C mocrynaer 8 noJylo MPOMBIBHYIO GaliHio, Tie pasGpblary-
paeTcA XoJioaHas cepHas Kucgaota (~ 75%-nas H,SO,). Ilpu oxuaax-
JeHWH Ta3a MMEIOUIHeCs B HEM TPeXOKHCh Cepbl W Mapbl BOABI KOHjeH-
cHpYIOTCA B BHJAE MeJpYaHLINX KameJek. B 3tux Kamnenbkax pacreo-
pAeTcA OKHCh MBIUIbAKA. O6pasyercs MblIUbAKOBOKHCJOTHBIH TYyMaH,
KOTOPBIil YaCTHUHO yJaB/IHBaeTCs B NepBoif GawHe U Bo BTopoil Gallne
¢ KepaMHKOBOH nacaakoif. ONXHOBPEMEHHO Y/aB/IMBAIOTCA OCTaTKH
nbLIH, ceded u Apyrue npumecu. O6pasyerca rpasHas CepHas KHCJIOTa
(no 8 % or obweil BbIpaGoTKH), KOTOPYIO BBIAAIOT KaK HECTaHAAPTHYIO
npoayKiuio. OKoHyaTebHas OYHCTKA rasa OT TPYAHOY IOBHMOIO MblILIbA-
KOBOKHCJ/IOTHOTO TYMaHa IPOH3BOAHTCA B MOKPbIX 3JeKTPOdHILTPAX,
KOTOpbIE YCTaHABJIWBAIOT MOCJe0BaTebHO (aBa wiau Tpu). [IpuHimun
71eHCTBHA MOKPBIX 2JEKTPOMUILTPOR TAKOB e, Kak u cyxux. Kaneiabku
TyMaHa OCamJaloTcA Ha Tpy6uaThix OCAUTENbHbIX 3JIEKTPOAAX, H3rO-
TOBJIEHHBIX W3 CBUHLIA HIH MacTMacesl «ATM», n crekator Bau3. Ouuerka
rasa 3aBeplUaeTcd OCYIUKOW ero OT MapoB BO/bI KYINOPOCHBIM MacsIoM
B GawHe ¢ Hacaakol. OG6bIYHO YCTAHABIWBAIOTCA I10CJE10BATETbHO
aBe CcywHiabHble Gaurn. Daunu, rasoxoabl H COOPHHKH KHCJIOTHI B
oTAeJeHHH OYHCTKH 06bIYHO yCTaHaBJAHWBAalOT CTaJjJbHbIe, q)yTE]JOBE]HHble
KHCJOTOYIOPHBIM KHpruyoM wiau auabaszoBoit nauntkoil. Cyxaa ARy-
OKHCh Cepbl H TPeXOKHUCh CepHl He arpecCHBHbI, [I03TOMY BCIO MOCJEYIO-
Wyl anmnaparypy BIJIOTb /10 MoOHOrWApaTHoro abcopfepa MOXKHO
MOHTHPOBATh M3 00blyHO# yriiepoancToil crasiu 0e3 3amMTHl OT KOp-
po3uu.

Bonblioe kosmnyecTBo arnnaparypbl Co3jaeT 3HaylTeNbHOE COMpo-
THBJIEHWE MOTOKY rasa (10 2 M BOA. CT.), NMO3TOMY AJA TPaHCMOPTH-
POBKH Trasa ycraHaeiauBaercs TypGokomnpeccop. Komnpeccop, mnpo-
cacbiBasi ras H3 fedyeil yepes BCIO amnmapaTypy, HarHeTaeT ero B KOH-
TaKTHbIA y3es., KOHTAaKTHLIH y3eJ COCTOMT W3 KOHTAKTHOTO amnnapara,
KOXYXOTPYGHOTro TennooOMeHHHKa W He TMO0Ka3aHHOTO Ha pUC. 7 OrHe-
BOrO0 NYCKOBOTO MOJOrpeBaTesis ra3a. B renoo6MeHHHKE MYyCKOBOTO
NojorpesaTesnis ra3 HarpeBaeTcda Iepej] MOCTYMNJeHHeM B anmnapar
npu NycKe HJIuH [pH najlenuyu TeMmlepaTtypbl B anraparte HHMKe HOPMEIL.
OG6bluno npumensioTca Mo/OYHBE KOHTAKTHble anmapatbl (cm. 9. I,
puc. 104). Takoit anmapar ¥MeeT UHJIHHAPHYECKHIT KOPMYC AMaMETPOM
oT 3 10 12 u sbicoroit 10—25 M. BuyTpn Koprnyca ycTaHOBJeHB
YeTbipe-NATL pelieToK CO CJI0eM IPaHyd KOHTAKTHOH Macchl Ha Ka)aoH
U3 Hux. Mexkay cl10oaMy KOHTAKTHOH Macchl yCTaHOBJIEHBI MPOMEXKY-
TO4Hble TpyOuaThie W/l Kopofuarble TensootMeHHHKH. CReXHH ras
NoJlorpeBaercs 3a cueT Temaa NpoOpearHpoBaBIUero TropAdYero rasa
CHayasa Bo BHelUHeM TEMJIOOGMEHHWKE, NOTOM OH YacTHUHO HJIH MOJ-
HOCTHIO MpoXojAMT AJMA MOAOTPeBa MOCTEA0BATENbHO TPH-YETHIpe BHYT-
PeHHHX TenooOmennuka, npu 440—450° C noctynaer & nepsblit ¢10ii
KOHTakTHOH wmaccbl, Drta Temmeparypa pPeryJupyercd OTKpPbIBaHWEM
3a1Bikek Ha GafinacHoM rasoxoje. [JaBHoe Ha3HaueHWe BHYTPEHHHX
TENI006MeHHHKOB — OXJaMK/eHHe YaCTHYHO OKWCJEHHOrO M  Daso-
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;5' 7. [ rperoro B CJ0O€ Karandsartopa

29 . rasa TakuMm oO6pasoM, 4YToGHI
08 RS ™ PeXKHM  CTYNEeHYaTo npHGIn-
’ SIS PRESN Kajcs K KPHBOH oOnTHMalb-
o7 05070800 RGpIN|  HBIX Temmeparyp (cm. u. I, puc.
a8 T 7T 209 102 u 103).
05 v Pexum paboTel nsTHNONOY-
04 Ty : HOTO annapara ¢ MpPOMEKYTOY-
03 b HBIMH TENIOOOMEHHITKAMH 1A
07 R . MOCTYTNAIOUIEro rasa KOHUEHT-
a1 ,_/r 1 pauneit 7% SO, u 11% O,
' AN || MPeACTaBleH Ha  jJuarpamme
T 720740767 480500 320,540 550 380 00620640 puc. 8. PasHOBecHas Kpupas
Temnepamypa, °C I paccunraHa no Qopmynam

Puc, 8. Jmarpamma x — ¢ pas nATecAo#H- (1'4)2_{1'7)‘ Ontumansnas Kph-
HOTO AMfapara ¢ DPOMeXYTOuHHM Temaoo- Bdf £, COOTBETCTBYIOIlAS Mak-
MeHOM; CHMANIbHOH CKOPOCTH peakiiui,

I — pamyoEecHad KpHBaA; 2 — ONTHMandbHAafd paccydTtana no YpaBHeHHIO
ipHBan; @ — agnabaTel npouecca B CAORA haTa- .
;E;a:oﬂpa; G ~— AUHHH ]r'If!:Hl!}heHHﬂ reh?i?epa-ry- {VIIG) (CM‘ 4. I) ﬂ“‘lﬂ BaHa
pel B Tennoobmenuukax ’ AHEBBIX KaTalH3aTOPOB — MpH
uepruu  aktHBanud E = 90
k[lx/r-mone SO; u nporekanud npolecca B KHHETHUECKOH O61acTH

ontuManpHas temneparypa (K) Beluncisercs no ypaenesuio

4905
Ton= p ) (1.17)
lg + 4,937

1 Co,—0,5Cs0 x
=21 Wo—05t50.x
rie 4905 = @,/2,3R; 4,937 — QyHKuMS KOHCTaHTH PABHOBECHS, Tell-
JOTbI peaKuHH M SHEPrHi aKTHBauuH; Q, — TENIO peakuuH, KOTopoe

NpH TeMmneparype 3a)XMraHis KaTaJqu3aTopa MOMKHO pacCyMTarh MO
ynpolieHHoH dopmyae |

sz 10 140 — 9,267 Ix/mose (24 205 — 2,217 KaJ/MoJBb). (1.18)

IynxTapuble KpuBble Ha PHC. 8 COOTBETCTBYIOT CKOPOCTSAM peakui,
cocragaaownm 0,9; 0,8; 0,7 u 0,5 or MakcHManpHOH (Ha ONTHMA.1b-
Holl KpuBOii). AnmnaGatel a paccuntansl no dopmyne (VI.13), a anunu
6 — Ha OCHOBE TEMJOBOro 0ajaHca TeMJIOOOMEHHHKOB (CM. d. I). Kax
BHAHO M3 puc. 8, ANS NSATHNOJOYHOTO anmapara NpH HCXOAHOM rase
7% SO, ueThipe c/I0S KaTaan3aTopa MOTYT paGoTaTh MpH CKOpOCT 71X
peakunu He Huke yem 0,8 OT MaKCHMANbHOH M JHIUE NEPBBIH CI0i
HMEET HEYI0BJETBOPHTENBHEI TeMneparypHbiii pexkiiM. OaHako B nep-
BOM CJi0e peakuMs MPOHCXOAHT Ype3BrluaiiHo GHICTPO BBHIY G0/blioii
KOI'll_LEI'lT]ZJE‘lLlHH peareHTosB, Mo3TOMY KOMHYeCTBO Ka'ramlsa'ropa B HOM
HE3HAYNTENbHO. YMEHbLIEHHE YHC/IA CJI0EB KATanu3atopa MpHBOILNT
K CHJIbHOMY OTKJOHEHHIO OT ONTHMA/bHO KPHBOI H MOHHKEHHIO KOHeU-
HOHl CTEMeHH OKHCIeHHs, a yBENHueHHe uyucaa CJI0EB KaTanu3atopa
YCIOXKHACT KOHCTPYKUHIO anmapaTta. IIATE cJ0€B CUHTAETCH OMTHMY-
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moM. TIpOH3BOAMTENLHOCT KOHTAKTHBIX annapaToB B Iepecyere Ha
H,SO; B 3aBHCHMOCTH OT HX pa3mepoB cocTaBaser ot 50 po 1000 t/cyr
H,S0;. B annapar sarpyxaior 200 —300 1 konTakTHOH Maccnl Ha 1 T
cyToyHoil BHIpaGoTkH. Tpy6uarhle KOHTaKTHele anmapatel (cM. u. I,
pnc. 108 1 111) npumensioresa A14 okucnenus SO, pexe, ueM mojou-
HHIE.

Ha puc. 9 npejcTaBien cOBpeMeHHBIl KOHTAKTHRII annapar ¢ BuHOC-
HHMH TenIooGMeHHHKaMH TpoHsBoinTeasHocTsio 1000 1/eyr H,SO;.
JluameTp KOHTaKTHoro anmnapata 12, ofuwasa Bricota 22 M. KonrtakTHbe
annapaTtel ¢ HENOABHIKHEIM CJIOEM KaTanu3aropa C JOCTaro4HoH 14
NpaKTHYECKHX [leJlell TOYHOCThIO MOXKHO paccyHTaTh Kak andabaTu-
yecKHe peaKTOpH HAealbHOTO BHITECHEHHA.

J119 OKHCJIeHH Al JBYOKHCH Cephl NMOBLILIIEHHOM KOHIEHTPauHH palHo-

HaJLIO MPUMEHAThL KOHTAKTHRIE anmnaparel ¢ KUNAMLHMH CJAOSMH KaTa-
ausaropa (em. u. I, pue. 113).
JIns  yMeHbllleHHSI CojepxKaHus
SO, B OTXOAALMX ra3ax LHPOKO
npuMeHsieTca crnoco6 BOHHOTO
KOHTAKTHPOBAHHA, CYLIHOCTh KO-
TOPOTO COCTOHT B TOM, YTO OKHC-
gennie SO, Ha KaTaausaTtope ocy-
mecTBiIfeTCA B ABa asrana. Ha
MepBOM 3Tale CTerneHs NpeBpanye-
Hug cocrasaser okogo 0,90, ITe-
pejl BTOpbIM 3TarioM KOHTaKTH po-
BaHUS H3 rasa BBIEJRIOT Tpex-
OKHCK Cephl; B pe3yJibTaTe B OCTaB-
welica rasopoil cMecH yBeJIHUH-
Baetcsi cootHoweHue O, : SO,, a
3TO NOBHIIAET PABHOBECHYIO CTe-
NeHk npeBpamenns (x,). B pesyib- .
TaTte B OHOM HJH 'J‘Byx CJI0AX KOH- Puc. 9. KoHTaxkTHBII annapart C 'BeIHOC-
TAKTHOH Macchl BTOPOTO 3Tana KoH- HHME TeTACOSMeURHRAME:
TaKTHPOBAHH A JOCTHTAIOT CTeNeHH /—JV —cnou noutakTHOR MaccH
NpeBpaweHn A ocTaBllIelcA ABYOKH-
CH cepnl 0,95—0,97. OGuasg ke crenedHsn MNpeBpalleHHs COCTaBAAET
0,995—0,997, a cofepKanue SO, B OTXOASUIHX ra3ax CHUMKAETCS 10
0,0(}3 % . Ipu 1BOITHOM KOHTAKTHPOBAN WK ra3 HarpeBaeTcs oT 50 10 420—
440° C niBa pasa — nepes nepBoii H Nepex BTOPOH CTafHell KOHTAKTI-
POBaHHs, NO3ITOMY HadyalbHAs KOHUEHTPAuHA ABYOKHCH CEPHl JA0JXKHA
OHITL Bhlile, weM NpPH OAHOKPATHOM KOHTAKTHPOBAHHH B COOTBETCTBIiH
C ypaBHeHuem aguabatel lem, 4. 1, (I11.90)].

Ha puc. 10 npexcraBnena cxeMa KOHTAKTHOIO OT/eseHIis ¢ ABOIi-
HBIM KonrakTHpoBaHuem. ['a3 npoxoauT TennooOmMeHHEKY [ 1 2 ¥ MOCTY-
3€T Ha nepsulii, 2 3aTeM Ha BTOPOil M TPeTHil CJIOH KOHTAKTHOM MacCH
anapara 3. Tlocsie TpeThero ¢Jos ra3 nojaercs B MPOMEXYTOUHBIH
aﬁcuopﬁep &, U3 Hero — B TeMIOOOMEHHHKH & 1 4, a 3aTeM — B 4eTBep-
THH C10i KoHTAKTHONH MaccH. OXJaMJAeHHH B TeNT00GMEHHHKE 5
T33 mpoxogut aGeopGep 6 W H3 Hero BHIBOUTCA B aTMOChEpY.
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A6cop6uUHIO TPEXOKHCH CepBhl 110 ypaBHEHHIO PeakiHH
503+ Hy0 — H,S04 49200 I

OGHIYHO MPOBOAAT B GalllHAX C HACAAKOH, Tak Kak 06apOoTakHble HiH
neHHsle abcopGepbl MpH GoJbluell HHTEHCHBHOCTH paborsl obsanaor
MNOBBILIEHHbIM THApaBJAHYECKHM COINPOTHB/IeHHEM. Ecaun napuHajbHOe
JlaBleHHe BOAAHBIX [1apoB Haj [OTVCUIamed KHCJIOTOl 3HAYHTeNbo,
to SO; coennnserca ¢ H,O B razopoit ¢aze n ofpaszyer menbyaduine
KareJabK{ TPy AHOYJIOBHMOTO CEpHOKHCIOTHOTO TyMaHa. [lostomy abeop6-
LHIO BEAYT KOHUEHTPHPOBAaHHBIMH KHcaoTamu. Haunyguieit no a6cop6-

Jas \y 2N -1

Puc 10 KouTakTHOe oTjaenieHMe C IBOHHLIM KOHTAaKTHPOBa-
HHEM

I, 2, 4, 5 — TennooBMeHHHKY, J§ — KOHTaKTHHI annapar, 6§ & — a6-
* copbepkl, 7 — BOAOKHHCTHIH (QHABTP

L[HOHHOH CrNOCOGHOCTH ARJIAETCA KHcaoTa, copepxaias 98,3% H,SO,
v ob1ajfaioas HHYTOXKHO MaJioH yNpyrocTbio Kak BOAAHOTO Mapa, Tak
H SO,. OnHaKo 3a OHH LUK B GalliHe HEBO3MOMKHO 3aKperieHHe KHCIOThI
¢ 98,3% pmo cranaaprHoro ogeyma, copepxatero 18,5—20% ceoGon-
HOH TPeXOKHCH cepnl. BeHAy Gosbloro TersioBoro aperra abeopbitin
npH ajHaGaTHyecKOM IMpolecce B OalliHe KHCJIOTa pasorpeBaeTca H
a6copbumna npekpamaerca. Iloatomy niaa nosydeHHsa oneyma aGeop6-
IHIO BEAYT B ABYX MOC/HEI0BATENbHO YCTAHOBJIEHHBIX GallHAX ¢ Hacal-
KOi: NepBas H3 HHX oOpollaerca oJeymom, a Bropas — 98,3%-Hoi
cepHOil KucooTtoi., Jna yayuweHHa abcopbunH OXJaxAalT ra3 H
KHCJOTY, nocTynawowyo B aGcopbep, MpH 3TOM yBeNHuHBaeTcs JBH-
Kyllasa cuaa mpouecca. Bo Beex GallHAX KOHTAKTHOTO NpPOH3BOACTERA,
BKJoyasg H abcopbepsl, KOMHYECTBO OpoOLIatolllel KHCJIOTH BO MHOTO
pa3 Gonpllle, 4eM HYKHO AJs NornollenHs kommnoHedtoB rasa (H,O,
SO;), u onpenensiercs TEMIOBBIM GalaHCcOM. [l OXJa)KAeHHS UHPKY-
JHPYIOWHMX KHCJIOT YCTAaHABJHBAOTCA OOCLIYHO OPOCHTENbHBIE XO0.10-
JHIbHHKH, B Tpy6ax KOTOPHIX, OpOLIaeMbIX CHAapYKH XOJIOJHOH BOAOH,
NpoTeKaeT OxJaxaaeMas KHCJIOTa.
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KoHTakTHOE TIPOM3BOJACTBO CepPHOil KHCJAOTH — 3TO  KpYIHOMAac-
uraOHoe HenpepbiBHOe, MeXaHH3HPOBAHHOe MpPOoH3BOACTBO. B HacTodA-
niee BpEMﬁ MPOBOAUTCA KOMILJIEKCHAA aBToMaTH3alid KOHTAKTHEIX
uexoB. Pacxoowsie Kosuyuenmpt NpH TPOU3BOACTBE CEPHOH KHCIO-
tHl U3 KoauelaHa Ha 1 T moHoruapara H,SO; cocraBasior npumepHo:
yCJIOBHOTO (45% S) womuenana 0,82 T, snexrposHeprun 82 xBrt-u,
ponbl 50 M°. CeGecroHmocTh KHCJIOTHI cocrapiser, 14—16 py6. 3a 1 T,
5 TOM UHCJe CTOHMOCTL KoJuefaHa cocTaBJser B cpefiiem noutn 50%
oT BCEil CTOHMOCTH KIICOTHL. Y POBEHE MEXaHH3alliy TAKOB,YTO 3apnJjara
OCHOBHBIX PaGOuMX cOCTaBAACT JHIIB 0KOJI0 5% ce6ecTOMMOCTH KUCIOTHI.
npn HIJI{MBHEHHH KOHTAKTHRIX afnapaTtoB €O B3BelIeHHBIM CJ0eM
karanHsaropa uenecoofpasHo MpPOH3BOJAHTE W MnepepadaThiBarh ras
xonuentpanuieit 11—12% SO, n 10—9% O,, uro CHALHO yMeHbLIaeT
o0BeMBl AMMaparypbl U JaeT 3KOHOMHIO 3J€KTDOSHEpPruu Ha paboTy
TypGOKOMIIDECCOpa U HacocoB. BaxHeiilne TenJeHUNH Pa3BUTHA Mpo-
W3BOJCTBA CE‘IJHOH KHCJIOTBI THINHYHB AJ4 MHOTHX XHMHUYECKHX [MpPOH3-
pojicTB. 1. YBenuueHue MOLIHOCTH anmapartyphl MpH OJHOBPEMEHHOI
KROMIIJIEKCHO1 aBTOMaTH3aluy npouspojcTea. 2. MHTencndukauua npo-
11eccoB MyTeM IIPUMeHeHUA PeaKTOPOB KHUMALEro ¢/10f (Meyd H KOHTAKT-
upie annaparel KC) # akTUBHBIX KaTajgH3aropoB, MPOU3BOJACTBA M Nepe-
pafoTKH KOHUEHTPHPOBAHHON ABYOKHCH CEPBL C HCHOAB30BaHHEM KHC/I0-
pona. 3. Pa3pa6oTKa 3HepTro-TeXHOJOTHYECKHX CXEM C MaKCHMalbHBIM
HCMOL30BAHHEM TelJa 3SK30TePMHUECKHUX peaklui, B TOM uHcjIe
UUKJHYECKHX H CXeM MOoJ fapJjeHueM. 4. YBeauueHue cTeneHed npeppa-
HIEHHA Ha BCEX CTafufAX [IPOH3BOJACTBA [/ CHHIKEHHA PACXOJHBIX
KO3()(UILHEHTOB 110 CLIP bIO U YMEHbILIEHHIO BPeiHEIX BHOpocos. 5. Menos-
30BaHHe cepHUCTHIX coenunenuii (S, SO,, SO,, H,S) u3 texnosoruuecknx
H OTAOJALIHX Ta3oB, a TakK:xkKe XHIKHX OTX0J0B APYIrHX NIPOU3BOACTB.
6. OGe3spperxuBanue OTXOASAWMX Ta30B U CTOYHBIX BOA.



2 CHHTE3S AMMMAKA
TaaBa

f. CBA3AHHBIA A30T M EFO 3HAYEHME, METO[ibl ®PUKCALMM
ATMOC®EPHOIO A30TA

AsoT oTHocHTCA K rpynmne XHMHYeCKHX 3JeMEHTOB, Hrpallux
HCKIIOUHTEILHO BaXKHYIO PoJb B KHBOH Npupojie W XKU3HU YelOBeKa.
A30T yuacTByeT B OCHOBHHIX GHOXHUMHYECKHX mnporeccax. B cocrape
GenkoB oH ofpasyeT paxkKHelllue MuTaTe/LHBIC BElLLECTBA A1 UeI0BEKa
u KUBOTHHIX. Ho B cuHTe3e GeKOB B paCTHTENLHBIX U JKUBOTHLIX Cpra-
HH3MaX y4yacTByeT He SJ'IEMEHTEIPHHﬁ a30T, a4 e€ro XUMH4YeCKue coelli-
HeHus, npex/ie Beero aMMiak. M3 aMMuaka mosiyyalor asoTHYIO KHCJIOTY
¥ aloTHble yAoGpeHHd. B ycloBusX MHPHOrO BpeMeHH [0AaBJslollee
KOJIHYECTBO COENMHEHHH a30Ta pacXofyercd Ha MPOu3BOJACTBO yiobpe-
Hui1. CoeyiHEHHA a30Ta TaKXKe LIKPOKO NPHMEHATCA B NPOU3BOACTBE
NPOMEKYTOUHBIX TPOJAYKTOB U Kpacutesefl, AJA H3TOTOBJEHUA M.ac-
THYECKHX Macc (Hampumep, aMHHONJACTOB), XUMHYECKWUX BOJOKOH,
(hoTorpapuuecKux Npernaparos, MEAUKAMEHTOB H pANa JAPYTuX BasHBIX
JUIS HAPOJIHOTO X034iiCTBa NpojiyKToB. DoJbllioe 3HaueHne CoOeIHHEHUs
a30Ta UMEKOT B MPOH3BOJCTBE B3PLIBUATLIX H 3aXKHTaTE/JTbHBIX BeIeCTB.

Hcerounukop cBA3aHHOTO a30Ta B NPHPOJe, HMEIOWUX POMBIILJIEH-
Hoe 3HaueHwe, Kpaiime majo. Kpynnbie MecTopoxjieHus cBA3aHHOrO
a30Ta B BUjle HUTpPATa HATPUA OBIIH HaHJeHHl Jullh B Huan u no3fiHee
B IOxkno#t Adpuxre. HerkoTopoe KosuuecTBO CBA3aHHOTO a30Ta (B BHJAC
cyandaTa aMMOHHS) MOJY4YaeTcs MpH nepepaboTKe KOKCOBOro rasa,
OJIHAKO 3TOT HMCTOYHHK CpaBHUTeabHO HeBeaux. CuHTe3 coefHHeHHH
asora M3 cBobofHoro armocdepHoro asora ObLI OCYNIECTBJIeH B Hayane
XX B. TpeMd MeTodaMu. NYTOBBIM, HMaHaMHJIHBIM ¥ AMMHAYHBIM,

Odyroeoit MeTo ] 3akMo0yYaeTcd B TOM, UTO MPH BLICOKOI TeM-
nepatrype a30T COEJIMHAETCA C KHCJOPOJAOM BO3AYXa M0 YpaBHEHUW
peaknuu N, + O, =5 2NO — 179,2 k/Ixk. Oxucb a3zora okucasercd
J10 JBYOKHCH, KOoTopas TMorjoimiaercss BojoH ¢ obpasosanvem HNO;.
Cnocob 6Bl OCTaBJIEeH BBUY MaJoro BbIXOJ2 OKHCH a30Ta U TpoMafiHO#
3aTpaThl 371eKTPOIHepruy Ha obpasoBanie 3JeKTpuyecKoit Ayru. Oxnako
B HacTofillee BpeMA MOJAOOHBIH METOJ BHEICOKOTEMMEPATYPHOTO OKHC/E
HUs a30Ta KHCJOPOJOM BO3AyXa BO3pOXKJ2eTCsl Ha OCHOBE MpHMEHe
HHA NUIa3MEHHBIX [MpOHeCcCoB.

H HaHaM#udJdHBL H MeTo J 3aKJwdaercd B TOM, 4YTo TOHKO®
H3MeJdbYeHHB KapOud KaJdblnd npu Temneparype okoso 1000°
B3aMMOJIEHiCTBYET C 430TOM M0 YPABHEHUIO

CaC, 4N, = CaCN, 4 C+301,5 xJlx
B nacrosiiee BpeMs poJih 3TOrO METOMA B MPOMHILIEHHOCTY CBA”
3aHHOro a30Ta HEe3HAYUTEJhHA.
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AMMuauHBH MeTOJA CBg3biBaHlA arMoc(epHOro asora
yMeeT SKOHOMMUECKHE TMpeHMmyliecTBa nepei ApyruMu merofamu. Pac-
X0/ 3Heprud Ha 1 T CBA3aHHOrO a30Ta 110 3TOMY METOAY MeHblle, YeM
B AYFOBOM H IIMaHAMHJHOM METOJaX.

Ilepsbiit 3aBox A4 cUHTe3a ammHaka Owbll nocrpoeH B ['epmanun
B 1913 r. Cunres ammuaka nporekaer 1o ypaBHEHHIO

Na+3H.: = 2NH; +Q

Insa cuHresa aMmuaka HeoGX0aUWMO HMMeThb as30T W BOfOPOA (a3oro-
BOJOPOMIHYIO cMeck) B cooTHouwleHuu N, : H, = 1 : 3. B npouspojicree
aMMHaKa a30T, HeOOXOAHMBIH AN a30TOBOOPOAHON CMecH, MNoJyyalTr
W3 BO3AYXa JABYMA NPUHIKNHAABHO Pa3JHuUHBIMH crniocobamu: 1) ¢msn-
yeCKUM pasfieileHlieM BO3/lyXa Ha a30T U KUCIOPOJA U 2) COBMECTHO
¢ noJyyeHHeM BOJIOPOfia MyTeM CBA3BIBAHUSA BCEro KHCJOpofla BO3AYXa
B susie CO, u nocaenyiomero otienenus CO, 0T a30TOBOJOPOIHOM cMecCH,
HcrouHHKOM BOJIOpOJia ABJAKTCA METaH H €ro roMoJoTH, BOJSHOH M
noJyBOAAHON rasbl, KOKCOBBHIH ras, Boja.

2. NONYYEHHE A3BOTA M KMCNIOPOLO A PA3SLENEHMEM BO3QYXA

OcHoBHBIE Ta3bl, BXoAAmIME B cocTaB Bo3ayxa (06. %): azor
78,03, kucnopon 20,95, aprow 0,94. B HezHaulTeNbHOM KOJIMUECTBE
B Bo3nyxe copepxarca CO,, H,, Ne, He, Kr, Xe. OraensHsie rassi,
BXOJAlllHe B COCTaB BO3AyXa, LIMPOKO NPHUMEHAIOTCA B pAfe orpacieil
HapoiHOTOo Xo3diicTea, Paznenenve Bosayxa Ha COCTaBHBIE UYACTH
NPOU3BOJIUTCA METOJIOM pPeKTWU(pHKalUH KWAKOIOo BO3AYyXa W OCHOBAHO
Ha pa3/INuHH TeMneparyp KHUIeHHA OTAeAbHBIX [a30B, BXOAALLHUX B coc-
TaB Bo3ayxa. CoKHO# 4acThIO 3TOrO Mpoilecca fABJAETCA TpeBpaiie-
HIE BO3AyXa B XKujkoe cocrosaHue. B rtaba. | npuseseHbl HeKOTOPhie
Gu3iuecKre CBOMCTBA COCTABHBIX yacTell BO3AYXa.

TaGauwmwa 1
Temuepatypa naaeiewns, xAneHnna W xkputwueckne Touku gas O, Ar u N,

) . KpHTHYECKHE TOYKH
Temnepa- | Temuepa-
Typa Typa
Tas naaenge- | KHNeHHA, TeMrnepa- AaBIEHHe,
Hu#, “C “C Typa, °C H u?
Kuciopog ..., . ... ...... —218,4 | —18295| —118,8 | 5135.10¢
Prom ., . —189,2 | —1857 | —1227 | 4,96-104
OT L —209,9 | —1958 | —147,8 | 346104

W3 napnmx, NpUBEJeHHKIX B Ta6a. 1, BuAHO, YTO BO3AYX MOMKHO
. PesecTn B xuakoe coctosHue®, coueras ITy60KOe OXJAXKIEHHE
TIOBHILLIeHHeM JasJieHld.

—_—

*
Hux mﬁkmgu NMoNyueHHs KHAKOFO BO3LYXa W €ro pasjelleHHe B PeKTHOHKAUHOH-
Honorpp, TaX PaccMatphBaiorca B Kypce «[Ipoiecch W annapatsl XHMHYECKOH Tex-

2

e
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3. NPOM3BOACTEO BOAOPOAA U A3OTOBOAOPOQHON CMECH
ONA CHHTE3A AMMMAKA

Bojopon, Heo6X0AUMBIA JI/Is1 cCHHTE3a aMMHaKa, B NPOMbIIILTEeH-
HOCTH NOJYYaIOT OJIHAM H3 CJelYIOIWUX crocoGor: 1) KoHBepcHeil MeTaHa
NPHPOAHOTO rasa WM ero roMoJioroB ¢ nociaejyiomei kousepcueii CO;
2) KOHBepCHEH OKHCH yTJepoja BOJSHOro MM MNOJYBOJSAHOrO rasa,
noay4yeHHoro rasnpuKauued TBepAOro WJIH KHJKOrO TOMaMBaA; 3) pas-
JlesieHHEM KOKCOBOTr0o rasa nyTeM nocje/loBaTeJbHOTO CXKHMKeHHA BleX
KOMITOHEHTOB Ta30BOii cMecH, Kpome Bogopona; 4) 37eKTPOJII30M BOIH
WiId pacTeopa XJOopHAa HaTpusl.

Jlo HegaBHero BpeMeHH OOJIBIIYIO 4YacTb BOjIOpojia JUIA CHHTE3a
aMMuaka noJayualy M3 Kokca rasuukanHed ¢ nociaeiyiouiell KoHBep-
cueit CO. B Hacrosimiee Bpems TBepjoe TOMINBO MPaKTHYECKH [0J-
HOCTbLIO 34MEHEHO T[a30BbIM CbLIPLEM: MPHPOJAHLIM T[a30M, NONYTHLIMY
razamy Hedrelo6biuH, ra3aMy HedirenepepaboTKH ¥ OCTATOYHBIMH ra3amu
n&@yHEHEIH alerHjJeHa 3 OpyupojaHOro rasa.

[Monyuenne BoaoOpOAa KOHBepcHel MeTaHa. BaaumojelicTBHe MeTaHa
C BOJASHLIM NapoM ¥ KHCJOPOAOM npoTeKaer Mo CIEIYIOIUM OCHOB-
HbIM peaKllHﬂMZ

CH;+4H,O0 2 CO4-3H, —206 xdx (a)

CH;+ 0,50, = CO 4-2H, + 35 k[Ix (6)

Peakuua roMoJIOroB MeTaHa C YKa3aHHbIMM OKHCAHTeIdAMU Mpo-
texaeT aHajoriyHo. Jlajdee ocymecTBAfeTC KOHBEPCHS OKWCH Yrie-
poja C BOASIHbIM NapoM MO ypPaBHEHWIO peaKuuu

CO 4 Ho0 =2 COy 4 Hy - 41 x [T

Cymmapho npouecc KoHBepcun CH,; ¢ BoisiHbIM NapoM mpoTekaer
¢ MnorJomeHueM TenJa:

CHj + 2H,0 = CO, 4-4H, — 165 kJIx

KoxBepcuio Meratna ¢ noayueHuem CO 1 H, nposoasT npu atmocdep-
HOM WJIW NOBLILIEHHOM JIaBJeHHH C NNpHMeHEeHUEeM KaTtalau3aTopoB (Ka'ra-
autnyeckaa kKousepcuss CH,) uwau 6e3 npumenenus Karamusaropa
(BLICOKOTEMNEpATyPHAsk KOHBEPCHSl MeTaHa).

Jnia nporejenus nporecca CHHTe3a ammuaka Tpefyercsi a3oToBo-
JopojHas cMech, cojiepxkamas He Gosee 0,6% CH,, umaue Gyayr
GoJiblliie MOTEPY ra3a 3a CUeT MPoJIYBKY B oTgedeHuyn cuHresa. Ocra-
ToyHOe COjJlepKaHue MeTaHa onpejenseTcd TemNepaTypoil npoilecca
¢ 32aBUCHT OT COOTHOLIEHWs Tap : ra3 H OT NPUMEHAEMOro HaBieHHA
(cm, Taba. 2 u 3).

Xorst npu temneparypax 800—1000° C y:ke jpocruraercs HeoGXo-
JIUIMOe pABHOBeCHOe COjIepXKaHHe MeTaHa, OJHAKO CKOpPOCTb KOHBep-
cpM MeraHa 0e3 Kartaiusaropa B 31Ol of6/JacTH Temmeparyp oueHb
ma’a. B KauecTBe KaTaju3aTopa Jjsi 3TOTO Npoiecca npuMeHseTcH
HHKeJIb, HaHeceHHbIH Ha OKHCh aJIOMHHUS HJH Ha OKuCh MarHufd
(karagmusatoper TMAIT-3 142 HH3KOro JaBieHHS, T'HAIl-5 ana Beico-
Koro jaBjieHus). HecmoTpsi Ha TO uyTo cojlep:KaHHe MeTaHa B paBHO-
BeCHOH CMecH MOBBILIAETCA C YBETHUYEHHeM JaBjeHHs, TIpoLlece KOHBep-
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Ta6aunua 2

PapHOReCHBI COCTAB NaporaloBoii CMECH NPH KOHBEPCHH
MeTaHa napaMd BOALI NPH aTmocdepHOM KABJIEHWH

Cuonmmeuuco%li.%i H,0 = 1: Ll Cooruomenne CH, :H,0 =1 2, 6. o
Teunepatypa, °C )

co | u, |cu, | mo|| co | H |on | mol co

186 | 186§ 695 53,28' 8,25 | 2342| 8,10

600 158 | 47,0

700 21,53 645 | 70| 7010 1337(6276( 1,61 | 1650| 567
800 238 | 7161 23| 23| 1567| 63931 0,17 | 16,00| 4,23
900 246 | 738 | 08| 08| 1659]6336] 002 | 1663} 3,40

TaGnuma 3

3apHCHMOCTh PABHOBECHOTO OCTATOMHOTO COAEPkKaHWA MeTaHa
OT §ABJAEHWSA M Temnepatypel, CH,:H);0=1:2

Heobyoguman Temnepatypa nponecca (°C) npi cogepa-
I H u? NHI MeTaHa B paBHoBecHoll cumecH, 06. %
aApJACHAe, '
50 | 20 1.0 05 02

L-108 — 700 — - 800
1.10¢ 800 870 910 950 ~1000
2. 168 870 950 1000 1030 1100
4. 108 940 1020 1080 1130 1200

CHH BBLIFOJIHO MPOBOJNTH MPH MOBLILIEHHOM AaBJeHHH A/ yBeJHUEHH:A
CKopocty peaxunu. Ilpy 3TOM HCMOAB3YeTCA €CTECTBeHHOe JaB/eHHe
MPHPOJSHOTO ra3a, ¢ KOTOPHIM OH MOJAETCS Ha 34B0j, YTO 3HAUHTE/BHO
COKpailaeT pacxos JeKTPO3HEPruH Ha CXKaTHe rasa npu npou3BoJCTBe
aMmuaka. Ilpu moBbIIeHHOM JaBfienud yMeHbUIlOTCA oObeMbl anna-
patoB H TpyGONnpoBoIoB.

Ho xapakrtepy npumeHseMOro oKHCIHTENS KaTaJuTHUECKasd KOH-
BEPCHA MeTaHa pasfieldercs Ha NapoKHCJIOPOAHYIO, KoTopasi TpOBO-
AUTCHA B OFHY CTYIIEHb B LIAXTHBIX KOHBEPTOPaX, K Ha OeCKHCJOPOAHYIO,
KOTOpas NnpOBOAMTCA B ABe CTyNEHH: BHauyasde B TPyOHaTOM KOHTAKT-
HOM annapare, 3areM B 1axTHOM kKoHBepTope. [Ipu napoxucaopor-
HOH KOHBEpPCUM MeTaHa MNOTepH TelljJa B pe3yJabTare NPOTEKaHUA 3HIO-
TePMHYECKONH peakuuu (a) BOCMOJIHSIOTCS 3a cueT NpoBeJeHUs B UIax-
THOM KOHBEPTOpe TAK:Ke 3K30TEPMHUECKOH PeaKUHH OKHCJeHHS Mera-
Ha kucaoponom (6). B laxTHBIT KOHBEPTOP nofaercs cMech PHPOL-
HOro rasa, napa um oforameHHOTO KHCJ0pojaoM Bosayxa (40—50% O,),
MonyyaeMoro B lexax pasfiesneHns Bo3ayxa. Temneparypa B BePXHIX
CI0siX karaqmisaropa noajepxkusaercs B mpegenax 1050—1100° C,
4 Ha BhiXxofle H3 KoHBepropa — 800—900° C.

Hecg[?‘ﬂ NOJyYEHLH CHHTE3-Ta32 MeTO/IOM GeCKHCJIOPOAHOH KaTaiquTH-
e 1 KOHBEPCHH NPHPOJIHOTO rasa npolecc OCYILECTBAAIOT B TPYo-
KOHBepropa, B KOTOphie 3arpykeH KarajlH3aTop, a Hel0CTaToK
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Tem1a BOCMOJIHAIT CXKHraHHEM MPHPOJHOrO rasa B MEXTPYGHOM Npo-
crpaHcTBe KOHBepTOpa. Temneparypa B 30He peakuyn MOLLEpIKHBACTCH
okono 800° C. Ilpouecc mpoBoaaT Takum o6pa3oM, YTOGLI B raze Ha
BHIXOZle U3 TPyGUaTOro KOHTAKTHOTO annapara ocraganocs 8—10% CH,.
KouBepcuio 0cTaroyHoro merana OCYUIECTBASAIOT B IIAXTHOM KOHBEp-
TOpe KHCJOPOJAOM BO3AyXa H3 pacyera MoJyyeHUS a30TOBOMOPOAHOM
cmecH ¢ coorHowenHem N, : H, = 1 :3. Ilpu srom oTnagaer Heol-
XOJIHMOCTb CTPOMTENLCTBA HA 3aBOJlaxX JOPOTOCTOSIIUX U IHCPTOEMKHX

YCTaHOBOK pa3sjeseHusd BO3Jyxa, 4To

00—t 3HAUMTENBHO YJIYYIIaeT 3KOHOMHYE-
S WA 1 CKHie [OKa3areaH mnpouecca. Bwico-
S5 g5—A W | xoremneparypuas HeKaranuTHYECKasd

of, e
EO / S L KOHBEPCHA MeTaHa MPOBOAWTCS [0
sY g /3~ peakuiin (6) nMpu Temreparype OKoO-
S // 4 a0 1250° C. T'a3, mosmyuaembiii 9THM
T 4 / METO/IOM, COJCP/KHT CakKy, Bbiease-
S8 { // MYIO MPOMBIBKOI ra3a ropaueii Bosok

- | Noj AABJACHHEM.

q 7 3 5 Ilpoueccerl rasudukamny TBepjO-
flap : 203 ro W XKHAKOrO TOMJHBA TaK¥kKe MpH-
Phc. 11. 3asucumoctb pashopechofi ~ MCHAIT 1A MOJYHCHHA CHHTE3-Ta-

CTeneHu NpeBpalleHus oKucu yrae- 3a, B cocrTaB xoToporo Bxomsar CO,
pola or cootHoweHus ofvemor H,, CO,, N,.
Map : [a3 W TEMMEpaTyp! Kousepcus okucH yraepopa. Kom-
BePTHLOBAHHKIR  ras, [oJyyaeMblii
roc/le KOHBePCHH MeTaHa, WAH TasoreHepaTopHuil ra3 (BOAAHOH HIH
nonyBsoaAHoii), conepxir or 20 1o 40% oxkucH yraepoaa. Baaumoteiicr-
siie CO ¢ BOIAHBIM MapoM OCYLIECTBAAETCA M0 OOp aTHMOIl K30TepMH-
4eckol peaxuuu

CO+Hy,0 = CO,+H,+36,6 kllx (500°C)

ITockoneky mpu peakuuu koHBepcHu CO u3aMeHeHHs o6bema rasos
HE ﬂpOﬂCXO}lHT, TO MNoBbilleHHE [OaBJEeHHA JHIb }-‘BQJIH'-IHBaBT CKO-
pocTk mpolecca, He BAMAS Ha PABHOBECHBIH BBIXOJ BOJAOPOAA. ¥BeaH-
yeHHe coflep:KaHHs BOJAHOTO fapa B ras’osoft cMecH crnocobetByer GoJree
TNOJHOMY NpoTeKaHuio npouecca Kousepcun CO (puc, 11). Ilosbiwenue
TeMrepaTyphl CMelliaeT paBHoBecHe 3TOH peakiliy B JIeBYIO, T. €. B HexKe-
JaTenbHYlo, cTopony. OfiHaKo MpH HU3KHX TeMnepatypax 3Ta peakuusd
MPOTEKAeT OueHb MENJIEHHO JaXke B NMPUCYTCTBUW Karalu3aTopos.

Ho nocaentnero Bpemenu jaasa kousepcun CO npumeHAnu keseso-
XPOMOBBIH KaTanuszaTop ¢ jAo0aBjeHHEM OKHCeH AaJlIIOMHHHMSA, Katid
H KaJbuus B KauecTBe MNPOMOTHPVIOIUX KOMIIOHEHTOB. DT Karaji-
3aTOpLI MO3BOJAJN MPOBOAUTL MPOUECC KOHBEPCHH C JOCTaTOYHOMH CKO-
pocTsio ToAsKo npu 450—500° C, uto obecneunBano ocTaTouHoe cojep-
skanune CO B rasooii cmecu nopsaaka 2—4%. Takoe Goablioe ocraTod-
Hoe conepxanue CO Tpebyer CJAOXKHOH W TPOMO3IKON MeJHOoamMMuay-
HOH OYWCTKH.

B nocaennue roael 6blm paspaboTaH HH3KOTeMmepaTypHBIH Kara-
au3arop (HHK-XpoMOBO-melnbiil) KouBepcuu CO, nosmoasioumii npo-
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poauth npouece npu 200—300° C ¥ mosyuarb OCTATOUHOE COjepIKa-
gne CO B nperenax 0,2—0,4% CO. B sroM cayuae craHoBHTCS
BO3MOXKHBIM [IPHUMEHEHHEe KaTaJIUTHYeCKOH OYHCTKH METOI0M FHAPHPOBa-
uust ocratoynoro CO o MeraHa (MeTaHHpoBaHHe). OJHAKO HH3KOTEM-
neparypHBIH KaraqusaTop 4Ype3Bbi4allHO YYBCTBHTEJeH K cepycojep-
JKALLUM COeIMHEHH AM, 4TO NpelbsaBaseT ocobblie TpefOBaHUA K OUHCTKe
raza. B npombiinieHHBX ycaoBHaxX KoHpepcuio CO npopossat npH
armocepHoOM HJIM MNOBBILEHHOM JaBieHuu. [ ofpaTHMbiXx 3K30Tep-
MHUYECKHX [pOLIeCCOB, KaKuM fABAfdercd KouBepcud CO, onTumanbHad
TEMIeparypa MOHWXKaeTca no mMepe pocra crefeHH npeBpamenus CO
g CO,. Bmecre ¢ TeM akTHyecKada TeMieparypa B 30He KaTanusa, ec/d
He OTBOJIMTH Telsla peakKunu, 6yaer Bo3pacrarb. 1g yCTpaHeHHd 3TOTO
NPOTHBOPEUNS MPOLECC KOHBEPCHH NPOBOAAT B JIBE CTYIEHH B KOHBEP-
Tope MNMOJOYHOTO THNA C NOHHMKEHHEM TeMmneparyphl 3a CUeT HClNapeHusd
BOJIBI MEXJY MNOJKAMHU.

OuucTKka raza. KaranuThueckKue npouecch NMPOH3BOACTBA aMMHaKa
NpeAbABASAIOT CTPOTHe TPeOOBaHHA K YHCTOTE MOCTYMNAIOWero Ha Kara-
ausatopsl rasa. Tak, B n0pHpojHOM Tase, MOJABaeMOM Ha KaTaTH3arop
KOHBEPCHH MeTaHa, CojlepKaHue Cepbl He JIOJKHO npeBbilliaTh 2 Mr/m¥
OueHb YYBCTBUTEJEH K CepycojepiKalluM COeJAHHEHHSAM HH3KOoTeMme-
patypHbifi KaTanusarop koxBepcun CO. Karaausarop cuHTesa aMmmuaka
CHHXKaeT CBOIO aKTHBHOCTbL MIPH HAJHYUM B rase jae CJIeJIOB KHCJO-
pOJICOIepIKAIUX U CepycojiepKaiinx coefunennii. Buecre ¢ tem npupos-
HBIH a3, Kak [0paBujio, COEPKHUT olpeieleHHOe KOTUYECTRO COeTHHEHH i
cepHl, XapaKTepHBIX /1A JlaHHOTO MECTOPOKJEHHA, WIH A06aBIAeMbIX
B KauectBe ojlopaHTa. a3 mnocne womsepcun CO copepxur 3Haui-
Teabubie KoguuectBa CO, (1o 30%), a rakxke CO (ot 0,5 no 4,0%).
Twarenbnas ouucTKa rasa ot 3THX npumeceil nNpu HauMeHBLUIMX 3aTpa-
Tax — ojlia M3 Haubojiee TPYAHLIX 3a7ad B TEXHOJOTHUECKOM odopM-
JeHUH mponecca CHHTe3a ammuaka.

IIpumendiorcs pasNHuHble METO/bl OUHCTKH TEXHOJOTHUECKOTrO rasa
OT npumeceii: a) afcopOund npumeced TBepabIMI copbeHTam, 6) abcops-
IHA JKHAKUMA copOeHTamH, B) KOHJeHCanHA npHmeceit IyOOKUM
OXJaX/leHHeM, T) KaraduTuueckoe ruppuponanue, OunCTKa TBEPAbIMH
copfeHTaMd MOPHUMEHAETCH npU HeGOJBLIINX COJAepKaHUAX npHMeceH
(cepycosiepKammne coepuHents) B rasze, OuucTKa rasa MKUAKHMH COp-
OeHTamu B NpPOM3BOJACTBE aMMHaKa ucnofnsyercs aans yhadenus CO,
1 CO. OuncTKa METOI0M KOHJIEHCAIHH C IpHMeHeHHeM NTYO0KOro 0X/1askK-
JleHUs B HacTofAllee Bpems JIOBOJIBHO IIMPOKO HCMOJbL3YETCs B a30THOM
MpOMBILIIEHHOCTH. O,IIHEI.KO B CBA3U C MOBHIIIEHHHIM pacXxoJoM 3JeKTpo-
SHePruu B HOBHIX CXeMaX MPOU3BOJCTBA aMMHAaKa 3TOT METOJl He HaXo-
ANT npumeHenud. Karaauruuyeckad ouucTKa METOJOM THAPHpPOBAHUA
C nocnenyiomum yaaneHuem o0pasoBaBllieHCs BoAbl NpUMeHAETCHA TMPH
Huskom conepxkanun CO,, CO n O, B KOHBEPTHPOBAaHHOM rase.

Ouncrka ot cepycopepxamux coepunenuit. Ilpupoanbiii ras conep-
KUT cepy B Buje cepoBojopoia, cepoyraepoaa CS,, CepoOKHCH yrie-
Pona COS, mepkantaHos (r/1aBHbiM 06pasom stuamepkanrada C,H;SH),
Conepxanue Korophix Kosebjercs B npeaenax or 5 jgo 30 mr/m®. Ilepen
OYHCTKO# cepaopraHMyecKue COeAHHEHHS THAPUPYIOT 10 CepoBoiopoOaa
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Ha KOGaTLTMOJIHGIEHOBOM KaTajuaatope npu 350—450° C, o6pemMHO#
cKopocTH okoqao 1000 u mo ypaBHeHHAM peaKIHH:

CS, 4 4H,=2H,S + CH,
RSH 4- Hy = H,S+RH
COS -+ 4H, == H,S 4- CH, 4- H,0

O6pazyouuiics cepoBoJiopol aAcopGupyloT TBepAbLIMH NOrJI0TH-
TEJIAMH HJAN KHIKHMH a{‘JL‘Opﬁe}ITaM!{. B xauecrBe TBEPABIX norJoTH-
TesMell A OYNCTKH OT CepPOBOOPOAA MPHMEHSIOT aKTUBHPOBaHHbII
YroJib, THAPOOKUCH yKeJ1€3a, OKuch nmuHKa. IIpu kuiarocrHoil a6cop6-
IIHH HCOOMBL3YVIOT aMMHa4YHYIO BOAY, 3TaHOJaMHHBI, MBEILBEAKOBO-COJI0-
BH{I pacTBop, pacTBOph KapGoHaros U T. 1. B a30THO# NpOMBIIIIEHHOCTH
HauboJiee yacTo NPUMEHSIOT OUUCTKY NPH MOMOLIH OKUCH [(MHKa (TOrJa0-
tarens TUATIT-10) npu 350—400° C n o6bemuoit ckopoerd go 2000 u™
N0 YPaBHEHHIO peaKiHu

ZnO +-H,S=2ZnS+ H,0

ITpi 400—500° C sra peakuus npaxTiyecku HeoGpartuma. Cepo-
eMrocth nordorurens TMAIT-10 okono 30%. B rase Ha Bhixole H3
annapatoB CepooyHCTKII cojepxkanue H,S He npesminaer 1 mr/m®.

QuncTka koHBepTHpoBanHoro rasa oT CO,. B rase nocsne Koupepcuu
CO conep:kured ot 17 10 30% aByoxucu yriepoaa, Kotopas Bulensercs,
KaK NpaBuio, KHJKUMH cop6eHTaMu: BoJoil, 3TaHOJ1aMHHAMM, pacT-
Bopamyu 1wenouved u t. n. CO, nmoj pnaBlieHleM pacTBOpsAeTcs B BOje
3HAUUTENBHO JIy4llle, 4YeM JAPYTHe KOMIOHEHTH KOHBEPTHPOBAHHOTO
raza. Ha stom npunpune ocnoBaia BoaHad oyucTKa or CO,
NPOMBEKOH rasa Bo/iofl B 6aliHax ¢ Hacankoi npu 2 - 10°—3 . 10° H/a?.
Bhitekaioman u3 GalllHy Boflia Bpamaer TypOHHY, Haca)KeHHYI0 Ha Of-
HOM Bajly ¢ HacocoM, NojaiomuM Bojdy Ha Oaunio. Takum o6Gpazom
pereuepupyior oxkoso 60% 3xexkTposHepriu, 3aTpauliBaeMoil Ha nojauy
poaut B Gammio. B typ6une faBienue camakaercss o armocdepHoro,
pacTBOPUMOCThL Ta30B yMeHbllaeTcs W M3 BCAM jAecopbupyercsd ras,
cofiepxawuii okosio 80% CO,, 11% H,, a takxke N,, H,S u ap. Itor
ras nesecoo6pasHo uCHOJb30BAThL B MPOU3BOJCTBE Kap6aMuia, cyXoro
Jpla Wid ApYrux npo1yKroB. Bofa nocse oxnaxnenus B rpajupHAX
BO3Bpamaercd Ha opoulenne B Gamuyu. OCHOBHOH HENOCTATOK BOIHKOII
OYNCTKH 3aKJIOYaeTC B 3HAYNTEJLHOM pacxoje 3JIeKTPOIHeprii
Gonbmiux notepax Boaopoaa. Ilostomy B coBpeMeHHBIX cXeMmax npime-
HAIOTCS Apyrue NorJoTHTeNy, obnaiaome GoJbiiei, ueM Bojaa, copb-
IIHOHHOH eMKOCTBIO ¥ CeJIEKTHBHOCTLIO.

DTaHONaMHHOBAA OYWCTKA OCYNECTBAKETCH BOJ-
HBIMY DacTBOpaMil CMecH MOHO- 1 AWradosamuuos: CH,CH,OHNH, u
(CH,CH,0H),NH. Tlponecc ynanenns CO, ocHOBaH Ha MpOTEKAHHH
CAEAYIONUX 0OpaTuMBIX peaxiiii:

CO: +2RNH, 4- HoO = (RNH3). CO,
CO, + (RNHy), CO3 4+ Hy0 =2RNHHCO;4
rie R —rpynmna OHCH,CH,—.
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IMpouecc normowenus nposoaar npu 40—45° C. O6pasosasiiiecs
B pesyabTare abcopOuuu KapGoHaThl M OGHKapOOHAThI pasjiaralorcs
B jecopbepe ¢ BojeneHueM CO, HarpeBaHuem o 120° C,

OuwmcTKa ropsAYUM PacTBOPOM MOTalla NpPoBo-
nutcsi nox AapjeHuem 1 - 109-—2 . 10 H/m® npu 110—120°. O6biuHo
npumeraioT 25Y% -Huit Boauwii pactBop KoCOg, akTHBUPOBaHHbBIH MBILIbS -
koM (As,O3). Tlpu norsomennu CO, KapGoHar npespamaercss B GUKap-
OoHAT M0 ypaBHEHHIO peaKiUH

K.CO; 4-CO, 4+ H,0 = 2KHCO,

PereHepaiis pacrBopa MpoHU3BOJAHTCA CHHXKeHHeM JaBJaeHusa. B kauecTse
norjorureseii CO, TaKKe MOTYT NPUMEHATLCA OPraHHUECKHE BEILECTBA:
meraHod, nponugaenkapboHar C,HiO;, cyasdoaan C,HSO,.

Quuctka rasa or CO. B npounzpo/icrBe CHHTETHUECKOTO aMMHaKa
ourcrtka ra3a oT CO ocyuiecTBisieTcsl OJHHM H3 METOM0B: MNorJjotie-
HHeM MeJHOoaMMHauHbIM pacTBOpOM, l'IpOMbIBKOf‘I rasa XHIAKHM asoToM,
KaraJuTHYeCKUM THJIPHpOBalueM (Mpn HU3KMX KoHpeHrpanuax CO
B rase). O4YHCTKa MeJHOaMMHaUHbIM PacTBOPOM OCHOBaHAa Ha TOM, 4TO
OKHCh yrJepoja abcopOupyercsl AaHHLBIM pacTBOPOM ¢ 06pasoBaHHeM
KOMILJIEKCHOTO Me/lioaMMHaqyHoro coefuHeHus. IlormorurennHas cro-
COOHOCThL MeJHOAMMHAUHBIX pPacTBOPOB NpPH OOBIUHBIX YCJOBHAX HeBe-
auka. C moBhilleHHeM JaBjeHHs M [OHHKeHHeM TeMrepaTypbl oHa
Bospacraer. JTo 00yCJ0BIHBAET MpHMEHeHHe MpH ouncTke rasa or CO
BHICOKHX HAaBaenuit (1 - 10°—3 . 107 H/m*) u rtemneparyps ot O mo
256° C (mpu OoJjlee HH3KHX TeMmIlepaTypax BO3MO:KHa KPHCTaJJH3alUA
pactBopa). IIpumeHAIOT OGHIUHO MeJHOAMMHMAUHLIE PacTBOPH CJaOBIX
KHUCJIOT: YKCYCHOH (aperarhbl), yroJbHOH (KapOoHaTel) M MypaBbHHOMH
(popmuark).

Perenepanuio pacrBopa senyr npu 77—79° C u arMocdepHoM faB-
JIeHHH, TpH 3ToM npoucxoutr jAecop6uus CO. Llenecoo6pasto pereHe-
pauuio MeHOaMMHauyHLIX pacTBOPOB BeCTH MoJ Bakyymom. [lpH pere-
Hepauuu pactBop Tepser yacth NHg, KoTophiil HEOGXOAHMO NOMOJHATE.
PerenepupoBaHHbBI pacTBOp mocse OXJAXKAEHHs BO3BpallaeTcs A
noraowenus CO, Tlocae ounerku B rase ocraerca He Gosee 0,003% CO.

Kouaencauua npumeceil rayGokuM oxaaxaeHuem. Metox (ppakiHo-
HUDOBAHHOH KOHJEHCAmHH C TpHMeHeHHeM TJYOOKOTO OXJamAeHHS
HCMOJIL3YIOT AJIS1 pa3jle/leHHsl KOKCOBOro rasa, KOTOpHI MpefcTaB/ser
co6oii cMech CJIOXKHOTO cocTaBa. B Tabs. 4 npuBeneH NpHUMepHBIi coCTaB
KOKCoBoro rasa H TeMeparyphbl KHIIEHHA OTACJbHLIX KOMIIOHEHTOB
rasoBoit cmecH npu 760 MM pT. CT.

W3 rtabn. 4 BuaHO, YTOo BCe KOMIIOHEHTH KOKCOBOTO Fa3a, Kpome
BOfoposia, MMeIOT Temnepatypy KuneHus Bhile — 200° C, nostomy
0pH rayGOKOM OXJaIeHHH MOXKHO I[lepeBecTH B JKHMJKOe COCTOAHHE
BCe cocraBasiomye KOKCOBOTO rasa, KpoMme Bojopoja. [lis cuHTesa
aMMHiaka HeoOxo/UMa a30TOBOOPOjHAS CMeCh, TO3TOMY Heweaecood-
Pa3Ho ypanars M3 KokcoBoro rasa a3oT. Mcxons M3 31oro BbideJeHHe
KUAKUX (pakuuil CAeiyeT 3aKaHUMBaTh MpPH TeMneparype KHIEeHUS
a3ora — 195,7° C. B mosiyyaeMoM BOJIOPOjIe OCTAeTCsl HEKOTOPOE KOJIH-
9€CTBO oKHMcH yraepofia, KoTopas ABJSETCS KaTaJHTHUECKUM SITIOM.
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TaGaunua 4

INpumepuslit cocTas KOKCOBOrO rasa H TeMnepaTypbl KHIEHHS

ero KOMNOHEHTOB

KoMnoxenta ‘ Copgepmanne, U Temneparypa KHOenus, °C
H, | 51—59 ~252,6
CH, | 2398 —161,4
CyH; —88,3
C4H —44,5
C,H, 93 1038
“sHg —477
co ) 5--7 —191,5
o, 1,5—2,5 —799
0, [ 0,308 —183
Ny ~ 5,0 ~—193,7

IToatoMy MpH MOJYy4YeHHH a30TOBOJIOPOJHOH CMeCcH H3 KOKCOBOTO Tasa
OCTaIOWYIOCA OKHCh YIJepojfia yAajsioT MPOMBIBKOH >KHIKHM a30ToM,
MpH 3TOM yacTb a30Ta HUCMapAeTcs W 3a CYeT TOrO a30TOBOJOPOjIHAA
cMech cTaHoBHTeA no coothollennio N, @ H, 6anskoit x 1 : 3; nobape-
HHeM a30Ta (103UpOBOYHOIO) CMeCh JOBOJAAT J0 HEOOXOAUMOrO /IS CHH-
Te3a aMmiaka obvemHoro coortkouleHus N, : H, = 1: 3. Pazjenenue
KOKCOBOTO rasa npoBofiaT nof jaasiesuem 11.105—12.10% H/m2. B uexe
pasjejeHHsl KOKCOBBIH ra3 MpefBAPUTENbHO OYWLIAETCH OT CEepPoBO-
Jopoaa, JABYOKHCH yrjeposa u Bjard. DJok pasjejenus BKIOWaer
psii TenJoOOMEHHHX alnapaToB, MPOMLIBHYIO GallHIO, cenaparopsl M
JpoccesibHBIE YCTPOHCTBA, 3aK/AIOUEHHbIE B OGILHH KOKYX.

MeTton, ruppupoBanusi. MeTanupoBaHue (rujpHpoBaHue) He(OJb-
wux ocrarounsix kodnyect8B CO u CO, (10 1%) npoBopurea no ypas-
HeHHSAM peaKuHH:

CO+3Hy=CH;+H,O0 COy~+-4H,=CH;+2H,0

[Tpotecc MeTaHMpPOBAHUS OCYLIECTBJIAIOT Ha HUKeJEBbIX RKaTa/ju3aro-
p y

pax (HaHeceHHHX Ha OKHchb amoMuuus) npH 200—400° C u o6bemHOI

ckopoctH 6000—10 000 y1.

4, CHHTE3 AMMMAKA

Teopemuecuﬂe OCHOBH! cHHTe3a ammuaka. CHHTe3 aMmuakxa
uaer Ges OﬁpaSOBaHHH 10GOYHBIX MPOJAYKTOB NO YPaBHEHHIO
Ng~+3H; = 2NH;4-Q
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TenyioBo# 3(heKT peakuHH CHHTE3a aMMHAaKa 3aBHCHT OT TeMmnepa-
Typbl H JaBJICHHS W MOMKeT OHITb BBLIYHCJICH MO ypaBHEHHIO
) 840,6 | 4597. 108
= ¢ 545 4 — 22
Q 4,19[9157+(0,04 +oF + o) P+ 5.T +

42,52 107472 —1,69 - 107673 | xTx/mons (I1.1)

rne T — a6comorTHas Temmepatrypa; P — xaBnenne, H/m2,
3uavenus temaosoro abdexra npu 500° C aas pasHbIX faB/eHui,
pHuKcJeHHble 1o ypaBHeHuio (11.1), mpuBeneHsl Huxe:
Hasnenue, Hm2 , . .. 1-105  1.100 3.100 6.107 1-108
Q na | moab NHjy, k[l 50,2 52,0 35,8 61,4 68,8
3aBHCHMOCTh paBHOBECHOI"O BbIX0Ja aMMHaKa OT JaBJIeHHS H TeM-
mepaTyphbl 175 a30TOBOJAOPOIHOfi CMeCH CTeXHOMETPHYeCKOro cocTaBsa,
He cojlep:kailiell mpumeceil, mpHBeJeHa B Taba. 5.

Ta6auua 5
CopepxaHue aMMHAKa B pPABHOBECHOH CMecH
Cogepmanne NH, (%) npu Cogepwanne NH, (%) npu
Temneﬂrgrypa, OABJAEHHH Temnefé'rypa, OABJEHHH

3-107 H/m? 1-10% Hym? 3-107 H m2 1-10% H w2
200 89,94 98,29 500 26,44 STAT
300 70,96 92,55 600 13,77 31,43
400 47,00 79,82 700 7,28 12,83

Kak BugHo mu3 Taba. 5, 4715 CMeIleHHS DPaBHOBeCHS B CTOPOHY
OGPHBOBBHHH aMMHaKa HEOGXO,’_IHMBI BBICOKHE 14aBJE€HWA H HH3KHE TeM-
neparypsl. CiHTe3 amMMHaka Ge3 NMpHMEHeHHsl KaTaau3aropa jfa)ke MpH
BHICOKOH TeMmmeparype IpOTeKaeT Mej/leHHO. B mMpoH3BoACTBeHHbIX
YCIOBHSAX AJI51 1OJydeHHA TpeOyeMoi CKOPOCTH peaKl i CHHTe3 aMMiaka
BeIyT npH TeMreparypax He Himxe 400—500° C n npu yyacTHH TBepIBIX
KaTanqu3aTopoB. B KayecTBe KaTajlH3aropOB AMf 3TOH peaklUHu ObLIH
HCBITAHLL MHOTHE 3JEMEHTH U MX MHOrOYHCJEHHBle coeinHedus. Jns
CHHTE3a aMMHaKa KaTalu3aTopaMi MOI'yT ObITh XKeJe30, IIATHHa,
OCMHH#, MapraHell, BOJb(ppaM, ypaH, poinii H Apyrie MeTasTsl, HMEio-
ll4e B aroMe BTOPOH CHApYKH He3alloNHeHHBIH 3eKTPOHHRIH CJIOH.
HaiGosee BbicOKYI0 aKTHBHOCTL NPOSBAAIOT JKE1€30, OCMHil, peHmil
I ypau. B npoMBIUIEHHOCTH MOJYYHJI PACTPOCTPaHEHHe KeJe3HBIH
Karanusarop, coiepxamuii Tpu mpomotopa: AlLO,, K,0O, CaO. Ox
0Kazan GoapUIYI0 aKTHBHOCTE H CTOHKOCTbL K IEperpeBaM H BpENHLIM
UpuMecsiMm B asoroBojopoiHoit cmecn. CepoBoaopoa W japyrHe coiep-
“Kalllne cepy coellMHeHUsl OTPABJSIOT »Kede3Hblll Karanuszarop Heofpa-
Tumo. Tak, mpu cozepxkaHuu B Karaausarope 0,1% cepsl ero axris-
HOCTp ymeHbuiaercss Ha 50%, a /s MOYTH MOJHOTO €ro OTPABJICHHS
loctatoyno okoso 1% ceprl. Kuesopox u KHciopoiHbie coelMHeHIs

20, CO, CO,) oTpaBAsiOT eNe3HH Karaiu3aTop OYeHb CHJIBHO,
HO ofparumo.
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CuHTe3 aMMHaKa — 3T0 TUMUYHBIA TeTeporeHHO-KaTaTuTHYeCKHi
npoilecc, NpOTEKAIoWHil yepes pAn CTaiuii:

I. Judpdysus a3oTa H BOAOPOIA M3 Ta30BOrO 00mEMa K MOBEPX-
HOCTU 3epeH Karaausaropa W BHYTPH TOp 3epHa.

2. AKTHBHpOBaHHasi (XMMHyecKas) ancopOlisi rasoB Ha Karaiu-
3artope.

3. BzanMopeficTBiE a30Ta ¢ BOJOPOJOM Ha MOBEPXHOCTH KaTaslu-
saropa. [Ipu 3TOM a30T MNpHHHMaeT 3JEKTPOHLI OT KaTaiHusaropa,
a BOJOPOA OTAdeT 3/MEKTPOHBI KaTanu3aropy, MNONOJIHASI HX yObLIb.
B pesyaeTate nocnenoeatesnbHo 00pa3yiorcs MOBEpXHOCTHHIE XHMH-
yeckue coepunenus: umua NH, amua NH, u ammnaxk NH,.

4. Hecopfuusi aMMmuaka H AH(PDY3us ero B ofbeM ra3osoHl a3kl

Ormpenensitomedi crajueil npouecca siBjsiercsi aKTUBHPOBaHHAd
a,r:copﬁunﬂ a30Ta. Bb]XD}l aMMHaKa 3aBHCHT OT MHOIHX BapaMETPOB
TEXHOJIOTHYECKOIO peXHMA: TeMOeparyphll, AaBJCHHA, BpeMeHH COHpH-
KOCHOBEHHS ras3a C Karaausaropom (uiH oOpaTHOW BeJUYUHbI, HA3LI-
BaeMoii o6LeMHONH CKOpOCTRIO rasa), COCTaBa ra30OBOH CMECH, aKTHB-
HOCTH Karalh3aTopa, KOHCTpYKuUMH annapara. Ecam cucrema Haxo-
JIUTCA B COCTOAHHHW, HE CJAHIUKOM ylaJeHHOM oT paBHOBECHSH, TO CKO-
POCTh npopecca Ha NPOMBIUACHHBIX KeMTe3HblX KaTalH3aTtopax MOXHO
npuGamkenHo paccynrtate no ypasiendio M. M. Temxuna:

dpnyr, i K PNH,
U= Zkle! —kg KR (”2)
dt PNH, PH,

e k, — KOHCTaHTa CKOPOCTH CHHTe3a amMHaka; kR, — KOH(TaHTa
CKOpPOCTH pas/oXKeHusi amMMmiaka, p — napunaibHoe AasieHue. Kos-
CTaHTH B, W k, CBA3aHLl ypaBHeHHeM ky/k, = K, rae K — KoHcralTa
paBHOBeCHSI peaKunH cHHTe3a ammuaka, OGBIYHO aKTHBHOCTL Kara-
NU3aTOpa XapaKTepusyercsi NpPH MOMOIY KOHCTaHTHl CKOPOCTH &,
nponopuuoHansHol k. KoncTanTa ckopocTd k& 3aBHCHT OT piajia (ak-
TOPOB: TeMmnepaTyphl, aKTHBHOCTH KaTalH3aTopa, pa3Mepa 3epeH.
[Tpu BHICOKUX NaBleHHAX R CTAHOBHTCH (yHKuMell O6lero AapneHnus.
Huxe npusefeHo OTHOUIeHHe BeIHYMHBL R TpU AaeiaeHun P K 3Ha-
yeHno k npu atMocdepHOM JaBieHnd, 0O03HaueHHOe k°:

P, Hp® oo 1100 1107 2.1 3107 4 107 5100 i
RIEE .. L. 1 0,92 0,8 0,75 0,7 0,65

-
Conepxanue aMMHaKa B rase Ha BHIXOAE H3 KOHTAKTHOrO amiapara
MOKeT OBITh ONpejeaeHo NO YpaBHEHHIO

C(1-—-C)dC

AFCri(—C =0 (11.3)

Ca

k=P, \

o

rae C — MOJibHAg A0/ aMMHAKA; B — KOHcTaHTa ckopoctH, (/M%) >
gty YV, — oGbeMHasn CKOpOCTb, IIPHBENCHHAS K HYJEBOMY COjepiKa-
HHI0 aMMHuaka, OHa cBsi3aHa ¢ 06beMHO# CKOPOCTRIC Ha BXole V| B KOH-
TaKTHBIH annapar ¥ oO6beMHOH CKOpOCThIO Ha BHXoAe V, pasencreami

Vo=V (1=C)=V,(1=Cy), (11.4)

) 1




e C, u C, — MO/IBHAfl fond aMMiaKa Ha BXOJle H BLIXOJle M3 peak-
j0pa COOTBETCTBEHHO; P — paBneune B peakrtope,
LS 115
= e
rae C, — MO/bHAsI 0/I5l aMMHaKa B PaBHOBECHOH ra3oBOM CMECH.
J1y1s1 TPHOIHACHHBIX PacyeToB MOXKHO NO/b30BaThesl (GopMynoi
h==— ; PY3V, (1—C)>? ’"[I_Ls(—lc_c_p_]‘ (11 6)
3aBHCHMOCTb KOHCTAHTbI CKOPOCTH, OMNpeAeNeHHOH 10 ypaBHeHno
. TeMKHHa, OT TemIepaTypbl BhIpa)kaeTcsi ypaBHeHHeM AppeHuyca.
Dueprist AKTHBALHH /15l TPOMBILI-
JeHHOTO KaTanH3aropa paslia npH- 35
GnuzutensHo 165 Ix/monb. Ha
pHC. 12 npuBeaeHbl naHHBE, Xa-
pa}crepu?symmue BHIXOJ aMMHaKa
B 3aBHCHMOCTH OT 1eMOepaTtyphl H
06BeMHON CKOPOCTH NPH JaB/eHIH
3.107 H/M® u CTeXHOMETpHYECKOM
cocTaBe a30TOBOJOPOJAHON cMecH.
OTH naHHble TIONIYYEHBI Ha Kemes-
HOM NpOMBILIIEHHOM Karanu3aro- /
pe. Haa npuGnukKeHHBIX TeXHO-
JIOTHYECKHX PacyeToB NO/b3YIOTCS
ycpelHeHHOH KPHBOH 3aBHCHMOCTH
colepaHHs aMMHaka oT o6beM-
HOH ckopoctif. Ilpu srom nomy- Puc. 12 3asucuMmocTh BHIXOA2 aMMHaka
CKaeTcsi, HTO DOpH 3a1aHHBIX AaB-  or remmeparTyps! NpH PasiHuHEIX 0GbeM-
JIEHHH, KaTa/lH3aTopeé H COCTaB€  HbiX CKOPOCTAX a30TOBOMOPOAHOH CMeCH
rasa MOXKHO He YYWTHIBaTh BJIHs- (P =3.10" HN)
HHsl Temneparypsl BBy HeGosb-
X ee uameHennit. Takum oGpa3om, BEIXOA DpoiyKTa sBAfiercs QyHK-
unell ppemenn npeGeIBaHUs rasa B Karaau3alopHO# 30He.

Kaxk Bunuo mu3 puc. 12, npu naeaennn 3-10° H/M? yBenuyeHue
oGbemHolt cKopocTH B wectb pas (¢ 20 000 xo 120 000 y™) Bu3HBaer
CHH)XeHHe coneps:kaHHsi aMMHaKa B ra3oBoil cMecH 1O KPHBOH JHUIb
B nontopa pasa (c 20 go 13% NH,). Taxum oGpasom, ¢ NOBbILEHHEM. .

bEMHOH CKOpPOCTH CheM aMMHaka ¢ | M® KOHTAKTHOH MACChl PEe3KQmmmrmmmr-

BO3pacraer. Oapuako npu 31oM GyleT 3HayHTEAbHO )BEJIHYHBATHCH
06nem HelpopearupoBablleil asOTOBOJAOPOAHON cMecH, KoTopasi Gyjer
TIOCTOAIHHO WHPKYJIHPOBATH B IHKJE. D10 YBEeJIHYHBAET PAcX0ll SHepTrHH
Ha TpaHcnopr rasa, Bo3pacTyT pas3Meps TpyGONpOBOAOB, TENI0OOMEH-
HHKOB u Kompercaropos. [JosTomy BOmpoc o BHIGOPE ONTHMAIBHO
06333&{}101“1 CKOPOCTH pelliaeTcsi Ha OCHOBaHMH 3KOHOMHYECKHX coolpa-
Kernii, B nacrosiee BpeMSsl YCTaHOBKH CHHTe3a aMMHaka paboraior
OPH o6bemumrx ckopoctsix or 15000 no 30 000 yt,

la puc. 13 NpuBejeHBl JaHHbIE MO yCPeAHEHHOMY BBIXOQy aMMHaKa

n
PH 450—525° C i pasnuyHblX CONEPIKAHHSX HHEPTHBIX Ta3oB (Me-
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TaHa M aproHa) B UHPKYJSAIUHOHHON a30TOBOJOPOJHOH CMeCH s
TMPOMBILLLIEHHOr0 KaTani3aropa.

[TockonbKY cHHTE3 aMMHaKa sBasiercsi OOGpPAaTHMBIM 3K30TepMHue-
CKHM TIPOIECCOM, TO ONTHMA/bHBIM
OyneT CcHuXKeHHEe TeMIepaTrypsl TIo
JJIHHe KataniusatopHoit kopoGku. Ha
/ puc. 14 npuBejeHsl JaHHbIE ONTH-
2| 3 Ma/pHOIO pacnpejejeHusa Temmepa-
Typh[ B 30He KaTra/Jn3a KOJIOHHHI, pa-
Goratolueil npu gasneHun 3 - 107 H/m2,
06beMHOlt ckopocti 15000 u™, mpn
Collep:KaHHH HHEepTHBIX TNpHMecel
(CHj;, Ar v 1p.) B uKJe 0Koao 8%.

OcHoBHBIE YC/I0BHS BBICOKOH H

21044107 610 810% 110°1210°  craGunbHOl TMPOH3BOANTEABHOCTH

Obvernas cxopocme, 471 YCTAHOBOK CHHT€3a ammHaka: 1) BH-

Puc, 13. 3apHcuMoCTs BoIXOJa am- COKafd cCTenelHb OUHCTKH a30TOBOAD-

MHaKa oT o6beMHOIl CKOPOCTH NP  pOJTHOH CMeCH OT KaTaJHTHYeCKHX

PAsTHUHOM  CONCPMAHMH HHEPTOB B gnop i yHepTHBIX TIpHUMeceH, 2) Noj-
HCXOHOH LHPKYJALUHOHHON cMecH T

npu P = 3-107 H/w: nep:kaHue cootHowleHHsd N, : H,,

J — No + 3H, Ges nnepros; 2 — N 6auskoro k 1:3, 3) onruManbHas

1 3;3/{2 t;lgl";@m:ﬁap?nh .;+— ?ﬁﬂ?}l{gﬁ} TeMIepaTypa mpoliecca MO JIJIHHe

" nnepros 2 °  KaTaJHTUYecKOH 30HEI, 4) CHHIKEHHe

COJEp:KAHUS aMMHaka Ha BXOAe B

KOHTAKTHHIl anmapat, 5) coBeplUeHHas KOHCTDYKIHS KOHTAaKTHOTrO an-

naparta (KoJIOHHA CHHTE3a).

Mpomsiiinenasle cnocoGsl CHHTe3a aMMHaka. B_ mpouseojicTse

CHHTETHYECKOrO0 aMMHaKa mnpuMeHsietcd napiedde or 1-107 no 1-108
H/m®. B 3aBucuMocrit 0T npumeHsie-

MOro JaeJJeHus pasjnyarT CHCTEMBI

25)

Lodepxanue NHy, 05, %
30N
V774
N/
/

11

4
——
—~
—

S

Hu3Koro paasieHus (1-10°—15-108 & m(’,I_\

H/m?), cpentero nasaedns (25-106— & %00\

60-10% H/M%) i BBHICOKOTO nAaBJeHusi & 5@ \\
(60-10°~100-10° H/w?). HauGosee § ~ |
pacnpocTpaHeHbl CHCTeMHl, padoTaio- £ B
e NpH cpelHeM naBiaeHHH, TaK Kak = 0 1 2345 67 8 90
NMpH 3THX YCJOBUAX YAadHO pelaior- Amuna, M

Csl BOTPOCHI BbijIeI€HHs aMMHaKa TIpH

JOCTAaTOYHOH CKOpOCTH Ipouecca B 5::- éi-neogzﬂﬁ'aﬁgﬂffn“IJI:*ECH}E:f;;‘s'
KOHTAKTHOM annapare. A30T0BOjIO- 3ampnbi‘{ PKDS(IJ’GK" o o6 perof
poAHas cMech MpH MPOXOXKICHHH He- ckopocra 15 000 4L

pes c/10ii KaTalu3aTopa HenoJHOCThIO

npeBpauiaercss B aMMuak. B rase

Ha BbIXOjie U3 KOHTAKTHOI0 amnapara cojep.aHue aMMHaKa CcOCTaBIser
14—20%. T'asoBasi cmech, BBIXOAfIIAA H3 KOHTAKTHOrO amnnapara,
OXJaK/1aeTcs, aMMIaK KOHJEHCHDPYeTCsl H OTjensieTcs OT rasa, a Henmpo-
pearupoBasluasi a30TOBOJOPO/JHAs CMeCh NpH NMOMOILY IUPKYAALLHOH:
HOTO KOMIpeccopa BO3BpallaeTcs BHOBb B KOHTAKTHBIH amnmapat. -
Cpexasi a30TOBOJOPOJHASA CMeChb B KOJAUYECTBE, OTBEYAlOEeM KOJH-
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yecTBY 00pasoBaBlerocsli B KOHTAKTHOM ammapare ammuaxka, no6aB-
JsieTcsl K OOOPOTHOH CMecH.

B cucreMy ¢ UHKAHYECKHM MPOLLECCOM JO/KHA NOCTynarh [0 BO3-
MOKHOCTH Gosiee yHcTasd a30TOBOAOPOAHAA cMech. [IpakTuuyecku mony-

s .

NH, (raa)

|
N

\‘l \.f

‘v

NH,(x)

AAARMNAM

FAYAY)

Caesruit
ras
Puc. 15, Cxema ycTaHOBKHM H1fl CHHTE3a aMMHaKa NOJ CPejiHHM AaBjeHHeM:

! — napoBoft KoTterd, 2 — KoOJOHHa cHHTe3a; I — BoAAHON XONOAHJABHHMK; 4 — cenaparop,;
5 — TypOOUMPRYJAAUMOHHBIA KoMmmpeccop; 6 — KORAeHCAUHOHHAA KOJNOHHA; 7 — HCnapuTelb

UHTh a30TOBOJOPOAHYIO cMech, aGCO/IOTHO CBOGOAHYIO OT NpHMeced,
Kpafine tpyauo. Ilpn uHpry’AfAUHOHHO#H cXeMe mpouecca Aawxe IpH
MHHHMAa/IbHOM cojepAaHHl HHepT-

Hex npumeceit (CH,, Ar) B nocry- 3 i J /

nalowell Ha cHHTe3 CBEKel asorTo- I \kl‘f/

BONOpOAHOiH  cmecn mpoucxomur % 10 50 ; g
rocTenenHoe -HaKoMIeHHe Mpume- ¥ ___/ﬂ]qw/ )
ceil B IIUKJI€, UTO CHUKAET NPOM3: X § e 300”’”2 = £00 H/M
BOIMTE/JBHOCTb KOJOHHBI CHHTe3a. & - 7l
YacTHyHo mpuMecH pacTBOpSIOTCA S 1000 H/M

B KOHIGHCHPYIOLLEMCS  JKHAKOM
daMMHaKe W BBIBOAATCH H3 LHKJA.
Onnako smiBOA npuMeceii ¢ npo-
AYKUMOHHHIM aMMHaKOM He XOM-
NEHCHpyeT NMpHTOKA HX CO CBe-
el a30ToBOJOPOAHON CMecbio, U
B NpoussoncTeeHHOH NpakTHKE

g
25 -5 -§ g 75
Temnepamypa, °C

Puc. 16, 3aBHCHMOCTb cofiepyKaHHs am-

MHaKa B a30TOBOJNOPOJHON CMeCH Hal

JKHAKHM aMMHAaKOM OT TeMIepaTypel H
JaBieHns

Npnxoaurcss npuGerats K BHOPOCY YacTH IHPKYJAHPYicwiel rasoBoil
CMECH (mpoayBOyHHe ra3el), YTOOB CHH3WTh COJEpKaHue NpuMeced

B LlHKJe,

B oreyecteennoil mpombieHHOCTH TOMYuHAH pacnpocTpaHeHue
CHCTeMBI ¢O cpennnm aaBaenmeM (30 -106—32:10¢ H/m2). Cxema Takoil
YCraHopku noxasana na puc. 15. [logtorossienHas x CHHTE3y a30To-
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BOJNIOPOJIHAS CMeCh TONAeTCH CBePXY B KOJIOHHY CHHTe3a, rile MPOUcXo-
auT ofpasosanue ammuaka. [lpopearupopasilasi a30TOBOJOPOHO-
aMMHayHasi CMech BBIBOAMTCA H3 KOJOHHBI cuHTe3a npu 400° C, mno-
naercsl B KOTeA-yTHJAM3aTOp, 3aTeM BO3Bpaulaercsi BHOBb B KOJOHHY
CliHTe3a, rne npoxoaut Temnoobmennuk, n npun 90—I100° C nanpas-
JA€TCH B BOASHOH XONOMWJIBHHK H cemnapatop. B BOASHOM XOn01u/b-
Huke npu 30-10° H/m® KouleHcupyeTcsi AHlIb yacTh amMHaka. anee
ras TypOOUHDPKYISIHOHHLIM KOMIpPECCOpOM TONAeTCsi B KOHJIeHca-
UHOHHYIO KOJIOHHY M HCTapHTCIb, A€ 3@ CYCT HCMAapCHHs MKHIKOTo
aMMpaka MoJyuaiT X001, HeoOXOAuMblii aas Gonee MOJHOrO Bhijle-
JIeHHS aMMHAKa H3 ra3osoft cMecH. M3 KOHACHCAUHOHHOH KOJOHHLI
ras BHOBb [OCTYMaeT B KOJOHHY cuHTe3a. Cpexasi a3oTOBOJOpOjHAs
CMeCh TO/1aeTCsi, KaK NpaBHJO, B HHXKHIOIO YaCTb KOHJEHCALHOHHOH
KOJIOHHEI, TJle OHa OYHINAETCS NPOMBIBKOI MIJIKHM aMMHAKOM OT cJe-
nos Baaru, macaa u CO,. 3aBHCHMOCTE CONEPKaHHA amMmuaka B 00o-
POTHOIT a30TOBOIOPOIHOI CMECH Hall XKIIKHM aMMHAKOM OT TeMIepary phl
H laBJeHNs mokasana Ha puc. 16. Conep:xanhe amMmMHaKa MOzkeT GbiTh
TaKKe BBIUHC/ACHO MO 3SMIHpHYECKOW ¢opmye

59878  1099,5
P T

lg C"=4,1856 -+ (11.7)
rie C’° — conepXaHHe aMMUaKa B a30TOBONOPOJHON cMecH, 06.%.
MarepuanpHelit GanaHc arperata cHHTesa Ha | T ammmaka pac-
CUHTBIBAIOT IO OCHOBHBIM (OpMYyJIaM.
Pacxon csexero rasa (m%)

Veo=Vr+ Vot Vi, a1.8)

rie V, — pacxoa asOTOBOJNOPOJHON cMecH (TeOPETHUYECKHil), pas-
HeIll 2635 P, V, — KONMYeCTBO ra3op, PAaCTBOPEHHLIX B KHIKOM
ammuaxe, M5 Vip — KOMHHECTBO a30TOBOAOPONHON CMecH, MeTaHa
H aproHa, ylajnseMmblX U3 LIHKJa NpH NpoayBKe, M2

O6bem ra3oBoit cMecH Ha BXOJe B KOJOHHY cuHTe3a (M%)

Vi=V/g, (11 9)

rie V — oGbemHas CKOPOCTb, yl, g — NpOUIBOAUTENBLHOCTE KaTalau-
saropa Ha | v NH,, y? .M 3%
[lpou3BoAnTENLHOCTL KOMOHHBI CHHTE33a aMMHaKa (m3/)
C:—Cy '

Y, =V 700 -1 .006, ar.10

rie C, — collep’kaHue aMMHaka B rase Ha BXOJ€ B KOJOHHY, 00.%;
C, — conep:KaHHe aMMHaKa B Tase Ha BbIXOJI€ H3 KOJOHHGLI, 06.Y%.

OGbem razoBoil cMeCH Ha BBIXOAE H3 KOJIOHHEL
Vo=V, —V_+Vyn, (1 11)

rae Vnu, — o6beM aMMHaKa, 06pa30BaBLIErocst B KOJIOHHE CUHTe3a, M°.
[TpousBOAHTENBHOCTE BOASHOIO KOHAEHCATOpa
, Co—Cy
NH.= VZ L
3 loo_‘(l‘**au"{‘aa:"‘aap}cﬂj

(11.12)
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rae Viu, —o6beM rasoo6pasHoro ammuaxa, CKOHJIEeHCHPOBABLIETOCs
B BOIsiHOM KoHjaeHcatope, M%* C; — KOHUEHTpaUHsl aMMH3aKa B Taso-
BOH cMecu nocse KoHAeHcatopa, 006.%; Qas, @y, @,p — PACTBOPHMOCTH
230TOBOJNOPOJHON cMecd, MeraHa, aprona (puc. 17).

O6weM rasza nocse nepBUyHOro cenaparopa (M°)

Va=V,y—V{in, — (2, +2,+a,) Vin, (11.13)
[Tpou3BOAUTENBHOCTE KOHIEHCALHOHHON KOMOHHBI (M°/1)
Vi, =V i, — Vi, =V, Cs0.01 (IL.14)

KosnuecTBo pacTBOpeHHBIX T'a30B B XKHUAKOM aMMHake (M%)
Vo=Vas + V4 Vap, (11.15)
‘V‘,m == aanC“0,0l (V;\l}‘lx 4 Vl":JHs)J
V,=a,C,001 (Viy, + Vi) P,

VapzaapCaPO,OI (V}'\-”_+V{Q”3) P,

rne C., Cy C,y — CONEPXKAHHE a30TOBOJOPOIHOH CMECH, MeraHa
# aproHa B ras3osoil cMecH, 06.%.
O6uu# o6beM npoayBKH (M?)
, Ve
T TG,

(11.16)

ConepraHue HHEPTHRIX npuMecedl B NpPOAYBOYHLIX rasax onpeje-
Jsiercst no (opmyJe

Vcn (CM e Cap} 0,01 - VM - V:rp

F —
Vi‘.[p_- i ]

(JL.17)
re [ — cozep)kaHHe HHEPTHHIX NpHmecedl (MeTaHa W aproHa) B LHP-
KYAsIMHOHHOM Tase nocne nep-
BHYHOro cenaparopa, 06.%. 4035 /
51074
YT a1

35104
Henonways ypapnenne (I11.17),
MOKHO ONpeneinTb COAep:Ka-
HHEe HHepTHHIX NpHMeceil B LIHK-
Jle npu 3aJaHHOM pacxoae aso-
TOBOIOpOAHOH cMecH HAH pac-
cyntare V., npH 3agaHHOM (.
Kononna cuHTe3a — OCHOB-
HOH, HanGonee BarKHBI anma-
PaT ycTaHOBKH 75 NOJYYEHHS
CHHTeTHYecKoro aMmmuaka. Kou-
CTPYRUMSI  KOJOHHBI  JOJNHA
JbITh  HanewHoH W ofecnedu- ~
BaThb Gesonacuyio u anutens- W00 10 20 50 f‘g 2
Hy1o paGory. [Tostomy K crany, Ternepamypa,
Wiyilefi Ha wW3roToBJEHHE KO- Prc. 17. PacTsopuMocTs a3oToBOAOpOAHOI
J'IOHH;,[. npe,-’l'bﬂBJIﬂIOTCSI BBICO- CMeCH, MeTaHa H aproHa B MHAKOM aMMHa-
KHe  tpefosanus. Bonopox u X B mepeciere ua 1. M? rasoo6pasHoro

N NHj:
aomﬂuax. Conepxaluliecst B ra- P = 10° f” & 2 3H3
BOH CMecH, npi NOBBILEHHON  fpy 5 —3/10" H/u; 8 — At npi P o= 08 H/ue
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1 TeMmmepatype JeficTBYIOT Ha crasns,
£ R AL cHuxast ee mnpoyHocTb., OcobeHHO
v |0} Asomo-  omacHO 0Ge3yrJiepo<KMBaHHe CTamnH

fodopodras MPH BBLICOKHX TeMmheparypax Mok
/ SANN LHees JeHcTBHEM BOLOPOAA, MPOHHKAlOILe-

ro B craab. M CHHMKEHHS Teme-
paTypbi CTEHOK XOJIOJHAsi a30TOBO-
JlopoJHasi cMech, MMOCTylawlas B
KOJ]OHHy CHHTe3a, HPOXO,’_IHT BJ10OIB
BHYTpeHHell TOBEPXHOCTH LLMJAHHIpA
KosoHHbl. Kopnyc KomoHHBL cHHTE33

N ;e oy

¥ _'%—'—q_\\i.: —

)
Y
230828 cMECs AzomgBodapodnas
nocae pearyyy CMECH

Puc. 18, KosoHHa cHHTe3a aMMHaKa
HOJX CPefiHHM AaBjleHHeM:

1 — KpHUKH, 2 — KOPNYC KOJOHHEL

2 — KaTaAN3aTOpHAA KOpoGKa; 4 — Ten-

NoofMmenbble TPY6BLT § — Tenaosas H3o-

AAUHA; 6 — KONOCHHKOBAR  peweTka,

7 — uentpaibuan TpySa: & — Tennood-
MEHHIK

aMMHaKa M3roraBiHBaeTcfl H3 Xpo-
MOBaHaIHeBO# crajiu. PaHee KonoH-
HBI H3rOTOBJAJH H3 CJHTKA CTajJH
MeTOAOM CBepJieHHA N0 OcCH. 3artem
paccBepJieHHBIH UHJIHHIP OpPOXOJHA
CINOXMHYIO MeXaHHYeCKYyI0O H TepMH-
yecKylo 006paboTKy.

B nocnennee BpeMs MOJYYHJIN
pacnpocrpaHeHHe BHTHIC H CBapHHIE
Kopliyca KOJMOHH cHHTe3a. BuyrtpeH-
Hee YCTPOHCTBO (Hacajka) KOJIOHH
cHHTe3a oOblyiio oopmisiercs B BH-
ne TpyGuyaToro KOHTaKTHOTO anna-
para ¢ ABOHHBIMH Tema000MeHHBIMH
tpy6kamu, [Inpoxo mnpumensiorca
TaKkXe [oJIOYHble HacalKH ¢ ak-
CHanbHBIM XOA0OM ra3sa B CJ0€e Kara-
Ju3atopa, a B nocjaejHee Bpemsa —

¢ paauansheiM, Ha puec. 18 noxa-
3aHa TpyOuaTasd KOJIOHHA CHHTe3a aMMMaka AJs CHCTeM cpejHero
napaennst. Kononua mnpejacraenasier co6oil crafbHOH UHJIHHAD € TOJ-
uuHoft cteHkn 176—200 MM u Beicoroit 12—20 M. B coBpeMenHHIX
KOJIOHHAX BHYTpeHHHH nnamerp cocraBaser 1,0—2,8 m. Kononna
ycraHaB/auBaeTcs BepTHKaabHO. CBepXy M CHH3Y KOJIOHHA 3aKphIBaeTcH
CTaJbHBIMH KDBILIKAMH, YKPeNJeHHBIMH NPH MOMOWH (iaHlles.
ICOHCTPYKTHBHO KOJIOHHBI Pasnnyalorcs, raaBHeiM 0o0pasoM, pas-
MepaMu Koprnyca M ycTpolicTBOM BHYTpeHHeH Hacaiku. B paccma-
TpHBaeMoil KOJMOHIie cpelHero JiaB/jeHusl B BepXHeil yaCTH pacnofoxkeHa
KaraaH3aTopHas Kopobka, B HHXKHell — TennooOMeHHHK, obecleyn-
BalOLMH aBTOTEpMHYHOCTh Mpouecca. Kopnyc KogoHHBI HMEET Temo-
BYIO H30MAUHIO, 4TO YcTpaHsdeT BOSMOXKHOCTE BO3HHKHOBEHHA B CTCHKE
Kopllyca TepMHYeCKHX HamlpsiKeHHHl, BO3HHKAIOIHX B pe3y/bTaTe
pPasHOCTH TeMNepaTyp BHyTpeHHeH H Hapy:KHoil noeepxHocTell Ko-
noHHE, Karanusarop sarpy:aercsi Ha KOJOCHHKOBYIO DeLIETKY.
Yrofel ofecneynTh PaBHOMEPHOE paclpe/ieseHue TeMIepaTypel, B c/oH
KaTalu3atopa NoMelaioT JaBoiiHele TpyOwl, BHINOAHAIONIHE (YHKLLIH
Tenoo6MeHHIKa (eM. 4. I, puc. 112). AsoToBonopoanas cMech NocTynaeT
B KOJIOHHY CHHTE3a CBepXy, NpOX01HT BHH3 B KOJBLLEBOM NIPOCTPaHCTBE
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MeX1y CTeHKaMH OCHOBHOTO KOpNyca u KaTaJu3aTopHOil KopoGKH,
npeloXpaHssi KOpHyc KoJIOHHBL OT HarpesaHusi, W CHH3y BBepX mo-
cTynaer B MeXTPyGHOe NPOCTPAHCTBO TeNn/JI0OGMeHHHKA. 3areM Mo
[eHTpaibHOll TpyGe NpPOXOAWT B BepPXHIOI0 HacTh KaTajlHu3aToOpHOH
kOpOGKH H TIOCTyMaer B JBOHHEIE TpyOBl, NOTPY!KeHHBIE B CJ0OH Kara-
i3aTopa; BHauaje MO y3KO# BHYTpeHHell TpyOKe cBepXy BHH3, 3aTeM
NOLHHMAETCS BBePX TNO KO/bIIeBOMY TNPOCTPAHCTBY MeXAy Y3KoH
¥ LIWPOKO#H TpyGamH, OTKyjna MOCTynaeT yepes c/OH KarajJu3aTopa
cgepXxy BHH3, H, Mpoiias no Tpy6am Tenso0GMeHHHKa, BHIXOIHT CHH3Y
KOJIOHHBI CHHTE3a, FI-I,f[pO)IIlHaMquCKHﬁ peAHM B CJJO€ KaTaJjH3atopa
5IU30K K HAeaJbHOMY BRITECHEHHIO, a TeMnepaTypHblil peXuM ABAfAeTCH
THNHYHO H30TepMHYeCKHM.

Jns perynupoBaHug TemnepaTypbkl B KOJOHHe CHHTe3a MNpely-
CcMOTpEHa BO3MOXKHOCTbL M07auH XOJOAHOH a30TOBOJOPOAHON CMecH
CHH3Y N0 LeHTpaapHOH TpyGe B KaTaJH3aTOpHYIO KOpOOKY, MHHYS
TenN006MeHHHK. B coBpeMeHHBIX KOMOHHAX AJAf YTHIH3AUHH Tenja
peaKkuHH HHXKHHH TennooOMEHHHK paszieseH Ha JBe 4acTH, ras, BbIHAA
13 KaTaJu3aTOpHOH KOpPOGKH, MPOXOAHT BEPXHIOIO 4aCTh TenJooOMeH-
nuka # npu 400° C BHIBOAHTCS B KOTe]-yTHIM3aTOp, Tje OXJAaxaaercs
1o 200°C, # BHOBbL HanpaBlsieTcsl B KOJOHHY CHHTe3a, NpOXOAHT
HIDKHIOIO 4aCTh TenyIOOGMEHHHKa H BLIBOJMTCHA H3 KOJOHHHL npH 90—
100° C. Moryr npuMeHATECH Take M BBIHOCHBle Tem00OMeHHHKH.
B HacTosdllee BpemMsd T'I])HMGHHIOTCH KOJIOHHEI CHHTe3a NPOH3BOJIUTE b~
Hocthio ot 150 10 1500 T/cyT ammuaka. TIpon3BoanTeNbHOCTE KOJIOHHE
CHHTE32 aMMHaKa pacCUMTHIBAOT MO ypaBHCHHIO
V.0 (Co—C,) 0,771

100+ C, !

rie G — npoH3BOLNTENbHOCTh KOJOHHbBI, Kr/u; V — ofbemuas cko-
pocTh Tasa, M*/M%.u; v — ofbeM Katanusaropa, Mm% C; — colepsaHue
aMMHaKa B Aa30TOBOJIOPONHOH CMeCH Ha BXole B KoJoHHy, %; C, —
conep¥aHue aMMiaKa Ha BbIXofie U3 KoaoHHbl, %; 0,771 — naorHocTh
aMMHaKa, Kr/m%.

G=

(11.18)

[lpumep pacuera arperata cHHTe3a C KOMOHHOH Bbicotoii 14 M M BHYTpeHHHM
IiamerpoM 850 MM NpH COflepIKaHHH B UHK/Ie 7% HHEpPTOB, KOHEYHOH TeMmmepatype
KOHeHcauuu ammuaka 5° C, ofwemuoii ckopoctd 25 000 y™! u nasnexun 3- 107 H/M2.

IMpunumas, u9To KoaddhHuHEHT HCMONL3OBAHHSA BHYTPEHHEro o0beMa MOKOBKH
KOJIOHHE! ciHTe3a cocTasjfer 35%, HaxonnM o6beM KaraliusaTopa, 38rpyxeHHoro
B KOJIOHHY cHHTesa:

V =0,7854% - 0,35=12,8 m3.

H/axom{m no AaHHbLIM pHc. 13 H 18 B HavaibHHIT NepHon paGoTel KOMOHHE Cy =
= 17%, C, = 4%. Torna no dopmyne
_25000-28-(17—4)-0,771

104

. Uepes 2 rona paGoThi BEIXOJ aMMHAKa B De3y/bTaTe CHHWEHHS AKTHBHOCTH Ka-
anyusatopa cocrasiger 80% oT ucxoaHoro, orciona

_25000-2,8-(13,5—4,0)-0,771
- 104

140 Takum ofpa3oM, cpenusis NPOH3BOIATEJNBHOCT: TAKOLO arperata COCTABHT
T/cyT NH,.

G

=867 T/u, nan 160 1/cyT.

G =4,9 1/u=120 T1/cyT.

49



Cpox cayx6bl Karanus3aropa 3aBHCHT OT CTelleHH OUYHCTKH [asos
H B NpaKkTHKe pafoThl HalIMX 3aBOJOB COCTABJASCT OKOJAO ABYX JeT,

CospeMennble cXeMbl npou3dBoacTBa ammuaxa. [Ipu npoexTtHposa-
HHH HOBGLIX prngIX I‘lpOMbIIIIJI(‘.HHbIX YCTBHOBOK Ha OCHOBe nocnen-
HHX JOCTHXKEHHH HAayKH M TexHHKH HeOGX0AuMO N06GHBATBCH MaKCH-
MaJbHOI'0O CHHXKEHHA aﬁepromaTepHaanblx H KalnHuTaabHLIX 3aTpar,
T‘IOJ]Y‘-laTb HH3KYIO cefecTOMMOCTD BbiH}'CKaeMOI:'[ NpOAYKIIHH H BHCOK}-'IO
NPOH3BOJAHTEJABHOCTD prna‘ B IlpOHSBO;'ICTBE aMMHAaKa 3ta 1 el J0CTH-
raercs co3naHuem Kp YI]HLIX arpera'rOB B O;lHy TEXHOJNOTHYECKYIO H]I'I'Ky

Hy
A} o2 3 13 15
Mpupodnsik Boadyx 19 25
203
1 Hzo 1
e 4 . ‘. A
5 H I ()/L
: |
1 ' LN " P
Bosdyx B N 1
R o |
K |
RGupadusii 1|
2as |
E & 1
-+
1 Lw e v w u
fzp NH;
- TEXHOMOZUYECKUE 203 —— — Pacmb0p SMTHONTMURT —— 107 —-— LJoiMGlste 20381

Puc. 19. Cxema npoHsBojicTBa aMMHaxka:

! — nogorperaTe]s NpHPOAHOTe ra3a; 2 — peanToP THAPHpPOBaHNS OpraHudYeckoll cepsl
& — apcopfep cepoBofopofa; 4 — tenacofiMenunk; 5 — TpyGuaTad nedb — KOHBepTOp Me-
Tawa; i — TONKa; 7 — WaxTHBI! houBepTop MeTana, 8 — naponol kored; 9 — koumeprop CO
1 crynenn; 10 — wouseprop CO Il ctyneun; /f — tenaoofmennnx; /2 — percuepatop COg
13 — abBcopbep COy /4 — BOAAYWHBI XOJOAWJALHMK, /§ — MeTanatop; /6 — TypGokoMnpecs
cop ¢ rasopodl Typ6unoil; /7 — napopana TYpGuua; /8 — aMMUAauHLIl XOAOAWILHHK, [9 —
nepsuunwpit cenaparop, 20 — BTOpHYHWLIG cenapaTop; 2/ ~ Xohognwilft Tennoodmenunk; 22 —
BOAOTOAOrPEBATeAb NapoBLIX KoTAoB, 23 — sropsuuil> Tennoodmennuk; 24 — poaayuwinbii
XONOZUALUHK; 25 — nonoulad KOJOHHA CHHTe3a

C BO3MOXKHO Gosiee TMOHOH yTHAU3AlHeH HH3KOMOTEHLHAABHOTO U BLICO=
KONOTeHI HaAbHOTI'O TenJaa.

BricokonoreHynanbHoe Temao JbIMOBOTO H KOHBEPTHPOBAHHOTO
rasop HCOOAb3yercA A MOoAYy4eHHA Mapa BLICOKOro aaBjaeHud, MpH-
MEHSIeMOr0 B TypOMHAX, CAyXKalHX MpPHBOIOM KomnpeccoposB. Husxko-
NMOTEHIHAIbHOE TEelJIO HCNOAb3YeTCs VIS NOJYYeHHs TeXHOIOTHYeCKOro
napa HN3KOro JnaBneHusi, nojiorpeea BOJLI, IIO.-"[)’LI(’.HHYI X0n101a U T. ML
B HOBRIX cHcTemax HTHPOKO TNPHMEHSIOTCH aniapaTtbi BO3/IYUIHOTO
OXJax/JeHH#, MO3BOJAIONHE COKpAaThTh pacxojsl Boaet. Ha puc. 19
npHBeleHa cXeMa arperata MmomHocTbio 1500 T/cyT, BRAWOUalONLaf
JABYXCTYNeHUaTyly NapoBO31YyIHYIO KOHBEPCHIO MeTaHa, BBICOKOTEM-
nepaTypHyio H HH3KOTemneparypHyio Kousepcuio CO, MmoHosTaHosa-
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qunosyio ounctky ot CO,, okoHwareabnyio ouuctky or CO u CO,
KaTaJUTHUECKHM  THIPHPOBaHHEM (MeTaHUpOBaHWE) M CHHTE3 aM-
MHaKa.

[TpupOAHBIE ra3 Mnox AaB/IEHHEM 4.10° H/M® noc/ie OYHCTKH OT cepy-
coepKAIINX  COCIMHEHHIT CMEUIMBaeTcsl ¢ MapoM B  COOTHOLIEHHH
3,7+ 1, mOZOrpesBaercs B TENVIOOOMEHHHKE OTXOASUIMMH TrasaMu M
nocTylaeT B TpyG4aTylo Medb ¢ TOMNKOil, B KOTOPOH CKHIaercsi Ipu-

onubiit ra3. Ilpomece KoHsepcHu Meralia ¢ BOASIHBIM Napom 10 ofpa-

soBaHHsl OKHCH YIVIEPOla [POTEKAeT Ha HHUKeJeBOM KaTaiu3aTtope
npn 800—850° C. Coneprkaiine Merana B rase iocsie nmepeoil cTyneHu
KOHBEPCHH COCTaBJsAET 9—b10%. Jlamee ra3z cMmeliBaercsi ¢ BO3IYXOM
Y MOCTYIMAeT B WIAXTHHIH KOHBePTOP, TAE NPOUCXOANT KOHBEPCHA
0CTATOYHOTO MeTaHa Kucjopoaom o3dayxa npn 900—1000° C u coor-
pomennd nap :raz = 0,8 : 1. U3 waxrtHoro KoHeepTopa ras Hanpas-
AfeTcs B KOTeI-yTH/IM3ATOp, TAE IONY4aloT [ap BLICOKHX NMapaMerpoB
(1-107 H/m?, 480° C), nanmpapisembifi B rasosble TYpGHUHbLI HEHTPO-
ge:kHBIX KoMmipeccopoB. M3 KoTJa-yTHAH3aTOpa ra3 HOCTYMaer Ha
ABYXCTYMEHYATYI0 KOHBEPCHIO OKHCH yraepoia. KoHsepeus okucn
yrJepoia OocyllecTsiifeTcsl BHadade B Konpeprope l-it crynenn Ha
CpelHETEMIIEPAaTYPHOM  KEeJIe30XPOMCBOM  KaTaqiuzarope npu 430—
470° C, 3areM B KOHBeprope 2-if CTYNEHH Ha HH3KOTEMIIEPaTyPHOM
WHHKXPOMMeNHOM Kartaqmusatope npu 200—260° C. Mexnay nepsoil
U BTOPOH CTYINEHSIMH KOHBEPCHH YCTAHABJHBAWOT KOTeJ-yTHIH3aTOP.
Tensio rasosoil cMecH, BHIXOASWEHR u3 2-H cTyneHH Koueepropa CO,
UCIOAb3YeTCs  AJS  pereHepalHH  MOHOST4HOAAMHHOBOrO pacreopa,
Boixoslero u3 ckpy66epa ouncrkn rasa or CO,.

Ianee ras nocrynaer Ha ouncerky or CO, B ckpyG6ep, opoilaeMbiil
XOJIOJHBLIM DACTBOPOM MOHOYTaHOJaMuHa, rie npu 30—40° C npouc-
xonur oyucTtka raza or CO,, CO n O, Ha Bolxone us aGeopGepa ras
CO/IEPIKMT MpuMecH KHeaopoaconepxamux sa0s (CO go 0,3%, CO,
30—40 em?/m?), xotopeie ruapupyiores npu 280—350° C B meranarope
Ha HHKeJIeBOM Karajuszarope. Temno ouyHileHHOro rasa [ocjae Mera-
Hatopa MCnoJb3yercd AJs MOA0rpeBa NMHTaTebHOH BOJABI, fasibHeiiuee
OXJIaXKAEHUE U ceapallus Bblle/HBLISHCS BO/bl NPOBOAATCS B annapare
BO3/lYLIHOrO oXvIamAeHHs W BJAarootae/uTese (Ha cXeMe He [MOKa3aHo).
Ins cxarnsa aszorosojoponuoii evecu 10 3-107 H/M® u nupKyasuuu
rasa B arperate CHHTe3a NPUHST IEHTPOGEKHBIE KOMIpeccop ¢ npu-
BOJIOM OT NapoBOH KOHJeHcanHOHHOH TypOuHbl. [locsenHee uupryas-
OHOHHOE Kodeco KOMIIpeccopa pacnoqioie€Ho B OTIA&IbHOM KOpryce
Wi coBMmemiedo ¢ 4-it crynenbio. Csexkasi a30TOBONOPOJHAS CMECh
CMelIMBAeTCs ¢ IMPKYJASIHOHHOH CMeCchlo Mepejl cHCTeMoil BTOPHYHOI
KUHIU::HC&[[HH, COCTHI.HEﬁ H3 aMMHA4yHOTO XOJ01HJIbHHKA B cenaparopa,
Npoxonur pgajee ABa TelwlooOMeHHUKA W HaNpaBJsiercss B [OJOYHVIO
Kononuy cuuresa. [IpopearupoBasumii ras nmpu 320—380° C mpoxo-
AHT nocnefoBaTebHO BOJONONOTPEBATEb NMUTATe/IbHOA BOALI, «rops-
YHiH» TeNI00OMEHHNK, aNMNapar BO3AYIIHOTO OXJI4KACH!S U «XOJIOLHbI I
TeI000MeHHHUK, cenaparop KUAKOrO aMMHaKa M MOCTYIMaeT Ha Iup-
Kynsunonnoe Koseco Kommpeccopa. JKIJIKHH aMMHaK U3 cenaparopoB
Hanpaensercs B XpaHHJIMLIE KUAKOrO aMMuaka.
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OcHOBHOE Hanpas/ieHWe pPa3BUTHS Aa30THOH NPOMBIILIIEHHOCTH CO-
CTOMT B CO3faHuH arperatoB Gosblioi momuocty (10 3000 T/cyt NHy
Ha O1HO# TexnoJorndeckod Hutke). Haspesuwmm sonpocom sBisgercy
paspaborka HOBLIX GoJiee MPOU3BOMITEbHLIX KOHCTPYKIIHI annaparos,
HallpuMmep ¢ pajHa/bHbiM XOAOM raza B ¢/ioe KarajausaTropa, YTo 3Ha-
YHTEJIBHO CHUMKAET I'H,IIPSBJIH‘{ECKOE CONpoTUBIECHHE arperara. Hpa}(-
THYECKHH HHTEpPEC npencrasyaeTt NpHMEHeHHe B3BeLeHHOTD (HCEBI{O-
OKIKEHHOTO) ¢JI0s KarasaHzaropa. Bo s3pemeHHOM c/i0e Karaiu3a-
TOpPa MOMKHO 3HAYMTETbHO YBEIHYHTH MOBEPXHOCTH COMPHKOCHOBEHHS
rasa ¢ KarajJud3atopoM, yJAY4IUuTb TEMIepaTypHbIl peKuM Karaiuaa
M B pesyJbTare CHJAbHO HHTeHCH(HIMPOBaTh npouecc. ABToMarnsamnus
MMPOU3BOACTBA CHHTETHYECKOro amMMHaKa [no3BOJHT BeCTH Ipoliecc
B ONTUMAJbHLIX YCJIOBHSX H cAenarb ero crabuyibHbiM. Bee 3TH Mepo-
NPUATHSA NMOBLICAT UHTEHCHBHOCTDL ])aﬁOTbI anmnaparos, yBeJau4yar [MpOH3-
BOIHTEAbHOCTE TPYAA H yJAy4llIaT YyCJOBHS TpyAda Ha 3aBOfaX CHHTE3a
ammuaka. Bosabiioe 3HayeHue nmeer pa3paGoTKa HOBbIX GoJiee aKTHB-
HBIX M YCTOHYMBBLIX K OTpaBJeHWIO H NleperpesaM HH3KOTeMIeparypHbIX
Kara/H3aTOPOB CHHTE3a aMMHaka.



3 NPOU3BOLACTBO A3OTHOH KMCNOTHI
riasea

—

1. OBLUME CBEAEHUA

A3oTHas KMC/IOTa ABJASIETCS OAHON H3 BaxkHEHIIHX MHHepalib-
HuIX Kuesor. BespopHaa asorHas kucqaora HNO,; npexacrapiaser rsxe-
ayio GecrgerHyio xuaxoers nia. 1,52 (npu 15° C), mabimMsinyro Ha Bo3-
ayxe. Oua 3amepsaer npu —41 u kunur npu 86° C. Kunenne kncaorst
COMPOBOKAAETCSl HaCTHYHBIM Pas3/IOJKEHHEM ee M0 ypaBHEeHHIO peakiiHH

4HNO; —> 2H,0+4NO, ++ 0, —259,7 kJIK

Brizensionasca ABYOKHCh a30Ta, PacTBOpPSACkE B KHCJIOTE, OKpa-
LIHBAET ee B JKeJATHIil WK KpacHHII (B 3aBucuMocTH ot KoanyectBa NO,)
nser. C BOJAOH a30THAs KHMCJOTa CMELIMBaeTcs B JIIOOBIX COOTHOUIEHHSIX.
BrizeleHde TeMIOThl npii pasGaBleHHH a30THOH KHCJIOTH BOAOH CBH-
neresberByer 06 obpasoBaHuu rigparo (HNO;-H,O, HNO,.2H,0).
[Ipu ynapuBaHuy pa36aBjeHHON a30THOH KUCGIOTBHL COjep)KaHHe ee
B pactBope nosbilaercs g0 68,4% HNOj,, uro coorBercrByer azeorpon-
HOHl TOYke ¢ Temneparypoit gunenus 121,9° C.

A30THAs KHCJOTa — CHJIBHBIA OKucauTedb. Meramvibl, 3a HCKJIO-
ueHpem Pt, Rh,. .le—~Ad; nepeBopsitcss KOHIEHTPHPOBAaHHON a30THOH
KHCIOTOH B COOTBETCTBYIOULHE OKHCIBL Ecan nocjaeaHHe pactBOPHMEBL
B as0THOil KHcjoTe, TO obpasyiorcs HHTparhl, JKese3o XOpouio pact-
Bopsietcss B pasbaBieHHod a30THOH Kuciaore. KoHueHTpupoBaHHEs
asoTHas KucaoTa ofpasyer Ha MOBEPXHOCTH »kejle3a TOHKHH, HO MJOT-
HH CJIOH He PacTBOPHMOrC B KOHIEHTPHPOBAHHOH KHCJIOTE OKHCJA,
32 HIIAONIEr0 METAM OT jAajibHelllliero pasbegadusa. dra crnocobHOCTh
AKejle3a MaccHBHPOBATLCS HCMOJB3YeTCs AJs 3alHTHl €ro OT KOppo-
3un. KoHieHTPHPOBaHHYIO a30THYIO KHCIOTY (ocobeHHO € pobabJe-
Hem 10% H,SO,) nepesosst o6biuHO B CcTajbHBIX nucrepHax. MHorue
OpratHyeckue BenecTtsa (B YacTHOCTH, MHBOTHHIE H ]JBCTIIT(‘.UIBHI.}I(‘)
TKauu) npu peiicrBun HNO, paspymalorcsi, a HekoTopble M3 HHX
OT COMPUKOCHOBEHHSA C OYCHbL KOIEHTPHPOBAHHOH KHCJAOTOH MOTYT
Bocniamensitbest. B sraGoparopHoit npakTHKe OOLIYHO NpHMeHSeTCS
d30THast KuejaoTa, comep:kamast okoao 65% HNO; (na. 1,40). B npo-
MHILVIEHHOCTH MPHMEHSIOT ABa COPTa a30THON KICOThI: pa3GaB/ieHHYIO
C conpeprxanuneM.50—60% HNQ; 1 KoHneHTpHpoBaHHYIO, COREpAKAaLYI0
96—989% HNO,, _

Hatpioﬁnl'!.‘.!p‘ﬂoﬁ MIi]JOBOi'i BOHHBL A30THYI0 KHCJIOTY l'lO.lellElJll{u NPeUMyLIECTREHHO H3
v X]XHIic.e];u::irI?.;:{N(?Ni(})j:”;\!r)l;(mxue MecTOpOMJeHNs KOTOpPOMH ﬁhlJlll OTKPHTol B Ha-
UPUIBB()J[“T}; o . Ha4yaJnaa ¢ B. HEKOTOPOE KOJHYeCTBO El30T1I0“H KHCJIOTBL QTaJ’IlE

yrooeiM Metogov. (OfHako 3ToT MeToi, TpeGomabuidii 6oJbuloro pac

X0 \ .
14 31eKTPOSHEprHH, He NOJYYHI WHPOKOrO pacmpocTpateHus (M. Takxke orp. 32).

o : it
noﬁTpeﬁHOCTh B 230THOH KHCIOTE 0cO6EHHO CHIBLHO BO3POCIA B TOABI MepBoil MHPOBOH
Hul. TananrauBeii pycckmii nuxenep M. H. AHgpees B 1914 1. npeg1oKua Npons-
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BOAMTL A30THYIO KHCAOTY M3 aMMHaKa, MoJy4aeMoro npH KokcoBauuu yraeii B xonne
1916 r B HO30BKe (HbiHe [loHenk) Gbl1 COOPYMKEH MePBbIl A30THOKHCIOTHEIL 3aBog
no paspaGoransoMy ¥M Merony. C pasBHTHEM NPOH3BOACTBA CHHTOTHYECKOrO aMMHaKa
HONYUYeHHe a30THOH KHCJAOTH! H3 aMMHAKA IHPOKO PAcnpoOCTPAaHHIIOCE BO BCeX CTPaHJX
MHpa.

2. OH3IUKO-XHMHUYECKME OCHOBLI MPOM3IBOACTBA HNO,

B ochope npouecca noaydenusi paz6aBJeHHOH a30THOH Kuc-
JIOTBI H3 aMMHaKa JexkaT CaciVioUHe peakuuH:
1. KOIITE{KTIIOE OWHCAeHHe aMMHaKa J10 OKHCH a3ora:

4NH, +50,=4NO+6H,0

2. OKHCJICIIHE OKHCcH as3oTa 10 JABYOKHCH!
2NO+ 0y = 2NO,
3. A6copOusi IBYOKHCH a30Ta BOAOIl:
3NO0, -+ HyO = 2HNO, + NO
Bb!ﬁe.ﬂﬂlomaﬂc}'[ MnpyH 3TOM OKHCbL &30Ta BHOBL OKHCJ/JAETCH.
KOHTHKT[IOE OKHCJEeHHe aMMHakKa — IIpouecc 2k-

SOTEPI\-]]I‘JECKHﬁ. B 3aBucumoctd or }’CJ]OBHf] MeXay aMMHaKoM U KHCJO0-
poAeM MOTYT INMpPOTEKaTh CJeAYIOUIHE peaKiHH:

4NHy +50,=4NO+6H,0+907,3 k[lxc (a)
4NHg - 40, = 2N,0 4+ 6H,0 - 1104,9 KLk ©)
4NHj + 30, = 2N, + 6H,0+ 1269,1 x/1x (8)
4NH; 4 6NO = 5N, - 6H,0+ 1810 k[l (r)

Peaknun (a) — () npakrudeckd HeoGparuMbl 1i N0ITOMY Harpas-
JIeHHe Tponecca OlpPeAe/IsicTCsl COOTHOLIEHUEM CKOPOCICH peakiiuil.,
B orcyrerBHe Karasn3aToOPOB OKHCJICHHE aMMHAKa WIeT B OCHOBHOM
¢ obpa3oBaHieM a3oTa No peaxuuy (B). I[a1s npou3BOICTBA a30THOMN
KHCJIOTH HeoGXoMo HauGosee roJiHOe OKHCJICHHE aMMHaka [0 peak-
IHKE (2), TO3ITOMY NPHMEHSIIOT KaTaqiH3aTopsl, H30HPaTeNbHO YCKOPSo-
mie ee. Ha npakruke creneHbh OKHUCJICHHS aMMHakKa KHCIIOPOZOM BO3-
AyXa IO OKHCH a30Ta, T. €. CeJIeKTHBHOCTb npotecca, focriraer 98%.
Tlponece okucaeHHs MPOXOAUT TOJBKO MpPIl BLICOKHX TeMIeparypax,
OJIHAKO H3JHLIHEe Buicokast temneparypa (csbire 900° C) npuBoiut
K o6pasosaHiio 3jeMenTapHoro asora. B gauectBe H36MparesbHLIX
KarajJu3aTopoBs, YCKOPSIOUHX [POUece OKHCJICHHS! aMMIaKa A0 OKHCH
a30Ta, MOTYT CJYXKHTb MVIATIHA H €e CIUIABBI ¢ MeTa/laMH  IJ1aTHHOBOI
TPYNIbl, OKUCIBL XKesle3a, Mapradna, Kobalbra M ap. llo Hacrosiero
BPEMeHH MN1aTHHA H €e CILIABbI SBJASIIOTCS HellpeB30i1eHHbIMIL [0 CBoeil
aK1MBHOCTH Karajusaropami [1i1s 31oit peakuuu. [losromy Goabuiin-
CTBO 3aB0,10B, NPOH3BOISILHUX a30THYIO KHCJIOTY H3 aMMHaKa, padoraer
¢ MpHMEHeHHeM IUIATHHOBLIX Katajusaropos. HermrariHosble Kartaiu-
3aTOpbl, XOTSI M Mehee aKTHBHbIe, HO 0oJjee felieBble TaKXKe LIHPOKO
MPUMEHAIOTCS BO BTOPOil cTalHH OKHCjeHus amvuaka. Hennarnnosbie
Karajusatopbl (Hampivep, »eJ1e30XPOMOBbie) NpPHMEHSIOTCS B BHIE
Tabnetok pasMepoM 5 X 4 MM, KOTOpble 3acbillaloTcsi B KOHTAKTHbIH
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anmapatr cjoeM Beicotot 100—200 mm. IlnatnHOBBiE Kartain3aTophbi
npUMeNsIoTes B BHJAE CETOK H3 TOHKOII nposoJiokn anamerpom 0,06 —
0,09 mm, umelomnx 1024 auefikn B 1 cm®. Tlpumensiores ceTku M3
natHHOBo-poaneBoro cniasa (5—109%,Rh), kotophie menee noaBepxedb
pa3pylleHuio B MpoOLecce SKCIVIYaTauuH H HMEIOT GoJsiee MPONOJIHH-
TenbHEI CPOK CJIYkOBI, 4eM CeTKH H3 4ucTOi muaTHHbL B nocrennee
BpeMs HaYa/IH MPHMEHsIT, 60ee aKTHBHbBIE C/IABH, COAEPIKAIHe KpoMe
nnatuisl 4% Pd u 3%Rh. Tlponecc okucnenisi aMmnaka o OKIICH
a30Ta Ha MJIaTHHOBOM KaTasi3aTope nportekaer ¢ GoMbLIOi CKOPOCTHIO.
O1nako MpH 3HAYHTETBHOM YBeJMHYEHHH BpeMeHH COMPHKOCHOBeHUs
ra3za ¢ kata/iizatopon Bbixol NO CH/IBHO CHHKAETCH 3a CUeT BPeiHbiX
noGounblx  peakiuil. OnTnMa/ibHOe BpeMs KOHTAKTHPOBAaHHA KoJel-
nercs B npeaenax ot 0,0001 xo 0,0002 ¢. Jlnsa obecneyerns onpenesien-
{Oro BPeMeHI CONMPHKOCHOBEHH T BO3/yILIHO-aMMIA4YHOH CMeCH ¢ TOBepX-
HOCTBIO KaTajl13aTopa B KOHTAKTIHbIH annapar BCTABJSIOTCS HECKOJBKO
CCTOK, HAJOMKEHHBIX APVYI HA JApyra B BHJE Makera, NPUYEM ra3oBad
CMECH MOCJIIOBATEIBHO NMPOXOJUT Bee ceTki. [ly1s yeraHoBok, paboraio-
X non arMocepHbIM gaBiieHMeM, OObIYHO B MaKeT BXojar 3—4
ceTkH, TNpH TpPHUMEHEHHH TMOBHIIEHHOrO JaB/JeHnsd OepyT naker wu3
15—20 cetok.

Q6iad CKOpPOCTh Mpomecca OKHCJIEHHS B 3aBUCHMOCTH OT KOH-
CTPYKIMH alapaTta H TeXHOJOTHYECKOTO pexHMa onpenessercs aug-
¢yanell aMMHaKa M3 41pa MOTOKa K MOBEPXHOCTH IVIATHHBI H JIHLIL
MpH O4YeHb CHJLHOM TepeMellliBaHHH — B3aliMojelicTBHeM ammuaka
¢ KiucJopoaoM, aicopGupoBaHHBIM Ha miatune. Hanpskennoers kara-
NH3aTOPd HCXOMs H3 AM(PPY3UH aMMHaKa B BO3AYXE MOKHO onpene-
JINTh 110 YPaBHEHHIO

G=D/RTI, (I11.1)

rie G — nanpAXKeHHOCTb KaTalu3aTopa, Kr-Mosib/M® -¢- [la; D — kosip-
¢unuent auddysiit ammuaka B Boi1yxe, M*/c; R — rasoBasi IOCTOSH-
Hast, M®.Ila/kr-mose -rpan; T — Temneparypa NOBEPXHOCTH KaTaJfH3a-
Topa, K; [ — cpeausst Jiiina nyTH MOJIEKYJIbl B Topax Karajusaropa, M.

IMnatuHoBHIC KaraJlU3aTopbl O4Y€Hb UYYBCTBHTCJBHBI K MPliMecaM,
KOTOpLIC MOryT Ionajnarbe B KOHTaKTHBIH annapar ¢ aMMHadHO-BO3-
Ayinoi emechbio. OCOGEHHO CHJIBHBIM 5710M siBJsieTcs (pochopHeTsiii
BOJIOPOJ, OTpaBIsAIONHI IJIATHHOBLI KaTafnn3aTop HeoOpaTHMO AaMe
npu coseprcanuy ero B rasoroii emecn 0,00001%. Coexnnennst, coaep-
Xaulije cepy, O1paBIHIOT Katajausarop obpatumo. Hejonyerumo mno-
najtaune na NMOBCPXHOCTE Karafuiaropa IMouli, pPaBdiiHbl H CMasoy-
HOTO wnacsa u3 KoMnpeccopa. B cBA3u ¢ aTUM BO31YyX H aMMHaK nepen
KOHTAKTHLIM anmaparoM Tiareasllo O4Har0TCAH. OﬂHaKO HefoJ1bLioe
KOJludecTBO npﬁmeceﬁ BCE K€ [ornalaer B KOHTaKTHBIH annapar, npH
3TOM nocreneiHo aKTUBHOCIb KaTa/jl3atopa cHiixkaercd. JIjis Bocera-
HOB/enns akTHBUOCTII KaTaJu3aTtopa €ro MpoMLIBAIOT csabbiMH pa-
CTBOpaMu cosisiHOIl M a30THOH KucsoT, B yc1oBusx npouecca oxicie-
HHA ammHMaka MIaTHHOBbLI KaTa/lM3aTop MOCTENEHHO CTaHOBHTCH PbiX-
“IbIM, TepsieT CBOIO MEPBOHAUYANBHYIO TMPOYHOCTB, M Mespuafiiiie ya-
CTHILE ero yHOCSTCS ¢ Ta30BbiM OTOKOM. B ycranoBKax, paGoraionix
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mox armocdepHbM nasieHueM H TeMiteparype okoso 800° C, norepu
niartHHoBoro Karaiusaropa Ha ! T HNO, cocrasasior 0,04—0,06 r.
C noBbillieHHeM jaBJeHHs H TeMIEPaTypbl MOTepH KaTalusaropa yBe-
Jguypsatorcsi. Tak, HarmpuMep, B YCTaHOBKax, paboramoulix roj /1as-
w0 nsernem 8.10° H/M® npn 900° C, norepn
/ nocruraior 0,3—0,4 r naarudel Ha 1T
HNOjy. Tlnaruny, yHOCHMYIO HHTPO3HBLIMH
/ razamii, YacTHYHO YJIaB/AWBAIOT, ONHAKO
3HayuTeTbHAsl 4acTb ee Ge3BO3BPATHO Te-
praercsi. Korjga norepu B Macce ceToK 1o-
cruraior npumepuo 30%, OHHM Hanpas-
asioTest Ha nepensiasky. IlnarnHo-ponue-
BLIE CETKH B YCTAaHOBKaX, paboralomux
/ | moj  arMocepHLIM  jlaBJeHHeM, CJYyMxKaT
okoso 1,0 jyer. 3HauuTeNbHbIE [MOTEPH
0 45 1 15 2 TJArHHOBOTO Kara/jH3aropa HacTOATeslbHO
Oy NHg, MOS8 : Mo TPeOYIOT U3LICKAHHUA U NMPUMEHEHHS aKTHB-
Puc. 20. 3asucumocts suxoga HPIX HENVIATHHOBLIX KaTaqu3aTopo, a TaK-
OKHCH 23074 OT coomomenns K€ PaspabOTKH HOBBIX cXeM C HX NpHMe-
KOHUEHTpaluil kHcdopoma u  HEHHEM.
aMMuakKa Ilo cTexuoMeTpHYeCKOMY ypaBHEHUIO
AJI9 OKHCJIEHIsl  aMMuaka HeoOXOojHMO
HMeTh B COCTaBe BO3/yLIHO-amMmHa4HoO# cmecn 1,25 moab O, Ha 1 Moab
NH;. Jna yBeanuenusi Bbixo1a OKMCH a30Ta W MOBBLILIEHUS CKOPOCTH
peaknuu OKHCJIeHWsl aMmMMuaka NPaKTHYecKH GepyT COOTHOUICHHE
O, :NH,; = 1,7+-2,0. Jro orseyaer co-

S

S

Borxad NO, %
o,
(=1

S

NEePKAHMI0O aMMHaKa B BozlymHo-am- /Y [T I’; T
i 1

A i R e
] G014~ e cyxed arrueirg -

OKHCJeHHsl aMMHaKa, HO U /18 jallb- k- BosGyuwroi cMecy

Hefflllero oKHC/AeHusi OKueH asora o § [ N

JBYOKHCH. 3aBHCHMOCTL Bhixona okncd 8 60

430Ta OT COOTHOILIeHHSA KO[’I[[EHT])EL{HQ gﬁg

KHCJIOPO/la M aMMHAKa B HCXOLHOH aM-  § 4 N

MHAYHO-BO3/LYIIHON CMeCH NMOKa3aHa Ha S s mifgfgﬂag‘\

puc. 20 paa noarpioBoro karanusaro- awraéwa—dafa?a

pa nox armochepHbIM AaBJIEHHEM. 2 L ﬂ‘m’wﬂaﬂaﬂ

AMMHAuHO-BO3NylIHASL cMecb NPH 10 At pEcirlopar

onpeileJleHHof;I KOHIEHTpAIH amMMilaka g “ | ! Ui

B BO3/lyXe CTAHOBIITCA B3PbIBOOMACHOIL, 14 16 18 20 22 24 26 26 30

Ha puc. 21 nokasanpl rpanuipl B3phi- Codepwanue NUy, %

BoomnacHoro cojaepxkanuss NH; B am- Puc. 91. Tpanmms 23pHBOOMAC
MHAYHO-BO31YyLIHOH CMeCH mpu armoc- - ‘v m};mp}gamm ammpam o e
dhepHOM NaBJICHHH. ['panunn B3P bIBYA- MHAUHO-BO3AYILHOHK CMeCH
TOCTH CYXOH BMM!-IB'-IHO-BOBII,)’H[HOH cMecH

pacuIupsIoresi ¢ NOBLILIEHHEM TeMIepa-

Typbt. IlprcyTcTBHE ApOB BOILI B AMMHAYHO-BO3AYLIHON cMecH CoKpa-
mzer obsacTb ee B3PLIBOONAacHOCTH. B npoM3BOACTBEHHBIX YCJIOBHAX
paboTaloT ¢ NpPUMEHEHHEM COCTABOB aMMHMayHO-BO3JYLIHLIX cmecefi,

56



paXoAduIHXcsl 33 npene’aMd TPaHHll B3PHIBOOMACHOTO COOTHOUIEHHS
aMMHAKa ¥ BO31yXa.

[NosullieHHe TeMneparypbl 10 ONpeAeleHHOro npejaena Gaaro-
npuATHO Bausier Ha nponecc. Ha pue. 22 nokasana 3aBucumocts
BHIXO/d OKHMCH a30Ta OT TeMNeparypel Ha MJIaTHHOBOM KaraJjus3atope.
[Ipu NpUMEHEHHH MJIATHHO-POAHEBOrO Kara/iu3atopa B YCTaHOBKaAX,
pafoTalomHX NoA arMocepHbIM AaBJICHUEM, TeMmreparypy rasa Hajo
noaep>kuBare B mnpepesnax 700—800° C, npu nosbinieHHoM HZarje-
gHH — 800—900° C.

Okucsienine oKucH H abcopOuus ABYOKHCH as3oTa BOAoH ocyiie-
CTBJSIIOTCSl MPAKTHYECKH OAHOBPEMEHHO B OAHOH M TOfl e annapa-
rype. OnHAaKO 3aKOHOMEPHOCTb 3THX o+

MPOILECCOB 11e/1eco06pPasHo  paceMoT-

peth pasielbHo. = 80 1H/m? P
Okucnenue okucu aso- < g}

Ta A0 ABYOKHCH sBIRercs géﬂ-

Bropoii craaueil npoiuecca noayye- ¥

HUsl a30THOH KHCJIOThE: <[ 20f

2NO-+0, =2 2NO, + 12,3 K/l 707 500 607 700 800 900 7000

Huxe 150° C sra peaknus npax- Temnepamypa, ¢
THYECKH TMOJHOCTBIO MpoTeKaeT B  Pue. 22, 3aBHCHMOCTb BBIX0AA OKHCH
CTOPOHY  00pa3oBaHusl  JBYOKHCH  a30Ta OT Temneparypul fpu P 1.10°
asora. [Ipu Gosiee BLICOKOH Temme- i 8.10° H/m?
paType paBHOBECHE CABUraercsi B JIEBYlO CTOpoHY, u Bhilie 800° C
OKHCJIEHHEe OKHCH a30Ta B JIBYOKHCh NPAKTHYECKH HE MPOHCXOIHT.
Peakuusi OKHCJEHHs OKHCH a30Ta B JIBYOKHCh HAET € yMeHBIICHHEM
ofbeMa ¥ BbiaeJeHeM 3HayHTeBHOrO KospyecrBa tenia. Clenosaresib-
HO, TMOHHIKCHHE TeMIlepaTypbl H MOBLIIEHHE AaBjeHusi Gynyr Gmaro-
MPUATHO BJIMSATL HA paBHOBECHLIH BbIXOA ABYOKHcH asora. [ljis nopas-
Jislopiero OOJIbIIMHCTBA PEaKIHH MOBbLILIEHHE TEeMNeparypbl yBeJIHYH-
BaeT HX cKopocTh, Ho peaknus okucaeHusi NO B NO, He nopuuHsiercs
3TOMY OGiIEMY NPaBWIYy H CKOPOCTb €e yMEHbIaercd ¢ MOBHIIEHHEM
Temnepatypbl. [ia o6bACHeHHsl 3TOro sABJMCHHS NPETOKEHO HEeCKOJIbKO
TdnoTes, ofHa M3 HHX, Hau@o/iee NPU3HAHHAM, 3aKJIOYAETCs B TOM,
uto okucsaeHue NO B NO, umer yepe3 o6pasoBaHHE MPOMEKYTOYHOTO
MPopyKTa — JAUMEPA OKHCH a30Ta:

2NO = (NO),+Q@ O+ (NO), 2 2NO,+Q

O6pasoBanne aumepa OKHCH asora — npoliece o6paTHMBbl, Mpo-
TeKawopui ¢ BoigeseHneM remna. ClenoBare/ibHO, MOBbLIUIEHHE TeMMe-
PaTypr Bbi3oBer cMelleHHe paBHOBECHSI 3TOH peakuuu B JIEBYIO CTO-
pony. [Tpu 31OM KoHcTaHTa paBHOBecHsi GYAET Najarb H PAaBHOBECHAs
KOHUeHTpanusi aAuMepa B rasoBoil cMmecu 6yier noHuwkarbes. Cko-
POCTE e pasibHeliliero oKucAeHHs aHMepa B IBYOKHChb a3ora

dGyo,/dv=FkPnoyP o, (111.2)

SABUCUT OT KOHUEHTPALMH AHMEPA P(Noy.. TaKHM 06pasoM, yMeHbLIe-
HHe cKopocTH OKMC/JEHHSI OKHCH a30Ta B ABYOKHCh MOHO 0OBSCHHTH
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TeM, YTO C MOBBILIEHHEM TEMNEeparypbl CHABHO CHHXKAETCH KOHIEHTPa- .
uuss aumepa. B ycraHoBkax, paboraiommnx M0j arMOCGEpHBIM naB.e-
HHEM, OKHCJAIOT OKHMCh a3ora nphmepho Ha 92%, a ocraBuryioes NO
norgottator (coBmecto ¢ NO,) iwenousio, TaK Kak /s OKICJAEHHs
ee NOHANO6HN0Ch Gbl MHOFO BPEMEHH H COOTBETCTBEHHO 60blliNe 06 beMsbt
annapatypbl. JIBYOKHCE a30Ta MOXKET acCOLMHPOBATH ¢ 00pasoBanHem
auMepa no ypasHeHwio peakmun 2NO, — N,O, + 57,0 kJLxk. Cko-
pocTe 3TOl peakiiin odeHs Besmka n coorHomwerpe NO, : N,O; npak-
THYECKH onpepessieTcsl yo1o0BHAMH paBHoBecusi. [Ipn 0°C paBHOBecHas
creneds accounanuu NO, cocrasaser 71%.

J1ByoKHCH a30Ta B3alMOMEHCTBYET C OKHCbhio a30oTa ¢ 00pa3oBa-
HHEM [OJYTOPHOrO OKHeJAa Mo ypasHenuto peakuud NOQ + NO, =
— N,Oy + 40,2 kJIK. B 2710i1 peakuun, Kak u B npensiyliei, pasHo-
BeCHe YyCTaHABJAHBaeTcs MNPaKTHYeCKH MrHoBeHHO. B mpakrmueckux
YCJIOBHSIX B HUTPO3HLIX rasax, o6pasyloiixest NpPH OKUCJIEHHH aMMHaKa,
conepkanne N,O; HesHaunressrno. B pesyabrare peakuuii OKuc/IeHHs
H accolManuy OKHCJIOB ofpasyercs CMecb HHTPO3HHIX Ta30B, KOTopas
KpOMe a30Ta M KHCJA0pona, IOCTYMHBIIHX € BO3AYXOM, COIEPKHT
NO,, NyO;, NyOz, NO, N,O u H,0O. Cooruoiuenne KoHieHTpaimii
Pa3IHYHBIX OKHC/JIOB a30Ta CHJIBHO MCHSAETCH B 3aBHCHMOCTH OF YCJO-
BHH, OiHaKO OCHOBHLIM KOMIIOHEeHToM B npoilecce abcopObiiin BORO
npu arMochepHoM AaBaeHHu sBjagercs NO,.

AG6copbuusa ABYOKHCH a30Ta BOJOH sBisgercs
KoHeyHOH crajaueli MPoM3BOJACTBA A30THOH KHCJIOTH. [IBYOKHCH as3ora
H ee JuMep B3aHMOAEHCTBYIOT € BOROH MO CJAEAYIOWHM YPABHEHHSIM:

2NO, 4 H0 - HNO3+ HNO, 4 116,0 xIx (a)
N0z 4 H0 - HNOz 4 HNO, - 59,0 x[Ix 6)

Asorucrasi KHCJIOTAa HEYCTOMYMBA W pacnanaercss Mo ypaBHEHHO
3HNO, = HNO; + 2NO + Hy0—- 75,8 k]I (8)

CymmapHoe ypaBHeHnue abcopOuuH NBYOKHCH 430Ta
3NO, + HaO = 2HNO; + NO -+ 136,0 I

Tpexokucw asora ¢ Bonol ofpasyer a3oTHCTYIO KHCJOTY, KoTopas
passaraerca no ypaeuenmio (B). Oxcupwt azora NO u NO, npakru-
YecKH HEe PacTBOPUMBI B Boie. AGcop6iusi nBYOKUCH a30Ta ABJfAeTC
XeMOCOPOIHOHHBIM [TPOHECCOM MaCCOIIepe/layn B CHCTEMe a3 — JKUp-
KOCTb, K KOTOPOMY IPHMEHHMBI BCE clocobhi HHTeHCH(HKaLHH 1nonol-
HbIX MPOIECCOB, paccMoTpenHsiX B 4. I, rvrasax 11 u V. B 3aBucuMocTu
OT yeJ0BHI OOMIYH0 CKOPOCTH MPOIEcca MOTYT ONpefeqsaTh pPeaxiHH
uan aupdy3ns ABYOKHcH asora M3 rasoBoil ¢aspl. duddyznonubii
3Tan ofLuHO JUMUTHPYET B KOHUE npounecca aGcopOuuM MPH MadbiX
konuenTpauusax NO, B rasopoit ¢ase. [lo mepe nporekaHus npoiecca
abeopbupn NO, KOHUEHTpanusa MNoay4YaeMoH a30THOH KHCJOTH BO3pd-
CTacr; npi 3ToM yB&/IHMYHBaeTCA YNPYrocrs OKINC/AOB a3oTa Hap pact-
BOPOM a30THOH KHCJIOThL, T. €. CHIKAETCH JBHXKYILAS CHJa mponecca
lem. u. I, ypaBuenne (I1. 68)]. ITpu nocrixennn paBHOBECHS Mpoiece
npexpaitaerca. [losoxkurenbHoe BiiusAHME HA aGCOPOGLUHMIO ABYOKHCH
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230T@ BOIOH OKAasbLlBAlOT MOHMXKEHHE TeMNeparypsl H MOBBILICHHE AaB-
JeHHS.

[Tpu nepepaGoTke HUTPO3HBIX ra3oB B cHCTeMaX, paboralmux
noi aTMOC(pe])Hb[M JaBJieHueM, € HCIOJb30BaHHUEM BO34yUIHO-aMMHaY-
no#t cmecu (10-—12% NH,) npu obuiuHoil Temnepatype abeopbunuy NO,
MOJKHO  TIOJIYYUTh TOJMBKO pasbaBieHHylo 47—50%-Hyl0 a3orhyio
prucaory. CHIDKeHHeM TeMnepartyphl  aGcopOupy  MOXKHO CMECTITb
paBHOBECHE B CTOPOHY obpasoBatus Gosee KoHlle?T]JupoBaﬂﬂoﬁ asor-
HOIT KHCJOTBI, OJIHAKO 3TO naer HEe3HAYHTENbHLIH pe3yabrar BCJIen-
CTBHE YMEHBLIEHHST CKOPOCTH pPeaKiun B3£llr!MD£l€FICTBHﬂ JABYOKHCH
asora ¢ Bopofl. [Toselenne pasnenuss no 105 H/m® nossoaser nosy-
yars 60—62%-Hyt0 azornylo xucsory. Ilpu nepepaborke ammiauHo-
BO31YLIHOH CMecH B a30THYIO KHCJIOTY Mo arMocepHLIM naBjeHHeM
naubosiee MenneHHON crajuell npoiecca SBJASETCS OKHCAEHHE OKHCH
azora jpo aAByokucH. ITostomy Ttpebyloress Godbluve OGLEMbI OKHCIH-
TeIbHO-a0copOHoHHLIX OaweH. ITpuMeHeHne B NMpoU3BOACTBE a30THOM
KHCOTHl BO32YyXa, 00OrajeHHOro KHCJAOPOIOM, WJH YHCTOrO KHCIO-
po,ua NO3BOJIACT MOJAYYAThb HHMTPO3HLIE raspl ¢ NOBLILICHHBLIM conepika-
HIHEM OKHCH a30Ta W YyBeNWYUTh CKOPOCTb peakiun okucaenus NO
B NO,.

3. NPOU3BOACTBO PA3EABNEHHOM A30THOH KMCNOTHI

Jlas npon3sBozacTea pa3baBneHHOl a30THOI KUCIOTHI H3 aMMHaKa
NpUMEHSIOTCS C/eAYIolHe cucTeMsl: 1) pabotaioiue noa arMochepHbiM
JaBieHueM, 2) paboralopie Mo NOBHILIEHHBIM NaBjJeHHEM U 3) KOM-
OHHIPOBAHHBIE, B KOTOPLIX OKICJEHHE aMMHaKa OCYIIeCTBIAgErcs noj
nasieHnem 3-10°—4.10° H/m?, a oxucaenne NO u aGeopOuuio NO,
BOAOH NPOBOAAT NOJ NOBLIUEHHBM pasaeHnem 8-100—12-105 H/m2.
Texnosornuyeckas cxema npousBopcTBa pasbaB/eHHOI a30THOH Kue-
JOTEl Nop arMocepHBIM AaBJeHHeM nplBeaeHa Ha pre. 23. Bosayx
TIOCTY12eT B YCTAlIOBKY uepe3 3a6opHYIO TpYOY, YCTAHOBIEHHYIO OGLIYHO
BHe TeppuTOpuM 3asBoja. [l O4HCTKH BO3AYXa OT MeXaHNYecKHX
H XHUMHYecKHX npuMeceHl yCTAHABAHWBAIOTCS CHTYATLIH NEHHHHA mnpo-
MpiBaresib H KapTOHHEI (uabTp. AMMHAK OuMiLaercs OT MeXaHpye-
CKHX MpuMeceil W Macja B KOKCOBOM M KapToHHOM ¢uabrpax. Tlonaua
BO3nyxa, amMuaka H 06aBOYHOTO KHCJOPOAA OCYHIECTBASETCH MpH
NOMO[IH BEHTHJSTOPA C TAKHM pacyeToM, 4TOoOLlI ra3oBas CMECh cofep-
Kajna 10—12% NH,. 3arem rasoBas cmecb MPOXORHT NOPOJUTOBLI
bunbrp, B KOTOpOM ouupaercs (pnabrpanueit yepes TpyOKH H3 nopu-
CTO# KepamuKH, ¥ NOCTYyNaeT B KOHTAKTHbI arglapar, B CperHel yacri
KOTOporo nomemeHbl nuariHo-pojueBbie cetku (em. u. [, pue. 98).
-TETNICHb OKICJeHIss aMMHaKa ylo OKHCH a30Ta COCTaBJISeT npHMEpPHO
97989 Temneparypa HuUTPO3HBIX ra3oB Ha BeIXone 13 KOHTAKTHOTO
aMapara ofnno rofnepkusaercs okoao 800° C. B kotie-yrusinsa-
TOpe Temneparypa rasos cHmxaerca no 250° C. 3areM rasbl OXJaxn1a-

C BOIOH B KOMKYXOTPYOHLIX XOJAOAHJAbLHMKAX mpumepHo a0 30° C.
Oxp}ﬂ: ﬂamm NPOHCXOAUT YacTH4YHAS KOHJEHCAlusd BOASHBIX MapoB H
€HHe okucH asora, CTeneHp OKHUC/IEHHS B NMEPBOM XOJIOAMIbHHKE
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He3HauHTeNbHa, II03TOMY
B HEM NoJyyaeTcsl KHe-
JIOTa C colepxKaHHeM OKO-
go 3% HNO,. Bo Bro-
pOM  XOJONHJILHHKE HO-
Jayyaercst 25%-nas asor-
Has KHCJI0TA.

Ilpoiins ruaposarsop,
HUTPO3HLIE a3bl OKAIOT-
cs rasonyBskoil B a6cop6-
LHOHHO® OTle/eHle, Trjie
npoxonAT MoCAeN0BaTe b-
HO BKJ/IOYEHHblE OaliHy
KHCTIOTHOH  abcopOiiuy,
3anoJIHeHHbe  HacajKoH
H3 KHCJIOTOYNOPHBIX KO-
qeti, Baiuun cHaGxKeHbl

AN
i
(|

i — aMMuay-

10, 1l — XNOAOZINIEB-

13aT0p;

§ — MaTePYATOKAPTOHHbIE dJKJIbT])hI;

H3 OOpHeTHIX TpYOOK, 8 — KOHTawTHL{l annapar, § — Korea-yr

:\ ) R < XOJOIUALHHKAMH I OX-
e ;3 [ Ef & JaXNeHHS  BbITEKAIOIHX
-—@ 8 KHCJOT M HacocaMu  AJs
S = HHPKYASIHH  KHCJIOTHL

«L KouandecrBo OallleH Kue-

JIOTHOH abcopbiyy cocTas-
aster 6—8. Bonpa na mo-
raomwerue NO, nopaercs
B IIOC/JIGAHION TIO XOAY ra-
3a GallHio; ofpasylouas-
CHA KHCJ/I0Ta HPOXO,E[HT no-
¢J1en0Bare/bHO TIPOTHBO-
TOKOM ra3y Bce OGalllHy
H, HaKOHel, [ocTynaer B
nepByl0 GaliHio, U3 KOTO-
POH BBIBOAWTCS MPOAYK-
uusn — 50% -Has azorHasn
KHcJ0Ta, B KHOJIOTHBIX
OawiHax nepepabarniBaet-
csi npumepHo 92Y% oxuc-
JIOB a30T4, I'[OCT)’HHB].LIHX
Ha abcopbumno. 3a Hai-
HSIMH KHCJIOTHOR aGcop6-
fHH YCTaHABUBALTCS
OKHuCAWTEAbYan  falHs
ana  okucsennss NO B
NO,, mnpoiias Kotopyo
HI‘]T[]03HI:IE rasbi l'!OCTy'
MaloT Ha LiesqoyHyio ad-
copOIHi0 pacTBOPOM CORbL
B Gamny. B Gaurnax menoyHoi aGeop6iii NOTJIOAETCs OHOBPEMEHHO
nByokHch asoTa H cMeck NO, 4+ NO (N,O,), npn 3T0M HCK/TIOYaeTCs
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HNO; 50%

14 — Bawns ¢ gacaagkol And Kuenotuol abcopOukn; /5 — KHCHOTHBE XONOZHABHHKKR; 6 — Ha-
18 — Gawnsl ¢ gacafkoi aas weaogunoi aGeopbuny, /9 — Bhixjgonuas Tpyda

2 — cHTYaThll NPOMBIBATEAL BO3AyXa;
faurus,

7 — duawtp

HHKH, /2 — rugposateop; [J — rasofyexa;
17 — OKHCAHTEABHAN

Puc. 23. CxeMa yCcTaHOBKH ANS NPOH3BOACTBA a30THON KHCIOTH NOA aTMOChepHLIM AaBACHHEM:

cochl;

T xfpeog

! — noagyxosaGopuas Tpy6a;

HO-BOAAYUIHBIT DEHTUIAROD,



BEIJIEJIEHHE NO B rasoByto (’paay, KaK 3T0 MOXeT NPOUCXOINUTE NpH BOJ-
Hoil aGcopOuun:
NO +-NO; -+ Na,CO3 - 2NaNO, 4-CO,
2NO, + Na,CO; — NaNO, - NaNO, + CO,

ITonywaempie pacTBOphl HHTpaTa M HHUTPHTA HaTpHA BHIBOIATCA
U3 NepBoil Mo X0y rasa GaliHu llenoqyHoll abcopOunu A nanbHelwel
ux nepepa6orku. Ha HexoToprix 3aBojaXx BMecTO pacTBOpa COXKl GailiHu
OpOWIAIOT M3BECTKOBLIM MOJIOKOM, TOJyyasi HHTPUT ¥ HHTPAT Kasbuls.

[ o
ft—
Al ,
"
7
6
Bosdyx
HNOj;
Ha CRATE
Puc. 24. [lpumepuas cxema MPoM3BOACTBA c/1aGoif A30THOH KHCJOTH! TMOJ 1aBJeHHEM
7,4-10° H/m:
{ — Bo3fyxo3alopHasn Tpyba; 2 ~ annapar AJs OYHCTKM BO3AYXa; 3 — ra3oBbli KoMIpeccop;
4 — rasosaa TypOHHa; 5 — nogorpesatedb Bo3fyxa; § — annapaT MOATOTOBKH aMMHaKa;
7 — cMecHTens ¢ (PHABLTPOM: & — KWOMTAKTHHIE annapar; 9 — KoTea-yrTiHaHsarop, /0 — okmuc-

nHTeqs ¢ dHasTpoM: [/ — abBcopluHonrnan KoaouHa, [2 — XOMOAUABHHK-KOHZeHCATOD: [3 —
nogorpeBaTe/lb XBOCTOBBIX Ta3oB; [4 — KaMepa cropaHHs; /5 — peantop KaTaauTHyeckoR
OHUCTKY, 1§ — noten-yrwiadsarep; /7 — BHYAOnHas Tpy6a

Bce Gamwnu ¢ Hacankoit paGoTaloT NpH DeXHUMAX He3HaYHTENhHOTO
TPOIONBHOTO TepeMelliuBalus Kak TasoBoH, Tak u xuakoit ¢as. Cae-
IoBaTelbHO, K HHM NpHMEHMMa Mogenk HIeadbHOTO BHITECHEHUS.
[pumepnas TexHoJOrHYeCKast CXeMa IPOM3BOACTBA A30THOH KHCJOTH
noj noBhiIUeHHEM naBneHHeM (7,3-10° H/M?) npumenena Ha puc. 24.

Atmocdeprblfl BO3NYX, Npoig annapar OYHCTKM, MOCTYNaeT Ha
Bcac OCeBOro KOMIIpeccopa, [IPUBOAHMOIC B JIBH:KEHHe Ta3oBoil Typ-
Gunoll. Bosayx c:kumaercs xommpeccopoMm ao 7,3-10° H/wm?, Harpe-
Basich npu stoMm 1o 135°C, u moctynmaer B mogorpeBartels BO3AyXa,
Tle ero teMmmepartypa noBeimiaercs fo 250° C 3a cuer Tersia BHIXOAS-
WHX U3 OKHCAUTe/NST HHTPO3HBIX rasoB. B cMmecHTene BO3AyX cMetuH-
BaeTcsi C aMMHAKOM, MOCTYMalOWMM M3 KOMOWHKHPOBAHHOrO afinapata
MOAroTOBKH aMMHaka, KOTOPHIH  BK/IiOYaeT HcHaputenb, QHALTP
Y nojorpesarenk. V3 cmecutesisi aMMiiagHo-BO3lyILHAA CMECh NOCTYaer
B KOHTaKTHBIA anmapar, rge npu 890—900° C amMmuak oKHCIgeTcA
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Ha nAaTHHOBBIX ceTkaxX. HuTpoanse rasm, conepxauue 9,0—9,6% NO,
MOCTYNAT B KOTe-yTHJIH3aTOP. .

Jlanee OHU NOCTYNAOT B OKHCJHTENb, B BepXHell YacTH KOTOPOry
yeTaHOBJIEH (GHABTD JUIA YJaBAHBAHUS TJAATHHBI (creknoBara), 3atem
HocsenoBaTe1pHO OHII TPOXO/AAT NoJOTpeBaTenh BO3nyXa, Ijae oXha-
saatotes ao 210—230° C, nojorpesareib XBOCTOBBIX 3308, [1€ OXNdK-
pawoies jgo 1580—160°C, ¥ XO0aA0AHABHHK-KOHAEHCATOpP, B KOTOPOM
TeMIepaTypa HUTPO3HHIX TasoB cuuzkaeres Ao 456—50° C. Oxnaxien-
HEI€ HHTPO3HEIE rasbl MCCTYNAawT B HUMXHIOW 4YacTb aﬁcopﬁunmmoﬁ
KOJMOHHEBI, npejcTaBasicuedl coGoft anmapaT AnamMerpoM 2, BBICOTOH
46 M, cnaGxentnit 49 curuarsiMu Tapenkamy. Ha tapenkax ynomenw
3MEEeBHKH, B KOTOphie Tojaetrcst o0opoTHas BoAa A/1a OTBOAA Temna.
Ha BepXHIOI0 Tapenky TOJAETCH OXJamJIEHHbI KOHIEHCAT, KOTODBI,
IBUTasick HAaBCTPEUY MOTOKY HHUTPO3HBIX TrasoB, MOTJOLAET OKHCAB
asora ¢ ofpasoBaHueM asoTHOH Kucaothl. [lonyuenHas asorHad Kuc-
JIOTA CaMOTEKOM Halpap/isercsa B TPOAYBOYHYIO KOJOHHY, TJ€ MpH
NOMOLLY TOPSIYEro BO3jyXa MPOU3BOAMUTCH OTAYBKA PACTBOPEHHLIX
OKHCJ0B a30Ta, KOTopkie mnofatorcs Ha 6-10 Tapenky abcopGUHOHHOH
KOJIOHHB!. X BOCTOBLIE Tasbl, BhIHAA U3 abcopOUMOHHOH KOJAOHHH, Ha-
npaBadl0TCA 4depes mnojorpeBarenb XBOCTOBLIX Ia30B Ha KaranHTiiye-
CKYIO OYHCTKY.

CojneprkaHie OKHCJAOB a30Ta B rase Ha BhiXoe U3 aGcopOUNOHIOI
KoJsloHHE cocrasaset 0,06—0,1 06. % . XsocroBuie rasst npa 110—120 C
NOCTYNAlOT B KaMmepy TropeHus, rae mojorpesaiorcs 1o 380—480 C
oyTeM CMeleHusa ¢ TopAYdMH TOTIOYHBEMH rasami, noJdydaeMbiMi
npH CKUTAHUM TIPUPOJIHOTrO Trasza M BosjgyXa. CMech rasoB jJanee Io-
CTynaeT B peaKTop O4YHCIKH, I/1€ Ha JBYX CJIOfAX KartaJusaropa (I!a.ﬂﬂﬂ'
JHPpOBaHHasA OKHCh ajJlOMHHHA W aKTIIBHafd OKHCBH BJHOMHH]H'{) ocyle-
CTBJAETCST TOpPeHHEe BOJOPOACOJEPIKAIIIIX Ta30B W BOCCTAHOBJEHHC
OKHCJIOB a30Ta JIO 3JeMEHTapHoro aszola. TeMmmeparypa ra3a Ha BBIAOC
13 peakropa gocruraet 700—710° C. Ouuninennsie rassi, npoias GuabTp
A48 yJaaBAHBaHWA KaranaMsaropa, nojalwics Ha T}’pﬁHHy, rjie nap.ie-
nne cHmkaerca jgo 1,07 -10° H/m?, mpeoGpasys TENJIOBYIO 3HEPTHIO
rasoB B MeXaHHYecKylo Ha Baay TypOuHpl, Bpallaioleii poTop BO31yui-
HOro Kommpeccopa. OT)(O}IF[IIU'IG raspl HallpaBJdAOTCH Jajee B KOTEC1T-
YTHAH33TOP W B BHIXJONHYIO Tpy6y. Y CTaHCBKH, paboTaiolide HO1
TIOBHILIEHHBIM J1aBJCHHEN, HMEIOT caeln)iolike TNpeuMyecTea 1o Cpas-
HEHHIO C yCTaHOBKaMmu, paCoTaloumuMil Noj aTMOC(HEePHBIM 1aBJACHHEN"

1. IlepepaGoTKa OKHCJIOB 230Ta B a30THYI0 KHCJOTY MOBBILAETCS
To 98—99%, a KOHUEHTpAUMS NOAy4yaeMmoil a30THOH KHCJOTH —
1o 60—62%. Ornanaer HEoOXOAHMOCTD B lUeN04HON abcopbiuy.

2. O6vem abGcOpOUHOHHBIX KOJOHH B JECATKH pas MeHplle, yes
Gawen ¢ Hacagkoil B cucteMax, paGoTalonyix npu aTMocepHOM naB.e-
HUH,

3. YMeHpINAOTCA KamiTanhHble 3aTPaThl Ha MOCTPOIKY YCTaHOBKH
H pacxoll creuianbHON CTanll Ha W3TOTOBJCHHE alllaparos.

4. ¥npomaercsi ofcayKHBaHUE YCTAHOBKH,

Onraxo ysennueHie noteps Karainsaropa u pacxoia SHeprHH C [o-
BBILEHUEM naBnienusi ABJACTCA CEPhe3HBIM TOPMO30M B DPA3BUTHH 3ITOTO
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criocoba. B ¢BA3K ¢ 9THM B mocseiHee Bpems Haubodbliee pacipocrpa-
HEHHE TOJYYaloT CXeMul, B KOTOPHLIX KOHTAaKTHOe OKHCJIeHne aMMHaKa
[poBOAAT mpH Goslee HU3KOM AaBienun (10 4 -10° H/M?), wem oxucie-
Hie oKHcH a3oTa (mo 12 -10° H/M?). J1ns coBpEMEHHEX CXeM Xap aKTepHbl
60JbIIAs MOLIHOCTL O1HOH TexHoJaornuecKoi HHTKH (380—400 ThIC.
T/ro1) ¥ BO3MOXKHO GoJiee MOJHOE MCIONb30BaHHE 3HEPTHU OTXOAAIIHX

G678 910
7 2 r~=——""="="="7° -{
7 —
1 Boda |
" | 13 }
5 %4
AN Bosdyx / E
4 L/z‘? N 27 E——fw a |
l/ 4 19 A ‘
8 17
J |
g 1
|
20 |
17 5
RN! ||
B berxnonnyr mpydy I - Bosdyx uz
annagama §
Asomnog

Kueaoma

Puc. 25. KomGuuuposanuulii crnoco6 npoussoAcTBa caaGoii a3oTHOH KHCIOTH TOA
naeacnueM 4-10%—10- 105 H/u2:

I — ucnapuTens aMMHaKka, 2 — QHABTP OUHCTKH aMMHaka; § — GUABLTP OUHCTKH BO3AYXa;
4 — BO3AyWHLA KoMnpeccop, § — nojorpesaTtesk aMMHaxa, § — ROHTAKTHWIA annapart;
7 — DHALTP OYHCTKH aMMHa4y#o-BOIYWHON cMecH; & — MA4THHOBHIE CeTKH, 9 — HenJa-
THHOBBI KaTanusatop, [0 — Koted-yTuawsatop, [[ — nojorpepaTedk IHTaTelbHOR BOAsL
12 — BO3AyWHEHA XOA0AHABHHK, [J — raizoBbli TNpoMEBaTeak, [4 — alCcopOUHOHHAR KO-
NoHHe; 1§ — npoayBouHas xoaonHa, [6 — nojorpeBaTenb BLIXJAOMHOCO rasa; I7 — Tra3oBuiil
CMECHTEeNL, /8 — annapaT xaTaAuTHYeCchol oumcTHKH; [9 — TonouHoe yeTpoitcTeo, 20 — Boa«
AYWHBIH XOMoAuNbHHK, 2/ — ra3oBas Typbuxa; 22 — uuTposHuil KoMmnpeccop; 23 — nojos
rpeBaTedb NMHUTaTeNbHOI BOALI

rasoB ¥ HHU3KOMOTEHIHAABHOTO TEI1a B TEXHOJOTMYECKUX LeaAX Ias
CO3/1aHHUA aBTOHOMHEBEIX 3HEPTOTEXHOJOTHUecKHUX cxeM. KomOGunupoBau-
Has CXeMa MpOM3BOACTBA Da30aBieHHOl a30THOM KHCJIOTHEL noj JaBie-
Huem 4 -10° u 10° H/M® npusenena Ha puc. 25. CxkaThil 11eHTPOGEKHBIM
KoMiipeccopoM ¥ Harperslil Bo3ayx (4,2-10° H/m%, 200° C) mocrynaer
B py6aliKy COBMCLICHHOTO C [aPOBKM KOTJIOM KOHTAKTHOrO annapara.
Hanee Bosayx mocryiaer B cMeCHTeNb, T/le CMELIMBAETCS € OUHILEHHBIM
H pasorperniM ammuarom. [Ipofizsa ToHKyio ouncTKy B (uabTpe, BCTPO-
€HHOM B KOHTaKTHBIH amiiapaT, BO3AYIIHO-aMMHAauyHas CMeCh mocTyliaer
Ha IByXCTyneH4arslfi KOHTAKT, COCTOAWMH M3 TpeX IVIaTHHOBHIX CETOK
H cllost HennaTHHoOBoTO KaTanausartopa. [lon HenaaruHoBbIM Kara/i3a-
TopoMm nomewaercs Macca Al yiaBauBauus naartvHel [Ipofina Kara-
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AU3aTOp H QUIBTPYIOWKI CA0, TOPSAYNA HHTPO3HLIH ras (850—880°
oMbiBaeT TpYOGKH naposoro kotia (map 40.10° H/m2, 440° C). Tenao
HHTPO3HOTO ra3a UCIOJAb3yeTcs 3areM /I [OJOTPeBa BOAH!, 101aBae-
Moii 8 Korten., HuTpO3HBIE rasbl fajiee 0XJAaXKAAOTCH B alaparte BO3-
JYWHOro oxaaxzaenus or 180 no 60° C u nocrynator B npoMbBarelb,
B BEPXHIOI 4acTb KOTOPOro MOaeTcsi KOHAEHCAT a30THON KHCJOTHL
Cxannusatolnasics 8 HHXKHEl wactu npombiBatens 47%-Has Kucaota
Hanpasasiercs B aGcopbep. OxaaKieHHbIH HATPO3HLIM ras MOCTYyMaer
B HHTPO3HHIA Kommpeccop, rae cxkuMaercs ao 11.10°—12.10° H/m?,
Hutpoanet ras nocnenosareqbHO OXJaxaaercss B foJorpesaTene
MATATEbHOW BOABI H B BO3IYUIHOM XoJoawibHuke a0 60—70°C,
a 3arteM rmoctyiiaer B aGcopOUMOHHYIO KOJOHHY, Tapeiku KOoTopn#
oXJaxiaworcs 060poTHOI oXJaxaenHoi Bonoil, [Tonyuennas 60Y¢ -Has
a30THasi KUCJOTA MMOCTYMaeT B MPOAYBOUHYIO KOJOHHY M Jalee B Xpa-
Huanme. llpopysounbie rasbl BO3BpalAOTCs B LMKJ, CMEUIMBaAch
C HUTPO3HBIMHU Ta3aMu [epes [POMLIBAleTeM,

Boixsomnneie rasel u3 aGcopGuHOHHON KONOHHBL OCTYNAIOT B {100~
rpeBaresb, IJl€ OHH IOJOrPEBAIOTCA CMEChIO OMHLIEHHOTO H TOMOYHOrQ
rasos, M Jajiee [OCJAE[0BATENBHO HAMPABAAIOTCA B CMECHTENL, Ife
B a3 JI03upyeTcs NPUPOIHBIH a3, M B anmapar KataJluTHYecKOH Ovu-
CTKH, B KOTOPOM 3arpy:eH nanjajnueselii katamusarop. Cozjep:kanue
OKHCJIOB a3ota Ha BhIXOAe M3 anmapata ouxerky 0,004—0,006%.
Ounmenneit ras npu 750—770° C mofaercs Ha pPeRylepaTUBHYI
TypOHHY, IHePrus KOTOPOH HCMOAb3yeTcsi A MPHBOAA BO3AYILHOrO
¥ HHUTPO3HOro KoMmpeccopos. OuuiuenHeii ras nepej {ioCTYIie HUEM
B [MOJ0rpPeBaTeb BEIXJOMHOTO ra3a Iolaercst B TONKY, rjae NPHUPO aHbiA
Ta3 CKUraercsl AJ4 BOCMOMHEHUA HeXBaTkH Tem1a. M3 noporpesarens
BBIXJIOIHOIO ra3a OuMLIeHHBIH ra3 suibpackiBaercs uepes 100-Merposyto

TpyOy B atMocdepy.

4. NONYYEHHE KOHUEHTPMPOBAHHOH A30THOH KHCNOTHI

Hnsa otfensHbiX npoussoacts tpeGyercs KOHUEHTPHPOBaHHAS KMC-
aora ¢ cozepxanneM Gonee 96% HNO;. A30THYIO KHCTOTY TAKOH KOH-
[eHTpauuy MOKHO NMOJTYyYHTh KOHIIeH-
TPUPOBaHUEM pa30aBAeHHOH a30THOW

124 —5—
N Z KHUCJIOTH WJIM TIPAMEIM CHHTE30M.

S 14 / KoHueHTpHpOBaHHe a30THOM KHC-
§,‘ /»r.r:r)mcmb JgoTkl. Ha puc. 26 npusenena puar-
5 104 f—0n paMMa KUIIEHMs] BOJHBIX PacTBo-
2% \ POB  430THOH KMCJOTHI [OJ aTMO-
s 0% chepubiM jlaBaenuem. Kak suano u3
= \ AMarpaMMbl, MaKCHMalbHas  TeM-

nepatypa kunesusi 121,9° C pocru-

84
g 20 40 60 &0 100

H 4% HNO;.
Codepmarye HNO, % raercs npu conep:xkatnu 68,4 % HNO;

B 3rofi Touke cocras mapoe oauHa-
i qA

Puc. 26. InarpaMma Kunenus Bog- KOB C COCTaBOM JKHLKOH cbagbl..’ /1
HEX pAacTBOPOB A30THOH KHCAOTEM I[OJ])QEHHFIKOH[l@HTpHpOBﬂ‘i;IHOHﬂBO‘I’-
NoA aTMoCdepHEIM  AaBJeHHEM HOll Kucnotkl (6odee 68% HNQ,)
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OGLIYHO TPHMEHSAIOT Neperonky pasGaB/ieHHol a30THOH KHCIOTH B NMPH-
| CYTCTBMH KOHLEHTPHPOBAHHOH CEPHOH KHCJOTHL KaK BOJOOTHHMAlO-
‘uiero cpeacrsa. KoHueHTpHpOBaHHAs cepHas KHCTOTa CBA3BIBAET

BOAY, colepiallyoci B pasfaBienHofl a3oTHOR Kucnorte, obpasya

TUAPaTHl CEPHOI KUCOThI, KHIIAIHE PH TeMilepaType Gofee BLICOKOI,
yem 100%-uas HNOjg. TlosToMy Nnpu HarpeBaHHH TAaKOH CMECH MOAKHO
110,106paTh yCJOBUS, MPU KOTOPHIX B fapax GyjeT coaepKaThes MouTH
HCKJIOYHTEIBHO a30THaa Kueaoia. Ha pue. 27 mokasaHa jarpamua
coctosiiug  TpoiHoit cmecn H,O0 — HNO; — H,S0O,, na kotopoii

HNOj

& o ANAANR
7 SRR

NARVAVA
LR AA

R
AAS e

w2 s 40 60 60 10 &4
—

% 1,504
Puc. 27. Iuarpamma cocrosnng HyO—HNO;—H,SO,

HaHeceHbl KPUBLIE [1apa [OCTOSHHOTO cocTaBa. M3 pmarpaMmsl BUIHO,
yTo [0 Mepe yBejauueHus copepxauus H,SO, B Tpoiino#l cmecH, npu
OAHHOM COZIEPIKAHHY a30THOH KHUCIOTH B XKuAKocTH KoauuectBO HNO,
B napax yBeauuuBaercs, a H,O ywmeHbumiaercs.

Ileperouxy pasGasieHHoil a30THOH KHCAOTH ¢ KOHUEHTPHPOBAHHOM
cepHoil kueaoton (92—94% -uas H,SO;) ocyiuecTBasOT 8 TaperbyaThIX
OapBoTaKHEIX KOJJOHHAX MM B KOJOHHAX C Hacankod us xogen. Marte-
PHAJIOM NS H3TOTOBJEHUS KOJOHHbBI CJAYMKHT KHCJAOTOYMOPHBIT 4yTyH
(peppocnann), copepxauuii 14—I18% xpemuus # yCTOHYMBBIA MpH
MOBLILIEHHBIX TEMIIEPATYPaAX 1O OTHOIIEHHIO K CMECAM cepHoli H a30T-
d0ft xueaor. Ha puc. 28 mokasana NpHHUMITHAIBHASA CXEMA YCTaHOBKI
A1 KOHUEHTPHPOBaHMA pa3GaBjeHHON asortHoit Kucaotel. CepHas
KHCJMOTA [OCTYIIAET HA OJHY H3 BePXHHX Tapenok Kojaonuel. Heckonbxo
HHzKe B KOJIOHHY monaercst pasfbasiennas H0%-Has a3oTHas KUCIoTa,
Hacrs ee nporyckaercs yepes uciiapureb. HarpeBaune cmecn ocylie-
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ctBaserca octpbM mapom (180-—2007 C), BBOAHMBIM B HHAKHIOIO YacTp
KoJoHHb. [1aphi a30THOH KHCJOTLI ¢ HE3HAUWTEILHLIM COMepIKaiiiem
napoB BOJALI H OKHCJOB a30Ta, 06pa3s0BaBLIKXCA B PE3yJbTare pasio-
JKEHHA a30THOIl KHCJIOTH, HAMpaBJaAOTCA H3 KOJOHHBLI B KOHAEHCATOp,
Ijie a30THas KHCI0TAa KOHJeHCHpYyercsl, a HUTPO3HLIE Tasbl (OKHCIH
azoTa) HAYT Ha JaigbHefiiiee yjgaBauBaHue HacTe OKUCTIOB a30ra
pacTBOPSETCH B ASOTHOH KICNOTe, TNO3TOMY H3 KOHJIEHCAaTopa OHa
BO3BpAIlAETCS HA BepXHHE TapelKH KOJOHHEI, IJie Npo/)Baelcs 1 3arem
OTBOJHTCH KaK NPOAYKUHSA B XOJOAHJBHHK.
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AUCAOMA

Puc 28 Cxema KOHUEHTPHPOBAaHHS pasGaBleHHOH a30THOH KHC-

JO1kRI
! — KoHaescaTtop, 2 — XOTOIHJBHHEK, 4 — DapfoTamnad KOHUEHTpPa-
UHOHHAH hOJOHHA, 4 — HCapHTedb pasfabjednoll A30THOR KHCAOTH

OrpaGoraHHas pa3GaBieHHas cepHasi Kncaota (70% -Hast) BhITEKaeT
W3 HHKHEH 4YacTH KOJOHHLI H nocrynaer Ges OXJaxJaeHHa Henocpen-
CTBEHHO Ha ynapuBaHue. Pacxo cepHOll KHCJIOTHI COCTaBJseT 3-—4 T
Ha 1 T a3oTHO# KuCHOTHEL. 117 BosBpara oTpaGoTanHOll CepHOH KHCIOTH
B IIpolecc ee caenyer RCGHIEHTPHPOBATE 10 KYIIOPOCHOTO MacJa. 1o
CBA3aHO ¢ GOJBUINM PacXofoM TOMJHBA, Ge3BO3BPATHBIMU MOTEPSAMI
HEKOTOPOTO KOJHUYECTBA CepHOft KHCIOTH 1 € CHIALHOA Koppo3sueii anna-
paryphl. B Hacrosiwee Bpemsi nostomy Godbllioe BHHMAHUE yAeisieTcs
MPOUSBOJACTBY KOHILEHTPHPOBAHHOH a30THOH KHCJAOTLL METOIOM Mpsi-
MO0 CHHTE3a.

[TpsaMo# cHHTEe3 KOHINEHTpHpPOBAaHHOI ascI-
HOH KHCJOTB OCYUECTBIde1cd Mo YPaBHEHHIO

2N.Oy () + 2H0 () + 0Oy (r) = 4HNOg (%) +59.5 ndx
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DTOT TIpOllecC MPOBOAMTCS B CHEUHAMBHBIX aBTOKJAaBax npu 75° C
a 5-10° H/™M?. Ilna cMemenns paBHOBECHs B CTOPOHY OOpa3oBaHusA
230THOH KHCJOTBI, @ Takxke A5l yBeJIUYeHUsi CKOPOCTH peakunu Heol-
xoAuMO, UYTOOBl B CMeCH, TOCTyMaomed B aBTOK/AaB, Obl1 n30BITOK
HIIKOH JIBYOKHCH (YeThipexOKucH) asora. OObIYHO KOJHYECTBO KHJ-
goil JBYOKHCH a30Ta NpeBbIIIAeT CTeXHOMETPpuueckuil pacxon Ha 25%.
He polieaias B peakuuto H30OLITOYHO B3fATAas JBYOKHCBE a30ora otrjens-
erci oT obpasoBasuefica 98—99% -Hoit asoTHOH KHCIOTEI W BO3Bpa-
jaeTcs OGPBTHO B [IPOHU3BOJCTBO.

HauGobuiyto C/I0KHOCTE B TIpoliecce TIOAyYeHHA KOHUEeHTPHPOBaH-
goll a30THOH KHCJOTBI METOLOM MpPAMOrc CHHTE3a TpeicTaBiasfeT ToJy-
yeHHE KHAKOH ABYOKHCH a30Ta. JKuaKylo ABYOKHCh a30Ta MOJy4aioT
¥3 HUTPO3HBIX Ta30B KOHJeHCallneil NPy OXJakACHUH U TIOA JaBjeHneM
uau ke abcopOruell KOHLEHTPUPOBAHHOH a30THOH XHCJOTOH mnpu
NOHMXKEHHOH TeMmIlepaType, C [TOCAEAYIONMM BHIIEJEHUEM M3 a30THOMN
KUCJ0TBl JABYOKHCH a30Ta H €€ OXJaXIEHHEM 4 nepeBeneHusa ee
B XKHjKoe cocTosiHue. [l TosydyeHus »KHJKOH JBYOKUCH a3oTa Mpsi-
MO#l KomjeHcaumneil neoOXonHMbl HHTPO3HblE rasbl ¢ MOJHEIM OKHCe-
aueM NO B NO, ¥ J0CTaTOYHO BEICOKHM HAUYAJIBHBIM COJEpIKAHHEM
OKHCJIOB a30Ta. B 3aBOACKMX YCAOBHAX raskl OXJAMKA3IOT He HHKE
yem a0 —8°C u3-3a onacenus 3a0MBKM annapara BhINaLalOuIMMH
kpucranaiamu TBepuoit N,Oy.

Bropoii cnocoG BelieNeHHs NBYOKHCH a30Ta K3 HUTPO3HBIX Ta30B
W NOAYUYeHHs HX B XU/IKOM BHJe OCHOBaH Ha Xopouiell pacTBOPHMOCTH
JIBYOKHCH a30Ta B KOHLEHTPHPOBAaHHON a30THOH Kucnaore (97 —98% -nas
HNQg) : n NO, + HNOz = HNO; -n NO,. Tloayuaemeii B pesyib-
Tare 3TOH peaklun TPOAYKT Ha3elBaiOT HuUTPooseyMom. Tlpu 3ToM
OKHCb a30Ta B3anMojelicTByeT ¢ KOHueHTPUPOBaHHOH a3oTHOH KuCao-
Toif no peakuuu 2HNO; + NO = 3NO, + H,0.

ITpu conepskanuu B nuTpo3ueix razax 10—11% oxucaos azora
abcopOuneit ux 98°% -Hoit a30THOH KHCAOTOH MOMXKHO TIOJYUUTE PacTBoOp,
conepwawnit 1o 30% NO,. Harpesas sror pacrteop a0 80° C, Moxuo
BbIIeIUTH W3 HEro JIBYOKHCh a30Ta B rasoo0pa3HoM COCTOSIHWH, 3aTeM
€@ CKOHM/JEHCHPOBATh OXJamaeHueM. B 3aBOACKHUX YCJOBHSIX KOHJEH-
cauo ofbYHO OCYIIECTBAAIOT B ABYX TNOCAEL0BATE/NbHO YCTAHOB/EH-
HEIX XOJMOAWJBHHKAX: B BOAAHOM H ¢ OXJaxkIeHHEM paccoaom
[Ca (NO,), + H,0] 10 —8° C. HeobxonumocTs oxaamaenns 10 —8° C
obycnopnena HeGOMABILOH MPHUMECHIO K JBYOKHCH a30Ta HHEPTHBIX
razos. Takum 00pasoM, NPOH3BOJACTBO KOHIIEHTPUPOBAHHOH a30THOM
KHCAOTEL METO10M MPSIMOro CHHTe3a (HUTPOOJeyMHBIH MeTOM) BKAYaer
Clenyiouye OCHOBHBIE CTaiHH:

1) nonydenue HUTPO3HBIX Ta30B KOHTAKTHBIM OKMCAEHUEM am-
MHas{a;

2) otmenenue 130bITKA BOJBI M3 HUTPO3HBIX Ta30B;
3) okucienue B HuTposubix rasax NO B NO,;
4) nooxucaensie octatkoB NO KOHLIEHTPHPOBAHHOI a30THONH KHCAO-

-

Toit;
5) oxsax/enue HHTPOSHBIX Ta30B H KOHLUEHTPHPOBAHHOI a30THOI
KHCoThl nepey aGeopbuumedt mpumepno o —10° C;
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6) abcop6LUsA ABYOKHCH a30Ta KOHIEHTPUPOBAHHOH a30THOH Kiic-
JoTol (nosyueHue HHUTPOOJEYMA):

7) necopfuHsl ABYOKHCH a30Ta W3 HHTpoOJeyMa TNpH ero Harpe-
BaHuu;

8) KoHjeHcamus JABYOKHCH a30Ta oXJaxaeHHeM (1T0y4eHHe kUKo
asyoxicu azora N,O,);

9) nepepaloTka XHAKOH ABYOKHCH a30Ta C BOAOH H KHCJIOPOIOM
B apTokJase noj aasaeHuem 5108 H/M® u remneparype 75° C;

10) otronka 1Byokmcfi asora, H3OBITOYHO B3ATOH M8 peaxui
U pacTBOpeHHOii 8 o0pasopaguiefics B aBTOK/Iase KOHILEHTPHPOBAHHOM
asotHoi Kucaore (98—99%-uag HNO,), uarpesanuem. Jr1oT npotecc
Ha3niBaercd oTGeqKOi TOTOBOH KOHLEHTPHUPOBAHHOH a30THOH KHCJIOTHL



NPOU3BONICTBO MMHEPATIBHLIX CONEW
rnasa) M YAOBPEHMHM

1. BUAbl H NPUMEREHHE MMREPATbHbBIX CONEHA

AccopTHMeHT MuHHepanbHbIX CoJeli, HCMNOAb3YeMbIX CeJbCKHM
X0351HCTBOM, B MPOMEIUJIEHHOCTH o OBITY, COCTABARET COTHH HanmMeHo-
BaHu#l ¥ HenpepeisHo pacrter. MacmraGul no0bun 1 BeipaGoTku conel
qpeanmqaﬁno BE&JIHKH, HEKOTOpble MIHepa/JabHBlE COJIH H }’ﬂOGpCHHﬁ
ABJHIOTCA MHOroTOHHaXHBIMH MPOJIYKTaMH XUMHYECKOH [TDOMBIIITCH-
HOCTH H HX I(OGI:I‘JB H ITPOH3BOACTBO BhIpaXKaiOoTCA B MH/UJIMOHAX, a
HHOTAA M JECATKAX MHJIHOHOB TOHH B roa. B uanboaeminx xonnue-
crBaX BblpabatbiBatoTCa ¥ MOTPeOAAIOTCH COeNMHeHHs HaTpud, ¢oc-
dopa, xanus, azora, ajJiOMHHUA, Keje3a, MelH, Cepbl, XJopa, ¢ropa,
Xpoma, Gapus u Ap.

MuHepaibHple COJMH  KJAACCHQHUHPYIOT MO WX MNPOHCXOXK/IEHIo
{(npupoansle M CHHTeIHYeckKle), Mo coclaBy (coau HarpHs, ¢ocdopa
¥ T. IL.), MO METOJAAM [POH3BOJCTRA, a TAK:Ke [0 NPHHUNTY UX norpeb-
nenus. OCHOBHBIM MoTpelliTesieM MHHEpaabHBIX CoJiel ABAAETCH Celb-
cxoe xosaiictso. B Hamboapluinx maciitalax npoH3BOJXATCH COJH,
HCMoNb3yeMple B KayecTBe MHHepaJbHbIX yAoOpeHMit M 11eCTHIHI0B
(npenaparoB, NpHMeHsleMBIX AJI8 3aWUTHl pacrennil). B npoMbliien-
HOCTH HCIONBL3YIOTCH pasHooOpasnble MuHHepa/jbHble COJMH, HEKOTOpbIe
H3 HIX B GO.T[I:IHHX KoJguyecTBax. XuMijyeckas MPOMBIILJIEHHOCTE #1BJIA-
€1CAd He TOJBKO [POH3BOAHTENEM, HO H OJAHHM H3 HauGonee KPY MHBIX
norpebureseli MiHepaibHbIX codell; 0co6eHHO MUPOKO HCMNOML3) IOTCH
CoJu HaTpHH. HOBapEI]HaH COqb pacxoiyercs B rpoMajaHbiX KoJjgHye-
CTBaX KaK OCHOBHoe ChIpbe NJA MPOU3BOJACTBA XJjopa, COMbI, COdAHOH
Kuesotel, egkoro Harpa. Cyabhar HaTPHS CJAYKHT ChIPBEM JIf MPOli3-
BOACTBA Cyibpuaa Hatpua u crekaa. Cyabhua HaTpHsA, CYIbpHTHEE
conu (tHocyabdar, cyabGUT ¥ rHIpocyashHT HaTpHA), PTopHAbI Ha-
TpHA, GUXpoMaTh! HaTPus U Kaaus, docharThl HATPUSA I MHOTHe ApYTHE
conmu, B TOM YHCJIe COJIM Kesesa, ajJioMuHHUA, Oapud, NPUMeHATCH
B NpOM3BOJCTBE KpacHTesel, XuMHYeCKHX pPeakTHBOB, KaTaJIH3aTopos,
HCKYCCTBEHHOIO BOJIOKHA, MJAaC1HYECKHX Mace, pPe3nHbl, MOWUHX
CPeACTB W B JPYTHX XOMHUYECKHX MMPOH3BOJICTBAX.

B MeTansiyprigecKoii NpOMBILIJEHHOCTH MUHEpadbHble COMH HCIOTb-
3yiorest npu oGOTALLEHHH M THAPOMETasayprudeckoii nepepaborke
Pya, npu MetannypriuiecKux niaBkax B KauecTBe IJiaBHell i NpHCaaoK,
NPH  3JIeKTPOMHTHYECKOM MOJYYeHHH MeTantoB, npu obpaborke Io-
BepxHocTH METANIOB, IPH Mallke H CBapke MeTamIoB 1 cnaasoB. Cre-
KoJpHaa MpoMblilyieHHoCTE rnorpebaser B GodblinX MaciitaGax cyiib-
dar HaTpusl KaK OCHOBHOI KOMIIOHEHT LUHXTBI AJIf Bapku ¢reknaa, H,
Kpome Toro, cosu 1 okneawl 6opa, cBHHuA, IIIHKa, 6apus 11st Nph.ia-
HHS CcTeKy crenuanbHeX CBOHCTE. B MponaMicTBe BAKYILIX BELLECTB,
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KepaMHKH, OTHEeYIOpPOB MHHepaJbHblE COMH ABJISIOTCH OCHOBHBIM CBIPb-
eM. Pasnoo6pasibleé MHHEpAlbHbIE COMH TOTPEOJsAIOT TaKkKe rOpHO-
pYIHAsA, UeAT003HO-6yMaXKHas, TeKCTHaAbHAR, KoXepeHHas, dapMa-
uesTHueckan mpomeiuiieHnocTs. Ilourn Her HU oxHOH OTpacau mpo-
MBIILIEHHOCTH, B KOTOPO# He MPUMeHAINHCh Gbl Te UJH WHBE MHHEepalb-
HBIe COMH.

2, CNOCOEbI NONYYEHHMA MHMHEPANbHBLIX CONEX U TUNOBLIE
NPOLLECCHI NPOM3BOACTBA CONEXH

IMpouzeonctBo cosefi BKJlouaeT IBa OCHOBHEIX Tpoilecca:
AoObMY MPUPOAHHIX COJEH W MOJyYeHHe MUHepanbHBIX conefl u3 npu-
PoONHOro MHHEPaJbHOIO ChIPbA HJIAH }],pyl"lfl?( BHIOB ChIpbA.

HJo6rmua u mepepabGoTKa pPacTBOPHMHBX 1P u-
PONHBX cone# (raanyprus) ocHoBaHa Ha coyeTaHUH Tpouec-
COB BblIGMAYHBAHHUs, BhiIapuBaHufA, Kpuciariausauuv H 06e3BOXK 1~
BaHuA mpH o0paGoTke MPHPOJHLIX COJEBBIX PACTBOPOB. ITHMH NpHe-
MaMH JOCTHraeTcs [asjeneHHe CoJeBbhIX CHCTEM Ha HHIAMWBHIYaJbHBIE
conu. Hayunoi#t ocxopofi raanyprum caymxar paGorer JI. I. Bawnr-
Todppa, H. C. KypHakosa n uX wxoa mo Pu3WKO-XHMHYECKOMY aHa-
JIU3Yy COJEBBIX CHCTEM, B KOTOPOM H3YYaeTcs CBH3b,MEXJ1Y COCTABOM,
COCTOSIHHEM M CBOHCTBAMH 3THX CcHCTeM. Jinarpammbl pacTBOPHMOCTH
MO3BOJNAT YCTAHOBHTL YCJAOBHS KPHCTANIH3aWiM coseli U3 pacrTso-
poB (em. 4. I, ra. V).

[Tpuponnble pacTBOPHMBIE COAM BCTPEHAIOTCS B BHIE COJEBLIX
3ajexell MM eCTeCTBeHHBIX PacTBOpoB (paccoJsl, pansl) o3ep, Mopen
H MOJI3eMHBIX WCTOYHHKOB., OCHOBHBI® COCTaBJAfOLIHE COJEBBIX 3ate-
JKefl uaW pansl coafHBIX 03ep: XJOPHN HaTpHA, Ccyabhar HaTpusg,
XJOpHABL U CYJab(aThl KaJus, MarHus W Kaablug, coju 6poMa, Gopa,
KapOonarel (npupoptas cona). Coserckuit Colos o6ianaeT MOIIHLIMI
MectopoxjeHnaMu npupoinsix coseii. B CCCP umeercst Gogee moJio-
BHHBI Pa3BejlaHHBIX MHPOBHIX 3anacoB Kaauineix coaeii (60%), Goaee
TPeTH MHPOBOTO 3arnaca (ocopHHIX cojell U OrPOMHBEIE Pecypehl Npu-
POoaHOIO W KOKCOBOTO rasa Jas oJay4eHnd as0THOKHCIABIX H aMMHau
HbIX codell (a30oTHHIX yaoBpenuin). ¥ Hac ecTb GOJBINOE KOJHYECTBO
COJASHBIX 03ep, pamna KOTOPBIX CJAYHUT HCTOYHHKOM AJA MOJYYEHHH
cojlefl HATpUs, MarHHs, KalbliHs, a TAKKe coCIHHEeHHH Gpoma, Gopa
v jap. OCHOBHEIMH METOAAMH 3IKCIVIyaTarHW TBEPJALIX COMEBBIX OTJIO-
JKeHHH ABIAIOTCH ropHEe Pa3paboTKH B KOMNSAX U MOA3eMHOE Bhimeaa-
UHBaHnHe, BIJI’EMK}* COAHM B KOMAX BeAyT OTKPBITBIM WJII MOA3EMHEIM
crnoco0oM B 3aBHCHMOCTH OT TM1YGUHBI 3ajeranus niacra. TakuM nytem
JIOGBIBAIOT KaMeHHYIO cOoab, CyabdaT HaTpHs (TeHapAHT), MPUPOJHBIE
coly KaaWs W MarHus (CHIBBHHHUT, KapHaaaut) W 1. 4. [lolsemuoe
BHILEIAYHBAHNHE ABAACTCA CMOCOGOM JOOLMHU cosieit (ri1aBHBEIM o6pa-
30M I[IOBapeHHofl cojdu) B BHIE paccosaa. IJTOT MeTojl ylAoGeH, Koraa
noBapenHas Coqb JodKHa MPHUMEHATLECH B PaCcTBOPEHHOM BHIE — 14
[IPOU3BOACTBA KaJblIIMHUPOBAHHOH Cofibl, XJ0pa H €KOro Hatpa u T. I
[Tonsemuoe srnenaunBarue BepyT, pasMblBasi MJacT BOJOH, HaKa-
ypgaeMoud B Hero Yepes 6yp0Bhle CKBa»KHHEI, ECTECTBEHHL»IE paccogabr
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0o6pa3yloTcs B pe3yJbTaTe PAacTBOPEHHS IIACTOB COMH MOANOYBEHHEIMU
pojamiu. Jlo6riya ecTecTBEHHBIX PACCcO/IOB MPOH3BOAHTCA OTKAuNBaHUEM
yepe3 6ypoBble CKBaXKHHLI IIPH MOMOLLH TJ1yOHHHBIX HACOCOB HJIH CrKa-
Toro Bo3iyxa (apmudr). EcTectBeHnbie pacTBOpLI NMOBApPEHHON COMH,
HCMONB3YEMBEIE KAk CHIPbE Af CONOBBIX M XJOPHHIX 3aBO/IOB, JAOHa-
CHLILLAIOT KaMeHHOH COMLIO B pe3epRyapax-caTyparopax H IO1BEPrawoT
ouncrxe. MHorna ecrectBedHnle paccosibl nepepabarbiBaioT BuiMapHBa-
HHeM AJ4 MosydyeHHs TBEPJAOil, TaK Ha3bBa€MOil BHIBApOYHOI COJIH,

Onuum H3 raaBHuX HeroyHukoB conaeit B CCCP asasiores cons-
Hple 03€pa M MOPCKHE 3aiHBhl (TUMalkl), pana KOTOPBIX COAEPMKHT
[0BapeHHyo cosb, cyabdaT HATpuA, coaul Marlina, 6poma, Gopa,
a Take INpuponuyio cony. M3 panel conausix ozep u JnManos A0GH-
BAIOTCH CaMoOCajloYHble COJIM, KPHCTANTH3YIOULHECH B ECTECTBEHHLIX
yesosusx. Comn o0biBaiotesi Takxke OacceitubiM criocoGoM, NpH IO-
MOIIM MCKYCCTBEHHBLIX TJIOCKHX OGacceilHOB, B KOTOPBIX NPOHCXOIHT
cajKa cosiell IpH HCHNAapeHHH BOJIbL

Ilpoteccrl npoH3BoACTBa MHHEPANBHBIX COJMEll pasnooOpasHbl COOT-
BETCTBEHHO OTPOMHOMY accopTHMenty coneil. OnHako TexmnoJorHye-
CKHE CXeMhbl MPOH3BOJACTBA IOYTH BCEX COJEH BKIOYAIOT THIOBLIE
riporecchl, ofiige A1A cofeBoil TexHoJorud. T HMOBHE HpoO-
Lecch COJNEBOH TEXHOJOTHHU H3IMEJbYEHHE TBEPIHIX
marepualoB (Ceipbsl, cneka), oforaileHHe CoLpbs, CyUIKa, O0XKHT,
crleKaHHe, pacTBOPeHHe, BhiuleNaunBaHue, OTCTanBaHue, ¢uUIbTpa-
is, BoelMapHBanHe, OXJaXKaeHHe PaCTBOPOB, KpucTadaudallys. 2TH
IPOILECCE XapPaKTEPHH /151 J11000r0 CosieBoro mpouspojcTsa. B Tex-
HOJIOTHH coJiell yacTC IIPHMEHAIOTCH TaKxke npouecchl abcopbuun u
necopbuun. BosblunHCIBO THNOBBIX TPOLECCOB OCHOBaHO Ha (H3H-
YyecKHX MeTojax nepepaboTrki, ocCo0€HHO Ha (TaauAaX TIOATOTOBKH
ChIpbA H OKOHUaTeNbHOI j10paboTKi npojykra. OGpaszoBanne e MuHe-
pPanNbHLIX COJEHl MPOHCXOAHT B pe3yJibTaTe MPOILSCCOB, OCHOBAHHBIX
Ha XHMHYECKHX peakiuaxX NpH oOXKHTe, CTEeKaHHH, BbILEJAunBaHIN,
aGcopOuun. BriignaunBanne NpHPOIHOTO Chipbs (HJIH CIIEKOB) COINpPO-
Boxjaercsd peakuuaMmH oOMmeHuoro pasnoxenns. Ilpu obxure uayr
OKHCJTHTETbHO-BOCCTAHOBHTENbHBIE peakiHH. XeMocopOimHoHHLIE Npo-
eCChl, JeXKallHe B OCHOBE CHHTE3a COosell, CONPOBOKNAIOTCA PeaKkUMAMH
Hefirpaiusauuy. IloxaBnsaouee OOMBILHACTBO IIPOHECCOB TNpPOH3BOM-
cTBa coseii unaer B juddpy3nonnoll obnacTu U onuchiBaerca oOMUUM
YpaBuenuneM Macconepejadu: ’

u=~kF AC. (IV 1)

Jlns usTencnpHKaumuH IIPOLECCOB B ITIPOM3BOJICTBE cofell npHMe-
HAloTcs Bee mpueMbl yBesmmyenns ABHXKymlelt cuaot AC n pasBuTHA
lloBepxHocTH conpiKkocHoBeHus pearentoB F (em. uw. I, ra. Il n V).
Hasi coseBoil TEXHOMOTHH OCOGEHHO AapakTepHbl NPOLECCH B CHCTEME
&Kuikoers — tBepnoe Beutectso (K — T). Passurne noBepxHOCTH
ConpukocuoBennsi ¢as B cHcreMe M — T jocturaercss dauie BCero
}IBMEﬂb‘IEH}IeM TBEPJOI‘O MarepHaJsiga H HCPEME[UI-[B&HHBM B3BeCH H3MeJb-
YeHHOrO TBEpPJOro Marepuana B KHIKOCTH IIPH TOMOILH MeXaHHYe-
CKux HJIH MHeBMATHUYECKHX MellaJgoK. Hepemewnaaﬂue O,‘IHOB]JEMEHHO
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crocoGCTBYET HMHTEHCH(HKALMH  Tpolecca 3a cuer TypOyausauiy
CHCTEMbl W 3aMeHbl MOJEKYAAPHOH AHD(Y3HKH KOHBEKTHBHLIM TEpPEHO-
coM MoJsieKyJs. Jlas  yBesdyeHHs IBHKYINEH CHJbI Macconepenayn
0coGEHHO 1UHPOKO TPHMEHAOTCA PasjHuHbie TIPHEMbl NOBbILIEHHA
HayanbHOM ' KOHUEHTPALHH TBEPALIX, MKHIKHX H rasoo0pasHblX pea-
THPYIOILHX BEWECTB, YBeJduueHne kKopduuueHta macconepejayn k
B 1poueccax coJieBofl TeXHOJOTHH JOCTHraercs, IJIaBHLIM ofpasom,
nepeMeliHBaHHEM H TOBbleHHeM TemnepaTyphl. IloBpiuexne remme-
patypbl B pAje CAyuYaeB CAYKHT CPEICTBOM DPE3KOro yBeJHueHHs
kos(pduuyenta audxpy3un 1 MOBEPXHOCTH CONPHKOCHOBEHHS peareH
TOB 3a CUeT MEepeBojla peareHToB B apyryw (hasy (HanpHmep, pacnias-
JIEHHE TBEPJbIX HCXOJHBLIX BEIECTB).

s TexHoNorHH cosiell XapaKTepHO MPaxkTHYeCKH TMOJHOE OTCYT-
CTBHE KaTaJHTHYECKHX MPOLECCOB, TOrA Kak B PacCMOTPEHHBIX NPOH3-
BOACTBAX CEPHOIl KHCAOTHl, aMMHakKa, a30THOIl KHCAOTH KaTajansa-
TOPBl CJIYHKAT OCHOBHBLIM CPEICTBOM HHTEHCH(MHKALHH H OCYHIECTBJE-
HUA [JaBHLIX CTaguid athX mpon3poacts. ChlpbeM aJd NpPousBOACTBA
MHHEpaNbHbIX coJeil W ynoOpenuil CayxKaT TpHPOAHBIE MHHEPAJb,
NOJIYNIPOAYKTH! XHMHUECKOH MPOMbIILUJIEHHOCTH H ITPOMBILLIEH HBIE OTXU-
Ast. IlpuponHoe MuHepasibHOE Chiphbe — OCHOBHAfl ChlpheBad 0(asa
coneBoil TexHomornu. Ilpu nepepaGoTke npuponHslx Gocdaros, Gaph-
TOBBIX Pya, OopaToB, XpoMHTOB, He(ENAHHA, NPHPOIHLIX COJEN Kaaus,
MarHus W HaTpHA MoJyuatoT dochopHble, KanuiiHbe n 6oprbie yiobpe-
HHA, a TakXKe cysabbun Hatpusa, OHXpoMaThl HAaTPHA H Kajaus, cyabdar
ammonHsi M jpyrue coau. Ilpn mnepepaGoTke TNPHPOIHOTO CHIPhLA
Hapady ¢ (GH3HYECKHMH METOXAaMH BhILENTAYHBAHWSA, BhiMapHBaHUA,
KPHCTANTH3ANHA HCIIOJb3YIOT PEAKIIHH 0OMEHHOTO Pa3J/IoxKeHHs H OKHCH
JeHHsl — BoccraHoBaeHnA. OJHUM H3 METOJOB BCKpLITHA pya (T. e.
nepeBeleHHs HX LEeHHbIX KOMIIOHEHTOB B paCTBOPHMOE UJIH PeaKlHOHHO-
¢noco0HOe COCTOAHNE) CAYXKUT PA3TOKEHHE HX KHCJOTaMH HJIH ETOo-~
yaMH HJIM CMEKaHHE ¢ MOCAEeNHHMH, DTOT METOJl OCHOBAH HA PEAKIIHAN
OOMEHHOr0 PAa3foKEeHUs; pa3jesieHne TNoJYYeHHbIX NPOIYKTOB MpPOH 3-
BOIAT, MOJbL3YACh HX PA3JIHYHOI PACTBOPHMOCTEIO, JIETYYECThIO OHOI U
H3 KOMMOHEHTOB H T. 1. [IpuMepoM MokeT cayxuth obpaGoTKa mpH
ponHbIX (ocaToB KucJAOTaMH, NpH KOTOPOi HepacrBopuMmble docdop-
HOKHC/IBIE COMTH TIEPEXONAT B BOlopacTBopuMyw opmy, Muorie Meroir:
BCKPHITHSI MPHPOLHOrO Chipbf OCHOBAHbl HA OKHC/JIHTENLHO-BOCCTAHO-
BHTENbLbBIX PEAaKUHAX; K HHM MPHHALIE/KAT HEKOTOPLIE BHILI OGXKMTA,
OKHCJIHTE/IbHBIIl, BOCCTAHOBHTENbHbII, XJOPHPYIOULHIT, IPHMEPAMH CJTy
JKar TNpon3BoAcTBa cy/bbhuia HaTpuA U OapHf BOCCTAHOBHTENbHbIM
of:kHurom cynndara Harpua u GapHTa, NMPOH3BOACTBO XPOMATOB OKHC-
JHTENbHBIM OGKHIOM XPOMHMTOBBIX Pya M T. .

15 npounsBoiCTBa coO€H HCMOAB3YOT arMocdepHblii BO3ayX —
HeHCUepnaeMblii HCTOUHHK KICAOPOla AN OKHCAHTENbHOrO 00kHra
1 asorta 145 noayuyeHus asortHblX yloGpeunil. [Ipn momyuenusn coser
CHHTETHYECKHMH cllocoGanil B KAuecTBE HCXOAHBIX MarepHajioB HCMoMb-
3YIOTCA rJ1aBHbLIM 0Opa3oM NO.1YMPOAYKTHl OCHOBHOII XHMHUYECKO! IIpO-
MbIUJEHHOCTH HJH OTXO1bl PA3JHYHBIX* Npoussoacts., Cunrtes coueil
OCHOBaH Ha peakuuax HEHTpanusauku. Takum obpasoMm moayyawrT,
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ganpumep, BakHeHlliHe a30THble VA0OpeHHs H3 KMCJIOT H UIe/ouei,
Bouiblloe KOJHYECTBO cosell ToJjiyuaeTcss B KayecTBe MOOOUHBIX NPO-
IVKTOB ADPYTHX IpoHM3BoiacTB. Hanpumep, B nmpousBoicTBe ruifHo3ema
13 HehesTHHa B KayecTBe MOSOYHLIX NPOAYKTOB Nnoaydaior noratll K,COq
u cony Na,CO;. U3 oTXoaR1IHX Ta30B UBETHON METANJAYPTHK H NPOK3-
BOACTBA CEPHOH KHCJOTHI, codepxamux SO,, NoAyHalT CYJb(UTL
HuTpar Ka/ibuus, NpuMeHseMbll Kak yroGpeHie, MOXKHO INOJYYHTH
u3 oT6poCHbIX HHTPO3HBIX Ta30B NPOM3BOICTBA CepHOfi M Aa30THOI
gHcaoT, Takux npHMEpoB KOMIJIEKCHOTO HCNOAb30BaHHSA CHPLA C NOJY-
yeHHEM MHHEDaJIbHLIX coJiefl MONYTHO C JAPYTHMH XHMHUYECKHMH Mpo-
JNYKTaMH MOXXHO TPHBECTH OYEHb MHOTO.

3. KNACCHUDMUKALUA MMHEPAJIBHBIX YAOGBPEHUHA

MunepanbHBIMI  yI00peHHAMH HAa3bLIBAKOT COMH, COAep¥Kalilie
BJEMEeHThl, HeoDXoHMEle /1 TIHTAHHA pacTenil H BHOCHMBIE B [OYBY
715 TIOJIYYeHHA BHLICOKHX H YCTONUYMBLIX ypoxaeB. B coctaB pacrernil
BXOAAT okolo 60 xumuuecknX snemeHToB. [ns ofpasoBaHHA TKaHH
pacTeHHs, ero pocra Il pasBUTHA TPeGYiOTCA B MEPBYIO O4Yepelb yrie-
poj, KHC/I0poa M Boxopold, o0pasyioline OCHOBHYIO HacTh PacTHTENb-
HOH Macchl, jajiee a3or, ¢ocdop, Kajuil, MarHuii, cepa, Kaabphii u
kenezo. Mcerounnkamn BellecTB, HeOOXOMMMbIX I8 NHTaHUS pacte-
Hull, Cayzkat Bo31yX u nousa. M3 Bosayxa pacTeHHs 113BA€KaOT OCHOB-
HVI0O MacCy yrJepoja B Blijle JIBYOKHCH YIJepona, ycBanBaeMoil nyrem
()OTOCHHTE3a, a H3 NOYBL — BOAY H MHHepaJbHble BeulectBa. Hekxo-
TOpO€ KOJIHYECTBO [BYOKHCH YrJepoia BOCIPHHHMAETCs KOpHEeBoi
cucteMofi pacteruit u3 nousbl. Cpean MHHEpaJIbHBIX BellECTB 0CoGeHHO
BaKHbl VTR JKH3HEIEATEIbHOCTH pacTeHHHl as’oT, ¢ochop H Kaaui.
OTH 37eMeHThl CTOCOOCTBYIOT OGMEHY BEIIEeCTB B PAaCTHTENbHBLIX KJeT-
KaX, PocTy pacTeHHii n ocoBeHHO TJIOLOB, HOBBLIIAIOT COTEpKaHHE
LIEHHbIX BEILECTB (KpaXma/la B KapTodese, caxapa B cBekJe, (ppykrax
n Arojax, Gesqka B 3epHe), NOBHILAIOT MOPO3OCTOHKOCTL M 3acyXo-
YCTOHUMBOCTL PACTEHHH, @ TAKXKE HX CTOHKOCTb K 3aoMeBaHEAM.
IMpu nHTEHCHBHOM 3eMJsele/Hi IOYBa HCTOLLAETCH, T. €, B Heil pe3ko
CHUKAETCA COJepPrKaHHe YCBaHBae€MbIX PacTEHHAMII MHHepa/bHBIX Be-
IIECTB, B MEPBYI0 Ouepeb PaCTBOPHMEIX B BOIE H MOYBEHHBIX KHCIOTaX
coeiHHeHni asora, ¢ocdopa U Kaaus. HcToieHHe nouBbl CHUKAeT
YPorKafiHOCTh H KAueCTBO CEIbCKOXO3SIHCTBEHHBLIX KYJbLTYP. YMeHb-
lueHHie cojepskaHHdA NHTATeNbHbIX BEIECTB B nouyBe HeoOXodlMo TMo-
CTOAHHO KOMIIEHCHpPOBAThL BHeceHHeM YyaoGpeHuné. BBiny orpoMHbiX
MaciutaGos norpefieHnsa MiHepalbHbIe yaobpeHnsa —— HanboJiee KXpyn-
HOTOHHaXKHbIH BH] XHMHYECKOH TIPOAYKIHH, TOJOBOE KOJHYECTBO
KOTOpoii COCTaB/AET JECATKH MHJJIHOHOB TOHH.

Knaccudburkauus MmuHepadbHbX ynobGpeHHnii
MPpou3BOANTCA N0 arPOXIMHYECKOMY 3HAueHHio, cocTaBy (no BILlaM
MIHTaTeNbHbIX 3J€MEHTOB), (DH3HKO-XNIMHYECKHM CBOHCTBaM, B 4acT-
HOCTH po pacTBOPUMOCTH B MNOYBEHHBIX BOJaX, (PH3HOJOrNYECKOMY
ZeiicTuio Ha yaoOpsieMble MOYBbI, CNOCOGaM NOMyYeHHs M T. I

o arpoxnmnyeckomy 3HaueHHIO MHHEpaJbHble Y100peHHs Ne/1ATCS
Ha mpsipie u kocBeHupe, IlpsiMbiMiI Ha3biBaloTCA yAOGpeHHs, COmep-
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JKaulHe MHTaTeIbHbIe 37eMEeHTHl B Bljie coelHHeHuil, HermocpeIcTBeHHO
ycpaupaeMulx pacrentisiMi. KoceHHple yno0peHns cayxar Ana MoOi-
JH3aUY MHTATeJbHBIX BEIIeCTB, Y€ HMEIOWHXCcA B ro4se, s y.ayu-
menus ee (M3HYECKHX, XHMHYeCKHX H Guosorudeckux cpoilers. Tak,
BHOCS MOJIOTEIl H3BECTHAK HJAH JOJOMMT, YMEHbLIAIT KHCJIOTHOCTH
NOYBEl, a HCMOJB3Ys THIC, YJAy4dllalT CBOICTBA COJIOHYAKOBEIX TIOYB
u r. n. [IpAMeie MuHepaabHble YIAOOpeHHA Pa3nenaioTcsa Mo BUAY MuHTa-
TeJBHbIX 3/EMEHTOB Ha (ocopHEle, a30THHe, KaauiiHbLie, MarHHeBEHe
i ap. [lo KomnyecTBY OCHOBHHIX NHTaTeNbHEIX 3JeMedTOB (docdop,
asor H Kaauil) ynoGpeHus noj1paslenfior Ha IPOCTHe, B coCcTaB KOTo-
PHX BXOJIHT TOJBKO OJMH THTaTeNbHLIH 3JeMeHT, H KOMILTeKCHEIe,
T. e. JBOiiHple H TPOIiHEIe, CONEpKaulHe 1Ba HIH TpH aaeMeHTa. Ilocnens
HHE Ha3uBAIOTCA TaKXKe MOMHHIMH, MOCKOJABKY OHH COjep:Kar Bce
TJIaBHBIE THTaTesNbHEIE 3JeMEHTHI.

B ocoGyio rpynmny BbIENSIOT MHKPOYIOGpPEHus, colepiKamrie 3sJe-
MeHThl 60p, Mapradeln, UHHK, Mellb, HEODXOJHMbie PACTEHHAM B OueHb
MaJlblX KOJHYeCTBax AJA CTHMYJAIHH pocra. Takue yio6peHHs BHO-
cATCA B MOUYBY B KO/MMYecTBax MeHee l Krira.

CMemiaHHBIMH {HJIH TYKOCMecSIMH) Ha3blBalOTCs ynoGpeHusi, conep-
Mame HeCKOJBKO NHUTATe/IbHEX 3JeMEHTOB W HoJyyeHHbie MeXaHuye-
CKMM CMeIlleHHEM pAa3JHUHBIX YyJaoOpeHuil. ¥YpobpeHus, coieprkaurie
HECKOJIbKO THTATeNbHLIX 3/IEMEHTOB H TNOJYuyeHHbi€ Ha OCHOBE XHMIi-
YeCKHX peakKliil, Ha3uBaloT CAOXKHBIMH.

Ilo crenenn pacTBOPHMOCTH B MOYBEHHBIX BOJAX VI06pPeHHS MOMKHO
pasjenuTk Ha BOJOPACTBOPHMblE H PAcTBOPHMbIe B MOYBEHHBIX KHCJ/O-
Tax. B BOJle pacTBOpPHMEI Bce a30THble N KauiMilHbe yioOpenus. Ity
yno6peHusi HauGojlee JerKo YcBaHBaiOTCS PacTeHHSMM, HO ObicTpee
BLIMBLIBAIOTCSI H3 TIOYBLI MOYBEHHHIMH BOjJaMu. Y106peHNs, pacTBOpH-
Mble B ITIOYBEHHHIX KHCJIOTaxX, COCTaBJAIOT GoaslunHcrBo Qoedaros,
Oun MeTeHHee [1€PeBOAATCA B PACTBOPHMOE COCTOsIHHE, HO 3aTo Gosee
AJMUTETLHOe BpPEMsl COXpaHAIOTCS B IIOYBeE.

Ilo ¢usnonoruyeckomy JeilictBnio Ha yloGpsemyw mousy yiofpe-
HHA Aenarcs Ha (DU3HOJOTHYECKH KHCsble, QH3HOMOTHYECKH LIEeN0YHbIe
n ¢usnonornyeckn Helfirpansusle. I'locaenuue ne usmedsitor pH nousw,
Ilo popme (nan no dusnyecKuM cBoiicTBaM) yA0GpeHHs TOAPAa3JIeNior
Ha oObluHble W TpaHymHpoBaHHfle, [ panynipoBaHHbie yA0GpeHis MeHee
TUTPOCKOMHYHEL, He CAeKHBAIOTCH NMPH XpaHEHHHU, HE BLIBETPHBAIOTCH
NpH BHeCeHHH B MOYBY M GoJiee JJIHTEJNBLHOE BpeMmsi HE BHLIMBIBAKOTCH
J0xJ1eBoit BOoAO#. KpoMe TOro, MX MOXHO BHOCHTHL B TNOYBY HpH 1IO-
MOuHl TYKOBEIX MalUHH H CesJIOK.

[na conesofi TexHosorun HauGosee THINYHE CrOCOBH MPOH3-
BOJICTBA KPYNHOTOHHAXHLIX MHHepanasHulX ynobpenuii: cynepdocdara
H OCHOBHbIX a30THBIX Y106peHuil — aMMuauHoll cenfiTpyl 1 KapGamuia.

4, ®OCHOPHLIE YAOEPEHUA

Docoprele yno0peHis B 3aBUCHMOCTH OT HX COCTaBa B pa3-
JUUHOIl CTereHH pacTBOPHMEI B TIOYBEHHBIX pAacTBOpax H, CJeloBa-
TeJbHO, HEOIHHAKOBO ycBauBawTCH pacTeHHAMH, HO CTeneHu pacT-
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popHMocTH (ochopHEle ya06peHHs pasiaensior Ha BONOPACTBOPHMER,
yCBOsIEMbIE pacTeHIsiIMH H HepacTBopHMule ¢ocharsl. K Boiropacrsopi-
MBIM OTHOCATCH TNpocTod M asoiiHoil cynepdocdatst. K ycBosembin,
T. €. PacTBOPHMbIM B IIOYBEHHbIX KHCJIOTaX, OTHOCATCH TMpPEIHIIHTAT,
tepModochar, naasieHble Pocdatel M ToMac-luak. HepactBopHMble
yiao0peHus cojep:kar TPyAHOycBauBaeMue coaH cdocdopa, pacTBopH-
Mble TOJLKO B CHAbHbIX MHHEpaldbHBEIX Kuciorax. K HuM orHocATcA
docopHTHAA MyKa, anaTHTbl, KocTAHadA MyKa.

ColpbeM AI8 NPOM3BOACTBA 3JeMeHTapHoro Qocdopa, dochop-
HbIX yJ100peHHi u Apyrux coenHHennii ocdopa cayxar NPHPOIHbE
thocaTh: anatuthl B ocdoputh. B stux pynax cochop Haxoaures
B HepactsopHMoli dopme, TIaBHEIM ofpasoM, B BHIe d¢ropamnarHTa
CaFF (PO,); nan rujpokcunanarura Ca;OH (PO,)s.

A natuTbl cocpeloTtoyeHsl B BHAE KOHIEHTPHPOBAHHBIX MECTO-
poxkaennii. Camoe KpynHoe B MHpe MeCTOpOXjeHue aflaTHTOB Haxo-
anrcas B CCCP na Koabckom mnosyocrpoBe, B paifone r. Kuposcka
(Xubudel). B sToM MectopozkieHu#u aNaTHThLL 3aJeraiT BMecTe ¢ Hede-
auntom (Na, K),0-Al,0,4-2S8i0,-2H,0 u apyrumu muuepanamu, Ana-
THTOHE(pETHHOBYIO Tlopojly pasieastor ¢Jotanueil Ha anaTHTOBbIH
KoHueutpar, copep:kamui 39—41% P,O,, u HeenuHoByw ¢pakiHio,
conepxkamyio Jo 30% AlL,O; — chipbe 15 amOMHHHEBON MPOMBILLJIEH-
HOCTH.

D ocdopuTh — M0p0aa OCAZOYHOrO IPOHCXOKIEHHS, COfEPIKa-
wasa Goedop, raaBHbiM obpazoMm, B Bujae dropanaruta H pasjHuHble
npumecu. Coxepxanne P,O; B oforammenHslx docdopurax Komefaercs
B npenenax 20—30% P,0,. B CCCP umeercsi Gosibllioe KOJIHYECTBO
thochopHTHBIX MecTopowjaeHHi, cpegH HHX caMoe MouiHoe B MHpe
mectopoxienue Kapa-Tay B Kaszaxcrane. Hacts dochaTHoro coipbs
UCTIONB3YeTCsl HelOCPEACTBEHHO KaK yJoOpeHHe B TOHKOPa3MOJOTOM
BHAE TNox HasBaHHeM QochopHTHaAdA MyKa.

Jna nodyuyeHHs JerKoycBauBaeMmslX tocdopHbIX ynolpeHnit, mpu-
MeHsieMblX Ha Mo0blX MoysBax, Tpefyercst MepeBecTH HepacTBOPHMbIE
tocopHbie co/n NpHpoAHbIX (ochaTOB B BOJOpPACTBOPHMbLIE HJIH JIET-
KoyCBaHuBaeMbl€ COJIH, B sTOM M cocTOMT OCHOBHAS 3ajada TexHOJOTHH
thocoprbiX yiobpenuil, Pacteopumects ¢ocopHOKHCARX cojel mo-
Bhlllaercd Mo Mepe yBednuyeHHs ux KuciaorHoct. Cpeanas coab
Cay(PO,), pacrBopumMa muwb B MuHepadbHuX Kncmaorax, CaHPO,
pactBOpHMa B TMOYBEHHHX KucjaoraX, a HauGojee KHeIag Colb
Ca(H,POy), pactsopuma B Boie. B npousBosicTse ocopHbIX yao0pe-
HHII CTPEMATCA MOJAY4YHTb BO3MOKHO 0oJibliylo YacTh (ochopa B BHIE
mMoroKadabiiiihocdara Ca(H,PO,),. INepeBoy HepactBopHuMbIX TNpHPOJ-
HbIX COJIEH B PACTBOPHMBIE OCYHIECTB/ACTCA PasJoskeH HeM HX KHCJI0TaMH,
llesoyamu, HarpeBaHueM (TepMHueckas BosroHKa ¢ocdopa). Oanospe-
MEHHO ¢ MoJyYyeHHEM PacTBOPHMBbIX Co/lell cTpeMATes NoAy4HTh dochop-
Hble yloOpenHs c BosMoxkNo Gosbllefl KoHUeHTpauHed ¢ocdopa.

MNpoussoncto cynepdocdata. XumHueckas NMPOMbILJIEHHOCTh Bbi-
nMyckaer npoctoii W jasoiinoil cynepdocdars. [IpocToii cynepbocdar —
Camoe pacrpocTpaHeHHoe MUHepaabHoe yno0peHHe, BhillycKaeMoe'B Hal-
Goablunx komuyectBax. OH MpeaCcTaBAsET COGOI MOPOLLOK (H/TH TPaHYIb)
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ceporo 1Bera, co,aep»:aumﬁ B OCHOBHOM MoHOhocdaT KanablUus
Ca(H,PQ,), -H;O M ¢ynbdar kaabunsa CaSO; -0,5H;Q. B cocras cynep-
docdara BXoaaT npumech: docdaThl Kene3a W aloOMHHIS, KPEMHAEIEM,
"a TaKKe (ocqopHas Kiciora. CyiusocTs mponssosicrsa_cynepbocdara
“COCTOHT B Pa3JOEHHH MPHUPOAHBIX Qoc(aToB cepHoll Kicjaoroi. [Ipo-
Hecce nmoJyyenuns cynepgocedara Npu B3aHMOAEHCTBHH CEPHON KHCJOThI
C KajbiuidropanaritoM fiBlfETCS MHOTOMA3HBIM TeTePOreHHbIM Mpo-
LEccoM, NPOTEKAMHM B OCHOBHOM B 1H(d)3noHHON o6GnactH. IToT
mpoluece MOXKHO YCJOBHO pa3GuTh Ha 1Ba sTana. [lepBuifl sram — sto
augdy 318 cepHofl KHCAOTH K uacTHiaMm afartHra, colpoBoxJaeMasi
ObicTpoit Xnmiyeckoil peakunel Ha NOBEPXHOCTH 4aciHi, Koropas Hier
Jo TOJHOTO H3PacXofioBaHHA KHCIOTH, H KpHcTaldausauusa cyJgbdara
KanbLHs:

CagF (POy)s +5H,80, +2,5H ,0 =5 (CaS0, - 0,5H,0) - 3H;PO, -HF +Q  (a)

Bropoit sran — nnddysua obGpasopasuieiica (docopHoil KHCJIOTH
—_ =
B IlopaX HePas/IOKHBIUHXCA HacTHIL afaTHTa, COMPOBOXKaeMmas peak-
Heii

Ca,F (PO,)3-+7H3PO, 4-5H,0 = 5Ca (H,P0,), - H,0 +HF +4-Q (6)

O6pasywowmniica MoHoKaabmifdochar HaXopHTcesd cHauana B pacTBOpe,
MNpH nepecheHHH. KOTOPOTO HayHHaeT KPHCTa JaH30BaThbCA, Peaﬁunﬂ
(a) HayHHaeTcsa cpasy Ke nociuae CMEIEHNA M 3aKaHyHBaeTcsa B peak-
1HoHHOA cymnepdocdatHoit Kamepe B TeueHne 20—40 muH B nepHon
CXBaTRIBAHWA M 3aTBepieBaHua cynepdocdarHoit Maccel, KOTOpLIe
MPOHCXOAAT 32 CUET CPABHHUTENBHO GLICTPOH KPHCTaMIH3amuHu Majopac-
TBOPHMOTO cyJbdaTa Kaabpus M NepekpHcTanaH3aull Moayruaparta
B dHTCHJAPHT TIO yPaBHEHHIO PeaKUHH

2CaS0, - 0,5H,0 = 2CaS0; - H,0

Jlocenywomas craius npouecca — cospesatye ¢y neppocdara, T. e.
ofpa3oBaHle W KpHCTALIH3aUHA MoOHOKanbiHiidocdara, NPOHCKOIHT
MEVIEHHO H 3aKaH4YMBaercs JiHlb HA CKJaje (1o3peBaHue) TpH Bhijie-
XKHUBaHHH cynepgocdara B Teuenne 6—25 cyrox. Manaa ckopocTk 3100
cragun obbacHAeTcs 3ameianeHHofl auddysneit docdopHoil KHCAOTH
yepe3 ofpasoBaBlIyiOCA KOPRY MoHOKanbuMilpocdaTa, NOKPLIBAWILLYIO
3epHa anaTHTa, H KpailHe MeleHHOll KpHcTalamn3antel HoBoil TBepoi
¢aspr Ca(H,PO,), +H,O. OnTtuaanbHblil pekHM B peakilHOHHOi Kamepe
onpeiensercad He TOJNbKO KHHETHKON peakuuit n anddysneil kucior,
HO U cTPyKTYypoil ofpa3oBaBliMXcA KPHCTAMIOB cyabdaTa Kanbinus,
KoTopas BJIUSET Ha CYMMapHYI CKOPOCTb l1polecca H KauyecTBo cynep-
tocara. Ycekoputh Anddy3uoHHee TMpouecchl W peakunn (a) u (0)
MOHO TOBBIIUEHKHEM HAuanbHOIl KOHUEHTPALKH CEPHOIl KHCIOTHl [0
ONTHMaVIBHON W TeMIepar) pol.

3aBHCHMOCTE CTEMEHH pa3noxeHHs (GochaTHOro chipbsl OT KOHLEH-
TPamMH HCXOTHOH CepHOll KUCJIOTH 3a OnpejeneHHblil NepHoL BpeMeHH
(u30xpona) mpejcraBaeHa Ha puc. 29. Kpupas nmeer ABa MakcHMyma.
Ilpn noBbIIUEHHH KOHLUEHTPAaUMH cepHoll KHCJAOTH B objacth pasbas-
JIEHHBIX PacTBOPOB U MOHWKEHHH KOHUEHTPALHH B 00JaCTH KOHUEHTPH-
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oBaHHBIX AaKTHBHOCTb KHCAOT PACTET H COOTBETCTBEHHO CTENEHb pa3s-
noxenua Qothara yBenuuusaercd. OpHako ¢ POCTOM aKTHBHOCTH
KHMCJI0Thl BO3PacTaeT I CTENEHb MEPechilleHHs pacTBopa cyJabpatom
KaNbLHA, HIET ero ObicTpasi KpPUCTANIN3alHaA ¢ 06pa30BaHHEM TJIOTHOH
kopkn CaSO, -0,5H,0 Ha noBepx1ocT# yacTnu anaTtura, mpenaTciByio-
wei ahdgdysun ¢ocedopHoit kiucaorel. B pesynbraTe 3THX ABIEHHI
B ofnpeleTeHHOH o6macTH KOHUEHTpapHil cepHoil KHCJAOTH CKOpOCTb
11 cTenedb pasnoxkedla gocdaToB 3aMeTAOTCSA, YTO OTBEYACT MUHHMYMY
wa kpusoit puc. 29. IlonoxkeHue 1 BemfylHa MaKCHMYMOB Ha KpHBO#
34BHCAT OT BH[A Chippd, coothoutenuss T : JK B nynune, Temnepatypel,
ppeMeHn npeGuiBaHnsA MyJablbl B peaktope u T. n. Ha npakinke npu-
MEHSIIOT KOHIEHTPAIMIO KHCIOTH, OTBEYAMOIYH BTOPOMY MaKCHMYMY
pa puc. 29. O61acTe ONTHMANLHBIX, MPOMBIUIEHHBIX KOHILEHTpAaIil
cepHoll KHCJOTH Jexut B mnpenenax 62—69%; ana HenpepeiBHOro
cnocoGa TMPOH3BOJACTBA HCX0/111afl KOHIEH-
TpauHa cepHoil KHeaoTwl cociapaseT 68—
69,5%. Ilpu Takoil KoOHUEHTpamuu KHCAO-
TH TEMIepaTypa B peaKiHOHHOH Kamepe
cocrapaser oxoso 110—115° C; nosbnue-
HHE TEMTIEPATY DBl TIPOUCXOIHT 34 CYET Tel-
Ja 3K30TepMHUYecKHX peakuHi (a) u (6). B
THX VYCJIOBHAX Ha TOBEPXHOCTH YacTHIL =%
docaTta obpasyeTcsas PHIX/bNT MOPHCTHIH Konyenmpayus Hy SO,
cnoit cynnpara Kansuud, u Augdys3us doc- - -
(bOpHOH KHCTOTHI BHYTPH HacTHIL HAET € Puc. 99 Basuenmocts crefe-
JIOCTATOYHOIT CKOPOCTBIO. HE paziomenHs docdata ot

HanGonee, Me11eHHBLIM TIPOLECCOM HB-  KOHUCHTPAUMHM HCXOLHOH Cep-
JfieTcsl 103pesaine. Y CKOPHTH 103peBasne HOH  KHCAOTH
MOmHO — oxJam/leHneM  cynepgocharhoil
Macchl H HCHapeHHeM H3 Hee BOAbI, YTO CNOCOOCTBYET KpHCTalTH3ayHu
MOHoKanbuuiliocaTa W MOBLILART CKOPOCThL peakuui (6) BejaencTBHe
yBenuyexnsi KoHunewrpaunn HzPO; B pacrsope. [aa atoro Ha cKaane
nepeméiunBaioT u pacnelisiior cynepgocedar. Conepxanne P,O; B roro-
BoM cynepdocdare NpiIMEPHO B JIBa pasa HHXKE, YeM B HCXOZHOM Chl-
pbe, u coctaBnsieT npu nepepaborke amarutos 19—20% P,O;, a doc-
tdopuroe Kapa-Tay — 14% P.0O;.

[otoBpiit cynepdocaT conepKUT HEKOTOPOe KOJHYECTBO CBOGOAHO
Gocoproil  KHCNOTH, )BeIHUHBAWOMEH €ro THrPOCKCMHYHOCTb, s
HefiTpann3anyn  ¢BoGOAHOH KHCJIOTHOCTH c)nepiocdar cMelnBawT
C  HeHTpanu3yIomHMH TBepInMH 106GaBKaMH HJIH  aMMOHH3HP YIOT,
T. €. oOpa6aTbiBaloT ra3o00pa3sHbM  aMMHAKOM. ITH  MeponpHATHSA
yaydmaior ¢usnueckue csoiicrea cynepdocdara — yMEHbINAIOT BJaX-
HOCTL, THIPOCKOIUYHOCTL, CJAEKHBAEMOCTh, a TIpPH aMMOHH3aUHH BBO-
ANTCA ewe ogMH NUTATEIbHbI 3J€MEHT — a30T.

CyiecTsy 10T TepHOANYECKIE, TOJYHENPEPHIBHLE H HEMPEPLIBHbIE
CllocoGel mpomsposcTBa cynepdocdara. Ha HekoTopblX 3aBonax emie
PaGoraior ‘cynepdochaThble Kamepsi nepuognyeckoro aefictsust. Onu
0612120 BeeMH HenocTaTKaMiu, MPHCYHUHMH MEPHOIHYECKHM TpOLec-
Cam, — MaJIoNpOH3BOHTENbHblI, HESKOHOMHYHBI, AAlOT TIPOJYKT HEpas-
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HOMEPHOTO COCTaBa H CBOHCTB, CO3/1a0T 3ara30BaHHOCTD # 3aTlbl/IERHOCTD
B uexe # 7. 1. B Hacrosiuiee BpeMsl BHOBb NPOEKTHPYeEMbIE # GOMbIIHHCTBO
JEACTBYIOIHX 3aBOJIOB MEPeBOAATCSA Ha HeMpephBHLIL crnocol Mpons-
BoncrBa. Cxema HempepbiBHoro cilocofa TMponsBojacTBa cymepdocdaTa
npuBefeHa Ha pHc. 30. VisMenbueHHbIl amaTHTOBHI KOHLEHTpaT (MM
(hochopuTHas MyKa) CHCTEMOH TpaHCMOPTEPOB, IUHEKOB H 3/1€BaTOPOB
nepejaeTca co cKJaja B aBTOMaTHYeCKHH BecoBofi Jo3aTop, H3 KOTOPOTO
JIO3UPYeTCcsi B CMECHTENb HElpephLiBHOrO AENCTBHA.

Cepnas guenora (75%-Has GalwenHaa H,SO,) HenpepbiBHO pa3GaB-

Jasercs Bojofi B posarope-cmecurene 10 kouuenrpamuu 68% H,SO,,
KOHTPOJIHPYEMOH  KOHIIEHT-
H,S04 PaTOMepoM, H ToflaeTcs B
{ CMECHTE/b, B KOTOPOM [IpO-
[ 4 H3BOLUTCHA MexaHHUYeCcKoe
cMellenne  gochaTHOTO  Chl-
pbf u cepHoH kucenorsl OO6-
[azel v pasyoiascs myJbia U3 cMe-
adeopoyury  CUTENA TIepenaeTcss B peak-
IHOHHYi0 cynepdochaTHyo
KaMepy HeTlpepblBHOrO jeri-
CTBHS, TN€ MPOHCXOAHT 0O-
pasoBaHue  cynepdocthata
(cxBaThbiBaHHE H 3aTBEp/EBa-
HHE TIyJbMbl B HayalbHblil
NeprHojlL cO3PEBaHNA  Cymep-
tochatHolt Macchr). M3 cy-
Pue. 30. Cxema npoussogcrsa cynepdocdara nepgocdaTHoli KaMmepsl H3-
HenpepsIBELIM cnocofoM: MenbueHnbii  cynepdocdar
LT et i pes e A nehone 0T % MOJKaMEpHBIM  KowBefiepon
§ — KMcnoTHwlil gosaTop; 6 — cynepdocdaTuan ka- nepenaercd B OTAEJEHHE N0O-
Mepa;, 7 — Tpancnoprep cynepdocharta; 8 — pas-
GpacupaTtens cynepdocdata Ha ckaaie Oﬁpaﬁmxu — CKJan cylep-
¢octhara, Mo KOTOpoMy pab-
HOMepHO pacnpenenserca pasbpacbiBateneM. [l yckopeHus nospeBa-
Husi cynepdochara ero nepeMellnBaioT Ha cknaane rpefidhepHbM Kpa-
Hom. [loa ynyulnenns ¢pusnyeckux cBoicTB cynepdocdara ero rpadyan-
pyOT Bo Bpamawixcs OGapalaHax-rpaHy/stopaXx. B rpanyastope
nopollkooOpasHblii cynepdocdar yBramHAeTcs BOJOH, MonaBaeMoii
BHYTph OGapaGaHa (QopcyHKaMH, M «3aKaThIBAaeTCH» B TPaHyJbl pa3s-
JIMYHBIX Pa3sMEPOB, KOTOpLIE 3aTeM CYILAT, pacceHBaloT Ha ¢paKuHH
H Tapupyor B 6yMamHble MELIKH,

Ipu pasnoxennn docaroB cepHOii KHCTOTOH B KaMepe BHLAENAETCS
(dropHCThIi Bo1opoll, KOTOPLIH, pearupys ¢ coxepxamimes B pocdaTax
KpemHesemoM, oO0pa3yer rasoobpasHblii YEThIPEXPTOPHCTHIH KpeMHHI]
SiF, u kpemuedropucroBogopoanyio kucaory H,SiFs. ®topucrbie
rasbl, conepxaiyie napst HySiFg, HanpaBasor yepes oTBepeTHE B Kpbllli-
K€ KaMepbl H BEHTHAAMHOHHY 10 TPyOy Ha abcopOUHOHHYIO yCTaHOBKY
H HUCMOMb3YIOT AJsi TIPOM3BOJCTBA KPEMHE(TOPHCTOrO HaTpHA.

OcHoBHbIM annaparom cynepdochaTHOro MPou3BOACTBA  CITyKHT
cynepdochardan kamepa. Ilurtanne ee nyabno#i mnpousBonurca H3
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CMeCHTesl, YKPelJIEHHOTO HeMoCPEICTBeHHO Haa KPHIUKOH Kamepw.
JlnsA HenpepulBHOro NHTaHHA cynepdochaTHLIX KaMep MNpHUMeHSIoTCs
1IHEKOBEIE CMECHTEeNH H KaMepHHIC CMECHTENH ¢ MeXaHHUECKHM fepeMe-
wiBaHKeM. B 3aBHCHMOCTH OT o0beMa KaMephl YCTaHaBJIMBAKOT O1HH
WJIH Ba CMeCHTesf.

HanGonee pacnpocrpaHeHHbIM THIIOM cynepdocdarHoll KaMephl
HelpephLIBHOTO EiiCTBHA ABJSETCS LHIHHIPIYECKas Bpallaowancs
KaMepa, NMpPHHIHMNIHaTbHasl CXéMa KOTopoll npejcraBleHa B MNJaHe Ha
puc. 31. Ona npexncraBasier coGoill BepTHKANbHEI Kese300eTOHHBI
IHIHHIP CO CTaJbHBLIM KOXYXOM H (hyTepoBKoH H3 KHCIOTOYMOPHBIX
auala3oBelX MauTOK. Lluanuap Bmecre ¢ Kene300eTOHHLIM JIHHLIEM
MeJlJIeHHO Bpallaercsl Ha pPOJHKOBBEIX Ofopax BOKDYTI HENOABHXKHOII
mosofi 4yryHHo#i TpyOwl, mnpoxons-
neil yepe3 caJbHHKOBOE YILJTOTHEHHeE
B JHULle KaMmepbl M TNpexliasHaueH-
HOl A/1fl BRITpY3kH cynepdocdara.
JKenesobeToHHad KpeILUKAa KaMmepl
HemMmojBHXKHO YKperJieHa Ha onopax.
K Hell nojpewieHa BepTHKaJbHas
meperopojpka,  OTACAAOLAA  30HY
3arpy3KH oT 30Hb BHIIpY3KH. B 30-
HY 3arpyskH uepe3 JIIOK B Kpblil-
Ke Kamepnl HenpepbiBHO TMOCTYMaeT
cynepgocharHan Nyabna H3  CMe-
curensi. B 30He BHITPY3KH Y nepe-
TOPOAKH HaXxolMTcs ¢pe3ep, Bpa- Puc. 3l. Cxema cynepdocdaThoit Ka-
mapUHicas B HanpaBaeHHH, Mpo-  Mephl HeMpephBHOTO deficTBHA (nnawu):
THBOTOJIOXKHOM BpallleHHI0 KaMEepPBl.  / — mpawaouyiics kopnyce: 2 — dpesep
Kamepa Bpamaercsi co cKopocTbio P s o o yanaa py6a
onHH obopor 3a 1,5—2.5 u, 3a sro
BpeMms IPOHCXOJIHUT CXBaThIBaHHe H co3peBaHHe cynepdochaTHON MacCkH.
TotoBniil K Burpyake cynepdochar cpesaercs Hoxamu dhpesepa u npo-
Ba/JUBaeTCs uepe3 MOJAVI0 HeHTpanbHyl0 TPpyOy Ha TpaHcnoprep, mnepe-
Jawounit cynepgoedar Ha ckaan. CrannaprHas cynepdocdarHan Kamepa
nmeer auametp 7,1, Buicoty 2,5 M. [1ponspoinrensHoOCTh TaKoH KaMephl
cocrasasier 30—50 t/u cynepdochara, a mnHTEeHcHBHOCTH — 550 —
650 Kr/m®.

Henocratkom mnpocroro cymepdiocpaTa SABIAETCA CPABHHTENLHO
HeQospluoe coiepxkaHie MHTaTelbHoro 3sJemeHTa — He Oosee 20%
P,O, us anarurosoro konuentpara u He Goaee 15% P,0; 13 dochopu-
toB Kapa-Tay. Bonee KoHueurpupoBaHhsie dgocdopHbie yiaoGpeHus
MOXKHO TOJY4HTL NPH pasznoxenud docgarHoil nopoabl ¢ochopHoi
Kucsoroil.

lMpousBoacTBO 3KCTpakUHOHHOH ¢GocopHOI KHCJIOTB H ABOHHOLO
cynepdochata. PocopHas KHCIOTa ABIAETCA TOJYIPOAYKTOM B Mpo-
H3BojcTBe JaBoitHOro cymnepdocdara, CA0XKHBIX KOHIEHTPHPOBAHHBIX
YaoGpenuit u apyruax coexvHeHuii ocdopa. PocdopHyw KHemoTy
NOTYYaloT 3/MEKTPOTEPMHUYECKHM H 3KCTPaKIHOHHBLIM METOINAaMH, T. €.
U3Brevenuem HzPO,; u3 npupoaHbix ¢ocdatoB NMpH MOMOIH KHCJIOT.
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OcHoBHo{I MeTo]| MosyueHHs TeXHHUECKOH 3KCTpakiHoHHOH (hochopHoil
KHCJOTH — CePHOKHCAOTHEIH MeTol. JTOT MeTol 3ak/iouaerca B obpa-
60TKe NpHpoaHOoro HaMeanueHHoTo (ocdara H3GEITKOM CePHOI KHCIOTh
¢ mnosyueHienm ¢ocopHOH KHCJIOTH M TBeproil ¢assl — cyawdara
KaJblHs, cojiepiKailero Hepasnoxuslunecs (ocdartsr (pocdorunc).
[pu cMelneHnn cepHoit KHCTOTHE I hocdaTta obpasyercs nyJ/ena, B KOTo-
poii coorHowienne )X : T noptepxusaercsi B npenenax or 2,5:1 no
3,6 : 1. Ilna 3storo cepHy0 KHCMOTY pasGaBifOT pacTBOpOM, TMoJay-
yeHHbIM CMelleHHeM yacTi NPOo1yKUHOHHOH (GocopHOll KHCAOTH ¢ TIPo-
MbIBHOIT BOJIOi, KOTOPYIO MOAyualoT OT MpoMLIBKH (ocdorunca. Takum
c6pa3oM, IKCTPaK(Hs BeaeTcs cMechkio docdopHoil H CepHOll KHCJAOT
M MOXKeT GLITh BhIpaXeHa CyMMapHoH peakiuei

CasF(PO,)s -+ 5H,S0; - nHyPO; + mH,0 = (1 - 3)HsPO, - 5CaS0, - mH,0 - HF

PacrBop ¢ochopHoft  KHCNOTE, TONY4YeHHBI Tocae  OTHeNeHIs
docorunca duabTpanneil, 3arpasned nepelielllMMH B pacTBop npu-
mecsiMH (ochara: KpemHe3eMoM, cyJabharamil H (ochatamu xKenesa
0 allOMHHHA U T, 1. ONTHMaIbHBIE YCJIOBHS 3KCTPAKIIIH ONpPeesioTCsA
CTpeM/JeHHeM [10JIyUHTh BO3MOXKHO Goslee BHICOKYIO KOHLEHTpAIHio
KHC/IOTHI, KPYIHble, XOpoIlo (HALTPYIOuecs KpHCTanasl ¢ochorunca
H YCKOPHTb Mpoucce sxerpaxuun. Ckopocth pactBopedns ocdara
JHMHTHPYETCH CKOpOCTBIO Au(py3uH HOHOB BOIOpPOIA K TMOBEPXHOCTH
yacTH pochaTa HAM HOHOB KalbUHA U3 MOrpaHUYHOrO CJ0oSi B OGBEM
pactBopa. [1pH BHICOKHX KOHUEHTpaUlAX BO3pacTaeT BA3KOCTL PacTBO-
poB ocopHOIl KHCTOTEL, YTO 3aMe/IAeT CKOPOCTh IUPPY3HH H CHIKaeT
CKOpocTh pactBopedns. KpynHele KpHeTamtel THICA MOJAYYAIOTCS TPH
70—80 °C 1 HeBbICOKOII KOHUEHTpauuu cepHoil Kueaorbl, [ noayue-
Hus Goslee KOHUEHTpHpoBaHHoll ¢ochopHOll KHCIOTEL H YCKOpeHHA
npotecca NpuMeHsOT 75%-HYy10 GalleHHY0 CePHYIO KHCAOTY (a HHoraa
H KYTIOpPocHOe Mac/io) H GoJiee BLICOKYIO TEMIEPaTypy B Hauasde sKeTpak-
iuy. CKOpocTh 3KCTPaKLUMH YBEJHUUHBAIOT TaKKe WHTEHCHBHLIM Tepe-
mewnnBanueM. [Ipomece Belyr HenpephlBHO B OaTapee peakTopoB
¢ MellaTKaMH — B 3KCTPAKTOPaXx, PacnoloKeHHLIX KacKa HO H COoe/lHHeH-
HEIX Mexay coboil neperokami, ®ochorunc oraensiior Ha HenpepbLIBHO-
JeHCTBYIOWMX GapaGaHHbIX BaKyyM-PHABTPAX H MHOTOKPATHO TPOMBI-
BalOT BOJOH H pasbaBieHHEIMII 06OPOTHEIMH pactBopami. ®ocdorunc
COIEPIKHT HeKoTopoe KoanyecTBo (hocdopa 11 MOKeT 6biTh HCNOAB30BaH
Kak KOCBeHHoe yaofpeHHe aJd YAY4IIeHHA CTPYKTYDPHl MOYBHIL, KAaK
npAMoe y106peHHe 1718 HEKOTOPEIX KYJALTYP H I8 CTPOHTENbHEIX Le1ell.

DkcTpakuloHHas (ochopHas KHcloTa CoiePKHT He Gosee 36%
H;PO,. Iaa npoussoncrBa iBofiHoro cynepdocdara H Apyrux ynobpe-
HHi Heo6X01MO yNapHBaTh KHCIOTY A0 Gosee BLICOKOI KOH[IeHTpaLHH
(50—80% H4PO,). Koxuentpuposatie GpochopHoit KHCIOTE! 0CTONHEHO
Koppoauell anmapartypbl M BeilajeHHeM ocalkoB cyaebhara KanniHs
M JIpPYTHX TplMeceii Ha rpeloix noBepxHocrax. [Tostomy uame Beero
I KOHILEHTPHPOBaHHA (PochopHOIl KHCMOTHI PHMeHSIOT GapadallHble
GapboTa)kHble KOHLEHTPArOphl, B KOTOPLIX HAarpeB NPOH3BOANTCH
Herfocpe/ICTBEHHBIM COTIPHKOCHOBEHHEM ylapHBaeMoil KHCJOTEI C TOMOY-
HEIMH TasaMM Tak ke, KakK MpPH KOHUEHTPHPOBAHHHW CEPHOIl KHCJIOTH.
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AnekTpoTepMruecKHii Merox nosyuenus GocdoOpHON KHCAOTH OCHo-
paH Ha BocctaHoBieHUH (ocdopa H3 docdara KaiablHA MPH BHICOKHX
temneparypax (1400—1600 °C) B anexTpuueckux nevax. [1apwt pocdopa,
BHIXOASALLHE U3 TTeyy, OKUCAAIOT (CKHTAKOT) ¢ 06pa3oBaHHeEM MATHOKHCH
¢ocopa, ruaparaiHeii KOTOPOTO mnoJdydaiT ¢(ochOpHYI0  KHCAOTY
(Tak Ha3blBaeMylo TepMmHueckylo dochopryo Kuenory). OcHoBHoe
NPEHMYLIECTBO 3/1eKTPOTEPMUYECKOTO crocoba mnepe] 3KCTPAKILHOHHbIM
3aKJI0YaeTCA B BO3MOKHOCTH MoJyueHHdA (ocdopHOA KUCIOTH M0G0l
koHIeRTpaunu (Bnjotb o 100%-uwoii H,PO,) u Bbicokoit cremenn
UHCTOTRLL, CHIPLEM /ISl 3/IEKTPOTEPMHUSCKOH BO3TOHKH ¢ocdopa MOTYT
CTYKHUTh J106bIe (hocdaThl, B TOM UHC/Ie HH3KOKadecTBeHHLIe, 6e3 Heol-
XOJHMOCTH HX Oﬁﬂl”‘aIJ_LEHHH. O:LH&KD BE&THKH pacXOlHkbIe KOS(I)(I)I-IH,HQHTH
no 3JeKTPO3Hepriud. OHH 3HAYHTEJbHO TPeBRIILAT PACXOJ 3JICKTPO-
SHEPrHH MpH 3KCTPaKIHOHHOM cnocobe MNpou3BojACcTBa GocdopHoi
KHCAOThI.

JBoiiHoll (Tpoiinofl) cynepdocdar nosiydqalor pasnoxKenneM Ipuposa-
nux ocdaros 70—80%-Hoit docopHoit KHCAOTON:

CasF(PO,); + 7H5PO, 4- 5H,0 == 5[Ca(H,PO,), - H,0] + HF 4-Q

JlBoiiHolt cymepdocdar B OTIHYKE OT IPOCTOTO COCTOHT B OCHOBHOM
113 MOHOKanbllHidochaTta H ABIAETCH KOHILEHTPHUPOBaHHKLIM yi00peHen,
conepxxamnM 40—50% P,O;, T. e. B 2-—3 pasa Gosblle, yeM npocToil.
AnnapatrypHoe odopMIeHHe NpOH3BOIACTBA JBOiTHOro cynepdgocdara
MpHMEPHO TO K€, YTO H NPH NOJAyYeHHH mnpoctoro cynepdocpara,
T. €. PasfuyHble THOB CMecHTeN el (GoCPOPHON KHCMOTH ¢ (oChaTHBIM
CbIpb€M M KaMephl HenpepbiBHOTO [leHcTBlisl. B HekoTOphX cXeMax
MPOH3BOJACTBA IBOHHOrO cynepgoc(ara 3aTBep/ieBaHHe MyJbIlb MOC/e
CMecHTes sl MpPOMCXOAHT Ha JIEHTOYHOM TpaHCTIOpTepe, MepelarolieM
NPOAYKT Ha cKaald. B tak HasbiBaeMmbix GeckaMepHLIX cnocofax mydbna
HeMocpelCTBeHHO M3 CMecHTenell MOoCcTynaeT B TPaHYAATOP H CYLIHAKY
H MoJyYeHHLIH IpaHYJHPOBAHHBIA TMPOIYKT He TpebyeT A03peBaHIIA.

CepHOKHCAOTHOR pasnoxkeHue (JochaToB NO3BOAAET MOAYYaTh Mpoc-
Toie ynoGpeHud. A30THOKHCI0e pa3noxeHue GochaToB AaeT BLITAKKY,
colepraulyio Kansllui, a3ot u ¢ochop, KoTopas MOKeT GuiTh mepepa-
00TaHa Ha KOHLLEHTPHPOBAHHLIE I CNOMKHKIE YI00peHHs, B 4aCTHOCTH
¢ n06aBKOH KaduilHbIX coflell Ha TpoliHoe yaobpeHue — HHUTPO(OCKY.

5. ASOTHbLIE YA OEPEHMA

BonbliHCTBO a30THLIX YAOOpeHHH MONyualoT CHHTETHUECKH:
HejiTpanusanueif KucaoT wenouamu. McexolHbiMH Mmarepuasamu 114
fIONyueHUsi a30ThEIX Y100peHmnil ClyKaT cépHas W a3oTHAfs KHCIOTHI,
ABYyOKuCch yriepola, »KHIKHH 1AH rasoo0pasHLI aMMHaK, HAPOOKHCH
Kaibiua n 1. m. A30T HaxoauTcA B yAoOpeHHsX A B GopMe KarHoHa

Hi, 1. e. B amvuiaunoit gopme, B Buge NH, (amuausie), uau anuosa
Oy, 1. e. B unTpaTHOIi hopMe; yao6perne MOKET colepsKaTh H aMMHau-
Hbifl p wwTpaTHBili a30T. Bce a3oTHeie ya106peHys BO1OPacTBOPUMBI
M XOpowo ycBaHBalOTCA PAaCTEHHSIMH, HO /KO BBIHOCSTCS B I1y0b
NOYBLI npu OOHALHLIX-ZOKAAX WA opowenun. Hanbonee pacnpoctpa-
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pwennbiM B CCCP asoThbiM yiao6peHHeM ABASeTCs HHTPAT aMMOHHSA WK
aMMHauBas CeqHTpa.

MpoK3BOACTBO AMMHAYHOH CeMHTPhl. AMMHAuHas cenuTpa — Ges-
HannactHoe yaobperHe, conepskaniee 35% a3ora B aMMHAUROH W HHTpaT-
Hoil opMe, BeJeJCTBHE YEro OHa € YCeXOM HCIOAb3YeTes Ha JGHX
nousax K Jqas A06bx Kyabryp. Oanako 310 yaobpenne obaataer
HeBAAronpHATHHIMH JUIS €r0 NpHMeHenHs (GH3HUeCKHMH CBOHCTBaMH.
Kpucrannbl aMMHa4HO# CeNHTPB! pacT/ibIBAIOTCA HA BO3AyXe HAH cJje-
JKHBAIOTCA B KPYMHHeE arperarsl B pe3yabTaTe MX IHIPOCKOMHUHOCTH,
3HAUHTENLHOH pacTBOPHMOCTH B BOA€ W BbICOKOTO TeMMeparypHOro
KoapHiLHeHTa pacmopnmocm Kpome Toro, mpu HaMeHeHHH Temmep a-
TYPbl BO BpeMs XpaHeHHWs aMMHA4YHOH
CeJAHTPBI MOTYT NPOHCXOAHTb IpeBpa-
IIEHHS OAHOH KPUCTANIHUeCKOH GopMbl
B JApYTyl, T. €. NMepekpHcTaaau3auud,
YTO TaKiKe CnocobCTBYET CAeRHBaeMo-
ct. Jlas yMeHbIUEHHS CAeKHBAEeMOCTH
NpHMEHSeTCA NpPHUNYAPHBAHHE YacTHIL
aMMHAUHOH CeJUTPH TOHKOH3MeJIbueH-
HBIMH MaJOrHTPOCKONHUHBIMH 063BKa-
MH: M3BeCTKOBOH, GochopHTHOH HIH
KOCTAAIHOH MYKOH, THMCOM, KAOJHHOM, a
TaKXe rpaHyJHpoBaHHe aMMHaYHOK Ce-
SPE st JHTPH € 100aBKaMH HHTPATOB KaJdbi(HA
444646505254 36 3606264y waruus wan pocdaron kaabuua. B
Kongenmpayun NO3, %y aeronmmiee ppemst aMMHausas cennTpa,

) npuMeHseMana Kak Y1o6peHHe, Buily-
f;';uufg pﬁigg;g:‘“ﬁ‘;{ﬁg“e& CKaercsi TOAbKO B IpaHyJHpOBAHHOM -
KOHIEHTPAUHH 230THOH Kucidorsl BHAE.

NpH PasAHYHLIX TeMOepaTypax OrHeonacHoCTh K B3pLIBOOMACHOCTH
;] —70°C, 2 —350°C, & — 20°C, aMMHayHoH CEJHUTPRI OCAOKHAET ee npo-
4 — Ges HCTOMLIORANAA Tenas peak-  y3BONCTBO W NMPHMEHeHHE B KauecTse

yro6penns. AMMHAUHYIO CeNHTPY Mpo-

H3BOAAT Ha 3aBojax, BelpabalbiBaio-
WX CHHTETHYECKHH aMMHakK ¥ a30THywo Kuciory. [TponsBoacTpenutil
npolece CKIaJAHBaeTcss H3 CragWi HeHTpanusayWH cjaboit asorHoH
KHCJAOTH ra3oobpasHbiM aMMHaKOM, YmapKH IOojy4eHHOTO pacTBopa H
rpaHy/HpoOBaHHA aMMmiauHoM ceaHTps. Cranns HeHTpanH3ayMH OCHO-
BaHa Ha peakuHu

NH; - HNO; = NH,NO; - 148,6 k[T

Konyenmpayua NH4NO;z, %
QIS IATYES

3T1oT XeMOoCOpPOUHOHHKBIE mpollecce, NpH KOTOPOM IOrJolleRHe rasa
KHJIKOCTBIO COMPOBOKAAeTCS OHICTPOH XHMHYECKOH peakuHel, iieT
B andy3ionHoH 06acTH H CHABHO 3K30TepMuueH. Tenso Heiltpanusa-
UHH payHOHAJLHO HCMOMAL3YeTCA ANA HCNAPeHHS BOAR H3 pacTBOpOB
uurpara ammorus. M3 pue. 32 BuaHo, uto, NpHMEHAA a30THYIO KHCAOTY
BLICOKOH KOHUEHTpPAllHH H [OA0TpeBas KCXOIHbIE peareHTH, MOXKHO
HEMOCPEACTBEHHO TONYUHTh M/1aB aMMHAuHOH CeauTphl (KOHU@HTPA-
uneit Bue 95—96% NH,NO,) 6es npumenenns pemapuBanus,
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B Hactosiuiee Bpema HauGonee pacrmpoCTpaHeHbl CXEMbl € YaCTHY-
HbIM YNapHBaHHEM pacTBOpa 3a CUeT Tenna HelTpanusaunu (puc. 33).
OcHOBHas Mmacca Boibl ynmapupaercsa B Hefitpanusatope MTH (ucnone-
30BaTeNb Tenna Helrpanusanuu). JtoT annapar (pue. 33) npeiacTas-
JAeT coBOH IHAMHIpHYeCKHit COCY, BHIIOJHEHHEIH W3 Hepkaseloued
cTalM, BHYTPH KOTOPOro HaXoauTesl ApYyrofi nuwaunip. B uunusap
HEeMPepLIBHO BBOAATCA ra3o00pasHbii aMMHaK W a30THast KHCJOTA,
KOTOpas TNOCTynaeT uepe3 pas3bpbiariBatens, JIBHMKEHHE pearesTos
B HEHTpanusaTope OCYLIeCTB/IACTCS, CNeIOBaTeNbHO, 1O MNPHHUHIY
NpAMOTOKA MpH pe)kHMe BLITECHEHUs, BHyTpeHHee MpOCTPAaHCTBO UH-
JIMHPa CNYHT HeHTpanH3allHOHHOH 4acThlo amnapara, a KoJblleBoe

fMap
, ap K Earyym-
\ HECOCY
¢ =11
C
Azomuas
Aruan KUCAOmA Gosdyx
Conobi K %ﬁm
nap
1 AMMUGYHER g
2 foon Bosdyx Boadyx
iy X0R00HuE 12
3 = ] j B xananusoyur
4 (= =
7 Amruaina s cepumpa

Puc 33 Cxema npou3eoacTea aMMHAauHO¥ CeJaMTPHl ¢ npumeHensuem annapata WTH
H BRIMApKoil pacTeopa
I — gopnyc HefiTpanusatopa, 2 — BHYTpeHHHI WHAKHHAP, J§ — YecTpolicTBo ANA pacnpenese-
HH$ a30THOH KHCNOTH, 4 — yeTpoficTBO And nNoJaud aMmHaka, 5 — rujpasinyeckufl satsop,
6 — poHefiTpanH3aTop, 7 — BBINApHOil anmapat BTOPoll cTyneHH, & — cenapaTop, 9 — rp4
HyaslHoHHaA GaliuHA, +0 — TPdHCNOPTEP aMMHauHol CeNHTpbl [/ — GapoMeTpHYECKHHA KOH
AeHcaTop, /2 — GapoMeTpHYECKHH SIUHK

MPOCTPAHCTBO MEKAy BHEIIHUMU W BHYTPEHHUMH IWIMHIPAMH — ucna-
pHTenbHO#K uacthio. OTBOA Tenna W3 30HE peaKIlMH OCYLIECTBIAETCA
yepe3 CTeHKH BHYTpeHHero Inunuiipa. O6pa3soBaBiuiuiics pacTBOp aM-
MHAQUHOH cenHTphl MepeaHBaeTCA uepe3 BepXHHE Kpaa NUWIHEApa B
WCNapHTeNbBYI0 YacTb, T/A€ HCMApeHHEe BOAbl NPOHCXOAMT 3a CYeT
TennoofMeHa MKy HEHTpPanH3alMOHHOW M HCNapUTenbHOH 4acTAMH
anpapara. OTtBoj Tenna U3 30HK HEATPanH3anuyK Heo6X0AUM He TONBKO
Afs BLIMAapKH pacTBOpa, HO H BO H3(Ge)kaHue meperpesa H pasfoxKeHns
430THOH KHCAOTHI ¥ aMMHA4YHOH CEJNHTPBL

CoKkoBblii map yaaasiercss W3 HeHTpanu3aTropa u UCroap3yercs
3ateM Kak rpeioui arest. PactBop ammuaunoi cenutphl (60—80%
NH,NO, B 3aBHCHMOCTH OT KOHIEHTpAIlW¥ a30THOH KHCJIOTbI) uepes
TH1paBanHuecKuil 3aTBOP MOCTYNaeT B 6aK ¢ MeManKoH — JOHeHTpaTu-
3aTop, a 3aTeM B CHCTEMY MHOTOKOPMYCHBIX BaKyyM-BLIMApHLIX anmnapa-
ToB. B posxelitpanusatope cjabOKHCALIH pPacTBOP JOTNOJHHTEIbHO
Hefitpanusyercst aMMHAaKoM; B 3TOT K€ annapar OOBIYHO BBOAATCHA
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100aBKH, yMeHbILaWIIHe cJaeXHBaeMocTh yaobpeHus. Boimapky apo-
BOJAT B J1B€ WJH TPH CTYMEHH C HCMOJh30BaHHEM B KayeCTBEe TPEIouIHX
ared10B cokoBoro napa u3 WTH, Bropuunoro nmapa BoinapkH H CBEKETO
HACBHILEHHOTO mapa. B BelMapHOH CHcTeMe JOBOAAT KOHUEHTPAaUHio
pactBopa o 98—99Y NH4NO;, noayuas niap aMMHa4HOH CeJHTPBI,
HanpaBaseMmblii B cemapatop M 3ateM B TpaByJAuHoHHYy0 OGalliHio.
I'pasyanpoBaine npoHsBogHTCs pasbphiarMBaHHeM I1aBa B 00
KeJjie306eToHHON GawHe BhicoTol 30—35 M. PasbpbiardBanne OCYLLIECT-

fap

==\
1/

faseodpasweri
ammuan

Asomnan
Kucroma fMap
“

A

Xonodnan
4 bova

AMMUGYHTR CEAUMPA
HA CYRy
Prc. 34, Cxema mojyueHHs aMMHAYHON ceqHTPhl Ge3yNAPOYHBIM CIIO-
cobom:

| — nogorpepaTens aMMHaka, 2 — pogorpepaTenb &30THOA KucnoTe; J —
peakTop; 4 — cenaparop; 5 — GapabaMubifl KpHCTaAAH3aTop, 6 — HOX

BJIsieTCs mojiavyeill myaBa BO BpallamOULyloCs AbIPHaTyio BOPOHKY HJH HA
Bpalllaloiniiics ropHusoHTaAbHbi AHcK. [lagawiine BHH3 GallHH Kamiu
ITaBa 3aCThIBAIOT B TPaHyJ/bl B NMOTOKE XOJOIHOTO BO31YyXa, MPOTATH-
BaeMOro BEHTHJIATOPaMH NPOTHBOTOKOM IIaBy, H MONajlalT Ha Tpasc-
noprep, nepelalolnii NTPOAYKT Ha CYIIKY M ymakoBky. Ha HekoTopwix
3aBOJaX aMMHauHYIO CENHTPY TNOJAYYawT B BHAe KPHCTAJJIHYECKHX
arperatoB — 4ellyek, NpPoBOAA KPHCTAMIH3auHio TJaBa Ha mMoBepX-
HOCTH Bpamatolllerocss OapabaHa, oXJaXKIaeMOTO H3HYTPH BogoH
(pue. 34).

Besynapounslii OfHOCTaAMHHBII CMOCO6 MOJNYUEHHS aMMHAUYHOIl
CEJINTP B! OCHOB2H Ha GhICTPOM B3aHMOJEHCTBHY B PeaKkTope moj jAaBje-
HieM 4 aTM NpedBapHTE/]bHO MOAOTPETHIX B TENI00OMEHHHKAX aMMHaKa
u 60%-Hofi asotHoH KueaoTel, [lapoiigkocTHast 3MyJibCHA moCae
peakTopa pasjensileTc B cepapaTope, NpHY4EM TUIaB, CoieprkatiHil
97—98% NH,NQO,, nogaerca Ha rpauyJHpoBaHue. YIpouleHHas cxemd
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noJYUEHHS aMMuauHof ceJuTpel Ge3ynapouHbiM crocofom NpHBeleHa
ua pHe. 34

Jas yayulieHHss (QH3HUeCKHX CBOHCTB aMMUAuHOH CequTphI Iele-
c000pa3sHO H3TOTOBJIEHHE Ha ee OCHOBE CJIOKHLIX H CMeIlaHHbIX y/106pe-
uuit. CMmellieHHeM aMMHa4HOH CEeJIHTPH € H3BECTHAKOM, CYJbhaToM
aMMOHHA [0JY4aloT H3BECTKOBO-aMMHAYHYIO CEIHTPY, CYJIhpaTHHTPAT
ammonusa u ap. Hutpodoceky Momxuo noayuate cnaasiennem NH NO,
¢ conaMu ¢ocgiopa ¥ Kanua. Ha ocHose am-

MHAUHOH CEJIHTPBLI BLITYCKAIOT TaKiKe XKHIKHe 60, —
y100peHHs, PacTBOPAA e B KHIKOM amMHaKe /
WJIH aMMHauHoOH BOJE. "?:53
MpoussoncTBo kapbamupa. Kapbamnj (Mo- 3
yeBHHA) — Haubo/lee neHHoe GeabaiiacTHOE &
asoTHoe ynoGpenue, conepxawee 10 46% &
azora. KapbGamuJ NpHMEHAIOT TaK :Ke, Kak ‘Eg'w
a30THCTYIO 100aBKy, K KopMmy ckora. Kapba- § /
MHJA I[UHPOKO HCIOJAB3)ETCA HE TOJBKO B 30
CeJIbCKOM X03fHCTBE, HO W B NMPOMBILJIEHHO- 140 210 280
ctd. M3 Hero wusroroBJaoT KapbamuiHble Aabrenue, amm

CMOJIBL JI/IS1 IPOH3BO/CTBA II@HHLIX MJlacTMace
(aMHHOMACTOB), APEBECHOCTPYKEUHLIX MauT, Puc. 35. 3aucumocts gbi-
CHHTETHYECKHX KJEeB, COCTABOB JJf Mpo- X0Ad kapbaMuila oT xasne-
nutky TKaHeH, KapfaMuja ILHPOKO mMpHMe- A

HseTcA Takxke B apMaleBTHUECKOH Ipo-

MBILTEHHOCTH M /11 H3TOTOBJIEHHS CHHTETHYECKMX BOJOKOH (ypH-
JoH). Kap6amua mnonyyaloT CHHTETHYeCKH H3 aMMuaka U JBYOKUCH
yraepoja. [1poH3BOACTBO BKJIIOWAET CTaIHH XHMHYECKOrO B3aHMOjIeH-
ctBugd NHy u CO, (cuHTe3), AHCTHJIANHNU MPOIYKTOB CHHTE3a H Mepe-
pafoTku pacTBOpoB KapbaMmuila, TMONYUEHHBIX INPH  THCTHAIAINH,
B roTOBuIH MpoaykT. CHHTE3 MpoTeKaerT B JBe cTaaHu. B nepsoii mpoucxo-
AnT obpasoBanHe Kapb6aMHHOBOKHCIOTO amMMOHHA (Kapbamara):

9NH; 4 CO, == NH;COONH, + 159,1 /I - (a)

Bo Bropoii crajun mponcxoxut geruaparanus kapGamara ¢ obpa3sopa-
Huem kapbamupa B KUJIKOH ¢ase (pacriaBe):

NH,COONH; — (NH,),CO + H,0 — 285 & (6)

B wesom nonyuenne kap6amuaa — rereporeHHLii nporecc B CHeTeMe

[' — K, nporekarouyit B KHHETHUECKOH 06.1aCTH, MPUUEM CKOPOCTh €ro
JAHMHTHpYeTCS MpoTeKaloulel Hanbosee MeINeHHO CTaaHell jerwipara-
Wiy kapbamata aMMOHHA B pacnsaBe. Ha paBHoBecHe H CKOpOCTh
CHHTe33 Kapﬁamzma BJHAIOT JdBJEHHE, TEMIIEDATYpa H COCTAB CHCTEMEIL.
OCKO/TbKY KapBamar aMMoHHs 06/1a1aeT BbICOKHM JlaB/JIeHHeM MapoB H,
Kpome Toro, CHHTE3 B 118JIOM NPOTEKaeT ¢ yMeHbllenHeM ofhema rasa,
TO paBHOBecHBI BhIXOJ KapbaMujia pacTeT ¢ YBelTHUeHHEM [aBJIeHHA
(Puc. 35). CkopocTh npollecca H hakTHUeCKHI BHIXON KapGaMHia TaKxe
Pe3K0 ypesuuuBaeTcs ¢ NOBLILICHUEM NABJIEHHSA B Pe3yJLTaTe BO3pacrta-
HHf  gBwxywieit cuim mpouecca, T. e, BO3pAacTaHHA KOHUEHTpaIHH
Ta3005pasuuix pearentoB. CKOpOCTb MpOIECca, B YAaCTHOCTH CKOPOCTh
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NHMHTHPYIOIel ctagnu (6), pe3sko BO3PACTAeT ¢ MOBbIlIeHHeM TeMrepa-
TYpPhl, B pe3yjbrare” 4yero pacrter (aKTHUecKHii BbIXOZ KapBaMiita

<

Bpems Oezudpamaduy

(puc. 36). M3 puc. 36 BHAHO, YTO BhI-
C

80 we 180 KpHBble BbIXOJA MPOXOAAT
S 7 yepe3s MakcHMyM. [Ipu AanbHeHieym
S 60} 2ppor YBeHYEHHY BPeMeHH NpeCbiBaHiis
7N 160°C PeakuHOHHOH cMecH B 30He Harpe-
S 49’ ""‘h;/_@;h o, Ba BLIXOJ KapGamuja Majaer H3-3a
S /4 R YCH/IeHHST NOGOYHBIX peakuuil. Brl-
g Pk X0 MPOJYKTA MOMXHO TaKikKe YBeJH-
S v YUTh NpHMeHeHHeM u36bITKa aMMua-
] 10 — Ka B HCXO/JHOH CMeCH MO OTHOLIEHHIO

7 2§ 4 5 K CTeXHOMETPHYECKOMY COOTHOIUe-
unio (puc. 37). H3b6biToK aMMmHaxka

Kapdamama, ¥ npenaTcTByer obpasoBanuio noboy-

Puc. 36, 3aencHMocTh BBIXOZa Kap- .
GaMHAa OT TeMNepaTyphl W BPEMEHH

HbIX IPOAYKTOB THIpoan3a kapbamara
H CMeLlaeT paBHOBeCHe CTaiHH (0) B

npeGbiBaHHA peaklHoHHoHi cmecy B CTOPOHY OﬁpaBOBaHHH KapﬁaMH,:La,

peakTope MOCKONBKY 3TOT H3OBITOK. CBA3hIBAET

Boay, ofpasylomyiocsi B pe3ynbTare

JerHapaTanuu KapGamata ammonns. MabeToK aMMHaka B pearupyioLed
CMeCH yMeHBII3eT TaKxe KOPpPO3HI0 aANMaparypbl

B npombiunensoctd cuares kapbamuia BelyT Ge3 MNpHMeHeHHS

karamuzatopoB npu 18.10° —2.10° H/M® B unTepBane temmepatyp

180—200 °C. ITpumenenune 6osee BBICOKHX
TeMllepaTyp OTpaHHYHBaeTCs, IV1aBHbIM obpa-
30M, YCHJeEHHeM KOppO3WH ammaparypsl. B
KaqecTBe ChIPbs HCMONL3YeTCA 3KCMaH3ep-
Hblf ra3 aMMuUa4HOrO MPOU3BOACTBA, COTEp-
Hawmi Ao 90% CO,, W XUIKHHE aMMHAaK,
B3AThIH B u3bpiTke 100—I125 % ot crexuo-
MeTpHuecKoro Konaugectsa. ITpu sTuUX ycao-
BUAX BbIX0A Kapbamuja (mo CO,) cocraBnser
60—70% u B nnaBe, ofpasyiolleMca NpPH Ae-
rujipataudy kapbamara, COZEePKHUTCA OKOJO
35% kapbGamuia. OxoHOMuUeCKH# 3PPeKT
MpOU3BOACTBAa H cebecTOMMOCTE Kapbamuia
3ABHCHT OT HCIIOAL30OBAHKA HelpeBpallleHHbIX
peareHTOB — aMMKaka ¥ JBYOKHCH yriiepoja.
Ynpoulensas cxema MpoOU3BOACTBA Kap6GaMiaa
MpAMBIM CHHTe30M MoKa3aHa Ha puc. 38. Cun-

Te3 NIPpOUCXOJIHT B KOJIOHHEe H3 JIeI‘HpOBaHHOI?II

CTaaM; BHYTPH KOJOHHLI HMeeTcs BHYTPeH-
HHIl UAMHIp, Ha3HauyeHHe KOTOPOro Mpejo-

i
S L~
Sl
5
S
1=
S 60 /
<Q
b
2 4§ 4 5 6
H3leimok aMmMuaxa
(NH;:CO,)

Puc, 37, 3aexcHMocTh pag-
HOBECHOIo BBIXofa KapOd-
MHIa oT #30biTKa aMMHaKd

XPaHHTh KOpPMyC BLICOKOro JAaBJjeHHs OT arpeECHBHOﬁ peaxuuonﬂoﬁ
cpelbl. KHIKHE aMMHak HAcoCOM MOJAeTcs B KOJbleBoe OpocTpaH-
CTBO Mex1y KOPNYCOM M BHYTPEHHHUM LU/JHHIPOM, OMLIBaeT KOpMYC
NpeloXpanas ero OT BO3/JeHCTBHA arpecCHBHOH Cpeibl, W pearupyer €
ABYOKHCDBIO yIaepoja, ojaBaeMoil CHU3Y KOJOHHBI Bo BHYTpeHHee NPO-
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cTpaHeTBO IMauHApa. KononHa paGoraer NpH peKHME BLITECHEHHS.
Ils1aB KapGamija OTBOAHTCA M3 BepXHeil YacTH KOJOHHBI, JIpOCCe/H-
pyeTCﬁ J0 ElTMOC[I)@pHOl"O JaBJIeHHA H HanpaB.ns{eTc;{ B JHCTHJAJSALLHOH-
HYy10 KOJOHHY, rae OT pacrtBopa kapbamuja OTTOHAWTCA aMMHak H
NPONAYKThI Pa3JIoKeHHA YrieaMMOHHWHHBIX cosel. PactBop kap6amuia
yliapHBalOT B BHIMApHOM amnlapate H KPHCTAMIH3YIOT WM TpaHy/aH-
pyloT Kap6aMHI B TpaHY/AIHORHOH OaliHe.

[a3bl AHCTHAAAILMH HanpaeasiloT Ha pereHepaunio. Cxembl Mpou3-
BOACTBA Kapﬁamnna OTAHYaloTCA pasHbIMH - METOMAMH  pasjlejlenHna

== K faryyry

(NH3+C0,+H,0)

AmMrmuak Bosdyx
wudkuid Mnal j
O00)|B8EE
7PN
o i-\\\\\k\
1 1t \\\Q\\\
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piy ! l'll“‘
2 Pt
/ inininind
9 Boadyx
CO, cam
Kondencam —
Kapdamud

Puc, 38. Cxema mpouseoicTsa KapGaMmuia:

! — Hacoe; 2 -- KoMnpeccop; 3 — KOJOHHA CHHTe3a, 4 — BHYTPeHHAS DeaXIHOHHAR KaMepa;
§ -~ OUCTHANAUKOHHAA KOJOHHA; 6 — BHIMApPHON annapar, 7 — cOopHHK NAaea, &8 — rpa-
HYNALHOHHAA Gawwun; ¥ — TpaHcnopTtep

H perexHepalMi 3THX ra3oB: HCHOJL30BaHHEM HX B CMEKHOM IIPOM3BOJ-
CTBe aMMHAuYHOH CeNHTpPHI, pasaedeRdeM myrem H3bHpaTenbHOH abeops-
uny CO, u NH; pasnnuebiMH MOTOTHTENAMH H BO3BPaToM OGOMX
peareHToB B mpouecc (rasopbiit peiuki), noriaouiedneM NHg u CO, u3
ra3a HHepPTHHIM MHHEpaibHLIM MacjoM ¢ obpa3oBaHHeM CYCIEH3HH
Kap6amaTra aMMOHHSI B Macjie, KOTOPYIO BO3BpaUl3lOT B KOJNOHHY CHH-
Te3a, po3spartoM B 1k NHy 1 CO, B BHI€ BOAHBIX PaCTBOPOB aMMOHMI-
HbIX cosielt (:KHIKOCTHOH pelHKa) # T. M.

.

6, CORA

HarpueBnie uienouH, HaspiBaeMble B NMPOMBILJIEHHOCTH COJO-
ponykramu, BblpabaThiBAOTCA H NOTPeOAAIOTCA B OTPOMHBIX KOJIHYECT-
Bax. K comonponyktam OTHOCATCA Kafibi(HHHPOBaHHAfA coja (KapBoHar
Hatpusi) Na,CO,, nByyraekucias, WAM THTbeBasd, coia (OnkapGonat
Hatpus) NaHCO,, kpucraanmdeckas coma Na,COy-10H,O, taxenas
o1a Na,CO, -H,O 1 kaycriueckas coxa (enkuii sarp) NaOH. B nau-
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GonbinX MaciiTabax NMpoH3BOIHTCA H NPHMEHAETCA KalbIHHEPOBaHHan
cona, HABIAKMIAACA OJIHUM H3 Ba*KHEHINHX XHMHYECKHX NMpOJIYKTOB
H HCXOJIHBLIM MaTtepliaioM AJs MHOMHX I]pOHSBO,S‘,CTB.

KapGonar HaTpusi — Gesblf  KpUCTANJHYECKHH TMOPOILOK, IL1,
2,53 r'em®, 1. . 853° C, HackMHAas nA0THOCTL 0Koao 0,5 T/M%, Bonube
pacTBOpH COJIbl MMEWOT CHJABHO UIEJOUHYIO PEeakuH B pe3y/bTare
ruapoausa Na,CO,. KanelnHupoBaHHas ¢ojia MpUMeHAeTCA B MPOMBILL-
JEHHOCTH HEOpPraHHYeCKHX BelUlecTB, A/JAa NMoayueHHs OCTalbHEIX COno-
MPOAYKTOB ¥ pAfa cojell B MeTa/MIyprull, B CTEKOJbHOH MpPOMBbILLIEH-
HOCTH, JUIsl OUMCTKH He(hTenpoiYyKTOB, B I1e/10J03H0-OYMakHOM,
JaKOKpacoUHOH, TEeKCTHILHON, KOXEBEeHHOH 1 MHOTHX JPYIHX oTpacisx
npoMelisieHHocTH. OcHOBHbie morpebuteny Gofdee CHABHOIO OCHOBa-
HHAl — eJKOT0 HaTpa — ajioMiiHHeBas, HedTenepepabarTbiBaomasn, eJ-
Alao3Ho-6yMaxKHasi, MblIOBapeHHasl, JlaKOKpacouHas oOTpac/iu Mpo-
MBILIJTEHHOCTH, MPOH3BOACTBO HCKYCCTBEHHOIO e/IKd, MPOMBILIIIEHHOCTD
opraHnueckoro cuHrtesa. KanbnusupoBannas copa npeiacrasaser cobofi
COJIb CHJIBHOIO OCHOBaHus 11 cnabol Kuciaote, [losyuenie storo Muoro-
TOHHAXKHOIO MPOJIYKTA CJAYKHT MPHMEPOM KpYMHOrO COJEBOro NpoH3-
BOJCTBA, OCHOBAHHOTO Ha XeMRCcOpOIHOHHBIX mpoueccaX B CHCTeMe
JKHAKOCTb — ras. )

AMMuauHB# cnmocof nNpPpOU3BOJACTBA COAH
ABNACTCA B HACTOALLLE BpeMs OCHOBHLIM MNPOMbLIILJICHHBIM crmocoOoM.
[TpakTuueckue OCHOBH ero Gulin pazpabotatsl B KoHue X1X B. 6e1briii-
ckum uHzkeHepoM CosibBe, a TeOpus npoilecca pycckuM yuensim I, TT. de-
JOTbEBBIM H 3areM JApPYrHMH COBETCKIIMH YyUYCHLIMH. C BIpbeM I/
MTPOH3BOJACTEA COABl MO aMMHaYHOMY CI'IOCOﬁ}r‘ CIYHKAT H3BECTHAK HJIH
MeJ, ToBapeHHas COMb B BHJAE HACHIIEHHOrO pacTBopa H aMMHaK.
B PasaHYHLIX CTaAHAX aMMHa4HO-CONOBOro npoOH3BOACTBA NpOTEKAET
PAN peakilMi: cyMMapHas peakiiud

NaCl -4 NH; + CO, -+ Hy0 = NaHCO; 4 NH,CI (a)

Peakuusa (a) HMeeT HeCKOJBKO CTaAlH, MPOTEKANX TPH MOCTe10-
BaTelbHOM HachieHud pactBopa NaCl amMuakoMm (aMMoHH3amus)
¥ IBYOKHCBIO yruepona (KapBoHu3aiHs), KOTOPbIE MOXKHO YIpPOLLEHHO
1306pasuTh peakuHAMH MOHOKapGoHH3anny

2NHj 4 CO, +- H,0 = (NH,),COs ]
Gukap6GoHH3a UK
(NH,4):CO;+CO; + H;0 = 2NH,HCO; (8)

i OBMEHHOIO pasfioKeHHs
NH,HCO; 4 NaCl == NaHCO3;+ NH,CI (r)

AMmoHuU3aI A paccosia Heo6X0uMa 1A BBEIeHIA B HEro AByOKHC!H
yriepoja, He pacTBOpHMOIl B HachieHHOM pactBope NaCl. Jlanbuefimee
noraomenne CO, aMMOHH3UPOBAHHBIM PAaCCONOM TPOHCXOIHT B Pe3yJib-
TaTte B3auMONEHCTBHA € PACTBOPEHHBIM aMMHAKOM (XeMOcOpOILiH).
Peakuus (r) siBaseTcs OCHOBHOM cTaineli aMMHAYHO-COOBOTO MPOLLecCa
M BLIXOJ MPOIYKTa — O6uKkap6oHara HaTpus — OMpeleasieIcs yc/JI0BKA-
MH ee paBHOBecHsi. Hanmenee pacTBopuMbli GHKap6oHaT HaTplA BHIMA-
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n1a€T B OCAJ0K, KOTOpbIl OT(UALTPOBBLIBAIOT H MPOKANHBAIOT (KajbIly-
nupyloT). Ilpu 3ToM 06pasyioTca KOHEUHLIE MPOAYKTE — KaTbIIHHHPO-
paHHa#fd <oja H JABYOKHCh yrJaepojia, HCMoAb3yeMan naf KapﬁOHHSauH}[

QNHHCO:;ﬁNaJCOg <4 CO_) - H_‘O (z)

Takum o6pasoM, 3aTpaueHHas A1BYOKHCb yIJ/epojga pereHepHpyercs.
[Torepu CO, BOCNOJHAITCH ABYOKUCHIO YIJepoja, 1MoJjyyaemoi 0GxkH-
roM H3BECTHAKa:

CaCO3 =Ca0 4 CO,—177,9 kMlx i (e)

HOJ]}"—IEHHEIH HpH 06H(H1"€ H3BECThL HIET HAa npnroroaﬂemie H3BEeCT-
KOBOTO MOJIOKaA: ’
Ca0+ HaO =Ca(OH), ()

HM3BecTkoBoe MOMOKO HEOOXOIHUMO 174 perevepagdy amMHaka H3
MATOYHOIO pactBopa (pHABTPOBOH KHAKOCTH), IONY4YEeHHOro mnoc/e
ornenenusn .Gukapbonara, Perenepauif npoM3BOIMTCS AHCTHAIALHCH
(pUIBTPOBOH KHAKOCTH, CMEIUAHHOH C H3BECTKOBLIM MOJOKOM:

9NH,Cl -+ Ca(OH), = CaCl, 4 2NH; + H;0 (3)

PereHepupoBaHEbBH aMMHaK NpHMEHAETCA A1S aMMOHH3auuH Co-
JeBOr0 pacTBopa, a 06pa3oBaBILMHCA PacTBOP XJOPHAA KajbiHA ABIA-
eTcst OTXOAOM COJ0BOTO NMpou3BojicTBa. [IpOH3BQICTBO COAbI HA COAOBLIX
3aBOJaX PAacrno/IoKeHo B Hexax Kajb-
[HHUPOBAHHON CORBl H H3BECTKOBO-
06KHraTe/ibHbIX — medelf; nocae1HuH
o6cny’KHBAET KPOME COJ0BOrO Ipo-

1600

W3BOJCTBA €lile pAa I1EXOB 3aBoia. g /
M3BecTKOBO-00KUraTeNbHBIH 118X BXO- ; Y] E O S S
JIHT B COC14B HE TOJbKO COJOBBIX 3a- S /
BOJIOB, HO W JPYrUX NMpPOH3BOACTB, 1€ L]

ONHHM H3 BHAOB ChIpbf CHYIKHT H3- /
BeCcThL HJIH ﬂByOKHCb )»'[‘J]epo,ua. Ta" S00 8ag 769 #3097 1000
KHME HEeXH HMEWTcA Ha 3aBOjax, Bbl- Temnepamypi, °C
MYCKAWIIHX XJOPHYI0 H3BECTh, Kalb-
[_u{eay[.o Ce.ﬂHpr, Kapﬁi!,‘l KaabIlud, [-]HC. 39. 3aBHClIMUCTb paBHOBeCHOTID
CTPOHTENbHbIE MaTepualbl H JIp. A e €O, or TOMIEpATY L TP
Peakuus pHcconuanuu H3BeCTHSA- Arcouttantu kapGorata kafeluitd
Ka (e) ofpaTHMa M 3HIOTEPMIIYHA,
Tennosasi sueprus, Tpebyemas 1 AMCCOMMAnuy, obecrequBaeTcs
GKUranueMm yris, nojaBaeMoro B medyb BMeECTe ¢ H3BecTHAKOM. OCHOB-
HBIM (haKTOpOM, ONpeliedsolHM paBHOBECHE ¥ CKOPOCTb AHCCOIHAIUH,
ABIfieTcA Temmeparypa. PaBHOBecHOe 1aB/ieHHe JBYOKHCH yr/epoia
(naBnenue aucconnanuu CaCOy), onpeaesionee KOHCTaHTy paBHOBECHS
Mpouecca, aocruraetr 10° H/m® npu 989° C (pue. 39). Ycekoputs amcco-
UHan U0 MOMKHO MOBbILEHHEM TEMMEPATyphbl H YMEHBILEHHEM pd3MEpPOB
KYCKOB 13BeCTHAKA H TOMJIHBA JI0 ONTHMATbHBIX 18 Pa3BUTHA MOBEpX-
Hocti kontakra ¢as (T — T). UpesmepHoe n3MenbyeHHe H3BECTHAKA
U yraa nopmiiaeT rHApaBAMYECKOE COMPOTHBAGHHE IUXThI H cnocob-
CTByer criekanuio Kyckos. [1pu noBeiluenuy Temneparypst Boilte 12007 C
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06pasyioTes JIETKOMJIaBKHE CHINKATH i PePPUTH KadbUHA ¥ TTPOUCXONH]
c/lHNaHKe KYCKOB IIMXThHl B KPYMHLIE arperarsl, HapyLalouye HopMaip-
Hyto pabory neyu.

H3BecTHAK 00AHTAIOT B WIaXTHLIX NEPECHIIIHBIX feyax ¢ BO3AYIIHbMy
aytbeM npH Temmepatype B 3oHe oGxkura 1100—1200° C, npumenss
pa3mMeprl KycKoB u3pectHAka B npefenax 40—120 mm u yras 40—80 mum.
Conepikanue 1ByoKHCH yrJepoja B neytioM rase He npepniiaet 40% CO,,
TaK KaK yHCTas JBYOKHCb yrieposa, BbLAEAAIOLWAACA IpH AHCCOL A Ky
H3BECTHAKA, pasbaBasnerca ¢abbiM rasoM, NMOJYyUeHHBIM NPH CTOPaHHK
yrjis B Bo3AyuiHOM AyThe. O6liee KoJiHYeCcTBO JABYOKHMCH yraepona,
MoJy4aemMoe B leyax BMECTE C H3BeCTblo, HeoGX0AHMOH 17 peresepanuy
aMMHuaxa, 3HauuTeapHo Gojblue, ueMm Tpebyercsa Mo MaTepHaJbHOMY
Ganancy Aas BocnoaHenHs noreps CO, B aMMHa4HO-COI0BOM Hpollecce,
[lostoMy 4acTk megHoro rasa MCHOAL3YETCS AAS APYTHX LeAeHd Win
Boinyckaercsa B armocdepy. HMapecrkoBoe MoJoKo MOAYyaloT raueHuem
H3BecTH BoJOH ¥ c/abbiMH OGOPOTHBIMH PACTBOPAMH BO BpaulaOLIHXCH
Gapabanax-racutensix, Ilonyuensoe H3BECTKOBOE MOJIOKO OYHLIAIOT
OT KPYNHBIX 4aCTHL HEpa3AoKUBLIErocs U3BECTHAKA H ApYrUX NpuMeceii
B aplpyatoMm Oapabane, a ot Gojee MeIKHX YAaCTHIL — B KJaccH(PHKATO-
pax uau ruaponuknonax. Comep:kanne Ca{OH), B cycnensuu cocras-
jseT 270—308 r/71 B 3aBHCHMOCTH OT KadecTBa W3BECTH H pPemHMa
raileHus.

OPH3HKO-XHMHYyEeCKHEe OCHOBH KapOGoHH3a-
MIHH aMMHauYHO-COJAHOro pacTBOpa oTpakawl
CTOXKHOCTh NPOHCXOMALUNX B MpoH3BojcTBe npoueccoR. llentpanbHol
CTaj1ueil *colloBOro NPOH3BOACTBA ABJAAETCA KapOOHH3alud aMMOHH3H-
poBaHioro paccosna. O6pasoBanne Gukap6oHaTa HaTpHs MpH KapGOHH-
3allH¥ TIPOHCXO/ANT B pe3yJbTare CAOKHBIX XHMHYECKHX IIpOLEccoB.
IIpu xapfoHuzanuu aMMOHU3HPOBAHHOIO PACCOJd MPOTEKAT HOHHBI
peaKkiuy MEKIY pacTBOPEHHBIMH BEleCTBAMH, HaXoAAuMMHcH B JHHa-
MHUYECKOM PaBHOBECHH € HEAMCCOUHHPOBAHHBIMH MOJIEKY/daMH OCaxIeH-
uoii tepoi ¢assl (NaHCOy) u ¢ rasom. HauvanbHoe u koHegHoe cocTos-
HHA OCHOBHOrO Mpolecca, NPOHCXOAALIETO MPH KapOOHH3AlUHH 0cakK-
JeHusA GukapOoHaTa HaTPHA, MOKHO BHIpa3uTh peakuuei

NaCl 4 NH HCO; == NaHCO; +- NH,Cl (H)

Pasuosecne peakuui (r) u Bxon NaHCO; onpeneasiores ycnoBusamu
pacTBOPHMOCTH B 3TOH B3auMHOH cucTeme cojell, Kotopbie OBbIIH Bllep-
Boie uayuenst [1. I1. denornesriM.

KBanparsas quarpaMma paccMarpHBaeMol B3aWMHOH cHCTeMBl (KiH-
Horpaduueckas MpoeKuus IpocTPaHCTBEHHOH auarpammel) npu 15°C
npuseseHa Ha puc. 40, a. Ha 3tofi anarpamMme TouKu pacTBopHMocCTH
KaxJol u3 cosell cHcTeMbl HaXolATCA B BEPUIHHAX KBaJpara, NMpHueM
conu ¢ obuuM HoHowm (Hanpumep, NaHCO,; u NaCl uau NaCl u NH,CI)
pacrooKeHnl B CMEXKHBIX Yriax KBajapara. J1BoiiHble 3BTOHHYeCKue
touxku [, [1, I/1 u IV, orBeuvalouiye pactBopy, HACHLIIEHHOMY JABYMA
COJIAMH, pacrojJoKeHkl Ha cTOopoHaX KBajapara, a TpoHHble Tourku P,
H P, HaxoasATcs BHYTpH KBajlpara. B Touxe P; pacTBop, colepaliuit
NaHCO,;, NH4HCO; u NaCl, saxoaurcss B PaBHOBECHH ¢ TBEpPALIMH
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comsimu NaHCO;, NH,HCO, 1t NH,CI, noas xpucTanin3auuy KOTophix
CcONMPHKACAIOTCA B ITOH TOUKE. B Touke P, coCTaB MKUAKOM 1 TBEPIOH ha3
nacwienHoro pacteopa onuHakos (NaCl, NH,Cl, NaHCOy). Jlunuu
pHYTPY KBAIpaTa, COCNMHSIOWHE SBTOHHYECKHE TOUKH, SIBJSIOTCH
JHHUSIMA COBMECTHOTO BLIAG/EHUs B TBEpAYIO a3y ABYX conei, mojs
KpHCTATH3aUHH KOTOPBIX CO-

npukacaiorest. M3 pic. 40 BUL-  yaico] v 2 N, HCO,
HO, UTO HalMeHbIeH pacTBopH- 290 N -
poCTbi0 B 3TOH cHcTeme ofnia- nel
naer NaHCOj, nose kpucraniu- Y,
aallHd KOTOpOro (MoBepXHOCTh 05}
;] —1V — P, —P, —1I) 3anu- o5F
maeT 6osed 3/, miolany jauar- 04
pamMbl. a3t

durypaTHBHLIE TOUKH KBal- 0.2}
paTHOH JHarpaMmbl OTpazaloT aIL j Nt
TOIBKO COCTaB Ge3BOAHBIX CO-  NaCl™ g 470207 G4510506070809 4
aeft (cyxoro ocraTka HachilLeH- NaCl —
HbIX PacTBOPOB), NMpPHUEM KOH- MHC(ja DISH°_ i, Hcos
[eHTPalHH HOHOB BhIpaXKeHbI N Pz
B TIPOLEHTax, T. €, CyMMma “ I3
oboux katuonos Na* + NHj, N 4
papuas cymme axnoxos Cl™ -+ . /’
4 HCO; u BoipaxkeHHas B NGHCO, ,“: Nitgidas
rpaMM-3KBHBAJNEHTaX, COCTaB- RN
aster enupuny  (wan  100%). S N
3Hast HOHHBIH COCTAB CHCTEMHI, S s P a2
MOKHO ONpEeneNHTh H CONEeBOH /. e
COCTaB, KOTOPIi Nacl S N,

. pbifl BhIpa)kaercs Naca O 1590 4

B MOJIbHBIX [IPOLEHTAX, TAK KaK

KOAHYECTBO MOJMEH BCEX CONCH  p.. 49 Jlyarpamma pacTBOPUMOCTH CHCTe-
CHCTEMDb! PaBHO KOJHYECTBY Ka-  yp NaCl—NH,Cl—NH;HCO;—NaHCO;—
THoHOB uau aHuoHoB (100%). —H,0:

Has onpeaesnieHHsi CONepKaHHA 45 — yzorepma 15°C: 6 — usoTepmbt 0,15 H
BOJLbl B HaChINIEHHBIX PacTBOpax 30°¢

Ha nuarpamme (puc. 40) Hane-

CEHLl AHUHHUU H30ruap, T. € JIHHHH, COOTBETCTBYIOU{HE NOCTOAHHOMY co-
Aepxkanpio pogbl, L{udpsl Ha H30THAPAX MOKA3bIBAOT YMCJIO MOJEH BO-
Ibl Ha | Moib ¢yMMbI codIel CyXOoro octarka.

JAs mpaxkTHUeCKOro MpOBEJeHHS mNpouecca KapOoHW3alHu BaykeH
BbIOp yC/AOBHE, MPH KOTOPbIX NOCTHAeTCS MaKCHMaJbHbIH BHIXOX
ocaxknenHoro NaHCO,; ¢ HauMeHbILHMH NOTEPSMH HCXONHBIX PeareHToB
NaCl u NH,HCO,. KosdpuuueHTsl, XapakTepH3yiQLHe HCNOsb30BaHHe
;EXOHHBEX penrecTs: Hatpus Uyn; ¥ amMoHuf Unyl, ONpelensioTcs Mo

PMynam:

._ ICI"]—[Na7]
UNi=-—par T '® (1V.2)

4 _ INH{]—[HCO;]
Ugd, = NHT] 100, (1V.3)
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rae Una — crenesb npeppautenusi NaCl B ocantok NaHCO;, %5 Uny, —
crenenb npespamenus NH,HCO, B ocanox NaHCO., %; [Cl7], [Na*,
[NH;1, [HCO,;] — koHueHTpauus HOHOB B PacTBope nocie KapOoHusa.
ukn (nax ocaikom NaHCO,). YcioBusi, oTrBeuaromie MaKCHMaAbHLy
Uni 1 Unui, MOXKHO ONpeIe/iHTh, N0Jb3ysiCh 1HarpaMMaMi pacTBopuy-
MOCTII.

QUrypaTHBHLIC TOYKH HCXOAHOIO pacTsopa, cojaepxamero NaCl
u NH,HCO; B n106niXx COOTHOILEHHAX, PacMmoioKeHbl Ha JMaroHalm,
coenuHAIOMEH Beplllilibi KBajpara, oTBedaiomie 3THM coasm. Ipu 15
u 30° C (puc. 40, 6) 3TH TOUKH HAXOAATCH [JaBHBIM 0Gpa3oM B mo.le
Kpucrananusauuu OikapBonara Hatpus. CocTaB pacTBopa NpH ocaxie-
Hun NaHCO, usmensiercst Brosb Jdywa Kpucraminsauun NaHCO,
10 nepeceueHust ¢ KpuBuMu [/ — P,, P,—P, vnu P, —IV (B 3aBucHMOCTH
oT - ucxoanoro  coorHoineHuss NaCl u  NH,HCO,). Beanuunm
Una ¥ Unpy 3aBHCST B OCHOBHOM OT BLIfOpa COCTaBa KOHEYHOI'O PacTBo-
pa Ha 3THX KPUBLIX M OT TEMMepaT\ pHbiX yc1oBuit. B rabi. 6 npuBenenn
pacculiTaHHLIE NPH NOMOIULM aHarpammu (puc. 40, a) cocTaBr KapOoHU-
30BaHHHIX PacTBOpPOB i COOTBercTBYHOilMe 3HadeHuss Una”™ ¥ Unul.

TaGavwa 6

Uy u UNHT 105l PaBHOBECHBIX COCTABOB KapOOHH3OBaHHBIX
pacteopoe npi 15° C
;(E?:\lg:;g:u;:cf:g& KOHUSHTPAHA HOHA B KOHEYHOM
"R'[‘g:‘lz(.u‘m da 1000 r BOZbl, I pacTeope Ha 1000 r BOAM, [-3hR Una™s UNH,‘-
NaCl |NH,HCO,| HCO; | € | Nat | NHj o o
P,y 479 205 0,18 8,17 | 462 3,73 | 434 95,1
b 417 431 0,51 13| 2,19 | 5345 | 622 90,5
P, 397 496 0,02 6,79 | 1,44 | 627 | 788 | 83.1
¢ 351 446 0,99 6,00 1,34 | 565 | 77,7 825
d 316 412 1,07 541 | 1,271 521 | 764 | 795
e 234 327 1,30 400§ L16 | 4,14 | 71,0 68,6

Tpumep. Jlns pacyera cocTama HCXOJHOTO PacTBopa U Kosbbuuuenta Henoie-
30BaHuA 1715 KapGOHH30BAHHOTO PAcTBOPA COCTABA Py (Ha OIHY MOJBHYIO NoJi0 3TOTO
pacTBOpa) COCTABJIAETCA YPaBHEHHE H3OTEPMHYECKOH KPHCTalLIH3anuu

xNaCl+ yNH,;HCO3 4- zH,O0 = uNaHCO3 4- 1 moa. moas pactBopa Py, (IV.4)

To aunarpamme (puc. 40, a) onpegensioT cocTas pacTsopa Py B MOAsAX Ha | MOIb
cyxoro octatka: Nat 0,186; NH; 0,814;C1-0,88; HCO, 0,12 1 H;O 7,2 3artem cocras-
ASHOT YacTHble ypaBuenus: no Nat — x == u -+ 0,186; no CI” — x = 0,88; no NH{ —
—y = 0,814; no HCO, —y=u + 0,12 u no HyO — z=7,2. M3 3tux ypabue-
Hill HaXoauMm i == x — 0, 186 = 0, 88 — 0,186 = 0,694. .

Creaoparenbho, A4 noaydedus 1 mMod. joaum pacteopa Py u 0,694 monp ocanka
NaHCO; caenyer cumeuwats 0,88 moas NaCl, 0,814 mons NH;HCO; u 7,2 moas H.O.
Jror pacteop npu 15° C ABaseTcs nepechillledHbM *, TdK K4K HACHUNEHHBIT pacTBOP,

* (MaKkTHYeCKH paccos, MOCTYNaiomHil na xapfoHu3auH0, HE ABIfeTCs Nepechls
EHHBIM, TAK KAK B NPOH3BOACTBEHHEIX YCIOBHAX HEBO3MO'hHO JOCTHYb 1dme HAcH:
IEHWA HCXOIHOTO paccoda NoBapeHHoll codbio. Kpome Toro, NoHWKenHe Teunepa-
TypH cycrensun (10 20—25° C) Npou3BoAUTCA TOJNbKO B HUMKHEH YacTH KapOoHH3alH
CHHOM KOJIOHHB B Kohle kpucramausaiud NaHCO,.
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orpeyarollull HexonaHo#l Touke a (cM. pue. 40), comepur okono 25 moaw Boawl. M3
rakoro pactBopa fynet kpucranauzobatbed NaHCO; o Tex nop, noka coctas pactsopa
He ﬁy}_’gET OTBEYATE TOUKE P!. CO()‘THOU_IE‘HI!E WCXOIHBIX peareu'rma COCTaBaAeT

NaCl 0,88 1.08

NH,HCO, 0,814 T

KoshdhHIHEHTH HCNOAb3OBAIWA A1 KOleYHOro pacteopa cocrtaBa P,

100 (Cl"—Na")  NaHCOj; ocaxza. 100 _

Una- = Cr NaCl -
_100(088—0,186) _ 0,694 e g0l
0.8 = 0gs 100=788%,
__100(NH} —HCOj;)  NaHCO; ocaxa. 100
NHT NH; NH,HCO, -
_(0814—0,12)- 100 _ 0,694-100
= 0,814 =—ogis ~ool%

M3 puc. 40 u ta6n. 6 caepyer, uto Uy yBeauuHsaeTcd Npu NPHOAWKEHHH
K TOYKe Py, TAe NOCTUIAeT MaKCHMAJbHOro 3nadenus, a Uyyy — M0 HanpapiaeHu:o
K Touke Py, rje Takme AOCTHTAeT MaKCUMyMa. TeopeTHYecKd Hawudydllie Pe3yabTaThl
JIOCTHratorcst BOAH3H TOUKH Py, T€ HAPARY € HaHnGoabLINM Uy OTHOCHTENbHO BEIHK
H Unpgr Cneposatenito, npu 15° C B KoHlUe KPHCTAMIH3AIKH NAHBBICIIWE Teoperu-

ueckuii Beixon NaHCO, (no NaCl) cocrasager neero 78,8%, Pasnosecue B paceMmaTpi-
BaeMoOii cucTeMe H3MelsieTcsi ¢ TeMneparypoil. B tabauue npusesens! aHauvenus Uy F

nlyy ;» PacCuHTaHibIE 119 TOYRK Py 1 Po (M. prc, 40) npH pasnuudbiX TeMnepaTypax.

Kosdduunenr | Kozhbuuuent
Temnepa- HCnoab3oeaHus, % | Temnepa- HCROJb30BAHHA,
Touku Typa, °C | ! ToukH Typa, °C
Unat | Unig Una™ 't Unhi
P, 0 736 88,0 P, 0 356 93,6
Py 15 78,8 85.1 P 15 43,4 95,1
Py 30 83,3 842 | Py 30 50,7 942

Takum ofpasom, ¢ roBbilexneM Temneparyper Uy, - Bospactaer, a Uy} mouth

He neuneTcs. Hausbicwnfi Teopernueckuii Boixogx NaHCO, pocruraerca npu 32° C
(Touka P;) u pasen 84" . CocraBy P; npu 32° C oTBeyaeT TouKa f HCXOAHOro pacTBopa
(cM. puc. 40), Aexaulas ua nepecedeHuH AHATOHANEH KBAApaTd B OTBEYJIOWIAA 3KBI-
MOIEKYJASPIBIM KoJKuecTBaM Kexonubix pearentoB NaCl u NH;HCO;. Tlpakruueckn
Brxoy NaHCO; Bceraa MeHblile TeopeTHueckoro. Ito oGbACHACTCA TEM, YTO COCTABEI
KapBoHW30BAaHHLIX PACTBOPOB, OTBeudioullie Touke Py (Taéa. 6, puc. 40, 6), B npous-
BOJCTECHHHIX YCIOBHAX HEAOCTHHKMBL.

Ha co1oBbiXx 3aBofax NOABepralT KapOOHHM3allMH pacTBOpHI, He
* HacuimenHbie NaCl, 1 KapGoHH30BaHHKE PaCcTBOPHI coaepxaT He Botee
270 r/n NaCl u oxoso 90 r/a NH; (obuee copeprkaHiie ammuaxa).
[Tostomy npaktruecknii Buixox NaHCO; (mo NaCl) cocrasisier o6uiHO
65—75% B 3aBiicHMOCTH OT Temnepatyphl, conepxanns NaCl B paccone,
CTeneHH HACHIEHHS er0 aMMHAKOM H JBYOKHCLIO yrjepona H JApYyTHX
(Pakropos. ITosbicuTh Uni MOXHO YBesditueHHeMm cojepianisi NaCl
H NH, B aMMOHHM3HPOBAHHOM pacCojie, MOBLILIEHHeM KOHUEHTpalHH

, B rase, rnojaBaeMoM Ha KapOOHH3anHIO, CHHMKEHHEM TeMnepaTyphl
B KoHie KapGouuzannu u T. n. OcobeHHO 60.LIIOE 3HaueHHe HMeeT
TeMneparypHuiil pexuM B KapOoHH3allMOHHOI kKOJOHHe. B cpenHed
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9acTH KOJOHHLI, T dopmupyiores kpucranansl NaHCO,, oxnaxnenus
He TpeGyeTcs, TaK Kak nophulenue Temneparyph 10 40—50° C (3a cyer
5K30TePMHYHOCTH peakiuii) CnocobeTByer (OPMHPOBAHHIO KPYMHHX,
XOPOUIO (PHABTPYIOU(HXCSH KPHCTAAIOB. B HH)XKHEH YacTH KOJOHHHI,
rae MAeT 3aBeplUaromMil 3Tan KpHCTaniH3ainH, HeobXOonuMO TIOHHKAThL
TemnepaTypy aast ymenslueHus pactsopimoctd NaHCO; (cM. puc. 40, 6)
H YBEJIUUCHUS €r0 BHIXOJA B Pe3yabTaTe AONOJHUTENBbHOTO BbileICHHS
KPHCTAJIOB NMPH OXJaMJIeHHH.

Ouutyenmbid

paceen e AMMUTK pEZEHEDUPOSEHNOIT
BoIXOTAGE 203 }
Hsbecmmusk 7 T
u Y2015 E NH;+CO, I
= AMMUGYHGS § i 3 1t
bada = I Habecmwoboe
MOSIOKQ
Boda i H
|
I
{ 8% CO, fiap
[ — Pummpolas
| - Mudxocme Pacmlop CaClJ
L/
Hadecmy b == foin 10 == 13
TH0%CO, XE)?&&(.’JM;‘}F&"ZEHHEE
cona Q

Puc. 41. Cxema MpoM3BOACTBA COABl MO AMMMAUHOMY Criocaly:

{ — pIaxTHas H3BECTKOBO-oGMKHraTeNbLHAad nedb; 2, 7 — MpOMBIBATENH MedyHoOro rasa, 3 —

racKHTenb H3BecTH: 4 — Hanopubfl 6aK paccona; § — KoMnpeccop; 6§ — GapGoTaxnas abcop6-

UHOHHAA KOJOHHA; & — GapbGoramuad kKapOonH3aunoHHAaA (oCalHTeNbHAA) KonoHHa: § —

HMMHAR OXJIAXAAcMast 4acTh KOJMOHHE, /0 — GapaGawHblil BakyyM-huaAbTp; /I — OapboTa-

HaA QHCTHANALHOHHAA KoMOHHa; /2 — neds KadbuHuauuu GuKapBonaTa waTpHA; /3 — Tpad-
crnopTep

Iuarpammur pactBopumocts B cucreme NaCl — NH,HCO; — H,0
MOKa3LBalT TeOpPEeTHURCKYIO HEeBO3MOZKHOCTb MOJHOI'O I'inBp&UlE‘.HHH
MoBapeHHOoI CoaH B ocalok GHkap6oHara HaTtpHA. B sTom 3akmwodaercd
CJAHH H3 TrJaBHLIX HEIOCTaTKOB aMMIa4HO-COAOBOIrO IPOH3BOACTBA.

Cxema npou3BOJICTBa COAH B YMpPOLLEHHOM BHJE MpPEJCTaBjieHa Ha
pHc. 41. I1poH3BoaCTBO CONLI HaullHaeTes C NOOLIYH W OYHCTKH PacTBOpa
MoBapeHHOH CcOMM (Ha cXeme He noOKasaHu). Paccour, noJyyaeMblt
NoA3eMHEIM BhillieadHBaHHeM COJfAHbLIX ILMacTtoB, HIH E‘.CTECTBOHHI)II":]
paccoa JOHachilaeTCHd B caryparopax KaMEeHHOH CoMbio pile} KOHHE‘HT{)&‘
nHu 305—310 r/a NaCl. ITepen ncnoab3opaHHeM B aMMHAYHO-CONOBOM
MPOHU3BOJICTBE paccon OYHILA0T _OT coJiell Kanbllua U MarHus, tak Kak
B NPOTHBHOM Clyyae 3TH COJH G6YAyT BblafaTh B OCaAOK NpH aMMOHHU-
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sanMH # KapGoOHH3auHH paccona, 3afHBas anmnaparypy W Hapyiias
HOPMAJIBHBIH XOJ TIPOLECCOB. (“)uﬂcma or Karuonop Ca*" u Mg** npous-
BOJNTCH OCaXKICHIIeM MPHMECEH CTPOro JO3HPOBAHHLIMH OCALHTE/IbHBIMH
peakTHBaMU: CYCMEH3Hei COAbl B OUMILEHHOM paccosie H M3BeCTKOBBHIM
MOJIOKOM (COI0BO-i3BeCTKOBBI cnocob). OeaxaeHne npHMeceil npoHCXo-
JMT, HanpHMep, COIJJACHO YPaBHEHHAM pPeaKIHii:

Mg2* - Ca(OH). = Ca?” 4 [Mg(OH),

Ca?" 4 Na,CO;=2Na" - |CaCO;,

QOcanki THIPOOKHCH MarHus U KapOoHaTa Ka/jblHA OTAENSIOT B OTCTOMH-
HHKaX-CrYCTHTEJNAX HenpepbiBHOro jeficTBufA. OuduieHHBII H OCBeET-
JEHHBIH paccon W3 HanopHbiX GakoB (puc. 41), pacmosokeHHbIX Ha
BEpXHEM 5Take MHOIOSTAXKHOTO LieXa KaJbLHHHPOBAHHOH COjibl, camo-
TEKOM nocTynaer B abcopOUHOHHBIE KOJOHHBI 6apOOTaxKHOro THMA
(abcopbephbl), rfe OpOHCXOJHT HACHIUIEHHE Paccosia aMMHakoM H 10
HEKOTOPOH CTeneHH ABYOKHCHIO Yyraepoma. Jlis 3Toro HCnosab3ywloT
pereHepHpOBaHHHIH aMMHaK M3 JAHCTH/JIEPOB, a TaKxke OTXoasatiHe
rasbl pasJHYHBIX aniiaparoB nexa (KapOOHH3AUHOHHLIX KOJOHH, ab-
copbepoB, (QUJILTPOB), COAEpIKalIHe OCTATKH aMMHAaKa H JIBYOKHCH
yraepona. Abcopbuusa Bepercs Moc/el10BaTe/bHO B HECKOJABKHX ab-
copbepax. ITocse raxiolt crynmeHd abcopbuui Tena1o peaxiiil oTeo-
IHTCA MYTeM OXJa)KAEHHS pacTBopa npH NOMOIH BLIHOCHBIX OPOCH-
TeNbHBIX XOJOJH/JIbHUKOB (Ha CXCMC HC noKasausl). Jlnf KoMneHcalmH
norepb amMMHaka B abcopbepbl BBOJHTCH aMMiauHasl Boja (IpHMEPHO
2,5 kr NH; Ha | T Ka/buHHHPOBAHHOH COMIbI).

U3 ornenenus abcopbuHu aMMOHH3HUPOBAHHBIEL paccot nolaercs
B OTHeNCHHEe KapOOHH3alHH H pacrnpeieserca 1o KapGoHH3aHOHHBM
KOJIOHHaM. JTH annapartbl Takxe mpejAcTaBasiorT coboit GapboTarkHbie
KOJIMAUKOBbIe KOJOHHBI: B HHKHEH 4acTH KOJIOHH pacholI0kKeHbl X0./0-
AUJbHHKH, B KOTOPLIX LHPKVYAND YVET XOM0iHaA BOA. B HHIKHIOWO K cpe/-
HIOID YacTH KOJOHHBl KOMNPeCCOpaMH MNOJaeTcs KOHLEHTPHpOBaHHas
JABYOKHCb Yr/epona H3 neuyell KaibiHHAUKK COAul H Caalbbil neyHoH
Ta3 H3BECTKOBLIX Neuell. bukapOoHaTHas CYCEH3HS H3 KOJOHHBI CaMo-
TEKOM nepejaercs B oTaesenue puabTpanku. Ha 6apabannbix Bpamao-
LWHXCA BAKYYM-PHABTPAX OT MAaTOYHOro pacTBopa (PHILTPOBOH 2KHIKO-
CTH) oTaenfeTcs chipol 6MKapOoOHaT, KOTOPHIl TPAHCIOpTEpaMU nojiaeT-
Csi B eyl KasblHHanuy (cymniaky), OHu npeicTaBiasaior cobol Bpaman-
necs GapabaHHpie f1€4H C BHELIHHM 0OOrpeBOM TOMOYHLIMH rasaMH,
NO/1TYyYeHHBIMH CXKHTaHHeM Ta3000pasHoro HJH pachbiIeHHOT0 KHIKOTo
HJIH TBepIOro TON/IHBA. TOnodHbe rassl NPOXOJAAT NPAMOTOKOM C Ka/b-
UnHHpyembiM OHKapO6OHATOM B KOJBLEBOM MPOCTPAHCTBE MENKIY OrHe-
ynopHoii (yTepoBKoii, B KOTOPOI 3ak/jlOueHa neds, M ee CTeHKaMi.
Temnepatypa (suyTpu neun) cocrasaser 140—170° C *. Coipoit 6uxap-
GoHaT nojaeTcs B 3arpy30uH) 10 YaCTh MeUH MUTATe]eM, a FOTOBas Kalfib-
UHHHpOBaHHAs COAA YAadReTCs H3 pPasrpy30oyHeii yacTd MpH [OMOULH
—_—

* B nacrosugee BpEM$S COJOBLIC 3aR0jbI Meperonar Ha Gadee shderTneHstd cno-
;06 napopoit KaabithHayu B GapabadublX peakTopax HJAH B PEIKTOPAX Cu B3BELICH-
UM c10en chiporo GHKapGoHaTa.
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LIHEKOB H TPAHCMOPTEPaMH NO1aeTCH Ha YMaKOBKY. [asul KanabllHHANNY,
cojieprkaniie BosiHbIE mapbl W oKoJo 90% CO, B cyxoM rase, yraastorcs
C 3arpy3o4HOr0 KOHIa reyeil H MocJ/e OX/IaxK/IeHHs H MPOMBIBKH BONOKH
B MPOMLIBATEIAX KOMIPECCOPOM MOJaK0TCs Ha KapOoHin3antw. PHALTpo-
Bas XKHIKOCTb C (PHABLTPOB MOCTYNaeT B OTAENAEHHE pereHepanHy aMMia-
Ka. DT0 OTHeJeHHE COCTOHT H3 TEMIOOOMEITHNKOB, B KOTOPBIX KHAKOCTh
MOJOrpeBaeTcsi 3a CyeT Temja [a30B, BLIXOTHMUX H3 AHCTHJANEPOB,
B KOTOpbIX MPOMCXONHT pasJoxkeHuc ceszadHoro ammuaka (NH,CI).
Ha opoiuenne ancruanepos GpUALTPOBAA KHUAKOCTh MOJAeTCH B CMe-
CH C H3BECTKOBLIM MOJIOKOM, MOJYUYEHHBIM TailleHHeM H3BecTH B racu-
TensxX. B HUKHIOW 4acTh JWCTH/JIEPOB MOjaeTcst BOASHOH map, Cay-
KAMH TemIOHOCHTEIeM.

M3 HuKHeH yacTy AHCTH/IIEPOB OTBOLHTCA PACTBOP XJOPHAA KaJb-
M B LLTAMOBLIE GacceiiHbl, pacroJOXKEHHbe 32 MpejesaMH 3aBoja.
Ha 1 T kanbunH#uposaHHOM conbl cOpachizaercs 10 9 M* pacteopa CaCl,,
["a3bl QHCTHJIALHH, COAEprKamHe aMMHaK, OXJ/axIalorca B pAne Ten-
J0OGMEHHHKOB (Ha cxXeMe He MOKasaHbl) W nojalorcs B abcopbepsl.
Hasectb asst mosyueHHst M3BECTKOBOrO MOJOKa B TracuTesne H ras,
conepxauuii 35—40°% CO,, npoU3BOAATCA B H3BECTKOBO-OOKHIaTE N b-
HbiX redax. [1euHOl ras ouHmaloT OT MbLTH, OXJ&XKAIT B NPOMbIBATENE
H KOMMpPECCOpPOM MOjaioT Ha KapGOHH3aIHIo.

BoabiimucTeo  mpoueccoB  cojfoBoro TNpOH3BOJCTBAa OCHOBaHO Ha
Macco- M TernoobMeHe npH HenocpeiCTBeHHOM B3aHMONeHCTBHH XKH/KO-
crteli u rasoe. [To3ToMy ocHOBHas anmapartypa COIOBLIX 3aBOAOB OJHO-
THNMHA H MpencTapaseT cobol GapboTaxHble KOJOHHBI, COCTABJ/IEH-
Hble U3 UyTyHHBIX cekuuit —uapr. Llapru, cayxamue HH30M
(basof) W BepxoM KOJOHH, MOJble HJIH HeCyT rasopacnpe-
Je/IMTeNIbHBIE  HAM  OphI3rooTOOHHBIE  yCTPOHCTBA; CpenHHe Ke
Hapri 3akatouatror B cebe OGapboTaxKHbie KOJMAyKOBbIE TapeqKH
(naccetrr). A6copbepsi, TEeNJI00OMEHHHKH, POMBIBATEIH HMEIOT OObIYHO
MHOTOKO/IMAYyKOBble TApeIKH [/ YBeJHUEHHH MOBEPXHOCTH TeIlIo-
H MaccooGMeHa. AnmapaThl, B KOTOpPbIX HHPKYJIUPYIOT CYCMEH3UH
H BBUIEJISATCA OCaiKH, — KapbOHH3aUMHOHHBIE H JHCTHIISALHOHHBIE
KOJIOHHB! HMEIOT OJHOKOJ/IMa4yKoBble Tapeqku. B MHoromosounnix 6ap-
GoTaxHBIX KOJOHHaX CONOBOro MPOH3BOJCTBA Kaxjad moJka paboraeT
no MPHHUHMNY CcMelneRHs. OQHaKo H3-3a GOJBILIONO KOJIHYCCTBA MOJOK
obuHii peXKHM B KOJIOHHE MPHOIHIKAaeTCH K PeKHUMY BLITECHEHHS M pac-
YeT 3THX PEaKTOPOB MOKHO BECTH, MOJIb3YiICh 3aKOHOMEPHOCTHMH,
XapaKTepH3YIOWUMH HieasbHoe BbiTecHeHHe. [IpHMepHBIE pacxXonHbIe
KO3(duuHeHTH Ha | T kasbuuaupoBanHoi combl (95% Na,COy):

Oustiennnifi paccoa (310 rar NaCl), »3 . . .. ... - 5,0
Ammuaunas Boga (259, NHy), xr . . ... ... .. ... 10,0
Hapectusax (1009, CaCOg), kT . . . . . . ... - e e 1100
[Tap wa npoussogctBo, JIak . . . . . . o v oo v v v v v L. 524 - 108
Snektposseprus, KBrw ... ... oL L L, 40
KoKC*, KT . . . . . e e e e e e e e e 90
MasyT*, npupogmblit raz*, Kr .. .. ... ... ... ... 120
Baga, s . . ... 75

* B nepecuyete Ha yCloBHoe TOIIMBO C TeMoTBopHoll crocoGuoctsio 29,3 X
® 10% kIw/xr.
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OcHOBHBIE HaNpaBJMEeHHN I YyCOBEPUWEHCTBO -
BaHHA COAOBOTO MNPOH3BOJICTBAa—3TO YBEeIHUEHHE
NpOH3BONHTENBHOCTH annaparyphl, NOBWILNEHHe KO3(pHIHEHTOB HC-
N0/1b30BaHHS ChIPbsi, CHMXKEHHEe PacXoIHBIX KO3(M(pHIHEHTOB, a TaKke
BO3MOKHO TMNOJHAfA YTHAH3AUUA OTXOJ0B MNpou3BoicTBa. Passurie
OTeYeCTBEHHOIC aMMHauHO-COJIOBOIO MPOH3BOJCTBA HAET NO JHHHH
VKpYNHEHHA 3aBOJOB, COBEPIUEHCTBOBAHUS TEXHOJOTHUECKHX Mporec-
COB, BHeEJIpeHHsI HOBOH 00/1ee HHTEHCHBHON anmapaTypbl, NOJIHON Mexa-
HH3anHH TPYJIOEMKHX TNpoleccoB (YKYNOpKa, XpaHEHHe H TPaHCIOpT
cofibl), aBTOMaTH3aiHH BCcex cralHi mpouspoicrsa. Dosblune nocruxe-
HHsI HMEKTCst B OO/JacCTH KOMILIEKCHOH aBTOMaTH3allHH aMMHauHO-
COJI0BOr0 MNPOM3BOACTBA H HCC/e/0BaHH{l BO3MOXKHOCTH YIOpPaBJIeHHs
npotieccamu npH nomomu IBM.

I'naBHBIE HEJIOCTAaTOK aMMHaAyHOTO crnocofa NpOH3BOJCTBA COMbI,
NPenATCTBYOUHA ero nanbHefilieMy pa3BHTHIO, — 3TO OTPOMHOE KO-
JIHYeCTBO OTOPOCHLIX CTOYHBIX BOJl — PAacTBOPOB XJOPHJA Ka/blHs,
3arpssHAMHX BojloeMbl. PeanbHbie NYTH HCHOOAB30BaHHS 3THX OTXO-
J0B — MPOH3BOACTBO XJIOpHAA KaiblUA H3 OTGPOCHOH AECTHJIepHOI
MUIKOCTH HJIH NMPOH3BOACTBO a3oTHbIX yiaobpenuit (NH,CI) us puabrpo-
BOM MKHIKOCTH — MO3BOJAIOT YTHAU3HPOBaTh He OGosee 15%, obuiero
KOJIH4ecTBa XJAOPHAHBIX 0TX0710B. [losToMy BO BCeMm MHpe Haspend Heob-
XOAMMOCTE U3LICKAHKA HOBLIX {oJiee 3KOHOMHUHLIX H Oe3Bpe/IHLIX CIo-
cofoB NPOH3BOACTBA COLBI C MOJHBIM UCHOAb30BAHHEM ChIpbA H OTCYT-
CTBHEM OTXOJIOB.

B Coserckom Cotoze Hanbojee MepeneKTHBHO MOMAy4eHHE COIbl H3
IPHPO/JHOro HeheNHHOBOIO Chipbfl, COIepIKaniero KapOoHaTHbIC HIEeA0uH,
nyTeM erc KOMILIeKCHOH mepepaboTKu Ha amoMHHUI, NOPTAaHIieMeHT,
cofy W moTaur. JTOT cnocob XapaKTepH3yeTcs MeHblluell ce6ecTOHMOCThIO
NPOLYKTOB, B YACTHOCTH COJIbI, UeM Ha CMelHa H3HPOBAHHBIX MpeinpHsi-
THSX, a TaKe IOJHbIM OTCYTCTBHEM OTXOIOB H BpEAHBIX COpPOCOB
npoussoicTea. B Gnuxatimee Bpemsi 8 CCCP takum crnocobom Gyiaer
NpoU3BOANTLCsH Goiee 25% Beeit KasbllHHUPOBaHHOM COMbl, a B NepCleK-
THBE IPOH3BOACTBO COMBI H3 He(eIHHOB, 3aMack] KOTOPLIX BeCbMa BeTHKH,
LO/MXKHO B 3HAUHTENbHOH Mepe 3aMeHHTb aMMHAa4HbIH Crnocof.

4 n/p Myxnenosa U. T., u. 2



5 TEXHONOMMA CHUITMKATOB
rjiasa

4. BWAbl ¥ NPUMEHEHME U3RENUH CUNTHKATHOW
POMBILLUNEHHOCTH

B TEeXHOJOTHH CH/AHKATOB paccMaTpHBAaeTCHd HCKYCCTBEHHOE
Noy4eHHe Pa3/IHYHbIX MHHEPa/OB HJIH HX CMeCeH M M3JeTHH U3 HMX,
a TakyKe CTeKOJ M M3JleqHil u3 HuX. Marepuanbl U u3jenus, BoipabaThbi-
BAeMble CHJAHKATHON MPOMBILIEHHOCTbIO, 06/1a1al0T PaszHooOpa3HLIMH
[IeHHBMH TeXHHYECKHMH cpoiicTBamH. CBoiicTBa GO/BIIMHCTBA CHIHKa-
TOB 00YC/JOB/ICHBl OCOOBIM CTPOCHHEM HX MOJEKYJ, OCHOBHBIM CTPYK-
TYPHLIM 3/€MEHTOM KOTOPBIX #BJSETCs TeTpasjpHyeckas rpylina
Si0Qf~, Jlas 3TOH CTPYKTYPHl XapaKTepHa BhICOKAs MPOYHOCTb CBH3
mexay Sttt u O*, Baaronaps Kotopoit GoJbLIHHCTBO CHIHKATOB 06/2-
JlaeT BHICOKOIT TBEPAOCTBIO H TYTOMIaBKoCTh0. OB UMY 1,151 GOTbILHHCI -
Ba CHJIHK4TOB CBOHCTBaMI SBJSIOTCH XHMHYECKas YCTOHYMBOCTS,
OFHEYMOpHOCTh, @ TAKKEe CPABHHTE/JbHas JeIIeBH3HZ BCJACACTBHE 10
CTYMHOCTH ChIPbS.

_ Coippe Aas CHIMKAaTHON OpOMBUWACGHHOCTH
UIHPOKO pAclpoCTPaHEHO B MPHPOJE B BHIAE TOPHBIX MOPOJ: TVIHH,
Mepreseit ¥, M3BECTHfKa, Mena, JIONOMHTa, Kpapueeoro iiecka, Tyda,
Tpenesa, KBapluTa, OACBbIX WINaToB, Hedenrna U 1. 0. Kpome npupon-
HBIX ChIPBEBBIX MATEPHA/OB 151 (IPOH3BOJICTBA CH/INKATOB MPUMEHAIOTCA
pasnuudbe HCKYCCTBCHHBIE H CHHTETHUYECKHE Matepualbi, MoJyyaeMmbie
B POMBILIIEHHOCTH: €Oj1a, Bypa, Cy/AbdaT HATPHH, OKHCTbI H CORTHHEHH A
Pa3aHYHBIX METal/IoB H T. 1. KaK Chipbe N5 CHIHMKATHOH MPOMBIIILIEH-
HOCTH MoryT OBIThb HCIOJIL30BAHBI TaKKe OTXONbl 3aBOJAOB YepHOH H
UBETHOH METaAJYPrHH H psila XHMHYECKHX 3aBOJIOB: JOMEHHLIl 113K,
craHleBad 30043, HE(EJUHOBBLIML IllJIaM T[JITHHO3EMHOrO MPOH3BOJACTBA
4 T. . B macTosillee BpeMs TEXHOJON Hs CHAHKATOB BKJI0YaeT NOJy4YeHHE
MHOrHX MHHEpaJdoB H Hu3jienHH, He Ccolep)KallHX KPeMHe3ema H ero
COeNHHEHME, HaMPHMep, MOJYYEHHE BhICOKOOTHEYMOPHBIX OKHCJIOB
H cnenuajdbHbBIX H3AeIHH M3 HHX — KEepMeTOB, MarHesHa/bHbiX, Xpo-
MOMarHesHaJbHbIX H IpapHUTOBBLIX OrNEYNOPOB, BO3LAYLIHBIX BSIKYILHX
BeliiecTB (rumc, H3pecrb). IIpoH3BOIACTBO 3THX MATEpPHAJ/J OB H H3TTHI
YCJAOBHO OTHOCAT K TEXHOJOTHH CHIHKATOB H3-3a CXOACTBA NpPHUMEHsE-
MBIX METOMOB (POH3BOACTBA.

Tponykuusa CHIHKATHOH OPOMBILICHHOCTH HMEET OrpoMHoe 3HJ-
YeHHe JI7i5i HapOoAHOro Xo3dicTBa, NPHYEM BHILI ee H31elHil Ype3Bhiyaiiie
pasnoobpasubl. CuiHMKaTHas MPOMBILIIGHHOCTh pa3jensiercs Ha Pl

* MepreJqaMu Ha3bIBAKOT OCafoHYHLIE TOPHBIE MOPOABI, lepexojHbie OT W3BeCTHT
KOB H JOJIOMHTOB K NMIHHaM u cofep:auiue 50—80% CaCOy u MgCO,, 20—50% raun-
HUCTO-TIECYaHOro MaTepuala,
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CcaMOCTOATEIbHBIX OTPac/ed, raBHbIMH H3 KOTOPbIX SIBJASIETCHA TNPOH3-
BOACTBO KEpaMHKH H OTHEYMOPOB, BAXKYLIMX BEILUECTB, CTEK/Ja H cHTal-
JIOB.

Kepamu kol Ha3bIBAIOT H3/EJHS, H3TOTOBJEHHBIE U3 Kepamu-
yecKHX Macc (cmeceil pas/aHUHOH BAXHOCTH, KaK NMPaBHO, BHMOYAIO-
mHX TIHHY) QopMOBaHHEM HJAH OTVIMBKOH € MOCHEAYIOUIeH CYIUKOH |
o0KHIrOM [IO crleKauHsi. B cooTBeTCTBHH C IIaBHbLIMH OOAaCTsMH HX npH-
MEHEHUs KepaMHUeCKHe MaTephasibl H HM3AeAHf MOMKHO pasiesdTh Ha
c/Ieiyion[He OCHOBHLIE T'PYMIIbI:

1. CrpouresbHas KepaMHUKa — H3[eJaHs, NPeIHa3sHAYeHHLIE I/iaB-
HbiM oOpasoMm s Kaajku 3jauuit u coopymxenuit. K sroit rpynne
OTHOCHATCSH CTPOHTe/bHBI KAPIHY — OOLIYHKIA H MyCTOTeAbIH, KHpnUY-
Hble 6JI0KH, KpoBe/ibHan yepeniua, ApeHakibie TpyObl, KaMeHHBbIIH TOBap
(KNMHHKEepPHBI KHPMHY, KepamMHueCKHe MJHTKH JJif MOJOB, KaHajiH3a-
HHOHHBIE TPYOGLI U T. IL).

2. O6anioBouHble MaTepHasdbl — H3/IeMUSA, npejHasHaueHHbe /4
BHYTpeHHell ¥ HapyxXuoll OTjeJKH 37aHMH: OGAUIOBOUHHIE KHpPMHYH
H TTHTKH, MEeYHBLIE H3pasiibl.

3. Orueynopbl — MaTeépHa/bl, COXPaHHAIOUIHE CBOH MeXaHHUYECKHEe
cBOiiCTBa NMpH BHICOKMX Temneparypax (sbiue 1000°C) u npexgnasua-
yeHHbie JUIs MOCTPOMKH pasfiuuyHblX yacTeil MNpOMBILAEHHBIX neuei,
TOMNOK M annapatoB, paGoTaluiHX B YCJIOBHAX BLICOKOTEMIEPAaTypHOro
Harpesa.

4, Toukasn KepaMHKa — rpynna H3JIeJHH, rjaaBHbIM obpa3om ap-
(¢opoBLIX H (afHCOBLIX, NPHMEHHOMKXCH B pPasMUHbIX O6JACTHX;
B ObITy (XO3siiicTBEHHasn MOCy/ja, YMbIBaJAbHHKH, PaKOBHHbI, XY/0MKeECT-
BeHHO-IEKOpaTHBHLIE H3JGAHA), B 3IEKTPOTEXHHKe (3MEKTpPOTeXHHuec-
Kasl KepaMmika), B jabopaTopHoli TeXHHKe (XHMHUecKas Mocyja H anmna-
patypa) ¥ T. IL .

5. CnenuajpHas KepamMHKa — Fpynna H3JeaHit co chelHadbHbiMK
CBOMCTBAMH, KOTOPbIE NPHUMEHMIOTCA B Pajo- H aBHaNPOMBIILIIEHHOCTH,
NpUOGOPOCTPOSHHH W T. I

B TexHoJOrHH KepaMHUYECKKHX W3/IeNHiH pasaxuaioT rpybyio Kepa-
MHKY, K KOTOpPOH OTHOCSITCSI CTPOMTEJIbHBIC MaTepHasbl H OrHeYNophl,
H3rOTOBJAEHHBIE H3 MPYOO3EPHHCTHIX KepaMHUuecKHX Macc, obJjalaimie
MOPHCTHIM YEPENnKOM C HEOJAHOPOLHOH CTPYKTYPOH, H TOHKYIO KepaMHKYy,
K KOTOpOﬁ OTHOCHTCHA CrneKluHecs HJAH MeJTKONOPHCTBIC H3/e/iHA C OIHO-
poAHoit CTpYKTYpO#t uepenka: papdop, pasHe, cnenyanbias Kepamuka.
ChipbeM /i1 MPOH3BOACTBA KEPaMHKH CAYMKaT: a) MJIaCTHUHbIE MaTe-
PHanb — raune; 0) HEenJacTHYHbIe (OTOLIAwIIHE) N062BKH — KpeMHe-
3eMHCThIE (KBapIl, MECOK), U3MEAbUCHHBI 111aMOT H Jgpyrie H B) miaBHH
H MHHepajgu3aTophi, T. €, BELIECTBA, j00aBaeHHe KOTOPHIX CnoCOOCTBYeT
NosiBAEHHIO UKol a3bl, — nosaesoit wnar [(K, Na),0 -AL,O, -65i0,],
KapGouarer (CaCO;, MgCO;) u np.

Baxymumu HasblBaloT nopolLKooOpastbie MHHEpanbHble Be-
WecTBa, ofpasyiollie pu CMEWeHUH ¢ BOjoH (3aTBOpPEHMH) MIacTHy-
Hy10, yno6uyio a5 GOpMOBaHHs Maccy, KOTOpasi cO BpeMeHeM 3aTBep-
l€BaeT B npoyHoe, KamMHeBHjHOE TeA0. I10 OCHOBHOMY Ha3HaAYEHHIO
H cBolicTBam BAXKYUIHE BEIeCTBa Ne/ATCA Ha TPH IDYNNbL BO3AYIUHbIE,
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crnocobHble TBEpIeTb H COXPaHATh (POYHOCTb TOJBKO Ha BO3AYXe,
rUApaBAHuecKUe, cOCOGHBIe TBEPACTh U COXPAHAThL MPOYHOCTH TaKKe
U B BOJE, H KHCJOTOYMNOpHBIE, KOTOpbie MOC/e TBepJIeHHs yCTOHUHBLI
K JIEHCTBHIO MHHEpasibHEIX KHCJAOT. K BO3IYILUHBIM BSKYIIHM BELECTBAM
OTHOCHATCH BO3AYIUHAS U3BECTb, CHICOBLIE H MarHe3HaJbHbBIC BAKYIIHE,
I MarepHanabl OpUMEHATCA MAAA [OpPHIOTOBACHHSA CTPOUTENbHBIX
U INTYKaTyPHBLIX PacTBOPOB (H3BeCTb), CTPOUTENbHEIX U apXHTEKTypHO-
JIEKOPATHBHEIX JeTasiell (rHOC, MarHesHadbHbie Bsokyuue). uxpasiu-
yecKHe BFXKYIIHE BeuiecTBa HMElT HeCPaBHEHHO OoJiblliee 3HayeHHe,
yeM BO3OYIUHLIE, H MIPHMEHAKTCA 1/ H3roTOBJIEHHA CﬁOprﬂ( GeTOHHBIX
U Jkene306eTOHHBLIX KOHCTPYKUHH K JeTajell HAN3eMHBbIX, MOJ3eMHBIX
H THAPOTEXHHUYECKHX coopyxKeHHH u3 Oerona. K ruapasiuueckim
BSOKYUIMM OTHOCATCS THAPAB/AHUECKAA H3BECTh, POMAH-UEMEHT, MOPT-
JaHj-IeMeHT, LEeMeHTH ¢ pasiHYHbIMH [006aBKaMi (MYilo/saHOBbIH
LIeMEHT, IUJAKOMOPTJIAHI-IieMeHT, T[JIHHO3eMHCThIH UeMeHT u T. IL).
IleMeHT — HauboMee KpPVMHOTOHHAXKHBIH TNPOAYKT CHAKKAaTHOH mnpo-
MBIIUJTEHHOCTH, IUHPOKO Hp[‘IMEHHQMHI?{ IS CTPOHTENBCTBA MHJBIX
JIOMOB, MPOMBILIIIEHHBIX 3/1aHHH M JIPYTHX COOp Yy KeHHH,
B crpouTenbHOll OpakTHKe BfkYuidHe BeuieCTBa MPHMEH STCH
B BHJE CTPOHMTENbLHBLIX CMeceil HECKOIbKHX THMOB: IIeMEHTHOrO TecTa —
CMeCH BSKYLUIEro BelleCTBa C BOAOH, CTPOUTE/bHLIX PacTBOPOB — CMeCH
BAKYILLErO BeuiecTBa, BONbI H MeJIKOrO HamoOMHHTeN (ecka) H 6eTOHHOMN
CMeCH — CMeCH BSIKYIEro BELeCTBA, BOAkl, MEJKOro M KpynHOro
HamosiHUTe eH (mecoK, rpasui, webenb). OTBepaeBlLan GeTOHHANA CMECh
Ha3biBaeTCA GeTOoHOM; GETOH, apMHPOBAHHBIN CTanblo, — KeJe306eTo-
HoM. CeipbeM jiJTsi MPOHU3BOJICTBA BSIKYIIMX BELIECTB CJYKAT NPHPORHEE
MarepHanibl i HEKOTOphIe MPOMBILIIEHHbIe OTXOAbL. M3 NpUpPOjHbLIX MaTe-
pHaIOB HCMOMB3YIOTCA THIICOBbie oponbl (rHrc CaS0, -2H,0, anrugpur
CaS0O,), W3BeCTKOBHIE MOpPOjibl (H3BECTHSK, MeJ, AOJOMHUT), IVIHHHCThLIE
MOpojb — [JIHHBI H Mepresid, Kpapuesblit necok, 60KCHThL. HM3 mpombiin-
JIEHHBEIX OTXONOB JIJIsi IPOH3BOACTBA BSAKYIHX MaTepHaJIOB NPHUMEHSIOT
MeTa/lypriueckye IJIaKd, HededHHOBHIA 1L1aM [JIHHO3EMHOIO npo-
H3BOJICTBA, llIaM MPOM3BOJACTBA eiKoro Hatpa, coxepxkaumiit CaCO,,
KOJI4eIaHHbIl Orapok W T. (.
CT ek oM Ha3pBalT aMOp(HEIl H3OTPOMHLIH MaTepian, NOJaY-

yaembli apu nepeoxg:amxermu pacnogasa HeMeTalMH4eCKHX OKHC/OB
H GECKHC/IOpONHBIX coeflHHeHH . K o6uiim CBOACTBaM CTEKOJ OTHOCATCS
npexje BCEro WX HEHHbIe ONTHYECKHe XapaKTepHCTHKH: MPO3pAYHOCTD,
OJHOPOOHOCTb ONTHYECKHX nokasaTtesieil B GOMbBILHX KYyCKax, HEeH3MeH-
HOCTH ONTHUECKHX MOKasaTeldell BO BpeMeHH H BO3MOMHOCTb H3MEHe-
HHEM XHMHYECKOr'o COCTaBa Mo/y4aTh CTEK/a C 3aJaHHbIMK ONTHYEC KHMH
cpoiicTeamu, K o6iHm CBOHCTBAM CTEKOJ OTHOCATCS BHICOKAas XHmHUec-
Kasl YCTOHYHBOCThL K JEHCTBHIO KHCJOT, COJIEBLIX PAacTBOPOB, BHICOKAs
. TBEPJAOCTb, HHU3Kaf TeMJOMpoBOIHOCTb. lIenocTaTkami creksaa Kak
KOHCTDYKTHBHOIO MaTepHaja HABJAAIOTCH XPYNOKOCTb, Malas TenJjornpo-
BOJIHOCTB M, CJieOBaTe/ibHO, MJ0Xas TepMuuecKas CToiKocTh. Crek/a
KJACCHQHUHMPYIOT M0 HX MPHUMEHEHHIO W XHMHuYeCKoMy cocraBy. IIpH-
MEpHBIA COCTAB M BH/bI HEKOTOPbIX GbITOBBLIX H POMBILIIEHHBIX CTEKOM
npHBeJleHEl B Taba. 7.
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Ta6anumga 7
MpumepHbifi COCTAR HEKOTOPHIX OGLITOBLIX H MPOMBIIIJIEHHBIX CTEKOJ

KoMnoHeuTsl, BXofslliHe B COCTAB cTeKkaa, Bec, 9

Bugw crerda
$10, | Al,0, | CaO | MgO | Na,O | K,0 | PbO | B,O,
JlucroBoe okonHoe® . . ,|70—73|1,5—2|8—101 3—4 [{l4—15] — — —
Bythaounoe Genoe® | . |69—72| 3—4 |9—10| 2—4 |15—16| — — —
Coprosoe mnocyiauoe . . .|73—75 — |6—10| 0—3 |[15—16|/ 0—3 | — |0—I
Xpycraib . ... .. .. 3577 — — — —  |10—13[30—35| —
XunmMuuecku crofikoe . , |68—70) 3—5 |6—8 | 1—2 {1 8—10|56—6| — }12—3
Ontuveckoe**  (daunrer) 47—63] — — — — 6 45 -
CseToTexHHYeCcKoe™* **
(paccensawoulee) . . . .[69—73| 4—6 |4—5 — [11—16] 2-=6 | — —
DaexTpoBaKyymHOe**** 16070 — |5—6 | 3—4 |12—13] 4 — -
CrexnsHHOE BOMOKHO . .[|48—56/10—18}{5—16| 0—8 [0,5—2| — — |6—13

IMMpumevanue OrgenbHLie BHRH CTeKoJ BRAKYAIDT H ADYTHE KOMNOHEHTHL

* Fe,0,— go 059,

** Ag,0 — 0 230,

#2% In0 —go 6%, F—4-—-9%,
**%+ BaO — 59

CeipbeBble MaTepHa/bl UIA NPOM3BOACTBA CTeKJda IOMXKHHI COMep-
3KaTb CTeKJoo0pasyiolle OKUCIbL, T. €. KHCJIOTHbIR, UleToYHkbe, Leoy-
Ho3eMeJIbHbIe H JpyrHe OKHCJIBL, H3 KOTOpHIX OGpa3syercs cTexjioMacca
H NIOJIY4aioTCsA CTEKJa ¢ 3alaHHBEIMH CBOHCTBAMH. TaKUMH MaTtepHalaMH
SIBJIAIIOTCA KBApLIeBBIH Necok, GopHast KHciaota W Gypa, cofa, cyasdar
Harpust wianm noraw K,CO,; H3BECTHSK W/IH MeJ, MarHesut, GapuT
BaSO, uaun surepur BaCO,, kaomun Al,O,-2Si0, -2H,0, cypur PbyO,
niu cBHHUOBLIH rier PbO, kapGonar uunka, Hepeans [(Na, K),O-
-A1,04-28i0,], nonesble mmaTel (aMIOMOCHAMKATHI HATPHSA, Kaldus,
KaJsIbllUA), @ TaKiKe CTEKONbHBIH 60 H OTXOAH NPYTHX NPOM3BOICTB,
HanpuMep JOMEHHBIE MHIJIAKH,

B nocsiesinye rojbl HayKa M CHJIHKaTHAas NPOMBILIJIEHHOCTH paboTralot
Haj CO3/laHHeM KOHCTPYKTHBHHIX MarepHasoB, OTBeyalouiux TtpeboBa-
HHSM, NpelbABIAEMBIM PaJHO3/EKTPOHHOH, aBHALMOHHOH, NOJAYIPO-
BOJIHHKOBOH, aTOMHOH, pakeTHOW TeXHUKOH. B HOBBIX MaTepHaJjax
J0J;KHaA COYeTaThesl BhICOKAA MeXaHHYeCKasl IPOYHOCTh, 0CO00 BHICOKas
OTHEeYNOpHOCTh, XHMHYeCKast H TepMHYeCKad YCTOHYMBOCTH, a TaKkKe
cneuHpUyecKHe 3JIeKTpHYECKHe, paJuoTeX HHYeCKHe H Jp yTHe CBOHCTBA.
Has XuMuyecKoii TeXHHKM G6O/blUOE 3HAYECHHE HMEIOT MaTtepHallbl,
OGnanarouine BHICOKOH XHMHUECKOH CTOHKOCTBIO H OTHEYNOPHOCTHIO
H ON1HOBpeMEHHO NOCTYNHBIE A1 IUHPOKOTO NpHMeHeHHs. K Takum
MaTepHasiaM OTHOCSITCA KBaplieBasi KepamuKa M cutaliel. KBapueByio
KepaMuKy mnosiyyaloT M3 KBapLeBOr0 Mecka W/AH TFOpHOTO XpYyCTaus

A Tpo3pauHbBlX U3AeNHI) (opMOBaHUEM, JHThEM H OGXKHIOM IO
CleKanus. [1s MNOJydeHHs TEILIOM3OJAIHOHHOrO Matepuana (IeHo-
KBapiepas KepamMHMKa) NpH (POPMOBaHWH HCIOJAB3YIOT MeHoobpaso-
BaTem:i. KBaprieBas kepamuKa o6/1a1aeT BbICOKOH X HMHYECKOH H TEPMH-
H€CKOH CTOHKOCTBIO, MATBIM KO3(ppULIHEHTOM TEMJIOBOTO paCHIMpEeHHS,
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XOpOILIUMH 3JIeKTPO(PH3UYECKHMH TNapaMerpaMy H HUSKOH TenJonpo-
BOJIHOCTBIO, OGYCJIOBNEHHOH ee nopucrocTbio. OHa MIMPOKO HCMONb-
3yercsi B XMMHYECKOH TeXHHKe, B 3/1eKTPOM3OJISALMOHHOK MPOMBbIILI-
JIEHHOCTH ¥ B paKeTHOH TexHHKe.

CHTaJdJabl — MaTepualbl W3 paBHOMEPHO 3aKPHCTalJIM30BaHHOTO
CTeKJa — 3aHUMAIT NPOMEXKYTOYHOE MOJOKEeHHEe MeKny CTeKJOM H
KepamuKoii. CUTan/ bl NMpoyHee CTeK/a, TBEPIKE BHICOKOYIJVIEPOIHCTOH
cTajH, 06/alaloT BLICOKOH XMMHYECKOH H TepMHYeCKOH CTOHKOCTHIO,
XOpOUIHMH ﬂliBﬂEKTpli'—IQ(}KHMH CBDI':ICTBaMI/l, MaJbiM KDBCIJQ)HLIHBHTOM
pacliiHpeHHs. HIJH NoJsyyeHHH CHTAJJIOB B Macce CTeKJd €0314ariT
IeHTPbl KPHCTAIH3aIHH, HA KOTOPLIX PacTyT KPHCTaNlbi OCHOBHOM
(asbl, onpenessAoleil cBOficTBa MaTtepuasa. M3ameHss cocTaB HCKOAHOTO
CTEKJI1a, MOKHO MOJY4YaTh CHTA/Jbl C 3aJaHHBLIMH CBOHCTBAMH.

2. TUNOBLIE NPOLLECCH! TEXHOJIOTHUM CUNIUKATOB

B TexHOJOTHH pa3.?[1{'-IHbIX CHJIHMKATHLIX MaTepHaJIOB HMEETCH
MHOTQ OOILEero, MOCKONBKY (PH3HKO-XMMHYECKHe OCHOBBI GOJIbIIHHCTBA
CHJIHKATHBLIX NPOH3BOACTB CXOJHBI, TexHOJIOTHYECKHE CXEMBI NpPOH3BOA-
CTBA pa3JHYHBIX CHJIHKAaTOB (KepaMHyeCKMX H3JesHH, OTHeylopoB,
BSKYVILUHX BELLECTB), KaK I[IpaBHJIO, CKJANLIBAIOTCA H3 ONHOTHIHBIX
NponeccoB H onepauui. K HUM OTHOCATCA YMCTO MeXaHHYecKHe orepa-
HHH: ApobJeHHe, pa3MoJ, CMelLeHHe TBep/blX MAaTepHaJOB [pH MOAro-
TOBKE CBLIpbEBOH cMecH H (DH3HKO-XHMHYECKHE IPONECcChl. NpOHCXOMs-
wHe TIPU BLICOKOTEMIepaTypHOH 06pab0oTKe MHXTH, ¢ 0O6pasoBaHHeM
TeX WJIH HHBIX MHHEpaJoB HJH HX cMecei. ITonroToBKa CLIpLEBOil CMecH
B [IPOM3BOJICTBE CHJIHKATOR J0JIzKHA 06eCeYyuTh BLICOK Y0 HHTEHCHBHOCTD
MOCJIENYIOHX BbICOKOTEMNEPATYPHBIX IIpoieccoB O0KHra, CheKaHus
HIH NAaBJEHHA € NMONYYEHHEM MarTepHaJoB HJH H3,£[E.?Ilii'{ C 3a1aHHBLIMH
COCTaBOM H CBOHCTBaMH. ,H.HH 3TOTO NPOHU3BOAATCA TOHKOE H3MEJbYCHHE
TBEP/HIX CHIPLEBLIX MAaTEPHAJNOB, TOUHLI pacyeT M JO3HPOBKA MX, Tia-
TEJILHOEC MNEpeMeliHBaHHe HNIMXTHI, ee )’Bﬂa}KHeHHE H 6pl1KeTHpDBaHH(“
HJIH (OpPMOBaHHE H CyLIKa OT(OPMOBaHHBIX H3/eJHH, CrOCOGCTBYIOUIAd
COXpaHeHHIO OJHOPOJHOCTH INHXTH, a Takxe (OpMBl H3JeJHA I[pH
obxKure (1pOH3BOICTBO KepamHKH).

LlenTpasbHOH cTagnell npoOM3BOACTBA BCeX CHJIHKATOB ABJAETCH
BhICOKOTeMIIepaTypHas 00paboTKa IUWXTHL, NMPH KOTOPOH NPOHCXOIHT
CHHTE3 MHHepaJoB W 00pasoBaHHe CTeKJa (WJIH CTeKJOBHIHOH (hashl
B clieKueMcs MatepHasie). ITostomy Asis TeXHOJIOTHH CHJIHKATOB 0c060
Ba;KHOE€ 3HayeHHe HMeeT HCCNeqoBaHue (pHBHKO-XHMquCKHX OCHOB
MponeccoB, INOpOTEKaroLiHX npH HaI‘pEBaHHH CHJIHKATHOH [IHXTHL
B TexHONOTHH CHNIHKATOB B KayecTBe KHCJIOTHBIX, OKHCJ/IOB Haunbonee
yacro npumeHsitores SiO,, Al,O,, B,Os, Fe,0;, a B KayecTBe OCHOBHBIX
okucioB — Na,0O, K,0, CaO, MgO u np. [1pn HarpeBaHHH CHIMKATHOH
HIMXTH, BK/IIOYAIOWEH 3TH OKHCabl (B BUjle KapGOHATOB, aJiOMOCHJIHKA®
TOB, THAPOOKHCeH), MOCAeN0BATELHO NMPOHCXOAAT CJACLVIOUIHE 3/1eMeH"
TapHble NPOHECCHl: yaaJeHHe BJard (pM3H4YecKoil M THApPATHOH, KauablH-
Hanus (ylaneHne KoHCTHTYnHOHHOH Boabl u CO,), pa3pbixJetne KpHC
TA/JIHYECKUX PELIeTOK, MX TepectpoiiKa BCJENCTBHE MOMUMOPGHDM
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npeBpalleHni, 1HpPy3us peareHTos, 06pa3sOBaHHe TBEPALIX PacTBOPOB,
clekaHHe, [WiaBJeHHe, KpPHCTa/WIH3aUHA H3 paclljiaBOB, BO3TOHKa u,
HaKOHell, o0pa3oBaHHe 3BTEKTHK M HOBHIX XMMHYECKHX COeiHHeHHit,
CONpOBOKatolee MHOTHe H3 3THX IPOIeCCOB.

Peakuuu B Tepaoit thaze. Onuum U3 3TaNOB MHHEP al100GpA30BaHUSA
IpH HArpeBaHUM IIMXTHl ABJAIOTCA MpPOIECCH, NpOTeKawolke B TBep-
qof ¢ase. Ilpouecch mMOJNyYyeHHA MHOTHX KepaMHYeCKHX H3JIeNnH,
a TaKke HEeMeHTOB MPOUCXOAAT 3a CYeT B3aUMOIEHCTBHA MExAY TBep-
JBIMH BelLeCTBaMH MPH TeMIepaTtypax HHXKe TeMIeparyphl IOfABJEHHS
3aMeTHBIX KOJMYEeCTB pacmsapa. IIpM HarpeBaHuM IUMXThl B TBEp/OH
(ha3e MPOUCXOJHT M3MeHeHHe KPHUCTANIHYeCKUX pelierox, obpasopaHue
TBEPABIX pacTBOpoB, MH(Pysus u xumuyeckue peakuuu. ITpu orcyr-
CTBHM XHAKOH WJM rasopol dassl quddysus peareHTOB U XHMHYECKHE
peakuMH MAYT € OYeHb MaJbIMH CKOPOCTAMH. DaKTHyecKH B NPOMbIL-
JEHHBIX YCJIOBUAX DEAKUHH B KPHCTANIHYECKHX CMeCfX IPOUCXOJAT
MPU YYacTHH KHAKHX W ra3oBbiX (a3, 06pa3oBaBIMXCA B HeGONbUIHX
KOJIHYeCTBAX B pe3y.JbTare JUCCOLMauWH, BO3TOHKH H IJ1aBJIeHHS KpH-
crannos. IlnaBsieHue 4Yacto npoMCXOAHT OJiaroflapsi MPHUCYTCTBHIO B
TBEpPAOH cMecH 100aBKM WJIH TPHMeECH MJIaBHA (MHHepaJju3artopa), o6-
pasyloLLEero JIeTKOIJIABKUE SBTEKTHKH C KOMIOHeHTaMH cMecH. Ilpwu
JajNbHellleM HarpeBaHWH CMECH TBEP[bIX BELIECTB MOSIBAAIOTCS 3aMEeTHbIe
KOJHYECTBA KMAKOH (pasel, B pe3yJsbTare 4ero CKOpocTH Audpysnu H
XHMHYECKUX peakuuil Bo3dpacraioT, OkOHyaresbHoe OPMUDPOBAaHHE MH-
HePaJlOB 3a/JaHHOTO COCTaBa 3aKaHYWBAeTCs INIPH CHeKaHWH WM pac-
NnnaBJeHHH HarpeBaeMOH CMeCH H OXJaxKJIeHHH pacnJ/asa.

CnexkaHHe— BaxKHeHILMI npolecc, NPOMCXOAAHUH MNpu Ha-
TpeBaHHM CMECH TBEpILIX BelllecTB. B TeXHOJIOTMM CHUJIMKATOB OHO CIy-
AKHUT 3aBepUIAIOLINM 3TalloM 00KHUTa KepaMHKH, OTHeYNIOPOB U LEeMeHTa,;
B pe3yibTaTe CieKaHus OKOHYaTeIbHO (opMUpyeTcA NPOYHLIH KepamH-
YeCKHH YepelOK MJIH MHHepalbl LIeMEHTHOTO KJHHKepa.

Pasauyaor cnexkaHue B TBepnoil (ase M KHJIKOCTHOE CIeKaHue
C yyactueM xujakol assl. CyuiHOCTh clieKaHus B TBepo# (ase 3aKmio-
YaeTcsi B 3aNOJHeHWH CBOOOJHOrO MpOCTPAHCTBA BHYTPH 3e€peH (1op)
H MeKAY 3epHaMH BelieCTBOM. 3aloJiHeHHe NPOHCXOIUT B pesdy.abrare
NOBbIIEHHOH INOJABHKHOCTH YACTHL, B KPHCTAJNNHYeCKOH pelleTKe IpH
BLICOXUX TeMneparypax. OqHOBpeMeHHO NPOUCXOJUT PeKPHCTANTH3auUA
3epeH, T. e. pOCT OJHUX KPUCTAIJIOB 3a cuer apyrux. CKopocTts TBepjio-
(hasHoro creKaHWs 3aBUCHT OT BEJMYMHBLI 3epeH M CTeleHW COBeplieH-
CTBA KpHCTaJIHYEeCKOH PpEeTKH H YBelHYHBael1CcHd C MOBhillIEHUEM
CTenleHH usmesbyeHus1 U jedeKTHOCTH Kpucrasaaos. ClekaHue ¢ yyac-
THeM kuIKOH (a3el, Hauboaee XapaKTepHOe 1AM MPOMLILLTIEHHOH npak-
THKM, sBasiercsd AH(QQPY3HOHHEIM NPOLMECCOM M 3aBHCHT OT KOJIMYECTBA
1 CBOMCTB pacmiaBa, 3amOJIHSIOULETO NPOCTPAHCTBO MeKNY 3epPHaMH.
Ckopocrs crnekanns BO3pacTaer ¢ yMeHblleHWeM BfA3KOCTH paclljaBa
M yBennyeHneM ero cmaumpaomieil crnocoGHoctu. Ilpu chekaHuum B pe-
SYnbTate nosiBaeHUA KUAKHX Pa3 U B3aUMOjIeHCTBHE MEKIy KOMIIOHEeH-
Tamu crieka wim pacmiaBa 06pasyloTCs HOBEIE XMMHUYECKHE COeMHeHHS.
- Pl OXnawjeHHH CHeKMHUXCA MaTepHaJoB MOTYT oOpasoBaThCs

PeXHue uin HoBHe KpucTadimyeckue pemetky. OXJaxeHne pacria-
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BOB B ONpeneNeHHBIX YC/JIOBHAX NaeT He KPHCTa/JIHyecKoe, a amopguoe
BELIECTBO — CTeKJ0. [IA MHOTHX TOTOBLIX CHJIHKATHBIX MaTepHaJoB
WM HM3JeMHH XapaKTepHO MPHCYTCTBHe B HHX CTEK.1006pasHOil (assl,

AunarpamMMb COCTOAHHSA W KPHBbLIE HAarpesa-
H U 51 IUWPOKO MPHUMEHANTCH AJIA HCCJAeJNOBaHHA MOBEICHHS CI0KHBIX
CHJHKATHBIX CHCTEM. Hpn HarpepaHuH H OXJuaa:JA€HHH NOJAb3YITCH
KPHBLIMH HAarpeBaHMA H AHarpaMMaMM COCTOSHNA, KOTOpLIE CTPOAT
Mo ONLITHBIM 1AaHHBIM, Bbipamasa OCHOBHOE CBOHCTBO CHCTEMBI — TeM-
neparypy IJIaBleHHA HJIH KPHCTAWIH3aUMH KaK (YHKLHIO COCTaBa.

JlnarpaMmbl COCTOSIHHMSI JaloT HauboJiee sCHOe TIpencTaBieHHe
o} BSaHMO}IEﬁCTBHHX MEeK1Y KOMIOHEHTaMH H HOBBIMH COE€IHHEHHAMH,
TBEpAbIMH M HaKMMH (asamu. Ilpn moMowM pHarpamMm ONpPeesAarT
XHMHYECKHIH cOCTaB OTAENBHLIX (a3, TeMneparyphl Haya/ld M 3aBeplie-
HHA TPOILECCOB MNJIAB/MEeHHs W KpHCTALIH3aluH, H3MEHeHHe COOTHOLIe-
HHSL MeXKY JKHIKUMH H TBepabiMH (pasamu. B npoMsinsieHHOH paKkTHKe
IpH TOMOIUM JHATPAMM COCTOSHHA W KPHUBBIX HarpeBaHHsA COCTAB/SAIOT
HIHXTY /1 OG:KHra, CleKaHWs H/JAH pacIllaBJeHHs, ONpenetsiorT TeM-
neparypHbii peXHM B pa3J/IMYHbIX 30HAX MeyH, BPEMA BLIUIEPXKKH TpIL
KaXJ0l Temmeparype u T. IL.

KpemHesem MoxKeT CylecTBOBaTh B pa3/THYHbIX (OpMax: B KPHCTall-
JAMYECKHX B Buje - H P-KBapna, o-, f- 1 y-TpHANMUTA WK &- U B-KpHc-
ToGannTa * M OQHOH HeKpHCTaMJHdecKolt — KBapueBoe crekao. Kax-
las H3 THX (GOpPM HMeeT TexXHHYyecKoe 3HayeHHe W B CBOIO OYepelb
UMeeT psja MojpM(pUKanui, YCTOAYWUBLIX B ONpene/eHHBIX TeMmIeparyp-
HbIX Tipeneaax. [1pu u3MeHeHHU TeMepaTypel NPOHCXOAAT NONUMOPHHLIE
npespaileHus GopM n MorudUKan il KpeMHeseMa, KOTOpbIe ONpeneisioT
XOIl BBICOKOTEMIepaTypHoii 06paboTKH CHIMKATHOH IUHXTHl i CBOHCTBA
NOJy4YaeMblX H3neaHH.

Ilperpamenus MognpuKamuii KpemHe3eMa MOMKHO MpOC/JEIHTEL [0
auarpamMe cocrosiHus (puc. 42), XOTopas MOKa3blBaeT YCTOHUMBOCTD
MOAH(HKaNHHA KpeMmHe3eMa B 3aBHCHMOCTH OT TeMnepatryphl. ¥ cTOHYH-
BOCTb MOIH(HKANHH onpenensiercs Mo YNPYrocTH Mapa, Xoropas AJsl
Haubosee YCTOHYMBOH MORM(MKAIMH INpH 3anaHHOH TeMmeparype
MHHHMaJsibHa., Ka)knas KpuBas nuarpaMMsl OTBeyaeT OJHOH W3 yeThipex
thopm KpemHeseMa. ITyHKTHPHBIE KDUBLIE COOTBETCTBYIOT HEyCTOHYHBOMY
COCTOAIHHIO JAHHOH MOAMGHKAIHH, & CIVIONIHbie — ctaGHibHOMy. M3
nuarpaMmel (puc. 42) BUIHO, 4to Hanbosee pacnpocTpaHeHHasn B IpHPOAE
(opMa KpeMHesema — KBapn — ycro#iunBa go 870° C, rune sra Kpupad
nepecekaetcsi ¢ KpHuBoii Tpuaumuta, Ilpu 573° B-kBapu nepexonut B ¢~
KBapH, Kotopslii mocie 870° C craHOBUTCH HeyCTOHYHBO#H MOxudHKa-
nHel Brotk 10 1600° C, 1. e. 1o pacnnasienus. Ilepexona o-ksapia
HeNocpejCcTBeHHO B TPUAMMHUT (€3 crelralbHbIX N06aBOK MpaKTHYECKH
He MNpOHCXOAMT, B paBHOBeCHBIX YCJOBHSIX C-KBapu Mpereprnenaer
AN CMOKHEIX TpeBpalleHuil, yacTHyHO nepexons mpu 1200—1470° C
B KpHCTOOQIHT (yepe3 meracTabHJbHYIO (a3y c-Kpuctobanura, Hassl
Baemylo MerakpucroGanutonm). OcranbHbie GOpMH KpemHesema HHKE

* Crabuaphas dopma NpH Haubojee BHICOKHX TeMmeparypax oGo3nayaercsi &
clenylowas (opma, BOSHHKaloWlas Mo Mepe oxnawjeHus, o6oanadaerca P w T. M
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870° C neyctoitunBnl, HanGosee BarkHas 1/ MPAKTHKH MOTHBHKAnUs
o-tprauMut (1. . 1670° C) ycroituiiea B uHtepBane 870—1470° C,
[10C/1€ Yero MelJIeHHO MepeXojuT B c-Kpucrobanut, obnajaromHil Max-
cHMasbHoil TeMneparypoil miasnenus (1713° C). Kpucrob6anur yecroii-
yuB JHIWb Beime 1470° C B MoxuduKamuu a-KpHcTobanuta.
MeracrabunibHast MoaMuKauus P-KpHcTobanuT MOMKeT —CyliecTBo-
BaTh Npu OOBIYHBIX YCHOBHSAX M BCTpeyaeTcs B MPHPoje, HO Npy Ha-
rpeee Boime 240° C GulcTpo mepexoguT B o-MojauduKanuio. 3to npe-
BpalleHHe HIeT ¢ 3HAYUTEeJbHEIM YyBeluyeHHeM obnema. PasnuuHbie
(opmbl KpemHesema npu HarpeBanuu go 1700—1800° C nepexonsr
B pacnaas. Ilpu nepeoxnak/eHuH pacliaBa HHXKe TeMneparypel mJjas-
JieHHsT KpucrofGanurta ofpasyercss HauMeHee YCToHyMBas amopdHas
(opMa KpeMmHe3ema C HauBbICIIEH YNPYrocTblo Mapa — KBapieBoe
(KpemMHe3eMHCTOE) cTeK/Jo. B paBHOBECHBIX YCJ/IOBHSIX B3aWMHbLIe Iepe-

o Pacnnal

lﬂ(-ﬁ JJ&'}JM-

[ : } ]
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| i

P, i N
@—E Iobh
wum . 1 ’ I
L% P : [
11 ! { E [ 1 ]I

160 230 575 870 1470 1600 1713
1670

Temnepamypa, °C
Puc. 42. JIuarpamma cocTostuus cueteMsl S10,

XoJlbl KBaplia, TPHIMMHTA M KpUCTOOANHTA NPOUCXOIAT MeNJEeHHO H Ha
lIpakTHKe /IS 3Toro TpeOywoTcsa no0aBKH MHHepasinsaropos, ofpa-
3YIOIMX JerkonjaBkue 3BTeKTHKH ¢ Si0,. BsaumHble npeBpamenus
MojH(uKaupil KpeMHe3eMa IIPH TepMhyecKoll o06paloTke cBsi3aHbi
C M3MEHeHMeM €ro cBoiicTB, B YACTHOCTH NJIOTHOCTH.

JIIl MpaKTHKH NpH H3TOTOBJIEHHH MaTepHaloB M H3aenuil, cojuep-
KallUX MHOTO KpeMHesema (}IHH&COBI:IB I aldiOMOCHJIHKATHBIE OTrHE-
YHopel, KBapieBoe creKso), BaXKHbl H3MeHeHHs oObeMa, NPOHUCXOMs-
lusie npu mepexone oaHux Moauukammit SiO, B apyrue; 3HayuTenb-
Hble paMeHeHust o6beMa MPH TepMmHyecKol obpafoTke M3neNHH MOTyT
IPHBeCTH K HX pactpeckuBanHio M mopye. C 310 TOYKH 3peHHs Hau-

JIee BHITOJHOH CTPYKTYPOH ABNfeTCA TPUIMMHTHAs, TaK Kak HJIs
Hee xapakrepHo MHHHManbHOe oObLEMHOE pacllupeHHe NpH Mepexoje
OllHOl MojM(mKauiu B APYryIO [0 CPABHEHHIO C KBapHeM H KpHCTO-
ANUTOM.

a5t nosyyeHMst TPUAMMHTA B JIMHACOBHIX M 1UAMOTHBIX OTHEYNOp-
HbIX  y3nennsx OpPHU HX H3TOTOBJEHHH MCMOJB3YIOT J00aBKH — MHHe-
pa“"!BaTopH, ofbpasyiomMe ¢ KBapineM KHIKYIO (a3y ¥ pe3sko YCKoO-
PAlowne mexnennslfi nponece mepexoia KBapha B YCTOHYHBYIO TPH-
AmNuTHY0 Moaudukamio. [IpucyrerBue B marepHane KHAKOH ¢asbl
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CO CBOEH CTOPOHBI TOPMO3HT paspyuiaioliee JeHCTBHE pacliupeHHs
M CKaTusl KpHeTasiioB. Ilepepoxknenue ksapina B TPHIHMHT B MPHCYT-
CTBHH [pHMeHAEeMbIX B MPOMBIIJIEHHOCTH MHHepanusatopoR (CaQ,
FeO, MgQ) npoucxoxur B uxteppaie 1200—1470° C. s s10r0 npu
OOKHT€ JMHACOBHIX H3IE/MNH MOIBeM TeMIepaTypbl MPOHU3BOIAT Mej-
JIeHHO, ocofeHHO B MHTepBaje 1350—1450° C (koHeuHas Temiieparypa
06:KHTa), TIE CKOPOCTb HarpeBa He INpeBbliuaer 3—5 rpax/u. B 3tom
TEMIIEPATYPHOM HHTepBane MpH JJINTEJbHOM HarpeBe o6pasyercs
OCHOBHAasf Macca TPHAHMHTA, B TO BpeMsl Kak GHICTPOe HarpeBaHue
CrocoOCTBYeT Gonee JIerko Hayimiemy o6pa30BaHHIO KpHCTOGAIHTA.

I' 11 HO3eMcyulecTByeT B HeCKOIbKHX KPHCTAVIMYECKHX MO~
GduUKauMAL, M3 KOTOpHIX ycrofiuuBelMu siBasiorcs; a-Al,Qs, Han Ko-

2100 T T T 1 T T T T T 2100
Taepustit pacTeop MynanTa + X
2000 ~++HIAKOCTD —l 2000
;RKRKOCTB 1940° Cony
YR 1900
1900 YN\ SHEHIKOCTE
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1 1 ) 1 1 | 1 ) ]
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sio, 3A1,0,728i0, 2AL0,-Si0, Al,04
Copepmanme AlLO,, sec.%

Puc. 43. uarpamma coctosuna cuctemsr Al,O3—SiO,

pyHA, obaanarouiii BLICOKOI TBEPIOCTBI0O H XHMHYECKOH CTOMKOCTBIO,
H y-Al,Oy, THIPOCKOMHYHLIT M PACTBOPHMBIH B KHCIOTAX H IIEIO-
yax. Ilpu marpesanum Bbime 950° C y-Al,O; nepexoautr B a-Al,Qs.
I'IMHO3eM BXOIMT B COCTaB MIMXTH VIS MPOM3BOICTBA KepanHyecKHX
U3JeIHH, OrHeynopoB, BSKYUIHX BELIECTB, IVIABHBIM 00pa3oM B BHIE
aJIIOMOCHJIMKATOB, COJEpKalMXCA B IVIHHAX WIH Mepressx.
Cucrema Al,O3—SiO,, nmarpamma cOCTOSIHHA KOTOpO#H MpliBeiena
Ha pHc. 43, uMeer 06OJibliioe 3HAYEHHE JJi TEXHOJOTHH KepaMmHKi
u orneynopos. M3 puarpammbl BHIHO, YTO B 3TOi cucTeMe B TBeppoi
(ase obpasyiorcst O1HO XHMMHYeCKOe coepuHeHue — mysint 3A1,0;-
-25i0, 1 1Be 3BTEKTHKH. M y J1J1 T 06/1a7aeT BHICOKOH OrHeyTnop-
HOCTBIO (T. ma. 1910° C) m XMMHYECKO#H YCTOHYHBOCTBIO K 1€HCTBHIO
KHCJIOT M pacljaBjeHHHX mwakos. [luarpamma Al,O;—SiO, wumeer
ocofoe 3HaueHHe VI TEXHOJOrHH aJlOMOCHJHMKATHBIX OFHeymnopoB.
OHa orpaikaer H3MeHEeHHe OCHOBHOrO (hasoBOrO cOCTaBa M CBOHCTB
NpH M3rOTOBJIEHHH TOJyKHeabix (70—90% SiO, n 10—30% ALO;),
aMoTHBIX (53—65% SiO, u 30—45% Al,O;) M BBICOKOIIHHO3EMHC:
TeIX (45—100% Al,O5) orseynopos, a Takke OpHEHTHpYeT B BHIGODE
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MCXOIHBIX MaTepuaioB (OTHEYNODHBIX T[VIMH M KaOJHHOB) M 106aBOK.
Jlnarpamma NOKasbiBaeT, YTO B AMOMOCHJIMKATHBIX OTHEynopax enuu-
CTBEHHOH TBepno# (a30l, YCTOHYMBOH NPHU BLICOKHUX TeMneparypax
(cebitie 1585° C), aBaserca Myaaut 3Al,05-2510,(71,8% A1,04 u
28,2% Si0,). Haanune Myaiuta 06yc/J0BAMBAET OTHEYNOPHOCTH W3-
nequil ¥ MX BBICOKYK) XMMHYECKYH ycTOHYMBOCTb.

O6paszopaHue MyJauTa NPOMCXOIUT NpU OOXKHIE H3JeJHi, Hayu-
nwas ¢ 1000° C, npuyeM MaxkcuManabHOe KOJIMYeCTBO erc ofpasyercs
npu 1600° C, a npu Hanuyuy npumMeceli (ny1apHeH) B HCXONHON TJIHHE —
npu 1400° C. daxrtuyecKHii BBIXOX MYJUIMTA BCErja MeHbIle paBHO-
BECHOTO M 3aBHCHT B OCHOB- .

HOM OT COCTaBa MCXOIHBIX
MarepsajoB M OT TOro, Ha-
CKOJIBKO conepkahne Al,Oy
B rocienHeM GJIM3KO K cTe-
xuomerpuyeckomy (71,8%).
CorsiacHo nuarpamme, BB
1585° C B Matepuajie Kpome
MYJIJIUTA NIPUCYTCTBYET KU
Kaf asa (pacnJjae), 3a
cyeT KOTOpOH MNPOUCXOIMT
CrieKaHHe OTHEYIIOPHBIX Ma-
TepHasioB (M IpyruXx Kepa-

MHYECKHX H31EJHH) U B U3- Ca0 ‘-/  AL,0,
el oGpasyercs CTeKJO- 27 40 %60 80
BugHas ¢asa. B cocras

JKUJIKOH (a3bl BXOAAT B OC-
HOBHOM KpeMHe3eM M IIpH-
Mecn — nj1aeHu. Konuuecrso
pacliaBa B paBHOBECHbBIX
YCJIOBHAX MOXKHO OIlpene-

PHc. 44. Cocras paKHeHWMX CHJIMKATHEIX Ma-
Tepuason Ha ochose Ca0, AlOs, S10,:

a — AHHac; b — MoAYKHCILle OCHeyNnops; ¢ — wia-

MOT; d —— BHLICOKOTJIHHO3EMHCTEIE OrHEeYNopL; & —

MYAJIHT;, f — KODYH/: € — IJIHHO3eMHCTLE LeMeHTHl

h — nopraadf-ueMeHT; { — OCHOBHBLIE WJRaKku; [ —
KHCJEIE MeTaJIIYDrHYechHe MJakH

JIUTH TI0 quarpamme 1o cooT-
HOUIEHHIO TBEPAOH W KHI-
Koil (a3, moJb3ysch NpaBU/AOM pbiyara. @akTH4YecKH B IPHCYTCTBHH
I'IpHMECEﬁ — I'[JIaBHEﬁ, HUMEIIUXCA B HCXOAHOM MarepHalse — [JVIMHE
(Fe,Os, CaO u 1. 1.), NOSIBJAEHHE PACIJIABA M CNEKAHHE KepaMHUECKHX
v3jesnfl TPOMCXOANT mpH GosMee HW3KMX TteMneparypax. [laHHBIMH
3aKOHOMEDHOCTAIMM  OnpenesifieTcAd TeMmileparypHBI pexuM OGKura
OTHeyNOpPOB M Npyroi kepamMuku. Hanpumep, 171s IIAMOTHBIX H3ze-
JIMiT KOHeyHas TeMnepatypa o6xura cocrasasier 1350—1400° C, torna
Kdk B DaBHOBECHBIX YCJIOBHAX (pHc. 43) /s o6pa3oBaHus MyJHTa
H TosilleHHA pacliiasa norpefoBasicst Obl MONBEM TeMIepaTyphl Bhillle
1600° C. JIns BO3HMKHOBEHHS B IIaMOTe TPHIMMMTHOH CTPYKTYpbI
KpemHesema tpeGyerca eilie GoJiee MelJIEHHBIH TOABEM TeMIeparypbl
Opu ofxkure u GoJiee JJIMTeNbHAS Bbiep:KKa [PU KOHEYHOH Temmepa-
Type o6kura, 4eM B ciyyae jpuHaca.

B COCTaB 1UHXTBHI AJid NMPOH3BOACTBA CH/JIMKATOB IMOYTH BCErza BXO-
AT KapGoHathl KanbiMs, MArHUs Wiu HaTtpus. Ilpu HarpesaHuu kap-
Gonarer ppuccoumupyior, obpasys coorsetcrBylouye okuennt (CaO,
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MgO, Nay0). 3tu OCHOBHBIE OKHCJBLI MPH BBICOKHX TEMIEpaTtypax
JIETKO BCTYMAIOT B XHMHYCCKHE COEJIMHEHHS C KHUC/IBIMU H aMPOTEPHBIMK
KOMIMOHEHTAaMH CHJHWKATHOH IIMXTBI — KPEMHE3eMOM, [JIHHO3eMOM H
OKHCBIO Ke/e3a.

Jlna  TexXHOJIOTHH CH/IMKATOB BaxKHYK pOJb HIrpaeT ClicTeMa
CaO—A1,04—SiQ,. Pazmnunsie coequnens, obpasyiouinecs B 3ToH cuc-
Teme, ABJAAIOTCA BayKHEHLIMMH MPOAYKTAMH CH/JIMKATHOH NpOMBILLIEH-
HOCTH (puc. 44). Jluarpamma coctosuusi cucremsr CaO—Al1,0;—SiO,,
MPHBEJIEHHAA HA PUC. 4D, NMOKA3bIBAET COCTAB XHMHYECKHX COEJHHEHHH

Si0,
1713°

3 Al, 042510,

5Ca0"3Al1,04 3Ca0-5A1,03 2030°

Puc. 45. Muarpamma coctosinug cuctemsl CaO—Al,03—Si0,

U 3BTEKTHK, 00pa3yiolMXcsi NPH Pas3/iHYHBIX yCJAOBUAX B 3TOH CJI0XK-
HOH cucTeme.

B TtexHosornu creksa GOJIBLIYIO POJb MIPAIOT MPONECCH, MpOTe-
Kalomue B CWIHKATHOM CTieKe M pacljaBe NpPu BapKe creksaa. Mayue-
HHE 3THX TIpOHECCOB MpOBOIMJIOCH IPH TOMOLIM TEPMHYECKOro aHa-
Ju3a peaKpui Mexay KOMIOHEHTaMH CH/AMKATHOH MHXTH (NayCOs,
K,CO;, CaCO4, MgCO,, SiO,) npu HarpeBaHuu. KpuBble HarpeBaHuA
(oxJazkeHus) cMeceil 1306pakalOTCs WIH B KOOpJAWHATax TeMmiepa-
Typa — BpeMs, WM TeMIlepaTypa — pPasHOCTb Temmeparyp oOpasiia
n 3TaqoHa. B nocreanem ciyuae (nHpdepeHnuaIbHLIA METOT TepMH-
UeCKOro aHa/u3a) obpasen H 3TaJIOHHOE BellecTBO, He HMmeloliee (aso-
BbIX NpEBpaleHuil, HArpeBaioT (OXJaxJaloT) B OJHHAKOBHIX YO~
Buax. Ilpu nomouwu aBTOMaTHYyecKoro npH6opa 3anmuChIBAalOT pasHOCTb
TeMIepaTyp Mexay HUMH Al Kak (QyHKHHIO OT TeMmepaTypbl 0fpa3id
UJIH BpeMeHW HarpeBaHus. I'padux NOMyyeHHO# 3aBHCHMOCTH Hasbl®
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patotT tepMmorpammoii. ITo xpupolt mudxpepeHumanbuoil sanucu Af—F
OTIPefeNsIloT MOMeHT (Pa30BOro npeBpatleHus. JHA0TepMHYECKHE H 3K30-
TepMHYecKHe 3PeKThl Ha KPHUBBIX HarpeBaHus (B KOOpAHMHATax Tem-
meparypa — BpeMs, pPasHOCTb TeMmIepaTtyp — TeMleparypa H T. II.)
I03BOJISIIOT CYJAHTb O DPeakUHsX, MPOHCXOAALMX B HarpeBaeMblX CMe-
cax. ConocraBneHne TepMO-
rpamM, AolosHeHHoe nmeTporpa-

-~ T
(brueckuMH W peHTreHorpapu- S ‘ T
4eCKHMH mccaefoBarmsmu Ho-  § 40T RS
BLIX COEJIHHEHHi, 006pasoBaB- & 7p 8| & 5| =
WMXCsl TpH  Bapke crekaa, x| | _ ]
MO3BOMMAM  BLISACHHT Mexa- 5 OF ‘\_\j
HH3M IPOIECCOB, MPOTEKAOHX & 5,
B HarpeBaeMbiX CMecsX. S |

L~
e 4 T TPINCES 52 s
rpeBaHus cMecd Na,CO,, CaCO, Tennepamypa °¢
u SiO,, oTBeyawuEed H3BeCcTKO- Prc. 46, Tepyorpamma csecy
BO-COJIOBOH 10HXTe, HauboJee 'Ca(fos—i%agcga'—‘ $i0,

yacto IMpHMeHsIeMOH B IIpOM3-

BOJACTBE CTeKJda. KpHBaH Ha-

rpeBaHus HsoOpaKeHa B KOOpJAHHATax pajHocm TemIeparyp Hccie-
ayemofl cmecu W stasoHa (o0biyHo npokanenHas AlLO; wan MgQO).
MunHMyMbl U MAKCHMyMBl Ha KPHBOH HarpeBaHHs 0OyCJOBIEHB! 3H10-
TEPMHYECKHMH H 3K30TepMuYecKHMH 3{dektamu peakuui H (a3oBbIX
nepexofoB. 3amejyieHHe HarpeBaHus npu 380° C orBeyaer yAajeHUIO
CO, u3 WuXTHl BC/IEACTBHE Hayaja peakiuu

Na,COy -t Si0, = N2,5i03 - CO, — Q

Sra peakiHs OPOTEKAeT B OCHOBHOM NPH 60JIee BHICOKHX TeMIepa-
Typax (700—900° C). dunorepmuyeckuii spdexr npu 620° C obycros-
Jen obpasoBaHueM ABoHHOIN coau CaNa,(COg), W BhzeseHHeM [BY-
OKHCH YrJIepoja 10 YPaBHEHHIO PeakiiHu

CaNa,(CO3), + 25i0, = CaS10; - N2,Si0, +-2C0, — Q

2ugorepmuyeckuii s¢ekt npu 855° C oTBeyaer MIABJIEHHIO COL,
a npua 915° C — gucconuanuy H3BeCTHSAKA. DK3oTepMudecKuil sddekr
B nutepBase temieparyp 1010—1150° C siasiercs otpamkeHneM 5K30-
TEPMHUYECKOH DeaKuHH

Ca0 + Si0,=CaSi0;+-Q

Crek/oo6pasHast (asa nodyyaercst NPH IIOJHOM HJAW YaCTHYHOM
PacniiaBieHHM CHAMKATHOH UIMXTBI M OXJaxjaeHuu pacnsiasa. [lpu-
CYTCTBHE CTeKNI000pazHoid a3kl B TOTOBBLIX H3JeMHAX (KepaMHKa)
OfecrieuyiBaeT BBICOKYIO NPOYHOCThb, CBA3bIBAsi OTAEIbHbIC MHHEPA/bl
B npoynumil MoHOMHT. B mpou3BojcTBe crekna, raasypei, sMadeil mo-
JyyeHHe BelleCTBa B CTEKJI000pPa3HOM COCTOSIHMH SBJSETCS UEIbIO
TeXHo/IoTHYeCKOTO Tpoliecca.

109



CTexJaMH HasuLBaKT aMopdpHLIe Tenaa, NOoAYUYaeMbie NpH nepe-
OXJIQKJICHHHM HEMEeTa/NIHYeCKOro pacnjaBa, COXpaHwBlIHe CTPYKTypy
JKMIKOCTH ¥ npuofperalouiie MexaHudecKue CBOWCTBA TBEpALIX Teq
B pe3yJbTare MOCTENEeHHOro HapacTaHHS BA3KOCTH; NEpexol H3 Kui-
xoro (pacnsiaBJeHHOTO) COCTOSHUA B cTekJ/aoofpasHoe ofparum. Ceoii-
CTBO CHJMKATHBIX DACI1aBOB 0fpa30BLIBATL CTEKAa NPH OXJamICHHH
CBA3aHO C HAJWYHeM OCHOBHOTO CTPYKTYPHOTrO 3J€MEeHTa CHJMKATOB —
Terpasapuyeckoll rpynnbt SiO} , crnoco6HOH 0fGpasoBLIBATL TPeXMep-
HblC MIPOCTPAHCTBEHHbIE ceTKH. CnocOGHOCTLI) NEPeXONHTh B CTEKJOo-
06pa3Hoe COCTOSHHE MPH ONpeleJIeHHbIX YCaoBHAX 06/1a1aloT He ToMBKO
CHJIMKaThl, HO Takxe W OopHbiH anruapui, ¢ocdatel, cepa. Crekno-
ofpa3Hoe COCTOsIHHE, 3aHMMalOULee MTPOMEKYTOUHOE TOJIOKEHHE MEeXy
TBEpPALIM M KHIKUM, UMEeT pAN XapaKTepHBIX OcOOeHHOCTel:

1. B ornuuHe OT KPHCTAMIHYECKHX CHCTEM CTeKJsa W30TPOIHB,
T. €. uX CBOHCTBa OJHHAKOBH BO BCeX HAIPaBJEHHAX.

2. Baxnolt 0COGeHHOCTBIO CTEKOJA CJYKWT HYeTKO BolpaKeHHas
34BHCHMOCTb CBOHCTB OT coctaBa. HekoTopble cBolcTBa cTeKod (Temno-
€MKOCTb, TenJoNpOBOIHOCTL, MJOTHOCTh) MOJYMHAIOTCA IIpaBway aji-
JHTHBHOCTH, T. €. MOTYT ObITb PaccUHTaHbl Kak CyMMa CBOHCTB BellECTB,
BXOJSIIUX B cOCTaB CTeK/ja. BiausHue KaKgoro M3 coc1aBJsUOIMX
OKWCJIOB Ha CBOHCTBA CTEKOA TOYHO onpeneneHo. Tak, Hanpumep, Kpem-
He3eM IMOBLIIAET XHMUUECKVIO M TePMHUECKVIO YCTOHUMBOCTL CTEK/d,
ero MNpoYyHOCTb, HO YMeHblllaeT KO3(ppHUHEHT paclivpeHus; GopHBIH
aHTHADHI yBeJHuYMBaeT [OKa3aTeJb MpejoM/IeHHS H XHUMHUECKYIO
YCTOHYHBOCTL CTeKJa M YMEHbIIaeT ero CHocOGHOCTb K KPHCTalJIu-
3aiiE M T. 0.

3. Crekna ofnanair Gojiee BLICOKHM 3amacoM BHYTpeHHeH 3Hep-
THH, 4YeM KpHCTa/JIHyecKHe BellecTBa TOTO K€ COCTaBa, W [OITOMY
SIBJAIOTCA MeHee yCToHuUBHIMH cucTemami. ITostomy Kpuctanansapus
CTEKOJI CONPOBOXKIAETCA BbIle/IeHneM Tera.

4. CreknooGpa3sHOMY COCTOSIHHIO CBOHCTBEHHa CIOCOGHOCTL K He-
TpepbiBHOMY [epexony H3 pacliJIaBJeHHOTO COCTOAHHA B TBEpjoe
H HaoBOpOT, MPHYEM MpollecC TBepAeHHsi He COMPOBOXKIAeTCs MNosiBJe-
HieM HoBoil (a3bl. O6paTHMBIil Nepexon u3 KHUAKOTO COCTOSIHWS B TBep-
Jloeé COMPOBOXNaeTCAd HeNpepbiBHOH H3MEHAeMOCThI0 (PM3MKO-XHMHU-
YeCKHX CBOHCTB.

KonmougHO-{HMHUHYECKHE NpoOIecch uMer 6oib-
1I0e 3HAauyeHue B TEXHOJIOTHH cuaukatoB. Ilpu (opMoBaHuM Kepamu-
YyecKHWX M OTHEYNODHBLIX H37Ae/ui, oforameHuH IJIHH, NepepaoTke
CHIPbEBbIX LIJIAMOB B IIPOIH3BOJACTBe IieMeHTa ofpafaTbiBaeMbiii Mare-
prajJ HaxopuTcsl B BHIE TVIHHHCTBIX CYCHeH3WH pa3jinyHoil KoHieH-
Tpanuu. YToGbl IPHMEHSITh IeMEHTHl B CTPOUTE/IbHON NIPAKTHKE H B I1po-
MBILIJIEHHOCTH, HeoOXONHMO 3HaTh MoBeneHle OTAeNbHBIX KOMIIOHEH-
TOB [IEMEHTa NpPH 3aTBOPeHWH ero Boioll. BsaKymme cBoiicTBa rjeMeH-
TOB OCHOBAaHB Ha CHOCOGHOCTH CHJIHKATOB M aJIlOMHHATOB KaJlbIHs
MPHCOEAHHATL BOLY C MOCJeAYIOUHM 00pa3oBaHHEM BbICOKOMPOYHBIX
KpucralioB. TpexkaabiueBwil CHIHKAT pearupyer ¢ Bonoil rno ypas-
HEeHHIO

3Ca0 - $10, 4 2H,0=2Ca0 - SI0, - Hy0 - Ca(OH),
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JByXKagblHeBbIll CHIHKAT H TPeXKaJbUHEeBblH aJIOMHHAT THApaTH-
pYIOTCH COTJIacHO YpaBHEHHSM

9Ca0 - £10; 4 H,0 =2Ca0 - Si0, - H,0
3Ca0 - Al,0; 4 6H,0 =3Ca0 - ALO; - 6H,0

MexanusM cxBarbiBaHus | 3arpepieBaHid UEMEeHTOB Mpi 33'1‘130]:)&-
HHH BOJIOH MOXKHO NpelcTaBHTh cielylouium obpasoMm. B nepsblit ne-
PHOI TNPOHCXONMT pacTBOpeHHe B BOAe DaCTBOPHMBIX COeJHHEHuH
i o0pa3oBaHHe HaCBIUIEHHbIX pacTBopoB. Bo Bropo#t nepnoa npomc-
XOJHUT 00pa3oBaHKHe B KOJJIOHIHOM, CTYAHEOOpa3HOM COCTOSIHHH MaJo-
PACTBOPHMBIX THJIPOCHJHKATOBR, THAPOAJIOMHHATOB H THApodeppHTOB
KanbuHsi (NO peaxuusM, NMPHBEIEHHbIM BblUIE), a TaKxKe THIPOOKMCei
Kanbuusi. B 3101 nepuon macca ofJajaerT JiacCTHYHOCTBIO H JIETKO
tdopmyercs. B TperbeMm nepuole B cTyaHeo0pasHol Macce HIeT npouecc
KPHCTAJ/NIM3al K, MpHYeM pasiTuuHbBle KOJIOHIHblE HOBOOOpa3oBaHHf
KPHCTAJIH3YIOTCsi ¢ PasHOH CKOpocTbio. B mepBylo odepeib KpHCTal-
JU3YIOTCSI THAPOOKHCh KasbUHH U T'HIPOATIOMHHATH KalblHa. B pe-
3ynbrare 00pasoBaHHUA KPHUCTAJJIOB, MPOHU3LIBAIOHIUX TeCTOOGPa3HYIO
Maccy, OHa CTaHOBUTCS TBEPJIOH, HO ele He MpHoGperaer NPO4YHOCTH. DTOT
MepHOoJ, Ha3blBaeTCA CXBATbIBAHHEM ItemenTa.

HOCJIQH}’IOHLLIﬁ NepHo]l TBEPAEHHA XapaKTepH3YeTCd YIJIOTHEHHEM,
MaccoBO KpHCTaIH3alHell CTynHeH, COCTOMLUMX H3 T'HAPOCHIHKATOB
KaJdblHA, BbICBIXaHHEM MaccCbl H YNPOYHEHHEM €€ 3a CHeT CpacTaHHs
u nepernyiereusi Kpucrainos. OCHOBHOe 3HaUeHHe B HapacTaHHWH MeXa-
HHYECKOH NPOYHOCTH UEMEHTOB HMEET KpHCTaJIH3aluHuA HauGo.j1ee
OBbICTPO TBEPJEIOIET0 MHHEpaJa — TPeXKalblHEBOrO CHIKKATa, H CKO-
pPoOCTb HapactaHHs MPOYHOCTH HEMEHTHOro KamH#A 3aBHCHT OT COIEpP-
JKAaHHA 3TOTO KOMITOHEHTa B KJIHHKEpe.

3. NPOM3BOACTBO NOPTNAHA-UEMEHTA

ITopraana-ueMeHT 3aHHMaeT HNEpPBOE MeCTO Cpelu BceX Bs-
JKVILIHX BElIeCTB Mo MaciuitaGaM MPOH3BOJCTBA W noTpebieHHs (B cpej-
Hem oxoso 50% ofiero eeinycka nemenra). [lopTaana-uemeHt usro-
TOBJISIETCSL 113 CPABHUTEJIBHO NOCTYIIHOTO I JIEUIEBOTO CHIPbs; W3JelHs
H3 Hero 06J1aflaloT BBICOKOH MeXaHHUYeCKOH MPOYHOCTBIO, MOJHOH BO3-
JYXOYCTOHYHBOCTLIO, BBICOKOH MOPO30CTOMKOCTBIO, OBICTPO TBEpIEHT
KaK Ha BO3lyXe, Tak W noj Bojoii. ITopriani-ueMeHT npejcraBiiseT
coboli cMecH MHHepaloB — Tpexkaibunenoro cuiukara 3Ca0-Si0O,,
nByxkambuueporo cmiukara 2Ca0-Si0,, TpexxajgbUueBOro acioMH-
nata 3Ca0-Al,O;, tpexkanbuuesoro amomodeppura 3Ca0-AlO;-

Fe,O,, cpoGoaubix okucel kKaabuus CaO m marnuas MgO.
Texnosornueckas cxema u 0GOPYAOBaHHE MPOH3BOJACTBA MOPT/IAH/-
LeMeHTa SBJISIOTCS THIMHYHBIMH JJIS1 TEXHOJOTHH CONbLUMHCTBA BH-
Xywux MarepuanoB. IToptnann-uement nosyuaior ofKHTOM Jo crie-
Kauusi (MakciuMmalibHas temmeparypa ofxura 1400—1450° C) rouno
Jo3npopakHOR CMecH TVIMHLI W KapGoHuara KaJjblHs C TMOC/TIelYIOuHuM
TOHKHM H3Me/IbUeHHEM [OJYUeHHOH crekllefics Macchl, Ha3biBaeMOH
Kiunkepom. CooTHOLIeHHEe OCHOBHLIX MHHEpAJIOB, COCTABJIAIOLLUX MOPT-
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JaH]1-UeMEeHTHEIH KJHHKep, KoJefJercs B CJISLyIOUIHX npenenax (Bec.
%): 3Ca0-Si0, 42—60; 2Ca0-Si0, 15—35; 3Ca0-Al,0, 5—14;
3Ca0-Al,04-Fe,O; 10—16. B 3aB01CKO# NpaKTHKE NPK pacyere LIHXTh
HCXOIST U3 3a3AaHHbIX NNPOLEHTHEIX COOTHOUWEHHH IVIaBHeAIIHX OKHCJIOB
B KJIHHKepe. JTH COOTHOUIEHHUS HA3BIBAIOTCS MOAYJISIMH — CHJHKAT-
HBbIM MOJIYJIEM n M TJIMHO3EMHBIM MOJVJEM p:

_ %Si0, ) -~
"= ALO, ¥ %Fe0; b
, 0% Al,Oj
P=YFe, V2
KH — (CaO4y6— CaOpog) — (1,65A1,05 +0,25Fe,053 4-0,7505) . (V3

2,8 (Si0sggu — S10uc806)

[naBuofi XapaKTePHUCTHKOH MHHEpPAJOTHUECKOTO COCTaBa KJHH-
Kepa nopriagi-ueMenTa cayxut kosppuunent Hacbunenns KH xpem-
He3eMa H3BeCThblO, BbIPAXKAKOMKMH OTHOMIEHHE KOJIHYeCTBA H3BECTH,
ocraBblielicss B KJIHHKepe nocte obpasosaius 2Ca0-Si0,, 3Ca0-Al,0,
u CaSO,;, K KOJHYECTBY H3BECTH, HEOOXOIIMOMY JJIsl CBA3bIBAHHs
kpemuesema B BHje 3CaO-Si0,. Iloap3ysack 3ajaHHBIMH  MOJYIAMHU
u KH, a rak:xe JanubIMH XHMHUYECKOT'0 aHalH3a CBIPbEBBIX MaTepHa-
JIOB—H3BECTHSKA W IVIHHBI, PacCYMTHIBAIOT KX BECOBOE COOTHOUIEHHE
B wHxre. Haa nopriaHi-ueMexta Ko3(XpHUHEHT HACBHILUEHHS COCTAB-
asier ,8—0,95. Uem menbiie KH, Tem GoJiblie colieprkauue B KJIUH-
kepe 2Ca0-Si0O, H TeM HuKe aKTHBHOCTH LEMEHTa.

ITpousBojCTBO TOpTVIAHI-UEMEHTa CKIaJblBaeTcsl H3 JBYX caMo-
CTOSITENIBHBIX TPOLIECCOB: a) TPOHU3BOACTBO nNoay(pabpHKara — KJIHH-
Kepa, BKJIOYAIoNIee TNOJIrOTOBKY ChLIpbeBOil cMecu u ee oGxur, u 6) no-
MOJI KJIMHKepa ¢ J106aBKaMH, CKJIaTupOBaHHe W YNAaKOBKa NOPTIaHi-
unemenTa. CymecTByior iBa cnocofa NOJITOTOBKH ChbIPbeBOH CMecH —
MOKpBIH K CYXOH;, B COOTBETCTBHM C 3THM Pa3IHYalOT MOKPHI H CcyXo#
cnocofbl  TIPOM3BOJACTBA NOpPTAaHj-ueMenTa. MokpeH cnocof oOT/IH-
yaeTcsl NOJATOTOBKOH CHIpbIX MarepHalloB B NPHCYTCTBHH BOJBIL, a IO
Ccyxomy cnocofGy MaTepHaJ/bl pa3MajbiBalOT H NepeMellHBaloT B CYXOM
BHle. B uacrosuee BpemMs Mokpbiit cnoco6 HauGoJiee pacnpocTpaHeH
B CCCP u 3a pyGexom.

CxemMa npomn3BoXcTBa NOpPTJaHA-UEMEeHTa No
MOKPOMY cnocoby npHeeneHa ua puc. 47. W3pectHsix npobsaT B apo-
OusaKax, ApPOGJeHBbIH [i3BeCTHAK TNOJAeTcs B TPYOHbIe MEJbHHUbL, /e
NPORCXO/IT COBMECTHOE TOHKOE H3MeJbUeHHe H3BeCcTHSKa W IVIHHEI,
noJIcBaeMOil B Bujle JKHIKOH Macchl H3 rynHofonTyiuexk. s meapnnuu
CBIpBEBOH LJIaM NojaeTcsl B jKele300eTOHHbIe pe3epByaphl ¢ Meal-
KaMi IJH C NHEeBMaTHYeCKHM NepeMellHBaHHEM CMecH, Ha3biBaeMble
umambaccefinamMu. B uwntamoBeix Gaccefinax NpPOH3BOJHTCS XpaHeHie
H KOPPEKTHPOBKAa ChIpbeBOH CMECH, T. €. CMelleHHe ULIaMOB pPasHoro
XIMHYECKOTO coCTaBa sl N0NyUeHHsT TPeGYeMOro COOTHOUIEHH ST KOMIIO-
HentoB. ChlpbeBasi cMech OG:KHraercs B GapafaHHbiXx BpallaloUAXCH
nedax. ITeub oranauBaercss VroJbHOH NbLIBIO, Ta3006pPa3HbIM TOILIH-
BOM MJIH Ma3yToM, NpHYeM TONTHBO CKHUraeTcst BHYTpH nedu. Coipb-
€Boil 11J1aM, nojaBaeMblil B Neub M3’ TOPH30HTAJIbHOrO Iuyambacceiila,
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JBHMETCH H]JOTHBOTOKOM TOPSIYHM TOIIOYHBIM Tra3zaM. HPH 3TOM Ioche-
JIOBaTeJbHO IPOHCXOJHT HCIlapeHHe BOMBL, AETHIpaTAllHsi MUHEpAJIoB,
JIACCOLMAlHSl M3BECTHAKA W PEaKlUHH MeXAY o0pa3yIoniuMcs OCHOB-
HbiM okcHIoM CaO u cocraBiasiiOmumy TIMHAHOTO KomioHeHTa SiO,,
AlL,O;, Fe;05. B 301e cnexanus npu 1450° C okouuarenabho (GOpmu-
pyercd uemeHTHBIl kjuHkep. [lonyueHHbt KJIHHKEp oxJamjaaercs
XOJIONHBIM BO3AVXOM B KOJIOCHHKOBBIX XOJOAWJIbHHKax o 50—60° C.
B 3THX XOJOJHJBHHKAX, ]JECI'IOJIO}KEHIH)IX rnojg nedamy, 3epHa KJHH-

N Habecmurk
fmuwa  Boda

e
Coippelioi
wrgn

s

{ 2 51
Tonnuba ‘!IEI!E" _I: mlm

Bosdyx ﬁ )

A leywere 2a35t
e —

S S S TR

SIS

Basdyx '

Puc, 47, Cxema npou3BoJCTBa NOPTIAHZ-IEMEHTA MOKDBIM cnOCOGOM:

I — raunoboaTtywka, 2 — MOMOTKOBaf ApPoGuaKa; 3 — CHPLEBAR MeJbHHUA; 4 — KOPPEKTH-

poBounble IJambacceiubl; 5 — FOPH3OHTAIbHBIE waaMmbacceiinu; 6 — GapaBanuas Bpaulaw-

Ugasnca neyb, 7 — KOJOLHHKOBHIT XONOAHABHHK: & — cKaal, 9 — UeMeHTHa# MedbHHua;
? — HEMEHTHhE CHITOCH!

Kepa paBHOMEPHBIM CJOEM paclpeaeisiioTcs Ha KOJOCHHKOBOH pe-
lieTKe, I10J KOTOPYIO Tojaercsl Bo3jlyX, HalpaBisieMblH nafee B Ieub
Ansi ropeHusi TonuBa. M3 X0M0IUABHHKOB KJHHKED MOJaercHd Ha
CKJIaJl, TJie OH BBUICKHBAeTCsi HEKOTOpOoe BpeMsi IJIf ratueHus (THapa-
Tanknr) cBOOOIHOM H3BECTH H CBSI3BIBAHHSI €€ THIPABJIHUECKHMH J0-
GaBkamu. BrurexaBliniicsi KIMHKED COBMECTHO C THJIPaBIHYECKHMH
WM uHepTHBIME J100aBKaMH H 100aBKOil I'HIICa, PEI'VJIHPVIONIEH CPOKH
CXBarbiBaHKA, pasMa/IbIBAalOT B 1IAPOBHIX LEMEHTHBIX MeJbHHUAX. Ile-
MeHT XpaHuTcs B 2KeJe306eTOHHBIX CHJIOCAX, CHaGKEeHHLIX aspupyio-
WiME HKOAME, Yepe3 KOTOpble B NIepHOJ PasrpysKH CHJIOCA HarHeTa-
€Tcs Bosayx, paspeixasonyi# uemMent. OTNpaBry uemMeHTa noTpeSHTETo
POU3BOASIT HABaIOM B aBTO- HJIH MKEJe3HOJOPOMKHBIX [(EMEHTOBO3aX HIIH
YMaXKHBIX MHOTOC/IOHHBIX MELIKAX.
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Ilas mpunanust HEMEHTAM TeX W/l HHBIX CBOHCTB M [JIs1 WX V/elleB-
JieHHSI TIPUMEHSIIOT pasiiyHble 1064aBKH K BSKYHIMM: THIpAaBJHYECKHE,
cofiepyKalilve aKTHBHbBIH KpemHe3eM, NOBBILAIONINE BOJAOCTOHKOCTE lle-
MeHTOB K CrnocoGCTBYIOHEe HX TBEepAeHHIO Toj BOAOH; niaacTH(uuM-
pyiolllie TNOBepXHOCTHO-aKTHBHBIE BejuecTBa, NOBHILIAIONHE 301aCTHY-
HOCTb M CBSI3HOCTL LEMEHTHOT'O TeCTa; HHEPTHBIE HANOJHHTENH (TecoK,
H3BECTHSK, JOJIOMHT), KUCJIOTOCTOfiKMe (amiesur, OGelliTAyHHT, Ipa-
HUT), PEryJHpyIQUiHe CPOKH cXBaTbiBaHus (runc), u T. n. OcoGenno
BayKHL! THpaBiudeckue no0aBKH aMop(HOrO KpemHesema, NEHCTBHe
KOTOpEIX OCHOBAaHO Ha cBAsbiBaHuu cBobonuoi Ca(OH), B ruapocuin-
KaThl KajlbUusl, a TAKyKe HA 3HAUUTEILHOM YBEJHUEHHH TIOTHOCTH Oe-
ToHa. B peayabTare Bo3pacTraer BOJOCTOHKOCTh GeTOHA H YMEHbUIAeTCsi
ero KOppo3us ABYOKHCBIO VIVIepoja, PAacTBOPEHHOH B BOJE.

[IyuuonaHoBblli MOPTJHAHA-LEMEHT H LIAKOMOPTIAHA-UEMeHT. 15
3KOHOMHH NMOPTJIaH]I-1leMeHTa — BBICOKONEHHOTO U YHHBEPCANbIOro Bsi-
KYLIETO BellecTBa — BHINYCKAOT CMellaHHBe UEMEHThI, KOTOpBE MO-
I'VT TNPUMEHATHCA C HEeKOTOPHIMH OrpaHuyeHusiMu. IIyuuosaHoBhe
HeMeHTBbl HpejcTaBlisiiolT cofol TOHKOPAa3MOJOTYIO cMech NOPTIaH]-
IIEeMEHTHOTO KJIHHKepa C THAPABIUYECKHMH J00aBKaMH, BBOIHMBLIMH
B xoanuectBe 20—50%. B xadecTBe ruapaBiHuecKuX JO0GABOK Npume-
HSIIOT TOPHUCTble BYJKaHHYeCKHe TOPOABI TYIUOJaHBl, O0CaJoUHbEe
NopoAsl, COCTOALIHE TIJIaBHLIM 06pasom W2~ amopdnoOTO KpemueseMa
(1MaTOMMT, TpelleJi), NPOMBILLIEHHbIE KpEMHe3eMHCThIe OTXGJbI (CHIil-
rod). ITyuuosaHoBble neMeHTBl NPHUMEHSIOTCSI B KadecTBe CIemHalb-
HBEX BSZKVLIMX MaTepHasoB /s CTPOUTE]LCTBA TIOABOAHBEIX M NOJ3EM-
HLIX COOpYJKEHHH, HO BCJeICTBHE BBICOKOTO COflep’KaHHs KpemHesema
He MOTYT OLIThb HCNOJL30BAHBI B YCJIOBHAX Oo/blUHX KogdebaHuit Tem-
neparyp. TBepAeHHe NYUO/JaHOBLIX UEMEHTOB NPOKCXOIHT MeJJIeHHO.

HlrakonopriaHA-ueMeHTbl TNPeaCcTaBisioT cob00H cMech NOpPTIaHj-
IeMEHTHOTO KJIHHKePa B TOHKOPa3MOJIOTOT0 MeTalJyprudeckoro 1jiaka,
yajne Bcero aomenHoro. Ilmakomopriiana-uement o6/anaer BBEICOKOH
BOJIOCTOHKOCTBIO H NpHMeHseTcsl B GETOHHLIX H Kelle300eTOHHBIX KOH-
CTPYKUHAX; HE TNOJABepTaloNHXCs 3HAYWTEJLHBIM KojaeDaHHsiM Temie-
parypht W BaaxHocrd. YacTHuHas 3ameHa [1eMEHTHOTO KJIMHKepa
OTXOAAMH — LIJIaKaMH, YyKe NpOoWeliuMH TepMHUeCKY 06paBoTKy
B MeTa/IYPTrUUecKoli NMeYH, 3Ha4YUTeJbHO CHHAKAET CTOMMOCTL IeMeHTA
H BecbMa BLITOJHA 3KOHOMHYECKH.



6 METANNYPIrua

raaea

1. BBEJIEHME

MeTtanaypruueckoe MPOH3BO/ACTBO BO3HHKIIO B IIy6oxoit apesHoctd. Eme Ha sape
pa3sBuTHA ueioBedeckoro obuectsa (10 H. 3.) Obl1H H3BECTHB! H MPUMEHSJIHCE Keaeso,
Mefb, cepeGpo, 30J10T0, PTYTh, 01080, cBHHEL. Ilpexie Apyrux metannos Gbi1H moay-
JeHLI OJOBO H CBHHEHD Kak Cpﬂl’il]l‘l'ﬂe.ﬂblln JErkKo BOCCTAHABJAHBAEMBIE H3 OKHCJOB.
Ho onu He GbliM NpHrOAHBL WIS H3TOTOBJCHHSA OPYAMA Tpyaa i opyxus. OcsoeHue
NPOH3BOACTBA CIIABA MEIH C OJIOBOM AIBHJOCL HAYalloM HOBOI 3ITOXH B HCTOPHH Ma-
TepHaNbHOK KYJbTYpPHI, Ha3biBaeMol OponzoBbiM BekoM. CosepiuieHcTBoBamHe mja-
BHJABHKIX neyei C0o3/1a70 BOSMOXKHOCTE BHIIJIABAATE H3 DY HEe30, KOTOPOE BEITECHHJIO
GpOH3Y, H B BHIE YYryHa ¥ PasjiHuHLIX CNJaBOB XKEJI€3a cTal0 OCHOBOK PasBHTHA Npo-
MBINIIGHHOCTH, TpaHcopTa M ceabckoro Xossiersa. Ho navana XVIII B. yenose-
uecTBY OBLITH H3BECTHH JHWL TaKHe MeTaanbl, Kak 300To, cepeGpo, Meab, PTYTh,
JKele30, CBHHELW, OJ10BO, CYPbMa H BHCMYT. AJIOMHHHH, HHKEAb, MAarHui, XpoMm,
MapraHen, H psii APYrHX CTalH modyuath Toabko B XKonue XIX n B Hauane XX BB.

B pa3suTHH MeTasJayPrul Kak HayKH, Hiyuawouledl mpouecchl H3BJCUeHHS MeTas-
JIOB H3 PV M OTX0J0B, GoMbllIasg PoJib MPHHALIEHKHUT DYCCKHM YUEHBIM, MOKA3aBUINM
HOBHIE NTYTH NMPOH3BOACTRBA MeTanaa. Bamuet sknan B metanaypruio caenan M B. Jlo-
MOHOCOB, BIIEPBHIE JaBUIHH Hayunoe 0606EHHE HAKOMJIEHHOIo ONEITA ¥ 3aJ0MK HRLIHI
OCHOBBI TEOPHH MeTaJypPrauecKoro NPOH3BOACTBA. DoJblIOH BKJIaj B pasBuTHE
meTajaaypruu sHecan B. B. Tlerpos (1803) ¢, cosnapiiuit OCHOBBI 3JeKTPOMETAIAYD-
rui, B. C. fko6u (1834), Bneppnie NMpPUMEHMBIIWH 3JEKTPONN3 AAf OCAMAEHHA Me-
Tannos us pactsopos, I'. M. Tecc (1848), nmoaoxHBLINI Hayalo cOBpeMEHHONK TEpMO-
XHMHH, Bbiaaiounites pycckuit metaanypr I1. [1. Anocos, B neéppoit nososuue XIX s.
3aJ0KHBIIHIL OCHOBBI yuenis o craga, J. K. YepHoB — OCHOBONONOKHHK METalA0-
senenust, H. H. Bexeros (1865), curpaBuwmii Goabluyo poib B pasBHTHH MeTalio-
TepMHH.

K nauany XX B. Ha ochose paGor H.C. Kypnaxkosa, [I. Il. KoHosanosa,
A. A. Baiixosa, I1. I1. ®enoreesa ¥ Apyriax yueHblX BO3IHHKIA HOBAS OTPaCIb HAYKH —
TEOPHs METATJIYPrHUeCKHX TpoueccoB. B HHMKeHepHEE OCHOBbI MeTajaypriu Godb-
wolt BKaag Buecau B. E. Tpym-T'pkumaiiio, cosnaBlidil rujpaBanueckyio TEOopHIO
MeTaaaypruuecknx neuedt, M. A. Masnos, M. I1. Bapaun, A. A. Baiikos, pa3BHslIHe
TEOPHIO M TNPAKTHKY METaaJqypru¥ uyrysa.

Knaccudpukauus Metanios **. Metansel cocTaBasior GoJblIYIo 4acTh BCEX 3Je-
MEHTOB B mepuoiuueckoit cucreme JI. M. Menaeneesa, Ho B Texnuke oHH kaaccupu-
WHPVIOTCA 10 HHBIM TpH3HaxaMm. [o HacTosuero BpemeHu He paspaboTaHa HayuHo
ofocnoBannan KJaccHpuxauda meTannos. B npakTHKe nonyuuiau nmpUMEHEHHE HC-
TOpHYeCKH CAOXKHBIUHeCs KaaccHpukauuu, GasHpylouHeca Ha TaKuX IpH3HaKax Me-
TajJI0B, KaK HX PACMHpPOCTPAHEHHOCTb B NPHPOJe, MPHMEHHMOCTb, DU3HUECKHE H uac-
THUHO XHMHuecKHe CBoicTBa. Meradnbl neasiTcA Ha uepHble ¥ useThuie. K yephbim
MeTaJaM OTHOCATCS MHeleso, Maprasen, XpOM H CNJIaBEl Ha HX OCHOBE, K UBETHBIM —
BCE ocTajbHBble., LIBETHRIC METAH eqsTest Ha 4 TPYNIH: 1) TsxeNdsie: Melb, CBHHEL,
0jI0BO, IIMHK ¥ HHKeab; 2) Jerkue: ajllOMMHHH, Marwull, Xajdbuuil, Kaaui ¥ HaTpWii;
4acTo K 3TOil TPYNIe oTHocAT Takxe Gapuit, Gepusanit, AHTHI ¥ ApYrue mejaouHHe 1
leJoynoseMeNbHEE METANTE], 3) AparoueHHee, WY GaaropojHee: njiaTuHa, HpHHH,
OcMufi, manaanuil, pyTeHu#, poaH#, 30J0TO M cepebpo; 4) penKue: a) Tyromjaabxie:
——

* B croGkax nmpuBefieHbl JaThl OTKPHITHI HiH Haya/la COBEpPIUEHCTBOBAHHA IIpo-
leceos,

** TpupeenHas KIaCCHOUKANMA HE SABAsSETCS. OOWENPHHITOR M COBEpPLIEHHON
€ Touxy apeHHs] COBPEMEHHOTO COCTORHHS META/IYPriH, OSTOMY B HACTOSAIIEE BPEMSI
PaspaGarwisaeTea HoBas KaacenduKkalua MeTanaos,
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BoAbQpam, MoanGLeH, Banaguil, TAHTaM, THTAH, HHPKOHHIl H HHOOUII, K HAM JKe HHOrIa
oTHOCAT KoGanbT; G) jlerkie: CTPOHUMH, cKanIHi, LesHit ¥ pyGuIui u 1p.; B) paccesn-
liple: repMaHuil, rajaJinil, Taaaui, WHAHE W peunil; 1) pelkoseMeibHBIC: JAHTAH, HTT-
puit, rabHuil, uepuii, cKaHIMH M AP.; 1) PaLHOAKTHBHEIE: TOPHIl, pajuil, akTHIMi,
NPOTAKTHHHI, NOJOHUH, Ypau W 3aypaHoBRe 3jieMenThl M3 rpynne pegxux Metaniop
HACTO BRAEJAAIOT B KAaUeCTBe OT;&E.‘II:HOI:I rpyIillel Tak Ha3blBaeMbie Majbie MeTa H:
CYPLMY, PTYTh, BHCMYT.

Merasibl B TBEPLOM COCTOSIHHH NpellcTaB/sioT cofoli KpucTaaauueckue BellecTna,
ATOME KOTOPHX pacllofiodenbl B CTpOro onpeleieHHoM Dopsike I o6pa3yioT tax
Ha3HBAeMYI0 MpocTpaHcTBeHnyio peunteTky. ®opma, BesnuMHa K B3aHMHOE DacNoJo-
JeHle KPHCTajJoB B TBEPLOM Meradje onpeleiflor ero cTpyktypy. OT cTPYKTYpH
METaAJ0B B 3HAYNTEABHON cTelleHM 3aBHCAT MeXaHHuecKas NpoYyHOCTL H ,mpyi‘}ie Tex-
HHUYECKHe CBOICTBA MeTaqia. KpHeraiisl BaKHeNHX MeTaa0B HMeloT GopMy LeHT-
puponannoro xy6a (kpucraane: a-Fe, Cr, V, Mo, W, K, Na u jpyrue ¢ xoopiuua-
uMOHHBIM uicaoM 8), Ky6 ¢ HeHTpHPOBaHHEIMH rpaHamu (kpucramab: y-Fe, N1, Co,
Cu, Al, Au, Ca n gpyrue ¢ KOOpAHHAUHOHHEIM uncaoMm 12), rekcaroHanbuyio dopmy
¢ maoTHeHIuel YHakoBKo# (kpuctanak: Zn, Mg, Cd, Ti u apyrue ¢ XoopH HALKOHHEIM
uncjaom 12). Meranibl CKJACHHE K alJOTPONHIeCKHM NpeBpameHusaM, T. e. o6aataior
cNOCOGHOCTRIO CYIECTBOBATE B HECKOMABKHX KPHCTANIHYyecKHX GopMax B 3aBHCHMOCTH
OT YCJOBHI KPUCTAMIN3ALNH 1 OXJAXKIeHHS B TBepioM Bulle (DoauMopduam). Ha cno-
COGHOCTH METaJJI0B K NOJAMMOP(HLIM NpeBpalleHHsAM OCHOBAHBI IPONECCcH TepMuye-
ckoil 0OpaboTKH MeTajJjloB (OTHKHI, 3akajnka).

Moustee o cmaaBax. Meranasl cnocoGHb 06pazoBeBaTh CIUIaBE, HMElOllHe
Godablloe 3HAUEeHHe B TEXHHKE. CII.TIaBElMH HAa3pIBAOTCA TBePIHE BeliecTBa, Noayyae-
MBIE CIVIABJEHHEM NPOCTHIX BEIECTE — 3JIEMEHTOB, M pasHooOpasHHX coeAyleHnH.
MpaxTuyecknit KHTEpeC NPeCTABAIOT IVIABHEIM OGPAa3oM claBbi KPHCTANJHUECKHX
BEIIECTR. HOSTOMY NMOHATHEe ¢CIJTABBI® Ydlle BCero OTHOCUTCH K KPHCTAMJHYECKHM Belle-
CTBaM M 0COGEHHO K MeTajjiaM. X MMHUEeCKH YCTOHUHBBIE CIJIABLI JOJIHHBI HMETh OHO-
POAHYIO CTPYKTYPY, TaK Kak Pa3HOPOAHBIE KPHCTAbI, COCTABJAIONIHE CTPYKTVDPY,
00pasylor Nnoj AeHCTBHEM peareHTOB 3JeKTPOXHMH4YecKHe Naphl, crnocofeTBylouye
KOPPO3KH MeTan0B. OJHOPOIHOCTL CIITABOB B CHJIBHON CTENEHH 3aBHCHT OT KPHCTa-
JIHUECKHX pelleTOK chaaBiasgeMBIX KOMIOHEHTOB. B 3auac1mo"c‘*m OT HHCTa BXOAAIIHX
B CINIAB DPOCTHIX BellecTB (KOMMOHEHTOB) PasjiHualoT CMJaBel ABOliHHE, TPOHHLE,
ueTRepHele # T. A. Haubojee Xopoluo H3yueHul ABORHHE CHOJABHL

st cnniaBoB XapakTepHo HaJlHyHe onpe/lesieHHOro B3anMOeACTBUA MY CIIaB-
JeHHBIMH BelllecTBAMH. B HHIAKOM COCTOAHHH BCE KOMIOHEHTHR IOMHOCTBI) CMEIIH-
BajoTes W 00PA3yIOT ONHOPOAHYIO XKUAKOCTE. B TBepaoMm cocTosiniyu ofpasyiores o/iHO-
poiHass KpHcradjideckad cMeChb KOMIOHEHTOB HAM TBepjbleé pacTBOPbI, WIH XHMH-
YeCKHe cOoejlHHeHH. KB}K,QOM)’ H3 MPHBEICHHLIX TPEX THIIOB B3auMO}1&i‘lCTBHH KOMIIO-
HEHTOB B TBEPAOM COCTOSIMMH OTBEeYaloT ONpEieseHHbI XapaxTep KPHCTaMJansamuu
M onpeleseHHast cTPykTypa. HauGonbluee 3naueHHe WMEIOT COJABH JKele3a.

HKeneso. JKeneso mMoXer cyuecTBOBaTh B HECKOJBKHX aljoTPoNiueckuX dopmax:
anba-Keneso (a-Fe), ramma-xeneso (y-Fe) u nerpra-xeneso (0-Fe). a-Fe oGaazaer
MariHTHLIMH cBOHCTBaMH, yerofiunBo npu remneparype uuxe 910° C, umeer kpHeTad-
JIMYECKYIO peweTKy B (opMe meHTPHpoBaHHOro Xy6a. OHo pacTBopsier yriepoi B He-
3HAUHTEABHOM KoauuecTse: npu 723° C— 0,02%, npu koMuaTHOH TeMmmepaType —
0,006% . Teepaslit pacTBop yraepoaa B a-Fe nasusaerca gepputom. [pu 910° C a-xe-
Jeso npeppauraeTcss B P-3eje30, HMeiollee KPHCTALIHUECKYIO peleTky B gopme kyda
C UEeHTPHpPOBAHHBIMH I'paHAMH. y-Fe cnocoGHo pacTBOPATh yriepoa B GOAbLINX KOTH-
uecTBax, yem a-Fe: npu 723° C — 0,8%, npn 1130° C — 2% . Teepawit pactsop
yraepoga B y-Fe HaswBaerca aycTeHHTOM.

[pu temmeparype 1401° C y-Fe npespamaerca B 6-Fe, xpucramausyioueeca
cHoBa B dopme ueHTpHpoBaHHOro KyGa, KoTopas coxpausercst 10 TeMmieparypel
nazpneHHs Keaesa 1539° C. Xumuueckoe coeinHeHHE »Kejiesa ¢ yriiepofom (kapGHi
Henesa) FeyC HaselBaeTcs LeMeHTHTOM. X HMHUYECKM uMCToe JKeae3o cepefpucro-Geaoro
usera, mia. 7890 kr/m®. Ono oGnanaer BEICOKON TeILIONPOBOJIHOCTLIO, 3/1eKTPONPOBOi-
HOCTbIO, MarHHTHOH TPOHHILAEMOCTbIO, BBHICOKOH NJIACTHYHOCTBIO, XOpolIO Kyercs,
IWITAMIYeTCsl, NPOKATLIBAETCH H CBapHUBaeTCs.

Ha ocHoBe Kese3a DmoayuaoT pasHooGpasHble COAaBbl, LWHPOKO NPHMEHSEMLIE
B TeXHHke. PacXxoj jKesesa u ero cnjaBoB B HACTOsi[IEE BPeMs COCTABJAET 110 Macce
oxodo 92—93% or ofuiero pacXoga Bcex npHMeHsieMbX MeTajnoB. Bodbinoe 3hHade-
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HHE MOJMYUHJH CNJIaBHl Xesle3a, cofepxanine yraepon. Ha puc. 48 noxasanw dazosble
W CTPYKTYDHBIE TIPeBPAalleHHst B JKeJe30YIJIePONHCTHIX CRMaBaX ¢ H3MEHeHHEM TeM-
nepaTypel (1uarpamma COCTOAHHSI JKese30 — yriepos). Bee cnaasel xeqesa u yrae-
poia TpH TeMneparypax Beiue Kpupoi ACD nHaxoasTcs B XKHAKOM COCTOAHMH. 3Ta
]{p]{HaSl NoKa3elBaeT 3aBHCHMOCTh TeEMNIERaTypbl Hauyanaa KPHCTaAMJH3AaUHH CINJaBoB
OT cofepxanus B Hux yriepoaa. Huxke xpusoii AECF Bce cnnaskl HaXoaATCs B TBep-
JIOM COCTOSHHH. JBTEKTHKA MKeJIe30YTIePoaucThiX CN1aBoB, conepxamas 4,3% yrie-
pona, 3aTBepaeBaer npu 1130° C, oHa wna3sbiBaercs JefgeGypHTOM H NpPeACTABJAET
MeXaHHYEeCKyi0 CMech 3epen: Bbiue 723° C aycTennta ¢ memeHtuToMm, Huxe 723° C
nepanta ¢ nemenTutToM. Cnyiab ¢ conepxanuem 6,67% yraepoaa cooTBeTCTByeT meMeH-
Ty FegC. Touka E (npu 1130° C) na guarpamme COOTBETCTBYeT npeedbHoil pacTso-
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Puc. 48, QuarpavMma cocToslHA CHCTEMBI JKeJe30 — IEMEHTHT

puMocTH yraepoaa B tBepaom kedese (2% C). Ipu 723° C n conepxanuu yraepoaa
0,83% Touka () HasbiBaeTcsl SBTEKTOMAHOH, TAK Kak 3/ech B OWIHuMe OT 3BTEKTHKH
OGPZ]B}'ETCH CIIJIAB He H3 KHIKOro Merajja, a H3 Tbepaoro pacTeopa aycTeHHTa MnpH
nepexone y-Fe B a-Fe. 9Tor cnuag, Kak u 3BTeXTHYECKAH, HMEET CTPOTO ONMpeEneaeHH bl
cocrae (0,83% C) u camyio yu3xkyio Temneparypy oGpazosanus (723° C). Ou npeacrae-
JseT co6oit MexaHHUeCKyIo cMech 3epeH IeMeHTHTa 1 GeppuTa H Ha3blBaeTes NePIuTOM.

B npouecce oxaaxaenns cnaasos y-Fe npu 723° C nepexonnr B a-Fe ¢ Bbiiene-
HueM cBoGopHoro HemenTHta. [103TOMY Bech ayCTeHHT pacrnajfaeTcsi Ha MeXaHHYeCKyIio
cMech — nepanut. [lpu narpesauun npopgecc ujieT B oGpaTHoM Hanpapienuu. [lpu
723° C a-Fe nepexoaut B y-Fe, B KoTopoMm pacTeopsieTcs yriepof, cofepaniuiics
B cnjiaBaX © o6pasoBaHHeM TBepAOro pacTsopa — aycTenura. Jlnuns PK HasbiBaeTcs
JHHHeH NepJUTHOTO MJIH aycTeHUTHOTO nperpaueHusa. Ha auarpaMme noxazaHel
TaKxe CTPYKTYPBI BCeX MPOMEKYTOUHLIX cniaBos. Cnaase! ¢ coflepiKaHueM yriaepoaa
Ao 2,0% na3spBalOTC CTajaMu, ¢ GOJBIINM COAepPMKAaHHEM YIepoa — 4YTYHaMH.
“C/lH B 4YryHe 3HAUMTeNILHAS 4acTh YIVepoja XHMHYECKH CBfA3aHa C JKeJe30M B BHAE
FesC, 1o Takofl uyryH wuasmBaeTcst GeapM. TIpH MeJJeHHOM OXJaMcIeHHH pac-
TasaeHyoro yyryHa 4acTe Fch pacnanaeTrcs ¢ BbLIEJEHHEM CBOGO}HIO[‘O yriepoaa
(rpacdurta). Taxkoifl uyryn naswiBaercs cepeiM. duarpamma CocTosns B 3ToM cjyuae
HeckoabKo Mensiercsi. Benwt uyryn ofiaagaer Goavuioil TBEPAOCTLIO, HO XPYMOK M
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nostoMy He o6pabaTuiBaeTcst Ha cTankax O uieT B nepefen Ha crainh. Cepuift uyryn
Jojlee MATKHH, MeHee XPYNKHI M Xopolio ofpabaTbiBaeTcst Ha CTAaHKAX.

Pyast u cnocoGet uXx nepepaborku. [lonessoe Hckonaemoe (ropHasi nopoja),
CO,'J.BP)KZIII[CE lleHHble METAJJIBE B KOMINYeCTBAX, NONYCKAUIHX WX H3BJCHEHHE NIPDH CoB-
peMeHHbIX TeXHHKO-3KOHOMHUECKHX YCJOBHAX, HaseBaeTcsd pyfoil. Yawme seero pyau
NPeJACTARIAIOT co00H COBOKYITHOCTL PA3AHYHBIX MHHEPAJIOB, MpHYEM MHHEpas, cojep-
JKAWMI H3BJIEK aeMblil METAJ1, HAa3kIBACTCH PYIHEIM, 4 BCE OcTalbHbie—IycToil noposaii.
[To noGhipaeMOMY MeTaldy PYibl HA3LIBAIOT JKeje3HbiMH, MelHbBIMM, CBHHILOBLIMH,
MEJIHOHHKENEBLIMH, CBHHUOBOUHIIKOBBMH W T.m. Pyapl, H3 KOTOPHIX H3BJexaior
HECKOJBKO METAMIOB, HaCTO Ha3kIBAWOT MOJAHMeTAdAJdHYECKHMH. C)()OTBC’I"CTBEI]H 4] COCT&B}'
py,E[HbiX MH!IE])H.JICIB ])y,:[bi HAa3LIBAKOT C}'.ﬂbq]ll}lllbll\[]l, OKHCAEHHBIMH H CAMOPOMHBIMU,
K okHcIeHHBIM OTHOCATCS PY/L, B KOTOpHX H3BJAeKaeMbill MeTajlJl HAXOAHTCA B BHje
OKHCA0B HJH ,.mpyrnx K}ICJ]O])O,{[CO,'T,E[])K&]_I_[HX l\lllllC[JaJIOB-—CHJ'IIlKﬁTUB, KHDGOHHTOB
H T. . Me/iHble, CBHHIOBBIE H LIHHKOBbLIE PY/IH TPEHMYILECTBEHHO ABARIOTCS CYibdug-
HBIMH PYjaMH, B KOTOPBIX MeTaJ cBs3ad ¢ cepoii (CuFeS, xanbkomuput, FbS ranenur,
ZnS chaneput n ap.). eflesnbie PYAL OTHOCATCA K Tpynlle OKHCACHHBIX PYI.

CaMopojubiMi  PYJaMH  Ha3BIBAIOTCS PYJbI, CcOAepiKaluiie IPHPOJHBIE CILIaBhbl
MeTanna. K #HM oTHocATes, HampHMep, Pyjbt, cofepxaiiie 3oq0To. [Iycras mopopa,
BXOAAIWAS B cOCTaB pPY/bl, OGHIYHO COAEPMKHT KBapll, CHJAHKATH, [JHHO3eM, GapHr,
H}lpHT, OKHCJH Mejge3a | T. 11, l)}'}{bl CYHTAMOTCH KHCJIBIMH, eCiH H}'CTE{B nmopojga co-
JIEP3MHT NPeHMYIecTBeHHO KpemuedeM Si0,, OCHOBHBIMM, eclli MyCTas Nopoj1a COCTOUT,
raaghbiM o6pasos, us CaO, MgO, FeO, u cpennnMH, B KOTOPbIX COOTHO:IEHHE OCHOB-
HBIX coeflHHEeHHfi H KpeMHe3eMa NPHMEPHO COOTBETCTBYET COJEPKAHHIO HX B LIJaKax,
nojiyuaeMbelX npu nepepaGoTKe AamHOA pyabL.

llenecooGpasnocTe MepepaGoTKH TOi HaH HHoll TOPHOR MOPOJLI, 4 CAE]0BATEBHO,
1 BO3MOXHOCTb CUHTATL ee PYJ0H 38BHCAT OT pAja yOIoBHi, 01HAKO pellialoniee 3Haue-
HHE HMeeT oGbIYHO NPOLEHTHOE COJepKanie MeTanaa B pyje. Tak, Hanpusep, Ha coB-
peMenHoM ypoBHe TeXHHKH NMPHOIHKEHHO MOMKHO CUHTATh, Y4TO pyasl AOMEKHBI COJEp-
#KaTh He Menee 30% Fe mgns weaesnwix pya, 3% Zn aas muunxosbix pyd, 0,5% Cu
715 MeIHBIX pyA. Mexona us coctasa pyas 8 conepikanust B Hell H3BAEKaEMOro MeTanaa
0HA MOMET GhiTh HANpaBjeHa b MeTa/YPraYecKHi mpouece WM HeMOCPEACTBEHHO,
Han mocjie npoecca ee ogoramedus. dast mosyuenusa metanna u3 pyabl HeoGXoAHMO
VAAAHTE NYCTYIO TNCPOAY H padjiokenHeM PyAHOro MHHEpala OoTISInTb MeTanana
OT XHMHYECKH CBA3AHKLIX C HHM 3MeMEHTOB. JTH MpPONeccH nepepalGoTKH Pyiikl Hashbi-
BAWOTCH MCTZIJT.FlypTl‘I‘iECK“MH HPCIIJ.EL',CZIMIL }IJ[SI }'CKODC]]HS‘ !IEOGXO,’[HMHK KHMHYECKHX
peakuuii MeTalayPrudYecKHe NpPouecchl NMPOBOAATCH HAM C MPUMEHEHHeM BBICOKHX
TeMITepaTyp H Ha3bBAOTCH MHPOMETAJNJAYPrHYecKHMH, Wi ofpaboTka pyabl Bejercs
BORHBIMH PACTBOPAMH PEATEHTOB; TAKHE MPOLECCH HAHBANTCA IHAPOMETANIYpravec-
KuMH. K THNOBEIM Da3sHOBHWIHOCTAM NHPOMETANJYPIHYECKHX NpPOLECCOB OTHOCATCS
OGHHT, NJiaBka M JAHCTHAALHS, 8 THAPOMeTAljyprudecKnX — BbleladuBanie M
OCAHJIEHHE H3 pElC'TBOpOB, B HacTHOCTH 3J[eKTp0JIH3 paCT’BGp{)B.

BOCC’T& HOBJEHHe MeTalJIol B ]'.IIlpOl\[CTZi-ﬂ.ﬂ}'p FHUECKHX clmocoGax OC}'IILECTB."ISICTCFI,
TJAaBHEIM 06p330M, MPH NOMOIIH KOKca H OKHCH yraepojaa, HO.HYQHEMO{I H3 KOKCa
IIQHGCPCﬂCTBEHHO D ey npH HelOJHOM tropasmu yr.ﬂcptma. LlﬂCTh KOKca, NpH no-
41}"]EHI‘1}I ‘IYF}'HH B AOMHE, 3aMeHSHT anpO}lﬂhll\{. KOKCOBBIM TasoM, MBSYT‘OM HJAH
nbIJIEBHHBM TOIHBOM. OOPasyiomHecs npHvecH oTAeSoTCA OT OCHOBHOTO Merasjia
AYyTeM 11X OUWIAKOBLIBAHHS B BHJE OKIICJAOB 1 cOJMell, MaBHbiM 06pa3oM, B BHJE JIETKO-
MAaBKHXY CHJAHKATOB.

Uepuble MeTa/Vbl — YYTyHB W CTaMH PasiHUHBIX MapOK — MPOH3BOAAT MHPO-
MCTE.H.'IYDF}I‘]CCKHMH crocoGaMmH. B NMPOH3BOACTBAX WBETHRIX MeTanaaoB 06]:!‘-“10 npll-
MEHAT KUMGHH&HHH Hllpﬂ- H Pll,![pﬂ.‘-IETﬂﬂJ[}'pI‘ﬂ‘{CCK}IX UPOHECCOB‘ TEK, B !'[pOI]E-
BOJCTBE AJIIOMHHHA TJAHHO3eM NoJaY4awT u3 Pya, l']plll\'l(}l—]ﬂfl I'I}IpO- H r‘unpomera;l.nyp-
FHYECKHEe TPONeCehl, NOJYYEHHE KC ATIOMAHHA H3 TJIHHO3eMa OCYHIeCTBANETCS MHpPo-
METAJIJIY PrHYECKHM MPOUECCOM 3JeKTpo/n3a pacmiapa. OCHOBHBIE CTAJHH NPOH3BO1-
CTBa MeJdn u3 Cy.TIbCI)]I,E[!IbIX PyA COCTOAT H3 H}IPOMETE]JIJTYPPHHECKHX nmpoueccos, HO
3aKMIOUHTEIbHAA ONePanns OUHCTKH Meld oT nmpusecedt (pabuuupoBka) oGhiYHO OCY-
UCCTRAALTCH SJIEKTPD.HHBUM BOIHOTO pﬂCTHOpﬂ, T. 8. THAPOMETA/SAYyPrHYCCKHM l'lpO'
Leccom.

BecbMa pasnooGpasHble Npounecchl M TeXHOJOTHUECKHE MPHEMB! ITPUMEHSIOTCS
T MeTaMJIyPTHH PEAKHX MeTa/iioB, COAepMAHHE KOTOPLIX B pyAax oGbIMHO COCTaBJfeT
JHLb A0/ nponedTa. B Metaanypruu pegkux MeTasioB HCHOAB3YIOTCA BCE OCHOBHBIE
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MeTO/Ibl MOJAYUeHHS MeTa/JIOB, MPHMeHseMbie B APYIHX OTpPacisix YepHOH W LBeTHOH
MeTaJYPrHH, H P THITOBEIX NMpHEeMoB XHMHueckoil Texsosmoruu conefl. [lepsoii cra-
auell NPOH3BO/ICTBA O6LIUHO ABAAIOTCA pasfUuHBle BHAH oGorameHus cuiped. Crenyio-
was CTaqus 3aKJIIUaeTCsa B PA3NOMEHHH KOHNEHTpara, NOJYYEHHOTO Mnpy oforaiie-
HHH, OGHHTOM, 06GpaGoOTKOH rasaMi (XJIOp, NBYOKHCH cepbl W 1p ), 06GpaGoTKOM XKua-
KHMH PacTBOPHTeNAMHM (KHCTOTH, weaoud u ap.). O6uuHO u3BjaeKaeMblil Merasnn
nepexoiuT B pacreop, H3 KOTOPOTO BhAETsiETCH OKCcHA HIH colb pPeaKroro Merajijia
ocaX/eHHeM B BHJe MaJOPacTBOPHMOro COeIHHeHHS WJIKM KpHcTaadnsaunueil. 3asep-
UAOWAA CTaAHs — NOJYYeHHe UMCTOrO MeTanana HAH chnaaba 3jeKTPOJH3OM pacTBo-
poB o pacnnasoB, nEMeHTanMed, TepMHYecKOH JAMcconHanMeli, BOcCTaHOBJASHHEM
yriepoaoM Hau BogopofoM. Ha 3roit craaMm npousBojcTBa npHMensieTcs TaKike
MEeTaMJI0TePMHUs, T. €. BOCCTAHOBJEGHHE META/JI0B M3 HX OKHMCJOB KpeMHueM, deppo-
CHJMIIHEM, alIOMHHHEM H APYTHMH, 1alouHMH ¢ KHCIopoaoM Gosee YeTORYHBEIe OKCH/TH,
ueM OKCHJ H3BJeKaeMoro MeTaia. :

B nmpou3BofcTBe TYrOMIaBKHX MeTainoB (BOAb(ppaM, THTaH H [p.) MPHMEHSETCs
MeTOon HODO[HKOBO]D{ MeTajImyprau, 38KJ110‘-I810LI.[1IFIC9[ B BOCCTAHOBJEHHH H3 OKHCIAOB
MeTaJlI0B B BH/IC NopolKa. T yronjaskye cnjiagsl NPOUSEOAATCS NPECcCOBaHHEM MeTa-
JIHYECKHMX TIOPOIIKOB ¢ MOCJASMYIOUIHM cTieKaHHeM B 3jIeKTpHuecKuX neuax. TeMnepa-
TYpa cleKanHs NopoluKa OGkIMHO cOocTaBisieT 2/3 OT TeMNepaTypol NAABIeHHs MeTaJIa.
TeMneparypa niaejeHusi cMecell MOPOIUKOB Taxike OLIBACT HIKE MJABJIEHHS UHCTHIX
MeTan0B. Takuv ofpasoM, NPHMEHSst MOPOLIKOBYIO MeTalllyPrulo, yjaercsi TOHH-
3UTHL TeMIepaTypy, TpeCyeMyIo A5 MOJAYYEHHS TYIOMIABKHX CIJABOB, YTO W ABJSIETCS
KPYNHBEIM NPeUMYLIeCTBOM NOPOIIKOBOro Metosa. [JopolkoByo MeTadnypriio MOXKHE
MPHMEHATE H B NMPOH3BOACTBE YePHEIX METajlJ0B.

2, YYIYH M CTAND

ITpoussoncTBo uyryHa W CTajd B Hallefl cTpaHe BHIpOCIC
no cpapuenuio ¢ 1913 r. B 25 pas (B CIIA 3a 10 xe BpeMs NPHMEPHO
B JBa pasa), uro ofecneunsio Halleii cTpaHe NEPBOE MECTO B MHpE.

W3 neueli pasjHYHOrO THNA, KOTOpBIE NPHMEHAKTCH IJis IIPOH3-
BOJCTBA MeTallJloB, HauGoJiblllee pacnpocTpaHeHHe NOJYYHJIH WIaxT-
Hble (JOMEHHBbIE), BaHHbBIE (MapTeHOBCKHE, KOHBEPTODHBIE H THIeJib-
HBIE) H 3JeKTpHUecKHe (1yrobie H HHAYKuHOoHHBIE) neun. Cospewmei-
HEle JoMeHHbie Teun (em. 4. I, puc. 73) npencrapisior coGoi MoOUIHLIC
1IPOU3BOJIHTENbHbIE arperaTel ofbemom jo 5000 m®. Takas neus nor-
pe6asier g0 25 000 T/cyT IHXTOBLIX MaTepPHalOB H HENPEPBLIBHO BLI-
nyckaer uepes 4 jerku o 13 000 T uyryna (4 miH. T rox). JIJist HHTeH-
cudbukanuu pafors AOMEHHOH meud B COCTaB AVThsl, OOOraleHHoro
kucaopoaom (10 30%), BBOAAT NpHPOIHBIH I'az H MasyT, a TaKXKe To-
BHILIAIOT AapJelipe rasos B neud jgo 2.10° — 2,5-10°H/m? Cpenuunit
pacxon kokca Ha 1 kr nepejesbroro uyryia B CCCP kosebiercs B npe-
nenax 0,45 — 0,55 kr. O paGore NOMEHHOI IMeYH MOMKHO CVYJHTHL 11O
KOJIHUECTBY H3PacXOj0BaHHOTO Vruepona /¢ MO OTHOUIEHHIO K I10Je3-
HOMY OOBEMY TNEUH:

CeK 4C,Qy

—_ VI.1
¢ 100w ' ( )

rae Cy — conepxKanue yriepoia B Kokce, %; C, — conepxKanue yrie-
pona B yraepopcofiepammx ao6askax, %; K — pacxoll KOKca, T/cyT;
+—Pacxoj yrilepocosiepKaniux 106aBok, M3/ cyT; v — noJiesnulit o6beM
Neun, M3, Murencusiocers paGorhl IOMIB, BhUHCIeHHAs nmo QopMysie
(VL.1), cocrasasier 0,95 — 1,25 1/m®.cyr. CrpykTypa ceGecTOHMOCTH

dyryna (%):
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Chipble MATePHAMABl & .+« « v v o v v v n v e v e e e e 30—40

KOKC . . . e e e e e e e e e e e e s e e 40—35
TIPHPORHEI TA3 - v « v v v v o v e v e e e e e e e s 2—4
Pacxopsl 10 MEPSISAY . . . v v v v v v v e e e e e s 13—18
(B ToM yucae 3apaGoTHas MAATa . - . . -« 4« - 0 v - 0,3—0,7)

Ilepenen uyryna B cTajdb 3aK/IO4aeTcsd B YMEHBIIEHHH KOJHYECTBa
yriepoja nyTeM ero OKHC/AeHH$, B BO3MOMKHO NOJHOM VIaJeHHH Cephl
u dochopa H B JIOBEAEHHH B CTalH /IO HYXKHBIX NMpPELENOB COJepKAHHS
KpeMHHs, Mapranua u Apyrux snementoB. OKuc/leHne yriepoga MOXHO
OCYNIECTBAATDL JBYMSI MeETOJAMH: TPOLYBKOH KHCIOpPOia uepes pac-
TIaBJeHHBIH UyTyH -—— KOHBEPTOpPHHIH cnocof i jofapjeHneM B pac-
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Puc. 49. MapreHoBCcKas meub:

] — KaHanw AJf TIOABOAA OTOMHTEALHCro Ta3a M BoaflyXa M AJ#A oTBoRa Npo-
AYKTOB Cropaius, 2 — pabGouee npoctpancTeo, J — cpof, 4 — nof redn;
5—48 — peremeparopsl -

T1aBAeHHBlE 4yryH TBepAbIX OKHC/IHTedell (ene3HOM py/bi, OKa/J HHBL
M ApPYTHX) — MapTeHOBCKHH cnocob. B oGoux cnocofax yraepol okHc-
JIAETCST 10 OKHCH H JBYOKHCH yriepoja, a TakHe lNpHMeCH, KaK KpeMHHH
M Maprasel, B 3Ha4yHTeJbHOH cTeleHH Mepexoiasit B uinak B Bujge SiO,
#u MnO. s ynasenns ceprt u ocdopa HeoGX0HMO B [ITAKe JeprKaTh
H30BITOUHOE KOJHUYECTBO OKHCH KaJbIHH.

MaprenoBckas neyp (puc. 49) cocront U3 cBoja, nepei-
HHUX, 337H1X, OOKOBHIX CTEH, NOjla U pereHeparopos. B nepenneii crenke
pacnoJiozkKeHbl OKHa A 3arpy3kKH UHXTHI, B BB,H,HEﬁ — OTBepCTHe JJI
BBIIYCKA CTAJH H B GOKOBBIX — OTBepCTHA /1J18 BBOJla 'a30BOT0 TONJAHBA
¥ BO3JyXa AJs TOPeHHsl, a TaKiKe /I8 OTBOJA MNPOIAYKTOB TOpeHHs!
npu 1600°C B perenepatopst. [IpuMenenne peresepaTopos criocoGCTBYeT
NOJIHOMY HCIIOJb30BAHHIO TONJHBA. HOII,D]"]JED 1'33006]3331[01"0 TOIJIHBA
H BO3JyXa B perenepatopax paccuMThiBaeTcsi no GopmyJe

1=Q/M, (V1 2)
T/1e Q — TensioconepIKaHHe TPOJYKTOB CrOpPaHusi; ¢ — TelJOeMKOCTb
TPOJYKTOB CropaHusi; M — Macca NpOAYKTOB CrOpaHHsl.
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SameHAA BO3AYX M/JAH 4acTb ero KHC/JAOPOAOM, CHHXKaeM Maccy Iipo-
nyktoB cropasus {em. (VI.2)] u Tem cambv noBbuliaem Temnepatypy
peaknuy. IlpoHsBOAUTENBHOCTE KPYMHBIX MapTEHOBCKHX meyeil 10CTH-
raer 1 — 1,50 MaH T/rox 3a cueT UHTEHCHUBHON MONAYH KHCAOpOAd, YCKO-
peHHs [pOLECCOB OKHCIEHHS MpH- 4
meceil, OogplLof ABHKYLIEH CHIBI :
nporecca, OBICTPOro ABMIKEHHA Ha-
rpeThiX rasoB, HCNOJb30BaHHSA JYUH-
CTOTO TeI1a, B Pe3yJkTaTe Yero pes-
KO BO3pacTaioT Ko3huIHeHTh! Mmac-
conepenaud R W TEIOOTHAYH C.

QcoGele  yCIOBHS CO3RAIOTCA B
NByXBaHHBIX neuax (puc. 50): paGo-
yee MpOCTPaHCTBO OJHOH BaHHBI Cra-
peHo ¢ apyroi u oGpasywuuiics B
onHOH BaHHe U3OBLITOK TellJa HCMOJib-
ByE’TCﬁ B ﬂpyroﬁ BaHHe, YTO MO3BO- ! — TONMHBHO-KHCAOpoQHbe GypMe;, 2—

noaoxKeHHe QPYpPMEl B MePHoL IOBOAKH;
JAAEeT B NpUHOUNE OTKa3aThCA OT pe- ﬁe;iﬁ?fo‘il“-‘“‘;’i“’;;‘.é‘g’;iiiiiﬂ JhepRuX Ma-
reHepaTOpoB /IS NpeaBapUTENIBHOTO  piion nmogorpera ckpana: 5 — oTxoma-
MOTOTpEBa rasoB 1 BO3LYXA. ke caswi 6 wagkonikn, 7~ gaxer:
HPHPOCT IIPOHU3BOACTEA CTaJaH HHA rasos; [0 — craan, f/ — waak
MPOMCXOAUT TIJIaBHBIM 00pasoM 3a
CYET CTPOUTENLCTBA BHICOKOINPOH3BOXHTENbHBIX KOHBEPTOPOB C OCHOB-
uofi ¢yrepoBkofi. BhInaaBKy cTalu H3 KHIKOTO 4YyryHa (pHc. 5I)
¢ 106aBKOH CTaJbHOTO JIOMa OCYIIECTBJASIOT MNPOAYBKOH KHCJAOpona

B HECKOJBKO cTpy# 1ox nasaenneM (9-10°—14-10° H/m?) cBepxy arpe-

Puc. 50. Cxema pepyxpanHO# neum:

a )

Puc. 51. OcHOBHEE TEeXHOJOTHUGCKHE OMEPAuMH KHCAO0POJHO-
KOHBEPTOPHOH MJIaBKH:

a — 3arpyska; 60 — NPOAYBKA; & — BHCPY3Ka

rara yepes BomooxJaxgaemble ¢ypmel. KHcloponsbie crpyu, conxep-
Xauue 99,5% O,, MPOHUBIBAIOT MeTa/lJl, BHI3LIBAS €r0 HUPKYISALUIO
U nepemeinyBaHue co liakom. [lomaua kuciopoma mpojpotzkaercs
OT 14 no 24 MMH M 1O OKOHYAHHH MJIaBKH BBUIMBAIOT CTaJb B KOBLI.

“BbicomneerOBaHHble (Hep:kaBetole, MHCTPYMEHTANbHbIE, Kapo-
CTOHKHE) H leyl"l&e CTa/IH OTBETCTBEHHOI0 Ha3Ha4Ye€HHA BhINJIABAAKTCS
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Puc. 52. Jlyrosasn mnedb KoCBEBHOTO
Harpeepa:

I — KOXYX neunw; 2 — snekTpogbl, J —
YpoBenb MeTajnja B BaHHe, 4 — TenJao
H3IOASAUHOHHBIL caoil, 5 — dyreposha

TOIBKO B 9/1€KTPHYECKHX Neyax (my-
FOBEIX H HHAYKIHOHHBEIX). 310 06n-
ACHSETCS TeM, UTO B 3JEKTponeyax
MOKHO GBICTPO HOAHATH H TOYHO pe-
r'yJAHpPOBaTh TEMIEpaTypy, HCK/IIOUHTD
3arps3HeHHs CTaAH MPOLYKTAMH ro-
peHHsl TONNMBA, PacliaBHTh Ji00ble
crenHajdbHBle MPHCAKH, MOdyYas
temneparypy o 3000° C, u ocyuiecr-
BUTh JIIOG0H MeTalaypruuyecKui npo-
mecc, cosnapasfd NpH HeOGXOXHMOCTH
OKHC/IHTENbHYIO,  BOCCTaHOBUTE/b-
HYIO, HeATpadbHyI0 aTMochepy HIIH
BaKYyyM.

B AyroBB X meuax siek-
TpHUecKast nyra OOPasyercs MexKAy
JABYMsi 3JeKTpofaM# (pHc. 52) u ma-
Tepuan HarpeBaeTcsl TeIJOM H3JV-

Yyenua Ayrd. B xomGunupoBaHHBIX newax (cu. 4. I, puc. 81) marpes
MaTepHa/ja OCYLIECTB/IATCS 3a CUET 3JeKTpUUYecKodl nyrH, BO3HHKal0-

el MeXay 37eKTpozaMu H
MeTan oM. B kpynHuix anek-
TPHUECKHX TIedax 3JeKTPo-
Jbl aBTOMATHUECKH OMycKa-
IOTCA [0 Mepe CrOpaHHd H
HENpepsIBHO HapauuBaioTcs
6e3 OCTaHOBKH mneyH (CM. 4
I, puc. 83).

B HHAVKIHMOHHBX

7

meyax HarpeB 3/EKTpo-
“TIpOBOIHOIO MaTepHasa [po-
M3BOAHTCA TOKaMH, HHAYK-
THPOBaHHBIMM B CaMOM Ha-
rpeBaeMoM  0OLeKTe, HIH
TenJionepenavuell OT Harpesa-
Teqasi, B KOTOpoM BO36yiK-
JIaI0TCSl  MHJAYKTHpOBaHHBle
ToKH. Mujayxononnele neun
HCIOAB3YIOTCA B MeTaslyp-
FuH 0JA BBIIABKH H mepe-
naaBku MetamaoB. [lpume-
HAIOTCS HHAYKUHOHHBIE NeYH
C KeJe3HBIM CepJieuHHKOM,
KOTOpEI OXBaThBaeTCA Ha-
rpeBaeMbiM MarepHaaoM, H
Ge3 cepreunnxa. Muayk-
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Puc, B53. HMuaykunonsas OeccepiedHuKoBaf

neub (151 MJIABKH CTaJlH).

! — cnog neyH, 2 — cauBHoil Menol, I — uHAYH-
Top oXdaspaeMmbil Bomofl, 4 — MarHHTHRM 3KpaH.

5 — THrenb TeyH, 6 — Kapkac

IMOHHAfA Teub Ge3 cepieunuka (puc. 53) npencrapisier co00H KaTyIIKY
(MHIYKTOpP), BHYTpH KOTOPOH HAXOIWTCA MeTada (WIMXTa) B THIE.
Hepes HHIYKTOp NpPOMYCKaeTcs NepeMeHHBIA TOK, CO3JalOWUi nepe-
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MEeHHO€ MarHHTHOe ToJie, Bo30yxKaaiollee B MeTallHuecKol Iiuxre
BHXPEBLIe TOKH, B Pe3YJbTaTé Yero BBIIENAETCS TEMa0, HeoGXoJHMoe
J151 OCYIIECTBJEHHA Mporecca.

3. NIPOHU3BOACTBO MEAM

Menn — meran, MIHPOKO npuMeHseMblil B TeXHuKe. B uncrom
BHIE Melb UmeeT cBerq10-po3oBsiii nper T. ma. 1083° C, 1. kum. 2300° C,
na. 8,93 r/cm®. Ona oGnanaer GoabiloH BA3KOCTBIO, XOPOLIO Kyercs
¥ MPOKATHIBAETCA Ha XOJOAY H B HArperoM cOCTORHHH. Melep oyeHb
XOpOILO NPOBOAMT TEIIO H 3JeKTPHYECKHH TOK, YCTyNasi B 3TOM TOABKO
cepebpy. Ilpu o6uiyHOH TemmepaType Meob TPYIHO OKHMC/IAETCH, HO
B npucyterbun CO, u H,O oHa nokpniBaercs 3esneHOBATHLIM HaneToM
OCHOBHOTOo Kap6oHata Memu. Menw pacrBopsiercs B HNO,; H,SO,,
HCl. B npucytcteun Bo3nyxa, Baaru 1 SO, Menb NOKpbiBaeTcs MAOTHOM
3eJeHoBaTo-cepoil M/IeHKOH OCHOBHO! CepPHOKHCIOH COMH, KOTOpas
npejoXpaHsieT MeTaal OT JadbHefilllero okuciaeHud. B pacmiaBieHHOM
suge Menb norvowaer O,, SO, u apyrue rasnl. Ilpumecn Mn, Ni, Zn,
Sn zajoT ¢ MeAbio TBepAbe PACTBOPLI, IIPH ITOM MOBLILAETCH TBEPAOCTE
cnjaBa M yMmeHblIaeTcsl ero BsskocTh. [Ipumecn Bi, Pb, Sn ymensb-
IaJ0T KOBKOCTh. Menb — OCHOBHOI MarepHan 151 H3TOTOBAEHHs mpo-
Bo/I0B, Kafeneli, HIMH, KOHTaKTOB H APYTUX TOKONPOBOAAIIHX yacTei
anekTpoycraHoBok. Okoso 50% Bcelt npousBonumofl Mmequ pacxoayercs
3J1eKTPOTeXHHYECKOH NPOMBIIIIEHHOCThIO. IIpHMecH NOHMKAIOT MK TPO-
MpoBOJIHOCTE Menu. BbicoKas TemIonpoBOJHOCTE MemH o0O6yCJaoBHIA
HIKPOKOe NpHMEHeHHe ee s U3TOTOBJAEHHMA Pa3iuYHOTO POJa Temlio-
OOMEHHHUKOB, XOJOIH/JIBHHKOB, paguaropoB, ABHUraresell BHYTPEHHETO
cropaHHsl W ApPYTHX NONOOHBIX yCTpoHCTB. PasHooOpasHoe npumeHe-
HYe MOJYYHJIM CIIaBH MeNH, HMeiollye pa3iiyHoe Ha3BaHWEe B 3aBH-
CHMOCTH OT HX XHMHYeCKoro cocrtabBa. CnjiaBhl MEIH ¢ HMHKOM Hashl-
BaloTCA JaTyHBIO, a MeIH C 0J0BOM — GpPOH30M.

ColppeM 17151 NMPOU3BOACTBA MeIH ABJAAIOTCA MenHble pyasl. Menb
BCTfedaeTcsa B NpHpoNe B BUIE CYIbMOHUAHBIX, OKUCACHHEIX, CMelllaHHbIX
I caMOpoiHEIX pya. HauGo.ibllee 3HaueHHe UMEIOT CYJAbPHAHLIE PYAL
(okono 80% ot obuero KoauvectBa pyn). ConepkaHue Meny B pynax
obniyHO Kosebiercss or 1 no 5%, pynsl, comepaxauue menbine 0,5%
MenH, [pyu COBpeMeHHOM YpOBHE TeXHWKH HepeHTaGeqbHbl 171fl Nepe-
pabotTkd. B menHmlX pynax uacro kpome Mmenn (1—6%) comepkarcs
Apyrue MeTalqbl: UHHK, CBHFEll, HHKeIb, MOJAHONEH, a TaKikKe CeleH,
MBIIBAK, Telayp, Taaauii, 307070 U cepebpo. DenHrie cyabbhHiHbe
MenHble pyjAbl W NOJHMETANNWYecKHe, Kak IpaBH/o, MNOABepraioTcs
nboramenuio MeTonoM (VIOTAKHH, NPH 3TOM M[OJAYYaloT MeIHbLe KOH-
LeHTparbl, coiepxkaupe 10—30% menu. M3 nonumeraningeckux pyi
METOIOM CeNeKTHBHOH (MIOTanuH, Kpole TOro, NOAYYaiT CBHHIUOBLIE,
LHHKOBLIE, HHUKEJeBble M JIDYTHe KOHUEHTpAaThl, CJayiKalllde ChIphem
AN 1pou3sBOACTBA COOTBETCIBYIOMX MeTal1oB. Borarble MecTopo-
ACHHA MenHBIX pyA HaXodATcR Ha ¥pane, B KasaxcraHe u B Ipyrux
Paitonax CCCP. Kpome MeHEIX Py B KauectBe Chpbf A5 NPOH3BOA-
CTBa Meau NpUMEHSIIOT MPOMBILIIEHHEIE H GHITOBHE OTXOAB Meau. M3
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BTOPHYHOTO CLIPbA NodayyaT 10 30% menn ot ofuiero ee npousBoj-
CTBa.

JIns u3BJAEUEHHA MenH M3 PYQ M KOHIEHTPATOB NPHMEHSIOTCS 1Ba
OCHOBHHIX cnocofGa: IMHpPOMeTalJyprHyecKHH M THAPOMeTaldypru-
yeckuii IlupoMeTannypruyeckuii crnoco6 npuroneH AJs fepepadoTku
Cyab(HIHLIX, OKHCJAEHHBIX H CMelladHBX pyx. IlomyTHO ¢ Menwio 3ToT
METOa [103BOJIAET H3BJAEKaTh H3 p}’)l H KOHLLCHTpaTOB Ilpal"OLLEHH[;de
Meraans. IlupoMeransypruyeckuM MeTogoM MoJay4aioT okojao 90%

Mepman
pyna

.Xnocru«t—l O6oramesue |

1
|
|
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- mi
Tasm -(—I O6mur Id——Boauyx H
Obom ke R l l
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::‘:::::."::ij
Tager - IInaBka Tonnmso
[lnag - Ha mWTelB le— DaocE
I Boagyx
IMreiin

Tasur <— Ilmaska ma [<— Qaocu
IIraxk -€— YepHOBYH MeJh [€— Boaﬁ'yx

Yeprnonast Mens

OTxop;uq—l Paduruponanue '

!

Yicran Megb

Puc 54 Cxema nupometamiypruuecxkoro crocofa Tpo-
H3BOJACTBA Me A

BCeH MenM, MPOH3BOIMMOH MHPOBOH MpPOMBILIJIEHHOCTBIO. Tunpomerad-
JyprHYecKuil cnoco6 npuMeHAeTCA TOMBKO NJs HepepabOTKH OKHC/EH:
HEIX pyA, OPEHMYLIECTBEHHO OelHBIX M0 COmepKaHHI0 MeaH, H Camo-
ponHeix pyn. Ilpu rujpoMmeramaypruyeckoMm cnocoGe mepepaGoTKH
NparoueHHble MeTaldbl H3 pyAbl OObIYHO He W3BJEKAIOTCHA. ITOT METOL
He MOJYYHJI B NPOMBIIJIEHHOCTH LIHPOKOTO paclpOCTpaHeHH .
ITlupomMeTadJypruueckKu coocoB noayue
HHH MCAu[puc b4) OCHOBAH Ha NpHMEHEHHH IJIaBKH CyJab(HIHBIK

pya. CyandunHas pysa CojiepHT He TOJBKO Cyab(uabl MenH, xKene3a
H Jpyrux MeTajdJOoB, HO H NYCTYIO Nopoxy, COCTOALLYIO H3 OKHCJIOB
KpeMHHU#A, allOMHHHSA, menesa, KaablHa # ap. Ecau Takylo pyay pac
MJIaBHTB, TO pacliaBieHHas Macca IPH OTCTalNBaHUK OyneT pa3nenaTeCH
Ha gBa C/10A — HIKHHE CJIOH GyIeT ChaIaBoM CyabduioB M. ~ O
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a BEPXHHH — CI/1aBOM OKHCIOB M. ~ 3 r/em®, CnoaB cyab)uaos, coc-
TOAWMA I'JaBHBEIM 06pa3oM u3 cyJb(pHI0B MeIH H KeJje3a, Ha3biBaior
wreitHoM (Cu,S -nFeS), a cnias okuenoB — makom. LlTeiin sipasiercs
MpOMEXYTOYHBLIM MPOAYKTOM, MOCTYNAlOWMM Jajee B nepejie Ha uyep-
HoBYy©o Meib. TakuMm o06pa3oM, B NHPOMETA/IyprHUecKOM clocobe
nepepabOTKH pa3/MyaioT /Be [JaBHBE CTajiud mpomecca: 1) miaska
pYABl Ha MEIHbiH HITeliH H 2) mepejen pacnaapieHHOro MmITefiHA Ha
yepHOBYiO0 MeJb IIPOAYBKOH ero BO31yXOM.

[lpouecc naaBKH Ha IWTEHH BEAYT B OTpaKaTe/bHLIX
WIH HIAXTHBIX [€4ax. BeiefcTBHe HaAH4YHA B HHMKHEH 4acTH HIaXTHOMH
neuy BOASHON pyOalllKH TakHe neux HasniBaloT Barepxkakeramu Orpa-
JKaTeJbHble TIeUH, CXOIHBIE C MAPTEHOBCKHMH, OOBIYHO MPHMEHSIOT
AN [J1aBKH KOHIEHTPATOB H pynHOH meqaoun. [1pu naaesxe pynwe! B oT-
pa)kaTeJbHBIX Teyax 1e/1ecoo6pa3sHo pyay [pelBapHTeNbHO [MO1-
BeprHYTb OOXKHIY [OJAA OKHCJACHHS 3HAuuTeIbHON dacTH cyJiabhuia
xenesa 10 FeO u Fe,Og, a meap ocraruteh B Bune Cu,S. Ilocaenyomasn
n1aBKa MpelBapHTeJbHO 06OX:KeHHOH pyabl (C OCTATOUHBIM CcOJlep-
:KaHueM B Hell cepnl oKosio 10%) B oTpamaTenbHOH mneuyu NoO3BoJifeT
MOJAYYHTh IUTeHH ¢ MOBBLILEHHLIM cojepxaHueMm meid. Ilpu oGkure
METHOH PYAbl HJIH KOHLEHTpPATOB NPOTEKaeT psif| NPOIECcCOoB:

FeS, - FeS-}S
2CuS - Cu,S+-S
2CuFeS,; - Cu,S | 2FeS4-S

OnnoBpeMeHHO ¢ nHccolManHell B OGXKHIOBBIX MeyaX MPOHCXOAHT
H OKHC/IeHHe cepbl H CyJbpHjia Kefe3a KHCJIOPOAOM BO3jlyXa:

S0, — S0,
2FeS 430, — 2Fe0 4-250,

Oxucsienuio noxBepraeTcs CyJab(puI MelH MO ypaBHEHHIO
2C11,S -+ 30, — 2Cu,0 4280,

OnHaKo NpakTHUECKH OKHCIASIETCSs TOMBKO CYJab(pHI Kene3a, TAK
Kak okuck Menu (I) Berynaer Bo B3aumojeficTeue ¢ [FeS u BHOBBL cyiib-
dupyeres:

Cu,O+FeS — CupS - FeO

OGur pyasl BeIyT B Neyax KHUISLIEro ¢JI0A WK B MOJOUHBEIX MeXa-
Hiyeckux neuyax. OGxuroesift raz, cojepxawuii SO,, ucNOAB3YIOT
L1s nmpoH3aBojcTBa cepHOH KHCAOThL. OOGOXKiKEeHHBIE MelHBIE KOHILEH-
TPaTel NJIaBAT Ha IITeHH B OTPaXKaTeJbHbIX WM 3JeKTPHUECKHX Medax.
Jl15 maakosanus nycroii nopoan B NIaBUBHYIO Neub 00T hOCH,
B cocTaR KOTOpBIX BBOJST TakHe KOJHYECTBa KBapua H H3BECTHAKA,
YToGB! BMecTe ¢ MYCTOH Mopojoi, uMeoweiicst B pyje, 1 3070/ TOMIHBA
OHU aBafy JOCTATOYHO ILIABKYIO CMeCh H Pacl/aB/eHHblH L1aK Maloi
IoTHOCTH M BsiskocTH. OTpaxkaTe/ibiasi Neub OTalIHBAeTCH Ma3yTOM
WiH KameHHOYTrOMBHOH nBLIBO, Tewmneparypa B NJaBHJIBHON eyl
Jocriraer 1550—1600° C. Ilpouecc oGpa3oBaHHsi IHTeHHA CJOMKEH.

CocTape 060#CKEHHOTO KOHIIEHTpaTa B I1aBH/IBbHYIO Medb NOCTyNaor
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Cu,S, FeS, FeO, AlQ,, Ca0, SiO,. Ilpu neficTBHH BHICOKOIl Temnepa-
Typhl BHaya/le MiaBATCA HauboJiee JETKomaBkue cMecH U3 FeS u Cu,S
1 of6pasoBaBlINHCA CIIaB Cyab(Hl0B — LITElH — CTeKaeT B BaHHy,
OTKY/la uepe3 OTBEPCTHSA B MPOJLOJIbHON CTEHKE (INYPhI) MepHOLHYEcKH,
no Mepe ero HAKOMJEHHA, BLIBOJAUTCH M3 MIaBHIbHOH neul. OKHeap
nyctol nopois npu 1030—1060° C o6pa3yior JerkonaaBKHe 3BTEK-
tuxka FeO — Si0, — CaO. IlepBuuHble pacniaBbl CHAHKATOB CTEKArOT
B BaHHY, PacTBOpffl Ha CBOEM MyTH Apyrue okucasl. Ill1ak Bbimycka-
eTcl U3 HeyH MepHOIHYecKH yepe3 IljakoBoe OKHo. YacTo muiak npu
BHIMYCKE W3 TUIaBHJILHON IeYd TpaHYJAHPYIOT H HCMOAL3YIOT B CTPOH-
TeabHoM aese. Hlreiin oTpaxkatenbHoll miaskH Ha 80—90% no macce
COCTOHT M3 cyabdHI0B Meny u kene3a M cojpepxkut 10—20% okuciop
Jpyrux MeTa/loB. Pacxop yciaoBHoro TomnauBa cocTaBasier 11-—25%
OT Macchl IIUXThL M3Baeuenne menun u 61aropoAHLIX META/LIOB B IUTEHH
npy oTpaxaTesnbHoll nuaBke jpocturaer 96—99,5%. JIByokuch cephi,
BLIXOAfIIAA W3 OTpamaTeJdbHLIX nedeil, copepxut auwb 1,6% SO,.
[lnaBKka KOHIEHTPATOB B 3JEKTPHYECKHX Meyax TpPejCTaBisieT co0oi
Pa3sHOBHHOCTL OTpaxKaTeJbHOi nuaBkH. Crocol6 umeeT psji NpeuMy-
IIECTB, HO MOKa HaXOAHT OrpaHHYEHHOE MpHMEHEHHWe H3-3a BBICOKOIi
CTOHMOCTH 3/J€KTPOIHEpTHH,

HlaxTtubie neun (cM. 4. I, pue. 73) npenna3HavaoTes, Kak npaBHIIo,
JUIS TV1aBKM Ha INTeHH KycKoBo# pyIbL, T. €. pyabl, HAyLIeH Hemocpen-
cTBeHHO B mJaBKy. Ilpu 3ToMm pyna mpeaBapuTesbHO He oGxKHTaeTcs,
TaK Kak OG:KHT paspyliaeT Kyckd pyiaw. Kpome Toro, B miaxTHOfl neun
cepa, cojepmaliafcs B pyje, CAVKHT HCTOUHHKOM Tensa W MpeiBapH-
TeJbHO® BHDKHTAaHHE ee sABAfAETCA HeuedecooGpastuM. Ilpu naaeke
MEHBIX DY/l B IIaXTHHIX MeuYaX, TaK ’Ke KaK ¥ B OTpa)aTeJbHbIX neyax,
K pynae poGabasercsa ¢aioc u Kokc. Cuu3y uepes ¢ypMhl B IIAXTHYIO
neyb mocrynaet Bo3dyx. Haubonee cuabHOe ropenne nupHTa ¥ KoKca
npH TNJaBKe MeIHLIX pyA B INAXTHLIX Meyax HPOUCXOJHT B 06JacTH
¢ypM, rae temneparypa pocruraer 1400—1500° C. Topsiune rasw,
nojHUMafch BBepX, IMPOXOAAT uYepe3 ToJmy HIHXTHL. Temmepatypa
razoB Ha ypoBHe Komomnuka 400—550° C. 1lluxra, onyckasich B HiaxTe
HaBCTpPeUy TMOTOKY FOpAYHX [asoB, NOCTENIEHHO HArpeBaeTcs, NMpH 3TOM
NPOMCXOJNT THCCOUHAUMA MUPUTA, XaAbKOMHUPHTA M APYTHX BBICHIHX
cynbhulioB. BrigensiouHecs napbl cepnl YHOCATCH Ta3aMM, MOMYTHO
okucagach 1o SO, W SO; Yraepold Kokca OKucafiercss KHCIOPOILOM
H JBYOKHCBIO CEpBhI:

C+0,=CO, C-450,=CO0,-1/2S,
BaxHeliline peakuHH I1aBKH:
2FeS - Si0, -1 30, = 2Fe0 - Si0, 250,
2Cu, 0 2FeS -1 510, =2FeQ - S10, -} 2Cu,S
Guirockl JAIOT JETKOMJIaBKHH CHAHKAT KaJbIHA:
CaCO3-}nSi0, — Ca0 - n510,4CO,

PacniaBnenHas cmech cyqab(pHAOB H CHAHKATOB CTeKaeT BHH3 H BBl
NycKaeTcsl U3 MJaBUIBbHON NeyH 8 pacciadBaHus B OTCTOHHHK, Ha3bl
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paeMblil nepexHuM ropHoM. Pynra, GuaiocH B KOKC, 3arpy:Kaemsie B maxy-
HbIEe MeYH, T0MKHLl HMeThb KPYMHOCTh KYCKOB B npeiedax 20—I150 wmu,
HsBileyenye MeRH B IUTEHH NPH MIaXTHOH NJaBKe 3HAYHTENLHO HHXKe,
yeM Npd oTpaxaTeabHoH, H cocTaBasier 78—85%.

Ilepenea mTefiHa Ha YepHOBY MeIb, He3aBH-
CHMO 0T METOUAUB €I'0 HOAVUEHHA, OJHHAKOB W 3aKJAI04aeTcA B TOM, 4YTO
pacnaapiaennnii mreiin (Cu,S -nlFeS) sanuBaercs B KOHBEPTOP H NpoO-
nyBaeTcs BO3XYXoM. B mepBoM nepuone NMpoAYBKH NPOHCXOAHT OKHC-
JIeHHE :Ke/1e3a W OlITaKOBhIBaHHE ero R06aBaseMblM B KOHBEPTOpP KBap-
eM, IpH 3TOM TNPOTEKalOT CJAEIyIOUIHEe 3K30TEpMHYECKHE DeaKilHu:

: 9FeS -+ 30, = 2Fe0 - 250, + 945 kIx
2Fe0 -+ Si0, = 2Fe0 - Si0, +33,9 kIl

YacTHyHO MOKET OKHCAAThCH CYJAb(PHR Meln mo okucH mexu (I):
2Cu,S - 30, = 2Cu,0 - 250, +776,8 klLx

Ho B pesyabrate ofmeHHoro B3aumogeiicTeus ¢ FeS okuck menu
(I) BHOBBL mpeBpamiaeTca B cyabhum:
Cu,0 - FeS=Cu,S + FeO -+ 132,0 x/Ix

Takum o6pasom, B MepBoM NepHOLE MPOAYBKH BO3AYXOM MOKeT
NPOH30HTH TOABKO okucIenue [FeS. O6pasopanue okucu meau (1) crano-
BUTCS BO3MOMKHLIM JIHIIb IOcJae OKHeJeHHA Bcero xkesesa. [locae canBa
I71aKa B KOHBEPTOPE OCTaeTcs pAachiaB, COCTORNIHA B OCHOBHOM H3
Cu,S, koropelit HaspiBaercst GenbiM InTefiHoM. Copep:xaHue MeAH B HeM
oxono 80%. Ilpu nanvuefimeir npoayBke Bosayxa Cu,S okueasiercs
no okucH Menu (1), xotopas paaumoseficrByer ¢ Cu,S ¢ o6pa3oBaHHEM

MenH:
CuyS - 2Cu,0 = 6Cu 4 SO,

ITosyuennass B koHBepTope mexb copepxut 98,4—99,4% Cu u Ha-
3blBaeTcs 4epHOBOH Meiablo. MelennaBUJAbHEI KOHBEPTOp MNpERCTAaB-
Jaser coboH TOpH3OHTANBHO YCTAHOBJEHHHI UMAHHAP, Mo obpasylo-
nefl  KOTOporo pacnofoxkeHwl (ypMbl AR BAYBAHHA BO3AyXa.
Temneparypa B KonBepTope mo/ikHa OuiTh okodo 1250° C.

PapuwununpoBanue yuepHOBOIM MECIY ABIASETCA noc-
JIeHeH CTainel ee NPOHM3BOACTBA. YepHoBasf Melb MOMKET CONEPKaTh
npumecu Fe, Ni, S, Zn, As, Sh, Bi, Sn, Pb, Se, Te, Au u Ag. B nei
CO/lepIKaTCA TaKiKe pacTBOpeHHBe razsl. IIpHMeHsiemasi B TeXHHKe
Me/lb JokHa copep:xarts He menee 99% Cu, mosToMy YepHOBYIO MEIb
nojgeeprawot paduHapoBanuio (ouderke). [lpumensior nBa crocoba
papuHUpoBaHUA MejH: OTHeBoH (B OTpa:KaTesbHOH meyn) K 3JeKTpo-
AuTHyeckuit. Ilpn ornesoM papuHHpPOBAHHH YEPHOBYIO MEXL pacilyian-
JIFI0T B OTpakaTe1bHoH neun (teMnepatypa 1300° C). Kucaopon, conep-
¥amufica B ropAYHX rasax, NpoxXoAAmKX Hax pacliaBleHHOH MeAblo,
YacTuyuo oxucafer ee 1o Cu,O. Iocnenuasa B3aumoneficTBYeT ¢ MNpu-
Mecsnu (Me), okneasa ux no peakuun Cu,O - Me = 2Cu -+ MeO.

Opasyiomuecs OKHCAL METaJVIOB BCIUILIBAIOT HA MOBEPXHOCTb pac-
NapaeHHOl MeIM B BHJE JIETKO) JalsieMbIX I[1aKOB, YacTb Npumecei
YAansiercsa ¢ rasamu. [{1S pacKHCJeHHS MeIH IIpHMEHAIOTCH TaKiKe ee
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dochopucreie cmiaabel. OrHeBoe papuHUpOBaHHE MPHMEHHAETCH, ecay
ME/lb CONEP/KHT Ma/0€ KOJAHYeCTBO G/1arOpoJHBIX MeTalIoB H H3Bie-
geHpe ux SKOHOMHUYECKH HEBLITOJHO; IIPH 3TOM MOJYYaeTcs TOBapHag
Melb ¢ HeBBICOKOi cremenblo uuctorh (99,5—99,7% Cu).
DnekTpoauTHYECKOE padUHHDPOBAHHE —(6o-
n€e CoBeplieHHb  ¢ocol yianenis npuMecen #3 menn. L€ sroro
113 yepHOBO MM OTJHBAOTCA aHO/b! Maccoi 10 350 Kr 1 uX nmovemawor
B 3JEKTPOJH3ep, B KOTOPOM B KayeCTBE 3J€KTPOJUTAa HAXOJHTCH pact-
sop CuSO,, noakucaesueil cepuolt kucaoroii (30—40 r/a CuSO,
u 200 r/a H,SO,). Karojom cay:xuT TOHKAf IJIaCTHHKA K3 UYHCTOMH
s4eKTpoauTHYECKOH Meau. ITpu npoxoxieHHH MOCTOSHHOTO 3JeKTpH-
YeCKOro TOKa TMPOHCXO/IUT TMOCTeNleHHOE PaCTBOPEHHE aHOja H OCam/e-
Hue uMcTOH MM Ha Karoje, PajpunupoBanHas menb colepkut 99,9—
99,95% Cu. lnam, noayvawouuiica npH 371EKTPoJau3e, nepepaGaThis
BaIOT IR U3BJAeueHHs G1aropojHbLIX METa/VIOB, CejeHa ¥ HHOrJa Teds

aypa.

ypl_ MaipOMeTaNAypruyeckune cnocobol nepepa-
6oTKH MeaHBIX pY/L 3aKJI0YAIOTCS B BbILETauBAHHN C HEPEBOJOM MEIH
B pacTpop. BbllienaynBaHyue MOXeT NPOU3BONMTLCA CEPHOH KHCIOTO
¢ o6pa3oBaHHeM Cyabdara MeiH, HaH aMMHAKOM, HJAH PacTBOPOM Kap-
6onata aMMOHMA, B mocienHeM ciaydae B pacTBope o0pa3yloTcsl KOM-
JeKCHbIE AMMOHHiHBIE coaH, M3 pacTBopoB Meib BHJEJIRETCA 37e-
KTPOJIM30M H/IH BHITECHEHHEM KesesoM (IpOIece UEeMeHTAalHH), HalpH-
mep CuSO, + Fe = Cu -+ FeSO,. Tuapomerannypruyeckue crocobbi
TPUMEHSIOTCS B OCHOBHOM [ NepepaboTKy GelHbIX OKHCICHHBIX YL,
¥ WX 3HAYEHHE B COBPEMEHHOH MeTaiJypruH MeIH HeBeaHKO,




7 SNEKTPOXMMHYECKHME NPOMU3IBOACTBA
rnapa

1. DNEKTPOXMMMUECKME NPOLIECCHI

S.HEKTPOXH!\-IHLIECKHMH Ha3bIBawTCH l'IpE)HBBOJICTBa, B KOTO-
prX XHUMHYeCKHe MpoLecchl npoTeKaT MNox JeHCTBHEM [MOCTOSHHOI'O
3/1€KTPHYECKOTO TOKa, B MpPOMBILIEHHOCTH ILIHPOKOE pacnpocTpaie-
Hlle MOJYyYMA 3MeKTPOJAHM3 BOJHBIX PACTBOPOB M PaclaBOB. D1eKTpo-
XHMHUYeCKHe MeTOo/ILl NPOH3BOACTRA B paje CaydaeB HMEKOT I[pEeHMY-
IeCTBA Mepe;, XMMHYECKHMH: YNPOLLAeTCsl TeXHOJOTHYEeCKHH mpouecc,
foJiee MOJAHO HCI'IOJ]bByETCH Chipbe H 3Heprus, ONHOBpEMEHHO MOZKeT
NMPOH3BOIHTECH HECKOALKO [IeHHBLIX NPOJYKTOB, PO YKTLI noay4datlorcs
BLICOKOH CTeNeHH YHCTOTHl, HEIOCTHKHUMOH NpH XHMIYECKHX CIo-
cobax mpou3pojcTBa. Dnarogaps yKasaHHLIM JJOCTOMHCTBaM 3eKTpo-
XUMHYeCKHue IMponecChl HCI'[OJIBE!yIOT Nnpyd NOPOH3BOJICTBE BaxKHelHx
NpoaykKTOB. XJjopa, IJ.le.FIO‘JEI::I, BOOpO/a, KHC/a0pojia, HeopraHHyeCKHX
OKHCAHTe/el {llepMaHTaHarThl, NepcyibdaThbl, Nepekuch BOJOPOAA H 1P.),
npy NoJydeHHH M papUHAPOBAHHM MeTANIOB (aJIOMHHHS, MarHuf,
IIMHKa, HATpHs, MelM H 1p.), JeKOPATHBHBIX H 3aUIHTHLIX (OT KOppo-
3HUH) TOKPHITHIl METa/l/10B.

K He/locTaTKaM 3JIeKTPOXHUMHYeCKHX [MPOH3BOACTB OTHOCHUTCH BLI-
COKHH pacxol 3Hepryl, B ce6eCTOMMOCTH NPOAYKTOB PacXombl Ha 3/eK-
TPO3HEPTHIO COCTaBJAAIOT 3HAYHTEJLHYIO JIOJI0. BOI'I])OCbI pPanHoOHAaMIL-
HOTO MCNOJIb30BaHUA IJCKTPHUYECKOH 3JHEPTHH B 3/JeKTPOXIMHYECKHX
[IPOHU3BOJICTBAX HMEIOT MNepBOCTeNneHHOe 3HayeHHE. KpHTEpHﬂMH panH-
OHAJMBHOTO HCHOJb30BAHHA JEKTPHYECKOH 3HePrHH IMpH 3AeKTpPoJaH3e
ABJASAOTCS BLIXOJ, [0 TOKY H KOB(IJ({)KIIHEI!T HCNOAL30BaHHA IHEPTHH.

Brixo A no TOKY 7T — OTHOLEHHE KOJMHYeCTBa BellecTBRa
G,i_,, [NOAYYEHHOTO NPaAKTHYECKH IIpH 3IeKTPOJH3e B pe3}'u’IhTaTE 3arparhl
Ollpene/ieHHOIO KOJHYeCTBa SJACKTPpHUECTBA, K KOJHYECTBY BellecTba
G,, KOTOPO2 NOJIKHO 6bII0 6B BbIeJAHThCS! B COOTBETCTBHH C 3aKOHAMI
®apanesi. Bbixox mo TOKy BbIpamaercsi 0GbIHO B MNPOEHTAX:

1= (Gy/Gy) 100. (VII 1)

Teopernyeckoe KosmuyecTBO nosyyeHHoro Bemectea G, (Kr) onpe-

leasiercs mo dopmyie
Gy = ITE/1000, (VIL.2)

The / —cuna ToKa, A; T — NPOJIOIKHTENBHOCTH 3AeKTPOIH3A, U]
E — snekTpoXnMuuecKuii SKBHBAJEHT — KOJHYECTBO BElIECTBA, BHi-
“@aslionlerocss Ha 3JeKTpoje TpH npoxoxaeHnu 1 A-u (aas xaopa
1,323, enkoro marpa 1,492, sozopoza 0,0376).

Mpumep. Onpefesuts BLIXOA N0 TOKY, €C/IH B Teuerne 24 u, B BanHe Aas 3JIeKTPO-

:Haa PacTBOpa nosapertoil coiu npu Toke 15 500 A Gruio noayueno 4200 g snekrpo-
“HThueckoro menoka, comepsaumerc 125 r/a NaOH.
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Pewen ue. ITo ypasuenwio (VII 2) TeopeTnyeckn 10/MKHO GuMIO G HOJIYYHTbCR
cJIelylolee KOJHYeCTBO eJKOro Harpa: -

' 15500 24 - 1,492
GT——T--SE)s Kr.
PaxTHUecKH GbL1O NOAYYEHO eJKOr0 HaTpa
125 - 4200
qu—‘“'iOT——E)QS Kr.

CrnezoBaTeJLHO, BHIXO1 MO TOKY .paBeH

)
n= (Gg/Gs) 100=-222- 100 =04,6%.

[Mpu npombiiVIEeHHOM 3JeKTpO/H3e BBIXOJ MO TOKY BCEria MeHbIle
100%, uro BhI3BIBaeTCA MNPOTEKaHHEM MNOGOUNLIX XHMHUYECKHX H 3e-
KTPOXHMHYECKHX MpoueccoB. Jlns yBeJMYeHHR BbIXOJa MO TOKY He-
00X0AMMO MpeiyCMOTPeTh Mephl, CIOCOGCTBYIOLLHE YMEeHBIIEHHIO POJH
3THX NpPOLECCOB.

KosbppuunenT HCHNONAB3OBaHHUSN SHEPrHH pu
BbIPAKAETCsl OTHOILEHHEM TeOpernyecKH HeoOXOIHMOro /s BhLIeJeHHs
eJHHHIB TIPOJyKTa KosiuyecTBa sHepruu W, K JeficTBuTe/lbHO 3aTpa-
wennoit W,,. B nponenrtax on pasen

L= (W/W ) 100. (VIL3)

Teoperuueckuil pacxol HepruH KBT-u Ha eayHHIY M0JydaeMoii
MPOIYKUHH ONpeleNsercs o ypaBHeHHIO

W= 0:/1/Gy, (VIT 4)

rIe v, — TeopeTHyecKoe HanpsixeHue pasyowxenus, B.
[lpakTHyeckuii pacxoji SHEPruH 3aBHCHT OT HANPsAKEHHS, MNRUIO-
JKEHHOrO K 3/IEKTPOJIH3EPY Uy,

W np = (vup/Tt/Gg) 100. (VILS)

Takum o6pasom, rnocie mnoAcTaioBKu 3Havennit W, u3 ypaBHeHns
(VI1.4) u W,, u3 (VIL.5) B ypaBuenue (VII.3) noayuaem

W= (Vr/Vap) N%. (VII 6)

Uz ypaBuenus (VII.6) caenyer, uro koadpdunieHr Hcnodn3oBaHHsA
sHeprud GyieT Tem Go/ibile, 4YeM Bblille BBIXOJ MO TOKY H 4YeM HUKE
HanpsixeHnne Ha BaHHe. TeopeTHYeCKH 3/IEKTPOJIH3 N0JXKEH HauaThCs
TOr7a, KOTAa NPHJOXKEHHOE K BAaHHE HaNpsi:KeHHe MPeBLICHT XOTs Obl
Ha GecKOHeYHO Majlyl0 BeJHYHHY TEOpeTHYeCKoe Hampsielue pasJio-
JEeHHs, paBHOe ajireOpauueckoil pasHOCTH PABHOBECHBIX MOTEH[HAJOB
auoJHOH @, M KaToJHOH (¢, peakuuil mpH aanubiX yclIOBHsX, T. €.

Ve = @ap — Pxp- (VIT )

PaBnoBecHble 3/1eKTpPOJHBIE NMOTEHHANBl PACCYUHTHIBAIOT MO Ypar-
HeHuw Hepucra:

RT
=g+ = |nC !
p=g0+ F InC, (VII 8)
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rae ¢° — cTaH1apTHLIN 3JMeKTpoAHbli noreHunan, B; R — rasosas mo-
cTOSIHHAA, J-atM/r-Moab -rpan; T — temneparypa, K; 2 — uucno 3aps-
108 HOHa; F —uucs0 Papages, 96 000 K1, C — KoHueHTpanusa, r-3KB/J1.

[IpakTH4yeCKH K BaHHe MPHKJIAJILIBAETCS HaNpsKEeHHe v,,, cjarao-
eecss M3 TEOPETHUECKOr0 HAMpsXKeHUsd v M HanpsKeHHH, KOTophle
3aTPAYHBAIOTCA Ha NpeojojeHHe KOHIeHTPAIHOHHOA MoAApu3anuu
(gon» AHOIHOTO (p, W KAaTOJHOTO (fy nepeilanpmxemiff’i ¥, a TaKkxe Ha
MpeojloieHie OMHUECKHX COTPOTHB/EHHI 3JEKTPO/INTA, 3/EKTPOJIOB,
KOHTaKTOB, AMapparmn (ecay ona umeercsi) Z/[R:

Vap=(Pap — Pxp) -+ Pxon +(Pa— ) + L IR, (VIL9)

rie R — conporupaenue, Om,

Ypasuenue (VII.9) npencraeaser cofoli Tak HasbiBaeMblil 6anaHc
HanpfKeHHs, B npoMbiiIeHHBIX 3J€KTPo/aH3epax, HeCMoTpsi Ha MpH-
HUMaeMble Mephl, AefiCTBUTEILHOE HanpsxKeHHe v,, 3HAYHTe/IbHO Bhillle
TeopeTHueckoro. Hixe npusesed GanaHC HanpsaKeHHA Ha BaHHE ¢ Ke-
JIe3HbIM KaTo0M H IpaduTOBLIMI @HOJAMH 115 3JEKTPOoJH3a PacTBOpoB
XJIOpHAA HaTpus.

IMoterunam anofa @qp, B ~ . o oo oo oo 1,320
[Mprenunan Katoda @ep, B . . . o oo oo oo oL 0,820
TMepenanpaxende BeITENEHHA XJI0pa ¢ B . . . o v v o 0 L L 0,192
[Mepenanpazxenne BuJeJeHMd Bogopoga ¢y, B . . . . . . ... 0,210
Oumuageckde notepd Z/R, B . . .. .. .. oo oo 1,051

ITpu Beixoe no Toxy, paBHoM 96%, KospduuueHT HCMOAb30BAHUA
3HePTHH OKa3blBAaeTCs PaBHbIM

_ 1,320--0,820

3593 96 = 57,2%.

Eme Menbinas crerneHb HCMOJIbL30BAHHMA 3HEPTHH MPH 3JEKTpPO/IU3E
pacniaBoe. Tak, mpu moayuenuu amoMuHusa usz AlLQO;, pacrBopen-
noro B kpuoaute (NazAlF), nanpsxenue Ha BanHe pasuo vy, = 4,4 B,
B TO BpeMs KaK HamnpsikeHue pasJjoxeHus cocrasaser v, = 1,1 B.
INpu Brixose Mo Toky okos0 85% Ko3(pHIUeHT HCMIoAb30BAH S SHEPTHH
Gyrer p = (1,1/4,4)85 = 20,3%. B paHHoM cjyuyae noTepH 3Hepriy,
IaBHBIM 00pa3om, 00yciaoBjeHbl GOJABbIUMMH OMHUECKHMH COTPOTHB-
JEHUAMHM 3JI€KTPOJUTA, ILHH, KOHTAKTOB M T, TI

2. ANEKTPOJIM3 BOAHLIX PACTBOPOB. MPOU3BOACTBO XJIOPA
W EAKOTO HATPA

TexHHueckHfi 3MEKTPOAN3 BOAHBIX pac‘m’opos MOZKET OC) LIeCT-
Basitbesi Ge3 BblaesqeHHs MeTa/sIoB WJH C UX BbllefneHleM Ha Karole.
Cpean JJEKTPOXHUMIUECKHX TPOIECCOB pa3foXKeHHAa BOAHBIX pPacTBOpPOB
———————

* TlepenanpAmenuey HasbIBACTCT PA3HOCTL MEHCTY MOTENUUANOM BhiledeHHA
HOHa Ha 3JekTPole NpPH JAHHEIX YCJIOBHAX H PABHOBECHLIM AOTEHUHAIOM B TeX Jhe
YClosunax, Ilepenanpaskenue o6YCI0BICHO 3aMEIEHHOCThIO OJHOH HIH HECKOJIbKHX
MpovexKyTounniX CTaauil, Yepe3 KoTOpbie MPOXOIHT Pa3pAl HEKOTODHIX HOHOB Ha
STenTpoaax. Takum 06pasoM, YeM BHULUE 3T PA3HOCTh, T. €, UM BbILIE NEPEHANpIme-
HHe, TeM MpaxTHYeCKM BhIle 3/JEKTPOIHHE TOTEHLHAJLL
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6e3 BBIIEIEHIIA METa/I0B HauboJbliee paclpocTpaHeH’e MoJIy4HI
3/I€KTPOJ/IN3 BOAHEIX PAcTBOPOB XJOpHIA HATPHA.

JNeKTPONH3 BOAHBIX PACTBOPOB XJopHaa HATpHA. Ilpu a/ekTposiize
BOJHBIX PaCTBOPOB XJOpHUa HaTpHsA MOJYYaloT XJ0p, BOJIOPOA U eiKuil
HaTp (KaycTHueckas coza).

X 1op —mpu atMocdepHoM jAaBieHuH H 0ObMHOH TeMmeparype
ra3 }e/lT0-3e/JeHOTO BeTa ¢ YAYLLIHBEIM 3anaxom. Ilpu H. y. mioTHOCTD
xaopa 3,21 xkr/m3. ITpu atMocdepHoM naB/ieHuH T. KHIL Xjgopa —33,6°C,
1. 3am. — 102° C. Xuiop pacTBopsiercs B BOAe, OpraHHUeCKHX PacTBO-
puTensix H o0Jagaer BHICOKOH XUMHUECKOH aKTHBHOCTBIO,

XJop morpe6/iAeTcs MPeXKIe BCEro XUMHUCCKOH MPOMBILLIEHHOCTHIO
L5 TIPOM3BOACTBA Pa3/UUHLIX OPTaHUYeCKUX XJOPIPOH3BOAHHIX,
HAYWHX A8 MOJAYYeHHsA IJacTHYeCKHX Macc, CHHTETHUECKHX Ka-
YUYKOB, XHMHUECKHUX BOJIOKOH, pacTBopurejefl, HHCEKTHIIHAOB M T. M.
B nacrosiuee Bpems Gosee 60% MupoBoro nmpoH3BoACTBA XJA0pa HCMOMb-
3yercsl A/ OpTaHHueckoTo cHHTe3a. IToMUMO 3TOTO XJIOp MCMOJAb3VIOT
I TIPOM3BOACTBA COJIAHOH KMCJIOTHI, XJOPHOIN H3BECTH, XJOpaToB
1 APYTUX MPOAYKTOB. 3HauMTe bHble KOAUUECTBA XJ0pa UAYT B MeTall-
JYPTHIO /18 XJOPHUPOBAHUA MpPH TMepepaGoTKe MOJHMETANTHUECKHX
pyJl, H3BJeueHUs 30/10Ta U3 pPyA, a Tak¥Ke ero HCTONL3YIOT B Hedrelle-
pepabarbiBaloniell NMpoMbIlLIeHHOCTH, B CEIbCKOM X03fliCTBe, B Melll-
nMHe W CcaHHTapuu, A7 00e3BPeKUBAHHSA MHTHEBOl M CTOUHBIX BOJ,
B MHPOTEXHUKEe H paAxe ApyTHX obsacTell HapoxHoro xo3siictea. B pe-
syabrTarte passuTua chep HUCHOIb30BaHUA XJopa, IVIaBHBIM 00pa3oM
6narojgaps yclexaM OpraHHYeCKOTO CHHTe3a, MHPOBOE IPOH3BOJICTBO
XJjopa cocrapiasier 6oaee 20 MIH. T/rox.

Enxkuit HaTp, WIM Kaycruueckasa CoOaa, — KpH-
cTa/lJIHuecKoe Hernpo3pauHoe BelleCTBO, XOpOLIO PacTBOPHMOE B BOE,
uMetollee Mpu arMocdepHoM aasiaenuu 1. ma. 328° C. B npomwitusien-
HOCTH BbIyCKaeTCsi TBepAblll eAKuil HAaTp W €ro BOJHHIE PacTBOPHI.
Eakufi Harp ILMPOKO MCHO/b3YeTcss BO MHOTHX OTpPacidsiX TPOMBIL-
JEHHOCTH — LLe/IMIIONIO3HO-6YMaXKHOl, XUMHUeCKUX BOJIOKOH, Hedre-
nepepabaThiBalollleil, OpraHMUeCKOTO CHHTEe3a, MblIOBapeHHoli, Jaxo-
KpacouHoil U B psje ApYTHX. :

Boaxopoa—ras3, T. KMI. KOTOpOro NpH arMocepHOM jaBJje-
Huu —252,8° C. Bonopo/ HCHOAB3YIOT A/ cHHTe3a BamHeHIIHX Heop-
TAHHUECKHX M OpranuuecKHX ITPOAYKTOB: aMMMaKa, MeTaHoJda H JpYy-
THX CMUPTOB, 17 THAPOTEHU3AIUH XKUPOB, TBEPAbIX H KUIKHX TOMIHB,
OUHCTKH He(TeNpoayxToB H Ap.

CripbeM /18 MPOU3BOJACTBA XJOPA U [LIET0UM CJYIKAT, TJIaBHBIM 06pa-
30M, pacTBOpPbI MOBapeHHOil Co/H, TMoJyuyaeMble pacTBOpEHUEM TBeplOi
CO/H, MJHU e MPUPOAHbe pacconsl. PacTBophl NoBapeHHoii coin He3a-
BHCHMO OT MYTH UX TMOJYUYeHUS copepiKar MpuMecH coftell KablLusl
H MarHUA W A0 TOTO, KaK OHH MepejaloTcs B Lexa 3/1eKTpoJusa, Mol-
BEPTaloTCsA OYHCTKE OT 3THX coJel, OuucTka Heo6X01UMa MOTOMY, YTO
B TIporiecce 3JeKTPo/H3a MOTYT 00pa3osbiBaTheA IJIOXO PacTBOPHMBIE
PHAPOOKHCH KafbiHsi M Mariusi, KOTophle HapyUIaloT HopMaibHHI
X0/l 3mekTpo/n3a. OuHcTKa paccosoB MPOH3BOJUTCA PACTBOPOM CO/Lbl
M H3BECTKOBEIM MOJQKOM (cM. cTp. 93). IToMuMo xuMUUeCKOH O4HCTKH,
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pacTBOpPbl OCBOOOXMIAIOTCA OT MEXaHHYECKMX Npumecefi orcrauBaHHEM
u uaprpaniesi. 2aeKTPoiu3 pPacTBOPOB [OBAPEHHON couy NpousBO-
AUTCA B BaHHAX C TBEPIbIM Ke/e3HuIM (CTanbHBIM) Katolom u ¢ auad-
parMaMiu 1 B BaHHAX C XKUIKUM PTYTHBIM KaToloM. IIpombmnentbie
3JIEKTPOIN3EPDI, TPUMEHseMble 115 000py10BaHiA COBPEMEHHBIX KpyT-
HLIX XJIODHBIX 1€XOB, DO/KHBI IIMETh BLICOKYIO MPOU3BOIHTENBLHOCTE,
MPOCTYIO KOHCTPYKIHIO, ObiTh KOMIAKTHEIMH, paboTaTh HalexHo
II yCTOHYHBO.

DAeKTpPOaAU3 pPaAacCTBOPOB XJaopujga HATpud
BBaHHAX COCTAaAbHBIM KATOAOM U TPaPHTOBEM
a H 0 0 M I03BOJSET NOAYYarb eAKuil HaTp, XJOp U BOAOPOJ B OIHOM
annapare (3jgektpoausepe). Ilpu MpoxoxaeHUH NOCTOAHHOTO 3J€KTPH-
YeCKOI'0 TOKa yepe3 BOIHBIl PACTBOp XJOPHIA HATPUA MOXKHO OKUZaTh
BbIIEJEHUS XJopa:

2Cl" —2e —-Cl, (a)
a TaKike KHCI0poAa:
20H" —2¢ — 1/20,+4H,0 (6)
UJIH '
HoO — 2¢ — 120, 1-2H*

- Hopmanbusiit snekrpoanbift noreHuuan paspsaza OH -noHoB cocras-
asier -+-0,41 B, a HopManbHbll 31eKTPOAHLIH MOTEHIHaT pas3psza Ho-
HOoB XJaopa paeed --1,36 B. B HefirpanbHOM HachilleHHOM pacTBope
XJ0puaa HaTpns KOHUEHTPAUMA I'MIAPOKCHIBHLIX HoHoB okosao 1-1077
r-sxks/n. Ilpu 25° C paBHOBecHbIH MoTeHIuan pa3psia MMAPOKCHIBHBIX
loHoB Oyzaer
0,082 -298-2,3

— T ==
oo 1107=082 B.

Pap Z(P"_"E; InC=041—

PasHosecHEIll TMOTeHHlal paspAza MOHOB XJopa Mpu KoHLEeHTpa-
uny NaCl B pacteope 4,6 r-3xs/n pasen

0,082 .298 -2,3

W lg 4,62 1,32 B.

(pap--stp"—-}i—glnc:-:-l,fiﬁ—
CnenoBatenbHo, Ha aHOZE € MajbiM MepeHanpsKeHHeM 10JKeH
B IepBYIO odYepelb paspsmkarbes Kucaopona. Onmaxko Ha rpaHTOBBIX
aHojax MepeHanpsKeHue KUCJI0pPoga MHOIO BHILLE MepeHanpskeHHs
X/10pa ¥ MO3TOMY Ha HIiX OyaeT MPOHCXOUTh B OCIIOBIIOM pa3psi HOHOB
Cl” ¢ BbizeseHuem rasoofpasHoro xaopa mno peakuud (a). Buigeneuie
Xqaopa objerdaercsa npu yseauuenHH xoHuentpaumnu NaCl B pacrsope
BC/JIEACTBHE YMEHbIUEHUS [pH 3TOM paBHOBECHOID MOTeHuMaia. 1o
IBJIAETCSl OAHOM U3 TPHYHH HCMOAL30BAHHA NPH 3JEKTPOIH3E KOH-
LLeHTPHPOBAHHBIX PACTBOPOB XJopHla HaTpus, coxepxauiix 310—
315 r/a. Ha karoze B ie104HOM pacTBope NPOHCXOINT Paspsn MOIEKY.1
BOJbl mo ypaBHEHHIO
H,O+-e=HJOH" (8}

Atomel BoJopoida Tocie pekoMONHAMU BHAGAIOTCA B BHIE MoOJe-
KyJdpHoro Boiopoaa:

2H — Hg {r)
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Paspsaa uOHOB HATpHsA H3 BOJAHBIX PAcTBOPOB Ha TBEPIOM KaTole
HEBO3MOXKEH BCJeACTBHE 00J€e BLICOKOI'O [MOTeHIIHajla UX pa3psijia
10 CcpaBHEHUIO ¢ BoAopoloM. 1103TOMYy ocTaloniMecss B pacTBOpe HAPO-
KCHJ/IbHBIe HOHBI 06pa3yioT ¢ HOHAMH HATpHUsA pacTBop enoud. Iporece
pasnoxenua NaCl MOXKHO BHPa3suTh CAeAYIOLMMH peakilHaMU:

2C1"—2e - Cl,
2H.0+e=2H+4-20H~
2H—H,
2H,04-2C1~ — Cly+ H,+- 20H"

HJIH
2H,0 +4- 2NaCl - Cl.+ H, 4+ 2NaOH

T. €. Ha aHoje uaer ofpasoBaHue XJ0pa, a Y Karola — BOAOPOAd U el-
Koro Hatpa. Ilpu snaekTponuse HapfAiy C OCHOBHBIMH ONUCAHHBIMH
npojeccaMi MOTYT TPOTeKaTb U Mo0OYHbie, ONMH U3 KOTOPLIX OIMCHI-
Baercs ypasuenuem (6). Ilomumo 3toro, x/aop, BLAeASIOUIMHCA HA aHO-
Je, YaCTHUHO PacTBOpAETCA B 3/eKTPOAMTE H T'MAPOJH3YeTCsa Mo peax-
UK -

Cl; -+ HaO = HOCI 4 HCl

B cayuae auddysuu enoun (wonos OHY) x aHoay uau cmellenus
KaTOAHLIX ¥ AHOAHBIX TPOAYKTOB XJOPHOBATHCTAS H COMSIHASA KUCJOTHI
HeliTpaNu3yIoTCA 1UeJ0Ublo ¢ 00pa3oBaHueM THTOXJIOpUTA H  XJOpHAA
HaTpuUs:

HOCI + NaOH = NaOCl 4 11,0  HCl 4 NaOH = NaCl 4 H,0

HonbiClO™ na anoze aerxo okucastoresa s ClO,~, Caenoparenbho, 13-3a
noBoYHbIX MPOLECCOB NMPH 3JAEKTPpoau3e 6y1yT 06pa30oBLIBATHCA FUTOXI0-
PHT, XJIOPHA H XJ0PaT HATPHA, YTO CHIKAeT BBIXOA [0 TOKY H KO3pdH-
[IUeHT MCNOAb30BaHHA 3HeprHH. B menouHol cpexze obaeryaercs Bbi-
Je/JiecHHe KUCJ/JI0pOoJa Ha aHOAe, UTO TaKxKe 6y}.1e'r YXyAllaTek noxasareJsli
3/]exTponusa. Hrobbl yMeHbIIUTb MpOTeKaHue NMOOOYHBIX peaxiui,
c/lellyeT CO31aThb YCJOBHS, IpPeNATCTBYIOUIHE CMeleHUI0 KaTOIHbBIX
1 aHOIHBIX MPOAYKTOB. l( HUM OTHOCATCsA pa3ie/ieHHe KaTojHOro U aHoa-
HOro MpoCTPaHCTB AuapparMoii ¥ uALTpPagHs 3JeKTPOJHTa Uepel
auadparMy B Harpab/aeHHH, MPOTHBOMONOHOM aBitkenuto OH -nouos
K anopy. Takue auadparmbl HasbiBalOTCA (PUALTPYIOIMHMH Jadpar-
MaMii ¥ BBIMOJHSTCA H3 achecra.

TloBbiente Temmepartypbl 3jeKTpoansa i KosueHtpamuiu NaCl
B 3JeKTpoaure, Ojarolaps KOTOPbIM YMEHbBLIAETCS pPacTBOPHMOCTD
X10pa, a TakxKe cHixeHne KoHpentpaunu NaOH B xartomure coxpa-
IAIOT BepoATHOCTh MOBOYHLIX MpopeccoB. Buixol no Toky B aauHsii
MOMEHT MoxKeT ObiThb AaA 3JeKTpOJH3a paCTBOI)a XJopHaa ]!anHfI
ﬂpliﬁﬂiI}KBHHO OlpenejeH Mo ypasHeHHIO

0,82

TITT0512(C Co) (VIL.10)

=1

rne Cy u C; — coorBerctBeHHo KonteHTpauuyu NaCl u NaOH B pacreope.
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Vpasuerne (VII.10) noareepxiaer, 4TO BLIXOA IO TOKY yMeHb-
[aeTcs ¢ pocToM KOHUEHTpaUHH NaOH u noHmHxeHHeM KOHUeHTPauHH
XJ0pHAa HaTpH4. BJ’]]iﬂHile KOHUEeHTpauHH MIET04H B KaToJdHTe Ha Bbl~
x0:1 IO TOKY T0Ka3aHo Ha puc. 55, H3 KOTOPOro c/eayeT, YTo yBeqHueHHe
konueHTpaunu NaOH Gosee 155 r/n conpoBoik/laeTcss pesKUM YMeHb-
[IeHHeM BbIXoja no Toky. [loBbilieHne Temmneparypbl 3/€KTpOJaH3a
}BEJIH‘IHB&ET He TOJbKO BLIXOI IO TOKY, HOH BHGKTPOIYDOBOEHDCTL 3Je-
KTpoauTa, 61aro1aps uemy cHu-

JKaeTCsl HampshkKeHue Ha BaHHe, Ei:f-,mc

Taxkum o6pa3oM, TloBbIUeHHe g% ~
TeMNepaTyphl yMeHbIlaeT pac- o

XON SJeKTpUUEcKOHl SHeprud u [

nosTOMY OOBIMHO  3M1eKTPOAH3 & 106 120 140 160 180

paCTBOPOB X.I'Ioplilla HanHﬂ 5] HOB]J.BKTP&I[KK NHOH, r/;[
nposoxAT npu 70—80° C.

IlTpoMblwaeHHEBEe Puc. 55, 3aBHCHMOCTh BHIXOAA MO TOKY OT
5N eKTpoansepb KOHUCHTPAuHH LeJOYH B KaTojiHTe

(puapTpyomen ruapparmoii wi-

POKO TpHMEHAOTCA B NpoMblliieHHOCTH. ITpHHIMNHaNbHAS cXeMa Ta-
Koii BaHHBI npuBejeda Ha puc. 56. Banua umeer craabHoli nepdopu-
poBaHHBII (C oTBepcTHAMH) KaTol u rpaduroBwii aHox. K karouy
IJIOTHO TpuJeraer ¢uabTpyrouwas axdapparma u3 ac6ecToBoro Kapro-
Ha. PacTBop XJopHia HAaTpHA Nogaercs B
aHOZHOE  TMPOCTPAHCTBO,  (UABTpYyeTcA
CKBO3L juaparmy H JOCTHraer KaTofa.
CkopocTb UABTpaUKH 3JIEKTPOJIHTA Xa-
paKTepu3yercs TaK Ha3bBaeMoH npoTexae-
MOCTbIO TIHapparmMbi v (cM*/4) H 3aBHCHUT OT
naomagd ceueHus auapparmer Fo(cm?),
THAPOCTATHYECKOTO JlaBJeHus cronba 3/1ek-
Tpoauta h (cM BOA. CT.), TOJILIHHE AHa(-
parmbl b {cM) M BA3KOCTH 3JeKTPOJHTa
p (cIl3):

v=(Fh/bp) k, (VILI1)

Puc. 56. Cxewa Bantibi ¢ - rne k— Kofqu)mmem NpoTEKaeMOCTH,
TPyIOWeR AHadparMot: YUHTHIBAON Uil MOPUCTOCTD jlHadparMbl.
ia?o,i‘“";d’p"”a‘ 2 — cransnod Ilpu npoxoXmaeHHH MOCTOSTHHOTO 3JEK-
cragh § T Katommoe mpoctpai  TPHUYECKOTO TOKAa Ha aHOjle obpasyercst

NPOCTPAHCTRO XJop, Ha KaTtoje — BOJIOPOA H IueJI04Yb,
KOTOPas, Mpoxosi uepes oTBepCTHs KaTola,
CTeKaeT B KaTOJHOE MPOCTPAHCTBO H YAAJAeTCs M3 BaHHBL. B BaHHAX He
EEGHC){OHHT TIOJIHOTO pas.loXKeHHs NoBapeHHOR colu H yCTaHaBJIHBaeT-
H(}"HDCTOﬂHHaH KOHUEHTPaAUHA [MeJoud H HepasJ/oKHiBIUIeHCA MNoBapeH-
H con. B anekTpoanTHuecKoM 1ie/I0Ke, BBITEKAIOUIEM H3 BaHHLI, CO-
Aepxntesi 110—120 r/n NaOH u 180—170 r/n NaCl.
POMBILIIEHHBIE 3/IEKTPOTH3EPE! A0JKHB HMeTb GOJbIUYIO TPOH3-
TeﬂbHOC‘Tb, yTo JoCTUraeTcs )’BEJIH‘:IEHHGM HarpyskKH. leiMeHe-
KaTonos ¢ oueHb pHSBHTOﬁ NMOBEePXHOCTbIO I103BOJAET CcOo3/1aBaTh
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KOMIaKTHbIE 3JeKTposu3epe! ¢ -Harpyskoit ao 50 000 A. Muadparma
B 3TOM CJy4ae HacacblBaeTCA H/IH «OCaKJ1aeTCA» Ha NMOBEPXHOCTh Ka-
TOJla. H3 CyCrneHslH ac0ecTOBOTO BOJOKHA B COJMAHO-LIENOUHBIX pact-
BopaxX mnpH noMoud Bakyyma. Ha puc. 57 NpHBEIACHA CXEMa BAaHHB]
C ocakaeHHOH juadparmoil. Ita BaHHA COCTOMT M3 TPEX OCHOBHEIX
uacreil — GETOHHOrO JHHILA, CTAJABHOrO KaToja W OeToHHOI KPBILLIKY,

b-5

Puc. - 57. Banna ¢ ocamnen-
Hol Auabparvoii:

I — GeTonnoe gHHIE, 2 — CTAJE:
HOM Katof: 3 — GeTOHHas Kpwiil-
Ka, 4 — Tpy6a And nofauu pac-
cosay § — tpyba Ras OTBoRa XJ0-
pa; § — rpadguToBNe apogn; 7 —
WwTyuep AN yAaneHHs BOAOpOAE;
& — TpybGKa IAA CAHBa 3JEKTPO-
JHTHYECKOrD Wenoka; 9 — Meld-
HE TOKOBeAYUHIT CcTepkenb

At

Huuine umeer QopMy npamMoyrogbHOro KOpbITa, B KOTOPOM 3aJHTH
CBUHIOM HHUZKHHE KOHIhl TPApHTOBBIX aHONOB M MEIHBIA CTep:Kellb,
ClyXKallMi 118 noJBoja ToKa. AHOABI NpexcTaBisior cofoit rpadi-
TOBble TacTHHBL. B mocsennee Bpems Hauanum npumensath Gosee -
(pexTHBHbIE OKHCHOPYTEHHEBblE aHO1bl, HAHECeHHbIe Ha TuTaH. KaTtol —
CTaJlbHasA pama, BHYTPH KOTOPOH CMOHTHPOBAH PSij TJIOCKHX Kapma-
HOB M3 CTaNbHOH CeTKu. PacrnosoxkeHne KapMmMaHOB M MX mypuHa Ta-
KOBBI, 4TO TIpH YCTaHOBKE KaToja Ha JHHIUE BaHHbI KapMaHBbl TIOME-
L1al0TCA TOYHO MEXK 1y aHojaMH. B KpBIILIKe BaHHBI PacnooxeHsl 0TBEP"

136



cTHA AJs TogayH paccola W OTBofla XJA0pa. INeKTPOJaH3ep HMeeT
TelJIOBYIO H30J5ILUHIO, YMEHbIUAOUIYIO MOTepH 3IHEPrHy 3a CueT OTAauH
terda B oKpyxkaiolyio cpeny. Bauna t ocamaennoii gnadparmoit pa-
goraet npu 94—97° C. Harpyska ua BaHHy cocrasiasier 10 000 A,
yanpsxenue 3,75 B, Bbixox no Toky 96%, koapduumeHT Hcnobso-
pauus sHepruu a0 60%. B Coserckom Coroze paspaGoranbl W HUCMOJb-
3YIOTCH HECKOAbKO MOJEJeH BaHH ¢ ocamJeHHOH auadparmoil.
DneKTpo/iu3 pacTBOPOB XJOPHAA HATPUS B BaHHaX C PTYTHbIM Ka-
ToMOM H Trpa(uTOBLIM aHOIOM M03BoJsAeT NoJjayuaTh Gosiee KOHIUEHTPH-
poBaHHLIe MPOoAYKTH, 4eM B BaHHaX ¢ anadparmoii. Ilpu nponyckanuu
uepe3 pactBop NaCl mocrosiHHOro 3/neKTpHYecKoro Toka Ha rpaduro-
BOM aHoJle MpoucxoAnT paspsai noHoB Cl™ ¢ mocaenyomuM BoigeseHHeM

Clewud Xnop

paccon f I.E"" / IF"‘. .
I / Ompadomanwerid
]
= paccon (anoaum)
Amamzama
5 [T T T T T 11

Hemg

Puc. 58. Cxema BaHHBI C PTYTHbIM KaToJOM:

I — saekTponusep; 2 — pasnaratelib, 3 — gacoc

rasoo6passoro xJopa 2CI- — 2e — Cl,. Ha pryTHoM Kartoje Bbise-
JeHHe BOjopoja TPoHCXoAnT ¢ OoJbliinM NepeHanpsikeHuem. Ecau
Ha »Ke/Je3HoM Karoje MOTeHIHasa BblJeleHHs Boiopoja M3 HeliTpaab-
Horo pacrsopa pasen 0,415 B, To na pryTHOM KaToze OoH cocTaBasieT
1,7--1,85 B. Harpuii ke nHa pTyru Boieaserca ¢ Goablinm sbdertom
dernoasapusaunn, o0ycloBJAeHHBIM 0o0pasoBaHHEM amagbrambl HaTpus
NaHg,, pacreopsiomieiics B usbbitke pryru. Baarogaps stomy moreH-
1lian paspsjga HaTpusA Ha PTYTHOM KaToje OKa3blBaeTCsi HUMKE paBHO-
BecHoTo, a umeHHo 1,2 B, B To Bpems Kak ero paBHOBECHbIH NOTEHIHAJ
pasen 2,71 B. Takum oOpasoM, Ha PTYTHOM KaToje NPOTEKAKOT CJe-
aywomue npouecckl: Na* -+ e — Na, Na + nHg = NalHg, — u Bogo-
pox MpaKTHYECKH TOYTH He BblAG/afAeTc.

AManprama HaTpusi pasiaraercs Bofiod B CHenyaibHOM aMMapare —
Pasnarartene no ypaBHEHWIO peakuHH

NaHg, 4+ H,0=NaOH 4- 1/2H, 4-nHg
DAeKTpo/i3 B BaHHE C PTYTHBIM KaTOJOM TPOTEKaeT B CpefHeM
Npu Hanpskenun 4,3—4,4 B.

Banna ¢ prytHeiM KaroloM, TNPHHUMIHAABHAA CXeMa KOTOPOM
NpuBefeHa Ha puc. 58, coCToUT U3 IBYX yacTed: 3JeKTpoJu3epa u pas-
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Jaratessi. DeKTPOJIM3ep W pasjiarares’b KOUCTPYKTHBHO MOTYT ObITb
paspenientl H COOGLLATECA APYT ¢ APYroM TPYyOOMpPOBOAOM HJAM MOTYT
ObITH  pacrno/ioeHbl B OJHOM OOWeM KOxXyXe. IDIeKTPOJaHIep —
ITHHHBIH SIIHK MPAMOYTOMLHOTO CeYeHHA, CBePXy 3aKpbIThl# Kpbiii-
KOi1, B KoTOpOii yKperienst rpaputoeble aHolbl. K cierka Hak/JOHHOMY
IHY BaHHBI MOJBEIEHA KaTo/Has IHHa M II0 HEMY HeNpepbiBHO IBH-
Kercsd TOHKHE ciaol pTytH. Takum ofGpa3oM, ZHHILE BaHHEI ABJsETCH
KaTojoM. Daekrpodausep MHTaercs KoHUeHTpHpoBaHubiM (310—315
r/J) paCTBOpOM XJOpHAa HaTPHA, KOTOpBbIH B TNpoLecce 3JeKTPoJH3a
ofefHAerca MoeapenHoii coaplo 10 KoHueurpauun 260—270 r/a, B
BOJUTCS M3 BaHHbl, o0ecX/opHBaeTcA MOA paspAmKeHHEM U TMpH TIpo-
AYBKE ero CxKaTbiM BO3/YXOM JOHACBHIAeTCH COJbl0, OYHIACICH OT
npiMeceit (B cxeMe He roxasauo) H Tepegaercsa oGpaTHO Ha 3/eKTpo-
qau3. OBpasyiouniica XJa0p BbIBOMITCH 4€pe3 KPBIUKY BaHHBL Ilpu
IBHXEHHH PTYTH MO IHY 3EKTpPO.JH3epa B INPOLECce 3/eKTpo/iusa
floJlydaercsi amajbraMa HaTpusi, KOTopast pacTs8opsieTcst B PTYTH H Bbl-
BOJMTCS M3 3JEKTpoJ/iH3epa B pasjarare/b. Passaratenn MoryT Guith
pasJHYIiof KOHCTpPYKUHH — TOpH30HTAMbHbie U BepTHKajAbHbie. [opl-
30HTa/NbHbie pasnaraTe/ii MpPEeICTaBJAAIT CO00H MpPAMOYTOMbHBIE He-
J106, 3aKpbiThiil Kpbilixkoil. B pasfaarartenb mocrymaer Boja H H3 Helo
oTeOIATCA oOpa3sylouieca NMpoAyKThl — BOIOPOA M inetoub, JIHo pas-
Jarartess uMmeer HeOoqblIoH yx/aoH, Giarogaps desmy pTYTh ABHIKETCA
Mo JAHY, BBLIBOAMTCA H3 pasjaraTesJs M MNOIBEMHHKAMH pPas/HdHOIo
THIla Mepegaerca B 3nexTponnsep. BaHna ¢ pryTHBIM KaTOAOM 3aHHMAeT
Gosibline MJIOIAAH, YTO CBA3AHO C TOPH3OHTAJNbHBIM PacrOJOAEHHEM
prytHoro katoga. CyuecTByloT BaHHBI, B KOTOPBIX KaTOJAMH CJyKaT
BepTHKadkHbie aMajbraMHpOBaHHbIE AHCKH. DTH BaHHbI KOMMAKTHH,
HO CJIOXKHBI KOHCTPYKTHBHO M B 3KCI/IyaTauHH.

ConocTasiene OCHOBHBIX Moka3aTeled pafoThl BaHH ABYX THIIOB
(taba. 8) moKa3selBaeT, YTO BCJAEACTBHE BLICOKOTO HAMpsiyKeHWs Ha BaH-
Hax ¢ pTYTHBIM KaToJOM pacxojl SHEprHH Bblllie, YeM B anapparMeHHbIX.
Kposme Toro, 3xcmiyaTauus BaHH C pPTYTHBIM KaToaoM GoJee C/okKHa,
gem gHadparMeHHbIX, KamHTaJbHbIe 3aTpaThl Ha HX YCTAHOBKY BHILLE
H YCIOBUSl TPyaa B uexax, o6opynOBaHHBIX PTYTHBIMH BaHHaMH, TH-
JKeslee yeM B Lexax, I1€ YCTaHOBJAeHEI BaHHBI ¢ JHapparmoit.

TaGauua 8
MokasaTean paboTwl ajnekTpoaH3cpos

NIEKTROJIHIED
¢ OcamaeHHOH

Mokasareas anabparmon C PTYTHBIM hdTDAOM

BrK 25 E BT K-50 P-101 P 300
Harpyaka, A . oo v, 23000 | 50000 | 150000 | 300000
Hanpsixkenwe, B . . . . .. ... ... 3,43 3,7 45 4,1
BhiXOZ MO TOKY, % « v v v v v v e v e 96 95 95 95

Pacxon sHeprud Ha | T XxJopa, KBT-y 2720 2920 -— —_
BeipaGotka xaopa, T/CYT . ... .. . 0,765 1,53 4,5 9,04
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BosmoxKHOCTE MOAYYeHHS B PTYTHBIX BaHHAX KOHUEHTPHPOBAHHEIX
UIEJOKOB, CBOGOJHEIX OT MOBAPEHHOI CO.IH, SBASETCA CYIIECTBEHHBIV
JAOCTOMHCTBOM PTYyTHHIX BaHH. Mcxo4 13 3T0oro, ecau tpebyeres uucras
wesoub (Hanpumep, AJ5i NMPOM3BOACTBA BHCKO3HOTO BOJIOKHA), mpes-
MOYTEHHE A0KHO GbITb OTAaHO BaHHaM C PTYTHLIM KatoioM. B cBszu
C POCTOM NOTPEGHOCTH B UHCTOM KayCTHKE 3/1€KTPOJIH3 B BaHHAaX C PTYT-
HHIM KaTojoM Tpuobpen Goablioe pacnpocrpanenue. B mexe sqaexTpo-
Ju3a BaHHBE MHTAIOTCSH MOCTOSHHBIM TOKOM H COEIHHSAIOTCA I10C/1e10-
BaTeAbHO B cepHH. Yucao BaHH B CePHM 3aBUCHT OT HampsKeHusd, mo-
faBaeMoro OT BHIMpAMuTeas Toka. B cepuio Bkaouaior 60—70 Bany
NpPH HampsiXEeHHUU HCTOYHUKA MocToAHHOro Toxka 240—280 B. Illenous,
nojiyuaemasi TIPH 3/JEKTPOJiu3e B BHJle PacTBOPOB, MOjIBEpPraercst KOH-
LeHTPHPOBaNHIO B Bhimapubix anmapaTaxX. Ulesnoub u3 guadparmeHinbix
sant cojepxut 10 130--140 r/n NaOH u 180170 r/a NaCl. Pacrso-
pPUMOCTb TOBAapPEHHOH cod C yBedHuenneM Kouuenrtpamuu NaOH
B pactBOpe majaer. Tak, B wenoke, coxep:amem 50% (769 r/a)
NaOH, npu 20° C pacrsopumocte NaCl cocrapasier 13,9 r/a. Beaen-
CTBYUE 3TOTO MPH BbINApKe IEKTPOIHTHUECKHX IIET0KOB, MOJYUYElHbIX
B BaHHaX c auadparmoil, Hapsily C KOHUEITPHPOBAHUEM pacTBOpa
MPOMCXOIMT KPHCTAMIN3aus XJOPHla HaTpls, KOTOpLii BoO3Bpa-
nlaercsi Ha 3/JekTponi3. IlpakTuuecku nocse VMapku M MAaBKH NOMY-
yaloT 1eaoub, coxepxauyio 92—94% NaOH, 2—-3% NaCl. Bojo-
pox Ges npexpapuTesabHON 06paboTKH mepenaercs norpebuTensiM N
yKe BolOpaceiBaeTcst B atMocdepy.

XJaop Hacblmen BoxasHbMu mapami. Cyllika XJ0pa NpoH3BOIHTCSA
B ape cryneny. CHauana ero oxJdaxuaior jo 20—30° C B x0011L1b-
HHKAX JJis KOHJEHCAlliH H3 Hero BJaru, a 3ateM 151 OKOHYAaTe,/bHOM
OCYIIKH, MOAIOT B GalllHl ¢ HACA KO, OPOLLIaEMbIE KYMOPOCHBIM MacJ/JOM.
Cyxoit X/10p Mo cTalbHbBIM TPYOONPOBOLaM (CYXO0il XJOp He paspyluaer
METasJ) BEHTHJAATOPAMH W/ POTALHOHHLIMH KOMIMpeccopaMH nepeka-
uyBaeTcs B nexa-norpebuteau. Ha papé€ npepnpusitiii mpoussomsii
OXuyKeHHe XJlopa. XJIOp CAKHKAIT TPpeMsi MeTojamu: 1) mpu paBreHnH
10-10°— 12.10° H/M* u xomuatHOii Temneparype, 2) aTmocdepHOM
JlaBJeHun i HH3koi Temneparype okoso —50° C u 3) naBaeHnu 3-10° —
6-10% H/M® u temneparype ot —5 g0 —25° C. JKuzaknii xJj0p 3anueaior
B cTaTbHbe 6aMI0Hb, O0UKH AN [UCTePHLl eMKOCThIO 10 50 T U B TAKOM
Bile mepenalT NoTpebuTesasiM.

3. MIPOM3BOACTBO CONAHOM KHCNOTHI

Consinasi KucjaoTa npejicraBiasieT co60H pPacTBOP XJOPHCTOro
Booposa B Bose. XJOpHCTI BOAOpPO — GeCiBeTHLIA a3, WMEIOLLHl
T. . —114,2° C u r. kun. —85° C. X/1opucThi BOIOpO/1 0UeHb XOPOILO
-PacTBopsiercsi B BOjJE, MpUYeM pPACTBOPHMOCTb €TO CHJBHO 3aBHCHT
OT temnepatypel. Ilpy naBaenuu raza 760 mm pr. cr. 1 71 Bozer npu 0° C
-Pacteopsier 525,2 a1 HCl (B pacrsope 46,15 sec % HCI), npu 18° C —
451,2 n HCl (8 pactBope 42,34 Bec. % HCl). Xaopuerhii Bozopo:
€ BOjoOii jaer a3eOTPOMHYIO CMech, cojepKaimiyio mpu 760 MM pT. cT.
20,24% HCl u kunamyo npu 110° C. Xsopucrsift Boaopoj ucnodn-
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3yeTcsl B 3HaUNTEeNbHEIX KOJHUECTBax Js IHAPOXJOPHpOBaHIis opra-
HUYECKHX COEJHHEHHIt.

ConsiHasi Kuc/0Ta MpHMEHSIeTCH s NIPOHM3BOACTBA HeopraHHYecKnx
coneil uunka, Gapust M Ap., B LBeTHoil MeTaAlypruu, rajibBaHollla-
cruke, aas nosayuenuss xJaoponpena CH,CCICHCH,, Bunnaxaopuna
CH,CHCI, nasi npou3BoalTBa aHHAHHOBHIX Kpacdrtesaell, TuapoJansa
Kpaxmana (noJydeHue cnupTa) H B pAfe 1pyrux npoussoacts. [To FOCTy
BLINYCKaeTcs coAHad KHCJIOTa KoHueHTpauueil He menee 27,5 u 31%
HCI. ITpon3soacTBo coNsiHOH KHCJOTH OCYLIECTBJASIETCS B JIBE CTANHH:
noJydeHHe XJIOPHCTOrO Bojlopola M abcop6uis XJAOPHCTOTO BOJOpPO.A
BojloH. Pasaunele cnocobbi MpPOU3BOJCTEA COJAHON KHCAOTH OT/H-
4aoTcA JApYr OT Apyra MeTofamMu NOJYUeHHA XJOPHCTOIO BOJOPOSA.

CynpdartHHil METO] NPOKW3BOACTBA XJIO0PHU-
CTOTO BOJOPOAA ABINETCA OAHWUM M3 CcTapelillliX MPOLECCOB
XHMHYecKoH npomeilliieHHocTiH. OH ocHOBaH Ha B3aUMOJeHcTBHH XJO-
PHCTOTO HATPHS € KyNOPOCHBHIM MAacjoM [0 peakiuu

2NaCl 4 HySO, = Na,50, - 2HCI — 68,25 kIx

Peaxunsa nposonutes npu 500—550° C B mydenpHBIX neuax, mpH
3TOM MoJTyuaercs TBepAblii cyabdar naTpns u ras, cogepxaumui 30—40%
xJopuctoro Boxopona. HuiHe cy/ibaTHBi METoA NOYTH MOJHOLTHIO
BHITECHEH Gojee 3(MPeKTHBHLIM npsambiM cinTesoM HCI,

CiiHTes XJOPHCTOTO BOJOPOJA MPOUIBOJHTCH U3
XJ0pa W BOJOPOAA, MOJAYYaeMBIX [PH 3JEKTPOTHU3IE BOJHBIX PAcTBOPOB
noBapeHHOH coan. Bomopox cropaer B xJope ¢ BhijeJeHHEM Tenja:

H,4Cl, = 2HCI - 184,2 x/I:x (44,1. xkan)

KoHcranra ckopocTH 3TOH peakiuum R yBeJIWYHBaeTCs C [OBHILIE-
HUeM TeMrepaTypsl Mo ypasHeHHi0 Appennyca. KoHcTaHTa paBHO-
‘BecHsl peakuin ofpasoBaHMs XJOPHCTOO BOIOPOJa

Ky=riici/(Pu, " Pel,) (VIL.12)
HJH
KP=4X?”.I’(1——XP)'-” (VIL.13)

Tae p — napiHajibHbie JaBJeHHs] KOMIOHEHTOB.
BiansiHue temnepartyphl Bhpa)kaeTcsl ypaBHeHHEM
9586

Ig Kp=—7——0,44 1g T+2,16. (VII.14)

Wz ypaeuenuit (VII.13), (VIL.14) 6una onpeseneHa 3aBHCUMOCTS
Xp OT TeMmneparyphl,

LCLo e 17 727 1727 2221
Xp oo 2,51-1077  [,34-107%  041.1072 1,30.1072

KoTOpas CBHAETeNbCTBYET 0 ToM, uTo pacnaj HCl Ha snemenTh craHo-
BHTCsl 3aMETHBIM JIMIIb MPH OYEHb BLICOKHX TeMmepaTypax — BhIlIe
1500°. IIpakTHyeckH MpOBOAST CHOKOHHOE HEB3PLIBHOE TOpPEeHHe BOIO-
poia B xJgope npu 2300—2400° C. B peakumonHo#i cmecn umeeTcf
5—10% -Hpili u36LITOK BOKOPOJA, Mo3po oMl GoJee MOJHO HCModb:
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30BaTh XJop. BsainmozelicTBiie XJopa ¢ BOAOPOIOM OCYLIECTBAsieTCs
B leyax .(cM. u. I, puc. 26), paboraiouix B pexiime, OJH3IKOM K BbI-
recnennio. Boixoasunit u3 neun rasz copepxur 80—90% HCI, uro
No3BOJisieT BbipabaThiBaTh COJISHYIO KHCJIOTY KOHLeHTpaunei 6onee 31%.
3HauuTe/IbHLIE KOJAMYecTBa XJOPHCTOro BOJAOpOAA NOJy4aloT B Kaue-
cTBe NoGOYHOTO NPONYKTAa Ha INPENNPUATHAX OPraHHYeckoro CHH-
Tesa.

AG6copbuusda xXxJdopucTOoro BojAoponxa BOJAOW
conpoBoxkaaerca ofpa3oBanieM THAPATOB H MJET ¢ BbileleHHeM Tela.
Bes orBona Tensia pacTBOpeHHS HeJNb3sl IMOJY4HTh' KHCJIOTY, Gojee
KOHLEHTPHPOBAHHYIO, 4eM a3eoTponHas cMmechb. Jlaa mondydeHHs KH-
cloThl GoJiee BbICOKOH KOHUEHTPAUHH NPHHHMAMHCh Mepbl s HHTEeH-
CHBHOTO OTBOjla B OKPY’KalOUlylo CPejly Tellja DacTBOPEHHR, HTO CO-
Npsi’KeHO C 4pe3BblYaiHO# rpoOMO3JKOCTLI0 a6copOIHOHHON YCTAaHOBKH.
B CCCP A. M. lacnapsinom 6bla nipefi-

JIO;KEH MeTOj MOrJIOuIeHHA XJOPHCTOro 10
BONOpONa BONOW 03 OTBOAA B OKpy-

JKAIOULYI0  cpelly Telja pacTBOPeHHs . .. ]
HCl, 1. e. B anuaGaTHyeCcKux ycaoBHAX. S

IIpu 3roM MoXKer MpPOMCXOAHTL ‘anuaba- § ]
THUECKOe MOBbLIeHue Temneparypsl, ko~ § % a
TOPO@ pAaCCUyTbiBaeTCsi N0 YpaBHEHHIO = \
(I11.89) (cm. y. I). Onnako renso a6- n

P/ - i I
0 ot 2403 04 05 06 0708

7 q H
COpﬁlJ,]‘I H KOMIIEHCHpYeTC 34aTparoH Konyenmpayus HCL, mon dong

TenJaa Ha HHTeHCHEHOe HCINapeHHe Bo-
AT Puc, 59. JInarpamMa cocToAHHSA
Ha puc. 59 npencrasnena nuHarpam- cietenst H,0—HC
Ma cocrosiHus cHeremsl ~ H,O — HCI,
N0 KOTOPOH HAXOAMTCA 3aBHCHMOCTbL TeMIepaTypbl KHIEHHS co-
JsiHOH KHCJOTBHI OT KOHIleHTpaimud npd pnasledun 700 mm pr. cT.
Maxkcumym Temmeparypbl KHNEHHS B 3THX YCJIOBHSX COOTBETCTBYET
20%-nomy conepxannto HCl (0,13 moa. noau) B pactBope M paBeH
npumepro 106° C. Ecim npu kuneHuu pacrtBopa Temneparypa NMoHH-
3uTCA, HallpuMep, A0 101,5° C, To KOHLEHTpAWlifd KHCIOThl MOKeT
YMEHBLIHTbCA (TOYKA @) WIH yBeJHuuThes (Todka ). Y MeHblUeHHe HJIH
yBeJIHueH e KOHUEHTPAINH KHCJI0Thl 3aBUCHT OT COCTaBa ra3oBoi (asbl.
Ecau KonuuecTBO XJOpPHCTOro BONOPOjA B rasoBoi (hase Goablie Co-
OTBETCTBYIOILEr0 a3€0TPONHOM CMecH, TO KHCJoTa OyneT KOHUEeHTpH-
poBaThCs, ecq MeHblle, To pa3baBnasarbesi. M3 mededt Ha aGeop6uuio
nonaeTcsi KOHUEHTPHPOBAHHBLIM ras, NMosToMy B YCJIoBHSX anuabari-
yecko#i aGcopOuuu monydaercsl KOHHEHTPHPOBAHHAA KHCJOTA.
HenpepbiBHblil MPOTHBOTOYHBI TNpouecc peasiusyercs B abcopG-
HOHHOH KOJIOHHE, B KOTOPOii A0cTatouno nis noiyvenus 27,5%-nof
KHCJIOTHl Beero yerblpex, a s 31%-Holl — mATH TeoperHueckux
TapesoK. B npoMblilienHOH NpakTHKe HanGoJblliee pacnpocTpaHenne
noJiyyud HacanouyHble abcopGepbl, BbINOJHEHHbIE H3 MarepHalios,
KoTopble He paspylIaloTes COMAHOH KHCJIOTOH: KepaMHKH, KBapua,
NacTudeckux mace (aoaurt, BUHHIAACT).
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4. BNEKTPONM3 PACNNABOB, NPOM3BOLACTEO ANOMMHKUA

Ilpu 371ekTpo/in3e BOAHBLIX PAacTBOPOB MOTYT MOJYy4arbes
TOJMbLKO BelecTBa, NOTeHuHam  BbhigeJeHis KOTOPHX Ha Karole bosee
NOJ0XKHUTENeH, dYeM ToTeHuHasa BbIIeJeHHA BOJ10pona. B YACTHOCTH,
TaKHe 3JeKTPO-0TPHIATeIbHble MEeTaAMbl, KaK JHTIH, Kalui, Kalbuui,
HaTpH#l, MarHuH, aJIOMHHHA U ApP., HE MOTYT ObITh BhIAENEHb! i3 BOAHDBIX
pacTBOPOB Ha TBep/biX Karojax H B MPOMbIJIEHHOCTH HX MOJYy4aior
HCKJIOYHTENbHO 3JEeKTPOJH30M pacniaBoB conell, OKHCJIOB, THIpO-
okuceH uMH Hx cMeceli. IIpu saeKTposivae MeTannkl BbineJfoTes npe-
HMYUIECTBEHHO B pacllyiaBJeHHOM BHJIeE. PacnnapieHHbie 3NEKTPOJMHTH
B OCHOBHOM TIOJYHHSIOTCA TeM »Ke 3AeKTPOXMMHYECKHM 3aKoHOMep-
HOCT$IM, 4TO H BOIHHE PacTBOPHI, XOTHA 3JIEKTPOJH3Y paciaBoB Npli-
CYUIH H HeKoTopble crneypHduuecKue ocoGEHHOCTH.

DONeXKTPOAH3 pacnjgaBOB [MPOBOAUTCA MPH BHICOKHUX
TéeMneparypax, KOTOpre noJiyyatorcd 3a CcueT BbIAeJIeHHA TelJja NpH
NPOX0XK/JeHHH TNOCTOSHHOTO TOKa yepe3 3/eKTpoJuT. (ClenoBaTenkHo,
SHEPTHA SJEKTPHUYECKOTO TOKa HCNOJb3YeTcs IJad pas3fOoKeHHHA Bele-
CTBa, pacliyiaBjeHHd 3JEKTPOJHTa H KOMOEeHcapHH TEenJIOBHIX NOTePb.
Hu:xkauji npepen temnepaTypbl 3JeKTPOJAH3a OTrpaHHuyHBaeTcsl 3acThbl-
BaHHEM 3JeKTpoJiuTa UAH MeTanata. YrTolbl 3/eKTPOJH3 MpoTeKasa mpH
CpaBHUTENbHO HH3KHX TeMmnepaTypax, B KadecTBe 3JIeKTPOJIUTA -TpH-
MEHHIOT CJ0XKHbBIe CMecH, oﬁpaayloume JerkKollJlaBKkHe 3BTeKTHKII.
ITpakTHyecKH IpHMEHsIeMbie TEMTIEpPATY pbl JiesKaT B LIHPOKOM HHTEPBaJE
or 310 no 1400° C. .

AnioMuHH i — nerkufi Meraat, mioTHocTs Koroporo npu 20° C
cocragaser 2,7 r/em®, 1. . 659° C, T. kun. okoao 2500° C. OH o6aa-
J1aeT BBICOKOH 3JIEKTPONPOBOJHOCTHIO M TEMJIONPOBOAHOCTbIO. B oKiic-
JUTeJbHOH cpene, B 4acTHOCTH Ha BO3jlyxe, HA aJIOMHHHUW olpasyeTcs
TJIOTHAasl OKHCHAA TWVIEHKa, MpHAAouas eMy KOPPO3HOHHYIO CTOHKOCTE.
AmovMHnH# CTOEK NPOTHB a30THOH H OpraHHYecKMX KHCJIOT. AJoMH-
HUu# JJIA yBeJIHYeHHA MeXaHHYeCKoit NPOYHOCTH H JUTEHHLIX KauecTs
CITABJAIT ¢ APYTHMH Meraldnamu. HawuGosabliee pachpoctpaHeHHe
HallJIH chij1aBbl adiOMHHHSA ¢ MEIbl0, MarHHeM H MapraHuem, HasbiBae-
Mble TIOpaltOMHHAMH, a TaKKe CrijlaBhl ¢ KpeMHHeM — cuayMuHsl. Coye-
TaHHe JIerKOCTH ¢ NPOYHOCTLIO, BHICOKO 3JIeKTPO- H TeIJIONPOBOJHOCTBID
ceano afiOMHHHI U ero CcnJaBbl BayKHEHIIHMMHM KOHCTDYKLHOHHBIMI
MaTepuanaMH B CaMOJIETOCTPOEHHH, aBTOCTPOeHHH, TPaHCTIOPTHOM
MauIHHOCTPOEHHH, B 3JEKTPOTEXHHKe, IJ5 H3roTOBJEHHS JBHrare-
Jell BHYTpeHHero cropaHus U T. n. B xumnuecko# MpoMBbIlLIeHHOCTH
anMIOMHHHE H ero CrjaBbl MCMOJb3YIOTCH 1718 M3roTOBJeHHS Tpyod, pe-
3epByapoB, annaparypbl. Haiia cTrpaHa uMeeT MOLHYIO aJIOMHHHEBYIO
NpOMBULJIEHHOCTB, KOTOpas pa3BHBAETCH GbICprIMH TeMIIaMH,

Coipbem 1J1s1 TIPOM3BOJACTBA AJIOMHHHS CAYXKHUT TauHozem (Al,Oj),
KOTOPBIH MOJYYalT H3 Pa3THYHOTO MHUHEPaJLHOTO ChIpbA: GOKCHTOB,
HeenuHa, anyHuTa U 1p. OCHOBHBIM ChipbeM CJyKaT GOKCHTH, CO/1ep-
Kamne Al(OH); nan AIOOH, B cmecu ¢ okuciamu xesesa, KpemHese-
MOM H aApyrumH mnpumecsMi. Ilpu nepepaGoTKe chipbsi Ha TJIHHOZEM
JL15 1aJbHEHUIero noayyeHHs U3 Hero adioMHHHS TpebyeTca obecneduTdb
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npol3BOACTBO TVIHHO3EMaA BBLICOKOH CTEMeHH YHCTOThI, TAK Kak IpHMeECH
MOTYT NPHBECTH K pPE3KHM HapyIUeHHAM IIpolecca 3JeKTpoJH3a. HPOIIS-
BOJACTBO TJIHHO3eMa BecbMa CJI0XKHO. B nem coueraioTcsi XHMHUECKHe

NpeBpaeHns ¢ psaioM (PH3HYECKHX ITPOo-
HeccoB: TOHKHM H3MeJbyeHHEeM CBIpbH,
HarpeBaHHeEM H oxJaxIeHieM, oTcTaH-
BaHHEM O0cajgKoB, duabrparnueii 1 1p. B
of6lleM CYLLHOCTh MpOH3BOACTBA TJIHHO-
3eMa H3 GOKCITOB 3aKJlyaercs B Ore-
JIeHHH THIPOOKHCH aJIOMHHUSA OT ApY-
rHX MUHEpaJoB.

rH,"[pOOKHCb 4aMoMHlIHA TIpH B3aH-
MojeHicTBAM ¢ €OJ0H (cnekamme) HaH
eIKUM HaATpoOM (BbliiesayHBaHue) nepe-
BoxuTes B amoMiHarT unatpus NaAlO.,
KOTOpLIH pacTBopsAercsi B BONE H, TAKHM
06[}330!\{, oTneNsdercst OT He paCTBOPHMbBIX
B 3THX YCJOBHAX OKHCJOB Keae3a. Ho
KkpemHezeM Si0, yacTHUHO TaKxKe pacTBo-
pserca B Buae Na,SiO;. Ero ocaxnaior
12 pactsopa B Bige CaO-AlLQO;-25i0,
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yICTQroO adtoMHHAaTHOro pacrsopa ocaxpaior Al(OH);, ans gero npn-
MEeHSIOT pasfiuHbie NPOIECcCkl, HanpHMep KapGoHH3alHI0 — HapGoTax
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Puc, 61. Cxema siexTposindepa ¢ CaMooGKHIalo-

WHMHCA aloldamu:

! — yroamnele WIHTHE 2 — OrHeynopubli KHpmuy: J —

KOxyx:; 4 — crajbible WTHPH,
WHHE, § — atoMBaHeBan ofeualika;
Pama, 9 — auogunaa Macca,

[/ — Katogusil ToKonogpog

7 — auog,

i — ToKoNoABOAALLlHE

10 — yroasusie GJIOKH;

uepe3 aJOMHHATHLIH pa-
CTBOp JIBYOKHCH YrJiepo-
na, KOTopas CBfA3LIBAET
HoHe Na* B BHAe coabl.
Orjlelennyio oT pactsopa
THIPOOKHCH  AJIOMHHUA
NpoOKaNIHBaloT (KalblHHA-
uHua), noaydas IpORVKT,
cogepxRamii g0 99%
Al,O5. Brixoa oxucH anp-
MHHHS B TOTOBBHIH mpoO-
nyKT ne npesbinaer 60% .

[TpouseopncTBO
AaNlWOMHHHUS ocyie-
CTBJSIETCS M3 T/IuHO3eMa,
PACTBOPEHHOrO B KPHOJIH-
Te NayAlF,. Kpuosanr kak
pacTBOpHTENb TJHHO3EMa
yio6eH ToToMY, 4TO OH J10-
CTaTOYHO XOpOLIO PacTBO-
psier ALLO,, He comepiKHT

G0/lee MOMOKHTENBHEIX, YeM AJIOMHHHI, HOHOB, NOCTATOYHO 3JEKTPO-
NpoBoieH, HO B To e Bpems ofecrieyniBaeT BhIeJeHue Terja, Ie-
O6xoaumoro A TIABIEHHS 3MeKTpoJuTa, 06pasyeT ¢ TJIHHO3EMOM
Clliapbl, Temneparypa IIaBJAeHUA KOTOPbIX MHOIO HHKe Temmepa-
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Typhl TWiaBAeHHs uucroro riaunosema (2050° C). muarpamma mnias-
kocr cucrembt Al,O;—NagAlFg, nocrpoenuas detorsesniM # Miabu-
CKHM M TpeacTap/eHHas Ha puc. 60, MoKaswlBaer, YyTO NPH pacTBope-
Huu B Kpuosute 15% rsinHozema Temrneparypa nuiaBjeHns 3/71eKTPo/iiTa
cranoButcs paBHoit 938° C. [Tpakruuecks 3J1eKTpoJn3 Be1yT IPH coiep-
Kauuu B anektposure oxkosno 10% Al,O, npu 950—1000° C. CxemaTu-
YecKH IIpolecc 371eKTPoJiH3a CBOMMTCSA K BBIIEJIEHHIO HAa KaTojle pacmia-
BJIEHHOTO AJIOMHHHS H CTOPaHHIO YroJbHOTO aHOAA 3a CYET BbiNEINB-
merocs Ha HeM Kuciopoxpa. [Ipu Temneparype adekrpoaunsa 1000° C
MJIOTHOCTh astOMiHHA 2,30 r/eM?, a MI0THOCTh KPHOJIMTA, COleP Kallero
10% raunozema, 2,03 r/cm®. AmoMHHHE, Kak GoJiee TsKesbll, coOH-
paeTcs Ha AHe BaHHbBI H NEPHONHYECKH M3 Hee HaBaeKaeTcsd. [Tockonbky
B TIpouecce 3TEeKTPOJH3a aHONB! paspyllaloTcs, 171 HenpephiBHOH pa-
GoThl BaHHBI HeoOXonuMa crenHajnbHas KOHCTPYKLHS aHO{OB.

Banuel ¢ caMoOGKHTAIOUEMHCA aHoAaMu paboraloT 6e3 cMeHB! aHo-
nos. Cxema Takoii BaHHBI nNpuBefeHa Ha puc. 61. Koxyx Bauusl ¢yre-
poBaH OTrHeyNOPHBIM KHPIHYOM H YTOJBHBIMH ManTamu. J{HO BaHHbBI
AB/AETCA KATONOM, OHO BhIJIOJKEHO U3 YrOJbHHIX GJOKOB, K KOTOPhIM
NO/ABOJIMTCA CTasibHOK Toxomonsosn. Han BaHHO# Ha paMe monBellied Tak
Ha3bIBaeMbl# CAMOOOMKHTAOMIMACA aHoM, COCTOSINHH H3 aqlOMHHHEeBOH
ofeuafiki, B KOTOPYIO 3arpyseHa aHomHasi Macca (CMech aHTpauuTa,
KOKca, KaMeHHOYro/ibHO# cMovibl 1 Neka). B Bepxuedi uactit aHona macca
HaXONHTCH B ITACTHYECKOM COCTOSIHHH, B HM:KHeil, monsep:keHHoil nefi-
CTBHIO BBICOKHX Temieparyp, — B TBepiaoM. [lo mepe cropanus aHon
MeXaHi3MoM, HaXOAfHMCH Ha pame, OIlyCcKaeTcs, Macca B HeM clle-
KaeTcs M MpeBpamaercs B yroJnHbif GjoK. AmomuHueBas ofedafika
niepuouyecKs HapaumHBaeTcsi W ee NOTPYKAIOT 3jaekTponHoil Maccoil.
Tox K aHony MOABOXMTCH MPH TNOMOLIA TOKONPOBOAAMMX IUHH yepes
CTajiblible LUTHIPH, 3a0uThie B Tes0 anona. Ilpu cropaHuu aHoxa HH-
Hull pA WThIPeHl BEIHUMAETCSI U OHM 3a6lBAIOTCs B HOBBIH psifl BBEPXY.
Takum ofpazoM, caMooGKuralolilecs: 3jeKTPONbl SABASAIOTCH 3IEKTPo-
namu HempepoiBHOro neficrBus. [Ipollece snekrposuza BexyT Nnpu Ha-
npsxenun 4,2—4,5 B, narpyske 80 000—150 000 A, ¢ Bhixoaom Mo
Toky 88—90°%. Pacxon suepruu cocrasaser 16 100—16 200 kBr-u/T.
AmtoMuHHE, MOMYYeHHBIH 3/1€KTPOJIN3OM IJIHHO3eMa, CONEPIKHT TPH-
MECH, B OCHOBHOM :Xese3o B KpeMuuil. Jiaa nosyueHus aiictoro asno-
MHHHSl ero MnoaBepramoT paduHipoBaHHIO.
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rnapa) XWMMYECKAS NEPEPABOTKA TOMMMBA

1. OBUIME BONPOCHI

TonauBoMm HasbLIBAKOT CYUIECTBYHOIHE B npHpoOne HJIH HCKYC-
CTBEHHO H3TOTOBJEHHLIE TOPHOYHE OPIraHHYECKHE BeecTBa, ABJAAIOIHEeCHA
HCTOYHHKOM TEINJoBOH SHEePrHH U ChIDLEM IJd XHMHUUeCKOH POMBITILTEeH-
noctid. B Coserckom Cotoze ypensiercs Gosibllioe BHEManHe pasBHTHIO
TOMVIHBHOH NMpoMmbltennoct. B 1975 r. B erpade 6b1710 106LITO CBbille
701 maH. T yras, 491,0 mad. r gedru 1 289 mapa. m® npuponsoro rasa.
B Teuenue 6amkafiinx Jer B TOMJHBHOM OanaHce cTpaHbl A0S YIis
GyeT CHHKATbCH, XOTA 1006blua ero B a6COJIOTHLIX BETHUHHAX BO3pacTer.

BypHoe pasBuTHe NPOMBILLIEHHOCTH OpraHHYecKOro CHHTe3a —
TIPOH3BOJACTBO niaacTHYeCKHX Macc, XHMHYECKHX BOJOKOH, CHHTETHue-
CKHX KayuyyKOB, JaKOB, KpacHurenae#, pactBoputefefi u T. 1. TpeGyer
OrpOMHBIX KOJIHYECTB YIVIeBOJIOPOAHOTO Chipbs, KOTOPOE IOJYyyaercs
B pe3yibTaTe XHMHUYeCcKol nepepaboTKH paszanudblX tonaus. Jo Henas-
HEero BpeMend OCHOBHLIM HCTOYHHKOM CLIPbA AJd OpraHHyecKoro CcHH-
Te3a Obl1 yrofib, H3 KOTOpOro INpH KOKCOBAHHH IOJy4yaloT GeHsoJ,
TOJYOJ1, KCHJ0bl, (peHos, Hadralud, aHTpaueH, BOJOPOA, METaH, 3TH-
JeH u apyrue npoayktel. B HedrH, Haxonsuiefica B Heapax 3emH,
BCerja MpHCYTCTBYIOT pacTBOPEHHLIE rasbl, KOTOpLIe NpH Jo0blye Bbige-
JISIOTCA M3 Hee. ITH TaK HasblBaeMbie NOMYTHDLIE Ta3bl coneprsar Merait,

‘9TaH, nponad, 6yraH H apyrie yraesogopoxabl. Ha It nedri B cpeniem

npuxoanres 30—50 M MonyTHLIX razoB, KOTOPblE HBJAAIOTCH YPE3Bbi-
4afiHO LEHHLIM CbipbeM /5 XHMHUYECKOH INpoMbilljieHHocTH. WMeTouHn-
KOM YTJIEBOJIOPOJHOIO ChIpbA CJYXaT TaKKe rasbl, nojyyaemble Npy
nepepaGorKe HedrH; Kpekuure, Miponnse, pudopmiHre. B sTux rasax
cofiepzsarcd NpejlesibHble YreBOLOPOEL: MeraH, 3TaH, nponay, OyraHbl
H HempejesbHble YIJeBOJAOpOAb:: 3TuJeH, nponuied u ap. Hapsny
€ razoo6pasHbiME YrieBogopoaaMi npi nepepaborke HedTH MOryT GbITh
NosyyeHbl apoMarHyecKHe YrieBogoponbl: OeH30J, TOAYoJ, KCHJO/bI
H BuxX cMmecH.

O,ILHHM H3 BaXHLIX BHJOB XHMHYECKOTO CLIpbS ABJACTCSH I'I]JHpOI[HHi'{
ras, conepxamnii 1o 98% wmerana. IIpupoanbiii ras B XHMHUYECKOH Mpo-
MBILIJIEHHOCTH HCMOJb3Yercs AJsi IPOH3BOACTBA OpraHiueckKHX Ipo-
AYKTOB U ammuaka. JlpeBectHa i1 jpeBecHble OTX0/Ibl — HCTOYHHK MOJY-
UCHHA [e/10103bl, 3THJIOBOTO CIHHPTA, YKCYCHOH Kueotol, pypdypona
' pana apyrux nponyhroB. M3 caadues u topda NpoH3BOASAT Troplodlie
Taspl, cphipbe M1 MpoNH3BOACTBA MACE], MOTOPHLIX TONJHB, BLICOKOMO-
JeRyNApHbIX coelMHeHHHE u T. m. Bce ToniMBa MOXHO pasnenuTh 1o
al"llel‘a'rumly COCTOAHINO Ha TBeplble, XKUIKHE, razoofpasHbie; no npo-
HCXOXeHNI0 — Ha ecTeCTBEHHbIE 1 HCKYCCTBeHHble, EcTecTBeHHble TOM-
IHBa: TBepable — yrilH, ApOBA, CJAHUbI, TOpd; KHAKHE — HePTb; ra-
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3000pa3Hble — MPHPOANBIE ¥ MONyTHHe rasbl. MckyceTpenubie ToMMUBA,
r7aBHLIM 06pa3cM MoJyyaemble TpH NepepaboTke ecTecTBEHHLIX TOM-
JINB: TBEpIblE — KOKC, MOJYKOKC, APEBECHbIil yrofb; KHIKHe — OeH-
3HH, KepPOCHH, JUTPOHH H Ap.; ra3oofpasHble — reHepaTopHbLIe Tasbl,
KOKCOBbIl ras, rassl nepepaGOTKH HedTH U Ap.

CocTaB M CBOWCTBA TBEPABIX TOMJWB. TBepible TOMIHBA CONEpIKAT
TOpIOYyI0 OPraHHYecKylo Maccy H HEeropiouyl, HJIH MHHepalbHYIo,
yacTbh — GasaAacr.

OpraHnMduecKkas MaccCa TONIHBA  COCTOMT B OCHOB-
oM 113 yr.rrepo,rla, BOodOpOaAa H KHCJTOpO,E[a. HOM 0 3THX 3JieMeHTOB
B opraﬁuqecxoﬁ Macce Moryrt conep}xa'rhc;{; Hamn HMe]J, 430T H cepa.
Coctas ronauB npusesex B Tabi. 9. CooTHolleHne MeXy OTAeJbHbIMI
37IeMeHTaMH, BXOAAUMMH B COCTaB TOTWVIHBA, BJAMSET Ha ero cBoHcTBa.

Heropwuasd vacTh TOWIHNBA COCTOHT H3 BJarH H MiiHe-
panbHbLIX BeliecTB. KOMHUYECTBO BJATH B TOTWIHBE 3aBHCHT He TOJLKO OT
BlA TOTWINBA, HO M OT cnocoba ero A00niuu M XpaHeHus (cM. Taba. 9).

Tabauuwa 9
Cocrae TOMJHB
Opradpueckasn TensorropHas
Macca, o 3cna, | Cepa, Buixon CrocofHOCTR
Tonauso Bnara, 9% o o ACTYHHX, BHICLIER,
c | Hlo-n % K ur
Ipesecuua . .|440} 60! 50,0 | 30—40 04 00 | =70 18 850
Topdp .. ... 39,00 6,0 350 25 45| 04 70 23 900
Bypstit yroms {70,0{ 55| 24,5 == 50 40 | 2—3 | 45—=35 25 550
Kamenusii
yroas . . .|820] 50| 13,0 3-—8 6,0 | 2—6 8—30 33020
Awtpawir . .|950( 20| 30 1,3 60| 1—2| 8 33 500
Topwouke caan-
bl ... .. 75,00 10,0f 150 50,0 339020

MuHepaabHy yuacTbhb TOIIHBA COCTABAAIOT KapGoHarH,
CHMHKATBI, docdaThbl, cyabdaThl, CyIbhHAB METAIIOB — ¥KeJe3a, Kalb-
uld, MarHmd, anioMHHHA, KaJHd, HﬂTpI‘]ﬁ nap. HPH CHHTAaHHH HJIN
rasuuKauHH TOTIHBA MHHEpPAJBHLIE BEleCTBa OCTAIOTCH B BHIE 30Jbl;
NpH 3TOM MHOT'ME H3 HHX NOABEPTaOTCH Pas3JOXKEHHIO ¢ oﬁpaaoBa;meM
OKHCJIOB. HDH ﬂHpDJ]HSE‘ 30J1a HAXOJMHTCHA B TBEpAOM OCTATKe TOMJHBA
(cM. Ta6a. 9). Cepa sipasieTcsi BaXKHO MpHMecbIO, BJHsAIOEH Ha cBofi-
CTBa TOMJIHBA H KadecTBO MOJy4daeMbIX TIPH €ro nepepaﬁo'rke HpO}IYK'
toB. OHA BXOJHT B TOWIHBO B BHAE CYJILMUIOB — Cyabpuinas cepa,
tyibdaTos — cynedarHas cepa M OPraHHYECKHX COeqHHEHHH — opra-
Huueckas cepa. [Ipn ckuranui M rasuUKauMi TonJauBa cyJabguaHa
JI Oprasndeckas cepa OKHCASIIOTCS, 00pa3ys ABYOKHUCH CEpHI, a Cyabdar-
Has B 6OJbIIMHCTBE cay4aes octaercs B sone. Ilpu cyxoii meperoHke
TOMTHBA Cepa pacnpeneysercd Mer1ly NoJaydaeMbIMHi TIPOIYKTaMH, HO
OCHOBHOE KOJIHYeCTBO ocraercsi B TBepiaoM ocratke. Komnuecrso cepbl
B pas/iMYHLIX BHAX TOMJMBA yKasaHo B Tabu. 9.
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JleTyuumMu BelleCTBAaMH HashBawres rasoobpasHbie H
JKUAKUe MPOIVKTH (IPH BLICOKOH TeMnepaType moc/elinHe HaXOAATCHA
B napooGpasHOM COCTOSIHKH), NOJYYalollyecs NpH HarpeBaHWH TOMN/IHBA
Ge3 JocTyna BosnyXa. BMecTe ¢ seTyuuMus BeluectBamMH yjaJisiercd H
piara. Bbixoa Jeryunx (noTepu B Macce TOTWIMBA NMpH HAarpeBaHHH ero
Ge3 poctyma Bosayxa npu 850° C B Teuenne 7 MHH 32 BBIYETOM WMelO-
wefics B TOMIMBE BJArH) MO3BOJSAET CYAHTh O 1e1eCO00pPA3HOCTH €ro
XHMHYECKOH mnepepaboTKH 178 NOJY4YeHHS KHAKHX 11 rasoobpasubix
NPOAYKTOB. BHIXON MeTyunx A5 pasiHuHbX TOMJIHB NOKasaH B Taba. 9.

TensorBopHasg CcNOCOGHOCTDL —3TO KOJMUECTBO
Tensa, KOTopoe TMOJydYaioT NpH CKUTAHHH eJHHHbI MAcChl UK o6heMa
tonaHBa. TenaoTBOpHAas ClOCOGHOCTD SABJSETCS SHEpreTHUYecKol xapak-
TCPHCTHKOH TOM/IHBA H BBIpAXaeTcss B JUKOYJAX; OHA 3aBHCHT OT CO-
ctaBa M BJAXKHOCTH TOMJIHBA. 3HaueHHs TENJOTBOPHON CNOCOGHOCTH
pa3/HYHbIX BH/OB TOMJHBA [pejcrasleHbl B Ta6Ja. 9.

Cocras u cBoiictsa HethTH. HedTh B OCHOBHOM COCTOHT H3 yriepojla
(83—87%) u Bonopona (12—14%), BXogsAIWHX B COCTAB CJOKHON CMeCH
yraesojoponos, Kpome yriiesojiopoanos, B ned)ru nMeeTcs nHeGoqbiuas
HeYT/1eBOJOPOAHAR YacTh H MHHepasibHbE MpHUMecH.

YrnesopopoaHas wacTb Hepru coctout H3 mapadiuiio-
BbIX (aJKaHOB), HaQTeHOBLIX (IIHKJIaHOB) # apoMaTHuecKHX YIJeBOJOpo-
noe. Henpenenbuble yriaeBojgopoabl (oneddHbl), Kaxk npaBuio, B He(TH
OTCYTCTBYIOT, HO BCTpeHaloTcs B MpOAyKTax ee mepepaGorkH. ['asoo6-
pasHble napacduHoesle yraesoxoponst (or CHy 10 CyH,, BrMOUMTELIO)
MPHCYTCTBYIOT B HehTH B pacTBOpeHHOM cocTosiHui. [TpH Beaaue HedTH
W3 HeAp 3€MJW Ha NOBEPXHOCTb, KOrja naBieHue HedTH CHHXKaercs,
razoo6pasHble YIJeBOAOPONbl BbIIENAIOTCA |3 lHee B BHAe MOMYTHBIX ra-
30B. JKnakue'napapunosbie yraesogoponsl (ot C;H,, n0 CHs, BRIIO-
YHTEJIbHO) COCTAB/SAIOT OCHOBHYIO Maccy »KuiKoH wacTu HedTH H Xiil-
Kux (pparuufi, nonyyaempix npy ee neperonke. Teepsbie mapaduioBLIe
yraesogopoawl (0T CigHy, 1 Bhie) pacrBopenbt B HedTH # MOTYT OGHITh
13 Hee BbiaeneHbl. HadreHoBrle yrieBoj0poibl B HepTHX NpeacTasieHbl
TaBHLIM  06pasoM IMpOW3BOAHBIMH IHKJOMEHTaHa H IHKJIOreKkcaHa.
Apomaruueckiie yrieBoaopoabl BCTPEUanTes B HePTAX B OTHOCHTEIBHO
HeCOMbIINX KOJMHuecTBAX, Gosbliell yacTbio B Bule GeH30/1a U ero roMo-
JIOrOB: TONMyo0Ma, KCHJO0JOB, a TakxKe o6pa3yioTes B Ipopeccax nepepa-
GoTku He(ru. B 3aBHCHMOCTH OT TPEHMYILECTBEHHOTO COAEpKAHUS
B He(pTAX YryIeBOLOPO/JOB pas;HYHLIX KJACCOB OHM PasfelsioTcs 1ia
napacguHoBble (HanpuMep, HEKOTOpbie rpo3HeHcKue, Halllkiupckue, HerH
Tarapun), napacduno-Hadrenossle (cypaxasckas), HadTeHoBble (HEKo-
Topuie GakHHCKYe), napaduHo-HadTeHo-apoMarTiueckue (HeKOTopble Mak-
KOnckue), apoMaTHdeckde (4ycoBcKas).

leyrnesonoponHasa wacTb HepTH COCTOHT H3 CEpHH-
CTb“IX, KHUCJOPOIHBIX M a30THCThIX coeiuHerui. Cepa, KOJIHYECTBO KOTO-
Poit koneGnercst or 0,1 no 7,0%, BXOAHT B COCTAB MepKanTaHOB, Cy/b-
UnoB, aucynbduios xupHoro psja. Ilo copepanuio cepul HedTH
AelsTeq Ha manocepHHCTbIe (HanphMmep, KaBKascKHe HedTH) H MHOro-
Cepuucrble (sedru Bawkupuu, Tarapun). Kucnopoasble coelHHeHHs
Bedru cocrasnsior HahTeHOBbIE KHCJIOTH, CMOJBI H achaibToBLc Bele-
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crBa. Cmombl ¥ acdaibTbl — MPOJIYKTbl € BLICOKHM MOJEKYJAPHbIM
BECOM MPUAAOT HedTH TEMIIYIO OKPACKY, OHH XHMHUYECK[ HEYCTONUHBL]
Il JIETKO NP HarpepadHy pas3fiaraoTcd H KOKCyloTcs. AsoTucThIe coe-
nuneHds Hedry NpeICcTaB]eHbl NPOH3BOAHBIMU MHPHIAHHA, XHHOJHHA
H aMuHami. B Hebrsx conepxkuresd no 1,5 1 2,2% xuciopona u asora
COOTBETCTBEHHO.

MuHepalbHube NPHMeCH B He(TH — 370 MEXaHHYe-
CKHe NPHMECH, MHHEepaJbHbIE COJH, 30Ja. MexanHueckue NpHMECH —
TBEPJLIE YACTHUB TecKa, INIHHBI — YHOCHMble Hedrbio H3 3eMIH TpH
jobbiue. Bona B Hedru Haxompures B ABYX BUMAX: oTne/sgemasi oT HedTH
NpH OTCTAHBAHHH M B BHIE CTOHKHX 3MYJbCHIl, KOTOphE MOTYT ORITDL
paspylieHbl TOJIbKO CrepmHaJnbHbIMH MeTonaMH. MuHepamibHBIE COJH,
HalnpHMep XJOPHIbI KAJbIHA H MarH{f, pacTBOpPeHb! B BOJE, CONEpa-
weiics B Heri. 3012 cOCTABAACT B HO(PTH COTbIE H NaKe ThICAYHBIE 01
NIpoNEHTA: B Hee BXONAT HATPHil, KaJblli#, MarHuii, :Keneso H ppyrue
371eMEHTbI.

PpakunHouHbIA cocTaB HedTeit onpenenserca ppaxk-
LHOHHOH mneperonkod HedreH, npH koTOpoH HedTb paszjensercd Ha
¢dpakuuu no TemMneparypam kunenus. Ilo none B nedru ppakuufi, kuns-
UHX NpH ONHHAKOBOM TemnepaType, HedTH KJIaccCHPHuHpYIOTCA Ha
JIeTKHE M TAzKenble,

CeoficTBa HedTH 3aBdcAT oT ee cocraBa. Hedrh — BA3-
Kas, onajecuupyionlas Ha CBeTy AHIKOCTb, HMEIOWas BeT OT CBeTJo-
JKEJATOTO JI0 TEMHO-KOpHYHeBoro. IlnoTHocrb GoabluuHCTBA Hedrefi
0,83—0,97 r/cm®, Temnepartypa 3actbiBaHus o1 +- 10 (Hedib ¢ BBHICOKHM
conepzxkanneM napapunos) no —20° C (6esnapaduancras Hedrb), Ten-
norta cropanus 39 800—44 000 xizx/kr.

MeTonbl nepepaGOTKH Pa3NHUHBIX TOMJAKB. DoJablloe pacrpocTpaHe-
HHE NOJYUYHIH TIPOLECChl MHPOreHeTHYeCKOH nepepaboTKH TONJHKB, TPH
KOTOPbIX (pU3HUECKHE H XHMHUYECKHE TIPDEBpANICHUS MPOTEKAOT NPH BbI-
COKHX Temnepartypax. ITuporeHeTHdeckasi nepepaloTKa TOMJIHB MOMKET
NPOTEeKATL MO TPeM OCHOBHbIM HampabJeHHAM: ra3zuduKkauMs, THAPUPO-
BAHHE M HarpeB 6e3 JOCTyma BO3NyXa, Ha3bBaeMbli TakKe CyXo# ne-
PEeroHKofl H TMHPOJIHIOM.

Fazudpukanpueii TOMJAHMBA HasbiBaeTcs mpouecc, MNpH
KOTOPOM OpTaHH4YecKas 4acTb TBEPJOro TOILiIBa Npespaijaercs B ro-
plouHe rasbl NPH B3aHMOJIEHCTBHH ¢ BO3]YXOM, BOJSHbIM MapoM, KHCJIO-
POIOM M APYTHUMH razamu. I'asuduxanus no3soasieT nNoayyarb U3 MaJo-
LEHHOTO (B 4acTHOCTH, MHOTO30/LHOIO) TONJHBA TaK HasbiBaeMble reHe
paTopHEIe Tasbl, KOTOpble TNPEICTAaBJSIOT coO00H 6e330abHOE, TPaH:
cnoprafesbHOe TOMJIHBO H ChIPbe 18 XHMHYECKOH NpOMbILIIeHHOCTH-
B 3aBHcUMOCTH OT mpHMeHsemMoro afsi rasuduxkauHs rasoofpasHoro
areHTa — NyThsl H PeHMa ToJYy4YaioT, IJIaBHBIM 06GPa3oM, CJerylonHe
reHepaTOpHble Tasbl: BO3AYILHEI, BONAHOI, NapoBO3NYLIHbIA, Napo-
KHCJIOPOJHDIH, OTIHYaoNMecs (PYT OT JAPYra 1o cocraBy H cBoHcTBaM:
B 3THX rasax MOTYT cOpepKaTbCs rOpIOYNe KOMIOHEHTBI: OKHCh YLIS
pona, Bonopon, MeradH. I'azudukauus npoBoauTcs TNpPH 900—1100" C-
Boicokasi teMmneparypa JOCTHraeTcsi 3a CueT Temnaa BKSOTe]JMH'-IECKHx
pepfiNiii  B3aHMONCHCTBHS rasuHUMPYIOUUX AareHToB ¢ TOTJIHBOM:
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Ipouece rasudikanud TOMIHBA ObL1 pPacnpocTpadeH B NPOMBILLIEHHO-
CTH. O,-‘IH&KO B Hacrodulee BpPeMs B CBA3H ¢ YCHJEHHLIM pPa3sBUTHEM
,‘IOﬁbl'—[l[ NpUpoOIHOro H NONYTHOTO ra3oB H NPpHMEHEHHA HX KaK TOMJHBa
H CbIpbH XHMHUECKOH NPOMbBIILIEHHOCTH B pAjie rOpOIoOB H Ha NPOMBILILTEH-
HBIX TPEeAnpHATHAX reHepaTopHbie rasbl 3aMeHeHbl TPHPOAHLIMIL

FnappupoBaHueMTONAMBA HWIM THAPOTeHH3A-
1 M e, HasbBaoT nepepaboTKy TOMVIHBA, TPH KOTOPOH MOA BIAHSAHUEM
BLICOKOI TeMmeparypbl, NpH AeHCTBHH BOOPOJA H B MPHCYTCTBHH Kara-
JH34aTOPOB MPOTEKAaT peakiHH, NpHBoIAlHe K 06pa3oBaHUI0 MPOAVK-
TOB, OoJee 6OraThiX BOLOPOLOM, YeM cbipbe, BbicoKHe TeMnepaTypbl NpH
FHAPHPOBAHHH JAOCTHralOTCH HarpeBaHHeM pearHpyiowHx BellecTs ro-
pﬂ‘ll[MI[ razaMH yepes cTeHKY H 3a cueT TenJa BKBO‘I‘EPMH’-[eéKHX peak-
HHHA. ﬂpoueccbi FHAPHPOBAHUS HCNOJL3YIOTCSH TNPH nepepafoTke XKuua-
KHX U TBEPAbIX TOMJHB,

Cyxas nmeperoHka TOMNJHBA NPOUCXOAUT TPH Harpe-
BaHHH TOMMKBA 6€3 joctyna Bo3ayxa. B peayabrare Moryt npoTekaTb:
a) QusHyeckHue Mpouecchl, HanpuMep pasfefieHHe KHAKHAX TOTIHB Ha
(ppakuyu no temneparypam KHuneHus u Ap., 6) XUMHUYeCKHe Npoiecchl —
l"JTYﬁOKHE‘ XHMHYECKHEe AeCTP YKTHBHbLIE NpEBpallleHHAd KOMNOHEHTOB TOTI-
JIHBA ¢ nioa yLIEH HeM pana NpoOAYKTOB, Ponb u xapaKTep OTJAeJbHLIX TIpo-
I[ECCOB MPH MHPOJH3e PasjHYHbIX BHJOB TOMIHB HeOAHHAaKoBu. B 6oab-
LUIHHCTBE CNY4aeB HX CyMMAapHbIil TenjoBoii apeKT 3HI0TepMHUYECKHI]
i MO3TOMY AJf TPOIECcCOB TMHPOAH3a HeoOXOonHM TIONBOj TenJa H3BHE.
Harpes peakuHonHbIX annaparoB GoJbllIefl yacTbio NPOH3BOIAHTCA rops-
YUMH JbIMOBLIMH rasamMi, KOTOpble TNepelawT TeIVIO TONJHBY 4Yepes
CTEHKY HJIH Ke MPH HEernocpPeACTBeHHOM conpuKocHoBeHnH ¢ HuM, Cyxoit
NeperoHke no,uBeprarm TBepnme H MHIKHe TONJHBA. nyaﬂ neperoHka
TBePAbIX TOILIMB (MUpOAM3): yrieH, Topda, ApeBecHHbl, caaHieB —
CTIOXKIbIfl Mpolece, TP KOTOPOM MPOTEKAloT napasiielbHble H nocsesio-
BaTeJIbHbIC peaKi . B ofumeM sty peaKiuu MoryT 6uTh cBelleHbl K pac-
IWETUIeHHIO MOJEKYJl, BXOAAIHX B COCTAB TOMAHBA, NOJHMEPH3ALHH,
KoHjaeHcarHn, NedJKHJAHPOBAHNID, apoMaTrH3andd NOPOAYKTOB pacuien-
JEHHA M T. I Kaqu'I‘BO H KOJHYeCcTBO NPOAYKTOB, noayyaeMblx TipH
anOFEHETIIl[(:‘CKOﬁ nepepaﬁo*rxe I’)a3.?IH({H1:[X TOTIHB, HeoJHHAKOBLI H
npexiae Bcero 3aBHCAT OT BHJAA nepepaéammaemoro TONJIHBA, a4 3dTEM
A KaXKI0[O TOTWIMBA OT TEMNEpAaTyPHbLIX YCJAOBHH, TPOAOJIKHTENb-
HOCTH TIpeGLIBAHUSA B 30HE BLICOKHX TeMMeparyp u psaaa Apyrux ¢axro-
poB. Tlpu nporeccax mHponx3a noJydyatorcsi TBepAbe, razoobpasHble
H napoobpasnble NMPOAYK1bL.

2, KOKCOBAHME KAMEHHbBIX YTNEA

KokcoBanue — Meroj nepepaboTKH TBepibiX TOMJHB, NPeHMY-
ecTBeHHo yraeH, 3akawuaiouluiics B HarpeBaHuH HUX 0e3 jgocrymna
Bosayxa no 900—1050° C. Tonaupo mpH 3TOM pasjaraercs ¢ o6pasosa-
HHeM JleTyyux BelecTs U TBEPAOro ocTaTka — Kokca. I1pn nocrenenHom
Harpepanuy KOMMOHEHTH yris mperepfieBator ri1y6oKHe (U3HYECKHE H
XHMHyecKkue npepawenusi: 1o 250° C npoucxoautT Hernapenne BJarH,
Bbillenienne oxkHCH M ABYOKHCH yriiepoaa; okodo 300° C Hauunaercs
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BbIIeNeHHe Mapos CMOJE H 06pa30BaHHe HPOreHeTHUeCKOM BO1L; Bhillie
350° C yrosnib mepexofHT B miracTiiueckoe coctosnue; npi 500—550° C
Habnogaercst OypHOoe pa3/oXKeHHe MJIACTHYECKOH MacCH ¢ BhIIeJeHHey
TIepBHYHBIX NPOAYKTOB (rasa H cMoJ) H TBepienHe ee ¢ o6pasoBaHHem
nosykokca. [Toepwienne remneparypst 1o 7007 C conpoBox/aercs na1n-
HefillluM pas3JoKEeHHEM TOJYKOKCa, BhieseHHeM H3 Hero ra3000Da3HbIX
nponykros; Bhitie 700° C npenMyulecTBeHHO MPOHCXONHT YNPOYHEHHe
Kokca. JleTyuHe NpOAyKTbl, COMpHKAcasach C PACKAJeHHBIM KOKCOM,
HarpeTHIMH CTeHKdAMH H CBOJIOM KdMepbl, B KOTOPOH MPOHCXOAHT KOKco-
BaHIie, TIOABEPralTcs THPOJH3Y, TpeBpallaloTes B CJAOKHYIO CMech
napoB (C mpeobianaHieM COeNHHEHHIT apOMATHYECKOro pANa) M rasos,
conepXKallliX BONOPOXA, MeTdH M ap. Dosbilas 4ydacTh cepbi HCXOXHHIX
yrieit ¥ Bce MiHepasblible BCILCCTBA OCTAOTCS B KoKce. Taknum c6pasom,
KOKCOBaHUe — 3TO C/OXKHBIT AByXdasHeii nmpouece, CKIanLBalONHics
u3 TMpoueccoB rtensonepexaqyl, Auddy3uH H GOJBUIOTO KOIHYECTBa
pasHoofpasnslx peakuuit. IIpH KOKcoBaiHu KaMeHHBIX yrvieil B pe-
3yAbT4Te MOJAYYaloT C/efyioliie MPOAYKTbl: KOKe, KOKCOBHIH ras, Ka-
MEHHOYTOJIBHYIO CMOJy, cbipol G€H30J1, HaJACMOJbIIyI0 BONY H COJH
aMMoHHud (GosblIell YacTblo cYJb(ar aMMONNs).

CoipbeM 415 KOKCOBalHSA CJlYKAT CReKalonuecs yriil, Kotopble
Jla10T NPOYHBIH W MOPHCTBIN METANJyprudeckuil Koke, HanpuMmep, KOK-
cyiomuecst yran Mapku K. Opizako B npomullIenHoil npakTike cocra-
BJSIETCS CMEE€b — LIHXTA, COCTOMILAN HE TOJbKO H3 KOKCYIOUWHXCS
yriaeid, HO H M3 yraefl Ipyrux Mapok, HanpHMep UINXTa H3 JIOHeUKHX
yraefl HMeeT NpHMEPHO cJeNYIOHK cocTaB: razopux yraeit 20%, »#up-
Hex 40%, kokeopuix 20% u orowenHbx cnekaromuxes 20% . Bxiioue-
yeHHe B LIHXTY yrJiel pasjHYHBIX MapOK NMO3BOJAET PACLIMPITE CHPbe-
BYID 0d3y KOKCOXHMHYECKOH NPOMBIILJIEHHOCTH, MOJYYHTb KauyeCTBeH-
HBIIE KOKC M ofecreuyuTb BRICOKHIT BHIXOA CMOJIBL, CLIporo OeHsoja 1
KOKCOBOTO Ta3d.

IponykTbl KOKcOBaHMS M HX Hcnonab3oBanue, Kokc mpencrabnsier
coBoit TBepALIH MaroBo-yepHHIl, NOPHCTHIl MPOAYKT. M2 ToHubI CyXoif
WHXTH noayyator 6560—750 Kr koxca. On HCNoas3yercs riaBHbIM 06pa-
30M B MeTaJJ1ypruu, a trakKe A7 rasudukanii, npou3BoacTBa kap6nia
KaJblus, 3JEKTPOJOB KaK peareHT M TOTMJHBO B psjie orpacieil XHMH-
yecko# npombilledHoctH. Illnpokoe npiMeHeHue Kokca B MeTall1yp-
r'H ONpeNesisieT OCHOBHEE NpenhaBisgeMble K Hemy TpeboBanns. Kokce
nofken o6ianart AOCTATOYHON MEXAHHYeCKod MPOYHOCTBIO, TaK Kak
B TIDOTHBHOM ¢J1ydae oH Oyner pa3pyularscsl B MeTal1ypruyeckux neyax
NOJ aBJEHHCM cT0JI6a WHXThL, YTO YBETHUHT CONPOTHB/ICHHE IBHACHHIO
ra3oB, paccTpoilcTBY Xona JOMEHHOH IMeyn, CHHKEHHI0 ee MpoH3BOIH-
TEIbHOCTH H T. . KOKC JOJIKeH HMeTb TeNJIOTBOPHYIO CNoCOOHOCTD
31 400—33 500 xHox/kr. Ilokasarenrsms kauectBa KoKcd SIBJISIETCH
ropioyecTb H peakuHonnas cnocoGHoctb. [lepBmii nokaszarens Xapak-
TEPU3YeT CKOPOCTb FOPEHHS KOKca, BTOpofi — cKOpocTb BOCCTAHOBIE
HHS MM JBYOKHCH yriiepoja. [TocKoJIbKy 3TH MPOUECcH rereporeHHbe,
CKOPOCTb HX Onpesie/isercsi He TOJBKO cOCTaBOM KOKCa, HO M erg mopi-
CTOCTBIO, TAK KaK OT Hee 3aBHCHT MOBEPXHOCTb KOHTAKTa B3anMojeHcT
Bylomnx das. KauecTBo KOKCa Takike XapaKTepuayercs cojep:kamier
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B HCM CEpbl, 30/1bl, Bjlald W BbiXodom Jjeryuux. Cepa, coaeprautasics
B KOKcCe, NPH 10MeHHOH nJaBKe MepexoJHT B YYI'YH, yXyallas ero Kaye-
ctBo. JlonycTumoe conepKanie cepbl B Koxce 1,2—1,7%. 3o.1a B Kokce—
310 Gannact u colep:Kanue ee pasHo npumepno 10—11%. Brixoa mgery-
YHX BEUeCTB H3 KOKca cocTaBJsieT okoto 1,0%. ¥YBeauueHue BJaKHO-
CTH KOKCa MOHHKaeT ero TemJoTBOPHYIO CNocofHOCTh, B KOKCE Jomy-
cTHMO fo ©Y% BJaaru.

KokcoBuii ras mnoilyuaercad B koauyecrse 310—340 M® na
1 T cyxoro yras. CocraB i BbIX0J KOKCOBOIO rasa oIpeie/siorcs rias-
HBIM 00pasoM TeMnepaTypol KokcoBanusf. V3 KaMepbl, B KOTOpOIt 11po-
BOJUITCA KOKCOBAaHHE, BBIXOAHT TaK Ha3blBaeMblil MpsMoll KOKCOBHII
ra3, cojpepzauuil rasoobpasHble NPOAYKTHl, Mapbl KaMEHHOYToJbIIOM
CMOJIEL, chiporo OeHsona u Boabl. [locne ynaneHus W3 Hero cMoJbl,
cuiporo Gensodia, BoALl I aMMHaKa IoJdyYaercs Tak Ha3biBaeMmblii obpar-
HBIH KOKCOBBIil ra3 (coctaB cM. crp. 158), KOTOpEIfl, HCMOIL3YETCA Kak
chlpbe AJIst XHMIYecKHnX cHHre3oB. IlomuMmo 3toro, kokcoBbili ras npu-
MeHSIETCA KakK IPOMLILLICHHOE TOMIMBO a5 oforpeBa KOKCOBLIX, CTa-
NenJaBHILHBIX H JAPYTHX neyeff.

KaMennHoyroabHas cMoO.Ja-— BA3kas yepuo-6ypas, co
creildHYecKHM 3anaxoM KIAKo¢Tb, coiepraias okodo 300 pasiny-
#bix pewecrs. Hanbosee iteHHLIMH KOMIIOHEHTaMH CMOJBI SABJAIOTCA
apoMaTlyecKHe H TICTEPOLHK/IHYECKHE coelMHeHus: OeHsot, ToJayod,
Kcuaodbl, (eHoJ, Kkpesod, HadTaauu, auTpaues, QeHaHTpeH, MHPH-
auH, xapbazod, xyMmapon u ap. Ili. cmoas 1,17—1,20 r/cm®. Buixon
cMOJIB cocTaBaser oT 3 10 4% OT Macchl KOKCYeMOro CyXOro yrisi.
CocTaB cMOJILI 3aBICHT [JIaBHBIM 06pa3oM OT TeMnepaTypbl KOKCoBaHusA,
a BbIX0] — OT Temneparypbl ¥ NpHpoabl ucxoaHsix yrieil. C noseiue-
HHEM TeMrepaTypsl yrayoaserca NMpoJ/u3 yrieBojoPooB, YTo CHHKaeT
BBIXOJ CMOJIBI M YBEJHYHBAET BBLIXOJA rasa.

B Hacronuee BpeMs 113 KaMEHHOYIOJbHOH CMOJBI BBIIE/IAIOT OKO-
JO JIBYXCOT MPOAYKTOB pa3JHYHBIX HaHMeHOBaHH, Kyla BXoadAT
CMeCH H HHJAHBHAYaJbHBIC BelllecTBa, ClTyxKalHe cbipbeM A/ cuinrTesa
Kpacureael, (HapMalleBTHYeCKHX [pernapaTtoB, HHCEKTO(QYHIHIHIOB,
NTaCTHYECKHX MaccC, XHMHYECKHX BOJIOKOH H T. IL.

Ceipoil 6eH30.— 3T0 CMeCh, COCTOSIAS H3 CEpPOYIJIepoaa,
Genso.sia, ToJyoaa, KCUJOIOB, KyMmMapoHa I IPYFHX BeulecrB. Beixoa
criporo OeH3osa cocTaBisier B cpedaneM 1,1% or koanuecTBa yras.
Beixoa 3aBHCHT OT cocTaBa M CBOHCTB HCXOAHOro YIJis H TeMmeparyp-
HBIX ycnoBHii npotecca. Ilpu pa3sronke u3 coiporo GeH3oJa MoJyualor
HHAUBUAya/dbHBIE apOMaTHYECKHE yIJIeBOACPOALI H CMEeCH YIJIeBOJ0opo-
J0B, cayKaliHe CHpbeM 118 XuMuueckoi npomsiniensoctn. B CCCP
JoObiya yraell AJsi KOKCOBaHUs cocraBaser @ogaee 150 mam. T.
Ecan NPHHSATH BBIXOA CMOJb paBHBIM OKojo 4%, a BeIX0A chiporo 6ex-
30ia — B cperHeM okoJ0 1%, TO KOJHYECTBO NOJyyaeMOH CMOJIb)
Cocraaisier Gosiee 6 man. T, a celporo Gensosa — 1,6 MAH. T B rox.
Cbipoﬁ 6eH30.1 H CcMOJia, NOJY4YaeMmble B TaKHX KOJHUYLCTBAX, HECMOTpA
Ha paspuTie HedTeNHMUYECKOTO CHHTe3a C/1yXKaT rJaaBHeHlHMI HCToY-
:HKEIMH apoMaTUYeCKHX YIJIEBOJAOPOJOB s XHMIYECKOH NMpPOMBIILIeH:

OCTH.,
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HancmMonbuasda Boxa npeicraBnsieT coboit enabbiit Boanbiit
pacTBop aMMHaKa W aMMOHHMEHBIX coJeli ¢ MPHMECBIO (PeHoda, NHPHIN-
HOBHIX QCHOBaHWH M HeKOTOPBIX ApPYTHX npoiyKToB. M3 nancmonbhoii
BoAHl NpH ee nepepaboTKe BHIEAACTCA dMMHAK, KOTOPHIH COBMECTHO
C aMMHAKOM KOKCOBOTQ ra3a HCNOJbB3Yyercs AJda NoayuyeHus cyibdara
AMMOHHSI H KOHUEHTPHPOBaHHOH amMMHAayHOll BOJbL.

YcrpoiictBo M pabota kokcosbix neueil. KoxcopaHue yrieii npen-
CTaBJ/IsieT coG0H BbICOKOTEMNepaTypublH XHMiYecKuil npouece. Peakuun
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Puc, 62. KokcoBas meub:

2 — pazpes no o0OrpeBATENBHOMY [pPOCTEHKY, § — momcpedublf pa3pes kaMmepsl; [ — Ka-
Mepa, 2 — offorpeBaTeNbHEI RPOCTEHOK, J — 3arpvioudbie J0KH, 4 — peredepartopsl, § —
CTOHKH, 6 — KOKCOBBITaJKHBaTEdb

NpoTeKaloT cHavyana ToJaeKo B TBepnoit ¢ase. Ilo Mepe nosbileHus TeM-
nepaTypsl NPOHCXOANT ofpazoBaHue ra3o- u NapooOpasHLX NPOAYKTOB,
IPOTEKAlOT CI0KHEIE PEAKLHKA BHYTPH TBEpAoH W razoBoy (a3, a Takxke
NPOUCXOAKT B3auMoleiicTBHe MeX1y HuMu. B CBA3H ¢ 3TuM TPYAHO
HCMO/JAB30BATh 3aKOHOMEPHOCTH, NPHCYINME TeTeporeHHbLIM mpoueccaM
NIpH ONpeNle/eHHH ONTHMA/bHBIX YCI0BHIT npoiecca KokcoBalsi. OcHoB-
HEIM q)al{‘ropom, onpene/slonHM NpoTeKaHue Ilpoilecca KOKCcoBaHd,
SIB/ASETCS MOBHIUEHWE TeMOepaTyphl, KoTopoe HeoOXoAMMO ISl Harpesa
IIHXTBl 10 TeMINePaTypbi CYXol NeperoHKW H NpoBeJEeHHH 3HI0TepMHYe:
CKHX peakiui KokcoBaHHs. [1pees noBbiueHusA TemnepaTypsl orpaui-
yHBaeTcs psaaoM (haKTopoB, CpelH KOTOpPHIX CJAeiyeT yKa3aTb Ha CHIl-
JKEHHEe BBIXOJAa CMOQJIBL H CeIpOro GEHSOJIEI, H3MEHEeHHe cocTaBa NpoAyK-.
TOB KOKCOBaHHsf, HapyIUCHHE MNPOUHOCTH OrHEYyNepHBbIX MaTepHaJsoB,
HCMOJb3YeMBIX /15 KJaIKH KOKCOBBIX Neyeii.

KokcoBeie neuy oTHOCHTCS K NeyaM KOCBEHHOro Harpesa — B HHX
TEIIO K KOKCYEMOMY YIVIIO OT FPEIOULHX Fa30B Nepeaaercs yepes CTeHKy-
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Kokcoras neus, uiu Garapes (puc. 62), cocrout u3 61 —69 napanaensuo
pafo1alouwnx Kamep, HPeACTaBaAsIoNUX cobofi I/HHHBIe, Y3KHEe KaHadbl
NPAMOYIoJbiloro ceyeHls, BLIJOKEHHLIE 113 OTHEYMOPHOro KHpIIlya.
Kaknas Kamepa lIMeeT nepesHIoln W 3aaHIO CheMHLIE iBepu (Ha uep-
TeKE He NoKa3aHbl), KOTOPLIE B MOMEHT 3arpy3Ku Kamephl MUIOTHO 3a-
KpHTHL. B cBoje Kamepnl HaxXOJATCH 3arpy3ouHble JIOKH, KOTOpbIe
OTKPHIBAIOTCS NPHW 3arpy3ke Yrisi H 3aKpbThl B [EPHOJ KOKCOBaHHA.
YTonb B KaMepe HarpeBaeTcsi Uepe3 CTeHKH KaMephl ALIMOBLIMH rasamu,
NMPOXOAAILMMH MO 060rpeBaTe IbHbIM MPOCTEHKAaM, HAXOAANIUMCS MEXKIY
Kamepamu. [opsiyne npIMOBBIE Taszbi 06pa3yIOTCA MPU CAUraHWM JO-
MEHHOro, OfparHOro KOKCOBOro HJH, pee, TeHepaTOPHOTO TIa3oB.
Ten/ao ABIMOBLIX I'a30B, BLIXOAAUIWX W3 0GOrpeBaTelbHOro NMPOCTEHKa,
UCIIOAB3YETCSA B pereHeparopax Ajs HarpeBa Bo3jyXa H rasoo6pasHoro
TONJIMBA, MI}LIKHX Ha o6OrpeB KOKCOBLIX meyeil, Ojarofaps yeMy yse-
JWYMBARTCA TeNJoBOH K. m. x. meud. IlpH paGore KOKcoBoii KaMmeptl
cieayer obecneydTh paBHOMEPHOCTHL MPOrpeBa YTOJABHOH 3arpyskH.
Jliasi 310r0 HEO6XOAMMO PABHOMEPHO pacnpelelInTb rpelomue rassl
B 006OrpeBaresibHOM NMPOCTeHKEe W MPaBU/IbHO BLIGPaTh rafapuThl KaMephi.
PaBnomepHoe pacnpejiesieHHe TpeloiMX Ia3oB JOCTWTaeTca pasjese-
HueM 00orpeBare/bHBIX TNPOCTEHKOB BEPTHKA/JIbHLIMH TNEperoponxkaMH
Ha pAJ KaHaJoB, Ha3biBaeMulX BepTuKanamu. Ilo BepTHKanaM ABHKYTCH
rpelou[ye rassl, OHM OTJAOT TEMJIO CTEeHKaM KaMephl H YXOIAT B pere-
ueparopsl. IIpj ycranoBubilleMcsi pexkuMe KOJWUYECTBO Temsa Q, mepe-
JaHHoe 3a eTWHHUILY BPEMEHH, B NeyaX KOCBEHHOTo Harpena onpeneasnercs
NO ypaBHEHHIO

Q="FkF At, (VIIL.D)

rne k. — Kospduiuent tensoneperauu, KJIx/m?.rpang-u; F — mo-
BepXHOCTh Temionepenayu, M>;, Af — pasHocTb Mexay Temneparypoil
rpelonlero rasa B 00orpeBaTenbHOM Kanase ¢, H TeMnepaTypol yroibHol
sarpysku fy, “C. Kosdpuunedr rensnonepenayn pasen

ky=1[(1/an) -+ (81/M) +(8a/ha) 4 (1/ct2), (VHL 2)

Tjie ¢y H Gy — KOS(}I})H[},HCHTH TenaooTnaud CoOOTBETCTBEHHO OT Fp@IO-
I[KX Ta30B K CTEHKE MeYH W OT CTeHKHW K YroJbHOoi 1muxre, KIK/M? X
X rpap -u; 8; — ToJuMHA CTEHKH, M; 8y — NMONOBHHA TOIIHHEl YTOJb-
HO#l 3arpysku, M; A;, A; — COOTBETCTBEHHO KO3(XPHILHEHTB! TEIIONpo-
BOJHOCTH CTE€HKM H YTOJbHOI 3arpy3kH, KILx/M*.rpan -d.

Jas ypenwueHust Kosbduiuenra Tenjaonepenayu, MOMHUMO OGLIYHBIX
MPUEMOB MOBLILIEHHA Ty W Oy, YMEHBINAIOT TOJLHHY CTEHKH KaMepbl
u cjaosa yras. O6bluHO TOMUHA CTEHKH, BBIMOJIHEHHOH H3 AHWHACOBOTO
Kupnuya, oko0 0,1 M, a mupnHa Kamepsl npuHuMaerca papuolt 407 —
410 mM. TloBepxHocTb TenJonepenaud F 3aBUCHT OT Pa3MePOB Kamephl,
-[LHPIHG KaMepbl OI"I)aHH'—!HBaeTCH c‘ramqecxoﬁ ]'!pO'-lHOCTb}O HIJOCTCHKOB,
TPYAHOCTBIO YjiaJIeHUs BHITAJKUBATEAs W MJIaHUpHOH TaHTK (TIpUCHOo-
cobienwe 15 pa3paBHWUBAHWS IMIWXThI), CJAOMKHOCTBIO PaBHOMEPHOro
Pacnpenenenust rasoB B oforpesareAbHoM mpocteHke. [dauHa Kamepb
npumepro 14 M. Boicota Kamepbl onpenenaercs B OCHOBHOM YC/IOBHAMU
PaBHomepHoro oGorpesa ee 1o Beicote. C 3T0H TOYKH 3pEHHsA YAOBJET-
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BOpUTE/IbHLIE Pe3yabTaThl MOJYUAIOTCA TPH BLICOTE KaMepEl OKOJI0
4.3 M. -
KokcoBas kamepa npeacrasisiet coGoil peakTop NepHOJHUYECKoro
JIeliCTBHS H MOTOMY TeMmnepaTypa VroJbHOH 3arpy3KH H3MEHSETCH BO
BpemeHH. B CBSI3H ¢ 3THUM DA3HOCTL TEMIEPATyp MEX1y I'DEIOIHM razoM
B oforpeBaTesbHOM KaHaJje I, H yroJbHoii 1wHXTel I Af = f, — ¢,
TakKe H3aMeHsiercs BO BpeMeHu. Cpa3y nocse 3arpysxil Kamepbl HIHX-
Toii {, MaJlo, cieloBaTe/1bHO, 3HaueHHe Af BeJHKO Il TO3TOMY B €HHHILY
BpEMEHH B XOJOAHYIO IMHXTY NOCTYNaer GoJiblloe KOJMHYECTBO TEIlIa H
Yroib y CTEHOK KaMmephl HauHHaeT KokcomaTbesa. OnHako cpeiHue cjoH

1200

1000

<o
]

/
7
2

Temnepamypa, °C
S

Y
S

Puc. 63. MsoxpoHml pacfipe-
AeJEHMA TEeMNEPaTyp [O LIH-
pHHe KaMepHl ¢ LIHXToii (a)
paspes Kamepel c WHXTOH (6):

g 100 200 100 1 [ — CTEMKM KaMeps; 2 — KOKC;

200

4 — NOAYKoke;, 4§ — yronk B jia-
wﬂﬂﬂ'ﬁﬂ KaMepel, M CTHYECKOM COCTOSIHHHW, 5§ — He-
a HIMeHelHad WHXTa

IWHXTEl OcTaiorest XodoaueiMu. [lo mepe ysenuuenus f, ymeHblnaercs
KOJIHYECTBO TEMJa, NepenaBaeMoro B €IHHHILY BPEMEeHH, HO NOCTENeHHO
NOBHIIIZeTCA TeMIepaTypa no ceuenuio kamepel. Ha puc. 63, a¢ noka-
3alibl H30XPOHH (JHHHH TOCTOSIHHOTO BpEMeHH) pachpejesieHusi Tem-
nepaTtyp no wMpuHe 3arpy3xku kamepel. Ecau pacemarpuBarh coctosiHue
MmaTepHaja B KaMepe BO BpEMs I[IepHOAA KOKCOBaHHfA, TO BIJIHO
(puc. 63, 6), 4To y CTEHOK HaXOAHTCsS CJ0ii 0Opa3oBaBlllerocs KOKCa;
ZaJjiee 1o Mepe CHHKEHHA TeMIepaTyphl OT CTEHOK K OCH KaMepr! pacrno-
JIaraloTCs C/O0H NOJYKOKca, 3aTeM yIJis, HaXOAfALUIerocs B NJacTHYECKOM
COCTORIHHH, 11, HAKOHELL, B LHEHTPE KaMephbl HeH3MeHnHana 1HXTa. C teye-
HHEM BpEMEHH TéMnepatrypa no cedyeHHio BEIpaBHHBaeETCHA, CJOH nepe-
MeliawTcsa K OCH KaMepbl H nmocTeneHHo yrojabHan 3arpy3ka HpOKOKCO‘
BbIBaeTCsi. TakuM obpasoM, 6Jarofaps H3MEHEHHIO BO BpEeMeHH BeH-
yHHbl Af, KOJHYECTBO T€IL1a, NEPELABAaEMOro OT IPEIoHIEro rasa K yIio,
3HAYHTEIbHO H3MEHSIeTCHA B TeueHue nepHoja KOKcOBaHHA, H 3TO HEOG‘
XOJHMO YYHTHIBATL NPH ONPEIeJeHHH NPOJCIKHTEILHOCTH KOKCOBa-
uus. Ecau paccmarpusath TenJicrepenauy Kak Temsonepenauy uepe’
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IJIHTY, TO 3TOT NPOLECC B YNPOUICHHOM BHIE ONHCHIBACTCA YPaBHEHHEM
T=bt.fy/da iy, (VI11.3)

rie T — NepHol KOKCOBaHHA, Y; b — IIMpHHA KaMepbl, M; @ — K03b-
(pUUKenT TeMnepaTyponpoBORHOCTH, M2/u.

W3 ypapuennst (VIIL.3) moxer GwiTe onpefereHa MPOAOJKHTEIb-
HOCTH Tpollecca KOKCOBaHMs, Hanpumep, wmHpuHa kKamep b = 0,4 M,
KoahhHUHeHT TeMnepaTyponposogHocTy g = 0,0024 M%/u, Temmnepa-
Typa yronsHo# 3arpysku £, = 1100° C, Temneparypa B oborpepare/isb-
Hom Kanane f, — 1400° C. TIponomKureabHOCTS KOKCOBAHUA TIPH 3THX
ycaoBHgX Oyjer

= (0,42. 1100)/(4 - 0,0024 - 1400) =13 v,

YTO BMOJIHE COTJIAcyercsl cO BpeMeHeM, HeoOXOXHMbIM JJIf 3aBeplleHis
npouecca (puc. 63, a).

O6pasyioyanca B npolecce KOKCOBaHHS CMECh MapoB H rasop He-
NpepHIBHO BBIBOAHTCA H3 KaMepel uepe3 crosik (puc. 64). ITo okonua-

foznomumensyos
foda
Howgolsrd
2a7
2 28
“"“—
}éggmmwaﬁ ¥ _ Cynsparn
g —— 1= : Loipod
oz _ﬁ 3 amMMoRus Jergon
Téepdse
YaCMUL

Puc. 64, Cxema mepepaoTKu TpsIMOTO KOKCOBOTO Trasa:

! — rB30cGOPHHK: 2 — NOSOAMIBHMK, 3 — ofopHuK, 4 — 3neKrpodunbTp: § — 3KCraycTep;
6 — nogorpesatent, 7 — CATypaTop; 8 — XONORMABLHMK, ¥ — cKpPyGOepst

HHH KOKCOBAHHA MEPeiHAs H 3aAHAA ABEPH CnelHalbHbEIM MEXaHH3MOM
CHHMalOFCA H 00pa30BaBLIUiCA B KaMepe «KOKCOBBIH MHPOr» NPH MO~
MOIIH TaK Ha3blBAEMOIO KOKCOBBITAJKHBATC/If BblJaeTcss M3 KaMepbl H
nonajaeT B TYIWHABHEIT BaroH, rae oxJaMjaercs opoiileHueM Bo1Oil,
3aTeM TIPOCLIXaer M COPTHPYeTCs Mo BeluynHe KyckoB. TakuM ofpa-
30M, IIpollecC KOKCOBaHIif B Kaxlo# KaMmepe nepuonnueckuil. Onnako
Hajnyle B KoKcopoil farapec psja mapainielbHO paboTaiomHx Kanep
obecrnednBaeT HCIPEPLIBHOCTD paboThl Beeil yeranoBku. IIpamoil Kokco-
Bbil ras, ypaifemblii uepe3 CTOAKH W3 Kam10i KaMmephl, HelPepbLBHO
nocrynaer B oOLIHIA Ai8 BCeX Kamep TOpH3OHTaJbHBIH a3ocOOPHHK.:
Bce kamepsl KokcoBoii Garepeu umeior obuiue, o6CAYKHUBAKOUIHE HX
MeXaHN3MB! — 3arpy30ynblil BaroH, 113 KOTOPOTo NPOH3BOIHTCA 3a-
IPy3Ka yrisi B KaMepel, JIBepecheMHEIe YCTpolicTBa, KOKCOBBITA/IKIIBA-
Telb, TYUINKIBHBIH BaroH, TYHIHJABHYIO GaliHio, B KOTOPOH Ty IMIbHBIH
Barou ¢ packasdeHHbIM KOKCOM opoliiaerca BOAOH, H yroJbHyio faluHo —
OYHKep Ansl 3arpy3kH Kamep yrJyem.
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Paspenente nponyktoB KokcoBanHMs. CHayala NPOH3BOAAT pasliefie-
HHe NPAMOro KOKCOBOrO raza, M3 Hero KOHAGHCHPYIOT CMOJY H BOLY,
yiaBAHBAIOT aMMHAK, ChIpofl 6@H3021 H CepOBOOPOA. 3aTeM NoABePraior
pa3fie/ieHHI0 HaACMOJBHYKO BOIY, KaMCHHOYIrOJdbHYIO CMOXY H CHpOf{
6eH30M ¢ MoJMYy4YeHHeM MHIAMBHAYAJbHLIX BEILEeCTB HJH HX cMecell. Pas-
JejeHHe HpO}lyKTOB KOKCOBalHs OCHOBAHO Ha MHOTHX THINOBHIX Iplhe-
Max H [Opoueccax XHMHUECKOH TeXHOJOTHH: Macco- W Tenjaonepenavde
npu HenocpeiAcTeeHHOM CONpHKOCHOBEHHH rasa ¢ MHIKOCTbhIO, TerJio-
nepejiaye uepes CTEHKY, KoHjeHcauHH, puanueckoii abcopOiHH H XeMo-
copbuuu. Hcnonapsyloresl Takmxe u3buparesibHas abcopbumus, Aecopl-
IHA, THCTHAJSAILHSA, MHOrOKpaTHas peKkTH(HKauusd, ppakuHOHHAH KpH-
CTaj/iH3auusd, BBIAGJEHHE TPOAVKTOB B pe3yJjabTaTe NpPOTeKaHHHd Tex
HJAH HHBIX XHMHYECKHX peammﬁ. Bo scex 3Tux npoueccax OCHOBHEIM
(GhaKTOPOM YylyulUEHHs] TeXHONOrHYECKOro PekHMa H yBeJHUYEHHs CKO-
POCTH mpolecca CAYKHT Temneparypa. VIMeHHo npu noHHKEHHH TeM-
neparypsl yBeJHYHBAETCH JABHIKVIAsS CHJa npouecca npH abcopbiku
[em. u. I, ra. 11, ypaenenue (I1.71)], a npu noBbiieyuy TeMneparyps
yCKOpsloTes npoueccel jpecopbuuu. Jaa cHmkenuss Audby3HOHHOrQ
CONPOTHBJIGHHS HA rpaHHile (a3 H COOTBETCTBRIHOrO yBeNHYeHHs KO-
[l)][lLHEHTa Macconepeﬂaqn NpHMEHAOT METOAbl YCHJAEHHOTO nepeneluy-
Banusl a3z yBesqHueHHeM cKopocTeii oxaul rasza u xkuakocri, OcobeliHo
XOpolio CKa3biBaeTCd 3TOT INpPHEM IpH INPOTHBOTOKE rasa H MHIKOCTH
B Oalinsax c Hacaakol. Ilsis cosnaHMsl pa3BHTONH NOBEPXHOCTH COMpH-
KOCHOBEHHs ra3a H XMHJIKOCTH NPH HQpepaﬁOTKQ KOKCOBOIo rasa Ipu-
MeHAIOT GalllHH ¢ pa3/HYHBIMH BHIaMH Hacalok, Gap6oTaxKHble anna-
parel, a Takmxe pa3lphI3arHBaHHE KMIKOCTH B MOTOKE rasa.

Ilpamoft KoKcoBH Il a3 npeicrasaser cofoil CIOKHYIO
cMech rasoofpasHbiX H TapooGpa3Hulx seulects. Ilomnmo Bosmopoaa,
MeTaHa, 3THJEHa H APYIHX YyriesoJ0poAOB, OKHCH H JABYOKHCH Yyr.e-
poaa, asora B | M* raza (npu 0° C u 760 MM pT. cT.) cogepxxurcst 80—
130 r cmosbl, 8—I13 r amMuaka, 30—40 r 6eH30bHBIX YI/IEBOAOPOIOB,
6—25 r cepoBofiopoia H APYTMX CEePHHCTHX coeiuHenuii, 0,5—1,5r
LHaHHCTOro Boj0poja, 250—450 r napos BOALI H TBEpAHX yacTHL. ['a3
BHIXOAUT U3 Koxcosoil neun npn 700° C. [Tpouecc pasnenenus npsyoro
KOKcoBoro rasza (puc. 64) Hauunaercs B ra3ocO0OpHHKe, B KOTOPG
HHTEHCHBHO BIPLICKHBaeTCd X0/0jHas HajACMOJbHas BOJa, H ras ox.1a
*aercs npumepHo o 80° C, 6aaronaps ueMy K3 Hero yacTHYHO KOH-
JeHcHpyeTes cMos1a. OnHOBpeMeHHO B rasocOopHHKe H3 ra3a yaa/siored
TBepible YacTHUH yrias, Jlis KOHJeHCAUHH CMOJibl HE0OXOJHMO 0X/1a°
wjenue rasa 0 20—30° C; ono Moer NpoOH3BOAHTLCH B XOJOfHABHA"
Kax pa3jiHYHOH KOHCTPYKUHH — TPyOYaThIX, OPOCHTEABHLIX, HEroCpel:
CTBEHHOro cMmeleHns. B cxeme, npiseneHHol na puc. 64, nucnoabayorcd
Tpy6UaTHie-X0JI0AHABHUKH, B KOTOPLIX IPOHCXOAHT KOHencauus napoe
BOIH H cMoJbl. [loHHKeHle TeMneparypsl ra3a crnocofersyer KOHIEH
CcallHH CMOJIEL H HapoB BOJL, YBEJAHYHBAET PaCTBOPHMOCTh ammifasd
B KOHJGHCHPYIOUIeHCs BOjie, UTO MPHBOIHT K YaCTHYHOMY noriotueri
amMMllaka ¢ rojyyeHnem HalCMOJbHOI BOAB, YBEJHYHBACT anK.‘m‘),K_)
CH/Iy npoitecca abcopOUHH aMMHaKa B pe3yJbTare CHIMKEeHHH pasuouﬁ_c
HOH ynpyrocTH aMMHaKa Haj HajacMojabHoH mopoil, [TomuMO arord:
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nNpH HH3KHX TeMIepaTypax yMeHbluaercd o0neM rasa, NpOXOAALLEro
yepes annaparypy, uro CO3/aeT YCAOBHS ISl CHHMKEHHSl pacxoia sHep-
THW Ha €ro TPaHCOOPT M YMEHBIleHHSt AHaMeTpoB TPYOONPOBOMIOB.
Cumona M HajcMoJbHAsl Boja H3 XOJOJHABHHKOB CTEKaloT B COOpHUK,
e pa3fessiioTcst Mo NJOTHOCTH. B XOMAONHABHHKAX HE ViaeTcs NoJHC-
CTBIO CKOHAEHCHPOBATL CMOJY, TaK Kak OHa YaCTHYHO NpeBpauiaetes
B TyMaH, CMoAsIHOH TyMaH yj1a/seTcsl u3 KOKCOBOTO I'a3a 3/ieKTPOoCTaTH-
yeCKHM OcCaxjeHHeM B 3jekTpoduastpax, paGoratoux npu 60 000—
70 000 B.

Hnst orcoca rasa U3 neyefl H TPAHCHNOPTHPOBAHHSA €O yepes anna-
paTypy YCTaHaBNWBAETCH IKCraycTep (typbora3zonyeka). AMMHaK,
OCTAIOLIHHCH B rase rnocjie XoNolW/IsHHKOB, yIaBAHBACTCS B caTyparope
GawieHHoll cepHoil KHC/IOTOH, KOTopasi B3aUMOAEHCTBYET ¢ aMMHaKoM,
agaBas KpHCTaqdnsl cyibdara aMMoHHusi, BMmecte ¢ amMmuakom B caTypa-
TOpE YJaBJAHBAIOTCA MHPHIHHOBLIE OCHOBaHWSI ¢ 00pa3oBaHHEM CYJIb-
¢ara nupuauna. Carypartop — annapar 6apGoraxHoro tina. 3a cyeT
npeIBapHTeIbHOr0 HarpeBa KOKCOBOrO rasa mapoM B TpyG4aToM Mojio-
rpeBaTe]ie W TelJa peakiuH TeMmmepaTtypa B caTypaTope TOoJlepKH-
paercst Ha yposHe 60° C. Kpucraaas (NH,),SO, sMecTe ¢ maTouHHKOM
BLIBOAATCSA M3 caTypaTtopa, OTAGTAIOTCR OT HEro Ha ueHTpHdyrax (Ha
puc. 64 He NOKasaHOY H HCMOMBL3YIOTCSl KaK a30THoe yaoGpenue. Kokco-
BHIIT ra3, OUHLIEHHBIH OT aMMHaKa, HanpaBJ/sercs Ha yJaB/AHBaHHE Cbi-
poro Gensosa. Haubosee pacnpocrpaHeHHbIM METOIOM YJ/laBjJHBaHHS
cwporo OeHzona sipasercst aGeopOilus ero MOrJA0TUTENbHBIMH Macjamil
npu 20—25° C B ckpy6Oepax. B KauecTBe moraotHTeNell npuMeHsiercs
KaMeHHOYro/bHoe ((ppakiHsi TMeperoHKW KaMeHHOYTOIbHOIl CModbl,
xunsimas npu 230—300° C) uau consipoBoe Macao (pakitisi, Kunsuas
npu 300—3507 C). I'as, moctynatouuit B 6eH30MbHEIe CKpYOOept!, npej-
BAPHTEIBHO OXJaXK1aeTC BOJOH B XOJ0ANIBHHKAX HENOCPEICTBEHHOTO
cvemrennst, Tlpu 3Tom W3 raza BHIMEBawTCS HadTaduwH 11 Mejbuaiiilie
OpLi3ry cepHol KHC/IOTHI, yBJeyeHHble H3 caTypaTtopa. OcBoboxK1eHHbIH
OT chiporo GeH30a KOKCOBbIH ra3, Tak Ha3niBaeMblil 06parHblil KOKCO-
Bbiif ra3, B GOJLIIKMHCTBE CJ1YYaeB OUHLIAeTCH OT CePOBOOPOa H APYTHX
cepycojepKaluux coejHHeHUH H nocrymaer norpeGureato. Pacrsop
CblpOl"O OeH30Ma B NOTJOTHTE/IBHOM Madcdjleé HanpaBJddloT B AHCTHJJS-
ULHONHYI0 KOJOHHY, TAe H3 HEro orroHsiercs colpoil 6eH3o’d, a macao
Tocae oxaaxieHHs Bo3BpallaeTcs Ha opolueHHe GeH30MbHEIX cKpYyHbe-
pos,

HancmMoavunas Boaa CONEPKMT PAacTBOPEHHBIT aMMHAK,
& Takxke ammoHuiitHme comn (NH,),CO4 (NH,),S, NH,CN, NH,CI,

H,CNS, (NH,),SO,, ofpasyoiinecss B pe3yjabraTe B3aHMOIEHCTBHSA
iﬁxua}{a C ApyrHMH KOMMNOHEHTAMH KOKCOBOTO ra3a nmpu €ro oxJasje-
e Iepepaborka najicMobHOM BOAB 3aKJI0YaeTCH B BLIIGICHHH U3
M aMMHaka npd HarpeBaHHH ee MapoM 4 o6paboTKe H3BECTKOBHIM
O10KOM, AMMHAaK OTTOHSIeTCS! W3 HaJCMOJBHON BOJB! OCTPHIM MapoM

HCHOﬂmyeTCH AJIS1 noJlydeHus cyJsabaTta aMMoHHs. DeHoJkl, cojep-

Akecs: B pagemobHOI BOJAE, TAKME OTTOHSIOTCA OCTPLIM MapoM,

3(
"‘“T?UT;M NorJonaoTCst pacTBOPOM €1KOT0 HaTpa ¢ obpa3oBaHueM (eHo-
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Cupoii 6eH30.J NpeacTapaser co6oi CJIMKHYIO cMeCh, OCHOB-
Haa macca Kotopoii ucnapsercs 1o 180° C. Cpennee conepxaHue ocHop-
HBIX KOMMOHEHTOB B coipoM Gensose (Y%): cepoyriepoia W JerKOKHIig-
mux yraesofoponos 1,6—3,4; 6ensona 59,5—78,3; romoJsioros 6eHsola
12—21; coabBeHTOB (CMech TPHMETHAGeH30Ia, ITHAMETHAOeH301a U ap,)
3—10. Tlonyueune OT/eJBHBX KOMIOHEHTOB H3 CHIporo GeH3oja OcHo-
BaHO Ha Pa3/THYHH HX TeMOepaTtyp KUMeHHsl U OCYIIECTBJAETCH PeKTH-
duKkaHed.

KamenHoyroadbHasa cModa cogepxur okono 300 pe-
mecrs. CoznepkaHlie ocofo BaKHBIX BelecTB B cMode (%): Hadranduna
5—10; denanrpena 4—6; kapbasona 1—2; anrpauena 0,5—1,5; de-
Hoga 0,2—0,5; kpezosna 0,6—1,2; nupuanHoBLX ocHoBaHuit 0,5—1,5,
TToMuMo 3TOrO, B CMoJie B HeGOJLIIHX KOANYECTBAX cojep:karcs OeH-
30JIbHBIE YTJIEBOJOPOAB: GeH30.1, TOAYoJ, KCcHAo0/B; OKoao 50—609%
OT MacChi CMOJIBI COCTAaB/SAIOT BBICOKOKHIALUIHE NMPOAYKThi ¢ OOJBLIHM
MojeKyaspusiM BecoM. CMmoda mojBepraercs pasroHke, a 3aTeM us
tpakiuy pekTHQHKaHel BoiieIAloTcA GEH30/1 W ero rOMOJIOTH, KpH-
crajsau3anueii — HadraauH w antpaued. Penon nosyuyaercs npu o6pa-
Gotke (paKiHii pacTBOpOM eixoro Harpa ¢ oOpasoBaHueM ¢eHOIsTa
narpusa CgHzONa, KoTopmifi npu paidbHeiilueM B3auMOJeHCTBHH C ABY-
OKHCBIO yrJiepofa jaer (peHos. ITHpHIMHOBBIE OCHOBAHMS YIAJSIOTCA
u3 (pakuuii npoMbBKO# pa3bapsentoli cepHoil Kucaotoil. Ocrarox
Hioc/ie TePeroHKH CMOJbl — KaMeHHOYTOJbHBIH NeK HCHOJB3Yercs s
H3rOTOB/EHHS 3JEKTPOJOB NI 3JEKTPOJH3EPOB H 3JIEKTPHUECKHX me-
yefl, B 10POXKHOM CTPOHTENBCTBE KaK MaTepHaJ /5 U30/151HHU I/1eKTpo-
cerell ¥ MoA3eMHBIX TP)OONPOBOOB.

O6paTHBH KOKCOBBH a3 HMeeT npHMepHO c/lenylo-
i cocras (%): H, 54—59; CH, 23—28; CO 5,0—7,0; Taxennix yrJe-
sBofioponios 2—3; N, 3,0—5,0; CO, 1,5—2,5; O, 0,3—0,8. Tenaorsop-
Has cnocoGHocTb rasda 16 700—I17 200 kLx/me,

OcHoBHbIe 3ajlauH, CTOAINIHE Nepell KOKCOXHMHYECKOH NpPOMBbIlIIIeH-
Hoctblo: 1) wHTEHCH(UKAIHs Npoilecca KOKCOBaHHA co3faHieM Meyefl
HenpephIBHOTO KOKCOBaHHs, 2) pacluiperte chipbeBoii 6a3bl /s KOKCo-
BaHHA 32 CYET MCMNOJB30BaHHA HeAePHIIHTHBIX Mapok yris, 3) paciuw-
peHHe accopTHMeHTa BhINyCKaeMOH npoaykuuu, 4) paspaforka paiHo-
HaJbHLIX CXeM HaHOojiee MOJHOr0O M IKOHOMMYECKOro BbiAedeHHs Ipo-
JYKTOB, COJEPKallHXcsd B ChpoM GeH30J1€, KAMEHHOYroJbHOH cMoJe H
KOKCOBOM rase, 5) moJyuyeHHe XUMHUECKH UHCTHIX HHIMBI1ya/dbHbIX
BElIeCTB M3 CHIPOre OeH3o/1a ¥ KAMEHHOYTOJIBLHOH CMOJBL

3. KPATKME CBEREHMA O NONIYKOKCOBAHWM ¥INA M CNAHLEB M
O CYXOH NEPEFOHKE AEPEBA

TlonykokcoBanye — mnpouece TepMHYCCKOTO PA3NOKEHHA TOINIHBA nipH Halpe
BaHHH ero Ge3 0c1yNa BO3jyra 10 KOHeyHoll TeMmepaTyphl 500—55{)‘38 B neyax
NPSAMOFO HJAH KOCBeHHOrO Harpega.

Moayxokcoranue yraeil. 70T Mpolece No3BoMiseT NOAYMaTh NOJVKOKE, TOTY”
KOKCOBbIH I'a3d, NOJ\KOKCOBYIO CMOAY H HAICMOJBHYIO GOJy (nocaeinds xe HCOCIE
ayerca).

MMoavkokce nppextarase’ cofolf caabocnexwHiicss Xxpynkui npodykn
CONlepKAllHIi 3HAYNTETBHOC KOJIMYECTBO JeTy4YHX BewecTs (10 10%) u ebnajaroutii
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BEICOKOH DeaKUHOHHOH CTMOcOGHOCTBIO; OH HCMO/b3YeTcss OGHYHO Kak MecTHOe 3Hep-
reTHYeCKOe TOMIMEBO.

[ToaykokcoBUii ras, BuXOl KoToporo cocrasiser 100—120 »® ua
TOHHY NepepabaTEIBaeMOTO yIiIf, COAEPKHT 3HAUHTETbHbE KOTHYe(THA MeTaHa H €ro
rOMOJNOrCB W OTHOCHTENIbHO OOJblIHE KOJW4YecTBa BOAOpOAA. TEHJIUTBDDI{BS'I crocob-
pocTh ero koaeGaerca or 14 600 go 36 400 klx/M* B 3aBHcuMocTH Or mepepabatsl-
paeMoro yiiis. [Toavkoxcosriil ras npumeunsercs xak ObITOBOH ragz, ;1 Harpesa npo-
MBILWMIEHHBIX arperatog, a TakKme H3 Hero H3Baexalorcs YIeBoopois!, cAayKallne
ChIpPbeM XHMHYEeCKOTrOo CcHIITe3a.

ITonyxoxcoBasa c¢cMoOJa— TeMHO-Oypas KHIKOCTb, COfepKallas napa-
(punoBbIe, OjedHiOBLe, HA(TeHOBble, apOMaTHYeCKHe H ApyrHe coefnuenus. [lpu
nepepaGoTke CMOA HONYKOKCOBAHHS TONYYAIOT JKUAKHE MOTODHEIE TOMAWBA W APYTHE
CMeCH YTAeBOACPOAOB.

Taxum ofpasom, 3afaueii TOJYKOKCOBaHHA yriefi ABAsieTCA MOJNy4YeHHe CMOJbI
i rasa. B vaweit ctpane, ofnanaioweil orpOMHEIMH 3amacaMu He(TH M rasoe, Gonee
penTabenbuLM OKa3bIBaeTCsl TTPOU3BOJACTBO H3 HHX PA3AHYHBLIX BHIOB MKHAKHX TOMHB
1L ChIpbS AAS XHMHYECKOH MPOMBIULTEHHOCTH.

IMonyKkoKcoBaHHe roploYHX CJAaHUeB. IroT NPONECC XapakTePH3YEeTCS BhiCOKHM
BHIXOAOM CMOJBI, KPOME TOro, MNOJYYAalOTCH MOJAYKOKC, I'ad H HajCMoJbHas BOJA.
BEIXOA MPOAYKTOB IPH 1107 YKOKCOBAHHH 3CTOHCKHX ¢ianies (Mectopoixjenne Koxmna-
sipee) ot Macchi cyXoro cjlania, Hanpumep, caegyounii (%): emona 34,4; noaykoke
35,8; sopa 1, 5. Buixox rasa cocrasnser 68 m'/r.

Cnanumeras cMOJa npeicraiser coloil CAOKHYI CMeCh H MeTOAb ee
nepepalOTKH aHanOTH4HEL MeTogaM nepepaboTkn Hedr (M. cp. 165). H3 cnannesoit
CMOJbl TOJYYAOT MOTOPHBIE TOM/IHBA, PACTBOPHTEIN H JPYTHE NPOAYKTHL.

[TonyxoKC H3-3a BLICOKOH 30/BHOCTH cogepkHT Beero okono 10% yraepopa;
OCTabHOE COCTABAMIOT MHHEPANbilble BeLecTBa: OKHCh KAaJbiiHA, KpemzeseM H Ap.
OH MOMKET CAYKHTB HCXOJLHBLIM MaTepHaloM AJs NPON3BOACTBA BSKYLHX BEleCTB.

T'as Hcroneayercs anst oGorpeBa meveil.

Cyxas neperonxa jepesa. [Ipun narpepannn ApesecHHnl 0e3 BO3pyXa Mpemje
BCero yaansercs maara, npu 170—270° C o6pasyiores rasn (CO, CO,) 1 neGonbiune
ROMHYECTBA YKCYCHONH KHCJAOTH W MerHaosoro cmupra. o 270—280° C nporekator
3F7l0TepPMHYECKHe PeakuiH, nocde HAUHHAIOT MPOXCAHTL SK30TEPMHYECKHE TIPOLECceh.
B 3THX yCJOBHAX YCHAHBaeTcs BblleJeHHe 1apoofpasHbiX NPOAYKTOB, B TOM 4HCJE
CH3COOH u CH3OH, a Takike razos. B uureppane temmeparyp 280—400° C sasep-
Iaercss OTroMKa JNeTyYHX MpoIyKkTos. B pesyabrarTe ykasaHHuIX MpoueccoB noay-
YAeTLR JPEBECHLIT Yrodb, a NPH OXTaKASHHH Mapora3oBoi cMecH — JApeBecHas cyMoJa,
BOJHBI ANCTHANAT W HEKOHWJEHCHPYiOlU(Hecsd Tasu. BriXoj NMpogyKTOB 3aBHCHT OT
nopojisl AepeBa, TEMMePaTypbl, MPOJACMKHTENLHOCTH Mpolecca.

JkpeBecHBH YyToJdb HCOOAb3Yercs B METANIyPruH Kak BHICOKOKayecT-
BEHHOE TOMJAHBO, He cOAepikallee cepul 0 Qocdhopa, a Takxke ANA MPHTOTOBACHHA aK-
THBHBIX YI7leit, LIHPOKO HCMOJb3yeMbiX B KayecTBe aicopOeHTOB, BOCCTaHOBHTEJell
B [eKOTOPLIX XHMAYeCKHX [POH3BOACTBAX W T. M.

JdpepecHas cMoJa, BROTOpPOil BakHeHleH cOCTABHOR YacTbio ABAFIOTCH
Geloasl H HX MeTHJOBble 3(QHPH, MPHMEHSAETCA ANA TMPOTHBOTHHAOCTHOH TPOMHTKH
ApeBecHHLl, ANs M3TOTOBNEHHS (dapMaleBTHYECKUX TMpenapaToB, AN MOAYYeHHs
GUIOTALHOHHLIX ATEHTOB, aHTHOKHCIHTeNel (HHTHEGHTOPOB) A5 KPeKHHI-GeH3WHOB HAP.

Boanph AHCTHAAAT COLEPKHT MYPABBHHYIO, YKCYCHYH, MPOMHOHO-
BV H APYTHS KHCJIOTBI, AL(ETOH, METH/3THIKETOH, METHAOBBII CMUPT, aueTanblerHy,
Gyphypon 1 gpyrie peumectsa. Ha coapemeHHLIX 3aB01aX H3 BOLHOTO JHCTHANATA
OTCOHSIIOT METHJOBBIN CITHPT H 3KCTPAaTHPYIOT CEPHbIM 3(QHPOM YKCYCHYIO KHCJOTY.
Hosroe Bpems fecoXumMuueckad MPOMBIUUACKHOCTD Gblia eIHHCTBEHHBIM MOCTABLIHKOM
3tix mpoayxTon. C BO3HHKHOBCHHEM MPOMLILUIEHHOTO CHHTE3a YKCYCHON KHCAOTHI
H MeTaHoJa MOABHJANHCE GoJlee J2ulensie H JIPOH3BOHTENbHbIE Cnocobp HX MOAYUeHHs,

4, MEPEPABOTHKA HMOKMX TONNMB (HEDTH W HEDTENPOQYKTOB)

Baxueiiiume xHAKHE ToOIIHBA — HedTb, a TaKkKe KHUIKIe
MponykTbl, Mosydaembie npH ee nepepaforke. Ilpoieccs nepepaboTKi
Yedri uzpecTHH! JABHO. Ilpnmepto no 1885 r. uMenHCh YCTAHOBKIH, Ha

159



KOTOPLIX H3 HedTH OTrOHSICA KEePOCHH, HCMONb3YeMEBIH A/ OCBelle-
Hisl, @ OCTaTOK CXKHTAJCSl KaK KoTeabloe Tomaupo. IlosieieHne apro-
MOGHJBHOTO, a 3aTeM aBHAUHOHHOIO TPAHCNOPTA C Hayala HblHeuilero
CTOJRTHS BLLABMHYJIO HeoOXONHMOCIL TNOJAYYEHHA B BO3PacTraloufux
Koslnyecrsax OeH3HHa, a 3areM ycHmexH B o0O61acTH NPOMBILIEHHOro
MOJy4YeHHs1 XHMHUYECKHX TNPOLYKTOB TIOTpefoBajH HOBBIX ChIPbEBHIX
pecypcos. Mctounukom celppa cranoButest Hedrb. TlosiBasierces npo-
MBILLJIEHHOCTE TaK Ha3blBaeMoro He(Tex HMHYECKOro CHHTE3a, AR KOTo-
pofi xapakrepna rJiybokasi nepepaboTka He(pTH H TNOMYTHHX ra3op
¢ No/JyYyeHHeM He TOJIBKO pa3/HYyHbIX TOMIMB H CMa304yHHIX MaTepha-
JIOB, HO H CHLIPbSl JUIl MPOMU3BOACTBA MJIACTHUECKHX MaceC, XHMUUECKHX
BOJIOKOH, CHHTETHYeCKHX KayuyKoB, MoluHx cpeacts H 1. n. Co3nanue
npoiteccoB ray6oxoi nepepaborkH He'bTH ObLIO CBSI3aHO € H3YYEHHEM
coCTaBa H CBOHCTB HedTell, HccaeL0oBaHHeM NMOBEACHHS YIJIEBOI0PONOB
npH nepepaboTKe HepTH, KaTaJHTHYECKHX TPOLECCOB NpeBpaLlleHus
YI/IeBOIOPOJIOB H PSAOM ApyTHXx npoGiaeM. Heowenumeili BK/Iaa B Mupo-
BYIO H OT@UeCTBEHHYI) HAYKY BHECJHH PYCCKHE H COBETCKHE YYeHble:
A. M. Byrtaepos, 1. U. Meugenees, B. I'. lllyxos, B. B. MapxoBuu-
koB, A. A. Jleruufi, H. JI. 3eaunckni, C. C. Hamerkun, C. B. JleGe-
AeB H MHOTHe ApyrHe, ray6okue HCC/Ae0BaHHA KOTOPBHIX MOCAYKHTH
OCHOBaHHEM jJIsl CO3/laHHsl Pa3sAHYHbIX METOIOB KOMIIEKCHOH nepepa-
60TKH HeDTH H HEHTENPOJYKTOB,

ITpoaysTh mnepepalboTKH HedTH: TOVIHBA — Kuj-
KHe H ra3o00pasHblC, OCBETHTENbHBIE KEPOCHIDLI, PacTBOpPHTEMH, CMa-
304liLie Mac/a, KOHCHCTEHTHbIE CMAa3KH, TBEPJLIC H NMOJYTBEpible CMCCH
yIaeBoopo/loB: napaduH, iepe3HH, BaseIHl U T. N., HeDTSHEIE GHTYMbI
B TIeKH, HedpTSHBIE KHCAOTH H HX NMPOH3BOJHBIE: MBIIOHADTH, CYabdo-
KHCJIOThI, JKHPHBIE KHCJAOTH H Mp., HHAHBHAVadbHble YIr/EBO1OPOLL:
STHJIEH, TpOIHJAeH, MeTaH, OeH30/, TOAYoJ, KCHAOA H Ap., SIBJISIO-
IIHECS ChIpbeM JIIS1 XHMHYECKOH NpOMLILJIeHHOCTH,

ITomactuTabam TPOM3BOJCTBA IMaBEHCTBYIOMIEE NOJI0MKEeHHe NpHHajl-
JA@KHT KHAKHM H ra3oo0pa3HbIM TOM/IBaM, CMa304HbLIM Mac/jaM H, B 10-
cIejHee Bpemsl, HHAMBHAYAJbHLIM yriaesojopogaM. TomiHea B 3aBH-
CHMOCTH OT HX HCMOJIb30BaHHA AeJATCS Ha KapGlopaTopHbe (aBHa-
[{HOHHBIE H aBTOMOGH/IbHBEE GEH3HHBI H TPAKTOPHBIC TONJIHNBA), peaKTHB-
Hele (1151 peaKTHBHLIX H TYpOGOpEaKTHBHHIX JBHrareseH), aH3eJbHHE,
rasorypOHHHBEIE H KOTENbHHIE,

BeH3uns a0mkHB 06/31aTh CIS1YIOUHMH CBOHCTBaMH: HMETb
onpeaeaeHHbH (pakuHOHHEI COCTaB, AaB/JEHHE HachleHHBIX Napob
JIETOHAIHOHHBIE CBOHCTBA M XHMHUECKYIO CTaGW/IBHOCTL, He A0/LKHDI
KOppoaHpoBaTh annapaTypy. PpakuuoHHBHI cocTaB XxapakrepH3yeT
TeMnepaTypa Hauajda W KOHI@ KuMeHus (Gpaxiyii, noayuaembx 0pH
pasronke OeH3uHa B uuteppajie Temneparyp 25-—200°C. Jlaieiue
HaCHILIEHHBIX TAPOB J0KHO ObITh He Bhillle olpeiesaeHHoro npeieta:

Jletonauonnbie CBoHCTBa — BaskHast XapakTepHCTHKa OeHsHHOB:
B uuaunap aHratesnst BHYTpEHHEro Cropanis MocTynaer cMech napo®
GeH3iiHa ¢ BO31YXOM, KOTopas C:KHMAeTcst NMOpILHeM H 3a:KHraercs ot
3ana’abHoil cBeylt (HCKpel). ObBpasyouitecst MpH ropeHHH rashl HB!”"““’:
nopiens. Yem Go/bIIE CTENEHb CXKATHS CMECH B WHJHHApe, TeM Byl
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K. 1, 1. apuratens. CreneHb C:XaTHSl OrPaHHYHBAaeTCA XapaKTepoM
jopeHnsi cmecd B unaunape. IlpH 3anane cmecH oT HCKPHl oGpasyio-
Hteecs NAaMsa MOMKET pacnpocTpaHAThCA B UWIAMHADE JIBUraTeNIa ¢ pas-
JHYHOH cKOopocThio. IlpH HOpMaJBHOM TOpEHHH CKOPOCTh pacnpocTpa-
HEHHSl NnaMeHu pasHa 10—I15 m/c, 01HAKO NpH HEKOTOPLIX CTeneHsx
CKATHA HaCLynaeT AeTOHalMA, NpH KOTOPOH naaMsa pacnpocTpaHsercs
co cxopoctbio 1500—2500 m/c. TlosBnenne AeTOHAUHH CONPOBOXKAAETCH
CTYKOM B HHUAWHIpPE, NEPErpeBoM, YepHLIM ALIMOM HA BLIXJIONE M NpH-
BOJHT K TIOBBLIUEHHIO pacxola TONNHBA, CHHXXEHHIO MOIIHOCTH JBHra-
TENs, K NMpexineBpeMeHHoMy ero u3Hocy. CKNOHHOCTb GEH3HHOB K je-
TOHAUHH XapaKTepu3yeTcs OKTaHOBLIM uncnom. OKTaHOBOe UHC/O GeH-
4MHa onperenfercs cpaBHeHHEeM ero J1eTOHAlHOHHOH CrnocOGHOCTH npH
CiHdaTHH B Lll*i..’l}!ﬂﬂpe JiBUTraTens BHyTpeHHEI‘O CI‘OPEIHUH C NeTOHauoH-
HOW CNOCOOHOCTBIO CTAHAAPTHOH CMecH, COCTOSILEH M3 H300KTaHa
(2, 2,4-TpBMeTHJNEHTAH) U H-TENTaHa B 3THX ke ycaosuax. [Ipuuato
CYHTATh, YTO HM300KTaH, KOTOPLIH Mal0 CKJIOHEH K JETOHAIMH, HMEer
okTaHoBoe uncao 100, a u-rentan upe3BLIYaliHO CKIOHEH K neToHalun—0,
OxraHoBoe uucno GYAET paBHO COMEPIKAHHIO H300KTaHA B CTAHAAPTHOM
CMECH, KOTOpas JeTOHHPYET APH TOil e CTeNeHH CXKATHA, UTO B HCHbI-
1yeMblli Gensun. Ecan, Hanpumep, JeTOHaLHOKHHAA CTOHKOCTL GeH3uHa
OKa3sanach TakoM ke, Kak cmecH, conepxkaied 80% unsookrana v 20%
H-TenTaHa, TO ero OKTaHoBoe uucao Oyaer 80, BeH3uHL], 1eTOHallHOHHASA
CTOMKOCTb KOTOPLIX BhILLE, YeM Y H300KTaHa, HMEIOT OKTaHOBOE YHCJIO
gonbiie 100. OKTaHOBbIE uHCNa aBTOMOOMJBHLIX OeH3HHOB OKoJO 76.
ABnanHoHHble OEH3HHE! 114 CaMOJIETOB € NOPLIHEBLIM ABHraTeneM BLI-
NycKaloTest ¢ OKTaHOBLIMH uucaamu Buiue 100. Oxrauosoe uucao 3a-
BICHT OT COCTaBa TONAHWBA: €ro YBENHYHBAIOT H3onapaduHbl H apoma-
Thyeckue coenuHeHna. ONHUM B3 CPEACTB NOBLILEHHA JETOHALHOHHOH
cTOHKOCTH OeH3WHOB, T. €. TNOJYYEHHR BbLICOKOOKTAHOBLIX TOILTHB,
ABJAACTCA H3OMEPH3EUHA H apOMATH3aLuA COJEPKaIXCA B HHX YIJje-
BCAOPOAOB. BLICOKOOKTaHOBBIE TOMANBA MOTYT GLITh NOJYuYeHbl TaKKe
COCTaBNEHHEM CMecel M3 TaK HaswBaemoro 6asoBoro GeHsnHa — OeH-
2WHa NpAMOH TOHKH MM KDEKHHra ¢ BLICOKOOKTAHOBLIMH KOMIOHEH-
T4MH — H300KTAHOM, H30NEHTaHOM, STHJOGEH30J0M, H30NPONHIGEH30-
aoM U Jp.
dns yBeAnueHHa OKTaHOBOro uncia K GeH3MHam MO#SHO 106aBaATh
aHTHIeTOHATOPHl, M3 KOTOPLIX NOJYYMJ pacrnpocTpaHellie TeTpasTHJ-
ceurey, Pb(C,H),, BXoafHii B cOCTaB TaK HAa2LiBAeMON 3TUJIOBOH
Auikocrd, Hanpumep, BeeleHie Ha 1 Kkr GensuHa 4 Mn 3THJOBOI KU1~
KOCTH nopeillaeT okTauoBoe yncao OenszuHa or 70 go 89. Btusopas
®ulKocTh A10BHTa ¥ paboTa C Heil, a TaKke ¢ STHIHPOBAHHLIMH GeH-
SWHamu TpeGyeT 0cTOPOKHOCTH. X HMHYECKasH CTaGHALHOCTD, T. €. CKJIOH-
HOCTh GenanHOB K CMO/1006pa3s0BaHHIO, H3MEHEHHIO. XHMHYECKOTO CO-
£TaBa npu ero xpaHennu 1 npu pabore ABUraTeell BHYTPEHHErO cropa-
Wi, onpenensieTcss COCTABOM TOMJAMBA H CHHXAETCA B TPHCYTCTBHH
Neduros U anoneduHoB. Koppo3HonHoe neficTBHe GEH3HHOB YBeJHUH-
aercq C NoBLILEHHWEeM CO.-'IEP)KEHHH B HHX CEPLI H KHCJOOTHOCTH.
Tpakro pHOE TONnJHBO, B KayecTse€ KOTOPOrO TIJaBHEIM
BGpasom HCNOJMB3YeTCA KEpOCHH, XapakTepH3yeTcsl TEMH jKe noKasa-
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TEJSMH, UTO MOTOPHLIE Gensunb. OKTaHOBOE ulic10 TPAKTOPHOIO TOM-
JHBa J0JKHO Ob1b He MmeHee 40,

JduszenbHoe TONJNBO — KEPOCHH, Ta30iilb, COJISIPOBLI
JHCTNIAT — HCNOAL3YETCA Aaa NOpPLIHeBLIX ﬂBlil"&Te."Iﬁf] BHYTPEHHETD
CropaHnsa € BOCIIAMEHEHHEM OT C:aThA. DKOHOMHUYHOCTL PaboThl fiH-
3eNLHLIX ABHraTeNlel 3aBHCHT OT (PPaKWHOHHOIO COCTAaBA M LETAHOBOTO
yHcaa JHU3€NBHOTO TOINIHBA. GJpaKuHoqu]ﬁ coctaB AH3eALHOI0 TO-
IIHBA JOJUKEeH OuTh TaKHM, 4To0H OHO NpPeACTaBaAal0 coOoil Y3Kyio
(pakunio, kunamylo B cpennem B npenenax 200—350° C. Lletanosoe
UHCIO XapaKTepH3yeT cnocobHOCTL TOMJHMBA JaBaTh BOcIlaMeHeHHe
B MJIMHIpE JIBUTATeNs; ueM OHO Bhillle, TeM ayylie Tonnuso. LleranoBoe
uHCJIO OMpejeNseTcs CPaBHeHHEeM NOBEIeHHS NH3&NbHOTO TOIHBA Nph
HCIOTL30BAHHH €r0 B JIBHrartelle ¢ NOBEJAEHKEM 3TaJOHHOI CMecH, co-’
croaiweit u3 nerana Cy4Hs,, neranosoe uneao koroporo npunaTo 3a 100,
u a-merundadraauna C, H:CH; ¢ netanoBwM uuncaom 0.

KoTrTeabHoe TONJAHWBO—Ma3yT U Apyrue Hedranwe oc-
TaTKH. Ma3yTt, ecad OH He Henoabsyerc ANA NOAYUEHHA CMa30uHLIX
Macesa UJH 114 Noayuenda Oen3vHa H ApYTrux MOTOPHDBIX TONNUB, CHH-
raeTca B TONKaxX KOTJOB NapoB0O30B, NapoXOJ0B, TEMJOBHIX 3/J€KTpo-
CTAHIINH, a TAK)KE B NPOMBILICHHBLIX neyax.

TonawBo a1 peakKTUBHBXABHUTAaTeneH npea-
cTaBasieT co60i (UPaKIHIO KEpOCHHA, HCIOAb3YeMYIO 1 BO3AYLIHO-
PeakTHBHBLIX JBHrarteneH.

K rasoo0pa3HubiM HepTAHLIM TOMAUBBM OTHOCHATCA MNONYTHLIE Ta3bl
H Ta3bl, NOJyyaeMule NpH NepepaboTke HedTH H HEDTENpPonNyKTOB.

CMasouHBEe Macaa no obaacTAM NPUMEHEHKN MOXKHO pa3-
JIesINThL Ha TPynnul: WHAYCTPHAJAbHBLIE — BepeTeHHOoe, MallHHHOE H IP.;
IS ABHraTelel BHYTPEHHETO cropaHus — aBTOTpakTOpHoe (aBToJLI),
aBIANHOHHLIE Mac1a M Ap.; TPAHCMHCCHOHHLIE, TYpPOMHHLIE, KOMNpec-
COPHLIE;, 1A NapoBLIX MallHH — WHJAHHAPOBLIE, Macja cnenhlajibHOro
HasHauyenns. KauecTBo Macen XapaKTeplusyerc CMasblBAMOLWEH CRO-
COBHOCTLIO, BA3KOCTLIO, TEMIEPATYPaMH 3aCTHIBAHHSA M BCNHILKH, NJIOT-
HOCTBIO, CONEP:KaHHEM BOAL,, KHUCJIOTHOCTBIO, KOKCYEMOCThIO, 30ALHO-
CTLIO, CTaOHABLHOCTLIO,

Moarotoska HeptH Kk mepepaGotke. TlojiroToBka HEQTH K nepepa-
0OTKe 3aKMOYaeTca B yAaleHHH H3 chIPOi HedyTH, 1OOHITON Ha NPOMbIC
NaX, pacTBOPEHHLIX Ta30B, MUHEPalLHLIX coMel, BO/L H MeXaHHUeCKHX
IIpHMeceil — necka M TJIHHLI, a Takike cTabMnu3amuy, ¥ naieHue NpH-
Mecell TPOH3BOAMTCA Ha MpOMHICAaX MW Ha HedrenepepabaThiBaioliX
3aBojax.

OTnenenne rasoB OCYUeCTBISETCH B anmaparax, Hasb
BaCeMLIX TpanaMH, B KOTOPLIX CHHXKAKTCA NaBJIEHHE H CKOPOCTDL BHIKE-
HHA HEeTH, MPH 3TOM H3 Hee necopOUpYIOTCs NONyTHLE rassl. Hapaily
C MONYTHHIMH Ta3aMH YAAnAloTCsi CMECH Jleryaiiliux yrjesoaopoaos
Ha3LIBaeMLIX Fa30BbIM OeHsnHoM, ['a3oBuil GeHsun otaensercs 0OT NO°
NyTHHIX Ta30B abcOpPOUHEHl €ro COJSIPOBLIM MacjiCM HAH a1copOouHe
AKTHBHPOBAHHBIM YIVIEM,

MuHepaabHbLE COAHM yransorcs npu ofeccoauBadits
KOTOpPO€ 3akJwouaercd B TOM, 4TO HehTb ANA PacTBOPEHHA CONCH HE
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CKOJbKO pa3 npomniBaercst Tendofi Boaofl. O6Gpasyiouyeca npu npo-
MBEIBKE 3MYJbCHH OTAENATC OT HedTH npH 06e3BOKHBAHHH,

O6e3BOXHBAHUE MOKET NPOUIBOUHTLCS JJIHTENLHLEIM OT-
cTauBaHHeM HedTH, npuueM HapfAay C BOJOI OTNeANIOTCA MeXaHHueckue
npumecH. Ilockonbky Bona ¢ Hedrbio 06pasyer CTOIKHE 3MYJIbLCHH,
noaHoe 06e3BOKHBAHHE MOMKET OblTb NMPOH3BENEHO NPH YCJAOBHH pas-
pylIEHUA 3MYNLCHI BBeieHHeM B HedTh NMPH HArPEBaHWUH JEIMYJbra-
TOPOB, HANPUMED HATPHEBHIX cOjleHl HapTeHOBHIX KucaoT. DPHCKTHBHO
saeKkTpoobe3BOKUBaHNe HedTell, KOTOpOe 3aKAI0YaeTCsi B TOM, 4TO NpH
[POXO:KACHUH NJEHKH Harperodl He(TH Mexay snekTponamu, NHTae-
MBLIMU nepeMeHHLM TOKOM HanpameHneMm 30—40 twic. B, nponcxonur
paspyuieHHe 3MYJLCHH, BOASIHBIE KaNelbKH CIHBAIOTCA U 3aTeM BOJA3
ornensierca or HEI;I)‘TH OTCTAHBAHHEM.

Crab6uansaunua HepTH NPOH3BOAUTCSA NOCHe ee 06e3BOKHBA-
1A ¥ 06eccONMBAHHA. DTOT mpolecc 0GECTIeUHBACT CHHIKEHHE NOTEephb
JEerKHX YTJ1eBoJ0pOAOB MNMpPH TPAHCNOPTHPOBKE M XPaHEeHWH, a TakKwxe
NOCTOSHCTBO naBneHus mapo, CraGuansaunsi 3akjioyaercss B OTTOHKE
nponaH-6yTaHOBOH, a MHOT/AA YACTHYHO NEHTAHOBOH (PaKUHH YrAeBo-
JIOpONOB. Y CTaHOBKH crTabuauzauuu OGOPYJ0BaHL nedaMu s nojo-
rpeBa He)TH M PeKTHPHKAULHOHHONH KOJOHHOI AN OTIENEeHHS nponau-
6yraHoBOlt (pakiuy, KoTopast npeacranisier co6oli eHHOe Chipbe aasl
AIMHUECKOH NPOMBILINEHHOCTH,

OcHoBHBbIe MeTofbl nepepaGoTKM M annapatypa. B 3aBncimoctH
OT NOJy4YaeMblX NpPH nepepaboTke HePTH NPOAYKTOB CYUIECTBYIOT TpH
BapuaHTa nepepaboTku He(TH: TONJ HBH B il ¢ NOAYUEHHEM MO-
TOpHOIO H KOTEJILHOrO TONJMHB, TONJHBHO-MAacJ aHLB f:l, npH
KOTOPOM Noay4aroT TONJMINBa U CMA304YHLIE MacJ/a, H H e Eb TEXHNMH-
yecKwu i (KOMNJNEKCHLIH), NpH pealusauuy KOTOPOrO NOJYyalioT He
TOALKO TOMJHBA H Macla, HO M CLIpbe 117 XHMHYECKOH NpoMblllell-
HOCTH — OJlehHHLI, apOMaTHUECKHe H npeneibHLe YreBoJopoaALl H Ap.

Jas Bcex mpoueccoB nepepaboTKH HedTH XapakTepHa OBLHOCTDL
MeTon0B. M X MOXKIO pasfenHTh Ha ABe rPYNNLL (HU3HYECKHe 11 XHMIiucs
CKHe.

dusnuyeckHe MeTOL nepepabOTKH HeTli OCHOBaHbl HA
Pazinyny pu3HUecKHX CBOHCTB KOMNOHEHTOB HeTH: TeMNepaTyphl Kune-
HHf, KpHCTaLIH3allHH, PacTBOPUMOCTH # T. n. Hanboneiee pacnpoct-
Panenne nonyuynna Tak HasbiBaeMas npsiMas neperoHka HedTu W He-
TeNPONYKTOB, OCHOBaHHAsi Ha pa3HHLE B TeMneparypax KHNEHHs OT-
lenvHuix pakunii.

XUMHYyecCKHEe MeTO] Bl OCHOBaHH Ha TJ1yBOKHX XHMHYe-
CKNX necTPYKTHBHLIX NPEBpallleHHsIX, KOTOPLIE NPeTepneBarT YIaeso-
A0ponwi, conepskatuiecst B HeTH WM He(TENPOAYKTAX NOA BJHSHHEM
TeMneparypwl, naBjaenus, karannsatopos. Hanboabluee pacnpocTpase-
e cpepr aTHX METOJ0B MONYYMAH PasAHYHBLIC BHIL KPEKHHra.

[Ipn nepepaGotke HepTn noayynan Taxkke pacnpocTpaHeHue npo-
i}ﬂt‘m, NpOTEKaloliie B pe3yibrale KaTanHTHUECKHX npe-
‘Pamenn i
TenA Nonapatypa, npuMensemMan npu nepepaborke HeTn B Hed-

PonyxroB, nomxHa ofecneyntb HarpepaHle WX A0 BHICOKOH Temie-
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paTypel, pasjeleHHe MoJaydyaemblX NPOAYKTOB H NPH HEOOXO0AHMOCTH
npoBe/leHHe KaTanauThyeCKHX peakun#. HedTs nam HepTenpoaykThi
HarpesaloT B Tpy6uaThix nedax abiMOBbIMH rasami. Ilepenaua Tenna
OT TpelolHX ra30B K CHIPBIO, ABHXKYILEMYCA no Tpy6am, MPOHCXOIHT
yepes CTeHKH TPYO WM NYTeM paiuauuy (M37y4YeHHs), HIH KOHBEK-
nueii. INoBepXxHocTh Tennonepenaun F, NpH HarpeBe W3JayUeHHEM MOXKET
ObiTh onpejeneHa no opmyde
Fp=Q,/0,. (VIIL4)

[oBepxnocts Tpy6 npu KOHBEKTUBHOM Harpese [, PacCYUTHIBACTCA MO
hopmyse

Fx‘—_'Qm"r(kT Afcp)‘ (V”I-5}
rne Q, u Q¢ — KOJIMYeCTBO Ten.a, KOTOPOE MEepe]aeTcsl YEpe3 CTeHKH
TpyO TpPH paaHanHOHHOM H KOHBEKTHBHOM HarpeBe COOTBETCTBEHHO;
O, —TEenoBas HanpsxeHHOCTb TPYO,
kIDx/MBy; A, — cpennas norapug-
MHYECKasl pa3HOCTb TeMmnepatyp Chbl-
pbd H rpelomwmx rasos, C; k, —
KO3(ypHLHeHT TeNnJIONepenaywy,
kIx/M>u-rpan. OGHYHO BeaHYHHA
o, Koaebaercs B npexenax ot 60 000
no 160 000 xdx/M*u; k. coctasnser
85—170 wIx/M®.rpan-u.

B Hacrosuee BpeMs A3 Harpesa
HehTH W HehTeNpOAYKTOB 3KCHaya:
THPYIOTCA TpyGyaTeie neyn Gecnaa-
MeHHoro ropenust (puc. 65). [Teup
BHINOJNIHEHA H3 COODHEIX DeGpHCTHIX
naneneii. Mexay peGpamu nauenieh
3a/10/K€HA TeNJIOH30ALHONHAS Klaj-
Ka, obecneyuBalowas TemMmnepaTypy
Hapy>KHOH TOBEPXHOCTH CTEH TpH-
mepro 45° C. Ceippe nBHIKETCS N0
Noc/e10BaTeNbHO COEIMHEHHLIM TpY-
6am. CHayana OHO npOXOAHT TpY-
I, 2. 5 — pomwantime Tpy6u; 3, 7 — 5qu 6, HaxoaflHecd B KOHBEKTHB-
nepeBajsibHEe CTEHKH; 4 — TOpeaKu; 6— HOH Kamepe, a 3aTeM nocT)naet B

TPYOL! KOHBEKTHBHON KaMepw pa,[[HaHTHbIe prﬁbl 2, 11 5. D Y-

Obl pacnojaralTci y nepeBajbHbX

CTEHOK Ha noay u y csoia neun. Ileup paGotaer Ha rasosoM TOM-
* JIMBE, KOTOpPOE NOCTYNaeT B TOPEJKH, BLINOJIHEHHbIE B BHIE KepamHue-
CKHX NpH3M, BMOHTHPOBaHHBIX B CTeHKH neqH. [lpw GecnnameHHOM
CKHTAaHHH B TOpEIKax rasoo6pasHOrO TONJHBAa KepaMHyecKue MAHTKH
HAKaAMBAIOTCA M HHTEHCHBHO WM3J1yyaloT TEMJO HAa NMOBEpPXHOCTb paliH-
aHTHLIX Tpy6. O6pasyiouinecss NpH TOPEeHAH JbIMOBbIE rasbl npoxoiaT
KOHBEKTHBHYIO KaMepy W OTAAlOT NyTeM KOHBEKUHMH Tel10 MOCTynawo-
weMy Ha nepepaboTKy coipbio. CoBpemeHHble TpyGuatble meund xapak®
TEPH3YIOTCS BHICOKOIl CTeNeHplo yTHAM3AUMMH Tenna JbMOBLIX rasoB H
HATPETOTo CHIPbS, TEMm10 KOTOPHIX MCTIOAB3YeTcst A5 nosyyeHus napd:
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Puc. 65. Tpy6Guarass neub Gecniia-
. MEHHOIO TOpPEeHHA:



CyuwecTBytoT neyd OeciilaMeHHOTO TrOpeHifs ¢ BepTHKaAbHBIM pac-
NOJIOKEHHEM PafiHaHTHBIX TPY6.

[lponyxrul HedrenepepaboTKy pasledsloT rVIaBHLIM 06pa3oM peKTH-
tdukannell B peKTHPHKAUHOHHBIX KOJOHHAX pas3aHnuyHblx THnos. Hau-
GoJlee pacrpocTpaHeHsl KOOHHB ¢ OapOoTamHBIMH Kodnaukamu. Oco-
GeHHOCTbIO PeKTHHKAUNOHHLIX KOJOHH HerenepepabaTiBaiolllHX yeTa-
HOBOK 4BJAfETCH TO, YTO OHH KakK Obl npeacrasaaior cofoii HECKOJILKO
NIOCTaBJAEHHBIX APYT Ha APYra MPOCTLIX CaMOCTOSTEAbHLIX KOJNOHH C OT-
GopoM no BeICOTE XKHAKOCTH. JKIAKOCTE MOCTYNAET B PACHOJIOMKEHHDIE
BHE KOJIOHHLI OTnapHele CeKUHH M of6pabarniBaeTcs B HHX mapoM. Ilpu
5TOM MOJYYalOT naphl HU3KOKHASLUIHX (PPaKHii, BO3BpallaeMbIX B KO-
JOHNY, W KUAKHH HedTenpoAyKT, HAH NRCTHANAT. Pekrudiikauiionusle
KOJIOHHBI pafoTaioT 101 MNOBHIIEHHLIM WM arMOC(epHBIM JaBieHHeM,
a TaKMXKe Noi BaKyyMOM.

Karanntuueckne npoueccet HedrenepepaloTky OCYLLECTBARIOTCS
B KOHTAKTHBIX anmapatax pasiuuyHbiX xoHcTpykuuii, Kak npasuso,
KaTa/lu3aTtop B 3TIIX npoueccaXx OueHb OLICTPO TepfAeT aKTHBHOCTB M
FIOTOMY KOHTAKTHBIC y3/Ibl BKJOYAIOT KOHTAKTHBIE aniaparhl U pereue-
paTopLl. IJKCIJYaTHPYIOTCSl KOHTAKTHLIE ANnaparsl H pere’epatonbl
¢ GUABTPYIOLLHM CJI0eM KaTa/An3aTopa, KHAAIIM CJI0EM H ¢ IBHXK YILUMCA
KaTajH3aTopoM.

Hapany ¢ yKa3zaHHBIMH OCHOBHBIMHM annapaTaMH YCTAHOBKH mnepe-
paboTKH HedTH BKJIOUYAIOT TEnJ000OMEeHHHKH, KOH1eHCaTopbl, XpaHH-
AU uoap. :

du3nyeckHe MeTOAb nepepaboTKH HedTH (IpaMasn neperoxka HedTH).
[1pu neperonke HeTn nonyuaioT dpakuu, WiH AHCTHIANATH, TeMme-
patypbi 0T60pa M BBIXOJA KOTOPHIX NpHBeleHbl B Tabm. 10.

Tadauua 10

dpakunn (AHCTHANATH) HedTH

: 1 "

JicTuans Tongopamipe ot Wacen RedTH, T
Benaun . .. ... oo Io 170 14,5
Jarpors . ... Lo o 160—260 75
Kepocur . . .. . . oo oot o 200—300 - 18,0
Tazofime v . oo viv e . 300—330 5,0
OcTatoK-MasyT + v o v v v v v v e v u . — 53,0

* Buixod mau gna rposHedckod NapaduuucToil HediTH.

Kaxnas u3 ppaxumuii B cBoio ouepenb MoxeT GbiTh pa3orHaHa B 6oJee
Y3KMX MHTEpBanax TeMnepaTyp C NOJYUEeHHEM pas3/H4HbIX COPTOB JaH-
CThangrop. Ileperowka HedTH NpOH3BOAMTCS nOJ aTMocepHLIM j1as-
‘eHrem. OcTaTOK 1OC/€ NEPErOHKH HedhTH — Ma3yT MOMKET GbITh NOA-
Bepruyr ¢dpaxunonnposannio. Ileperonka Ma3yTa NPOM3BOIMTCA 101
Bakyymom po u3bexaune pacuienJieHus yIJeBoAOPOAOB [IpH BBICOKOH
TeMneparype (raba. 11),
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Ta6anuua 1]

dpakunn (AHCTHAIATE) Ma3yTa

Temnepatypa IMpumeprsilil BeIXog
IlucTHANRT ot6opa*, <C oT maccel HedTH, %)
Beperewmmit . . ... .. .. e 230—250 10—12
B I T 260—305 5
Jlerkuil umawHApoRwit . . .. . . .. 315—325 3
Tamensii uuaungaposelit . . . . .. .. 350—370 ’ 7
OCTaTOK-TYAPOH . .+ « v v v v v v & . 350—370 27—30

* Temnepatypa otiopa npH ocTarostom gasaedvu 60—80 mm pT. eT.

JnctHnnaTel pasrOHKH Mas3yta fABASIOTCS CHIpbeM A1 MNojdyue-
HHS ¢Ma3ouHLiX Macel. B HacTofmee spema HednL M MasyT Mepero-
HSIOTCA HA TaK HAaspiBaeMblX TPyOuaTLIX YCTaHOBKaX, TAe NPOTEKalor
MOC/Nef0BaTeNbHO CHeAyollHe TMPOIeCcChi: TIpeABapHTeNbHLIF Harpes
ChIpbA 33 CYET OTHATHA Temsa (peKkyrnepaluit) oT IPOAYKTOB [MeperoHKH

3 B TeI1000MeHHHKaX, OCHOBHOI Harpes

—— CLipbg B TpybuaTuX newax, oriaene-

bensur nie o6pa3oBaBINXCA NMAapoB OT XKHA-

KOTO 0CTaTka H HX pektudHKaluun

- -~ - Hegpme B peKTH(pHKAalNOHHLIX KOJOHHAX,

A KOHJIeHcania M oxnaaxneHue Tpo-
. VKT n OHKH B noo6Men-
[:__—ﬂm'z; Doy YKTOB  NEDErOHK TEM100
HIKaX, KOTOphie CayKaT MojorpeBa-
TeNAMH Chipbs. B npombiineninocti

21 __ | SKCIAYATHPYOT  -OfHOCTYNEeHYaThLe
- VCTAHOBKH NeperoHKn HedrH, Ha Ko-
L~ 14 Kepocu#  TopuiX TIpH arMocdepHOM naBAeHHH

- B3 nepTH mnoayuaorca ¢pakulin OT

4’} Conapobwiz  OCH3MHOBOH 10 MI0GOM BLICOKOKHIIA-
ducmysngm  1eH, W ABYXCTYTEHYAarLie, Ha KOTO-
pbiX HedThL cHauala pasroHAerca npH
aTMoc)epHOM JaBNeHHH € Toayue-
HHeM GeH3HHA, NUrPOMHA, KEPOCHHA,
rasoiiis » Masyra, a 3ateM H3 Masy-
Ta MO BaKyyMOM Bbi1eJA8I0T Macis-
HbIE AHCTHAIATLL JIBYXCTyNeHyaThie
YCTaHOBKH TNeperoHkd HedrTH Hasb
Puc. 66. Cxema ycraoBkd Aas ne-  BaloT aTMocepHO-BaKyyMHBLIMH.
perofiky HCQTH IpuHIimuaiLHas cxemMa oaHoCTY-
fIEHYaToll YCTAHOBKHM MpencTaBaeHa
Ha pHc. 66. Hedrp Hacocom mocoienosarensHo npokadupaercs 4epes
TENJOOOMEHHHKH 4, r/1e OHa, OTHHMAs TeMJ0 OT JHCTHJIATOB, NOAOTPE:
Baercs npuMepHo 10 170—175° C m mocrynaer B tpy6ku TpyOuaroH
neun J. B tpy6kax Hebrh HAXOAHTCHA MNMOJ HEKOTOPLIM H3OGLITOUHbIM
NaBleHHeM, KOTOPOe co3jaercd HacocoM, M3 tpy6uaroii neyn nedTh

166

Aj AR




f

npu 300—350° C B NapoXkBAKOCTHOM COCTOSHMH NOJZEeTCs B HHIKHIOO
yacTh PeKTH(PHKAUHOHNON KONOHHEI 2, TAe AaBjenne cHHXKaercs, npo-
HCXOAHT Hcnapenue pakuuii B oTneseHHe HX OT KHAKOrO OCcTaTKa —
masyra. Ilapet ¢pakunii nogHMWMalOTCH BBEpX W PeKTHOHIHPYIOTCS.
[lo BBLICOTE KOJOHHLI B CKOHJEHCHpPOBAaHHOM BHJle OT(’—)Hpa[OTCS'i JAHCTHIT-
JATH, KOTOPLIC JONOJHHTENLHO PeKTHOHIUHDPYIOTCA B OTNapHBIX KO-
JoHHaX (Ha pHc. 66 He nokasanbl) ¥ OXJAAKAAIOTCA CHadajsa MOCTYnaw-
et nedTeio B Tenaoo6MeHHHKax 4, a 3aTeM BOJIOH B XOJOHALHHKAX 3.
V3 BepXHell yacTH KOJOHHEI OTBOASITCA napbl OeH3MHa, OXJa)Kl1aeMhule
B XOJIOAUNBHHKE 3, [1é OHH ApPEeBpallalnTcs B K HAKOCTh, Kuakui 6eH-
3UH 4YaCTHYHO nojaercs Ha OpolleéHHe KOJOHHLI. ﬂB)’XCTYﬂeHHaTb}e
yCTAHOBKH COCTOAT M3 JIBYX OJHOTHMIHLIX 6n0KOB, G10Ka nNpaMoi nepe-
ronku Hedru (puc. 66) w Broporo Gaoka pasneienns maszyra. MasyT,
BLIBOAMMBIH M3 peKTHOHKALlMOHHOH KONOHHLI, HanpasasloT B Tpybya-
TYIO neysb, rjae on Harpesaercs a0 400—420° C, u nonaioT B pekTH(HKA-
LHOHHYIO KOJIOHHY, pafoTalomyilo noj sakyymom. Y3 HuxHeHR dacTH
3TOH KOJIOHHB! BLIBOJWTCS TYAPOH, a N0 BLICOTE OTOHPAIOTCH MacasHbe
aucTHaasATe. BeixoX 6eH3nHOB npu npaMofl ronke, 3asucaAmeil ot ppax-
(IMOHHOrO coctaBa Hedru, kKonebaercst ot 3 no 15%.

Bensuunt npsMofi rOHKH COCTOST B OCHOBIOM M3 MapadHUOBLIX
¥ HaTEHOBLIX YI1EBOJOPOAOB; HCK/IIOYEHHe COCTaBAAIOT GeH3HHLI, no-
Jyuyaemble B3 Hedreil ¢ BLICOKMM CONepKaHHeM apoMaTHYecKHX yTJIeBO-
poponos. OkTaHOBO€ uncao 0GeH3MHOB B 3aBHCHMOCTH OT MX COCT4BA
KoJjieGaercs B npepenax ot 50 mo 78. JloGaBka 3TUJOBOH KHAKOCTII
[103BOJISIET MONYYaTh H3 HHX GeH3UHB! C OKTAHOBLIM uHcaOM jo 87—95.

XuMHuecKHe BLICOKOTEMNEpaTypHble MeTOAbl nepepaGoTku HeTH H

HediTenponykToB. BuicokoTemnepaTypHble XHMHYECKHE MeTO/H fnepe-
paGoTkH HebTH ¥ HepTENpPOJIYKTOB BKJIOUAIOT ACCTPYKTHBHLIE NPOLECCE,
NpH KOTOPHIX npoucXoadT Oojee WM MeHee rJy0OoKie H3MeHeHhsd
CTPOEHHSI MOJEKYJl MCXOAHOTO Chipbf. K TakuMm Meroiam OTHOCHTCS
KPeKHHT (ppakuHil neperonkn Herh (OT 1UTponHa 10 Ma3yTa). TepMuH
¢KPEKHHI» [pOH30IIeN OT aHrauickoro cioBa {o creak, 4yTo o3nHayaer
packanbiBath, pacuenanre. TakuM o6pa3oM, noj KpeKMHIOM NOHHMAIOT
pacuwiennedne WCXOANBIX MONeKysl Ha Gosee menkde. IIpw kpekunre
Hapsiny ¢ pacnaaoM MONEKYJ] MpPOTEeKAalT BTOPHYHLIE MPOIECCH CHHTE3a
KPYNHBIX MONeKyJ. PHOPMHHT — 3TO KpPEKHHI' HU3KOOKTAHOBLIX GeH-
3HHOB WM K€ JIUTPOHHOB, NpPHUMEHSAEMHIH 151 NOBLILIEHHA OKTaHOBOrO
UHCna KapGlOpaTOpHOTO TOMJIMBA WK /s NOJYYEHHS YI/1eBO/10pPOAOB,
HCnonbayeMuX B oOpraHudeckoM cuHrtese. [Iporecckl KpekWHTa HJaH
PHbOpMUHTA, NPOBOAMMbLIE MPH BHICOKWX TEMNepaTypax B OTCYTCTBHE
Karanysaropa, Ha3LIBAIOTCA TEPMHYECKHM KPEKHHIOM MJH T € P M H -
Y€ckuM pHGOPMHUHHIOM, B NPHCYICTBHH Karaamwsaropa —
COOTBETCTBEHHO KATAJANTHYECKMM KPEKMHIOM MWJH  KaTalHTHYECKHM
PHdopmunrom.
"6 leﬁp MHYECKH i kpexwunr nposoaurcs npu 470—540°C
Bon 0% H/m®. HecMoTpsi Ha CJ10XKHOCTb NPOLLECCOB NPeBpauieHns yrie-
HO‘E‘OPDJJ.OB NpH KPEKHWHTe, MOXXHO YCTaHOBHTH HEKOTODLIE 3aKOHOMEp-

T noBeneHHs OTAeNbHLIX TPYIN yIAeBOfOPOAOB. MeraHoBhie yT.e-

OR0posst MOrYT ADH BBICOKMX TeMnepaTypax NOoABeprartbCsi peakinaM

167



pasphriBa Lened H JierH/pupoBaHiio;
CHy, o= CmH + Cm’Himr’ —Q (a)

2nt 2my2 1

CpHop.o = CHy, - H, —Q (6)

O6pasyrouiecs oJjedHHL NOJABEPraTea JalbHEHIIHM JpeBpalie-
Huam. HadreHopbie yraezofopoin AerHApPHPYIOTCA ¢ oOpa3oBaHHeM
apoMaTHYeCKHX YIVIeBOAOPOAOB, HAanNpuMep NpPH AETHAPHPOBAHHH UHK-
Jorekcasa noJyyaior GeH3ouq:

CH,
H;C/\CHZ AN
i e = [++31.—0 ®)
NN

CH,

ApomaTtHyecKHe YIJIeBOJOPOALI MOTYT paclllenasiTbes J10 CBA3H
Cip —C,, ¢ orpuBoM Gokopoil uenu. Ilpn 3TOM NpOHCXOIMT 06paso-
BaHHEe IIPOCTLIX APOMATHYECKHX H HENpeAeNbHBIX YrJeBOJ0PO/10B,
HanpuMep M3 3THJGeH30sa nojyyaercss OEH30J1 M STHIIEH:

(J:HZCH;,

y /

)7 :rw+qm—e ®
VRN

IToMuMo 3TOrC BO3MOKHA KCHJEGHCALMS apOMaTHUECKHX YIVIEBOJOPO-
JIOB, KoTOpas sBJsieTcsl HCTOUHHKOM KoKcooGpasoBauusi. Henpenens-
Hble YIUVIEeBOA0pOabLl, noJyyaiollliecs

§ npH KPeKHHre, BCTYNAKOT B PeaKilu
< 110000 . KOHAEHCAIlMH, allKHIHPOBAHHSA H ILHK-
%‘MM U npeecan 140 JM3alliH Kak JApYr € APYroM, Tak H
S a0 LQL I Vi C HCXORHBIMH NPOAYKTaMu, 06pasyd
-émm CooHs g7 NpH 3TOM apoMaTHYeCKHe W Jpyrie
3 T B CJIOKHBIE YTJI€BOAOPObI.
& [
QW‘?W C,H, on ] BoasuuueTBO npeBparueHuii yr-
> 50000 (0= JIeBONIOPOAOB HMMEET [IeNMHOH Mexa-
S 40000 8 7Ha/-¢‘ HU3M. BuisicHeHue TOro, Kakue W3
S J0000{CsHs peakiluii npespalleniit  yriaesoao-
S spomk / POOB ABAAIOTCA Haubojee TepMO-
b=
S o /Catls | / JMHAMHYECKH BO3MOMKHBIMH, HEO0-
N CsHtg | A°CH, XOZMMO 1 XapakTepHCTHKH Tpo-
3} 0 100 500660705 220900/00007299 AV KTOB, NOJydalomixcsa npu  Kpe
Temnepamypa, X kKuHre. Jlna pelueHrs storo Bonpoca

. ima pue. 67 npuBelena 3aBHCHMOCTD
S;fﬁ-m?{z-ﬁ iif*“f;:oocgbﬂ;}?:}?:ﬁﬂ;? H3MeHEHHUst CBOGOJHON 3SHeprui
neiao,l&lpoﬂon '{Eia 1 arg:\i yrncpo:‘la) PasoBaHnsa HEKOTOPLIX yl“.,fIEBOIl'D:gg

oT Temnepatyphl MOB OT TEMnepaTtyphbl B npeaenax
—1200 K. 91 naHHble no3podaforl
YCTAHOBHTL OTHOCHTEILHYIO cTabHJLHOCTL YIJ1eBoa0opoa0B. I[ToBbIllE
HHE TeMnepaTypbl CHUKAeT NMpPOYHOCTb YIJIeBoiopooB. Kak BHAHO n3
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puc. 67, mMeran npH Bcex Temneparypax YCTOHUMBEE APYIHX COenHHe-
HHil; TepMHUecKas YCTOHYHBOCTb Napa(HHOBLIX YI1E€BOAOPONOB NOHH-
KaeTcs NpH nepexoie K BuICIIMM 4YleHaM OMOJIOTHUECKOro psija.
CnenosaTe/lbHO, NMpH HarpeBaHUH B TNEpBYIO OYEPEelb PaCIIensoTcs
VTJIEBOJOPO/IbI € JNHHHOI nenbio. MecTo paspuiBa CBA3H ¢ NOBLILIEHHEM
TEMIepaTyphl CABHraeTcsa K Kpaio lenH H o6pasylorca Gonee yCTOH-
YHBLIE YT1€BOI0pOAL ¢ KOPOTKHMH LENAMH BIWVIOTE 1O METaHa. O,[lHa‘KO
1 meTal Buime 820 K naunmnaer pasnaratecs Ha YIJI€poX H BOJOPOI.
MeranoBble H HadTEHOBHIE YI1€BOJAOPOJE NPH HH3KHX Temneparypax
(nnzke 500 K) 6Gonee crabunbnbi, a fpH BLICOKHX TeMmmeparypax 6o.1ee
yCTOHYHBLEI apOMaTHUYECKHE YIJEeBOAOPOAL! H oJieHHE H TNO3TOMY NpH
BLICOKHX TemnepaTypax OHH OylyT HaKanluBaTbCA B NPOAYKTax Kpe-
kuHra. Puc. G7 ne jaer oTeTa Ha BONPOC O TOM, Kakasi M3 peakpHH
(a) uam (6) Gonee TepMOIHMHAMHUYECKH BeposiTHA. [ns peakuunu jne-
THAPHpOBalUA H3MeHenHe cBOGOIHOH 3Hepruu

AF=130—0,14T xIlx/r-mMoJb. - (VII1.6)

Jlaa peakuuu paspbiBa yIJepOTHO menu

-

AF=80—0,14T x[lx/r-Monb. (VIIL.T)

N3 ypasuenuit (VIII.6) u (VIIL.7) caenyer, uto paspuis nenu Goace
BEpOATEH, yeM JernapHponalue. TepMognHaMiuecKHil anains nponecca
NOKa3aJ1, UTO H3MEeHEHHEe TeMNeparyphl KPEKHHra Cnoco6CTBYET NpenMy-
LleCTBENNIOMY NpPOTEKAaHHIO TOH 1M HHOH peakuHH H3 4YHCAa TEepMO-
JHHaAMHYECKH BO3MOXKHLIX. OﬂI]OBpeMEHHD C 3THM Temnepa'rypa cyuie-
CTBEHHO BJHSET Ha CKOPOCThL NpOLlecca, NOCKOABKY KPEKHHI NpOTeKaeT
B KHHEeTHYeCKoH 061acTH. 3aBHCHMOCTb CKOPOCTH pEaK{HH OT TeM-
epaTyphl Bbpaxkaetcs ypaBHenueM Appenuyca. TemneparypHbiil
Kos(pduunent peakuun ff 6aM30K K ABYM. JHEprHA aKTHBauul 1.1
napauHOBLIX M Ha(TEHOBLIX YrJEeBOAOPOJOB COCTaB/IAET BEIHYHHBI
nopaaka 200—300 «x[hx/monb, a 1aas  apomarHyeckux — 300—
400 kIk/Monb. Mcxoas u3 3TOro CKOpOCTb NpeBpaLieHHs OTAeNbHLIX
Fpynn yriaeBoJOpOAOB pacnojaraetca B Caelyiollell nocaenoBarenb-
HOCTH: napajuHoBLe ~— Ha(TeHOBLIe — apOMaTHYECKHEe YIJIeBOAOPO/LL
Onucanne npomecca KpeKHHra OOUMM KHHETHYECKHM YpaBHEHHeM,
JO0CTAaTOYHO TOJIHO OTPaykalouumM MHoroo6pasue NpPOHCXOAAWMX peak-
WiH, 3aTpyaHuTenbHO. Tem He MeHee CKOpOCTb KpCKHHTa npub/ikeHHo
OnHCLIBaeTCsl YpaBHEHHEM NepBOro nopsjka:

u=dxfdv="re, (@a—x), (VIIL.8)

rie k., — ycpenneHnas KOHCTaHTa CKOPOCTH peakuuy. Y paBHeHHe
(VIIL.8) onycriBaer peakiun nepBUYHOrO paciienaenust napapHHoBLIX
YIVIeBOA0pOJO0B, BLICIIHX One(uHOB, neankniupoBaHus. Bmecre ¢ Tem
YCpenneHHast KOHCTanTa CKOPOCTH PEaKlHH k., YMeHbIIaeTcs Mo mepe
porexanns npouecca. 10 0OBACHAETCH HAUAJOM NpOTEKaHHsl BTOPHY-
HbIX peakpuil M 3aMENNEHHBIM pacuienIenHeM )CTOHUYHBLIX MONEKyYJ
Chipba. Takum 06pas’oM, nNpH NMOCTOAHHBLIX TeMneparypax M AaBleHHK
cp YMEHbIIae1Cca BO BpEMEHH,
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OCHOBHBIM NPOAYKTOM, NpOH3BOANMELIM Ha OONBIIHHCTBE 3aBONOB,
asngerca O6eH3nH. Ilpn Hekotopol Temneparype f, HauWHaeTcs pas-
JIOKEeHlle M&I'IO_YCTDIUI'-IHBIJIX THMeNBIX YIJeBOIOPOAOB C 06pasoaannem
6oJiee JerkMX YrJeBOj0OPOJOB, BXOAAWMX B cocras GensuHa. [Ipn
noBLILIeHHH TeMnepaTypbl (puc. 68) 31oT mpolece yCKOPAETC H BbIXO
GeH3HHA X5 (MPH NOCTOSTHHOM BpeMeHH npebLIBaHHA B peaKTope H 1ab-
Jennn) ysenuuupaercd. OnHako nanbHelllee nopLillicHHe TeMIlePaTypbl
BLI3LIBAET pacnan JerkKHx yIJeBolopoaos ¢ oOpasoBaHHeM ra3os.
B pe3yabrare nof:KeH GbITh MAKCHMYM BbiXojla OeH3HHa, COOTBETCTBY!IO-
WK onTHMaNbHOH TeMneparype.

LlaBnenne He BAHSI€T Ha CKOPOCTb pacnana yraesosoponos. OHo,
C OfHOH CTOPOHBI, N0jaBAsleT OOpaTHMble pPeakllHH pacilenjieHns,

npusoafulie K 06pa3oBaHHIO Tras3o-

4 O6pa3HLIX NPOAYKTOB, YTO yBelH-
Xomax | ypsaeT Xg, C Apyroil — Gaaronpu-
| | ATCTBYET TNPOTEKAHHIO BTOPHYHLIX
' peakilpil, NpH KOTOpLIX NOABNAIOT-
ca TsaXKelble TNPOAYKTLHL H  YMeHb-
iaercsi BuXoaA GeH3uHa. TakuM 06-
pa3oM, KpHBas 3aBHCHMOCTH Xg =
== f (P) aHalOTHYHA KpHBOH x5 =
= [ ($) (puc. 68) u Ha Hell umeercA
orr LT MakcuMyM, COOTBETCTBYIOWMIl —Hall-
GoabllieMy BLIXOJY OeH3uHa. Ecan

Puc. 68. 3apucumocts pmiXola Gem  CTpeMsTCSl YBEJAMYHTbL BBLIXOJ MKHI-
T LaryPle, o MW il TpOIVKTOR, mpOIiece npopoaaT
no,J1 noBLINIEHHLIM JaBJdeHHeM H, Ha-

000OpOT, €C]H KenarelbHO NOJY4HTh

60oJibllie ra3oB, le1ecoobpa3Ho OCYUIECTBAATE KPEKUHT NpH NOHHXKeH-
HOM flapneHHuH. IlponossknuTenbHOCT NpebbiBaHHA YTIVICBOJOPOOB B 30HE
BLICOKHX TeMnepaTyp BAMAeT Ha NpoTeKaHHe peakunii KpekuHra. Xa-
pakTep H3MeHeHHMs BLIXoja GeH3WHA BO BpeMeHH TIPH JOCTATOYHO
BLICOKO#1 TeMnepaType KpekuHra nokasas Ha puc. 68. Ilpu ysesnuenin
BpemeHH npeOLIBaHHA T NMPOAYKTOB B 30He BHICOKHX Temmeparyp (TpH
P, ¢ = const) Bo3pactaer cTeneHb pas3fioKeHHS TAKeNLIX YIJAeBOMO-
ponos u ysennunsaerca Buixoj 6eH3uHa. [lpn nanbHeiilieM yBenliyeHHH
T JerKue yriaeBoj0opoabl pacilenastorTcad ¢ Brige/JeHHeM ra3oB H 3Hauc-
HHe xg nanaer. Beaenctshe 3T0r0 B Npoleccax KPeKHHra crencHb
npeBpauleHHd 3a OHH NPOXO.L Yepes annapar cTapaloTca nojlep:Kusarb
B npenenax 50—70%. 3areM nocie oTneNeHisl NPOAYKTOB KPEKHHTE,
HZl]'IpHMCp OcH3HNa M TAXKEN0ro OCTaTKa, TakK HasbBaeMyio HpOMe}K)"
TOUHYIO HJIH CpPellHIO (paKiHi0 TNOJBEpPralT BHOBb KpeKHHTy HIH
OTJle/IbHO, HJIII BO3BPallaldT Ha KPEKHHT B CMECH CO CBEXHM ChIpLEM
(KpeKHHr ¢ pellHpKyasilluell, Wan pucaiika). B pesyasrate tepmnue-
CKOTO KpeKHHIa MOoNy4aloT NOMHMO GeH3HHA rashbl H KPeKHHr-OCTaTok.

Tepmuuyeckmil KpeKHHT MOXKHO Pa3/IeINTh HA KPEKHHT, NPOTEKalolLHHA
B ABYyxta3HOl cucTeMe nap — KHMAKOCTb, TaK Ha3LiBaeMbli >KILAKO"
(asuelit, n KpeKMHr B naposoit (aze — napodasuwii. [Nepsulit npoBOIAT
npn 470—540° C n 4 -10°—6-10° H/m?, s1opoit — npu 550° C u BLILLE
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npHu Xapienuu nopsaka 2-10°—5-10° H/v®. Tlpu xunkopassom npo-
ecce peakiMH NPOTEKAOT B KUAKOH M mapoBoH ¢asax, npu napo-
(basHoM — B napopoit dase. ITpunuunuanbHO TeXHOJOTHS 3aKIKOYaeTCs
B TOM, YTO ChIpb€ HarpeBaercs B TpyOYaTbiX Neyax 10 TeMIeparyphl,
npH KOTOPOH KPEKHHT YIJIEBOJAOPO/J0B NpPOTEKaeT C /J0CTaTOYHOH CKO-
pOCTBIO, a 3aTeM TIPOAYKTH KpPeKHHra pasieqsiorcss peKTH(HKauuef.
Jror Ipouecc WHPOKO MPUMEHARTCS A5 nepepaboTKH TAKENBIX Hed-
THAHBIX OCTATKOB. TaK, HampHMep, MpH TePMHYECKOM KpPEKHHre MasyTa
noy4aloT CJAeNYIOUHH cpefHHil BeIxOA NPOAYKTOB (%): KpeKHHr-
Gensuna 30—35; kpekuur-rasoB 10—I15; kpekuHr-ocrarka 50—55.
DeH3HHBI TEPMHYECKOr0 KpekuHra obianaior Gojee BLICOKOH aeToHa-
[IHOHHOH CTOHKOCTBIO, 4eéM HEKOTOpble GeH3HWHBI NpPAMOi roHkH, Gaaro-
Jlaps TOMy, 4TO B HHX HMEIOTCS apOMaTHYeCKHe YIIeBOJAOPObl H yT/e-
BOMIOPOJH pa3BeTRACHHOTO cTpoenH . OKTaHOBOE YHCIO TaKHX OEH3ITHOB
okono 70. TlpucyTcTBHEe B KpeKHHr-GeH3WHaX peaKuOHHOCTOCOGHBIX
HenpenesbHbIX YIJEBOJOPONOB JeaeT HX MeHee CTalH/IbHBIME, YeM
GeH3HHb! IPSIMOH TOHKH. ['a3bl TepMHuECKOro KpeKHHra — cMechb mpe-
JIeIbHbIX M HeNpeledbHBIX YIJIeBOAOPOAOB: 3TaHA, ITH/IEHA, NPOItaHa,
nponuieHa, GyraHoB, OyTHJEHOB, NeHraHoB H Ap. KpekuHr-ocratox
HCNIONB3YeTcs IJ1aBHBIM 00pa3oM KaK KOTeJbHOe TOMJHBO.

ITupoaus KepocuHa WIH APYTUX He(TenpoayKToB — napodas-
Hpl KPeKHHT, NpoBoAuMBIH okoao 650—750° C 1 naBieHHH, GAn3KOM
K aTMocepHoMy, Beicokue Temmeparypbl npouecca oGYC/I0BIHBAOT
oGpa3opaHiie GOJBIIOTO KOJHYECTBA ra30o0pa3HbIX MPOAyKTOB, Gora-
THIX 3THJEHOM H JPYTUMH HenpefelbHLIMH YIJIeBOJOpPOJ1aMH, H apoma-
THYECKHX YTVIEBOJOPO/IOB, CAYKAIIMX ChIPBEM A/ XHMHUYGCKHX CHHTE-
30B.

KataaurndyecKHit KpeKHHT, T.€ KPEKHUHT, NPOBO-
JHMbIH B OPUCYTCTBIH KaTaaH3aTOPOB, AaeT BLICOKHE BHIXOMb! OEH3HHa
H JHCTHAJISTOB H3 T5KEI0r0 He(PTAHOTO ChIPbs, NOJyuaemble GeH3HHbI
HMEIT BbICOKHE OKTAHOBKLIE YHC/A, OJHOBpPEMEHHO C 6eH3nHaMU JOCTH-
raercs Goabluo# BeIAOA Ta30B Cy — C,, ABJASIOUAXCSH ChIPbEM A5 CHH-
Te3a OopraHu4ecKuX nponaykroe. Ilpu KaraauTHyecKOM KpeKHHTe cep-
HHCTOTO CHIPbfA NONYYalT OEH3WHEI ¢ HH3KHM COJep:aHHeMm CepHl,
TaK Kak CepHHUCTBbIE CONMHENHs nepexoaar B rasoByio ¢asy. JlocTouH-
CTBa KarajuTHYECKOI0 KPEKHHra CIeJaJH ero OJHHM M3 OCHOBHBIX
METOI0OB MPOMBILLIEHHONH nepepaboTku HedprH M HePTENpoaYKTOB.
lIpucyrereue KkatannsaTopa CHHKAeT 3HEpPrHI0 AKTHBAIMH pPeakiHil
KpekHHra M Ogaroiaps 3TOMY CKOpPOCTh KaTaJHTHYECKOro KPeKHHra
SHayHTEJAbHO BhHIIE, YeM Tepmuueckoro. Tak, Hanpumep, KaTaauTH-
Yeckuit KpekHHr dadrenos nporexkaer B 500—4000 pa3 Geictpee, uem
CooTBeTcrBylomMi TepMHueckuil. B Hacrosiee BpeMsl TAKHE BO3MOXK-
HOCTH Kara/MTHYECKOTO KPEeKHHTa clelaldt ero BaxHeHInM npoueccom
AecrpykrupHod nepepaGorkyu Hedrn M HedTENpPOAYKTOB.

Karanurnueckuii kpekuHr npopogutcss B mapopoii gase, npu 450—
520° C, 10°—2-16° H/m® u BpPEeMEHY CONpPUKOCHOBEHHS MapoB ChIPbS
C KaranusaTropoM B HECKOJBbKO CEKyHJ. B KayecTBe KaTaiu3aropoB
HCnone3yiorest nopucreie, obaanarolme BEICOKO a1COPGLHOHHOMN CTIO-
COCHOCTBIO AMIOMOCUIHKATEI, TJIABHEM 0Gpasom CHHTeTHueckue, ITpo-
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Hect Karafinsa CKJAQJIBIBAETC H3™ CIS1YIOWHX SeMEeHTapHLIX axToB:
AHMOY3HH 1ICXOHBIX BEULeCTB K MOBEePXHOCTH Karanusaropa, ajicop6-
I[HH HX Ha Karajausatope, o6pa3oBaHHH Ha KaTaaH3aTope NpoMexyTou-
HbIX KOMIJIEKCOB, 00pa3oBaHiH NPOJYKTOB KPeKHHTa, JecopluHu 1po-
JYKTOB KpeKHHra ¢ IOBEPXHOCTH Karajausaropa U AuddysHH HX CHa-
yana vyepe3 TOpPbl KaTajausaropa B ofveM. XHMHYECKHe fIpo-
Hecchl, MpoTeKalwlHe Ha Karaaus3aTtope, HOCAT LENHOH Xapakrep.
OnHoBpeMeHHO TIPOTEKAET H TOMOTreHHOE TepMHYEecKoe pacuierljieHue
yraegonopoaos. [Ipn manbix pasmepax 3epeH Kara/iu3aropa KOHTPO-
JUpYIOWeH cTafiell KaTaluTHYECKOro KpeKHHra, BeposiTio, SB/Ifercs
crafda  aacopOIHH  YIJIEBONOPOACB Ha MOBEpPXHOCTH KaTajausaropa,
Mo3TOMY TNOCJIeA0BaTeIbHOCTE KpPeKHHI'a OTHe/bHbLIX TPYIN Y‘I‘JIEBO~
10pO10B ompene/iferca HX CrnocoCHOCTBIO a]copOMpOBaTbesl Ha 10-
BEPXHOCTIL,

IIpn xaTanurHyeckoM KpeKuHre HauGonee yCTOHYHBBI HOpMAa/bHbIC
napaHHOBbIE H apOMaTHYeCKHe YIJIEeBONOPOJH, MOJIEKYJbl KOTOPbIX
He conepxxar GoKopuix 1enel. QuneduHsl, HapTeHbl, apoMarHyecKue yrJe-
BOMOPOIbI ¢ NJIHHHBIMH COKOBBIMH HenaMHu MeHee YCTOEU{'-IHBI)I H KpeKH-
pywloresi aerko. ApomarHyeckue YrJeBofopOAbl ¢ GOKOBBLIMH LensiMH
KPEKHPYIOTCSA ¢ OTPLIBOM Kousell oT GOKOBbIX Henell Ge3 paclieneHus
camux Koger. IIpu srom oGpasyrorcsl npocreiilliue apoMaTHyeckHe H
Henpe/e bHbIe YIJIeBOIOPO/ibl; KOHACHCHPOBAHHbIE apoMaTHYeCKHe yrJie-
BONOPOALI CKJOHHLI K NpoleccaMm KokcoobGpasosanus. HemnpenenbHele
YI/1€BONIOPOALL, 00pa3yloiuecs B pesynabrare peakuuii KpekHHra, pac-
HIeNJaATCH 110 }’T‘IIEI)OIL ——ymeponﬂbm CBA3HAM, H3omepn3ymrrcr:,
NOMMMEpH3YIOTCH, @ TaKkKe TMOJBepralTcs pPeakiHdsM apoMaTH3alHiH.
BakHoli peakuuedl SBAAETCS MEXKMOJEKYISAPHOE TnepepacnpeeseHte
BOJOPOIa, 3aKJI0YaloLuleecs B HACHUIEHHH BOAOPONOM oOse(HHOB 3a
cyeT oGpa3oBaHHsA OEIHBIX BOJOPOAOM TMPOAYKTOB YILIOTHEHHs. Y Ka-
3aHHBIe BHIIIE Npouecckl 00YC/I0BIHRAKT, ¢ OfHOH CTOPOHEI, MNOTYUYCHHE
craGuibHbIX GeH3UHOB 6narogaps MajaoMy CONAEP:KaHHIO B HHX Helpe-
JIeTBHBIX YTJIeBOJOPO/IOB, a ¢ ApYro#l — o6pa3oBaniie Ha MOBEPXHOCTH
Karaau3aropa KOKcoBbix orsioxkeHu#. HadreHoBrle yriaesonopospl B pH-
CYTCTBHH aJIIOMOCH/JINKATOB MOIBEPrawTcs AerHAPHPOBaHHIO U pacliern-
nenuio ceasell C—C Kaxk ¢ packpbiTHEM KoJell, TaK U ¢ OTPLIBOM GOKOBBIX
uenefi. B pesyabrare npeppaweHuii HapreHoB obpasyiorcs apomarH-
yecKHe YIJIeBOJOPO/bl, TOBLILAMIME OKTAHOBbIE yucia GeH3HHOB H
HEKOTOpbie KOJHYeCcTBa NPOAYKTOB YIJIOTHEHHS, YAaCTHYHC OCTarIHXCH
Ha TIOBEPXHOCTH Karanu3aropa. [Tapaduuopbie yriepo10poinl Kpeku-
pyiorcss ¢ 06pa30BaHHEM HACHIIEHHBIX H HEHACHIIIEHHLIX COEIHHEHHIl.
[Mocaennue 1anee moxsepraiorcsi BTOPHYHbLIM TIPEBPALLEHHSIM.

Kuneruka KarannTu4eckoro KpeKHHra, TaK e Kak 1 TepMHUecKoro,
npuGIHKEHHO OMNUCHIBAeTCs ypaBHeHuem nepsoro mopsaaka (VI1I11.8).
Peakuuu KpexHHra YrJeBoiopoJ0B cONpOBOXKIAlOTCS 00pa3oBaHHeM HE
TOJIBKO 11apo- M rasoofpasHblX yIJIeBOJOPOJOB, HO H TBEPIBIX KOKCO-
BbIX OTJOXEHHH Ha NOBEPXHOCTH KaTasu3aropa, NpensTcTeyrollix
JOCTYNY K Hell MOJeKys YI/JeBOAOPOJOB M CHHXKAIOMIMX TaKHM 00pa3oM
CTO aKTUBHOCTb. [I/151 BOCCTAHOBJAEGHHS aKTMBHOCTH Karaju3arop pere:
HepHpyior. Perenepalia Karaiuzaropa 3ak/IiO4aercss B BblkHre ¢ ero
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MMOBEPXHOCTH KOKC&! npn NpoayBRKe BO3LYy- ﬂpﬁﬁy{mﬂxpexﬁ.;’ea
xom npn 550—€00° C, nocne uyero kara- WA PaIOEIERLE
JH3aTOp BHOBb HCHOL-’[bEiyeTCH AJ1A KPEKHH'
ra. Taxkum o6pasom, KaraauTHueckuit Kpe-
KHHT TIPAKTHYECKH BKJIOYaeT yepeloBaHue
pabodero mpoiecca H 1poiLecca pereHepa-
HH KaTanusaropa.

TeKHOa’IOFH‘IECKHe npoieccyl KataJHTH-
YyeCKOro KPeKHHra OTJIMYaloTcd ApPYr oT
Apyra cocrosiHHEM CJiosl KaraJusaropa.
CyumectByer TpH BlJa YCTAaHOBOK: C He-

N0IBHMKHBIM, HJTH (PHIBTP YIOLUIHM, CT0EM Ka- %W
TAAU3aTOpPa,COB3REILCHHBIM, HJIH KUTISHM,

CJ0EM KaTa/Hu3aropa, ¢ JBHKYUIHMCH Ka- 78
raausatopom (eM. u. I, ra. VI). Perene- :

pauHda KaraJjHnsatopa B KOHTaKTHBIX anna- ’/5"

parax ¢ GUABTPYIONIHM CJ0eM KaTaau3aro-
pa 3ak/JIIouaercsi B TOM, 410 NePHOAHYECKH
npexpamae’rca nojaua CeIpbsl H NQIBOIHT-
¢l K HHM BO3AVX A4 YiaJdeHHRA KOKCA.
Takoro Tuma cMEHHOLHMKJIUYecKasl padora
KOHTAKTHBIX annaparoB, KaK MaJIOHHTEH-

Puc. G9. PeakTop KaraJlHTHYECKOTO KPeKHHra B i
KHIALEM clloe: | 16&35_1/;?
i, 7 — peuwetkH: 2 — Koaollel ¢ sewroposm; J, 4 — Cb!ﬂbe" U3
KATAJHIATOPONPOBOAN; 5, & — UNKJONL; 6 — KOHTaKT- iy
uwl annapat; 9 —~ pereHepatop mﬁyﬂ?fﬂ?ﬁ?ﬁf f1eqiu

CHBHa#dA, YCTYIOHJ/Ja B HACTOfALLEE BPEMH MECTO YCTAaHOBKAM CO B3BElUEH-
HbIM H JABHKYIIHMCA KaTaJlu3aTOpOM. B srux YCTAaHOBKAX MpPOLEeCCHI
KDEKHHIra- H pereHepamHdyd KaTalu3aTropa pa3jle/IeHbl: KpPeKHHT IPOBO-
Jurcsi B KOHTAaKTHBIX anflapaTax, pereHepailiis — B CliellHa/IbHBIX all-
Maparax — pereHeparopax, KOHCTPYKUHA KOTOPEIX TNPHHUHNHAIBHO
He OT/IMYAeTCsi OT KOHCTPYKIHM KOHTAaKTHBIX anmaparos. Karaausa-
TOp HenpepbiBHO UHPKYJAHPYET MExAY KOHTAKTHBIM annaparoMm H pe-
reHeparopom.

KpexuHr B KunsieMm c/oe KaTaln3aTopa OCYUIECTBJISIETCH HAa cipe-
PHUeCKHX 3epHaxX Karaamusaropa. B mpencraBiaeHHoil Ha puc. 69 cxeMme
PeakTopa KOHTAKTHBIE anmapar H pereHepaTop KOHCTPYKTHBHO oObe-
JAniHeHbl B O/JIHOM alimapare, B KOTOPOM B BepPXHei YacTH pacrio/loxkeH
KOHTaKTHEIH annapar, a B HHXKHeH — pereHeparop, COeHHEHHbIe MEXKY
cofoit KarasnusatoponposogaMu. Cbipbe, BbIXOAsiiee H3 TpyOuaroi
Neyn (ma puc. 69 He nokazala), 3acacbiBaer pereHepHpORaHHBI Kara-
JIH3aTop W3 LUIWHIPHUECKOTO KOJoala ¥ no TpyGe BmecTe ¢ KaraJH-
3aTopoM nocrynaer Ha peuerky KOUTaKTHOro anmnapata, paboratomero
N0 Momenu cmelueHns TBepAOH H rasopofl ¢a3, uro obecneyHpaer
H30TepMuyHOCTL pexkMMa. B KOHTaKTHOM anmapare  MPOMCXOIHT
Kpexunr. IMponykrbl KPeKuHra OCBOGOMKMAIOTCS OT HaCTHIL KaTa/lu3a-
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TOpa B IMKJOHE H HIYT Ha pa3feleHne. 3epHa Kataausaropa, NOKpLIThie
00pa3oBaBLIHMCH KOKCOM, NEpe1eKaroT B OTIAPHYIO CeKilHio, rae obpa-
6aTblBaIG'!.Cf[ napom JU1A OTC/I0eHTH [IJIeHKH KoKca. OI_IHOBpeMEHHO nap,
NOAABAEMBIH B HIKHIOW 4YacTh OTNAPHOH CeKIMH, co3JaeT NapoBoH
3aTBOp, HCK/IIOYAIOLMI NonalaHHe POYKTOB KPEKHHIa B pereHeparop.
OrpaGoranublil Katanusatop no Tpybe onyckaercsl B pereneparop, B Ko-
TOPOM MOJ peleTKy A5l CKHTaHMS KOKca BjyBaercs BosnyxX. JleimMo-
Bble rase, o0pa3oBaBliHMecsl B pe3y/abTaTe TOPeHHs, NOc/Ae OUYHCTKH
B IMKJIOHAX BBIBOJSITCS M3 anmapaTta B napopol KoTesa, a pereHepu-
POBaHHBII KaraJns3aTop BHOBb BO3BPAalaeTCsi B KOHTAKTHHI annapar.
B npouecce perenepauun Osiarojapsi TOpeHHIO KOKca TeMmmeparypa
KaTalli3aropa MOBHIIAETCS M NOTOMY ChIpbe, CONPHKACAIOL[eecs] ¢ HHM
B hOHTaKTHOM annapare, HarpesaercA. Taxkum oOpasoM, KaTalH3aTop
OIHOBPEMEHHO CJIYKHT TENJIOHOCHTEJIEM: €r0 TeNJI0COAEepKaHHe KOMIIeH-
cHpyer 3Hjorepmudeckuil sdipext peakuun gpexuHra. Pasmepbl KoH-
TaXTHOrO anmapara H pereHeparopa 3aBHCST OT NPOH3BOAHTENBHOCTH
ycraHoBKH. Tak, HalpHMep, AxHaMerp KOHTaKTHOTO anmapara onpeae-
Jagercst no gopmyJae

D=V juw,, (VII1.9)

rie V. — obvem raszonapoBoil ¢a3zel, NPoXoIfuieH yepes peaktop,
m*/c; w, — nuHe#iHast cKopocTh rasonapoBoil asel B cBOOOAHOM ceye-
HHM peaxTopa, M/c. Bequunna V, 3aBucur ot riyGHHB KPeKHHTa H 1.4
yCTaHOBHBIIEroCs peXuMa onpenensiercss no gopmyae
V;=(GP +&+ Gy )gi 273+t 760
M, " Mg " M,/ 3600 T 273 P!

rne G, Gg, G, — noJydaeMple KOIHYECTBa COOTBETCTBEHHO — KPEKHUHT-
rasa, GeHsuHa M nmapos Tsxenoll Qpaxkuuu; M., Mg, M. —cpeauue
MOJIEKY/sipHBIe Macchl rasa, GeHsHHa, TskeloH (pakKUHH COOTBETCT-
BeHHO; f, —TemmepaTypa KUIsIuero c/os Karanansaropa B peaktope, °C;
P — naBnenue rasomaposofi ()a3bei B peakrope, MM pT. CT.

Ckopocrb TIOTOKa Tra30napoBOii CMECH ChIPbSl, C ONHOH CTOPOHbI,
He JI0/XKHA NPEeBLIIaTh HeKOTOPOH BEIHUYHHE Wy, BHILIE KOTOPOH dac-
THILBI KaTaJgu3aTopa YHoOCsITCS W3 c/losi, ¢ ApYyroll — no/mxkHa ObITh
JocrtaToyHa AJs Toro, 4yroObl B3BECHTb CJIOH Karaiusartopa, T. . OpH-
BECTH €T0 B COCTOSIHHE «KUneHua» @,. MakciumanbHas CKOpocTh MOTOKA
onpenequTcsa N0 ypaBHEHHIO

Rey —

(VII1.10)

Ar
184-0,61 V Ar ’

rie Re, — kputepuit Peiinonbaca, BKIoYatomuili cKopocTb yHOCA
caMblX MEJKHX YacTHL KataJusartopa; Ar — xpurepuii Apxumena.

(VIIL11)

Rey =wyd/v,
rie d — nuaMerp 4acTHilbl; v — KO3(hHUIUHEHT KHHeMaTHYyeckol Bf3-
KOCTH Tasa.
MiHHMaAbHYI0 CKOPOCTH TOTOKA CHIPBA @, MOXKHO PaccyuTath MO
topmyane
Ar
1400+522 VAr '

Re, — (VIIL.12)
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rie Re, — kputepuii PefiHoabaca, BKmOUaOmMil CKOPOCT B3pelw-
BaHiisl Hanbosiee KPYMHBIX uwacTiil Katanan3aropa w,. Kpurepuii Apxi-
Mella BblYHC/IAeTcsl no Qopmyae

Ars__gd" . Pr—0r

ey o ? (VIII.13)

rae g — YCKOpEHHe CHJbl TSJKeCTH; Pr M O, — TJIOTHOCTH TBEpPJbIX
yacTull (Karasgudsaropa) U rasa.

Ha ocHoBanuu marepuanpHoro GanaHca ¥ YCIOBHH paGoThl peak-
TOpa MOJKHO ONpPEeNeNHThb ero pasMephl. Tak, Hampumep, MaTepuaIbHBI
GalaHC peakTopa KaTaJMTHYeCKOTO KpEKHHTra KepoCHHO-COJsIpOBOi
¢pakuuM npupeneH B TaGauie.

Martepuanabhblii GanaHc peakTopa KaTAJIHTHYECKOTO
KPEKMHTa KepOCHHO-CO/I5POBOI (paKuiu

TMNpuxox ! Pacxog .

CraTha hD Y %% CraTea WKy %
. Beuzun . .. ... .. 27 500 35
K(gm;::;:?;lcomnonm 50000 | 100 | Trwenas ppakwus . .| 13000 | 26
PAKLHA v e ‘ | Kpexunr-ras . .. . 7000 | 14
(Koke ... ...... 2000 4

ii’lorepﬂ ........ 500 1

|

Hroro ... .| 30000 100 Hroro ....| 30000 100

B stom npouecce TeMmneparypa Karann3zatopa B 30He peaxunu 450° C,
JlaB/ieHHe Haj KHOsWuM cioeM Katanuzaropa 1050 mm pr.ct, Cpeanne
MOJIEKYASIpHBIe Beca ¢pakuni: Mg = 110, M, = 260, M, = 32.
[To gopmyae (VIIL.10) paccuurriaercsi cekyuaHbi# 06heM razonapoBoil
(basbr
/G Gy, G \ 224 273+ 760

Vel T3t T 600 T 958 P
/7000 | 27500 | 13000\ 224 273--450 760 Ny
=3 T T T o0 ) 300 a3 Teso - ol e
Orciona nuamerp peakropa 6yner npu w, = 0,3 m/c
/W, 4/ T 615
D— / f'[.wr = m—&l(} M.

AHalTOrHYHBIM o6pa3om NPOHU3BOJANTCS ONpeleeHne NHaMeTpa pere-
Hepartopa.

KpekKHHr ¢ JIBHXYyuwHuHMcHd KaTajlH3aTOpPOM
MO}xer BKJWOuYaTth /1Ba NPHHUHITHAJBHO Pa3JHYHBIX cnocoGa nepeme-
lWeHns Karaau3atopa: NajleHue 3epeH KaTanusaropa B NOTOKE KpeKH-
Pyemoro coipbsl M JBHKEHHE KaTaJu3aTopa CHH3Y BBEPX MOJ Jeii-
CTBHeM MOTOKA rasa. T. €. B BHJAE NOTOKa B3Becu (IIHEBMOTpaHCIOPT).

OJIHOH U3 pacrlpocTpaHEHHBIX CXEM peaKTOPOB KaTa.THTHYECKOTO
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KPeKHHIa HCT0Mb3YIoTCs1 00a crnocola JABMKEHHst KaTamaldaropa (puc. 70).
Ceipbe mocae HarpepaHusi B TpyGYaToif N€YH NOCTYNaeT CBepXy B KOH-
TaKTHBI] anmnapar, Kyja CBePXY ke Mojaercsl 3epHeHHbH Karaauzarop
u3 Oyukepa. IIponyKTH KpeKHHIa H3 KOHTAKTHOTO amnmnapara MayT Ha
pazaenenue. Karanuszarop non ReHCTBHEM CHJbLI TSIXKECTH OOCTENEHHO
onmyckKaercsi M CaMOTEKOM [onajaer B pereHeparop, pacnoJOXKeHHbIil
10j1, KOHTAKTHBLIM annaparom; nepei BhIXOJ0M W3 KOHTAKTHOrO annapara
Karanuszarop npoxysaercd napoM. [lad BbiKura ¢ NOBEPXHOCTH Kara-
JH3aTOpa KOKca B pereHeparop BO3JYXO1YBKON NoOzaercs BO31YX
HbivMoBble rasel, o0pasyiouruecs Npu pereHepaliin Karaausaropa, \Jla-
JSOTCSl M3 pereHeparopa. Temso
ropeHus Kokca MoOxeT Obllb HC-
NOJIb30BaHO 414 NPOH3BOICTBA I1a-
pa, 1151 yero B pereHeparop BBO-
aarcst tpy6el, B KOTOpBIE MOCTY-

Avimabpie 2asst
i

" 4

n_/' naer Boja. PerenepupoBaHHbl
3 Karaau3arop U3 HHxKHeH yacTH pe-
fpadyxmer refgeparopa 4epes MHEBMOMOIBEM-
xpmrfre& &56 HHK IOpPH DOMOLIH CHaroro BO3£L¥—
ﬂaﬁwm Xa, HarHei1aemMoro BO31yXO1YBKOH,

nonacrcsa B 6ynkep. Ilpu Henpe-
PBIBHOM NBHKEHIIH KaTaJaHu3aropa
NPOHCXOIHT €ro HeTHpanue, obpa-
3ywoasacad MeJodYb OTIeadercs.
Ilorepu Karanamnsaropa KOMIMEHCH-
PYyIOTCSE BBOJIOM CBEXKEro KaraJsii-
5 3aropa. IIneBMOTpaHCNOPT Nblie-
Bo3dyx BHAHOIO KaTaaH3aTopa MOXKET ocy-
LIECTBAATLCA CHH3Y BBEPX BHYTPH
KOHTaKTHOrO anmnapara n010KOM
KpeKHpYyeMblx I11apoB Hedrernpo-

Bmf ‘?M

XY

Puc  70. Peakrop KaTalHTHYCCKOTO

KPCKHHTE C JABHMYLUIHMCH KdTdTIH34TO-
poM.

{ — rtpy6uaras neun, 2 — pereHeparop, 3 —

ayxrop. Cxema n IIpHHUMI paGoTH
TaKoH yCTAuOBKYW NPHBEJEHbI HA
puc. 70.

KOHTAKTHHN annapat, 4 — OGyukep, § —

NMHeBMONOABEMHHEK, 6 - BO3AYXOAYBha Bensuubi saraaurnyeckoro Kpe-

KHHTa OTJIHYalorcsi OT OeH3IHOB
TEPMHYECKOr0 KPeKHHIa BBHICOKHM COAepiaHueM apoMaTHYecKHX, Hag-
TEHOBBIX M H30NapaMHOBBLIX YI/IEBOJA0POAOB. DeH3HHH KaramuTiiye-
CKOTO KpEKHHIa 3HayuTelbHO crafH/ibHee GEeH3MHOB TEepMHYeCKOro
KpekuHra. OHM HMEIOT OKTAHOBHIE YMCJAa (€3 3THJIOBOH MMIKOCTH
76—82. Brixox OEH3MHOB NpH KarTaJdHTHYeCKOM KpekHHIe JOCTHraer
70% ot Macchl ChIpbs NPH YCJIOBHH YacTHYHOH LUPKYISIINHA TPOIYKTOB
Kpekufra, ['aspl KaTaJlHTHYECKOTO KpeKHHTa COIep:Kar mpejesblbie H
HenpeaeabHele yraesomopoasl or C; 10 C;; BbIXOI rasoB cocrap/sier
B cpendem 12—15% or maccul ceipbs. KoKcoBble OT/I0)KEH S HA TIOBEPX-
HOCTH Karaausaropa pocrdrair 10% or macew coipbfl. IIpH karati-
THYECKOM KpeKHHTre MOMHMO Gem3liHa Ta30B i KoKca obpazyiorcs JHC
THJJATE, KO10pbI€ YaCTHYHO BO3BPAlLalOTC B PEaKkTop H LHPKY/II-
PYIOT B CHcTewme,
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Kartannruueckuit pudopMuHTr noiayuua Gosbluee
pacnpocrpadenye, uem Tepmuyeckuil. Ilpu Karanurugeckom pudop-
MHHTre 0GPa3yIoTCsl apOMaTHYECKHE YIVIEBOAOPOALI 6JAroNaps PeakiusiM
JeTHAPOTeHH3aI MY IECTHY/eHHbIX Ha(TEHOB, 1eTHAPOLUMKIU3AIHH Napa-
(hHHOB, H30MEpPU3ALHH MATHYWICHHBIX HA(TCHOB B ILECTHYIEHHBIE ¢ TIO-
caenyiomei peruaporeHusauneii uXx B apomartiueckne. OQnHOBpeMEHHO
NpH 3TOM MPOTEKAIOT PEAKIHH PMMAPOKPeKHHra W H3oMepH3aliH napa-
(pHHOBLIX YIIEBOJOPOIOB. [Tpu karansuTHUECKOM puGoOpMHHTe MOMHO
M0JyyaTh BLICOKOOKTAHOBLIC OEH3HHBI WM apoMaTH4ecKHe YIJIeBOZO-
ponbl: GeH30J, To/lyou, KCHJOM.

CymectByeT psi NMPOMBILLICHHBEIX NPOLeccoB PHOPMHHTA, OTJH-
YAKMHXCA JPYT OT APYra HCNO.JIb3YEMBIMH KaTalH3aToOpaMM, TeMie-
parypoil, JaBJICHHEM, MeTONaMH pEreHepaltn H COCTOSIHHEM Kara-
auzaropa. OCImMM I HHX ABASETCA MPOBEACHHE pPeaKiHH TIOJ JaBJe-
HHeM BOJOPOAA, KOTOPbI HEeoOXOMMM Uil TOro, 4ToGBl 3aTOPMO3UTH
oBGpa3oBaliie YriaepoaHCThIX oTJA0KEeHH Ha KaTaansarope. HauGonkriee
pacrpocTpaHeHHe MOJAYYHI TakK HasblBaeMblii MAaT(OPMHHT — Kara-
AuTHYecKMH npomecce nepepaloTkH GeH3HHO-IUTPOHHOBBIX (pakKimil
NpsIMOil TOHKH, NMPOBOJIHMBIA HA NJAATHHOBOM KaTajluzaTope (NJaaTiiHa
1a OKHCH a/IOMHHHSA) B MPHCYTCTBHH BojopoAa. Ecam maardopMuur
npopoauresa npn 480—510° C n or 15-10° 10 3-10° H/m?, 1o B pesyan-
Tare noayualor GeH3od, Toayoa, Kceudaoa. Ilpum  maBaeHnH oKxodo
5.10° H/M? nonyyator GEH3HHBI ¢ OKTAaHOBLIM YHCIOM Ge3 3TH/IOBOH
xuakocru okoqo 98. Tipu mirardopMuHre npotekalor Npoieccsl rHapi-
poBaHuA 0JCDHHOB H cepycoaep:KallHX COeNHHEHHIT; nocaennue obpa-
3y 10T cepoBolopol. baaronaps stuM npomeccam GeH3HHBI MIATHOPMHHTA
OTUYAIOTCSA CTaGHABHOCTBIO M Ma/jbIM COJEPIKAHHEM Ccepbl.

ITpu Beex cnocobax KaTaauTHYECKOTo PHMOPMIHra Hapsiny ¢ XKHIKII-
Mi MpOAYKTAMH 0Gpa3yloTcs raski, copepalie BOIOpOa, MeTaH, 3TaH,
nponat, 6)TaH. ¥YT.1€BONOPOAH ra30B PHPOPMIHTA MOXKHO HCHOJIb30-
BaTh KaK CBHpb€ A5l OPraHHyecKoro H HEOPTraHHYeCKOro CHHTE30D:
AMMHAKa, METaHoJAa W APYTUX coeauHeHuil. Bbeixox ra3oB Katamairi-
yeckoro pugopmunra cocrapisier 5—I15% or Macchl ChIpbS.

Quuctka HedTenponykros. OuucTKa HedTenpoayKToB HEOGXOIHMA
NOTOMY, YTO NOJAYYacMbie NPH NEPErOHKe H KPEKHHIe NPOAYKTHl CO1ep-
KaT oJledHHbl, JIHOMe(UHBI, CEpHUCTRIE, KHC/AOpOICOnepsKaillie u aso-
THCTBIE COCHHEHHS, KOTOPbie O0OYCJAOBIMBAIOT HecTaGUJABHOCTh HX
CBOMCTB, CNOCOGHOCTb JaBaTh Harap B LHJAHHApAX ABUralenei, TeMHbII
1BeT, HENPHUATHBIL 3anaX 1 T. n. OuHcTKa — 3TO 3aBepIuaWAas crajlus
B NPOH3BOACTBE MOTOPHLIX TOMJIHB H CMAa3QUHLIX Macel.

CymecTBytoT XuMH4YecKHe H (H3IHKO-XUMHUECKHE METOJbl OYHCTKH,
K xumuyeckuMm Merojgam TNpHHALAE}KAT OYNCTKA CEpPHOH KICJAO0TOl H
THAPOOUMCTKA, K (H3HKO-XHMHYECKHM MeTOjlaM — aAcopOuHOHHEIE U
aGcopGuHoHHbIe criocoGbl ogucTKH. CepHOKHCIOTHAA OUUCTKA 3aKi0-
yaercsi B TOM, YTO NMPOAYKT CMELIHBAIOT ¢ HeGOJbUINM KOMHYECTBOM
90—93% -Hoit cepHoit KuCI01Bl NpH 06bIYHON Temmepatype. B pesyib-
Tare XHMHUECKHX peaKuHi Nosyvaercs OYHUIEHHBIH MPOAYKT M Tak
HaspiBaeMblfl Kbl MYIPOH, B KOTOPBIH H MePexoisT HemenareabHee
npumecd. Kueablit TYAPOH, NpeACTaBAOMMA COGOH OTXOH, MOMET
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6bITh HWCIOAb30BaH /4 NpON3BOJICTBA CE'pHOfl KHCJIOTHI. CEpHOKI*ICJ]OT-»
Hasd OYHCTKa TpPOMo3jKa, TpeGyer Go/bIlOoro KOJIHYECTBa PeareHToB,
o0pa3yloTcsl TPYAHOUCIOAB3YeMble OTGpoCH H T. 1.

B noc/jenHee BpeMmsa THAPOOYHCTKaA OOJYyvyaeT 3HaAyUTEJIbHOE pac-
npocTpaHeHue. OHa 3aKJayaeTcsa B BO3ﬂeﬁCTBl‘IH BONOpONna Ha OUHlise-
MBIH NPOAYKT B NPHCYTCTBHH a/IOMO-KOGa1bT-MOJHGAEHOBBIX KaTalH-
satopoB npu 380—420° C, nasaenuu ot 35.10° o 4.10° H/»? TIlpu
FHAPOOYHCTKE BOJOpPON B38HMO,-‘I.EI"‘ICTB}’ET ¢ CepHHCTBIMH, a30THCTHIMH M
KHCJopoaconep auuMy  COeNHHEeHHAMH, 06{)33}’51 JEerko yiajaseMmbie
CepoBONOpPON, aMMHaK M BOAY:

RSH--H;=RH--H,S RNH,+H,=RH-+NH;

OnHOBpEMEHHO TPOMCXOANT THIAPHPOBAHHE [HEHOB, uTO [OBHILIAET
cTabHAbHOCTD NMPORYKTa:

Nc=c{ 4+H, = ScH—cn?

/ N 7 N
BHenpenue ruppooydcTKi NO3BOJAET HCNOAB30BATH BLICOKOCEPHUCTHIE
HedTH 119 TosTyyeHus HedTenpoayKToB. AncopOLUIIOHHEI METO/ OUHCTKH
3aK/104aeTcd B TOM, 4To HeTenpoiYKTH CONpPHKacawTca ¢ aacopOeH-
TaMH, TaK Ha3bIBAaeMbIMH OTOEIHBAIOLIMMH IVIHHAMH HJIM CHAMKAreseM.
IMpu atom agcopGupyiorcsi cepHHCTHE, KHCJIOPOACO/EpHKalHe, a30-
THCTHI® COEUHeHHs, achaabThl, CMOJB H JErKONOJHMEPH3VIOLHecs
YI/1eBOJIOPOAb, KOTOpHIE H JOMKHE YIAAAThCSl H3 QYHIaeMoro Hedire-
npoaykra. AGcop6IHOHHBIE METOABl OYHCTKH 3aK/aioualorcs B H36upa-
TeJBHOM (CEJeKTHBHOM) pPACTBOPEHHH BpPEAHBIX KOMIOHEHTOB Hedre-
npoaykroB. B KauectBe M3GMpaTeNbHBIX PacTBOPHTENEH HCMOMb3YIOTCH
HuTpoGeH3on, Gbypdypod, KHuaKas ABYOKHCH cepbl, AHMXJOP3THIOBBI
ahup U ap.

B psise caydaeB mocsie O4HCTKM He(TenpojyKTH OCTajoTcsl Hecra-
6unbubiMH, CraGuiusanusi HedTenponyKToB 3aKjiouaercss B JobaBKe
K HHM OYeHb HeGOJIBbIUMX KOAMUYECTB aHTHOKHCIHTe/eH (MHIHGHTOpPOR),
Pe3Ko 3aMeJUIAIONIHX pPeaKUHH OKHC/EHHsSI CMOJHCTHIX BelecTB, AHO-
aedpuHor u ap. Muruuropamu cayxar ¢heHonbi, apoMaTHuecKie aMHHBI,
aMHHO(peHoJABl H 1P,

5. TASOOBPA3HbBIE TONJIMBA

CocraB u cBoiictBa rasoB. K rasooGpasHbM TomaHBaM OTHO-
csTCcs MPAPOIHEIC U IONYTHHIE T'a3kl; Fa3sl, Noly4daemMue npu nepepaboTKe
He(bTH, T€HePaTOPHBI® a3k, KOKCOBLI r'a3, TOMEHHbIH ras H ap., KOTo-
Pbie MOXHO HCINIOJB30BaTh KaK TOMJIHBO H CBIPbE XUMHUYecKoH II[)OMbI].LI'
genHoctH. OcobeHHo LIEHHBIM CBIPBEM IJ1 XUMHUYECKOI0 CHHTE3a c.rrymm‘
TaKHe YIVIeBO/JOPOAHbIe Ta3bl, KaK MOPHPOAHBIE, MNONYTHLHIE H rasul
HegTenepepaboTKH — KpeKHHra, pxdopmunra, nupoausa. Cocras nmpH-
pofailbiX W NONYTHBIX ra3sOB OUCHb pa’mooﬁpaaeﬂ H 3aBHCHT OT YCJ'IOBHH
3anmeranns, no6eiun 11 T. 0. CocTaB rasoB HEKOTOPHIX MECTOpO)KIleHHH
CCCP npusemes B taba. 12,
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TaGanima 12
CocTae NPHPOAHBLIX H NONYTHBHIX ra3oB

Cogepmanue, 06 %

BhiC

MecTopo A1eHue LiHe N; 4 CO, +
CH, CoH, | GH, | CHy YIraeso 24 H;.‘:;g
ACPOAL!

[IlpHpoAaHEEe ras3b

INaannnckoe (Byxapckas ofnacte)| 94,6 | 2,20 06 1] 02 0.4 2,0
Gepesosckoe (TioMenckada obaactb) | 94,75 | 1,45 | 045 | 0,05 - 1,42
Ie6e nnuckoe (Xappkopekad 06-

JACTB) & o v v v v e e e e 925 | 4,00 | 1,01 | 031| 037 1,64

MonyTHsie rasu

Cypaxanckoe ., .. ., .. .... 897 06| 0,13 0,28 1,26 84
Byrypycnasckoe (Openbyprekas

OGJACTB) v v 4 v 4 v v v w s 72,5 98 75| 83 — 1,9
Pomawknnckoe (Tarapusa) . . [, 37,0 | 20,0 | 185 8,2 47 11,6
TPO3HEHCKOE . . . . . v v v v . . 30,8 751 21,51 20,4] 198 —

CoctaB raszoB HedrenepepaCoTKH, 3aBHCAUIME OT cnocoGa mepepa-
6orkH, npencrasien B tada. 13. Ilomnmo ykasauHeiX B Tada. 13 npo-
JAYKTOB B rasax cojlepkarcs HEeKOTOpble Tsixe/ble ra3ooGpasHele yrie-
BOJOPOABI, B YAaCTHOCTH TIeHTaHaMHJ/eHOBas (paki(Hs.

Ta6auuma 13
Cocrae rasoB HedTenepepaboTKH

CofepAauie ra3os npH | Cogepxainune razon nﬁpn HedTe-
Hedrenepepaborke, of % nepepaboTke, of 9,
Komno- § o E < 2 Komno E n-;i o &
HeHTH E ] ;-8- HEHTH § B 73
| g (g8 E2 $c | 2 | EB( EZ
f‘; 2 = m=v Er?: g 8= = =
=& & = S3IE =& g §2 £z5
£ = 8 20 E 5 25 P
H, 3—4 | 12 | 56 8—10 | CHy, | 5—6 | 0,2 |42—46] 30—40
CH, [40--50{55—57{ 10 4—10 { CoH, | 2—3 |16—18] ¢ —
C,Hg |17—18) 5—7 | 35| 1015 |} CaHy | 6—8 | 7—8 | 6—11 —
Cstg |10—15] 0,5 |16—20] 35—40 || C;Hy | 4—5 | 4--5 | 5—6 —

Xumnueckasd nepepaGoTKa He(dTSIHBIX razoB ceffuac NpeicTaBleHa
TPOMBILLIEHHOCTBIO HepTeXHMUYECKOro CHHTe3a, KOTopasi BHINYCKaeT
00/IbILI0# acCOPTHMEHT XMMHYECKHX NMPOLYKTOB: STH/OBbIA H METH/IOBbIf
CIUPTH, aMMHaK, GopMalbleri, IMBUHWI, YKCYCHYIO KHCJIOTY, Malen-
HOBLIfi aHru/puji, pas3iu4Hble XJOPNpPOM3BOAHBEIE, NepepadaTbiBaevbie
Ha nonumepubie MaTepHasel, yaoGpeHHsa u T. n. CeGecToMMOCTb Npo-
AYKTOB, NoJyYaeMEIX H3 YIVIEBOAOPOAHBIX a30B, 3HAYHUTEJbHO HHXKE,
“CM M3 ApYruX BHIOB CHIPbS.
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Crnoco6bl  mepepaGoTKH yIAEBOAOPOAHBIX Tra3oB. ¥ IVIEBOIOPOIHbIE
rassl (cM. taba. 12 w 13) npencraBastor coboii ¢10kHble cmecn. das
NPOU3BOACTBA XHMHYECKHX TNPOAYKTOB B OOJBIIHHCTBE cJIy4aeB Tpe-
6yercsl chipbe, BKJAOUAIOIIEe Y3KHe (pakUnM HIH HEAMBILTYadbHBIC
yraesoaopoast. B ¢Bsizu ¢ 3THM XMMHYecKOil nepepaboTke npeallecTByeT
NOArOTOBKA ChIpbsl, BaXKHEAIINM MPOLECCOM KOTOPOH ABJsiercsi pasje-
JIeHHe Ta30B ¢ MoJydeHueM (paxuiii WiIH HHAMBUAYAIbHBIX YIJIEBOO-
poaoB. B NpOMBIUIEHHOCTH HCMOJIB3VIOT CJAEAYVIOUIHE METOAbI pasjene-
HHSI T430BbIX CMEceii: KOMNPecCHOHHBIH (KoHjencauynonueii), abcopb-
U HOHHO-1eCOPOUHOHHEBH,  afcopOuHOHHO-1ecOPOUNOHHBIH, HH3KOTeM-
neparypHylo KOHAeHcauul W pekridukauuo. Hanpapaenns xumude-
CKOf1 nepepaGOTKH YrJIeBOAOPOIOB 3aBHCAT OT HX.cBOiicTB. OCHOBHBIE
nyrH nepepaGoTKH: ITHPOIH3, KATATHTHUYECKO® 1Teri/ipHpoBagHe, OKHC-
JeHne, TUApUpOBaHHe, THAparainus, KOHBepCUS, raJoHAHpOBaHHe,
HUTPOBaHMe, aJKHUIUPOBAHHE, H3OMEpHU3allhs, NoJuMepusauuda, uc-
NI0N1b3yeMbie A TI0JYUYeHUsl STH/IeHa, nponiiiena, Gyrana, auernieHa,
aTblerH 0B, CNUPTOB, KHC/IOT, KEeTOHOB, rallOHf0- U HHTPONPOH3BOJ-
HbIX, TIOJIUMEepPHbIX Marepua/or H 1. n. [TomuMo 3roro, alKHIHpOBaHue,
H30MEpH3alusl H NOJUMEPH3alHs YIVIEBOJAOPOIOB NPHMEHSIOTCH A
MO/Ty4eHHsT BLICOKOOKTAHOBBIX KOMIOHEHTOB TOTTHB.



9 OPFrAHHMHYECKHMHA CHHTE3
ri1aBa

OreyecTBeHHasi TPOMBILIEHHOCTE OPTraHHYecKoro CHHTe3a
C KamxAbIM TroJOoM YBEJIHYHBAET BBIMYCK H acCOPTHMEHT XHMHYECKHX
npoayktoB. Cpegn HHX MOXKHO YKa3aTh pa3Hoo6pa3Hbie MOHOMepH H
Ha MX OCHOBe CHHTETHUYeCKHe CMOJEI, Kay4yKH, BOJOKHA, MJAacTMacchl,
KJeH, KpacuTteiu W GOJbLLIOE KOJIMYECTBO Pas/IHYHBIX JAKOKPAaCOYHBIX
¥ CMas3oyHBIX MarepuasoB, pacTBopuTesneil, NMOBepXHOCTHO-aKTHBHBIX
BEIIECTB, SAOXHMHKATOB, (IOTOpeareHTOB, AaHTH(PH3OB M AaHTHIETO-
HATOPOB, B3PHIBYATHIX M J@KAPCTBEHHHLIX MpenaparoB; (OTOpeakTHBOS,
JAYLWHCTHIX COe/tHeHUH U T. M.

1. CbiPbE NPOMBILLIEHHOCTH OPTAHHMYECKOTO CHHTE3A

B cHMHTe3aX c/0MKHEIX OpPraHMYecKHX COeJAMHEHHH pas3fHyaioTr
HCXOHbIE BellecTBa, MPOMEXYTOYHHIE MPOAYKTHl (MOJIYNPOAYKTHI) I
TOTOBBIH NPOAYKT.

McxXxonHbe BellecTBa— NpocThle YIJEBOAOPOIB: METaH,
3THJEH, NponuJeH, 6yTHJIEH, aueTuaeH, OeH30J, TOJAYON W AD., ABJSIO-
1IMecs OCHOBHHIM ChIPBEM ODPraHHMYecKOro CHHTE3a, MOJYYaloTCsl MpH
XUMHYecKoH nepepaGoTKe ra3000pasHBIX, KHJIKMX H TBepAHIX BHJIOB
TomsMBa. PaHbllle OCHOBHBIM MCTOYHHKOM CHIpbSI OPraHWYecKOoro CHH-
Teaa OBL1a CMOJIa KOKCOBaHMA M nosnykokcosanus. lllupoko ucnonsso-
BaJIOCh CHIPbE PacTHTENLHOTO U YKUBOTHOTO MpOHCXokaeHus. B nocaen-
HHe roabl npeobaajatoliiee 3Hayenye NPUOGPENH XKUAKHE YIJIeBOAOPO/b!
HedTH, IPHPOAHLIH U NONYTHH rase, a TakxKe rassl HedrenepepaboTKH.
B Hacrosimee Bpemsi MHOrME M3 MEpPEUUCTEHHBIX HCXOJHBIX BELIECTB
BBINIYCKAIOTCA JECATKAMH W COTHSMM ThICSY TOHH.

[lonynpoayXKTHBhl: OKHCh 3THJEHA, aueTanabierui, QeHos,
HOTPOGEH30 U Apyrue — o0pasyioTcs B pe3yabTaTe MNpeiBapHTeqsHoH
XHmHyecKofi nmepepaGoOTKH HCXOJHBIX BellecTB M B CBOIO Oyepelb MOTYT
CAY:KHTb CBIPBEM 51 MOJYYeHHs Gojee CJIOKHLBIX OPTaHHYEeCKHX Be-
ilecTB (nyacTMacc, BOJOKOH, KpacHTeseH, JekapcTBeHHBIX NpenapaTos,
(QH3HONOrHYECKY AKTHBHBLIX BellectB M Ap.). CBfA3b MCXONHOTO CLIPbs
C TOTOBEIM TIPOAYKTOM MOXHO MNpeICTaBHTE CXeMOH

Hexognoe | __| IMoaynpo-' | __ | Tloaynpo- |__| Tloaynpo- |__ | Forosuit
Chiphe IyKT | avkr 11 ayst III MpogysT

W paccmorperb Ha CJERYIONUIEM NpHMEpE.
[ponykr Hedrexumiyeckoii M KOKCO-GeH30MBLHON MPOMBILLIEHHO-
H — GeH30/1 CTYKUT XOPOLIMM PacTBOPHTENEM KHPOB, CMOJ, Kay-
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uyyKa, cepbl M APYrux coeauHeHuil. B 1o ke Bpemsa OH mpejcTaBJisier
co60H HCXOJHOe chlpbe AJsl TNOJYYeHHs HUTpoOeH30/1a, aHW/IHHa,
xnop6eHsona, ceHosa, 3sTHaAOeH304a, H30nponuabeHsosa, CTHpoOJa,
AT, manewHOBOTO aHrMApHAa, (PEHHISTHIOBOrO cliipTa, MOHOCY/Ibdo-
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Puc. 71. HenonbzopaHne He(TAHOTO CHIPbS B OPraHHYeCKOM CHHTese

KHCJIOTHl ¥ APYTUX XUMHYECKUX MPOAYKTOB H MOJYNPOAYKTOB, HCNONb-
3yeMbIX JJIsi H3rOTOBJEHMs] KpacuTeseH, CHHTETHYECKOro KayuyKa,
njactMmace, JaKoB, MHCEKTHUWAOB, (hapMaueBTHYECKHX M Ae3WHQHIH-
pylolmux npenapartos, B3phIBYaTBIX BeulecTB u ap. M3 npoaykra okuC-
JIeHHS 3THJeHA — OKHCH 5THJIEHA — MOJYYalOT 3TaHOJaMHHLI, 3THJICH-
TJIMKOMb, AM~ W MOJAUSTHIEHIVIHKOIYM, YKCYCHHIH anlblerui, AMOKCaH,
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3TUJIEHXJOPTHAPHH, CTHPOJ, 3THACHUWAHTHADHH W HA HUX OCHOBE —
CHHTETHUYECKHE CMOJIBI, Kay4yKH, [1J1aCTMacChl, JakH, BOJOKHA, Molollye
cpexcTsa, aHTU(hpPHU3 W APYyrie MpPOMbILIJIEHHBIE NPOLYKTHL.

B Hacrosiiee BpeMsi INPOMBILJIEHHOCTh OPTAHHYECKOTO CHHTE3a
HCIIOJB3YeT C/eYIOLUIHe OCHOBHbIE BBl CHIPbfA! NMPHPOAHLIE M MONYT-
Hble Ta3bl; razoo0pasHble H KHIKHE YIVIEBOJAOPOAH, MNOJyyaeMbie NpH
neperoHke HedTH, KPEKHHre U [HPoJH3e HedTeNnpoayKTOB; TBepabie
napaduHoBhie YIIEBOAOPOb U THAKeJbie HedTsaHble OCTaTKH; KOKCOBhI
W C/1aHueBbil raskl; CMOJy KOKCOBaHHA, a TaKxKe CJaHUEBYIO H [peBec-
HYIO cMOJTHL H TopgsiHo neroThb. Halla eTpana pacrnoJsiaraer rpoMaaHbiMu
3anacami HedTH, MPUPOJHOro M MnonyrHoro HedTAHOro rasa, mopef-
CTaBJAAKMIINX coGoil HauGoJsee 3KOHOMHYHBIE BHAH ChIpbA AJs1 XUMHYe-
CKoro cuHTesza. Hcnonb3zoBaHue HedTSIHOTO CHIPbSl JJAsi NOJYYEHHA
pasHoOGpa3HLIX MPOAYKTOB npejcraBjeHo Ha puc. 71. Kpowme Toro,
B OPraHHYeCKoH TEXHOJOruHM B OOMbLIMX KOJAMYECTBaX HCNOAh3YIOTCH
U HeopraHH4yecKHe COeJUWHCHHSl: KHCJOTHI, WIeJo4yd, cola, XJop U T. 1.,
Ge3 KOTOPHIX HEBO3MOXKHO OCYUIECTBJEHHE MHOTHX npoueccoB. Kak
npaBuJo, Jo6oe Chiphe HeoOX0AHMO NpeJBapHTeJbHO OYHCTHTE OT BJArH,
MeXaHHYeCKHX MpHMeceii, CePHUCThIX coeauHeHUH W ApYTHX npumeced
H pasaenuTb, BBIIENHWB WHIMBHAYaAbHBIE yraeBogoponan. Takum ofpa-
30M MO0JYYaloT OYHIEHHOe CHIPLe, W3 KOTOpOro aibHellledl mepepa-
GOTKOH MOXKHO MOJNYYHTE Te HJIU HMHbie NOJAYNPOAYKTH H YHCThie Npo-
LYKTHL

a5 BulleneHusi ra3o06pasHbIX yr/eBOAOPOIOB NPHUMEHSIOT METOb:
cxarue (KoMmmpeccus) ¢ oxJaaxkaeHuem, aGcopOuHOHHO-IecopOu HOHHBIH
H ancopOuHoHHO-AecopGuuoHHb (eM. u. I, crp. 271). JKuakoctu
yame BCEro pasjensiioT neperodko#t u pekruduxauveii. OueHb yacTo
B MPOMBILJICHHOCTH MPaKTHKYeTCsl KOMOHHHPOBaHuE ABYX MM Gosee
nepedncJeHHBIX MeTofoB. Mcenonn3ys pasHooOpasHbie meTonsl pasfe-
JIEHHS1 HCXOAHEIX MaTepHaJIoB, a TaK:ke Hanbosee COBPEMEHHbIE ITPOLECcChl
X nepepaboTKH, MOJYYalOT BaxKHefllue CoedulieHUs, sIBJIAIONIHECS
HenocpeACcTBeHHBIM CHIDbEM OPraHuyecKoro CHHTe3a: CHHTEe3-Ta3 (CMechb
CO u H,); nackiuieHHBle anudaTHyeckye yrieBojopojkl (OT MeTaHa 10
NeHTaHOB); UHAMBUAYaNbHbe MoHooJedbuHK (0T C, 1 BBILIE) 1 HX CMeCH;
JAnoseduHb: OyTanueH, H30NPeH U 1p.; aueTHJeH; apoMarHyecKue yrJe-
BOJOPOALL: GEH30J, TOJYOJ, KCHJOJLI H TIp.

2, NPOUECCHI OPTAHHMYECKOIO CHHTE3A

Cnoco6il  nepepaGoTKH JOGOTO BHIA ChIpbsi OMNpeNesATCS
XapaKTepoM NPOJYKTOB, KOTOpHie NpejarnoJaraercsi NoJyyHTh, a Takwxe
COCTABOM W CBOHCTBAMH MCXOAHBIX yI/IeBOAOpoaoB. [l/1s1 NpOuU3BOACTBA
MPO1YyKTOB OPTaHWYECKOro CHHTE3a HCNOJAb3YIOTCSl TUITHYHBIE DeaKiuH
OpPraHHyecKod XHMHM: rajJoreHHpoBaHHe, CyabdupOBaHUE, OKHCIEHHE
H BOCCTaHOBJEHUe, THAPHPOBAHHe W JerHApPHPOBaHWe, THAparagus i
lerunparamiisi, HUTpPOBaHHUEe, aJKUJNPOBAHWE, WHKIH3ALHS, H30MepH-
3auus, KouaeHcawmhs, noanMepusanus, srepubuxauus u T. n. IIpo-
MBILITEHHOCTh OPraHHyecKoro ciinTe3a 6asupyercsi B OCHOBHOM Ha peak-
UHsX cHHTe3a, T. €. NOAYYEHie C/I0XKHBIX BelieCTB W3 NPOCTHIX, HO B NPO-
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H3BOJACTBAX Opratil4ecKkoro CHHTE34a HCHOJ’EBSYIOTCH H pEEiK[lTr{PI pasno-
HMEHUS. ,[lene}me HPOL[ECCOB OpT‘aHTr{'-IECKOT'D CHHTE3a U Ha3BdaHHe Hx
Nno BHlaM peaKunﬁ OlipaBlaHbl TEéM, 4TO MHOrHe H3 HHX H}ly’l‘ B KHHe-
TH4YecKOH obgactH, T.e. oflLasi CKOPOCTk Mpotlecca u ONpeiesercs:
CKOpOCTI:lO pEaKL[HH H BEIYHCIs5IeTCA T10 ypaBHEHHIO

u=dG/dt=Fko AC (1X.1)

HJH
u=dx/dt=k AC, (IX.2)

B KOTOPOM JBHXKYINasi cuia npouecca AC paBHa MNPOH3BENEHUIO KOH-
HEeHTpAamHil PearupyioliuX BEIEeCTB B COOTBETCTBHHM € KHHETHUYECKUM
ypaBHEeHHEeM, ONpelesion M NopsaloK peakiiii, a KOHCTaHTa CKOPOCTH
noaunHAercsl ypaBHeHHIO AppeHuyca. B 1powueccaX oOpraHHueckoro
CHHTe3a, KAaK MpaBuWjo, MpOTekaeT He OjHa XUMHYecKas peakius,
a HeCKOJIBKO MapaslIeTbHbIX U MOc/e/loBaTelbHLIX peakuuil. B pesyas-
TaTe KPOME ([eJIEBOTO MPOAYKTA MOJYUYaloTcsl elie NOGOUHBIe MPOLYKThI
1 oTXoAn npou3ssojacTea. COOTBETCTBEHHO KOJHUECTBY peakunil Kou-
CTaHTa CKOPOCTH Mpopecca £ MoeT GHITh Cl0XHOH QyHKuueH KOHCTaHT
CKOpOcTeH HEeCKOJNBKHX peakuHii:

k=f(ky, ks Ry, gy oo ) (1X.3)

npiueM (yHKUHOHAABHAS 32BHCHMOCTh MOXKET CIILHO H3MEHATHCS
C noBbllleHHeM TEMNeparyphl, AaBJeHis H KOHLEHTPauHll pearupyio-
WX BElecrTs U ApYrux napame'rpoB pE}KHMEl. CEJIEKTHBHDCTB l'[pOLl@CCE]
no LlE.HEBDMy npo,uym‘y onpe,ue.rmemﬂ COOTHOLWIeHMeM KOHCTaHT CKO-
pocreil neneBoit n noGounwx peakiiit (eM. u. I, ra. I1T u VI). ITosromy
JL151 |-1H1‘6chq)uxamm nmpouneccos OpI‘aHI-I'-IECKO‘FO CHHTE3a 4acTo npu-
MEHSIIOT CeJeKTHBHEE KaTalaH3aTopbl, YCKOPSONHe MUk OCHOBHYIO
peakunto. [louMepH3anito, THAPHPOBaAHHE U APYrie NpoueccH, Npouc:
Xojsliie ¢ yMmMeHblleHHeM o0bema, 4acTO MPOBOAST NPH MOBHIUEHHBIX
H BBICOKHX JaBJEHUAX a4 YCKO]’)EHHH H TIOBLILLICHH §1 paBHDBECIIOI‘O
BbiX0Oj1a mpofykra. [Ipy MoBHIIEHHOM JaBjeHHH [eaecoobpasHo Ipo-
BOAUTE npotlecchl aGcopOuun rasos, yacTo BcTpeuatoniuecss B OpraHi-
yeckoM cHHTese. OGpaTHble mpouecchl AecopOuiH, AerHAPHPOBaHMS,
paciienseHnsl MoJIeKyJ ¢ noJyueHHeM ra3oo0pas3HbX DPOIYKTOB Heje-
co06pa3Ho NPOBOIAHThL MOL BaKyyMOM.

B Td30BbIX pedKUHsX OKHCJIeHH, xnopnposamm, rlmpnposamm H
APYTUX ABHAKYILYIO ciay AC 1 CKOpPOCTh Mpolecca & YBENIYHBAIOT,
BapbUpys TeMneparypy M Jasjenue, cMen(as TeM camulM paBHOBecHe
B CTOPOHY UeNeBOro -npoaykra. Ilpu npoBeseHid npoumeccor copOiiH
YBEIHYHBAIOT ABHAKYILYIO CHAY Npoiecca MOBHILeHHeM KOH{eHTpaiHi
pearnpyomHx BenecTs MW OTBOJOM TOTOBOrO MPOJIYKTa K3 30HbI
peakunn. IlpuMeHeHne pasuyHbIX CPEICTE ITHTEHCH(HKAIHN TPOH3BOI-
CTBEHHKRIX npougeccos HEpenxko orpammrmae*rm CTOHKOCThIO Opl‘a]ﬂ{‘%C‘
CKHX COEIMHEHWH, UYTO OCOOEHHO MPOSBJSETCS B BLICOKOTEMMEparyp-
IIBIX TTponeccax BBH,'ly pasnomemm HCXOOHHEX BeniectTe H ﬂpD}I}'KTUB-

Hapany c karanusatopami st yBejiuuenusi KOHCTaHThl CKOPOCTH
IIpOI.LE‘CCZ] B l'[pOilSBD}lCTBE OpFaHI-IUECKHX HDJI}"I]pOJIYKTOB HCHDJ?bfiYI’OT
HHUOHATOPHI, (POTOCHHTE3 U paguanioHHoe obayyerue. [Ton aeficrnieM
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ofuTyueHHl MOXHO NPOBOAANTD OKHC/IEHHe NapaduHOBHIX YIJI€BOIOPOJIOR,
XJopupoBaHue GeH30Ja, NOJAMMEPH3auuio 3Tu/eHa, roaydesune NpuBU-
THIX MOJHUMEPOB, ByJKaHU3amMio Kayuyka U T. . O6pasyioliuecs npo-
JLYKTh 06/1a/12a10T 60Jlee (e HHBIMH CBOIICTBAMH, 4eM N0/ Y4eHHBIe OObIUHbiM
nyrem. Tak, mocne obiyuenusl cyan(QoOXJOpHPOBAHHBIA MOJU3THIEH
o06/1a1aeT NMOBHIUEHHOH TENJOCTOHKOCTRIO, @ TaKxKe CTOHKOCTHIO K jef-
CTBHIO KHCJIOT, CHJIbHEIX OKHCJIUTeNel 1 B TOM 9UcJle K 030HY. Bobluum
NPEeUMYILLECTBOM PafiaHOHHO-XHMHUECKHX peakuuil fBJAsleTcs cylie-
CTBEHHOe COKpalleHue, a B HEKOTOpPhIX CcJydasx Jaxe OTCYTCTBHE
HHIYKUHOHHOTQ TIepPHONA.

151 ycKOpeHust reTeporeHHLIX NPoneccoB, HAYINX B Auddy3HoHHOH
o6/1acTu, IPUMEHSIIOT yCUJIeHHOe NepemeniuBanme as j1a 3amMeHbl MoJe-
kynasprHo#t auddysuy KOHBEKTUBHOH, 9TO CcHuXKaeT Jupdy3vHoHHBIE
COTMPOTHBIEHUS, TIPENATCTRYIOHE B3aHMOAEHCTBHIO KOMIOHEHTOB
(em. u. I, ra. I1). BosmoxHoCTh npuMeHeHus: TeX WX HHBIX CMOCOGOB
uHTeHcU(PUKaAUUK onpeaensiercd HX 3KOHOMHUecKOH 3¢(deKTHBHOCTHIO,
B YacTHOCTH CJIOXKHOCTBIO annapartypHoro ofopmienus. OnHoBpeMerHo
C BHeJIpEHHEeM HOBHIX TEXHOJOTHYECKHX CXEM H MPOLECCOB HEllPephIBHO
yay4quaercsl 1 HX annaparypHoe odopmaenue. Hosoie, Gonee cosep-
HIeHHBle annapaTh ofecneudBalOT HeNpepHBHHIT Npopecc Mo Beeil TeX-
HOJIOrMYecKofl penouke NpH KOMMJeKcHOM nepepaGoTke chipbi. CoBpe-
MEHHBIE 33BOJIbI OPraHMUYEeCKOTO CHHTe3a TNpecTaBasdioT cofoit coenu-
HeHHe pas/JIHYHLIX TEXHOJOTHYeCKUX [1€X0B, He TOMbKO BhipabaThiBatoUHX
onpeneneHHbl (OCHOBHOH) MPOAYKT, HO W BK/IOYAIOUIMX YCTaHOBKH,
TUaTeJbHO YJaBJHBAILHE H NepepabaThiBaioimive GOIbLLWHHCTBO TO-
GOYHHIX TIPOJYKTOB, GHIBIUMX paHee OTXOAaMH.

ITpouecch oOpraHuyeckoro cuHTE3a BJIUAT HA TEXIOJOTHYECKHE
cXemb! HedrenepepaGaThiBalOUIUX 3a2BOJOB, BH3biBasi ray0okoe Mepe-
nJeTeHHe TOTVIMBHOTO M XHMMYECKOro NpOM3BOACTBA. B cBfA3M C TeM,
YTO [POU3BOJACTBA OPraHHUYECKOro CHHTe3a MHOTOYHCJEeHHB H pasHo-
o0Gpa3sHbl, HU:Ke PacCMOTpeHbl PUMephbl THNHYHBIX TIPOM3BOJICTB, HMEIO-
IWMX OGOJBINIOE HAPOAHOXO3AHCTREHHOE 3HAYEHHe.

3. CHHTE3 METMNOBOTO CMHPTA

MerusoBE| CIIMPT (METaHON) — Ba)KHOE CoelHHeHue AJg TOo-
Jy4yeHusl, rJIaBHbIM o6pasom, dopmaibieriia, a Takke IUMETHJCY/b-
thara, aumernartepedranara, MeTHjIauerara, AMMeTHI(OPMaMiia, aHTH-
JeTOHAUHMOHHBIX CMeceH (TeTpaMeTW/ICBHHen), WHrHOUTOPOB, auTHGpH-
30B, MeTW.1aMMHA, METHJIOBOTO 3(Hpa axkpH/JOBOH KHCJOTH, JaKOB,
KpacuTtejeii H ApYTHX NPOLYKTOB. B 4HCTOM Buae MpUMEHsieTesl B Kaye-
CTBe pacTBOpHUTENA H MOMKET OHITH [ICMOJb30BAH KaK BbICOKOOKTaHOBAf
J06aBKa K MOTOPHOMY TOIIHBY.

CHHTe3s METHJ/IOBOrO CIHpTa MO (PU3MKO-XMMHUECKHM YCJOBHSM €ro
poBexeHus U MO TeXHOJOrHYeCKOMY o(OpMJIEHHIO aHaJOrHueH npoypeccy
CHHTe3a ammuaka. CuHTe3-ras, KaK U a30TOBOJIOPOAHYIO CMECh, MOXKHO
NOsyyaTh KOHBEPCHEH reHepaTOPHLIX ra30B WJAW TPUHPOLHOrO rasa.

Pu cunTe3e MeTaHoJa, KaK M MPH CHHTE3e aMMHAKa, B3alMojeiicTBHE
CMecn TiaTesbHO OUMILEHHBIX T'a30B MPOMCXOAMT TpH BBICOKHX JaB-
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JeuyH M Temnepatype B MPHUCYTCTBUH KaraansatopoB. M, maxomern,
113-32 MaJIOTO BLIXOJa KOHEYHHX NPOJYKTOB I 10T H APYroil npouecch
SIBJSIOTCS HEMPEPHIBHO IMKIHUECKHMH; MPHYEM peakuiio HHKOrjaa He
BelyT 10 noJiHoro npespaiteHusi. ITosromy o6a clHTesa BenyT Ha aHaJjo0-
PHYHBIX YCTAHOBKAX, KOTOPHE MOHTHPYIOT B COCT4BE OJHOIO 3aBOja.
Janst cunresa GepyT cmech rasoB npu cootHoweuny CO u Hy or 1: 4
qo 1 :8. Tpouecc Beayt npu 350—400° Cu 2. 10°—3 - 107 H/m® B npucyT-
CTBHYM CMELIAHHOTO HUMHKO-XpomoBoro Katamusatopa (ZnO 4 Cr,Oj).
OcHoBHasl peakuus mpounecca

CO+42H, =CH3;OH + 111 xIx

O HOBpeMeHHO, OCOGEHHO NMPH YMEHBILEHHH JaBJeHHS UM YBeJHUYEHHH
TeMrneparypbl CBepX ONTHMaJbHON, MOTYT MpOTeKaTb H CJexyioliHe
nofoyHble peakpgHH:

CO4-3H, = CH; 4+ H,04-209 x1x (a)

2CO + 2H, = CH, +CO, + 252 k[Ix (©)

2C0 = CO,+C (B)

CO+H, =CH.,O0+8,4 x[Ix (r)

2CH,OH = CHy;—O0—CH, +H,0 ()
auMeTHaoBbl sdup

CHg—OH - nCO +2nH, — CHy(CH,),,OH 4-nH,0 S)

BHICIINE CIHPTH
CHy;—OH + H, - CH,; +- H,0 (%)

KonuuecTBO TeX WM HHBIX NMOGOUHBIX COEqHHEHHI B npénymmonnoﬁ
CMecll 3aBHCHT He TO/JbKO OT TeMreparyphl M JaBJeHHSl, HO W OT CO-
CcTaBa MCXOgHOI Ta3oBoH cMecH, CeNeKTWBHOCTH M COCTOSIHHSI KaTa-
musatopa. HauGosee cymecTBEHHON MPHUMECHIO, KAK MPaBHJIO, sBJsSETCS
metaH. [lo cpaBueHHIO cO BceMH NOGOYUHBIMH Tnpopeccamu (a)— (k)
NoJyyeHHe MEeTH/JIOBOTO CNHPTA HAeT C MAaKCHUMalbHbIM YMEHbILeHHeM
o0beMa, Mo3TOMY B COOTBeTcTBUM ¢ npuHiHnom Jle-llatenve nosuitwe-
HHe 1aBJeHHsl CIBUraeT paBHOBeCcHe B CTOPOHY 06pa30BaHisi METHIOBOTO
CnHpTa. Tak kak npouecc 3K30TEPMHYEH, TO NPH NOBhRILIEHWH Temiiepa-
TYPbl paBHOBeCHE CABHraeTcsl BJEBO M PAaBHOBECHAfl CTeNeHb npespa-
1meHus CHHTe3-rasa B MeTHJIOBHIH CITHPT yMEHbUlaeTcs. B 1o xe Bpemsl
NpH HEJOCTATOUHO BHICOKMX TeMmepaTypaX CKOpPOCTb Mpoiecca upes-
BhiyaiiHo maja. [103ToMy B NMpPOMBILLIEHHOCTH TIPOLECC BEAYT B Y3KOM
HHTepBaJse temneparyp ¢ koaeGanusimu B 20—30° C. KoHeraura paBho-
BecHsi OCHOBHOH peaKpuu

__PcusoH

PcoPh,

MOKeT OBIThb BBIUMC/AEHA MO YpaBHEHWIO
lg Kp=3970T"1—7,491g T4-0,00177T —0,0,31 T2+ 9,22, (IX.4)
PaBHoBecHble KOHpeHTpanuu Meranona npu 300 i 350° C B o6aactH

naBaeHuit 5-109—40.10° H/M® ans ucXoaHoOil cMecH, comepskatieit
33,3% CO ' 66,7% H,, npuBenensl B Taba. 14. dakruyeckue BbIXOAb!
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TaG6numa 14
PagHoBeCHbIE HOHLEHTPAUHH METAHONA B 3aBHCHMOCTH OT JaBJeHHs

PapdopecHble KOHUSHTPAULUN PasHOReCHBIE KOHUSHTDAUKK
, " o, -
Nasnente, MeTawoaa (é?pggn TeMmepa Tarnenze, MeTanonaa (_@p;}zn TeMnepa
H m2 _ /M2
°C | 850°C 300° C 350° C
5.108 9.9 — 30- 108 76,0 377"
10 100 26,3 8.2 40 - 108 86,0 53,1
20 108 53,4 24,0

Bcerjla HUKe pDABHOBECHBIX BC/EICTBHE HENOCTATOYHON aKTHBHOCTH
¥ U30HPATeTbHOCTH NpHMEHSIEMBIX KaTatu3aTopoB. KaraguTuyeckyio
crocobHOCTE AJIS peaKnHuH CHHTe3a MeTaHoJa .
NpoSAB/ISAIOT MHOrHE MeTasqbl. B mpomeineH- )‘2;"
HOCTH HCMOJb3yeTcsi [HHK-XPOMOBHIH KaTa- i
JIM3aTOP, KOTOPHIH MOJYYaETCH OCaKASHUEM i
OKWCJIOB ‘IWHKa ¥ XpoMa, NMPH COOTHOILUEHUH 20k
ZnO: Cry0O3 == 2: 1. Karanusatop BoccTa-
HAaBJHBAIOT B TOKE TOro e rasa. [IJuTenn-
HOCTb paGoThi TaKOTo KaraiusaTopa Ges pere- o[
Hepauuu KoseGneTcs or 4 A0 6 Mecsiues. -
HicerenoBannem mpouecca CHHTE3a MeTa- gy
HOMla BO B3BElIEHHOM ¢JI0€ [IUHK-XPOMOBOro T Jg'g— 70
KaTa/u3aTopa NpH IIHPOKOM H3MEHEHWH na- Temnepamypa, °C
paMeTpoB TeXHoJornueckoro pexuma (300-—
400°, 5-10°—25.10° H/M2, npn odeHb Gofp- FHC: 72. 3aBHCHMOCTD Bhi-
X0Aa MCTHAOBOTO COHPTAa
urX o6beMHbIX  cKopocTsAX; oT 358 000 10 o1 temnepatypm peawunn
800 000 u™1, H, : CO = 2,6 : 8, cpeilHHii IH8- npH CpedHeM AHameTpe 3e-
MeTp 3epHa KaTannsatopa 0,38—2,5 mm)  peH xaramusatopa 0,38 mw,
BhifiBJeHa MPHMEHUMOCTh ypaBHEHust Temku- 20 éo J,{’J”'_: ?g{lb{(]:oo-rf
Ha VI OMMCaHH$S CKOpocTH nmpouecca. Obuias , B m'“m‘fm;u' ”_ m
CKOPOCTh PEAKIHH CHHTe3a Ompelestsercs cTuil cnupt
ancop6uueit Bogopona. Ilo onbITHEIM JaHHEIM
ornpefie/eHbl NOKA3aTeNH CTeNeHH NPH KOHIEHTPanusAX KOMIOHEHTOB H
NoJiy4eHO KHHeTHuecKoe ypaBueHHe (mporecc H3yyascs BO B3BelleH-
HOM cJsioe Karaiusatopa npu 5-10°--25.10° H/m®, 360—440°C u
AUMUTHDYIOWEH CTaJlued NpHHHMajachk ajcopOuyus BoIOpPO.a)

dX p pn.:':. 25
u= =k 0 py P CH.OH | (1X.5)
T PCH.,0oH PCo

Tnle ky w ky — KOHCTAHTH CKOPOCTH npsiMoii u o6paTHOH peakumii.
Temneparyphast 3aBHCHMOCTb KOHCTaHTbI CKOPOCTH MPsMOil peakuui
ONHChIBaeTCst ypaBHenneM AppeHuyca H COOTBETCTBYeT IHEPTHH aKTH-
Bapuu E = 100 xJ1xK/mouns.

WnurepBan onTuMasbHBIX TEMIIepaTyp, COOTBETCTBYIOMIMX HaHOO/b-
UleMy BrIXoAy MpoOAYyKTa, ONpejensieTcsi aKTMBHOCTBIO KaTaJiu3aTopa,
O0beMHo# CKOPOCTHIO T'a30BOil cMecH H jaBJeHueM. JIJIsi IHHK-XPOMO=
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BOrO Karasnusatopa DpPU JaBJeHusX okosmo 5-109—25.10° H/m* u
o6beMHBIX ckopocTsix 20 000—40 000 u™ ontumanbHEe TeMNePaTypoi
xonebmiotest B npepenax 360—380° C Ha uuskoremneparypubiX KaTa-
Ju3atopax, HanpuMmep Ha MeAb-UHMHK-

¥ 344 T aJIOMHHHEBBLIX KaTa/IM3aTopax, HCHo/hb-
~ 40000 4 o

X T~ ayembiX npu 220—280° C, npopecc ocy-
DY A 30000477 LlecTBAsIeTCss npu Gosee HU3KMX JaBJe-
g / L Huax 4-10°%—10.10° H/m® Ha puc. 72
s /j_@ﬂv NpUBeJleHkl KpuBble o0lieil ¥ MOJe3HO#
S 24 A AT CO

S r// N CTEreHy MperpatieHus B MpOpeHTax
g , OT MCXOAHON OKHCH yrJepona. B npous-
3 148 / | 100004 BOJICTBE TPOIECC CHHTE3d OCYILECTB TSET-
2" - ™ cs1 mpH 06beMHBIX cKopocTax 20 000—
§ 40000 y1 uw BHIXOZ MeTaHOJA CO-
=798, craBaser okoao 4% 3a OAMH mnpoxol.

Z
J20 340 360 JEO 400

Ipu yBeauueHWH OGBEMHON CKOPOCTH
Temnepamypa, °C PEod ¥

0o 100 000 w! cTemeHnr NpeBpalLeHHs

Puc 73. \SEBIICIiMOCTb NPOH3BO-  KCXOJHOH cMecH 3a OJMH NPOXO0j YMeHb-

B 08 L D et LIAeTCSl, HO NPH [HMKJIMYECKOH CXeme C

pocTH peuHpKyasigHed rasoB KOJHYECTBO MO-

JYYeHHOro MeTHJIOBOrO CMHPTa BO3pa-

CTaeT, TaK KaK CTeneHb NMpeBpalieHHs CHHAKAeTCs MeIJIeHHEee, Yem yBe-

JuyHBaeTcss o6beMHaa cKopocTh (puc. 73). Hinke mpuBeleHa 3arucu-

MOCTh BHIXOJla MeTaHO.1a OT OOBEMHOH CKOpPOCTH peaKiHOHHBIX ra3oB
npu 370° C, 25-10° H/m* Ha UMHK-XPOMOBOM KaTasawusaTope.

O6neMuan ckopocTs rasza, w™l ., 2400 9000 18000 35000
Brixog CH,COOH, ra-u . ... 170 327 375 730

TexHo/Mornyeckas ciema MPOM3BOACTBA METHJIOBOTO CMHpPTa Npel-
cTaBjieHa Ha puc, 74. McxoiHas cMech rasoB nocje npejBapUTeLHOU

Bada

Lurmes-za3
COzH,

Memanil-
chipel

Puc 74 Cxema yCraHoBKH /s CHHTC3A MCTHJIOBOIO CNHPTa H3 OKHCH yriepoia H
BOJIOPOId
I = KoMmMOpeccop 2 — CMECHTENb, § — QUABLTP, 4 — TpyBuaTeld TenaooSMcHuuk J§ — UHP

Ky 14UHOHHEIE koMnpeccop, 6 — KO7TOHHA CHHTesa, 7 — XOMORUALHHK KoHgeucatop, & —
cenaparop, § — c6OPHHK CHHpPTa-cHpua
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QUHCTKH OT ﬂpHM@é@I':l C:KUmMaercsa NATHCTY MEHYATBEIM KOM]’]D@CCOPOM Jo
25-10% H/m2, Tlocae Ka10il CTynen cxkaTusi YCTAHOBJEHB! X0JI01I1b-
IIHKH (He NMOKa3aHHble Ha cXeMe), KOTophie OTOHPAIOT TEMI0 CXKaTus
3aTtem rasoBasl CMech CMeLIMBECTCA B CMeCHTese C IHPKYJISIHOHHEIM
rasoM M, npolas QUILTP /151 OYHCTKH OT Macsa, MOCTynaer B TPy6Hoe
MPOCTPaHCTBO TEM1000MEHHIKA, TAe Harpepaercs npumepHo go 220 C
33 CyeT TenJa peakmHOHHBIX Tas’oB M Jajee HanpaB/sercs B KOJIOHHY

cuHTe3a (Boicota 12—18 M, BHyTpeHHUI ana- ¥
NN
N
Ny

—0,1 m). TpeGyemass Tevneparypa B KOJIOH-
He nojylep:KiBaeTcs 3a C'—IET' TenJaa peakpu,
4acTh KOTOpPOro oT6HpaeT MAyias 1o Temndo-
oOMeHHBIM TPYGKaM HCAOJHas ra30Basi CMech,
focTynatoas 3aTeMm B Karajau3aTopHYylo mac-
cy. Ilpu HeoGXOANMOCTH peryJHpoBaHHs TeM- |
nepaTypbl B KOJIOHHY BBOAAT XOJOJHYIO
CMeChk rasos.
Ko/noHHBI CiHTE3a pasauyalorcsi no THIY —
Hacanky. B mosouHoil KOMIOHHE Kartanausartop
pacnoJiokeH Ha HECKOJbKHX [OJKax H ra3s
nocJe0BaTeNLHO TNPOXOJAHT OAMH CJo# 3a
apyrum. Ha puc. 75 mpuBeneHa cxema Ko-
JIOHHbl CHHTE3a, B KOTOPOH B OJHOM KOp-
nmyce cOBMellelibl KaTa/dusatopnas KopobKa,
3J1eKTponojorpesarelb  H  TEMJOOOGMEHHHK.
CuHTe3-ra3 BBOAMTCSl CBEPXY M INPOXOIHT MO
KOJb[EBOMY MPOCTPAHCTBY MEXKJy KODHYCOM
KOJIOHHBI ¥ Karaju3aTopHoll KopoOkoil. 3atem

wmerp 0,8—1,2 M u rtoamuHa creHok 0,09—
’//

DN

SN
N

NN

|
N

ANV

[ I

ANRAARNNN

Puc. 75. Cxema KoJOHHBI CHHTE3a MeTanoJa

/ — BXOA OCHOBHOro rasza 2 — KaTaJgH3aTopHas kopob-

Ka, J — 3AcKTPONoforperaTenb; 4 — KOpOYC KOAOHHEL,

5 — rtennoofMeHHK, 6 — BRIXOA rasa, 7 — Bxog Baiinacuo-
ro rdsd

Ta3 rocrynaer B MeXTpy6noe NPOCTPAHCTBO TenJaooOMEHHWKa, THe 1o-
JlorpeBaeTcs 3a CYyer TelJa KOHTaKTHBIX ra3oB, NPOXOAANUX Nno TPpyGKam
TensooOMeHHNKa. B KOJOHHEe Takoro THma Jyulle OCYLIECTBJSIETCS
Tennoo6MeH M TeM cambiM obecrneuHBaeTcsi MpUOIMKEHHe K ONTHMAab-
Hoii temneparype. Kononua paforaer B peskume, GJIU3KOM K Hjaeasb-
HOMY BHITeCHeHHI0 KOHTakTHBIE Tasbl BHIXOAAT H3 HHAKHEH uacTH
KOJIOHHBI 1, OT1aB CBOe TeNT10 HCXOHOH razoBoifl cMecH B TenjooGMeH-
HHKE, HarpasJisIoTcsa yepes BO,LI,S]!-IOFI XOJI0JHABbHHK-KOH1EHCa10p B cena-
Parop. 3nece noayueHHwIH CcHUpT-Chipen (KoHueHTpaunsa 96%) orge-
JIIeTCs1 OT HenpopeardpoBaBLUIEr0 rasza, KOTOPHIH [UPKY/IAXHOHHBIM
KOmnpeccopoM a0KiimMaeTcss 1O AaBJeHHs HCXOJHOTO rasa M Hanmpas-
g:e‘rcyl B CMECHTeJIb, & METH/IOBBI CIHPT nocTynaer B COOPHIK CIipTa-
1PLa.

189



B cBf3y c TeM, uTo B LMPKYTUDPYIOLieH Ta30BOH CMECH CKan/NBaloTes
pasjiuyHble TIpUMECcH W TIPOAYKTH NMOOOYHBIX peakuuil (MeTaH, asor,
JBYOKHCh yTrJiepoiaa u Jap.), ee NepHoauyecku oOGHOBJAIOT, CXKHras
yacTh Bo3Bpaiaemoro rasa. [ns noayueHuss 1 T MErusioBOro cnupTa
pacxoayercst npumepno 700 M* CO u 1400—2000 m* H, (u3 1 M® cuHTes-
rasa ob6pasyercs okono 400 r cnupra, T. e. BEIXOL cocTaBaseT or 84
1o 879 OT TEOPETHYECKOTO).

Oxkuch yraepona pearupyer ¢ yrjepoaucroil crafibio, obpasys
nexrakap6ouun xeneza Fe (CO),;, KOTOpHId, pasnarasick Ha Kartaluia-
Tope, GLICTPO MOKPHIBAET €ro CJI0eM JUCHepCHOro Kejesa, yCHJMBaio-
uero noGoyHele peakuuMud oOpa3oBaHUsl MeTaHa, YTO, B CBOIO Ouepeb,
HapyllaeT onTUMAaNbHEIA TeMnepaTypHEl pexkum. [lna npenoTepanieHus
KapOOHUJILHOH KOPPO3WH CTEHKH KOJIOHHBl ¥ HEKOTODBIE ApYyTHE AeTalu
(yrepyrorcs Meablo UK BHINOJHAIOTCS U3 BEICOKOJETHPOBAHHOM cTaH.
IMonyyeHHEIH MeTaHOM-CHIPEN OYUINAIOT OT KHCJIOT, CJOXHBIX 3(HpOB,
BBICLIMX CIUPTOB, NeHTakapOOHHJA Kese3a, YTo B COYETAHHH ¢ moche-
Aytoiiei pekTuduKanueil no3BoJsieT NoNyyUTh YHCThIA MeTH/IOBbIH CIUPT,

Ilns pasorpeBa rasoBoii cMecH B NyCKOBOH NepHoj] BHYTPH KOJOHHbI
CHHTe3a BMOHTUPOBAH 3JeKTponojorpesaresnb. MameHss ycioBusi cuH-
Te3a: TeMmnepatypy, naeneHue, cootHowenne CO un H, B nexonnoit
CMeCi, COCTAB KAaTaJdu3aTopa MOXKHO MOJYYWTh He TOJBKO METHJIOBBIH,
HO ¥ BEICUIlIE CIUPTHI, ajbIeri/bl, KeToubl, 3pupkl, oprainuyeckue Kuc-
JIOTH!, TIpefefbHble U HenpeneabHble yrieBoaopobl MoGoil AJHHEBI [enH
BMNJOTH 10 TBEpALIX MapadiHOB, HO NpPEUMYIIECTBEHHO Hepas3BeTBJIeH-
HOH CTpyKTyphl. McXopHasi cMech rasoB Jo/kHa OHITh TiaresabHo
OyMlleHa OT BPeHBIX NpHMmecell: CEPHUCTBIX cOeqHHEHHH, CMOJ U NBLIH.

4. NPOMU3IBOJCTBO 3THNOBOIO CNMPTA

Aruien CH,=CH,, nponuaes CH;—CH=CH,, 6yriinen CH,—
—CH,—CH=CH,, 6yrannen (ausuunn) CH,=CH—CH=CH,, 6yayun
OYeHb PeaKIlHOHHOCIIOCOOHbIMU COEJIMHEHHAMH, UTPAIOT BaX<HYIO pOJb
B MPOMBIIJIEHHOCTH OPraHMYecKoro CHHTe3a. K3 MHOroylic/eHHBIX
peakxiiii, B KoTopble BCTyMawT oJediHbl, HauboJbllee NMpakTHyecKoe
3HAYEHUEe MMEIOT NpPOoUecchl MoJHMepH3allMH ([MOAU3ITHJEH, MOJUNPOINH-
JieH, NoJuu300yTHJeH M ApP.), THApaTanHu (COUpTH), XJOPUPOBaHIA
(1ux710p9TaH, XJOPHCTBIH alNHa U T. 1), OKHCIeHus! (OKICh 3THJCHA),
OKCOCHHTe3a W HeKoTopble apyrue peaknuu. [llupokoe pacnpocrpaiienue
NOJY4HJH Nponecchl THAPATAHH ONehHHOBEIX YraeBolopoioB. TaxuM
CnocoGoM MOJYYaloTCsl 3TUJIOBbIA, W30NMPONMJOBHIL H JApyrue CHHpTH.
B HacTofiiee BpeMs 3TUJIOBBIH CIUPT N0 0GbeMY NPOU3BOJACTBA 3aHUMAET
nepBoe MeCTO CPeAM BCeX APYIrHX OpraHudecKuX MpoAykToB. C KaaniM
roaoM CIHPT, NoJyyaembiil H3 NUIIEBOTO chipbd, Bce Gojee u Oojee
3aMeHAETCs CIHTETHYECKUM, THAPOJII3HBIM H CYJIbhUTHBIM (eM. eTp. 230);
I T aTueHa nosBoisieT c3KOHOMHTb Gosee 4 T 3epHa. CunTeTHUeCKHH
CMHPT M3 3TUJIEHa B HECKOJbKO pa3 jelleBje MnuueBoro u TpebyeT
MeHbUHX 3aTpaT Tpyaa. CHHTETHYECKHH CMHPT UIHPOKO NpPUMEHsETCH
B DPAasqHYHLIX OTPAcAAX NPOMBILIEHHOCTH: AJA TMOJYyYeHHsi CHHTETH-
YeCKOTro KayuyKa, pelJyJouja, alleTaibieruna, yKCYCHOH KHCJIOThL
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MCKYCCTBEHHOTO UIeNKa, JAeKapCTBeNHbIX COQ,ELI-[HGHIHH{, AVIIHCTEIX Be-
niecTs, 6(?3,-‘.[1}IMIEOI"O nopoxa, B Kauecree pacTBOpHTEIS o T. IT.
Fnapartauwiuns 3THJEHA OCYUECTBASACTCSH JIBYMH METO1aMH
NpH MOMOUK CePHOH KMCJOTH! (CEPHOKHC/AOTHAs THApaTalud) U Hemno-
CPEeACTBCHHBIM BSaHMOﬂEﬁCTBHEM 3THJ/IeHA C BOJAAHBIM NapoOM B MPHCY T-
CTBHH TBEpABIX Karadau3artopos (napodasmnasi KaraJutHyeckast ru;ipa-
tauus). CepHokHcaOTHBIH criocol, orkpwlthiii A. M. Byrieposbim, no-
JYYHJ TPOMBIIIEHHOE OCYUIECTBAEHUE TOMBKO B MOCJEBOEHHBE TOMbI.
OH COCTOMT H3 CJenYIONIUX YeTblpex craiuii: 1) aGcopbuusi sTUIeHa
CepHOil KHCI0TOH ¢ o6pasoBaHHeM CepHOKHC/LIX 3DHPOB; 2) THAPOJIH3
3(HpoB; 3) Bbl1eJeHHe CMHPTA U €ro pexTHhUKalud; 4) KOHLUEHTPHPO-
BaHie CepHoi KHCaoTH. B3aumonefict-
BHE MEX1Y 3THJICHOM H CEpHOil KHCI0-

s ” 4
TOH COCTOUT M3 JIBYX 3TanoB: NMepBbd — g’
(du3nyeckoe pacTBOpeHUe ITHEHA BCep- X he
HOH KHCJIOTe M BTOPOH — roMoreHHoe %% 4q
B3auMoselcTBue 000MX KOMINOHEHTOB S50s
(K—K) ¢ oOpasoBaHHeM aJKHJICYb- o8,
(baTOB MO ypaBHEHUSM: i3 06

g3
CHy+ 1,50, = CoH;080H (8 S5 %
o D
= 4,2
CiHOSOH +CHy = (GH;0),50;  (6)  ~ §

1 1 1
NusruacyasdaT B yCIOBUSIX TPO- o 1 2 4 4 5 6
fecca MOKeT B3aHMOJeHCTBOBAThH C cep- Bpena aﬁfgﬁﬂﬁfg f,m Havana

Ho# KucjoTol, ofpa3ys 3THJACYIbdar:
. Puc. 76. Bausnne naereHds Ha
(C:H50)280, + HoS0, = 2C,H;0S0:H (8} creneny naceluenns ceproit Ku-

- CJAOTH 3THJCHOM:
_OTUNeH NOTJIOMALTCS CEPHOM KUCAO- | |10 ype 5 _ 31 .108
TOH MejJeHHee, yeM JpYyrHe raso00- H/m:, 3 — 7.6-10° H/m:, 4 —
10-10° H/m%, 5—16,5 . 10* H/m%
pa3Hbie odedHHBl (HanpuMep, B COTHH 6 — 23.610° H /M2
pa3 MenaeHuee, uem wusobyrtuaen). Ilo
Mepe o0pa3oBaHHS ITHICEPHOH KHCIOTHI (3ITHACY/bdarta), B KOTOPOi
3THJIEH pacTBopsiercd Jydulle, CKOPOCTb I[OIJIOUIEHHSA 3THJEeHa YBe-
JuuuBaercs. Ho B cBA3M ¢ TeMm, uTO B TO Ke BpemMA YMeHbILAeTcs KOH-
HeHTpalUKs cepHOH KHCI0TH, o6llas CKOPOCTb peaKuHM CHHIXKAETCH.
Hyxuas crenedp HacwlueHust ao 0,6 mons C,H, ma 1 moan H,SO,
B BepxHel yactd a6copOLHOHHON KOJIOHHBI ocTHTraeTes aasd 97,5% -Ho#l
KHesoThl 3a 1 9 15 muu, T. e. noutd BaBoe ObicTpee, yeM Ajs 95 % -Hoi
H,SO, (2 u 15 mun). CrenorarenbHo, 1esecoo6pa3to npumeHsTs 97 —
98%-nyio kucaory. OnrtumanbHasi Temnepatypa npouecca 65—75° C,
C nanbupeiiluMM NOBGLILIEHHEM TeMIepaTypbl YMeHbIIACTCH KOJAHYECTBO
oGpasyiouieficss 3TUJACEPHON KHCAOTHL. BiMsiHue pasieHust Ha abcopl-
M0 3TW/eHA TnpeicTaBaeHo Ha puc. 76. C nopbllleHHEM JaBJeHHS
BO3pacraloT cKopocTb abcopbuuu H CTeneHb HaChIIEHHA CePHOH KHC-
“/I0Thl 3TU/IeHOM. DOnbIIOe 3HAYeHUe AJ15 npolecca UMeeT HHTEHCHBHOCTh
Nepemernnpanus. B npouspojcTee npuMeHsaor 6ap6oTaKHbe KOJOHHDI,
O0ecneynparomde Gosiee CHIbHOE MNepeMellMBaHue, 4YeM HacaloyHble
Gawny, B X0Jie BTOPOH CTajHH UAET FMAPOJIM3 STHI- H AU3THJCYbdaTa
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Nno ypaBHEHUAM:
C,H;050;H + H,0 = C,H;0H + H,S0, (r)

(C,H-0),S0, + 2H,0 = 2C,H;OH + H,S0, (n)
Kpome ochoBHbIX peakumit (r) u (1) uaer obpasoBaHue AHSTHIOBOIO

adupa:
(C,H,0),50; 4+ C,H;0H = C,H;0C.H 4+ C,H,0S0,H 1e)

{CsH;0),S0; 4 H,0 = C,H,0C,H; + H,50, (%)
auerafibjerujla, a rakxe Habmwopaercs nojumepusauta sruaeHa. g
yMeHbUIeHHS BBIXOJAA AHITHJIOBOrO 3PHpa rHAPOAH3 BeAYT MO BO3MOXK-

HocTH OblcTpee, cpa3y ke OTroHss 06pa3yoiuics CIHPT C TeM, Y4T06k
ero KOHUEHTPauHs B pacTBope Obla HeGOJBLIOH.

J\ /‘L 4 5 Mapsi cnugma
H,S0O })E H
. . [ :5..-..20_.

r—— - —1 Ul eapys

1 12 s — =2

— N\ — L
.?maﬁ».sma-h: ;’J ] -
nengbag E 188 ]
ppaxyus

maKRas Jcmpsia nap

xucaGma

Pue. 77, Hl)HHLEHﬂHa.."IhHHﬂ cxema NMpoH3BOJCTEA 3THJIOBOIO CIIHpPTA
CE[JHOKHCJ'IOTHOﬁ rH,ﬂparauHeﬁ ITHJAEHAL

! — aGcopGep; 2 — rennooGMeHHuK; J — rujapoansep; 4 — ornapuad
KOJOHHa, § — HelTpanH3alHOHIAA KOJOHHA

ITpuHpMNHaNbHAA TEXHOJIOTHYECKAA cXeMa NPOH3BO/ICTBA ITHIOBOIO
cnupra CepHOKHCJOTHOM THjparauueil sTujeHa npuBegeHa Ha puc. 77.
OruaeHsraHoBad (pakuua HedrenepepaboTkH, coaepxaman 60—75%
sTuseHa, noa aasieHueMm 20-109-—25.10° H/mM* nocrynaer B HUKHAKKO
yacTh Tapeabyaroro abcopbepa (okoso 20 Tapesok ¢ KosamaukaMH),
(byTepOBAHHOTO KHC/JIOTOYHOPHBIMH NJAMTKAMH, H OGapbotipyer yepes
CJI0M KHCIOTHI, HMelonleics Ha Kaxaoi rtapenxe. KoHuenrtpupo-
BaHHaaA kucaora (97 —98% -nas H,S0,) nogaercs a/1a opouleHus B BepX-
H!010 YacThb abcopbepa. I1pu abcopbuuk ITHIeHa CcepHoit KHCA0TOH BbLE:
Jaserca Goasliuoe Koauvecrso tenda (121 x/Ix Ha 1 MoJib MOTIOMEHHOTO
3THJEHA), KOTOPOe HelpepbIBHO OTBOAUTCA BOIAAHBIMH XOJ0IHIbHIKAMH,
PacnonoeHHbIMH HaJl KaX10H TapeaKkoit TakuM o6pasoM, utoObl TeMMNE-
parypa B abcopbepe He mnpeBbinana 80° C. Henoraouienusie rasil;
B OCHOBHOM 3TaH H APYTHe NpHMeCH, colepiallue He Gojee 2—D%
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sTHJIEHA, nmpombiBatotest BoJoi H 10%-HeIM PAcTBOPOM LUIEJSOYH B crie-
pnHadbHbeIX ckpyGoepax. CepHOKHCIOTHwIT pacTBop u3 aGcopGepa Ha-
npasJsieTcd B CHIPOJIU3EP ¢ KepaMHUuecKoli HacaakoH, rie pasfaBiasercs
Bodo# (10 komuuentpauuu 50% H,SO,). Temneparypa B ruaposansepe
noilepxkuBaercas B npetenax 100—110°C u paienun 2-10°—
3-10° H/m?, Bpewms ruiposusa 30 MuH. Bpyenusiunecs pacTBopeHHbIE
raspl, cojiepiKauiie HeGoJbIIoe KOJHYECTBO NapoB AHITH/IOBOrO 3dupa,
BBIBOJISITCS M3 BepXHel 4acTW THApOJHU3epa, MPOMBIBAKOTCA M HelTpa-
jausytores. B pacrBope, BeIXOJsLIEM H3

rUApOJH3epa, CojaepKaTca  3THJIOBBI A

cnHpT, Boaa, 43—50%-naa cepuad Kuc- 3 m:a 2-10H/m?

JIOTA, JHUITHJIOBBI 3Qup, pacTBOpeHHLIe %"‘ a0k

rasbl 4 HeMPOUHAPOJU30BABLIHECH ITHA-  § 15107H/m?
cysbarpl. Bes sTa cmech nocrynaer B R ¢ b 8-10%H/m?
ornapHyio xomouny (1,5-10° H/m?,  §°%.

95—125° C}, rame NpPOHCXOAHT OKOHYa- g‘:u.gm

TelNbHBIH TUAPOAU3, BoiXopswas napo- §U ‘

rasoBas cMecb jlanee HarpagJ/sercs Ha fé 2315-!.? Him?
NPOMBIBKY, HeATPaTH3aUMIO H KOHAeHCa- 3

uuto. TlonyueHHplii cnupT-chipel nocry- & 4 L ) )
naer 3areM Ha pekrtudukauuio. Crabas 00 237 330 459
cepHas KHC/JIOTAa OTBOJAHMTCH HA OUHCTKY Temntpamypa, °¢

OT CMOJMCTHIX MpHMecelt H Mocde KOH-
LEHTPHPOBAHUA M 106aBKif 0JjeyMa co-  PHC. 78. 3apmcumoctsh papiiosec-
HOH CTeMNEHH KOHBEPCHH 3THJEHA
Ba nojaercsi B aGeopGep. B CIKPT OT TeMNepaTyphi M Aas-
Jast noayyeHuss 1 T cnupra ua-ab- Jennd
copbuHio HIeT OKoJo 2 T KOHHEHT-
pPUpOBaHHOH CepHOl KHCJOTHI, a 3aTeM NMPHUXOJUTCH YNapuBaTh yke 4 1
KHCJ0Thl. Takoll KHCNoTOOGOPOT OCNOMHAST NPOH3BOACTBO H BLI3bIBAET
3HAYHUTENbHBIE TPYAHOCTH H3-3a CHJIBHOH KOPPO3UHU H TAXKEIBIX YCJOBHH
Tpyzra. Ilo cepuokuciaorHoMy merony u3 1 T stusena BuipafarbiBaercs
1,2 T cunpra-pextudikara u okosgo 100 kr srunoBoro adupa. [Ipespa-
eHHe 3Tuaena B cnupr aocruraer 90%. B nacrosuee spems Bce Gonb-
llee pacnpocTpaHeHHe mnoJydaer 6ojee COBEPIUEHHBIH METo — napo-
dpasllaﬂ KaTaJduTHYeCcKad ryjparamuda, OCYUIeCTBJAAeMad [No LHKJ/JIHYe-
CKOH cxeme, ﬂpouecc ruaparagii — 3K30TepMHYecKan pﬂBHOBECIIaH

peaxuHs
C.H, + H,0 = C,H,0H 1 45,6 x[lx

Koncranty paBHoBecus 370l peakLii MOXKHO BHYHCIUTD 110 YPaBHEHHIO

k;,:?_frf'ﬂ —6,195. (1X.6)
Kak caenyer H3 ypaBHeHHA PeakKUHH W TePMOIHHAMHYECKHX JaHHBIX
PHe. 78, yTo6Bl paBHOBecHe CABHHYTH B CTOPOHY THApaTauliiy 3THJela,
Heo0X01HMO NMOHHMKEHHE TeMneparTypbi H NoBbIllIeHHE 1aBeHHA, OJHAKO
npu Huxe 280° C cKopocTh THApATaUMH OuYeHb Maga, a NpHMeHeHHe
ZJapnenus cepiine 80.10°P H/m® akonoMuuecku He penrabensHo.
B kauectBe Karanuzaropa icnoab3yerca qochopHas KHe/loTa, HaHe-
CeHHas Ha LUHPOKOMOPHCTHIE HOCHTEIH: KH3eJIbryp, CHIHKATeNb, aJjio-
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mocuankar, Hocuresu, ofgajaiomie WHPOKUMH TopaMi, OG/&ryaior
nporekanie Jupdy3HH peareHToB BHYTPb 3¢peH NOPHCTOrO KaTaau3sa-
Topa. Tak Kak janHblil KHCJOTHOTeTePOreHHbIH KaTalH3 OCYLeCTB/IAeT S
cBOGOIHOH KHCJOTOH, HaXojsmefics B BUIe KUAKOH n/eHkH (abcopOu-
pywouLeii mapsl BoAbl H3 ras’oBod (a3bl) HA NMOBEPXHOCTH HOCHTENIA, TO
AKTHBHOCTb KaTaJH3aTopa 3aBHCHT OT KOHILEHTpalHH KHC/IO0Thl, KoTopas
B CBOK Ouepelh 3aBHCHT OT MapLUHaJIbHOrO JAaBJeHHS MapoB BOIH
(pnc. 79). Tak, npu pasaeHnu napos Boab 27,5108 H/M® xonuenrpa-
uus Kucaotel cocrasiaser npu 280° C 83%, a npu 290° C —85%.
B pesyabrate oOWIHPHBIX HCCJAEJOBAHHH KW NPOMBIULIEHHBIX HCBITAHHA
yCTaHOB/JeHbl OCHOBHbBIE YCJOBHSA B3aWMOAEHCTBHS rasoo0pa3HOTo 3TH-
Jena M BOAAHBIX mapos: 1) remneparypa 280—290° C; 2) nabienue
70-10°—80 - 10° H/m?; 3) xoHUeHTpauus
ITHJeHa B IUPKYJAupyloulem rase 80—
85 06. %; 4) MoJsipHOE OTHOLIEHHE BO-
abt K stuaeny 0,6—0,75: 1 u 5) xon-
ueHTpauus gochopHoil KHCAOTHI Ha 1HO-
BEpXHOCTH KaTa/ju3aTopa ne Hixe 83%;
2007 6) oGbemHas ckopoctb 1800—2500 u’.

285°C pgpor Tlepeuncentbie  ycJOBHA MO3BOJSIOT
- roJyuaTh BOAHOCTIHPTOBOH pAacTBOP KOH-

L uenTpayuel cnupra 15—16% npu kKow-
80 82 & 86 68 90 BepCHH 3TH/EHA 3a OJUH MNpoxoa 4—
Konyenmpayus H;P0,,%  0%. Tloaesnoe ucnosp3oBakue sTHIeHa
cocraBaser 95%. Ocranbubie 5% 31H-
Puc, 79. 3asucumoctb jfapaenss JI€HA PACXOAVYIOTCH Ha MOJyuYeHHE AHITH-
napop BoAM OT KoHueHTpau## joporo adupa (2%), aueraspleruga
q)ocqnpmﬂ' KHCAOTBL OpH Pas3ind- (1 %]‘ JHMEpOB H TIOJHMepoB (2%)_

HBIX TeMIepartypax o
TexHosornyeckaa cxeMa npsAMoi
ruaparauMu  atuaesa  (puc. 80) co-
CTOHT H3 HeCKOJAbKHX HeNpepbiBHO MPOTEKaloumux ofiepauuid: 1) npu-
FOTOBJIEHHA HCXOAHOH Tapora3oBofl cMecH, 2) THipartauHH 3THJEHA,
3) HeliTpalH3auMu NapoB MNPOAYKTOB, 0Opasyioluxcd B pe3yJ/bTaTe
peakiuuu, 4) pexynuepauuu TemJa pPEUUPKYJHPYIOWHX TOTOKOB H
5) OuYMCTKH uHpKyJaupyomero rasza. I'uapartauus 3TuJeHa NpoBOIUTCA
B KOHTAKTHOM amnnapare, KOTOPbIH /I 3auiuThl OT KOPPO3HH BHIKJIAjbl-
BaeTCA KPacHOH Menbio. DTHJIEH, CKaTblll KOMIpPECcopoM, cMelluBaeTcH
C BOAAHBIMH TapaMH M BCA CMecb HAMpaB/siercsd B TEIVIOOOMEHHHK H
3areM B neyb, OTKyja naporasoBas cMeck npu 280° C noctynaer e ruapa-
TaTop, KOTOpbIH 3aMogHeH TBEPAbIM KaTaJu3aToOpoM Ha Beicoty 8,5 M.
Bpema kontaxra 18—20 c¢. HeoOxoaumyo aas npoiecca Temneparypy
HCXOHOH CMeCH MOXKHO HOJYYHTH CMELIeHHEeM 3THJeHa ¢ neperperbiM
flapoM BbICOKOTO AaBjeHns (okoso 70-10° H/M?). Ilo pexumy paGoth!
rujapartatop npubaH:KaeTcs K aaHabaTHYECKOMY PeaKkTopy HaeasbHOTO
BHITEC HEHHS.

OGpasoBapluasncs B pe3yabTare peakUHu cMech NPOAYKTOB Noc/e10:
BaTe/IbHO OTHAeT TeIVIo B TeNJooOMEeHHHKe, KOHASHCHPYeTCs BOAHbBIM
pacTBOp CTUHpPTA B €MKOCTH H 3aTeM OKOHYATeIbHO OXJjaxjaercd B XO-
JdoguabHuKe, ITo/Hasg OTMBIBKA Ta3a OT [1apoB CIIHPTA HAET B cKpyodobepe.
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HenpopearupopaBuiliii 3THIEH TOCle C:KATHS BHOBb Hampapiasierca
B THApATaToOp, a CNUPT-Chlpell nojpepraercs pektudukanuu. Ha 1 T
aTHJ0BOro cnupra pacxoayercs 0,685 T srunena, 5,6 xr dochopHoi
KHUCNOTh, 2 Kr Hocurtens H 16 Kr eakoro Harpa. Cpok cayx6bl Kara-
JiH3aropa pased npumepHo 600 4. BeenenueM pacnblieHHOH docdopHOi

Omdybxa

Kamanusamop | o
i 3@% = Boda

-

S Yupkynaguonnsiic 203

I
——

Bodgwere
napst

Bodnsitt crupm Ha ovucmxy
& permuguKayud

Puc. 80. HPHHL[HHHaJ'IbHaﬂ CXeMa YCTAHOBKH /4 NppH3BOJACTBA
3TUNIOBOrO CITHPTAa KaTaTHTHICChOH THipatalHed 3THAeHa B napo-

Boit Qase.
! — 1py6yatiiil TennooSMeHHHR, 2 — neus; 3 — peanrtop, 4 — cGopHiing
5 — AOJOAUABHMK, 6 — MPOMEIBHAs KOJAOHHAa ¢ hacafkol

KHCJIOTHL B PEaKTOP B XOJ€ Npollecca MOXHO MPOAJHThL CNy:KOY KaTajH-
3aropa, noc/jie 4ero ero Hy:KHO 3aMeH#ATb, TaK KakK Ha NOBePXHOCTH
0ocaxKJawTcsd CMONHCTHIE COeIlHHeHHHA, HﬂpOC})a:‘IHﬂﬂ KaraJduTHYyecKad
raparanua 3THAEHa apadercs Goaee HEPCHQKTPIBHUﬁ, geMm CEpHOKHC-
JOTHAsA.

5. NTPOU3BOACTBO 1,3-BYTARMEHA [AMBMHMUIA)

Jln5 nPOH3BOCTBA CHHTETHYECKHX KAay4yKOB NPHMEHSIOT COP/IH-
HEHHSA C CONps:KEeHHOH cucreMol ABOHHBIX CBA3eH: AuBHHHA (6yTaiIu-
eH-1,3), u3onpeH, XJOponpeH H c OIHOIi JIBOITHOM CBA3bIO: H300yTH/IEH,
CTHPON, o-METUJCTUPOJ, HHUTPHA aKpHJoBOH KueaoTht H jap. DBonb-
IIHHCTBO M3 3THX COeIMHEHHH obpasyercs AErijipHPOBAHHEM COOTBET-
CTBYIOUWAX 3TI/IEBOJOPOMOB, CO/BPXKAHXCA B NPOMbILIEHHBIX HEPTA-
HbIX rasax, MOMYTHBIX rasax, rasoBoM OeH3HHe, HeKOTOpHIX (ppakuusax
nepepaGoTku He(TH, a TaKKe CHHIETHUECKH (Hampumep, 3THI6eH301 I
H3onponunéeHson). IlonyueHue AHBHHHJIA OCYILECTBAACTCA KOHTAK1-
HbM pa3noykenneM 3THJIOBOTO CHUPTA, a TaK:Ke JeTipipoBaHHeM 6y TaHa
H OyTnIeHOB B OHY AN jBe craiu. [TosyyeHne NHBHHHAA U3 clHpTa
no cnocoby, paspaGorannomy C. B. JleGenenriM, sB/sI€IcH nplMepOM
- KdTanutnyeckoro ofpaTHMOro 3HAOTepMHYecKoro mnpouecca. Ilpouecc
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OMHCHIBAETCA CYyMMapHbBIM YypaBHEHHEM

2C,H,0H Z294 2101, CH,=CH—CH=CH, ++ 2H.0 + H, — 80 k[l

HO OH NpPOXOAHT 4Yepe3 pAl Nocae10BaTe/JbHO NPOTEKAMHX craiui

CH;—CH,0H —~ H, - CH,CHO
CH3—CHO 4 CH4CHO - CH;—CHOH—CH,—CHO - CH;—CH=CH—CHO +- H,0
KPOTOHOBRIE aablerag

CHy—CH=CH—CHO - 2H — CH;—CH=CH—CH,0H

KPOTHJAOBHNA coupr

CH;—CH=CH—CH,0H — H,0 +-CH,=CH-—CH=CH,

OnHoBpeMeHHO npoTekaloT noGoyHble peakunH. Takum oGpaso,
KOHTAKTHOE PasJjioelie 3THJIOBOTO CMHPTA SABJAAETCA CJAOKHBIM XHMH-
4yeCKHM MPOLLECCOM, B pe3yJbTaTe KOTOPOro KpoMe OCHOBHOTO NPOAYKTa
obpasyerca a0 60 pasaHyHBIX COeJIHHEHHH (YKCYCHBIH aJibJerHj, BOAA,
YIJIEBOJIOPO/H, BHICLIHE CHUPTH W Ap.). Ha BhIXOj jHBHHH/IA BAHAKT
aKTHBHOCTb KaTaju3aropa, Temneparypa KOHTAKTHDOBaHHHA, COOTHO-
llIeHHe OCHOBHWBIX KOMIOHEHTOB B HCXOAHOH CMeCH, HaJH4YHe TNpHMecel
u 7p. B npomblusieHHOCTH NPHMEHANOTCA CJIOMKHBIE KaraJH3aTophl,
BKJOYaKOULHe JerdipHpyiouHe H ,IlEFH,Il]JaTIip}’IOHJ.He KOMIIOHEHTHI,
Taxk kak npotecc nporexkaeT NpH BHCOKOH TeMneparype, To oH Tpebyer
3arparbl TernJa Ha NOBbILEHHe TeMNepaTypbl ra30BoOil CMeCH H Ha KOM-
nieHcan o su0TepMiyeckoro sgxpekra. B 9ToM npouecce Ry = [ (Rocu,
Rinoss Ronoss Ranosy --.) H HHTEHCH(HKALHA NOGOYHBIX PEAKNHH ¢ POCTOM
TeMrnepaTypbl OrpaHHYyHBaeT ONTHMa/JAbHYIO TeMIepaTypy, HecMoTps
Ha 3H/10TePMHUHOCTL npouecca, Tpebyoulyio ee nopoiienuda. Copepuien-
CTBOBaHHe KaTraJH3artopa, YJaAydyleHHe ero CeJeKTIBHOCTH MNO3BOJHJIH
MOBBICHTh BBIXOJl IHBHHHJIA (X4), KOTOPBIH JOCTHTaeT (Ha pas/ioxKeHHbH
cnupt) npumepHo 75% OT TeopeTHyecKH BO3MOxHOro. B cBAsm c Tem,
YTO NpOLECC [IPOTEeKAeT C yBeJHYyeHueM oObeMa, NOHHXKeHHe JaBJeHHdA
crnocoGeTBYeT yBelHyeHHo BIX0Aa auBHHHIa. [IponsBoacTBO nMBHHUAA
COCTOUT M3 CJeAYIONHX OCHOBHBIX onepauui: 1) ucrmapeHue cnupra;
2) KOHTAKTHO® pa3JjioxkeHHe apoB CIUPTA; 3) BHAeJIEHHE U OYHCTKA JIH-
BUHUJa; 4) pereHepayus HJAM 3aMeHa KaraJju3aropa.

Cnupr ucnapsercs, napsl neperpepaiorcs u npu 180—200° C no-
CTYNaloT B NeperpeBaTe]b KOHTAKTHOI MeyHd, TAe MNOI0TpeBalOTCA A0
370—410° C. KourakTupopanue ocyuectsasgercs npu 370—385° C.
3areM Mapsl HanpaBJAIOT B KOJJIEKTOP CMHPTOBbIX MapoB, MOJPeTopT-
Hble CITHpTONeperpesaTesqy H OTTYa B HHXKHHe yacTH petopT. [1aBHOM
oncpauHeil ABNfeTCH KOHTAKTHOE pAa3JOKeHHe CMHPT4, KOoropoe ocy-
lecTBAfeTCA B KOHTAKTHLIX mneyax (puc. 81). Tleynr BhlokeHa U3
OTHeynopHOTO KHpMHYa ¢ HMeeT ABOHMbe cTeHKH, ofpasyoiie y3Koe
KOJIbLIeBOE [IPOCTPAHCTBO, C/AYXKallee TOMKOH, B KOTOPOH TPH MOMOILH
(hOpCYHOK CxkHPaeTcs kUAKOe WM rasoobpasHoe Tonnupso. TonoyHbe
rassl yepe3 KaHajsl NOCTYNalT B MNeperpeearteju CclHpTa, a 3aTeM
BO BHyTpeHHee NMPOCTPAHCTBO MeYH, B KOTOPOM IO OKPYKHOCTH pacno-
Joxeuw peropret (16 wam 24 r.), 3anosHeHHpe KaTanH3aToOPOM.
Brirpyska karaiusartopa OCYUIeCTBJIACTCH NMEepHOAHYECKH yepe3 maTpy-
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GoK B HHXKHell yacTH petoprl. I'a3sbl, BHIXOAALIHE H3 PeTOPT mneum,
[OCTYMAIOT B KOJJEKTOP KOHTAKTHbIX ra3oB u npu 360° C Hanpapaswores
B 11€X KOHJeHcanH{ B PeKTH(QHKAIHH CIHPTA, PeABaPUTEIbHO MTPOXOAA
KOT/IBI-YTHIH3ATOPR, Tae oxJaxiaiorca a0 180° C. Koxapencanus
KOHTAKTHBIX ras0oE npoBoaurcs NpH Bakyyme 100—55 MM p1. cT. M
OXJaXKAEHHH BOAOH M XOJOAHJBHBIM DAcCCOIOM B TpyINIe NOcC/e10Ba-
TEAbHO COCIHHEHHBIX KOHAEHCATOpOB. 3jech KOHJAeHCHPYIOTCs .60i1b-
UIHHCTBO NpHMecel H HenpopearHpoBaBlUuit CTIHPT, KOTOPHIH BO3Bpa-
maercs B npouecc. JuBHHII, HMeOLHE TeMIepaTypy Kuneus —4,5° C,
norJomaerca aGcopGeHTOM 3THAOBBIM cnupToM. M3 cnuproBoro pacteopa
OTTOHAIOT AHBUHIJI, KOTOpHIf TOC/]e TaTebHOH OUHCTKH HalpaBJasioT
Ha TOJHMEPH3AIHIO.

Crupm clexmui
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Puc 81. Cxema ycTaHOBKW AAsi NPoH3BoACTBa AHBHHHAA (GyTaamena-1,3) u3 sTwio-
BOTO CHHpTa:

/ — MepHHK CnupTa, 2 — CHHDTOHCOApPHTENb, 3 — LeHTPanbHIl neperpepaTeb, 4 — TONKa,

5 — dopcyHha, & — mubep, 7 — KOMJEGKTOD KOHTAKTHEIX ra3oB, § — peropra, 9 — Mydeds;

10 — tara, /1 — KoJJeKTOD CAMpPTOBRIX napos, /2 — Kadad, /J — SMeeBHKOBbIi meperpe-
BaTens, /4 — Gopos

BaxkHoe 3HaueHHe /1A NPOMBIL/JIEHHOCTH CHHTETHYECKOr0 Kayyyka
HMeeT Mponecc KaTadHTHYeCKOro eruapupoBaing 6yraHa u 6yTuieHoB
a0 Gyrajgnena. Ho Hanbosee 5KOHOMHYHBIM METOAOM NoJsyuyenust Gyra-
AHMeHa SIB/JIAETCH €ro BblA&JEHHE W3 rasob MHPOIH3a HeTAHOrO ChIpbA.
HMcnonpsoBanue ceekKTHBHBIX KaTaqH3aToOpPOB 00eCleuHBaeT NpoBee-
Hie mponecca npH 6o/ee HH3KOH teMneparype, NpH KOTOpoH TepMuye-
CKHH KPeKHHT HCXOAHBIX H MPOMEXYTOUHLIX COeAMHeHHH MpoTeKaer
B He3HayuTeIbHOH cTeneHH. Mcnosb3yemble B NMPOMBILLIEHHOCTH KaTa-
IH3aTopel cliocoBerByOT pa3peiBy cBAseit C—H wu  o1HOBpemeHHO
Npenorspamalor paspuie cpaseis C—C.

: Hernipuposanue #-6yTaHa B JHBHHHA HALT CHAYaIa 10 H-OYTHICHOB
H yike 3areM npH NOCTEIVIOEM AETHPHPOBAHHH 06pa3yercs NIBHHHII:

—600°
CHy—CH ,—CH,—CH, —2=2%. CH,—CH=CH—CH,-+H,— 126 x[lx (a)

CH3—CH=CH—CHj == CH,=CH—CH=CH, + H, — 116 k[Ix (6)
197




Tennora peakuud 3aBHCHT OT CTPYKTYPHl HCXOAHBIX COGTHHEHWH i
noroMy konefiaerca B HeGoapNX npeaenax. Ha xox peakuuit geruapn-
pOBaHHA BJHAKT COCTaB H aKTHBHOCTL

& Kara/jgusaTtopa, TeMneparypa, AaBJeHue,
& NPOAOVIZKHTEJBHOCTE npouecca H HaJaH-
S 04 YyHe npHMecell B MCXOAHLIX BeleCTBaXx,
'2 Brixop AuUBHHUJA OrpaHHYHBAeTCA He
L6 TOJIBKO YCJIOBUAMH TEpMOAHHAMHYECKO-
5y ro paBHOBECHA, HO H TNpOTEKaloWHMH
S 0 OHOBpPEMEHHO peaKUHAMH KPeKHHTa
g yraeBosoponos. Ha puc. 82 nokasana
S 3aBMCHMOCTE PABLOBECHSH PpeaKiuu Je-
42 TUAPHPOBaHHA H-OyTaHa OT TemIepary-
= O pbl H  JaBJCHHA. B coorBeTcTBHHU C

ﬁ‘ »: '» . -q.-ﬂ&-‘
600 700 860 900 1000
Temnepamiypa, X

npuHuuinom Jle-lllatease yBennyeHHIo
BBIXOAA AMBHHH/IA CROCOOCTBYIOT MOHMN-
JKEHHOe jlaBJeHHe H npuMeHeHue 60-
Prnc. 82, Pasuopeclible hoHUEHT- Jee BLICOKHX TEMmeparyp. 3aBHCIH-
pauny HNpOAYKTOB IIpH JelHAPH-

MOCTb KOHCTAHTH! PaBHOBECHA peaxitlid

poBanun H'-6yTana:
/ — n6yram 2 — nogopox: §—oy. ACTHAPHpOBaHusi H-OyraHa B GyTHJeH

HE p m——— ' -

;g.ll;l:z"“c 7 l%"l'ilg?;i}:” _____ OT TeéMneparypbl BblpaxKac€ITCd ypaBHE
napaeune 1 -10% H/m® HHEM

lg K ,=17,574— 30 500/4,575T, (IX.7

a 3aBHCHUMOCTL CTENeHH paBHOBECHOI'Q I'I]JEBpaIILE'.HHH OT JnaBJieHHSH P —
ypaBHeHHEM
xp=V K J(Kp+P). (1X.8)

C noBhIIIEHHeM TeMnepaTyphbl ONTHMAJbHO® BpeMs KOHTaKTa, Heol-
XOMMoe 1/ npeBpawenus H-6yTaHa B H-OyTHJIEHDBI, YMEHbUIAeTCA 1
npu 550—575° C Ha npoMBIIIEHHBIX aJIOMOXPOMOBBIX KaTa/Ju3aTopax
pasHo npumepHo 2 ¢ (puc. 83). CreneHp KoHBepcuH H-GyTaHa 3a OfHH
npoxoj cocrapaser 40—60%, a Bul-
X0 H-OYTHJIEHOB (CeJeKTHBHOCTE)
paBeH 35—40% OT HUCXOIHOTO CHI-
pbA. KoHcraHTa paBHOBecHs paBHa

K ==5,7012 — (28 000/4,575T). (1X.9)

S

b
S

Ilponecc aeruapupoBanus H-0y-
TaHa OCYLIeCTBJAETCH B OJHY HJH
ABe cranuu. IIpuHuunuanpHas cxe-
Ma JBYXCTaIHUHOTO cnocoba npous-
BOJICTBA JAMBHHHJA n3 6yraHa npej- 70 20 30
craBjieHa Ha puc. 84, Ieruapuposa- Bpeng, tek
HHe OyTaHa B ABHIKYIIEMCH HJIH KH-
ngmemM cjoe Karaansartopa ofecne- Pnc. 83. 3aBHcuMocTb BpeMenu KOH-
YHBAET HEMPEPLIBHOCTh H MOBuliaer —TaKkTA OT TEMNEpaTyphl mpH ACTi-

) ) APHPOBALINE H-0YTaHa B #-0) THACHELD
NPON3BOALTEIBHOCTL peakTopoB. e-

1 —525°C 2 — 330 °C; — 570 °C,
THApHpPOBaHHe #-0YyTHJIEHOB OOGLIYHO % < 600 °C. 5 < 625 5C
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OCYULeCTBIACTCA B a1MabaTHYECKHX KOHTAKTHBIX peakTopax (KaTajH-
3aTOPbl —— CMeChb OKHCJ/IOB MeTanioB) npu 600—650° C B npucyrerBum
[ileperperoro BOAAHOrO Napa, NOHHXKAKWEro MNapUHaJbHOe aBjeHHe
pearupyroouux rasop. Beixon nusuuugsa 80—85% (B nepecuere ua
ppopearuposaBiumii ras). Jlia pacyera cKOpPOCTH INpouecca mpeaso-
;KEHO CJelyiolllee KIIHETHYECKOe ypaBHeHHe:

dCI Cl / Cﬂc \I

Um=——temfy oL | 228

dt AAIERNN CiK. _,-'I' (IX.10)
rae Cy, Gy, C3 — xonuenrpaunk 6yrana (C,), 6yrusienos (Cy) v Bogopona
(C3); K. — KoHncranra paBHOBECHS.

Pezerepupofannsid
KamaAu3amop

\W\\\!—. =

? |

bymuneH

.\\\\\,\\\\\_l

ZAVZ
°§ g:: it /g (" i
N\ %
"é% - U bymaduen Ha
(Say] Q== / P neNUMEpUIAY UL
2
=
!y '0“’.59”&‘;
< 3 e, %
<, 2
2 S|w %
[ g S “%
N

pHC. 84, F[pm{unnna.nbuaﬂ cxema NMOaYYeHHT JHBHNHJIA H Ha ero OCHOBe KaydyKom
13 OyTaHOR: .
A3
1 — TpyGuaTelit peakTop ¢ pHeluHHM OBOTPeEOM JMA JerHAPUDPOBAHNA H-6yTaHa B H-GYyTHIeH;
2 — 6yHxép pelenépMpOBaHHOr0 KAaTajlM3aTopa; 3 — TellOOOMeHHHK; 4 — Deakrop afild-
ATAYeCKOro THMa; § — MIOK LJM 3arPY3KH KaTaau3aTopa, 6 — JI0K JJds BLICPY3KM KaTa -
38Topa; 7 — annapar gJas nOJHMEDH3ALHH B 3MYJAbCHH; § — annapaT Aad NOJAMMepH3aUHA
o Macce (GaoKe)

U3 ypasuenns (IX.10) Buawo, uro mpoitecc jeruapuposanus Oy-
TaHa TOpMO3MTCA NMpOJIyKTamH peakuuH. [Topanok peakuwu Aeruipu-
POBania w-6GyTuieHa OAM30K K HYJeBOMYy H TPOLECC HE TOPMO3HMTCSH
06pasyiouUMHCA NTPOIYKTaMU:

U= — dCo/dT = hCY:2. (IX.11)

Mpu yBe/JHUEHHH BpeMeHH KOoHTakTa Oojee 0,2 ¢ W MOBbILIEHHH TeM-
leparypei cBepX ONTHMaJbHOH CeNeKTHBHOCTb npouecca najpaer. Ka-
KYlUlasicAa sHeprus aKTHBAL(IIH PeakuHH Ha CMellaHHbIX OKHCHBIX KaTa-
TH3aropax (okucawt Fe, Cu, Mg, Cr, Zn u K) pasna 75—80 k/Ix/Moab.
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6. NPOM3BOACTBO ALLETHIIEHA M EFO NEPEPABOTKA

Cpeny MHOTOUHCJIEHHBIX Tra3o00pasHbIX YTIIEBOJOPOJLOB ale-
THJEHY TIpHHaAJeKUT ocofoe Mecto. IlpakTHueckoe npHMeHEHHe H HC-
MoJab30BaHHEe auerujeHa HCK/JIIUYHTETbHO BETHKO H MHO]‘OOﬁpaBHO,
Tak Kak auerujieH — cOeJHHEHHE HEHACHILEHHO®, TO €ro MOJeK)Jibl
JIETKO BCTYMNAOT B CaMble pasjH4YHbIS XHMHYeCKHEe peakuuH H nojgyuyae-
MLIE MPH 3TOM MHOTrOYHCJCHHBIE NMPOH3BOJAHbIE AAal0T HauyaJgao GOJIbLIIOMY
KONHUYECTBY BaKHBIX I Ha-
poAHOro Xo3sjicTBa BemecTe. B
P.’;'”_‘M HacToAILee BpeMsd aleTHJIeH [1o-
Ha buusmry Jy4aloT U3 KapOWaa Kajblus
H YI/€BOAOPOAHOTO ChIPbA.
IlpousBoacTBO aie-
THJEHaAa pasagoxe-
HueM KapOHaia Kalbp
ILH S OCYUIECTBJAETCA B alle-
TUJEHOBHX TeHepaTopax MOK-
pBIM H CYXHM crnocobamu Mo
VPaBHEHHIO peakuHH

C3C2 + QH}_O - CZH2+
+ Ca(OH); +127 k[lx

CaCy

Ilpn Moxpom cnocobe B Te-
Heparopax, paforaiomwux no
NPHHUHNY «KapOHA B BOJLY»,
Puc. 85. CxeMa npomseoictsa auetuiena APOOJEHBIH  KapOHA  KajblHA

#3 KkapOHla KaablHs’ PABHOMEDHO MOJAeTCA B reHe-
I — npuemublit OynKep; 2 — abBToMaTHuecKHH patop, CUIlep}KaIU,HFI 6osbLioe
T ermnen o Fep g b — ok i KOTHYECTBO BOTbl, 32 CUeT Har
yAaJepnA H3BecTH; 7 — crpy6bep, § — orcroi- rpeBaHHA KOTOpOH H OTBOIHT-
Hilg, 9 — XONOQHABHHEK
cA BblaeafAwolLeecs B X04e Mpo-
uecca Ttemyio. Boasl Geperca
JIeCATHKpaTHOE KOJHYECTBO M0 OTHOUIeHHI0 K Becy kap6uaa. Ilpn-
MeHfAeMasd Mo 3TOH ¢XeMe annapaTypa H ocOGeHHO KOMMYHHKaUHH 114
ylaJeHus ofpasylomerocs MjaMa H UHUPKYJAALUHA BOjbl OUeHb TIPoO-
Mo3aku. Kpome rtoro, GosbliHe 3aTpyjnHEeHHS BbHI3BIBAIOT TpaHciiop:
THPOBKA, XpaHeHUe W HCIMOJb30BaHHE KHJKOTO H3BECTKOBOIO MOJIOKA,
conep:kamero o 70% Bogwl

ITpu cyxom cnocobe B reHepaTopax, paGOTalOUIHX [0 MPHHUHNY
«Boja Ha KapOuj», BOAY A00aB/JAIOT TOALKO B TaKOM KO/JHYECTBE,
yToOb! O0ecreynTs NpoTeKaHHe peakuHH W OTBOJ Tera 3a cyer MCHa-
peHua u3bbiTKa BOAbl. B 3rOoM cnocoGe KapGHa KadblHs u3 GyHKEpa
CO LIJTIO30BBLIM 3aTBOPOM LIHEKOM rojaercss Ha BEepXHIOW MoJKy rene
paropa (amamerp 3—5, Bbicota 7,5 M; 11 mosok), yerpoiicTBo KOTOpOro
NOJOGHO MeXaHHYeCKUM MOJOYHbIM medaM (cM. 4. I, puc. 72, 6). Heo0-
XOJIHMOE KOJIHYEeCTBO BOABI MojaeTcsi pa3Gpbi3rHBaioundM yceTpoicTBoM
Ha BEPXHIOIO MOJKY H O0HJbHO cMOYEHHbI KapGHj KaJblHs MepeMe:
aerca rpefKaMH 10 CIIHpajH CBEpXy BHH3 yepe3 OTBepCTHS, ycTpoeH
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Hble B TOJKaX MNoMepeMeHHo: B IleHTpe W Ha nepudepun (puc. 85).
[lepensurasch ¢ MOJKH Ha MOJKY, KapOuA OJAHOBPEMEHHO nNepeMeLil-
BaeTcs M NPaKTHyecKH noaHoctoio (Ha 98Y%) npeBpauiaerca B aleTuIeH
u Ca(OH),. I'unpookuch Kanblius B BRIE CYXOro MOpollKa (MyLIOHKa)
yepes KOHYCHYIO YacThb Fe€Heparopa ¢ Melualkoii yaansercd LIHEKOM,
BuigeauBuiniics B pe3yJbTaTe peakuMH aleTH/IeH BMecTe ¢ BOAAHBIMH
napamMu M yBJeueHHOH H3BecTKOBO# muuiblo mpu 100° C Hanpasasercs
B CKpy0O0ep, opomaemulfi Bogofi. 31ech ras oxmaaxpaerca go 20—30° C
H ocBOGOXKAEHHBLIH OT NMBUIM MOCTYNaeT Ha OoYucTKYy or (ocdopucroro
sopopoaa (300—600 mr/m®), cepoBogopoaa (200—400 mr/m®) 1 ammuaka.
(O6pasopaBbllieecss U3BeCTKOBOE MOJIOKO M3 HHKHeH yacTu ckpy60epa
HelpepLIBHO BhBOAMUTCA B OTcTORHUK. lll1aM u3 HMKHell yacTH orcTofi-
HHKA OTKaylBaercH B KaHA/IHM3aLHIO, a OCBET/IeHHaA BOAA HacocoM yepes
X0/J0ANIBHUK CHOBAa HampasJsercsl B cKpy66ep. OuucTka rasa ot npu-
Meceit obecneyuBaercsl TIPOMBIBKOIl BOAHBLIM pacTBOPOM THMOXJOpHTA
¢ 106aBKO#i aKTHBHOrO XJopa HJIH pacTBOpoM OuXpoMara HaTpHA B pas-
GaB/JeHHOH cepHOH KMCJIOTe. 3aTeM Tas CYIIMTCA M HanpaBJfercd Ha
XUMHUeCKylo nepepaboTKy.

Kap6uaubiii MeTon HECMOTPS Ha CPAaBHHTEJNBHYIO TPOCTOTY HMEeT
PAL KpYNHLIX HEAOCTAaTKOB, H3 KOTOPHIX B MEPBYIO OYepelb HeOOX0AHMO
OTMeTHTh TPOMO3AKOCTh 00OpYAOBAaHHA, BBICOKHH pacxoj 3/eKTpo-
3Hepruy Ha npousBoacTBo Kapouna (10—11 kBr-y Ha | Kr auernseHa)
H 3aTpyAHEHH ¢ HCMNOJb30BaHHEM OTXOJAO0B, MOJYYAOMINXCA B GOJIbIIOM
KoaudecTBe. B nociennue roau paspaboransl 3heKTHBHBIE NPOMBILI-
JIEHHBIE CNocoGhl MOJYYEHUsT aneTHJAeHa Ha OCHOBE YIJIEBOJAOPONHOrO
cuipesl. [lpouecc o6pa3oBaHyus alleTHIeHa U3 METaHAa U ero [OMOJIOrOB
(HanpumMep, 3TaHa) Npu HarpeBaHud Ge3 JOCTyNa BO3AyXa MOKeT GLITh
NpeacTaBJeH CJAELYIOUIUMHE peakUHAMH KpeKHHra:

2CH,; - CH=CH 4+ 3H,— 376 k[lx CHy -CH=CH-+H,—330 kIx uT &

IMo6ounaa peaxkumsa CH;—C + 2H, — 88 k/Ix. IToewienue Tem-
neparypsl i yMeHblUeHHe NaB/JIeHHs NMO3BOJAIOT CMECTHTb MPOLECC B CTO-
pony KoneyHblx npojykroB. Ho npu 1400—1500° C aueruseH u yrae-
BOAOPO/IbI TEPMOLMHAMHYECKH HeYCTOHYMBLL M pasJiaralorcs Ha Camky
i BOZOpON

CoHy = 2C + H, -} 229 kI

HIH alleTHJIEH B3aMMOAEHCTBYeT ¢ APYTHMH ra3aMu W/JIW napaMH BOJEI
Mo peaKUHAM:

CH,+2H,0 > 2CO+3H, C,H,--2C0, - 4CO 4 H,

Peaknusi npespainennsi meraHa B aierused npu 1400—1500° C
HIeT GulcTpee peakLUMH pacnajna aueTHJeHa Ha 3JeMeHThl. IDTo BMecTe
C 3aKagaKol u ofecreynBaeT BO3MOKHOCTb TIOJYUeHHs auerHaeHa. Pas-
HOBecHble BLIXOZLI alleTH/J1eHa U3 MeraHa NMpPH aTMoc(epHOM AaBJIeHHH
BO3pacralor ¢ MOBHILEHHEM TEMIEpaTypbl:

T.K .... .500 1000 1200 1400 1800 2200
CoHy % . ...00 1,33 11,8 462 9654 9968
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B 10 e BpeMsa npu Gosee HH3KHX TeMMepaTypax CKOPOCTb OCHOB-
HBIX peakuuit o4eHb Masna. ITosToMy L5 JOCTHKEHHSA MaKCHMaTbHBIX
BLIXOZOB AUETHJIEHA H YMEHbLUEHHA pPas/IHyHBIX NMOGOYHEIX peaKii
HeOﬁXO,EIHMO NpHMEHATDb BbICOKHE OGhLeMHBIe CKOpPOCTH rasa, npH KoTo-
PHIX CHIPbE JOKHO HAXOAHTBCH B PEAKIMOHHOH 30HE TOJNBKO THICAY-
Hble JOJH CeKYHABl NpH Temnepartypax soite 1400 °C. 3arem GoicTpo
OXJaAaloT o6pasyiolmlnecs NPOLYKTH («3aKadKa»), YTO TNO3BOJIfET
npe1ynpeauTb pasjioxKeHHe alEeTHIEHA.

Crnioco6bl MpOU3BOACTBA aleTh/IeHa U3 NMPHPOIHOTO H APYTHX YIJe-
BOJOPOAHBIX ra3oB: 1) 3/MeKTPOKPEKHHT ra3oo0pasHbIX YI/IeBoJOpPOAOB

- HIH KHIKHX NPOIYKTOB (CMOM M TH-

JKeNblX HeTAHBIX OCTATKOB); 2) TepMH-

YeCKHfi KpeKMHr u 3) TepMOOKHC/IH-
TeTBLHBIH MUPOJIHS.

DNeKTPOKPEeKHHT TNPOBO-

::mmgaam nutes B peakrope (puc. 86), ayra B

podz o 7

KO‘I'OpOM co3gaercda NOCTOAHHBIM TOKOM
Memxay 3n1ektpoiamu. McxopHnas raso-
BaA c¢Mechb ¢ Goabuwiofi ckopocTeio (Go-
aee 100 m/c) nosy wu3OHTOYHLIM zaBJe-
nuem 0,5+ 10 H/m? BXoguT no Kacareinb-
HOIt B BEpXHIOIO PACLIMPEHHYIO YacTb
peaxkTopa, BLINOIHEHHYIO B BHJE CTalb-
HOLO NYCTOTENOro wHJIMHAPA, NpPOXo-
JNT 30HY JEHCTBUSA TEKTPHYECKOH AVTH
(1600 °C) u BBHIXOZHT M3 Hee 1O OXJaX-
naeviofi Bojoit y3koil TpyGe, ApadolLefi-
¥ cA alojom. ['a3pl, MponycKaemble 31eCh
¢ Goablici ckopoctbio (600—1000 m/c),
Prc. 86. pefml?[?mf" SCKTPO- g goume TPYOLi HMEIOT TeMmmnepatypy
) — aron, 2 p_e peaKu;mHHM one. 600 °C; wuemocpeiCcTBEHHBIM BCNPBICKHU-
pa, 3 — sasemaennuit anom 4 — pw.  BAHUEM Bojabl ofecneyuBaercd uX OH-
POA Tas0n KpeKMATE o T TYeKODoU  crpoe oxJIaxzeHues 1o 150 °C («3akai-
Ka»). OBpazosapliniicsd Npu 3TOM B pe-
3yJbTaTe WCMapeHus BoALl Meperperslii BOIfAHOR Nap YXOIMT BMecTe
C peakuHOHHBIMH rasamy. A BblgeJeHHs ameTHleHa HCIoMAb3YIoT
pacTBopuTeau: BOAY, aueToH, guMmerwidopmamui w ap. Has «3axura-
HUS» IYIH NPH MYyCKEe peakropa INPHMEHSIOT NYCKOBOH 3JeKTpof.
Pacxon anekTposuepriuu Ha | Kr KOHIEHTPUPOBAHHOrO aneTwieHa co-
crapiaser npumepHo 10 kBt-4. KomBepcns merana 3a omuH npomyck
yepe3 peaktop cocrasaser 40-—-50%. Copep:kanue amerusaeda B rase
10 14%. J1aHHEIM METOZOM MOXKHO MepepabaTbiBaTb METaH NMPHPOIHOIO
rasa W mapsl roMoJIOTOB MeTaHa, YTO ABJAAETCA OAHHUM H3 JOCTOMHCTB
3TOT0 METofa.

TepMuyecKUH KpeKHWHHT OCYUECTBIAeTcs B perexepa-
TuBHBIX Nneyax npu 1450—1600 °C. I'a3 conpukacaeTcs ¢ NOBEPXHOCTHIO
3apanee Harpetoii ‘Hacagxn. [lpn Hannuuu AByX neueli, coemnHeHHBIX
OIHOH TONKOH, MOXKHO 0O0eCmeyuTh HEMpPEepLIBHBIH IIpolece Mo IHKIY:
| MuH — narpeB Hacaaku u 1 MHH — KPEKHMHI, YTO cnocoGcTBYeT
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MakcHMagbHOMY ucnoJib3oBadiio temsia. B CCCP ocyuiectBien Kpe-
KHHI npornana B TpyGuarthix nedax npy 1100—1200 °C, Bpemenu peak-
wk 0,1 0,15 ¢ u ocraroynom Aasiaenns 380 mum pT. c1. Bosee winporo
pacnpocTpaHeH TePMOOKHCIHTEIbHbI KPeKHHT (IHPOJH3), B KOTOPOM
1eoOxOAuMOe Tem10 nojdyyaercsl 3a cyeT CIKMTAHHS YacTH MeTaHa:

CH,; —,1—20)_ —+C02+2H20+802 kX
OcHOBHBEI® peakuuH TePMOOKHCIUTEIBHOTO KPEKHHIa

CH;+1/20, == CO+4-2H,-- 32,0 ki, 2CH;=GC.H,-}3H,—376 kJx

B meun nuposnusa mopiep:kuBaercs Temnepartypa okono 1450 °C.
Jns oxkvcjeHHs TpUMEHSeTcA KHCI0pol, B3ATLIH B KoauyecTBe 60—
65 06. % ot merana. O6a rasa mpejBapuTe/bHO PasjesnbHO NOJOrpe-
Bafotcs jo 400—600 °C 1 3aTem ¢ SoablIoH CKOPOCTBIO NOAAIOTCA B Peak-
UMOHHLIM KaHan, rie Haxoaatcsa npumepso 0,003—0,006 c¢. Cosnan-
nas B CoBerckom Coi03e KOHCTPYKLHA Ne4YH OTJIHYAeTCA OT 3apyGeKHbIX
cBOe#l KOMIAKTHOCTLIO, GOJblIeH MNMPOW3BOAUTENIBHOCTBIO TNPH MeHb-
meM pacxojge Kuciodbposaa. IlpumeHsiiorcs OJHOKAHAJbHBEIE H MHOTOKa-
Hajdblible peakTopbl. KoHBepcus meTaHa B auerusen cocrtasiaser 30%.

Y CTaHOBJEHO, YTO NpH Nojaye GeH3uHa B 30HY 3aKAJKWH NPH OKH-
CTHTENLHOM MHPOJHM3E METAaHa MOMKHO 3HAUUTENBHO YBEJIHYUTL BBHIXOJ
aueTH/JIeHa, ITHIEHA W CUHTe3-ra3a. TaK Kak MeToj] NMpo/u3a U COCTaB
HCXOAHOIO ChIpbA 'B 3HAYMTEJLHON CTeleHH BJAMAIOT Ha COCTaB KoHey-
HOrO rasa, cxembl BHI@TEHUS aleTHIeHa MOL'YT CHJIBLHO OTJIHYATbCH
Jpyr OT Apyra.

ITpu mpousBojgcTBe aueTHJACHA M3 MeTaHa OJHOBPEeMEHHO C OCHOB-
HBEIM NPOAYKTOM NOJyYaioTcs GoJIbLIME KOJHYeCTBAa BOAOPOAA U APYTHX
rasoB (taba. 15). Tak, Ha kaxayro 1 T auerutena ofpasyercs BoJ1oO-
pojla B KOTWYeCTBe, JOCTATOYHOM /Il MPOH3BOJCTBA 3—4 T amMMHaka.
[Tpu asmektpokpekuure Beigensercs eme 50—100 kr caxu, a3 Tep-
MOOKHCJIHTEIBHOTO KPEKHHIA CcOJiep:KaT OKHCh YIVIepoAa W BOLOPOX
B COOTHOLIEHHH, TpeOyemMoM JJI CHHTe3a YIVIEBOJOPOJAOB HWJIH MeTa-
nosa (1 T merana no sToMy mertonay Aaer npumepno 1160 Kr cHuTes-
rasa).

OaHuM H3 BaXKHEHMNX NPOMBILJIEHHBIX CHHTE30B HAa OCHOBE alleTH-
JleHa ABJseTcA MPOH3BOJACTBO aueTadbleruaa. M3 aueTwieHa o MoxKer

Ta6bauwma 15
NMpumepnwdl coctar rasos, ofpasywwuxca npH oGpaGoTKe NPHPOAHOTO rasa

CocTtas rasa, o6 9%

TIpouece npoYne
CiH, | GH, | CH, | Hy | CO | CO: | ppoxywem

BﬂeKTpOKpEK HHT . . . . ... 13,3 00 | 275 4841 — —_ 9,0

Tepvmyeckuit xpexusr . . . .| 10,0 | 38 | 150|557 | 69| 1,6 7,0
CPMOOKHCAHTENbHBI — Kpe-
KHHT (nHpou3) . .....| 85 | 06 6,0 | 54,0 | 26,0 37 1,2
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ObITh noJiyyeH TpeMs MeTojami: 1) ruapaTauyeil aueTu/ieHa B XKHAKOH
aze ¢ pPTYyTHO-3KeMe3ubIM KaTasausatopoMm (crioco6 M. I'. Kyueposa,
oTKpuITEIi B 1881 r.); 2) rugparanued aueThHaeHa B napoBoH ¢ase
Ha TBepjoM KarajusaTtope: 3) HAPOJH30M HPOCTHX BHHUWJIOBHIX 3(i-
poB. KDOME TOro, ageTaJbleruj NPoU3BOJAT HENOJHbIM KaTaauTHYe-
CKMM OKKCJIEHHEM 3THJIOBOTO CMHPTa ¥ KATAIHTHYECKHM OKHC/IeHHeMf
atuieHa (HauGoJjiee nepcneKTuBHBIM Meton). IlpousBoicTBo aueralib-
Jerufia Ha ocHoBe peakuus KyuepoBa ocylliecTB/IAeTCA B NPOMBILLICH-
HOCTH MO CXeMe, NpuBegeHHoH Ha puc. 87. TuiaTeJbHO OYMIIEHHLI

Boig
- Ha guucmyxy
Kamoau3a, 1
W e
HO pecenepayun o
[— —]
A f =
[ ———] e
Pmyme- ||
5
KamaAusamop ¢
£ pezenepayull: Auemansdezud
. . HO PEXMUPUKTYL UL
Ayemuaey 0Bopomusll_guemunen el
céewud

Puc. 87. Cxema mnony4yenns auetanbierdfa rHAparauHell aueTHIeHa B KHAKOR
thase:

! — OapGoTtaxunuili rugpatatop; 2 H 3 — TpyOuaTme XOJAOAHJbHHKH; 4 — GaploraHas
KONOHHA, § — cOOPHHK aueTanbleruga

aneTu/IeH, CMeWaHHblif ¢ NUPKYJHPYIOUIHM ra3oM MOA JaBjeHHeM
1,5-10° — 2,5-10° H/M?, HenpepblBHO GapGOTHpPYeT B THAPAaTaToOpe
(BblcoTa 15, Auamerp y3Koit yactu 1,34 M) yepe3 KOHTAKTHYIO KHAKOCTh,
conepikaulyo pactsop cyabparta prytd (II) B cepHoit kucaore. Tak
KaK aiera/nbleruji — CHJbHbIH BOCCTaHOBKTENb, B Xoje mporecca HAeT
soccranosiaenne pryty (11) no prytu (I), a 3atem — 10 MeTamauueckoi
PTYyTH:
2HgS0; + H,0 + CH3;CHO — Hg,S0, -+ H,S0, + CH,COOH (@
Hg,S0; -+ H,0 + CH;CHO > 2Hg + H,S0, -- CH,COOH ©)
Jana coxpaHeHuss HeoGXOZMMOrO COCTaBAa KaTalW3aTOPHOH KUIAKO-
CTH BBOJAAT METAaJLIIYECKYIO PTYTh M OKHCIHTENH, KOTOPble B MPUCYT-
CTBHHM cepHoit KuciloTbl nepeBonar Hg B cysabdar pryru (IT), Tpebye-
MYIO AJIS mponecca ruApaTaliy;

2Hg+ Fey(SO,), —22% Hg,S0, 4 2FeSO, ®

Hg,S0; + Fey(30,); = 2HgS0, 4 2F eSO, 0]
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MeTasinuecKyio pTyTh BBOAAT MEPHOAHYECKH, PACHBLIAS €€ uepes
BOPOHKY B BepXHeil 4acTH peakTopa (Ha KaKAyio TOHHY anerasbie-
ruja 6e3po3BpatHo Tepsercs okoao 0,1 kr pryrn). ITpu stom 50—60%
aleTH/IeHa TUAPATUPYETCHA MO YPABHEHHIO DEeaKnHu

CH=CH } H,0— CH;—CHO+ 151 k%

Annapar B BHI€ KOJOHHBI C pacllupeHHeM B BEPXHeil 4acTH, KOTo-
poe CJAYKHUT LA yJaBJIHBaHusA GPBIST W BMECTHIHlEM 411 obpasyro-
eficss meHsl, U3roToBAAETCA U3 QEePPOCWIHLMA WIH U3 HeprKaBeoue
cranu. Kaxjas noaka 6ap6o-

TaXKHO TUApATAUMOHHOH KO- Omxodawui 2as
JIOHHBI MO CcTeneHu HEPEMEH_IH-

BaHHA Tasa U JKHUALKOCTH OJIHKe N, 2
K PEXUMY cMellleHus, 4eM K pe- — !

JKUMY BBITeCHEHuA. JIBukeHie

$as NpPOUCXOAMT Ha MNOJKEe 110 0Oz CH;COOH

cxeme mepekpecTHoro Toka. On- — ggﬁf’m"f(gz% 4

HaKO BCJIEACTBHE 3HAUYHTEJNbHO- e I S22

rO KOJIMYeCcTBa MOJIOK TMpolece -t .
MOXKHO PACCYHUTBHIBATH MO MO/E- —— {1t

JIi BBITECHEHHUS TNPH TPOTHBO- Mmsms .

TouHom JABuKeHuu a3. Tem- e

nepatrypa B THApaTaTope NpH 4 3
MOMOLIH OCTPOrO napa MoATep- J

JKuBaerca B npenenax 90— HO L_1 H,0

100 °C. 'asbl, BBIXOAAILIHE H3 Kondexcam
BepXHell wacTu ruapararopa H Agemansiezud
COAEprKallHe aueTaNblerui, He- Ayemansdezud
NpopearupoBaBllinil aueTU/IeH, U kamansusamop

BOAfIHEIE NMapbl W Apyrue TpHu-
MECH, MOCTYNAIOT B XOJOAWJIb- Puc. 88. Cxema mofyuyeHHS YKCYCHOH KHC-
HuKu. B nepBom KoHjeHCH- JIOTEl OKHCIEHHEM aueTaiblerHia.
p}‘[o’[‘cﬂ napbel BOJHI, BOBBP&‘ ! — OKHCAHTENbHafd KOI0HHE, 2 — KOHAeHca-
TOp, 4 =— cemapaTop

llaeMble B THApPATaTOp, a BO
BTOPOM — aueTadblerul H Bo-
Ja, Hanpasjifievble B cOopHuK. HeckoupeHcupoBaBluuecsa rassl mno-
Jdatorca B abcopOep, rie adbierdi H3BJIeKaeTca BOJOH, OXJaaeHHOH
20 10 °C, a HenpopearupoBaBllHil aneTuJeH BO3BPALIAETCSA CHOBA B N1Po-
uecc. Ilpu stom okoso 10% rasa HenpepbiBHO 0TOHpaeTCs Ha OYUCTKY
OT a30Ta U ABYOKHCH YIJIepoAa, YeM M NMpefoTBpaLlaeTcs UX upesMepHoe
HAKoMJeHHe B IHPKYJAHPYIOLEM rase. Auerajabierun jajgee Nnojpepra-
ercs pekTHuKanuu. Bplxoafdiias M3 rujparatopa KaTalusaTopHas
KUAKOCTb HanpaB/fAeTcd B OTCTORHUMK (AJA yJA4BJIMBaHUA PTYTH) U
3arem Ha pereHepanuio. KaTanusaTopHas JKIIKOCTb COIEPIKHT IPHMEPHO
200 r/x cepuoit kucaotsl, 0,5—0,6 /a1 okucu prytH 1 40 ©/1 OKHCIOB
Hejesa,

Brixopn aneranpiaeruna Ha npopearupoBaBLIMil aneTHJEH COCTaBJsAET
90-—95% . Jlas nomyueHuss 1 T aperaibperiia pacxonyeresa 680 Kr
aueruaena, 0,1 Kr pTyTH, OKO/IO 3 T BOASHOrO Nnapa, a TakKiKe HeKo-
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TOpoe KOJIYeCTBO CepPHOIl M a30THON KHCJOT W XKENe3HOro Kynopoca.
B xone mpouecca B BHAE MOOOYHLIX NPCAYKTOB BLIAGISIIOTCS YKCYCHAsI
KHCJ10Ta, KPOTOHOBLINR aJIbAerl W napalibierui.

Tak Kak pPTyThb OuYeHb $/I0BHTA U ee MPHMEHEeHHE HEeXXeJaTeJbHO,
ObLTH NpeAJoKeHbl HepTyTHhIe KaTalu3aTophl B BUAE OKHCI0B Zn, Mg,
Ni, Fe, Co, Cr u Apyrux MeTa/lIoB, a TaKKe HeKOTOPhIe CONH H KHCJIOTHI.
Takoro pojia FeTepPOreHHblil KaTallTHYeCKHH Tipolece MoxeT OHThb npo-
BeleH W BO B3BelleHHOM cJoe. Buixopn aneransieruga 88—90% na
npopearupoBaBliuii anetusied. Kousepcus apeTnsiena 3a MpPoOXo1
~50%.

[Ipow3BoOACTBO YyKCYCHOH KHCIOTBH C JaBHUX
NOp OCYLIECTBISETCH CYXCH NMeperoHKcii aepesa, GpoKeHneM 3THJI0BOrO
cnupra ¥ ¢ Hayada XX B. CHNTETHYECKH: OKHCJEHHeM aneTalbieruia
wiy ruapatapyei Kerena. Ilpu okucaeHuy ameranbieriia KUCIOPOACM
BO3jlyXa B MPHCYTCTBUY COJeH Mapradina cHayaJja ofpasyercst Hapyk-
CycHasi KHCIOTa:

CH3;—CHO+- 0, — CH3;—COOH,

KOTopasi NpH B3aHWMOJEHCTBHH CO BTOPOH MO/JeKYJOil aleTalbierHia
JaeT ABe MOJEKYJhl YKCYCHON KMCJOTHI

CHs—COOH -+ CH;CHO — 2CH,COOH

HakonJenne HagyKCycHo# KHCJIOTH B peakpHOHHOM annapare mo-
JKeT BhI3BaTh B3pHB. JI1s1 mpenoTBpaulenHs 3Toro pastaBisiioT mapo-
rasoBVIO cMecb Aa30TOM U MOAAEP:KHUBAIOT TemMmnepaTypy B Npeneaax
60—75 °C. TlpumeHsieMble B KauecTBe Karajqu3aTtopa COTH MAaprasua
CnocoGCTBYIOT BOCCTAHOBACHHUIO HAAYKCYCHOH KHCJIOTH B YKCYCHYIO.
ITponecc ocyuiecTBaseTcss B 6apfoTaxKHOH OKHMCAMTETLHOH KOJMOHHE
nopobHO TOH, KOTOpAast HCHOAL3YeTCs A MOJVYeHHsl aneraldbleruja.
ITpousBoncTBO cocTOMT M3 TpeX crajmit: 1) oKucaewwe aperaabierupa;
2) aGeopOulist aneTadbiernjia U3 OTXOASHX Fa30B u 3) BhifeIeHUue ape-
TATbAErHAA U3 YKCYCHOH KHCJAOTH. B HUXKHIOW YacTh KoJoHubl (puc. 88)
BBOAMTCSl PacTBOp aueTaibjerHia M KaTadu3aTop pacTBOP anerara
Maprauna. PeaknuoHHasi cMech 3aHMMaeT BCIO KOJOHHY, 33 HCKJ0Ye-
HHeM BepxXHeH yacT, B KOTOPYIO BO n30exkaHue B3PLIBA MAPOB MOJALTCHA
as3oT. B pa3HBIX MecTax KOJOHHBLI [0 €e BLICOTE BBOJMTCS KHCJIACPOA.
Okuciaenue Benercs npu 60—70 °C u pasnennu 2-10° H/m?. Boipeasio-
Hieecst TEMJO OTBOAMTCS MUPKYJASIMEH MUAKOCTH M OXJaKAeHneMm Ko-
JOHHBI BOAsIHOH pyGalikoil HJaM BojsiHbIME 3meeBuKamu. O6pasyio-
1lascst yKeycHasi Kucjora BMecTe ¢ NOGOYHBIMH NPOAYKTAMH Peakiilll
(YKCYCHHIH aHTWAPHA, MYpaBbHHAs KHCIOTA, BoAa M ApP.) OTBOAMTCS
Ha OYMCTKY M pekTuukanno. CMech NapoB aperanbieruia, yKCycuol
KHCJIOTH H }lp}’I‘HX BeLIeCcTB H3 BEpXHef‘l HaCTH KOJIOHHDbI HE}H]}EBJ’[HETCH
B XO/JOAMJbHUK — KOHAEHCATCDP, a 3aTeM B cemaparop, OTKyja Hempo-
pearupoBaBUIMil aneTaldbJerij HanpapsieTcs] CHOBa B PeaKiHOHHY IO
KOJIOHHY. A OTXOASIIME Fa3 Mocje TNPOMBIBKH BBINYCKAeTcsl B aTMOC:
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rnrasa/ BBICOKOMOQJIEKYNIAPHBIE COEAWHEHMSA

1. BICOKOMOJEKYNAPHLIE COEAIMHEHMUS B HAPOAHOM
XO3SHCTBE

I'pomaznoe 3HayeHHe B HAPOAHOM X03AficTBE MMEIOT MPHPOI-
Hble H CHHTeTHYeCKHe BbICOKOMOJEKYJAPHHE OPraHHYecKHe coenuHe-
HHA: Le/LToN03a, XHUMHYecKUe BOJOKHA, MJIacTMacchl, Kayuyyku, pe-
3HHa, JaKH, KJeH, HCKYCCTBeHHas Koxa ¥ MmexX, NmieHku H ap. [Ipupon-
Hble ¥ CHHTETHYECKHE BbICOKOMOJIEKYJApPHLIE CoelKHeHHs o006Jaa1aloT
COBOKYMHOCTbIO 3ameyarenbHbIX cBoiictB. OHH MOryT OBIThH 3/1aCTHY-
HBIMH HJIH XKEeCTKHMH, TBePIALIMH HJAH MATKHMH, npo3paydbIMKi HJIH He-
Npo3payHbIMK VIS CBeTa M JlaXke coueraTh caMble HeOXujiaHuHble CBOH-
CTBA: NPOYHOCTb CTAIW NPH MAIOH NJIOTHOCTH, 3JaCTHYHOCTH C TeJO-
H 3BYKOM30JAUHKEN, XHUMHYECKYIO CTOHKOCTL ¢ TBEPJAOCTLIO H T. M.
TlonofHas yHuBepcalbHOCTb CBOMCTB HapAny c Jerkoii o6pabaruiBae-
MOCTbIO TMO3BOJIAET H3TOTOBJATH JIETAAN W pazHooOpasHble KOHCTPYKUHH
M000# dopMbl, BETHYHHBI W OKpPacku. Be3 cHHTeTHYECKHX MaTepHaoB
ceflyac HeMbIC/IHM Ja/IbHeHIIHii TeXHU4eckH# nporpecc B caMoJaero-,
MallHHO- W CYAOCTPOEHHH, PAJHO- M 3JEeKTPOTeXHHKE, DEeaKTHBHOIl H
aTOMHOH TNpPOMBIILIEHHOCTH M JIPYrMX 0GJacTsiX HAYKH H TeXHHKH.
M3 naacrmacc MOXKHO H3rOTOBJIATL KOpmyca CYJIOB, aBToMoOuJed,
TPaKTOPOB, YAacTH CTAHKOB, H30/AAuHI0. [IpuMeHeHe niacTMace B CTaH-
KOCTPO@HHH TO3BOJIAET TO-HOBOMY pelllaTh pfjl KOHCTPYKTHUBHLIX 3a1ay,
BeJleT K 3KOHOMMH TPYZa, CHHXKaeT cefecTOMMOCTh CTAHKOB W YJIy4IlaeT
HX JKCIUIyaTauHOHHbIE KAayecTBa. BLICOKOMOJEKYVASPHBIE COETHHEHUSA
HaneKHO 3aiHIAIoT MeTalJ, f1epeBo H 6eToH oT Koppo3uu. [as storo
OTZeJbHble YacTH, a TaKxKe ueJable arperarbi o0KJanblBaloT JHCTaMH
nJjacTMace, Kayuyyka, MNOKpHIBAlOT TJeHKaMH, JaKaM# M 3MalsaMH.
Hcnonb3oBanne HOBLIX CHHTeTHYECKHX MATepPHAJOB B JOMOJHEHHe
K CeJbCKOX03fHCTBEHHOMY ChIPbIO 1MO3B0JAAET 3HAYUTEALHO YBEJHYHTH
MPOU3BOACTBO TKaHeH, ojexanl, 06yBH, Mexa M pasJIHyHLIX MPeMEeTOB
JoMalliHero W Xo3diicTBeHHoro o6uxosa B Hallell cTpaHe.

2. CBOUCTBA, KNACCUDHKAUMA M METOAL! MONYYEHMA BLICO-
KOMONEKY NAPHLIX COEAUHEHMHA

»

BhicoKOMOMEKYAsAPHLIE COeIHHEHHS OeAATCA Ha HCKYCCTBeH-
Hble, MOJyuyeHHble B De3yJbTaTe BbLIeJeHHA, OYHCTKH W nepepaboTKu
NMPUPOIHLIX MNOJHMEPOB (Uennioa03a, OeTKH, JHUTHHH, HYKJIeHHOBble
KHCJIOTH!, HATYpadbHLIf Kayuyk, HIepcThb, WeaK H JIp.), W CHHTeTHye-
CKye, KoTopLle NPOM3BOAATCA H3 pAasJHUHLIX HH3KOMOJEKY.IAPHLIX
OpraHHYecKHx COEAMHEHHH.
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BricokoMo/IeKyIsipHbEle COEIMHEHHsT COCTOAT U3 MOJIEKYJ-THTaHTOB
(MaxpomoJieky.1), oGpa3oBaBLIMXCSl B pe3y’bTaTe XHMHYECKOTO B3al-
MOjeHCTBHA GOMBUION0 KOMHYECTBA MCXOJHBIX MOJIEKY./-MOHOMEpOB,
Ecau monexynsipublii Bec HH3KOMOJEKYASPHLIX BelllecTs (BOjia, CNHP-
Thl, KUCJIOTHL, COJMH H Np.) BbIparkaeTcst B JecATKaX, COTHSIX eMHHHL,
TO MOJIEKYJb! BBICOKOMOJIEKY/ISAPHBIX COEIUHEeHHH (MoJHMepOoB) MOrYT
COJepP3KaTh MHOTHE COTHH H THICAIYH aTOMOB, CBS3aHHLIX APYTI C APYroM
T/TaBHBIMH BAJEHTHOCTSIMH W MMCIOT MOJEKYJISIPHBIH Bec, YacTo cocTab-
JISTIOUHH THICAYH W JaXKe MHJJTHOHBI eTHHUIL.

BbIcOKOMO/ICKY ISIDHBEIC COEAMHEHHS] KaK MO CBOMM CBOfCTBAaM, Tak
M MO BHCUIHEMY BHAY OTJIMYAIOTCS OT MOHOMepoB. MakpoMmoJieKy.ibl
COCTOSIT N3 GOJBILOTO KOJHUYECTBA NOBTOPFIOMHXCS 3JeMEHTapHbLIX
3BeHbeB (cM. Taba. 16). Uucao TakuX 3BeHbEB, ONpeAesiomuX JIHHY
LenH BHICOKOMO/IEKYJIsIPHOTO COENHHEHHSA, Ha3blBaeTCsl CTENeHbIO NOJIH-

TaGauma 16

HcxonHbie coenMHEHMn W TIOBTOPAIOUIMECH 3BeHbA HEKOTOPHIX
BbICOKOMONEKYAAPHBIX COeNHH eHHi

TMoaumep Hexoausil MouoMmep TlorTOpAKOLICEC 3REHD
[NoansTnaen CH,;=CH, —CHy—CH,—
[MonuBHHAIXTOPHA CH,=CH —CHy;—CH—

[ |
Ci Cl
[NoancTupon CH,=CH —CH,—CH—
| |
CGI"L—. CGH.‘l
[oaurerpadropstinen CF,=CF, —CF;—CF,—
(¢dropon.iact-4)
Toaxak pHAOHHTPHI CH,=CH —CH,—CH—
|
CN CN
Toauu306y THICH CH,=C—CHj, —-CHr*J;*CH:;
|
CH, CHj,
[NoauGyTagnen CH,=CH—CH=CH, —CH,—CH=CH—CH.
HJH
—CH,—CH—
|
CH=CH,
HarypaabHuifi kayuyk CH,=C—CH=CH, —CH,—C=CH—CH, —
[loaukanporaktam  (Kan- OC(CH,);NH —C—(CH,),—N—
= — b
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Mepusauuy . Crenenb moaumepusauliy # YBeIHYUBAGTCA B TeueHHe
peaKLI,I{H W MOMET JOCTHYDb 3HayMTeNbHOH BeTHUHHBL. B TO ke BpeMAa n
ABJAETCA CPelHell BeJHYMHOH, T. e, B JIOOOH MOMEHT mpouecca noan-
MepH3aUuHH WJIH NOJHKOHAEHCAUHH B NOJYUYCHHOM CO€IHHEHHH HMeeTcHA
CMECb YacTHIL ¢ Pas3/IMYHbIM MOJIEKYJApHbIM BecoM (puc. 89). ¥V Hutpo-
peaonossl (puc. 89, kpupas I) ¥ y noauctuponaa (Kpusas 2) cpenusns
cTenedb moauMepHsauny mpumepuo pasHa 800, HO Ko.uyecTBO MoJe-
KYJ C Takoil CTeMeHblo MOMMEPH3aLHH Yy HUTPOUEIION03bl B 3 pasa
osbllie, yem Yy TOJMCTHPOJga (3alUTPHXOBAHHBIH YUYacTOK). DTH ke
KpHBbIE pacrnpejie/leHsi MOKasblBalOT, YTO MaKCHMaIbHafA CTeneHb MoJi-
mepusauiy y Hurpouensmonossl 1700,.a y noancripona nmeercs ele
MHOTO MOJIeKYJ1 CO CTeneHbio moauMmepusauin Gosee 2100.

Takum 06p330M, BBICOKOMOJIEKYAAPHLIE COCNHMHEeHNsA npeacTaBantoT
cOG0OH CJI0XKHYIO CMeChb MOJEKYJ PasiiuHofl CTeneHH NOJIMMEpH3aLUH.
TTosTomy J11060#f NMOJHMEP MOMHO OXxa-
paKTepHu30BaTh TOJIbKO BeTHYHHOH Cpel-
Hero MoJgekyaspHoro Beca. Cieposa-
TEJbHO, MOJIEKYJsipHLI Bec moaumepa
(M) paBen nNpPOH3BENEHHIO MOJEKYAAP-
HOFO Beca 3/JeMEHTApHOro 3BeHa (n1) Ha
cTeneHb MoJuMepH3auuu (n):

M= mn. (X.1)

HKonuyecmbo MOReKyT

ﬂ.’]ﬂ BBICOKOMOJICKYJJAPHBIX  COECTH-
HeHHH XapakTepHbl HEKOTOphle oluipe
ceoiictBa. Ouu, Kak NpaBH/IO, TPYIHO
pacTBOPHMB, TNPHYEM PacTBOPHMOCTD
majaer Mo Mepe YBEJIHYEHHS MOJICKY- Dyc. 89. Pacmpeledchhe Mofe-

400 800 1200 1600 2000 2400
Lmeneks nOMUMERUIRYLL

JAPHOrO Beca. O6kIuto pacTBopeHune Ky pasAH4YHON AJHHBL
" HIeT OYeHb MEJJICHHO H eMY YaCTO NPeA- ;s — wurpoueaiionosa, 2 — MoaHCTH-
LIecTByeT nadyxauue, B Xoje KOTOPOro poa

MOJIEKy.T[bI paCTBOpI{Te.IIH NPOHHKAIOT

B Maccy pactBopsemoro nojumepa. ITonyyeHHbie pacTBOpEI, faxe npH
HEBLICOKHX KOHUEHTpauHax, obmanaor 60blU0lt BA3KOCTHIO, BO MHOIO
pas mnpeBocxoxfuiell BA3KOCTb KOHIEHTPHPOBAHHBIX PacTBOPOB HH3-
KOMOJIEKY/IAPHBIX coefliHeHHil. EcTh BBICOKOMOJEKY/IApHBIE CcOeIHHE-
HUsl, KOTOpble BOOOLIE He PacTBOPSAIOTCH.

[Tonumepbl HeneTyuw i He 00/1a7al0T SCHO BbIPAXKEHHOH Temmepa-
TYypo#i n/aBJeHus; NPH HarpeBaHWW OHH NMOCTENEHHO PasMATYAOTCS W
N1aBsATcA, a MHOTHe pasfaraiorcs Ges maasaenusa. Hem Goabuie pas-
Mep MoJeKys MmoJuMepa, TeM BbllIe TeMnepaTypa ero pasMaruyeHusi u
T1aB1eHys.

Orpomublit MONEKY.ISIPHBIIT BEC ¥ COOTBETCTBYIOUIHE €My CHJIBI MOJIC-
Kyasipworo B3aumopeicTBHA MPHAAIOT NMOJHMEepaM BEICOKYIO NMPOYHOCTb
(prc. 90), a s7acToMepam B TO ke BPeMS — CHOCOGHOCTb K GOJIBIINM
O6paTumbiv gepopMaraM. M3MeHss cTpoeHse M AJHHY UeNH, yepeio-
BaHie spenbeB, COCTABAAOULEX MOJCKYIY MOJIIMEPA, COCTAB MCXOIHBIX
MOHOMepoOB, yc/I0BHA NPOBEIEHUA CHHTE3a H MOCIC1YIOULYIO o6paboTky,
MOXHO €O371aBaTh BHICOKOMONEKY/IAPHEIE COCANHEHHA ¢ CaMbIMH PasHO-
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ofpasupiMi CBolicTBamMu. B noauMepax Hapsany C KPHCTaNIIYyecKiyy
obsactAMH HMeloTcs 06AacTH C HeynopsiIOYEHHBIM pAacTioNoKeH ey
MAKpoMoJieKyd, T. e. amopduble obaacty. C pocToM KPHCTAIMYECKHX
obsacreli B BBICOKOMOJICKYJISIDHBIX COeAHHEHHSIX [OBBIIAIOTCA Uy
TIPOYHOCTD U KECTKOCTh. BLICOKOKpHCTaMIMYecKHe XUMITUeCKHe BOJTOKHa

) flpoynocms

n 1 1 i | I 1
7 200 %00 600 800 1000 7200  ThOO
Cmeness nosumepuiqyuy

Puc, 90. 3aBMCHMOCTH NpPOYHOCTH XJOMKOBOIO BOJAOKHA
OT MOJIEKYJISPHOH Macchl

OTIIHYAIOTCS CBORH MPOYHOCTHIO, @ KAYUYKH 06/1ajaloT aMopdhHOii CTp yK-
Typoil. Ilpu Harpepanuy KaydyyKoB HaGaioflaeTcsi Mepexoj, M3 CTEKJo-
06pas3’Horo cocTOSIHHSA B BHICOKO3/1acTHUeCKoe. 3aBHCHMOCTD Jeopmannu
OT TeMNepaTyps NpH TNOCTOSHHON HAarpyske ml1f NOJMUH306VTHICHA
npeacrasieda va puc. 91. Ha puc. 91 moxkwo Bbizenuth TpH obiacty
COCTOSIHHA BBICOKOMOJIEKYJSIPHOTO COEAMHEHMA: CTeK/I1000DasHoe, Bh-

COKO3/1acTHYECKOe M KHIKOTeKyuee,

Cmennood- Bercoxoanatii--  My<M; . o )
pustoe vecKoe \ Basxomenyvee I'panuue! nmepexona u3 ofiHoil ojna
CacmoA, CocmaAnue | cocmoanue CTH B Jpyrvio o0yCJoBJeHb! pasie-

paMH MaKpPOMOJEKYJ U CTPYKTYypcH
noaumepa. CrefeHb DoduMepH3aili
H/IHM BeJIHYHHA MOJIEKV/APHOro Beca
BO MHOIOM OIpeieaseT He TOAbho
CBOMCTBA MOJIVUEHHBIX NOJHMEPOB, HO
H 06/TaCTH UX NpUMeHeHHs.
Knaccudburkauus BE-
COKOMOJAEKYJASAPHHX CO-
Puc. 91. 3apichmocts zeopmamuu C 4 B H € H M H - TPOUSBOAMTCS 110
moJuMepa oT TemmepaTyps npu mo- WX TpHusHakam. Hx pasauvaior no
CTOSIHHOIl Harpyske NPOUCXOMAEHHIO, Hanpumep npupol-
Hble ¥ CHHTeTHYecKHe; MO XHUMIIze-
CKOMY COCTaBy FJIaBHOM (€N, N0 CTPYKTYpe MaKpOMOJIERYI, To (i~
UeCKHUM CBOIiCTBAaM, 10 METOAY MNOJyueHHdA, 10 cNocofy nepepaboTkH
B W3/lesinsi U T. M. BBICOKOMOAEKY.15ipHble COENHHEHHS, COCTosulie 113
3BEHBLEB O/lHOI0 MOHOMEpd, HA3bIBAKOTCS IOMONC/IHMEPAMH, a U3 3BEHHEB
Pas3IHYHBIX MOHOMEPOB — reTeporoJuMepaMy HJAH CONoIuMepamil.
Io XHMHYLCKOMY COCTaBy IMAaBHON LenH MOXHO BCe NoIHMEDBI paBﬁliTh Ha T;JH
rpynnn.
P K a P fouenHuHe NOJTHMEDDLI HMEWT TJaBHYIO €Nk, COCTOTULYI0 TOWIBRO u3
d4TOMOB yrJjepona, Kak, HATIpHMEP, Y OOAHITHAENAE, IIOJ’IHHSD&)’THJ’IEH&, OOJTHBH LI
XJa0pHia, nonHbyraauena uwoap. (oM. tada. 16),
Ferepouennere noauMeps cojepkar B OCHOBHON [enii KpoMe a1 08
yriaepoja emne H aToME! KHCI0pOa HIIH a30Ta, KpeMHHA, Cl)OCIiJOpa H APYTHX 1eMEATOB
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K BHM OTHOCHTCS ueamonosa, GedkH, NoJHaMuibl (B YacTHOCTH, KaNpoH), NOMH-
M pPbl, HOAHYPETAHLl, KRPeMHUITOPI 2HHYECKHE NOARVEPL! M ap.

DneMenTto pramuuec n He MNOMHMEDLl COAepHaT B OCHOBHLIX HENAXx
aTOMBbl KPeMHHA, ajlOMUHHSA, THTana, docdopa M APYIHX 3/1€MEHTOB, He BXOASUINX
B COCTaB NIPHPOJHLEIX OPTaHHYECKHX COellHe-

i, a8 BX COnOBBIe Heny COCTOAT M3 yivle-

poaHBIX Tpynnuposok Tanue NO.THMEpH, /‘é /-—é
KAK NPpaBuio, OTJHYAKTCA CBOEH ITPOYHO-

CTblO, TBEPIOCTBIO H CTOHKOCTBIO K BBICO- ;"\‘L

RHM TeMmnepartypas.

Io xapaktepy pacnonoxkenns smemen-  Puc. 92, Passernjenuas cTpykrypa
TAPHLIX  3BEHLEB pA3NHYAKT JHHeHHble, BLICOKOTIONTIME POB
pa3BeTBJIeHHLIE M TpeXMEPHBIE CTPYKTYPHI
makpoMmonexyan. Kampgas H3 3Tux rpynn
uMeeT elile cBou nojipasgenenus Tak, mureilnnle Makpovoaekyan GLIBAOT JHHeHHLE
npaMble (y kapGuua), 3urzarooGpasnble (Y NONHITHAEHA) M uMKAOUenHbie (Y MOAH-
(ernniena).

Jluueilinasa cIpyxrypa, Npu KOTODONH Kaxloe 3eMeHTaploe 3BeHO CBA3AHO
TOJNBKO C ABYMA COCegHUMHU, 06pasys HuTeBHjHHE MoJekyaw [IpH 3TOM AOCTHTaeTcH
i Kak 6Ll paBHoOvepHOe «pacnpe-
JlesleHiie HarPy3KH» mo Beeil e-
oy —3—3—3—3-3—3...,
rjge 3-—sneMenrtapHOe 3BeHO.

[ono6ubie HATEBHAHBIE MO-
NeKYAB MOTYT pacnofaraThes
napannennHo, HanpHMep B BO-
JIOKHAX, nepemjaerarbes JApyT
C APYToM M OLITh CBEPHYTHIMH
B KAyGOK, 4To M HaGniopaercs
B Kayuayke. Takan cTpykrypa
XapakTepHa s NOMMITHIEHA,
noaunponuneHa, Oefnwn03bl,
NOAH3(pHPOB, MNOMHAMHIOB M
MHOTHX JApYIHX BBICOKOMOJE-
KyAfpHBIX CoejuHenuif, wuc-
NOAB3YEMEIX 1714 NOJYueHHS
BONOKOH, IJIEHOK, ILTacTMace,
pesuns # np. [loaumepni ¢

Takoit Qopmoii MOnexy.s npoy-
Puc. 93, Cpasn M1y 3BeHLAMH B MONEXYJe MO~  yy, sgacthuHbl, CHOCOOHDI pa-

JaHMepa: CTBOPATBCA H MOTYT IJ1aBHTL-
@ — MoOHOMepul; 6 — MoaHMep € JHHeHHBIMH CBA3IHMH, cs. B Xojge cHHTE3a MOMKeT
& ~— [OJHMCD ¢ NMpOoCTPpa”HCTBeHHbLIMH CBA3IAMH HPOHC‘{Q,:[HTB paSBeTHﬂeHHB

ATHHHON uenmy H o6pa3oBLIBATLCA H3MEHeHHasA CTPYKTYPa ¢ GOKOBHIMH OTBETBICHHAMH,
MeHLUIMMH, Yem OCHOBHAR el (pHc. 92). Taxoit dopmoil Mmonexyn o6lagalor Kpaxman,
HEKOTOpLIE CMOJLI B NMPOMEKYTOUHEIT Mepuos cMonooGpa3oBaHHA | TAK Ha3LiBaeMbie
“IPHBUTHIE» NOAUMeEPL. PaspeTBnenubie mosiMeps! TPYAHee, 4eM NHHefHLe, pacTBoO-
Pmotes v naasarca.

JluHelihpie WM pa3BeTBJIeHHbIE MONEKYTbl B ONPEANeRREX YCIOBHAX MOTYT GHTE
XHMHUEeCKM CBA3aHBI MEAKLYy cOGOH noOMepeuHbIMM MOCTHKAMHM M3 aTOMOB WAH Ipynm
410MOB, 06pasys «CUIHTHCY MOMEKYAL Y BesHueHIe KoNiyecTBa NonepedHbiX MOCTHKOB
Pplmonm K HeorpaHHYeRHO M0 BeMhyHHe NPOCTPAHCTBEHHOM, TPeXMepHOK CTPYKTYpE
puc. 93):

| !
3-3-3—3—3—-3— ...
3—-3—3-3-—-3—3— ...

3—-3-3—3-3—3— ...
| |
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Coepunienusa ¢ nopoGHOR CTPYKTYDOl B 3aBHCHMOCTH OT KOJHYECTBA «MOCTHKUB)
TBEpAB HAM KayyyKononoOHL, He NJIABATCH, HEPAaCTBODHMLL, HO HEKOTOPLIE OTPaHH-
uerHo HalyxawT. B KayecTse NpHUMepPOB MOXKHO NPHBeCTH Pe3HHY, (heHONI0-hopMAaTk.-
AeTHIULIE H MOYEBHHO-(hOPManbAeruaHble CMOJMLE B KOHEUHOH CTajuy cMON006fa3oBa.-
Hust 1 ap C pocToM 4uCIa nonepeyHLX cBsizefl yMeHblIAeTes TeKydyecTh MOJHVEpPa
H B KOHIle KOHIOB OH TepseT cnocOOHOCTL NepeXoiHTh B BLICOKO3JAacTHUECKOe M ILia-
CTHYECKOE COCTOSIHME.

Ilo dwusnyeckuM cBONCTBAM BCe NMOJHMEPEl MOXKHO C HEKOTOPHIM
npHGINKEHHEM Pa3/ieJIuTh Ha JBe GOJbIINe IPYINBLI N J1aCc T O M€ P b,
JJI KOTOPHIX XapaKTepHa [OBbILIEHHAS TPOYHOCTb, BBLICOKHHA MOAYIL
ynpyroct H ciabas pacTAXKHUMOCTb K3 714 C TO M € P bl: HATYPaJbHBL
H CHHTETHYECKHE KaydyKH, ryTrTanepua, noJHH300yTHJIeH H JAPYTHe
C ManbkiM MOAYyJeMm YNPYrocTH M BBICOKOH 3JacTuyHOCTHIO. Takue
Kay4yKonoJo6Hble MOJHMEPE MOI'YT PACTAIHBATHCA B JECATKH pas Mo
CPaBHEHHIO CO CBOHMH TiepBOHAYAJBHBIMH pasMepaMu. BbICOKOMOe-
KYJspHBe COEAHHEHHS pPas3feffloT MO WX OTHOLIEHWID K BO3AEHCTBHIO
Tenja Ha TePMOTJIACTHYHAIE H TEPMOpPEaKTHBHbIE.

TepMonaacTHHBH e— (TOJHMEPBI WJIH COTIOMHMEPHI JIH-
HEHHON CTPYKTYpH) NpH TOBBILIEHHH TeMIepaTyphl pasMsryamTes,
a MpH OXJaXKJeHHH BHOBb BO3BPAlAIOTCA B TBEpJOE COCTOAHHE, COXpa-
HSISl BCE CBOW TIPeKHHe CBOHCTBA; pacTBOPHUMOCTh, TMJABKOCTh H TIp.

TepMmMopeaKTHBHEBLl e NOJHMEPl NPH NOBHIIEHHH TeMIepa-
TYpbl cHayasa CTAHOBATCS TJACTHYHBIMH, HO 3aTeM TIOJ BJAHAHHEM
KaTalli3aTopoB HJIH OTBepAHuTes el MpOTeKaloT peakliid, B pesyibTare
KOTOPHIX o6pasyercs TpexmepHas cTpykrypa. Ilonumeps! takoro tuna
3aTBep/1eBaloT, CTAHOBATCS HEMJIABKHMH H HEPACTBOPUMBIMH.

[To MeTony nNonydeHH ST pasiuyalOT noJHMEPH3ALHOH-
Hble M TIOJIHKOHAEHCAUHOHHbIE BBLICOKOMOJIEKY.IAPHLIE COENHHEeHHS
H B ToM u B apyrom ciyuae MOJEKYJbl HCXONHOIO BEHIECTBA AOMKHE
HMeTb B CBOEM COCTAaB€ KpartHble YIJIEPOA — YIVIEPOJIHBIE CBA3SH MWJIH
HeycToHYMBLIe [HKIHYECKHe TPYNIHPOBKH, HIH I'PYNNb aTOMOB {hYyHK-
puonanphele rpynnel): =C=C=, —C=C—, =C=N—, =C=0,
CH, == CHX, rae X — rajous, OKcH-, aMHHO-, HHaHrpymnmna u T. IL.,
crnocobHble pearupoparb APYr C APYroM HJAH APYLHMH MOJEKY.TaMH
c o6pasoBaHHeM TOJHMEDOB.

Peaknuue#h nmonmlumepu3aamuy HA3LIBAIOT NPOLECC COC
JAMHEHHA MHOIHX MOJIEKYJ MOHOMepa B GOJIBbLIYIO MOJIeKYy TIoHMepa,
HMEIOUIEro TOT Ke 3JeMEeHTAPHBIH COCTaB, YTO M WCXOjHBIH MOHOMEP:

n(CH;=CH,) — 22X (—CH,—CH,—),

KaTaln3aTtop

H B 06llIeM BHje
n(CH,=CHR) - (—CH,—CHR—),,

rae R — sanecturens. Ilpu 3ToMm He BhgedsioTCs Kakue-nuGo nolod
HbIE TIPOAYKTHL. YBeJHUEHHE BPEMEHH peakilHd [OoBbLIIIaeT BhIXO]
nmoJiMepa H ero cpejHuii MoJekyaspHbuiit Bec. Ilpu mosumepusaili
HeTIpe/ieSIbHBIX COEAHHEHHH TPH ONpPeJeJeHHOM BO3JefCTBHH aBOIIHBE
CBA3H B MOJIEKYJIaX «PaCKpLIBAIOTCAY H 32 cyeT obpasyiouiuxcs cBolol
HBIX BAJEHTHOCTEH GOIBIIOE YHCJIO MOJEKYJ MOHOMepa coenHaerch
Apyr ¢ apyrom. Ilpu nosuMepHsauuu nuKJIHYeCKHX coequHeHuii cBoGOA
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Hble BATEHTHOCTH 00pasyioTcs 3a cueT paspuiBa uukJaa. Hlupoko npu-
MEHSIETCSt H PeaKlHs COBMECTHOH TOJHMMEepH3aniH (COIMOTHMEepH3aiH)
}[BYX nau GoJblllero 4Hciaa MOHOMEPOB, KOTOpas TO3BOJAET noJaydarb
MaTepHaJbl C HOBBIMH Pa3sHOOOPa3HBIMH CBOHCTBAMH H B TOM YHCe
Jla¥Ke HepacTBOpHMble, HellJlaBKHe NpoAykTel. [IpH coBMmecTHON mnoswu-
MepH3anHH 6ytajueHa M crHpoja obpasyercsi GyTagHeHCTHPOJbLHLI
KayuyK, OT/IHYAIOMIHACA 110 CBOHM CBOlicTBAM OT o0blyHOro GyTa1ueHo-
BOI'O CHHTETHYECKOro KayudyKa. ITOT COTIOJHMEp HMEeeT 3JeMeHTApHOe
3BEHO
(—-CH;.;—CH =CH—CH,—CH ,_—CHw—)
!
CHs /n
HJIH
—CH—CH,—CH,—CH—
CH (".‘,H5
f ’

BricTpo pa3BHBaIOTCA H TaKHe MeTONb CHHTe3a, Kak TPHBHTAA TIOMH-
MmepH3auHda (rpadroonuMepnsaniia) U Groknonumepusanus. [lpu npu-
BUTOH TMOJIHMEpPH3aLHH K OCHOBHOM eNy noJHuMepa TPHBHBAIOT Apyroe
coelliHeHHe B BHJE MOHOMEpa, a 3areM TIPOBOAAT €ro TNOJHMepH3a-
uuio. BokoBule oTBeTBJIEHHA COCTOAT W3 3BeHber nonumepa bB:

3—3—-3—3—3—3—3—3—3—3— ...

"'_Uj_’m_ o
et Gl I— I

Taxum o6pasom, GbITH MOJYyYeHbl COeTHHEHHS C HOBLIMH CBOACTBAMH.
Tak, x njenke noJusTHIeHA ObLH TPHBHTH GOKOBLIE BETBH TIOJHCTH-
pona. Ias npoeefexns GJOKNOMHMEPH3AHNA MOJEKYJIE IBYX pas/iHu-
HBIX MOJTHMEPOB Pa3pbiBAlOTCA Ha KOPOTKHE [ENH (HalpHMep, NPH BaJlb-
LeBaHuH, 3KCTPYsHH) M 3areM TO/JydeHHble OGJIOKH ¢«CBA3BIBAIOTCSY,
00pasysi moJiuMep, B KOTOPOM HepeayioTcst KYCKH MJH GJOKH TNepBoro

u Broporo B coegunennit. Tak, nanpumep, nmpu B3auMojeHCTBUH
KayyyKka C 3MOKCHJIHBIMH CMOJAMH NOJYYaeTCs nojumep, obJajamomui
HCKJIIOUHTEIBHON CTOMKOCTBIO K HCTHpaHHIO. TaKuM XKe crocoGoM H3
Kayuyka W moJquctuposia obpasyercs yAapONpOUHBIH TOJHCTHPOI,
B KoTopslli MOKHO BOHBATH I'BO3AH, He 6Osich pacTpeckHBaHus. BJiok-
NoMjiMepH3anda MOXKeT ObITh TakiKe OCYIeCTBJAeHa B3aHMOJeHCTBHEM
KOHiepHIX (yHKIHOHAJBHEIX TPYNN TOJHMEPOB HJH IIPHCOEIHHEHHeM
APy K JApyry MakpOMOJIEKYJ Pa3HBIX MOJHMEPOB;

—A—A—A—B—B—B—A—A—A—B—B—B
peaK[lHH no/JiuMepH3anHud, NpHMeHAeMble B TNPOMbBIILTEHHOCTH, Or1-
Balor spyx Tunos: crynemuatas M penHas; l)cTymeHnuyarTtas
213



NOJIMMEPH3AHe, KOIJla CoeHHEHHe MOJEKYJ COTPOBOKIAeTCA nepeme-
LIeHHEM aTOMORB BOJOPOJa H 06pasyiomﬂecﬂ TIPOMEKYTOYHEIE TIPOJIVKTLI
XapaKTEePH3YIOTCH 3HAUNTENbHOI TIPOIOKHUTENLHOCTBIO XKU3HH; 2) 1L el
H a 1 TOJHMEPH3a[HA, KOIJla CHayasja TPOHCXOAHT AaKTHBHPOBaHKe
KaKo#-1HG0 OHOH MOJEKY/Ibl, Bbi3bIBAOUIed NOMHMEPH3ALHIO 6OILIIOrG
UpC/la IPYTHX MOJIEKY.1, C KOTOPbIMH OHa CTajKHBaeTcA. B aTom ciydae
TIPOMEK yTOYHBIE TIPOAYKTH HecTabuapHel. I1pH crynenyaroi noaumepu-
3aUHH TVIABHBIMH TIPOAYKTAMH ABJAIOTCHA TIOJHMEPbl C HH3KHM MOJe-
KyJASIpHbIM BecoM. B oT/iHuMe OT CcTyleH4aToi TOJHMEpH3anHH LEenHasn
NONHMEpH3aIHA HE 33epKHBAeTCA Ha Kakoil-THGO NPOMENKYTOUYHOM
CTaHH ¥ KOHe4Hblil TIPOIVKT TNpejicTasafer COGOH BLICOKOMOJEKYJIAp-
HOe coelrHeHHe.

llennas nojammepH3apis — OJHMH M3 BaXKHEHLUIHX METOJOB TIPON3-
BOJCTBA CHHTETHUYECKHX CMOJ — COCTOMT H3 CcTaguil: Bo36yKIeHHe
nporecca, poct nenu 1 obpee penu (eM. 4. I, ra. [V). O6uyio peak-
[HIO MOMXKHO NpPEICTaBHTE CJefYoWlM 06pa3om:

Kouncmanma — Cropocimb

CKOpOCM
Ilnununposanne pend . . M- M; Ry Uy
Poct memy .« v v v v v o M +-M—>MM] &, up

M, -+M—=M, &, Up

O6pLB menu . ., . ... M -+ My = My fo 4y

llenHast noluMepusanus MO:KeT ObITb Bbi3BaHAa (MHIIHHPOBAHA):
1) o6:1yuenuem cBeToMm, JyuYamu COJIHpA # Tp.; 2) o61yueHueMm, Hanpi-
Mep, y-1y4aMH, uIH fAeficTBHeM TOKa BBICOKOH 4YacTOTH; 3) HarpeBa-
HueM; 4) KaTanuTuuecku; 5) IeHCTBHEM HHHIIMATOPOB, T. €. BEIECTB,
YCKOPSIIOUIHX TIpPOLECC MONHMEpH3aHi, HO B OTJIHYHE OT KaTal@3aro-
poB, HeoGpaTHMO pPacxoiyIONIHXCs B npolecce. Ilpexnonaras, 4To KOH-
CTaHTa CKOPOCTH POCTa memnu k, ofHa W Ta XKe J/1d Beex cTyneHel o,
Ce/IOBATEJIbHO, HE 3aBHCHT OT BEJIHYHHBI pajHKana, obias CKOpOCTb
PacAONOBaHHs MOHOMeEpa OYJeT

d [M]
dt

- :“il‘]‘“pzan‘l"kp [M][M-], (X.2)
rae [M:] — kouuenTpauust Bcex nonmmepHsiX pagukamnos; [M}—
KOHUEHIPAUs MOJIeKYJ MOHOMEepa; #, — CKOpOCTb ‘HHHIMHPOBAHHS;
i, — CKOPOCTb POCTA LETH.

[lpu nonyuennn nosumepa ¢ GOJLUION CTENEHBIO TOJIUMEPH3AMHH
peaxkuds pocTa LENH MpoTekaeT HeCpaBHEHHO GhICTpee, ueM peakiHf
HHHIMHPOBAHUS, H U, NPUOIHKAETCH K CKOPOCTH TOJHMEPH3AIHA Uy-
B camom nauane peakuun [M-] yBennumsaercsi, HO Tak Kak CKOPOCTb
HCYE3HOBEHHS PaJIMKalOB Ha CTajuH OOpbIBA LENH TpONOPHHOHAILHA
KBA/paTy KOHUEHTPAUMH PaJHKalOB, CKOPOCTL HCUE3HOBEHHS pajH-
KaloB BCKOPe CTAHOBHTCHA PaBHOH CKOPOCTH HX o6pa3oBaHHs, T. €.
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KOHIEHTpaia pallKajJoB CTAHOBHTCH CTEI_I,IIOHEI]JHOI"‘II

Uy =ty="ky[M ']3' (X 3)
Orciona KOHUEHTPAUHA TOJUMEPHHX pPAaJHKa/IOB
M ]—[“—ﬂ ”, (X.49)
Honcrabnss Bupawenne (X.4) B ypasuenue (X.2), umeem
d[M /2
P %L_u,,wep [M] [_”-"-J . (X.5)

YpaeneHse (X.2) MOXHO Tepenucarb, BCTABHB 3HAueHHe [THHEI
KHHETHYECKON LemNH XA, ompelensemMoil Kaxk CpejHee UHCI0 MOJEKVJ
MOHOMEpa, pacXoiyeMbiX B KaKJIOM TNpOLECCe HHHLHHPOBAHHSA, T. €.
A= up;‘u,,. Torna

d[M / ty .
unz—-—dt—]—=up',_\l + Q,ﬁl:up - } (X.6)
U3 ypasuennit (X.2) n (X.4) caenyer, uro
d[M 1
P fi Ly (M- I 1+ x\ iy [M] ”“] (1+—|. (X.7)

Ecau crenenb nonuMepH3auuun o6pasylouUlerocs nojuMepa Jlocra-
TOYHO BE/JIHKa, BeJIHYHMHA 1/A CTaHOBHUTCH HHYTOXKHO Matoii W Torja
BLIpAXKEHHE B KDYIVIBIX CKOOKax npubimkaercs K efuHune. Ilpu stom
CKO]JOCTb HOJIHMEDH331[HI/I, paBHa#f CKOpOCTH HCYe3HOBEHHA MOHOMEDPA
NpH B3aHMOAEACTBHH €ro C pacTyuwliM pajuKkajioM, B cucTeme Oyler

paBHa
s
thy = dy:” =ky [M] {““} ) (X.8)

Tak Kak paluKanbl BO3HHKAIOT NpPH HHHIHUPOBAHHH N TOrudaloT
npu o6phBe, TO CKOPOCTh HHHIHHPOBAHHA NPOTOPIHOHANBEHA KOHIEH-
Tpauun uHunuatopa C, W npu Manofi senununte C,

Uy = ky [Cy]. (X.9

Uem GoJbllle KOHLEHTpauHss HHHIHaTOpa, TeM 6ojbllle B eJHHHILY
BPeMEHH BO3HMKaeT CBOGOAHEIX DAlMKAJOB, HHHIIHHPYIOMHKX Tpolecc
nonumepusauu. Toraa

M i
up=— L0y g [k } [Ca]"? (X.10)
O6osHauuns
Ry ‘/s_“ R
kp[—k;—] ~, (X.11)
HMeem .
up=~'[M][Cu]"2. (X.12)

ITpu norapudmuposannn ypasHenne (X.12) npumer euj
lgup=1gk' [M]+1/21g[Cy]- (X.13)
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ITpu Gosbimofi KOHUEHTPAUHH HHHUKHATOPA 3ABUCHMOCTL HOCHT Go-
Jee caoxHbll xapakTep. KOHCTaHTH CKOPOCTH M 3HEPrHH aKTHBALH
[E,] pocTa menu 3aBHCAT OT XHMHYECKOH MPHUPOJBl MOHOMepa (tabi. 17).

Ta6nuua 17
KOHCT&HTH CKOPOCTH H IHEPTHH AKTHBALUMHHW IOAA HEKOTOPBIX MOHOMEpPOB

ky E,, M ky E,
Monouep {npu 60 °C)| kI, Monb OHOMED (npu 60 °C)| k1% 'Mons
Axpuionntpua , .| 1960 — MeTtnamerakpunar 575 19.6
Bytagned . .. . . 105 389 JCrupon . ... .. 178 30,3
Bunuaauerar . . .| 2040 17.6 | Xaopuctbiét Bunna | 12900 13,5
Msompen . . .. . 50 41,0

B npoMuIIZIeHHOCTH 115 IPOBEASH U IENTHOH MO HMep H3aL M H HCTIO b-
3YIOT COBMECTHOE BO3JeliCTBHe Telia M XHMHUECKHX AareHTOB. HHIi-
LLHATOPOB MJIH KaTanHu3atopoB. MHHuHaTopbl (B OCHOBHOM CoeJHHEHHS
NepeKHCHOrO XapakTepa: OpraHH4yecKHe TNEepeKHCH, THAPOTepeKHCH H
A30COEHHEHHSA) B TEYeHHEe PeaKLHH
pacnajaloTcs Ha peaKIHOHHOCTIOCOG-
HBle pajHKa/lbl, KOTOpPHIE BXOIAT B
" COCTAB MOJIEKYJ TOJHMepa B BHIE
) KOHeYHEIX rpynn. Pajukans nHIuKa-

Ay TOPOB BO30Y:KAAIOT MOJEKY/bl MOHO-

@7‘%,%‘ Mepa, B pe3yJibTaTe BO3HHKAIOT paju-
% KaJ1b] MOHOMEPOB, TIPHCOE A HHAIOLIHeC
K paankanbHoil nend. Cnenosarens-
HO, PpajlKalbHAs TOJHMEpH3allid
Duc. 94, SamRCHMOCTL € o6a3aTeNlbHO BKJIOYAET CTanHI0 obpa-
.rnm;apus:anl?n " ﬂfn;:}:ynﬁ;ﬁzfﬁmnzzz SoBaHus C‘z'OGOH‘HHX PajnKa/loB H 1o
Chl MOJTMMepa OT KOHUeHTpauwu pup-  CYIEAYIOUWHH POCT LENH ToNHMEPa.
unaropa Ilpy moBLILEHHH KOHUEHTpAaUH
HHHUHATOPA BO3PACTA4ET M YUCIO
cBOGOAHBIX PaiuKaloB, oOpA3YIOUIMXCA TIPU ero pacnajie, yTo yBelu-
YHBAeT YHCJIO0 AKTHBHBIX LEHTPOB H B Pe3yJbTaTe BO3PACTAET CyMMap-
Haf CKOPOCTb NMOJHMEPH3ALHH H YMEHbIIAETCH CPEAHAA MOJEKynspHad
macca (puc. 94). Ilpu uonHoft nonuMepH3anuy (KaTHOHHAR MJIH aHHOH-
Has), TpoTeKaloueil B NPHCYTCTBHH KaTa/lH3aTOPOB, AKTHBHBIMH TIpO-
MEZYTOUHBIMH TIPOJYKTAMH [OJHMEPH3allHH CJY:KAT HOHB, HOHHHE
napsl HIH NOJASpH30BaHHble KoMIeKehl. MoHHas noanmepusauns ocy-
ILIECTB/IAETCS TO LENHOMY WJH CTyTeHyaToMy MeXxauusmy. Flpu KaruoHn-'
HOW TIOJIMMEPH3AIHH KOHey pacTyliel LenH 3dpsiKeH TOJ0XKUTe bHO:
Mi+M—M,,, a nupn "HOHHOH TOJUMEPH3AUHH — OTPHILATENBHO
M;+M—M; .

3axIouHTeNbHAA CTaAKSA Npollecca NoTHMepH3auul — o6pbIB enlt.
KOTOPbBIH TPOMCXOIHMT TPH B3aHMHOM HACBIUIEHHH TNOJIHMEpPHBIX pajil
KaJoB, TNpH HAaCHIUICHHHM CBOGOJHOTO pajHKasa, TpH H3oMepHzalil
ofpasyloliefics MakpOMOJEKYJbl B YCTOHYHBOE CoeiHHEeHHe, ¥ mnoau-
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MEepOB, MOJYUEHHBIX B pe3yabrare OOBIYHEIX INPOMECCOB TIOAHMEPH3A-
L(HH, IPOCTP AHCTBEHHOE PACIIOJIoKeHHe GOKOBBIX TP YT BJI0JIb OCH MaKpO-
MOJIEKY/IBl HE YNOp#ATIOYeHO, yeM OGbACHAercs amopdHas CTPyKTypa
TaKHX COeJHHEHHH.

Hoepie xomniekcusie KaTtajJgu3aropnl, COCTOSAIlHE H3 Meranajaopra-
Huyeckux coepunenuit (manpumep, Al(CH;),) u xmnopugop Meranios
nepeMeHHol crenedn okucjenus (Hanpumep, TiCly;, TiCly), nossonu.u
NOJYYHTb CTEPEOpPery/sipHble MOJHMEDPHl CO CTPOro JIHHEHHOH CTPYK-
TYpolt H CHMMETPHYHOH NpocTpaHCTBEHHOH opueHTapued. [logobHbe
NOJIUMEDPBI  OTJHYAIOTCA MOBHILLIEHHOIT MPOYHOCTLIO H I"I."IO'E'HOCTI)[O H
obnanaior Gosiee BeICOKOH TeMmeparTypoH mapjedus. Takue MaKpomo-
JIEKYJIbl JIETKO OPHEHTHPYIOTCS NPH BHITATHBAHWK H TIPH 3TOM NPOUYHOCTD
NOJUMEPOB B HAMPAaBJEHHH BHITSIKKH 3HAUMTEJNBHO YBEIHYHBAETCH.
Crepeopery/sipHeie MOJHMEpHl  I10J1yUarOTCst
oGbIYHO TI0 AHHOHHOMY MEXaHH3MY H TIpopecc
OCYIECTBAAETCA IIpH TOMOTeHHOM H TeTepo-
reHHoM Katanu3e. B oTspyie oT penHsix pe-
aKUHH A8 HHU3KOMOJIEKYJIAPHLIX cOefHHEeHH
MpH [enHoH MOJUMepH3alHH BCe MOJEKYJIH,
y4acTBYIOIlHe B [10CJe0BATENLHBIX 3JeMeH-
TApHBIX AKTaX POCTA [(€llH, COeIMHSAIOTCA TIPH
MOMOIH XHMHUYCCKHX CBsA3eHd B OJHY MaKpo-
mosteryay. M niMHa peakuuonHoit uenu, #
MOJIEKYJISIpHBIA BEC MoJiMepa 3aBHCAT OT CO-
OTHOLIEHHA CKOPOCTeH 3/eMeHTApHBIX peak-
Uil npopecca UeNHOR ToJdHMepU3anHH, T. e.
JJIHHA nend d macca 6yayT tem Gosbllie, ueM
BHIIII€ CKOPOCTE POCTa LENH 110 CpaBHEHHIO CO KOHYEHMPAUUR MOHOMEDT
CKOpOCThiO ¢ 06phiBa.

[Topoimenne Temnepartypsl ypesduupaer —Puc. 95. 3aBucunmocts cko-
KOJIHUECTBO 3JIEMEHTAPHBIX PeaKuuii nosume- ?OCT” _foZuMepusanny

.tOJ’IEK}J’IﬂpHOH MaccCel no-
pH3anyH, TNPH 3TOM 3HAYHTEBHO BO3PACTACT  ;umepa oT KoHueHTpawnu
CKOpOCTh OGPA30BAHHs AKTHBHBIX LEHTPOB. MOHOMepa
Pocr ux KOHpeHTpauuud YBeJHYHBaeT CKO-
pOCTh peaKnMH, POCT mend U ocobeHHO ObICTPO BO3pacTaeT CKO-
pocte ob6peiBa nenn. B pesynbTare yMeHbHIAOTCA CPEIHHI MOMEKYIsp-
Hpifl Bec MoJMMepa H CpefHAs CTeleHb MMojrMepHdanud. Kpome toro,
NPH NMOBLILEHHBIX TEMNIEPATYpPaxX TPOTEKAIOT NMOOOYHBIE PeaKIHH MEXILY
GYHRHOHAMBHBIMH TPYTINIaMH MOHOMEpa H TOAHMepa W 06pasyroTcs
CPAaBHHTELHO HH3KOMOJEKY/ApHLle NPOAYKTH NOJHMEepH3auHH. Bol-
COKOe [[aBJeHHe 3HAYUTeJbHO YCKOpsieT TOJHMepH3aiHi0 W TPH 3TOM
MOJIeK yJIipHBIL BeC ToJsinMepa, He yMeHbulaerca. CyMMmapHas CKOPOCTb
nosiumepu3an ki, TPOBOIMMOH B pacTBOpUTeSe, H MOJEKYJAPHHH Bec
NoJIHMepa yBeJHUYMBAIOTCA TIPH TIOBbILIEHHHM KOHUEHTPAauHH MOHOMEpa
(puc. 95). Ecan nosumepusanist OCYUIECTBASETC B HHEPTHOM pACTBO-
PHTesle, TO 3aBHCHMOCTb CKOPOCTH NOJIHMEPH3alHH OT KOHUEHTpallHH
MOHOMepa BbIpaKaeTcsi ypaBHeHHeM

Ug=kEMn, (X.14)
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rie n > 1. Takum ofpasom, CKOpOCTb Mpouecca MNONHMEPH3AUUH 1
cpelHHil MOJIEeKyJSPHHI BeC MOJYyUAeMOro TNOJHMEepa 3aBHCAT DI Ten-
nepatypel, fAaBleHHs, AKTHBHOCTII Karajlu3aTopa WM HHHOHATOpZ,
KOHUEHTPAHH WHHIHATOPA, TPHCYTCTBHS pPasiHYHBLIX TpHMeced, Xa-
pakrtepa cpeast 11 np. Ilpumecn, comepxauipecs B HCXOJHHIX TIPOLYk-
Tax, B 3aBHCHMOCTH OT HX XapakTepa MOTYT YCKOPATb, 3aMelIsATh Wil
npexpamard noauMeprsannio. MHoria Henosb3yoT BAusSHHe NpHMecei]
Ha CKOPOCTb TNONUMEPH3ANMH M CBOHCTBA MONYYaeMBIX TOJIIMEPOB,
pobapass K MoHOMEpaMm HHI'HOHTOPHL: ()eHOMEB!, aMHHBI, XHHOHBL H AP)Y -
rue coeguHenus. HspecTHo NpuMeHeHHe XJopodopMma, MepKanTaHOB it
JPYruXx COefHHEHHH Kak pPeryisTopoB TOJHMepH3anuH, obecreyuBaio-
WAX CIHKEeHHe MOJeKy/IfpHoro Beca noauMepa. Muorouncnensbie
MEeTOABl MOJMHMEPH3AMHH MOKHO Pasfe/iuTs Ha 4 rpynnsk: 1) noaumepH-
sanus B Macce (6nounblit MeTof); 2) nonuMepusauds B pacTBopax
(makoBuit MeTo1); 3) mosHMepusamHs B 3MyJabcHsX; 4) KaneabHas
(6ucepHas) mNoJUMEpPH3ALHA.

ITo 6nouHoOMY MeErT oy MOHOMED B MHJKOH HJH ra3soBOH
dase BMecTE ¢ KATAJH3aTOPOM HJIH HHUIIMATOPOM (B OTCYTCTBHE PACTBO-
puareneit) nojaercs B GopMy (CoCyl) H MPH CTPOro perynupyeMoi Tem-
TilepaType OCHOBHas Macca MOHOMepa npeppainiaercst B NMOMNHMED B BH/E
6n0Ka, TPpYGOK, JIHCTOB, CTep:Hell u rpanya. Macca noiumepa satem
MojBepraercs MexaHuueckoit obpabotke. DiiouHyio mnonuMepHsamino
MOXKHO TIPOBO/HTH MEPHOIHUECKH H HelpepbiBHLIM MeTofoM. Eciii B niep-
BOH CTajuH mporecca npH oGpasoBaHiil aKTHBHLIX [EHTPOB Heo6Xo-
JHMO MOHOMEp MOJOorpeBaTb, TO 3aTeM, KOIJAa HAeT pocT pemnH, I[pore-
Karouiuit ¢ BplieneHueM Tellla, pPeak[HoHHYI Maccy TpH HazoBGHOCTH
oxaaxaT. Tak Kak noaumep obiazaer MaJoH TENIONPOBOLHOCTHIO,
B Xoje mporecca Hab/iogaeTcst HeOMHHAKOBLIH OTBOJL Terna H3 pasjind-
HBIX TOYEK anmnapara, oco6eHHOo U3 [IEHTpPa, YTO PHBO/JHUT K HepaBHOMED-
HOH NMONHMEePH3aLHH, T. . K O yYeHHI0 NPOIYKTOB PAa3/iyHOH cTeneHn
nonuMepusanuu. [lo atoMy MeTogy noaydatroT HNOMHCTHPON, MOTHMEPH
METAKPHJIOBOIT KHCJAOTH, OyTagHeHOBHH KayuyK H Apyrue NoJuMephl
H3 MOHOMEpOB, TNOYTH HE COjep:KallHX NpuMecei.

Ilpu nenpepriBHOR noNuMepH3aUHH HUKAKHX GJOKOB He IO yuaeTcs
1 HasBaHHe «OIOYHBIH» YCJIOBHO NpHMeEHsIeTCst K criocoby, NpH KOTOPOM
TONHMEPH3YeTCs YHCTBIH MOHOMep, Torja Kak B JApYrux crnocofax
TIOJIHMEPH3a KA TIPOUCXOAUT B pacTBOpe MOHOMEpa WJIM CMECH ero Co
cpenoi.

Ilpn nonmumepusanpuu B pacTBOpax nogbupanot
TAKOH PacTBOPHTENb, B KOTOPOM PacTBOPHM MOHOMED # 06pasyioulaiica
NOJHMED HJIH PACTBOPHUM TOJBKO MOHOMEP H TOI'A INOJHMEpP MpH ero
TIONy4eHHH BHINAfaeT B ocajoK. B mnepBoMm cayuae pacTBOPOM CHY:KHT
FOTOBHIH JIAK M 3TOT METOJ YacTo TIPUMEHSeTcst B MIaKOKpacodHoH mpo-
MBEILJIEHHOCTH. Bo BTOpOM cilyuae ocajfioK MOJHMepa B BHAE MEJIKOIHC-
TIEPCHBIX YacTH OTensercss (puabTpanueil, NpoOMBIBAETCS H BHCYLII-
Baercs. [Ipu monumepusanuu B pacTBOPHTENSX KaK MOHOMEp, Tak I
KaTta/jH3aTop, WHHOuaTop H jJpyrie go6aBKH pacTBOPSIOT B Mo 06paH-
HOH KHKOCTH H HArpeBaloT pacTBOp B peakTope ¢ MeLIaAKo npu 3Hep-
I'HYHOM nepememinBaHuu. OTBoj TenJa peakUHd U perynupoBaHHe TeM:
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flepaTypel OCYILECTBJIACTCA NPU TOMOLIH 3MEeBHKa HJIH BOASHON py-
fallKH, Y4TO HAMHOIO YJy4llaeT TervsIoBOH De:HM Npolecca Mo cpab-
peHnIo ¢ 61ouHbIM MeTofoM. [1pu 3TOM MeToze ToayualTcs 6oJiee oiHO-
pOAHbIE MOJNUMEPH], HO OOLIYHO MEHBILUEro MOJEKYJISPHOIO Beca, Hem
B JPYIUX MeTofax, TaK KaK Lenu Toj JeHCTBHEeM MOJIeKYJ PacTBOPH-
tesisl OLICTpo obphiBalorcs. Merox ucnosb3yercs, HanpuMep, IS npo-
¥3BOJICTBA TIOJIHMEPOB BHHH/IAIETH/IEHA B METHJIOBOM CITHDTE.

[TonuMepH3auUnsa B 3IMYJAbCHSAX NPUMEHAETCH HaH-
Gosee HiHpOKo. MoHomep, BOnOpaCTBOPHMBIH WHHUHATOP, CTabHJIH3a-
TOp H Jpyrue 1o6aBKH pacnpeie/siOTCs NMPH HHTEHCHBHOM MepeMellit-
BaHHH B BOJIE H/JIH BOXHBIX PACTBOPAX CO/IeH B MPHCYTCTBHH 3MYJILIATOPA,
obpa3ys 3myascuio. Bona, feagiomanca ancrnepcHol cpepoi, Ao/KHA
ObLITH TLIATEJIbHO OYHIIEHA OT TIPHMecei, KOTOphle MOI'yT NOBJHATH Ha
yCTOHUHBOCTD IMYJIBCHI HJIH Ha NporeKaHue nosuMepusaniu. CKopocTsb
npotiecca 6o/ibllle, YeM IpH NoJHMepPH3anuH B Macce, a 06pa3oBas-
wHica moauMep MMeeT Hanbojlee BLICOKHI MOJeKyJaspinii Bec. Peax-
I[HIOHHLIE CMECH, KaK npaaxmo, cocToAr U3 6oJbilioro yuc/jia KOMIIOleH-
ToB: xuaKoro MoHomepa (15—30% or maccel Beeit cmech), Boxsl (60—
80%), sMysnbratopa, HHAHATOPA, PACTBOPHMOIO B BOJE, H PEryJsTo-
pos: pH cpenbl, MNOBEpXHOCTHOI'O HATSKEHUS, CTENEHH MOJAUMEDH3AILITH
¥ pa3BeTBJEHHOCTH MosnMepa. Benuuuna pH cpenwl mauser Ha cko-
pOCTb MoJHMepH3alliH, a TaKzKe Ha KayecTBO H BbIX0j o6GpasyroLierocs
nonuMepa. Kpome TOoro, Ha KHHeTHKY Mpounecca H CTENeHb NOJHMEpH-
3auud GyAyIlero mojuMepa BAHAIOT TeMneparypa W BPeMms Tpolecca,
KOJHYEeCTBO MHHIUATOPA, KOJAHYECTBO H XapaKTep 3MyJbraropa, a Tak-
)K€ CKOpOCTb MEXaHHUYECKOro TepeMellyBaiua H Apyrue (akTopwl
[Tosiyyne moJiuMep C HYKHHIMH CBOHCTBAMH, 100aBJIAOT KHCJIOTHI HJH
Ipyrue JeKTPOAUTHL ANA PaspylleHHs 3MyJbCHH.

K HelocTaTKam mporiecca oTHOCHTCSt 3arps3HelHe MoJuMepa 3MyJib-
raTopamH, KOTOpble YXYJUIAIOT 3KCIyaTaioHHEE CBOHACTBA H3JENHM.
[anubiM cniocoGoM MOJAYYAOT TNOJHBHHHIAXJIOPH/, HEKOTOpLle MapKi
TOAUCTHPOSA W MHOIOYHCJEHHBe ComnosuMephl GyTajvena, BHHH.1ALe-
Tara, akPUJIOHHTPHJIA H T. I )

ITpy KanedbHON nNoJdaumMepH3alHH, Ha3bBaeMOH
@le CycHeH3HoHHOH, ACNOAL3YIOTCH HHHIHATOPH], He pacTBo-
pHMEIE B BOJE, HO pacTROpHMble B MOHOMepe. [TosyuaioT KPyTHele KaiH
MoHoMepa ot 0,05 no 0,3 cMm, Torna Kak pa3Mep 4yacTHILl 3MYJBCHHA OT
107 1o 107 cm, uto HamHOro o6JIeryaer oTaeleHHe H OYHCTKY 06pasyio-
lieroca noJuMepa IMPpH coxpaHenHu GoJblIOH CKOPOCTH Ipoiecca.

ITonuMepusanust NPOTEKAET CaMOCTOSITEIBHO B KaxI0H Kamle,
ARIsOLIefics CBOEOOPA3HBLIM «pe3epBRyapoM» MOHOMepa, uTo obecneuw-
Baer Gosee OnaronpHATHuIH cTBo] Temia. O6pasyiouiuiicsa mnoaumep
C BLICOKHM MOJIEKYJSPHEIM BECOM OCa)K1aeTcsl B BHJE 4WaCTHIL HE pacT-
BOpHMoOro B BOJE TBEPAOro BelllecTsa.

Peakxuwueil monuKOH/J EHCAHN HA3LRAOT Npouecc
B3aumorieiicrBust 60IbIIOrO YHCIA MOJEKYJ ABYX HJIH HECKOJNbKHX pas-
HEIX MOHOMEPOB C BbITEJIEHNEM COOTBETCTBYIOLIErO KOJHYecTBa 1o6ou-
UL HiRKOMOTIeKY JISIPHLIX  TIPOAYKTGE  pPeakKuill, HanpHmep BOLS,
ClupTta p ap. Hannune 3TuHX IPOAYKTOB 06yC/0B/IHBaeT o6paTHMOCTh
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nporecca. JIEMEHTAPHbI COCTAB MOJYYEHHOIO TIPH 3TOM BbICOKOMOJe-
KYJAPHOTO COeAHHEHHS OTJIHYAETCA OT COCTABA HCXOAHBIX MOHOMEPOB,
npHYeM B XOJe peaxmHH MOJeKYyJAspHBIA Bec BelllecTBa NMOCTOSHHO BO3-
pacraeT. B mpoilecce 0GbIYHO yyaCTBYIOT (PYHKIHOHAAbHBIE TPYIINb:
COOH, OH, NH, 1 ap. 2ro#i peaky#ei nomyuyaior erono-hopmansie-
FHAHYIO CMONY, MOueBHHO-(QOPMabAErdHyi0 cMoJy, aHul (Hafjon),
JaBcaH, 3HaHT H Ap. Tax, u3 3THNeHrHKOAA H TepediTaseBOil KHCAOTH
MOJIYYaOT CMOJY JIaBCaH:

0 NN O
HOOC—CyH,—C{ _ i-+HO—CH~CH,—OH + C—CH,—C] "
OH i HO. .OH

,0 o\ /0
.. = HOOC—CgH,—C7 NC—CH,—C7  12nH,0
" ™No—cH—cH,—0S ! S

uax B OGUIeM BHIe
n(HR;—CH,0H) -+ n(HR;—CH,0H) = (—R;—CH;—R;—CH,—),, -+ 2nH,;0

B 3aBucumoctH OT crmocofa mnpoBepeHHA H CTPOEHHA HCXOJHBIX
MOHOMepOB peaKiisl MOJHKOHIEHCAHH MOXKET HATH Kaxk paBHOBECHas
u Kak Heo6parmmas. Heo6parumas nojHxonIeHCalHs, KakK TPaBHJIO,
nporexaer ¢ Gojblioil ckopocTbio. OGparuMas nodHKOHAEHCA A oCy-
ecTBaAeTCA, KaK NpaBHIO, C MaJOH CKOpoCTbio. Tak, H3 auaMHHOB
H AMKapOGOHOBBIX KHCJOT o0pasyioTcA nogaHaMpibl. Ilpouece obpari-
MOI MOJIMKOHAeHCAUHH, KaK U OObYHAs KOHAeHCalHA, XapaKTepusyercs
KOHCTAaHTO! paBHOBecHsa K M KOHCTaHTaMH CKOpOCTH mpAMO# u oGpar-
HOH peakiidii., B MOMEHT paBHOBeCHA CKOpOCTb 06pa3oBaHHA BHICOKO-
MOJIEKYJIApHOrO COejHHEHHS paBHa CKOPOCTH ero NeCcTPyKuHud. Eciau
o6e peaxuHH BTOPOrO TIOPSAKA H €C/IH YCJIOBHO NMPHHATH, YTO PYHKIHO-
HaJibHblE TPYIIIbI YYacTBYIOT TOJbKO B peakpHAx NOJHKOHAeHCaHi
. H He yyacTBYIOT B noGoyHBbIX Mporeccax, TO GakTHYeCKas CKOPOCTb 4
ofpasoBaHHA NPOAYKTa MOJHKOHIEHCAUHH 33 MPOMEXYTOK BpeMeHH T
6y1er paBHa

U=ty — g =hy (1 — P)® — ks9:G, (X.15)

€ iy H U, — CKOPOCTH PeakuHH NMOJHKOHAeHcanHn H obpaTHoll peak-
UHH AeCTPYKuHH; Ry U Ky — KOHCTAHTHI CKOPOCTH peaKHHH MOJIIKOH-
aeHcaydd ¥ o6parHoil; @y — KonH4YecTBO (yHKUHOHAJBHBIX Tpymn
HCXOHOIO COejHHEeHHs, BCTYMHBLWIHX B peaKkiHi0 TOJHKOHAeHcaulil
3a BpeMms T; HO Tak Kak o0mee copep:anne QyHKIHOHAIbHLIX Ipynl
B HCXOAHOH cMecH NPHHATO 3a €1HHHLY, TO ¢, Bbipa)kaercs B 104X
enuHunb; G — KOJHYeCcTBO HH3KOMOJEKYJSiPHOTO NPOAYKTa, 06paso-
BaBILlIerocs 3a BPeM#A T.

Koncranra pasuoBecusi o6paruMeix mponeccoB K = k/k,. Cnelo-
BaTe/lbHO, (PaKTHYeCKas CKOPOCTb OGPA30BAHHA BHICOKOMOJIEK YI5P"
HOTrO coelllHeHHS B pe3yJabTaTe [NOJMKOHAEHCAHH MOxeT ObiTh BhIPA
JKEHa ypaBHEHHEM

- G ,
u=rk l_(1ﬂ¢;t)=_‘-’}_’]_ (X.16)
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N3 ypapuerus (X.16) BuAHO, uTO CKOPOCTH TpOLEcCa IOJHKOH-
1eHcallii, YCJOBHS pPaBHOBECHA H BbHIXOA KOHEYHOIO BBICOKOMOJIE-
K}’.Tlﬁpl-iOI‘O COe{HHEHHHA B 6onbloi Mepe Oﬂpeﬂe.ﬂﬂl{)'l‘(:ﬂ KOonuuectTpoM
[IH3KOMOJNIeKynsapHOro nobounoro nponykra G B peaklHOHHOH cpeje.
3aBHCAMOCTB TIpellesibHON CTeNeHH NMOJHKOHICHCAIH ¥, OT KOHCTAHTHI
]]aBHOBGCHH I( H KOH[lBHTpaLlR}[ HHSKDMOJIGK}‘JIHPHOFO COEMHHEHHA
B peaKuHOHHO# cMech C BbIpaKaeTcs ypasHeHHeM

%, =VK/C (X.17)

i npuBegeHa Ha pHc. 96. CienoBaTenbHO, B COOTBETCTBHH C YpaB-
neHreM (X.17) pns nmonyueHus nonuMepa ¢ GOMBLIMM MOJEKYASPHBIM
BecoM HeoGxonuMmo Gosiee NosiHoe

ylajaeHHe — HH3KOMOJEKYJ/sipHOro fgg SAA 7
pellectBa U3 3o0ubl peakuun. [lo- 50——&“‘-/@‘/ V4 / yayi »
sTOMy, ecan Obl B Xoje Ipolecca SASAA S S A A/
40 o/ Ya4
Bece ofpasyiolieecsi noGoyHoe Be- 4 /
[ILecTBO cpa3y Obl YRadfloch H3 2 //“‘w/// / /
peaKlIHOHHOH 30HBI, CTeleHb TIo- 4 ’/’ A ’/ Vo
JHKOHJEHCAHH Bo3pacTaia Obl w1 \/5 ///
L A y.
HETpepbIBHO U paBHOMepHO. C BO3- g VAVAVAV Y, VAW,
pacTaHieM MOJEKY/JspHOro Beca A
OCHOBHOIO LI@JIeBOTO MNPORYKTA WS /‘\,g /‘
yBeJHYHBaeTCs BA3KOCTh peak- 4 / /!
HHOHHOH  cpelbi, YMeHBlIaeTcs 27 d
NOABHAHOCTb  00pa3oBaBIUKXCH //‘,‘4/(
MaKpoMoJIeKyJ (H c/eloBaTelbHo, b 70 50 7o aar T 3a

VYMEHBLUIAETCsT H YHCAO HX CTOJIKHO- . 1000 10000
BeHHH) H OJHOBPeMeHHO 3aTpyi-

HfleTcf OTBOA NMOGOUHEIX MPOLYK- Puc. 96. 3aBHCHMOCTB CTeMeHH MOMH-
TOB. DTH, a TAKKE HEKOTOPLIC APY- KOHAEHCALHH OT KOHCTAHTBI paBHOBECHS
rie INpHYHHBI f}’CTaHOBﬂEHHe PaB-  npH pasiHYHOM COAGPHKAHHH OTLICIVISIO-
HOBecHs, H3MEHEeHHe CTp)’KTyp‘bI Werocd HH3KOMOJIEKYNAPHOTO CcoeaHuHe-
(DYHKIHOHANBHBEIX TPyNN H T. 1) HH% (B morapupmHUSCKHX KOOPIHHATAX)
MOIyT IpHBECTH K TNpeKpalleHHIO

npouecca NMOJHKOHAeHcauud., UToObl NMperoTBpaTHUTh 3aTyXaHHe mpo-
1ecca, HeoOXOMMMO TIOBLILATH TEMIIepaTypy PeaxiiioHHOH CMecH, YTo
CHHUKaeT BA3KOCTb CPejlbl H HCCKOJIBKO YBEIHUHBAeT CKOpOCTk IH(DY-
3un noGOYHBLIX HU3KOMONEKYAAPHLIX COeJHHEeHHH K NOBepXHOCTH pas-
leia ¢a3. Ho npu 3TOM caelyer yudThIBaTh, YTO N0 LOCTHKEHHH Olpe-
JA€JleHHOro rpejena NOBbILICHHE TeMIlepaTypbl MOXKET BRI3BATH JECTPyK-
{0 MCXOAHBIX BOIIECTB MHJIH IIPOMEXYTOUHEIX CcOeluHeHHH, obpaso-
BaBIMXCA B XOJe TOJHKOHIEeHCallHH (naxe IpH COQTBETCTBYIOLUIEM
CHH)KeHHH 1aBJeHHA B pBaKTOPE), HJH HaXKe 4yacTHUHoe Y.1ajJeHHe H3
30HL peaku i ooJiee JIETYUYECTO HeNnpopeardHpopaBlUEro KOMIIOHEHTa, a
3To, B cBolO Quepesb, Bhi3oBer no npuHuuny Jle-Illatease capur npo-
Uecca B o6paTHYIO CTOPOHY H yMeHbllUeHHe MOJeKYAspHoH Maccsl 1o-
dyyaeMeiX npoaykroB. Ho 1pu NocTHKEGHHH paBHOBeclisi MoJeKyJasip-
Has macca Oyier Boilie upit Gosee HU3Koi remnepatype, ITosromy cra-
PaloTcs BHayane nafl AOCTHXKEHHS BBICOKOH CKOPOCTH Tpolecca Ipo-
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BOANTH NMOMHKOHIAGHCAIIHIO NIpPH MOBLILIEHHOH TeMIueparype, TOHIag
ee 3aTeM NpH NMPUOAHKEHHH K PaBHOBECHOMY COCTOSIHHIO AAf TOMyye-
HHSA NPOAYKTA ¢ GoNbLIOH MOJCKYAAPHOI Maccoii.
3aBHCHMOCTDL CTeleHH noJHMepH3alliH n OT NOJAHOTHI NpOTeKaHuy
peakuHi x M KOMHYyecTBa (yHKIHOHaNbHHIX rpynn N Bropaxaelcs
dopmynoi
n=2(2—xN) (X 18)

Ha ocroBaluM TOTO, YTO Ha KaxIOM 3Tale NOAHKOHREHCAlUHH Yya-
CTBYIOT IBe (PYHKLHOHAJBHbIE TPYMNNbLl, MOXKHO CHEJaTh BHIBOL: TIpO-
uecc NonyYHHAEeTCS KHHEeTHYECKOMY ypaBHEHHIO BTOpPOro IopsjiKa, KOoTo-
poe, ecaid KOHUEHTDALKA KaXKI0ro THIA (GYHKUHOHAABHOH rpynnsl 01Ha
H T4 e, NMPHMET C/CAYIOImHH BHA:

—dCldt=£kC> HIN dC/C*=rkdT (X 19)

H Toc/ie HHTEerpHpoBaHiif
1/C =kt -} const, (X 20)

Taxk KakK KOHUEHTpalls pearHpyIolliX BellecTB NponopuHoHaibia
ofiieMy yncay HX Mojekyn N 3a Bpemsa T, ypaBHenue (X.20)
HpIlMeT BILX

I/N = k't |- const. (X 21

INMockoabKy uHcMo MoOJeKyad N depes BpeMs T CBA3aHO ¢ Havadb-
HBIM YHCJIOM MoOJeKyn N, B peakKUuHOHHOH CMECH ypaBHEHHeM

No=Nn, (X 22)
10 N = Ny/n; torna ypapuenue (X.21) npumer Bug
nfN,= k't -}-const. (X 23)

CnenoBarenbHO, CpeaHss CTeNeHb MOJAHMEpH3alHH f TIPONOPIHO-
HaJIbHA BpPEMEHH, 4YTO IOATBEPXKAAETCHA H NPAKTHYECKHMH NAaHHBMH
(puc. 97). 34BUCHMOCTH KOHCTFAHTHI
CKOpPOCTH OT TeMIlleparyphbl Tnporec-
ca TIOJIHKOHIEHCAUHM TORUHHSeTCs
ypaBHenuio Appenuyca (puc. 98).
ITpoueccs MOAHKOHIEHCALHH HOCHAT
cTyneHyaTell Xapakrep. Pocr wenu
IPOHCXONHT IIOCTEIIEHHO B pe3y.ib-
Tare B3aHMOJEHCTBHA MOJEKYJ MOHO-
MepoB ¢ 00pa30BaBLIHMCH  [OJIME:
poM. [Ha onpetefeHHBIX CTaanax
IPOHU3BOACTBA MOJEKY/bl HMEIOT TH-
HeflHYI0 HJIH pa3sBeTBJEHHYIO CTD} K-
TYpPy H JHIIb B KOHeyHOH cTal'd
TIONYYEHHA TOTOBBIX H31eJHil MOrMT
Puc. 97. 3aBECHMOCTb CTCNCHH TIO- IpoTeKaTh peakuHH, B pe3yJabrare
JIHMEPHSAUKH OT BPCMCHH peh.lik KOTOPHIX  0ofpa3yercsi Tpexmepnas
(]\HHDT}I]({I NOJHKRON ICTUCAILHE TeKCea- -

MOTH IeIAMAMILA © codmumtoort wie-  CTPYKTypa.  OchoBuvie  daxTophh
JI0TON) NpH pasiuunon Temmeparype — BJHAIOHIHE Ha CKOPOCTL H Hanpas £
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jjHe DEaKIHH TIONMKOH/IEeHCAIllM: CTPOCHHE MOHOMEPOB, B YacTHOCTH,
KOJTHUCCTBO (PYHKIHOHAJNBHBLIX TPyNn, HX CcBOHCTBA H COOTHOUICHHE
B peal{LlHOIIHO}ul CMECH, THIT KaTtanusayopa H ero akTHBHOCTB, HaJHUHe
npuMeceii B MOHOMepe, a TaKie CTpPOroe coOaI0ACHHE TeXHOJOoriue-
CKOTrO peXHMa peakiinu (Temnepatypa, AaBJieHHe, cTelleHb epeMellH-
paHHdA, NPOJO/HHTENBHOCT H T, T.). l'IpHMecn B NpoLEecce NOTHKOHIEH-
callHH CHHXKAIT MOJeKyNspHsill Bec, 006pa3yioT HCAKTHBHBIC KOHIE-
BhI€ TPYNNbLI H BBISLIBAIOT pa3sBETB/JAEHHE MaKpOMOJAEKY.I.

[Tpomeccsi NOMHKOHIEHCAILHH NPOBOAATCA B pacnjaBe, B pacrBope
W Ha IopepXHocTH pasaena ¢das. B mocnenieM MeToje rereporeHHoH
NMQJHEOH eHcal il 11363110,&31’0’1'09[ BHLICOKHE
KOHCTAHTLI CKOPOCTeHl peakiun. Pasimunsivy (g4 107
METOJaMH TOAHKOHIEeHCAUHH mnoayyalT no- 47
JHAMHB], NOANS(HPLI, MTOJHYpeTaHbl, TOJAH-
kKapOOHAaTBl M HEeKOTOphle JpYyrHe KJAacchl )
MOJAHMEPOB. MO,&H@JHKaLUIeFI HMeIOU[HXCHA T0-
JIHMEDOB MOXKHO ObiCTpee H SKOHOMHUHee no- 4,1
AYUHTh HOBbie TOJHMEpHBie MarepHaias. B
IIpDMb[LUﬂeHHOCTH HCITOJIB3YIOT  CJenyrIme

MeTOIb! MOAH(DHKALHH: 1) H3MeHeHHe XHMHuye- 08 AN
CKOTO CTPOEHHA MaKpOMOAeKyJ NoJaHMepa \
(xHMHuecKas MogudMKauus); 2) mu3menenne Of[ \
(hH3HUeCKOH CTPYKTYpPHI I0MHMEpa Ge3 H3Me- ’ . . '
HEHHSl €ro MOJEKYJSpHOH Macchl H XHMHYe- 21 27 27 24
CKOrO CTPOEHHs (CTPYKTYpHas MOIH(HKAILHSA); ’ 1900

3) npumeHeHHe cMecel NOJAHMEpa C APYTHMH

X Pue. 98, 3aexcumocTs Jo-
coenHHeHHAMH. HanGonee 4acTo HCIOB3YyeT- rapHQMa KOHCTAHTEL CKOPO-
¢ XHMHuecKas MO,{[HI:]JHKEILHH, KOTOPasa OCY-  cTH noAMKOHIEHCAIHH IeK-
[IIECTB/ISIETCA BBEJeHHEM HOBLIX PYHKILHOHAMD-  cameTHIEuJkamina ¢ cefa-
HBIX TPYNI B MOJIEKYJly IOAHMepa, BBeje- LWHHOBOH KHCi0TOMH oT of-
HICM HOBBIX 3BEHbeB B MAKpOMOMeky.y (chn- Pejioll Temnepatypst (£ =

=24 KKaJj, Mo b)

Te3 COHOJ]HMEPOB) H TIQJTy deHHeM ITPDHBHThIX

W GAOYHLIX COIOIHMEPOB, A TaKXKe Da3BeTB/IeHHBIX H NPOCTPaHCTBeH-
HBIX TIOJHMEpOB.

DusHyeckKHe H XHMMHYECKHe CBOMCTBA NOJMMEPOB B 0OABIIOH cTe-
NeHH OIpenensloTess XapaKTepoM (yHKIHOHAJBHBIX PYNI W HX CBOi-
CTBaMH, 4 TaKKe Pa3sMepoM H cTpoeHHeM Makpomoaekya. Takum oGpa-
30M, AJTS1 BLICOKOMOMEKYAAPHBIX COSfHHEHHH XapaKTepHH! YeThipe THIa
XHMHYECKHX peaKuHi.

1. Ofpasopalne TpeXMepHHIX MOJEKYs BCAEICTBHE MNOSBIEHHS
XHMHYECKHX CBf3€fi MEXKIY IlelsiMH — ClifiBaHie (HanpuMmep, BYJKa-
HH3auusa Kayuyka, ayOneHHe KOH).

2. Pa3puip 1enefi MOJEKYJa IO BAHSHHEM cBeTa, TepMHUECKHKX,
MeXaHuyecKHX H XMMHUECKHX (aKTOpOB Ha GoJsiee KOPOTKHE (IeCTpyK-
Win). Kax npasunio, B pesysibTare RECTPYKIHH 00pasyloTcs 3/eMeH-
Tapuple BeurecTBa. YMeHBLIEHHE MOJEKY/APHOrO Beca CHHKAeT 3/a-
CTHYHOCTD W NMPOYHOCTH Ha PaspblB M H3rHO, H3MeHseT BA3KOCTh PacT-
Bopa u 1. n. JlectpyKuus HCTlo1b3yeTcA PH NPOH3BOACTBE IIJIaCTHKA-
TOB, pe3iH, JMTHEBbLIX KOMIIOSHLMI H IIp.
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3. 3ameleHie OOLOBHIX (YVHKUHOHAABHBIX TPYIN, HMCIOIHACS
B MAaKpOMOJCKYJIe, Ha JApYyrHe TPYIIbl HJAH aTOMBI B PE3YJbTATe peax-
ILHH C HH3KOMOJEK)/ASiPHBIMH coelHHeHHAMH. Tak, H3 Le/llo103,
conep:Kaiied B KaJIO0M CBOEM 3JeMeHTapHOM 3BeHe TPH THIPOKCH.IL-
Hble TPYIIEL, ToaAYy4aloT sl >hHpoB. Peakllis HUTPOBAHHS Le/II0N03|
MOXKeT OblTh NpeacraB/JcHa Tak:
[CeH,0,(0H)4],, + 3nHONO, — |CgH,0,(ONO,),],, + 3nH,0

Le/TINI03a A30THOKHCAB 2dHD
VLTI O 4B

Ilpn 3TOM rJiaBHasi LeNb BHICOKOMONEKY/ASPHOrO COELHHEHHs He
sarparuBaercs. CkopocTth peakiil nogofHoro THHA B GOMLIIHHCTBe
c/yyaeB OMNpejensieTesi CKOPocThio AHMQY3HH HH3KOMOJCKYASAPHOro
coellHHeHHs B a3y noaumMepa.

4. BHyTpHMOAEKYAsIpHBE Peak i MeXAY CYHKILHOHANBHBIMH TP YII-
IIaMH ORHOH H TOH Ke MaKpOMOJIEKYbl (BHYTPHMOJEKyApHAA LITKAH-
3aumus).

3. NPOH3BOACTBO LLENHONO3bI M EE NPHMEHEHHE

Lleanionosa — ofHH H3 CAMBIX OCHOBHBIX BHJOB HOMHMEPHHIX
MaTepHaJoB.

Il eaat o3 a, HHOIJla Ha3biBaeMas KJeTuaTKol, HMeeT BOJIOKHH-
CTOe CIpOeHHe MW ABAACTCH TIIaBHOH COCTABHOH 4acThlo CTEHOK pacTH-
TeJLbHBIX KJCTOK H BMECTE€ C CONPOBOXKIAIOIHMH €e BellecTBaMH (HH-
Kp)CTaMH) cOCTaBAfeT TBepAb OCcTOB BceX pacTeHuil. B HanGosee
YHCTOM BHIE L@JIMI0N03a HaXOAUTCS B BOJMOKHAX XJonka (1o 96—98%),
TOTla KakK B COCTaB APeBECHHBI KpOMEe LEMI0M035I BXOLHT Goablloe KoIH-
UECTBO H JAPYrHX OpraHHYECKHX BellecTB: reMHLeNMIoa03bl, JHIHHHA,
cMoJ1, #HPOB, OeJAKOBLIX BerlecTs, kpacurenei, Ha nomo mMuHepansHeIX
BeuecTB lpuxopures Beero 0,3—1,1%. AHanussl sidemeHTapHOro co-
CTaBa JPCBCCHHLI 1OKA3biBAlOT, YTO B CpEeAHEM oOpraHH4YecKasi 4acTh
abcomoTHO cyXoit npeBecHHnl cofepxuT okodo 50,0% yraeposa,
6,3% Bonopoaa, 43,6% xucnopona u 0,1—0,2% azora. B cyxo#l npe-
BecHHe Haxonutcda oT 40 no 60% Tak Ha3nBaeMOH c-LeII0N03bl, T. €.
LeaA0036, He pactBopumoit B 17,5—18% -Hom BonHOM pactBOpe el-
KOro Harpa IUPH KOMHaTHOH Temueparype.

[eanionosa npencrapasieT coGol BHCOKOMOMEKYASIPHBIA HoOMHCaXa-
pHI ¢ GoabLIOH H COXKHOH IEeITHOH MOJIEeK YJI0H, HACUHTHIBAIOMIEH THICAYM
3peHpeB. Ee Monmexkyawsl uMeloT peryasipHoe M CTpPOro JHHeiHoe cTpoe-
HHé. MonekynapHbIH Bec TeXHHYECKOH UeMION03bL Kogebiaercs OT
50 000 no 150 000 u Bomiwe. Lleanono3a npuiaeT pacTHTENbHON TKaHH
MeXaHW4eCKYIO MPOYHOCTh H 3J4aCTHYHOCTh, 00pa3ys Kak Obl ckeleT
pacreHus.

FemMunenaonosy — Hoaucaxapuasl (Fekco3aHbl, IEHTO3a-
HbI, 110J11YPOHOBLIE KHCAOTH), CONPOBOKAAIONINE LEANI0N03Y, HO O1.1H-
Yalonecsl OT Hee MeHbLUeH IVIHHOI 1enH U MeHbLUeH XuMmuueckoi croi-
KocTbio. 'eMHlenMI0N03a Aerue rujgpoausyercsi pa3baBiCHHLIME MBHEe:
paJbHBIMH KHCAOTAMH H 1€04YaMH M NepeXoluT B pactBop. ['excosaHbl
Ipil 3TOM J@l0T TeKCo3bl — caxapa, CcHocoOHble 6pPOAUTL H 0Gpa3oBbl-
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BpaTb CIIHPT. Co;lepmalme reMHUeNAA03 B 3aBHCHMOCTH OT MOPOAL!
CHJBHO pasnHyaeTcd: TaK, B XBOHHLIX MOpolax ee conep:kures 17—
20%, a B aMcrBenHoi npesecine — 30—35%. D10 yuHThIBaeTcs NpH
opraﬁnsau}m TEXHOJIOTHUECKOro Inpouecca.

JIMrHHH —caokHasa cMech OprasHuYeCKHX BElIeCTB apoMaTHue-
CKOTO XapakTepa, conep:kamas OOnbliee KOMHYECTBO Yriepona, 4YeMm
neanionosa (61—65%), H npumaromas CTEHKAM KAeTOK TBEPAOCTh H
yIpyrocThk. ITo cpaBHeHHIO ¢ 1pyrHMH COCTABHLIMH YacTAMHK ApeBecHHbI
JIHTHHH Haubo/iee peakllHOHHOCIOCOGEH H JIerKO MOAlaeTcs Bo3nei-
CTBHIO rOpsiYHX menoueif, oxkucautenefi u np. ConepikaHue JHrHHUHA
konebaercs ot 17 no 30%.

I1pou3BoxcTBO 11€1/11010361 H3 1PeBEeCHHBI OCHOBAHO Ha ee BLICOKOI
CTOMKOCTH K HEKOTOPhHIM XHMHUECKHM COeUHeHHSM, KOTOpbie B TO e
BpeMA B onpeleseHHbIX YCJAOBHAX [epeBONsAT B PAacTBOP MeHee CTOiKHe
BEIIECTBa, CONPOBOXJAIOUIHE LEeNNI0N03Y: JIHPHHH, TeMHLeNTI0103Y
i np. B 3aBHcHMOCTH OT NpHMeHAeMbIX COeNHHEHHH MeToxbl Noayue-
HHSA LENJI0N03bI MOXKHO Pa3ieNiTh Ha 3 OCHOBHbIE Pyl KHCIOTHBIE,
menouHble B KOMOMHHpOBaHNLe, B HacTosiiee BpemMs NPOMBILILIEHHOCTh
HpHUMEHsET claenylomue MeTonbl: cyAbPUTHLIH, cyaAbdaTHBIH, cynbdar-
HbIl ¢ NpenBapHTeNBHBIM KHCIOTHLIM HIH BOIHBIM THIPOJH30M 1peBe-
CHHBI, CYJB(HTHO-[ENOYHOH, a30THO-LeMoYHOH u ap. HauGoapwee
pacnpocrpaHenle MOJYYHIH nepsule jgBa meropa. OcHOBHBIE CTajlHH
IIPOH3BOJCTBA JPeBeCHOH Lennono3s: 1) NONroTOBKa JpeBecHHH,
2) npUroToBneHKe BaPOUYHBIX PACTBOPOB; 3) BapKa ApeBecHuLl H 4) obpa-
00TKa M0JyueHHOH Le/NI0N035]: OYHCTKa, COPTHPOBKA, 00e3BOXKHBaHHE,
npeccoBaHHe, pe3Ka Ha JHCTH H HHOrAA OTAe/Ka, obsaropa:kKupaHie H
oTGenHBauHe leaniono3kl, Ha kauecTBo roToBOH 1eJI0/03bI BJAKHSAET
He TOMNBKO METOn IpPOM3BONCTBA, HO M [Opona lepesa, ero Bo3pacT,
IJIOTHOCTh W BJaKHOCTh APEBECHHBI, HaluuHe B Heil THHAH, CYUKOB H
APYrHUX TIOPOKOB H M.

XoTa uea0103y MOXKHO NnoiyuaTh H3 JIFOOOH Moponwl jepepa, HO
J0 CHX II0p HpPeHMYIeCTBEHHO yIIDTpEﬁ.ﬂHeTCH JipeBecHua MalloCMOJH-
C1BIX TIOpOA: €M, THXTH, OYKa, KOTOpHIE MOXKHO IepepadaThBaThb
Ao0bIM M3 NpHMEHSIOMmHXes crocoGoB BapkH. CMOMHCTHE TOPOIH!
(cocra) mnepepaGaThiBaloTcsi Gonblue [HIETOYHHMH MeToxamu. BonokHa
COCHOBOH 11€/171107103b1 KOpoue, ueM enoBoil. llpepecHHA JIHCTBEHHBIX,
MOPOJL CONEPIKHT OONBLIOE KOJHYECTBO IIEHTO32HOB H BOJIOKHA €e OYeHb
KopoTKH. [lnA nosayueHHs KauecTBEHHOH 11€/17110103b1 YHOTpebisercs
OTCOPTHpPOBaHHaA, ONHOPOXHAA H Bbiiep:KaHHAsA B TeueHHe omnpeleneH-
HOro BpeMeHH OGanaHcoBas ApeBecHHa (6ajaHc) — OTPE3KH JIPeBCCHBIX
CTBOJIOB Y CTaHOBJEHHBIX pasmepoB (oT 0,75 no 3,2 M) u KauecTsa,

HD}IFOTDBK& APpEeBCCHHDB 3akKjaluyaercd B TOM, HTO
Gananc OYHIAETCS OT KOPHI, CYUKOB U THWJIH B H3MeNbuaercs Ha pyOUIb-
HBIX MaluMHaX B nieny anauno#d 15—30 u roamusoi no 3 MM, [Ina npu-
TOTOBJEHHS BapOYHOH KHC/JAOTH B CYAB(PHTHOM MeTOAe TPOH3BONCTBA
neyHsie rassl, NMONAYUYeHHBIE B pe3yabTate 00Hra KonuyenaHa HAH CKH-
TaHH$ cepbl, OUHMAIOT OT COeNUHEHHH ceseHa, Mbiubsika, SO,, NblH,
Hecropeslied cepel H T. II., [IPHCYTCTBHE KOTOPHIX HapylLliaeT HOPMalb-
HbIi XOj BapKH LENII0N03b H yXyawaer ee KauectBo. Oco60 Bpen-
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HOIl IIPHMeChIO ABAAETCS cesleH, KOTOPLI 0KaasBaeT IPH Bapke KaTaJjly-
THYecKOe aeHcTBHE HA OKHC/IeHHe GHCYALMHUTHLIX PAacTBOPOB C Nepexo-
qoM SO; B SO; . IlostoMy KoJHUeCTBO cefieHa B KoJuejgaHe JOJ/KHO
OuiTh He Gonee 0,012% u B cepe — 0,03%. OunnieHubA U OXAaxKIeH-
el o 30—35 °C ras npolyckaeTcss yepes BhICOKHe OaliHH, 3aMogi-
HeHHBpe W3BecTHSKOM H opoluaemsie BojioH. Ilpoucxonut abcopbuns
SO, u o6pasyercas pacTBop cepHHcToM KHedoth SO, H,0—H,SO;,,
KOTOpasl, B3auMOjeHCTBYsl ¢ HU3BEeCTHSIKOM, ofpasyeT pacTBop GHCY/Ib-
(pTa KanbUUA:

9H,S0; 4 CaCO; — Ca(HSOs), +CO, + H,0
B&LHHH APYyroro THIa opoliarTcid H3BECTKOBLIM MOJOKOM:
9H,S0; + Ca(OH), — Ca(HSO,), 4 2H,0

[TonyyenHylo BapouHyl0 KUCJOTY JONOAHHTEJNBHO HACHILLAIOT AB) -
OKHCEIO Cephl, COAepmauleficA B rasax CIYBKH, KOTOpPbHE YIansiorcs
] B npouecce Bapki. TakuM 00pa3oM, MOaro-

4 TOBJEHHASA BapouHas KHCQI0Ta COLEPIKHT
H3GHITOK CepPHHCTOR KHeaoTsl (0T 3 1o 6Y%
ceobopuoit SO, u oxkomno 2% SO,, cBa3an-
HOH B BHjie OHCYAbDHTA Ka)IbIJ,HH, MarHus,
HaTpUA HJAH aMMOHHA).

Bapka unensnwonoss npous-
BOJHTCHA B OOMBLIIHX CTAaJABHBIX KOTJax

soda  (PHC. 99) emxoctbio 340 M* u Gonblue (Bl

{ 7 cota 12—I16 u guaMerp LHIHHIPHYECKO
5\-$-—_==/ yacTH 5—6,5 M). Kotawl QyTepytores clo
KHCJIOTOYTIOPHOTO §eTOHA, K KOTOPOMY H
Puc. 99. Cxema xomia aas  crelWanbHOH  3aMa3ke NpUKpENJsioTes

BAPKH  LeM0N03b: KUC/IOTOYTIOPHbLIE KEepAMHUYeCKUe IHTKIL
T R s memar 9™ Obmasi ToMmHHA TaKOH (yTepoBKM Co-
Bbinysioit Tpy6onposon; 4 —mry-  cTaBafger 170—180 muM. B nocaenuue ro-
Hep AR BMIYORS fUSTOK® 0T nul cTanM  BeITYCKAaTh  OHMeTANTHUECKHe
KOTAwL [lAs 3TOrO K JHCTaMm yrJaepo/it-
CTOH cTanu ropsAuefl nMpoKaTKoH NpHCOENHHAIOT TOHKHE c/ol KucnoTo-
VHNOpHOH cradl, TNpPejoXpaHsAlonuil OT KOPPO3HOHHOIO BO3JEHCTBHS
BapouyHo#i KucnaoTsl, Korea paGoraer nepuonHuyeckH. Bech mnepHol
BapKu AsuTes oT 6 o 12 4 u cocTonT U3 ocHOBHBIX onepanuii: 1) namno.-
HeHHe KOTJa rienoi M KHCJAOTOH, 2) Bapka, 3) cnycK H3 KOT/Aa rasa
H menoka, 4) Burpyska KorJja. [locsie 3arpyskd KoTsa umienoil uepes
BEPXHIOI0 TOpJIOBHHY uepe3 lTyuepa B HHMKHeHi TopJoBHHE NOXAKT
BapouYHyl0 KHcaory u3 pacuera 0,6—0,7 mM® ua 1| M* oGbema Koria.
Bapoutas kucjoTa nponutsiBaer jeny. OgHoBpeMeHHO KHCIO0TA BhiTeC
HAeT BO31yX, HaXoasmuHAca U B KOTJie U B caMoH 1iene. 3aTeM TNpHCTY-
natoT coOGcTBEHHO K Bapke, Harpepafi cOZepiKHMOe KOT/Ja OCTPLIM Ia-
pOM, IOCTYNAIOMHM yepe3 IUTYlepa B HH:KHell TopJoBHHe.

Llens Bapku 3aKmoyaeTcss B BOSMOXKHO [OJIHOM H3BIEYeHHH BeexX
IpHMecell (TUrHHH, TeMUUeNTiono3a W Np.) B PacTBOP M coxpaHenHl
UeAT01030 B HenoBpexneHHoMm pupe, Ilpu 106—110 °C npoucxonuT
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yIVIOTHEHHE [(EMkl, €e NPOoNapHBaHHe W TNPONHTKA BapOYHOH KHCIOTOI,
KoTopas AHMPYHIHpYeT B ray6b wiensl. JIBYOKHCh cepH H GHCYIBODHT,
HaxonfAlHecs B BapOYHOH KHCJOTe, B3aHMONEHCTBYIOT C JIHTHHHOM,
obpa3ys yxe npu 70 °C aKTHBHYIO JHTHOCY/IB(OHOBYIO KHC/IOTY H €€
KaJbIHeBYIO, MarHHEBYIO, HATPHEBYIO HJIH aMMOEHIHYI0 coib. Hanee
TIOCTETIEHNO TeMiepaTypa mnoBbimaercs 10 135—147 °C  (naBienue
5.10°—7-10° H/m®. Kanbuhesas uian qpyrue coqH JHIHOCY/IB(POHOBOM
KHCJIOTBl TepexonaT B pacTBop. OnHOBpeMeHHO THIPONH3YeTcA H
paC’TBOpﬁeTCH 3HayHTe/bHaa 4YacTh TreMHUEeNT0/103, B pe3y/bTare
yero B LUENOKe IOBHILIAeTCH COpep:kaHHe caxapoB. Baaumoneiicteue
JHTHHHA C CEpHHCTOH KHCIOTOH H OHCYJIB(PHTOM — 3TO reTeporeHHas
OKHC/IHTENbHO-BOCCTAHOBHTENbHASA  peaKiis, HAYLlas IOCTeleHHo,
B xozie Kotopoit SO; okHcasercs B SO; u
BOCCTaHaBJHBAETCA JHIHHH 34 CUYET e€ero
BHYTPHMOJIEKY/IAPHBX TeperpynnupoBokK.

CKOpOCTh ReTHTHHHKALHH TIPONIOPIHO-
HanbHa u3GHTKY SO, B BapOYHOM pACTBO-
pe H yBeJHYHBAeTCi TPHMEPHO B 2 pasa ¢
TNIOBHIILEHHEM TeMIepaTypel Ha Kawisle
10 °C. HameHenue conepKaHHA COCTABHHIX
yacTei JpeBecHHBI H B TOM YHCJE 1EMT10-
JIO3bl, €e BhIXOA H CTerieHb TIOTHMepH3a- Npodonsumenshioems Bapri,
[lHH B XONI€e BapKH NnokasaHbl Ha puc. 100,

[To Konu4ecTBY JUTHHHA, OCTaBllerocs noc-  Puc. 100, MsMenenne coctapa
Jie BapKH, CYASAT O KauyecTBe NOJIyYeHHOH  APCBECHHBl H CTENEHH MOJH-
nensono3sl. Ecnd ocranock 6onee 3%, MEP“‘”““EC‘;:’“;;"'";‘:_"’ B mpo--
LeNTI0N03a Ha3HBaeTcsl KeCTKOfl, MeHee HeEsE Pt .
% — MArKOi. TIPONOMIKHTENBHOCTD BAD- 5 = Mot s — cremons o
Ki, BHXOL H Ka4ecTBO noJyyaemoH, uento- MEPHJE“?{‘&“&;‘;‘;"SE?}?;I 5 — Bu-
J0386l, YREJIbHBIH pacXoX riapa i CepHl 3aBH-
CAT OT KauecTBa HCXOIHOrO CHpPbA, CKOPOCTH NOALEMA TEMIIEPATYPH B
KOTJ/e, IaBJIeHHA H COCTaBa BaAPOYHOH KHCJIOTH. BHICTpoe HarpeBaHHe, Bbl-
COKas KOHEYHas TeMmeparypa YCKOPSIOT Hpoiecc BAPKH, HO NMPH 3TOM
YXYALIaeTCsl KayecTBO [e110103bl. [105TOMY Jy4LIHM crlocoOOM HHTeH-
CHC])HE(&IIHH ABJAETCA HCIIONB30BAHHE KHCAOTHI C NOBHIIIEHHBIMH KOH-
uenrpanusamu SO, u GucyabpuTa Kanbiua. Jns paBHOMEDHOro HarpeBsa
H nyuilell MPOMHTKH MIENH NMPUMEHSIOT TPUHHYIHTENBHYIO IHPKYIAILHIO
KHCJIOTH B KOTJle BO Bpems BapkH. BapouHas KHCJIOTa 3acachiBaeTcs H3
KOTJia KHCJIOTOYNMOPHBIM HacocoM, NPOXOIUT YEpe3 IojorpeBaTeb H
HargeTaeTcs CHOBa B KOTelN.

B xone mpouecca BapKH NPOH3BOJAAT HECKOJBKO CLYBOK 00pa3oBaB-
IIHXCA rasoB M 1apoB C [OCJAERYIOUWIUM .yjaaBinBanneM (aGcopOiis)
HeM3pacXONOBAHHON JBYOKHCH CEpH ISl YKPeIJIeHHs BapOYHOH KHc-
JoTh, [lo OKOHYAaHHH BapKH CAYBKOH NaporasoBoil CMECH CHHXKAloT
laBjenue B KoTae no 2-10°—4.10% H/M?, nocse uero Bce coneprxumMoe
KOTa 3a 8—12 MuH c/iHBaeTcs Mo BeIIYBHOMY TpyGolipoBony 6oJbIIOro
Auamerpa B cuexy. Ha HeKOTOpHX 3aBojaX Macca H3 KOTJA B CUEXKY
BhiMBIBaeTcs BonoH. [IpoMHETYyI0 nennioaosy pas3baBisioT BomoH 1o
Kounenrpanuu 1—1,2% u nepekayuBaloT B 0OYHCTHOH LeX, I'Zle BOJOKHO,
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NpoXons uYepe3 peueTKy (HUABTPA-CYYKOYJ/OBHTENs, 3aTeM 4Yepes
OTCTOHHUK-TIECOUHMILY H, HAKOHEll, uepe3 CHTa COPTHPOBKH OCBOGOK-
N4eTcsl OT CYYKOB, HelpoBapHBluelics iiensl H MHHEpafdbHBIX 3arpas-
HEeHHH.

[lennrono3a, nperHasHaueHHasd 11a XuMuuecKo# nepepaGoTKH Npo-
H3BOnCTBa GenbiX Oymar, 1ojBepraercs ortéenke H o6iaropaxkUBaHHIO.
OGnaropaxkuBatine npoussoautces o6paGoTkoil wenmonosst npu 20 °C
12%-HBIM PacTBOPOM €1KOTO HATPa UM pacTBOPOM, conepiKaliiM OKOJ0

% NaOH npu kunenuu. B npoueccax or6enkH 4 o6naropaxkKHUBaHus
B pacTBOp IlE€pexonuT 60,1bliasi yacTh OCTABUICTOCH ToOce BapKH Jaur-
HHHa, 30161, TEMHLENTION03, CMOJTHCTRIX BCIILECTB H NPOAYKTOB pacnana
LLENIONIO36 U TEM CaMbiM TOBHILAIOTCH COXEPKaHHe OCHOBHOIO MOJie3-
HOro BemecTBa o-uendionossl 10 92—97% wu ee onHoponsoctb. ORHO-
BpEMEHHD nennwao3a np}ioﬁpe'raer TaKkHe BaXKHbie nnda XHUMHYECKOHI
nepepaGoOTKH KayecTBa, Kak HaGyXacMOCTb, TOBLIUENHYIO PEaKIHORIYIO
cnocoGHOCTh ¥ Gojiee paBHOMEpHYK BsidkocTh. J[lanee pennonosy
T ATEAbHO l'IpOMbIBaIOT BO,ILOI‘:I O/ yrajenuda XJopa H KHCABIX NPOLYK-
TOB, 00e3BOXKHBAOT A0 conep:anus BaarH 6—12% wu dopmupyior
B IOJIOTHO, KOTOpoe 3aTeM paspe3aior Ha JucThl (600 X 800 mm),
HAVIIHE HA YIAKOBKY. :

[TpuMmenenne HOBOH TEXHOJOTHH TNOJYYEHHS 1@NI0J103bl, T. €.
BApKH Ha PACTBOPHUMBIX (aMMOHHHHOM M HaTPHEBOM) H NOJYPAacTBOpH-
MBIX (MaruueBoM) OcHOBapusX, no3Boaser Ha 10—I15% noBbicHTE
NPOU3BOAHTENBHOCTDh, YB&THUHTE BBIXOX LEeNNIJ036l H e€ IPOYHOCTD.
ITpuMenenye pacTBOPHMBIX OCHOBaHWH TO3BOJAET BecTH BapKy B
KHCnol, HeHTpasbHOW B LIENOYHOR cpenax, B HECKOJBKO CTyleHeH
¥ H3 pasJaH4YHOro ChIPbA INOAYYATH pa31{006pa3Hble MapkEH 0ennaio-
7103,

CyardaTuw i MeTOJ NPOU3BOICTBA, NMPH KOTODOM [i€na
BapuTcsl B pieniounoM pactBope (NaOHH-Na,S), crnioco6erBoBan pactuu-
peHHio ChipheBOfl Ga3bl NPOMBILEHHOCTH, TaK KaK HaHHBIM MeTONOM
MOXKHO TlepepabaTeiBaTh A00YI0 1PEBECHHY H B TOM YHcJ/e OTXOBI J1eco-
NUJeHHs U nepeBooGpaboTku. Xopowo pa3paGoTaHHas CHCTEMa pereme-
pauMH I[eJ0Ka C IOCTenYIomHM Bo3BpaileHieM ero B [POH3BOICTBO
N03BOJIKNA CBECTH 10 MHMHHMYyMa cGpoc 3arpsA3HeHHBIX BOX, KOTOPHIH
CpAaBHHTE&IBHO BenHK B IIPOH3BOACTBE Cy.rlbrbllTHoﬁ LENNI0A03bI.

B nacTosinee BpeMsl Bce LIHPE NpHMEHAETCH HelpepbiBHAsA BapKa.
[TpumensieMble nnd 3TOH LeIH PeakTOpsl B Buie KOT1a HaH Tpy6 ¢
HenpephiBHOH 3arpy3ko#l HCXOAHOrO chipbsi M BHIrPY3KOH rOTOBOM
LLJTI0IO3b! paccunTanbl Ha BeIycK 300400 T/cyT nenionoss. Bapou-
HBIE€ allliapaTbl B 3aBHCHMOCTH OT DIDOLOMMKITC/ABHOCTH npeﬁbmamm
CHIpbA MOTYT OHITh ]'ID,I‘_L[J&SI_LGJ'IGHI:I Ha 1Be rpynisl. alinaparsl, B KOTO-
pPHX CHIpbe HaXOAHTCA A0 4 U, U annaparbl 118 CKOPOCTHOH BapKH
(no 1 u). Ha puc. 101 npexcraBnen Muororpy6HH# annapar «[launusy,
UMEIoHHHA OT ABYX 10 BochMH TPYO manuoi 6—10 M kaxpnas u jnua-
merpom ot 300 o 1200 mM. BHyTpu KaxKnoil TpyGbl Bpamaercs LIHEK,
CAYXKAlMH 18 TepeMerieHnsl chipbl K BbIXoay H3 TpyGe. Ulenok u
nap, obeclieyHBalonHe Bapky, MOAAIOTCA Yepes COIa, PacloaoKeHHble
Ha BepXHed 4YacTH nepBoH H BTOPOH BAapPOYHBIX TPYOC.
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YcnoBusa Bapku: nasienne no 12-10° H/m® u temneparypa 170—
190 °C. Bapounpiii annapat paGoTaeT Npu pekuMe, OJIH3KOM K Heasb-
HOMY BBITECHEHHIO.

Bce wHpe pasBHBaeTcs NPOM3BOJACTBO IPEBECHOW MAacChi, ycHewHo
HCNO/IBb3YeMO# B NMPOM3BOACTBE OyMard H KapTOHA Pa3jHYHBIX MapOK.
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Puc. 101. Tpy6uatslii sapounstii annapar tuna «[TaHaka»:

/ — Byukep, ? — wHexoBwil nUTaTEAB, § — BapouHble TPYOH CO WiHE-
KaMHi, 4 — pasrpy3ouduil MexauusM, § — BuIyBHad Tpyba

B CCCP shinyckaetcs okono 350 BHIOB H MapoK GyMard H NPHMEPHO
200 BHAOB KapToHa. OGrIynas ApeBecHasa macca noayyaeTcs MexaHh-
HECKMM HCTHpaHHeM JpeBecHHBl Ha HHIHHAPHYECKHX KaMHSX C liepoxo-
Baroit nosepxuocrblo — neduOpepax, B TNPHCYTCTBHH BOxbl. XHMH-
HECKylo npeBecHYI0 Maccy NOJYYalOT HAH H3 GajJaHCOB, NMPONHTAHHBIX
XUMHKaTaMu C HCTHpaHHeM MX Ha nedHOpepax, WIH H3 IIPOIHTAHHOII
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Lienbl ¢ H3MENbYeHHEM ee Ha paduHepax pasiHuHoro ycrpoiictsa. Boi-
Xon Maccel cocrasaser okoio 85%. IlpouHocTs ee B 2—3 pasa Bhiile
npouHocTH OGLIYHOA npeBecHON Maccsl. IIpou3BORCTBO IEMIIONO3bI
1enecoo6pasHo KOMGUHHPOBATH C  3JIEKTPOXUMHYECKHM TIOJydyeHHeM
XJopa ¥ enKoro Harpa.

Doabilioe 3HaueHHe HMEET HCNOAL30BaHHE Ta30B H LIENOKOB CYJb-
¢uTHOTO crioco6a npousBoxcTBa. M3 razoo0pasuuiX BewecTB oTGHpalOT
CMECh [HMOJIAa H TePTeHOBHIX YIVIEBOXOPOXOB H TOJNYYAIOT CYJbOHTHOE
Macio. 3aTeM BapOYyHOH KHC/IOTOH H3 ras3oB aGeopbupyerca SO,.
Orzensitougkiics: OT 111110038 Moc/e BapKH CYIbPHUTHLIH [1[eJI0K B KOMH-
yecrBe 10—12 T na 1 T nenmon03bl CONEPIKHUT CBBLILIE NOJOBHHBI Opra-,
HHYECKOTO BelecTBa HCXONHOH npeBecHHB!: JHrHOCYJAbGOHOBHE KHC-
JIOTHl PA3JIBYHOH CTeNeHH CyAbpHPOBAHUS H TIONKMEPH3aIBY, caxapa —
NPOXYKTH TUIPOMH3a TeMHIeNN10]103, MyPaBLUHYIO H YKCYCHYIO KHC-
JAotsl, numMod, ¢ypdypoa u np. Orono 65% caxapoB (rekcossl), Haxo-
ISIHXCsT B LIefoKe Iocle HeHTpa/lH3auuM ero, HCNOJAB3yeTcsl sl
TIOAy4eH s STHIOBOTO CIIHPTa cOparKiBaHHEM B NPHCYTCTBHH 1 POKIKeH:
CsH;,04—2C,H,OH-+ 2CO,. TTonyuyenusiii npu 3roM cnalbbiii pacTBOp
HA3bIBAOT GPaXKKOH, U3 KOTOpPod MOo:kHO Brinenurs 80—90 a1 crupra
Ha Kaxuylo TOHHY neanionossl. B ocTaslueficsi nocie OTroHKH CIHpTa
0apie conep:kaTcs HecOpaKHBAIOLIHECS EHTO3Hble caXapa, H3 KOTOPLIX
MOr'yT ObITh TMOMYyyeHsl KOPMOBHE npox:xkH. bapna mocie ynapusauus
10 50% -Hoit KOHUEHTPAaUHH HCNOMb3YeTCsi 175l BHPaGOTKH JMHTEHHBIX
Kpenutenen. bapusiiple KOHEHTPATH! [1PHMEHSIIOTCSI TaKKe B He(hTsiHOA
NPOMBILEHHOCTH, B IPOU3BOACTBE IACTH(OHIIHPOBAHHOrO 11€MeHTa,
6e300:KHroBOr0 KHMPIHYA, 18 arioMepanuu W ¢aoTaguu pyn, IpH
U3roTOBJAEHHH HaXAQUHHIX KPYTOB, TIPOTHBONPHIADHBIX  KPACOK.
MOIOIIHX CPEencrs, 6pHKETDB, 3MEKTPOAOB, H30JAAIIHOHHOrO KapToHa
H T.IL

JIurHocynb()OHOBAsS YacTh IEN0KA C/AYIKHT s NONY4YeHHs] 1y6H/b-
HBIX 3KCTPaKTOB, BaHWIHHA. CyXoil 0CTATOK CYABDHTHOTO IEA0Ka
HCNOAbL3YyeTcsl KaK TOINIHBO. CymechylomHe METOMB He oGecreuHBaloT
nonHo#l YTUAH3aNMH LIEJAO0KOB, TNOAYYaeMHX IPH BapKe 1eM/I0/03H.
DBouaplillie KonHyecTBa TaKHX LI€IOKOB IIPHXOJUTCSI CIYCKAT b B BOJOEMBI.
ITpu 3TOM HEOOGXOAMMO 00€3BpeKUBATH MX, T4K KaK OHH BPEIHO nei-
CTBYIOT Ha DACTHTE/]BHLIE H KHBOTHBIE OPTAHH3MEI.

OcHoBHBIME NMOTPEGHTEMAMH LENTKN03b SIBASIOTCA OYyMaXKHble U
KapToHHBIE MPOHU3BOACTBa, NPOMBILINEHHOCTH HCKYCCTBEHHOTO BOJIOKHA,
naacTMace, JMaKoB, KOXK3aMeHHTeNel, KHHOTEeHOK, 3aBoibl 6e31HMHOr0
nopoxa M T. n. [aa noayuenusi 6ymMar pasMelianHoe B BORE BOJOKHO
H JIPyrHe COCTaBHBIE YACTH B COUTBETCTBHH C 3a1aHHOIl penentypoi
BBLUIHBAIOT Ha IBHKYLLYIOCS GECKOHEYHYIO CeTKY OymarkHOH MaLlHHbL
Hp}i 3TOM BOJA YXOIHT CKBO3b CETKY, BOJIOKHA TIepPeneramTcs BO
BceX HamnpaBlieHHsX H ofpa3yeTcsn GyMaykHas JeHTa, KOTOpas OTXKHMa-
eTcsl OT Boxbl M BhICylLIHBaeTcst. UToGH MOAYyYHTh paBHOMEDHOE CIiieTe-
HHe BOJIOKOH, HX NPeABapHTeNbHO pasmanniBator. Briciine copra Oy-
Mari H3roTOBJASIOT H3 YHCTON OeneHoH 1enonossl, Torna KaK B COCTaB
raseTHoH Gymaru BXOAHT 25% HeGeseHol nemtonoss ¥ 75% npesec-
HOH Macchl,
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Llenmonosa, we o6najas MIacTHYHOCTHIO, HE MOMKeT OBITh CBS3YIO-
UM H AJdA NPOU3BOACTBA IJTACTHYECKHX MaAcCC [OAYy4YaroT BCiJHp‘b! ges-
JKOJIO3EBI, KOTOPLIE B OMNPEISMEHHBIX YCIOBUAX YiKe HMET IJIacTHY-
noctb. [Ipu B3aumoleHcTBHM LEMJIION03BI C KHeAOTaMH 06pasyioresi
CJIOKHBIE 3QUPLI: a30THOKHCIBIN, YKCYCHOKMCIBIH H AP., HO LENJIKI03a,
KaK H J1060i Zpyrof Cupr, MOXKET AaThb U MPOCTbie 3HPbI: STHILENTIO-
J103y, GeH3HIUENI0I03Y H AP.

4, NPOM3BOACTBO XMMMUHECKHMX BOSTOKOH

BonokHaMH Has3BIBAIOT Tena, AJIHHA KOTOPHIX BO MHOTO pas
NpeBLINIAeT HX O4YeHb Majible pasMephl NMOoMepeyHoro ceyeHHsi, OBBIYHO
M3MEPSEMOr0 MHKpPOHAMH. BoJokHHCTHe MaTepHasbl, T. €. BellecTsa,
cocTofillle H3 BOJIOKOH, WMEIOT ILMPOKOE PAacnpocTpaHeHHe. DTO pas-
HOOOpa3Hkle TeKCTHJBHBIE H3/leNHs, MeX, Koxka, Gymara u np. [lourn
no Hayana XX B. AJNA M3rOTOBJEHHS BOJIOKHA W TKaHeil Ha ero ocHoBe
HCTIONBb30BANHCE TOJMBKO MPHPOJHBIE BOJOKHHCTHIE MaTepHasbll XJo-
MoK, LWePCTh, JIeH, HAaTYPaNbHBIf [IeNIK, KOHOMIA, JXKYT K T. 1., OJHAKO
OHH HEJOCTATOYHO YAOBJETBOPSANH NPEFbABAAEMBIM TpeGOBaHHAM Kax
B OTHOLIEHMM KOJHYECTBA, TaK M KauecTBa MaTepuanos. Ilostomy H
OLIIH CO3/LaHBI METOIBI M3TOTOBJIEHHS HCKYCCTBEHHOTO H CHHTeTHYe-
CKOTO BOJIOKHA.

[To cBoeMy MPOMCXOIKAEHHIO BCE BOJIOKHA MOTYT OBITh MOApasfie/leHbl
Ha NpUpoJHbIe ¥ XuMmHYeckHe. XHMHUeCKHe B CBOIO Ouepelb JeIATCA
Ha MCKYCCTBEHHBIE, H3TOTOB/ISEMblE H3 BBHICOKOMOJIEKYNSIPHBIX COelHHe-
HHH, HAXOAfIMXCH B NPHPOJE B TOTOBOM BHIe (LENMH0I03a, KasewH
H Ap.), ¥ CHHTETHYECKHEe BOJIOKHA, NOJyyaeMmble 43 BEICOKOMNOJHUMEPOB,
NpPeNBaPHTENbHO CHHTE3HpYeMbIX M3 MOHOMepOB. IlpumeHeHHe Xumuye-
CKHMX BOJIOKOH PacTeT ¢ KasKIbM IoloM. DTOMY CnocoGeTBYeT BBEICOKASA
sKoHOMHYecKas 3QQpeKTHBHOCTL HX NOYYeHHS U TNPHMEHEHUS, NoJHas
He3aBHCHUMOCTL NPOM3BO/ICTBA OT KJIHMATHYECKUX H TMOYBEHHEIX YCJIO-
BHil, NpaKTHYeCKAR HeHCueprnaeMOCTh CHIPbeBLHIX pPecypcoB # BO3MOMK-
HOCTb BHIMYCKAa BOJIOKOH C HOBBIMH, HeBHIAHHBIMH panee CBOHCTBaMH.
Tax, 3arpaThl B 4eJIOBEKO-AHSX HA NMPOH3BOACTBO | T BOJIOKHA COCTaB-
JAsor ang wepery (Muroit) 400, and xaonka — 238, a 471 BUCKO3HOTO
wranens — Beero 50. Ecam cBofictBa NPUPOIHBIX BOJNOKOH H3Me-
HAIOTCA B Y3KHX Npenenax, TO XHMHUYECKHE BOJOKHAa MOTyT obsanarb
KOMIIVIEKCOM 3apaHee 3afaHHLIX CBOHCTB B 3aBHCHMOCTH OT HMX GYAyLLero
HasHaueHHs. F3 XxuMHYeCKHX BOJIOKOH BbIpabaTLIBalOTCHA TOBAphI IHPO-
Koro motpefjeHus: TKaHH, TPHKOTaX, MeXOBble H3JEJaHs, OAeXK1a,
00yBb, OOUBKA, CMOPTHHBEHTAapb, APANKPOBKH, ILUETKH, OOpTOBas
TKaHb, rajantepes, 3aMEHHTENH KOJKH, a TaKKe TeXHHUECKHe H3JeNHs:
Kopa, (uabTpoBaNbHEBIE TKAaHH, OOHBKAa AJd MamlyH, DBHIGOJOBHEIE
CHACTH, HE THHIOULHE B BOJE, KAHATHI, MapycHHa, NapailloTkl, a3pOCTarh,
cKahaHApEl, HCKYCCTBEHHAs LIETHHA, 3JeKTPOH30MAUHA, NPHBOLHLIE
pemHu, OGpe3eHTH BLICOKOH NPOYHOCTH, NOXKAapHble PyKaBa, LLIAHTH,
TpaHCHOpTEPHLIE JIEHThl, XHPYPryuyecKHe HWTH, PasjinyHas crenojexia
H T.n. XHMHYECKHE BOJOKHA HCHONB3YIOTCA 17151 TepMeTH3auuu H
YIJIOTHEHUsA annaparos, pafoTalomyux B arpeccUBHBIX  YCIOBHAX.
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B npou3BoJCTBE Pa3JHUHBIX THIOB XHUMHUECKUX BOJIOKOH Kaxk H3 NMpH-
POJAHBIX MOJHMEPOB, TAK H W3 CMOJ HMEETC S MHOTO OGLIEro, XOTs Kam sl
METOJ OJHOBPEMEHHO 00/1aaeT CBOHMH XapaKTePHBIMH OCOGEHHOCT AMH.
[IpuHuunuadbHag cXxXeMa NpPoHU3BOACTBA XHUMHU-
YeCKHX BOJOKOH HE3aBHCHMO OT HCXOAHOTO CHIpBS JeanTcd
Ha YeTnipe CTajiHi.

1. TlonyueHne ncXoAHOTO MaTepHana (MOJAYNpoAyKTa). Eciu colppem
SIBJSIOTCA NPHPOJHLIE BEICOKOMOJIEK YIISIPHBIE COEHHEHN S, TO HX Npex-
BapuTeJbHO HEOGXOIAMMO OUYMCTHTH OT npuMeceil. JIaa cuHTETHUECKHX
BOJIOKOH 3TO CHHTE3 MOJIHMEepPOB — MoJiyueHne cMoJb. I1pi Beem pasHo-
oGpasud HUCXOAHBIX MOJHMEPHLIX MaTepHajioB K HHM IpeqbaBlSIOTCS
caeayomue obuue TpeGoBaHus, ofecneynBarolHe BO3MOXHOCTE GopMo-
BAHIISl BOJIOKHA M JOCTATOMHYIO MPOYHOCTEL ero: 1) JuHefiHoe cTpoeHHe
MOJIEK YT, TO3BOJISIOUIEE PACTBOPATL HJIH MVIABHTHL HCXOAHLIN MaTepHal
175 HOPMOBAHHWA BOJOKHA H OPHEHTHPOBATH MOJEKYAH B BOJIOKHE;
2) orpaHuYeHHBI MONeKyAApHbIH Bec (o6bgno ot 15000 mo 100 000),
TaK KaK NpU Manoll BeMHYMHE MOJEeKyJ/bl He AOCTHraeTcss MPOYHOCTL
BOJIOKHA, a TNPH CAHIIKOM GONMLUION BO3HHKAWOT TPYAHOCTH npH (opmo-
BAHHH BOJIOKHA W3-32 MAJOH MNOABHKHOCTH MOJEKyd; 3) mnoaumep
JoJKeH OBITH YHCTHIM, TAK Kak NPHMECH, KaK MPaBHJIO0, CHIBLHO MOHH-
aloT TPOYHOCTH BOJOKHA.

2. Ilpuroroenenne npsaauasHoi macce. He Bce npupogHsie U cuH-
Te3upyeMule BHICOKOMOJIUMEPH MOTYT CJAYXKHTB OCHOBOH 175 MPOH3-
BofcTBa BoJIOKHA. losyueHne BSI3KHX KOHLEHTPHPOBAHHBIX PAcTBOPOB
(7—259, HBIX) BLICOKOTIOJIUMEPOB B JIOCT YIIHLIX PACTBOPUTENAX (WET0YD,
alleTOH, CNHPT W M[pP.) HJIH MepeBOJ CMOJBI B PaCh/IaBJeHHOE COCTOs-
HHUe — ofs3aTenbHOe yC/IoBHE IS OCYUIeCTBJEHHS mporecca npsje-
HUS WM, NPaBH/BHEee CKasarh, (POPMOBAHUS XHMHYECKHX BOJOKOH.
Tonvko B pactTsope UJIW B PACIUIABJIEHHOM COCTOSIHHH MOTYT GHITH €O3-
JlAHBI VCIOBH A, O3BOJSIOIHE CHH3HTD SHEPTHIO B3AHMOEHCTBH S MAKPO-
MOJIEKYJl M TOc/Je TPeojoJeHHsi MEXMOMEKYNsiPHBIX cBAsefl OpHeHTH-
poBaTh MOJIEK YJIBl BJOAbL OCH GyAyllero BoIoOKHA. Tak, HeNI0/103a npH
NOMOUIH XHMHUYECKHX DEeareHTOB IIePEeBOAHTCS B PACTBOPHMOE COCTOfA-
uue. Hekoropuie cMO/L pacTBOPAIOTCA B ALETOHE WM PACIVIABASIOTCS
NpH TOBBLILIEHHOH Temmneparype. PacTBop WJM pacmyiaB TUIATENIBLHO
OYHLIAIOTCH OT NpuUMecell W HepacTBOPHMHBIX YacTHL, A/15 4Yero nposojst
nBe—uernipe (QUALTPAUHH W OCBOOOKIAKOTCS OT My3HPLKOB BO3AyXa.
Ha 371oit cragun npoussoicTBa 106aBASIOT KPacHTeAu U ApYyrHe coenH-
HeHWsl, MPHAaUHe BOJOKHY OKPACKy, MATOBOCTL M T. M.

3. dopmoBaHWe BOTOKHA — caMas OTBETCTBEHHAs onepaimus u 3a-
KJouaercd B TOM, YTO NPAAHJIBLHAd macca nojaercsd B Quianepy (HuTe-
o6pasoBarenb), HMEIOMYID GOMBIIOE YHCAO MeAbyaHiInX OTBepeTHil
B JOHBILIIKE B 3aBHCHMOCTH OT Metoja ¢opmoBanus, obugno or 100 1o
6000 u simie. B nocseguue rogs B (pHAbEpAX YaCTO AENANOTCS OTBep-
CTHA He KpyIvVible, a B BHe 3Be3Jbl, TPEyroJbHHKA W T. . Ilpu stom
nosnygarorcs npodHanpoBaHHLIE BOJIOKHA, HMEIOUIHEe NOBLILIEHH YIO clier-
JIIEMOCTE MeXKIY coboit. M3tenus W3 TakuX BOJIOKOH OT/IHYAIOTCS BHICO-
KOH HockocTbio. Buigapiennvie uepes oTBeperHs GHILEPL TOHKHE
CTPy#KH pacTBopa NonajaioT B ocajurebHY0 BaHHY, [Jie B pe3y.Jsrare
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XUMHUECKHX peakuHH NPOHCXOLHWT OCaXKIeHHWe MW BBINAJEHWe TOJH-
Mepa M3 pacTBOpa, T. e. HJeT OTBepjeHHe CTPYeK U U3 KaXAOH CcTpyHKH
ofpasyercd sJeMeHTapHOe BOJOKHO. 10 cnocof MOKPOro NpsAeHHs
13 pacTBOpa, MO KOTOPOMY MOMY4aeTcsi BUCKO3HOE W MeJHOAMMHa4yHOe
BOJIOKHO. Ecii 3arBepieBanue HeT B TOKe TENJIOTO BO3AYXa, KOTOPHIi
Hcnapser Jerko KHNALHNA pacTBOPHTEb, BO3BpaiiaeMblil 3aTeM oGpatHo
B MPOW3BOACTBO, TO TaKoH crnocol6 Ha3swlBaeTcsl CYXWUM MpsideHHeM W3
pactBopa. TakuM 0O0pasoM BbipabarhIBAIOTCS alleTaTHOE BOJOKHO M
HEeKOTOpble THIB! CHHTETHYECKHX BOJOKOH. Ho 3arBepneBanue moxer
WATH U B TOKE XOJIOJHOTO BO3AyXa —— CrMOCO6 CcyXOro mnpsiieHusi 3
pacnnaBa (kanpoH, anui). Taxum o6paszoM, crnocod oTBepKAEHHS 3aBH-
CHT OT THNa NPAJWJIBLHOH Macchl.

ITyukn TOHKHMX BOJIOKOH, 00pa3oBaBLINXCA 3 CTPyeK, yepe3 psiji
HanpaeaAouWuUX MpHcnocobaeHnil HelpepLIBHO OTBOAATCA B NpHeMHOE

)’CTpO‘L“{CTBO H 34TeM BLITATHBAIOTCSH
T ||| i

(popMoBaHHe WHET MOA HaTHKe-
éﬁ'ﬂ W

HYeM) HaMaTHIBAIOUIHMH IIPHCIO-
cobaeHusmu:  O600uHa,  pOJHK,
uenrpudgyra. Ilpu  dopmoBanuu
JIHEHHbIe MaKpPOMOJIEK YJIbl OpHeH-
THPYIOTCS BAOJE OCH BOJIOKHA
(puc. 102). Uamensis ycnosus dop-

MOB&HHS W BHITSKKH, MEHFIOT H
CBOHCTBA TO/AYYaeMOro BO/IOKHA,
TaK KaK BLITAXKKA BIHAET Ha CTPYK-
TYPy M NpPOYHOCTHL BOJIOKHA.
XuMHyecKHe BOAOKHA He3aBH-

a
Puc. 102, Opuem'aum{ JIHHEHHBIX MaK-
pomodekyal NpH (OPMOBAHHH BOJOKHA:

a — 5901‘10[} AA0MHOE DACMONOMKeHHe MOJEKY.T,
6 — UacTHUNO OPBQHTHPGBBHHO[‘: 8 — opueH-

CHMO OT MEeTOJla NPOU3BOJICTBA MO- upopanos

ryT GBITh NONYYEHB HJH B BHIE

HernpepeIBHEIX HUTeH MleJKa, WJIW B BHJe LITale/lLHOTO BOJOKHA (KO-
porkue orpe3ku 30—150 mm). lllenk ucnoaw3yercs HenocpeicTBEHHO
051 W3TCYOBJIEHHS H3AeNHH Ha TKaUKHX HWAHW TPUKOTamHbIX (pal-
pHKax, a luranejbHOe BOJOKHO MOMKeT NepepabaThlBATLCH Ha NPAXKY
Kak B YHCTOM BHJe, TAK H B CMeCH ¢ ApYTHMH BOJOKHAMH.

4, Otgenka 3akJjtoyaeTcs B NPHAAHUH BOJTOKHY pasMHUYHBIX CBOHCTB,
HeoOXOfUMbIX 115 JanbHefinefl nepepaborku. Jlns 3FOro BOJMOKHA
OYHILAIOT TIATENLHOH NMPOMBIBKOH OT BCAKMX NpuMeceil, NMOJY4YeHHbIX
BO Bpemsi (JOPMOBaHHS WJIH B pe3yabTare NPedllecTBOBABIINX XUMH-
yecKHX npoueccoB. Kpome 1oro, BoaOKHO or0ennBaercs, B HEKOTOPLIX
cayyadgx oikpamuBaetess H eMy coobuiaercsi o6paboTKOH MbBITLHBIM
WIH KUPOCOLepKaluM pacTBOpoM 60.blliasd CKOMb3KOCTh, 4YTO YJyy-
Llaer ero cnocofHOCTL MepepabaThiBaTbesl HA TEKCTH/IBHBIX MpeAnpusi-
THax. [locne cyliku ek MOABEPTaioT KPY4YeHWIO W HaMaTbiBaIoT
Ha Wnyad W KarywKH, a lTrane/b NMakKyercs B KHIIbL

BuckosHs# MeTOI TMPOU3BOICTBA HCKYCCTBEHHOrO BO-
JIOKHA M3 [eNJII0d03bl  fBnsercs Haubojlee MHIHPOKO MpHMeHse-
MbIM  cniocofom. BLIMyck BHCKO3HBIX BOJIOKOH B BHIE LWIeJKa, KOp-
Ja W wraneas cocTaBaser npumepHo 70% BceX XHMHYECKHX BOJIO-
KoH,
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J1nst NOATOTOBKH NMPSAAHJIBLHOFO PacTBOpa HEII0I03a ¢ BAaKHOCTBIO
5—6% B BHIe AucroB pasmepoMm oGeigHo 600 X 800 mm ob6pabatrbi-
Baerc 18—209%-HuIM pacTBOPOM €JKOro Harpa (mpollecc Mepcepu3sa-
inu). [IpH 3roM 1enniono3a, BIHTLIBAS PacTBOP €IKOro HArpa, CHIbLHO
Habyxaer. M3 Hee BmMbiBaeTcs Gonbluas 4acTh ocTaBlueficd TeMHiesn-
JIIOJ03bI, YACTHYHO PAa3pyllaloTcs MeXMOJIEKY/AApHLIE CBA3H H B pe-
ayabraré oOpa3yercsi HOBOE XHMHUECKOe COeIHHEeHHe — INeJIoyHad
HeJII0N03a:s

[CeH;04(0H);3],, + nNaOH = [CgH,0,(OH),OH - NaOH],,

Peaxuus apasercss obparumoil, MameneHus, npoucxogsuine B uen-
JI0JI03e B TeueHHe MepcepH3auuu, noxasadsl Ha puc. 103. B 3apucn-
—— MOCTH OT NpHMeHseMoH anmapaTypsl H

P dopMul  LeAMOoA036L (HCTBL HJH PhIXJas

7 2 Macca) npotecc ocyulectpasercs npu 20—
Ve /% 50°C B tevenne 10—60 mun. 3arem -
/' ~ JIOUHAS HEI0N03a oTxHMaeTcs otr H30LIT-

— Ka e1Koro Harpa, KOTOpGuIil HanpasJserca
Ha pereHeparuio, rie GUILTpyercs, yxkpen-
ngercs, OTCTauBaercs, Mocje Yyero BHOBbL
[IpodomuumentHacime BO3Bpallaercss Ha wMepcepHsauuoo. Jlanee
MepLepUaILuL LIEJIOUHAS HeJT0/103a H3MeNbUyaeTcs H Bhi-
Puc. 103. Baumuse npofoa- AGPIKUBACTCSA B ONpEAeTeHHbIX YCIOBUAX,
suteabiocn  mepcepnsanmn  (20—22° C). B srom npouecce, Hasuiae-
Ha cBoiicTBA WIeJOYHOH med- MOM NpeIBapHTe/BHBIM CO3PEBaHUEM, B pe-
JH0I0GHL 3yJbTaTe OKHCJEHHS B ILEJTOYHOH cpefe
I — Konn4ecTBO yIaflAeMEIX Te- KHCJIOpoAoM BO3AYXa CHHIKAEercd CTelneHb
e o rommeHE MO OAUMEPH3AUMH  He/UTIONO3k, YTO M03BO-
Aepxanue KapOOKCKABHLIX TPYIN  nger B [UHPOKHX IpeienaX peryJHpoBars
BA3KOCTEL MMOJYYaeMOro 3aTeM MpSIWILHO-
ro pacreopa. Ilocne 370r0 JecTpyKTHPOBAHHAS LIEJNOYHAS HEMTONO0-
3a ofpabarniBaeTcsl CEpoyrIepofoM (KCaHTOTEHHPOBAHHE LEsTIONo3H).
B pesyaprare peaxuMu MOMYUYAGTCA OPaHIKEBO-KENTHH KcaHTOreHar
LLe/ITI0MI03b], KOTOPLIH B OTJIHYHE OF HCXOTHOH [1e/1TH0/1035l XOPOILo pacT-
Bopsiercst B 4—7%-Hom pacTtBope exkoro Harpa. O6pasyiomHiics Bsi3-
KUH pacTBOpP HA3bIBaeTCs BUCKO30H. Peakumns KcaHTOreHWpOBaHHSA
nMpoTeKaer Mo cxeme

L

¢

e

S OCaHgO
[CsH;0,(OH),0H - NaOI-I]n+nC<S—> [C!%‘s !

] +nH,0
SNa n

CocraB H cpoficTBa MOJIyyaeMOro KCaHTOreéHara HeIoN03L B Gofb-
IOf CTENeHH 3aBUCAT OT NpopoaxurensvHocTy (puc. 104) u Temnepa-
TYpBl Mpolecca, a Takke KOAHYecTBa BBEIeHHOrO CEpOYriepoad.

Bee nepeudcnienHsle ofiepanuy NPOBOAATCA NOC/EI0BATE/BHO B ue-
ThIpeX-TSATH OTJEMNbHLIX anmnaparax (BaHHa-Npecc, HU3Meabyurenn, Oa-
par, pacTBOPHTENb) WIH OCYUIECTBJSIOTCA IO OKOHYATETLHOTO PacTBO-
peHHss B OJHOM BHCKO3HOM annapare. BHCKO3HLIH anmapar cOCTOUT
M3 CTA/NBHOTO KOpnyca ¢ BOASHON pyGallkoii Ans oxnaxienus. Buyrpu
anmnapara pacrnoJioeHnl jaBa Z-00pasHbIX O#j1a, BpaulalokXxcs C€o
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cxopoctbio 900—1000 o6/MuH. OHM npenHasHaueHBl A5 H3METbLUEHHS
[LEeTOYHOH eNI0/1036 1 NepeMellHBaHHA Macchl BO BpeMs Mpeicospe-
BaHHs, KCAHTOTEHHDPOBAHHS W B MepBHIl MEPHOJ] PACTBOPEHHS.
CRexKenpUroTOBNeHHBIH NPAIUALHEE DAacTBOP HeNpuroieH Ams
HeMmelieHHoro (dopMoBaHHA BoaokHa. Jl18 Nojy4yeHHs Tak HasbBae-
MOH co3peBlIell BHCKO3H PacTBOP KCAHTOTEHATa OYHLIAIOT OT PasfHy-
HBHIX MeXaHWYecKHX TNpuMeceH Ha paMHBIX (QUJBTP-Tpeccax M BHLEp-
JKHBaloT onpelenennoe speMs (24 —60 u, nporecc co3peBaHUR BHCKO3HI)
IpH ycTaHOBJIeHHOH nocrosHHol temneparype (14—17° C). Bo Bpems
CO3PEBAHHA NMPOHCXOJHUT H3MEHEHHE XUMHUECKHX H KOJJIOWIHEIX CBOHCTB
BHCKO3Bl, yMeHbuIaeTcsl CTaGUIBHOCTL M yBeJHYHBaeTcsi CNocolGHOCTH
K KoaryaAuuu. B pesyaprare yactHYHOTO OMBLIEHHSI KCaHTOTeHaTa
MOHHKALTCA  CTeleHb  3TepHPHKaIHU
nenmonossl. Ily3uipekH Bo3dyxa, mno-
napUiHe B PacTBop, MeLJIEeHHO BH AN A10T-
cs U3 Hero: NpOHCXOAUT 00e3BO3AYy1IU-
BanHe. (OOLMHO BHCKO3a COACPKHT
uenmono3s 6—9%, enxoro Harpa 6—
7,0%, cepw 2,2—2,3% u Bogel 80—
83%. IMocne duavrpanun 1 oGesBosny-
UIHBAHHA NOATOTOBIEHHBI NPO3PaYHbIii Npodanwumenshocme
AMEJTOBATHIH PAcTBOD KCAHTOreHarta no- KCanmozenupolanus
Jaetcs CKATHM BOSAYXOM WM mpumo- . Binsie NpoZomi.
MoULH 33{6an(}1‘0 Hacoca B HPHHHHEHHH Te.'T.b'HOCTI'; KCaHTOTeHHPOBAHHA HA
ex Ha npouecc (QOPMOBAHHA (PSIAE-  cocras n cBoficTBa KCanToTeHata:
HHs BOJOKHA). CXeMa MPANEHHSI MOKA- | _ oioi oo o i 2 — xo-
3aHa Ha pHcC. 105, NUYecTBO THoKapBoHaToB, § — MoJse-
ManeHbKuii 3y6UaThfl HAcOC, 3a0H-  jinmbaness 5 — mravacrs Boenmsor
pas onpeneNeHHoe KOJIH4ecTBO BHCKO- % — “°“""E°T“°H8‘j_g‘;5°ﬂ“°m BAKOro
3pl, NpPORABIHBAET ee uepe3 (uUAbT.
3arem Bucxosa npu 45—50° C noasoautesl Mo cTekAsiHHOH TPyOKe K
(HnBepe, MOrpyXefHONH B TaK Ha3HIBAEMYIO OCAJWTENBHYIO BaHHY, CO-
JepakalLyio BoJHH pactBop cepHo#t kucnorsl 80—150 r/n u cepHOKuC-
aex coseft: Na,SO, 160—320 r/a u ZnSO; 10—100 r/n. Ckopocts
npsgennss 756—I100 m/mMuH. B BaHHe uayr cienyiowpe peakuuu: 1)
KOarynfuua BHCKO3BL MOJ ACHCTBHEM 3JIEKTPOJHTOBR; 2) pasioxeHie
KcaHTOTeHaTa [e/JIION03H B Pe3ybrare BO3LEHCTBHS KHUCJOTHI:

/OGH,0,
C&S ~+nH, S0, = (CgH,Op)p 4 nCS, + nNaHSO,
“SNa dn

H 3) pasyoxeHue pa3NHYHBIX CePHHCTHX NpHMecell, HaXOAALIUXCA
B BHcko3e ¢ Bbifenennem H,S u CS,. Pactsop HenpepuiBHO BHITEKaeT Ha
pereHepanuio H 3aTeM CHOBA NoJaeTcs B 0caauTe/IbHYI0 BaHHy, BonokHa,
COCTOSAILIIHE U3 PEreHepHPOBAHHON LeNTIONO3L, HATATHBAIOTCA H yKia-
AwBatorest. Cyuectsyer asa Meroia (pue. 1005) yknaaxu: uweHtpudy-
raneHud 1 600MHHBI. [To meppoMy cnocofy BOJOKHA MOAXBATHIBAIOTCS
OPAAUIBHBEIM JHCKOM H Yepe3 HampapjsioUlyio BOPOHKY MOCTYTMAIoT
B KpY:KKY UeHTpH(]yrH, NocakeHHY0 HA 3JIeKTpOBepereHe M Bpa-

235



marortyiocst co ckopocteio 6000—10 000 o6/mun. Ilpn HamarbBaHHH
HHTL OJUHOBPEMEHHO TOJyuyaeT H HEKOTOpYio KpyTKy (puc. 105, 6).
Ilpn GoOunitom Meroze (puc. 105, a) moaasa npsAwIBHOrO pacrsopa,
¢dopMOBaHHe U BBEITAKKA BOJOKHA HAYT TAK Ke, KaK M NMPH HeHTpH]y-
rajlbHOM, MOC/e BHITSKHBIX MeXaHH3MOB HHUTh HaMarthiBaercs Ha Bpa-
mapuyiocss 606HHY M 3aTeM TaKyio HUTh HeoOXOJHMO MOJBeprarh
KPYYeHH[o HaA CrepHaJbHOM KPYTHJIBHOM o00pyJoBaHUH,

B oTleJeHHH OTIeJKH NOJY4YEHHOE BOJIOKHO npomMniBaeTca ymsr-
yeHHOH BOJOH AMA YylaleHHA KHCJOTH, cyabGaToB M PacTBOPHUMBIX
coseil. JlanoHeiiwasg OTJellKa BOJOKHA COCTOHT H3 CJIEYIOUIHX Orepa-
uui- ofpaGorka cnaGhM pacr-
BOPOM LIENOYH VI YAajdeHHs
cepel (JecynndypaunHs), 3sareMm
— cnabbiM pacTBOPOM KHCJOTEL
(KMCIOBKA) A9 yIaTeHus TP Y-
HOpAacTBOPHMEIX conlel, orfenka.
BOJIOKHA 4715 yIAJeHHA JKene3a
H IpYTHX OKpalleHHBIX pHMe-
deil. Janee BOMOKHO 3aMac/H-
BaeTcs, uYTO TNPHEAET eMy He-
00XOIHMYIO MATKOCTB, 3J1aCTHY-
HOCTBb, CKOJIB3KOCTE H J1yd-
Hlaer crnocofHOCTEL UIeNKa ne-
pepafareiBaTbcd B TOTOBbIE
usgenus. Ilocne cymwxy BONOK-
HO MepeMaTLBaloT, COPTHPYIOT, !
5 YIIAKOBBIBAIOT M HANpasJsioT.

norpebuTeno,

Hiupokomy pacnpocrpane-
a — Gobupnmn cnocob npagenns, O — UERTpH HHIO TIPOH3BOACTEA BHCK{BHOFO!
¢yi1aasnmii, [ — TpyGonpoBopn 3.“\.I'IF| pacTeopa BOJIOKHAa CHOCOGCTB}"&T I[OCT)’H-.&
prengow, 2 = mpaniieel nacoc, S IATP  HOCTR M JUICBH3HA  CBIPLAL.
QGHABepa, 7 — O00HHa, § — NPAJAHJABHBLL JHCK, BHCKOBHOE BOJIOKHO yCTOI‘:ILIPI-

9 — eopouka, 10 ~— uezTphgyre BO K JeHCTBHIO OpraHHYecKHX-:
pacTsopuTeNel, BbIAEpIKHBAET
JJHTebHOe Bosjeficreue remnepatypsl 100—120° C. Hanpssxenue npu
paspniBe koJaeGrercs or 20 (oGwigHoe BOJIOKHO) 10 54 Kr/mm® (aad
BBICOKOIPOYHOro BOJIOKHEI). M3 HEJOCTATKOB CJjieAyer OTMETHTH cJhaa-
Oy10 CTOHKOCTb BOJIOKHA IO OTHOLUEHHIO K [IeJOYaM H 3HAYHTEJNBHYIO
NoTepio MPOYHOCTH B MoKpoM cocrosinun (10 40—50%). M3 Buckosm
KpoMe [leKa M IUTallels Moayvawr gelaiodaH, Koph, YKYNOpPKY AJf
OYTHIIOK, HCKYCCTBEHHBLIH BOJIOC M KapaKyb.

Ilpu B3auMoZeHCTBHH HENJII0N03b ¢ YKCYCHBIM aHTHAPHIOM B IpH-
CYTCTBHH YKCYCHOW KHCJIOTBI HJH METHJIEHXJODHIA H B KauyecTse
Karanw3atopa cepHOH W/IH XJOPHOH KHCJIOTH ofpasyercsl YKCYCHO-
KHCJIBIH 3(HpP [eJJ1I0N03E, 3 U3 HEr0 ameTaTH 0e BOJOKHO:

CH4CON
CH,CO”

el

Puc 105 Cxema dopmoBanus’

[CsH,0,(OH)3) 31 O — [CgH,0,(0COCHy)s ], +3nCHCOOH
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ITocie yacTHYHOrO OMBIIEHHA alleTHANENII0N03a pacTeopsiercs
B cMecH ajeToHa W cmupra (85 : 15) B BepTHKANBLHBEIX PacTBOPHTENsIX
¢ niaHepHuIMH Mewankamu. Ilocne unsrpaunun u o6e3Bos3nyuinBanus
TIONYYEHHBIH TPYAHABHBIH pacTBOp Hampapigercs Ha QopmMoBaHue
BOJIOKHa TI0 cyxoMmy meroay. OH 3akaiouaercs B TOM, 4YTO Harpersiii
NpSAHIBLHBIH pacTBOp MpOjaBaHBaeTcs uepe3 (HIBEPL! B BHAE TOHKHX
CTpVeK, NajamuiX BePTHKAAbHO BHH3 B ILAXTH NPSAUIBHOIN MalllHHE,
B KOTOpbHiE MPOTHBOTOKOM TMOZAeTcs uHCTHIA BO3AYX, Harperuii Mo
56—70°C, wuro ofecneunBaer mcnapenwe pacrBopurens. Crpyiiku
pacTBOpa, 3aTBepieBas, NpeBpallaloTes B TOHKHe H rubKkHe BOJOKHA,
KOTOpEIE BHH3Y COEIHHAIOTCA B OOULYIO HHUTb, HaNpaB/IfeMylo 3aTeM
Ha OTHAeNKy.

HOHII&MH}I\HO@ BOMJOKHO KanpoH nony4daercsd H3
CMOJIBI KanpoH, HCXOAHBIM CEIPbEM 1719 KOTOPOH CJAYKHT JaKTaM €-aMH-
HOKanpoHOBOH KucnoTH — KanposakraM, Ilocnennnit  BbipabaTbiBa-
ercsl B BHje Oesoro mopoluka u3 ¢eHona, G6eH30/a WIIH UHKIOreKcaHa.
Kanponakram pacnnasnsior H pacreopsior. B pacreopurens jpo6as-
asercss 5—10% or macch! JaKtama JIHCTH/THPOBAHHOM BOABI, Hrpaio-
niefl posb aKTHBAaTOpa peakuuH nojuMepusauyu. [lo okoHuaHuu pacr-
BOpeHHs BBOAAT OKoJdo 1% ykcycHO# KHelOTbI B KauecTBe CTaOMJIH-
3aTopa, PeryJHpYIOLero MOJNeKy/ISpHLE Bec MojHmepa. 3areM pact-
BOp GUJBTPYETCA H Tojadercsi Ha NOJUMEPH3anHio B CTalNbHOH aBTO-
knaB. Ilpopece nomumepusannu ocyuiectBiasiercs B arMocdepe yueToro
asora npu 250° C, 15 «10° H/m® atm B Teuenne 10—I11 u. Ilpu Brico-
KOH TeMmeparype Boja pacKpbiBaeT KOJbuO Kamponaakrama ¢ ofpaso-
BaHHEM CriepBa &€-aMHHOKANpOHOBOH KHCJOTHL, a 3areM MOJHKamnpo-
JlaKTaMa (KanpoH):

C=0
/N
H.C \H
E | HO . HO[—OC—(CH,);—NH—],—H
Hy CH,

H,C—CH,

B npouecce nomuMepH3anHMH KHIKas Macca MNOCTENeHHO IYCTEeer.
[oToBYIO cMONY  (BBICOKOMOJIEKYJISPHOE COELHHEHHE) Bhl1aBJIHBAIOT
npu nomomww asora (3.10°—4.10° H/m®) uepe3 BeinycKHOe OTBepCTHE
B Jkeq106 ¢ xosoHo# Bonoii (10—12° C), rae noamumep GuicTPo 3acThIBAET.

Hpouecc noJIMMepH3aniHi KanpoJaaKTaMa MOMXET OCYUIECTBJAATECHA
u HenpepuiBHO. [TonyueHHyIO nMeHTy Apo6sAT Ha pyOH/JIBHBIX MallHHAX
B KpoOWwKy (7—8 mm). 3areM 3KCTparupymT ropsiuel yMaryeHHo#
Bojoil (95—98° C) menpopearupoBaBiuil MOHOMEP W ApyTHE HH3KO-
MoseKyaspHbie coennnenns. [locne oTKiMa H CYIIKH KpOUIKa pacrnias-
asercs npu 260—270°C w npH noMmMouM J03MPYIOUIETr0 HacocHKa
ONpeleNeHHEIMHE TIOPIHAMH N0 JaBjeHdHeM npubausurensuo 60 -10°
H/m? noaercs yepe3 ¢punbrp B Guabepy. Crpy HKH pacriaBa H3 pHIbEPHI
nonajalvdT B BBICOKY IO 11axTy, rae OHH OGI[}"B&]OTCH XOJOIHBIM BO3AY-
XOM, 3acTHIBAIOT ¥ OOpa3oBaBilvecss BOJOKHA HamarbiBaiorcs Ha Go-
6uny. [TonyyenHoe BoJIOKHO MOABEPraioT BHITSXKKE, KPYyTKe, NPOMBIBKE,
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CYLIKE, MepeMOTKE ¢ OJHOBpeMeHHbIM 3aMacauBaHueM. CxopocTb nps-
JeHHsi KanpoHa W APYTHX CHHTETHYECKHX BOJOKOH Ao 1500 M/MuH,
T. €. MHOTO Bblllle, YeM BHCKO3HOTO.

5. NPOUM3BOACTEBO NNACTUYECKMX MACC

K nnacrmaccaM orHocaT OGIWHPHYI0 TPYRMNY MaTepHasoB,
T1aBHOI COCTaBHOI 4acThIO KOTOPLIX SBJAKIOTCA NPUPOAHBIE WJIH CHH-
TETHYECKHE BLICOKOMOJIEK Y IsipHbIE COeIHHEHHS, CMOCOOHLEIe MPH MOBBI-
IeHHOH TEMIieparype AaBJeHHH NepeXofHuThb B IJIACTHYECKOE COCTOA-
HWe, (OpMOBATBCS MOJ BO3JEHCTBHEM BHEIIHHX CHJI M 3aTeM nocje
OXJamAeHHsl WM OTBepKAeHHS YCTONUHBO COXPaHATh NPHAAHHYIO
dopmy.

BrocokoMomeKkynsapHOe cOeJdHUHEHH e — BaKHel-
1lasg COCTABHAS 4acTh, CKPEILIAIOUIAS BCe KOMIIOHEHTH B OJHO MOHO-
JUTHOE [lefoe U npujaluias cMecH (KOMIO3HIHHM) MAACTHYHOCTD,
CMocOGHOCTL (POPMOBATBCA, a TaKKe 3JeKTPOH30NRUHOHHbIE, AHTH-
KOPPO3HOHHBIE H JPyrHe BaxHeiillue cBodcrBa. Jlna 3T0ro Hemomdb-
3yIOTCH, KpOMe CHHTETHYECKHX MOJHMepOoB, 3dHpb! Le0a03b], Oen-
KOBHIe BemliecTBa, acdanwTel U NekH. ITo cocraBy nuacTMacchl MOKHO
pasfenuTb HA HEeHAlNoJHeHHble, npeicTasasomye co0ol YHCTBlE HIH
C O4YeHb He3HAyHTEJbHbLIMH HOGaBKaMPI nomHMeps!, W HalmoJIHEHHbIe
N/IaCTHKW — CMeCH, cOojiepIKallive HaMoJMHHTe M, m1acTHOHKATOphI, Kpa-
CHTeNH, cTaGuIn3aTopbl, OTBEPAHTENH W ApYyrue 100aBKH, PaBHOMEPHO
pacrnpejeneHHble B CBA3YIOUIEM — CMOJE.

HanoaHuTeunu — rBepible BellecTBa, KOTOpble BBOAATCS A4
NPUJAHUS WJIH yCHJEeHHS B NJIacTHUECKOH Macce onpeaeneHHbIX GU3H-
YECKHX CBOHCTB: [POYHOCTH, TeMJOCTONKOCTH, a TaKe CHHIKeHHS
ycank# Bo Bpems orBep:KieHHs. OIHOBPEMEHHO HaMOJHUTeb YBEJHYH-
BaeT HeropioyecTh H3JeauiH, 4acTo BOAOCTOHKOCTDL; YJYdilaeT BHeMHHH
BHA W MOBBIAeT IWINTEKTPHUYECKHe cBOHCTBAa. B KauecrBe HanojHH-
Tenell MPUMEHAIOTCA opraHHYecKHe W MuHepasnbHble coequHenns. OHH
MOTYT ObITb B BHAe MOPOIIKOB (ApeBecHas, CJAOAsHAs H KBapieBaf
MyKa, caxa, rpadur, cyabdar Gapus, KH3enbl'yp, KAOJHH, TalbK),
BOJIOKHHCTBIX MaTrepHasoB (XJOMoK, acfecroBOoe BOMOKHO, TEKCTHJbHbIE
OYeCH, CTEKJISHHOe BOJIOKHO) H B BHje NOJoTHa (6ymara, xJonyaro-
OyMaskHble ¥ CTeKJsIHHBblE TKaHH, CJ1I0na, ApeBecHbil wnon). B Ta6n, 18
MpHBeleHa KiaccHpHKauWsa MNJacTMacC B 3aBHCHMOCTH OT HAMOJIHH-
Teqaq,

[TnacTtuduxkarop s — Manoneryune, Goabiiell YyacTbio KH-
KHe BeNecTBa, MOBLIUAKLINE MJACTHYHOCTD KOMIO3UUHH IPH MOBLI-
IIEHHOH TeMmeparype ¥ npuaaioue orhopMOBAHHOMY H3/1€IHIO MOPO-
30CTOMKOCTD, GOMBLIYIO 3aCTHYHOCTD M YMPYrOCThb., [Ipu yBennyeHuu
CofepKaHUS MaacTHPUKaTOpa NPOYHOCTE MOJTHMEpPa HA pPAaCTSKeHHe
W CKaTHe yMEeHbllaeTcd, HO 3aTO DPE3KO YyBelHYHBAeTCHs NPOYHOCTD
Ha ya1ap W crnocoGHoctb K yamuHenuto, HanGomee pacnpoctpaHeHHbIME
nIacTHQUKaATopaMi SBJISIOTCA KacTopoBoe Macno, aubytHadranar,
TpHKpesuadochar U APYrHe CPaBHHTEJILHO JOCTYMHLIE OpraHHYecKHe
coellHHeHus,
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) Ta6aunma 18
Knaccudmrkauna njaacrmace B 3aRMCHMOCTH OT HANOJHUTeJ R

B

Hana.u:ﬁrens Hanonuutens TlnacrMacca

be3 namno.uH- [TosusTHIeH, MOJMHIPONH/IEH, BHHH-
Teq M.1acT, NOJHCTHPO, OpraHHYeCKoe

cTeK.10, thToponnacT, NOJHBHHH/I-
6yTHpa.Ib (GPyTﬂap), MOJTHAMH]IbI,
noIHpopMabAeTHI, — NOJHKap6o-
Har, HeoJeHKOpHT

TazoBo3pyuHEH Tleno-, " mopo- H coTomacTbl: MH-
110pa, NeHOMOJHCTHPOI, Nela(eHo-
1/1acT, TeHONOJHYPeTaH (NopoJaoH)

H 1p.
[Nopouiko- Jpesecuas MyKa, TanbK, | PeqomIacrbi: MOHOJIHTH, (DeHOMHTHI;
o6pa3Hbii MOJOTBIH  KBapu, rpa-| JAeKOPO3HTHI; aMHHOMAACTHL

(buT, GapHT, OKHCb aio-
. MHHUA H Ap.
Bovokuucteiil | Heamono3a, acGectosoe M | BoaokHuThl, npeccmarepHadab:
CTeKAHHOR BOJIOKHO, acGope3aIs, CTEKI0BOTOKHHTH,
TEKCTHIbIIbIE oyechl, [ aoaut

JipeBecHast, CTeKJaHHaa
H JApyrasi Kpouka
Jlucrosoit Jluctel  Gymard, tTKaHH | BymaauT (reTHHaKc), TEKCTQJIHT,
(6a3b, wWudoH), TKaHb CTEKJI0NAACTHKH, ACOOTCKCTOJHT B,
CTeKJAHHAf, TKaHbL ac-| JPeBECHOCJOMCTHIC MAaCTHKH
GectoBast, IpeBecHb
UINoH

Kpacurenan npuMeHAOTCA IMA NPUIAHHA H3JEAHIO Kenae-
MOH OKpacKH. .

OrpepauTtTeny, HaNpuMep TeKcaMeTHJIGHTETpaMuH (ypo-
TPOMHH) M Jp., BHI3LIBAIOT MEPexo] HeKOTOPHX miactmace (dpeHoso-
dopManbIeruiHbie, 3MOKCHIHLIE, HEHACLIIEHHBIE MOMH3G(HPL) B He-
MIaBKOE COCTOAHHE BCJeACTBHE 00pa3oBaHHA MOJHMEPOB TPEXMEpHOH
CTPYKTYPHL

B nmacrmaced yacto BBOZATCA B HeOOMBIUMX KOMHYeCTBAaX U JApy-
rue gofaBKH: YCKOpHTENH, 00ecneyHBalillie OTBEpKJeHHE C HYKHOH
CKOpPOCTBIO NpH Oosee HU3KOH TeMneparype; cTabWIu3aropel, cnocof-
CTBYIOUIME JAJHTENBbHOMY COXPaHeHHIO NnyacTMaccoH CBOHX mNepBOHa-
yadbHBIX CBOHCTB; CMaskH, o0eclleuHBaloiHe NpeccoBaHye; Nopoolpa-
30Barend — AJIA TONYYEHHs MEHO- ¥ MOPOIVIACTOB; CBETALIHECH CO-
CTaBBI, AHTHCENTHKH — MPOTHB Pa3pyluaioulero Bo3AeHCTBHA INJIeCeHH
H 1p. n..'IaCTquCKHe MacChbl HCMOJB3VIOTCH Kak KOHCT}}}'KU.HO][HLIE
MarepHaJs NpH H3TOTOBJEHHH DasHOOOpasHLIX Y3JOB M jeraned Bce-
BO3MOXKHBIX MALIWH, annaparoB, NpuOOpPoB W IPYTHX TeXHHYECKHX
yCTPOHCTB, B TOM YHCJIe H TAKHX, KOTOpbIe NpeiHasHadens A5 pabors
B YCJOBHSIX TMPOLOKHTENLHOTO KOPPO3HOHHOIO Bo3jeficreusa. Ilnor-
HOCTE TacTMace Kosebneres or 0,01 (meHo- 1 nopomnnacts) 10 2,2 r/em®.
BoawmiHerBo miacrtmace Jerye merannos B 4—6 pas. Llennwiv cBoii-
CTBOM MJ1aCTMACC fABJAeTCA HX 3HAYMTEeNbHAs MEXaHHueckas Ipoy-
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HOCTb, HE yCTYINamllas AJIsi HEKOTOPBLIX BIAOB AAyKe YePHLIM MeTasljaM.
Hekoropuie nnacrmaccel o6nafator HH3KHM KO3DDHUIMEHTOM TpEHHsI,
a apyrue, HaoGopoT, H3BeCTHb! KaK (PHKUHMOHHBbIe MaTepuantl [lmnact-*
Macchl OTJIHYAIOTCH BHICOKHMH JHTEKTPHYECKHMH CBOHCTBAMH H MaJoit
renvionpoBofHocteio, B 100—500 pas meHbulell, yeM y Meramios.
MHorue nymacTMacch! HeTOpIOYH, HEKOTOpLIE H3 HHX 06/1agaloT BHICOKOH
ONTHYeCKOH MNpo3pauyHocTbio. DosbllMM NpeuMMylecTBOM IWIacT™Mace
SIBNIfeTcs HX BbICOKash CTOHKOCcTe K atMocdepHBIM BO3AEHCTBHSIM,
YCTOHYHBOCTE B PAas3THYHBIX AarpecCHBHBLIX Cpeflax H CrocoGHOCTH
K (opMOBaHHIO B H3JENHA CIOXKHOH KoHpUrypauuu Haunbosee NPOH3-
BOAHTENBHBIMH METOZaMH.

B to xe Bpemst miactMacchl of/afaloT H pANOM HEFOCTATKOB, M3
KOTOpBIX B MEPBYIO ouepeib ciaeAyer OTMeTHTb 6osiee HU3KYIO 1O CpaB-
HEHHIO ¢ MeTajyiaMH TepMOCTOHKOCTb. DOMBIIMHCTBO NylacT™Mace MOTYT

BLIAEPKHBATL TEMIIEPATyPy He Bhl-

00 12y Ji /% |9 we 150°C. Ha puc. 106 mokasa-

HbI TeMHEeparypbl, NPH KOTOPLIX

ECJIefCTBHE pasMsATYeHHA MjacT-

Macchbl HayHHalOT fehopMHpOBaTL-

cs1. KpoMe rtoro, nnacrtMmaces! nog-

Beprarorcs CTapeHHio, KOTopoe

T 77 757 ~ TPOfIBIAETCS B MNpPOLECCax OKHC-

Temnepamyua, °C JIEHHS, TOTEMHEHWsi, CHHIKEHHSsI
TBepIOCTH H TPOYHOCTH.

Puc 106 3aBHCHMOCTb NMPOYHOCTH pas- [Mpompinentocers CopeTckoro

JHHIHBIX H:};’}'{?S’fﬁgﬁﬁg;g%‘;ﬁ COCAH-  Cpio3a BLIMYCKAeT COTHH BHIOB

! — NONHITHAEH BRICOKOTO NaBJedna 2 — paSHOOGPaSHb]X l'IJIaCTMaCC. B 3a-

MOTHMETHIMeTAKPHJIAT, 8 — MogHITHAEH BHCHMOCTH OT XHMHYECKOTO cCo-

OO e e WWIXTOPUR.  cTABA CMOJbI BCE MJ1ACTMAcChl je-
JsTCs Ha YeThpe KJacca.

1. TlnacTHuecKue Macchl, COREPIKAIIHE BLICOKOMOJIEKYJISAPHLIE COe-
AHHEHHsI, MoJydaeMble [eNHOH NonnumepH3auuneit. B 3ToT Knace Bxogsit
IJ1acT™Macchl Ha OCHOBE MOJUMEPOB 3TUJIeHA W er0 Pas3iIH4HBEIX Mpou3-
BOAHLIX, MOMHMEPOB BHHHJIOBOTO CNHPTAa M HMX NPOH3BOAHLIX, NOJH-
MepoB 3GHPOB 3THIEHKapOOHOBBIX KHCJIOT W AP.

2. TlnacTuyeckue macchl Ha OCHOBE BEHICOKOMOJEKYJISIDHBIX CO€H-
HeHHH, nosnydaeMbIX MNOJHKOHJeHcalell U CTyneHuaTtoH nonHMepH-
3auued’ QeHoso-anberHiHble cMoabl ((eHomnacTsl), aMHAO- H aMHHO-
dopManbieruiHee CMobl (AMHHOMIACTLI), KpeMHHHOPTraHHYecKUue Mnosu-
Mepbl, MOJH3DHPL ¥ AP.

3. INnacTHyecKue Maccwl, CofepiKamiHe NPHPOHLIE XHMHIECKH MOJIH-
(U MpOBAHHBIE MOJHUMEPHl MPOCTHE U CHAOMKHBbIE 3(QHPLI LENTION03H
(uennynoua, UENJIOH, 3TPoasl), OenKoBble BeulectBa (Hampumep, raJja-
JAT) H Ap.

4, TlnacrHueckHe MacChl Ha OCHOBE NPHPORHLIX H HedTAHbIX acdans-
TOB.

BosMoxHO nosyyeHHe niacT™Mace U cMelllaHHOTO Xxapakrepa, T. e Co-
JepKaliX CMoJBl pa3jduHbIX KJIACCOB, YTO TIO3BOJSET BLINYCKATh
MarepHanel ¢ eme CoabUIHM pas3HooOpasuem cBoiict. Copra mmnact-
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KLIB-5. paciimbpoimscsen ‘wasatbaut, Taw, vanpuep, genonacr
eaywoukm obpasom: «Komnosuums us
(peHono-popManbleruiHoi cMoanl Ne 18 APeBECHOH MYyKu»,

M3 mnonuMepH3AUHOHHEBX CcMOJ HanBolee WHPOKO
NPHUMEHSIOTCA  [OJM3THAEH, TOAHCTHPOI, TOJHMEpPEl H CONOIMMepbI
XJIOPHCTOTO BHHHNA, IOJAHMEPH (DIOPIPON3BOAHLIX 3ITHJAEHA, TOAM-
aKpuJarsl, MOJHIPOIHJIEH, NMOJHBHHHUJIALETAT, IOJIMH306YTHIIeH, NOTH-
(opmasnbaerna u Hekortopule apyrue IlnacTmaccel Ha ocHOBe nepeymc-
JeHHBLIX CMOJ TEPMOIJIACTHYHB], BBINYCKaloTcsl 0e3 HanoJHuTeas,
00/1a1al0T XOPOLWIHMH AH3/IEKTPHYECKUMH CBOHCTBaMH, BBICOKOH yaap-
HOH BA3KOCTBIO (32 MCKJIOUEHHEM TOJIHCTHPOMA), HO Yy GOMBIUHHCTBA
M3 HHX HH3Kaf Ten1ocToHKoCTh.

B KkauectBe npHMepa MOzKHO paccMOTperb TO;yueHle M cBOHCTBa
noansruneda (—CH, —CH,—),. Ero nonyuaioor ns stnjgena Tpems
crocobamu: 1) mnonumepusanuen non Aabnennem 10°—207 H/m® npu
180—220°C ¢ wcnoJb3oBaHueM B
KauecTBe WHHILHATOpa HeB6oJbLIUX
Koauuects Kucsopozaa (0,05—0,1%);
2) noaumepusanuesi npu armocdep-
HOM uaM  HefoJblIOM  AaBJEHHH
(2-10°—6-10° H/M® u HeBHICOKOH
temneparype (60—80° C) B npucyr-
CTBHH KOMILIEKCHBIX MeTalJopraHH-
UyeCKHX KaTalH3atopoB B cpese Hed-
THAHOTO VTJEBOAOPOAA IPH MOJHOM
OTCYTCTBHH BJary M Kuciaopoaa; 3) Monewynspreiu bec
noNuMepUsalnedl  NpH  JABIEHMH  Pyc 107 3asHCHMOCTL MeXanuue-
25.10°—70-10° H/M® Ha OKHCHBIX CKHX CBOMNCTB NOJMHMITHACHA OT Mo-

Chodcmba

katanusatopax (CrsOg; CrO; n mp.) ACKYNAPHOH MacChbl.
H 130-—2400 C ! — mpousocT: Ha pacramedue, 2 —
a YAAHHEeHHe, 3 — NpoulocTL HAa pacta
[Monusruien, mnoayyeHHsli no- MeHHe NpH HHIKHX TeMnepaTypax

C/IefHUMH AByMsA criocobamii (moau-

3THJIeH HU3KOrO JaBJeHHs), HMEeeT cTPOro JuHeliHoe cTpoenue, Gojee
BLICOKHH MoaekynspHuii Bec no 70 000 u TeMmmepaTypy mnJaBl1eHus
Ha 20° Bblle, 4eMm IOJH3THIEH BLICOKOTO AaBJEHHS C pa3BeTB/IeHHOH
CTPYKTYpOH. 3aBHCHMOCTh OCHOBHLIX MEXaHHYeCKHX CBOMCTB INOJH-
3TH/IEHa OT MOJEKYJAapHOro Beca mpeacrasaeHa Ha puc. 107. IToan-
Mepl3aiHs 3TU/EHA [PH BLICOKOM AaBJeHMH IpeincTaB.aser coboil uern-
HYI0 peaKilHio, NPOTEKAIOLLYI0 10 PaAHKalbHOMY MeXaHH3MY C Bblze-
JieHueM GOJIBIIOTO KOJHYecTBa Tellia:

HCyHy = (—CyHy—), - 3650 ® [lx/kr

HOQ’I'OM}’ BaXHO 7151 HOpMalbHOTrO X014 npouecca cHcTeMaTHuecKuf
OTBOj TellJla M CTporoe peryianpoBaHue Temnepatypol. CKopocTb
npoiecca NOAUMEPHU3AlMH M BLIXOA IIOJHMMEpa 3aBHCAT OT CTENeHH
YHCTOTE! HCXOHOTO Ta3a (conepikaHue 3Tuiena ne Mexee 99,9—99,99%),
KOJTHYECTBa HHHIHATOpa, TeMIIepaTypsl H AaBaeHus. Tak, ¢ NoBuILeHHeM
JaBJIeHHsi BO3pacTaloT BHIXOA NOJMMEpa H CKOpPOCTb peaKuHu (pHe.
108).
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IToaumepusauusi sraneHa nox aasieHuem (puc. 109) ocymecrBas-
ercsi WIW B anmapatax TpyGuaToro THMNa, WK B peakTopax C Mmellan-

Crapacms nosemMepitsayus

L i L L ]
g 500 1000 1500 2000 2500
Aabnewue, amM

Puc. 108, Bausnue nasie-
HHA Ha CKOPOCTb NOJHMe-
PH3ALHH STHJICHA

Koi. Dtuled ¢ HeoOXOLHMLIM KOJHYECTBOM
KHCJI0POa M3 rasrojbiepa MOCTYIIaeT B KOM-
npeccop, rie cxkuMaercs 1o aapnenns 12 107 —
20-10" H/M?, a 3aTeM B CMa3KOOTAENHTENb.
ITponecc GAOYHOH INOAUMEpH3ALHH HIET B
peaktope npu 200—250° C. Amnmnapar, paGo-
TaloWui B pexume, GNH3KOM K HIeanbHOMY
BBHITECHEHHIO, NPENCTaB]fieT CHCTEMY TOJCTO-
CTEHHBLIX HAKJOHHO pacnoJokeHHbIX Tpyd ¢
BHYTpEHHHM juamMeTpom 10 25 MM B Buje
anuaHoro 3meesiika (300—400 m). INonyuyen-
Haf CMech pacIlIaBJeHHOTO IOAH3THIeHA H
HernpopearnpoBaBILero THJeHa I10cTylaer B
rasooTaenutens (aasienne 25.100—30.10°
H/m?), 3atem pasaenutennb-lpHeMHHK (naBie-

uue 1.10°—3.10° H/m?¥. TNocne cuuzkeHnus naBieHus ras otaelsercs
OT No/JTUMeEpa, HAlpaBAseMoro Ha cTabuau3aiiio, oKpaliaBaHie U rpa-
Hyasuuio. M3 nopyliky 9THAEH HpeT Ha npombiBKy. CTeneHb KOHBep-

CHM HMCXONHOIO 3THJEHa
B NOJMMEp 3a OjuH Mpo-
Xop Koaebmercs B mpe-
nenax 10—20%. Cymmap-
Hoe IpeBpauieHHe 3THAE-
Ha B pe3ynbTaTe Heon-
HOKPAaTHOH UHPKYAALHH
JIOCTHIa€eT 95—97%.
TpyGuaTslii peakTop rpo-
MO3JKHH, IIO3TOMY IipH-
MEHAIOT M JApYyrue THIIH
nonumepHsaTtopoB. Peak-
TOp AJs HOJHMEepH3anKH
3THAEHA I1IpH  BbICOKOM
JaBleHHH ¢ OBbICTPOXOa-
Ho# Mewankoil (puc. 110)
npeicrapaser cofoll Ton-
CTOCTEHHBIH COCYH TOJIIH-
HOH crenoK 125—150 mwm,
aauHoi 5—6 M. B Ta-
KOM afapare KOHBepcHs
3THAEHA B HOJAMITHIEH
HIeT noJdHee, HO OCTAHOB-

M"’f‘u Henpopeazupababuiul smunes

JMUNEN

Boda

Ha npombibry

Kamaruzamop

Ka zpanyralury

Puc. 109. CxeMa nosayueuHs MOAHITHJACHA moA
BRICOKHM JaBJCHHEM:
! — womnpeccop; 2 — cMmaskooTdeautens, § — Tpyl-

4aTelil monumepusatop, 4 — ra’looTAENHTEAb; § — pas-
AeaHTeNb- NPHEMIHK; 6 — NoBywWKa

Ka MelraJKH NIPHBOAHT K IOJHOMY HAapYIUEHHIO IIpollecca, BnJAOThL A0

B3pbIBa.

HM3nenus u3 nonustunena BLICOKOTO AaB/eHus Bo nabexanne aegop-
MalHH MOXKHO HCIIO/B30BaTh TONLKO IipH Temneparype He Boime 80° C.
Takoii nonusTuneH o61anaeT OTIHMYHBIME  3J1€KTPOH30IALHOHHBIMH
CBOHCTBAMH: 3/1aCTHYHOCTLIO (THOKOCTL coxpansercs aaxe npy —60° C)
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W BbICOKOFi XHMHYECKOH CTOMKOCTBIO K Pa3JqHYHBIM arpecCHBHEIM cpe-
naMm. M3 Hero u3roToBJAIOTCS IJIEHKH, JHCTHI, TPYObl, GJIOKH, H30J5-
u{d, IJaHTH U pasHooOpasHble (OpPMOBAHHEIE H JIUTHEBLIE H3JENHA.
[NMonustunen noanaercs BeeM BUAaM o0paboTKH, CKJIeuBaercs H CBa-
puBaercs.

* C KakabLIM roaOM pacilupsieTcsi HOHHAs IOJMMEpPH3auus STH/eHa
B IIPUCYTCTBUHM TETEPOTeHHbIX KOMIJIEKCHBIX KaTajlusaTtopoB Lluraepa.
Ouu npencrabisior coBofl  Kom-
IVIeKChl TeTpaxJopuaa THTaHa H

TPHITHIAMIOMHHHA (WM APYTOTO

coxaranuzaropa). Ilo sToMy Mme- ? 7

TOAY OUHILCHHBIN 3THJEH [I0AaeT- Bodz NNl

cA B CyCII€H3HIO MeTa/JIopraHH- CoHy
YeCcKoro KoMILJIeKcHOro kKaraJ/u3a- 5 Hyayuamop
TOpa B HHU3KOKHISALEM GOeH3HHe ‘ \
(remnepatypa peakinu 60—80° C), Cotly 1l 2
HeIpopearupoBaBlUnil 3THIEH OT- Hwuyuamap | \ f
JeNsieTcsA OT NOAMMEpa M KaTajlH- / —
3aTopa B CHCTEMe CernapaTopoB H N

MoC/Ie OYHCTKH BO3BPAlIAeTCHA B N N, Colly
mpouece, a noJAuMep HalpaBJ/seT- " Mnuyuamop
ca Ha mnepepaborky. Ilpouece Mo- / /

KeT ObITe [EepHOAHYECKHM WJH L
HenpepsBHEM. Ha 1 T ToBapHO- TR Uy Boda
ro [0JIH3TU/IEHA PAaCcXOAYeTCA MpH- il ?ﬂﬂ

mepHo 1,1 T sTunena, 2,4 KrTpu- @
3TUIaIOMHHHA ®u a0 4,8 Kr Ter- Y3 ap
paxJopuia TUTaHa. Bonbuoe 3na-  Aundercam

yeHHe UMEIT XOpollas IPOMLIBKA

M OYHCTKa I0J1yYEHHOTO IOJIHMepa [___fonusmunex
OT OCTaTKOB KaTalH3aTopa i OKHe- u CoH,

JOB THTaHa M alIOMHHH#A, o0pa-

3VIOWMXCS TPH €r0 Pas/IoKeHHH. Prc. 110. Peaktop s nmoaHMepu3auuu

S3THJeéHAa [O0]J BLICOKHM [aBJgHHEM C Me-

Hx npumeck K NOJHITHIEGHY YXYA- ARKOG:
[uaeT KayecTBO IPOAYKTA. / — wemanka: 2 — pySamxa
K NONMKOHAEHCaA-

I[MHOHHBM CMOJdAaM™M OTHO-
cATea ¢eHoNo-alblerHatbe, aMHHO-(pOpMadbleruitee, Moau3gupHLe,
SMOKCHAHEIE, TOJHAMHUIHbIE, KpeMHuiioprannueckue u 1p. Yacrs u3 Hux
TepMoIlJlacTHYHa, HO GoJbllas 4acTe TepMmopeakTuBHa. Mapenus Ha
OCHOBE 3THX CMOJ IIOc/eé OTBEPHACHHA MOTYT 3KCIIyaTHPOBATHLCA
NJIMTENbHOE BpeMs B §ojee LIHPOKOM HHTEpBaje TemmepaTyp H IpH
NOBLILEHUH TEMIEPaTypPhbl OHH MeHblIe MEeHAIT CBOH (PH3HKO-MeXaHH-
yecKHe CBOf{CTBa, yeM H31e/AUA K3 G0JbLIHHCTBA INOJUMEepH3a1 HOHHEBIX
cMosl. B To ke Bpems cMOJBI 3TOro KJacca §oJiee XPYIKH, 4EeM MOJH-
MepH3alHoHHbIE,

benono-anbaperuagHele ¢MOJb — I0NYy4aloTcs B pe-
3yJabTaTe peakuHH I[OoJHKOHAEHcauun (PeHoJoB H/IH  POICTBEHHEIX
coenuHeHuii: KPe3oJoB, KCHIGHONOB ¢ anapiernfaMu (Qopmanbnerun,
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aneranabaerun, ¢ypdypon u T. 1) B IPUCYTCTBHH KaTaJu3aTopOB
(KHCIBIX MJH eNo4YHLIX). B Xone peakilud moaydaiTcs npoMexyTou-
HbE NPOAYKTH, crnocobHble K AajbHelllleMy B3auMOLeHCTBHIO, ¢ ofpa-
30BaHHeM (0/ee CNOKHHX IPOAYKTOB KOHAeHcalHu. Jro pasHooGpa-
3ue OOBACHAETCA TeM, ur0 B Anpe (eHola HMEIOTCH TPH IOABHMKHBIX
aToMa BOJOpOAa, CIIOCOGHBIX K peaKilufM 3aMelleHHs.

B pesyabprare noJukonaeHcanuy (eHola ¢ anpleruaaMs mogayua-
I0TCA CMOJIbI ABYX THIIOB: TEPMOIIJTaCTHUHLIE H TEPMOPEAaKTHBHEIC. Te p-
MonmnJdacTHuYUuHBE€ CMOJTB], H3BECTHBIE [101 Ha3sBaHHeM HOBO-
JauHblX, 00pa3yiores npu H3bHTKe peHona B HCXONHOH cMecH (Ha 7 MO«
Jeit ¢eHona 6 Momeit opManbaeruna) U NpUMEHeHHH KHCJABIX KaTalu-
3aTopos (HanpuMep, coMsAHOH Kucaorbl). Peaknuio oGpa3oBaHHA HOBO-
JauHOM CMOJBI MOXKHO IPEACTaBUTH B OOGLIEM BHJE:

ACHL0 < (1 4 1)CeH;OH — H[CeH3(OH)CH,],C, H,0H 4 nH,O

rne n = 4—8. KoHcTaHTa paBHOBECHSI peaKUMH AOCTHUTaeT OOJBILOrO
3Havenna (K — 10 000), r. e. mpak-

24 THYECKH peaKuusi HIeT B CTOPOHY

S “r o6pa3oBaHus cMoMel. Boieasiolias-
S “;g sl B XOf€ Ipoiecca Boja Ha PaBHO-
S| BECHE H CKOPOCTb NpOMecca OKasbl-
) Jat BaeT He6O/blIOe BAHAHHE H OCHOB-
XV HBIMH (hbaKTOpaMH, OIpenesiolnMH
SRR HAlIpaBJeHHE peaKUUH H ee KHHe-
%‘é;‘g THKY, SABJSIIOTCA TeMieparypa, Bpe-
7 MSl peaKmHMH, NpPHPONA H KOHIEH-
: .. Tpauus NPHMEHSEMOro Karalu3aro-
7 4 & & 17 pa. Ckopocrb mpouecca yBelHuH-
Konuvecmbo kamasusamops  BAETCS TPH IOBHILEHUH CONEPIKaHHS

(NH4OH), % B HCXOAHOH cMecH Karalu3atopa
n ¢opmanpuerupa (puc. 111). Ta-
Puc. 111. 3aBHCHMOCTB CKOPOCTH Pop na (p )

Kottencatun Gopuansiersia ¢ ge-  KHIM obGpasoM, nonyyenue (peHos0-
HOMOM OT KOHUGHTPAWMH Karadmda- (POPMA/bIErHAHON CMOMB — 3TO NPO-

Topa: IlecCc rOMOTeHHOro Karaausa (ucxon-
I — 35,69% ﬂ)opuanhﬁernga; 2 — 33,29% HEl€ BellecTea M KaTa.ﬂH3aT0p B AHHUI-
Gopmabaeriaa KOl (ba3e), HO B HTOre Impoiecca

ofpasyeTcsi TeTeporeHHas cHcTeMa
K —OK nByx necmemnparomuxcs xuikocredl. Crpykryprasi gopmy-
Ja  CMOMBl, HMEWwWeHd JHHEAHOe CTPOeHHE,

OH OH OH
4 ‘ CHy— —-—l/\““—CH.;— —l/ '
\) N PR

UeM Menbllle MOAfIpHOe OTHOLIeHHe (peHoda K (opManbieruay, TeM
GoJibllle MoTeKyAspHAA Macea 110 yyeHHOM CMO/bL. Y Be/lnueHne BpeMeHu
NOJHKOHAEHCAlHK CcrIOCOGCTBYeT GoJiee MOMTHOMY CBA3BIBAHHMIO (DeHOJA
¢ ¢opManbAernaOoM H [MOBLILIGHHIO CPEIHEro MoJeKYJIfpHOro Beca
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KOHE4HbIX npoaykToB. [lnsi mepeBosa HOBOIAYHOH CMOJLI B TBEPAOE
HeMNaBKOe U HEPacTBOPHMOE COCTOSIHHE ee HeOBXOAMMO NpH Harpesa-
HUM JonoJiHUTENnbHO o00paboTaTe napadopManbIerHioM HJANW rekca-
METHJIEHTETPaMHHOM (ypPOTPOIIHHOM).

TepMmMopeakTusHble GeHos0-hOpManbIerHAHbIE CMObI, Ha-
3bIBaeMble PEe30JbHBIMH, [OnyualoTes IpU H3ObITKe dopMalbaeruaa
(Ha 6 mMouell deHona 7 Moned u Gosablue dopMasbaeruaa) H OGbUHO
B IPHCYTCTBHH INEIOYHOrO KaTaauzaropa. PesosnbHble cMOJBI NPH
HarpesaHdHu nNEPexXogAaAT B HeNaBkoe H HepacTBOPHMOE COCTOAHHE.
B 3aBHCHMOCTH OT CTeNeHH OTBEPIKIEHHS Pa3yinuyaloT TPH COCTOSHHA
pesonbHHX cMOa: a) p €3 04 (uau Gakenutr A) — cMece HH3KOMOJIe-
KYJAAPHBIX MPOIYKTOB, MiaBAmafics NpH HarpeBaHUH M pacTBOpHMas
B CIHPTE WAM aleToHe, MMelomas JHHeHHYIO CTpYKTYpY; 6) p e3 u-
TOJ —BTOpas cTagua (uan OGakeauT B), B KOTOpPYIO I1epexoput
pe3oa IpH HarpeBaHHH HJH npu JJHTeabHOM xpaHeHlm; pe3uTOo.,
UMEIOUI Pa3BETBICHHYIO CTPYKTYPY, YiKe TOJbKO YacTHYHO pacTBO-
pAeTcA B COHMpTE MM aleTOHe, 3HAUMTEJAbHO NPH 3TOM Habyxas; NpH
HarpeBaHuH HE IJIaBUTCA, a pasmsrqaercﬁ, nepexogd B 3aaCTHUYHOE
cocTosiHne; B) p e3 u T (uau Gakenut C) nosyuaercs B nocaenHei
CTafMM IMOJHKOHJIEHCAIlMH IIPH IIPOHU3BOICTBE TOTOBLIX H3AeAui (NpH
GoJsiee BLICOKOH TemilepaType M AaBneHun). Pesur xapakTepuayercs
HElaBKOCTBIO M HEepacTBOPHMOCTbIO. PesnT npu HarpeBaHHH J1axe
He pas3Msryaercs M B pacTBOpUTeasiXx He Habyxaer. ITOT npouecc
OTBEpK/IEHHUA 3aKII04aeTcsd B CBA3BIBAHMM JIHHHBIX JHHEHHBIX nened
MONEepeyYHBIMH CBS3SAMH:

OH OH /J\ OH
mﬁcﬁg H“(:H2 ‘\J—CH,—) \”—CH,—:
N N/ OH \%

(:H2 T CH,

OH
J |
\ /—h(:H2 '—CH —7 \—CH u—CH,—
OH oH OH

Mounekynapubii Bec pesonoB xonebGnerca ot 400 go 1000.

Hama [TPOMBILJIEHHOCTb BbIITyCRaeT HOBOJIAYHBIE H PE30JABHbIE
CMOJIbI B CYXOM M JKHJKOM COCTOSIHHM, @ TaKiKe B BHJIE 3MYJbCHH H
J1aKoB. TexHOJOrHuecKuil NHpomece COCTOMT M3 OCHOBHBIX OIepaitui:
1) nogrotoBka chipbs (nMaBka (eHona, [OArOTOBKA (opMasiiHa);
2) 103MpOBKA M 3arpy3Ka CHIPbA B peakTop; 3) KOHACHcanusa (Bapka)
cMosbi; 4) cyllKa u C/AHB CMOJbI; D) OXJakKjaeHHe roToBOH CMOJAbI H
ee jajbHelmas nepepaboTka.
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[NponssonctBo  (eHONO-POPMATBASTHAHBIX CMOJ  OCYIIECTBJ/IAETCS
11epHOIHYECKH U HeNpepuIBHBIM MeTOIoM. B KauecTBe BapouHOro KOT.J1a—
peakTopa — B I€PHOAMYECKOM MeTOje NPUMEHAIOTCA WHINHAPHYECKHH
anmnapar, H3rOTOBJAEHHBIH M3 JerHpoBaHHOH cTaiu, OuMeranna HiH
HHUKeNd eMKOcThio 5—15 M® co cepHueckuM JHOM, B KOTOPOM HMeeTCH
CNHBHOIT ITYIEp ¢ KpaHOM HJIM 3aNOPHBIM YCTPOHCTBOM /1A BLHIYCKa
roropo#i cMomel. B xpwi-

Penon
DI 2 " _Ke pacIIofoKeH 3arpy3ou-
Kama i3y, Hblii JIOK H CMOTPOBLIE

crekna. Peaxrop, pa6o-
Talomuil B pexume, 6/1u3-
KOM K IOJIOMY CMelle-
HHUo, cHalb:eH MelaJKkol
AKOPHOTO THIIA W BOJSA-
2 J HOH py6alikoil A/s 100~
rpeBa (OXJNaJeHHA) peak-
uHoHHOH cMecu. [lns He-
NpepuIBHON NOJHKOHAEH-
canuu (puc. 112) nenonsn-
3YIOT peakTopbl, COCTOSA-
llne H3 CeKUHH ITOJHOro
cMelneHHA. Annapar npen-
cTaBAfeT cofofi KOJOHHY,
+d COCTOSILLYI0 H3 PacIoJo-
KeHHBIX OflHa Haj ApYyroi
cekumnit (puc. 113). Me-
Wa KN BCEX CEKILMH HMeloT
oOumiui Bal M IPHBORAT-
c B JABH:KEHHE OT O/IHO-
X nnebio~ ro nsurarteaf. Bee ncxon-
MPOHCO0ITY Hble BellecTBa MocTynaroT
B KOJIOHH}’ CMellleHHA IPH
aTMochepHOM JaBJeHHH H
I — peakTop-KOMOHHA cMeuweHHH#, 2, J — XONOLH/b- 95_980 (O OﬁpaBOBﬂB-
HHKH, 4 — C)’I.IJIIJ"IthIf[ annapar; 5 — cMoaonpueM- niaaca coMoq4a mﬂeﬂﬂe']‘-
MG O IDnObIER, 5 T Conaparep " O*P%%Mcq o1 mazcMombHo# Bo-

Il B celapaTtope H Ha-
npaBaseTcs Ha CYIIKY, a 3aTeM uepe3 CMOJONpHeMHHMK Ha OXJax-
JeHHe.

DeHoMo-hopMab AErHAHbIE  CMOJBl HCIOABL3YIOTCA B Pa3JHYHOM
BHje: a) 6e3 HaNOJHUTeNell — JuTble pe3uTH, 6) B BHe IIPECCOBOUHBIX
MaTepHajoB (HamoAHUTeAb IOpOWKoOOGpasHell WM BOJOKHHCTHIH),
B) KaK CBA3YIOLLEE 117 CJAOHCTHIX IIACTHKOB, [) B BUIE K€eB U JAKOB
M1 IOKPHITHH 110 MeTalNy HWIW jepeBY H 1) AJMA U3TOTOBJEHHS I1OpO-
1171aCTOB.

Haunbonbiee 3HayeHne MOMYYMIH JIPECCOBOUHHE maTepuaiul. Oy
U3TOTOBJ/IAIOTCH CYXHMMH (Ba/JbiOBBIi WJAH IUHEKOBLIH) HJAH MOKPBIM
Meronamu. B nocnentem caydae THIaTeNbHO CMEILUBAIOT BOAHYIO 3MYJIb-
CHIO CMOJIBL ¢ IPYTUMH COCTABHBIMH YACTAMHM C I1OC/AE] VIOUHM BbICYLLH-
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BaHHeM Bceit Macchl WAH JKe NPCIHTKY

Be1yT CIHPTOBEIM PacTBOPOM pPe3C/bHOH

cMoabl. Halnie Bcero npuMeHsieTcs Badbiio- p

BBIH MeTOA, KOTopLIH HMeeT u Gojee npo- |

CTOE TEeXHOJ/IOTHYeCKoe oQopM/IeHHe, JTOT

Mpouecc MoKeT ObITh OCYIUECTBJAEH H B

LWHEKOBHIX MalUHHaXx, rie npoHCXCAHT ne-

peMelInBanne, MPOIHTKA HaAnoJHHTEN A

paciJiaB/eHHoli CMOJIOH B miacTHKaius

cmecH. [Ipn npouutke cMoJo# AIHHHOBO- |

JOKHHCTBIX MaTepHaJ0B C MNOCAeAVIOUHM |

rnpeccoBanieM NOJIY4alOTCA  MaTepHalbl 2

NOBLILIEHHOH npo4HocTH. UTo6bl MOHH3UTD == ==

XPYIKOCTb DPE3HTOB, CIIABASIOT pPe3o/ib- == =

Hble¢ CMOJBl C TEPMONJAacTHYHLIMH  CMO- - E

JaMH HJIH C KayyyKami. e ] 1
@®opmoBaHHe H3lequil OCHOBAHO Ha - -

IJIacTHYHOCTH 3THX MaTepHaJCoB IIpH no-

BLIICHHH TeMIepaTypbl, MpHYEM MJ1acTHY-

HOCTh TEPMODEAKTHBHLIX I1acTMACC C Te-

ueHHeM BpemeHH y6niBaeT. TakuM o0pasoM, E= ==
OCHOBHBLIMH (DpaKTOpaMH, BJHSIOUIMMH Ha —- =
npouecc (GOpMOBaHHs, ABAAIOTCA TeMie- i -
parypa, Bpemsi M AaBjeHue. Mznenus mno- S .
JYy4aloT IpeccoBaHHEM, JHTbEM NOA JaB- ="l =&

JICHHEeM, BBIJaBJAHMBaHHEM, LITAMIIOBKOI,
CKJIEHBaHHEM M CBapKOl OTAe/NbHBIX uYa- H =
cTeH MWW JIMCTOB W APYrHMH METOLaMH, —

NPUMEHSAEMBIME B OTpac/aX [POMBILIIEH- ! il []

HOCTH, mnepepabaTbIBAIOMUX [171aCTMACCHI. ! .
BriGop Toro mam apyrorc Mertcia ajis ro- !
JIY4eHHS H3JleJIMi 3aBHCHUT OT BUAA HCXOJ- —
HOTO MaTepHala M erc Tuna (TepMopeax- '
THBHBIH MU TepMonjacTHuHbIH), Qopmbl -
Oy1yuero u3genud d T. 1. [locse mpec-

Puc. 113. Peaktop a4s HenpepelBHOH NOJIHKOH-
JeHcaumu; -

[ — gBHTaTenb € pefyKTopoMm: 2 — CeKLMS KOJOHHEL
§ — mewmanxa; 4 — ofuluii Bam; § — naTpyGok

COBaHHA, JNTbS H (POPMOBAaHHA H3leNHe HeoOXONHMO MOABEPrHYTH Me-
XaHHueckodl o6paboTke njf yaatdeHHs JHTHHKOB, 3aYCEHHN H IIp.

6. NPOU3BONICTBO KAYYYKA M PE3MHELI

K kayuykaM OTHOCSIT 3JacTHUHBlE BHICOKOMOJEKYJAsipHBIE COe-
JIUHeHHs, crnocobHble moj BAHSHHEM BHELIHHX CHJ 3HAUYHTEJIbHO aedop-
MHPOBATbC M OBICTPO BO3BpAlaTbCH B HCXOJHOE COCTOSIHHE noc/e
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CHSITUSI HAarpyaku. Ymnpyrue cBoicTBa M NpPOYHOCTL KayyyKH cCOXpa-
HSIIOT B CPaBHUTENbHO INHPOKOM uHTepBane Temneparyp. Kayuykn
NoApasIe/IflTCA Ha HaTypaldbHble M CHHTeTHYeckue. B Teuenue noJ-
THX JIeT nosyyadd TONbKO HATYPalbHbIH Kayuyk H3 MJIEYHOrO CoKa
TPONHYECKOrO JepeBa reBed, Ha3bBaeMOro JartekcoMm. Henpepnisno
BO3pACTAIOIHA CIPOC Ha KayyyK Y:Ke JaBHO MOCTaBHJI ITepej yYEHbIMH
BCEro Mupa npobaeMy MOJyYeHHs CHHTETHUYECKOro kayuyka. Joarue
rofbl 3TH TOTBITKH, HAayaBIIMECH eme A0 NepBoil MMPOBOH BOMMbI,
Obin GesycneludsiMd. M Toabko B 1928 1. sTy BamHeiliyio 3ajnauy
He3aBHCUMO Jpyr OT Apyra pelniu coserckue yuennie C. B. JleGenen
i B. B. Bbizos. B ocHOBY NpOMBIIIJIEHHOIO [1POM3BOACTBA CHHTETH-
yeckoro kayuyka (CK) B CCCP 6mi1 npunar meron JleGeacsa, nogay-
UUBILIEro HCXOAHBIH MPOAYKT — OyTaauen 1,3 (1MBHHII) H3 3THIOBOrO
CIIMPTAa Ha NpPENIOKEHHO UM CMECH KaTalu3aTopoB. 3aTeM B MPHCYT-
CTBHH METaJJIH4ecKOro Harpus OyTajiueH NOJUMEpH3yeTcs B Kayuyk.
¥xe B 1932 r. Gbli nymied B skcivyaTaluio nepBbiil 3aBOJ CHHTETHYe-
CKOro Kayuyka, toraa kak B CIIA rnpoMsliilieHHO® NPOU3BOACTBO
CUHTeTHYEeCKOro Kayyyka OblJIo opraiusoBaHo Toabko 10 jeT cnycers
B 1942 r.

Accoprument CK B CCCP uenpepnisHOo pacter. Eciu B 1945 r.
BBLINYCKAA0Ch BCEro LIECTh THIIOB Kaydyka, TC B HacTOsUlee BpeMsa —
HECKOJIbKO AecsiTKOB. OHu MOTYT ObITh NOApa3AeIeHsl 10 CBOBMY HCXO-
HOMY CHIPBLIO Ha ABa KJacca: H3rOoTOBJAEHHLIE Ha OCHOBE OAHOIO MOHO-
Mepa H coToJIMMepHbIe (U3 ABYX WJu TpeX MOHoMepoB). B saBucuMocTH
OT NpHUMEHEeHHS CHHTETHYECKHE KayuyKH H pe3dHbl HA HX OCHOBE MOXKHO
YC/10BHO Pa3fHTh Ha ABE TPYNMbl: KayuyyKH oOUIero HasHayeHHsi, HCMO/ b-
3yeMbie 1A H3rOTOBJIEHHS WIHH H GOJBIUMHCTBA APYTHX DPe3HHOBBIX
H3neNHH, H KayyyKY cliepHalbHOro HasHaueHus. Ilocnennue obaanaior
HEKOTOPBLIMH crenHpUYecK UM CBOHCTBaMH, MO3BOAIOUIHMHE HX HCTOJb-
30BaTh VI BHNYCKA PEe3UHOBBLIX W3je/MHEH, KOTOpHIE MOTYT 3Kcilya-
THPOBAaTbcsl B 60Ji€e TAMKEBIX YC/AOBHSAX, TA€ Haubonbllee 3HaAYyeHHE
N0J1yYaeT TO MM HHOE CBOHCTBO KayuyKa: TEpMOcTOHKOCTb (10 -+250° C
¥ jpaxe BHIUE), Mopo3ocTofikocTh (10 —60° C u Huke), TOKOHPOBOAH-
MOCTb, XUMHYECKasi CTOHKOCTH I[IPOTUB JeHcTBHS KHCJAOT, uie/aouel,
OKHUCJIHTeJIell, OpraHHyeckuX pacTBopuTesef, KuaKHX TOIJIMB, Maces,
rasoB # T. n. (tada. 19). B nocnennue roas Bemyck CKB HenpepbiBHO
CHHIKAeTCA M Bce OO/blLIE BO3PAcTaeT IIPOM3BOACTBO CTEpPeoperyJ/asp-
HBIX KayuykoB (MoAu8yTajueHOBHH WM JUBHHWIOBBLIH M [OJHH3O-
NpEeHOBDLIH), cBOHCTBA KOTOPBIX 110 PsAY IOKAa3aTtenell BbIIE HATypajb-
HOrO Kayuyka.

Manenua 13 Kayyyka M pe3dHB, fBJAMOUEHCA MPOAYKTOM BYJKa-
HH3aUMH KaydyKa, cTald He3aMeHUMbIMH BO BCeX OTpacisiX HapOjHOro
X03aHCTBA, KyJAbTYpPBl U GbiTa. DTO OOLACHAETCA TEMH HCKJIIOYHTENb-
HbIMH CBOHCTBaMH, KOTOpBIe NpHCynld pesdHe. BricoKasi NnpouHocTb
M 3JaCTHYHOCTL O0eCTieyHBalOT CMSTCYEHHE Y1apoB, TalleHHC MeXaHu-
YecKHX KosefGaHufi, yTo BMeECTe C XOpOLUHM CONPOTHBJEHHEM HCTHpa-
HHIO TIO3BOASAET H3rOTOBJIATL pas/IHUHOrO poaa HIHHbL, KAMEPLl H pe3H-
HOBYIO OBYBb. ¥ CTOHYHBOCThL K BO3/efICTBHIO MHOTHX BEIECTB W OTJIHY-
Has YOPYrocTb PEe3HHBI HCTONBL3YIOTCA AJsi BEITYCKA Pa3sHOOOpasHbIX
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TaGaunna 19

Baxueline BHIM CHHTSTHYECKHX KAYYyKOB

Kayuyr

Hexopivie MoHOME pu

Cnenuaneise cnoficrea

Kayuyks  ofuwero
Ha3HAYEHHH

Harpuii6yTaniero-
Beifi (CKB)

JIMBHHRJICTHDPOMNE-
urit (CKC)

JIHBHHHAMETHICTH-
poasHeil {CKMC)

H3sonpenoBHlit

(CKH)

Kayuyku crenualns-
HOro Ha3HAYeHHH

ByTaaueH- HUTPHIAL-
ueifi (CKH)

XaoponpeHos.lit
(Haupur)

IMonuuzobyruien

ByTuakayuyk

TuOKOI0BLH

[Tonuspupypetano-
BBII

Byraguer
CH,=CH—CH=CH,

ByTaguen u cTHpoOa
CH,:?I—I
CeH;
ByTanHeH H METHJICTHPOJI
CI{EZC—CsHﬁ
H;

H3onpen

b,

ByranHes H aKpHIOHHTPHUI
CH,=CH—CN;,
XaoponpeH
CH,=C—CH=CH,

&

tl3o6yTHnen
CHg

\CH,

H=onper n u3obyTuiaeH

CH,=C

Muxaopsran CICH;—CH,Cl uou
JIMXJIOPAHSTHIOBRI 3pup

CICH;~—CH,—OCH,—CH,CI
H TeTpa.ydbdHI HATPHA
JMH30LHAaHAT
0=C=N—(CH,),—N=C=0
H JABYXaTOMHBIA CIIHPT
HO—(CH,),—OH

TloBpweHHas Tenao-, Gek-
30- W MacJ0CTOHKOCTb

TloBuennaqa Tenao-, GeH-
30-, 030HO ¥ MacJjo-
cTokKocTs Mosker mipH
MeHATECA KAK Kayuyyk
oflero HasHauyeHHs

XumMuueckas CTOHKOCTh

Bricokas razonenponniae-
MOCTE MW XHMHuUecKas
CTolKOCTh

Macno- B Gen3ocToiKoCTh

Belcokasi MpOYHOCTh ¥ H3-
HOCOCTOHKOCTh
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[ponomxenue tabn 19

Kayuyk Hexonnsle MOHOMEDL Cneuuanbiue ceolicTRa
CuJoKcaHoBbUH Kpemuuiiopraitueckue coejgute- | PaGoTaloT B ILIKPOKOM HH-
(CKT) HHUS TepBaNe TeMnepatyp or
R —60 10 +250—300° C
HO——AI—OH
|
R

YIVIOTHHTENBHBIX HeTaneld. Takue cBOHCTBA pe3HHLl, KaK MsTKOCTD
M cOoXpaHeHHe IIPOYHOCTH IIPH MHOTOKPAaTHOM H3rube, MO3BOJAIOT
M3TOTOBJAThL H3 Hee IIPHUBOAHBIE PeMHH H TPaHCIOPTEPHbIE JEHTHI.
K stomMy Hano 106aBHTB, YTO pe3nHa ra3o- M BOJOHENPOHHUIAEMA U XO-
pOIIKil JU3NEKTPHK, 4TO H HCIOAB3YETCA B IEKTPOTEXHHUECKOH Ipo-
MBILIIEHHOCTH, @ TakK#ie /8 IPOu3BOACTBA 000/04eK, a’pocTaToB,
aupuxalaeli, HalyBHLIX JOJ0K, cKadaHApOB u Op.

ITpouecc mosuMepH3anuu 4YHCTOro OyTajieHa NpPOBOAMTCA ABYMA
Buamu Oa0yHoro crocoba: 1) nonumepusanus B Macce (cM. ctp. 218),
B JKHJKOM COCTOAHHH (AKHAKOQA3HBIH, WIH CTEPIKIIEBOH, KayuyK); 2) no-
JIMMEPH3aUUA B ra3000pa3sHOM COCTOSHHH (ra3ogasHbi, niu GeccTepx-
HeBoH, Kayuyk). O6a MeTona OCyuiecTBIASIOTCH IePHOANYCCKH B CTAMb:
HbIX aBTOKJaBaxX eMKOCTbIO 2,7 M*, paccynTaHHbIX Ha paBiedue 910 ° —
10-10° H/m® npu 30—40° C. KaranusatopoM cayKHT MeTaNJIH4eCcKuil
HaTpHiH, [IO3TOMY H KayduyyK HasbiBaeTcsi HATPHiibyTaaueHoBbIM. B pe-
3yJbTaTe GJA0YHON nosnvepusauuu obpasyercs NnojJumep (MOJIEKYIAp-
Heiit Bec or 80 000 no 200 000) 3a cuer coepuHeHHS MOJEKY.T GyTa-
avera no mecry 1,2 u 3,4

2nCH,=CH—CH=CH, - /'—CH,—CH==CH—CH,—CH—CH,—
1 2 ] 4 1 2 a 4
& éH =C H2 ‘n
8 4

Boabias passersieHHoctb HaTpHiibyTaJMeHOBOTO Kayuyka (Haau-
ype GOJBIIOTO KOJAHYecTBAa OOKOBBIX BHHHJBHBIX TpPYIIN) yXyallaer
ero sflacTHueckHe M Apyrue cBoiicTBa. CKOpOCTb INOAHMEPH3ALHH
M CBOKCTBA Kay4yyKa 3aBHCAT OT PaBHOMEPHOCTH pacrpenejeHus HaTpHa
B macce GyTajueHa, BeJIHYHHBI NOBEPXHOCTH €ro CONPHKOCHOBEHUS
¢ OyTajmeHOM, YHMCTOTBI MOHOMepa, AaBleHnf W TemnepaTypbl. Crpo-
ras peryJupoBKa TeMmnepaTypbl TeMm 0oJiee BamHa, YTO IOC/AEe BO3HHK-
HOBEHHS MEPBUYHEIX AKTHBHBIX [IEHTPOB IIpoUecc IMOJHMEPH3alHH
3aTeM HjeT ¢ BuineldenueM Tena. [10 OKOHYaHHH MOJAHMEPH3aLHH Hellpo-
pearnpopaBlunii MOHOMEP W ApPYTHE OCTaBIUMECH HPOAYKTH HCIApsioT
U3 aBTOK.1aBa. 3aTeMm B aBTOKJ/aB [MONAIOT a30T M BBITPYXKAIOT Kayuyk.

OMY/JILCHOHHBI METOA nojumepusanuu (em. crp. 219) nossoaser
OCYUIECTBUTL HENPEPHIBHLIH BLICOKOIIPOM3BOAHTENBHBIH NpoLece ¢ 10-
JydenuneMm Oonpiux naptuit CK, ofHOpOAHBIX [0 CBOHM CBOHCTBaM.
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JIerkocTe peryaupoBKH Tpolecca, YCTPaHEHHE MECTHBIX MeperpesoB
H BO3MOMKHOCTb OCYIIECTBJEHHS COMOJAMMEPU3aNUH JABYX U Oonee
MOHOMEPOB ofeclieuH/IH NPeuMYLIeCTBEHHOE pasBHTHE 3TOTO MeTOAa.
B nacrosuiee speMsi nauboJiblliee pacnpocTpaHente B MPOH3BOACTRE
WHH M APYrHX pPE3HHOBBIX H3JAGMHH MOJYUUIH MOJUKH30NPEHOBLIH
u OyTapuencTHpoabHblil Kaydyku. CoBMecTHas noaumepusanus ocy-
leCTBAAETCA B BOAHOH cpeae NpH
Temneparype ot 5 g0 50° C B Garapee
OCTe0BATENbHO COSNHHEHHBIX MeX-
Ay coGoif moaumepusaropos. IIpuro-
TOBJIEHHAs 3apaHee cMech JMBHHHJA
CO CTHPOJIOM CMeUIMBaeTcs ¢ BOJOH
H 3MyJbratopoM (Hampumep, Ka#u-
(osibHOE MBISIO) B annapare IpejBa-
puTenbHOro smysbruposanus. loro-
Bas 3MYJbCHS BMECTe C PacTBOPOM
WHHIMATOpa M peryJaropa Hempe-
PHIBHO 3aKauuBaeTci B MepBbIil 1o i |
xony moaumepusatop. Us 12 annapa- e | Y
ToB Oarapeu Bcerpa paborator 11. |
Kaxnplii nmoaumepusarop, H3roTOB-
JeHHBIH W3 OuMeTasdsa WJIH MOKPHI- ; .|
TEI KHCJIOTOYNOPHOM 3Malblo, eMKO- |
crhio 12—20 M® cuaGxed Meinaikoit C‘E’CH‘:FE—D
|

Bxod smysscutt

VTN Bsod amyrscud

LAJ

C rOpH30HTaJbHbIMI JOMacTAMH (PHC.
114). Mewanka moxer naeatb ot 50
no 1450 o6/mun. IToaumepusarop
UMeeT BOAAHYO pyOalliKy, KyAa To-
JaercA ropsuas (Bo Bpems Nycka) @:?
UK X0M0Has Boja (A5 OTBOAA Tell-

Ja peakuuH). I1pouecc ocylecrsaser-
csl B peXUME MOJHOTO CMELeHHA |
NpH HeNpephLIBHOM lepeTeKaHuy Beeil ‘Fﬁ
cMecH ¢ Jo0aBKOil peryasitopa 4epes <

Bcio DaTapero MoIMMEpPH3aTOPOB C Ta- i
KOil CKOPOCTbIO, YTO 3a BpeMs Mpo-
TeKauus MOJUMEPH3YeTCA NpHMep-

Ho 58—60% cmecn yrieBoi0pooB. Puc. 114, Annapar 14148 noJHMepH-
W3 nonyuensoro marekca yaa- 3alliM B SMYJbCHH
AA0TCA  He3aloJKMepu30oBaslliecs
MOHOMEDBI, TOC/Ae Yero JaTekc HampaBAsieTcss Ha JaJbHeillyio mepe-
paborky. Jlns BbljeneHHst Kaydyka K JaTekCcy A06aBJIsIOTCS 3J1eKTpo-
autel (NaCl nau CaCl, u H,SO, nau CH,COOH). CkoaryaupoBasHblit
Kayyyk nocrymnaer (puc. 115) Ha cralpHYK0 CETKY, € OTMBIBAeTcs,
obe3BoxHBaercsl 1 dopmyeTcss B BujE JeHT Kaydyka, KOTOphle [ocie
CYWIKH TOPSYHM BO3AYXOM MPHITYAPHUBAIOTCSH TalbKOM H CBOpPavu-
BAlOTCA B PYJIOHBL
ByraguescTuponbible Kayuyki pasiyualorcs KakK MO YCIOBHSM
1oNHMePH3aLluy, TaK U 0 COOTHOLLEHHIO MOHOMEPOB B MCXOIHO cMecH
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yrieBponoponoB. Tak, noJuMepHusalus NPH HH3KHX Temnepatypax
(5° C uau jame HHKe HYJS) MO3BOJNSAET MOJYYUTH «XOJOIHBI WIH
«HH3KOTEeMNepaTyPHLIH» KaydyK, oOJajaiouuid Gojiee BHICOKUM MoJe-
KVJAspHBIM BECOM M JaoUluil foJee MPOYHBIE Pe3uHBI ¢ Jy4llell H3HO-
cocrofiocThto. HauGojtee uyacto mpHMeHSETCR BeCOBOe COOTHOLUEHHe
GyranueH : ctupoa = 70 : 30. [Ipu nanbHeifilem yBeJUdYeHHHM cCOAep-
MaHUA CTUPOJA 3JaCTUYHOCTb Pe3UHH YMeHbluaercs. IIpumeHstorcs
W Apyrue BHAbl GYTalueHCTHPOJBHBIX KayuyyKOB: MacjoHanoJHeHHbIe,
caxeHano/iHeHubBle M ¢ jo0aBKaMu Macja M CcaxH «caxeMmacssHbiey.
Jlns 3TOr0 K MCKyCCTBEeHHOMY JareKcy N0GaBJAAOT B BUAE 3MYJAbCHH
or 10 no 30% HepraHHX Macen. PesuHOBHie cMecH KH3 MacJoHanoJ-
negHoro kayuyka (CKC-30-APKM u CKMC-30-APKM-15) wmsirkn

Sreyenan
Jaimexe ;rggﬁma Tanmok

2 —

Puc. 115, Tlosyuenne xayuyKa H3 JaTeKca Ha JEHTOOTTHBOUHOMN MaurnHe:

! — woarynaTtop, 2 — paBHHTelbHHe BaikH; J§ — GecKOHeMHan ceT4aTas JeHTa: 4 — JeHTa
KAayuYyKa, § — CcyWHIKa; 6 — OUYAPHBAHHE TAJBKOM, 7 — PYJOHE KaydyKa

W naactHudbl. CMelreHHe JiaTeKca A0 €ro KoaryJsluu ¢ AMUCTepCHOfi
caxeH WM OJHOBpeMEeHHO C camell M 3MyJbcHeli macia ofecrneyuBaeT
nonyueHue GoJlee M3HOCOYCTONUMBOTO KayuyKa. IIpM moaumepusanuu
B pacTBOpaX, MPHUMeHAs CNelua’dbHble cTepeocnenudryeckKHe Karaju-
3aTophl (MUTHI, ATKHANUTHH) HAH KOMIJIEKCHBlE MeTalJopraHudeckie
Karalu3aropbl, MNOJYYaloT KaydyyK CTepeoperyJsiTopHOH CTPYKTYpHI,
HaabiBaemblii yuc-1,4-noaubyraaueHoBsiMm  Kayuykom (CKJI-cunreru-
YecKuil KaydyK JMBUHWJOBBIH), B KOTOPOM MOJEKYJsSpDHEE 3BeHbA
npHcoesHHEHbl B mnonoxeHUH 1,4 («rosloBa K XBOCTY»):

CH=CH CH, CH, CH=CH

_(4{ NN NS N

CH, CH=CH CH, CHo— ...

INo~Takomy Xe NPHHUMAY Noay4aior u yuc-1,4-noaunsonpen (CKH).
Crporo pery/spHoe CTpoeHHe Lielefl 3TUX Kay4yKOB MNpenonpeneaser
HX BBICOKMe MeXaHHyecKue cBOHCTBa. 1o COBOKYMHOCTY CBOMX 3KCMJya-
TaUHOHHLIX U TeXHOJOTHYEeCKUX CBOWCTB, OCOGEHHO MO AMHAMHYECKUM
M 3JaCTHYECKUM CBOICTBaM, B HeHanoJHeHHHX ByJakanusaropax CKH
NPaKTUYeCKH paBHOUEHeH HaTypajbHOMY Kay4yyKy, HMes MpOYHOCTb
npu pacrskenun B npefenax 270—300 xr/cm®.

ITpoM3BOACTBO pPe3uHHOBBX H3NEJUil COCTOUT
H3 TpeX OCHOBHBIX CTajMi: NMPHIOTOBJIEHHS CHIPOH PE3HHOBOH cMmecH,
(opMoOBaHus H3Je/NHs M €ro BYJKaHM3auMH. [IpUroTOBMNEHHE CBHIPHIX
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Pe3MHOBHIX CMeceil BKJiOYaer omnepauvH: 1) NOAroToBKa Kaydyka
U uHrpenuentoB (pasBecka M [O3HPOBKA, MPOpe3HHHBaHHE TKaHeH,
packpoif, mosyuyeHHe 3arOTOBOK M T. I1.); 2) TNPHTOTOBJIEHHE CBIPOil
pe3nHOBOH cmecH (cmellenHe) M 3) JUCTOBaHHE MOJYYEHHBIX CMeceil.
B cocraB pe3uxoBoHl cMecH BXONAT pas3jiHUHLIe OpraHH4ecKHe M MuHe-
pafbHBIe BellecTa, oOkeAuHAeMble ONHUM OOIIUM Ha3BaHHeM «H H T p e-
AHeHTs» UYUrobb obecrieunth H3lennsM Tpebyemble CBOHCTBA H
Ka4ecTBO, HEOOXOANMO MpPAaBHJIBHO COCTABHTH PE3HHOBYIO cMech. ['71aB-
HO# cocraBHO# 4YacTblo, OMnpefe’siowed cBolicTBa OyAyuwiell peauHH,
CAYHUT KaydyK. Kpome Hero BBOAATCS BYJKaHH3HDYIOLHE BEIECTBa
(cepa u opraniyeckue I[EPEeKHCH); YCKOPHTEJNH TNpoilecca ByJKaHH-
3auii: AuQeHual yaHuiue, AHTHO-6uc-GeH3rna3on (aJgbTakc), Terpa-
METUATHYpaMAHCYIbGUL (THypaMm), mepkanTofen3oTHa3oq] (KanTakc);
MmaArauTean (nubéytruadranar, KHPHbIE KHCJAOThI, Ba3eJHH, COCHOBas
cmodaa, pybpaxkce, mapagun); rpoTusocrapurenn (PeHosbi, BOCK, QeHHI-
B-uadrunamin); akTHBHBIE HANOJMHHTENH (Caa, ABYOKHCb KpeMHHH,
ILHKOBble Gennna, Kaoauu); Kpacutean. C yBeqHueHHEM CHJBI Cien-
JeHHs Kaydyka € YacTHUAaMH aKTHBHOIMO HAaMNOJHHTEeNs] BO3pacTaer
MPOYHOCTh Pe3HHOBBIX H3Jdeauil. Murpemnentbl yaydllaloT TeXHOJO-
ruyeckye cBOHCTBa pPe3HHOBHIX cMeceH U MOBHILLAIOT Kayecrso I0JY-
dyaembiX H3penu#i. B npouecce ByJKaHH3anmMH NMpH NOBHILEHHBIX TEM-
neparype (130—160° C) u nasaennn (3-10°—6-10° H/m®) cepa xumu-
YeCKH IIPHCOEIMHALTCA K JHHeHHbIM MOJeKyJlaM Kayuyka, «CLIHBaf»
HX B TPEXMEPHVIO CTPYKTYpY, oOpasysi pe3uny.
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cnana) OYACTKA NMPOMBILLNEHHLIX BLIEPOCOB

1. OXPAHA NPHPONRLI U HECBXOAUMOCTL OYMCTHKM NPOMBILL-
JEHHbLIX BbIBPOCOB

ITpoGnema 3amwuThl OKpyXKaowed CPeasl OT 3arpsisHeHus
M OTpaBJIEHHs Pa3JUYHOTO POJA BEIGPOCAMH HAaXONMUTCsl celiyac B LeHTpe
BHHMaHHs Bcero desopedectsa. OgHOBPEMEHHO € pasBUTHEM MPOMBILLTIEH-
HOCTH M TpaHCMOPTa, a TaKXKe YBeJUYEHHEM accOPTHMEHTa XHMHKa-
TOB HEMpPEepPLIBHO BO3PaCTaer 3arpssHeHne GHocdephl * NMPoH3BOACTBEH-
HHMH H JPYTHMH OTXOJaMH. DTOT IMI00albHbI NMPOLECC UAET MO ABYM
OCHOBHLIM HanpaBJeHUAM — 3arpsA3HeHHe aTmocdepHOro BO3nyXa H
3arpsisHeHue BofoeMoB. UpesBbidaliHO OCTPO CTOMT BOMPOC O CHCTeMa-
THYECKOM M MNPOTPECCHPYIOIeM 3arpA3HeHMH aTMocepHOro BO3AVXa,
OcofeHHO B paiOHAX KPYNHBIX TOPOAOB 1l MPOMBILJIEHHLIX [EHTPOB.
B nacrosmee Bpems B aTrMocepy BHIGPAcHBaeTcsi COTHM MHJJHOHOB
TOHH B TOJ pa3jMyHHIX BEIEeCTB, BPeNHBIX A 3A0POBbA JofeH, i
KUIHEACATENbHOCTH PACTEHHHM, KMBOTHHX M TOJE3HHX MUKpPOOpra-
Hu3MOB. KOJHUECTBO BHIGPOCOB B BO3AYIIHHIK GaccefiH MOCTOAHHO
BO3PACTaeT COOTBETCTBEHHO TEXHMYECKOMY mporpeccy. 3a MNocaelnie
LecATh JeT 06beM BHGPOCOB B aTMOC(EPY YABOMJCHA U B PAJE KPYMHBIX
KanHTaJAHCTHYECKHX MPOMBILIJIEHHBIX TOPONOB M IEHTPOB KOHUEHTPAa-
1HA BPENHBIX MpuMecell yxke cefilyac HejoONMyCTHMO BellHKa M OmacHa
JJsi 37I0POBbsi U KU3HH JIOAeH.

OcHOBHEIE HCTOYHWKH BpeIHBIX BHIGPOCOB B armocdepy — 51O
TENJOBLIE IJEKTPOCTAHIHH, aBTOMOGHIM W MPOMBILLICHHbLIE MPEATpIis-
tus. B mocnenHee BpeMst 3a roi C BBIXJONAMH aBTOMOOHJEH Nonajaer
B armocepy okoso 200 MaH. T okHcH yraepona i 50 MIH. T pa3iHYHBEIX
yrieBofoponos. Haubosbuinii 06bem BEIGPOCOB MPUXOAHTCS Ha JOJI0
3MeKTPOCTAaHLHUIi, ¢ JNEHMOBHIMH Tra3aMH KOTOPHIX €MKEerojHo BhiGpackl-
Baercst B atMocdepy COTHH MHJIJHOHOB TOHH 307bl W JBYOKHCH CepEHL
ITpoMbllusienHbie NPEANPUATHA BhHIOpacHBalOT B armocdepy cambie
pasHooGpa3Hbie TOKCHYHLIE BelIeCTBa: a’po3oJu, Tasbl, Naphl.

B kauecTBe mpHmepa pacCMOTPUM 3arpssHeHHe armocephl NBY-
okuckio cephi. Ha BropoM MexayHapopHom KoHrpecce mno Gopboe
¢ 3arpasHeHusMH armocdepsl, cocrosiBileMcs B jekabpe 1970 r., 6blio
oTmeueHo, yto B 1964 r. B armMocdepy 3eMHOro wiapa GHJIO BLIGPOLIEHO
146 MIH. T ABYOKHCH cepbl. DTO KOJHYECTBO B JBa C JULIHMM pasa
npeBbilllaeT OGIMHA pacXoj ABYOKHCH Cephl Ha MPOW3BOACTBO CepHOH
KucaoThl. OCHOBHBEIMH HCTOUHHKkamy BhifeneHusa SO, cayxar TenjoBhe
3/eKTPOCTaHIMH, pafoTaloue Ha TBEPAOM H JKHIKOM TOIIHBE, npej-

* Buocdepa — BHewHAA obo/oUKa Hawell NAaleTH, HAXOLAUAACA HA IPaHHNaX
aimocdepsl, rrApocdephl H ARTOCHEDH, 3aHATAT HMHBLIM BEUIECTBOM», T, €, COBOKYI-
MOCTBIO BCEX OPTaHH3MOB, HaCeJAOLIMX SEMID,
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NPHATHA 1IBETHOH ¥ 4epHOl METaMIYPrHH H CePHOKHCIOTHBIE 3aBOJIHL.
KoanyecTBo cepbi B TBEP/ABIX TOIIHBAX (TOPd, CIaHUBI, YIJaH) KOJeG-
aetest B npenenax 0,5—2,5%, a B xuakux (Masytel) 1,0—~7,0%. Tpu
CXMIaHHH TOIJIKHBA cepa cropaeT A0 ABYOKHCH Cepbl, KOHIEHTpalHs
KOTOPOil B JBIMOBLIX rasax KoJjebaerca B npeaenax 0,1—0,5%.

TonyyeHHe (BETHLIX METAMJOB — MeJH, UHHKA, HUKeJIs W APYTHX,
ocyulecTBAseTcs r1aBHbiM 06pa3oM 0GKHIOM cepHHCcThX pyA. Ha muo-
THX MNPeANPHSTHAX yjaaeTcs MPOBOAHTD METaNJyPruueckKHe IPOIECCH!
¢ NOJYy4eHHEM Ta3oB, IPHUTOAHBIX AJ5 [IPOH3BOACTBA CEPHON KHCJOTHL.
Onnaxo yacrb ux ¢ copepxanuem or 0,2 no 3,0% SO, BeifpacuiBaeTcs
B atMocepy. B uepHo#t Mmeransypruu OCROBHBIMH ucTOUHHKaMu SO,
CAYyXaT KOKcoOXHMuueckie Oaraped W arjomepaunHoHuule (abpuku,
rae KOHIeHTPAHs ABYOKIICH CepPBl B OTXOAAIMIHX rasax pocruraer 3%.
B cepuoxucaorsom npoussopcTse BeiGpoc SO, B armocdepy mnpowmc-
XOJAHT 3a CYeT ero HernoJHOro OKHCJEeHHA B KOHTaKTHHIX allnapaTax
H B HHTpPO3HHIX Oawmsax; koHueHTpauus SO, B OTXOAsIHX Trasax
cocrasasier 0,1—0,3% . 3nayuTeNbHBIM HCTOUHHKOM 3arpsi3HeHHsT aTMO-
cdepbl ¥ BOROEMOB [BYOKHCHIO Cephl CJY:KaT OTXOjbl [1POU3BOACTBA
uennoao3sl. Besi ABYOKHMCH cephl, TpHMeHsiemMas B IIPOHM3BOJCTBE
UEJJION03bl 110 cYJAbGUTHOMY clocofy, TMepexoinT B CTOYHble BOABI
¥ rasosble BbIGpockl 3THX npeanpuatufl. Hekoropas nons BeGpocos
SO, B armocdepy NpHXOAUTCS Ha Apyrue XHMHYECKHE MPOH3BOCTBA —
HCKYCCTBEHHBIX BOJIOKOH, B3PLIBYATHIX BeuiecTs, IMHIMEHTOB H AP.

Hapsany ¢ sarpsiasenuem armocepsl NPOHCXOAHT CHCTEMaTHYeCKoe
1 BeCbMa oOllacHOe [AJ1fl 4eJoBeuecTBa 3arpsAsneHle H oTpaBJeHHe BOoJ0e-
MOB CTOYHBIMH BOJaMH IIPOMBILLIEHHOCTH, CEJBCKOrO Xo03sHcrBa H Obl-
TOBBIMH OTXOJAaMW KOMMYHAJbHHIX MNPeANpUsTHil, Taukepamu, TpaHc-
NOPTHPYIOLIHMH HeTh, W T.Nn. B peayabrate Bo MHOruX cTpaHax
MHpa HabmwopaeTcfl HeNOCTATOK MPeCHOH H IMHTbeBOH BOABI, 0COGEHHO
B IIPOMBILIEHHBIX H CeNbCKOXO3AHCTBEHHBIX paiioHax.

3aBoab! cOpachiBAIOT B BOIOEMBI OTPOMHBIE KOJHYECTBA CTOUHBIX
BoA. HauGonblliee KOMHYECTBO CTOUHBIX BOA, COAEPXKAHX pa3nooGpas-
Hble TOKCHYHble NMPHMecH, cOpachlBaioT 3aBO/H LeNI0N03H0-6YMaKHOH,
He(raHoOMH, HedrenepepabarbiBaoLIel H XHMHUECKOH IIPOMBILIIEHHOCTH.
HcTounukoM 3arpsisHenusi BOJOEMOB CJHYKHT TakikKe cefJbcKoe XO3fi-
CTBO, IIpH HEIOCTATOYHO pAHOHAJBHOM BEIEHHH KOTOPOTO B PeKd
H o3epa noflagaloT ynobpenus W AROXHMHKaTthl. B pesyabrate pekd,
o3epa, MOpfl M OKeanbl Bce B GOJblUell Mepe 3arpfA3Hsiorcs Hedrbio,
TsKeAbIMH MeTaJldaMH, XJA0popravH4ecKHMy H APYTHMH OpranH4YeCKHUMH
COeHHEeHHAMH, PaAHOAKTHBHBIMH BellecTBAMH H MHOXKECTBOM I[pyFHX
SIMOBUTHIX BelllecTB H XuMiKaroB. JIpo6iema 3amutskl MupoBoro oxeana
GecriokouT ceifyac OOmECTBEHHOCTb BceX crTpaH Mmupa. B Muposom
OKeaHe oOcCyulecTeasieTcss TIa0falbHHi Opolece «AbIXaHHS» 3EeMHOT0
mapa — (POTOCHHTE3, [IPH KOTOPOM YCBaWBAaeTCfl 3HAUHTENbHAS YacThb
ABYOKIcH yriepoaa armocdepbl H BHpabaThiBaeTcsl §OJblie MOJOBHHbBI
ee kucjaopoza. I'ienb MiaHKTOHA, NMPH MOMOIIH KOTOPOTO HIAET (HOTO-
CHHTE3, VXYALUAeT ecTeCTBEHHBIH TrasooOMeH MeKAy armocdepoit H
okeanoM. Hapsay ¢ atuM 1ocTosiHHOe OTpaBJeHHe BOJOEMOB MOKET
NPHBECTH B KOHLE KOHUOB K ruGe/d Bcero xuBoro B MupoBoM oKeane.
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TpomuinijieHHbie BHIGPOCH BeAyT TaKXKe K 3arpsa3HeHuio mo4Bbi TBEP-
AviMi otxofamu. ITeib W caxka M3 OTXOAAIMX rasoB, Uliambl, cOpa-
ChiBaemble TIPeNNPUATHAMH H NoJay4aloliHecs B pe3yJabTare ra3o04HCTKH
(HampuMep, H3BECTKOBHle LIJIaMbl), JAHLIAIOT MOYBY DPacTHTeNbHOCTH,
BeAYT K NOSABJAEHHIO MePTBBIX yYacTKOB 3eMJIH.

3aBogbl XHMHYECKOH NPOMBILIIEHHOCTH HeCYT 3HAUHTebHYIO OTBeT-
CTBEHHOCTb 34 3arpfAsHeHHe KakK atMocdepbl, TaK H BOAHbIX GaccefiHOB.
Jas BEIGPOCOB XHMMHUECKOH NPOMBILIIEHHOCTH XapakTepHo G6GOJbiioe
pa3uooGpa3ue ToKcHuHbiX Betiects. OcobeHno BpegHb! TaKHe BEIIECTBA,
KaK XJ0p, CepoBOJOPOA, OKHCh YIAepoaa, PTyTh, (eHoa, tHodoc,
OIOT, Muorde Meraanbl H opraHHdeckHe coeplHenusi. lleawr#t ps.l
TOKCHYHLIX BeIlecTB XHMHYECKHe NPeanpHsitHa cOpachkiBaloT B §0ib-
IIHX KOJHYECTBAX, HANPUMEP ABYOKHCh CEPHI, TYMaH CepHOH KHCJOTL,
OKHCJbl a30Ta, XJOP, XJOPHCTHIH BOAOPOJ M ap.

B namie# crpaHe oxpata HPHPOAEI HAXOAMTCA B IIEHTPE BHHUMAHHS
NapTHH, NMPaBUTEAbCTBA H BCeH coBeTckoli ofmiectsenHocTH. C camoro
Hauana cBoero cyiecrsoBanus CoBeTcKoe rocylapcTBo YAeasao GoJb
1ioe BHHMaHHe BONPocaMm oXpaHbl oKpyxatwomei cpenpl. Ceiiuac, Koraa
5TH BOTIPOCHL CTOAT OcoGeHHO ocTpo, COBETCKOE TFOCYAapcTBO OCylle-
CTBJIAIET KOMIJIEKC MEPONPUATHH MO JanbHelIemy yaydileHHIO 0XPpaHbl
NpPHUPOABL, B 4acTHOCTH, MO 3aUiuTe atMocdephl M BONOSMOB OT 3arpsis-
HEeHHH, NpHYEM [enblfi psf MePONpHATHH oCymecTBaseTcss B 3aKOHO-
paTebHOM MNopsake. [lpaBHTenbecTBOM TNPHHAT PsL NOCTAHOBAGHHH
no 3amuTe aTtMmocdepsl M BOAOEMOB, Kak, Hanpumep, «O6 ycu/JeHHH
OXPaHbl NPHPOAbI W YAYUYIUEHHH HCNOAb30BAHHS INPHPOAHBIX pecyp-
coB» (lekabpb, 1972 r.), «O Mepax no npefoTBpauieHHIO 3arpsa3HeHHs
CTOUHbIMH BoAamH Kacnuiickoro mops, o3epa Dbafikan, ©GacceiiHoB
peki Boaru u ¥Ypana» u ap. 3anpemen Bsoj B fefiCTBHE HOBBIX IIPQ-
MBILVIEHHBIX OOBEKTOB O 3aBepLIeHHS CTPOHTENIBLCTBA  OUHCTHBIX
coopy:KeHuit. Bbinenenbl GogblliHe cpefcTBa M NOCTOSHHO YBeJqH4H-
BaeTc o0GBEM KalNTaJOBAOXKEHHH Ha CTPOHTEIbCTBO COOPYKEHHH
A OYHMCTKH CTOYHBIX BOJ, TA300YHCTHHX M [bJEY1aBJAWBAIOMIHX
ycranoBok. OGbeM 3aTpar Ha CTPOHTENBCTBO OUYHCTHBIX COODYMKEeHHH
BO3PACTAeT eIKErofHO Ha HAECATKH MHJIHOHOB pyGiaeil.

B CCCP BnepBble B mupe pa3paboTaHbl H YCTAHOBJEHBI HOPMEI
npenelbHO HONYCTHMBEIX KOHUEHTpPAauMi BPEeNHBIX BeIECTB B BO3LYXE
H B BOAE. DTH HOPMEI 00si3aTelIbHBEl AAsS BCEX NPOEKTHPVIOIHX opra-
HHM3auMil, A5 CTPOMUTENABCTBA H 3KCIyaTauMH [POMBILIZIEHHBIX [pes-
OPUATHH, a TaKxke JAs CONeprKaHHs KHUAbIX paHoHoB. TabJaHubl mpe-
JlenbHO fonycTHMBIX KoHueutpauuit (ITIK) Bpeaubix BeinectB B aTMO-
cepHOM BO3JlyXe, B BO3YXe NPOH3BOACTBEHHBIX MOMeIIEHHIT, a TaKKe
B BOAE pas/IH4HOr0 pOAa BONOEMOB NPHBOASTCA B CIIPaBOYHHKAX.
[Tox npepenbHo ponycTHMOH KOHUEHTpAauHedl aTMoc(epHmix 3arpfs-
Henuii B CCCP monumalor takyio KOHIEHTpailHio, Kotopas He OKasbl-
BaeT Ha 4eJoBeKa MNPSMOro WJIH KOCBEHHOIO BPELHOrO WJIH HenpHsT-
HOro AEHCTBHSI, HE CHHIKaeT ero paBoToCnocoGHOCTH, He BAHSET OTPH-
IaresbHo Ha ero CaMO4yBCTBHE H HaCTpOEHHe. [Hriennyeckue HOP-
MarHMBbl, TOJIOXWEHHble B OCHOBY MNpeLyNpPeiuTeibHOro CaHWTapHOro
Hajzopa 3a OxpaHoH arMocdepHOro BO3AyXa, MO3BOASMIOT HAIEXHO
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NpPOTHO3HPOBATh BEPOSITHOCIL 3arpA3HeHHI BO3AYXa B HaceJeHHBLIX
MYHKTaX, B padoHax pacnoJo:KeHHa TPOMbIUJIEHHBX 00LeKToB. B Ha-
crositiiee BpeMmss B CCCP ycranoB/ienbl caMmLie XeCTKHE B MHPe HOPMBL
ro mpeneabuo nonycrumoli Kounentpamuu (I1JIK) Bpenubix pemecrs
ans BeiGpoca B atMocdepy u ruapocdepy. TlpumMepoM MOMKET CAVKHTL
HopMupoBanue colepxxanus SO, B atMochepHoM Bozayxe (cM. Taba. 20),

B wuacrosiiiee Bpemsi 3auura arMocepHOro BO3AyXa U BOJHBIX
GacceliHoB OT MPOMBILLIEHHBIX BRIOPOCOB OCYIIECTBIAACTCS IVIABHEIM
06pa3oM pas/HYHBIMH MpHeMaMH OYHCTKH Ta30BLIX BHOGPOCOB M cTod-
HBIX BOJ, B Pe3yJabTaTe KOTOPOH AOCTHIAl0TCA YCTadHOBJIeHHbIe HOpMaMH
IAK Bpennbix Betects. Buib- TaGanma 20
pockl B aTMocdepy H BOjOeMs! — .
370 OJHOBPEMEHHO H MOoTepH Ya- 3&?;;‘2"’:;?:::“&’:;;1’::30
CTH TPOMBILLLIEHHOH NPOAYKUHH, JABYOKHCH Cepbt
HadocdAUlHe YPOH HAPOJHOMY XO-

3siictBy. Ofnako noutH Bcerna TMpenensHo

BO3MOXKHA 4acTHYHAss MJIH 10J- oyt | e | opapext

Has pexkynepauusi BHOPOCOB, T. €, Cipana ueHTpa- CTBUH I, Il‘-’ﬁ(‘_fl'“““

cmeynanbnasi IlepepaboTka mpo- nma & itk

JIVKTOB OYHCTKH JI BO3Bpara

LHEeHHBIX BelecTs B IIPOH3BOACT- CCCp 0,5 20 10

BEHHBIH Tpoiecc. OPT 0,75 30 22,5
Ilpu coBpeMeHHOM COCTOAHHH CIIA 4,4 37 162,8

HAYKH U TeXHHKH TpOMBbIlL/IeHHbIE
BHIOPOCHL He SIBJASIIOTCA HEeU30€KHOCTBIO H MOT'YT OBITh NOJHOCTBIO
yerpanensl. IlpouspolcTBennble OTXOIbI M CBA3aHHAA ¢ HUMH npob-
JeéMa O4YHCTKH ra3oBBIX BbIﬁpOCOB H CTOYHBIX BOIL — JHIb CJCICTBHE
neuayqﬂoﬁ, HCCOBCpLLIEIIIIOﬁ Opra"nusanydy  BCero MpOH3BOJACTBA H
OTAENBHBIX [IPOH3BOJACTBEHHBIX Ipomeccos. [lpennpuarus Oyayuiero
Joskubl paBorarb Ge3 BpeAHBLIX BHIOPOcOB Baarojaps MoJHOMY KOM-
NJIeKCHOMY HCNOJB30BaHHKD BCeX KOMIIOHEHTOB CbIpbda, TMPHMEHEHHIO
BQMKHYﬁJ[X cXeéM [MPOH3BOACTBA H OINTHMAaJbHBIX napaMeTpoB TEXHO-
JIOMHYECKOTO PeyKHMa, COOTBETCTBYNOIUMX HAHBBICIUEMY BLIXOLY Le/1e-
Boro npoxykra. Pewenuamn XXV cwnesga KIICC npeanoxeno paspa-
OaTeiBaTh HaydHble OCHOBbLI TeXHOJJOTHH C INPpeHMYIeCTBEHHBIM HCNOJb-
30BaHueM 3aMKHYTBIX HHKJIOB

2. OYUCTKA TA3OOBPA3HBIX MPOMBILLEHHLIX BIEPOCOR OT
BPEZQHLIX MPMMECEH

Bpeansle npimecH B ra3000pa3HbiX MPOMBILIEHHLIX BHIXJI0-
nax MOMKHO pa3jiefliTh Ha JiBe TPVYLILI a) B3BElUeHHbIe YacTuibl (a3po-
30/1H) MBLTH, AbIMA H TyMada W ©6) rasoofpasubie W napoobpasHbie
BeiecTBa. K mepBo# rpynne oTHOCATCS B3BellleHHble TBepAkie HacTHLb
HEOpranH4ecroro H/H OpradHyecKoro IMpoHCXOKAEHHA, a TaKiKe B3Be-
HiepHble 4acTHIbLI 2KIJKOCTH, MNOCTyI1aloiHe B aTMOC{ppr C TexXHOJ0-
IHYRCKHMH Tas0BbiMH BHIGpocamu (CAYBKaMH), XBOCTOBLIMH ra3amH
W BhIGpOCAMH BeHTHJIAIHOHHEIX cHcTem. Heopranwdeckas nbuib B 11po-
MBlIWIeHHBIX BhIGpocax o6pasyercss npu nepepaloTKe MeTasioB H
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uX PYyA, aJlOMOCHJIHKATOB, Pa3/HYHBIX MHUHEpaJdbHHIX coJell M yjaobpe-
HHil, ®Kap6unoe, abpa3uBoB, lIEMEHTA W MHOTHX JPYTHX HeopramHye-
CKHX BemtectB. K IpoMbilliIeHHON NBJIH OPraHHUYEcKOro NpOHCXOX1e-
HIif OTHOCHTCSH, HAlIPHMep, YroJabHas, ApeBecHas, TopdsHas, ciaal-
ueBasi, Myumas, caxa H JAp. TyMmaHbl B NPOMBIUJIEHHBIX BBIXJIONAN
o6pa3yloT rAaBHbIM 06GpA30M KHCJIOTH, B HepBYIO Ouepejlb CepHas
H QoctopHas NPH WX KOHUEHTPHPOBAHHH. JHCIEPCHOCTD IBMIH H T)-
MAaHOB H3MCHSeTcs B UWIHPOKHX IIpejleiaXx OT JecHTKOB MHKPOH Jio
HECKOJIBKHX COThIX MHKDOHA.

Bropas rpynna — rasoo6pasdbie W 11apoofpasHbie NPHMECH —
Gosiee mHorouncaerita. K nell oTHOCATC#, HAlpHMEP, KHCJIOTHI, [aJ0H/Ibl
W TFaslouI0NPOH3BOIHEIE, ra3000pasHbie OKHCAbI, aJbAETHAbl, KEeTOHb,
CHEPTHI, YIVIEBO/10P01bl, aMHHB!, MHPHANHIB!, MepKaiiTaHbi, apbi MeTal-
JIOB M MHOTHE Jpyrue KOMIIOHeHTH Ta3000pasiibix NPOMbILIIeHHbIX
orxonoB. Heo6xopiMocTh JAMKBHAANAH Ta3006pasHbiX NPOMBILIJIEHHbIX
BHIOPOCOB HJM XOTA Obl HX TJYOOKOH OUHCTKW JMKTYercs e TOJBbKO
BPeAHOCTBIO AJ4 Jiojleil, pacrenuil i »KHBoTHOrO Mitpa. [TpoMmbnunerinbe
BHIOpPOCH B armocdepy BeAYT K 3HAYMTEIBHBIM 3KOHOMHYECKHM IIOTe-
pPAM, Tak Kak 6e3BO3Bpariio TepsioTcs GoJblUHe KOMHYeCTBA I[€HHBIX
POJAYKTOB — OpPraH{yecKiX pacTBOpHTeseil, MeTalI0B, IBYOKHCH Cepb
u ap. Tak, norepu cepo ¢ BLIXJOMamH B arMocdepy B cTpaHax ¢ pas-
BHTOH SKOHOMHKOIT MPEBOCXOAAT NOTpebaeHue cephl 1715 NPOH3BOACTBA
cepuoii Kucaothl. [lpusenem aannble 3a 1965 r.

fTomepu cepet, maH. m Hompebaenue cepol,
MAH. M

CCCP ... 8,9 ~ G

CIIA .. ....... 12,2 ~9

Beaukobpuranus 32 2.5

P . ... ... 1,7 L2

Tomiimo TOro, HadHyHe B BO3jyX€ XHMHKATOB BHI3LIBACT MpekKne-
BPEMEHHYIO KOPPO3HIO METAjJ0B; B IIPOMBIILIEHALIX paifoHax cTa.lb
p:KaBeer B 3—4 pasa OhicTpee, YeM B cedbcKoi MectHoctil. Hanbosee
pagMKalbHas Mepa 3auiThl aTMoceph 0T BPEAHbIX NPOMBILIIEHHBIX
BLIGPOCOB — 3T0 PALHOHAAbHAS OPraHH3alHsd HOBHIX IIPOH3BOJCTBEH-
HHIX [POLECCOB H COBEpIUEHCTBOBAliHE CVLIECTBYOUIX TakuMm ofpa-
30M, 4TOGB! MOJHOCTBIO HCKIIOYHTD 1AM XOTA Obl MaKCHMa/abHO COKpa-
THTb BpefHble Ta3oBble BhIGpochl. OCHOBHBEIE NYTH OpPTaHH3aUHH Ge3-
OTXOJHBIX MPOHECCOB ~— 3TO NPHMeHEHHe IHKJIHYeCKHX CXeM BCero
NPOH3BOJCTBA B LEIOM H OTJEJbHBIX IMPOIECCOB, a TaKMKe KOMIJIeKe-
HOE HCMOAb30BAHHE CHIPbS ¥ OTXOA0B, 1a 6a3e KOTOPBIX OpraHH3yioTCH
HOBHIe MPOH3BO/IcTBAa. Tak, HCMOMB30BaHHE ABYOKHCH cephi, BHIGpa-
CBIBaeMOl B aTMmocdepy 34BOJIAMH LBETHOH MeTaLIyprHi Kak Chipbfl
JJ1S1 TIPOH3BOACTBA CEPHOIl KHCJIOTH JHKBHAHPYET 3TOT HCTOYHHK
3arpsA3HeHHs BO3IVXa H IIO3BOJAET MOTYYHTh HEeHHBH MPOAYKT — cep-
Hyo Kneaoty na 0% pewene, deM NPeXKHHMIE CIIOCOOaMH, IIPHMeHsE:
MBIMH B XHMMHYecKOH mpowmbitsennHoct. Kiaccnueckusm ImpiviepoM
LHKIHYecKoro npouecca 6e3 BHOpoca rasa B armocdepy MOKeT ¢y
XUTh CHHTEe3 aMMuaka.
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[IpH coBpeMeHHOM COCTOSIHHH TeXHHKH H TEXHOJOTHH eme Her
BO3MOXXHOCTH MOJHOCTBIO H30eXaTb MOMajnanHa TOKCHYHLIX BElecTB
B armocepy. IlosTOMy nOCTYNHBIM CPEeACTBOM €€ 3alliTh cayxar
MOKa pasjHuHLie ra300YHCTHTENLHBIE COOPYMeHHsA. 3agaua raso-
OYHCTKH — 3TO /10BejleHHE KOHIEHTPAUHH BPEAHBIX Tpumeceli B npo-
MBHUJIEHHEIX BHIXJIONAX JIO [1PeI1elsHO  JIONYCTHMBIX  CaHHTapHbLIMH
HopMami. [1pu HeBO3MOIKHOCTH 106HTECA MPEIeALHO AOMYCTUMbIX KOH-
uentpaunit ([1JIK) rasoouncTkoll npuUMensioT MHOrOKpaTHoe pas-
Oap/jieHHe BPEJHHIX BEILECTB B Ta30BBIX BHIXJIONAX HJAH BhIOPOC HX
yepe3 BLICOKHE ALIMOBLIE TPYOH A paccesiHHs npuMeceil B BepXHHX
closX armochepsl. TeopeTHdyeckoe onpejedeHHe KOHIEHTpaIHMH MNpH-
Meceli B HHMKHHX CJOsX a’l'MOCdJQIJhI B 3aBHCHMOCTH OT BhLICOThI prﬁb!
H Apyrux ¢axkTopoB CBfA3aHO ¢ 3aKOHaMH TypOyJaenthoil audoysiu
B arMocepe W noka He paspaBorano. HeoGxomumyio BICOTY TPyGH
MOXKHO ONpefealTs N0 3MIHPHYECKHM dopmyaaM, Hanpumep

235G,
Cu=smt :
M2 Bw, e (X1.1)
rie C, — MakcHMaJbHas KOHUEHTPAUHS TOKCHYHOH TpHMecH Ha
ypoBue auxauns 1,8 m, Mr/m®*; G, — KOJIHYeCTBO NpHMECH, BHOPACi-
BaeMoit B atmoctepy, r/c; H — 3hpeKTHBHAs BbICOTA ALIMOBOI TPYyObI,
M; W@, — CKOpOcThL Berpa Ha Bhicote 10 M, M/c.

[To ¢opmyae (XI.1) MOKHO TakxkKe OnpejeauTh JONYCTHMOE KOJH-
4ecTBO BLIGPOCOB NMpH 3ajaHHOl Buicote Tpy6ul. Tak, npu H = 100 m
JUTH IOCTHIKEHHS MpejedbHo gonycruMoil kodpewrpanuu SO, 0,5 mr/m?
JIONYCTHMOe KoaugecTBO Buibpocos G, cocrasasier 15 t/cyr SO,. Has
COBDEMENHHX  CBePXMOIUHBIX Tenuoajekrpoctanunii G, pocrdraer
1500 t/cyr SO,. Urobn obecneunTb CaHHTapHHIE HOPMbI, CTerneHb
OUHCTKH BHIXJ000B o1 SO, gogxua 6uite okono 99%, uto npejcrasnser
npeges BO3MOMKHOCTEH COBPEeMEHHBIX OYHCTHHIX coopyxeHn#. Tarum
oBpa3oM, jpa)ke NpH caMOH COBepIUCHHOH OuHCcTKe COOPYyKeHHe BHICO-
KHX Tpy0 cAYXKUT HeoOXOMHMOMN AONOTHHTeALHON Mepoit. B npakrike
ra3004HiCcTKH Tpeﬁyemaﬂ HOpManMi CcTenedb OUNCTKH rasa /JA0CTHraercs,
Kak T0pPaBdJlo, B HECKOJBKO CTYNeHel, OTJIHYalomHUXCcs YCAOBHAMIL,
a MHOrJAa M MCTOJOM NPOBEJEHHST OYHCTKII.

Meroapl O4YHCTKH Ta30B B COOTBETCTBHI C XapaKTepPOM BpejpHhiX
npHMeceil geJSTcAd Ha MeTOjbl OYHCTKH OT a3po3oJell # OYHCTKH OT
ra3oo6pasHLiXx W napooGpasHsix npuMeceil. Bee cnoco6ul ounCTKY ra3os
onpeacadaTed B OCHOBHOM @HSHKO'KHMH‘-IQCKHMH CBOHCTBaMHU npH-
MECEI:'I, X cOCTaBOM, arperarnbiM cOCTOSHNEM, JHCNEePCHOCTLIO H Ap.
PasnooGpasie BpeaHHX npumeceil B NPOMBIUIEHHLIX BhIXJonax oby-
CJI0BJAHBAET GOJbILOE Pa3HOOGpasHe NPHEMOB OYHCTKH H MPHMEeHSEMbIX
pearenToB. KiaccupukaumHa M KpaTkas xapakTepHCTHKa Haubojee
pacn OCTPAHEeHHBIX MeTOMOB OUYHCTKII rasoB oOT aaposo.ﬂeﬁ noMeeHa
B Taéj.n. 21. Ouncrka ra3oB OT ra3000pas3HLiX 1 NapooOpasHuIX NpHMe-
ceil 0cODEHHO XapaKTepHa AJ5 XHMiYecKOH NPOMBILIJIEHHOCTH H IUHPOKO
npuMeHsercss Ha XHMHYECKHX NpeAnpuATHAX. Mertosbl OYHCTKH mpo-
MBIIUJIEHHLIX Ta30BLIX BLIXJIONOB OT ra3000pasHeiX M NapoobpasHhiX
npuMeceil MOXKHO pasfe/IuThL Ha TPH OcHOBHBHIE rpynnu: 1) abGcopbuus
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Ta6anua 21

MeTonst O4MCTKH NMPOMBIMACHHBLIX FA30BLIX BRIXJAOMOB OT aspo3onei

Merog ouncTku

KpaTtkaa xa PAKTCPHCTHKA METOLA

OuncTHbe ANnapars

Jannse o APOMBILIACHHOM TPHMEHCH N

A. Mexauuueckan
OMMCTHKA

1. Cyxaa ouucrka:

rpaBHTauHoHHOC
Neey TapaHBa-
HHe

HHepuHoHHOE
nblIeyaB1HBa-
Hie

MeTon ocHoRaH Ha OCAXKACHHH  4acTHn
NLAH MOf ACHCTBHEM CILIBI THXECTH NpH
NBMMEHHH 3anbl1eHHOrO rasa ¢ Manoii
CKOPOCTLIO 6e3 MaIMEeHeHHA Hanpae.1cHH A
noroka. Merox masosheKTHRCH, HCNOJb-
3yerca  ToJbKO 1 NPCABAPHTCILHON
rpy0oii OYHCTKH ra3a H BuiTecHAeTCA
Gojlee  COBEpLICHHBIMH crnocoGaMH raso-
OYHUCTKH

MeToa ocHOBaH Ha Iei{cTBHHM CHJI HHEpUMH,
T. €. Ha CTPEMJICHHH B3BELICHHBIX YacTHIy
COXpaHHTL NepBOHavaIbHOE HanpapieHHe
NBHMEHNSA NpH H3MeHeHHWH HanpaBJeHns
razoBorg noroka. Merog manosdpextieen
H MoMeT CJAYXKHTL JdWb A4a rpy0Goil
OYHCTKH ra3a npH cpaBHHTEbHO HeGoib-
wiolf HavaabHOM 3anbIeHHOCTH Tasa

Orcroitibie  rasoxo-
‘Bl B NbLIEOCAIH-
TCALHBIE KaMephl

JKamosniinsie nble-
yaosHtean. Huep-
UHOHHBIE nblae-
VJOBHTEH C Ha-
cajkoif K3 Kouyc-
HBIX KOJel

Ina nyyuero Oca¥ACHHA NBIAH B ra3’oxopax
YCTAHAB/MHBAIOT BCPTHKAJBHLIC NePEeroponkH,
cHHKalouMe cKopocThb rasa. [Ipoussoputens-
HOCTh FPABHTAUHOHHBIX AMMapaToB 5=Sw,
(rae S —nuomajih ropH3OHTAALHOrO CEYCHHS
annapata, W, —CKOpPOCTb OCaKICHHA) HC
3aBHCHT OT WX BhicoThl. [losTomy BHYTpH
KaMep  yCTaHaBJMBAIOT Ha  paccTOAHHH
40—100 MM MHOMCCTBO FOpPH30HTANBHLIX Ne-
peropofok, pasGHBAIONIHX ra3 Ha paa IWo-
CKHX CTpYi

TngpapiHyecKoe conpoTHBaeHke Ap=—=10—40Mm
Bog. cr. CkopocTh rasza Ha BXOjJe B annapar
w.==10—15 wm/c. OGecneuupaer yJnaBHBa-

“uue uvacThy d=>20 Mk, Pewerkn Grctpo
3afuBaoTesl W M3HawKpaoTes. [TpuMensioTes
npH HaualbHOIl 3anbuiCHHoCTH He Oofee
1,5 r/m3. Crenens OYMCTKH B 3aBHCHMOCTH
OT  JMCTIEPCHOCTH YACTHL,  COCTaBJIfieT
20—70%
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Metog ouyHCTHH

Kparkasn xapakTepHCTHKA MeToga

OuueTHble anmna paTel

JapHsie 0 MPOMBIUNIEHHOM MpHMENeHHH

HeHTpOOBCIKHOE
nuley1aB.IHBa-
HHE

UILTp auu s

MeTox oOCHOBaH Ha JeilCcTBUH ULeHTpOGeM-
HOH CHJIBI, BOSHHKAWUEH NPH BPAUEHUH
OUHULAEMOro rasoBOro MOTOKA B anmapare
HJH TIpH BpallCHHH qacfcﬁ caMmoro anna-
pa'ra (Hﬂl’lpllMEp, potopa B HeMoABHKHOM
kopnyce). Ilnpoxo pacnpoctpanes ans
cpenrefi H rpyGoif OYHCTKM ra3oB oT

asposoieit
OcHoBaHa Ha UPOXOMASHHH OWHILAEMOrO
raza uepes pasiiuunble QHILTPYIOLLHE

TKaHH (XJOMOK, WepCTh, CHHTEeTHUYECKHE
TKaHH) WJH yepe3 npyrHe (GUILTpYOLLHe
MatepHaIbl — Kepamuky, MeTajioKepa-
MHK)", HO vanle Bcero cChnenManbHO Hiro-
TOBJIeHHLIC BOJIOKHHCTBIE® Ma"I‘EpHHJ’lhl
(acfouenmososa, wepcTh HIAH  XJOMNOK
¢ acecToM, CTeKJ0BOJIOKHO H ap.). [IpH-
MCHARTCS AJSA TONKOH OUMCTKH ra3oB. l'lp -
HMYUIeCTBA — HH3Kas CTOMMOCTL 0Gopy-
JOBaHUSA H BbicoKas 3(PeKTHBHOCTL TOH-
Koff  ouuetkH. HepgocTatku — Bhicokoe
THAPABIHYECKOE CONPOTHBJeHHe H Obl-
crpoc 3abHBaHUe [hLIALID

HHkjaoHs W Oara-
peiiHble MHKJIOHHL,
Bpawawmuecs
b YJI0BHTEH
(pOTOKJIOHB,  Me-
XaHHYeCcKHe cKpy6-
Gepui)

TkaneBnle QUILTPH
(8 TOM uHcTe py-
KaBHBli)

BounokHHCTBIE QHITH-
TpPh

IIHKJIOHBI  BbICOKOI

B npoMBILJIEHHOCTH  TPUMCHAOT

NPOH3BOAHTENLHOCTH No
razy (Gojee 200000 m3/u) ofecrneuuBaT AO-
CTATOYHO TOMHOEe  YyJaBlHBaHHe  HaCTHIL
cd>=30 M. [as wactin c d=5 MK
1 == 80%, a aaq yactHu ¢ d=2 MK 1< 40%.
Ofiuee CONPOTHBJIEHHE UHUKJIOHOB BhICOKOI
npou3BoguTesibHocTH Ap =100 MM BOA. CT.
OGuiuno Ap/p,=55—75 Mm Boj. CT., Tae
Py —IJIOTHOCThL Faza B pafoyeM COCTOSTHHH

PYKAaBHbI®
(hHABTPEL M3 LIEPCTH, CHHTETHYECKHX M XJl0M-
uyarofymamHbix TKanell. [IpemeapnHo pomuy-
CTHMAasA T(:Mncpa'rypa QuHLULaeMOro rasza
60—65"C. CrkopocTs ¢uaILTpauuH mala H
cocrapager (,1—-1,5 m/mun, Crenielib OMHCTKH
85—99% B 3aBUCUMOCTH OT AUCHEPCHOCTH
MBUIH ¥ HAYAJLHOH 3anblIeHHOCTH rasa.

Ap == 100 mm BOA. cT. Pacxox S3Hepruu
~ 1 KBty wa 1000 m® ouuuaemoro rasa
npH H. Y.

Pa6orawT ¢ Bricokoit 3pdeKTHBHOCTRIO, COCTa-

pasmoureii 99,6—99,90; yaoBiexso#t nblaM,
npH wr==9--10 mM/c u Ap=>50—100 MM
Bog. cr. [lpu cTexJMoBOMOKHHCTOM (hHIb-
TPYIOUleM MaTepHajle BO3MOMHA  OYHCTKA
arpeccuBHblx rasop npu 275°C. Jlas ToH-
KOH OuMCTKHM rasa npu Gosiee BHICOKHMX TeM-
neparypax npuMmensiores (HIBTPHl H3 Kepa-
MHKH HJH MCTA/UIOKepAMUKH
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[popo.kenune raga, 21

MeTon OMHCTHH

Kpatkast XapakTepHCTHKA MCTORA

Quuerasle annapartsl

JanHue O MpOMBILLTCHHOM NPIMCHENHH

2. Mokpas ouncrka

MeTon ocHoRan Ha NPOMBLIBKe rasa Muj-
KOCTBIO, 0OLYHO BOJo Npu BO3IMOMHO
Gonee pasBUTO TOBePXHOCTH KOHTAKTA
d]ﬁ'i B BO3MOMHO 60OJsee HHTEHCHBHOM Me-
peMeulHBaHHH OWHILAEMOTO rasa ¢ MKuj-
KocTbo. [Ipumensiercsl AAA yJaBJHBAHHS
YACTHL MHVIH, 3016 M TyMaHa JoOHX
paavMepoB # CAYKHT HauGonee pacnpo-
CTPAHEHHMM M HAJeHKHBIM METOfOM 3a-
KAWUHTEIBHOH  CcTAJMH  MeXANWYeCKol
ounctkn razos  Hegocratok — Gogblune
00beMul MUIKHX OTXONOB (Wjiama)

Gaunmt ¢ Hacagkoit
(ckpyGGepr)

OpomwaeMbie  LHKJI0-
HBl  (uenTpoGex-
Hbiit ckpy66ep)

[T HubIE ra30npoMbi-
Bareiu

OranvawTcs NpocToToii KOHCTPYKUHH H 3KC-
nayarauHH, ycTOHYHBOCTBIO B pafoTe W Ma-
JbM  THAPABJIHYECKHM  CONPOTHBJEHHEM
(AP =30—80 mm Box. cr.) Baarogaps sromy
WHPOKO  pacnpocTpatiedsl. ek THBHOCTL
ORHONl  CTYMEHH OYHCTKH HE npeBhilaeTt
70—859%, nosromy ckpy6Gepbl cayMar g
npeABapUTeNibHON OMUCTKH ra3a oT aspo3o-
Jeit. [Ipw Goablinx KOHUSUTPAMMAX [BLTIH
34COPAOTCH et

n[)OM[.I]_.I_[J'[EI{IIUQ Hp[‘ll\lcl’l(}li]l(’ U,C."[QCO()ﬁpa3lI0
AAS OYHCTKH BOJbIIHX  o0LEMOB  ALIMOBBIX
rasoB, TAK KaK anmnapar BbiCOKONPOH3BOAM-
tenen (mpuw D=1 wm nepepabarbidaer 10
20 000 m3/y rasa), ofaagact HeGOIbLIMM CO-
npotuBachiem (40—80 MM Bop. cT.) m jgaer
'BHCOK}'ICI CTenéHb OYHCTKH OT IkIJIH T|=
= 93—999% (B 3apucuMOCTH OT pa3mepa
YACTHIL}

DPaGorawT ¢ BHICOKOH HHTCHCHBHOCTBLIO TIPH
CKOpPOCTH rda3a B noJauos ceuvedudn annapa"ra
1—3 wm/c. O6magaior GoJbwoH 1pOH3IBOAN-
TeJILHOCTLID H CpaBHIlT(‘.'IhII) Ma. TblM ruapa-
BJIHUECKHM  CcOmpoTusIexneM (AP ofHof
noJdkH 0xko.J10 60 MM Bojg. cT.). Y/1aBJAHBAIOT
980904 uacTuu AbLIH (KR TymaHa) pas-
mepom Gonee 5 Mk um 75—80%, — pasiepom
meHee 5 MK. Aunapat wumeer 1—2 nmoskm.
[pumensieTcs A7 OMHCTKH ra3a oT asposo-
Jeil MOAHARCICPCHOrO COCTABA
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Meton ovHCTHYH

KpaTthan XapakTepHCTHKa METORa

OuncTHBIE annaparol

HdlHple © TPOMLILACHHOM NpUMeHCHU Y

B. DnexTtpocrarthye-
CKad O4HCTKa

MeTtoa ocHoBaH

Ha MOHH3AUMH W 3apsKe-
HUM B3BeLEHHBIX YacTHI NBIAH TPH [1po-
AOMKEEHHI ra3a uepe3 TMoJie BLICOKOro
HanpsfiKeHus, CO31aBaeMOE KODOHHPYIO-
HIHMH Su'[E‘KTpOjIE!MI-[. OC,H}KJIEHHC YACTHIL
NPOUCXOIHT HA 3a3eMJCHHBIX OCAJUTe)b-
UblX 3dexkTpopax. Ilas yaapaupauus Ty-
MAHOB MNpPHMEHAWT MOKPhIE IEKTPO-
GUALTPLL.  DJEKTPOCTATHUELKAA  OYHMCT-
Ka-—OJiiH M3 JYULUX cnoco6oB yJIaBai-
BAHMS fblAeH, COYeTalouii MpocToTy,
HU3KOE THAPAB/IHYECKOE CONPOTHBICHHE
W BBICOKYH TpOH3IBOIHTCALHOCTL C BHCO-
KOW CTeneHL0 OYHMCTKM  Metog ylABep-
called, T. e TpHMeHsgerca aas  JoOblx
nslaei noJBgucnepeloro cocrtasa, Hepo-
CTATOK — GOJILWHE KANHTAJI0BJIOMEeHUS Ha
COOPYMKEHHE OUUCTHOH YCTAHOBKH W He-
o0X0QHMOCTE  pacXofa  JICKTPOSHEPrun
Ild QUHCTKY

Cxpy66ep Beurypu

SneKTpoPUALTP

Sdpex

THBHBL annapaT, paboTawmuii npu cko-

OCTH raza B cy.Keuun TpyOur (ropJoBuHe)

100—120 m/c.

Creneub  yaaBJauBallua  Ty-

Mana— 99—1009,; uactiu netan 0,01—0,35 Mk
50—859; 0,5—2 mx 97%,. HepocraTok — Bbl-

COKO® THAPABJIHYECKOE COMPOTHB.IEHHE
cTaBJasIOULee

co-

OUpH  O4YHCTKE 0T  MBNIH

230—280 mM BoOjg. CT., a OT Ty™MaHa— 0

760

MM BOJ. CT.

PaGoTaloT npH HanpmKeHHH HAa KOPOHHPYIO-
uHx afektpoaax 25—100 kB u B wnpokom
ananasone Temnepatyp (or —70 go 500 °C)

H JaBJeHui.

BOA.

0,3 'kBr-u na
CTeneHb OUHCTKH

99,9
npu

AP ue Goaee 10—I15 MM
Pacxog saektposueprav  0,2—
1000 M® oummaemoro rasa.
Beitwe 900,  jocrHras
04 Ha MHOTONOJBHBIX 3.JeKTpodHILTpax
ONTHMAThHOM PeXIIMe M [HCTEepCHOCTH

CT.

MBJH He MeHee 1 MK



JKHAKOCTAMH; 2) ajacopOuus TBEPABIMH MOIVIOTHTENAMH M 3) KaTaau-
THYECKad OYHCTKA.

AbGcopbuus XHAKOCTSHM I — HauboNee pacnpocTpaHeH-
HBII 1 10 cHX Nop Haubosee HageKHBIH ¢roco6 razoodncTki. OHa nenodsb-
3yeTcsl B MPOMBIIJAEHHOCTH KAK OCHOBHOH NpHeM H3BJieueHUd 13 rasoB
JABYOKHCH H OKHCH YIJIepojd, OKHCJOB da30Td, XJiopa, ABYOKHCH CEpHhI,
CEepoBOAOPOAA H APYIUX CEPHHCTBIX coeiuBenitii, napos kucnaor (HCI,
H,S0O,;, HF), unauucThIX coejfnHeHlil, paszHOOOpPA3HBIX TOKCHYECKUX
opraunyeckux BeulecTB ((eHona, dopmanbaerus, draneBblil aHMHIPHA
i Ap.) u T. A. MeTon aGcop6uHoOHHON OYNCTKH OCHOBAH Ha H3GHpaTelb-
HOIl pPACTBOPHUMOCTH BpEAHLIX mpumeceil B IKHAKOCTH ((husnueckan
aGcopOuus) win n3bHpaTeIbHOM H3BJEYEHHH HX IIPH TIOMOMIH peak-
1HiT ¢ AKTHBHBIMH KOMIIOHEHTaMH TOTJIOTHTE N (XeMocop6ins). Abcop6-
IHOHHA" OYMCTKA — HENpepLBHEIH H, KakK IpaBHJO, HHKJIHYECKHI,
npolece, MOCKOJBKY MOTJIONEHHe NpHMecei OObIMHO CONPOBOKAAETCH
perexepaiiieii MOrJOTHTENLHOrO pacTBopa (HarpeBoM WIH CHHXKeHHeM
JaBJeHHs) 1 BO3BPATOM €ro B HAuajJo mHkjJa ouuctki. OfHOBpPeMeHHO
MPOHCXOANT AECOpOUHA TNOIJIOWIEHHOH ra30BOH NMPHMECH U ee KOHIEH-
TpupoBauue (cM. u. I puc, 128).

DneMenThl pacyera aGCOPOIHOHHEIX H XeMOCOPOIMOHHEIX MPOIEeccoB
pacemorpenst B 4, I, a1, V. OcHoBHEIE TeXHOJIOMHUECKHE MOKasarefn
aGcopOIIHOHHOI OYHCTKH: CTerneHb OYHCTKH (K. M. A.) 1 ¥ KoabduuHent
Macconepenayi k2 onpenensiores pacTBOPHMOCTBIO Tasa, rHApOAHHA-
MUuecKHM pexkiMoMm B peaktope (T, P, w) w apyruMn (akTopami,
B YaCTHOCTH DAaBHOBECHEM H CKOPOCTHIO PeakuHil npH XemocopOiHH.
Ilpn nporekanun peakuuit B KHAKOH ase BenuunHa k BHIle, 4eMm
npu ¢usnueckoil abeopounn. ITpu xeMocopOiU K pe3Ko MEHSIOTCS paBHO-
BECHBIE COOTHOIIEHHS, B UYACTHOCTH BJHAHUE PaBHOBECHA Ha JABHKY-
Y10 cuny abcopbunu. B npenenvHOM cayuae s HeoOpaTUMBIX peaks-
HHil B KHAKOH ¢asze (Hefirpaausanus) obpa3sylomeecss CoefiHHeHHe
HMeeT NPaKTUYECKH HYJIEBoe JaBJeHHe NapoB Haj pacTBopoM. OpHako
TaKHe XeMOCOpOUHOHHBIe MpOIEecchl He MUKJIHUHBL (MOrJIOTHTENBHbIH
PACTBOp He MOKeT ObITb BHOBb BO3BPALICH HA OUHCTKY) U Le1eco06p a3Hel
JIMIIE TOPH  BO3MOMKHOCTH HCTOJbL30BAHUS IOJNYYeHHBIX pPacTBOPOB
HHBIM myTeM, Bo/bIIMHCTBO XeMOCOPOLHOHHLIX MPOIECCOB, NMpHMeHse-
MBLIX B IIPOMbIILIEHHOCTH, OOpATHMBI H 3K30TEepMHUYHEI, MO3TOMY NpH
TIOBHIIIEHHH TeMIepaTypsl PacTBOpa HOBOE CoeflHeHHe pasJiaraercs
C BLIAETEHHEM HCXOAHBIX KOMIIOHEHTOB, DTOT NpPHEM MOJIOMKEH B OCHOBY
pereHepanii XeMocOpOEHTOB B HHKIHYECKOH cxeme, Tem GoJjee, UTO
X XHMHYecKasi eMKOCTb MaJso 3aBHCHT OT AaBjieHud. XeMocopObuHoH-
HBlE Tporecchl 0cobOeHHO menecoobpastbl TakiM 00paszoM JIJsA TOHKOI
OYHCTKH T[Ad30B, COJEPXKAUIMX CPABHHTENBHO Majble KOHUEHTpamHu
npumeceil.

s oudcTKH ra3oB NPHMEHAKOTCH pasHooGpasHble KHAKOCTH,
OUEHKA KOTOPLIX TNPOH3BOAMTCSH C YYeroM CJEAYIOmMX MoKasaTenef,
1) abcopOuiioHHas eMKoCTh (T. €. pacTBOPHMOCTH OCHOBHOTO H3BJIEKae-
MOTO KOMIIOHEHTa) B 3aBHCHMOCTH OT TeMIepaTypsl H AaBJeHHH., ITOT
NoKalaresib onpeje’seT 3KOHOMHYHOCTH OYHMCTKH, T. €, YHCJIO ee CTY-
nexeil, pacXoi SHEPrHH HAa UUPKYJALHIO, PACXOJ TeIIa Ha jAecopOiiio
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rasa u 1. A. Ilpn necopbuuoHHOM crniocofe pereHepauny nenecoobpasHel
PACTBOPHTENH € BLICOKHM TeMIepaTyPHbIM KOadxbHIHEHTOM H3MeHeHHH
pacTBopuMOCTH Kpy0/ Ky 2) celeKTHBHOCTB, XapaKTEPH3yeMas cooT-
HOIlleHHeM PAcTBOPHMOCTEH pasjieNfeMbiX [a30B, a TaKKe CKOpOCTell
nx abcopbuun. Hem Gojiee pa3HUHLI 3TH NOKA3aTe/H, TeM Bhillie CeeK-
THBHOCTD MOIVIOTHTENA; 3) JaBJeHHe NapoB JOMKHO ObiTh MHHHMAb-
HbIM, 4TOGbI BO3MOXKHO MeHee 3arpa3HATb OulilaeMulil ra3 napamu
norjorutens; 4) jeweBH3Ha; 5) OTCYTCTBHE KOPPOAMPYIOmEro aei-
CTBHS Ha anmaparypy.

OcHoBubie abcopOenTHl, IpHMeHAeMbie A1 OYHCTKH [Aa30BBIX BLIXJIO-
noB, — 5TO BOJA, aMMHAyHadA BOAA, PACTBOPHl €IKHX M KapOGOHATHLIX
e/10yeil, 3TAHOMAMHHEl, MAHraHATHl H [epMaHTaHarThl KajaHs, CYCrneH-
3HH THAPOOKHCH Ka/lbliHs, OKHCJ/I0B Mapranuna 1 ap. B KauecrBe aGeopG-
LUHOHHKLIX PEAKTOpPOB MPHMEHSIOTCH OpollaeMbie GauiHy (MoJne, ¢ Ha-
CaAKOil H C pacNblIeHHEM JKHAKOCTH), Tapeabyarhie H MOJOUHbIE peakK-
Tophl (6ap6oTakHbele KOJOHHBI, MHOTrOIOJOYHbIE MeHHbIE anmnaparhbl,
ckpy66epnl Benrypn) u ap. HanGonee pacnpocrpanenHsiil, yHuBsep-
casibHBIH OUHCTHOH annapar —- 3710 6GaliHA ¢ HacajgKoii, WHPOKO MpH-
MeHsemas AJ8 O4HCTKH rasoB OT OKCHAOB asora, SQ,, CO,, CO, Cl,,
napoB MeTaN/0B (HanpHMep, PTYTh) H ApYrHX mpumecefi. Ee nocronn-
CTBO — MPOCTOTA YCTPONCTBA M 3IKCIJYyaTalli W YCTOHYHMBOCTL B pa-
6ore. ORHAKO CKOpPOCThL MaccoofMeHa Majla H3-3a HeJ0CTaTOYHO HHTEH-
CHBHOTO pexiiMa baileH ¢ Hacajgkoii, paGoratomnx npi w, 0,02—0,7 m/c.
O6bem annaparos MO3TOMY BEIHK, YCTAHOBKH I'DOMO3JKH.

3HauuTeNbHO 6OJlee UHTEHCHBHBIE [A300UHCTHLIE PEAKTOPbI — 3TO
fienHbie aGeopbepni H ckpy6Oep Bentypn. IlenHnie aGcopGephl, HanpH-
mep, paGoraior mpn w, 1,0—3 m/c y obecneyuBaioT CpaBHHUTENBHO
BBICOKYIO CKOPOCTb aGcopOLHOHHO-AecOpOLHOHHLIX MPOIecCoB, GJaro~
Japs yeMy HMX raGapHThl B HCCKOJIBKO pa3 MeHbille, yeM OallieH ¢ Hacaj-
Koi. CreneHb OYHCTKH YBENMYHBAETCS ¢ YHCJOM MOJIOK NMEHHOrO peak-
tTopa U AAd pajga npoueccoB jocturaer 99%. OGmue npenmymiecTsa
a6GcopOHOHHON OYHCTKH 3aKJIOUAlOTC NpeKAe BCere B Hemnpephis-
HOCTH TpoLecca i B BO3MOMKHOCTH CPaBHHTEJIbHO SKOHOMHYHOTO H3BJe-
yeHHs1 GOJIBIIOTO KOJHYeCcTBAa NpHMEceil H3 rasa, a TakixKe B BO3MOXK-
HOCTH HenpephIBHOIl peresepauui NOINNIOTHTENLHOrO pacTBopa OpH
HmHKIHgecKoM pekume. Heaoerarok 3toro Meroja -— rpoMO3JKOCTh
obopynoBaHusa (nanpumep, Galinun), CJOKHOCTE U MHOI'OCTYEHYaToCTh
TEXHOJIOTHYECKHX CXeM, TIOCKOJbKY JOCTHIKEHHE BBICOKON CTeneHH
OUMCTKH M MOJHAf pereHepanis MOTJIOTHTENR CBA3aHbl ¢ GOMBLILINMH
o6beMaMH anmnaparyphl H OOMBIIHM YHCJAOM CTyNeHeH OYHCTKH.

Ancopbunuga TBepABMH NOTrJOTHTEJSMH OCHO-
BaHa Ha H30HpaTeJbHOM H3BJ€UeHHH BpEeAHLIX TpHMeceH W3 rasa
npH TMOMOIH afcopOeHTOB — TBepAbIX 3€PHHCTLIX MarepHasos, obina-
JAMIHX BLICOKOH YAeNLHOMH 110BepxXHOCTbIO. B rasoouncrke npumeHs-
ercsi KakK (¢usnueckas ancopbuus, OCHOBAHHAs Ha BaH-Aep-BaafbCo-
BHIX cHJaX, TAK H Xemocopbuud. B KavecTBe ajficopbeHTOB A/15 OUHCTKH
rasoB NPHMEHSIOT BhICOKOMOPHCThIE Mareplafbl, 4ajie BCEero aKTHBH-
POBAHHLIH yro/ib, CIIHKAarelb H CHHTETHUECKHE LEOJIHTHI (MOJeKyaap-
Hbie cuta). [11s npoMbilleHHO MpaKTHKI Hanbo.1ee BaxHbl BHICOKAR
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TIOTVIOTHTE/IbHAA -CNIOCOGHOCTD aAcop6enTa, ero aacopbuyioHHas akTHB-
HOCTb, H30HpareNbHOCTL AeiCTBHA, TepMHUYecKas YCTOHUHBOCTb, JAJH-
TesbHas cayxba 6e3 H3MeHEeHIIss CTPYKT)pPbl H CBOHCTB MOBEPXHOCTH,
JIETKOCTb pereHepanii, Majnoe ruipaBJiHdecKOe CONPOTHB/IEHHE NOTOKY
rasza. AKTHBHPOBaHHBbIE YIVIH PA3JHUHBIX MapoOK ¥ CHJAMKAredH YiKe
JAaBHO H YCINEIIHO NPHMEHSIOTCA B IPOMBILLIEHHOCTH.

Bouabluiol uHTepec A/s rasoodHCTKH [PEICTAB/ASIIOT CHHTETHUECKHE
LeoHThl — a/JIOMOCH/IHKATHRIE KPHCTaMIHYecKHe Beniectsa, obgala-
I0lILI1e TeOMeTPHYecKoil OJHOPOIHOCTLIO nop. B 3aBucHMOCTH OT COOT-
HowleHns HonoB Si** W AI** B kpucranaMyeckol pelleTrke IO THThHI
00/131a10T Pa3/HUHBIMU THIAMH DPEILETKH, PAcMoJoXKeHHeM M 3apsijoM
KATHOHOB. ITH aJcopGeHTH XOPOIlO YJOB/JETBOPSIOT TPeGoBaHHsM,
IIpebABAAEMbIM Ia300UHCTKOl, B yacTHOCTH 06/1a1al0T BLICOKOH MOT-
JOTHTENLHOH CcNOCOGHOCTHIO 1 BLICOKOH H3GHPATELHOCTHIO [0 OTHO-
IIEHHIO K Ollpefie/ieHHbIM KOMIOHEHTaM ra3cBoi cMecH (B 0CCOEHHOCTH
K _TOJIAPHBIM H HEHACHIIeHHLIM COeIHHEHHAM) 1axe NPH BeChMa MaJioM
coiep:KaHHuil 11X B rase.

Ancopbuyio ra3oBuiX INplMecell BelyT TIMaBHLIM 06pa3soM B peak-
TOpax nepuoaHdeckoro JeferBHst 0e3  TenaoobMeHHLIX  YCTPOHCTB,
Ha noJKax KoropelX Haxoaurcs aacopOenr. Ouimaembiii ra3 npomny-
CKamT Yepe3 caoil ajcopledta o0bHHO CBEPXY BHU3 CO CKOPOCTHE,
onpenensieMoil THAPABJHYECKHM CONPOTHBJAECHHEM 10" H JPYTHMH
yeaoBuaMu abcopbunu u cocrasasiomedt 0,05—0,3 m/c. B npouecce
OUHCTKH acOpOeHT MepHOJAMYeCKH TepAeT aKTHBHOCTL B pe3ylibrare
HACHIIEHHA MOBEPXHOCTH aicopOHPYEMbIM BEIECTBOM, d TAKKE ee
3KPAHHPOBAHUA MOCTOPOHHUMH BEMIECTBAMH: MBIABIO, CMOJHCTHIMH
npojykramu u ap. I[lorepsABiunii akTHBHOCTE ancopGeHT pereHipupyoT
HarpeBOM H IpONYyCKaHHEeM OCTPOro HJH MNeperpeToro BOJASHOrG mapa,
BO3;yXa MJH HHepTHOro rasa (asora). MHoraa norepaBiinii akTHBHOCTE
ajcopGeHT nojHoC1bio 3aMendior. [Ipn ouncrke Bo31yXa OT Madjbix
KOJHYECTB TOKCHUHBIX BemectB (2—5-107 06.%) u npu nesonopaniu
BO3/1yXa NPHMEHNIOT YCTAHOBKH, COCTOALIHE H3 AUEeK €O CMeHHbIMH
nepOpHPOBAHHBLIMH  NTATPONAMH ¢  aKTHBHPOBaHHbIM yraes. Cpok
cay#06bl TAKHX NaTPOHOB MCUHC/AAETCA MOAAMH W TMocJe Ae3aKkTHBAaILHH
HX y1aadl0T, a HHOTJla pereHepHpyIoT.

Han6Gonee nepcrnekTuseH HenpephBHbIN uHKAMUECKIH rpomece
a;1copOLLHOHHOIT OUHCTKH Tas30B, KOTOPbil MOXCHO OCYIIECTBJSATL B KO-
JOHHAX € JABIDKYIIIMCH HJH B3BelUeHHBbIM (KHOAUIHM) ailcopOeHTOM,
WHPKYMNPYIOMIM  Mex1y aicopbepom 11 pereneparopoMm. OcHoBHoe
npedM) LlecTBo ajacopbilHoHHOrO crnocofa OYHCTKH Aa30B — BO3MOK-
HOCcTh 06pabarbiBaTh OTHOCHTETLHO HeGOMBUIMM KOJHYECTBOM ajcop-
Oenra orpoMunie 06hLEML ra3os, JAOCTHTAaf NPII 3TOM BBLICOKOI CTefleHH
OUYHCTKII. 3TO MPCHMYIIECTBO 06YC/A0BNEHO BLICOKOH NOrJMOTHTENLHOM
CMoCOOHOCTBLIO TPOMHILLJIEHHBIX COpGEeHTOB laxe NpH HHU3KMX nap-
LHAJBHBIX 1dBJIeHHAX, H3BJleKaeMmbix npumeced. ITosromy mertos oco-
OeHHO neaecoobpasen 118 yaaneHHs npumeceii, cozepikaniixcs B Ma-
JAbIX KOHUEHTpAamusX, HanpuMep, AJ8 TOHKOH OYHCTKII OT OpraHuue-
CKHX CEepHHCTBIX €OellHeHWil, NapoB pPTYTH, Ne30A0palii [a30B.
Bouibiuoe npomsiineHHOe 3HAYEHHE [MEET TAKIKe a1copOIlia I H3 rases
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lapoB OpraHHuyecKHX PacTBOPHTENIeH Ha aKTHBHPOBaHHOM yrae, ofja-
AaiwouieM BEICOKOH [‘]35LIP3TEJ’IBHOCTI)IO [0 OTHOUIEeHHIY K OPTanNYCCKHM
COeNMHeHHsAM, DTOT TpollecC IIHPOKO TIPUMEHHeTCH 1/ H3BJeUeHHs
H3 OTXOAfUMX ra30B H PeKynepallH OpPraHHYeCKUX pacTBOPHTE]eil.

Henocrarkn ancopOiluOHHBIX CTIOCOOOB Ia300UHCTKH 3aK./JH0YaIoTCs
npexie Bcero B TNEPHOAHYHOCTH TMpolecca, HH3KON 3(peKTUBHOCTH
PEaKTOPOB NEpPHOAINUECKOro JeHCTBHA, a TAaK:Ke B BBICOKOI CTOHMOCTH
perenepauuu ajcopGentoB. HenpepuBHuil cnoco6 aj1copO6iioHHOI
OYHCTKH TIa30B YCTPaHdAeT 3TH He10CTaTKH, HO A/ Hero Tpeﬁ}'IOT‘Cﬂ
BLICOKONPOYHbIC COpOEHTH, KOTOphie A GOMbUIHHCTBA TPOIECCOB eflle
He pa3palboraHsnl.

Kartanurnyeckas oyHCTKAa Ta30B OCHOBAaHA Ha
KaTaJHTHUYCCKHX peaKnudx, B pe3y.Jabrarte KOTOpHIX Haxolsinecs
B Tase Bpe/Hble NpHMECH NpeBpaulaloTes B Apyrue coepuuenus. Ta-
KHM 06[]2130]‘-'1, B OTVIHYHE OT PDACCMOTPCHHBIX NPHEMOB KaTajlHUTHUYECKHE
MET01bl 3aK/II0YAIOTCS He B M3BJCUEHHH TOKCHUHBIX NpHMeceil H3 raso-
BOrO TIOTOKA, a B IIPeBpauleHil WX B COeHHEHMH, TPHCYTCTBHE KOTO-
PbIX JOMYCTHMO B aTtMocdepe, HAH B COCAHHEHMS, CPABHUTENBHO JIETKO
yiansemble u3 rasa. Ilpu stom TpefyiorcA AOMOJHHTENbHBIE CTAIHH
OYJHCTKH —aﬁcopﬁuuﬁ KHIAKOCTAMH WU TBCP,TbIMH aﬂcopﬁemamn.
,H.HH OYHCTKH Tra30B IMpHMEHACTCS TIOYTH HCKJ/JKYHTEIbLHO reTeporen-
HBIH KaTaJH3 Ha TBePAMX Kartaausartopax {(cm. u. I, ra. VI). Haudo:ee
pacrpocTpaneH crnocol KaTaJHTHUECKOro OKHCJIeHHs TOKCHYHLIX opra-
HHYECKHX TpHMecell W OKHCH YrJepoja TNpH_HH3KHX TemnepaTtypax,
T. €. 6e3 rnojorpesa OyHUlAeMOro rasa (HaM Bo3nyxXa). Karamurnuyeckas
OUHCTKA OT BPEJHLIX OKHCAOB H CEPHUCTHIX COEIHHEHHil NMPOH3BOAHTCH
TaK:Ke HX THApHpOBaHUEeM; TaK, MeToloM 3blpaTesHOro Karasisa
rugpupyior CO po CH, u H,O, okucast azora ao N, u H,O u ap.

OcHoBHOE JOCTOHHCTBO KaTaJHTHUECKHX [PHEMOB — BO3MOMKHOCTB
JIOCTHIKCHHA uype3Bhbiyaiio BbLICOKON CTEMNCHH OUYHCTKM rasa — HHOraa
a0 99,9%. IlpenenbHoe ocraTouHoe cozep)KaHue TpHMeceld B rase
MocJe KATaJHTHUECKOH OYHCTKH ofnpenenaeTcda B OCHOBHOM YC/IOBHIMH
paBHOBecHsl peakiuil. B npomeiuneHHnix yeaopuax (rpu 100—500° C)
KOHCTAHTH pABHOBECHA peakuuil, Ha KOTOPLIX OCHOBAaHA OYHCTKA,
00BpuHO BeCbMa BeJAHKH H peakilHH npaxkTHuecku neoGpatumel. [los-
TOMY OCTATOUHOE cO/ep:kaHie TOKCHYHBIX NMpHMeceill B rase, Kak Ipa-
BHJIO, MaJo H He mnpesbluaer ITIK.

He,locramx KaTaJHTHUYECKOH OYHCTKH —oﬁpasonarme HOBBLIX Be-
[ILCCTB, KOTOpble HHOTJa HeoOXoaHMO yaalfATh H3 rasa abcopO-
HHOHHBIMII HJAH aﬂCOpﬁLLl‘IOHHbIMI{ METOJ aMH, 310 3HAYHTEILHO CHH-
XKaet obuit skonomuueckuii adepekt oyneTkH. Buibop TOro A HHOroO
METOJla OYHCTKH OT TOKCHYHBLIX Fa30B H NapOB MPOU3BOAHTCH C YUETOM
KOHKpEeTHHX VCJIOBHI [poH3BOJCTBA. IJKOHOMHYHOCTH OYMCTKH BO3-
pacraer MpH HCHOAB3OBAHHH OTXOJO0B IMPOH3BOJACTBAa B KayeCTBC OYH-
CTHBIX peareHToB (abcopleHTa, apcopbeHTa, KaTtalnsaropa), a TaKime
IpH pereHepaiiy UEHHbIX BellecTB H3 OTXOASIUIHX Tra30B, Halpumep
pexynepauud napos OeH3WHa HJM APYTLX pacTBOpuTenefi, perexepa-
WHI PTYTH H APYFHX MeTa/anoB u T. . Kak 1npaBusio, KOHUEHTpauHH
npuMeceil B NPOMBIILEHHBIX BLIXJIONAX Majbl, a 00beMbl O4HLaeMblX
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razoB BEJHKH, MO3TOMY AJs HX OOpaGOTKH COOPYKAOT C/IOMKHLIE H
rpoOMO3JIKHe OYHCTHBIC YCTAaHCBKH, KOTOpble MMOKa elle HeJ0CTaToYyHO
penTabesbHbL,

Kaxapiili H3 paccMOTpeHHBIX cllocof0B OUHCTKI! CBA3aH ¢ 60/bLIIHMH
3arparami. Uem Buill€ 3ajativas CTell€Hb OUHCTKH, OTlIpepeasemMast
CaHHTAPHLIMH HOpMaMHu, TeMm GoJjee rpomosjika ycraHoska. Hanpumep,
B MPOH3BOACTBE a3CTHOH KHCJOThI JAJd TOTO, gTO06Bl CHH3HUTh cojiep-
aHHe okHesoB asora ot 0,25 o 0,05 06.% BoaHo#l abcopbunelt B Gatu-
HAX ¢ Hacagko# (npn P = 3,5.10°5 —4.10° H/™®), T.e. nopeicuth
crenenb abcopbunn or 97,5 jno 99,5%, HeoOXOAMMO BABOE YBENHYHTH
cObem abcopbepos. JlonycrHmas XKe CaHUTapHBIMU HOpMaMH KOHIEHTpa-
uua NO B Bozjyxe He fo/ukHa npesbimartsh 0,1 Mr/mM® 1, enepcsarensio,
/I ec NOCTHXKEeHHA HeoGxoaumo npuMeHelue Haubosee 3pdeKTHBHBLIX
crnocofoB yaaneHnda OKHC/JIOB a3oTa H3 OTXOoJAmHX ra3oB, HanpHmep
Katanutudeckolt odncerku, Karanuruueckoe ruapupoBaHHe * OKHC/IOB
a30Ta NO3BOJIAET JOCTHTHYTb OCTATOYHOTO HX CoAep:aHud B rase
nopsiaka 0,001 06.%, uro yike 6ansko k I[IJIK. OpHako mpumeneHie
YCTaHOBKM KaTaJHTHYeCKOTO ruapHposanns Ha 10—I12% ysennun-
BaeT ce06eCTOMMOCTh a30THOH KHCJOTHL. JII060# npouecc OYHCTKH Ta3oB
BLIUTPBLIBAET BO BCEX OTHOLUIEHHSAX, B TOM YHC/JI€ H B 3KOHOMHYHOCTH,
TNPH NPOBEEHNH OYHCTKH B PEaKTOpaxX HempepniBHOrO AeficTBHA H HH-
TEHCHBHOTO peKiMa, HanpiMmep npH aGcopOUNHM B MEHHLIX Ta3omnpo-
MbIBaTeNfAX, cCKpyOGepax BeutypH, npu ascopbuyi H KaranH3e B peak-
Topax ¢ ABHXKYIIMMCH WJIH B3BelUeHHHIM cJoeM afcopbeHTa MM Ka-
Ta/u3aropa.

Jl1st cpaBHenHst METOJZOB OMHCTKH M HX TeXHOIKOHOMHYECKHX IOKasaTegell pac-
CMOTDHM H3BJeuenHe H3 ra3oB cepoBoAopojaa. [I1A OUMCTKH OT 3ToH TOKCHUHOH NpH-
MecH TpHMEeHATCeS abcopGuHOMHBIA, agcopOUNMOHHLI H KATaAMTHYecKHi cnocofbi.
AGcopbumonnbiit cnocof ouncTkd of HyS pacTeopamu 3TAHONAMHHOB WAH MbIlIbS-
KOBO-COJIOBBIM PACTBOPOM NPHMEHAIOT B MPOH3BO/ICTBE BOAOPO/IA AMA CHHTE3a aMMuaxa.
Jas oyncTKe BHXJAONHBIX ra3oB oT HyS npumensaioT urorjga Gosee JeweBble pacTBOPL
KapBoHATOB MEAOMHLIX METAMIOB, aMMHAKA, CYCTIeH3HH IHAPOOKHCH KaJabLusd, THAPO-
okucu xenesa (111) B cojgorom pacTBOpe (ene3ocofoBulii pactsop) u ap. Bo seex
MeTofaXx B MuJAKoH (ase NpOTeKalOT Peakuuu, MOBHILIAIOUHME CKOPOCTh lipounecca H
crenent u3pBMedenuss H,oS. OtpaGoTanubie MOMNOTHTe/NbHbIE PAcTBOPhi HEOGXOAHMO
perenepHpoBaTh BO H36eKanie HOBLIX HCTOUHHKOB 3arpasHeHHs BojgoemoB. Bee ab-
COpPGUMOHHLIE OUHCTHTEIBHLIC YCTAHOBKH, COCTOALULME U3 Gawek ¢ HacaKkoH, padoTaioT
npu uu3kHX Temnepatypax 20—30° C u aTmocdepHOM WM NOBLILIEHHOM AaBJCHHH
(10 30 ar). Xemocop6uus CONPOBOKIACTCS AECOPOUHOMHBIMH CTATHAMH PereHepauHu
NOrJIOTHTEILHBIX PACTBOPOB (NPH MArpeBe WAH IePeronke B BAKYYME C BuieJeHHEM
60/1¢¢ KOHUEHTPHPOBAiHOTO CEPOBOAOPOAA, HAYIIETO WA [POH3BOACTBO CEPHOI KH-
coTh). [Tpu cONOBO-MBILBAKOBOM crocofe MPOAYKTH pereHepagul — cepa M THO-
cyasat warpua. [punounuanbHas cxeMma MEUUBSKOBO-COAOBOIl OMHCTKH ra3oB OT
cepoBojopoja mpefcraBjdena uwa puc. 116.

Hna cyxoit copfuuy cepoBOAOPOAa H3 OTXOAAIUKX TA30B Ualle BCEro NPHMEHTIOT
OYHCTHBIE MACCHl HA OCHOBE OKHCJIOB Xe/e3a, UHHKA, MenH, maprauua. B nmocaegune
TOBt INA 3TOTO HAYadu NPUMEHATh cHuTeTHYeCKHe ueoauTH. [Torgouenne H,S ouuct-
HbIMH MaccamMH M pereHepauusi afcopfeHTOB — MpPOUECchl, COMPOBOMKAAIOMIHECS XH-
MHUYECKHMHM peakuusamu. Hanpumep, IpH ouncTKe OKMCHOMeNe3HOA Maccoil AKTHBHBIM
KOMNOHEHTOM MOrJOTHTESt CAYMHT FHAPOOKHCH Medesza:

2Fe(OH); + 3H,S =Fe,S4 - 6H,0 4 Q
Perenepauus ouncTholl Macchl OCYULECTBASETCA NEPHOJHYECKH MPOAYBKOI CMeChHI0
BO3/lyXa H BOAsIHOTO Napa:

9FegSy+ 30, - 6H,0 = 4Fe(OH); -+ 6S
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Puc. 116, Tlpunuunuaisian cxema abeopOunoHuoil (MBILEAKO-
BO-COJI0BO#1) OUHCTKH Ta30B OT CepoBoI0Po/a:

I — aGeopbep ¢ Hacafkoli; 2 — nogorperatens pacTBopa; 3 — perexe-

patop; 4 — cenapatop:

AYXogyBKd; /0 -— Hacoc
reHepauuio;

5 — clopiuk
7 — Gyukep Aaa OTQHALTPOBAHNON Cephl
/' — raz na ouHCTKY;
11} — cepuas nena;
peredepupoBanu kil noraoTHTeasr bl pacTEop,;

AKOBO-cOLOBRI pacTBOp.

cepHOit neHw; 6 — duaLTp,
& — aBTokJaE; ¥ — BO3-
1l — pactBop HA pe-

V — moagyx; VI —
V1l — cBemuit MbILb-
VIl — ouynmeHuuit ras

1V — cepa;

BeayT oumcTky B MHOronofouHWX fawHaX — ajgcopfepaX, Ha MOAKAX KOTOpPHX
HAXOAATCA cJIOH ouderHOH Macch. B nocieinue rogu BHeAPsAeTeA UMKAHUECKHH Opo-

nece HenpepbiBHOH BBICOKOTEMMe-
patypHoii OuHCcTKH BO B3BelleH-
HOM CJ0e OKHCMOB edeza WaH
maprauila;, B oumilaemuii ras jo-
GaBnsieTcst KHCOPOA BO3AYXA H
coflepAcaHue cepnLi B aacopfeHre
nojaep:HBaercss ua yposue 10%
HeMPEePHBHONH ero UHPKYJAmHei
uepe3 ajcoplep u peremeparop
(em. u. I, puc. 116). B Henoasux-
HOM €1Oe OYHCTHON Macehl OUHCTKA
npousBouTea npu 256—30°C, a
BO B3BEWEHHOM CJl0€ OKHCI0B —
npu 300—400° C, 6naaronaps uemy
Pe3KO BO3PACTAET CKOPOCTh XHMH-
HeCKHX peaxu#i.

Ouncrtka razoB or H,S na
CHHTETHUECKHX LOeOAHTAX OCHOBA-
Ha Ha QU3HYecKOH aacopOuHi.
Ona Benetca npu 20—25° wu
3-10° H/m® B ycTanoBKe u3 ue-
CKOMIbKHX GaweH ¢ HAacajKoH U3
afcopGenta. Perenepausio norio-
THTENAS D[pou3BopaT npH 300—
350° C necopGuueii H,S B TOKE
HHEPTHOTO Tasa, Wau rasa, cojep-
wamero SO,. B nocaegtiem cayqae
fGaarojapa  KaTaauTHuUecKOMY Jeil-
CTBHIO HEOJIHTA OGPasyoTesa maphi
CepH, KOTOPHE  KOHAEHCHPYIOT.

Puc. 117, Cxema KaTaJHTHYECKOIl OUHCTKH ra-
3a OT CepoBOALPOA BO B3BelllEHHOM Clloe aK-
. THBHPOBAHHOTO ) IIS;

!/ — UHKJOH-NBLACYAOBHTEA, 2 — PEAKTOp BiBe-
weHHoro ciaos; 4 — GYiHKep ¢ nurareieM; 4 — cy-
WHABHEA KaMepa, 5 — 3JesBarop; 6 — peakTop npo-
MEIBKH yras (Week);, 7 — PeanToP 3KCTPaKdHH CePH
(wrek-pactBopuTens). | — ras Ha ouderky: I —
BO3AYX ¢ AoGaBKoil aMmMuara; ff/—pacteop {Nli;],sn
iwa peredepaunw; [V — pactrop: (NH.)S: V —
perepepupoBanitil  yroae, VI — ceewuil yroins;
VIl — oudmennwil ras; VII/] — npoMunHele BOABI

Cpean KaTanHTHYECKHX CNOCOGOB H3Baeuenns u3 Trasa H,S u ApPYyrHX CepHHCTHIX
coeguuennii Haubodee HapecTHo okmenenne HsS mo peaxuun

H,8 40,50, =H:0+54-Q
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Texnonornucckue noxasarenu crocofoe oqzcrxn rasoB ot H,S
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B NPHCYTCTBHH KAaTalH3aTOPa AKTHBHPOBAHWOTO YIIsl. AKTHBAaTOPOM STOl KaTanuT-
HECKOH peaKiliii_c/yxaT BOASHOH Map W aMmuak, Ro0aBisieMblil K OYHIAaeMOMY rasy
(oxono 0,2 r/m%) “Tlpouece BeAyT B NOJOUHBIX PeakTopax BuIFECHElls 663 Ten1000MeH-
HEX ycTpoiiers (em. T. I, pHC. 100). AXTHBHOCTb KATaJIH3aTOPA NafaeT ¢ 3anodHenien
NOBEPXHOCTHHIX MOP cepofi, W Koraa Macca ee pocturaer 70—80% ot macce yras,
KaTalnHu3aTop pereHepHpyIOT NpoMuIBKOH pacTsopoM cyibbuaa ammonnda. IpomeisHoi
pacTBop noaMcyab(HUAA aMMOHHA Pa3naralT OCTPLIM NapoM C NOJY4YeHHeM MKHIKOi
cepbi. OnHAKO AKTHBMPOBAHHLIA YrONb CO BpeMeHeM Jle3akTHBHPYETCS H3-3a OTJO-
KeHHA CMOJHCTLIX BEUIECTB W er0 NPHXOIHTCA 3aMeHsITh. TemnepaTtypa agcopGumni
He JoMKHA IpeBuaTh 50° C, Tak kax nponece 3x3oTepmuuen. KaramiTHdeckyio oun-
¢TKy oT H,S MOKHO ycoBeplIeHCTBOBATh, NPOBOAS OKHCJENHe HeNPEePLIBHO BO B3Be-
WEeHHOM CJ10€ aKTHBHPOBAHHOIO Yrias c HE"[]Q[]LIBHOH era IJETE]I(‘IJE]I].H(‘I] El"lﬂI'UIlﬂpﬂ
BLICOKOI CKOPOCTH OTBOJA TerJia U3 B3BeIUeHHOTD ¢J0s HauvadbHaa KOHUCHTpALHA HqS
ne JumMuTHposana. ITpodssoauTensbHocTh peaktopa BigewenHoro ciost B 6—8 pas
BLILIE, 4YyeM MpH OYHCTKE B HENOABHM(HOM CJ0€e, H COOTBeTCTBEHHO MeHbLIE raGapnTu
peaxkTopa, BO3MOXKHA NOJIHAA apTOMaTH3IauHua npouecca. CxeMa KaTaJlHTHYECKOTO OKHC-
qgenus HyS Bo B3bewleHHOM cjioe aKTUBUPOBAHHOTO YIS NpuHBCIcHa Ha puc. 117.
HexkoToprie TexsHosiordueckue NoKa3aTeId ONHCAHHLIX METOLOB OYMCTKH rasos oT H,S
npuBeAeHu B Tadn. 22,

CpaBHeHlle TOKa3biBaeT; 4YTO CyXHe crnocoGu — COpGIIHOHHLIA H
KaTaJHTHuYecKlii — obecneurdBaior GoJgee BbICOKYIK) CTeleHb OYHCTKH
or H,S npi MeHBIIMX pacXoAHbIX Ko3pdHIHEHTaX.

3. NPHMEPHbBIA PACHET PEAKTOPA ANA FTA3B00YHCTHH

B KayecTBe npumepa pacyeTa MacCOOOMEHHOTO peakTtopa AT
OYHCTKH ra3oBLIX BHIX.JIOMOB OT BPEIHLIX TNMPHMeceil HIKe pacCMOTpeH
TIPUHILHN pacyeTa MeHHOro ra3ornpoMbiBaTents, paoTaiouiero mpH pe-
HHME, 6IU3KOM K [MOJHOMY CMEeLueH1o. Peamop 3TOTO THIIA MOKET
CAYXMHUTh 15 OYHCTKH Ta30B OT a3poso.ef, rasoofpasHLiX M Napoob-
pasHblx BpeAHpIX NpuMeceli. B nociaennem ciyyae MpUMEHSIIOT MHOrO-
TI0JIOYHBEe MNeHHBle annaparul. Pacuer m060ro MHOTONOJOYHOTO all-
napaTta CBOJHMTCH K Ompejenenuio HeoOXOAHMOH TOBEPXHOCTH Macco-
ofmeHa H TpeGyeMOro uucaa NoJoK. 3TH BeJHYHHLI MOKHO pacCyuTaTh
0 HM3BECTHLIM 3HAueHIsIM Kos(duuHeHTa Maccollepeiadn &, HJIH
K. T, . O/iHOW MOJKH anmapara 1. 3HaueHus k, u 1 onpelensiorcs
JKCMepHMEHTaAbHO VI pa3/HYHBIX CHCTEM B 3aBUHCHMOCTH OT THIApPO-
JAHHaMHYEeCKHX yCJIOBliﬁ npotecca " (pHZSHKO*XI-‘]MH‘{(’CKHX xapaxrepu-
cTuK cHucrembl. Hekortopsie KputepuanbHble ypaBHEHHs, IpHMeHseMble
s onpenenesus k, u 1, npHBelcHn B 4. I

Odurnit nopAnoK pacyeta:

1. ITpou3asoanTes BeIGOp CKOPOCTH ra3a B MOJHOM cedeHuil annapara. [Tpu atom
clelveT yuHTLIBATE 10NyCcTHMBI Ananason we oT 1 10 3 M/c ¥ B Bo3MOomIILIC OTKAOHE-
HHA OT pﬂCQeTIIOi‘I CKOPOCTH rasa npu KoaefaHuax pr‘]CXO,‘la Tasa Bo BpeMa 2Kcil1ya-
TalMK annapara, YTodul He BHUITH 3a npelensl Kputhueckux ckopocteit. [las npouec-
coB adcopOuHli XOpOWO pACTBOPHMBIX ra3oB JAyuue NpUGIHKATLCR K BEPXHEMY
npeaesy CKOpPOCTH Tas3a, a 1/s adcopGuHH IJ0X0 pacTBOPUMbLIX FA30B ~- K HHXKHEMY.

2. Onpenenenue MJIOUaIH M pasMepoB ceueHus annapata. [lnomais ceuyenns
annaparta (B M%) paBha

S=Vw, (XI1.2)

* B HOBBIX THNAX NMeHHBIX aNNapaToB ¢ WIAPOBOii HACAAKOM CKOpOCTh Ta3a MOKET

6T loBedexa do 5 mlc.
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rae V. — pacxoa rasa, noctynaioutero B atcopGep npu paGouux yeaosuax, m/c.
Maxcimanbuas noowafe cedeHHs ORHOrO annapara onpenelsieTcd BO3MOMKHOCTbIO
paBHOMEpHOrO paclipesedenun rasa. [as ofHoNoJo4YHLIX annaparoB ¢ 3TOH TOYKH
3peHHST MakCHMaJlbHAf VIOUALb ceuelds oObiuHO 5—7 M2,

3. Pacuer gonH4ecTBa nojaBaeMoi Ha pelIeTKY #IIKOCTH I1POH3BOAHTCS Pas/IHYHO
B 3aBHCHMOCTH OT ycaoBuil paGoTui M nasHaueHHs annapara. Bo scex cayuyaax neo6-
XOIHMO COCTA4BHTL Marepualbhblii 6GajaHc IeHHoro annapara.

4. Pacuer xonuuecTsa NosioK NPOH3BOJIMTCS 110 H3BECTHOMY 3HadeHHIO Kosdipu-
LIHeHTa Maccolepefauu ky HaH K. 1. 4. 1. Onpejenenue 3THX BeJHYHH [PUBEIeHO
B oq4. I, ra. IT w V. OGumas nopepxuocTe Macconepenayu

F=G/(ACphyT), (X1.3)

rne AC., — cpennss pswkywas cuaa maccoriepenaun (em. 4. I, ra. II); G — obutee
KoJMHuecTBo BellecTBa, nepelakuoe W3 ofHoil ¢ase B APYTryo (YJ10BAEHHOS B NEHHOM
annapare). Koauyectso Mosok NeHHOro annapara n

n=F/S, (X1.4)

rae S — nopepXnocTh OaHOH Moikd. UHCIO NOJOK MOXKHO onpefenutb (HIH 1pose-
PHTL) NO oOWleMy K. II. 1. annapara 1 H K. [I. . OfHOH IIOJKH T, 00 YPaBHEHHIO
lg (1 —mn)
n=— A_.,Tl_ (X1.5)
lg U _Tln)

5 OnpepeneHue HUTEHCHBHOCTH NMOTOKA JKUAKOCTH W BHICOTH CAHBHOrO fopora.
Bricota cjios nenwl Ha pelleTke NMCHHOrO PeakTopa 3aBHCHT OT CKOPOCTH rasa, HHTEeH-
CHBHOCTH [OTOKA MKHAKOCTH H BHICOTH CJHBHOrO nopora. HHTeHcHBHOCTb NoToka
Auakoerd (M3/u- M) onpepensiercs no dopmyde

i=LJb, (X1.6)

rne L — pacxop xuakoctH, M%/u; b — wHpHHA canBroro otBepctds, M. Ilupuna
CJAHBHOTO OTBEPCTHA NPH KPYIJIOM CEYEHHM anfapata ofblYHO paBHAa AjHHE AYTH
cersMeHTa ¢ Xoploil, coctasasioitei oxono 1/3 anamerpa. Onpenesus { W 3Has Wy,
paccutiTHIBAIOT BRHICOTY HCXOAHOIO CJ0sI AMAKOCTH fiy no dopmyde

hy = H /(806 - w)%) (XL.7)

Gopmyna (X1.7) npumennva ans cueremsl Boja — Bo3ayX. as ocranbublX cHeTeM
onpeeNAloT fi, Mo IMMHPHYSCKIM YypagHeUHsIM THa

H=a-w, (kg b) -+ chy, (X1.8)
rae @, b ¥ ¢ — KOHCTaHTHl, XapaKTepH3ylouiue (u3HYecKue CBOHCTBA MKUIKOCTH.
Hanpumep

a b c

And Bogbl . .. ... .. .. .063 0015 200
ads pacteopos NayCOg . . .040 0,063 1,80
414 pacrsopos Hp,SO; . .. .070 0,012 1,75
ans pacteopos NaOH . .. .0,25 0,100 2,00

Bricotry cnuBHoro mopora fi, (M) onpegensiior no dopmye
H (s —he-®)
Ao '

hy= (X1.9)

rae hc- BLICOTA HCXOIHOTO CJOoA KHIKOCTH Hajp rlopomm
= (3,154 0,005) /2. (XI.10)

Tpu onpenenennn fi, u i, no dopuynam (X1.7) u (X1.9) 3a1aiotcs sendylHofi BhiCoTh
neuw H. .

6. BblGop THTA PEIICTKH, T. € AHaMeTPa oTBepCTHs d, H 1iala Mex Iy HX HenTpaH,
m. CiiepBa 13 KOUCTPYKTHBHLIX coofpasennii pu6HpaoT hopMy orseperuii. [upuny
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wedeil d,, nau HAMETP KPYIHBIX OTBEPCTHH d, 0GBIMHO NPHHUMAIOT B npexenax dy, =
= 3—4 MM, d, = 4—6 mMmM. 3aTen, NpHHHMASA CKOPOCTh 'a3a B OTBEPCTHAX peLIeTKI
B npenenax w, = 6—13 m/c, paccuuTbiBaioT cBoGOaHOE CeueHHe pelleTKH S, (B npo-
UeHTax) no copmyae

Soz(wr : loo}f(wu * (P}v (X[l]}

rre(p — prHollende nepGopHpoBaHHOil NJIOUATH PELIETKH K [IOWALH ceYeHus  anmna-
ata. O6HLYHO MPH BHEUHHX [epeNHBHLIX ycTpoficTBax ¢ == 0,9—0,95, Tak Kak
—10% ceuenHs 3aHHMAIOT ONOPH pelleTkH H HenephOpUpOBaHHas ee 4acTh Y Iepe-
qupa. [lanee BLIMHCASIOT LAl MKy UCHTpaMH OTBEPCTHH pelleTKH i 1o (opmyde
m=d, g—l (X1.12)

0

H MpOU3BOASAT PA3METKY OTBEPCTHH MO PAaBHOCTOPOHHEMY TPEYTOJIbHHKY.

7. Ofwee rHapaBJHyYecKoe CONPOTHBJEHHE NEHHOro annapaTta (MM BOZ. CT)
pasHo

Aposu=n (Ap1+Apa) +Aps, (X1.13)

Te 1 — UMCJIO [OJAOK NEeHHOro annapara; Ap, — ConpoTHBJIeHHEe CcyXoil pellleTku,
MM BOJ. CT.; Ap, — cOnpoTHBIEHHE cJIOfA MeHbl HA PELIeTKe, MM BOA. €T.; Aps — cymM-
MapHoe ConpoTHBJEHHe BXOJa, BhXona rasa, a Takimke OpmarcoTGolinukos; Apy coc-
TasasieT npumepHo 20 MM Bog. cr. ConpoTHBIEHHE PELIeTKH TolulHHoil 4—7 MM pac-
CUHTHIBaeTCH 10 (OpMyJe

@

Ap =150 e (X1.14)

ATy » 2g N :
Tae P, — MIOTHOCTh Tas3a, Kr/m¥, w, — CKOpoCTb Ta3a B OTBEpCTHSX pemeTku, § —
yeKOpenHe cuibl TamkectH. IlpH yBenHYeHHH HAW YMEHBLUEHHH TOJUIHHK PEIUeTKH

ee colpoTuBleHHe ypeanyusaerca B 1,2—1,7 pasa. ConpoTtusienie ¢los neub onpe-
AeNAIT N0 IMIHPHueckol dopmyJe

Aps=0,850 - py 4+ 15, (XI.15)

TAe Py — NJOTHOCTH 3KHAKOCTH, Kr/mP.

4, CTOYHLIE BO1bl MPOMBILLNEHHEIX NPEANPUATHA M METOIbI
HUX OYMTTHM

ITpoMmuilueHHHe CTOYHLIE BOAL MOMKHO KIAaCCHQULHPOBAThE IO
MX TIPOUCXO:KAEHHIO, T. €. TIO OTPACAAM TIPOMLIIUIEHHOCTH, cOpackIBalo-
LU(HX MX B BOOEMLI, a TaKse T10 coctapy. B Taba. 23 ykasaHuul orpaciu
TIPOMBLILLIEHHOCTH, B CTOKAaX KOTOPLIX cofiep:uTcs Haubosbliiee KoJH-
YeCTBO ONACHLIX TOKCHUYIILIX TIpHMeceil. J[lonycTHMble CaHHTapHLIMA
HOpPMaMH KOHIEHTpalHuH TOKCIYHLIX BellecTB B crouHHX Boaax (I1IK)
cocragasior (mr/am®): seopranuueckue€ kucaors (H,S0,, HNO,;, HCI)
okono 30; ¢enon 0,002; emoasr 20—50; mepkamnraHsl 2—D5; cepogo-
qopor 1—3; pryre 0,005; "Hadrenosuie kucaors 0,3 w 1. a. Oanako
H B TAKHX MalbiX KOJHUYECTBaX, KOTOpLIE AOTYCKAlOT CaHHTapHBIE HOP-
MBI, TOKCIIYHLIE BellecTBa Hefe3oNacHbl A8 KHBOH TPHPOALL.
Bansinie CTOYHLIX BOJ Ha BOJOEMEL OHPGAEHHETCB COCTaBOM H ql]’IBH-
Ko-xuMHuecKIMH cpoficTBami npumeceil. Tlo 3ToMy npH3HAaKy cTOYHLIE
BO/ILI MOMKHO pasiie/idTh Ha jiBe TPYNNLI a) Cojep:kaljHe HeopraHu-
yecKHe [I]JHMECH, B TOM 4HC]Ie ]'!pIIMCCld, 06.‘13,‘13EOLLLHC CHEIIH(I)II'-]ECK[{]\-IH
TOKCHYECKIIMII cBolicTBaMH; 0) cojepialiHe opraHHyeckue IpHMecH,
B TOM yHcC/1e ToKCHyHble. K IlepBoii IpyIHie OTHOCATCH CTOYHLIE BOALI
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Tabauwuma 22
OCHDBHHC TOKCHYHBIE npmuecu B ﬂpDMHm.ﬂCHHHX CTOYHBRIX EOAAX

IpoucxoxaeHHe CTOMHBIX BOX OcHoBHBIE TIPHMECH
Hegregobripaioman u uedrenepe- | Hedrn, nebrenpoaykrthl, HadpTeHOBhE KHCIOTHI,
pabaThiBaoLLa s MpoMbILL 1€ H- MephanTaHel, (geHoasl, CepoBoaopol
HOCTh .

KDI\CDX]{MH‘-]E(_"KBF[ I'lp(‘]\‘[l)llll.'lt‘ﬂ— (DEHO.,"IIJ, ]'[le'[l[H}ICIBH(:‘ OCHOBAHHA, CM0JbL,
HOCTh yI'J'.iEBU,‘J,DpD,’Il.I‘ 'zKI‘llexIE KHCA0TE, aMMHak
Ile.n.10.103H0-6y MaAKHaA JIHTHOCYILPOHOBHIC  KHC 10TH,  MEpPKaNTaHkbl,

CyIb(HTR, CMHPTHL,  AJBIETHAB,  KeTOHbI,
OpraHHuYecKHe BIBECH )
ARuaHO-Kpacoynasn Heopranunyeckne knciote (HNQy, — H,S50y),
]Il‘lTp(‘lC‘G(‘,’llﬂlEHHH, dMHHEI, (‘})(‘IIO']bI, K[JBCH-
TETH -
I'[pomﬂo,qcrso CHHTSTHUECKOTO Cnnprl-.{, yrJeBO10poabl, adbaeTHAH, KeTOHbL
Kayuyka
X.lopHast MpOMBILLIEHHOCTh XAJ0p, Xloplikl, PTYTh

COT0BBIX, CEepHOKHCIOTHBIX, a30THOTYKOBBIX, METANJYPruyeCKux 3aBo-
o8, oGoratutenbHuiX (abpuk M ap. OCHOBHBI MPHMECH CTOYHLIX
BOA: KHCJAOTHI, LIEeTOYH, COJMH, CEPHHCThIE COeTHHEHHA, MOHbI TAMKENbIX
MEeTaqaJa0B 4 T. 4. Bausuue stux H]JHMECEﬁ Ha BOIOEMBI 33aK./JH0YyaeTcs
B YBeJqWYeHHH COJep>KaHHUS cosell, H3MeHeHUH CBOHUCTB BOIb — ee
npo3payHoCTH, 1Bera, 3amnaxa, Bkyca, pH, wectkocTi; B OTpaB/ieHHH
AMHBBIX OPFEHHBMOB, OTJIO;KEeHHH Ha JHe HepacTBOPHMBIX 0OCA471KOB,
T. €. B 33COpPeHHH BOJ0OEMOB.

CroyHsie BOALI BTOPOH Tpynnbl C6pachBAlOT 3aBOAH HefreXHMH-
yecKoii, KOKCOXHMMYECKOH, 1LeNTI0M03H0-6yMaX<HOH NpOMBIIIJIEHHOCTH,
OprafivyecKoro CHHTe3a H MHorue Jpyrue. 38F]JF!3HHEOU_[HE BeLILeCTBA
3THX CTOKOB 0COGO BpelHbl 478 *HBOH npupoin. Mx Bpeinoe pausHue
Ha BOLOEMBI 11 pa}?[OHl;i. rpaiuyauive ¢ BOJOeMaMH, BeCbMa ]JBSH()Oﬁ-
pasHo. 11 6OAbLIINHCTBA 3THX OpPraHMYeCKHX MpHMeced XapaKTepHh
OKHCJIHTeNbHbIE TIPOIecChl, Ha KOTOpble PAacXo/1yeTcss pacTBOpeHHBI
B BOjE KHCJAOPO1. ITO MPHUBOAUT K AeDUIIUTY KHCA0poaa, HeohX01HMoro
I CYLLeCTBOBAaHH A MHBLIX OPTaHII3MOB B BO/loeMax. HOBTOM}' B Tipak-
THKe BOJOOYMCTKH B KayeCTBe I.1aBHOIC ITOKa3artenad EKI](']:EKTHBHOCTH
OYMCTKHM MPHHAT [10KA3alesb, XapakTepH3yiomuil colepxkaHue B CTOY-
HBIX BOL4X OpTraHHYeCKHX BellCCTs, croco6HuIX K pas3JgomeHH0 i OKHC-
JAeHuo, — Groxnmuyeckoe norpebietnie kucnopoia BITK. IMo1 BIIK
[OHMMAIOT KOJHMYeCTBO KHCaopoaa B ML/ (uiau B r/m®), Koropoe norio-
LIAIOT H3 BOJLI HECTOHKHE OpraHHueckHe IIpHMECH B OlpelefeHHbli
OTPe30K BpeMeHIl. B 3aBucHMOCTH OT BpeMeHl, 3a KOTopoe onpeien T
BIIK, pasauuator, sHanpumep, BIIK, (oiHoauesuoe), BIIK; (nsaru-
nuestoe) u, Hakosen, DBIIK,, = BIIK, (noasoe). OGLYHO pACCUHTHI-
BaloT norpedacHue Kucaopojaa #Ha b cyrok (BIIK;) u npusumator, yto
pacrna;j opraHHyecKoro BeUIeCTBA B BOT10eMe MOJHOCTHBIO 3aKOHYHICH,
Korna BITK; cHu:kaercst 10 2 Mr/J, T.-e. JOCTHIaeT BeJTHYHHBI, XapakK-
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TepUsylouieli uncTylo NpHpoAHylo Boay. Ilocrynienue opramuyeckuy
npuMeceli Hapyluaer cocTaB BOIbl W HOPMAa/bHBIA pexuM Bojoema,
NPUBOAUT K «IBETEHHIO» BO/bl, a HHOrAAa K MAacCOBOM rubesiu BOJopoc-
Jefl W 3arps3HeHHI0 Bojoema. HauGoidee onacHel A7s BCEro :xHBOro
ANOBHTLIE opraHqucKue BeuecTBa: (p(‘.HOJ’IbI, CMOJILI, MepKanTaHbl,
cepoBojiopol W Ap. VX rmonajanuve B BO10oeMbl BeleT K OTPaB/JeHHI0
BOJbI, HEMPHIOAHOCTH €e /IS NHTbH, XO03AHCTBEHHO-GLITOBBIX HYKI
HaceJgeHuda B BOAOINOA CcKoOTa.

3arpsA3sHeHHe BOJIOEMOB HAHOCHT GOJBINOI MaTepHa/bHbI ylept
MHOTHM OTpAaC/AM [1aPONHOro X034iCTBa H y rpoXKaer JehUIIHTOM YHCTOH
nuTHeBOH BoAbl HezocTaToK NHTBEBOH BOALI HAYAJ OULYILIATLCH TAKhe
H3-33 OrpOMHOro mnorpcOieHHs MPECcHOH BOIbl [POMBIILIEHHOCTbIO.
Haubonee paauka/bHbIA MyTh OXpalbl BO10EMOB OT HCTOLICHUS H 3a-
rpA3HEHIA — 3T0 pe3Koe YMEHbIUEHHE o0neMa UpOMb[Il‘I.}IEHHb[X CTOY-
HbIX BOJ BILIOTH J0 MOJHOW HX JHKBHI1AIlHH HA OCHOBE ITHKJAHYECKHX
NpOILECCOB. MakciMa/JbHO 3KOHOMHOoE pacxojloBaHue BOJB B [IpOH3-
BOACIBE TO3BOJUT COKpaTHTb 0OBheM CTOYHBIX BOJ, MoOJHAA HX JUHKBH-
JallMg 4 MHHHMAJbBHOE T]O’]‘peGJIEHHe cBexeh BOJAbI BO3MOXHO JHIUb
co3laHueM 6eccTOYHBIX TpoleccoB, paboTalMX 110 3aMKHYTOMY 1IHKJY.
OnbiT NTPOCKTHPOBAHKS TAKOr0 pojAa 1IPOH3BOICTE OKA3al, YTO MOMUMO
BCEX OCTaJbHLIX [PEeHMYLLIeCTB 3aMKHYTbI 1HKA BOAOCHAOKeHIA ewle
H MHOrO 3KOHOMMYHEE OTKPbLITOH CXeMbl CO cOpOCOM H OYHCTKOH CTOYHBIX
BOJ.
B Hacrosuiee BpeMsi B POMBIU/ICHHOCTH CTAAH WHPOKO NPHMeHA1b
0060poTHOe 1 MHOTOKpATHOE HCIIOMb30BaHHe CTOYHBIX BOJ [0 pPALY CXe:
a) BO3BpalCHHE CTOYHBIX BOj MOCJ€ OYHCTKH B TOT e npoiiecc; 6) He-
NoJb30BAHHE CTOYHBLIX BOJ [MOCJde 3aBeplieHHHs OJHOH CTalHH «— B
nocaenyoueit cragud NpOU3BOACTEA; B) HCMOJIb30BaHHE CTOYHLIX BOI
nocjle HX OYHCTKH A/ Pa3HbIX TEXHOJOTHYECKHX MpOIleccoB M JpYLHX
Hy>x1. Bo3MoxHBLI M jIpyrHe HalpaBJeHHs yMeHblUeHHs o0beMa HJH
HCKIOYeHHs cOpoca CTOYHBIX BOJA — HX [OJHOE HCHapeHue, CIyck
0co00 3arpA3HeHHLIX CTOKOB B IeOJIOTHYECKH W30JHpOBaHHLIC I1aCThI,
peryaipoBaHde CGpOCa CTOKOB JIpH INMOMOLIH CrellHalbHbIX eMKoCTed —
HaKonurenell, UrpawoHX OJlHOBPEMEeHHO poJb OYHCTHOTO COOpYKeHHs
it Ap. BropeiM nyrem oxpaHsl BOJI0eMOB sfiBAAeTCH pa3palorKa Halex-
HbIX METOTOB OYHMCTKH CTOoyHbiX Boa. B CCCP yaeasercss Goabluoe
BHHMAaHHe COOpy}KC]]HI{J OYNCTHBIX }’CTpOﬁCTB H paBpaﬁorKe HOBBIX
MeTO/J10B OYHCTKH MNPOMBIIIVIEHHBIX CTOKOB. I—[pIIMGHHEMI)IE B [IpOMBILU-
JIEHHOCTH METOIbl OYHCTKH CTOYHLIX BOJ ONpene.1damTCH 0o0bheMaMH CTO-
KhOB: KOJHYeCTBOM, JAHCIEpCHOCTBIDO H COCTaBOM HpHMECE[:I. BBHJ}’
MHOTOYHCJIEHHOCTH TpHMeceH W HMX CJI0KHOrO COCTaBa, KakK IpaBHJIO,
MeToAbl OYHCTKH MPHMEHAITCA KOMILTEKCHO.

CyutecTBytouHe crnocofbl OYUCTKH CTOYHBIX BOJ 10 HX OCHOBHOMY
HpHHU,Hl'I)’ MOMHO pa3JeilThb Ha CAeAyoUHE I‘p}"HHb[: 1) MexXaHHYEeCKHE;
2) dusMKo-XUMHyecKue; 3) xuUMHyecKue; 4) GHoXuMUuecKHe M D) Tep-
MHYeCKHe,

MexaHHyecKHe MeTo A bl BKIWYAOT OTCTAHBaHHE, PHIABT-
palHio H OCBeTJIeHHE CTOYHLIX BOA. DTOT Haubojee JOCTY NHLIA MeTol
CAYKHL ISl YAaJeHHs KpYNHOAUCNEepCHHIX B3peced M OObIYHO MpHMe-
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HEeTesl B KauecTBe Meppoit crajuu B oOUeH TeXHOJOrHYECKOH cxeMme
ouucTKH. JIs 3TUX onepaiuii MpUMEHSIOT THNOBoe o6opyaoBaHue
MeXaHHYeCKOH OYUCTKH MKUaKocTel: OTCTOHHUKH, cuTa, QUILTPHL ¥ Ap.

K pH3uKOoO-XUHMHUYECKHM cNMocobaM OUHCTKH CTOY-
HbIX BOJA CleayeT OTHECTH (WIOTAlMI0 MENKOAMCIepCHLIX B3pecei, HX
KOAryJsiliii0 1pH MOMOLH KOaryJastHTOB H (NIOKYJISHTOB, aicopOuuio
pacTBOPeHHbIX MpUMecell (Ha aKTHBHDOBAHHOM Yyrie, 3o7e, Wiakax),
SKCTPaKIHIO HX PACTBOPUTENsIMH, OTTOHKY C BOJSIHEIM 11apoM, HOHO-
obmeH u T. 1. OJ0OTAINI0 TOHKUX B3BECEH M MX KOoaryJasiui yame oT-
HOCAT K MeXaHWuecKoH OYHCTKE, XOTsS OHH OCHOBaHLI HA (DHBHKO-XH'
Migeckux nporeccax (eM. u. I, ra. VII). D1u onepauuu, a tarke Gpuabt-
pailldio NPpOH3BOAAT HENOCPEACTBEHHO [IoC/ie YjaJieHHst KPYHNHLIX B3iBe-
ceit mpueMamy rpyGoH MeXaHHYeCKON OUMCTKH.

DusnKo-xuMHyecKe MeToAbl TpeGylT jJOPOrHX peareHTOB M CpaB-
HUTeNbHO CNoXHOM annaparype.. Mx nenecooGpa3sno npumMeHsaTb riaas-
HbIM 06]3':130]\& JIA OYHCTKH MHOTOKOMITOHEHTHEIX CTOUHLIX BOJ OT He-
GOJbIIHX KOMHYECTB TOKCHUHLIX BeectB. Tak, ajicopOiliio Ha aKTH-
BHPOBAHHOM YyIVIe WJIH HOHOOOMeH MPUMEHSIOT A1 W3BJAEUEHHs MEIH,
[HHKa, HUKEeNsl, CBHMHLUA W3 CTOYHBIX BOJA [BeTHON Merandypruu. [Jas
3TOr0 NPUMEHSIOT HOHOOOMEeH B KaTHOHHTOBOM ¢uabTtpe (cM. 4. I, puc.
131). ®enoau U3BIEKAIOT U3 CTOYHBIX BOJ 3KCTPAKIlMel MHHEepanbHbIMH
MacaaMH, GeH30/10M, YeTLIPEeXX/JIOPHCTHIM YTJIepojoM, a4 TaKyKe OTTOHKOH
BOJIAHbIM NapOM C MOCAEAYIOUIHM TponycKaHueM MapoB 4epes pacTBop
NaOH pns perenepaiiiy LeHHOro BeniecTsa B Buje ¢eHOMHITOB HATPUS.

XHMHYECKHEe MEeTO bl OCHOBAaHH Ha ofpa3oBaHuM He-
TOKCHYHLIX NPOAYKTOB B pe3ynbTaTe 00paGoTKH CTOYHBLIX BOJA XHMH-
YeCKHMH peareHTaMu M I1POTEKaHHs PA3THUHBLIX peakiui HelTpanu-
3aIMH, KOHJEeHCAllMH, OKHCIeHHsl, BOCCTAHOBJIEHHS. DTOT MeTojl CBS-
33H ¢ GOJBLWIHMH PacXOAHbLIMH KO3dxDHIMEHTAMH MO peareHraM 4 Be-
JleT K 00pa30BaHMI0 HOBHIX COeJMHEeHMi, KOTopble XOTSl H He TOKCHYHHI,
HO B CBOIO Oyepejlb 3acopsloT BogoeMul. B aroil rpynne cnenyer Buize-
JUTh  XJopHpoBaHHe — 06paGoOTKY CTOYHBIX BOJA XJOPOM HJH €ro
KHCJTO]JO}J.HI—:IMH COeIHHEHH SIMH, 3’1‘0’]" l'[pI‘IEM JacTo IIPHNIEHHETCH AJ51
Jle3HH(EeKIIMY CTOYHLIX BOA, MX Je30/l0paliH, YHHYTOMEHHS TIpHOKOB
W JPYTHX BpEAHBIX OpPraHH3MOB, 00e3BpEXXKHBAHHSI IMAHUCTBLIX COEH-
HeHHH W np.

HauGonee nepcieKTHBHLIMU W HAZIEXKHLIMH CII0COOAMH OYHCTKH [1PO-
MLILIJIEHHHX CTOKOB CJ1YXKAT GHOXMMHYECKas ¥ TepMHyecKas OYMCTKa.

BuoxuMuyecKas OYHCTEKa MpUMEHAETCH B OCHOBHOM
JUIS1 CTOYHHX BOJ, COjepAKaUMX opraHHyeCckKye MpuMecH, Kak caMoCcTos-
TeNLHLIH Npollece U B KoMIyeKce ¢ ApyruMH MetopaMi. CyurHocts 6HO-
XHMHYECKOH OUYHCTKH COCTOMT B pa3spylI€HHH OpraHHYeCKuX H HeKo-
TOpLIX HEOPraHHYeCKHX 3arpsA3HeHH# C NoMouiblo ocolbIX KYJIbTYp —
MHKpOOPraHu3MoB. B pe3yabrare OKHCIUTENbHBIX OGHOXMMHUYECKHX
peaxkuMid opraHuyeCKHe COeJIHHEHHs (A TaKke HeopraHHYecKHe Cyilb-
(HABL U COTH AMMOHMS) NpeBpalaoTcsl B Ge3BpeliHbie NPoTyKTH OKHC-
JICHHA: BOAY, JABYOKCHChb YyIJepoja, HHTpar- i cyabbhaT-uoHB H Ap.
C nomousto GaKTepuil MOXKHO JOCTATOYHO [MOMHO OKHCAMTH GOJbLIHH-
CTBO OpPraHHYeCKHX MpUMeced MPH HeGOJAbLIOH WX KOHIEHTPalHH B
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MpOMBbIlIieHHbIX CTOKaX. IlpejenbHO ponyciuMas KoHUeHTpauus ge-
LeCTB, MOCTYNAIOWMX Ha OMOXHMHUYECKYIO OouyucTKy (r/m®) opranmuye-
CKHX KHMCJIOT (MacasiHas, akpuaopas) 100—b500; cnuproB u 3dupos
300—500, wonoB meraanos (Zn, Ni, Cr) 1—10; ¢penona 1000. Heno-
CTAaTOK GHOXHMHYECKOH OUYHCTKM — MaJlafd CKOPOCTh OKHCIHTeJbHBIX
MPOLECCOB, B Pe3yJbTaTe Yero AJs HX 3aBeplleHuss HeoGXonuMbl 601b-
lHe obbeMbl annapatyphl.

CywecTByloT 1Ba npHeMa OGHOXHMHYECKOH OUMCTKH: MPH JOCTYIie
Kucjaopoaa (aspobHbi) M B OTCYTCTBHE KHMCJIopona (aHaspoOHBIH).
Haubonee yHHBepcaseH W LINPOKO paclpocTpaHeH aspobHLIH METOof,
obecnieyuBaloHil Goee BBICOKYIO CKOPOCTh HPOLECCOR M O3B0 STIOLIH
JIOCTHTHYTL MaKCHMaJLIIOH NeCTPYKuHH H OBGC3BPCIKHBAHHS TIpHMECEl.
AuaspofbHbii  MeTOj HpHMe-
HseTCA KaK nepBas CTYIeHb
6HOXHMHYECKOH OYHMCTKH
CTOYHBIX BOJI C BLICOKOH KOH-
LEHTpauHed OpraHHYeCKHX
BElEeCTB. Y MeHblUeHHe HX
koHuentpauuu B 10—20 pas
Ha nepBoil CTYMeHH co3jnaer
6naronpuATHEIE YCIOBHA 419
nocaenytouies aspobHOH OYH-
CTKH. Puc. 118, Cxema Guonorudeckoro ¢uibtpa ¢

BHOXHMH‘ICCK)HO OYHCIKY BpAlLAIOIUMCS pa3Gpbl3arHBaTeiem’
MPOM3BOACTBEHHLIX (a Tak- /1 — pasamna? Tapamaiomufica pasGpusrisatens

Yy T HHe cTou
e 6bITOBb]X) CTOYHBIX BOI HBIX BOZ Wa oyMcThy, [/ — BHOyCh OUHUEHHOrQ
ITPOU3BOAAT HA 10751X QUABT- cToxa
pauu¥ (creyHanbHO [MOATO-
TOBJTEHHbIE 3eMeJbHbIE YYacTKH), B OHOMOrHYECKHX Tpyaax (Kackaubl
HCKYCCTBEHHBIX BOJOEMOB), OGHOMUILTPAX H asporeHKax. HauGoiee
pacnpocTpaHeHbl H MNepCHeKTHBHbl GHOGUIBTPE H aspoTeHKH. bBuo-
¢unbTphl (puc. 118) — xene3o6eTonHble pe3epByaphi C AbIPYATBIM JHH-
111eM, 3aMoJHeHHbIe HACANKOM H 3ace/leHHble MUKPOOPTaHU3MaMH, KOTOpLie
0o6pasyloT Ha MOBEPXHOCTH HACajKH TakK HasbiBaeMylw Ouosoruyec-
Kyto rieHKy. CTOyHLIe BOZbI [1OAAIOTCs1 B annapar yepe3 pacnpesienu-
TeNbHO® YCTPOHCTBO (HAanpHMep, BPAaAOULUACs OPOCHTENb), o0ecney -
Balollee paBHOMEDHOE OpOlUeHHE HacajKH, GUALTPYIOTCH yepe3 HacankKy,
KOHTAaKTHPY#A ¢ OGHOIVIEHKOH Ha ee 1oBepXHOCTH. Bo3pyx uiau nojaercs
1107, JbIPYaToe AHHLIE BEHTUJIATOPOM, WJIH HCMOJAb3YeTCs eCTeCTBeHHas
aspauus, Oofee 3sKoHomHuHasi. [lpuHyAauTenbHas 10faya BO3]yXa
MpUMeHseTCs MpH BLICOTe HacaakH Gonee 2 M WM 1pH HeoGXOnHMOCTH
necopbuun Gonbiunx komuyects CO,. B KayecTBe Hacajku NpuUMeHs-
FOTCS MOPHCTHIE H TPOYHbBIE MaTepualbl: LIMIAKH, UefeHb, raabKa, KoKc,
Kepam3uT, 6J0KH u3 maactMacc, BuodHALTPH HMelOT Kpyrioe ceye-
HHe, AHaMeTp UX cocraBaseT oT 6 10 30 M H COOTBETCTBEHHO NPOH3BO-
autenpHocts 0T 1000 no 40 000 M3/cyT oyuwiaeMblXx CTOKOB, D(beKTHB-
HOCTb AeHCTBHS GHO(PMIBTPA 3aBHCHT OT ero Harpysku no BIIK *,

* Harpyaka no BITK swipamaercs B r/mM? Ha 1 M? GHounbrpa.
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BLICOTHI HACa/lhH, €€ IpPaHyJOMETPHYECKOro COCTaBa, paBHOMEPHOCTH
pacnpeeseHiisi CTOYHBIX BOJ i BO31YXa B C10€ HacaAku u T, M. OGbiyHO
ocratoynuiii BITK nocne Guoduabrpos cocrasaser 10—25 r/m® (npn
BIIK nepen oyucrkoit 150—1500 r/v®). Ha puc. 119 npusenena cxema
yCTAHOBKH OHODUAbTPA € pa3iaiyHpIMH HanpaBJeHHAMH pelUHpKYJif-
ILHH CTOYHOH Boxbl. PenHpkyJ/siiug Heo6xoauMa anas 6o/ee HHTEHCHB-
HOTO BbIMbIBaHHA OTPalOTaHHOH TJEeHKH (TIPOAYK1OB pasJoxkeHis)
C MOBEPXHOCTH HACAAKH (HUIBTpA.

HauGosnee yro6uniMu B 3KCIUIyataniu, CpaBHUTENbHO JTErKO yNIpaB-
JifeMbIMH COOp Y KeHHAMH GHOXHMHUYECKOIT OUMCTKH CJYXKaT a3pOTeHKH.
Aspanuonnsie Gacceiinn — kesiesoberoutble pesepsyapbl (m1HHa 30—
100 M, wpuna 3—I10 M, Bricora 3—5H M), B KOTODbE HENPEPLIBHO

nojiaeTcs H paBHOMEpPHO pacrpe-
4 J aensercs Bo3lyx. Mus aucnepru-
*—*L 2 pOBAaHHA BO31yXa CJays»aT pas-
! S X JuyHLe yCcTpolcTBa — nepdopu-
posaHHble (PpHIbTPOCTHEIE) TIIACTH-
_ T \r Hbl, Ablpuartbie TPYOKH, (opcyH-
14 KM, a3paTopbl CO CHLEMHBIMH jJH}-
= _ ¢y3opaMH U3 TIOPHCTOrO MJ1aCTHKA
'] 4 u ap. IlepemerunBanue (a3 10CTH-
- raercy MHOIAa MeXaHHYeCKHMH
Puc. 119. Cxema ycTaHOBKH Guosorude-  criocoGamil npH MOMOLLH MEILasoK,
CKOro (bmlmpacunpgmmmeu CIOMHBIX 4 Takske pAsJHulibIM  HAnpasJie-
[ — mepemans Dit‘;mlm_ 5 nacdey,  [THEM IBIJKEHHS H Da3HBIMH MeCTa-
3 — GHODILILTD, 4 — BlOpHuHBIH  oTCTON MH BBO/la TIOTOKOB KHAKOCTH. He-
e {1 ]_‘f'c;"j‘f,{;ePfgf.;:ﬁ“‘;}j“;ﬁ:?,:;f’"‘;“_" TOYHHKOM GHOXHMHYECKOrO OKHC-
CTOYHBIE EORBI TNOCJAE OYHCTKH JeHsa Baap()'reukecﬂy;xnr KAKTHUB-
HbIH HJI», 1. €. CKOIIEHHE a3pO0HbIX
OakTepHil B BHE XJONbEB, O6pas3yIOUIHXCA TIPH CMEIIeHHH KYJbTYpbl
GanTepuii ¢ ounuiaeMoii crounoli BoAOH. AKTHBHEIH Wi coxpaHsiercs
B annapare BO B3BEIIEHHOM COCTOAHMH. MHTeHCHBHAA Npo1yBKa CTOY-
HbIX BOJl BO3ZAYXOM co37aeT G/aronpHATHbIE YCJIOBHA LA Pa3BHTHS
GoablIoro Kosanyectsa Gakrephii, o6pasylolliX XJ10Mbs WJa, KOTOpble
afcopONPYIOT pacCTROPEHHbIE 1 KOJJOHAHLIE NIPUMECH H pasJ/araior ux.
YcranoBkH GHOXHMHYECKOH OYHCTKH OOBIYHO COCTOAT H3 psja CoeaH-
HeHHBIX Meu1y coboi aspoOTeHKoB, a TaKikKe H3 CMecHTeseli, OTCToii-
HHKOB H JIpyIHX annapatos, oO0€CleyuBafoUUX TIPOIecChl OYHCTKH,
UHPKY/SIHH peareH10B W pereHepanHd akTHBHOIQ HJA.

CoBpeMenHasi cxeMma JABYXCT)NeHYaToll OHMOXHMHYECKOH OYHCTKH
CTOYHBIX BOJ B aspoTeHKaX Nokasawa ua puc. 120. Takoro poja ycra-
HOBKH HMMEIOT TPOH3BOHTEIbHOCT MO C1OyHOH Boje 1eCATKH — COTHH
M3/cyT 1 ofecrieyHBalOT BHICOKYIO crenenb oudctkH 1o BITK. Tak, npu
JBYXCTYIEHYaTOH O4HCTKE B a3pOTEHKAX CTOKOB IIPOM3BOJICTBA CHHTe-
tHyeckuX ciupTtos BIIK cnmkaercs or 800 no 15 r/m®, npoussoncTea
derona u anerona—or 1100 xgo 10 r/m*, cunTernyeckoro Kayyyka—or
430 no 20 r/m®, nedrenepepabarbiBatomux 3asojaos — ot 800 10 20 r/m®.

CymHOCTD TepMHYyecKoro cnocofa ofesspexi-
BAaHUS CTOYHBLIX BOJ 3aK/M0yaercd B TNOJHOM OKHCIEHHH TIpH BHICOKOH
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TeMneparype (C:KHraHMH) TOKCHYHLIX NPHMeCei ¢ MoJyyeHHeM HEeToK-
CHYHBIX ra3000pa3HbiX NMPO1YyKTOB FOPeHHs K TBep1oro ocrarka. [lpu

== J
= o E—
!
= -
The C
——————— -

Pic. 120 Cxema 1syxcTymeHuatoit YCTAHOBKM OUHMCTKH CTOYHHIX BOJ B A3POTCHKAX:

3 — a’poTeHKH peaktopbl [ — CTOUHBIE BORH

I — a’pOTeHK CMecHTETb 2 — OTITOMHHK
Ha ouHcTKY, [J] — ounulennste ctouksie sogw, F/! — aktueawti wn | etynenu, fV — akTus-
weift ua 11 crynenn, V — HAOBITOYMBIH AWTHBHSI 117

3ITOM HEO@\'O,ILHMO HCNAPATL OrpOMHLIE KOJHYeCTBa BOJALI, YTO CBfA3aHO
¢ GOJILUIHMH PacXOAHBIMH KO3(p)HILMEHTAMH 110 TOILTHBY, Napy, 3MeKTpo-"

]

3 —

/ _ /.

_T 7 g —-n—-_”, 7

- —— = -
yir 4 =3

I el Y
EaitaNe
I

Puc. 121 Cxema yCTaHOBKH 15 MOKPOIO CAHTAHHA CYIbGHT-
HBX LIETOKOB.

I — TenaoodMedHHK, 2 — Hacoc T — pEAKTOD “MOFpPOro CHHIaHe:,
4 — cenapatop § - CrYCTHTeAL, & — neperpesartetis, 7 — Typbuua,
! — cyisbutHee wesowa, fI —

& — xoMmmnpeccop, 9 — rexepartop,

naporasosaf cumecwk, J/I — Boagyx,

xonAwHi ras3, VI — crounsle Boaw 6Gea
VIl — nongcucat

IV — cwarnil roaayx, V — or-
OpraHiyeckHX Npuecen,

sHeprun 1 ¢ 6oasimiMH oGbemamil annapatos. JlocronHerBO Me10ia —
B ero yHHBEPCAJIBHOCTH, T. €. B M0OJHOM 00€3BpeKHBAHUHK TIOGKIX NPo-
MbIlIVICHHLIX cToKoB. OcoGeHHO 1eaecoofpa3Ho NpliMeHeHHne TepMuye-

CKOro Merola 1ja CTOKOB, COACp:KAULiiX 3HAYHTEJbHBIE KOJHYECTBA
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MEUIOJ[ET}FI{HX opraﬂnqe(:]mx BELIeCTB, Hallpumep OTpaﬁoTaHHbiX CYab-
DUTHBIX [ICJOKOB LEJION03HOr0 MPOH3BOICTBa, coaep:kammX 6—=8%
OpraHHYeCKHX BeuecTB. B Takoro pojaa ycraHoBKax CroyHas Boja
CYKHT «TOIJIHBOM?, TIPH CaHIAHRH KOTOPOT'O JOCTHIAeTCsl H3BECTHLIH
3KOHOMHYecKHH 3¢deKT, Hanpumep BbipaG0oTKa BTOPHYHOrO napa.
yCTaHOBKa AJ3 MOKpPOTO CKHraHHA CTOKOB BKJ/KQUAET THIIOBYIO alliapa-
Typy — TOIIKH paBJIHLIHI-:IX THINOB, ABTOKJAABLI, TGU..’IOOGMGHHHKH, cena-
paTopel, UHKJIOHBI H Ap.

Ha puc. 121 nokasaHa npHHUMNIHANbHAS CXEMa MOKPOro CxKHIaHHA
0TpaGOTAHHBIX CYJAb(HUTHBIX [1ETOKOB MPOH3BOACTBA LENI0n036. [o-
pAyMi oTpadoraHHusil weloK nojgorpesaercs 10 150° B TenoobmeHtnKe
TENJOM OTXOJASLUIHX ra30oB H HartHeraeTcd B peaKTop THINA aBTOKJJA4BAa.
IMpu 270—300° u 10" H/M® B peakTope NPOHCXOAHT NMOJHOE OKUC/EHHE
OpraHHYecKux BewiecTB uienoka 1o ol H CO,. 'a3oxuaKocTHAsR cMech
pasaensercsa B cenapatope. CroyHas Boja, He cojlep:Kalias OpraHu-
YeCKHX TNpUMeceii, npoiis TelIooOMCHHHKH (Ha cXeMe He MOKa3aHbl),
CG]JEle]BaETCH HIH HCITOJIb3yeTCH. Haporasoaaﬂ CMeCh BRICOKOro HAaB-
JeHus, Mpoiiag leperpeparteni, jaeT sHeprui TYpOHHAM, KOMIIpecco-
paM H ApYyruM MalidHaM [Heaai0a03H0ro upoussoncwa, llplfI‘{EM HCIOMb-
3yercs Takxxe H oTpabGoTaHHblil (MATEI) nMap. B HacTosiuiee BpeMsa yante
BCEro CyJb(MUTHBIC 11e0Ka nepepabaThiBaloT HA CTHPTHL H APYTHE IIpo-
AVKTHI, @ CTOKH HanpapasioT Ha GHOXMMHUeCKoe OKHedqeHKe. B rabn. 24
NpHBENEHO CpaBHEHWE METOJIOB OYMCTKH CTOYHBIX BOJ.

Tataouua 24

3ddexkTHBHOCTE PA3NUYHBIX METONOB OYMCTKU CTOYHBIX BOJ

Creneds ounctH, % CrouMocTh
IKCIaYaTanuH
M OYHCTHOT O
eTof OUHCTKH OT pacTBOpeH- COOpYHeHHn
OT B3Be- HBIY no BITIK OA% OYHCTHH
cen BEILECTH 1 M3 pogHl, KOII.
Mexauudeckuit . . . . ... ... 60--80 -— 30—40 —
DHIHKO-XAMHUSCKHIT:
Koaryiasuis u ¢aorauus . . .| 80—85 - 40--50 —-
HoHoOOMeHHasi apcopBuus . . 90 — a0—175 2025
OTFOHKa C BOASHBEIM TapoM . . — 90 —93* e -
BroxuMHuecKHii:
B GHOPHILTPAX . . . . . ., .. 90 — 80—90 1 . 46
B a3pOTEHKAX . . . .+ v . . . a0 — 90- 97 4—6
* Ilpu ouncrie or deHoaOB,

CpaBHeHHe MOKa3kBaeT sABHOE NPEeUMyLeCTBO OHOXHMHYECCKHX Me-
TOJ0B, 0COGEHHO B KayecTBe 3aBepLIAoueH CTYMEHH OYHCTKH CTOYHBIX
Bo/. B Ta6n. 24 He BK/IIOUEH TepMHYECKHI METOJ, TO3BOAAOMHI Toa-
HOCTBIO JIHKBHIHPOBATL CTOKH. ITOT crocof 1MoKa HelocTaTOYHO KO-
HOMHYCH, 0COGeHHO TpH 60IbIIHX o6beMax CToyHbIX Bojl. Kpome Toro,
€ro NpUMCHCHHE JAHMHTHPYETCA COCTAaBOM CTOYHBIX BOJ.
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5. MPMMEPHBIN PACHET PEAKTOPA-ASPOTEHKA NS OYHCTKH
CTOYHbIX BOA

INpexie yem ONpeieuTb pa3MepLi aspoTeHKa, MepHoi aspa-
UK W pacxo] CXKaToro BO3AYXa, TPeGyeTCs 3HaTh 3aJaHHYI0 CTENeHb
OUHCTKHM CTOUHBIX BOjl, BHIOPATb METOJ OYHCTKH H THI OYHCTHBIX CO-
opy:xenuit. ast onpenenennsa Heo6XoAUMOro oGbeMa a3pOTEHKA HYHKHO
pacnojarath JAaHHLEIMH O CKOPOCTAX OHOXHMHYECKHX TIPOIECCOB, a
TaKkKe O CKOpOCTSIX Terno- H Macconepeiauu. I[locnenoBarensHocTb
pacyera asporenka MoxKeT ObITbh IpelcTaBieHa B CJAeIYIOUEM BHJE:

1) onpegenenue pacdeTHHIX NapamMeTpoB OYHCTHOH CTaHUMII pac-
XO/la CTOYHLIX BOJ, KOHIEHTPAUHH 3arpa3uenuii, paBHoMepHOCTH MTOCTY -
naeHus 1o BpeMeHH; 2) omnpelenenne HeoOXOAHMON CTeNeHH OYHCTKH
CTOYHHIX BOJ; 3) BLIOOp MeTOJa OYMCTKH M THIIA OYHCTHBIX COOpYIKEHHH;
4) omnpeleneHiie OCHOBHLIX pa3MepoB a’poTeHKa H JApYTHX anapaToB
B 3aBHCHMOCTH OT 3ajaHHLIX VCJOBHI.

OcHoBHEIE pacyeTHLIC MapaMmeTpsl OYHCTHOH CTAHIHH OOHIYHO 3a-
JAailoTes, T, €, pacxoj TMpPOH3BOACTBEHHBIX CTOYHBEIX BOJ, COJIEprKaHHe
B HHX pa3jHyHBLIX MNpHMecel, paBHOMEPHOCTL NOCTYILIEHHS CTOKOB,
Kak TMpaBHJo, H3BECTHBHL. 3aTeM IpPOH3BORHTCA oOlpereleHHe HeolOxo-
JHMOH CTeleHH OYMCTKH CTOYHLIX BOA. JTta BeJHYHHa onpejefsercs
B COOTBETCTBHH C CaHHTApHHMU TpeGoBaHUSMH K YCJOBHAM CIIyCKa
CTOYHBIX BOJ B BOJOEMEL.

B ofuiem Biie cooTHOIIEHHe MeXKLY HeOGXONHMON CTENeHbIO OUHCTKH H CAHHTap-
HEIMH TpeGOBAHHAMH BhIparkaercs GopMyJoi

Corlex+Cl -a=<(al 4 Lex) - Cp. om (XL.16)

rie Cop — KOMIEHTpALUHSA 2arPA3HEHHS CTOUYNEIX BOA, NP KOTOPOH OHM MOTYT GBITh
CINYUeHBl B BOAOEM Ges Hapyuenusa CAHUTAPHBIX TpEéOBHHl‘ll"[, 1',1’31; C,_p -_ EDHHEIITPHHIIH
3TOTO JKe BHJA 3arPA3HEHHA B BO/e BOJ0EMA BhILIE MeCTa BEIMYCKa cToKa, r/M*; Cyp 1on—
npefesbHo J0ONYCTUMas KOHUGHTPAUHA 3arpAsHenyil B Boje BofoeMma, r/m®; L — pac-
X0 BOALl B BONOeME B MaJOBOAHHH Mecan, m¥/c; L., — pacueTnwlii pacxoll cTOuHLIX
BOA, M¥/c; @ — KoadxpuHeHT cMeweHHs, KOTOpLIi onpeleseT 4acTb pacxofa Boau L,
CMELIHBAOULYIOCH €O CTOuHBIMH Bofamu. KoadxpuumenT cMmelwleHHsA ONpelesisaiT 1o
dopmyie
-
I “F {

“:"—",-,7'_ N (XI.I?)
—ayd
14e ¥
rie | — paccTosiHde OT CUycKa CTOKOB 10 pacueTHoro ¢TBopa no dapparepy, M; ¢ —
Ko3hhHUHERT, YYHTLIBAIOWHI FHAPABJIHYECKHEe (DAKTOPHI CMELUeHHST,

3
a=gt f—': (X1.18)
=“CT

E — koadxpUHENT H3BHANCTOCTH, PABHLII OTHOWERHIO pacCTOAHUA OT MecTa BEITYCKA
CTOUHBIX BOA JI0 pacueTHoro crsopa no ¢apeatepy (I} K pacCTOAHMIO OT MecTa BLHINYCKa
CTOMHBIX BO/ IO PacdeTHOro creopa no npamoil (f;p); & = 1 Ans GeperoBoro Brnycka
u t = 1,5 ana Buinycka B dapsarep pexu; Dy — koaddpunuent TypOynenthoi andgdy-
3HH JUiA DaBHHHHBIX pex;

wcle‘p
=g (XI.19)
Wep — CPEAHAS CKOPOCTH TeueHHS] HA PACUCTHOM YYacTKe PeKH, M/c; Hp — cpelnss

riyGuHa peKH, M.
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Hasnee onpelensioT KPaTHOCTL 93363[”[8}{!195 nonepen NyHK1OM BOJOMOJB3IOBAHRA

al4-Les

n= .
L(‘T

(X1.20)
Heofxonumas crenenb OUMCTKH X MOMKET GbITh onpelelieHa Mo CAEIVIOUIHM f0Ka3aTe-
JIIM: @) Mo B3BeleHHLIM BellecTBaM, 6) no nontomy BITK crountix Box w Boawt noioeva
(BITK,), B) mo pacTBopeHHOMY B BoNle BOJoeMa KHCAOPOLY, I) 1Mo ofnecaHuTapHOMY
noxkasaresio, 1) Mo TeMmmepartype Bofoema H e) mo pH Bozoema.

MMpesenbro gomycTHMOE CaHHTAPHBIMH HOPMavi Colepikaliie B3BelCHHHX Be-
ECTB B CTOUHLIX BOJAX, CNYCKAaeMBIX B BOJOEM, m OnNpefeiseTcs no gopmy.ie

/ al

=C; f 1 --Cy, (X1.21)
rre C, — AONycTHMOe Cofepranue B3BCIICHHLIX BEUIECTB B BOJOEME MOC/IE CNycKa
CTOY HbIX Box, r/mM®; Cy — HauaJLHOE COfepHKaHNe B3BCIICHHEX BEIIECTB B BOJe BOT0EMA
Jo cnycKa CTouHEX Bom, r/M3. CTeneHb OUHCTKH MO B3BelLICHHLIM BELECTBAM COITaBJsier
Ci—m
x=—t——0 .00 (X1.22)
(‘ L
. H
rie CI( —_ KOHHEII‘TpauHﬂ B3BelUeHHBIX BEWEeCcTE A0 OYyHCTKH nocje, CINyCKd CTOYHBIX
Bol, /M.
Konuenrpanus sarpsiznenuii B croynsix pogax no BITK xapakrepusyercsa ypas-
HEHHeM

al C
Co=—""-——"7——\Cy qon— Cpr" 10— #%pTy 0 "‘EE_., (X1.23)
Ly Loy - 10 koot ( op. aon p ) ! lo—kp‘[

’ M - r “

rae Cer — BTIK,, ounmennolt crounoll Boast, r/v3; Cp — BTIK peunoil Bogs! 10 mecTa

BLINYCKA CTOUHBIX BOX, r/M% ke, Ry, — KowcTaHTa cKopocTh noTpefieHnst KHCIOpofa

CTOYHOI H peyHoll BogoH (onpc,':enﬂ HOTCHA SKCNEPUMEHTANIBHO); T — MPOJOJKHTENBHOCT

I'I(‘QEMELI.IE]IHH BoIE OT MecCTa BRINYCKA CTOUHLIX HOI[ Ao an—!eT[lOI‘D CTBOpa CYT,

np zon— Npeaesbno ponyerumasn BIIK,, cmecn peunoit u crounoit somer, r/m®. OGeiuno

= C' = (Cy U GHOXHMHYECKas MOTPeSHOCTL B KHCIOPOKE cMeCH PEUHON H CTOuHOI
BDI[hl CucTaB.rlﬂET

Cp=C,, - 10~ &7, (X1.24)

r r - -
rae Ot — ponycrumasn BITK, r/m®; €, — BIIK;, emecn peunoii 4 cTounofl Bogk B MecTe
BHMIYCKA CTOMHBIX Box, /M. Temnepdrypnan 3ABHCHMOCTE KOHCTAHTH CKOPOCTH
norpefileHdst  KHCJIOPONA  ONpefensiercst YPABHEHHEM Rp. == R .+ 1,047(7—20),
Honyerumas Bennuuna BITK,, crounsix Box, cnycKaeMblX B BOZOEM oMnpeiesiercs

no dopmye

Cor= ! (C —Cy) - C;. (X1.25)
“C T
TpebyeMas CTemeHbL OYHCTKH COCTABAAST
C.—CJ1
x:—"-(;,—ET—- 100, . (X1.26)

H

rie C — BIIK,, cTOYHBIX BOX A0 OUHCTKH, /MP.

Pac-[eT Mo KHCJAOPOIHOMY PEKHMY MPOH3BOAHTCS Ge3 yueTa ecTecTBeHHOIO Hepe-
MelwBanna B Bojoexie (peaspauns), KosidecTBo pacTBOpeHHOro Kueiopoia B pednol
Bolle JoJiKHO OhITh 1@ minke 4 r/m* (LA BojoeMOB phIGOXo3fficTBENHOrO 3HaYenus |
BHAA nosib3oBaius, ue nike 6 r/v®). Tpu stom yenosun BIK;, enyckaemsix cTounEX
BOJ (OyHUEHHEIX) OmpenesseTcs mo dopmyse

. al . 4
Cor= Ler (C03_0'4Cp"_4) 040 (X1.2)
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rie Cp, — colepikanne pacTBOPEHHOro KHCAOPOla B PedyHoli Boje A0 MecTa ChycKa
cToYHBIX BOZ, r/M%; 0,4 — koadepuunedT a5 nepecyera BITK,; B BITK,; 4 — HanMeHb-
mas AONYCTHMAS MO CAHHTApHEIM HOPMAM KOMUEHTPAlMs KNCI0POJAa B BOJe BoNOeMa,
r/v3. Ilajee onpeiensiorT Heo0XOZMMYIO cTeMelb oYHCTKU no dopmyie (X1.26)

BoaMoKHYH0 KOHueHTpauHio Bpegtoro seulectsa Coqp B CTOYHBIX BOJAX, CHyCKae-
MBIX B BOJOEM, MOKHO OMpeAesIHTb MO ypaBHEHHIO

- L
Cer= E_c'rh (Cnp. non — Cr}a) =+ Cnp. Aot (X [ .28)

rae Cpp.qon — MpeledbHo nonycTHMash KOHUCHTpAUMA 3arpslieHus B BOJe Bo1oeMa,
r's?; Cgp — (axTuueckast KOHUEHTPAuWA 3TOTO JKe 3arpsA3HEHHA B Bojge BO10eMa,
r/m3. Heofxoaumas creneHb OYHCTKH oOmpeliesifieTcss Mo ypaeHewHio THna (X[ 26).

MakcHManbHO ONMYCTHVAS KOHNUEHTPAUHS KHCJIOT H UICIOMel B CTOMHBIX BO14X,
CMyCKaeMblX B BOJCEM, ONpeje/isieTcs 1O YPaBHEHHAM:

K=a (LJJLcT) Vi (X1.29)

Hl=a(L{Ler) Vi (X1.20)

rie Ve u VL'LI — JONYCTHMbI® KOJIHUECTBA KHCAOTH M UIENIOYH, MOCTYMAaloUHe B BOJOEM,
B nepecyere Ha | H. UIeT0YbL H KHCJOTY, MM,

VK=0,5-Cm—0,O] ‘Cco,, (XL.31)

Vm =0,02 - Ccog — DUl - Cu:.’ (X1.32)

roe Cy — LIeJOYHOCTH PeuHoil BOIbl B nepecueTe va | H. kHcaAory, Ma; Ceq — KOH-
2
IeHTpauHua ABYOKHCH yraepola B peuHoH Bole, MU

g Cao, =816 —pH+1gC (X1.33)

Jatem caepyer HpDBEpl{Th HEOGXOI!,HMOCT}: OYHCTKH CTOMHEIX BOJ B OTHOUJEHHH OKpaCKH.
3amaxa M NpHBKYca. 3Ham HeoGXOAHMYIO CTeNeHb OYHCTKH CTOMHLIX BON, BLIOMpAOT
MeTol GHOXHMHYECKOl OYHCTKH. PacueT BceX COOpY:KeHHMIT CTAHUHH aspalMH npoHs-
BOAHTCS MO OOU(HM TMPHHUHNAM H CBOAHICH K TeXHONOTHYECKHM H THADABIHYECKHM
pacueraM. B kauecrse nplmepa pZCCMQTpHM pdacdeT aspOoTeHKa Ha MOJHYID O4HCTKY,
nocse KoTopod Boda MOxeT GuiTh cnyuleHa B Bojoev. KodndecTBo Bo3ayxa V).;l Ha
1 M? ounuraeMoil cTouHOH MKHAKOCTH onpeleaserca no dopmyie

2.C;

H
ah !
rae o — Ko3bdHUHeHT HCTOAL30BAKHA BO3AYXa; NMpHHHMaeTcs paBubiM 12 r/m?* qng
MOPHCTHIX HABTPOCTHRIX MiaacTHH H 6 r/M? pas awlpuartulX Tpy6; £ — pabouas ray-
r . :
6una asporenka, M; Cy — BTIK, cTOuHBIX BOA 10 OYHCTKH, I/M%.
Tpoao/mKHTeABHOCTE a3pallHl B ¥acaX B a’pOTeHKe BLIMHCARETCH Mo QopMyJie
2.C,

T=— X1.35
T (X1.35)

e

Vyx= (X1.34)

rne | — HHTEHCHBHOCTH aspaukk, M3/m%.u: ofbiudo mpuukumalot [ = 4,4 am¥/m2-y.
[MpOIoMKHTENBHOCTE AIPAIHH B a3pOTEHKAX MOAKHO TAKKe ONpelesHTs Mo canuTap-
ublM HopMaM. OfGbem B03ayXa, HeoGXOJHMbL! AnA nojauu B asportenkd V m¥/u, co-
CTaBJAET

V="VyLer. (X1.36)

MMaouiaak cevenuss aspotenka F (M?) H AAHHY KOpHIopOB (CeKUHil aspoTehka), [ (M)
OMpeNensiloT M0 YPaBHEHHIO

F=V/l. (X1.37)
O6nen aspotenka Vg5, M® onpezeasior no dopmyae
Vasp==Fh, (X1.38)

a ATHHY KopulopoB no dopyvae ! = F'b, rie b — WHPHHA KOPHIOPOB, COCTABAAK-
wasg oT 1 go 2h M. Pacxol uupKyJAHPYIOIET0 aKTHBHOTO Kaa m,, NpuaumMaiT 30—70%5
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OT CpeHero pacxofd CTOUHON KHAKOCTH HIK ONpefe/IaioT no opMy.ae

CCM"_C‘H(
=100 X1.39
C"_C(M ] ( )

rae C., — KOHIEHTpauHsd aKTHBHOIO HJa B HJIOBOH CMecH, mocTynaiouleii Bo BTOpHu-
Hblfi oTcToitHHK (M. pue. 119) Cey = 2000—3000 mr/a; C, — KOHjeHTpauus B3Be-

My

IIEHHLIX BELIECTB B XHAKOCTH, NocTynaiowel B aspoTenk, Mr/a; Cy — KOHUECHTpauus
BO3BpATHOTO WJa, cocTapasiowas 5000—6000 mr/a. Pacxoa uaa L, (M3/c) pasen
m
Ly="".L.. XI1.40
H 100 (S ( )

[MpHpocT HAH H3GHITOK AKTHBHOrO HJa cjeayeT PeryaspHo cGpacuBaTh.

Kpatkoe paccmoTpeHHe BONpPOCOB Ta3004YUCTKH H OYHCTKH CTOUHBIX
BOJl MM03BOJISeT NPHIATH K BBIBOLY, YTO CYLIECTBYIOUIHE METOJbl OUHCTKH
NPOMBILIEHHBIX BbIGPOCOB CBSi3aHhl ¢ 3HAUHTE/bHLIMH KalHTaJbHBIMH
H 3KCMJIyaTalHOHHLIMH 3aTparaMHi, Oo/blWHMH ofbeMaMi H raGapuramu
CoopYy:KeHHil, CJIOXKHOCTBIO H MHOTOCTYNEHUYATOCThIO OYHCTHBIX CHCTEM.
Kpowme Toro, cyulecTByIOlUHe OYHCTHBEIE YCTAaHOBKH, KaK MNpaBujo, He
ofecrneynBaior TpeGyemoe CaHUTAPHBIMH HOPMAMH OCTATOUHOE COJIEp-
JKaHHe TOKCHUYHLIX NMPHMecell B ra3oBBIX BhIXJoMax H croKax. B ocoGeH-
HOCTH 3TO OTHOCHTCS! K OUYHCTKE CTOYHHIX BOJ, COODY:KEHHS KOTOpOii
Oo0bIYHO HE CHpaBJIAIOTCA € 3ajayeil 3aliThl BOJOEMOB OT TOKCHYHBIX
BelIeCTB.

3amura ¥ oxpaHa armocdepbl H BojoemoB B JajbHefilllem Gyier
OCYIIECTBAATLCA Pe3KHM yMeHbIIeHHeM, a B NepcleKTHBe MOJHBIM HCK-
JIIOYeHHeM NPOMBILIEHHEIX BBIGPOCOB, T. €. CO3JaHHEM MAaJOOTXOJHBIX
1A Ge30TX0AHbIX MpOH3BoACTB. TaKoH NyTh TpeGyer co3jaHusi HOBOI
TEXHOJIOTHH, nepexoja ot crnocoGoB MPOH3BOICTBA, AAIOUIHX BhIGPOCHI,
K crnocofaM, TOJHOCTBIO HX JHKBHAHPYiomHM. OMblT NTpoeKTHPOBaH A
Ge30TXOIHbIX MPOH3BOJACTB NOKAa3a/J, YTo TAaKHM NyTeM He TOJbKO pe-
1laeTcs Bonpoc 3auliThl 6Hocdephl, HO i AOCTHraercsl OrpoOMHBIN 3KoHO-
MHUYECKHH 3(deKT.

lenepaibnoe HampapleHHE MpeBpalleHHs XHMHYECKHX IpoH3-
BOACTB B 0e30TX0IHbie H Oe3BpeiHble — 3TO NpHMEHEHHe [HKIHYyec-
KHX TeXHOJIOTHYeCKHX CXEM OTAE/bHbIX [pOLECcCOB H paloTsl BCEro
NpoH3BOJCTBA B LIE&JIOM [0 3aMKHyTOMY IHK1Y. [Ipyroe Hampasgeune,
OCYIIECTR/ISEMOE OJHOBPEMEHHO ¢ MepBLiM, — MOJHOe KOMILIeKCHOe
HCMONL30BAHNHE BCEX KOMMOHEHTOB ChIpbA H KOMOHHHpOBaHHe mnpel-
npHATHi. B npoMuilllIeHHOCTH MOCTENeHHO OCYUIECTBJSIETCS] MEPexo)]
K GesorxoaHwm mpoueccam. [IpuMepoM MOXKET CAYKHTh YBeIHYEHHE
B CCCP nosi KansuHHEHPOBAHHOM COLEL, MOJyYaemoi KOMIJIEKCHOI nepe-
pabotKoit He(e/HOB Ge3 OTX0Z0B H BHIOPOCOB, B3aMeH amMMHayHOro
crocoba, gaioulero GoJbIlHE KOJAHYECTBA BPEIHLIX CTOKOB. 3HAYHTE/b-
Hoe COoKpalleHHe MPOMbLILIEHHEIX BHIOPOCOB MOKeT OLITh JOCTHTHYTO
COBEpIIIEHCTBOBaHHEM TEXHOJOTHH, NpHMEeHeHHeM ONTHMaJbHBIX napa-
METPOB pe:KHMa, OTBEYalolHX MaKCHMaJbHOMY BBLIXOJY L€/EeBhIX Mpo-
aykToB. OHoBpeMeHHO ¢ co3jlaHieM Ge3BpelnbiX, 6e30TX0IHbX TpOoH3-
BOJCTB J0/12KHa IpOTpeccHpoBaTh CHCTEMAa Ta300YHCTKH H OYHCTKH
CTOYHEIX BOJ H HeoOXOJAHMO COBEpPIIEHCTBOBATH METOMbLI OUNCTKH Mpo-
MBIIVIEHHBIX BbIGpPOCOB,
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