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Buimonnen epasHumensHblii aHanu3 MexHoNoZull NPAMOZ0 (00HOYeneso20) CHCUZARUA © MEXHOTONUET] MEPMU-
HecKolli NOOZOMOSKU VaIepodcodepXicayiey cped, & MoM Hucne YVaneli pasnuyHol cmenenl Memamopguzna,
FVIEM X nepepabomiu aiomepMUNecKM, NIazMeHHslM cnocobom. Vemanosanewsl: kauecmso u xonuvec-
meo ebixeda NPedYKMOS SblCOKOMEMNEPANYPHOll NEPEpPaBomK Vanell PAFHbIX yanedobulsaonie: paiioHos
Vapauwer; snauenue mevnepamypsl NoaHoIl KONSEPCUY Yanepoda 3MuX Vaneil; cmenenb eniaHia Ko3gduy u-
enma uzObIMKA OKNCAUMENR HA NPOYecchl NepepabomKi; ETUAHNE NPHPOdsl OKUCTHNELA HA KOTUHECEeH-
Hble U Kavecmeernsie noxazamenu npoyecca. Cxemamuyro npedcmasnensl CMPYEIYPA N 83aUMOCERAZb NPO-
Yeccos KOMITERCHON nepepabomyn Memodon IIasMenHoll 2asudurayu.

A comparative technological analysis has been given of of direct (single-purpose) combustion and thermal
freatment of carbon-contfaining envirenments, including coals of varying degrees aof metamorphism, with the
help af allothermic, plasma method. The next data has been determined: the output and the guality of prod-
ucts of high-temperature processing of coals of different coal mining areas of Ukraine, the temperature of
complete conversion of the carbon of the coal; the influence of the coefficient of oxidant excess on the treat-
ment, the influence of the nature of oxidant on the quantitative and qualitative characteristics af the process.
It has been presented schematically the structure and the relationship between the processes of complex
freatment by plasma gasification.

KimoweEsie croBa: anbTepHATHEHBIE HCTOYHHKH, IUIA3MA, Ta3. KOMIUIEKCHAS NepepaboTKa, TepMOIHHAMHKS.
KHHETHEA. CHHTE3-Ta3.
Keywords: alternative sources, plasma. gas. complex treatment. thermodynamics. kinetics, synthesis gas.
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3Hmnnoe VIOPOMKAHHE Ta3a H AHIKHX YITIEEOIOPOIOE, IPOHCKOIAINES BO BCEM MHpE, JSTAST NPOHIBOACTEO
3HEPrHH H Tellla H3 3THX TOIUHE NpaKTHYecKH HepeHTabemsmend. I, HecmoTps Ha BpeMmeHHEIe kKoneDaHHS meH,
TEHIEHITHA HX VEEIHIeHHA HEH30SKHA M0 00BEKTHEHEIM IPHTHHAM.

AJETepHATHEA HAPACTANOIIHM [IPOOIeMAM B TEILIOHEPreTHKE, METAUIYPIHIECKOH H XHMHIeCKOH NPOMEIIUIEHHOCTH —
Tepexo] K HCMIOMB30BAHHED TBEPAOTo ToltHea. OHAKO. mpAMOf MepeXxoa — NpobaeMa CI0HAS H foporocTodmas. Han-
Domee yIAYUHLDM pelIeHHEM B 3TOM HAMpPABASHHH MOJKET OEITE MepeBoj] TAKHX MOTpebHTenel Ha raz uepes razH(HKAIo
VIIepOACONEPAAITHY CPEM. B TOM THCIE YINIeH PauIHIHOTO KATECTEA, MITAMOE, TBEPILIX OBITOBEIX OTXOIOB.

CocTosmuii H2 MHOIHX KOMIIOHEHTOB OPIraHHYeCKOT0 H MHHEPATLHOrO MPOHCKOAISHHS, VIO/IL SBIAeTCS CIOAKHOH re-
TepPOreHHOH CHCTEMOH. XApaKTEPHIVIOMEACH He TOMBKO XHMHIECKHM COCTABOM, HO H VCIOBHAME 3aTeTAHHA, A0OBITH.
TPAaHCTIOPTHPOBKH H MocIemyiomei nepepaborss. C yeemrdenueM o0BeMOB JODBMH VI H ¢ TeUeHHEeM BPeMeHH IIpo-
Br1eMBI HapacTalOT. ITO OOYCIOBICHO HENIPePBIBHBIM [IOHIKEHHEM JOOBIMHEIX TOPH3OHTOE, VBEIHICHHEM HANPLECHHOTO
COCTOMHHA MACCHEA HOJ AeHCTEHEM HAISTAIOMIHK IOPOJ. A20HACHINEHHOCTBIO JOOBMMHEIX [OPH20HTOE, [IPOABISHHEM
TAKOIrO [POZHOTO ABICHHY KAK BEIOPOCE! raza. HenpeprEHO CHH&ASTCA KadeCTBO JOORIBASMOTO VITIE, YEEIHIHBASTCH JHC-
NPOIOPUHA B DANAHCE PasBESAHHEIN H JOOBBACMEIN, KAMEHHEIN H OVPEIX VIVIeH. YIPOKAIOIIHME TEMIIAMH HAKAIUTHBAIOT-
CH IUTAM, 30714 H VIJH, MAI0 NPHIOIHES B 3HEPIeTHES, METAUIYPIHE H XuMER. Tak, ¢ 1965 1. 30msHOCTS 3HepreTHIeCKH:
vraeit [Ipuoaenpoecko-donenkoro Oaccefina eospocaa ¢ 20 go 40 % [1]. EcTecTeenno, 3T0 B 3HAYHTEIEHOH CTeNeHH
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OTpakacTCA HA IKOHOMHYECKHX, 3KOIOTHISCKHX [OKazaTe-
IMX H HAJAEeXHOCTH PabOTEI AefiCTBYIOIHX IHeproreHepH-
PVIOIHX NPEJNpHATHH H N00YVETAeT NpHOETATE K pazpa-
DOTKE JOMONHHTENBHEIX, 3a9acTVIO JOPOTOCTOAIHY MEpo-
OpHATHH. JTH OpoDIEeMEl €CTh CHEACTEHE TEXHOIOTHH
OpSMOTo CHAHIAHHA TBepOoro Tomwmiea. [locTpoeHHas Ha
NpHHITHIE® OJHOLEISBOT0 HCHOMBI0BAHHA VI 0 QopMy-
e C+H0=C0,+Q oHa HrHaYAULHO 00OpedeHA HAa MHOIHS
HeJOCTATKH, BBIHYAEICHHO IOJBEPTaiAchk HENPEPHBHOMY
COBepImeHCTBORAHH. COBepIIeHCTBYIOTCS CHCTEMEI IO~
TOTOBKH. NOJATH, CMEIIHEAHHA, OOOTAINSHHA. VI IIATCA
MPONECCH CEHTAHHA B KHIAMIEM, NMHPKYIHPYIOIEM CIOAX.
ITpmieHmOTCA ZOTIOIHHATEIBHEIE MEPEI 110 BOCIUTAMEHEHHIO
H TONIEpIEAHHIO MPOLECCA TOPEHHA HHIKOKATOPHHHELX
VIIeH OpraHn3anHel «IOACESTIIHy» Ta30M HIH HedTeio. Bee
3TO CEA3AHO ¢ DONBIIHMH MATEPHATBHBEIMH H TPVIOEBIMH
sarpatavi. [Iponecc IpsAMOro CAHIaHHA CONPOBOAIASTCA
BEIOpOCAMH E aTMoC(hepy TEICHY TOHH IEUIH, ABVORKHCH
VIIepoma, OKHCIOB A30Td, OCOOEHHO TOKCHYHELX (YpPaHOB
H THOKCHHOE. [[pobIeMEl npaMoro cAMTraHNd VCyIVommoT-
cf HeH30eKHBIM «HEeJOKOTOM» VIIEPOJA, KOTOPEIE COCTA-
eiaer 10-20 % m 3aBHCHT OT Ka9ecTEA YIIA, OKHCIHTSNE-
HoOH CpeIEl, PeAHMOE FOPEHHA. |aKoe KOIHIECTEO YITIEPO-
Ja B 30IIe JeTaeT €€ MATONPHI OOHOH IIA MPAMOr0 HCIOIb-

30BAHHA H TBICATH ©f TOHH, HAKAIUTHBAACHE B 3I0IBHEIX
OTEaTax, OTPARISIOT OKPYEAIOMIVIO CPELy H3-3a COXpaHs-
FOITHXCSA PEAKITHOHHEIX CROHCTE

OcHOBHON KOMIIOHEHT 300El — MHHEPATHAA Macca
VI8, HEH30EHHO COMPOBOXIANOMANL JOOBITY H CAHTAHHE,
YREIHIHBAKOMIAICT B 0DLeMax H B J00aBOYHOH CTOHMOCTH
Ha Beex 3Tanax nepepabotsn. [Ipu ommomeneBoM HCIOIE-
30BAHHH VIVI1 MHHEpPAIBHAA Macca C OCTATKAMH VIIepoZa
[ONagaeT B OTBAIGL 3TH MHLIHOHBI TOHH OTXOI0E, HAKAT-
MHBASCh B OTBANAX, VEYAMAKT IKOIOTHYECKHE H 3IKOHO-
MHTECKHE TIOKA3aTeH J00EMH H nepepabotke yraa. [Toka-
3ATETH 30MBHOCTH OCHOBHEIX YTASZOOBIBAIOINHX pafoHOB
Vepanne! mpusefensr B Tabr 1 [1] B npeacraenens B
ocHoBHOM okHcaaM® 51, Al Fe. Ca. Mg 1 ap. B ornemsHex
MecTOpoEIeHHAX [JoHeIKoro baccefiHa cogepranue Fe,0;
B 30me gocturaeT 40 %. oxkmcaoe Al — mo 30 %. B kaxmoi
TOHHE YITLA, [0 JHATOH Ha MOBEPXHOCTE, COACPAMTCT OKHC-
TeHHBX Xxedeza H amomuEEg oT 30 go 100 kr, S10, — 100-
120 &r, Ca0 — 10-15 s, 1 gp. O=erpnano, IT0 BCA DOOBIEA-
eMaf Macca YITIA JOJDEHA epepabaTelBaTeca KOMILIEKCHO,
B TOM YHCIE H MHHEpATLHASL 9acTh, C BOCCTAHORICHHEM H
peamzanied BCeX €€ COCTAB/LIIOINAY. CHIDKAIOIINX 3aTpa-
THEIE IOKAZATENH IPOLUSCcca, II0 HCKIKIEHO B TEXHOIOTH-
SIX IPAMOTC CEHTAHML.

Tabmma 1
l'[oxa}are:m MHHePAJTBHOID COCTaBa Vel H IIIaMOB .t‘-l\'[lﬂllllbl
Patios Tym 3oma : Cocraemmomue 30, (A)
P A 510, ALLO,; Fe, O, OCTATBEHOE
SeeTaRE % || % | st % | st | % | wi %
ATITL 2596 259 876 876 1211 1211 277 277 232
Tonengmit AT 302 302 153 153 7.08 708 442 442 34
TazoBezt 225 225 114 114 53 53 329 329 251
EME Hoeopomsmcrmit | 199 199 1123 1123 412 412 221 221 234
T lranm 44 440 248 248 91 91 48 48 53

3T0 BOZMOAHO IVTEM IpeIBapHTEILHON TepMHISCKOR
NepepaboTEH YIIEPOACOASPIEALITHK CPpell Eo00re cocTaga H
Ka9eCTBA METOOOM HX razudEkamps ¢ mommoin (100 %)
KOHBepCHeH yIIepoZa H BOCCTAHOBISHHEM MHHepalbHOH
COCTARIAIOIEH HA CHeUHATHIHPOBAHHEIX MPeIIpHATHIX
o MecTy ZOOEMH TESpIOre TOIUIHEA HIH BO3IE KPYIHEIX
3HEPrOTEHEPHPYIOINEY, XHMHYECKHX HIH MeTaLIyprHIec-
KHX KOMIDIEKCOB.

K macToAmeMy BpeMeHH HAKOIUICH JOCTATOTHO DOIB-
o ONEIT TA3H(HKANNHE TEEPIOTO TOILTHEA. B eTo ocHOBe
XOPOIID OCBOSH H MMHPOKD MPHMEHASTCA ABTOTEPMHIECKHE
METOI Ta3H(HEAITHE, KOTOPHI DazHpyeTCs Ha TaCTHIHOM
HCIIONB30BAHHE TOIO e TOIUHEA UM PA3[0OHA H MOLIep-
JHAHHA 3HIOTEPMHYECKHX PEakiTHi [IPOoLecca TasHQHKA-
mue. [zpecTHEl H IIHPOKO NPHMEHAIOTCH HA NPAKTHEE
Texomoru Jlypri, Bumurep, Konepe-Totner Texwmomo-

rmm Broporo noxomenns — Pyp-100, BI'TL, HTW, Texaso,
IIperduo, xarammrmaeckme — beproay, HO-T'ec. bomee co-
pepmennele Jlypru-Pypraz. Konepc u ap. [2. 3].0Ozmaxo.
TEXHOIOIHH H KOMIUIEKCEI Fa3H(HKAIHHE, IOCTPOSHHEIE Ha
ABTOTePMHYISCKOM METOe, OTIHYATCH CYIIeC TEeHHEIM
HEJOCTATKOM — HATHIHEM B KOHSTHOM IPOIVETe DawIacT-
HEX H zarpmzamomx razoe (CO,. N, NO, u gp.). Tak,
cogepxanne CO, B nemeroM npoxaykre goctaraeT 10-30 %,
azota — o 60 % npH razEQHIHPYIOMEM areHTe BOITYXE.
Moryr NpHCYTCTBOBATE OYEHE TOKCHYHEIE COSTHHEHHS
CepEL, a30Ta, MPOAVETHl apOMAaTHYeCKHX VITIEBOJI0POIOB.
Tlocneayromas o9HCTKA razoB OT BETIOYEHHH PazTHTIHOTO
XapakTepa — JoporocToAmHi npomece. [Ipa TemmepaTtypax
(1300-2000 K), xapakTepHEX I8 ABTOTEPMHIECKIY METO-
OB razHOHKAITHH, HEBO3MOMHE! IPOLECCH BOCCTAHOBIE-
HHA MHHEPAIEHOH 9acTH YTIIA.
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Tabmama 2
CocTaB razop, moay4aeMbIX OPH HEKOTOPBIX CHOCO0AY rasmpukannn
I Lurgm Winkler Texaco Amnorepymieckne (IiazMeHHEE)
e [3] 3] 3] THATI [4] WITM [5]
B BO3AYX nap
T a3 HITHP VIOt areHT = = (100 %) (100 %)
L Lo | Ty mp (AII 1) (AIIT 1)
Coctag raza (%)
E 3739 3546 35 31 5.6 54-60
[os) 20-23 3040 42.50 341 31-34 35-40
CH, 10-12 12 0 . . )
CO, 2730 13-25 13-18 2.83 4.5 0-0.5
N, - - - 23 50-60 0
H,+CO 57-62 65-86 77-83 63.1 36-37 96-98
Tenmota cropasma,
MIasc 910 9.11 9 68 44456 11.5-12

bormes mepcneKTHBHEIMH MOTVT OBITH paspabaThIBac-
MEIE B HACTOSINEE EPeMs rasH(HKATOPEl TPETBETO IIOKOIe-
HHA — AUIOTEPMHTIECKHE. B 3ToM cTydae 3Heprus, Heobxo-
JEMad I8 [OBBINEHHT PEaKI[HOHHEIX KATeCTE BMEMA0-
ITHX KOMIOHEHTOB, IOCTYTIAST OT HE3ABHCHMEIX HCTOTHH-
KOE. TaKOBBIMH MOIVT OBITE ATOMHAA 3HEPIHA HIH HEPrH
anexTpoHHOro Iyia. Hambonee noaroToRIeHHOH K HCIIONE-
J0BAHHIO SBILCTCSA SHEPIHA HHIKOTEMIEPATYPHOH IUIAZMEL
IIe ILIa3Mo0DpasyIOIIHME MOTYT OBITE BO3MVX., HHEpPTHEIE
ra3sl, BOIAHOH Map. CMEcH PasIHTHEIX razok. Pazorpetsie B
zyroeoM pazpane go temmeparypet 2000-7000 K omm npen-
CTABTMOT coDOf CHCTEMY H3 PEaKITHOHHEIX 3IEMEHTOB —
aTOMOB, HOHOB, DAJHKAIOE, 3IEKTPOHOB H CBODOTHBIX
Momekya. B 3ToM crydae. mo Tak Ha3BIBacMOH pazieneH-
HOMH cXeMe, IUIaMEeHHEIE [IOTOKH [eHePHPYIOTCA B ILTAZMO-
TPOHE, a CMEIIHBAKOTCA C TasHQHIIHPYEMOH cpenol B Apy-
rOM PeaKUHOHHOM OpOCTpaHCIBe (peaxTtope). HzpecTHm
COBMEINEHHEIE CXEMBI IUIa3MO00pa3oBaHHA H rasHpHKa-
IIHH, KOTAA BEICOKOPEaKITHOHHEIE 3IeMEHTE 00pazyioTea B
IOIAX BRICOKHX TeMIepaTyp Myroeoro pazpama (8.0-12-10°
K) 1 dopmupyIOT KpaliHell CTENeHH HEPABHOBECHYIO CHC-
TeMy B ©JHHOM PEAKIIHOHHOM MpocTpaHcTBe. B mrobom
CIVIae MTAMEHHEIE TOTOKH MOTYT obecmedHTs 3ddekTH-
BHEI TepeHoC 3HePIHH Goapmod miotaoctH (g = 10°-10°

Br/cM’), HA HECKOTBKO TOPATKOB VBETHMHMBAA CKOPOCTB
PEARIHH NpoIecca TazH(QHKAUHE MHOro(asHEX IeTepo-
TeHHEIX CHCTEM. KOTOPBIMH ABIAKTCA YTOIb. TOpd. ApeBe-
CHHA, TBep/tle DLITOBEIE OTXONEL JTH MApaMeTpPEl — OCHO-
Ba BEICOKOH NPOH3BOIHTSTIBHOCTH MPOUEcca TasHpHEAITHE
B MOTOKe H MAIEIX 00BEMaX PeakIHOHHOTO IIPOCTPAHCTEA.
9TO CHOCOOCTBYET CHIDKEHHIO KAaNHTATBHEIX 3aTpaT Ha
SKCILTYaTHPYeMOoM OOOpYIOBAHHH H NpPOH3BOICTBEHHEIX

ILIOMAITX.
B Tabn 3 mpencTaBneHB! Pe3VIBTATHL PacTIeTHO-
SKCHEPHMEHTANBHEIX ~ HCCISJOBAHHE  Hapo-IUIa3MEHHOHR

razudHKANHHE OTASTRHEIX VIAeH YKPAHHEL, BRINOTHEHHEBIE
HamH To coeMemenHod cxeme Ouepmmmo, 9ro razopas
thasa mpoayveToR rasHbHEKammH Ha 97-99 % cocTomT H3
BOCCTAHOBHTENBEHOIO CHHIE3-Taza, B Kortopom o 40 %
okcHma yraepoma H 50-37 % wMomekyngpHOro Bogopona.
TeHePHPYEMOro H3? JeCTPYKTHPYEeMOi BIATH, KOTOpAd OpH-
MEHAETCE B KAUECTBE OKMCIHTENA. |IpakTH9eckH OTCYICT-
EVIOT KaKHe-THOO CTOPOHHHE, TeM Dollee — BEpemHEle BKITIO-
gerng. Cogepaanne HefiTpamssoro N; He npepemmaer 0.9
%. a 3-7 % H,0 cBHOSTETBCTBYET O HEZOCTATOTHOM TOI-
0ope CTEXHOMETPHISCKHX COOTHOIIEHHHA TOILTHEHEIX KOM-
MIOHEHTOE.

Taomma 3
BI:ISCI.'.'I razoBoi 0 ROHJ'E'HCHI]UBRHHOﬁ d>a3 npn napo—n.‘ml\muuui‘l I_33I[C1)I[I\'3I[I[I[ VIJaeil
T'azoBaq dasa (cocTas raza H BEIXOJ raza)
| P— co H, N, B0 |>Vi] H,+CO K"“““""m}’m Gaza,
~ > v [ af [0 [ % YOO xr/ T yraa

AT 1 1368 1478 0.013 002 287928469887 1.08 155
AIIT2 1.147 1.214 0.023 0.08 246223599581 1.058 278
Tazosedi [ 11 1.364 0.020 0,027 2.511246598.18 124 166
Canportermt 1.408 2,003 0.040 0,059  3.51 3.41297.19 1423 67
Tlan 0472 0.425 0.130 0.108 1.135089779.04 09 415
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B Teopermueckmx pacueTax 3TH OTHOIISHHA VIODHO
BRIPa3HTE KodbhdHIHeHTOM H3OBITKA OKHCTHTENA (o),
npeicTapIAomere coboH OTHOmMeHHe AefiCTEBHTIEILHOTO
pacxoza oxHCIHTend (V) K TEOPeTHIECKH HeoOXOMHMOMY
PACXOIy NpPH IOIHOM cropaHmu vraepoma (Vo). o= Vg /

/o. Teopermaeckn HeoOXOMHMEI pacxol OKHCIHTEIA.
K03 dHIHEHT H30BITKA OKHCIHTENA H ODIMIee KOMHISCTEO
IOIYIEHHOTD raza onpedeiaorca no gopmyiaaM [6]. Koa-
thbHITHERT HI0BITKA OKHCIHTENA PACCIHTBIBACTCA HEIHEH-
OVAIEHO A KAZJI0T0 THIIA YIVIA H 3ABHCHI OT CYMMEI €T0
Ta3000pazyIONHK COCTARMIIONEX (VIIepoda, cephl. BOIO-
poJa, azota). BiHaame o Ha NoKasaTelIH IpOLECCOR Mapoll-
Ia3MeHHOH rasHGHEANHH OpeacTaeleHsl Ha puc. 1| Yera-
HOEJIEHO, UT0 3HAYEHHEe ¢ B KAMIOM KOHKPETHOM CIIVIae
HMeeT ONTHMATBHOE 3HATeHHE, er0 YMeHBIIeHHe BeleT K
CHHDKEHHIO 0DIETo 00BeMa BEIXOZA Ta3a, a YBEIHIEeHHE — K
CHIDKEHHIQ €70 Ka9ecTEa 34 CUeT YBeIHIeHHA CONepP/KaHHA
® razoeoi daze CO;, H;O. na dbomsmmsuctEa yroel cre-
XHOMETPHIECKOe COOTHOIISHHe KOMIOHEHTOE o0ecmedH-
BaeTCd IIPH ¢, H3MeHTomemcd B npegenax 0,3-0.45 [7].

VCTaHOBIEHE! TPAHHIHEIS IHAYCHHA TEMIEPATyPEl KOH-
BepcHH Vraepoma (lg). XapaKTepHIVIONIHE CTElEHB Ero
mepepaboTKH B yIaepoAcoAep&amei cpefe. B sapHcHMOC-
TAX BEIXOJA FAa30B OT TeMOeparypsl (pHc. 2) BHIHO. 49TO
POCT NPOLECCOB Ta3000pazoBaHKd i BCEX THIOE VITIEH
npexpamaerca B mpegernax 1600-1800 K. @ro onpememser
TeMIepaTypy MOTHOH KOHBEPCHH yraepoZa. [lome Temme-
PATYPE B PEAKITHOHHOM IPOCTPAHCTES NPH HCOOIBIOBAHHH
HH3KOTEMIEPATYPHOH MIA3MBI MOMKET HIMEHSITBCA B OHA-
nazome 2000-7000 K u conee. Ho moeemmenne Ty ceemme
0DO?HATEHHOTO 3HATEHHA BegeT K CHIDHEHHIO 00BeMa

AMHAYECKHH KypHAJ

reHEPHPYEMOID ra3d. B HapacTaommeM MNOPAIKE HMEET
MECTO TMEPeXo] MONEKYIAPHOrO BOIOPOAA B aTOMAPHEIN,
OBBIIAIOTCA 2Heprozarpatel. Ommaxo ITameHeiimes mo-
BEIIIIEHHE TEMIEPATYPE! NPOLECcCa MOKET OBITE Leaecoob-
PAzHEIM MPH HOIHOH, KOMILUIEKCHOH HepepaboTke MHHepa-
MBHOH COCTABRISIONEH YIepoAcoldepsEameil cpegsl lep-
MOTHHAMHYECKHe HCCTeqoBaHHA Ha yroax tmma AIIT
[IOKA3EIBAIOT, 910 NEPErPeE €0 30/LHOH TacTH OT TeMIIe-
parypel koEEepcHHE yraepoma 1600-1800 o 2800 K momer
[IOMHOCTEK) BOCCTAHOBHTE COCTAB/IMIOITHE KOHISHCHPO-
panHoH dazsr (Tabm. 3). C kamgof TOHHEI MepepaboOTaHHO-
ro yrim MoxeM moayaate go 130-200 sr Al 120-130 ¢
Fe. xunvmrgecks wmctsni kpemunii. [Ipu stom sHeprosaTtpa-
TEI BOZPACTYT HeZHAYHTENEHO, Bcero Ha 14-15 %, ¢ 2.8-3.2
mo 3.2-3.6 kBra/kr s yroe# pasHoro tama. [Ipubeums ot
BOCCTAHOBICHHOH MHHEpPATBHOH MAacchl H OTCYICTBHE
BEIOPOCOE B OKPVEAIOIIVIO CPely MOMKeT IHATHTENEHO
[IPEeBOCKOIHTE 3HEPrOZaTPaTEL.

VeraHoBIRHO, 9TO HaHOOIee MOIXOIAINEM OKHCIHTE-
AeM 1714 razHGHKAITHE YTIEPOICOIepEAITHY Cpell ABIAeTC
BONAHOH [ap, KAk ILIA3MOODPa3VIOINHI EBICOKO2HTAIL-
mufaeif arent. OH obecnewnBasT (Tabm 4) 3KOHOMEHIO
Hcxomgsoro Tomwmeea Ha 40-50 % 3a cueT momoIHeHHA KO-
HETHOTO NPOIYETA FasHQHEAITHH MOISKYIAPHEIM BOIOPO-
J0M H3 AeCTPYKTHPOBAHHOH BIarH, BEICOKYIO €r0 TeILIOT-
BopHYEO crocobHocTs (11.5-12 MIT&/x’) B ancToTy Bocc-
TAHOBHTENBHOrO cHHTe3-raza, rae H, + CO cocrasmaer 97-
98 %. IIpobmeMEl 3KONOIHISCKOrO XapakKTepa PeIlardIcy
IIyTeM CHHAEHHA BEIDPOCOB B OKPYVEKAIOITYIO CPEIV Kak B
razopofl, TAK H B MHHEPAIEHOH (opMe IO VPOBHA HEIKE
HOPM eBPONEeHCKHY CTAHIAPTOR.
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IPrc. 1 Beixoa razoB B 3aBHCHMOCTH OT o
1 - cmETes-raz (CO+H,;), 2 -

Puc. 2 3oma TeMnepatyvpel KoHEepcnn yriaepoda (1)
eazopon  (Hy),
13 — oxmce yraepoga (CO), 4 — poganeii map (H;0), 5 -
lmeyoxncs yraepoaa (COy), 6 —azor (N7)
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Bmonmsa,mfil:r)ﬂm [ KanopuirocTs,
Ormemiems co | , | N | HO [ Cco, | NiC | =Vi | COHH, MTc/e’
Boamyx 120 025 233 0.01 001 0028 388 143 1446
Kuciopon 124 022 001 0.04 0.04 0 1.55 146 9.105
Boassoii nap 127 139 001 0001 0 0 2.67 2.66 11.5-12

Cregyer OTMETHTE NOTEHIHAIBHEIE EO3MOMKHOCTH COB-
MEIIFHHEIX CXeM [apoIUIA3MeHHOH razHQHKAIHH B MOMI-
HBIX 3ISKTPOMATHHTHEIX MOMAX TYTOBOrO paspama. [lox
OefiCTEHEM 3HEPIHH BBICOKHX TEeMIEPaTyp H MOIIHOTO
IEKTPOMATHHTHOTO H3IVISHHA B [a30B0H cpele obpazyio-
TCA KIACTEPHBIE CHCTEMEI — YCTOHTHBEIE SHEpPreTHISCKHS
ODBETHHEHHA AaTOMOE H MOIEKYT BOIOPOJA, VINEpOoJa H
OKCHAa yraepoga. Xumedeckas (OpMylIa raza OCTAaeTCH
HEH3IMEHHOH, HO 3HEePIeTHIECKHH €ro [apaMeTp — TeIUIoT-
BOpHAY CHOCODHOCTE — MOET OBITH BEINE KATOPHHHOCTH
mertana [8]. Xsnwmmeckas gopMyma raza, ero cTpPyKTYpa H
JHEPreTHUECKOS COCTOSHHE HE ONHCEIBASTCA 3AKOHAMH
KIacCHIeCKOH KBAHTOBOH MeXAHHKH H KBAHTOBOH XHMHH.
Takas razoBagd CHCTEMA MOMET OBITH ONMHCAHA C TIO3HITHE
ATPOHHOH MEXAHHKH H ATpOHHOH xunvuEH [9].

CTpyKTYpPY DpOLECCOB KOMIUISKCHOH IepepaboTEH
VIAEPOICONEPAANHE CPEl METOOOM IUIa3MeHHOH razHbH-
KallHH, B3aHMOCEA3b CTPYKTYPHEIX 0Opa30BaHHH MpeacTa-
BHM CXEMOH, pazJeleHHOH Ha OTJEIBHEIE TEXHOIOTHYEC-
KHe H TeXHHETecKHe 0aokH (pHe. 3). Cxema MomeT Harman-
HO ODBACHHTEL MOCIEAOBATETLHOCTE, HASHATEHHE, B3aHMO-
CBAE H TOMHOTY MPOTEKAIOIIHX CIOAHEIX TEXHOIOTHYe -
KHX [IPOLECCOE TasHQHEAUHH. Y CIOBHO Pa3geldHM €€ Ha
CIIeAYVIOMHE OIOKH:

— nogbopa, aHaTHza, MOATOTOBKH VITIEPOACOIepEaIe
H OKHCIHTeILHON Cpef B HX CTeXHOMETPHYECKOM COOTHO-
INEHHH,

— HH3IKOTEMIIEPATYPHOTO MHPOIH3A (M0 HEOOXOIHMOC-
TH);

— TePMOIHHAMHYECKHK HCCISIOBAHHE VCTAHOBISHHEM
MATEPHANTBHOTO H SHEPreTHIECKOTO DATAHCOE;

— XHMHIEeCKOH KHHETHKH IIPONECcca, ONpeIeIdlomeH
CHKOPOCTH PEaKIIHOHHELX IPOLIECCOE;

— pacteTa peaKTopa, HCXOIH H3 3aJAHHBIX [IPOHIBOIH-
TEeNBHOCTH, BETHTHHEI TEMIIEPATYPHOTO MOI9 B PEAKITHOH-
HOH 20HEe H PezyIbTATOR TEPMOIHHAMHIECKHX HCCIeIoBa-
HHI

— pacteTa mapaMeTpoB H MOJ0opa CXeM 3HepPTOMHTAHHA
PEeAKTOpa, COOTEETCTEYIONIHY €TI0 NPOH3BOIHTETEHOCTH;

— pacueTa, paspaboTKH peakTopa, €0 HIrOTOBICHHS,
HCIEITAHHT H JOBOIKH;

— TEXHHKO-3KOHOMHYECKOTO AHATH3A.

Briok moAroToRKH YTaepoAcogepXame H OKHCIHTEIb-
HOH Cpefsl BEIIOYAST CHCTEMEI HIMEIEISHHT H JHCIEpC-
HOTO AHANH3A, AHATMHTHIECKOTO ONpeleleHHd ee (HIHKO-
XHMHIeCKHX XapaKTePHCTHE (II0371eMeHTHBIH COCTaB Opra-

HHMECKOH H MEHEPAIBLHOMN TacTel), MOATOTOBKH HCXOIHEIX
KOMIIOHEHTOE B CTEXHOMETPHYUECKHX COOTHONISHHSX. BEI-
Dop OI0KA MOATOTOBKH OKHMCIHTEIL, HCXONA H3 VCIOBHE
KadecTBa KOHEYHOTO MPOAVETa. B ciIydae IpHMEHEHHS
CMECH OKHCIHTEISH Pa3aHIHOro THIA HNPOHIBOSHICH pac-
98T COOTHOMIEHHY KOMIIOHEHTOE, ONPEJediOTCS YCIOBHS
HX CMEITHBAHHA H B3aHMOJeHCTBHA B MHOTO(a3HOM IOTO-
Ke.

HzpecTHo. 9IT0 VI/IH HEBLICOKOH CTENeHH MeTanMopgH3-
Ma, OCODEHHO OypEIe, DOraTel ISTYIHMH BEIIECTBAMH,
napadHHAME, CMOIAME, OHTYMAMH H Ip. IOISIHEIMH XH-
MHIECKHMEH IEMEHTAMH. EciIH 3TH OpOIVETEI HPHCYTCT-
EYIOT B HCXOJHOH cpefe B oDBEMax, IpeACTABISIONIHXK
HHTEpec 1719 HapoJHOTO XO3AHCTEA, TO OHH JOTEHE] OBITE
MOJBEPAEHEl TEPMHYECKOMY MHPOIHIY II0 HIBECTHEIM
meTomukam. [IpH razudHKAHE B OKHCIAHTEIEHOH BEICOKO-
TEMIIEPATYPHOH Cpeie 3TH MPOIYKTE OVIVT NepepaboTaHs
B IOPVTHE XHMHYCCKHE COSIHHCHHA. IEPEXOOd B COCTaB
MOMYYeHHOTo Taza. | azHdHKAITHE HOIBepracTCA IPOIVET
MHPOTHA — MOIYKOKC. KOTOPEIH JOIKeH HANPABIATECA K
MoCTeOyIomeil BBICOKOTEMIISPATYPHOH mepepaboTke 6e3
CHIDHEHHS TEMIIEPATyPE]l H IOTEPH JHEPrHH.

Hecnegopanse npoumeccoE TepMHIECKOH NepepaboTHH
PABHOBECHBIX TETEPOTEHHBIX CHCTEM METONAMH XHMETEC-
KOH TepMOJHHAMHKH JO/DKHEI IIPeAIeCTBOBATE THOOBIM
3KCHEepPHMEHTATEHEIM H IpPOekTHEIM paboran. [[ma 3toro
HMEIOTCH XOPOIIo OTPA0OTAHHBIE H IMHPOKO ATPOOHPOBAH-
HBIE TIPOTPAMME] (HanpuMep, «AcTpa-4w). Ho3EOITOMIHE C
IOCTATOMHOH CTEMNEHBI0 TOTHOCTH YCTAHOBHTE MATEPHAIE-
HEBI H 2HEPreTHIeCKHi OAMaHC PearHpyIOmeH CHCTEMEL
IMapameTprl B3aHMOAEHCTBHA CHCTEMEI — TEMIEPATYpPa,
MABTEHHE, XHMHISCKHA COCTAB H QHIHIECKOS COCTOAHHE
PEATHPYIOMEX KOMIIOHEHIOE — MOIYVT BapBHPOBATECH B
IMHPOKOM IHATAZOHE. Y CTAHABIHBASMEIE MATEPHATEHEI H
SHEPreTHIECKHE OATAHCHE! OTPAEKAIOT KOMHIECTECHHBIA H
KavueCTBeHHBIH COCTAR KOHETHOTO MPOIVETA, a TAKKE 3HED-
TETHIECKHE [IOKAZATEMH SHIOTEPMHIECKHX H IKI0TEPMH-
YECKHX PEaklHil B CHCTEME TEPMOXHMHIECKOT0 PABHOBEC-
HOTO PEearHpoBaHHA. JTH MAPAMETPH! ABTAIOTCHE HCXOTHBI-
MH LT KOJH9eCTEEHHOH OLIeHKH MPONecca razHpHKAITHH H
OLIEHKH €r0 TEXHHKO-3KOHOMETECKHX IOKA3aTeNed H mo3-
BOIIMIOT MOZ00pPATs PAITHOHATEHBI BAPHAHT TEXHOIOTHTE-
CKOH CXeMEl Hporecca. |epMOIHHAMHYISCKHE HCCISI0Ba-
HHY B 3HATHTSILHOH CTENSHH COKPAINAKT 0DBEMEI JKCIIe-
PHMEHTAIBHELX HCCIEIOBAHHA, VIPOMAIT PACTIETE IIpoe-
KTHPYEMBIX KOHCTPYEITHE.
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YriaeXdaMu4ecKHHl KypHaJI

CrarHdeckad CHCTEMA TEPMOJHHAMHISCKHX HCCIIENO-
BAHHI [I03BOIAET YCTAHOBHTE MHOIHE [APaMEeTpEl TEpMH-
TeCKHX TMPecOpazoBaHH, HO OHA He MOKA3HIBAST HIMEHe-
HHA HX BO BpeMeHH. CTPVETVPHEIME DIOKAME XHMHIECKOR
KHHETHEH MpPeIyCMATPHBASTCH VCTAHOBHTE OCHOBHEIS
PEeaKIHH PEEPAINEHHE. ONPeIeHTE CKOPOCTH 3THX pPeak-
UHH H OpOSOEHTEIBHOCTE NPEOBIEAHHA SACTHI] PAIHOH
JHCIEPCHOCTH B PEAKIHOHHOH 30HE J0 MOMHOTO 3aBepIe-
HHA B HHX TepMHUECKHX [IpeobpazoBaHHl, XapaKTepHIVEG-
mHXCA NOTHOH KOHEEPCHEH VIIepoda, — B TOM THCIE H
BOCCTAHOBHTENBHEIMH IIPOIECCAMH MHHEPATBHOH HaCTH.
VerapapmmeaeTcs  QakTHYecKad — IPOHIBOAHTEIEHOCTE
npeodpazoBaHHi MPH 3aJaAHHOR TEMIEPaType B PeakiIHOH-
HOi 30He. [aHHEIe XHMHIECKOH KHHETHEH SBISIOTCA Hep-
BOOCHOBOH MATEMAaTHUECKOIO MOJSTHPOBAHHSA IpOLECcca,
OHH HeOOXOIHMEI 118 ONpeJefeHHS TEXHOIOTHIECKHX H
KOHCTPYKTHEHEIX NapaMeTPOE PEAKTOPA H SBJSIOTCA ONpe-
JEeIAONTHME [OpH VCTAHORTEHHH METOIOR VIIPABRICHHT KAk
npoleccaMH, Tak H peakrTopoM. [lokazaTems xuMHEIecKoH
KHHETHEH — KOHCTAHTEl CKOPOCTH PEAKIHI, [POJOILEHTE-
TBHOCT MpPeOBIBAHHA YWACTHI TOIUTHEA B PEaKIHOHHON
30HE — 3ABHCAT OT ILIOTHOCTH SHEPTHH, TEMIEPATYPHl H
XapakTepa TEILIONEpeJadH B PeaKIHOHHOM IIPOCTPAHCTEE.
Tax. noesnmense Tenmepatypsl ¢ 2000 go 4000 K eezer
VES/IMSHHIO CKODOCTH PEeAKLHI Ha JBa MOPANKA H YMEHB-
MIEHHK) OPOIODKHTEISHOCTH TPEeDBIBAHHE YacTHIGIL B
PEAKIHOHHOH 30HE, MPH 3TOM [POH3BOIHTEIEHOCTE 3TOH
30HEI YBEIHYHBACTCA B HECKOIBKO pas.

Onmpadce Ha OIOIHYED CIPYKTYPY NpeIcTaBIeHHOR
cxeMsl (pHC. 3) H onpefemHe (VHIIHOHATEHOS HAa3HATEHHS
Ka#JI0H H3 CIPYKTYpP, B3aHMOCES2E ITHX CIPYKIYP IpH
KOMIUIEKCHOH NepepaboTHe VITIEpPOACONEPMKAITHY Cpel
MOZHO OpPEeICTABHTE CHeXVIOmMEM obpazom. Hzmasamemo
3ajaeMcAd  VITIEPOAcOIepEammeH cpegoH, momlexkameH
razaduramad. Onperenss ee HHIHKO-XHMHTECKHE Xapak-
TEPHCTHKH (3[€MEHTHEIH COCTAB) 3KCHCPHMEHTATBHEIM
OyTeM HIH [0 COPABOYHOH IHTEpaType, VCTAHABIHBAEM
LeTecoo0pazHOCTE NEPBHTHOH TEPMHISCKOH HepepaboTrH
mHpomHzoM. B cirydae HeoDXOZMMOCTH, Ha 3apaHee ycTa-
HOBIEHHOM OOODYIOBAHHH EBBIOIOTHAEM 3TOT MPOLECC.
IlomyaeHneii B mpoLecce MHPOIHIA OOOrANEHHEBIN VIIE-
POIOM MOTYKOKC (KOKC) HATIpABISEM Ha MOCTEIYEOIIYIO
razadHEAEI. T epMoIHHAMHTIECKHE HCCIeIOBAHHS YITIE-
pofcogep&amel cpegsl B HNEPEROHAYATEHOM BHIE HIH B
BHIE NOIVEOKCA HEODXOIHMO NPOH3BECTH 3apaHee, Olpe-
IeMHBIONCE C OKHCIHTEIRHOH cpemoil. Ecim Heobxommao
MOTYIHTE KOHETHEBIA MPOIVET ¢ HAHOOIBITHM CONEp:KAHH-
€M CHHTe2-Ta3a BEICOKOH WHCTOTEI € ONPeNefIeHHEIM COOT-
HOMIEHHEM BMEIMAONTHX KOMIIOHEHTOE, TO B KadecTBe
OKHCIHTETBHOH CPefsl MPHHHMAEM BOIAHOH Map HIH Ia-
PO-KHCTIOPOIHEIE cMecH. ECIH B meleBoM NpOIyKTe JOIy-
CTHMO COZCpEAHHE a30Ta, MOAHO NPHMEHHTE [Iapo-
BO3IYINHBIE HIH ApyrHe cMecH OTHOMMEHHE 3THX KOMIIO-

HEHTOB B OKHCIHTEIBHOH cpele ONTHMHIHDYETCH IyTeM
pacdeTa MaTepHAIBHOIO DalaHca NPH TOM HIH IPYIOM
COOTHOIIEHHH PEArHPVIOITHX KOMIIOHEHTOB. PacdeToM
MAaTEPHATEHOIO H TEIUIOBOTO DATAHCA OIpeIeaeM BRIXOI
EA9SCTECHHBIH H KOTHISCTBEHHEIH COCTAB IEICBOTO IIpO-
IVETA. PeKHMEL €r0 MOJIYIeHHT H VIeAbHEIE YHeprosarpa-
Te1. PacueTHEX TepMOZHHAMEYECKHX [TOKA3ATENeH KOHKpPe-
THOTO VA JOCTATOYHO JI9 ONpeleleHHd TeXHHKO-
SKOHOMHYECKHX IMOKa3aTeleH IIpollecca H ONEHKH ero
MPaKTHIECKOH Ieleco00pasHOCTH B TEPMHYIECKOH Iepepa-
botre. [Ipomomsas pa3pabaTEIBATE CHCTEMY, HEOOXOIHMO
VCTAHOBHTE OTAEMEHEIE NapaMeTPEl XHMHIeCKOH KHHETHKH
mpouecca. 14 3Toro H3HAYAMBHO 3aJasMCcA BeIHTIHHOM
TEeMIIEpATYPHOTO Mo (HIH IHanazoHoM Temmepatyp). [lo
pazpabOTAHHEDM METONHEAM VCTAHABIHBAEM OCHOBHEIE
PEAKIHH, ONpele/MONIHE [IPOIScC Fa’HQHKAIHH H CTe-
eHE DABHOBECHOCTH IUTa3MeHHOH cHcTeMel KoOHCTAaHTED
CKOPOCTH 3THX PEakllHi ONpelelfioTci [0 VPABHEHHIO
Appernyca (paBHOBECHEIE H KBEA3HPABHOBECHEIE CHCTEMBI).
B HepaBHOBECHBIX CHCTEMAX 3TH NapaMeTphl ONpeIeldioT-
ca mo GVHEOESM pacnpemeneHua [Lmamka, Credana-
Bomemvana, Maxceemna. [lo mzecTHEM  vpaBHeHHTIM
ONpefendoTcs HeoDXOgHMAA MPOIODKHTEIBHOCTE IPe0kl-
BAHH{ JACTHIEI B PEaKIHOHHOM TIOTe ¢ PacTIeTHBIMH Iapa-
MeTpaMH. Y CTAHOEJISHHEIE TePMOJHHAMHIECKHE INapaMeT-
PHI Ta3HOHKAIIHH BEIOpAHHOH VIIepoAcogepikame cpemel
H IapaMeTpPEl XHMHIeCKOH KHHETHKH ABIAIOTCA HCXOTHEI-
MH Td BHIOOpA CXEMBI DEaKIHOHHOTO IIPOIEcca, pacdeTa
OCHOBHEIX MapaMeTPOE IITAIMOXHMITIECKOTO pearTopa,
MOIMHOCTH HCTOYHHEA 3HEPTOIHTAHHL.

Beoxg sHeprHH muasMBl B PEAKITHOHHYE) OKHCIHTENB-
HYIO 30HY MOXeT IPOH3BOJHTECA, KaK OTMETAIoCh BEIIIE,
0 pPa3feleHHOH H COBMEINEHHOH cxemaM. KOHCTPYEUHEH
IUIA3MOXHMHTIECKHK PEeaKTOPOB, MOCTPOSHHEIX IO 3THM
CcXeMaM. pa3zHBle. KAk pasHEle CHCTEMBI YIIPABIEHHA, CTa-
DHIH3AIHH Ipollecca H YCIOBHY TeIUIONePeHoCa H TeIUIoo-
OMeHA B peakuHOHHOM o0beme. bonee HHTeHCHBHEIH Ten-
I000MEH HADTIOZASTCA B COBMEINEHHEIX KOHCTPYKITHIX
mveromEx ponee eeicokmi KIIIT peakropa. Mx woHCTpVE-
mis OoTes KOMIIAKTHA H MeHee MeTAIOSMKA, HO Oomee
CIOAHE] CXeMEl VIPABISHHA NPOLECCOM. €ro CTabhIHza-
IIHH, 3AITHTOH SHEePTOHANPAKSHHEIX 3IeMeHTOE KOHCTPYE-
LIHH OT 3PO3HOHHOTC HIHOCA.

Brieoas:

1. ITapomrasMeHHAS razHQHKALNA ABTASTCA CIIOCODOM,
ODECTIETHEAIOITHM KOMIUIEKCHYI), MHOTOUETEEYI0, De30T-
XOIHYI, 3KOJIOTHIeCKH THCTYIO NepepadoTEY B TOBapHYIO
MPOIVEITHIO YTIepOACOJepAamlHX Cpel, BEIOqad MHHepa-
TBHVIO HE COCTABIAIOIIVIO.

2. IlpEmenenHe MaponIazMeHHOH rasH(HEAIHE VITIeH,
[0 CPaBHEHHIO ¢ TPATHITHOHHBIMH TEXHOJOTHAMH, MOBEI-
maeT Bexo raza Ha 10-35 % 3a cuéT BOgOpOIa HE DeCTpY-
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KTHPOBAaHHOH BIIaIH OKHCIHTETIA. a €ro KaTOPHHHOCTE — J0
11.3-11.7 MTwis. TIps 3ToM IpoAykT rasHQHKAIHH Ha
98-99 % cocToHT W2 CHHTe:-Taza. IPeICTARIAIOIIETO CODOH
BEICOKOKATECTEEHHVIO BOCCTAHOEHTENBHYIO CPEIy.

3. YcraHoBIeHEl palHOHAIBHBIE HapaMeTphl Mpolecca
NApOIUTAIMEHHO TazH(HKAIINE — TeMIepaTypa KOHBEPCHH
yraepoga 1600-1800 K. ko3ddHuHeHT H30BITEa OKHCIHTE-
o1 (@) — 0.35-045. mIoTHOCTE TEIUIOBOTO MOTOKA — 10*-10*
Br/ca.

4 Hcxoma H3 MOMOEESHHH TEPMOTIHHAMHEH BBEICOKOTE-
MIIEpaTyPHEIX PABHOBECHBIX CHCTEM, KHHETHKH ILIAIMOXH-
MHYECKHX NpeEpaNleHHH pazpadoTaHa CTPYETYPa H Ompe-
JefeHA BIaMMOCBA3b MPOIECCOB AUIOTEPMHIECKOH Hepe-
PpaboOTEH VIAEPOACOACPEAIIHE CPel MeTOIOM ILIA3MEHHOH
rasHQHKAITHE.

5. VuuTelEas NOBBINCHHEIH PAcX0d 3IEKTPOSHEPIHH,
3aTPATHEASMO HA NIa3Mo00PazyIONIHe NPOLUSCCE, ABTOPEL
CUNTAIOT HETecoO0paIHEM NPOSOTAHTE HCCTSIOBATETEC-
KHe H 3IKCICDHMEHTATRHEIE PadOTHl, HANDPABICHHEIE HA
VMeHBIIEHHe 3HEPro2aTpaT IUIA3MOXHMITECKHK TeXHOIO-

THH.
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