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BKIIOYACT NAPHHAIBHOC OKUCJICHUE YITICPOACOACPKALIETO CBIPESA B KAMCPE OKUCJICHUSA B

A N CMECH KHCIIOPOICOICPSKAINETO Ia3a H BOASHOTO Mapa B KAHAJIC HAPLHATILHOTO OKHCIICHHS,
\i%\ fd KOAKCHAIBLHO YCTAHOBICHHOM B BEPTHKANBHON Kamepe OKUcaeHu:. [Togady BOIAHOTO ma-
"K\}\ . 4 pa A MapUHANTEHOTO OKHCIICHHS YTIIEPOACOACPIKAIIETO CHIPbA OCYILECTBIIIIOT HA BXOJC
(ﬁ\r,_% j U BBIXO/I€ BEPTHKAIBHOTO KAHANA OKHCIICHH KAMEPBI CTOPAHHS. | a30T€HEPATOP COACPIKHT
Ezﬁ KOPIIYC, TOPEIOYHOE YCTPOHCTBO, BEPTHKANBHYIO KAMEPY OKHCJICHHS, KOJLIEKTOPBI IJIA IT0-

Tt Ja4H YTJIEPOI COAEPIKALIETO CHIPBs, BOAAHOIO Mapa U KHCIOPOACOAEP KAIIETO Ta3a, TPy Oy
JUT OTBOJA IMPOAYKTOB rasH(PHKALMH, KAMEPY LIIAKOY ZANCHHA, A TAIOKE KAHAI MapLHaIb-
HOTO OKHMCIICHHUS, KOTOPBI KOAKCHAIEHO PACIION0KEH B BEPTHKATIBFHOM KaMEPE OKHCICHUS
H NMPHKPEIUICH K BEpXHEll BHyTPEHHEH 4acTH KOPIyCca, B KOTOPY0 BCTPOCHO TOPEIOTHOC
ycrpotictso. O0eceuHBaeTCA Oy YCHHE TEHEPATOPHOTO Ia3a C IOBLIICHHEIM COACP Ka-
HHUEM BOJOPOJA.

Dur. 1

[npodondcenue Ha cnedyvioueti cmparuye]
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Cnoco6 rasuduxanyy yriaepoacoaepkauero Colphbs |

YCTPOHCTBO JUISL €TI0 OCYIIECTBIICHHUS

Hacrosiiee n300peTenne OTHOCUTCS K XUMHYECKOH, HEPTEXHMHUECKOM, KOKCO-
ra3oBOii, SHEPIETHUECKOH H IPyTUM CMEXHBIM OTPACISAM MPOMBIIIIEHHOCTH, H MOXET
OBITh MCIONB30BaHO MPEHMYIIECTBEHHO UL 1epepaboTKH yIiIepoICoAepKAIIEro Chl-
Pbs C MOJYYCHHUEM JHEPI€THUECKUX U TEXHOJIOIMYECKUX Ta3oB, B YACTHOCTH, JUIS ra3u-
(puKalmm yrIIepoaCOAEPKAIIErO CHIPhS, MOy YeHHs] CHHTE3-Ta3a yTeM MapLHaIbHOTO

OKHCJICHHS IIOTOKA, COACPKAIICTO YIIepo.

Crioco0r! noNTydeHs CHHTE3-Ia3a MyTeM MapUUaIbHOTO OKHCICHUS B HACTOSIIEE
BpPEMS XOPOILO H3BECTHBI B IPUMEHSEMBIX TEXHONOTHAX. OOBIMHO OTOK, COAEPIKAIIHit
yriepoz (yriieBOAOPOJ), TaKOH KaK yrojib, Oypelii yroib, Topd, IpeBecHHy, KOKC, Caxy
WM APYTHE BUJIBI Ta3000pa3sHOro, )XHIKOTO MM TBEPAOTrO TOILIMBA, UM HX CMECH, Yya-
CTUYHO CXKHUTAIOT B pEaKTOpe TasuHUKalNy, T.€. MapHHAILHO OKHCISIOT ¢ HCIOJIb30Ba-
HHEM KHCIIOPOJCOAEPIKAILETO I'a3a, TAKOTO KaK IIPAKTHIECKH YHCThIN KMCIIOPO HITH BO3-
AyX, HeoOA3aTeNbHO 00OraleHHEIH KHCIOPOIOM, H T.I1., [OJTy4as TaKUM 06pa3oM MOTOK

NpOJyKTa, ColepXKalliii B TOM 4Hcye cuHTe3-Ta3 (T.e. CO u Ha) u COx.

Texnonoruu rasupuxanuy yrisi B OCHOBHOM MOJPA3NENISIOT HA TPU THMA: rasore-
HEpaTOPhI C HEMOABIKHBIM CJIOEM, TAKHE KaK ra30reHepaTophl IIPOU3BOJICTBAa KOMIIAHHH
«Lurgi AG» (I'epmanus, r. ®panxdypt Ha Maiire) [1, crp.161-167], Tasorenepatopsi ¢
TICeBIOOXKHIKEHHBIM HJIH C KUIALIEM CJI0EM, PETH30BaHHbIe 10 TexHoaoruu «U-GASy,
«Winkler» (CIIIA, UHCTHTYT ra3oBsIx TexHOIOTHH, r.Yukaro) [1, crp.167-173], u raso-
TeHepaTophl B MapajliebHOM MIOTOKE, corslacHo nporieccy Shell (coBMecTHO KOMManuH
Shell u Uhde, ycranoska Buggenum, Hunepnanzsr) [1, crp.189-191] u «Texaco» (CLIA,
Texaco GP, ycranosku Cool Water u Polk) [1, ctp.176-180].

FasoreHepaTopLI C HCIIOABUXHEBIM CJIOCM UMCIOT HEJOCTATKH, O6YCHOBJ'ICHHBIC-

HH3KOH IPONYCKHO# CIIOCOGHOCTBIO OIHOTO YCTPOHCTBA M HATMYHEM JOPOTOCTOSIIUX
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cHCTEM 00pabOTKH CHHTE3-ra3a M BOJBI, TAK)KE UM MPHUCYINH IIPOOIEMBbI ¢ Ge30macHo-

CTBIO IKCINTYyaTalluH.

["a3oreHepaTopkI C ICEBAOOKMKEHHBIM CiloeM uMeroT Hu3kui KITJ] B CBSI3H ¢ HU3KOIH
KOHBEPCHEH yriiepojia, TPy AHOCTH C BRITPY3KOH CYXOM JOHHOM 30JIbI H YHECECHHOMH BHI-

COKOJIETy4el 30JI0M.

VYkazaHHbIe HCAOCTAaTKH OTCYTCTBYIOT IIPH HCIIONB30BAaHHH IIpoliecca ra3n(1)m<aunn
B M1apaJijiCJIbHOM IOTOKE. B YCTPOfICTBaX T a3mbm<aum1 B [IapaJii€IbHOM IIOTOKE MOXXHO
OCYIICCTBIIATE NaPIUATBHOC OKUCJICHAC NIPAKTUYECKH BCEX BHUIOB yriepoacoacpxa-
IMEro CeIphs, C MOTYYCHHEM TEXHUYECKUX Fa30B ¢ 3aJJaHHBIMU CBOMCTBAMH. KpOMe TOrOo,
TaKHC Ta30reHeparopbl HMCIOT HEOOIbIIIHE pasMepeL, © MOIyT 00ecIeunTh BBICOKYIO

HOPOU3BOAMTENLHOCTD 110 ra3supHIUPYEMOMY CHIPBIO.

K HEeAOCTaTKaM Iiponecca razn(bnxaunn B IMapallICJIbHOM ITOTOKE MOXXHO OTHECTH

CIIE€AYIOIICE:

1. Tasuduxanus moObIX BUIOB TBEPABIX H KHIKHX TOTUIMB B IAPAJLIEIFHOM IOTOKE
MOXeT 3()(PEKTHBHO NPOBOAUTHCS TOJBKO MPH MX MEIKOIMCIIEPCHOM paciIblLie-
HHH, KaK IPaBHJIO [P pa3Mepe YacTull Menee 75 MkM. [Ipu aTom kpynHsle dppak-
MM YaCTHII CBIPbS MOTYT 3ameTHO cumkarh KIIJ] mponecca u kayecTBo mory4a-
€MbIX T'a30B.

2. Jlns moydYeHHs TEXHUYECKUX ra30B ¢ MAKCHMAJIBHO BBICOKHM BBIXOIOM BOJIO-
poza (BOIAHOM ra3, CHHTE3-ra3 M HX CMECH) MPH ra3u(UKaky TBEPIBIX U HKHI-
KHX TOILTHB HEOOXO/IMMO KCIIOJIb30BaTh JUIS OKHUCIICHHUS CHIPbS BOISHOI T1ap HIIH
NapOKHCIOPOJHYIO CMECh, YTO CO3AAET HPOONEMBI IS 3aXKHIAHUS CMECH IIpH

noAiepXKaHUH HEOOXOMMMOM ONTHMABHOM TeMIlepaTyphl BeeHHs IIpoecca B

paitone 900-1100°C [2, ctp. 26-27, ctp.31].

M3BectHa cxema rasoreneparopa, paboraromero mo metoxy «Koppers-Totzek» [1,
crp.174-176], B xoTopom razuduxaims Npou3BOINTCS IPH aTMochepHOM faBieHud. [1o
TexHonoruu «Koppers-Totzek» crnenuansHo IOATOTOBICHHOE H3MENBYEHHOE M HOJCY-
HIEHHOE TOIUTHBO MOCTYIAET B TOILIMBHBIM OYHKEp, OTKY/Ia JO3MPOBOYHBIMH HIHEKAMHU
TI0JIACTCSL B CMECHTENbHBIE GOPCYHKH M Jaslee B SIUIMIICOBUIHYIO PEAKIIAOHHYIO KaMepy,
B KOTOPOW HAXOJSATCS OT IBYX /10 YETHIPEX TOPETOYHBIX CMECHTENIBHBIX POPCYHOK, pac-

NOJIOXEHHBIX HAIPOTHB JIPYT Apyra. B ropenounsix popcyHkax mpUIeBHIHOE TOILTUBO

2
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CMEMIMBACTCS € KACTIOPOJOM U BOZSHBIM IIaPOM TaKMM 00pa3oM, YTO BOJSHOM 11ap oOpa-
3yeT CHapy KK MBUIEKKCIIOPOJHOTO (haKesa HapoByIo pyOalky, IpeaoXpaHsis TEM CaMbIM
OTHEYNIOPHYIO (yTEPOBKY PEaKIMOHHOM KaMephl OT LIUTAKOBAHUSA, SPO3HH U BO3AEHCTBHS
BBICOKHX TeMIleparyp BHyTpH (akena. TemmepaTypa ropeHusi BHYTpd (akena COCTaB-
nsier 1500-1700 °C u ee ypoBeHb NOANEPIKUBAETCS B 3aBHCUMOCTH OT TEMIIEPATypPh
IIaBJICHUS 3076l 30J1a B XHJIKOM BH/E YJAIACTCH CHH3Y PEaKIIMOHHOM KaMephl B CIie-
I[HaTTbHOC YCTPOMCTBO, IIE OXNIAaXIacTcs U Ipanyupyercs. K HemocrtaTkaM 1aHHOTO ra-

3u(HKATOPa OTHOCSTCS:

1. TloBbIIEHHBIA PAacX0/ KHCIOPOA [0 CPABHEHHIO C IPYTMMHU M3BECTHBIMH Mapo-
KHCJIOPOJHBIMH ra30reHepaTopaMus;

2. IlonmeHHBIH BBIXOJ BOJOPO/A U3-3a BBICOKHX TEMIIEPATYP;

3. Hespicokass 0€30macHOCTD , T.K. AK€ HE3HAYUTENIBHBIE OTKIOHEHHUS OT HOMH-
HaJIbHOTO PEXHUMa MOTYT IPHUBECTH K 00pa30BaHMIO BHYTPH PEaKIIMOHHOHN Ka-
MepbI B3pbIBOONACHON KOHIIEHTPALUH [a3000pa3HbIX IPOAYKTOB.

4. TloBbuueHHble Tpe6OBaHUA K KOHCTPYKIHOHHBIM MAaTePHANaM Ul CTPOUTEIb-

CTBa ra30reHeparopa U3-3a BRICOKHX TCMIICpaTyp IIpollecca.

U3ssecren Taxke cnocob rasuduxanuu yris «Destec» 1S pacIIMpeHUs TOILTMBHOM
a3l yTéM nepexojia ¢ NPUPOAHOTO ra3a Ha yroib, KOTOPBIH H3HAYANLHO pa3pabaTsi-
Bayicst komnanueir Dow Chemical [1, ctp.180-183]. Jlns rasuduxanuu yrus 6511 paspa-
00TaH AByXCTaAMHHBIA IOTOYHBINA ra30reHepaTop ¢ HIKUM IITaKoygaieHueMm. Tor-
JHBO [I0J1ACTCS B PEaKTOP B BU/IE BOJOYTOJILHOM CycneH3HH (yrois/Boaa = 60/40 %) nox
BBICOKHM [IABJICHHEM, CO3/aBacMbIM HacocoM. B kadecTBe rasmpuuupyromero arenra
HCIIOJB3YETCs BBICOKOYHCTRIA KHCI0po (95 %), NpoN3BOANMEIN CliEIHAIBHON YCTAHOB-
ko#. ['asuuxarop pabotaer npu nasnenuy 2,75 Mlla u Temneparype 1371 °C. Onnaxo
TEMIIEpaTypa Mpoiiecca 3aBUCUT OT THIIA HCIOIb3yeMOT0 TOILTHBA, M IIPH HAJIMYHH 6oJiee
TYTOIUIABKOM 3016l TEMIIEpATypa Ipolecca YBeTHYHUBAETCS B CBA3H C KUAKHM IILIAKO-
yAaneHHeM. BooyrosibHas CycreHs3 s N04aeTcsl B HIKHIOK 9aCTh ra3oreHepaTopa, o
HOBPEMCHHO CMCLIHBAsCh C KUCIOPOAOM. IIpOMCXOIUT YacTHYHOE OKUCIIEHHE YIS,
obecneunBasi TaKHM 00pa3oM, SHAOTEPMHYIECKHE PEAKIINH B 30HE ra3u(pUKALHH TEILIO-
Boi oHeprueil. OOpasyromiics Ha IEPBO CTa/ MK LITAK yAQIAETCS B BOASHYIO BAHHY U

3aTeM HCIOJb3YeTCs B CTPOMTEILCTBE. HeounIneHHbIH reHeparopHblii ra3 MOCTyaeT B
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BEPXHIOIO (yTEPOBaHHYIO 4aCTh PEAKTOPa, Ky/ia JOMOJTHUTENBHO BBOAUTCS BOJOYTOMb-
Has CycreH3us. B 5Tol yacTv IpoucXoAUT peakisi CBEXEro TOILUTHBA ¢ NIOTy4YEHHBIM Ha
IIepBO# CTaJUK MpOLECca TeHepaTopHEIM razoM. Ha BTopoii craguun temneparypa cro-
paHMs FEHEPATOPHOTO rasa YBEIMYHMBAETCS, a IPOTEKAIONINE SHAOTEPMHUIECKUE PEAKIIHH

CrocoOCTBYIOT €r0 OXJIAXACHHIO J0 TeMIeparypsl okojo 1038 °C.
K Henmocrarkam manHoro razoreHeparopa OTHOCSTCS:

1. Hannune TeXHOJOrHYECKHX IIPOOIIEM C HCIIOIB30BAHHEM BOIOYTOJIBHOM Cyc-
[EH3UH;

2. TlonmxeHHBIH BHIXOX BOAOPO/A U3-3a BHICOKHX TEMIIEPATyp M BHICOKHX JIaBJIe-
HHM;

3. TloBeitieHHBIH BBIXOJ yrieKuciIoro raza COz N0 CPaBHEHHIO ¢ APYTHMH HPSIMO-
TOYHBIMH Ta3u(QUKATOpaMH (T.€. TIONYYaeTCs MCHee KaJIOPHIHBIHA Ta3, 4eM y
aHaJIOroB);

4. TloBelmeHHbIE TPEOOBAHUSA K KOHCTPYKIHOHHBIM MaTEPHATIAM JUIS CTPOHUTEIIb-
CTBa ra30re¢Heparopa u3-3a BHICOKUX TEMIIEPATyp Mpoliecca.

5. Hcmonb3oBanue B KauecTBe ra3u(pUIMPYIOIIEro areHTa KMCJIOPOoa BHICOKOH CTe-

IICHH OYHUCTKH.

H3secren Takxke nponecc «PRENFLO» (PRessurised Entrained-FLOw) ¢ renepa-
nueit mapa (PSG) komnanuu Thyssenkrupp AG [1, c1p.183-186], KoTopelii peanusyercs
TIpH NOBBIIICHHOM JIABJICHHH Ha JTI0OOOM BUJie TBEPAOTO TOIHBA (yroJib, HeTIHOM KOKC,
6uomacca). [Iponecc ocnosan ma TexHonoruu «Koppers-Totzek». B rasoreneparope

IOJrOTOBJIEHHOE TOILIMBO ra3u(pUIUpyeTCs NpH AaBjieHuu okono 4 Ml1a.

Temreparypa razsuduKanuy Ipy 3TOM BBILIE TEMIIEPATYPHI ILIABICHHUS 3051 (1400-
1600°C), 4TO MO3BONSET OCYIIECTBIATH MXHAKOE nutakoyaaiesue. [IpeumyuiecrBom
3TOTrO HpoLIecca SBISIETCA CyXas M01a4a TOILTHBA - ChIPbS rasudukanuun. Menkoaucuepc-
HbIA yroiib (80% obbeMa pasmepoM MeHbmre 0,1 MM) mogaeTcsi BMECTe ¢ KHCIOPOAOM M
HapoM Yepe3 YEThIpE FOPeJIKH, PacloIOKECHHBIE B OTHON TOPH3OHTANILHOMN INIOCKOCTH B

HWDKHEH JacTH razoreseparopa. K HCAOCTATKaM AAHHOI'0 ra3ore¢Heparopa OTHOCATCS :

1. IloHMXEHHBIH BBIXOJ BOAOPOJA H3-3a BBICOKHX TEMIIEPATYp H JABJICHHS (B XH-
MHYECKOH MPOMBILIIEHHOCTH HCIIOJb3YIOTCS TOJNBKO TaM, rJie He TpeOyeTcs BbI-

COKOT'0 COLACPIKAHUSA BOAOPOLA B TEXHOJIOTHUYECKOM ra3e);

4
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2. Bsicokue TemIepaTypa U JaBiIeHHe 00y CIOBIMBAIOT NOBBIIEHHBIE TPEOOBAHHS K
HCHOJIE3YeMbIM MaTepUallaM B CTPOMUTEIBCTBE I'a30reHepaTopa M 3HAUYHTEIbHbIE

(I)I/IHaHCOBBIC 3aTpaThl Ha €T0 U3TOTOBJIICHHUE.

U3secTen Taxke rasuukarop yriepoacoaepxauiero ceiphs (RU Ne 2237079
MIIK C10J3/20, omy6m. 27.09.2004 r.), KOTOPBIH OTHOCHTCS K ra3oreHepaTopaM yrie-
POJCOIEPKAIIETO CHIPhS U MOXKET OBITh HCIONB30BAH B XUMHUYCCKOH, HePTEeXHMHUYE-
CKOH, KOKCOIa30BOM, SHEPTETHYECKOH U JPYTHX CMEXKHBIX OTPAC/ISX MPOMBIILIEHHOCTH
Wt NepepaboTKH YIIIEPOACOAEPHKAIIETO CHIPhS C I0IyYEHHEM SHEPTETHIECKHX U TeX-
HOJIOTHYCCKUX ra30B. ['asu(huKaTop COAEPKUT BEPTUKATIHHYIO KaMepy rasuHKaiyH, ro-
penKy ¢ marpyOkamu [id Moja4d yriaepoICOAEPIKAILETO ChIPhS H KHCIOPOACOAepKa-
IIero rasa, KOJUIEKTOP JUIsl II0BOJIa BOASHOTO napa, GOpCYHKHM Ul IOJayH IIBUIEBHI-
HOTO YTJIePOACOASPHKAILETO ChIPbsI, TPYOy U1 0TBOJA IPOIYKTOB rasu(uKaLmy (B HHX-
HEH YacTH KaMepsl rasu(UKaIMy), KaMepy LUTaKOyAaJIeHus, [IPH 9TOM OH CHabXeH ciie-
LHAIBHBIM OJIOKOM, COCTOSLIMM H3 FOPEJIKH, Pa3MELICHHON B LIEHTpe 6I0Ka HaJl KaMe-
poii rasudukanny, ¥ pOpCYHOK, PacToNIONKEHHBIX BOKPYT FOPEJIKH 110 neprudepuH 6i0ka
HaJl KaMepoii rasuuKanmy JUIs CO3JIaHusI TApOBOi 3aBECHI JUIS 3AITUTHI (yTEPOBKHU Ka-
Mephl rasuukanuu or neperpepa. Kamepa rasuukaniu npeactaBiser coGoil MHIHH-
ApHYeCKyIo TpyOy, 3aKaHYHMBAIOIIYIOCS KOHMYECKOH KaMepoll IUIaKoyJaleHHs, IpH
3TOM Kamepa ra3u(puKaIHi yCIOBHO pa30UTa Ha OKHUCIIMTENLHYIO H BOCCTAHOBHTEbHBIE
gacTu. [1poiiecc B 30HE OKHCIIEHUs OCYIIECTBIASIOT Ipd Temmeparype 1500-3000°C, a B

BOCCTaHOBHTEJIBHOU 30HE MoJa4yell mapa JOCTUraloT CHIDKEHHUS TeMmiiepatypsl a0 1000-

1600°C.
K HEAOCTAaTKaM JaHHOI'O ra30reHepaTopa OTHOCATCHA:

1. TloHMXXeHHBIH BBIXO BOJOPOJA H3-3a BEICOKHX TEMIIEPATYP;

2. lloumxennsrit K11/ ycTpolicTBa IIpH HCIOIB30BAHMYU Ia3u(pUKaTOPa B KAYECTBE
HCTOYHHKA TEIUIOBON YHEPIUHM, IIOCKOJIBKY HAJTMYHe CBOOOIHOTO BOAOPOA H BbI-
COKO€ COEP)KaHUE OKUCH YIJIEPO/ia CBUAETENBCTBYIOT O HEIIOJTHOM CTOPAaHMH.

3. Pacmonoxenue TpyObl A1 OTBOZA ra30B B HIKHEH YaCTH KaMephl ra3uHKAIIN
IPEJIOTIPENENSET MOIAAaHue 3HAYUTENBHBIX 00BEMOB IIJ1aKa M 30JIbI B Fa30XO0EI
H ra30pacnpefe/UuTeNbHy 0 CHCTEMY, YTO MOXKET IPHBECTH K OBICTPOMY BBIXOY

U3 CTpos rasudpukaropa.
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W3BecTeH, MPUHATHIA 32 Onokalinuii aHaOr coco6 rasuduKanny B ra3oreHepaTope
«PRENFLO» PDQ komnanuu Thyssenkrupp AG [1, crp.186-189], Gosee coBepLieHHBI,
4eM ero npeamecTBeHHUK « PRENFLO» PSG, xoTopsii ¢yHKIHOHHpYeET cOrnacHo mpo-
neccy «Koppers-Totzek» . B manHOM rasoreHeparope npoHCXOAMT rasu(uKamus Mei-
KOZMCIIEPCHON YrONBHOM MBUIM B CMECH KHCIIOPOJA H BOISHOIO [apa B BEPTHKATIHLHON
Kamepe OKucIIeHus npu temneparype 1400-1600°C. Oxucnenue yris mpoHCXOIuT ¢ak-
TUYCCKH B a/IMabaTHIECKUX yCIOBHUAX, T.K. KaMepa OKUCJIEHHS [IPe/ICTaBIsIeT coboif Ka-
HaJl, KOaKCHAIBHO PACIONOXCHHbIH OTHOCMTENBHO BHEIHEH CTEHKH Ia30re€HEpPaTopa,
OTAENEHHBIA OT BHCIIHEH CTEHKH KOJIBLEBBIM IIPOCTPAHCTBOM, OMBIBAEMBIM MPOLYK-
TaMH OKHCJICHHS YTTisl, YTO MOJIEPKMBAET TEMIIEpaTypy B KaMepe OKHUCIIEHHS OJM3KOH
K 1400-1600°C. ITonaua yronpHOi MBUIM U CMeCH KHCIIOpOJia M BOJASHOIO mapa OcCy-
IMECTBISCTCS Yepe3 4 rOPM30HTANbHBIE FOPENIKH B BEPXHEH YACTH KaMephl OKHCICHHUS.
Kamepa oxuciienus epexout B kaMmepy GBICTPOrO OXJIaX/IEHHs BOJIOH, B KOTOPYIO de-
PE€3 OTBEPCTHS, PACTIONOXKEHHBIE II0 KOJIbIy B KAMEPE OXJIAXKICHHS, BIPHICKMBAETCS

BOJIa, OXJaX/Jas HPOIYKThI OKHCICHUA 10 TeMmieparypsl 200 - 250°C.

HauGonee 6nuskuM K 3asBIAeMOMYy yCTPOMCTBY sBIIseTcss Tasoremeparop [,
cTp.186-189], peanusyromuii ykazaHHbIH CHOCOG-TIPOTOTHUI, COAEPMAIME KOJLIEKTOD
AJI MOABOJIA BOJHOTO Napa U KUCJIOpO/a K TopeJikaM, KOJUIEKTOP MOJa4YM Ia30yrobHOl
CMECH K IOpesIKaM, KaMepy OKHCIIEHHUs, KOTOpas INEPEXOIHuT B Kamepy OBICTPOro oxia-
KJIEHHS BOJIOU, IPE/ICTABISIONIYI0  COO0M MIMHAPUYECKYIO TPYOY, KOAKCHAIILHO pac-
TI0JIOXKEHHYIO BHYTPH KOpIIyca ra3oreHeparopa, 3aKaH4MBalONIyIOCS KOHHYECKOH KaMe-
po#i 1IaKoy naneHust. Mexty kaMepoi IUIaKOy JJICHUs H LeHTPalIbHOM Tpy6oii KaMmepsl
OBICTPOro OXJAK/IEHHs PACTIONIONKEH KOJIBLEBOI 3a30p, 4epe3 KOTOPHIH CHIPOi reHepa-
TOPHBIA I'a3 OKUCICHHS W BOASHOM IIap NOKUAAIOT KaMePy OXJIAXKICHHS, Jajiee TTOIHH-
MaIOTCs 110 MEXCTEHOYHOMY 3a30py MEXIy TpyOoH Kamephl OXJTaXIEHHs H KOPIYCOM
ra3oreHepaTopa M BBEIXOJST U3 rasoreneparopa B Tpy6y [UIsl OTBO@ HPOAYKTOB razsupu-

Kall¥ Ha JaJbHEHIIYIO NepepaboTKy.

Pe3kas cMena JABHO)KCHHS Ia30BOro IIOTOKA B KaMepe 6HCTpOI‘ 0 OXJIQAXKIOCHUS, IIPH-
BOJsaA K TOMY, UTO JIBHXKCHUEC Ia30B BHH3 IIOCJIE IIPOXOJa LICJICBOIO 3a30pa Mexnay

TpyOOl KaMephl OXNAXACHHS M KaMepoil LIIAKOYAJIeHHS CMEHSETCS Ha IBHIKEHHE
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BBEPX, IO3BOJIACT OTCENApUPOBATh 3HAYUTEIFHOE KOJIMYECTBO IIJIaKa U 30J161 C IOMa-
JlaHMEM HX B KOHHYECKYIO Kamepy NulakoyaneHus. Kamepa nulakoyaaneHus coeauHs-

€TCA C CUCTEMOM IIJIAKOY 1aJICHUA.

IlInak u3 razmanaTopa MOXET OBITh HUCIOJIB30BAH B KAYECTBE CTPOUTECIBHOI'O MaTe-

puana.
K HenocraTkaMm JaHHOTO ra30reHepaTropa OTHOCSTCS:

1. TloHmxeHHBIH BBIXOJ BOJOPOJA H3-32 BHICOKHX TEMIIEPATYP M JABIEHHUS (B XH-
MHYECKO# MPOMBILIIEHHOCTH 3TH Ia30TeHepaTophbl HCHONB3YIOTCA TOJBKO TaM,
re He TpeOyeTcs BBICOKOE COAEpXAaHHE BOIOPOAA B TEXHOJOTHYECKOM Iase).
Bcero Bonopoua ne 6osee 22-32% (kak M JUIs BCeX IPAMOTOYHBIX Ta3oreHepa-
TOPOB, OCHOBaHHbBIX Ha TexHOOrMH Koppers-Totzek (ITpouecc IHenn — Kon-
nepc ), TOraa Kak ;s CI0eBBIX ra30reHepaTopoBs Lurgi comepxkanne Bogopoja B
cyxoM rase coctapisgeT 36-40%, 1711 ra3oreHepaTopoB ICEBA00KUKEHHOTO CIOS
Winkler [1, ctp.169-170] conepxanue Bomopoaa JiexuT B npeaenax 35-45% [4,
crp.30].

2. Bblcokue Temrepatypa H aBjieHHe 00y CIIOBIMBAIOT NOBBIIEHHEIE TPEGOBAHMS K
HCIIONB3YEMbIM MaTepUaliaM B CTPOMTEIBCTBE Ia30reHepaTopa M 3HAUYHTEILHBIE
(bHHAHCOBEIE 3aTPATHI HA €T0 H3TOTOBJICHHUE.

3. HoBblueHHBIH ynenbHBIN Pacxon KHCIopoma Ha 1 TOHHY rasHHIMPYeMOro
YTJIs1, KaK ¥ U1 BCEX IPSIMOTOYHBIX [a30r€HEPaTOPOB OCHOBAHHBIX HA TEXHOJIO-
run Koppers-Totzek (540-650 m*), Torna kak s  CIOEBBIX ra3oreHepaTopoB
Jlypru cocraBisier 220-300 M°, a ;IS Ta30reHEPaTOPOB IICEBIOOKHKEHHOTO
cnost Winkler - 350 M3 [4, cTp. 30-33].

4. s obecrievenns CTabUIILHONO 3a)KHTaHHS U HOJUIEPXKaHHs CTaGHIBHOIO rope-
HHSI CMECH IIOMHMO TIOBBIIIEHHOIO Pacxoa KUCJIOPoa B KaMepe OKUCIICHHS HC-
HOJIB3YETCS TOPU3OHTAILHOE PACIO/IOKEHHE TOPEJIOK, KOTOPOE HE IO3BOJISET
CHU3HThL TEMIIEpaTypy nponecca g0 Temmeparyp 900-1100°C (onTumanbHble
TEMIIEPaTyphbl TOMYYeHUS CHHTE3-Ta3a), T.K. NPH TaKWX Temmeparypax (900-
1100°C) 30112 nozassromero GONBIIMHCTBA YITEH HAXOIUTCS B TBEPIOI daze, a
3HAYUT BO3MOXKHO €¢ HaKalUIMBaHWE Ha CTEHKE KaMephl CrOPaHHUSs, YTO IIPUBO-

JHUT K €€ - 3aIIIJIaKOBBIBAHUIO U ,uaaneI‘fImeMy BbIXOLY rasoresHeparopa H3 CTpos.
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5. CiuimkoM peskoe oXJIaxAeHHe ra3oB 10 Temnepatypsl 200-250°C He mozsonser
IOJIyYUTh JOIOIHHUTEIHLHO BOJOPO/L C IOMOIIBIO PeaKIuu

CO +H20 = CO2 + H2 + 10300 kxar., 1)

T.K. yxe npu Temneparype 800°C crenenb pa3moxeHus BOASHOTO 1apa CHHXaeTcs o
cpasrennio ¢ 1000°C Ha mOpsI0K, U 32 OJHO U TO Ke BpeMs NpeObIBaHUSA W KOHTAKTa B
1 cex cTeneHb KOHBepeuH BosHoro napa npu 800°C cocrasut Beero 0,5% ot KOHBEPCHH
mpu 1000°C [2, c¢1p.29]. D10 03HaUaeT, YTO npu 6osee HU3KHX TEMITEpaTypax peaKkiuu
BooOIIEe He OY/ET, YTO MOATBEPAKAACTCA POCTOM KOHCTAHTHI PABHOBECHS 3TOH PEaKIuy

(1) mpu 500°C = 100 pa3 no cpasrenuro ¢ 1000°C [3, cTp.102].

OcHoBHOH 3anauel n300peTeHns ABseTcs co3nanue >¢PpexTHBHOro crocoba rasu-
(uxanuy B napamienbHOM MOTOKE YITIEPOACOACPIKALIETO ChIPhS, TAKOTO KaK Yrolb, Oy-
pelit yrons, Topd, ApeBecuHa, KOKC, caxa WM JAPYTHX BHIOB ra3000pa3HOro, XHIAKOro
HJIM TBEPAOTO TOIJIMBA, HJIH MX CMECEH METONOM MapIHaIbHOTO OKHCIIEHHS YIJIEBOJIO-
POJIHOTO CBIPbSl B CMECH KHMCJIOPO/JICOAEPXKALIETO Ta3a M BOASHOrO Mapa W ycTpoicTBa
JUIsl €T0 OCYIECTBIICHHS C LIETIbIO MTOJYyUYSHHS MAaKCHMAIILHO BO3MOXHOTO BBIXOZA BOJIO-
poJia pH rasuUKaLUY YIIIEPOACOAEPHKAIIETO CHIPhS.

TexanyeckuM pe3yIbTaToM 3asBISEMOTO H300pETEHUs ABNAETCS NIONy4YeHHE TeHe-
PaTOPHOTro rasa ¢ HOBBIIEHHBIM COAEPXKAaHUEM Boaopoa.- Ilpu sToM fnocTuraercs-cra-
OMJIBHOCTh 3@)XMIaHHs M HOIAEPXKAHMSA HEOOXONHMMON TeMIepaTyphl NapILHAIbHOTO
OKHCIICHHS.

3asBIAeMbIH TEXHUIECKHH Pe3y/bTaT JOCTHTAETCS TEM, UYTO B U3BECTHOM CIIOCO6E
rasuuKanmy yriepoacoaepiKaliero Chipbs, BKIIOYAIOMIEM INapIHAIbHOE OKHUCIICHHE
YTTIEPOACOAEPIKALUETO CHIPbSt B KAMEPE OKHCIEHHS B CMECH KHCIOPOJICOIEPHKAIIETO
ra3a M BOASHOTO napa, NapiuualbHOE OKHCIIEHHE OCYIIECTBIISIOT B KAHAJIE MAPIHAILHOTO
OKHCJICHUs, KOAKCHAILHO YCTAHOBJIEHHOM B KaMepe OKHCJIEHHUS, a MOjady BOASHOTO
napa Juisi 1apuualbHOrO OKHCIICHHS YTIIEPOACOAEPIKAIIETO ChIPhS OCYLIECTBIAIOT Ha

BXOJ€ H BBIXOAC KaHaja IIapUHAIIBHOTO OKHCIICHHS KaMephl CropaHus.

OnTUMaibHO OCYINECTBIATS MApUHATBHOE OKICICHHE B IOTOKE CMECH KHCIOPOAA H
BOJITHOTO [apa B KaHaJle MapUHabHOIO OKHCIECHUS KaMepbl OKHCIEHHS IIPH TeMIepa-
Type 900-1100°C, koTOpYIO 0GECIEUHBAIOT H3MEHEHHEM 00BeMa rapa Ha BXo/ie B KaHal

HapuraJIbHOI'O OKHCJIICHHSI.
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IlenecooOpa3Ho Ha BhIXOJE KaHala MaplHaIbHOTO OKHCIEHHS KaMEpPhl OKHCIIe-
HUS IOJNEPXKHBATE Temmeparypy B mpexenax 800-1000°C, koropyio ofecrneunBaroT

H3MCHCHHEeM oObeMa I1apa Ha BBIXOAE U3 KaHaJla NapuHaJIbHOTO OKHCIICHUSI.

IlenecooOpa3Ho 3a)UraHHe CMECH YITIEPOACOACPIKAINErO CHIPhA H MAPOKHCIIO-
POJHOHN CMECH U MOAJCPIKaHUE UX CTAOMIBHOTO TOPEHUS OCYIIECTBIATh 3a CUET [MOAa4H
Ha BXOJA KaHajla NapUHaJbHOIO OKHCIECHMS MPOAYKTOB CTOPAHHS M3 IOPEIOYHOIO
YCTPOHCTBA, YCTAHOBJIEHHOTO BJOJIb OCH KaHala IapIUaJIbHOrO oKucienus. [Ipeamno-
YTHTENBHO BRIOMpaTh BpeMsi NpeOBIBAHUS MPOLYKTOB TOPEHHS B KaHAJIE OKHUCIICHHS

Oonbmie BPEMEHH CropaHud MaKCUMAaJIbHOM YaCTHIIBI CBIPbA.

I'eoMeTpuyeckue pasmMepsl KaHala NapIiMaIbHOrO OKUCIEHHS OIITUMATIBLHO BEIOH-

paTh, HICXO0As1 U3 COOTHOIIICHUS:

L > (4*G*Tv)/(n*p(to) *D?),

rae

L — nnuHa KkaHana napuuaibHOrO OKUCIIEHHS;

D — auameTp kaHalla mapIHaEHOTO OKHUC/ICHHSI,

G — maccoBBlil IPHXOJ NPOLYKTOB OKHCIICHHUS B KaHaJ IapIHAILHOIO OKHCIIe-
HUS,

Tv — TeMmeparypa cropanus MaKCHMAaIbHOMH YaCTHIBI YTIIEPOACOAEPIKAIIETO Chl-
pb;

to — pacu€THas TeMIepaTypa NPOAYKTOB OKHCICHHUS B KaHalle MapIMaJbHOTO
OKHCIICHHUS;

p(to) — pacuéTHas IUIOTHOCTh IPOXYKTOB OKHMCIICHHS B KaHal€ NaplHaIbHOTO

OKHCJICHHS.

B kauecTse yriepoacoaepiKamero Chpbs MOXKHO HCIIOJIB30BaTh TBEPIOE TOII-
JUBO B BUJIE YT, Oyporo yris, Topda, ApeBECHHBI, KOKCa, Cakd HJIM razoo0pasHble U

XKHUJIKHEC TOILTUBA, HITH UX CMECCH.

Texuudeckuit pe3ynbTar JOCTHraeTCs TAKXKe TeM, YTO HM3BECTHBIA Tra3oreHepa-
TOP Ui ra3sHQUKALMH YTIE€POACOIEPKALIETO ChIPhsI, COACPIKALIMN KOPITYC, TOPEIOYHOE
YCTPOKCTBO, BEPTUKAILHYIO KAMEPY OKMCIICHUS, KOJUIEKTOPHI LIS MOJa49d YIJIEPOCO-
JEPKALIEro ChIpbs, BOASHOIO Iapa M KHUCJIOPOACOAEPKAIIEro rasa, TpyOy Ul OTBOAA
NPOJAYKTOB rasuHKaluy, KaMepy IUIAKOyICHHs, TOMOJIHATENBHO COAEPKUT KaHAT

9
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IIapIUATBHOTO OKHCJIEHHS, KOTOPBIH KOAKCHAIBbHO PACTIONOXEH B BEPTHKAILHON Ka-
MEpE OKHUCIICHUS B LPUKPEIUIEH K BEPXHEH BHYTPEHHEH 4acTH KOPIyca, B KOTOPYIO
BCTPOEHO T'OPENIOYHOE yCTPOHCTBO.

OnTUManbHO BEPXHIO YacTh KOPIyca BBINOIHUTH B BHJE CHEMHOH KPBIIKH, B

KOTOPYIO BCTPOCHO TOPENIOYHOE YCTPOMCTBO.

Tpyba nns oTBoAa MPOIYKTOB rasHbHKAIMA MOXET OBITH YCTAHOBJIEHA B GOKOBOM

YaCTH KOpITyca rasoreseparopa, 6osee OIM3KoH K BepXHeH 4acTH ra3oreHeparopa.

OnTUMAIBHO BBINOJIHHUTE Ta30reHEPaTop UL rasuUKAINK YIIEpOACOAEPIKAIIEro
ChIPbsi COACPKAIMUM BEPXHHUI M HUKHUM KOJIJIEKTOPHI 1apa, BHIIOIHEHHBIE B BHIE ITy-
CTOTEJIBIX KOJICII, COSAUHEHHBIX OIIyCKHBIMH TPyOaMH, OCH KOTOPBIX IapajllebHbl OCH
BHEIIHETO KOPITyCa, IIPH 3TOM BEPXHMH KOJUIEKTOP YCTAHOBJICH Ha BHEINHEH CTOPOHE
KPBIIIKH ra30reHepaTopa, Oy CKHbIe TPyObl pa3sMelIeHbl Ha BHENIHEH CTOpOHE KaHana
HapHUaJIbHOTO OKMCICHHS, 4 HHXXHUI KOJUIEKTOP I1apa PaciojioKeH Ha BBHIXOJE M3 Ka-
HaJla OKHUCJICHUA, B CHA0XEH OTBEPCTUSAMH JUIS BBIXOJA T1apa B IOTOK MPOAYKTOB Hap-

MHAIBHOI'O OKHUCIICHUA.

OnruManbHO BBIIOTHUTL OPENIOYHOE YCTPOHCTBO B BHAE Au(dY3HOHHOH ro-
PesKH, CHaOXKEHHOW KOJIbIIEBBIMM KAHAIIAMH, PACTIOJIOKEHHBIMA KOAKCHANBHO BOKPYT
UG y3HOHHOM TOPENKU U BBHINOJHEHHBIMH ¢ BO3MOXHOCTBIO TOAAYH B KOJBIIEBHIE

KaHaJIbl KHCJIOPOACOACPIKAIIETO Ta3a, YIICBOJOPOJHOIO CbIPbA H BOJAHOTO I1apa.

PannonansHO BHYTpEHHHE CTCHKH KaMephl OKMCIICHHS BBIIOIHHUTH B BHIE 3Mee-
BHKa, BEDXHHUHU BBIBOJ KOTOPOTO YePE3 y3esl paclipe/ieNiCHUs FOPAYEro napa CoeiHHEH
C BEPXHHUM KOJUICKTOPOM I1apa, & HIKHHUH BBIBOJI IIOJCOCAMHEH K BHEIIHEMY reHepa-

TOPY BOISHOI'O mapa.

BHYTpeHHI/IC CTCHKH KaMepbl OKUCIACHUS MOIYT OBITH BBITTOJIHEHEI B BHUJIC COOCHO
PaCIIOJIOKCHHBIX T0p006pa3HLIX CMKOCTCﬁ, 06CCHC‘IHBaIOHII/IX BO3MOXHOCTh NOJAYH

BOJSHOI'O N1apa CHHU3Y KaMEpPbl OKUCIICHUA K KPBIIIIKE razore’Heparopa.

Kanan NMapnHuAJIBHOI0 OKHCJICHUA MOXET OBITH BHIIOJIHEH C Hapy)KHOﬁ TCIJIONU30-

JIAIHEN.

3asBiseMble c110CO0 ra3su(UKaIyH yriepoACOAepPIKaLIEro ChIPhs, TAKOTO KaK YTOJb,

Oypslii yrosb, Topd), IpeBecHHy, KOKC, Caxy HIH APYTHE BH/IBI Fa3000pa3HOro, KHIKOTO
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HJIH TBEPAOTO YIIIEBOAOPOOHOIO TOILJIMBA, HJIH HUX CMECeH, a TaKKe YCTPOﬁCTBO IJIA €TI0
OCYIIECCTBJICHHS HCU3BECTHBI U3 NPEAINCCTBYIOMIECTO YPOBHS TEXHUKH, CIICA0OBATEIILHO,
3asBJICHHBIC PEIICHUS YAOBJICTBOPAIOT YCIIOBHIO MaTeHTOCIIOCOOHOCTH I/I306pCTCHI/IH

«HOBHU3HA».

Ananms YPOBHS TEXHHKH HAa COOTBCTCTBHE 3asABJICHHBIX peIIICHI/Iﬁ YCJIOBHIKO IIATCH-

TOCIIOCOOHOCTH H306peTeHHﬂ <<H306peTaTCJII>CKI/Iﬁ YPOBE€HB) TTOKasall CJICAYIOIICE.

B npennaraemom cniocobe 1t rasubHKaLUK yIIIEPOACOAEPHKAIIETO CHIPhS, TAKOTO
KaK yrojib, Oypeld yroab, TOpd, IpeBecHHy, KOKC, CaXXy HJIM APYTHE BHIBI Ia3000pa3-
HOT'0, )KUJIKOTO HJIM TBEPIOTrO TOILINBA, HIIM UX CMECEH METOIOM MapI[MaIbHOI0 OKHCIIE-
HHUSL B CMECH KHMCJIOPOJCOAEPIKALIETO ra3a U BOJASHOIO IMapa ¢ HENbI0 MaKCHMAIBLHOTO
TOJTy 4€HHUsI BOMOPO/A, B OTJIMYME OT U3BECTHBIX YCTPOHCTB, (haKTHUECKH NPOLECC OKHC-
JIEHHUs1 pa3OuUT Ha 2 3Tana: CHavajia napIiMaabHOe OKUCIEHHE BeJETCS B aiadaTHIecKuX
YCJIOBHSIX B TCIUTOU30JIHPOBAHHOM KaHAJIE OKHCIEHHS IIPU ONITHMAJIBHBIX TEMIIEpaTypax
900-1100°C B moTOKE CMECH KHCIOPOIa H BOISIHOTO 1mapa, a 3aTeM MOJyYeHHbIE ra3bl
AOOKHCILIIOTCS Ha BBIXOJIE M3 KaHala IapLMabHOTO OKHMCIIEHHS TOJILKO BOJSHBIM IIAPOM
C OoJIep)KaHAEM TEeMIIEPATY bl B 9TOH 30HE B IIPEJIEIIax ONTHMAIIBHEIX TeMmeparyp 800-
1000° C. B npeuiaraeMoM ycTpoRCTBe /IS OCYIIECTBICHHS 3asBIEHHOTO COC06a OKHC-
JICHUS B OTJIHYHE OT AQHAJIOTOB BCE NPOIECCH BEAYTCS B YCIIOBHUSX, HCKIFOYAIOITAX PE3-
KM POCT JIaBJICHUs B PEAKIIMOHHBIX [TPOCTpaHCTBax. KpoMe Toro, 3asBiseMsblii ciocob
IIO3BOJIACT 00ECTIEYMTh CTAOMIIBHOE 3aXKMIaHHE H FOPEHHE B IIOTY4aeMOM ABYX(ha3sHOM
MOTOKE KaK Ha IIOBEPXHOCTH YacTHIIB], TAK M B Ta30BOM (ase, 3a CUET cTaOHIIBHOTO TIO-
CTYIUICHUS OTIOJIHMTENBHON TENIOBOM 3HEPrHU OT NMPOAYKTOB CrOPaHMs, IMOCTYIIAKO-
IIMX OT BCTPOEHHOI'O IOPEJIOYHOr0 YyCTPOMCTBA, B KOTOPOM CIKHIA€TCs MHIKOE WM ra-
3000pa3Hoe TOIMBO. IIpOXYKTHI CrOpaHUs OT FOPEIOYHOIO YCTPOMCTBA MOCTYIAIOT B
KaHaJl NapUHATbHOTO OKHCIIEHHS BJIOJIb OCH KaHajld, CMEUIUBAsCh C YIJIEPOACOAEpkKa-

II¥M CBIPbEM U MAPOKKCIIOPOJHON CMECHIO.

IIpu 5TOM CTaOMIBHOCTD 3aXHTaHMS M TOJIepkKaHie HeOOXOMMMOM TeMIepaTypsl
B KaHAJIC OKHCJICHHUS TOIEPKUBAETCA IIOCTYIIEHHEM TEIUIOBOM SHEPTHH OT BCTPOEH-
HOT'O B BEpXHEW 4acTH KOpIIyca ra3oreHepaTopa TOPENOYHOr0 YCTPOMCTBA IIPH CKHIa-
HHM JI000rO TOIUIMBA HE3ABHCHMO OT IIOCTYTAIONIETO Ha OKHUCIIEHHE B Ta30r€HEPaTop

YTICPOACOACPAKAIICTO ChIPbs, HAIIPHUMED, C IIOMOIIBIO KMCIIOPOJa BO3AyXa, B OTJIMYUE
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OT MPOTOTHIIA M JPYTUX U3BECTHBIX CPEACTB, B KOTOPHIX CTaOMIH3AIMs [10JIEPKUBA-
€TCs BEICOKHM PacX0JIOM KHCIIOPO/A Ul COKUTAHHS YaCTH OKHCISIEMOTO YTIIIEPOACOAEP-
JKAIIETO CHIPbS, C IIOTyYEHHEM B HUX BBICOKHX Temrieparyp 1400-1600°C u nasnenus 27-
40 at™, u Kak pe3yJbTaT, ¢ HOHIKEHHBIM BBIXOIOM BOAOpoAa. Benenue mponecca npu
ONTUMAIBHBIX JUIA ra3u(pUKanvy yCIOBUH U TEMIIEpaTyp MO3BOJIAET, B OTIMYHE OT IIPO-
TOTHIIA, IZIe TOPEJIKH YCTAHOBJICHBI NIONEPEK BEPTUKATBHON OCH rasoreneparopa (4ro
NPHBOAMT K BBICOKHM TEMIICpaTypaM IIpH CTOJKHOBEHHH MOTOKOB IIPOIYKTOB Cropa-
HHSL), HCIIOJIB30BaTh B KOHCTPYKIMH ra3oreHeparopa HEeIOPOTHe MATEpPHANBI C CYIe-
CTBEHHO MEHBUICH MaTepUATIOEMKOCTBIO U )KapOCTORKOCTEIO.  CIIe[10BaTeIbHO, 3asBIIs-

eMas rpynna u300peTeHUH yI0BIETBOPAET YCIOBHIO «H300PETATENbCKHI yPOBEHDY.

3asiBisieMble CrOco0 M YCTPORCTBO [isl rasuyHKALNH yITIepOICOAEPHKAIIETO CHIPhS

HJUTIOCTPUPYIOTCS YEPTEXKAMH, TE

Ha Qur. | cxeMaTu4HO NpencTaBieHa oblas cxeMa razoreHeparopa Ijis  rasudu-

KallH yIJIEPOACONEPXKALIETO ChIPh;
Ha Our. 2 npeacTaBIeHa cXxeMa ra3oreHeparopa B paspese;
Ha @ur. 3 npe/ICTaBNeHa CXeMa ropeNloYHOro YCTPOMCTBA Ta30reHepaTopa;

Ha Pur. 4 cxeMaTHYHO NpPEJCTaBIICHa CXeMa ra30reHeparopa ¢ 3MEEBHKOM JUIs

Iogorpesa napa 1 OXJIaXJICHUEM CTCHKH KOpITyca,

Ha @ur. 5 cxeMaTHYHO IIPEJICTaBjIeHa CXeMa ra3oreHeparopa ¢ HaGopoM TOPOos-

Pa3HbIX €MKOCTEH Ans IOAOrpeBa Iapa H OXJIaXKIACHUEM CTEHKH ra3oreseparopa.

3asBIseMBIA ra3oreHepaTop s ra3suHKaliy yriepoacoepkKaliero Colpbsi  Co-
ACPXKUT Kopryc 1, Kamepy OKHCIEHHs 2 , KpBIIIKy Kopmyca 3 (®wur.l), ropeisodsoe
ycrpo#cTBo 4 (¢ur. 4) ¢ mupdysuonnoi ropenkoit 7, narpyOku MoaBoja KHCIOpoaa
5 H CMECH BOJSHOTO Napa H YIJIEpOJCOAEPKALIEeTo Chipbs 6, TpyOy 8 1 oTBOzA reHe-
PaTOpPHBIX ra3oB, KaHA MapIHAIBHOrO OKUCIIEHUS 9 ¢ Temnousonsanueit 10, ¢ xomnek-
TOpoM 12 moja4m mapa B HPOCTPAHCTBO HA BBIXOIE M3 KaHAIA OKUCIEHHS 9, a TaKKe
OIlyCKHBIMH TpyOamu 13, (¢ur. 2), mojaromuMu nap ot BepXHero KoJulekTopa mapa 14 x
KOJUISKTOpY mozauu napa 12. B HHXHeH 4acTu KOpIyca yCTaHOBJIEHA Kamepa ILIaKo-

yaanenus 11.
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Ha @ur. 2 npexcrasieH paspe3 A-A (Dur. 1) razoreseparopa, Ha KOTOPOM IIOKa3aH
BapHAHT PACIIOJIOKCHHMS OTBEPCTHH 1MoAa4u napa 15 B kosutekTope nojgauu napa 12. Ha
@ur. 3 npuBeneHa cxeMa ropeJIoYHOro yCTpoicTBa 4 ¢ BCTpoeHHO#H TU((y3HOHHOM To-
pekoi 7 ¢ KaHanoM nojavH Bo3/yxa 16, ¢ kaHauoM rojauu romwiusa 17 (HanpuMep Ma-
3yT MJIM Ia30BOE TOIUIMBO), C 3NeKTpoaaMu poxura 18, auddysopom cmemmenus 19, ¢
KaHajoM mojauu kucinopona 20 u xaHanoM nojgauu napa 21. Ha ®ur. 4 npexacrasiena
cxema rasoreHeparopa o @ur.1, nomonHeHHas 3MeeBUKOM 22 MOAOTpeBa Iapa M oXJja-
KICHUS TEIUIOH30JAIKUM CTEHKH Kopryca | rasoreHeparopa, marpyokom 23 BBoza napa
B 3MEEBHK 22, y3JI0M paclpeacieHus 24 nojayy napa B y3es CMEIICHUs [apa ¢ yriepo-
COJIEpKAUIUM CBIPbEM 25 K B KOJUIEKTOp 14, naTpyOKoM mojauu yriis 26 B y3eJ cMelle-
Hust 25. Ha @ur. 5 npencrapieHa cxema razoreneparopa o Qur.1, ronojanennas Topo-
00pa3sHBIMH €MKOCTAMH 27 IIOAOrPeBa Napa U OXJIaXKACHHUS TEIIOU30SIHA CTEHKH KOp-
myca 1 rasoreneparopa, narpyOkoM 23 BBOJia apa B 3MEeBHK 22, y3JI0M PaclpeAcICHHs
24 nozxayy napa B y3ell CMEUICHHS 11apa ¢ YIJIepoACOAEPHKAIIUM ChIPbEM 25 U B KOJIICK-
TOp 14, matpyOxom nojgausm yris 26, kanayaMy 28, COeANHSIONMMUMH TOPOOOPa3HBIE EM-

KocTH 27 Mexay coboi.
3asBseMble cI0co0 M ra3oreHeparop paboTaOT CIEAYIOUIMM 00pa3oM.

Coipoii map yepes natpy6ok 23 (Pwur.4) nocrymaer B 3MeeBUK 22, I7l€ IOXOrPEBAETCS
OTXOJSUIMMH I'€HEPATOPHBIMH Ia3aMH Yepe3 TpyOy 8 oTBoIa reHepaTopHBIX razoB. Ye-
pe3 3MeeBHK 22 map IOCTylaeT B y3ell pacupeeeHus napa 24, rie oH pas3fensercs Ha
2 motoxa. YacTh napa nocTynaer B y3eJ CMEIIEHHUs 25, I nap MOAXBaTLIBAET MNOCTYTIa-
folee yepes marpyOok 26 MeJKOAMCIIEPCHOE YrIepoICOoAepxKaIlee ChIpbE, HAPHMED,
YTOJIBHYIO TbUIb, M TOJY4€HHas 1apoyrojbHas CMeCh IIOCTYINAeT 4yepe3 maTpyOok 6,
HalpUMep, 4€pe3 IKEKIHOHHOE YCTPOHCTBO I IILTIO30BHK (Ha YEPTEXKe HE IMOKA3aHbI)
B IOPENIOYHOE yCTPOUCTBO. ['0Openounoe ycTpoicTBO NpeacTaiser coboit KOMOGHHHPO-
BaHHYIO TopeniKy 4 (Pur.3) B ieHTpe KOTOpo#i pacnonoxeHa auddy3uoHHas ropenka 7
AJIsL COKUTAHMS JKHIKOTO HIIM ra3o00pa3sHOTo TOIUIMBA B Bo3myxe. IIpoaykTel cropanus
nuddy3HoHHOI ropeiku ¢ Temneparypoii 1500-2000°C co3aatoT AIpo ra3oBoro noToKa,
3aKpydeHHOro audpdysopom cmemeHust 19 ropenxu 7, cMeIMBas MOTOKH KHCIOPOA,
IOCTYTAIOINETO Yepe3 narpybok 5 B kanan 20, U HapoyroibHON CMECH, MOCTYNAIOMmER

yepe3 narpy6ok 6 B kanan 21.
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BaXHBIM M CyHIECTBEHHBIM JUIS MOJYYCHHS MaKCUMAJIbHO BO3MOMHOTO KOJIHYe-
CTBa BOZOPO/Ia IPH rasu(pHKaLHK YIJIEBOJOPOIHBIX YaCTHI] B APaUIETBHOM OTOKE SB-
JSETCS PEIICHHE HECKOIBKUX POTHBOPEYMBBIX 3a/1a4, 8 IMEHHO I0JIyYeHHE r€HEPaTop-
HOT'O rasa Io 3HI0TEPMHYECKOH XUMHYECKOH peakinn
C+H20 =CO + H2 - 31700 xKkan 2)
C CYIIECTBEHHOM HOTEPeH TEIIOBOH IHEPIUH, OAHOBPEMEHHO € IIPOLECCOM BHITOPaHHs
4acTH YIJIepoJCOACPKANINX YACTHIl B KHCIOPOoJE (B 00IEM ITOTOKE apa M KMCIOPOICO-
JepKalllero rasa) 1 MoAepKaHus TeMIleparyphl npoiecca B quanasone 900-1100°C.,
HUroOb! 0TyYuTh TpeOyeMBIH pe3ynpTaT, HeOOXOAUMO, IIPeXk[e BCETO, BECTH HPO-
[eCC MPH HU3KOM JABICHUM (HampuMep, OJIM3KOM K aTMoc(hepHOMY), TOTIa COrJIacHO
npunnuny Jle llarense nponecce cornacHo (2) Oyner capunyT Brpaso. [puun Jle [la-
TeJbe YCTAHABIIMBACT, YTO B Clly4Yae BO3JCHCTBHS HA PAaBHOBECHYIO CHCTEMY H3BHE, C
H3MEHEHHEM Kakoro-HUOyab n3 GaKkTOpOB, ONPEETISAIONIMX TI0JI0KEHHE PABHOBECHS, B
CHCTEME YCHIIUBAECTCs TO HAIIPABJICHHUE IIPOIECcca, KOTOPOe 0CIabIseT 3TO BO3ACHCTBHE.
ITockoneky B pesynbrare peakuu (2) obpasyercs 2 moys raza (CO u H2 BMecTo oqsoro
Mosg H20) ¢ noBelieHHEM JIaBIICHHS B pe3yJIbTaTe pocTa 00bEMA Ta30B, TO, MOHMKAS
JaBJICHHE B PEAKTOPE, MOKHO 3aCTABUTh CHCTEMY BEPHYTBCS B PaBHOBECHE, yCKOPSSL
peaxumo (2) ¢ renepanueit razoB CO u H2. U Hao60poT, IpH NOBHIIEHAH IaBICHUS
B PEaKTOpe, B YCTPOMCTBE CHHMXKAETCA JaBIIEHUE 3a CUET 3aMe/UIeHHs peakuuu (2).
Texunyecku 910 03HATAET, YTO HYKHO HE JOIYCKaTh NOBBIIIEHHAS JABJICHNS NIPH Beie-
HHH MPOLECCa OKUCIICHHS, T.€. HyX)XHO HE JONMYCKaTh YBEIMYEHHs I'a30qMHAMUYECKHX
COIPOTHBJICHH ABUKECHUIO OTOKA ra3oB. Ciiej0BaTeIbHO, KOHCTPYKIMS KaHAJOB, IIO
KOTOPBIM JBIKYTCS IIPOAYKTHI OKHCIICHHS, HE JIOJDKHBI HMETh PE3KHX CY)KEHHH, a Cro-
paHne yrIepOACOAEPKALINX YACTHI IIPEANIOYTHTENEHO BECTH B IPOLIECCE IBHKEHHUS B

HOTOKE, a HE B 3aMKHYTOH Kamepe.

Jutst moepxxanus Heo0X0MMOM BBICOKON TeMIIepaTyphl PallMOHATBHO YacTh yTe-

poAa CXUrarb B KUCJIOPOJAE COITaCHO peaKIIHH

C+02=C0O2 +94300 kkau, 3)
kortopas npu 1000°C mpoTekaeT NPaKTHYECKH MIHOBEHHO, a IIPH [IOHWXEHUH TeMmepa-
TYPBI €€ CKOPOCTh pe3ko cHmkaeTed [1, crp.24]. Oanaxo s noanepxanus peakuuu (2)

Tpe6yCTC$I 3HAaYUTCIBHOC KOJIMYECTBO BOJSHOIO mapa, 4To OT6I/IpaCT TCIUIOBYKO MOIII-
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HOCTb, & MOCTYIUICHHE TEIUIA IO PeaKuuy (3) IPOUCXOIMT [IOCTENEHHO 10 Mepe BBIropa-
HHS YaCTHIl, IIO3TOMY PAllMOHAILHBIM SBIISIETCS pa3ieNieHHe BOASHOIO Mapa Ha 2 YacTH,
rJie nepBast 4acTh f1apa IOCTYAaeT YEPE3 FopesIOYHOE YCTPOHUCTBO, a BTOpas 4acTh 11apa,
IOCTYMAOLIETO HA MApIHaIbHOE OKHCJIEHHE ChIPhS, TOCTYIAET B IIOTOK IPOYKTOB I1ap-
[IHATBHOI0 OKUCIICHAA HA BBIXOJE M3 KaHANa OKHUCIJIEHHUs, T0CTIe BEITOPAHHS YaCTHI] Y-
JePOJCOCPHKAIIETO CHIPhSA, B IIPOCTPAHCTBO MEXKIY BEPTHKATIBHOM CTEHKOM KOpIyca ra-
30reHepaTopa M CTCHKOH kaHasla OKuciieHus. Kpome Toro, pasaeneHue noauu BOAIHOTO
napa Mmo3BOJIIET HA BLIXOJE M3 KaHAa OKHCIICHHS BECTH yHpaBisiemyto peakiuio CO +

H20 =C02 + H2 + 10300 ka1 1o ¢popmye (1)

C YBEIMYCHUEM BOJIOpPO/Ia B reHepaTopHoM rase. Ilockonbky peakuus (1) sk3oTepMuyna,
TO cornacHo npuHumiy Jle Ilarense npu MoBLIIIEHUH TeMIIEPAaTyPhbl paBHOBECHE Oy IeT
CMELIAThCA BJIEBO (T.€. B CTOPOHY HCXOIHBIX IIPOAYKTOB), OMHAKO Mjs 3TOM peaKIuu
rpasuueit seasercs Temneparypa B 1000°C (310 BHIHO M3 JMHAMUKH KOHCTAHTHI paB-
HoBecus [3, cTp.102] B 3KCepUMEHTAIBHBIX NaHHBIX [2, cTp.30]). T.e. nogada BoAsSIHOTO
1apa Ha BEIXOJIE M3 KaHasla OKUCIICHHUS TI03BOJIMT NPoiTH peakunu (1) u CHU3HTH TeMIIe-
patypy rasos go 700-800°C, He no3BomuB eii mogHsAThes Bbite 900-1000° C. Crenosa-
TEJIBHO, ONTHMabHBIM ABJLIETCS NOAJAEP)KAHHE TEMIIEPATyphl Ha BBHIXOJE H3 KaHAIa

OKHCTEHHs B nipesenax 800-1000° C.

JList 3aBeplICHHS] OKUCITUTENBHO-BOCCTAHOBUTEIBHBIX peakiuii (2) B KaHalie apiy-
JIBHOTO OKHCIICHHS, €TO T€OMETPHYECKUE pa3Mephl (AHAMETP U IUIHHA) AOJDKHEI 00ec-
[eYHBATH BPEMs NpeObIBaHMS TOpsIIEH YaCTUIBI B KaHAJE HE MEHbIIEE, 9eM BpeMs eé
BBIFOpaHus (4To 3HauuTeNbHO noBeimraeT KII/] mpomecca), cyiuecTBeHHO 3aBUCSINEE OT
pa3Mepa cropaeMoi 4acTHibl. Tak, HallpuMep, YacTUHa anTpanura aaamerpoM 100 MkM
cropaet B Kuciopoze 3a 7,1 cex, a tuamerpoM B 50 Mxm 3a 0,413 cex [3, cTp.210]. 3nas
pasMep 4acTHIl ra3uGHIEPYEMOTo CHIPBS U €r0 YaCOBOI pacXo/l, JIETKO PACCUUTATh Ieo-

METPHUYECCKHUC pa3sMCPHI KaHalla OKHMCIICHHUSL.

Baxueiiiunm ycnoBueM cTabuiibHOM paboThl ra3oreneparopa ¢ rasuukanueii ya-
CTHII B IIOTOKE ABJISAETCA CTa0MIILHOE 3aXKUTaHHE H TOPEHHE B IIOy4aeMOM /By X(azHoM
IIOTOKE, I/Ie FTOPCHHE WAET KaK Ha IOBEPXHOCTH YaCTHUIIBL, TaK U B ra3oBoil (dase. [l
CTabHIBHOCTH HPOIECCa BaXKHO, YTOOBI CKOPOCTh PaclpOCTPAaHEHMs ILIAMEHH ObLia
BBILIIE CKOPOCTH IBYX(pa3HOro IOTOKA, HHAYE IPOU30HIET CPHIB [UIAMEHH M HPOLECC

OKHCJICHHS [IPEKPATUTCS. B H3BECTHBIX ra3oreHeparopax moTo4HO M rasuduKanum, B ToM
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umcye B Ommxkaitimem ananore «KPRENFLO» PDQ sta npo6iieMa pemaeTrcs TeM, 4To CKo-
POCTb CrOpaHMs YaCTHI[ YIJisl YBEJIMYMBAIOT, IIOBHIIIAS JABJICHUE U TEMIIEPATYPY IIPO-
necca 3a C4ET yBENUYCHHs I01a41 KMCIOPOJA ¥ CKHMIaHUS OOJIBIIEro KOJMYECTBA yIiis
no peakuuy (3). Kpome T0ro, yBenuuuBaoT BpeMs HpeObIBaHHSA YacTHIl B PEAKTOpE 3a
CYET PACNOJIOXKEHHUS FOPEJIOK NEPIIEHAUKY ISIPHO TIOTOKY. BaXKHBIM B KOHCTPYKIIHH IIPO-
TOTHUIA SBJISETCHA TO, YTO IOBLILICHHE JABJICHHS B KaMepe OKHCJIEHUs JOCTHraercs 3a
CYCT CYXKCHHUS Ha BBIXOJle M3 KaMEPEHI OKHCIIEHHs B (popMe pakeTHOTO COILIa, YTO alpH-
OpH TpeOyeT XUAKOTO LULIAKOYJANEHHs, a 3HAUHUT, H BBICOKMX TEMIIEPATyp, T.K. B IPO-
THBHOM CJIy4ae Cy Karoluiics KaHai Oy et ObICTPO 3alIaKOBaH.

B 3asBrnsieMOM yCTpOMCTBe 3Ta IpoOiIeMa PELIAeTCsl TEM, YTO C LENBIO MOy YeHHUs
HNOCTOSIHHOTO HCTOYHMKA 32)KMIaHMs M CTaOMIIM3AIMH IIPOIiecca MapIiHaIbLHOIO OKHCIIC-
HHSl, TOPEIOYHOE yCTPOMCTBO, BCTPOCHHOE IPEANOYTUTENBHO B KPBIIIKY Tra3oreHepa-
TOpa, MPEACTaBAeT COO0H KOMOMHHPOBAHHYIO THG(Y3HOHHYIO TOPENKY, B LIEHTPE KO-
TOPOi, BIOIL OCH BCTPOEHA COOCTBEHHO AUGGY3HOHHAA I'OpEIIKa JUI COKATAHHS ra3o-
00pasHOro WM XUIKOTO TOILIMBA, KOTOpas CHa0XCHA KOJIBIEBHIMH KAHANAMM, PacIio-
JIOXKEHHBIMH KOAKCHAJILHO BOKPYI' BCTPOEHHOH Iu(GY3HMOHHOM rOpeNKH, BBIOIHEH-
HBIMH C BO3MO)XHOCTBIO II0/1a4H B 9TH KOJIbLIEBbIE KaHAJIBI KUCIOPOICOAEPKALIETO rasa,
YIJICBOIOPOAHOIO CHIPEA M BOASHOTO Napa. T.e. HCTOUHHKOM JIOIOJHUTEIBHOrO TeIa
AJIS 38KUTaHUsL CMECH | MOIEPIKAHUs CTaOMIIBHBIM IIPOIIEcca OKHCIICHHUS B IIpe/iarae-
MOM Cnoco0e ABJIAETCA TEIIO MPOMXYKTOB CrOPAHHS XKHIKOTO HJIM ra3006pa3HOro TOM-
JUBA MOCTYNAIOLIET0 BJOJIb IOTOKA PEArHPYONIEH TapOKHCIOPOJHON CMECH H YIIIEPOI-
coziepxaulero cripps. Takas cxema mporecca ropeHust HO3BOJISET MOIYYUTh CTaOUIBHOE
3@XUraHue JByX(a3HOro IOTOKa, HOJIEPXKaTh ero ropeHue 10 CTabHIBHOM TeHepayH
TeIUIa [0 peakiuy (3) i KOMIEHCHPOBATH TEIUIONOTEPH HA PEAKUUH YIIIEPOAa H OKHCH
yriaepoAa ¢ BOASHBIM MapoM. TepMOAHHaMHYECKHe pacdéThl BAPHAHTOB TAKOTO HPO-
[ecca oKasblBaroT, YTO MOITHOCTH TaKO# BCTpoeHHOMH Topeiku B 10-25% o1 MomHBOCTH
CIKHTaeMOro IO peakuud (3) yriiepoaa AOCTaTOYHO JUIS MOJIyYeHHUs CTA0UILHOIO Hpo-
1ecca ¢ TeMmeparypoii B motoke se Boime 1100° C.

TaxuM 06pa3zoM, 3asBiIseMbIit CIOCOO MO3BOMSET OOECIIEYNTh CTAOMIIBHOE 3aXH-
raHU€ U TOPEHHE B N10JIyYaeMOM JByX(})a3HOM IIOTOKE Kak Ha TOBEPXHOCTH YaCTHULIB, TAK
H B ra30Bo# ¢ase, 3a CIET CTAOUIHLHOTO MOCTYIUICHHS AOMOJIHUTENLHOM TEMIOBOM dHEp-

T'HH OT IPOAYKTOB CTOPaHUs, ITOCTYNAOINUX OT BCTPOCHHOTO TOPEIIOYHOrO YCTpOﬁCTBa,
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B KOTOPOM C)KHIaeTcs XKHIKOE MM ra3000pa3sHoe TOIUIMBO. [IpoyKThI CropaHus OT ro-
PENOYHOI0 YCTPOHCTBA NOCTYHAIOT B KaHaJ I1apIUAIbHOTO OKHCICHHS BIOJb OCH Ka-

HaJla, CMELIMBAsCH C YIIIEPOICOACPXKAILUM CHIPBEM U TIAPOKUCIIOPOHOM CMECKHIO.

PerynupoBko#i pacxomoB mapa, yIisi H KHCJIOpOAa B KaHaie OKHUCIeHus 9 (Dur.4)
ycTaHaBnMBaOT Temmeparypy 900-1100°C, orcnexuBaeMyio 1o TepMojaTumkaM (Ha
yepTexax He MmoxasaHsl). Bropas yacte napa u3 y3na pacnpenenenus 25 mo tpyGam 13
NOCTYNaET B KOJUIEKTOP IoAa4u napa 12 u uepes oTBepcTHs 15 momaéres B IpOCTPaHCTBO
Ha BBIXOJI€ U3 KaHa/la OKHCIICHUS 9, Iie MPOHCXOAUT JOOKHCICHHE OKHCH YTIIEpoaa 0
JABYOKHCH YIJIEpOJa ¢ IOJy4YeHHEM BOJIOpoAa. PacuéTHoe KOIWUYECTBO mapa JOJKHO
obecrieunBaTh B CyMMe OXJIAXJEHHE 10 Temmeparypbl He Bbime 900-1000° C mns
NpeoTBpalleHus oOpaTHbIX peakiui mo dopmyie (1). INonydyeHnsie reHeparopHbie
raspl 4epe3 TpyOy 8 0TBOJa reHepaTOPHBIX Ta30B MOCTYAIOT Ha OXJIAX/ICHHE H OUHCTKY
U JaJbHEHIYIO NepepaboTKy (HanpHuMep Ha OPraHMYECKHM CHHTE3 WM Ha MEMOpaHHbIH
pasenuTenh ¢ AanbHEHIIEH Mogadeldl IOyYEeHHOro BOAOpOJa HA THAPOr€HH3AIHIO
yrist). OcHOBHas Macca 00pa30BaBIIMXCS B PE3YJIbTAaTe CTOPAHHS YIJISA IUIAKA U 307151
HOCTYNAKOT B KaMepy IjakoyzaneHus 11, oTkyna cucteMoit 30510- M UIAKOY JAJIEHHS

IIOCTYHAKOT HA YTHIIMN3AIIHIO.
HpnMep KOHKPE€THOT'O BBIITOJIHCHHS

1. Jlnsg mpowu3sBoACTBa BOAOpPOJA Ul 3aBOJA THAPOIrCHH3AIMH YIS ObUI OCTPOEH
ONBLITHEIHA 0Opa3el razoreneparopa 1o cxeme Our.5 a5t napIHaIbHOrO OKUCIEHUS YITIA.
beun onpeneneHsl noka3aTend HCXOJHOTO YIUIs: 30JbHOCTh cpeanss - 12%; BIaXXHOCTb
8%; comepxanmue yriepona B opraHuyeckor yactu yris (OMY) — 77%; conepxanue Bo-
nopoga B OMY — 5%. McxoHbli yroas ObLT OABEPrHYT OPOOJIEHHIO, CYILIKE B Gapa-
OaHHOH CyIIMJIKE H TOHKOMY ITIOMOJTy Ha JApOOMIIKe ¢ pa3MepoM vacTHIl MeHee 100 MkM

80% uyacTtuig pazmepoMm MeHee 50 MxkMm). Pacxon cyxoro yrist cocTasisa 1 TOHHY B 4ac.
p 1Y y y y

2. B KkavuecTBe HCTOYHHKA KHUCIOpoJa Oblia BRIOpaHa YCTAaHOBKA MMOJYUYEHHSI KHUCIIO-

poJia M3 BO3/IyXa IPOM3BOAMTENEHOCTEIO — 300 M B yac miu 390 Kr B yac.

3. O6BEM KoIMYECTBA BOJBI HA OKHCIICHUE YISl M IIPOTIOPIIMH pacipeaecHus 00bEMOB
napa 4yepes TOpesIKy M KOJIJIEKTOD Ha BBIXOJE M3 KaHala OKUCI/IeHHs ObLTH BHIOPAHEBI K3
TEPMOJMHAMHYECKHX PacIETOB TEIUIOBBIX OATAHCOB XUMHUECKHX PeaKiuili OKUCICHUS U
BOCCTAaHOBJICHHs. B KxauecTBe BCTPOCHHOM B ropesoyHoe yCTPOHCTBO Auddy3HOHHOM
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TOPEJIKH MCIOJIB30BAIM TOPEJIKY Ha MasyTe TemIoBoi MomHocThio 200 kBT, B KoTOpOIH

B 4ac cropaeT 20 xr Masyta B 20x10,8=216 m>/uac Bo3myxa uiu B 276,5 Kr/dac Bo3oyXa.

4. Ha Bxox KaHana napuHagbHOroO OKUCIEHHS Yepe3 ropesioYHOE YCTPOUCTBO IO1aBalu
no 150 xr napa B 4ac. PacuétHas TemnepaTrypa NpOIyKTOB CrOpaHus Ha BEIXOAE M3 Ka-
HaJla NapUHMATBHOTO OKHCIeHHs coctaBuna 952°C, 4To BIHCHIBAaeTCS B ONTHMATBHEIH

TemmeparypHbii npeaen 900-1100°C.

6. Ilomauyy mapa u3 kojekTopa (1103.12, dur.5) ocymecrsisuin yepes 3 psga ot-
BEPCTHIf ¢ YIJIOM pacIiblia MexJy psinamu orBepernii B 120°, O6nEM mapa, moctynato-

ero yepes KoyeKkTop (1no3.12 dwur.5), cocrabnan 250-300 kr B yac.

PerynupoBanne 065€MOB napa, NOCTYNAOIIMX Yepe3 ropeloYHOe YCTPOUCTBO M YEpe3
KOJUICKTOP BEJIM MO JAHHBIM 3-X JaTYMKOB TEMIIEPATypPhI, BCTPOCHHBIX MEPE]] BEIXOI0M
U3 KaHaJla OKUCJICHHS H JaHHBIM JaT4YHMKOB TEMIIEPATYPhl, BCTPOEHHBIX B KOJIBIEBOH 3a-
30p MEXIy KaHAJIOM OKHCIIEHHS M KOPIyCOM ra3oreHeparopa BBIIIE BHIXOJA U3 KaHala

okuciienus Ha 20 cm (3 ).

Bri60op reomeTpuuecKuX pa3sMepoB KaHaIA TAPIUATIBHOTO OKHCIEHU (1103.9, Dur.6)
OIIpeAENAIICS BpeMEHEM IPeObIBaHNS IIPOYKTOB FOPEHHS B KaHAJle OKHCIICHUS. JTO Be-
JIMYMHA T0JKHA OBITh IPEANIOYTHTENBHO OOMIbIIE BpEMEHH CrOPaHKs MaKCUMAaIbHOM Ya-
CTHUIIBI CBIPBs. B razoreHeparop noctynana yrojbHas mbUTb pasmepoM a0 S0mkM — 80%
1 1o 80 - 90 mxm — 20%. Bpemst cropanus yactuupsl pasMepoM B 50 MKM COCTABIISIIO
0,41 cex, a pasmepoM B 100 MkM — 7 cek. IIpu ycinoBUH NONHOTO pearupoBaHMs I B
TIapOKHCIOPOIHOM IIOTOKE IONydain mnpu Temieparype B 1000°C okono 826 mmrpos
ra3os B ceKyHay. [ Ipu BbIOOpe quaMeTpa KaHasla napiuaisHoro okucneHus B 0,85 Metpa
H JI/THHE KaMePBl OKMCJICHHS B 6 METPOB BpeMs! IPeObIBAaHUS YACTHI[ B KAMEPE OKHCIICHHS
COCTaBIIO 7,9 CEKYHABI, 9TO NPEBHIIIAET TEOPETUYECKOE BPEMS CIOPAHHS YACTHIGI

YTJI5 MAKCHMAJIBHOTO pa3Mepa.

CocTaB ra3oB (CyXux) IPU PeXUMe C MAKCHUMAIBHBIM BBIXOIOM BOJOPOJA COCTABHII

B CpeZIHEM B OOBEMHBIX %o:

H2 - 52,3%,
N2 -10,0%,
CO - 12,4%,
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CO2 -25,3%.

Pacxon kucnopona Ha 1 ToHHy cyxoro yris cocrasun 300 M B yac, pacxos mapa Ha

1 ToHHy cyxoro yriis coctaui 370 — 430 kr.

U3 ucroynuka ceenenmii [4, crp.31], pacKpBIBaIOIEro yYCTAHOBKY IO HPOTOTHILY

cornacHo texHosoruu «Illemn-Konnepe» u3BeCTHHI clenyiolye cpeHue MOKa3aTelu:
H2 -25,6%
CO -65,6%
CO2-0,8%
CH4 - 8,0%

Pacxoz kucnopoza cocrapui 644m> Ha TOHHY CyXOTO yIIis, @ PACXOA rapa TOJbKO OKOJIO
100 xr Ha ToHHY cyxoro yris. O4eBHIHO, YTO NOKa3aTeNny BHIXOa BOAOPOAA IO IIpe-
JlaraeMbIM Crioco0y u yCTpOHCTBY B 2 pasa BBILIE, YeM y IIPOTOTHUIIA, PACX0/ KHCIOPOAa
B 2 pa3a MeHbIIle, a TeMrneparypa mpouecca Hmke - 1100°C, nmo cpaBEeHHIO ¢ IPOTOTH-
TIOM, B KOTOPOM TIporiecc HAET npu Temmeparype 1400-1600° C. B 3aspnsemoM ycTpoii-
CTBE NMPAKTHYECKH B 4 pasa OoJbllle pacXol BOASHOrO Iapa, HO MOBBIEHHBIH BBIXOJ

BOJIOPOJa KakK pa3 U OIpeneisaeTcs 3a CYeT Pa3JI0XKCHUS BOOHBL.

IIpuBeIeH I TIPAMEP KOHKPETHOH pealn3allii 3asiBISIEMOTO Crocoba H yCTpoii-
CTBA VI €r0 pealM3aly MOKa3bIBAET, YTO B yCTAHOBKE IO 3asBIIIEMOMY ra3oreHepa-
TOPY, IOJIy Y€HHBIE PE3YILTaThI II0 BEIXOAY BOAOPO/Ia 3HAYUTEBHO NPEBLIIAIOT I0Ka3a-
TEJIM HO BBIXOJY BOAOPOA 110 CPaBHEHHUIO ¢ MpoTOTHIIOM. I1pu 3TOM 06ImHit pacxos Bo-
ASHOrO Napa Ha NapuuanbHOe OKUCIEHHE Yy cocTaisieT 370-430 kr ua 1 TOHHY yriis.
Pacxon kucnopona coctasmwi 300 M> Ha ToHHY yrias.  OGummii BEIX0 BOJIOpOJa COCTa-

BHUJI OKOJIO 65 KT B 4ac, B TO BpeMs KaK B IIPOTOTHIIE OKOJIO 32 KT B 4ac.

3asBisieMoe M300pETEHHE MOXKET HAlTH MIHPOKOE IPUMEHEHHE T ra3u(uKauH
YTJICPOJICOAEPHKALIETO CHIPhS, B CBSA3H C obecniedeHHeM 3hGeKTHBHON rasudukanuu B
HapajUIeIbHOM [OTOKE YITIEPOJACOACPHKALIETO ChIPhs, TAKOTO KaK Yrojib, OyphIi yroib,
TOp®, NPEBECHHA, KOKC, Ca)ka HJIH JIpyTHE BUABI Ta3000pa3HOro, XXUIKOTO MIIH TBEPAOTO
TOILIMBA, HJIH UX CMECEH C LETIBbIO MOyYEHHs TeHEPATOPHOTO ra3a ¢ MaKCHMAJIbHO BbI-

COKHM cozepxaHueM Bojaopoza. IIpu s3Tom TpeGyemble mapaMeTpsl MMOJy4aEMOro rasa
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JIETKO PETyJIMPYIOTCS M3MEHEHHEM PacXoJ0B KHCIOpOZa, mapa, ra3su(uIiupyeMoro chl-
Pbsl 1 MOITHOCTBIO BCTPOCHHOH rOPEJIKH.

I'a3oreneparop MoeT OBITH HCIOJNB30BAH B XHMHYECKOM, YIIEXMMHYECKOH M
HE(TEXMMHUECKOH IPOMBILIICHHOCTAX (aMMHAK, METaHOJ, CHHTETHYECKHE TOILIMBA H
T.[.), KOKCOra30BOM, SJHEPTETUYECKOH B IPYTHX CMEXHBIX OTPACIAX MPOMBIIUIECHHOCTH
IULS TIepepabOTKU yIIIEPOACOAEPKALIETO CHIPBS C IMOJyYSCHHEM SHEPreTHYECKHX U TeX-
HOJIOTHYECKHX ra3oB. BeIcokoe cojepikaHue BOJOPOJIa B TEXHHUECKHX ra3ax, mojryyae-
MBIX B 3asBJIEHHOM yYCTPOMCTBE, IIO3BOJHT C BBICOKOH 3¢ (EKTUBHOCTHIO IPOBOMTL HA
HedrenepepabaThIBAIOIUX 3aBOAAX YTHIIH3AIMIO TXKEBIX HEQTIHBIX OCTATKOB, C II0-
JyYEHHEM BBICOKOKAYECTBEHHBIX MOTOPHBIX TOIUIMB, & JJISl YTJIEXUMHUYECKON IIPOMBIIII-
JICHHOCTH 3asBIISIEMOE YCTPOHCTBO MOXKET CTaTh OCHOBHBIM 0a30BBIM YCTPOMCTBOM IS
XMMHYECKOH nepepaboTkh yriei. Takoe ycTpoHCTBO OJJMHAKOBO BaXKHO, KaK 1A MEPE-

paboTKH yriei METOIOM THAPOr€HU3AMH, TaK U JUIS MOJTyYEHHs U3 YIJIEH CUHTE3-Ta3a.

Cnucok nuteparypsl:

1. Anemmuna A. C., Ceprees B. B. «I"a3uduxanus 1Bepaoro Tomimeay : y4es. moco-
6ue. CIIO.: U3n-Bo [lonurexs. yu-ta, 2010. — 202 c.

2. Pambym H.D. (nepeBon c anrn.) «I'asoreneparopsi» - M.-JI.: TOHTH, 1939. —
413c.

3. Ilomepannes B.B., Apedren K.B. u ap. « OCHOBBI npakTHYECKON TEOpHH rOpe-
HUs»: YuebHoe nocobue s By3oB — JI.: DHeproatomusjar, 1986. — 312c¢.

4. Hlunmunr I'.-J., born B., Kpayc V. «l'asuduxanus yris» - M.: Henpa, 1986. —
175c.

[lepeyeHp CCBHUIOYHBIX 00O3HAYCHUIA
1. Kopnyc

2. Kamepa okucienus

3. Kppimka rasoreneparopa

4. 'openoyHoe ycTpoHCTBO
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5. Ilarpy6ok moaBoaa kuciopoaa

6. [latpy6ox mosBona cMecH BOISIHOTO I1apa U YIIIEPOICOAEPIKALIETO ChIPhs
7. BcrpoeHHas muddy3noHHas ropenka

8. Tpyba asst 0TBOJA TEHEPATOPHBIX ra30B

9. Kanan napuuajibHOTO OKUCIICHHS

10. Tenuton3omnsius KaHaIa OKHCIICHUS

11. Kamepa miakoy ganeHus

12. HuxHuii KoyexTop napa.

13. OmyckHbIe TpYObI

14. BepxHuii KOJUIEKTOp Hapa

15. OtBepcTus mojauw mapa B KOJLIEKTOpPE

16 Kanan nogaum Bo3myxa

17. Kanan moaaum TOILIHBA.

18. DnexTpoasl po3Kura

19. Tuddy3op cmemmrenus
20.Kanan nogauu kuciopoja
21.Kanan nojmaun napa
22. 3MeeBHK U1 OJOTpeBa napa
23. Ilarpy6ok BBOja mMapa B 3MEEBHK
24. V3en pacnpeneneHus NOAa4YH mapa.
25. V3en cMellIeHuUs TIapa ¢ YIIIepoaCcoIePKaLIEM ChIPEM
26. IlatpyOok moxauu yriisi B y3ell CMEILICHHSL.
27.Topoobpa3Hble €eMKOCTH IS IO0rpeBa mapa

28. Kamauu i coetuHEeHUsT TOpOOOpa3HBIX €EMKOCTEM.
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OOPMYVYIJIA U3OBPETEHUSA

1. Cnoco6 rasuduxanym yriepoacoiepKaliero Chipbsi, BKIIOYAIOIIUN MapIUATBHOE
OKHCJICHHE YIJIEPOACOAEPKALIECTO ChIPbSi B KaMepe OKHCIIeHHS B CMeCH
KHCJIOPOJCOAEPIKAILETO ra3a U BOASHOIO Iapa, OTIHYAIOIIUIICSA TeM, YTO NMapi{iaIbHoe
OKHCIIEHHE OCYILIECTBJIAIOT B  KaHajle TapUUaIbHOTO OKHCJIEHHMS, KOAKCHAIBHO
YCTaHOBJIEHHOM B BEPTHUKAILHOW KaMepe OKHCICHHs, a rmojady BOJSHOrO mapa s
HApUUAIBHOTO OKUCIICHHS YITEPOJCOJIEPXKAIIETO CHIPhS OCYIIECTBISIOT HAa BXOAE H

BBIXOJIC KaHajla NapiruaibHOrO OKHUCJICHHUA KaMCpbl OKHCIICHMUS.

2. Cnioco6 mo n.1, oTIIMYaOIMUHCS TeM, YTO MapluaibHOEe OKUCICHHE OCYILECTBISIOT B
IOTOKE CMECH KHCIOpoJa H BOISHOTO Mapa B KaHale MNapHHaIbHOTO OKHUCJICHUS
Kamepsl OKHCIeHHs npu  Temreparype  900-1100°C, xotopyro ofecmeunBaror

H3MEHECHHUEM 00beMa [Iapa Ha BXOZ€ B KaHaJl IIapIiualIbHOTO OKHUCIICHUS.

3. Cnoco6 mo n.l, ommMyarommiics TeM, YTO Ha BBIXOJe KaHAjJA IAapLUHAILHOTO
0

OKHCJICHHS KaMePBl OKUCIICHUS IIOJAEPKHUBAIOT TeMIiepatypy B npenenax 800-1000°C,

KOTOpYIO O0ecneunBaOT H3MEHEHHeM  o0beMa I[apa Ha BBIXOAE M3  KaHaia

IMapuuaJILHOTO OKHCJIICHUS.

4. Crioco6 no n.1, oTiMyaromMiics TeM, YTO 3aKHTAHHE CMECH YIIIEPOACOAEPKALIETO
CbIpbSl M MAPOKHCJIIOPOAHOM CMECH W NONIEPXKAHHE HX CTaOHIBHOTO TOpeHHs
OCYIICCTRIISAIOT 3a CYET MOJAYH HA BXOJA KaHasa NMapLUalbHOIO OKHCIICHHUS MPOIYKTOB
CrOpaHus U3 TOPEJIOYHOrO0 YCTPOMCTBA, YCTAHOBJIEHHOI'O BIO/IbF OCH KaHaja

NapuruajibHOIO OKHUCIICHHA.

5. Cmocob no 1.1, oTnuyarolyics TeM, YTO BpeMsl 1peObIBaHUS IPOLYKTOB TOPEHHUS B
KaHajle OKHCIEHHs BBIOMpAIOT OoOJIbllle BPEMEHU CrOpaHHs MaKCHMalbHON YacTHIIBI

CBIpBSI.

6. Cmocob6 no n.l, omIHuAlOMUiCAs TeM, YTO T[EOMETPHUYESCKHE pa3Mephl KaHala

NapuHAJIBHOIO OKUCIICHUSA BBI6I/IpaIOT, HUCXoaslT H3 COOTHOUICHHUA.
L > (4*G*Tv)/(n*p(to) *D?),
rac
L — JIJTMHA KaHaJia NapiuaJIbHOT'O OKHCIICHHUA,
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D- JUaMCTpP KaHajla apIHuaJIbHOTO OKHUCIICHNUS ]

G — MaccoBblit Ipuxod MNOpOAYKTOB OKHCJICHHUS B KaHal IIapHUuaJIbHOTO

OKHCJIICHHUA,

Ty — Temmeparypa CropaHuss MakCHMaJIbHOH 4YaCTHUIBI YIJIEPOJCOAEPKAINETO

CBIPBS;

to — paC‘IéTHaﬂ TeMIIEparypa NPOAYKTOB OKHCICHHA B KaHaJIC NapnuaJlbHOTO

OKHCJICHHA,

p(to) — pacu€rHasi IUIOTHOCTh NPOJIYKTOB OKHCJICHHS B KaHalle MaplHAalbHOTO

OKHCJICHHUA.

7. Cnoco6 mo m.1, oTIMYArOMIUIACS TeM, YTO B KAYECTBE YIIIEPOACOIEPIKAIIETO CHIPhS
UCIIONIBL3YIOT TBEPIOE TOIUIMBO B BUE yIis, Oyporo yris, Topda, IpeBeCHHEI, KOKca,

CaXXH HJIN ra3006pa3HHe H )XHJKHC TOIIJIMBA, HJIM UX CMCCH.

8. 'azoreneparop ans razuduKanuy yriaepoacoIepKaIlero Cepbs crocodoM Imo 1.1,
coJlepXKallliii  KOpIyc, rOpejovyHOe YCTPOMCTBO, BEPTUKAIBHYIO KaMepy OKHCIICHHS,
KOJUIGKTOPBI  JUI  [OJa4M  yIJIEPOJACOJEPIKAINero ChIphsl, BOASHOTO Iapa M
KHCJIOPOACOAEPIKAIIEro rasa, Tpydy Ui OTBOja MPOMYKTOB razudukaiud ¥ Kamepy
NUIAKOYAAJICHHUS, OTIMYAIOIIMHCS TEM, UYTO B HETO JOMOJNHUTEIbHO BBEICH KaHal
NaplHabHOTO OKHUCJICHUS, KOTOPBIA pPAacloioXKeH KOAKCHAbHO B BEPTHKAILHOM
KaMepe OKHUCJIEHHS U TIPUKpEIUIEH K BepxHed  BHYTpeHHe# wacTh Kopmyca, B

KOTOPYIO BCTPOEHO TOpesIOYHOE yCTPOHCTBO.

9. I'azoreneparop mo m. §, OTHAMYAIOMIMHCA TeM, YTO BEPXHAS YacTh Kophyca
BBITNIOJIHEHA B BHJIE CHEMHOM KpPBIIIKHM, B KOTOPYID  BCTPOCHO TOpEIOYHOE

YCTPOMCTBO.

10. Tasoreneparop mno m. 8, oTyMyaroUiicst TeM, 4TO TpyOa At OTBOJAA MPOIAYKTOB
razuuKanuy ycTaHOBIIcHa B OOKOBOH 4acTH KOpITyca razoreseparopa, 6oJiee 61u3Koi

K BerHeﬁ YacTH ra3orecHeparopa.

11. I'a3oreneparop 1o 11.8, OTJIMYAIOMIMICS TEM, YTO OH COJEPXKUT BEPXHUH M HIDKHHM
KOJJIEKTOpPBl Iapa, BBIIOJIHEHHbIE B BHIE MYCTOTENBIX KOJIEH, COEIMHEHHBIX

OIIYCKHBIMHA TPY6aMPI, OCH KOTOPLIX HapajUICIbHBI OCA BHCUIHETO KOpITyca, IIpH 3TOM
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BCpXHI/Iﬁ KOJIJICKTOPp YCTAHOBJICH Ha BHCIIHEH CTOPOHC KpPLIINIKH TIa3oreHeparopa,
OIIYCKHBIC Tp)’6I)I PasMCIICHBL Ha BHEIIHEH CTOPOHE KaHalla NapiIAaajibHOTO
OKHCIJICHUA, a HHKHHAN KOJUJICKTOP Hnapa pacCioJIOKCH Ha BbIXOAC U3 KaHaJla OKHCJICHHA,

M CHAOXEH OTBEPCTHAMHM I BBIXOJl@a [apa B MOTOK IMPOAYKTOB MapIHAIBHOIO

OKHCIICHMSL.
12. Tazoreneparop 1o . 8, OTIMYAIOIIMKCS TEM, YTO rOpeJIoYHOE YCTPOMCTBO
BbIOJIHEHO B Buie auddy3noHHOl ropenkd, cHaOXeHHOMH KOJIbIICBBHIMU

KaHaJlaMH, PaclOIOKEHHBIMH KOAKCHAIBHO BOKDYT JTHQPQPY3HMOHHOH TOpENKH |
BBIIIOTHEHHBIMH € BO3MOXHOCTBIO nojayn B KOJIBIIEBbIE  KaHAJIbI

KHCIOpOACOACPKAIICTO ra3a, YIJICBOAOPOAHOTO ChIPpbd Y BOAAHOI'O I1apa.

13. I'azoreneparop mo m.8, OTIMYAIOIUICS TEM, YTO BHYTPEHHHUE CTEHKH KaMepbl
OKHCIICHHS BBIIOJIHEHBI B BHJE 3MEEBHUKA, BEPXHUU BBIBOJ KOTOPOI'O 4epe3 Yy3el
pacnpe/ie/ieHUs TOpsiuero mapa CoeMHEH C BEPXHHM KOJUIEKTOPOM Iapa, a HWXXKHHN

BBIBOJI IIOJICOCIMHEH K BHEITHEMY I'€HEPATOPY BOSHOIO Mapa.

14. I'a3zoreneparop 1Mo mN.8 OTIIMYAIOLIMICS TEM, YTO BHYTPCHHHE CTEHKH KaMepbl
OKHCJICHHS BBINOJIHEHBI B BHJE COOCHO PACIOJIOXKEHHBIX TOPOOOPa3HBIX €MKOCTEH,
BBIIIOJIHCHHBIX ¢ BO3MOXKHOCTBIO [IOJIa4d  BOJISHOTO Napa CHU3Y KaMephl OKUCJICHUS K

KpBILIKE Ta30T¢HEepaTopa.

15. I'azoreneparop no 1.8 OTIMYAOIIMIICA TEM, YTO KAaHAJI NApUUAIBLHOTO OKHUCICHUS

BBIMOJIHEH C HAPYXKHOH TEIJIOU3OJISIIIUEH.
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D MOCTCAYIOMAE TOKYMEHTH YKa3aHHl B MPoAo/pkeHUH rpads C.

D JAHHBIC O IMATCHTAX-aHAJI0raX YKAa3aHbl B IIPUJIOXKCHUN

* Oco6BIE KATErOPUH COBLIOUHEIX JIOKYyMEHTOB:

“A” JIOKYMEHT, OITPEASIAIOMUI 06IMUii YPOBCHB TEXHAKA W HE CHATAIOIANCS
0C000 PEICBAHTHEIM

“D” JIOKYMEHT, IATAPYEMBIii 3aIBUTEIEM B MEK/yHaPOTHOM 3asBKE

“E” 6onee paHHss 3aj9BKA WM TIATEHT, HO OIyOIMKOBAHHAS HA JATy
ME3K/TyHAPO/MHON IO JAUH MM II0CIIC HES

i JIOKYMEHT, TIO/IBEPTAIOIIUI COMHCHUIO NPUTA3AHUE(S) HA IPUOPHUTET, MITH
KOTOPHIi IPABOIATCS C TIETHI0 YCTAHOBICHMS JIATHI Ty OITAKAIIAN PYTOTO
CCBUIOYHOTO JJOKYMEHTA, a TAakOKe B IPYTHX NEJDIX (KaK yKa3aHo)

“Q JIOKYMEHT, OTHOCATITMACA K yCTHOMY PACKPBITHIO, HCTIONB30BAHUIO,
SKCTIOHMPOBAHMIO H T.JI.

“p» JIOKYMEHT, OIYO/IMKOBAHHbIH /0 JATHI MEK/TyHAPOIHOMN MOauH, HO TOCIE
JIATHI MCIPAIUABAEMOTO IIPHOPHTETA

“T 6oTee MO3HMIA JOKYMEHT, OITyOIMKOBAHHEIH MOCIIE JATH ME/TyHAPOIHOM
o Ja9H WA HpI/IOpI/ITeTa, HO HpHBe}:[eH:HHﬁ JUIA IOHAMAaHWA lTpI/H'H_u/]IIa HIA

TCOpHHM, Ha KOTOPHEIX OCHOBBIBACTCS H300PCTCHIE

X JIOKYMEHT, MMEIOTTHI HAUG0JIEE OIM3KOE OTHOIIEHUE K ITPEMETY TIOMCKA;
32IBJICHHOE H300pPETECHIE HE 00IaacT HOBU3HOH MWIN H300PETaTeIbCKUM
YPOBHEM, B CPABHCHHH C JIOKYMCHTOM, B3ATHIM B OTACIBHOCTH

“Y” JIOKyMEHT, MMEIONTHi Haubosice G/IM3KOE OTHOIMICHHE K TIPS/ IMETY TIOMCKA;
3BJICHHOE H300pPETEHNE HE 00IaAacT H300PETATSIECKIUM YPOBHEM, KOT/IA
JIOKYMCHT B3AT B COUCTAHWE C O/HHM MM HECKOJIBKUMM JOKYMCHTAMHE TOM K&
KaTeroOpyHM, Takas KOMOHHAINMA JJOKyMCHTOB OMCBHIHA LT CLCIHATACTA

“&”  JOKyMEHT, SBJITIOUTHHACS TATCHTOM-aHaIOTOM

Jlata eHCTBUTEILHOTO 3aBSPIICHIS MEXIYHAPOIHOTO OUCKA
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