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oytuinosoro 3¢upa (MTBE). YrieBonopoaHbIil TOTOK BBOIAT B YCTAHOBKY N30MEPH3AIINH C TTOTyYCHHEM
U30aJIKaHOB B HE COJEpIKallleM Cepy yIIeBoJOpoaHoM noToke. He conepikamuil cepy yriieBonopOIHbIiH
MOTOK HarpeBaloT M 3aTeM OOBEIUHSIOT C COACPKAIIUM CEpy YIIIEBOAOPOIHBIM IIOTOKOM, B KOTOPOM
MIPUCYTCTBYIOT COJEpIKalllie Cepy COEAMHEHHUS, C MOIyYeHHEM II0TOKA DPEareHTOB, BXOASIIEIO B
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ycraHoBkH cuHTe3a MTBE.
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BBEJEHHUE CEPBI B IICEBJIOOKMKEHHBIN CJI0 XPOMOBOI'O
KATAJIM3ATOPA AET'UAPUPOBAHNA /UIA YIVUYIHIEHUA CIIOCOBA
JETUJIPHPOBAHHWA M ONTUMW3AIINN TEXHOJOTMUYECKOW CXEMBI

ONUCAHWUE

CcehLIKA HA POACTBEHHDbIE 3ASIBKU

[0001] CornacHo maparpady 371 pasgena 35 Ceopa 3akoHoB CIIIA HacTosmiasi 3asiBKa
npeacTaBsieT CcOoOOH 3asBKYy HALMOHANBbHOW (ha3bl Uil  MEXKAYHAPOIHOW 3asBKH Ne
PCT/IB2018/059938, momannoii 12 nexabpst 2018 roma, koTopasi UCHpPAIIUBAET MPHOPHUTET
npenBaputenbHON 3asBKU Ha mateHT CLIIA Ne 62/607,198, nomannoii 18 nexabpst 2017 rona.
[TonHOE coneprkaHWe Ka)KAOrO U3 BBILIEYMOMSHYTHIX JOKYMEHTOB ONPENENIeHHO W Oe30TKa3HO

BKJIFOYEHO B HaCTOSIHlI/IfI AOKYMEHT MOCPEACTBOM CCBHUIKH.

00J1aCTh TEXHHKH HACTOS IO H300peTeHus

[0002] Hacrosimee m3oOpeTeHre OTHOCUTCS, B OOIIEM, K AETHAPHUPOBAHUIO AJKAHOB.
bonee kOHKpeTHO, Hacrosllee M300peTEHNE OTHOCUTCS K CHCTeMaM M crocodam

ACTUAPUPOBAHUS AJIKAHOB C MPUMCHCHUEM YITICBOAOPOAHBIX IMOTOKOB, KOTOPBIC COACPIKAT CEPY.

YpoBeHb TEXHHKH HACTOSILIEr0 H300peTeHus

[0003] Metun-tper-Oytunossiii 3¢up (MTBE) npencrasisier coboii oquH u3 Hauboiee
YaCTO UCTIOJIB3YEMBIX BEIIECTB, MOBBIIAIMINX OKTaHOBOE yncio OensnHa. Kak nmpasuio, MTBE
TIOJIy4ar0T TTOCPENCTBOM PEAKLH H300yTHUIeHa C METAHOJIOM B JXHUAKOH (ase. M300yTunen nns
3TOrO crocoda MOKET ObITh MOJIyYeH MOCPEACTBOM AETUAPUPOBAHUS U300yTaHA B MPUCYTCTBUU
KaTaJn3aTopa, COAepP KAIIEero ONaropogHbIil MeTaI, TAKOH Kak XpoM M uaTuHa. ITockoibky
AeruapupoBaHne n300yTaHa MPEACTaBisieT COOOH BBICOKOSHAOTEPMUYECKYIO PEAKLUIO,
KaTaJIM3aTop MEPHOANYECKH HAPEBAIOT 10 BBICOKOH TEMITEPATYPhl PEaKMU, YTOOBI 00ECTIeUnTh
TEIUIO JUISl PEaKLMU IerHAPUPOBAHUS H300yTaHa.

[0004] Ilpu BbICOKON TemmepaType peakLUu B pPEaKTOpe MOIyT MPOUCXOAUTH
pa3HOOOpa3Hble TMOOOYHBIE peakuuu WHiau (U3NYECKHe TMPOLEecChl KOHAEHCAUH, U B
pe3yspTaTe 3TOro OOpasyrTCs YIVIEPOAMCTbIE OTJIOKEHHS Ha IOBEPXHOCTH KaTalu3aTopa,

cozieprkaliero 6JaropoHeI MeTaul. YKa3aHHbIE YIIIEPOAUCTbIE OTIOXKEHUS, TAK)KE H3BECTHBIE
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KaK KOKC, OJIOKMPYIOT aKTHBHBIE LEHTPbl KaTalu3aTtopa M, TAaKUM O0pa3oM, 3HAYUTEIBHO
YMEHBIIAIOT aKTUBHOCTh KaTanu3aropa. B TpaaMLMOHHOW yCTaHOBKE AETHIPHPOBAHUS
N€3aKTUBUPOBAHHBIA KAaTAIU3aTOp MNEPUOIUYECKH PEreHepUpPYIOT TOCPEIACTBOM BBEACHUS
BO3/1yXa/TOIUIMBA B KATAJIUTHUECKUI CIIOM IJIs CKUIaHUs KOKCA HA NMOBEPXHOCTH KaTaJH3aTopa.
B 3aBHCHMOCTH OT yCJIOBUI peakiiy, Mpouecc o0pa3oBaHUsl KOKCA, KaK MPAaBHIIO, MPOTEKAET
ObICTPO, TaKMM OOpPa30M, YTO AKTHBHOCTb KAaTajJM3aTOpPa MOXET IajgaTh HIDKE JKEeJNaTeIbHOTO
YPOBHSI B T€UYEHHE HECKONbKUX MMHYT. CleoBaTeNbHO, YacTas pereHeparys KaTalu3aTtopa
0OBIYHO TpeOyeTCst sl MOAAEPIKAHUST YCTOWYMBON CKOPOCTH MoNydeHust n300yTiieHa. OqHako
NEePUOUYUECKAasl pPEreHepalusl KaTalu3aTopa B YCJIOBUSX BBICOKOW TEMIIEpaTypbl MOMKET
3HAYUTEJIBHO COKpPALIaTh CPOK OKCIUTyaTallMM  KaTaJiu3aTopa. 3aMeHa KaTalu3aTopa,
cozeprkaliero OJIaropoHbIH METaJll, MOJKET 3HAUYUTENIbHO YBEJIHMYUBATH CTOUMOCTD ITOJTyYEHHSI
300y THIICHA.

[0005] beum omucanbl pa3HOOOpa3HbIE HEMPEPBIBHBIE CIIOCOOBI JIETHIPHPOBAHUS
napa@UHOBBIX U OIeUHOBBIX yriaeBomoponoB. B kauectBe mpumepa, B marente CIIIA Ne
5,336,829 (Boitiaux) ommcaH HENPEPBIBHBIA CHOCO0 AETHAPUPOBAHUS TNapapHUHOBBIX U
oJIe(HOBBIX YIIIEBOJOPOIOB IMOCPEACTBOM N00ABIECHHUS 110 MEHBIIEH Mepe OHOrO COEANHEHHUE
Cepbl MPEIBAPUTENBHO MM OTHOBPEMEHHO C BBEICHUEM 3arpy3KH B PEAKTOP ACTHUIPHUPOBAHUS C
NPUMEHEHNEM psifia PEAKIMOHHBIX 30H C MOJABMKHBIM cjlioeM. B kadecTBe npyroro mpumepa, B
cratrbe Sattler et al. (Chemical Reviews, 2014, 114, 10613-10653) npencrasien o030p
KaTaJIMTUYECKOTO AETHIPUPOBAHUS JIETKUX AaJIKaHOB HA MeETaljax M OKCHIAX METa/UIOB B
pa3HOOOpPa3HBIX KOH(PUTYpALIUIX peakTopa.

[0006] Xors pans  peakuMd JETHAPHPOBAHMS OBLIM  OMHCAHBI  Pa3HOOOpa3HbIE
NPOMBIIIJICHHbIE  CIIOCOOBI, MO-TIPEKHEMY  OCTAeTCs  JKeNATeJIbHbIM — YBEJIMYEeHHE CpOKa
SKCIUTyaTaLUU KaTajlu3aTopa NEeTHIPUPOBAHUS aJIKaHOB. B kadecTBe mpumepa, MpH MOJyYEHUN
u3o0yrana cymmibHoe ycTpoiictBo BUTAMER™ wmokeT NpPOM3BONUTH YHCTBHIM TOTOK, B
KOTOpOM He conepxkurcs cepa. Cnoco0 BBICYUIMBAHMA MOXKET BKJIIOUATh aACOPOLHIO
COIlepiKallMX Cepy CoenuHeHuid Ha ancopOeHTax. CyHIMJIBHOE YCTPOWCTBO MOXKET OBITh
pEereHeprpOBaHO MOCPEICTBOM BBENEHUS B KOHTAKT OOOTALIEHHOTO Ccepoi ancopOeHTa ¢
n300yTaHOM ¢ 00Opa3oBaHUEM MMOTOKA U300yTaHa, M UMEIOIIEro BHICOKOE COMEPIKaHUe CEPhI, UTO
MOXKET BO3JeHICTBOBaTh Ha TEIJIOOOMEHHBIH MaTepHall B KOHCTPYKIMH PACIIOJNIOKEHHBIX HIDKE
[0 MOTOKY YCTAHOBOK (HANpHUMep, TEIUIOOOMEHHHUKOB), YTO MPUBOAUT K COKPAIIEHUIO CPOKa
SKCIUTyaTaluu. DTy MpoOsieMy OOBIMHO PELIAlOT MOCPENCTBOM CXKUTAHMS MOTOKA, MUMEIOIIEro

BBICOKOEC COACPIKAHUE CEPDL.

Kparkoe packpbITHE HACTOSIIEI0 H300peTeHUs




[0007] beuio cnenmano OTKPBITHE, KOTOPOE 00OECIeUnBAET pelIeHHe YKa3aHHbIX MPOoOjeM,
KOTOpbIE, KakK IPaBWJIO, HAOMIOJAIOTCS B CrOCOo0ax, BKIIOYANOLINX AETHIPHUPOBAHHE alIKaHA
(Hampumep, u300yTaHa) B MPUCYTCTBUU KaTajausaTopa. PelneHnme OCHOBaHO Ha crocoOe,
KOTOPBIH MO3BOJISIET YBEJINYUTh CPOK IKCILIyaTALMH KaTaIu3aTop ¥ KodppuuueHT npeObIBaHus
B OKCIUTyaTallMd YCTAHOBKH AETUAPUPOBAHUS IOCPENCTBOM BBEAEHUs COAEPIKAIIEro Cepy
yIJIeBOAOPOAHOTO TMOTOKA B TICEBIOOKMKEHHBIM CJIOW ANl NeruapupoBaHus u3o0ytaHa. B
YaCTHOCTH, MOXET ObITh YMEHbIIEHa CKOPOCTh 00pa30BaHMsl KOKCAa HAa KATaJIU3aTOPE B TEYCHUE
npolecca erHapPUPOBAHUS, U B Pe3yJbTaTe 3TOro KodpUIMEHT NpeObIBaHUS B SKCITyaTal[UH
peaktopa yBenuuuBaercs B S5-10 pa3, W yMEHbIIAIOTCS MNPOU3BOJACTBEHHBIE pPAcXoOabl Ha
nojydeHue nzodyrunena. Cienyer OTMETHTbh, YTO COTJIACHO HEKOTOPBIM aCHEeKTaM HACTOSIIETO
U300peTeHnst ConeprKalluii cepy YIJIEBOJOPOAHBIA TOTOK, TMOCTYMAKOIIUKA B  PEaKTOp
OETUPUPOBAHUS, MOXKET OOXOOUTh TEIUNIOOOMEHHHK H CMEIINUBAThCs C HArpeTbiM He
COJIEp>KalllUM Cepbl YIJIEBOJOPOIHBIM MOTOKOM JJIl JOCTHUXKEHHsI TEMIIEpaTypbl peakLuu, U B
pe3ysibTaTe 3TOrO MPEJOTBPAIIAETCS BBIXOX M3 CTPOSI TETNIOOOMEHHHKA BCIIEACTBHE BBICOKOTO
COJIEp>KaHUs CephbL.

[0008] CornmacHO BapuaHTaM OCYIIECTBJICHHUS HACTOSIIETO H300pETEeHUs MPEeIOKEeH
crocod TOJy4eHUs M30MEpH30BaHHBIX ajikeHOB. Crioco0 MOXKeT BKIIOYaTh OOBEAUHEHHE He
COJiepsKallero cepbl YrieBOAOPOJHOIO IOTOKA, B KOTOPOM IIPUCYTCTBYIOT H30aJIKaHbI, C
COZiepsKalllUM Cepy YIJIeBOJOPOIHBIM MOTOKOM, B KOTOPOM IPHUCYTCTBYET COAEpKallee cepy
coenuHeHue, ¢ OOpa3OBaHHEM BXOISINETr0 IMOTOKa peareHTOB. COINIACHO ONpeneseHHbIM
acrieKTaM TeMIlepaTypa He COAEPIKallero cepbl yriIeBOJOPOAHOrO MOTOKA COCTABIISIET OoJiee YeM
TEMIIepaTypa CONEPIKaIIero Cepy YIrIeBOAOpOAHOro notoka. Crocod MOXKET IOMOJHUTENBHO
BKJIIOYaTh BBENEHHE B KOHTAKT BXOMALIEr0o IOTOKA pPEareHTOB C  KaTajJu3aTopoM
OETUAPUPOBAHUS B JIOCTATOUHBIX YCJOBMAX [JIsl TOJIyUYE€HHUS IMEPBOTO IOTOKAa MPOAYKTOB,
CoJieprKallero H30aJKeHbL.

[0009] CornacHo BapuaHTaM OCYIIECTBJICHUS HACTOSIIETO M300PETEHHS MOXET OBITh
npeyiokeH crnocod mnonydeHus u3odyTtmieHa. Crnoco0d MOXKET BKJIIOYATh MPOIMYyCKAaHUE He
COZEepIKALIEr0 Cephbl YIJIEBOJOPOAHOIO IOTOKA, B KOTOPOM MPUCYTCTBYET H300yTaH, Hepes
TEIUIOOOMEHHUK Ul YBEJMYEHHs] TEeMIIEpaTypbl HE COAEPIKAIIero Cepbl YIIEeBOJOPOIHOIO
notoka. HarpeTsiii He comepkamuil cepbl YriIeBOIOPOIHBINA IMOTOK MOXKET OBITh OOBENHUHEH C
COJiepsKalllUM Cepy YIJIEBOJOPOAHBIM MOTOKOM, B KOTOPOM IPUCYTCTBYIOT COAEpKalllee Cepy
COEIMHEHHE U YIJIEBOAOPOABI, C IIOJYyYEHHEM BXOZALIEro MoToka peareHToB. (CoriacHo
OTpENeNIEHHbIM aCIeKTaM BXOASALIUM IMOTOK PEareHTOB MOXKET coiep:karh n300yTraH u Oonee

yeM 5 u Bmwioth 10 500 u./muH. comepxkamero cepy coenuHenusi. COrIacHO OMpeneIeHHBIM
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acreKTaM TeMIlepaTypa HarpeToro He COAep:Kalllero Cepbl yIieBOJOPOAHOIO MOTOKA MOXKET
COCTaBIIAITH OOJIee UeM TeMmIepaTrypa COAEpKallero cepy yrieBogopomHoro motoka. Crocob
MOJKET BKJIHOYaTh BBEJEHHE B KOHTAKT IIOTOK PEAareHTOB C HAaXOAALIMMCS Ha HOCHUTENe
KaTaIM3aToOpPOM, COAEepKalluM MeTaul rpynmnsl 6 Ilepuoanueckol CUCTEMBI 3JIEMEHTOB, B
JAOCTATOYHBIX YCJIOBHUSIX JJIsI TOJYYEHHs TOTOKA MPOAYKTOB, KOTOPBIN CONEPHKUT H300yTHIIEH.

[0010] CornacHo BapuaHTaM OCYLIECTBJCHHs HACTOSILEr0 H300pETeHHUs] MpemiokKeH
crocod MoJydeHus: MeTUI-TpeT-0yTriioBoro gupa. Crnocod MoXKeT BKIIKOYaTh OObEeIUHEHNE HE
COZEPIKALIEr0 Cepbl YIJIEBOIOPOIHOTO TMOTOKA, B KOTOPOM MPUCYTCTBYET H300yTHIIEH, C
COAEpIKALIMM Cepy YIJIEBOIOPOAHBIM IOTOKOM, B KOTOPOM MPHCYTCTBYKOT H300yTaH H
cozepkaliee cepy COeAMHEHHe, ¢ OOpa3soBaHHEM YTIIEBOAOPOAHOIO IIOTOKA PEareHTOB.
Conepxaiee cepy COCOMHEHHE B YIIIEBOAOPOAHOM IOTOKE PEAreHTOB MOXKET OBITh yIAJIEHO C
NOJIYYEHHUEM J1eCYJIb(PYPHUPOBAHHOTO YIJIEBOJOPOJHOrO IMOTOKAa peareHToB. Crocod MOokeT
JOTMOJHUTENBHO BKIJIIOYATh BBENEHHE B KOHTAKT JeCYJb(ypPUPOBAHHOTO YTIEBOAOPOIHOTO
MOTOKA PEareHTOB C METAHOJIOM AJis TMOJy4YeHHs] BTOPOrO NMOTOKA MPOAYKTOB, COIEPKALIero
METUJI-TPeT-OyTUIIOBBIH 3(Hp, W MOTOKAa HEMPOPEearnpOBABLIMX IPOAYKTOB, COAEPIKALIETO
m300yTmineH u u3o0yraH. Cnoco0 MOXKET JOIMONHUTENBHO BKIFOYATh OTAEJIEHHE ITOTOKA
HETPOPEearupoBaBIINX TMPOAYKTOB OT IOTOKa mpoaykToB. Croco® MOXKET AOMOJHHUTEIBHO
BKJIFOUAaTh BBEIEHHE B KOHTAKT COZAEP KALLEro cepy NMOTOKA HENMPOpPearupoOBaBLIMX IMPOAYKTOB C
HaXOASIIMMCsl Ha HOCHUTEJIE KAaTaJIM3aTOPOM, COAEepKaluM MeTainn rpynnsl 6 Ilepuoandeckon
CHCTEMBI 3JIEMEHTOB, B IOCTATOYHBIX YCJIOBUAX ISl MpeBpalleHns n300yTaHa B U300yTWIIEH U
HOJIyYeHHUsT TOTOKa MPOAYKTOB, coepkamero mu3o0yruieH. B Tedenme sToro mpouecca
KaTaJUTUYECKHH MeTaJul Tpymibel 6 MOXeT ObIThb IpeBpalieH U3 (OpMbl OKCHZA MeTajula B
bopmy cynbduna MeTana.

[0011] [anee mnpencTaBieHbl OINpeAesieHUs] pPa3jMYHbIX TEPMUHOB M BBIPAKEHHIA,
UCTIOJIB3YEMBIX BO BCEM TEKCTE HACTOSIIETO OMUCAHMS.

[0012] TepMmuHBI «PUOIUZUTENEHO» WIN IIPUMEPHO» O3HAYAIOT MPHUOJIIKEHHE, YTO
SBJISIETCS. TIOHSATHBIM JUIsI OOBIYHOTO CHELHANINCTa B AaHHOW oOnactu TexHUkH. CoryiacHo
OTHOMYy HEOrPAaHHYMTEJIbHOMY BAapUAHTy OCYINECTBJIEHHS OSTU TEPMHUHBI O3HAYaAIOT
npubnwkenue B mpenenax 10%, mpeAnodTUTENHEHO B mpenenax 5%, NpennoyTHTENIbHEE B
npenenax 1%, u Hanboee mpeanouTuTeNbHO B ipeaenax 0,5%.

[0013] Tepmunbr «wmac.%», «00.%» wumun «Mon%» O3HAYAKOT, COOTBETCTBEHHO,
MaccoBOe, OOBEMHOE HIJIM MOJIIPHOE MPOLIEHTHOE CONEP’KaHHE KOMITOHEHTA MO OTHOLICHHUIO K
NOJTHON Macce, TMOJHOMY O0OBeMYy WIIM MOJTHOMY YHCIY MOJIeH MaTepuana, KOTOPbIH COREPIKUT
JAHHBI KOMIIOHEHT. B KadecTBe HEOrpaHWYMTENBHOrO npumepa, copepxkanue 10 mosen

xomrioHeHTa B 100 Monsax mMatepuana npeacrasisier codoit 10 mon.% koMIoHeHTa.
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[0014] TepMHMH «HNpaKkTUYECKH» U €r0 BHIOMU3MEHEHHUS O3HAuYalOT HaXOXACHUE B
npenenax Auamna3zoHoB, cocTapisitomux 10%, 5%, 1% unm 0,5%.

[0015] TepMuHBI «KMHTUOMPOBAHKEY», WIIH «COKpPAILEHUE», WIN KIIPEIOTBPAILEHUEY, WU
«UCKIIFOYEHHUE», WU JII0Oble BUIOU3MEHEHUS YKa3aHHBIX TEPMHHOB, KOTOPBIE HCIIOJIb30BaHbI B
dopmysie u300peTeHus] W/UIM B OMHCAHWH, O3HAYAIOT JIOOOE M3MEPHMOE YMEHBIICHUE WU
NOJTHOE TO/IaBJIeHUE IS TOCTYDKEHUS JKeJIaTeIbHOTO pe3yJbTaTa.

[0016] Tepmun «3pdexTUBHBII» NPU KMCIONB3OBAHUM B ONMUCAHUU W/WiaH (popmyiie
u300peTeHnss O3HA4YaeT IOCTATOYHOCTh ISl JOCTHIKEHHUS JKENAaTeJbHOTO, OXKUAAEMOTO WJIIH
NPETyCMOTPEHHOTO Pe3yJIbTaTa.

[0017] Tepmun «ko3pduumeHT npeObIBaHUS B 3KCIUTyaTallM» MPH HUCIOJB30BAHUU B
omucaHud Wwian ¢GopMmysie H300peTeHHs O3HAa4YaeT IOJII0 BPEMEHH, B TEUYEHHE KOTOPOTro
TEXHOJIOTUYECKasl YCTAHOBKA W/WIIH PEAKTOP HAXOAHTCS B MPOLIECCE HKCIUTYaTALUH.

[0018] IlpucyTcTBHe rpaMMaTHYecKux (HOPM €IUHCTBEHHOT'O YHCIA MTPH UCIIOIB30BAHUN
B COUYETAHUU C TEPMHUHOM «BKJIOYAOLIUI», «OXBAThIBAIOIIMIY, «BKIOYAKLIMNA» WU
«UMemui» B (opMyJie H300pETeHUs] WM B OMTUCAHUN MOJKET O3HA4YaTh «OJUH», HO 3TO TAK)Ke
COOTBETCTBYET 3HAUEHHUIO «OJIWH HJIH HECKOJBKO», 10 MEHbINEH Mepe OAMH» M KOOUH WIIH
Ooee ueM OHHY.

[0019] CnoBa «BKFOUarOIui (a Takxke Jr00bIe (POPMBI, B TOM YHCIIE TaKue (POPMBI, KakK
«BKJIFOUAIOT» U «BKJIIOYAET»), «MMELUi» (a Tawke moOble (QOpMBI, B TOM YHCIE TaKHe
(bOpMBI, KaKk KUMEIT» U «UMEET»), «OXBAThIBAIOLINIY» (a Takxke Jo0ble (GOpMBI, B TOM YHCIIE
Takue (OPMbIL, KaK «OXBATBIBAET» U «OXBATBHIBAIOT») MU «COmepKamuii» (a Takxke JOObIe
¢dopmbl, B TOM unciie Takue GOpMBbL, KaK «COAEPIKUT» U «COAEPIKAT») UMEIOT CMBICI BKJIIOYEHUS
WIH OTCYTCTBUSI OrPaHMYEHHUS M HE MWCKIIOYAIOT JOIMOJHUTENbHBIE 3JIEMEHTHI MM
TEXHOJIOTUUECKUE CTAANH, KOTOPbIe He ObLTH MEPEUHCIIEHBI.

[0020] Criocob corjmacHO HACTOSIIEMY M300PETEHUI0 MOJKET «BKJIFOYATH» KOHKPETHBIE
WUHTPEUCHTHI, KOMIIOHEHTBI, KOMIIO3ULIUA U T. A., KOTOPBbIE TPENCTaBJIEHbI BO BCEM TEKCTE
HACTOSILIETO OMHCAHUS, WIH «COCTOSITh B OCHOBHOMY» HIIM «COCTOSITbY M3 HUX. B OTHOIIEHHH
NEePEXONHON (pas3bl «COCTOSIMMUN B OCHOBHOM H3», COIJIACHO OJHOMY HEOTPAaHHYUTEIbHOMY
aCTIeKTy, OCHOBHBIE M HOBBIE XaPaKTEPUCTUKU CHOCO0Aa COTJIACHO HACTOSALIEMY H300pETEHHIO
NPECTABISIIOT CO00H CrTOCOOHOCTH NErHAPUPOBAHMS AJKAHOB U WHTMOMPOBAHUS OOPa30BaHUs
KOKCa.

[0021] B kOHTekcTe HACTOSIIEro M300pETeHHs] HUKE OMHCAHBI [0 MEHbIIEH Mepe
IBAALIATh BAPHAHTOB OCYLIECTBJIeHUs. BapuaHTt ocymectsienus 1 npencrasisier codoit crocod
NOJYYEeHUS] M30MEPU30BAHHBIX AJKEHOB. JTOT CIOCO0 BKJIIOYAET CTaJUN OOBENMHEHHs He

COACPINKAIIECTO CEPhlI YIVICBOAOPOAHOI'O IIOTOKA, B KOTOPOM IMNPUCYTCTBYHOT MH30aJIKaAHBI, C
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COJiep KalllUM Cepy YIJIEBOIOPOAHBIM MOTOKOM, B KOTOPOM IPUCYTCTBYIOT COAEpIKalllee Cepy
COEIMHEHHE U YIVIEBOJAOPOAbL, C TMOJy4YeHHEM BXOZALIEr0 IIOTOKA pPEareHTOB, IMpUYeM
TEMIepaTypa HE COAEPIKALIero Cepbl YIVIEBOJOPOAHOTO IIOTOKA COCTAaBJIAET Oojiee ueM
TEMIIEPATypa COAEPIKALIETO CEPY YINIEBOAOPOJHOTO MOTOKA, U BBEAEHHE B KOHTAKT BXOASLLErO
MOTOKA PEareHTOB C KaTaJn3aTopoOM ACTUAPUPOBAHMS B JOCTATOYHBIX YCIOBUSX ISl MOTYYCHHUS
NepBOro IMOTOKA MPOAYKTOB, COAEPKALIero H30alkeHbl. Bapuant ocymectsiaenus 2
npencTaBisier co0oi  cmocod COMNIaCHO BapHAHTY OCYLIECTBICHUS 1, JOMOJHHUTEIBHO
BKJIFOUAIOLIMI CTAIHIO MPOMYCKaHMs HE COAEPIKAIIEero Cepbl MOTOKA Yepe3 TeIIOOOMEHHUK IS
yBEJIMUEHUS] TEMIIepaTypbl HE COAepiKallero Ccepbl YIJIEeBOJOPOAHOrO TIOTOKA Mepen
OOBEIMHEHNEM HE CONEpPIKAINEro Cepbl YIJIEBOAOPOAHOTO TOTOKA C COHEpPIKAIuM Cepy
yIJIEBOAOPOAHBIM MOTOKOM. BapuaHT ocymecTBieHus 3 mpeacrasisier co0ol crmocod CoriiacHoO
moOOMy M3 BapHAHTOB OCYLIECTBICHHS | U 2, B KOTOPOM HM30AJKaHbl BKIKOYAOT U300yTaH, U
M30aJIKEHbl MEPBOTO TMOTOKA MPOAYKTOB BKIOYAOT M300yTHiIeH. BapmaHt ocymectBieHus 4
npeAcTaBsieT codol crocod cornacHo JrOOMY M3 BAPHUAHTOB OCYIIECTBIICHUS | U 3, B KOTOPOM
KaXAbIH M3 HE COJEp’Kallero cepbl YIIEBOAOPOJHOIO IMOTOKA U COIEPIKalero cepy
yIJIEBOIOPOAHOTO TIOTOKA coaepkaTt H-OyrtaH, 1-Oyren, 2-OyTeH wim ux coderaHusi. BapuaHT
OCYLIECTBIIEHUs S TIpeACTaBisieT co0ol cmoco0 cormacHO Mo00My M3  BapHAHTOB
ocyuiecTBiieHuss 1-4, B KOTOPOM BXOZASINUH TIOTOK PEareHTOB COAEPKUT U300yTaH W
cozepikaiiee cepy COEIUHEHHEe, UMerolnee KOHIeHTpauus or S5 4./mumH. go 100 u./miH.,
npeanoututensHo ot 10 1o 80 u./mnH. BapuaHT ocyiiectinenus 6 npeactasisieT coOoi crnocod
COIJIACHO JIFOOOMY M3 BaPHAHTOB OCYLIECTBJICHHs 1-5, B KOTOPOM YIJIEBOAOPOIBI CONEPIKALIETO
cepy YIJIEBOIOPOIHOTO TIOTOKA TaKXkKe COAep:kaT M300yTHieH w/wiau u300ytaH. BapuaHT
OCYLIECTBJICHHsT 7 TPEACTaBIsieT COOOW crnocod COrjlacHO BapHaHTy OCYLIECTBICHUS O,
JOTIOJIHUTENIBHO ~ BKJIFOYAIOIIUI  CTaguI0 yAAJEHUs COJEPIKaIlero cepy COeAMHEHUs U3
COJiep Kallero cepy yrieBOAOPOAHOrO MOTOKA M MEPBOrO MOTOKA MPOAYKTOB C IMOJy4YEHUEM
necybypUPOBAHHOTO YTJIIEBOAOPOAHOIO IMOTOKA MU IECYJIb(PYPHPOBAHHOTO MEPBOTO MOTOK
NPOAYKTOB, COOTBETCTBEHHO, BBEJE€HHE B KOHTAaKT IO MEHbIIeH Mepe HEKOTOpOH 4YacTH
n300yTHIIeHA U3 NIeCyIb(pypUPOBAHHOIO YIIEBOJOPOJHOIO MOTOKA W/WIIM MO MEHbINEH Mepe
HEKOTOpPOH YacTH H300yTHJIEHa M3 Jecyib(ypUPOBAHHOTO MEPBOrO IOTOKA MPOAYKTOB C
METAHOJIOM C TIOJYYeHHEM BTOPOTO TMOTOKA MPOAYKTOB, CONEPIKAINErO METHII-TPET-OyTHIIOBBIH
3¢up, ¥ MOTOKa HEMPOPEArnpOBABIINX MPOAYKTOB, COIEPIKAINEro M300yTWIEH U U300yTaH, U
BO3BpallleHHe N0 MEHbIIEH Mepe HEKOTOPOH 4acTH MOTOKA HeNpOpearupoBaBIIUX MPOAYKTOB B
HE coaep:Kalquii Cepbl YIJIEBOAOPOIHBIA MOTOK W/WJIM BXOASIIUN MOTOK peareHToB. BapwaHT
OCYLIECTBIIEHUs 8 TIpeAcTaBisieT coOol cmoco0 cormacHo Mo00My M3  BapHAHTOB

OCyILEeCTBIEHUs 1-7, B KOTOPOM HE COAEp:KalUil Cepbl YIJIEBOJOPOMAHBIM MOTOK HArpeBalOT B
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TEIUNIOOOMEHHUKE TOCPEACTBOM pabodell TeKydel cpeabl, comeprkameil MOTOK NMPOAYKTOB, B
KOTOPOM TPHUCYTCTBYET H30ajKeH. BapuaHt ocymecTtBieHust 9 npencrasisier co0oi crocod
COIJIaCHO JIIOOOMY W3 BapUaHTOB OCYIIECTBJIEHUs 1-8, B KOTOPOM COAep Kalui cepy
YIJIEBOJOPOAHBIN MOTOK UMeeT TeMriepaTypy B auanaszoHe ot 30°C no 100°C, u He coaepkaiuii
cepbl IOTOK MMeeT Temnepatypy B auanasone ot 200°C no 500°C. Bapuant ocymectsienus 10
npesacTaBisier co0ol cnocod corinacHo JoOOMy U3 BapUAHTOB OCYLIECTBIEHHs 1-9, B KOTOpOM
BO BXOJALIEM IOTOKE PEareHTOB HE COAep KaIlMi Cepbl MOTOK HMeEEeT COAEpIKaHUE Cepbl,
cocTaBysitoriee MeHee 4yeM 10 4./MITH., TPEANOYTUTENLHO MeHee deM S5 4./MiH. BapuaHT
ocymecteienuss 11 mpencraBmsier coboii  cmoco® coriaacHo JrOOOMY W3 BapHAHTOB
ocywectBieHuss 1-10, B KOTOpOM coaep:kaliee cepy COEAUHEHHE COAEPKUT OIUH WIIH
HECKOJIBKO OPTaHUYECKHX CYJIb(HUIOB, ONUH WIH HECKOJbKO OPTaHMYECKUX TUCYIb(UIOB, ONUH
WTH HECKOJIBKO OPTaHUYECKHUX TOIHUCYJIbPUIOB WM UX coYeTaHus. BapuaHTt ocymecTsieHus 12
NpeACTaBisieT co0Ooi Crmoco0 COTIaCHO BapHaHTy OCyIIeCTBJIeHUs 11, B KOTOPOM OIUH WJIH
HECKOJIbKO CcynbhunoB xapakrepmyer Gopmyna Ri-(S)n-Ro, roe n cocrapnser 1 wim 2, u
Kaxabld pagukan w3 Ri w Ry unamBuayanbHO mpexacraBisieT cobol aToM BOIOpPOAA WIIH
aNKUiIbHYIO Tpymmy. Bapumant ocymecrBnenust 13 mpeacraBisier co0oil crmocod cOrjiacHo
BApUAHTy OCYIIECTBJICHUs 11, B KOTOPOM OAMH HJIM HECKOJBKO AMCYJIb(UAOB XapaKTEPH3YET
dopmyna R3-S-Rs-S-Rs, roe kaxapiil pagukan u3 R; u Rs nHanBuayansHo nmpenctasisier coOoit
aTOM BOJOpPOZA WM AJKWJIBHYIO TIpymnmy, u R4 mpencraBnser coOOH alKWIBHYKO TpyHIy,
CBSI3aHHYIO C JIByMsl aTOMaMH cepbl. Bapuanr ocyuiectenenus 14 npeacrasisier coboit cnocod
COTJIaCHO JIFOOOMY M3 BapHAHTOB OCYIIECTBJIEHUsI 1-13, B KOTOPOM IOCTATOYHBIE YCJIOBHS IS
NOJIy4€HHUs] NEePBOrO IMOTOKA MPOAYKTOB BKIIKOYAIOT TEMIEPATypPy PEaKLUH, HAXOISALIYIOCS B
auanaszoHe ot 550°C mo 600°C, mpeAnouTUTENbHO COCTABMSIONYI0 mpuomusuTeabio 580°C, u
JaBJIeHHE peakiuu, cocrapisiomee npudbausutensHo 0,1 MIla. Bapuant ocymectBnenus 15
npeACcTaBIsieT coOOM Crnocod CorjacHo JIOOMY U3 BAPUAHTOB OCylnecTBiieHus 1-14, B KOTOpOM
JOCTAaTOYHbIE YCIOBUSI JUIsl TOJyYeHHs I[E€PBOrO IMOTOKAa IMPOAYKTOB BKIIOYAIOT YaCOBYIO
00BEMHYIO CKOPOCTb KHAKOCTH, cocTapistomyio oT 200 u! mo 300 u', mpeamourturesnnHo
npubausutensHo 250 ul. BapuaHT ocyiecTsaeHHs 16 mpencTapiseT coboil cnocod cormacHo
moOOMy W3 BapUaHTOB OCyIIeCTBiIeHHUs 1-15, mpudeM croco0 OCYIIECTBISIOT B HEMPEPHIBHOM
pexxume. Bapuant ocymectnenuss 17 mpencrasisier coOoi crmocod cornacHo Jrobomy u3
BApUAHTOB OCYIIECTBJIEHHUsI 1-16, B KOTOPOM KaTajnu3aTtop AECTHIPHPOBAHHUS COAEPIKUT OKCHI
XpOMa, HAHEeCEHHBI Ha OKCHI alOMHHUS. Bapuwant ocymectsieHus: 18 mpexncrasnsier coboi
CHOCO0 COTJIACHO BAapHAHTy OCYINECTBJIEHHs 17, B KOTOPOM KaTajlU3aTOp IErHAPHUPOBAHUS
COIEPIKUTCSL B TICEBIOOXKIDKEHHOM cjoe. Bapuant ocymectBnenust 19 npencrasnser coboit

cnocob cornacHo JII0OOMY M3 BapHAHTOB OCyIIECTBJICHUs 1-18, B KOTOpOM copepKaiuii cepy
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YIJIEBOAOPOAHBIN IMMOTOK MOJIYHAOT TOCPEACTBOM A00ABIEHUS COEPIKAIINX CEPY COCAMHEHUH B
noTok Cy, BEIXOASIINHA U3 CYLIWIBHOTO YCTPOICTBA.

[0022] Bapumant ocymectBieHuss 20 mpeacraBisier coboif  crocod moydeHus
n300yTHIIeHA. DTOT Croco0 BKIIIOYAET CleAyromue cranuu: (a) oObeANHEHNE HE COAEepIKaIlIero
cepbl yIIIEBOJOPOAHOrO MOTOKA, B KOTOPOM IMPHCYTCTBYET M300YTHIIEH, C CONEPIKALIMM Cepy
yIJIEBOJOPOAHBIM TIOTOKOM, B KOTOPOM HPUCYTCTBYIOT H300yTaH M coaepikaiee cepy
COEMHEHUEe, C TOJYYEeHHUEM YIJIEBOJOPOJHOIO MOTOKA PEAreHTOB, B KOTOPOM MPHUCYTCTBYIOT
u300yTHIIeH U conmepxkainee cepy coenuHenue, (b) ormeneHue u300yTUIIEHA OT MOTOKA
NPONYKTOB, (C) BBEIEGHHWE B KOHTAKT H300yTHJIEHA C METAHOJIOM C TMOJYYEHHEM IOTOKa
NPONYKTOB, CONEPIKAINEro METHII-TPET-OyTHWIOBbIH 3(Up, W MOTOKA HENMpOpearupoBaBIINX
MPOAYKTOB, coaep:kamero u3o0yTwieH u u3o0ytaH, u (d) BBeAeHHE B KOHTAKT MOTOKA
HETPOpPearupoBaBIINX MMPOAYKTOB, MOJYYEHHOI'O Ha CTaUH (C), C KaTaIH3aTOPOM, COAEPKALIUM
Metajul rpynmbl 6 Ilepuoandeckoil CHUCTEMbI 3JIEMEHTOB, B JOCTATOYHBIX YCJIOBHUSX IS
npeBpalieHuss u300yTaHa B HM300yTHIIEH W TOJY4YeHHs IIOTOKAa TMPOAYKTOB, COAEPIKAIIETO
300y THIIEH.

[0023] [pyrue OOBEKTBHl, NPU3HAKK M MPEUMYLIECTBA HACTOALIETO H300pETeHHUs
CTAHOBSITCS OUEBUIHBIMH M3 CIENYIOUINX (uryp, nogpobHoro onmcanusi U npumepos. OmHako
ClielyeT TMOHMMATh, YTO XOTs (UIyphl, MOAPOOHOE ONMUCAHWE U TPUMEPBI IMPEACTABISIOT
KOHKPETHBIE BapUaHThl OCYINECTBJIEHHS] HACTOSINErO H300pETeHUs, OHU IPUBEICHBI
UCKJIFOUUTENIbHO B KA4EeCTBE WJUIIOCTPALIMU U HE NMpeIHa3HAuYeHbl JIJIs1 OrPAHUYUTENbHBIX LETeH.
Kpome Toro, mpenycMOTpeHO, 4TO W3MEHEHUs M MOoAM(HKALMKM B Npeaeiax uaew U odbema
HACTOSIIEr0 HM300pPETEeHHs] CTAHOBSTCS OUEBHIHBIMHU JUIA CIIELMAJIMCTOB B JAaHHOW 00JacTu
TEXHUKU M3 3TOTO MOAPOOHOTO OMHUCaHUs. B crenyromux BapuaHTax OCYLIECTBICHHs MPU3HAKA
U3 KOHKPETHBIX BAPHAHTOB OCYLIECTBJICHUS MOTYT ObITh OOBbEIUHEHBI C IPU3HAKAMU U3 IPYTUX
BapUAHTBI OCylecTBIeHus:. Hanmpumep, MpU3HAKU M3 OJHOTO BAPUAHTA OCYIIECTBIEHHS MOTYT
ObITh OOBbEAMHEHBI C IPU3HAKAMH 3 JIFOOBIX IPYIHX BAPUAHTOB OCYINECTBJICHUsS. B crenyromux
BApUAHTAX OCYLIECTBJICHUS IOIMOJHHUTEIbHbIE MPU3HAKH MOTYT OBITh BBEIEHBbl B KOHKPETHBIE

BapHUAHTbI OCYIIECTBJICHUA, KOTOPBIC OMKUCAHBI B HACTOALIEM JOKYMEHTE.

Kpatkoe onucanue ¢uryp

[0024] [dnsi Oojee TOJHOTO TIOHUMAHHUSI CIENyeT O3HAKOMHUTBCS CO CIEAYIOIIUM
OINMCAHUEM, PACCMATPUBAs €r0 B COYETAHUHU C COMPOBOXKIAIOIIUMHU (PUTyPaAMHL.
[0025] Ha ¢ur. 1 mpencraBnena cxemarudeckas AuarpaMma CHUCTEMbI Ul MOJYYEHUS

HN30MCPU30BAHHBIX AJIKCHOB COTJIACHO BapHaHTaM OCYHICCTBJICHUA HACTOALICTO I/I306pe’TeHI/I$[.
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[0026] Ha ¢ur. 2 npencraBiieHa TEXHOJIOTUYECKAs CXeMa JJIsl TIOJIy4YeHHs] H300yTHIIeHA,
COTJIACHO BapUAHTaM OCYIIECTBIIEHHUS HACTOSIIETO U300pETEHNS.

[0027] Ha ¢ur. 3 mpencraBineHa cxemaTrudeckas AuarpaMma CHUCTEMbI Ul MOJYYEHHUS
n300yTHIIeHa, KOTOpasi MHTerpupoBaHa ¢ ycraHoBkoil cuHTe3a MTBE, cormacHo Bapmantam
OCYILECTBJICHHSI HACTOSIIETr0 N300pEeTeHHS.

[0028] Ha ¢ur. 4 npexncraBieHbl pe3ynbTaTbl 0Opa3oBaHMs KOKCa Ha KaTainu3aTope
NICEBAOOXKIDKEHHOIO  KATAJIUTHYECKOTO  CJIOS B TEYEHHEe  OCYLIeCTBIEHHs  criocoda
JEeTUIPUPOBAHUS AJIKAHOB C BBEICHUEM U O€3 BBEICHUS CEPhI.

[0029] Ha ¢ur. SA u 5B npexacraBieHo oOpa3oBaHME KOKCAa Ha KAaTaJM3aTOpe IMOCIe
OCYLIECTBIIEHHUsI Croco0a AeTHIPUPOBaHUS aNKaHOB ¢ BBeneHueM (dur. SA) u Oe3 BBemeHUs
(¢ur. 5B) cepbl B UCXOAHBIH YTII€BOAOPOIHBINA MOTOK.

[0030] Ha ¢ur. 6 mpencraBieHbl CTENEHb MPEBPAILEHHS, CEIEKTHBHOCTh M BBIXOJ IS
criocoba neruapupoBaHus aJKaHOB Oe3 BBeAeHus u ¢ BBenenueM 5, 10, 20, 30 u 80 u./MiH. cephl

B UCXOAHBIN YIJIE€BOAOPOIHBIN MOTOK.

Tloapo0Hoe pacKpbITHE HACTOANIECT0 H300peTeHHS

[0031] JocTtynHbIi B HACTOSILIEE BPEMsl CIIOCOO NErHIPHPOBAHUS aJIKAHOB (HAIpUMeD,
n300yTaHa) cTpajaer OT psiga MpoOsieM, TaKMX KaK HHU3Kas MPOU3BOAUTENBHOCTb, KOPOTKHIA
CPOK 3KCIUTyaTallMy KaTaJu3aTopa, BbICOKAas CKOPOCTb OOpa30BaHUS KOKCA U BBIXOHA U3 CTPOs
TETUIOOOMEHHUKA, KOTOPBIH MOKET OBITh BbI3BaH BBICOKUM COJEPKAHUEM CEpPhbl B IIPOTEKAIOIIEM
yepe3 Hero mnoroke. Hacrosimee wn3oOpereHne mnpemyaraer pelieHHe IO MEHbIIeH Mepe
HEKOTOPBIX M3 YKa3aHHbIX MpoOiieM. DTO pelieHHe OCHOBAHO Ha CHocode MoJyuYeHHs
W30MEPH30BAHHBIX AJIKEHOB (Hampumep, n3o0ytuiena). [TocpencTBOM BBEAEHHUS COAEPIKALIETO
cepy YIJIEBOAOPOAHOIO MOTOKA B PEAKTOP ACTHIPUPOBAHUS AJKAHOB MOXKET OBITh YMEHbIIEHA
CKOpPOCTh O0Opa3OBaHMsI KOKCAa Ha KaTaJW3aTope, KOTOPBIH MOXET comepkarb Xpom. Takum
o0pazom, KaTaau3aTop/peakTop AEerHapUPOBAHIS MOXKET UMETh O0Jiee TIPOIOJKUTEIbHOE BpEMs
npeObIBaHMs B SKCIUIyaTallMd B TEYEHHE KaXKIOTO LHUKJA SKCIUTyaTallMHU-PETeHEpaLnd, YeM
croco0oOM, B KOTOPOM OTCYTCTBYET BBEIEHHE COAEPIKAIIEero Cepy COEAMHEHHUs B KaTalu3aTop
neruapupoBanust (crocod ©Oe3 BBemeHust cepbl). B menmoMm, kosdduumeHT npeOblBaHUS B
SKCITyaTaluu AJisl PeaKkTopa AEeTHAPUPOBaHMS MOXKeT yBenuuuBatbes B 10-40 pas, u BbIXOA
M30MEPH30BAHHBIX AJIKEHOB MOXKET YBEIMUYUBATHCS MPHOIM3UTENBHO Ha 4% MO CPAaBHEHHIO CO
criocoboMm Oe3 BBeneHus1 cepbl. Kpome Toro, crocod HCKIIOYaeT NponyCcKaHue yIiaeBOAOPOAHOTO

MOTOKa, UMCHOLIETIO BBICOKOE COACPIKAHUE CEPBI, UCPE3 TGHJ’IOO6M6HHI/IK, pacnonomeHan‘/'I BBIIIC
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IO MOTOKY OTHOCHUTENIbHO PEeaKTopa IETHAPHPOBAHUS, YTO, TAKHMM O0pa3oM, MPenoTBpaIlaeT
BBIXOJ] M3 CTPOSI TEIUIOOOMEHHUKA BCIIEACTBHE BBICOKOTO COMEPIKAHUS CEPHI.

[0032] [lanee 3T W Apyrue HEOTPAaHMUYUTENbHbIE ACIEKThl HACTOSINEr0 M300pEeTeHus
o0cy>xaaroTcst 6osee moapoOHO B CIENYIOIINX pa3eliax co CcChUTkoi Ha ¢ur. 1-3.

[0033] Ha d¢ur. 1 mnpencraBieHa cxeMaTuyeckash auarpamma cucrtembl 100 ms
MOJIyYEHHUs] M30MEPU30BAHHBIX AJIKEHOB COIJIACHO BapUaHTaM OCYILIECTBJIEHUs HACTOSILErO
u3obpereHus. Cucrema 100 MOXKeT BKIIIOYATh YCTAaHOBKY u3oMepu3aiuu 101, cymmibHOe
ycrpoiictBo 102, nuraromuii pesepsyap 103, nuratomuii pesepsyap 104, termoodmennuk 105,
peakTtop meruapupoBanusi 106 u 6ok xpaneHus: uzoOytmiena 108. YcraHOBKa M30MeEpH3ALIUH
BBINIOJIJHEHA C BO3MOXHOCTBIO M30MEPHM3ALIUM OJHOIO MM HECKOJBKUX H-aJKaHOB C
o0pa3oBaHMEM OJHOTO HJIM HECKOJBbKHX H30aJKaHOB. COrJlacHO OMNpEeNeNeHHBIM AacleKkTam
ycTaHoBKa u3oMmepuszauuu 101 moker BKIOYATH OAWH MM HECKOJIBKO PEAKTOpPOB C
HeMOABIDKHBIM cjioeM. Korma mcrone3yror Oosee 4eM OAMH PeakTop € HEMOABMIKHBIM CIIOEM,
OHH MOryT paboTaTh mocienoBarenbHO. HermonBmKHBIN CIIOW B PEaKTOpe C HEMOIBHYKHBIM
CIOEM MOKET COAep:KaTb KaTalnu3aTop usoMepusauuu. HeorpaHudutenbHbIE NpPHUMEPHI
KAaTalu3aTOPOB  H30MEPU3AlMM  TPEACTaBIAIOT coboil mmatuHa, namtaauii/SO4>-ZrO;,
H3PW12040, anrOMOCHIMKATHBI LEOJUT WM HUX coderaHuss. COrynacHO OIpeneneHHbIM
acrieKTaM KaTalu3aTop H30MEpPHU3alMM MOXKET OBbITh HAaHECEeH Ha XJIOPHUPOBAHHBIM OKCHI
AJFOMUHUSL.

[0034] YtoObI mpenoTBpaTuTh 0Opa30BaHHE XJIOPUCTOBOAOPOIHOMN KHCIIOTHI B YCTAHOBKE
nzomepuszauuu 101, ucxonsslili notok 112 ana nzoMepusauuu He COACPKUT WM NMPAKTUYECKU
HEe COIepXHUT BOAbL TakuMm o00pa3oM, COIJIACHO BapHAaHTAM OCYINECTBJIECHUS HACTOSIIETO
u300peTeHusl, BIYCK YCTaHOBKU wu3oMmepusaimu 101 MOKET HAXOAUTHCS B COEOUHEHHH C
BO3MOXKHOCTBIO MEPEHOCA TEeKy4el Cpenbl ¢ MEePBBbIM BBIMYCKOM CYLIWJIBHOIO ycTporictsa 102.
CornacHO ompeneseHHbIM aCHeKTaM CYLIIIbHOE YCTPOHCTBO 102 MOXKET OBITh BBINOJIHEHO C
BO3MOXKHOCTBIO IPHE€Ma UCXOAHOrO NMoToka 111 B cymminpHOE yCTPOWCTBO M BBINYCKAa U3 HETO
otaeneHHoN Boabl. Mcxonuslli moTok 111 B CyIIMIBHOE YyCTPOMCTBO MOJKET COAEPKATh OAUH
WIN HECKOJNbKO yriaesopopomoB. CormacHo ApyruM Oojiee  KOHKPETHBIM — BapHaHTaM
OCYLIECTBJIEHUs] OJJUH MJIM HECKOJIBKO YIJIEBOAOPOOB, COAEPKAIUXCS B UCXOAHOM noToke 111
B CYIIMJIbHOE YCTPOMCTBO, MOTyT BKJItOUaTh yriaesonoponabl C4. Mcexomueiii motok 111 B
CYLIMJIBHOE YCTPOMCTBO MOKET BBITEKaTb W3 MUTAKOLIEro pesepsyapa 103 B cymuiabHOE
ycrporicteo 102. HeorpaHnuuTenpHbIl npuMep yCTaHOBKM m3omepusauuu 101 mpencrasisier
coboii ycranoBka mzomepuzain BUTAMER™ or xomnanun UOP LLC (CIIA). Ucxonmslit
notok 111 B cymmiapHOE yCTPOMCTBO MOXKET COAepKaTh H-OyTaH, U CYyIIMIbHOE yCTporcTBO 102

MOXET MPEACTaBIATh coOoM cymmibHoe yerpoiictBo BUTAMER™. VcTaHOBKa M30MepU3aLuu
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BUTAMER™ o0b4HO BKJIIOYAET JBa PEaKTOpa C HEMOIBIKHBIM cCJioeM, padoraromue
MOCJIEIOBATENIBHO.

[0035] CormacHO BapHaHTaM OCYLIECTBJIEHHs HACTOALIEr0 H300pETEeHHs] YCTaHOBKA
msomepuzanuu 101 MokeT OBITH BBINOJIHEHA C BO3MOKHOCTBIO NpHEMa IO MeEHbIIEH Mepe
HEKOTOPOH 4YaCTU BBICYLIEHHOI'O YIJI€BOAOPOAA, KOTOPBIM MPUCYTCTBYET B HE COMAEP:KALIEM
cepbl notoke 112 u3 mepsoro Beiycka cyumibHOro ycrpoiicrsa 102. CorjacHO HEKOTOPBIM
BApUAHTaM OCYILIECTBJICHUs] BBINYCK YCTAaHOBKM u3oMepusauuu 101 MoOxeT HaxXoguTbCs B
COEIMHEHUH C BO3MOKHOCTBIO INEPEHOCAa TeKydel cpefpl ¢ MUTArLuM pe3epByapoM 104 s
JNETUAPUPOBAHUsSA, BBIIIOJHEHHBIM C BO3MOXHOCTBIO TIpuema TmoToka 114, copepxkamiero
W30aJIKaHbl, U3 yCTaHOBKM n3omepusauuu 101. I[Iurarommii pesepsyap 104 nis nerugpupoBanus
MOKET HAXOAUTbCA B COEAUHEHUU C BO3MOXKHOCTBIO IE€PEHOCAa TEKy4deld Ccpeabl C
Ter1000MeHHUKOM 105, KOTOPBIN BBITIOJIHEH C BO3MOXKHOCTBIO HATPEBAHUSI HE CONEPIKALIETO
Cepbl yIIIEBOAOPOAHOro moTtoka 115, BeITekaromero 3 nuraromero pesepsyapa 104 nna
aerunpupoBaHus. Breimyck TeruooOMeHHHMKa 105 MOXKET HAXOIUTBCS B COSNUHEHHH C
BO3MOXXHOCTBK) TEPEHOCAa TEKy4deH Cpeabl C BIYCKOM YCTaHOBKM aerugpuposanus 106.
Harpetslii He copepxaimuii cepel yIJ€BOAOPOAHBIM MOTOK 115" MoOXeT BBIXOAUTH U3
teruioodMenHuka 105 1 moctynaTe B yCTaHOBKY Aeruapupoanus 106.

[0036] CymunpHOe ycTpoiicTBO 102 MOXKET HAXOAUTBCS] B COEUHEHUH C BO3MOKHOCTBIO
NEpPEeHOca TEKy4el Cpenbpl C HAKOMUTENbHbIM pe3epByapoM 107, KOTOpPBIA BBINOJHEH C
BO3MOXKHOCTBIO MPHUEMA O MEHbILIEH Mepe HEKOTOPOM YaCTU BBICYLIEHHOIO YIJIEBOAOPOAA U3
ucxoxHoro noroka 111 B cymunbHOe ycrpoiicTBo. COrlacCHO HEKOTOPBIM acIeKTaM OIHO WJIH
HECKOJIbKO COZEpIKALINX cepy coenuHeHuil B notoke 110 MOXHO BBOAUTH B YIJI€BOAOPO.BI,
BBITEKAIOIIME U3 BTOPOrO BBIMYCKA CYIIMJIBHOTO yCTpoicTBa 102 B HAKONMUTEBHBIN pe3epByap
105 ¢ monyuenuem oboramenHoro cepoii moroka 113. CoriacHO HEKOTOPBIM BapHAHTaM
OCYIIECTBJICHHsI CYLIMIbHOE YCTpoHcTBO 102 He siBysieTcst 00si3aTeNbHBIM. B kauecTBe npumepa,
pa3eNuTeNIbHOE YCTPONHCTBO MOKET OBITh MCIIONIb30BAHO JJisi pasaesieHus: motoka 111 Ha He
coaepskamuii cepel noTok 112 u comepskawmmii cepy notok 111, korma ogHO UM HECKONBKO
CoIlepsKalnX cepy coenrHeHuid B moToke 110 MoryT ObiTh BBeAEeHBI B TOTOK 111, BBITEKArOIIHiA
U3 paslenuTenpbHoro ycrpoiictsa. CoOriacHO ONpeNeNeHHbIM AaclekTaM COAepiKalllue cepy
COEAMHEHUs] MOTYT BKJIIOYATh OIMH HJIM HECKOJNBKO OPTaHUYECKHUX CYJIb()HUIOB, OAMH HIIH
HECKOJIBKO OPTaHUYECKHX TUCYIb(HUIOB, ONUH MIIM HECKOJIBKO OPraHUYECKUX IOJUCYIb(PUIOB
i ux coderanus. CornacHO HEKOTOPBIM BaApPUAHTAM OCYILIECTBIIEHHS] OPraHUYECKHE CYJIb(PUIBI
moryT umeTh popmyny Ri-(S)s-Rz, rme n coctasmsier 1 wnm 2, u kaxknplid paaukan us Ri u Ry
WHIUBUAYAJIBHO MPECTABIsIET COOOM aTOM BOAOPONA WM aNKUIbHYIO rpynmy. Opranudeckue

mucynbhuasl MoryT umerb ¢opmyiy Rs3-S-R4-S-Rs, rme xaxneni pagmkan m3 Rs u Rs
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UHIUBUAYAJIBHO TMIPEACTaBIseT COOOM aTOM BOXOPONA WM AQJKUIBHYK TIpymmy, U Ry
npencTaBisieT coOOM aNKMIIBHYKO TPYIIy, CBA3aHHYIO C ABYMsI aroMaMu cepbl. llepBblit
COZAEpIKAIIMUM Cepy YIJIEBOAOPOAHBIM NMOTOK 116 m3 HakomuTenpHOro pesepsyapa 107 moxer
ObITb BBIMIOJHEH C BO3MOXHOCTBIO OOBEAMHEHUS C HArpeTbiM HE COAEPKAILIUM CephbI
yIJI€BOJOPOAHBIM OTOKOM 115’ ¢ oOpa3oBaHueM BXOZSIIETO MOTOKA peareHToB 117.

[0037] VYcranoBka neruzapupoBaHus 106 mMoxeT ObITh BBINOJHEHA C BO3MOKHOCTBIO
NETUPUPOBaHUsl 1O MEHbIIEH Mepe HEKOTOPOM YacTH H30aJKAHOB, COAEPKALIUXCA BO
BXOJSIIIIEM TMOTOKe peareHTOoB 117, ¢ oOpazoBaHueM u3oankeHOB. COrjacHO ompenesieHHbIM
acrekTaM yCTaHOBKa AeruapupoBaHus 106 MOXKET BKIIOYAThb OAWH WU HECKOJIBKO PEAKTOPOB C
NICEBJOOKIKEHHBIM CJIOEM M pere’Heparop karanusaropa. Karanusarop u3 OAHOro uiau
HECKOJIBKMX PEAKTOPOB C MCEBIOOXKIKEHHBIM CJI0€M MOXXHO HENPEPBIBHO TPAHCIOPTUPOBATH B
pereHepaTop KaTajlu3aTopa, BBINOJHEHHBIH C BO3MOXKHOCTBK) pEreHepaluu KaTalau3aTopa
NOCPEICTBOM BBDKUTAHHUSI KOKCa, OOpPa30BaHHOIO Ha KaTaJIM3aTOpe, M PEreHepalud TeIula,
TpeOyeMoro Iuis JEeruApUpOBAHUS AJIKAHOB. PereHepHpOBaHHBIA KaTaJIM3aTOP MOKHO
HETIPEPhIBHO  TPAHCIIOPTUPOBaTh OOpaTHO B OOWH HJM HECKOJbKO PEAKTOPOB C
NICEBOOKIKEHHBIM CJIOEM. B OTHOM WJIM HECKOJIBKUX PEaKTOPax C MCEBAOOKUKEHHBIM CIOEM
MOXKET MPUCYTCTBOBATb HAXOMALIUNCA Ha HOCUTENE KaTalu3aTop, KOTOPBIH CONEPXKUT
KaTaJIMTUYECKUNA MepexoaHbil metamn rpynn 3-12 Ilepuoandeckon CHCTEMBI 3JIEMEHTOB.
HeorpanuuuTenbHble NpUMEpbl IMEPEXOAHBIX METAUIOB npeacTaBisaoT codoit xpom (Cr),
moiuoaeH (Mo), Bonedppam (W), pyrenuii (Ru), nannaguit (Pd), mnatuna (Pt) u t. 1. Cornacho
ONpEEICHHbIM AaCIEeKTaM HEOIPAHUYUTENIbHbIE IPUMEpPbl HAXOASILIErOCss Ha HOCUTENE
KaTaJlu3aTopa MOTYT TPEACTAaBJAThH COOOM HAHECEHHBbI HAa OKCHJ AaJIOMHHHUS XPOMOBBIH
KaTajqu3aTop U HAHECEHHbI Ha OKCHJ aJIOMUHUS IUJIATHMHOBBIM kaTtanmuzarop. CormnacHo
KOHKPETHOMY BapUaHTy OCYLIECTBJICHUsI YCTAaHOBKA Aeruapupoanus 106 mpexncrasiser coboi
PEaKTOp € NCEBAOOKUKEHHBIM CIIOEM.

[0038] CormacHO omnpeneneHHbIM acTieKTaM M30aJIKaHbl BO BXOJSIIEM ITOTOKE PEareHTOB
117 moryT BKiIFOUaTh M300yTaH. Y CTaHOBKA AeruapupoBaHus 106 BBIMOIHEHA ¢ BO3MOKHOCTBIO
IETUIPUPOBAHUS 110 MEHBIIEH Mepe HEKOTOPOH YacTh n300yTaHa C MOJyuYeHHEeM H300yTHIIEHA B
nepBoM moTtoke mnpoaykroB 118. CormacHo HekoTOpbeIM Oosiee KOHKPETHBIM BapHaHTaM
OCYINECTBJICHHsI TeTIOOOMeHHUK 105 MOKeT mpeAcTaBisaTh COO0H TEINIOOOMEHHUK ¢ Mepenaveit
TeIia OT ONHOro rasa kK gpyromy. TemmooOmenHuk 105 MoskeT OBITH BBITIONHEH C
BO3MOXKHOCTBIO NMPUMEHEHHUSI MEepPBOro Motoka npoaykros 118 B kadectBe paboueil Tekyueit
cpeabl Uil HArpeBaHWs HE COAEpPIKAILero Cepbl yriaeBOIOPOAHOro mortoka 115 ¢ nmonydenuem
HarpeToro He COAEPIKALIEro Cepbl YINIEBOJOPOAHOro moroka 115" m oxnaxkaeHuss mepBoro

NOTOKA NMPOAYKTOB 118 ¢ monyueHneM OxnakAeHHOro NepBOro NOoToka npoAaykros 118’ Beimyck
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paboueli Tekyueill cpenbl TeruiooOMeHHUKa 105 MOXET HaxXOOUThCS B COCOUHEHHH C
BO3MOXKHOCTBIO TEPEHOCA TEKydeH Cpenbl ¢ HaKOMUTENIbHBIM pe3epByapoM uzobyruiena 108,
KOTOPBIN BBINOJHEH C BO3MOXXHOCTBIO IPHUEMa OXJIAXKIAEHHOI'O NMEepPBOro MoToka npoaykTos 118’
u3 TerooomMeHHuka 105.

[0039] Ha ¢ur. 2 mpeacraBiner cnocod 200 mojy4eHHUs: M30MEPHU30BAHHBIX AJKEHOB.
Cnoco6 200 wmoxeT OBITh OCYIIECTBJIEH IOCPEACTBOM cucteMbl 100 mus mosyudeHus
M30MEPH30BAHHBIX AJIKEHOB, KOTOpas mnpexacraBieHa Ha ¢ur. 1. CorsacHO BapHaHTam
OCYINECTBJICHHsS] HACTOsIero u3o0pereHus: crocod 200 MOXKeT BKIOYATh BBITEKAHHE I10
MEHbIIIEH Mepe HEKOTOPOM 4YacTu YIVIEBOAOPOAOB M3 YIJIEBOAOpoAHOro mnotoka 111 ¢
NOJIy4eHHEM He copaepskamero cepbl moroka 112, uyro mpencrasnsier 6ok 201. Cormacho
OTpenesieHHbIM acleKTaM yIeBOIOpOaHbIi MoToK 111 mMoskeT mpencraBisith codoii moTok Ca,
KOTOPBII COAEPIKUT, TIaBHBIM o0paszoM, yriaesomoponsl Cs4. HeorpaHumunTenbHbIE NpUMEPHI
yraesonoponoB C4 MOTYT NPENCTaBisTh cOOOW H-OyTaH, u3oOyraH, u3oOyTwieH, 1-OyTeH, 2-
Oyten, OyramueH u ux coderanus. Croco0 200 MOKET NOMOJHUTENBHO BKIIOYATh BBEACHHE
COJiep>KallluX Cepy COEAMHEHWN B IO MEHblIEH Mepe HEKOTOPYI0 4acThb YIJIEBOJOPOAOB W3
yraesonopogHoro moroka 111 monydenwem oborameHHOro cepoil moroka 113, uro
npexnctasisier 0ok 202. CornacHO OmpeneeHHbIM aclekTaM o0oralieHHbIH cepoit moTok 113
mMoxer comepkarb oT 100 u./mmH. mo 5000 4./MIH. comepkaliux cepy COCOMHEHUH, WIH HX
COZIep’KaHUE MOJKET IIPEBBIIATh, COCTABJATh WMJIW HAXOAWTHCS MEXIY JIOOBIMHU JBYMs W3
creayromux 3HadeHuit (4./min.): 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1400, 1500, 1600,
1700, 1800, 1900, 2000, 2500 3000, 3500, 4000, 4500 u 5000. Kak omnucaHo BblllE,
colepikaliie cepy COeAMHEHMs MOTYT BKJIOYaThb OIWH WM HECKOJbKO OpPraHMYeCKUX
Cynb(UIOB, ONWH WIM HECKOJbKO OPTaHMYECKUX HUCYJIb(UIOB, OOUH WJIH HECKOJBKO
OpPraHUYECKUX MONUCyIbGuaoB wiu ux codetaHus. COrjacHO HEKOTOPBIM BapHaHTaM
OCyLIEeCTBIICHHUs opraHnyeckue cynbduaer umerot Gopmyiny Ri-(S)n-Rz, rae n cocrasmser 1 wim
2, u kaxaeld pagukan w3 Ri u Ry uHpuBunyansHO npencraBisieT coOoi aTOM BOAOPOIA WIIH
ankuipHyr0 rpynmy. Opranndeckue Iucyiabpuabl MoryT umerb ¢opmyiny Rs3-S-Rs-S-Rs, roe
Kaxabpld pagukail w3 Rs uw Rs unamBuayanbHO mpeacraBisieT coOOW aToM BOIOpPOAA WIIH
aNKUIbHYIO rpynmy, U Rs4 mpencraBisier coOOH anKMJIBHYIO TPYINNY, CBS3aHHYIO C JBYMS
aTOMaMH Cepbl.

[0040] CormacHO HEKOTOpbIM Ooyiee KOHKPETHBIM BapUaHTaM  OCYINECTBIICHUS
yIriIeBOAOpOAHBINM NOTOK 111 MoxkeT BTekaTh B cywmuiabHOe ycTporcTo 102. ITo menbnen mepe
HEKOTOpasi 4acCTb BBICYLIEHHBIX YIVIEBOAOPOAOB M3 CYILIWJIBHOrO ycTpouctsa 102 moxer

oOpa3oBeIBaTh He copeprkaumii cepbl notok 102, Coneprkaie cepy COCOUHEHUS MOTYT OBITh
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BBEJICHBI 10 MEHbILIEH Mepe B HEKOTOPYIO YaCTb BBICYIIEHHBIX YIJIEBOAOPOIOB U3 CYIIMIBHOIO
ycrpoiictBa 102 ¢ monyueHnem oborameHHoro cepoii noroka 113, KOTOphIN MOKET MMOCTYNaTh B
HakonuTeNbHbI pedepByap 107. CorjacHO ompeneneHHbIM acleKkTaM YIJIEBOJOPOAHBIM MOTOK
111 moxer coxmepkarb, IJTaBHbBIM 00pa3oMm, H-OyTaH. YrieBomopoasbli morok 111 moxer
JOTOJIHUTEJIBHO COAep kaTh N300yTaH W/WIH N300y THIIEH.

[0041] Kak mnokasbiBaeT Onok 203, crocod 200 MOKET IOMOJHUTENBHO BKJIKOYATh
M30MEepHU3alysl MO MEHbLIEH Mepe HEKOTOPOM 4YacTU H-aJKaHOB W3 HE COAEPIKALIEro Cephl
noroka 112 B ycranoBke wusomepuszauuu 101 ¢ momyyenuem nortoka 114, copepskaiero
n3oankaHbl. COrlaCHO HEKOTOPBIM OoJiee KOHKPETHBIM BapHAaHTaM OCYIIECTBJICHUS H-OyTaH U3
He cofepskalero cepbl notoka 112 B ycranoBke nszomepusauuu 101 n30MepusyroT B yCTaHOBKE
uzomepuzarmu 101 ¢ monydennem uzodyrtaHa, copepxkainerocs B motoke 114. TTorok 114 moxer
BTEKATh B NUTAKOLUN pe3epsByap 104 ana neruapupoBaHus.

[0042] CornacHO BapuaHTaM OCYINECTBJICHUS] HACTOSALIETO H300PETEHNS HE CONepIKaIIHiA
Cepbl YIJIeBOAOPOAHBIM MOTOK 115, KOTOpBIM COAEPKUT U30ANKaHBL, MOCTYHAaeT B
termiooOmenHuk 105 w3 muratomero peseppyapa 104 mns permppupoBanus. He comepkarmuii
Cepbl yIJIEBOAOPOAHBIM mNOTOK 115 MOXHO HarpeBaTb C TNOJY4€HHMEM HArperoro He
conepkaliero cepsl yriesogopoaHoro mnotoka 115 CormacHo omnpeneneHHbIM acheKkTam
HarpeTblii He COIepKaluil cepbl YriaeBOAOPOAHBIN MOTOK 115" MoxeTr HaxoguTbes IpH
TeMriepatype, cocrasisiromieit or 200°C no 500°C, Bkiro4as BCe AMANAa30HbI U 3HAUCHUS] MEXKAY
JNAHHBIMU MpeAeNbHbIMU 3HaueHusIMU, B TOM uncie ot 200°C no 220°C, ot 220°C no 240°C, or
240°C nmo 260°C, ot 260°C mo 280°C, or 280°C mo 300°C, or 300°C mo 320°C, ot 320°C no
340°C, ot 340°C no 360°C, ot 360°C mo 380°C, ot 380°C no 400°C, ot 400°C mo 420°C, ot
420°C nmo 440°C, ot 440°C pmo 460°C, or 460°C mo 480°C u or 480°C mo 500°C. Kak
nokasbiBaet 0JIok 204, COrNIaCHO BapHaHTAM OCYIIECTBJIEHHUS HACTOSIIEro U300pETEHHsI CIIoCco0
200 MOXXET IOMOJHHUTENIbHO BKJIIOYaTh OOBEJMHEHHE HArPETOro HE COAEPIKALIero Cepbl
YIJIEBOJOPOAHOTO MOTOKa 115, B KOTOPOM MPUCYTCTBYIOT M30AJIKAHBIL, C COIAEPIKAIINM CEPY
YIJIEBOJOPOAHBIM NOTOKOM 116 M3 HakonuTenbHOro pesepsyapa 107 ¢ nmogydeHueM BXOISALLErO
notoka peareHtoB 117. B cogep:xaiuem cepy yrieBogopoaAHOM NOToke 116 mpucyTCTBYIOT OHO
WIM HECKOJBKO COJEpXKALUX Cepy COEAMHEHUM, KOTOpble OmMcaHbl Bble. Temmneparypa
COIlepIKaIero cepy yrieBOIOPOAHOro moToka 116 moskeT OBITh HIDKE, YeM TeMIleparypa
HarpeToro He conaep:kainero cepel yriaeBogopoaHoro motoka 115°. CormacHo HEKOTOPBIM
BapUaHTaM OCYIIECTBIICHUS COAEPKALIUI Cepy YIIEBOAOPOAHBIN MOTOK 116 MOKET HAXOAUTBCS
npu temneparype, cocrasysomeit or 30°C no 100°C, Bxirovas BCe QUANA30HbI U 3HAYECHUS
MEXy TaHHBIMU IIPEAENIbHBIMU 3HAYEHUsIMH, B TOM uncsie nuamna3onsl ot 30°C no 35°C, ot 35

1o 40°C, ot 40°C mo 45°C, ot 45°C go 50°C, ot 50°C mo 55°C, ot 55°C mo 60°C, ot 60°C nmo
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65°C, ot 65°C no 70°C, ot 70°C mo 75°C, ot 75°C no 80°C, ot 80°C no 85°C, ot 85°C no 90°C,
ot 90°C no 95°C u ot 95°C no 100°C. B uenom, conepxaiime cepy COEAUHEHUs] BBOISAT HUKE
MO TMOTOKY OTHOCHUTENBHO TerioodMmenHuka 105 (Hampumep, TeruiooOMEHHUKA Ui Mepenavyu
TEIla OT OJHOro rasa kK apyromy). Takum oOpa3oM, MOXHO 3(QEeKTHUBHBIH pPEryIupoBaTh
cofiep KaHue Cepbl B TEIUIOOOMEHHHUKE Ui Mepefadvd Terja OT OJHOrO rasa K JPyroMy M B
pe3ysbTaTe 3TOrO MPENOTBPAINATh BBIXOA U3 CTPOSl TEIJIOOOMEHHUKA BCJIEACTBUE BBICOKOTO
COZIepIKaHUs CePhbl BO BXOASIIEM MTOTOKE peareHToB 117,

[0043] CornmacHO oOmpeneNeHHbIM acrekTaM OOBbEeMHOE COOTHOIIEHHE HArpeToro He
conepkalero cepbl yriieBOJOpoaHOro moroka 115° u conmepskamero cepy yriieBOJOPOTHOTO
notoka 116 mpu obvenunennu B O6oke 204 MOXKeT HAXOAWTHCS B quamasoHe oT S no 10 wim
MPEBbINIATh, COCTABJIATh WJIM HAXOIUTHCS MEXKIY JIOOBIMU IBYMs 3HaUeHUsIMU U3 5, 6, 7, 8, 9 u
10. Bo Bxoasiem nmoToke peareHToB 117, KOTOpBIi coAeps:KUT N300yTaH, MOTYT NOMOJHUTEIBHO
MPUCYTCTBOBATDH COAEPIKALINE CEPY COCAMHEHUS B KOHLIEHTpAaLMK, cocTaBisromen ot 5 go 100
9./MITH., TipeanouTutesibHo oT 10 mo 80 u./MiH., BKIJIIOYAs BCE NUANA30HBI M 3HAYCHUS] MEKIY
JaHHBIMHU MPENebHBIMUA 3HAYSHUSIMH, B TOM 4uciie oT 5 1o 10 u./mnH., ot 10 no 15 4./miH., oT
15 no 20 4./mnH., ot 20 no 25 u./miaH., ot 25 no 30 u./mnH., oT 30 no 35 u./mnH., ot 35 mo 40
u./MiH., oT 40 10 45 u./mnH., ot 45 1o 50 4./mnH., ot 50 g0 55 u./MiH., oT 55 mo 60 u./MNH., OT
60 1o 65 u./mnH., oT 65 no 70 u./maH., ot 70 go 75 u./maH., ot 75 mo 80 4u./muH., or 80 mo 85
y./MJH., oT 85 10 90 u./miH., oT 90 10 95 u./MnH. u ot 95 g0 100 u./MnH.

[0044] IToTok pearenTos 117 MokeT mocTynaTh B yCTaHOBKY Aeruapuposanus 106. Kak
nokasbiBaer 0ok 205, cmoco6 200 MOKET AOMOJHUTEILHO BKJIIOYATh BBEAEHHE B KOHTAKT
BXOJSIIEr0 MOTOKA peareHToB 117 ¢ kaTanu3aTopoM AErHIpUPOBAHUS B TOCTATOUHBIX YCIOBUSIX
IUTSE TIOJTyY4EeHHs TIEPBOTO MOTOKA MPOAYKTOB, COAEpIKaIero n3oankeHbl. COrjlaCHO HEKOTOPBIM
BapUaHTaM OCYLIECTBJIEHUS KaTaJu3aToOp AETUAPUPOBAHUA MOKET COAECPKATh HAXOASIIUICS Ha
HOCHUTEJIe KaTaJIN3aTOp, COAepIKallel MepexoqHblii MeTayul (HanpuMep, MeTaJul TPYIIbl 6 W/HiH
rpynnbel - 10 Ilepuomudeckoil  cuCTEMBl  3JIEMEHTOB). HeorpaHWYMTENbHbIE — MPUMEPHI
KaTajau3aTopa JEeTHAPUPOBAHUS TMPEACTABISIIOT COOOH HAHECEHHBIH HA OKCHMA AJFOMHIHHS
XPOMOBBI KaTaJau3aToOp U HAHECEHHbIN Ha OKCUJ aJTFOMUHHUS KaTaIU3aTOP HA OCHOBE IJIATUHBI U
onoBa. CorjacHO HEKOTOPBIM BapHUAaHTAM OCYIUIECTBJIEHHUS YCJOBHUS NETUAPUPOBAHUS MOTYT
BKJIIOUaThb TeMIlEpaTypy peakuuu, cocrtapiswoumyo ot 550°C po 600°C, Bkmrouas Bce
IUATNa30Hbl U 3HAYCHHST MEXIY JAHHBIMU MPEAeTbHBIMHI 3HaUEHUsAMH, B TOM uncie oT 550°C no
555°C, ot 555°C mo 560°C, ot 560°C no 565°C, ot 565°C mo 570°C, or 570°C mo 575°C, ot
575°C mo 580°C, ot 580°C mo 585°C, ot 585°C mo 590°C, ot 590°C nmo 595°C u ot 595°C no
600°C. VYcnoBus AErHMapUPOBAHUS MOTYT JOMOJHUTEIbHO BKJIOUATH [ABJICHHE PEaKIUU,

coctasisitoinee npudausurensHo 0,1 MITa. YacoBass oObeMHast CKOPOCTh JKUAKOCTH BXOASILETO
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TMIOTOKA PEareHTOB MOKET HaXOAUThCS B Auanasone ot 200 no 300 4™l Bkmoyas Bee AMANA30HbI
Y 3HAa4€HHUs] MEXIY JAHHBIMH MpeAeNbHbIMU 3HAYEHHUsIMH, B TOM uucie auanaszoHsl oT 200 o
210 q'l, ot 210 mo 220 q'l, ot 220 mo ot 230 q'l, ot 230 mo 240 q'l, ot 240 nmo 250 q'l, ot 250 no
260 q'l, ot 260 no 270 q'l, ot 270 no 280 q'l, ot 280 10 290 u™! 1 ot 290 10 300 ul.

[0045] Conepxaiue cepy COEAMHEHUs M3 BXOAALIErO IMOTOK peareHToB 117 moryr
obnanaTh COCOOHOCTBIO CONMPOTUBJIEHHSI 0OPAa30BaHUIO KOKCA (YITIEPOAMCTBIX OTJIIOXKEHHH) Ha
KaTaju3aTope NerMIPUPOBaHUS, W B pe3yjbrare 3Toro kod(p@duimeHT mnpeObiBaHUS B
SKCITyaTalliy YCTAaHOBKHU AeruapupoBanus 106 yBenuduaeTcs npubnusurebHo Ha 1-10% wnu
Ha JIFOOYIO BEJIMYHMHY, HAXOISIIYIOCS MEXIY STUMH MPEAeIbHBIMUA 3HAUYSHUSIMHU, 10 CPABHEHHIO
CO crocodoM, B KOTOPOM OTCYTCTBYET BBEIEHHUE COACPIKAIIMX CEPy COENMHEHHH B YCTAHOBKY
nerunpuposanus 106. Kpome Toro, BeIXox H300yTHIIEHA U3 M300yTaHa ¢ MPUMEHEHHEM criocoda
200 MOKeT COCTABJISATh MPUOTM3UTENBHO Ha 4% BBIIIE, YeM BBIXOMA B CIIOCOOE NErHIpUPOBAHUS
n300yTaHa, B KOTOPOM OTCYTCTBYET BBEACHHE COIEPKAIIUX CEPy COEAMHEHUH B YCTAHOBKY
JAEerUApUPOBAHMUSL.

[0046] UzoankeHsl, monydeHHbIe B Oyi0ke 205, MoryT comep:xkath n3od0yrumieH. CormacHo
ONpENEICHHbIM AacCleKkTaM IMepBbIi MMOTOK MNpoAaykroB 118 Moxer mnporexkats depes
teruiooOMeHHuK 105 B xadecTBe paboueil Tekydel cpenbl, 4TOObI HarpeBaThb HE CONEPIKAIIUI
Cepbl YIIIeBOAOPONHBbIM TOTOK 115 ¢ oOpa3oBaHumeM HArpeToro He COAEpPIKaIIero Cephl
yIiIeBoAOpoAHOro noroka 115 u oxmaxnate nepsblil MOTOK nponykToB 118 ¢ obpaszoBanuem
OXJIAKIEHHOTO NMEePBOro NoToka npoaykTos 118’ OxnakaeHHbI nepBblil NOTOK NPOAYKTOB 118’
MOKET MPOTEKATh B HAKOMIUTENIbHBIN pe3epByap nzoOytuieHa 108.

[0047] CornacHo HeKOTOppIM Ooyiee KOHKPETHBIM BapHUaHTaM  OCYIIECTBIIECHUS
oboraieHHbIl cepoit moTok 113 MoskeT comepxarb n300yTHiIeH w/ iy n3o0ytaH. [1o MeHbLIei
Mepe HeKOTOpas 4acTh OOOralieHHOro cepoii moroka 113 Moxker 0Opa3oBBIBATH BTOPOM
conepKaluii cepy yriaeBompoponubii motok 124. CorjnacHO OompenesieHHbIM acleKTaM BBIMYCK
HAKOIUTEJBHOTO pe3epByapa 107 MOKET HAXOAUTBCS B COEAMHEHUH C BO3MOKHOCTBIO IEPEHOCa
TeKyuell cpebl C HAKOMUTENbHBIM pe3epByapoM n300yTiieHa 108, KOTOpBIl 1ajiee BBITIOJIHEH C
BO3MOKHOCTBIO NpHE€Ma [0 MEHbLIEH Mepe HEKOTOPOH YacTH COAepIKalluX CEpy COeIMHEHUN U
YIJIEBOAOPOAOB, COAEPKALIUXCS BO BTOPOM COAEPKALIEM CEPy YINIEBOAOPOIHOM NOTOKe 124 u3
HAaKOMUTEJIBHOIO pe3epsyapa 107.

[0048] Xotrst BapWaHTBI OCYIIECTBJICHUS HACTOSIIErO M300peTeHHsT ObUTH OMHCAHBI CO
CCBUIKOH Ha OOk Qur. 2, cieayer MOHUMATh, YTO OCYLIECTBIEHHE HACTOSIIEro M300peTeHus
HE OrpaHMYeHO KOHKPETHBIMU OJIOKAMHM W/WIM KOHKPETHOM IOCIENOBATEIBHOCTBIO OJIOKOB,
NPOWJUTIOCTPUPOBAaHHBIX Ha (ur. 2. COOTBETCTBEHHO, COTJIACHO BapUaHTAM OCYIIECTBJIECHUS

HACTOALIEr0 U300pETeHHsT MOXKET OBITh Mpeaio’keHa (PYHKLHMOHAJIBHOCTb, KOTOpPAsi OMNKCAaHA B
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HACTOSAILIEM JIOKYMEHTE, C NPUMEHEHHEM pPa3HOOOpa3HbIX OJIOKOB B MOCIENOBATENBbHOCTH,
KOTOpasi OTJIMYAETCS OT IMOCIIEA0BATENIbHOCTH Ha ur. 2.

[0049] Kak mpencraBneHo Ha ¢ur. 3, cucrema 100" monydeHus: n300yTHUIICHA SIBIISIETCS
NpaKTHUYeCKU Takou ke, kak cuctema 100. CormacHo onpeneneHHbIM acnexktaM cucrema 100
MOJKET BKJII0O4aTh ycTaHOBKY cuHTe3a MTBE 109. Ilo menbluell Mmepe HEKOTOpasi 4acTh MOTOKA
moOytuinena 119, conmepskaiuero, rjaBHbIM 00pa3oM, W300yTHJIEH W/WiM HM300yTaH, MOMKET
npoTekaTh B yctaHOBKY cuHTe3a MTBE 109 u3 HakonutenbHOro peseppyapa u3o0ytuieHa 108,
CornacHO KOHKPETHOMY BapUaHTy OCYINECTBJIEHUS YCTAHOBKA AECYJb(YpU3ALUU MOXKET ObITh
YCTAHOBJIEHA HIJKE IO MOTOKY OTHOCHUTENIbHO HAKOIUTENIbHOTO pesepByapa uzodyruiena 108 u
MOeT OBbITh BBINOJIHEHA C BO3MOKHOCTBIO YAAJCHUsI COACPIKALINX CEPYy COSNUHEHHH, KOTOPhIE
NPUCYTCTBYIOT B MOTOKe H3o0yrmieHa 119. B kadecTBe ajbTepHATHBBI, COTJIACHO Ooiee
KOHKPETHBIM BapHAHTaM OCYIIECTBJICHUS CONEPIKAIINe CEPYy COSNUHEHHsI MOTYT OBITh y/IaJICHBI
OTIAENbHO M3 OXJIAKIAEHHOTO TMEepPBOro MoToka mpoaykroB 118 u w3 comepxkamero cepy
yIJIEBOAOPOAHOTO TMoTOKa 124 ¢ monydeHueM aecyinbQypHpOBAHHOTO IEPBOrO IOTOKA
NPOOYKTOB W JECYJb(YPHPOBAHHOTO  YIJIEBOAOPOAHOIO  TIOTOKA,  COOTBETCTBEHHO.
Jecynb(dpypupOBaHHBII MEPBBIA MOTOK MPOAYKTOB M NeCYJNb(YPUPOBAHHBIN YIIIEBOJOPOIHBIN
MIOTOK MOTYT ObITh 0OBeIMHEHBI ¢ 00pa30BaHNEM IMOTOKa n300yTHiIeHa 119.

[0050] ITorox wm3o0yTmneHa 119 wu3 ycraHOBKHM Jecynb(ypHU3aliid MOKET OBITh
o0benuHeH ¢ moTokoM MertaHona 120 ¢ oOpasoBaHuem motoka 121 MCXOMHBIX PEareHTOB AJIS
cuare3a MTBE rtakum oOpasom, uro B motoke 121 ucxomnsix peareHToB miusi cuHte3a MTBE,
npoTexkarouuii B yctaHoBky cuHTe3a MTBE 109 oTCyTCTBYIOT MM MPAaKTUYECKU OTCYTCTBYIOT
colepaKalllie Cepy COEAUHEHUs, WU COAEpIKallue Cepy COEAUHEHHs IMPUCYTCTBYKOT B
KOHIIEHTpALMK, cocTaBisitomeli Menee 4dem 10 u./muH. YcranoBka cuntesa MTBE wmoxer
BKJItOUaTh peaktop cuHre3a MTBE u cenaparop nmponykros. Peakrop cuntesa MTBE moxer
OBITb BBITIOJHEH C BO3MOXKHOCTBIO OCYINECTBJICHUS peakuuu H300yTHUJIIEHA W METAaHOJa B
NMPUCYTCTBUM KaTajm3aTopa ¢ obpasoBanuem MTBE Bo BropoMm motoke nponyktoB. Cenaparop
NPOIYKTOB MOKET OBbITh BBITOJHEH C BO3MOXKHOCTBIO Pa3fe]eHUs] BTOPOrO TMOTOKA MPOAYKTOB
Ha mnorok MTBE 122, xortopsii cogep:kur, rinaBHeiM oOpasom, MTBE, wu mnortok
HETPOPEearupoBaBIINX MPOAYKTOB 123, KOTOPBI CONEPKUT HENMpOpearupoBaBIIMN H300yTaH
W/vm HerpopearupoBaBiuii n300yTuieH. COrjJacHO HEKOTOPBIM BapHUaHTAM OCYINECTBIIECHHS
BBIYCK CenapaTopa MPOAYKTOB MOXKET HAXOAUTBCS B COEAUHEHUN C BO3MOXKHOCTBIO NEpEeHOCa
TeKy4el cpeapl € pesepByapoM gerufpuposanHuss 104, KOTOpBIA fJajee BBINOJHEH C
BO3MOXXHOCTBK) IpHUEMa IMOTOKA HENPOPEearnpoBaBIIMX NPOAYKTOB 123 wu3 cemaparopa
NpOAYKTOB ycTaHOBKM cuHTe3a MTBE 109. B kauecTBe anbTepHAaTUBBI WJIM B KAadeCTBE

NOMOJIHEHUsI pe3epByapa aerufpuposanus 104, BbIIyCK cemapaTopa MPOAYKTOB YCTaHOBKH
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cunte3a MTBE 109 MoxeT HaXOAUTBCS B HENOCPEACTBEHHOM COEAWHEHUH C BO3MOXHOCTBIO
MepeHoca TEeKy4del Cpelnbl € BIYCKOM YCTaHOBKM JeruapupoBanus 106, kortopas nanee
BBITIOJIHEHA C BO3MOXKHOCTBIO IIPUEMa U OCYLIECTBJIEHUS] PEAKLUU 110 MEHbIIEH MEpPEe HEKOTOPOH
YacTH HEINpOpearupoBaBLIer0 H300yTaHa B IIOTOKE HENpOpearupoBaBIIUX MPOAYKTOB 123 ¢
HOJTyYeHHEeM N300y THIIEeHA.

[0051] ITockomabKy comepsKalye cepy COeAUHEHNUsI MOTYT OBITh MPAKTUYECKH ITOJHOCTHIO
yaajieHbl U3 NoToKa u300yTuieHa 119, B MOTOKE HEMpOpearupoBaBUIMX MPOMYKTOB 123 Moryt
OTCYTCTBOBATh WJIM MPAKTUYECKU OTCYTCTBOBATh COAEpP:KALUE cepy coeanHeHus. Bo3ppaiienue
HEMpOopearupoBaBLIEro NpoAyKTa 123 He 03HauaeT BBEAESHHUs COJAEpIKALIUX Cepy COCAUHEHUMN B
HE COIepIKalleM cepbl yrieBomoponnbiii motok 115, Takum oOpa3om, Hjisi BXOASIIErO MOTOKA
peareHTOB 117, KOTOpBIM MOCTymaeT B YCTAHOBKY Aerujapuposanus 106, coxmepskamue cepy
COEAMHEHUs] TOCTYMAIOT HIXKE IO TMOTOKY OTHOCHUTENbHO TeriooOMeHHHKa 105
(Teruto0OMEHHUK ac mepenadeli Teria OT OJHOTO rasa K Apyromy). Takum oOpa3om, copeprkaHue
ceprl B TEIUIOOOMEHHMKE ISl TIepeiadyl TeIula OT OJHOrO rasa K JApyromy MoxHoO 3¢dexruBHO
peryanpoBaTh, U B Pe3yJbTaTe€ 3TOrO NPEAOTBPALIAETCS BBIXOJ M3 CTPOs TEIUNIOOOMEHHUKA
BCJIEICTBUE BBICOKOTO COAEP>KAHUS CEPbI BO BXOIALIEM ITOTOKE peareHToB 117.

[0052] CornacHO HEKOTOPBIM JpPYrMM BapuaHTaM OCYLIECTBJIEHHS HE YAAJSIOT
cozepXKallhe Cepy COEOUHEHHs, KOTOPbI€ MPUCYTCTBYIOT B OXJIAXKIECHHOM IE€PBOM IOTOKE
nponykros 118" u/unu B conepkaieM cepy yrieBoaopoaHoM notoke 124. B kadecTse npumepa,
yIJIEBOAOPOAHBIN MOTOK 124 MOXKeT OBITh MCHOJB30BaH, KOTZA COAEPXKAHHUE CEPbl COCTAaBIIAET
meHee yeM 5 u./miuH. Takum oOpaszoMm, B moroke u300yTwieHa 119 MOryT mpuCyTCTBOBAThH
comep:kalire cepy coenuuenus. M300yTtusen u3 noroka nzodyruneHa 119 moxer pearupoBarts ¢
metaHoJioM B yctaHoBke cuHTe3a MTBE 109 ¢ oOpa3oBaHuemM BTOPOrO MOTOKa MPOAYKTOB,
comepkamero MTBE, HenpopearupoBaBimuii u300yTHieH W u300yTaH. BTopoit moTok
NPOOYKTOB MOXKET ObITh pasgeneH Ha motok MTBE 122, comepskamuii, Ti1aBHbIM 00paszom,
MTBE, u mnoTOK HempopearnpoBaBIIMX NPOAYKTOB 123, comepikamumii u3o0yTaH uw/wim
m300yTmineH. COorlacCHO ONpesieNIeHHbIM acleKTaM B MOTOKE HEMPOpPearupoBaBIIUX MPOAYKTOB
123 MOryT mpuCyTCTBOBAaThb COAEpKallUe cepy coenuHeHus. lIoTok HempopearnpoBaBLINX
NpOAYKTOB 123, B KOTOPOM NMPUCYTCTBYIOT COAEPKAIUME CEPY COEAUHEHUs], MOKET BTEKATh BO.
BXOAAIIMA TMOTOK peareHTOB 117, KOTOpBIM MOKET MOCA€ 3TOr0 BTEKaTb B YCTAHOBKY
nerunpuposanust 106. B kauecTse anbTepHATUBBI UM B KAa4€CTBE IOINOJIHEHMs] BTEKaHUsS BO
BXOZSALIMN TOTOK peareHToB 117, moTok HenpopearnpoBaBUINX NPOAYKTOB 123 MOXET BTEKATh B
nuTaromui  pesepsyap 104 ans geruapupoBaHuss, M B PE3YyJbTAT€ 3TOTO MNPOUCXOAUT
nobaBleHNe COENMHEHWH cepbl B HE COAEPKAIIMH Ccepbl YIJIEBOAOPOAHBIM mOTOK 115,

BBITEKAIOIIMKM M3 nuTaromero pesepeyapa 104 nns perupgpuposanusi. be3 HamepeHus
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OTpAaHUYEHUs] TEOpPUEH, CUMUTAIOT, YTO NPU YBEIHMYEHHUH TEMIepaTypbl IerHAPHUPOBAHUS
COEMHEHUs] cepbl pasnararoTcss U oOpasyror HaS. Bomoponm u cepoBomopon pearupyroTr c
KaTaJlM3aTOPOM, CONEp’KallMM MeTajul, M MPEeBpallaloT OKCHUA 3TOr0 MeTajia B
coorBercTByromuil cynbpun (mampumep, MO + HaS = MS + Hz0). B Teuenue cragum
pereHepanMy KaTtajuzaropa Cynb(ua MeTajula MOABEPraloT OOpPAaTHOMY OKHCIEHHIO C
oOpasoBanneM okcupa merauta. OOpasyroIMiCsS OKCHUI Cepbl 3aTeM MOXKET OBITh OTHENeH C
NpUMEHEHHUEeM CKpyOOepHOU crcTeMbl (He NPEeACTaBICHHYI Ha Qurypax), rae ero yaajsiioT U3
CHCTEMBI.

[0053] B cucremax u criocobe, KOTOpbIe OMHUCAHBI B HACTOSIIEM IOKYMEHTE, TaKKe
MOKET MPUCYTCTBOBATh pa3HOOOpa3HOe 000pyAOBaHUE, KOTOPOE He MPEACTaBieHo Ha (urypax
U KOTOPOE SIBJISIETCS M3BECTHBIM CIIELUAIUCTY B 00JaCTH XUMHUYECKOH TexHonoruu. Hanpuwmep,
MOTYT TIPUCYTCTBOBAaTh HE TNPEACTABICHHbIE Ha (UIypax HEKOTOpPbIE pPEryJSTOPHI,
TpyOONPOBOABL, KOMITBIOTEPBI, KIAMAHbI, HACOCBHL, HArPEBATENM, TEPMOMAPbl, HHIUKATOPHI
TaBJIEHHsI, CMECUTEIH, TETUIOOOMEHHUKH U IPYyTHe YCTPOICTBA.

[0054] B kadecTBe 4acTHU PACKPBITUS HACTOSINETO M300PETEHUS HUKE TMPENCTABIICHBI
KOHKPETHBIE TIPUMEPBL. DTH NMPUMEPBI MPEACTABICHbI MCKIOYUTENBHO IS WUIFOCTPATUBHBIX
neneil M He TpegHa3sHa4deHbl JUIA OrpaHWYeHus Hacrosmero wuzobperenus. OObrdHbIE
CHEeLMAINCTBl B JAHHOH OOJACTH TEXHUKH CMOTYT JIETKO ONPENeNMTb MapamMeTphl, KOTOpbIE
MOTYT OBITh HM3MEHEHbl WM MOAUDUIMPOBAHBI C TNOJNYYEHHEM IPAKTUYECKH TaKUX JKe

pe3yJIbTaToB.

Ilpumepsl

Ipumep 1 (Bo3geiicTBusI comepRALIUX Cepy COeAMHEHHH HA 00pa3oBaHHe KOKCA HA
KATAJIM3aTope AerHAPUPOBAHUS)

[0055] Bbut mpoBeaeHBbI SKCIIEPUMEHTHI JIJIsT UCCAETOBAHUS BO3EUCTBHUI COMEPIKAIINUX
cepy coeqMHEHH Ha oOpa3oBaHME KOKCA MPH JETHIPUPOBAHUHU AJKAHOB B CJIOE KaTalu3aTopa
NETUAPUPOBAHUS aJKaHOB. B 3THX 3KCHEpUMEHTax yYIVIEBOJAOPOAHBIN MOTOK, COAEp KALIUM
u300yTaH, BBOOWIM B PEAKTOP JETHIPUPOBAHUS, COAEPXKAIIMNA  MCEBIOOKIKEHHBIH
KaTAIUTUYECKHUI CJIOH, B KOTOPOM MNPHUCYTCTBOBAJI HAHECEHHBIN HA OKCUJ AJJFOMUHUSI XPOMOBBIN
KaTanu3aTop. Peakuuio AeruapupoBaHus M300yTaHA OCYIIECTBISUIA B YCJIOBUSIX TEMIIEPATypPhI
peakun 580°C, atmocepHOro naBJieHUs] peakuu U 4acOBOU OOBEMHON CKOPOCTB KHIKOCTH
250 at.

[0056] B skcnepuMeHTax WCIOJB30BaIM KaK HE COIEp:KalUil cepbl YIJIEBOAOPOIHBIH

IOTOK, TaKk M COIepKallUMi Ccepy yIVIEBOAOPOAHBIM MOTOK. He coxepxkammuii  cepsl
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yIJIEBONOPOAHBIH TOTOK copepxxkan npubmusurenbHo 99,9 mon.% wuszobyrana. Copepkarnuii
cepy yIJIEBOAOPOAHBIN MOTOK UMEJ MPAKTUYECKU TaKOM K€ COCTaB, KaK HE COAEPIKALLUN CEepbl
YIJIEBOAOPOAHBIN MOTOK, a Takke comepskan oT 5 1o 10 u./mnH. nobaBneHHoi ceprl. B Tabnuie

1 NpeaACTaBJICHBI UCITOJIb3YyCMbIC MAaTCPHUAJIbI U TEXHOJOTUYCCKUE YCIJIOBUS.

Tadauna 1
Hcxonublil MaTepuan Hzobytan 99,9% (ot 5 no 80 u./miH. cepsl B popme H»S)
Karanuzarop neruapupoBaHust Oxcun XpoMa Ha OKCHUJIE aJIFOMUHUS
Tun peaktopa H3oTepmudeckuil peakTop ¢ NCEeBIOOKUKEHHBIM CII0EM
O6beMHast CKOPOCTh 250 gt
JaBneHue ATtmochepHoe
Temneparypa neruapupOoBaHUs 590°C
Bpewmst mpeObiBaHuS B SKCIUTyaTallMd |5 MUHYT
Temneparypa perenepanuu 650°C
Temneparypa BOCCTAaHOBJICHUs 650° C

[0057] OGpa3oBaHue KOKCa B KaTalu3aTope Ompeaessum depe3 S MUHYT U 10 MUHYT
(Bpemst peObIBaHMS B SKCIUTyaTalluH) OCYLIECTBISHHS Croco0a MeruaApupoBaHus. Pe3ynbraTsl
NPUMEHEHUsT He COMEpKalLlero cepbl YIVIEBOJOPOJHOTO TMOTOKA U COAEpXKAILEero cepy
yIJIEBOIOPOAHOTO MOTOKA OBLIM COMOCTaBIICHBI U TipeacTaBieHnl Ha ¢ur. 4. Ha ¢ur. 4 mokaszaHo,
YTO KOrAa BpeMsi NpeObIBaHMs B 3KCIUTyaTallud COCTaBSUIO 5 MUHYT, OoOpa3oBaHHME KOKCa
coctaBisuio npubmmsurensHo 0,04% B ciiydae MPUCYTCTBHS COAEPIKALIUX Cepy COCAMHEHUH B
yIJIEBOAOPOAHOM IIOTOKE IO cpaBHeHHIO ¢ 1,3% B ciydae OTCYTCTBUSL COIEpIKAIUX Cepy
COeMHEeHNI. AHAJIOTMYHBIM 00pa3oM, KOrja BpeMs NMpeObIBaHUS B HKCIUTyaTalMH COCTAaBIISIO
10 munHyT, OOpaszoBaHHMe KOKCa COCTaBsUI0 mpubausutTensHo 0,2% B ciiyyae TPUCYTCTBHS
conepiKalnx Cepy COEOWHEHUU B YIJIEBOJOPOAHOM TOTOKE MO CpaBHEHHMIO ¢ 2,4% B ciydae
OTCYTCTBUSI COZIEpIKAINUX cepy coenuHeHni. Takum o0pa3om, 3TH pe3yJbTaThl MOATBEPKAAIOT,
YTO MPUCYTCTBUE CEPbl YMEHBINAET 0Opa30BaHUE KOKCA.

[0058] Kokc aHanmu3upoBaiiv, UCTIONB3YSl AHAJU3ATOP YIJIEpOAa M CEPbl M OCYIIECTBIISIS
crnoco0 cxuraHus, a Takxke U TepmorpasuMmerpuueckuii aHamm3 (TI'A) ¢ mpumeHeHuem
JeTeKTopa [Uisl aHanu3a yraepoaa. KomuuecTBO KOKCa COIMOCTABJSIM C  AKTUBHOCTBIO
KaTaJIn3aTopa, KOTOPBIHA, B CBOKO OUepeb, OABEPrajcs Ae3aKTHBALIMH, KOTOPYIO BBI3BIBAIOT (1)
COKpAIllEHHE YHCJIa AKTUBHBIX LEHTPOB; (i1) CHIDKEHHE Ka4yeCTBA AKTHBHBIX LIEHTPOB; u (1iii)
yMEHbIIIEHHE TOCTYITHOCTH MOPOBOT0 IPOCTPAHCTBA.

[0059] HerunpupoBanne H300yTaHa TaKKe OCYLIECTBISUIM B YCIOBHSIX TEMIIEPATYpPBI
peakuu 590°C, atmocepHOro naBjieHUs] peakuu U 4acOBOW OOBEMHON CKOPOCTb KHIKOCTH

250 u!. Kak He comep:aiiuil cepbl YIJEBONOPOMHBIM MOTOK, TaK M COMAEpKaluii cepy
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YIJIEBOAOPOAHBIM TMOTOK OBUIM HCIIOJNIb30BAaHBl B KA4eCTBE MCXOIHBIX IOTOKOB B CIIOCOOE
nerunpupoBanus. He comepskamuii ceprl yriieBOXOPOIHBINA MOTOK COAEPIKaT MPUOIU3UTENBHO
99,9 mon.% u3o0yrana. Copepkamuii cepy yrieBOAOPOAHBII MMOTOK UMEN MPAKTHYECKU TaKOH
JK€ COCTaB, KaK HE COAEp>KaLIUN Cepbl YIIEeBOAOPOAHBIN MOTOK, a TaAKXKe comepskai or 5 1o 80
v./MiH. nobasneHHoM cepsl B popme HaS. Tlocne 10 nukinoB neruapupoBanus ¢ npeObIBAHUEM B
SKCIUTyaTalldd B Te4YeHHE S5 MHUHYT Obutd OTOOpaHbl 00pa3lpl KaTaJu3aTOpOB U3
TICEBIOOKIPKEHHBIX KATAJUTHYECKUX CJIOEB, UCMOJIb3YEMBIX JJII UCXOOHBIX MOTOKOB B OOOMX
cnydasx. CpaBHMBaJM BHEIIHUN BHUJA KaTaJM3aTOPOB, HCIHOJB3YEMBIX Ul AErUApPHUPOBAHUS
UCXOIHBIX MMOTOKOB JIBYX TUIOB (HE COIEPIKAIUX CEPbl U COAEPIKALINX CEePY YIIIEBOJOPOIHBIX
notokoB). Kak mpencraieno Ha ¢ur. SA wu SB, karaausatop, HCHIONIB3YEMbIH s
IETUIPUPOBAHUS HE COAEPIKAIINX CepPhl YTIEBOAOPOAOB, BEIMIIAAEN O0Iee TEMHBIM 110 I[BETY U B
OoJbLIeH CTENEHN arIOMEPUPOBAHHBIM, Y€M KaTaJIU3aTOP, HCIIOIb3yEMBbIH IS IeTHAPUPOBAHHS
COIEpIKALNX CEepy YIJIEBOIOPONOB, HYTO TIOKa3bIBAIO OoJbinee OOpa3OBaHHE KOKCAa IS
KaTajau3aTopa, WCIHOJb3yeMOro AJis AETUAPUPOBAHUS HE COAEPKALMX Cepbl YIJIEBOAOPOIOB.
Taknm oOpa3oM, Ha OCHOBAHMHU Pe3yJbTaTOB Ha ¢ur. SA u 5B ObulO ompeneneHo, 4TO cepa
MOXET TpEeNoTBpaIlaTh W/WIM yMeHbIIaTh OOpa3oBaHHME KOKCA HAa  KaTaJIu3aTope
nerunpupoanus. Ha ¢ur. 6 mpencraBieHbl HKCIUTyaTallMOHHBIE XapPaKTEPUCTUKUA aKTHBHOCTH
kaTanu3aTopa. Ha ocHOBaHMHU NaHHBIX, MPEACTABICHO Ha (ur. 6, ObUIO ONMpeneNneHo, YTo KOoraa
CoZiep’KaHUE Cephbl yBEIUYMBAJIOCH 10 Oosee uyeM 10 4./MIH., CENEKTUBHOCTb, CTEIEHb
NPEBPALLEHUs] U BBIXO/ YBEJIMYUBAJIMICH [0 CPABHEHUIO € TIOTOKAMH, HE CONEP KALMH CEPBL.

[0060] Xotst OblM OAPOOHO OMHMCAHBI BAPUAHTBI OCYIIECTBICHHUST HACTOSIIEH 3asBKU U
UX TPENMYLIeCTBA, CJIEAYyeT IOHMUMATh, YTO B HACTOSIIEM JOKYMEHTe MOTIYT OBITh
OCYLIECTBJICHbI PA3HOOOPA3HbIE HCIIPABIIECHHSI, 3AMEHbI 1 U3MEHEHUs 0€3 OTKJIOHEHHs OT UIeH U
BBIXOJIa 3 Tpenenbl 00beMa BapUAHTOB OCYIIECTBJICHHUS, KOTOPbIE OMPENeeHbl MpUIaraeMoi
dbopmynoit nzobpereHusi. Kpome TOro, He mpeaycMOTPEHO OrpaHUYEHHe O0beMa HACTOSIIEH
3asBKH KOHKPETHBIMH BapHAaHTAMH OCYILIECTBIEHHs Crocoda, YCTPOWCTBA, NPOM3BOJICTBA,
COCTaBa BEIEeCTBA, CPEACTB, MPOLECCOB M CTaAMi, KOTOpbIE MPEACTABIEHbl B OMHUCAHUU
nu3oOpereHus. 13 mpuUBEAEHHOTO BbIIE PACKPBITHA OOBIYHBIN CIIEUAINCT B JAHHOW 00JacTH
TEXHUKA CMOJKET JIETKO TIOHSTh, YTO MOTYT OBITh HCHOJB30BaHbI CIIOCOOBI, YCTPOKCTBA,
NPOU3BOJICTBA, COCTAaBbl BEIECTBA, CPEACTBA, MPOLIECCHl MM CTAJUH, KOTOpble CYIIECTBYIOT B
HacToslee BpeMsi WM OyAayT pa3paOoTaHbl B JajbHEHIIEM, M KOTOPBIE OCYLIECTBISIOT
NPAKTUYECKH Takue ke (PyHKUMU wiu 00eCreunBarOT AOCTHKEHHE IMPAKTUYECKH TaKHUX JKe
pe3yJbTaToOB, KaK COOTBETCTBYIOLIME BAPUAHTHI OCYLIECTBJIEHUs, KOTOpbIE ONMCAHbI B

HactosmeM paokymeHTe. COOTBETCTBEHHO, MpPENyCMOTPEHO, 4YTO Mpmiaraemas ¢opmyna
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n300peTeHNst B CBOEM 00BEME OXBATBIBAET TAKHE CIIOCOOBI, YCTPOWCTBA, MPOU3BOACTBA, COCTABHI

BEIICCTBA, CPEACTBA, MPOLUECChI UJIU CTaAUU.
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DPOPMVYJIA U3OBPETEHUA

1. Cnocob mosyueHust "30MEPU30BAHHBIX AJKEHOB, IPUYEM CIIOCO0 BKIFOYAET:

oObenMHEHNe He COIEepIKallero Cepbl YIJIEBOAOPOMHOIO IOTOKA, B  KOTOPOM
NPUCYTCTBYIOT MH30aJIKaHbl, C COAEPXKALINM Cepy YIJIEBOJOPOAHBIM IOTOKOM, B KOTOPOM
NPUCYTCTBYIOT COZEpIKallee Cepy COSNMHEHHE W YIIIeBONOPONbL, C 00pa30BaHUEM BXOSINErO
MOTOKA PEeareHTOB, MpHUYeM TeMIepaTypa He COJEep Kallero cepbl YIIEeBOAOPOAHOrO IOTOKA
COCTaBIISIET OOJIee YeM TeMIepaTypa COAePKAIIEro Cepy YrieBOJOPOIHOTO MOTOKA;, H

BBCACHUE B KOHTAKT BXOOALICTO MOTOKA PCArcHTOB C KaTaJIU3aTOPOM ACTHAPUPOBAHUS B
AOCTATOYHBIX YCIIOBUAX AJISA MOJYUYCHUS MEPBOr0 NMOTOKA NMPOAYKTOB, COACPKAIICTO N30aJIKCHBI.

2. Croco0 mo 1. 1, ZONMOTHUTEIBHO BKIJIFOYANOIIUI MPONMYCKAaHUE HE CONEPIKAILEro Cepbl
NOTOKA Yepe3 TEeIUIOOOMEHHUK Uil YBEIHYEHHs] TEeMIIepaTyphl HE COAEPIKaIIero Cepbl
YIJIEBOAOPOAHOTO TOTOKA Tepeln OObEAMHEHHEM HE COIEpIKaIlero Cephbl YIJIEBOJOPOIHOTO
MIOTOKA C COAEPIKAILUM CEPY YIJIEBOAOPOAHBIM [TOTOKOM.

3. Crocob mo mobomy u3 mm. 1 U 2, B KOTOPOM H30aJIKaHbI BKIIKOYAIOT M300yTaH, H
M30aJIKEHBI TIEPBOrO MOTOKA MPOAYKTOB BKIIFOYAKOT U300y THIIEH.

4. Cnoco6 mo mobomMy u3 mm. 1 ¥ 2, B KOTOPOM KaXXIbIii U3 HE COAEPIKALIErO CEephbI
yIJIEBOAOPOAHOTO MOTOKA U COAEPIKALIEro Cepy YIIIeBOAOPOAHOIO MOTOKA COAEPKUT H-OyTaH,
1-OyTeH, 2-OyTeH WM UX COYETAHUSI.

5. Criocob mo mobomy u3 mm. 1 u 2, B KOTOPOM BXOZASIIHMHA ITOTOK PEareHTOB COAEPIKUT
u300yTaH U CoOAeprKallee Cepy COeIUHEHHE, UMEIoIlee KOHIEHTpaluo oT S5 4./miH. 1o 100
4./MJIH., IpeanoututeabHo ot 10 no 80 u./muH.

6. Cnocod mo jmrobomy u3 mm. 1 u 2, B KOTOPOM YIJIEBOAOPOIbI COMEPIKAIIETrO Cepy
yIJIEBOAOPOAHOTO MOTOKA TOTIOTHUTENBHO BKIIIOYAOT U300yTHIIEH W/ n300yTaH.

7. Criocob 1o 1. 6, JOMOJHUTEILHO BKIJIFOYAFOIIHIA:

ylajleHHe COoJepKallluX Cepy COeAMHEHHH M3 COjepiKalllero cepy yIiIeBOIOPOAHOIO
NOTOKA ¥ TEpPBOro IMOTOKAa TNPOAYKTOB ¢  00pa3oBaHHEM  JAeCYJb(pYPHPOBAHHOTO
yIJIEBOAOPOAHOTO TMOTOKA MW AECYNb(pYyPUPOBAHHOTO IMEPBOrO  MOTOKA  MPOAYKTOB,
COOTBETCTBEHHO;

BBEJICHHE B KOHTAKT IO MEHbIIEH Mepe HEKOTOpPOH dYacTh u300yTUIeHA W3
necynb(ypUPOBAHHOTO YTIIIEBOAOPOAHOIO MOTOKA W/WJIHM MO MEHbLIEH Mepe HEKOTOPOH 4acTu

m300yTUieHa U3 ecyl1b(QypHPOBAHHOIO MEPBOrO IOTOKA MPOAYKTOB C METAHOJIOM C
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NOJY4EHHEM BTOPOrO IOTOKA TPOAYKTOB, COAEPIKALIEr0 METUJI-TpeT-OyTuioBblil 3dup, u
NOTOKA HEMPOPEArnpOBABILINX MMPOAYKTOB, COAEPIKAIIEro N300y THIIEH U N300yTaH, U

BO3BpALIEHWE II0 MEHbIIEeH Mepe HEKOTOPOH YacTH IIOTOKa HENmpopearupoBaBIINX
NPOAYKTOB B HE COAEPKAIIMH Cephbl YINIEBOJOPOIHBIH MOTOK W/HWJIM BO BXOASIIUM IMOTOK
peareHToB.

8. Cnocob no mobomy u3 mm. 1 1 2, B KOTOPOM He COnep KaIuii Cephl yriIeBOJOPOAHbIH
MOTOK HArpeBalOT B TEMJIOOOMEHHUKE IMOCPEACTBOM pabodeil TeKydeill cpembl, ComepsKallei
MIOTOK MPOAYKTOB, B KOTOPOM MPHUCYTCTBYET U30AJIKEH.

9. Cnocob mo mobomy u3 nm. 1 u 2, B KOTOPOM COIEpIKaIluil Cepy yrieBOAOPOIHbIHI
MOTOK uMeer Ttemmeparypy B auamnazoHe ot 30°C mo 100°C, u He comepskamuii Cepbl MOTOK
umeeT TeMrepatypy B nuanaszone ot 200°C go 500°C.

10. Cnoco6 mo mobdomy w3 mm. 1-9, B KOTOPOM BO BXOJISIIEM IMOTOKE PEAreéHTOB He
COIlepsKalliii Cepbl MOTOK HMEET CONEp:KaHUe Cepbl, COocTaBsomee MeHee dyeM 10 d./miH.,
NPEATIOYTUTENIEHO MEHEE YeM S5 1./MITH.

11. Cnoco6 mo mobomy u3 nm. | u 2, B KOTOPOM COAEpKallfe Cepy COETHHEHHS
BKJIFOYAIOT OJWH WM HECKOJbKO OpPraHMYeCKHUX CyJb(UAOB, OAMH WM HECKOJBKO
OpPTaHUYECKUX IUCYIb(GUIOB, OAMH WIM HECKOJIBKO OPTraHWYECKUX IONUCYIbPUIOB HIU HX
COYETAHMUS.

12. Cnocob mo m. 11, B KOTOPOM OAMH HJIM HECKOJBKO CYJIb(PHUIOB XapaKTepU3yeT
dopmyna R1-(S)s-R2, rne n cocrapnsier 1 wnu 2, u kaxabiii pagukan u3 Ry u Ry uaausBunyansHo
npencTasisieT coO0i aTOM BOIOPOAA WIIH aJIKWJIBHYIO TPYIIIY.

13. Croco6 mo m. 11, B KOTOPOM OIMH WM HECKOJBKO AHCYIb()HUIOB XapaKTepusyeT
dopmyna R3-S-R4-S-Rs, rme kaxnbiii pagukan u3 R3 u Rs uHAMBUAYanbHO NMPencTaBisieT coOoi
aTOM BOJIOpPOZA WM AJKWJIBHYIO Tpymmy, u R4 mpencraBiser coOOH aJKHIBHYK TpyIHIy,
CBSI3aHHYIO C IBYMsI aTOMaMH CEpBbL.

14. Criocob no mobomy u3 mm. | u 2, B KOTOPOM AOCTATOUHBIC YCIIOBHSI JJIS TIOTyYEHHSI
NEPBOrO MOTOKA MPOAYKTOB BKIIFOYAIOT TEMIEPATYPy PEAKLUH, HAXOASINYIOCS B JHANA30HE OT
550°C mo 600°C u mpenmouTHUTENhHO COCTaBISIIOIYI0 mpudmusutenbHo 580°C, u nmaBieHue
peakuuu, cocrasisiroinee npudausurensHo 0,1 MIla.

15. Crocob no mobomy u3 mm. 1 1 2, B KOTOPOM AOCTATOUHBIC YCIIOBHSI JJIS TTOTyYEHHSI
NEePBOrO IOTOKAa MPOAYKTOB BKJIIOYAOT YacCOBYHD OOBEMHYKO CKOPOCTh  JKHIKOCTH,
cocrapsromyto ot 200 u! 1o 300 u™!, npeanouTuTensHO NpubIM3HTENHLHO 250 U™l

16. Cnocob no mobomy u3 nn. 1 u 2, mpuueM crocod OCYLIECTBISIFOT B HETPEPHIBHOM

pexxuMe.
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17. Crnocob6 mo mobomy u3 mm. 1 m 2, B KOTOPOM KaTaju3aTop IerHAPUPOBAHUS
COZIEPIKUT OKCH/I XPOMa, HAHECEHHBIN Ha OKCUJI AJTFOMHUHUS.

18. Cmoco6 mo m. 17, B KOTOPOM KaTajau3aTop MAETHIPHUPOBAHUS COAEPIKUTCS B
TICEBJIO0KMKEHHOM CJIOE.

19. Cnoco6 mo mobomy u3 mm. 1 u 2, B KOTOPOM COAEpIKaIluil cepy YIrJIeBOAOPOIHBIN
HOTOK TOJYYalOT MOCPEACTBOM JI00aBJIEHHs COAEpKAIUX cepy coequHeHuid B MOTOK Ca,
BBIXOJISIIIMHI U3 CYLIMJIBHOTO YCTPONCTBA.

20. Criocob nosy4eHust i300yTUJIeHa, TpUYeM CrIoco0 BKITFOYAET:

(a) oObenuHeHHWE He COIEPIKALIEro Cepbl YrJIEBOMOPOAHOIO TOTOKA, B KOTOPOM
NPUCYTCTBYET HM300YTUJIEH, C COMNEPIKALIMM CePy YIJIEBOAOPOIHBIM TIOTOKOM, B KOTOPOM
NPUCYTCTBYIOT M300yTaH M COAEprKallee Cepy COeAMHEHHE, C TOJIyYeHHEM YTIEBOAOPOIHOTO
MOTOKA PEareHTOB, B KOTOPOM MPUCYTCTBYIOT H300YTHIICH U COLEepIKaLee Cepy COeHMHEHHE;

(b) oTnenenue n300yTHIIEHA OT IOTOKA MPOAYKTOB,;

(c) BBemeHHE B KOHTAKT M300yTHJIEHA C METAHOJOM C MOJYYeHHEM MOTOKA MPOAYKTOB,
COZIepIKAIEero MeTHJI-TPeT-OyTHIIOBBI 3(QUp, M MOTOKA HENpOpeardpoBaBLIMX MPOAYKTOB,
cozeprkaliero n300yTuiIeH U n300yTaH; U

(d) BBeneHne B KOHTAKT MOTOKAa HEMPOPEArHPOBABIIUX MPOAYKTOB, MOJYYEHHOrO Ha
cranuu (C), ¢ KaTajJu3aTopoM, CoOAepKalmMm Metaul rpymmbl 6 Ilepuommueckoil cuCTEMBI
HJIEMEHTOB, B IOCTATOYHBIX YCJIOBUSIX JAJIs IPEBpALeHNs] H300yTaHa B M300YTUIICH U MOJNYYEeHUsI

MOTOKa NMPOAYKTOB, COACPIKALLECTO I/1306YTI/IJ'IGH.
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BBEJIEHVE I10 MEHBIIEN MEPE HEKOTOPOH YACTH
YTIEBOJOPOIA H3 IIOTOKA VI TIEBOOPOIOB C e 201
TIOJIVUEHIEM HE COOEPKAIIETO CEPEI TIOTOKA
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BBE/IEHVE COJTEPKAIMX CEPY COETMHEHIH T10
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C HOJIVUEHAEM COIEPKALIETO CEPY ITOTOKA
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TIOTOKA € TIOJIVUEHIEM HE COEEPKAIIETO CEPBI ~—203
MIOTOKA YT JIEBOJIOPOJIOR, COEPKAIIELO
H30ATKAHLL KOTOPBIE BEKMOYAIOT H30BVTAH

!

OB BEMHEHUE HATPETOTO HE COJEPKANIETO CEPBI
TIOTOKA YIJIEBOJIOPOJIOB C COJEPKALIFM CEPY ~ 204
IOTOKOM VITIEBOOPOIOB C HONVIEHNEM

HACXOHOIO IOTOKA PEATEHTOB

BBEJIEHHE B KOHTAKT HCXOIHOTO [TOTOKA
PEATEHTOB C KATATHFSATOPOM JEIMAPHPOBAHIIA B
YCTAHOBKE JEIHIPUPOBAHIA B TOCTATOYHBIX - 205
VCIIOBIAX JJIA [TOJIVUEHIS H30AJIKEHOB, KOTOPHIE
BEKJTHOYAKOT M30BVTHJIEH
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