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CITOCOB THJIPOTEHU3 ALY

O0aacTh TEXHUKH

Hacrosimee n3o0pereHre OTHOCUTCS K MPOLIECCY HENPEPBIBHOIN M'UAPOreHU3aLUH U K
YCTaHOBKE VISl €r0 OCYLIECTBIICHUS.

IIpeamecTByromuii ypoBeHb TeXHHKH

I'uaporeHu3aus NpeacTaBisieT COO0M XMMHYECKYIO PEAKLIUI0 MEXKIY MOJIEKYJISIPHBIM
Bogoponom (Hz) u Apyrium coequHEeHUEM HITH SJIEMEHTOM, KaK MPaBUIIO, B IPUCYTCTBUH
KaTaJIu3aTopa. ITOT MPOLUEcC OOBIMHO MCTIONB3YIOT I BOCCTAHOBJICHUS WJIN HACHILEHHSI
OpraHUYecKuX coequHeHui. [Iporecchl ruporeHn3auny (B JaTbHEHIIIEM MTPOCTO
TUAPOTEHU3ALHIO ) IIUPOKO UCTIONB3YIOT B XMMUYECKOH MPOMBILIUIEHHOCTH, HANIPUMED, B
bapmMareBTHIECKON MPOMBIIIJICHHOCTH.

H3BecTHBI 1aO0OpaTOPHBIE YCTAHOBKH JJISI HETIPEPHIBHOM THIPOTeHU3ALINH.

B mexxnyHaponHoii nateHTHOH 3asiBke Ne PCT/GB97/01014, onybinkoBaHHOH MO
HoMepoM WQO97/38955, u B MexxnyHapoHOH natenTHoH 3asBke Ne PCT/GB03/02157,
onyOonukoBaHHON o HomepoM WO03/099743, coneprkaHre KOTOPBIX MOJHOCTHIO BKIIFOYEHO B
TAHHBIM JOKYMEHT JJIs BCEX LIeJIeH, OnrcaHa MpoTOYHas JabopaTopHasi THAPOreHU3alMOHHAS
YCTaHOBKA U MPOLIECC TUAPOreHU3aLUH, IPOBOAUMBIN C UCIIOJIB30BAHUEM TAKOW YCTAHOBKH.
ITomoOHbIE YyCTAaHOBKH COAEPIKAT COCYI, B KOTOPOM HaXOAUTCS MOABEPraeMoe THAPOTreHN3aluu
BELIECTBO WJIK €r0 PaCTBOP, HACOC MJIA €ro MOAa4Yu U3 COCyaa, CMECUTENb, K OHOMY U3
BIYCKHBIX MAaTPyOKOB KOTOPOTO MOACOEINHEH HACOC, NCTOUYHUK BOAOPO/A, OACOSTUHEHHBIH K
APYroMy BIIyCKHOMY IaTPyOKy CMECHUTENsI Yepe3 KOMIIPECCOp, PEaKTOp MMAPOTreHU3aLHH,
NIOZICOEIMHEHHBIHN K BBIITYCKHOMY MaTpyOKy CMECHUTEIIS, HarpeBaTeIbHOE/ OXJIAKIAr0IIee
YCTPOHCTBO U PENyKTOP JABJICHUS, MOJICOSTUHEHHBIN K BBITyCKHOMY MaTpyOKy peakTopa. B
peakTope HaXOAUTCs KAaTaau3aTop peakluu ruaporeHn3anuu. PenykTop naBieHus: COOEp>KUT
KJIalaH U UMEET, TI0 MEHbIIEH Mepe, 1Ba BBITyCKHBIX MaTPyOKa. DTOT KJIANaH peryupyer
CKOPOCTb MOTOKA, U3MEPSIEMYIO B PEaKTOpE, a 3HAYUT, U JAaBJICHUE B IPOTOYHOM KaHale
YCTaHOBKH. | mapOreHnsanuto NpoBOAST B CPe€ HOCUTENS], HHEPTHOIO MO OTHOLIEHUIO K
TUAPOTEHU3ALNH, TIPH TAKOH TeMIepaType U TAKOM JIaBJICHUH, YTOOBI HOCUTEIb HAXOMIICS B
CBEPXKPUTHUECKOM COCTOsIHUU. [ MiporeHusanus B CBEpXKPUTHUECKOM COCTOSIHUH BBITOHO
OTJINYAETCs OT TUAPOreHU3ALNH B TOKPUTUIECKOM COCTOSIHUM TE€M, YTO BOAOPOJ IIOXO
PacTBOPSETC B OPraHUYECKUX PACTBOPUTENSIX B JOKPUTUYECKOM COCTOSIHUM, HO MOYTH
MOJIHOCTBIO CMELINUBAETCSI CO CBEPXKPUTUIECKUMH TEKYUYUMHU CPEAAMH, A CIEAOBATENbHO, IIPU
UCIIOJIb30BAHUU TAKUX TEKYYHUX CPEA BO3PACTAET KOJIUYECTBO BOAOPOAA, JOCTABIAEMOE K MECTY

npoTtekaHus peakuu. COOTBETCTBEHHO, MOAOOHBIE YCTAHOBKHU COAEPIKAT TaKKe yCTPOUCTBO IS
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MOJIA4H TeKy4el Cpebl, HeOOXOIUMOM TSl CBEPXKPUTUIECKON TMAPOTEHU3ALINM;, 3TO
YCTPOHCTBO MOACOEANHEHO CBOUM BBIITYCKHBIM NMATPyOKOM K TPETHEMY BITyCKHOMY MaTpyOKy
cmecutens. Bo Bpems mpoBeneHus THAPOreHN3alys B IOAOOHBIX YCTAHOBKAX pacTBOp oOpasia,
TEKYUyI0 Cpeay U BOJOPOJ, HEOOXOAUMBIE IJIsl THAPOTeHU3AMH, OJHOBPEMEHHO MOJAI0T B
CMECHTEelb, 2 00Pa30BABLIYIOCS B HEM CMECh HAIMPABJISIOT B PEAKTOP.

BHyTpu peakTopa monaep >kKUBar0T TAKOE JABJIEHHE U TAKYIO TEMIIEpaTypy, 4TOOBI CMECh
HaXOJUJIaCh B CBEPXKPUTHUECKOM COCTOSIHUU. | MIPOreHn3auio NpoOBOAST B pEaKTOpe B
CBEPXKPUTHYECKOM COCTOSIHUM, & OTBOJUMYIO U3 HETO CMECH, COAEPKAIIYIO MPOAYKT PEAKIUH,
MOJAIOT B YCTPOMCTBO JJIsl CHUIKEHUS JABJIEHUs, B KOTOPOM MPOAYKT PEAKLIUU BBIAEISIETCS U3
TEeKy4el Cpenibl 33 CHET CHUKEHUS AABJICHUs, U €r0 BbIBOJAT Yepe3 OJUH U3 BBIIMYCKHBIX
natpyokoB. Teky4yro cpeay ¥ BOZOPOJ, HE U3PACXOIOBAHHBIE MTPH MPOBEACHUH PEAKIIHH,
OTBOJAAT B OKPY>KAIOLIYIO CPEy WIH NMOABEPTat0T PELUPKYIISLUH.

VYka3aHHBIE BbILIE YCTPONUCTBA U MPOLIECCHI, TPEIHA3HAYEHHBIE JJIs1 THAPOr€HU3aluu B
CBEPXKPUTHUYECKUX YCIOBUSIX U ONMUCAHHBIE B MEXAYHAPOAHON NaTEHTHOH 3as1BKE
PCT/GB97/01014, onyonukosanHo# o HomepoMm WO97/38955, u B MexxayHapOHOMN
nareHTHOH 3asBke PCT/GB03/02157, onybnukoBarnoii mox Homepom WO0O03/099743,
00agaroT TeM HEAOCTATKOM, YTO OHU HY)KIAIOTCS B YCTPOHCTBAX ISl CO3AAHMUS UPE3BBIYAITHO
BBICOKHX /IaBJIEHUI U TEMIEpaTyp U AJis YIIPaBJIeHUs CBEPXKPUTUUECKON TeKydel cpenoil. IToT
HEJOCTATOK SIBJISIETCS] CEPbE3HBIM MPEMATCTBUEM AJIsI UX UCIIOIb30BAHUS B IPOMBILIIEHHOCTH.
OH 3HaYNTENBHO YBEIUYNBAET 3KCIUTYaTALIMOHHBIN PUCK OOOPYAOBaHMUSI, YCIOKHSIET €ro
KOHCTPYKLUIO U 3aTPyAHSIET SKCILIyaTalUIO, YCIOKHET MPOLECChl TUAPOreHU3aluu U
3HAYUTENIBHO YBEJIUYUBAET POU3BOJACTBEHHBIE 3aTpaThl. KpoMe TOro, CBepXKpUTHUECKHE
YCJIOBHSI MOTYT KOPEHHBIM 00pa30M MEHSITh CBOMCTBA PACTBOPHUTEIIS, HATIPUMED, €rO
CIOCOOHOCTh PacTBOPSATH MOABEPraeMOe IHIPOreHHU3ALNH COSTUHEHNE.

B mexxnyHaponHoii nateHTHOM 3asBke Ne PCT/HU2005/000046, onyOauMKoBaHHOW MO
HoMepoM W02005/107936, comepskaHue KOTOPOH MOJHOCTBIO BKIIFOYEHO B JAHHBIN JOKYMEHT
IUISL BCEX ILIeJIel, omucaHa MpOTOYHAs JTa0opaTOpHas THAPOTeHU3AIMOHHAS] YCTAHOBKA U TPOLIECC
TUAPOTEHU3ALHH C HCTIOb30BAHUEM TaKOH YCTAHOBKU. JTa MPOTOYHAS J1abOpaToOpHast
TMIPOr€HU3aLMOHHAsl YCTAHOBKA, IPEeHA3HAYECHHAs JIsl TUAPOTeHU3ALUN ONPENEIeHHbIX
00pa3LoB, CONEPKUT EMKOCTb, TIOAAIOIUI HACOC, KOJUIEKTOPHBIN 3JIEMEHT C IBYMSI BITy CKHBIMH
naTpyOKaMH U OJJHUM BBIITYCKHBIM MaTPyOKOM, PEAKTOP TUAPOTEHU3ALNN U PETYIISTOP
JABJICHUs], TIOCJIEOBATEIbHO COEUHEHHBIE B TEXHOJIOTMYECKUN KOHTYD, 4 TAK)KE€ HCTOYHHUK
BOAOPOZA U KJIAIaH, NPOMyCKALIUI OTOK ra3a TOJIbKO B OHOM HaIlPaBJIEHUH,
NOACOEIMHEHHBIN MEXTy UCTOYHHKOM BOJIOPOJa U BTOPBIM BIIYCKHBIM MaTpyOKOM

KOJUIEKTOPHOTO 31eMeHTa. [Tonaromuit Hacoc oOecnednBaeT MOCTOSHHYI OOBEMHYIO CKOPOCTD



MOJIa4uH, & EMKOCTb COJIEPIKUT, 10 MEHbIIEH MePE, pACTBOPUTEND B KAYECTBE OCHOBHOIO
pacTBopa [t 00pasiia, MOABEPraeéMoro ruiporeHn3annu. Peakrop ruaporeHn3anuy BKIFOYEH B
TEXHOJIOTHYECKUI KOHTYP 4epe3 pa3beMHbIE COCJUHEHUs U BBITIOJIHEH B BUAE CMEHHOTO
KapTPHUAKa, KOTOPBINA COAEPKUT BHYTPU HACAIKY, NOBBILIAIOIIYIO COIIPOTUBJIEHUE ITIOTOKY U
o0NeryaroIyro CMeInBaHue JKUAKUX U ra3000pa3HbIX KOMIIOHEHTOB. Perynsarop naBneHus
BKJIFOYEH B TEXHOJIOTHYECKUH KOHTYP TOCIIE PeakTopa FUIPOreHH3auuy 1 00ecreynBaeT
3JIEKTPOYIIPABIIAEMOE PETYJIUPOBAHUE B 1HAINa30He 3HaUeHul He MeHee 1:6. PeakTop
TUAPOTEHU3ALMH COAEPKUT HEOOXOMUMbIH KaTanu3aTop. OnrcaHa yCTaHOBKA THAPOTEeHU3ALIHY,
cozeprkallasi MHOKECTBO PEAKTOPOB I'MAPOreHU3ALNH, KOTOPBIE MOAKIHYAKOTCS K
TEXHOJIOTMYECKOMY KOHTYPY MEPEKIIOYAIOIIUM KJIallaHOM, UMEIOLIIUM MHOTOXOJIOBYO
KOHCTPYKLHIO, [0 MEHBIIEN Mepe, Ha €ro BIIYCKHOU CTOpOHE. TeM He MeHee, pa3Mepsl
YCTaHOBKH TAKOBBI, YTO OHA HEMPUIOAHA JIJIs1 KOMMEPYECKOIO UCIIONb30BAHHUS B
MPOMBILUIEHHOCTH.

Kpome Toro, nenslii psii NpensaTCTBUI He MO3BOJISAET NEPENUTH OT 3TOH YCTAHOBKHU
nmabopaTropHOro MacmTada K YCTAaHOBKE MPOMBIIIIJIEHHOTO MaciuTada.

Karanutudeckyro ruipOreHu3auo OPraHuIecKOro COeqUHEHHS B XKUIKOH (aze MOKHO
MPOBOJUTH B BUJI€ HEMPEPBIBHOI'O NMPOLECCA B PEAKTOPE MPOMBILIJIEHHOTO pa3mepa ¢
opomaembiM ciioeM (TBR, Trickle-Bed Reactor).

B nannom konTekcre peakrop TBR npeacrasisier coboii xumMuueckuii peakTop, B
KOTOPOM PEAKLIUIO MPOBOAST, UCIIOJIB3Ys ABUKEHUE KUAKOCTH CBEPXY BHU3 CKBO3b
HETIOJIBYDKHBIN CIIOH 9acTHL (KaTaniu3aTopa) U IBH)KEHHE Ta3a CBEPXy BHH3 (IPSIMOTOKOM) HITH
CHM3Y BBEpX (IIPOTUBOTOKOM).

PeaxTopbl ¢ HEMOABM)XHBIM CJIOE€M HacalkH, Takue kak peakrop TBR, naBHo
UCTIONIb3YIOTCS B MepepadaThIBAIOIIMX OTPACIIAX MPOMBILUIEHHOCTH. Kak npaBuiio, oHK
cozepkaT KaTaau3aTop B BUAE IPaHyJI, YIOKEHHBIX HEMOJBU)KHBIM CIIOEM.

Peakroper TBR mmpoko HCIIONB3yIOTCA B HEPTEXUMIUECKON MPOMBIIIIIEHHOCTH,
HarpuMep, B MpoLeccax rHIPOreHn3atun Ha HedrenepepabarbBaromux 3apoaax. Tem He
MmeHee, peakTopsl TBR He MO3BOJSIFOT JOCTATOYHO TOYHO YNPABJSATH MPOLIECCOM, YTOOBI
o0ecreYnTh MPOMBILIJICHHOE MPOU3BOICTBO TEPMOUYBCTBUTENBHBIX M CIOKHBIX XUMUYECKHX
norypabpuKaTOB U KOHEYHBIX MPOAYKTOB, HATPUMED, B (hapMaIleBTHUECKON MPOMBIIIIICHHOCTH.

I'mpporenusanus sABIsieTCs SK30TEPMUYECKUM NPOLIECCOM. B ycTaHOBKE, ONMMCaHHON B
nokymente W02005/107936, He obecrieunBaeTcsl peryJMpoOBaHUe TEMIEPATYPhl, Oe3 KOTOPOro
He 000NTHCH B YCTAHOBKE MPOMBIIUIEHHOr0 MaciuTada. Bo3aMOXKHOCTDb peryanpoBaHus
TEMIIEPaTypbl B yCTAHOBKE, OonHcaHHOH B okyMeHTe WO 2005/107936, onpenensiercs

(bUKCHPOBAHHON TUIOIIABI0 TOBEPXHOCTH CMEHHOT'O PEaKTOPa rUAPOTeHU3ALNN KapTPUIKHOTO
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tuna. ITo Mepe yBenmueHus pasmepa KapTpUIka OTHOLIEHHUE TUIOIIAIN TOBEPXHOCTH K 00beMy
OBICTPO YMEHBIIAETCS, UTO 3aTPYAHSIET PEryJIMPOBAHNE TEMIIEPATYPBI IPU MACIITAOMPOBAHUH.

HecmoTpst Ha TO, 4TO peakTOpbI C OPOLIAEMBIM CJI0€M OOBIYHO OXJIAKIAIOTCS CHAPYIKH,
OCHOBHas1 4aCThb IIOBEPXHOCTH KaTaJIN3aTOpa HE KOHTAKTUPYET CO CTEHKAMU PEaKTOpa.
PerynupoBanue TemrepaTypbl 00€CIIeunBaeTCs 3a CUET TEIUIONEepeaayt OT KaTajau3aTopa K
XKUAKOH (pase, MO3BOJSIIOIIEH YAAISATh NU30BITOYHOE TEILIO U3 CJIOS KaTalIN3aTopa, B KOTOPOM
NPOTEKAET PEaKIHsl.

CymHocTh H300peTeHus

Lenbro n300peTeHust SIBISETCS CO3AaHNE MPOLIECCa HEMPEPBIBHOW TMAPOTreHU3ALIHH,
NPUTOAHOTO Ui TOMOTEHHOH U TeTePOreHHON KaTATUTHYECKOW THAPOTeHU3AIMH B
NPOMBIIIJIEHHOM MaciuTtabe, ¢ 6ojiee TOYHBIM YIIPABICHUEM IPOLIECCOM, B YACTHOCTH, C
peryJIrpOBaHUEM TEMIIEPATYPBI, PETYIUPOBAHUEM COAEPIKAHUS BOJOPOIA H PETYIHPOBAHUEM
MaccoIepeHoca.

B naHHOM KOHTEKCTE TEPMHUH «BOJOPOI» O3HA4YAET OO M30TOI WM CMECh H30TOIOB,
B YaCTHOCTH, BCTpEYAIOIIMecs B Mpupose uzotonsl 'H (mpotuit), 2H (neiirepuit) u *H (Tpurwuii).
IIpennonaraercs, 4TO TEPMUH TUAPOTEHU3ALMS» O3HAYAET XUMHUYECKYIO PEAKIIHIO BEIECTBA C
MOJIEKYJISIPHBIM BOJJOPOZIOM, B KOTOPOM BOZIOPOJI PUCYTCTBYET B BUIE JIFOOOTO H30TOMNA WIIH
COYETaHUs] H30TOIOB.

IIponiecc ruaporeHu3ay B COOTBETCTBUH ¢ H300pETEHNEM MOKHO HCTIOIb30BaTh JJIs
NOJTY4€HHUs] H30TOIMMHO-MEUEHBIX COeIMHEeHNH. H30TONMHO-MeueHble COeTUHEHNS] UMEIOT
CTPYKTYpBI, B KOTOPBIX OJIFH HJIU 0OJIee aTOMOB 3aMEHEHBI Ha aTOMBI, UMEIOLIHE ONPEAETICHHYIO
aTOMHYIO MacCy WJIM MaccoBOe 4ucio. [IpuMepaMu H30TONOB BOAOPOA, KOTOPBIE MOTYT OBbITh
BKJIFOYEHBI B COEIMHEHUSI C UCTIONIBb30BAHUEM CIIOCO0a THAPOTEHU3ALMH COTJIACHO H300PETEHHIO,
apsoTcsa u3otonsl H u *H. Takue H30TOMHO-MeUeHble COeMHEH S TPUTOIHbI JIs
UCTIOJIb30BAHMSI, HATIPUMED, NP BU3YAIN3aLNH META0OINIECKUX HCCISIOBAHUHN H
UCCJIEZIOBAHMI KMHETUKH peakiuii. Kpome Toro, 3aMeHa Ha OoJiee TsKelbie U30TOIbI, B
YaCTHOCTH, Ha AelTepuii (T.e. 2H unu D), MoKeT naTh onpeaeieHHble TepaneBTHIECKUE
MPEeUMYIIeCTBa, 0O0YCIOBJIEHHbIE OOJbIIEeH MeTa0OTNYeCKON CTAOUITbHOCTBIO, HATTPUMED,
YBEJINYUTD IEPUOJ MTOJTYBBIBEACHUS i1 ViVO, W YMEHBLIUTD TPEOYEMYIO TO3HPOBKY, HITH
YIIYUIINTh TePaneBTHIeCKii nHaekc. KoHueHTpanmo Takoro 6ojee TsSHKeIoro H30ToNa, B
YaCTHOCTH, JEUTEPHs], MOXKHO XapaKTePH30BaTh KO3()(HHULIHMEHTOM H30TOITHOTO O0OTaIEHHS.
Hcnonp3yemslii 371ech TEPMUH «K03(DPHULIMEHT H30TOMHOrO O0OTAIEHHs» O3HAYAET
COOTHOIIEHHE MEXY KOHIIEHTPaLHUeH H30TOoMNa B COEAUHEHUN 1 €CTECTBEHHON

pPacnpoCTPpaHEHHOCTBIO 3TOr0 U30TOIIA.



IIpennonaraercs, 4TO TEPMUH «TUAPOTEHU3ALMS 0003HAYAET X UMUUECKYIO PEAKIHIO
COEIMHEHMS] WJIU 3JIEMEHTA C MOJIEKYJISIPHBIM BOAOPOJIOM, IPUYEM BOAOPO MPUCOETUHAETCS K
MoJIeKyJie Oe3 pa3pbiBa CBsI3U (HAIpUMep, IIPU BOCCTAHOBJIEHHH HEHACHIIEHHON CBSI31) WM C
Pa3pbIBOM OAMHAPHOMH CBSA3H YIIIEPOA-YIIIEPO WIH YITIEPOA-reTepoaToM (IIpH rUAPOTreHOIH3E).

B u3o0pereHnn peann3oBaH NpoLEcC HETTPEePbIBHOM MHIPOreHH3aLuy, BKIIOYAIOIIHHA B

cebs:

(1) obecrievyeHue KUIKOM KOMITO3UIINH,

(1) obecnieyeHne ra3000pa3HOTroO BOAOPOA,;

(1i1) cMemMBaHKUe YKUIKON KOMIO3HLIUHU € ra3000pa3HbIM BOAOPOAOM B CMECUTEIBHOM
cocyzne;

(1v) mogady cMecH KUIKOW KOMITO3UIIUU 1 BOAOPOA B PEAKTOpP THAPOTeHU3ALNHU C
HacaJKOM /Jis MPOBEAEHUs THAPOTeHU3alnY;

(V) momady nmpopearupoBaBIIei JKUAKOH KOMITO3ULIMH B TETNIOOOMEHHHK IS
OXJIQXKICHUs 10 3apaHee 3aJaHHON TeMIEepPaTyphl.

B naHHOM KOHTEKCTE HeMPePbIBHBIHN MPOLECC MPEACTABISIET CO00M COCO0, B KOTOPOM
HETIPEPBIBHO BBOZSITCSI HOBBIE MATEPUAIBI M BBIBOASTCS MPOAYKTHI C TAKOH CKOPOCTBHIO, YTOOBI
o0ecreynThb ONpeNeIeHHbIN PeaKMOHHBIA 00BbeM. J[pyriMu clioBaMu, peakTopbl HEPEPHIBHOTO
TEeWCTBUS MPECTABISIOT COOOH TaKHe PeakTOPhl, KOTOPbIE MOJKHO UCIIOIB30BATh JJIsl pabOTHI B
YCTaHOBUBLIEMCSI PEKUME.

Cy1iecTBeHHBIM NPEUMYILIECTBOM HENPEPBIBHOIO MPOIIECCa COITIACHO H300PETEHHIO
SIBJISIETCSI TO, YTO B OTJIMYUE OT NEPHOANYECKUX MPOLECCOB, 0OPa30BABLINECS TPOAYKTHI
T'HAPOreHU3ANHU U BECh HEIIPOPearupoBaBLIN ra3000pa3Hblil BOJOPOA YAAJISIOT HENPEPBIBHO,
9YTOOBI HE IOMYCTUTh HAKOIIJICHUSI B TEXHOJOTMYECKOM armapare KPUTUIECKHX 00bEMOB
MOTEHI[HABHO B3PBIBOOIIACHOTO BOIOPO/A UIIH MPOMEKYTOUYHBIX MPOAYKTOB peakuuu. Kpome
TOT0, CBOASITCSI K MUHUMYMY PUCKH, CBSI3aHHBIE C UCIIOJb30BAHUEM JIETKOBOCTLIAMEHSIFOLIIUX CSI
pacTBopuTenei. B 4acTHOCTH, MpH MPOBEIEHUH HEMPEPHIBHOTO MPOLIECCa MOKHO 00eCeunTh
yIaJeHre BO3yXa W/ MM KHCIOPOAA, KOTOPbIe MOTYT IIPUCYTCTBOBATH MPH MPOBEACHUN
NEPUOJUYECKOrO MPOLeCCa.

Kak Op110 YyKa3aHO BBIIIE, THAPOTEHU3AMS SBISIETCS 9K30TEPMHUUECKON peakuueil. B
U300peTEeHNH THAPOTeHU3NPOBAHHAS KHIKAsl KOMITO3ULUS ITOCTYTIAET U3 PEaKTopa
TUAPOTEHU3AIMH C HACAKOH B TEIUIOOOMEHHHUK AJis1 OBICTPOro oxnaxneHust. COOTBETCTBEHHO,
PEaKTOp TMAPOTEHU3ALMU C HACAIKOH (PYHKLIMOHUPYET KaK aanadaTHUeCKUil peakTop, a

MPOLECC TUAPOTEHU3ALNHN B 3TOM PeaKkTope OJM30K K aAnadaTHUECKOMY MPOLECCY.
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B naHHOM KOHTEKCTe aradaTHYeCKH MPOLeCC MPEACTaBIsIeT COOOM TaKOH MpoLecc,
IPH MPOTEKAHUH KOTOPOTO OTCYTCTBYET TEINIOOOMEH MEKAY CUCTEMON M OKPYIKaIOLIel ee
cpenou.

Anunabatryeckuii mporecc 00ecrneynBaeT CTPOry0 KOHLENTYaIbHYIO OCHOBY JUIS
TEOPHH, UCTIONB3yEeMOH JJIsl OOBSICHEHHSI IEPBOTO 3aKOHA TEPMOAMHAMHUKH, M CaM 1o cede
SIBJISIETCSI KJIFOYEBBIM MMOHATHEM B TepMOIMHAMUKE. HekoTOpble XuMu4Yeckue U Pu3nuecKue
MPOLIECCHI MPOTEKAIOT HACTOJIBKO OBICTPO, UTO UX BIIOJHE MOKHO OMMCATh C UCTIOIb30BAHUEM
«annabaTHYECKOro MPUONMKEHHS», YTO O3HAYAET, YTO IJIs Mepeaayd SHEPTHUH B BU/IE TEIUIA B
CHCTEMY U3 OKPY KAIOLIeN CPEebl MITH U3 CHCTEMBI B OKPYIKAIOLIYIO CPENy HE XBaTAaeT BPEMEHH.

CrienuaMcTy JOJIKHO OBITh SICHO, YTO aAa0aTHYECKHA MPOLIECC MPECTaBIsIeT COOOM
TEOPETUUECKOE MOHATHE, UCIIOIB3YEMOE ISl TPUOIMKEHHOTO OMUCAHHS TIPOLIECCOB.

B 1aHHOM KOHTEKCTE 1MoJ] aradaTH4ecKUM PeakTOPOM MOAPa3yMEBAETCsl PEaKkTop,
KOTOpBIH NMpeJHAMEPEHHO HE OXJIAKAAIOT UM He HArPEBAloT.

CooTBeTCTBEHHO, aAHabaTHUECK I PeakTOp MpeACTaBisieT Co00i peakTop, B KOTOPOM IO
CYILECTBY OTCYTCTBYIOT MOTEPHU TEILIA U3 PEAKTOPa B OKPYIKAIOLIYIO CPENY WM MOCTYIUIEHHE
TEIIa B PEAKTOP U3 OKPYIKAIOIIEH Cpebl.

B 01HOM M3 BApUAHTOB OCYLIECTBJICHHS PEAKTOP THAPOreHU3ALUH C HACAIKOM
M30JIMPOBAH IJIs IPEJOTBPAILEHHS IOTEPH TEIIa B OKPYKAIOLIYIO CPEny.

B npyrom BapuaHTe OCYIIECTBJICHHS B PEAKTOP TUIPOreHH3aLNH C HACAAKOM MOJBOIST
TETI0, YTOObI KOMIIEHCHPOBATDh YTEUKY TeIlIa U3 PEAKTOPa B OKPYIKAIOIIYIO Cpeay.
CoOTBETCTBEHHO, TEIIO MOABOAUTCS B PEAKTOP TMAPOTCHU3AINHN C HACAAKOH MTOCPEICTBOM
TEIUIONepeiaut OT TeKy4eH Cpenbl ¢ HU3KUM KO3 PHINEHTOM TerIonepeaayn, B YaCTHOCTH, OT
rasa, YTo0bI KOMIIEHCUPOBATDb YTEUKY TEIJIa U3 PEAKTOPa B OKPYIKAIOIIYIO CPEay.

CrienuaMcTy B JaHHOM 00JIACTH JOJIKHO OBITh SICHO, YTO KaK TOJIbKO Tporecc Oyner
3aIyIIeH U BbIHET Ha YCTAHOBUBIIUHCS PEXUM pabOThI, HETIPEPBIBHBIN MPOLIECC COTNIACHO
U300PETEHHUIO MOXKET MPOIOJIKATHCS 0€3 OCTAHOBKH MECSLIAMU.

B 01HOM M3 BApHAHTOB OCYILIECTBIIEHHSI BO BpeMsi 3aIycka MpoLecca B peakTop ¢
HACAJIKOH MOKHO TMOIBOJUTD TEIUIO 10 TEX MOp, MOKa He OyeT NOCTUTHYTa ONpeeieHHAs
TeMIepaTypa peakiiu ruporenusanuu. [IpeasapurenbHblil HArpeB peakTopa rMAPOreHU3aLUN
C HACaJKOM JaeT MPEHUMYLIECTBO — OH YMEHbLIAET MPOAOJIKUTEIbHOCTh BBIXO/IA Ha
YCTaHOBHBLIHICS PEKUM PabOThI MOCIIE 3aMyCKa MPOLEcca COrIaCHO H300PETEHHIO.

[Ipenmy1eCTBOM MpOLIECCa COMTIACHO N300PETEHHUIO SIBJIIETCS TO, YTO HETMPEePbIBHAS
TUAPOTeHU3ALMS B PEAKTOPE THAPOreHU3aLUK ¢ HACAIKOM, KOTOpasi MpUOIIIKaeTCsl K
annadaTUIeCKOMY MPOLIECCY, C MOCIEAYIOLUINM OBICTPBIM OXJIAXKICeHUEeM 00eCTIeunBaeT

AOCTATOYHO TOYHOC PEryJIUPOBAHUE TEMIIEPATYPhI, IMO3BOJAIOIICE OCYILICCTBIIATD
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NPOMBIIIIJIEHHOE MTPON3BOICTBO TEPMOYYBCTBUTENBHBIX XUMHUUECKNX MOy (haObpHuKaToB U
KOHEYHBIX MIPOAYKTOB, HAPUMEP, 1A (PapMaLeBTHUECKOH MPOMBIIIJIEHHOCTH.

Eime oqHIM npenMyIecTBOM MpoLecca COrIaCHO N300PETEHUIO SIBJIIETCS TO, YTO
CMELINBAHNE )KUIKOH KOMIIO3ULIUH U Ia3000pa3HOro BOAOPOAA Mepes rnojavyel B peakTopsl
T'UAPOTE€HU3ALMH TIO3BOJISIET YIIPABISATh UX COOTHOLIEHHEM. JKuakas KoMIo3uLys u
ra3000pa3HbIi BOJOPOA MOCTYIAKOT B BUAE OTAEIBHBIX TIOTOKOB, IIPH 3TOM CKOPOCTb KaX0r0
U3 IIOTOKOB MOXKET BAPbUPOBATHCS U Aaxke HeOObIINe ee KoneOaH!st CIOCOOHBI IPUBOIAMUTD K
U3MEHEHUIO COOTHOIIEHHSI KOMIIOHEHTOB, OKa3bIBAIOIIEMY 3HAYUTEIbHOE BIUSHUE HA PEAKLIUIO
TUAPOTEHU3ALMH C TOUKH 3pEHHsT 00pa30BaHusI MOOOUHBIX MPOAYKTOB H/HIH MPOAYKTOB
paznokeHust. CMeIIMBaHUE KUIKOH KOMITIO3UIIMU U ra3000pa3HOro BOIOPOIA B CMECUTEIIBHOM
COCyJie mepeq MoAavyeil UX B PeakTop yCPEenHsIeT 3TH U3MEeHeHHs, oOecnieunsasi Oosee
3¢ eKTUBHBIN KOHTPOJIb COOTHOIIEHUSI KOMITOHEHTOB.

CoOTBETCTBEHHO, THAPOTECHU3ALUIO TPOBOIAT B MIPUCYTCTBUU KaTAINU3aTOPA.

B onHOM 13 BapUaHTOB OCYILIECTBIIEHHS ITPOLECC HENMPEPBIBHON THAPOTeHU3ALMH
COTJIACHO M300PETEHHIO MPENCTABIISET COOOH reTePOreHHYI0 KaTaTUTHIECKYIO
TUAPOTEHU3BALIHIO.

B naHHOM KOHTEKCTE reTeporeHHasi KaTaJuTUIeCKasi THIPOreHNU3aLus TIPEICTaBIIsAET
co0o¥ mponecc ruAPOreHN3aluy, B KOTOPOM KaTalIu3aToOp HAXOAUTCS B MHOM (ase, ueM
peareHThl. BOMBIIMHCTBO reTepOreHHbIX KaTaIu3aTOPOB MPENCTABIISIOT COOOH TBEpAbIE
BEILECTBA, BO3AEUCTBYIOLINE HA CYOCTPAThI B XKUIKOHN MM ra3000pa3HOi peakMOHHONW CMECH.
OO1mas miomaab NOBEPXHOCTH TBEPAOTO BELIECTBA OKA3bIBAET CYIIECTBEHHOE BIMSIHUE HA
CKOPOCTb peakiuy. YeM MeHbIe pasMep 4acTHIl KaTaau3aTropa, TeM OoJblie IIomanab TBepAOi
MOBEPXHOCTH IPU TOM K€ MacCe YacTull katanusaropa. Kpome Toro, MeHbIINi pa3mep 4acTHUL]
KaTaJIN3aTOpa MPUBOAMUT K TOMY, YTO My3bIPbKU ra3000pa3HOro BOAOPOA, MPOHUKAIOIIETO
CKBO3b CJIOW KaTaJIN3aTOPa, TAKKE OKA3bIBAIOTCS MEHBLIETO Pa3Mepa, YTO YBEIHIHBACT
TUTOIIA/1b TOBEPXHOCTH KOHTAKTA ra3a ¢ KHIKOCTBIO ITPH TOM ke 00BbeMe ra3000pasHoro
BOJIOPO/IA, & TAK)KE OKA3BIBAET CYLIECTBEHHOE BIMSHUE Ha CKOPOCTh PEAKLIUH.

I'eTeporeHHbIE KaTaIM3aTOPBI, KaK MPABUIIO, «3aKPETUICHbI HA HOCUTENE», YTO O3HAYAET,
YTO KaTaJM3aTop AUCIIEPTUPOBAH Ha IPYTOM MaTepuase — HOCUTENEe KaTanu3aTopa (B
TaTbHEHIIEM MTPOCTO KHOCUTEINEY), KOTOPBIHA MOBBIIAET 3 (HEeKTUBHOCTD NEHCTBHSA
KaTaJIM3aTOPa WM CHIDKAET €ro CTOMMOCTh. HocuTenu npenoTBpamaroT Wik ocnadisoT
arJoMepaIvio M CIeKaHNe MEJIKMX YaCTHIl KaTaJIN3aTopa, YBEIMYMBAIOT IJIOMIA b KOHTAKTHON
MOBEPXHOCTH, NTO3TOMY KaTaJIM3aTOPbl HA HOCUTEJIE UMEIOT 00Jie€ BHICOKYIO YAEIbHYIO
aKTHUBHOCTH (B IIepecueTe Ha MacCy Karanuszaropa). lHorna Hocurens Jumb obecrnednBaeT

MOBEPXHOCTDH, HA KOTOPYIO HAHOCAT KaTaJIn3aTop, Y4TOOBI YBCJIUYUTD IJIOMAAb KOHTaKTHOM



MOBEPXHOCTU. B pyrom ciiyyae HOCUTENb U KaTaJIU3aTOP MOTYT B3aUMOAEHCTBOBATD, BJIMsS HA
KAaTAIUTUYECKYIO PEAKLIUIO.

Hocwurenu npencrasisitor co60H MOIXOASIINE TOPUCTHIE MAaTEPUATIbI C OOJIBIION
IJIOIIAIBIO MOBEPXHOCTH, TAKUE KaK IJIMHO3€M, LIEOJIUTBI, IUATOMOBAs 3€MJIsl UJIU PA3JINYHbIE
BUbI AKTUBUPOBAHHOTO yIuist. Criennain3upOBaHHBIMU HOCUTEIISIMU SIBJISTIOTCSI KpEMHE3EM,
IMOKCU TUTAaHA, KapOOHAT KaJbIvsl, Cyibdar Oapusi, a TakKe MeTaJNTHYeCKUe T'yOKU U MEHBI.

AJbTEpHATUBHBIM BAPUAHTOM OCYIIECTBJICHHS MPOLIECCa HEMPEPbIBHON TMIPOTeHU3aLUN
COMTACHO M300PETEHHUIO SIBJISIETCSI TOMOTE€HHAS KATaJIUTUYECKAs THIPOTeHU3ALIIHS.

B naHHOM KOHTEKCTE FTOMOT€HHAs! KaTAIUTHYECKAs! TUAPOTeHU3aLUs IPEACTABISIET
co00ii mporece THAPOreHU3aIMK, B KOTOPOM KaTallu3aToOp HAXOAMUTCS B TOU ke (ase, uTo u
peareHThl. OOBIMHO TOMOTEHHbBIE KaTaJIM3aTOPhI PACTBOPSIFOT B PACTBOPHUTEINE C CyOCTpaTaMu.

PacTBOpHMOCTH Tra3000pa3HOTO BOJOPONA B KHUIKOW KOMITO3UIIMH MOXKHO YBEJINIHUTh
MyTEM TOBBIIICHUSI TEMITEPATYPHI W/ WIIN JaBICHUS.

B onHOM 13 BapuaHTOB OCYLIECTBIEHHS CTanus (1i1) mpeacTaBisieT COOOH CMELIBaHNE
YKUJIKOW KOMITO3HUINH € Ta3000pa3HBIM BOJIOPOIOM B CMECUTENIBHOM COCYIIE, COAep KaIeM
WHEPTHBIN HAMOJIHSKOLUN MaTepHal.

B naHHOM KOHTEKCTE KMHEPTHBIIY» 03HAYAET, YTO HANIOJHSOIINI MaTepral He
B3aMMOJICHCTBYET C UCXOIHBIM COSTUHEHNUEM, TOMOT€HHBIM KaTaJIN3aTOPOM HIIH Ta3000pa3HbIM
BOZOPOJIOM U HE SIBJISIETCS KaTAIU3aTOPOM THAPOrE€HU3ALUH.

WHepTHBIN HAMOTHSIOIUNA MaTepUaj ClIOCOOCTBYET CMEIIMBAHUIO JKUKONH KOMITO3ULIUU
¢ ra3000pa3HbIM BOJOPOJIOM, OOJieryasi peryJinpoBaHHe COOTHOIIEHUS! KOMITOHEHTOB.
Hanomsstromuii MaTepuan ¢ MajbiM pa3MepOM YaCTHII TPUBOAUT K OOPa30OBAHHIO MEJKUX,
XOPOIIO TUCTIEPTUPOBAHHBIX My3bIPHKOB ra3000pa3HOro BOAOPO/A H, CIEIOBATENbHO,
TMOBBIIIAET OJJHOPOAHOCTh CMECH KUIKOW KOMITO3UIIUH ¢ ra3000pa3HbiM BomopoaoM. Kpome
TOTO, MaJIblii pa3Mep My3bIPhKOB ra3a yBEJIMUYUBAET MJIOMAAb TOBEPXHOCTH KOHTAKTA rasa u
JKUJIKOCTH, YTO YCKOPSIET MACCOMEPEHOC ra3a uepe3 Mek(asHyo rPaHHMILy.

CrienmaucTy MOJIKHO OBITh SICHO, YTO pacrpeneiieHue yactuil o pasmepy (PSD,
Particle Size Distribution) mopoinka, rpaHyJJUpOBaHHOTO MaTepuaia UiIH YaCTHII,
IUCTIEPTrUPOBAHHBIX B TEKYYEH cpelne, mpeacTaBisier COO0H nepevyeHb 3HAYeHUH HITH
MaTeMaTHYECKYIO (PYHKITHIO, OMpenesisisi OTHOCHTENbHOE COMepKaHNe YaCTHIl Pa3HOTO pa3Mepa.

Pacnipenenenue vactun no pasmepy D50, nu3BecTHOE Takke Kak MEAUAHHBIA JUAMETP
WIN CPEeHUN THaMeTp paclpenesieHus] YacTULl IO pa3Mepam, MpeacTaBisieT COO0H nrnaMeTp
qacTul, cocTapisiromux 50% B KymMyJATUBHOM pacnpenesnenuu. Hanpumep, ecau D50 = 50

MKM, TO 50% vactur B oOpasie umeroT pazmep donee 50 Mxm, a 50% — meHee 50 MKM.
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D10 npencrasnser coboi tuamerp 4acThll, COCTaBsFOIUX 10% B KyMyJIATHBHOM
pacnpenenenuun. Hampumep, eciu D10 = 35 mxm, To 90% vactuil B oOpasiie UMEIOT pasMep
oonee 35 mkMm, a 10% — meHee 35 MKM.

D90 npencrasnser coboit tuameTp 4acTull, COCTaBIIOMUX 90% B KyMyJIATUBHOM
pactipenenenun. Hanpumep, eciiu D90 = 65 mkm, To 10% vactui B oOpasiie UMEIOT pa3Mep
ooiiee 65 MkMm, a 90% — meHee 65 MKM.

CrienuaucTy JOJIKHO OBITh SICHO, YTO 80% YaCcTHIl UMEIOT AMAMETP, HAXOISIIHICS
Mexay 3HadeHusiMu D10 u D90 unu paBHBIN 5TUM 3HAYEHUSIM.

Ornowenne 3Hayenus: D90 k 3Hauenmo D10 (D90/D10) siBnsieTcst mokaszareiaeM
OTHOPOIHOCTH YacTHI] 110 pa3Mepy.

IMupunHa pacnpeneneHys, Ha3biBaeMasl TAK)KE Pa3MaxoM pacIpeeseHus], UMeeT
clienyrolee BbIpakeHue:

pa3max = (D90-D10) /D50

Pacnipenenenne o pasmMepy OOBIYHO ONpPEAENeTcst B KOHTEKCTE METO/Ia, KOTOPBIM €T0
OTIpeAeNAIOT.

Jlnst menei HacTosIero N300peTeHHs pa3Mep YaCTHII ONPENENSIIOT € HCIIOJIb30BAaHHEM
METOOB Jla3epHOU audpakmuu B coorsercTBuu ¢ ISO 13320: 2009, B KOTOPOM COmepsKaTcs
PEKOMEH/IAINH T10 aTTECTAL[UH U3MEPHUTEIBHOTO PHOOpa U U3MEPEHUIO PACTIPEAETICHHS YaCTHI
10 pa3Mepy MyTeM aHaJIu3a UX CBETOPACCEUBAIOILUX CBOMCTB.

Mertonsl nazepHOi qU(PaKLUN OCHOBAHBI HA aHAJIN3E «Tajo» AU(parupoBaHHOIO CBETA,
BO3HUKAIOLIEro, KOTAa JJa3epHbI JIy4 NPOXOAUT CKBO3b AUCIIEPCUIO YACTHULl B BO3AYX€E WU B
KUAKOCTH. YTON AN(PPAKLNU YBEIHUNBAETCS [0 MepPe YMEHBIIEHHs pa3Mepa YacTHlLl, O3TOMY
3TOT MeTOX 0COOEHHO XOpoI st u3Meperus pasmepos ot 0,1 no 3000 mxm. Ycnexwu,
JIOCTHTHYTBIE B OOJIACTH TEXHUYECKH CJIOJKHON 00paOOTKM JAHHBIX 1 aBTOMATH3ALIHH,
MO3BOJIUJIM 3TOMY METOAY CTaTh JOMUHUPYIOIINUM IIPH UCIIONB30BAHUU B IIPOMBILIJIEHHOCTH JJIs
OTIpENeNIEHUs PACTIPENIEIICHHUS IO pa3Mepy. DTOT METO SIBJISIETCSI OTHOCUTEIBHO ObICTPBIM U
MO3KET BBITIOJIHATBCS € UCTIOIB30BaHUEM 00pa3loB BecbMa Majioro oorema. Ero ocoboe
NPEeUMYILIECTBO 3aKIF0YAETCs B TOM, YTO 3TOT METOJ MO3BOJISIET IPOBOJUTE HETIPEPHIBHOE
U3MEpPEHNe I aHAJIN3a TEXHOJOTMYECKUX TOTOKOB. JlazepHas nudpaxuus onpenessier
pacrnpeseneHne YacTHI] 10 pa3Mepy, U3Mepsis YIIIOBOe U3MEHEHHEe UHTEHCUBHOCTHU CBETa,
PacCesTHHOTO MPH MPOXOKIEHUH JIA3EPHOTO Jy4a CKBO3b 00pa3el AUCTEPrHPOBAHHBIX YaCTHULI.
KpyrmHbIe 4acTHIIBI pACCEHBAIOT CBET MO HEOONBIINM YIJIOM OTHOCHTEJBHO JIA3€PHOTO JIy4a, a
MEJIKHE YaCTHLIbl PACCEUBAIOT CBET MO OOJBLIMM YIJIOM. 3aTeM JaHHbIe 00 HHTEHCHBHOCTH

YTJIOBOTO PAaCCCAHUSA aHAJIM3UPYIOT AJIA pacde€Ta pasMepa 4aCTUL, BbI3BABIIUX CO3AaHUEC
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KapTUHBI PACCESTHUSA, C NCIIOJIb30BaHNEM TEOpUH paccessHus ceeta Mu (Mie). Pasmep wactuig
YKa3bIBaIOT B BU/I€ O0BEMHO-9KBUBAJIEHTHOTO CHEPUIECKOTO JUAMETPA.

B onHOM 13 BapuaHTOB OCYLIECTBIIEHHUS] OOBEMHBIN CPEHUI TUaMETpP YaCTULL
MHEPTHOI'0 HANOJIHSIOIIErO MaTepraia B CMECUTENIBHOM cocyie cocTapsieT MeHee S000 Mkm,
npeanouTuTensHo, MeHee 1000 MkM, npeanoyTuTensHo, MeHee 500 MKM, MPeanOUTUTENBHO,
MeHee 100 MKM, IPEANIOYTUTENFHO, MEeHee 75 MKM, MPEATIOUTHTENbHO, MeHee 50 MkM, Gosee
NPEeNOYTUTENbHO, MeHee 30 MKM, OoJiee PeaoUTUTENBHO, MeHee 20 MKM.

B naHHOM KOHTEKCTEe OOBEMHBIN CPEIHHUN AMAMETP YACTHI SBJSIETCS CHHOHIMOM
00BEMHOIO CpeTHEro AuaMeTpa, cpenHero nuamerpa ne bpykepa (de Broukere) u D[4,3].

B onHOM u3 BapuaHTOB ocyuiecTBiaeHUs 3HaYeHne D50 11 nHepTHOro HaNOJHAOLIETO
MaTepuasa B CMECUTENIBHOM cocyie cocTasisieT MmeHee 5000 MKM, NpeanodYTUTENbHO, MEHEE
1000 MkM, mpeanouTuTenbHo, MeHee S00 MKM, NpennouTuTeNnbHo, MeHee, 100 Mk,
MPENOYTUTENILHO, MeHee 75 MKM, PEANOYTHTENbHO, MeHee SO MKkM, OoJiee mPeanOYTHTENBHO,
meHee 30 MkM, OoJiee MPEeANOYTHTENLHO, MeHee 20 MKM.

B npyrom BapuaHTe OCyLIECTBJIEHHUS pa3Max paclpeaeseHuns YacTUL] HHEPTHOTO
HATOJHSIOLIEr0 MaTeprala B CMECUTEJIBHOM COCYJI€ COCTABJISIET MEHee 2, IPEANOUTUTENBHO,
meHee 1,75, Oonee mpeanoyTuTenbHO, MeHee 1,5, Oonee mpeanodyTuTenbHO, MeHee 1,25, Gonee
NPEeANoYTUTENBHO, MeHee 1, Oonee npennoururenbHo, MeHee 0,9, OoJiee MpeanOYTUTENBHO,
meHee 0,8, Oonee nmpenmnoututenbHO, MeHee 0,75.

OnHOpPOIHOCTB YaCTHLL IO pa3Mepy obecreunBaeT Oonee 3h(PEeKTUBHYIO YKIaaKy
MHEPTHOTO HAIOJIHAIOIIEro MaTepuaa.

B onHOM 13 BapHaHTOB OCYIIECTBICHUS paclpeeIeHre YaCTULl UHEPTHOTO
HATIOJIHSIOLIETO MaTepHualia o pa3Mepy BHYTPU CMECUTEIBHOTO COCYy1a MPUOIMKAETCS K
YHUMOZAJIBHOMY pPaclpeeseHHIO.

B npyrom BapuaHTe OCyLIECTBJIEHHUS 3TO paclipeneseHle YacTULl 110 pa3Mepy
NPUOJTHIKAETCS K JIOrapu(pMUIECKH HOPMATbHOMY paclpeesieHURO.

B opHOM 13 BapHaHTOB OCYIECTBIEHHS YACTHULb], BBIXOISALIUE 32 MPEAEIIbl
pacripeneneHus YaCTULI 110 pa3Mepy, ObLIH yIaIeHBI.

B npyrom BapuaHTe oCyliecTBICHUS ObUIN YAaIeHbl H30BITOYHBIE YACTULIBI, BBIXOISIINE
3a Mpenesbl pacnpeaeNeHus 4acTull 10 pa3Mepy M3-3a TOTO, YTO UX AMAMETP MEHbIIE, YeM Y
pacripeneneHus YaCTHULI 110 pa3Mepy (Iaee OHU Ha3BaHbI KMEJIOUYbI0»). B eme onHOM BapuaHTe
OCYILIECTBIIEHHS] MEJIOYb ObLIa yaieHa IyTeM POCEUBAHUS.

Menoub MOXET MPEACTABIATh COOOH MaTepuall, MUTPUPYIOIIUN BHYTPU HHEPTHOTO
HATOJIHAIOLIETr0 MaTepralia, YTO MOXKET PUBECTH K HECTAOMIIBHOCTH U HEXEJIaTEIbHOMY POCTY

00paTHOrO 1aBJIeHNs] BHYTPU CMECUTEJILHOTO COCY/IA.
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B npyrom BapmanTe oCyliecTBICHNS ObUIN YAaIeHbl H30BITOYHBIE YACTULIBI, BBIXOISIINE
3a IpezeNbl PaCHpeeeHus YaCTHIl IO pa3Mepy U3-3a TOTO, YTO UX AHAMETp OOJblIe, UeM y
pacripeneneHny YacTHUIl 110 pa3Mepy (aajiee OHU Ha3BaHbI KOTCEBOMY). B ele ogHOM BapuaHTe
OCYILIECTBJIEHHsI OTCEB ObLI YAaJIeH IMyTeM IPOCEHBAHNUS.

B onHOM 13 BapUaHTOB OCYLIECTBIIEHHS YACTULIBI SIBJISIFOTCSA IO CYLIECTBY
cepudecKuMu.

B 0o1HOM M3 BapHaHTOB OCYIIECTBIICHHSI IPOLIECC BKIIKOYAET B CeOs TAKXKE CTAIHIO
NIOZaY ¥ JKUAKOW KOMITO3UIIMH B HATPEBATENb JJISl €€ HArPEBaHUs 10 3apaHee 3aJaHHON
TeMIIepaTypbl CMEIUBaHUs Tocie cranud (i) no cragu (iii).

B npyrom BapuanTe ocyuiecTBiaeHus cranus (ii1) BKJIIOUaeT B ceOs HarpeBaHue u
CMELITNBAHNE YKUIKOW KOMITO3ULUH € Ta3000pa3HbIM BOIOPOIOM B CMECHTEIIBHOM COCYAE MPH
3apaHee 3aJaHHON TeMIepaType CMELINBAHUSL.

B onHOM 13 BapuaHTOB OCYILIECTBIEHHS BO BPEMSI 3aIyCKa MPOLECca MOYKHO ITOIBOIUTH
TETUIO B CMECHUTEJNIbHBII COCY 10 TEX 0P, [T0Ka He OyeT TOCTUTHyTa 3apaHee 3adaHHast
TemIepaTypa cMemunBaHus. [IpenBapuTenpHOe HarpeBaHHe CMECHTENBHOTO COCYAa IMEET
NPEUMYIIECTBO — OHO YMEHBINAET MPOJOJDKUTENBHOCTD BBIXOA HA YCTAHOBUBIIUNCS PEXKUM
paboTBhI MoCIIe 3aIycKa MpoLecca COrIacHO H300PEeTEeHHIO.

B npyrom BapuaHTe OCyIIECTBIEHUS IPOLIECC BKIIOYAET B ce0s TAKXKe CTAIUI0 MOAAun
JKUJKON KOMIO3HMLIMU M ra3000pa3HOro BOAOPOA B HArpeBaTeb I UX HArPEBAaHUs 10 3apaHee
3aJaHHOH TeMIepaTypbl CMEIINBaHUs Tocie craaui (1) 1o craguu (iii).

OnuuoHanbHO, 3apaHee 3a7aHHas TEMIIEpPaTypa CMEILIMBAHUSA UMEET TaKoe 3HaUeHHe, 4T
KUJKasl KOMITO3ULMSI [TPU HArPEBAHUU TPEBPALIAETCS] B CBEPXKPUTHUECKYIO TEKYUYIO CPEny.

B naHHOM KOHTEKCTE CBEPXKPUTUYECKAsk TEKy4asi cpena MpeaCTaBisieT coOoN Kakoe-
00 BEIIECTBO, TEMIIEPATYpa U AABJIEHHE KOTOPOrO HAXOIUTCS BBILIE €0 KPUTUYECKHX TOUEK,
KOT/Ia UCYE3aeT pa3jIMuue MEXy JKUIKOH 1 ra3oBoi (pazoi. [IpenMynecTBo CBEpXKPUTHIECKOM
TUAPOTEHU3ANH IO CPABHEHHIO ¢ JOKPUTUYECKOH rHAPOreHU3aLNEN 3aKII0YaeTCsl B TOM, YTO
BOJIOPO/I TUIOXO PACTBOPSIETCS B OPTaHUUECKUX PACTBOPUTENSX B JOKPUTHYECKOM COCTOSIHUH, HO
MIOYTH MOJHOCTBIO CMEIINBAETCS CO CBEPXKPUTUIECKHUMHU TEKYUYHUMH CPEIaMH, CIIEIOBATEIbHO,
NPU UCTIOJIb30BAHUH TAKUX TEKYYHX CPE BO3PACTAET KOJIMIECTBO BOAOPO/A, TOCTABISIEMOE K
MECTY NMPOTEKAHHSI PEAKIIHH.

B npyrom BapuaHTe OCyILIECTBIICHHS IIPOLIECC BKIFOYAET B ce0s TaKoKe MMoJady CMecu
KUJKON KOMIIO3HMLIMK M BOIOPOJIA TIPH 3apaHee 3aJaHHOI TeMnepaType CMEIUBAHMS ITOCIIE
cragud (ii1) B IpeapeakTOPHBIN TEMJIOOOMEHHUK JJIs €€ OXJIKACHUS 10 3apaHee 3aJaHHOM
TEMIIEPATyPbl PEAKIINH MIEPE TE€M, KaK ITOAaBaTh CMECh JKUAKONW KOMITO3ULIMH U BOJOPOA B

peaxkTop TUAPOTeHU3AINH C HACAIKON AJIsl OCYIECTBIIEHUS] THAPOTeHU3AMH Ha CTanuu (1v).
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CoOTBETCTBEHHO, TEMIIEPATypa U 1aBJeHHE BHYTPU pPEaKTOpa I'MAPOreHU3aLNH C
HACaZKOH AJIsl OCYLIECTBIICHHS THIPOreHN3aLNH Ha CTaauH (1v) TAKOBBL, YTO KUK
KOMITO3HULHSI OCTAETCsI B JKUIKOH (ase.

B ewme onHOM BapuaHTe OCYLIECTBIEHUs CMECh JKMIKOW KOMIIO3ULMU U BOIOPOAA
HOZIAIOT U3 MPEAPEAKTOPHOrO TEINIOOOMEHHUKA B PEAKTOP MMAPOTeHN3ALMH C HACAAKOH T10
TpyOe, 3anoIHeHHOI HHePTHBIM MaTepuanoM. Kak ObUI0 yKka3aHO BbIlIe, pACTBOPUMOCTD
ra3000pa3HOro BOAOPOAA B JKUAKOCTH OOBIYHO YBEJIUYHBAETCS 10 MEPE MOBBILICHUS
TeMrepatypbl. OXJIaXaeHHe CMeCH KUIKONH KOMIIO3UIIMU U BOIOPOAA B MPENPeakTOPHOM
TETIO0OMEHHUKE MOXKET MPUBECTH K 00Pa30BAHHUIO MY3bIPHKOB ra3000pa3HOro BOAOPOA.
HHepTHBIN HAMOTHSIFOIIMIA MATEPHUAJT C MaJIbIM Pa3MEPOM HaCTHUIl CIIOCOOCTBYET 00pa30OBaHUIO
MEJIKO TUCTIEPTUPOBAHHBIX MMy3BIPHKOB Ia3000pa3HOro BOJOPOA U, CIEIOBATEIbHO,
NOAIEPKUBAET OTHOPOJHOCTh CMECH JKUAKON KOMITO3UIIMU U ra3000pa3HOro BOJOPO.A,
COXpaHsisl COOTHOLIEHUE KOMIIOHEHTOB.

B onHOM 13 BapUaHTOB OCYIIECTBIIEHHUsS] OOBEMHBIN CPEHUI TUaMETpP YaCTULL
WHEPTHOT'O HAIOJHSIOIIEro MaTepraia BHyTpH TpyOsl coctasisier MeHee S000 MKM,
npeanouTuTenbHo, MmeHee 1000 MkM, MpeanoYTuTenbHo, MeHee SO0 MKM, TPeANOUTUTENBHO,
meHee 100 MKM, IPEANOYTUTENLHO, MeHee 75 MKM, MPEATIOYTHTENbHO, MeHee 50 MkM, Ooee
NPEeANnoYTUTENBHO, MeHee 30 MkM, OoJiee MpeArouTUTENbHO, MeHee 20 MKM.

B onHOM u3 BapuaHTOB OCyLIECTBIEHUs 3HaYeHHe D50 MHEpPTHOrO HAOIHAOLIErO
Marepuaia BHyTpu TpyOs! cocTaisieT Mmenee S000 MkMm, mpenmnodtureabHo, Mmenee 1000 Mk,
NPEANOYTUTENBHO, MeHee 500 MKM, peanouTuTeNnbHo, MeHee 100 MKM, IpeATIOYTUTENBHO,
MeHee 75 MKM, IPeANoYTUTENIbHO, MeHee S0 MkM, OoJiee mpeanouTUTeNIbHO, MeHee 30 MKM,
0oJiee MPennoYTUTEHHO, MeHee 20 MKM.

B npyrom BapuaHTe OCYILIECTBJIEHUS pa3Max pacnpenesaeHuss 4aCTUL HHEPTHOTO
HATIOJTHSIFOLIIEr0 MaTepHalia BHYTPH TPYObI COCTABIISIET MEHEe 2, MPEANIOYTUTENbHO, MeHee 1,75,
OoJiee mpenmnodTUTENBHO, MeHee 1,5, Oonee mpennouTuTeNnbHO, MeHee 1,25, Gonee
NPEANOYTUTENIbHO, MeHee 1, Oonee npennouturenpHo, MeHee 0,9, OoJiee MpeanoYTUTENBHO,
menee 0,8, Oonee mpenmoutuTenbHO, MeHee 0,75,

OnHOpPOIHOCTB YaCTHILI IO pasMepy obecnieunBaeT Oonee 3 PEeKTHBHYIO YKIAIKy
MHEPTHOr'O HAMOJHSOIIEr0 MaTepuana.

B onHOM 13 BapuaHTOB OCYLIECTBJICHUS PACIPEIEICHHE YaCTUL HHEPTHOTO
HATIOJIHSIOLIIETr0 MaTepHualia 1o pa3Mepy BHYTPH TPYOb! IPUOIHIKAETCS K yHUIMOAAIBHOMY
pacnpeneneHuro.

B npyrom BapuaHTe OCYILIECTBJIEHUS 3TO PACIPEAEIICHUE YaCTHUL IO pa3mMepy

NPUOTIKAETCS K JIOrapu(pMUIECKH HOPMAIBHOMY PaclpeesieHuTO.
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B opHOM 13 BapHaHTOB OCYIECTBIEHUS YaCTHULIb], BBIXOISALIUE 32 MPEAEIbI
pacripeneneHus YaCTHUIL 110 pa3Mepy, ObLIH yIaIeHBbI.

B npyrom BapuanTe ocyliecTBIeHNs ObUIN yAaleHbl H30BITOYHbBIE YACTULIBI, BBIXOASIINE
3a Mpeaessl paclpeAeneHus 4YacTUll 10 pa3Mepy U3-3a TOrO, YTO UX AUAMETP MEHbILE, YeEM Y
pacripeneneHus YaCTHUIL 110 pa3Mepy (Iaee OHU Ha3BaHbI KMEJIOUbIO»). B elie onHOM BapuaHTe
OCYIIECTBJICHHSI MeJIOYb ObLIa ylajIeHa MyTeM MPOCEUBAHMUS.

MeJio4ub MOKET MPENCTABIIATh COOOM MaTepuall, MUTPUPYIOIIHA BHYTPU HHEPTHOTO
HATIOJIHSIOLIET0 MaTepualia, YTO MOXKET MPUBECTH K HECTAOMIIBHOCTH U HEXKEJIaTEeIbHOMY POCTY
00paTHOTO IaBJIEHHSI BHYTPH TPYOBI.

B npyrom BapuaHTe oCyLIecTBICHUS ObUIN YAaJIeHbl H30BITOYHBIC YACTULIBI, BBIXOISIINE
3a Mpeesbl pacrpeesieHUs] YaCTUL TI0 pa3Mepy M3-3a TOTO, YTO UX JUAMETpP OOJIbIIe, YeM y
pacripeneneHus YaCTHULI TI0 pa3Mepy (Iasiee OHU Ha3BaHbI KOTCEBOMY). B ele omHOM BapuaHTe
OCYILIECTBIIEHHSI OTCEB ObUT YIAJIEH MyTeM MTPOCEHBAHMUSI.

B opHOM 13 BapHaHTOB OCYILECTBJIEHUS YACTULIBI SIBJISIOTCS IO CYIIECTBY
cepuyecKuMu.

B opHOM 13 BapHaHTOB OCYILECTBIEHUS JKUKask KOMIIO3ULIUS COAEPKUT UCXOHOE
COEIMHEHHE, [TO/IBepraeMoe r’uApOreHn3altu.

B npyrom BapuaHTe OCyLIECTBJIECHUS KUKasi KOMIIO3ULIUS COJIEPKUT UCXOIHOE
COEIMHEHHE, PACTBOPEHHOE B PACTBOPUTETIE.

B onHOM 13 BapUaHTOB OCYLIECTBIIEHHS], B KOTOPOM IIPOLIECC COTJIACHO N300PETEHHIO
HPEeCTaBIsIET COO0H TOMOT€HHYIO KaTAIUTHYECKYI0 THAPOTeHU3ALMNIO, KHIKAs KOMIO3ULHS
COZIEPKUT UCXOAHOE COEAMHEHNE U TOMOTEHHBIN KaTaJau3aTop, PACTBOPEHHBIE B PACTBOPUTEIIE.

OnuuoHATBHO, JKUAKAsE KOMIIO3HULIUS HA CTanuu (1) He COOEePIKUT MOABEPraeMoro
TUAPOTEHU3ALMH UCXOHOTO COeAHEeHUs . JKuaKast KOMIO3HUIUS Ha CTaauu (1) MOXKET SIBJIATHCS
pacteoputeneM. Korna nporecc coracHo n300peTeHuro IpeACTaBiIsieT COO0H TOMOT€HHYIO
KaTATUTHYECKYIO TUAPOTeHU3AIIMIO, KUK KOMIIO3UIIUS Ha cTaanH (1) MOXKeT ObITh
pacTBOpUTENEM, ONLMOHATIBHO COMlePKalliM rOMOTeHHbIN KaTtainusaTop. B Tom ciyuae, korna
JKHUJIKasl KOMITO3ULUSI HA CTanuH (1) HE CONEPIKUT MOABEPraeMOro r’HAPOreHNU3aIIH UCXOTHOTO
COEIMHEHMs], UCXOJHOE COeIMHEHNE, NTOABEpraeMoe I'HIPOreHU3aLui, MOXKET COJIEPKATHCS BO
BTOPOH JKUAKOH KOMITO3ULIMH, KOTOPYIO JOOABIIAIOT K CMECH KHIKOH KOMIO3HLIUK M BOOPONA
nocjie cragu (iit).

Takum 00pa3om, B aJIbTEPHATUBHOM BapUAHTE OCYIIECTBIICHHUS MPOLIECC BKIIOYAET B
ceOst TaKkKe CIEAYIOINE CTAIHH:

(a) mogavy BTOPOM KUAKON KOMITO3ULIMH, COAepKAIIel NCXOTHOE COSTUHEHHE,

NoABEPracMoe ruAPOreHu3aImu,
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(0) mobapneHne BTOPOI KUAKOW KOMITO3UIIUU K CMECH YKUIKOW KOMITO3UIIUHU U BOAOPOA
niocyie craguu (ii1) no craauu (iv).

B npyrom BapuaHTe OCYLIECTBIAEHUS BTOPAst >KUKAsT KOMITO3ULIMS COAEPKUT UCXOIHOE
COENIMHEHNE, PACTBOPEHHOE B PACTBOPUTEIIE.

B erie oqHOM BapHuaHTe OCYIIECTBIECHHS, B KOTOPOM MPOLIECC COTTIACHO U300PETEHUIO
npeacTaBysieT COO0H FrOMOTeHHYIO KaTaTUTHUECKYI0 THAPOTEHU3ALMIO, BTOPAST KUK
KOMITO3ULIHSI COOEPIKUT UCXOIHOE COSNMHEHNE M TOMOTE€HHBIN KaTaju3aTop, PACTBOPEHHbBIE B
pacTBopHUTEE.

B ogHOM U3 BapHAaHTOB OCYINECTBICHHUS HCXOMHOE COENMHEHHE TIPECTaBIsIeT COOOH
HEHACBIIEHHOE OPraHUYECKOE COCTUHEHHE.

HenachpimeHHbIe OpraHyuecKue COeTUHEHHS PECTABIISIOT COO0H yriiepoconepskaiime
MOJIEKYJIbI, UIMEIOIINE OJHY WK O0Jiee NBOMHBIX MIJIH TPOWHBIX KOBAJICHTHBIX CBS3EH MEXIY
COCEIHUMH aTOMaMH yTJIEPOa.

B npyrom BapuaHTe OCYILIECTBIEHUSI HEHACHIIIEHHOE OPTaHUYECKOe COCTMHEHNE
BBIOPAHO W3 TPYIIIBI, B COCTAB KOTOPOU BXOJST AJIKSHBI, AIKMHBI M aPOMATUIECKUE COSTMHECHHSI.

B emie ogHOM BapuaHTe OCYIIECTBIIEHUSI UCXOTHOE COSAMHEHIE BBIOPAHO U3 TPYIIIEL, B
COCTaB KOTOPOI BXOIAT aJbAETU Ibl, UMUHBI U HUTPHUJIBL.

B anbrepHaTHBHOM BapuaHTE OCYLIECTBIIEHUSI UCXOAHOE COEIMHEHUE MPEICTABIISET
co0oif coenrHeHne, MOABEPraroIIeecs TUAPOreHONN3Y, IPU KOTOPOM OJIMHAPHASI CBS3b YIJIEPOI-
YIJIEPOJ UJIU YIJIEPOA-T€TEPOATOM pacIleIIsieTcs Mo AeiicTBUEeM Bogopoaa. B uactHocTy,
UCXOIHOE COEAMHEHNE CONIEPIKHUT reTepoaToM, BIOPaHHBbIN 13 rpymisl, cocrosmen u3 S, O, N u
rajloreHa.

Crnienuanucty AOJKHO OBITH SICHO, YTO BBIOOP UCXOAHOTO MaTepuaia He UMEeT
CYLIECTBEHHOTO 3Ha4YeHHs1. HanmpoTuB, JOTOJHUTEIBPHBIM MPEUMYIIECTBOM MPOLIECCa SBJISETCS
€ro MPUMEHUMOCTDb K CAMBIM Pa3HbIM CyOCTpaTam.

B onHOM U3 BapHaHTOB OCYIIECTBICHUS KUAKAS KOMIIO3UIUS, COepIKariast
MOJIBEPTraeMoe TUAPOTeHU3AINN UCXOIHOE COeIMHEHHE, KOTOPYIO MOMAIOT Ha CTaauio (1v),
COOTBETCTBEHHO, COIEPIKUT 3TO COEAMHEHNE B KOJIMYECTBE, COCTaBJsitomeM oT 1% 1o 99%,
OoJsee mpennodTuTeNbHO, OT 2% 10 50%, Oonee mpeanoYTUTEeNnsHO, OT 4% 10 25%, Haubonee
MPEINOYTUTENBHO, OT 7,5% no 10% oT 001mel MacChl CMECH SKUAKON KOMIO3HIINH U
PacTBOPEHHOTO BOJIOPOAA, MOABAEMBIX Ha CTanuIO (iv).

B eme ogHOM BapuaHTe OCYIIECTBIICHUS KHUIKasi KOMIIO3HULIUS MTPENCTaBIsieT cOO0H
HCXOJHOE COEUHEHUE, T.€. UCXOAHOE COEANHEHUE SIBJISIETCS KUAKUM B OTCYTCTBHE

pacTBOpUTEIS.
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JUtst peakuuii THAPOTeHU3ALMH 11e71eCO00Pa3HO UCTIONb30BaTh YCTOHUUBBIE K
T'UAPOTeHU3ALNH APOMATHYECKUE WIIN HeapOMaTHYECKHe pacTBOPUTENIH. PacTBOpUTENh NOJIKEH
ObITb IPUTOHBIM JISl HCIIONB30BAHUS TIPH MHAPOreHu3aiy. [1onxoasmmumM pacTBOPUTENSIMU
SIBJISIFOTCSI TOJIYOJI, METAHOJI, 3TAHOJ, alleTOH, METUJIITHIIKETOH, OEH30J1, STUJIALIeTaT,
LIMKJIOTEKCAH, METHJILIUKJIOTEKCaH, IeTPOJIeHHBIN 3(Up, MUPUAMH U BOJA, HE OTPAHUYUBASICH
UMH.

I"a3000pa3HbIii BOMOPO MOTEHIUANBHO SIBJISIETCS YPE3BbIUATHO OMTACHBIM MATEPHAJIOM.
OOparenue ¢ ra3000pa3HbIM BOJOPOIIOM M €r0 XpaHEHHE O0bIMHO TpeOyeT UCIOJIb30BaAHUS
CIEIMAILHOTO 000PYIOBaHMsI M COOJTFOAEHHS] HEOOXOMUMBIX Mep 0€30MacHOCTH.

OrniuoHaIBHO, BOIOPO MOXKHO FeHEPUPOBATD iA Siftt, YTOOBI MUHIMHU3UPOBATH
no00HbIe MPOOIEMBI, HATPUMEDP, BOAOPOI MOKHO TOIy4YaTh MyTeM 3JIEKTPOJIH3a BOIbL, B
YaCTHOCTH, C MCIIOJIb30BAaHIEM TBEPAOOKCHIHBIX TOTUTUBHBIX 31eMeHTOB (SOEC, solid oxide
electrolysis cell), TBepronomumepHoro snextponusepa (PEM, polymer electrolyte membrane
cell) wnn menounoro snekrponusepa (AEC, alkaline electrolysis cell).

B 01HOM M3 BApUAHTOB OCYLIECTBIICHHSI FA3000pa3HbIi BOAOPO MOIYYAOT C
UCTIOIb30BAaHHEM reHepaTopa BOIOPOAA.

B eme onHOM BapuaHTe OCYIIECTBICHHUs TeHEPAaTOp BOAOPOAA MPECTaBIsieT coOOit
snexTposusep. KonnuecTBo BbIIENsAEMOro BOIOPOIa PEryIUPYIOT, U3MEHsIsSI CHITY IIOCTOSTHHOTO
TOKa B 3JIEKTpOJIH3Epe.

B 01HOM M3 BapHAaHTOB OCYIIECTBIICHHS AABJICHUE TEHEPUPYEMOro BOIOPOAA Meper ero
noziavyell B CMECUTEINIbHBII cocyn coctassieT ot 1 go 1000 6ap, npennoururensHo, ot 100 no
1000 Gap.

B npyrom BapuaHTe OCYIIECTBIIEHHS Ta3000pa3HbIil BOMOPO/ MOJAI0T U3 BOXOPOIHOIO
OajutoHa, CHa0KEHHOT'O BEHTUJIEM.

B 01HOM M3 BApHAHTOB OCYIIECTBIIEHHSI [A3000pa3HbIN BOAOPO/ CIKMMAIOT MEPEN TEM,
KakK MO/IaBaTh €ro B CMECUTENIbHBIN cOCcy . B ere 0HOM BapuaHTe OCYINECTBICHHUS
ra3000pa3HbIil BOJOPO CXKUMAIOT HAJJIEKAIINM 00pa3oM 10 TpeOyeMOoro Auana3oHa JaBJICHUs
C UCTIOJIb30BAHHUEM COOTBETCTBYIOLIErO KOMITpeccopa. B apyrom BapraHTe OCYLIeCTBICHHS
abCOMIOTHOE TaBJIEHUE CIKATOTO BOJOPOA HAXOAUTCs B quamna3oHe ot 1 go 1000 Gap,
npeanoutuTesbHo, oT 100 mo 1000 Hap.

B 01HOM M3 BapHAHTOB OCYILIECTBIIEHHSI Fa3000pa3HbIi BOAOPOL CKHMMAIOT IO AABJICHUS,
npesspiaromero 100 Oap.

Coxatblif ra3000pa3HbIil BOZOPOA AO0ABIISAIOT K KHUIKOH KOMIO3ULINHU Ha cTagud (iii).

Peaktop ¢ Hacankoii pencrasisier codoi noyto TpyOy, TpPyOKY HITH UHOU COCYI,

3aIOJIHEHHBIM HAIMMOJIHAKIIUM MATCPUAJIOM. Haca):uca MOKET OBITh 3aI0JIHEHA MpOU3BOJIBHO



16

HACBIMAHHBIMY MEJIKUMU 3JIEMEHTAMH, TAKUMH KaK KOJbLa Pamura, Him e ynopsio4eHHO
yJIOXKeHHbIMU 37ieMeHTamMu. Cliou HacaAKy MOTYT TakKe COAEep KaTh YaCTHULbl KaTalu3aTopa
W/ unu ancopOeHTBI, TaKHUe Kak LIEOJINUT, TPaHyJIUPOBAHHBIN AKTUBUPOBAHHBIN yTOJIb U T.I1.

B onHOM 13 BapUaHTOB OCYLIECTBIIEHHS], B KOTOPOM IPOLIECC COTJIACHO N300PETEHHIO
HPECTABISIET COOOH reTepOreHHYI0 KaTaATMTHYECKYIO THAPOTCHU3ALMIO, HATIOTHSIIO LIUH
MaTepual MpeacTaBisieT COOOH KaTaaus3aTop.

OO1ast mIoma b MOBEPXHOCTH TBEPAOTO KATAIN3aTOPa OKA3bIBAET CHIIbHOE BIIUSTHUE HA
CKOPOCTh peakiuu. YeM MeHbIIe pa3Mep YacTHULl KaTaJIn3aTopa, TeM OOJIbIIe IIIOLab
MOBEPXHOCTH IPU TOM K€ MacCe YacTULl kaTanusaropa. Kpome Toro, ueM MeHble pasmep
YaCTUI] KaTaJH3aTopa, TEM MEHBLIE pa3Mep My3bIPhKOB ra3000pa3HOro BOAOPOA, MPOXOISIINX
CKBO3b CJIOW KaTaJIN3aTopa, U TeM OOJIbIIE TUIOMAAb TIOBEPXHOCTH KOHTAKTA Tra3a U KUIKOCTH
IIPU TOM 3ke 00beMe ra3000pa3HOro BOAOPOA U, CIEIOBATENBHO, BBIIIE CKOPOCTh PEAKIIHH.

B ciiydae rereporeHHON KaTaTUTHYECKONW THAPOTreHU3aMU (PaKTOPOM, ONPEAEIISTFOIINM
CKOPOCTb PEaKLNH, CTAHOBUTCS MaCCONEPEHOC BOAOPOIA.

B 0o0brHBIX peakTopax ¢ opomaeMbiM ciioeM (TBR) npumensiercs: 3HaUUTENbHBIH
u30BITOK ra3000pa3HOro BOAOPOAA U KPYIHBIE TPaHYJIbI KaTanuzaropa. MacconepeHoc
BOJIOPOJIa B OCHOBHOM IPOHMCXOANT Ha MOBEPXHOCTH IpaHyJl kKatanuzaropa. ['a3oo0pa3Herii
BOJIOPO/I, MPOHUKAIOIINN BHYTPb KaTaJIN3aTOPa, OBICTPO PACXOAYETCSI U BOCIIOJIHAETCS C
MEHbIIIEeH CKOPOCTBIO, YeM Ha MOBEPXHOCTH KaTanu3aropa. CienoBaTenbHO, B CIIOE
KaTaju3aTopa CyLIECTBYIOT [1Ba Pa3HbIX Y4aCTKA: y4aCTOK C HU3KOU KOHLIEHTpaLUel BOJOPOAa
BHYTPH KaTaJIU3aTOPA U YYaCTOK C BBICOKOW KOHLEHTpaLUel BOJOPOAA HA IOBEPXHOCTU
kaTanusatopa. Kpome Toro, nponoKuTeNbHOCTh pEAKLUU HA TOM U IPYTOM YYacCTKE CHUIIBHO
3aBUCHUT OT KOHKPETHOTO MyTH PEaKLIMOHHON MacChl CKBO3b CJION KaTalu3atopa. PeakiimoHHbII
pacTBOp, MIPOHUKUINI BHYTPb KPYITHOM YaCTULIBI, OCTAETCS B HEM 3HAYUTENIBHO JOJIbLIE, YEM
PEaKLMOHHBIN PaCTBOP, MPOXOIALININ CHAPYKU YacTUIIbl. CKBO3b CJION HACAJKH, COMEP KA
KPYMHO3EPHUCTBIE YACTHULIBI, PEAKLIMOHHBIN PACTBOP MOKET NPOUTH MHOKECTBOM Pa3INYHBIX
nmyTeH, 4TO MOXXET MIPUBECTU K IIMPOKOMY paclpeieIeHHI0 3HaUeHUI BpeMeHHU peakinu. JTa
W3MEHYHMBOCTD YCJIOBUH PEAKLUU NPUBOJUT K HEOCTATOYHO TOUHOMY PEryJUPOBAHUIO YCIOBHIA
MPOTEKAHUs PEAKLIUH B TPOU3BOACTBE TEPMOUYBCTBUTEINIBHBIX U CJIOKHBIX XUMHYECKUX
norypabpuKaTOB U KOHEYHBIX MPOAYKTOB, HATPUMED, B (hapMaIleBTHUECKON MPOMBIIIIICHHOCTH.

[IpenmyiiecTBOM mpoLecca COriIacHO U300PETEHHUIO SBISIETCS TO, YTO KATAJIU3aTOPHI C
MEHBIINUM Pa3MEpPOM YACTHL] MPUBOIAT K YBEIUYEHUIO COOTHOLICHUS TUIOAAN IOBEPXHOCTH U
o0beMa — KaK y KaTajau3aTropa, Tak U y My3bIPbKOB Ia3000pa3HOTo BOAOPOAA, MPOXOIAIINX
CKBO3b CJION KaTaJIU3aTOPa, YTO 3HAYUTEIBbHO YBEJINYNBAET BO3MOKHOCTH PEryJIUPOBAHUS

MacCCOIepeHoca BOAOPOaAa.
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Eme onHUM npenMy1necTBOM peakTopa ¢ HaCaaKOM, COAep Kallel YaCTULbI MEHbBILIErO
pa3Mepa, SIBJISIeTCS MPEAOTBPAIleHHne 00pa30BaHMSI a3 PO30JIs.

B onHOM 13 BapuaHTOB OCYLIECTBIIEHHUS] OOBEMHBIN CPEHUI TUaMETpP YaCTULL
Karanusaropa coctasisieT meHee 100 MKM, NPeanoYTUTENIBHO, MEHEE 75 MKM,
NPEANOYTUTENIbHO, MeHee 50 MkM, Ooiee mpeanouTuTenbHo, Menee 30 MkMm, Oonee
MPEANOYTUTENBHO, MeHee 20 MKM.

B onHOM u3 BapuaHTOB ocyuiecTBiaeHUs 3HaueHue D50 yactui katanusaropa COCTaBisieT
meHee 100 MKM, IPEANOYTUTENILHO, MeHee 75 MKM, MPEATIOYTHTENIbHO, MeHee 50 MkM, Oonee
NPEANOYTUTENIbHO, MeHee 30 MkM, OoJiee PeAroUTHTENbHO, MeHee 20 MKM.

B npyrom BapuaHTe OCYyIIECTBIEHUS pa3Max paclpeneeHus] YaCTHI] KaTaTru3aTopa
COCTaBJISIET MEHee 2, PeNNOoUTUTENBHO, MeHee 1,75, Oonee npennoyrurensHo, MeHee 1,5, Gonee
NPeNOYTUTENLHO, MeHee 1,25, Goree mpeanodTuTebHO, MeHee 1, OoJiee MPeAnOYTHTENHHO,
menee 0,9, 6onee npennourutenbHo, MeHee 0,8, Gonee mpeanoutuTenbHo, MeHee 0,75.

OnHOPOAHOCTD YaCTHUIl IO pa3Mepy obecnieunBaetr 6ojee 3 (HEeKTUBHYIO YKIAAKY CIIOS
KaTaJIn3aropa.

B onHOM U3 BapuaHTOB OCYIIECTBJEHUS pacpeesieHue YaCTHUI] KaTaJnu3aTopa 1o
pa3Mepy IpUOTIIKAETCs] K YHUMOIAJIbHOMY PACTIPEEICHHIO.

B onHOM U3 BapuaHTOB OCYIIECTBIEHUS YACTHULIbI, BHIXOSALIUE 32 MTPEAEIIbI
pacrpeneneHus YacTHUIl 10 pa3Mepy, ObUTH yIOaIeHbI.

B npyrom BapuanTte ocyuiecTBIeHUs] ObUIH yIaJI€Hbl H30bITOYHBIE YACTHUIIBL, BBIXOSIINE
3a Ipeaenbl pacipeneNeHus YaCTUL IO pa3Mepy U3-3a TOTrO, YTO UX TUAMETP MEHBbIIE, YeM Y
pacrpeneneHus YacTULI IO pa3Mepy (Iaiee OHU Ha3BaHbI «KMEJIOYbI0Y). B ele omHOM BapuaHTe
OCYIIECTBJICHHUS] MeJIOUb ObljIa yaalieHa MyTEM MPOCEHBAHMSL.

Mejio4ub MOXKET NMPENCTABIISATh COOOM MaTepHall, MUTPUPYIOIIUIA BHYTPH CJIOSI HACATKH,
YTO MOJKET MPUBECTH K HECTAOUIIBHOCTH M HEXKENATETbHOMY POCTY OOPAaTHOTO IaBJICHUS
BHYTPH PEAKTOpA.

B npyrom BapuaHTe oCylecTBIIeHUs] ObUTH yIaJIEHbI U30BITOYHBIE YACTHUIIBI, BBIXOSIIUE
3a Mpeaesbl pacipeaesieHUs] YaCTUIl IO pa3Mepy U3-3a TOTO, YTO UX JAUAMETpP OOJIbIle, YeM Y
pacrpeneneHus 4YacTHIl IO pa3Mepy (Ianee OHM Ha3BaHBI KOTCEBOM»). B ele oqHOM BapuaHTe
OCYIECTBJICHUs] OTCEB ObLT yAaJIeH MyTeM MPOCEHBAHUSI.

B onHOM U3 BapHaHTOB OCYIIECTBIEHUS YACTHULbI KATAIM3ATOPA SIBJIFOTCS IO CYIIECTBY
cepuyecKuMu.

B npyrom BapuaHTe OCyLIECTBICHUs KaTaIN3aTOP HAHECEH HA HOCUTEJIb.
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Uro kacaeTcs pa3Mepa 4aCTHIl KaTaIN3aTopa, HAHECEHHOTO Ha HOCUTENb, TO YaCTULA
KaTaJIM3aToOpa B 3TOM ClIy4ae MpeACTaBIsieT COOO0M YacTUIly, COAEPIKAIIYI0 MaTepHal HOCHTEJIS
KaTaJIM3aToOpa U CaM KaTalnu3aTop.

Crnenpanucty AOJDKHO OBITH SICHO, YTO MaTe€pHajl HOCUTENS KaTalu3aTopa BaskeH JUis
reTepOreHHON KaTaIuTHIeCKOH ruaporenn3anyy. Kak Oputo yka3aHo BbILIE, KaTaIH3aTOP
MOKET OBITh JTUCTIEPIHPOBAH HA MOAXOJAIIEM HOCUTENE, YTOOBI CeNaTh KaTaJuTHIECKUe
HAHOYACTHLIBI CTAOMIBHBIMY U TIPUAATH UM ONTUMAJIbHbIE XaPAKTEPUCTHKH, YMEHBIIUTh
KOJINYECTBO UCTIOIB3YEMOTrO JOPOrOCTOSIIErO METaJIa M TEM CAMbIM CHU3HUTb OOIIHE 3aTPaThI
Ha Karajau3atop. Kpome Toro, mopucTeie MaTepraibl HOCUTENS MOTYT 00€CIEUNTh BBICOKYEO
IHMCTIEPCHOCTh HAHOYACTHI] KaTAJIH3aTOpa, OOJErYUTh MEPEHOC SJEKTPOHOB M TEM CAMBIM
CHOCOOCTBOBATH MOBBILICHUIO €r0 KaTAJTUTUIECKOH aKTHBHOCTH.

BaxHyr0 poJib B CKOPOCTH PEAKIMH, CTETIEHN KOHBEPCHUU B 00pa30BaHUS MPOAYKTA
UTPAIOT OTPAHUYEHHUS] MACCOTIEPEHOCA, B TOM YHCIIE, B KATAJUTUIECKUX CUCTeMax. B
TOMOT€HHOM KaTaJIUTHYECKOH peaKIny, B KOTOPOH BCE BEIIeCTBA (peareHThl, MPOAYKTHI U
KaTaJn3aTop) HaXOHsATCs B OqHOMU (hase, 3 ekt MacconepeHoca Mexny pazaMu mpeHeOpesKuMo
Mall. B rereporeHHOM KaTanTuTHYEeCKOH peakiy KaTaln3aTop U PeareHThl HAaXOAATCS B Pa3HBIX
¢azax. OObIMHO KaTANM3aTOP HAXOAUTCS B TBEPAOH (ase, a peareHTbl HAXOAATCS B KHUIKOH UITH
razoobpasuoii ¢aze. CiaenoBaTesbHO, CKOPOCTb PEAKIIMH B OCHOBHOM 3aBUCHUT OT
Maccorneperoca win auddy3un mexxay 3tumu pazamu.

be3oTHOCUTENBHO K KaKOH-THOO0 TEOPUH, PeaKLUs IPOTEKAET, KOT/1a MOJIEKYJIbl peareHTa
KOHTaKTHPYIOT C aKTUBHBIMH Y4aCTKaMH TBEPAOIO KaTain3aTopa, KOTOpbIe OOBIYHO
pacIoyoskeHbl BHYTPU MOP KaTanuszaropa. Karaqurudeckas peakuys MIpOTEKaeT Iocie TOro, Kak
MOJIEKYJIbI peareHTa npoau(yHAUPYIOT CKBO3b CJIOW KUIKOCTH, OKPYKAFOIIUN YaCTHLIbI
kaTanu3atopa (BHewmHs s n1uddy3ust Wit rieHouHas 1udQy3usi), a 3aTeM CKBO3b IOPbI
NPOHUKHYT BHYTPb YacTHLbI (BHyTpeHHss1 tuddy3ust). BuyTpennss nuddys3ust Monekyn
KOHKYPHPYET C PeaKIfel; B TO K€ BPEeMs BHEIIHUI MaCCOMEPEHOC 3aBUCUT OT TOJIIIIUHBI
TUIEHKH JKUAKOCTH U aKTHBHOCTH Ha BHeIIHeM ciioe. CnenoBarenabHO, UG Py3un MOJIEKYIT
NPEISITCTBYIOT HE TOJIBKO IPYTHE MOJIEKYJIbL, HO U hr3uueckue nperpaasl. Karamuruaeckyro
PEaKLHI0 MOKHO MPEACTABUTh B BUE CEMU CTaanii, a uMeHHO: (1) nuddy3us peareHToB 13
00BEMHOI (a3bl (MOrPAaHUYHOTO CJI0sT) K BHEIIHEH MOBEPXHOCTH YaCTHUIIBI KATAJIN3aTOPa
(mnenounas nupysus nnu Mexdassas nuddysus), (2) nuddysus pearenta u3 yeTbeB mop
BHYTPb IOP KaTaJH3aTOPa HEMOCPEACTBEHHO K BHYTPEHHEH KaTATMTHYECKOH TOBEPXHOCTH, T'e
NPOUCXOANT XMMUYECKOE MpeBpalieHue (BHyTpurnoposas nuddysust uian quddysus BHyTpU
yacTtuupbl), (3) ancopOiusi peareHToB Ha BHYTPEHHEH KaTaJTUTHYECKOH MOBEPXHOCTH, (4)

MPOTeKaHHE PeaKIMK Ha OCOOBIX aKTHBHBIX YUaCTKaX Ha MOBEPXHOCTH KaTajau3aTopa, (5)
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aecopOIHst MPOAYKTOB C BHYTPEHHEH MOBEpXHOCTH, (6) Audy3us MpOAyKTOB U3 BHYTPEHHEH
YaCTH YaCTHULIbI KATAJIN3aTOPA B YCThE MOPBI HA BHELTHeH noBepxHocTH U (7) muddysus
MPOAYKTOB C BHEIIHEH MOBEPXHOCTH KaTaIn3aTopa B 00beM KUIKOCTH (MexdasHas 1uddysus).

ITosTomy Mopgonorust 1 pasmep Mop BHIOPAHHOTO MaTepuasa HOCUTENS MOTYT UIPaTh
B&KHYIO POJIb B CTAOMIIBHOCTH M IPOU3BOUTENBHOCTH F€TEPOreHHOTO KaTall3aTopa.

Kpome Toro, pusndeckas CTpyKTypa HOCHTEJS KaTaau3aTopa OOBIMHO B 3HAUUTEIIBHON
CTETEHU BIIUSIET HA MEXaHUYECKHE CBOMCTBA CJIOS HACAJIKU, HATPHMEP, Ha €r0 XPYIKOCTb.

Crnienuanucty AODKHO OBITh SICHO, YTO HAHECEHHBIEC HA MOAJIOKKY KaTaJIU3aTOPbl MOJKHO
NOJIY4aTh C UCTIOJB30BAHUEM CITOCOOOB, M3BECTHBIX B NAaHHOH obsacTu. OOBIYHO UCTIONB3YIOT
nBa crocoda: crocod MPOnUTKU U crocod coocakaeHus. B cocode mponuTku CyCrneH3uro
TBEPIOrO HOCUTEIST 00pabaThIBAIOT PACTBOPOM IPEIKATAIN3ATOPA, & 3aTEM IOy YCHHBIH
MaTepHaj aKTUBHPYIOT B YCIOBHSIX, B KOTOPBIX MPEIKATAIN3ATOP (HAPUMED, COJIb METAJLIA)
npespaiiaercs B Ooyiee aKTHBHOE COeIMHEHNE, HarpuMep, B Metaiul. [To npyromy crocoOy
HAHECEHHbIE Ha TIOJIOKKY KaTaJH3aTOPbl MOJKHO ITOJIy4aTh U3 TOMOTEHHOT'O PacTBOpPa MyTeEM
coocaxnenust. Hanpumep, KUCIBINA pacTBOP COJIEH aTFOMUHUS U MPEIKATAIN3aTOpa
00pabaThIBatOT OCHOBAHHEM JJISI OCKIASHHS CMEIIAHHOTO THAPOKCHIA, KOTOPBIN 3aTeM
MPOKAJINBAIOT.

OOBIMHO HOCUTENN BECbMA TEPMOCTONKH U BBIAEPKUBAIOT T€ YCIOBHS, B KOTOPBIX
NPOBOAT aKTUBALIMIO MpeKaTann3aTopos. Hanpumep, npenkaranu3aTopbl MOTYT IOABEPTaTHCS
aKTHBALUU B IIOTOKE BOJOPOJIA MPH BBICOKUX TEMIIEPATypax.

B npyrom BapuaHTe OCyLIECTBICHUS MaTepHaIOM HOCUTEJIS SIBJISIETCSI TIIMHO3EM,
KpeMHe3eM, TUOKCU THTaHa, LIEOJIUT, TUATOMOBAsE 3€MJIsl, MeTaJuTnueckast ryOKa MU IeHa.

B ere oqHOM BapHaHTe OCYINECTBICHUS] MaTEPUAJI HOCUTES MPEACTABIISIET COO0M
TJITHO3EM.

[MogxonsimuM KaTaau3aTopoM SIBJISIETCS METAIUI, B TOM YHCIIE METAJLI INIATHHOBON
IPyIIbl, B YACTHOCTH, IUIATHHA, NAJUTAANMI, POAUN WU PYTEHUHN; METaJl HEMJIAaTUHOBOMU
TPYIIIBL, B YACTHOCTH, HUKEJb (TaKOW Kak HUuKenb PeHes (Raney) u Hukensb Y pymmdapsl
(Urushibara)), skene30 win koOabT, a TAK:Ke UX CMECh, HE OTPAHHYUBASICH UMHU.

[NogxonsmuM KaTaan3aTopoM SIBIISIETCS METAJUT TUTATHHOBOM IPYIITbI HA TITMHO3EMHOM
HOCHUTEJIE, B YACTHOCTH, TUIATHHA HAa TIIMHO3EMHOM HOCHTEJNE WM NAJIaNi Ha TIIMHO3EMHOM
Hocutene. B apyrom BapuaHTe OCyINeCTBIEHUS OOBEMHBIN CPENHUN TUAMETP YaCTHLL
KaTajan3aTopa coctarisier MeHee 100 MkM, IpeanouTuTeNbHO, MeHee S0 MkM, OoJiee
NpeArnouTUTeNbHO, MeHee 30 MkM, Oosiee mpeanouTuTensHo, MeHee 20 MkM, Ooee

MPEANOYTUTENBHO, MeHee 10 MKM.
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B anpTepHaTHBHOM BapuaHTE OCYILECTBJIECHUs, B KOTOPOM MPOLIECC COTJIaCHO
M300pETEHHIO MPENCTABIISAET COO0 TOMOTeHHYIO KaTAIUTHYECKYIO THAPOT€HU3ALHIO,
HATIOJHSIO LN MaTepHall sIBJISIETCS. UHEPTHBIM.

B naHHOM KOHTEKCTE KMHEPTHBIIY 03HAYAET, YTO HANOJHSKOIINI MaTepral He BCTYIIaeT
B PEAKLIUIO C UCXOTHBIM COCAMHEHHEM, TOMOT€HHBIM KaTaJIN3aTOPOM MIIH ra3000pa3HbIM
BOJIOPOAOM U HE SIBJIAETCS KaTaIU3aTOPOM MMIPOTreHU3ALUH.

Hanonnsromuii Matepuai ¢ MEHBIIUM Pa3MEPOM YacTHUL IPUBOAUT K YMEHBILIEHUIO
pasmepa Mmy3bIpbKOB ra3000pa3HOro BOIOPOA, MPOHUKAKOLIMX CKBO3b CJIOH HACAJKH, YTO
YBEJIMYMBAET IUIOLIAb TIOBEPXHOCTH KOHTAKTA ra3a U JKUIKOCTU NIPU TOM K& 00bemMe
ra3000pa3sHOro BOAOPOAA, YBEIHMUUBAET MACCONIEPEHOC BOJOPOA U, CIIEIOBATEIbHO, OKA3bIBAET
Ba)XKHOE BJIMSIHME HA CKOPOCTh PEaKLIUU.

B onHOM 13 BapUaHTOB OCYIIECTBIIEHHUS] OOBEMHBIN CPEHUIN TUaMETpP YaCTHLL
MHEPTHOr'O HAMOJHSOIIEr0 MaTepuaa BHyTPH peakropa coctasisieT MeHee 100 Mk,
NPEATNOYTUTENIbHO, MeHee 75 MKM, OoJiee peArnouTUTeNbHO, MeHee S0 MkM, Ooee
NPEANOYTUTENbHO, MeHee 30 MkM, OoJiee peArouTHTENbHO, MeHee 20 MKM.

B onHOM 13 BapuaHTOB OCylIeCTBIeHUs 3HaYeHHe D50 MHepTHOro HAMOIHAKLIErO
MaTepualia BHYTPU peakTopa cocrasisieT MeHee 100 MKM, MpeanoYTUTENbHO, MEHEE 75 MKM,
MPeIIOYTUTENIbHO, MeHee S0 MkM, OoJiee mpennouTuTeNbHO, MeHee 30 MkM, Ooee
MIPEANOYTUTENBHO, MeHee 20 MKM.

B npyrom BapuaHTe OCyLIECTBJIEHUS pa3Max paclpeneeHusl HHEPTHOIO HAMOIHAOIIEro
MaTtepuaa B peakTope COCTABISIET MEHee 2, TIPeNIOYTUTENbHO, MeHee 1,75, Oonee
NPEANOYTUTENILHO, MeHee 1,5, Oonee npennouturenbHo, MeHee 1,25, 6oree npeArnouTUTENBHO,
MmeHee 1, Oonee npennoutuTenbHO, MeHee 0,9, Ooniee npeanoururensHo, MeHee 0,8, Goee
MPEeANOYTUTENBHO, MeHee 0,75,

OnHOPOIHOCTH YaCTHUIl IO pa3Mepy obecneunBaer 6ojee 3hHEKTUBHYIO YKIIAAKY CIIOS
HAaCaaKH.

B opHOM U3 BapHaHTOB OCYILECTBIEHUS pacnpeesieHre YaCTULl HHEPTHOTO
HATIOJIHSIOLIETr0 MaTepualia o pa3Mepy BHYTPH pPeaKTopa MpHOJIKAeTCs K YHUMOJAIbHOMY
pacnpeneneHuro.

B npyrom BapuaHTe OCYyILIECTBJIEHUS 3TO pacIpenesleHHe YacTUL] IO pa3Mepy
NPUOITMIKAETCS K JIOrapu(pMUIECKH HOPMATBHOMY PaclpeiesieHUTO.

B opHOM 13 BapHaHTOB OCYILECTBIEHUS YaCTHULIb], BBIXOISALIUE 32 MPEAEIbI
pacripeneneHus YaCTULL 110 pa3Mepy, ObLIH yIaIeHBI.

B npyrom BapuaHTe oCyliecTBICHUS ObUIN yAaleHbl H30BITOYHBIE YACTULIBI, BBIXOSIINE

3a MpeacIibl paCnpeACICHUA YaCTUL IO Pa3sMEPy U3-3a TOr0, 4TO UX AUAMETP MCHBLIC, YEM Y
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pacripeneneHus YaCTHULI 10 pa3Mepy (Iaee OHU Ha3BaHbI KMEJIOUbI0»). B ele onHOM BapuaHTe
OCYILIECTBIIEHHS MEJIOYb ObLIa yJjaieHa IyTeM MPOCEUBAaHUS.

Menoub MOXKET MUTPHPOBATH B CJIOE HACAJKH, YTO MOKET ITPUBECTU K HECTAOUIIBHOCTH
CJIOS U HEJKEJIATENIbHOMY POCTY OOPaTHOTO JAaBJIEHUS B PEAKTOpE.

B npyrom BapuaHTe OCyLIeCTBIIEHHS ObUTH yIaIeHbl H30bITOYHbBIE YACTHLIbI, BBIXOSIINE
3a IpeeNbl pacpeieNe s YaCTHII IO pa3Mepy M3-3a TOTO, YTO UX AHaMeTp OOJblIe, ueM y
pacrpeneneHus YacTUL IO pa3Mepy (Iaee OHU Ha3BaHbI KOTCEBOMY). B elie ogHOM BapuaHTe
OCYLIECTBIJICHHsI OTCEB ObLT YIaJIEH MyTeM MPOCEHBAHUSI.

B oHOM M3 BapUaHTOB OCYIIECTBIJIEHHS YACTULIbI SIBJISIFOTCS IO CYLIECTBY
chepUueCKUMU.

[TogxonsiyuM rOMOT€HHBIM KaTaTU3aTOPOM SIBJISIETCS KATAIU3aTOp Y MIIKHHCOHA
(Wilkinson) Ha ocHOBe poxawsi, karanusatop Kpaotpu (Crabtree) Ha ocCHOBe upuams,
katannsatop Hoépu (Noyori) (katanusarop Ha ocHoBe Ru-BINAP (pyrenuii-2,2'-
ouc(mudenmndochuno)-1,1'-0nHadTiIT) WK KaTATU3ATOP BTOPOTO MOKOJIEHUSD, COMEP KALIHIMA
SOPO M3 METAJTMUECKOTO PYTEHUSI, XUPAIbHBIN TU(POCHUHOBBIIN JTUraHA U XUPATbHBIT
IMaMUHOBBIH JINTAHN).

ITpenMy1ecTBOM JAHHOTO CIIOCO0a ABIISETCS TO, YTO HEMPEPBIBHYIO THIPOr€HU3ALIHIO
MOYKHO TIPOBOANTH 0€3 UCTIOIb30BAHUS MUKPOPEAKTOPHON TEXHOIOTUH. MUKPOPEAKTOPHI
SBJISTFOTCSI JOPOTOCTOSLIMMY, a ITPU NEPEXOe K yCTAHOBKE ITPOMBIIIIEHHOTO MaciiTada
NPUXOAUTHCS TMPEOAOJIEBATh 3HAUNTENbHBIE TEXHUUECKHE TPYAHOCTH, KaK ObLIO YKa3aHO BbILIE
B OTHOWEeHHU okyMeHTa W02005/107936.

MHUKpPOpPEeakTOpOM Ha3bIBAIOT MUHUATIOPHBIA PEAKTOpP (MUHH- WIH MUKPOPEAKTOp) C
XapaKTEPUCTHUECKUM pa3MepoM (IIUPHUHON KaHaJa WU TUIACTHHBI) B MUKPOHHOM HJTH
MIJUTHMETPOBOM namnasone (npenmnouturesbHo, ot 0,01 mm o 10,0 Mm). OObIMHO XapaKTepHOM
0COOEHHOCTBEO MHKPOPEAKTOPA SIBJSIETCS TO, UTO MO MEHbINEH Mepe OJIUH U3 TPeX (PU3NUECKUX
Pa3MePOB PEAKLIMOHHOTO MPOCTPAHCTBA HAXOAUTCS B Auana3oHe oT 1 1o 2000 Mkm.
MukpopeakTopel OTIIMHAKOTCS OT APYTUX PEAKTOPOB BBICOKON yI€JIbHON BHYTPEHHEN
MOBEPXHOCTBIO MIEPEHOCA, KOPOTKIM BpEMEHEM NPeObIBAaHHSI PEAreHTOB U BBICOKUMHU
yIeJIbHBIMH 3HAYEHUSIMHU TEIUIO- U MacComepeHoca. MUKpOpeakTop, Kak MPaBHIIO, PEACTABISET
co0OH MHKpPOpPEaKTOp HEMPEPBIBHOIO AEHCTBUS, TO €CTh MUKPOPEAKTOD, IPUTOAHBIHN IS
UCTIOJIb30BAHMSI B HEMPEPBIBHOM MpoLecce. MUKpOpeakTop OOBIYHO CONEPIKUT YCTPOHUCTBO,
MO3BOJIIIOIIEE peareHTaM (ra3000pa3HbIM WIN JKUIAKHUM) TPOHUKATH B MUKPOPEAKTOP H
HETIPEPBIBHO MPOTEKATh Yepe3 Hero. B 3ToM ycTpoiicTBe peareHTbl KOHTAaKTUPYIOT APYT C
APYTOM, YTO MO3BOJISIET XMMUYECKOH peakiy POTEKaTh B Y3KOM OTPaHUYEHHOM

NPOCTPAHCTBE, HAIPUMED, B KaHaJIe WJIM 3a30pe MexXay AByMs ruiactuHamu. OnuH (B ciydae
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TUIACTHH) WU J1Ba (B CJy4ae KaHAJOB MJTH KAHABOK) pa3Mepa MUKPOPEAKTOpa BEIOMPAIOTCS
TaKUM 00pa3zoMm, 4ToObI XapaKTEPUCTHUECKUE 3HAUSHHSI BPEMEHH TEIIONepeHOca 1/ Ui
MaccornepeHoca OpUIH OueHb MajibIMU. [Ipy 3TOM BBICOKHE CKOPOCTH peakLuu U TETI000MeHa
yZAaeTcs AepKaTh MO KOHTpoJieM. Temnuno NoABOAUTCS UIIN OTBOJUTCS TEILNIOHOCUTENEM,
KOTOPBII HE KOHTAKTUPYET C peareHTaMu 1iu npoaykramMu. CTEHKH MUKPOPEaKTOpa MOTYT
o0nanaTh KaTAIUTHYECKOH aKTHBHOCTBIO. Ha CTEHKHM MOKHO HAHOCHUTh, IOMELIATh MU
ocaxnath (Ouo)karanuzarop. HeCkoabKko MUKPOPEAKTOPOB MOKHO pa3MelaTh MapajliebHO
APYT APYTy, 4TOOBI OOPa30BBIBATH «CTPYKTYPUPOBAHHBIN PEAKTOPY, MPEACTABISFOIINUN COOOH
MPOCTO COBOKYITHOCTb MUKpOpeakTopoB. IlocTynarommue peareHTr! pacrpeaensoTcs o
MHKPOpPEAKTOpaM ¢ OMOIIBI MaHU(OJIbAA UM APYTON CHCTEMBI pactipeneneHus. Kaxaprit
MHUKPOpPEAKTOP MOXKET HMETh 30HY CMEIINBAHUS JIJIsl CMEIIUBAHUS BXOJSIINX PEareHTOB W/ TN
peakLMOHHON cpenbl. Kaxaplili MUKPOPEAKTOP MOKET COEPKAaTh PEAKLIUOHHYIO 30HY, BpeMs
npeObIBaHMSI B KOTOPOH MO3BOJISIET PEAKLIMOHHON Cpelie OABEPraThes MPeoOpa3OBaHUIO B
JOCTAaTOYHOM cTeneHu. MUKpopeakTop MOXKeT COCTOSITh MJIH COAEpPKaTh HECKOJIBKO
NapaieNbHbIX OJIOKOB (30H CMEIINBAHMS C PEAKLIMOHHBIMH 30HAMH) JIJIs1 MACIITaOUPOBAHUS U
o0ecredeHns1 JOCTATOYHON MPOM3BOACTBEHHON MOITHOCTH. Takum o0pa3om, 0ObeM, B KOTOPOM
MPOTEKAET pPeaKliysl, 3aBUCUT OT JUaMeTpa U JJIMHbl MUKPOPEAKTOpa, a B CIy4ae UCIIOIb30BAHMUS
MHKPOpPEaKTOpa — OT pa3Mepa M KOJIMYECTBA NapajuieNbHbIX KaHajloB. O0BeM MUKPOPEAKTOPOB
HJIH MUKPOPEAKTOPOB OOBIMHO COCTaBIseT oT 1 M 0 1 M°, mpeanouTurensHo, ot 10 ma 1o 50
1. Kax npaBuio, MUKpOpPEaKTOpPOM CUUTAIOT PEAKTOP, UMEIOLIUI KaHall ¢ TUAPABINYECKUM
auametpoM He 6osnee 20 mm. [TogpoGHbIit aHAIM3 1 0030p MUKPOPEAKTOPOB U MX PACHIOIOKEHUSI
B CTPYKTYPHUPOBAHHBIX PEAKTOPAaX MpeACTaBiIeH, HanpuMep, B myOnukaruu: Jahnisch et al. —
Angewandte Chemie, Vol. 116, pp. 410-451 (2004), BK)IIOUE€HHOH B TaHHBIH JTOKYMEHT
MOCPEACTBOM CCBIJIKH.

I'uaporenusauo 0O0bMHO MPOBOIAT MpH Temneparype ot 20°C no 250°C.

Bonopon MOKHO BBOIUTE B PEAKLIHOHHYIO CMECh Ha CTaauu (1v) B MOJIIPHOM
otHoueHuu oT 0,9 10 10 MOJAPHBIX SKBUBAJIEHTOB, IPEANOYTUTENBHO, OT 0,9 10 6 MOJAPHBIX
SKBUBAJIEHTOB, PACCUUTAHHBIX Ha MOJISIPHOE KOJUUECTBO UCXOIHOIO COEANHEHMUS,
nojiBepraeMoro ruaporesnzanuy. CooTBETCTBEHHO, BOAOPO MOKHO BBOJUTh B PEAKLINOHHYIO
cMech Ha cTanui (1v) B MOJIIpHOM OTHOIIeHHH OT 0,9 10 5 CTeXHOMETPHYECKUX MOJISIPHBIX
SKBUBAJICHTOB, MPEANOYTUTENBHO, OT 0,9 10 3 CTEXNOMETPUYECKHX MOJISIPHBIX SKBHBAJICHTOB,
Oonee mpeanouTUTENBHO, OT 0,9 10 2 CTEXHOMETPHUUECKHUX MOJISIPHBIX 3KBUBAJIEHTOB,
paccUUTaHHBIX HA MOJIIPHOE KOJIMUECTBO BOJOPOA, HEOOXOIUMOE /ISl POTEKAHUS
CTEXUOMETPUYECKON peaKkLy THAPOreHNU3alu1, U Ha MOJIAPHOE KOJIMYECTBO UCXOJHOTO

COCAVMHCHUs, MOABEPTracMOro riApOrcHU3anmu.
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I'unporenn3aLuio NpeanoYTUTENBHO MPOBOJAT NPU JaBJICHUU B BbIILIEYKA3aHHOM
qUarna3oHe.

JUnst rTuApOreHN3aluy UCXOJHOTO COEAMHEHHS HAAIEKAIUM 00pa3oM ero peakimio ¢
BOZIOPOAOM IPOBOAAT Ipu ckopocTu nmotoka 0,1-10000 r/MuH, IpeanoYTUTENBHO, MPH
ckopoctu notoka 1-1000 r/muH, 6osee npeanodTUTENBHO, IPH CKopocTH noToka 10—-1000
I/MUH.

B onHOM M3 BapUaHTOB OCYLIECTBIIEHHS TOIa4y ra3000pa3HOro BOAOPOAA PEryIHPYIOT
TaKUM 00pa3zom, 4TOOBI MPH MPOTEKAHUH THAPOTEHU3ALMH B PEAKTOPE C HACAKOM JOCTHUYDb Ha
cragui (1v) 3apaHee 3aJaHHOTO TIOBBILIECHUS TEMITEPATYPhI KUIKOH KOMITO3ULIUH.
IIpenmy1ecTBO TAaKOro pekuMa ruAPOreHU3aLMH 3aKII0YaeTCsl B TOM, UTO TeMIleparypa
YKUJKOW KOMITO3ULIMH MTOAJIEP’KUBAETCS B 3apaHee 3aJaHHOM JIHaIa3oHe.

B opHOM 13 BapHaHTOB OCYILECTBIEHHS, B KOTOPOM pearupyroiast >KuaKas KOMIO3ULHs
MOJIBEPTAETCs] YACTUYHON THIPOTeHHU3AINH, TPOLIECC COTNIACHO M300PETEeHHUI0 mocie cTanuu (V)
(T.e. moce moaYM YaCTUYHO TUIPOTCHU3NPOBAHHOMN KUAKOW KOMITO3UIIUH B TETNIOOOMEHHUK
IUISL €€ OXJIAKACHUS 10 3apaHee 3aJaHHOH TeMIepaTypbl) BKIFOYAET B ce0s TAK)KE CIIEAYIOIINE
CTaJluu:

(a) momavy 4acTUYHO rHAPOr€HU3NPOBAHHOMN JKUIAKONW KOMIIO3UIIUH BO BTOPOI PeakTop
TMAPOr€HU3aLUU C HACAAKOMN I MPOBENCHUs NAJIbHEUIEeH TMAPOreHU3aLUH,

(6) momavy ruAPOreHU3MPOBAHHON KHUIKOH KOMIIO3ULIUN BO BTOPOH TETNIOOOMEHHHUK JIJISI
€€ OXJIAXKIIeHUsI 10 BTOPOH 3apaHee 3aJaHHON TEMIIEPaTypPhbL.

B 0o1HOM M3 BapHaHTOB OCYIIECTBIICHHSI OAAa4Yy ra3000pa3HOro BOAOPOAA PETYIUPYIOT
TaKUM 00pa3oM, 4TOOBI BO BTOPOM PEAKTOpe ¢ HACAAKOH JOCTHYb 3apaHee 3aJaHHOTO
MOBBIICHUSI TEMITEPATYPbI JKUAKON koMno3uuuu. [IpenMyiecTBo Takoro pexxuma
TUPOTeHU3AINH 3aKF0YaeTCsl B TOM, YTO TEMIIepaTypa KUAKOH KOMIIO3ULUU MTOAAEP>KUBAETCS
B 3apaHee 3aJaHHOM JUana3oHe.

CrnenoBatenbHO, B IPOLIECCE HEMTPEPBIBHOM MMIPOr€HNU3ALNH COTIIACHO U300PETEHUI0
MO3KET UCIIOJIb30BaThCsI HECKOJIBKO OTAENbHBIX CTaAUN MMIPOreHU3aliH Il TOYHOTO
yTpaBJIeHUs TeMrepaTypoi peakuui. CrienuainucTy TO0JKHO ObITh SICHO, uTO cTanuu (a) u (0)
MOTYT MOBTOPSITECS] B KAUECTBE UTEPALIMOHHBIX CTAAUI B CIEAYIOLIEM BUIE:

(a) momavya YaCTUYHO TUAPOTEHU3UPOBAHHON KHUIKOM KOMIIO3HLIUHU B N-bIi PEAKTOP
TMAPOreHU3aLUU C HACAAKOMN AJIs MPOBENCHUs JAJIbHENIIEeH TMAPOreHU3aLUH,

(0) momava ruAPOreHN3NPOBAHHON JKUAKOH KOMITO3ULIMH B N-bIi TETNIOOOMEHHUK TSI
OXJIAKIEHMs 10 N-Ol 3apaHee 3aJaHHOI TeMIlepaTyphbl.

B onHOM 13 BapuaHTOB OCYLIECTBIIEHHS [T0J1a4a Ta3000pa3HOro BOAOPOAA PETYIHPYETCS

TaKUM O6p&30M, YTOOBI IpH NMPOTECKAaHNU T'MAPOr¢HN3alu B N-OM PEAKTOPE C HacCaJKOW TOCTUYb
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3apaHeC 3aJaHHOI'O NNOBBIIICHUA TEMIIEPATYPhI )KI/II[KOI\/'I KOMITIO3HUIINH. HpeI/IMYH_IeCTBO TaKOro
peXxrnMa ruApOreHU3alu 3aKjII04YaCTCA B TOM, YTO TCMIIEPATYPA )I(HI[KOﬁ KOMITIO3UITUH
HOAZEPKUBAETCS B 3apaHee 3a7aHHOM JIUara3oHe.

B npyrom acnekre n3o0peTeHus peann3oBaHa MpOTOYHAs THAPOTreHU3a[IOHHAS
YCTaHOBKA ISl IPOBEACHUS TUIPOTreHU3aLUH, COAEpIKalast TeINIOOOMEHHUK, CMECUTEIbHbIH
cocyl, OAUH HIH OoJiee peakTOPOB FHAPOreHU3aLIH, PETYJIATOp OOPaTHOTO AaBJICHMUS,
MCTOYHHUK BOJIOPOAA U PETYJIATOP MAaCCOBOTO PacXofa; MPU STOM:

- CMECHTEJIbHBII COCYIT UMEET OUH WK 0oJiee BIyCKHBIX NaTPyOKOB, KaX/IbIi U3
KOTOPBIX MPEAHASHAYCH AJIA MMOAAYH KUAKOCTHU 15005M3 051 BOAOpOAa OT UCTOYHUKA BOAOPOAA, U
BBIITYCKHOH MaTpyOOK, COOOINAIOLINIICS C OTHUM WK O0Jiee peakTOpaMy THAPOTeHU3ALHH,

- PEryJIATOP MacCOBOTO PACXOAa PACIIONIOXKEH HIDKE 10 MOTOKY OT UCTOYHHKA BOJOPOAA
BBILIE TI0 IIOTOKY OT CMECHTEJILHOTO COCY A,

- K&XX/IbII PEakTop FHAPOreHU3ALMH UMEET BITyCKHOH naTpyOoK, COOOINAr0LIHIiCs CO
CMECHUTENIbHBIM COCYZIOM, U BBIYCKHOM MaTpyOoK;

- K&XX/IbII PeaKkTOp THAPOTeHU3ALNH PEACTABISIET COOOH PEaKTOp C HACAIKOH,;

- TEIUIOOOMEHHHK PACIIOI0XKEH HIXKE TI0 IOTOKY OT OAHOTO MK O0Jiee PEaKTOpOB
TUAPOTEHU3AMH U BBILIE MO IOTOKY OT PEryjsaTopa 0OpaTHOTO NaBISHMS.

CoOTBETCTBEHHO, YCTAHOBKA COTJIACHO M300PETEHHIO MPEACTABIISIET COOOM MPOTOUHYIO
T'UAPOTE€HU3ALMOHHYI0 YCTAHOBKY JIJIsI TPOBEACHUS XKUAKO(Pa3HON THAPOreHU3aINH.

B nanHOM KOHTEKCTE «CKuAKo(da3Has THAPOTreHU3ALMS» 03HAYAET, YTO MOABEPraeMoe
T'UAPOTE€HU3ALMU UCXOJHOE COEIMHEHHNE CONIEPIKUTCA B XKMIKON KOMIO3ULIUH, KOTOPAast OCTAETCsI
B JKUJIKOH (pa3e BO BpeMsi THAPOTEHU3ALMY B OHOM MK O0Jiee peakTopax rMAPOTreHU3aLHH.
Crnenuanucty A0/DKHO OBITH SICHO, YTO B OHOM MJIH OOJiee peakTopax rUApOreHU3alnH
NPUCYTCTBYET CMECH JKUAKOW KOMITO3ULIH U Ta3000pa3HOro BOAOPOAA.

B maHHOM KOHTEKCTE «PEeryJisiTop 0OpaTHOTO JaBJICHUS» O3HAYAET YCTPOHCTBO,
OrPaHUYMBAIOIIEE U TOUHO PETYJIHPYIOIIEe JaBICHNE Ta3a WIN )KUAKOCTH Mepe]] HHIM.

B 1aHHOM KOHTEKCTE «PEryJIsITOp MacCOBOTO PACXO0/ay» O3HAYAEeT YCTPOIICTBO,
U3MEpSIIOIIee U PEeryIUpyrolnee MOTOK JKUIKOCTEl U ra30B, B 4aCTHOCTH, Bogopoaa. Perymstop
MaCCOBOT'0 Pacxojia MpeaHa3HadeH U OTKAJTUOPOBAH [ PEryINPOBAHNUS ITOTOKA ONpeesIeHHON
KUIAKOCTH WJIN ONPENIEIEHHOT0 ra3a B ONpefeIeHHOM IUarna3oHe CKOPOCTeil MOToKa.

ITpenMy1ecTBO OMMUCAHHOW KOHCTPYKIIMHU 3aKJIFOYAETCSI B TOM, YTO OHA O0eCIIeYNBaET
NOCTOSIHHBIN MPUTOK ra3000pa3HOro BOAOPOAA U TEM CaMbIM O0€CTIEYHBAET ITOCTOSHHOE

HaJI4re ra3000pa3Horo BOAOPOA B HAIeKAEl KOHLEHTPALUH.
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CrienuanucTy AOJDKHO OBITH SICHO, YTO BaJKHO PETYJIMPOBATH KOHIIEHTPALMIO BOJOPOA,
9TOOBI HE IOMYCKaTh YaCTUYHON THAPOTeHU3ALNHU 1/ MIN 00pa30BaHUs HEXKEIATENbHbIX
MOOOYHBIX MIPOAYKTOB.

B onHOM 13 BapuaHTOB OCYLIECTBJIEHUS YCTAHOBKA COAEPIKUT TAKIKE pe3epByap st
KUIAKOCTH, COOOINAIOIIUICS C BIYCKHBIM MAaTPyOKOM CMECUTEIIBHOTO COCYAA,
NPEIHAa3HAYEHHBIM JUJIsl IPUEeMa JKUJIKOCTH.

Crnenuanucty AOJKHO OBITh SICHO, YTO B CUCTEME HEOOXOAUMO CO3/1aTh Pa3HOCTh
JaBJIEHHI, YTOOBI 00ECTIEUNTh MOTOK TeKy4el cpeabl. B 0OmMHOM M3 BApUAHTOB OCYIIECTBIICHUS
YCTPONCTBO COAEPIKUT TaKK€ HACOC BBILIE 10 IIOTOKY OT CMECUTENIBHOIO COCY/1a JIsl MOJa4u
JKHJKOCTH B CMECUTEJIbHBIN COCY uepe3 BIyCKHON NmaTpyOoK AJist skuakocTu. B
aJbTEePHATUBHOM BAPHUAHTE OCYILIECTBIEHUs] YCTPOUCTBO COAEPIKUT TAKKE pe3epByap s
JKUAKOCTH, U B 3TOM PE3epBYyape CO3aeTCs F’UAPaBINIECKOe AasiaeHue. B npyrom
aJbTEPHATUBHOM BAPHUAHTE OCYILIECTBJICHUs 1aBIICHUE B CUCTEME MOKET CO3/1aBaThCsl
IPAaBUTALIMOHHON CUJION, AEMCTBYIOLIEH HA KUKOCTb.

Crnenpanucty B JaHHOM 00JaCTH TOJKHO OBITH SICHO, YTO B OJJHOM M3 BApHAHTOB
OCYILIECTBIIEHHSI CMECHTEIIBHBIN COCY/l COEPIKUT OIMH BIIYCKHON MaTpyOOK, MpeaHa3HauYeHHbIH
JUTs1 IOJA4H >KMJIKOCTH U BOAOPOAA OT UCTOYHUKA BOAOPOAA. B alpTepHaTUBHOM BapuaHTe
OCYLIECTBIIEHHSI CMECUTEIIBHBII COCY I COIAEPKUT MEPBbIH BITyCKHON MaTpyooK,
npeaHa3HAYSHHBIN JIJIS TIOJA4H KUAKOCTH, U BTOPOH BIYCKHON MaTpyOOK, COOOIAr0LIUICS ¢
HUCTOYHUKOM BOJOPOAA.

B opHOM 13 BapHMaHTOB OCYIIECTBIEHUS] CMECUTEIIbHBIN COCYA COAEPAKUT UHEPTHBIN
HAMOJIHAO LU MaTepHall.

WHepTHBIN HAMONHSOMINNA MaTepHall CIOCOOCTBYET CMEIIUBAHHIO JKUIKOH KOMITO3HLIHMH
¢ ra3000pa3HbIM BOJOPOIOM /Jisi O0Jiee TOUHOTO YIPABIEHUS] CTEXHOMETPUIECKUM COCTABOM
cMmecu. HanmonmHstiromumii Matepuai ¢ MaJibIM pa3MepOM YaCTHI] IPUBOIAUT K 0OPa30BAHUIO MEJIKO
IMCTIEPTUPOBAHHBIX MY3bIPHKOB ra3000pa3HOro BOAOPOA H, CIEAOBATENBHO, CIIOCOOCTBYET
OJHOPOAHOCTH CMECH KUIKOW KOMIIO3HLIMHU U ra3000pa3HOro BOAOPOAA.

B onHOM 13 BapHaHTOB OCYIIECTBIIEHHUsS] OOBEMHBIN CPEIHUIN TUaMETpP YaCTHLL
MHEPTHOIO HAMOJIHSIOIIErO MaTepralia B CMECUTENIBHOM cocyie cocTaBsieT MeHee S000 Mkm,
npeanouTuTeNbHO, MeHee 1000 MkM, MpeanoYTuTeNbHO, MeHee SO0 MKM, TPEANOUTUTENBHO,
meHee 100 MKM, IPEANOYTUTENLHO, MeHee 75 MKM, MPEATIOYTHTENbHO, MeHee 50 MkM, Oonee
NPEeANoYTUTENBEHO, MeHee 30 MkM, OoJiee peArouTUTENbHO, MeHee 20 MKM.

B onHOM u3 BapuaHTOB OCyLIeCTBIeHUs 3HaYeHHe D50 MHepTHOro HAMOIHAKOLIErO
MaTepuasia B CMECUTENIBHOM cocye cocTasisieT MmeHee 5000 MKM, NpeanoYTUTENBHO, MEHEE

1000 MM, nmpeanouruTenbHo, MeHee S00 MxM, npeanouturenbHo, meHee 100 MM,
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MPEINOYTUTENILHO, MeHee 75 MKM, PEANOYTHTENbHO, MeHee SO MkM, OoJiee PeanoYTHTENBHO,
meHee 30 MkM, OoJiee MPeANOYTHTENbHO, MeHee 20 MKM.

B npyrom BapuaHTe OCYLIECTBIEHUS pa3Max paclpeeIeH!s HHEPTHOTO HAMOJHSIOIIETO
Marepuasa B CMECUTEIBHOM COCYI€ COCTABIISIET MEHee 2, IPeNIIOUTUTENbHO, MeHee 1,75, Gonee
NPEANOYTUTENLHO, MeHee 1,5, Oonee npennouturenbHo, MeHee 1,25, 6osee npeArnouTUTENBHO,
menee 1, Gonee npennouturenbHo, MeHee 0,9. Oonee mpeanoururenbHo, Meree 0,8, 6oree
MPEeANOYTUTENBHO, MeHee 0,75,

OnHOPOIHOCTB HaCTHILI IO pasMepy obecneunBaetr Oonee 3hPEeKTUBHYIO YKIaaKy
WHEPTHOT'O HAMOJHSIOIIEr0 MaTepuara.

B oxHOM U3 BapuaHTOB OCYIIECTBIEHUS paclpeiesieHne YaCTHI] HHEPTHOTO
HATIOJTHSIFOIIET0 MaTepHualia Mo pa3Mepy BHYTPU CMECHTEIbHOTO COCyAa MPUOTMKAETCS K
YHUMOJAJIbHOMY PACTIPEIETICHUIO.

B npyrom BapuaHTe OCYyILIECTBIEHUS 3TO PaCHpenesieHUe YacTHI] IO pa3Mepy
NPUOITMKAETCS K JIOrapu(pMUIECKH HOPMATBHOMY paclpeiesieHUTO.

B onHOM U3 BapuaHTOB OCYIIECTBAEHUS YaCTHLIbI, BBIXOSLINE 32 MPEAEIbI
pacrpeneneHus YacTHUIl TI0 pa3Mepy, ObUTH YIOaTeHbI.

B npyrom BapuanTe ocyuiecTBIICHUs] ObUTH yIaJIEHbI H30bITOYHBIE YACTHUIIBL, BBIXOSIINE
3a MpeaeNbl pacnpeneNeHus YacTUL 10 pa3Mepy M3-3a TOTrO, YTO UX TUAMETP MEHBIIE, YeM Y
pacrpeneneHus 4acTHUIl 10 pa3Mepy (aiee OHU Ha3BaHbI KMEJIOUbIOY»). B ele ogHOM BapuaHTe
OCYILECTBJICHHUs] MEJIOUb ObljIa yAalieHa IyTeM MPOCEHBAHHSL.

B npyrom BapuaHTe OCylieCcTBICHUS ObUIH yAaIeHbl H30BITOYHBIC YACTULIBI, BHIXOASIINE
3a Mpeesbl pacrpeeNieHUs] YaCTUL TI0 pa3Mepy H3-3a TOTO, YTO UX JUAMeTp OOJIbIIe, YeM Y
pacnpeneneHus 4YaCTHIL 10 pa3Mepy (ajnee OHU Ha3BaHbI KOTCEBOMY). B ellle oqHOM BapuaHTe
OCYIECTBJICHUS] OTCEB ObLT yAaJEH MyTEM MPOCEHBAHUS.

B ogHOM U3 BapuaHTOB OCYIIECTBJICHUS YaCTHIIbI SIBJISIFOTCS 110 CYLIECTBY
chepuyeCcKUMU.

CoOTBETCTBEHHO, YCTAHOBKA COAEPIKUT HArpeBaTeNb ISt JKUAKOCTU. ONIIUOHANIBHO, 3TOT
HarpeBaTelib HarpeBaeT JKUIKOCTh M ra3000pa3HbIid BOIOPO.

B onHOM U3 BapuaHTOB OCYIIECTBIEHHUSI CMECUTEIIbHBIN COCY COAEPIKUT HarpeBaTesb
it obecrieYeHrs HarpeBa B MPOLIECCe CMEIIUBAHMS.

B onHOM U3 BapuaHTOB OCYIIECTBIEHUSI CMECUTEIIbHBIN COCY COAEPIKUT HarpeBaTelb,
npeIHa3HAYSHHBIN JIJIs1 TOrO, YTOOBI MOABOIUTE TEIIO B CMECUTENIbHBIN COCYT TIPH 3aITyCKe
npolecca ruIPOreHU3alnH 10 TeX MOop, MOoKa He OyneT JOCTUTHYTA 3apaHee 3aJaHHast

Temmepartypa cMmecu. [IpenBapurenbHOe HarpeBaHHE CMECHTENIBHOTO COCY1a UMEET
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MPEUMYILECTBO — OHO YMEHbINAET MPOIOKUTENIBHOCTD BBIX0/1a HA YCTAHOBUBIIHICS PEKUM
paboThI MoCIe 3ammycka rnpouecca.

B npyrom BapuaHTe OCYyLIECTBJEHUS] YCTAHOBKA CONECPKUT HArpeBaTelb,
PACIOJIOXKEHHBIH BBILIE 10 IOTOKY OT CMECUTEIIbHOTO COCYAa.

B oHOM M3 BapUaHTOB OCYIECTBIIEHHS YCTAHOBKA COEPIKUT TaK:Ke TPYyOHOE
COEMHEHHE C IBYMsI BIIYCKHBIMU NATPYOKaMH U BBIMTYyCKHBIM MAaTPyOKOM, pacrOI0KEeHHbIH
TIOCJIe CMECUTEJIBHOTO COCY/1a TIepel OJHUM HITH 0oJiee peakTopaMu rUAPOreHU3alNHT; OTHH
BITYCKHOM MaTpyOOK COOOIIAETCs C BBIMYCKHBIM MaTPYOKOM CMECUTENILHOTO COCYa, a BTOPOI
BITYCKHOM NMaTpyOOK MpeIHa3HaueH Jisl MOJA4YH BTOPOH KUIKOCTH, BBITYCKHOM MaTpyOOK
co00IIaeTCs ¢ PEaKTOPOM THIPOTCHU3ALNH HITH C KAXKIbIM U3 HECKOJIBKUX PEAKTOPOB
TUJIPOTCHU3AIIH.

B npyrom BapuaHTe OCyLIECTBJIEHUS] YCTAHOBKA COJEPKUT HACOC, PACIION0KEHHBIH
BBILIE TIO0 TTIOTOKY OT TPYOHOTO COSMUHEHUSI, ISl TOIa4u BTOPOM *KUAKOCTH B TPyOHOE
COeMHEHHEe Yepe3 BIyCKHON MaTpyOoK, MpeaHa3HAYeHHBIH JIJIsl TIOJa4y BTOPOH KUIKOCTH.

CoOOTBETCTBEHHO, YCTAHOBKA COAEPIKUT TAKIKE PE3ePBYap AJISA KUIKOCTH,
COOOIIAOLITUIICS ¢ BITyCKHBIM MAaTPYOKOM, MPETHA3HAYEHHBIM JJIsl PHeMa BTOPOH KHUIKOCTH.

Bo3morkHa cutyanus, Koraa B MpOLECCe UCTTONb30BAHUSA CMECh JKUIKOW KOMIO3ULIUU U
PacCTBOPEHHOI'O BOJIOPOAA, MOJYUEHHYIO NPU 3apaHee 3alaHHON TeMIIepaType, OXJIaKAAt0T
MOCJI€ CMELIMBAHMS Mepe]l TEM, KaK MOJaBaTh CMECh JKUJIKOM KOMIIO3ULIMU U PACTBOPEHHOTO
BOJIOPOAA B PEAKTOP TMAPOTEHU3ALMH C HACAAKON 1 OCYLIEeCTBJIEHUS THAPOTreHU3ALUH.
CoOTBETCTBEHHO, B OTHOM M3 BaPHAHTOB OCYIECTBJIEHHS YCTAHOBKA COAEPIKUT TAKKE
npeapeaKTOPHbIN TEMIIO0OMEHHHUK, PACTIONOKEHHBIH MEKY BbITYCKHBIM MAaTPyOKOM
CMECHUTENIbHOTO COCY/Ia i OTHUM K OoJiee peakTopaMu THAPOTeHU3AMH U COOOINAIOIIMIACS C
HUMMU.

CoOTBeTCTBEHHO, MPENPEaKTOPHBIN TEIMIOOOMEHHUK MOAKIIOUEH K OJHOMY Win OoJjiee
peaxkTopam ruApOTreHU3aINH Yepe3 OAHY Win 0oJiee TPyO, 3aNOJTHEHHBIX HHEPTHBIM
marepuaioM. Kak Obu1o yka3zaHo BbIlIE, PACTBOPUMOCTD Ta3000pa3HOTO BOAOPOA B JKUAKOCTH
OOBIYHO YBEJTMUNBAETCS TIPH MOBBILIEHUH TeMIiepaTypbl. OXJIakIeHHe CMECH KUIKOM
KOMIIO3HIIMH U BOAOPOAA B MPEAPEAKTOPHOM TEINIOOOMEHHHUKE MOKET MPUBECTH K
00pa30BaHMIO My3bIPHKOB ra3000pa3HOro BoAopoaa. HepTHBIN HAMIOMHSIIOUINI MaTepua ¢
MAJIbIM Pa3MepPOM YaCTHII MPUBOIUT K (POPMUPOBAHUIO MEJTKO TUCTIEPTUPOBAHHBIX My3bIPHKOB
ra3000pa3HOro BOAOPOAA U, CIENOBATENBHO, CIOCOOCTBYET COXPAHEHUIO OJHOPOAHOCTH CMECH
YKUIKOW KOMITO3UIIMH 1 Fa3000pa3HOro BOAOPOAA M TEM CaAMbIM CIIOCOOCTBYET COXPAHEHHUIO

COOTHOHICHHA KOMIIOHCHTOB.
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B onHOM 13 BapUaHTOB OCYLIECTBIIEHHS] OOBEMHBIN CPEIHUI TUaAMETpP YaCTULL
MHEPTHOT'O HAIOJHSIOIIEro MaTepraja BHyTpH TpyOsl coctasisier MeHee S000 MKM,
npeanouTuTenbHo, MmeHee 1000 MkM, npeanoyTuTenbHo, MeHee SO0 MKM, TPEANOUYTUTENBHO,
menee 100 MKM, IPeNNOYTUTENBHO, MEHee 75 MKM, NPEeANOYTHTEIbHO, MeHee S0 MkM, Oosee
HPeANnoYTUTENBHO, MeHee 30 MKM, OoJiee MpeAnouTHTENbHO, MeHee 20 MKM.

B opHOM 13 BapHaHTOB OCYyIIECTBIEHHS 3HaYeHHe D50 HHEPTHOrO HAMONHAIOILErO
Matepuasa BHyTpu TpyOsl cocTaBiisieT Mmeree S000 MkM, mpennodrurebHo, Menee 1000 MM,
MPEeANnOoUTUTENBHO, MeHee S00 MkM, mpeanouTurenbHo, MmeHee 100 MKM, MpeanoYTUTENbHO,
MeHee 75 MKM, MPennouTUTENbHO, MeHee SO MkM, OoJiee MpennoYTuTeIbHO, MeHee 30 MKM,
OoJiee MpennoYTUTEIHbHO, MeHee 20 MKM.

B npyrom BapuaHTe OCYyILIECTBIEHUS Pa3Max PacHpeeIeHnsl NHEPTHOIO HAMOJHSOIIErO
MarepHaja BHyTPH TPYObl COCTABIISIET MEHee 2, MPEeNIOYTHTENbHO, MeHee 1,75, Gonee
NPENOYTUTENLHO, MeHee 1,5, Oonee npeanoyTurensHo, MeHee 1,25, Oonee mpeanouTUTENBHO,
MmeHee 1, Oonee mpennoutuTenbHO, MeHee 0,9, Oonee npeanouyrurensHo, MeHee 0,8, 6osee
MPEANOYTUTENBHO, MeHee 0,75.

OnHOpPOOHOCTE YaCTHIL IO pasMepy obecnieunBaeT Oonee 3hPEeKTUBHYIO YKIAIKy
MHEPTHOr'O HAMOJHSOIIEr0 MaTepuara.

B 0nHOM 13 BapuaHTOB OCYLIECTBJIEHUS PACIIPEAEICHUE YaCTUL HHEPTHOTO
HATOJIHAIOLIET0 MaTepHuaa 1o pa3Mepy BHYTPH TPyOb! NPUOIHIKAETCS K yHUIMOAAIBHOMY
pacnpeneneHuro.

B npyrom BapuaHTe OCyLIECTBJIEHUS 3TO paclpeneseHle YacTHll 110 pa3Mepy
npuOIMKAETCs K JIorapupMUIECKH HOPMAJIbHOMY PacIpeesieHHIO.

B opHOM 13 BapHaHTOB OCYIIECTBIEHUS YACTULIbI, BEIXOASIINE 32 TIPEeIbl
pacrpeneneHus YacTULL 10 pa3Mepy, ObLIH yIaIeHBI.

B npyrom BapuaHTe OCyLIeCTBICHUS ObUTH yAaJIeHbl H30BITOYHBIC YaCTHUIIbI, BBIXO/ISIINE
3a Ipeaensl pacpeneNeHus YaCTUL IO pa3Mepy U3-3a TOrO, YTO UX TUAMETP MEHBIIE, YeM Y
pacripeneneHus YacTHULI 110 pa3Mepy (Iajiee OHU Ha3BaHbI «KMEJIOUbI0»). B eme onHOM BapuaHTe
OCYIIECTBIIEHHS] MEJIOYb ObLJIa yaeHa yTeM IPOCEHBAHUS.

B npyrom BapuaHTe oCyliecTBICHUS ObUIN YAaIeHbl H30BITOYHBIE YACTULIBI, BBIXOISIINE
3a Mpenesbl pacrpeaeNieHus YaCTUL IO pa3Mepy M3-3a TOTO, YTO UX JUAMETpP OOJIbIIe, YeM y
pacripeneneHus YaCTHULI 110 pa3Mepy (Iaee OHU Ha3BaHbI KOTCEBOMY). B ele omHOM BapuaHTe
OCYIIECTBIIEHHSI OTCEB ObUT yJAJIEH MyTeM ITPOCEHBAHMUSI.

B opHOM 13 BapHaHTOB OCYILECTBIEHUS YACTHULIBI SIBJIIOTCS O CYIIECTBY

chepuyecKuMu.
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B onHOM 13 BapuaHTOB OCYLIECTBJIEHUS KaXKIbIH PEAKTOP T’MAPOreHU3aLNUN C HACAOKOU
NpeICTaBIsIeT OO0 anuabaTuyecKuil peakTop.

B 0nHOM U3 BapuaHTOB OCYLIECTBJIECHUS KAXKIbIH PEAKTOP TMAPOreHU3ALUN
NpeCTaBsieT CO0O0H KUAKO(pa3HbIN peakTOp MMIPOreHHU3ALNH.

B naHHOM KOHTEKCTE «KUAKO(pA3HBII PEakTOp FHAPOreHH3aLu» 03HAYaeT PEaKTop
TUIPOreHHU3aLUH, B KOTOPOM IOABEPraeMoe THAPOreHU3aluu UCXOIHOE COEITUHEHNE
COIEPIKUTCS B JKUAKOW KOMITO3ULIMH, OCTAIOINEHCS B JKUIKOH (ha3e BO BpeMs THAPOTEHU3ALHH.
Crnenuanucty A0JDKHO OBITh SICHO, YTO B TAKOM PEAKTOPE MHIPOreHU3ALNH TPUCYTCTBYET CMECh
JKUJIKOW KOMITO3HUIIUH U Ta3000pa3HOro BOIOPOA.

B onHOM 13 BapuaHTOB OCYLIECTBIEHUS KaXKbIH PEaKTOP FMAPOreHU3aLNN C HACATKON
W30JIUPOBAH, YTOOBI MPEIOTBPATUTH IMOTEPIO TEILIA B OKPYIKAIOIIYIO CPEAY.

B onHOM 13 BapHaHTOB OCYILECTBJEHUS B K Kbl PEAKTOP THAPOT€HU3ALMHU C HACAIKON
MOABOST TEIUIO, YTOOBI KOMIIEHCHPOBATH IMOTEPIO TEILIA U3 PEaKTOPa B OKPYKAMOINYIO cpeny. B
APYrOM BapHaHTe OCYIUECTBJICHUs] TEIUIO NOABOAAT B PEAKTOP I'MAPOre€HU3ALNH C HACATKOU
NyTEeM TEIUIONIEPENaun OT TEKY4eH Cpezbl C HU3KUM KO3 (PUIIMEHTOM TeIIonepeaadn, B
YaCTHOCTH OT ras3a, YTo0bl KOMIIEHCHPOBATh MOTEPIO TEILIA U3 PEAKTOPA B OKPYIKAIOIIYIO CPENy.

B onHOM 13 BapraHTOB OCYILECTBJECHHS KaKIbIH PEAKTOP TMAPOT€HU3ALMHU C HACAIKON
COZEP>KUT HArpeBaTeIb.

B npyrom BapuaHTe OCYLIECTBIEHUS KaKIbI PEAKTOP TMAPOreHU3aLUN CONEPKUT
HarpeBaTeJib AJIs TOrO, YTOOBI MOXKHO OBLIO MOJBOAUTH TEIUIO B OJIUH WJIH OOJiee PeakTOpOB C
HACa/IKOH MpH 3amycke MpoLecca 10 TeX Nop, MoKa He OyJeT JOCTUTHYTA 3apaHee 3aJaHHas
TEeMIEepaTypa T’MAPOreHU3aluu B KaXX10M peaktope. [IpensapurenbHblii HarpeB OJHOTO MU
Ooee peakTOPOB TMAPOreHU3AIMH C HACAAKON AA€T MPEHMYIIECTBO — OH YMEHBIIAET
NPOJOJIKUTEBHOCTD BBIXOJIAa HA YCTAHOBUBIIMICS PEXKUM PabOThI MOCHIE 3aMmycKa Mmporecca
COTJIACHO M300PETEHHIO.

B onHOM 13 BapuaHTOB OCYLIECTBJIEHUS, B KOTOPOM YCTAHOBKA MPUTOHA AJIs
reTepOreHHON KaTAIUTUYECKON TMAPOreHU3ALNHN, PEAKTOP TMAPOreHU3aLNN ¢ HACAIKON
COZIEPKUT CJION 4aCTHL] KaTaAIU3aTOpA.

B onHOM 13 BapUaHTOB OCYIIECTBIIEHHUS] OOBEMHBIN CPEHUI TUAMETpP YaCTHLL
Karanusaropa coctasiisieT MmeHee 100 MKM, MPeanOYTUTENIBHO, MEHEE 75 MKM,
NPEeANoYTUTENLHO, MeHee S0 MkM, Oosiee mpennouTuTenbHo, MeHee 30 MkM, Ooee
MPEANOUYTUTENBHO, MEHEe 20 MKM.

B ogHOM u3 BapuaHTOB OocyuliecTBiIeHUs 3HaUeHrue D50 yactu kaTanusaTropa COCTaBiIsieT
meHee 100 MKM, IPEANOYTUTENLHO, MeHee 75 MKM, MPEATIOYTHTENbHO, MeHee 50 MkM, Ooee

NPEeANoYTUTENBHO, MeHee 30 MKkM, OoJiee MpeArouTUTENbHO, MeHee 20 MKM.
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B npyrom BapuaHTe OCYILIECTBIEHHUS pa3Max pachpeneeHusl YacTHI] KaTaTu3aTopa
COCTaBJISIET MEHee 2, IPEANoUTUTENBHO, MeHee 1,75, Oosnee npeamnoyrurensHo, MeHee 1,5, 6onee
MpeanouTUTENbHO, MeHee 1,25, Gonee mpennodTuTenbHO, MeHee 1, OoJiee MpeAnoYTHTENBHO,
meHee 0,9, 6onee npennoututenbHo, MeHee 0,8, Oonee mpeanoutuTenbHo, MeHee 0,75.

OnHOPOIHOCTH YACTHII TIO pasMepy obecneunBaetr Oonee 3G GeKTUBHYIO YKIIAIKY CIIOS
KaTajau3aropa.

B ogHOM U3 BapuaHTOB OCYIIECTBJICHUS pacpeiesieHUe YaCTHI] KaTaJnu3aTopa 1o
pa3Mepy NpUOTMKAETCS K YHUMOIAJIbHOMY PaCIpeNeIeHHIO.

B npyrom BapuaHTe OCYyILIECTBIEHUS 3TO PACIIPEAEIICHIE YaCTHUII TI0 pa3Mepy
NPUOJTIHIKAETCS K JIOrapu(pMUIECKH HOPMATBHOMY paclpeesieHURO.

B onHOM U3 BapuaHTOB OCYIIECTBJICHUS YaCTHIIbI, BEIXOSALINE 32 MTPEAEIIbI
pacrpeneneHus YacTHUIl 10 pa3Mepy, ObUTH yIOaTeHbI.

B npyrom BapuaHTe oCylIeCTBIICHUS ObUTH yIaJICHbI N30BITOYHBIE YACTHUIIbI, BBIXOISIIUE
3a MpeaeNbl pachpeneeHnus YaCTHI 10 pa3Mepy M3-3a TOTO, YTO UX TUAMETP MEHBIIE, YeM Y
pacrpeneneHus 4YacTHUIl 0 pa3Mepy (anee OHM Ha3BaHBI KMEJIOUbIO»). B ele ogHOM BapuaHTe
OCYIIECTBJICHUS] MeJIOUb ObLIa yAaJIeHa MyTEM MPOCEHBAHUSI.

B emie ogHOM BapuaHTe OCYIIECTBIIEHUS OBLIH yAaIeHbI U30bITOYHBIE YACTHUIIBL,
BBIXOJISILIME 32 MPEAEIbI PACTIPEAEIICHHS YaCTHUL 110 pa3Mepy U3-3a TOTO, YTO UX JUAMETP
OoJbINe, 4eM y pachpenesieHust YacTULl [0 pa3Mepy (Zajiee OHU Ha3BaHbI KOTCEBOMY). B emme
OITHOM BapUaHTe OCYLIECTBJICHHS OTCEB ObUI YaJIeH IyTeM MMPOCEUBAHMUS.

B 0onHOM U3 BapuaHTOB OCYIIECTBIEHUS YACTULbI KATAIU3ATOPA SIBJIAIOTCS MO CYLIECTBY
cepudecKuMu.

B npyrom BapuaHTe KaTanuzaTop HaHECEH HAa HOCHUTEIb.

B emme onHOM BapuaHTe OCYIIECTBIEHUS MAaTEPHUAJIOM HOCUTEJIS SIBJIIETCS TIIMHO3EM,
KpeMHe3eM, TUOKCU TUTaHA, LIEOJIUT, TUATOMOBAsI 3eMJIs, METAJUTHYECKast I'yOKa WM MeHa.

B eme omHOM BapuaHTe OCYIIECTBIIEHUSI MaTepUal HOCUTENS MPENCTaBIsieT COO0H
TJIMHO3EM.

[NMoaxonsmm KaTanau3aTopoM SIBJISIETCS] METAJLI, B TOM YUCIIE METAJUT TJIATHHOBOM
IPyIIbL, B YACTHOCTH, IUIATHHA, NAJUIAANN, POAUN WU PYTEHUIN,; METAJT HEMJIATUHOBOU
TPYIIBI, B YaCTHOCTH, HUKEJb (TaKOW KaK HUKENb PeHes u HUKeb Y pymudapsr), sKejae30 Hin
KODOAJBT, WITH UX CMECh, HE OTPAHMYNBASICh HUMU.

IMoaxonsmumm KaTanau3aTopoM SIBJISIETCS. METAJT INITATUHOBOM TPYMIbl HA TIIMHO3€MHOM
HOCHTEJIE, B YaCTHOCTH, IJIATHHA HAa TJIMHO3€MHOM HOCHUTEJNE WU MaJUIafuil Ha TIMHO3EMHOM
HocuTene. B apyrom BapuaHTe OCyIIeCTBIIEHUS] OOBEMHBIN CPEIHUI TUaMETP YaCTHULL

KaTanu3aTopa coctanisier MeHee 100 MkM, IpeanouTuTeNnbHo, Meree S0 MkM, OoJee
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NPEeANnoYTUTENBHO, MeHee 30 MkM, Ooiee mpearnouTuTenbHo, MeHee 20 MkM, Ooee
MPEANOYTUTENBHO, MeHee 10 MKM.

B anbrepHaTHBHOM BapuaHTE OCYLIECTBJEHHUS, B KOTOPOM YCTAHOBKA MPUTOJIHA JJIs
TFOMOT€HHOM KaTaJIUTUYECKOU TUAPOre€HU3aLUN, PEAKTOP THAPOreHU3aLUN ¢ HACAKON
COZIEPIKUT CJION HACaJKU U3 MHEPTHBIX YacTULl. B ApyroMm BapuaHTte OCyIECTBICHHS YCTAHOBKA
JOTIOJTHUTENIBHO COAEPKUT TOMOT€HHBIN KaTalu3aTop.

B ogHOM U3 BapHAaHTOB OCYINECTBIICHUS] OOBEMHBIN CPEIHUI THAMETD YaCTHII
MHEPTHOr'O HAMOJHSIOIIEr0 MaTepuala BHyTPU peakTopa cocrasisaeT MeHee 100 Mk,
MPEINOYTUTENILHO, MEHee 75 MKM, MPEANOYTHTENbHO, MeHee SO MKkM, OoJiee PeanOYTHTENBHO,
meHee 30 MkM, OoJiee MPEANOYTUTENbHO, MeHee 20 MKM.

B onHOM u3 BapuaHTOB OcyliecTBiaeHUs 3HadeHHe D50 nHepTHOro HaNOMHAKLIErO
MaTepualia BHYTPU peakTopa coctasisieT MeHee 100 MKM, MPeanoYTUTENbHO, MEHee 75 MKM,
NPEANOYTUTENEHO, MeHee S0 MkM, Oosiee mpennouTuTenbHo, MeHee 30 MkM, Ooee
MPEANOUYTUTENBHO, MeHee 20 MKM.

B npyrom BapuaHTe OCYLIECTBIEHUS pa3Max paclpeeIeH!s HHEPTHOTO HAMOJIHSOIIETO
MaTepuaja B peaKTope COCTaBJISsIET MeHee 2, MPeaNoUTUTENBHO, MeHee 1,75, 6onee
MPeINOYTUTENIbHO, MeHee 1,5, Oonee npeanoyTurensHo, MeHee 1,25, oee mpeanouTUTENBHO,
MmeHee 1, Oonee mpennoutuTenbHo, MeHee 0,9, Oonee npeanoururenbHo, MeHee 0,8, 6osee
MPEANOYTUTENBHO, MeHee 0,75,

OnHOPOAHOCTE YacTHUL IO pa3Mepy obecneunBaer 6osee 3QPEeKTUBHYIO YKIAAKY CIOS.

B onHOM 13 BapuaHTOB OCYLIECTBEHUS paclpeiesieHUe YaCTUL HHEPTHOTO
HATIOJIHSIOLIEr0 MaTepuaia o pa3Mepy BHYTPH peakTopa MpHOJIIKaeTCss K YHUMOIAIbHOMY
pacnpeneneHuro.

B npyrom BapmaHTe OCyILIECTBJIEHHUS 3TO paclipenefieHre YacTHIl 110 pa3Mepy
NPUOJTIMIKAETCS K JIOrapu(pMUIECKH HOPMATbHOMY PaclpenesieHURO.

B onHOM U3 BapuaHTOB OCYIIECTBJICHUS YaCTHIIbI, BBIXOSLINE 32 MTPEAEIIbI
pacrpeneneHust YaCTUL 110 pa3Mepy, ObLIH yIaIeHBI.

B npyrom BapuaHTe OCyIIeCTBIICHUS] ObUTH yIaJIEHbI N30BITOYHBIE YACTHUIIBI, BBIXOSIIUE
3a MpeaeNbl pachpeneeHUs YaCTHI 10 pa3Mepy M3-3a TOTO, YTO UX TUAMETP MEHBIIE, YeM Y
pacrpeneneHus YacTHIl 0 pa3Mepy (Ianee OHM Ha3BaHBI KMEJIOUbIO»). B ele ogHOM BapuaHTe
OCYIIECTBJICHUS] MEJIOUb OBLTH yAAJIEHBI TyTeM MPOCEUBAHUSI.

B nononmHUTETEHOM BapHaHTE OCYIIECTBIICHUS ObLTH yaAaIeHbl N30bITOYHBIE YACTHULIBL,
BBIXOJISILIME 32 MTPEAEIbI PACTIPEACIICHHS YaCTHUL 110 pa3Mepy U3-3a TOrO, YTO UX JUAMETP
OoJbIle, 4eM y pachpenesieHust YacTULl 10 pa3Mepy (Z1ajiee OHU Ha3BaHbI KOTCEBOMY). B erme

OZIHOM BapUaHTE OCYILECTBJICHUsI OTCEB ObUI yAaJIEeH ITyTeM IPOCEUBAHMUSI.
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B OOHOM M3 BAPUAHTOB OCYIICCTBJICHUA YaCTULBI ABJIAOTCA MO CYIIECTBY
cpepuuecKuMu.

CrienuaaucTy JOJKHO OBITh SICHO, YTO B CUCTEME C HACAJIKOMW, COAepIKaIleil YaCTHIIBI C
O6’beMHbIM Cp€AHUM JUAMETPOM MCHEC 100 MKM, [P MHOTOKPATHOM HCITIOJIb30BAHUU MOXKET
HaOJIIOaThCs CMELIEHNE YaCTHII, COIPOBOXKAAOLIIEeCs: 00pa30BaHUEM B CJIOE TaKHX Je(PeKTOB,
KaK TPELIMHBI, KOTOPbIe CHIDKAIOT 3()(PEeKTUBHOCTD NEHUCTBHUS PEAKTOPA MHAPOreHU3ALIH.

COOTBETCTBEHHO, YCTAHOBKA COTJIACHO M300PETEHHIO MOXKET COZIePIKaTh TAKXKE ra30BbIil
COCYJ, COOOINArOIIUICS C KAKIBIM PEAaKTOPOM FHAPOTeHH3ANH Yepe3 KiuamnaH. [IpenmynecTBo
TAKOW YCTAHOBKM 3aKJIIOUAETCS B TOM, YTO UCIONb3Ysl PETYJIUPYEMBI NTepenas AaBIeHU,
MOXHO nEpePacpeacIATL YaCTULbI IJIAd YCTPAHCHUA TPEIIHUH B CJIOE. B sTom BapHUaHTE
OCYIIECTBJICHUS] PEAKTOP THAPOTEHU3ALNH MMPOAYBAOT CMECHIO KUIKOTO PACTBOPUTEIIS U
PacTBOPEHHOTO Ta3000pa3HOr0 BOJOPOAA MPH MOBLIIIEHHOM JaBjIeHUH. | a30BbIil COCY T
COZEP>KUT UHEPTHBIN a3, TAKON KaK a30T WJIH aproOH, IPYU CTAHAAPTHOU TeMIlepaType U
JaBJICHUN. OTKprBaHI/Ie KJIallaHa Ha ra30BOM COCYA€ MPUBOAUT K PE3KOMY, HO
KOHTPOJHMPYEMOMY NAACHUIO JABJICHHSA B PCAKTOPC rAPOTCHU3allM U BHE3AITHOMY BbI6pOCy
ra3000pa3HOro BOAOPOAA U SKUAKOCTH M3 CIIOS. DTO SIBIEHUE JEKOMIIPECCUHU CO3Ja€T BHYTPH
CJIOSI CHJTBI, CITOCOOHBIE TIPUBECTH K MEPEPACIPEEIEHHIO YaCTHILI.

B onHOM 13 BapHaHTOB OCYLIECTBIIEHHS YCTAHOBKA COTTIACHO M300PETEHUIO COEPIKHUT
HE MCHEC IBYX PCAKTOPOB Tr'NAPOTIrCHU3AlINN, Ka}KI[Hﬁ N3 KOTOPBIX PACIIOJIOXKCH MEKAY
BBIITYCKHBIM IMaTPYOKOM CMECHTEIIbHOTO COCYa U TeTNIOOOMEHHUKOM U COOOLIAETCS] C HUMHU.

B npyrom BapuaHTe OCYILIECTBJIEHHS] YCTAHOBKA COTVIACHO N300PETEHUIO COEPIKHT HE
MEHee ABYX PEaKTOPOB 'MAPOre€HU3ANH U MEXKIY MEPBbIM U BTOPBIM PEAKTOpPaMu
TUAPOTEHU3ALMH COAEPKUT COOOIIAIOLIUICS ¢ HUMHU TOTIOJTHUTENbHBINA TETNIOOOMEHHHK.

CrienuaucTy JOJIKHO OBITh SICHO, YTO Ta3000pa3HbIi BOJOPOI MOKHO TOJIYyYaTh if? Situ
JOJLKHBIM 00pa3oM. COOTBETCTBEHHO, HCTOYHUK BOAOPOJA MOXKET MPEACTABIISATh COOOM
reHepaTop BOAOpOJa.

COOTBGTCTBCHHO, FaSOO6pa3HbIﬁ BOOOPOA HAXOOUTCA MO MOBBIIICHHBIM JABJICHUECM.
CnenoBaTenbHO, YCTAHOBKA MOXKET COZIepKaTh TaK)Ke KOMITPECCOp AJisl BOAOPOa.

B onHOM U3 BapuaHTOB OCYIIECTBJIEHHUSI YCTAHOBKA COAEPIKUT TAKKE COCY C
BOJIOPOZIOM.

B onHOM 13 BapuaHTOB OCYLIECTBIIEHHSI KOMIIPECCOP U BOAOPOA PEACTABISIET COOOH
3AEKTPOXUMHUECKUN KOMITPECCOP AJIL BOAOPOAA. DIEKTPOXUMHUUECKUI KOMITPECCOP IS
BOJIOPOJIa MPENCTABIISAET COO0I KOMITPECCOp IJIsl BOAOPOZa, B KOTOPOM BOZIOPOJ MOAAOT K
aHOIY, a CXKaThI BOAOPOJ COOMPAIOT HA KaTone. MHOrOCTYIeHYaThIN 3JIEKTPOX UMUYECK U

KOMIIPECCOP AJIA BOAOPOAA COACPIKUT MOCTIENOBATECIIbHO BKIIKOUCHHBIC C60pKI/I MeM6paHa-
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anektpon (MEA, membrane-electrode assembly), pasneneHHbie IpOTOHOOOMEHHBIMU
memOpanamu (PEM, proton exchange membrane), anis noctikeHns 0ojiee BBICOKUX TaBJICHHUH.
Korna Tok npoxonut uepe3 coopky MEA, Ha aHOze reHepUPYIOTCs IPOTOHBI U 3JIEKTPOHBL
ITpoTOHBI 3JIEKTPOXUMUYECKH MMPOXOIAT CKBO3b MEMOpPaHY K KaTOAY, IOCJIE Yer0 OHU
PEKOMOMHMPYIOT Ha KaToze ¢ 00pa3oBaHHEM BOAOPO/A ITPH MOBBILIEHHOM JIaBJICHHH.

IIpenmMy11eCTBO 3JIEKTPOXUMHUECKOTr0 KOMIIPECcopa s BOLOPO/IA 3aKIIF0UAETCS B TOM,
YTO NMPHU HEOOXOAMMOCTH MOXKHO I'€HEPUPOBATh MOCTOSIHHBIN CTAOUJIBHBIN MOTOK Tra3000pa3HOTo
BOJIOPOJIa BBICOKOT'O JIaBJICHUs1 0€3 NCIIOIb30BAHMUS COCYa BHICOKOTO JIABJICHUS JIsl BOAOPOAA.
Crnenuanucty AOJDKHO OBITH SICHO, YTO XPAHEHUE BOIOPOA N0 BBICOKHM JABJIEHHEM CO3/IAeT
3HAYUTEIIbHBIC TEXHUYECKHE CIIOKHOCTH B POOJIeMbl 0€30IaCHOCTH.

COOTBETCTBEHHO, YCTAHOBKA COAEPIKUT OJHOXOAOBOM KJIANaH, PACTIOJIOKEHHBIH HIKE 110
MOTOKY OT HCTOYHUKA BOAOPOAA U BBILIE IO MMOTOKY OT CMECHTEIBHOTO COCY1a.

B npyrom BapmaHTe OCyLIECTBICHUS YCTAHOBKA COAEPIKHUT HA JIMHAM NOJaYd BOAOPOAA
PETYJISITOP AAaBJIEHUS U OJHOXOAOBOM KJIAlaH, MPOITyCKAOIUI MOTOK BOIOPOA, KOrna
JaBJICHHE BBIIIE TIO TOTOKY OT KJiaraHa OOoJbIIe ABJICHHs HIDKE TO MOTOKY OT KJIanaHa, MpudeM
PeryJIATOp AaBJICHUS HA JIMHUU TIOJA4YH BOAOPOJA COASPKUT TPEXXOIOBOU KJIAMaH U BBIXJIOMHON
naTpyOoK, Tak uTo (1) KOrJaa TPEXXOAOBOH KJilalaH HAXOAUTCS B 3aKPBITOM MOJIOKEHUH, H30BITOK
BOJIOPOZA BBIXOAUT Yepe3 BBIXJIOMHON MaTpyOoK, a (11) Korjaa TPeXXOIOBOH KlalmaH HaXOAUTCS B
OTKPBITOM TOJIOKEHNH, TO JaBJI€HUE BOAOPOAA BBILIE 10 MIOTOKY OT OAHOXOIOBOTO KJIaraHa
YBEJINYUBAETCSI, YTO 3aCTABISIET OJHOXOOBOM KJIallaH OTKPBHIThCS U 00ECTIEUNBAET MO1a4y
BOJIOPOJIa B CMECHUTEJIbHBIN COCYI.

Perynsarop naBineHus Ha JTUHUU MOZAYU BOAOPOAA CHAOKeH COpOCOM st
NpeIOTBPAIeHNs] HAPACTAHUS JaBJIEHUs BBIIIE MO MOTOKY OT HETO, YTOOBI MPU OTKPbIBAHUH
TPEXXOIOBOTrO KJIAaHa JUIsl MOIa4M BOIOPOJIA Yepe3 OMHOXOMOBOM KJIalaH B CMECHTEIIbHBIII
COCYJ BHE3AITHBIH CKa4YeK JTaBJICHUS BOJOPOA HE TIPOHHUK B CMECHUTENbHBIN cocy. Kak Obuto
YKa3aHO BBILIE, BECbMa JKEJIATEJIbHO CTPOTO PEryJUPOBATh MOJady BOAOPOAA, YTOOBI YIIPABJISATh
XOJIOM BBICOKO 3K30T€PMHUYECKON peaKINK THAPOTeHU3AIIH.

B ogHOM U3 BapHaHTOB OCYINECTBIICHHUS] YCTAHOBKA COAECPIKUT TaKKe NaTUUKH
TEMIIEPATYPHI, PACTIOJIOKEHHBIE HA BITYCKHOM U BBIMYCKHOM MaTPyOKax KaxI0ro peakTopa
THIPOTSHI3AINH, YTOOBI U3MEPSITh TEMITEPATYPY KUAKOW KOMITO3UIUH B MPOLIECCE
UCTIOJIb30BAHMSL.

CoOTBETCTBEHHO, YCTAHOBKA CONEPIKUT TAKKE KOHTPOJUIEP, CBSI3AHHBIN C TaTYNKAMU
TEMIIEPATYPBbI.

CoOTBETCTBEHHO, KOHTPOJUIEP CBSI3aH C PEryJISITOPOM MacCOBOTO Pacxoaa.
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CoOTBETCTBEHHO, B TOM Clly4ae, KOI/la yCTaHOBKA COAEPKUT OAHOXOAO0BOM KJIanaH U
PEryJsTOp AABJIEHUS] BOAOPOAA, OAHOXOAOBOM KJIANAH U PETYJIATOP NaBJICHHUs] BOAOPOAA
CBSI3aHbI C KOHTPOJUIEPOM.

B npyrom BapuaHTe OCYyILIECTBJIEHUS, B KOTOPOM YCTAHOBKA COAEPIKUT HACOC, HACOC
CBSI3aH C KOHTPOJUIEPOM.

CoOTBETCTBEHHO, KOHTPOJIJIEP CBSI3aH C AaTYMKAMM TEMIIEPATYPhl U PEryJISITOPOM
MacCOBOI0 pacxXxoAa AJisl PEryJIMPOBAHUS MOAAYH ra3000pa3HOro BOAOPOA TAKMM 00pa3oMm,
9yTOOBI 00ECTEeUnTh 3apaHee 3aJAHHOE MOBBILICHNUE TEMIIEPATYPhl JKUAKOW KOMIIO3ULIH B
pe3ysbTaTe ruAPOreHN3alNH B KaXKA0M UCIOJIb3YEMOM PEAKTOPE.

Crnenyer moHUMaTh, YTO TEPMUHBI «BAPUAHT OCYLIECTBICHUS» U KBAPUAHT
OCYIIECTBIIEHHS U300PETEHUSD) CIEAYET CUUTATh OTHOCALIMMHUCS K JIFOOOMY OITHUCAHHOMY 371€Ch
BapUAHTY OCYLIECTBIICHUS WM acTieKTy n3odperenus. CienoBaTeNbHO, CIEAYET TOHUMATh, YTO
NPU3HAKY KOHKPETHBIX BAPUAHTOB OCYLIECTBIIEHHSI MOTYT OBITh OOBEIMHEHBI C OTHUM HITH
Oonee IpyruMu ONMMCAHHBIMH 3[1€Ch KOHKPETHBIMH MIPU3HAKAMHU HJIK MOTYT OBITE OOBEIUHEHBI C
JTrOOBIM OTIMCAHHBIM 3€Ch aCTIEKTOM WJIM BAPHAHTOM OCYIIECTBIIEHHs n3o0perenus. Bee Takue
KOMOWHAIINY TIPU3HAKOB CYUTAIOTCS BXOAALIUMH B 00BEM H300pETEHUs, ONpeeIsieMblil
dbopMyoit m300peTeHusI.

Kpatkoe onucanue rpadpuueckux MaTepuajioB

Jlanee B kauecTBE IMPUMepa OMUCAH OJIUH U3 BAPHAHTOB OCYILECTBIICHUS H300PETEHU CO
CCBUIKOW Ha MPUJIOKEHHBIN YEPTEXK.

@ur. 1 npencrasisier coboit OIOK-CXeMy MPOTOYHOH YCTAHOBKY MHIPOTeHU3ALH,
npeHa3HAYEeHHOW /IS BBIOJIHEHUS THAPOTEHN3ALMH B COOTBETCTBHH C U300PETEHUEM.

Csenennsi, NOATBEPKAAIOIIHE BO3MOKHOCTH OCYLIECTBJIEHHS H300peTeHHs

Bo u3bexanne COMHEHHH CIeAyeT OTMETUTb, YTO CIIELUAUCTY JOJDKHO OBbITh SICHO, YTO
B IJAHHOM OIHMCAaHUU TEPMUHBI «BBILIE IO MOTOKY» U «HIXKE MO OTOKY» OTHOCATCS K
TIOJIOXKEHHUIO 3JIEMEHTOB YCTAHOBKH MPU OOBIYHOM peskuMe padoThl COTTIACHO
TEXHOJIOTHYECKOMY MPOLIECCY.

ITpoToynas yctaHOBKA | THIPOreHU3ALNH B COOTBETCTBHU C H300pETEHUEM TTOKa3aHa Ha
¢ur. 1.

IIporounas ycranoBka | rugporeHusanuu CoAep>KUT UCTOYHUK Bogopoxaa 20, moayss 30
cxaTtus Bopopoaa, cucteMmy 40 nomayu Bogopona, Moayib S0 mogaydu KUAKOCTH, CMECUTENIbHBIN
moayib 60, Mmoaynb 70 ruaporeHusanyu u peryasatop 80 oOparHoro nasnenus. Mcrounuk 20
BOJIOpOJa coobmaercs ¢ moayseM 30 cxarus Bonopona, Moayb 30 cxaTHst BOZOpoAa
coobmmaercsi ¢ moaysiem 40 moxayu Bogoponaa; Moayiib 40 mogadn Bogopoaa u MoayJib SO

NOAaYH SKUAKOCTH COOOINAIOTCS CO CMECUTENbHBIM MoayieM 60, a cMeCUTENbHbIH MOAYJIb 60
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coobmaercsi ¢ moayseM 70 ruAporeHru3auuu; MoayJib 70 THIPOTeHU3ANH COOOIIAeTCs C
peryssitopoM 80 0OpaTHOTO JaBJICHHSI.

Moayne 30 cxxatust BOAOpoaa coaep:kuT kommpeccop 31 nis sogopoaa u cocyn 32 niis
BOZOpoAa. JlaBieHueM, o KOTOPbIM NOJAK0T BOAOPOA B kKoMIpeccop 31, ynpaBisioT
PEryJsTOPOM JaBiieHus Bopoposa 33. JlasineHueM, noj KOTOPbIM MOAAOT BOAOPO U3 COCYyIa
32, ynpasastoT peryysatopoM 34 nasnenus. [IoTok Bogopoaa peryaupyroT OJHOXOJOBBIM
KJlanaHom 35.

Cucrema 40 moga4yu BOIOPOA CONEPIKUT PerynsaTop 43 MacCOBOro pacxona u
OJTHOXOMIOBOM KJanaH 44 v coo0maercs ¢ cocynom 32 st BOAOPOAA U CMECUTENbHBIM MOYJIEM
60. OnHOXOOBOM KianaH 44 nponyckaeT ra3000pa3Hblii BOZOPON, KOTAa AaBJICHHUE BBILIE 10
MIOTOKY OT KJIanaHa OoJbIle JaBJIeHHs HUKE IO TIOTOKY OT KianaHa. Kak OblIo yKasaHo BbIIIIE,
BECHMa JKEJIATEIIbHO CTPOro KOHTPOJIMPOBATh MOAAYY BOIOPOIA, YTOOBI YIIPABISTE XOJOM
BBICOKO 3K30TEPMHUYECKOH PEAKINU THAPOTeHU3aNY  OTPAHUYHBATh O0Pa30BaHUE YPE3MEPHO
BOCCTAHOBJICHHBIX MPUMECEN.

Mopyas 50 nogaun >KUAKOCTU COAEPAKUT pe3epByap S1 st :KUAKOCTH, HAcOC 52 u
racuTelnb 53 ruapoyaapoB It oOecneueH s HeMPePbIBHOM o4y CTa0MIIBHOTO TOTOKA
KUJKOCTH.

CwMmecurenbHblil MOAyb 60 copepkUT Harpesatenb 01 u cMecuTenbHbIN cocyn 62, B
KOTOPOM IIPOUCXOAUT cMelnBaHue. CMeCUTeNbHBIN cocyl 62 CONEep>KUT NHEPTHBII
HATNIOJHSIO LN MaTepHuall, B KOTOPOM CPEAHUI JuaMeTp 4aCTULl HAOJIHSALIEro MaTepuana
cocrasysieT MeHee 100 Mxm.

Monynb 70 runporeHu3aLuu COAEPKUT peakTop 71 rugporeHusanuy ¢ HaCaAKON U
TETI00OMEHHUK 72.

PeaxTop 71 ruaporennsanuy UMeeT IO HACAIKH, COAEPKAINN YaCTULbI KaTaIu3aTopa
(He OKa3aHHbIEC HAa YePTeXke), B KOTOPOM OOBEMHBIN CPEAHUN AUAMETP YaCTHI KaTaIu3aTopa
cocrasinsier meHee 100 mxm. Hanpumep, kaTamu3aTop MOXKET MPENCTaBIsATh COOOH IIATHHY Ha
HOCHTeIE U3 IMMHO3eMa, rae 3HadeHne D50 yactun katanusaropa cocrasisier 70 mxm, D10
cocrasysieT 45 mkm, D90 cocrasisier 110 MkMm.

Monyne 70 rHAPOreHU3aLUH CONEPKUT TaKXKe BE TepMONaphl 73 (He MOKa3aHbl HA
YepTe’Ke), PACIIOJIOKEHHBIE Ha BITyCKHOM H BBIIYCKHOM MarpyOkax peakropa 71
TUIPOreHU3ALH, Ul U3MEPEHHs TEMITePaTyphl KUAKOW KOMIIO3ULIMH B IpoLiecce
UCTIOJIb30BaHUSI.

Hacoc 52 nepekaunBaeT KUKy KOMIIO3ULIUIO, COAEPIKALIYI0 HCXOAHOE COEAUHEHHE,
u3 pesepByapa S1 s KUAKOCTH B Harpesatesb 01, e OHa HarpeBaeTcs 10 3apaHee 3aJaHHOU

Temreparypsl cMemmnBanus, Hanpumep 200°C, ¢ ra3000pa3HbIM BOAOPOAOM, MTOJIABAEMBIM Uepes3
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CHUCTEMY MOJA4YH BOIOPOJA, U MOCTYIAET B CMECUTENbHBIN cocya 62. 3aTeM CMeCh KUIKON
KOMIIO3UILIMM U BOAOPOAA MOAAIOT B peakTop 71 rugporeHusaniy ¢ HacaAKou 1is
ocyuiecTBIeHus rugporenusanun. Ilogauy razoobpasHoro Bonopoaa peryJupyoT TaKUM
o0pazom, 4ToObI MPU NMPOTEKAHUH MMIPOT€HU3ALUH JOCTHYb 3apaHee 3alaHHOrO MOBBIIIEHHS
TEMIIepPaTypPbl JKUAKONH KOMIo3uLuy, Harpumep, ot 150°C no 170°C, koTopoe u3mMepstoT
TepMOInapaMu 73 B IPOLECCE UCTIONb30BAHUS. 3aTeM I'HAPOreHU3NPOBAHHYIO SKUAKYIO
KOMITO3ULIHIO MOJAIOT B TEIUIOOOMEHHUK 72 sl OXJIAKIACHHS 10 3apaHee 3aJaHHON
TeMreparypsl, Harpumep, 40°C. 3aTeM ruipOreHN3NPOBAHHYIO KUJKYIO KOMITO3ULIUIO
BBIITYCKAIOT Yepe3 KianaH peryystopa 80 o0paTHOro naeieHus nepen ee cOopom.
Crenuanucty AOJDKHO OBITH SICHO, YTO K BAPUAHTY OCYIIECTBJICHHUS, ONTMCAHHOMY BBILIIE,
MOTYT OBITh IOAKJIFOUEHBI JIOMOJHHUTENbHBIE PEAKTOPbI THAPOreHn3auu. Eciu yacTuaHo
T'UPOreHU3UPOBAHHYIO JKUAKYIO KOMITIO3ULIMIO MOABEPTal0T PeaKLIUU B CIEYIOIIEM peakTope
TUAPOTEHU3ALNH, & 3aTEM OXJIKIAIOT B CIEAYIOLIEM TEIUIOOOMEHHHUKE, TO TEOPETHIECKH

MOYHO 100aBIISITh JTFOO0E KOJHMUYECTBO PEAKTOPOB MMIPOreHU3ALIUH.
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DOOPMYVYIJIA U30BPETEHU A

1. YcranoBka TUAPOreHu3aly NpoOTOYHOrO TUIIA AJIA NIPOBECACHUS THAPOIrCHU3al NN,
cozieprkaliasi TErI00OMEHHUK, CMECUTENbHBIN COCYA, OJUH WU OoJiee peakTopoB
T'UAPOreHU3ALNH, PETYJIATOP 0OPAaTHOTO JAaBJICHHs, HCTOYHUK BOAOPOZA U PETYJISITOP MacCOBOTO
pacxoza, B KOTOpOil:

CMECHUTEINIbHBIN COCYA MMEEeT OMH WK O0Jiee BIYCKHBIX MaTpyOKOB, KAKIbINA U3
KOTOPBIX NMPEAHASHAYCH AJIA MMOAAYH KUAKOCTHU 15005 M3 051 BOAOpOAa OT UICTOYHUKA BOOOPOAA, U
BBIITYCKHOM MaTpyOOK, COOOIIAOIIMICS ¢ OMHUM WA DOJiee peaKTOpaMu THIPOTeHU3AIUH;

PEeryJiiTop MacCOBOI'O Pacxo/ia PAaCIIONIOKEeH HUXKE 110 IIOTOKY OT UCTOYHHKA BOAOPOAA U
BBILIE TI0 TOTOKY OT CMECUTENIBHOTO COCY/a,

KKl PEAKTOP THAPOTEHU3AMH HUMEET BIyCKHOM MaTpyOoK, COOOMIAOIIUICS CO
CMECHUTENIbHBIM COCYJIOM, U BBIYCKHOM MaTpyOoK;

Ka)KJIbI PEAKTOP TUAPOTEHU3ALNH IPEACTABIISIET COOON peakTop ¢ HACaIKO,

IPU 3TOM TETUIOOOMEHHUK PACTIOIOKEH HIDKE 10 TIOTOKY OT OAHOTO MITH OoJiee
PEaKTOPOB THIPOTEHNU3ALINH H BBILIE 110 TIOTOKY OT PETyJIsITOpa 0OpaTHOTO JAaBJICHUS.

2. YcraHoBKa 1O 1. 1, TONOJHUTEIBHO COAEPIKALLas pe3epByap AJsl XKUAKOCTH,
COOOIIAOLIUIICS € BIYCKHBIM MAaTPYOKOM WJIM C OJJHUM M3 HECKOJIBKUX BIYCKHBIX MaTpyOKOB.

3. YcraHoBka no 1. 1 uinm 2, JONOJHUTENBHO COAEpIKaLiasi HACOC, PACIIOIOKEHHbIN
BBILIE TI0 MOTOKY OT CMECUTEJIBHOIO COCY/a, [JIs IOJAUYU KUAKOCTU B CMECUTEIIBbHBIN COCYA
yepe3 BITyCKHOH MaTpyOOK MM uepe3 OJUH U3 HECKOJBbKHX BITyCKHBIX MAaTPyOKOB.

4. YcTaHOBKA 10 JTIOOOMY M3 NMPEABIAYIIUX MYHKTOB, B KOTOPOH CMECHUTENBbHBIN COCY T
COZIEPIKUT OJMH BIYCKHOMN MaTpyOOK, MpeaHa3HAYEHHbIH JIs MOAAaYU KUIKOCTH U BOJOPOIA OT
HCTOYHHKA BOOPOJA.

5. YcTaHoBKa 1O JIF000MY M3 MPEIbITYLIINX MYHKTOB, B KOTOPOH CMECUTEbHBIN COCY
COZIEP>KUT UHEPTHBIN HANIOJHAIOINI MaTepHall.

6. YcraHOBKa 110 JTFOOOMY M3 MPENbIAYIIUX MyHKTOB, B KOTOPOH CMECUTENIbHBIN COCY
COIEPIKHUT HarpeBaTelb AJisl 00eCTIeYeHUsT HarpeBa.

7. YcTaHOBKa 10 JJI0OOMY 3 MPENbIIyIIUX MYHKTOB, JOMOJHUTEIBHO COAEpIKaIlast
HarpesaTelib, pacIoJIO’KEHHBIH BBILIE 10 IOTOKY OT CMECUTENBHOIO COCYAa.

8. YcTanoBKa 1o 1I000My M3 MPENbITYIINX MYHKTOB, JOMOJHUTEIBHO COEpIKaIlast
TpyOHOE COeMHEHNE, MMEIOLIee 1BA BITyCKHBIX MAaTPyOKa U BBIMYCKHOM MaTpyOoK H
PAcMOIOXKEHHOE HIKE 0 MTOTOKY OT CMECUTENIBHOTO COCY/1a U BBILIE 110 IIOTOKY OT OAHOTO UJIH
OoJsiee peakTOPOB rUAPOTEHU3ALINH, ITPU STOM OJHH BITyCKHOU MaTpyOok coodimaercs ¢

BBIITYCKHBIM MaTPyOKOM CMECHTEJIbHOTO COCYa, BTOPOH BITyCKHOM MaTpyOOK MpenHa3HaueH
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IS IOZaY BTOPOH JKHIIKOCTH, & BBITYCKHON MaTpyOOK coodmmaercs ¢ OqHUM miu Oosee
peakTopamy r'uApOTreHU3aLUH.

9. YcraHoBKa MO 1. 8, JOMOJHUTENBHO COAEPIKALasl HACOC, PACIIOIOKEHHBIN BBILIE 10
MIOTOKY OT TPYOHOT'O CO€AMHEHHsI U NPeAHa3HAYeHHbIH [ TOJJa4uy BTOPOH JKUAKOCTH B
TpyOHOE CoeMHEeHHE uepe3 BIyCKHON NaTpyOoK, MpeaHa3HAYeHHbIH 1Jis IOaud BTOPOil
KUIKOCTU.

10. YcranoBka no n. 8 uiiu 9, NOMOJHUTENIBHO COAEpsKaliasl pe3epByap AJs )KUIKOCTH,
COOOIIAIOLIUIICS ¢ BIYCKHBIM MAaTPyOKOM, MpeaHa3HAUYEHHBIM JIJIsI TOJJaYH BTOPOH KUIKOCTH.

11. YcraHoBka 1o JroO0My M3 PEAbIAYIIUX MYHKTOB, JOMOJHUTEIBLHO CONepsKalias
NpeAPEaKTOPHBIN TEMIOOOMEHHHUK, PACTIONOKEHHBIA MEXKAY BBITYCKHBIM MAaTPyOKOM
CMECHUTENIbHOT'O COCY/1a i OTHUM TN O0Jiee peakTopaMy THAPOTEHU3AMH U COOOIIAIOIIUIACS C
HUMHU.

12. YcranoBka no 1. 11, B KOTOpOH npenpeakTOPHbIA TEIIOOOMEHHUK COEIMHEH C
OIHUM WM OOJiee peakTopaMH MHIPOreHHU3aLNHN OHOM nin Oojee TpyOaMH, HAaNOJTHEHHBIMU
MHEPTHBIM MaTepHAJIOM.

13. YcranoBka 1o r000My U3 MPEABIAYIINX TYHKTOB, B KOTOPOI KaXKABII peakTop
TUAPOTEHU3ANH SBJSIETCS a1Ha0aTHUECKUM PEaKTOPOM.

14. YcranoBka no Jr000My U3 NMPEABIAYIINX IYHKTOB, B KOTOPOH Ka)IbIi peakTop
TUAPOTEHU3ALNH SBJISIETCS JKUAKO(A3HBIM PEAKTOPOM THAPOTeHU3ALNH.

15. YcranoBka no nr000My U3 NMPEABIAYIINX YHKTOB, B KOTOPOH Ka) bl peakTop
TUAPOreHU3alMU UMEET CJION HACagKU, COAEPKALINI YaCTHLbl KaTaIu3aTopa.

16. Ycranoska o 1. 15, B kotopoit 3HaueHue D50 yacTun katanusatopa COCTaBJIsAET
MeHee 100 MkM.

17. YcranoBka 1o qrobomy u3 1. 1—14, B KOTOPOI KaKIblid PeakTOp TUAPOTeHU3ALMH C
HACaIKOW UMEET CJION HACaIKH, TIPEACTaBISoEll COO0I NHEPTHBIE YaCTHLIBL.

18. Ycranoska no 1. 17, B koTopoit 3HaueHne D50 HHEPTHBIX 4acCTHULl COCTABIISAET MEHEE
100 MxM.

19. Ycranoska no n. 16 unu 18, B koropoii 3Hauenune D50 cocrasnsier menee 50 MKM.

20. YcraHoBka 1o Jirodomy u3 . 15 — 19, B KOTOpOoH pa3sMax pacrpenesieHus: COCTaBIIsIeT
MeHee 1.

21. YcraHoBKa 1O JIFOOOMY U3 MPEABIAYLINX MYHKTOB, B KOTOPOH HCTOYHHUK BOAOPOAA
npeAcTaBisieT coOOH reHepaTop BOAOPOAaA.

22. YcTraHOBKA M0 JIIOOOMY M3 TIPEABIAYIIUX MYHKTOB, TOTOJHUTEIBLHO COepsKalas

KOMITPECCOp JJIsl BOIOPOAA.



39

23. YcraHOBKA M0 JIIOOOMY M3 NPEABIAYIIUX MYHKTOB, TOTOJHUTEIBLHO CONepsKalas
OJIHOXOZIOBOH KJIanaH, pacloyOKeHHBIM HUXKE 110 TIOTOKY OT UCTOYHMKA BOJOPO/ZA U BBILIE 11O
MIOTOKY OT CMECUTEIBHOTO COCYAA.

24. YcraHOBKa 110 JIIOOOMY U3 NPEABIAYIIUX MYHKTOB, JOTOJHUTEIBHO COepIKalias
AaTYNKH TEMIEPATyPhl, PACIOIOKEHHbIE HA BITyCKHOM MAaTpyOKe 1 BBITYCKHOM MaTpyOke
KaX0r0 PeaKTOpa F’UAPOTr€HNU3aLNH, AJI U3MEPEHMsI TEMIIEPATYPbI )KUIKONH KOMIIO3ULIMU B
NPOLIECCE UCIOJIB30BAHMS.

25. YcraHoBKa 10 JTIOOOMY M3 TIPEABbIAYIIUX MyHKTOB, COAep Kalnas aABa wuiu Oojee
PEaKTOPOB THIPOTCHU3ALNH, KAKABIH U3 KOTOPBIX PACIIONOKEH MEXKTY BBITYCKHBIM MAaTPyOKOM
CMECHUTENIbHOT'O COCY/1a M TETUIOOOMEHHUKOM U COOOIIAETCS] ¢ HUMHL.

26. YcraHoBKa 1o 1. 25, B KOTOPO# /1Ba Wik O0Jee peakTOpOB MMAPOreHU3aIHH
BKJIFOYAIOT MEPBbII peakTop MMIPOreHU3aluu U BTOPOH peakTop r’UAPOreHU3alui U KOTopast
JOTOJTHATENBHO CONEPKUT TEIUIOOOMEHHHUK, PACTIONIOKEHHBIH MEXIY TIEPBbIM U BTOPBIM
peakTopaMu rHIPOreHNU3ALNN U COOOLIAIOIIUICS ¢ HIMU.

27. Crioco0b HenpepbIBHON THAPOTeHU3ALMH, BKITFOUAKO LITHIA:

(1) obecrieueHne SKUAKONW KOMITO3ULIHH;

(11) obecnieuenne raz000pa3HOTroO BOAOPOAA,;

(111) cMemMBaHME )XKUAKON KOMIO3HULIUH € ra3000pa3HbIM BOAOPOAOM B CMECUTEIBHOM
cocyne;

(1v) momavy cMecH >KUAKONW KOMITO3UIMHU U BOJOPOA B PEAKTOP M'MAPOreHU3ALH C
HACaJKOM AJi MPOBEAECHHs THAPOTeHU3alLNY,;

(V) momady npopearupoBaBILIe KUAKOH KOMIO3UIUH B TEIUIOOOMEHHUK IS
OXJIAKIEHHS 10 3apaHee 3aJaHHON TeMIIepaTyphl.

28. Crioco6 mo 1. 27, IOMOJHUTENBHO BKJIIOYAOLIMNA CTAIUIO MOJAYH KUIKOM
KOMIIO3UIIMU B HarpeBaTesb JJIs1 HArpeBaHUs 10 3apaHee 3aaHHON TeMIiepaTypbl CMEIINBAHUS
nocyie craauu (i) no craauu (iii).

29. Criocob mo m. 27 uim 28, B KOTOpOM cTaaus (ii1) BKIFOUAET HArpeBaHUE U
CMELITMBAHNE JKUIKOH KOMITO3ULIUH € Ta3000pa3HBIM BOAOPOIOM B CMECHTEIIBHOM COCYAE MPH
3apaHee 33/1aHHOMN TeMIepaType CMELINBaHuUs.

30. Cniocob mo mobomy u3 . 27-29, B KOTOPOM CMECHUTENBHBIA COCY]] COIEPIKHUT
VHEPTHBIN HAMOJIHSKOLUN MaTepHal.

31. Cnocob mo mobomy u3 nm. 27-30, TONOIHUTENBHO BKIFOYAOLIUH 1101a9y CMECH
JKUJIKOW KOMIIO3ULIMH U BOZOPOA MPH 3apaHee 3aJJaHHON TeMIepaType CMEIINBAaHUs [10CIe

cragud (1i1) B IpeapeakTOPHBIN TEIJIOOOMEHHUK AJIsl OXJIAXKIEHUS IO 3apaHee 3alaHHON
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TEMIIEPATYPbl PEAKINH Mepe Moauell CMeCH KMIKOH KOMIO3ULIMU B PACTBOPEHHOTO BOAOPOAA
B PEAKTOP TMAPOTeHU3ALNHU C HACAIKOH JIJIs TPOBEACHUS THAPOTeHU3ANU Ha cTanuu (1v).

32. Cniocob o 1. 31, B KOTOPOM CMECh KUAKOH KOMITO3ULIMY U BOAOPOAA MOJAIOT U3
NpeapeakTOPHOro TEMJIOOOMEHHNKA B PEAKTOP THAPOTeHU3AMN C HACAAKOH 10 Tpyoe,
HAIOJIHEHHON HHEPTHBIM MaTepHAJIOM.

33. Cnocob o modomy u3 mr. 27-32, B KOTOPOM KHUAKAsT KOMITO3ULHS COREPKHUT
UCXOTHOE COEAMHEHHE, TIOIBEPraeMOoe MHIPOreHU3 AN Y.

34. Cnioco0 o mobomy u3 . 27-32, TOMONHUTENBHO BKIFYAOIIHNA CTaINH:

(a) obecrniedeHust BTOPOI JKUIKONH KOMIIO3ULIMH, COAEPIKAIIEeH UCXOIHOE COeTUHEHHE,
NOABEPraeMoe THAPOTeHU3ALMH; U

(0) noGaBneHust BTOPOI KUAKON KOMITO3UIIUN B CMEChH JKUIKOW KOMITO3ULIUU U
PacTBOPEHHOrO BOOpoAa rmociie cranuu (iii) 1o craguu (iv).

35. Cniocob mo modomy u3 . 27-34, B KOTOPOM ra3000pa3HbIi BOIOPOA CKUMAKOT JI0
nasienus 6onee 100 Gap.

36. Cniocob mo mrobomy u3 . 27-35, B KOTOPOM M'MAPOT€HU3ALUIO POBOMAT HA CTaIUU
(1v) B IPUCYTCTBUY KaTaJIH3aTOPA.

37. Cnocob 1o odomy u3 . 27-36, B KOTOPOM peakTop TMAPOreHU3AINH C HACAIKOU
COIIEPIKUT CJION HACAIKU, MPEACTABIISIONMEH COOOM YaCTHIIBI KaTaIU3aTopa.

38. Cnocob o 1. 37, B koTropoMm 3HadeHne D50 gacTull karanusaTopa COCTaBIsET MEHee
100 MxMm.

39. Cnocob o modomy u3 mm. 27-36, B KOTOPOM PeakTOp FHAPOTreHU3aALNH C HACAJKOH
COZEPKUT CJIOM HACAIKH, MPENCTABISIONIEeH COO0M MHEPTHBIE YaCTHLIBI.

40. Crioco6 mo 1. 39, B koTopoM 3HaueHre D50 nHepTHBIX yacTull coctanisieT MeHee 100

MKM.
41. Criocob mo 1. 38 wim 40, B koTopom 3HaueHnue D50 cocraBnsier MeHee S0 MKM.
42. Criocob mo robomy u3 mm. 3741, B KOTOPOM pa3Max pactpeneseHus COCTaBIISET
MeHee 1.

43. Criocob mo modomy u3 mir. 27-42, B KOTOPOM TEMIIEpATypa U AaBJIEHUE B PEAKTOpPe
T'UAPOreHU3ALMHY C HACAAKOH [Tl THAPOTeHU3AlMK Ha CTaaAuu (1V) IMEIOT TaKue 3HAYEHHSI,
4TOOBI JKUAKAsk KOMITO3HLIMS OCTaBaach B KUKOI (ase.

44. Criocob o mrodomy u3 mir. 27-43, B KOTOPOM THAPOT€HU3aus Ha cTaguu (1v)
npeacTaBisieT coboi aquadbaTHuecKuii mporecc.

45. Criocob o mrodomy u3 mir. 2744, B KOTOPOM MMoAady razoo0pa3sHoro BOAopoaa
PeryJUpyIOT TAKHM 00pa3oM, YTOObI B Pe3yJIbTaTe TUIPOreHH3ALNH B PEAKTOPEe C HACAAKON

AOCTHUYDb 3apaHEEC 3aJaHHOTO MOBBILCHHUS TEMIICPATYPbI }KHHKOP'I KOMITIO3UIIHH.
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46. Criocob mo mobomy u3 mm. 27-45, B KOTOPOM ITPOpEarupoBaBLIast KUK
KOMITO3ULVSI YACTUYHO THAPOTreHM3MPOBAaHA M KOTOPBIN MOCe CTaauH (V) TONOJHUTENBHO
BKJIFOYAET CTAJUU!

(a) momaun YaCTUYHO TUAPOTE€HU3UPOBAHHON KUIKON KOMIIO3UILIMU BO BTOPOI peakTop
TUAPOreHU3ALNH ¢ HACaAKON IUIsd MPOBEAEHUs AajbHEeHNIIed THpOreHn3auy,

(6) momaum ruAPOreHN3NPOBAHHON JKUAKOIN KOMITIO3MIIUU BO BTOPOH TEIUIOOOMEHHHUK IS

OXJIQXK/ICHUSI 10 BTOPOU 3apaHee 3alaHHON TeMITepaTyphl.
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