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MOCPEICTBOM IIPUTOTOBICHHSI HU3KOTEMIIEPaTypHOTO BOJHOTO PacTBOpa HUTpaTa MeTalljIa, CoAep KaIero
TEKCaMETUJICHTETPAMUH B KAYECTBE UCXOJHOIO PACTBOPA; U BBIHYKIECHUS HCXOJHOTO pacTBOpa IPOTEKATh
10 TepBOH TpyOe W BHIXOAWUTH W3 IEPBOU TPyOBI B KauecTBE IEPBOTO IOTOKA C MEPBBIM PACXOIO0 C
TeM, 4TOOBI KacaThCs BBICOKOTEMIICpATypHOW HEBOAHON pabodyeil Tekyuell cpeapl. Pabouas Tekydas
cpea MPOTEeKAeT Mo BTOPOH TpyOe co BTOPHIM pacxomoM. Cpesaroliee yCHiine MeXIy IIEPBBIM TOTOKOM
u paboucil TeKydel cpemoil pa3pylIacT MEpBHIA MOTOK HA YACTHIBI pacTBOpa HHUTpara MeTaila, W
pasiokeHHe TeKCcaMeTHICHTEeTpaMHHa Ipeodpa3yeT 4acTHIbl pacTBOpa HHUTpaTa MeTajlia B IelieBble
YJaCTHUITHI OKCHa MeTaiuia. Pa3Mep reneBoif 4acTUITH OKCHIAa METalIa H3MEPSIETCST ONITHIECKIM CITI0COO0M
C MIOMOLIBIO AETEKTUPYIOLIEr0 YCTPONUCTBA, HAIPAaBJICHHOIO HAa TOTOK IeJIEBBIX YaCTULl OKCHJIA METaJUIa B
oToKe padoueii Tekyuel cpensl. JleTeKkTupyroriee yCTpoHCTBO U3MEPSET Mepeiady CBeTa, MOIIoMaeMoro
100 TeJIeBBIMHI YacTUIIAMH OKCHAA MeTajuia, 100 pabodel TeKydel cpemoi, Tak 4To mepeaada CBeTa
yepe3 paboduyro TEKY4yH cpely H3MEHSCTCS B TCUCHHE MEpUOoJa BPEMEHH, KOTHA TelicBas YacTHIA
OKCHJIa MeTaJljia MPOXOJIUT MUMO ONTHYECKOTO JaTyuka. Eciu u3aMepeHHbIN pa3Mep 4acTUllbl He paBeH
MIPAMEPHO JKEITaeMOMY pa3Mepy YacTHIIBI, pa3Mep YaCTHIIBI MOXKET OBITh CKOPPEKTHPOBAH MOCPEICTBOM
perylUpOBaHUs OTHOILIEHHUS MEPBOrO pacxoAa K CyMMapHOMY pacxoiy, IIe€ CyMMapHBIM pacxoll paBeH
CyMMe€ IIEPBOIO U BTOPOI'0 PacXOOB.
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OIIMCAHHUE U30BPETEHHUSA
2420-573424EA/55
CUCTEMA U CIIOCOB JIA PEI'YJIMPOBAHUSA PASMEPA I'EJIEBBIX YACTHIL
OKCHJA METAJUIA

VY poBeHb TEXHUKU

1. OGnacTb TEXHUKH, K KOTOPOI OTHOCUTCS N300peTeH e

OT10 M300peTeHne OTHOCUTCS, B OOIIEM, K NPHUIOTOBJIEHHUIO TeJEeBbIX YaCTHUI OKCHAA
MeTaJljia, UMEIOLINX PEeryJIUpPyeMblil pa3Mep YacTull.

2. OnucaHue NpeAIecTBYIOIIero yPOBHS TEXHUKH

IeneBple YacTUIBI OKCHIA METAUIA MOTYT OBITh TNPHUTOTOBJIEHBI IMOCPEICTBOM
pacceurBaHMsI Kamnesb pacTBOpa COJIM MeTallla B HEBOJHBIX TEKYUUX Cpefax U BbIHYKAECHHS COJIU
MeTajula B KaIlUIX MOJBEPraThCs BHYTPEHHEMY TIesie00pa3oBaHUI0, 4YTOOBI (HOpMHUPOBATH
reyieByro ¢asy B popme rejeBbix 4aCTHI] OKCHIIA METAJUIA.

I'eneBple YaCTHLIBI OKCH/IA METAJIa MOTYT OBITh NMPUTOTOBJIEHBI C MOMOILNBIO COTLIA IS
JBYX TEKy4YHX CpeJ, U3 pacTBOPOB MHOKECTBAa COJIed MeTajula MM cojiell OKCHUIa MeTaia,
BKJIFOUAIOINX B Ce0s1 HUTPAThl ypaHa, TOPHUS, TUTyTOHHUS M PEOKO3EMENbHBIX METAJIOB, TAaKHUX
Kak uepuid. PactBop comu comepkut rexcamerunrerpamud (HMTA) u ModyeBHHY U mpoTekaer
U3 MEPBOTO COIJIA C MEPBBIM PACXOAOM, B ITIOTOK HEBOIHOH pabodel TeKkydel Cpeapl BO BTOPOM
corute. HeBogHast paOouast Tekydas cpefa HarpeBaeTcst O TeMIepaTyphl, JOCTATOYHOH, YTOOBI
BbI3bIBaTh HMTA-paznoxxenue.

B cnyuae pactBOopa HuUTpaTa ypaHuWia, Npexae 4eM pPacTBOP COJIM KOHTaKTUPYET C
paboueil Tekydel Cpenod, KOMIUIEKCHI MOHOB MeTalja C MOYEBHMHOH u3 (OopMyJbl
UOz((NHz)zCO)2+2 dbopMupyIOTCS, KOrga  MOUYEBMHA  MOXET [OMOraThb  CMsIr4aTh
npexxaeBpeMeHHoe reneoOpasoBanue. Korma KOMIUIEKCHI HMOHOB MeTajula ¢  MOYEBHMHON
HArpeBaloTCsl MOCPEACTBOM pabouell TeKydeH Cpenbl, OHM MOTYT pas3jaraTbCs, YTOOBI
dbopmupoBath UO,* i aHanoruysHsie pa3sHOBUAHOCTHU Okucu ypaHa. OnHoBpemenHo, HMTA
pazsiaraercsi, 94To0bl (POpMUPOBATH THAPOKCHI amMMoHus. Pasnoxxenne HMTA umeer mecto B
nBa dTamna, Kak B peakuusix (1) u (2):

(CH,)6N4+H" — ((CHo)sNHH™ (1)

(CH,)sN4H*+ 9H,0 — 6HCHO+NH,4" +3 NH4OH (2)

HoHpl MeTania JONOJHUTENBHO IMOABEPraloTCs T'MIPOJIN3Yy U KOHAEHCHPYIOTCS Kak B
peakumsax (3) u (4):

(UO2)* g +2H20 — (UO5(OH))(q) +2H" (3)

2(UO2(OH)2)(aq) — 2UO32H,0 (4)

I'mnpokcun amMmoHus, cOpMHUpOBaHHBIA BO Bpems peakuuu (2), ysenmnumsaer pH
pacTBopa, CrocoOCTBYs THAPOIM3Y H KOHAeHcauuw (3), mNpuBOAsS B pe3yibraTe K
dopmuposanuto yactuil noHa metaiuia 2UO32H»0 kak ceprudeckux reeBbix yacTuil. [ eneBbie
cepbl Okcuaa ypaHa coOUparoTCs M CIIEKaTCsA, YTOObI (POPMHUPOBATH KEPAMHUECKUE YACTHUIIBI,
MIOJIE3HBbIE B KAUECTBE CEPJLIEBUH AJIS FPaHyJI sIAEPHOrO TOIINBA.

Bo Bpems ¢opMupoBaHus TrejeBOll YACTHLIbI Karuld pacTBOpa OKCHAA MeTaja



pacceuBaroTCs B paboueil Tekyuell cpeme C BBICOKOH CKOPOCTBIO M MOIBEPraroTcs OBICTPOMY
reneobpazoBannio ot pasioxenus HMTA. Pasmep 5Tux reneBbIX 4acTHIL SABISETCS KPUTHYHBIM,
C TOYKM 3peHus crenudukauuil saepHOro TomuBa. B dYacTHOCTH, pasmep CHEKIIMXCS
KepaMHUYECKUX YaCTULl AJIs UCIONB30BAHMS B IPaHyjax SAEPHOIO TOIUIMBA PEryJUPYeTCs IO
pa3mepy renesblx yacTull. [Ipu cnekaHuu rejaeBble YaCTULIBI TEPSIOT O0KOJIO 35% cBOEH Macchl, B
TO BpeMsl KaK PaaMyc YacTHIl COKpaIlaeTrcss MpuMepHO Ha 65%. Bo Bpemst ¢opmupoBanus
reJeBbIX YaCTHUL[ MOCPEACTBOM BHYTPEHHEro reseoOpa3oBaHusi pasMep C(HOPMHPOBABIIUXCS
reJIeBbIX YaCTHUI SIBJIIETCS HEM3BECTHBIM IO TEX MOp, MOKa rejaeoOpa3oBaHue HE 3aKOHYHUTCS U
4acTUIbl He OyIyT BOCCTAHOBJICHBL [Ipu onpeneneHun XapakTEPUCTHK TeJIEBbIX YaCTHI] MOXKET
ObITh OOHApPY’KEHO, YTO YaCTULBI SBJSIFOTCS CIUIIKOM OOJIBIIMMHU JUISl TIPUTOTOBJICHHS
JKEJIAeMOT0 TPOIYKTA, TAKOTO KaK SAEPHOE TOIUIMBO. AJIBTEPHATUBHO, YaCTHLIbI MOTYT OBITh
HEOOJIBIIIMMU IS JKEJIAEMOTO MMPUMEHEHHS WIIK UMETh HEXEJIaTeJIbHO ITUPOKOe pacIipeesieHue
pa3Mepa 4acTHLL.

Hacrosiiee n3o0pereHrne HanmpaBiIeHO HA CrOCOOBI MONYYEHHsI TeJIEBbIX YaCTHLl OKCHIA
MeTajljla C PperyjJupyeMblM pa3MepoM YacTHL, KOTOpble NPEJOCTaBISAIOT BO3MOXKHOCTb
peryJINpOBaHuUs pa3Mepa YacTHUI] BO BpeMsl (POPMHUPOBAHUS YACTHILI.

IIpenmer n300peTeHust SIBISIETCS MILTIOCTpAaLMEl MPEMMYINECTB, KOTOPbIE MOTYT OBITh
JOCTUTHYTBHl TOCPEICTBOM pPAa3jMYHBbIX BApUAHTOB OCYINECTBJEHHS, PACKPBbITHIX B JAHHOM
JIOKYMEHTE, U He NMpeaHa3Ha4aeTCsl ObITh NCUEPIIBIBAIOIINUM WM OTPAaHIMYHBAIOIIUM BO3MOKHBIE
NPEeUMYyIIeCTBA, KOTOpPBIE MOIYT OBITh peanu3oBaHbl JIOMONHUTENbHBIE NPEHMYINECTBA
Pa3NUYHBIX BAPUAHTOB OCYILIECTBIICHHS, PACKPBITHIX B JAHHOM JOKYMEHTe, OyIyT OYEBUIHBI U3
OMHUCAHWs B JaHHOM MAOKYMEHTE WM MOTyT OBbITh y3HaHbl M3 INPUMEHEHHs Ha IPaKTHKe
Pa3MYHBIX BAapUAHTOB OCYLIECTBJICHUS, PACKPBITBIX B AAHHOM JAOKYMEHTE, WU KOTOpBIE
MOAMGUIMPOBAHBI C YYETOM KAaKOro-iuOO HM3MEHEHMs, KOTOpPOe MOXKEeT OBITh OUeBHIHO
criequanicTaM B oonactu TexHUKH. COOTBETCTBEHHO, HACTOsIIEe N300pEeTeHNE 3aKJII0YaeTCs B
HOBBIX CMOCO0AaX, KOMIIOHOBKAX, COUETAHUAX U YIYYIIEHUSIX B JAHHOM JOKYMEHTE, MOKa3aHHBIX
U OMMCAHHBIX B PA3JINYHBIX BAPUAHTAX OCYIIECTBICHHS.

CywmHoCcTh H300peTeHus

PasnuuHble BapuaHThl OCYIIECTBIIEHUS, ONUCAHHBIE B TAHHOM JIOKyMEHTE, OTHOCATCS K
ONTUYECKUM JaTYHUKaM, KOTOpbIE€ MPEIOCTABIISAIOT BO3MOXKHOCTh aHAJIN3a B PEaJbHOM BpPEMEHU
pa3Mepa reyeBbIX HYacTHL, COPMHPOBAHHBIX B COILUIE U ABYX TEKYUHMX Cpel, TakKe Kak
pacxo/a rejeBbIX 4acTHUL[ B COILJIE.

PasnuuHble BapuaHThl OCYLIECTBJIEHUS, PACKPBITbIE B JAHHOM JOKYMEHTE, OTHOCATCS K
cnoco0y ONTHMHU3ALMHU pa3Mepa TeNIeBbIX YacTHL] OKCHIOA MeTajula, BKJIOHAoLieMy B cebs
IIPUTOTOBJIEHHE HU3KOTEMIIEPATypPHOIrO BOJHOIO PAacTBOpPa HUTpaTa METalIa, COAEpIKallero
IeKCaMeTIJICHTETPAMUH B Ka4eCTBE HCXOMHOTO PacTBOPa; o0ecredeHne MpOTeKaHusI HCXOIHOTO
pacTBopa uepes3 IepBOe COIUIO M €ro BhIXOJa W3 MEPBOro COIJIa B KAueCTBE MEPBOro MOTOKA C
MEPBBIM PACXOIOM, M oODeclieueHne MPOTEeKaHMsI BBICOKOTEMITEPATYPHOUW HEBOIHOH pabodueit
TEeKydell cpenbl uepe3 BTOPOE COIUIO B KauecTBE BTOPOrO MOTOKA CO BTOPBIM PacxXxOAOM, I7e

BTOpOI>'I IMNOTOK KOHTAKTHUPYET C MNEPBbIM ITOTOKOM. B Pa3JIMYHBIX BapHaHTaX OCYILICCTBJICHUA



CIBUTAOINEE YCHJINE/CIBHUraroInee B3aUMOAEHCTBHE MEXIYy IEpPBbIM IOTOKOM H BTOPBIM
IIOTOKOM pa3OMBaeT MepBBIi MOTOK HAa KalIM pPacTBOpa HUTpPATa METAIa, U TEPMHUYECKOE
pa3NoKEeHUE T'eKCaMEeTHIIEHTETPAMUHA ITOCPEACTBOM BBICOKOTEMIIEpAaTYpHOH paboueil Texyuei
cpeabl npeobpasyeT Karuld pacTBOpa HUTpaTa MeTajula B IelieBble YacCTHIBI OKCHA METala.
I'eneBple yacTUIBI MEPEHOCATCS BO BTOPOM IOTOKe pabodel Tekydel cpenbl. B pasmuunbIx
BAPHAHTAX OCYLIECTBJIEHUs CPEOHUI pa3Mep 4acTHILl AJi FeIeBbIX YaCTHULl OKCHAA MeTalia UiH
CPemHUil pacXox rejeBbIX YaCTHIl OKCHAA MeTajuia B padodell Tekydel cpene H3MepsieTcs
ONTHUYECKUM CIOCOOOM, C MOMOIIBI0 AETEKTUPYIOIIEro YCTPONCTBA, HAMPABIEHHOIO Ha MOTOK
reJIeBbIX YaCTHUI] OKCH/Ia METAJUIA B IIOTOKE padoueil Tekyueil cpenpbl.

B pasnuuHbIX BapuaHTaX OCYIIECTBJIEHUS JAETEKTUPYIOLee YCTPONCTBO H3MepsieT
nepesayy CBeTa, MOTJIOMIEHHOrO JIMOO TejeBBIMH YaCTHIIAMHM OKCHIA MeTajuia, JHOo padoueit
TeKyuell CpemoH, Tak 4YTO mepenada cBera uepe3 pabouyr TEKy4dyr CpeAy H3MEHSeTCs B
TeYeHHe IepuoAa BPEMEHM, KOrja rejeBas YacTULA OKCHIAa MeTajula IPOXOAUT uepe3
JeTeKTUpYIolllee yCTPOMCTBO. 3aBUCMMOE OT BPEMEHM H3MEHEHHE B Ieperade CBEeTa MOXKET
OBITh HCMOJB30BAHO [UJII M3MEPEHMs CPEOHEr0 pa3Mepa 4acTHULl WM OOBEMHOrO pacxona
yacTull. B pasnuyHbIX BapuaHTax OCYILECTBJEHHS, €CJIM WU3MEpPEHHBbIH pa3Mep 4YacTUll WUIH
OOBEMHBIH PAaCXOA HE paBeH MNPHOIM3UTENBHO JKENAeMOMY pa3Mepy Kalull WM Pacxony,
PeryJnupyroT YIOMSHYTBIM pa3Mep Kalljii WK pacXxof MOCPENCTBOM PeryJupOBaHUs OTHOLIEHMUSI
NEPBOrO pacxo/ia K CyMMapHOMY pacxony, Iie CyMMapHbIN pacxofl sIBJIS€TCS] CYMMOI IEpBOTo U
BTOpPOT'O pacXOfOB.

B pa3nuuHbIX BapHaHTaxX OCYINECTBIIEHHs, €CIM U3MEPEHHBIH pa3Mep YacTHIbI OOJbIIe
JKENAeMOro pa3Mepa YacTHIbl, HW3MEPEHHbIH pa3Mep YacTULbI MOXKET OBITh YMEHbIIEH
HIOCPEZICTBOM YBEJIMUYEHUs pacxona paboueil Tekyuel Cpeabl, yMEHbIIEHHsI pacXoaa UCXOIHOTO
pacTBoOpa, Uiy TOro u Apyroro. Eciu nu3mMepeHHslll pa3sMep 4acTHL] MEHbBIIE JKEIaeMOro pasmepa
YaCTHL, W3MEPEHHBbIH pa3Mep YacTHI MOXKeT OBbITb YBEJIMYEH IOCPEACTBOM YMEHBIIEHHS
pacxona paboueil Tekyuel Cpenbl, YBEIMYSHHs IEPBOTO Pacxoa HCXOAHOTO pacTBOPA, UK TOTO
U IPyroro.

B pa3nuuHbIX BapraHTaxX OCYIIECTBJICHHUS NETEKTUPYIOLIEe YCTPOUCTBO BKIIIOYAET B Ce0sI
MEePBbId ONTUYECKUI NaTUYUK U BTOPOH ONTUYECKUN AATUUK, PA3HECEHHBIE IPYT OT Apyra BAOJb
noToka pabodell TeKydel Cpenpl Ha MepBO€ PACCTOSHUE, W KaXKAbIH W3 TMEPBOTO M BTOPOTO
JaTYUKOB BKJIOYAET B ce0sl MEPBOE M BTOPOE ONTHYECKHE BOJIOKHA HA MPOTHUBOMOJIOKHBIX
CTOpPOHAxX MOTOKa padouei Tekyueil cpenbl. [lepBoe onTHUECKOe BOJOKHO B KaKIOM JAaTUUKE
OTIIPABIISIET CUTHAJ Yepe3 padouyro TEKYUyI0 CPeay, a BTOPOE ONTHYECKOE BOJOKHO MPUHUMAET
curHajg. B pasnuuHbIX BapuaHTax OCYLIECTBJIEHMs] CHUTHAJ, OTIPABIEHHBbIH IOCPENCTBOM
NEPBOr0 ONTUYECKOTO BOJOKHA B KaXAOM J1aTUHMKeE, SIBJISETCS ONTUYECKUM CUTHAJIOM C JUJIMHOM
BOJIHBI, KOTOpasi He Torjomaercs pabodeil Tekydell cpenoil, HO TOIJIOLIAETCS TeIeBBIMU
JacTULIAMU OKCHJAA MeTanjga. B KakxaoMm paTuuke NepBoe U BTOPO€ ONTHUYECKHE BOJIOKHA
OTHEISIOTCS] PACCTOSIHUEM, KOTOPOE, 110 MEHbIIEH Mepe, PaBHO AMAMETPy TPYObl, MepeHOCsIIeH
pabouyro TEKyUyI0 Cpeay, U KOTOPOe SIBJISIETCS] JOCTATOUHO HEOOIBIINM, YTOOBI PEAOTBPAILATh

3aTyxaHHe CUTHAJA, IBIKYIIErocs uepe3 padouyro TeKyuyro cpeny.



B paznuusbIX BapraHTax OCYLIECTBJEHUS MEPBbIN NaTUYUK U BTOPOM NAaTYUK Pa3HECEHbI
APYyT OT Apyra BAOJb BTOPOTO MOTOKA paboueil Tekydel cpenbl Ha nepBoe paccrosHue. Ilepsoe
paccTosiHue MeXAy NaTYMKaMy MEHbIIEe CPeIHEro AMaMeTpa IeNleBbIX YacTull, IA€ CPeaHUui
AUaMeTp TeJIeBbIX 4acTULl MOkeT ObITh Mexkay 0,8 MM u 3,2 mm, mexay 1 u 2,5 mm, mexay 1 u 2
MM, Mexay 1 u 1,5 mm wnu mexay 1,5 u 2 mM. B pa3snuuHbIX BapuaHTax OCYLIECTBJICHUS
uHTepBai Mexay nardyukamu ot 0,1 mm g0 1 mm, ot 0,2 o 0,9 mm, ot 0,3 no 0,8 uwnm ot 0,5 1o
0,7 MM MEHbIIIE KETAeMOT0 LIeJIEBOr0 JUAMETPa T'eJIEBbIX YaCTHULI.

B pasnmuyHbIX BapWaHTaX OCYIIECTBJEHHS CPEOHUI pasMep 4YacTHUIl MOXKET ObITh
paccuuTaH MOCPEICTBOM IEPBOTrO BBIMUCIIEHUS CKOPOCTH TejieBOM YacTHULIbl OKCHA MeTaa,
NPOXOJIAIIEH MepBbIA ONTUYECKUN W/WIIM BTOPOH ONTHYECKHH NaTuuK. B pa3inyHbIX BapuaHTax
OCYILIECTBJIEHUs [1Ba AaTUHKA Pa3HECEHbI BIOJIb MyTH NMPOTEKAHUS HA U3BECTHOE PacCTOSHUE, U
CKOPOCTb I'eJIeBOM HaCTULIbI BBIUUCIISIETCS HA OCHOBE BPEMEHH, 32 KOTOPOe MepeaHHI KOHell Ui
3a7HUH KOHeI| TeleBON YacTULbl IPOXOAMT 3TO M3BeCTHoe paccrosiHue. Ilocne Toro kak
CKOPOCTb I'eJIeBbIX YaCTHI] OMpeNieieHa, pacxo/l padoueli TeKyuel Cpebl, MEPEHOCSIIeH reJieBble
JacTULIbl Yepe3 JaT4yMKH, Bbluucisierca. Ilocne TOro kak pacxoji BBIYMCIEH, A0Js IOTOKA,
3aTMOJTHEHHOTO TeJIEBBIMH  YacTUlaMu (00BEM TeieBbIX YAaCTHI[), 3aTeM BBIYHCIISIETCS
MOCPEICTBOM JIeJIEHUs] MEpPBOrO0 MHTEpBaja BpPEMEHH, 3a KOTOpbIM OfHa rejesas 4acTULA
MPOXOAUT MUMO OAHOTO ONTHYECKOTO JATYMKA, HA BTOPON MHTEPBAJ BPEMEHH, 32 KOTOPBIIl 1BE
MOCJIEI0BATENbHbIE TeJIeBbIE KAIlJIN JOCTUTAl0T OJJHOTO ONTHYECKOrO AaTUUKA.

B pasznuuHbIX BapuaHTax OCYLIECTBJIEHUS YCTPOMCTBO MJI CO3AAaHUs I'eJIEBbIX YaCTHII
OKCHIAa MeTajula C pPeryJupyeMbIM pa3MepoOM YacTHI] BKJIKOYaeT B cels cucremy s
(bopMHUpPOBaHHUS TeNeBbIX YaCTUL] OKCHAA METAJIA, COAEPIKAIIYIO:

coruo Juia pabouell Tekydel cpenbl, (GOpMHUpYIOLIEe MyTh NPOTEKAHUs, COILIO IS
paboueli Tekyueil cpenpl BBINOJHEHO C BO3MOXHOCTb MepeHoca padodero moToka pabdoueit
TeKy4el Cpesibl C IEPBBIM PACXOIOM MO MyTH NPOTEKAHUS,

COIUIO JUIsl PacTBOpa COJHM MeETa/Ula, MMEIOIee BBbIXOA, COIUIO Ui COJIM MeTajuia
BBIMIOJTHEHO C BO3MOJKHOCTBIO TIE€PBBII MOTOK HU3KOTEMIIEPATyPHOrO BOJHOTO PacTBOPA COJH
MeTaJljia, COAepIKaIlero rekCaMeTUJIeHTeTPaMHH, B MyTh MPOTEKaHUs] CO BTOPBIM PacXoOioM; U
HEeo0s13aTeNTbHO

HarpeBaTelib, BBIMIOJHEHHBIA ¢ BO3MOKHOCTBIO MONJEPKUBAHUS TeMITepaTypbl padodei
TeKyuell Cpeibl Ha YPOBHE, TOCTATOYHOM JIsi OOecIedeHusl reieo0pasoBaHUe COJIM MeTauia B
pacTBOpE COJIU MeTaJljia MOCPEACTBOM MeKCaMeTUIIeHTeTPaMUHA.

B paznuuHBIX BapuaHTax OCYIIECTBIEHHS YCTPOWCTBO IOMOIHUTENBHO BKJIIOYAET B CeOs
CUCTEMy [UIs peryjupOBaHUsl CpeAHEero pasMepa TrejeBbIX 4YacTHUll OKCHAAa MeTaa,
PACIIONIOKEHHYIO HIDKE IO TOTOKY OT CHUCTeMbI ISl (POPMUPOBAHHS T'eNIeBbIX YaCTHULl OKCHIA
merajula. Cucrema il peryiupoBaHHs pasMepa TeNeBbIX YacTHI] BKIKOYaeT B cebs
IETEKTHUPYIOIee YCTPOICTBO, BKIIIOHANOIEe B CeOsI:

MEPBBIM JATYMK U BTOPOM JaTYHK, pa3HECEHHBIE APYT OT Apyra Mo MyTHU MPOTEKaHUs Ha
MEepPBOE PACCTOSIHUE, MEPBbIH U BTOPOM AATUMKU BBIMOJHEHBI C BO3MOXHOCTBE) HU3MEPEHUs

CPE€AHErO pa3sMepa reJiICBbIX 4aCTUL U pacxoda 4aCTUL, 1



CUCTEMY YIIPaBIEHUS Uil PEryJUPOBAHUsSl CPEIHErO pa3Mepa rejeBbIX 4acTHUL OKCHUIA
METaJula Ha OCHOBE BXOJHOI'O CUTHAIA OT AETEKTUPYIOLLIErO YCTPOUCTBA.

B pasnuuHbIX BapuaHTax OCYIIECTBJICHUs CUCTEMa JUIsl PEryJHPOBAHUS CPEIHEro
pa3mepa resieBbIX YacCTHIl BBINOJHEHA C BO3MOKHOCTBIO BBIYHCIEHHMS OOBEMHOIO pacxona u3
NEPBOrO BPEMEHM NPOXOXKIEHHUs, 3a KOTOPOE TrejieBas 4acTHLA OKCHAAa MeTajula MPOXOAUT
PacCTOsIHUE MEXKY MEPBBIM JaTYUKOM U BTOPBIM JaTYMKOM.

B paznuyHbIX BapuaHTax OCYLIECTBJICHUS, €CJIM BBIYMCIEHHBINA pa3Mep reaeBor YaCTHULIbI
OTJINYAETCSl OT JKEJIaeMOro pa3Mepa IesieBOM YacTULbI, CUCTEMA ISl PEryJIMPOBAHUS CPEHETO
pasmepa KOHQUTypUpyeTcs, dTOOBI pPEryJupoBaTh CPEIHUN pasMep TeleBbIX YaCTHUI]
NOCPECTBOM PETYJHPOBAHUS OTHOIIEHHsS] TEPBOrO pacxona padodeidl Tekydel cpenbl K
CyMMapHOMY pacxofy, I/le CyMMapHbIi pacxof sIBJISETCS CYMMOH MEPBOro pacxona U BTOPOTo
pacxoja pacTsopa COJIM METaJlIa.

B cBere Tekymel mnOTpEOHOCTH B YIYYIIEHHBIX CIMOCO0A MPUTOTOBJIEHHUS TEJIEBBIX
4aCTUL[ OKCHJAa MeTajla C MPOTHO3UPYEMBIM pPa3MepOM, KPAaTKOE H3JIOKEHHE pPa3IUYHBbIX
BAaPHUAHTOB OCYLIECTBICHUS NpeAcTaBisieTcsi. HeKoTophie ynpoImeHus: U ONyIIeHus MOTYT OBITh
BBIITOJIHEHBl B TIOCIEAYIOIIEM KPAaTKOM H3JIOKEHHH, KOTOpPO€ TMpPEOHA3HAYaeTcsi, YTOOBI
BBIICJINTh U BBECTU HEKOTOPBIE ACHEKTHI PA3JINYHBIX NPUMEPHBIX BAPUAHTOB OCYILECTBJICHHUS,
HO HE OrpaHWYMBaTh paMKu wu300pereHus. IlompoOHBIE ONMUCAHUS MNPENNOYTHTEIHHOTO
NPUMEPHOTO BAapHAaHTA OCYIIECTBJICHHsS], IOCTATOYHBIE, YTOOBI IMPENOCTAaBIATH BO3MOJKHOCTH
OOBIYHBIM CIIEATNCTaM B OOJIACTH TEXHHMKHU CO31aBaTh M HCHOJb30BATh HIEH H300peTeHus,
MOCJIEAYIOT B JAJIBHEUIINX pa3fenax.

Kpartkoe onucanue uyeprexen

Jlnst Toro, 4yToOBI JTy4llle NOHUMATh PA3JIMYHbIE IPUMEPHbIE BAPUAHTHI OCYIIECTBIICHHS,
CCBUIKA BBIMOJHAETCSI HA COMPOBOXKAAIOIINE YEPTEKU, HA KOTOPBIX !

@ur. 1 nokasbIBaeT YCTPOUCTBO il HAOMOIEHUS 32 Pa3MEePOM TeJIeBbIX YaCTHIl OKCHIA
MeTajuia, CHOPMHUPOBAHHBIX B COILIE AJISI ABYX TEKY4YHX CPEN;

@ur. 2 1 3 NOKa3bIBAIOT BbIXOJHBIE CUTHAJIBI, CO3AaBAaEMble JAaTYMKAMU B YCTPONUCTBE HA
¢ur. 1, xoraa rejesast YacTULA OKCUAA MeTaJlia OOHAPYKUBAETCS TIOCPEACTBOM JTATUHUKOB;, U

@dur. 4 mnoka3piBaeT OJIOK-CXEMy MOCIEIOBATEIBHOCTH OIEPalUii, MOKa3bIBAIOIIYIO
NPOLIECCHI AJIsT PETYJIUPOBAHMSI pa3Mepa reJIeBbIX YacTHI] OKCHAA MeTajuia, COPMHPOBAHHBIX B
COILIE JUIsl IBYX TEKY4HX CPEn;

@dur. 5 mnokaspiBaeT ycTtpoiictBo Ha ¢ur. 1, comectHo ¢ CPU wu Hacocamuy,

,
ynpasnsieMbiMu nocpeacrsom CPU;

@ur. 6 NOKa3bIBAET:

OUAMETP CEpPALEBUHBI CHEKIIMXCS YacTHL OKCHIAa METajUla, NPUTOTOBJICHHBIX U3
reJIeBbIX YaCTHUIl, KaK (YHKIUIO BPEMEHH,

pacxon pactBopa OyJIbOHA OKCHIa MeTalIa Kak (PyHKIIUIO BpEMEHH, U

CYMMAapHBIHA pacxo] Kak (PyHKIHIO BpeMeHU, U

@ur. 7 noka3epiBaeT rpaduk, Ha KOTOPBI HAHECEH AMAMETP CEPALECBUHBI KaKk (QYyHKLIUS

OTHOILIEHHUS PacXxoia PacTBOPA OKCHAA MeTajlsla K CYMMapHOMY PacXofy.



Bcenencreue OonblIoro 4mciaa TOYEK NAHHBIX, HCHOJIB30BAHHBIX I (DOPMHUPOBAHUS
JAHHBIX, TIPEACTaBJIEHHBIX Ha ¢ur. 6 u 7, naHHble OBUIM MpPEACTABIEHBI Kak OOJAaKo,
NPEACTABIISIIONIEE TTEPEKPHIBAIOINNECS TOUKH TAHHBIX, BMECTO HAHECEHHsI Ha rpa UK OTJENbHBIX
TOYEK JTAHHBIX.

ITonpoOHoe onucaHune n300peTeH s

Korma wucnosnm3yercss B JaHHOM JOKYMEHTE, TepMHH "OKOJO" MOXeT ObITh
UHTEPIPETHPOBAH Kak o3Haudaromwmii "B mpenenax 10% ot chopmynupoBaHHOrO 3HaveHus", "B
npenenax 5% ot chopmynupoBaHHOTO 3HaueHus" win "B npenesnax 3% ot chopMyITHPOBAHHOTO
3HaueHus". Bce umcna, cdopmynupoBaHHbie 0e3  KBamU(pUKATOpA, MOTYT  OBITh
UHTEPIPETHPOBAHBI B MOHATHUSIX 3HAYALIHNX [TUPP.

Korma wucnonb3yercs B MJaHHOM JOKyMeHTe, (OPMYJHpPOBKA "CKOH(HUTYPUPOBAH,
9ToOBI", KOIZIa MPHMEHSETCS K YCTPOWCTBY WJIM €r0 4YacTH, O3HAYAeT, YTO IMEePEUHCIEHHOE
YCTPOWCTBO WJIM 3JIEMEHT TPEIHA3HAYAeTCsl MJIM KOHCTPYHPYETCsl, YTOOBI BBIMOIHATH
MEPEYNCICHHYO0 (PYHKITHIO.

Korpa wucnone3dyercs B JaHHOM JOKyMEHTe, TEpMUH 'AuameTp', yNOMHHAaeMblii B
JaHHOM JIOKYMEHTE Kak ml, cChUlaeTcsi Ha JUIMHY YaCTHILBL, KOTZIa OHA JABIDKETCS 1O TpyoOe
MHMO ONTHYECKOTO JIaTYMKA. B HEKOTOPBIX BapHaHTaX OCYINECTBJICHUS JUAMETP TPYObI MOXKET
OBITh MEHbBINE JUTMHBI YaCTHUIIbI, BBIHYKIAsl YaCTUIY BBITATHBATHCS 10 JUTMHE TPyOBl. B npyrux
ciy4asix, [uaMeTp TpyObl MokeT ObITh OoJiblie WM MPUOIU3UTENBHO PaBEH JUIMHE YaCTHULIBI,
BBIHY’KIasi YaCTUIy OBbITh MpakTudecku chepuueckoid. B mobom ciyuae, paccTosiHue 1O AJIMHE
YaCTULIbI IOJDKHO HA3bIBATHCS €€ JuaMeTpoM m1.

OOpamasicb Tenepb K 4epTeskaM, HAa KOTOPBIX AaHAJOTHYHbIE HOMEpA CCBIIAIOTCA Ha
AQHAJIOTUYHBbIE KOMIIOHEHTbl MJIM OTalbl, PAaCKPbIBAKOTCS ILIUPOKHUE AaCMEKThbl Pa3IUYHbIX
IIPUMEPHBIX BAPUAHTOB OCYLIECTBJICHUS.

Qur. 1 sBisgercd BUAOM CHCTEMbI IJI1 U3MEPEHHUsl pa3Mepa IeseBbIX YaCTHULl OKCHIA
merajuia. Cucrema BKIrO4aeT B ceOs comio 1, CKOHPUIypHpOBaHHOE, YTOOBI MEPEHOCHUTH
HEBOIHYIO pabouyr Tekyuyro cpeny ('comuto mnsi paboueli Tekyueil cpemwl"), rae pabdodas
TeKy4Yasl cpefia MEepeHOCUTCS B COIie 1 Mo MyTH MPOTeKaHUs, MOMEUEHHOMY CTPENKON A, C
nepBbIM pacxonoM. ['esieBble YacTUIbl 3, uMeromire quamerp ml (moka3aH Kak PaBHBIA JJTHHE
BBITSIHYTOW 4YacTuibl Ha ¢ur. 1), nemwxyrcs mo Tpyde 1 B HampaBIeHHH CTPENKH A MHUMO
nepBoro gatduuka 4 u Broporo natuuka S5, kaxaeiii coenunen ¢ CPU 10. Jlatuuk 4 umeer nBa
ONTHYECKUX BOJIOKHA 6 U 7, pa3aeneHHbIX TpyOoil 1. Onrudeckuii CUrHai ¢ BBIOPAHHOM UTMHON
BOJIHBI TIEPEIAETCsI OT BOJIOKHA 6 BOJIOKHY 7, B HarpasieHuu cTpenku B. Pabouas Tekydas cpena
SIBJIIETCS] TIPO3PAYHON JJIs1 BBIOPAHHOM UIMHBI BOJHBI, B TO BpPEMsl KaK IeJieBble YacCTHLbI 3
SIBJIIIOTCST TIOJYIPO3PAYHBIMU HUIH HETPO3PAYHbIMU UL BBIOpAHHOHN MMHBI BOJHBI CuHrHAam,
COOTBETCTBYIOIUMH 3aBUCUMOMY OT BPEMEHM HU3MEHEHHMI0O B HHTEHCUBHOCTH CBETa MEXKIY
CBETOM, IepefaBaeMbIM W3 BOJIOKHA 6, U CBETOM, NIPUHMMAE€MbIM BOJIOKHOM 7, Mepenaercs B
CPU 10. BexonHoit curHan ot n1ataukoB 4 u 5 nepenaercs no kadensm 13 u 14 8 CPU 10, roe
BBIUUCJISIETCS Pa3Mep YacCTHULIBL

@ur. 2 moka3pIBaeT 3aBUCUMOE OT BPEMCHU HM3MCHCHHUEC B MHTCHCHUBHOCTU CBE€TA KaK



MOCJIEOBATEIbHOCTh TEJEBbIX YaCTHUL, NPOXOAAIIUX 4Yepe3 aatduuk 4. Eciu u3MeHeHue B
WHTEHCUBHOCTH CBETA MEXAY CBETOM, MEPENaBaeMbIM U3 BOJIOKHA 6, U CBETOM, IPUHUMAEMBbIM
BOJIOKHOM 7, MEHbIIE TpeABapUTebHO orpeneseHHoro ¢onoBoro 3HaueHusi, CPU BeiBOOHT
3Ha4YeHue, paBHOe HyJr0. Ecau u3MeHeHWe B MHTEHCUBHOCTH CBETa  MPEBBILIAET
NpeABAPUTENBHO ONpeieeHHOe (POHOBOE 3HAUEHHE BCIEICTBUE TIPUCYTCTBHSI IeJI€BOM YaCTHLIBI
3 mexny BosokHamu 6 u 7, CPU BbIBOZMUT 3HaueHUe, paBHOE EAMHHIE, MPHUBOJSIIEE B
pe3yJbTaTe K 3aBUCHMOMY OT BPEMEHH CUTHAIY B (hOpME MOCIe0BATEIbHOCTH IPSIMOYTOJIbHBIX
umnysbcoB 11. Kaxkapiii mpsiMoyrosbhbiii umnysibe 11 umeer nepenuuit ppont 1la u 3amHuii
¢ponT 11b. JInuHa KaskAOro MPsIMOYTOJIBHOTO UMITYJIbCA COOTBETCTBYET MEPUONY BPEMEHU IS
TOrOo, YTOOBI OJJHA resieBas yacTuia npouuia aatyuk 4 (nepuon P). Bpems mexny nepenHumu
¢pontamu 1la (wm 3amgaumu  ¢poHTamm 11b) cocemHMX TPSMOYTOJNIBHBIX HMITYJIBCOB
MPEACTABIIAET 4acTOTy F, ¢ KOTOpPOH resieBble YaCTULIBI MPOXOAAT AaTuuK 6. Ecnu Bce yacTuub 3
UMEIOT aHAJIOTHYHBIE Pa3Mephl, MEPUON M YaCTOTA MOTYT OBITh OMPEAENICHbI U3 ABYX COCEIHHX
MPsIMOYTOJIBHBIX UMITYJIbCOB. ECM YacTuipl 3 UMEIOT pa3jn4yHble pa3Mepbl, YCPEAHEHHOE WIH
CpenHee 3HAYEHHE MMEePHOAa M YacTOTBI MOXET ObITh OMPEIENIEHO W3 IOCIENOBATEIbHOCTH
MPsIMOYTOJIBHBIX UMIYJILCOB 11.

Kaxk mokasano Ha ¢ur. 1, qaTuuk 5 uMeeT IBa ONTHYECKUX BOJIOKHA 8 U 9, pa3aesieHHbIX
TpyOoii 1. Onrudeckuii CUrHai ¢ BBIOPAHHOM UTMHOW BOJIHBI ITEPEAETCS OT BOJIOKHA 8 BOJIOKHY
9. Curnain, COOTBETCTBYIOLIUI 3aBUCMOMY OT BPEMEHH HU3MEHEHMIO B MHTEHCHUBHOCTU CBETa
MEXAY CBETOM, MEpPeAaBacMbIM H3 BOJIOKHA 6, W CBETOM, NPUHHMAEMBIM BOJIOKHOM 7,
nepenaercs B CPU 10. @ur. 3 nokasbIBaeT 3aBUCUMOE OT BpEMEHU U3MEHEHNE B MHTEHCUBHOCTH
CBETa, KOIJa IOCJIEI0BAaTEIbHOCTh TIEJIEBbIX YacTHL MPOXOAUT MHUMO JaTyuka 4, U korzaa
MOCJIEI0BATENBHOCTD MEJIEBBIX YACTHUL] MPOXOAUT MUMO Aatuuka 5. Jlatuuku 4 u 5 pasmelarorcs
TaK, 4TO pasmep X1 Mexay BOJOKHaMH 6 U 7 MEHbLIE >KeJaeMoro auamerpa ml reneson
YaCTHULBI.

Kak BumHO Ha ¢ur. 3, maT4uku 4 U 5, KaxabIi, TPEeJOCTaBISIOT 3aBUCUMOE OT BPeMEHU
M3MEHEHUE B MHTEHCUBHOCTH CBETA KaK MOCJIENOBATEIbHOCTh IMPSIMOYTOJbHBIX UMIYJIbCOB 11,
cnBuHyThIX Ha nepuoa AT Bpemenn. Ilepuon P u wacrora F mosker ObITh BhIMHCIEHA JTHOO U3
BBIXOJJHOTO CHUTHAJIa OT JaTduka 4, muO0 BBIXOAHOIO CUTHANA OT JaT4MKa 5 WM KaK CpeIHUe
3HA4YE€HUs], IOJYUYEHHbIE OT JaTYUKa 4 U JaTYuKa 5.

ITocne Toro xak nepuon P, wactora F u cmemenne AT Obuin onpeneneHbl, CKOPOCTH
YacTHUL], pacXxonbsl M OOBEM YacTUI[ MOTYT ObITh ompeneneHbl. CHadana, CKOPOCTb YaCTHIIBI
MOXeT OBITh ompeneneHa H3 cMmeuleHus 1o BpeMeHH AT, COOTBETCTBYIOINErO HHTEPBAITY
BPEMEHHU, KOTOPOE 3aHUMAET NPOXOKACHUE IEPEAHUM KOHLIOM WJIM 33HUM KOHLIOM PaCCTOSIHUS
x1 mexnay nmatunkoMm 4 u nmatumkoMm S. CkopocTb V MOKET OBbITh BBIYHCIEHA CIEAYIOLIUM
obpaszom:

V=AT/x1 (5)

Cymmapnbiii oObeMHBbIN pacxox, Flow, pacTBopa MOHOB MeTamna u paboueil Tekyuei
cpeasl 1o TpyOe 1 MokeT OBITh BBIYHCIEH U3 CKOPOCTH V U BHyTpeHHero auamerpa d1 tpyOs! 1

CIeYIOIIHUM 00pa3oM:



Flow=V(d1)*/4x (6)

Pacxon pactBopa noHoB Metaiuta, Flowy, MokeT ObITh BBIYHCIIEH CIEAYIOLIIM 00pa3oM:

Flowy=(P/F) * Flow (7)

3TO MOXET OBITh MEPECTABIIEHO CIEAYIOIINM 00pa3oMm:

Flowy/Flow=P/F (7)

Korna ornomenue Flowy/Flow HanocuTcst Ha rpaduk kak QyHKUMS AHAMETpa YacTHIl
I CEepILEBUH, TOJYyYEHHBIX IOCPEACTBOM CIIEKAHHUs TeJIeBbIX YacTHL, JUAMETP YaCTHLIbI
MOKa3bIBaeT JIMHEWHYI 3aBucuMocTh ¢ Flowy/Flow, mo wenbmeii mepe, korma 0,4 <
Flowy/Flow < 0,8. Takum 00pa3om, MOCpPEICTBOM MAHHUIYJIHPOBAHUS 3TUM COOTHOIIEHHEM
TIOTOKOB PAaCXOJ] YaCTHULIBI MOKET PETYJIHPOBATHCS.

O0bem reneBol 4YaCTULIBI MOXKET OBbITh OLIEHEH PACCUMTAH TMOCPEACTBOM YMHOXKEHHSI
nepuona P Ha pacxon Flow:

O6bem yactub=P * Flow=PV(d1)¥/4x (8)

Bosspamasice k ¢ur. 1, pacTBop, HeCyIuii pacTBOP COJIM OKCHAA MeTaJljia, MPOXOIUT 10
TpyOe 12 u mepecekaer TpyOy 1, Hecymyr pabodyr TEKy4yl cpeay IO MyTH MPOTeKaHUs,
0003HaUEHHOMY CTPEJKOH A, ¢ mepBbIM pacxonoM. Tpyba 12 mepeHOCHUT HU3KOTEMIEpaTy PHBbIHI
BOIHBIN pacTBOp conmu Metama ("pacTBop conu") MO MyTH TPOTEKaHUs, OOO3HAYEHHOMY
crpenkoii C, co BTOpeIM pacxonoM. Bexox TpyOs! 12 HaxoguTcs Ha MyTH MPOTEKAaHUS padoueit
Tekyueil cpensl B TpyOe 1. Conp okcupa Merajia MOXKET OBITh COJIBIO PEAKO3EMETbHOIO
MeTajula, TUIyTOHUs, ypaHa wiu topusa. Conb OKCHAa MeTanjga MOXKET Takke ObITh JH000i
COJIBIO, KOTOpasi MOJBEPraercss reneo0pa3oBaHUI0 IPU PEarupoOBAaHMM C aMMHAKOM WM
THPOKCUIOM aMMOHHUS.

Kornma pactBop conmu BBIXOAWUT W3 TPyObl 12, cpesarolee ycuiIne MeXAy HNOTOKOM
pacTBOpa COJMM M IOTOKOM paboueil Tekydeil cpenbl paspblBaeT IOTOK PacTBOpa COJMH Ha
YaCTHLIbI PacTBOpa COJIM, paccesHHble B pabodel Tekydeil cpenme. B pasnuyHbIX BapuaHTax
OCYIIECTBIIEHHSI PACTBOP COJHM coaep:kut rekcamerunenterpamud (HMTA), u paboudas Teky4das
cpela HarpeBaercs IO TEMIIEPATyphl, JOCTATOYHOM, 4ToOb! BbIHYkIaTh HMTA pa3naratbcsi Ha
amMMmuak u (opmanbaerns. AMMUAK 3aT€M BBIHYKIAET YaCTHLIbI PACTBOPA COJIM 3aryCTeBaTh B
cepuueckue rejieBble YacTHIBI 3 OKcuaa Mertauia. YacTumbl 3 MEpeHOCSTCs BOOJb coruia |
MIOTOKOM pabodveid TeKy4el Cpepl B HAIPaBJIEHHH CTPEIKH A.

Xors ¢ur. 1 mokaseiBaer TpyOy 12 myis mepeHoca pacTBOpa OKCHIA MeETaia Kak
nepecekarImyo TpyOy 1 mox mpsiMbIM yIJIOM, 3TO HE SIBIISIETCS OOS3aTENbHBIM MPU3HAKOM
ycrpoirictBa Ha ¢ur. 1. B HekoTopbIx BapmaHTax ocymectieHus Tpydba 1 u tpyba 12 moryt
OBITH COOCHBIMH, TIPU 3TOM TpyOa 12 Haxonmutcst BHYTpH TPyObl 1. AnbTepHaTHBHO, TpyOBI 1 1
12 moryT nepecekarbest U popMHUpOBATE equHYIO 001myio TpyOy. Bee, uto Tpebyercst, 3To 4To0bI
pactBop cosu B TpyOe 12 mpoTrekand BHYTPb NpOTeKarolieid padoduell Tekydeill cpenpbl,
nepeHocumMoi o Tpyode 1.

B paznuuHBIX BapHaHTax OCYINECTBJIEHHUs] COEAMHEHNE OKcHaa Metaiuia, Takoe kak UQOs,
U303, UO2(NO3),, HUTpaThl TOPHUsST WU TIYTOHUS WM HUTPAThl PEAKO3€MENIbHOTO METalia,

ucronb3yercs Uil (pOpMHPOBaHUS pacTBopa coiu okcupa Merayua. CoequHEHHE OKCHIa



MeTajula pacTBOPSIETCSI B BOJHOM PAcTBOpPE, YTOOBI (POPMHUPOBATH METAILICOAEPIKALINNA PACTBOD
coiu. B pasnauuHBIX BapuaHTax OCYINECTBJEHHUS COEOUHEHHE OKCHUIA MeTajlla sIBJIsETCS
coenuHeHneM ypana, TakuM kak UOQO;, U3Og mmu UO»(NO3)2. PacTBOp COMH MOXKET TaKxke
conep:xatb MoueBuHy 1 HMTA. B paznuuHbIX BapuaHTax OCYLIECTBIEHUS PACTBOP COJIU MOXKET
ObITh JIMIIEHHBIM KHCJOTBI PACTBOPOM HHTpaTa ypaHuia, copepxkammm Boxy, UOs; u nmubo
HNO3;, mubo UO,(NO3),. MoueBrnHa pearupyer ¢ HOHOM MeTajula IPH HU3KHUX TeMIIepaTypax,
yroObl  (OPMHUPOBATH  KOMIUIEKCHBIE  COEJUHEHUs,  KOTOpble  NPOTHUBOAEHCTBYIOT
peKIeBPEMEHHOMY Trefie00pa30BaHHI0, TAKHE KaK UO»(NH,CO),*.

HesonHast pabouast Tekyuasi cpea MOKeT ObITh Harpera 1o temneparypsl 50°-90°C, 50-
80°C, 55-75°C, 55-70°C unu mpumepno 60+5°C. B ciayuae pacTBOopa HUTpaTa ypaHWia, Koraa
pacTBOp conu mokuaaer TpyOy 12 u koHTakTHpyeT ¢ padoueil Tekydel Cpenol, KOMILICKCHBIE
COeNMHEHNs MOHOB METAJIa ¢ MOYEBHHOH MOTYT pacnagathcsi, 9ToObl popmuposars UO,™.
OnnoBpemenno, HMTA pasnaraercs, 49roOsl (OpMHUPOBaTh THAPOKCUA AaMMOHHS |
dopmanpaerun. I'mapokcun aMMOHUS, CHOPMHUPOBAHHBIN ITOCPEACTBOM PEAKIHMHA PA3JIOKEHHS
HMTA, HeiiTpanu3yeT 4aCcTUIbI OKCHA YPaHa U CTUMYJIHPYeT (GopMHUpOBaHUE MOTMMEpPa HOHOB
metanna (UO,(OH)),"™ B kayecTBe cpepuuecKHX refeBbIX YacTHILl 3 B COILIE 1.

Ha ocHoBe BXOAHBIX CHUTHAJIOB OT matuukoB 4 m 5 mo kabemsm 13 u 14 CPU 10
yIpaBlIse€T CUCTEMON YIIpaBJIEHUs ISl PEryJUPOBaHUs CPEAHEro pa3Mepa TrejeBbIX YacTHULL
OKCcHIa MeTajula, Kak mnokasaHo Ha ¢ur. 4. CPU npuHumaer naHHbIE OT JAaTYUKOB 4 H S,
ompexpestomue neppoe Bpemsi nepeHoca (AT) mms Toro, 4roObl reyeBasi 4acTHLA IMPOILIIA
IepBOE PACCTOSIHUE X; Mexay naruukamu 4 u 5. Oto Bpems nepeHoca AT mpeoOpasyercs B
o0BeMHBIN pacxon Ha stame 15 Ha ¢ur. 4 MOCPEeACTBOM BBIYMCIEHUS CKOPOCTH YacCTHLBI U3
Bpemenn AT mus Toro, uToObl reneBasl YacTHIA OKCHIA METaJUla IMpPOILIA PACCTOSHUE X, C
MIOMOIIBIO ypaBHEHUs (5) BbIlIE, 1 YMHOXEHHUs CKOPOCTH YacTHUIbl HA IUIOIIA/Ab MONEPEUYHOro
CedeHus MOToka paboueil Teky4del cpeabl COrJIaCHO ypaBHEHHIO (6) BbIlIe, YTOOBI ONMpPEAENATh
0OBEMHBIN PACXO.

Ha stane 16 Ha ¢ur. 4 pasmep m1 reneBoil 4acTUIbI OKCHAA METaJJIa, KaK MOKa3aHO Ha
¢ur. 1, BBUUCIAETCS TOCPEACTBOM YMHOXKEHHsI OOBEMHOIO PAacXO/a, BBIUHUCIEHHOTO Ha JTare
13, Ha nepuon P, uzoOpakennslit Ha Gur. 4, 4ToOBI ONpPEAEISTh 0ObEM YaCTHLIBL

Ha stane 17 Ha ¢ur. 4 BbIUUCIEHHBIA TUAMETP M; YaCTHULIbI MOXKET OBITh CPaBHEH C
JKeJlaeMbIM THAMETPOM My vacTumpl. Ecim mj=m, (3tan 18), Torna ycnosus renxeoOpa3oBaHus
YacTHUIl B COIUIE | SIBJISFOTCS HEM3MEHHBIMH, U aHan3 3akaH4yuBaercs (3tam 19). Ecnmu m; > mp
(oran 20), Torma reneBbIE YACTHLBI SIBISIOTCA ciaumkoMm Oonbimmmu, u CPU perymupyer
OTHOCHTEJIbHBIN pacxof pabodei Tekyuell cpensl B Tpyde 1 u pacTtBop conu B Tpyde 12 Ha ¢ur.
1. IlocpeacTBOM yMEHbIIEHUs OTHOILIEHHUs pacxoia A pacTBOpa COJNM K CyMMe pacxona A u
pacxona B paboueil Tekydeil cpenbl, HapUMeEp, MOCPEACTBOM YMEHBIISHHs PacXoAa pacTBopa
comu (3Tanm 20a) OTHOCUTENBLHO pacxona padodel Tekyuel cpenbl, Cpe3arolnee YCUINe MEKIY
IBYMsl pacTBopamu B comuie 1 Ha ¢ur. 1 yBennmuuBaeTcs, yMeHblIas pa3Mep 4YacTUI[ pacTBOpa
COJIH, pacCestHHBIX B pabodeil Teky4eil cpene.

Ecan m; < my (3Tam 21), Torna reneBble YaCTHUIIBI SIBJISIFOTCS] CIIUIIKOM HEOOIBIIUMU, U
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CPU yBenuuuBaeT OTHOLIEHHE pacxofa A pacTBopa COJU K cymMMe pacxoma A u pacxoma B
paboueil Tekydel cpenpl, HAIPUMeEP, OCPEACTBOM YBEIMUEHHUs] PACXOAa pacTBopa CONH (dTam
20a) OTHOCUTENBHO pacxona pabodel Tekyuell cpeabl, Ul TOro, 4ToObl YMEHBIIATh pa3Mep
YaCTHILl PaCTBOPA COJIU, PACCESHHBIX B padoueli Tekyuel cpene.

®ur. 5 nokasbBaer ycrpoiictBo Ha ¢ur. 1, BMecte ¢ CPU 10, kak 4acTb CHCTEMBI,
KOTOpasi MPeIOCTaBIIAET BO3MOXKHOCTD MOJIb30BATENI0 PETYJINPOBATh Pa3Mep IejeBbIX 4acTull 3.
@ur. 5 nmokasbiBaeT TPyOy 1, CKOH(PHUIYpHPOBAHHYIO, YTOOBI NEPEHOCUTH PAbOUYI0 TEKYHYYIO
cpeAy MO MyTH MPOTEKaHHs, MOMEYSHHOMY CTPENKOH A, C mepBbIM pacxomoMm; u TpyOy 12,
CKOH(MIYpUPOBAHHYIO, YTOOBI TEPEHOCUTh BOIHBIM pPACTBOP COJNM MeTaJUla MO TNyTH
NPOTEKAHUs, TOMEYEHHOMY CTpeskoii B, co BTopbeiM pacxogoMm. Bexon TpyOsl 12 HaxoauTcst Ha
NyTH NpoTeKaHust TpyOsl 1 (orMeTum, uto TpyOs! 1 1 12 SABASIOTCS COOCHBIMHU B CUCTEME Ha (UT.
5, HO meprieHAMKYJApHBIME Ha ur. 1). PabGouast Tekydas cpena HarHeraercst B TpyOy 1 u3
TpyOBl la Hacocom 22. PactBop conmu HarHeraercss B TpyOy 12 w3 TpyOwr 12a Hacocom 23.
Hannbie ot natuukoB 4 u 5 nepenatorcs B CPU 10 mo kabensim 13 u 14, roe oObeMHbBINH pacxon
NOTOKA B corie 1, 00beM HacTHLIbI M TUAMETP YaCTHULBI MOTYT OBITh BBIYUCIIEHBI, KaK BHIHO Ha
¢ur. 4. Ecnu BBIMUCIEHHBI AMAMETp m; TEIeBOH YaCTUIBl HE PAaBEH NPHUOJIH3UTEIHHO
xKenmaeMoMy nuameTpy mp dactuiel, CPU curnanmsupyer Hacocam 22 u 23 uepes kabenu 24 u
25 W3MEHSITh OTHOCHTEJIbHBIE CKOPOCTH HacocoB 22 u 23. Ecnu d; > X;, Toraa rejeBbie YacTHIIbI
SBJSIIOTCS ciaummkoM Oogpimnvu, 1 CPU M3MeHsIeT OTHOCHTENbHBIN pacxon padouel Tekydei
cpensl B coruie 1 u pacTBopa conmu B corule 2 Ha ¢ur. 1, yBennmuuBas CKOPOCTb Hacoca 22,
yMeHbInasi CKOpocTh Hacoca 21, uam Tto u npyroe. Ecom d; < X, Torma rejieBble YacCTHIIBI
SIBJISTFOTCSI CITUIIKOM MajieHbKuMu, 1 CPU yMeHbIIaeT OTHOCUTEIbHBIN pacxo] padouel Texyuei
Cpenbl U PacTBOpA COJM, YMEHbIIAasi CKOPOCTb Hacoca 22, yBelIU4uBasi CKOPOCTb Hacoca 23, WiH
to u apyroe. CPU, Takum 00pa3oMm, MaHHUNyJIUPYEeT OTHOCHTEIbHBIM pacxomoM paboueit
TeKy4el Cpelpl U pacTBOpa COJIH, YIPABJISAA CTEMEHbIO CPE3ArOLIEro yCWIns Mexnay padoueit
TeKy4del cpemol U pacTBOPOM COJH, TOCTE TOrO KaK PacTBOP COJIM BBIXOAWT M3 COMIA 2 U
Kacaercsi paboueil Tekydei cpeabl. YBEIUYSHHOE CPE3arolee YCUIIHE BbIHYKIAeT PACTBOP COJH
pa3pbiBaThCsl Ha Oojiee MeNKHe KA, B TO BpPEeMsl KaK YMEHbBIIEHHOE Cpe3arollee yCUine
BBIHY’KIA€T PACTBOP COJIM Pa3pbIBAThCs Ha O0JIee KPYIHbIE KaIlIH.

Ilpumep 1: PerynupoBanme  guamerpa  rejeBOM  4acTULI  MOCPEACTBOM
MaHUMYJINPOBAHUS pacXxogamMu

JInmeHHpll KUCIOTBHI PACTBOP HUTpATa ypaHuia ¢ KoHUeHTpauueil 1,3 M Ha ocHOBe
UO»(NOs3), 6su1 mpurorosjied. PactBop conepskan 1,7 M moueunsl u 1,7 M HMTA u umen
Bs3KOCTh OKOJIO 1,2 cIl. PactBop comnm Obut HakauaH B TpyOy 12 ycrpoiictBa cornacHo ¢ur. 1
npu Temmneparype 0°C-5°C. PactBop conm, nnm OyJboOH, BBIXOAWI U3 TPyOB! 12 ¢ pacxomom, B
obmewm, B nuamaszone mexnay 0,5 mu/mun u 1,5 mu/muH, kak BugHO Ha Qur. 6. PactBop conu
3ateM BBOOUTCA B TPYOy 1 nmuist paboueii Tekyueli cpensl.

Pabouas tekyuasi cpema Obuta Hakadana B TpyOy 1 ycrpoiictBa Ha ¢ur. 1. Pabouas
TeKy4asi cperna ObUla CHIMKOHOBBIM MacioM ¢ Bs3kocTbto 100 clIl, mpu mnepBoHauyanbHON

temrieparype 0°C-5°C. Pacxom pabouero pacrBopa peryJupoBajcs, 4YTOOBI MOANEP’KUBATH
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CYMMapHBIHA pacxo, B 00IIeM, U3MEHSIIOIUICS B quana3zoHe Mexxay 1,3 mu/MuH u 2,25 mi/mMuH,
Kak BUIHO Ha ¢ur. 6. [Tocae Toro kak pabodas Tekydas cpela U pPacTBOP COJM MOCTYIHIIN B
TpyOy 1, comepxkumoe TpyObl 1 HarpeBanoch 0 Temreparypbl okoyio 56°C, BbI3bIBAOLIEH
TepMHUYECKOe rejieo0pa3oBaHUe pPacTBOpa COJNM IMOCPEACTBOM wHHOynupoBaHHoro HMTA
rejaeo0pa3oBaHus HUTpaTa ypaHuia, YTo0bl pOPMUPOBATH TeJIEBbIE YACTHULIBI OKCHIIA YpaHa.

JlaHHBIe OBLIM 3aIMCaHbl ¢ OMOLIBIO yCTpolicTBa cornacHo ¢ur. 1. Juamerp comna 1
O6bu1 1 MM, OOpamasice k ¢ur. 1, paccrosHue x; Mexny narunkamud 4 u S Opuio 6,35 M.
PaccrosiHue mexay ONTHYeCKMMHU BOJIOKHAMU B KaXJIOM AaTuuke 4 U 5, Hampumep, Mexny
BOJIOKHOM 6 1 7 B natuuke 4, 6110 3,2 MM. Kaskaplii BOJIOKOHHO-ONTUYECKH 1aTuuk 6, 7, 8 u 9
umen nuametp 1,6 mm. KpacHslii cBeT, nMerommii 1irHy BOJHBI 680 HM, ObUT HCIIOIB30BAH IS
oOHapy>keHHs refieBbIX chep, Koraa OHU MPOXOASIT MUMO BOJIOKOHHO-ONTHYECKUX JATYHKOB.

B nepBoii monbiTke pacxonsl paboueli Tekyuell cpeabl 1 pacTBOpa CONM ObUTH 3aIHUCAHBI
Kak (YHKIHS BPEMEHU MOCPEICTBOM IPOLIECCOpa, Kak Moka3aHo Ha ¢ur. 6. [Iponeccop Taxxke
3ammcan nepuox P u vactoty F reneBpix wactui B mporekaromiei paboueil Tekydei cpene.
Tepmudeckoe reneoOpa3oBaHue mocpencTBoM pasioxkeHuss HMTA, BbI3BAHHOTO Harperoi
paboueii Tekydell cpenol, Co3malio refieBble YacTULIbI OKcuaa ypaHa. OObeM TejieBhIX YacTHII
OBLT BBIYUCIIEH Kak (YHKIUs mepuona P M cymMMapHOro pacxopia, COrJIacHO ypaBHEHHIO (8).
ITpoueccop ObuT CKOHPUTYPUPOBaAH, YTOOBI BBIMUCIATH OOBEM M JHAMETP CHEKIINXCS YaCTHI]
OKCHJa ypaHa, Ha OCHOBE OxupaemMoii 65% morepu B 0ObeMe IeeBbIX YaCTHUI] MPHU CIIEKAHUH.
BoruncieHHbl [uamMeTp CHEKIINXCsl YaCTHI OKCHIA YpaHa, MM CepALEBHH, OblI HAaHECEH Ha
rpaduk kKak pyHKLHSA BpeMEHH, Kak Moka3aHo Ha ¢ur. 6. Kak nmokasano Ha ¢ur. 6 u B Tadnuue 1,
MaHUIYJIMPOBAaHUE CYMMApHBIM pPacXOJOM H pacxOAOM pacTBOpa COJM H3MEHSET IuaMeTp

HacTul CEPAUCBHUHDBI, CO3AaHHbIX CIICKAHUCM FeJ'IeO6pa,3HbIX HaCTHL.

BpeMTﬂa6n' leMmaprlﬁ Pacxon OynboHa Flowy/Flow Huametp
(c) pacxon (Flow; (Flowyy; Mit/MUH) CEepPILIEBUHBI
MJI/MUH) (Mm)
30 1.56 1.08 0.69 1.28
120 1.68 0.9 0.54 1.18
360 1.74 1.02 0.59 1.21
480 1.44 0.72 0.5 1.14

Korna ornomenne mnortokoB Flow/Flowy Obuto HaneceHOo Ha rpaduk Kak (QyHKIHS
IMaMeTpa CEepALEBHHBL, KaK MOKa3aHo Ha ¢ur. 7, Obuia JIWHEHHAs 3aBHCUMOCTH JHAMETpa
cepaueBuHbl OT oTHOMeHus: MOToKOB Flow/Flowy, kxorma 0,3 < Flow/Flowy < 0,8, wiu 0,4 <
Flow/Flowyy < 0,75. DTO mnoka3blBaeT, 4YTO JUaMeTp CEpALEBUHBI MOKET YIPAaBIATHCS
MOCPEACTBOM MaHUITYJIMPOBAHUsI OTHOILIEHUS PacXo/a pacTBOpa HOHOB MeTallla K CYMMapHOMY
pacxony.

XoTsl pa3nuyYHble NMPUMEPHbIE BAPHAHTBHI OCYINECTBJIEHUS ObUIM OINMHUCAHBI MOAPOOHO C

KOHerTHOﬁ CCBUIKOM Ha HEKOTOpPBbIC €T0 IMPUMEPHBIC AaCICKThI, CICAYECT IIOHHUMATb, YTO
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n300peTeHne MpHCIOCOONEHO Uil APYTUX BapUaHTOB OCYLIECTBJIEHHsS, W €ro JeTann
NpUCTIOCOONEHbl UIsi MOAM(UKALMI B pa3jIM4YHBIX OYEBUIHBIX OTHOMEHMsX. Kak Jjerko
OYEBUJIHO CIIEI[MAIUCTaM B OONACTH TEXHUKH, Bapualuy W MoAuduKanmuu MOryT OBbITh
3aTPOHYTHI, B TO € BpPeMs OCTaBasChb B JAyxe M paMkax u3zobpereHus. COOTBETCTBEHHO,
NPEAIIECTBYIOINEE PACKPBITHE, ONMUCAHUE M YEPTEXU CYLIECTBYIOT TOJNBKO B MJUIFOCTPATHBHBIX
LeIAX W HU KOUM 00pa3oM He OrpaHHYMBAIOT H300peTeHHe, KOTOPOE OMPENersieTCs TOJNbKO

(bopmyJiol H300peTeHHs.
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®OPMYVYJIA H30BPETEHUA

1. Cnoco® um3MepeHus pasmepa TeleBbIX HYacCTHI OKCHIA MeTalla B IPOTEKAIOIIeM
MOTOKE, COAEP KAILUN 3Talbl, HA KOTOPBIX:

a. o0ecrnevynBarOT MPOTEKaHHE MOTOKa padoueil TeKkydel Cpenpl, comeprKallel rejieBble
4aCTHULIBI OKCUAA METAJIA, Yepes, 10 MEHbLIeH Mepe, 1Ba 1aTYhKa, IPUYeM, 110 MEHbIIEH Mepe,
71Ba 1aT4YMKa pa3iesieHbl PACCTOSIHUEM, KOTOPOE MEHBIIE JKEJIaeMOro pa3mMepa YaCTULIbL,

b. u3MepsIOT pasMep reneBOH YaCTHIbI OKCHAA MeTajula WM PAcXOXl ONTHYECKUM
croco0OM, 10 MEHbLIEH Mepe, ¢ TOMOLIBIO IBYX JETEKTHPYIOLINX YCTPOWUCTB;

Il JaTYNKH U3MEPSIIOT IMeperady CBeTa, MOMIOIAeMOro JHOO TeIeBbIMH HYacCTHLIAMHU
oKcuaa Metayia, uOo padodel Tekydel Cpeloid, Tak 4YTO Mepemada cBeTa 4epe3 padodyro
TEKy4yl0 Cpely H3MeHseTCsl B TeueHHe MepuoAa BpeMeHH, KOrja rejieBas 4acTHIAa OKCHUIA
MeTaJljia MPOXOIUT Yepe3 ONTUUECKUN NaTHHK.

2. Cnocob mo m. 1, B KOTOPOM HM3MEpEeHHe pacxoja reis OKCHAA METalula CONEPIKHT
STallbl, HA KOTOPBIX:

U3MEPSIIOT CKOPOCTh TeNIeBOM YacTULIbl B MPOTEKAIOLIeM IIOTOKE IOCPEICTBOM
n3MepeHust BpeMeHu AT, 3a KkoTopoe nepefHuil Uin 3aHUI Kpail refeBoi 4acTHULbl TPOXOIUT
OT MepBOro JaT4YMKa A0 BTOPOro AaTyuka, u aAensaT AT Ha paccTosHUE MeXy IepBbIM U BTOPBIM
JaTYUKAMU; U

YMHOXAIOT CKOPOCTb TIe€JeBOM YacTULbl Ha IUIOLIaJb IIONEPEYHOro CEeYeHUs
MIPOTEKAOLIET0 MOTOKA.

3. Cnoco® no n. 1, B KoTOpoMH3MEpEHHE pa3Mepa YaCTHUIIbl OKCHUAA METaJlla COAEPIKUT
3Tallbl, HA KOTOPBIX:

U3MEPSIFOT CKOPOCTb TeNIeBOM 4YaCTULbI B MPOTEKAIOLIEM IOTOKE IOCPEACTBOM
nu3MepeHus: BpemeHu AT, 3a KoTOpoe mepenHuil Ui 3aJHUI Kpail reseBoil 4acTUIbl TPOXOAUT
OT MEPBOro JaT4UKa 0 BTOPOro Aatyuka, u aensat AT Ha paccTosiHHe Mexy NepBbIM U BTOPbIM
IaTYUKAMU;

OTPENENIAIOT PacXol IMPOTEKAIOIEro IMOTOKAa IOCPEACTBOM YMHOXEHHS CKOPOCTU
reyieBOM YacTHIIbl Ha IJIOLIA/Ab ITONEPEYHOro CEYeHUsI MPOTEKAI0INEero MOToKa; U

YMHOKAIOT PacxoJl Ha MepUOoJ BPEMEHH, 32 KOTOPBIN reneBas 4acTHULla IPOXOJUT depes
NEPBBI 1aTYUK.

4. Croco® onTUMH3alMM pa3Mepa TeNeBbIX YaCTHI OKCHIAA MeTalula, COAep KaIlui
STallbl, HA KOTOPBIX:

a. TPUTOTAaBIMBAIOT HU3KOTEMIIEPATypHbIII BOJHBIM pacTBOp HUTpaTa MeTajia,
COJIep KAl reKCaMeTHUIIEHTETPAMUH, B KA4eCTBE UCXOJHOIO pacTBOPa,;

b. obecreunBarOT MPOTEKaHNE UCXOIHOTO PACTBOpPA Yepe3 MEPBOE COIUIO M €T0 BBIXOA M3
NIEPBOrO COMJIa B KAYE€CTBE MEPBOrO MOTOKA C NIEPBBIM PACXOIOM;

c. obecreunBarOT MPOTEKaHUE HEBOAHOU pabodeil TeKy4el cpenbl uepe3 BTOPOe COIUIO B
KauecTBe BTOPOTO MOTOKA CO BTOPBIM PAacXOlOM, IZie BTOPOH MOTOK MPUBOAST B KOHTAKT C
NEPBBIM IIOTOKOM;

IIPU 3TOM:
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CIIBUTOBOE B3aMMOAEHCTBUE MEXKAY IMEPBBIM MOTOKOM U BTOPHIM IOTOKOM pa3dOHBaeT
NEepBbBIN MOTOK Ha YaCTHIIbl PACTBOPA HUTPATa MeTaa, U

pa3NokeHHe reKCaMeTHIIEHTETPAMHIHA TPeo0pa3yeT YacTULIbl PaCTBOpPA HUTPATa MeTajlia
B reJIeBbl€ YaCTULIbI OKCHJIA METAILNIA;

d. M3MepsIOT pa3sMep reNeBbIX YacTUI[ OKCHAA MeTalja WIM PacxXxol ONTHYECKH, C
MOMOUIBIO JETEKTHPYIOIIEr0 YCTPONCTBA, HAMPABIEHHOIO HA MOTOK IeJEBbIX YaCTHULl OKCHIA
MeTaJljla BO BTOPOM ITOTOKe paboueli TeKy4el Cpeabr;

rIe JETeKTHUPYIOIee YCTPOWCTBO H3MEpseT Iepelady CBeTa, MOrJomaeMoro Judo
reJIeBbIMH YaCTUIIAMK OKCHJA MeTalljIa, TuOo padoueli TeKyuel Cpemoil, Tak 4To rmepenaya CBeTa
yepe3 padovyr TEKydyr CpeAy H3MEHSeTCs B TEUSHHe MEpPHOAa BPEMEHH, KOTAa reyieBast
YacTULIa OKCH/Ia MeTaJljia MPOXOAUT Yepe3 ONTHUECKUN JaTuuK; U

€. eCIi HW3MEPEHHBbI pa3Mep 4YaCTHUIbl MJIM pPacXol HE pPaBeH MNPHUOIH3UTEIHHO
JKEJIaeMOMYy pa3Mepy YacTULbl WIH Pacxofy, PeryjupyroT pa3sMep 4YacTULbl WIH Pacxof
MIOCPEACTBOM PpETyJIMPOBaHUsl OTHOLIEHMs] MEepPBOr0 pacxofa K CYMMapHOMY pacxofdy, Ire
CYMMAapHBINA PacxXo sIBJSI€TCS CYMMOW MEPBOro U BTOPOTO PaCcXOA0B.

5. Croco0 1o 1. 4, B KOTOPOM HU3MEPEHHBIN pa3Mep 4acTHI] OOJIbIIE KEeIaeMOro pasMepa
YacTHULl, U U3MEPEHHBbIN pa3Mep YacTULl YMEHBLIAIOT, 110 MeHbIleH Mepe, OCPEACTBOM OHOTO
U3 YMEHbLIEHHUS NIEPBOro pacxoja UCXOIHOIO pacTBOpa.

6. Crioco0 1o 1. 4, B KOTOPOM U3MEPEHHBIN pa3Mep YaCTULl MEHBIIE JKEIaeMOro pa3mMepa
YaCcTULl, U W3MEPEHHbIH pa3Mep YacTULl YBEJIUYUBAIOT IOCPEACTBOM YBEJIWYEHHs] MEpPBOTO
pacxoza UCXOAHOTO PacTBOpA.

7. Cnoco® 1o 1. 4, B KOTOPOM U3MEPEHHBIN pa3Mep YacTHIl OTIMYAETCSA OT XKEeJIAaeMOro
pasMepa 4acTHll, 1 U3MEPEHHBbIH pa3Mep YacTULl U3MEHSIOT MOCPEACTBOM HU3MEHEHHUs MEePBOTO
pacxona UCXOAHOTO PacTBOPA.

8. Cnocob mo 1. 4, B KOTOPOM AETEKTHPYIOIEe YCTPOHCTBO COAEPIKHUT MEPBbIA AATUHK U
BTOPOM JATYMK, pa3HECEHHbIE APYT OT APYyra BAOJIb BTOPOrO MOTOKa padoyei Tekyuel cpeabl Ha
NepPBOE PACCTOSIHUE, i€ IEPBOE PACCTOSTHUE MEHBLIIE JKeJIaeMOro pa3Mepa YacTHULIbL.

9. Cnocob mo m. 8, B KOTOPOM H3MEPEHHE PACXOAa Ielisi OKCHIOA MeTajula COHEPIKHT
STallbl, HA KOTOPBIX:

U3MEPSIIOT CKOPOCTh TeNIeBOM YacTULIbl B MPOTEKAIOIIeM IIO0TOKE IOCPEICTBOM
n3MepeHust BpeMeHu AT, 3a KkoTopoe nepeqHuil Uiu 3aHUI Kpail reieBoi 4YacTHULbl TPOXOIUT
OT MEepBOro JaT4YMKa A0 BTOPOro AaTt4yuka, u aensaT AT Ha paccTosiHue MeXy MepBbIM U BTOPHIM
JaTYUKaMU; U

YMHOKAIOT CKOpPOCTb TIeJeBOM YacTULbl Ha IUIOUIaJb IONEPEYHOro CEeUeHUs
IIPOTEKAIOLIETO MOTOKA.

10. Criocob 1o 1. 8, B KOTOPOM HU3MEpPEHHe pa3Mepa YaCTHIbI OKCHUA METAJlIa CONEPIKHT
3Tallbl, HA KOTOPBIX:

U3MEPSIIOT CKOPOCTb TeNIeBOM 4YacTULbl B MPOTEKAOIIEM IOTOKE MOCPEACTBOM
usMepenust BpeMeHu AT, 3a KkOTOpoe mepeqHuil Uin 3aHUI Kpail releBOi 4acTHULbl TPOXOAUT

OT NIEPBOTO AaTUHKA JO BTOPOTO AaTYHKA, U OCTIAT AT Ha pPacCTOAHUE MEXKIY IMIEPBBIM U BTOPbIM
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NATYNKAMU,

ONPENENSIFOT PacXxo[ MPOTEKAKILIEro IMOTOKAa IOCPEACTBOM YMHOXKEHUS CKOPOCTHU
reJIeBON 4aCTHULbI HA MJIOIA b MONEPEYHOrO CEYeHHs MTPOTEKAIOLIEro MOTOKA, U

YMHOXAIOT PAacXOJ Ha MEPUOJ BPEMEHH, 32 KOTOPBIN rejeBas 4aCcTULA MPOXOAUT MHUMO
NEePBOro AATUUKA.

11. Cucrema i1 cO3maHUs TeNEBBIX YacTUI] OKCHUAA MeTajUla C PeryJupyemMbIM
pa3MepoM 4YacTHULl, COAEPIKaLIAs:

cucremy aJisi pOPMHPOBAHUS TEJIEBBIX YaCTHUI] OKCHIA METaJlIa, COAEPIKAIIYIO:

comio st pabodeli Tekydei cpenbl, GpopMupyromiee nyTh MPOTEKAHUS, T€ COIUIO IS
paboueii Texyuel cpenbl BHIIOIHEHO ¢ BO3MOXKHOCTBIO TepeMeIIeHus pabodyero noroka padouei
TeKy4el cpezibl C ePBbIM PACXOIOM 10 MyTH MPOTEKAHUS;

COIUIO UIsl PAcTBOpPA COJM METajula, UMEKLIee BbIXOJ, IAE€ COIUIO AJIs COJNM MeTaia
BBINIOJIHEHO C BO3MOKHOCTBIO NEPEMELICHUs] MEPBOro MOTOKA HU3KOTEMIEPAaTypPHOIO BOAHOTO
pacTBOpa COJMM METajuIa, COAEPKALLEro reKCAMETHIIEHTETPAMUH, B IyTh POTEKAaHUs CO BTOPbIM
pacxonom; u

HarpeBaTeNb, BBIMOJHEHHBIH C BO3MOXKHOCTBIO MOIAEPIKAHUS TeMmIepatypbl padoueit
TeKy4ell cpenbl Ha YPOBHE, JOCTATOYHOM JJIsi OOECIIeYeHUs refieo0pa3oBaHms COIM METallla B
pacTBOpE CONM MeTaJlIa MOCPEACTBOM I'eKCAMETUIIEHTETPAaMUHA,

CUCTEMY IJIs1 PEryJIMPOBaHUs CPEIHEro pa3Mepa TIeNIeBbIX YacTULl OKCUAA MeTallia,
Pa3MELIEHHYI0 HIDKE IO TOTOKY OT CHUCTeMbl IJIsi (POPMHPOBAHHS T'eNIEBBIX HYaCTHLl OKCHIA
MeETaJjuIa, COAEPIKALIYIO:

IEeTEeKTHUPYIOIee YCTPOICTBO, I7ie AETEKTUPYIOIee YCTPOUCTBO BKIIIOYAET B CeOsl:

NEepBbIN JaTYUK U BTOPOU JATYMK, Pa3HECEHHBIE APYT OT ApPyra Mo MyTU MPOTEKaHUs Ha
NIEpPBOE PACCTOSIHHUE, TA€ MEPBbI U BTOPON AATYUKH BBIMOJHEHBI ¢ BO3MOXKHOCTBE) U3MEPEHUs
00BEMHOTr0 Pacxozia M CPEAHEro pa3Mepa rejeBbIX YacTHll, U

CUCTEMY VIIPaBJIEHUsS sl PEryJUPOBAHUS CPEIHETO pa3Mepa rejieBbIX YacTHL[ OKCUAA
MeETaJjula Ha OCHOBE BXOJHOT'O CUTHAJIA OT AETEKTUPYIOLIETO YCTPOUCTBA.

12. Cucrema no n. 11, B KOTOpO# MepBhIii JaTYMK U BTOPOM AaTUUK pa3HECEHbI APYT OT
Apyra 1o nyTH NPOTEKaHUsl Ha IIEPBOE PACCTOSIHKE, II€ IEPBOE PACCTOSIHUE MEHBIIE JKEIAEMOI0o
pa3mMepa resieBbIX 4aCTHUL] OKCHIA METaJIA.

13. Cucrema no n. 11, B kKoTOpOH CcHUCTEeMa ISl PETyJUPOBAHUS CPEOHETO pa3Mepa
BBITOJIHEHA C BO3MOXKHOCTBIO BBIYHCICHHS OOBEMHOIO pacxoga M3 IMEPBOrO BPEMEHHU
MPOXOXKIECHHUsI, 32 KOTOpOE renesBas 4acTHULla OKCHAA METajula MPOXOAUT NMEPBOE PACCTOsIHUE
MeX/y NepPBbIM U BTOPBIM AaTUYHMKaMM, U BTOPOrO BPEMEHH MPOXOKIAEHMs, 38 KOTOPOE rejeBast
4aCTULA OKCUJA MeTaJljla IPOXOAUT €IUHCTBEHHBIN JAaTYUK.

14. Cucrema mo nm. 11, mpu 3TOM cucTeMa Al PEryJUPOBAHUS CPENHETO pa3Mepa
BBINIOJIHEHA C BO3MOKHOCTBIO BBIYHCJICHHSI CPEAHErO pa3Mepa TIejIeBbIX 4YacTHUll U3 NEPBOro
BPEMEHU IPOXOXKICHMs, 3a KOTOpOE€ TrejieBas YacTHLA OKCHAA MeTajljla IPOXOAUT IEepBOe
paccTosiHue MEXIy MepBbIM M BTOPBIM JaTYMKaMH, U BTOPOrO BPEMEHU IPOXOKACHMs, 32

KOTOPOE reijieBas 4actuna OKCHaa MeTajljia mpoxoauT eHHHCTBeHHbIﬁ JAaTYUK.
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15. Cucrema mo n. 13, mpu 3TOM cuUCTeMa A PETYJUPOBAHHUS CPEOHErO pa3Mepa
BBINIOJIHEHA C BO3MOXKHOCTBIO PETYJMPOBAHUS CPEAHErO Pa3MeEPaA IeNIEBbIX YaCTULl TOCPEACTBOM
PEeryJIMpOBaHMsl OTHOLIEHHs IEPBOr0 pacxoAa K CyMMapHOMY pacxoay, II€ CYMMAapHBIN pacxon
SIBJIIETCS] CYMMOM IEPBOr0 U BTOPOT'O PacXOI0B.

ITo noBepeHHOCTH
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