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B ortuere npeacraBieHsl pe3yiabTaThl UCCIECIOBAHUMN, BBIIIOJIHEHHBIX 110 4 dTamy
I'ocynapctBenHoro koHtpakta Ne 16.740.11.0669 '"HccnenoBanue KOMIUJIEKCHOM
nepepaboTKU TEXHOTCHHBIX OTXOJ0B METAILTyprudeckux npeanpuaruit” (mmdp "2011-
1.3.1-220-010") ot 07 urons 2011 mo nampasnenuto "llepepaboTka W yTHUIH3AIUSA
TEXHOI€HHBIX 00pa3oBaHUil U OTX0J0B" B pamkax meponpustus 1.3.1 "IIpoBenenue
Hay4YHBIX MCCJIENOBAaHUN MOJIOABIMU YUYEHBIMU - KaHAUJAAaTaMH HayK.", meponpusatus 1.3
"IIpoBeieHNE HAay4YHBIX HUCCIEAOBAHUI MOJOJBIMU YYEHBIMU - KaHAUJATAMH HAyK U
LEJEBBIMU aCHUpPAHTaMH B HAy4YHO-OOpa30BaTENbHBIX ILEHTpax" , HampaBieHus |
"CTUMYJIUpOBaHUE 3aKPEIUVIEHUS] MOJIOIEKHU B cepe Haykh, oOpa30BaHUs U BBICOKUX
TEXHOJIOTHL." denepanbHON 1es1eBoM nporpammsl "HayuHble U HayqHO-TI€JarOrHYecKue
Kaapsl nHHOBaImoHHou Poccun" Ha 2009-2013 roasl.

Ilenb pabGotsl - Pacuer oOopynoBaHusi [ MPOBEACHUS YKPYHHEHHBIX
7a00paTOPHBIX MCIBITAHUNA MO MEpBOMY OJIOKY cXeMbl. V3roToBieHHE M MOHTaxX
paccunTaHHoro obopynoBanus. [IpoBeneHue yKpynmHEHHBIX UCCIEI0OBAaHUI M0 IEPBOMY
050Ky cxembl. [locTpoeHne MaTeMaTHUECKON MOJENH, BBISBISIONIEH 3aKOHOMEPHOCTH
MPOTEKaHUsI MPOLECCOB BBILIEIAYMBAHUS OT MapaMeTPOB 3TOrO MpoLecca B YCIOBUAX
YKPYIHEHHOTO JIA0OPATOPHOTO UCCIEAOBAHMUS.

Pacuer oOopynoBaHusi AJi1 MNPOBEACHUS  YKPYINHEHHBIX  JaOOpPaTOPHBIX
UCIIBITAaHUI TIO BTOPOMY OJIOKY cXxembl. M3roToBieHME M MOHTaX PACCUUTAHHOTO
o0opynoBanus. [IpoBegeHne yKpynmHEHHBIX MCCIEAOBAHUM MO BTOPOMY OJIOKY CXEMBI.
[locTpoeHne MaTeMaTHYECKOHM MOJIENH, BBISBISIONIEH 3aKOHOMEPHOCTH MPOTEKaHUs
MIPOLIECCOB, 3aJI0’KEHHBIX B OCHOBY OJIOKa pa3AefieHUs] METAJUIOB, OT MapaMeTpOB 3TOr0
npolecca B YCIOBUAX YKPYITHEHHOTO J1a0OpaTOPHOTO UCCIIEI0BaHUSI.

Pacuer oOopymoBaHusi i NPOBEACHUS  YKPYHNHEHHBIX  J1TAOOPATOPHBIX
UCIBITAaHUN MO TpeThbeMy OJIOKY CXeMbl. M3roToBieHME M MOHTa)XX PACCUUTAHHOTO
oOopynoBanus. [IpoBeeHrne yKpymHEHHBIX UCCIEIOBAHUI 110 TPEThEMY OJIOKY CXEMBI.
[TocTpoeHne maTeMaTUYECKOW MOJEIH, BBISBISIIONIEH 3aKOHOMEPHOCTH MPOLECCOB
MOJIyYEHUS] METAJIOB OT IapaMeTpPOB 3TOr0 IMpoILecca B YCIOBHUAX YKPYHHEHHOIO
71a00paTOPHOTO HUCCIICIOBAHMUS.

MoenrpoBaHie TEXHOJIOTMUECKOIO IIpoLecca ¢ nomolieko nmporpamMmel MS Excel.

['OCT 15.101-98 Tlopsimoxk BBIMOJHEHHS] HAay4YHO-HCCIIEIOBATEIbCKUX paOdoOT.
I'OCT 7.32-2001 Ot4er o Hay4HO-HCCIEAOBATENbCKOM padoTe. CTpyKTypa U MpaBuiia
opopmnenusi. Ilakerst mnpuxmamueix mnporpamm MathCad wu  Statistica s
MaTEeMaTUYeCKOH  0OpaOOTKM  CTATUCTUYECKUX  JAHHBIX,  ONTUMHU3ALMH U
nporHo3upoBanus. [laker Microsoft Office Power Point myist co3ganus npe3eHTaIui.
[ToympomsllIeHHbIE peaktopa C MEXaHUYECKUM NepeMeIINBaEM,



MOJTyIPOMBILIUIEHHBIE HYTU-(UIBTPHI U AIEKTPOIU3HbIC BAHHBI.

[TpoBeneHbl yKpyIHEHHBIE HCCIEJOBaHMS CIIOCO0A W3BJIEUYEHUS METAJJIOB B
pacTBOp M3 TEXHOICHHBIX OTXOJOB. BBINOJIHEHa onTUMU3ALUA [apaMeTPOB IMpoLecca
JUIA  BBIIIOJIHEHUS NPOEKTHbIX paboT. IlpoBeaeHbl YKpyIHEHHbIE HCCIIEIOBAHMS
CIIOCO0O0B pa3/ieleHus] MEeTaIOB. BeInonHeHa onTUMM3aIs TapaMeTPOB IpoLecca s
BBINIOJIHEHNUS NPOEKTHBIX paboT. IIpoBeneHbl yKpPYIHEHHBIE HCCIIEIOBAHUS CIOCOOOB
[IOJIyYEHHUsT METAIJIOB U3 PAacTBOPOB. BrINOJIHEHA onTUMU3ALMs [IapaMeTpoOB IpoLecca
JUTSI BBITTIOJTHEHUS IPOEKTHBIX padoT.
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BBenenue

CyuiecTByeT MHOXECTBO THAPOMETAILTYPTUUYECKUX CIIOCOOOB MEepepadOTKU Kak
NEPBUYHOIO, TaK M BTOPUYHOIO TEXHOTEHHOTO ChIppid. B  omimume OT
MAPOMETAJUTYPrUYECKMX OHM  OTJIMYAIOTCS  MEHBIIMMHU  JHEprosarpaTaMd  Ha
peanuzanuio. OOopyzoBaHUE IS TUAPOMETAJUTYPTMUECKMX TMPOIECCOB TpOIIe B
UCIIOJIHEHUHM, MEHEe METaJUIOEMKO U OTJIMYAeTCs MPOCTOTOM  OOCITy:KMBaHUSI.
[TupomeTaITyprudecKuMHU CITOCO0aMU HE YIa€TCs B OJTHY OTEPAIUIO MOTYYUTh YUCTHIN,
TOBAPHBIA NPOJIYKT WM CEJIEKTUBHO PA3LAEIUTh METAIIbI, IPUCYTCTBYIOIIUE B CHIPBE.
[Tonyyaembl OpPOAYKTHI 4YacTO TPEOYIOT CAMOCTOSITENIBHOM  JOPaOOTKH WM
paduHUpoBaHUs. MHOXKECTBO NUPOMETAUIYPIMUECKUX CTaJuid BJIEYET 3a COoO0OM
YCIIOKHEHUE OOIIel TEXHOJIOTMYECKON CXEMbl M YBEJIMYEHHE KOJIWYECTBAa BBIOPOCOB,
KOTOpbI€ HEOOXOJIHMMO YJIaBIMBaTh, OYMINATH OT MBUIM W YTUIW3UPOBaThb. Bce 3To
MTOKA3bIBAET HEOCTIOPUMBIE MPEUMYILECTBA THAPOMETAILTYPTUYECKUX TEXHOJIOTHI TIEpe
MAPOMETAJUTYPrUYECKUMU KaK C TEXHOJOTHYECKON, TaK M SKOJOTMYECKOM TOYKH
3pEHUS.

JItobast ruapoMeTayuTypruueckas TeXHoJorus Oasupyercs Ha 3  OCHOBHBIX
MpoIeccax: HM3BJICYEHHWE METAUIOB B PACTBOP - BBINICIIAYMBAHUE, WX CEJIECKTHUBHOE
pa3ieliecHHe M BBIJEJIECHUE U3 pacTBopa B METAUIMYECKOM BHAE B TOBApHYIO
npoaykuuoo. Kak HamMu paccmMaTpuBalioCh paHee, Uil BBIIIECTAYUBAHUS BO3MOXKHO
HCIIOJB30BaTh Pa3JIMYHbIE pPEAreHThl - PACTBOPHI KHUCJIOT, IIEJIOYeH, Ccolel wWiH
opraHuveckux coeauHeHuil. Ho HanOobiel CeeKTUBHOCTHIO CPEIM HUX OTJIMYAIOTCS
opraHuyeckue azor- Wik ¢ocdopcoiepKaiie KOMIUIEKCOHBI, CIIOCOOHBIE B PacTBOPE
00pa30BBIBATh C MOHAMHM METAJIJIOB KOMIUJIEKCOHATHI, UMEIOIINE XEIATHYIO CTPYKTYPY.
Cpenu 0003HAYEHHBIX THUIIOB XeJIATOHOB (ocdopcoaepKanue UMEIT MpernMyInecTBa
nepes; a30TCOACPKAIUMHU BBUIY UX OOJIBbIIIEH pacCTBOPUMOCTH B BOJIE, YTO MPUBOJIUT K
BO3MOJKHOCTH TIOJTY4YeHHUsI 00Jiee KOHIICHTPUPOBAHHBIX PACTBOPOB MO KOMIUJIEKCOHY, a
3HAUUT U 10 MeTaiaM. K ToMy ke MCIoJib30BaHUE BHIOPAHHOTO HAMU KOMILJIEKCOHA
NO3BOJIIET  CEJICKTUBHO  DPa3[eIMTh METAJUIbl, I[EpElIeIIMe B PacTBOp MpH

BBIIMICJIaYBaHWH.



['maBHOI 3ajmaveil, KOTOPYIO MPEACTOUT PEIIUTh MPHU BHINOJHEHUH PAOOT IO
yetBeproMy dtany HUP, aBnsercsa ykpylnHEHHOE MOJyIPOMBINIJIEHHOE HCCICIOBAHHE
OJIOKOB  CO3JaHHOM MPUHUUIHAIBHO HOBOM  T'MJIPOMETATypPIrHUYE€CKOM  CXEMBI
nepepabOTKA TEXHOTE€HHBIX OTXOJOB METAJUTypruyeckux mpou3BoiacTB. IIpoBepka
OIIpE/ICNICHHBIX Ha MPEABLAYIIEM JTale pacxoja PearcHTOB AJIs KaXKJI0ro U3 OJIOKOB
HOBOM TEXHOJIOTUYECKOM cxXeMmbl. [l BBINOJIHEHMS] STOW 3aJadyd  HEOOXOIUMO
NPOM3BECTH pacueT W MOHTaX YyKpymHeHHoro obOopynoBanus. I[lo pesympTaTam
IPOBEICHHS  YKPYIIHEHHBIX  HCCIEAOBAHMM  BO3MOXKHO  IIOCTPOCHHE  MOJEIHU
TEXHOJOTUYECKOW CXEMBI C MOJyYEHUEM BO3MOKHOCTH OLICHMBATh W IPOTHO3HPOBATH
paboTy CHCTEMBI B 3aBUCHMOCTM OT IapaMETPOB MPOBEACHUS TEXHOJIOTUYECKOTO

IIponecca.



HaumenoBanue 3Ttana: IIpoBeaeHue yKPYIMHEHHBIX MCCJIEI0BAHUI HOBOM

TEXHOJIOTHYECKOM cXeMbI HCpoﬂﬁOTKI/I TEXHOT¢HHBIX 0TX010B

1. YkpynHeHHbIE UCCIETOBAHUSA CIOCO0a U3BJIEYEHNUSI META/VIOB B PACTBOP U3
TE€XHOTeHHBIX 0TX0I0B. ONTHMHU3anKs MapaMeTPoOB MpoLecca s

BbINIOJIHEHHS] TPOEKTHBIX PadoT

1.1. Pacuer oOopyaoBaHusi JJisi NpPOBeJAeHHS YKPYINHEHHBIX Ja0OpaTOPHBIX

HCNBITAHUI 110 IEPBOMY 0JIOKY CXeMbI

B nmnepBom Oj0oke HOBOH TEXHOJOTHMYECKOH CXEMBbI peaau3yercs IMpolece
TUAPOMETALTYPITUYECKOTO HM3BJICUCHUS LIEHHBIX METAJUIOB W3 TBEPABIX TEXHOTCHHBIX
OTXO/JIOB METOJIOM BBIIIICIIAYNBAHUS OPTraHUYECKUM dbochopcoaepxammm
pactBopuTEeieM. BplnenayuBaHue BO3MOKHO MPOBOAUTH B aruTaTropax pasjiuyHOIo
tuna. Haubonee 1enecooOpa3HbIM  SIBJSETCS  KCMOJIb30BAHUE  PEAKTOPOB  C
MEXaHMYECKUM MEePEMEIINBAHUEM, IPUMEP PEAKTOPA MPEICTABICH B IPUIOKEHUH A.

[Mlpu pacuere [1] ¥ NPOEKTUPOBAHUH PEAKTOPHI C€  MEXAHHYCCKUM
MEepEMEIINBAHUEM COCTOSIT M3 OTJEJbHBIX HOPMAJIU30BaHHBIX 3JIEMEHTOB (Kopmyca
cocyJia C TeIIOOOMEHHOM pyOaliKoi; mepeMenmBaroIiero yCTpoicTBa, COCTOSIIETO U3

MPHUBO/IA MIEPEMEIIMBAOIIECTO YCTPOMCTBA, MEIIAJIKH, U ¢¢ Bayia, Tadauma 1.1).

Tabmuna 1.1 — TexHUYECKHE MapaMeTphl peakTopa ¢ MEXaHUYECKUM MEePEMEITUBAHUEM

[Inomans i
Tnamerp | ose EL (l)ICTH Jlnamerp | BBICOTa YPOBHS KUK
HomuHanbHBIH p P Baa daser, H,,., M
3 | amnmapara | TeraooOMeHa
00beM, Vg, M MEIIIAJIKH,

D, Mm py6aﬂ£;ﬂ, Forl ¢ =075 | ¢=05

0,25 700 1,3 40 0,5 0,38

AnmapaTel ¢ MEXaHMYECKUM IEepEeMEIIMBaHHEM OOECIEYMBAIOT WHTEHCUBHOE
IBWDKEHUE SKuAKocTh. [lepememmBanue >kuakoi (a3el B peakTopax IUTAHHPYEM

OCYHICCTBIATL IIpW MOMOIIM IIPOICIJICPHBIX MCEIIAJIOK. OcHoBHas pa60qa;1 qacCTb



MPONEJUIEPHOM MEMIAIIKA 3TO HMIEJIEP, KOTOPBI BBINOJHEH C HECKOJbKUMHU
JIOTMACTSIMHU, TPSIMBIMA WJIA W30THYTBHIM, IOBTOPSIONMN TpOo(wib TrpeOHOro BHUHTA.
bonee pacnpocTpaHeHbl TpexJIOMacTHble HUMIEIiepbl. Bam Memanku, MOXeT OBbITh
pacnoJIoKEH TOpPU30HTAIBHO, BEPTUKAIBHO WJIM HakKJIOHHO. Ha Bany Memanku
YCTaHABJIMBAETCS OJUH WJIM HECKOJIbKO MMIIEIJIEPOB (B 3aBUCUMOCTH OT BBICOTHI CJIOS
xuakoct). [Ipu ogunakoBoM umcie PeliHonblica B Buay Oojiee oOTekaemoil (hopmbl,
MPOMEIJUIEPHBIE MEMIAIKU MOTPEOJSIOT MOLIHOCTh MEHBIIYI0, Y€M MEIIAJKH HHBIX
TUTOB. D(PPEKTUBHOCTD MPOMEIJIEPHBIX MEIIAJIOK 3aBUCUT OT F€OMETPUUECKON (HOPMBI
€MKOCTU WJIM ammapara, a Tak K€ CaMO PacloJIO)KEHHE B €MKOCTH MeEIIaliKh. Takue
MELIAJKU LEeIecO00pa3HO HMCIOJIb30BaTh B €MKOCTAX W anmaparax HUIMHAPUYECKON
GopMBl W BBIMYKJIBIM JHHIIEM. B MpSMOYroJIbHBIX €MKOCTSIX WM ammnaparax
MMEIOIINMH TUIOCKOE WJIM BOTHYTOE JAHMINE, MHTEHCUBHOCTh MEPEMEIIMBAHMS 3aMETHO

magacT TakK, KaKk BCJIHNKO o6paaoBaHHe 3aCTOMHBIX 30H.

OcHoOBHBIE KOHCTPYKTHBHBIC ITIAPaMETPHEI, H€O6XOI[I/IMBIC pInIb: | BBI60pa MCIIAJIKH.

1. % =3+4, rae D — nmamerp peakropa, mm; d,, — IMaMeTp OKPYKHOCTH, OMETaeMOM

KPOMKAaMHU JIONIACTEN MEIIAJIKU, M.

2. % =0,4+1, h — BbICOTa YCTAaHOBKHU MEIIIATIKHU, M.

3. %M -041,

4. £, =056 - KO3DPUIIMEHT 3aMOTHEHHS MEIIATIKH

N3 tabnunet 1.2 BeiOupaemM NOAXOIAIIUN AUAMETP C YY€TOM KOHCTPYKTHUBHBIX

napameTpoB.

Tabnuua 1.2 - JluameTpbl CTaHIaPTU30BAHHBIX MEIIAIOK

Tun memraaku Jlnamerp memanku, d,, MM

80; 100; 125; 160; 180; 200; 220; 250;
280; 320; 360; 400; 450; 500; 630; 710;
800; 900; 1000; 1120; 1250; 1400; 1600;

1800, 2000, 2240.

JlomactHas, TpexyionacTHasi, TypOUHHAs




[IpuHrMas oTHOLLIEHUE % =3+4d,,=250 Mmm

YacrtoTy BpaiieHus I\;IGHIaJIKPI B IIEPBOM MPUOIUKEHUU ONPECIISAIOT 110 BEJIMUUHE
OKPYXHOU CKOPOCTH

a):ﬂ-dM-n (11)

rjae N —gactoTa BpameHus. (o= 3,8 M/c).
Orcroza, Nn=w/m,6 =38/314.025=48c" (1.2)

B cooTBeTCTBMU C TUMM JaHHBIMH NMPUHUMAEM YacCTOTY BpAILCHUS MEIIAIKA
4,17 ¢t

J{ns onpeneneHus ryOMHBI BOPOHKH B PEAKTOPE HAXOAT 3HAUCHUS MapaMeTPOB
I"'u Re,;. IIpu ko3 unmente 3anonnenus cocyna ¢ = 0,75, BbIcOTa ypOBHS )KUIKOCTU

H,.= 0,5 M. B 3TOM City4ae

I'=8H,/D+1=8.05/07+1=235 (1.3)

Re,, =nd,’p,./ 1, >10° =4,17.0,25 .1050/0,0065= 4210096 (1.4)

Koadduument npomnopiuoHansHocTd B ompenenstor mo Homorpamme, ist

KOTOPOTO BEIMYUHY E paccUuThIBAIOT MO (hopmyIie

= %é: 7 Re 0,25) (15)
M yo6
235 _
E= %),56.1.4210Q96°~25) =03 (1.6)

IIpu 3TOM 3HaUeHHH £ 110 pUCyHKY Haxoaum B = 7,5.

['myGuHa BOpOHKH B cocyjie 0€3 MeperopoioK pacCuUuThIBAIOT 10 hopMyJie:

h, =Bn?d,?/2=75.417%.0,25* /2 = 4,08u (1.7)

MoutHOCTh TPUBOJIAa MEIIATIKH PACCUUTHIBACTCS 110 hopmyJie

N, =(K,k, ZKiN +Ny;) 7, (1.8)

n 'n



rae K, = 1,25 — mu1g anmapatoB 6€3 meperopoioxk;

ki = (Hy/D)° — k03 bUIMEHT BBICOTHI YPOBHS KUIKOCTH B alllapare;

ki = 1,1 — npu HaNMYKUK THITB3BI TEPMOTIAPEI,

N;; - MOIIHOCTh, HEMOCPECTBEHHO 3aTpavyrBaeMasi Ha MEPEMEIIMBAHUE JKUIKOU
¢da3sl, BT;

Ny;; — MOIIIHOCTb, 3aTpaynBaeMas Ha MPEOJOJICHHE TPEHUS B YIUIOTHEHUSAX BaJia

Menianku, Br;

n, = 0,85-0,9- KII/] mpuBoa MEIIaIKH.

MOHIHOCTB, HOTp€6JIHeMYIO Ha IICPCMCIIUMBAHHUC B PCAKTOPC OIIPCACIIAIOT IIO

3aBHCHUMOCTH:
N, =K,pnd,’ (1.9)
C yaetrom Re K = 10.

C yuetom dhopmyisl (1.9) MmomHOCTE TOTpebIIsieMast Ha TIepeMelInBaHuEe paBHA

N, =10-1050-417°.0,25° = 74353 Bt

Momaocts Ny 3aBHCHT OT cmoco0a YIUIOTHEHHS Bajla TEPEIIMBAIOIIETO
YCTPOMCTBA: MaHKETHOTO, CAIbLHUKOBOT'O WJIK TOPIEBOro. TopiieBsie yIIoTHEHUS Oosiee
HAJIeKHBl B DJKCIUTyaTalldd M OOECIEUMBAIOT TOBBINICHHYI0 Te€pPMETHU3AIUI0 TI0
CpPaBHEHUIO C JAPYTMMH BUAaMH YIUIoTHeHHM. MomHocts (BT), 3aTpaunBaemas Ha

MIPEOJIOJICHHE TPEHUS B TOPLIEBBIX YIUIOTHEHUSX, PACCUUTHIBAETCS MO (hopmyIe:

B oaunapHoM ymiotHenuu N, =6020d,"° =6020.0,04"° =9168 Br  (1.10)

[Tpu >THX gaHHBIX ,coriacHo Gopmyde (1.8) MOUTHOCT MPUBOJA MEIIAJIKK paBHA

N, =(1,25.0,85-11.74353+91,68)/0,85=113021 Bt

B kadecTBe mpHBO/IAa MEMIATKKA BBIOMPAIOT MOTOP-PEAYKTOP C MOIIHOCTHIO

anektpoasuratresns N = 3,0 kBT.



[Tomyuennyro mynpy HampasisieM Ha ¢unbTpanuio. OuibTpaius JOCTUTaeTCs 3a
CUeT Mepernaja AaBlIeHUu Mo 00e CTOPOHBI meperopoaku. IPHEeKTUBHOCTh pa3aeIeHUs
CYCIIEH3MHM M IPOU3BOJUTENIBHOCTh (DUIIBTPA 3aBUCAT OT CBOMCTB 00pabaThIBaeMOil
MyJIBIIBI U €€ COCTABJISIOIIMX, TUNA (PUIbTPA, €r0 OCHAILIECHHUS W pexuma padoThl, a
TaK)X€ CBOMCTB (PUIBTPOBAJIbHOW IEPETOPOAKM U COOTBETCTBHUSI €€ KOHKPETHBIM
YCIIOBUSIM TIpoliecca (pUiIbTpOBaHUS.

Jns BeiOopa THma ¢uibTpa, (QUIBTPOBATBHON TEPETOPOAKH U PEKUMOB
¢uIbTpOBaHUS HEOOXOAMMBI HIKCHEPUMEHTAJbHbIE JaHHbIE OO0 OCOOEHHOCTSIX
(uIBTPOBaHUS TAHHOW CyCHEH3UU Ha 1a00PATOPHBIX YCTAHOBKAX.

Haubonee moaxoasmum (UIBTPOM MEPUOIUYECKOTO NEHUCTBUS SBISETCS HYTU-
¢unbTp. B manHOM ammapare (QuIbTpOBajibHAs MEPEropojaKa HEMOJBMKHA U Ha HeH
OCYILIECTBIISIIOTCS  BCe TMpolnecchl (puiabTpoBaHue, HaOOp ocajka, €ro IPOMBIBKA,
00e3BOXKMBaHUE, yAajleHue). BakyyMHbI HYTY-QUIBTP SBISETCS CaMbIM IPOCTHIM
IPOMBIIIICHHBIM (HIETPOM. TO eMKOCTb C TLIOManbi0 GribTpammn 0,5 M> 1 IBOHHBIM
nHoM. Cycrniensust nogaercsi cBepxy. I[lom pemetkon co3maercs Bakyym. Ilo xomy
¢unbTpoBaHUs Ha (UIBTPOBAIBHOM MEpPEropojke HakaruMBaeTcss ocafok. llocie
GbuIBTpOBaHMS MPOU3BOINUTCS IPOMBIBKA OCAJKa, €T0 CYIIKA U BBHITPY3KA.

Jis ¢unbTpanii myJbI M PacTBOPOB C HHU3KUM COJEP)KAHHWEM B3BELICHHBIX
yacTull B (UIBTPOBAIBHOM OOOPYJOBaHMM HCIHOJB3YIOT OO0JbIIOE pazHOOOpas3ue
TEXHUUYECKUX TKaHeH. OUIbTPOBAIbHBIE TKAHU 00€CTICYMBAIOT MPOIECCHl (GUIBTPAIIH B
pa3nnuHbIX cpenax. Hanbomnee ycToiUnMBBIMU B arpeCCUBHBIX cpefax (KpenKue Meoun,
KHUCIIOTHI) SIBIISIIOTCS CHUHTETHYECKHe TKaHW. OJHAKO MPUMEHEHHE WX CIEP>KUBAETCS
TeMnepatypHeiM npenenoM 75 — 80 °C, Bellle KOTOPOTO NPOUCXOAUT «CBAPUBAHUE)»
BOJIOKOH C HapylleHHeM mpornecca ¢uiabTpanuu. s ero npeaoTBpalleHus pacTBOPHI

(MyBIIbI) MIAHUPYETCS MPEABAPUTENBHO OXJIAXKAATH 10 HY>KHBIX TEMIIEPaTyp.

@unpTp paboTaeT NMpHU MOCTOSHHOM Iepenaje AaBieHHs, YTO 00ecreurBaeTCs
paboToi OT BaKyyMa.
ITpon3BoaUTENBHOCTE PUIBTPA IO PUABTPATY Vg PACCUMTHIBAIOT YEPE3 CPEAHIOI0

CKOPOCTb (PUIIBTPOBAHUS M, 32 BECH IIUKI 00paOOTKH CYCIIEH3UH Ha PUIIbTpE:



V, =o,F,K,K,, (1.11)

rae F4 — noeepxHocTh GUIIBTPA, M7

Ky u K), — nompaBouHble KOA(DPUIIMEHTHI, YUUTHIBAIONINE YBEIMUYCHUE
CONPOTHUBJICHUSI (PUIBTPYIOUIEH MEPEropoJIKM MPU €€ MHOTOKPATHOM HCIOJIb30BAaHUU
(K77 = 0,8) 1 BO3MOXKHBIC KOJIeOaHUsI CBOMCTB MPOMBIIIICHHON cycrieH3uu (K, = 0,7 —
0,9).

Cpennsisi CKOpOCTh (PHIIBTPOBAHUS 32 UK OMPEACIISIOT U3 BEIPAKCHUS

%=%§é, (1.12)

o 2 o
TIE VUgpy — OOBEM (QuibTpara, MOMy4eHHBIH ¢ 1 M° (QuiIbTpyromen
3, 2.
IICPETOPOJIKH 3a BpeMsl GMIIBTPOBAHUA Ty, M /M,
T, — BpEMsI IIOJIHOTO LIMKJIa 00pabOTKH CyCIIeH3UU Ha (PUIIBTPE, C.

N3 BeIpaKeHUS IEPEMEHHON BO BPEMEHH TOJIIUHBI CJIOS OCAJKa

h,. = XoUp.y0 (1.13)

PACCUUTBIBAEM Dy ) - Upyo, = h, - (1.14)
0

rae h,. — BeicoTa cios ocanka (h,=9 mm);
Xo — OTHOIIEHHE O0beMa OTQPMIBTPOBAHHOTO OCAJKa K O0BEMY IMOIYyYEHHOTO
¢unpTpara.

Benuunnbl Xo 1 X, paCCYMUTHIBAIOT 110 (hOpPMYJIaM:

oc _XT olc
o= = W )T (1.15)
T Foc 1-W
S S| (1.16)

3.
TI€ v, — 00beM OocagKa, M,
3.
vy — 00BEM (unbTpaTa, M,

XT — MaccoBas KOHIIeHTpamus TBepaoi ¢asbl, % (Xt =20 %)



M7 — Macca TBepAOro 0cajIKa, Kr;

W — maccoBas BIaXXHOCTh Ocajika Mocie GuiIbTPOBaHuUs, A0JIH;

o 3.

Pye — TUIOTHOCTB JKUJAKOM (ha3bl, KI/M”,
3
Poc — TUIOTHOCTH BIAKHOTO OCAJIKa, KI/M".

[110THOCTB BIAXKHOTO ocCaJlKa paCCYUTBIBACTCA I10 q)opMyne

— PrPoc (1.17)

Poc Lose +(or — 0, W]’

. 3.
pr— IIIOTHOCTH TBEP0# (ha3bl, KI/M™,

[TnoTHOCTB BIAXHOTO Ocajika, ¢ yueroM ¢opmysbl (1.17) paBHa

~_1700.105 —147216 kr/M°

0
o [1050+ (1700—1050) - 0,25]

3Has IUIOTHOCTH BJIAXKHOTO ocaJKa, paccuuTacM Xg M X, HCIIOIB3YS (bOpMYJ]BI

(1.15) u (1.16):

_u,./ _0,2-1050 -
Xo = %4) - %472,16[1_ (0125+0’2)] =0,26

_m/ _02.10501-0,25) ) 3
X, = % = ] (0254.0.2)] = 28636 kv

Paccuutaem Upyo, = 9.10°° 0.26= 34,6 .10_3 M3/M2

Jlnst pacdyera cpemaHe CKOpOCTH (PHIBTpOBaHUS HEOOXOIMMO PacCUUTATh

JUTUTEJILHOCTh IIUKJIA pa0OThl (PUIIbTPA NEPUOJUUECKOTO ACHCTBUS:

(1.18)

T, =T,t+T, =Ty +7T,, +7,.+7,,

T 7, — 3aTPaThl BDEMEHHU Ha (QHIBTPOBAHMUE;



T, — 3aTPAThl BPEMEHHU Ha IIPOMBIBKY;

T. — 3aTpaThl BpEMEHH Ha CYIIKY;

T, — 3aTpaThl BPEMEHU Ha BCIIOMOTATENbHBIE onepaiuu (coopka u pa3dopka
¢unbTpa, 3arpys3Ka CyCreH3uu, BHIrPy3Ka 0CaaKa).

OnTtumanbHOoe BpeMsi (UIBTPOBAHUS, COOTBETCTBYIOIIEE MaKCHUMAJIbHOU
IPOU3BOIUTEIFHOCTH (PUIBTpPaA, KOTJAA IMKJI PAabOThI BKIIOYAET HPOMBIBKY H

MPOCYLIKY OCaJKa, ONPENEIsAeTCs KaK

b (7 +7,) 1.19
Ty — y .
4’ 4N L 20 B N )] )
B M- Fo - X, , 1.20
CBOIO OYEpEe/Ib, b, 24p) (1.20)
N = (Unp.afc.pacrs Xﬁﬂn[% (121)
" (Ap,,)’
i 1.22
n="rx,)" (1.22)
rae Ap —nepenaj naBjieHUs BO BpeMs (puibTpoBanus, [a;
Ap,, — epenaj qaBleHus BO BpeMs IPOMBIBKH, I1a;
1 — IMHAMHYECKast BS3KOCTb duibTpata, Ila-c (1 = 1,05-107 ITa-c);
Unp — JUHAMHUYECKAs BA3KOCTh IPOMBIBHOHM xkuakoctd, Ila:c (Boma
fnp = 0,58107 Ta-c);
I, — yIeabHOe COPOTUBIICHUE OcaaKa, M/KT (I, = 10-10% M/KT);
Fpn —COINPOTHUBJICHUE bunbTpyromen MEePErOpOAKH, 1/m

(o = 42:10° 1/m);

Upp.oe. — OOBEM ITPOMBIBHOM JKHIKOCTH Ha | KI BIIQ)KHOTO OCaiKa, MY/KT

(Vnp.oe. =10 103 M3/KF);



T, — MUHUMaJIbHAs MPOJOKUTEIIBHOCTh OKOHYATEIBHON CYIIKH OCajaKa, ¢
(z. = 600 ¢);
7, = 1800 c.

[ToncraBuB 3HaueHuUs B popmyisl (1.20 — 1.22), mosrygaem

b, —L05- 1072 .10.1010-286,36%2 64109 - 23.10* ¢/M%:

_(1,0-10*.147216.10.10'° . 286,36.0,58-10 %) PP
N, = (2.64.10%) =29-10" e

_42.10° _
Lo = %10.10lO .286:36) = 0001 M

OnrtumansHOE BpeMs punbTpoBaHus, coriiacHo Gopmyse (1.19) paBHo:

=21635¢ = 6u

Td,

_23-10/(600+1800)
(23-10° +19-10° -0,26)[L+ 2. 0,0015,/(2,3-10" +19.10°.0,26/(600+1800)]

Bpewmst mpoMBIBKH OcCajika paCCUUTHIBAIOT 110 YPABHEHHUIO:

7,y = (N0 1% )(,. +Xou,) = (L9-10°-9:10°/0,26)(9-10°° +0,26.0,0015 =62¢  (1.23)

JIMMTenbHOCTh THUKJIa paboThl GUIBTPAa MEPUOIUUECKOTO AeicTBUA, corjacHo (1.18)
paBHa:

7, =21635+62+600+1800=24097c = 74



1.2. I3roToB/ieHHEe U MOHTAK PACCYUTAHHOTO 000PYA0BAHMA

MonTaxk o0opyaoBaHUs JIsl TPOBEACHUS YKPYITHEHHBIX UCCIIEI0BAHUM IO HOBOM
TEXHOJOTHYECKOM CXeMe TPOBOJAMIIM COIJIACHO CXeMe OOBSI3KH 00O0pyHOBaHUS,
MIPEICTABJIEHHON B PUJIOKEHUU b.

PeakTop WM3roTaBiIMBAIOT LEJIBHOCBAPHBIA C JJUIMINTAYECKUM JHHUILEM H
KPBIIIKOH, pabounii 06beM koToporo pasen 0,25 m°. Bmectumocts paHa 0,3 M.
[l10manp TemIoo6MeHa apoBoii pyodamky — 1,2 M.

Cornacno I'OCT 20680 — 75 u npoBeICHHBIM pacueTaM B MPEAbIAYIIEM pa3ee,
BbIOMpaeM  MpOMNEUIepHY0  (TPEXJIONAcTHYK)  MEMAJIKy C  MOIIHOCTBIO
anekTpoasurarens 3,0 kBT.

st OCYLIECTBIICHUS TEXHOJOTUYECKHUX onepauun mo0oe
THJIPOMETAJUTypPruueckoe 00OpyJOBaHHE MOJJIEKUT OOBSA3KE TEXHOJOTHYECKUMHU
TpyOONpOBOJAMH, 3allOPHOM apMaTypod M BCHOMOTATENbHBIM O00OPYIOBAHHUEM.
Co3naHHbI TakUM 00pa3oM TEXHOJOTMYECKUW y3€Nl B JIaHHOM CJy4yae MpEeACTaBISIET
c000M KOHCTPYKTHBHO M TEXHOJIOTHYECKH 000COOJCHHYIO YacTh 00BEKTa, TEXHUYECKAS
TOTOBHOCTh KOTOPOH MO3BOJISIET aBTOHOMHO MPOU3BOAMTH pabOThL. TeXHOJOTHYECKHe
y3Jbl BBIAESIOT CTaJUU TEXHOJIOTUYECKOro IMpoliecca 00beKTa — MOATOTOBKY ChIPBS,
OTJIEJIbHBIE 3TAIlbl €r0 NePepadOTKH, BbIIETIECHUS KOHEYHOTO NPOAYKTa, XpaHEHHUE U T.I1.

[Ipu pa3paboTKe TEXHOJOTMYECKOTO Yy3Ja BBINOJHIIOT MPOEKT OOBSI3KU
oOopynoBanusi. Ha deprexke TEXHOJOTMYECKOW CXEMbl OTpPa)kalOT OCHOBHBIE
XapaKTEPUCTUKU 000PYJOBaHUS:

- HAJIMYME MEXAHUYECKOT0 NMEPEMENINBAIOIIETO YCTPOUCTBA (MEIIAIKN);

- HaJTM4YKe TeTI00OOMEHHOTO YCTPOHCTBA (YCIIOBHOE OTOOpaXkeHne pyOaIku);

- OCHAILIEHHE OCHOBHOTI'O O0OpPYIOBaHUSI KOHTPOJIbHO—U3MEPUTEIbHBIMU NPUOOpaMu U
CpeICTBaMM aBTOMATHYECKOTO PETYJIMPOBAHHUS C YKa3aHHMEM MeCTa YCTaHOBKHU
JaTYMKOB CTAHAAPTHBIMHU YCIOBHBIMU 0003HAYEHUSIMU.

Ha TexHonmornueckoi ceme OTOOpakalTCsi BCE MaTepHAbHbIE JIMHHM,
CBSI3bIBAIOIME OOOpYIOBAaHUE MEXIY cOO0OMl B €IMHYIO CHCTEMY JUIsl MPOM3BOJACTBA

IPOJIYKTA.



Heobxoanma GakoBas ammaparypa, UCHOJb3yeMasi TIPU MPOBEICHUHA TEXHOJIOTHIECKUX
oreparyii, KoTopasi mpeaHa3HaYeHa, TIABHBIM 00pa3oM JJIA:

- cbopa, BPEMEHHOTO0 XpaHEHWs IMyJbIl M PACTBOPOB B KAaueCTBE IMPOMEKYTOUHBIX
E€MKOCTEM.

Tak kak mpenrnoyaraeTcs HCIOJIb30BAHNE BaKyyMHBIX CHCTEM, TO OakoBas
anmaparypa HeoOXOoJlUMa B KadecTBE PECHBEpPOB sl oTcoca (¢uibTpara U3
¢bunbTpoBaNbEHOTO 000pyAOBaHUA (HYTY-(UIbTpa). OOBEeM 6aKOB MOKET KOJIEOaThCs OT
0,1 mo 200 u maxe 500 m°. C Y4e€TOM IUIaHUPYEeMOro o0bema MepepaboTKu Ham
of0iAeT pecuBep pabodnM 00bEMoM — 0,4 M.

Martepuan M3roTOBICHHS BBIOMPAEM C YYETOM AarpeCCHBHOCTH HCIOJIB3YEeMOM
cpenbl. Hanbosnee yacto nmpuMeHseMbld B THAPOMETAIUIYPTUA MaTepual — TUTAHOBBIN
cmias BT 1-0.

PecuBepbl MOMKHBI OBITH 00S3aTENBHO OCHAIECHBI JTATYUKAMM JUISI KOHTPOJIS
YPOBHS KUJIKOCTH, IaBJICHUSI, TEMIIEPATYPbI, KUCJIOTHOCTH cpenbl (pH).

TexHomornyeckuM TpyOONpPOBOJaM KaK HEOThEMJIEMOW YacTH  OOBSI3KH
TEXHOJIOTMYECKUX y3J0B HEOOXOJUMO TMpUIaTh 0Cc000€ 3HAUYEHUE: OHHU JIOJDKHBI
o0ecreunBaTh TPAHCIIOPTUPOBKY PACUETHOTO KOJUYECTBA ITYJIBITBI, PACTBOPOB, Ta30BBIX
moTokoB. Heo6xoaumo ydecTs:

- MUHIMAaJIbHO BO3MOYKHBIH 110 JUIMHE MyTh TPAHCTIOPTUPOBKHU MPOYKTOB;
- MUHUMAJHHO BO3MOYKHOE THAPABINYCCKOE COMPOTHUBIICHUE TIPU TPAHCIIOPTHPOBKE
KUJKUAX ¥ Ta3000pa3HBIX MPOYKTOB IO MarucCTpalIu.

JlanHple TpeOoBaHUS OOYCIOBJICHB HEOOXOAMMOCTHIO TMOI00pa HACOCHOTO
000py10BaHUS.

Jlnst mpoBeneHMs BBHINMICNIAYUBAHUS 110 TIEPBOMY OJIOKY CXEMbl MOHAT0OUTCS
cieayroiiee o00pyaoBaHue:

»  0ak meno4dW, TNpeTHA3HAYCHHBIA 11 NPUEMKA W XPaHCHUS
KOHIICHTPUPOBAHHOTO pacTBOpa Imenoun. PacTBop moctymnaer B 6ak 1Mo MarucTpajiu co
ckiiana kucaotT U menoyed I'MO. OTkauky meiaouu mpoBOAST JO3UPYIOIIUM HacOCOM B

0aK-MepHUK.



»  peaktop ¢ 0OaKOM-MEpPHHUKOM, KOTODPBIN MpeAHA3HAUYeH AJisl MPOBEACHUS
OINEepallH IIEJOYHOTO BBILIEIAYUBAHUSI UCXOIHOTO ChIpbs. O0OpyAOBaH MPOIEIIEPHON
Memankoi. Jlyig 3arpy3Kd TOHKOM MbUIM B KpPBILIKE pEaKTopa IpeaycMOTpEH
3arpy304HbId JIOK. B MEpHHK MoABEAEHBI TPYOOIPOBOABI MOAAYN JKUJKOW IIEJIOYH, U
J€MOHU3UPOBAHHOMN BOJIBI.

»  Hyru-¢punerp (mo3. H®) wucnmomedyercs i (QUIBTPAIH  ITYJIBITBI
MOJIyYeHHOW TMOCJ€ BBIIIEIIAYUBAHNS ChIPbS, IMPOMBIBKM Keka. McxoaHas mysblia
3aJIMBAeTCs 4epe3 WITyLepbl. Bakyym co3maércst BakyyMHbIM HacocoM. B pesynbrare
Kuakasg ¢aza MOyJablbl OPOXOIUT B BHUIE (QUIbTpaTa CKBO3b (PUIBTPOBAJIBHYIO
NEPEropoAKy | ynamsercs w3 HyTd-puiabTpa B pecuBep (s JambHEHIIETo

HCIIOJIB30BaHUA B COOTBCTCTBHU C HpOI‘p&MMOﬁ HCCHGHOB&HHﬁ.

1.3. IIpoBeeHne yKpyNHEHHBIX UCCIE0BAHNI 10 TEPBOMY 0JIOKY CXeMbI

1.3.1. Ilpueomosnenue ucxoonozo pacmeopa

[IpuroroBieHNEe UCXOHOTO MIEIOYHOTO PACTBOPA PACTBOPUTENS BEAYT B PEAKTOPE
(mo3. P-1). B 0Oak-mepuuk (mo3. M-1) mpu momomm Hacoca-mo3atopa (mo3. HJI)
TepeKaunBaloOT 3aIaHHbI 00hEM KOHIEHTPUPOBAHHOTO LIETOYHOr0 pactBopa (50 amd).
[Tpu 3TOM KJIamaHa JOJDKHBI OBITH OTKPBITHI, a kianaH (mo3. KJI-8) — 3akpeIT. 3atem
IIEeJIOYb IMOCPEICTBOM OTKpbITHs Kiamana (1mo3. KJI-8) ciousaror B peakrop (mo3. P-1).
3atem B peaktop P-1 o TpyOGompoBoay MOCpPencTBOM OTKPHITHS KianaHoB (1io3. KJI-3 u
KJI-4) nopator 66 e JEUOHU3UPOBAHHOM BOJbI, MPU ITOM OPUEHTHUPYSICHh Ha
nokazaHusi cueTuyrika. Onepanuio BBIMOJHAIOT NPU BKIIOYEHHON MEIIANKe peakTopa
P-1.

[Ipn nOCTM>KEHMM YPOBHSI Cpebl BBIIIE MpoMeiiepa MEIIAJKU BKIOYAeTCs U
yCTaHaBIMBACTCA MUHHUMAJIbHOE 4duciio obopotoB e€ Bpamenus (100 o6/mwun.). Ilpu
BKJIIOYEHHOM  [E€PEMEIIMBAHWM  BBOJMTCS  pacueTHoe  KommuyectBo  ODD

(38,6 kr), HEOOXOIMMYIO Maccy KOTOpPOTO B3BEIIMBAIOT Ha AJEKTPOHHBIX Becax (103.

B-1).



[TepememmBanue ocymecTBissioT B TedueHne 30 muHYT. [locie 3TOro roTOBBIM

pactBop ocTyxatot J0 25 °C.

1.3.2. Il]enounoe sviyenaqusane mouKoU noliu

[locne Toro xak pacTBOp OCTBUI, B peakTop (1mo3. P-1) ¢ MUHUMAJIBHBIM YHCIIOM
o6opotoB Memanku (100 06/MUH.) 3acHITIAlOT 3apaHee B3BEIICHHOE Ha AJIEKTPOHHBIX
Becax (1mo3. B-1) ucxognoe cripbe (Macca TOHKOM MbUIH 25 KT'), TOCTENEHHO yBEIUYUBasI
ckopocTh mepememmmuBanus 10 950 o6/muH. Ilpu ycnoBum monmxkenuss pH pactBopa
Hwke 11, u3 menounoro 6aka mo TpyOOmpoBoLy OTKpeITHEM KianaHoB (mo3. KJI-2, KJI-
7) depe3 MepHHK (1m03. M-1) momarot enkuii Hatp. Ilpm sToM kiaman (mo3. KJI-8)
J0JKEH OBbITh 3akphIT. M3 MepHuKa (mo3. M-1) npu oTkpeiTun Kiamnasa (mo3. Ki-8), mo
TPyOOIPOBOY IENIOYh MOAAIOT B peakTop (mo3. P-1). TIpu stom kmanan (mo3. KJI-10)
JIOJIKEH OBITH 3aKPBHIT.

[IpOoAOIKUTENBHOCTD BBIIIETAYMBAHUS COCTABISIET OT 2-3 4acoB.

[locme mpoBemeHusi mporecca  BBHINETAYMBAHUS MYJIbIy H3  peakTopa
(mo3. P-1) otkpeitnem knanana (mo3. KJI-10) mo ruOkoMy NUTaHTY MOJArOT HA HYTY-
buwiprp (mo3. H®-1), npu srom kimamana (mo3. KJI-15 m KJI-19) nosmxHBI OBITH

OTKPBITHL.

1.3.3. Qurvmpayus nynvnol

[TonyueHHyt0 B pe3yibTaTe IIEJIOYHOIO BBILIEIAYUBAHUS IYJbILYy W3 peakTopa
(mo3. P-1) 3anmBaror uepe3 mTyuepbl B HyTd-pmisTp (HD-1), 3ampaBieHHbIH
(UIBTPOBAIILHON TKaHBIO U (PUIIBTPOBATIHLHOW OyMaroil (CHHsSIS WM KenTas JeHTa). B
MPOCTPAHCTBE, OOPA30BAHHOM JIOKHBIM JTHOM, MUMEIOIIETO MepQopanuio, 1 KOHYCOM
HyTY-QuabTpa co3maércs BakyyM BakyyMHbIM HacocoM (mo3. BH-1). B pesynbrate
xKuakas ¢asza MyJablbl TPOXOIUT B BUIE (uiIbTpaTa CKBO3b (PHIBTPOBAILHYIO
MEPETOPOIKY u yIaseTcs u3 HYTY-PUIbTpa B pecuBep
(mo3. PC-1), mpu »stom knamana (mo3. KJI-26, KJI-27) momkHbl OBITH 3aKpbIThl. U3

pecuBepa oTOMpaeTcss mpoda sl aHaNIM3a pacTBOpa HAa COJEp)KaHHE CBUHIIA, MEIH,



IIMHKA, JKeJie3a, MBIIIbsIKa U CypbMbl. Eciiu hunmbTpaT MyTHBIN, TO, 3aKpHIB KJIaMaH (I103.
KJI-29) u otkpsiB Kiamnan (mo3. KJI-30) ero HampapistoT, 10 TMHOKOMY IIJIAHTY, OOPaTHO
B peaktop (1o3. P-1) u Bo3BpamaroT Ha GUIBTPOBAHKE Yepe3 CION KeKa B Hy4I-(PHIBTP

(HD-1).

Ilpu nedocmamouno uyucmom HNOBMOPHOM @UILMPOBAHUU Clledyem CMeHUmb

Gunbmp, nocmasums 8 Hymu C8exHCyr0 mKaHb U QUIbmMposams ewe pas.

TBépnas ¢aza mynblibl B BUIE O0CaJKa HAKAMIMBAETCA Ha (GUIBTPOBAJILHON TKaHU U
MOCJIe MMPOMBIBKM OTOMpaeTCs mpoda il aHalli3a Ha Cojiep)KaHre CBUHIIA, MEJU, ITUHKA,
’Keje3a, MBIIIbsIKa, CypbMbl 30JI0Ta W cepedpa, MOcCie 4Yero ynaiasieTcs BPYYHYI U

OTIpAaBJIAECTCA HA NepepaboTKy.

1.4. TlocTpoeHHe MaTeMATH4Ye€CKOil MO/eJI, BbISBJISIIONIEHl 3aKOHOMEPHOCTH
NMPOTEKAHUS MPOLECCOB BhIIEJAYUBAHUS OT IIapaMeTPOB 3TOr0 mpouecca

B YCJIOBHSIX YKPYNHEHHOT0 J1a00PaTOPHOIO MCCIeI0OBAHMS

[TocTpoeHne mMareMaTHYeCKOW MOJAENH I MPOLIECCOB BHINIENAYMBAHUS B PaMKax
HOBOW TEXHOJOTHYECKOW CXEeMbl MEepepadOTKU TEXHOTEHHBIX OTXOJOB MPOBOJIWIM B
nakeTe NPUKIAAHBIX mporpamm MS Excel. MogaemupoBaHue TpOBOIMIN IS BCEH
TEXHOJIOTUYECKOHN CXeMBbI LIENMKOM. Moaens npeacrasieHa B [punoxennn B.

CrpykTypa MaTeMaTH4YeCKOM MOJIEIM BCETO MPOLECCa CKIAABIBAETCS U3 MOJEIEH
MepeiesioB U MPOLEccoB, (POPMUPYIONIMX TOJHYIO TEXHOJOTruio. VMcxonHeie AaHHbIE,
BBOJMMBIE B OTHEIbHOM OKHE, ONPEEISAI0T IOJIHBIA LMK pacyeTa BCEro
TEXHOJIOTUYECKOro mpoiiecca nepepadotku. Ilocnenyronye Tabauibl, TpUBEICHHbIE B
MPUJIOKEHUU B, ABIAIOTCS pe3ynbraTaMyd MOJEIUPOBAHUS, 3aJ0KEHHBIMU B OCHOBY

daitna «modely, mpencraBieHHOr0 COBMECTHO C OTYETOM 10 4 3Tary.



2. YKpyIIHEeHHbIE HCCJIeIOBAHNS CIIOCO00B pa3/ieiIeHUus1 MeTALIOB. OnTuMu3auus

mapamMeTpoB npoiuecca JJisi BBINNOJHCHUA MMPOCKTHBIX paﬁoT

2.1. Pacuer oOopynoBaHMsi IS TMPOBedeHHS] YKPYNHEHHBIX Ja00pPaTOPHBIX

HUCNBITAHUI 110 BTOPOMY 0JIOKY CXeMBbI

Omnepainuy Mo BTOPOMY TEXHOJOTHYECKOW CXEMBbI BO3MOXKHO H I€J1€c000pa3Ho
OpPOBOAWTH B PEAKTOpax, aHAJOTHYHBIX MEpPBOMY OJIOKY, TMPEICTAaBICHHBIX B
MIPUJIOKEHUU A.

Ha BropoM Osoke cxembl mnoHagoOurca 2 peaktopa. OAuH IUIAHUPYETCS
OPUMEHATh JJi1 ocaxaeHus (ocpoHaTa CBHHIIA U3 PACTBOPA, MOIYYEHHOIO IOCIE
BBIIIETIAYMBAHNUS MCXOJHOW mNbUIM. BTOpoN peakTop HEOOXOAMM MJsi PACTBOPEHMS
MOJIy4eHHOro  (pocoHATHOro  ocagka. TexXHHUYecKHMe MapaMeTpbl  pPeakTOpPOB

npecTaBiieHbl B Tabuie 2.1.

Tabnuma 2.1 — TeXHUYEeCKUe XapaKTepUCTUKU PEaKTOPOB BTOPOro OJI0Ka

ITmomanp
mazn Jluametp BI)ICUOTa YPOBHS
Huamerp | MOBEPXHOCTH KunKoit hassl, H,., M

HomunannHBIH Bajia
3 | ammapara | TeriooomeHa
00veM, Vg, M D. vt P MEIIIAJIKH,
’ py M2 IR d‘” MM ¢ = 0375 ¢© = 095
0,25 700 1,3 40 0,5 0,38
0,1 500 0,7 40 0,42 0,29

[Ipu pacuere M MPOEKTUPOBAHUHU PEAKTOPHI C MEXAHUYECKUM IEPEMEIIMBAHUEM
COCTOAT M3 OTIEIbHBIX HOPMAJM30BAHHBIX AJEMEHTOB (KOpmyca cocyna cC
TETJIO00OMEHHOM pyOaNIKoil; IepeMeNnmBaroIero yCTPOHCTBa, COCTOSINETO W3 MPUBO/IA
MepeMENINBAIOIIETO YCTPOMCTBA, MELIAJIKH, U €€ BaJia).

AnmapaTel ¢ MEXaHMYECKUM MEpEeMEIIMBaHUEM O00ECIEUYMBAIOT WHTEHCUBHOE
IBWDOKEHUE >KuAKocTh. [lepememmBanue >kuakod (a3el B peakTopax IUTAHHPYEM

OCYIICCTBJIATD IPH IOMOIIU ITPOIICIIJICPHBIX MCIIAJIOK.

OcHOBHBIE KOHCTPYKTHBHBIE TApaMETPhl, HEOOXOAUMBIE /JIs1 BBIOOpa MEIIANKHU:



1. % =3+4, rae D — nuamerp peakropa, mm; d,, — IMaAMETP OKPYKHOCTH, OMETaeMOM

KpOMKaMHn jionacrtei MCIIAJIKH, M.

2. % =0,4+1, h — BbICOTa YCTAaHOBKH MEIIIAJIKH, M.

3. % -01,

4. £, =056 - k03(p(PULIMEHT 3aTI0JHEHUS MEILATIKU

N3 Tabmumpl 2.2 BhIOMpaeM MOAXOIANIUMN JHAMETP C YYE€TOM KOHCTPYKTHBHBIX

napameTpoB.

Tabnuna 2.2 - JluameTpbl CTaHAAPTU30BAHHBIX MEIIAIOK

Tun Memanku Juamerp Memmranku, d,,Mm

80; 100; 125; 160; 180; 200; 220; 250;
JlomactHasl, TpexyionacTHasi, TypOMHHAas 280; 320; 360; 400; 450; S00; 630; 710;

’ ’ 800; 900; 1000; 1120; 1250; 1400; 1600;
1800; 2000; 2240.

[TpuauMas oTHOIIEHKE % =3+4, d,=250 Mmm

YacToTy BpalieHusi MEIaiKy B TIEPBOM MPUOIMKEHUH ONPEICIISIIOT 10 BEJINYUHE

OKPYXHOU CKOPOCTH
w=r-d, -n (21)

rjae N — gacTora BpameHus. (o= 3,8 m/c).
Orcrona, Nn=wl/m, =38/314-025=48c" (2.2)

B cooTBeTCTBUU C A3TUMM JIaHHBIMH MPUHUMAEM YacTOTYy BpalleHUs] MEIIAJIKU
4,17 ¢

Jlst onpenenenust TIyOUHBI BOPOHKU B PEAKTOPE HAXOJAT 3HAYCHUS TapaMeTPOB
I"u Re,;. IIpn xoadunumente 3anonnenus cocyna ¢ = 0,75, BbIcOTa ypOBHS )KUIKOCTH

H,.=0,5 M. B 3TOM ciyudae

'=8H,/D+1=8.05/07+1=235 (2.3)




Re,, =nd,’p,./ 1, >10° =4,17.0,25 .1050/0,0065= 4210096  (2.4)

Koaddunuent nponoprmonansHoctTd B ompeaensior mo Homorpamme, s

KOTOPOTO BETMYUHY £ PacCUUTHIBAIOT 1O (hopmyJie

== %g 7Re %) (2.5)
235 )
== %0,56.1- 4210096°%%) = 3 (2.6)

[Ipu 3TOM 3HaUeHHH £ 110 pUCyHKY Haxoaum B = 7,5.

['myOuHa BOPOHKH B coCyjie O€3 Meperopo oK pacCUUTHIBAIOT 1O (HOpMyJIe:
h =Bn’d,?/2=75.4172.0,25° /2 =4,08u (2.7)
MotHOCTh IPUBOJIa MEIIAJIKH PACCUUTHIBACTCS 110 (hopMyJie
N, = (k,k, ZkiN; +Ny;) /7,4, (2.8)

rae K, = 1,25 — s anmapatoB 0€3 meperopozox;
ki = (Hy/D)®° — k09 bUIMEHT BBICOTHI YPOBHS KUAKOCTH B alllapare;
ki = 1,1 — mpu HaJIMYUH THIIB3BI TEPMOTIAPHI;
N;; - MOLIHOCTh, HEMOCPEICTBCHHO 3aTpauyrBacMasi Ha MEPEMEIIMBAHUE JKUIKOM
¢da3sl1, BT;
Ny;; — MOIIIHOCTB, 3aTpayrBacMasi Ha MPEOJIOJICHUE TPCHUS B YIUIOTHEHHSIX Basia
Memajku, Br;

n, = 0,85-0,9- KII/] mpuBOIa MEIIaIKH.



MortHOCTh, MOTPEOIsIEeMyl0 Ha MEpPEeMENIMBAHUE B PEaKTOpE OMPENESIOT 10

3aBUCUMOCTH.

NH :[{N,Lj-]sd.w5 (2'9)

C yuetrom Re K = 10.

C yueroMm opmyisl (2.9) MOIIHOCTB, TOTpeOIIsieMasi Ha IIepeMellIiBaHie paBHA
N, =10-1050-417°.0,25° = 74353 Bt

Momnocts Ny;; 3aBUCHUT OT croco0a YIUIOTHEHHSI Baja IEpPEelInBaOIIEero
YCTPOMCTBA: MaHKETHOTO, CAIbLHUKOBOTO WJIX TOpIeBOro. TopiieBsie yIIOTHEHUS Oosiee
HaJCKHBl B OKCIUTyaTalldd W 00ECIEYMBAIOT TOBBIIICHHYI0 TE€PMETHU3AIUI0 I10
CpPaBHEHMIO C JPYTMMH BUJaMU yIUIoTHEHUM. MomHocTts (BT), 3arpaunBaemas Ha

IPEOJI0JIEHHE TPEHUS B TOPIIEBBIX YIUIOTHEHHSAX, PACCUMTHIBAETCS 110 (hOpMyIIe:
B onunapHoM ymotHenuu N, =6020d,"° = 6020.0,04** =9168 Br  (2.10)

[Tpu >Tx gaHHBIX ,coriacHo Gopmyre (2.8) MOUTHOCTH MPUBOJIA MEIIAIKH paBHA

N, =(125.0,85-11.74353+91,68)/0,85=113021 Bt

B kadecTBe mpHBOJAa MEMIAIKH BBIOMPAIOT MOTOP-PEAYKTOP C MOIIHOCTBHIO
anexktpoasurarens N = 3,0 kBr.
OnpenenuM JUaMeTp JIOMACTHOM MEIIaIKU IS BTOPOTO PEaKkTopa MEHBIIEro

o0beMa.

[TpuHMMast OTHOIICHHE % =324, d,, =160 mm

LIaCTOTy BpallcH1A MCIIAJIKH B IICPBOM HpI/I6J'II/I)K€HI/II/I OMnpCACIIAIOT 11O BEJIMYHNHC

OKPYKHOU CKOPOCTH
w=x-d,-n (2.11)

rjae N —gactoTa BpameHus. (o= 1,5 mM/c).



Orcrona, Nn=wl/m, =15/314.016=298" (2.12)

B coorBercTBMH ¢ 3TMMM JAHHBIMH NPUHUMAEM YaCTOTY BPALICHUS MEIIAIKA
3,33¢c™.

Jlnst onpeneneHust TIyOUHBI BOPOHKU B PEaKTOpE HaXOIAT 3HAUCHUS IMapaMeTpoB
I"u Re,;. Ilpu xoadduuuente 3anonHenus cocyga ¢ = 0,75, BbICOTa ypOBHS JKUIKOCTU

H,.= 0,42 M. B 3TOM Cci1yuae

I'=8H,/D+1=8.042/05+1=224 (2.13)

Re,, =nd,’p,./ 1, >10* =333.016% -1050/0,0065=1377083  (2.14)

Koadduument npomnopiuoHansHocTd B ompenenstor mo Homorpamme, Jist

KOTOPOTO BEJIMYUHY £ paccUUTHIBAIOT MO (hopmyJie

= :%g 7Re, 0%) (2.15)
M y6
_224 B
== /(0,56.1.1377Q83o,zs) =037 (2.16)

[Tpu aTOM 3HaUueHun E 1o pucyHKy Haxoaum B = 6,5.

['myGuHa BOpOHKH B cocyjie 0€3 MePeropoioK pacCUUTHIBAIOT 1O (hopMyIie:
h,=Bn?d,*/2=65.333%.016°/2=0,92u (2.17)
MomHOCTh TPUBO/Ia MEIIATKHA PACCUUTHIBACTCS 1O (hOpMyIIe
N, =k, >KN, +N,. )/ n,, (2.18)

n' "H

riae K, = 1,25 — quig anmaparoB 6€3 meperopoiox;



ki = (Hy/D)° — k03 bUIMEHT BBICOTHI YPOBHS KUIKOCTH B alllapaTe;

ki = 1,1 — mpu HaTMYUM TUIB3BI TEPMOTIAPHI,

N;; - MOLIHOCTb, HEMOCPEICTBEHHO 3aTpaurBaeMasi Ha MEepPEeMEIINBAHUE JKUIKON
¢assl, BT

Ny;; — MOIITHOCTB, 3aTpaynBaeMas Ha MPEOJIOJICHHE TPEHUS B YIJIOTHEHHSX Baja
Memanku, BT;

n, = 0,85-0,9- KIIJI mpuBOoaa MENIamKm.

MomHoCTh, MOTPeOIsieMyl0 Ha TEepeMEIIMBAaHHE B PEAKTOPE OIMPEICNSIOT IO

3aBUCUMOCTH.

NH ZKNId'l?’dMS (219)

C yuetom Re Ky = 10.

C yuetom dopmyibl (2.19) MomHOCTh, MOTpedIIsieMas Ha IEPEeMEITMBAHNE paBHA

N, =10-1050-3,33.0,16° =40,6 Bt

MomHocts Ny 3aBUCHT OT crnocoba YIUIOTHEHHsS Bajla IEPELIMBAIOLIETO
yCTpOICTBa: MaHKETHOTO, CaJTbHUKOBOIO WM TOpLEeBOro. TopiieBslie ymIoTHEHUs OoJiee
HaJEXKHbl B OKCIUlyaTaldd W O0OECIEeYMBAIOT TMOBBIIICHHYI0 T€PMETH3ALHUI0 110
CPaBHEHUIO C APYTMMHM BHUAAMH YIUIOTHeHMH. MomHocts (BT), 3aTpaunBaemas Ha

MIPEOJIOJICHUE TPEHUS B TOPIIEBBIX YILUIOTHEHUSX, PACCUUTHIBACTCS MO (hopMmyIe:

B oaunapHoM ymiotHenuu N, =6020d,"° =6020.0,04° =9168 Br  (2.20)

[Tpu >TX HaHHBIX ,coriacHo Gopmyre (2.8) MOITHOCTH MPUBOJIA MEIIAIKH paBHA

N, =(125-09-11.40,6 +9168)/0,85=15810 Bt

B kadecTBe mpHMBOIA MEMIAJIKH BBIOMPAIOT MOTOP-PEAYKTOP C MOIIHOCTHIO
anextpoasuraresns N = 1,5 kBT.
OddexkTuBHOCTh pa3ieNeHuss CYCIEH3WU W TMPOU3BOJUTEIHHOCTh (UIBTPA

3aBUCST OT CBOMCTB O6pa6aTbIBaeMOﬁ ITyJIbIIbI U €€ COCTABJIAIOIINX, THUIIA (I)I/IHI)Tpa, €ro



OCHAINCHUSI W pexuMa PabOThl, a TaKKe CBOWCTB (PHIBTPOBAIHHOM TMEPETOPOIKU M
COOTBETCTBHUS €€ KOHKPETHBIM YCIIOBHSIM Tpoliecca (GrIbTPOBaHUSI.

Jlns BbiOOpa THHA QuiIbTpa, QUIBTPOBATLHON MEPErOpOJKH U  PEKUMOB
bunpTpoBaHUS HEOOXOAMMBI OKCIEPUMEHTAIBHBIE JaHHBIE 00 OCOOCHHOCTSIX
(GuUIBTPOBaHUS TAHHOW CYyCHEH3UU Ha J1a00PATOPHBIX YCTAHOBKAX.

HaubGonee noaxoasmum (UIBTPOM MEPUOAMYECKOTO JCUCTBUS SIBISETCA HYTY-
¢bunsTp. B manHOM ammapare (GuIbTpOBalIbHAS TEPETOPOJKAa HETOJBM)XHA W HAa HEH
OCYUIIECTBJISIIOTCS BCE TMpolecchl ((puibTpoBaHue, HA0Op oOcajika, €ro IMPOMbBIBKA,
00e3BOKMBaHUE, yAaieHue). BakyyMHbIH HYTU-QUIBTp SIBISETCS CaMbIM IPOCTHIM
MIPOMBIIUICHHBIM (PUIBTPOM. ITO EMKOCTh C ILI0IA b0 pribTparuu 0,5 M ¥ IBOMHBIM
nHoM. Cycnensus mnogaercs cBepxy. Ilog pemerkoit co3pmaerca Bakyym. Ilo xomy
(¢unpTpoBaHUs Ha (QUIBTPOBAJIBHON NEPEropoJKke HakarumBaercs ocanok. I[locne
(GUIBTPOBAHUS MPOU3BOJUTCS MTPOMBIBKA 0CAJIKa, €0 CYIIKa U BBITPYy3Ka.

Jlnst dunbTpanuu Mmysibl U PacTBOPOB C HHU3KUM COJICPKAHUEM B3BEIICHHBIX
4acTull B (UIBTPOBAJILHOM OOOpPYAOBAaHWU HCHOJB3YIOT OOJIBIIOE pa3zHoOOpasue
TEXHUYECKUX TKaHeH. OMIbTpOBaIbHBIC TKAHN 00ECIEYMBAIOT MPOIIECChl (PUITBTpAIUU B
paziuuHbIX cpeaax. Hanbosee ycToHYMBBIMU B arpeCCUBHBIX cpefax (KpemKue IIesiouH,
KHCJIOTBI) SIBIIIFOTCS CUHTETHYECKHME TKaHW. OJHAKO MPUMEHEHUE HX CIECpPKUBACTCA
TemreparypHabiM mipeaeaoM 75 — 80 °C, BbIlIe KOTOPOTO MPOUCXOJUT «CBAPUBAHUEY
BOJIOKOH C HapylieHueM mpoiiecca puibTparuu. s ero npeaoTBpaiieHusi pacTBOPHI

(Ty7IBIIBI) TIAHUPYETCS MPEBAPUTENBHO OXJIAXKAATH 10 HY>KHBIX TEMIIEpaTyp.

OmibTp paboTaeT MPU MOCTOSHHOM IEpernaje NaBlICHUS, YTO OO0eCredrnBaeTCs
paboToi OT BaKyyMa.
IIpousBoauTenbHOCTD (GUIIBTPA O GUIBTPATY Vj PACCUUTHIBAIOT YEPE3 CPEAHIO0

CKOPOCTbh (PUIIBTPOBAHUS M, 3@ BECH LUK 00paOOTKH CYCIIEH3UH Ha PUIIbTpE:
V, =a,F,K,K,, (2.21)

2.
rae F, — nosepxHocts GpuiabTpa, M°;



Ky n Ky, — mompaBouHble KOA(DPUITUEHTHI, YUUTHIBAIOIINE YBEIMUCHUE
COTIPOTUBJICHUSI (PMIIBTPYIOIIEH MEPErOpOJKH MPH €€ MHOTOKPATHOM HCIOJIb30BAHUHU
(K77 = 0,8) 1 Bo3MOXKHBIE KOJeOaHUsI CBOMCTB MPOMBIILICHHOM cycren3un (K, = 0,7 —
0,9).

CpCI[HSI}I CKOpPOCTb (1)I/IJ'II>TpOBaHI/IH 3a OUKIT OIIPpCACIIAOT U3 BBIPAKCHUA

, =”¢-% , (2.22)

) 2 o
TIEe Vg, — O00BeM (uibTpaTa, NHONYy4YeHHBIH ¢ 1 M° QuibTpyromen
3, 2.
IIEPErOPOJKH 3a BpeMsl (QUIIbTPOBAHUS Ty, M /M,
7, — BpEMsl ITOJIHOTO IUKJIa 00pabOTKH CyCIIEH3UH Ha (DPUIIBTPE, C.

N3 BeIpakeHUs IEPEMEHHON BO BPEMEHH TOJIIMHBI CJIOS OCAJKa

hoc = XOUqb.y() (223)

PACCUUTBIBAEM Uy ) - Upyo, = h, X, (2.24)

rae h,. — BeicoTa cios ocanka (h,=6 Mm);
Xo — OTHOIIEHHE 00beMa OT(UIBTPOBAHHOIO OCagKa K 00BEMY IOIYYEHHOTO

¢bunsTpara.

Benuuunbl Xo ¥ X, pacCUUTHIBAIOT 110 (hOpMYyJIaM:

oc _XT ohC

onuﬁdz_ p%%c[l—(WH(T)]’ (2.25)
m, o, (1-W

= e wan (2:20)

rIe v, — 00beM ocaaka, M

vy — 00BEM (PUIIBTpATa, M

XT — MaccoBasi KOHIIeHTpanus TBepaoi ¢asbl, % (Xt =15 %)
My — Macca TBEpAOTro 0CajKa, KT;

W — maccoBast BIaXHOCTh OCajIKa 1mocie GuibTPOBaHUS, TOJIH;

. 3.
Pe — TUIOTHOCTD JKUJAKOM (ha3bl, KI/M”,



3
Poc — TUIOTHOCTH BJIAKHOTO OCAJKa, KI/M".

[110THOCTH BIAXKHOTO OCAJIKa PACCUMTHIBACTCA MO PopMmyJie

Do = FTP (2.27)

Lo, +(or — P W]’

" 3.
pr— IIIOTHOCTH TBEPI0# (ha3bl, KI/M",

[TnoTHOCTB BIIAXHOTO OcajKa, ¢ yueToM ¢hopmydsl (2.27) paBHa

_1500.105 5 =135484 Kr/M°

0
Poc [1050-+ (1500—-1050) -0,2

3Has IUIOTHOCTH BJIAXKHOTO ocaJKa, paccuuTacM Xg M X, HCIIOIB3YS (bOpMYJ]BI

(2.25) 1 (2.26):

v,/ _015.1050 -
Xo = %4, = 4354,84-[1—(0,25+0,15)] =03

_m./ 015.1050(1— O,ZEy ~ 2
%= %@b - [1-(0,25+015)]~ 196,88 kr/m

Paccunraem Uy =0 -10%3 =20,0-10% M /M’

Jlnst pacdyera cpemaHed CKOpOCTH (PUIBTpOBaHUS HEOOXOJIMMO PpPacCUUTATh

JUIUTENBHOCTD IMKJIA PabOThI (DUIILTPA IIEPHOIUIECKOTO AEHCTBHS:
Ty =TT, =Ty +T,p+T. +7, (2.28)
I7Ie 7, — 3aTpaThl BpeMEeHH Ha QHIBTPOBAHHUE;

Tpp — 3aTPATBI BPEMCHU Ha IIPOMBIBKY

T. — 3aTpaTbl BpEMEHHU Ha CYIIKY;



T, — 3aTpaThl BPEMEHU Ha BCIIOMOraTesbHble onepanuu (coOopka u pazdopka
¢unbTpa, 3arpy3Ka CyCcreH3uu, BHIrpy3Ka 0CaaKa).

OntumanbHOoe Bpemsi (DUIBTPOBAHUS, COOTBETCTBYIOIIEE MaKCHUMAalbHON
MPOU3BOJUTEILHOCTH (DUIBTPA, KOTJA IMKI pabOThl BKIIOYAET MPOMBIBKY U

IMPOCYHIKY OCaJAKa, OIIPCACILACTCA KaK

_b(z. +7,)
Ty = O 4N, )Lt 20 [B AN o T 7] 22
B cBoro ouepenp, b =# Fo - X, 2Ap)’ (2.30)
_ (Onpoe Pocke X )
Nop = /Apnp) ’ (2.31)
="y (2.32)

rae Ap —nepenaj laBjieHUs BO BpeMs (puibTpoBanus, [a;

Apy, — iepenaj JaBIeHus BO BpeMs IPOMbIBKH, I1a;

[ — IMHAMHYeCKast BS3KOCTh duibTpata, Ila-c (1 = 1,05:10° ITa-c);

Unp — JUHAMHUYECKAs BA3KOCTh IPOMBIBHOHM kuakoctd, Ilac (Boma
tinp = 0,58-107 Ma-c);

I, — IeIbHOE COIPOTHBICHHE ocamka, M/KT (I, = 2-10'° m/kr);

Fn. —COIPOTUBJIEHUE bunpTpyromuien MEPETOPOIKH, 1/m
(o = 42:10° 1/m);

Upp.e. — OOBEM IPOMBIBHOM >KMIKOCTH Ha | KI BJIQXXHOIO OCajKa, M3/KT
(Vnp.oe. =1,0-10° M3/1<r);

T, — MUHHUMAJIbHAA NPOAOJIKUTCIBHOCTD OKOHYaTEJIbHOM CyHIIKM OCaaka, C

(z.= 300 c);



7, = 1800 c.

[ToncraBuB 3HaueHUs B popmyisl (2.20 — 2.22), mosrydaem

bl :1’05.10_3 21010196,88%264103):2’4104 C/MZ;

_(10-10°.135484.2.10'°.196,88.058.10°) _ 5
N,, = (2.64.10%) = 024-10° o’

_42.10° _
Lo = %2.1010 19688 = V0L M

OnrtumanbHOE BpeMs (prtbTpoBaHus, coryiacHo popmye (2.29) paBHo:

=17601c =2y

__2410°(300+1800)
¢ (24-10° +024-10°-03)[L+2-0011(24-10° +0,24-10°-0,3/(300+1800)]

Bpewmst mpoMBIBKH OCajika paCCUUTHIBAIOT 110 YPABHEHHUIO:

7., =N, 0 1%)(,. +%u,) = (0,24:10°.6.10°/03)(6-10° +03.001) =10c  (2.33)

np oc

JIMUTeNnbHOCTh 1HUKJIa paboThl GUIBTPAa MEPHUOAUUYECKOTO JACHCTBUSA, coriacHo (2.28)
paBHa:

7, = 1601+10+300+1800=9711c ~ 3u

O4YHUCTKY OT MBIIIbSIKA, HEUTpAIU3alMIO U LIEMEHTAIMIO MPOBOJIUM B 3TOM K€ PEAKTOPE.

OUIBTPALIMIO MPOU3BOIUM C UCTIOIB30BaHUEM HYTUY-(DUIBTPA.



2.2. M3roToBJIeHHE M MOHTAK PACCYUTAHHOIO 000PYy10BaHMA

Kak u B mepBoM 0JI0KE€ CXEMBbI, PEAKTOPbl M3rOTABIMBAIOT LEIbHOCBAPHBIMH, C
AIUTMIITUYECKUM JHUIIEM M KpBIIKOH, padounii o0beM KoTOpheiX paBeH 0,25 M® u
0,1 M°. BMecTHMOCTD paBHa 0,3 M u 0,114 v®. Tlnomans TemmoobMena MapoBO
py6armku — 1,2 M.

Cornacao I'OCT 20680 — 75 1 mpOBEIEHHBIM pacyeTaM B MPEbIAYIIEM pa3/eie,
BbIOMpaeM  MpOMNEUIEPHYIO  (TPEXJIOMACTHYK)  MEMIAJKy C  MOIIHOCTBIO
anexktpoasurarens 3,0 kBT 1 J0macTHYH0 MEIIAIKY ¢ MOLIHOCTBIO JJIEKTPOJBUIATEIIS
1,5 kBT ay1s1 BTOpOTO peakropa.

JUis  OCyLIECTBIEHHS TEXHOJOTMYECKHX OIlepanuil 00OpyJOBaHUE MOJJIEKUT
OOBSI3KE  TEXHOJOTMYECKHMMH  TpyOONpOBOAAaMH,  3alOpHOM  apMmaTypod U
BCIIOMOTaTeNIbHBIM 000pyZ0oBaHUEeM. MOHTaX MPOU3BOJIMM COIJVIACHO CXEMbl OOBS3KH,
IIPEACTABICHHON B IPWIOXKEHNH b.

[Ipu pa3paboTke TEXHOJOTHYECKOrO Vy3Jla BBIMOJHSIIOT MPOEKT OOBA3KU
oOopynoBanus. Ha deprexke TEXHOJOTMYECKOM CXEMbl OTPa)KalOT OCHOBHBIE
XapaKTEPUCTUKU 000PYJOBaHUS:

- HAJIMYMEe MEXaHUYECKOTO MEePEMEILNBAIOIIEr0 yCTPOUCTBA (MEILaIKN);

- HaJIM4YKe TeII000OMEHHOT0 YCTPOMCTBA (YCIOBHOE OTOOpaXkeHne pyOaliku);

- OCHAILIEHHE OCHOBHOI'O 00OPYJIOBaHUSI KOHTPOJIbHO—HU3MEPUTEIbHBIMU NPUOOpaMHu U
CpEeICTBAaMM aBTOMATHYECKOTO PETYJIMPOBAHHUS C YKa3aHMEM MeCTa YCTaHOBKHU
JATYMKOB CTAHAAPTHBIMHU YCIOBHBIMU 0003HAYEHUSIMU.

Ha TtexHomormyeckoii cxeme OTOOpaXkaloTCs BCe MaTepUalbHBIC JIMHUH,

CBSI3bIBAIOIIME OOOpYIOBAaHUE MEXIY COO0OM B €IMHYI0 CUCTEMY JJisi IIPOU3BOICTBA
MPOJIYKTA.
HeoOxonuma GakoBasi anmaparypa, UCIOJIb3yeMasi MPH MPOBEACHUHM TEXHOJIOTUYECKUX
omnepauuid, KOTOpas TpeJHa3HAaueHa, IJIaBHBIM 00pa3oM Mg  cOopa, BPEMEHHOTO
XpaHEHHUs MyJIbI U paCTBOPOB B KAYECTBE MPOMEKYTOUHBIX €MKOCTEH.

Tak kak mpeanosiaraeTcs HCIOJb30BAHUE BAaKyyMHBIX CHCTEM, TO OakoBas

anmaparypa HeoOXoJluMa B KadyecTBE pECHBEpPOB [l oTcoca (uiabTpara U3



¢unbTpoBanbHOTO 000pyAOBaHUA (HYTY-QUiIbTpa). C yueToM IUIaHUPYeMOro o0bema
nepepaboOTKH HaM HOMONIET peckBep pabounm 06sEMoM — 0,4 M,

Marepuan M3roToBieHHUsS BBIOMpPAEM C YYETOM AarpecCHUBHOCTH HCIOJIb3YEMOM
cpensl. Hanbonee yacto nmpumeHsieMblid B THAPOMETAJUTYPTrUH MaTepual — TUTAHOBBIN
cmaB BT 1-0.

PecuBepbl M0KHBI OBITH 0053aTEIBHO OCHAIIEHBl JAaTUMKAMHU ISl KOHTPOJIS
YPOBHS KHUJIKOCTH, TaBJICHUS, TEMIIEPATypbl, KUCIOTHOCTHU cpesl (pH).

Texnonornueckue TpyOONPOBOJBI OJKHBI ObITh MUHUMAJIBHBIMM IO JUIMHE
TPAHCTIOPTUPOBKHU MPOAYKTOB;

JlanHbpie TpeOoBaHHs OOYCIIOBJIEHBI HEOOXOAMMOCTBIO TOJ00pa HACOCHOTO

000py10BaHUSI.

JUis npoBeAeHUs BBILLEIAYUBAHUS [0 BTOPOMY OJIOKY CXEMbl MOHAJ00UTCS
cienyroiiee 000pya0BaHUE:

»  0aKk CepHON KHCJIOTHI, TpPEJHA3HAUYCHHBIN I MPUEMKA W XPaHCHUS
KOHIEHTPUPOBAHHOIO pPACcTBOpa CEpHOM KuciaoThl. PacTBop mocTtymaer B 0ak 1o
MarucTpainy co cknaaa kuciaotr u menoderdn ['MO. OTkauKy KHCIIOThI OCYIIECTBIISIIOT B
0aK-MEpHUK JO3UPYIOIIMM HACOCOM, OTKYJa €€ 3aJIMBalOT HEMOCPEACTBEHHO B PEAKTOP.

»  peakTop ¢ 0aKOM-MEpPHHKOM, TpEeAHa3HA4YeH Ui MPOBEACHUS OMNepaIiu
ocaxjaeHusi ¢dochonara cBuHIA U3 (QUIbTpaTa, MOCTYNUBIIETO U3 peakTopa C
BBIIIIEJIAYMBAHUEM HCXOJHOTO ChIpbs. B peakTop noikeH ObITh OCYIIECTBJIEH MOABOJ
KOHLIEHTPUPOBAHHOW CEPHOM KHCIIOTHI U3 MEPHUKA, Yepe3 KianaH U JIeUOHU3UPOBAHOU
BoAbl. [IpenycMOTpeH ClMB NyJiblbl U3 PEAKTOPA B JIpEHaX. B MEpHHK NOABENEHBI
TPyOOTIPOBOIBI MTOAAYH JKUJKON CEPHOU KUCIIOTHI, U JICHOHU3UPOBAHHON BOIBI.

»  HyTY-(QpUIBTP, UCTIONB3YETCs sl (PUIBTpAMK MBI MOTYYEHHBIX MOCIHE
OCaXICHMS U pacHybloBKU (pocpoHata cBuHIA. VcxomaHas mysbia 3aiuBaeTcs yepes
mrynepbl. Bakyym co3nmaéress BakyyMHBIM HacocoM. B pesynprate xuakas (asa
MyJIbIIbl MPOXOAWT B BHUJE (PuibTpaTa CKBO3b (DUIBTPOBAIBHYIO TEPETOPOJAKY U
yaanseTcss W3 HyTY-QWIbTpa B pEeCcUBEp Ui JajbHEHMIIEro WCHOJIb30BaHUS B

COOTBCTCTBHH C nporpaMMoﬁ HCCHCHOB&HHﬁ.



2.3. [IpoBeneHne yKPYNMMHEHHBIX UCCJIEIOBAHUH M0 BTOPOMY 0JIOKY CXeMbI

2.3.1. Ocadswcoenue pocghonama ceunya

[Tocne orbopa mpoOBl W MOMYYEHUs YIOBJIETBOPUTEIHLHOTO pe3yibTaTa aHallu3a
XUMHUYECKOTO COCTaBa pacTBOpa, (PUIIbTPAT MEPEKAYMBAIOT LIEHTPOOESKHBIM HACOCOM M3
pecusepa (o3 PC-1) B peaktop (mo3 P-2) mns ocaxxnenust pocdonara ceunma. [locie
MOJIHOM TIEpeKavyKu pacTBopa B peaktope (1mo3 P-2) BkirovyaeTcst Memaika co CKOPOCTbIO
nepememmBanus 550-700 06/muH. B MepHuK (1103. M-2) mpu moMoIm Hacoca-a03aTopa
(mo3. H/I-1) mepekaunBarOT 3aJaHHBIA O00BEM KOHIICHTPUPOBAHHOM CEPHOM KHUCIOTHI
(20 om°). TIpu stoM knamana (mo3. KJI-1 u KJI-6) DOMKHBI ObITH OTKDBITH, a KiIamnaH
(mo3. KJI-9) — 3akpeiT. 1 u3 mepuuka (mo3. M-2) otkpeiTrieM kiamana (mmo3. KJI-9)
HEeOOJIBIIMMHU MOPUUSAMHU BBOAUTCA cepHasi KucioTa. B npouecce ocaxaenue gpocdonarta
CBHHILIa 0c000€ BHUMaHUE HYXHO o0paTuTh Ha pH pactBopa. Oco00 akKypaTHO moaavy
CEpHOI KHMCIIOTHI HEOOXOIUMO NPOU3BOAMTH Ipu nocTikeHuun pH pactBopa 5. Ilpu
n00aBIIEHUN KUCJIOTHI TEMIEpaTypa pactBopa OyneT Bo3pacTarh, YTO HEOJIArOMpUATHO
CKa3bIBaeTCsl HAa TONHOTE ocaxaeHus ¢ocdonara. [lorTomy, mpu goctuxennn pH
pacTBopa paBHBIM 5 TMOAAaYy KHUCJIOTBl CJEIyeT TMpeKpaTUThb, 10 JOCTHKEHUS
TeMIEPATypbl pacTBopa paBHo# 25 °C, a 3aTeM IMPOJOIKUTH MOAATYy.

Ocaxnenue ¢pocdoHaTa, Hy’)KHO BECTH TaK, YTOOBI TOCTUYb 3HaUeHUs1 pH pacTBopa
He BbiwIe 1.

[Tocne mpoBeaeHMs Mporiecca MyJIbIly BhIAEPKaTh Ha TIEpEMEIIMBAHIH B TCUCHUH |
yaca, I 3aBepUICHMs] Mpolecca OCAXKICHHs, TIOCIe Yero YCTaHABIMBACTCS
MUHUMAaJIbHOE YHCIIO 000pOTOB BpallleHus MEIIaTKU
(100 00/MUH.) W TMyJIbIy HANPaBISAIOT HAa (QUIbTpanuilo B HyTd-GmwibTp (mo3. HY)
(mpenBapuTeIbHO TMPOMBITOM U 3alpaBiICHHBIM  (DUIBTPOBAIBHOW TKAHBIO U
GWIBTPOBANBHOM Oymaroi (Kenrtas WiM CHHAA JieHTa)). [lynblly oJaroT 1Mo THOKOMY
[IaHTy 4epe3 oTkpeiThe KianaHoB (mo3. KJI-11, KJI-18 u KJI-20). IIpu sTom KinamaHa
(mo3. KJI-16 u KJI-17) momKHBI OBITh 3aKPBITHI.

B pesynbrare kuakas ¢asza mOyablbl OPOXOAUT B BUJE (uiibTpaTa CKBO3b

(GWIBTPOBANBHYIO MEPETOPONIKY H yAasieTcs u3 HyT4-puibTpa B pecusep (mo3. PC-2).



W3 pecuBepa otOupaercsa mpoba Al aHalM3a pacTBOpa Ha COJEp)KaHWEe CBUHIA, MEIH,
[IUHKA, JKeJie3a, MBIIIbSIKA U CYPbMBI.

Ecnu ¢unasTpaT MyTHBIH, TO €ro HampamislOT 0OpaTHO B peakTop (mo3. P-2) u
BO3BpAIIalOT Ha (GUIBTPOBAHHUE Yepe3 CIIOH ocaaka B HyTI-puisTp (1103. HD).

[Ipu HeTOCTATOYHO YHUCTOM MOBTOPHOM (DUIBTPOBAHUM CIEAYET CMEHUTH QUIBTP,
MIOCTaBUTh B HYTY CBEXKYIO TKaHb U (PUIIBTPOBATH €IIE Pa3.

[Tomyuennsiii B pecuBepe (1mo3. PC-2) ¢guinbTpar mepekadymBaioT HEHTPOOEKHBIM
HacocoM. [IpoMbIBaTh 0caslok clieyeT JeMOHU3UPOBAHHOW BOJIOM HEMOCPEICTBEHHO Ha
HyTu-puinetpe (mo3 H®P). U3 momyuennoro B pecuBepe (mo3. PC-2) dunbtpara,
oTOupaercss mpoba IJisd aHalIM3a pacTBOpa Ha COJEpKaHWE CBUHIA, MEAM, IIMHKA,
’Kelle3a, MbIIIbsIKa U CypbMbl. OT MPOMBITOr0 ocajaka ¢ocoHaTa CBHHIIA OTOMpPAETCS
npo0a 7S aHalIM3a Ha COJIepKaHNe CBUHIIA, MEH, INHKA, ’Kelle3a, MBIIIbIKAa U CYPbMBI,

u (baCYCTCH B ITOJHUIIPOIIMIICHOBBIC MCIIKH C ITOJIU3TUIICHOBBIM MCIIIKOM-BKJIAABIIIICM.

2.3.2. Pacmeopenue gpocgponama ceunya

B peakrop (mo3. P-1) mo TpyOomnpoBoay MOCPEACTBOM OTKPBITUS KJIANIAHOB (I103.
KJI-3 u KJI-4) nogaiot 3agaHHOE KOJIMUYECTBO ICHOHH3UPOBAaHHOM BOIbI (30 ILMS), pu
ATOM OPHUEHTUPYSICh Ha mokazaHusi cuerunka. Knaman (mo3. KJI-10) momkeH ObITh
3aKkpbIT. M3 peakTopa (1mo3. P-1), B peaktop (1mo3. P-3) mo rubkomy IuIaHTy OTKPBITHEM
kinamanoB (mo3. KJI-10 KJI-14 u KJI-21) nepenuBaror Boxy. Kiamansr (mo3. KJI-13 u
KJI-15) pgomxHbl OBITH 3aKphIThl. Onepamyio BHIIOJHSAIOT MPU BKIIOYEHHOW MeEIIAJKe
peakrtopa P-3.

IIpn OCTM>KEHMM YpPOBHSI CpeNbl BBILIE MPONEIEpa MEIIAIKHA BKIIOYAECTCA M
yCTaHaBJIMBAaETCd MUHHUMaJIbHOE uucio obopotoB €€ Bpamenus (100 o6/mun.). Ilpu
BKJIFOUEHHOM TEpeMEIIMBaHUKM BBOJAUTCS ocalok (oconara cBunHua. IlocteneHHo
MO/JAaeTCsl 3aJlaHHO€ KOJMYECTBO efkoro Harpa. Ilpomecc BeayT 10 TOJHOTO
pactBopeHust GochoHATHOTO OcajIKa.

PacTtBop BBIAEp)KHMBaeM Ha MEpPEMENIMBAHWM OKOJO | dYaca, I 3aBEpLICHUA

Inmponecca paCTBOPCHUA, IOCJIC YCTO YCTAHABIWMBACTCA MHHHUMAJIIBHOC YHCIIO 060pOTOB



BpallleHus1 Memaiaku. PacTBop HampaBisioT Ha QuibTpauuio B HyT4-Quibtp (mo3. HY).
B pesynprate oxuakas Qasa Mynblbl NPOXOJUT B BHAE (UIbTpaTa CKBO3b
(GUIBTPOBANBHYIO IEPETOPONIKY U YAAISAETCS U3 HyTY-PMIbTpa B pecuBep. [lomyueHHbII
B pecuBepe (QuubTpaT, nepekaynBaroT, OTKpbIB KiamaHa (KJI-27u KJI-34) Ha

AJIEKTPOIKCTPAKIINIO CBUHIIA B AJIeKTposu3ep (1mo3. Di-p-1).

2.3.3. {obasnenue Fe u ouucmrka om As

[Tonmyuyennsiii B pecuBepe (1mo3. PC-2) ¢uubrpar nepexkauynBaroT HEHTPOOEKHBIM
HacocoM B peaktop (mo3. P-2) mpu 3tom kinamnan (mo3 KJI-11) gomkeH OBITh 3aKphIT.
[Tocne monHOM mepexayku pacTBopa B peakrope (1mo3 P-2) Bkirouaercs Memaika co
ckopocThio iepememuBanus 150-300 06/muH. [TogaroT 3aaHHOE KOMMUYECTBO CyibdaTa
xkene3a. [lynply BeIIEpKMBaeM Ha MEpEeMEIIMBAaHUU | yac 70 MOJHOTO PacTBOPEHUS
cynbdara xenesa. Ilocme 3aBepuieHUs mpouecca pacTBOPEHUs jKele3a IMOJaeM B
peaktop (mo3. P-2) 3amannoe xkommaectBo MnO, u H,SO,4. B mepuuk (mo3. M-2) nipu
nmoMomu  Hacoca-gozatopa (mo3. HJI-1) mepexkaumBarOT  3amaHHBIl  00BEM
KOHIICHTPUPOBAHHOU cepHOU KUCIOTHI. [Ipn aTom kmamana (1mo3. KJI-1 u KJI-6) nomkHbI
OBITh OTKPBITHI, a KianaH (1mo3. KJI-9) — 3akpeiT. U u3 Mepuuka (1o3. M-2) oTKpbITHEM
knanaHa (mo3. KJI-9) neOonmpmmmMu mOpHUSIMH BBOAUTCS cepHas Kuciorta. [lpu
n00aBJIEHUH KHMCIIOThHI TEMIIepaTypa pacTBopa OyleT BO3pacTaTh, IO3TOMY €ro CIEeIyeT

OCTYyAuTH 110 TemnepaTypsl paBHoii 25 °C. IIpouecc Beaem B TeueHue 60 — 90 MuHyT.

2.3.4. Heumpanuzayus

[Tocme TOro Kak pacTBOp OCTHUI, B peakrtop (mo3. P-2) momator 3apanee
B3BEIICHHBIN Ha 3JIeKTPOHHBIX Becax (mo3. B-1) CaO. IIpomomkuTeabHOCTh mpoiecca
cocrapisieT 2 daca. [locie mpoBeneHus mporecca HERTpaIu3aliuy MyJbIly U3 peakTopa
(mo3. P-2) otkpeiTiiem kianana (mo3. KJI-11) mo ruOkomy HuUIaHTy MOJAOT HA HyTY-
¢unetp (mo3. HD-1), mpu stom knamana (mo3. KJI-18 u KJI-20) momkHBI OBITH

OTKPBITHI.



2.3.5. Qunbmpayus nynivnol

[TonydeHHyo B pe3yibTaTe HEHTpamu3alMy IyJablly W3 peakropa (mo3. P-2)
3aaMBarOT Yepe3 mrynepsl B HyTd-GmibTp (HD-1), 3ampaBrneHHbIH (UIBTPOBATBHOM
TKaHbIO U (UIBTPOBAIBHOM Oymaroil (CuHss WIM KenTas JieHTa). B mpoctpaHcTBe,
00pa30BaHHOM JIOKHBIM JHOM, MMEIOIIEro mNepdopaiuio, U KOHyCOM HYTY-(QHIbTpa
co3maércs BakyyM BakyyMHBIM HacocoMm (mo3. BH-1). B pesymbrare xuakas dasa
IyJbIbl MPOXOIUT B BUAE (uUIbTpaTa CKBO3b (DUIBTPOBAIBHYIO IEPETOPOAKY U
ynansercs u3 Hytd-puiabTpa B pecusep (mo3. PC-1), mpu stom knanana (mo3. KJI-26,
KJI-27) nomxusbl ObITh 3aKpbIThl. Y3 pecuBepa orOupaeTcs mpoda sl aHallu3a pacTBopa
Ha cojepXKaHHe CBUHIA, MEIU, LIMHKA, JKeJe3a, MbIIIbsKa U CypbMbl. Ecnu ¢uibTpaTt
MYTHBIH, TO, 3akpbiB kiamaH (mo3. KJI-29) u otkpeiB kimanman (mo3. KJI-30) ero
HaAIpaBJISAIOT, IO TMOKOMY ILUIaHTy, oOpaTHO B peaktop (mo3. P-2) m Bo3BpamaroT Ha
buibTpoBaHue yepes cioi ocanka B HyTd-punsTp (HD-1).

[Tpu HEAOCTATOYHO YHCTOM MOBTOPHOM (DMIBTPOBAHUH CIEIYET CMEHUTH (PUIBTD,
MOCTaBUTh B HYTY CBEXKYIO TKaHb U (PUIBTPOBATH CIIE Pa3.

TeEpnas daza mynbnbl B BUAE OCaKa HAKAIIMBAeTCs Ha (PUIBTPOBaIbHON TKAaHU U
nocJie MPOMBIBKM OTOMpaeTcs mpoda Uil aHajau3a Ha coiepKaHue CBUHIIA, ME/IH, IIUHKA,

KeJie3a, MBIIIbSIKa, MTOCJIE YeTO yAAISIETCS BpYYHYIO U OTIPABJISETCS HA 3aXOPOHECHHUE.

2.3.6. [lemenmauyus

[Tocne orOopa mpoOBl M MOTYYEHUS YIOBJIETBOPUTEIBLHOTO pe3yibTaTa aHajau3a
XHM. COCTaBa pacTBopa, QUIbTPAT MEPEeKaYnBaIOT IEHTPOOSIKHBIM HacocoM (1103. H-6)
u3 pecusepa (o3 PC-1) B peakrop (o3 P-2) mist ieMeHTalMOHHON OYHMCTKH OT MEIH.
[locne monmHOM mepekadyku pacTBopa B peakTope (mo3 P-2) Bkirodaercss memiajika co
ckopocthio nepememmBanus 150-300 06/mun. B peakrop (1mo3. P-2) mogaetcs 3apanee
B3BELIEHHOE HA JIEKTPOHHBIX Becax (B-1) konuyecTBO HMHKOBOM MbLIH (3 KT).

PacTBOop BBIIEp)KMBAaeM Ha NEPEMEUIMBAHUHM OKOJIO 2 4YacoB, ISl 3aBEpILICHUS
npolecca IIeMEHTaluu, MOCe Yero yCTaHaBIMBAeTCS MUHUMAIbHOE YHUCIO 00OPOTOB
BpamieHuss Memaiaku (100 06/MUH.) U MyJbIy HANpaBiISOT Ha (QUIBTpAIMIO B HYTY-

¢unbTp (mo3. HY) (mpenBapuTeNbHO MPOMBITOM U 3alPaBICHHBIM (PHIBTPOBAIBHON



TKaHBIO U (QHIBTPOBAILHOW Oymaroit (xkenrast WM cuHss JieHTa)). [lynemy monmaroT mo
ruOKOMY MUTAHTY 4Yepe3 oTKphiThe KianaHoB (mo3. KJI-11, KJI-18 u KJI-20). [Ipu stom
kiamnana (1mo3. KJI-16 u KJI-17) 10/mKkHBI ObITh 3aKPBITHIL.

B pesynbrare xuakas ¢asza Mynblbl TPOXOAUT B BUAEC (PUIbTpaTa CKBO3b
(GUIBTPOBAIIBHYIO NIEPETOPOAKY U yJasieTcs U3 HyT4-(uiabTpa B pecusep. U3 pecuBepa
oTOupaercs npobda JUIsl aHaIu3a pacTBOpa Ha COAEPKaHUE MENU, U IIMHKA.

[TomyuenHnslii B pecuBepe (QUIbTpaT mepexkaymBaioT, OTKpbIB kianaHa (KJI-27u

KJI-35) Ha 371eKTpOIKCTPAKIIMIO IUHKA B 3JIeKTposu3ep (1103, Ii-p-2).

2.4. IlocTpoeHume MaTeMaTHYeCKOW MOJAEIHU, BBISABJISIONICH 3aKOHOMEPHOCTH
NMPOTEKAHUS MPOLECCOB, 3aJI05KEHHBIX B OCHOBY 0JI0OKAa pa3jiejieHusl METAJLJIOB, OT
MapaMeTpoB JTOr0 IMpouecca B YCJIOBUAAX YKPYIHEHHOr0 JadOpPaTOPHOIO

HCCJIeJ0OBaHUA

[locTpoeHne MaremMaTH4eCKOW MOJENU Uil IPOLIECCOB PAa3JEICHHs] METAIUIOB B
paMKax HOBOM TEXHOJOTUYECKONW CXEeMbl TMepepaboTKU TEXHOTEHHBIX OTXOJI0B
MPOBOJIWIIM B MMAaKeTe MPUKIAAHBIX rporpamm MS Excel. MoaenupoBaHue mpoBOAHIH
JUJT BCEM TEXHOJIOTUYECKOM CXEeMbI LIeJIMKOM. Mojiens nipeacrtasieHa B [Ipunoxenuu B.

CrpykTypa MareMaTU4eCKOM MOJENM BCErO IPOILECCAa CKIIAIBIBAECTCS U3 MOJAEIEU
MepeiesioB U MPOLECcCOB, (POPMUPYIOMIMX TOJHYIO TEXHOJOrHIo. VIcXoaHble JaHHBIE,
BBOAMMBIE B OTHCIBHOM OKHE, ONPEHEISAIOT IIOJHBIM LMK pacuera BCETO
TEXHOJIOTUYECKOro mpoliecca nepepadotku. [locnenyronime TaGauIbl, MPUBEICHHBIC B
MPUWIOKEHUN B, SABIIOTCA pe3ysbTaTaMu MOJEIUPOBAHUSA, 3aJI0KEHHBIMA B OCHOBY

daitna «modely, mpencraBieHHOr0 COBMECTHO C OTYETOM 10 4 3Tarty.



3. YKpynHeHHbIe HCCJIeI0BAHNUSA CIIOCO00B MOJTYYEeHUSI METAJIOB U3 PACTBOPOB.

OHTI/IMI/I331[I/ISI mapamMeTpoB npouecca 1Jifd BbINOJHCHUA IMPOCKTHLIX paﬁoT

3.1. Pacuer oOopyaoBaHusi /Js NpPOBeJeHHs] YKPYINHEHHBIX JAa00pPaTOPHBIX

HCNBITAHUI 10 TPeThbeMy 0JIOKY CXeMbl

B TpeTbeM 0JI0KE TEXHOJOTMYECKOM CXEMbI OOBEAMHEHBI MPOLIECCH MOTYyYEHHUS
METaJUIOB B TOBAPHOM BHJE. B KauecTBe OCHOBHBIX IMPOIIECCOB JJIsi BOCCTAHOBJIECHUS
METaJJIOB M3 pacTBOpa BbIOpaH HpoUecc 3JeKTpodKcTpakuuu [2].  Pacuer

JICKTPOJIN3EPOB MPOBOJUM B COOTBETCTBHH ¢ [3].

3.1.1. Dnekmposxkcmpaxyus céunya

Haxonum cymMMapHyro HOBEpPXHOCTh BCEX KAaTOJIOB B AJIEKTPOJIU3EpPE:

Sy = Il | (31)

K

rae | — rokoBas Harpyska, A (1 =5015,82 A);
| — kaToxHAs MWIOTHOCTH ToKa, A/M° (i =100 A/Mm®).

[loncTaBuB 3HAUYEHUS, TTOTYYUM:
_ 501582/ _ 2
5, =o01982/ ' -5016 n,

OnpenenuM MOBEpXHOCTh OJHOTO KAaTOa:
S, =2bh,, (3.2)

rae b — mupuna padoueii yactu Karona;
h., — BBICOTa paboueil acTu KaToxa.

Karop paGoTaeT ¢ 1ByX CTOPOH.



S =2.11.0,666=146 M,

OHpC,ZIeJII/IM KOJIMYCCTBO KAaTOJA0B 1 aHOAOB B JJICKTPOJIHNU3CPC:

S,/ _5016
n, = % =S016/ 5 =343=34, (3.3)
n, =n, +1=3411=35 (3.4)

OnpenenuM cyMMapHYyIO HOBEPXHOCTh aHOZOB:
S,s =S,n, =1,07.0,62.2.35=464 M, (3.5
Omnpenenum JUIMHY 3JEKTPOIU3epa:

L :Iumn +I1+|2 ! (3'6)

8

rae |, — MEKIIEKTPOAHOE PACCTOSIHHE, MM;
I, u |, — paccTosiHMSI COOTBETCTBEHHO OT CTCHKH BaHHBI C KapMaHOM W 0€3 HEro Jo

aHo/a.
B cBoto ouepenp, n=L(+n,) _1]2 _[(34+39) _1]2 =34 (3.7)

BryTpeHHss AyivHa BaHHBI paccuuThiBaeM 1o Gopmyne (3.6), moICTaBUB B HEE

BbIpaxkeHue 1yst N us (3.7).
L, =150.[G4+39 -1, 100.+ 1100 = 5300101 = 5,31

Onpenenum MWMPUHY IEKTPOIU3Epa:

BB :ba +2|3, (38)



I'ne b, — mmpuna anoma, MM;
I; — paccrostHue OT TOpIIA aHOAa 10 OOKOBOM CTeHKH 3JekTpoiu3epa (I;=130 mm).

[ToncraBuB 3HaueHUs B popmyiy (3.8), moaydaem:

B, =107+2-013=133um
Haxoaum BeICOTY 25€KTpOar3epa:

H, =h_+h +h,+h (3.9

nup!

rae h, — BeIcOTa Karoaa, MM;
hy — paccrosHEe OT 3¢pKajlia DJJCKTPOJIMTa [0 BEpPXHEH KPOMKH BaHHBI
(h1=100 mm);
h, — 3a30p MeXay HIJKHMM TOPILIOM KAaToJa M OCHOBAaHHEM IIPSIMOYTOJILHON dYacTh

sanus! (h,=300 mm);

N,y — BBICOTA NMpaMKAaNbLHON YacTu BaHHEI (h,,, = (|/2)tga =42m, e o =45°)
H,6=0,666+01+0,3+4,2=527u

Ormpenennm 00bEM BaHHBI, 3aHATHIN 3JIEKTPOIUTOM U DJIEKTPOIAMHU:

rne Vi u V, — 00beMBbI MPSMOYTOJbHOW W THUpaMUIAIBHOW YacTell BaHHBI,

3aIIOJIHCHHBIX JJICKTPOJMUTOM M JJICKTPOJaMHU.

V,=L.B-h =53.1,33.01=0,7° (3.11)

V, =L, -B,-(H, +1/3h,, ) =53.133.(527+1/3-4,2) = 38551 (3.12)

nup

V, ., = 0,7 +3855 =39,2501°



HaxonuM 00beM 37€KTPOI0B, NOTPYKEHHBIX B 3JIEKTPOJINT:
Vi) :VK +VLl +\/.’I/l :bK ‘51( ‘hK : nK +ba ‘5Ll : hll : na +b]l/l ‘5.’11 : h}l/l .n.’l/l (3'13)

rae b,, b, u b, — mupuHa karoma, aHo A 1 MEMOpPaHHI;
Oy, 04 U 0,, — TOJIIIIMHA KaTO/a, aHO/Ia © MEMOPAaHBbI;
h,, h, u h,, — BeIcOTa KaTOA, aHOAA K MEMOpAHBI,

N, N, 1 N, — 9ACIIO KaTOI0B, aHOJIOB U MEMOpaH.
V, =11.0,004-0,666-34 +1,07-0,005-0,620- 35+11-0,003+1,33-35-2 = 0,5201°
Onpenenum 00beM 3IEKTPOJIUTA B BAHHE:

V,, =V, -V, =39,25-0,52=38730

PaccuntaeM CKOpPOCTh LUPKYJSIUU 3JIEKTPOJIMTA, MPUHSAB, YTO CMEHa 00ObeMa

BaHHBI MPOUCXOUT uepe3 20 MUHYT:
v, =0%)V,, = (607, -3873=116, 201" /u

VYuutsiBasi, 00b€M 3JIEKTPOJIUTA, MOJABAEMOI0 Ha MPOLECC 3JIEKTPOJIN3a, BPEMS

ero coctaBuT 30 MUHYT.

3.1.2. Dnexmposxcmpaxyus yunka

HaXOI[I/IM CYMMApPHYIO ITOBCPXHOCTDH BCCX KATOJA0B B JJICKTPOJIU3CPC:

S, :% (3.14)

riae | — TokoBas Harpyska, A (I = 1519,41 A);

| — KaTOZHAS MIOTHOCTH ToKa, A/M° (i =400 A/mP).



IloncraBuB 3HAYEHUS, TTOTYYUM:
151941/ _ 2
S2 = AOO = 3,8 M y

OHpC,ZIeJII/IM IMOBCPXHOCTH OJJHOT'O KaTOoJda:

s, =2bh,, (3.15)

rine b — mmpuna paboueit yactu KaTona;
h., — BbICOTa paboueil yacTu KaToza.

Katox pabGoTaeT ¢ 1ByX CTOPOH.

S =2.06-04=048 M°,

OHpeIIeJII/IM KOJIMYCCTBO KAaTOJA0B 1 aHOAOB B JJICKTPOJINU3CPC:

S,/ 38/ 9.
n = % =38/ 1g=7.9+8, (3.16)
n, =n, +1=8+1=9 (317)

OnpenenuM cyMMapHYIO MOBEPXHOCTh aHOJIOB:
S,; =S,n, =0,625.0,425.2.9 = 4,78 M°, (3.18)
Onpenenum JUIMHY 3JIEKTPOIU3epa:

L&’ = IM.m. : n +|1 + |2 H (319)

rae |, . — MEKIIEKTPOAHOE PACCTOSIHHE, MM;
I, u |, — paccTosiHMS COOTBETCTBEHHO OT CTCHKH BaHHBI C KapMaHOM W 0€3 HEro Jo

aHoJa.

B cBoro ouepenip, n=L0+n,) _1]2 _[8+9) _1]2 =8 (3.20)



BHyTpeHHsi AmvMHA BaHHBI paccuuThiBaeM 1o Qopmyne (3.6), moncTtaBuB B Hee

BbIpaxkeHue 1yst N u3 (3.7).

L, =015-8+0,2+015=155mu

OnpenenuM HIMPUHY AJIEKTPOIU3Epa:

B, =b, +2l,, (3.21)
I'ne b, — mmpuna aHona, MM;

I; — paccrostaue oT TOpIia aHoaa 10 O0KOBOM CTeHKH 3JekTposusepa (I;=130 mm).

[ToncraBuB 3HaueHust B popmyny (3.8), moaydaem:

B, =0,625+2-01=0,825u

Haxogum BBICOTY JJICKTPOJIN3CpPaA:

H,=h +h+h,+h,, (3.22)
rae h, — BeIcoTa KaToga, MM;
hy — paccrosHme OT 3epkajga DSJCKTPOJMTa JO BEPXHEH KPOMKH BaHHBI

(h;=100 mm);
h, — 3a30p MeXIy HIKHHM TOPLIOM KaToJa W OCHOBaHHEM IMPSMOYTOJbHON YacTH
BauHbI (h,=300 MMm);

h

nup — BBICOTA MMPAMKUJAIBHON YacTh BaHHEI (h,,, = (|/2)tga =4,2m, re a =45°)

H,=01+01+0,425+0,775=14Mm

OnpenenuM 00beM BaHHbBI, 3AHITHINA ANEKTPOIUTOM U JEKTPOIAMHU:



Vo6u4 :Vl +V2 (3'23)

rne Vi u V, — o0beMbl NpsSMOYTOJbHOW W TNHpPaMUJAIBHON YacTeil BaHHBI,

3allOJIHCHHBIX JJICKTPOJIMTOM U JJICKTPOJdaMHU.
V, =L.B.h, =155.0825.0525= 0,71 (3.24)
V,=L,-B,-(H, +13h,, ) (3.25)
V,5,=0.7+(}4)-0,775.155.0825=1,03x°

Haxoaum 006beM 3JIEeKTPOJI0B, MTOTPYKEHHBIX B AJICKTPOJIHT:
Vo :VK+Va:bk'5x'hx'nk+ba'5a'ha'na (3'26)
riae b,, b, — mmpuHa KkaToga u aHOMA;
Oy, O, — TOJIIIIMHA KaTOa U aHO/a;

h., h, — BeIcOTa KaTona 1 aHoOMA;

Ny, N, — 9ACIIO KaTOJIOB U aHOJIOB.
V, =0,6-0,003-0,4-8+0,625-0,005.0,425.9 = 0,018»°
Onpenenum 00bEM IIEKTPOJIUTA B BAHHE:
V,, =V,,,~V, =103-0,018=101°

YuuthiBas, 00beM 3JIEKTPOJIUTA, MOJABAEMOI0 Ha MPOIECC JIEKTPOJIN3a, BpeMs

€ro COCTaBHUT 6 4acoB.



3.2. M3roToBJjIeHHEe M MOHTAK PACCYUTAHHOI0 000PY/1I0BAHMS

OnexTposn3€p MpeAcTaBiIsieT COOOW COCy/, HAMOJHEHHBIM JIIEKTPOJIUTOM C
pa3MENIEHHBIMA B HEM DJJIGKTPOJAaMU — KaTOJaMU W aHOJIaMH, COCIMHEHHBIMU
COOTBETCTBEHHO C OTPULATENIBHBIM M MOJIOKUTEIBHBIM TOJKOCAMH  HCTOYHHKA
MOCTOSIHHOTO TOKa. [lmaHupyercs NMpUMEHSITh 3IEKTPOIU3EP TEPMETUUHO 3aKPBITHINA C
MOHOOOMEHHBIMH MeMOpaHamu (IJI1 3JIEKTpOJiM3a CBUHIIA, MpuiioxkeHue '), KoTopsie
OTHAEJIAIOT aHOJAHBIE IPOCTPAHCTBA OT KATOJHBIX, C HEMOJBHKHBIMHU JIIEKTPOJAMMU.
['0OTOBUM U MOHTUPYEM BJIEKTPOJIU3EPHI IO PACCUUTAHHBIM PAHEE pa3MepaM.

HNonoobmenHass mMeMOpaHa MpecTaBiIseT cO00M TOHKHM JUCT TommmHor 0,17-
0,65 MM, obecrieunBarONINI MPEAOYTUTEIBHBIN MEPEHOC aHMOHOB (AHMOHOOOMEHHAs
MeMOpaHa). MeMOpaHy M3roTaBIMBAIOT LIEIMKOM U3 HOHOOOMEHHOTO MaTepuara.

[Ipu  onekTpoiv3e CBUHLA JJS  HW3FOTOBJIEHUS  AHOAOB  HCHOJIB3YEM
IJIATUHUPOBAHHBIN TUTAaH. [ KaTogOB KMCIOJB3YEM CTallb. B ciydae 3yekTpoiusa
[IMHKa MCIOJIb3yeM aHoAbl W3 cIiulaBa cBuHIA ¢ 1 % cepebpa. Kartompr - u3
MPOKATaHHOTO W NUIM(GOBAHHOTO amtoMUHUA. (CXeMa »JJIEKTPOJU3HOW SUYEHKHU IS
AIEKTPOIKCTPAKIIMU IIMHKA TIpejcTaBieHa B npuioxenuu [[. B BanHe nmomemaercs 34
kKaroga u 35 aHomoB (NpU DJEKTPOJIM3E CBUHIA), 8 KAaToAoB W 9 aHOMOB (mpu
ANEKTPOIU3€e LMHKA). Te u qpyrue noABelnBatoTCa MOOUYEPETHO C TPOMEKYTKAMU, OHU
JIOJDKHBI OMHUPAThCS Ha OOpTa KOHIAMU INTAHT. [[1s 3JIEKTPUYECKOro COEIUHEHHUS B
LEMb KOHIIbI KAaTOJHBIX INTAaHI HAKJIaJblBAEM Ha IITAaHTM aHOAOB. Marepuanbl s
M3TOTOBJICHUS DJIEKTPOIU3EPOB BBIOMPAEM C YYETOM arpecCMBHOCTU 3JIEKTPOJIATA U
MPOIYKTOB JJICKTPOJIM3a, TEMIEpaTypbl M IpYrux ycioBuil. Hambonee momxomsium
MaTepUaJIOM SBJISIETCS — MOJIMBUHUIXJIOPUL.

[Ipu pa3paboTke TEXHOJIOTMYECKOTO Y3Jia BBINOJHAEM MPOEKT OOBI3KH
obopynoBanusi. Ha deprexe TEXHOJOTHUYECKOW CXEMBI OTPaXKalOT OCHOBHBIE
XapaKTePUCTUKH 000PYT0BaHUS:

- OCHalleHUue O0OpYAOBaHHUS KOHTPOJIBHO—M3MEPUTENbHBIMU MpUOOpamMu (KOHTPOJb
YPOBHS ~ JKHIKOCTH,  TEMIIEPAaTypbl, KHCIOTHOCTH  CpeAbl) MW  CPEACTBaMHU
ABTOMATHUYECKOIO PETYJIMPOBAaHUS C YKa3aHWEM MeECTa YCTaHOBKH JaTYMKOB

CTaHAAPTHBIMHU YCIIOBHBIMU 0003HAYCHUSIMU.


http://www.xumuk.ru/lekenc/8300.html
http://www.xumuk.ru/encyklopedia/2/5306.html
http://www.xumuk.ru/encyklopedia/2/5297.html
http://www.xumuk.ru/bse/1239.html
http://www.xumuk.ru/bse/189.html
http://www.xumuk.ru/bse/189.html
http://www.xumuk.ru/bse/1239.html
http://www.xumuk.ru/encyklopedia/2/5306.html
http://www.xumuk.ru/encyklopedia/2/5304.html
http://www.xumuk.ru/encyklopedia/2/4344.html

Ha TexHonmornueckoii cemMe OTOOpaKalTCs BCE MaTEpPHAIbHBIC JIMHHM,
CBSI3BIBAIOIIME OOOpYIOBAaHUE MEXIY CO0OH B €IMHYIO CHCTEMY JJIsl MPOM3BOJCTBA
IPOJYKTA.

Heobxonmma  OakoBasi — ammaparypa, HCHOJb3yeMas TMpU  [POBEACHHUU
TEXHOJIOTMYECKUX OIepaluid, KOTopas MpelHa3HauyeHa, TJaBHBIM o0O0pa3oM IS
BPEMEHHOTO XpaHEHHUS PACTBOPOB B KAYECTBE MPOMEKYTOUHBIX EMKOCTEH.

TexHonmornyeckue TPYOOTPOBOABI JOJKHBI OOCCTICUMBATH TPAHCIIOPTUPOBKY
PacYeTHOro KOJIMYECTBA PACTBOPOB, IPHU 3TOM YUUTHIBASS MUHUMAIILHO BO3MOXHBIN 110
JUTHHE TTYTh TPAHCTIOPTUPOBKH MPOJAYKTOB I MHUHHMAIHHO BO3MOYKHOE THAPABINIECKOE
COTIPOTHUBJICHUE TIPHU TPAHCTIOPTHUPOBKE KHUIAKUX MPOTYKTOB IT0 MAruCTPaIH.

Jlanubie TpeOoBaHUS OOYCIIOBIEHBI HEOOXOJUMOCTBHIO T0J00pa HACOCHOTO
000py10BaHUSI.

Jlnst mpoBeAeHHS DJEKTPOJM3a IO TPETheMy OJIOKY CXEeMbl TOHAJI00UTCS
cienyroiiee 000pya0BaHUE:

»  DJCKTPOJIM3HAs BaHHA, OCHAIIECHHAS PACUCTHHIM KOJMYECTBOM aHOJOB W
KaToJIOB, a TaKXke aHWOHOOOMCHHBIMH MEMOpaHaMH. OIJEKTPOJIM3Ep CHaOXEH
narpyokamu sl TI0Jlaud M CTOKa pacTtBopa. PacTBop mocTymaer B AJIEKTPOJIHM3EP IO
MarucTpalii U3 pecuBepa mocie pacTBOpeHust PocPoHaTHOTO OcaaKa.

»  HcToyHWK THUTaHWs, HA KOTOPOM BBICTaBISIEM HEOOXOJWMOE 3HAYCHHC
CHJTBI TOKA.

»  HeoOxoaumo o0opypoBaHue it KOHTPOJIS KUCIIOTHOCTH CPEIbI.

> Hacoc — mnepucranpThyeckuii, KOTOPBIM HCHOJIB3YETCS JUIS MEPEKAYKU
anekTponuTa (karonaurta) u aHonuta. Ckopocts Hacoca — oT 10 o 120 06/MuH. [ToTok —

ot 50 10 600 mv’/u.

3.3. IIpoBeneHne YKPYIIHEHHbBIX UCCJIEIOBAHNH 110 TPeTbeMy 0JIOKY CXeMblI

[locne mnpoBeneHHs: BCEX HEOOXOMUMBIX TMOJATOTOBUTEIBHBIX OMNEpalui s
AJIEKTPOJIM3a CBUHIIA W IIMHKA 4Yepe3 MNaTpyOoK B paldodyr0 TMOJIOCTh 3aJMBaeTCs
3JIEKTPOJIUT 0 YPOBHS, IPUMEPHO HAIOJIOBHHY IEPEKPHIBAIOIIETO TOPHU3OHTAIbHBIN

y4yacTOK marpyOka, mocjie 4ero mnarpyOoOK  TIepMETHYHO 3aKPbIBAETCS KPBIIIKOM.



DJNEKTPOJIbl  MOCPEACTBOM JJIEKTPOKOHTAKTOB TMOAKIIOYAIOTCA K PEryIupyeMoMy
HMCTOYHUKY MOCTOSIHHOTO TOKA, PETYJISTOPOM KOTOPOTO YCTaHABIMBAECTCS 3aJJaHHBINA TOK
(5015 A u 1519 A coorBercTBeHHO). Ilpu mpoTekaHWMM TOKa dYepe3 IJICKTPOJIUT
MIPOUCXOJUT BOCCTAHOBJIEHHME HWOHOB Ha KaTojAe. OJEKTPOJM3 NPOTEKAeT B
SIEKTPOIUTAX C HCXOHOM KOHIeHTpauueil cuuma 200 r/nM° — B TIEpBOM Cclydae,
104630 r/am® — Bo BTOpOM. [IpOoAOIKUTENTBHOCTD AJIEKTPOJIM3a BHIOMpPAEM C y4eTOM
KOHLIEHTpallMy METajljla B pacTBOPE.

[IpuMeHeHune B Ka4ecTBE KaTOJIOB CTAJM MPH AJIEKTPOJIU3E CBUHIA U AIFOMUHUS —
MIPU AJEKTPOJIU3E IIMHKA, 00YCIOBIEHO TE€M, UYTO MEPEHANpPsKEHUE BBIJICICHUS HAa HUX
BOJIOPO/JIa BHICOKOE, & KPUTHYECKAs NIOTHOCTh TOKA HU3Kas, MMOATOMY YXKe MPU MaJbIX
IJIOTHOCTSIX TOKA Ha HUX Oca)xaaeTcs MeTtayul. Kpucramnmzanus merania Ha KaTrojax
UJIET CHauyajla Ha OTAC/bHBIX aKTUBHBIX y4acTKaX, 3aTeM OT 0Opa30BaBIIUXCS LICHTPOB
KPUCTAJUTM3AIMU HAYMHAETCS POCT OOKOBBIX TpaHEH C paclpOCTPAaHEHHEM OCajKa IIo
miockoctd.  Ocalku 1O Havalmy — KOMIIAKThI, a  IOTOM  MNPOUCXOAUT
neHapuTooOpazoBanue. Poct AeHAPUTOB YCUIMBAETCS C TOBBIIICHUEM IJIOTHOCTH TOKA.
[Ipu aHogHOM TIpollecCe€ OCHOBHOE€ BHHMMAHME YJETSIOCh OOECIIEUEHUIO CTONKOCTH
aHOJ1a B YCJIOBHSIX 3JIEKTPOJIU3A.

B mnpormecce »aiexTpoimza MPUKATOAHBIN CJIOW OOCHHSIETCS TIO0 METally.
OOenHeHWEe NPUKATOIHOTO CJIOS MOXET BBI3BIBATH YXYAIICHUE KauyecTBa OCaKa.
[ToBbllaercst mpy 3TOM M KOHIICHTpAIlMOHHAs mojsipusarus. [loaToMy mpuMEHSIOTCS
MeEpHbI K BRIPABHUBAHUIO KOHIIEHTPAIMK METAJJIa BO BCEX YACTSAX BaHHbI. BoIpaBHUBaHKE
KOHIICHTPAIlMM  PacTBOPOB  OCYIIECTBIsACTCS ero  Iupkyiasuuer. [lupkymnsius
MOJOTPETOTO PAacTBOpPa CIOCOOCTBYET OJIHOBPEMEHHOMY BBIPABHUBAHUIO TEMIIEPATYPHI
B Pa3HBIX y4aCTKaX BaHHBI.

KaTtonHbplli BBIXOJ 10 TOKY METajlyla 3aBUCUT TJIaBHBIM 00pa3oM OT MOTEPh TOKA
Ha BBIJIEJIEHWE BOJIOpoJia. B Hauwasie mpouecca 3JEKTpoiau3a METaUl BBIIAEISETCS Ha
KaToJie TPEHMYIECTBEHHO J0 Hadajga 3aMETHOTO O0O0pa3oBaHUS BOJOpOaA W3-32
BBICOKOT'O TEpEHANPSKEHUs BbIJeIeHUs] Bojiopoa. CKOPOCTh BBIJICJICHHUS BOJAOPOJAA B
CYIIIECTBEHHOW CTEMEHW 3aBUCUT OT YCJIOBHUHM Mpollecca — TeMIEpaTypbl, COAECPKAHUS

KHCJIOTBI, COCTOsSHHA K&TOI[HOﬁ IMOBCPXHOCTH, IINIOTHOCTH TOKaA. Haubomee cunbHOE



BJIMSIHUE HA BBIXOJ] IO TOKY OKa3bIBaeT Temneparypa. [lo3ToMy onTuManbHbIM SIBISIETCS
nuanazoH temrepatyp 30 — 40 °C. Ilpu cHWXKEHUM TeMIlepaTypbl YXyAIIAeTcs
CTpykTypa ocajka. [Ipu mnoBBIIEHUH TeMIlepaTyphbl BBIIIE ONTUMAIBHOTO Mpesena
YBEIIMUMBAETCS CKOPOCTh paspsiia HOHOB BOAOPOAA.

HampsiokeHue mnpu 3JIEKTpOJIM3€ 3aBUCUT OT IUIOTHOCTU TOKA, KHCIOTHOCTH
AJNIEKTPOJIUTA, PACCTOSHHUS MEXAY dJeKTpoAamu. HampsikeHue Ha CBUHIIOBOM
anekTponusepe coctarisier 11,5 B, Ha uuHkoBOoM anektposnuzepe — 3,6 B. VY aenbHbrit
pacxon anekTposnepruu 3035,9 kBt-u/t 1 3012,2 kBT-4/T cOOTBETCTBEHHO.

[Ipu saekTponn3e CBUHIIA €r0 COACpP)KAHHE B OTPAOOTAHHOM JJIEKTPOJIUTE Ha
YPOBHE 5 /om’. [Ipu snexTponuse nuHKa — He MeHblIe 50 r/am°. OGBSICHAETCS 3TO TEM,
YTO BBIXOJ MO TOKY HauyWHAeT OoJjiee Pe3KO Majarh NpU JalbHEUIEM MOHUKECHUU
KOHIIEHTpaIuu MeTauia. Berxon mo Toky 98 %.

Cnupka meTasuia IpOru3BOAUTCS BPYUYHYIO.

3.4. IlocTpoeHne MaTeMATHYECKOH MOJeJH, BBIAB/IAMIECH 3aKOHOMEPHOCTH
MPOLECCOB TOJIYYeHUS] METAJIOB OT NMAapaMeTpPoOB 3TOr0 mpouecca B YCJIOBHUSX

YKPYIIHEHHOT 0 JIA0OPATOPHOI0 HUCCJIeI0BAHUSA

[locTpoeHne MareMaTHYeCKOW MOJAENH i1 MPOLECCOB  DIIEKTPOIKCTPAKIIUU
METAJJIOB B paMKax HOBON TEXHOJIOTHYECKOW CXEMbl MepepadOTKU TEXHOTEHHBIX
OTXOZIOB TPOBOJIWJIM B TMaKeTe NpUKIaAHbIX mporpaMMm MS Excel. MonenupoBanue
MPOBOJIWIIA ISl BCEM TEXHOJOTMYECKOW CXEMbI LETMKOM. Mojenb MpencTaBiieHa B
[Tpunoxenun B.

CrpykTypa MaTeMaTH4eCKOM MOJENIHM BCETO IPOILECCA CKIIAABIBACTCS M3 MOJECIIEH
MepeiesioB U MPoLeccoB, (OPMUPYIOMIMX TOJHYIO TEXHOJOrHIo. VcXoaHble IaHHbIE,
BBOAMMBIE B OTIACIBHOM OKHE, ONPEAEISAIOT IIOJHBIA LMK pacuera BCETO
TEXHOJIOTMYECKOro mpoiiecca nepepadotku. [locnenyroniue TadauIpl, TpUBEACHHBIE B
MPUWIOKEHUN B, SABIAIOTCA pe3yJbTaTaMu MOAEIUPOBAHUS, 3AJI0KEHHBIMA B OCHOBY

daitna «modely, mpencraBieHHOr0 COBMECTHO C OTYETOM 10 4 3Tary.



3akJIroueHue

Hcnonb3oBaHue  TUAPOMETAIUIYPTHYECKUX  CIOCOOOB  mepepaboTKM  Kak
IIEPBUYHOr0, TaK U BTOPUYHOIO, B TOM YHMCJIE U TEXHOTEHHOI'O BHJIOB CBIPbS MUMEIOT
HEOCTIOPUMBIE MPEUMYIIECTBA IMepe]] MUPOMETAIUTypruueckumMu Merogamu. HaumbGonee
NEPCIEKTUBHBIM PEAarecHTOM i1 MAaKCUMAJIbHOTO M CEJIEKTUBHOTO H3BIICUCHHUS
METaJIJIOB B pacTBOp siBIsieTcs: (hochopcoaepkaiuil XenaTooopa3yonnil KOMIUIEKCOH -
okcuyTIHeHupochonoBas kucinota (OD/D). BriOpaHHbI peareHT MO3BOJISET
HanOoJiee MOJHO IEPEBECTH B PACTBOP TAaKOM KOMIIOHEHT CHUCTEMBI, KaK CBUHEIL.
CeJIeKTUBHO BBIACIIHUTH €r0 B CAMOCTOATENBHBIA NPOAYKT, MPUTOAHBIN I TOJYYEHHUS
TOBAapHOro MeTraula. BOCCTAaHOBUTH CBHHELl U3 PacTBOpPa HA KaTOJAE B BHJE MeTaJlIa C
OJTHOBPEMEHHOMN AIEKTPOXUMUYECKON pereHepanuen peareHra -
KOMILIEKCO0Opa30BaTeIs.

Ha d4erBeprom »stane BemosHenus [IHWP mpoBeneHsl  ykpynmHEHHBIE
MOJIYIPOMBIIUICHHBIE ~ UCCJIEIOBaHUS  BCEX  OJIOKOB  HOBOM  MHHOBAI[MOHHOU
THIPOMETAJUTYPrU4ecKOM  CXeMbl  IepepabOTKM  TEXHOTEHHBIX  00pa3oBaHMii
METAJLTYPTAYECKUX NPEeANpUITHi. VCoap30BaHbl METOABI MOJAEIUPOBAHUS MPOLIECCOB
B MMaKeTe MpUKIaAHBIX Tporpamm MS Excel, npuMmeHsieMbIx B 6JI0KaX TEXHOJIOTUYECKON
CXEMBI, [TO3BOJISIOIINE BBISIBUTH BIMSHUE BHEIIHUX, IPOU3BOACTBEHHBIX I1APAMETPOB Ha
OCHOBHBIE TMPOM3BOACTBEHHBIE ITOKA3aTENM TEXHOJIOTHHU. [IpoBepeHsl omnpenesieHHbIE
paHee pacxoAbl PEAreHTOB JUIsl NPOBEACHUS YKPYNHEHHBIX MCHBITAHWA HOBOH

TUAPOMETAILUTYPTHYECKON TEXHOJIOTHH.
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MaremaTtuueckas MOJCJIb ITporecca Hepepa60TKH TCXHOI'CHHBIX OTXOA0B

Hcxomuslii coctaB

Macca npLia Ha OIICpanunro, Kr
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Kot ODJ1® B p-pe, r/am’
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V3BrieyeHre MBIIIIbSIKa B pacTBOP, %o
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IIpombiBKa Keka
Boapbl Ha TpOMBIBKY Keka, % OT Keka
BnaxHocTts keka, %

Ocaxnenue
Konnentparnusa H,SO, B p-pe, F/ILM3
Pacxox kucnioro p-pa am/kr
ITnoraocts H,SO, koHII. KF/,Z[M3

OGBeM U3pacx. KUCIOro P-pa, M
Macca KucioTsl B p-pe, Kr

Macca kucnoro p-pa, Kr

Macca BOJIbI B KUCJIOM p-pe, KT

IIpombiBKa docd. Ocanka
Bonbl Ha TPOMBIBKY Keka, % OT Keka

[InotHOCTH TIpOM. P-pa, Kr/M°
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PacTBOpenne ocagka

Pacxoj p-pa IIeNOoYH Ha PacTB-€, M /KT CyX.
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[InotHOoCTh p-pa NaOH, K/M°
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Karoausriit Beixon mo Toky, %
W3Bredenne cBUHIIA M3 P-pa Ha Katod, %

CKOpPOCTb HUPKYJISIHH, M /4
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O06beM aHOUTA K 00BEMY KaTOJIUTA
3
Na,SO, B anoaure, /M

3
[InoTHOCTH aHOIUTA, KI/IM

BolesaunBaHue Kucjioe
Ko, ODI® r/nm’

[LnorHOCTS ocd. P-pa, kr/mm®

Macca O3/1® B pacTBOpe Ha BBIIIEI-E, KT
W3Bnedenne cBUHIIA B pacTBOp, %o
N3Bneuenue nuHKa B pactBop, %
N3Bneuenue meau B pactBop, %o
N3Bneuenue xkemne3a B pacTBop, %
W3BrieueHne MbIIIbsika B pacTBOP, %o

IIpoMbIBKa KeKa Mocjie KUCJI0T0 BbIII-sI
Boser Ha MpoMBIBKY Keka, % OT kKeka
BiaxHOCTBE OTMBITOTO KeKa, %

JlodaBka Fe
noo6asienue Fe ¢ n30bITKOM
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[I10THOCTE p-pa, Kr/aM®

IMemenTanus
Koaddumment

daekTpoJaus Zn
3
[In1oTHOCTH KAaTOJIMTA HA4, KI/AM
3
KoHIl. Zn B KaTOIUTE KOHEY, I/IM

[1I0THOCTB KATONNTA KOH, KI/IM>
N3Bneuenue Zn u3 p-pa Ha Karoa, %
CKOpPOCTb HUPKYIISIHH, M /4
Brixoxa no Toky, %

2
Karonnast mi1oTHOCTE TOKa, A/M
Harmpsixenue Ha Banne, B

250
1,007
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154,40

40

10
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TexHonmorndyeckuii pacuet Ha 120 Kr TOHKOM MbLIN

Taomuma 1.1 - Bananc BeleIaunBaHus

Bcero | Pb Cu Zn | Fe S O C H Na |As Si |P ITpoune

[TocTynmmno

ToHKas MbLTH 120 (10,42 | 15,48 |16,1|16,43|9,4241 | 33,47 414,13 10,467

cyxoit NaOH 123,12 49,26 3,079 | 70,8

Bosta ¢ NaOH 144 54 128,5 16,06

Cyxoit 021D 154,4 83,94 18 | 5,996 46,5

Boga ¢ OB /]® 4456 396,1 4951

Htoro, kr 987,66 | 10,42 | 15,48 16,1 |16,43|9,4241 | 691,2 18| 7465| 70,8| 4,1|4,13|46,5| 10,467
ITonmydyeno

KEK 94,003 | 0,208 | 14,551 | 10,5| 15,94 | 7,3754 | 27,6 3,28 | 4,13 10,467

®och.-Me p-p | 59,926 | 10,21 | 0,9288 | 5,63 | 0,493 19,01 | 4,078 | 0,679 | 7,55 0,82 10,5

NaOH 12,145 4,859 0,304 | 6,98

Na,SO, 9,0745 2,0487 | 4,088 2,94

H,0O 642,1 570,8 71,34

Na,C,H,O;P, 170,42 64,92 | 13,92 | 2,319 | 53,3 35,9

Htoro, kr 987,66 | 10,42 | 15,48|16,1|16,43|9,4241 | 691,2 18| 7465| 70,8| 4,1| 4,13 |46,5| 10,467




Tabnuua 1.2 - bananc GuiIbTpOBaHMS U MPOMBIBKU KeKa

Bcero Pb Zn Cu Fe S O |C H Na |P As | Si |IIpoune
ITocTynmno
KEK 94,003| 0,21]10,45|14,55|15,94|7,38| 27,60 3,28 | 4,13 10,47
docd. P-p 893,66 | 10,21 | 5,63| 0,93| 0,49|2,05|663,64 |18,00| 74,65|70,78|46,47|0,82
BOJIa Ha MIPOM. 94,00 83,56 10,44
Htoro, kr 1081,66 | 10,42 | 16,08 | 15,48 | 16,43 | 9,42 | 774,8|18,00| 85,09 |70,7/78 | 46,47 |4,10| 4,13 10,47
ITomydyeno

KEK TTPOM. 117,50 | 0,21]10,45|1455|1594|7,38| 48,49 2,61 3,28 14,13 10,47
docd.-Me p-p 964,16 | 10,21 | 5,63| 093| 049|2,05| 726,3|18,00| 82,48 70,78 | 46,47 |0,82
Htoro, kr 1081,66 | 10,42 | 16,08 | 15,48 | 16,43 | 9,42 | 774,8|18,00| 85,09 |70,7/78 |46,47|4,10 | 4,13 10,47
Tabnuna 1.3 - bananc ocaxenus cyiabdatHo-hochoHaTHOrO ocanka

Bcero | Pb Cu [Zn Fe As |C H o) P S Na

IToctynuio
®ocd. Me. P-p 964,16 10,21 | 0,93| 5,63| 0,49|0,82 18,0 82,48 | 726,31 | 46,47 | 2,05| 70,8
Kucn. P-p 147,20 3,00 | 96,06 48,14
Htoro, kr 1111,36| 10,21 | 0,93| 5,63| 0,49| 0,8 18,0 | 85,48 | 822,37 | 46,47 | 50,18 | 70,8
[Tomyyeno

Ocanok 20,26 | 10,21 1,18 | 0,30 5,52 | 3,05
PacTtBop 1091,10 0,93| 563 049| 0,8 16,8 | 85,19 | 816,85 | 43,41 | 50,18 | 70,8
Htoro, kr 1111,36| 10,21 | 0,93 | 5,63| 0,49| 0,8 18,0 | 85,48 | 822,37 | 46,47 | 50,18 | 70,8




Ta6nuna 1.4 - bananc npoMbIBKY CysbhaTHO- (hochoHATHOTO OcaaKa

Bceero Pb Cu Z/n |Fe |As |C H O P S Na

[Toctynuio

Ocanok 20,26 | 10,21 1,18 | 0,30 552 | 3,05

MatouHslil p-p 1091,10 0,93|563(049(0,8| 16,8 | 85,19 | 816,85 | 43,41 | 50,18 | 70,8

p-p Ha IPOM. 101,30 11,26 | 90,04

Htoro, kr 121266 | 10,21| 0,93|5,63|0,49|0,8|18,0| 96,74 912,41 | 46,47 | 50,18 | 70,8
[Tomyueno

Ocasok nmpom. 25,32 | 10,21 1,18 0,86| 10,02 | 3,05

npoM. P-p 1187,33 0,93|5,63/0,49|0,8| 16,8 | 95,88 |902,39 | 43,41 | 50,18 | 70,8

Htoro, kr 1212,66 | 10,21 | 0,93|5,63|0,49|0,8|18,0| 96,74 912,41 | 46,47 | 50,18 | 70,8

Tabnuna 1.5 - bananc pactBopenus cynbdatHo-hochoHaTHOrO ocaaka

Bcero Pb @) C H Na | P
IToctynuio
Ocazok 25,32 | 10,21 | 10,02 | 1,18 | 0,86 3,05
[Ilenoun. P-p 30,13 20,00 2,15(8,0
BoJZIa 100aB 1,21 1,08 0,13
Uroro, kr 56,66 | 10,21 | 31,10| 1,2|3,15|8,0| 3,05
[TomyueHo
Karonut 56,66 | 10,21 | 31,10| 1,2|3,15|8,0| 3,05
Wroro, kr 56,66 | 10,21 | 31,10 1,2|3,15/8,0| 3,05




Tabnuna 1.6 - banaHc 35eKTposKcTpakiuu cBUHIA U3 HochOHATHOTO pacTBOpa

Bcero | Pb @) C H Na P S

[Toctynuio

Karomut 56,66 | 10,21 | 31,103 | 1,18 | 3,147 | 7,9665 | 3,055

Anonut 51,40 40,092 4,293 | 4,1301 2,881

Hroro, xr 108,06 | 10,21 71,20 1| 7,44 12| 3,05| 2,88
ITomydyeHno

Karomut oTp. 49,16 | 0,51 31,10| 1,2| 3,15 10,2 3,05

AHOJIUT OTP. 48,44 39,33 4,29 19 2,88

Pb 9,70 | 9,70

O, 0,76 0,76

H, 0,00 0,00

Hroro, xr 108,06 | 10,21 71,20 1| 7,44 12| 3,05| 2,88




Taomura 1.7 - banmasc KUCI0T0 BBIIIEIa4YNBAHUS

[Ipoue
Bcero | Pb Cu Zn | Fe As C H O] P S Na Si e
[Toctynuio
0,20 41
KEK 117,5 814,551 ] 10,5| 15,94 | 3,2832 2,611 | 48,49 7,38 3| 10,467
pacTtBop oT 1-ro
BBIII-5I 1187,3 0,9288 | 5,63 | 0,493 | 0,8208 | 16,82 | 95,88 | 902,4 | 43,4 | 50,2 | 70,8
0,20 4,1
Hroro, Kr 1304,8 8| 1548 16,1 | 16,43 | 4,104 | 16,82 | 98,49 | 950,9 | 43,4 | 57,6 | 70,8 3| 10,467
ITomydyeno
0,20 41
Fe kek 105,89 813,678 | 6,27 | 14,34 | 1,6416 2,611 | 45,6 6,93 3| 10,467
®docd.-Me p-p 61,855 1,8019| 9,81 | 2,086 | 2,4624 | 5,183 | 1,393 | 25,74 | 13,4
C,HgO;P, 99,799 11,64 | 3,875| 54,25| 30
Na,SO, 218,67 98,52 49,4 | 70,8
H,SO, 3,8448 0,078 | 2,509 1,26
H,0O 814,78 90,53 | 724,2
0,20 41
Hroro, Kkr 1304,8 8| 1548| 16,1 | 16,43 | 4,104 | 16,82 | 98,49 | 950,9 | 43,4 | 57,6 | 70,8 3| 10,467




Tabnuua 1.8 - bananc GuiIbTpOBaHMS U IPOMBIBKU KeKa

Bcero Pb Zn Cu Fe S O |C H Na |P As | Si |Ilpoune
[Toctynuio
KEK 105,89 | 0,21 6,27 | 13,68 | 14,34 6,93 | 45,60 2,61 1,64 |4,13 10,47
docd. P-p 1198,95 9,81| 1,80| 2,09 50,63 | 905,27 | 16,82 | 95,88 70,78 |43,41|2,46
Boga Ha mpom. | 105,89 94,12 11,77
Hroro, kr 1410,72 | 0,21 | 16,08 |15,48 (16,43 57,56 | 1045,0| 16,82 | 110,25|70,78 |43,41|4,10|4,13 10,47
ITomydyeno
KEK MPOM. 132,36 | 0,21 6,27 | 13,68 | 14,34 6,93 | 69,14 5,55 1,64 |4,13 10,47
docd.-Me p-p | 1278,36 9,81 1,80| 2,09 50,63 | 9759 | 16,82 | 104,70 |70,78 |43,41| 2,46
Hroro, kr 1410,72 | 0,21 | 16,08 | 15,48 (16,43 57,56 | 1045,0| 16,82 | 110,25|70,78 43,41 |4,10|4,13 10,47
Taomura 1.9 - bananc nmocne nooasnenus Fe
Bcero Zn Cu Fe S O C H Na P As
IToctynuio
docd. P-p 1278,36 | 9,81 1,80 2,09|50,63| 975,87 | 16,82 |104,70| 70,78|43,41| 2,46
FeSO,*7H,0 112,15 22,54 112,94 71,02 5,65
Htoro, kr 1390,51| 9,81 1,80 | 24,62 | 63,57 |1046,89 | 16,82 |110,35| 70,78|43,41| 2,46
ITomydyeno
®docd.-Me p-p | 1390,5/9,809|1,8019| 24,6 |63,57| 10469 | 16,82 | 110,4| 70,/8| 43,4 | 2,46
Htoro, kr 1390,5(9,809|1,8019| 24,6 63,5/ | 1046,9| 16,82 | 110,4| 70,78 | 43,4| 2,46




Taomura 1.10- banasc ouncTtku ot As

Bcero | Zn Cu Fe S @) C H Na P As | Mn
IToctynmno
docd. P-p 1390,5 | 9,809 | 1,8019 | 24,6 | 63,57 | 1046,9 | 16,82 | 110,4 | 70,78 | 43,4 | 2,46
MnO, 30,598 11,263 19,3
H,SO, 42,849 14,01 | 27,963 0,874
Hroro, Kr 1464 9,809 | 1,8019 | 24,6 | 77,58 | 1086,1 | 16,82 | 111,2| 70,78 | 43,4 | 2,46 | 19,3
ITonmydyeHo

Ouni. P-p 1453,8 19,809 | 1,8019 | 24,6 | 77,58 | 1082,4 | 16,82 | 111,2 | 70,78 | 43,4 | 2,46 | 12,9
MnO, 10,199 3,71542 6,45
Hroro, Kkr 1464 |9,809 | 1,8019 | 24,6 | 77,58 | 1086,1 | 16,82 | 111,2| 70,78 | 43,4 | 2,46 | 19,3
Tabnuua 1.11- bananc HeilTpanuzanuu

Beero | Zn Cu Fe S o) C H Na |P As | Mn |Ca

[Toctynumno
docd. P-p 1453,8 19,809 | 1,8019 | 24,6 | 77,58 | 1082,4 | 16,82 | 111,2 | 70,78 | 43,4 | 2,46 | 12,9
MnQO, 10,199 3,7542 6,45
CaO 36,962 10,546 26,4
H,SO, 1,6047 0,525 | 1,0472 0,033
Wroro, kr 1502,519,809| 1,8019 | 246 | 78,1 | 1097,7|16,82 |111,3|70,7/8|43,4|2,46|19,3| 26,4
[Tonyueno

®ocd. P-p (1) 1354,6 | 9,809 | 1,8019 57,49 | 1030,7 | 16,82 | 109,9 | 70,78 | 43,4 13,9




TB.OctaTok 147,88 24,6 | 20,61 | 67,028 1,323 2,46 | 5,42 | 26,4
Wroro, Kkr 1502,519,809| 1,8019 |246| /8,1 | 1097,7|16,82 |111,3|70,/8|43,4|2,46|19,3 | 26,4
Tabmuma 1.12- bananc nemeHTanum
Bcero Zn Cu S O |C H Na |P Mn
ITocTymnuiio
docd. P-p 1354,6 (9,809 | 1,8019 |57,5| 1031] 16,818 |109,9| 70,78 |43,41|13,9
Zn 2,71802 | 2,78
Hroro, kr 1357,4 112,59 | 1,8019 |57,5| 1031|16,818|109,9|70,78|43,41|13,9
ITomydyeno
[{uHKOBBIN p-p 1354,7 | 11,66 57,5 1031|16,818|109,9| 70,78 | 43,41 | 13,9
Cu 1,8019 1,8019
Zn 0,9267 | 0,927
Wroro, kr 1357,4 112,59 | 1,8019 |57,5| 1031|16,818|109,9|70,78|43,41|13,9
Tabnuna 1.13 - bananc sneKTPOIKCTPAKIIMY ITMHKA U3 PacTBOpa
Bcero | Zn O C H Na P S | Mn
[Toctynuio
Katonut 1354,70| 11,66 | 1030,7|16,8| 109,970,781 |43,41| 57,49 | 13,92
Uroro, kr 1354,70| 11,66 | 1030,68 | 17 | 109,94 71]43,41| 57,49 | 13,92
[TomyyeHno
Karonut otp. 1340,51| 0,58 |1027,91 | 16,8 | 109,59 70,8 43,41 |57,49 | 13,92
Zn 11,08 | 11,08
O, 2,17 2,77
H, 0,35 0,35




Hroro, Kr | 1354,70 | 11,66 | 1030,68 | 17]109,94|  71|43.41|57,49|1392
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