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BBenenne

B TexHoioruu peann3oBaHO JBa METOAA IMOJYYEHUs OKCHUIOB ypaHa U3 BOIHBIX
pPacTBOPOB HHUTpaTa ypaHWIIA: «CYXOi» W «BOJHBIIN». MeTon 6€3 HemocpeaCTBEHHOTO
UCIIOJIb30BAaHUSl BOJHBIX PACTBOPOB M OCAQJAMUTEIbHBIA METOJ COCAMHEHUN ypaHa u3
pacTBOpoB. B 000ux ciyyasix B KaYECTBE UCXOIHBIX MPOIYKTOB UCIIOJIb3YIOT PACTBOPHI
ypaHWJIHUTpaATa TOCIEe UX 3KCTpakUMOHHOW o4rucTkUA. D10 pacTBOpbl UO2(NOs); u3
MPUPOTHOTO WJIM PET€HEPUPOBAHHOIO YpaHa.

IIpu o00paboTke KHUCIBIX pPACTBOPOB aMMHAKOM 3HAUYUTENIbHAs €ro 4YacTh
pacxoayeTcs Ha HEUTPAIU3AIUIO OCTATOYHON KUCIOTHOCTH.

HNO3;+NH,OH = NH4NO3 + H,0

OcaxJeHneM W3 pacTBOpa ypaHUJIHUTpaTa MOJYyYarOT MOJUypaHAThl aMMOHMS

(ITYA) dopmymnoii (NH4)xUyO, o peakuuu:
aNH,OH + bUOz(NOg)z =[IYA + NH4sNO; + H,O

[IprueM npupoja MOJY4aEMOTO OCAAKa 3aBHCUT OT COOTHOILIEHHM HCXOJHBIX

KOMITOHEHTOB, TO €CTh OT OTHOIIeHus a/b u ot pH cpenpr:

a/b =16/7 = 2,29 (NH4)2U7022
alb=5/2 = 2,50 (NH4)2U4013
a/b=8/3 = 2,66 (NH4)2U3010
alb=3/1= 3,00 (NH4)2U2O7
a/b=4/1=4,00 (NH.)2UQ,
Tabumuua 1. 3aBucumocTb coctaBa ocaakoB oT pH cpeabl pu ocaxaeHnH
pH CocraB 0cajikoB
6—-6,5 (NH4)2U702
7-9 (NH4)2U4013
9-11 (NH4)2U,0;
12 (NH4)2UO4
KonuyectBeHHOE ocaxaeHue ypaHa HaOmogaercs npu pH = 6. Ilpu stom

OJHOBPEMEHHO C YPAHOM OCAXIACTCSl 3HAYMTENbHAS YacTh MPUMECEN B COOTBETCTBUU
CO 3HAQYEHHUEM IIPOU3BEICHUN PACTBOPUMOCTA THUIPOKCUIOB U CBA3aHHON C HUMH
3HaueHusIMU pH ocaxaeHus.

Heap padoTbl: SKCIEPUMEHTAIBHO OMNPEACIUTh ONTUMAJbHBIE MapamMeTphbl
MOJIYYeHUST JIETKODWIBTPYEMBIX YpaHCOJEPKAIINX OCAaJKOB M3 pacTBOpa HHTpaTa
ypaHWIIA.

1. TeopeTn4yeckasi 4acTh

OcaskaeHue: BblICJICHUE B BUE TBEPJIOTO OCA/IKa U3 raza, pacTBOpa WM paciiaBa
OJIHOTO MJIM HECKOJIbKUX KOMIIOHEHTOB.

Jlnst »TOrO CO34Aar0TCsA YCJIOBMS, KOIJIa CHUCTEMA M3 HCXOJHOTO YCTOMYMBOIO
COCTOSIHUSI TIEPEXOJUT B HEYCTOMYMBOE M B HEM MPOUCXOIUT OOpa3oBaHUE TBEPIOU
(ha3sbl.

Ocaxnenre TBepaol (a3l M3 PaCTBOPOB MOMKHO JIOOMTHCS Pa3IUYHBIMU
croco0aMu: TOHMKEHHUEM TEMIIepaTypbl HACBHIIMIEHHOTO pacTBOpa, YAAJICHUEM
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pPacTBOPUTEIIS BBITAPUBAHUEM, U3MEHEHUEM KHMCIIOTHOCTH CpPEJlbl, U3BMEHEHHS COCTaBa
PacTBOPUTEIIA, IIPOITYCKAHUEM Y€pe3 PACTBOP JIEKTPUUECKOTO TOKA.

[IInpoko IpUMEHSETCA I OCAXKIACHUSA pa3IMYHble XMMHYECKHUE PEarcHTbl —
OCaJUTENM, B3aWMOJEUCTBYIOIIME C BBLACISEMBIMH 3JIEMEHTaMU C OOpa30BaHHUEM
MaJOpacTBOPUMBIX COCIMHEHNM, KOTOPBIE BBINAIAOT B OCAIOK.

ITpu ocaxxnenun oOpa3yroTCsl OCaAKM pas3audHoil KpynHoctu. Ha  pasmep
00pa3yroIIUXCsl YACTHUIL BIHSIOT:

- KOHLIEHTpALHXs UCXOHOI'O PEareHTa U 0CaauTes;

- TEMIIEpaTypa BEACHUS IIPOLECCa;

- IEPEMENINBAHUE;

- HaJIM4Ke 3apoJIbleo0pa3oBaTeneil.

B pe3ynbrare ocaxkaeHuss HE0OXOIMMO BEIIECTBA 3a4aCTyl0 MPOTEKAIOT MPOLIECCHI
COOCaXIEeHUSA. YaCTUYHBIM IIEpeXo] KOMIIOHEHTAa pacTBOpa, NPHUCYTCTBYIOLIETO B
MaJIbIX KOHIIGHTpAIHIX (MUKPOKOMIIOHEHTa), B TBepayto (a3y, oOpa3yeMyro B JIaHHOM
CUCTEME  JIpyTUM  KOMIIOHEHTOM,  KOTOpBI  HAaxoIWTCd B  3HAYUTEIIBHO
0O0JIBIIMX KOHLIEHTpaUMsX . BaxHelimas 0coOOEHHOCTb COOCaXJAECHHUS COCTOUT B TOM,
YTO HAXOJSIINNCS B IEPBOHAYAIIBHO TOMOI'€HHOM CUCTEME MUKPOKOMIIOHEHT HE MOKET
B YCJOBHUSX IIPOBENEHMs Ipouecca (IpyU IOHWKEHUU TEMIIEPaTyphl, YAAJICHUN
pacTtBopuTelns, u3MeHeHnu pH u T. m.) o0pa3oBaTh CaMOCTOSTENIBHO TBEpAyIO a3y, a
BOBJICKAETCSA B TBEPYIO dazy BMECTE C MAaKPOKOMITIOHEHTOM.
[lepexo MUKPOKOMITIOHEHTA B TBEPAYIO (ha3y MPHU COOCAKIACHUH OOYCIOBIEH TEM, YTO
OH pachpelesnsieTcss MeXIy HCXOJHOW MaTO4yHOM cpedod W TBepaoil (aszoil. Ecnm
BBIACISIIONIAsCS  TBepAas  (aza  ABISETCS  KPUCTAIMYECKOM, TO  TOBOPSAT
0 COKPHUCTAJUIM3aLMU MUKPO- 1 MAKPOKOMIIOHEHTOB.

N3BecTeH psAl METOAOB XUMHUYECKOTO OCAXAECHUS U3 PACTBOPOB, HCIOJIB3YEMBIX B
XUMHYECKOU IIPOMBIILIJIEHHOCTH, LIBETHOU METaJLULypIruy, aTOMHOM 51
MOJIYITPOBOJTHUKOBOM TEXHHKE, B JIA0OPATOPHOM aHAIUTUYECKOW TPAKTUKE U Jp.
VYcnoBus, coznaBaeMble KaXAbIM U3 MPUMEHSIEMBIX METOJOB OCaXJICHMS, NO-PA3HOMY
BIIMSIIOT Ha MpoliecChl 00pa30BaHus HOBOW TBEPAOH (a3bl, pOCTa U CTAPEHMSI €€ YaCTHIL.

M3BecTHBIE MpOLIECCHl, XMMHYECKOTO OCAXACHUS M WX BapHaHTbl MOKHO
CrpyIIUPOBATh B TPHU I'PYHIBI: MEPUOJUYECKHE, TOJIYHENPEPHIBHBIE U HENPEPBIBHBIE.
[IpyHIMIIMATBHBIM OTJIMYMEM HX JPYr OT JApyra SIBISETCS Pa3iudyve B BO3MOKHOCTHU
COXpaHEHUsSl TMOCTOSIHCTBA (DPU3MKO-XMMHUYECKUX U TEXHOJOTUYECKHX YCIOBHM B Te-
YeHue Impoiecca ocaxaeHus. HaumOospliee 4YWCIO BapUAHTOB TMPEIOKEHO U
OCYILECTBJIEHO HA MPAKTUKE JJIS IEPUOINYECKOT0 IPOLIECCa OCAKACHUS.

[lepuonnueckuii mpouecc BeAyT LUMKIAMH, BKIIOYAIOIMIUMH CTAIUI0 COOCTBEHHO
MPOLIECCA OCAXKACHUS U CTAAUI0 ONMOPOKHEHHS PEAKTOPA U MOATOTOBKM €ro K HOBOU
oneparuu.

[TonyHenpepbIBHBIM IMPOLECC OCAKICHHUS COCTOUT M3 NEPUOJMYECKUX ILIUKIIOB,
BKJIIOYAIOIUX CTaJUH COOCTBEHHO MpOIECcCa, OCAKICHHUS M OMOPOKHEHMS peakTopa,
KaK U y Nepuoandeckoro mpouecca. OTIMYHBIM SIBISETCA MOJa4ya PEareéHTOB IyTEM
OJTHOBPEMEHHOTO CJIMBAHMUSI PACCUYUTAHHBIX OOBEMOB pacTBOpPOB (OcaguTens u
OCAXKJIaEMOI'0) HENPEPBIBHO, HO pAa3AEIbHO B pEAKTOpP, B KOTOPOM HAaXOAMUTCS
HEKOTOPBbI 00BEM BOJBI UJIU CYCIIE3UU OT MPEABIAYILIECH ONEpaliHy.

[TomyHenpepbIBHBIH MpoliecC HE MO3BOJISIET MOJHOCThIO 00ECTIEYUTh MMOCTOSTHCTBO
BCEX (PU3MKO-XMMHUYECKMX M TEXHOJOTMYECKUX YCIOBUM ocaxnaeHus. OmHako psin
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napameTpoB (B UX yucie BaxHeHmuil mapamerp pH) MOXET COXpaHAThCS MOCTOSIHHBIM.

[Ipr HenmpepbIBHOM MPOLECCE XUMHYECKOTO OCAXKICHHUS pPacTBOp IMOJAOT B
HEKOTOPBIN 00BEM MEepEeMENINBAeMON CYCIIEH3UH, HaXOASIIeHcs B PEaKTOpe B TEUEHUE
TO00TO TMPOMEXKYTKAa BPEMEHHU, HENPEpPhIBHO, OJHOBPEMEHHO, HO Ppa3AeiibHO
(ocamuTens U ocaxkaaeMoe BemecTBo). YacTs oOpasyroieiics CyCleH3un HENpePbIBHO
YXOJIUT U3 peakTopa Ha MOCIEAYIOIIME TEXHOJOTHYECKue omnepanuu. HempepbiBHBINM
IIPOLIECC B YCTAHOBUBUIEMCSI PEKHUME MO3BOJISET MOJHOCTHIO 00ECIIEYUTh OCTOSIHCTBO
BCEX (PU3UKO-XUMUYECKUX U TEXHOJIOTUYECKUX YCIOBUN OCAKICHHUS.

MeToapl XMMHYECKOTO OCaXKIEHUS M3 PAacTBOPOB MO (ha30BOMY COCTOSHHUIO
pearupyromux BEIMIECTB MOTYT OBbITh pa3/ie/IEHbl HA T€TEPOr€HHbIE © TOMOTEHHBIE.

B Meronax nepBoi rpynibl OCaJAUTENb U OCAXKIAEMOE BEUIECTBO JO XUMUYECKOTO
B3aUMOJICUCTBUS HAXOAATCS B pa3HbIX (azax. JIumb npu UX CMEIMIMBAaHUM MPOTEKAET
Mpolecc XUMHUYECKoro ocaxaeHus. 1lo gpazoBoMy cOCTOSHUIO pearupyromnx BEUIECTB
HaOIIOAAIOTCS TPU XapaKTEPHBIX TUIIA B3aUMOICHCTBHIA:

1) pacTBOp € pacTBOpPOM;

2) pacTBOp C ra3om;

3) pacTBOp € TBEPIBIM BEILIECTBOM.

B Meronmax BTOpPOW IpyIIIbI OCAgUTENb M OCAXIAEMOE BEIIECTBO HAXOIATCA B
olHOM (a3e (pacTBope), HE OyIay4yH, OJHAKO, CIIOCOOHBIMH BCTYIUTh B XHMHUYECKOE
B3aumozencTeue. lIpomecc ocaxaeHuss MOXKET HAyaTbCs W MEIJICHHO IPOTEKaTh
BCJIEZICTBUE MPOMEXYTOYHOIO MOCTENEHHOTO 00pa30BaHusl OCAAUTENS BO BCeM 00beMe
pacTBOpa 3a CYET JAOINOJHUTEIBbHOW XUMHYECKOW peakiuu. XapaKTepHbIE pPEaKLIHUH
TOMOT€HHOTO OCaXACHUS:

1) pa3noxenue KOMIUJIEKCHOTO ~ COEJIUHEHUS;

2) peaxkuuu ruaposimsa.

I'ETEPOI'EHHBIE METObI XUMHWYECKOI'O OCAXIEHUA

B3aumoaeiicrBue  pacrtBopa ¢ pacrBopoM. PaccmarpuBaempii TN
B3aMMOJICHCTBUS TPU XUMHUYECKOM OCAKICHUM M3 PAacTBOPOB SBIISETCS Haubosee
M3BECTHBIM W Yallle MPUMEHSEMbIM B MPOU3BOJICTBEHHON U AHAIUTHUYECKOM MPAKTHKE.
Hcnonb3yroT ABa OCHOBHBIX BaApUAHTA B3AaUMOJACHCTBHS 3TOTO TUMA!

1. llpuiuBaHnue OMHOTO W3 PACTBOPOB (OCAAMTENSA) B OMpPEACICHHBIH 00BEM
JIPYroro pacTBopa, COAEPKALIEro 0CaK/1aeMbIE HOHBI.

2 . CruBaHME OJTHOBPEMEHHO, HO pa3feibHO OOOUX PACTBOPOB B HEKOTOPHIA 00BHEM
cycreH3uu (0caloKk + MaTOYHbIA PaCTBOP) UM BOJIBI.

Meron «npuiaMBaHUS» MO CHOCOOYy TPOBEACHHUS BO BPEMEHU SIBISETCA
MEPUOIUYECKHUM.

['maBHBIMM HETOCTATKAMU PacCMaTPUBAEMOT0 METO/IA SIBJISIOTCS:

1) HempephlBHOE  W3MEHCHHME  IOJABJISIONICTO  OOJBIIMHCTBA  (DU3HKO-
XUMUYECKUX M TEXHOJOTMYECKUX YCJIOBUM OT Hauyajla K KOHIy NEPUOAUYECKOIO
IpolLecca OCAXICHHUS;

2) HaIM4He B PEaKIMOHHOW CMeCH M30BITKA OJTHOTO U3 PEareHTOB,

3) HanMy¥e 3HAYUTEIbHBIX JIOKATBHBIX TIEPECHIIICHUI B PaCTBOPE.

N30BITOK OAHOTO W3 PEareHTOB NPOTHUB CTEXHOMETPUUYECKOTO COOTHOIICHUS
OTIpe/ieNisieT BOBHUKHOBEHUE U IPOTEKAHUE BTOPUYHBIX MEX (PA30BBIX B3aUMOACHCTBUN
B CHCTEMax C OCaJIKaMH IEpeMEeHHOro cocraBa. Hamuuue nOKalbHBIX MEPECHICHUN B
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PEaKIMOHHOM CMECH, 3aBUCAILECE OT TEXHOJOTMYECKUX YCIOBUM OCAKICHUS W
KOHCTPYKTHUBHBIX OCOOEHHOCTEHW yCTpONCTBa AJii BBOJA U paclpelieieHus] pacTBopa
ocaiuTeNsi B CYCIEH3MM, BbBI3BIBAET O0O0Opa3oBaHUE OcCaJKa C YXYJIUICHHBIMU
(U3UYECKUMU CBONCTBAMU.

JI1s1 Ioy4YeHHsl OCAKOB C YIYYIIEHHBIMH, & B HEKOTOPBIX CIy4Yasix ¢ KeJIaeMbIMU
¢u3MYEeCKUMU CBOMCTBaMHM OBUIM TMPEUIOKEHBI M Ha MPAKTHKE MPUMEHSIOTCS
Moaudukanuu  MeToJa «IpWiIMBaHHs». B  HUX HUCHOJB3YIOT  OMarompusiTHOE
BO3/ICIICTBIE Ha (DU3MUECKHE CBOWCTBA OCAIKOB OJHOTO M3 MapaMeTpoB IMpolecca
OCAKJICHUS.

[IpumepoM MOAM(PUUUPOBAHUS METOJA «IPUIMBAHUS» SABISIETCS «METOAOM
HapallMBaHUs» JUIsl TOJYYEHUs YKPYIHEHHBIX YAacTHI[ OCAaJKOB C XOpOILIEeH
(UIbTpyIOIIe CIOCOOHOCTHIO. 3/1eCh UCIIOIL30BAaHO BO3/ICHCTBUE CYCIIEH3UU U3 paHee
oOpa3oBaHHOM TBepAOM (a3pl HA BEJIWYMHY YacTHI[ OOpa3yIoIIErocss Ocaaka.
HaGmtoaeMplii pu 3TOM pOCT 4YacTUI[ OCajJKka HAET 3a CUET YMEHBIICHUS 4Hcia
LIEHTPOB 00pa30BaHUsl HOBBIX YaCTHUI[ U AHAJOTUYEH POCTY KPUCTAJUIOB B IPUCYTCTBUU
«3aTpaBkw». OcaxaeHue TMpOBOAAT B  HECKOJBKO MOBTOPSIOIIMXCA  IIMKJIOB
«HApAIMBAHMS YaCTHL], B KQKIOM U3 KOTOPBIX OCAJOK, MOJYyYEHHBIN B MPEIbIIYLIEM
LIUKJIE, OCTAETCSI B PEAKTOPE, U B €ro INPUCYTCTBUM B KAYECTBE «3aTPAaBKW» BEAYT
OCAKJICHNE HOBBIX MTOPLIMN OCaIKa.

Meron «ciauBaHUS» MO CHOCOOY €ro MPOBEACHHS BO BPEMEHU MOXKET OBbITh
MOJIYHENIPEPBIBHBIM WJIM HENpepbIBHBIM. OH 00€ecnedynBaeT IMOCTOSHCTBO (PU3UKO-
XUMUYECKUX M TEXHOJOTMYECKHX YCJIOBUM B MPOLIECCE OCAXKIECHUA U TEM CaMbIM
oOneryaer pelIieHHe 3aJaud MOJYYeHHUs OCaJKOB C 3aJaHHBIMM CBOMCTBAMU U
COCTABOM.

[TonmyHenpepbIBHBIA METOJ «CIMBAHUS)» HE TO3BOJSET IOJHOCTHIO pELIUTh
YKa3aHHYIO 3aJady, TaK KaK HEKOTOpble BHYTPEHHHE IMapaMETphbl 3TOro, Ipolecca
(3aTpaBKa OCaJKOM, KOHLEHTpPALMs pPacTBOPOB, YAEIbHBIH OOBEM CYCIEH3UM, U3
KOTOpPOTO0 TPOMCXOAUT BBIJCIEHUE OCa/Ka) HENPEPHIBHO H3MEHSIOTCA BO BpeMs
ocaxxaeHus. B cuily 3TOro ero Mcnosjib30BaHuE€ B OOIIEM CiIydae JaeT BO3MOKHOCTb
MOJIyYUTh OCaZOK HE C 3aJaHHBIMH, a C YJIYYIICHHbIMU (U3UYECKUMHU CBOMCTBAMHU
IIPOTUB TOKAa3aTesiel, JOOCTUIaeMbIX @PU NPUMEHEHUH METOAA «IPUIUBAHUS.
[TomyHenpepbIBHBIN IPOLIECC MO3BOJISET MOJIYYUTh OCAJ0K C 33JJaHHBIM COCTABOM, TaK
KaK COXpaHsieTcsl MOCTOSIHHBIM pH M OTCYTCTBYeT M30BITOK OJIHOIO M3 PEareHTOB B
PEAKIIMOHHON CMECH.

[IpuMeHeHre HEnpephIBHOTO MPOIECcca OCAXKIACHUS METOJIOM «CIMBaHUA» B
YCTAaHOBUBIIEMCS PpEKUMME TO3BOJIIET OOECIEeYUTh TMOCTOSHCTBO BceX (DU3HKO-
XUMHUYECKUX U TEXHOJOTMYECKUX YCIOBHUM 3TOro mpoiecca. IlyreM aBTOMaTH4eckoro
pPEryJIMpoOBaHMs] BHYTPEHHUX W BHEIIHUX [MapaMETPOB B BBHIOPAHHBIX JAMANA30HAX
BEJIMYMH, OH J1a€T BO3MOXXHOCTh MOJIY4YaTh OCAJKH C 33JITaHHBIMU CBOMCTBAMHU U COCTa-
BoM. Hampumep, nis nmoiaydeHust Xopouo (pUiIbTPYIOUIErocss U JErKO OTMBIBAEMOTO OT
npUMecel 0cagka OCHOBHOTO KapOOHAaTa HUKENS MPUMEHSIETCS] HEMIPEPhIBHBIA METO/I C
«3aTPaBKOM» OCAJKOM, JJIsl TIOJYYEHHS OCaJKa THMIPOKCUIA HUKENS C ONPEIeIEHHBIMU
AIIEKTPUYECKUMHU U (PU3NUECKHMMH CBOMCTBAMHU — METOJIl 0€3 «3aTpaBKm» ocagkoMm. B
YCIOBUSIX HEIMPEPHIBHOTO TMpPOLECCa OCAXKICHUS MOXET OBbITh OCYIIECTBIICHO
ANMMUHUPOBAHUE OTPULIATEILHOTO BO3JEHCTBUS NapameTpa MEPECHIEHUs PacTBOpa
Ha (U3HYECKHE CBOMCTBA OCaJIKa.



B3aumopeiictBue pacrBopa ¢ rasom. I[lo cmocoOy mnpoBeneHUss BO BpPEeMEHU
paccMaTpUBAaEMOI0 B3aUMOJICUCTBHS MPOLECC MOXKET OBITh MOJYHENPEPHIBHBIM U
HEMpPEPhIBHBIM. BO0O3MOXXHBI BapHaHThl METOJa, IO3BOJIIONIME, HAIpPUMEP, BECTH
MPOLIECC OCAXKICHUS C «3aTPaBKOID 0CAIKOM UJIK Oe3 Hee.

[Ipu wucnonab30BaHMM B3aUMOJICUCTBUS PACTBOP-Ta3 CO3JIAIOTCS CBOEOOpa3HbIC
(U3UKO-XUMHUUYECKUE YCIIOBUS JJig oOpa3ylollerocs ocajka u3-3a TOro, 4to: 1)
ra3000pa3HbIi OCAIUTENh TT0 CBOCH Maiol 00beMHOW KOHIIGHTPAIlUK B PAaCTBOPE MOYTH
HE BBI3BIBAET MEPECHIIIECHUS €r0; 2) OTCYTCTBUE pa30aBICHUs pacTBOpa razo00pa3HbIM
OCAUTENIEM TO3BOJISIET COXPAHATH OOBEM, M3 KOTOPOIO IMPOHUCXOAMUT BBIAECICHHUE
0caJiKa, OCTOSIHHBIM. B 3THX ycIoBUAX 00pa3yrolIuiicsl 0Cal0K UMEET, KaK MPaBUIIO,
Xopolue GU3nIecKue CBOUCTBA.

B3aumoneiicrBrue TBepAOro BelecTBa ¢ pacrBopoM. VMerTcs nBa BapHaHTa
OCAQXJICHUS B3aMMOJCHCTBUEM TBEPAOrO BEIIECTBA C PACTBOPOM: B KMAKOW (a3e u Ha
MOBEepXHOCTH pazfena ¢a3. B o0oux BapuaHTax TMPOIECC OCAKICHUS BEAYT
MIEPUOINYECKUM METOOM.

[lo mnepBomy BapuaHTy, SBISIOMIEMYCS MOIU(DUIIMPOBAHHBIM  METOJOM
COPWINBAHUS», OCAXACHUS BEAYyT ITOCTEIIEHHOW IOJayedl TBEPAOrO0 OCaIUTENs B
pacTBOp, COJEpkKAIIUK OCaXJAAEMble HOHBL. 3a CUET MEIJEHHOIO W IOCTEIEHHOIO
pPacTBOpPEHHUSI TBEPIOIO OCAAUTENS HECKOJIBKO CHHIKAETCS MEPECHIICHUE PacTBOpa B
mpolecce OcaxAeHus. B 3TUX yCIOBUSX BO3MOXKHO MOJYyYEHHE OCAAKOB C
YIYUYIIEHHBIMU (PU3UUYECKUMU CBONCTBAMU.

Ilo BTOpOMY BapuaHTy B3aUMOJIEUCTBHE PEAr€HTOB MPOTEKAET HA MOBEPXHOCTHU
TBepJ0ro BeuiecTna. [lomydyaemblii 0CaloK OTIMYAETCSI HECOBEPLIEHCTBOM CBOEH CTPYK-
Typbl W  HeCTaOWIbHOCTBIO. Jlumb Tpu  CcTapeHHH  oOcajgka  IPOUCXOJUT
COBEPILIEHCTBOBAHKUE €0 CTPYKTYpPbl. ITa OCOOCHHOCTh TOMOXUMHUYECKOTO OCAXKICHHUS
ucrnosnb3zoBaHa CaxapoBbIM C COTPYIHHMKaMHU JUIsl TOJYYEHHS] KPUCTAIONOIOOHBIX
aMOp(HBIX THUJIPOKCUIOB HUOOHWS 1 TaHTaa.

['OMOI'EHHBIE METOAbI XUMHNYECKOI'O OCAXIEHWA N3
PACTBOPOB

['oMoreHHBIE METOJIBI XUMHYECKOTO OCXKICHUS TMPUHAIJICKAT K MEIJICHHBIM
TEXHOJIOTHUECKUM TporieccaM. [IpuHIUNUaIbHOE HMX OTJIWYHE OT TeTEePOreHHBIX
METOJIOB B TOM, YTO OCAIUTENb HE MPUINBAIOT K PACTBOPY, COJACPIKAIIEMY OCaKIacMble
MOHBI, @ OH MEJICHHO U TIOCTENIEHHO 00pa3yeTcs 3a CYEeT MPOTEKAIONIeH XUMUYIECKOU
peakIuy Bo BceM 00beMe pacTBOpa.

OHM UMEIOT CaMOCTOSITENIbHOE U Ba)KHOE 3HAUCHHUE B TEX CIydasXx, rae Tpedyercs
n30exaTh B MPOILECCE OCAXKACHUS JIOKATBHBIX TEPECHIMIEHUH pacTBOpa, HEM3OEKHO
BO3HUKAIOIIMX B MECTaxX BBOJAa OJHOTO peareHTa B apyroi. I[lomydaembie ocanku
KOMITAaKTHBI, XOpOIIO (UIBTPYIOTCS W CPaBHUTEILHO JIETKO OTMBIBAIOTCS OT
BOJIOPACTBOPUMBIX TIpuMeceil. PerymmpoBannemM ckopocTd oOpa3oBaHHsI B PacTBOPE
MOHOB OCQJWTENsA, KaK W BBIOOPOM TMOIXOJAIIETO OCaaUTENsl, MOXHO T0I00paTh
YCIIOBHSI, TO3BOJISIONIME PEIIUTh HENErKyr 3a1ady (pakIMOHHOTO pa3aelieHUs
PEAKO3EMEITbHBIX DJIEMEHTOB.

[Ipenyio’keHO MHOTO BapHWaHTOB METO/Ja TOMOTEHHOTO OcaxieHus. Bce onu, B
OCHOBHOM, TII0 XapakTepy TMpoIecca OCAXKICHUS SBISIOTCS TEPUOTUYCCKUMU |
pa3InyalTCs TMOMyYyaeMbIM MPOAYKTOM M XMMH3MOM Tiporiecca. Pasnuume xmmm3ma
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CBA3aHO C IPOTCKAHHUEM THAPOJIM3a OCHOBHOI'O HJIM BCIIOMOIaTCJIbHOI'O COCIMHCHMS
NI € PA3JI0KCHHUEM IIPOMEKYTOUHO 06pa3013aHHoro KOMIIJICKCHOI'O COCIUHCHUA.

AHAJIM3ATOP PASMEPA YACTHUL] DELSAMAX PRO

Ha3HayeHue. OJHOBPEMEHHOE ONpEACIICHUE pa3Mepa M JI3€Ta-IIOTEHIMaa
YaCTHII.

J3eTa-moTreHUUAaN — 3TO IEKTPUUECKUN IMOTEHUHUA, KOTOPbIA BO3HUKAET IIPU
MEPEMEIICHUN YaCTHL] MEXKIY KOHUECHTPUPOBAHHBIM CJIOEM HOHOB HA MOBEPXHOCTH
YacTHUI[ U CJIOEM HOHOB CpPEJbl, OKPYXKAIOIIEH YacTHUIbl; CIIOCOOCTBYET H3YUYECHHIO
TaKoro BaXHOTO MMapaMeTpa, Kak CTabuIbHOCTh (YCTOMYMBOCTD) AUCTIEPCHUU.

JI3eTa-nmoTeHInA Y CcTOHYMBOCTH KOJIJIOMTHON CHCTEMBI
Ot 0 1o + 30 MB |[1noxas ycToWYMBOCTH (BO3MOKHA KOATYIISLIUS FITH (DIIOKYIISIIIHS)
bonsuie + 30 MB Xopomast yCTOHYMBOCTb

Tabnuua 2. Texauyeckrue XxapakTEPUCTUKU

Anaymsarop DelsaMax Pro
ot 0,4 1o 10 000 HM, TUAPOAMHAMUYECKHI
Jlnana3oH pa3mepoB JuaMeTp (BEpXHIOK IPAHULLy OIPEEIIIET YUCIIO
CUJAMMEHTALINN)
Jlnana3oH MOJIEKYJISIPHBIX Macc 5-10" JlanpToH
MuHuManbHbIH 00beM 00pasia 45 MKn
MuHuMabHOE BpeMs U3MEpPEHUs 1 cekyHaa

Fluid connector panel

LCD display Keypad OHIQI‘Y
switcl

Pucynok 1. Buemnnii Bug npuéopa DelsaMAx PRO



3. Xoa padoTsl

3.1. Xoa pa6othr 1
1. Ionyuuts 100 M 20 % pacTBOpa HUTpaTa ypaHuUiIa.
2. IloxyuuTh pacTBOp aMMHAaKa B BOJIE C KOHIIEHTpalel aMmMuaka 5 %.

3. O6paboTtath 20 M1 pacTBOpa HATpaTa YpaHWJIa aMMHUAYHON BOJIOM C KOHIIGHTpAIUen
ammuaka 5 % no pH 6.

4. TlomydyeHHyr0 TyJibIy pa3AciuTh Ha (UIBTPOBAIBLHON ycTaHOBKe. Duibtpar
HarpasisieTcs B ciauB. Ocagok IpoMbIBaeTCs (IPOMBIBHBIE BOJIBI HAIIPABJISIOTCS B CIIUB)
U nepeHocutcs B KonternHep Nel.

5. I[lomyunTts pacTBOp aMMuaka B BOJie ¢ KOHIeHTpauen ammuaka 10 %.

6. O6pabdoTtats 20 M1 pacTBOpa HUTpATa ypaHUJIa aMMHUAYHON BOJIOW C KOHIIEHTpaIuen
ammuaka 10 % no pH 6.

7. lTlonmydyeHHyrO MyJibIly pasleiauTh Ha (uiIbTpoBaibHONW ycTaHoBKe. Dunbrpar
HarpasisieTcs: B ciauB. Ocagok mpoMbIBaeTcs (IPOMBIBHBIE BOJIBI HATIPABJISIIOTCS B CITUB)
U [IEpEHOCUTCA B KOHTeHep No2.

8. [lonyunTh pacTBOp aMMHaKa B BOJE C KOHLEHTpaluei ammuaka 15 %.

9. Obpaborars 20 MJ1 pacTBOpa HUTpATa ypaHUJIa aMMHUAYHOM BOJIOW C KOHIIEHTpAaIuei
ammuaka 15 % o pH 6.

10. IlonydenHyro mynbny pa3faeiauTh Ha (QuiIbTpoBaibHOW ycTaHoBKe. DuibTpar
HarpagsisieTcs B ciauB. Ocagok npoMbIBaeTcst (IPOMBIBHBIE BOIBI HAIIPABJISIIOTCS B CIIUB)
U IIepeHoCcUTCs B KOHTeHEp Ne3.

11. [Tomyunts pacTBOp aMMuakKa B BOJE ¢ KOHIEHTpanuen ammuaka 20 %.

12. O6pabGorate 20 My pacTBOpa HUTpaTa YypaHWIa AaMMUAYHOM BOJOH C
KoHIleHTparen ammuaka 20 % no pH 6.

13. TlonydeHHyro myJibly pa3feiauTh Ha (QUIBTPOBAIBHOM YycTaHOBKe. Duibtpar
HarnpasiisieTcst B ciiuB. Ocaok MPOMBIBAETCA (IPOMBIBHBIE BOJIbI HAIIPABJISIFOTCS B CIIUB)
U TiepeHoCcUTCs B KOHTelHep No4.

14. OGpaborate 20 ™My pacTBOpa HHUTpaTa YypaHWIa aMMHUAYHOM BOJOH C
KOHIIeHTparuel ammuaka 25 % no pH 6.

15. TlomydeHHyl0 MyJabIly pas3aeluTh Ha (GUIBTPOBAIBHON ycTaHOBKe. Duibrpar
HarnpasisieTcst B ciiuB. Ocaok MPOMBIBAETCA (IPOMBIBHBIE BOJIbI HAIIPABJISIFOTCS B CIIUB)
U IIepeHocuTcs B KOHTeHep NeoS.

16. IIpoananu3upoBaTh pa3Mep YaCTUIL MTOJTYYEHHBIX 00pa3loB MoJMypaHaTa aMMOHUS
Ha nipubope DelsaMax PRO.

17. TloctpouTh rpaduk 3aBUCUMOCTH pa3Mepa 4YacTHI] MOJMypaHaTa aMMOHHS B
3aBUCUMOCTH OT KOHIEHTPAI[Ud aMMUAYHOU BO/IBI.



3.2. Xoxa pa6oThI 2
1. lonyuuts 80 mi 20 % pacTBOpa HUTpaATa ypaHUia.

2. O6paboTtats 20 M1 pacTBOpa HUTpaTa ypaHUIa aMMHAYHOM BOJIOW ¢ KOHIIEHTpaIlUCH
ammuaka 25 % no pH 6.

3. TlomyueHHyro mynblly pa3AeiauTh Ha (QUIBTPOBAIBHOM ycTaHOBKe. DuibTpar
HanpasisieTcs B ciiuB. Ocaok MPOMbIBAETCs (IIPOMBIBHBIE BOJbI HAPABIISIOTCS B CIIMB)
U TIEPEHOCHUTCA B KOHTEHED Neb.

4. O6paboTats 20 MJI pacTBOpa HUTpATa ypaHWUIa aMMHAYHON BOJIOW C KOHIIEHTpAIUei
ammuaka 25 % no pH 8.

5. TlonydeHHYIO MyJbIy pa3leluTh Ha (QUIBTPOBAILHOW YycTaHOBKE. DuUILTpaT
HarpasisieTcs B ciauB. Ocazok IpoMbIBaeTcsl (IPOMBIBHBIE BOJIbI HAIIPABJISIIOTCS B CIIUB)
U IIEpEeHOCUTCA B KOHTeHHEp Ne7.

6. O6paboTtats 20 M1 pacTBOpa HUTpATa ypaHWJIa aMMUAYHON BOJIOW C KOHIIEHTpaIuen
ammuaka 25 % no pH 10.

7. TlonmydyeHHyr0 MyJibIly pasleiauTh Ha (uiIbTpoBaibHONW ycTaHoBKe. Dunbrpar
HarpasisieTcs: B ciiuB. OcaZoK MPOMBIBAETCA (IPOMBIBHBIE BOJIbI HAIIPABJISIFOTCS B CIIWB)
U IIepeHocuTCs B KOHTerHep Ne§.

8. ObpaboTaTs 20 MJI pacTBOpa HUTpaTa ypaHUIa aMMHAYHOM BOJIOM C KOHIIEHTpaIlUCH
ammuaka 25 % no pH 12.

9. llonydeHHyro mnyJbly pa3AeiuTh Ha QUIBTPOBAIBHON YycTaHoBke. Duibtpar
HarpagsisieTcs B ciauB. Ocagok npoMbIBaeTcst (IPOMBIBHBIE BOIBI HAIIPABJISIIOTCS B CIIUB)
U IIepeHocuTcs B KOHTeHEp Ne9.

10. [Ipoananu3upoBaTh pa3Mep YaCTHII MOJTYUYEHHBIX 00pa3ioB Ha mpudope DelsaMax
PRO.

11. Tloctpouth rpaduk 3aBUCUMOCTH pa3Mepa YacTULl NOJUypaHaTa aMMOHHS B
3aBUCUMOCTH OT pH ocaxnenns.

Bonpocsl

[Tporecchl ocakIeHNs B TEXHOJIOTHH S[IEPHOTO TOTLINBA.

AmnmaparypHoe ohopmIIeHHE TPOIIECCOB OCAKICHHS.

AmnmaparypHoe ohopMIIEHUE TPOIIECCOB Pa3AeTeHUS KUIKOCTh-TBEPOE.
daxTophl, BAUSIONIUNE HA pa3MepP OCATKOB.

OcHOBBI onpeienienrs pa3mepa yactuil Ha npudope DelsaMax PRO.
JI3eTa-moTeHuanl.

ook wnE
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3. Xumus Topus, ypaHa, IiyToHus: yueoHoe nocodue / Kepun N.1., Amenuna I''H. —
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TEXHUKA BE3OINACHOCTHU B XUMUYECKOM JIABOPATOPUU

PaboTa B xuMuyeckoi 1ad0paTOpuu BCEra CONPSHKEHA C ONPEACIICHHBIM PUCKOM.
[Ipu rpaMOTHOH U OCTOpPOXXKHOH paboTe 3TOT PHUCK CBOIUTCA K MHUHHUMYMY.
BOoapIIMHCTBO MOXapoOB, OTPABJIEHHM, 0)KOTOB M TPAaBM MPOUCXOAUT HUCKIHOYUTEIHHO
[0 TMpPUYMHE TMPEHEOPEKEHHUs] MpaBUIAMU TEXHUKM O€30MACHOCTH WJIA MPOCTO
HE3HAHUIO UX.

1. B xumunueckoi nabopatopuu paboTath HEOOXOIUMO B XJIOMYATOOYMaKHOM
XaJjiate, Ipu 3TOM BOJIOCHI IOJKHBI OBITh 0043aTEIbHO YOPaHHBI.

2. YnotpeOsATh NUILY B XUMUYECKOM 1a00OpaTOpUU CTPOTO 3aIperiaeTcsl.

3. Ilocne u nepen BeIOJIHEHUEM paOOTHI HEOOXOAUMO BBIMBITH PYKH.

4. PabGoTtaTb HYXHO aKKypaTHO, TaK KaK pe3yJIbTaThl OINBITOB 3aBUCUT OT
YUCTOTHI IIPOBEJICHNUS SKCIIEPUMEHTOB.

5. Ilepen BbinonaHEeHUEM J1abOpaTOPHOM PabOTHI HEOOXOAUMO O3HAKOMHTBCS C
€€ OIUCaHuEeM.

6. VYcnoBus ombiTa W WX peE3yNbTaThl Cpazy K€ 3aMUCBHIBAIOTCS B TETPadb
(J1abopaTopHBI KypHA).

/. Paboyee MecTO MOJKHO OBITH CYXUM W UYHCTBIM, Ha HEM JOJDKEH OBITh
nopsiiok. He oTHocsmuecs k paboTe peakTHBBI, IOCY/1a, anmnaparypa, nopTdenu, CyMKU
JOJKHBI OBITH YOpaHbI CO CTOJIA.

8. Bce ckisHKM AOHKHBI UMETh J3THKETKM C Ha3BaHWeM BeecTB. Henb3s
NPUMEHATh PEaKTUBbl 0€3 HJTUKETOK, TaK KaK MpH pPEaKIHUsIX C HEU3BECTHbIMU
BELIECTBAMH MOT'YT 00OPa30BbIBATHCS OMACHBIE MPOIYKTHI.

9. OnbIThl ¢ SAOBUTHIMA U TMAXyYUMH BEIIECTBAMHU BBIIOJHATh B BBITSIKHOM
mkady.

10. Harperyio mocyay CTaBAT Ha KE€PAMHUYECKYIO IUIUTKY, acOECTOBYIO CETKY.
HarpeBanue HeoOX0IMMO MPOBOAUTH OCTOPOXKHO M TocTeneHHo. Henb3s Harubatbcs
HaJl pEaKIIMOHHBIM COCYJIOM U 3arIsiIbIBaTh B HETO.

11. Tlpm HarpeBaHuum npoOUpPKH €€ HEOOXOAUMO JEepKaTh CHEUUATbHBIM
JiepKaTeneM, Ipu 3TOM OTBEPCTHE MPOOUPKH HE JTOJKHO ObITh HAMIPABJIEHHO HU B CBOIO
CTOpPOHY, HU B CTOPOHY JIPYTUX paOOTHUKOB.

12. 3ampemaercss ocTaBisATh 0e3 mpucMoTpa ropsiue ropenku. [locre
OKOHYaHMSI pabOThI T'a3, BOAY U DJIEKTPUUYECTBO CIIETYET BHIKJIIOYATD.

13. BxurouaTh B ceTh 3JEKTpOHArpeBaTeIbHbIe MPUOOPHI MOKHO TOJIBKO CYXUMH
pPYKaMU U B PO3ETKY C COOTBETCTBYIOLIUM HaIPSHKEHUEM.

14. Henp3s nuTh Boay M3 XUMHUYECKON mocyabl. Henw3da mpoOoBaTh Ha BKYC H
BJIbIXaTh XUMUYECKHE BEILIECTBA.

15. PeakTuBbl OTOMpATH, UCOIB3YsI MUHIIET, IINATEIb WU JIOKEUKY.

16. HewuspacxomoBaHHBIE pPEAKTHUBBI 3alpeIlaeTCs BHICHINIATh M BBUIMBAThH
00paTHO B T€ COCY/Ibl, OTKYJ]a OHHU OBLIN B3SITHI.
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17. Henb3s BBUTUBATH PEAKTHBHI B PAKOBHHY, BBIKHIBIBAThH B YPHY.

18. Pabouee mecTo mMOCHE BBINOJHEHHUS Ja0OpaTOpPHOM pabOThI JOJKHO OBITH
yOpaHHBIM.

19. Co BceMu BO3HUKAIOUIMMHU BONpOCAMHU cpazy ke oOpamarbcs K
NPETIoIaBaTeIto W JaOOPaHTY.
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YueOHoe n3ganue

KPAUJIEHKO Poman MBanoBuy
JIEOHOBA Jlunust AnexcanapoBHa

OCHOBBI OCAKJIEHUSA YPAHA

Meroanueckue ykazaHus K BBIIIOJTHEHUIO JaOOPaTOPHBIX paboT
1o Kypcy «TexHonorus siiepHoro TOILUIUBay NI CTYAEHTOB V Kypca,
oOyuaroruxcs mo HanpasiaeHuto 240501
«XUMHUYECKast TEXHOJIOTHSI MAaTEPUATIOB COBPEMEHHON SHEPIETUKI)

Otneuarano B U3nareanscrse TIIY B moiHOM cCoOTBETCTBHH

¢ Ka4¢CTBOM NMPEAOCTABJICHHOI'0 OPUTHHAI-MAKETA

[Toanucano k nevyatu 00.00.2014. ®opmat 60x84/16. bymara «CHerypoukay.
[Teyats Xerox. Ycu. neu. 1. 9,01. YVu.-u3a. 1. 8,16.
3akas . Tupax JK3.

Cucrema MEHEKMEHTa KauecTBa
N3narenbcTBa TOMCKOTO MOMUTEXHUYECKOTO YHUBEPCUTETA CEPTHPUITUPOBAHA :
NATIONAL QUALITY ASSURANCE no cranaapty ISO 9001:2008 e

HannoHnanbeHbI HcciieoBaTenbCKU TOMCKHM MOTUTEXHUYECKUN YHUBEPCUTET
ISO 9001

Registered

U3AATEALCTBO y my. 634050, r. Tomck, mp. Jlenuna, 30.
Ten./dakc: 8(3822)56-35-35, www.tpu.ru
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