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BBenenue

JlaGopaTopHBIi MPaKTUKYM TI0 AUCHUIUMHE «OO0IIas XuMudeckas: TeXHOJIO-
TUS» CIYXKUT JJISl 3aKPEIUICHUs TEOPETUUYECKUX 3HAHUM MO KypCy, B Pe3yibTare
Yero  CTYACHTHI  MOJY4YalOT  JOCTAaTOYHBIH  (PYHIZAaMEHT 1O  XWMHKO-
TEXHOJIOTUYECKOMY 00pa30BaHUIO.

NHxkeHepbl-TEeXHOJOTH U MHKEHEPhI-MEXaHUKH, a TakKe OaKkallaBpbl TEXHUKU
U TEXHOJIOTUH, u3ydaronire «OO0Iyr0 XUMHUYECKYI0 TEXHOJIOTHIO», B CBOEH OyIy-
el MpOM3BOACTBEHHON JEATEIBHOCTH MAOJKHBI 00JaJaTh MPOU3BOICTBEHHO-
TE€XHOJIOTUYECKUMU, IPOCKTHO-KOHCTPYKTOPCKUMU U UCCIIEI0BATEIIbCKUMH HABBI-
KaMH B 00JaCTH YNPAaBJICHUS XUMHUKO-TEXHOJIOTUYECKUM IMPOIECCOM, 3HATh OT-
JIEJIbHBIE TUIIOBBIE MPOLECCHI, a TAK)KE 3aKOHOMEPHOCTH XWMHYECKOW MPOMBINI-
JICHHOCTH.

B nmabopatopur OXT  CTyJAeHTHI  BBINOJHSIOT  MEPBbIE  XUMHUKO-
TEXHOJIOTUYECKUE MCCIEAOBaHUs, T.K. Kaxjaas JiabopaTopHas padoTa COACPKUT
AJeMEeHTHhI uccieaoBaHui. CTyJEeHThl 3HAaKOMSITCS C U3y4aeMbIMH BOMIPOCAMH IO
y4eOHUKY OOIIel XUMUYECKOW TEXHOJIOTHHU. 3aTeM U3Y4aloT OOIIYI0 HHCTPYKIUIO
110 TEXHHUKE 0€30IIaCHOCTH MpU pabOTe B XUMHUECKHUX JIAOOPATOPHUSIX B OTACIHHYIO
WHCTPYKIIMIO MO BBIMOJIHSIEMON paboTe. Y MpenojaBarelisi CTyACHT MOJIydyaeT 3a-
JTaHUE Ha BBIMOJHEHUE SKCIEPUMEHTATILHON PabOThl, 3HAKOMHUTCS C YCTaHOBKOM.
Crnenyromieid cTaguei sIBISETCS SKCIEPUMEHTAIBHOE UCCIEAOBAHUE BIUSHHS TEX
WJIM MHBIX [MAPaMETPOB TEXHOJIOTUYECKOTO PEXMMa Ha TEXHOJIOTMYECKHUE MPOLEC-
Chl (TeMIepaTyphl, KOHIEHTPAIMH, BPEMEHU U T.JI.) C TOCTPOEHUEM TpadUKOB 3a-
BUCUMOCTH.

[To pe3ynpTaTaM UCCIIEIOBAHUN CTYACHT BBITIOJHIET HEOOXOIUMBIE pPACUEThI
U COCTaBJISICT OTYET, B KOTOPHIM BKJIIOUYAIOTCS: 3a/IaHUE, 11eJIb paboThl, cCXeMa TeX-
HOJIOTUYECKOM YCTAHOBKH, pacueThl U rpaduKy Mo pe3yJibTaTaM OIBITOB, BBHIBObI
1o pe3yyibTaTaM padoTHhl.



JlaGoparopnas padota Ne 1
KonueHTpupoBanue TBepAOro chipbs (PJIOTALMOHHBIM CIIOCO00M

Leab padoTsl: BEIOOP ONTUMATIBHBIX (PIIOTOPEAr€HTOB HA IPUMEPE pa3zelie-
HUSl CMECEU TBEP/IbIX BELLIECTB.

OCHOBHBIC TIOHATHSA

[IpuMeHeHne KOHIEHTPUPOBAHHOIO CHIPbS SIBISAETCA OJHMM W3 IyTEH HH-
TEHCU(PUKAIIUN XUMHUKO-TEXHOJIOTHYECKUX MPOIECCOB.

OOoraieHue ChIpbs — COBOKYIHOCTh (DU3UYECKUX U (U3UKO-XUMHUYECKUX
METO/I0B 00pabOTKU JJi yAAJECHUs IMyCTOM MOPOJbI M TMOBBIIICHUS COJIEPKAHUS
OCHOBHOI'O KOMIIOHEHTA B KOHIIEHTpATe.

B ciyuae, korja B CbIpbe COAECPKUTCSA HECKOJIBKO ITOJIE3HBIX COCTABIISIONINX,
€ro JeJST Ha COCTaBHbIC YacT ((pakuuu), oOOTaleHHbIE TEM WA UHBIM KOMIIO-
HEHTOM M SIBJISIFOLLMECS CBIPbEM JUIS PA3JIMYHBIX IPOU3BOCTB.

B XxuMuyeckodl NpPOMBIIUIEHHOCTH NPHUMEHSETCS KOHUEHTPUPOBAHHUE Be-
IIECTB, HAXOAIIUXCS B PA3JIMYHBIX arperatHbIX, COCTOSHUAX: ra3000pa3HbIxX (T),
KUJKUX (3K) U TBEPABIX (T).

XKuakue pacTBOpHI Pa3iIMYHbIX BEIIECTB KOHUEHTPUPYIOT yHapUBAaHUEM, BbI-
JIeJICHUEM MPUMECEH B 0CaJOK WM ra3oByIO (asy.

["a30BbIE cMecH pa3lenstoT Ha KOMIIOHEHTHI TIOCIEA0BATENbHONW KOHICHCAIIU-
il ra3oB Ipu cxKaTUU (KOMIPECCUH) U MOHMKEHUU TEMIIEPATYPBhl.

Ecnu ceipbe mpencTaBisier coO0M TBEpJble MaTepHalibl, JUIsl UX 00OTaleHUs
UCITOJIB3YIOT CJIEIYIOLIUE METOIBI:

- I'PABUTALMOHHBIA — pa3/eJCHUE TBEPABIX KOMIIOHEHTOB, OCHOBAHHOE Ha
pPa3HOM CKOPOCTH BBINAJEHUS YaCTULl PAa3HOW IUIOTHOCTH M KPYHHOCTH B IIOTOKE
KUJKOCTU WIM Ta3a WIM Ha JEUCTBUM IEHTPOOESKHOW CUIBI (MPUMEHSETCS IS
oOoraIieHust Chlpbsi B MPOU3BOACTBE CHIIMKATHBIX MaTEPUAJIOB, MUHEPAIBHBIX CO-
Jieil, B METaJLTyprun);

- BJIEKTPOMAarHUTHBIN — pa3/ieJIeHue 0 MarHUTHOW MPOHUIIAEMOCTH (IIpUMe-
HSIETCA MPU OTACJIEHUH MATHUTHOTO XEJE3HsKa, XPOMHUCTOTO KeJIe3HsIKa, PyTHUiia
U APYTHUX MarHUTHO-BOCIIPUUMYMBBIX MaT€PUAJIOB OT IIyCTOM MOPOAbI);

- BJIEKTPOCTATHYECKUI — pa3JelieHHe Mo AIEKTPUUECKOW MPOBOJIUMOCTH, T.€.
OTJIEJICHUE MPOBOALIUX PYA OT IUAJIEKTPUUECKUX MOPOA (MPUMEHSETCS MpHU OT-
JIEJIEHUH TUIICA, U3BECTHSKA, CUIIMKATOB U Jp.);

- (hnoTanus - oMH U3 HauboJiee paCIPOCTPAHEHHBIX U MEPCIEKTUBHBIX CIIO-
cOOOB KOHLIEHTPUPOBaHUs TBEPAbIX BemlecTB. OHA MPUMEHSETCS ISl KOHLEHTPHU-
pPOBaHUS aMMATUTHO-HE(METUHOBOUN PY/Ibl, KAMEHHOTO YTJIs, CYIb(MUIHBIX Py, TPH-
OaNnTUIICKUX CIAHIEB U APYTUX BELIECTB, JJIsl OUUCTKH PACTBOPOB B IPOU3BOJICTBE
XUMHUYECKUX BOJIOKOH.




Teopus guorauuu

dnoTanoOHHBIA METOJT 00OTAIlIeHHs] OCHOBAaH HAa Pa3IMYHOM CMAauyWBAaHUU
BOJOW pa3IMYHBIX TBEPAbIX BemlecTB. CMauynBaeMble BEIECTBA HA3bIBAKOTCS T'M-
popMIbHBIMU, HE CMaunBaeMbie - THIpoGoOHEIME (puc. 1). CymmapHas cuiia 1mo-
BEPXHOCTHOT'O B3aMMOJICHCTBUS B Cilydae | HampaBieHa BBEpX (KpaeBoOW yroi Ty-
noii). B ciydae 2 - BHM3 (KpaeBO# yroJl OCTPBIi), MOATOMY TUAPOGOOHBIE YACTHIIBI

CTPEMSITCS BCIUIBITh, THAPOPUIBHBIC - YTOHYTh.
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Puc. 1: 1 - rungpodoOnas TBepaast yactuua; 2 - ruapouiabHas TBepaas 4da-
cTula; 0 - KpaeBble yTJIbI

OddexT ¢aoTtanuu yCUIUBACTCS MPU YBEIMUYCHUH YACIHHOW MOBEPXHOCTU
TBepioM (a3bl, MOATOMY HJisl (PIIOTALMOHHOTO pPAa3JeiCHUs MPUMEHSIOT TBEPbIC
BEIIIECTBa C pa3MepoM 4dactuil He 6osee 0,1-0,3 Mm, 111 yero nepe odorameHueM
MPOU3BOIAT U3MEIBYEHNUE TBEP/IBIX BEILIECTB.

@notanus SIBIASETCS TETEPOrCHHBIM MPOIIECCOM, MPOTEKAIOIIMM Ha T'PaHULE
pasnena Tpex ¢a3 - TBEpAOH, XKUAKOM U razoo0pa3Hoil. [loaTromy B 1ensIxX UHTEH-
cu(UKaIy MpoIecca OCYIIECTBISIIOT 0apOOTaKk BO3/yXa 4Yepe3 CMECh BOJbI C
Pa3MOJI0TOM MOPOAOH (MYJIBITY).

Jnst hrmoTarmoHHOTO OOOTAaIlleHUs TPUMEHSIOTCS anmnaparbhl ¢ BO3IYITHBIM
nepeMenMBaHueM, aHAJIOTHYHBIC UCIIOB3yEMOMY B JIAaHHOM paboTe, U anmapathl C
MEXaHUUYECKUM TMepeMelInBanreM. B pe3ynbTaTe nepeMemmBanus U O0apOoTaxka
Ha MOBEPXHOCTU MYJIbITBI 00pa3yeTcsl CJI0M MUHEPATIM30BAHHOW TMEHBI C MOBBIIICH-
HBIM COJIEP>KaHUEM IOJIE3HOr0 KOMIOHEHTA. [Ipu 3TOM mycras nmopoaa ocenaer Ha
JTHO armapara.

[IpoyHOCTH CLETIEHUS] TBEPAOU YACTHIIBI C TOBEPXHOCTHIO KUJIKOCTH XapaK-
TepusyeTcs paboTol aare3uu A:

A=0c(1+cosb), (1)

I'I€ G - IOBEPXHOCTHOE HATSXKEHUE )KUIKOCTH;

0 - KkpaeBoil yros cMauyMBaHUs.

Ecnu mieHKy ®UJIKOCTH MPEACTABUTh HATAHYTOM HAa YETHIPEXYTOJbHYIO paM-
Ky C OJJHOW MOABH>KHOM CTOPOHOHW, TO IMOBEPXHOCTHOE HATSKEHUE MOXKHO IpEn-
CTaBUTh KaK CHUIIy, JEUCTBYIOUIYIO Ha €IUHUILY IJMHBI MOJBHKHOU CTOpOHBI AB

(puc. 2).
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Puc.2

HOBCpXHOCTHO@ HAaTAKCHUC O €CTh CUJIA, IIPUXOJAIIasACAa Ha CAMHUIY AJINHBI
HOI[BH)KHOﬁ CTOPOHBI AB. HO,ZI HeﬁCTBHGM CHUJIbI ITOBCPXHOCTHOI'O HATKCHHUA
omaab IJICHKH  KUAKOCTHU COKpaIacTCA, 1 CTOPOHA AB pPaMKH CMCIIACTCA BJIC-
BO.

B cucteme CH BennurnHa UMEET pa3MEPHOCTb:

O_ZEZHXZM:,ZZ_D;C @)
M M M

CooTtHomenue (2) moKa3bIBAET, YTO MOBEPXHOCTHOE HATSHKEHHE MOXHO pac-
CMaTpHUBaTh TaK ke, KaK YACIbHYIO CBOOOJHYIO IOBEPXHOCTHYIO SHEPTHIO.

st ocyniecTBiaeHUs (IOTALIMOHHOTO pa3feieHus HeoOX0IUMO CHU3UTh pa-
00Ty aAre3uu MoJie3HbIX KOMIOHEHTOB. 13 cooTHOmenus (1) BUAHBI IyTH NOCTHU-
KEHHS STOW 1IeJIM, YTO OCYILECTBISETCS BBEJECHUEM B IYJIbILy OCOOBIX BELIECTB,
TaK Ha3bIBa€MBIX ()JIOTOPEAreHTOB:

1) ans CHMIKEHUSI TOBEPXHOCTHOTO HATSDKEHHSI BOJABI U TIONYYCHHS CTa-
OUJILHOM TEHBI HCIOJIb3YIOTCS MEHOO0pPa30BaTENN, B KaueCTBE KOTOPBIX MpHUMeE-
HSIOTCS TOBEPXHOCTHO-akTUBHbIE BeniecTsa (IIAB);

2) i ycuneHus THAPO(GOOHOCTH TOJIE3HBIX KOMIIOHEHTOB B ITYJIBITY BBO-
JAITCS KOJIJIEKTOPBI (COOMpaTenun), B KAUeCTBE KOJUIEKTOPOB OOBIYHO MOA0MPAIOTCA
OpPraHUYEeCKHe KHUAKOCTH, KOTOPBIE, COPOUPYSACh HA MOBEPXHOCTU HYKHBIX TBEP-
JIBIX BEIIIECTB, AC/IAl0T €€ He CMauMBacMOIi;

3) nmns ycuieHus THIAPOGUIBHOCTH OINPEISICHHBIX BEUIECTB B MYJIBITY BBO-
JSITCS. HEOPTaHUYECKUE AIEKTPOIUTHI, TAK Ha3bIBAEMbIE MMOJABUTENH.

B cnydae HeoOX0oAMMOCTU pa3fesieHus] TBEpJoil (a3bl HAa HECKOJIBKO (Ppak-
i, GIOTaMIO POBOISAT COOTBETCTBYIOIIEE YUCIIO pa3 ¢ pa3iIuuHbIMU (rioTopea
TeHTaMHU.

MeToauka IKCIepuMeHTa

Onucanve yCTAHOBKHM U 00bE€KTOB U3YyUeHMSsI

[Tonepeunslii pa3pe3 J1abopaTOpPHON yCTAaHOBKHM MokazaH Ha puc.3. CxaTblil
BO3/yX OT KOMIIpeccopa uepe3 KOUIeKTop | W BO3ayliHbIe TPYOKH 2 MOIACTCS B
3a30p MEXAY Meperopojikamu 0 U odecrneurnBaeT HUPKYJISLUIO MyJIbIIBI B KaMepe 5.
B pe3ynbpTaTe MHTEHCMBHOIO MEpEeMEIIMBAHMS HA TOBEPXHOCTH MYJIbIIBI 00pa3zyeT-
CA CJIOW MHMHEPAIM3OBAHHOW IEHBI C TOBBIIMIEHHBIM COJEPKAHUEM IIOJIE3HOTO
KOMIIOHEHTa, KOTOpas OTBOAMUTCS Mo xkenodam 4. M3 MuHepaqn30BaHHON MEHbI
1ocjie CyIIKH MOJydaloT KOHIIEHTpAT, a MycTas Mmopoja (Tak Ha3blBaeMble «XBO-
CTBI») OTBOJAUTCS U3 HUKHEN YaCTU HUPKYJSLIMOHHON KaMephl.



Puc.3. ®noranmoHHas yCTaHOBKA C THEBMATUYECKUM MEPEMEIIMBAHUEM: | -
KOJUIEKTOP BO31IyXa, 2 - BO3AYIIHbIE TPYOKH, 3 - CIIOM MUHEPATM30BaHHOW TIE€HBI, 4
- %eno0 A OTBOJIa MUHEPAIM30BAaHHOM TIEHBI, 5 - MUPKYJISAIMOHHAS Kamepa, 6 —
MIEPETOPOJIKH

B nanHoit paboTe QuioTanuu noaBepraroTcs:

1) mpupoHbIC TOPIOYNE CIIAHIIbI;

2) CWIIbBHUHUT, T.¢. cMech xiaopuaoB kams ('OCT 4234-69) u narpus (TOCT
4233-66), ucrionp3yemas sl IOTyYCHHsI XJIOpH/Ia HaTpusl. B mepBom cirydae B kKa-
yecTBe coOmpareliss NMPUMEHSIOT ciaHieByo cmoiy (TY-6-YCCP-79) B xoamde-
ctBe 500 r Ha 1 T cimaHIA, B Ka4eCTBE MEHOOOpa3oBaTels - COCHOBOE Macjo B KO-
muuectBe 200 r Ha 1 T ciaHna.

Pa3znenenue BTOpoi CUCTEMBI MOXKHO MPOBOAUTH 0€3 (PioTOpeareHToB B BOU-
HoM pacTtBope, coaepxkamem: KC1 - 100 r/am3, NaCl -250 r/mve.

B pabote npenycMoTpeHo npuMeHeHue npu (IoTaluu yKa3aHHBIX CUCTEM U
npyrux cobupareneit (onenHoBo kuciothl - 'OCT 10475-63, kepocuHa, cOCHO-
BOro macia, kpesona - MPTVY 6-09-3829-67, cnaniieBoii cMOJIbI) ¥ TO100p UX OTI-
TUMAaJIbHBIX PAacX0JI0B, 00ECIEUMBAIONINX MaKCUMAJIbHBIM BBIXOJ KOHIIEHTpATA,
KOTOPBIH ompesensieTcs no Gopmyre:

x = 100,
mO
re M - Macca U3BJICYEHHOTO CYXOT0 KOHIIEHTpaTa.

IMopsiaok BbINOJIHEHHST PA0OTHI

1) 3amoyHUTh MUPKYJISIHOHHYIO KaMEpy BOJIOH;

2) 3achlnaTh B HUPKYJSIUOHHYIO KamMepy ONpEACICHHOE KOJIMYECTBO TBEP-
JIOTO MaTepuala Mo 3aJaHuio IpernojaaBaress To (ONpPeAesseTcs ¢ TOYHOCTHIO J10
0,1 r na Becax WS-23, npenenst usmepenus 0-1 kr);

3) 1o0aBUTh K TBEPIOMY MaTepHaily reHooOpa3oBaTellb U Ipyrue GioTopea-
TCHTHI;

4) BKIIOYUTH KOMITPECCOD;

5) Uepe3 HEKOTOpOE BpeMsi, YKa3aHHOE MPEIOJIaBaTeNIeM, BBIKIFOUUTh KOM-
npeccop ¥ coopaTh NeHy Ha (QUIbT;

6) BeicymmTh GUIbTp ¢ MHHEPAIU30BAHHOM TICHON B CYIIMIBHOM HIKady 10
MOCTOSTHHOTO Beca; TeMrneparypa cymku 100°C £5°C;

7) BeIurCIUTh BBIXOJI KOHIICHTPATA.

[To 3amanuto mpemnojaBaTessl U3ydyaeTcs BIMSHHUE PA3IMYHBIX (PIoTopeareH-



TOB WJIH ITPOAOJIZKUTCIIbBHOCTHU (I)J'IOTaHI/II/I Ha BbIXOJ KOHICHTpATa.

Copep:xanue oTyera

[IucbMEHHBIN OTYET O pa60Te JOJDKCH COACPKATh: LCJIb, OIITMCAHUC MCTOJUKHA

AKCTIIEPUMEHTA M PE3YJIbTaThl AKCIEPUMEHTAIIbHBIX HCCIICIOBAaHUM B BUJE TaOJIH-
IEL.

KomuectBo |KommuectBo |[Ipogomku- |KommuectBo |Beixox kon-|Ilorpem-
TBEPJI0r0 doTopea- |TEIBHOCTH |M3BICYEHHO- |[ICHTpATa, X, HOCTh H3MeE-
Marepuasna, |TeHTa daoranuu, 7,ro  cyxoro|% peHuit, ox
Mo, T MUH. KOMITOHEH-

Ta, M, T

[TorpemHocTh U3MEPEHUM Ox PACCUUTHIBACTCS IO (hopMyJie
Am  Am,
O, =—+ :
m m,
[To pesynbTaTam ucciaeAoOBaHUS CIEAYET CHeNaTh BBIBOJ MO BbIOOPY io-

TOpCarcHTa M BJIMAHHUIO IIa BBIXOJ KOHICHTpATa (bHOTOpeaFCHTOB U IIPOOOJIKHU-
TCIBHOCTH (bHOTaHI/IH.

Bonpocsl a5 camonpoBepKku

1.Yto Takoe 0OoraieHue ChIpbs U JJI1 4€r0 OHO MTPOU3BOIUTCS?

2. CymHocCTb npotiecca (IoTaluu U €€ TPUMEHEHHE.

3. ®U3UYECKHI CMBICII TOBEPXHOCTHOTO HATSKEHUSI.

4.Yt1o Takoe (QuoTopeareHThl U KaK OHU BIMSIOT HA BEJIMYHUHY paOOThI ajire-
3uM B cucreme T-K?

5. B kakux anmaparax npoBOAUTCS (II0TalMOHHOE o0oraieHue?

6. [Ipuembl MHTEHCUPUKAIIMK PIIOTAIUH.

7.YT0 Ha3bIBaeTCs BHIXOJIOM KOHIIEHTpaTa?
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JlaGoparopHas padora Ne 2

AHaau3 BOAbBI U MOATOTOBKA €€ K HCIIOJIB30BAHHUIO B XUMHY E-
CKOM MPOU3BOJICTBE

Hean padoTsi: BEIOOP 3)PEKTUBHOIO METO/Ia YMSITYEHUST BOJIBI ISl UCIIOJIb-
30BaHUs €€ B XUMHUKO-TEXHOJIOTMYECKOM MPOLIECCE.

OcCHOBHBIC IIOHATHUSA

Bona obnanaer yHuBepcalbHBIMU CBOMCTBAMHU U SIBJIICTCS BaXKHEUIIIUM KOM-
MOHEHTOM MPAKTUYECKH BCEX XMMHUKO-TEXHOJIOTUYECKUX TporieccoB. OHa UCTO3y-
€TCsl KaK ChIphE, B KaU€CTBE XMMHUYECKOTO peareHTa, Kak pacTBOPUTENb, TEIIO- U
xjaaaaredT. M3 BoJbl MOJy4aroT BOJIOPO/ Pa3IMUHBIMU CIIOCOOaMU, BOJSHOMU Tap;
BOJIa CIIY>KUT PEarecHTOM B MIPOU3BOJICTBAX MUHEPAJIbHBIX KUCIIOT, IIEJI0YEH U OC-
HOBaHMM, B MPOU3BOACTBAX OPTAHUYECKUX MPOIYKTOB -CIUPTOB, YKCYCHOTO allb-
neruna, QpeHosa, MOJMKAPOAMUJIa, alleTaToOB IEJUII0JI03bl U APYTMX MHOTOYKC-
JICHHBIX peakuusax. Boly MUPOKO MPUMEHSIOT B MPOMBIIIUIEHHOCTH KakK JICIIECBBIM,
JIOCTYITHBIN W HEOTHEOIACHBIA PACTBOPUTENb TBEPJIbIX, KUJIKUX U Ta3000pa3HBIX
BemiecTB. HezamennMa BoJla M B 3JIEKTPOXMMHUYECKHX IPOILIECCAX W MPOU3BOI-
CTBaX.

B mpOMBITIUIEHHOCTH MCTIOB3YIOT TJIABHBIM O0pa30K MPUPOJIHYIO0 BOay (aT-
Moc(hepHyI0, TOBEPXHOCTHYIO, TTOJA3EMHYI0). B 1e/s1X SKOHOMUYU U palliOHaIbHO-
ro UCIOJIb30BaHUsl BOAbl BO MHOTHX IMPOMU3BOJICTBAX ISl PA3IUUHBIX HYX] MPU-
MEHSIIOT TaK Ha3bIBAEMYI0 OOOPOTHYIO BOJY, TO €CTh BOJY, YK€ UCIIOJIb30BaHHYIO
OJIHX]IBl U BO3BPAIIIEHHYIO B MTPOU3BOJICTBEHHBIN ITUKJI MIOCJIE COOTBETCTBYIOIEH
MOATOTOBKH.

TpeboBanus K BOJE Pa3IMUHOTO HA3HAYEHMS - HE TOJBKO K MUTHLEBOW WIIU
JACTUJUIMPOBAHHOM, HO M K BOJE XO3SIMCTBEHHOM, OPOCUTEIBHOM, CTOYHOM, TEX-
HOJIOTUYECKOM, OMPENENAIOTCd COOTBETCTBYIOIIMMHU CTaHAApTaMu - TocyAap-
CTBEHHBIMH, OOIIECOIO3HBIMU, OTPACJICBBIMH, CTAHIAPTAMHU MPEANPUITHA WIH
TEXHUYECKUMHU YCIOBUAMU. [IpUroIHOCTH BOJBI ISl UCIOJIB30BAHUSI B TOM WIIA
WHOM TPOU3BOJICTBE OTpEEseTcsl €€ PU3NYSCKUMHU U XUMHUYECKUMU XapaKTepH-
CTUKaMH, TAKUMHU KaK MPO3PavyHOCTh, I[BET, 3amax, TeMIeparypa, o0Iee coIeco-
nepkanue, peakius Boasl (pH), KeCTKOCTh, OKUCISIEMOCTb.

1. OKuCHsIEeMOCTh BOJIBI — KOJIMYECTBO KHUCIOpoja (Mr/J), MOTpeOHOe IS
OKHCJICHUsI BEIIECTB, MPUCYTCTBYIONUX B Hel. OOycClIOBlIeHa HAJTUYUEM OpTraHHU-




YECKUX BEIECTB (B HE3HAUUTENbHON CTENEHU — OBICTPOOKUCISIOIMIUMHUCS COEIU-
HEHUSIMH JK€Jle3a, CEepOBOAOPOJA, HUTPUTOB). Ee BenMUMHA HMCHOJB3yeTCsA IS
KOCBEHHON KOJIMYECTBEHHOW XapaKTEPUCTUKH KOHIICHTPAIIMU OPraHUYECKHUX 3a-
rpsi3HeHU. B apTe3anaHckux Bomax OKHCIIeMOCTh 1-3 mr/im Oz; B peYHBIX BOJAX —
KoJIeOJIeTCs B MIMPOKKUX TMpeaenax, noxoas 10 60 mr/a O, u Goee.

2. AKTHBHAs peaKIUs BOJBI, T.€. CTETICHh €€ KUCIOTHOCTU WIIH IICIIOYHOCTH.
KonuueTcBeHHO XapaKTepHu3yeTcsl KOHLIEHTpaluuel BOAOPOIHBIX MOHOB WJIA 3Ha-
yenueMm pH. [{ns OonblIMHCTBA MPUPOIHBIX BOJ BennunHa pH u3meHsiercs B mnpe-
nenax 6,5-8,5. Ha pH Boapl BIMsieT 3arpsA3HEHUE BOJIOEMA CTOKAMHU MPOMBIIUICH-
HbIX npeanpustuii. [Ipu pH = 7 Boga cuutaercs HelTpansHOM, pu pH < 7 — Boay
Ha3bIBAIOT KUCIOW, Tpu pH > 7 — menoyHoil.

3. JKecTKoCTh BOJBI — OJIMH M3 Ba)XXKHEHMINMX IMOKa3aTenei ee kadectBa. OHa
oOyCJIOBJIeHAa HAJIMYUEM B BOJIE COJIEM Kalbliusl W MarHud. Paznuyaror Tpu Buaa
KECTKOCTU: BPEMEHHYO, TOCTOSIHHYIO U OOIIYIO.

BpemenHnas (kapOoHaTHasi WK ycTpaHumas) xecTkocTh (XKyx) oOycrioiieHa
NPUCYTCTBUEM B Boje OukapOoHatoB kambiiuss u Marams Ca(HCOs); wu
Mg(HCOs3),, koTOpbIC MPU KHUIISTYCHUU TEPEXOAT B HEPACTBOPUMBIC COJIM M BBI-
Majal0T B BUJIC HAKUIIU:

Ca(HCOs3); — CaCO3z| + H,0 + CO21;

2 Mg(HCO3), — MgCOs- Mg(OH)2| + H,0 + 3CO,1;

[TocTosiHHas (HekapOOHATHAs WM HEycTpaHmmas) skecTkocTh (JXKy) o0y-
CJIOBJIEHA COJIEP’KAHUEM B BOJI€ XJIOPUIOB, HUTPATOB KaJIbIUS U MarHusi, OCTaI0-
IIUXCS TIPU KUMSTYEHUN B PACTBOPEHHOM COCTOSIHUH.

CyMMa BpEMEHHOW U TMOCTOSIHHOM >KECTKOCTHU HAa3bIBACTCS OOIEH >KEeCTKO-
ctbio (XKo).

[To o6mieit sxkecTKkoCTH (MOJIB/JT) TPUPOIHBIC BOJBI MOAPA3ACIIAIOTCS Ha!

- markyto (XKo<2);

- cpennoro (Ko=2+10);

- xkecTkyto (Ko>10).

st Toro yToObl MOCTYyMNAroIasi IS HYXJ XUMHUYECKUX MPOU3BOACTB IMpHU-
poJiHasg BOJA COOTBETCTBOBAJIa TEM TPEOOBAHUSIM, KOTOPHIE YCTAHOBJICHBI peria-
MEHTaMHU Pa3IMYHBIX TEXHOJOTUYECKHUX MPOLIECCOB, OHA MOIBEPTaeTCsl ONEPALMSIM
BOJOIMOATOTOBKH - OYMCTKE, HEUTpanu3aluu, Aera3aluu, yMIrdeHuro, 00ecconm-
BAHUIO U JIPYTUM.

[IpoMbllIeHHas: BOAOMOJATOTOBKA BKIJIFOYAET MCIOJIb30BAHNE MEXAHUYECKHX,
XUMHUYECKUX U (PUBUKO-XUMUYECKUX METOJIOB.

1) MexaHu4ecKkre METOIbl PEaTU3yIOTCS Ty TEM:

- OTCTaWBaHUs M OCBETJICHUS BCJICACTBUE YIAAICHUS BOJIBI TPYOOIUCTIEPCHBIX
B3BECILICHHBIX MTPUMECEH, OCAKIAIOMINXCS O] JEUCTBUEM CUJITBI TSIKECTH;

- KOAryJsiiiuu — BBICOKOA((PEKTUBHOTO TpoIiecca pa3iefieHus TeTepOreHHBIX
cucteM. [l aToro B Boxy mA00aBiisitoT 31eTpoiuThl Alx(SOq4); u FESO,, xoTOpEIE,
a7IcOpOMpYsICh Ha MOBEPXHOCTU 3apsKEHHOM KOJUIOMIHOM YacCTHUILIbI, HEUTpaIu3y-
10T ee 3apsi. B pe3ynbpraTe — OTJeIbHbIE YACTHIIBI CIIMBAIOTCS U JIETKO BBINAAAIOT
B OCaJIOK.




- (unbTpanuu 4Yepe3 CIOU 3EPHUCTOTO MHEPTHOIO MaTepuana (Hampumep,
PEYHOT0 UJIM KBapIlEBOTO MECKA).

MexaHnnyeckrue METOABI SIBIIAIOTCS MTPEABAPUTEIBHON CTAAUEN TOITOTOBKHU.

2) Xumudeckne (peareHTHbIE) METOJBI 10 CYTH COCTOSIT B CBS3bIBAHHH UME-
IOIIKUXCS B BOJE MOHOB KaJIbLIMSI U MarHusi Mpy MOMOIIM PEareHTOB B HEPACTBOPHU-
MBbIE U JIETKOYJlajisieMble BelecTBa. [1o mpuMeHseMbIM peareHTaM pa3indaroT clie-
JYIOIINE XUMUUYECKUE CTIOCOOBI YMSITUCHHUS BOIBI:

— U3BECTKOBBIM (pEareHT — raiieHas W3BECTh);

- COJIOBBIN (KaJIbLIUHUPOBAHHAS CO/IA);

- HATPOHHBIN (€K HATP);

- ¢pocdartnbiii (TpuHaTpHUidOchar).

XHUMHUYECKHE CIIOCOOBI OTIIMYAIOTCS BRICOKOU () (PEKTUBHOCTHIO, EIIEBU3HOM
U JIETKOCThIO ammapaTrypHoro odopmiienus. Haubonee 3¢hdeKTUBHBIM SIBIsETCS
MCIIOJIb30BaHNE KOMOMHHUPOBAHHOTO CIIOCO0a yMATYEHHUs, HAIIPaBJIEHHOIO Ha y/a-
JICHWE KaK BPEMEHHOM, TaK M MOCTOSHHOM KECTKOCTH, yAaJICHUE MOHOB XKeje3a,
cBs3biBanre COy, koarysnus npumeceil. Takum ciocoOoM, HarpuMep, SBIISIETCS
M3BECTKOBO-COJIOBBIN B cOUETaHUH C POChHATHBIM:

a) oO0paboTKa rameHol HM3BECTBhIO JJI YCTPAHEHHUS BPEMEHHOM KECTKOCTH,
yJaJICHUS] HOHOB XkeJie3a U cBsizbiBaHus COy:

Ca(HCOs3), + Ca(OH); — CaCO3 + 2H,0

FeSO,4 + Ca(OH), — Fe(OH),| + Ca SOa|

4Fe(OH); + O+ 2H,0 — 4Fe(OH),

CO,+ Ca(OH)z — CaCO3l+ H,0.

0) 00paboTKa KaJIbIIMHUPOBAHHON COJION ISl YCTPAHECHHS MMOCTOSIHHOM JKECT-
KOCTH:

MgSO4 MgC03l + Na,SO,4
MgC|2 + NaCO; — MgCOs3| + 2NaCl
CaS0O, C&COgl + Na,SO,4

B) oOpaboTka TpuHaTpuiiocdarom s 6oJjiee MOJHOIO yJajJCHUS HOHOB
KaJIBIIASI © MATHUS

3C&(HC03)2 + 2N8.(PO4) — Cag(PO4)2l + 6NaHCO;

3MgCl; + 2Na(POs) — Mgs(PO4),] + 6NaCl

Takoe coueraHWe METOIOB MPUBOAMT K ymsirdeHuto Boabl g0 0,03-0,3 r-
9KB/I.

3) DuU3MKO-XMMHUYECKUE METOJbl YMSTUYCHHUSI BOJbI BKIOYAIOT HOHOOOMECH-
HBIE U 3JIEKTPOXUMUYECKHE:

- METOJl MOHHOTO 00MEHa OCHOBAaH Ha CIIOCOOHOCTH HEKOTOPBIX TBEPIBIX Be-
1IecTB (MOHUTOB) OOMEHMBATH CBOU MOHBI HA MOHBI COJIEW, PACTBOPUMBIX B BOJIE.
HNoHuThl moapa3faensitoTcss Ha KamuoHumuyl (C MOABUAKHBIM KaTUOHOM) U AHUOHU-
mul (C MOJBUKHBIM aHUOHOM ). [TOABMKHBIMU KaTHOHUTAMU Yallle BCETO SBIISIOTCS
Na*- u H"-xatnonsl, a annonamu — OH aHHOHEL.

Hanpumep: Na-karnonut (amomocuukar coctaBa NayO-Al;03:2Si0,:nH,0)
B MIPUPOJIE TTIAYKOHUT, LIEOJUT, IEPMYTHT;




H-xatnoHUT — CyIb(UpOBaHHBIN YTrojb, GeHoIpopMaIbIeTUIHAS CMOIA;

OH-aHHOHHT — HCKYCCTBEHHBIE CMOJIBI (KapOaMHUIHEIE).

[Tportecc OYUCTKH BOABI METOJIOM HOHHOTO OOMEHa MOYKHO IPEICTaBUTh Cie-
ayronmM oopasom (eciu B Bojae npucytctByioT co Ca(HCO3),, CaCl):

Nay[kar] + CaCl, — CaOlkat] + 2NaCl u
Hy[kat] + Ca(HCOs3), — Ca[kar] + 2H20 + 2COs,
riae [kat] — HeydyacTByromas B 0OMeHe 9acTh MOJICKYJIBI.

AHHOHHBIN OOMEH OCYIIECTBIISETCS CICIYIOMNUM 00pa3oM:

2[AH]OH + H,SO,4 —)[AH]2804 + 2H,0.

T.e. mporecc yMSrdeHUss BOJBI METOJAOM HOHHOTO OOMEHA 3aKIII0YacTcs B
IIPEIBAPUTEILHOM TIPOIYCKAaHUHM BOJBI 4Yepe3 KATHOHUT W YJIAJICHUM KaTHOHOB
KaJIbIIUS ¥ MarHus ¥ TOCIEAYIOIIMM MTPOXO0XKICHUH 0CBOOOKICHHON OT KaTHOHOB
BOJIbI UYEPE3 aHUOHHMT C yAaJICHHEeM aHHOHOB (puc. 1).

Perenepanyst HOHUTOB TPOU3BOJUTCS] PACTBOPAMH IIETIOYN M KHCIIOTEHI.

H,O C0,,0,

Puc.1. Cxema ymsirueHus BOjibl METOJIOM HOHHOTO OOMEHA':
1 - H-xaTtHOHHTOBBIHN GUiIbTp; 2 - OH-aHnoHUTOBBIN QuUIbTp; 3 - AerazaTop;
4 - IPUEMHUK OYMIIIEHHOU BOJIbI

- DJICKTPOIUAIN3 TMPUMEHSETCS JUIsl ONPECHEHHS BOJBI, T.C. JUIA YyIaJCHUS
PacCTBOPECHHBIX MUHEPAILHBIX COJICH, KHCIIOT, IIEJI0UeH, a TakKe PaJHOaKTHBHBIX
BEIIECTB U3 CTOSYHMX BOJ. JTO MPOIECC Pa3AeNieHUs] NOHOB COCAMHEHMIA, MPOBO-
JUMBIII B MHOTOKaMEpPHOM MEMOpaHHOM armapare (dJIEeKTPOAUaIU3aTope) MOj
JIEUCTBUEM TIOCTOSIHHOTO SJIEKTPUYECKOTO TOKA. IDJIEKTPOIUAIN3ATOp pa3ielieH
YepeyoNUMUC KaTUOHUTOBBIMU U aHMOHUTOBBIMH MEMOpaHaMH, 00pa3yroIiu-
MU 4epeayrommecss kamepbl. [IpocTeifiias KOHCTPYKIUS DJEKTpOaAHaIn3aTopa
(puc. 2,a) COCTOUT U3 TPEX Kamep, OTACICHHBIX OJHA OT APYyroi MeMOpaHamu.

B cpenHioro kamepy 3aliuBarOT pacTBOp, a B OOKOBBIE, T/I€ PACIOIOKEHBI
AJIEKTPOJBI — YUCTYIO BOJY. AHMOHBI TOKOM TIEPEHOCSATCS B aHOJHOE MPOCTpaH-
ctBo. Ha aHoze Beimensercs KUCIopoa u oopasyercs kucioTa. OTHOBPEMEHHO Ka-
THOHBI TIEPEHOCATCS B KaTOIHOE IPOCTpaHCTBO. Ha kaTome BIACISICTCS BOAOPOI U
oOpa3yercs menoub. [1lo Mepe mpoxokaeHUs TOKa KOHIIEHTPAIUs COJIeH B CpeTHEH
KaMepe YMEHBIIIaeTcs 710 TeX Mop, ToKa He CTAaHET OM3KOM K HYJIIO.

3a cuer auddy3un B cpeaHIO0 KaMepy noctymnatoT vonbl H u OH™, o0pa3sys
BOJY. DTOT MPOIECC 3aMeJIAET TIEPEHOC HOHOB COJIM K COOTBETCTBYIOIIUM DJICK-
TPOJIaM.

[Ipu mcmonb30BaHWU SIEKTPOXUMHUYECKH AKTHBHBIX (MOHOOOMEHHBIX) aua-
¢dbparm nosbiaeTcst 3h(HEKTUBHOCTH MPOIIECCA U CHIDKAETCS PACX0]T DJIEKTPOIHEP-
run. loHooOMeHHbIE MEMOpaHbI TPOHHUIIAEMBI TOJIBKO IS MOHOB, UMEIOIIUX 3a-



P4 TOTO 7K€ 3HaKa, YTO U Yy TOJBMKHBIX MOHOB. B anexTpoauanusarope (puc.2, 6)
UMECTCA ﬂBe]MeMﬁpaHLL CUHHlHBjHHX,aHHOHOOGMEHHaﬂ " IIPOIIyCKAaCT B aHOA-
HYIO 30Hy aHUOHEL J[pyras MeMOpaHa - KATHOHOOOMEHHAsI PAacIIOI0KEHa CO CTO-
POHBI KaTOd4a U IIPOITYCKACT KaTHOHBI B KATOAHOC IIPOCTPAHCTBO.
)
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Puc.2. CxeMbl 31€KTpOAMATM3aTOPOB C MOPUCTHIMU auadparmMamu (a) H
MOHUTOBBIMU MeMOpaHamu (0)

OOBIYHO AMEKTpOSU3Ephl JenatoT MHorokamepHeiMu (100-200 kxamep) ¢ ye-
PEAYIOUIMMHUCS KaTUOHO- U aHUOHOIIPOHUITAEMBIMU MeMOpaHaMu. DJIEKTPOAbI TO0-
MEIAIOT B KpallHMX KaMmepax. B MHOrokamepHbIX ammaparax JOCTUTAeTCs
HauOOJIBIIUHN BBIXO]I [10 TOKY.

IHopsimox mpoBeneHust padoThI

1. OnpenesieHue TemMnepaTypbl BOAbI

B creknsHHBIN cTakaH eMKOCThIO 50 M HanuTh 25-30 M1 BOJBI, JAHHOM s
aHanu3a. CTakaH MOABECTH IO 3aKpEIUICHHbIA B mTaTtuBe Tepmometp. Ilocnen-
HUW OMYCTUTh B CTaKaH TakK, 4TOOBI BOJa TIOKPHIJIA BECh PTYTHBIN MIAPUK TEPMO-
MeTpa.

Uepe3 3 MUHYTHI CHATH MMOKa3aHUS TEPMOMETpA U 3amucaTh B T€Tpajb. Tou-
HOCTB OTCYeTa TeMnepaTypsl He Huxe 0,1°C.

Boay B cTakaHYMKe HCTOJIB30BAaTh JJIs1 ONPEICIICHUS] PEAKIIUU BOJBI (ITyHKT 3).

2. OnpenesieHne 001IEr0 COJIECOAEPKAHMS

B3sTh dapdopoBylo yallKy, TIIATEILHO BEIMBITH €€ XPOMOBOW CMECHIO, CIO-
JIOCHYTh CHauaja BOAOW M3-TIOJ KpaHa, 3aTeM JUCTUJUIMPOBAHHON U MOMETUTH U
CYIMIBHBIN 1Kad, Harpetsiil 7o Temneparypsl 150-200 C. Yepe3 30 MuH. yamky
BBIHYTh U3 MIKa(da TUTEIbHBIMU IIUIIAMUA U TIOMECTUTH B IKCUKATOp Ha 15 MuH.



[To ncreuennu 15 MUH SKCUKATOP OTKPBITh, U3BJICYb YAILKY U B3BECUTH CE HA
aHaJTUTUYECKUX Becax ¢ TouHOCThIO 10 0,0002 r. Pe3ynpTaT B3BENIMBAHUS 3aIlU-
caTh B TETPA/Ib.

Hanute B wamky 5-7 Ml aHAIM3UPyEeMOM BOJbI, B3BECUTh YAIKY C BOAOM Ha
aHAJMTUYECKUX BECax C TOM K€ TOYHOCTBIO, 3alUCATh PE3YyJbTAT B TETpaAb U IO-
CTaBUTh YAIIIKY JIJI BHIMAPUBAHUSA HA TUIATKY.

HE JIOBO/IUTH /IO KUIIEHHUA!

[Tocne ncnapeHus Bceil BOABI YallIKy BbIAEpKaTh HA Topsyei mmrtke 10 MuH,
3aTeM OXJIAJIUTh YallKy B DKCUKATOpPE U B3BECUTH (B TOM K€ MOPSAKE, KaK U JJis
MTyCTOM).

Oo611ee conecoaep:kanue onpeneauTs o Gopmyiie:

s ="M 1009%,
mc - mq
rac mB - MaccCa 4alllKu I10CJIC BI-;IHapI/IBaHI/IH BOJbI, I';
Mc - Macca 4alku C BOIIOﬁ A0 BBIIIAPHUBAHUA, I,

My - Macca YUCTON CyXOH YalllKH, T.
3. OnpeneseHne peakuuy BOAbI

Peakius BOIIbI, T.€. CO/IepXKaHuEe B HEW MOHOB Bojopoaa H*, oneHuBaercs c
nomoiplo npudopa pH-merpa mapku pH-340 (wnim ananormydoro emy). s
onpeaeneHus pH ananuzupyemoit Boabl mpuOOp HEOOXO0AUMO K paboTe MOATrOTO-
BUTH, JIJI YETO:

1 )nepexiouarens npudbopa «Pox paboTh» YCTAHOBUTH B MOJIOkeHUE «pH»,
nepekiroyarens «Pazmax» - B nonoxenue «15pH»;

2) BKJIFOYUTH MPUOOP B CETh;

3) nepekimoyarens «TemnepaTypa» yCTaHOBHTh Ha ONpECIICHHOE 3HAYCHUE
TEeMIIepaTyphl aHATU3UPYyeMO# BobI (11.1);

4) nath puOOPy MporpeThes B Teuenue 30 MuH.;

5) oTBeCcTH cTakaH4YMK C Oy(EpHBIM PaCTBOPOM OT 3JIEKTPOJOB. DIICKTPOIbI
OOMBITh OKYHAaHHEM B CTaKaHUYMK C JUCTUJUIMPOBAHHOW BOJOW, MPOMOKHYTH
buabTpOBATILHOMN OyMaroi;

6) mocTaBUTh Ha IMTATUBHBIA CTOJIMK pH-MeTpa cTakaHYMK C BOJIOM, KOTOpas
MCITOJIB30BANACh I ONpeAesIeHUs TeMneparypsl. CTOJIMK MOJIBECTH MO 3JIEKTPO-
JIbl ¥ TIOJTHSITH TaK, YTOOBI MOCTEAHUE OKA3aIUCh MTOTPYKEHHBIMU B BOY;

7) nepekitoyarens «Pa3max» yCcTaHOBUTH B mosiokeHue «3pH», a mepexito-
qyaTesb AUana30HoB - Ha UHTEpBa «5-8»;

8) mpou3BecTH OTCYET MOKA3aHWW MO BEPXHEH IlKajie MpuOopa, CUUTaH, YTO
KpaliHee JIeBO€ JIeJIEHUE IIKajJbl COOTBETCTBYET 3HaueHuto pH=5, a kpailinee npa-
BOE€ - 3HaueHUto0 pH=8. Pe3ynbTaT u3mMepenus 3anucarthb B TETPA/Ib;

9) nepexirouarenb «Pa3zmax» mocie H3MEpPEHUS BEPHYTh B IMOJOXKCHUEC
«15pH». BeikmtounTts pubop U3 ceTu;

10)oTBecTH CTaKaHYMK C aHATU3UPYEMOM BOJOH OT 3JIEKTPOI0B, OOMBITH I1O-



CIIEIHAE JUCTHIIMPOBAHHOW BOJOMW, MPOMOKHYTH (PHIIBTPOBAHHOW Oymaroi u
MTOABECTH II0JT AICKTPOABI CTaKaHYUK ¢ Oy(EepHBIM PaCTBOPOM.

4. Onpenesienne KApOOHATHOM KeCTKOCTH BO/bI

Ormeputs muauHApoM 1o 100 cm® BOIBI B TPH KOHMYECKHMX KOJIOBI EMKOCTEIO
200 - 250 cm®. JIoGaBuTh B Bomy 2-3 Kammm pactBopa denondranenna. [Ipu noss-
JIEHWU PO30BOro OKpaiuBaHus Boay TutpoBath 0,1 H pacTBOpoM consiHON Kucio-
Thl /IO TIOJIHOTO OOECIIBEYMBAHHUS COACPKUMOI0 KOJIObI U 3aHECTH B Tabnuiy 1
00BEM U3pPACX0JIOBAHHOMN KUCTOTHI V - TEKyIllee 3HaUCHHUE.

JloGaBuThH B 3Ty k€ KOOy 2-3 Karjid pacTBOpa METHIIOBOTO OPaHKEBOTO U
nponoxuTh tUuTpoBanue 0,1 H pacTBopoM CONSIHOW KHCIOTHI A0 MEpEXoaa
OKpPAaCKH U3 KEJITOM B pPO30BYIO. 3amucarh B Tabuuily 1 oOmui pacxoa KUCIOTHI
Vo6, T.€. pacxoj o GpeHondTarenHy 1 METUIIOPaHXKy B CyMME.

To ke mpojaenaTh ¢ mpodaMu BOABI B ABYX APYyrux kojdax. KapboHaTHyO
YKECTKOCTh PaccYuTaTh 1o hopmyie

V5, —V,,) x N x1000
VB
rae Ny — HOpMaJIbHOCTh COISTHOM KHUCIIOTHI;
Vg — 00beM BOJIbI, B3SITOM JIJIT TATPOBAHMUS, cm®.
IIpuMeuanme: 115 pacyeTa UCIOIb30BaTh cpeaHee apupmeTudeckoe Vs, U
V U3 TpeX MapajieIbHbIX OIBITOB.

K, = . MT-9KB/IM®,

5. Onpenesienne 00U 1 HEKAPOOHATHOM KECTKOCTH BO/IbI

B tpu 6ydepHbie kKon0b eMkocThio 200-250 cm® ormeputs o 100 cm® nccrne-
JyeMOii BOJIbI, 10OABUTHL B KaXIyI0 KOOy 1mo 5 cm® ammuaunoro 6ydepHoro pac-
TBOpA, 5-7 Kamellb HHIUKATOpa XPOMOBOTO TEMHO-CUHET0, KOTOPBIA MPY HATUIUN
B BOJIC MOHOB KaJIbIIMSI U MarHusi OKPAacUT €€ B (PHOJIETOBO-MAIMHOBBIN IBET.

Copnepxxumoe kaxaoi konoel TutpoBath 0,05 H pactBopom Tpuiiona b no
M3MEHEHHS OKPACKH Ha TOJy00BaTO-CHHIOKO.

OO111y10 )KECTKOCTh BOJBI paCCUUTATh MO (popmy!ie:

(V, —N,)=1000

}1<06u4 = V 1 MT-DKB/IMS,
B

rae Vr - o0beM pacTBopa TpuiioHa b, u3pacxo/10BaHHbIN HA TUTPOBAHUE, MII;

Nt - HOpMaJIBHOCTH pacTBOpa TpuioHa b;

V3 - 00beM HcCIIeIyeMOM BOIBI, MIL.

Ipumeuanue: juIsi pacuyeTra MCIOJB30BATh cpeaHee apudmerndeckoe Vi u3
BCEX MapaJlJICIbHBIX OIBITOB.

HekapOoHaTHYIO KECTKOCTh BOJBI K, PACCUMTHIBAIOT KaK Pa3HOCTh MEKIY
oO1mei 1 KapOOHATHOM KECTKOCTHIO:

Ky = )K — 2Ky Mr-sxB/mM,



I[aHHBIC AHAJIN30B XCCTKOCTH 3aHECTHU B Ta6HI/IIIy 1.

Tabmuma 1
Pe3ynbTaThl aHAJIM30B JKECTKOCTH BOJIBI
KecTKoCTh BOJIBI
OGbEM KHCIIOTHI, cM° O6beM, cM° 3I[ ’
MT-2KB/IM
O0nem
o ¢eHondra- | MO METHIIO-
pOOBI
aeuny, Vy panxy, Vos, | TIpOOBI Kap0Oo-
BOJIBI, TpUJIOHA | oOIas,
vV Te- eper Te- | en BOJIbI, 5V e HaTHasl,
B = - T 6
Ky_ p ~ Ky_ p ~ VB ’ oouwy )K'K
. HHMN . | HUH
180507 1000505

YMmsruenue BObI

HN3BecTKOBO-COM0BBIN MeTOA. JJiT BO3MOXKHO 0oJiee MOJTHOrO YJajJeHUs U3
BOJIbI COJIEH ECTKOCTU IO M3BECTKOBO-COJOBOMY METOJy TpeOyeTcsi MpOBECTU
peIBaApUTEIBHBIN pacyeT HEOOXO0IMMOT0 KOJIMYECTBA COJIbI U U3BECTH.

PacueT HEOOXOMMOro KOJMYECTBA M3BECTU B BHJIE BOJHOTO PacTBOpa Vs
IIPOBOJIUTCS UCXO/IS U3 BEJIMUYMHBI KAPOOHATHOM JKECTKOCTH 10 hopMyJie:

= Ky XV OYE
1000x N, _,

TJIE N33~ HOpMaJIBHOCTH PacTBOpPa U3BECTH;

V3 - 00beM BOJIBI, B3STOMH [JIs yMATYEHHUS, CM .

PacueT HEOOXOIUMOr0O KOJIMYECTBA COJIbI B BUJE BOJIHOTO pacTBOpa MPOBO-
JTIUTCSI UCXO/IS1 U3 BEIMYMHBI HEKapOOHATHOM JKECTKOCTH 110 hopMyJIe:

= K XV CeMm®
1000x N .

rae N - HOpMabHOCTh PACTBOPA COJBI.

[TposecTr ymsrdenue Bojpl. Jjist 3Toro B kosdy emkocTbio 500 CM3 oTMepuTh
ummeEapoM 250 cM® uccnenyeMoil Bobl, 100aBUTh Tyla PACCUUTAHHBIE 0O0BEMBI
U3BECTU U COIBI.

[TomecTuTh KOJIOY B KUIISIIIYIO BOASHYIO 0aHIO, HATPETh COJIEPKUMOE KOJIObI
JI0 KUTICHUSI U BBIJEPKATh B 3TUX YCIOBUSIX 5 MuH. OXJIaauTh KOJOY Moj CTpyei
BOJOIIPOBOTHOM BOJIBI IO KOMHATHOM TEMITEPATYPHI.

OT¢dunpTpoBaTh COAEPKUMOE KOJIOBI Uepe3 IJIOTHBIA CKIaa4aThiil (UIIbTP,
0TOOpaTh B KOHMYECKHE KOJOBI TpH MPoObI (HiIbTpaTa mo 75 cM® U Onpenenurs
OOIIYI0 KECTKOCTh BOJIbI KOMILJIEKCOHOMETPUUECKUM METOJIOM (C TTOMOIILIO TPH-
JoHa b) mo MeTroauke, ONMUCAaHHOM BBIIIIE.

HNonooomennblIii MeToA. MIoHOOOMEHHBINM METOJ YMSATUYEHHUST BOBI 3aKJt0va-
€TCsl B IPOITYCKAHHUH €€ YePe3 HOHUTOBBIC KOJOHKHU WA (DHIIBTPHI.

[IpoBecTH yMsAr4eHHe BOIbI ¢ MOMOLIBIO KaTHOHUTA, A1 4ero 250-300 cm®
UCCIIeTyeMOl BOJBI MEJICHHO (PHIIBTPOBATH Yepe3 KOJOHKY ¢ KaTHOHHTOM. [lpum
5TOM (PUIBTPAT Pa3feluTh HA TPU MPOOLI MO 75 ¢M° M ONpeNeNnuTh A KaxkIoM




poObl OCTATOUYHYIO OOIIYIO )KECTKOCTh KOMIUIEKCOHOMETPUIECKUM METOIOM.
Paccuutarh creneHb yMATYe€HHsS BOJIbI, JOCTUTHYTONH B Ka)XIOM METOJE, U
MOJy4YCHHbIC JJAaHHBIC 3aHECTU B TA0IHUITY 2.

Tabnmua 2
PC3YJIBTaTBI YMHI“ICHI/IH BOJIbI
HN3BecTKOBO-COMOBBINA METO MNoHOOOMEHHBII METOT
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Bonpocs! 11 caMonpoBepKu

1.Kakyto posib UrpaeT BoJa B OCYHIECTBICHHUH XHMHKO-TEXHOJIOTHYECKUX
MPOI1ECCOB?

2.1lepeuncauTe TEXHOIOTUYECKUE XAPAKTEPUCTUKU BOJBI M JIAT€ UM OTMpe-
JICJICHUE.

3. UTo Takoe KeCTKOCTh BOABI? B dWemM OTiaM4mMe KECTKOCTH BPEMEHHOW OT
KECTKOCTH MOCTOSTHHOM ?

4. Tlepeuncnutre OCHOBHBIE OINEpallUd MPOMBIIIJICHHOW BOJOMOJATOTOBKA M
MOSICHUTE UX HA3HAUYECHUE.

5. Hanummre ypaBHEHUSI XUMUYECKUX PEAKIUi, UCTIOIB3YEMbIX JIJIs yMsTue-
HUS BOJbI B POMBIIIIJIEHHOCTH.
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JlaGoparopnas pa6oTa Ne 3

Ouenka 3)(peKTUBHOCTH PA0OTHI XMMHUYECKOI0 PeaKTopa

Leab padoThl: U3ydyeHHE 3aKOHOMEPHOCTEN PabOThl peaKTOPOB MACATBHOTO
CMEILICHUS U BBITECHEHHUS.

OCHOBHBIC MOHATHUSA

Xumuyeckuil peaktop (XP) — anmapar, B KOTOPOM OCYILECTBIISIIOTCS XUMH-
yeckue npespamienus. s XP kinaccudukanuy ncnonb3yror:

- (ha3oBbIi npusHak (XP 1151 TOMOT€HHBIX U FETEPOreHHBIX MPOLIECCOB);

- ycioBus TeriooOMena (anmuabaTHYeCKHe PeaKkToOphl, T.e. TaKhe, B KOTOPBIX
TEMIIEPATyPHBII PEKUM IOJIEPKUBACTCA TOJBKO 3a CYET TEIUIa XUMUYECKOHN pe-
aKLIMH; U30TEPMUYECKUI PEAKTOP — 3TO TAKOM THUII pEaKTopa, B KOTOPOM TEMIIepa-
TYPHBIN PEXHUM MOIEPKUBAETCS IIyTEM I0JIBOJA TEIUIA U3 BHE WM OTBOJIA TEILIA,;
CMELIaHHBIE PEAKTOPBI — 3TO TAKHUE, B KOTOPBIX TEMIIEPATYPHBINA PEXUM CO3ACTCS
YaCTUYHO 3a CYET TEIUIa XMMUYECKUX IIPEBPAILECHH, 4 YACTUYHO 3a CYET I0JBOJA
TEIIa U3 BHE);

- cnoco0 opranm3anuu mpoiecca (XP nepuogudeckoro aelcTBUs, KOTAa BCe
OTZEJIbHBIE CTAJUM MPOLEcca MPOTEKAIOT MOCIEA0BATEIBHO B pa3sHoe Bpems; XP
HEIMPEPBIBHOTO JEHUCTBUSA, KOTJA BCE OTIAECIBHBIE CTAAWU IMPOLECCA OCYIIECTBI-
IOTCSl TIApaJUIENIbHO, OAHOBPEMEHHO; PEAKTOPHI MOIYNEPUOJNYECKOTO U IOIyHE-
MPEPBIBHOTO ACHCTBUS XapaKTEPU3YIOTCA TEM, YTO ChIpbE MOCTYMAET B ammapar
HEIPEPBIBHO WJIN ONPEAECICHHBIMH MTOPLMSIMHU YEPE3 PABHBIE TPOMEKYTKH BpeMe-
HH, a TIPOIYKThI PEAKIIUH BBITPYIKAIOTCS MEPUOTUICCKH);

- TUIPOJIMHAMUYECKYI0 00cTaHOBKY (XP cMmelleHus: — eMKOCTHBIE arnaparsl C
nepemenrBanueM, XP BBITECHEHHS — TpyOUJaThle anmaparhl B BUIE€ KOJOHHBI WA
TPyOBI).

B teopuun XP paccMaTpuBaroT UjieanbHble BAPUAHTHI allllapaToB:

- PUC — XP uaeanbHOro (IIOJIHOTO) CMENIEHUS,

- PUUB — XP uaeanbHOTO (IIOJIHOTO) BHITECHEHUSI.

B npennaraemoii paboTe pekoOMeHAyeTcs CpaBHUTH 3((PEKTUBHOCTH pabOTHI
PUC u PUB nHa nmpuMepe mpoBenEeHUS B HUX PEAKIMM OMBUIEHUS JTHIALETaTa
(DA) menoubto:

CH3;COOC,Hs + NaOH «» CH3COONa + C,HsOH
B pabote cienyeT M3yuuTh XUMHUYECKHE MPEBPAIICHUS B Pa3IMYHBIX THUIAX
pPEaKTOpOB U MPOAHATM3UPOBATH MOJEIN PEaKTOPOB C BHIOOPOM HauboJiee 1ene-
co0o0pa3Hoil. B cBsA3M ¢ M3/10)KEHHBIM NIEPBast 4aCTh PA0OTHI MOCBSIIEHA N3YYECHUIO
xuMuueckoro npespamienust B PUB, Bropas — B PUC u kackane PUC.

1. PeakTop M1€eajibHOI0 BbITECHEHHSI

Martepuaibablii OanaHc (MaTeMaTWyeckas MOJENb PEeaKkTopa) HJIeaJTbHOTO



IITECHEHUS JJIs CTAI[MOHAPHOTO PEKMMA 3aIllMChIBACTCS B BHJIC YPAaBHEHUS
5=, ®
oH

rae oC,- U3MEHEHNE KOHIICHTPAIIMA OCHOBHOTO WMCXOJHOTO KOMITOHEHTa A,
MOJIB/ M3,

@ - TUHEWHAs1 CKOPOCTh IMOTOKA, M/C;

OH - u3meHeHue BBICOTHI (IJTMHBI) pEAKTOPa, M;

Ua - CKOPOCTH peakuuu, MoJb/(M3c).

N3 ypaBHeHus (1) BbITEKaeT yCIOBHE CTAIIMOHAPHOCTH MPOIECCA: CKOPOCTh
MOCTYIIJICHUS BEIIECTBAa A paBHA CKOPOCTH PACXOJIOBAHUS ATOTO BEIIECTBA O XH-
MUYECKOU PEAKITHH.

Jlyis pacdeTa peakTopa HIeaTbHOTO BHITECHEHHS UCTIONB3YIOT YPAaBHEHUE BBI-
BEJICHHOE Ha OCHOBaHHWH MaTepHAILHOTO OajaHca peakTopa:
Xadxa

U

o] a
7 — BpeMs NpeObIBaHUsI OCHOBHOTO peareHra A;
C., - HauaNbHAs KOHIEHTPALM KOMIIOHEHTAaM, MOJIb/IM>;
X, - CTEINeHb MIPEBPAIICHHUS.
B pexume, OIM3KOM K HJEaTbHOMY BBITECHEHUIO, pabOTalOT MPOTOYHBIE
TpyOUaThle pEaKTOPhI C OTHOILLIEHUEM JJIMHBI PEaKTopa K auameTpy, oonbimm 10.

7=C,, (2)

1.1. Onucanue yCTAHOBKH M METOIMKA NMPOBeeHUsI padoThI

Hcxonubie peareHThl nojatorca B peakrop 17 (puc. 1) u3 TepmocratoB 8
(0,1H NaOH) u 9 (0,1H stunanerar). B TepmocTaTax npu moMouy peryyisiTopoB
MO/IJICP>KUBACTCSL YPOBEHDb KUAKOCTH. [|Jsl 3a1aHust ¥ PETyJIUPOBKU TEMIIEPATYPhI
B TepMoOcTaTtax 8§ U 9 ycTaHOBJIEHBl KOHTAKTHbIE TEpMOMETPHI 15 u 16. PeareHTsl
IOCTYMAIOT B PEAKTOP CAMOTEKOM.

Puc. 1. Cxema ycranoBk#u 17151 aHam3a 3G(HEKTUBHOCTH pabOTHl PeaKTopa
BBITECHEHUS

Heobxoanmasi CKOpoCTh MOJa4YMl peareHTOB B PEAKTOP PETyJIUPYETCs BEHTH-
asmu 11 u 13 u puxcupyerca npu nomoiu poramerpoB 10 u 12 (wnm o6beMHBIM
METOJIOM).



PeareHTsl ¢ 3aJaHHBIM PACcX0JI0M MOJIAIOTCS B pEaKTOp BhITeCHEHUS 17, npen-
CTaBJISAIONMUN cO00M TpyOKy auameTpoMm 8 mMm. {7151 BBO/Ia peareHToB B PEaKTOp H
BBIBOJIa MX U3 HETO UMEIOTCS KpaHbl 14. [{ns noanep:kaHusi MOCTOSHHOM TeMIiepa-
Typbl ¢ TOYHOCTEIO 2° B pEeKTOpe OH IOMENIeH B TepMocTaT 18, uepes KOTOpHIi
HUPKYJIUPYET TEILIOHOCUTEIB C 33IaHHOM TEMITEPaTypOH.

Pearentsl - pactBop NaOH u pactBop sTmianerara - pearuapyror IO Mepe
MPOXOXKJIeHUs 4depe3 peaktop. s m3mepenus konmerTtpanuu NaOH mo mnmae
peakTopa ycTaHOBJIEeHbI siueiiku 2-6 ¢ kpanamu. Konnenrtparus NaOH onpenens-
€TCS MO MU3MEHEHUIO JJIEKTPONPOBOJHOCTA cMecU. VM3MepeHHs] MPOU3BOIAAT IPHU
noMoIu peoxopaHoro mocta P-38 (7), 4To mo3BosIeT HEMPEPHIBHO KOHTPOJIUPO-
BaTh X0/ Ipoiiecca 6e3 oToopa mpoo.

PaGoTa BeImoNHAETCA B cheayromieM nopsake. [Ipu 3akpbIThix BeHTHWISIX 11 1
13 3anuBaioT B TepMocTathl 8 U 9 ucxonausie pearentol: pactBop NaOH u pactBop
sTUianeTara. BkiroyaroT TepMocTatsl 8 M1 9 U yCTaHABIMBAKOT MIPU MTOMOIIHA KOH-
TaKTHBIX TepMOMeTpoB 15 u 16 3amaHHyto Temmneparypy (B auanasone 20-40°C).
Takyto ke TeMneparypy yCTaHABIMBAIOT B TepmocTare 18. 3akphIBarOT KpaH 1 u
KpaHbl g4eeK 2-5 U OTKPBIBAIOT KpaH 14 u kpaH siueriku 6. Bentuiiem 11 ycranas-
JuBaroT 1o porametpy 10 HeoOxommuMmerit pacxos pactBopa NaOH, a BenTmiem 13
no porametpy 12 - stunanerar. I[locne ycraHoBieHus TeMnepaTypbl B CHCTEME
IIPOU3BOJAT 3aMeEP DJIEKTPOIPOBOJHOCTH B MOCIEIHEN sSYEHKE 6 C TOMOIIBIO pe-
oxopaHoro Mocta P-38 (7). 3amep MOBTOPSIOT HECKOJIBKO pa3 uepe3 2-3 MUH 10
MOJIYYEHHS] TOCTOSIHHOM BEJIIMYMHBI AJIEKTPOIPOBOAHOCTH, CBUJIETEIbCTBYIOLIEH
00 YCTaHOBJICHMHM PEXHMMa B peakTope. 3aTeM U3MEPSIOT 3JIEKTPOINPOBOJIHOCTD B
CIENyIOLIeN ssuerike. [{Jig 3Toro cHayana OTKpBIBAIOT KPaH HA STYEUKE S5,TOIBKO 110-
TOM 3aKpbIBAIOT KpaH Ha siueiike 6, a He HA00OpPOT, YTOOBI HE HAPYIIUTHh PEKUM
JBH>KCHUSI KUJKOCTH B peakTope. AHAJOTMYHO HU3MEPSIOT 3JIEKTPONPOBOJHOCTH
BO BCEX sueiikax. B kaxIoW suerke 3aMep MOBTOPSIOT 2-3 pasa. UepemoBaHue
S4YeeK B MPOLECCE U3MEPEHUS MOXKET OBITh JIFOOBIM.

HauanbHble KOHIIEHTpAIMK IIEJIOYU U dTUJIalleTaTa Ha BXOJIe B PEaKkTop pac-
CUMTBIBAIOT, UCXO/Isl U3 KOHIIEHTPAIMH peareHTOB B UCXOAHBIX pacTBOpaxX U COOT-
HOIIIEHUSI UX 00bEMHBIX PACXOJIOB.

O0beM peakTopa pacCUMTHIBAIOT MO (opMyIIe

V- 0,785d°l
1000

rae d - BHyTpeHHHI AuaMeTp TpyOKH peakTopa, paBHbiid 0,8 cM;

| - nvHa TpyOKM peakTopa (M3MepsEeTCsl IEPE]] OMBITOM), CM.

Bpewms mpeObIBaHMs peareHTOB B PEaKTOpE omnpeensercs no Gopmyre:

(4)

r=— (5)

rae V - 00beM peakTopa, IM°;

V - 00bEMHBII PACXOJ PEareHToB, AM /4.

Konnenrparuio NaOH onpenensroT 1mo kaauOpoBOYHBIM KPUBBIM 3aBHCHMO-
CTH COTIPOTHBJICHHUS OT KOHIICHTpaIruu. KoHIeHTpaIus 3Tuamnerara pacCIYnThIBa-
€TCsl ¢ YY€TOM €r0 Ha4aJIbHON KOHIICHTPAIMH U €r0 KOJIMYECTBA, BCTYIHUBIIECTO B



peakiuto. [locnennee 3KkBUBaIEHTHO KoJinuecTBY mpopearupoBaniieir NaOH, ko-
TOpOE MOKHO OTPEACIUTh M0 HadaabHOW U Tekymiei konmerTpanun NaOH. Cre-
MIEHb TIPEBPAIICHUS peareHTa X OMPEesatoT o GopMyIie:
XA (CAO A) (6)
CAO

[Ipu npoBeieHUH pabOThI BHIMOJHSAIOT OJHO U3 CICAYIONIUX 3aJaHUMN:

M3Yy4YaloT 3aBUCUMOCTH OCHOBHBIX IMMapaMeTpoB Mpoliecca (KOHLECHTPAIMK U
crenienn npeppamennss NaOH u strinanierata mo ajMHe peakTopa) OT pa3IMYHBIX
PEKUMOB,

OTIPEIEISIIOT BIMSHUE O0BEMHOM CKOPOCTHU MOJAa4YH PEareHTOB, COOTHOIIECHUS
o0bemHbIX pacxoaoB NaOH u stunanerara (T.€. HadanbHBIX KoHIeHTparui NaOH
¥ JTWJIAIleTaTa) U TeMIIepaTyphl Ha TIOKa3aTeNI MPOoIecca U M0 MOJyYCHHBIM JTaH-
HBIM CTPOST Ipa(uKH.

A

XA A XA
DA IIEJIOYb

[

[

I, oM 1, cm

OOBEeMHBIN pacxo/ peareHTOB MOKET UMETh 3HaueHus 3, 4, 5, 6, 7 1/4; oT-
HOIIICHHE 00BEMHOI0 pacxojia menoyu u tunanerara 1:2; 1:3; 1:4; 1:5, remnepa-
typa 20, 25, 30, 35, 40°C. KoHueHTpanusi peareHToB B UCXOJHBIX pacTBopax (B
0akax) coctasiset 1 NaOH 0,1 momaw/n, nis stunanerara 0,1 MoJb/i.

MoenupyroT MpoIecc OMBUICHUS ATUJIAIIETaTa B PEAKTOPE UJI€aTbHOTO BbI-
tecHeHus. [Ipu cocTaBiIeHUM MAaTEMATHUYECKOTO OMMCAHMS TMpOoliecca MPUHUMAIOT
YpPaBHEHHE JJI UJICATTBHOTO peakTopa (2) 1 KHHETUYECKOE YPABHEHHE

Ua=KCnaon Cs4 (7)

[Ipu cunbHOM pa30aBICHUU PEAKIIUI0 OMBUICHHUS STUJIALETaTa MOXKHO CUM-
TaTh MPAKTUYECKU HEOOpaTUMOW. 3HAYEHUE KOHCTAHThI CKOPOCTU K TMOJy4aroT
npu paboTe Ha MEPUOAUYECKOM PEaKTOpe WU OEpyT U3 JIMTEPATyPHBIX MCTOYHHU-
KOB.

OnpenenstoT CTENeHb OTKIOHEHUS OT WACANbHOCTH MHpPU (PUKCHPOBAHHOMN
CTEIICHH TIpeBpamieHust X, cpaBHUBas BpeMs NMpeObIBaHMS T PEarcHTOB B peallb-
HOM PEaKTOpE, PACCUUTAHHOE IO IKCIEPUMEHTAJIbHBIM JaHHBIM, CO BPEMEHEM T,
npeObIBaHUS B H€aTbHOM PEaKTOPE, PACCYNTAHHOM TEOPETHYCCKH I10 MOJICIIH Ha
OBM. CTposT 3aBUCHMOCTh CTECIICHU OTKIIOHCHHS OT UJICAIbHOCTH /7,9 OT JIMHCH-
HOH CKOPOCTH MPOXOXKJICHHUS PEarcHTOB uUepe3 peakTop @ g (GUKCHPOBAHHOU
CTENEeHU TpeBpalieHus X4. PaccuuThiBalOT TeopeTHdecku mo mojaenu Ha OBM
KOHIICHTparuu 1 crerenu npepamieaus NaOH u stumaneraTa mo ajmHe peakTopa
WJICaTbHOTO BBITECHEHUSI TIPU M3BECTHBIX TEMIIEpaTypax, HadalbHBIX KOHIIEHTpA-



nusx NaOH u stunanierata u o0beMHOM pacxojie peareHToB. CpaBHUBAIOT TEOpe-
TUYECKOE PACTIPEICIICHUE MTapaMeTPOB TI0 JUTMHE PEaKTOpa C IKCIEPUMEHTATBHBIM.

[Ipu odopmieHun oruera 0 paboTe CIEAYyET HAUYCPTHUTh CXEMY yCTaHOBKH.
VcxomHble, TOydeHHBIE U pACCYMTaHHBIC JaHHBIC CBOIAT B Tabnuiy 1 mo o6pas-
my:

Pacxon 0,1 HNaOH, am%/4a

Pacxon 0,1 H stunanerara, ame/a

O6mmii pacxoj] peareHToB, IM°/4

HauanpHas KOHLIEHTPALKS IIEI0YH Ha BXOJE B PEAKTOP, MOJIE/IM>

HauasnpHast KOHLIEHTPALUs STHIALIETATa Ha BXOJIE B PEAKTOP, MOJIb/IM°

Temmneparypa ormbita, °C\

Tadmuma 1
Paccrostaue ot O6bveM yactu | Bpewms npe- | Konuenrpa- -
BXO0JIa B pEAaKTOP peakropa ot ObIBaHUS uus Bpac- | e
(OT TOUKM cmelie- | BXOJla B peak- | pearcHra B TBOpE p pXHj y
HUS PEareHTOoB 10 | TOp 0 TOYKH | PEaKTOpPE, 7, | MOJIb/aM> HHL, 4,70
TOUKH 3aMepa), CM | 3amepa, AM° q NaOH | DA | NaOH | DA

B 3aBHCHMOCTH OT KOHKPETHOTO 3aJlaHUs CTPOST rpadMKyd M3MEHEHHUs KOH-
nentpauun NaOH, stunanerara, crenenu npespamenus NaOH u stumanerara mo
JUTMHE PeaKkTopa, a TAKXKe 3aBUCHMOCTh CTEIICHH OTKJIOHEHUS OT UCAIbHOCTH T/7,9
OT CTEIICHHU MPEBPAICHUS PEarcHTOB MM 00bEeMHOTO pacxoja ux. Ha ocHoBaHumn
MOJTYYCHHBIX PE3yJIhTaTOB JCIAIOT BBEIBOJLI O BEIOOPE ONTHMAIIBHBIX YCIOBHH Be-
JICHHUS Ipoliecca.

2. PeakTop uaeabHOr0 CMemIeHNH

{15 mepuoaMYecKoro peakTopa XapakTepHa €IMHOBPEMEHHAs 3arpy3Ka pea-
reHTOB B anmnapar. KoHIeHTpalus peareHToB M3MeHseTcsl BO BpeMeHH. OmHako
Onaroyapsi UHTEHCUBHOMY TMEPEMEIIMBAHUIO KOHIIGHTPAIlMsl OJWHAKOBA BO BCEX
TOYKaX peakTopa B JAaHHBI MOMEHT BpeMEHH. PeareHThl mpeObIBalOT B PEaKTOpe
JI0 T€X Top, TOKa He OyJeT JOCTUTHYTA 3a/JlaHHasl CTETeHb MPEBPAIEHUs UX, TO-
CJI€ Yero ammapaTr pa3rpy’KaroT, 3aT€M BHOBb 3aIOIHSIOT pEareHTaMu U IUKII I10-
BTOPSIIOT. B meproandeckomM peakTope MpOJOIKUTEIBHOCTh PEAKIIMA MOYKHO M3-
MEpPUTh HEMOCPEJACTBEHHO (MO yacam), T.K. MapaMeTphl MPOIEcca U3MEHSIIOTCS BO
BpeMeHU. /{51 pacueTa NpoaoKUTENIbHOCTH Mpoliecca B NEPUOIUYECKOM PEaKTO-
pe UCHOJIb3YIOT YpaBHEHUE

Xa Ca
T = Cao dxa T= j —dca
o_Ua UJIA K _Ua (8)

ao

3Has WIM 33/1aBasiCh TpeMs BEJIMYMHAMM, BXOSAIIUMHU B ypaBHeHHE (8), BCe-
r71a MOKHO PacCUUTATh YETBEPTYIO.

B aT0i1 vactu paboThl pemaroT Caeayomue 3a1a4uu:



¢ [IpumeHeHne nepuoauyecKoro peakropa Ajisi UCCIEA0BaHUA KUHETUKU pe-
aAKIIU.

¢ lcrionp30BaHNE KUHETUYECKHUX 3aKOHOMEPHOCTEM XUMHYECKHX PEaKIUN
JUIsl BBIOOpA U pacyeTa peakTopoB.

¢ 3yyeHue BIMSHUS TUAPOJAMHAMUYECKOTO PEKHUMA B PEAKTOPE HA IMOKa3a-
TEJIU IIPOIIECCa.

2.1. Onucanmne yCTAHOBKM M METOIMKA NMPOBeeHUsI padoThI

PeakTop (puc.2) npencrapiser coO0M HMUIMHIPUYECKUN CTEKISIHHBIA COCY/T
3, cHaOXEHHBIM MEIIAJIKOM 1 1M MOMEIeHHBIA B IPyTrod cocya 4, ciayKaliuil Tep-
MocTaToM. Jljig obecrieueHus 3alaHHON TeMIepaTypbl B pyOaliky Mexay cocyaa-
MU 3 U 4 HENPEPHIBHO MOCTYHAET U3 TEPMOCTaTa BOAA 3aJaHHOM TEMIIEpPaTypBhl.
Temneparypa peakTopa yCTaHABIMBAECTCSA IPU IIOMOIIM KOHTAKTHOTO TEPMOMETPA.

K xomupyxromerpy
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Puc.2. Cxema peakTopa MOJHOTO CMEIIECHUS IEPUOUUECKOTO ICUCTBUS

Pearentsi: 0,1H pactBop amunanerata u 0,1H pactBop NaOH 3arpyxator B
peakTop 4epe3 OTBEpCTHE B KpbIlIke peaktopa. [lo mepe mporexkanust peakuuu
koHneHTparuss NaOH camxkaetcs. U3smenenne konnentparun NaOH Bo Bpemenn
U3MEPSIOT PEOXOPAHBIM MOCTOM P-38 MO 31eKTpOnpOBOAHOCTH PEAKIMOHHON
Maccbl. C yMEHbLIEHUEM KOHIEHTPALMK IIEJI0YM CONPOTUBIIEHUE PAcTBOpa pac-
TeT. [lo BeaMuMHE CONMPOTHBIECHMS ONPEACISIIOT KOHLUEHTPALHUIO IIEJI0YH B pas-
JUYHbIE MOMEHThl BPEMEHM M Ha OCHOBAHMM IMOJYYEHHBIX JAHHBIX MPOU3BOIAT
aHaJn3 paboThl MEPUOAMUECKOTO PEAKTOPA.

PabGora BbINONHSETCS B CJEAyIOUIEM MOpSAKE: BKIIOYAOT TepMmocTaTr 4.
VY cTaHaBIMBAaKOT KOHTAKTHBIM TEPMOMETPOM 33JaHHYIO TEMIIEPATypy. 3aJUBAIOT B
peakTop uepe3 BOPOHKY HeoOxomumoe konmdectBo 0,1H stunarnerara u Birova-
10T Mewaniky 1. [ToaroraBnuBarot Mmoct P-38 K mpoBeaeHuI0 3aMEPOB U MOMENIAIOT
B pEaKTop 3JEKTpoAbl 2. BBICTpo 3amuBaioT B peakTop TpeOyemoe KOJMYECTBO
0,1H NaOH. OnHoBpeMEHHO C Ha4ajaoM CJIMBa PEareHTOB BKIIIOYAIOT CEKyHAOMED.
3aMepsItoT COMPOTUBIICHUE PEAKIIMOHHOM MAacChl KOHIYKTOMETpoM. YUeTbipe-nsiTh
MEPBBIX U3MEPEHUN MTPOBOIAT yepe3 kaxasie 30-40 ¢, cneqyrommue - yepe3 1 MuH.,
3aTeM HECKOJIbKO M3MepeHuil uepe3 2MuH. [Ipu npoBeneHnn paOoThl BBITOIHSIOT
OJIHO W3 CJIENYIOLIUX 33JIaHUuM: ONPEAEIISIIOT U3MEHEHNE KOHLIEHTPAIlUU U CTETICHH



npespaienuss NaOH u sTunanerara Bo BpeMeHU Npu 3ajaHHoi Temiieparype (20,
30 u 40°C) u onpenenstoT BIUSHUE TEMIIEPATYpPbl HA CKOPOCTh OMBUIEHHS 3THJIA-
nerata. Mcxomusie pactBopsl: 0,1 H atunanerara; 0,1 H NaOH. Onbitel ipoBosT
IIPY OTHOIIEHUSX 00BEMOB Ienoun K dtwnanerary 1:2, 1:3, 1:4, 1:5. O6mmwmit 0056-
em peareHToB 1 am3. CTposAT KMHETHYECKHE KPHUBBIE. VICIIONB3ys Oy4YEHHBIE Pe-
3yJbTaThl, ONMPEIEIAIOT KOHCTAHTY CKOPOCTH M MOPSAJIOK PEAKI[MU OMBUICHHS 3TH-
Janerara menoubio. PacCUMTHIBAIOT SHEPrUI0 aKTUBALMU peakuuu. OnpeaenstoT
pu oJIHOM U3 3a7aHHbIX Temmnepatyp (20, 30 wiu 40°C) 3aBUCUMOCTb TIPOU3BOIH-
TEJILHOCTH peakTopa oT crteneHu npespaieHuss NaOH. Crenenb npeBpalleHus
NaOH 0,2; 0,3; 0,4; 0,5; 0,6; 0,7. IIpou3BOAUTEILHOCTh PEAKTOPa PACCUUTHIBAIOT
o ¢hopmyiie
G=m/(t+ teen) (9)

rae G - npou3BOAUTENBLHOCTh PEAKTOpa MO OJAHOMY M3 MPOAYKTOB PEaKIUu
(amreraty HATpHSs), MOJIB/U;

M - KOIMYECTBO MOJYYEHHOTO alleTaTa HaTpUs 32 OJHY OIEPAINIO, MOJIb;

T - pabouee BpeMsi (BpeMsi MPOBEACHUS PEAKIUN), U;

Tgcn - BCIIOMOTATENbHOE BpeMs (BpeMsi Ha HEMPOU3BOIUTEILHBIE ONEpaIlUU:
3arpysKka, BhITpy3Ka peareHTOB, IyCK U OCTAaHOBKA peakTopa), .

[Ipu odopmieHun otruera 0 paboTe ClEAyeT HAUYEPTUTh CXEMY YCTaHOBKHU.
HcxonHble, MOTyYeHHbIE U pACCUYUTAHHBIC JAHHBIE CBECTH B TaOJIUILY 2.

O6vem 0,1H NaOH, am®

O6bem 0,1H stunanerara, am°

O6muii 06BeM pacTBOpa, AM°

HauaybHas KOHLEHTPALHS LIEJI0YH B PEAKTOPE, MOJIb/AM°

HauanbHas KOHLEHTPAIMS STUIALETATa, MOJIb/qM°

Temmneparypa onsita, °C

Tabmauma 2
Conpo- Tekymas
Bpewms P JH

naua. | THBIE- | KOHLEHTpa- Crenenb Cxopocts | KoHcTaHTa CKO-
1 HHE IIUS pacTBO- | mpeBparieHus | peakuu U, | poctu peakiuu

omerra | PACTBO- | pa, MOJTB/ M MOITB/(IM3X Kk,
aR, MHUH M3 (MOJTb X MUH
7, ¢ poM NaOH | DA | NaOH | DA ) A )

CrposT rpaguky u3MEHEeHHsI KOHIICHTpaIuu 1 crenenu npespamenus NaOH
U JTUjIaleTaTa BO BpeMeHu. Ha 0OCHOBaHMM MOJIyYEHHBIX PE3YJIbTATOB JIENAI0T BbI-
BOZBI 00 yCIOBHIX 3()PEKTUBHOIO UCTIONB30BAHUS IEPUOANUECKOTO PEaKTOpa.

3. Kackaja peakTopoB H1€aJIbHOT0 CMeIlleHUs
[Ipu cTarmoHapHOM pEXUME BCE MapaMETPhl B PEAKTOPE MACATHHOTO CMeETIIe-

HUS TIOCTOSIHHBI BO BPEMEHH U B MPOCTpPAHCTBE (BO BceM oObeme). Jlisa pacuera
pEeaKTopa IMOJHOrO CMEMIEHUS UCMOJIb3YIOT XapaKTEPUCTUUECKOE YPABHEHUE, BbI-



BCIACHHOC HAa OCHOBC MaTCPHAJIbHOTO OanaHca p€aKTopa:

_ Cao_Xa
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B ennHMYHOM peakTope MOTHOIO CMEIIEHUsS KOHUEHTpAlUs MCXOIHBIX pea-
TEHTOB HEBEJMKA, T.K. MTHOBEHHO IMAJAE€T 0 KOHEYHOro 3HaueHud. lloaTomy B
HEM MaJIbl CKOPOCTh XMMHUYECKOrO MPEBPAIICHUS U CTENEHb NpeBpamieHus. s
MOBBIIEHUS ATUX TOKa3aTelIed MPUMEHSIOT Psiji MOCIEA0BATEIbHO PACIOJIOKEH-
HBIX PEAKTOPOB IMOJHOTIO CMEUIEHUs - KackaJ peaktopoB. KoHueHTpauus ucxon-
HbIX peareHTOB C4 B TaKOM CUCTEME U3MEHSIETCS cTyneH4yaTo. [Ipu 3ToM m3meHe-
HUE KOHUEHTPALMU IIPOUCXOAUT MIHOBEHHO IIPU BXOJE€ PEAKLUMOHHOW CMECU B
KaXIbI peakTop. s KakI0ro OTAEIBHO B3SATOI0 peakTopa Kackaja CIIpaBeIn-
BO YpaBHEHUE JJISI €IMHUYHOIO PEAKTOPA MOJHOTO CMENICHUS, 3alIMCAHHOE 115 N-
ro peakTopa:

_ (Can—l _Can)
_Uan

Konuenrpamusa C4 B KacKaJe p€akTOPOB BBIIIE, YEM B €IMHUYHOM PEAKTOPE
CMEIICHUSI, U MPUOIUKACTCA C YBEIMYECHUEM YHUCJIa PEAKTOPOB MO BEIUYUHE K
KOHIICHTPALIMA B PEAKTOPE BbITECHEHUS. [103TOMY 1711 TOCTHIKEHHUSI OMHOW M TOU
)K€ CTENEHU NPEBpAIICHUS X4 C YBEIMYCHUEM YHUCIA PEAKTOPOB B KacKale
YMEHbIIIAeTCsl 00Nl 00beM CUCTEMBI (IIPU MOCTOSTHHOM 00BbEME Kackaja C yBe-
JMYEHUEM YHCIIa PEaKTOPOB PacTeT X ).

Jlst pacyeTa yucia peakTopoB B Kackaje, HeOOXOAMMBIX JIJIsl TIOJyYeHUs 3a-
JTaHHOM X4, IMPOKO MPUMEHsIeTCA rpadudecKuil METO I, OCHOBAHHBIN Ha PEIIeHUN
CUCTEMBI JBYX YPAaBHEHUH IJIsI KaXJI0T0 peakTopa kackana. OqHoO U3 HUX - KUHE-
TUYECKOE YPABHEHUE PEAKIIUU

U,, = —kAC,, (13)

[pyrum gBisieTcsl ypaBHEHUE PEAKTOPA MTOJTHOTO CMEIICHUS

Uan = (_1/ Z-n)can + Can—l /Tn (14)

VpaBaenue (14) nmokaspIBaeT, 4TO 3aBUCUMOCTb MEXY KOHIIEHTpaluen KOM-
MOHEHTa A M CKOPOCTBIO €ro MPEBpAIlCHUs] B PEAKTOPE MOJHOTO CMEIICHUS JIH-
HeiiHa. ['paduuecku ypaBHeHnue (14) mpeacTaBisieT co00i MPSIMYIO ¢ TAHTE€HCOM
yrja HakJIoHa, paBHBIM — 1/7,.

s onpeesnieHust yuciaa peakTopoB B Kackaje (puc.3) cTposAT KHHETUYECKYIO
3aBUCUMOCTB - Up 0T Ca (13). 3atem oT HayanbHOUM TOUYKU cO 3HaueHuem C4o Mpo-
BOIAT npsmyo tgo=-I/ z,, rpaduuecku oroOpaxaroriyto ypapHenue (14).

(12)
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Puc.3. Onpenenenue yncia peakTopoB B KacKaje

Touka nepeceuenust kpuBor (13) u npsimoii (14) COOTBETCTBYET 3HAYCHUIO
KOHIIEHTpAI[MU B IEPBOM peaKTOpe. 3aTeM OMpPEAEIIIIOT KOHIIEHTPAIMIO BO BTOPOM
peakTope, yUUThIBasA, YTO KOHIIEHTPALMS B MIEPBOM PEAKTOPE SIBIISETCS BXOIHOU
1uist BToporo. [TockonbKy 7, B Kackaje OJMHAKOBBI, BCE MPSIMbIC, ONpEeisieMbIe
ypaBHeHUeM (14), mapamiensHbl. Onepanuy MOBTOPSIOT A0 TEX IOpP, IOKa B OYe-
PETHOM peakTope He OyAeT MmoydeHa KOHESUHAs] KOHIICHTPAIIHS.

3.1. Onucanue yCTAHOBKU M METOAMKA MPOBeACHUS PadOThI

HcxonHble peareHThl oAaroTcs B peakTop 14 wim xackan peakropos 11-14
(puc.4) u3z Tepmocrata 5 (st 0,1H NaOH) u 6 (ans 0,1H stunanerara). B repmo-
cTaTax IPHU NOMOIIM PETrYJUPOBKU MOIIEPKUBACTCS MOCTOSIHHBIA YPOBEHb JKH/]I-
KocTH. JlJis 3a1aHNs M PETryJIMPOBKU TEMIIEpPATyphbl b TepMOCTaTax 95-6 ycTaHOBIIe-
Hbl KOHTaKTHbIE TepMOMETpHI. PeareHTsl noctymnaroT B peakropsl | 1-14 camore-
koM. HeoOxonnMasi CKOpOCTh 10/1aYu PEareHTOB B PEAKTOP PEryJIUPYETCs BEHTH-
asmu 1 u 2 u pukcupyercst poramerpamu 3 u 4. PeareHTsl ¢ 3aIaHHBIM PacXo0JIoM
IIOJIAOTCSL B CHUCTEMY pEakTOpoB. JIJsl BBOJIa peareHTOB B PEAKTOP U BBIBOJA U3
Hero npeaycMmotrpensl kpanbl 8, 10, 15 u 16. YtoObl nogaepx aTh MOCTOSHHYIO
TEMIIEpaTypy B PEaKTOpE, €ro MmoMenaroT B pyOaliky, no KOTOpord LHUPKYJIUPYET
TETMJIOHOCHUTENb C 3aJJaHHOM TeMIIepaTypoOil.

5 8 TS
| i I

Puc. 4. Cxema ycranoBku 1151 aHanu3a 3h(HEKTUBHOCTH pabOThHI
KacKaja peakTOpOB CMEIICHUS



Pearentsl - pactBop NaOH u pactBop sTumianerara - pearupyroTr Mo Mepe
MIPOXOXKJICHUS uepe3 Kackaj peaktopoB. Jlms onpenenenus konnentparuun NaOH
MEXKJly peakTOpaMy YCTaHOBJICHBI STYEUKHU C AJIEKTpoAaMu 9 g u3MepeHusl KOH-
neaTparu NaOH 1o u3MeHEeHUIO AJIEKTPOITPOBOTHOCTH CMECH TPH TIOMOIIH TPH-
o6opa KCM-4.

PaboTa BEIOMHSAETCS B CIEAYIOMIEM IMOPSIIKE: MPU 3aKPBITHIX BEHTUIIAX 15,
16 u 8 3anmBarOT B TEpMOCTATHI 5 U 6 ucxoaubie peareHThl: pactBop NaOH u pac-
TBOp dTUjaneTaTa. BkiatoyaloT TepMocTathl S 1 6 U yCTaHABIMBAIOT IPU MTOMOIIU
KOHTaKTHBIX TEPMOMETPOB 3aJaHHYIO TeMmIeparypy. 3akpbiBaioT kpaH 10 u oT-
KpbIBatOT KpaHbl 15, 16 u 8. Bentwiiem 1 ycraHaBiIMBarT MO0 poTaMeTpy 3 HE0O-
xoauMbIi pacxoa pactBopa NaOH, a BenTuiiem 2 1o poramerpy 4 - pacxoJi 3Tuia-
nerata. [1o nokazanusim KCM-4 Bo Bcex peakTopax Kackaja 3aMepsitoT COIPOTHB-
JIeHue, o0 KoTopomy orpeaenstoT koHueHtpanuio NaOH B peakiimoHHON cMecH.
Ha ocHOBaHWU NOJIyYEHHBIX JaHHBIX MTPOU3BOJIAT aHAIU3 PA0OTHI KaK OTACIBHOIO
MPOTOYHOI'O PEAKTOpa CMEIICHUs, TaK U Kackaja TaKKUX PEaKTOPOB.

Bpems npeObiBanus peareHToB ompeaensercsa mo gopmyne (5). Konmnenrpa-
[AI0 ATWJIAIlETaTa PACCUUTHIBAIOT MO HAYAIBHOMY COJECPKAHUIO M KOJIUYECTBY
ATUJIAlETaTa, BCTYIMBIIETO B PEAKIIMIO U SKBUBAJICHTHOTO KOJIMYECTBY MpOpearu-
poBaBmreii NaOH. Crenenr npeBpalieHus peareHTa X, onpeaeisior 1mo Gopmyie
(6).

[Ipu npoBeneHnr pabOTHI BBHIMOJIHSIIOT OJHO U3 CIEIYIOUIUX 3aJaHuil; onpe-
JIEJSIIOT M3MEHEHUS KOHIIEHTpAaIlMM U CTENEeHW MpeBpalieHusl 3Tujanerata u
NaOH B equHMYHOM peakTOpe HACAIBHOTO CMEIIECHHUS U B KacKaJie PEaKkTOPOB.
[Ipu npoBeieHNN ONBITOB U3MEHSIOT 3HAUYCHUS CIEAYIONINX apaMeTPOB:

1) o6BeMHOTO pacxojia peareHToB v (0T 3 10 7 J1/4);

2) OTHOIIEHHE OOBEMHOIO pacxojia €IKOr0 HaTpa K pacxojay JSTHIIaIeTara
ONaoH - 0oy (0T 1:2 1o 1:5);

3) temnepatypy (20-40°C).

Konnenrparuu ncxomnasix pearearos: 0,1H pactsop NaOH u 0,1 H pactBop
ATUJIAlETaTA.

CTposiT 3aBUCHUMOCTHM HW3MEHEHMsSI OCHOBHBIX IMapaMeTpoB Mpolecca -
KOHIIEHTpaIuu u crenenn npespamenns NaOH u sTmmamerara mo oobemy enu-
HUYHOTO PeakTopa MOJHOTO CMEIICHUS U KacKaja peakTopoB. OnpenensitoT BIus-
HHE CKOPOCTH I10JIa4u peareHToB, cooTHomeHus pacxoaoB NaOH u stunanerara u
TEeMIIepaTyphl Ha MOKa3aTeNu mpoiecca. He MeHss BpeMeHu mpeObIBaHuMs, IPOBO-
JISIT PEAKIIMIO B OJTHUX U T€X K€ YCIOBUAX, HO U3MEHSISI YUCIIO PEAKTOPOB B CHUCTE-
Me OT oAHOro 70 YeThipex. (CoxpaHeHHe TTOCTOSHHOTO BPEMEHH MPEObIBAHUS TIPH
YBEITUYCHUH YUCJIA PEAKTOPOB OCYIIECTBISIOT YBEIMUYCHUEM Pacxojia peareHTOB).
JlenaroT BBIBOJIBI O BIMSIHUM YHCIIA PEAKTOPOB B KacKaje Ha MOKa3aTeNn MpoIiecca.
MopaenupyroT mpoiecc OMBUICHHS ATUJIAIETaTa B €AUHUYHOM PEAKTOPE UJIealIbHO-
ro CMEIIeHUs U Kackajae peakTopoB. [Ipu cocTaBieHHr MaTEeMaTHYECKOIO OIuca-
HUS TIPUHUMAIOT YpaBHEHWE I HMIeadbHOTO peaktopa (12) M KWHETHYECKOe
ypaBHeHue (7). 3HaUeHUs] KOHCTAHTbl CKOPOCTHU TOJy4aroT MpU paboTe Ha NEPHUO-
JTU4YecKoM peaktope (cM. paboty «llepuoanyeckuii peakTop HaACaIbLHOTO CMEIle-
HUS») WK OEpYT U3 CIPABOYHON JIUTEPATYPHI.



OrnpenensitoT CTeNeHb OTKIOHEHUSI OT HWICabHOCTU NpH (DUKCHUPOBAHHOM
CTETICHU TIPEeBpaIeHus X, CPaBHUBAs BpeMs MPEObIBAaHUS B PEATHHOM PEaKTOPE T,
PACCUYMTAHHOM IO AKCHEPUMEHTAIbHBIM JAaHHBIM, CO BpPEMEHEM MpeObIBAHUS B
UJICATbHOM PEAKTOPE 7,9, PACCUMTAHHBIM TEOPETHYECKH MO Mojenu Ha DBM.
CpaBHHMBAIOT TEOPETUUECKOE paclpeiesieHue 1Mo Mojeiau Ha 9BM ¢ moiaydeHHbIM
JKCIIEPUMEHTAIIBHO.

[Ipu odopmieHnn otuera o paboTe cleAyeT HAYEPTHTh CXEMY yCTAaHOBKH:
MCXOJIHbIC, MOJIyYCHHBIE AKCIEPUMEHTATIBHO M PACCUMTAHHBIC JaHHBIC CBECTH B

Tabauity 3 mo oopasiy:
Taomuma 3

O6weM N | Bpems npeObiBanus | KonnenTtpanus
peakTo- | B cucTeMe 3 N pe- B PacTBOpE,
pOB AKTOPOB T, MMH MOJIB/IM>

Crenenb npeBpa-
HICHUS

Howmep
peakTopa

NaOH DA NaOH DA

Crposit rpaduku m3MeHeHus: koHieHtpanun NaOH, stunanerara, creneHu
npeBpaiienuss NaOH u stumnarierara ot o6beMa eIMHUYHOTO pPeakTopa M Kackaja
peaktopoB. Tpebosanus k Macmraby: Cnaon U Cay - 0,01H B lem, V -0,051m° B
Iem; X -10% B 1em, v -1 n/a B 1em; 7 -30MuH B 1em.

[IpuBoasaT rpaduyeckue 3aBUCUMOCTH CTEIICHH OTKJIIOHCHHS OT HeaIbHOCTH
/7,0 OT CTEIICHH MPEBPAILCHUS PEarecHTOB U 00BEMHOI0 Pacxoa ux.

Ha ocHOBaHMM TOJIYYEHHBIX PE3YJbTAaTOB ACIAIOT BBEIBOILI O BHIOOPE OITH-
MaJIbHBIX YCJIIOBUM BEAECHUS IIpolecca.

Bomnpocsl 111 camonpoBepkH

1. Jaiite onpeneneHue NOHATUSI «XUMUUYECKUN PEAKTOPY.

2. Kakue TpeboBaHMs MPEIBSIBISIOTCS K XUMHUYECKUM peaKkTopam?

3. KakoBa knaccuduxaius XuMUIECKUX peakTOpOB?

4.CpaBHUTE PEAKTOPHI UICATILHOTO BHITECHEHUS U UACATHHOTO CMEIIICHUS.
5. Ins kakux uened mMpuMeHsIeTCsl KacKaJl peaKTOpOB?
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