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Pa3paboTunk(1) MeTOANYECKUX YKA3AHUH

benoycos P.O., 10LEHT, K.T.H., IOLEHT

(DUO, donscHocmy, yueHas cmeneHs, YueHoe 36anue) (noonucs)



1. Ileaun 1 3agaumn.

[lenbto sBHSETCS 3aKpelUIEHUE YIIyOJIeHHEe M CHCTEMAaTU3allis TEOPETUUYECKUX
3HAaHUHU, TIOJYYEHHBIX CTYJEHTOM Ha JIEKIUAX, MPAKTUYECKUX U JTaOOPaTOPHBIX paboTax Mo
Kypcy "BomocHaOxeHHe MNPOMBINUICHHBIX MPEANPUATAN» C TOJYyYCHHEM HaBBIKOB,
CBA3aHHBIX C MPOEKTUPOBAHUEM M IKCILTyaTallMEN pAallMOHAIBHBIX CHCTEM MPOMBIIIIEHHOTO
BOJIOCHAOXKEHUSI W BOJOOTBEACHUS, OIEHKON >(P(PEKTUBHOCTH HCIONb30BAHHS BOJBI IpU
MPUHATHIX TPOEKTHBIX PEIICHUSX.

Bo BpeMs DOpOEKTHUPOBAHHS CTYJEHT JOMNOJHUTEIBHO H3Y4aeT JACHCTBYIOLIYIO
HOPMATHBHYIO, CIIPAaBOYHYIO U IPYI'YI0 TEXHUYECKYIO JIMTEPATypy C LEIbI0 UCIIOJIb30BAHHUS
IOCJIEHUX JTOCTHMIKEHUI HAYKU U TEXHUKH B IPOEKTE. B pe3ynbrare BBITOIHEHUS KypCOBOTO
IpOeKTa U  KypcOBOM pabOThl  CTYJEHT TOJY4YaeT HAaBBIKM  CAMOCTOSATEIHHOTO
KOHCTPYMPOBaHUS M pacyera CHUCTEM IPOMBIIIIEHHOTO, XO3SIMCTBEHHO-IIMTHEBOTO U
MPOTUBOMNOXAPHOTO BOJAOCHA0KEHUS MPOMBIIIJICHHOTO MPEANPHUATHS C YYETOM pa3BUTHUSA
CUCTEM BOJOOTBEACHUS Ha IPEIIIPUATHH.

2. TemaTuka

Jl1st cTyneHToB crienmanbHoCTH "BomocHabkeHre 1 BOIOOTBEACHUE" pEKOMEHTYEeTCs
BBITIOJIHEHUE U Pa3pabd0TKa KOMIUIEKCHOTO MPOEKTa MO BOJOCHAOKEHUIO MPOMBIIIIICHHOTO
NPEANPUATUS C SUHBIM T'€HIIJIAHOM U JJAHHBIMH 110 BOJOTIOTPEOICHUIO U BOJIOOTBEICHHUIO.

OOBeKkTaMu KypCOBOTO MPOEKTUPOBAHUS SIBISIOTCS MPOMIPEANPUATUS, UMEIOITUE
TPU 1€Xa pa3IMYHOrO HA3HAYEHUSA, KOTEIbHYI0, MAaCTEPCKHE, CTOJOBYIO, Tapax H
aIMUHUCTPATUBHO-OBITOBOM KOPITYC.

3. Ucxoaubie 1aHHBIE

KaxnoMy CTyJIeHTY BBIJIA€TCS T€HEPAIbHbIA IJIAH MPOMBIIUIEHHOTO MPEAIPUATHS C
HaJIMYUEM  CETU  TOPOJACKOTO  XO3-TIMTBEBOTO  BOJOIPOBOAA U BO3MOKHOCTBIO
JUMUTUPOBAHHOTO OTOOpa BOJBI M3 CETU TOPBOAONPOBOAA, a TAKXKE MOBEPXHOCTHBIN
MCTOYHMK Il  MPOM3BOJCTBEHHOIO  BOAOCHaOkeHus. VcxoaHeble  JaHHbIE A
MPOCKTUPOBAHUS TPUHUMAIOTCA CTYACHTAMU MO 3aJaHUI0 B COOTBETCTBUUA C HOMEPOM
CTYAEHTA MO KYPHAILY TPYMIIBI.

3agaHue Ha MPOEKTUPOBAHWE M TEHIUIAH MPUHUMAETCS €IUHBIA ISl MPOEKTOB M0
BOJIOCHA0KEHUIO U TI0 BOJOOTBEICHUIO.

dopma OaHKOB 3aJaHusl Il TPOSKTUPOBAHUS CHUCTEM BOJOCHAOXKCHHUS W
BOJIOOTBEAECHUS TPOMITPEAIIPUSITUS IPUBEICHA HUAKE.

dopma 3aztanus.




Hcxonuplie TaHHBIE:

['ennnian npeanpusatus N

MecTopacmnonoxxeHue npeanpusTus (

Macmra6 1:5000
/ mpunoxxeHue /

) BT. 0071

1. Boponorpeburenu
1.1 Hex N1
1.2 Iex N 2
1.3 IIex N 3
1.4 AIMHUHUCTpPaTUBHBINA KOPITYC
1.5 T'apax
1.6 KorenbHas
1.7 CromoBas
1.8 Macrepckue
1.9
2. Pacxo/pl Ha MOKAPOTYIIEHHUE

Tabmuma 1
Haumenosanue Crenenb Kareropus O6beMm DTaKHOCTh
3JTaHUM OTHECTOH- MOYKapHOU 31aHUN 3aHuN

KOCTH OTTaCHOCTH TBIC.M3

Hex N 1 | ji| 320 2
Ilex N 2 | A 180 1
Ilex N 3 Y B 45 2
AnmuH.KOpITyC I b 70 3
lapax Y r 10 1
KorenbHas Il Jil| 40 2
CronoBas I b 3 1
Macrepckast Y r 5 1

3. ITonuB npoe310B U ra30HOB

Tabmuma 2




Bun noiuBa

I 1omans noauBa

Ko1-BO MOJMBOK

3.1 MexaHu3upoB. MoiiKa 0,7 1
3.2 IlonuB Bpy4YHYIO 0,6 1
3.3 IloauB ra3oHOB 0,1 1
4. KoandecTBo pabOTAOIINX Ha TPEITPUATHN
Tabmuua 3
KonmuectBo padoTarormunx n Komugectro
OJIB3YIOTCS
HaumeHnoBanue C : UYenosek Ha
MEHBI JyIaMu
[EXOB IyLICBYIO CETKY
B ropssuem | B ocTampHbIX %
exe nexax
1 2 3 4 5 6|
1 60 7
Iex N 1 2 45 8
3 20 5
1 50 10|
Lex N 2 2 40 8|
3 10 6
1 30 12
Iex N 3 2 30 9|
3 15 5|
AMUuHHUCTpa- 1 5 12
THUBHBIN KOPITYC |
| 1 40 8
Tapax 2 40 8|
| 1 60 9
KorenbHas 2 35 6
3 15 5|
CronoBas 1 50 9|
2 20 9|
Macrepckue ! 15 6

5. Pacxoa TeXxHOIOTHYECKOM BOIEI



Ta0muna 4

Hanme- Pacxon Bozel Hanop mM.B.CT. Hemm Pexcam |
HUcnons3. pacxozoBa-
HoBanue Cme- |M3/cyT
HUS BOIBI |
LlexoB HBI Texton |
Texuu- | IlutbeB. |Texuu- IIutees. ' |
KayecTBa |deckas
Yeckas KauecTBa | Bogpl
1 2 3 4 5 6 7 8 |
Ilex N 1 i OxXITaxI. paBHOM. |
2 BHYTpH |
3 CMEHBI |
1 I
ITex N 2 5 IIPOMBIBKA O
3 |
Tex N 3 1 pacTBop |
2 [POMBIBKA -
3 OXJIAXKI. |
AnMuH. |
1 -
Kopmyc -
1 MOWKa |
Tapax
2 OPOMBIBKA -
1 |
Kotenb- > napoo0p. -
Has 3 Harpes |
Crorno- 1 MO¥Ka |
Bas 2 OXJIAK]I. -
g?;;ep_ 1 TPOMBIBKa

6. TpeOoBaHUsI K KaUYECTBY TEXHUUYECKON BOJABI U XapaKTEPUCTUKA
MIPOU3BOJICTBEHHBIX CTOYHBIX BOJ.




Ta0Omuma 5

IToka3zarenu Enununa Iex Nel | Ilex Ne2 Ilex Ne3 Tapax Korenbnas Macrepck.
Kauectna M3mepen.
B3Bemiennsie Mr/n
Bemecrsa
XKecrkocth Mr-3kB/n
O6mmas
IllenounocTh Mr-3kB/1
Comneconepx Mr/n
Temnepar. oC
PH Bogbl -
BIIKS5 Mr/n
I[TIAB Mr/n
uanuap Mr/n
HegTrempo- Mr/n
JyKThI
NH4+ Mr/n
P205 Mr/n
Cu2+ Mr/n
Ni2+ Mr/n
Cro+ Mr/n
Zn2+ Mr/n
Tabnuna 5 npogoiKeHue
IoxazaTenn Enun. Iex Nel IMex Ne2 Iex Ne3 Iapax Korenbh. Macrepck.




usMep.

Pexum Kn
MOCTYTIICHUS
CT. BOJ

Iotepu Bomsi B | %
TEXHOJIOTH-
YECKOM MpOo-
mecce

7. VICTOYHHUKH BOJIOCHAOKEHUS.

7.1. Tumm ucToyHuKa

7.2. OrmeTku I'BB, m
I'HB

7.3. Pacxon Boapwl nctrounuka Qr,

7.4. CKOpOCTH B MTaBOJOK,
B MEXEHb

7.5. TonmuHa ab1a,

7.6. B3BenieHHbIC HAHOCHI,

7.7. 'mapaBnuueckasi KPYMMHOCTh HAHOCOB, CM/C

7.8. BeicoTa BOJIHBI,

KaTCropu:sa BOOJOCMaA

Kr/m3

M




7.9. Iloka3arenu kayecTBa BOJbI B UCTOYHUKE

Iloka3arenu kayecTBa

Enuanna KommnuecTBo
U3MEPCHHS

7.9.1. B3BellleHHEIE BellleCcTBA

B [IaBOJIOK MI/11

B MEXEHb -/-
7.9.2. pH
7.9.3. XKectrkocTh 0011124 MT DKB/JI
7.9.4. llleno4HOCTH -/-
7.9.5. Coneconepxxanue MT/TT
7.9.6. Temnepatypa J€TH oC

3UMH -/-

7.9.7. PacTBOpEHHBIN KUCIOPOJ MI/11
7.9.8. BIIK5S MI/J1
7.9.9. XKeme3o o0y MT/J1
7.9.10. Ca+ MT/J1
7.9.11. Mg+ MT/T
7.9.12. HCO- MI/J1
7.9.13. SO2- MT/JT
7.9.14. CI- MI/JT
7.9.15.

8. T'myOumHa 3am0KeHHs TPYHTOBBIX BOJI, M

9. XapakTepucTrka rpyHTOBBIX BOJ
10. TTomaua Boas! Ha I1I1 n3 KOMMYHaIBEHOTO BOJOTIPOBOJL

10.1.Pacxon BogsI 110,

10.2.Pexxum nocryriennst Boasl Ko
10.3.CBoGoaubIi Hanop Ha BBoje [1I1,M.B.CT.

BapuaHntsl 3anaHuit

M3/cyT




o | Ta6n.3 | Tabm. | Ta6n.5 | Ta6n.5 | Ta6n.5 | Ta6n.5 | Tabn.5 | Ta6xn.5 Tab1.6

T 4 nex I |mex?2 |mex3 |rapax | KOTEIbH | MACTEPCK

1 |1 1 1 1 1 1 1 1 1
2 |2 2 2 2 2 2 2 2 2
3 |3 3 3 3 3 3 3 3 3
4 14 4 4 4 4 4 4 4 4
5 |5 3) S 3) 3) 3) 5 3) 3)
6 |6 6 6 6 6 6 6 6 6
7 |7 7 7 7 7 7 7 7 7
8 |8 8 8 8 8 8 8 8 8
9 |9 9 9 9 9 9 9 9 9
10 | 10 10 10 10 10 10 10 10 10
11 |11 11 11 11 11 11 11 11 11
12 |12 12 12 12 12 12 12 12 12
13 |13 13 13 13 13 13 13 13 13
14 |14 14 14 14 14 14 14 14 14
15 | 15 15 15 15 15 15 15 15 15
16 | 10 3 16 16 4 5 6 7 1
17 | 8 9 17 17 10 11 12 13 2
18 | 14 15 18 18 1 2 4 9) 3
19 |12 13 14 15 6 7 8 9 4
20 |6 7 8 9 10 11 12 13 5
21 |14 15 16 17 2 3 4 5 6
22 |7 8 9 1 3 4 5 6 8
23 | 8 7 10 2 13 12 11 12 9
24 |3 4 5 6 7 8 9 10 7
25 |1 2 3 4 5 6 7 8 10
26 |10 11 12 14 15 7 8 1 12
27 |13 12 11 10 9 8 3 4 13

Tabnuibl 3aaHU HA IPOSKTUPOBAHKE TI0 BAPHAHTAM CM. MpUiIoKeHue 1.

Kp ATKHEC MECTOANYECCKHE YKasaHUA




3amauamMu pacyeTa M MPOEKTUPOBAHUSA CHCTEM BOJOCHAOKEHHSI MPOMBIIUICHHBIX
MPEINPUITUAN SIBIIFOTCS:

BBIOOp PAIlMOHAILHOM CHUCTEMBI U CXEMBbl XO35MCTBEHHO-IIUTHEBOTO W
IPOTUBOMOXKAPHOTO BOJONPOBOJA TMPOMIPEANPHUATHS, HUCXOIS H3 TpeOyeMBbIX
HaIopoB B Lexax u noapaszaencHusx I1I1;

OTpEJICTICHHE PACUYETHBIX PAcXOJ0B M TaOJMIBl BOAOMOTPEOJICHUS Ha XO03-
MUTBEBBIE W TeXHOJorndeckne Hyxapl Il Bogel muThEBOro KauyecTBa W3
rOPOACKOr0 BOJOIPOBOAA;

OTpeJIeieHHe pekuMa 3a0opa BOJIBI U3 TOPBOJAOIMPOBOJA, MCXONS M3 JAHHOTO
OTHYILIEHHOTO JIMMUTA BOJbl M TapaHTUHHOTO HAMOpa C COCTAaBJICHUEM CXEMBI
IIPUCOEANHEHNS X03-TIMThEBOIr0 BoxonposoAa I1I1 k ropoxackon ceru;

MOCTPOCHHE COBMEILIEHHOTO rpaduKka paboThl HACOCOB C OIMpPENEICHUEM €MKOCTH
pe3epByapa BOJIOHANIOPHOM OAIlIHU U IPOTUBOIIOKAPHBIX EMKOCTEH;

pacyer BOJONPOBOJHOW ceTH nuTheBoro kaudecrsa IIII Ha pacueTHble ciyyaum ¢
no100pOM JUAMETPOB U ONPEIECIIEHUEM MTOTEPH HAMOPa HAa YYacTKax;
onpejieNieHre TpeOyeMbIX  HalopoB B CETU XO3-IMUTHEBOTO BOJIOMPOBOAA C
OIPEJETICHUEM MapOK HACOCOB U PEKHUMOB UX padOTHI;

noJ00p HAcOCOB MOJKAYKM B I[€XaX U ONpPEIEICHHE PEXKUMOB UX pabOThI U
HEOOXOJUMBIX aKKyMYJIUPYIOUINX EMKOCTEH;

pPacCMOTpPEHHE LIEJIEH UCIIOIB30BaHUSA BOJbl HA TEXHOJOIMYECKUE HYXKIbI LIEXOB,
IpyNIupoBaHUe  MOTpeOuTEIeH, aHAJIOTMYHO  MCIOJB3YyeMbIX  BOJY  Ha
TE€XHOJOTMUECKUE HYXKIbl, BBIOOp CHUCTEM IPOU3BOJCTBEHHOTO BOJOCHA0XKEHUS
st otaenbHbIX 1exoB [T u cuctembl MPOU3BOICTBEHHOTO BOJOCHAOXKEHUS AJis
BCET0 MPOMITPEANPUATHSI HA OCHOBAHUH TPEOOBAaHUM KauecTBa BOJIbI, HAJICKHOCTH
Y MECTa PACIOJIOKEHUS OTpeOUuTene;

BBIOOp CXEM MPOU3BOACTBEHHOTO BojocHaOxeHus nexos u Il B nenom ucxons
U3 TIPUHATOM CHUCTEMBI TPOU3BOJACTBEHHOI'O BOJOCHAOXKEHHS, TpeOyeMbIX U
OCTATOYHBIX HAMOPOB, PEKUMOB PaOOTHI LIEXOB M pa3MeIleHUsd UX Ha | eHriaHe
I1IT;
peBapUTENbHBIN BEIOOP OJIOKOB OCHOBHBIX COOPYXEHHM AJIs LIEXOB U JUIsSl BCETO
[1I1, TpaccupoBKa BOZONPOBOAHBIX ceTer mpoMBoAonposoaa Ha ['enmiane I111;
orpesesieHue HEOOXOAUMBIX PACXOJ0B BOJAbBI HAa TEXHOJOTMUYECKHE HYXKJIbI
noxpaszaenenun IIII, ompeneneHune norepp BOABI W3 OTHAECIBHBIX JJIEMEHTOB
CUCTEMBI IIPOMBOJONPOBOJA;

COCTaBJICHHE 0aTaHCOBOM CXeMbl IPOU3BOACTBEHHOT'O BOJIOCHAOKEHUS;
COCTaBJICHHE CXEMbI U pacyeT 3JIEMEHTOB 000pOTHOM cucTeMbl 1exa Nel
MPOU3BOJICTBEHHOTO BostocHa0x eHust [1I1 mist Boaw! 1 kaTeropuu;

COCTABJICHHE CXEMBbI M pacyeT 3JIEMEHTOB 000pOTHOM cucTeMbl exaNe2(1iexa Ne3)
JU1S1 BOJBI BTOPOM KaTETOpUU;

COCTABJICHHE TEXHOJIOTMUECKOU CXEMbI YMATYEHUS WK 00ECCOMBAHMS BOIbI 1JIs
rexa Ne3 Wim KOTETbHOM C pac4eTOM AJIEMEHTOB CUCTEMBI;

pacyeTr COOpyKEHUN MPHU NMPSIMOTOYHOM MJIM TOBTOPHOM MCIIOJIb30BAHUU BObI B
MIPOU3BOJICTBE (MPU HEOOXOAUMOCTH);



- pacueT 00111e3aBOICKUX OYUCTHBIX COOPY>KEHUH MpHU 3a00pe BOJIBI U3
ITOBEPXHOCTHOTO UCTOYHUKA C COCTABIEHUEM BBICOTHO-TEXHOJIOTMYECKOU CXEMBI
OYHCTKHU;

- TUAPABIMYECKHI pacyeT ceTeil MpOMBOAOCHAOKEHUS;

- pacuet u noadop HacocHoro oobopynoBanus HC-2 u PUB;

- oueHKa 3(pPpeKTUBHOCTHU UCTIONb30BaHus BobI Ha 111 mo npunsToii cxeme
MIPOU3BOJICTBEHHOTO BOIOCHA0KEHMUSI.

Bozaa Ha MpOMBINUIEHHBIX NPEANPUATHIX PACXOAYETCS HA XO3AMCTBEHHO-IIUTHEBBIE
HY)XIbl paOOTHUKOB TMPENPHATHI, TOJIMBKY TEPPUTOPUM, TOXKAPOTYIICHHE U
TEXHUYECKHE (ITPOU3BOACTBEHHBIC) HYK/IbI.

Yare BCETO X031ICTBEHHO-TIUTHEBOE BOJIOCHA0KEHNE NPEATPUATAN
o0ecreyrBaeTcs U3 BOJAONPOBOA HACEJIEHHOT'O IyHKTA, T MPOKUBAIOT PA0OTAOIIME HA
npeanpuaTisaX. OnpeneneHue pacxoloB BOAbI HA XO3SHMCTBEHHO-IIUTBHEBBIE HYXKIBl U
IIPOEKTUPOBAHUE BOAOIPOBOJA OCYLIECTBILIIOTCS B COOTBETCTBUU ¢ pekoMeHmarmssmu CII
31.13330 [1]. Ecmm rtopoackod BOmOMPOBOA OOECIEUMBACT IOJA9y PACUETHOTO
(CeKYHIHOTO) pacxofa BOAbL, TO Ha MPEINPUITUM YCTPaUBAE€TCs Pa3BOMAIIAS
BOJIONPOBOJIHAsI CETh, W3 KOTOPOM BOJAA IOAAETCS B ILiexa M Apyrue 3manusa. Ecim
TOPOJICKOM BOJIONPOBO HE OOECIEUMBAET MO/Iauy PacUeTHBIX (CEKYHIHBIX) PacXOJI0B
Ha TMpEINpHUATHE, a YJIOBJIETBOPSAET TOJNBKO CYTOUYHOE BOJOINOTpeOIeHHe, TO Ha
NPEANPUATUH JOTKHA ObITh YCTAHOBJIEHBI HAKOMMUTEIbHBIE EMKOCTH, HACOCHASI CTAHLIUS
Y pa3BoOJsALIas BOJOIIPOBOIHAS CETh.

Pacxoapl BOAbl Ha TOJIMBKY TEPPUTOPUM NPEANPUATHAN ONPEACIIIOTCS UCXOLS U3
HOPM pacxonoBaHus BoAbl [1] u momanum noiauBaembIx Teppuropuii. Ha mommeky
MOYKET HCIIOJIB30BaThCS BOAA U3 XO35ICTBEHHO-ITMTHEBBIX BOJOIIPOBOOB WM U3 CUCTEM
MPOU3BOACTBEHHOTO BOJIOCHA0KEHHUS, TPAHCHIOPTUPYIOIIUX HE3arpsi3HEHHYIO BOAY.

Pacxompl BOmpl  JUIsI  MOXKApOTYIIEHWS] HA  MPOMBILUICHHBIX — MPEANPHATUSAX
OIIPENEIAIOTCA B 3aBUCUMOCTH OT KATErOPUM IPOM3BOJACTBA I10 IOKAPHOM OIACHOCTH,
CTENEHU OTHECTOMKOCTH U 0Obema 31anui [1]. [lonaya Boibl Ha MOKapOTYIIEHUE MOXKET
OCYUIECTBIISIFLCA JTMOO U3 XO3AWCTBEHHO-TIMTHEBBIX BOIOMPOBOJOB, JHOO U3 CHUCTEM

MPOU3BOACTBEHHOIO BOJIOCHA0XKEHUS, TPAHCHOPTUPYIOIIMX HE3Arps3HEHHYI0 BOIY U



OXBATBHIBAIOIINX BCIO TEPPUTOPHIO MPOMBITIIEHHOTO TPEATPHUSTHSL, JTUOO U3 CHECIUATHLHO
CO3IaBaCMbIX CUCTEM MPOTHBOIIOKAPHOTO BOJIOCHAOKEHHS.

TexHonmoruyeckoe (IMpOU3BOJICTBEHHOE) BOJIONIOTPEOICHHE SIBIISIETCS OCHOBHBIM KaK 10
KONIMYeCTBY — MOTpeOisieMoid  BOABL, TaK M 1O POMM  BOABI B OOGCIICUEHHH
OCHOBHBIX TEXHOJIOTUYECKUX TIporieccoB. Boma WCMoib3yercsi B TMPOW3BOJACTBE TS
pa3HoOOpasHBIX Ienieil. B mporecce moTpeOieHus BoJa MOXKET HarpeBaThCs |
HACBIIIATHCS PA3HOOOPA3HBIMH TPUMECSIMH.

Vcxons u3 HEOOXOAMMOCTH CO3JaHUsI 0OOPOTHBIX M OECCTOYHBIX CUCTEM
MPOU3BOJICTBEHHOTO BOIOCHA0KEHUS TIPY aHAIN3E TEXHOJIOTMYECKOTO BOJOMOTPEOICHNS
CIIEYEeT OJTHOBPEMEHHO MTPOU3BOIUThH aHAIN3 BOJIOOTBEICHUSI [0 PEKUMY
BOJIOOTBE/ICHUS, PACIIOJIAracMOMY OCTATOYHOMY HAITOPY U 3arpsi3HEHUSM, TTOTy4acMbIM
BOJIOM B TMPOIIECCE €€ UCTIOIH30BAHMSL.

Bce MHOrooOpasue mcnoiib30BaHUs BOJBI HA TEXHOJIOTUYECKHE HYXKIbI MOXKHO
CHCTEMaTH3HUPOBATh B PSIJ] KATETOPHH, UMEIOIITIX OOIIHE MPU3HAKU H OOIIHE TTOIXO/IBI K
pa3paboTKe CUCTEM BOJOCHAOKEHMSL.

Booa nepsoti kamezopuu ucnonb3068anusi IPUMEHSIETCA B KQUECTBE TETIIOHOCHTEIIS
JUTSL OXJIQXKACHUS OOOPYJIOBaHMS M TPOAYKTAa B TEIJIOOOMEHHBIX amnmaparax (0e3
KOHTAaKTa ¢ TpotykToM). B mporiecce notpebienus Boga HarpeBaeTcsi U MpaKTUIECKU He
sarpssasiercs. K 3Tol Kareropuy WCIONB30BAHUS BOJBI OTHOCHUTCS OXJIKICHHE
KOHJICHCATOPOB TypOWH B TEIJIODHEPTE€THKE, METALTYPIUYSCKUX TeUeii B METAILTYPIHH,
KOMITPECCOPOB, XOJOIUIBHBIX MAIITUH U JIP.

Booa emopoil  kamezopuu  UCNONL306aHUs  OCYILIECTBISIET —TOTJIOMIEHUE U
TPaHCIIOPTHUPOBAHKE TIPUMECEH B TIPOU3BOICTBEHHBIX TPOIeccax 0e3 TETIOBBIICICHNS.
[Ipy moTpebneHMM BOJA HACHIIASTCS Pa3HOOOpPA3HBIMU TPUMECSIMH, HO HE
HarpeBaeTcs. K 9Toil Kareropuy WCHONB30BaHUS BOJBI OTHOCHUTCS TIPOMBIBKA
MPOAYKTA M MPOYKIIUU, HAIPUMED, B TEKCTUIILHON TIPOMBIIIICHHOCTH, TaJIbBAHUIECKOM

MPOU3BOZICTBE, JJIEKTPOHUKE U JIP.



Booa mpemveri kamezopuu ucnonv3o6anusi yHacTByeT OTHOBPEMEHHO B MOTJIOIIEHUN
U TPAHCIIOPTHPOBAHWU TPUMECEH U B OXJIAXKICHUM NPOAYKTa U 0OopynoBaHusi. B
nporiecce MoTpeOIeHNs BO/Ia HACKIIIIAETCS PUMECSIMU M HATPEBACTCA.

K oroifi kaTeropuu HCIOIB30BaHUS BOJABI OTHOCHUTCS MOKpas TIa3004MCTKa,
OXJIQX/ICHUE MPOKATHBIX CTAHOB M MAILIMH PA3JIMBKU CTAIM U YyT'yHAa B METAJLTYPTrUH
U Jp.

Booa uemesepmoii kameeopuu ucnonb308anusi TIPUMEHSETCS Uil PacTBOPEHHUS
pEarecHToB B XMMHYECKOM  TEXHOJIOTMH,  KpacuTeled B TEKCTUIbHOU
MPOMBILUIEHHOCTH, 3JIEKTPOIUTOB U 1p. Ilpu 3TOM 00pa3yrorcsi TEXHOIOIMYECKUE
PacTBOpPbL, KOTOPBIE B CTOK CIIMBATHCS HE IOJKHBI.

Booa namoii kamezopuu ucnonv3osanusi BXOIUT B COCTaB F'OTOBOM NMPOMYKIIHH,
HaripuMep, B  MHUIIEBOM  MPOMBINLIEHHOCTH (KOHCEPBBI, AJKOTOJbHBIE U
0e3aJIKOroJIbHBIC HATUTKU U Jp.). Bona 3Toi Kareropun HEMOCPEACTBEHHO B CTOK HE

MOCTYIIAET.

Booa wecmoti kamezopuu ucnonvzosanus MPUMEHSIETCS B KAUECTBE TEIUIOHOCUTEINS B
TEIUIOPHEPreTUKE M TeIulocHaOkeHuu. Takas BoJa IOCiIE€ HarpeBa IOCTYINaeT B
TEMJIOTEXHUYECKUI KOHTYpP U B CTOK HE cOpachIBaeTcsl.

Haubonbiiee pacnpocTpaHeHUE TONYYHJIM — TEpBbIE TPpU  KaTEropuu
UCIIOJIb30BAaHUsl BOJBI, ISl KOTOPBIX IMPEeIyCcMaTpUBAETCA CO3AaHHE OOOPOTHBIX U
3aMKHYTBIX CUCTEM BOJOCHAOKEHUS.

CucremMbl BOJOCHAOXKEHMSI TOCIEAHUX TPEX KaTeropud MPsIMOTOYHBIE U
BKJIFOYAIOT B CBOM COCTaB COOPYXEHUS Ui MOJTYYEHHUs BOAbI TPEOyEMOro KauecTBa,
HACOCHbIE CTAHIIMM WU BOJOMPOBOJHBIE CETHU ISl MOJA4YM BOJABI MOTPEOUTENSIM B
COOTBETCTBHUHU C PEKUMOM BOJIONOTPEOICHHS U TPEOYEMbIMU HAITOPAMH.

Jlnst pa3paboOTKM cHCTEM BOJOCHA0XKEHUS B KayeCTBE MCXOIHBIX MapaMeTpoB,
XapaKTepU3yIOIINX BOJOMOTPEOICHHE, MO KaXIOMYy BOJONOTPEOUTENIO B 3a/JaHUU
MIPUBOJSATCS CIIEIYIOIINE CBEACHNUS:

TpeOOBaHMsI K Ka4€CTBY BOJIBI,

TpeOyeMble KOIMYECTBA BOJIbI M PEKUM HEAOMOTPEOICHUS;



NOTPEOHBII HATIOD;

CTETNEHb Ha/IS)KHOCTH T10/1a4U BOJIBI.

COOTBETCTBEHHO JIJIS1 XapaKTEPUCTUKU BOAOOTBEACHUS JaHbI:

Ka4ueCTBO OTpabOTaHHOM BOJbI (CTOKA);

KOJIMYECTBO OTBOJAMMOM BOJIBI U PEKUM BOJIOOTBEACHMUS;

HAITOPHBIE XAPAKTEPUCTUKH (OCTATOYHBIN HAIOP) CTOKA.
[Ipu npoeKkTUpOBaHUU CUCTEMBI POMBIIIJIEHHOTO BOJOCHA0KEHUS JOTKHBI
YUUTBIBATHCSI BO3MOXKHOCTh COKpAIIEHHsI cOpoca CTOYHBIX BOJ B BOJIOEM ITyTEM
MaKCHUMAaJIbHOT'O UCTIOIb30BaHUS BOJIbI CO3/JaHUEM OOOPOTHBIX CHCTEM MJIM CUCTEM C
MOCJIETYIOLIUM UCIIOJIb30BAHUEM BOJBI.

CucteMbl 000POTHOTO BOJOCHAOKEHUSI MOTYT OBITh B BUJI€ OTJEIBHBIX [TUKIIOB
000poTa AJI KaXKI0ro Lexa WK psaa [EeX0B, a TaKxke OOLIeH I BCEro
npennpustus. s Bbioopa 000pOTHOM CUCTEMBI HA CTaIUU POEKTUPOBAHUS,
CHayYaJla pacCMaTpHUBAIOT Pa3MEILEHUE LIEXOB Ha F€HEPATbHOM IUIAHE, 3aTEM
IpyNIUPYIOT MOTPEOUTENEH BOIbI AHAJIOTUYHO UCTOJIb3YIOIINUX BOY B IIPOU3BOICTBE
(oxJax1eHre, NOIJIOIIEHNE, TUAPOTPAHCIIOPT U T.J.) U IPEIbIBISIONINE K KAaUeCTBY
BOJIbI, €€ CBOMCTBAM U HANopy HJACHTHUYHbIE TpeOoBaHUsA. OJHOBPEMEHHO C ATUM
yCTaHaBJIMBAETCS KaYeCTBO OTPAOOTAaHHON BOJBI MO (PU3HKO-XUMUYECKUM
MOKa3aTesiiM U €€ OCTATOUYHBINA HAIop, 3TO OMPEAENIAET METO OYMCTKU BOJBI MEpPE
MOBTOPHBIM UCIOJIb30BAaHUEM KaK B 00OPOTHOU cHCTEME BOJIOCHA0KEHHUS LIEXOB TaK
Y TIOCJIEIOBATEIBHOM HCIIOIb30BAaHUH BOJBI B IPYTHUX NPOU3BOACTBaxX. Jlaiee
OLICHMBAETCS HAAEKHOCTD MOJIYYEHUS BOJIbI IOTPEOUTENEM, HEOOXOAUMOTO
KOJIMYECTBA U TPEOyeMOro Haropa.

[To nepBoMy npu3HaKy (TpynnupoBKa NOTpeOUTENe) U o BTOpoMY (HaAEKHOCTD)
MOJIY4alOT PACIOJI0KEHUE OCHOBHBIX OJIOKOB COOPY>KEHHUI CUCTEMbI 000POTHOTO
BogocHabOxenus (HC, rpanupuu u 1.1.). Jlenaror HauepTanue Ha MIaHe JIMHAMA
BOJOTIPOBOJIOB U CETH, ONPEAEIISIIOT y3JIbl IEPEKITIOUEHUSI TOTOKOB BOJIbI, CPEJICTBA

aBTOMATHU3AINHU JJIs1 000pyAOBaHUS U TPyOOIIpoBo10B. COrIaCHO pEeKOMEHTAIHSIM



Cuull u Coro3BogokaHaNPOEKTa ONTUMATIBHBINA PaInyC 00CTYKUBAHUS
noTpeduTeneit ogHoi 060poTHOM cucteMbl 380-450 M.

[Ipu onpeneneHnn MecTa pacroyIoKEHUsI BOAOIPOBOIHBIX COOPYKEHUI
YYHUTHIBACTCS (PAKTOpP OTHOBPEMEHHOCTH WJIA PA3HOMMEHHOCTH PabOThI
MPOU3BOJICTBEHHBIX 00BEKTOB. Jlaniee yuuThIBaeTCsl BO3MOKHOCTh PACHIUPEHUS U
PEKOHCTPYKITUHU TIPEITPUSATH.

[Tocne BBIMONHEHHS IEPEUUCICHHBIX ITANOB B MPOSKTUPOBAHUU COCTABIIACTCS
OaslaHcoBas cxeMa BOJOCHA0XKEHUSI HA KOTOPOH YKa3bIBaIOTCS HE TOJIBKO CUCTEMBI
BOJIOCHA0XKEHUS, HO U pacxo/ibl Bojbl. [Ipy HepaBHOMEPHOM BOJONOTPEOICHUU BOIbI
Pa3IMYHBIMU MMOTPEOUTEISIMUA B TEUEHUHU CYTOK OajaHCOBAasi CXeMa COCTaBIIsIeTCS Ha
CYTOYHBIN pacxo]i Bojbl. [Ipu 3TOM 1iMprHA MOTOKOB BOJIbI B 0aJTAHCOBOU CXEME
JI0JIKHA COOTBETCTBOBATH X PACXOY BOJIBI.

[Tocne 3TOro MPOM3BOAUTCS pacueT 3JIEMEHTOB CUCTEM BOJIOCHAOKEHHSI C yUETOM
MaKCHMAJIbHOTO pacXojia BOJbI U BO3MOXXHOCTH PaObOThI CUCTEMBI MPU
HEPaBHOMEPHOCTHU BOAOINOTPEOIECHUS B TEYCHUE CYTOK, 000 TUaMETPOB
TpyOONPOBOJOB, MAPKH HACOCOB U APYroro 000py10BAHHUS.

[Ipu cocraBiieHnn 6anaHCOBOW CXEMbI BOJONIOTPEOJICHUS CIIEYyEeT UMETh BBULY,
4TO HOPMaJIbHOE (PYHKITMOHUPOBAHUE JIFOOOM 000POTHOMN CHCTEMBI BOJIOCHAOKEHUS
MPOMBIILJICHHOTO MPENPUITHS BO3MOXKHO JIUIIbL TTPU 00eCcieueHUN OaaHCOB: 10
KOJIMYECTBY BOJIbI; MO0 KOJMYECTBY TEIJIa; IO KOJWYECTBY BEMIECTB (MIPUMECEH BOIBI).

KomnuecTBo BoJibI B cucTeMe 000POTHOTO BOAOCHAOKEHUS TOJDKHO OBITh
MTOCTOSTHHBIM. Bce moTepu BOJIbI TOJKHBI KOMIIEHCHPOBATHCS T00aBOYHOM
(moxmuTouHo#) Bomoi. [loTepu Boabl B 000POTHOM CUCTEME BKIIFOUAOT:

O, - 6€3BO3BpaTHOE MOTPEOJICHNUE BOJIBI B IPOU3BOJICTBE;

Qyx - HOTEPH BOJIBI HA KAIENbHBIN YHOC B OXJIaIUTEISX;

Quen-TIOTEPH BOJIBI HA UCTIAPEHHE B OXJIATUTEISIX

Q. -TIOTEPH BOJIBI HA OYUCTHBIX COOPYKCHHUSX

Oppox - OPraHU30BaHHBINA COPOC BOABI U3 CHCTEMBI (IIPOLYBKa), Ul NOAAEPKAHUSL

JIOITYCTUMOTO COJIEPYKAHUS PACTBOPEHHBIX ITPUMECEH.



B63B03BpaTHBIe NOoTepru BOJABI B IPOU3BOACTBC 3aBHCAT OT XapaKTCpa
TCXHOJOTHMYCCKOIro IIpomecca, poJin BOAbI B C€ro OCYHICCTBICHHHM H 3a1dl0TCA
TCXHOJIOIaMHU ITPOU3BOACTBA .

HOTCpI/I BOAbI Ha HCIIAPCHUC B OXJIAJUTCIIAX, MOI'YyT OBITH OIpCACIICHbI U3

BBIPpAKCHUA

Q I/ICH:KI/ICHAthXII

rae K, ., - KoappuimeHT notepb BoJIbl HA UCTIAPEHUE, KOTOPBIN ISl OpbI3-TaIbHBIX
0acCeHOB M TpaJMpEH 3aBUCUT OT TEMIIEPaTypbl OXJIAXKIAIOUIEr0 BO3/1yXa,
U3MEPEHHOT'0 CYXUM TEPMOMETPOM, U MOKET OBITh MPUHSAT CIICAYIOIIUM:

Kier =0,0012 mpu 10 °C, K., =0,0014 npu 20 °C,

Kyucn =0,0015 sipu 30 °C u K, =0,0016 ipu 40 °C;

At - mepenaja TeMiepaTtyp, pa3HOCTh MEXKIy TeMIlepaTypoit HarpeToii |, u
OXJIQXKJICHHOM 11 BOJIBI; (o« ; - KOJTMYECTBO BOJbI, I10/IaBAEMOU B OXJIaIUTENh, M3/4.

[ToTepu BoAbl HA KaNeNbHBIA YHOC 3aBUCIT OT TUIIA OXJIAJMTEINS U MOTYT OBITh
NPUHATHL 17151 OallICHHBIX TPagupeH, 000PYAOBaHHBIX BOJIOYJIOBUTEISIMHU, PABHBIMU
0,1 % oT KonMYecTBa MoAaBaeMoON BOJBI, ISl BEHTUIISITOPHBIX Tpaaupen - 0,2 %.

[ToTepu BOJIbI HA OUMCTHBIX COOPYKEHUSAX 3aBUCST OT TEXHOJIOTHUYECKON CXEMBbI
OYUCTKH BOJIbI, COCTaBa COOPYKEHHUM U MOTYT OBITh ONPEIEICHBl TEXHOJIOTHUYECKUM
pacueroM. Jlyig mpeaBapUTENbHBIX PACYETOB MOTEPH BOJbI MPU OJHOCTYNEHYATON
CXeM€ OTCTauBaHUs MOTYT OBITh TPHUHATHI -2%, MpPU OJHOCTYIEUYATON CcXeme
bunberpoBanus 2-4%, TmpU ABYXCTYNEHYATOM cXeMe OcBeTiieHus Boabl 4-6% ot
pacxoja BOJBbI.

B 000poTHBIX cucTeMax, Iie Boja B MPoliecce MPOU3BOJCTBA TOJIBKO HAarpeBaeTcs,
HO HE 3arps3HAETCs, pe3yJIbTaTe UCTIAPEHUsI B IUPKYJISILIMOHHON BOJE MOBBIIIACTCS
KOHIEHTpALUsI MUHEPaJIbHBIX cojied. [Ipu onpenenéHHor KOHIEHTPaUH COJIM MOTYT
BBITIAZATh U3 IUPKYJISIIMOHHON BOJBI, 0COOCHHO MPU HATPEBAHUH B TETUIOOOMEHHBIX
amnrmaparax. T0 pe3Ko CHIKaeT Kod(PUIIMEHT Terionepeaayu U yxXyamaeT

9KCILTyaTallMOHHBIC ITOKA3aTCIIN.



JIJIs Tpe TOTBpAIIEHUS BBIITAICHUS MHHEPAIBHBIX COJICH U3 CUCTEMBI,
TIPOM3BOIUTCS MIOCTOSIHHAS TIPOYBKa OOOPOTHOM CHCTEMBI, T.€. YAaJeHUE YACTH
UPKYJISIITAOHHON BOABI. DTO MPOU3BOIUTCS B CICAYIONINX ciydasx. [lorepu Boabl B
000POTHOM LUKIIE Uyenr. ,Cyns. ,Onm KOMIIEHCUPYIOTCS OJAYEN CBEXEH 0OaBOYHOM.
BocnonHenne yobutH U3 CHCTEMBI JOOABOYHOM BOJION ¢ MEHBIIIMM COJIECOICP)KaHUEM
BBI3BIBACT OMPEICTAEHHOE pa30aBIeHNEe U OCBEKEHIE 00OPOTHOM BOJIBI, HO 3TO
BO3MO>KHO TOJIBKO MPHU OYEHBb MAJION KECTKOCTH U COJIECOIEP’)KaHUU T0OaBOYHOM
BOJIBI.

Ecnm Takoro ectecTBEHHOTO pa30aBICHHsS HE TOCTATOYHO, TO IPUXOJIUTCS YaCTh
000pOTHOI BOJIBbI COpAChIBATh U B3aMEH J100aBJISTh TAKOE K€ KOJMYECTBO CBEXKEH
BOJIbl. Pazymeercs, copoc u 1o6aBka 11e1ecoo0pas3Hbl TOT/1a, KOTJia COJIECOIepKaHne
1 KapOOHATHAs )KECTKOCTH T0OABOYHOM BOJIBI MEHBIIIE, YeM AorycTumas K, u
coJieco/iepaHue J00aBOYHOM BOJIBI U €CITH TO3BOJISIET MOITHOCTh BOJIOMCTOYHUKA.

Ecnm kauecTBO BOJBI HCTOYHMKA HEOCTATOYHO JUIsI HOPMAJIbHOU pabOThHI
000pOTHOI CUCTEMBI, TpeIycMaTpuBaeTcsa 00paboTka J00aBOYHOM UM 00OPOTHOM
BOJBI corjiacHO TaoOmwie 1.

Tabmn.1.
MeTozb1 06paGoTKH OXJIaXAAIoLIeH BoabI mpu Harpese ot 40 1o 60 °C mpu

OXJIQXKJICHUU Ha TPAaUPHIX U OpbI3ralibHbIX OacceiHax.

Ky (II) mpuponHoit Meroasl 00pabOTKH BOIbI Ycnosus
BOJbI, MT" 9KB/JI
peKu, MTOA3EMHBIC
BOJIOXpaHU | MUCTOYHUKHU
JuIa
CpeIHen
TTOJIOCHL.
1 2 3 4
<25 15 OcBexxeHrne 000pOTHOM BOIBI




1) INoakucaeHue 100aBOYHOM 1) --
BOJIBI, 2) --
2) JlomycTuMoO 3) [lpu nanuuuu
2,5-4 1,5-3 dbocharupoBanue JIBIMOBBIX T'a30B ,
n06aBoYHOM M 000poTHOU | comepkamux CO;
BOJIBI ITPH 0053aTCIIBHOM 1 HeBbICOKOM K
XJIOPUPOBAHHH,
3) Bo3moxkHa pekapOoHU3aIus
000pPOTHOM BOJIBI.
1) Ilopkucnaenue 106aBOYHOM 1) -
2,5-5 1,5-5 BOJBI ITPU YCIIOBUU 2) Ilpu Hanuuuu
OTpaHUYCHUS KOHIICHTPAINH JIBIMOBBIX Ta30B
rouoB SO, 1 HEBBICOKOM K
2) PexapOonu3zanus 000poTHOU
BOJIBI.
4-6 3,5 ITonkucienue 100aBOYHON
BOJBI U (hochaTtupoBaHue
000pPOTHOM BOIBI
Vmsaruenue nodasouHou Boael | Ecim Boja m 6e3
> 4-5 - U3BECTBIO C OCBETICHUEM TOTO HYKJa€TCs B
OCBETJICHUU
VYMsruenue 4yacTy UM Beel Ecau Bona He
- > 4-5 nob6aBoyHou Boabl Na- HY)X/IaeTCs B
KaTHOHWUpOBaHWeM i H- IPEIBApPUTEIHLHO
KaTHOHUPOBAHUEM C M OCBETJICHUH
«TOJIOJTHOWY pereHeparuei.

J1y1st BOZIBI pEeK ¥ BOJIOXPAHUIIUII] CEBEPHBIX PAOHOB, a TAKXKE BOJIbI C TOPHO-
JICTHUKOBBIM MUTAHUEM TapaMeTPhI MO MIEIOYHOCTU BOJIbI CIIEYET MOBBICUTH Ha |
Mr kB/11. [IpH HarpeBaHHH BOBI B Ipon3BocTBe 10 40 °C ¢ TemmepaTypHbIM
nepenazgom 10 5 °C , BeIMUMHA MENOYHOCTH MOKET OBITh yBeIrmdeHa Ha 0,5 MT KB/,
[Tpu npUMEHEHUH TTOIKKCIICHUS BOJIbI HEOOX0IMMO, YTOOBI coepikanne noHoB Cl™ u
SO,* B 060poTHOI Boze He mpeBbiiano 500 1 350 Mr/11, a o6mast MEI0IHOCTb ITOH
BO/IbI ObLJIa HE MEHEE 2 MT IKB/J, BO U30€KaHUE KOPPO3UOHHBIX MPOIIECCOB.

Jnst pacueToB 00OPOTHOM cUCTEMBI 6€3 00padOTKH 100aBOYHOMN BOBI HEOOXOAUMO

Max.IHpK.

3HATh MpeJebHble KOHLEHTpauu cosierd (K ) 000POTHO¥ BOJIBI IIPU KOTOPBIX
OTJIO’KEHHSI COJIEN B CUCTEME HE MPOUCXOIUT.
Jns npensaputensHbix pacuetoB CHull (1) pekomenayeT npou3BoauTh 00paboTKy
BOJbI ITPH YCIIOBUU

1,06 Ky>3?

rae Ky- koaddunment ynapuBanus, npuHIMaeMbIi B peaenax 1,5...2 .



IIpH KCTOTB30BaHMH 106aBOYHO BOBI 6e3 06paboTki I ,es = K.
Jlsst 6oJIee TOYHBIX PACUYETOB MpEebHas KapOOHATHAS KECTKOCTh MOXKET OBITh
ompe/esieHa o ee COCTaBy M TEMIIEpaType ¢ epMaHraHATHON OKHUCIIIEMOCTBIO MEHEe

25 mr/n u3 ypaBHEHUs

8 + 9 _ tb’blx — 40 _ 2’8}K:i6
3 55,9 -9, (tas =90y
)K MaX.IMpK. — 7 7 10
K 2,8 )

rae O — OKHCIIEMOCTh J0OABOYHOM BOJBI;
K, "°° — HexapOGOHATHAS KECTKOCTD JOOABOYHOI BOJIBL;

tBHX — TCMIICpATypa BOAbI BBIXOJAIAA U3 TEeII000MEHHHUKA.

KonuuecTBo BOJbI, cOpackiBa€MOW U3 CUCTEMBI JUIsl PEJOTBPAILICHHS 00pa30BaHuUs

KapOOHATHBIX OTJIOKEHUU B CUCTEME, OyIeT

C
QHpOL[: % - (QyH + QHH)’
006

MAX YUPK -
_ K, = A K

rae Czlo6 _>Kzlo6 > CMaX.LII/IpK XK MaX.IHpK.

KomnuecTBo I[O6&BO‘IHOI>1 BOAbI B CUCTEMY IJIs1 KOMIICHCALIUU ITOTCPb COCTABJIIACT

CJ\ftax.uupKQucn
C

MAX.Yupk %006

Qu06: niin Qz[06 = QI/ICI‘[ +QyH+anou+ani

Ecnu B pe3ynbpTare pacueToB OKa3bIBAETCS, IPOLYyBOUHBIN pacxol Qnp.,>4% pacxona
LHUPKYJISILIMIOHHON BOJBI B CUCTEME, TO HEO0X0uMa 00paboTKa 100aBOYHON WU
000pOTHO# BOJIBI OJIKKCICHUEM, peKkapOoHu3aiueit hochaTupoBaHUEM WIIH
KOMOMHUPOBaHHYIO (0oCHaTHO-KUCIOTHYIO 00pabOTKYy.

B 060poTHOI cucteMe HeOOXOANMMO BHIOPATh U MPOU3BECTH PACUET OXJIATUTENS
000pOTHO# BOJIBI, OMIPEACIUTh HEOOXOAMMOCTh 00PAOOTKU XJIOPOM U METHBIM
KyIIOpOCOM JIJIs1 TPEA0TBpalIeH!s] OM000pacTaHus COOPY>KEHHUI 1 TpyOOITpOBOIOB.

B koTrenpHOI Ha OCHOBaHMH TPEOOBAHUI K KAYECTBY MCXOHBIX JaHHBIX
00pabOTKH BOJIbI HAa OOIIE3aBOICKUX COOPYKEHHSIX OMPEIENIAEeTCS TEXHOIOTHYecKas

CXEMa YMATYCHMA BOJLI, OIIPECACIIACTCA pacXxoa BOJAbLI IIOJaBACMbIX HAa CTAHIIUIO



YMATUCHHSA C YICTOM COOCTBEHHBIX HYXI, HYKI KOTEJIbHOM U APYrux nexoB

OpeAnpuATrs. 3aTeM NPOU3BOJIUTCS PaCUET COOPYKEHUN YMATYEHUS BOBI.

MCTOI[I/IKa pacdcTa KaTHOHUTOBBIX (bI/IJ'ILTPOB I KOTCJIBHBIX ITPUBCACHA HUKC.

H-kaTuonupoBanue

Meton H-katmonupoBaHMsl OCHOBaH Ha MpOMycKe oOpadaThiBaéMOM BOBI Uepe3
KAaTHOHUT, OTPETreHEPUPOBAHHBIA KHUCIOTOW. B mponecce puiabTpoBaHUs KaTHOHBI,
cojepkaiuecss B oOpabaTeiBaeMOM Boje, OOMEHHBAIOTCS Ha HOHBI BOAOPOJA,
CoZIepIKalrecs: B KATHOHUTE, IPHU 3TOM IPOTEKAIOT CIEAYIOIINE PEAKIUU:

2H(K) + Ca(HCO03), =CaK; + 2H,0 + 2C0;
2H(K) + Mg(HCO03),=Mg(K), + 2H,0 + 2CO0;;
2H(K)+CaCl,=Ca(K), + 2HCI;
2H(K)+MS0,=M(K; + H,S04;
H(K) + NaC1=Na(K) + HCI;
2H(K) +Na,S0,4 =-2Na(K) + H,SO,.

Hapsigy ¢ BbIIeIprUBEICHHBIMU PEAKITUSIMH MPOTEKACT MPOIECC BHITCCHCHHS W3
KAaTHOHMTA paHee mornomeHHsx nonoB Na© nomamu Ca® “u Mg” ¥, BerencTBue uero
katroHuT 1o monaM Na® mcromiaercst Gbictpee, dem mo monam Ca® * u Mg® * |
KOTOpBIE, SBJSAACH 2-BaJICHTHBIMH, COPOMPYIOTCS KaTHOHHTOM Jjydiie. M3-3a
HEOJMHAKOBOW COpPOUPYEMOCTH HWOHOB Pa3IMYHOM MPHUPOJBI HUX «IIPOCKOK» B
(GUIBTPAT MPOUCXOIUT HEOTHOBPEMEHHO.

[Tpn H-xaTnoHWpOBaHWHM TPHPOAHBIX BOJ JO MOMEHTa «IIPOCKOKa» HaTpus B H-
KaTHOHUPOBAaHHOW BOJE COJEPKATCS TOJBKO KHCIOTHI (CM. PEaKIuu), MPH STOM
KHCIIOTHOCTH (PHUTBTpaTa MOJIy9daeTCsl paBHOW CYMMapHOW KOHIICHTPAIUH XJIOPHIOB U

cynb(}aTroB B 00pabaTeiBaeMOil BOJIE.



Puc. 1.4. Cxema napamiensHoro H — Na-katnonupoBanus: 1 — ucxoaHas Boja; 2
— H-xatunonurnsie puinbTpsl; 3 — Na-kaTnOHUTHBIE GUIBTPBI; 4 — CMECUTEND; 5 —
H-xatnonupoBanHas Bojaa; 6 — Na-kaTmoHupoBaHHas Bojaa; 7 — AekapOoHU3aTop; 8
— BEHTWJIATOD K JieKapOoHu3aTopy; 9 — Oak nexapOoHu3MpoBaHHOU Bojibl; 10 —

HacocC

[Ipu pabore H-xaTtmoHuTHOro (HUIBTPa OT MOMEHTA «IIPOCKOKa» HATpUS IO
MOMEHTA «IPOCKOKa» JKECTKOCTM B (QUIbTpaTe MPOUCXOJUT HapacTaHUE
KOHLIEHTPAaIMX HATPUS U COOTBETCTBEHHO CHIXKAETCSI KUCJIOTHOCTD BOJBI.

B 3aBucumMocTH oT TpeGoBaHM K KauecTBY 00OpabOoTaHHOM BOJbI TexHOsIOTHUA H-
KaTHOHUPOBAaHUSl BUAOM3MEHsAeTcs. Tak, Hampumep, H-katWoHupoBaHue cC
ynajeHueM u3 o0pabaTbiBaeMOM BOJBI HATPHUs OCYIIECTBISIETCS B CXeMax
YaCTUYHOTO WJIM TOJIHOTO XHWMHUYECKOro obOecconuBaHUs BOAbL. il CHMXKEHUSA
HIEJIOYHOCTH  00pabaThiBa€MOM  BOJBI BO3MOXXHO OCYIIECTBUTH CXEMy Ia-
paJlIeNIbHOTO H-Na-karnonupoBanus (puc. 1.4),
OJIHaKoO Onarogaps psay MPEeUMYIIECTB Oojiee MHMPOKOE MPUMEHEHUE Hallllla CXema
H-xatuonupoBaHusi ¢ «roJIofHOM» pereHepanueit GuabTpoB U nocuemyronum Na-
KaTHOHUpoBaHUEM (puc. 1.).

[Ipumenenue H-kaTMOHMpOBaHUS B PA3NMUYHBIX CXeMaX OOpabOTKM BOIBI U
pPEKOMEHIAIH K WX TPUMEHEHHIO JaHbl B Ta0. 1.

TaoOnuma 1.

H-kaTnoHnpoBaHue B pa3jJIMYHbIX cxeMax 00pa00TKH BOAbI

Ilokazarenn
TexHonornueckas OTKJIFOUEHUS PesviabsTar Pexomennanuu
0ONABOTKY ROTIRT kaT huneTha 0ONABOTKT ROTTRT K TTNUMEeHEHTTO

H-katuonupoBanue ¢ | [loBbimenue | 111,<0,7-1-1,5 mr- Taomuna 3



«TOJIOTHOMN» menounoctu [2Ko = XK,,+(0,7-M,5)
GbuIbTPOB U ¢unbpTpaTa |Mr-3KB/J; CHUYKEHUE
OuIbTpOBaHUEM COJICpKaHUS
OydepHbie
pytoiyecs: GUIbTPI
ITocnenoBarenbHOE To xe Il]o < 0,7 mr-skB/71; | CxemMa uCmoyib3yeTcs
H -Na- = 0,01 mMr-sks/i; IMOJATOTOBKE JOOABKA K
«TOJIOJTHOM coJiecoAep KaHus TEJIbHOM BOJIE€ MapOBBIX
H-xaTHOHUTHBIX JIOB, UCTIAPUTEIIEH U T.
[Tapaiutensnoe  H- [Tosemmenne | Ko = 0,1 mr-sxB/m; | [IpumensieTcs, koraa mo
KATUOHUNORAHUE obmmeii = (0.4 mr-nkRr/m TARV UCXOTHOU ROTTRI
CTH COJIECOAEPIKAHUS. MOYHO OCYIIECTBUTh
munu Na- C «TOJIOTHOW
bunpTpa BTOpOU [Ipuroana nis
Ko>= 0,01 Mr-axB/n | MaJio-u cpeaHe
MUHEPAJIU30- BAHHBIX
BOJ TIPH COJICPKAHIH
YacTtuuHoe «IIpockok» | XKo<0,1 mr-sks/im; |Cxema UCHOIB3YyETCH,
Koe o0eccoMBaHue ’)KECTKOCTU |KECHHE HEe TpeOyeTcs yAaIiITh
JKEHHE HMOHBI HaTpUS
Yactuunoe xumuue- | CHmwkeHue | CHUDKEHHE
CKOoe nﬁennnrmnanne KUCTOTHOCT [HU9 VTamerHue gyacTu
dbunpTpaTta |B COOTBETCTBUU C
HEOOXOIUMBIM
[Tonnoe xumuueckoe | «IIpockok» | IlomHoe ynamenne | B KOTEJIBHBIX
obeccoIMBaHue HMOHOB HOB, aHHOHOB U CpEIHETO JaBJICHUS HE
HAaTNIAYG KNeMHAUAARNIA TINIA-

H-kaTtuoHutHble GUILTPHI B cxeMe napasuieabHoro H — Na-

KATHOHHUPOBAHUA

Bce texnonornueckue cxembl H- Na-kaTHOHUpOBaHUS BOJIBI MPECICAYIOT 1Eb
yMAT4aTh BOAY U OJHOBPEMEHHO CHHMXKATh €€ IIEJIOYHOCTh U COJIECOAECPkKAHHE, a
TaKXKe yIalIaTh 00Pa3yIOIIyIOCs YIJIEKHUCIIOTY.

Cxemy nmapamnensHoro H- Na-kaTuoHupoBaHus ciieayeT NPUMEHATh B ClIydasx,

Koraa HCIb3d HCIIOJb30BATH TCXHOJIOIHIO H-KaTI/IOHI/IpOBaHHH C «FOJ’IOI[HOﬁ»



perenepanueld GUILTPOB (HE MOIXOTUT COCTAB MCXOTHOM BOJBI) WM TpeOyeTcs
ooJiee riry0okoe cHikeHue 1menogHocTu (10 0,3—0,4 Mr-skB/m).

H- u Na-xaTtrnoHnuTHbIe PUIBTPHI B 3TOM cXeMe paboTaloT O MPOCKOKA KaTHOHOB
AKECTKOCTH, )KECTKOCTh (uiIbTpaTa mnocie Hux coctanisier 0,1 Mr-sks/i.

[Ipu cmemennn noTokoB H-KaTHOHMPOBAHHOW BOJMBI, COJAEPKAIEH CHUIIbHBIC
kuciaotel H,SO4 m HCI, ¢ Na-katmonupoBanHoit Bojoid, comepkameii NaHCO3
MPOUCXOMST PEAKIIMKU HEUTpaTU3alluu:

NaHCO; + H,SO, = Na,S0O, + 2H,0 + 2CO,

NaHCO; + HCI = NaCl + H20 + CO.,.
OcraroyHas 1meno4HocTh npu cMmerieHuu 0,3-0,4 Mr-sks/1.

CBo0O0/THAs YTIIEKHUCIIOTa, 00pa30BaBIIEsCS IIPU HEUTpaIU3aIluU U B IIPOIECCe
H-kaTuoHupoBaHus, yaaisieTcs B IeKapOOHU3ATOPE.
Pacxonast Bosibl, mogaBaemoit Ha H- u Na-katuonutoBbie PuiIbTphI, B CXEMe
napasuienbHoro H-Na-kaTnoHupoBaHus onpeaenseTcs 1no GopmMyiam:

Pacxon Bonwl, momaBaeMelii Ha H-katnonnToBele M Na —KaTHOHHTOBEIC

(GUITBTPHI,
Q" = Qy (1llo-loct) / (A + I1lo) (1)
QNa = Qy - QH1

roe Q"u Q- mpomssomurensrocTs H- 1 Na —KaTHOHHTOBBIX (DHIIBTPOB;

Qy - IPOM3BOAUTENLHOCTb YCTAHOBKHU, YUUTHIBAIOILEH TpeOyeMoi
MOTPEOUTEISIMU MAaKCUMAITBHBIN PACXO BOJIBI, C YIETOM COOCTBEHHBIX HY K KaXKIOM
U3 MOCJEAYIONINX CTaanii 00pabOTKU BOBI, M3/4;

[,e; -TpeOyemast MEeN0YHOCTh YMSATYEHHOU BOJIbI, MI-3KB/JI;

A - cymMMapHOE COJIep)KaHHE B HCXOHOW BOJIC aHMOHOB CHJILHBIX KHCIIOT
(cynbbhaToB, XJIOPUIOB, HUTPATOB U JP.).

TexHoMOTMYECKHE TaHHBIC I pacuyeTa H-KaTHOHUTOBBIX (DHIBTPOB MPUBEICHBI

B Ta0JI.2.



Tabmn.2

TexHoJIornuecKkune AaHHBbIC IJIA pacucTa H-xaTHOHUTHBIX (l)I/IJIprOB

IToka3arenp H-kxatnonuposanue
OOBIYHOE IPOTUBOTOYHO
BricoTa ciost KaTHOHUTA, M 2,5 3,3
Jlommyctumasi CKOpocTh GUIBTPOBAHUS, M/4 5-30
PexkoMenayemasi cKopocTh (DUIBTPOBaHUS,
Kax — MaKCHUMaJlbHasi TIpU pereHepaIuu
POB), IPH JKECTKOCTU 00pabaThIBAEMOM BOJIBI,

5 20 (30)

10 15(25)

15 10 (20)
[ToTepu Hanopa npu GUILTPOBAHUH, M [To Tab. 3
B3pbixiistonas mpoMbIBKa KATHOHUTA:

MHTEHCUBHOCTS, 11/ (M>-C) [To Tabn. 4

IPOJOJKUTEILHOCTD, MUH To xe

KonmuuectBo pereneparuii kaxmoro (kpome
bunbTpa B CyTKH TNPU HaUMEHEE
BOJIbI B 3aBHCHMOCTHU OT CTEIICHU
BojutenbHOCcTA BITY m Mapku katnoHuTa
Perenepanus katnonura:
yIENbHBIN PacXo/l CEPHOUN KUCIOTHI, I/T-2KB

KOHICHTpalusAg pacCTBOpPa IIpU 3arpy3Ke:
katTuonutom KVY-2-8 %

cynbdoyriem
CKopoCTb NMPOITyCKa pereHeparmoOHHOro
OTMBIBKA KAaTUOHUTA ';

VICIbHBI PACXO, M /M";
JUTsL CYTIb(OYTIIst
st KY-2

CKOPOCTb MPOIMYCKa OTMBIBOYHOU BOJIbI, M/4
OO6m1as NpoAOIKUTEILHOCTh pereHepalyu, 4

[Ipumeyanus:

He menee 1 u He 6oJiee 3

[To rpaduxy puc.2 CHull

Hanacraroniein

1-3-6
1—15
He menee 10
OcBetnennoii | H-xkaruonu-
BOJIOU pOBaHHOM

5 —
6,5 —

He menee 10
ITo pacuery

1. [IpumeHeHue HapacTarole KOHIEHTPAMKU KUCIOTHI (0T 1 710 6 %) mo3BoJseT
YBEJIMYUTH EMKOCTh MOTJIONIEHUS KaTHoHuTa Ha 30-35%.



2.0TMbIBKa KATHOHUTA 3aKaHYMBAETCSI MPU KUCIOTHOCTU (UIbTpaTa, paBHOM
CYMMe€ XJIOPUJOB U CyJb(}aTOB B BOJE, NOCTYNAIOIIENH HA OTMBIBKY.

3.IlepByto MOJOBMHY OTMBIBOYHOW BOJIBI CIEAYET HANpaBisATh Ha
HEUTpamu3alMi0 ¥ B HAKOMHUTEIH, BTOPYIO MOJOBHUHY - B OAKU ISl B3PBIXJICHUS
KaTUOHMUTA.

Pacuer ¢puiabTpoB u TpyOONPOBOI0B (YUUTHIBAs KOJICOaHHS KauecTBa
MCXOJIHOM BOJIBI ) CIIEAYET MPOU3BOAUTH PU HanOoJibIIel Harpy3ke Ha H-
KaTHUOHUTOBbIE (PUIIBTPBI, HANOOJBIIEH 1IeT0YHOCTH BObI Lo 1 HanMeHbLIEM
COJIEp’KaHUU B HEW aHMOHOB CUJIBHBIX KHCIIOT A, Iipy Haubosblel Harpy3ke Ha Na-
KaTHOHHUTOBBIC (PUIBTPHI - B IEPHOJ HAUMEHBIIEH MIET0YHOCTH BOJIBI U
HauOO0JIbILIEM COJIEP/KaHUU B HEM aHHOHOB CUJIBHBIX KUCIIOT.

O0bem katnonuta WH B M3, B BOOPO/I-KATHOHUTOBBIX (PHIIBTpaX
onpenensercs no popmye

H N H
Wr =24 Q" 0K, +C) I n, E" ,us, (2)
N .

O6bem katronuta W' B M3, B HATPHI-KATHOHUTOBBIX (DHILTPAX

ompenensercs mo GopmyJie

Wya = 24 Q" K,/ n, EN 5,

H .
Q — pacxoll  BOJbI, MOJIaBa€MON Ha BOJOPOJ-KAaTHOHUTOBBIE

bunbTpeIM3/9
Ko — o0miast )KeCTKOCTh UCXOHOM BOJIBI, T-9KB/Mg;

H
E", .5 — pabouas 0OMEHHAas KECTKOCTh BOJOPOA-KaTUOHUTA, I-3KB/M3;

N .
E™,.- pabouas oOMeHHas €MKOCTb KATHOHMUTa [pU  HATPHIi-

KaTHOHUPOBAHUU, I-3KB/M3;

n, - YUCJIO pEereHepanuid Kaxaoro GuibTpa B CyTKH, TPUHUMAaeMoOe B

npejenax oT OJIHOTO JI0 TpeX,

N
C"® — KOHLIEHTpALHUs B BOJIE HATPHS, T-DKB/M3

PaGouast oOmeHHass eMKOCTh KaTHOHMUTAa Tpu H-kKatnoHWpoBaHUU

onpenensercs no popmyJe

EHpa6= a, EnOJlH '015qy<)cm (3)



a,— ko3 punnent 3ppexTuBHOCTH perenepanuu H-katTnoHUTOBOTO QUIBTpA,
MIPUHUMAEMBIH 110 Tab1.3;

C,, - o0111ee coJiepKaHrEe B BOJIC KATUOHUTOB KaJbIMs, MAarHUsI, HATPUS U

KaJIus, T-OKB/II;

q Y0 - yIeNnbHBIH pacxo]] BOJIBI HA OTMBIBKY KaTHOHHTA IIOCTIE pereHepaliy, IPHHIMaeMBbIit PaBHbBIM 4-5m3

BOJIbI HA 1 M3 KaTHOHUTA;

E,o. - IaciopTHas mojiHass OOMEHHasi EMKOCTh KaTHOHHTA B HEUTpaIbHON

cpene, r-sKB/M3, IpH OTCYTCTBUU JaHHBIX 10 Ta0a. 1 pazmen «Na-

KaTHOHHUPOBAHUCH

Tabmn.3.

VY 1enbHbBIN pacxon
CEPHOMU KHCIIOTHI Ha 50 (60 |70 |80 |90 100 |11 |12
pereHepaInio 0 |0
KaTHOHUTA, T/T-JKB,
paboueit 0OMeHHOM

E€MKOCTH
Koaddumment 0,6 (0.7 |0.75/0.78|082|08 [0,8]0,8
bdbexTuBHOC-TH 8 |1 5 6 |7

perenepanuu H-
KaTUO-HUTA, 4,

[Iponomxenue Tabn.3

Qo 130 140 150 200 | 250
ay, 0,89 0,9 0,91 0,92 |0,93

[Tnomaas BOAOPOA-KATHOHUTOBBIX U HATPUH-KaTHOHUTOBBIX (DUIIBLTPOB
oTnpeesitoTes mo Gpopmyie (4)

FH= WH HH ; FNa = WNa HNa (4)
rac HH — BBICOTA CJIOA H-KATUOHUTOBOI'O CI)I/IJ'IBTpa, IMPUHHUMACTCA 110 T36JI. 2
HOTepH Hariopa B H-xaTnoHUTOBBIX (bHJ'IBTan , MTHTCHCUBHOCTDL B3PbLIXJICHHA

Y CKOPOCTb (PUIITPOBAHUS IPUHUMAETCS 10 Tad. 3.



Tabm. 3

TexHonmoru4yeckue JAaHHBIC 110 KATHOHUTAM, UCIIOJIb3YCMBIM IIpU H-

KaTHOHUPOBAHUU
Jannbie npu H-kaTuoHUpOBaHUU
TTokasaTens OOBIYHOM | IPOTHBO | CTYNEHYATO
-TOYHOM | -TIPOTUBO-
TOYHOM

[Torepu Hamopa, M,BOJI.CT, IPH 3arpy3Ke

KaTHOHUTaMH MapoK:

Cynbdoyrons CK-1 mpu ckopocty GUIBTPOBAHUS M/
L0 5 7 10
20 6 8 12
B0 7 10 14

KVY-2-8 npu ckopoctu GuiIbTpoBaHus, M/4:

L0 10 - 20
20 12 - 24
30 L 14 - 28

Yucino pabounx (GuabTpoB NnpuHUMAaeTcs 1o popmyne (5)
Nng:FH/fng, (5)

rne fp° — momans QuieTpoBaHns H-KaTHOHUTOBOrO CTaHIAPTHOTO
bunbTpa, npuHUMaeMas 1o Tabi. 5 pazaen Na-kaTHOHUpPOBaHMS.

JuameTp u momanas GuiIbTPOBaHUS CTaHIAPTHOTO (PHIIbTpA BhIOMpaeTCs U3
YCIJIOBUSI, YTOOBI KOJIMYECTBO pabouux (UIBTPOB OBLJIO HE MEHEEe ABYX, KpOME
pe3epBHOTO, KOTOPHIN B pacdeTe He yuuThiBaeTcs. PesepBHbie Na-kaTHOHUTOBBIE
bunsTpel B cxeme H-Na —kaTuoHMpOBaHMS HE YCTAaHABIMBAIOTCS, HO
peIyCMaTPUBACTCS BO3MOXKHOCTD MCTIOJB30BaHUSI PE3epPBHBIX H-KaTHOHHUTOBBIX
¢bunbTpoB B KadecTBE Na—KaTHOHUTOBBIX, JJISl YETO K ABYM-TPEM JOJDKEH OBITh
peyCMOTPEH MOIBOJ] PEre€HEPALMOHHOTO PacTBOPA COJIH.

CkopocTh  (pumbTpoBaHUsA H-xaTHOHHUTOBBIX (DUIBTPOB OMpeneNsIeTcs u3
YPAaBHEHMM:
HOpMaJlbHas — MpHu paboTe BceX PUIbTPOB

Vi = Qy /1 Np; (6)

MaKCUMaJIbHasi — TPU pereHepaiuu OAHOTo u3 GUILTPOB

Vuax = Qy | fp (Ng -1), (7)



rae Vi u Vmax — COOTBETCTBEHHO HOPMaJIbHASL U MaKCUMaJlbHasi CKOPOCTH
bunbTpoBanus, M/4. HopmanibHass ¥ MakcuMaibHasi CKOPOCTH (QUILTPOBAHUS HE
JIOJKHA TIPEBBIIIATH MTPEAEIIOB, YKa3aHHBIX B TA0II. 2. .

[IpaBUIbHOCTH BBIOOpA 4YMCIIa pEreHEpalyil Mpu MPUHATBIX NapameTpax H

yucie Na-KaTHOHUTOBBIX (PUIIBTPOB MpOBEPSIETCS caeayroen Gopmynoii .

n,= 24 Q" (K, HKoem)! fp" H, E” 05 Ny (8
rae N, =1-3 - 4ucno pereHepanuii Kaxaoro GUIBTPA;

K, y K,em - IKECTKOCTHh COOTBETCTBEHHO MCXOJHOM BOJBLI M OcTaTo4yHas Iocie H-

KAaTHOHUTOBBIX (PUIIBTPOB, MI-3KB/JI;

H" — BBICOTa CJIOSI KATHOHHWTA B BHIOPAHHOM CTaHIAPTHOM (DMIIBTpE ILIOImanapo H'

Perenepanus H-xatnonutoBoro ¢puiibTpa ocyiectsisiercs 1-1,5% pactBopom
cepHOM KHCIOTHL. JlomyckaeTrcsi pa30aBiieHHE CEpHOM KHUCIOTHl JO0 HYKHOU
KOHIIEHTPAI[UU HEMTOCPEICTBEHHO Mepe]] GUIbTPOM—IKEKTOPOM. Pacxon cepHoit
KUCJIOTBl JJIsl pereHepauuu ojgHoro H-kathoHutoBoro ¢uiabTpa B CXeMe

napasuienbHoro H-Na-katnonupoBanus onpezaensercs rmo gopmyne (9)

G pK= a, fqb . HH EHpag /1000, (9)

re a, — YIeIbHbIA pacXoJ KUCIOThI HA 1T-3KB paboveil 0OMEHHOU €MKOCTH
karnonuta H-karnonutHoro ¢unstpa , mpuaumaemsiid o Puc.2 (ctp.112 CHull
2.04.02-84) B 3aBUCHMOCTH OT JKECTKOCTH HWCXOJHOW BOJABI M TpeOyeMoun
KECTKOCTH (pUiIbTpaTa.

G’ — pacxom 100% -HOW KHCIOTBI B KI Ha pereHepaiuio oxnoro H-
KaTUOHUTOBOTO (DUIIbTpA

Pacxon 100% -Hoii cepHo#t kuciotel B cytku Gk ompenensercs 1o
dbopmyite (10)

Gk =G"n, Ny, (10)

cym

Texaudyeckoi cepHOl KUCHOTHL G, ;.



G " =Gk 100/ P, (11)
rae  Gk?" - cyrounsiii pacxox 100% KHCIOTBI KI/CYT Ha pereHeparuio
bunbTPOB;
P > 92% - conmepxanue cepHOI KUCIOTH B TEXHUYECKOM MPOIYKTE.
1) Pacxon ocBeTsieHHOW BOJBI Ha pereHepanuio oJAHOro H-KaTHOHUTOBOTO
buIbTpa CKIaIBIBACTCS U3:
a) pacxojia BOJbl Ha B3PHIXJICHHE KATUOHUTOBOM 3arpy3Ku (pUibTpa
Qusp= 1 " 60 t,,, /1000 (12)
riae | — MHTEHCHBHOCTD B3PBIXISIONIEH TPOMBIBKH GHIbTPoB, 1/ (¢'M”) (Tabi.
4 paznen Na-kaTHOHUPOBAHHUE);
t4;p —TIPOJIOJDKUTENBHOCTD B3PBIXJIAIOMEN NPOMBIBKY 20-30 MuH.
0) pacxoj BOJIbl HA MPUTOTOBJIEHUE PETEHEPALMOHHOTO PacTBOPa KUCIOTHI
0,,= G’100/100b, 0, . (13)
rae b, - KoHIeHTpaIus pereHepaMoHHOTo pacTBopa, 1-1,5 %;
P pp — IIOTHOCTb PEr€HEPAITMOHHOTO PACTBOPA, T/M3.

B) pacxoj BOJABI HA OTMBIBKY KaTHOHUTA OT MPOJYKTOB pPereHeparu q,,,,
Comn= Oyo Tp H, (14)
rae 0y, — yJAeNbHbIM pacxol BOAbI HA OTMBIBKY KaTHOHMTA, M3 Ha 1
M3 KaTHOHHUTA NPUHUMAETCS:
CYJIb(OYTOJIb MPU KTOJIOTHOM» PEKUME pereHeparuu — Sm3/m3;
TO K€ IPU OJHOCTyNeHYaToM H-KaTHOHMpOBaHUU -5M3/M3;
TO € IPU IBYXCTyNeH4YaToM H-kaTnoHnpoBaHUU - 10m3/m3;
katnoHuT KVY-2 npu omgHocTtynenuatom H-katuoHupoBaHum ——
6,5M3/M3;
TO € IIPU IBYXCTyNeH4YaToM H-KaTuOHHpOBaHUU - 12 m3/m3.
2) Pacxon Boapl Ha OJHY percHepanuio (GuibTpa, 0€3 HCIIOJIb30BAHMS

OTMBIBOYHBIX BOJI Ha B3PBIXJIIHOIIYIO IIPOMBIBKY

e = Oaspt0pp T+ Com (15)



To e ¢ yd4eToM MCIOJIb30BaHUS OTMBIBOYHOW BOJBI HA B3PBIXJISIONIYIO
IIPOMBIBKY (DHIIb
O™ OppCom (16)
3) CpennedacoBoii pacxoa Bomabl (., Ha COOCTBeHHbIE HYXabl H-
KaTUOHUTOBBIX (PHIIHTPOB
0c,= 0o, N,/ 24, (17)
WJIU B MIPOIEHTAX OT MPOU3BOAUTEILHOCTH CTAHIIUKM YMSTUCHHS
P'c.n=q".,100/Q", (18)
Bpewms mMexxny perenepanusamu GpuibTpa 7y, ONpenesnseTcs U3 ypaBHEHUs
T,=241n,—t",.160 (19)
rae N, - KOJIMYECTBO pereHEeparfii KaKI0T0 KaTHOHUTOBOTO (UIBTPA B
CYTKH;
t Hpez — BpeMs pereHepanuu GuiabTpa, MUH, onpeaeisieMoe mo Gopmyre
(20)
=t et (20)
TIe tH33p — IPOJOJDKUTETHHOCTD B3PBIXJISAIONIEH TPOMBIBKH 110 Ta0JI.2;
th,p - BpeMs TMpoIlycKa PpPEreHepallMoHHOro pactBopa uepe3 H-
KaTHOHUTOBBIN (PUIBTP, MUH, 3aBUCUT OT KOHIIEHTPAIIUU PEreHEPAIMOHHOTO
pacTBOopa U CKOPOCTH mporycka ero uepe3 karuonut (V= 10 wm/u),
ompenaenseTcs mo dhopmyie
thp: 6 qnp/ qub
(21)
t" e — BPEMSI OTMBIBKH (DUIBTPA OT MPOYKTOB pEreHepalnuu, MUH, TIPH
ckopoctu V=10 m/g
t o= 6 Q"o 1 T, (22)
KonuuectBo OJHOBPEMEHHO pEreHepupyeMbIX buIBETPOB N,

ompeeIsieTCs 0 ypaBHEHUIO (23)

N,,=n,N t7, /24 (23)

H-kaTuoHupoBaHUeE ¢ «T'OJIOHOI» pereHepanue GuibTPOB



H-xatnonupoBanue B CXeMe C «TOJIONHON» pEreHepanyen Halulo IHPOKOE NMPUMEHEHUE B
KOTEJbHBIX YCTAHOBKAX, Korja TpeOyeTcsl pa3pylLIeHUEe TI'MIPOKapOOHATHBIX HOHOB CO
CHIDKEHHEM TOJILKO KapOOHATHOM skecTKoCTH (memounoctn) 1o 0,7-1,5 mr-sks/n.IIpu oOpraHOM
H-xaTtnonnpoBaHumM pereHepanusi NpOBOJUTCS C YAEIBHBIM PacXOAOM KHCIIOTHI, B 2,5—2 pasa
Oo0JIbLIIE TEOPETUUECKU HEOOXOJMMOI0, KOTOPBI OTBEUAET MPOLIECCY SKBUBAJIEHTHOIO OOMEHA
KaTHOHOB MEXKIY PaCTBOPOM M KaTHOHUTOM. M30BITOK KHCIOTBI, HE YyYaCTBYIOIIUN B PEaKIUIX
oOMeHa MOHOB, cOpacbiBaeTcs W3 (UiIbTpa BMECTE € NPOIYyKTaMu pereHepauuu. Ilpu
«rOJNOIHOW» pereHepaunu H-KaTMOHUTHOTO (DMIBTpa yIENbHBIM PAacXoi KHUCIOThl PABEH €ro
TEOPETUYECKOMY YAEIBHOMY PacXoAdy, T. €. 1 I-3KB/T-3KB, WIM B MEpPECUETe HA TPaMMbl IS
H,S0, — 49 r/r-3kB. Bee MOHBI BOJI0pO/Ia pereHepaiiOHHOTO PacTBOpa MPH ATOM HOJIHOCTBIO
3aJIepKUBAIOTCS KATHOHUTOM, BCIIEACTBUE YEro cOpachlBa€Mblil pereHepallMoOHHbIA PACcTBOP U
OTMBIBOYHBIE BOJIbI HE COAEpXkar KHUCIOTh.. B orianume oT oObIYHbIX H-KaTHOHUTHBIX
(GuIbTPOB, B KOTOPBIX BECh CJIOW KaTHOHUTA MpH pereHepanuu nepesoautca B H-gpopmy, npu
«TOJIOAHOMY PEXHME pETEHEPUPYIOTCS, T. €. nepeBoaircs B H-popmy, Tonbko BepXHHE CIIOH,
a HIDKHHE CJIOM OCTAalOTCS B CONEBBIX GOpMax u comeprkar karnomsl Ca®*, Mg* u Na * .

B BepxHUX ClIOSIX KaTUOHUTA, OTPET€HEPUPOBAHHOIO «TOJIOAHON» HOPMOUM KHUCIIOTHI, MPH
pabore (QuibTpa HUMEIOT MECTO BCE peakiM HOHHOro oOMeHa. B Huxkenexanmx,
HEOTPETreHEPUPOBAHHBIX CIIOSIX KaTMOHWTA MOHBI BOJOPOAa OOpa30BaBUIMXCS MUHEPAJIbHBIX
KHCITOT 0OMenuBarotest Ha nousl Ca® *, Mg®* u Na™ o ypaBHeHmsM

Ca(K), + 2HC1 =2H(K) + CaCly;
Mg(K), + H,50, = 2H(K) + MgSO0y;
Na(K) + HC1 =H(K) + NaCl,

CrnenmoBaTesIbHO MPOUCXOAUT HEUTpaIU3alvs KUCJIOTHOCTH BOJIBI U MPU STOM BOCCTAHABIMBACTCS
ee HeKapOOHATHAs JKECTKOCTb, a 30Ha CJIos, cojepskaiero nousl H © | cMelaercs mocTeneHHo
KHU3Y. T.e. MPOUCXOAUT Kak Obl pereHepaiiusi, a 3aTeM BHOBb 00pa3ylOTCsl T€ K€ COJIU, 4TO U B
UcXoaHOM Boxe. TakuMm 00pa3oM, MOXKHO CUMTATh, YTO IMPHU «TOJOJHOW» J03€ KHUCIOTHI Ha
pEreHepaIrio MPOUCXOAUT TOIBKO pa3pyIICHUE CBI3AHHOW B THAPOKAPOOHATHI YTIIEKUCIOTHI U

YAAIAIOTCA CBA3aHHBIC C I‘I/IIIpOKap6OHaTaMI/I KaTHOHBEI.



Tak kak copepxaiascs B BOAE YrojJbHas KUCIOTa SIBIAETCS ClIa0Od, B PEAKIMAX MOHHOTO
oOMEHa OHa MO’KET YYacTBOBaTh JIMIIL TOCHE YIAJICHHUs CHJIbHBIX KuCIOT. [loaTomy B
BepxHUX cinosix OOpazoBaBmmiicss CO, HaxXoIuUTCS B BUAE PACTBOPEHHOTO B BOJIE ra3a U
IIPOXOJUT «TPAH3UTOM» HEOTPETCHEPUPOBAHHBIE CJIOM KATHOHUTA W TOJBKO KOTrJa B
bunbTpaTe y)Xe HEeT CHJIbHBIX KHCJIOT, HEKOTOPOE KOJMYECTBO HMOHOB BOJOPOJA YTOJHHOM
KHUCTIOTHI OOMEHHMBAETCSI B HIDKHUX CJOAX Ha HATpHi, 4eM OO0yCJIaBIMBAETCS MOSBICHUE
BTOPUYHOM 1eJI0YHOCTH H-KaTMOHUPOBAaHHOM BOJBI. B camMbIX HIDKHUX CIIOSIX (DUIBTpPA 3TOT
MPOLIECC 3aBEPIIUTHCA JI0 TOJHOTO BOCCTAHOBJICHUS KapOOHATHOW ECTKOCTU HE YCIIEBAeT.
[loaTromy ¢uabTpaT HMeEEeT Malyl0 KapOOHAaTHYIO JKECTKOCTh (YHCIEHHO OHa paBHA
IIEJIOYHOCTH) U COJEPKUT MHOTO YIJIEKUCIOThl. K MOMEHTY OKOHYaHHs paboyero LuKiIa
(GuibTpa MOHBI BOJIOPO/A, BBEJICHHBIE B KATHOHUT MPU PEreHEpalliy, MOJHOCThIO YAASIOTCS
n3 katnonuta B Buae H,CO3, xoTopas HaXOAUTCA B PABHOBECHM C ACTUAPATHPOBAHHOMU
(bOpMOfI C02 (H2C03 + C02 + H20)

[Tonyuenne mnpu H-KaTHOHMPOBAHUU C «TOJOJHOW»  pereHepanueil QUIbTPOB C
MUHUAMAJIGHOM MIEIOYHOCTHIO (P OTCYTCTBHM cOpoca KUCJIOW BOJBI MpPU pPEreHepaluuu U
Kucioro guneTpara B mpoiiecce H-kaTuoHHpoBaHUs ) 3aBUCUT OT Ka4eCTBA UCXOHOM BOJBI U
pacxona KUCIOThl Ha pereHepannio. [1oBpIeHne pacxona KMCIOThl HA PETEHEPALMI0 CBEPX
ONTUMAJIBHOTO TPUBOAUT K TMOJYYEHUI0O B KaKOW-TO TIEPUOJ KHUCJIOro (uibTparta;
HEJ0CTaTOYHAas! J103a KUCIIOThI BEAET K MOBBIIICHUIO IIEJI0YHOCTH (PUIBTpAaTa U K CHUKEHUIO
€MKOCTH MOTJIOIIEHUS KATUOHUTA. .

[Ipy HEMOCTOSTHCTBE KAaueCTBA MCXOJHOM BOJbI, HETOYHOM COOJIIOJICHUM PEKOMEHAAIUN 110
MPUMEHEHUIO paccMaTpuBacMoN TexHOoJoruu H-kaTnoHMpoBaHMs BO M30E€KaHUE KoJjeOaHUMU
HIEJIOYHOCTH U TPOCKOKOB Kucjaoro ¢uibTpata mnocie H-KaTHOHUTHBIX (UIBTPOB C
«roJogHOMW»  pereHepamueit B cxeme  BIIY  ycranaBnmBatotcss  OydepHBbIe
HepereHepupyromuecs GUIABTPB C BBICOTOM CJIOS KaTHOHUTA 2 M U CKOPOCTBIO
¢bunbTpoBanus 10 40 M/4. Bydepnbie GunbTphl Kak Obl YBEIUYUBAIOT HEPETCHUPHUPYEMBIi
cioit H-katnonutoBoro ¢puibTpa, npeaoxpansis GuibTpaT OT MPOCKOKOB KUCIOTHI, CO3/IaBast
OOJBITYI0 HAJEKHOCTh PAbOTHI yCTAaHOBKH, oOecrmednBas Oojee IMOJTHOE HCIOJIb30BAHHE

oOMeHHOM emkocTH kaTuoHuTa. K OydepHbiM QuabTpam He JomycKaercs TMOJBOJ



PETEHEPAIIMOHHOTO  PAacTBOpA  KUCJIOTBHI,  B3PBIXJIIONIAs  MPOMBIBKA  OCYIIECTBIISIETCS
OCBETJICHHOM HCXOIHOM Bojoil. Kpome Toro, mosjgyyeHue TMOCTOSHHON BEJIUYUHBI
ICJIOYHOCTH TIocie H-KaTHOHUTOBBIX (MIBTPOB C «TOJOIHON pETrHHEpaIuell JOCTUTACTCS
MyTEM COCTABJICHHS COOTBECTBYIOIIETO Tpadrka COBMECTHON pabOThI M pereHeparuu
YCTaHOBJICHHBIX (PUIBLTPOB (0OBIYHO HE MeHee TpeX GUIBTPOB KpoMe Oy epHBIX.

Pazpaborannas H. II. Cy66otunoit (MOW) B mnstugecsaTsie roabl TexHojorus H-
KaTHOHUPOBAHMSI C «TOJIOJIHOM» pereHepaiyeil npeaHazHaueHa it oOpabOTKU MPUPOIHBIX
BOJI TMJIPOKapOOHATHOTO Kjacca. B rvapoXxuMuu K BojJaM 3TOrO Kjacca MPUHSATO OTHOCHUTH
BOJbI, B KOTOPHIX U3 uuciaa riaBHbIX aHuoHOB (Cl, SO%, HCO3) HaruOOJIBIIYIO
KOHIIEHTPAIINIO, BRIpAXEHHYIO B Mr-3KkB/i1, umeeT noH HCO3". Boast okoiso 80 % pex CCCP
MIPUHAICKAT K TUAPOKAPOOHATHOMY KJlaccy.

B mnpouecce H-katmonHumpoBaHHSI C «TOJOAHOW» pPEreHEpaMed MPOUCXOAUT YACTUYHOE
YMSITYEHHUE BOJBI W CYIIECTBEHHOE CHIDKEHHE €€ IIEJIOYHOCTH; B pPe3yJbTaTe yJIalCHHUs
KapOOHATHOM JKECTKOCTH JOCTHUTAETCS YMEHBIICHHE OOIIEer0 COJICCOACPKAHUS  BOJIBI;
KOHIICHTpAIIMsl YTJIEKUCIIOThI YBEIMYMBACTCS HA BEIMYMHY CHIDKEHUS 1ienouHocTu. Ha addexr
OYHUCTKH BOJIbI BIIMSET NMPHUCYTCTBHUE B UCXOTHOW BOJE MOHOB HaTpus. Korma KoHIEHTparwms
HaTpHsl HEBEJIMKa, OOLIas >KECTKOCTh (MIIbTpaTa MO BEJIWYMHE OJIM3Ka K HekapOOHAaTHOU
KECTKOCTH MCXO/JHOM BOJBI U HE3HAYUTEIHHO M3MEHSETCS Ha MPOTSDKEHUU pabovyero Iukia
GuIBTpa, TaK K€ Kak W 00IIasi MEIOYHOCTh GuiabTpara, kKotopas cocrasiser 0,3—0,5 mr-
skB/1. Korjia B MCXOAHOW BOAE MHOTO HATpHsl, MIEJIOYHOCTh (UIbTpaTa OT Havajga pabodero
IIMKJIa CHMDKACTCS, 3aTeM BO3pAcTaeT M B CpelHeM 3a Uk coctasiseT 0,7—0,8 Mr-sks/i; B
HavaJie ¥ KOHIIE paboyero IuKiIa TMOIy4daeTcsl TITyOOKOYMSITUEHHBIN (DUIBTpAT, TOSIBICHHE

HEeKapOOHATHOMN KECTKOCTH HAOJIIOIAETCS B CpeTHEH YacTH (PHIIBTPOITUKIIA.

Tabnuma 1. O6aacts npumenennss H-kaTHOHMPOBaHMA ¢ «TOJIOHO» pereHepanue

Hcxonnas Boga [Pabouast oomen Y nenpubiii | [llenounocty  Ilpumeuanue
THIPOKapOOHATH €MKOCTh KaTHOY pacxoj1 cepy 0OpaboTaHt
KJ1acca Cynb(OyTass  |KUCIOTHI Ha| BOJIBI,

(KB-4). r-sxB/MnEreHenary Mr-3KB/I1




Cnabo- u cpenH B Teuenue ¢unbTpory

muHepanmmzoBany| 300 (600) 49 0,3—0,5 |memouHocTh puIbTPaTA
0<K<1, 1>A>> W3MEHSCTCS He3HAUNTEIILH
CpenHe- 1 BBICOK Cpennsist eT0YHOCTD

muHepamm3oBann{ 250 (500) 49 0,7—1,5 |3a GuIBTPOLIMKII HE MEHEE
K>1, 1<A<10 0,7—0,8 Mr-sKB/J1, JKECTKO!

MOSIBJISIETCS B CPEHEN YacT
(UIBTPOLIMKIIA, a 3aTEM OBl
CHUYKAeTCst

[Tpumeuanne: 1. [l ucxoaapix Boa ¢ A< 0,3 ocymectienue Hr HerenecooOpasHo;

2, s ucxomnbix Bojg ¢ A>10 npumenenue Hr BO3MOXKHO, €Cii MOTpeOrTeNh

JIOMYCKAeT OCTATOYHYIO IEJIOYHOCTh BbIIE | MI-3KB/JI; /1032 KUCIOThIHA pEreHepalyio Mnpu
sToM OyaeT 50-60 r/r-3KB.

Eciu 11 mOHHOTO cocTaBa HMCXOAHOM BOJBI BBECTHM OOO3HAYECHMS JIJII COOTHOIIICHUS

KOHI_IGHTpaL[I/Iﬁ KaTUOHOB 1 aHHMOHOB B BU/IC BBIpa)KeHI/Iﬁ
K=Na"* /Ca* +Mg*) =Na* /Ko\ (1)
A=HCOs3 /(CI" +S0,%), (2)

rae Na*, Ca® *, Mg"" — KOHIIeHTpalUy B BOJE COOTBETCTBEHHO MOHOB HATPHS, KAIbLUS U
Marumsi, Mr-3ks/n; HCO3", CI, 8042'— KOHIIEHTPALlMM B BOJE COOTBETCTBEHHO
OnKapOOHATOB, XJIOPHJIOB U CYIb(paToOB, MI-3KB/II; /Ko — 00I11ast )KeCTKOCTh UCXOHON BOJIBI,
MI-DKB/J, TO YCJIOBHUS TpuUMEHEHHs H-KaTHOHMpPOBAHMS C «TOJOJHONY pereHepanuen
(bUIBTPOB OMPENEISIFOTCS JAaHHBIMU, MPUBEACHHBIMU B Ta0. 1.

Pacyer H-karnoHMTHBIX (QWILTPOB B cxeMe H-KarMOHHpOBaHUSI € «TOJIOAHOID
pereHepanmeii. YCTaHOBUB BO3MOXHOCTb IPUMEHEHHUS PAaCCMATPUBAEMOU CXEMBI IS
JAHHOW MCXOJTHOW BOBI IO CKOPOCTH (DUIILTPOBAHUS, OJIOUPAIOT AUAMETP CTaHAAPTHOTO
H-xatuonutHoro ¢puibTpa.

O6bem katnonuTa WH B M3, B BOJIOPO/I-KATHOHUTOBBIX (PHIIBTpaX
onpenensercs no popmyJe
Wn =24 Q" (K, +C") I n, E" 5, (3)
Q" — pacxojd BOJbI, 1MOJIaBa€MOIl Ha BOJOPOI-KaTHOHUTOBBIE (DUIIBTPHI,

M3/9



JKo — o01mas )xeCTKOCTb UCXOIHOU BOJIBI, T-9KB/Ms3;

E" .5 — pabodas oGMeHHas KECTKOCTh BOJOPOA-KATHOHHTA TIPH «TOJIOTHOIM
perenepanuu mo tadiu. 1, r-skB/m3;

n, - YHCJIO pereHepanuil Kaxaoro GuibTpa B CYTKH, PUHAMAEMOE B
npezenax oT OJHOTO JIO TPeX,

CN® — KOHIIeHTpAIHs B BOJE HATPHS, T-IKB/M3

[Tno1maas BOAOPOI-KATHOHUTOBBIX (DUIBTPOB OIMpPEAEAIOTCs Mo popmyie

(4)
F.=W,H,; (4)
rae H, — BeicoTa ciost H-katnonutoBoro ¢punbTpa, IpuHUMAaeTCs 1o TadJ1. 2
(cM. pacuer H-kaToHUpOBaHue).
[Totepst Hanopa B H-KaTHOHUTOBBIX (PUIBTPaX, HHTEHCUBHOCTH B3PBIXJICHUS U
CKOPOCTb (PHIIbTpOBaHUS MPUHUMAETCs 1o Tad. 2. (cM. pacuet H-
KaTHOHUPOBAHUE).
Yucino pabounx (GuabTpoB npuHUMaeTrcs 1o gpopmyne (5)
N¢H:FH/f¢H,
()

I1€  pEeKOMEHAyeMass M MaKCUMallbHas CKOPOCTH (UIBTPOBAHMS OINPEAENSIOTCA 10
dhopmyaM COOTBETCTBEHHO
HOpMaJlbHast — Mpu paboTe BceX PUIbTPOB
Vi =Qy/fgh Ng;
(6)
MaKCHUMaJlbHasi — MPHU pereHeparuu 0JHoro u3 GuibTpoB
Vmax = Qy / f¢h (N -1),
(7)
rae Ve u Vmax — COOTBETCTBEHHO HOpMasbHasi U MaKCUMaJIbHAsi CKOPOCTH
bunbTpOBaHMS,
[IpaBubHOCTE BBIOOpA 4YMCIIA pEreHepalnuii Mpu MPUHATHIX NapamMerpax u
yuciae H-KaTMOHUTOBBIX (GUIBTPOB C «TOJOJTHOM»IIPOBEPSETCS ClEayronen

dbopmyoii .



n,= 24 Q') K. - KT ) | f, " H, EN s N,

p

(8)

rae N, =1-3 - 4uncio pereHepanuii Kaxxa0ro GUILTPa;
K, U )K" - kapOoHaTHas KECTKOCTh COOTBETCTBEHHO HMCXOJIHOW BOJBI H
octaToyHass mocyie H-KaTHOHUTOBBIX (UIBTPOB, IPUHUMAaeMas B 3aBUCUMOCTH OT
TpeboBaHM K 00pabOTaHHOI BO/IE M Ka4eCTBY UCXOIHOM BobI paBHOM 0,7 — 1,5 Mr-9KB/T;

H" — BBICOTa €10 KATHOHWUTA B BEIOPAHHOM CTaHIapTHOM (GuuibTpe miomasko f,

Pacxon 100 %-Hoi1 cepHOIl KUCIIOTHI HA OJIHY pereHepanuio H-katnoHuTHOTO PriibTpa npu

<<1“OJ'IOI[HOﬁ» percHCpaliii KI', OIIPCACILAICTCA 110 YPAaBHCHHUTIO

G”=49f," H, E",.; /1000, (9)

rjae 49 — ynenpHbIN pacxo/l KUCIOThl MPHU «TOJIOHOW» pereHepaliu, r/T-3KB;

G ?. — pacxox 100%-HOW KHCIOTBHI B KI' Ha pereHepammio oaHoro H-kar.
¢bunbTpa.
Pacxox 100% -HO# cepHOi KUCITOTHI B cyTkn Gk ompenensercs mo Gopmyiie
(10)

Gk"=G"n,Ng,

(10)
Texaudeckoi cepHoi KUCIOTH G, .

G- =GK"100/bx, (11)

cym

rne  Gk?" - cyrounsni pacxom 100% KHCIOTBI KI/CYT Ha PEreHEpPaIinio
(buIbTPOB;
bk > 92% - comepkaHue CEpHON KHCIOTHI B TEXHHYECKOM IMPOIAYKTE
(KOHIIEHTpALIMS KUCIIOTHI).
1) Pacxon ocBeTsieHHOW BOJBI Ha pereHepaluio oJHoro H-KaTHOHHUTOBOTO
buIbTpa CKIaIbIBACTCA U3:

a) pacxojia BOJbl Ha B3PHIXJICHUE KATHOHUTOBOM 3arpy3Kku (puibTpa



Qusp=If"460t,,,/2000
(12)
rae | — THTeHCUBHOCTD B3PBIXJISIONICH MPOMBIBKH (DUIIBTPOB, J1/ (c'M?) (Tabu.
4 paznen Na-katnoHupoBaHue);
{55 —TIPOJIOJDKUTENBHOCTD B3PBIXJIAIOIEN IPOMBIBKY 20-30 MuH.
0) pacxoj BOJIbI Ha MPUTOTOBJIEHUE PETEHEPAITMOHHOTO PACTBOPA KUCIOTHI
0,,=G"100/100b, o ,,.
(13)
rae b, - KOHIEHTpaLus pereHepaluoHHOro pacteopa, 0,7-1 %;
P pp — IIOTHOCTb PEr€HEPAITMOHHOTO PACTBOPA, T/M3.
B) pacxo]i BOJbI Ha OTMBIBKY KATHOHUTA OT MPOJYKTOB PEreHepauu J,,,,
Qomv=Cyof pF 1
(14)
rae 0y — yHACJIBHBIA pacxoi BOJbI HA OTMBIBKY KaTMOHHUTA, M3 Ha 1 M3
KaTHOHWTAa TPUHUMAECTCS I CyJbQOYIIIL TPH «TOJOTHOM» PEKHUME

perenepainuu — Sm3/m3;

3) Pacxom Bomel Ha OAHY pereHepanuio GuiabTpa, 0€3 HCIOIB30BAHMUS
OTMBIBOYHBIX BOJ HA B3PBIXJISIIOLLYIO IIPOMBIBKY
Qe =QusptOp.p T om
(15)
To e ¢ yd4eroM MCHOJIb30BaHUS OTMBIBOYHOW BOJBI HA B3PBIXJIIOLIYIO
MPOMBIBKY (priibTpa
Qe.n.=0p.pFlomu
(16)
3) CpemnedacoBoii pacxom BOAsl (., Ha COOCTBeHHbIE HYXabl H-
KaTHOHUTOBBIX (PUIIBTPOB
q°c.i=0e.N,Np/24, (17)

WJIK B IMIPOUCHTAX OT MPOU3BOAUTCIIbBHOCTU CTAHIUU YMSTYCHUA



P'c.n=q".,100/Q", (18)

Bpems mexny perenepauusamu Guibtpa 1 onpenenserca U3 ypaBHEHHs

T,=24/n,—t",.160 (19)
rac np - KOJINYECTBO pereHepauHﬁ KaXaA0ro KaTuOHUTOBOI'O ClJI/IJIBTpa B
CYTKH;
t Hpee — BpeMs pereHepanuu GuiabTpa, MUH, ompeneasieMoe mo hopmyre
(20)
et apttp H om
(20)

re tH“]7 — MIPOIOJKUTEILHOCTD B3PBIXJISIONICH TPOMBIBKHU 11O Ta0j1.2( pacyeT
H-xarnonupoBaHnus);
th.p - BpeMsl TPOIyCKa pETreHepallmoHHOr0 pacTtBopa depe3 H-
KaTHOHUTOBBIN (DUIBTP, MUH, 3aBUCUT OT KOHIIEHTpAIIUU PEreHEPaIMOHHOTO
pacTBOopa U CKOPOCTH Tipomycka ero uepe3 karuonuT (V= 10 wm/u),
ompenaenseTcs mo dhopmylie
th-p: 60,/ Ty (21)
t" e — BPEMSI OTMBIBKH (DHIIBTPA OT IPOLYKTOB PErEHEPALHH, MUH, IPH
ckopoctu V=10 m/g
tH0mM= 6qumM/le (22)
KosnmaecTBo OJHOBPEMEHHO  PEreHepUpyeMbIX buIbTPOB N,

OMpeeIIsieTCs 0 YpaBHEHUIO (23)
N, ,=n,Nt",../24 (23)

Na-kaTuoHupoBaHue

OTOoT MeTo 1 00pabOTKH BOIBI OCHOBAH Ha MPOIMyCKe 00padaThIBAEMOM BOJIBI Yepe3

Na-popMy kaTHOHUTA, AJIA YEro MNPEIBAPUTEIBHO KATHOHUT pPereHepupyercs

noBapeHHor cosbto (NaCl). Ilpu Na-kaTHOHUpPOBAaHMU BOABI MPOTEKAIOT

CIICYIOIINE PEAKIIHH:

2Na(K)-Ca(HC03),=Ca(K), + 2NaHCO3;



2Na(K) + Mg(HCO3),=M¢K; + 2NaHCO3;
2Na(K)+CaCl, =Ca(K), + 2NaCl;
2Na(K) +CaS0,= Ca(K), + Na,S0,;
2Na(K)+MgCl,=Mg(K), + 2NaCl;
2Na(K)+MgSO, = Mg(K), + Na,SO,.
Kak BUAHO W3 TMpUBENEHHBIX peakuuid, U3 00padaThIBAEMON BOJbI YAAISIOTCA
katronel Ca®* u Mg™, a B 006pabaTeiBaeMyi0 BOAy mMocTymaroT HoHel Na’,
AHUOHHBINA COCTaB BOJbI IPU 3TOM HE U3MEHSIETCS.

OpnoctrynenyaTeiM  Na-KaTHOHUPOBAHUEM MOXKHO TMOJYYHTh BOAY C
OCTAaTOYHOM »kecTKocThio 10 0,1 Mr-skB/i, oOJHAKO Juid TOJy4YeHHUs OoJjee
rIIyOOKOYMSATYeHHOM BOJBI (C ocTtatoyHoM kecTkocThio 0,01—0,02 mr-sks/i)
TpeOyeTCsl CYIIECTBEHHO YBEJIMYMBATH YJEIbHBIA PacXo]l COJIM Ha pereHeparuio
¢unbTpa, MprUueM HEOOXOAUM TIIATEIbHBIA KOHTPOJb 3a «IIPOCKOKOM) KECTKO-
ctu. B cxeme nByxcryneHdaroro Na-KaTHOHUpPOBaHUS BCE OSTU HEJOCTATKH
YCTPAHSIIOTCS W HAAEKHO O0OECHeunBaeTCsl OCTATOYHAsl KECTKOCTh (uibTpaTa
menee 0,01 mMr-sks/i.

Yucio cTyneHedl KAaTHOHUPOBAHMWS  ONpeNeNsieTcs TpeOOBaHUSIMU K
00paboTaHHOH BOJIE; TaK, JJIsl TAPOBBIX IKPAHUPOBAHHBIX KOTIIOB, T1Ie TpeOyeTCs
riiyOOKO€  yMSIrYeHue  BOJbI,  II€JIECO00pa3HO  NPUMEHEHHE  CXEMbI
nByxcryneHyatoro Na-xkaTHOHMpPOBAaHHUS; OJIE TOPSYErOo BOAOCHAOXKEHUS, €CIH
TpeOyeTcss 4aCTUYHOE YMSTYEHUE BOJbI, JOCTATOUYHO OJIHOM CTYIEHU KaTHOHU-
pOBaHMUS.

Na-kaTHOHHMpPOBAaHHE MPUMEHSIOT JUISI YMSTYEHHUS TMOJI3EMHBIX BOJI C
MYTHOCTBIO HE Oojiee 5—8 MI/1 U OKHUCIsAeMOCThI0 He Oosee 15 mr/m O, u s
BOJ, MPOUIEANINX MpeABapUTENIbHYI0 00paboTKy (KOaryJjsiiui0 — OCBETJICHHE
WIM KOAryJIsiIHUI0 — W3BECTKOBAHHE — OCBETJIEHHUE). TE€XHOJIOTMYECKUE TaHHbIC
1utst pacyeta Na-KaTHOHUTHBIX (QUIBTPOB JaHbl B Ta0u. 1,4 1 5 B COOTBETCTBUU C
ykazanHbiMU JaHHbIMU B CHulI 2.04.02—84 «Bonocnabxenue. HapyxHbie cetu

Y COOPYKEHUSD.



HcxonupiMu gaHHbIME 7151 pacueTra Na-KaTHOHUTHBIX (PHIIBTPOB SIBIISFOTCS
MPOU3BOJAUTEIILHOCTh YCTAHOBKM (C y4yeToM pacxoia 'BOJbl Ha COOCTBEHHbBIC
HYKIbl TIOCTEAYIOMINX CTaguil 00paboTKH), 00Ias KeCTKOCTh 00pabaThiBaeMoit
BOJIbI ¥ OCTAaTOYHAs )KECTKOCTh (QUIIbTpATA.

[Ipu omHOCTYTIEHYaTOM KaTHOHUPOBAHUU TIOCJIE MIEPBOM CTYIIEHU OCTaTOYHAs
YKECTKOCTh JIOJKHA OTBEYATh TPEOOBAHUSAM MOTPEOUTENS, MPU JBYXCTYIIEHYATOM
KaTHOHWPOBAHUU OHA MpuHUMaeTcs paBHo# 0,1 Mr-skB/i.

Pacuer Na-kaTMOHUTHBIX (QUIBTPOB MEPBOM CTYNEHUM HAYMHAIOT OOBIYHO C
omnpeaeneHus oobema karnonuta WK mo ¢popmyiie
Wk = 24 Q, JK,/ n, E™ 5, (1)
rie Q, —pacxon yMATr4eHHOH BOIbI, M3/4;
Ko — obmias KeCTKOCTh MCXOHOM BOBI, T-9KB/M3;

ENapag' pabouasi OOMEHHas €MKOCTh KAaTHOHMTAa TpU  HATpUi
KaTHOHUPOBAHUH, M3/q;

n, - YUCJIO pereHepanuil Kaxaoro GuibTpa B CyTKH, IPUHUMAEMOE B
npezenax oT OJHOTO 10 TPeX

B 3aBUCHUMOCTH OT OOIIEH >XECTKOCTM HUCXOJHOW BOJbI M padoueit
0OMEHHOW €eMKOCTH KaTHOHUTA;

TexHonorndeckas XapaKTCPHUCTHUKA MOHOOOMEHHBIX MaTCpUaJIOB IIPUBCACHA

B Ta0ymmne 1.
Tabm. 1.
TexHomornyeckas XxapakTepucTKa HOHOOOMEHHBIX MaTEpHAJIOB.
Paszmep Haceinnas macca, /M3 [Tonnas
Mapxka nonura 3epeH, oOMeHHas
MM TOBApHOTO | B eMKOCTb,
IpOJIyKTa Ha0yXITIeM -5KB/M3

COCTOSAHHNHN

KatnoHuTh!




Cynbdoyrons 1-ro
copTa 05-1,2 0,67 -0,7 - 500
kpynHabiii CK-1 0,25-0,7 0,69 -0,79 - 570
Meakuii CM-1 0,3-2,0 0,6-0,73 0,33 650
Katnonut KV-1 0,315 - 0,7-0,88 0,34 1700
Karnonut KY-2-8 1,25 0,68-0,82 | 0,17-0,33 2800
Katunonur Kb-4-112 | 0,25-1,0
AHUOHUTEHI
Aunnonnt AH-31 04-20 |0,72-0,75 0,31 1500
Aunnonur AB-17-8 0,355 - 0,74 0,33 800
1,25

[Tpumeuanue: 1.CunbHOOCHOBHOW KaTtmoHuT Ky-2-8 paborocmocobeHn mpu
temreparype 1m0 120-130°C, cToek K KHCIOTaM, MIeJ04aM, OPraHMYECKMM
MIPOTYKTaM.

2. CunbHOOCHOBHOM aHMOHUT AB-17-8 MoxeT paboTaTh B KHCIIOM, HEUTpaIbHOU
v 1enounoil cpemax mpu t<50° C, 0OBIYHO HUCHONB3yeTC IS yAaJICHHUS

KPEMHUEBOW KUCIIOTHI MPU XUMHUYECKOM O00ECCOJIMBAHUH.

PaGouast oOmeHHass emKOCTh KaTthuoHuTa mnpu Na-KaTHOHUPOBAHUU
ompenensercs mo GopmyJie
Na — N
E pa6 — aNa ﬁNa En;'u-t - O’quz))R.o ! (2)

I'me «ay,- ko3pduuuent sdpdexTuBHOCTH pereHepauuu Na-KaTHOHHUTA,

a

YUUTBHIBAIOIIMI HETIOJIHOTY pereHepauuy KaTUOHUTA, IPUHUMAEMbIU 10 TalJI. 2;

YUYUTBIBAIOIIHN CHIKECHHE 0OMEHHOU

Br. —Koadpdunmenr,

2+ 2+
cnocobHoctn katnonuta o Ca” m MQ™ BciencTBue YaCTUYHOTO 3aJIepKaHUS
katnoHoB Na*, mpuHMMaeMslit o Tabm.3, B koTopoit Cn, — KOHIIEHTpAIUs HATPUS

B HCXOJHOU BOJIE B F-3KB/M3;

Tab6n.2.
VYneneHbplii pacxon moBapennoi | 100 | 150 | 200 | 250 | 300
CoJIn Ha pEreHepalIuo
KaTHOHHUTA, T/T-3KB paboueit

00OMEHHOM CITOCOOHOCTH




Koaddumument >¢dexrusnoctn | 0,62 | 0,74 (0,81 (0,86 |09
pereHepanuy KaTHOHHUTA o,
Tabmn.3.
Cna/ Ko 0,01 [0,05 |0, 05 |1 5 10
Bra — 093 [0,88 [0,83 |0,7 |065 |054 |05
EN® . — nonHas OOMEHHas €MKOCTh KATHOHHTA, omnpejenseMas 110

3aBOJICKUM ITACIIOPTHBIM JTaHHBIM. HpI/I OTCYTCTBHMH TAKUX JAaHHBIX IIPH PaCyYCTax

MPUHUMATh IO JIaHHBIM Ta0JI. 1;

qyd - YIIGJIBHblf/’I pacxoa BOIbI HAa OTMBIBKY KAaTHOHHTA, M3 Ha 1Mm3

KaTHOHHTA, IPUHUMAEMBIH 11 cynbdoyris -4 u s KY-2-8.

Ta6nuna 4. Texnojoruyeckne JaHHble 1 pacyera Na-KaTHOHHUTHBIX

¢puabTpos

Ilokazarenp

OunbTp |

Ounbtp |

Bricota cnost kaTnoHuTa (MO 3aBOJCKUM JaHHBIM), M
KpynHOoCTh 3¢peH KaTHOHUTA, MM
KonuyectBo punbtpoB (I cTynenn — He MEeHee BYX
Y OINH PE3EPBHBIN)
CKOpOCTb (PHITBTPOBAHMS %, M/d, HOPMAIIbHAS HE
MIPEBBINIATH TP )KECTKOCTH BO/IBI:
5 Mr-sKB/1
5—10 mr-skB/n
10—15 mr-skB/n
[ToTepu Hamopa npu GUILTPOBAHUH, M
B3pbIXJISIOLIast IPOMBIBKA KATHOHHUTA °;
MHTEHCHBHOCTB, J1/(M°-C), IPH KPYITHOCTH 3€peH
05—1,1
0,8—1,2
MPOJIOJDKUTEITLHOCTh, MUH
VY nenbHbIN pacxo]l COJIM Ha PereHepaIuio, I/T-3KB,
OPUEHTUPOBOYHO MPU JBYXCTYNIEHYATOM
(ocTaTOYHOM >KECTKOCTH ITOCIIE IEPBOM CTYIICHH —
o0pabaTbIBaeMOM BOJIBI, MI'-OKB/JI, He OoJjiee

2—2,5
0,5—1,2

ITo pacuery

25 (35) °
15 (25)
10 (20)"

Cwm. Tab. 6

20—30

1,5
0,5—1,2
[To pacuery

He Gonee 40

13—15

20—30




3) 100—120 —
10 120—150 —
15 170—250 —
20 275—300 —

KonnenTpanus pereHepaiinuoHHOro pacTeopa, % 5—38 8—12
CKopocTh MpoITycKa pereHepaliMOHHOTO pacTBOpa, M/ 3—4 3—5
PaGouast 0GMEHHasI eMKOCTh KATHOHHTA, T-3KB/M ITo dopmymne 250—300
OTMBbIBKa KATHOHHUTA OT MPOYKTOB peTreHEepalIiu:
CKOPOCTB IIPOIYCKa OTMBIBOYHOM BOJIBI UepE3 6—8 6—38
YAEIbHBIN PACX0Jl OTMBIBOYHOM BOJIBI, Mo/
3arpyske QuibTpa:
cynbdoyriem 5 6
katruoHutom KVY-2 6 8

[ITpumeuanus: 1. B ckoOkax maHbl CKOpPOCTH (PUIIBTPOBAHHUSA IPH 3arpy3Ke
MEJIKUM KaTUOHUTOM C KpynHOCTBIO 3epeH 0,3—0,8 Mm.

2. Jlonmyckaercs KpaTKOBpPEMEHHOE YyBelIMueHue ckopoctd Ha 10 M/u 1o
CPAaBHEHUIO C YKa3aHHbIMM TPH BBIKJIIOYEHUUM (QUIbTpPA HAa pPEreHepanuio
(MaKCUMaJbHO JOMYCTUMAasi CKOPOCTB).

CkopocTh (punbTpoBaHUS MEHEEe 5 M/4 HE JOMYCKaeTcsl M3-3a BO3MOKHOTO
PE3KOr0 CHU>KEHHSI OOMEHHON €MKOCTH KaTHUOHUTA.

3.Bozna Ha B3pBIXJIAIONIYIO MPOMBIBKY JOJDKHA TOJABaThCS HacocaMH M3 0Oaxa,
00BbEM KOTOpPOTO BBIOMpPAETCS B 3aBUCHUMOCTH OT JUaMETpa W 4HUCiIa (QPUIbTPOB,
MOJIeKAIINX OJJHOBPEMEHHOM POMBIBKE; KDOME TOTO,  3TOT  00BbEM  JOJKEH
o0ecrieunBaTh OJHY JIONOJHUTENIBbHYIO TIPOMBIBKY cBepx pacueTtHoil. Hacoc,
MOJAIOIIMI BOAY B MPOMBIBOYHBIN 0ak, JOJKEH 00ecleunuBaTh €ro HaroJHEHUE 3a
BpeMsi, MEHBIIIEE, YEM UHTEPBAJIbl  MEXIy MPOMBIBKaMU (DUIBTPOB.

JlomyckaeTcsi B3pBIXJISIONIAs MPOMBIBKA M3 TPYOONpPOBOJA OCBETIIEHHON BOJbI,
€CJIM pacxo]] Ha B3pbIxjieHue He npesbimaet 50 % obiiero pacxona ¢puiapTpara.

[TpoMbIBKa MOKET OCYIIECTBIATHCS U3 0Oaka OCBETICHHON BOJABI, E€MKOCTb
KOTOPOro  JIOJDKHA  IpeaycMaTpuBaTh  pacxoJ] BOJAbl HA  TMPOMBIBKY H
JOTIOJTHUTENBHYIO TPOMBIBKY CBEpX pacyeTHoro wux uyucia. Ckopoctu B
TpyOOINpOBOJaX, MONAIOIIUX U OTBOIALIMX IPOMBIBHYIO BOJY, NPUHUMAIOTCS

paBHbIME 1,5—2 m/c.



I[OJDKHBI OBITH MCKJIIOYEHBI BO3MOYKHOCTh nmoacoca BO3AyXa IPOMBIBOYHBIM

TpyOOIPOBOIOM, a TAKKE MOATIOP BOJABI B OTBOJSIIUX TPYOOIPOBOIAX.

4 Yucno pereHepauuii kaxxaoro Na-KaTHOHHUTHOTO (UIIbTpa MEPBOU CTYNEHU B

Bricora O6BeMm Macca
Jna- [1no-
Mapka, 3aB0oj METp manas | obma | cimos | GuiabT | cllog | Me€Ta | Harpy-
M3TOTOBUTEIIb D,mm | FM2 A HOHUT | -pa WOHHU | JI- J1a, | 304Had
a 00111. Ta M3 T T
H, |hcamMm | V,M3
MM
@uIbTpbl HOHUTOBBIE | CTymnEeHH
®UIIal-0,7-0,6-Na, 700 0,38 3000 |2 1.1 0.8 0.57 |3
C3T™M ®UIIal-1,0- | 1000 0.78 3124 |2 2.3 1.6 1.03 |5
0,6-Na 1000 0.78 3124 |2 2.3 1.6 0.943 |5
®MUIIal-1,0-0,6-H, 1400 1.54 3600 |2 4.5 342 |14 13
buK3 ®MHIIal-1,4-0,6- | 1400 1.54 3600 |2 4.5 342 |14 13
H ®MUIIal-1,4-0,6- | 2000 3.14 4000 | 1.8 11.7 5.7 2.9 15
Na ®UIlal-2,0-0,6, | 2600 5.3 4300 |1.8 20 9.6 4.6 27
TK3  ®UIlal-2,6-0,6 | 3000 7.1 4450 | 1.8 29 126 |55 41
®UIIal-3,0-0,6 3400 9.1 4600 | 1.8 39 163 |74 47
®UIIal-3,4-0,6
@unbTpsl HOHUTOBBIE 1] CTynenu

®UIIall-1,0-0,6-H, 1000 0.78 2724 |15 1.87 120 ]0.858 | 3.5
buK3 ®MUIlall-1,0-0,6- | 1000 0.78 2724 |15 1.87 120 |091 |35
Na ®MIlall-1,4-0,6-H | 1500 1.78 2985 |15 3.58 266 |159 |7
®MUIIall-1,4-0,6-Na 1500 1.78 2985 |15 3.58 266 |[131 |7
O®UIIall-2,0-0,6, TK3 | 2000 3.14 3235 |15 7.6 3.8 251 |13.1
®UIIall-2,6-0,6 2600 5.3 3501 |15 13.6 6.9 4.2 20
O®UIIall-3,0-0,6 3000 7.1 3775 |15 17.0 9.4 5.6 30

CYTKHU IPUHUMACTCA OT OAHOI'0 10 TPEX.

5.IpH TPOM3BOAMTEIBHOCTH YCTAaHOBKH MeHee 20 M/d4 IeIecoobpasHO MpH

MMPOEKTUPOBAHUM PACCMOTPETh BAPUAHT MPOMBIBKM W PErEHEpPAlMU TOJIBKO B

JTHEBHYIO CMEHY.




CymmapHas pabouasi IIomajb KaTHOHUTOBBIX (UIBTPOB MEPBOW CTYNEHU
Fn. onipenensercs o popmyne  (3)
FK:WK/HK, (3)
rae Hxk — BbICOTa KaTHOHWUTAa B (puiupTpe, mMpuHHMaemas Ais (QUIBTPOB
NEpBOM CTynmeHu OT 2 A0 2,5 M (Oospliast BbICOTa 3arpy3Ku IPUHHUMAETCS MPU
KECTKOCTU MCXOAHOM Bozbl 6omneel( r-sks/mM3), mi1st pUIBTPOB BTOPOM CTYIEHU
MIpUHUMAETCS paBHOM 1,5 M.
WK- npuanmMaetcs o ¢popmyite (1)
Yucino pabounx (GuabTpoB NpuHUMaeTcs 1o popmyne (4)
Np=Flfp, (4)
rne  f¢p — mnomane ¢uneTpoBaHus Na-KaTHOHHTOBOTO CTaHIAPTHOTO
bunbpTpa, MpuHUMaeMas 1o Tadi. 5 .
HuameTtp u miouaab GUIbTPOBAHUS CTAHJAPTHOTO (PUIIbTpa BHIOMpPAETCS U3
YCIIOBHSI, YTOOBI KOJIMYECTBO pabouuXx (PUIBTPOB OBUIO HE MEHEE JBYX, KpOME

PE3CPBHOTIO, KOTOpBIﬁ B pacucTC HC YUHUTBLIBACTCA.

Tabmn.5
KoHCTpYKTHBHBIE M  TEXHOJOTHYeCKHEe IO0KAa3aTeJd HOHUTOBBIX

¢puiabTpos

CxopocTh GUIBTPOBAHUS ONIPEAECIIACTCSA U3 YPABHECHUIA:

HOpMaJIbHast — Mpu paboTe BceX PUIbTPOB

Vu=Qy/feh Ng; (3)
MaKCHMaJjbHas — IPU pEereHepaIii OJHOr0 U3 (PHILTPOB
Vmax = Qy I f¢h (N -1), (6)

rae Vi u Vmax — cOOTBETCTBEHHO HOpMaJbHasi U MaKCUMAaJIbHAsI CKOPOCTH
¢bunbpTpoBanus, M/4. HopmanibHass ¥ MakcumanbHasi CKOPOCTH (GUIBTPOBAHUS HE

JTIOJDKHA MPEBBINIATE MPEICNIOB, YKa3aHHBIX B Ta0J. 4. U IPUIIOKEHUH 11.2.



JUis MSTKHMX BOJ CKOPOCTh (PHIBTPOBAHUS MOXKET OBITh pEIIAIOIIUM

Na-kaTHOHUTHOTO q)HHBTpa; JJIA  BBICOKO-

dbakTopoM BBIOOpa JaHAMETpa
MUHEPAJIM30BAHHBIX BOJI C OOJIBIION >KECTKOCTHIO YHUCIO PEreHeparuii MOKeT
OBITh HEAOIMyCTUMO OoybmuM (OoJiee TpeX B CYTKH), B 3TOM CIIy4ae BBIOOD
quaMeTrpa M 4uMclia paloTaroumx (QUIBTPOB peliaeT 4YUCIO pereHepanui.
[IpaBuaBLHOCTH BBIOOpA YHICIIa pEereHEepalnii MPY MPUHATHIX MapaMeTpax M YHcCIe
Na-KaTHOHUTOBBIX (PUIBTPOB MIPOBEPSETCS CIEAYIOMIEeH GopMyIion .

n,= 24 Q, K/t Hx E™, s N,

HOTGpSI Hallopa B  HAIIOPpHBIX  KATHOHHUTOBLIX (1)I/IJ'II>Tan IIpu

GUIBTPOBAHUM OMNpENENsAeTCd KaKk CyMma IOTeph Hamopa B KOMMYHHUKAIIMSIX
bunbTpa, B IpeHake U KATUOHUTE U TPUHUMAETCS 0 Tab. 6

Taomn. 6.

IToTepst Hanopa (M) B KATHOHUTHBIX (PHJILTPAX (BKJIIOYEHBI

NOTePU B KOMMYHUKANUAX (PUJILTPA, B IPEHAKHON cUCTeMe U

KATHOHHUTE)
BricoTa CxopocTh GUIBTPOBAHUS, M/U
C KPYITHOCTBIO 5 10 15 20 25
2 4 (5) 5 (6) 55 6 (7) 7(9)
2,5 4.5 55 6 6,5 7,5

[Ipumeyanue.

KaTUOHUTA (3€pHA KPYITHOCTHIO

B ckoOkax maHbl moTepu Hamopa Ijisl MEJIKOro

0,3-0,8 mm).

Perenepannio kaTHOHUTA ITPOU3BOLAT TEXHUYECKON ITOBAPEHHOM COJIBIO.

Pacxon moBapenHoit conu Gc B KT, Ha ofHy pereHepanuio Na-KaTHOHUTHOTO

¢bunbTpa nepBoM cTynenu onpenaensercs no popmysne (7).

Ge = fp He E™, 5

a./1000,

(7)

I'me a. — ynenwpHBIA pacxoj coiv Ha IT-3kB pabodeil 0OMEHHON €MKOCTH

katnoHnTa Na-kaTHOHUTHOTO (PUIIBTPa MEPBOM CTYNEHH, MPUHUMaeMblid o Puc.1



(ctp.110 CHull 2.04.02) B 3aBUCUMOCTH OT KECTKOCTH HCXOJHOW BOJBI U
TpeOyeMoi xkecTkocTu unpTpaTta. JJis mTpeABapUTENbHBIX pPacxoioB  d.
npuHUMaeTcss paBHbIM 12-150 1/r-3kB Asis QUIBTPOB TEPBOM CTYNEHH MPH
nByxcryneHyatod cxeme W 150-200 1/r-5KB TpH OJHOCTYNEHUYATOM CXEMeE.
KoHueHTpamust perenepaiiuoHHOro pacnBopa cieayer npuHumath 5-8%.
Pacxonx texaudeckoit comu B cytku Gm onpenensercs o Gopmyie (8)
Gme.= Ge n,Ng100/P, (8)
rae Gmc - CyTOUHBIN pacxXo COJIM KI/CYT Ha pereHepanuo GuibTpoB;
P - conepxanue NaCl B Texangaeckom npoaykre, P=93%.
Pacxon ocBeTsieHHOM BOJIbI HA COOCTBEHHBIE HYXK/bl YCTAHOBKHU:
1) Ha B3pbIXJICHHE KATHOHUTOBOM 3arpy3Kku (GuiIbTpa
Ofssp=1f,60t,,,/1000 9)
rae | — HHTeHCHBHOCTD B3PBIXJIIOIICH IPOMBIBKE QHILTPOB, 11/ (¢'M%) (Tabum.
4);
{55 —TIPOJIOJDKUTEIBHOCTD B3PHIXJIAIOIEN IPOMBIBKY 20-30 MuH.
2) Pacxoj BoJibl HA MPUTOTOBJIEHUE PEreHEPALIMOHHOTO PACTBOPA COIU
0,,=Gc100/100bp ,, (10)
rae b - KOHIIEHTpAIUsl pereHePaIlMOHHOTO pacTBopa B %, MpUHUMAETCS
1o taou. 4;
P pp — IIIOTHOCTH PEr€HEPAITMOHHOTO PACTBOPA, T/M3.
3) Pacxoj BoJibI HA OTMBIBKY KATHOHHUTA OT MPOYKTOB pEreHepariviu (.,
Qomn = Oyo Ty Hy, (11)
rae 0, — yZAeJIbHbIH pacxon BOJbl HA OTMBIBKY KaTHOHMTA, M3 Ha 1
M3 KaTHOHUTA OIpPEACIISIeTCs 1o TaoI. 4.
4) Pacxom Boapl Ha OAHY pereHepanuio (uiabTpa, 0€3 HCIOIB30BAHHUS
OTMBIBOYHBIX BOJ Ha B3PBIXJISIONTYIO TIPOMBIBKY
O™ Ossp * 0 pp +Com (12)
5) CpennHedacoBoil pacxoj BOJbI Ha COOCTBEHHbBIC HYX bl Na-KaTHOHUTOBBIX

buabTPOB



Q"cs= Oen N, Ngh /24, (13)

HJIA B ITPOLCHTAX OT IIPOU3BOJUTCIIBHOCTH CTAHIIUH YMATYCHUA

P'c.n.=q"., 100/ Q, (14)
Bpewms mexxny perenepanusamu GuibTpa Ty ONpenesseTcs U3 ypaBHEHUs
T, =24/n,—t?,../60 (15)
rac np - KOJINYECTBO pereHepauHﬁ KaXaA0ro KaTuOHUTOBOI'O qJI/IJIBTpa B
CYTKH,
t ’i’pee — BpeMsl pereHepanuu GuiabTpa, MUH, omnpeaessemMoe 1mo Gopmye

(16)
e S tap + Ly + o (16)
rae ty,, — IPOJOIKUTEIBLHOCTD B3PBIXJIAIOIIECH IPOMBIBKY 110 Ta0m1.4;
t,, - BpeMs IpOITyCKa PEreHEPAMOHHOIO PAacTBOPa 4epe3 (QHIbTP II0
dbopmyne (17)
t,,= 0,,00/w,,f, (17)

W,,, — CKOPOCTb IIPOITyCKa PEreHEPAaMOHHOIO PAcTBOPA, M/4 , IO Ta0II.

tomy — BPEMSL OTMBIBKH OT IIPOAYKTOB PET€HEPALIUU, MUH, OIPEIEIISIETCA
13 YPaBHEHUA
tomn= Comn00/ Woy, Ty, (18)
W,,, - CKOPOCTb OTMBIBKH, IIPUHUMAETCS 110 TabJ1.4.
KonudecTBo 0HOBPEMEHHO pereHepUpPYyEMbIX (PUILTPOB OMPEACISIETCS 10
ypaBHeHuto (19)
N,,=n,N, t?,./ 24 (19)

3aTreM MPOM3BECTH pacueT THAPABINYECKUI pacyeT TpyOOIpOBOJOB 0OOPOTHOM
CUCTEMBI C OIIPE/IETICHUEM AUAaMETPOB TPYOOIPOBOOB, MOJ00PATH TUIIBI U

KOJIMYECTBO HACOCOB HACOCHOMW CTAHITUU OOOPOTHOM BOJBI M PEKUM UX PAOOTHI.



[IpuemHubIe pe3epByapbl HACOCHBIX CTAaHLMN ONPEAECIUTD U3 YCIOBHUS 3aI1aca BOJbI Ha

5-10 MMH MakCcUMaJILHOM pabOTHI HACOCOB.



