1 OHeHKa HCXOAHBIX JaHHbBIX

[Ipexxne ueM MNpUCTYNUTh K pabdoTe HaJa KypCOBBIM IIPOEKTOM,
HE0OXOAMMO 03HAKOMUTHCS C JAHHBIMU HAYYHO-TEXHUYECKON, HOPMATUBHOMN U
CIIPABOYHOM JIMTEPATYPHI; C TAHHBIMU 33JIaHUS U OLIEHUTH UX.

1.1 AHaau3 BoJbl HCTOYHUKA U €ro NMpoBepKa

[IpurogHOCTs BOJBI MCTOYHMKA AJI1 TE€X WJIM HHBIX LElIed U BBIOOp
COOTBETCTBYIOIIETO MeETOAa OOpabOTKU OCYIIECTBISETCS HA OCHOBE IOJIHOTO
aHajau3a ero CoCTaBa.

[IpaBUnbHOCTH BBIOOpAa METO/a MOJATOTOBKM BOJbl M ONTHMAJIbHBIX
peKUMOB TMpoOBeAEHUs mpolecca (Temmeparypbl, pH cpensl, ckopoctw,
JIO3UPOBKM PEAreHTOB) BO MHOTOM 3aBUCAT OT MPABHJIBHOCTH IPOBEICHHUS
aHaJIM3a U MOJIHOTO €r0 COOTBETCTBHUS IEUCTBUTEIBHOCTH.

IIpoBepka aHanu3a IPOU3BOAUTCS I10 CIIEIYIOIIUM ITOKA3aTEIIAM:

1 Cymma xaruoHoB 2XKaT [oJDKHAa paBHSATBCA CYMME aHUOHOB XAH,
BBIPAKEHHBIX B MUJUIMTPAMM-JKBUBAJICHT HA JIUTP

Ca Mg Na NH, HCO; SO, CI
2004 1216 23 1804 6102 4803 3548

rne Ca®*,Mg**,Na',NH'4+,HCO, ,SO,”,CI” - COIep)XaHHE II0 aHAIM3y
BOJIbI U3 UCTOYHUKA, MT/JI;
2 KoHmeHTpanus KaTHOHOB HATpWsl M Kajius, OOBIYHO TPUHUMACTCS B
aHajau3ax PaBHOW Pa3HOCTH MEXAY CYMMOW BCE€X aHUOHOB AH M CYMMOM
OCTaJIbHBIX KATHOHOB, MI-3KB/JT

Na'+K" = ZAH —(Ca™ + Mg™ + Fe* +..)

3 BennunHa o00mIel >KECTKOCTUM JOJKHA DPABHATHCA CyMME KOHIIEHTpalul
KaJbIUsl W MarHusi, Mr-9KB/1

_ Ca2+ +Mg2+
20,04 12,16

00

4 Kouuentpamus 6ukapoonatHoro nona HCOj', Mr-skB/i1, 10J’KHa OBITh

mpi K > 1 |HCO, | = K =111,
mpi Kyp < Wy [HCO, |yn = Wl Koy =K 3 Ky =0



rae I, ,— mea09HOoCTh HCXOIHOM BOABI, MI-9KB/JI;

HCO{]H,B, - KOHIICHTpaIusi OUKapOOHATHOTO UOHA B UCXOJHOM BOJIE,

MTI-2KB/TI;

K — kapOoHaTHas )KECTKOCTh HCXOAHOU BOJIBI, MI-IKB/JT;

K, « — HEeKapOOHATHAS )KECTKOCTh UCXOHOW BOJBI, MT-3KB/JI.

Hawnbonee HarmsgHO TpPENCTaBUTh aHAIW3 BOJLI BO3MOXKHO B BHJIC
JIyarpaMMbl TUIIOTETUYECKOro coctaBa coiyie (pucyHok 1.1). Ilonw3ysch
MIPaBUJIOM, YTO CYyMMa PacCTBOPEHHBIX B BOJIC KATHOHOB paBHA CYMME aHHOHOB,
CTpOUTCS TpaduK COCTaBa UCXOMIHOM BOJBI, 111 YeTO Ha MapajlIeIbHBIX IIKaIax
B COOTBETCTBHHM C PSAJOM aKTHBHOCTH HOHOB B MacmiTabe OTKIIAIbIBAIOTCS
coJiep)kKaHMEe KAaTHOHOB M TI0J] HUMU — aHHOHOB, Mr-3kB/I. Takoil rpaduk
MOMOTAET PEIIUTh PsiI BOIIPOCOB IpoIlecca BOJOMOJITOTOBKH (M3BECTKOBAHMUE,

MIOJIKHCIICHUE, 00e3KeIe3nBaHne U JIp. ).
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2 O01mme cBeIeHUsS 0 BOJTHOM X0351liCTBE
NpoOMIpeAnPUATHIA

Hcnons3zyemass B TOPOU3BOJACTBEHHBIX LIENSAX BOAA IO CBOEMY

HA3HAUYCHUIO MOXKET OBITh pa3jielieHa Ha KaTerOpuu:

1 Oxunaxnaroias Boja He3arpsi3HsieMas B IPOU3BOJICTBE;

2 Bopa s morsomeHus U 0TBOAA Pa3IMYHBIX MPUMECEH, T.€. 3arps3HseMas,

HO 0€3 Harpesa MpHu UCIOIb30BaHUY;

3 Oxnaxmaemas BoJa, 3arpsi3HseMasi TPH UCIIOIh30BaHUN;

4 Boja, ucnoib3zyeMas B KaueCTBE IKCTPAreHTa, paCTBOPUTEIIS;
BonocHabxenue npeAnpusTAA MOXKET OCYIIECTBISTHCS MO CJICAYIOIINM

CXEMaM:

- OPSIMOTOYHOU C OAHOKPATHBIM UCIIOJIb30BAaHUEM BO/IbI;

- OpSIMOTOYHOM C MOCJIEA0BATEIbHBIM UCIIOIb30BAHUEM BOJIBL;

- 00OpPOTHOW C pElUPKYJSIUEH BOJBI U €€ MHOTOKPATHBIM HCIIOJIb30BaHUEM

OJIHUM U TE€M K€ TOTPEOUTEIIEM.

Ha mpaktuke yaie Bcero BCTpeyaroTCs KOMOMHHPOBAHHBIE CUCTEMBI
BOJIOCHA0XEHUSI, COUETAONMNE B ce0e HECKOJIbKO CXEM BOJOCHAOKEHUS U UX
AJIEMEHTOB.

HanbGonee npeAnodTUTENbHBI, C TOYKH 3PEHUS SKOHOMUYHOCTH H
pPallMOHAILHOCTHA HCIIOJB30BaHUS BOJIHBIX PECYpPCOB, SBISIOTCS OOOPOTHBIC
CUCTeMbl C OpraHu3alMeil Ha  OpPeANpUSTAA  OOOPOTHBIX  ITUKJIOB
BOJIOCHAOXKeHUs. Takue UHUKIbI MOTYT OBITh JIOKaJIbHBIMU (IJI1 OJIHOTO
MOTpeOUTENsI), COBMECTHBIMU  (IJI1  HECKOJIbKUX  MoTpeOuTenei)  wiH
oO1ie3aBojckuMu. KpoMe TOro, B COOTBETCTBUU C KAaTerOpued HCIOIb3yeMOn
BOJIbI, IIUKJIBI MOTYT OBITh «YUCTBIMU» WU «TPS3HBIMUY», MIPUYEM, HA OJHOM
MPEANPUATAA MOXKET ObITh OJTMH WM HECKOJIBKO MX TUTIOB.

[Ipu mpoexTupoBaHUK OOOPOTHBIX CHCTEM CJIEIYET YUUTHIBATH, YTO C
TEYEHUEM BPEMEHU KOJMYECTBEHHBIN U KAY€CTBEHHBIN COCTAB LIUPKYJIUPYIOMICH
BOJIbl U3MEHSIETCS B pe3yibTaTe (QU3MKO-XUMHUYECKUX, OMOJIOTMUECKUX U UHBIX
npoiieccoB. OOOpoTHasE BOJAa MHOTOKPATHO IIOCJIENOBATEILHO HarpeBaeTcs,
OXJIAXKIAETCS, yNapuBaeTCsl, YACTUYHO TEPSIETCS NMPU HCHApEHUH, KaleJIbHOM
yHOce B armocdepy, TPyHT, cOpoce, CTaHOBUTCS Oojiee 3arpsi3HCHHOU W
MUHEpaJIn30BaHHOM. [Ipy 3TOM HapyIiaeTcsi CTaOUILHOCT BOIBI.

BocnosnHenre morepr U BOCCTAHOBJICHHE KadecTBAa BOJIbI B CHUCTEME
MPOU3BOJUTCS  JO0OABJICHHWEM TMOAMUTOYHOM BOJBI, KaueCTBO KOTOPOM
OTIIMYaeTcsi OT 00OPOTHOM.

[IpuMeHsIOT  pa3iMyYHbIe CIMOCOOBI  OOpaOOTKM  TMOAMUTOYHOM U
UUPKYJISLMUOHHOW BOJBI JIJII TPHUBEICHHUS MX KadecTBa B COOTBETCTBUHU C
TEXHOJIOTUYECKUMH H  OKCIUTyaTallMOHHBIMH  TpeOoBaHusiMu. [lpu sTOM
WCITOJIB3YIOTCS PA3IMYHBIC METOAbI BOAOIIOATOTOBKY U 00PAOOTKHU BOJIBI.



B kypcoBoM nmpoekTe paccMarpuBaeTcs 00OpOTHas  cuUcTeMa
BOJIOCHA0XEHUSI, KOTOpasi B CBOIO OYepe/lb, MOAPA3IENICTCS Ha TPU OCHOBHBIE
CXEMBI.

2.1 IlepBas cxema (YUCTOro 0OOPOTHOIO IUKJIA)

/ Onn
Q3
/' Goxn
Q4

Q2

ql'lD

1- Bosto3abop, 2 — moTpeduTeNs, 3 — OXJIANTENh, 4 — HACOCHAS CTAHIIHS;
Q1 — cBexas (moOaBoyHas) TEXHUYECKAs BOJIA;
Q2 — mpou3BoACTBeHHAsI BOJa (PacueTHOE KOJIMYECTBO);
Qs - marperas Boga; Q4 — o0opoTHas (Bo3BpaiaeMasi B IpOU3BOJICTBO) BOJIA;
0 s 9 oxny J np — IOTEPHU BOJIBI, COOTBETCTBEHHO, OE€3BO3BPATHBIE B IIPOU3BOJICTBE,
B OXJIQJIUTEJIC, IIPOTYBKA» CUCTEMBI.

Pucynok 2.1
Q1= un+ 0 ox * qups
Q3=Q2— q
Qs = Q3 g oxa = np-

JlanHass cxema OOOpPOTHOTO BOJOCHAOXKCHHUS TIPUMCHSICTCS B TEX
ClIydasiX, KOTJia BOJa SIBJISIETCSl TEIUIOHOCUTEEM M B TIPOIIECCE UCIIOIb30BaHUS
JIUIIIH HArpeBaeTCs HEe 3arps3Hssch. B cucreMe 0600pOTHOTO BOJOCHAOKEHUS ATy
BOJY Tepej] MOBTOPHBIM MPUMEHEHHUEM [JIsi TeX K€ IeJel MpeaBapuTeIbHO
OXJIAXKJAI0T, a B HEKOTOPBIX CIy4asX MOJBEPraloT CTAOWIM3AIMOHHON
o0paboTke.



2.2 Bropas cxeMa (Irpsi3HOr0 000POTHOTI0 IIUKJIA)

Or.n Go.c
al Qs Pl Qs
2 5 4
Qs
o, o
qoxn
4 < 3 /
A Q
' .
1

1,2,3,4, Q1 Q2 Q3 Q4 g s 9 oxny  np — COITACHO PUCYHKY 2.1.,
5 — OYHCTHBIE COOPYKCHUSI MEXaHUYECKOW OUUCTKH;
Q5 — HaneTaH nu 3an$I3HCHHa$[ MCXAaHHNYCCKUMHU HpI/IMeCFIMI/I BOJa,
Qe — ocBeTIICHHAs BOJA,
J o.c — IIOTEPU BOJBI HA OYUCTHEIX COOPYKEHUIX
3a CYET BBIICICHUS MECXaHUYCCKUX 3arpsi3HCHU.

Pucynok 2.2
Q5 = QZ - Q .10
QG = QS_ Q o.cr

JlaHHast cxema MpPUMEHSIeTCd B TEX Cly4yasX, KOrJa BOJAa SBISETCS
TEIUIOHOCUTEIIEM U CIYKUT CPEINOM, TPAHCIIOPTUPYIOLIEH, MOTJIOMIAOMIEN WU
AKCTPArMpYyIOLIEd MEXaHWYECKHUE U PACTBOPEHHBIE NMPUMECH M B Mpoliecce
WCMOJIb30BaHUs 3arps3HACTCS M HArpeBaeTcs. JTa BOJA MEPE] MOBTOPHBIM
MPUMEHEHUEM TMOJIBEPraeTcsi MEXaHMYECKOM OYMCTKE, OXJIaXIACHUI0, a B
HEKOTOPBIX CIIydasix CIeluaibHOU 00paboTKe.



2.3 Tperbsi cxema (0eCCTOYHOT0 00OPOTHOTIO

BOJI0CHAOKeHMST)
O /30.0
/
Qs Qs
2
7y Qs
Q2 /qoxn
Qs
4 bl
A
Q1
1
Pucynok 2.3

JlanHast cxema IpUMEHSIETCS B TEX CIIy4dasiX, YTO U BTOpPasi, IPU YCIOBUH,
YTO BCS MCHOJB30BAHHAS BOJA, B TOM YHWCJE U MPOAYBOYHAS, HE MOXET OBITH
cOpoIIeHa B BOJOOTBO/SIIME CUCTEMbI WIH MEpeJaHa Ha JIPyroe MpeanpusTHe.
[Tocne OYMCTKHM U OXJIaXACHHUS OHA B TIOJTHOM OOBEME IMOBTOPHO U CIIOJIb3YETCS

Ha NPEANPUATHH.

10



3 OnpenesieHne pac4eTHbLIX PAcX010B BO/IbI

Bononotpebiienne npeanpusiTisi 3aBUCUT OT €ro Npo@uiisi 1 0T 00beMOB
BbIITyCKaeMol mnpoaykuuu. OmnpelneneHue pacxoJoB BOJbI  BEIAETCS B
COOTBETCTBUU C OTpeJIeICHHBIMU CPEIIHET0/I0BBIMU HOpMaMH
BOJIONIOTPEOIEH st 110 [5| Ui MaHHOTO HPOM3BOJACTBA, M BBIYMCIIAKOTCA TI0

dbopmynam
3.1 CpeaneuacoBblie pacxo/ibl

3.1.1 O6opoTHoii BOaBI, M/

. C106.cp xnN

Qo6.cp - f’

rae N — 00beM MPOAYKIMH (110 33JJaHUIO);
0 o6cp — CPEIAHErONOBOM YAEIBHBIM PAacxo] OOOPOTHOM BOIBI Ha
€AVHHULLY IPOAYKLHUH, M, (ITpunoxenue A, rpada 3);
T — ronoBoit hona paboyero BpeMeHu, 4 (1o 3aJaHUIO).
3.1.2 TexHHYeCKOi CBekKeil BOABI, M /4
Hcnonp3yemasi cBexasi BojJa Ha MPEANPUSTAN MOXKET OBITb MUTHEBOTO
KauecTBa WJIM TEXHUYECKas U OMNpEAeNseTcs 5TO TEXHOJOTUYECKUMHU
TpeOOBAHMSIMU MPOU3BOJICTBEHHOTO MpoIlecca.
B mpou3BoJICTBEHHBIX IpoIleccax CBeXas BOJIa MCIOJIb3YETCS IS
MOAMUTKU OOOPOTHBIX IMKJIOB, B MPSIMOTOYHBIX CHUCTEMaX, JIJII BOCIIOJIHCHHUS
MOTEPh BOJBI B TEXHOJIOTHH TIPOU3BOJICTBA U T.J.

g, xn
QT.Cp= ?;

rae (, — CPENHEroJ0BOM YIENBHBIM PacXol TEXHUYECKOW BOJBbI, M3,
(ITpunoxenue A, rpada 4).
3.1.3 IIuTheBoii BoAbI (/I IPOU3BOICTBEHHBIX I1eJIeit), M/

Oxp XN
Q X.IL.CP = T )

TI€ Qxn. — CPEAHETO0BOM YAEIBbHBIN PACX0/ BOJBI, M, (ITpunoxenue A,
rpada 5).
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3.2 MakcuMaJjibHble 4YaCOBbIE€ PAcX0abl

3.2.1 obopoTHOI BOABI, M /a

Q 06.Make — Q 06.chK ner X Ky,

rae K o — KoahDumeHnT n3sMeHeHusT CpeTHETOJOBOM HOPMBI pacxojia
BOJIbI Ha €IUHUITY IPOAYKIMH B neTHH niepuos, ([Ipunoxenune A, rpada 11);
K, — koadduuumeHT dYacoBoil HEpPaBHOMEPHOCTH, MPUHUMAEMBIH IO
(ITpunoxenuto B) mo orpaciv NpOMBILUIEHHOCTH 110 33JaHHUIO.
PacyeTHble MaKCUMaJIbHBIE PACXO/Ibl TEXHUUECKOH (CBEKEN) U MUTHEBOM
BOJIbI OIPEIETSAIOTCS aHAJIOTMYHO pacxo1aM 000pOTHOM.

3.3 be3Bo3BpaTHoOe NOTpPedJIeHe U OTEPH BOAbI B
MPOU3BOACTBE

[Ipy wcmonp30BaHMKM BOABI HA TNPEANPHUATHH, JTaXKEe HA CaMOM
COBEPILIEHHOM TEXHOJIOTMYECKOM OOOpY/JOBaHMH, BCErJa HMMEIOT MECTO
0e3BO3BpaTHBIC MMOTEPHU BOJIbI, CKIIAJBIBAIOIIMECS U3 MOTEPh HA MCIApEHUe, Ha
KareJbHbI YHOC BJIArM C BbIpaOaThIBAEMOW MPOJIYKIUEH U T.JI. M 3aBUCAT OT
MHOeCTBa ()aKTOPOB M PA3IUYHBI JIJIS1 KaXK0TO MPOU3BOJICTBA.

OOmumii cpemHeyacoBoOi pacxoi 0€3BO3BPATHBIX MOTEPh B MPOU3BOJICTBE
B CYTKH CPEIHEr0 BOAOMOTPEOICHIS, M*/d, BBIYHCIACTCS 10 hopMyIte

Q _ Qg xN
II.cp T '
rae ( . — YJACIbHOE OE3BO3BpaTHOE MOTPeOJICHHE M TIOTEPH B

3
npousBojcTBe, M*, (IIpunoxenne A, rpada 11).
o . . 3
MaxkcumanbHbIN pacueTHBIN 4YaCOBOW PacXoj MOTEPh ONPEACIISIeTCs, M /4

Q =0Q xK xK
n.nmaxkc n.n.cp Jlem Y
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4 TIpyHUUNHAIBLHAS CXeMa YUCTOr0 000OPOTHOIO
HHMKJIA BOAOCHAOKEHM S

Orv.mrmake
1
Q o6.maxc L2 ij(:p / On.oxn
2 3 S
4 < Qoxn t2
T Q oomaxe b T

[
‘ Qqu

1 — nexa (moTpeduTenu); 2 — HUPKYJAIMOHHAS HACOCHAsI CTAHIINS,
3,4 — COOTBETCTBEHHO NIPUEMHBIC KaMEPhl HAIPETON U OXJIAXKJICHHOW BOJIBI,
S — rpajiupHy;
t; —TeMrieparypa HarpeToi Bojbl (10 3aJaHUI0);
t, —TeMrieparypa OXJIaKJI€HHOU BOABl B COOTBETCTBHH C TPEOOBAHHSIMY ITPOU3BOJICTBEHHOTO
nporiecca Kk kauectBy Boabl, (IIpunoxxenue b, rpadal);
Q o6.maxe — PACUETHBIN pacxo1 000POTHON BOJIHI, M3/II;
Q o6.maxc — PACUETHBIH pacxo 000POTHOM BOJIBI, OTBOANMON OT MOTpeOHTENEH, MS/‘I;
Q" o6.maxe - PACUETHBIN PACX0J] BOJIbI, TI0aBacMOI Ha OXJIaXICHHE, M3/‘l;
Q np. — BEIMYMHA OPOJYBKH 000pOTHOrO KA (copoca), M>/a;
Q oxn — PACUCTHBIN PACXOJ] OXJITAKICHHON BOJBI, M~ ;
0 m.oxx — IOTEPHU BOJBI B OXJIATUTEIE, M/ - OTpEAETSIOTCA PAacueTOM;
Q 106 — pacxox 70OABOYHOM BOJIBI JUISI BOCTIOTHEHHS BCEX BUIOB IMIOTEPH BOIBI
B cHCTEME 000POTHOTO BOJOCHAOXKEHHUS, M/,

Pucynok 3.1

N
Q 00.Makc — Q 00.Makc — q I.II.MaKC?

Q 06.Makc — Q o0.Makc q IL.IL.MaKCc q p:

s
Q oxs1 Q 00.makc — qn.oxn-
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5 OxuaskaeHne 000pPOTHOI BOABI

IIpu 000pPOTHOM BOAOCHAOKEHUMU BOJA MOXKET HCIOJb30BAaThCA B
pa3IMyHBIX LENAX. B KypcoBOM IpOEKTe NpelyCMaTpHUBAETCS IIPUMEHEHUE
BOJBI NIl OXJIAX/AEHUS 00OpyAOBaHUSA C €€ HarpeBoM, HO Oe3 3arpsi3HEHUS B
IIPOU3BOJICTBE.

JUIst  OXJIaXAECHWs BOJbI B IIPOMBIIUICHHOCTH HAIIIM IPUMEHEHHE
BOJIOXPAaHWIINILA-OXJIAIUTENN, OpbI3rajbHble OacceiiHbl, pa3JM4YHbIE THUIIbI
rpaJiupeH.

baiieHHble rpagupHu 00ECIEYNBAIOT YCTOWYMBOE OXJIAKICHUE U HU3KHE
TEMIIEpaTypbl OXJaXKJICHHOM BOABI MpPU OOJBIIONW IJIOTHOCTH OPOLICHHUS.
Hanuune OamiHu, OTBOJSALIEH BIIAYKHBIM HArpeTbld BO3AYyX Ha 3HAYUTEIIbHYIO
BBICOTY, IO3BOJIIET pa3MelaTh UX B HEMIOCPEICTBEHHOW OJIM30CTH OT 3JaHUU U
coopykeHuW. ballleHHbIE TpagupHU MOXKHO NPUMEHATH Uil JIFOOOU
IPOU3BOJUTENILHOCTH 0OOPOTHOTO LMKIIA, HO 00Jiee SKOHOMUYHBI OOJIBIINE 10
IIPOU3BOIUTEILHOCTH. HenocrarkamMy NaHHBIX TPAaJUPEH SBISAIOTCSA BBICOKAs
CTOMMOCTD U CJI0KHOCTb UX COOPYKEHUS.

Bentunsatopasle rpaiupHU JaloT HanboJiee YCTOMUMBOE U CTaOUIIBHOE
OXJIQXKJICHHE BOJBI U3 BCceX oxyanurencii. OHU UMEIOT MEHBIIYIO CTOMMOCTb IO
CPaBHEHHIO ¢ OAIIEHHBIMH M JOIMYCKalOT OOJIbLIYIO IJIOTHOCTH OPOLIEHHS, YTO
II03BOJIAET KOMIIAKTHO pa3MeIlaTh UX Ha TEPPUTOPUU IPOMIIPEIIPUATHM.
Hanmuume perymmpyeMoro nmnpuBOJa BEHTWISATOPOB JAET  BO3MOYKHOCTH
PEryJIMPOBKM TpOLEcCa OXJIAXKICHHUS BOJbl. BEHTUIATOpPHBIE T'paavpHU
PHEPrOEMKH M HMEIOT OrpaHUYEeHHs MO0 pa3MEIIeHHI0 (C TOJABETPEHHOM
CTOpPOHBI), T.K. BBI3BIBAIOT OOJEJACHEHHE B 3UMHHUN TNEPUOJ OKPYKArOUIUX
31aHUHN U COOPYKEHUH.

5.1 Bbi0op THNA oxJyIaAUTeIEH

Brb16op Tuna oxjaaurenei Iporu3BOAUTCS B 3aBUCUMOCTH:

- OoT pacxoaa oxyaxaaeMon BOJBI (Q 6.vaxc);

- OT pacyeTHOU TeMmepaTyphl OXJaxaeHHOW BojbI (1,), mepenaga temnepaTtyp
(At =t; —t,) ¥ TpeOOBAHUI K YCTOMYMBOCTH OXJIAXKIACHUS;

- OT peKruMa pabOThI OXJIAIUTETIS;

- OT KJIMMAaTUYECKUX YCIIOBUM 3aJJaHHOTO paiioHa (Vi — TeMmepaTyphl Bo3ayxa
M0 CyXOMYy TEPMOMETPY M T 1 — TEMIIEpaTypbl BO3[yXa IO CMOYECHHOMY
tepmometpy, °C);

- OT YCJIOBUHU PAa3MENICHUS OXJIAAUTENIEN HA IPOMILIOLIAIKE;

- OT (PUBUKO-XUMHUYECKOT0 COCTaBa J00ABOUYHON U 0OOPOTHOM BOJIBI,

- OT KaTeropuu HaJIeKHOCTHU BOJIOTIOTPEOUTENS

OO06nacTh TPUMEHEHUS OXJIATUTEICH PEKOMEHIyeTCs TPHUHUMATh B

cootBercTBUM [1,m.11.32 ] mo Tabmure 5.1.
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Tabmura 5.1

OxJtaguTenb VYaenenas | llepenan | MunumManbsx
IJIOTHOCT | TemmepaTy | as pa3Huua
b p TEeMIEpaTyp
opomieHusi | At=t;—t,, | th- 71, °C
3 C
M /M” Xy
Bonoxpanunwiie (mpyn-| 0,01-0,1 5-10 6-8
OXJIQJIUTEh)
Bpei3ranbHbie OacceHbl 1-1,2 5-10 10-12
OTKpBITBIE TPATUPHHU:
¢ Ope3ranpHBIM Opocutenem | 1,5-3,0 5-10 10-12
C KareJIbHbIM OPOCUTEIEM 2,0-4,01 5-10 10-12
baiieHHbIe rpagupHu:
C OpBI3TAJIbHBIM OPOCHUTEIIEM 2,5-3,5 5-15 8-10
C KareJIbHbIM OPOCUTEIIEM 3-4 5-15 8-10
C TUIEHOYHBIM OPOCHUTEIIEM 5-8 5-15 8-10
BentunaropHsie rpaupHu:
C OpBI3raJIbHBIM OPOCUTEIIEM 5-6,5 3-20 4-5
C KamneJIbHBIM OPOCUTENIEM 6-8 3-20 4-5
C TJIEHOYHBIM OPOCUTEIIEM 8-10 3-20 4-5
C TIEHOYHBIM OPOCUTEIIEM 8-10 3-20 4-5
C TJIEHOYHBIM OPOCUTEIIEM 8-10 3-20 4-5
Panmatopable rpagupHu - 5-10 15-20

5.2 PacyeT BeHTUJISAAITOPHBIX I'PaIPeH

Koneunon LIEJIBIO TEXHOJIOTUYECKOI0 (TemnoBoro u
a’pOJIMHAMUYECKOr0)  pacdyeTa  BEHTWISTOPHBIX  TpagupeH  SBISETCA
ONpeNesiecHHe IJIOTHOCTM  OpOIIEHWUsT M  YWclia TpaaupeH  (CEeKIHil),
00eCIeunBaOIINX OXJIAKICHUE PACUYETHOTO KOJIMUECTBA OXJIaXKaaeMoi BoibI (Q
ox1) OT TeMmmeparypbl 1y 10 Temmeparypsl t, TpU pacyeTHBIX MMapaMeTpax
aTMoc(epHOro BO3ayXa.

B cootBerctBuu ¢ [1, n.11.33 ] TexHONOrHYEeCKHUl pacueT OXJaauTesen
3a JeTHMH mepuoa mpu  obecrmedyeHHoctH  1,0-10%, npuHMMaeMmblii B
3aBUCUMOCTH OT KaTerOpUu BOJOMOTpedbuTes mo tadmure 5.2.
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Tabmura 5.2

Kareropus Crenenp yXyaueHus: TEXHOJIOrn4eckoro | Ob6ecnedyeHHoCT
porecca Mpou3BOACTBa IIPH 1 > 15 pacq b, %
BOJIOTIOTpEOUTE
Tt
I Hapymenue TEXHOJIOTHYECKOTO 1

npouecca B LEJIOM  (3HAYUTENIbHBIE
yOBITKH)

I JlonycTUMO  BpEMEHHOE  HapyLICHUE 5
TEXHOJIOTHYECKOTO npoiecca
OTJENbHBIX YCTAHOBOK

1 BpemenHoe CHMkEeHnEe S3KOHOMUYHOCTH 10
TEXHOJOTHYECKOT0 MPOoIecca B IEJIOM U
63952x10THEeTBHBIX YCTAHOBOK

JIns 3agaHHBIX YCHOBMHI pabOThl MpPEeanpHUSATUS MO 00ECIEeYEeHHOCTH |-
10% u reorpaguyeckoro pasMmemieHusl NPUHUMAIOTCS PacUYETHbIE MapaMeTPhI
atMoc(epHoro Bo3ayxa no [6, Tabauia 7).

Tax kak pa3pabaThIBaeTCA MPOEKT YUCTOTO OOOPOTHOIrO LIMKJIA, TO MPHU
pacueTHBIX  IapaMeTrpax  armMocepHoro  Bosgyxa (At=#—ty, °C),
NPEABAPUTEIILHO TPUHUMAIOTCS  BEHTWISITOPHBIE CEKLIMOHHBIE TPATUPHHU C
IUIEHOYHBIM ~ opocuTeneM. KOHEYHOM 1enbl0 TEXHOJIOIMYECKOro pacydera
(TEmI0BOrO0 M  a’3pOJMHAMUYECKOr0) BEHTHJIATOPHBIX TpPagupeH SBIsSETCA
OMpeNe/ICHHEe TUIOTHOCTA OpOIICHUS (, W 4Hcia TrpagupeH (cexiuil),
00€eCIEeYnBAIOIINX OXJIAXKICHUE PACUETHOTO KOJIMYECTBA OXJIAXKIAEHHOW BOJbI
Qoxr OT TeMmepaTypsl {; IpH pacyeTHBIX MapaMmeTrpax aTMOoc(epHOro BO3Ayxa
(Vlv Tl s ¢1 9P 6ap)'

OmnpeneneHre MIOTHOCTH OPOIICHHS] BEIETCA MO HOMOIpaMMaMm WU
dbopMynaMm, NpUBEICHHBIM B [6]

[IpenBapuTebHO MOKHO NPUHATH MJIEHOYHBIA OPOCUTEID C BETUYUHOU
VIEIbHON MIOTHOCTH OPOLICHHS Gy = 8-10 M°/M°Xd Ml BHIOpATh TpeOyeMblit
TUTIOpa3Mep opocuTens (B cCOOTBETCTBUU € Q o, 1 NC), ero Tvn u nmacnopTHbIS
xapakTepucTuku (N ¢p, A, Q posy)-

Torna HeoOxoauMasi OpUEHTHPOBOYHAS OOIIAs MJIOLAAb OPOIICHUS

- N 2
F op — Q 06.Ma1<c/ qma M

[Ipy muHMMabHOM (ONTHUMaIbHOM) KosinuecTBe cekuuii Nc = 4,
IJIOIAJb OJHOM CEKIIMU COCTABUT
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Fo=F op/ 4, M

B 3aBucumoctu oT F. U THIa OpoCHTENs BHIOMPACTCS THUIIOBOM IMPOEKT
I'PaUpHUA C COOTBETCTBYIOIIEH MapKOW BEHTUJISATOpPA M €ro rnapameTpamu [6,
tabauna 12].

h ,p — BBICOTa OPOCUTEINS, M;
A — XapaKTepUCTHKA OPOCHUTEII, M

-3 3
o, X107 - noxaua Bo3ayxa BEHTHISITOPOM, M /4
Onpenenenve NEUCTBUTENBHON TIIOTHOCTH OPOIIEHUS (0 x seiicrs.) AJIA
JAHHBIX TPAJIUPEH TNpH HOMHUHAIBHOM TMOJaye BO3AyXa BEHTUJISITOPOM
MPOU3BOAUTCS MO Tpaduram [6]

ITepen HaganoM pacyera BeIUUCISIETCS Tpou3BeneHue Ax h .
I'paduku pacdeToB cOCTaBICHBI JJI PACUETHBIX MapaMeTPOB:
t, o1 23 10 30 °C uepes 0,1 °C
At ot 5 10 15 °C uepes 5 °C
vy ot 23 110 30 °C yepes 1 °C
10T 0,4 10 0,7 yepe3 0,1 qonu equHULIBI
Ah, ot 0,5 10 2 yepe3 0,1 70IU €TUHUIBI
JIns mpoMEXKYTOUYHBIX 3HAYEHHH pPacyeTHBIX MapaMeTPOB IUIOTHOCTH
OPOIIEHUS, (|, OTIPECIIICTCS HHTEPIOJISIUEH MKy COCETHUMHU Irpad)uKaMH.
JleticTBuTEeIbHAS HEOOX0AMMAS TIIONIAIh OPOIICHUS TPAJUPCH

2

F nefcTs — Q 00 Makc / q x neiicres M

KonuyecTBo cekiuii rpaupeH ¢ nepBOHAYaIbHO BEIOPAHHOM TUIONIA/1bIO
OJTHOW CEKILMHU C COOTBETCTBYIOIIUM BEHTHUISATOPOM

N C.JIEHUCTB = F JIEUCTB / Fc: mr

5.3 IToTepu BOABI B OXJIAUTEJIAX

[ToTepu BOJIbI B OXJIQAUTENSAX CKIIAJIBIBAIOTCS U3 MOTEPh HA UCTIAPEHUE U
Ha KaruieyHOC

Q moxi1 — q 1 oxn + q 2 oxI1

HOTepI/I BOJbI Ha UCIIAPCHUC IIPHU OXJIAXKIACHHUHN

. s 3
q 1oxm — Kucn At Q 06.maxcs M /LI

Pl = qloxn 100 / Q“06.Maxc: %;
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rne K, — KOo3hQUIMEHT, YYUTHIBAIOIIUNA OO TEIUIOOTAAYU
ucrapeHdeM B OOIIEH TemooTaaye, NPUHUMACMOW I TpaaupeH B
3aBHCHMOCTH OT TEMIICpaTypbl BO3[yXa IO CyXOMYy TepMOMETpy Vi mo [1,
tabauna 36] .

[ToTepu BOIBI BCICACTBUE YHOCA BETPOM

q 2 oxI1 = P2 Q\\ 06.MaKC/ 100, MB/I‘I

rae P, — nmorepu BoIbI BCIEACTBUE yHOCA BETPOM, %, MIPUHUMAIOTCS B
pasmepe 0,2-0,05% 1upKyIAIHOHHOTO pacxoaa Bobl 1o [ 1, Tabmwmia 38].

5.4 PazMmelneHnue oxJjaauresen

Ha ocnoBanuu [1, n.11.76] pasmelienue oxyiaauTenaeld Ha TUIOIIAAKE
NPEeANpUATAA HEOOXOAMMO NpeaycMaTpuBaTh U3 YCIOBUA 0OECHEeUYeHHUs
CBOOOJHOTO JTOCTYIa K HUM BO3/AyXa, & TAK K€ HAaMMEHbLIEH MPOTSKEHHOCTH
TpyOONpOBOAOB M KaHaioB. IIpu 3TOM HEOOXOJUMO YUYUTHIBATh HAIpaBICHHE
3MMHHUX BETPOB U1 WCKIIOYEHHs oOMep3aHus 34aHuil U coopyxeHui. llpu
pa3MEILEHNN OXJIAJUTENEeH Ha MeHIUIaHe TUIOLAJAKU MPEANpUATAsS HEOOXO0IUMO
BBIJICPKaTh MUHUMAJIBHBIE PACCTOSIHUS MEXIY HUMH M PaCIOJIOKEHHBIMU
BOJIM3M 3/1aHUSIMU U JOpPOraMH, KOTOpbI€ MPUHUMAIOTCS B COOTBETCTBUU C [3,
m.3.36] wu tabmwmie 5.3.

Tabmuna 5.3
HaumenoBanue coopyxeHuu Paccrosiaue no

CEKIIMOHHBIX
BEHTHJIITOPHBIX
Ipajiupel, M

[TpombllIIEHHBIE 3/1aHUS 21

['pagupHU CEKIIMOHHBIE 9-24

BHYTpH3aBOICKHUE KENEZHOAOPOKHBIE TYTH 12

ABTOJIOpPOTH BHYTPHU3aBOJICKHE U MMOABE3IHBIE 9
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6 O0paboTKa 000POTHOI BOABI

HopmanbHoli paboTe CHCTEM NPOU3BOJCTBEHHOTO BOIOCHAOKEHUS
MPEIATCTBYIOT OTJIOXKEHUS M oOpacTaHus, 00pa3yromuecss B TEITIOOOMEHHBIX
ammaparax, TpyOOIpOBOJaxX, TPaIUPHAX B Mpolecce JKcIuTyaranuu. [Ipexe
BCEro, 3TO KapOOHAT KaJIbIIMs, OTJIAaraloUIuics Ha BHYTPEHHEH IOBEPXHOCTH
00OpyI0BaHUS BCIICACTBHUC HAPYIIICHHS YIJICKUCIOTHOTO PABHOBECHS B CHCTEME
00OpOTHOTO BOJOCHAOKEHMS, a TaK ke, OHOJIOTHYECKHEe OOpacTaHus,
NPEACTABISIONIME €000 OHMOLEHO3 MHUKPOOPTaHU3MOB, Pa3BUBAIOIIMUXCS B
OTIPEJICTICHHBIX CTAOMIILHBIX BO BPEMEHHU yCIIOBHUSIX.

6.1 IlpenoTBpaieHne KAPOOHATHBIX OTJI0KEHUN B
CHUCTEeMaX 000POTHOI0 BOAOCHAOKEHUS

ConeBoii 0amaHc cUCTEM OOOPOTHOTO BOJOCHAOXKEHHUS 3aBHUCHT OT
KOHIIGHTpAIlMU COJIeH, TMOCTYNAIoIUX B CHUCTEMBbI C J00aBOYHOM BOJIOMN.
XapakTep W BEIMYMHA M3MEHCHUM KOHUEHTpAUUMWA COJIEM 3aBUCUT OT
PaCTBOPUMOCTH WX, (PU3UKO-XUMHUYECKHUX IMPOIIECCOB, MPOUCXOMIIINX C HUMH,
BOJHOTO peKUMa 000POTHON CUCTEMBI M OT €T0 TTapaMeTPOB.

Conm, mnocTymawpIue B CHUCTEMBI OOOPOTHOTO BOJIOCHAOXKEHHUS C
100aBOYHOI BOJIOH, IE€NATCS HA ABE OCHOBHbBIE TPYIIIIBI:

- K TIEPBOM OTHOCSITCSI COJIM XOPOIIO PACTBOPUMBIC (XJIOPHIBI Kaaus, HaTpHs,
KaJbIIUsI, MarHUS, Keje3a);

- KO BTOPOW — COJH, KOTOpPbIE BCJEACTBHE HEIOCTATOYHON PaCTBOPHUMOCTU
Wi (QU3UKO-XMMHYECKUX TPEBPAIIEHUA MOTYT BBHINIAJaTh B OCAJIOK
(cynbdatel 1 OuKapOOHATHI KATBIIHS).

OTtnoxenus kapOoHaTa KaibIusi oOpa3yroTcs HanOoJiee UHTEHCUBHO Ha
MOBEPXHOCTH  TEIJIOOOMEHA  BCIEJACTBUE  HAPYIICHUS  YIJIEKUCIOTHOTO
paBHOBECHS B CCTEMaX 000OPOTHOTO BOJOCHAOKEHUSI.

OTH OTJIOKCHHUS THIWYHBI JJII CHUCTEM, HCIOJB3YIOMHUX B KadyeCTBE
100aBOYHOM, BOJTY C BBICOKOM KECTKOCTBIO U IMICIIOYHOCTHIO (apTE3UAHCKYIO).

KoHmeHTpaIus paBHOBECHOM YTIIIEKUCIOTHI 3aBHCHT OT:

- TeMIIepaTypbl BOJIBI;

- konHuentpauun noHoB HCOj3, mpu pH < 8,3 paBHOI 001IeH MIET0YHOCTH
BOJIBI;

- coxeprkaHus B Boze katroHos Ca 2*;

- 00mIero cojecoiep KaHusl.

B kadecTBe moOKaszarens WHTEHCHBHOCTH KapOOHATHOW arpeccuu
MPUHUMAETCS HWHJEKC HACBHIIMICHUS BOJBI KapOOHATOM KabIHS (MHIEKC
Jlanxenne)
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rie pHo — 3amepennas BenmmumHa pH, npu e€ dakruueckoit
TEMIIEPATYPE;
pHS — BemnumHa pH, coOOTBETCTByIOIIAss PABHOBECHOMY
HACBIIIEHUIO BOJIbI KAPOOHATOM KaJIbLIUSL.

pHy = fi(t)~ £ (Ca* )= f3(LLD) + fa(P),

2

rne fi(t), fo(Ca ), fy(1l) u f4(P) — BenuuumHBl, 3aBUCAIIME
COOTBETCTBEHHO OT TEMIIEPAaTypbl BOJBI, COJACPYKAHHUS B HEH Kaiblus,
IIEJIOYHOCTH U OOIIETO COJICCOACPIKAHNUS, OTIPEICIIIEMbIE 0 HOMOTPAMME [l]

ITpu J >0,2 Boma ckioHHA K 00pa30BaHMIO KapOOHATHBIX OTJIOKEHUIA,
npu J < 0,2 - k uxX pacTBOpeHUIO (Koppo3uoHHas); mpu J = 0 — crabuspHasl.

HenocTatok yriekuciaoTsl B 000pOTHOM BOJE 00YCIaBIMBAETCS MOTEPEH
e€ B rpaiupHe, IPH HarPEBaHUU B CUCTEME, a TaK K€ MPH yIapUBaHUU.

OOpaboTKy BOABl Al MPEAOTBpAIlCHUs KapOOHATHBIX OTJIOKEHUMN
cllelyeT IpeyCcMaTpUBaTh NPU YCIOBUU

H—[Z{OG XKy > 3,

rae I ,,s— meno4HocTs 700aBOYHOM BOIBI,
K, — xo3pduuneHT KoHLEHTpHpOBaHUs (yNapuBaHHA) COJIEH, HE
BBITIQJAIONIUX B OCAJIOK.
[IpenenbHas BenuurHa Kod(DQUITMEHTA YITApUBaHMS, TOCTUTaeMas TpU
YCTAaHOBUBIIIEMCS PESKUME OyIeT

o _2At2 PR
DY EDY I

rae > A.). P> P - cyMMa IOTepb BOJbI B CHCTeME OOOPOTHOTO

BOJOCHA0XEHUSI COOTBETCTBEHHO, HAa UCTIAPEHHUE, HA YHOC, HA MPOIYBKY.

[logkucnenue, cormacHo [1, m.11.20], npumensiercss mpu JOOBIX
BEJIMYMHAX IIEJIOYHOCTH U OOIIeH KECTKOCTH J00aBOYHOM BOABI U
koa(dduimenTax ymapuBaHUs BOIbl B cuctemax; (ochapupoBaHue — MpH
nieouyHoctd go6aBoyHor Boabl (Ill,,6) mo 5,5 Mr-ske/i; pexapOOHU3AIUIO
OBIMOBBIMH Ta3aMU WJIA Ta3000pa3HON KHUCJIOTOM — TMpU IIEIOYHOCTH
n00aBoyHOM Boabl 10 3,5 Mr-skB/1 U KodhduIMEeHTaX ynapuBaHUS HeE
npeBbIamumx 1,5.

JI03bl  KHUCIIOTBI, YIJIEKUCHAOTHI U (OCHATHBIX PEAreéHTOB CIEAYyeT
onpeaensaTs no [1, npunoxenue 12].
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6.2 bopn0a ¢ OmoJiornYecKuM odpacTaHueM

B 000poTHBIX cucTeMaXx, UCIOJB3YIONIMX B Ka4eCTBE J00aBOYHOU BOIY
U3 TIOBEPXHOCTHBIX HCTOYHHKOB, MOTYT MPOHUCXOAUTh OMOJOTHUUYECKHE
oOpacTaHusi TpyOOIPOBOIOB, TEIIJIOOOMEHHBIX aIlllapaToB U TPAIUPEH.

3HAUNUTETHFHYI0 YacTh OTJOXKEHHH COCTaBISIOT TPyOOIMCTIEPCHBIS
IIPUMECH, BHOCHMBIE B CHCTEMBI C BO3AYXOM H € J00aBOYHOW BOJOM.
OTnoxkeHusT MOTYT TPEACTaBIATH COOOM KOHIVIOMEpAT W3 Ha3BaHHBIX
KOMIIOHEHTOB, a TaK e MPOJAYKTOB KOPPO3UHU.

JUist  mpenynpexaeHuss pa3BUTHS OaKTEepUANIbHBIX OHMOJOTUYECKHUX
oOpacTaHuil  MpUMEHSETCS  XJOpUpOBaHHME  OOOPOTHOM  BOABI  TEpen
COOPY>KEHUSMH 00OPOTHOTO ITUKJIA coryiacHo [1, mpunoxkenue 11].

B uensx npenynpexieHus oOpacTaHus BOJOPOCISIMHU  TpajupeH
MPUMEHSIETCS TIeproinuecKkas o0paboTKa BOABI paCTBOPOM MEIHOrO KyIropoca
2-4% xoHneHTparnuu. Jl03bl, TPOIODKATEILHOCTh M TIEPHOJUIHOCTE 00pabOTKH
npuHUMaroTes no [ 1, npunoxenne 11].

6.3 IlpenoTBpaleHne MeXaHNYE€CKHX OTJI0KEHHH

Bo3MOXHOCT ¥ MHTEHCHUBHOCTH  OOpa30BaHUsI  MEXaHMUYECKHUX
OTJIOKEHH B pe3epByapax TpaJupeH U TEIUIOOOMEHHBIX  arapaTax
OMpEJENISIETCST Ha OCHOBE OMbITa OJKCIUTyaTallkd CHUCTEM OOOpPOTHOTO
BOJOCHA0XEHUS, PACIOJOKEHHBIX B JAaHHOM paloHe, pa0dOTaloIIMX Ha BOJAE
JAHHOTO  WMCTOYHMKA WJM HUCXOAs U3 JIaHHBIX O  KOHIICHTpAIlUH,
IPaHYJIOMETPUUYECKOM COCTaBE MEXaHUUECKUX 3arpsi3HEHUN BOJIbI M BO3TyXa.

Jlns  mpenoTBpalieHusT ~— MEXaHWYECKMX  OTJOXKEHUH  CleayeT
npeaycMaTpUBaTh YaCTUYHOE OCBETIICHUE OOOPOTHOU BOJIBI.

JI71s1 OTKPBITBIX CUCTEM O0OOPOTHOTO BOAOCHAOKEHUS MPOMITPEITPUSITHI
XapaKTEepHO  3arps3HEHUE  BOJBI  T'PYOOJUCIEPCHBIMHU  MEXaHUYECKUMHU
npumecsiMd. OCHOBHBIMHU HMCTOYHHUKAMHU 3arpsi3HEHUS YHUCTBIX OOOPOTHBIX
IIUKJIOB SIBNIsieTCS J00aBOYHAsh BOJAAa W TbUIb aTMOC(HEpPHOTO BO3ayXa,
MOMNAJA0IIAsl B UUPKYJIUPYIOUTYIO BOJY IIPU OXJIAXKACHUU B TPAAUPHSIX.

CormacHo  [5] comep<aHue B3BEIICHHBIX BELIECTB B BOAE 1-0i
KaTeropun Jomnyckaercs He Oonee 5-50 wmr/n (st pa3Iu4HBIX YCIOBHIA
HarpeBa). YBEJIWUYCHHUE KOHIEHTPAIlMU CBEPX YCTAHOBJICHHBIX HOPM BEJET K
OCJIO)KHEHHUSIM B paboTe 00OpyAOBaHMS, MOSTOMY HEOOXOAMMO BBIBEICHHUE U3
0o0OpOTHOTO  IMKJIAa  TPyOOJMCHEPCHBIX  MpUMEced B KOJUYECTBE,
HKBUBAJICHTHOM TOCTYIAIOIIEMY.

Takoe BbIBEIEHUE OCYIIECTBIISIETCS MEXAHUYECKOW OYMCTKOM 4YacTh
000poTHO# BOJBI. Jljis ompeneneHus: Macchl 4acTH yAalsieMbIX MpuMeced (a
CIIEIOBATENIbHO M pacxoja OYMINAEMOW BOJbI), HEOOXOAUMO pELICHHUE
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ypaBHeHus1 Oaynanca (M PEKOMEHAYETCS COCTaBjeHHE OalaHCOBOM CXEMbI
JIBUYKEHUS B3BEILICHHBIX BEIIECTB B CUCTEME)

Ouoy *(Cyoy.36 ~ Cocm.636)=0006 % Co06.636 T D030 * Ce030.636 X 030 — Pnp % Cyoy.636
Hcxons u3 ypaBHeHUs OajlaHCa B3BEIICHHBIX BEIIECTB M OCTATOYHOM

KOHIICHTPAIlMU B3BEIICHHBIX BEIIECTB B 00pabOTaHHOW BOAE BO3MOKHO
OIIPENIEIUTh HEOOX0IMMOE KOJIMYECTBO 00padaThIBaeMO BOJIbI

Q006 *Coo6.636 an x C’WU-&’@ + Os030 % Ce030.636 % 6030

CHOI/;.SS‘G - C6‘36.0Cl1’l C’{014.636' - C636‘.0C7’)’l CL{OZ/;.SSG‘ - Ces’e.ocm

quu.06p =

Pacxon Bo3ayxa Qpos; MPOXOAIIETO Uepe3 TPAAUPHU TIPU OXJIAXKICHUU
BOJbI TUTSI BEHTUJISITOPHBIX rpagupeH MPUHUMAETCS paBHBIM
IPOU3BOJAUTEIIBHOCTH  YCTAHOBJIEHHOTO  BEHTHJIATOPA, pPACCUYUTAHHOTO H
MOI00pPaHHOTO CcoTJIacHO [6,7]; mis OalieHHBIX TPaaupeH OPHUEHTHPOBOYHO
MOxHO puHsTh [7] 500-1000 M° Bo3ayXa Ha 1M OX/1a%K1AEMO# BOJIEL.

O} dekTUBHOCTh Mepexo/ia B3BEIICHHBIX BEIIECTB U3 aTMOC(EPHOTO
BO3/yXa B OOOpPOTHYIO BOAY (D o) KoOZEOseTcss B mpenenax 80-95 %, B
3aBUCUMOCTH OT 3aMbUICHHOCTH BO3AyXa C ;05 553 B UHTEPBAJIC KOHIECHTPAIUH 1 -
10 mr/m® 1 ompenensIeTcs HHTEPIOIAITCH.

Pacxon oOpabarbiBaeMoii BOJIbI ISl yIaJI€HUSI MEXaHUYECKUX MpUMecen
U3 «YHCTOro» OOOPOTHOTO IMKJIAa OOBIYHO HE mpeBblmaeT 5-8% oT o01iero
KOJIM4YeCTBA OOOpPOTHOW BOJBI. YJaJeHUE MEXaHWYECKUX TpUMece u3
OOOpOTHOM BOJBI Yalle BCErO0 OCYILIECTBISETCS (PUIBTPOBAaHUEM Yepe3
3€pHUCTYIO 3arpy3Ky GWIBTPOB pazIu4HON KoHCTpykuuu. Ilpennourenue
OTHaeTcsi cBepXCcKopbIM (punbTpam Hukudoposa u «BOJTOKHUCTBIMY.

B kypcoBoMm TmpoekTe MOJDKEH OBbITh NPUBEACH pacyeT (UIbTPOB
COI'JIACHO [1,4,8,9] C MNoa0OpOM MPOMBIBHBIX HACOCOB, PACUYETOM pacxoja
IIPOMBIBHOM BOJIbI, B TOM YHMCJIE€ MPUBEACHHOTO K CPEAHEYAacCOBOMY (IJIsl ydera
noTepb €€ M3 CUCTEMBbl NPHU COCTABJICHHM OalaHcOBOM cxembl). OOpaboTKy
IPOMBIBHOM BOJABI JUISl YMEHBILIEHHUS] TOTEPh OOOPOTHOHM, HEOOXOIUMO
IPEeIyCMOTPETh Ha JOKAJIBHBIX COOPYXKEHUSX MO 00pabOTKE MPOMBIBHBIX BOJ,
pacdeTt u BBIOOP KOTOPBIX MPOU3BOAUTCS 10 [ 1, mpuioxkenue 9].

[Togaya BoJbI Ha PUIBTPBI OUUCTKH OOOPOTHOM BOJIBI OCYIIECTBISETCS:
- 0Py HAIMYMM HA HACOCHOM CTaHIMM OOOPOTHOTO BOJOCHAOKEHHUS ABYX

IpyII OCHOBHBIX HACOCOB (TEIJIOW M XOJIOJHOM BOJBI) - OT HACOCOB TEIUION
BOJIbI C BO3BPATOM OUHMIIEHHOMN B IPUEMHYIO KaMepy TEII0i BOJIbI;

- 0Py HAJIMYMKM B HACOCHOW CTAaHUMU OJHOM TPYyHIbl HACOCOB (B clydyae
M0/Ia4M HArpeTOW BOJIbI U3 TEXHOJOTMYECKOTO MPOLECca Ha TPajupHIO MOJ
OCTaTOYHBIM HAIOPOM) - OT HACOCOB XOJIOAHOW BOJbI C BO3BPAaTOM
OYHILEHHOW B IPUEMHBIE KAMEPBI XOJIOJHON BOBI.
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B  o0oux ciydasx  NpOW3BOAUTEIBHOCTH  JIaHHBIX  HACOCOB
YBEIMYUBACTCS HA BEMUIUHY Q uop o6p-
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/ HacocHasi cTaHIIUsI 000OPOTHOI0 BOJIOCHAOKEHUSI

BonHoe XO34HMCTBO MPOMBINUIEHHBIX MPEANPUATANA, Kak IPaBUIIO,
BKJIFOYAET HACOCHBIC CTAHIINH.

B  kypcoBoMm mpoekre HeoOXoauMo  pa3paboTatb OJHY U3
HUPKYJISIIIMOHHBIX HACOCHBIX CTAHIIMM, 00ECTIEUMBAIOIIYIO MO/a4yy OOOpOTHOM
BOJIbI «YUCTOTO»  IHMKJIAa K  TEXHOJOTMYECKOMY  O0OpYAOBAHHIO
paccMaTprBaeMOro Nporu3BOICTBA.

Ha ITHC moxeT ObITh MpeayCMOTPEHO JIBE, TPU U OOJIee TPYII HACOCOB.
Bce Hacockl ycraHaBnuBaroTcs 1moj 3aauBoM. Kak rnpaBuiio, B JaHHONW HaCOCHOM
CTaHI[MU YCTaHABJIMBAIOTCS M HACOCHI, MOJAIOIINE YacTh OOOPOTHOM BOJBI Ha
MEXaHUYECKYIO OUHCTKY.

[ToTpeOHOE KONMMYECTBO BOJBI, IOJAABAEMOE HACOCAMH, 3aBUCUT OT
rpaukoB BOJOIOTPEOICHNUS, YCTaHABJIMBAEMbIX  TEXHOJIOTHYECKUMU
polleccaMu TMPOU3BOJICTBA U YUYUThIBaeMoe Kod(PuIMeHTaMd 4YacoBOW H
CE30HHOW HEPABHOMEPHOCTH, M NpUHUMaeMbiM 1o IIpunoxenussm A u B B
3aBUCUMOCTH OT PACCMaTpUBAEMOTr0 MPOEKTOM IIPOU3BOJICTBA.

KonuyecTBo pabounx arperatoB u UX MPOU3BOAUTEILHOCTh BEIOUPAIOT C
Y4E€TOM OIIPEJEICHHBIX pPaHEe pacxol0B, KAaTErOPUU HAJIEKHOCTH HACOCHOMN
ctaniuu. [Ipu HEOOXOIUMOCTH, PEryJIUpOBaHNEe CYMMApHOU MO0JIa4yu HACOCHOU
CTAHUHUHM OCYIIECTBJSIOT IYyT€M BKJIOUEHHS Pa3IMYHOrO YUCIAa HACOCOB HIIH
PETryIMPOBAHUE UX PEKUMOB PAOOTHI.

Kareroputo  HacocHOil ~ cTaHUUM  HEOOXOAUMO
3aBUCUMOCTH OT KaTEropyuu BoJIONIOTpeouTeNs (Tabauia 5.2).

B HacocHOM cTaHIMM s KaXAOM TPYIIbl HACOCOB KOJMYECTBO
PE3EpPBHBIX arperaToB cjieayeT NpUHUMaTh 1o Tadsmie 7.1.

YCTaHOBUTH B

Tabmuma 7.1
KomngecTBo KonuuecTBo pe3epBHBIX arperaToB B HACOCHBIX CTAHIIMAIX
arperaTtoB OJHOM JUISl KAaTETOPHU:
TPYIIITBI I ] 11
o 6 2 1 1
Or6 109 2 1 -
CspIme 9 2 2 -

[Ipy 3TOM KOJMYECTBO arperatoB OJHOM TPYyMIbI, KPOME MOXKAPHBIX,
JOJDKHO OBITH HEe MeHee AByX. B Hacocubix cranmusx Il u |1l xateropum mpu
000CHOBaHUU JIOITyCKAETCS YCTAaHOBKA OJHOTO paboyero arperara.

['abapuTHbIE pa3Mepbl, KOMIIOHOBOYHBIC PEIICHHS W OO0OpYyIOBaHUE
HACOCHOW CTaHIIUU JIOJDKHBI OBITh BBIOJTHEHBI C YI€TOM TPeOOBaHUN pa3/eioB
7u12 [1].

Harnop, pa3BuBaeMsblii Hacocamu, onpenensercs no popmyse

H=H,+H + An,
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rae H; — reomerpudeckast BbICOTA MOAbEMA BOJIBI, M;
H,, — Tpebyempblii cBOOOHBIN HATIOP, M;
Ah — cymmapHble MOTEpH HAmopa NpPU JBUXKCHUU BOJIBI OT
MPUEMHON KaMepbl HACOCHOM CTAHIIMU /IO TOYKU HAa3HAUYCHHUSI.

JUiss Tpynmbel HAacocoB, MNOAAlOMX Boay mnorpedurento, Hr paBHa
Pa3HOCTU TEOJIE3UYECKUX OTMETOK Mojia 1-0oro 3Taka 1mexa U MUHUMAJIbHOIO
ypoBHs BoJibl B mpueMmHoi kamepe LTHC;

HcB — TpeOyembiii cBOOOTHBIN HANIOp HA BBOJE y MOTPEOUTENST HA YPOBHE
moJjia MEPBOTO ATaxa (U3 3aJaHus).

Jl5is HacocoB, MOAAIOIIMX BoAy Ha oOpaboTKy, Hr ciemyer mpuHuMath
KaK Pa3HOCTh OTMETOK PACHOJIOKEHHUS PACIPEICTUTEIbHON CUCTEMBI TPAIUPEH
(M1 HEOOXOJIMMBIX HAIOPOB JJII OYHUCTHBIX COOPYKEHHI) U MUHUMAIbHBIM
YPOBHEM BOJbl B IIPUEMHOM KamMepe HACOCHOM CTaHIUU. MUHHMMAaJIbHBIN
YPOBEHb BOJbI B COOTBETCTBUH C [1, 11.9.7] 111 HACOCHBIX CTaHIMI 0OOPOTHOTO
BOJOCHA0XEHUs, padOTAIOIINX B PABHOMEPHOM PEXUME JIOJKEH ObITh PaBEH 5-
10-MuHYTHOM MPON3BOAUTEIHFHOCTH HACOCOB.
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8 bajiaHc BOJbI B cUCTeMax 000POTHOIO
BO/IOCHA0KEeHUA

KomuuectBo Bogbl B cucTeMax OOOpPOTHOTO  BOJOCHAOKECHMS
MOJICP)KUBACTCS TIOCTOSHHBIM. YOBLIb BOABI M3 CHCTEMbI BO3MEIIAETCS
100aBOYHOM BOJOM, T.€. B CUCTEME IMOJIJICP)KUBACTCS OalaHC MEXy YObIBaeMOi
1 100aBOYHOM BOJIOM.

BocnonaHeHue BOgbI:
C HCXOIHBIM CBIPHEM U MOy padpukaTaMu, Qcyp;
C BcrioMoraTebHBIMU BEIECTBAMH (TOTUIUBO, PEAreHTHI T.11.), Q o
C atMochepHBIMH OCaKaMHu (J0Kb, TasHUE CHETA), Qary;
M3 ucTounrka BogocHa0)eHus (CBexkast BOJa), Qcpexc
[Torepu BOARI:
Ha ynoc ¢ nmpoaykrom u otxomamu, Q, ;
Ha nonuB nosoB, nmpoe3aoB, HacaxaeHuH, Q o,
Ha ucnapenue B oxnaaurene 000poTHON BOABI Qyen ox
Ha yHOC ¢ BO30yXOM M3 OXJIaAHUTENsE 000POTHOU BOIBL, Qyy;
Ha ynganenue ¢ ocagkamu u3 coopyeHUM, Qqcax;
Ha cOpoc BoIbI B BOZOEM WU IPYTYIO cucTeMy, Qyp.

WD

OOk WNE

ZQnocmynﬂ = ZQy5bIJZb

Ha ocHOBe JaHHBIX 1O OIPEACICHUI0 pacXxoJ0B BCEX BHJIOB
IPOU3BOJCTBEHHOIO  BOJONOTPEOJIEHUS]  COCTAaBISIIOTCS  OamaHchl €€,
BKJIFOYAOIINE TIOTEPH, HEOOXOIUMbIE COPOCHI (MTPOIYBKY) U J0OABJICHHUE BOJIbI
B CUCTEMY JJIsi KOMIIEHCAIIMK YObUIH U3 HEE.

banancoBble cXeMbI COCTaBISIIOTCS B MacliTabe pacxoJ0B, U3MEPSIEMBIX
B M°/4ac WIH B M3/cyT. [Ipm 5TOM NTMHEVHBIE pa3Mephl 30aHUN U COOPYKEHHI HE
CcOOJIFO1ar0TCA.

JUIss  HaryisIHOCTH TOTOKM  BOJbI  PA3JIMYHOIO HAa3HAYEHUS W
KAUECTBEHHOM XapakTEPUCTUKUA JIOJDKHBI HWMETh pa3JIMYHbIE  YCIOBHBIC
o0o3HaueHus (pucyHok 8.1).
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Pucynok 8.1

8.1 Ouenka 3¢ peKTUBHOCTH MCIOJIH30BAHUS BO/IbI

TexHHUYeCKOe COBEPIIEHCTBO CHUCTEMBI OOOPOTHOTO BOJIOCHAOKEHMS
MPEANPUATUS OIEHUBAETCS MPOIEHTOM HCIOIB30BaHUsI 00OPOTHOM BOJIBI

Py = Qo6 x100%,
Qo6 + Degeac + Cevip

171 Q (e — KOJIMYECTBO BOJIBI, 3a0MPAEMOE U3 HCTOUHHUKA;
Q p — KOIMYECTBO BOJBI, MOCTyHAawOLEd B  CHCTEMY
BOJIOCHA0XKEHUS C CHIPHEM.

ITpu sTom, uem 6mke k 100% Py, TeM coBepiiieHHee cucTtema.
D¢ DHEeKTUBHOCTh HCIOJIB30BaHUS BOAbI, 3a0MpaeMoil M3 HCTOYHUKA,
OLICHUBAETCS KO (OUIIMEHTOM UCIIOJIb30BAHUS

. QCBC)K + Qcmp o Qc6p <1
QCBe)K + Qcmp

K

u
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rae Q s — KOJIMYECTBO BOJBI, COpPachIBAEMOE B BOJOEM 3a €AMHHILY
BpPEMCHH.
K, momxeH ObITH MAaKCUMAaJIbLHO OJIM3KUM K €IUHUIIE.
[TporeHT G€3BO3BPATHOrO MOTPEOJCHUS U MOTEPh BOJBI B CHCTEME
000pOTHOTO BOAOCHAOKEHUS OT 0011Iero e€ pacxoja

QCBC)K + Qcmp o Qc6p

QCBC)K + Qcmp + Qnocn + Q06

x100%,

n

e Q ;ocn — KOJMYECTBO BOJBI, HCIIOIH3YEMOU IMOCIEA0BATEIBHO.
3Hauenue P,, 10/1KHO OBITh MUHUMAJILHBIM.
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Hpuaoxenue A
JlaHHBIE 110 TPOU3BOJICTBEHHOMY BOAONOTPEOIECHUIO U BOJOOTBEICHUIO
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IMpuioxenue b

TpeOGoBaHuUs K Ka4ECTBY BO/JIbI, UCTIOIB3YEMOM Ha MPEAIPUITHIX

HaumenoBanue
pEeANPUSITHS,
MIPOM3BOJICTBA

B3Bemienurie

BEIIECTBA

pH

JKectrocTs 00mIas,
MI-3KB/1

KectkocTh
SKB/JI

IIleno4HOCTH, MI-
JKB/N

Coneconepxanue
o01ee, MI/I1

Xsopuibl, Mr/i

Cynbdatel,mr/i

XKeneso obmee,
MI/71

2+
Ca“", Mr/n

Mg 2 Mr/n

LBeTHOCTD, I'pan

1

ol

~

oo

[ =Y
o

-
-

12

[EEN
N

1 TOLI Ha TBepaOM
TOIJIMBE ¢ 000POM
napa Ha TeIIOBYIO
SHEPIHIo

(6]
o _Q ~| Temmeparypa, "C

6,5-
8,5

an
o

HOPMHUD
OBaH.

= KapOOHAaTHas1, MI-

HOPMHUD
OBaH.

g

He
HOPMHD
OBaH.

2 Arnodabpuka

Cs.

25

6,5-
8,5

Cs.
25

Cs.

Cs.
500

Cs.
150

Cs.
250

0,5

3 ®abpuka OKaThIIICH

4 JlomeHHoe
MMPOU3BOJACTBO IIpHU
ANEKTPOIPUBOJIE
BO3IYIIHBIX
KOMIIPECCOPOB

5 CraneniaBuibHOE
MIPOU3BOJICTBO
(KOHBEpTOpHAas CTaJlb)

6 IIpokarHoe
POU3BOJICTBO -
penbcoOaIouHbIe
CTaHbl

25

10

7 deppocriiaBHOE

20

20

6,5-8
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IIPOU3BOJICTBO
1 2 3 4 5 6 7 8 9 10 11 12 13 14

8 CranenpoBonounsiii | CB. | Cs. 6,5- - Cs. Cs. Cs. Cs. Cs. 0,5 - - -

1IeX — TpaBJICHUE B 25 20 8,5 2,5 3 500 150 250

H,S0O,

9 KokcoxuMmuueckoe 20 15 6,5- - 3 Cs. - - - - - - -

IPOM3BOJICTBO IPU 8,5 3

MOKPOM TYIICHHH

KOKca 0e3

HCIIOJb30BaHMs TEIlIa

10 ITpou3BoacTBO 25 20 6,5- - 25 3 500 150 250 0,5 - - -

[LIaBJIEHBIX 8,5

OTHEYIIOPOB

11 ATroMHUHUEBBII 12 10 7,4- 3,42 1,95 1,95 253 16 52 1,0 23 17,5 -

3aBOJI 110 7,9 (co)

MIPOU3BOJICTBY

CIIUTKOB

12 Ilpou3BoacCTBO 20 8 7,4- 2,7 - - 275 4,2 60,4 0,9 1,3 1,3 -

IIACTU(PHUKATOPOB 7,7 (co)

13 IIpou3BoacTBO 20 6 7,8 4,64 - 2,04 - 36,4 100 0,21 4,13 - -

XMMHYECKHX BOJIOKOH

14 TIponsBoacTBO 26 5 7-8 1 1 - 500 100 100 | 0,05 - - 10

JlaBcaHa (co)

15 Tlpou3BoacCTBO 25 20 6,5- 0,6 2,5 3 500 100 100 0,5 - - -

KHCIIOpOJIa 7,5

16 TIpou3BoaCTBO 25 5 6,5- 0,8 0,4 3 500 150 250 0,3 - - -

JBII (st 7,5

IPOCKTUPYEMBIX

IPEIITPHUATHI)

17 IIpou3BoacTBO 25 20 6,5-8 5 2,5 2,5 750 200 100 0,2 - - 50

BBICOKO30JILHOM
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Oymaru

18 IlpousBoacTBa 20 20 6,5- 7 2,5 4 2000 350 500 4 300/ 40/ 10
CIUpTa-chIpIia 8,5

1 2 3 4 5 6 7 8 9 10 11 12 13 14
19 IIpousBoacTBO 15 10 7-8 3,5 - 3 290 - 30/ 0,2 - - 50
KpaxMaJbHOH MaTOKH (co)
110 PEKOMEH1YEMOM
cXeMe
20 ITpousBoacTBO 15 50 6,5- 25 2 2 1000 350 500 0,3 - - 20
MaloHe3a 8,5
21 IIpousBoacTBO 20 50 6,5- 35 2 2 1000 350 500 0,3 - - 20
HATypaJIbHBIX 8,5
MOJOIIHMX CPEJCTB
(TyaJleTHOE MbLIO)
22 IIpou3BoacTBO 25 30 6,5- 7 2 3,5 700 - - - - - -
AIIEKTPOU3MEPHUTEITHH 8,5
BIX PHOOPOB
23 3aBojibl 30 30 7-8,5 6 - - 3000 50 100 0,3 - - -
TOPHOIIAXTHOTO
000pyTI0BaHUS
24 3aBojibl 25 10 7-8 15 - - 80 50 100 0,1 - - 20
MaIIHHOCTPOCHUS
JIETKOM
MIPOMBINIIIICHHOCTH
25 28 500 6,5- 2 1 20 150 - - - - - -
CaxapopaduHaHbIi 7,5
3aBOJI
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Ipuioxenue B
Koaddurments yacoBoit HepaBHOMEPHOCTH

OTpacau npOMBIIIIIEHHOCTH K,
Meramtypruyeckas 1,1
MaivHocTpoeHue 1,3-1,4
XumMuyeckast 1,3-1,5
TexcTuiapHas 1,15-1,6
Pe3unoBas 1,3-1,4
[TumeBas 1,5-2,0
bymaxnas 1,3-1,8
JlepeBooOpadarbiBaronas 1,1
CtpouTtenbHONM UHAYCTPUHU 1,1-1,5
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Ipuioxenue I
PacueTHbie mapameTpsl aTMOC(hHEPHOTO BO3TyXa

Obecrie4eHHOCTh TapaMeTpoB BO3ayxa, %
[TyHkTHI HAOMIOAEHUS 1 5 10

1 ? 7 Y1 ? 0 1 ? 0

1 2 3 4 5 6 7 8 9 10
Anma-Ata 32,0 28 19,8 21,7 31 17,4 26,5 34 17,0
AcTtpaxaHb 30,4 52 23,2 28,8 55 22,4 27,8 56 21,6
Anxaban 36,3 18 20,2 34,8 20 19,8 33,9 22 19,7
["opbkuit 26,8 48 19,6 24,0 52 17,8 22,7 56 17,3
Wpkytck 22,0 63 17,6 20,5 68 16,9 19,7 71 16,5
Kazanp 26,8 43 18,7 24,6 51 18,2 23,4 55 17,8
Kpacnonap 28,0 55 21,6 26,5 57 20,6 25,5 59 20,1
KpacHospck 24,4 55 18,6 22,5 61 17,8 21,4 64 17,2
Jlenunrpan 26,0 56 20,1 23,2 60 18,3 21,7 63 17,4

Jlyranck 30,1 30 18,8 27,0 37 17,8 25,7 44 18
Mocksa 27,0 55 20,8 24,5 57 19,0 22,9 59 17,9
HoBocubupck 25,4 54 19,3 23,3 59 18,2 22,0 63 17,6
Omck 27,4 44 19,4 24,1 50 17,6 22,5 55 17,0
CBepanoBCK 25,8 49 18,8 23,2 57 17,8 21,5 62 17,0
Tamkent 31,2 37 21,0 29,4 38 19,8 28,6 40 19,6
Tomck 24,3 60 19,2 22,3 64 18,0 21,0 68 17,4
Tyna 25,5 56 19,6 23,1 60 18,2 21,6 63 17,3
Ypa 27,6 44 19,5 25,3 48 18,3 23,8 53 17,8
XapbKoB 28,5 38 19,2 26,4 45 18,8 24,9 52 18,6
YensOunck 26,0 51 19,4 23,7 o4 15,8 22,4 58 17,3
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Ipuioxenue /1
Omnpenenenre BETUYUHBI TPOTYBKH 0OOPOTHOM CHCTEMBI

OpHMM U3 METOAOB MpEAOTBpAllleHUs OO0pa30BaHUA HAKUIU B
OOOpOTHBIX CHCTEMax SBISETCS NPOAYBKa BOJbI U3 LUPKYJIALUOHHOU
CUCTEMBI OXJIAKJAEHUs. Pacxo1 BOJbI Ha MPOIYBKY ONPENEISETCS U3 YCIOBUS,
YTO yBEJIWYEHHE >KECTKOCTH BOJbI B OOOPOTHOW CHUCTEME, MPOUCXOJAIICE
BCJIEZICTBUE UCIAPEHUS YaCTH BOJIbI, HE JOJKHO MPEBBIIIATH ONPEIEICHHBIX
IPENEIIOB, IPU KOTOPBIX HAYWHAIOT BBINA/IAaTh COJIH )KECTKOCTH.

[Ipu nmpoayBKe BMECTE ¢ BOAOW YJAISETCS YacTh COJIe KapOOHATHOM
xecTkocTd. C  TMOBBINIEHHEM KapOOHAaTHOW JKECTKOCTH B  CHUCTEME
YBEIMYMBACTCS KOJIMYECTBO YAAIAEMBIX COJEH 10 TEX IOp, ITOKa OHO HE
YPaBHOBECUTCS C KOJIMYECTBOM COJIEH, MOCTYMAIOIUX C J00aBOYHOU BOJOM.
[Tocne 3TOoro nanpHeilliee HapacTaHHME KapOOHATHOM MKECTKOCTH BOJBI B
00OpOTHOM CHCTEME MPEKPAILACTCH.

Pacxon Boasl Ha mpoayBKy, %. Onpenensiercs mo Gopmyse

_ _P2’
)K06 _%006

rne X 5 1 XK 4 — kapOoHaTHasT KECTKOCTh J0OABOYHOW BOJIBI U
npejenbHas KapOoHaTHAs KECTKOCTh 00OPOTHON BOJIbI, MT-3KB/JT

[IponyBka mipuMeHsieTCSI B TOM Clydae, Korja KapOoHaTHas
YKECTKOCTh JJOOABOYHOM BOJBI MEHBIIIE JOMYCTUMON KapOOHATHOU JKECTKOCTH
000pPOTHOM BOJIBL.

Jlns onipenienieHust 10MyCTUMOM KapOOHATHOM JKECTKOCTHU JJIsl JaHHOM
O00OpOTHON CHCTEMBI HEOOXOAMMO ONPENENTUTh MPEeAeTIbHO-A0MYCTUMYIO
BeJM4KMHy Kod(dduuuenta ymapusanus (Ky), KoTopeli ompenensercs
METOJ/IOM TOCJIEIOBATEIbHBIX TPUOJIMKEHUN U paBeH

P, +P,+P

K
g Py P,

rae Py, P,, P3— moTepu Boabl U3 CUCTEMBI HA HCIAPEHUE, YHOC BETPOM
u copoc (mpoayBka), %, pacxosia 000POTHOM BOJIBI.

ITo [1, npunoxenue 12, rabauna 2] npuaumaerca K, = 1,5; 2; 3

Bennunna npoxysku B %, ucxons us K,



s xaxaoro Ky Berancusercs Ps.
3arem mo [1, npunoxkenue 12, popmyna 4] onpexaensercss BeTuUMHA
cosecoJep>kaHust 000pOTHOM BOABI S s IpU JaHHBIX K 10 dpopmyie

So6 =006 XK,

T1€e S 05 — CONECOIEPIKAHUE TOOABOYHOM BOIBI, MI/IL.
Ncxons u3 obmiero coneconepxkanus 1o [ 1, mpunoxenue 12, Tabnuima
1], ompenensercs BeauuuMHa Y/, [UI1 KaXIOIO BBIYMCIEHHOIO OOILEro

coJiecoiepKaHusi 000POTHOM BOJIBI, S o5 U TEMIIEPATYPhl OXJIKIECHHON BOJBbI,
t,. Konnentpanus coneit Ca o [1, popmymna 3] paBHa

N=— ¥
\/Ky (Ca)605

rae (Ca) o6 — KOHIEHTpalUsl KaJabliusl B JOOaBOUYHOM BOJIE, MI/J
Torga paBHOBECHAs IIETOYHOCTH JJI1 OOOPOTHOM BOJABI BHIYHMCIIAETCS
no [1, popmyna 2] s JaHHBIX YCIOBUI

Il = 0,1N0\/4.84N02 (P—Py)2 + (100 — P)(CO3) oyx +P(CO3) o5 + 44111 1P —
~0,22N2(P-P,)

rae (COz)oxn — KOHIEHTPALMS JBYOKHCH YIJIEPOJia B OXJIAXJICHHOM
BOJIe, MI/JI, onpenaesgemas o [ 1, Tabnuia 2], B 3aBUCUMOCTH OT IIEJIOYHOCTH
100aBOYHOM BOJIbI M KO3 dulIMeHTa ynapuBaHus Bojbl B cucteMe Ky;
(COy) 06 — KOHIICHTpAIUS JBYOKHCH yrjepoaa B J00aBOYHOM
BOJIC, MIY/JI.
Hoza xuciaoTel [y, MI/I IS TOAKHCICHUS J00aBOYHOM BOIBI

BbIUHCHsgeTcs 1o [ 1, dopmyna 1]

T € — SKBHBAJICHTHBIM BEC KHCIIOTBI, MI/MTI-3KB, ISl CEpHOM

KUCJIOTHI 49, 171 constHor — 36,5;
Cue — conepxanne H,SO, i HCl B Texaudeckoit kuciore, %,

76, 85, 96.
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Cyﬂb(baT HC BbBIIIAJacT B CUCTCMC O60pOTHOFO BOI[OCHa6>K€HI/IH, CCJIN

o 2+ 2— )
HpOHBBe,ZIeHI/IQ AKTHUBHBIX KOHHGHTpaLII/II/I HMOHOB Ca nu SO4 B O60p0THOI/I

Bozie [1, popmyrna 5] He nmpeBbIIAET MPOU3BEACHUE PACTBOPUMOCTH Cyib(arta
KaJIbLIUs, T.€.

H

2 2
f XCCa XCSO4 XKy<HXPCaSO4’

rie f, — koddpdunmeHT aKTUBHOCTH JBYXBAJCHTHBIX HOHOB,
npuHUMaeMblil mo [1, Tabnuia 3] B 3aBUCMMOCTH OT BEJIMYUHBI L - HOHHOU
CWJIbl pacTBopa (OXJaXICHHOW BOJBI), T-HOH/N, ompenenseMon mo |1,

dbopmyna 6]

i Ky[(c;jl +Chco, +Cna) +4(Cca +Cyg + C\SO4)J
2 )

rme  Cyco,» Cna: Cmg: Cca - xOHUeHTpamms HMOHOB
OuKapOOHATHBIX, HATPUSI, MArHUS U KAJIBIUS B I00aBOYHOM BOJE, I-HOH/I;
CC17CSO4 - KOHLIEHTpALKs MOHOB XJIOPUAHOTO M CYIb(aTHOro

B TOJKHCICHHOW J00aBOYHOM BOAE, T-HOH/J, NpPUHUMAEMas Mpu
MOJIKUCIICHUH CEpHOM KucimoTou 1o [1, hopmymna 7]

. “ a C
MIPY TTOJAKUCIICHUH COJITHOU KUCI0Tou — 110 [1, popmymna §]

< bi | C <
C — C + KHC X KHC ’C — C ’
== (36500) ( 100 j O, = 730,

rae Ccj, Cgp, - KOHLEHTpaLUS HOHOB XIOPHHBIX U CY/b(ATHBIX B

100aBOYHOM BOJIE 710 TIOAKUCIICHUS, T-UOH/IT;
Hiue — 1032 KUCIOTHI, MI/J1, onipeensiemas o [ 1, popmymna 1];

HPCaSO4 - TPOM3BEICHHE PACTBOPUMOCTH Cyib(ara KabIlHs

(KOHCTaHTa), IIpH Temmepatype Boxbt 25-60° C, pasrast 2.4x10°.

[To BBIUMCIEHHBIM MPOU3BEICHUAM pacTBOpuMocTu 1o [1, dhopmyrna
5] u npusATeIM Kod(dunuentam ynapusanus (K,) crpoutcs rpadux f (K,
ITP) m no memy ompenenserca Ky npu IIP = 2.4x10° u YTOYHSIETCS 1032
KHUCIIOTBbI, €€ CYTOYHOE KOJMYECTBO, €MKOCTH PACTBOPHBIX M PACXOJHBIX
0aKoB, HACOCHI-103aTOPHI.
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