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NMPEAHNCNOBHE

OnHo#t u3 caMbIX aKTYaJbHbBIX POGJIEM Ha COBPEMEHHOM
3Tane pa3BUTHA HayYyHO-TEXHUYECKOro Mporpecca siBjf-
ercsi mpo6jeMa OXpaHbl NPUPOALI OT 3arpsA3HeHull u pa-
IIMOHANBHOrO HCMOJb30BaHUSl [OPUPOAHLIX PECYpCOB.

3arps3HeHHe OKpYKalomed cpelbl OCOGEHHO CHJIBHO
OTpa)KaeTcsi Ha COCTOSIHUH OTKpPHITHIX BojoeMoB. IloBbi-
[IeHUe KOHLEHTPAUUM 3arpA3HeHHH MOMKeT MpPUBECTH
K pa3sBMTHIO B BOJOeMax Heo6paTHMbIX MpPOLECCOB, CIO-
COOCTBYIOIIMX WX Mporpeccupyiouemy ucroumenuto. Ilo-
9TOMY OYHCTKA CTOYHLIX BOJ, yJAOB/IETBOpsiIOMias TpeGoBa-
HUSIM 3aUlUTHl BOJOEMOB OT 3arpsisHeHus, mpuobperaer
NepBOCTeNeHHOE 3HayeHWe KaK 3JeMeHT KOHTpoJaupye-
MOro ¥ YNpaBJsieMOro BO3JeHCTBUS uyeJOBeKa Ha NpPHPO-
1y, pacCUHTaHHOTO Ha AJIUTE/bHBLINA Nepuo.

Peskoe BO3pacTaHMe KOJMYeCTBa CTOYHHIX BOJ, CO3Ja-
€T Cepbe3Hyl0 yrpo3y HcCueplnaHus OrpaHHuYeHHHIX 3amna-
COB NpecHON BOAKI B T'yCTOHACEJEeHHbIX U SKOHOMHUYECKH
BaXKHLIX pailoHax cTpaHbl. [loatomy BaxHOe 3HaueHHe
HUMeeT OXpaHa M PpALUOHANIbHOE KOMILIEKCHOE HCIOJb-
30BaHHE M BOCIPOM3BOACTBO BOAHLIX pPeCcypcoB, MOpefy-
CMaTpMBalolliye 3alIUTy HX OT 3aTPsA3HEHUs H HCTOLIEHHS,
ray6oKast OYUCTKa 3arpsi3HeHHbIX CTOYHBIX BOJ Ha OYHUCT-
HBIX CTaHUMAX C MOCNefYIOMUM HX HCHOJb30BaHHEM
B TeXHUYECKOM BOJOCHAOKEHHH, a TaKkKe BCeMepHOe
COKpalleHHe H Jaxke NpeKpalleHue cOpoca MpOMBIILIEH-
HEIX CTOYHBIX BOJ B PeKH.

YckopeHve HayyHO-TEXHHUECKOrO mporpecca JOMxK-
HO COYyeTaThCA C XO3SHCKUM OTHOILIEHHEM K MPHPOIHBIM
pecypcaM. 3a nocjeAHHE TOAbl NPHHAT PSA NOCTAHOBJE
HUH O Mepax MO MNpejoTBpalleHuI0 3arpsasHeHHs Kac-
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nuiickoro Mops, 6accefiHoB pek Boarn u ¥Ypana, 6accefi-
HoB UepHoro u A30BCKOro Mopeii, O panuoOHa/JbHOM HC-
NoJIb30BaHHM U COXpaHeHHH 6orarcTs ozepa Baiikaa u yT-
BepxaeHb «OCHOBBI BOJHOrO 3akoHoJaresnbcTBa Colo3a
CCP ¥ cOW03HBIX pecny6JuK».

C Kax[IbIM rojloM BO3PacTaloT CaHHTApHbiE TPEGOBAHHUS
K KauecTBY OYHIIEHHBIX CTOYHBIX BOJA. 3a JEBSITYIO MSTH-
JIETKY CHe/laH 3HAYHTeNbHBIH BKJaL B 00JAcTH OUMCTKH
FOPOACKHMX CTOYHBIX BOA. TosbKo Ha YKpauHe BBeAEHB!
FOPOACKHE OUHCTHBIE COOPYKEHHS MOIIHOCTbIO GoJiee
2 MaH. M3/cym. B gecAToll MATHNETKE Ha OXpaHY OKPY-
Katomel cpeabt BuigeneHo 11 mapa. py6.; 3annanupoBano
MOBLICHTb TEMIMBl BOJOOXPAHHOrO CTPOMTENBCTBA H B
NepBYIO OYepeib CTAHLHH IO OYHUCTKE MPOMBLILIIEHHBIX H
TOPOACKUX CTOYHBIX BOA.

PexoMeHaauuyu mno NpoOeKTHPOBAHMIO, HPHBEAEHHbIE B
KHHTe, OCHOBaHbl Ha OGOOILEHHH OMBITa CTPOMUTENBLCTBA
¥ SKCIUIyaTalHH OYHCTHBIX COOPYXKEHMI KaHaJIH3allkH
M pa3paboTKax BeaylUINX Hay4YHO-UCCJEA0BaTENbCKHX
uncruryroB — BHWMBoareo, BHMHM KBOB AKX um.
K. HO. MNampunosa, MHUCH, JIMCHU, HUKTU ropoxz-
ckoro xo3sificrea YCCP u zp.

Ipenucnosue u paspens 1 u 4 nanucaubl C. K. Koso-
6aHoBbIM, pasiennt 2 u 5 — A. B. EpuoBuniM, pasgen
3 — M. E. Kurenem.



Pa3szodeal.

0CHOBbI NMPOEKTUPOBAHWA KAHAJIM3ALMOHHBIX OYHUCTHbIX
CTAHUHIA

HCXOOHBLIE NAHHBIE ANA NPOEKTHPOBAHHA

MocnenosarenbHocThb NpoeKTHpoOBaHKA

Pemienne o NmpoeKTHPOBAaHMM M CTPOMTENBLCTBE KaHANH3aLMOHHBLIX
OYHCTHHIX CTAHLMH NPUHUMAIOT HCXOAS U3 Pa3BUTHS H pa3MelleHHs
COOTBETCTBYIOIIUX OTpac/iefi HApOAHOro X03sHCTBA, pa3BUTHS U pasMe-
IIEHHs] TPOM3BOAUTENbHBIX CHJ MO SKOHOMHUYECKUM pafoHaM M COI03-
HbIM pecny6aukam. [Ipu mpoeKTHPOBaHMH OYMCTHBIX CTaHUMH CJeRyeT
OPUMEHSTh HOBefilliMe NOCTUXKEHHS HAayKH M TEXHHKH C TeM, uTOObl
CTpOSIIHecs], PEKOHCTPYHpYEMble H paciiipsieMble OUMCTHEIE CTaHIIHH
KO BpeMeHH BBOJA HX B 3KCIUIyaTallMi0 HUMeJH BHICOKHME MOKa3aTesu
N0 NPOM3BOJAHMTENBLHOCTH, HaNeXHOCTH, JOJrOBEYHOCTH M KayecTBY
OYHCTKH CTOYHBIX BOJ, HH3KYIO Ce6eCTOMMOCTb IKCIyaTaluu u obecre-
4uIM Obl 6€30MacHOCTb, HOPMaJIbHBE YCJIOBUS TPylda OGCHYKHBalOlLe-
ro mepcoHana, a TakXe OXpaHy OKpViKalollell cpeibl OT 3arpsi3HEHHS.

[IpoekTHble pelueHHs] HOJKHBI COOTBETCTBOBATb BHICOKHM COBpEMEH-
HBIM TeXHHUYECKHM TpeOOBaHHUSIM, NpelyCMaTPHUBAaTh BO3MOXKHOCThH KOO-
NepHPOBaHUSl M YUYUTHIBATb MEPCHEKTHBHOE Pa3BHTHE H pacIiHpeHUe
OYMCTHBIX cTaHUUHA. OT OPHHSATHIX NMPOEKTHHIX pelleHUA 3aBUCHT 06beM
CTPOMTEJbHBIX M MOHTaXHBIX paboT, SKOHOMHYECKHe MOKas3aTelH Mo
CTPOMTENBLCTBY H JKCIJyaTalMH BO3BOJAUMBIX H DPEKOHCTPYHpPYEMbIX
OYHCTHBHIX CTaHIHUH H COOpYXKeHHH.

CroumocTb BOMOCHaGXKeHHS H KaHanu3aluuu (6Ge3 BHYTPEHHHX YcC-
TPOHCTB) OGBIYHO COCTaB/SIET MO HAaceNeHHIM NyHKTaM 6—15% obiero
o6beMa KamHTaNOBJOXKEHHH B TOpPOJCKOe XO35HCTBO, MO MPOMBILI-
JeHHbIM 06bekTaM 10—30% obwieit croumocTn o6bekTa.

BoxocHabxeHue ¥ KaHalu3auus SBJSIOTCS 4acTo pellaolMH (ak-
TOpaMH NPM [VIaHUPOBAHUM M pa3MellleHHU NMpeANpUsiTHH H HaceleHHBIX
MECT, HX PEKOHCTPYKIMH U Pa3BUTHH.

C uenbio JIOCTHKEHUS! HauboJiee KOHOMMUHLIX pelUEHHH TeXHHue-
CKOMY TMpPOEKTHPOBAHUIO OUMCTHBIX CTAHLUHHA NOJIXKHBI MpeNIIeCTBOBAThb
KOMILJIEKCHBIE pa3paboTKH padoOHHOM NNaHHPOBKM M CXeM Pa3BHUTHs
U pa3MellleHHs] NPOMLILIJIEHHOCTH, FeHepalbHBIX MJ1aHOB Pa3BUTHS ro-
POIOB U NPOMHILIEHHBIX NPEeANPHATHH, TEXHHKO-9KOHOMHUYECKHX 060-
cioBaHu#l (T30) cxeMbl KOMIJIEKCHOIO HCNOJBL30BaHUS M OXpaHbl BOA-
HbIX H 3eMeqbHbIX pecypcoB, TDO pafoOHHOH cXeMbl KOMIIEKCHOFO
BOJOCHabxXeHns1 ¥ KaHaausauuu. TDO paspabateiBaeTcss Kak Opelnpo-
eKTHasi CTafns /15 HOATBEpKAEHUS IKOHOMHYECKOH Ieslecoo6pasHOCTH
H X03HcTBEeHHOH HEOGXONMMOCTH MNPOEKTUPOBAHUSA M CTPOHTENbCTBA
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KPYIHBIX H CJIOKHBIX KaHA/JH3aHOHHBIX CUCTEM H, B TOM UHCJIe, OYHCT-
HBIX CTaHUUH.

B npoekTax KaHa/M3aUHOHHBIX OYHCTHBIX CTAHUMH NOJKHBl YYHUTHI-
BaTbCSl OCHOBHbIE DEILIEHHs, MPHHATHIE CXeMOH KaHa/lW3allMH M paspa-
GoTaHHblE B COCTaBe PalOHHON MIAHHPOBKH aJMMHUCTPATHBHHIX H NpO-
MBILJIEHHBIX PafOHOB, CXeM reHepa/ibHbIX MJIAaHOB MPOMBILIJIEHHBIX
y3JI0B, reHepaibHBIX MJIAHOB M IMPOEKTOB MJIAHHPOBKH H 3acCTPO#KM
HaceJeHHBIX YHKTOB M HX MPOMBILVIEHHBIX PaiOHOB.

B padOHHBIX CXeMax KaHa/lH3aluH pa3pabaTeiBalOTC TEXHHKO-
sKoHomuueckue oGocHoBaHusi (TD0) cxeMbl Kananusauumu, BXOJASIIHE
B cOCTaB PafOHHON MJAHHUPOBKH U CX€M Pas3MeleHHS MPOH3BOLHTEJb-
HbIX CHJl aAMHHHCTPaTHUBHBIX PaHOHOB; CXeMbl KaHa/H3alHH MPOMbILL-
JIEHHBIX PaifOHOB WJH Y3JIOB JJIsl yCTaHOBJIEHHS HauGoJjiee paunHOHalb-
HOTO ¥ SKOHOMHYECKOro KOMIJIEKCHOTO MJaHa CTPOMTENbCTBA CHCTEM
BONOCHAGKeHHUs, KaHaJM3aluNW M THAPOTEXHHYeCKHX Yyciaouil, TIO
H CXEMBI cjieflyeT COCTaB/lATb B cooTBeTcTBUH ¢ YyKasanusmu CHHull
I11-32-74.

T30 u cxeMbl KaHaJH3alHUK JOJKHBI 6bl’l‘b yBSI3aHEl B YacTH KOMII-
JIEKCHOTO HCMOJIb30BAHUSl BOAHBIX PECYPCOB CO CXeMaMH Pa3BHTHS Hp-
PHTalLiH U celbCKOX035HCTBEHHOr0 BOJOCHAGXKEHH S, FHAPOIHEPTreTHKH,
BOJIHOTO TPAaHCHOpPTa, PLIOHOro X03sHCTBa, a TaKXKe C reHepalbHOH
cXeMol KOMIIIEKCHOrO HCHO/Ib30BaHUSl M OXPaHbl BOJHBIX peECypcoB
CCCP.

[Tpu paspabotke TIO pomxHBI GhITH OmpejeseHbl Ha pacueTHble
CPOKH CJeAyIollHe NaHHbIE:

OpHEHTUPOBOUHbIE OObeMbI COpachiBaéMBIX B BOJOSMBI CTOUYHBIX BOJ
H HX XapaKTepHCTHKa;

NpPHHUHIIHAJbHBIE PELIEHHsS OTBOJA M METOJOB OYHMCTKH CTOUHBIX BOJ
C yueToM HEOOXOZHMBIX MEPOIPUSATHH MO CaHUTApHOH M PHIOHOH OXpaHe
BOJI0EMOB;

IJIOLA/IKK AJ1S PasMelIeHHs OYHCTHBHIX CTaHUHUH;

BO3MOXKHOCTH HCHOJIb30BAHHSl OYMILEHHBIX CTOYHBIX BOA AJSl HPOM3-
BOJCTBEHHOI'O BOJOCHa0X€eHHS HJIH Ha OpOLUeHHE;

MecTa BBINYCKa OYHIIEHHHIX BOJ B BOJOEMbl M aBapUHHBIX BBINY-
CKOB.

3anaHne Ha MPOEKTHPOBAaHUE HA CTafMM TEXHHYECKOro NMpoeKTa co-
CTaB/IsieT 3aKa3uMK NPH HENOCPeACTBEHHOM Yy4acTHH MpPOEKTHO# opra-
HH3alMH B COOTBETCTBHH C NMEPCHEKTHBHBIM INIaHOM Pa3BHTHS [POEKTa
KaHa/lu30BaHHU4.

3anaHue Ha NPOEKTHPOBaHME JOJIKHO COJAEPIKATb OCHOBHBHIE JaHHbIE
U HeoOGXOIMMBIE YKa3aHUs, HanpasJsiouike paboTy MPOEKTHPOBIIHNKOB.
OHO yTBep:KuaeTcs TEMH e OpraHH3auUsiMH, KOTOpbie 6YAYT YTBepXK-
JaTh TeXHHYECKHH [POEKT.

ITpoekTHpoBaHHE OYMCTHHIX CTAHIHUH MOXKET OCYIIECTBJSATbCA B JBE
CTafili — pa3paboTKa TeXHHYECKOro NpoekTa M PpabouuXx uyepTexei
WIM B ONHY CTajHlo — pa3paboTKa TexHO-paboyero mnpoekTa, T. €.
TEXHHYECKOro MPOEKTa OXHOBPEMEHHO ¢ pabouuMH yepTeskamu. B omny
CTajuIO NMPOEKTUPYIOT OObIYHO TEXHHYECKH HECJIOXKHbie 0OBEKTHI, CTPO-
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UTEJbCTBO KOTOPHIX NpeanoJjiaraeTcss BeCTU MO TUMOBHIM HJIH 10 TOB-
TOPHO MpPHUMEHSIEMBIM HHAMBHAYaJbHBIM MPOEKTaM.

3ajaHug Ha [pPOEKTHPOBaHUE Ha CTafMM TeXHHUYECKOrO U TEXHO-
pabouero mpoekTa HOJIKHEI COJEPIKaTh BCe JaHHbIE, HEOOXOXMMEIE s
NPUHATHS aPXHTEKTYPHBIX M KOHCTPYKTHBHEIX DELICHHI MO OCHOBHBHIM
3JlaHUSIM, COOPYKEHHSIM M CeTsIM, Y ONpelesIeHHs] CMETHOH CTOMMOCTH
CTpOMTe/IbCTBA. 3ajlaHHsl Ha Pa3paGoTKy pabouuX uyepTexel AOMKHBI,
KakK [paBU/IO, COOTBETCTBOBATb peELIEHHSIM, NPUHATHIM B TEXHHUECKOM
NpoeKTe.

Ilepen nHayanoM MPOEKTUPOBaHHUS IJIAaBHBEIM MHXKEHep NPOEKTa Bhifa-
eT OTAeJiaM NMPOEeKTHOr0 MHCTHTYTa 3ajlaHHe M0 yCTaHOBJeHHOH dopMe,
B KOTOPOM YKa3bIBalOTCs OCHOBHHIE JaHHEIe OOBeKTa (HauMeHOBaHHe,
mudp, cTajus NPOEKTUPOBAHHA H T. A.), a TaKxKe MepeyeHb HCXONHBLIX
MarepHanos *.

Pacuernbie nokasaTesiM HEOOGXOAMMOM CTEeNeHM OYHCTKM CTOYHBIX
BOJ B Lie/IiX OXPaHbl BOJOEMOB OT 3arpsi3HEHHH Ha pasjM4YHBIE YPOBHU
Pa3BUTHS U Ha JaJIeKyIO MepCleKTHBY ONpeAesIoT B CleayIollell noce-
JI0BaTeJIbHOCTH:

BHISIBJASIOT MCTOYHHKH IHMTHEBOIO BOAOCHAGXKEHHST M BO3MOMKHLIE
MCTOUHHKH 3arpsi3HEHUs] BOJOEMOB;

OnpeeNsiloT KOJUYECTBO CTOUHHIX BOJ, MOCTYMalOMMX OT HaceJe-
HUSl U NPOMBILIVIEHHBIX MPeANpPHUSATHH, KOIMYECTBEHHYIO M KauyecTBeH-
HYIO XapaKTepUCTUKY 3arpsisHeHUH OT BceX BOJONONb30BaTeel, a Tak-
JKe BO3MOXKHOCTb COBMECTHOH OUHCTKM OBITOBBIX U NPOH3BOJACTBEHHBIX
BOJ;

onpefeNsioT pacyeTHYIO 3h@deKTUBHOCTb OYMCTKM MPOU3BOACTBEH-
HBIX CTOYHBIX BOJ Ha JIOKaJbHBIX YCTaHOBKAaX W OCTaTOYHOE KOJIHYECTBO
3arpsisHeHuH, JOMycKaeMblX K NpHeMy Ha OOLIErOpOACKYI0 OYHCTHYIO
CTaHIHIO;

BBISIBJISIIOT KOJIMUECTBO 3arpsi3eHHUH, MOCTyMalOUUX Ha oOleropoi-
CKYIO OYMCTHYIO CTaHIIMIO;

BHIGUPAIOT M COrJIacOBHIBAIOT C TOCYAapCTBEHHHIMH OpraHaMM BOX-
HOr0, CaHUTAapHOTO H PLIGHOTO Haj30pa MecTO BhHIYCKa CTOYHBIX BOI,

PACCYMTHIBAIOT CaMOOYMIAIOMLYIO CIOCOGHOCTb BOAOEMa; OMpejessi-
10T KOJIMYeCTBO 3arpsisHEHUH, AONYCKaeMHX K cO6pocy B BOpoeM 6e3
HapyIeH!s ero CAaHUTAapHOTI'0 PeKHUMa, COCTaBJSI0T IPOrHO3 KayecTsa Bo-
Ibl B BOJOEME Ha pas3/IM4HbIe YPOBHH Pa3BUTHS H Pa3pabaThIBAIOT TEXHHU-
yeCKHE MepomnpuATUs [0 OXpaHe BOJOeMa OT 3arps3HEHHS] H HCTO-
HIeHHS;

OGOCHOBBLIBAIOT METOJ OUMCTKH CTOYHHIX BOJ M COCTaBJISIIOT TEXHOJO-
TFHYECKYIO CXeMY OUHCTHOH CTaHIIMH.

* OpraHusauusi NPOEKTHPOBAHHUS OYHCTHOM CTAaHIMM B MNPOEKTHOM HHCTHTYTE,
copepaHue U GOPMBI 3aaHHH CMeXHBIM IPOEKTHEIM OT/eJ1aM Ha CTafiu¥ TEXHHYeCKOro
NpoeKTHPOBaHHUs, O6bEM U COfepIKaHHe NMPOeKTa MOAPOGHO H3JOXKeHk BO «BpeMeHHOI
HHCTPYKIHMH 1O OPraHH3auMy NPOEKTHPOBaHUS HHXKeHepHBIX ceTeli B COOPYXEHHH Ha-
ceIeHHBIX MeCT», pa3pa6oTaHHOM LleHTpaNbHEIM HayYHO-HCCHENOBAaTeNbCKUM HHCTHTY-
11:])3 sxcgggnmemanbuoro MPOEKTHPOBaHUS HH}KeHepHoro o6opynosanus (LLHWUHIM
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Ha ocHoBawum aHa/nu3a pacueTHHIX MOKasareseil ONpegensieTcss Me-
TOJ H CTENEHb OYHCTKH CTOUHBLIX BOJ Ha OGLIErOpPOACKON OYHCTHOH CTaH-
und. OcTaTouHOe KOJNMYECTBO 3arps3HeHH, MNOCTYMAIOWMUX B BOJOEM
C OYHIIEHHBIMH CTOYHBIMH BOJaMH, [IO3BOJISIET AaTb IPOTHO3 KauecTBY
BOJIbI B BOJIOEME HA PA3J/IMUHbIE PACYEeTHbIe YPOBHH, HAMETHTb MepONpHS-
THS 10 3alllTe BOAOEMOB OT 3arpsi3HeHHs, a TaKKe pa3paboTaTb METOJb
OYHCTKH CTOYHBIX BOJ, Pa3paboTaTh TeXHOJOrHYECKYIO CXeMy OYHCT-
KM CTOYHbIX BOX H 0OpaGOTKH OCaikOB, BLIOpaThb W pacCUHTaTh KOHC-
TPYKLUHH COOPYXEeHHH H OOOpYHOBaHHS ISl OGLIErOPOACKOH OYMCT-
HOH CTaHLMH.

OcHOBHBIE MPHHLMONA/bLHBIE PEIIEHHS MO BHIGOPY TEXHOMOrHYeCKOH
CXeMbl OYHCTKH CTOYHBIX BOJ, Pa3sMeIleHHS] ¥ KOMIIOHOBKH OYHCTHBIX
CTaHlUu#, BHIOOPY KOHCTPYKLUHH COOpYKeHHH, OGOpylOBaHUs pa3pa-
6aTbiBAlOTC U COTJIACOBLIBAIOTCS B COOTBETCTBHH C OCHOBHBIMH JefiCT-
BYIOIIMMH HHCTPYKUHAMH H NOJIOXKEHHSIMH.

OuycTHEIE CTAHUMH NPOEKTHPYIOT H PACCUMTHIBAIOT HA PacyeTHLIE
yPOBHH pa3BuTHsa, Hanpumep, 1980, 1985, 1990 roaw! 1 Ha nepcnekTHBY —
2000 r. ITpn TexHHYECKOM NPOEKTHPOBAHUH OYHCTHOI CTAHLLUH PEKOMEH-
AyeTcsi NPOM3BECTH YTOYHEHHE M aHAJIM3 HCXOAHBIX NaHHBIX, NPHHATHIX
B T2O n npeicTaBleHHbIX 3aKa3YHKOM B IVIAHOBOM 3aJlaHHH.

HcxopHbie paHHble H HX aHANHS

Pa3paboTKy TEeXHHYeCKOrO MpOEeKTa OYHUCTHOH CTaHIMH HAYHHAIOT
C YTOYHEHHS] MCXOAHLIX JaHHBIX 00 OObeKTax, AJsl KOTOPHIX BeNeTCSs
NpOeKTHPOBaHHE, W aHA/NN3a CYIIECTBYIOMIUX, CTPOSILIUXCA H 3anpoek-
THPOBaHHBIX CHCTEM KaHaJ/M3allUU B JaHHOM pafioHe.

Hcxonnble NaHHble /1S NPOEKTHPOBAHHS COCTaBJSIIOT Ha Gase cBe-
nenuit TOO, palioHHO#M NNaHMPOBKM, PAHOHHON CXeMbl KaHAJH3aLHUH,
a TaKXKe H3y4eHHS HMEIOUIMXCS MPOEKTHBIX MaTepHaloB MpeiblayLIIuX
JIeT 1O CYLIIECTBYIOIIMM HJIH CTPOSIIMMCS CHCTEMaM KaHa/lu3aLHuH:
pacxollbl CTOYHBIX BOJ, BHJIbl OYHCTKHM, KOTOPLHIM CTOYHLIE BOABI MOA-
BEPraioTcsi, COCTaB N KOJIHYECTBO OCTaTOYHBIX 3arpsisHeHHi, TeXHHue-
CKOe COCTOsiHHe NeHCTBYIOINX ceTell B COOpYKEHU .

Ananusupyiorcs Martepuasisl M3bICKaHHH M Tomorpaduu, HHMKeHep-
HOH TeoJIOTHH M THAPOreOJOTHH IIONIAJKH, OTBEAEHHOH MOA CTPOH-
TeJIbCTBO OYHCTHOH CTaHILIMH, COCTaB IPYHTOB, YPOBHHM I'DYHTOBBHIX BOJ,
HX arpecCHBHOCTb M KoJie6aHHSl H NMPOrHO3HUpyeTcs BO3MOXKHOE H3Me-
HeHHe YPOBHSI TPYHTOBHIX BOJ B MEepHOJ IKCIJyaTalHH CTaHUHMH. Bbi-
AcHsieTcs HaJquyue OJyXJalolWHKX TOKOB H HEOOXOAWMOCTb 3alUTH OT
HHUX COOPY:KeHUH U ceTell, HOpMaTUBHOE JaBJIEHHE Ha I'P YHTbI OCHOBaHHH.

3aTeM aHaNU3UPYIOTCS H YTOUHSAIOTCS MYHKTHI BOLOOTBEAEHHUS, IPUHSA-
Thle pacueTHble PacXolbl M peXHMBl MOCTYIVIEHHS CTOYHBIX BOJ Ha
OYHCTHYIO CTAHLMIO, KOJIMUECTBeHHAsl M KadyecTBeHHash XapaKTepHCTH-
Ka 3arps3HeHU# B BO3MOXXHOCTb COBMECTHOH OYMCTKH OBITOBHIX M NPO-
H3BOJACTBEHHBIX CTOYHBIX BOI M MX YTHJ/IHM3allUH, & TaKKe XapaKTepuc-
THKAa BOJOEMOB, SABJSIOMIUXCA B [IpCeXTe NPHEMHHKAMH OYHIIEHHBIX
CTOYHBLIX BOA.
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PacueTHylo npou3BOAHTENHHOCTb (MOLIHOCTb) KaHaJH3alHOHHOH
OYHCTHOH CTAaHUHMH CJAENyeT ONpele/sATb Ha pas/iHuHbBle pacueTHble
YPOBHH Pa3BHUTHSl B 3aBHCHUMOCTH OT CyMMapHOro KOJIH4eCTBa CTOY-
HBIX BOJ, [OCTYNMAIOLIHX OT HacejJeHHs, KOMMYHaJbHBIX ¥ NPOMBILI-
JIeHHBIX NPEeANPHATHH, a TaKXKe CEIbCKOXO3AMCTBEHHBIX KOMILIEKCOB,
TArOTEIOIHX K 1aHHOMY pafiOHy KaHaJIH30BaHHUS.

PacueTHble pacXoAbl CTOYHBIX BOX OT HacesneHHs (CyTOYHBlE, 4aco-
Bble, CEKYHHbBIE) ONpene/sioT 0 PacueTHOMY KOJIHYECTBY HaceseHHus

Ta6auuma 2. Hopmbl BoZONOTpPeS/eHHS M BOROOTBENEHMS Ha 1 xutean
cpenHecyTouHbie (32 ron) ANs PafiOHHBIX CXeM BOAOCHAGKEHHS M KaHaau3auuu, 2/cym

PacyeTHble
YPOBHH pa3BH-
Hanmenosanue nokasateJiefl THA, TOR |
1980 | 1990
FopoXa u noceNKH TOPOACKOTO THNA
Bononorpe6aenne Ha X03fHCTBEHHO-MUTbEBLIE HYXKAbI, HYXAbl
MECTHOH NMPOMBIJIEHHOCTH, MMOJHBKY 500 | 600
BonoorBesienue (¢ koapduiuentom 0,8) 400 | 480
Cenbckoxo3saficTBeHHEE PAaROHN
Bononorpe6nenne Ha xo3siiCTBEHHO-ITHTheBEIE HYXIbI (Ge3 yuera
pacxoia BOABI Ha IIOJIMBKY) 100 | 150
Bonoorsenenne (c koabduunenrom 0,5 u 0,6) 50 90
MMpumeyanne HopMb BomomOTPeGJEHHS XO3ANCTBEHHO-MHUTbeBble HYXAbl AONMyCKaeT-
Csl U3MEeHATb Ha +10-+-20% B 3aBHCHMOCTH OT KJIHMAaTHYECKHX H APYFHX MECTHBIX yCJIOBHH

H HOpMaM BOJOOTBEZEHHS C yYeTOM KO3(p(UIHEHTOB HepaBHOMep-
HocTH K moCTynmaomux CTOYHBIX BOX Ha CTaHIHIO B C Y4eTOM
NepCneKTHBHOrO pa3BUTHs HaceJeHHHIX NYHKTOB. PacueTHble dpopmy-
JIbl IpHBeneHbl B TabJ. 1.

Hopwmbl BogooTBeeHHs OT HaceseHus clefyeT YyTOUYHUTb C HOpMa-
Mu BoponorpeGaenus. Ilpu 3ToM ciexyer pasiuuaTh KOMILIEKCHbIe
HOPMBI BOJOMOTPeb/ieHHsT ¥ HOPMBI B Npenesax Xujaoro ¢oHna. B
KOMIIJIEKCHble HOPMBI BOZONOTPeG/IeHUs Ha OZHOrO XKHTeJs BKJIOYa-
10T PacXoxbl BOZB! Ha X035ACTBEHHO-NIUTbEBbIE U APYrUe HyKAH Hace-
JIeHHs B Npefesax XUJI0ro GoHxa, KOMMYHaJbHO-OBITOBbIE HYKIH 3a
npepenaMu Xujaoro ¢GoHma (LIKoJ, GOJMbHHULL, NETCKHX YupeKIeHHH,
FrOCTHHHUL, 6aHb, IpayeyHbIX, J1aBaTeJNbHbIX 6aCCEHOB H T. I.), HYX-
OB BHeIIHero G6/1aroyCTpOHCTBa rOPOACKHX TEPPHTOPHil (HOJIMBKA
YJIHIL, 3eJIeHBIX HacaXHeHuii), a TakxkKe HY>KIbl NPOMBILJIEHHOCTH H
CTPOHTENLCTBA.

TIpu cocraBnenun TDO u paspabGoTke pafioHHBIX CXeM KaHaJH3alHH
HOPMbI BOXOOTBEIE€HHs OT Hace/JeHHs NPHUHHMAIOT B 3aBUCHMOCTH OT
Hopm Boponorpebaenns (CHull I1-31-74) ¢ koadhduunenramu: nis ro-
POZOB U NOCeJKOB ropoxckoro Tuna — 0,8; 1,151 cebCKOX03AUCTBEHHBIX
pa#ionos — 0,5 10 1980 r. u 0,6 102000 r. (ta6u. 2). Konuyecrso crou-
HBIX BOA NPEANPUATHH MECTHON M MeJKOH MPOMBIUJEHHOCTH YUYTEHO
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NPUBEACHHLIMH HOpDMaMH BOJOOTBelleHHs. [TOCKONBKY HOPMEI BOJIO-
noTpeGJieHHs] Ha XO35HCTBEHHO-NHTbeBble HYMIbl AJIS HacCeJeHHbIX
NYHKTOB, NpHBElEHHbe B Taba. 2, ponycKaercsi M3MeHHTb Ha 10 =
—+ 20% B 3aBHCHMOCTH OT KJHMAaTHYeCKHX ¥ APYTHX MeCTHHX yCJOBHil,
TO COOTBETCTBEHHO CJiefyeT H3MeHSTb HOPMBI BOLOOTBEAEHHS.

Ilpu paspa6oTKe TeXHHYECKHX NPOEKTOB OYHCTHEIX CTAHIMH HOPMBI
BOJOOTBe/leHHs GLITOBBIX CTOUHBIX BOJA B Tpefesax paiOHa XKuJo#
3aCTPOHKH HACEJEHHBIX MYHKTOB NPUHHMAIOTCS B 3aBHCHMOCTH OT CTe-
NeHu 6J1aroyCTPORCTBA KHUJBIX 3aHUH, a TAKXKe KJIMMAaTHUECKHMX H Ca-
HHUTapHO-THrHeHHYecKHX yciosuii no CHull 11-32-74.

Hopmbl cpexnecyTOMHOro BOZOOTBeleHHS! GLITOBHIX PaiiOHOB KHMOH
3acTPOAKM HaCeIeHHBIX MYHKTOB, (Ha 1 XKuTeas 3a rop), ./cym

3acTpoiika 31aHHAMKA, 06OPYAOBaHHLIMH BHyTpeHHHM BOJO-
NIpOBOAOM H KaHajH3anuell Ge3 BaHH . . e 125—160
3acTpofika 3faHHAMH, 060pYAOBaHHEIMH Bononpoaonom, Ka-
Ha/H3alHell M BaHHaMH C MeCTHBIMH BOJOHarpeBatesnsmMu  160—230
3acTpofika 3AaHHAMH, 0GOPYHOBaHHbLIMH BHYTDEHHHM BOJO-
APOBOJIOM, KaHajH3alMefi H cHCTeMol ueHTpaJlHSOBaHHOI'O
ropsuero BogogHaGxeHus . . . . . . . . . . .. 250—350

Mpumeuanusn. l. B HeKaHaIH3NPOBAHHLIX pafOHAX HOPMbl BOJAOOTBEJEHHS
NPHHHMAIOTCA H3 pacuera 25 #/cym Ha 1 XXHTens.

2. Ko/iH4ecTBO CTOYHBIX BOJ OT NMPEANpPHATHA MECTHON NPOMBILJIEHHOCTH, 06CTy-
KHBAIOWINX HAceJNieAHe, a TaKXKe HeyuTeHHble PacXOfbl AONMYyCKaeTcs INPHHHMATb fO-
TIOJIHUTENILHO B pasMepe §—10% CyMMapHOro KOJTMYECTBA CTOYHOH BOJBI HACEJIEHHOTO
TIyHKTa.

KoadpuunenTsl CyTOYHOH HepaBHOMEPHOCTH BOLOOTBeJeHUSI IIpH
CaMOTEYHOM NOCTYIVIEHHH OBITOBBIX CTOYHBIX BOJA CJieAyeT NMpPHHHMaTb
Keyr = 1,1—1,3 B 3aBHCHMOCTH OT MeCTHBIX YCJOBHH, a oflHH KO3(-
(GMUMHEHT HepaBHOMEPHOCTH Koy — B 3aBHCHMOCTH OT CPeJHHX CeKYH]-
HBIX pacxojioB (taba. 3).

Hopmel 1 Ko3(dHuIHEHTH HepaBHOMEPHOCTH OTBeJleHHs OBbITOBBLIX
CTOYHBIX BOJ| OT NPOMBILIJIEHHBIX NPEANPHSATHIH H CEJbCKOXO35 HCTBEHHBIX
KOMILJIEKCOB, a TaKxXe OT OTHAEJbHBIX W OOLIeCTBEHHBIX 3JaHMH NpH He-
00XOXHMMOCTH YuyeTa COCpeJOTOYEHHBIX PacXONOB CTOYHBIX BOJA CJeayeT
NPHHUMATh B COOTBETCTBHH C HOPMaMH NPOEKTHPOBaHHS BHYTPEHHEro
BojonpoBoja u Kananusauuu 3fanuii (CHull I1-TI'. 1—70).

KoJsnyecTBO CTOYHBIX BOJA NPOMLILIEHHBIX NpeAnpuaTuil onpejeds-
10T 110 MMEIOIHMCS IPOEKTaM C aHaJHM30M BOXOXO3sHCTBEeHHOro GaJaH-
ca B YacTH BO3MOXKHOIO YBeJiHUYeHHs Bojoo6opoTa W MOBTOPHOIQ HC-
TIO/Ib30BaHHUs CTOYHBIX BOJA MO «YKPYNHEHHHIM HOpMaM pacxoja
BOJAbI H KOJMYECTBA CTOYHBIX BOJ Ha eIHHMIY NPOAYKIHH JJs pasjiuy-
HBIX OTpacJiell NPOMBILIJIEHHOCTH», Pa3pabOTaHHBIM CTPaHAMH — uJjleHa-
mu C3B u BHHUMBogareo [35]. [IpuMenenne A/1s1 NpOM3BOACTBEHHOrO BOJIO-
cHa6KeHHsi OGOPOTHOTO H NIOBTOPHOrO HCNOJIb30BaHHS BOAbI [O3BOJISIET
COOTBETCTBEHHO CHH3HTb 3a60p NPOMBILIIEHHOCTBIO BOABI H3 BOJO-
HCTOYHHKOB M COPOC B HHX BO3BpaTHHIX Box A0 2—10% cyTouHOro BO-
JootBelieHusi. Kpome Toro, mepexop npeanpHATHA K HOBOH TeXHOJIO-
rHH [POH3BOJCTBA MOXKET Pe3KO COKPAaTHTb OTBeleHHe 3arps3HeHHBIX
CTOYHBIX BOZ.
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PacuerHbe pacXxoxbn OGHTOBBX H NPOH3BO-
ACTBEeHHB X CTOYHDL X BOJ cjlelyeT NPHHHMAaTb NO HaH-
6oJibllleMy 4acoBOMY PAacXoly [0 CyMMapHOMY rpaduKy npuToka Kak
OpH nojiaye HX HACOCaMH, TaK M NPH CaMOTEYHOM NOCTYIJIEHHH.

Ta6aunua 3. lpumepnoe pacnpefesieHHe CPEJHECYTOYHOTO PACXOAA GLITOBHLIX
CTOYHBIX BOJ MO 4acaM CYTOK B 3aBHCHMOCTH OT ofuiero KoadduiueHTa
HepaBHoMepHocTH BogooTBeaeHHs Kosu, % [41]

dep o 4
Yac 50 100 200 300 500 800 1250 u
CyTOK
Kobm
1.8 1.6 14 1,35 1,25 1,2 1,15
0—1
1—-2
2—3 1,25 1,55 1,65 1,85 2 2,25 2,6
3—4
4—5
5—6 3,3 4,35 4,2 4,8 5,05 4,9
6—7 5 5,95 5,8 5 5,15
7—8 7,2 5,8 5,8 5 5,15 4,8
8—9 7,5 6,7 5,85 5,65 5,2 5
9—10 75 6,7 5,85 5,65 5,2
10—11 75 6,7 5,85 5,65 5,2 5 4,8
11—12 6,4 4,8 5,05 5,25 5,1 5 4,8
12—13 3,7 3,95 4,2 5 5 4,8 4,7
13—14 3,7 5,55 5,8 5,25 5,1 5 4,8
14—15 4 6,05 58 5,65 5,2 5 4,8
15—16 5,7 6,05 5,8 5,65 5,2 4,8
16—17 6,3 5,6 58 5,65 5,2 4,8
17—18 6,3 5,6 5,75 5,15 5 4,7
18—19 6,3 4,3 5,2 4,85 5,1 4.8
19—20 5,25 4,35 4,75 5,1 4,8
20—21 3,4 4,35 4,1 4,85 5,1 5 4,8
21—22 2,2 2,35 2,85 3,45 3,8 4,5 4,8
22—23 1,25 1,55 1,65 1,85 2 2,4 3
23—24 1,25 1,55 1,65 1,85 2 2,25 2,6

Pacnpenenenne pacxofoB CTOYHBIX BOJ HaceJeHHbIX NYHKTOB MO ya-
caM CyTOK MpH CaMOTEYHOM [MOCTYMJEHHH YTOYHAIOT Ha OCHOBAHHH
COBMEILEHHBbIX N04acOBBIX FpadHKOB BOXOOTBEJCHHS, a B CJyyae HX OT-
CYTCTBHSl — M0 NaHHBIM 3KCIVIyaTallHH aHaJOrHYHBIX OOBEKTOB HJIH
no ra6a. 3.

KounyecTBO H pexHM NOCTYNJVIEHHS NOXKAEBHIX H TasblX BOX, CTeKa-
[OIMX C 3arpsi3HEHHOH TEPPHTOPHH NPOMBILVIEHHBIX NPeANpUATHH, on-
penensioT B 3aBHCHMOCTH OT KJHMAaTHYeCKHX OcoGeHHOCTefl paiioHa,
pacnoJioXKeHHs NpeAnpHATHH U nuowanu Bogoc6opa no CHull 11-32-74.
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KoadbduuveHT croka npuHUMaeTcsl C y4eTOM XapaKTepa HOKPHITUS H
3aCTPOMKM TepPUTOPHH; IS GOJBIIMHCTBA NPEANpPUSITUH OH paBeH
0,8—0,95. CoorHolleHHe MeXAy KOJIUYECTBOM OGLITOBBIX, MpPOM3BOL-
CTBeHHBIX U aTMocdepHEIX BOJA B KaXJAOM Cjyyae OmnpenessieTcss pac-
YETOM.

KonnyecTBO 3arpsas3HeHuil, NocTynalomuXx Ha OYHCT-
HYIO CTaHIHIO, aHA/MU3HPYeTCs B 3aBUCHMOCTH OT MCTOYHHKA HX 00paso-
BaHUS U KOHIIEHTpallMy B CTOYHBLIX BoAax. KoHueHTpauuio sarpsisse-
HUIl onpefensloT XMMUYECKUM aHAJNH30M WJIM PacueToM HCXOJis U3 HOPM
BOJOOTBefieHUs! Ha | KuTens; A/ NPOU3BOACTBEHHBIX CTOYHLIX BOJ —
[0 T€XHOJIOTHYECKHM JaHHBIM MJIM XUMHYECKUM aHanusaM. OCHOBHBIMU
onpeieiISIOIUMH KPUTEPUSMH 3arpsi3HEHHOCTH CTOYHLIX BOJ, SIBJISETCS
KOHLleHTpalus B3BelleHHHIX BelecT, BITK, asora amMmMoHHiHEIX coned,
(octaToB, XJIOPUAOB U NOBEPXHOCTHO-aKTUBHBIX BellECTB.

KoanyecTBo 3arpsisienuil GLITOBHX CTOYHBIX BOR (Hal Xkutens), 2/cym

B3BelleHHEIE BEIECTBA — BCEIO « « o o o o o o o o o o « o . .05
B TOM YHC/IE OCEHAIOIIHE . . « « « « o o o o o o o o« o « o « .40
BITK;, HeoCBET/IEHHOH MHIAKOCTH . « o « o o o o o « o o o« » .04
To Xe, OCBET/NIEHHOM . . . . . . © v o ¢ ¢ s o o« o o + o o « 3D
BIIK o HEOCBETNEHHOH MHAKOCTH « « o « o o o o o o o o o + 15
To Xe, OCBET/IEHHOM . . « « + ¢« « o« o o o o o o« o o o o o o« .40
A30T aMMOHHMHEIX COMEH . « « + +« o ¢ o o ¢ o o o o o o o o .8
DochaTBl —BCEIO . . . . . . vt v e e e e e e e e e e .. 033
B TOM uHCJ/Ie OT MOIOLUMX BEHIECTB . « + o o o o « o o o o « » 1,6
XAODHABL . .« « v v v v v v v e et e s e e e e e 9
MosepxHocTHo-akTHBHEe Bemectsa (ITAB) . . . . . ... .. .25

MpuamegaHnun |. 3arpsi3HeHHs OT HaceJieHHsl, MPOXXHUBAIOUIEro B HexXaHa/H-

30BaHHBIX paKOHaX, HaJANEKHT YYUHTbIBaTh B KoJnuecTBe 33% OT YKa3aHHBIX.
2 [Ipn cOpoce GLITOBbIX CTOUHBIX BOA MPOMBILINIEHHBIX NPEANPHATHI B KaHaJIH3a-
UHIO HACeJIeHHOrO MYHKTa 3arpsi3HeHHs] OT HHX IHONOJIHHTEJbHO He YYHThIBAIOTCS.

IMokasarens BITK pocratoyHo nosiHO XapaKkTepu3yeT rOpoACKUE CTOY-
Hble BOJbl, B KOTOPHIX Npeo6iafaior GbrroBbie. OAHAKO AS1 MPOU3BOA-
CTBEHHBIX CTOYHBIX BOX OOJIBIIMHCTBA OTpacjedl NpPOMHILJIEHHOCTH
OIHHM 3THM NOKa3aTesleM OrPaHHYHTBCS HeJb3s, TaK KaK OH He OTpaka-
€T MOTPeGHOCTb B KUCJIOpOJe AJIsi MOJIHOFO OKMCJIEHHS BCeX colepiKa-
IMXCS B NPOMBILIVIEHHBIX CTOYHBIX BOJZAX MpUMeceil.

Insa Gonee mOJHON OLEHKH 3arpsi3HEHHOCTH CMeCH GLITOBEIX M NIPO-
M3BOJCTBEHHBIX CTOYHBIX BOJ onpexensior, KpoMe BITK, Takoi nokasa-
TeJb, KaK XuMHYecKoe norpebyenue kuciaoposa (XTIK) — kosuuectso
KHCJIOpOZia, HeOGXOAMMOe MJISi TOJIHOTO OKHCJIeHUs YrJjiepoja, BOJO-
pona, cepnl, a3oTa U APYruX NpHMeceH, HAXOASAILMXCA B CTOUHOH KuJ-
KOCTH, B TOM YHCJIe TeX, KOTOpbie He NMOANAIOTCS GHOXHMHYECKOMY OKH-
cnenno. Tlo a6eomornoii Benuuune XITK Bceraa Gosabwe BITK; mas
6uIToBbIX cTouHBIX BOX BITK,, cocranser 86% or XIIK. Muorue npo-
uaBoacTBenHble Boabl uMetor XI1K, npessimatomue BITK na 50%. Ilo-
3TOMY MpH c6poce NPOU3BOACTBEHHBIX CTOYHBIX BOJ B CYIleCTBYOLlve
KaHa/nu3alnuu HacesneHHeix NyHkroB XITK oflmero croka He NOJMXKHA
npesbiath BITK,, 6osnee yem B 1,5 pasa.
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PacueTHble GopMyJIbl 11l OnpejesieHHsl KOHUEHTPALHH 3arps3HeHu#
npyBeeHs! B Taba. 4.

Bonpoc 0 COBMECTHOM OTBeIeHHH M OYHCTKE MPOH3BONCTBEHHBIX
CTOYHBIX BOJ HaJJIEXKHT pellaTh B KaXXIOM OTHEJNbHOM CJlydyae HCXOAs
M3 KOJIMYEeCTBEHHOrO W KayeCTBEHHOrO COCTaBa 3arpsi3HEHHMH U MecT-
HblX ycaoBHH. [IpHeM NMpOH3BOACTBEHHBIX CTOYHBIX BOA B TOPOJACKYIO
KaHaJu3alHio HJIH Ha OYHCTHYIO CTAHIIHIO AONYCKaeTCsd B T€X Cay4yadax,
KOTZla 5TO He HapyllaeT pabOTy OYMCTHBIX COOPYKeHHHl.

Ta6auna 4. Pacuernnie GopMyan jAas OnpeleieHdsi KOHLUEHTPAUMH 3arPsa3HEHui
CTOYHBIX BOJX

KoHueHTpauus

Crovame somw Mo B3BELEHHLIM BelecTsaM C no BHKpoym L
BritoBete Ce = b-1000/g, Lg = a-1000/g,
o | o _ Ce @ |, LeQs+3Lan
CTBEHHHIX e~ Qs+ 2Qn M= Q6+ 20,
To xe, or He- | Coy = LyQy+LoQo++ - - +LrQ
cKomsKHX 06bek- | C1Qy+CoQot- - -+CiQn | Lew="" lQ _|_2Q:_|_. : .+Q" .
TOB WJIH pajioHoB | = Q,+Q:+--+Q, ! n

Tpumewaunne. 3gecw C6’ Cn' Ccm — KOHUEHTPALHs B3BEILUEHHbIX BellecTs B OGhITOBHIX,
OpON3BOACTBEHHEIX H CMelaHHbIX Bofiax; L, L. LCM — BIIK ans Tex xe Boa; a ¥ b — KoJuyecT-
B0 3arpsisHeHult coorBercrBeHHo No BITK M Mo B3BelIGHHLIM BelieCTBaM; q, — CPefHecyToqHas
HOpMa BOJIOOTBEAEHHs Ha 1 XKuTens; Q6 " Qn — CPeJiHeCYTOUHBI¢ DAcXojbl GBITOBBIX H I1POM3BOA-
CTBEHHBIX BOJ.

CoBMecTHOe OTBefieHHE H OYHMCTKA OBITOBBIX M TPOH3BOACTBEHHBIX
CTOYHBLIX BOA siBJsiercss Hau6Goslee 1enecooOpasHbIM, OAHAKO B psile
CJIy4yaeB 3TO OKa3biBaeTcsi HEBO3MOXKHBIM Ge3 NPHHSITHS OrpaHuYHTe b
HBIX Mep HM3-33 HaJIM4HA B NPOH3BOACTBEHHBIX BOLAX BPEAHBIX WJIH TOK-
CHYHBIX. IpHMeceil.

Cmech OBITOBBIX H NPOM3BOACTBEHHBIX CTOYHBLIX BOJ TpH MOCTYIle-
HHH Ha COOpY:KeHHsI GHOJIOTHYECKOH OYHCTKH B Jli060e BpeMsi CYTOK He
HOJI2KHA MMETb KOHLEHTpPAalKI0 BOZOPOAHbIX HOHOB (pH) Huxe 6,5 1 BhI-
e 8,5; Temneparypa He 1o/KHa GbITh HEXe 6 1 Boime 30° C, oblias KOH-
LIeHTpauus cosiedi pacTBopeHHbIX — GoJsiee 10 2/4. Kpome Toro, B cMecu
He NOJIKHO ObITb HepacTBOPEHHBIX Maces, CMOJ W MasyTa, GHOJOrHYe-
cku KecTKHX [TAB, npakTHuecKH He OKHC/ISIIOLIMXCS HAa COOPYKEHHSIX
Guosiordueckoi ouMcTKH. BoJbloe KOJIHYECTBO PacTBOPEHHBIX H He-
PacTBOpPEHHBIX MHHepaJbHbIX NMpPHMecel TaKkKe 3aTpylHsSET XOJ OHOXH-
MHYECKHX mpoleccoB. MHHHMa/NbHOe cOfepKaHHe GHOTEHHBIX 3/1eMeH-
TOB B CMeCH NPOHM3BOJACTBEHHbIX H OBITOBBLIX BOJ He JOJIXKHO ObITh HHXKe
5 me/a asora u 1 me/a dpocdopa Ha Kaxabie 100 me/2 BITKjom cMecH.

BEICOKasi KOHIIEHTpalusi NPOH3BOACTBEHHBIX CTOUHBLIX BOJ O pacrt-
BOPEHHBIM BeIlECTBAM CO3JaeT 3aTpyAHEeHHS B paGoTe a’pOTEHKOB H
6uopunbTpos. IlosToMy HOpMAaTHBaMH OrpaHMYeHO MNOCTyIUIEHHe Ha

14



6uosioruyeckue GUAbTPH CTOYHBIX BOX ¢ BITKom Bome 500 me/a, a
B a3poTeHKH — ¢ BI1Kyon Boie 1000 me/a. Ilpu HeoGXomxuMoCTH CHH-
xKeHHs1 BIlKponu CTOYHBIE BOABI, MOCTyMalollHe Ha GHOJOrMUECKYIO
OYMCTKY, CJieiyeT pa3baB/isiTb OYHIIEHHBIMH BOLAMH.

INpenenvHo nonyctHMmasi KoHuUeHTpauus Bpenunix Betects ([TIK)
He JIOJIZKHA TpeBBILIaTh yCTaHOBJeHHbIX HopMatusos (CHull 11-32-74).
(IMOK — maxkcHMaibHas KOHIEHTPAlHs, NPH KOTOpOH He Hapyualor-
C WJIH He YXYMIIAIOTCS [MpOHECChl MHHEpalH3allUd OPTaHHYECKHX
BelleCTB M He HapylIaeTcsl XKH3HEe[esATeJbHOCTb OCHOBHBIX TpyNN BOA-
HBIX opraHuaMmoB). B cayuae npesbimenuss T1IIK cmecu cnyck npowus-
BOJCTBEHHBIX CTOYHBIX BOJ B KaHaJH3alHIO HACEJIEHHOrO MyHKTa JOMYC-
KaeTcsl TOJMIbKO MNocJe NpeABapHTEJbHOH HX OYHCTKH Ha JIOKAJbHEIX
COOpyKEeHHSX.

CreneHb CHHXKeHHSI BpEIHBIX BeleCTB B mpoiecce GHOJIOTHYECKOH
OYHMCTKH Ha JIOKAJbHBIX H TOPOACKHX KaHANIH3aLlHOHHBIX OUHCTHBIX CTaH-
LHSAX onpefensieTcsl N0 3KCNePHMEHTANbHBIM NaHHBIM, a TIPH OTCYTCTBHH
HX TMOJb3YyIOTCS CpPeIHHMH IOKa3aTe/sIMM CHHXKEHMsl 3arpsi3HeHHMil:
no B3BelleHHbIM BeuectBaM — 90% mno BITK; nis HOHOB TsKesmIX
meraanioB — 30—80%, mo deHonam H Hedrenporyktam — 85—90%;
no kpacureasim 50—70%; no ITAB — 50—80%.

Pacuethl Mo onpejie/leHHIO KOHLEHTPALHH OCTaBLIMXCS 3arpsisHeHHH
B OYHILIEHHBIX CTOYHBIX BOJAAX MNPOHM3BOAAT MO CJERYIOWHM NOCJ]e JIO-
KaJIbHbIX OYHCTHBIX COOPYXEHHH OCHOBHBIM NOKa3aTeJsiM: B3BEILeHHBIM
sewecrsaM, BIIK, XIIK, pacTBopeHHOMY KHCJIOpOAY, MHHEpaJbHOMY
cocraBy, [1AB, cyabdaTaM, XJopHZaM, BpeLHBIM BelleCTBaM.

[Tlepen nmpHeMOM NpOU3BOACTBEHHBIX CTOYHBLIX BOX K COBMECTHOM
OYHCTKE C TOPOACKHMH Ha OGILErOpOACKHX OYHCTHBIX CTaHIHAX HeoG-
XOIMMO Ha MNpEANPHATHSAX YTOYHHTb BO3MOXKHOCTH YMEHbLIEHHSI HX
KOJIHYECTBA H CHHXKEHHMS KOHIEHTPAllHH B HUX 3arpsisHeHHH C LeJbio
yMEHbLIEHHsS] TeXHOJIOTHYeCKHX INOTepb B [POH3BOACTBE, IIHPOKOIO
[pUMEHEeHHs] OGOPOTHBIX CHCTeM TeXHHYeCKOro BOJOCHaGXKeHHs H NOB-
TOPHOTI'O HCNOJIb30BaHHS BOALL.

KpurtepueM panuoHanbHOrO BOXONOJB30BaHHst K, clefyeT NpHHH-
MaTb

K P = (ann - Qcﬁp) 100/ Qson, ( 1)

rzie Quon ¥ Qcop — KOJHYECTBO BOJILI, 3a6HpaeMo¥i H3 BOAONPOBOAa H cOpa-
CHIBaeMOH B KaHaJIH3allHIO.

Yem MeHblie cOpackiBaeTcsl CTOYHBIX BOJ C NPEANpPHSATHS B KaHa/IH3a-
LLMIO, TeM Bbillle KPHTepHH palHOHaJAbHOTrO BojonoJb3oBaHus K. [Ipu
HPOEKTHPOBAaHHH OYHCTHBIX CTaHLHUH cjelyeT NpopabaThiBaTb BapUaHT
yMeHbLIEHHsI KOJIHYeCTBa MPOH3BOACTBEHHBIX CTOYHBIX BOJ MyTeM H3-
MEHEHHsI TEXHOJIOTHYECKOTOo Mpoliecca, HOPM BOAONOTpeOGeHHs H BOJO-
OTBeJieHMsl, BapUaHT yMeHbLIEHUSI NMOTepb H OTXOJOB B NPOHU3BOACTBE
M U3BJIeYeHHs H3 CTOYHBIX BOJ LIEHHBIX MpHMecell C Lebio HX yTUJIH3a-
LIMH; & TaKXe MOBTOPHOE HCHOJb30OBAaHHE OUMILEHHBIX ObITOBBIX H NpO-
W3BOACTBEHHBIX CTOYHBIX BOZ.
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B nensx oxpaubl oKpy:Kaiolliefi cpeiibl cjiefyeT NPOBOAUTb COBMECT-
HO C TEXHOJIOraMH H3LICKaHHSI pexHMa Ge30TXOAHOrO M 6eccTOYHOro
cnoco6a MPOM3BOACTBA, KOTJa OTXOAbI M3BJEKAIOTCS M NOTEpH ycTpa-
HSIIOTCSl HENOCPEACTBEHHO Ha NPeANPHSITHSIX.

Pacuer Heo6XoRHMOH cTeneHH OYHCTKH
CTOYHLIX BOA

O6iiue ycJIOBHS BbINYCKa CTOYHBIX BOJ B IOBEPXHOCTHBHIE BOJAOEMbLI
(pexH, o3epa, BONOXpaHHJIHILAG, MOps) ONpene/sioTcss HapOAHOXO03sH-
CTBEHHOH 3HAUMMOCTBIO 3THX BOJOEMOB, XapaKTepOM BOAONOJb30BaHHSA
H HMX CaMOOYMINAIOWIEH CHOCOOHOCTbIO. DTH YCJIOBHS peryJupyloTcs
«[IpaBustaMy OXpaHbl NMOBEPXHOCTHBIX BOJA OT 3arpsi3HEHHsi CTOYHBLIMH
BOJaMu» *,

Hna onpepenennss HEOOGXOAMMOH CTENEHH OYHCTKH CTOYHBIX BOJ
npH cOpoce B BOJOEM NPOEKTHPOBIIKK JO/IXKEH POaHaJHu3HpOBaTh MaTe-
pHabl FUAPOJIOr HYECKOM H THAPOOHOJIOTHYECKOR XapaKTepHCTHK palioHa,
rOJIOBO# CTOK BOJIOEMOB Pa3/IHyHOH 06eCNeyeHHOCTH H ero BHYTPHIOAO-
Boe pacnpezesense. Msyualorcs caenyomue napaMerprl: Ce30HHbIE CTO-
KH Y CE30HHBIH CTOK /151 rofia 95 %, -Hoii o6ecrieyeHHOCTH; BHYTPHCE30HHOE
pacnpejiesieHHe CToKa 10 mecsuam IJsi roga 95%-Hoit o6ecneyeHHOCTH;
MHHHMaJIbHBIE CDelHeMecsiyHble JIeTHHe H 3MMHHEe pacXojibl B pacyer-
HbIX ctBopaXx. Kpome Toro, aHamuaupyioTcs ruipaBiuyecKue Xapak-
TEPHCTHKH pyceJl AJs MHHHMAJbHOrO cpeaHecyToyHoro pacxopa 95%-
HO¥ 00ecreyeHHOCTH B pacyeTHhIX ctBopax. Mayuvatores cesenus o phi-
60BOJICTBE, CYAOXOACTBE U JIeCOCNJIaBe.

CanuTapHOe COCTOSIHHE BOJOEMOB aHANM3HpyeTcsi MO MarepHajam
MECTHOH CaH3MHAEMCTAHIMH HWJIM CAHHTAPHO-TUTHEHHYECKHX HayyHOo-
HcCeNoBaTeNIbCKHX — opranusauui. IIpoeKTHPOBIIMKH — ompenessiioT
cjleflylolne JaHHbIe: XapaKTep BOJONOJIb30OBAaHHS W OOLLYIO CaHUTap-
HYIO XapaKTepPHCTHKY BOJOEMOB 1O XUMHYeCKOMYy M GaKTepHoJsOruye-
CKOMY COCTaBYy BOJEI, MECTa pacloJIOXKeHHUs BOJ03a6OpOB C yKasaHHEM
pacxolla M HasHaueHus OTOMpaeMoil BOAbI N0 KaxJIOMYy BOA03abopy
¥ KaHaJH3aLHOHHLIX BBbINYCKOB; KOJHYECTBO H XapaKTepUCTHKY CTO-
KOB, cOpachiBaeMbIX B BOJOEM uepes BbIMYCKH; CTeNeHb OYHCTKH cOpa-
CbIBa€MBIX CTOKOB; pAacCTOsSIHHE OT MecCTa MNpPOEKTHPYeMoro BhINYCKa
OYHIIEHHBIX CTOYHBIX BOJ JO NEPBOrO HacesIeHHOTO NMYHKTa H BOJ03abo-
pa opraHM30BaHHOro BOAOCHa0xeHHs!; TpeOoBaHHs pbI60OXPaHbl K cOpOo-
CY OYHILIEHHHX CTOYHBIX BOJ C TOUKH 3peHHsl pblO0X0351HCTBEHHOrO 3Ha-
YEHHUS] PeKH; PAaCyeTHbIE CTBOPbl CMELIEHHS OYHIUEHHBLIX CTOYHBIX BOL
¢ BOJOH BOJOEMa.

[IpaBunaMy OXpaHbl NOBEPXHOCTHBIX BOJ YCTAaHOBJIEHO JiBa BHJa
HOPMaTHBHOIO KauyecTBa BOJbl: AJISI BOJOEMOB NHUTbEBOTO H KYJ/bTYD-
HO-GLITOBOrO BOJOMNOJIb30BAHHA M AJISi BOJLOEMOB, HCIOJb3yeMbIX B Phl-
Goxo3siHCTBeHHbIX LensX. HopmaruBbl KauecTBa BOABI MJISI KaXKJOro

* Yrteepxaesn Munsgapasom CCCP, Muspui6xosom CCCP u Munsogxosem CCCP
16 mas 1974 r.
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BOJIOEMA YCTAHOBJIEHb TaK¥Ke MO 3THM JABYM BHAaM BOJOMNO/Ib3OBaHHS
(tra6a. 5). OTHeceHHe BOJOEMOB K TOMY HJIH HHOMY BHAY BOZOIOJIb3O-
BaHUs OpPOU3BOAMTCS opranamu [ocyZapcTBeHHOrO CaHUTapHOro Haj-
30pa C YYyeTOM IepCHeKTUB HCHOJb30BaHUS BOA0eMOB. Buiwl puiboxo-
35HCTBEHHOr0 HCIOJ/Ib30BAHHS BOJOEMOB ONpeNeNstoTCS OPraHaMH pHl-
600XpaHbLl C Y4eTOM TMepCHeKTHBHOIO Pas3BUTHS PHLIGHOTO X03sicTBa
H [pOMBICHa.

CyMmapHOe KOJHYECTBO 3arpsi3HSIOIWIMX BeIIeCTB, KOTOPOE MOXKeT
6biTh COPOIUEHO C OYHIIEHHBLIMM CTOYHBIMH BOJAMH B BOJOEM NEPBOTO
BHJla BOJOMNO/bL30BAHUSI OMNpENEJSIIOT H3 YCJIOBHS, YTOOL y GJuKafiiie-
ro Bofo3a6opa NMHTbeBOrO BOJOCHAOMKEHHUS, PAaclOJOXKEHHOro HUXKe MO
TEYeHHIO OT MecTa BbIlyCKa, KaueCcTBO BOAbl YJOBJIETBOPSJIO TpeGOBa-
nusam F'OCT 2761—74.

Kaxaplii BopoeM obsafaeT onpeleneHHOH caMOOuHuialolell Crocoo-
HOCTBIO, TOJ KOTOPOH MOJApa3syMeBalOT COBOKYIHOCTb FMAPOAHHaMHUYe-
CKHX, GUOXMMHYECKUX H (PU3HKO-XMMHYECKHX MPOLECCOB, NPHBOASALINX
K CHMXKEHHIO KOHIEHTPAalu¥ BHECEHHbIX B HHMX ODPraHH4YeCKHX U MH-
HepaJbHLIX 3arpsisHeHMii. B pesyabTate pacyera camoouuiLaouiefi
Cnoco6HOCTH BOJOeMa OfpefensioTcs ciaefyloliie napameTphl:

KPATHOCTb pa36aB/ieHUsI 1 U CTeNeHb CMeLIeHHsl CTOYHBIX BOJ ¢ C BO-
Hoit Bozoema (, TMpHHMMaeMas NO pacyeTHOMY PacXORy BOABI roja
95%-Holi 0GecneyeHHOCTH, a Vil APYTUX PeryjupyemblX — M0 BeJH4H-
He MONYCKOB;

KOJIMYEeCTBO 3arps3HeHHUH, JONYCKaeMBIX K COyCKY B BOZOeM; HeoG-
XOnUMasi CTelleHb OYHCTKH CTOYHBIX BOJ OT OCHOBHBIX BHJOB 3arpss-
HeHH .

INpouecchl camoouuieHHs NPOTEKAIOT TeM OLICTpee, 4eM MOJiHee Npo-
usoiiler cMelleHHe U pasbaBjieHHe CTOYHBIX BOJL C BOJAOH BOAOEMa.

INon kpaTHOCTBIO pa3baBiieHMs n OHHMAIOT OTHOLIEHHE CYMMBI KOJu-
yecTBa pasbaBJisieMoil ¢ u pasbaBasiowwei BoAb Q K KOJuyecTBy pa3bas-
JisieMo# BOIbI

n = (g + vQ)/q. PJ)

3nech y — KoadhuuHeHT cMelleHHus, NMOKasblBaloiMH, KaKas 4acTb
pacxoa pekH Q CMeLIHBaeTCsl CO CTOYHOH XKHIKOCTbIO

y=—e Iy 14 LevT), @

rae L — paccTosiHHe OT BhINIYCKa J0 PAcUeTHOro NyHKTa, M,
o — KO3(xpULIMEeHT, YYHTHIBAIOIKH THApaBIMYECKHE YCJIOBUSI CMe-

LIeHHS,
o =gt ]3/ D/q. 4

3necb @ — KO03pUIHEHT HU3BUJIMCTOCTH, PaBHBLIA OTHOLIEHMIO pac-
CTOSIHMS MeXJy BbITYCKOM M PacyeTHBIM NMyHKTOM IO (apBaTepy peKu
L, K paccTosiHuio MexJy TeMH JKe NyHKTami 1o mpsiMoit L, T. e. ¢ =
= L¢/L,; § — KoappuuMeHT, yYUTHLIBAIOWIMEA BJHSHHE MECTa BBINYCKa
(nupH Buinycke y Gepera & = 1, npu Bhinycke B peyHoii notok § = 1,5);
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TaGnuna 5. Kpurepuh oneHku sarpsasHensocts sogst w IJIK HEKOTOPHIX
HHrPEIHEHTOB B PaC4eTHOM OTBOPe Bojgoema [12, 41)

Besuyuus [TOK, a1 sogononbsoranus,
M2/

ITokasarenu Boabl BOJOEMa Mocae Eanuuua canu:gg;l:%-ﬁu- PeiGIX037H CTReHHOTO
CMELUeHHsA cO CTOYHBIMH BOJaMH H3MepeHHs
Kyab- | Bocnpoms- | AJA APy-
nuThe- | TypHo- | BojcTeo [ [HX pbiGo-
BOTO biTO- | enHBIX mo- | X03afcT-
BOro | poA pe6 5;:;.‘:;"
Ilo HopMaTuBaM KauecT-
Ba BOAL BOROeMa
PactBopenustit xucnopox:
JIeTOM Mefa >4 >6
3umolt » >4 >6 | >4
BIIK jony mpu ¢ = 20°C #20./2 | L3 | <6 <3
[osbitmenre cofepKanus B3BeLIEH-
HBIX BEILECTB p mela 0,25 | 0,75 0,25 0,75
OkncasieMocTh:
nepMaHrasaTHas me/a <10 He nopMupyetcs
6HxpoMaTHas » <30 To xe
Peakuns pH (mpegesbr) - 6,5—8,5
OG6was MuHepanusauust (mo cyxo-
MY BeLLeCTBY) Me/a 1000 He nopmupyeTcs
B ToM uncae:
XJIOPHAB! » 350 To xe
cyJbgarhl » 500 »
Mo MIOK HexoTopBH X
BPeAHH X Bel(eCcTB
IT1AB mela 0,5
DeHousl » 0,001
He¢tenpogyx Tt » 0,3 0,05
JKeneso » 0,5 He nopmupyetcs
unx » 1 0,01
Huxkens » 0,1 0,01
Menn » 1 0,01
Ammuak » 2 0,05
Ammonnit » 2 1,2
Xpom (Cr3+) » 0,5 0,1
» (Crfh) » 0,1
Cepoyraepos » 1
Benson » 0,5
Caunert » 0,1
Xaop » 0
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D — xoadduunent typOynentHoit auddysun (D = vH /200, rme v —
CKOpOCTb TeueHusi, m/c; H — ray6uua, m).

Ecan npoekT OuMCTHOH CTaHUHMH paspabaThiBaeTcsi Ha HECKOJBKO
pacueTHbIX NEPHONOB Pa3BHTHS, TO H PaCYeT KPaTHOCTH pasGaBJeHHs
onpeesieTCs Ha 5TH K€ MepHOJbL.

[ponecc camoounileHHs: NpoTeKaeT HOPMaJbHO NpPH HaJHYHH B BOJE
BOJOEMA 3amaca pPacTBOPEHHOrO KHCJOPOAA, HEOGXOZWMOro Hjisi GHO-
XMMHYECKOI'0 OKHCJIEHHSI MOCTYNAIOUUX €O CTOKAMH OpPTraHMYecKHX 3a-
rpsisHeHuii. OXHOBpeMEHHO NPOHCXONST ABa INpolecca: norpebaeHHe
U pacTBOpeHye KHCJ0POAa B BOJE BojoeMa. [lepBbili yMeHbllaeT, a BTO-
poil yBeNMuMBaeT KOJIHYECTBO PACTBOPEHHOTO KHC/IOPOAA MyTeM peas-
pauuu 10 CTENEeHH HACHILEHHS.

[Torpe6HOCTL OpPraHHYECKOro BeIeCTBa B KHCJOpOJE uepe3 KaKiabie
CYTKH BBIpa)KaeTcsi B NMPOLEHTAX OT Havda/bHOH NOTPeGHOCTH NMpH TeM-
neparype 20°C u npH KOHCTaHTe CKOpPOCTH NOTpeGieHHsi KHCaopona
k = 0,1 (taba. 6). dToMy ke 3aKOHY MNOAYMHSIETCS MPOLECC PacTBO-
peHnst kuciopoiaa B Boie. Kuciopox pacrBopsiercss B BOZe JHIUb IO
ONpeNEeIEHHOrO HachIaloWero Boxy o6beMa, KOTOPHIH 3aBUCHT OT TeM-
nepaTypsl M [aBJleHHs: YeM TeMmeparypa Bhlllle, TEM pacTBOPHMOCTb
Kucjaopofa MeHbule. B Tabs. 7 npuBeneHa pacTBOPHMOCTb KHCJIOpOXa
BO3ZyXa B YHCTOH M 3arpsi3HEHHOH BOJe NpH JieTHeH W 3HMHeH TeMme-
parype u naBieHueM 1 xec/cm?.

CKOpOCTb pacTBOpeHHsI KHCJIOpOAa OGpaTHO NPONOPILHOHA/IBHA CTe-
NIeHH HACBHILEHHOCTH BOJABLI KHCJIOPOAOM WJIH NpPSIMO MPONOPHHOHAJIbHA
ero HefloHachlleHHOCTH (Aeduuuty D), BolpaxeHHOMY B me/a.

PacuerHble ¢popMyJibl Ajs onpelesieHUs] NOTPe6NEHHS] H PacTBOPEHHS
KHCJIOPOJa W HeOOGXOAMMOH CTENEHH OYHCTKH CTOYHBIX BOJK, CHycKae-
MBIX B BOAOEM, npuBeeHsl B Taba. 8—11.

IMpu Hacrynnenun HauGoJbluero nedHIHTa KHCJAOPOAa B BOJOEMe

JOJIKEH OCTaBaThbCsi HENPHKOCHOBEHHBIH 3amac pacTBOPEHHOTrO KHCJO-
pona He MeHee 4 me/s, mosToMy no dopMysiaM Ta6.1. 8 HaxoauM BITK onm
CMeCH Pe4HOH BOIbI CO CTOYHOH L, M BpeMss HauGosbliero Aeduiura
Kucaopona fp. Ilpu Hanuuuu AByX HeusBecTHbIX L, u f, 06a ypaBHe-
HHSl PEILAIOTCS COBMECTHO. 3Has BEJIMYHHY L,, MOXXHO MOJYYHTb JO-
nyctumyto BIIK crounbix Box L, (Ta6a. 11).
. Ha ocHoBaHHM mO/yueHHON KpaTHOCTH pa36aBiieHMsi CTOYHBIX BOJX
BOLAMH BOJIOEMA H ONpeJe/ieHH st HLOGXOXUMOH CTeNEeHH OYHCTKH CTOUHBIX
BOA paccunThiBator [1[1K 3arpsiaHeHuil B ounLieHHOM CTOKE, T. €. Ompe-
IeNsIOT TpeGyeMyl0 CTeneHb OYMCTKH CTOYHBIX BOA. 3ateM NpOHM3BO-
IAMTCS OKOHYATeJbHbIH pacdeT KOHUEHTPAlHW 3arpsi3HeHHii B BoJe
BOJIOEMa NOCJIE CMELIEHHsI ee CO CTOUHBIMH BOJaMH, BHIGHpaeTcst ONTHMa-
JibHasi KOHCTPYKIIMSA BBINYCKa H NPOM3BOLUTCS €ro rujpaBiudeckufi pac-
yeT. MecTa BbINYCKOB COIV1acOBBIBAIOTCS C OPFaHaMHi CAHHTAPHOTO U PhIG-
HOro Hajl30pa, PeyHOro CyAOXOACTBA.

YC/0BHSl CyCKa CTOYHBIX BOX B BOJOEMbl OGsi3aTesIbHBI AJsi BCEX
OGBEKTOB KaHa/IH30BaHHs (HE3aBHCHMO OT BeJOMCTBEHHOH NOAYHHEHHOC
TH). C OpranaMi BOJHOTO ¥ CaHHTAaPHOI'O Hal30pa COrJIaCOBLIBAIOTCS Bbi-
60p M OTBOA IUIOWIAAKH AJISi HOBOTO OGBEKTa, BONPOCH PEKOHCTPYKIHH
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Ta6anuua 6. MoTpeGHocTs OpraHuyecKkoro BemecTsa B Kucjopoge L, uepes
t cyTOK mocie Hauaja nmpouecca GHOXUMHMYECKOro OKucaeHus, %, [41]

t L t Ly t Ly t Ly
1 79,4 6 25,1 12 6,31 22 0,63
2 63,1 7 19,9 14 3,98 24 0,4
3 50,1 8 15,8 16 2,51 26 0,25
4 39,8 9 12,6 18 1,58 28 0,16
5 31,6 10 10 20 1 30 0,1
Ta6auuna 7. OcHoBHbe MOKasaTenu BOAM Bojoema, m2/a |41}
PacTBopeHHBIA KHC- Oxuc- | B i
Bopa fiopon BIIK, nl;g-: Hmsenileu::e-
MOCThb CTBa
JIeTOM 3uMoit
Ouens 4ucTas 9 13—14 | 0,5—1 1 1-3
Yncran 8 11—12 | 1,1—1,9 2 4—10
YMepeHHO 3arps3HeHHas 6—7 9—10 2—2,9 3 11—19
3arpsi3uennas 4—5 3—-39 4 20—50
Ipsasnas 2-3| 05 4—10 |5—15| 51—100
Ovuenb rpsi3Has 0 >10 >15 | >100

Ta6bauuna 8. dopmysn
B BOAE BOJOEMA

AAS pacyera MOTPeGJEHHUS] W PACTBOPEHMSA KUCJOPOAA

HanmeHoBaHue mNoka3aresieft

PacuetHbie dhopMy.ib

TMorpe6aenune Kucaopofa

JICHHH OpraHuyeckoro Be-
mecTBa

PacTBopenue KucJjopoaa
BIMKpony cMecH peunoit

BOALI CO CTOYHOH B Ha-
4aJbHblf MOMEHT

Hedpuunr xucmopoaa

Bpewms, cooTBercTBylomee
MHHHMaJILHOMY COJlepiKa-
HHIO KHcJopoda B Boje
BojoeMa

KHCJIOpoaa, cym.

npy GHOXUMUYECKOM OKHC-

Lg=

kyL
Dy k;'

t

Kp ==

L= Ly - 10—%¢

Dy = Dy - 10~ R

(k3 — ky) (Dy — D, - 10™"4%)

ky - (10~5E — 10—ty

2 (10~%f — 10=Rety - D, . 10—+
1
g [t [ _ Dalta—rty |
Fy mLs |
T kg — Ry

Mpumeyanue. 3necy D, — nebunuT KHCIOPOAA B Haya/ibHbIH MEMEHT (B JaHHOM CJyuae

CMeCH peuHOR BOAK CO CTOYHOM), M2/A; ky W ks KOHCTaHTHI CKOPOCTH MOTPeG/eHHsS H peaspaliu
KHCJIOpoZla NpH AaHHO!H TeMrepaType BoAbl (Tabm. 9 u 10); { — BpeMsi MOTpeBsieHHst M peaspalliH
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Ta6auua 9. 3HaueHHs KOHCTAHTH CKOPOCTH MOTPeGAEHHN KHCJOpPOAA k, 12}

T -
T;g;ﬂgg 0 5 Y 12 15 18 20 ( 22| 24| 26 | 28

k, 0,04 { 0,05 | 0,06 0,07 008|009 0,1 | 0,11/ 0,12 0,13| 0,14

Ta6nuua 10. 3HayeHHs KOHCTaHTH CKOPOCTH peaspauuu (PacTBopeHHsi)
KucJjopona &y [12]

Temneparypa Boabl B Bogoeme, °C
Boznoemsbt

5 | 10 | 15 | 20 25 I 30
CnaGornpoToyHble HJIH HENPOTOYHEIE — 0,11 0,15 —
Pekn ¢ Masoif CKOpPOCTBIO TeueHHs
(<0,5 x/c) 0,16 { 0,17 | 0,185( 0,2 [ 0,215]0,236
To xe, Gosbwoit (>0,5 m/c) 0,38 | 0,425/ 0,46 | 0,5 | 0,54 |0,585
Manble pekH C GBICTPHIM TEUEHHEM
(>1 mfc) — 0,684} 0,74 | 0,8 | 0,865]0,935

Ta6aunuma 11. dopmyas Ana pacyera HEOGXOAMMON CTENEHH OYHCTKH CTOYHBIX BOJA

HaumeHoBaHue mNoka3saTeJiel ouHILEH-

HbIX CTOUHBIX BOA. CIyCKaeMblX PacuetHbie dopmyJibl
B BOAOEM
KoHueHTpauusi mno B3BeileH- m=p (LQ_ + 1) +b
HBIM BellecTBaMm m, M2/a q
To e, mo BITKg Le L= Vf (La—Lp) + La
- 1 ¥Q
To XKe, Mo BI'IK,, Lc‘l‘20 Lmo = 1__1_0:"_5 —q—' (La5 - Lps) + La5
HauanbHast KoHUEHTpalKs cMe- La = (LpvQ + Lp9)/(vQ + 4)

CH peYyHOH BOABI CO CTOYHOH
L, B cTBOpe BHIMyCKa, M2/

rentonechm e | Co= L Copa— G+ Cop
aam Cep, M2/

Temnepatypa T¢r, °C T, = (% + l) Ta+Tp
O(PeKTHBHOCTL OYHCTKH, 9:

MO B3BELIEHHBLIM BellleCTBAM 9= (C—m) - 100/C

o BI1Ky, 9= (Lo— L) - 100/La

Mpumeuvanue. 3pech p — AONYCTHMOE MOBHILIEHHE B3BELUEHHBIX BEIUECTB B BOAE BOAORMA
(cM. Tabn 5); p — KoshbHUHEHT CMeleRHs CTOYHBIX BOJ C BoJoH BojoeMa mo dopMysie (3); Q u g —
PacXOALl BOAbl B BOAOEME H CTOYHLIX BOA, MOCTYTMAIOLIHX B BOJOEM (B OAHHAKOBOM HSMEPEHHH); b —
COfepKaHHE BIBELICHHEIX BEWIECTB B BOAE BOJOEMa 0 CMyCKa CTOSHBIX BOA, Me/4; Lpu Lp5 — co-

oreercTBeHHO BITK,, u BITK; — peunbie Boasl, m2/4; T, — MakCHMaJIbHas TEMIlepaTypa BOABI BO-
RoeMa IO BhIMYCKa CTOUHbIX BOA B JieTHee BpeMs, °C; Ty — ROMYCTHMOE TIOBHILIEHHE TeMIIEPaTyphI
BOABI BojoeMa (He Gosiee ueM Ha 3° C); Cp ~— KOHLEHTpPallHA BPEJHOro BEIleCTBa B BOAE BOJOEMa
BRI MECTA BHIMYCKA CTOMHBIX BOf; Cpp, g — TIAK 3arpsi3HeHHs BPeAHOrO BeLIECTBA B BOAE BO-
poeMa (CM. Ta6J. 5).
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(pacIiMpeHHs)) WJIH HM3MEHeHHsl TEXHOJIOTMH INpPOMU3BOACTBA, a TaKXe
NpOeKTh KaHalAM3alWM M 06e3BpeXKMBaHHSI CTOYHEIX BOA. Kpurepuu.
OLIEHKH 3arpsi3HeHHOCTH BOJbl NPUBEEHH! B Tab. 5.

BuiGop # ofocHoBanHe TeXHONOrHYECKOH CXxembl

Bri6op u o60ocHOBaHHe TeXHOJOTHYECKOH CXeMBI OYHCTKH TOPOACKHX
CTOYHBIX BOJ, MpEACTABJSIONNX COGOH CMech GHLITOBBHIX W NPOH3BOACT-
BEHHBIX CTOYHLIX BOJ MHOTOOTPac/jeBOH MpPOMBIIIJIEHHOCTH, 3aBHCAT
OT KOJHYyecTBa M (PH3HKO-XHMHUYECKOrO COCTOSIHMSI cojepXKalluxcs B
HMX 3arpsi3HeHHH, a TaKxKe OT TpeOOBaHHH, NpeabsBASeMbX K CTENEHH
ounctkd. OmpepensiomumM ¢akTopoM NpH BHOOpPe MeTOLa OYHCTKH
CTOYHBIX BOJ ABJsieTcs (pasoBoe cocrosiHMe BelllecTBa. CrouyHas KuA-
KOCTb, 3arpsi3HeHHasl KaKHUMH-AM6O NpPUMECSIMH, SIBJASeTCS MHOrogas-
HOH cuCTeMOH, B KOTOpOH BOja NpeiCTaBjiseT BHEIIHIOW ¢asy, WiH
IHCNEPCHYIO Cpelly, a pacrpefielleHHOe B Hell BelleCcTBO — BHYTpeH-
HIOIO, WM JucnepcHylo, ¢asy. MonekyasipHas RHMCIEPCHOCTb KoJsel-
nercs B mpenienax 1 - 1077 — 1 . 107% cu, koanomanas — 1 - 107° —
— 11077, mukpockonuyeckas wuau rpyGomucnepchas — Gosee X
x107° cn.

MeTofbl OYHCTKHM CTOYHEIX BOJ 3aBHCAT OT CTeNEHHM HHUCIEPCHOCTH
BHYTpeHHel ¢a3bl. ['py6oancnepcHple YacTHUBI TEPSIOT KHHETHYECKYIO
YCTOHYHBOCTD, H3MEHSIOT XapaKTep MeXaHHYEeCKHX NpUMeceH B BOJIE H U3~
BJIEKAIOTCS METOAAMH MeXaHHUYecKoH o4ucTKH. Jlna ylaneHHs KOJNJIOHA-
HBIX W pacTBOPEHHBIX YaCTHIl HCHOJb3YIOTCs Gosee CJIOXKHbie GHOXH-
MHYeCKHe H (U3HKO-XHMHUYECKHe METOAbl OYMCTKH. Tak, Aas ylajeHus
M3 BOABI KOJIOMIHBIX YacTHLl TpeGyeTcsl mMpexkjie BCEro HapyllleHHe HX
KHHETHYeCKOH YCTOHUHBOCTH W NepeBoj B Apyroe ¢asoBoe COCTOSIHHE.
dro mocTHraeTcs H3MeHeHHeM 3JIEKTpHUYeCKOro 3apsifia, YTO NPHBOJHMT.
K arperauuy W arJoMepanuu yacTull. [lJisi opraHHuecKMX COoelMHEHHH,
NoAJaoluXcsi MHKPOGHaNbHOH JecTpyKIHMH, B a3po6HBEIX M anaspob-
HBIX YCJOBHSIX TNPHMEHSIOT GHOXHMHYECKHe MeTOXBI OYHMCTKHM. Takum
06pa3oM, MOJ OYHCTKOH CJefyeT NOHHMaTb OTHeJieHHe BHYTPeHHei

a3bl (3arpsA3HeHHil) OT AUCNepCHON cpelbl (BOABI) WM TepeBOJ ee B
npyrue Ge3BpeAHble COEAWHEHHs. ,

MexaHuuYecKas OYHCTKA NPOM3BOAMTCA MJISl BbIAEJIEHHUS
M3 CTOYHBIX BOJI HEPaCTBOPEHHBIX 3arpsA3HeHUi NyTeM NPOLEXHBaHH,
OTCTaNBaHUs H (PHJILTPOBAHHS.

IMpu Mexanuueckoii ouucTKe 3ajepxkuBaercs He Gosee 60% ocaxna-
IOHIMXCS B3BEIIEHHBIX BelllecTB. DoJiee BhICOKHH 3(deKT mocTuraercs
nyTeM NPUMEHEHHs] PasiuYHBIX cnoco6oB HHTeHcHHKauuu. K HuM oT-
HOCAT Mpeaspauuio, GHOKOAryJsiMi0 M OCBEeTJEeHHE BO B3BEIIEHHOM
cnoe.

MexaHHUECKYI0O OYHCTKY KaK CaMOCTOSITe/NIbHbIH METONA MNPUMEHSIOT
B TeX CJayuasX, Korja ocBOGOXKIEHHYIO OT 3arpsi3HeHHH BOAY MCNOJb-
3YIOT NOBTOPHO B MPOM3BOJACTBE HJIH M0 MECTHBHIM H CaHHTapHBIM YCJIO-
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BHSIM ee MOXKHO cGpOocHTh B BojoeM. B apyrux cnyuasx MexaHudeckas
OUYKCTKA CJAYXKHT MNpeiBapUTeNbHOH craineli mnepes OGHOXMMHYECKOM.

Mexanunueckuit cnoco6 no3posseT CHU3UTb Obiee KOJHIEeCTBO 3arpa3-
HeHHii OT nepeoHayanbHoro Ha 40—>50%.

BrhoxuMuyecKkne MeTO.IHb OYHCTKM OCHOBAHEI Ha XKH3-
HelesiTeJIbHOCTH MHKDOOPTaHH3MOB, CMOCOGCTBYIOIHX OKHCJIEHHIO HJIH
BOCCTAHOBJICHHIO OPTraHHY4eCKHX BeleCTB, HaXOASIIMXCA B CTOYHOH
XHUIKOCTH B BHJE TOHKHX CyCNeH3Hi, KOJUIOHAOB H B pacTBOpE.

Ilns 6HOXHMHYEeCKOH OYHMCTKHM CTOUHBIX BOJ B HCKYCCTBEHHBIX YCJO-
BHSIX IPUMEHAIOTCS GHOJIOr nYecKHe (PUIbTPBI H a3poTeHKH. B aTHX coopy-
JKeHHUAX Npolecc OYUCTKH NpOTeKaeT Goslee HHTEHCHBHO, YeM B eCTeCTBEH-
HbIX YcJOBHSX. MIHTEHCHBHOCTBIO MpolLiecca OUHCTKH CTOYHBIX BOJ B TOM
WH MHOM COODYKEHHH ONpPENesIOT OKHCJHTEJNbHYI0 MOIIHOCTb COO-
py2KeHus, Noj, KOTOPOH NMOHMMaeTcsl KOJHYEeCTBO rpaMMOB KHCJOpOAa,
nosydaemoe ¢ 1 M3 coopyxeHHs B CYTKH H HCIOJb3yeMoOe LS CHHKe-
HHUs GHOJIorHuecKOol NMOTPeGHOCTH B KHCJOpPOXE CTOYHBIX BOJ, OKHCJe-
HHMS aMMOHHIHBIX CONEH JO HUTPHUTOB H HUTPATOB, a TaK»Ke NOBBIILECHHS
cofilepxaHHsl B CTOYHBIX BOJAaX pacTBOPeHHOro Kucjaopojga. Benu-
9HHA OKHCJHTeNbHOH MOHUIHOCTH LJs Pa3/HUHBIX COOpPYXXeHUH Ko.seb-
JeTcs B LIHPOKHX Npefienax.

Broxumugecknfi MeTOA NO3BOJSIET CHU3UTH KOJHYECTBO 3arpsisHe-
Hul Ha 65—95% u nOBecTH BOAY O KOHAMUMH TEXHHYECKOH BOJIBI,
NPUTOAHOK K MOBTOPHOMY IpHMEHEHHI0O B TEXHHYeCKOM BOLOCHabxe-
HHH, K OpOLLUEHHIO B CeJIbCKOM X034HCTBe WJIH IpH c6pOce B OTKPHITHIE
BOJOEMH! 6e3 ONAacHOCTH HX 3arpsisHeHus.

XuMuueckne M (GH3HKO-XHMHYECKHE MeToO-
I Bl OYHCTKH TNPHMEHAIOT I/l OYHCTKH IIPOM3BOACTBEHHBIX CTOYHBIX
BOX HJIH MX CMecH C GbITOBHIMH BojaMu. K 3THM MeTosaM OTHOCAT:
¢duoTaunuio, peareHTHYI0 06pabGoTKy, cOpOLMIO, AecOpOLHIO, 3JEKTpO-
XHMMHYeCKHe crnocobbl, HOHHBIH OGMeH, BblapHBaHHe, THNEpOUALTPa-
1Ho, XuakodasHoe okucaenne u Ap. IlpenmymecTsoM 3THX croco6oB
siBNsieTcd TO, YTO OXHOBPEMEHHO C OWHCTKOH yIaeTcsi u3BJedb AN YTH-
JIM3allMi OCHOBHYIO MacCy LleHHBIX NPOM3BOACTBEHHBIX BEIOPOCOB, OfHa-
KO 9TH MeTOAbl OTJIMYAIOTCS BLICOKOH 3HEprOeMKOCTbIO H CTOHMOCTBIO.

Pa3pa6oTky TEeXHONOrHYeCKHX CXeM H KOM-
TIOHOBKY OYMCTHBIX CTaHUHMI cliefyeT MPOU3BOANTb Ha OCHOBAHHH HODM,
npaBuJi, HOPMAaTHBHLIX YKa3aHHH W CrellHa/lbHbIX PeKOMeHAallui Haydy-
HO-HCCNIeJloBaTeIbCKHX HHCTHTYTOB, a TaKKe ONbITa 3KCIyaTaluH
JIeACTBYIOILUX COOpYKEeHHH.

Bo/bIIMHCTBO KPYMHBIX TOPOACKHX OYMCTHBIX CTaHLHH, NMOCTPOeH-
HBbIX paHee, HMEIOT ABYXCTYMeHYaTylo CXeMy: MeXaHHuecKas H GHOXHMH-
yeckas OYMCTKa. B CBsI3M C MOBBILIEHHHIMH TpeGOBaHHAMH K CTENeHH
OUHCTKH CTOYHBIX BOL M OXpaHe OKpY»Kaloliell cpeibl OT 3arpsisHeHHs
BCe 4allle NPOEKTHPYIOTCS OYHCTHbIE CTaHLIHM MO TpeXCTyMNeHYaToH
cxeMe C ray6oKOH OYMCTKOH MMM JOOYMCTKOH OGHOJIOrMYECKH OYHIIEH-
HBIX CTOYHBIX Boj. CylecTBYeT MHOrO THIIOB OYHCTHBIX COOPYXKeHHH
n Gonbliioe pa3HooGpasne TeXHOJIOTHYECKHX CXeM, HCIIO/Nb3YeMbIX MpH
JABYXCTyMeHYaTOH M TPeXCTYNeHYaToH OYHCTKe.
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ITpu npoekTHpOBaHWM M DPEKOHCTPYKUMHM KaHajiu3auuiéi Heo6XOAu-
MO MO BO3MOXXHOCTH CTPEMHTbCS K ILIeHTPa/JM30BaHHBIM CXeMaM, K CO-
KpaIlEHHIO KOJINYECTBA M YBEJMYEHHIO MOILIHOCTH OYMCTHBIX CTaHILHI,
K MX MOJepHHM3aUHMM H YKPYIHEHHIO, K NPOEKTHPOBAHHIO PErHOHAJb-
EBIX (paMOHHBIX) CHCTEM KaHaNW3alMH C KPYNHBIMH OYHCTHBIMH CTaH-
M AMH.

Ib¢deKTHBHO pellieHa paHOHHas CXeMa KaHaNM3alM{ TPYNNbl MOA-
MOCKOBHBIX ropofioB Ha IllenkoBckoii Gnonoruueckoi OYUCTHON CTaHIMK

Ta6nuuma 12. OpHeHTHPOBOYHBIE PasMepn MJIOMANEH JAS KAHAJH32UHOHHBIX
OYHCTHBIX CTaHOUi, 2@

C BxoJsioruueckasi o4HcTKa
peaiHeCy Tou-
HbIft pacxon Mexanuyeckas Tons opouweHnus
c;l‘::ﬂb}::(’/:;#{ OYHCTKa ¢ GuobubTpaMH ¢ aspoTeHKamy KOMMYHAJILHOTO THIa
5 0,5—0,7 2—3 1—1,25 100—150
10 0,8—1,2 4—6 1,6—2 200—300
15 1—1,5 6—9 1,85—2,5 300—450
20 1,2—1,8 8—12 2,2—3 400—600
30 1,6—2,5 12—18 3—4,5 600—900
40 2—3,2 16—24 4—6 800—1200
50 2,6—3,8 20—30 5—7,5 1000—1500
75 3,75—5 30—45 7,5—10 1500—2250
100 5—6,25 40—60 10—12,5 2000—3000

npousBoauTenbHocTbi0 200 ThIC. M3/cym C HajbHefILHM pa3BuTHEM
10 500 Tteic. #3/cym. T1pu 3TOM JMKBHAMPOBaHbI 22 MaJOMOLIHbIE H Ma-
J103QpeKTHBHBIE OYHCTHBIE CTAHIMH, a CTeNMeHb OYHCTKH CTOYHBIX BOX
no B3BeilleHHbIM BellectBaM ¥ BITK posenena no 8—10 me/a. Ipu pac-
IIMPEHNH Ha CTaHLUMH NpelycMaTpHBaeTcs AOOYHCTKA CTOKOB C HCIMOJb-
30BaHHEM OYHUIEHHBIX BOJ, B TEXHHYECKOM BOJOCHAGXKEHHH IPOMBIILI-
JIeHHbIX TIPEANMPUATHH, AN TNOJMBKHM YJNHIL M 3€N€HbIX HaCaXKIeHWH.
Takoe pelueHye NO3BOJIKIO O3J0POBHTb I'YCTOHACE/NEHHbIl palion U 3a-
ILATHTD OT 3arpsi3HEHHs Bce BOJOEMBI, pacloJioXeHHbie Ha AaHHOH Tep-
PHUTODHH.

3anpoekTipoBaHa oblLiasi OuucTHas cranuusa Ans T6unucu u Pycra-
BM mpou3BoauTeabHOCTbIO 1200 Thic. M3/cym n LleHTpanbHas OYHCTHas
crannua IOxuoro Gepera Kpbima u Cumpepononsi. C peKOHCTPYKIUH-
et ouHCTHHIX cTaHuuit B JloHel ke 1 MakeeBKe JIMKBHAHPOBaHO 9 MecT-
HBIX OYHMCTHBIX CTaHUMMH, TOCTPOEHHBIX OTHEJNbHBIMH MNpPeANPHUATHAMH
W OKas3aBIIKXCS 10 HOBOH IJIaHHPOBKe B Npefenax JKMJOH 3acTpodKH
pa3BHBAIOLI¥XCSA TOPOJOB.

Bei6op naomapgKu AN CTPOMTENbCTBA OUHCTHOH CTAHLMH
MPOBOASAT B yBf3Ke C MPOEKTOM IJIaHHPOBKH M 3aCTPOMKM ropojia, a npu
HaJIMYMH CXeMbl paliOHHOM IIaHHPOBKM — B yBfi3Ke C 3TOH CXeMOH.
[Ipy 5TOM HeOGXOAMMO YUYHMTHIBaTb AasieKylo NepCreKTHBY . Pa3BHTHs
ropoja, NPOMBILLIEHHBIH POCT ¥ pasMellleHHe HacesleHHs, paciliMpeHHe
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TEepPUTOPHUM TrOpOAa, obecneyeHHe MONBE3NHBLIMH NMYTSMH, YCJOBHA BO-
JIOra3oTeniocHabXeHus u 3/1eKTPOCHAGXKEHHS CTaHLUH.

[TnomagKy AJas CTPOHUTENbCTBA CTAHIIMHM OYUCTKH CTOUHBIX BOX CJle-
AyeT BbIOMpaTb, KaK [PaBHJO, C NMOABETPEHHON CTOPOHBI AJISI TOCHOA-

Ta6anuma 13. CaHHTAPHO-3AMUTHEE 30HBI JASA KAHAJM3AUHOHHHIX OUHCTHBIX
coopymennii, # (CHull 11-32-74)

PacueTHasi IPOH3BORHTEJBHOCTD
OYHCTHBIX COOPYXKEHHH,
ThIC. M3/cym

CoopyKeHus

no 0.2 0,2—5 | 5—50 | 50—280

. Coopy:KeHHSI [/Ifi MeXaHHYecKod M GHOJIOrMyecKol
OYHCTKH C HJIOBbIMH IJIOWAfKaMH A7 COPOXKEHHBIX
OCajlkoB, a TaKXe OT[eJbHO pPaclosioXXeHHble IJIo-
AfKH 150 | 200 | 400 500
Coopy:KeHHsi JJii MeXaHW4YecKoi M GHoJIOrHYeCKOR
OUHCTKH C TepMoMexaHHYeckofi 00paGoTKoH oOcajika

B 3aKpBITHIX NOMEIleHHAX 100 | 150 | 300 400
[ons:
$unbTpanHH 200 [ 300 | 500 | 1000
OpOLLeHHs 150 | 200 | 400 | 1000
Buonoruyeckue npynst 200 —
CoopyKeHHs ¢ UHPKYJISLHOHHEIMH OKHCJIHTEJbHBIMH
KaHazamu 150 -
Hacochble craHunn 15 20 30

Mpumeuvanus 1. CaHnTapHO-3alHTHBIE SOHBI A/l KaHAJIH3aLHOHHBIX OUHCTHLIX COOpYIKe-
HHIl TIPOW3BOAHTENIbHOCTBIO Gosee 280 ThiC M3/cym, a TaKKe NMpPH OTCTYIVIEHHH OT TIPHHSTOR
TEXHOJIOPHH OYHCTKH CTOMHBIX BOJ, H 06paGOTKH OCafika CJIEAyeT yCTaHaBJIHBATb IO COBMECTHOMY
petnennio [1aBHOro caHHTapHO-3MHIEMHOJIONHYECKOrO YINpaB/ieHHss MHHHCTEpCTBa 34paBOOXpaHe-
Husi CCCP u Toccrpost CCCP.

2 [Ons noset ¢uabTpauuu niomaawio Ao 0,5 ea v pns cooPy)KeHuﬂ MexaHHYecKolt H GHoJo-
I'HYECKO! OYHCTKH CTOYHBIX BOX IPOH3BOAHTEJBHOCTbIO A0 50 m3/cym caHHTapHO-3alllHTHBIE 30HBI
cjegyeT NMpPHHHMaTb pa3MepoM 100 #; O/ ToJell OpOLIEHH KOMMYHaJIbHOrO THMA IJIOIAAbIO
no 1 ea—50 »; [anA NUOIAZOK TMNOA3EMHOH (HJALTPAUMH IIPONMYCKHOR CIOCOGHOCTBIO A0
15 mM3/cym — 15 m, a N/19 a3paLHOHHBIX YCTAHOBOK Ha <«IIOJIHOE» OKHCJeHHe — 50 M.

3 VYkasauunie B TaG/HIe CaHHTapHO-3aLUHMTHHIE 30HBI HOMYyCKaeTcs coKpawarb Ha 30% mnpu
OTCYTCTBHH WJIOBBIX TIOLIAOK HAa CTaHLUHSX IPOH3BOAHTENLHOCTHIO Gosiee 0,2 ThIC. M3/cym; yBeJH-
4MBaTb HX MOXKHO (HO He Gosee yeM B 2 pa3a) B CJyyae paclOJIOXKEHHS IKHJIOH 3acTPOHKH
C TNOABETPEHHON CTOPOHBI MO OTHOLIEHHIO K OYHCTHBLIM COODYXKEHHSIM, HJlM YMeHbWaTb He GoJsee
4eM Ha 25% NpH HaJMyuM GJIaroNpHsTHOM pO3bl BETPOB

CTBYIOLIMX BETPOB TeIIOro MepHoja roia Mo OTHOILEHMIO K XKHJOH 3a-
CTPOfiKe M HHXKE HAaCeJeHHOro NMyHKTa mo TeyeHuio pekH. OHa Jo/mKHa
10 BO3MOXKHOCTH HMeTb YKJIOH, O6ecneunBalolHil CaMOTEUHOE JABHIKEHHE
CTOYHO BOZBI [0 COOPYKEHHSIM H OTBOJ, MOBEPXHOCTHBIX BOA, pacroJa-
ratbCs Ha TEPPHTOPHH, He 3aTOMJIsSieMOH MaBOJKOBBIMH BOAAMH, C HH53-
KHM YPOBHeM IPYHTOBBIX BOJ, M OfecleuuBaTh pallMOHajbHOE pa3Me-
IIEeHHe COOpYMKEHHI Ha TePPUTOPHH KaK Ha pacueTHbIH MepHOA, TaK
¥ Ha MepcneKTHBHOE pasBHTHE CTaHuUMH (Taba. 12).
CaHHTapHO3amMHUTHBE 30HDb JNOMKHB HCUHCAATBCS
OT TPaHHLL XHJOH 30HBl, y4aCTKOB OOLIECTBEHHBIX 3[AaHHH M MPOH3BOA-
CTBEHHBIX 3J@aHUH NpeanpHATHH NMHILEBOH MPOMBILIEHHOCTH A0 FPaHHIl
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TEPPUTOPHH OYHCTHBIX COOPYXKEHHH C YYeTOM MX NMepCcNeKTHBHOTO pac-
ILMpPEHHs.

Pasmepsl caHHTapHO-3alMTHLIX 30H AAS KaHAJH3allMOHHBIX OUYMCT-
HBIX COOPYKEHHH c/eflyeT MPUHUMATb B 3aBHCHMOCTH OT METOa CYHMCT-
KM CTOYHBIX BOA M NPOM3BOAMTENBLHOCTH cTaHUUH (Ta6a. 13).

Pa3pbiBel Mexjy rpynnaMH U OTAeJbHBIMH COOPYXKEHHSMH
Ha NJOWaAKaX C OTHOCHTENLHO CMOKOIHBIM peanediom, 4 [41]

T'pynnbl OJHOUMEHHBIX COOPYKeHHH . . . . . . .. 2—3
I'pynnbl pasHOMMEHHBIX COOpYKeHHH (C HeGO LMK nepena-
JAaMH MeXAy HHMH) . . . . . coe 5—10

I'pynner coopyxxenuit Mexannqecxoﬁ 'u GHostoreckott ouncTkH  15—20
Coopy:KeHHsi H HJIOBble IIOLIAfKH C yueToM 0OGCafKH uX Je-
pEBbAMH, YCTPOHCTBaMH AJii OTBOJA MOBEPXHOCTHHIX BOJ, MOAB-

€3[HbIMH NYTAMH H MONBOAALUIAMH KOMMYyHHKauusMud . . . . 25—30
MeTaHTeHKH, Tasro/biepbl H [pyrHe COOPYXKEHHS B 3aBHCH-
MOCTH OT HX EMKOCTH . .+ « « & o o o o o « o « o o . 20—50

ITocne onpeneneHusi OTMETKH BRINYCKAa CTOYHBIX BOJ yCTaHaBJMBa-
10T OTMETKY HX BXOJa Y BbIXOAa U3 6eperonoro KoJioJlLa K Onpejenstor oT-
METKH COOpYKeHHH, IABHTasicb NPOTHB JABHKEHHS BOABI, N0 AUKTYIOLLE-
My Hanpasj>HHI0. OJHOBPeMEHHO YYHTHIBAIOT pesbed MECTHOCTH M He-
06x0AMMOe coyeTaHHe 00beMOB BbLIEMOK H Hachiniel,, OpHeHTHPOBOYHBIE
noTepyu Hanopa B OTACJBHLIX COOPY2XKEHHAX H KOMMYHHKALNAX. OrMmeT-
Ka BXOJa CTOKOB Ha NepBOe COOpYyXKeHHe (PeleTKH MJH MNeCcKOJIOBKH)
JUKTYeT ycjoBHe AJIsl NPeXBapUTENbHOrO ONpefie/IeHHsl BHICOTH T0Ja4uu
BOJIbI TJ1aBHO# OYHCTHOHM KaHa/M3allMOHHOK CTaHLIMH HJH OTMETKY Iox-
BOZALILEro KOJJieKTopa.

Tax kKak crouyHble BOJABI JOJ/KHBI TOC/JENOBaTeNbHO NMPONMYCKaThCs
yepes psj COOPY2kKEHHH CaMOTEKOM, BBIXOA MX C KaXXJ0ro npelbiAyliero
COOpY2KeHHUsl JOJKeH GBITh PaclofoXeH BhILE BXoJa B MOCjaeRyioliee
coopyxeHue. Ilpn Hanuuynu B KOMIJIeKce IPYNN OZHOMMEHHBIX COOpY-
JKeHHUH TNI0TepH Haropa ONpeAesioT No HaubGojee YAaleHHOMY COOpY-
JKEHHUIO.

['eHepa/bHBIf MJ1aH OYHCTHOM CTAHUMHM M BBICOTHYIO CXeMY COOpYXKe-
HUH COCTaB/ASAIOT MNOCje JeTalbHOrO pacyeTa KOMIUIEKCAa OYHCTHBIX
200p yKeHHH.

OpueHTHPOBOYHBE NOTEPH HAMOPa B OTAEJbHBIX COOpyXeHusX, # [41]

MexaHHyeCKHe peleTKH M NMEeCKOJNOBKH . . . . . . . . . 0,1—0,2
Pewetkn npoGHJIKH M aspHpyeMble mecKoJoskd . . . . .  0,15—0,25
JKuponoBkH, mpespaTopLl . . . . . . . . . ... . .o 0,2—0,25
OTCcTONHHKH:

FODH3OHTANbHBIE . . . + &« « & . . . e e e e 0,2—0,4

BEDPTHKAMBHBIE . . « v + o o o & o & o o o o o RN 0,4—0,5

PAMMAMBHBIE . . « « « « ¢ ¢ & 4 s s e e e e e e e e 0,5—0,6
APOTEHKH . . . v v v v v vt e e e e e e e e 0,4—0,5
A3podHIbTPEl  BHICOKOHArPYKaeMmble . . . . . . . . . . 6—8
BrodunbTper

C OPOCHTENIAMH . « « « & & &« o o o o o o « &« ... 2,6—3

CO CHPHHKJIEPAMH . . . &+ + « o « o + o o o o o + o 5—6

GameHHble . . . 10—20
KoHTakTHHIE pesepayapu H CMECHTMM . . . . . . . . . 0,15—0,3



TEXHHKO-3KOHOMHYECKOE OG0CHOBAHHE
NPOEKTHPYEMbIX GYHCTHbIX CTAHUWHH

Onpenenexne axkoHOMH4eckoro athdgexra

B mpouecce mpoeKTHPOBAaHMS OYMCTHBIX CTaHIHA BO3HMKaeT MHOrO
BapHaHTOB IO BHIGOPY PallHOHANBHBIX TEXHOJIOTHYECKHX CXEM H MeTo-
IOB OUHCTKH CTOUHEIX BOJ, KOMIIOHOBKH COOpYXXeHHH, METOLOB H TE€XHO-
JIOTHYeCKHX cXeM 06paGOTKH OCaJKOB, OTAeJNbHBIX BHAOB COOpYKeHHH,
06OpYyNOBaHHA M KOHCTPYKLHH, CPOKOB CTPOHTENBCTBA U T. J.

DKoHoMH4ecKH# 3(¢deKT B 061aCTH OYHCTKH CTOYHBIX BOX U 06paboT-
KM OCaJKa JAOCTHraeTcsi pOCTOM [POM3BOAMTENbHOCTH OYHCTHBHIX COCPY-
JKeHHH, CHHXXKeHHeM KallHTaJIoeMKOCTH M Ce6eCTOMMOCTH O4MCTKH, MO-
BbilleHHEM KauecTBa OYHCTKH NyTeM NpHMEHeHHS HOBBIX NPOrpeccHB-
HbIX TeXHOJNOTHYECKHX CXeM, HHTeHCcH(HKanueli paGOTbl OTAENbHBIX
OUMCTHBIX COOpYXKeHHH W BHeIpeHUeM HOBOH TeXHHKH.

DKOHOMHUECKUH 3(¢dekT OnpejessiioT NyTeM CPaBHEHHs KaMHTalb-
HBIX BnOxeHHH K (eIUHOBpeMeHHble 3aTpaThl), K KOTOPBHIM OTHOCAT
3aTparthl Ha OCHOBHbIEe (POHABI (34aHHS, COOpPYXeHHs H 06OpYyAOBaHHeE),
¥ TONOBBIX 3KCMYyaTaUHOHHbIX 3atpar C, (Tekymue 3arpartsi). *[as
pacueToB CpaBHHTENbHOH 3KOHOMHYeCKOH 3¢peKTHBHOCTH NPHMEHSIOT
NoKaszaTeslb TNpPHUBENEHHBIX 3arpar [l — CyMMYy TeKYIUX H eIHHOBpe-
MEHHBIX 3aTpaT, NpHBENeHHbIX K FOJO0BOH pa3MePHOCTH B COOTBETCTBHH
C YCTaHOBJIEHHBIMH KO3((dHIHEHTaMH 3(pEeKTHBHOCTH

1= Cs +EHK’ (5)

rae E,— HOpMaTHBHbIA KO3(ppuUHEHT 3(PeKTHBHOCTH KaMHTalbHBIX
. o 1 o o

BJIOXEHHH, paBHbI — H NPHHHMAeMbIH 0,12; v — HOpMaTUBHLI CpPOK

OKYNaeMOCTH KalHTaJbHbIX BIOXEHHH, TOJBI.

ITokasareau C, # K MOXHO pacCYMTHIBATb KakK B NMOJHOH CyMMe Ka-
NUTANbHBIX BJOXEHHH H TrONOBHLIX 3KCIJyaTallMOHHBIX 3aTpar, Tak
¥ B BHIE YAEJNbHBIX KaNHTaJNOBJIOXEHHH ¢y M Ce6eCTOHMMOCTH OYHCTKH
(KcniyaTauuHOHHbe 3aTpaThl, OTHeCeHHble K 1 M3 BoxbI)

¢y = Cy/Qrog. 6)

KputepueM cpaBHHTeNbHOH SKOHOMHYECKOH 3¢(peKTHBHOCTH sIBJSET-
Csl MHHMMYM NpPHBELEHHBIX 3aTpart.

['omoBoit sKoHOMHYecKU#H 3dpeKkT I, monyuaeMolil B pe3ynbrare 3ame-
Hbl OJIHOrO BapHaHTa ApYTHM, ONpeNeNsioT KaK pasHOCTb NPHBEJEHHbIX
sarpar no AByM Bapuautam [1,u I,

9= (Hl - H2) Qronv (7)

rae Q — romoBsofi 06beM CTOYHBIX BOJ, €CJIM TIpHBEJEHHbIE 3aTparhi
OrpeleNHNCh N0 YAeJNbHBIM NOKa3aTesiM KalHTaloBJOXKEeHHH HJH Ce-
6eCTOMMOCTH OYHCTKH Qroy = 365 « Qcp.cyr-

Ins cpaBHeHHs] BapHaHTOB KAaNHTaJbHBIX BJIOXKEHHH, OCYLIeCTBJS-
eMbIX B pasHble CpPOKH (HanmpuMep, COOPYXKeHHsl BO3BOAATCA OYepensiMu
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HUAY TeKyllMe 3aTpaThl U3MEHSIOTCS BO BpeMeHH), NMoab3yloTcss KO3dhdu-
ILTHEHTOM NpHBeJEHHUS

B = 1/(1 4 Eu.p)’ = 1/(1 +0,08)’, )

rie E,pp — HOPMaTHB ANS MPHBEAEHHS Pa3HOBPEMEHHBIX 3aTpaT, pas-
Hbiit 0,08; { — mepuox npuBeneHHs, PaBHBIH Pa3HOCTH MeXAy TOIOM,
B KOTOPOM OCYILIECTBJSAIOTCA 3aTpaThl, U TOJOM, K KOTOPOMY OHH MpH-
poaaTcs (tabn. 14).

Ta6auua l14. Koadduuuents npuBefeHus 3aTpaT GyAymux jet B k Hauaay
6a3ucHoro roaa [23]

¢ B=—1 t Be 1 ! Be— '
(1+0,08) ¢ (140,08) (1--0,08) ¢

1 0,926 8 0,54 25 0,146

2 0,858 9 0,5 30 0,099

3 0,794 10 0,463 35 0,068

4 0,735 12 0,397 40 0,046

5 0,681 15 0,315 45 0,031

6 0,63 18 0,25 50 0,021

7 0,583 20 0,215

[lpn cpaBHeHHM OYHCTHBIX COOPYXKEHHH C pasNMYHbBIMH CPOKaMM
cnyx06bl HY2KHO yUYMTHIBaThb KOJIHYECTBO MOBTOPHBIX 3aTpar Ha 3aMeHy
MeHee NOJITOBEYHON TEXHHKH 3a MePHOA CPOKa CJyxGwl Gojlee ROJro-
BEUHOH; a TaKXke BO3MOXHOe HM3MeHeHHe DPAacXOJ0B Ha KallUTajbHble
¥ TeKylne peMonThl. Of1iKe NpHBeJleHHble 3aTPaThl YYHUTLIBAIOT MO (OP-
myJne

- Ky Ky T ¢ S
Knp —Kl + (l +EH'np)T + (l +En‘np)27' + + (1 + Fn.np)n(T_l)
HJTH
Knp = Kl + K231 + K';Bz + K4Bs + M + Kan—h (9)

rZie k, — 3aTparhbl Ha CO3JlaHHe MeHee JIOJITOBEYHON TeXHUKH; T — cpok
cayxK06bl MeHee JI0ITOBEYHOH TeXHHKH.

[pu coxpauleHHH CPOKOB CTPOMTENbCTBA, @ TaKxkKe MPH YJydlleHHH
KayecTBa OUMCTKH CTOKOB CJiellyeT TakKxke OMNpejesiTbh AOMOJHHTE/b-
Hblll SKOHOMHUeCKU# 3hdeKT.

AHanu3 KanHTanbHLIX BNOXEHHI
H 3KCNAYaTaUHOHHBIX 3aTpar

B cocraBe mokasaresiissi KamHTallbHHIX BJIOXKEHHH K yuHTHIBalOTCS
3aTpaThl Ha CTPOMTEJbHO-MOHTaXKHble paboTbl, Ha MpHOOpeTeHHe HJH
U3roToBJIeHHe HeoGXopumoro obopyaoBanusa. Eciu sTanoHoM siBasieTcs
npoeKTHOe pelleHne, K onpefessiioT MO MNpeAnaraeMoMy BapHaHTY
yTeM COCTaBJIeHHs CMEThI, €CJIH K€ 3TaJIOHOM SBJISIETCS OCYILIeCTBJEHHOe
peuienHe, — no GanaxcoBoii ctouMocTH. Ecnu cpaBHuBalOTCA BapuaH-
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Thl, TpeiCTaBJeHHBle CXEMaTHYHO, ANS omnpefeneHus K cocraBasior
CMeTHO-(DHHAHCOBLIH pacyer.

Bennuuny skcnuyarauHonHbix 3atpat C, onpeensioT CyMMiPOBaHHEM
PacxoioB MO KaXJIOMY 3JIeMEHTY 3aTpar, BLIUHCJEHHOMY NMpPSMBIM pac-
YeTOM IO CJIEAYIOLIMM OCHOBHBIM CTaTbsIM: MaTepHasbl (peareHThl pac-
TBOPHTeNH M 1Ap.), 3apaboTHas IJaTa, 3JEKTPOSHEprus M TemJoBas
SHEpPrusi, aMOPTH3aLMOHHblE OTYMCJEHMS, TEKYIUIMH pEMOHT, LeXOBble
H NpoYHe pacXoibl.

OrnpegesieHne TOJAOBBIX 3aTpar Ha MaTepuasibl NPOM3BOAAT OTHENBHO
IJIs1 KaXKI0To BHAa MaTepHaJa no ¢opmyae (r/200)

P = Qr0;D,,/1000 - a. (10)

O6umue 3aTpathl Ha Bce MaTepuadbnl M ornpeaeasoT no dopmyne
(py6/200)
n

M= D PS. (11

1

3necb P — pacxoj peareHTOB 3a roi (onpejejsieTcsi B TEXHOJO-
rMYECKOll yacTH NpoeKTa); Qroy — KONHYECTBO OYHINEHHBIX CTOYHBIX
BOA B rof, M3, D, — cpelHeB3BellleHHas 1032 XMMHYECKH YHCTOTO pea-
renta Ha 1 3 CTOKOB, 2; a — cojepKaHHe OCHOBHOTO BellleCTBa B TO-
BapHOM pearenTe, %; S — cToumocth 1 m MaTepnana (ppaHKo-cKzaan
OUMCTHOHN CTaHUUM), py6; 7 — KOJHYECTBO NMPHMEHAEMBbIX MaTepHaJoB.

Sapa6oTHas nJaTa NpHHAMaeTcs AJs NPOU3BOACTBEHHO-
ro nepconania (pa6ounx, TP, cayxamux u MOII) co Bcemu Buaamu
Jomnaar ¥ npeMuit. UuCIeHHOCTb NepcoHana ¥ Tapu(Hble CTaBKH NPHHH-
MaloTcsl 1O LITAaTHOMY PacnucaHuio uin AaHHbIM Col03BOJOKaHaNpoeK-
ta [23]. IononnuTenbHas 3apaboTHasi mJjara CBepX CYMM, HayHCJ/IeH-
HBIX 33 OTpaboTaHHOe BpeMs, cocTaB/seT B cpefHeM 8% oT oCHOBHOMH
sapnsiatl. OTuyMC/IeHMs Ha COUMaJbHOE CTPaxOBaHHWe HAa OYHCTHBIX
CTaHUMAX a’spaluu npuHUMalorcs 6,6% OT CyMMBI OCHOBHOf M JOMOJ-
HUTEJbHOH 3apmJaThbl.

DneKTposHepTud, norpebasemas 3JeKTPOABUraTeJsiIMH Ha-
COCOB, KOMIIPECCopoB, BO3YXOLYBOK, ONpefiesigeTcs B TEXHOJOTHUECKOH
YacTH TPOEKTa, pacCuuThiBaeTcs Nno TapudaM SHeprocucTeMbl, CHabxka-
owell npepnpusithe sHeprueil. Ecsn obuias npucoeanHeHHas MOLIHOCTD
3JIeKTpo/Burareeil 1 TpaHchopMaTopoB MeHbllle uau paBHa 100 xsem,
norpe6aseMasl HHEPTrUsl OMJIaYMBaeTCs 1O OXHONOCTABOYHOMY Tapudy
(mo cuerynky). Ecam onnaynBaeMas MOLLHOCTb 3JIEKTPOABHraTesel
u TpaHcgopMartopoB npesbiuaer 100 xem, norpebaseMas 3JeKTpoOIHEp-
TSl ONJlayHBaeTCs M0 JABYXCTaBOUHOMY Tapudy: 3a NpHCOeJHHEHHYIO
(yCTaHOBOYHYIO) MOIIHOCTb 3JIEKTpOABHraTesed M TpaHCGOPMaTOPOB
(He3aBHCHMO OT KOJIWYeCcTBa TNOTpebasseMOH 3/E€KTPOIHEPTHH) U TO-
TPeGJNEHHYIO 3JIeKTPOSHEPTHI0 (N0 CYETYHKY). OJEKTPOABUraTesld H
TpaHchOpMaTOphl BHICOKOTO HANpsiKeHUs ONJayMBaloTcA MO HX CyMMap-
HOH MOIIHOCTH.
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lonoBo#t pacxonl 3neKTpOIHepruH, MOTPe6GASTEMON 3JEKTPOHACOCOM
A,, onpenensercs no gpop™myJe , Kem-4

A, = qep.cHT/102my1, (12)

TA€ (cp.o — CPefHEE KOJMYECTBO CTOUHBIX BOJ (MPOMU3BOAHTENbHOCTD Ha-
coca ¢ koaddunuentom 0,85), 4/c; H — BricoTa noabeMa Bofel, M; T —
KOJIHYECTBO 4acoB paboThl B TOAy; 7; — K. II. A. Hacoca, onpejeseMbli
10 KaTaJIory NpH 3alaHHOM pexuMe ero paboThl; 1), — K. II. J. 3JeKTpo-
JBurartens, npuHuMaemeifi paBHeiM 0,9.

Pacxon anekTposHeprun, norpeGnseMoil 3JeKTPOABHTATENSAMH Y
KOMIIPECCOPOB U APYTHX MEXaHH3MOB, A, onpenen s10T N0 X MOULHOCTH
N, no karanoram ¥ uucjy 4acoB paGoTel B TeyeHue roja T

A, =NT. (13)

TonoBast muiata 3a NOTPeGJNEHHYIO 3NEKTPOSHEPTHio O’ MO OYHCTHOM
CTaHIMH onpefesercs no Gopmye

3= (A + A+ Ayt - + A,) /100, (14)

rie a' — tapud 3a 1 kem - 4 3nexTpo3Hepruu Mo npeickypanty Mus-
snepro 09—O01.

OmnaunBaeMasi MOIIHOCTb 3/1€KTPOABHIaTeNsl BHICOKOTO HaNpsKeHUs
(6os1ee 200 xem) ompepensiercss no gpopmyne

N, = ZNk,/ncos ¢, (15)

rie 2Nk, — cymmapHas MOWIHOCTb 3JIEKTPOABHraresell BBHICOKOTO Ha-
NpsKeHus, kém; k, — Ko>(pHUIHEHT, yUHTHIBAOMKHA PaKTHUECKH NOT-
pe6GasieMylo MOLIHOCTb ¥ NpHHMMaeMbili paBHbIM 1,1; 11 — K. I 4. 3Jek-
TpOABHUTaTelisl, NpUHHUMaeMulH paBHbIM 0,9; cos ¢ — moKasaTenb Ko-
3¢¢dHuLHeHTa MOIHOCTH, XapaKTepH3YIOWNH MO0Je3HO HCNOJb30BAHHYIO
3J1IeKTpo3Hepruo (B cpeaneM pasel 0,9).
OnJsaunBaeMasi MOMIHOCTb TpaHcopmaropoB N, ompexeisercs Mo
tdopmyane
N:p = ZNkyk,/cos @, (16)

rae 2Nk, — cyMMapHas MOLIHOCTb BceX pabouuX 3/eKTpOoABHrarelefi
HHM3KOTO HamnpsKeHusl; k, — KoapduuueHT, yduThBaiowui Tpancdop-
MaTOpHBIF pe3epB M NPHHHMaeMblii paBHHM 1,5; k, — KoapdHUMeHT,
YUUTHIBAIOMHAH 3/IEKTPOOCBETHTENbHYIO HAarpy3ky H NPHHUMaeMblil
paBHbiM 1,05.

O6mas mnata 3a NPHCOENMHEHHYIO (YCTAHOBJEHHYIO) MOLLHOCTh
3JIeKTpOJBHTaTe/lell BBICOKOTO HanpsixeHHss Ny, M TpanchopmaTopoB
N, onpenensercs no ¢popmyae

3" =(N3+Nrp)a”, (17)
rae o’ — tapud Ha 1 Kk8m yCTaHOBJIEHHON MOLLHOCTH 3JIeKTPOCHabkKa-
Iollel cHCTeMBl 1O NMpelcKypaHTy Munsnepro 09—O01.

OpHeHTHPOBOYHO IS YKPYNMHEHHBIX PacyeTOB 3aTPaThl Ha 3JEKTPO-
SHEPruIO A8 OYUCTKH CTOUHBIX BOJ cocTaBasiorT 25—30% obmeit cym-
Mbl 9KCILTYaTallMOHHBEIX 3aTpaT.
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3arpaTel Ha TOIVIMBO, BOAY, Map M CXKaTHI BO3NYX, HCIHOJb3yeMble
Ha TeXHOJIOTHYeCKHe HYXIbI, ONpelessioT Mo HX ce6eCTOMMOCTH, yCTa-
HOBJIEHHOH 110 JAaHHOH OYMCTHOH CTaHIMH WJH 1O AeHCTBYIOIUMM TapH-
(haM HCXONA H3 HOPM Pacxoja HH HaKTHYECKUX JAHHBIX.

AMopTH3anLHOHHHE OTuHCaeHUS A, NpHHHMA-
10TCSl B NPOLIEHTAX OT CYMMBI KalHTaJOBJIOXEHUH (CMeTHOM M GasaH-
COBOHl CTOMMOCTH OCHOBHBEIX (OHIOB) M IpelyCMaTpHUBAIOTCS Ha IOJ-
HOe BOCCTAaHOBJIEHHE OCHOBHBIX (OHIOB; I/ 3JaHUH H COOpYXKeHHuI
kaHanusauuft — 6%; ans obopynosanus — 12%; nas Tpy6onpoBoIoB
¥ ceteft KaHanauzauuu — 4% *.

3arpatTel HATe K YHI U H peMOHT 3JaHuil, coopyxeHuilt u 06o-
PYIOBaHHS pPEKOMEHIYeTCs IPUHUMATh B pasMepe 1% CTOMMOCTH M COO-
pYyXKeHHH OUHCTHOH CTaHLMH, OOYypYyHAOBaHUS H CeTefl WM OpPHEHTHPO-
BOYHO 710 50% OT BeMUHHBI OTUHC/IEHHH HA KaNUTaJbHEIA peMOHT [23].

[lexoBBb e pacxonb onpenensorcs npsMeiM cyetoM. OHu
COCTOSIT W3 PAacCXONOB HA COIEpXKaHHe aJMHHUCTPATHBHO-YIpaBJieHye-
CKOro NepcoHasia, PacXoloB Ha SHepreTHYeCKHe pecypchl, (3J1eKTpoocBe-
ILleHHe, TONJINBO, BOLY, Nap, pacXOAyeMble Ha XO3s1HCTBEHHBIE HYXJIHI),
3aTpaThl Ha cofiepKaHHe J1abopaTopui, CKNaI0B U Ip.

[Tpoune pacxonbl 7 MOTYT YUHTHIBATBCS OPHEHTHPOBOYHO
B pasMepe 5—6% or ofwel CyMMBI SKCIyaTallMOHHBIX pacXoAOB
6e3 yueTa aMOpPTH3aLHOHHBIX oTuucjeHui. K mpoyum pacxopam oTHO-
CAT M3HOC M PEMOHT MAaJIOLEHHBIX M ObICTPOM3HAIUMBAIOIMXCS HHC1pPY-
MEHTOB, NpUCTIOCOONeHHH, X035 HCTBEHHOIO HHBEHTap s, pacXO[bl Ha TeX-
HUKY 6e30MacHOCTH M OXpaHy Tpyla, 3aTpaThl Ha YCJAYrH CTOPOHHHX
opraHM3alui, pasbe3fibl, KOMaHIMPOBKH, a TaKXe IPYrHe HeyuTeHHble
pacxonpl.

B HeKOTOpHIX C1yyasiXx PacXoibl Ha TeKYILHi PEMOHT H LieXOBHE pac-
Xonpl OOBENMHSAIOT C TPOYHMH PACXONAMH B ONHY CTaThi0 — HakKJaf-
Hbi€ pacXofibl. Y KDYNHEHHO HaKJaJHble PAacXOXbl NPHHUMAIOT paBHBIMH
20—25% oO61meit CyMMBI 3KCIJyaTallHOHHBIX 3aTpar.

CyMMa roloBHIX 3KCIVIyaTaUHOHHbIX 3aTpar C, cKaajbiBaeTcs H3
NpSIMBIX SKCIJIYaTallMOHHBIX PAacXOfOB, a TaKXKe aMOPTH3alHOHHBIX
OTYHCJIEHUH U MPOYHX PACXOAOB, KOTOpHIE CBOASIT B hOPMYY

C,=ZM+3N1+3 4+ A+ -+ +n. (18)

3KoHOMHYECKO® CpaBHeHHe BapHaHTOB

B npouecce npoeKTHPOBaHMS OYMCTHOH CTAHUUH WM OTHAEJbHBIX
COOPY2KeHHH COCTaBJSAIOT HECKOJILKO BO3MOXKHBIX BapHaHTOB, CPaBHH-
BalOT HUX CTPOHTEJIbHYIO CTOMMOCTb M SKCINIyaTallHOHHBIE 3aTpaThl Ha
OYHCTKY BOJbI U 06pabOTKY Ocajika 1 BHIGHpaIOT Hanbosiee SKOHOMHUHBIH.
DKOHOMHYeCKOe CpaBHEHHe BAapHAHTOB INPOH3BONAT MO NPHBEJEHHBIM
3aTparaM; pasHOCTb MpPHBEJEHHHIX 3aTpaT MO ABYM HJM HECKOJbKHM
BapHaHTaM JlaeT BeJIHUHHY FOJOBOIO 3KOHOMHYECKOro 3¢peKra.

* HopMel aMOPTH3aLHOHHLIX OTYHCJICHHH OT OTHENBHBIX COOPYXEHHH yTBEPKACHH
nocranossieHHeM CoBera MunuctpoB CCCP or 14 mapra 1974 r. Ne 183.
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IMTpumep. l. Onpenennts 5kOHOMHYeCKH 5DEKTHBHDBI BaPHAHT OUMCTKH CTOY-
HBIX BOA: GHOXUMHYECKOH B a9POTeHKaX-CMeCHTe/siXx 6e3 pereHepaTopoB uaa (CyllecT-
BYIOIWH{l — BapHaHT 1) W c OTHENbHO CTOSIIMMH pereHeparopaMu wuja (npeaJarae-
Mbifi — BapuaHT [1). O6a BapnaHTa HMEIOT OAWHAKOBYIO MPOH3BOANTENBHOCTb,

Ha ocHoBasMM HCCIeIOBaHHil YCTAHOBJIGHO, YTO B a3pOTEHKe C PereHepaTopOM MO
CPaBHEHHIO C a3POTeHKOM-CMeCHTesieM Ge3 pereHepaToOpoB PacXof BO3AYyXa MeHblile Ha
45% ., a IHTeJNbLHOCTb a’paluu B 2 pa3a MeHblle, yAelbHas CKOPOCTb OKHC/eHHS B
2,5 pa3a Bellle. 3T0 NO3BO/ISET YBeJAHYHTb Harpy3Ky Ha akTHBHBIA W1 B 2,5 pasa, yBe-
JuunTb Harpysky mo BITK Ha ennnuny o6GbeMa cOOpyXKeHHH M YMEHBIUMTH ero
pa3mepnl (Taba. 15).

O6DbeMbl NEPBHYHOTO H BTOPUYHOrO OTCTOAHUKOB o 850 M3 npHHMMaeM THMOBLIMH
Ha 2-uacoBoe OTcTanBanue. OGbeM aspOTeHKa-CMeCHTeJsi BBIGHpaeM Ha MepHOX aspa-
uuu 14 « — 6000 #3. ITo BTOpoMy BspHaHTY BbiGHpaeM aspoTeHK Ha 1500 #° Ha me-
pHOL aspauuu 7 4 U pereHepaTop oGbemoM 1000 3.

KanuranabHble 3aTpaThl N0 0GOHM BapHaHTaM ONpefeJisieM MO YKPYNHEHHbIM TeXHH-
KO-9KOHOMHUECKHM MOKa3aTeJisiM CHCTeM BONOCHaGXeHHs W KaHaJiu3allWu, pa3pato-
taHHbIM Col03BofOKaHaNNpoekToM. KanuTanos/oxennss no BapHaHTy | cocrapasior
530 Thic. py6., Bapuanty 1I — 407,68 Thic. py6.

Onpepesienne SKCIVIYaTalUHOHHbIX 3aTpaT Cs NPOH3BOAUTCS MO OTAENbHLIM CTaThbfM
B COOTBETCTBHM C PEKOMeHJALUsAMH W AaHHBIMH THIOBBIX NPOEKTOB CTaHUHH GHOJIOrH-
4eCKOH OYHCTKH COOTBETCTBYIOMEH NPOH3BOAHTENbHOCTH. 3apnJaTy NPOU3BOACTBEHHO-
9KCMJIyaTallHOHHOTO NepCcoHaja CO BCEMH HaYMCJeHHSIMH NMPHHHMAIOT COIJIacHO pac-
yery 1o BapHanty I 32, 23 Thic. py6., a no Bapuanty 11 — 33, 23 Thic. py6. 3aTpaThl Ha
3JIeKTPOIHEPTrHIO, aMOPTH3aUHOHHBIE OTYHC/IEHHS M HaKJajHble PacXoibl CBCACHHl B
Ta6nuupsl 16—18. 3aTeM cpaBHHBAIOTCS BCe TOLOBHIE SKCIIYaTallHOHHble 3aTPaThl MO
KaxXIoMy BapuaHTy (ta6a. 19).

MocJie pacyeTa TeXHHKO-9KOHOMHYeCKHX nokasatenefi C, u K no aByM BapuaHnTaM
Onpeje/sioT NpUBeleHHble 3aTpaThl (Taba. 20):

My =C, + E4K| = 164,98 + 0,12 - 530 = 227,6 ThIC. PY6.;
nu = Cau + EHK“ = 136,78 + 0,12 . 407,68 = l85,78 ThIC. py6.

MunuMaibHble NpUBeleHHble 3aTpaThl 06eCNEeYUBAIOT BTOPOH BAPHAHT CXeMbl OYHCT-
Ku. [onoBoit sxoHOMHuYecKH# 3(eKT B NONL3y BTOPOro BapHaHTa COCTaBJASET

3=1I;— M = 297,6 — 185,78 = 41,82 THic. pyS.

IMpuwmep 2. Tpebyercss BLIGPaTh BapHaHT CTPOMTENbCTBA OYHCTHOIN CTaHLMH U3
IBYX npelnoxeHHHX. Cpok cTpouTenbcTBa 4 rona. KanuTasnossioxeHus no sapHaHTy
{ cocraBasioT | MaH. py6. ( ¢ pacnpepenenueM no rogam: 200, 200, 300 u 300 TeIC. py6.),
no Bapuanty II — 1200 thic. py6. (c pacnpefienesneM no rogam: 250, 250, 350,
350 Teic. py6.). Tonosbie sKcniyaTaunoHHble 3aTpathl No BapuaHTy I — 350 Teic.
py6., no Bapuanty II — 280 Teic. py6. HopmartuBhbifi KosbduunenT sddekTuBHOCTH
KanutanoBnoxenuii Ey = 0,12, a 11a npHBeleHHs pPa3HOBPeMeHHbIX 3aTpar
Eynp = 0,08.

KanuTtajoBlOXeHUs 1O FrOlaM NMPUBOAUM K Hauaay cTpoHTenbcTBa. KoadduuuenTs!
npusefeHuss B npuHuMaeM no Ttabm. 14:

Kyp = K1 + KyBy + KB, + K,Bj;
Knpl = 200 4 200 - 0,926 + 300 - 0,858 -+ 300 - 0,794 = 881 Tric. pYO6.
Knp" = 250 - 250 - 0,926 - 350 - 0,858 +- 350 - 0,794 = 1060 TeIC. PY6.

lonoBble 3KCTUlyaTallHOHHHE 3aTpaThl, NpHBeNeHHble K NEpBOMY [OAy CTpOH-
TenbetBa, Cpp = C; By
Chp.1 = Cs - By =350 - 0,735 = 350: 1,084* = 259 Thic. py6.

Cpp.11 = 280 - 0,735 = 280: 1,084* = 207,2 Thic. pyo6.
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Ta6auua 15. OcHOBHbIE TEXHOJMOrHUeCKHe MapaMeTPsl PEXHMA PAGOTH M 0GBeMbl

CPaBHUBAEMbBIX OYMCTHBIX COODPYKEHHIt

Bapuaht
Ennnnna uame-
Haumenopanue nokasareseft perus 6es perexepa- | ¢ peresepato-
TOpOB paMH
Kosnnuectso cTOYHBIX BOA:
B rof MJH. M3 3,65
B CYTKH M3fcym 10 000
B 4ac M3y 416,67
BITK jony MOCTYNaoOWuX BOR me/n 760
BITK jons OUHLIEHHBIX BOX » e 15
OKHCAUTENbHAS MOIIHOCTb e/m3 1300 3500
[Nepuox aspauus 4 14 7
Pacxon Bo3ayxa M3/ M3 36 25
KonnyecTBo H3GHITOYHOrO Hia % 12
BnaxHocTs u36bITOUHOTO HJA % 97
O6bem:
OTCTOMHHKA MepPBHYHOrO M3 850
a3poTeHKa » 6000 1500
peresepatopa » — 1000
Ta6anua 16. 3atpaTel Ha 3JEKTPOIHEPrHIO
Bapuant
HanMenosanne mokasarediest EMH"“:H: swepe: | u
[Tpon3BoANTENLHOCTL CTAHLHH MAH. MB3[e00 3,65
MoutHocTs 060pyROBaHHSE — BCEro Kem 414 254
B ToM unche:
BO3JyXOIYBKH » 400 240
Hacochl JAJsi NepeKaukW BO3BPATHOTO
¥ H3GBITOYHOTO WJIa » 3
ofopyaoBaHue AJsi METaHTEHKOB » 6
npouee o6opyAoBaHHe » 5

ruu

Pacxon notpe6nsieMofi 3JeKTposHepruu | Teic. xem.u/eod | 3188,95 | 1927,55
YcTaHOBJIEHHasi MOLIHOCThL (3JIEKTPOABH-
ratenedl ¥ TpaHc(popMaTOpPOB) Kem 620,5 383
CroumocTs noTpe6isieMoit 3J1eKTPO3Hep-
THC. pYy6./ron 25,52 15,42
CTOMMOCTb YCTaHOBJIGHHOH MOLIHOCTH To xe 13,65 8,43
Bcero sarpar » 39,17 23,85

2 7558
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Ta6auua 17. AMOPTH3ALHOHHBIE OTYHCJIEHHS

Bapmuanr
I 1
OCHOBHBIE d)OHIlN aMmopTH3auHa aMOpTH3auHsa
K. K,
ThHIC DPYO6. % THC. pYS. ThIC. PY6. % THC. PY6
3panus ¥ coopy-
WKEeHHs 576,26 6 34,58 486,2 6 29,17
OGopy noBaHHe 124,51 12 14,95 99,68 12 11,96
Cern 8,12 4 0,33 6,83 4 0,27
Bcero 49,86 41,4
Ta6auna 18. Haknapuele pacxopsl, Thic. pys6.
Bapuanr
CraThsi pacxofioB
1 11
Copepxanve aJMHHHCTPATHBHO-TEXHHYECKOTO IIEPCO-
Hala 14,34
Texymnii pemoHT — Bcero 17,6 14,65
B Tom uucae:
Ha COOpYXXEeHHS 12,68 10,7
Ha 06opyoBaHus 4,73 3,79
Ha CeTH 0,19 0,16
Copnepianne 060pya0BaHHUs 3,74 2,99
Pacxonel mo onjate Tpyaa, TEXHHKH G6e30MacHOCTH
HT. I 3,36
BrenpousBoacTBeHHEE pPacXofbl 3,68 2,96
Bcero 42,72 38,30
Ta6auna 19. 3kcnayarauuonusie satparsl Cy, THIC. PYO.
BaphauTt
C
TaTbfl PaCXOf0B 1 1
3apnsaTa NPOH3BOACTBEHHO-3KCIVIYaTALlMOHHOrO MNepPCoHaa
C HayHCJICHUSIMH 32,23 33,23
SHeprosatparhl 39,17 23,85
AMopTH3aIHOHHbBIE OTYMCJEHHS 49,86 41,4
Haknansee pacxoan! 42,72 38,3
Bcero 164,98 136,78
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Ta6auua 20. OcHOBHbIE TEXHHKO-3KOHOMHYECKHE MOKa3aTeJu

Ennnuua usmepe- Bapuanr
HauMouHopanne nokasareJiet HHA P
I II
[TpoussoauTeIbHOCTb CTaHLHMH MJH. m3/200 3,65 3,65
Kanura/ibHele BJOXKEHHS THIC. pY6. 530 407,68
TopoBbie 3KCMJIyaTallHOHHEIE 3aTPaTh! » 164,98 136,78

Ce6ecTOUMOCTb OYHCTKH

1 M3 cTouyHOM BOMBI py6/m3 0,045 0,037
[TpusenenHsle 3aTpaThl THC. py6./rop | 227,6 185,78
TopoBoii sxoHOMHUECKHI 3(dekT ThiC. PYO6. — 41,82

[TpuBeseHHbIE 3aTPaThl COCTABJSIOT:
I} =C, + E,K1= 259 +- 0,12 - 881 = 364,7 Thic. pyo6.
Iy = C, + E4Kyy = 207,24-0,12 - 1060 = 334,5 Thic. py6.
Tonosoft sxoHOMHYecKH it 3ddeKT
3 =1, — ;= 364,7 — 334,4 = 30,3 ThiC. pY6.

Takum o6pasoM, BapHanT II okasaics SKkoHoMHuHee BapHaHTa .
Bhi60p ONTHMALHBIX BADHAHTOB OYHCTKH CTOYHLIX BOJ BHIMONHSIOT TaKIKe C MpHMe-
HeHHeM MeToJa AMHAMHYECKOro NporpaMMHpoBaHus (cM. pasgen 5).



Pazodea 2
MEXAHUYECKAA OYUCTKA

CPEACTBA A/1A 3AAEPXAHHA W RPOBJIEHHA
KPYNHbIX 0TBPOCOB, SOLEPXALLUXCA B CTOYHbIX BOAAX

06w,an xapakTepucTHka

Crounble BOABI FOPOACKOH KaHa/M3allMH cofepxkKaT GoJblioe KOJH-
Y4eCTBO KPYMHBIX OTOPOCOB CaMOro pasjIHYHOTO COCTaBa: KYXOHHBIE,
JLpeBecHble, TEKCTHIb, 6yMara, npobKu u T. A.

KosnuuecTBo oTOpocoB, 3alep:KHBaeMblX Ha pelleTKax, 3aBHCHT OT
BHJ@ CTOYHBIX BOJA M LIHPHHBI NPO30POB pellleTKH. [las ObITOBBIX CTOY-
HBIX BOJ| NpH MeXaHHYeCKO#l OYHMCTKE pelIeTOK KOJHMYECTBO 3aJepiKHBa-
eMBIX Ha pelleTKax OTOPOCOB Ha OJHOTO JKHTeJsl, 00CJyXHBaeMOIo
KaHaJu3aluell, NpHHUMAIOT: NpH LIMpHHE Npo30opoB 16 mm — 6 4/200;
npu wupuue 20 um — 5 a/200. TIpy nogaue CTOYHBIX BOL HA OYHCTHBLIE
COOpY2KEHHS] HACOCHOH CTaHIMeH, HMeloLlell pelleTKH C IpO30paMH
Gonee 30 mm, KonudectBO OTOpocoB YyMenbluaetrcss Ha 30—40%.

KonnuectBo 0TGpOCOB, NPUXOASIMXCH HA €IHHHIY CTOYHOH MXKHA-
KOCTH, MOABEPKEHO PE3KHUM KosieGaHHSM B 3aBUCHMOCTH OT COOTHOLLe-
HHS KOJIYECTBA X03sHCTBEeHHO-(PeKaNbHbIX BOJ U NMPOMBIILIEHHBIX CTO-
KOB, pacXoia BOJABI Ha AYyLIy HaceJeHHs, BpeMeHH rofia, CXeMbl KaHa/lu-
3MPOBaHHsl ¥ KauecTBa SKCIJYaTallUM CHCTeMbl. B ycJoBHSIX KpYyMHBIX
TOPOJOB C PasBHTOH IPOMBIILIEHHOCTBIO KOJHYECTBO OTOPOCOB, COAEp-
XKalMXCcsl B CTOUHOH MKMAKOCTH, NPUOIMAKEHHO MOXHO NpHHATb 90—
100 2 na 1000 »#®. Mopdosoruyeckuii cocTaB 0TGPOCOB OpPHEHTHPOBOY-
HO MoxeT ObiTb npuHsT caepywiomuit [12]: tekcrunb, Gymara — 91;
JipeBecHbie M KyXOHHble oTOpockl — 3,5; Apyrue — 5,5 %.

B ropozax, rie B KaHa/aH3auuio CIJIaB/sieTcs JOMOBOH Mycop, COCTaB
¥ KOJIH4eCTBO KPYMNHBIX OTOPOCOB, COAepKaLIUXCSl B CTOYHOH KHAKOC-
TH, 3HAYNTEJIbHO OTJIHYaeTcs, Kak 1o MopdoJioriu, Tak 1 Mo KOoJH4ecT-
BY. B nux conepxurcs 10 20—30% xyxouusix or6pocos, 1o 20—25%
BTOPHYHOTO ChIpbSI.

CocTaB M KOJIHYECTBO KPYMHBIX OTGPOCOB 3aBHCHT TaKkKe M OT Bpe-
MeHH roga. Tak, B JieTHUIl NepHOJ roxa, Koraa norpebisiercss GoJbllioe
KOJINYeCTBO OBOLIeH M (PYKTOB, KOJNHUECTBO OTOPOCOB BO3pacTaer,
npeobaafaloT OTOPOCHl OPraHHYECKOrO NPOHCXOXKAeHUs. B 3uMuuil ne-
pHOZ NpH CIJIaBe CHera B KaHAJIM3AIHIO YacTo Hab/oaeTcs yBeHYeH e
KPYNHBIX NpHMecell MHHEPaJIbHOTO NPOUCXOXKAEHHS: KaMHH U Jpyrue
TBepAble NIpeAMeTH (XOTS M0 NpaBHJaM CHErocIJ/aBa JonycKaeTcs CIijiaB
TOJIKO YHCTOIO, CBEKEBBINABILIErO CHEra).

Kaxk npasuso, Kpynnele oT6pockl, coaepKaniyecss B CTOYHON KHAKOC-
TH, 3aJlepXKHBAIOTCS K NepepabaThIBAIOTCS HA OYUCTHBIX COOPYKEHHSX,
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TaK KaK YCTaHOBKA pelleTOK B HACOCHBIX CTAaHLHSIX NpecsefyeT JHILb
Hesb NpefOXPaHUTb HACOCH OT 3aCOPEHHs M NoBpexnaeHus. Ilaxe clie-
IlMajbHble KaHa/M3allMOHHBIE HAacoChl He MOFYT NepeKauHBaTb BMecTe
C XKHIKOCTBIO NpeJMeThbl, pa3Mephbl KOTOPBIX NPEBOCXOAAT pasMephl Npo-
XOIIOB B KoJiece M Kopnyce HacocoB. OnacHOCTb 3aCOpeHHs! HE HMCKJIo-
yeHa Jlaxe NMPH OYeHb KPYNHBIX HacocaX, TaK KakK OTOPOCH YacTo Mp-
XOJIAIT HA CTAHIIHIO B BUJle KOMNAKTHBIX, «CBaJSIBUIMXCS» Macc 6OJbIIOTO
ob6bema.

Bnaxnoctb ot6pocos npunumaercs 80%, 3onbnocts 7—8%, 06beM-
HBI Bec — 750 Ke/m®, KO3hdUUHEHT 4acoBOP HEpPaBHOMEPHOCTH Io-
cTynsenust orbpocos — 2.

JIukBupamus or6pocoB ¢ pelIeTOK MOXKeT OCYLIECTBJATHCS CJiedylo-
LHMH crioco6aMu: TIOYBEHHOM MHHEpAJIU3allu, CXKUTaHHeM, Apo6JieH neM
1 coBMeCTHOH 00pabGOTKOM C OCaJKOM CTOYHBIX BOA.

[TouBennasa MUHepaJdU3alLUN — HaNeXKHHH cnocob
JIMKBHJAIKK OTOPOCOB, OXHAKO AJs1 3TOro TpebyloTesl crnelnualbHble 3e-
Mesabubie yuyacTku (1 ea na 200—400 m orGpocoB). CxK UTran ue
oT6pocoB GoJsiee adekTuBHO. Ero MOXKHO ocylecTBAsiTE Kak ¢ mnpel-
BapuTeJbHOH NOArOTOBKOH, TakK u Ge3 wee. IlpenBapuresnbHoe npecco-
BaHue OTOpOCOB, HaNpHMep, MO3BO/NSET NPH MNOHHKEHHH BJAXKHOCTH
¢ 80—85% 10 60—70% ymenbluuTh 06BbeM OTOGPOCOB B JBa pasa W 3Ha-
YuTENIbHO YBeaMuuTb 3(dekT cxurauus. ILpo6JeH ue orbpocoB
U nocJefyolmas coBMecTHast 06 pab6oOTKa ¢ OCagKoM CTOYHHIX
BOJL — HauboJlee pacnpoCTPaHEHHBIH cocob.

lpaGenbhbie peweTkH

B oreuecTBeHHO#1 NpaKTHKe HA HACOCHBIX CTAHIUSAX W KaHAJH3allHOH-
HBIX OYMCTHBIX COOpPYXKEHHSX MPHUMEHSIOT CTal{OHAPHBIE pELUeTKH C
PYYHO! OYMCTKOMH, pelleTKH ¢ MeXaHHueCKUMM rpabniaMy, HaKJOHHBIE
C OYMCTKOH crepefu JIMOO C OYMCTKOH C3ajH, pelleTKH C HCTIIONHHUTeb-
HbIM MeXaHH3MOM BHE CTOYHOH XKHAKOCTH.

Ta6auma 21. TexunyecKas xapakrepucTuka peweroxk tuna MI' ¥ PMMB

P;asw:fe;;belnxng‘ Moowans 232?37;?' Mlupusa Paguyc or
Mapka weTkoh, MM pllﬂ?%o,f;, Bg;c;nf:g' peu)xBe'rKu ‘;3":,’,‘3'? Bec, ke
B H Y o 1 pelueTKy
PMMB-100 1000 0,3 26 - 1690
MI 9T 1000 | 1200 0,38 33 1425 2050 1320
MI 7T 800 | 1400 0,39 35 1338 2100 1000
MI 1T 1000 | 1600 0,57 50 1520 2425 1500
MT 10T 1000 0,74 65 1680 2550 1800
MI 8T 1400 | 2000 1,25 110 1955 2550 1657
MIT 12T 1600 1,5 130 2175 2850 1870
MI 6T 2000 1,9 165 2675 2850 1951
MI 5T 2000 | 3000 2,1 185 2175 3810 2690
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Puc. 1. TpaGenbhble MeXaHH3HPOBAaHHEIE DelIETKH:

a — HakJoHHas Tuna MI'T; 6 — BepTuKaibHas; /| — pemerka; 2 — rpaGauHa; 3 — npHBOX
MEXaHHYeCKHX rpabesib; 4 — Kopnyc; § — c6pacniBaTesb OT6POCOB; 6 — JIEHTOYHBIH, TPaHCMOD-
Tep; 7 — HanpaBasiouwas' rpaGauHul.

Pemetkn ¢ pyunoii oumcTko#t nonyckaercs yCTaHaBJHBATh NpPH KO-

JimyectBe or6pocos no 0,1 m/cym.
HauGonbuiee pacnpocTpanenue nosyuniu peleTKH MexaHHYecKHue
HaKJIOHHbIE ¢ ouuCTKO# cnepenu Thina MIT (puc. 1, a). Oun BeIMyC-
KaloTCsl ~ OTeueCTBEHHLIMH 3aBO-

Ta6anuna 22. Texuuyeckas IaMH  JEeBATH THIIOPa3MepoB
XapaKTepucTHKa peweTok Tuna PMB (taba. 21).
6008000 Pellerkn ¢ uCnosHHUTEBHBIM
8 Mponsso- MEXaHM3MOM BHE CTOYHOH XXKHI-
& | Miomans A KOCTH MOTYT ObITb BepTHKaJIbHbLIE
§_ | vewercw, | ‘mone, a | Macea, ke | 1 HaKJOHHbIe (pHC. 1, 6). Cepnit-
33 » ThiC. HO H3rOTaBJIMBAlOTCS BEPTHKaJlb-
=K M3jcym P
Hple peweTkH THna PMB, paspa-
16 0.0 17 610 Gorannsie MocsogokananHHnpo-
40 0:25 20 570 eKToM (tabua. 22).
60 0,27 23 555 HcxonubMH JaHHBIMH 1S pac-
4yeTa peIUeTOK SABJSIIOTCS MaKCH-

MaJIbHBHIH pacXOl CTOYHBIX BOJ H
CKOpOCTb IBHXKEHHS XUIKOCTH B Npo3opax pewetok. [Ipu onxoil mim
HBYX paGOuMX pelleTKaX DPEeKOMEHLYeTCs! NPHHHMATb CKOPOCTb JBH-
KEHMs1 KHIKOCTH B Mposopax pasuo#t 0,6 m/c, npu tpex — 0,8 n/c,
npu yetelpex — 0,9 m/c.
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Heo6xonyumasi miolafe XKUBOTO cedeHHst pabouMX PeIIeTOK omnpene-
Jasercst no popmyne, u>
FcyM = Quaxe/V, (19)

TI€ Guaxe — MAKCHMAaJbHBIH pacXol KHUAKOCTH, M3/c; U — CKOpPOCTh
JBUXKEHHUS] KHUIKOCTH B posopax, M/c.
3ajgaBuiMch 4HCJIOM  paGoyMx
pelleToK, ONpemessioT HeoGXomH- )
MYI0 NJIOmAlb XHUBOIO CEdYeHHust
OIHOM pelleTKH =

\ T2k
F = Fcym/n. (20)

INotepto nanmopa B peletke on-
penessiior no GopmyJie, MM = . 3

h) s v? IMH ¢ @

h=b(5) e e A

rie P — Koapduurent, 3aBucs-
mui or ¢GopMBl cTepXKHel pe-
LeTKH M NPHHHMAEMHIH JJ1s1 Kpyr-
JAbix crepxkuedt 1,79, a aas  nmpsMoyroabHeIX — 2,42; 6 — TonuHa
CTEpXKHS DelUeTKH, MM; b — IUMpHHA npos3opa pellleTkH, MM; Rk —
KO03()OHLUHEHT 3aCOpPEHHs pelleTKH, NpPHHUMaeMHblii paBHBIM 3.

Tak Kak pelleTka CTeCHSIeT XKHBOe CeueHMe IOTOKA, KaHal B MecTe
YCTaHOBKH peLleTKU JOJIKeH ObiThb paclIHpeH; NpH 3TOM AJsi Npenynpex-
Jenysi BuxpeoOpasoBaHus HeoOXOAMMO oOecneduTh MJABHOE pacliupe-
HHe — YroJl u3MeHEeHMs HalpaBJeHHs CTEHOK He JOJIKEeH MNpeBHIlaTh
20° (puc. 2).

PelleTkn B cocTaBe OYHMCTHBIX COOPYXXeHHH NOJ/KHBl YCTPaHBaThCA
KaK NpH CaMOTEYHOM, TaK ¥ NPH HANOPHOM MOCTYMJEHHH CTOYHBIX

by

— L

1

Puc. 2. Cxema yCTaHOBKH pelUeTKH B
KaHaJle.

65 | 4o I
L}

Ta6nuuwa 23. TexHuuecKHe XapaKTePUCTHKH MOJOTKOBBIX APOOHJIOK

Mpowssog. | Momwoers | PGREEEEVEIO | oo gopm
TeJILHOCTB, | SJIEKTPOABHIa- Py Bec, ke
Ke/u Tens, Kem
WHpHHa AAHHA
300—600 20 230 300 2,5—5 437
1000 55; 75 400 524 6—8 2000
2000 100 400 700 18 2370

BoAd. lllupuny mpo3opoB peleToK peKoMeHayeTcsi NpuHUMATh 16 mm.
Ha oumcTaBIX cranmusx npousBoxuresnbHocTbio Gostee 50000 #2/cym
JONYCKaeTcsi YCTAHOBKA peEIUeTOK B OTHEJbHOM 3iaHuH. Paccrosnus
MeXJy YCTaHOBJEHHHIM OCODYXOBaHHeM IOJKHEI o0ecnedydTb MPOXO-
Il He Menee 1,2 u, a nepex ppoHTOM peluetok — He MeHee 2,5 . [lna
BO3MOXHOCTH OTKJIOYEHHs B KaHasjax AO H TocJe pelleTok yCTaHaB-
JIMBAIOT IUTOBBIE 3aTBOPHI.

Ilpu npuMeHeHMH MeXaHM3HPOBAHHHIX PEIUETOK, KaK MPaBuJIO, Npel-
ycMarpuBaeTcsl YCTaHOBKA JPOGH/IOK JJisfi H3MeJbyeHHs] OTOpOCOB
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¢ mocsenywoeil nogayeit U3MeIbYEHHOH MacCH B CTOYHYIO BO.Y MEpen
petuetkoit. JlpoGienrle OTGPOCHI MOMYCKAeTcsl MepekauuBaTb Hemo-
CpeICTBEHHO B METAHTEHKH.

Yame Bcero AnasA ApobseHus H3BJEUEHHBIX M3 CTOYHOH KHAKOCTH
0oT6pOCoB HBHMeHﬂ!OT AIpo6GUAKM MOJOTKOBOTO THNA
(tabn. 23). PaspaGorann! 1Ba THmopa3Mepa apobusok tvna II-3, npex-
HAa3HAUEHHbIX K YCTAHOBKE Ha CTAHLHUAX [POH3ONHTENBHOCTHIO JO
10 toic. u 100—120 Thic. #®/cym. TIpousBoxHTELHOCBTD STHX APOOHIIOK
300—600 xe/u. HsroraBnuBaiotcs Takxke IpPOOGH/IKH MPOU3BOAHMTENb-
Hoctbio 1000 u 2000 xe/4, peKoMenayemble NJi CPeAHMX W KDYMHBIX
KaHaJ/IM3allHOHHBIX HACOCHBIX CTAHIMA 1 OYHCTHBIX COOPYKEeHHH.

Pewerku-apobnnu

3anepxanue ¥ u3MeJbYeHHe KDPYMHBIX OTGPOCOB, COAEpKAILMXCA
B CTOYHOM KHUAKOCTH, CIOCOGOM MOABOXHOTO H3MeJIbYEHHs OCYILeCTB/IfA-
eTCsi MpH MOMOIYM peLIeTOK-APOGHIOK. DTa TEeXHOJOrHueckas cxema
OT/INYAeTCs KOMIMAKTHOCTBIO, BO3MOXKHOCTBIO MOJIHOM aBTOMAaTH3alLMH
npouecca ¥ 6osee GlaronpUATHEIMK CaHHUTAapHBIMH YCJIOBHAMH, TaK KaK

Ta6avua 24. TexHnueckas XapaKTepHCTHKA KOMOHHHPOBAHHHIX PEIIETOK- APOOHIIOK

n [Mu- | Cymmap- M
- Ha! -
Mapka reg;):tfggrn: Pasmepuuzemerxn. ulx’e" :: nnon::mb HOZ’IL‘ub, Bec, xe
m3je wn | wenent, | xem
cmt

PJ1-200 60,90 180 (mmamerp) 8 190 0,6 320
PI1-600 2000 635 » 10 450 1 1800
KPI 2000 760 » 8350 4,6 750
PP]I-1 3000 1400<900 9600 | 17,6 2635
PPJ-2 6000 21400900 16 19200 | 18,2 3500
BP -1 3000—4000 1024 < 1640 7000 | 14,5 2430
BPIO-2 3500—5000 1024 2040 9000 | 16 1880

MpaKTHYECKH MOJHOCTBIO HCKJ/IOYAeTcs KOHTAKT 06C/yKHBAIOILETro Tep-
coHaJsa ¢ orbpocamu.

B sapy6exHoli NpaKTHKe NpPHMEHAIOTCS pelleTKH-APOOHIKH CaMBbIX
pasIHYHBIX THMOB: KOMMMHYTOpPBI, KOHIYKC-KOMMMHYTODHI, 6apMHHY-
TOpHl, u3MenbuuTesn [56]. B oreuecTBeHHOM mpakTHKe B MOCJEAHHE
roAsl HallIM NpHMEHeHHe KOMOMHMPOBaHHblE pEILeTKH-APOOHIKH
P1-600 u PI-200 xouctpyxkuuu MocsonokanansHWHWnpoekra u pe-
metku-gpobunku KPII, PP u BPII xonctpykuun HUKTH I'X M)KKX
YCCP.

IMpunuun pefictBust KOMOMHHDPOBAHHB X peIIEeTOK-
apob6unox tuna PJI (tabn. 24) 3akmouaetcs B TOM, YTO CTOY-
Has XHUAKOCTb NpONYycKaeTcsi uyepes Bpauawouiuiica 6apaban co mele-
BBLIMH OTBEPCTHSAAMH C YCTAHOBJIEHHBLIMH Ha HEM DEXYIIHMH 3JIeMeHTaMH,
B3aMMOJEHCTBHE KOTOPHIX C TpenasbHBHIM IpeCHeM, 3aKpemJeHHbIM Ha
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HETIONBHKHOM KOpIyce arperara, NMPHBOXMT K H3MeJbUEHHIO 3ajep-
XaHHbIX Ha OapaGaHe KPYNHBIX OTOpocoB. Pasmesibuennble oT6pochHl
BMecTe C MOTOKOM XKHIKOCTH NPOXOAAT CKBO3b LIEJNEBBIE OTBEPCTHA
BHVTPb GapabaHa U 3aTeM BBIXOAAT U3 PEIUeTKH-APOGHIIKH.

KomGunupoBanubie pelleTku-Apo6uiku PI1-200 umelor xopmyc sa-
KPbITOTO HCMOJIHEHHS W YCTaHABJMBAIOTCA HA MOABOASLIEM TPyGompo-
Boie. Pewerkn-npo6unku PII-600 orkpeiroro ucnosnenus (puc. 3).
OHUM MOTyT YCTaHABJHBaTBCA MO IBYM
CXeMaM: Ha OTKPHITOM CaMOTEYHOM Ka-
HaJle C U3JIHBOM CTOYHOH KHMAKOCTH Ye-
.pe3 crneuuasbHblfi CHPOH B OTBOAALIMI
KaHaJi; B cllellHasIbHOH Kamepe 3a Iof-
BOAAIUM TPYOOIPOBOLOM CO CBOOOAHBIM =l
M3/IHBOM CTOYHOH KHUIKOCTH B MpHEM-
HBI pesepByap.

Kpyraasa pewmertka-japo-
6 uaxka KPI konerpykuun HUKTU
I'X (cM. Taba. 24) npencrasasier coGoit
KOMMaKTHbI}l arperat, OCHOBHBIMHU 3Ji€-
MEHTaMH KOTOpOTO MBJIAIIOTCS KpYT-
Jasi pellletka, ApOOMJbHBIH Gapaban
H TpenaJbHbifi rpe6eHb. CMOHTHPOBAH- v N
uble Ha pame (puc. 4). [IpuBox peuer- Y
KM U JpobusibHoro 6apabaHa ycTaHOB- > 1
JleH Ha NJurte, Koropas Mpu IMOMOLIH
TUIb3 COYJIEHSeTCA C PaMOil pelleTKH-

Apo6unku. [JpobunbHeiit 6apaban npef- Puc. 3. KoM6uuuposanHas peluer-
crtaBjsier co0oil To.CTOCTEHHYIO Tpy6y  Ka-apobuaxa PI-600.

C YCTaHOBJIeHHBIMH Ha HeHl peslaMH H

peXywumMH miaHkamu. Perlerka BbinoJHeHa TaKxke B BHae Gapabana
C TOpU3OHTAJIbHO PAclOJIOXKEHHbIMH 1IPO30paMy WUpUHHOK 16 mm.

[Nocrynalomas croyHas XKUAKOCTb, NPOMAS 4Yepe3 BHYTPEHHIOW MO-
JIOCTb pelleTKH, MOCTyNaeT B OTBOAAILU JIOTOK; OTOPOCH 3aie p2KHBAIOT-
Cfl HAa pelleTKe H NMOTOKOM NpHXHMAIOTCA K NMOBepXHOCTH. Bpaiascs,
pelleTKa nopaet orépockl K ApobuibHOMY GapabaHy, KOTOpBLH NpH Mo-
MOILH pe3lL0B CHUMaeT OTOPOCH! C pellleTKH H MOJaeT MX Ha TpeMaJbHbIH
rpeGenb. V3amesbuenHble OTOpOCH, YyBJIeKaeMble MOTOKOM, IIPOXOAST
yepe3 KPYIVIYIO pPeleTKy H ABHKYTCSA C MOTOKOM XKHAKOCTH IO OTBOAS-
uieMy KaHagay.

Kpyranie pewerku-apo6unkuy KPJL no raGapuraMm U NpoU3BOLHTE/Nb-
noctu 6ausku K P[1-600 u pekoMeHaylTcs K ycTaHOBKe B rpabesibHBIX
TNIOMellleHHAX HACOCHBIX CTAHIHH, BBINMOJHEHHBIX 1O THIOBLIM MpOEK-
tam 902-1-33 u 902-1-34, B3amen P[1-600.

Paguanbuasa pemerka-apo6buaka PP (cM. taba.
24) otiiyaerca ot peluetok-apobusok tuna PJL u KP1 teM, 4o usmesin-
yeHHe OTOPOCOB, 3aJlepXKaHHBLIX Ha pelleTKe, OCHOBAHO HA NpPHHIHIE
MCTHpaHUA. Arperar cCOCTOMT M3 ABYX B3aUMOCBSI3aHHbBIX Y3J/10B — pa-
JHaJbHOM pelleTky ¢ rpabnauHoii 1 ApoGHIKH (pHC. D).

o

|l
!

4



Pannanbhas pelleTKa BBIIOJHEHA M3 KPYIVIBIX CTEpXKHEH, pacrosio-
JEHHBIX TOPH3OHTAJBHO, C Mpo3opaMu wwiupuHOi 16 mm. Crepxuu 3a-
KpernJieHbl Ha TPeX OMOPHBIX cTofiKax. Hax pelerkoit Ha cTeHKax KaHa-
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77770007 7.
g b

Puc. 4. NpusuunuanbHele CXeMbl PELIETOK-APOSHIOK:

a — tuna KPJ|; 6 — tuna BPJl; / — pewetka; 2 — ApoGuabHbill GapaGaH ¢ pesuamu; 3 —
TpenajbHbI rpeGenb; 4 — NPpHBOX GapabaHa; 5— NpUBOXR pPelUeTKH; 6 — paMa; 7 — OTBOASLLUH
cudoH; 8§ — npoTHBOBeC; 9§ — TUAPONOPLIEHb; 10 — MacJisiHasi HacocHasi CTaHuus; // — TUl-

pPONpHBOL.

Ja yCTaHaBJMBaeTcs MJoMaJKa, HA KOTOPOH CMOHTHPOBaH TMpPHBOX
Bpawatolieiicss rpaGauupl. ['pabinHa KOHCOJBHO 3aKpemsieHa Ha Bbl-
xofHoM Basy npuBofa. Ock BpalleHHA rpaGJiMHbL COBMEIEHA C OChIO
pewerku. Ilpu Bpamenuu rpabiu-
Hel ee 3yObsl BXONAT B MPO30pHI
peleTKH, cockpeGaloT OoTOPOCHI,
3ajlepXKaHHbIe Ha pelleTKe, H Io-
AAlOT X K ApoOHIIKe.

I pobuiKa coCTOUT M3 KOpnyca,
APOOHMJILHOTO MeXaHH3Ma U Mexa-
HusMa nosopora. Kopnyc umeer
TPH OTCceKa — OCHOBHOH, B Ko-
TOPOM YCTaHOBJIEH APOOHJIbHBII
MeXaHH3M, IPHEMHBIH H HHXHHUH.

ITo Mepe Hakonyenus oTGPOCOB
Puc. 5. Papuanbuas pelletka-IpoGuika B [pUEMHOM OTCeKe IO 3aJaH-
muna PPI-L: ., suuns: HOM TIDOTDAaMMe aBTOMAaTHYECKH
5 R P onye. npoomana: 5 BKJIOYAaeTCH ApoOMIKAa. 3a cueT
BpOGUILHLIE MOJIOT. BpallleHUs MOJIOTa, HMEIOLIEro

¢dopMy paboueit JonaTKu Hacoca,
co3jlaeTcsl paspeeHHe B LEHTPe YJHTKOOGpasHOro Kopmyca ApoGHIIb-
HOTO MeXaHH3Ma, H HaKONMBIUHeCH OTOPOCHI BMECTe CO CTOYHOH XHI-
KOCTBIO Yepe3 HHXKHHI OTCeK NMOCTYNAloT B APOOU/BHYIO pelieTKy. 31ech
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NIpY MOMOIIHY MOJIOTa OTOPOCHI H3ME/IbYAIOTCS, B H3MEJIbUYEHHOM BHIE Io-
NajalT Yepes APOOHMJIbHYIO PeIleTKY B KOPNYC H BMECTE CO CTOY-
HOH JKHMAKOCTBIO BBIOPAachIBAlOTCS B KaHaJl.

Pemerka-npo6uika tuna PPJ] Beimyckaerca apyx Ttunos: PPJI-1
u PP/I-2. PP[I-2 oranuaercsi ot PPII-1 TeM, uto B KOMIJIEKT arperarta
BXOJAT JIBE PeIleTKH ¢ rpabiuHaMK NpaBoOro M JIeBoro BpaleHus. Jpo-
Ounka, BXoAAwWas B Komnjekr arperara PPJI-2, umeer gBa oTpaxa-
TEJIbHBIX LIUTKA.

Ta6auma 25 [permouTHTesbHBIE THOOPA3MePHi PELIETOK-APOGUIOK

TN peleTKH-APOCHIKH THN peleTKu-APoCHAKH
£45 £aS
§§§ KA |PPO-1]| o o §§§ KPO |pPPO-1| o o
88 ¢ : ¢ = l:l( =) 3 = :'( =
LHE 5| & | 5| et 5| 5| &
17 — — - -] - 100 3 2 1 2 1
25 1 — — | -] = 130 4 3 1 1 —
32 1 1 — | - — 160 4 3 2 2 —
40 2 1 — 1 — 175 — 3 2 3 —
50 2 1 — 1 — 220 — 4 2 3 2
64 2 2 1 1 —_ 280 — 4 3 4 3
80 3 2 1 2 —
MMpumeuwanne IIpeqnoyTuTesbHbI THN W KOJHYECTBO PEIUETOK-APOGHJIOK BbIAEJIEHbI
>KHPHBIM tpHpTOM.

ITpu Heo6xopuMocTH ApOGHIKa peleTKH-Apobuaxku thna PPIL mo-
XeT ObiTb HCHOJNb30BaHA B COYETAHHMH C TPaGHIbHBIMU pelleTKaMH
Apyroro Tuma.

BeprukanbHble pemeTKH-Ap 06 M IKH paspaboTaHbl
aByx tunos: BPJI-1 u BPJI-2 (cM. Ta6a. 24). Ha apo6uibHoM Gapabakne,
nepeMellaOIEMCs N0 BepPTHKAJbHOH pellleTKe, YCTAHOBJIEHBI pe3Libl,
KOTOpble BXOASIT B NPO30pH! pPellleTKH W NpH BpalleHuH 6apabana u mo-
CTYNaTe/IbHOM [BHXEHHH CHUMAIOT OTOpOcH ¢ pemeTkH. CHAThE OT-
6pocbl TPAaHCMOPTUPYIOTCA K TPenasbHOMY [pPe6HIO, HEMOABUXHO YCTa-
HOBJIEHHOMY Ha paMe 6apa6GaHa, H pH B3aUMOJEHCTBHY Pe3LOB M Pexy-
LMX [JIaHOK TPeNaJsbHOTO IpebHs H3MesbyaloTCs.

Beprukasbuble pelieTKH-ApoGHIKH HMEIOT TMAPaBJIHYeCKHH MPHBOL,
KOTOpbIfl BKJoYaeT B ce6sl THApPABIHYECKHH ABUTaTe/lb M THApaBjuye-
CKHe UMIMHAPH. MacisiHas HacocHas CTAHIMA COCTOMT M3 [BYX Luec-
TEPEHOYHBIX HACOCOB C 3JIEKTPOABHMrare/siMH, 30JOTHHKOB, PEryJ/upo-
BOYHOJ 3amOpHO# apMmaTypsl H 6aka ¢ Mac/oM, Ha KOTOpoM Bce 06opy-
JOBaHHe CMOHTHPOBAHO.

Pemerky ycranaBndBaloTCsi B KaHajle MNPSAMOYTroJbHOH (OpMbl, B
CTEeHKax KaHajla yCTPauBalOTCS Mas3yX AJs MPoXoia FHAPOABHIaTels.

MakcuManbhoe HanosHeHne Kanana Jas  BPI-1 — 1000
aasi BPII-2 — 1500 mm. Pemerka B Kanajle KpenmuTcs HPH IOMOLIH
aHKepHbIX GOJNTOB. YKJIOH JHA KaHaja B MeCT€ YCTAHOBKH peLieTOK-
apo6unok BPJI npunnmaercs 0,001—0,005. OnnoBpeMeHHO yCTaHaBMH-
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BatoTcsi 1—4 pelueTku, mpuyeM BO BCEX CJydasix HeoOXOAMMa pe3epB-
Has pelleTKa.
[MpennouruTenpHble THNIOpa3Mepsl pelIeTOK-APOOHIOK B Mpexesaax
YHU(DHILUPOBAHHOTO PAAA NPOU3BOANTENbHOCTEH NMpUBeNeHbl B Tabi. 25.
[nowane kuBoro ceuenus petetku PP/l onpegpessior no dopmy.e

= qarh —ndl, (22)

rae r — palauyc pelleTky; h — HaloJHEHHe; f1 — KOJHYeCTBO CTepX-
Hell MU pacyeTHOM YpoBHe BOAbI B KaHasle;, d — guaMeTp CTepx-
Heit, mm; | — LAMHA CTEPKHSA, MM.

I1p umep. TpeGyercss nogoGpaTh THI U KOJHYECTBO PElLUETOK A/ CTAHLMH MPO-
M3BOJUTENLHOCTBIO 64 Thic. M3/cym.

To Taba. 25 pekoMeHAyeTcsi MPUHHMaTh 2 pajHajbHble pelleTkH-ApoSuaku. [u-
puHa npo3opos peieTkn PPII-1 paBHa 16 mm, dopMa crepkHelt kpyraas. [1puHuMaem
HanoJIHeHHe Kanaja nepel pewerkoii 0,6 x; Torna KoJM4YecTBO cTepkHe# n = 19 mr.

[Npu aByx paGouHX pellleTKaX peKOMeHAyeTcsi NPHHUMATh CKOPOCTb BOAbI NPH MpO-
xoxaenuu pewetok 0,6 m/cex.

[Nnowanb KHBOrO ceyeHMsl pellleTKH onpefiedsieM no dopmyJe (22)

w=nrh —ndl =3,14.0,7-0,6—19.0,016 - 3,14 - 0,7 = 0,65 2,

PacuerHnl#l pacxol CTOYHOH KHIAKOCTH, Ipoxoasuieli yepes pelIeTKY,

Quake = wv = 0,65 - 0,6 = 0,39 #3/c,

PacyetHbIit pacxof NpH CYTOUHO! NPOU3BOAUTENbHOCTH 64 Thic. M3/cym cocraBns-
er 0,89 m3/c.

Sror pacxoa obecneynBaeTcst ABYMsl pellleTKaMH NMpH HanosHeHuu 0,65 x, uto fo-
IONYCTHMO,

CPEACTBA ANA 3ANEPXKAHHA W OBPABOTKH NECKA
W APYFHX TPYBbIX MHHEPANIbHbIX NPUMECEH

OcaxkpenHe necka H APYrux rpyGbix MHHEpanbHbIX npHMecei

loponckue crounble BoAbl Beeraa ComepKar ONpefe/eHHOe KOJHYecT-
BO NecKa M APYTHX NpHMeceil MUHepaJbHOTO NMPOUCXOXKAeHHs (LIaKH,
yroJib, CTEKJIO U T. A.). BoJibllioe Ko/1M4ecTBO NecKa Momnajzaet B CTOYHY IO
BOAY C ITOBEPXHOCTHHIM CTOKOM, MpPH HH(HABTPALMU T'PYHTOBEIX BOJX
B KaHa/JHM3alMOHHYIO CeTb Yepe3 HeIJIOTHOCTH CTHIKOBBIX COeXHUHEHHI,
a TaKxKe NPH MNOAKJIOYEHHH K TOPOACKOH CeTH NpPOMBILNIEHHBIX Mpel-
NpUATHH.

®pakuHOHHBIH COCTaB IecKa, CofepKallerocst B CTOYHON BOLe, CJie-
LYIOLLHA:

Huamerp necka, @ . . . .. ... >1 05— 0,25—0,5 0,25
CocraB necka, 9% (mo Becy) . . . . 54 11,8 34,4 484

KonnyecTBo mecka B CTOYHBIX BOAAX, MOCTYMAIOWIHX HA OYHCTHBIE CO-
OpYy2KeHHsl, 3aBHCHT Npex/e BCero oT CHCTeMbl KaHa/iu3auuu. s pas-
IeJbHOM CHCTeMbl KaHaJM3allMM KOJIMYECTBO INeCKa B CPeJHEeM MOXKer
6biTh NpHHATO 35 4 Ha 1000 #® cTOYyHBIX BOA, A/ O6UIECTIIaBHOM CHC-
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TEMEI KaHA/IM3aUKMK B nepHon Aoxnei 150—200 4. [ns pacyetos pexo-
MEHIYercs MNpHHUMAaTh KOJIMYECTBO 3ajlepkuBaeMoro ocagaka 0,02 4
npy NonbIX pasgenbHbix U 0,04 2 npu obuiecniaBHbIX cUCTEMAX Kaga-
JIM3alKiy Ha | Yesl. B CYTKH.

a5 3amepaHus necka NpUMEHSIOT NMecKoJsoBKH. Ocajok, yRajse-
MBIl M3 NECKOJIOBOK, CONEPIKHT HE TOJIbKO MeCoK, HO H 60JIbLIOe KOJU-
4ecTBO opranuyeckux sarpsasuenut (1o 10%). Io skcnnyaraunuonssmM
AaHHBIM OpTaHHYecKas 4acTh 0CajKa cocTasJseT or 2% (B aspupyeMbix

e Rei‘,’
, 0"
10 7
' /0/0
v N y=005 v
N — =0 I3
P AN ~ g220 — ¥ /
N 0,600 10* y
1 | o
- /
! 0*

0% w2 ot o 1w o ¢ S ke 072 1 500 Re
a

Puc. 6. 3aBicuMOCTb KOI(hPuiKEHTa CONPOTHBERHS CPeAnl oT Re chepuuHOCTH
vactuu \p (@) u rpaduk JIswenko (6).

neckoJioBKax) 10 50% mno cyxomy BellecTBy. YMeHbLUeHHe OpTaHHKHU B
Ocajike MOXKeT ObITb JOCTUTHYTO OTMBIBOM OCafiKa, MOJJepKHBAHHeM I1o-
CTOIHHOH CKOPOCTH B MECKO/MOBKAX, NMPUMEHEHHeM a’pHpyeMbIX MecKo-
JIOBOK U T. 1.

Ocaxnenue necka B CTOYHBIX BOLAX OTHOCHTCS K CBOGONHOMY OCaxie-
HHIO YacTHLl B XKHIKOCTH, [O3TOMY MOXeT GHITb ONHCAHO YpaBHEHHeM

THAPOIHHAMHUKH
4 (P, —p)gd
U, = ‘/T Tt (23)

Tlle Uy — CKOPOCTb OCaXAeHHs, CM/C; Prg U P — IJIOTHOCTb YACTHIIBI
H cpellbl, K2 - c?/cmd; g — ycKopeHHe CHJIbI TAXKecTH; & — KoddpHuu-
€HT COMNPOTHBJEHHUS, ONpefensieMblii Mo rpaduky Ha puc. 6, a.

Jlns naMHHApHOTO peXMMa ocadieHusi ypaBHeHue (23) NPUBOLHTCA
K Buny (popmyaa Croka)

_ a(e, —p) g
uo—T—.

3aBucumocTb (24) cnpaseqiuBa aas obnactu 107 << Re << 2. [aia
TOTO, YTOGbI OMpPEAE/NUTL PeXUM OCaXAEHHS H, CJIEN0BaTe/bHO, BEIGPATH
(opMyny sl pacyeta CKOPOCTH OCaKIEHHs, HEOGXOIMMO 3HATh BeJH-
YHHY KpHTepHs Re, B KOTODHII TaKXKe BXOLHT uy. B cBsi3H ¢ 31UM ypas-
Henus (23) u (24) npuMeHUMB L)1 pacyeTa u, METOJOM NOC/e0BaTe b
HBIX NpHOIHXKEHHH.

(24
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Droil TPYNOEMKOH MpOLEAypH MOXHO Hu3bexarh, IMpeoGpa3oBaB
ypaBHeHHe (23) MerofoM JIfIeHKO, KOTOPhIH OCHOBaH Ha MOJCTaHOBKe
B ypaBHeHHe (23) BhIpaxeHHA U, = Rep/dp n Bo3BelleHHH B KBajgpar
ofeux 4YacTell MOJYYEHHOrO YpaBHeHHs, OTKYAa INOJydYaerca Bblpa-
XKeHue

4  ddpl  Prp—P
tRet =5 SEL. (25)

[lpasas wacTh ypaBuenus (25) npexcrabiser coGoil Kpurepuii Ap-

xumena Ar. Takum o6pasom,

tRe? =4/, Ar. (26)

3uas BenmuuHy Ar, A ocaKJeHHs 4aCTHIL 33aJlaHHONO pasMepa Io
rpapuky Jlameunko (puc. 6, 6) Jerko paccuurarbh 3HaueHue Re, 1o Ko-
TOPOMY OIlpefie/isieTc HCKoMasi CKOpOCTh OcaxIeHus u,= Rev/d.

®akTop hopMbI P, B YaCTHOCTH JAJIs1 [IeCKa, HAXORHUTCA KaK OTHOILEHHe
TMOBEPXHOCTH apa fy,, HMeIoLero Takoil e o6beM, Kak W peaJibHas
YacTuua, K MOBEPXHOCTH 4aCTHIH [

2
P =fulf = 4,878V "f.
Ias xBaplieBoro mecka ¢ JOCTaTOYHOH [IJ/1s1 NpPAaKTHYECKUX Ie/ei

TOYHOCTBIO B iMana3one Kputephsi Re or 6 + 10~ 1o 105 MoxHO mOB-
30BaTbcsl GopMyJIoi

i
4, = (— 12,727y +v /161,178 + 2,456, £ )02, @)

rae G, — Bec YaCTHIEI, pPaBHbIH “gs (0:—p) g, & W — A¥HAMHYeCKHH

Koa(pXpHLMEHT BS3KOCTH, n1ya3; v — KUHeMaTHUecKHil KoxpuiueHt
BAISKOCTH, 3aBHCAIIMA OT TeMNepaTyphl cpelp! &.

t°c . ... 0 5 10 12 15 20 30
v, et/c . . 0,0178 0,0152 0,0131 0,0124 0,0114 0,0101 0,0081

3HaueHHsT CKOPOCTH OCaXAEHHs KBaplEBOro NeckKa, MOACUUTAHHBIE
no dopmyde (27) npu ¢t = 15° C, caenymourue:

Huamerp vactuu d,

e .. ......001 002 003 004 0,05 006 007 0,08 0,09
Ckopocts  ocaxje-
nug, cwfc . . . . 0,58 2,00 3,60 503 6,30 7,35 8,30 9,12 9,85

KoneTpykTHBHbIE 0COGEHHOCTH M pac4eT NecKONOBOK

INpuvensieMble IS OYMCTKM CTOYHBIX BOJ NECKOJOBKH M0 NpPHH-
UUIY JBHKEHHA XKHAKOCTH B HUX JeJISATCA Ha TOPH3OHTaNbHbIE, BepTHKa-
JIbHBIE U C BHHTOBBLIM JBHKEHHEM.

FopusoHTanbHBe mecKOJOBKH— HaubGolee pac-
npocrpaHenHell THI. OCHOBHBIE €r0 pPasHOBHIHOCTH — FOPH3OHTaNb-
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HBle C TpAMOJHHEHHBIM IBHMKEHHEM KHUAKOCTH M TOPU3OHTAJAbHBIE
C KPYTOBBIM JIBHXKEHHEM.

BeprukanbHBEe NeCKOMNOBKH HUMEIOT CleAyOlLHe
Pa3HOBMIHOCTH: C TOCTOSSHHOH CKOPOCTBIO JBHMKEHHS, C MOABHMKHOM
crenkol, ¢ TaHreHUHaNbHBIM NMOABOAOM xuakocTH (puc. 7). Ilec k o-
NOBKM C BHHTOBHM JBHXEHUEM MOXHO MOApas-
JesNuTh HA JBa BUIA: TaHTeHIHAJbHBIE H a3pUpyeMble.
iir‘ . 1 y/ 4/ 4

g][_t_-

——

f

=

7

Puc. 7. KoHcTpyKuHH NeCKOJNIOBOK:

a — TOPH30HTaJIbHAf C NPAMOJNHHEAHBIM ABHXKEHHEM; 6 — TO XKe, C KPYrOBbIM; 8 — BePTH-
KaJbHasi KypbfiHOBCKOM CTaHIHH a3pallHH; 0 — BepTHKa/JbHas C MOCTOSIHHOA CKOPOCTbIO
ABHMKEHHSA JXKHAKOCTH; / — MNPOTOYHAA 30HA, 2 — HeNpPOTOYHAA 30Ha; 3 — 30Ha ocaaKa; 4 —
UHJNHHAPHYECKHE NeperopoaKH.

KoucTpyxTuBHble MOAUpUKALHH BCeX THIOB NECKOJIOBOK B OCHOBHOM
3aBHCAT OT cniocoba yJaseHHs fecka U3 MeCKOJOBOK U THMOB MpPHMEHS-
eMBIX MeXaHHU3MOB.

Ynanenue ocagka U3 MECKONOBOK MPOU3BOAMTCS NMpPHU MOMOLLH THM-
posJieBaToOpOB, rpeddepoB, HOpHH, KOBIUOBBIX 3/1€BATOPOB, MECKOBLIX
HacocoB H T. 1. Haubonee yacTo npuMeHSIOT rUAPO3/EBATOPLI, NpeUMY-
IlecTBa KOTOPHIX 3aK/IOYAOTCA B TOM, YTO KOHCTPYKLHSl HMX Npocra
H HaJleXKHa Y3-3a OTCYTCTBMAl NMOJABHXKHBIX /1€MEHTOB; OHH obecnedyHBa-
IOT TPaHCIOPTHPOBKY YJaJseMOro Necka Ha 3HAYHTEJNBHOE PacCTOSHHe
U B npolecce NepeKayku MPOUCXOAUT OTMBIBaHHE MecKa OT OpraHUKH.

HOna crpebanus ocagka B I1eCKOJIOBKaX MNPUMEHSIOT MeXaHH3MBI
JIBYX TUIIOB: LIETIHBIE U TeJiexKeuHble. B 3apy6exHo NpakTHKe aHaioruy-
Hble MeXaHH3Mbl NpefiHa3HaueHbl OJJHOBPEMEHHO J/I1 OTKAUYKH U OTMHIBA
ocajaka ot opranuku. OHU COCTOAT U3 TeJeXKH, Nepemeliaouleficss no
pe/ibcaM, Ha KOTOpOH pacrnosioXeH Hacoc A1A OTKauKW ocajka, THApo-
LIMKJIOH JI/151 OTMbIBA OCajika U OYHKep /Il HAKOMVIEHUS! U 00e3BOXKUBaHHS
necka.

Becbma 3(dexTUBHOH fBJseTC TOPU3OHTA/NbHAf MECKOJNOBKa ¢
MeXaHHYeCKHUM yAajeHHeM H orMbiBoM necka [44). Ileckosnoska (puc.
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8, a) npencrasnsier coboil KBanpaTHHIN Herny6okuii pesepeyap. Crou-
Has XHAKOCTb NOCTYIAeT B pe3epByap uepes peryJiupyeMbie BepTKalb-
Hble BYCKH U BBIXOJIUT U3 HETO Yepes3 BOXOCIHB CO CBOGOAHBIM 31 HBOM.
OraoxuBLKicA ocafoK crpebaeTcss B NPUAMOK BpallaloLIUMCs [cKpe6-
KOBBIM MEXaHH3MOM C KOBLIAMH, OTKYAa MOCTYNaeT B OTMBIBOWHOE YC-
TPOHCTBO THNA MeXaHHYeCKoro KiaaccHpukaropa.

Ucnonb3ys npuxuun mneckosnoBok 3toro rtuna, HUKTU X u
YKprunpokoMMyHCTpoeM pa3paboTana KOHCTPYKIlHs NeCKOJIOBKH C Yc-

lir’ 9

8
7
6
—
—

SN

V)
/777

AT 1A

VIN YV IN
3
h\

Puc. 8. [leckon0BKH C yCTPORCTBOM /1S OTMbIBA H 00€3BOXKHBAHHUS MecKa:

a — MeXaHW4eCKHM; 6 — rHJpaBJIHYEeCKHM; ! — BXOJHOe YCTpPOHCTBO; 2 — CKpebGKo-
BbIf MexaHHM3M; J — KOBIU; 4 — KJacCHQHKaTOp; 6 — peuHupKYyJALMHOHHBIA Hacoc;
6 — MEecKOBON Hacoe; 7 — TUAPOUHKJIOH; 8 — YCTPOHCTBO IS O0Ge3BOKHBaHHS;, 9 —
GyHKep IJsi necka.

TPOACTBOM /Il OTMbiBa M 00e3BOXKHBaHHf mnecKa (puc. 9, 6). Ilecko-
JIOBKA TaKXKe NpPHHATA KBaJApaTHOH B IJIaHe ¢ BpallAlOLIUMCA CKpe6Ko-
BbIM ycTpoiicTBOM. OcafoK M3 NEeCKOJIOBKH INpH IOMOLLH [ECKOBOTO
Hacoca Nojaercsi B THAPOIMKJIOH AJISl OTMBIBA MeCKa OT OpraHHYecKux
BKJIIOUSH Ui, 3aTeM OTMLITHI NecoK 00e3BOXKHBaeTcs NpH MOMOIIM Ha-
KJIOHHOTO LIHEKOBOTO ycTpoiicTBa M mopaercss B GyHKep, e NPOMCXO-
IUT OKOHYaTe/IbHoe 00e3BOXKHBaHUe €ro, CylLIKa, HaKONJEHHe H MHocje-
nyioliee ynajeHHue.

Cornacuo CHull I11-32-74 rtunm neckosoBKM HeOGXOZHMO BHIOUpAThb
C YYeTOM IpPOU3BOAUTENbHOCTH CTAHIMH OYUCTKH. LA cTaHUM# Npous-
BoxHTeNbHOCTBIO A0 10 #3/cym Hapneur npuUHUMaTb BepTHKaJbHbIE
M TaHTeHIIHaJbHbIe NecKoJoBKH, cBhile 10 000 #®/cym — ropusonTalb-
ubie, cabie 20000 x3/cym — aspupyembie.

OcHoBHOe ypaBHEeHHe AJfl pacyeTa MeCKOJIOBOK HMEeT CJ/edyIOUHH
BHA

L=K 1% , (28)
Lo
rie L — pinna neckonoBKH, M; h, — pacyerHas TJyOHHA I€CKo-
JIOBKH, M, U — CKOPOCTb JIBHMEHHS MXHIKOCTH B IIE€CKOJIOBKE, M/C;
K — Ko3¢duuneHT A1a yueTa BIUAHHS TYPOYJIEHTHOCTH NOTOKA U APY-
rux ¢GakTopoB Ha paboTy COOpY2KeH Hil.
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C nocraTouyHo#l AN MPaKTHYECKUX PAacyeToB NOCTOBEPHOCTHIO KO-
spduunent K Moxer GviTh onpenesex Mo gopmyse

K= uo/l/u§ —,

rle ® — BepTHKaJbHas TYpOy/eHTHass cocTaBjsiouiasi, NpHHHMaeMas
pasnoii 0,05v.

PacyeT ropusoHTaNbHBIX KBaJpaTHBIX MECKONOBOK peKOMEHLYeTcs
NPOU3BOAUTbL [0 Harpys3Ke CTOYHBIX BOX ¢, Ha 1 m® nuowanu mnecko-
JoBKY B nyane. [1pu aTOM pasmepnl [eCKONIOBKH ONpefesiioTcs Mo cJe-
LyomuM GopMyJiam:

F=Q/q,=BL; h,=Q/Bv; g, =—0,434uyIg(1 —3,),

rie Q — pacXoll CTOMHEIX BOX, #M%/c; 3, — 3(bdeKT 3alepKanus rnecka
3aJlaHHOH TuJIpaBJHYeCKOH KPYIHOCTH.

Mpumep. Tpebyercs onpenesuTh pasMephbl NECKONOBKH C 3hbeKTOM 3ajepxa-
HHS mecka pa3MepoM 0,2 mm u Goltee 3, = 70%. Pacxoa cTounnix Bog Q = 1 m3/c.

3ajaHHYIO0 THAPAaBJIMYECKYIO KPYNHOCTb Uo npHu ¢ = 15° C onpedensieM no popmy-
ae (27)

o = (_ 12,727v + v ]/ 161,178 + 2,45G, :’2 )/1 ,224d =

= (-— 12,727 - 0,0114 4- 0,0114 V 161,178 4 2,45 - 0,0067 l )/1,224 X

70,00013 "
X 0,02 = 2 cm/c.
Jna sapanHoro sdexra Iy = 70%.
go = — 0,434u,/1g (1 — 3,) = — 0,434 - 2/1g 0,3 = 0,867 - 0,523 =
= 1,65 cm/c = 0,0165 m/c.
Tpe6yeMasi NOBEPXHOCTb MeCKOJOBKH
F = Q/g, = 1/0,0165 = 60,7 2.

Paamep necKoJIOBKH B naaHe OKPYIJIEHHO MOXHO NpHHATh 8 X 8 m; Torza npu cKo-
POCTH JBUXeHHsI CTOUHRIX Box 0,15 m/c (MHHHMANbHO JOMYCTHMOHN /15t TOPH3OHTANbHBIX
TIECKOJIOBOK) pacyeTHasi IAy6MHa BOZh B NECKOJOBKE

hy=Q/B -v=1/8.0,15= 0,83 x.

YRANEHHE rPYSO0UCNEPCHbLIX NPUMECEH
H3 CTOYHBLIX BOA

OcaxxaeHne rpyGogHenepCHeiXx npHMeceii.
CenMMeHTALHOHHBIE XAPAKTEPHCT HKH

B3BelllenHble BelliecTBa, COAepxKalyecs B TOPOACKHX CTOYHBIX BOAAX,
B GOJIbLLIMHCTBE HE MMEIOT YeTKOH arperatuBHOH cTpYKTyphl. [lostomy
AJ15 TOJNYYEHUsi XapaKTePHUCTHKH B3BELIEHHBIX BEUIECTB MOJb3YHOTCS
CelMMEHTALHOHHBIM aHaJI130M.
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PesysbraTel na6opaTopHOro OCaXKAeHHS OObIYHO MPENCTaBJSIOTCA B
BHJIe CeUMEHTAllHOHHOH KpHBOH P = f (¢), wsobpaxkenno#i ua puc. 9.
[lpu paBHOMEepHOM pacmpefiesieHHH CYCNeHAHPOBAHHOTO BeLIECTBA B
HayaJ/lbHbI MOMEHT OCaXIeHHS HalHYKe B CYyCNeH3UH YacTHI pagiHYHBIX
pa3MepoB npejonpejensieT H3MEHEHHe KOHUEHTPALNH AUCTIepcHON (a3nl
Ha riy6une h. Tak Kak CKOpOCTH OcaXKIeHHS OTHEbHBIX 4acTHll OTJIH-
qaiotcs Jpyr OT Ipyra, TO Npexje BCero yepes ceueHune Ha IiyOHHe
h npoxonsT KpynHbie YaCTHLBI, B TO BpeMsl KaK MeJIKUe (paKIliH B CBOEH
3HAUHTeNbHOH Macce ellle HaXOAATCS B CJO-

£ ; X, pacmosioXeHHbIX Bblile. Yepe3 ompene-
JIEHHOe BpeMs { yepe3 3TO ceyeHHe MNPOHAYT
BCe 4acTHUBl, CKOPOCTb OCaXKAEHHS KOTOPBIX
7 Uy > h/t. Yacruuel, ocemaioumue co CKO-

pocThio u, << h/t, O6yAyT NpPOXOAUTL Uepe3
ceyenune Ha raybune h, COOTBETCTBEHHO CBO-
UM pa3MepaM uYepe3 pa3/IMYHble NMPOMEXYT-
KH BpEMEeHH MocJjle Hayasla ocaKAeHHs.
0 y - qub”maﬂ, YTO MOJIHOE OCaXKJIeHWe BceX
Puc. 0. Kpupas oéameﬂm ¢dpaxuuit TpebyeT LJIHTENBHOTO OTCTAUBAHHS,
momeleHRLX Bemeers ro. PAKTHUECKH 1 mo6oro MoMeHTa ocaxie-
POICKHX CTOUHHIX BOA. HHS MOXHO NpPUHATB, YTO AMCHepcHas ¢a-
3a CYCNEH3HM COCTOMT M3 JBYX 4acreil:
(pakKuuii ¢, MOJIHOCTBIO BHIMABIIUX K MOMeHTY £, u3 croiba h, u ¢pax-
UMt S, BBINABIIKHX YaCTHYHO, TaK KaK HEKOTOPOE KOJIHYECTBO ITHX (ppakK-
UMi HaXOAMJIOCh B HHXKHel yactu cton6a h. Torga k MoMeHTy ¢, obee
KOJIMYECTBO MNpoOIIeNIINX 4Yepe3 cJgoil yactu P = ¢ + S. CkopocTb
OCaXkJeHUs] B MOMEHT { Bblpaxaercsl npousBoiHoH dP/dt = tga u on-
pelleiieT CYMMapHYIO CKOpOCTb OCaxKAeHHsi Tex (ppaKuui, KoTopnle
K MOMEHTY f; HaXONATCS ellle BO B3BEILIEHHOM COCTOSIHHH

4P _yds
at dt °

BmecTe ¢ TeM KO/MYeCTBO BhIMABIIMX 3a BpeMsl £, YacTHL 3THX dpak-
uuit 6yler paBHO
ds dP
Torna KonuuecTBO YacTHI (paKuHil, MOJHOCTBIO BBIMABIUMX 33 Bpe-
M1 i,

dP
9o = P—t 7.

Ha ocHOBaHHH H3JI0XKEHHOTO JIETKO ONpefeuTh NMPOLEHTHOE COLep-
XKaHHe B CYCNEH3UH (paKLUUK 4acTHUL C pa3MepaMH, JeXallUMH B JIO-
ObiX mpefenax. DTO MOXHO BuinonHUTh rpadudecku [30] nuGo nytem
HaXOXJeHHA IUIOTHOCTH pacmpefeneHus P (r), Koropas MoxeT ObITh
onpele/ieHa Yepe3 ! U BTOPYIO NMpPOM3BOAHYIO 3KCNepUMEHTaJbHO Hali-
neHHOM Kpupoi ocaxaenus P (f) mo ¢, u Bblpaxaer
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ofilee KOJIHYECTBO YACTHIL B CHCTEME C PAlHYCOM << 7,
{ dg\_ e P
P(’)‘(“T)_-T'W‘ (29)

Ypaeuenue [29] Moxker GbiTh TakKe NpeACTaBJEHO B BHIE IJIOTHOC-
TH pacnpefenenus P (u,), eClTH CKOPOCTb OCaXKAEHHsl YacTHIl MOAYHHS-
ercsa 3akony Crokca,

P(uo) =""'"uT' ar (30)

3aBHCHMOCTb OCBET/IEHHS] CTOYHBIX BOJ OT IIPOJOJIKHMTEJbHOCTH OT-
CTaMBaHMSl M KOHILEHTPAILlMH B3BELIEHHBIX BELIECTB ONMHMCHIBaeTCs (op-
myano# [55]

lg(1 —30) = A+ Blg, 31

rae 1 — 3, — ekt oTBeTIeHUst; B — Ko3hdhULHEHT, NPHHUMaeMbl
ANl TOPOACKHMX CTOUHBIX BoA paBHbiM 0,21; A — KoaddHuLHeHT, onpe-
ZlesisieMblii 1o hopmy.Jie

A=1,75—5,75 . 107°C,,

rie C, — MCXOAHAf KOHIEHTPAIIHSA, Me/a.
JIlna onpemeneHHs IVIOTHOCTH pacnpeje/eHHsl, COOTBETCTBYIOLIEH
3TOH 3aBHCHMOCTH, NpeobGpasyeM ee, 0603HaUHB 10* uepes a,

lg(1 —3«) =lga+BlgI-,
OTKYyZa
Boc = 1 —aH®/t%.
IoacraBiss Haligensle 3HayeHust J,c B dopmyay (30), Haxomum
H®  (B+1)BaH®

P(uo) = Tg' A==
a yuwutbiBas, uto { = H/u,, OKOHYATEJbHO MOJYYHM
aB(B+1)
P(u) === 42

o

DyukuUs pacnpefie/leHHsi, WM HHTerpajbHas (QYHKIUS pacrnpeie-
JIEHHs, YAaCTHIl B3BEIIEHHBIX BELIECTB CTOYHOM XKHIAKOCTH, COOTBETCTBY-
1o1as Beipaxenuio (32), 6yaer

F(u) = Plug)du, =a(B+ Dus. (33)
0

Hccneposanuamu [10] ycranoBneHo, uto celMMEeHTallHOHHbIE KpHUBbIE
B3BELIEHHbIX BELIECTB T'OPOICKHX CTOYHBIX BOJ JOCTAaTOYHO XOPOLIO amn-
IPOKCHMHPYIOTCS T'Hnep6osiof

Doc = t/(e + BY), (34)
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rae t — BpeMsl OTCTaWBaHHA; & U P — Ko3(DDULLHEHTH], 3aBHCAUHE OT
KOHLEHTPAIlHK, COCTaBa H MPUPOJB! CTOUHBIX BOJ.

Jna cenvMeHTalHOHHBIX XapaKTepUCTHK, npeiactabiennbix B CHull
11-32-74, 3Ta 3aBHCHMOCTL MMEET BHJ

oo = f , (35)
0,147 -|-(I —[——z—?—c,tLo-)t

rae C — KOHUEHTPAaIUs B3BElIEHHBIX BELIECTB, Me/A.
[lnoTHOCTL pacmpesenenusi, COOTBETCTBYIOWIAS CeAHMEHTALHOHHBIM
KPHUBLIM Buaa (34), MoxkeT OblTb NpelCTAB/EHA BEIpaXKEHHEM

2
Pu,) = s (36)

a QYHKUMS paclpelesieHus

_ _ollo (auo + 2BH)
F o) =5 g w5 (37)

KoncTpykuun orcrofinnkos

B orevecTBeHHO H 3apyGeXKHOM IPAKTUKE OYMCTKH CTOUHBIX BOA H3-
BECTHbl M LIMPOKO NPHUMEHSIOTC TPH OCHOBHBIX THIA OTCTOHHMKOB:
FOpPH30HTa/IbHBIE, PalHa/IbHbIE M BepTUKa/bHbIe (puc. 10).

Puc. 10. KOHCTPYKTHBHBIE CXeMbl
OTCTOHHHKOB:

a — TOPH3OHTaNbHBIH CO CKpeGKOM Ha
TeJleXKKe; 6 — TOPH30HTaJbHBIH C Henpe-
PHIBHBIV. IBH)XXeHHEM CKPeGKOBOro TpaH-
crnopTepa; 6 — palHadbHBIL C LeHT-
PaJibHBIM BMYCKOM KHAKOCTH; 2— TO Xe,
c nepudepHAHBIM; 0 — BEePTHKAJbHbLIA C
LUEeHTPaJbHHM BIYCHOM; € — TO XKe, C HHC-
XOAsile-BOCXOMASUHM MTOTOKOM JKHIKOCTH.

FopH3oHTaNbHBE OTCTOMHHKH NPEACTABIASAIOT CO-
Goii MpPsIMOYro/ibHbIE OTKPHITHIE pe3epByaphl ¢ NPHAMKOM Aas c6opa
ocajika, oObIYHO pacroJiaraeMbiM B HayaJje coopyxeHus. Ocanok ciBu-
raercs TyAa NpH NOMOIIH CKpeGKOBOro MeXaHu3Ma H yAajsierTcs U3 npH-
fIMKa TIOJ THAPOCTAaTHYECKHM HATOPOM.

[opusonTanbubie OTCTOMHMKHM, pa3paGoTaHHble HHCTUTYTOM YKp-



TUIIPOKOMMYHCTpO# (THTOBO# NpoekT 4-18-775/64), Kommomyiorcs B
rpynnsl u3 4 unu 2 exyuui. [pynna us 4 eansun 06C/1yKUBAETCS ONHUM
CKpeOKOBbIM MeXaHH3MOM C ()POHTa/NbHOH (TPaHCHOPTEPHOH) TeeKKOH,
Tpynna u3 2 eIWHHL — OXHHM OO/IErYeHHbIM CKpeGKOBbIM MEXaHH3MOM.
OTCTOAHMKH 3TOTO THNA PEKOMEHAYIOTCS VISl CTAHUM POU3BOAMTE/b-
HocThio 15—100 mbic. m®/cym. TopH3oHTA/IbHBIE OTCTOHHHMKH, paspa-
Goranuble MHCTHTYTOM COI03BOZOKAHANNPOSKT (THMOBOH  [POEKT
Ne 902-2-64), orinMualoTCs KOHCTPYKLMeH CKpeGKOBOTO MeXaHH3Ma.

Ta6nuuma 26. PacueTnsie mapaMeTpsl PafHaJbLHBIX OTCTOHHUKOB

Ty6una, mm O6beM 30H, A3 PacaeThas
TIPOH3BOAH-
auametp, | rHApaBaH- | OTCTOHHOH OTCTaHBa- TeJIbHOCT b,

MM yecKas 30HBI ocazka Husl M3/

18 3400 3100 120 788 2100

24 3400 3100 210 1400 3730

30 3400 3100 340 2190 5340

40 4000 3050 710 4580 12212
MMpumevanne, PacueTHas NPOH3BOAUTEJIBHOCTD NPHHATA 47151 TPyl

Nbl U3 4 OTCTOHHHKOB IPH BPEeMeHH OTCTaMBaHus 1,5 4.

B sapyGexkHO# NpakTHKe NMPHUMEHSIOT FOPH30OHTAJbHbIE OTCTONHUKH
Pa3/IMYHbIX KOHCTPYKTHBHBIX MOAH(MHMKALMHA: MHOrosipycHble, ¢ MOMYT-
HBIM OTOOPOM OCBETJIEHHOH BOJABI, C TOPH30HTaJbHO-BePTHKaJbHbIM
MOTOKOM XHJIKOCTH, C TIONepeyHbIMH JedJieKTopaMH, ¢ KamMepamu ¢Jio-
KYJILLHY U T. L.

HauGosbiuii MHTEpeC NMpPeACTABASIOT TOPHU3OHTA/IbHbIE OTCTOMHHKH
C NMONYTHbIM OTOOPOM OCBET/IEHHOH BOAbl M C MONEepeuyHbIMH IedeKTo-
paMu. B unauBunyasbueix paspaGotkax, ocoGeHHO IJisi KPYIHBIX CTaH-
IlM#, 1e1ecoo6pa3sHO NPUMEHEHHe TOPU3OHTAJ/bHbIX OTCTOHHHKOB C Ka-
Mepoii duokynsuuu [44].

Pagunanbuble oTCTO#HHUKHY, SBISOLMECS pPasHOBHA-
HOCTbIO 'OPH30HTAJIbHBIX OTCTOHHHMKOB, HMEIOT KpYyrJylio B IJaHe ¢dop-
My. OTauunTeNbHON OCOGEHHOCTBIO X SIB/ASIETC M3MEHEHHE CKOPOCTH
TEUeHHs KHUIAKOCTH B PaJMajibHOM Hanpas/leHHH. B menoM pagva/bHble
OTCTOMHUKH MMEIOT MO CPaBHEHHIO C TOPHU3OHTA/IBHBIMU OMNpele/eHHble
[IpeUMYLIECTBa: INPOCTOTa M HAJEXKHOCTb 3KCIIyaTalHH, SKOHOMHY-
HOCTb, BO3MOXHOCTb CTPOMTE/bCTBA COOPYKeHUH 60JbLIOro pasmepa.

B oreuecTBeHHOH NMpakTHKEe W3BECTHBI PajHa/bHble OTCTOHHUKH TPEX
KOHCTPYKTHBHBIX MOAM(UKALMHA — C LEHTpa/JbHBIM BIYCKOM, C Mepi-
¢epuiHbIM BMYCKOM M OTCTORHMKH C BpallaoMMcsi cOOpPHO-pacipese-
JIMTeJIbHBIM  yeTpolictBoM. HamnGoslee mipokoe NpHMeHeHHe HaXOAAT
panva/ibHble NEepBHYHBIC OTCTOMHHUKH C e HTpPpaJdbHKM BOY C
K O M JKHIKOCTH, pa3paboTaHHble HHCTHTYTOM MoCBOZOKaHa/MpPOEKT,
yeTbIpex TUMopasmepos: 18, 24, 30 u 40 u (Tabn. 26).

Panuanbubiii OTCTOMHMK ¢ mepuGepHUHBIM BINYCKOM
MO2KeT BBIMOJNHATBCSA B ABYX BapHAaHTAaX: B [IepBOM BApHaHTE OCBETJIEH-
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Hasi BOMA YJAaJjsfeTc HENOCPEACTBEHHO uepe3 LEHTpa/dbHYo TPYOY,
BO BTOPOM — IIpH NOMOLIY LEHTPAJbHOrO KOJbLEBOro JoTKa. [lepBblit
pexoMenayercsl I/l PEKOHCTPYHPYEMBIX OTCTOHHHKOB, BTOPOH — AJIA
BHOBb CTPOSLIHXCS.

PacnpenenurenbHOe yCTPOHCTBO OTCTOHHHMKOB BHIIOJHEHO B BHIE
nepupepMHHOro JOTKa ¢ 3y6uaThIM BOAOCJMBOM M MOJYIOTpYyXKHOH
NeperopoaKoH, obpasyiomel Ko/blEBYIO 30HY, B KOTOPOH YCTaHOBJIEH
Oyukep Insi yAajeHusl BCIVIBIBAIOLIMX BeiecT. IlepudpepuitHblit jo-
TOK HMeeT IlepeMeHHOe CeueHHe MO AJMHe AJf obecrieyeHHs paBHOMeEp-
HOTrO pacrpejie/IeHHsl PacXoia Ha KaxKAbl# BOAOC/IUB.

YcTpolcTBO /11 yHa/NeHHst OCBET/IEHHOM BOABI IJIsi PajuallbHBIX
OTCTOHHHUKOB IIO NEepBOMY BapUaHTY INpefcTaBJ/seT co60H LEHTPaJbHYIO
TPYOY C BepTHKaJbHBIMH IIEJEeBEIMH OTBEPCTHAMH, He NOXONALLIMMH
10 1Ha Ha 1/3 pabouei BbicoTHI OTcTORHMKA. Ha Brixone u3 Tpy6sl, 3a npe-
Je/1aMH OTCTOMHHKA, YCTPOeHa KaMepa ¢ BOJAOCJHMBOM, 00ecleyHBalouIuM
NIOCTOSIHCTBO YPOBHSA BOJHI B OTCTOHH¥Ke. Bo BTOpOM BapHaHTe LieHTpa/ib-
HEIH KO/bLEBOH JIOTOK YCTaHOBJEH Ha OTBOAAILMX Tpybax, coelu-
HEHHBIX ¢ IeHTpaJbHOH Tpy6oil. [ToaBecka ckpeGKOBBIX KPBUILEB HJIO-
ckpeba K Bpamalomeics ¢epMe BHINOJIHEHA CHAPYXKH KOJbLEBOTO
JIOTKa, Ha O0OeHX CTOPOHAaX KOTOPOro HMMeeTcsi 3yOuaThiii BOLOCJ/IMB.

[Tpunuun paGothl OTCTOMHUKA ¢ NepHGEPUAHBIM BIIYCKOM CJIeAYIOHA.
Crounasi JKHAKOCTb 110 MOZAIOIIEMY JIOTKY HJIM TPYyGe mocTyrnaer B pac-
TNpEAEHTe/NbHBIA JIOTOK, H3 KOTOPOrO paBHOMEPHO 110 BCeH AJIMHE H3-
JIMBAaeTCs Yepe3 BOLOC/MBBHI B NMPOCTPAHCTBO MEXKAY MOJAYNOrpYKHOM
NEPEropoAKOH M CTEHKOH OTCTOHHHMKA. 3Jech IPOMCXOAHUT ObICTpOE ra-
IIeHWe SHePruy BXONAUIMX CTPYH, BbIIeNeHHe BCIIBIBAIOIIUX BELIECTB
¥ HaKalJIMBaHHe HX Ha MOBEPXHOCTH MXHAKOCTH B KOJBLEBOH 30HE.
Bona, ocBoGoguBiasicsi oT BCIJIBLIBAIOUIMX BEIIECTB, BXOAUT B pabouyio
30HY OTCTOMHMKA Yepe3 KOJbLEBOE NPOCTPAHCTBO, 0Opa3yeMoe HUKHEH
KDOMKOH Neperopoaxu u AuuuieM. [Ipu IBHKEHHH XHIAKOCTH OT Nepu-
(bepuy K LeHTPY U3 CTOYHOH XKHAKOCTH BHIIAAAIOT OCEAIOLIKe BEILECTBA.

IMpoitna pabouyio 30HY OTCTOMHMKaA, OCBETJEHHas BOAa MOCTYNaeT
B OTBOAfLIEe YyCTpoHcTBO. B mnepBoM BapHaHTe — 3TO LEHTPaJbHAs
Tpyba co wejeBbIMH OTBepCTHAMH. M3 uenTpanbHOH TPyObl uepes Ao-
Kep OCBeTJIeHHAs BOIa IIOCTYNaeT B KaMepy C Pa3BHTHIM BOXOC/IUBOM
M Jlajee B OTBOASLIMEH JIOTOK MM TpyOy. Bo BropoM BapuanTte ocBer-
JEHHasi BOJAa CHayaJa MOoCTynaeT B COOPHBIN KOJbIEBOH JIOTOK, 3 H3
HEro 1o OTBOXAIMM TPyGaM — B LEHTpa/bHyl0 TpyOy M Hajee MioKe-
POM B OTBOASALLMI JIOTOK.

Ipu nmeproxguueckoM BKJ/OYeHHH B paGory cKpeOKOBOrO MexaHH3Ma
CKpeOKOBBLIMH KpPBLLIbSIMH OCaJ0K llepeMellaercs K NpUsiMKY, U3 KOTOpO-
ro uepes WJIOBYIO TpYyOy OTBOAMTCA Ha jasbHelinyio o0paGoTKy.
[Monynorpyxuas Hocka, ycTaHOB/IEHHAs HA BpallalolleHcs depme, cro-
HSIET IJIaBaloLlMe BELIECTBA K MNOTPYKHOMY OYHKepy; IpH Haesle Bpa-
waiouencss gepmbl Ha OyHKep IOcJeAHHH 3aTaljiMBaeTcs H IJ1aBa-
IollMe BemecTBa cOpPacHIBAIOTCA B HErO.

BeprHkaabHBEEe OTCTOHNHHKHU NIPUMEHAIOTCA Ha CTaH-
LMAX [POU3BOAMTENbHOCTBIO 10 20 mbic. m3/cym. VI3BeCTHO HECKOJIbKO
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Pa3HOBHAHOCTE! BEPTHKAJbHBIX OTCTOMHHKOB: C LEHTPAJbHEIM BIIYCKOM
2KHIKOCTH, C IepHpepUiHBIM BIYCKOM, C pacCpeloTOYEeHHbIM BITYCKOM
M ¢ HUCXOASALIE-BOCXONALLMM ITOTOKOM XKUIKOCTH.

BeprukaabHble OTCTOMHHMKM C LEHTPAJbHbIM BIYCKOM IDHMEHSIOT
Tpex TunopasmepoB: 4, 6 u 9 x. BepTHKa/bHble OTCTONHHKH NpPENCTaB-
JSIOT Co00l KpyrJble B IJIaHE pe3epByapbl C KOHHYECKHM JHMILEM.
CrouHast XKUIKOCTb [IOCTYNaeT Yepe3 NOABOAALILUI JIOTOK B LEHTPAJIbHYIO
TpyGy, NpH BbIXONEe M3 KOTOPOH, B CBA3H C M3MEHEHHeM HalpaBJieHHs
NI0TOKa M CHHXKEHHS ero CKOpPOCTH, H3 BOAbI BbiNajaloT rpy6omucnepc-
Hole mpumecH. OcetnieHHasi Bojla nepesnnBaeTcs B nepudepuiHbIi
cOOpHBIH JIOTOK H Jajlee B OTBONALIMH. ¥YJaBjMBaHHE BCIJIBIBAIOLLIMX
BELLECTB IPOM3BOAMTCA NMpPH IIOMOLIH IN1aBaiollel JOCKH, ylaleHHe UX —
o TUApaB/JHYECKHM HaIlopoM Yepe3 ClellMa/bHEIl JOTOK H TpyOy B
UJIOBBIH KOJIOJEL.

[TpakTHKa NpoeKTHPOBaHHA U 3KCIJyaTallHH OTCTOHHMKOB IIOKa3bl-
BAeT, YTO BepTHKaJ/bHble OTCTOHHHKH, MOJYYHBLIHE NOBOJbHO IIMPOKOE
pacnpocTpaHernye, IalOT caMblil HH3KHH 3(deKT ocBeT/IeHHs MO CpaBHe-
HUIO C IPYTHUMH THIIaMH oTCTORHUKOB. O6buHO OH He mpesbiiaer 30%,
B TO BpeMs KaK B FOPH30OHTAJbHBIX H pajHajbHbiX 3(QdEKT ocBeT/IeHHs
zocturaer 50—60%. IlpenmylecTBo BepTHKa/NbHBIX OTCTOHHHKOB 3a-
KJIIOYaeTcsl B NIPOCTOTE YCTPOHCTBA M 3KcmuyatauuH. [lo mpupeneHHbIM
3aTparaM Ha 00paboTKY eXHHHIbI 06beMa CTOYHOM XKMAKOCTH, B JHamna-
3oHe mnpoussopuresnbHocTeit 10—30 meoic. m3/cym, BepTHKa/NbHBIE OT-
croiinukd B 1,5—2 pasa jewesne panuanbubix. [IpHunHOl HH3KOrO
a(pexTa OCBeTJIEHHsl CTOYHBIX BOJA B BepTHKAaJbHbIX OTCTOHHHMKaX fiB-
JISIeTCSl HECOBEPLIEHCTBO HX THAPONHHAMHYECKOH CXeMbl.

Hpeanbnasi cxemMa BepTHKaJAbHOTO OTCTOHHHMKA C BOCXOASAIIMM IIO-
TOKOM XKHMJAKOCTH, NaxKe IpPH YNaYHOM KOHCTPYKTHBHOM O(OpPMJIEHHH,
He KOHKYpEHTOCNocOOHa CO CXeMOH TOPH30HTaJbHBIX OTCTOMHHKOB,
TaK KaK OCaXkJeHHe B3BeIUEHHbIX BELIECTB B BePTHKAJ/bHBIX OTCTOMHH-
Kax MPOKMCXOIHT 32 CUET PAa3HOCTH CKOPOCTEH OCaXKAEHHs YaCTHIL H CKO-
POCTH NOTOKA, T. €. IPOMCXOAHT KaK Obl COPTHPOBKA B3BECH.

HUKTHU I'X paspaGorana KOHCTPYKIMsi BePTHKAJbHBIX OTCTOHHH-
KOBC HHCXOJAfAIle-BOCXOASAIUWMHUM NMOTOKOM XHIKOC-
TH, TMAPOAHHaAMHYecKas cxema paboTel KoTophix GoJsee GnaronpHsTHA
JUIs OCaXKJeHUsi B3BeCH. B KpyrJioM pesepByape ¢ KOHHYECKHM JIHHLIEM
(puc. 10, d) ycTaHOB/IeHa MOJYNOTpYyKHasi Neperopoika ¢ pacnpenent-
Te/IbHBIM JIOTKOM Ha ee BHYTpeHHel cropowe. [losnynorpyxHas nepero-
polka NeJHT IJOWaNb OTCTOMHMKAa Ha JBe paBHble 4YacTH; TJIy-
OHHa Norpy:KeHHs neperopoiky paBHa 2/3 paGoyeii BbICOTHI OTCTOHHHUKA.
Pacnipenenurenbroe ycTpoiicTBo Npeactap/sierT co60ii KObLEBOH JIO-
TOK C 3y6uaThiM BOAOCJAHBOM H TOPH3OHTAJbHBIM OTPa)KaTe/bHbIM KO-
3bIDbKOM Ha BHYTPEHHEH CTeHKe.

CrouHas XHAKOCTb NMOCTYMAeT MO NOAAIOLIEMY JIOTKY B IPHEMHYIO
Kamepy pacrpejiesinTe/IbHOTO JIOTKa, a 3aTeM B caM JotokK. Bona uepes
3y6uaThlii BONOC/IHMB PaBHOMEPHO H3/IHBaeTCs 1O MEpHUMETPY BHYTPEH-
Hefi yacTH oTcTofHHKa. OTpakaTe/IbHbIH KO3BIpEK MEHSsIeT HalpaB/leHHe
ABHXKEHHSl XKHIKOCTH C BEPTHKaJbHOrO Ha ropu3onrtaiabHoe. [lo mepe
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NPOJBHKEHUS OT nepudepud K UEHTPY KHAKOCTb ONMYCKAETCs BHU3,
paBHOMEpHO pacnpele/afiCh [0 BCeMY CEUEHHIO BHYTPEHHel LHIUHAPH-
YeCKOH 4YacTH OTCTOMHUKA, TJe BCIUIbIBAIOLIHE BELIECTBA COOHPAIOTCs
Ha noBepXHocTH. OIHOBPEMEHHO 3/1eCh XKe NMPOUCXOAHT CAMONIPOH3BOJIb-
Has KoaryJ/ifilMsl M OCaxJeHHe OCeLaloUHUX rpy6oaHCIIepCHBIX TPUMeCeH.
HuTtencuBroe pasgeneHye TBepAOH M XHMIKOH (a3 NIPOMCXOAMUT HA IOBO-
poTe IMOTOKa NMpPH ZOCTHKEHHM WJIOBOH uYacTH oTcToMHHKA. [lanee crou-
Has KHMAKOCTb JBHIKETCA B BEPTHKA/IbHOM HANpPaBJEHHH B KOJbLEBOM
NPOCTPAHCTBE MeKAY MNOJYNOTPYKHOH Neperopoikod M CTEHKOH OT-
croiHuka. Joiina 1o BepxXa, OCBETJ/IEHHAs] BONA M3JinBaeTcsl B cOOPHBIN
KOJIbLIEBOH JIOTOK M OTBOAMTCS M3 OTCTOHHMKA. BcruibiBaiolliye BelnecT-
Ba YAaJSIOTCA Yepe3 NPHEMHYIO Yallly NMPH NMOAHHMAHHH YPOBHS BOABI
B OTCTOHHHKe. YJajieHHe 0CaiKa MPOMCXOAHT MOJA THAPOCTATHYECKHUM
laB/IeHHeM Yepe3 HJI0BYIO TpYOy.

B.oTsnuMe or BepTHKA/NbHBIX OTCTOHHHKOB C LEHTPAJbHBIM BIyCKOM
B OTCTOMHHKAaX C HUCXOAAILILE-BOCXOASILIUM ITOTOKOM KHIKOCTH HET Bep-
THKaJ/IbHOA LMPKYJIALHH KHIKOCTH, MOITOMY KO3(P(PHILHEHT HCIOJb-
30BaHHuA o0beMa B HHUX BhbILIE.

Pacuer oTcToiiHHKOB

Corytacuo CHulT 11-32-74 pacuer OoCHOBHBIX pa3MepoB OTCTOHHHMKOB
peKOMeHAYeTCs MPOH3BOAMTL MO CJeAYIOUMM (popMy.1am:
J/IHHA TOPH30HTA/bHEIX OTCTOHHHKOB

L = vH/Kuy; (38)

painyc BepTHKa/bHbIX, PajHaJbHbIX H C Bpailaiomumucs c6opuo-
pacrpefesHTeqbHbIMH YCTPOACTBAMH OTCTOMHHKOB

R =V Q/3,6nKu,, (39)

rie K — KoadpuuueHT, 3aBHCAIIMHA OT THMA OTCTOHHHKA H KOHCTPYK-
MK BOLOpAcHpelie/uTe/IbHbIX M BoRocOOpHBIX ycTpoiictB (0,5 — pis
ropusoHTtanbublx, 0,45 — naa paguanbubiX U 0,35 — 418 BepTHKAaJIb-
HBIX OTCTOHHHKOB).

I'napaBiauyecKyo KpyMmHOCTb U, YaCTHIL B3BeCH oNpezeasior no ¢op-
MyJse, mm/c

4 — _1000KH o
(o] at ( KH )n ’
“h
rae n — Ko3(pdpuumenT, 3aBUCALUHA OT CBOHCTB B3BECH FOPOACKHX CTOU-
HbIX BOX M mpHHHMaeMblil paBHbIM 0,25; o — KO3(pHIUHEHT, yuHTbIBa-
xom.uqfl B/IMSIHHE MHHMMAJbHOH CpeXHEMeCSYHOH TeMIlepaTyphl CTOYHBIX
Box T

T,°C ...... 60 50 40 30 25 20 15 10 5 0
Koadduunenr o 0,45 0,55 0,66 08 09 1 1,14 1,3 1,5 1,8

(40)
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BeprukaJ/ibHasi cocTaBsiomas CKOPOCTH IBHXKEHHs! BOIbI B OTCTOH-
HHMKe ® paBHa:

v, mm/c . . ... 5 10 15 20
®, Mmfc . . . . . 0 005 0,1 0,5

Pacuet oTcTOMHHMKOB BBINOJHSIOT 10 TpeGyeMoMy 3dxpeKTy 3aleprKaH s
B3BeCH
or = (Cl —_ Cg)/Cl;
NpHY 3TOM INPOLOJIKHTENbHOCTb OTcTamBanua ! onpenensior no CHull
11-32—74 nu6o no popmy.e (35), peliuB ee OTHOCHTEJBHO f

0,1473,,

t =
1-(1— 22 400 )30T

(41)

C?

IMpuMepl.Onpenenuts pasMepbl FOPHU3OHTAJIBHOTO OTCTOMHHKA NMPU HCXORHOH
KOHUEHTpauuu B3BellleHHbIX Beiects 300 me/4, TpeGyeMoM sdxbeKTe 3afiepKaHusl B3BeCH
50%, Q = 2200 #%/u.

ITo dopmyne (41) onpenesisieM MPONO/IKHUTENbHOCTb OTCTAMBAaHHSI B LHUJIHHJIpE €O
cioeM BoAbl 500 #m COOTBETCTBYIOILYIO 3aiaHHOMY 3(dekTy

0,1473 .
= 400 = 0'14;2 fog Y = 0,192 « = 641 c.
1—(1— - )ao, 1_(1*'“97@2_)'0'5

Ianee, npunse & = 1, o = 0,05 npu ray6uHe orcrofiHuKa 2,45 s, no dopmyie
(40) onmpenensieM ruApPaBIHYECKYIO KPYMHOCTb

Uy = _1000KH ®= 1000 - 0,5 - 2,45 — 0,05 = 1,47 nm/c.
at(—————-KH )n ].641( 0,5 - 2,45 ) 0,25
h 0,5
Ipu v = 10 mm/c anuHa orcrofiHNKa GyaeT
vH 10 . 2,45
L= Kuig =05 147 = 33,3 x.

B npakTHKe NpoeKTHPOBaHHS OTCTOMHHKOB NOBOJIHO IIMPOKOE pac-
NpOCTPaHEeHHe MOJY4YH/ MEeTOl pacyera OTCTOHHHKA 10 Harpyske CToy-
HBIX BOX ¢, Ha 1 #? muomanu B MiaHe.

O6was nJouans onpejensercs o gopmyJe

F = Q/q,. (42)

JJsis1 ropu3oHTaJIbHBIX OTCTOHHHKOB

F=BL; Q= BHv;, g,=u,
AJ8 pafHajbHBIX OTCTOHHHKOB
L=R; F=aR% Q=nRHvy ¢y=1U,

HenocratkoM 3toro Merola pacuera siBJsieTcs POM3BOJILHBIA BLIGOD
BBICOTbl OTCTOMHUKa.

PanuanbHble OTCTOHHHUKH pPa3/IHYHBIX KOHCTPYKTHBHBIX MogudHKauuit
PEKOMEHIYETCSl PpaCCUMTHIBaTb, MCIOJ/b3Ysl METOJA TEXHOJOIHYECKOro
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mozenupoBanus [48), Korophlil 3ak/mouaerTcss B ONpeleNeHHH Ko3(pu-
LLMEHTOB IIOJIE3HOTO AEHCTBHS OTCTOHHUKOB E, NpejctaBasionero coboi
OTHOLIeHHe 3(pGdEeKTOB OCBETJEHMS CTOUHOH KHIKOCTH B OTCTOIHHKE
U B COCTOSIHMM TIOKOA NpH OXHOH M TOH Ke NpPONOJIKHUTENbHOCTH OTCTa-
UBaHus H rayOuHe.

HccnenoBanus paiuanbHBIX OTCTOHHUKOB, BhnojueHHrx HMKTHU
I'X [12], nokasanu, uto Ko3hdHIUEHT NOJe3HOro AeficTBuA E Moxer
OBITb MpeACTaBJeH CJefyIoLIell 3aBHCHMOCTBIO

E=at", (43)

rie a U m — Ko3(ppUUMeHTh, 3aBHUCALIME OT KOHCTPYKUHH OTCTOM-
Huka. [lo NaHHBIM 3KCTIEpHMEHTAJIBHBIX uCCAEA0BAHNH 115t pagHaNbHBIX
OTCTOHHHMKOB C LIEHTPAJbHLIM BYCKOM OHH paBHbl: 0,54 u 0,56, a nas
OTCTOHHHKOB ¢ NepudepuiinbiM Brryckom — 0,70 u 0,48.

Torna 3aBucumocTb (43) /18 OTCTOMHMKOB C LEHTPANBHLIM M IEpH-
(epHHHBIM BIYCKOM MOXeT ObITb IpeACTaBJeHa COOTBETCTBEHHO CJle-
IYIOUIMMH BBbIPaXKEeH HAMH:

E, = 0,54¢%%,;
E, =0,7*%,
OddeKT OTCTaMBaHHSA CTOYHBIX BOJ B paiMa/bHBIX OTCTOMHHKaX
MOXKHO NPEJCTaBHUTb B CJAENYIOUIEM BHIE

m t
3m=E9H=at —a—“i—‘_ﬁ-t—'

M 1oc/ie TOACTAHOBKH COOTBETCTBYIOIIMX KO3(D(HLHEHTOB IMONYYHM
NJ1sl OTCTOMHHKOB C LEHTPaJbHbIM BIIYCKOM

tl.56

(49

Su.or = 0,54
: o,147+(1+%ﬂ)t ’

a JI1 OTCTOHHMKOB ¢ NepHpepUiiHbIM BIYCKOM
tl.48

an,ofr = 0,7

22400 \ , °
0,147 +(1 +-C—2)t

Ha ocnoBannu aTux ¢opMys cocTaBieHa HOMOTpaMMa IJis pacueTa
pafuabHbIX OTCTOMHHKOB (puc. 11), Ha KoTOpOIi MOKa3an NpuMep onpe-
JeneHusi HEOOXONHMMOFO BPEMEHH OTCTaMBaHUSl NIPH 3aJaHHOH HCXOZ-
HO! KOHUEHTpalHH H TpeGyeMoM s(xpeKTe 3aieprKaHusi B3BECH.

Ocaxnenve B3BeCH B BEPTHKAaJAbHB X OTCTOHHHKaA X
OT/IHYaeTCS OT OCaXKJAEHHs B TOPH3OHTA/NbHHIX U PaAMa/bHHIX OTCTOM-
HHUKaX, TO3TOMY M pacyeT HX o0/afaeT OMNpefe/IeHHOH CIelHpHKOI.

Ananus paGoThl HIealbHBIX OTCTOMHMKOB II0Ka3aJ, YTO CKOPOCTb
OCax</IeHHsl YacTHIl, MpoLIeJIINX Yepe3 BCIO MIYGHHY OTCTOHHMKA B Te-
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YeHHE TEOPETHYECKOTO BpEeMEHU HpeﬁbIBaHHH BOIbI B HEM, paBHA pac-
XOLY, OTHECEHHOMY K €AHHHILIE IVIOWIAAH TIOBEPXHOCTH

Yo = G/f.

Ora BeJMYMHA HA3BaHA HOPMOH HArpy3KH Ha IOBEPXHOCTb, KOTOpas
B OTEUECTBEHHOM JIUTEPAType HOCUT Ha3BaHHE OXBAaTHIBAEMOH CKOPOCTH.
UacTuupl cycnen3uy, o6/1azaroliue CKOpoCThIO Uy, Goblieli, yeM 0XBaThl-
BaeMasi CKOPOCTb Uy, NOJIHOCTBIO 331ePAKHUBAIOTCS B OTCTOHHHKE, B TO Bpe-
M KaK YacTHLbl C Uy << Uy 3a[€PKHBAIOTCA B HEM NPONOPLHOHANBHO
OTHOILUIEHMIO Uy/Vy, HA3BAHHOMY

unciom Xeisena N,. OxpaTbiBa- Cuelr
eMas CKOpOCTb, WM HOpMa Ha- w
TPY3KHM Ha IOBEPXHOCTb, HMeEeT 5003

pasMepHocTb cKopocTH. [eficTBH-
TeNbHO, pacxon, [HeJeHHHH Ha
/oAb, YHCIEHHO PABEH BEPTH-
KaJIbHO# COCTaB/AOIIEH CKOpOC-
TH NOTOKa, Kotopas Oblia Obl B
NpeiNoJIoXKEeHHH, 4YTO MOTOK MOJ-
HUMaeTcsl yepe3 OTCTOMHHMK. 370
YHCJIEHHOE PaBEHCTBO HHOTJA MPH-
BOJLHT K TIPeAIIOJIOKEHHIO, YTO Oce-
JaloLIMe YaCTHIbI JOIKHBI (PaKTH-
YecKH [BHraTthCsl INPOTHB BOCXO-
IAALIEro NMOTOKA KHAKOCTH, YTOOB!
0CeCTb.

YacTHIBl cO CKOPOCTBIO OCaX-
JeHUs, MeHbllleH, YeM BepTHKaJ/b-
Has COCTaBAAOIIAA [OTOKA XHA- 150 ]
KOCTH, JO/KHBI MMeTb B TaKOM

uc. 11. HoMorpamma pns pacuera pa-
Ciyyae PAaBHOZEHCTBYIOLWLYIO, HA-  juamiuux oTCTORHHKOB.
IpaB/JEeHHYIO BBEPX, YTO HEHU36eXK-
HO TPHBOAMT K BHIHOCY U3 coopyxKeHHs. TaKoe oTOXIecTBIeHHEe cIpa-
BEJ/IMBO [/151 BEPTHKAJ/bHBIX OTCTOMHHKOB, HO He T'OPH30HTAJIbHHIX.

Jna BepTHKAJbHBEIX MAEAJIbHBIX OTCTOHHHMKOB IpeAlloJiaraercs, YTo
JINHUY TOKa AeHCTBUTENbHO BEPTUKAJbHBIE H UTO YACTHLLI B3BeCH JIHGO
OCaXXJalOTCS [0 JIMHUM TOKA J0 ee HCTOYHHKA, JIHOO ZOCTHTalOT BMecTe
¢ Hell OBEPXHOCTH, B 3aBHCHMOCTH OT BEJIMYHHBI OTHOCHTEJNBHOH CKO-
POCTH YacTHll.

Ecin 0603HauuTb yepes 7, IPOLEHT OCAXKIEHHS B3BECH B HIEa/bHOM
OTCTOHHHKe JJIl YaCTHILL ONpelle/IeHHOTo pasMmepa, TO AJisi TOPH3OHTa/b-
HbIX OTCTOHHMKOB 7, = N, npu N, << lur, =1 mpu N, >1.

JIlns BepTHKaNbHBIX HAealbHBIX OTCTOHHHMKOB 7, = 0 nmpn N, <1
ur, = lopuN, > 1.

OG6bI4HO BepTHKA/bHEE OTCTOHHMKH PacCUUTHIBAIOT MO CKOPOCTH BOC-
XOHALIero MoToKa, KOoTopas NpHHHMAeTCss paBHOH WJIH MeHbLIeH MHHH-
MaJ/IbHOH THApaBIHYeCKOH KPYIIHOCTH 4acTHI B3BecH. B oredyecTBeHHOH
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NMpaKTHKe MJifl pacueTa BePTHKaJibHbIX OTCTOHHHKOB pPeKoMenayercsa
NPpHUHHUMATD CJIeyIOLHe HCXOAHbIe NJaHHbIE:

CKOpOCTb BOCXOJASILErO NMOTOKA, MM/C . . <0,7
CKOpOCTb IBHXKEHHS JKHIKOCTH B ueu'rpanbnou pr6e,
Mmle .. . <0,03

CkopocTb on.ua aozu;x B OTCTORHMK qepes 3a30p Mex-
Jly KOHLOM pacTpy6a ueurpanbaoﬁ prGbI " orpama-

TeMbHbIM LIUTOM, M/C . . . <0,02
Hvna ueHTpanbHOM pr6b1, . 2,75
Bricora wenn mMexay HuxHel KpOMKOH ueHTpaanou

TPyGObl ¥ MOBEPXHOCTLIO OTPAXKATEJLHOTO LIMTA, M 0,25—0,5
BeicoTa c/10s MexAy HH30OM OTPaXKaTeNbHOrO WIHTA U
TOBEDXHOCTBIO OCAMKA, M . . . . . « . « « « « . . 0,3

Yuer aTHX pekoMeHJAUHMiH AJA pacueTa H KOHCTPYHPOBAHHSA BepTH-
KaJ/IbHBIX OTCTOHHMKOB, OCHOBAHHBIH HA JAHHBIX HATY PHBIX HCCJIE0BAH Hil
A2eT BO3MOXKHOCTb HauGosiee MPaBHIbHO pellaTh 3aJauu. BMecte ¢ TeM

o Iy 100
7%
[ 7
il o
s} = 0/ io0
Cuelr Y ¢ Ao 350
35 40 p-—
Ny
PRI o 4 .
24 209 0 -
250 Wy L2eme 42 \ a5 10 48 20 4y
20 300 3 \|¥ |
o s =70
e T :
(4 ~ ¥
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0 =20 60 803% 1 2 3 4 ”m 0’? 1015 20 i9
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Puc. 12. I'paduueckuit MeToXl pacueTa BepTHKANbLHBLIX OTCTONHHMKOB:

a—no Inppuny C. M., 6 — HoMorpamMma a5 ONpeAeseHHs sdekra ocsersenns
CTOYHOM! 2KHIKOCTH.

Ansi obecrevenus TpebyeMoro adxpekta 3alepaHHs B3BeCH B OTCTOM-
HUKaX BePTHKaJbHOrO THIA OCOGEHHO BaXKHO 3HAHHE CEIMMEHTAIHOH-
HBIX XapaKTepHCTHK.

Sty TpeboBaHUs M J.'lePICTBHTeJlele THAPABJIHYECKYIO CXeMYy paboTsl
BEPTHKA/IbHbIX ~ OTCTOHHHKOB  yuuthiBaer MeTol npod. Iludpu-
na C. M. Ilo nsecTHO# KOHLEHTPAL KK B3BecH U TpebyeMoMy 3ddeKTy oc-
BETJIEHHA CTOYHBIX BOA ONPEAE/ISIOT THAPABIHYECKYIO KDYIHOCTb 4,
MHHUMA/IbHbIX Y4CTHL B3BECH, KOTOphle JOJLKHBI ObiTh 3afep:KaHbl B
NpoeKTHpyeMoM oTcToiHMKe. [lo HafileHHOH BeJMUMHE MHHHMMasbHORH
CKOPOCTH OCaXIEHHSI M CpellHeHl CKOPOCTH BXOAa BOAbl B OTCTOHHMK,
HCIIONIB3Y 51 SKCTIEDHMEHTAIbHO YCTaHOBJIEHHYIO 3aBHCHMOCTD, ONpefieisi-
10T Pafuyc OTCTOMHMKA.

I'paduueckuit Meton pacuera npusesen Ha puc. 12, a.
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2(bbheKT ocBeT/IEHHS CTOYHBIX BOIL B BEPTHKAJbHBIX OTCTOMHHKAX
B 00IIEM BHJE MOXKHO HpPeACTaBHTb CJeyIoliell 3aBHCHMOCTbIO

3, =E>3, =E, g frdus, (45)
vo

Koagdunuent nonesnoro AeHCTBHA cJefyeT NPHHHMMATb HO TabJ.
27, a 9, — No CelNMEHTALlHOHHON KPHBOH I/ KOHKPETHOH CTOYHOH
KHUIKOCTH.

ITp u me p2. Onpeneantb 3ddeKT paGoThl NEPBHYHBIX BEPTHKAJIbLHHX OTCTONHHKOB
NpH BpeMeHH OTCTauBaHHs 1,5 4 H HcXoxHO# KoHuenTpaunu 300 me/ 2. CelIMeHTaIHOH-
Hasl KpHBas NojiyyeHa B pedyJ/ibTaTe J1aGOpaTOPHBIX HCCAEOBAHHH B annPOKCHMUpYeT-

. 224
csi dopmysioit (34) ¢ kosbpuumentamn o = 0,21, B =1 4 = 1,25. Beicora

JnaGopatopHoro uuinHapa H pasHa 50 cu.
Ilo nanHBIM Ta6a. 27 npH ¢ = 1,5 kosdduuKeHT nonesHoro neiictBus Eg = 0,702,

;= ‘s Jrdu, =
%
Orciona

BH 1,9 - 50 P
avo+PH 0,21 -3600 - 0,07+ 1,25 -50 0

3y = Ep3; = 0,702 - 0,542 = 0,38 mm 389.

3asucumocts E, = f (f) meficTBHTENbHA TOMBKO JJ/1 THIOBOH KOH-
CTPYKILHH BEpPTHKAJbHBIX OTCTOHHHMKOB C LIEHTPAJbHBIM BIYCKOM.
Ha puc. 12, 6 npencraBnena HoMorpamMma A onpezneneHus ddekra
OCBETJIEHHSI CTOYHOH KUAKOCTH B BEPTHKAJbHBEIX OTCTOMHMKaX. Ilym-
KTHPHOH JIMHHe# IIoKasaH
npumep onpefener s sdpek- Ta!' 6numa 27. Koad»dmuueuru NoJIe3HOr 0
T4 OCBETJIEH Usl CTOqHOﬁ Kul- ACHCTBUSA BEPTHKAJIbHBIX OTCTOHHUKOB

KOCTH IIpH IPOJNOJIKHUTE/D- BpeMms or- | BenMumna oxsaThi-
HOCTH OTCTaHWBaHHS 1, 5 y. c'rantxaaﬂun, BaeMoH cxo/pocm Ep = 3y/9;
 r Vgr MM/[C

Xoxn onpegenenust 9 mo 3a- ’
JaHHOMY BpEMEHH OTCTauBa- 2,5 0,42 0,74
HHUA CJelyIomui: Ha cenu- 2 0,525 0,725
MEHTallHOHHOH KpUBOH 3a- }’5 ?’85 8’283
IaHHOH KoHlenTpanun C = 0,5 = 0.57
= 300 me/a HaXomAT TOUKY 0,25 1,2 0,48
A, COOTBETCTBYIOILYIO Bpe-
M€HH OTCTaHBaHHA t = 1’5 4, pacql;l'rga" xci:n:a};lH:éﬂueﬂg;uuﬂnp:;;ﬁgsggi
H yepe3 3Ty TOYKY NPOBOIAAT BeLeCTB NpHHSITA MOCTOSTHHOA M paBHOM 300 me/a,
KaCaTeJIbHy}O K KpHBOﬁ‘ ne_ TaK KaK OHa H3MEHSIeTCS1 He3Ha4YHTeJIbHO.

’

pecedyeHne KacareqbHOH ¢

ocblo opauHar B jpaer 3, — = 54%. W3 Toukn 5 mnpoBomAar
Jy4 B Hayajo KoopAuuar O BcmoMoraresibHoro rpaduka 4. Ha Bcnomo-
rate/bHOM Tpaduke 2 HaXOAAT 3HaueHHe Ko3(duilMeHTa IOJE3HOTO
JeHCTBHSA, COOTBETCTBYIOILIETO 3a/laHHOMY BpeMeHH OTcTamBanua E, =
= (0,7; na ocu abcuucc rpaguka 4 HaXoNAT COOTBETCTBYIOLlee 3Haye-
nue E,. Opaunara E,C = OD ectb HcKoMas BennuuHa 3pdexra
ocaxzaenus B3Becu O = 39%.
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[lpn NOCTPOEHMH HOMOTPaMMBI HCIOJIBb30BAHBI CEIHMEHTAIlHOHHBIE
KPHUBBIE, ONpeJie/ieHHble NPH TNOMOILK 3aBHCHMOCTH (34) Ans pasnuyHO#
MCXOIHOM KOHIEHTPALUH B3BEIIEHHbIX BELECTB; NPH HAaJHYHU KOHKPET-
HBIX CeJMMEHTAllMOHHBIX XapaKTepHCTHK, ONpele/eHHbIXsB pe3yJ/bTaTe
TNPEeANpPOEKTHBIX HCCAENOBaHHMH, CJeLYyeT MoJb30BaThCs HMH.

HoMorpamma no3BosisieT METOAOM 10CJIeI0BaTe/NbHOTO NPHOMIKEH Hsl
onpeiesIuTh HEOOXOAHMOE BpeMsi OTCTaHBaHMSI CTOUHBIX BOA TNIPH Tpe-
6yeMoM 3deKTe OCBeT/ICHHS.

B or/uune OT BepTHKAJNbHBIX OTCTOMHHMKOB C LEHTPaJbHBIM BIIyCKOM
CTOYHON MKMAKOCTH BEPTHKAaJbHble OTCTOMHHKH C HHCXOASAIIE-BOCXOAS-
I[MM TIOTOKOM XHAKOCTH 3a CUET HW3MEHEHHSl THAPOLHHAMHYECKOH cxe-
Mbl paGoTel 00/1a1al0T CNOCOOGHOCTBIO 3a/lePKHUBaTh He TOJNBKO B3BECh,
rUApaB/AHYECKast KPYIHOCTb KOTOPO# GoJibllle 0XBaThIBAEMOH CKOPOCTH,
HO M 4acThb B3BECH C T'MAPABJIHYECKOH KPYNHOCTbIO MEHbLIEro pasMmepa.
dro mo3BoJseT NpH OJHMHAKOBOM BpeMeHH MNpeObiBaHHS MOJAY4UTb Go-
Jiee BBICOK Ui 3dpeKT oTcTanBanus.

J1/is uaeasbHOTO OTCTOMHHKA C H HC X OA A [ e-BOCXOA AU UM
NIOTOKOM XHIKOCTH JBHXKEHHe XKHAKOCTH B BepXHeil YacTH OTCTOH-
HMKa MOXHO pacCMaTpHBaTh KaK paBHOMEepHOe H npsiMoJuHefiHoe. IIpu
atoM (yHKuHa Toka Crokca (AJs LH/IMHAPHYECKOH OCECHMMETPHUHOM
CHCTEMBI) B 3TOH YacTH OTCTOHHHKA OyJeT HMEeTb BHI

B 23'[ Rg ’
rae R, — pajuyc BHYTpPEHHEro LWJIHMHApA OTCTOHHMKA; Qo — pacxon
XKHUIKOCTH Yepe3 cedeHHe BHYTPEHHEro UMHMHADPA.
Jlunua P = 0 coBnajaeT ¢ MOBEPXHOCTHIO BHELIHEro WUHJAHHAPA H
IHa OTCTOHHHKA, C/efoBaTeJbHO, (PYHKLHA YacTHLL B3BECH Ha JHE OT-
CTOHHHKA HMeeT BUJI

O = + % U 2.

DyHKuMA YacTHL B3BeCH A/ BepXHEeH 4acTH OTCTOMHHKA paBHA

1

®. = R? (__Qo_ L
B QJIR% + 2 0].

Ecau yacTully B3BeCH, 06Jlallalou.ly1'0 CKOpPOCTBIO U, OTHOCHUTEJIBHO

XKUIKOCTH, MOMECTUTb B BE€PXHIOIO HacTb OTCTOHHHMKA HAa pacCcTosiHHH

R, oT ueHTpa, To OHa ONMYCTHTCS HA JAHO HA PaccTOAHHH R, OT UeHTpa

Rg Q
— =1 . 46
=t (46)

Tak Kak pajuyc OTCTOHHHKA paBeH R,}/2, dYacTHubl, AIs KOTO-
pbIX HayaJbHOe PAcCTOsHHE OT LeHTpa Gosblie Ryp, ONpelessieMoro pa-
2

Qo
YR

BEHCTBOM Ryp. = R, , 6YAyT BbIHECEHBI W3 OTCTOHHH-
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Ka. Tak kKak Ryp <R, YacTHLBI CO CKOPOCTBIO U, => Uxkp =—n%“?- noJs-

HOCTBIO OCa2KJAalTCA Ha AHO HE3aBHCHUMO OT HAayaJIbHOrO pacCTOAHHA OT
HEeHTpa. I'Ipnnnmaa BO BHUMaHHeE, YTO CKOPOCTb BBerHeﬁ YacTH OTCTOMHHUKa

1 o Qo

PaBHa U, = U, =5 & = — 5 , BLIDAXKEHHS /19 (YHKUMH B3BellieH-

HbIX BeIleCTB NEpenuuyTca B Buuae
2
1 Ry
(DB =_2—R2(va+uo); ‘;{' =1 +
1

2
RKp =Ro V—(—)——, Ugp == Uy
14 -2

Uy
YacTuusl €O CKOPOCTBIO Uy << Uyp OCAXKAAIOTCHA Ha JAHO OTCTOHHHKA
He nosHocThio. Eciy npeanonoxurb, YTo B3BelLUEHHBIE YAaCTHIBI B BEpPX-
Hell 4acTH OTCTOHHHKA paclpeliesleHbl paBHOMEPHO, TO KO3(pHLHEHT
OTCTaWBaHUSA AJIA YaCTHIL ONpeJieleHHOTro pa3Mepa OyleT paBeH

vp .
uy

2
r, = RKp = 2u°
i R% Uo+ v
a obuyi 3pdeKT OTCTauBaHHA
Ugp oo Ugp
{ riF (o) duo+ § F (uo) duty § (1 —r) F (uo) duo
0 u
3‘= = i = l -_ g P> . (47)
z .
| F (uo) dug { F(uo) duo
0 0
¢
151 ceAMMEHTaHOHHBIX KPHBBIX BHAA 3 = TP KOJIHYECTBO B3BECH,

ocax/JaeMoi 3a 6ecKoHeuHO GoJibllioe BpeMs, OyleT PaBHO

v 1
| F o) duy = —.
b p
KonndecTBo B3BecH, 4acTHIBE! KOTOpPO#l 06/1aJal0T CKOPOCTAMH, MEHb-
IIHMH v,
v
ov (ov- 28H)
VP dn, = 5 g
KonnuecTBo B3BeCH, YacTHILI KOTOPOil 06/1aJai0T CKOPOCTAMH, GOJlb-
LIHMH 0,

0o _ ﬂ”z
§F(u°)duo = W.
O61muit adxpeKT oTCTaMBaHUSA MOXKHO BLIpa3uthb GopMyJ1oH
. 4B Hou,,, 2BH
O = Gy —PHF M G, + PH T
2Haqu (a’uﬁp + aquBH + 282H?) BH? (48)
(a%ﬁp — B2H2)? (@, + BH)? °
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3nauenus o6biero 3heKra OTCTaHBaHUA AN HCXONHOH KOHUEHTPALHH
200 me/a npuBesiensl B Tabua. 28.

Ta6auna 28. O6wnii apekT OTCTaHBAHUS B BEPTHUKAJBHBIX OTCTOHHHKAX C
HHCXOAsiLEe-BOCXOASIIHM MOTOKOM NMPH HCXOAHOUN KOHueHTpauuu 200 w2/

3nauenust I, 3HaueHHs 3, 3HaueHns 3, 3Hauenus 39,
cm/e % cm/c I % (274 % cm/c %
0,08 48,1 0,16 29,3 0,24 22,6 0,35 17,2
0,09 41,7 0,18 26,8 0,26 21,4 0,4 15,4
0,1 37,1 0,2 25,8 0,28 20,3 0,45 14,2
0,12 36,1 0,22 24,2 0,3 19,3 0,5 12,5
0,14 35,2

JIns mpakTHYECKHX pacyeToB YNOOHee NOJb30BATHCS HOMOrPaMMOH,
NpeACTaBNeHHON Ha puC. 13, umu popmy.oi

2 Q EY Ly [;M/l
— — 4 800
R ]/3,6 nKuo’ s Hs00
: 0.8 =%
rie K — xoedpouuueHt, npuuuma- £ E o
eMmbiii paBHbIM 0,65. 3HaueHns u, - ”» Aw
HaanexXur npunuMatb mo CHull T ]
11-32-74 unu no popmysne “E i Jos0
KH(1 —83 F y -
Uy = _(__ﬁ_n_)_ o =15 ]
aed(KH k) ] E ]
s5F =50 e
oof 1
Puc. 13. Homorpamma pans pacuera s 1
BEPTHKAJNbHbIX OTCTOHHHKOB C HHCXO-  Zf :
Aslle-BOCXOASALLHM TOTOKOM KHI- 5
KOCTH. S0k Ao




Pazoean 3.
BUOXUMHUYECKAA OYUCTKA CTOYHbLIX BOO

CXEMbl KOMNJIEKCOB BHOXHMMHYE CKOA OYUCTKH

Knaccuthukauna TeXHONOrHYecKHX cXem
Gnoxumuyeckoil oYMCTKH

YHUOHUHPOBaHHBIE TEXHOJIOTHYECKHE CXEMBI KOMIIEKCOB GHOXHMH-
YeCKOH OUHCTKH CTOYHBIX BOJ MOXKHO NpPEeJCTAaBHUTb B BHAE COYETAHHS
Pa3/IMUHBIX YCTPOHCTB B KOHKPETHBIX MOAH(DHKALHAX TeXHOJOTHUECKHX
NpOLECCOB, KOTOPBIE pacCMaTPHUBAIOTCA KaK HHXKeHepHBle 3afaud. Pas-
JIMYAIOT CTIOCOOB! U YCTPOHCTBA A5 OLICTPOrO H3BATHA 3arpA3HEHHH HIH
I/ CO3JaHHS YCJOBHH I'yGOKOro NpeBpallieHHs BellecTB M OGHoMac-
col. Ilpomeccbl 6bicTpOro H3BbATHA 3arpsg3HeHHH
M3 CTOYHBIX BOJ 3aKJ/IOYAIOTCH B NepeMelleHHH OpraHHYecKHX BellecTB
Ha TOBEPXHOCTb CKOMJIEHHH JKHBBIX MHKPOOUAJbHBIX KJIETOK H OCBO-
60KIEHHs BOABL OT 3THX BEIUECTB; IPOIECCH NMpeBpalfeHH A
OpramMuYecKHX BellecTB 3arpsasuHenunit u 6u
O M a C C Bl 3aKJIIOYAIOTCS B NepeBOJe 3THUX BellecTB B NPOAYKTH OKHC-
JIEHUs — YTJIEKUCJIOTY, BOLY, S3HEPTHIO H HHEPTHYIO Maccy.

CooTHollleH U5l MEXKAY CKOPOCTBIO CHH2KEeH Ul 3arpsA3HeH i B CKOPOCThIO
06pa3oBanKs OTHENbHBIX (Pa3 NPOAYKTOB IPOLECCOB H3bATHA H NMpeBpa-
IEHHs] OpPTraHHYeCKUX 3arpsisHeHHH, a TaKxke M)eobnajanue TeX WM
HHBIX (a3 mpoueccoB 00pa3oBaHHs KOHEUHBIX MPOAYKTOB ONpEAeNIOT
passnupble MoauduKanuy npouecca O6HOXHMHYECKOH OYHCTKHM CTOY-
HBIX BOJ.

IlpeoGnapanue orienbublx a3 npouecca GHOXHMHYECKOH OUHCTKH
B CBOIO Ouepelb 3aBHCHUT OT Npeobjafanusl TOro WIH HHOTO BHAa, Paso-
BOZHCIIEPCHOTO COCTOSAAHMA W KOHLEHTPAUMH 3arpPA3HEHHH B CTOUHOH
XKHIAKOCTH.

Ecnn npeo6napalor opraHHyecKHe BelecTBa B BHae rpy6Goaucnepc-
HbIX NpuUMeceil ¥ KOJJIOMAOB, HX MOXKHO OBICTPO YyZaJuTb U3 CTOUHOH
KHUIKOCTH copOUuMell ¥ Koary IsLHeli, IpuYeM B KayecTBe peareHTa Haubo-
Jiee TIPUTOIHBI AKTHBHBIA HJ1 MM OHOMJIEHKA, YCKOPSAIOLLIHe 3TH Nporec-
Chl IeHCTBHEM CBOHX ()ePMEHTOB (3TO OTHOCHTCH TOJBKO K BelLlecTBaM,
nopralomuMcss GHOXHMHUYECKOMY OKMCJEHHIO, T. €. CHOCOGCTBYIOUHM
o6pa3oBanuio Guomaccel). Ecau B cTOUHOH »KMAKOCTH NpeoGrajaroT
pacTBOpEeHHBIe BelleCTBA, HX HEOOXOAMMO OKHCJATb OHOXHMHYECKHM
nyTeM JO KOHEUYHBIX NpPOAYKTOB.

MaJble KOHLEHTpPALHH B3Becell H KOJJIOHAOB MOXKHO YAanaTb copb-
uuefi M KoaryJduueldl Ha CTalMOHApHBIX NOBEPXHOCTSX AKTHBHOM
Guomacchl (Ha OuomnJieHke), a AJs yAaleHuss 3THM cnocoboM 3arpssue-
HHil ¢ TIOBBILIEHHOH KOHLEHTpauueil Heo6xoauMa COOTBETCTBEHHO NOBHI-
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IIeHHAs KOHIEHTPaLHs GHOMACCHI, T. €. MOXKET ObITb IPUMEHEH aKTHBHBI
Wi1. BoaMOXHBI TaKKe KOMGHHALKH NpoleccoB 06paboTKU 3arpsA3HeH uit
AKTHBHBIM HJIOM B COBOKYITHOCTH CO CTallHOHAPHBIMH CJI0AMH GHOTJIEHKH.

KpoMe ykasaHHBIX ()aKTOPOB, HMeeT 3HaueHHe TaKxkKe KOJHYEeCTBO
06pabaTbiBaeMBbIX CTOYHBIX BOJ (IPOH3BOAMTENBHOCTb OYHCTHHIX COOpY-
KeHui). Meroabl GEICTPOTO H3BATHSA 3arpA3HEHHH M3 CTOYHOMN KHAKOC-
TH CBfI3aHH C 3ajavell AasbHeililefi 06pabOTKH H3BATHIX 3arpsA3HEHH.
Ec/an pacXoX CTOYHBIX BOL MaJsl M KOHLEHTpalus 3arpsA3HEHHH TaKxke
HEeBeJIMKa, HEeT HeOGXOLMMOCTH B CJIOKHBIX COOPYXKEHHAX A 06paboT-
KH 0cafKoB. B TakoM ciiyuae MOKHO NpHUMeHHTb OHODHIBTPE! B KOMILJIEK-
ce ¢ aHadpoOHBIMH cOpaxuBaTenaMu. Ecan pacxol cTOUHBIX BOA Mal,
a KOHIEHTPAUHsl B3BELIEHHbIX W KOJJIOMAHHIX 3arps3HEHHUH BeJIMKa,
PalMOHAJBHO NPHMEHHTb METOJA COBMECTHOTO GHOXHMHYECKOro OKHCie-
HHs BceX 3arps3HeHHil 6e3 WX MNpeIBapHTEJbHOTO H3BATHA, TaK Kak
NPH MaJbX pacXofaX YBeJHueHHe oObEMOB COOPYXKEHHH MPennouTH-
TeJIbHEE, YeM YCJOKHeHHe cXeMbl. [IpH MOBHIIEHHHIX pacXoAax CTOY-
HbIX BOJ PallMOHAJbHO NMPHMEHATb MOZH(HKALHH NPOLECCOB OYUCTKH,
He BBI3BIBAIOIIHE YBeJHYEHHBIX 00BEMOB COOPYXKEHHI, TaK KaK NpH 3TOM
pe3ko Bo3pocsia OBl MX CTOMMOCTb; B TaKHX cJydasfx rpyGoaucmepc-
Hble BellleCTBA PAIMOHAJBHO YAAJAATh METOLAMH GEICTPOro H3bATHA (OH-
ocopbuneil), a pacTBOpeHHbIE — CTYNEHYATHIM OGHOXMMHUECKHM OKHC-
JIEHHEM.

Ilna Boibopa Moauukaunu npouecca GHOXHMHYECKOH OYHCTKH pe-
KOMeHJYyeTCSl TEXHOJIOTHUecKasd KJaccH(pUKalus, OCHOBaHHas Kak Ha
Pa3HOBHAHOCTH MPOLECCOB, TaK H HA CKOPOCTH HX NMPOTEKaHHS, C YYETOM
KOHCTPYKTHBHBIX THIIOB COOPYKEHHI.

CorsacHo mpegsaraeMoil KiacCubHKalUH TEXHONOTHYECKHX Mpolec-
COB MOTYT NPHMEHSATLCA CJENYIOLIHe TeXHOJOTHYeCKHe CXeMBl: CTaHIHH
¢ 6HoHIbTPaMH (C MJIEHOYHBIM H KaleJbHbIM OPOLIEHHEM), BbICOKOCKO-
POCTHBIE a3pPOTeHKH (C CylpaaKTHBalueHd Wau ¢ mpoueccoM 6uocopl-
IIMH), a3POTeHKH C pereHepauueil uia Win 6e3 Hee, KOHTAKTHO-CTabH-
JIM3allHOHHBbIE a9POTEHKH, CXeMbl C MOJHBLIM OKHCJEHHEM 3arpsisHeHHi
B OJIHOH €MKOCTH HJIH C pasfiejieHueM (pa3, cTyneHYaThle CXeMbl.

Buopuabrpe ¢ KaneabHo# o¢uAbTpPaULHeHd
(opollleHHeM) MMEIOT HH3KYIO OKHCJHTENbHYIO MOLIHOCTb, OYeHb YyB-
CTBHUTE/IbHBI K MOBHILEHHIO KOHUEHTPALMH 3arPA3HeHHH U K THAPaBIH-
yecKo#l Harpyske. IlostoMy HX pauHOHA/JbHO NPHMEHATb JJIf OYHCTKH
BeCcbMa MaJIblX PacXOLOB CTOYHBIX BOJ C HU3KOH KOHUEHTpa el 3arpas-
HeHMH, HAXOAALIMXCA NPEHUMYIIECTBEHHO BO B3BeLIEHHOM H KOJIJOMA-
HOM COCTOSIHHH.

BuodpuabrTpe ¢ NAEeHOUYHHM OPOIIEHHEM HMe-
IOT JIy4llIHe YCJOBHS aspauuy OHOMJEHKH, XOoTH H OoJiee CJIOKHYIO 3a-
TPY3Ky, YeM KamneJbHble, [03TOMY MOTYT NPHMEHATHCA HJ OYHCTKH
CTOYHBIX BOJ| OT 3arpsi3HEHHH CO CPeJHHMH KOHUEHTPAaLHAMH, HaXond-
LIMXCA BO B3BEIIGHHOM H KOJIJIOMIHOM COCTOSHHH. Menbliee runpasiu-
uecKoe COMNPOTHBJIEHHE 3arpy3KH C MJEHOYHBIM opolleHHeM (6JOYHBIE
THINBI) NMO3BOJIAIOT MPHMEHATb 3TH GHOGUIBLTPLI B GOJbILEM HuHaNasoHe
NPOH3BONHTENBHOCTH, 4eM KaleJbHHIE.
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CxemMa a’pOTEHKOB CMEeTOLOM CynpaakTHB a-
L ¥ U MOXeT NPUMEHATLCSA JJI OYHCTKH CPEAHHX U GOJbLIKNX KOJHUYECTB
CTOYHLIX BOJ, 3arpsA3HEHHS KOTOPBIX HH3KOKOHLEHTPUPOBAHbI M IHpel-
CTaBJIEHbI B BUJIE B3Beceil; IPH 3TOM MaKCHMAaJIbHO UCIOJIb3YeTcsl 00BeM
BTOpHYHbIX oTcToliHUKOB. Hanpumep, ecau BITK,, cTounsix Box He mpe-
Bbiwaet 100 me/a, To naxe cHuKeHue ee Ha 80% NO3BOJHUT NOJYYHTH
KauecTBO BOAHI, Tpebylollieecs MO YCJOBHAM cOpoca B KPYIHEIE BOXOEMBI.

CxeMa a3poTeHKOB ¢ npoumeccoM O6uocopbC
ILH M OCHOBAHA HA CBOACTBaX AaKTHBHOrO HWJAa ObICTPO yRAAATb 3a-
TPA3HEHUS M3 CTOYHOH MHAKOCTH 3a CYET CBOMX COPOLMOHHBLIX U ¢Jio-
KYJALHOHHBIX CBOACTB. DTH CBOHCTBA HJIa HCIOJNb3YIOTCS W B cXeMax
CynpaaKkTHBAaLli¥ H KOHTaKTa-CTaOW/IM3alnH, HO NMO3BOJAIOT CO3AaTh H OT-
JeJbHYIO Pa3HOBHAHOCTh CXeM, KOHCTPYHpYyeMbIX Ha 6ase annapartoB THNA
ancop6epos. ITpu aToM npeanosaraercst BHICOKHE 3(hEKT H3BATHSA 3a-
TPA3HEHHH, €CJH OHH MPeobJafaT B GopMe KOHLUEHTPUPOBAHHBIX, HO
JeTKO OTHeJIsseMbIX opraHuueckux Bapecedl. ITpu momomu Gartapeii Guo-
COpOLHOHHBIX annapatoB MoXKHO Oygaer ObicTpo u 3deKTHBHO yna-
JATb aKTHBHBIM HJIOM 6GOJIbIliHe KOJNHYeCTBA B3BEeLEHHLIX 3arps3HeHHi.

CxemMa a3poTeHKOB ¢ pereHepaunueii ax-
THBHOTO HJ aIpuUMeHseTcs Ha CPeJHHX W KPYNHBIX OYHCTHBIX
CTAHUHAX, HA KOTOpbIE NIOCTYNAIOT CTOYHbIE BOABI CO CpefHeH M HHU3KOH
KOHLIEHTpallHe i 3arpsi3HeHH B BUJie KOJJIOWIOB H PaCTBOPOB.

CxemMa aspoTeHkoB 6e3 pereHepaunmuu HJIa
B KODHIOPHBIX COOPYXKEHHAX MOKeT NPHUMEHATbCA B TOH Ke o0sacTH,
uTo ¥ npeppinywas. OcylecTBieHHe 3TO CXeMBI ¢ PHMEHEHHEM KOM-
6UHUPOBAHHBIX a3PallUOHHBIX COOPYXEHHH, HMEIOIHX NCEBJOOXK HXKEH-
Hble CJIOH aKTHBHOTO WJa, 3HAUHTEJbHO paclliupsieT 06JacTb NpPHMeHe-
HUA 3TOH MOAM(HUKALNH B CTOPOHY TMOBBLILIEHHBIX KOHLUEHTPALHH 3a-
TpsA3HEHHH, a TaKXke I/ CTAaHUMH MeHbleH NPOH3BOAHTEJIbHOCTH.
210 06bsAcHseTCA Gosee riyGOKUM NMpOTEKaHHEM Tpouecca GHOXHMHYeC-
KOTO OKHCJEHHs B ITICEBIOOXKHKEHHBIX CJOSX aKTHBHOTO HJa H Gojee
BBICOKOI1 CTENEHbI0 OYHCTKH.

CxeMa ¢ KOHTAKTHOCTAaOHJIH3AaILHOHHDBIM Ipo-
LECCOM MOXO0XKA HA CXeMY C OTAENbHON perenepauueil,” HO OTIHYaeTCs
1o cBoe# KoJuuecTBeHHON xapaKrepuctuke. IlyteM unteHcHBHOTO nepe-
MellMBaHUA 3a CYeT NPHMEHEHMS CHCTEM MeXaHHYeCKOro a3pHpoBaHMHsA
yaaetcs MOBLICHTb COPOLMOHHBIE CBOfCTBA WJa, €ro COPOLLMOHHYIO eM-
KOCTb H, CJefOBaTeJbHO, OCYLIECTBUTb OBICTpPOE H3bATHE B3BEILIEHHbIX
H KOJUIOWIHBIX 3arps3HeHHi. B pereneparope B 3ToM cayyae GyayT ocy-
IEeCTBJATLCA MpoUecchl OKHCTEHUs COPOHPOBAHHBIX U BOCCTAHOBJIEHHE
COpOLMOHHOW aKTHBHOCTH HJIA.

A3poTeHKH ¢ pereHepaTtopaMi paGoTaIOT C OKHCJIEHHEM PacTBOPEHHbIX
OpraHMYeCKHX BEIECTB B TEUYEHHEe BPEMEHH KOHTAKTa HJa CO CTOYHOM
XKuiKocTblo. Tak Kak BpeMs KOHTAaKTa B KOHTaKTHO-CTaOHJIH3allHOH-
HbIX a’poTeHKax AJA 3TOTO HEAOCTATOYHO, CXEMbI ¢ KOHTaKTHO-CTaOHu-
JIM3aLHOHHBIMU a3POTeHKaMM pAaLHOHAJbHO TNPHMEHATb AJA OUYHMCTKH
CTOYHBIX BOZ C Npeo0JajaHHeM 3arps3HeHHH BO B3BEIIEHHOH H KOJLIO-
uaHo# dasax.
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CxeMa c mpoAJNeHHOH adpamue il npurofHa A Ma-
JIbIX KOJIMYECTB CTOUHBIX BOJ, TaK KaK CBsi3aHa C NJIHTENbHON 06paboT-
KO CTOYHOH KHAKOCTH, 6OJbIIHMH 06beMaMu coopyxkeHuil. [Tpoueccht
NpOIJIEHHOH adpallMy NPOTEKAlT MeLJEHHO, HO Tray6oKo, 4To 06y-
CJIOBJIHBAET BO3MOMKHOCTb MHHEPAJH3allHH YaCTH B3BEILEHHLIX OpraHH-
YECKHX BellecTB NMYTeM HX (DePMEHTATHBHOTO THApOJH3a H NOTpebile-

HHA KJIeTKaMH HuJja.
CxeMaouucTKu Tab6aunma 29. Opuentuposounmie mnpenedsl
o o
AKTHBHBM HJI0OM KOHUEHTPaLHii 3arpsa3HeHni rOPOACKHX CTOYHBIX

BOA NO (a30BO-AHUCNEPCHOMY COCTOSIHHIO
B pexXHMe CpeJHHX Ha-

TPY30K C pa3jfedb-

HoO i aspo GHoOM KoHue;;;gaum. MOJIEKY J151 DHBIE
cT a 6 HJIH3 A u He ﬁ B3BeCH KOJIJIOH b1 pacTBophl
H30BITOYHOTO HJA
obecneunBaeT napamerphl Bricokas 150—300 [ 300—500| 500—1000
mpouecca MOJHOTO OKuc- | GpeAda 102701050 '02703(?0 20(2880
JIEHHs ¥, B OTJIHYHE OT

MeToAa NpofJeHHOH adpa-
MM, TpeGyeT MeHblllero o6beMa COOpYKeHHH, HO OOJbIIETO HX YHCJ/A.
Sra cxeMa peKOMeHIYeTcs LJIs CTAHIMI CPeliHeil NPOH3BOAHTEIbHOCTH,
KOrja 3arps3HeHHs CTOUHBIX BOJ KOHLEHTPHPOBaHbI, HO XOPOILIO MOJ-
Bepraiotcsi OGHOJIOTHYECKOH OUYHCTKE.

CrynenuaTbecxXxeMb GHOJMOrHYeCKOHN oYHCT
K U MpefHasHayeHb! JJIs CTaHUME cpefueil U GOJBIIOH NTPOH3BOXUTEJIb-
HOCTH, KOTZa 3arpA3HEHHs NpeACcTaBJieHbl B BHAE KOJJIOHAOB H PacTBO-
POB H HMEIOT BBICOKYIO KOHLEHTPALHIO.

Ipu BeIGOpe TOH WM HHON CXeMbl GHONOTHYECKON OUHCTKH CJELYET
PYKOBOACTBOBATbC A NPHOJHKEHHBIMH KOJHYECTBEHHbIMH XapaKTePHCTH-
KaMH¥ KOHLEHTpAIlMH 3arpsA3HeHHi B DPa3/M4HOM (Da30BO-AHUCIIEPCHOM
cocTossHHH. PekomenyeTcst No/b30BaTbCs NAHHBIMH, MOJYYEHHBIMH NIPH
sKcnepuMeHTaJabHbIX HccaefoBanusax B HUKTU I'X pas kommiekcos
OnoxuMuyeckoll OouMCTKH (Taba. 29). Eciu B KOHKpETHBIX YCJOBHAX
KOHIEHTpAaUHH OKaXKyTCs Bblllle NpefesbHLIX, CJeLyeT NpelycMaTpu-
BaTb COOpYXEHHA AJA MeXaHUYeCKOH WM (U3HKO-XHMHYECKOH OYHCT-
KH C IeJbIO IOBEJEHHS HX O PEKOMEHAYEMbIX BEJHYHH COTJIaCHO BbIO-
paHHOH TEXHOJIOTHYECKOH cXeMe GHOXMMHYECKOHN OUHCTKH.

Pasnuynple Moau(HKaLMH NpoLeccoB GHOXMMHYECKOM OYHCTKH OT-
JIMYAIOTCA HANpPAKEHHOCTbIO HX IIPOTEKAHHHA, T. €. Pa3HbIMH Harpyska-
MM Ha Ouomaccy. Bennuuuo#i Harpy3ku M 3afaHHbIM 3(pekTOM OUHCT-
KU olpefieJiieTc CKOPOCTb OKHCJEHHS WM H3BATHSA 3arpA3HeHHi.

Harpysku paccunrtbiBalorcsi Kak Ha €QUHHLY KOJHuecTBa GHOMAcCHi
N0 CyXoMy uJH 6e330/IbHOMY BelleCTBY, TaK W Ha €JHHHLY peaKIHOH-
Horo obbema coopyxeHHs. COOTBETCTBEHHO NPHMEHSIOTCH TEePMHHBI
«<HarpyskaHaum lsu«wbbeMuas Harpyska» ly. PacueTnnle
3HaUeHHsA HArPy30K OINpeReJAIOTCS MO HayaJbHOH KOHUEHTPAlMH 3a-
rpasHenui, Boipaxkaemolt yepe3 BITK; uiau BITK oy

CKOpOCTH OKHCJIEHHS WJIH H3BATHA 3arpsisHEHHHl pacCUHTHLIBAIOTCA
TaKXke Ha eIHHHIly KOJH4ecTBa GHOMACChl, HO ONpPeNeNsIOTCs N0 CHATOM

Da30Bo- AUCNIEPCHOE COCTOSIHHE
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Ta6anma 30. JInana3oHsl OCHOBHBIX TEXHOJNOTHHYECKHX MapameTpos,
onpeneasiomux BuIGOp moaudHKaUUM TEXHONOrHYECKOro mnpouecca GHOXHMH4ECKOR
OYUCTKH CTOYHBIX BOA

HanpsixkerHocTh npolecca
Bi
HanmeroBarue Ennruna H3me- AxTupHuft ua HoGuIBTPaIKA
Tiokasateseft petma BBICOKO- | CpeAHeHa- | HHM3KOHa- | BBICOKO- | HH3KOHA-
Harpy- rpysKeH- | rpyxes- Harpy- rpyXKeR-
JKEeHHble Hble Hble JKeHHbIe Hble
Harpyska Ha Guo-
Mmaccy 2 BIIKy/2-cym 1—1,6 0.3—1 0,06—0,2 | 0,2—0,5 0,04
O6G1beMHas Harpys-
Ka xe BITK /m3/cym | 1,6—3 1—1,5 0,3—1 0,7—3 0,2—0,3
KoHueHTpauus
Guomaccn! Ke/m3 1-2 23 3—4 3,25—6,5 | 4,75—7,12
Tlpupocr Guomac- | /e (Mo cHsTOH
cbl BIK,) 0,6—1 0,2—0,6 0,04—0,2 | 0,6—0,8 0.2—0,4

konuenrpauun BIIK; uan BITKpoqy; BennunHa CHATOH KOHLEHTpPALHU
3arpsi3HeHuH, OTHECEHHas K eJUHMLE peaKLHOHHOro obbemMa Coopyxe-
HHs, HasbBaeTcd O KU CJHUHUTENbHOH MOIWHOCTSIO.

PekoMeHyeMble 11ana3oHbl IAPaMeTPOB, XapaKTepH3YIOWUX pas3ny-
Hble HaNpsXKEHHOCTH MpoueccoB GHOXHMHYECKOH OYMCTKH CTOYHBIX
BOJ, npuBeneHsl B TaG1. 30 (KoJuuecTBO GMOMACCH MPHHATO MO CYXOMY
BEILECTBY).

B kayectBe peakuuoHHOro o6beMa IpH pacyeTe Ha-
rPy30K MJIH OKHC/JHTEJIbHOH MOLIHOCTH CJeyeT NPHHHMATb O0GbeM,
sannMaeMslil Guomaccoit. s 6nopunbTpoB — 3T0 06beM TeJla 3arpy3KHy,
/11 a9POTEHKOB — 5T0 00'beM, 3aHUMAaeMblil aKTHBHBIM HJIOM. B KoM1ek-
cax a’pOTEHKOB C OTIEJbHO CTOSLIHMH WJIH BCTPOEHHBIMH OTCTORHHKA-
MU peaKkuHOHHbIl OGbeM MpEeNCTaBJAsfeT CyMMy OOBEMOB a3pOTEHKOB,
WIOBOHl YacTH BTOPHYHEIX OTCTOMHMKOB H paboyero ofbeMa MHJOBHIX
pesepByapoB. B KOMGHHMDOBAHHBIX a’DALHOHHBIX COOPYXKEHHAX

Ta6auuma 31. Hikana yHuui1POBAHHBIX TEXHOJIOrHYECKUX CXeM GHOXHMHYECKOH
®a3opo-AUCNIEPCHOE COCTOSIHMSA T peobJaaaiouinx
CucTteMbl KaHaJH- ITpou3BOAHTENLHOCT Basecu
30BaHHA (rpynIisi) cranuu#, md/eym
BbICOKast cpenusst HH3KAs
MecTHble Ho 12 A BI1O, MNA BKO
Mansie 25—100 ITA, AC A, AC BITO
200—700 ITA, AC A, AC BI10
[Mocenkosble 1400—4200 AC AC KC, CA
7000—10000 AC AC KC, CA
Topoackue 17000—50000 b KC, AC KC, CA
64000—100000 b KC KC, CA
130000—280000 — KC, B KC, CA
PaiionHble Csabiie 280000 — KC, b KC, CA
NMpumeyaune O6o3naueHus MoAHDUKAUMA TeXHONMOrHUecKHX cX2M: BKO — BuodHABT
HETIONIHYIO OYHCTKY (CynpaakTusauusi); B — Guocop6uus; AP — asporeHku ¢ pereHepauueft; A —
aspanusi; AC — a3pOTEHKH C OTAe/bHOH CTaGHuM3auMest uaa; C — cTymeHyaTbie CXeMsl
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(a3poTeHKax-OCBET/INTeNAX M a3POTEHKAX-OTCTOMHHMKAX) — 3TO 06beM
BCEro COOPYXXEHHS, 3aHMMaeMblll JKHIKOCTbIO, MHHYC OGBEM 3alluT-
HbIX 30H HaJl ypOBHEM MJ/la B 30HaX OCBETJIEHHs (OTCTauBaHMs).

ITpu BoiGope MomuduKauuu npouecca GHOXHMHYECKOH OUMCTKH He-
00XOIMMO COT/1acOBBIBATh €€ C THIIOM a3PaAlHOHHOIO COOPYKEHHUS H CIo-
co6oM paspie/leHHs HJIOBOH CMeCH. DTO JOIXKHO ONpPENENHTb BOSMOXKHYIO
pacyeTHyI0 KOHLIEHTPALHIO aKTHBHOIO HJla H, CJEeJ0BATe/bHO, AHalNa30H
Harpysox.

3anauy BEI6Opa CXeMbl OYHCTKH CTOYHBIX BOJ NPOEKTHPOBIIMKY 3Ha-
YHTE/IbHO O6JIErYHT NpefJjaraemasl Likajla yHH(HIHPOBAHHHIX TE€XHOJIO-
THYeCKHX cxeM (Taba. 31) ¢ COOTBETCTBYIOILMM TEXHHKO-IKOHOMHYE-
CKHM CpaBHEHHeM BapHaHTOB.

IMpuwmep l. Konnenrpaunus aarpsisnennit crounsix sog no BITK; pasua 200 /a3,
N0 B3BeleHHHIM BeulecTBaM — 300 2/M3, pacXoi CTOYHHIX BOA COCTaBasieT 20 ThiC.
#3/cyT, 3arpsiaHeHHs — XO3AHCTBEHHO-GLITOBOTO XapaKTepa.

Xo3siicTBeHHO-OLITOBHIE CTOUHBIE BOJbl MOXKHO OYHIATh (COTJ1acHO LiKaJle) MeToAaMii
6rocop6uuy AHG0 B KOHTAKTHO-CTaGHJIH3aLHOHHLIX a3POTeHKaX, AMGO B ad3pPOTeHKaXx ¢
OTHEJIbHOM cTaGHJIH3alHel HJla, TaK KaK 3TH BOJHI cofiepkar B3Beceil — 34% , xoamonu-
JioB — 27% ¥ pacTBOpeHHHIX BemecTs — 39% (1104151 OpraHHYeCKHX BEHIECTB B KaMJON
Tpynne 3arpssHeHHil COCTaBJsieT COOTBETCTBEHHO 67%, 67% u 14%, T. e. GHOXHMH-
YecKOH OYHCTKe OYAYT NOLBEeprathCs NPEHMYLIECTBEHHO B3BelUEHHEBe M KOJUJICHI-
HBle 3arpA3HeHHsi C npeo6/ajaHHeM B3BellleHHbIX). [TOCKOJIbKY KOHTaKTHO-CTaGMJIH-
3aLHOHHHA NIPOllecC COAEPKHT B cefe TeXHOJNOTHYECKHH 3JieMeHT npouecca 6Hocop6-
LHH, TPHHHMaeM ABa BapHaHTa — Moxudukauun KC u AC, H3 KOTOpPHIX ONTHMajbHas
ONpee]INTCS NyTeM TeXHHKO-5KOHOMHYECKOTO CpaBHEHHS.

ITp uwmep 2. TpeGyercs 3anpoeKTHPOBATh OUYHCTKY CTOYHLIX BOJ KOHCEPEHOIO 3a-
BOJia, pa36aBJleHHBIX rOpPOACKHMH crokaMH. BITK cmecu cTouHHX Box cocraBaser
500 2/#3, KoHUeHTpanus B3BelleHHuX BewecTB — 400 2/#3. Ha 6HOXHMHYECKYIO OUHCT-
Ky GyZeT nocTynatb cTouHasi upkocts ¢ BITK, paBHuiM 350 o/#3 1 KoHueHTpaumeit
B3BellleHHBIX BelecTs 150 2/43. Pacxon ctounsix Boa 3000 #3/cym.

YUHTBIBas, YTO CTOYHAs MKHAKOCTb KOHCEPBHOrO 3aBOJa B OCHOBHOM COCTOMT H3
KOJJIOHAHBIX 3arpsi3HeHHil, KOHUEHTPAuHs KOTOPHX COrJacHo Tabi. 30 oTHOCHTCS K
BLICOKOH, NPHHHMaeM CTYNeHYaTyl0 CXeMy OYHCTKH, KOMIOHYEMYIO M3 a3DOTEHKOB-

OYHCTKH CTOYHBIX BOA

3arpsisHEHH M HX KOHUEHTpalHs
Konnon s MousieKy 151 pHble pacTBOpSI
BbICOKast cpeaHsist HH3Kas BLICOKast cpeaHsas HH3Kast
A A, BKO BKO IA, C MA MA
ITA, AC BI1O MA, C A IA A
AC, C A BIT1O AC, C IA MA
C A, AP KC C A ITIA
C A, AP KC C MA, A —
C AP KC C A, AP —_
C AP KC C A, AP —
C AP KC C A, AP —
C AP KC C A, AP —
pHl C KaneJbHbiM opoiuenueM; BITO — 6uoduabTpLl ¢ NJeHOYHLIM opoweHHeM; CA — a5pOTEHKH Ha
|aspoTenku Gea perenepauun; KC — KOHTaKTHO-CTaGH/M3aUHOHHbIE a3pOTeHKH; I1A — npoaJseHHas
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ocBeranTeseil. TIpHHATbIE COOPYXKEHHS, COIJIaCHO JAaHHBIM Y KPTHNPOKOMMYHCTpOS
paboTaloT C pacueTHOl KOHIEHTpauueil aKTUBHOTO Waa 4 ke/#3, T.e. MOTyT o6ecneunts
paGoTy cxeMbl C MOHHKEHHEM HAarpy3ok B xoje mpouecca (Ta6i. 30) ¢ BLICOKHX A0 ca-
MBIX HM3KHX, IPH KOTOPbIX JOJI2KeH NPONTH npouecc rJy6oKOoro pacnajfa OpraHu4ecKux
BellleCTB.

Ipuwmep 3. Ipu pacxoze crounnix Box 200 Thic. #3/cym 3arpssHenus coxepxar
OTXOfbl NPeANPHATHH OPraHHYeCKOro CHHTe3a, T. . PacTBOPEHHble BelleCcTBa OpraHH-
YeCKOro nmpoucxoxJjeHus. Konuentpanus sarpssuenuii no BITK cocrasaser 350 2/x3;
NIPOMBILIJIEHHble CTOKH cOpachlBAalOTCH PaBHOMEPHO.

[NprHUMaeM MOAMGHKALMIO adPOTEHKOB C pereHepauueil — TUNOBbie a3POTEHKH-
BbITECHUTEJH. A3pOTeHKH-CMecuTeNH GBIH Gbl GOjlee PalHOHANbHBIMH JIHGO NpH He-
PaBHOMePHOM c6poce POMHILVIEHHBIX CTOKOB, JHGO B TOM cliydae, eclH npeoGiagaioT
KOJIJIOMIHble 3arpsi3HeHHs, CNOCcOOHBIe K GHOKOAaryJsilHH.

Cxembl cTanunii ¢ GuodHnbTpamu

BuodunbTpbl MOryT GbITH HCNOJB30BAHBl TOJMBKO [/l OYHCTKH CTOY-
HBIX BOJ C HM3KOH KOHLEHTpauuell 3arpssHeHHH IO B3BelIeHHBbIM

BellecTBaM, MO3TOMy IpHMEHEHHe B CXeMaX OYMCTHBIX CTaHLHUH C
6uOQUIbTPaMH TNEpBHYHBIX OTCTOHHHKOB ofs3artenbHo. Ilockombky

6uopuabTpel  06/1afaI0T HHU3KOH
12 3 89 OKHCJIHTe/IbHOH MOIIHOCTbIO H He

BBIIEPXKHBAIOT GOJIBIIMX KOHIIEH-
s Tpauuil 3arpsisHenuit no BIIK,
MPUMEHSIOT CXeMBl C DelHpKy.Jis-

Puc. 14. Cxema cranuuit ¢ 6HODHILTPOM

B OJIHY CTyTNeHb 0e3 pelHpPKYJISLUHH:

| — nojjaya CTOYHHX BOJ; 2 — pelueTKa;
3 — necKoJsioBKa; 4 — aHa3poGHBI cCOPaxH-
BaTeJb OCafika; 5 — MePBHYHBLIA OTCTORHHK;
6 — H3GLITOYHLIA HJ (oTpaGoTaHHas NJIEH-
Ka); 7 — OGHOOHJABTD; 8 — BTOPHYHBIK OT-
CTOWHHK; 9 — BHINYCK OYHIIEHHOH BOABI Ha
o6e3sapaxkuBaHHe H c6poc.

I[Hefl OYMILEHHOH BOABI MyTeM Ie-
peKaykH ee HacocaMH B HayaJjo
TEXHOJIOTHYECKOH JIHHHH.
Hau6osiee npoctbiMu  ABASIOTCS
cxeMb 6€3 pemUHPKY-
J I H H, TPUMEHsEMBIE /1] OYHCT-

KU OBITOBBIX CTOYHEIX BOJ C KOH-
uentpauueit 3arpssnenui no BITK; no 100 2/x3 u no B3BelIeHHEIM BelleCT-
BaM 110 100 2/x3 (puc. 14). CrouHasi XKUAKOCTb NOCJIEL0BATE/ILHO IPOXOLHUT
pelieTky ¢ mpo3opamu 16 mm, 3aTeM NecKoJOBKY, NMepBHYHBIH OTCTOMH-
HHK, OMODHJIBTDP U BTOPUYHEIA OTCTOHHHK H OTBOLHTCS Ha 06e33apaku-
BaHue u c6poc. Ocaiok U3 NepBHYHOTO OTCTOHHHMKA YJalsieTcsl Ha aHas-
po6Hoe cOpaxkuBaHHE B CaNpPO(QHJBHBIX YCJOBHSX; KOMILIEKC mpouec-
COB OTCTaHBaHHSI H 00paGOTKM OCajKa, KaK MpPaBHJIO, OCYIIECTBJSETCS
B JIByXBSIPYCHBIX OTCTOHHHKaX JIH6O B OCBET/IHTEJfX-NEPErHUBaTeNsX,
ABJISAIOUIMXCA MO CYIIECTBY TaKXe IBYXBAPYCHBIMH OTCTOHHHKaMH.

Ocepatomuii BO BTOpHYHOM OTCTOHHHKE M3OBITOYHBIH HJ1 (OTTOPTHYB-
1asicsl GHOILIEHKA) HaNpaBJisgeTcs B IePBHYHEI OTCTOMHHK, rie obpaba-
THIBAETCS1 COBMECTHO C CHIPHIM OCaliKOM.

IIpu koHuentpauusx 3arpssuenuit no BITK; mo 200 2/u® B cxemax
cTaHUMH ¢ GHOPUIBTPaMH NPUMEHSIOT peu M P Ky J a4 I H1o. Kak
NOKa3aHo Ha pHC. 15, ouMIieHHass BOAa MOCJe BTOPHYHOTO OTCTOMHHKA
YaCTHYHO HamnpasJisieTcs B Teqo 6uoduiabTpa. Hacockl mis nepekauku
palMOHa/bHO PacCUHTHIBATh Ha OOLLHME PacXOoAabl BOABI, MpOILENILed Me-
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XaHHYECKYI0 OYMCTKY, H BOJBI, Mpoiexnii GHOMOrHYeCKyI0 OYHCTKY,
c TeM, YTOOBI HCMOJB30BaTh NPHEMHBIH pe3epByap H HacoCHl A/ CMe-
LIeHUs 5THX NOTOKOB. M3GLITOMHBIA W1 M3 BTOPHYHOTO OTCTOHHHMKa Ha-
npaBJsieTcsl B NePBUYHBIA OTCTOHHUK.

Ecayu noBblileHa TaKXXe KOHLEHTpallHs B3BeleHHBIX BEILECTB (IO
300 2/m3%), peLHpKyALHOHHBIH MOTOK BOAbI HANpPAaBJ/IAIOT Nepex NepBuY-
HbIM OTCTOHHHKOM, KyJa Lesecoob-
pa3HO HanpaBHUTb W HJ H3 BTOPHY-
HOro orctoiinnka. B stom ciayuae
H3OBITOYHBIA MJI MOCJe OTAeJeHHs
OT NOTOKa, BbIXOAALLEro H3 O6HO-
(uIbTpa, CMELIMBAeTCs C YacThbio
OYMIlEHHOH  BOJBI — pelHPKYJIf-

LHOHHEIM TMOTOKOM, T. €. HMeeT =G AN y
MECTO LHKJIHYECKOE CMELleHHe H LA
paslieJleHHe HJIOBOH CMecH B KOH- 5 é

Type peLLpKyJdauHH. DTO He omn- -

PaBAaHO, XOTS H3OLITOYHBIH HJ B
onpefieIeHHOH Mepe W yJyullaeT
npoliecc NepBUYHOro OTCTAHBaHHUS, 8
OTHaBasi MpPH S5TOM H3JIHLIHIO
BJIaTy B XOJieé COBMECTHOIO OCaX-
NeHHs ¢ 6ojee IJIOTHBIMH W TA- [ 2 7
JKeJbIMH T'pVGONHCIEPCHEIMH MpH-
MecsiMd. Korma mnospojsier em-
KOCTb CEeNTHYeCKOH KaMmepkl, peKo-
MEeHIyeTcs HampaB/iATh H306BLITOY- 2
HBbIH HJ NpsMO B Hee (pucC. 15, 6).  Puc. 15. CxeMul cTanuuit ¢ GHODHILTDaMH
CxeMsl € pelUpKyJIsiliueil TpeGy- B OAHY CTYNeHb C peuHpKyasuunei:
IOT yBeJHUEHHS] OGBEMOB COOpYyXKe- & — © PemHpKyaaunelt uepes Guoduinrp;

6 — c penupKyJsauHeH Yepes NEPBHUHBIA OT-

HUH NpPOMOPIHOHANTBHO KPATHOC-  CTOAHHK i GHOQHILTP; 6 — Ha HENOJHYIO
OYHCTKY; & — C IPOMEXYTOYHBLIM OTCTOHHH-

TH pEeUHPKYJIALHH. HpaBna, B  kom na mmgu peuupxy.nau;u: | — cTounas
. XHAKOCTb; 2 — pEleTKa; 3 — NeCKOJOBKa;

cxemMe Ha pHC' 15' 6 06'beM BTO 4 — cenTHYecKas KaMmepa; 5 — NepBHUYHLIA

pHYHOro OTCTOHHHKA MOXKHO HE  OTCTORHHK; 6 - H3GLITOYHBIR M, 7 — Haco-
YBE/IHYHBATh, ECJTH OTGHPATB CMECh & - Guotmarips 10 mropam oroon
Wwia W BONbl M3 30HBI BOJH3M Hgi (1 Bumyck ofdmcnnoR poiu na
HJIOBOro OYyHKepa H HanpaBJsTb

ee B INepBHYHBIH OTCTOHHHK, KaK PpEKOMEHIYIOT HCCJIelOBaTeIH
I'IP [55], Ho npu GoJblLOH KPaTHOCTH PELUHPKYMALHH MOXKET Hapy-
IINTbCA paboTa BTOPHYHOTO OTCTOHHHKA M3-3a MOSABIEHHS BHXDPEBOTO
BpalllaTe/IbHOrO MOTOKa B 30He OTGOpa peuupKyJHpylomel cMecH
(«BHXPECTOK»).

Onnoit u3 pasHoBHIHOCTEH ONHOCTYNMEHYaTHIX CXeM CTaHIUui ¢ GHo-
(HUIbTPaMH MOXKeT OhITb CXeMa JJIsi HeNoJHOH OUHCTKH C pelHpKyJs-
1ued, B KOTOPOH Bojxa NocCJe NMepBHYHOTrO OTCTaHBaHUA YyJAassercs yac-
THYHO Ha cOpPOC M YaCTHYHO B GHOGU/IBTP, a OUHMILEHHas BOXA NOCTyMa-
eT nocJje GHOpUIbTPA B BUIE PELHPKYISIIHOHHOTO MOTOKA MOJHOCTHIO
B I'oJIOBY COOpY2KeHHH (puc. 15, 8).
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Kak BapHaHT cXeMBl C pelHPKYJ/SUHeH BO3MOXHO NPHMEHeHHe BTO-
PUYHOrO OTCTOMHHKA Ha PelUPKYJALUHOHHOH JIHHHH M OTHAE/bHO Ha JIH-
HHH yJlaJleHHsl OUMLIEeHHOH BOIbl. XOTS KOJHYECTBO OTCTOMHHKOB yBe-
JIMYUBaAETCH, UX CYMMapHbIHi 06bEM H CTOMMOCTb YBeJHYHBAETCSI He3Ha-
YHTE/JbHO; TEeXHOJOTHYeCKHe MpeHMyINeCcTBa 3aKJ/IOYaloTCs B MOBHILle-
HHUH YCTOHYHBOCTH PabOThI COOpYKeHHH H yJIy4dllleHHH 3(pdeKTa OUHCTKH.
Kpome 3toro, npuMmeHeHHe IBYX
BTODHYHBIX OTCTOHHHMKOB, pabo-
TAlOLIUX He3aBHCHMO, MOBBIIALT
HaJleXKHOCTb paGoThl BCeH CTaHLUHU
B MepHOAbl PEeMOHTOB M MNpOYHC-
TOK, eCJH NpeLyCMOTpeHbl Heol-
XOIMMble KOMMYHHKALMH 119 B3a-
MMO3aMEHSIeMOCTH  OTCTOHHMKOB.
Ipu paciiupennn craHuui, eciu
OTNajileT HeOOXOIHMMOCTb B pelyp-
KyJSLIHH, ONMH M3 BTOPHYHBIX
OTCTOHHHKOB MOXKeT ObiTb HCIOJIb-
30BaH [/ BHOBb IIPOEKTHPYEMO-
ro 6HoduIbTpa.

Buoduabrpe, coepgu-
HEHHBHE MNOo CTyneH-
YyaTOH cXeMe, NPHMEHSIOTCA
NpH MOBBLIIEHHBIX KOHIIEHTPALHAX
3arps3HeHud. Ilpu Gosbmom uyuc-

Puc. 16. CxemHn craHuuii ¢ 6uoduabTpa-
MH B JiB€ CTYNEHH:

a — ¢ peuHpKyJasiuHel Ha BTOPOR CTyNeHH;
6 — c peuupKynsuueft Ha nepBofi CTyneHwH;
8 — C H3MEeHsoWUMUCH OGYHKUMAMH GHO-
buabTPOB; | — CTOYHAs XKHAKOCTb, 2 — pe-

eTKa, 3 — MecKoJiIOBKa; 4 — NepBHYHBIA
OTCTOHHHK; &, 7 — GHODUALTPH MNEpBOR H
BTOPOH cTyneHe#l; 6 — HacocHas CTaHUHS;
8 — NHHHUH PEUHPKYJNSAUHH; 9 — BTOPHYHLIE
OTCTORHAKH; /0 — BbINYCK OYHMLIEHHOR BO-
nbl Ha oGe3asapakuBaHue M c6poc; // — m3-
OLITOYHLIA HJI.

Jie CTyneHeH (Hampumep, HIeCTH)
MOXHO He yCTpaMBaTb NpPOMeXY-
TOYHBIX BTOPHYHBIX OTCTOHHHKOB
nocje KaxXHOH CTyNeHH, a JIHIIb
OIMH B KOHIIE CXeMbL.
[IpakTHueckn AOCTaTOYHO Npo-
eKTHPOBATh ABYXCTyIeHYaThle CXe-
MBI CTaHIHH. B 3THX coyyasax cToy-

Hasl XKHIKOCTb NPOXOJHUT MOCJIeNO-
BaTeJbHO Yepe3 NepBHYHbIE OTCTOHHHKH, GHOMHJIBTPHI NMepBOH CTyMNeHH,
BTOPHYHEIE OTCTOHHHUKH NepBOil CTyneHH, OGHOGHILTPEL BTOPOH CTYMNEHH
H BTOpPHYHBIe OTCTOHHHKH BTODOH CTYyNeHH («TPeTHYHLIe» OTCTOHHHKH).
Crynenu cienyer pacno/ararth Tak, YTOGbl H30€XaThb H3/MHILIHHX Mepe-
KayeK CTOYHBIX BOJ.

B aByXcTynmeHuaToH CcXeMe MOXXHO COYeTaThb BBICOKOHArpy:xaembie
610hHIbTPEI, BHICOKOHArpyXaeMmble ¢ HH3KOHArpyKaeMbIMH , (Opolliae-
Mble C KamneJbHBIMH), HU3KOHArpyKaeMmble OIHH C JPYTHM, a Takxke GHO-
(HUIBTPE C a3pOTEHKaMH.

[TpoekTHpoBaHHe ABYXCTyNEHYATHIX CXeM CTaHUHH ¢ 6HODUIbTPaMH
C peuupky.isuuedl B o6enx crynensax [44] Bpsag mu MOXHO cuuTtath o6oc-
HOBaHHBIMH C TEXHOJIOTH4YeCKOH TOUKH 3peHHd, TaK KakK CaMa CTPyKTypa
CTyNeHYaTOH CXeMbl NMpEANOJaraeT BHICOKHE CKOPOCTH MNpolecca OKHC-
JICHHS] Ha MNepBOH CTyNeHH M HH3KHE Ha BTOpOH, a rHApaB/HyecKHe Me-
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perpyskH, CBA3aHHbe C PELHPKYyJsluMed, MOTYT HCKa3HTb TaKoe pac-
npefie/ieHHe Harpy3ok. PeKomeHIyeTcs NpPOEKTHPOBATb CTYNEHYaThie
CXEMHI C pellHpKYJIsiliHedl Ha ONHOH H3 CTyneHeil B 3aBHCHMOCTH OT COCTa-
Ba M KOHIIEHTpaLUH 3arpsi3HEHHUH.

Ha puc. 16 npuBeneHnl BapHaHTH ABYXCTyNeH4aThiX cXeM. Ecuu
3arpsi3HEHHs] CTOYHBIX BOJ HMEIOT MNOBHILICHHYIO KOHIEHTPAaLHIO, HO
JIETKO OKuC/IstioTest 6Hoxumuueckum nyrem (BITK; : XIIK = 0,6 = 0,7),
Ha NepBOH CTYNeHH MOXKHO NPHMEHHTb BHICOKOHArpy:KaeMmpifi (opoluae-
MBIH) 6HOGHIBTP C MI1AaCTMACCOBOH 3arpy3KoH, KoTopasi, Jaxe o6pacTas
TOJICTHIM CJI0eM GHOIJIEHKH, HE 3a6HBAeTCs] M NO3BOJSET B KOPOTKOE
BpeMsl CHATb 3HAYHTENbHYI0 4YacTb KOHLEHTpAUHMH 3arpsisHEeHHi
(puc. 16, a). )Kunxocts, BeIXonsimast 3 6HO(QHJILTPA NEPBOH CTYNEHH, B
STOA cXeMe MOXKeT MMeTb 6O0JIblIoe ColepXKaHHe B3BECH — OTTOPTHYTOl
TJIEHKH, TN03TOMY Nepej Nojayell Ha BTOPYIO CTyNeHb CJelyer ee pasba-
BHTb OYHIICHHOH BOJOH, T. €. OCYLIECTBHTb PELHPKYJISILHIO Ha BTOPOH
CTyNeHH, a BTOPHYHOIO OTCTOHHHKA MOXHO He NpefycMaTpuBath. lis
JOCTIXKEHHsl BBICOKOrO 3xpeKTa OUHCTKH Ha BTOPOH CTYNEHH pEKOMEH-
JyeTcsi NPUMEHHTb KaneJbHbli OGHOPHJILTD M pacCUHTaTb BEJIHYHHY
PELUPKYJISILHE C y4YeTOM OKHCJIHTEeJbHOH MOLIHOCTH HH3KOHarpyxae-
moro 6uopuiabTpa. Ecau mo ycnoBusiv o6bekta He Tpefyercs OUYeHb
BBICOKHH 3((eKT OUHCTKH, Ha BTOPOH CTYNEHH MOXKET GhITb NPHMEHEH
BBbICOKOHArpyzKaeMulii 6HCQHIBTP.

EcJiy 3arpsi3HeHHs KOHLIEHTPHPOBAHbL H TpYAHO okucasiores (BITKj :
XIIK = 0,5 = 0,6), pekomeHLyeTcs1 cXeMa C pelupKyJsiuuel Ha nep-
BO#1 cryneHu (puc. 16, 6). 3a cuer penHpKYJIAILHMH CHHXKaeTcs pa3Gas-
JIeHHeM KOHIUIEHTpalusi, a KanejbHulll 6HoQUIbTP 06ecneuynBaeT OKHC-
JIeHHe M TPYAHOOKHC/ISIEMBIX 3arps3HEHHH, TaK Kak IpoLecc B HEM
IOCTaTOYHO A1uTenbHbii. Ha Bropoii cTynenu Tak:ke pekoMeHIyercsi Ka-
nenbHuil GuoduabTp. B 3TON cxeMe BTOpHYHBIE OTCTOHHHKM CJIefyeT
npefycMaTpuBaTh MOCJAE KaXAOH CTyNeHH.

Ilesiecoo6pasHo NMpOEKTHPOBATh CTYNEHUYAThHIE CXEMbl CTAHLHMH C Ba-
pHaHTaMH BO3MOXKHBIX nepekmoueHuft (puc. 16, B) [55]. Ilo oxHomy
BapHaHTy (M300pakeH CHJIOLIHOM JIMHHEH) CTOYHasi MXHIAKOCTb MPOXO-
JUT uYepe3 OAMH M3 OHOPUILTPOB, ABJIAOIIHACA MNEpPBOH CTYNEHbIO,
3aTeM uepe3 ONMH H3 BTOPDHYHEBIX OTCTOMHHKOB, 3aTeM  HacocoM
noiaeTcsi Ha BTOPOH OHO(HJIBTP, SBJIAIOMHMICS B 3TOM CJyyae BTOpOM
CTYNEHbIO, H Jialee — Ha BTOPUYHBIH OTCTOHHHK, CBA3aHHBIH TEXHOJIO-
ruyecku ¢ GHOpUIBLTPOM BTOpo#l crymenu. [lo Bropomy BapuaHTy (myH-
KTHpHasl JIMHHS) IpeLlycMarpuBaeTcsi oOpaTHoe HCNOJL30BaHHE GHO-
(UIBTPOB M BTOPMYHBIX OTCTOlHHMKOB. [lepHommueckoe mnepekmoueHue
6nouIbTpoB Ha paboTy B posiu JHGO NepBoH, JHGO BTOPOH CTyNeHH
NIO3BOJISIET «IIPOMBIBAaTh» 3arpy3kKy, KOria oHa mocje paGoThl Ha mepBoit
CTYNEeHH NEepexXoAHT Ha BhINOJNHEHHE (YHKLUHHA BTOPOH CTYNEHH.

Hlpyro#i BapuaHT oOmMCHIBAEMOH CXeMbl 3aKJIOYaeTcs B napaJijielb-
HOHl paboTe GHOMUIBTPOB H CBSI3AHHHIX € HHMH BTODHYHBIX OTCTOHHHU-
KOB, T. €. B ONHY CTyNeHb (KaK C peuupky./suuel, Tak u 6es Hee). [Ipu
nepexolle Ha ONHOCTYNEHUYAThIA peKUM paGoThl FHAPABIHYECKAS HATPY3-
Ka Ha CTaHLHIO MOXKeT OLIThb YBeJHYEHa BJIBO€; 5TO HMEET peluaiollee
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3HaueHHe B C/IyYasX, KOrJa MOBBIIAETCS PACXOA CTOYHBIX BOA H yMeHb-
IIaeTCsi KOHUEHTpaluusl 3arpsi3HeHui.

B cxeme Ha puc. 16, 6 pekomeHAyeTcs NpHUMEHsTh GalleHHble 6HO-
GuABTPHL U 6HMODHILTPBI 6OJBIIOH BBICOTH C GJOYHBIMH BHAAMH 3a-
rpy3oK; 6HoduAbTPEl (HJIH 0Ge IPyNnbl) B CXeMe NOMKHEI GHITh KOHCe
TPYKTHBHO OJHHAKOBLIMH.

Coueranne B ABYXCTyNeHYaTBIX CXeMaxX a’pPOTEHKOB Ha MepBOH CTy-
neHd M GHODHIBTPOB Ha BTOPOH OGOCHOBAHO, €CJH HEOGXOAHMO pac-
HIMPUTh CTAHUHIO C KaneabHbIMH OHodpuabTpamu. Buoduabtp Torpa
CTaHOBHTCSI COOPYXKEHHEM JOOYHUCTKH, a a3POTeHK PACCUHTHIBAETCS Ha
HEMOJIHYIO OYUCTKY.

CylecTBYIOT C/IOXKHbIe MHOTOCTYMEHYaThle CXeMbl, B KOTOPblE BXOIST
6uoduIbTPE.. Takue cXeMbl MOXHO NPOEKTHPOBAaTb B CiAydasiX, Korjga
npHMeHsieTCs KOMOHHHPOBaHHBIH 6110-QH3HKO- XHMUYECKUIT METOJ OYHCT-
Ku. Hanpumep, eciiM npoMbllLIEHHBIE CTOYHEIE BOXBI COXEpKaT 3arpsia-
HEeHHsi B TPYAHO- M JIETKOOKHCJsieMOH ¢opMax, NpHHHMAETCs CXeMa
OYHCTKH M3 IOC/Ief0BaTeJbHO COefHHeHHBIX NecYaHbX (GUIBTPOB JIHOO
(GHIBTPOB C MHOH 3epHHCTOH 3arpyskol, pa6oTaiolleil B pexuUMe KOH-
TaKTHOH KoaryJsuuu, GHolorHuecKHX GHJIbTPOB, B KOTOPBIX YZHaJsieT-
csi 3HauHTeJbHAsl YacTb pPACTBOPEHHBIX OPTraHHYeCKHX 3arps3HeHHH
Maslofl KOHUEHTPALHH, H YTOJbHBIX (QHJIBTPOB, B KOTOPBIX YAAJISIOTCS
OCTaTOYHble OpraHH4YeCcKHe 3arps3HEHHs 3a cueT COpPOLUHH HMX aKTH-
BHDOBAHHBIM YIJIEM.

Takyio cxeMy uesecoo0pa3HO NPOEKTUPOBATh M3 COOPYKeHHI Tuma
KOJIOHH HJIH BePTHKAJ/bHBIX pe3epByapoB.

Posb 61oJiornyeckoro ¢uiabTpa B TaKOH cXeMe 3aKJIOYaeTcsl B TOM,
YTO OH yHajsieT GoJIbIoe KOJMYEeCTBO OPraHHYeCKHX 3arpsi3HeHHH ¢ oT-
HOCHTeJIbHO HEBBICOKHM 3((eKTOM OUUCTKU H NO3BOJIsSeT HauboJiee MoJ-
HO MCNOJIb30BaTh COPOLHOHHBLIE CBOHCTBA GUOMJIEHKH AJIS NOCTHMKEHHS
MaKCHMaJIbHOrO 3(peKTa OYHCTKH B LIEJOM IO CXeMe.

Cxembl KOMNNEKcoB ¢ A3poTeHKaAMH

PasHoo6pa3ne TeXHONOrHYECKHX CXeM a’pOTeHKOB CBSI3aHO C CO-
BepLIEHCTBOBaHHEM METONa OYHCTKH BOJ aKTHBHBIM HJIOM.

OcHOBHbIE MOJIOXKEHHSI METOJla OYHCTKH aKTHBHBIM HJIOM He H3MEHH-
JIHCh 3a 60 JIeT ero CyliecTBOBaHHS, JIHLIb NOJYYHIH da/bHeHllee NpH-
KJIaIHOe pa3BHTHE H KOHCTPYKTHBHOE 0pOpMIIeHHe.

CyuecTByloT caMble pa3HOOGpa3Hble CXeMbl a9DOTEHKOB H HX KOMI-
JIEKCOB, HO B LI€JIOM HX MOXHO OOBeIHHUTb B IIKa/Ty YHHOHLHPOBAHHBIX
cxeM, npuBefieHHYlo B Ta6s. 31. ITpoeKTHpYs TeXHOJIOTHUECKHE CXeMbl
COOPYXKeHHH C OYHCTKOH aKTHBHBIM HJIOM, HEOOXOAHMO NperycMaTpH-
BaTb ONpeJeJeHHYI0 HX MHOKOCTb, YTOGBI MOXKHO OBITIO BADbHPOBATh pe-
XHMB! YCJIOBHI 9KCILTyaTallMH B 3aBHCHMOCTH OT H3MeHSIIOULerocs KOJH-
YecTBAa M KauyecTBa 3arpsi3HEHHH CTOYHBIX BOJ.

B CaydasiX MNOBBILLICHHBIX KOHIIeHTpaIIPIﬁ SanHBHeHHﬁ MOXKET OKa-
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3aThCsl PallHOHANBHEIM NPEAYCMOTPETh PENUPKYJ/SIHIO YaCTH OYHILEeH-
HOH BOJAbI M3 BTOPHYHOTO OTCTOMHHMKA (OCBETJIHTENS) B YCPEIHUTENb
mepel aspoTeHKamH, MpuyeM obecrneunBaeTcsl pa3baBieHHe MHKOBBLIX
3HaueHHi KOHUeHTpauui 3arpsisHenuil. Ilpu Takoit cxeme yBennunpaer-

5
Y3
a

¢ o6beM BTOPHYHOTO OTCTOHHMKA, HO YMeHb-
wiaercs ofbeM ycpeAHuTenas. [lpu peskux Ko- .
JiebaHUsIX KOHIIEHTpaLUH 3arpsi3HeHUH MOXHO
BOOOIIle OTKA3aThCA OT YCPEeAHHUTENs,, BO3JIOXKHB
KOCBEHHO ero (pyHKIIHH Ha BTOPUYHBIH OTCTOHHHK
NpH HeoOXOAMUMOH CTeneHH peLUupPKYJSILHU OuH-

Puc. 17. BapnanTel NpuMeHeHHs! yCPeLHHTeJel B CXe-
MaX OYHCTKH CTOYHBIX BOA B adPOTeHKax:

a — CXeMa ¢ yCpelHHTEJEM h peuHpPKYyJsauHeHd HJa B CHCTeMe
a3pOTEHK — BTODHYHBIH OTCTOHHHK; 6 — CXeMa C ycpeAHHTe-
JIEM H OBYMS JIHHHSAIMH DEUHPKYJNsSuHH (BOJA H HJ.); 6 — cXe-
Ma 6e3 yCPeAHHTeJSs W C ABYMS JIHHHAMH PEeUHPKYNSUHH; | —
€TOYHASA XKHIAKOCTb; 2 — ycpellHHTeNb; 3 — a3pOTeHK; 4 — Ju-
HHS BO3BPATHOrO HJNa;, 5 — BTOPHYHLIA OTCTOHHHK; 6 — OUH-
1leHHas BOJa; 7 JIHHHA PeUHPKYJSUHH OYHLIEHHON BOIbI

illeHHOH Bofbl ¥ Bo3BpaTHOro wuia (puc. 17). I'lpu npoekTupoBanuu cran-
UMH cpefHell MPOH3BOAUTEIBHOCTH PEKOMEHIyeTcs MPOU3BECTH CPaBHHU-
TeJIbHbIe PacueThl BADHAHTOB C YCPEIHUTEJNSAMH WM C PelUPKyJsLueil
OYHUIEHHOH BOABI B 4Yachl MHKO-
BbIX (MaKCHMa/bHbIX) 3HAYeHHH
KOHIEHTpaLHH 3arpsi3HeHuH.

Ha puc. 18 npuBenennl Bapu-
aHTHl CXeM paboTH OTHEeNbHbIX
a3pOTEHKOB B OOLIEM KOMILIeKce
6HOXHMHUYECKOH OUHCTKH. DTH CXe-
MBI TIpHBEIEHbl, B YaCTHOCTH, IS
YeTbIPeXKOPUIOPHBIX a3POTEHKOB-
BBITECHUTeEJeH.

Cxema Ha puc. 18, a pabo-
TaeT 6€3 pereHepaunuiu
HJa B pDexXHUMe NOC.Je-
NOBaTeJbHOIO BHITEC
HEeHHUs pearupymolledi cmecu
CTOYHOH KUAKOCTH U aKTHBHOIO
uiaa (cm. Taba. 31, MoxpuduKauuu

Puc. 18. BapnaHThl TeXHOJOFMYECKHX

cxeMm aSpOTeHKOB-BbITeCHHTeJIeﬁZ

a — 6e3 pereHepauud unaa; 6 — 6e3 perede-
palUHH HJa c nodaye# cTokoB no merony [o-
yngma; 6 — no merony H A BasskuHolt; ¢ —
€ KOMGHHHPOBAHHBIM PEXHMOM «CMELIEHHe-
BhITECHeHHe»; 0— ¢ 259% peresepauue#t una;
e — ¢ 509% pereHepauuedd una; / — crouynas
JKHIAKOCTb; 2 — BO3BPAaTHbIA AKTHBHLIA HJ;
3 — HJIOBasg cmecb; 4 — OYHILEHHas Boja;
§ — aspOTEHK; 6 — BTOPHYHbIE OTCTOHHHKH

A u CA). Cxema 6 paGoTaeT Tak-
Ke Ge3 pereHepalu BO3BpPaTHO-
ro uja, HO C TaK Ha3biBaeMoi
CTyneHYaTol nofgaveii
CTOYHBIX BOJ B KOPHAOpPHI (CTyme-
HH) a’pOTeHKa, M H3BeCTHa Kak
Mmetof ['oynna. B sToit cxeme BO3-
BPaTHHBIH WJI, NOCTYNAOILKI U3 BTO-

p AYHBIX OTCTOAHHKOB B NepBbIi KOPUIOP, He HCIIBITLIBAET GOMbIIKX HATpy-
30K M YaCTHYHO pereHepupyeTcsi, Harpyxasicb jajnee o Mepe Npoxoxe-
HHS yepe3 a3pPOTEHKH. B KoHILle aspOTeHKa, XOTs U MOCTYNAIOT 3arpsi3He-
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HHsl, W1 HE HCMBITHBAaeT HArpy3oK, a MPOLECcCH OKHMC/JEHHsS! MOTYT Npo-
TeKaTb JIOCTaTOYHO ITYGOKO.

CxeMa 6 OT/IHY@ETCS] OT CXeMbl 6 T€M, YTO B 3TOM CJyYae CTOYHasi BO-
Ia MoAaeTcss COCPeNoTOY€eHHO BNepBui KOPUIOP a3pOTeHKa,
a BO3BpaTHEIH MJI pacnpenensiercs Bo Bce Kopumopsl [41]. Takas cxe-
Ma Mo3BOJISIET YMEHbLIATh Harpy3KH Ha HJ MO0 AJHHE NMyTH NPOXOoXKIe-
HHSI CMECH B a3pOTeHKe H YCTPaHHTDb BJIHSIHHE Ha IPOIIECC OCEBOrO CMe-
LIEHHsI, KOTOpOE. HCKaXKaeT YCJIOBHE BhITECHe-
HHA. DTO JOCTHraeTcs Kak Gbl pasJie/NbHbIM JIBH-
JKEHHEeM pearupymoolled cMecH H aJanTHpOBaH-
HOrO K ONpele/NeHHOH (ha3e aKTHBHOrO HJa, Ha
KOTOPEI# OCEBOE CMEIeHHe He BJHSET B HaHHbIX
yCJIOBHSX.

B cxeme e unu cToyHasi Bojia nonarorcs p a c-
CPelOTOYEeHHO BO BCe KOPHIOPH. JTa
CXema NpuBeJa K CO3JJaHHIO a3POTEHKOB-CMECH-
TeJIeH, B KOTOPBIX M/l H CTOKHM INONAIOTCS BAOMb
IJIMHHOM CTOPOHbI GECKOPHAOPHOIO a’pOTEeHKa,
a cMechb YyHajsiercss BAOJb INPOTHBOINOJIOXK-

Puc. 19. BapHaHTE TeXHOJOTHYECKHX CXeM a3pOTeHKOB-
cMecHTeJielt:

a — C pacCpPefOTOYEHHBIM BINYCKOM CTOYHOH MXHAKOCTH; 6 — C
nonepeYHbIM NMPOTOYHBIM GacceHOM; 6 — a3pOTEHK-CMECHTENb
H. A. Ba3akuHo#i; ¢ — c oTAeqbHOB pereHepauue#t naa; / —
CTOYHasi JKHAKOCTb; 2 — a’pOTeHK; 3 — BTOPHYHbIA OTCTOM-
HHK; 4 — OuYHIlleHHass BoJa; § — BO3BpPaTHLIA uA; 6 — pere-
HepaTop.

Holt cTopoHbl. CXema e ¢ a3pOTEHKaMH-BHITECHHTRNSIMH SIBASIETCST YHH-
BepCaJbHOH, TaK KaK MO03BOJAET OCYLIeCTBHTb palOoTy a3pOTEeHKOB
BO BCEX BapHaHTaX TEXHOJOTHMYECKHX CXeM, BKJIOYasi ¥ CXeMHl C pereHe-
pauuefi uiaa.

CxeMbl 0 4 e OTVIMYAIOTCS OfHA OT APYroH TOJbKO KOJHYECTBOM KOpH-
IOpOB, BbileJsieMbIX Mol pereHepartopsl (25 uiau 50% o6wvema s ye-
THIPEXKOPHJOPHHIX 23POTEHKOB).

Ecnu ycnoBusi o6bekTa KaHaJH30BaHHSI TPEOYIOT NMpUMEHEHHS aspo-
TeHKOB-cMecuTestell (cM. Taba. 27 — momuoukauun KC, I1A, AC, C),
11eJ1ecoo6pa3Ho GbLIO Gbl OCYIIECTBJISIT TAKOH PEXKHM 32 CUET NpHMEHe-
HHSl KOHCTPYKLHHM KODHIODHOIO a3pOTeHKa COIJIaCHO BapHaHTy & Ha
puc. 18. Ilas 3TuX 1ene CylecTBYIOT MHOTOUHC/IEHHEIE THITBI KOHCTPYK-
UMA a3pOTEHKOB-CMeCHTENeH, CXeMbl KOTOpHIX NpHBeleHbl Ha puc. 19
(B maHHOM cilyyae peub HAET 006 a’pPOTEHKaX-CMECHTENSX C OTAGJNBHO
CTOSALIMMH BTOPHYHBIMH OTCTOHHHKaMH).

Cxema a Ha puc. 19 B npuHIHDe aHajoruyHa cxeme 6 Ha puc. 18.
B Hawel crpaHe oHa nojsyyu/ia Ha3BaHHe CXEMBI C PacCPeOTOYCHHBIM
BIYCKOM CTOYHBIX BOX [49] W mpuMeHsieTcsi Ha FOPOACKHX CTaHLHSX
KaHa/HW3allid C HHU3KOKOHUEHTPHPOBAHHBIMH 3arpsi3HEeHHSIMH CTOUHBIX
BOJI, MOCTYNAIOMUX C MOBBILEHHBIM KO3(HIHEHTOM HepaBHOMEPHOCTH.

B cxeme 6 Ha puc. 19 crouHast XUAKOCTb MOCTyNaeT MO IJHHHOH
CTOPOHE a3pOTEeHKa pacCpPelNOTOYeHHO,HJoBasi CMeCh TaKXke paccpeno-
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TOYEHHO OTBOJMTCS BIOJb NPOTHBONOJOXKHOM CTOPOHHl a3POTEHKA, a
BO3BPATHLIH WJI MOAAETCS B a3POTEHK COCPENOTOYEHHO B OJHOM H3 TOp-
0B GacceffHa. drta CXeMa HOCHT Ha3BaHHe «IONEPEeYHOro MpPOTOYHOro
6acceiina» [55] u Gblya npensoXeHa [/ paBHOMEPHOrO paclpeneneHus
OOBEMHBIX Harpysok, 4To B O6lLieM He MMeeT MOX CoGOH BeCKOH TeXHo-
JIOTHYeCKOH OCHOBHI. DTy CXeMY MOXKHO KOHCTaTHPOBaThb KaK Nepexof-
HYIO K CXeMe a’pOTeHKa Ha M0JIHOe CMEILeHHe.

CxeMma ¢ BblpaXkaeT NMPHHLUMN pabOTH a3pOTeHKAa Ha MOJHOE CMelle-
HHE H NoJjyuu/aa Gosblioe PacHpOCTPaHeHHe AJIsi OYHCTKH MPOMBILL-
JIEHHBIX CTOYHbIX BOA. CorslacHo 3TOH CXemeé CTOYHAasi KHIKOCTb H
BO3BPATHBIH WJI NOJAIOTCS BJOJIb ONHOH H TOH K€ NJIMHHOM CTOPOHE! a3po-
TeHKa, a WJoBasi CMeCb TaKxe COCPEJOTOYEHHO OTBOIHMTCS BIOJb IpO-
THBOMNOJIOKHO! CTOPOHHL. B COOpYXEeHHUH NpPOHCXONHT OXHOBPEMEHHOE
M MHTEHCHBHOE CMellleHHe pearMpylollHX MacC BO BCeM o0beMme, T. €.
TaKOH a3pOTeHK NpPaKTHYeCKH SIBJISETCS PEaKTOPOM MOJHOTO CMeIleHHsI.

A>pOTeHKH-CMeCHTENH C OTHEJbHO CTOSILIMMH BTOPHYHBIMH OTCTOM-
HHKaMH MOryT paboTaTb Kak C pereHepalMeil, Tak H 6e3 pereHepaiuu
AKTHBHOI'O WJIa, HO B CHJIy KOHCTPYKTHBHBIX OCOOGEHHOCTEH pereHepa-
M5l OCYLUECTBJsIETCS] B OTAesbHOM coopy:xeHuHu. Ha cxeme e npencras-
JIeH a3pOTeHK-CMECHTENb C OTAeNbHOH pereHepaiell uia; pexuM pabo-
Thl a9pOTeHKa He 3aBHCHT OT crocofa NoNayH pereHepHpOBaHHOTO HJa
¥ OTBOAA HJIOBOH CMecH (Ha CX€Me 3TH JIMHHH NOKa3aHHl C O6pbIBaMH).

B cryyae mpuMeHeHHs OTHENBHOH pereHepaluH HJja B CXeMe aspo-
TeHKa-CMeCHTeJIsi Ha [10JHOe CMeIleHHe pereHepHpOBaHHBIH HJ BCTY-
flaeT B KOHTAKT C 3arpsi3HeHHSIMH B a3pOTeHKe OIHOBPEMEHHO B OllMHa-
KOBBIX YCJIOBHSIX BO BceM obGbeMe, [0OSTOMY NpoTeKaHHe mnpouecca Gy-
JeT oOyCJIOBNIMBaTbCS BEJHYHHOH HarpyskH Ha HJ  (MaccoBoi
HarpyskH).

Ecnu Harpy3kH Ha W/ BEICOKHME, B a3pOTeHKe IpPOH3OHIET TOJBKO
GLICTPOE H3BSITHE 3arpsi3HeHHH WJIOM Kak GuocopbeHtoM. Takas moxu-
<¢uKauus mpollecca MOMYyYHJIa Ha3BaHHE KOHTAKTHO-CTaGHJIH3allUOH-
Horo. B asporeHke, sBJsiomeMcs GacceiHOM KOHTaKTa, NPOHCXORUT
TONIBKO H3BSTHE, a B pereHepartope, T. €. OaccefiHe cTaGH/IM3aLHU —
OKHCJICHHe H3BSTHIX 3arpsi3HeHHi, pereHepauus u/aa H CTaGHJIH3HPO-
BaHHEe ero CBOHCTB, HeOOXONMMBIX AJISi MOCJEAYIOUIEro GLICTPOro H3bs-
THss. B npouecce H3bATHS 3arpsi3HEHHH TEXHOJNOTHYECKH y4acTByeT
TaKxKe BTOPHYHBIH OTCTOHHHUK.

C ueabl0 HCNOJNb30BaHHA INpeHMyliecTB 6HOCOPOLHMOHHOIO Mnpouec-
ca (BEICOKOH CKOpOCTH NPOTEKaHHs) B KOHTaKTHO-CTaGUJ/IM3allHOHHBIX
a’pOTeHKaxX NMPHUMEHSIOT MeXaHHYeCKHe a3paTophl.

A3pOTeHKU-BbLITECHHTEIH W a3POTEHKH-CMeCHTeH, paboTaiolmue C
pereHepanneii BO3BpaTHOI'O HJa, B XOAe 3KCILIyaTallud BOCIPHHHUMAIOT
TIePEMEHHYIO Harpy3kKy, KOMIEHCHDPYeTCs 3TO H3MEHEHHEM CTereHH
PEUHPKYJIALHH MJIa, YTO He BCerfa MOXKeT OGecneyuTb HeoGXOIHMYIO
ruOKOCTb CXeMbl. M3MeHeHHe cTeneHM pelHpKyJSLHH HJa OrpaHHYHBa-
ercsi, BO-NEePBBIX, BeJHYHHOH WJIOBOTO 3amaca B CHCTEME, H BO-BTODBIX,
JUanas’oHoOM JOMYCTHMbIX THAPABJMYECKHX HArpy3oK Ha BTODHYHbLIE
OTCTOHHHKH.
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Bosee ru6KHM MOXeT OBITb peryJHpOBaHHe NMpomecca
o6beMOM pereHepaTtopoB. A3DOTeHK C pereHepaTopoM
nepeMeHHOro oGbeMa MO3BOJISET BapbHpOBaThb 3TOT 00BeM oOT 25 10
75% obmero o6bemMa COOpYXKeHHs [2].

Ha puc. 20 npexcraBjieHa cXema a3pOTEHKA C MEpEMEHHbIM 0GbeMOM
perenepatopa. JIOTOK AJIs NOKayH CTOYHOH XKHAKOCTH (B 00€ CTODOHBI)
pacnoJiaraetcsi Ha CpelHedl Meperopoike YeTbipeXKOPHAOPHOro aspo-
TeHKa M OGOpPYZOBaH pANaMH peryJHPYeMbIX OTBEPCTHi, uepe3 KOTo-
pble U3JHBaeTCsd CTOYHas KUAKOCTb. M3nuB Mo-

<__£. KET IPOHCXOIUTDH yepes moboe KOJIHUeCTBO OT-
( BepcTHii, faxke yepe3 opHo. B 3aBucumocTH OT
/ ) KayeCcTBa H KOHUEHTpauHuHu 3arpasuermﬁ MOXK-
l E E I Puc. 20. Cxema aspoTeHKa ¢ nepeMeHHBIM 06bEMOM pereHe-
( 3 paropa:
- ! — cTOYyHas JXHAKOCTb; 2 — BO3BpPaTHbLIA HJ H3 BTOPHYHBIX
OTCTOﬁHHKOB; 3 — unJoBas cCMeCb Ha BTODHYHBbIE OTCTORHHKH

HO, HM3MEHAsA MecTa M CHCTeMy IoJlayd CTOKOB, HCIO/b30BaTh B Ka-
yecTBe pereHepaTtopa JoGy0 I/IMHY MEPBLIX TPeX KOPHIOPOB aspo-
TEHKa.

IIpumeneHne aspoTeHKa C MepeMeHHbIM OGBEMOM pereHeparopa Mo-
3BOJIAET OCYILECTBHTh CTaGHU/IbLHYIO PaboTy KOMILIEKCa GHONOrHYecKOH
OYHCTKH NPH H3MEHEHHAX KOHLEHTPauu#d W cocTaBa 3arpsA3HeHHH, He
Hapywass pabOTy BTOPHYHBIX OTCTOMHHKOB. Paccpenorouennas nomaua
CTOYHOMH XKUAKOCTH I10 JIOTKY I103BOJISIET OCYILeCTBIATh PeAKHUM CMElleHUst
(HenoJsHOro), T. €. adpOTEHK MOXKeT paboTaTb KaK BHITECHHTENb, KaK
CMecHTe/b H B KOMOHHUPOBAHHOM pEeXHME C pereHepamues uia.

Ilpyrasi pa3HOBHIHOCTb KOMGHHHPOBaHHBIX CXeM a3pOTEHKOR — CXe-
Ma ¢ NOCTOSTHHOH Harpy3KoH Ha WJI, NIpH KOTOPOH BO3BpaTHHI UJ Mona-
€TCsl COCPENOTOYEHHO B Hayajle KOPHIODHOTO a3pOTEHKa, a CTOYHas
KHJKOCTb MOCTYNaeéT HepaBHOMEPHO paccpenOTOYEH-
H 0 Nno AnuHe asporeHKa. OnpenesieHHasi 3aKOHOMEPHOCTb paccpenoTo-
YeHus BOJBI 10 XO#y €e MNOCTYIVIEHUSI B a3pOTeHK obOecreuuBaeT paBHO-
MEpHYIO Harpy3Ky Ha WJ, KaK B a3pOTeHKaX-CMeCHTeJs1X, HO 10CTaTOYHO
BBICOKYIO CTENeHb OUUCTKH, KaK B a3pOTeHKaX-BBHITECHHTe/IAX, a TaKkKe
NOYTH paBHOMEpPHOE MoTpelG/IeHHe KHCJIOpOAa, OTBeYaloliee ero fojuave,
4TO JeJaeT NpOoLecc 3KOHOMHYHBIM.

Cxembl ¢ npHMeHeHHEM a3pPOTEHKOB-CMeCHTe/Iell 3HauHTeJbHO YIpo-
ILAIOTCH, €CIH TPHMEHHTb KOMOWHHDOBaHHbIE a3POTEHKH-OTCTOMHHKH
HJH a3POTEHKH-OCBeTJHTEIH. M3 cXem HcKJ/II04aloTCS CHCTEMB BO3BpaT-
HOTO WJa, BHEIIHHE N0 OTHOLIGHHIO K a3POTEHKaM, TaK KaK pelHpKY-
JSALUS WA OCYIIECTBJSETCS BHYTPH COOpYKEHHS.

CxeMbl a3pallHOHHBIX COOpYKEHHH Masok M CpelHell NPOH3BOAHTENb-
HOCTH MOTYT GbITb pa3fie/ieHbl Ha JiBe IPyMibl — C NPOLECCcoM MpOojJIeH-
HOH a’paiuy M C pasfejbHOH aspobHOH crabuiu3aLued HIa.

[TpuHnunuanpHas cxeMa CTaHUMH GHONOrHYECKOH OUHCTKH C I p O-
RJEeHHOH a3pauueil npeacrasieHa Ha puc. 21, a. Crounas
JKHAKOCTb [1IPOXOAMT IOC/EN0BaTeIbHO peIUEeTKY, [EeCKOJOBKY H Ha-
npaBJisieTcss B a3pOTeHK NpoiJeHHo# aspaunu. Ha cxeme myHKTHPOM
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NOKa3aHo NepBHYHOE OTCTaHBaHHe, He0OXONHUMOe TOJIbKO NPH KOHLEHTPa-
MM B3BEIIEHHBIX BELECTB B CTOUHOH KuikocTh cBbie 300 e/u3; ecan
TaKasi HeO6XOAMMOCTh BO3HHKAeT, PeKOMEHAYeTCs NMPUMEHHTb JBYXbfl-
PYCHBIA OTCTOMHHK WJIH OCBETJHTEJb-NI€PErHUBaTeNb, H3 KOTOPOro c6po-
XKEHHBIH 0CafOK BBIMYCKaeTCs Ha MWJ/IOBbIE MJIomanKu. B asporenke
NPOJJIEHHOH aspallMy 3arpsi3HEHHsl MUHEPAJIU3YIOTCs CTaGUIH3HPOBaH-
HBIM HJIOM, MJIOBasl CMECb HamnpaBJ/IsieTCs 3aTeM BO BTOPHYHBIH OTCTOH-
HHK U Jajlee Ha o6e33apaKMBaHUE
u c6poc. Eciim no MecTHBIM ycJo-
BUSIM Tpebyercss HOOYMCTKA HIIH
HCMOJIb30BAHHE OYHILEHHOH BOIBI
B Lle/]sIX OpOLIEHHS HJIH MOBTOP-
HOTO HCNOJIb30BaHUS, B CXeMYy

Puc. 21. BapuanTsl cXeM O4YHCTHBIX KOM-
INJIEKCOB C MPOLECCOM MpOJJeHHOH aspa-
LHHH:

a — NPpHHUHNHAaJbHasA TEXHOJOrHyeckas cxe-
Ma; 6 — cXeMa C KOMNAaKTHBIMH YCTaHOBKaMH
Tina b©HO; 6 — 710 xe, THNA YKO; 2 —
CXéMa C UHDPKYJAUHOHHBIM OKHCJIHTEJNbHBIM
KaHaJoMm; 0 — cxemac A3pOOKHCJIHTENIEM pa-
JAUHaJbHOro THNa; [/ — pelleTKa; 2 — mecKo-
JIOBKa; 3 — aspoTeHK; 4 — BO3NYXORYBKa;
5 — BTODHYHbLIH OTCTOHHHK; 6 — XJopaTop-
Has; 7 — KOHTaKTHbI pesepByap; 8 — ouYu-
LeHHas Bola nocJjle o6e33apaXXHBaHUs; 9 —
YCTPOHCTBO ANt 06paGOTKH OCafKa H H3Ghl-
TOYHOro HJia; /0 — U3GLITOYHBIA Ha; 11 —
uJoBas HacocHasi CTaHUHus; [2 — BO3Bpar-
HbIfl HJa; /3 — ApeHaXxHas Boma; /4 — c6po-
XKEeHHbIR OCalloK; [5 — NepBHYHLIA OTCTOH-
HHK, COBMELUEHHBIH ¢ Kamepolt c6paxkuBaHus
ocajztka.

BKJIIOYAIOTCS COOTBETCTBYIOILME COOpyKeHUsi. K36biTouHblli MHHEpa-
JIM30BaHHBIH M/ COpachlBAaeTCs Ha COOPYXKEHHS AJs ero o6paGoTKH
(Ha3eMHBIE MM TMOA3EMHBIE HIIOBBIE IUIOIAJKH, BbIBO3 Ha Apyrue HefcT-
ByIOLIMe COOPYKEHHS, MEXaHHYecKass HJM TepMHYecKass oO0paboTkKa).

B 3aBHCHMOCTH OT BHIa COOpYKeHHsi NPOI/EHHOH aspalliy 3Ta NpHH-
IHMNMalbHass CXeMa MOXeT HMeTb pas/MuyHble BapuaHThl (puc. 21).
Cxema 6 mnpuMeHsieTCs NPH MCHNONb30BAHMM KOMIAKTHBIX YCTaHOBOK
3aBOACKOro uarotosjenuss tuna BMO B kKauectBe OCHOBHOrO TEXHOJO-
ruyeckoro 6Joka. B stom ciyuae ormamaer Heo6XOAMMOCTb B [ECKO-
JgoBKax (ycranoBku tina BMO pekomennoBaHbl A/ CTaHUMH POH3-
BoAuTeNbHOCTBIO 10 100 M3/cym), BO BTOpMUHBIX OTCTOMHHKAX H CHCTe-
Me peUMpKYJALUMH M3, Tak Kak coopyxenue tHna BHO spaserca
23pPOTEHKOM-OTCTONHHKOM. Y CTPOHCTBO AJIsi 06paGOTKH H3GLITOYHOTO HJla
N0Ka3aHO NYHKTHPOM ¥ PEKOMEHJyeTCs TPH HEBO3MOXKHOCTH BbIBO3a HJla.
B cocraB cxemnl ¢ ycranoBkoii BHMO Bxomut BcnomorarenbHOe 3AaHHeE,
B KOTOPOM pa3MeIlaloTCsd BO3AYXOAYBKH H XJIOpaTOpHas.

Ecin B KauecTBe COOpYXKEHHS MNpPOAJIEHHOH aspaluH NpHUMeHseTCA
KOMIMaKTHas ycraHoBKa THna ¥ KO, npuHuunualbHas cxemMa B KOHCTPYK-
THBHOM OTHOILeHHH eme Gojee ynpowiaercss (puc. 21). ¥Ycrpoiictsa
JIOOYHCTKH W MpHeMa OuMIIeHHOH BOJBI, 00paGOTKH H3OBLITOYHOrO HJa

TaKue xe, Kak u B cxeme ¢ BUO.
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Cxema cranuuu ¢ IHOK (puc. 21, &) B oTiinune OT NpHHUHMIHANBHOM
CXeMbl @ HMeeT TOJIbKO CHCTEMY aspalli¥ MeXaHWYeCKOro THma (pOoTop-
‘Hble aspatopbl). Cxema cranuuu ¢ APT orTanuaercss or cxeMsl cTaHUHH
¢ HOK Jmiibp KOMNOHOBKOH a3pOTEHKAa W BTOPHYHOTO OTCTONHHKA B BH-
Jie KOHIIEHTPHYeCKH pacloJIOKEeHHBIX CeKIui onHoro 6/10Ka (puc. 21, 0).

BuoxuMuueckast OUMCTKa 3arpsiI3HEHHH CTOYHBIX BOA aKTHBHBIM HJIOM
€ OTAeNbHOH a3po6HOHN cTabuausaupuelh uga
OCHOBaHa Ha YMeHbLIEHHH OOBEMOB a3POTEHKOB 3a CUET MOBBILIEHUS
Harpy3oK H «JJ0OOKHCJIeHHsT» U3OBITOYHOrO MJa, MPUpPACTAIOLLEero B 6OJb-
IIeM KOJIMYECTBE M C MeHbIUeH 30JIb-
HOCTBIO, YeM NpU NpOMJIEHHOH aspa-
UMK, DTO MO3BOJISIET CO3[aBaTh KOM-
NaKTHblE YCTAHOBKH MOBBILIEHHOH
pPOU3BOAUTENBHOCTH [PH COXpaHe-
HHM KOHCTPYKLHH 3aBOJCKOTO H3ro-
TOBJIEHHS, a TaKXe MPOEKTHPOBATDH
JOBOJIbHO MPOCThIE U MasiorabapuTHbIe
OYHCTHBIE CTaHUMHM  KaHaJIU3alHH
NpH OTHOCHTEIbHO HEBBICOKOH KOH-
ueHTpauuu 3arpsisHeHuit no BITK.

Puc. 22. BapuaHTbI CXeM OYHCTHBIX KOMNJIEK-
COB C OTHE/bHOH a3po6HOH CcTabuan3auueit
HJa:

a — MPHHIUHNHANbHAA TEXHOJIOTHYECKas CXeMa;
6 — cxeMa C aspoaKcesaTOpoM; 6 — cXeMa C
KoMnakTHo#t ycraHoBko#t KV-200; / — pelerka;
2 — MecKoJIoOBKa; J — NepBHYHLIA OTCTORHHK;
4 — BO3NYXOAYBKH; &5 — aspOTeHK; 6 — BTO-
PHYHBIA OTCTOMHHMK; 7 — XJopaTopHasi; &8 —
KOHTaKTHLHIA pe3epByap; 9 — OYHINEHHAs BOAA;
10 — uaoBas HacocHasl CTaHuMsa; // — BO3Bpart-
HBIA uJ; /2 — HeyNMJOTHEHHLIR H3GHTOYHBIA HJI;
13 — ynjaoTHeHHbI! H3GLITOYHHINA HA; [4 — HJO-
YIUIOTHUTENb; [/5 — ApeHaxKHas Boma; /6 —
HJIOBHI€ MJIOMIAJIKH; /7 — cTaGHJM3HpOBaHHASA
cMmecb; /8 — as3poGHBA crabuamnsarop; 19 —
Chlpofi ocajnoK.

Ha puc. 22 npencrasinena npuHUMNMadbHAsl TeXHOJOTHYECKasl cXeMa
OUYHUCTHON CTAHLMHU C OTAEJNbHOH aspOOHON cTabu/u3anuedl H3GBITOYHOrO
HJIa B €r0 CMECH C ChIpbIM 0cafkoM. CTOYHas XKHAKOCTb, IPOHJS PeLIeTKY
H MEeCKOJNOBKY, OCBETJISIeTCS B MNEepBHYHOM OTCTOMHHMKE M MOCTyNaeT
B a3pOTeHK, TJie NOJBepraercs OYHCTKe aKTHBHBIM MJIOM B peXHMe cpel-
HUX Harpysok. Buosoruuecku ouuilieHHast BOZa MOCJe€ BTOPHUHOTO OT-
CTOHHHKA obe33apax<uBaeTcsi U yjajsercss Ha cOpOC WJIH JOOYHCTKY
U JajbHefillee ucnosb3oBaHue. M3ObITOUHBIA Wi, ylanseMblil yepes
OTBETBJIEHHE Ha HaNOpPHOH JIMHHH BO3BPAaTHOroO Wja (eCH MpPHUMEHEHB!
OTHE/bHO CTOsILIle BTOPHYHBIE OTCTOMHHKH) HJIM U3 30HBI OTCTAHMBAHHS
(ecsiu mpuMeHeHb! KOMOGMHHDOBAHHBIE COOpYXKEHMs), HaMpaBiseTcs B
aspoOHBIH cTaGMIM3aTOp, KyAa TaKkKe MOCTYNaeT OCafOK M3 MepBHY-
HOTO OTCTOHHUKA. B aspo6HoM cTabuin3aTope NpOHCXOAUT MHHepaJsH3a-
IlMs CBIPOTO OCajfKa W M36bITOYHOIO aKTHBHOTO MJIa; MHHEpANH30BaHHadA
CMeChb 3aTeM YJaJjsieTcsl Ha COOPYMKEHHsl Mo 00e3BOXKHBAHHIO OCalKa.
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Ha ouuCTHBIX COOpYXeHHsiX CpelHell NPOM3BOAMTENBHOCTH B CXe-
Max C OTHeJIbHOH aspobGHOH crabuin3alued palMOHAJIbHO NPHMEHHTDb
KOMGHHMPOBaHHbIE COOPYXKEHHs, HamnpuMep, aspOTEHKH-OCBETIHTENH
WM a’9pOTEHKH-OTCTOWHHKH (23poakcenaTopbl). ITH COOPYXKEHHS XO-
powo pa6oTaloT B KOMIIEKCE C NEPBHYHBIMH OTCTOWHHKAMM, TaK Kak
B HHX MOLIEPXKUBAETCS BbICOKAash KOHLEHTpaLWsi aKTHBHOTO MJa, KOTO-
phIli He CJellyeT «3acopsiTb» TpybomucnepCHbIMH npumecsimMu. Ha cxe-
Me pHC. 22, 6 npeAcTaB/ieHbl OCHOB-
Hbl€ TEXHOJIOTHYeCKHe CBfI3H KOM-
nJieKca CTaHLHM C OTAE/NbHOH CTa-
6usMsaluell uiaa Ha 6ase aspoak-
CeJIaTopoB C MeXaHWYeCKOH aspa-
uueit (Typ6oasparopom). Aspoak-
cejlaTop MOXKeT paboTaTth C BhICO-
KOM KOHIeHTpalued aKTHBHOTO
una (10 8 xke/m3), ¥M3GHITOUHLINA W
MOXET HMMeTb OTHOCHTE/NIbHO HH3-

7 5

1 7
Kyio BaaxsHocts  (99—99,2%). e p “ ‘.
OnHako npH NOBbILIEHHBIX KOHIEH- | 4 . i

TpalusiX 3arpsi3HeHul, Koraa npu- 720

POCT HJ1a OKa3hLiBaeTcsi BBICOKHM
(0,6—0,8 e/e BIIK;), penrabeinb-

Puc. 23. BapuaHTsl CTyneHYaTBIX CXeM
a3POTEHKOB:

HbIM MOXeT ObiTb NpHUMEHeHHe
unoynnorautens. Kpome Toro,
npUMeHeHHe KOMGHHHPOBAHHOTO
a3palMOHHOTO COODYKEHHs HC-
KJII0YaeT HeoGXOAUMOCTb B CHCTe-
Me BO3BpaTa M/a, MOCKONbKY 3TO
NPOMCXOIUT BHYTPH adspoaKcena-

a — «TPalHUHOHHAR» CXeMa; 6 — cXeMma Ge3
NepBHYHOrO OTCTAHBAHHSA; 8 — CXE€Ma C MHHe-
paJausauuell una Bo BTOpoR cryneny; [/ —
CTOUHAA MKHUAKOCTb;, 2 — MEepBHYHbLI! OTCTOA-
HHK; 3 — aspoTeHK nepBoil cTynenu; 4 —
BTOPHYHLIA OTCTOMHHK NepBoA cTyneHu; 5 —
a5pOTeHK BTODOH CTyneHH; 6 — BTOPHUYHbIH
OTCTORHHMK BTOpPOH CTyMeHH; 7 — OUHILIEH-
Had BoNa; 8 — BO3BpaTHBLIA MJ BTOpO# CTYy-
neHn; 9 — u3GhIrounblfl HJ BTOPO#H (nmocaen-
Hell) cTyneny; /0 — H3GLITOYHBIA HJI NepBOi

TOpa NPOU3BOJILHO.

B cxeme Ha puc. 22, 6 npumeHe-
Ha KOMNaKTHas YCTaHOBKa 3aBOJ-
CKOTo aroToBsieHns Tuna KY-200, B KoTOpoii B 6JIOKE €MKOCTell COB-
MellleHbl a3pOTEHK, BTOPUUHbIA OTCTOMHHMK M a3pOOHbIH CTAGHIM3ATOP.
[NepBuuHbIf OTCTOMHHK B 5TOM CJlydae HEOOXOAMM TOJLKO NPH KOHLEH-
TpallM¥ B3BElIEHHbIX BEL|ECTB B CTOYHBIX Bopax Gosee 300 e/md.

[Npensapute/bHO OCBET/IEHHAsh CTOYHas MMAKOCTb OYHMINAeTCHd B
KOMILIEKCE a3POTEHK — OTAEJbHO CTOSIIMA BTOpHYHbIH OTCTOMHHUK,
HO BO3BpaT WJa OCYWIECTB/SETCA SPAHGTaMH, MNOIK/IOUEHHBHIMH K 06-
1ell BO3AYLIHOH MarucTpaiu. MaGbITOUHbIA U/l MPONYCKAETCs B CEKIHIO
aspoOHOll cTabuIN3aluH, CHAGXKEHHYIO CHCTEMOH [HEeBMAaTHYECKOH as-
pallu, muTamolelicss TakxKe OT oilel Bo3ayIIHOM cetH. B ary xe cek-
LMIO HanpaBJiseTcs M OCALOK U3 [EePBHYHOTO OTCTOMHHKA, €CJIH OH Mpe-
aycmaTtpuBaercsi B cxeme. XJ/OpaTopHasi M BO3JyXOAyBKa COBMEILEHEI,
Kak U B cxeme ¢ BUO, B onHoM 31aHHH-6JI0KeE.

CywectByer BapHanT yctaHoBKH KY-200 ¢ TypOHHHBIMH a3paTopami.
B stoM ciyuyae He TpeGyeTcs yCTPOHCTBO BCIOMOTraT€JbHOrO 31aHHsA-
6j0Ka. B03BpaT Mna M3 BTODMUHOTO OTCTOMHHKA (CpefHell CeKLHH

ctynedu; /I — TO Ke, BO3BpaTHbfA; /2 —
yhAanenue ocafka (usa) Ha o6paGoOTKY.
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€MKOCTHOTo GJI0Ka) B a9pOTeHK OCYILECTBJSETCS 32 CYeT NOACACHIBAIO-
uwero aeicTBHs TypGoaspatopa.

Ilpy BBHICOKMX KOHLEHTpaUHsX 3arpsi3HeHHH CTOYHHIX Bol mo BITK
(BITK,, Gonee 300 2/#%) npuMeHSIOT CTyneHYaTh € CXeMBbl
6uoxuMuueckoi oyuctkH. OCHOBHOH NPHHUMI ~ KOHCTPYHPOBaHHMS
CTyMeHYaThIX CXeM — pasjie/leHHe aKTHBHOIO HJla C OLHOPOJHKIM COCTa-
BOM Ha KaXJoH CTyleHH, T. e. CTPOro aAanTHPOBaHHOTO K olpe/ie/ieHHOM
¢ase npouecca 6UOXHMHUECKOTO OKHCJIEHHSI.

‘Ha puc. 23 npencras/ieHbl HEKOTOpbIe NpPHHIMIHAJIBHBIE CTyleHYa-
Thle CXeMb! a3poTeHKOB. CxeMa a siBJIsieTcsl HauboJee pacnpoCTpaHeHHOH.
OunienHas Bojia yAassieTcs: Ha o6e33apaxkuBaHue u c6poc Jubo Ha Jo-
OYMCTKY M [IOBTOpHOE HCMOJb30BaHHe. Kaxast U3 ctyneHell uMeeT CBOIO
CHCTEMY peLUpPKYJSUUH HJa; W3GBITOYHBIA HJ yjansercss U3 obeux
cTyneHeil.

CornacHo uccnenoBanusiv, nposefienssiM B HUKTU I'X, texHo-
JIOTHYECKH LieJ1ecoo6pa3sHO M3ObITOUHBIA HJl H3 BTOPOH CTyNEeHH yIansTh
TOJIKO Ha COOpyXKeHHe Mo o6paboTKe ocajka (mocse yNJIOTHEHHS),
a U30bITOYHBIH MJ1 M3 a3POTEHKOB NepBoH CTyleHH yAaJsTbh B [epBHY-
HbI OTCTOMHUK (KaK B CXeMe @), I'le OH MOXKeT NOTpe6UTb YacTb GHOTEH-
HBIX BellleCTB, HYXHBIX HJy B aspoTeHKe INepBod cryneHH. MoxHO
BOoOGLIe He YAaJsATh W U3 NepBOH CTyIleHH, JOMycKas BBHIHOC B a3pOTEH-
Ky Bropo#t crynenu. Ilocnennee o6CTOATENBCTBO He HapyluaeT MNPHH-
L[M[1a CerperupoBaHUs MJIH MO CTYIEHsIM, TaK KaK B YCJOBHAX HH3KHX
Harpy3oK B a3pOTeHKaX BTOPOH CTyIeHM WJI, BbIHECEHHBLIH U3 BTOpHUU-
HBIX OTCTOMHHKOB lepBoi cTyneHH, OyJeT MUHEpaIH30BaH KaK Cy6CeTpar.

Hcnonb3ys sBleHHe MHHepaiu3alyM WJIa B YCJOBHSIX HHU3KHX Ha-
rpy30K, aHAJIOTHYHBIX [POLECCY MOJHOrO OKHCJEHHs, MOXHO MOJNyYHTh
B CTYNeHYaThIX CXeMaX aspOTeHKOB H3GBLITOYHBIH HJ, He Tpebyouiui
JajbHelmel o6paboTKH, KpoMe 0G€3BOXKHBaHMsI H JETre/bMHHTH3alHH,
KaK WJ U3 a3pOTEHKOB, pabOTaloUIUX C MOJHBIM OKHCJIEHHEM.

KoHcTpyKTHBHbIE cXeMbl COOpYXeHHii
GHOXHMHYECKOH OYHCTKH

KoncTpyKuuun coopyxeHu#t 1151 GHOXUMHYECKOH OYHCTKH CTOYHBIX
BOJI MOCTOSTHHO COBEpPLIEHCTBYIOTCSI C COBEpPIIEHCTBOBAHMEM TEXHOJO-
FMYeCKUX MpPOLECCOB H, COOTBETCTBEHHO, CXeM OYHCTHBIX craHmu#. Oc-
HOBHBIMH HalpaBJ/IeHHSIMH NIPH 3TOM SBJSIOTCS KOHCTpPYyHpOBaHMe CO-
OpyKeHUH u3 COOpPHBIX KpyNHOraGapHTHBIX 3/1eMEHTOB M pa3paboTKa
KOHCTDYKTHBHO-TEXHOJIOTHYECKHX COJIOKHPOBAHHBIX KOMILIEKCOB.

KoHCcTpyKTHBHEIE CXeMbl 6 HOD UJABTPOB MaJoOH BB CoO-
Tl C ChBODydYei# 3arpys3koi yHupuuupoBaHel Ha Oase
€IUHbIX COOPHBIX XKes1e306eTOHHBIX KOHCTPYKIUA CTeH M BClloMoraTtelib-
HBIX 3JIEeMEHTOB Ha MOHOJIMTHOM JHHILE, Pa3/HYHBIE pa3Mephl COOpyKe-
HUH obecrneyuBalOTCA pas/MYHBIMH HabopaMH 3JeMeHToB. BapuaHThI
KOHCTPYKTHBHBIX cXeM GHOQUIBTPOB MasIoH BBICOThI C ChllyueH 3arpys-
KO Ha pas/iHyHble NPOH3BOAMTENbHOCTH, npuMeHsiemble B CCCP, npu-
BelleHbl B Tabu. 32.
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Ta6anua 32. BapnauTel KOHCTPYKTHBHBIX CXeM THMOBLIX GHODHILTPOB MaJoi
BLICOTHI C Chiyyeil 3arpy3koil

Ipousso
UTeND- BIIK ;0. Pasmepn | Kosmyecr- | O6was crou-
HOCTb. o/ Bricora, M| cekumii B BO MOCTb, TunoBo#l NpoekT
m3/oym nnaxe, M ceKiui ThiC. pY6.
25 3 60,94 902-2-106
2200 15 4 6x12 71.95
2
25 3 91,25 902-2-107
4400 15 4 105,53
12x12 [—m—
25 3 156,14 902-2-108
8800 15 4 180,4
4
25 3 210,45 902-2-109
13 000 15 4 12X 18 2419
NMpumevaunue. 3nech npusenena BITK,, KoHeyHas: HawajbHas paBHa 110 2/m® ne-
3aBMCHMO OT TPOH3BORHTENbHOCTH GHOMHILTPOB. [1pOH3BOANTENILHOCTD THMOBBIX GHODHILT-
pOB IJIs MCXOAHOH KOHUeHTpauun sarpsaHenuit BITK,,, paBHo#t 300 e/m3, cieayer ymeHblaTh
TpHGJU3HTENBHO B 3 pa3a H MpPOBEPSTh PacyETOM

KoncrpykTrBHbIe CcXeMbl 6 MOPUIABTPOB ¢ OGJAOUYHOM
sarpy3k o i BCCCP noka He THIIM3HDPOBAHEI; CYLLECTBYeT HECKOMbKO
SKCNIEPUMEHTA/IbHBIX W HMHIMBHAYaJbHBIX [IPOEKTOB 3THX COOpYyKe-
Huil. B nmpakTuKy BHeJpeHB HHAHBHJYya/bHBIE POEKTHI OallleHHBIX GHO-
¢uabTpoB ¢ 610YHOM 3arpy3KOoi K3 MEHOCTEKJa, KOTOPbie 3apEeKOMEHI0-
BaJin cebsl C MOJIOXKHUTETbHOH CTOpOHbL. B Tabm. 33 mpuBeleHB! OCHOB-
Hble XapaKTepUCTHKH OHOMUIBTPOB ¢ G/IOYHOM 3arpy3KOH.

KOHCTpyKTHBHBIE CXeMBl a3DOTEHKOB OTJIMYAIOTCS GOJIBLINM pPas3HO-
o6pasueM, 06yC/IOBIHBaeMbIM IIMPOKOH 06/1aCThIO NIPHMEHEHHS.

Ta6auma 33. XapakTepUCTHKA KOHCTPYKTHBHBIX cXeM OGHOQHILTPOB ¢ GnoyHoil
3arpy3Koit

Paspesmi, # BIIK,,, &/m?
Hpousm.)- Marepuan Cron-
Hgg::":blc. BbLICO- 3arp3?3KH He- Ko- MOCTb, ” PaspaGorunk
M3/cym Ta auaMmerp x&nﬁ- H::’; Thic pyo6.
8,5 4 18 [Tenocrekno | 200 | 15 154 YKprunpokom-
15 24 256 MYHCTpO#
0,2/14 | 525 | 2/5,75 |[oausTunen | 300 | 20 | 3,3/27,2 | Coroseonoka-
HaJ/INPOEKT
4%x4 | Ac6ouemeHT 2/46
2/5,75 4,3/37,5
0,2 8 3 [Menocrekao | 200 | 15 16 YKpKypopT-
NPOEKT
0,3 16 3,5 300 26 YKprunpocaxap

NMpumeuauune Jpo6Gbroo NpHBeleHbl BADHAHTHI QHaMETPOB M COOTBETCTBYIOLIHE
CTOHMOCTH COOpPYIKEHHIt
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Ta6anma 34. KOHCTPYKTHBHbIE XapaKTEPUCTHKH KOPHAOPHBLIX a3POTEHKOB (OAHO
CeKLHH)

N Pasmepsl, #
5 )
§ =S AJHHA
z &
§ EMKoCTb < s § CroumocTs, Tunosoi
S § CEKIKH, M3 § § E g THC. pyS. npoeKT
BN g | = | 8 g
g% ESl B |EE| R ¢
S,g 54 ® % & E'
=] 2 & =8 E =
ABPOT&HKH-BHTQCHHTEJ‘IM
10 1040—1730 2 3,2 26,4—38
1420—2380 36 | 60 | 45| 4,4 35,1—52,3 902-2-195
12,5 | 1560—2600 4,4 31,9—47,6
2140—3560 3 5 41,2—63 902-2-192
2530—3800 2 48 72 6 4,4 49,6—70,5
2880—4320 5,0 57,3—81 902-2-196
20 | 2070—3800 3,2 44,9—60,5
2850—5230 | 4 36 | 66 | 45| 4,4 59,7—81,6 902-2-178
30 | 3800—5700 4,4 60,1—83,7
4320—6480 3 48 72 6 5 68,2—96,2 902-2-193
6180—8550 44 76,9—118,1
7020—9720 2 78 | 108 9 5 87,3—138,2 902-2-197
35 5700—9500 4,4 109,5—146,6
6480—10800( 4 54 84 6 125,1—169,3 902-2-179
50 * 19270—12830 44| 107,5—139,5
10530—14280{ 3 78 | 108 5 121,4—159,9 902-2-194
9
80 * |13300—18050 44| 160,9—197,5
15120—20500( 4 84 | 114 5 182,3—230 902-2-180
AspoTeHKH-CMecHTeJH
10 6700 3 84 6 5 117 902-2-211
35 22460 4 120 9 5,2 314 902-2-120/72

NpumMmevauune IlpoussogurensHocrs 50 w 80 mbic. M3/cym  pacCuHTaHa [0
CHulIl 11-32-72, npua. 4, ocrajibHble MpHBEJEHbl 110 NaHHBIM THIMOBLIX IPOEKTOB.

HauGomee pacnpocTpaHeHsl KOpPp U XOpPHBE THNB a’p o-
T € H K 0 B, pa0oraoliue Kak BbITECHHTEJNH, CMECHTeNH W C KOMOHHHU-
pOBaHHBIMH peXUMaMu. B moc/iefHHe rofibl MoJyyaloT TakxKe paclrpo-
CTpaHeHWe KOMOWHHMpPOBaHHLIE a3pallMOHHBIE COOPY2KeHHsl, KOHTaKT-
HO-CTa0OH/IM3allHOHHbIE a9POTEHKH, HOBble BHIbI a3pOTEHKOB MaJloi
NIPOU3BOAUTENBHOCTH, COOKHPOBAHHbBIE KOMIJIEKCH C a9POTEHKaMH.

KopunopHble aspoTeHKH CKOHCTPYHPOBaHbI H3 THIOBBHIX COODHBIX
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7K€J1e300€TOHHBIX 3/IEMEHTOB, NPUYEM JUISi KaXKJAOro THIoOpa3Mepa aspo-
TeHKa pa3paGoTaHbl 6-MeTPOBble BCTaBKH TaKOro Ke MOINEPEUHOro ce-
YeHHsl, YTO MO3BOJIIET BapbUPOBaTh MPOM3BOANTENBHOCTb, KOMIOHYS
4 Thna cekuuil B 6y10Ke (Tabs1. 34).

A3poTeHKHU-BbITECHUTEJIH DPa3paboTaHbl C BO3MOMXHOCTBIO BhljeJle-
HHsl ONpeJleJieHHOro ofbeMa MoJ pereHeparophl. JIByXkopuaopHsle as-
POTEHKH-BbITECHHTEIH MOTYT pabotaTh ¢ 50%-ofi perenepauueil u Ges
Hee, TpexKopuuopHele — ¢ 33 u 67%-Hoi pereHepauueil, a yeTbpex-
KopunopHeie — ¢ 25 u 50%-Ho# perenepanmueii.

Kaxnblit THIOBOH NMPOEKT KOPHIOPHBIX a3POTEHKOB HMeeT JBa Bapu-
aHTa TJyOMHBI COOPYXXEHHH: MJIsi KOHUEHTPal i 3arpsa3HeHHH CTOYHBIX
Box 150 u 300 e/#® no BIIK,,. Pacuer npou3BoauTeIbHOCTH a9pOTEHKOB
IJIsl APYTHX TepeXolHbIX 3HaYeHHH KOHLEHTpauui 3arps3HeHuil cie-
ZlyeT MPOU3BOJNTb B KaX/OM OT/E/JbHOM CJydae, PyKOBOACTBYSICh 0Gbe-
MaMM a3pOTEHKOB BBIODAHHOTO THIOpa3Mepa M ONpenenssi NPH 3TOM
Heo6X0AUMOe YHCJIO BCTaBOK.

TpexkopHIOpHbIE a3POTEHKH-CMECHTENM pa3paboTaHbl B BHAe GJio-
xoB u3 4, b u 6 cekuu#l, a yeTblpeXKopuaopHele — u3 3, 4, 5, 6, 7 u 8
CeKLHH.

CrouHasi KMIKOCTb MOCTYyMNaeT B apOTEHKH-CMECHTENH PacCpenoTo-
YeHHO M0 JIHHE KOPUIOPOB, H3JIMBASICh Yepe3 OTBEPCTHS C OABUKHBIMH
EOJOC/MBAMH, a BO3BPATHBbIH aKTHBHBIH HJI — COCPEIOTOYEHHO B Hadaaax
kopuzopoB. TakuM 006pa3soM, B KODHIOPHBIX a3POTEHKaX-CMECHTEJsIX
MOeT OBITb OCYILeCTB/JIeH KOMOHHHPOBAHHBIH PEXHM C TIOCTOSTHHOM Ha-
rpy3Koii Ha HJ, HalpuMep, PEXHM C HepaBHOMEPHO paclpeleseHHOH
nojayell CTOUHBIX BOJ.

N3 6eckopHAOpPHBIX a3pPOTEHKOB-CMecHTemel
Bce 6oJlee LIMPOKOE MPHMEHEHHe MOMYYAIOT COOPYXKEHHs C MeXaHuue-
CKoil aspalned. ASpOTEHKH C DOTOPHBIMH a3paTOpaMH [1POM3BOAHTE/Ib-
Hocteio 400, 700 u 1100 m3/cym paspaGoranbl Colo3BoIOKaHAMIPOEK-
TOM Ha ypOBHe THNOBBIX (THHOBble MpoeKThl Ne 902-2-94, 902-2-95 u
902-2-96) u ABJAAIOTCA B CYUHOCTH LHPKYJSAUHOHHBIMH OKHCIHTEb-
HbIMH KaHajaMH, KOTOpble paGoTaioT CO CPeJHHMH HarpyskaMH Ha HJI.
SKcrepuMeHTa/bHble MPOEKTH BBICOKONPOH3BOJNTENBHBIX 23POTEHKOB
¢ TypOuHHBIMH asparopamu paspabotanbl LIHWHIII MO, kourtakTHo-
CTabH/IM3allMOHHBIX a9POTEHKOB — Y KPrUIIPOKOMMYHCTPOEM.

B HUKTHU I'X M)KKX YCCP paspaboransl TpH THNOpa3Mepa KOH-
TaKTHO-CTaGH/IM3aLlHOHHBIX a3POTEHKOB MPOU3BOAUTENIBHOCTHIO CEKIMH
10000, 12000 u 100000 m3/cym. DKcrnepUMeHTaNbHBIA NPOEKT Y KPrum-
pokommyHcTposi 10 TeIC. #%/cym peanusosan Ha psne o6bekToB. KoH-
CTPYKLUHSI U CXeMa paboThbl COOpYXKEHMsl MpeNCTaBleHBl Ha puc. 24.
CroyHas XHAKOCTb MOC/e MEePBHYHOTO OTCTaHMBaHHUs MOCTylaeT B Gac-
celiH KOHTaKTa, rie GbICTPO CMeIIMBAeTCsl C aKTHBHBIM HJIOM, KOTOPBIH
BXOAMT Yepe3 BOJOCIMB M3 OacceiiHa crabunusauuu. HioBas cmechb
aspHpyeTCs MeXaHMYeCKMMH TYpOMHHBIMM aspaTopaMH B TeYeHHe
30—45 muwn, 3ateM HampasJ/sercs BO BTOPHYHBIE OTCTOMHHKH. Bos-
BpaTHbIA W/ K3 BTOPHYHBIX OTCTOMHMKOB MOCTyNaer B GacceiH cTabu-
Ju3allii, TAe B TeyeHue 5—7 4 MPOHCXOIMT OKHC/IEHHE 3arpsisHEHHI,
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pereHepaiusi uia ¥ CTaGH/IM3HpOBaHHe ero cocraBa. Ilpu pacueTHbIX
napamMerpax KOHTAKTHO-CTaGH/IM3ALlMOHHOTO Mpouecca yHIe/bHbili pac-
X0l 3/eKTposHepruu cocrasaser 0,73 xem-4 Ha 1 ke cuaroit BIIK,
uau 0,16 kem-4 Ha 1 M3 CTOYHBIX BOZ.
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Puc. 24. KOHCTPyKTHBHas cXeMa KOHTAKTHO-CTAGUJIN3AIUOHHONO aspo-
TeHKa IPOH3BOAUTENbHOCTbIO cekuuu 10 000 #3%/cyT:

! — BNYCK CTOYHON MHIKOCTH; 2 — GacCellH KOHTaKTa; § — ylajleHHe HUJI0BOH
CMECH Ha BTODHYHBIE OTCTONHHKH; 4 — OMOPOXKHEHHe G6GacCelHOB; 5 — BO3-
BPaTHBLI MJ1 H3 BTODHYHBIX OTCTOAHHKOB, 6 — Gaccefi CTaGHJIH3aUHH, 7 —
Typ60aspaTopsi.

KonTakTHO-cTa6H/IH3a L HOHHbBIE 2a9POTEHKH IPOU3BOANTENBHOCTHIO CEK-
uuit 10 u 12 Thic. M3/cym obopynyiotes TypGoaspatopamu ThHma TA2
¢ paGoueii rryGuHo# 3 x, a a3poTeHKH ¢ ceKuusimu Ha 100 Thic. M3/cym —
TypGoasparopamu TAl ¢ pa6oueit ray6unoit 4,5—5 M.

Komniiekcel GHOXHMHUECKOH OYMCTKH CTOUHBIX BOX C KOHTaKTHO-
CTaGH/IM3aUHOHHBIMH a3POTEHKAMH DPEKOMEHAYeTCs O06OpyAOBaTh BTO-
PHYHBIMH paJHalbHBIMM OTCTOHHMKaMM ¢ ujococamu. Ilpu npuBsaske
SKCMePHMEHTANIbHBIX NPOEKTOB HEOGXOAMMO MPeNyCMaTpUBaTh MEXaHH3-
MBI IS 0GCJTy K MBaHUS TypG0aspaTopos.

KoHerpyupoBanue cxeM KOMGUHHPOBAaHHB X aspallu
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OHHB X COOpYXEeHHUHN NOPOUCXOAUT MO IBYM HAampaBJeHHsM:
KOHCTPYKTHBHOe KOMOUHHpOBaHHe, KOrJa aspOTEHKH W BTOPUYHbLIH OT-
CTOMHHK He MMEIOT HernocpeJCTBEeHHOH T'MAPaBJMYeCKO#l CBsA3H B 06be-
Me COOpYXeHHusl, ¥ TEXHOJIOTHYECKOe KOMOMHMpPOBaHME, KOraa TaKas
cBsi3b CyllecTByer. K nmepBOMy HamnpaBJ/IEHHIO OTHOCATCSI OKHC/IHTE/b-
Hble GJIOKM, pa3paGoTaHHble I'MIPOKOMMYHBONOKAaHa/JOM M MpeiacTas-
Jswoumue co60f KOHCTPYKTHBHOE COYETaHHE TePBUYHLIX OTCTOHHHKOB,
a3DOTEHKOB U BTOPHYHBIX OT-
CTOHUKOB, BBICOKOITPOH3BOAHU-
TesbHble aspotenku [THHUHWSIT KO,
a TaKkKe adpOOKHCJIUTENH pajiHaJib-
Horo tuma. Ko BTOpoMmy Hampas-
JIEHHIO OTHOCSITCSI a3POTEHKH-OT-
CTOMHHMKM, pa3paboranHbie AKX
um. K. . IlTampunosa, aspoak-
ceslaTopbl, KOMIaKTHblE YCTaHOB-
KH C TTHeBMaTHYeCKOH M MeXaHu-
YecKoH aspalueldi, a’pOTEHKH-OC- A
BETJINTENH U ABYyXKaMepHble aspo-
TEHKH-OTCTOWHUKH.
AspooKuCcaHTENH pa-
nuanabuororuna (APT) pas-
paGoTaHbl Y KpPrunpoKOMMYHCTPO-
€M IIBYX THIIOB: AuameTpamu 36 H
44 m, APT xoMmoHylOTCS B Ipyn-
bl 10 4 LIT. IPOU3BOAUTENBLHOCTBIO
rpynn 7000 u 10000 »3/cym; pas-

A-A
816000

et

Puc. 25. KoHcTpykTuBHasi cxeMa aspo-
OKHCJIHTeJI PAJiHaJIbHOrO THMNA Ha NMpPH-

paGoTaH TaKe 3KCIEpPHMEHTallb-
Holi  npoekt APT nuamerpom
16 m.

AspookHcuTeNb  paliHaNbHOrO
THIA COCTOMT W3 JABYX CeKLHil: as-

Mepe APT-16:

| — aspauMOHHAsl CeKUHsi;, 2 — OTCTOHHas
CeKIHA; 3 — pOTOpPHbIe aspaTophl; 4 — ylaJe-
HHe OYHIIEeHHON BOAM; 5 — Mojaya CTOYHOH
KHMAKOCTH; 6 — BO3BDATHBIA HJI OT PEUHDPKY-
JISIHOHHOrO Hacoca; 7 — yAaJieHHe oceBlle-
ro uja K peuupKyJsLHOHHOMY Hacocy; 8 —

DaLHOHHOH ¥ OTCTOHHOI (puc. 25).  °ropoxmenne.

CrouHas Bola MOCTyMaeT B aspaly-

OHHYIO CeKIIHIO Yepe3 nepudepuiinblil JOTOK, 6/arofaps 4eMy mpOHUCXo-
IUT GBICTPOE ee CMellleHHe ¢ aKTHBHBIM HJIOM B o6beMe ceKiuH. I1pu Kon-
LIeHTpaluyy B3BelleHHbIX BelecTB A0 250—300 e/m® cTOUHYIO XKHAKOCTb
MOXHO HanpaB/siTb B a9DOOKHCJHTENH 6€3 NepBHYHOTO OTCTAHBAHHS.
Mexanuyeckue pOTOpHbIE a3paTophl (LHJIMHAPHYECKOro THma) obecme-
YMBAlOT WHTEHCHBHOE CMEIMBAaHHME CTOYHBIX BOA C AKTHUBHBIM HJIOM,
a3pMPOB4HHE CMECH M B COBOKYMHOCTH C KOJbLEBOH (popMo#i ceKuuu
00yCJIOBJIMBAIOT CNHpa/lbHOE IBHXXEHHE WJIOBOH CMeCH CO 3HauHTellb-
HO¥ MONEPeYHoH LUPKYJIALHe.

AspupoBanHas wuJioBasi CMech uYepe3 IleJieBble OTBEPCTHS B CTeH-
Ke OTCTOAHOM CEKIMH NMOCTynaeT B KOJIbLIEBOE IPOCTPAHCTBO, 06pa3oBaH-
HOe TNOJYTIOTPYKHO# eperopoiKoi; 3lech NMPOUCXOAUT rallleHHe BXOJ-
HbIX CKOPOCTel IOTOKa WJIOBOH CMecH, yJaJleHHe My3bIpbKOB BO3JLyXa
H paBHOMEDHOE pacIpefiejieHHe NMOTOKa Mo nepudepuu OTCTOHHOM Cek-
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uuu. TToTok unoBOH cMecH, BBIXOASILIMA H3-NON HHXKHErO Kpasi MOJy-
NOTPYXXHOH MNEPEeropoikH, HaNpaB/sieTcsi BO BHYTPEHHIOIO LHIUHAPHU-
YeCKYI0 YaCTb OTCTOHHOH CEKLHH, Iie POUCXONUT paslesieHHe HJIOBOH
cMecH B BocxojsuleM nortoke. IIpu pacyeTHbIX 3HaUYeHHSX CKOPOCTH
BOCXOJIIIEro NOTOKa oOpa3yeTcsi B3BelUeHHBIH CJOH aKTHBHOTO WJa
(«nopuiHeBO#» THI). AKTHBHBIA WJI OTHENSETCS OT OYHIIEHHOH BOABI NpH
(GHIbTPOBaHHH 4Yepe3 3TOT B3BELIEHHHIH CJIOH, YTO ofecreuWBaeT Bbi-
COKYIO CTelleHb OYMCTKH CTOuHbIX Bojl B APT Kak mno B3BellleHHbIM
BewlectsaM, Tak ¥ no BITK. Ilpu kone6anusix pacxofoB CTOUHEIX BOJ
B3BELUEHHBIH CJION B OTCTOMHON ceKlMU JHGO CKuMaercs, JIMOGO paciuu-
psercsa. B nepBoM ciyyae cekuus paGoTaer B peXHMe OTCTaHBaHHS, BO
BTOpOM — B peXXKHMe OCBeTJIeHHs B3BELIEHHOTO CJIos, B KOTOPOM IpH
3HAYUTEJIbHOM YBEJIHYEHHH pacXolia yBeJHUYUBAeTcss MOPO3HOCTb CJIOS
H, CJIE€J0BATE/IbHO, YMEHBLIAETCS €r0 CONPOTUBIIEHHUE, T. €. YBEJHYHBAET-
cs JlonycTUMasi THAPaBJIHYecKas Harpyska.

[Mocne ocBersienuss cTouHas KUAKOCTh COOMpaerTcsi paiualbHO pac-
TNOJIOXKEHHbIMH JIOTKAMH M OTBOLUTCS B COOpHYIO yally, OTKyAa Tpy6o-
NPOBOJIOM yJllansgeTcs Ha obe33apakuBaHHe H COPOC.

AspoTeHKH-OCBeTJHUTENH pa3paboTanbl YKPrunpoKOM-
MYHCTPOEM Ha YypOBHE 5KCIEepHMEHTAaJbHOTO MPOEKTa ABYX THIOpa3Me-
poB: npousBofureasHOCTbIO 17000 #3/cym B Bume ABYX ClapeHHbIX CEK-
uui 1auHOo# no 48 m u npousBoputensHocThio 100000 #3/cym w AMUHOHK
no 120 a.

Crounass KuAKOCTb MOC/€ NEPBUUHOrO OTCTAWBAHMS MNOCTyNaeT B
30HYy a’palli¥ PaBHOMEDHO MO BceH IJIMHE COOpYXKeHHs, Tie OHa Mepe-
MELINBAeTCs] C aKTUBHBIM WJIOM H aspupyercs. llanee cMech mocrymnaer
B 30HY OCBETJIEHHS Yepe3 NepesiUBHbIE OKHA M 30HY Jerasauuu. Ilepe-
JIMBHBIE OKHA 060pYyJNOBaHHl LiiuGepaMH, NpH NOMOIIM KOTOPHIX peryJiu-
pyercs peuHpKyJ/JIUPYIOUMHA MOTOK HJIOBOH CMeCH MEXIy 30HaMH aspa-
IHH U OCBETJIeHHUS.

B 3one ocBersiennst dopmupyercs B3BelueHHBIH (NCEBIOOKHKEHHBIH)
CJIOH aKTHBHOTO MJIa BUXPEBOro THma. [IceBIOOMUKEHHe NPOHCXOIUT
3a CYET SHePruM IOTOKa, BHIXOAAIIErO B 30HY OCBETJIEHHS H3 3O0HH Je-
rasalMy M3-NoJ KPOMKH HaNpaBJIOIUX NEPeropoioK U OTPaXKEHHOro
HapyXXHOM CTeHKOH 30HHI OCBEeT/IeHHs BBepX. TaKuM o6pa3oM OCyIlecT-
BJIsIeTCS BpalllaTelbHOe JBHXKeHHe MacChl WJ/a, OTAEIHBLIErocs OT BOABI
3a CYeT CWJI IpaBUTalMH B BepXHel paclIMPeHHOH 4acTH 30HBI OCBET-
JIEHHUS], TJle CKOPOCTH MaJibl. Bpamatommuiics BuxpeBo# cJoit uiaa cra-
OusieH, TaK KaK M/ He MOXKET OCECTb Ha JHO 30HBI OCBETJIEHHSI BBHIY
GO/IBUIMX CKOpOCTe B 9TOM YaCTH 30HBI H He MOXET BHIHOCHTbCS BBHAY
MaJIbIX CKopocTefl B BepXHelf yacTu 30Hbl. Uepe3 TaKOH BUXPEBOH B3Be-
LIEHHBIA CJIOH QUIBTPYeTCs HJIOBasi cMeCh; 3pdeKT pasjie/ieHUs ee OYeHb
BBICOK.

B 3one aspauuu pacnosioxen 3y6, KOTOpbifi CAYKHUT Il HHTEHCHH-
Kalluu Nojcoca HJla U3 HHXKHEH YacTH 30HbI OCBETJIEHHS M TpelloTBpa-
LIleHUs NoNafaHus Nysbipefi BO3NyXa B 30HY OCBETVIEHHS YEPE3 HHMKHIOW
wesb. [THeBMaTHUECKHE MeNKONY3bipYaThie a3paTOpPhl, PacloNoXKeHHbIe
B HENOCPEACTBEHHOH G/M30cTH OT 3y6a, CO3JAIT [OTOK BO3AYLIHBIX
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ny3bipel, KOTOpHIH obecneynBaeT WHTEHCHBHYIO LUPKYJISIHIO HJIOBOH
CMECH B 30HE a3pallMH U MOACOC MJ1a U3 HHXKHell 30HbI OCBETJIEHHS. DTOT
NOJICOC B COBOKYMHOCTH C IOTOKOM, HalpaBJ/IeHHbIM Yepe3 MepesHB-
Hble OKHAa B BepXHEH YacTH 30HBI a’palllH, CO3JaeT PEUHPKYJISAUHIO
HJIOBOM CMeCH MeXAy 30HaMH a3palMH H OCBET/IEHHsI, MpHYeM BEJIHYH-
Ha 3TOi peuupKyJasuuu cocrasiaser 1500—2500% pacxona cro-
YHBIX BOA.

[Ipu Takoit ruapaB/HyecKoi CBSI3H MeXIy 30HAMH aspalMH H OC-
BETJIEHHS B COOPYXKEHHH CO3/al0TCs 6/1aronpHsaTHbIE YCIOBHS AJIS MPO-
TEKaHHs TMpolecca OKHCIEHHS BO BceM oObeme, T. €. MaKCHMaJbHO
MCMO/Ib3YeTCsl BECh 3allac aKTHBHOTO MJIa OJHOBPEMEHHO. DTO M03BOJH-
JIO CYLIECTBEHHO YBEJHYHTb CKOPOCTb OKHCJIEHHS 3arpsi3HEHHH B a3po-
TEHKaX-OCBETJIHTE/ISX [0 CPaBHEHHIO C a3POTeHKAaMH-OTCTOMHHKaMH
HJIH C KOMIJIEKCAMH a3DOTEHKOB M OTHAEJbHO PACMOJIOXKEHHBIX OTCTOM-
HHKOB.

OcBeryieHne HJIOBOM CMeCH BO B3BELIEHHOM CJoe (GHJIbTPOBaHHEM
03BOJISIET YBENHYHTb 3((EKT 3afepKaHHs B3BEIUEHHBIX BEILECTB,
T. €. 00U 3QpeKT OUHCTKH CTOYHOH KHIKOCTH B COOPY2KEHHAX TAKOro
THNa. VIHTeHCHBHasi LMPKYJAUMS BO B3BELIEHHOM CJO€ H HHTEHCHB-
Has PEUHPKYJSALHS MEXIY 30HaMH a3pallUH H OCBETJIeHHs 0GecrneynBa-
0T XOPOLIHH MaccooGMeH BHYTpPH B3BEILEHHOrO CJIOsi, HeMpephIBHbIH 06-
MEH MacC MeX1y 30HAMH M GJIarONpPHSATHBIH KHCJIODOAHBIA PEXHM.
3TO M03BOJISIET OCYIIECTBHTb B a3POTEHKaX-OCBETJIMTENSX [porece
OKHCAEHHS 3arpsi3HeHHH [pPeMMYLIECTBEHHO BO B3BELIEHHOM CJIOE,
rlie YCJOBHS KOHTaKTHPOBAHHMS 3arpsi3HEHHH C aKTHBHbIM HJIOM B a3-
po6Hoit cpene HauGosee G/1arONPHUSTHH BCIEACTBHE HHTEHCHOHKALHH
BCeX MacCOOGMeHHBIX MPOLECcCOB (HIbTPALHOHHBIM IepEMELIHBAHHEM.

KoHCTpyKIHsl a3pOoTeHKa-OCBeT/INTENsI [O3BOJISAET HCMO/Ib30BAaTh 3TH
COODYXEHHS JUIS Pa3/MYHbIX MOAH(HKALMH MpOIECCoB 6HOXUMH-
YeCKOH OYHCTKH.

MaloKOHIeHTPHPOBaHHbIE CTOYHbIE BOJAbLI MOXKHO OYHILAaTh B a3po-
TEHKaX-OCBETVIMTeJISIX B yCJOBHSX HH3KHX Harpysok Ha WJ, TaK Kak
B J@HHOM cJiyyae ()aKTOpPOM, OrpaHHYMBAIOIIHM [POH3BOIAHTENBHOCTb
COODYKEHHS, SIBJASIOTCS THApaBJHYecKasi Harpy3ka Ha IOBEPXHOCTb
B3BEILEHHOr0 CJIOS NpPH 3HAYMTENbHOM 3amace OKHCJHTEeNbHOH MOl
HocTH. [lA1s yBe/NHYeHHss ruApaBiM4YecKodl NPOMYyCKHOH CIOCOGHOCTH
B a3pOTEHKAaX-OCBETVIHTEJISIX PEKOMEHIYeTcsi yCTpaHBaTb rOPH30HTaJb-
Hble MEPEropoiKH B 30HaX OCBET/IEHHS Ha YpOBHE BepXHeH rpaHHIbl
B3BEIIEHHOro CJosi (MOKa3aHO MyHKTHpPOM Ha puc. 26). dru mepe-
TOPOAKH JOJ/IXKHBI ObITh BBIMOJHEHB! JIHGO M3 MPOCTPAHCTBEHHBIX SUEEK
JIHGO W3 MaKeTOB IVIACTHH, B KOTOPHIX 3JIEMEHTH pPacrosiaralotcsi Ha-
KJIOHHO. DYHKIUS Meperopofiok 3aK/I0YaeTcsi B JaMUHapH3alHH [OTO-
KOB B BEDXHEH 4YacTH B3BEILIEHHOTO CJIOS, YTO MPeJoTBpallaeT IMyJbCa-
L[M{ HA €ro MOBEPXHOCTH H, C/EJOBATE/NbHO, NMPEMATCTBYET BHIHOCY 4ac
THIL HJa.

[1pH OYHCTKE BHICOKOKOHIEHTPHPOBAHHLIX CTOYHBIX BOJ, B OAHOCTYNEH-
HBbIX a9POTEHKaX-OCBeT/IHTeNAX Heob6XxoauMa 6oJiee HHTEHCHBHAS LUPKY-
JIIKS WJIa BO B3BEILEHHOM cJloe M 6oJiee BHICOKAasi €r0 KOHILEHTpALHA.
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B 3ToM ciydae peKOMEHIYeTCs BbIMONHHTL TOPH3OHTaJbHYIO Mepe-
FOPOAKY H3 CeTOK, KOTOpbleé LISl MX OYHCTKM JNOJ/DKHBI BpalllaThCst
Ha POJIMKaX TOPH30HTA/IbHOH MJOCKOCTH. B3BelleHHbIH c/I0H npuxu-
MaeTcsi CHU3Y K CeTKaM M MHTEHCHBHO LHPKYJHMPYET MO ceTkoi. Takoit
pexHuM paboThl B3BELIEHHOTO CJI0S HOCHT Ha3BaHHE MOJ Yy M C e B [ o-
OXHUXEHHH.

OuncTKa BbICOKOKOHLIEHTPHPOBAHHBIX CTOYHbLIX BOJA B a3pOTEHKaXx-
OCBETJINTEJSIX MOXET OCYLIECTB/IATBLCA TaKXKe MO CTyNeHYaTod cxeme,
Korjla ABa uju 6oJjiee coopyxe-
HUH COEJMHSIIOTCS MOCJAeI0BaTe/]b-
HO, [MpaKTHYecKH B JAHanasoHe
KOHUEHTpaUHi 3arpsisHeHu# ro-
POACKHX CTOYHBLIX BOJ JOCTaTOYHO
IByx ctynenefi. Ilpouecch ounct-
KM B CTYNEHIX OTJIHYalOTCs MO
Puc. 26. KoHCTpyKTHBRas cXeMa a3po CKOPOCTIIM OKHCCHUA.
oA OeBeT A TOn S P IlByxcrynenuarsie cxembl aspo-
I — soma aspaumm; 2 — nepeampume okna; TCHKOB-OCBET/IHTEIEH DEKOMEHIY-
3 — 30Ha Jerasauuu; 4 — HanpasJsollas I0TCA B ABYX Mon“(ppu(au"ﬂx TeX-
neperopoaka; 5 — JIOTKH JJisa c6opa OYH-

IWeHHOA BOAB; 6 — yhanenne H3GmrowHoro  HOJIOTHUYECKOro Mpolecca: ¢ Mpo-
A el 8 BOPUIODNI S = TOLANA  opiOHALHBIM NPHOCTOM  Hila
ropofika; /2 — 30Ha OcBeTJIeHus, [3 — IH- U C M;{Hepaﬂusauuen HJjJa Ha
Oep- BTOPO CTyneHH. DTH  Moaudw-
Kalluy OGecneyrBaloTCs PacyeTHOH CKOpOCTbIO Ha BTOPOH CTYMEHH.

[lpy KOHCTPYHMPOBaHMHM JBYXCTYyNEHYAaTHIX CXEM a3POTEHKOB-OC-
BETJIMTE/IeH DEKOMEHIAYercsi NPHHHUMATh CJEAYIOLIHE TEXHOJIOTHYECKHE
napamerpbl (COOTBETCTBEHHO Ha NepBOil M BTOPOH CTyMEHsSX):

ckopocTb okucaenus — 40 u 6—20 me BIIK;/2 - «;

rufipaBiuueckas Harpyska — 2,2 u 0,9—1,5 u3/m? - u;

KOHLEHTpaUus uia — 2,5 u 4,5 xa2/mu3;

yAebHbIH pacXoll Bosnyxa — 45 u 70 x#3/keBI1Kj.

BesnyvHBl CKOpPOCTeH OKHC/IEHHS] W TUADABJIHYECKOH Harpyskd Ha
MOBEPXHOCTb B3BELIEHHOTO CJIOS Ha BTOPOH CTYNEHH IS JABYX TEXHO-
JIOTHYECKHX MONHU(DHKALHUH: MEHbIIIHE 3HAYEHHS] — /I [POLECca C MH-
Hepa/M3allied HJa Ha BTOPOH CTyneHH, GoJibluxe — JJsi mpouecca ¢
NPONOPLUHOHANBHLIM NPUPOCTOM HJIA.

KoHCTpyKTHBHO JByXCTyneHYaThle CXeMbl a3pOTEHKOB-OCBETJIHTE/IeH
palHOHA/JbHO KOMIIOHOBATb U3 COOPYXKEHHUH OJUHAKOBOTO MOMNEPEYHOro
CeYeHHsl, HO C Pa3IUYHOH AJTHHOM.

OIByXxKkaMepHbB e a3pDOTEHKH-OTCTOHNHUKH $B-
JISIOTCA OJIHOH M3 pa3sHOBMIHOCTE! a3pOoTeHKOB-oCBeT/HTeNeH. TexHo-
JIOrMYeCcKasi OCHOBa HX COCTOMT B pa3fieleHHH 30HbI a3pallui Ha ABe Mo-
c/efloBaTesibHbIE CTYNEeHH NpPH MOMOUIM BEPTHKaJbHOH ceTyaToH HJIH
nepdopupoBanHoi neperopoiaxu (puc. 27).

CrouHast XHAKOCTb IOCTYNaeT B MEPBYIO KaMepy — KaMmepy MpelBa-
pUTeNbHOTO O6oraileHusi, o60pYIOBaHHYIO POTOPHBLIM HJIHM HMIeJep-
HbIM aspaTopoM. B 3Tofi kamepe (nepBasi cTyNeHb) NPOUCXOAAT MPOLEC-
Cbl HaCBIEHNSI HJIOBOH CMeCH KHCJOPOIOM UM OGHOCOpPGLHM 3arps3HeHHi
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B pexuMe MOBBLIUEHHBIX HAarpysoK Ha . 3areM cMech yepes mnepdopu-
pOBaHHYIO MEperopoiky MepexoiuT B Kamepy (epMeHTalHH (BTOpasi
CTyN€Hb), TJie B P€XHME HH3KHX Harpy3oK Ha HJ IPOMCXOAAT Mpoilec-
Cbl OKHCJICHHUSI COpOHPOBaHHON GHOMacchl H MHHepasH3alHH (CTabuiu-
3anMu) akTiBHOro uJa. Ileperopofka 3aTpynHsier 06MeH MacCaMH HJia
MeXJy KamepaMH, 4YTO OGecrneyHBaeT pa3BHTHE B HHUX chellUpHYHOTO
GHOLIEHO03a, alaNTHPOBAHHOTO K COOTBETCTBYIOIIHM HarpysKam.

WM, npupacratomiuit B nepBoi cTyneHH, NEPEXoOIUT BO BTOPYIO 3a CUET
obpasyoweiicss pasHulbl YPOBHeH XKHIKOCTH MEXIY KaMmepaMH, KOrlia

12 3 4

16200 7800 —

Puc. 27. KoOHCTpyKTHBHasi cXeMa IBYXKaMePHOTO aspOTeHKa-OTCTOMHHKA:

1 — mnofaua CTOYHON JKHAKOCTH; 2 — KaMepa NpefBapHTEJNbHOro oGoralleHusn; 3, — uMneJep-
uuiit aspatop (AU-1M); 4 — nepdopupoBanHast meperopofka; 5 — poTopHuii aspatop (AP-2);
6 — Kamepa ¢epMeHTaluH; 7 — 30HA OCBeTJEeHHS; 8§ — JIOTOK A/ c60pa OUHILEHHON BOJLI;
9 — ynanenne H3GLITOYHOTO HJla.

meperoponka 3acopsieTcsi MPHPAcTaloOMM HJIOM CO CTOPOHBI MEpBOM
CTYNeHH; Moc/e Mepexoia 4YacTH HJIOBOH CMECH BO BTOPYIO CTyNeHb
YPOBHH XHIKOCTH BbIPaBHHBAIOTCSI M MepeXoj CMeCH MpeKpaluaercs,
TMOKa HJl BHOBb He MpHpacTaer. Takum o6pa3oM, pexXHM paGoThl Kamep
(cTyneHeft) camoperyaupytouuicsa. H36biTouHblii Ha yHansercs TOJb-
KO U3 30HbI OCBET/IEHHS.

Kamepa ¢epmeHTaunn oGOpyAyeTcsi pPOTOPHbIM HHJHHADHYECKHM
a’3paTopoM, OOCECMeyHBalOUMM LHPKYJISIHIO [MOTOKOB HJIOBOH CMECH
B BepTHKa/bHOH IJIOCKOCTH, 3a CUET Yero B 30HE OCBETJIEHHs CO3[aeTcsi
BHUXpEBOH B3BEIUEHHLIH CJ0H, QYHKUHOHHPYIOUNH, KaK B a3pOTEHKax-
OCBET/IHTENSAX.

JlByXKaMepHble a3pOTEHKH-OTCTOHHHKHM paboTaloT 0e3 MepBHYHOro
OTCTaHBaHHSl NPH KOHUEHTPAUHH B3BELIEHHbIX BEIECTB B CTOYHOH
*KHuaKkoctH 10300 /M3, pekoMeHAyeTcs nepell COOPYKEHHSMH Mpenyc-
MaTpHUBaTb JBE CTYMEHH PELIeTOK C IpO30paMH NocsenoBaTe/bHo 16
1 8 MM, TECKOJIOBKH.

Io pekomernannam HUKTHU I'X M)KKX YCCP paspa6oraHbl 3 THIIO-
pa3mepa JByXKaMepHbIX a3pOTEHKOB-OTCTOHHHKOB: INPOM3BOLHMTE/b-
HocTbIO OfHOH cekiuu 150, 400 u 3000 m3/cym (tabn. 35). Ha puc. 27
nokKa3aHa CXeMa TPeTbero THIOpa3Mepa; CXeMa MepBOro THIopasMepa
aHaJlorM4Ha TpPeTbeMy, a BTOpOH HMeeT MpSAMOYro.bHYI0 (OpMy B
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Ta6nuuma 35. Texnuueckasi xapaKTepucTHKA THNOPa3mep oB JABYXKaMepHBIX
29pPOTEHKOB-0TCTOHHHKOB

IpoH3BOANTENBHOCTb CEKLHH (THMOpa3Mep),
HaumeHoBanne nokasareseft "fune":e'::,aﬂ u2jeym
150 400 3000
Hauna:
KaMmephl 06orauieHus M 2,2 2 4,27
Kamepsl ¢epMeHTanHK » 3,1 11 13,75
30HBI OCBeTJIeHHs (N0 Bep-
xy) » 4,34 3 8,2
obias » 8,77 13,5 24
Mupuna » 5 9 34
PaGouas riy6uHa » 3,6 3 5,5
O6bem:
KaMmepbl 06OratieHns M3 8,2 24 73,4
Kamepbl epMeHTaLLHH » 23 120 980
30HBl OCBETJIEHHS » 12,7 16,7 351
Asparopsi:
B Kamepe oGorauleHHs — AU-1m APIT AU-1m
B Kamepe (epMeHTaUHH — APII APH AP-2

1IoepeyHOM CeYeHHH (B MJIaHe COOpYXKeHHs BCeX THIOPa3MepoB HMMEIOT
TIPSIMOYTO/IbHYIO OpMY).

Jlpyroit pasHOBHIHOCTBIO a3POTEHKOB-OCBET/IHTE/EH SBJSAIOTCA K O M-
MaKTHHE € YyCTaHO0BK H 3aBOJCKOro uarotojienus tuna ¥ KO,
pa3pa6oraunsie B HUKTHU I'X.

Komnakrheie ycraHoBkH YKO-25 u YKO-100 (tab6na. 36) npenuas-
HayeHbl JJISl OYHCTKH OBITOBLIX M GIM3KMX K HHM IO COCTaBy MPOMBILL-
JIEHHBIX CTOYHBbIX BOJ C KOHIeHTpauueH 3arpsi3HeHufi no BIIK; ke
6Goutee 250 2/m3 u no B3BeleHHbIM BelecTBaM 10 300 2/x3. YKO-25 peko-
MEHIOBaHbl K MPHMEHEHUIO Ha CTAaHUHSIX MPOHU3BOJAUTETLHOCTHIO 25—
100m3/cym, YK O-100 — ot 100 mo 400 m%/cym. YcraHOBKHM M3rOTOB-
JIIIOTCST U3 OTHEJIbHBIX CeKUMH, TPaHCMOPTHPYEMbIX ABTOMOOHJISIMH.

CroyHasi BOJa uepe3 NPHEMHYIO peLIeTKY [MOCTyMaeT B 30HY aspa-
LMY, Te MPOHCXOMHT CMEIIHBAHHE ee C aKTHBHLIM MJIOM H a3pHpOBaHHe

Ta6auma 36. Texnuyeckas XapakTepPACTHKA KOMNAKTHBIX YCTaHOBOK

HanmenoBanne nokasareneft ufsgg:rﬁn YKO-25 YKO-100

O6bem:

30HB a3PalUH M3 31,56 78,2

30HBl OCBETJIEHHS » 14,1 23,8

KOHTaKTHOTO pe3epByapa » 3,4 74
Asparop: AH-1v APH

MOLILHOCTb JBHraTeJis Kem 5,5 7,5

YacToTa BpallleHHsl mud™! 930 150
T'aGaputst M 7,8X4,5x2,5 | 12,5X4,0%X3,5
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cmecH (puc. 28). VI3 30HBI aspauuu UI0Basi CMeCh NMOCTYMAET B 30HY OC-
BETJIEHHS, Tle NMPOUCXOIHUT OTIAEJIEeHHE OYMLIEHHOH BOAbI MYyTeM (H.Ib-
TPOBaHUSI CMeCH Uepe3 B3BeLIEHHbIH c/10# akTHBHOro wja. OuuLieHHas
BOJa B BepXHeH 4acTH 30HbI OCBETJIEHHS] H3JHBaeTcs B COOpHBIH JIOTOK
M 3aTeM IOCTynaeT B KOHTaKTHHIH pe3epByap, CMeLIaBLIHCh NpenBapHy-
TEJIbHO C XJIODHOH BOJOH, MONaBaeMO M3 3aTBOPHO-pacTBOPHOro Gakar

L
1 i / A o u
] 7 7 r
o
~
By
| > \ |
| A \
2500 2510 2610 2900 B 2000 2
12530
17
‘i 5 1
2 3, F 74 4
\ 2 ~>
|
/ i L/ A ) o
: y
87 "%—
. " Q
b
14 8 2 N
! 7" 7800 3

J

Puc. 28. CxeMb KOMNAKTHHX YCTaHOBOK 3aBOACKOI'O H3roTOBJICHHS:

a — YKO-100; 6 — YKO-25; / — BOyck CTOYHBIX BOJ; 2 — pellerKa; 3 — asparop; 4 — 30-
Ha a’paluu; 5§ — OTBepCTUA C WHGepaMH AJs nNepenyckKa HIoBON cMecH; 6 — 30HA OCBETJIEHHS;
7 — neperopoAKH; 8 — JOTOK Anst c60pa ocBeT/IEHHOH BOAb; 9 — YKPHITHEe Hajl yCTpDOHCTBOM
A5l PUTOTOBJIEHHS XJIOPHON BOAK; /0 — KOHTaKTHHNA pe3epByap; // — BLINYCK OYHILEHHOD
o06e33apaKeHHOA BOAB; /2 — BHIYCK OcCaJlka H3 KOHTaKTHOro pesepByapa; /3 — BhINYCK
H36biTOYHOrO MJa; [4 — HJjococ.

xJopaTopHoro yctpofictBa. [locne o6Ge3sapaxuBaHusi BOla COpachl-
BaeTCs B BOLOEM.

IupKyASAsUHOHHBE OKHCJHUTEJAbHbBE KaHalb
(IOK) siBastioTcst a3poTeHKaMu € PeXKUMOM NPOJJIEHHOH aspaluH H pa-
60TalOT C HMU3KHMHM Harpy3kamMu Ha ua. CoopyxkeHHe MpeNCTaBJseT
co00H KOJIbIIEBYIO TpaHILElO, BHITAHYTYIO B IJlaHe U OGOPYNOBaHHYIO
pOTOPHBLIMHM LMJIHHAPHYECKHMH aspaTopamu. MioBas cmech UMpPKYJIH-
pyer B LIOK, nepememmuBaercss u Haceimaercsi Kucjaoponom. Kommiekc
IJIOILAJKH OYHCTHbIX coopyxkennii ¢ LIOK wummocrpupyerca Ha
puc. 29, a (yCJIOBHO He NOKa3aHbl XJIOpPAaTOPHAst C KOHTAKTHLIM pe3epBy-
apoM, KOTOpble MOT'YT GbITb PaCMOJIOXKEeHbI NOC/Ie COOPYKeHHH N00YHCT-
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Puc. 29. LlupkyasiuuoHHble OKHCAHTEIbHEIE KaHaJIbL:

a — npuMep KOMMOHOBKH oOuHcTHOH cranuuu ¢ LIOK; 6 — cxema LIOK mo
SKCMEPHMEHTANbHOMY NPOEKTY YKPrHNPOKOMMYHCTPOS! TPOH3BOAHTENbHOCTLIO
50—400 m3/cym; B — 10 XKe, 700 m3/cym; [ == LIOK; 2 -- BTOPHYUHLIA OT-
cTORHHK; 3 — c6poc Ha o6Ge33apaxKuBaHHe, 4 — aBapHitublit c6poc; 5§ — noga-
Ya CTOYHBLIX BOA; 6 — POTOPHLIA aspaTop; 7 — HJIOBbie MNJOWafAKH;, 8 — ape-
HaX; 9 — Tpy6onpoBoa H36GhITOYHOro uJja;, [0 — onopoxHeuue LIOK; // —
Tpy6ONpoBOALI BO3BPAaTHOrO HJa; /2 — OTBOJA aspHpPOBaHHOM cMecH Ha BTO-

PHUHBIA OTCTOHHHMK; /3 — HJIOBAs CTaHUHA; /4 — BHINYCK OYHIIEHHOH OCBeTe
JIGHHON BOAH.



KH, eC/IM OHa moTtpebyercss no MecTHbiM yciosusM). B IIOK o6ecrneyn-

BaeTcs ekt O4uCTKH CTOYHbIX BoA mo BITK 95—97%.
Oxcnepumentanbubiii npoektT LIOK paspaGoran ¥YKprunpokommys-

cTpoeM Ha 5 TunopasmepoB (Tab.1. 37); THNOpasMepsl NPOH3BOAMTE/b-

Ta6anma 37. Texuuueckas xapaxtepictuka LLOK

TNpousso- Pasmepnl, # (cM. puc. 29) Aspatopbi
RHTEb- Pa60tmn.
;’37:;’,” oGbem, L A R a b Tun Kosmyecrso, wWT.
50 110 9 | 4 6 | 1,6 1 API1 1
100 200 36 | 4 6|15 1 APH/API1 1/2
200 440 66 | 425{ 7 |225| 1 APH 2
400 850 68 | 4, 8 | 255 2 APH 3
700 1500 45 | — | 24 | 2,55 2 APH 5
INpumevanne, B runopasmepe na 100 u3/cym ApoGbio yKa3aHbl BOSMOXKHEIE BapH-
aHTBl THNOB a3paTOPOB H COOTBETCTBEHHO HX KOJIHYECTBO.

HocThbI0 50—400 #3/cym umeloT ofMHAKOBYIO KOHHUTrypatHio (puc. 29, 6),
THIIOpa3Mep npou3BoauTe bHOCTBIO 700 M3/cym nuMeeT Gosee CJOXKHYIO
dopmy (puc. 29, 6), 06yC/IOB/IEHHYIO HEOOXOAMMOCTbIO AOCTATOYHOM
CTeNeHH MepeMelllMBaHHsl HJOBOH CMeCH B OTHOCHTENIbHO G6OJbLIOM
obbeMe.

PACYET COOPYXEHWIA ANA BUOXMMHYECKOH OYHCTKH
CTOYHbIX BOA

buodmnbTpb

PexuMbl pa6oTbl GHOPHJIBTPOB XapaKTePH3YIOTCS PaCYETHBIMH 3Ha-
YeHWSIMH OPraHMYeCKOM M TMAPABJIMYECKOH HarpysoK. DTH NOHATHS
OTHOCSITCSI TO/IbKO K YC/JIOBHAIM cOa/JaHCHPOBaHHOH paGoThl COOPYKEHHS.
BanaHc COOTHOIIEHHS! KOJIMYECTB MacC 3arps3HeHHH, OHOMJEHKH, KO-
TOpylo cnocoGeH yAepxKHBaTb 3arpy3O4YHbLIH MaTepHa/, H KHCJOPOAa,
KOTOpLIH IO3BOJISIET MOJATh MJIEHKE KOHCTPYKUHsI GHODH/IbTpPa, MpH
NpeBblIIeHHH KPHTHYECKOI'O 3HAYEHHS] Harpy3KH CABHraeTCsi B CTOPOHY
IedHuHMTa KHCJIOPOZA M NMPH 3TOM BO3HHKAIOT aHa3pOOHbiE YCIOBHS.

OpraHuuyeckas HarpysKa— 3T0 BeJHYHHA HarpyskH
Ha GuoduJbTP, U3MepsieMasi OKHCJ/IAIOWEHCS MacCoil 3arpsisHeHHH Ha
elMHULy o6GbeMa 3arpy3Ku B efuHHIY BpeMeHH. OHa 3aBHCHT mpexne
BCero OT MaTepuaJa 3arpy3KH M pexkuMa opoulenus (taba. 38).

F'nmanpaBsauueckas Harpya3KkKa onpeleaserci o6beMOM
JKHJKOCTH, OpOLIAIOUIMM E€XHHHIY O6beMa HJIH MOBEPXHOCTH 3arpy3Ku
B eIMHHIly BpeMeHH. PacueTHbIMH CYHTAIOTCS TaKHe BEJTHYHMHBI THApPaB-
JIMYECKOH HArpysKH, MPH KOTOPLIX GHOMJIEHKA YAepXKHUBaeTCs Ha 3arpy-
304HOM MaTepHane u obecneyuBaeTcst HeOOXOAMMOE MOCTYIJIEHHE BO3-
AyXa K OHOIUIEHKe: ]I KamneibHHIX 6HOopHuabTpoB 0,75; nns opoulae-
MbIX — 3,75; AJas GaweHHHX — jo 13 #3/m3 - cym.
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OnHaKoO /11 HHXKEHEPHOTO pacyera HeJOCTAaTOYHBI BEJMYHMHBI pacyeT-
HBIX Harpy3oK, OHH SIBJISIIOTCS TOJIbKO OGLUMMH OpHEHTHDPOBOYHLIMH Ma-
pameTpaMmH.

Pacuer 6uopusnbtpos no merony npod. C. B. Slkosnesa ocHoBBI-
BaeTCs Ha COBOKYIHOCTH IPOTEKaHMsI ABYX IPOLECCOB — U3BSATHS Op-

raHM4YeCKHUX  BelUecTB  u3
CTOYHOH KHIKOCTH B TOJILLE

. e
Ta6aunma 38. PacueTHbie opranuyecku 3arpysKu H 61OOrHIECKOrO

Harpy3kM Ha HEKOTOpPble BMAB 3arpy3KH

6uoduastpos, 2 BNK,/#3cym OKHCJICHH A 3a€pKaHHBIX
NJIEHKOH OpraHM4ecKHX Be-

oo ame. | Salen | Opousewse orabrzir | ecrs.
B v | QusTpL [lepBuiit npouecc npowuc-
wnwgcre, ol 44 . 6r10KaMH XOIHT B BHJIE COBOKYMHOCTH
wieGuen | MHEOHEM | 13 HéHo- sIBJIEHUH cOpOLUHM M Koary-
JSILMA M B LIEJOM aHAJOrH-
3—6 150 400 800 YeH KOHTaKTHOH KoaryJs-
6—10 250 500 1200 MM, OJHAKO OCJIOXKHsETCS
Bosee 10 | 300 600 1600 HECTal[HOHAaPHOCTLIO [POTe-

KaHusi, KOTOpas BbI3BaHa
MMpumeganune 3HauEHHS HAarpysoK na-

Hbl A1 GHOGHJILTPOB, pachoJaraeMbix o'mpgn-o NnepuoguYeCKUM OTTOPXKEHH-
HJH B HEOTANJIMBAEMbIX IIOMELIEHHSX; AJS OHO-

GHIBTPOB € OTAllIMBa@MBIMH «LLAaTpaMH» STH Be- €M H BBIHOCOM GHOIJIEHKH.
JIHYHHB! yBeJHgHBaloTCs Ha 20%. Bmpoﬁ npotrecc oﬁycﬂoa.

JIUBaeTcst KOMIJIEKCOM Mpo-
eccoB  ¢epMeHTaTHBHOTO
THAPOJIM3a 3arPsA3HEHHUH, ylepKHBAeMbIX Ha MOBEPXHOCTH GHOM/IEHKH,
M TpOLIECCOB MepeHoca U Bble/JeHHs1 MeTaGonuToB (NPOLYKTOB GHOXH-
Muyeckoro oxkucnenusi). Ilpouecchl GHOXHMHUECKOro pacrnaja 3arpsis-
HEHHUH, C OJIHOH CTOPOHLI, YCKODSIIOT H3BbsITHE HX IJIEHKOH M3 CTOYHOH
XKHAKOCTH B CHJIy sIBJIEHHsl YObiu copbarta (3arpsisHeHuil) ¢ moBepx-
HOCTH copOeHTa (MJIEHKH) ¥ OOHOB/NIEHHS] TEM CaMbiM €e aKTHBHOM 4ac-

Ta6auuma 39. 3naueHus Koucrantol Kr [38]

T, °C Ky T, °C Ky T, °C Ky T, °C Ky
8 0,115 13 0,145 17 0,174 21 0,209
9 0,12 14 0,151 18 0,183 22 0,219
10 0,126 15 0,158 19 0,19 23 0,23
11 0,132 16 0,166 20 0,20 24 0,24
12 0,138

TH, HO C APYFOH CTODOHBI, 3aMEIJSIIOT U3bSITHE 33 CYET 3aNONHEHUs akK-
THBHOH MMOBEPXHOCTH NPOAYKTaMH OKHCJ/EHHS, YMEHbIIAIOMHUMH cop6-
IIMOHHYIO €MKOCTb 3arpyskH. Tak MM HHaue, UMeeT MecTo copOuHs,
OCJIOXXHEHHAasi XMMHYECKUM H GHOXHMHYECKHM B3aHMOAEHCTBHEM.

Hnsa pacyera 6HoduIbTPa MO 3TOMYy METOAY BBEACH KPHTEPHAbHBIH
KOMILJIEKC

& = 10HK /g™ (49)
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TemneparypHasi KoHcTaHTa K (CKOPOCTb M3BATHS 3arpsisHEHHH NpH
temreparype T° C) onpenensiercss no ypaBHenuio CTpHUTepa WM 10
taba. 39

K, = K,1,04777%, (50)

rae K,, — CKOpoCTb H3BATHS 3arpsisHeHHit npu temnepartype 20° C.
I'paduk 3aBucHMOCTH 3pdeKTa OUHCTKH OT KPHTEPHAILHOTO KOMILIEK-
ca (puc. 30) peKoMeHnyeTCsl KaK YHHBepcaslbHas OCHOBa pacyera GHO-
GHIBLTPOB. 7
BricoTa GHOGHIBLTPOB pacCUUThIBAeTCS my- =70
TEM NpPeo6pa30BaHUsi OCHOBHOTO KPHTEPH- g\
asbHOro ypaBHenus d = f (D) B Bun \
60

0,19¢%* Lo
KpurepuanbHoe 3Hauenne & = 1,9 sB- 4 \
JIfieTcsl TpaHHIeH NHanasoHOB, B NMEpBOM H3

KOTOpbIX Npeo6saflaloT MNpOLECChl H3BATHA, 29 \\
Puc. 30. Ipaduk ans pacyera 6HodHAbTPOB No Kpute- ¢ 7 I‘ T e
praabHomy Meroay C. B. SlkoBneBa. g%

Harpy3KH OTHOCHTEJIbHO BEeJHKH, a 3bheKT OUMCTKH HENOoJIHbIA; BO BTO-
poM Iuanas3oHe npeo6/1aflaloT MPOLECCH NpeBpallleHHst, HIeT HHTEHCHB-
Has HUTpHHKaLKs, 3PPEeKT OUHCTKH BBICOK, a CaMH MPOLECCHl NPOTEKAIOT
MeJ/IeHHee. DTO KpHTepHalbHOe 3HaYeHHe XOpOLIO COTrJacyercs C OMH-
caHHOH KsaccudHKauuelt MpoueccoB, THIOB H KOHCTPYKIHA GHOQHILT-
POB; ec/Id 1Mo pacyeTy Tpefyercs npoiecc, nporekamomuit npu @ < 1,9,
c/efyeT NpUHHMAaTb OpOIIaeMbli THI GHO(HJILTPOB C GJIOYHOH 3arpys-
KOH; ecsiM mpouecc npotekaet npH @ > 1,9, pekoMeHAyIOTCS Kane/bHble
61odKALTPE NMGO (MpH yBEJHYEHHOH MPOM3BONMTEIBHOCTH) OalleH-
Hble 6HOPHIBTPHI ¢ 6/104HOH 06BEMHOH 3arpy3KOH.

ITpumep l. Havanenas xonuemgauuﬂ aarpssHennit no BI1Ky, pasua 150 &/a3,
Tpe6yeMasi KoHeyHast BITK,, — 15 2/s% TeMnepaTypa cTOYHON MHAKOCTH JIET(M DaB-
Ha 18° C, aumoit 9° C, pacxofl cTOYHBIX BOJ cocTasaser 500 #3/cym.

L
Ha ocHoBanuy 3afaHHOro adekTa OYHCTKH B MPOLIEHTHOM BhIpaXKeHHH I == —L’— X
0

X 100 = —115—% 100 = 10 HaxoauM 3HaYeHHe KPHTEPHAJIbLHOTO KOMIJeKca Mo rpaduky

Ha puc. 30. Tak xax @ = 2,2, 1. e. Gosble 1,9, NpHHEMaeM KarneJjibHble GHOQHABTPHI
¢ ue6eHOYHOR 3arpy3Koli BRICOTOH 2 m.

[na nernero nepuoaa Ky = 0,183, pns 3umuero — 0,12 (ta6a. 39).

OnpenensieM ruipaB/dyecKyl0 Harpy3ky ZAJsl JIeTHEro nepuopa

4 10Ky, 102 0,183

() 2,2

/151 3UMHEr0 MepHoja
0.4 _ 104K, , _10-2.0,12
2 2,2 -

4* 99

= 1,67, q=05 m3/M% . cym,

1,I;, g=2 M3/m2 . cym.




MoBepxHOCTH PUIBTPOB AN JIETHETO H 3HMHErO NEPHOAOB GYAYT PaBHbI:
F,=500:5=100 #2% F,=>500:2= 250 x2.

ITpwuwmep 2. HavanbHaa KoHueHTpauus 3arpasHeduii no BIIK,, pasna
100 2/ 13, xoHeuHas — 20 2/, TeMepaTypa CTOUHOM KHULKOCTH 3HMON H JIETOM M pac-
XOJ CTOYHBIX BOL TaKHe Xe, Kak B mpuMepe 1.

Mo 3 = 20 naxoaum & = 1,4, 1. e. Menbwe 1,9. [IpuHEMaeM GHOOHJILTDPHI Ta-
KHe, KaK B mpHmepe l.

Torza ans JMeTHero nepuoga

®*=10.2.0,183/1,4=2,6; g=11 #3/u®- cym.;
sl 3UIMHEro rnepuofa
**=10.2.0,12/1,4=1,7; q=5 u3/m® . cym.
IloBepxHocTH QHJIBTPOB AJis JIETHETO M 3HMHErO IMEPHOJOB COCTABJSIOT
F,=500:11=145,4 #% Fs=>500:5=100 x2.

Ipumepsl 1 u 2 mpuBefeH:! AJIsi OTHOCHTEILHO HH3KHX KOHLEHTpa-
UMH 3arps3sHEeHHH MpH pasauyHLIX TpeOyeMmbix sdipektax ouncTku. M3
pesyJibTaTOB pacyeTa BHAHO, 4YTO NMPHMEHATb KameabHble GHOGHJILTPHI
AJIs1 MOJIHOH GHOJIOTMYECKOH OYMCTKM KaK M3 3KOHOMHYECKHMX, TaK H
M3 3KCIUIyaTallHOHHBIX CooOpaxkeHHH HelesecooGpasHo. B npumepe
2 s¢pdekT ounctku 3ajan 80%, u B pe3ysbraTe HET HEOGXOAUMOCTH Aep-
XKaTb B JIeTHee BpeMs Gojiee ueM ABYXKpaTHBIH 3amac MOLLHOCTeH co-
OpYKeHHH, KaK 3T0 uMeeT MecTo B npumepe 1. B ciyuasx, korga tpeby-
eTcsl Jaxke NpPH MaJblX KOHLEHTPaLHsSX 3arps3HEeHUH BLICOKHH 3(deKT
OYHCTKH, CJENyeT NPHMEHATb METOAbl OYHCTKH aKTHBHLIM HJIOM JHGO
64OPHIbTPE! GOJILILOHA BLICOTHI.

ITp umep 3. Ucxoannie faHHbIe Te XKe, 4To ¥ B npuMepe 1. [IpuHuMaeM opoliaeMuie
GHOpHJIBLTPH € 6JOYHOI 3arpy3Kolt H3 MeHoCTeKJa BLICOTOH 4 M.
Torpa pajs 3uMHero nepuoja

*t=10.4.0,12/22=22 q=7 #3/#® - cym.
Of6uasi miowanp GHODHIALTPOB
F=500:7=71,4 m2.

IMpunnMaem suefiky B nuane pasmepoM 6 X 6 s, Torga norpebyercst ABe suefixH,
K3 KOTOPHIX JIETOM pa6oTaeT OfHa.

[Tpumenenne 1J1st 3ar py3KH HOBBIX MaTepHaJIOB, TaKHX KaK, HallpUMep,
MEHOCTEKN0, TpeOyeT yTOYHEHHS 3TOro MeToja pacuera. Baogutcs
nonpaBoyHbI  Ko3hdHIHEHT 2,25, yBeNHYHBAIOWMEA THAPABIHYECKYIO
Harpysky JAJisi IeHOCTeK/Ia Mo cpaBHeHHio co weGHeM [30]). Torxa B npu-
Mepe 3 MOXKHO 3alPOEKTHPOBATh GHOPHIILTPHI C 3arpy3KOH U3 MEHOCTEK-
Ja miomaneio 71,4 : 2,25 = 31,3 4% u npuHATL ONHY siueilky 6 X 6 m,
pasjieNleHHyI0 Ha JBe CEKLHH.

Ha xpurepuanbHbIX COOTHOLIEHHSIX OCHOBaH TaKMKe METOJ pacuera
no Homorpammam [44]. HoBbiM B 5TOM MeTozie MO CpaBHEHHIO ¢ METOJIOM
C. B. flkoBieBa siBlsieTCsi MpUMeHeHHe HOMorpamm (puc. 31).

Ha ocu abecuuce npaBoil HUXKHEH 4acTH HOMOrpaMMbl OTKJ/IaJAbIBaeTCst
HCXOJlHast KOHUEHTpal s 3arpsasHennit mo BITK u nogHuMaercs opauHaTa
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JI0 nepeceyeHHst ¢ JIMHHEH 3alaHHOH KOHLEHTPAUWH (KPHBHIE JIMHHH)
JH00 N0 nepeceueHHs C TOPH3OHTa/NbHOH JIMHHEH 3ajaHHOro adpexTa
OYMCTKH, 3HaueHHUs KOTOPOTO OTJIOXKEHbI Ha JieBOH OpAMHATE NpaBoil
HHXHeH yacTu HomorpaMMbl. M3 Toukn mepeceuenus npoBoOAUTCS BJe-
BO FOpPH30HTa/IbHAsA JIMHHUA 10 NMepeceyeHust c JUHHeH 3ajaHHO Temme-
paTtyph; M3 3TOH TOYKH NepeceueHHs NMOAHHMMaeTcst OopAHHaTa A0 nepe-
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Puc. 31. Homorpamma pnst pacuera KameJbHbIX GHOQHJILTPOB.

CeueHHUs ¢ JIMHHEH NMpHHHMaeMoil BbICOTHI GHOGHJbTPa (B JIeBOH Bepx-
Heil yacTH), 3aTeM H3 TOYKH NepeceyeHusi MPOBOAMTCS OPH3OHTAJbHAS
JIMHHA [0 NepeceyeHHsi ¢ OPAHHATOH, NMOXHATOH OT BEJHYHHBI HCXOX-
HOH KOHUeHTpauuu 3arpssHenuii. [locnennsis Touka nepeceyenus
JacT BeJHMYHHY THAPaBJIHYECKON Harpysku Ha OHoO(uJIbTp B npaBoil
BepXHeHl 4acTH HOMOI'PaMMBbl.

IMpuwmep 4. Ucxoanas xonuentpauus sarpsisnenndi no BI1Ky, paBna 140 2/#3,
no BIIK; — 100 2/#% sanannas koneunasi KonuenTpauusi no BITK,, pasaa 30 a/x3,
no BITK; — 20 &/#3. Bce ocTanbHEle HCXONHEIE JaHHBIE aHANOTHUHE NpHMepaM 1—3.

Pacuer no HOMOrpamMMme, NMpHHSIB BEICOTY GHOGHJIBTPOB 2 M, BelieM A5 3HMHefl
JieTHelt TeMIIepaTyphl i MONyaeM 3HaveHna THAPABJIHYeCKOd HArpy3KH COOTBETCTBEH-
H0 0,6 1 0,85 #3/M?- « uau 14,4 u 20,4 43/ m%.cym. [IN5l IPUHATHIX YCIAOBHA HEMOJHON
ouncTkH (80%) TaxkHe BLICOKHE HarpyskKu OGBHACHHMEL.

uMe p 5. Hcxoanan xoHueHTpauus sarpsisnennii no BI1K,, paBHa 200 &/45,
no BITK; = 150 2/#3; 3anannas KoHeunasi KoHueHtpauus no BITK,, pasHa 30 /43
no BITKy — 20 e/#3. OcranbHble HCXONHEE AAHHEIS aHAJOTHYHH npHMepam 1—3.
[NpuHNMaeM BHICOTY GHOQUABTPOB 4 M, TOTAa THAPABJIMYECKHE HATPYSKH NS 3HMHETo
W JIeTHETO ePHOJOB cOOTBETCTBeHHO paBHul 0,5 u 0,8 #%/x2-u unu 12 u 19,2 #3/m? X
X cym. EcIn NPHHATb MeHbIUYIO BHICOTY GHOMHABTPOB, HanpuMep, 2 M, TO THAPaBJIH-
YeckHe Harpy3KH OCTaBJSIOT 3HauYeHHS, He NONAjaiomie B QHANa30H NMPHMEHEHHS HO-
MOrpamM, T. €. HelleJecOOGPasHbl U3 NPaKTHYECKHX COOGpaKeHHMH.

[lpn nNOBBLIIEHHBLIX KOHLUEHTPALHSIX 3arpssHeHHH peKoMeHAyercs
NPUMEHATb PEUHpKYJsiHio. PacyeT creneHH pelHpKy/suuu (OTHOLUE-
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HHS PELUPKYJSLHOHHOTO pacXofia K PacXofy CTOYHBIX BOA) NMpPOM3BO-

nuTca mo gopmy.Je
Low= (Lo + RL[)/(I + R), (52)

rae Lcy — KOHUEHTpaL Ui 3arpsisHeHHi B CTOYHOH XKHAKOCTH MocJie pas-
GaBJIeHHSA €e PELHPKYIALHOHHLIM IOTOKOM, e/mM%; R — creneHb peuup-
KyJISILIUH.

dra ¢opMyJia BblBelleHa U3 ypaBHEHHs MartepHaJsbHOro 6ajnaHca cxe-
Mbl C peLHpKyJsuHel

LewQ (I1+R= LoQ + RQLt' (53)

B npumepe 5 npuBefieH BapHaHT pacyeTa ¢ MPHHATOH MasoH BLICOTOM
6uoduIbTpa (2 M), B KOTOPOM MOBBILIEHHAs KOHLEHTpAllHsl 3arps3He-
Huil onpefenujia HepeHTaOe/nbHble Masble Harpy3ku. [To Homorpamme
Gosiee MM MeHee peHTabe/bHbIH AHaNa30H THAPaBJHYECKHX Harpysok
(HanpuMep, Kak B IpuMepe 5 npH BbicoTe GHOQHILTPA 4 M) COOTBETCTBY-
eT npu BbicoTe GHOGUAbTPa 2 M KOHLEHTpauuu 3arpsisHenuii no BITK;
Ha Bxoze 100 2/m8.

U3 ¢opmyasl (62) ans npumepa 5 nonyuum

Ly—1L 150 —
L~ 20— 10 0625, T e 62,5%.  (54)

Takum o6pasoM, palHOHa/lbHOE NPOEKTHpPOBaHHE OHODHIALTPOB B
c/lyyae MOBLILIEHHOH KOHIEHTpAlHH 3arpsisHEHHH BO3MOXKHO Jubo my-
TEM YBeJHYEHHS BbICOTHI COOPYKeHHH, TH60 NyTeM BBE€HHS PELHPKYsi-
IIMH; BHIGOP MeToJa H BApHaHTa CXeMbl ONPENeNsIeTC TeXHHKO-9KOHOMH-
4eCKHM 06OCHOBaHHEM.

[TpumeHenne cryneHuyaTbiX cxeM GHOQHIBTPOB MO3BOJSIET COKPATHTh
0GbeMbl COOPYXKEHHH H MOBLICHTD B LieJIoM 3¢peKT ouucTkH. OGo3HauHM
apeKT OYHMCTKH KaK 4acTHoe OT neneHus BenuuuHbl cHatoii BITK Ha
HayaJbHYIO ee BeJHYHHY I/l KaXKIOoH CTyNeHH COOTBETCTBEHHO I H I,
H. T. A

O6wwu#t apdeKT OUUCTKH IS ABYXCTYNEHYATEIX CXEM

I=1—(1—=3)(1—=3) =3, + 3, — 3,9, (55)
Ias n cryneHefi
I=1—(1-=3)(1—=3,) ... (1=23). (56)

ITp u me p 6. ITponomxum npumep pacueta Ne 5 B BapHaHTe CTyneH4aTofi cxeMbl.
HonyctuM, TpeGyeTcs noBbILEHHbIH 3¢¢eKT ouucTkH A0 KoHeuno# BIIK;, paBHo#
10 e/#3, T. e. ¢ sthdexToM ouncTKH okoso 939 . Homorpamma Ha puc. 24 u Kpusas
KPHTepHaJbHOTO KOMILIeKca Ha puc. 31 il TaKHX YCJOBHI 1O O/IHOCTYNEHYaToll cxeMe
Ge3 pelMpKYJSLHHA He Aai0T pelleHns. [IpunuMaeM OYHCTKY B 2 CTynNeHH.

Ha nepBoft cTynenn npuHHMaeM peXHM C BLICOKMMH FHAPaBJIHYECKHMH Harpyska-
MH, HanpuMep, | M3/m2 - u uan 24 »3/M® . cym, npw BeicoTe GHOGMAbTPA 4 M. Toraa
o HOMorpaMMe JJIsi 3UMHero nepHofia sbdeKT OYHCTKH Ha NepBoi CTYNEHH coCTaB/as-
er 78%. ypaBHenus (55)

_959—-5 _ 093—0,78
Iy = =3, — 1—=078 = 0,68, T. e. 689%.

Ha BTopyio cTyneHb NocTynaloT 3arpsisHeHns ¢ KOHUeHTpauueh no BITK; 33 2/#3;
KOHeyHasi KOHueHTpauus cocraBuT 33 (1—0,68) = 10,56 2/s3,
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TTo KpuBo#i KpUTEpPHANLHOrO KOMILIeKca sdxdexTy ouncTkn Ha 68% oTBeuaer Benu-
uyuHa @ = 1. Torpa A1a BTOPO# CTYyNEeHH NPHHUMaeM BHICOTY 6HOdRABTPa 2 M. ['ng-
paBJ/iHYecKasi Harpyska COCTaBHT

@t =10,2-0,12/1 = 2,4, g=9 u3/u® . cym.

YMeHblueHHasi BABOE BBICOTa GHO(HJBLTPAa Ha BTOPOH CTYNMEHH MO
CPaBHEHHIO C MNepBOH I03BOJIIET KOMIOHOBATb CTYNEHYATyl0 CXeMy
6e3 nepeKaukH CTOYHLIX BOX.

IMockonbKy npH ABYXCTynmeHYaTOH cXeMe YBENMYHJHCh TCHADABJIH-
YeCKHE Harpy3KH, HO YBEJHYHJIOCh H YHCJIO S/1E€MEHTOB OYHCTHOH CTaH-
IHH (BTOpPHYHBIE OTCTOMHHMKH MOCJe KaXAoH CTyneHH), BHIGOp MeToja
H CX€Mbl CTaHILHH V1 OYHCTKH C BEICOKHM 3(EKTOM cJlelyeT 0GOCHOBBI-
BaTb TEXHHKO-5KOHOMHYECKHM pacueToM, cpaBHHMBasi, HalpHMep, Bapu-
aHTBl JBYXCTyNEHYaTOH cXeMbl 6€3 PEUHPKYJAUHH H ORHOCTYNEHYaToH
CXeMbl C pelupKyasuued.

B nesoM Hu3/l0XKeHHbIe METOAB! pacueTa GHO(DHIBTPOB MOTYT OBITH
NPHMMEHHMBI VIS JIIOObIX BHJOB 3arpy30K, XOTSi HOMOrpaMMbl H KpHTe-
puHanbHbI MeTOA pa3paGoTaHbl Ha OCHOBE SMMHPHYECKHX JAaHHBIX,
NoJly4eHHbIX Ha OHO(HIbTpaX co LieGeHOYHOH 3arpy3koil (AManas3oH
orpanuyeckux Harpysok 300—1200 e BITK/u® - cym).

[Tpumenenne HOBBIX BHICOKO3((EKTHBHBIX BHIOB 3arpy3ok OGHodHJIb-
TPOB — MJlacTMace, MeHocTekJa, ac6odaneprl H Ap.— NO3BOJISET MOBBI-
warb BbICOTY GHOHILTPOB J0 16—24 M M opraHuyeckue HarpyskH
10 3600 e BITK;/M3- cym. PaccunTeiBaTh Takue GHOMHILTPE pEKOMEH]Y-
eTcsl N0 BeJIHYHHE OKHC/IHTENbHOH MOILHOCTH, YCTaHOBJEHHOH Ha oc-
HOBaHHH SKCNEPHMEHTA/IbHBIX HCCJeIOBaHHH.

B CCCP naunGoJsiee pacnpocTpaHeHbl 6JIOYHbIE 3arpy3KH H3 MOJIHITH-
JeHa H neHocreksaa. [losnaThieHoBbIe MJjacTMaccoBble 3arpysKH pas-
paGoTaHbl B BHAE BOJIHUCTBIX JIHCTOB, OOGBEMHBIX OJIOKOB THIIA «CJIOXK-
Hasl BOJIHA» M TaKHX e GJOKOB C NMPOKJAAKOH MJIOCKMMH JIHCTaMH.

Ha ocHoBanuu uccaenosanuit [7,30] paspaGorana Homorpamma iis
pacyera GalleHHBIX GHOPHIBTPOB C YU€TOM TaKHX (PaKTOpoB, KaK BbICO-
Ta OHODUNbTPA, BEJHYHHA MCXOJHOH KOHIEHTPAUHH 3arpsisHeHHH,
TpeGyeMblil 3PDEKT OUHCTKH, pacueTHasi TeMIlepaTypa ¥ BHJ MaTepHaJa,
paccMaTpuBaeMbIX B COBOKyMHocTH (puc. 32).

IMpumep 7. Mcxonnas xonuentpauus no BITK,, paBua 300 /a3, sanannas ko
HeuHasi KoHueHTpauusi — 20 2/#3, pacueTHble TeMmepaType CTOYHON MKHAKOCTH LS
suMuero nepuoga 8° C, anst setsero — 14° C,

B npaBoii HuXKHell YacTH HOMOrpaMMbl NOAHHMaeM ODAHHATY, COOTBETCTBYIOULYIO
MCXOJHOA KOHLEHTPaLMH 3arps3HeHHH, JO NMepeceyeHHs C JIHHHeH BeJHYHHBI KOHeY-
HOMi KOHLEHTpPaLMH H jajlee B BePXHIOIO NPaBYIO YacTb A0 NepeceueHUsl ¢ JuHHeH BLI-
cotbl 6HoduabTpa. [TepBas Touka nepeceyeHns, CpoelHPOBaHHas Ha OpPAHHATY CJeBa,
MOKaXXeT BeJHYHHY TpeGyeMoro 3¢deKTa OYHCTKH, a BTOpas TOYKa — BHICOTY G6HO-
éuabTpa (B naHHOM cayyae 9,5 x).

Ot BesinunHB! 3bdexTa ouncTky (93,5%) nNPOBOAMM FOPH3OHTAJLHYIO JIHHHIO B Jle-
BOii HHXKHefl YaCTH HOMOrpaMMbl 0 NlepecedeHHs ¢ AHaNa3oHOM MeX]y KPHBLIMH, 0603-
HaYaloLWMMH Npefiesibl JJIsl HCXOAHOH KOHUeHTpaunn sarpsisHennit 300 /43 (samrpuxo-
BaH BepTHKa/JbHBIMH JHHHAMH).UeTbipe AHana3oHa COCTaBJeHH /sl KOHLeHTpauui
200, 300, 400 u 500 2/#3, a Kaxjple ABe JHHKH, OTPAHUUHBAIOLIHE STH JHANa30HbI,
COOTBETCTBYIOT PacyeTHHIM TeMIepaTypaM cTouHO#l xuakocTH 8° H 14° C, HsMeHseMble
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Puc. 32. HoMorpamma gna pacyera GaileHHbIX GHOGH/ABTPOB ¢ GJOUHEIMH
sarpyskamu:

| — BOJIHHCTHIR MONHSTHJEH; 2 — MEHOCTeKJO; 3 — «CJAOXKHas BOJHAa» H3 Mno-
nusTuieHa, 4 — «flocors.

8 JQuanasoHe cnpaBa HajleBo. TakuM o6pasoM, MOXKHO ONepHPOBATh RaHHLIMH Jf Ye-
ThIpeX HCXOAHBIX KOHLeHTPaLu# 3arpsisHeHH#l B npejeaX yKasaHHLHIX 3Ha4YeHHHi TeMm-
neparyp. [opH3oHTa/MbHass MYHKTHPHAS JIHHAS MepeceKaeT AMAaNa3oH AJIs KOHLEHTpa-
uun 300 2/#% B JBYX TOuKax, MPOEKUHH KOTOPHX Ha BepXHIOW a6CLUCCY AAlOT 3Haue-
HHSI OKHC/HTEJbHOA MOWHOCTH GHOGHJILTPOB cooTBeTcTBeHHO 960 n 1430 2/m3.cym
Vi pacueTHHX TeMnepatyp 8° u 14° C, a npoeKuun STHX TOYeK Ha KPHBYIO B BepXHefl
JIeBOH YaCTH HOMOTPaMMEI H Jiajiee Ha JeBYIO OPJHHATY — pacueTHLIe THAPaB/HYeCKHe
Harpy3ki# B SaBHCHMOCTH OT 3arpysouHOro MaTepnana. [IpuHHMaeM MNeHOCTeKJIO C
rUAPaBAHUeCKHMH Harpyskamu 6,8 u 8,05 #%/4® . cym cOOTBETCTBEHHO Al 3HMHEro
¥ JIETHEro MepHOAOB.

Janee paccuuThBalOTCS pa3Mepbl GHOQHILTPOB B MJaHe NpH ONpejesieHHON paHee
BBICOTE,

AapoTenxH

Pacuer aspoTeHkoB, Kak Jio6Goro annapara AJIs OCYLIECTBJIEHHS XH-
MUYECKOH peaKiluH, 3aKJIo4aeTcsi B onpefe]eHHH o6beMa COOpYKeHUs
M NapaMeTpoB yrpaeJeHust uM. OnpejeneHue oGbeMa COOPYKEHHST 03-
HayaeT onpejieseHHe CKOPOCTH Npouecca GHOXHMHYECKOrO OKHCJIEHHS.
[NousiTHe CKOpOCTH MpoLIECCA BHITEKAET U3 MOHATHS MartepHajbHOro 6a-
JlaHCa KOJIHYECTBA pearupylolliX B a3pOTeHKe BeleCTB.

INpouecc OKHC/IEHHS 3arpsisHEHHIl B a’pOTEHKaX XapaKTepH3yeTcs
0GOCLIeHHEIMH peaKIHsAMH NepBoro mopsiika. B mpakTHueckHX pacye-
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TaXx 06GoGlIeHHOe ypaBHEHHE BHIOM3MEHSETCS C YUETOM HaNpSXKEHHOCTH
NpoTeKaHHs mpolecca, T. €. €ro CKOPOCTH, a TaKKe C y4eToM BHIa aspo-
TEHKa Kak anmapara.

-AspoTeHKu O6GOro BHAa MOTYT PacCUHTHLIBATLCS HA OCHOBAHHH CKO-
POCTH Npoliecca HE3aBHCHMO OT TOro, GyleT OHa NOCTOSTHHOH WJIM M3Me-
HsieTc B Xofle npoiecca. Pasnnuue MoxeT GLITh 06YC/JAOB/IEHO TOMIBKO
JIManasoHoOM CKopocTefi mpoluecca H ero KHHEeTHKOH.

Pexum BbITECHEHHS IO/IKEH 1aTb BO3MOXHOCTb NOJNYUHTb NpaKTHUe-
CKH Mmoboii 3afaHHbIl 3(p(deKT OYHCTKH, OAHAKO BBHIY HEOGXOLHMOCTH
ajlanTallHy HJa K u3MeHsoleficss Harpyske u3-3a rpajiHeHTa KOHLEHTpa-
IMH N0 JJHHE a3pOTE€HKa M H3MEHSIOLErocs COCTaBa 3arpsi3HeHHH
yacTb o6beMa OaccefiHa pacxOAyeTcss Ha HeNpOHM3BONHUTEJNbHOE BpeMsi
npeGbiBaHUs HJIOBOH CMeCH. A3DOTEHKH-CMECHTENIM, XOTS M He AaloT
TaKoro a¢xpeKTa OYHCTKH 3a COMOCTaBHMOE BpeMs NPOTEKAaHHS Mpolec-
ca, MCKJ/IOYAlOT BpeMsl aJanTalk¥ WjJa BBHAY OTCYTCTBHSI TpafHeHTa
KOHIIEHTpaLuH B 06beMe COOpYKeHHs.

CorslacHO KJlacCH(MKALUM TEXHOJNOTHYeCKHX MoAM(HKalHi npouec-
COB OYMCTKH CTOYHBIX BOJA aKTHBHBHIM HJoM (cM. cxemy Ha c1p.67),
BEICOKOHArpyK€HHEIE NPOLLeCChl XapaKTepu3yloTci npeo 61 a A aH u-
€ M 3arpsisHeHHil (MHTaHUSI) OTHOCHTENILHO XXHMBBIX KJIETOK HJa, cpel-
HEHarpyXXeHHble — M PONOPUHOHAMNbHBM COOTHOIIE
HHeM pearupyloliux Macc, a HH3KOHarpyxeHHole — O A1 H OB p &
MEeHHB M NpOTEKaHHEM [BYX OCHOBHBIX MPOLLECCOB: OKHCJIEHUS
3arpsi3HeHHl H CaMOOKHUCJAEHHU A HJa.

CorJiacHO NOJIOXKEHHSIM XUMHYECKOH TEOpHH, peaKLUHH CO 3HaYHTEe/b-
HbIM NpeobsiaflaHHeM OIHOrO M3 peareHToB MAYT COrVIaCHO ypaBHEHHIO

HYJIEBOTO MOpsijKa
L = k¢, (57)

rie L — u3meHsOmlascsi KOHUEHTpalHud 3arpssHeHuHii 3a Bpems f;
ky — KOHCTaHTa CKODOCTH peaKLHH HYJeBOro nopsikxa.

YpaBHEHHSI peaKI U HYJEBOro Nopsiika MOryT ObITb NPHMEHHMbI
I/l pacyeTa MPOLLECCOB GLICTPOro H3bATHS 3arpsisHeHuil (6HocOpOLHH)
¥ HENOJIHOM OYHCTKH (cynpaakTuBauuu). Pacuer cBoauTcs K npoctomy
JIMHEfHOMY COOTHOLUEHHIO MeX1y TpeOyeMbIMH CHHXXEHHEM KOHLEHTpa-
UMK 3arps3HeHUH U BpeMeHeM o6paGOTKHM CTOYHOH XKHIAKOCTH, Ge3 yue-
Ta CKOPOCTH OKHCJIeHMs 3arpsisHeHu#i wioMm. Hanpumep, ansi pacuera
KOHTaKTHOro 6accefiHa KOHTaKTHO- CTaGH/IM3aLHOHHBIX a5POTEHKOB, Tje
HCIIO/IBb3YIOTCS ABJEHHS] GHOCOPOIHH, OCHOBHBLIM MNapameTpoOM CJYMKHT
Be/iMYHHA o6beMHOMN Harpysku 7 k2 BITK,, Ha 1 #® B cyTKH.

Jnsi cpenHeHar py»eHHbIX NPOLECCOB CO CKOPOCTbIO yOBIIM KOHIIEH-
TpalMHU 3arpsi3HeHUH, 3aBHCAILEH OT HCXOAHOH WX KOHLEHTPALHH, NpH-
MEHHMO YPaBHEHHe NepBOro nopsjka

L=Ly—L, =L,(1—e*. (58)

YpaBHenue (58) mpumeHHMO AJsi GOJIBLIOrO AMaNas’oHa TEXHOJIOT K-
YeCKHX MOAH(HKAL Kl NPOLECCOB OKHC/IEHHS 3arPASHEHH CO CPEJIHUMH
HarpyskaMi Ha WJ, NpONOPLHOHANbHEIM COOTHOLIEHHEM pearupyouHx
MacC M PaBHOMEPHBIM yla/JeHHeM NpPHPACTAIOLUlero H30LITOYHOrO HJA.
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[Mporiecck! ¢ HU3KUMH HarpyskaMu Ha Wi (HanpuMep, Nnpolecck noJ-
HOIO OKHCJIEHWs) XapaKTepH3YIOTCS TeM, YTO YObIb KOHIEHTpauuH
3arpsisHEHHH OPraHUYECKHX BELEeCTB MNpPOMOPLHOHAJbHA HadaJbHOH
KOHIIEHTPALMH STHX BellleCTB M OJHOBpeMEHHO YObIBalolleidl opraHuye-
CKOil Macchl W/1a, MO3TOMY OHH MOT'YT GbITb ONKCaHbl YpaBHEHHEM BTOPO-
ro nopsika
SLy [1 —e=ML—S))

L= L, — Se—FalLe—S)

. (59)

IMpouecc 6HOXHMHUECKOTO OKHCJIEHHS! 3arpsisHeHHil aKTHBHEIM HJIOM
AIBJIIETCS aBTOKATaJMTHYECKHM, TaK KaK B XoJle peakuuil BblpaGaTbiBa-

Ta6nuua 40. [lpogomKuTeNbHOCTb aspallud B aspoteHkax, r [44]

GI1K,, BbIXOAAIIEH XKHUAKOCTH TpH BITK,, BbiXoasielt JKHAKOCTH TIPH
BI1K no- a’poTeHKax, 2/m® BIK no- a’spoTeHKax, 2/m?
crynaio- cTynaio-
KX wux
cTouHblx | 6es pere- ¢ pereneparopamy cToyHblx | 6es pere- ¢ peresepaTopamu
BOA, HepaToOpoB BOA, HepaTopoB
e/m? e/m?
15 15 20 15 15 20
100 4,4 3,4 2,3 350 — 9,8 8,8
150 5,5 4,8 3,6 400 — 11 10,1
200 6,8 6,1 4,9 450 — 12 11,3
250 8 7,4 6,2 500 — 13,4 12,7
300 — 8,6 75

IOTCS1 KaTaJH3aTopbl-pepMeHTHI, KOJHYECTBO KOTOPBIX GaslaHCHpYeTCs
B 3aBHCHMOCTH OT HanpsKEHHOCTH Npolecca. Y paBHEHHs KHHETHKH
aBTOKATa/UTHUECKHX peaKlMil, npuMeHsieMble B XHMHYECKOH TeXHOJIo-
run [22], uaenTrHuHn ypaBHeHuo (59).

CrpyKTypHO npouecc 6GHOXHMHUECKOrO OKHCJIEHHS BCerja ConpoBOXK-
JaeTcsi CAaMOOKHCJIEHHEM HJIa, M pasJiHyMe TEXHOJIOTHYeCKHX MoandpHKa-
unfi, paccMaTpuBaeMoe C 3TOH TOUKM 3peHMHsl, 3aKJIO4aercs JIHLIb B KO-
JINYECTBEHHOM COOTHOILEHHH CKOPOCTeH OKHCJIEHHsl 3arps3HEHHd M Ca-
MOOKHCJIeHHsT HJla. B aToll cBssu ypaBueHue (59), xapakrepusyoliee
aBTOKaTaJIUTHYECKHH npollece, siBJsSEeTC ypaBHEHHEM BTOPOro Nopsiika.
Ecin cKOpocTb CaMOOKHC/IEHHMsi WJla 3HAYMTENbHO MEHbIE CKOPOCTH
OKHC/IEHWsl 3arpsi3HeHH#l, 3TO ypaBHEHHe ympollaeTcs A0 ypaBHEHHs
nepBoro mMopsiika, a €CJH CKOPOCTH OKHCJIEHHSi HaCTOJIbKO BeJIHKH,
YTO CTAHOBSATCS COM3MEPHMBIMH CO CKOPOCTSIMH aiCcOpOuMH, ypaBHe-
HHE YNpoLLaeTcs A0 ypaBHEHHs! HYJIEBOro NopsifiKa. ITHM H 06bACHAETCS
Gosibiioe pa3HooGpasue CyILEeCTBYIOIMX METONOB pacyeTa adpoTeH-
KOB, a CYIUeCTBYIOUIHI HaGop KOHCTPYKTHBHLIX ()OPM M TEXHOJIOrHYe-
CKMX THIOB a5POTEHKOB, BbI3BaHHLIH pasHooOpasHeM yCJIOBHE HX NpHMe-
HeHHss U OOJIbIIMM JHAnasoHOM CKOPOCTEHl MpOLECCOB, ONpeneJiser
BHIOM3MEHEHHs] OCHOBHOTO pacyeTHOro ypasHeHHs (59).

B CCCP noayuynnu WIMpOKOe pacnpoCTpaHEHHE H PEKOMEHAOBAHbI
MEeTOJlbl pacyeTa KOHKPETHhX aspoTeHkos [15, 16]. Ins auanasoHa
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ROHUEeHTpanu# sarpsasHenuit no BITK,, or 100 xo 500 2/x#2 npu cpenue-
rofioBOi TeMneparype CTOYHOH XuiKoctd 15° C mosbaytores Taba. 40;
AJl APYTHX 3HAYEHHWH CPENHEroJOBbIX TEMMEpaTyp PacyeTHbIH 0ofbeM
a3pOTEHKOB yMHOXaercs Ha oTHoweHuwe T/15 (T — cpemHeronosas
TemnepaTypa CToyHsX Bof, °C).

[To ananorun ¢ GHOGUABLTPAMH A/l pacyeTa a3pPOTEHKOB CYLIECTBY-
€T Takke KpHTepHaJdbHBH KomMnaekc [38]. OcHosoit
METOa SIBJISIETCS] YCJIOBHE, 4TO 3(PHEKT OYHCTKH 3aBHCHT OT HadyaJbHOH
KOHLEHTpAU UK 3arpsi3HEHUH, BpeMeHH uX 00pabOTKH, TeMmmneparyphl
CTOYHOH KHAKOCTH, KOHLEHTpALMH WJa, AeDHIHTa KHCIOPOA4, ryOH-
Hbl a3POTEHKa, PacXojla BO3LyXa H KOHIEHTPALHH B3BEIEHHbIX BEILeCTB
B CTOYHOH KHAKOCTH.

Meron pacuera asporeHkoB Mo HoMorpammam [59] ocHoBan
Ha 0e3pa3MepHbIX COOTHOwEHuAX: my = (L, — L,)/L,, 7y = ki, ny =
= Ly/Sy(m; Bblpaxkaer s3heKT OYHCTKH, T, OGBEAHHSET BJUSHHUE Bpe-
ME€HH H TeMNepaTypbl CTOKOB Ha MpOLECC, 7i; 03HaYaeT COOTHOILEHHE pe-
arUpYIOINX MacC 3arpsi3HEHHH M aKTHBHOrO WJa, T. €. Harpysky Ha
um, Ly, L, — coOTBETCTBEHHO Haua/jbHasi H KOHEYHas KOHLEHTpaLui
sarpsiaHeHuii no BITK,y; S, — cpennsis koHueHTpauus una). Tpu Ges-
pa3MepHBIX COOTHOLUEHMSI BHIPAXKAIOT 3aBHCHMOCTb MEXAY MNSATbIO OC-
HOBHBIMH paCYeTHBHIMH MapaMeTpaMH NpoOLecca OYHCTKH CTOYHBIX BOJ
aKTHBHBIM HJ/IOM: HayaJbHOH KOHUEHTpauueH 3arpsisHeHuil, HeoGXonu-
MBIM yJa/leHVeM 3arpsi3HeHHH, KOHLEHTpauued aKTHBHOIO HJa, BpeMe-
HeM MpOTeKaHHs TMpomecca H €ro KHHETHYECKOH XapaKTepHCTHKOH,
onpezensieMoll Ko(p(ULHEHTOM CKOPOCTH peaKLUHH, KOTOPBI B CBOIO
ouepellb OMNpeneNseTcss TEMIEPaTyPHBIMH YCIOBHSMH. Y MeHblleHHe
KOJIHYECTBA MPOCKTHBIX MapaMeTpPOB YMNPOLLaeT pacyeT NpOLEcCoB H
COOpYKEHHUH.

Homorpammel anist pacuera a’pOTEHKOB-BBITECHHTeNEH NpHBEIEHBI
Ha puc. 33. McXonHBIMH RaHHBIMH LJISI pacuera SIBJISIIOTCS KOHLEHTpa-
LMY 3arpsi3HeHH HCXOAHOMH U ounLieHHOH xkuaKocTH o BIIK, npunsatas
KOHLIEHTDAIHSA HJIa H CTENEeHb €ro PeHpPKYJISILHN U TeMnepaTypa CToY-
HOH XKMAKOCTH, 8 HCKOMbIM SIBJISIETCS BpeMsi NpeCbiBaHHsT HJIOBOH cMecH
B aspoteHKe. COOTBETCTBEHHO, €C/lH OyJder H3BeCTHO BpeMs npeGhiBa-
HUS, TO NMpPH OCTa/NbHbIX MCXOIHBIX BENHYHHAX MOMHO OMNPENeNHTb -
(beKT OYHCTKH.

Mpumep 1. INpu ucxoanoit BITK;, paBHoit 250 o/ M3, Heo6X0AMMO OYHCTHTD CTOY-
HYI0 JXHAKOCTb ¢ pacyeTHoil Temnepatypoil 15° C no BITK; 20 2/#%.

[TpunnMaeM aspoTeHKU-BHITECHHTeJIH Ge3 pereHepallWM Bo3BpaTHOro HJa, Pac-
YeT BTOPHYHBIX OTCTOMHHMKOB (CM. Jajee) MO3BOJIHJ ONPEeAeUTh CTENEHb PELHPKYJIs-
uuu, paBryto 0,5 npu paGouell KOHUEHTpaUMH aKTHBHOTO Waa 3 xe/#® (3000 me/a).

PacueTHast KOHUEHTPaLMs 3arpsA3HeHHH B HIOBOH cMecH, nocTynaiouefi B a9poTeHK,
C y4eTOM pasGaBJieHusl PeUMPKYJAALUHOHHBIM TTOTOKOM COCTaBASAET

Ly+RL;  250+0,5-20
1+R 1405

Torpa ctenenb cruxenus BITK B asporenke coctaBut

1y = (173,4 — 20)/173,4 = 0,885 nan 88,5,

L= = 173,4 o/,
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Puc. 33. HoMorpammn! p1s pacyera aspoTeHKOB:
a, 6 — nNs aspoOTeHKOB-BbITeCHHTeJsel; 8, ¢ — HJ8 a3POTEHKOB-cMecHTeJseH.

Ha xpaitnux ocsix Lp m S HoMorpammel a Ha puc. 33 OTK/albiBaeM 3HaueHHe
pacyeTHOH KOHUEHTPALMK 3arpssHeHHit B WIOBOH CMecH, NOCTynaowel B a3pOTeHK, U
KOHLEHTPAllHH aKTHBHOTO WJa; COefMHseM STH 3HauYeHHs MPSAMOil H Ha ee NepecedeHHH
CO CpenHelt OCbI0 HaXOAHM 3HaueHHe KoaddHuHeHTa a, paBHoe 4,12. 1073,

3aTeM Ha HOMOrpaMMe 6 OTK/1ajbiBaeM Ha COOTBETCTBYIOIHX OCAX KpHTepuil 5; =
= 88,59% — 9¢:peXTHBHOCTb OUHCTKH B a3pOTEHKe C YYeTOM pas6aBJieHHsi CTOUHOH
HHIKOCTH PeLHPKYJIHPYIOMHMM HJIOM — M pAcyeTHYIO TeMnepaTypy xuakocth 15°C;
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coefiuHsieM 3TU 3HaueHHUs NPSAMOR JMHHel; TOUKY ee MepeceueHnsl C 0Cblo ¢/a coeuHsIeM
npsaMoii JMHUe# co 3HaueHueM paHee onpeje/eHHOro Kosdduuuenta a. Ilepeceyenne
(ss-roﬁ npAMOA ¢ OCbiO ! nacT BpeMsi npeGhiBaHHS HJIOBOH CMeCH B aspOTeHKe —

4 .
C yyYeTOM peLHpPKYJIALHOHHOTO pacxoAa BpeMsi 06paGOTKH CTOUHBIX BOA B a3pOTeH-
Ke cocraBuT 6,4 (1 4 0,5) = 9,6 4. O6beM aspoTeHKa onpejensieTcsi KaK npoH3Befie-
Hye BpeMeHH NpeGLIBAHUA H pacXoja HJIOBOH cMeCH.
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Pacyera o6beMa pereHepaToOpoB 3TOT METOA He JaeT,

[Tpuwmep 2. Ina pacyera aspoTeHKOB-CMecHTeJleli Ha HOMOrpaMMe 8 aHaJOTHY-
HO HOMorpamMe a (cM. puc. 33, 6) HAXOLMM MO 3aJlaHHBIM 3HAYEHUSIM KCHUEHTpauuil ak-
TUBHOFO WJ1a M OCTATOUHBIX 3arps3HeHn#i B ouHmeHHol Boje Koahduuuent a = 1,95 %

%10, Ha HomMorpaMMe 2 Tak:Ke aHaJOTMUHO HOMOrpaMMe 6, HO CO 3HaueHHeM sddek-
Ta OYHCTKH, onpejie/leHHLIM 6e3 yyeta pa3Gap/ieHHs 3arpA3HeHHH PelUpPKYAAIHOHHLIM
MOTOKOM (OCKOJIbKY MPUHSIT PeXKHM HJAEeaJbHOr0 CMelUeHUsl B CHCTeMe B LeJIOM), Ha-
XonuM B pe3yJibTaTe BpeMs npeGhiBaHHs WJIOBOH CMeCH B aspoTeHKe, paBHoe 4,6 4.

ConocraB/ieHHe Pe3yJbTaToOB pacueTa ABYX BHJOB a3POTEHKOB (Bbl-
TeCHHTeJIell M cMecuTesell) NpPH OAMHAKOBHIX HCXOAHBIX YCJOBHSX
CBHAETENLCTBYET O Goslee BBICOKOH CKOPOCTH MNpolecca B aspOTEHKaX-
cMecuTensiX. TeopeTHuecKuil BbIBOZ OCHOBLIBa€TC Ha aHaJIOTHH HX
peakTopaM C  YHCTO XHMHYECKHMH MNpOLeccaMH [peBpalleHHs
BelleCTB, a METOA pacyera I10 HOMOrpaMmMaMm Ha pHc. 27 OCHOBaH Ha pe-
3y/IbTaTaX dKCMepHMEeHTaNbHbIX HCCJENOBaHHH npoueccoB 6HOXUMHYE-
CKOrO OKHCJ/IEHHS, BJAIOUMXCS aBTOKAaTaIUTHYECKUMH, NPOTEKAIOLIHMH
HEMOHOTOHHO H HMEIOLHX BecbMa CJIOXHYIO KHHeTHKY. [1poueccs 61o-
XHMHYECKOro OKHCJ/IEHHS 3arpsI3HEHHH CTOYHBIX BOJ He MOTYT paccMar-
pHBaTbCA KaK MOJIHAs aHaJOTHSi NpOLECCOB XHMHYECKOro B3aHMO-
JeficTBUS IBYX KoMmmoHeHToB [9].

OMnupHYeCKHH TMOAXOA K CO3JAHHIO MaTeMaTHYECKHX MoJesei,
T. €. METOA pacyeTa MpPOLECCOB OYHUCTKH CTOYHLIX BOJ AaKTHBHLIM HJIOM
Ha 6ase cTaTHCTHYECKOH 06paGOTKH SKCNepHUMEHTabHbIX JaHHLIX, Npel-
cTaB/sieTcsi HauboJsiee ONpaBJaHHLIM.

OznHako MeTol pacyeTa MO HOMOIpaMMaM PEKOMEHAYETES! TOJILKO A/
OYHCTKH MaJIOKOHLEHTPHPOBAHHLIX CTOYHbIX BOA. IlosTomy oHu He mo-
TYT CYUTATbCH YHHBEPCAJbHBIMH B LIHPOKOM JAHaNa30He IPOHU3BOAHTE/ b
HOCTH CTaHLHUH, KOHLEHTpauu# H COCTaBOB 3arpsi3HEHUH CTOYHBIX BO.,.

Haubonee pacnpocTpaHeHbl MeToibl pacueTa a3poOTEHKOB, OCHOBAaH-
Hble Ha YC/IOBHBIX Y A€ T bHB X COOTHOIIEH H 5 X, TAKHX KaK
Harpyska Ha uJ u 06beM CoopyxKeHHs, norpe6G/eHue KUCJA0pOaa Ha efu-
Huny kosnuectBa cHsitoil BITK unu enunnuy Konuuecrtea una, yhedb-
Hble pacxobl Bo3ayxa u T. 4. [55].

Takue MeTofbl MOTYT MPHMEHATbCS JJs YNPOILEHHOrO pacyera aspo-
TEHKOB M BbI6Opa THNA aspalHOHHOro o6opynoBanusi. CorjacHo 3ToMy
MeTORY, 3ppeKTHBHOCTL OUHCTKH SIBJISETCS PYHKIIHEeH OTHOLIEHHS OKHC-
JINTE/bHOH CIOCOGHOCTH a3pallHOHHOH CHCTEMEI K 06beMHOl Harpyske no
BI1K Ha aspauunoHHblil 06beM. s mosiHo#M 6HoMornuecKoil O9YHCTKH Be-
JIMYMHA 3TOrO OTHOIIEHHs] He JOMKHa OwiTh HHXe 1,6 Ana npouecco
NOJIHOTO OKHCJIEHHS; AJsl HOCTHXKEHHS ryGOKoH HHTpHPHKALMH 3TO
OTHOILIEHHEe AOCTHraer 2, a AJs HernoJHOH OYHCTKH — .

Ilo BLIGpaHHO! TeXHo/OrHYecKoi MoAM(HKauHu 3aJalOTCs Harpys-
Kol Ha o6beM M onpeJe/siioT HHTEHCHBHOCTDb H BUJL a3pallHy.

IMpumep 3. Tpebyercss 3anpoeKTHPOBaThL aspalMOHHOE COOPYKeHHe s GuO-
JIOFMYeCKO!l OYUCTKHM CTOYHBIX BOJ MaJjlOr0 HaceJeHHOrO MYHKTa C PacXojoM CTOYHBIX
Box 100 m3/cym; BIIK, paBua 200 2/#®. TIpuHUMaeM LUMPKYJNALHOHHBIA OKHC/IHTENbs
HEI KaHajJ, 06OpYAOBaHHbIN POTOPHBIMH asparopaMu. Ilpu sapannoM sddekre ouuc-
TKu 95% cusitas BIIK, coctaBnser 190 2/x#3 u OKHC/IHTeNbHASA MOMHOCTb COOPY:KEHHS
nomkHa Gbith 190100 = 19 k2 BITK /cym.
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Tak kak LIOK pa6oTaioT B pexuMe NOJTHOTO OKHCTeRug, oTHoweHHne OC K OKHCIH-
TeNbHOK MomHocTH, no A. INacBeepy, npunumaercss paBuey 2. ClefoBaTeNbHO, Tpe-
6yemasi OC aspauuonHoit cucteMsl coctasaset 19 - 2 =38 xe/oym unu npu xosdoduiu-
eHTe 4acoBO# HepaBHOMepHOCTH 2,9 cocTaBHT 38 : 24 - 2,9 =46 ke/u. [Ipunumaem
potopHble asparopsl THna APII, npousBoauTeNbHOCTH KOTOPHIX cocraBasieT 2,5 «e
Kucaoposa Ha | # B | 4; Toraa tpebyercs 4,6 : 2,5 = 2 x asparopos, 1. e. 1 aspartop
APII. U3 coobpakenns HaJleXXHOCTH NMPUHHMaeM 2 aspatopa.

Oxkucnutensuas MowHocets LIOK cocrasasier 180 2 BITK,/#2 - cym; toraa o6bem
HOK paeen 19000 : 180 = 106 2.

B uHxXeHepHEIX pacyeraXx O0ObeM COOpDYKEHHH SBJSETCS OJHHM U3
rJ1aBHbIX MapamerpoB. [T03TOMY /st a3pOTEHKOB C OTAEbHO CTOSIIHMH
BTOPHYHBIMH OTCTOMHHMKAaMH pEKOMEHAYeTCSl AManasoH 3HayeHHH OKHC-
JIUTENIbHOH MOLIHOCTH a3pPOTEHKOB B 3aBHCHMOCTH OT T€XHOJIOTHYECKOMH
MOAM(HKaLUHK Hpolecca:

npouecchl nosiHoro okucaeHus 150—800 e BITK;/m® - cym;

npoteccel co cpegHuMu Harpyskamu 1000—1500 e BITKy/#3 - cym;

npouecchl ¢ BhICOKMMH Harpyskamu 1800—2400 2 BITK;/u® . cym.

Pacuer nomceTtoxny B.B.9kkeHtbeunnbepal4d] sakmo-
yaeTcsi B ONpeNe/NeHHH CTENeHH YHasleHHs 3arpsi3HeHui, KoJHYecTBa
KHCJIOpOZa M MPHPOCTa HJIa, 06pasyIollerocsi B pe3yJsbTaTe ylajeHHs
OTpefie/IEHHOTO KOJIHYECTBa 3arpsi3HeHHH NpH NOTPeG/IeHHH ONpele/eH-
HOTO KOJIHYECTBA KHCJIOPOAA.

Y naneHue 3arpsi3HeHHH 110 5TOMY METOAY PacCYUTBIBAIOT No (opmyse

(Lo - L:)/St = KaLt’ (60)

rae K, — KOHCTaHTa CKOPOCTH GHOXMMHYECKOrO OKHCJEHHs HJsi ade
poreHKoB-cMecuTesell (mo B. dkkeHdenbaepy):

TOpPOACKHE CTOUHBIE BOHBl . . o o & o & + o 4 & 0,0011—0,0017

CTOKH OT MpelnpHATHH CHHTETHYECKOro Kaydyka 0,00280
To e, XUMHYECKOHl NPOMVBILIJIEHHOCTH . . . . . 0,00006
»  OpraHHyecKOro CHHTE3a . . . . . . . . 0,00150
» HePTeXHMHUECKHX . . . . . « « « .+ « . 0,00028

JleBasi yacTp ypaBHeHus (60) npexcrasisier co60lt CKOPOCTb OKHCJie-
HMSl AKTUBHBIM WJIOM 3arpsi3HEHHH CTOYHBIX BOJ, BbIpaXkaeMylo Kak
({YHKUHIO 33laHHON OCTaTOYHO! KOHLEHTpAalUH 3arpsisHEHHH.

[Tpumep 4. IIna ropoicKHX CTOYHBHIX BOA cpeiHee 3HaueHue K, = 0,00118 u
3ajaHo koneuHoe 3Havenue BIIK, 10 2/#3, ckopocTb OKUC/EHRS COCTaBaseT
p = (Ly— L;)/St =0,00118 - 10 =0,0118 2B1Kg/e - u.
[lpn paGouefi KOHUeHTpALUMH HJa no Ge33onbHOMY BeiecTBY S¢ = 3000 o/#° u

ucxonHo# KoHuentpauru BITK; 200 /43 BpeMst aspauuu cocrasisieT (4151 a3pOTeHKOB-
cMecHTeeil)

Ly—L, _ 200 —10
pSs 0,018 - 3000

Jlna cpelHUX Harpy3oK Ha WJ NpU NOJMHOH GUOJIOrHYECKOH OYHCTKe
peKoMeHIyeTcsl onpefensTh norpebsaenne kuciaopoga C no QopmyJe

C = a’ (LO —_— Ll) QC.B + b’SoWa, (6!)
1

t= = 5,36 4.




rie a’ — ynenabHoe norpe6JeHHe KHUCAOPOAA eMHHLEH KOMHUeCTBa CHS-
ot BIIK;, 20,/2 BIIK;;
b" — notpe6nere KHUCIOpONAa Ha SHIOTEHHOE AbiXaHHe HJa, 20,/e
HJ1a B CyTKH.
[Ipupocy- nia
ASs = Qe.nlGy +a (Ly— L) — PBSet,], (62)
rne G, — opraHuueckasi Macca B3BeIIEHHHIX BeLIeCTB, MOCTYMaIOWHX

B a3DOTEHK, 2/m3 o — yleNbHbIl MPUPOCT WA C €IUHHLbI CHATOH
BITK;; B — KO3((HIHEHT CKOPOCTH SHIOTEHHOTO ALIXAHUS U4, cym .

Ta6auuma 41. 3uauenne KoappHUHUEHTOB @' M & AAS PA3NUUHBIX BULOB CTOUHBIX
BOA

@, 2 HJa Ha a’,
BuA CTOUHEIX BOA, I e cusaroit 20 /2 BIIK,
BIIK, 2

Topoackue crouHble BOAB 0,49—0,64 0,52
CepHucrble 1e0Ka 0,55 0,4
Crokn oT nepepaGOTKH MaKyJaTypbl 0,76 0,38
Crokn Ue/UToNI03HO-6yMaXHbIX NpeRnpHATH 0,50 0,65—0,80
Croku KapTOHHBIX (aGpHK 0,70—0,80 | 0,33—0,48
Croxu npeAnpHATHA HCKYCCTBEHHOTO BOAOKHA 0,38 0,55
Crokn HedrenepepabathiBaloUIHX 3aBOJOB 0,70 0,56
CToKkH nHMBOBapeHHbIX 3aBONOB 0,93 0,44
Croku ¢apMalleBTHUECKHX MPenpHATHR 0,77 0,35

3uauenus a’ u o (Tabs. 41) onpeneseHbl IMIUPHUYECKH.

Kosdduunent P pekomenzoBaH B. DkkendenabiepoM B npenenax
0,06—0,12; no pauuwim uccnenoBauuii HUKTH I'X, aror koadduuu-
eHT Aas cTouneix Box KueBa cocrasisier 0,08—0,09, a miast CTOYHBIX
BOJ MOJIOYHBIX 3aBonoB — 0,3.

Kosduinent b’ ompenensietcss U3 ypaBHEHHS

b’ = 1,48, (63)
rae 1,4 — norpe6rieHre KUCJIOpPOAa Ha OKHcJ/eHHe | e Ge33osbHOro Be-
wecrBa [44].

3aBUCHMOCTb MEXKIY CKOPOCTbIO OKHC/IEHHS! H YAJbHBbIM MPHPOCTOM
uiaa cjaenyiowas:

Harpyska, 2 B[IKy/z uana

BCYTKH . . . . . . .. 005 02 0305 1 2 3 5
YaenoHel#l mpupocT Hna,
2fe cusrot BIIK, . . .. 054 075 09 095 1,1 1,4 1,45 1,5

Mpumep 5. Ina npumepa 4 norpebieHde KHCJOPOAA COCTaBAsET (MPH pacxofe
10 000 x%/cym).
C = 0,52 (200 — 10) - 10000+ 1,4 - 0,085 - 3000 - 10000 - 5,36 : 24 =
= 1787000 e/cym = 1787 xz/cym.
TMpupoct una no GeazonbHoMy Bemectsy (G, = 100 2/#3)
ASg = 10000 (100 4 0,55 (200 — 10) — 0,085 - 3000 - 5,36 : 24) =
= 1475 000 2/cym = 1,475 mfcym,
YTO NpPH BJIAKHOCTA YNJOTHEHHOrO H36hiTouHoro una 98% cocrasnser 1,475 X
X 100/ (100—98) = 73,7 m3/cym. YHenbHbll MPHPOCT WA B STOM caydae paBeH
1 475000/190 - 10000 = 0,77 2 na | 2 cusaroit BIIK;.
CkopocTb OKHcnenuss npu W, (5,36 : 24)10 000 = 2240 »* cocrapnsier (200—
— 10) 10000/3000 - 2240 = 0,28 2 BI1K;/2 una B cytku, uan 11,7 mele - 4.
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OnucanHple MeTONB! pacyeTa a3pOTEHKOB MONYYMAH HauGonbiee
pacnpocTpaHeHue B MHPOBOK NpakTuke. CyllecTByeT ele psij MeTofoB
pacuera, ONHMCaHHBIX pas3jHYHLIMH aBTopamu [44], Ho oHH sBASIOTCH
JIUIIb PA3HOBHAHOCTAMH HJIH YaCTHHIMH NMPHIOKEHUAMH ONMHCAHHBIX Me-
TOJIOB.

Ta6nuuma 42. MpivMenenne pas/M4HLIX METONOB pacueTa aspOTEHKOB COrJacHoO
KNaccHMKauUy MPOUECCOB H COOPYKEHUHA ANA OYHCTKU CTOYHBIX BOX AKTHBHBIM HJIOM

Tunsl aspoTeHKos

CoopyKeHus

Merton pacueta n ero pasHoBHAHOC-
TH (aBTOp MeToAa)

Aspotenku-BbiTec-
HATEJH

KopunopHeie ¢ perexepauueil

Kopupopubie Ge3 perenepa-
uau

Crynenyvarsie

CHuIl I1-32-74, C. B. flkos-
neB

CHul1 11-32-74, K. H. Ko-
poabros, C. B. Slkosnes u
N0 HOMOTpaMMam

B. Jlunguep

AspoTenkH-cMecH-
TeJn

Asporenk H. A. Basskunoii

KontakTHO-cTa6nn3annoHHbe
a3pOTeHKH

A3pooxHCaHTeNH pafKabHO-
ro Tuna
LinpkysuuoHHbIE
Te/MbHble KaHaJbl

OKHCJTH-

H. A. Bassknna u no Homo-
rpammam

B. Oxkendesnsaep,

HUKTHU I'X

To xe

CHulIT 11-32-74, HUKTU TX

AsporeHkn ¢ pac-
npeneneHHol moaa-
ueit

A3poTeHK ¢ nepemMeHHBIM 06Db-
€MOM pereHeparopa
AspoTeHK C MOCTOAHHOH Ha-
TPY3KOH Ha Ha

C. B. SlkoBaes

»

AspoTeHKH-0TCTO#-
HHKH

Asporenk-orcroiinnk AKX

OKCHKOHTAKTHI, aspoakcena-
TOpHI, panui-6JOKH

CHull 11-32-74, C. B. $SIkos-
JieB
B. 2xxendennaep

Asporenku-ocser-
JIUTeNH

AspoTeHK-OCBeT/IHTeb

JIByXKaMepHbI#i a3pOTEHK-OT-
CTOHHHK (OCBETJ/IUTEb)

KoMnakTHbie ycTaHOBKH C pe-
JKHMOM NPORJIEHHOM aspalHu

?Xakxeacpenbnep, HUKTH
HUKTHU X
CHull 11-32-74

Bce sTH MeTonel pacueta OCHOBBIBAIOTCS HA 3KCHEPUMEHTA/IbHBIX HJIH
IPOM3BOACTBEHHbIX JaHHBIX. OHM He 3aMeHSIOT ApYT JApYra, a peKOMeH-
LYIOTCS /IS pacyeTa pasjMyHbIX MoAudHKalHUi mpoueccoB GHonoruyec-
KOH OYHCTKH H CBSI3aHHBIX C HHMH THIIOB COOpYKeHu# (tabu. 42).

PaccMoTpum moppoGHee pacyeThl THIOB a3pPOTEHKOB, IMpPHBEAEHHBIX
B Taba. 42.

KopHOoopHbe aspoTeHKHM C pereHepauvuen
una paccuutsiBaiot no Merony C. B. SlkosneBa. BHauane onpenensiercs
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BpeMsi a’pallid B aspoTeHKe mo dopmyne (MpH BHIOPAHHON BeJHYHHE
KOHLEHTPAlUH HiIa Sasp)

t, = (2,5/S%p) (g Ly/L). (64)

3areM, 3alaBasiCb KOHIEHTpalHWeidl ula B pereHepaTope, onpejens-
0T pelUpPKYISLHOHHOE OTHOLICHHE

R’ = Sasp/(sper - Sasp)A (65)

Ta6auua 43. Cpeande pacueTHbie CKOPOCTA OKucaehus o, m2 BIIK, na 1 2
Ge330abHON Maccei Haa B 1 # (CHall 11-32-74)

Ly e/m?
Lo, 2/m
15 20 25 30 40 50 u Gosee
150 18 21 23 26 33 45
200 20 23 26 29 37 50
300 22 26 30 34 44 60
400 23 28 33 38 53 73
500 u Gosiee 24 29 35 41 58 82

Ilanee u3 ypaBHEHHs MaTepHaJbHOrO 6anaHCa HaXOAAT BpeMs OKHC-
JIEHHs! 3arpsi3HeHHH

ty = (Lo — L)/R'Sper (1 — 3) p, (66)
rie 3 — 30/IbHOCTb HJ1a, €CIH Sper U Sasp MPHHATHI 10 CYyXOMY BeleCT-
By, 3 = 0,3; p — CKOpPOCTb OKHCJ/IeHHs (Tabu. 43).

3uauenuss p no taba. 43 ¢ koapuuuentom 0,85 MOKHO TakKe pe-
KOMEHJOBAaTh 1/l KOPHIOPHEIX a3POTEHKOB-BLITECHHTENEH C pereHepa-
uueil uia.

Bpewmst pereHepanun Hia onpelensiioT 0 YPaBHEHHIO

t,=1t,—t,. (67)
C yueroM pelupKyJsLLHOHHOTO pacXoia BpeMs NpeGblBaHHf 3arpsa-
HEHUIl B a3pOTEHKE W PereHepaTope COCTABJISET COOTBETCTBEHHO

ti=t,(1+R) ut,=t,R". (68)
[TosHoe Bpemst 06pabOTKH 3arpsi3HeHHi
t=t,+¢,. (69)

[TpaBu/IbHOCTb pacyeTa MPOBEPSIOT, ONpefessisl YCPEAHEHHYIO (Cpel-
HEB3BEILEHHYI0) KOHIIEHTPAIIHIO aKTHBHOTO HJ1a B KOMIIEKCE a9POTEHK —
pereHepaTop

Sep = (Sata + Spo)/t (70)

v Jasee, onpeje/sisi BpeMst 0O6paGOTKH 3arpsi3HEHHH B 3TOM KOMILIEKCE
no dopmy.ie (66), nomydum

tosp = (Lo —L)/Sep (1 —3)p. ()

Ecou okaxercs, 4To pacueTHoe Bpemsi 00pabOTKH, BbLIYHCJIEHHOE M0

¢opmydie (71), MeHbliIe BeJMYHHBL, NOJyYeHHOH Mo dopmyJe (69), aspo-
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TEHK He 06ecreunT 3alaHHOH CTeNeHH OYHCTKH; ec/IH Xe 6oJblle, 06BbeM
a’3pOTeHKa OKaKeTc 3aBblIUEHHHIM. TOraa pacyeT clefyeT MOBTO-
pHUTb, 3alaBLINCh KOHUEHTPAUMAMH HJa, MeHblleH B MepBOM Clyyae
u GoJiblielt — Bo BropoM. IToBTOpATHL pacuer cienyer o MOMHOTO COBMa-
feHHs BpeMeHH 06pabOTKH 3arpasHeHH, BbIYHCJIEHHOTO Mo GopmyJsam
(69) u (71).

3aTeM onpenesslOT MPOUEHT pereHepaiuH

p = 100 (t — t:)/t. (72)

ITpumep 6. Paccunrath aspoTeHK ¢ pereHepartopamn. Mcxomble naHHbe:
pacxon crounnix Bog 60 000 #3/cym, xosdduuueHT HepaBHOMepHOcTH 1,2, HauanbHas
KOHLeHTpauus: 3arpssnennii no BIIK,, 250 /3, xoneunas xouuentpauus 15 2/m3.

Tpunnmaem no Ta6a. 43 ckopoctb okacnenns 21 me BI1K,yo/e una B 1 4, 30nbHOCTDL
nna 30%. 3apaeMcsi KOHLeHTpalLed HJa MO CYXOMY BellleCTBY B aspoTeHke 2 2/4, B
pereHepatope — 4 2/a.

25 250 o2
fa—?.—s—]g-—l%———2,|4 4, R' = T—9

250 — 15
1.4(1—-0,3) 21

=241+ 1) =484 =18 1=18 4 (=428+18=6144

to =

=44 tp=4—214=1,864;

2-4,28-4,1,86 . _ 250 — 15 _
Sep = 514 = 2,62 2/a; logp = 562 =032 — 6,11 4.
Kak BMIMM, MpakTHYecKH cOBMajH BeJNHYHHEI { H To6p*
6,14 — 4,28 0 250
p= 1 100 = 20,5%, npuHumaem 259;.

CnepoBaTe/bHO, ONpPeNeNIHJIC KOHCTDYKTHBHBIE THN a3pOTeHKa — YeThiPeXKo-
PHIOPHBI, B KOTOPOM OAMH KODHAOD Bbije/fieTcsi MOJA pereHeparop.
Jlanee onpenensiloT o6heM as3poTeHKa:

Q. = 60000 - 1,2/24 = 3000 #3/u;
Wa=1t,(1+R")Qcs=2,14(1 + 1) 3000 = 12840 »%
Wp=1,R'Q,, = 1,86 - 1 - 3000 = 5580 #3;
W = 12840 + 5580 = 18 420 3.

[MpuHuMaeTcst adpOTeHK-BhiTeCHHTeNb TMyGHHOH 5 m, wWupUHOH KopHpopa 5 m.
O6was AnuHa aspoTeHKOB cccTaBHT 18 420 : (5 X 5 X 4) = 184,2 m. Tlpunnmaiotcs
4 cekuuH BAuHOH no 50 # uan 2 cexuun AnuHoi# no 100 » B 3aBUCHMOCTH OT YCNOBHUI
TTaHUPOBKH I0WaAKA. Jlydlle IPUNATL BTOPOIl BapHaHT, TaK Kak NpH Gosbluell ATHHe
a3POTeHKa PexUM ero Goee 6AH30K K PEXKHMY BhITECHEHMs.

Ins npoeKTHpOBaHHA ABYXCTYMEHYAThIX a3POTEHKOB PEKOMEHNYeTCs
MONb30BaTbCA pacYeTHHIMU napameTpamu, npuBefeHHbiMH B CHull
11-32-74, a Takxe nNONyYeHHBIMH B pe3yJbTaTe 3KCHEepPHMEHTaNbHBIX
MCCJIeIOBaHHA 1Jisl TOPOACKHX cToKoB [50]:

BpeMs a’palMd Ha MepBoH M BTOPOH CTYNEHAX — COOTBETCTBEHHO
lu2uy

cumkenne BITK Ha nepsofi crymenu — 55—60%;
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obmuii apderr ounctku no BITK 90—92%:;

npupoct una 0,5—1,1 e/e cuaroit BITK, nponopuuoHasbho opra-
HHYeCKOH Harpyske B YKa3aHHOM JAHanasoHe.

Hns cuuxenuss BITK B mepsoit cTynenn Ha 60% Harpyska ua ua B
aspoTeHKe MepBOH CTYNMEeHH He MMeeT 3HAYeHMsl, BaXKHO JIHIUb BpeMsi
aspauuu. I1o 0ObSCHAETCS TEM, UTO NPOLIECC B NEPBOi CTYNeHH sIBJsET-
CS TOJIbKO GHOCOPOLHOHHBIM, HEe HMEIOIUM B MPAKTHUYECKOM CMBICJIE
npefiesa HacollleHHs. HMIHTEHCHBHOCTB aspaiuu OnpenensieTcsi TOJbKO
HeoGXONMMOCTBIO IlepeMelllMBAHHS MJIOBOH CMeCH, T. €. OTHOIUEeHHe
OKHCJIMTENIbHOH CIIOCOGHOCTH a3palHOHHON CHCTEMbI K OpPraHMYecKOH
Harpyske paBHO 3]ecb 1.

Harpyska Ha u1 Bo BTOpO#l CTyneHH onpenessieTcs: o6LHM 3aaHHBIM
adexTOM OUHCTKH H He Jo/mKHa npeebiuath 0,4 eBI1K /2 uaa B cyTku
(no cyxoit Mmacce una). Bribop pacyeTHOro 3HaueHusi Harpy3KH Ha HJI
BO BTOPOH CTYMeHH OIpele/isieTcsl ONTHMAJIbHBLIM NPUPOCTOM HJa: €CIH
CTaBHUTCA 33/la4a MHHHMH3alUHH 06beMa a3pOTEHKOB, 3Ta BeJMYHHA NpH-
HHUMaeTcst 10 CBOeMY MaKCHMaJbHOMY 3HaueHuio — 0,4; ecii CTaBHUTCS
3ajlaya MHHepa/JM3alMH WJIa BO BTOpOH CTyNeHH, Harpyska Ha HJ He
nomxkHa npesbiuate 0,2 e/e cym.

10 l'/l ;; uMep 7. UcxonHas konuentpauus BIIK; pasna 250 2/#%, xoneunas —
e/ md,

IMpunnmaem Bpems aspaunn Ha nepBoit cTymeHu 1 4; toraa npu sddekTe OUHCTKH
Ha nepBofi cTynenn 55% KOHUEHTpALUs 3arpsi3HeHHH, MOCTYNAIOUIAX BO BTOPYIO CTY-
neHb, coctaBat 250 - 0,45 = 115 2/u3. [puHUMaeM KOHUEHTPAMHIO UIa BO BTOPOH CTy=
nexu paBHo#i 2 2/a, Torja npu Harpyske 0,4 2 BI1K /2 - cym cxkopoctb ynanenus BIT 3
BO BTOPO# cTyneHH (opramMdeckas Harpyska) coctasut 0,4 - 2000 = 800 2 BI1Ky/#
cym. Bpems 06pa6OTKH CTOYHHIX BOA BO BTOpo#l cTymewnm coctaButT 115:800 =
= 0,144 cym, nnn 3,45 u.

Pacyer aspoTeHKOB-CMecHTeJ el OCHOBaH Ha NOHATHH
CKOpPOCTH peaklliii. Pasinuns 06ycJIoB/IeHb TOMBbKO THIIAMH a3POTEHKOB,

Asporenk-cmecureab Konctpykuuu H. A B a-
351 KHHOIM pacCYHTHIBAeTCsI M0 CKOPOCTH OKHCJIEHHS Ha OCHOBAaHWH
ypaBHenus (71). CpenHsisi KOHLUEHTpaLHsi aKTHBHOIO WJ1a NPHHUMaETCs
1,2—1,8 2/2 npu KoHueHTpauusx 3arpsisnenuit no BITK,, coorBercTBeH-
HO 100—200 2/m3. Ilns Gosee BbICOKHX KOHUEHTPAlUHH 3arps3HeHHH
3HAuYeHHUsI KOHLEHTpAlMH HJla PEKOMEeHAyeTCsi NpHHUMaTb He GoJiee
4 2/a — nns obecrieyeHHsi HOPMAJIbHOH PaGOTHl BTOPUUHBIX OTCTOHHH-
koB. CresioBare/sibHO, OJHOCTYIIEHYaTble a9POTEHKH-CMECHTENH MOMXKHO
NPUMEHSITh PU KOHIEHTpauuu 3arpsisHenui no 450 e/m3. Ilpu Gosb-
IIMX 3HAYeHHSIX KOHLeHTpalluK 3arpsisHennii (no BITK) creayer npoek-
THPOBATh CTyNEHYaThle CXeMBbl a9POTEHKOB.

Ecnn asporenkn-cMecutesnd NpUMEHSIIOTCS C NHEBMAaTHYeCcKoH aspa-
nueH, yHelbHBI pacXol BO3AyXa pacCYMTHIBAETCs MO ¢opmyJe

0 = Qu (Lo — L)
P KiKymny (Cs—C) °
3nech Q« — yAenbHble 3aTpaThl KHCJOPOAA HA yJajieHHe BITK,y;
npunnMaercss Q = 1 2/e nna nosHOH GHONOrHMYECKOH OYMCTKH, AJs

(73)
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HenosHoi ounctku — 0,9, 419 MHHepaJM3aluu uja (Ipouecca MoJHOTO
okucnenus) — 2,2, K, — kosdpuuuent, yuuthiBaromuii sddexTHs-
HOCTb aspaTtopa; K, — Ko3ddULHEHT, 3aBUCSILHH OT ITyGUHEI IOTpyKe-
HHUs aspartopa h, (B mpenenax ray6usel 0,56—6 u); n, — kosdduuuenr,

Ta6nuua 44. 3uadenns xoappuuuenta Ky M ny M MeaxonysnipyaThix
asparopos

Oruowenue f/F

Haume:ioBanue mokasateneft

0,05 0,1 0,2 0,3 0,4 0.5 0,76 1
K, 1,34 ] 1,47 ] 1,68 | 1,89 | 1,94 2 2,131 23
Makcumanbuas — MHTeH-
CHBHOCTb a3pattht [y, 0
M3/MRq 5 10 20 30 40 50 75 100
ng 0,59 064( 066 072 0,77 | 0,88 | 0,99

YYHTBIBAIOIHH TeMIepaTypy CTOYHBIX BOA U ONpefensieMbli 10 Gopmy.te
n, =1+ 0,02(T — 20);
n, —canbpa-paxrop» [55], KoadduneHT, yuuTHIBAIOLLMH OTHOILEHHE

CKOpOCTH MepeHoca KHC/I0poJa B MJIOBOH CMeCH K CKOPOCTH MepeHoca
B 4uCTOH BOje W NpHHMMaeMbli no Ta6.1. 44; C — paBHOBecHasi KOH-

LIeHTpaLus KHCJIOpOAa B WJIOBOH cMecH, npuHumaemas 2 e/u% Cs —

Ta6aunua 45. 3nauenna koappuuuenta K,

Fay6uxa morpyxeuns aspatopa, #

HauMmeHoBaHHe NOKa3a-
Tesed 05 | o6 | o7 |os|oo| t | 3| af 5] s

K, 04 /046 061 08| 0,9 1 {2,08]252] 292| 3,3
MunnManpHas HH-

TEHCHBHOCTb a3pa-
wnH [y, M3/ M3.u| 48 42 | 38 | 32 | 28 | 24 |4,08]13,5 | 3 2,5

pacTBOPMMOCTb KHCJIOPOAA B BOJE C YYETOM IJyOHHBI CJIOSl MKHAKOCTH
Hal aspatopoM h,, 2/m3;

Cs = Cs 10,31;:30,5ha ’ (74)

riae Cs — pacTBOPHMOCTb KHCJIOPOJA B BOZe KaK (yHKIHsI TeMIIepaTyphbl.

Koatdduiuent K, MeHsieTCsl B 3aBUCUMOCTH OT OTHOIIEHHS HIMPHHBI

aspUpyeMOH 30HBI } K mHpUHe aspoTeHKa F. Jlns MesKomysblpyaThiX

aspatopoB K, mnpuHumaercsi no TtaGa. 44; Ans cpelHeny3bpyaThX

¥ HH3KOHAMOPHbIX asparopoB npuHumaerca K; = 0,75. Kosdpduuuenr
K, npunumaercs no tabm. 45. :
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IMpumep 8 Heo6xonuMmo onpepesuTh yAebHLIA PacXoj BO3JyXa B aspOTeHKe-
CMecHTe/Ie WHPHHOM 12 & ¢ GuabTpocamu B 4 psaa; f = 1,6 u, rny6una b u; ucxonHas
konuentpauus BI1K,y 250 2/#3, Koneunas — 20 2/#3; cpepHsis TeMnepaTypa cTOUHOM
xuakoctd 18° C. ITo TabauuaM u ¢opMysaM onpenensieM Kospduuuents:: Ky = 1,5;
Ky =2,92; n, = 0,96; Cg= 11,64 e/u® (npu Cg = 9,45 2/u%).

o — 1 (250 — 20)
5 1,5.2,92.0,96- 0,85 (11,64 — 9,45)

[IpuHsB KOHLEHTPALHKIO aKTHBHOTO H1a 2 2/4, ONpefesieM BPeMs a3paliuy

250 — 20
t=—5m—o03m 5%

JlonycTuM, 410 pacxon cTouHbX Boa paBeH 50 000 #*/cym. Torna o6bheM aspoTeH-
koB cccrasut 50 000: 24 - 1,2 - 6,6 = 16 500 #3, a ux noeepxuoctb 16 500 : 5 =
= 3300 m2. O6muii uacoBoi pacxog Bo3pyxa Qp = 29,4 .50000.12:24=
= 73 600 #3/4, a WHTeHCHBHOCTb aspauuu [, = 73 600 : 3300 = 22,3 #%/m? . u, utO
n/pesbuuaer 3HayeHHe MaKCHMa/lbHOM MHTEHCUBHOCTH as3palliH corsacHo tabi. 44 (ans
fIF = 0,125 I, = 12,6 #%/nu? - u). ,

ChienoBatenbHO, HEOGXOHMO YBENHYHTD MJIOLIAAL a>3paTopOB M MOBTOPATb pacyeT
2O TeX Nop, NoKa BLIYAC/IeHHOe 3HaueHHe HHTEHCHBHOCTH aspallii He GyLeT HaXOXHTb-
¢Sl MexXJy MHHHMaJbHBIM H MaKCHMAaJbHBIM TaGTHUHBIMU 3HaYeHH AMH.

= 29,4 u3/m3.

Pacuer aspoTeHKOB-CMecHTe/ell BHIMOJHSIOT TaKXKe [0 KpHUTepHa/b-
HeiM KoMmmiiekcam ®. Tyueka u ap. (MeTox ¢ MpHMEHEHHeM HOMOTPaMMm).
PacueT KOHTAaKTHO-CTa6H/NH3aL HOHHBIX a9POTEH-
K O B B NPUMEHEHHH K OYHCTKE FOPOACKHX CTOUHBIX BOJ pa3paboTaH
B HUKTHU T'X ua ocHoBe pekomenzauuii B. Dkkentenbmepa [57].

KoHTaKTHO-CTaGHJ/IH3aMOHHBIH Npoliecc NpHMeHsIeTCs1 NpHu npeobJa-
JAHHM B CTOYHOM KHIKOCTH 3arpsi3HeHUHl B (hopme MesKOAMCIEPCHOH
B3BeCH U KOJIIOMJOB B cpepHel KoHueHTpauuu (100—200 2/x3). ®ao-
KyJsiuusi B3Becefl W KOJIJIOHZOB M arjioMepauust XJONbeB, Ha3BaHHbIE
B COBOKYMHOCTH GHocopGuueii [57], nporekaioT oueHb GBICTPO, MpHyeM'
CelMMEHTAIlHOHHbIE XapaKTePUCTHKH arjoMepaToB [103BOJSIOT OCalHTb
ux nocse 15—30 mun xoHrakra. CopGHpoBaHHbIe KOJIOHAHBIE H B3Be-
ILEHHbIE OpPraHHYecKHe 3arps3HEHHsI Moc/ie pasfieNeHHs HJIOBOM CMeCH:
pasJjiaraloTcsi ¥ acCCHMHJIHPYIOTCS KJeTKamu 6o/iee AJIHTEbHOE BpeMs
B pereHeparope, KOTOPbIH B JaHHOM Cjyd4ae fIB/ISIeTCS CTaGH/IM3aLHOH-
HbIM GacceiiHoM. B xome crabu/iu3anuy UJIOBOH CMeCH MPOHCXOAAT BCe
cTanu GHOXHMHYECKOr0 OKHCJIEHHsI COPOHPOBAHHBIX 3arps3HEHHH.

Ecau Bpemst crabuiu3anin GyaeT OTHOCHTEIbHO GOJIBIUNM, HJ Mpe-
TepreBaeT CAMOOKHCJEHHE M TepsieT CBOI0 Haya/bHY COPOLHOHHYIO
crnocoGHOcTb. [loaToMy Bpemsi cTaGu/HM3allMH HIOBOH CMECH /IS KOH-
TaKTHO-CTaGH/IM3aLlHOHHOTO Ipollecca PeKOMEeHAYIT NPHHHMATh B Mpe-
zenax 5—7 u.

Bpemsi KoHTakTa 3arpsi3HeHHH C aKTHBHbIM HJIOM TaKXKe JOJ/IKHO
HaXOAMTLCS B ONTHMAJIbHBIX Mpefenax, 4ro6bl OOECHeYuTh 3aJaHHBIHA
3hdeKT OYHCTKH H He HapyLIUTb 3aJaHHbIH PEXKHM MPOTEKaHHsS MPO-
nmecca crabunu3auuu uJa0BOH cMecd. JlManasoH BeJMYHH BpEMEHK
KOHTaKTa pekoMmeniayercs B npepenax 0,25—0,6 « [57]. Harpyska
Ha uJ1 B GacceliHe KOHTaKTa npuHuMaercsi okojo 1 e BITK, Ha 1 2 cyxoi
Macchl HJIa B €yTKH NPH KOHUEHTpauuK uaa 3 2/4; creneHb pelupKy/is-
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unu — 50%, 4TO B COYETAHHM C JAPYrMMH MapaMeTpaMH OlpeaensieT
KOHLEHTpAIHI0 HJa B GaccefiHe CTaOHIH3aLMH.

Pacuer KOHTaKTHO-CTaGHJ/IH3ALHOHHBIX a3POTEHKOB [0 pPEKOMEHa-
uusm B. OkkeHdenblepa 3ak/ioyaercsi B onpeneneHdd o6beMoB Gac-
CeiHOB KOHTaKTa M cTabUJM3alHH N0 3aJaHHOMY BpPeMeHH KOHTaKTa
H TPHHATOMY B 3aBUCHMOCTH OT 3TOTO BpeMeHH CTaGH/IM3alHu B YKa-
3aHHBIX NpefeJiaXx.

O6vembr Gaccefina KoHTakta W, u Oaccelina craGuausauud We

OyayT:
WK = Q‘ltx; Wc'r = RthCT, (75)

rae Q, — 4acoBOoH pacXol CTOYHBIX BOA, CPEAHHH B 4achl MaKcHMaJib-
HOTO npHuToKa 6e3 yyera BpeMeHM a’spauiu (KOHTaKTa); R — peuupky-
JIILHOHHOE OTHOIIEHHe, paBHOe B cpexauem 0,5.

CkopocTb H3bATHS 3arpsi3HeH U B GaccefiHe KOHTaKTa, olpejensieMast

no ¢opmy.ie
Ps, = (Lo - Lt) Q/ SKWK, (76)

rlle S, — KOHUEHTpauus uia B GaccefiHe KOHTaKTa, H CKOPOCTb OKHCJIe-
HUs B MOHSAITHH, NMPUHSITOM AJs1 a9pPOTEHKOB BOOOllle, B NAHHOM cJydae
TEXHOJIOTHYECKH HEOJHO3HAa4Hbl, TaK KaK 3/eCb IIPOMCXOAHT TOJbKO
OBICTpOE M3BsATHE 3arpsi3HeHU# B pe3yJibTaTe GHocopOuuHu. s oueHKH
HalpsKEHHOCTH Ipouecca B IOJHOM TeXHOJIOTHYECKOM KOMILIeKce
KOHTAKTHO-CTa0HJ/IN3allHOHHOr0 a3pOTEHKa CJIefyeT PacCUUTHIBATh Cpel-
HIOIO CKOPOCTb OKHCJIEHHS 110 oOllefi Macce HJla B KOMILIEKCe, KOTopasi
ompefensiercss no copmy.e

G= SKWK '+' SCTWCTy (77)
rape Sﬂ — KOHLEHTpauHus HJIa B Gacceline cTaGUJIH3aINH, onpenesnse-

Masi C Y4eTOM pPeLHPKYJSUHOHHOrO OTHoweHuss Se = S (1/R +1).
CpenHsisi CKOPOCTb OKHCJIEHH S

0 =(Ly—L)Q/G. (78)
CyTouHBIH NpPHPOCT MJIa onpenensiercss no ¢opmyse
AScy-r = ASyn (LO — Lt) Q, (79)

rZe yAeJbHBIH npupoct uia ASy, NpHHUMAETCs 0 JaHHBIM 3aBHCHMOCTH
Ha crp.112.

[MMpumep 9. Pacuer KOHTaKTHO-CTAGHAH3ALHOHHOIO a3POTEHKA [0 MeTORY
B. 3kKeHdenbjiepa NPOH3BOAHM NPH ClEAYIOIHX HCXOAHBIX JAHHBIX: PacXOj CTOYHBIX
sox 20 000 m3/cym, Havanvhas BITKg 200 2/m3, xoneunas — 10 2/m3, xostbduumuenT
HepaBHoMepHocT 1,5. [IpuHHMaeM BpeMsa KoHTakTa | 4, BpeMs craGuiu3auuu 3 4,
crenelb peuMpkyasuuu uaa 50%, KoHueHTpauMio uia B GaccefiHe xoHTakta 3 o/4.

MakcuManbhbif  yacosoft pacxon Qg = 20000 : 24 . 1,5 = 1250 x3/u. OGbem
GaccellHOB KOHTaKTa onpefeaseM no dopmyaam (75):

W= Qutx = 1250 - 1 = 1250 43, W, = RQqt;; =0,51250 - 3 = 1875 »¥.
Toraa ckopocTs u3bATHA B GacceliHe KoHTakTa 1o dopmyne (76) cocTaBuT

_ (Le—L»HQ  (200—10) - 20 000
PS¢ =" SW, 3000 1250

= 1,013 eBI1K;/e - cym.
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CKopocTb yaaneHHs 3arpsisHeHuft B equnHue o6heMa GaccefiHa KOHTaKTa (OKHCJIH-

TeJbHass MomHocTb) MO cocTasaser
OM = (Ly — Ly) Q/W, = 3,04 keBI1Ky/M3 . cym.

U3 ypaBHeHus1 MaTepHanbHOro GanaHca Hja, BXOASIIEro BO BTOPHUYHBIA OTCTONHKK

M BhIXOASALLErO H3 Hero, mojaydaeM
Sy =8k (MR+1)=3(1/0,54+1)=29 ¢/a.

O6uiass Macca ujia B KoMnJekce (npeHeGperasi KOJHYeCTBOM HJa BO BTOPHYHOM OT-

crofiguke) no ¢opmyae (77) cocTaBuT
G=SWy+S;We,=3-1250-+9 . 1875 — 20600 xe.
CpenHsis CKOPOCTb OKHCJeHHS 3arpsaHenuii no hopmyae (78)
p = (Ly—Lg) Q/G = (190 - 20 000) : (20 600 - 1000) = 0,184 2BIIK4/2/cym,
YTO OTBeYaeT B leJOM MapaMeTpaM Npollecca MOJHOro okucienus. CienoBaTesbHO,
MPHPOCT HJa COCTaBHT (cM. cTp.119)
AS.y = ASy, (Ly— Ls) Q =0,75 - 190 - 20 000 = 2 850 000 e,

nan 2,85 m/cym no cyxoMy BelllecTBY.

[pu BAQKHOCTH YMJIOTHEHHOTO M36bITOYHOTrO Haa 98% ero Koauyectsa no oGpeMy

cocraBut 2,85 . 100 : (100 — 98) = 143  m¥/cym.
[otpeGnenne kucaopoga no dopmyae (61) cocraBaser (npu 3oabHOCTH uaa 0,3)

C=a'(Ly—L) Q.+ b'SWx =
= 0,52 . 190 . 20 000 4 1,4 - 0,085 - 20 600 - 0,7 - 1000 = 3 690 000 2/cym.
C yueToM KoadpuumenTa HepaBHOMepHOCTH 1,5 C = 224 relu.

PacyeT KOHTaKTHO-CTaGHJ/IM3ALUOHHBIX a3POTEHKOB, pa3pabOTaHHHIHA
HUKTU X an1st o4uCTKU FOPOACKUX CTOYHBIX BOA, G/IM3KHX 110 COCTaBY K
X035 CTBEHHO-(DeKa/IbHBIM, 6a3HPYeTCsl Ha OCHOBHBIX NOJIOXKEHUSIX TEOPHH
B. DkkeHbesnbAepa, OIHAKO OT/IHYAETCS TeM, YTO 3aBEIOMO NMPHHHUMAIOT
He BpeMs npeGbIBaHHS, @ CKOPOCTb H3BATHS 3arps3HEeHHH B eNMHHLE
o6beMa GacceliHa KOHTAaKTa HJIM Ha4YaJbHYIO Harpysky Ha HJ.

CorslacHoO 3TOMy MeTOLy NpH YCJIOBHH 33aaHHOrO 3ddeKra MoJHOH
GuoJIorHyecKoii O4HCTKH o0beM OaccefiHa KOHTaKTa OMpefeNseTcs Mo

tdopmy.e
W, = QiLy/ls, (80)

rae ls, — HauanbHas oGbeMHasi Harpyska Ha OacceliH KOHTaKTa,
npHHAMaeMasi JJ1si FOPOICKHX CTOYHbIX Box paBHoit 5000 2 BITK;/x®. cym
npu KOHLEHTpauuM axkTHBHoro uja 3,5 e&/2. Ecau HavaneHas
KOHLIEHTpALlUs 3arpsisHeHuil npunumaercs B pacyer no BIIK,,, Harpys-
ka cocraBasier 7000 e BIIK,y/#3 cym.

Bpemst kOHTaKTa onpezessiercsi mo gopmy.ie

t,=WJ/Q (1 +R), 1)

rae R — creneHb peuMpKyJsuuH, pekomenayemas 0,4.

CooTHolleHe MexXy BpeMeHeM KOHTAaKTa W BPeMeHeM CTaGuJIM3auuu
pEKOMEHAYEeTCsl [/l FOPOACKHUX CTOYHBIX BOA OT 1:5 jo 1:7, T. e. B cpen-
HeM fer = 61,.
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ITpumep 10. Pacuer KOHTaKTHO-CTaGHJIH3ALHOHHOrO a9pOTEeHKa NPOH3BOAHM NO
JIaHHEIM 3KcnepuMeHTanbHbiX HecaegoBanufi HUKTH I'X gna ropoAcknX CTOUHBIX BOA.
HcxoaHble JaHHbBle Te e, YTO M B npHMepe 7; pacyer Begercs no dopmyaam (75):

Wy = QuLo/ls,= 20000 - 200 : 5000 = 800 #3;
te = Wy/Qq (1 + R)=800: (1250 - 1,4) = 0,5 «;
b, =06l,=6-056=34
Wer = 1pRQq = 3 - 0,4 - 1250 = 1500 3.
Onpegenenne OCTAIbHBHX NapaMeTPOB aHaJOrHYHO Mertony B. 3SkkeHndesbiepa
(cM. npumep 7):
Psx = (190 - 20 000) : (3500 - 800) = 1,36 2511Kg/e - cym,
OM = 190 . 20 000 : 800 = 4,75 keBI1Kg/m3 - cym;

Scr =3,5 (‘-01—4 -+ l) = 10,23 ¢/a;
G=3,5-800 -+ 10,23 - 1500 = 18 150 «e;

p = (190 - 20 000) : (18 150 - 1000) = 0,209 25MTKg/z - cym.

IMockonbKy BeJNIHUHHBI CPEJHHX CKOPOCTEH OKHMCJIEHHS MO 0GOHM
MeToflaM MpaKTHYECKH COBMNAJAIOT, TO M BEJHYHHbI NPHPOCTAa HJa
6yayt tTakumu xe. IloTpeGneHne kuciopoia GyAeT OTIHYATLCS TaKikKe
He3HaYHTEeJIbHO.

Meton pacyera HUKTH T'X pekomeHZOBaH AJIsi OYHCTKH CTOYHBLIX
BOJ C KOHUeHTpauuell sarpssHenuiit mo BITK,, 300 a/x3.

Pacuer aspookucauTenei pagHalbHOTO Tu-
na (APT) pekomeHayercsi Mpou3BOAMTb Ha OCHOBaHHH (opMmyJsl (71),
HO C MONpaBKOH, YYHThIBaloUle#l BJMsHHE CpPeHE3HMHe#l TeMIepaTyphl
¥ BhIpax<eHHOH oTHoLeHHeM 15/T, yMHOXKaeMbIM Ha BeJIHYHHY BpeMeHH
06paboTKH cTouHbIX BOA. CpenHsii CKOPOCTb OKHCJEHHs 3arpsisHeHHH
B APT npuuumaercs 0,18—0,2, Ho ue Gosee 0,25 2 BIIK;/z - cym
no 6e330/JIbHOMY BeLIECTBY HJIA.

APT pa6oraioT B pekuMe MOJHOrO OKHCJEHHsl H MPUMEHSIOTCH /s
OYHCTKH CTOYHBIX BOA C KOHIEHTpalMeHl B3BELIEHHBIX BEUIECTB JO
300 2/#® 6e3 nepBMYHOrO OTCTaHBAHMSI.

Pacuer APT cBoautcs K onpejesneHuio cymMmapHo# miouanu 6Joka
a3pallHOHHOH M OTCTOHHOM CceKIuH.

30/bHOCTb aKTHBHOTO HJIa onpejiesisieTcst no ¢opmyJe

3 = 10p — 60p? + 34. 82)
Pa6ouas KOHLIEHTpallusl aKTHBHOI'O HJa IO 68330JIbHOMy BELIECTBY
Ss =g (Lo—L). (83)

Kosgppuuuent o npunumaercs no taba. 41, kospduuuent B, no aau-
ueiM uccnenoBaunit HUKTH T'X, pasen 0,085.

CymMapHbIfi 06beM aspallHOHHBIX CeKIuil ¢ yuerom BpemeHH o6pa-
Gotku cTouHbix Bojg B APT, onpegensemoro no ¢opmyse (71),

W, =, (89
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Tpu ray6une APT 3 u aasa coopyxeHuit xuametpom 36 u 44 m mio-
majb a3paLHOHHbIX CEKUUH ONPEeNEeJHUTCS KaK YacTHOE OT Je/eHHs
o6bema Ha ray6uHy. Ilpun BpeMeHn OTCTauBaHHA WJIOBOH CMeCH B OT-
croitnoit cekunn APT ¢, = 2,56+3 4 o6beM OTCTOHHBIX ceKuuit W, =

= Ql,

BoicoTa paGoueit yacTi oTcTofiHbiX cekuui APT moxer 6wiTh pac-
CUHTaHa Mo dopmyJie
ho = VB.I'lto, (85)

rie Vsn — CKOpPOCTb BOCXOXfLIEro NOTOKa HJIOBOH cMecH, m/4. Toraa
nJIolLafb MOBEPXHOCTH OTCTOMHBIX CEKLHH paBHa

Fo =W h, (86)

CymMapuasi muomanp APT, ciaraemas us nuiomagefi moBepXHOCTH
a3pallMOHHBIX ¥ OTCTOHHBIX CEKUHH, ONMpeneJHT AHaMeTp COOpY:KeHHi

d =V 4Finx, 87)

rae n — uucao APT, npunumaemoe 2—4.
TonoBoe KomuuecTBO M36BITOYHOro una, yxanasemoro us APT, pac-
CUNTLIBAIOT MO (opMmyse
__ 365 (3,6p% 4 0,06p) Q100
Oa=—"Too0q00—p) * (88)
rle p — CKOpOCTb OKHCJIEHHS M P — BJaXHOCTb WJa, NPHHUMaeMas
99,2%.

I1pumep 11. Pacxon crounsix Box 7000 43/cym, ncxonnas xonuentpauus BITK,
250 2/M3, KoHeunas — 15 2/m3, cpenHesuMHss TeMNepaTypa CTOUHBX Bog 12° C.
[punuMaem ckopoctb okucierus 0,2 2 BIIK,/e - cym; Toraa pacueTHas 30/bHOCTDL
nia no popmyJe (82)
3= 10p —60p2 4 3¢ =10-0,2— 60 - 0,22 4 34 = 33,4%.
Ipu 3nauenusix koadduuneHtoB 2 = 0,5 u B = 0,085 KoHUeHTpauusi aKTHBHOTO
uJ1a o 6e330/1bHOMY H CYXOMY BellleCTBY onpejeiisieM no gopmyJae (83)

S¢ =

=z
p
S = Sg/(1 —3) = 1380: (1 — 0,334) = 2075 2/x®.

Bpemsi 06pa6oTky (aspauun) crouneix Box 8 APT no ¢opmyse (71) ¢ nonpaskod
Ha Temnepatypy corsacHo CHull 11-32-74

Ly—L; 15  250—15 15 _

_ 05 _ 3.
’(LO bt Lf) = W (250 -_ 15) = 1380 2/m?;

CyMMmapHbiil 06beM aspauuoHHbix cekunil APT no dopmyie (84)
Wa = Qta= 7000 - 1,06 = 7420 3.
[NpunumaeM ryyGHHY aspauMOHHLIX CeKUMHl 3 M, TOrja CyMMapHasi mJOwWajib HX
nosepxHocTy F, = 7420 : 3 = 2473 x2

Bpems orcrauBaHHsi BO BTOPHYHOM OTcTOiiHHKe APT pekoMeHnayercsi mpuHHMaTh
2,5 4, Torpa o6heM OTCTOHMHHIX CeKUHH

Wo = Qfo = 7000 - 2,5: 24 = 730 #3.

Coraacho sKkcnepuMeHTanbibiM faHHuM HUKTH I'X [8] pacuetnas ckopocts Boc-
XOAsilIero MOTOKa BO BTOpHYHOM oTcrofihuke APT cocraBasier 0,15—0,2 mm/cen uan
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0,54 — 0,72 m/4. Torna Bhicota paGoueir yactTu OTCTOMHOK cexuun hy = 0,7 - 2,6 =
= 1,75 M ¥ nyIoWaZb NOBEPXHOCTH OTCTONHLIX CeKLHMX
Fo=Wolho =T730:1,75 = 417 m2.
O6was naowans APT
F = F, 4 Fo = 2473 -}- 417 = 2890 x2.

1ol mJlowanM COOTBETCTBYET Ipynna u3 3 aspoOKHC/IHTENell PajualibHOTO THMA.

Pacuetunit suamerp ognoro APT no dopmye (87)
d=V4F/nn =V (4 - 2890)/(3 - 3,14) = 35 m.

IMpunumaem tunoBeie APT mo nmpoekTy Y KpPrunmpoKOMMYHCTPOS fHaMeTpoM 36 u.
FonoBoe Ko/MYecTBO H3GBLITOYHOTO MJla, MOCTYMAIOUIEr0 Ha HJIOBbIE MJIOWIAAKH, NIPH
snaxHoctn 99,2% no ¢opmyse (88) cocraBut
G — 365 (3,6p% 4 0,06p) Q - 1000 365(3,6 - 0,22 40,06 - 0,2) 7000 . 100
= 1000 (100 — 99,2) - 1000 (100 — 99,2) -
= 39 200 #3/200.

PacueT HUUMPKYJNAULHOHHB X OKHCJAHTEJbHBHX
KaHaaoB (LJOK) npousBogaT mno ypaBHeHHIO

LO — Lt 3 0,6 -—g—s6t10kty (89)
MNOJIyYEHHOMY H3 yCJlOBHﬂ COOTBET- 5#/(;”,,8/415

CTBHS CKOpOCTell MpHpPOCTa HJa H /
ero CaMOOKHCJ/IeHHsl, B KOTODOM Be- ;:/ /
JIMYMHBI KOHUEHTPAUHH 3arpsA3HeHull 3
Boipaxatotrcd 4epe3 BIIKjons oM / /
A OLITOBBIX H GMM3KMX K HuUM no W / / //
/

4000

cocTaBy CTOUHBIX Bog—uepe3 BITK,,.

Koaddbunuent ckopoctu norpebie- 2500 / %3/
HHS KOCJIOpOja K MNpHHHMaeTcs B /
npegenax 0, 16—0,20. V.54

[Mockoabky ypaBHeHue (89) Hesn- 500 / 0
HeHHO, pacyeT BpeMEHH OKHCJEHHA ), g4
pEKOMEHAyeTCs: MPOHU3BOAHTL Tpacdo- // //
aHalUTHYecKH (pHc. 34). 500 ——

Bpemsi 06pabOTKH CTOYHHIX BOJ :
B LIOK onpenensiercs ymuoxeunem ™ g5 15 2 25iam
BeJHYHHbBI BpeMEeHH OKHCJEHHs Ha i
smnupuyeckuit  KoadduuueHt 1,47.
Ckopocts okucsenus 3arpssHeHuil B LIOK B pacuere Ha cyxoe Belie-
cTBO wia npunuMmaerca paBHbiM 0,1 e BIIK;/e - cym (4,2 mele - ).
IMockonbky LHOK, kak u APT, pa6oraior B pexkume MoJIHOro OKHC/IEHH,
pacueTbl 30/IbHOCTH M KOJHYecTBa H3GHLITOUHOTO HJa IV 3THX COOpy-
JKEeHUH aHaJIOTHYHELL.

Puc. 34. I'paduk ans pacuera LIOK.

[MTpumep 12. Paccuurats LIOK npn ciaefyomux HCXOAHBIX AAHHBIX: PacXop
crounbix Bog 100 m3/cym; HauanbHas KoHUeHnTpauus sarpsisHenuii BITKy, 350 2/x3,
KoHeuHasg — 15 a/m3.

IMo rpadukam Ha puc. 34 npy KOHUEHTPaALKH HJIa IO 6e330JIbHOMY BellecTBY 2,5 2/
HaxOlM BpeMsi OKHCJIeHus, paBHoe 0,8 cym.'
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Bpema 06paGoTkH CTOYHEIX BoA coctabaser 0,8 - 1,47 = 1,18 cym, o6vem LIOK
paBer 100 - 1,18 = 118 u3. Cropoctb okucilenusn sarpsstennii B LLOK no dopmyne
(71) 6ynet paBHa Iq, = (Lo — L,)/Scp (1 —3) p=(350—15) - 100 : (2,6x 118 X
% 1000) = 0,113 2 BI1Ky/2 - cym uan 0,08 ¢ BIIK /2 - cym nan 3,3 #2BIIK, 2/« no
6e330/IbHOMY BElIECTBY HJa; C YydyeToM 80JbHOCTH 33% 5Ta BeJHUHHA COCTaBHT
3,3 (1—0,33) = 2,21 me BI1Ky/2 - 4, uan 0,053 2 BITK,/z - cym, uto oTBeuaeT pekoMeH-
IyeMbIM NpejenaM.

AspoTeHK c mepeMeHHBM 06bEeMOM pereHep a
TO pa MO3BOJISIET YYHTHIBATh KaueCTBO M XapakTep 3arpsi3HeHui

CTOYHBIX BOJA INpH HaJdajke
Ta6auuna 46. Pacnpenenenne nogauu peXHMa percHepaluu HJa.
BO3/lyXa B YeThIPEXKOPHAOPHHIN A3POTEHK C
nepeMeHHBM 06beMOM perenepaTopos, %, [2] Pacuer Takux 43pOTEHKOB
NMpOU3BOAHUTCS MO METOAY

O6bem peretie- pacyeTa a3pOTEHKOB C pere-
patopos. % R 4 HepalHei nia, Ho C yMeHbllie-
HHEM BPEMEHH a’palliH Ha

Kopupopel asporenka

2 % Is |18 | 10—12% [2).
75 25 25 | o5 Pacnpenenienne  nomaun

BO3llyXa  OCYLIECTBJISIETCH
NpOMNoOpLHOHANBLHO  paclpe-
J€JIEHHI0 CTOYHBIX BOJ, I[OCTYNAIOWIHX B a3POTEHK, Ha OCHOBAHHH
TabJ1. 46.

Pacnpesenenye KOHUEHTpaLHH WA MO AJMHE apOTEHKA C MepemeH-
HbIM OOBEMOM pereHepaTopa sBJseTCS CJIOKHOH (pyHKUMeH, NO3TOMY
PEKOMEHAYeTCsl PacCYHTBIBATb CpPeJHee 3HaueHHe KOHLEHTPalHH uJa
C YYeTOM CTENEHH PELHPKYJ/ALHH KaK HHTerpas (GyHKIUHH paBHOMEPHO-
ro pacrnpeleneHHs BOJbI

Sep =S,RIn(1 + UR). (90)
AHaJlOFl/I'-lHO PacCCYHTHIBAIOT CpexHIown Harpysxy Ha HJ
sy = QLyWS,RIn (1 + U/R). ©1)

ITpumep 13. Onpenenenne cpepHeli KOHUEHTPALMH HJA M CPefiHell HArpyskH
Ha WJ B a9POTeHKaX ¢ nepeMeHHHIM 0GbeMOM pereHepaTopa BBHINOJIHSIeM KaK NPOAOJ-
XeHMe pacyeTa aspoTeHKa ¢ pereHepauuefi uiaa. Pacxop crokoB — 60 000 4%/cym,
HavaJibHasl KOHLleHTpauus 3arpsisienuit no BITK,, — 250 2/x3, noanni#t o6bem aspo-
TeHka — 18 420 - 0,9 = 16 578 3, crenmeHp peunpxyasauud — 1, KOHUEHTpaUHs
nJIa B pereHepatope, T. e. BO3BpaTHOro uaa — 4 /. I'lo dopmyne (90)

Scp=Slen(l+l/R)=4- 1-In2=4.1.2,3031g2=2,81 ¢/a.

B npuMepe pacyeta aspoTeHKa C pereHepaTopoM 5Ta BeJHUMHa paBHa 2,62 2/a; caeno-
BaTesIbHO, B a9pOTEeHKe C MepeMeHHbIM 06bEMOM pereHepaTopa CPefHsif8 KOHUEHTpaLHsi
HJa nosbillaeTcs Ha 7,25%, 4TO HeCOMHeHHO MOBJeYeT He3HAaUHTeJNbHOe YMeHbIUeHHE
MpHpOCTa HJa U GOMBIIYIO YCTOMYHMBOCTH paGoThl aspoTeHKa. Cpepmsisi Harpyska Ha
ua no copmyae (91)

i =0,317 2 BlIKy/z- cyT,
wn 0,222 2BIIKg/e - cym.
Harpysxa Ha HJ B a3pOTeHKe C MOCTOSSHHBIM 06beMOM pereHepatopa cocrtaBJjifijia

60 000 - 250 : (2,62 - 18 420 - 1000) = 0,315 2 BI1Ky/2 + cym, T. e. 6bi1a aHanOrMy-
HOM, XOTsl O6beM aj’pOTeHKa B paccMaTpHBaeMoll Moaubukauuu yMmenbiieH Ha 10%.,
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PacyeT a3poTeHKOB C NOCTOAHHON HAarpyskoi#
H a M J OCHOBaH Ha MpeANoChlIKax CO3JaHHsi HEpaBHOMEPHO paccpeno-
TOYEHHOH MOJaYH CTOYHBIX BOA B COOpYXeHHe THMNA BBITECHHTEJNs H
HepaBHOMepHO YGhiBatolleli nojauu Bosxyxa [40].

INocTosincTBO Harpy3KH Ha HJ1 obecrnednBaeTcs pacrpeje/’eHHEM Noja-
YH CTOYHBIX BOA MO JJIHHE KOpHJIOPHOTO a3pOTeHKa MpONOPLHOHAIBHO
M3MEHEHHI0 CKOpocTH Mpouecca. PyHKuMs pacnpeneseHHs pacxoja
CTOYHBIX BOJ MO JJIMHE a3pOTeHKa MpH BIYCKe pereHepHpOBaHHOTO
uJa COCPeJOTOYEHHO B HadaJje aspoTeHKa HMeeT BHI:

Qx — QD . (Q/QP 'I" l)a —1 (92)

@ N YAI@QQF+ P —1+1

rie Q, — pacXoX CTOYHHIX BOA B TO4Ke X; (, — OTHOIIeHHe pacxoja
CTOYHEIX BOJ K JJ/IMHe aspoTeHKa l.
YuuteBag, urto Q,/Q = R, ypasnenune (92) npuoGpetaer Buj

Q _ __ RIGR+1P—1___ 93)

U VIR T IE— 1 1

CpelHIOI0 KOHLEHTPAIHMIO Wia B a3pOTeHKe C MOCTOSTHHOM Harpyskoil
Ha W/ PacCYMUTHIBAIOT MO yPaBHEHHIO

Sep = §,2Q,/(2Q, + Q). 94

Pacnpenenenne noxaun pacyeTHOro KOJHYecTBa BO3AyXa MO A/IHHE
a3pOTeHKa pacCYHTHIBAIOT aHA/IOTHYHO MOJlaye CTOYHBIX BOA MO ypaBHe-
Huto (93).

Pacnpene/sienne nojay CTOYHLIX BOJ C LeJIbIO COGJIOAEHHS MOCTOSH-
HOM Harpy3KH Ha HJ PeKOMeHJyeTCsi CO4eTaTb CO CXeMOH a’poTeHKa
C-MepeMeHHHIM OGBEMOM pereHepatopa. DTo MO3BOJHT HCMNONb30BATh
BCe MpeHMYyILEeCTBa TaKOH CXeMbl B MaKCHMAaJ/IbHO# CTeleHH.

HepaBHoMepHoe pacripefiesiense Moga4u BOAB H BO3LyXa C YCJIOBHEM
MOCTOSHCTBA HArpy3kKu Ha HJ obecrieduBaeT COTJiacOBaHHMe MOXauu
KHC/IOpPOJa M ero noTpe6ieHHe, TO eCTb HaH60/ee pallHOHAIbHOE HCMOMb-
30BaHHE SHEPTHH H BBICOKHH 3(]eKT OYHCTKH.

I1p u M e p 14. Pacuer pacnpesesieHns Noja4un CTOYHLIX BOA B a9POTEHK C MOCTOSH-
HO#i Harpy3Kofi Ha W/ BLINOJNHSIEM Kak Npofo/ikeHne npumepa l1. Tlo ypaBneHuio
(93) onpefiesineM OTHOWIEHHS YAeJbHBIX PAcXOAOB CTOYHHX Box B 10 Toukax Bmycka
(vepes Kaxapie 10 » npu pauHe asporeHka 100 u, cunTas Havalo adpoTeHKa mepBoi

TOYKOH)
1 2
{—+1) —1
Q _ [( rt ) ] 1,5

REe e

PacyeT 5TOro OTHOLICHHS MpPEJCTaBUM B CJelyIOUIEM BHJE:
Kiveoes 0 10 20 30 40 50 60 70 80 90
kQ‘ = Qx/Q «+eee L6 1,32 1,19 1,09 1,00 095 09 0,8 0,82 0,78
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Hamee pacrnpejeseHne pacyeTHOro pacxofa B onHOM aspoteHke 30 000 u3/cym mno
anuHe 100 # B fecsiTH TOYKAX PaCCYHTHIBAIOT NPONOPUHOHAIBHO BHIUHCICHHBIM KO3(-
¢dHLHeHTaM, KaK NPOCTYIO 3ajaqyy Ha 4acTH

n
Qxl = Qle/2 th’

rie Q (x;) — pacxoj CTOYHBIX BOA B KaxJOil TOuKe.
Pesynbrar pacuera npepcTaBuM B BHJe:

% ... 0 100 20 30 40 50 60 70 80 90
Q,; ... 4330 3810 3430 3140 2910 2740 2590 2450 2350 2250

10
B Hawem npumepe 2 in = 10,41 u a5 TOuKH, OTCTOSIIEH OT Hayasa adpPOTEHKa Ha
1

paccrosinun 60 a,
Qy60= 30000 - 0,9:10,41 = 2590 m3/cym.
IMocrosinHas Harpyaka Ha uJI ¢ y4eToM ypaBHeHus (94) cocraBisieT
lo = QL, (2Qp + Q) __ 60000 - 250 (2 - 60 000 - 60 000) —
WSp2Qp 16578 - 4 - 2 - 60000 - 1000
= 0,34 2 BIIKy/2 - cym,
4TO GJIM3KO K 3HAUeHHSIM, PACCYMTAHHBIM 10 MOAU(DHKALHK a9POTEHKOB C pereHepauuelt

¢ cocpenoToueHHo nogaveit Boawl M uaa (0,315) u aspoTeHKOB ¢ nepeMeHHBIM 0GLEMOM
pereHeparopa (0,317). Konuentpauus uia (cpefHee 3HadeHue), BhlYHCIeHHas o dop-

uyae (74) 2 . 60 000

Sep =43 50000 + 60000 — 2O

TaK»Xe OTBe4aeT paHee BLHIYHUCJIEHHOMY 3HAYeHHIO WISl adpOTeHKa C pel‘eHepaunex‘i naa,

A35pOTEeHKH-OTCTOHHHKH H a3pDOTEHKHUOCBETJ H-
T e J1 ¥ BCeX THNOB, OYAYyYH CMECHTE/NSIMH, PacCYHTHIBAIOTCA MO CKOpOC-
TAM OKHC/EHHSI 3arpssHeHHil. DTH KOMOHHHPOBaHHBHIE COOPYKeHHs
MOryT paboTaTh KaK B peXHMax BLICOKHX H CPelHHX, TaK M HH3KHX
Harpysok, HO B JIIOOOM cj1yYae OHH CIIOCOGHHE paboTaTh C MOBHILLIEHHBIMH
KOHILIEHTpallHsIMH aKTHBHOTO HJa. B MoauduKalisax BEICOKHX Harpysok
Ha eIHHHIY O0beMa COOpPYKEHHSl [MOBHILIEHHbE KOHLEHTPAalHH HJa
oGecrieyuBaioT 3pdeKT NOoMHOH GHOOrHYeCKOH OUHCTKH, a NPH HHU3KHX
00bEMHLIX HAarpy3Kax — CTabu/IN3NpOBaHHeE Hila U 3HaYUTeJNbHOE YMeHb-
IIEHHH €ro NpHpocra.

INpunnunuaspHO# OCHOBOH pacyera BCeX KOMOMHHPOBAHHBIX aspa-
IIMOHHBIX COOpYXeHHH sBJseTcs ypaBHenue (71); pasjuuus 3akKJio-
4aloTCcA JIMIIL B pacyeTe CKOPOCTH OKHCJEHHS.

KoM6HHHpOBaHHbIE BEICOKONPOH3BOAUTE/IbHbIE a3POTEHKH-OTCTONHHKH
[15, 16] pekomenayercsi pacCYHTHIBaTh MO YpaBHEHHSAM, B KOTOPbIX
CKOPOCTb OKHCJIEHHS sABJisieTcsl (YHKIHell HCXONHOM KOHIEHTpauuH
3arpsAsHeHHH NMPH ONTHMAJbHOH KOHLEHTPAlMH aKTHBHOro HJa (A4
FOPOACKHX CTOYHBIX BOJ):

t — Lo—Lt .
27164 0,75[S (1 —3)*75 L}

t, = 0,45851*%/S;"* 4 1,95, (96)

(95)
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30/IbHOCTb M/la MOXKHO TpPHHHMATh
paBHO# 0,3 KaK J/si a3DOTEHKOB cMecu- M
Tenell, a ONTHMAJbHYIO KOHUEHTpa- 6 e
LIHI0O HJa 10 G6e3307bHOMY BellecTBY —1
onpeensaTh Kak GYHKUMIO HCXONHOH 4 |~
KOHIeHTpauuH 3arpsasHenni (no BITK,,) "
no rpaduky Ha puc. 35 [16]. 2

Bpems aspauum, BbluucieHHoe no W0 A0 B0 220 200Lyak’
ypaBHeHuto (95), cienyeT yMHOXKaTb Puc. 35. Mpaduk Aas BuGopa ome
Ha MOMpaBOYHBIA KO3PdHUHEHT, yyu- THMAIbHOA KOHUEHTPAUMH WJa B
THIBAIOUMI CPEHIOIO TeMIIepaTypy CToy- ~ 32BHCHMOCTH OT KOHUEHTpauuH sa-

N

o P rpA3HeHHUi,
HOM XKMIKOCTH ¥ OTIpefessieMbldl 110 ¢op-
myqam [16]:
npu T 18°C
k., = 0,09/(0,0028T + 0,04); 97)
npu T> 18° C
k, = 0,09/(0,004T + 0,03). (98)

A3pOTeHK-OTCTOHHHUK CO CPEAHHMH Harpy3KaMH MOXKHO PacCYHTHIBAaTh
no ynpolieHHOH dopmyJie
15L,

- +2 (99)

t, =

riae pcp = 45 2/m® - 4.

A3pOTeHKH-OTCTOHHUKH C HU3KMMM Harpy3KkaMu, HanpuMep, KOM-
nakTtHele ycraHoBku Ttuna BHO paccuuteiBaloT no ¢opmyae (71), rae
CKOPOCTb OKHCJIEHHSI npuHuMaercss B npefenax 4—8 me BIIK; e/u no
CyXOMy BeLIeCTBY HJa.

A5pOTEHKH-OCBET/INTE/IM SBUIHCH PE3YJbTATOM KOHCTPYKTHBHOTO M
TEXHOJ/IOTHYECKOTO COBEPLIEHCTBOBAHHsI BHICOKONPOH3BOAHTE/bHBIX a3p0-
TEHKOB-OTCTOHHHKOB (ppaHuy3ckoil ¢upMbl «JlerpemoH»: panui-6/10KoB,
OKCHKOHTAKTOB M Jp.

Ilpn KoHCTpyHpOBaHMH a3pOTEHKOB-OCBeTJIMTEJEH CTaBu/ach 3ajava
MaKCHMa/lbHOTO YBeJHYEHHS HMHTEHCHBHOCTH PeLHPKYJSLHH HJIOBOH
CMeCH MeXJly 30HaMH a3paliH 1 OCBeT/IeHns. B oT/inume oT npoToTHIIOB,
B YaCTHOCTH a3POTEHKOB-OTCTOMHHKOB (HpPMbl «IlerpeMoH», B a3poOTeH-
Ke-OCBeT/IHTe/le yCTaHaB/JIMBAlOT HaMpaB/slollHe KO3BIPbKH H Tepero-
POAKH B6/IM3H MeCT BXOAa H BbIXOJa IOTOKOB HJIOBOH CMECH B 30HY
OCBeTJIeHHSl. DTO MO3BOJIMJIO CO3AaTh HMHTEHCHBHYIO HalpaBJleHHYIO
HHPKYJIALHIO MeXKAY 30HaMH ajpaLuH H OCBeTJeHHs, YTO 06YCJIOBHJIO
3HAYUTEbHOE YBe/HYeHHe HHTEHCHBHOCTH PeLHpKyaauud — 10 2500—
3000% mno oTHOWEHHI0O K PacXoAy CTOYHBIX BOA (B aspoaKcesaTopax
¥ OKCHKOHTaKTaX OHa He npeBbliaer 500%). Bricokne cKOpocTH peuup-
KyJIHPYIOLIETO TI0TOKA U onpejeneHHas (opMa 30Hb! OCBeT/IeHHs obeclie-
YHBAIOT YCTOHYMBBIA B3BELIEHHBIH CJIOH akKTHBHOT'O WJa, BHINOJHSIOLIMH
KaK GyHKUMH QUIBbTPA, TaK W QYHKUHH peakTopa A/ OCYLIeCTBJIEHHS
npouecca OKHCJIEHHS 3arpsi3HeHHuH.
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BaiaronpusiTHeIe YCTIOBHS KOHTAaKTHPOBaHHS 3arpsi3HeHu#i, Gakrte-
pHaNbHBIX KJIETOK M XJIONbEB HJa H PaCTBOPEHHOTO B BOJe KHCJOpOAA
006€eCreyHBaloT BBICOKHE CKOPOCTH HU3BSITHA M OKHCJIEHHs 3arpssHeHHil.
PaBHOMepHBI#l KHC/IOPOAHBIH PeXXHM U HanGosee MoJTHOe HCMOJb30BaHUe
BCEro HJIOBOTO 3amnaca B KOMILIEKce GHOXHMHYECKOH OUMCTKH Hapsany
C BO3MOXHOCTSIMH MOAJEPIKHBAThb BHICOKHE KOHIEHTPalUuH W/Ia NO3BO-

P JIAIOT 3HAYHTENLHO MOBBICHTD NPOH3BOAHTEb-
ot HOCTb a3pPOTEHKOB-OCBET/IHTEIEH.

ir # T OnHako NMpH OYHCTKE TOPOACKHX CTOYHBIX

R=5 | BOJ, HMEIOLIHX CpaBHHTEJNbHO He6oJblline

25 KOHLIEHTpaLHH 3arpasue§uﬁ, JolycTHMOe

5l 4 yBeJIHUEHHEe OpPraHH4YeckKod HArpyskH He o3-

25 HayaeT MpolopLHOHAJEHOTO yBeJHYEeHHs Ipo-

| \ H3BOJHTEJbHOCTH COOPYKEHHS, Ta KaK cy-

% 0 IECTBYIOT OIpeJeNeHHbIe OrpaHHYeHHs Mo

I+ JONyCTHMOH THApaBJHYECKOHX Harpyske: MpH
42 A\

Puc. 36. Ipabuk ans pacuera ruppaBaudecKolt Ha-

oL 0 rpy3KH Ha B3BelUeHHLI!1 ¢JI0i B ad5poTeHKaX-0CBETJIH-

2 3 4 5§ 68  rensix.

yBeJiYeHHH o6Liell Harpy3KH HEOGXOAHUMO YBEJIHYHBATh HHTEHCHBHOCTD
PELUPKYJIALNH, YBEJHUHBAETCH OXHXKAIOAs CKOPOCTb H IMCEBHOOXKH-
MEHHBIH cJIof uJa pacluupsieTcsl, NpHYeM KOHLEHTPAlUs Wia B HeM
yMeHbLIaeTcs.

CneznoBatesbHO, /i MPOEKTHPOBAHUS a3POTEHKOB-OCBET/IHTE/EH He-
06XOAHMO NpPHHUMATh B KauecTBe OCHOBHBIX [1apaMeTpPOB He TOJIBKO
CKOpOCTb OKHCJ/IEHHS, HO U THADAB/JIHYECKYIO Harpy3Ky Ha MOBEPXHOCTb
B3BEIIEHHOTO cJ/osi. Bpems 06paGoTKH CTOYHBIX BOX B a3pOTEHKaX-
OCBET/IHTE/IAX ONpeleNsieTcs M0 ypaBHEeHHIO

tO = ta + ta,c "I" ta, (100)
rae !, — BpeMsi MNpeGbiBaHHS BOJAbLI B 30HE aspalMuH; [,. — BpeMs
npeGbiBaHHsA BOAbI B HJIOBOM OObEMe 30HBI OCBEeT/IeHHs; [, — BpeMs
npeGLIBaHKs BOAbl B 3aLIMTHOH 30He HaJl NMOBEPXHOCTBbIO B3BEIEHHOTO
cJios.

Ilpu GosbluMX 3HAYEHHAX CTeNeHH pelUpKYJALHH YCIOBHSA MpOTe-
KaHHsi [POLIeCCOB B 30HE aspaly H B HJIOBOM 0GbeMe 30HEI OCBET/IEHHs
6yayT NpaKTHYECKH OAHHAKOBBI, KaK B peaKTopax-cMecureax. [Toatomy
BpeMsi a’palii U NpeGbiBaHHS BO B3BEILIEHHOM CJIOE B CyMMe XapaKTe-
pH3YIOT BpeMs Mpolecca C MOCTOSHHOH CKOPOCTBIO NpOTeKaHus, Kak
B ypaBHeHuu (71)

o+ b= (Ly—L)/S (1 —3) pep.

Bpems npeGniBaHHs BOALI B 3allUTHOH 30HE Haj MOBEPXHOCTHIO
B3BELUEHHOTO CJIOsI ONpejessercss rHApaBJIHUECKOH Harpyskod W BhHICO-
TOH 3alIHTHOH 30HHI

t, = hy/q. (101)
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BeicoTa 3aliuTHOH 30HBI MJIS a3pOTEHKOB-OCBETJIHTENEH € TyIyGHHOMN
30HBI OCBETJIEHHs1 4—6 m o6bMHO NMpuHuMaeTcs 1,3—1,5 u.

I'nppaBiinueckasi HarpysKa 3aBHCHT OT paboueil KOHIEHTpPaLMH HJa
(puc. 36); KoHLEHTpaUus MJa OnpeneseTcsi M3 PacYeTHOH CKOPOCTH
oxucienus — 45 me BIIK; Ha 12 6e330/bHOM Macceh uta B 1 4, 1M OKo-
Jgo 1 e BIIK,/e - cym, T. e. B pacuere Ha CyXyl0 MacCy uja IpH ero
sonbHoctH  0,3—31,5 me BIIKj/e - 4
nmn 0,75 e/e - cym.

[pupoct una B aspoTeHKax-0CBETIIH-
TeJAX PacCYUTHIBAIOT B 3aBHCHMOCTH OT &
CKOPOCTH OKHCJeHHs (cM. ctp.l112). ’X\Yz

YnenbHblt pacXol BO3ayXa Ha aspo- 40 \\
TEHKH-OCBETJIMTENH, Y KOTOPBIX COOT-

HoLIeHUs1 06bEMOB 30H a3paliiiy H OCBeT- —
JIEHHs HaXoaaTcsa B npexenax 1:3—1:4,
MOXHO MPHHHMATb [0 3aBHCHMOCTH Ha
puc. 37, rae ymenbHBIH pacxol BO3-
Ayxa mnpejcraBieH ¢yHKuHeH oObeMHOH  Puc. 37. Tpaduk ans onpenene-
Harpysku Ha 30HY aspalHu. HAs yACJbHOrO pacxola BO3AyXa

JIByXxaMepHBIH a3pOTeHK-OTCTORHUK l(g;’)‘ KOMGHHHPOBAHHKIX 23pOTeH-
pa6OTaET ¢ TMapaMeTpamH, Xapakrep- 1 —;1.na a3pOTeHKOB-OTCTOAAHHKOB;
HBIMH JUIsl TpoLecca IIOJHOTO OKHC- 2 — A1R a5pOTEHKOB-OCBeTNHTeNeH.
JIEHHsS, OJHAKO OTHeJbHble ero Kame-
pbl PaCCUMTHIBAIOTCS HAa pa3/iHYHbIE CKOPOCTH H3BATHS 3arpssHe-
HMi, T. €. Ha pasjHuHble Harpysku. [lepBas KaMepa (cTynenb) pa-
GoTaeT B pexXMMe KPaTKOBDPEMEHHOrO KOHTaKTa 3arpsisHEHHH C ak-
THBHBIM HJIOM aHaJOTMYHO KOHTAKTHOMY 6acceiiHy KOHTaKTHO-CTaGHJIH-
3allHOHHBIX a3POTEHKOB, IO3TOMY M pacyeTHyl0 Harpysky Ha 00BbeM
3TOM KaMephl peKOMeHAyeTcsi NMpHHHMaTh aHajorHunyio — 5 xe BIIK;
m3cym (LS TOPOACKHMX CTOYHBIX Box). Bropast kamepa (cTyneHp) ciy-
JHUT A/l OCYLIECTBJIEHHsS] MPOLECCA OKHCJIEHUSI H3BATHIX 3arps3HEHHH
¥ CTaGHJIM3alMH HJ1a, NPHPACTAIOLIEro B pe3ybTaTe BHICOKHX Harpysok
Ha MJ B NepBOH CTyNeHH, M NOOKHCJEHHs OCTAaTOUHBIX 3arps3HeHHH,
BBLIHOCAIUUX H3 nepBoii KaMepnl. Harpyska Ha o6beM BTOpOH CTyMEHH
PEKOMEHIYeTCsl MOITOMY TaKOi Xe, Kak B Mpolecce NpOoJIeHHOH aspa-
LLUH A/l TOPOACKHX cTouHBIX Box — 0,25 ke BIIK,/m3cym.

O6beMbl NEpBOH H BTOpOH KaMep pPAaCCUHTHIBAIOTCS HAa OCHOBAHHH
peKOMEHIOBAaHHbIX 3HaYeHHH HarpysoK MO MaKCHMaJbHOMY 4YacoBOMY

pacxony:

8w e 67K

2 4 2 Lw ne/eym

W= QMaKcLo/lWI; (102)
Wiy = QMaKCLo : 0»25/117711, (103)

rae 0,25 — noast HayaJbHON KOHUEHTPAlUH 3arps3HeHHH, NMPHXOAALLa-
sficsl Ha BTOPYIO CTyMeHb (IpHHATA MO JaHHBIM HccaepoBauuit) [8].

Bpemst npeGbiBaHus BOABI B 30HE OCBETJIEHHS ABYXKaMepHOro aspo-
TeHKa-OTCTOHHMKa peKoMeHayeTcs paBHOH 1,5 4 B mepnox MakcuMajib-
HOrO 4acoBOro0 pacxoja.
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Takum o6pasoM, YYHThIBasi pPeKOMEHJAOBaHHbIE 3HaYeHHSI OGBEMHBIX
Harpysok [/ OpOACKHX U OJIM3KHX K HHM MO COCTaBY CTOYHHIX BOIL,
a TaKkxe BpeMs NpeCbiBaHHS B 30HE OCBET/IEHHS, CyMMapHOe BpeMs
06paGoTKH CTOYHBIX BOA B JABYXKaMePHOM a3pOTeHKe-OTCTOHHHKe pac-
CYMTHIBAIOT MO ¢opmyse, nosydyeHHo# H3 ypaBHenuit (102) u (103), u

tMMH = 0,03[40 + l. (104)

Koapduunenr dacoBofi HepaBHOMEPHOCTH Ky, NpHHHMaeTCs MO
HOPMATHBHLIM JIOKyMeHTaM. HauanbHas KOHLEHTpauHsi 3arpsisHeHHiH
B (opmyse (104) usmepsierca no BIIK;,.

ITpupocT nna B AByXKaMepHOM a3pOTEHKe-OTCTOHHHKE PACCUHTHIBACT-
Csl_ aHAJIOTHYHO a3POOKHCJIUTENSIM PafMKaNbHOTO THINA.

Ipu pacuere mpoueccoB OYMCTKM B ABYXKAaMEPHOM a3pOTeHKe-OT-
CTOHHHKE CTOYHBIX BOJ MPOMBILIJIEHHBIX MPENNPHUATHH C MOBHILIEHHBIMU
KOHIEHTPALHSIMH 3arpsI3HEHNH PeKOMEHJyeTcsi pyKOBOJACTBOBAThLCS CKO-
POCTBIO H3DbATHA 3arps3HeHnH B NepBoH ctynenu 1—1,5 e BITK, /e - cym
MpH KOHIEHTpauuu uia 2—2,5 ke/x3 no cyxomy BeliecTBy, a BO BTOpOH
crynenu 0,05—0,08 2 BITK,,/2 - cym npu KoHueHTpaumuu uia no cyxoi
Macce 3,5—4 ke/md.

Pacuer komnakTHeix oyHcTHBIX ycraHoBok HUKTH I'X ¢ npoueccom
NpOJJIEHHOH a3pauyH peKOMeHIyeTcsi MPOM3BOAUTb aHAJOTHYHO pacue-
TY a3POOKHC/INTeNeH pajHaNbHOIO THIA, HO C MHHHMAJbHBIMH 3Haye-
HHSIMH DEKOMEHJOBAHHBIX CKOpOCTeH OKHCJEeHHs, WJH M0 aHaJorHH
C pacyeToM UMPKYJSUHOHHBIX OKHCJHTENIbHBIX KaHasioB. [Ipu 3Tom
BpeMms NpeObiBaHHA BOABl B 30HaX OCBeT/IEHHs peKomeHayercs 1,5 «
NpH MaKCHMaJbHOM YacOBOM pacxolle B Mpefesax TI'MAPABIMYECKHX
Harpy3oK Ha MOBEpXHOCTb pacueTHOro ypoHsa ugaa 0,5—1 m3/m? . «.

[Ipumep 15. PaccuntaTs BbLICOKONPOH3BOAUTE/bHbI a9POTEHK-OTCTORHUK NpH
HCXORHOM KOHUeHTpauun sarpaauennii no BITK,, 200 2/ u kouneunoi 15 o/m3,
Io rpaduKy Ha puc. 35 paGouast KOHIeHTPaLHUs NO 6e330/JbHOMY BellleCTBY AOMKHA
(6;31: 4,7 xe/s3 nan no cyxomy Bewectsy 4,7 : 0,7 = 6,7 x2/m3. [lo ¢opmynam (95) u
L= 200 — 15
* 16 40,75 - 4,707 . |51
to=10,45 - 4,7 . 100571512 1. 1,95 = 1,53 «,
IMpu Temneparype crounnix Bog 16° C
ky = 0,09/(0,0028 - 16 + 0,04) = 1,06.
Torna pacuerHoe Bpemsi aspauun
ta.pacy = 1,87 - 1,06 =1,98= 2 u.

= 1,87 u;

CymmapHoe BpeMsi NpeObIBaHHS fapacy + b = 2 + 1,58 = 3,53 u
B BbICOKOINPOH3BOAUTENLHOM a3pPOTEHKE-OTCTOHHHKE MOJYUHIOCh TAKHM
HH3KHM 10 TOH MNpHYHHE, YTO KOHLEHTpalHsl aKTHBHOrO MJid, Paccyu-
TaHHass MO ONTHMH3allHOHHOMY Mertoay [15], okasasnace xOBO/IBHO
BBICOKOH — 6,7 xe/m® mo cyxomy semwectBy. Jlocratounas sgpdekTus-
HOCTb pabOThl BTOPHYHOTO OTCTOMHHKA NPH TaKOH KOHUEHTPALHH HJa
BbI3bIBaeT COoMHeHHe. [loaToMy B HHXKEHepHBIX pacueTax He BCeria
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CJIE/lyeT NPHAEPXKUBATLCS YCJAOBUS BLIOOpA ONTHMAJ/IBbHON KOHLEHTpaluH
uja, a npuHUMaTh ee He GoJee 4 x2/M® MO CyXOMy BelEeCTBY, eCJH
pasiiesieHHe HWJIOBOH CMeCH OCYILeCTBJSETCS B pexUME MpOCTOro OT-
CTauBaHHsl.

ITpuwmep 16. PaccuntaTb a3pOTeHK-OCBET/IUTe/b IPH TeX 3Ke HCXOLHbIX JaHHbIX,
4TO U B npumepe 13.
Ipumem S = 4 xe/xm3. Toraa no gopmyse (71)

200 — 15
fethe= T —0331,5
Ipu peunpxynsaunu R = 15 no rpaduxy Ha puc. 36 ruipasiuueckas Harpyska Ha
30HY OCBeTsieHHsl cocTaBisieT 1,44 m®/m? - u

t;=1,4:1,44=0,97 ¢, to=2,14-0,97 = 3,07 .

2,1 u,

Kak BuaHo u3 npumepos 13 u 14, aspoTeHK-ocBeT/IMTeNb OKasaJjcs
SKOHOMHYHEE BBICOKONPOM3BOAHTENILHOIO a’3pPOTEHKA-OTCTOHHUKA 110
cyMMapHOMy 06beMy, HO paboTaeT MpH 3TOM C MeHblIel KOHUeHTpalHel
una, 9To oObACHSETCS NOBLILIEHHOH CKOPOCTbIO OKHCJIEHHS B MCEBIO-
OXIXKEHHOM CJIoe aKTHBHOro uJja. Tak Kak NpHpoCT u1a B adpoTeHKe
B TaKHX CJIy4asiX JO/KeH ObITb Bbille, BBIGOp THNA aspoTeHKa OGOCHO-
BBIBA€TCS] ONTHMH3ALMOHHBIM PACYeTOM MO KPHTEPHIO MHHUMyMa MNpH-
BeJIeHHOH CTOMMOCTH COOpY2KeHHH 6HOJIOrHYecKoH OYMCTKU U 06paGoTKH
ocajka ¥ H36BLITOUHOroO uJa.

Mpumep 17. Paccunrath AByXKaMepHHlfi a3pOTEHK-OTCTOHHHK MPH HCXOAHOI
KOHLEHTPAUUH 3arpssHeHnit cTounrix Box no BITKg 200 2/#3 u pacxome 1000 x#3%/cym.
TpebyeTcst onpenesuTb CymMMapHOe BpeMsi o6paGOTKH CTOUHBIX BOJ NpPH YCJOBHH
co6JIIoNIeHHsl napaMeTpOB fpollecca MOJIHOTO OKHCJEHHS B LeJoM no ¢opmyse (104)

fyus = 0,03 - 200 +1=7 «.

YunduuupoBaHHas ceKUus ABYXKaMepHOTro adpoTeHKa-OTCTOMHHKA 10 SKCNepHMeH-
TaJbHOMY MPOEKTY YKDPrHIPOKOMMYHCTPOsl NpOM3BoAuTeabHOCTbIO 400 m%/cym pac
CuHMTaHa Ha BpeMs npeGbiBanud 7,8 4. ClienoBatesibHO, HeO6XOAUMH 3 ceXUHH. Tak Kak
6JIOK ceKuHit Mo npoeKTy cocToHT U3 | paGoueit u I pesepBHoil, npuHuMaeM 2 Gioka
ceKuui.

BropHuHble OTCTOHHHKH

AKTHBHBIH HJI, OcejaloOUMH BO BTOPHYHBLIX OTCTOHHHKaX, OT/IHYaeT-
c OT B3BeCH, OCejaiollel B NEpBUYHBIX OTCTOHHHKaxX, 4To obyc-
JIOBJIEHO €ro arperaTHBHOH HeyCTOHYHBOCTBIO; YacCTHLBI (arperartsi)
Wia B Ipoliecce OTCTaUBAHHS MEHSIOT CBOW (pOpMBI U pasMmepbl H, CO-
OTBETCTBEHHO, THAPABIHYECKYIO KPYHMHOCTD.

ArperaTuBHas HeyCTOMYMBOCTb aKTHBHOTO HJIa BJISIETCS C/AEACTBHEM
H3MEHEeHHUs! THAPOAMHAMHYECKHX YCJOBHH Cpefbl, B KOTOPOH HaXoAATCS
XJI0MbS HJ1a NPH NepeXxoie HJIOBOHM CMeCH M3 a3pOTeHKa BO BTOPHUYHBIH
OTCTOHHHK, a TaKxkKe CJeICTBHeM (pYHKIIMOHMPOBAHHS HJa Kak 6HOJIO-
rHYecKOH CHCTeMbl, cnocoGHOH K 0OOpasOBaHHIO KPYMHBIX CTPYKTYyp-
arperatoB. Kpome 3toro, ¢husuyeckasi cTpyKTypa HJIOBOH CMeCH H3Me-
HsleTc B 3aBHCHMOCTH OT M3MeHeHMH pexXXHMa NpOTEKaHHs Ipolecca
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B a3pOTeHKe, OOYCJOBJEHHBIX KOJNe6aHUSMH PacXOl0B CTOMHOH KHJ-
KOCTH W KOHLIEHTpalHH 3arpsisHeHHi.

Bce 3ru ofcrosiTeqbCTBA HE MO3BOJISIOT NPHUMEHSITb I/ pacuera
npouecca OTCTAHBAHUS HJIOBOH CMECH KaKOH-JIM60 YHUBepCaJbHOMH
CHCTEMbl ypaBHEHHH, KaK 3TO HMeeT MeCTO B pacyere MepBUUYHBIX OT-
CTOMHHUKOB; TeM Gosee OLIMGOYHO NPHHHUMATb KOHKDETHbIE BeJMUHHBI
BpeMeHH npeOblBaHHS MJIOBOH CMeCH BO BTODHYHBIX OTCTOMHHKaX.

Pacyet BTOpHYHBIX OTCTOHHHKOB JOJ/2KEH OCHOBBIBAaTbCS HA CTPYKType
rmpouecca OCaXKJeHHs1 aKTHBHOTO HJa, €ro KauyeCTBEHHOH XapaKTepHCTH-
Ke, 3aBUcsLled oT MoauduKauuu npouecca GHOJOTHYECKOH OYUCTKY,
KOHIIEHTpAl UK, BeJMUHHE DEUUpPKYJSLUUH H, KaK H a’pOTEHKOB,— Ha
MOHSITUH Harpys3ok.

KauecTBo akTHBHOro uJja Kak JAByX(}a3HOH cucTeMbl, pasjesioleiics
noj BO3JefCTBHEM IPABHTALMOHHBIX CHJ, MPHHSTO B OOLIMX 4epTax
XapaKTepu3oBaTb BEJHYHHON HJOBOT O MHJeEKCa— 06beMoM,
3aHHMaeMbiM | e cyxoit mMaccel uaa nocse 30-MUHYTHOIO OTCTaHBAaHHSA
Npu 3aJaHHOM HMCXOXHOH KOHUeHTpauuH. OAHAKO WJIOBbI WHIEKC He
OTpaxXaeT CTPYKTYpHl Npolecca OCaXAeHHsl HJa, KOTOpas MOXeET Cy-
ILIECTBEHHO NOBJIMATb Ha KOHCTPYKIHIO BTODHYHBIX OTCTOMHUKOB H TeX-
HOJIOTHYECKYIO CXeMy KOMIJieKca OHOJIOrM4ecKOH OYHUCTKH B  LEJIOM.
[losTomMy npoekTHpoBaHMEe BTOPHYHBIX OTCTOMHHKOB HeOoOXONMMO HauH-
HaTb CO CTPYKTYPHOro Ofpee/ieHHs Mpolecca OCaXKAeHHs BO B3auMO-
CBSI3H C NMPHHATOH MoaudHKaluell METOAa OYUCTKH.

B BbICOKOHarpyeHHbIX (BbICOKOCKODOCTHBIX) MpOLECCaX OYHCTKH
CTOYHBIX BOJ XJIOMbSl MJIa MOCTYNAalOT BO BTOPHUYHbIE OTCTOHHUKH C 3a-
nacoM cop6HpOBaHHOH, HO HEacCUMMJIMPOBAHHOM OpraHHYecKoH Mac-
cbl 3arpsisHeHuil. Arperarthl 06/1aJaloT MOBBLILIEHHOH THApPaBIHYECKOH
KPYMHOCTbIO H 6bicTpo ocenatoT. OnHaKo BBUAY yBeJHYEHHOTO pasmepa
YacTHL TAaKOH UJ JOJIro yIJIOTHSETCs, T. €. B oOllell KMHeTHKe npouecca
pasgeneHuss cmecH ¢asa oTcrauBaHus npeobaanaer. [lostomy aust
BBICOKOCKOPOCTHEIX MPOLECCOB GHOXMMHYECKOH OYHCTKH NpPHMEHSIOT
BTOpHYHEIE OTCTOHHMKM pajHasIbHOTO THIA, HMelOllHe MaJbli o6beM
WJIOBOH YacTH, palHOHA/NbHO COYETaTb HX C OTAEJNbHBIMHM HJIOYIJIOT-
HHUTEJSIMH.

B npoueccax ¢ MaJbIMH CKOpPOCTSIMH, HanpuMmep, MOJHOTO OKHCJIEHUS
npu npousBogutesbHoctd craHnuit go 10000 m3/cym, axkTuBHBIA I,
paboralomuii ¢ MaJbIMH Harpy3kaMmi, HMeer HeboJIbllIHE pasMephl
4acTHll, KOTOpble MENJIEHHO OCEaloT, HO XOPOLLO YIJIOTHSOTCS. B Takux
c/lyyasiXx paunHOHAJNbHO IpHUMEHEHHe BepTHKaJbHbIX BTODHYHBIX OTC-
TOMHHUKOB, HMEIOIIUX OTHOCHTEJbHO G60JblLOH O6BEM HJOBOH 4YacTH,
HJIM peXXHMa TOHKOCJIOMHOrO OTCTaHuBaHUs, XapaKTepU3yIoerocs yJayy-
[IEHHbIMH YCJIOBUSIMH OC2X[IEHHS HYacTHIL.

OCHOBHBIMH NpPOEKTHBIMH MapaMeTpaMH [Jsi pacdeTa BTOPHYHBIX
OTCTOMHHKOB DEKOMEHAyeTcss [pHHHMaTb FTM APaBJAHYECKYIO
M MacCOBYIO Harpy 3K H; HIOBbIH UHIEKC, BETHUHHA KOHLIEHTpa-
LMK W2 U BeJIHYHHA PEUHPKYJSIUUHU SIBJSIOTCS [lepeMEHHLIMH, CBSI3bl-
BalOLIMMH [apaMeTpbl paboThl a3POTEHKOB C MapameTpaMHu paGoThi
BTOPHYHBIX OTCTOHHUKOB. PaccunTaHHble BeJIMYMHBI HArpy30K H BbIOpaH-
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HBI THN BTODHYHBIX OTCTOMHMKOB C H3BECTHBIMH IJISi JAHHOTO THIA
Ipefie/IbHBIME  3HaYeHHAMH Harpys3oK [O3BOJIIIOT C Y4YeToM Mpo-
U3BOILUTE/ILHOCTH CTAaHLHH ONPEACJHTb PasMephl H YHCJIO BTOPHYHBIX
OTCTOHHHKOB.

DyHKUHOHA/NbHASI 3aBHCHMOCTb MEXJY OCHOBHEIM IapaMeTpoM —
O6BEMHBIM PAaCcXOOM — H HCXOAHEBIMH NapaMeTpaMH MOXKeT GblThb Npef-
cTaB/jeHa ypaBHeHHeM (68)

qv =¢rlS, (105)

rie gy — o6beMHas (ruppas/uyeckas) Ha- ¢
rpyska, m%/M®-4; Qgr — «OXBaTHIBAIOLLAS» \
CKOpOCTb  MpOTEKaHHS KHUAKOCTH uYepes \
OTCTOMHHUK (THApaBJuueckas Harpyska Mak- ; ko
CHMaJsibHasl /11 KOHKPETHOro KayecTBa WJa), ¥
m/u; I — unoBelil uHAekc, m3/ke; S — KOH- »2 O}Q2
UEHTpALUsA Hla 1O CYXOMY BellecTBY, Ke/MP. :&’Q}

B ypasrenun (105) npoussenenue IS B 1 <,
(M3HYECKOM CMBICJIe O3HAYaeT OTHOCHTYENb-
HH o6beM wmia mocne 30-munyTtHoro or- Y57 a7 27 4F 45 %5
CTaMBaHHs B OTCTOHHUKe (4acTb mepBOHa- Prc. 38. Tpadux wis pac
uanbHoro obbeMa), a NMpousseeHue ¢rS co- Moo | PIOHK A mgpa-
OTBETCTBYET pACUeTHOH MacCOBOH HAarpyskKe  pyveckodt marpyakh (5.
Ha OTCTOMHHK MO CYXOMY BeIeCTBY HJa.

IMonbsysice kpurepuem IS [5], MoxHO ¢ socTaTOUHOH CTENEHbIO XOCTO-
BEPHOCTH pacCYMTHIBATh MNpollecc OTCTaHBaHHsA (mepBYiO (a3y) Bo BTO-
PHYHBIX OTCTOHHHKaX.

3aBucumoctb gr = f (IS), npeacraBnennas Ha puc. 38, nosBoJsier
npuMeHHuTb ypaBHeHHe (105) B KauecTBe OCHOBHI 1151 HHXKEHEPHOro pac-
yeTa BTOPHYHBIX OTCTOHHHKOB. Benuuunel [ u S onpenensiorca B 3a-
BHCHMOCTH OT MOAH(HKALHHU Mpolecca, OCYLIECTBISEMOro B adpoTeHKe.
Han6onee xapaKTepHBIM MapaMeTpoM IpH 3TOM SBAsETCS CKOPOCTb
OKHcsieHHs, ofecneynBaeMasi Harpyskod Ha u/1. BennunHa Harpysku
00yc/IOB/IMBaeT ceMMEHTALHOHHYIO XapaKTepHCTHKY aKTHBHOIO HJa,
T. €. WIOBBbI MHIEKC MOXeT ObITb (GYHKIHEH CKOpPOCTH OKHC/EHHS
B 3aBHCHMOCTH OT NpHHATOH MoaudHKaLHH Npouecca.

Ha puc. 39 npuBemeHa Tak HasbiBaeMasi KJjaccHuyecKas KpHBas
(YHKUMH HJIOBOTO MHAEKCcAa OT HarpyskH Ha HJ I/ NpakKTHyeckord
IManasoHa Harpys3ok. Yuactok a — jgo Harpysok 0,2 2 BIIK; na 1 2
CYXO# MacChl HJ1a B CYTKH — XapaKTepH3yeT NpoLecc NOJHOro oKHcJe-
HYsl, TIPH KOTOPOM HJIOBBIH HHIEKC HH30K 32 CYeT XOpOIUeH YIJIOTHse-
MOCTH CTabH/IM3HPOBAHHOTO HJa; YYacToK 6 — B Ipelesax Harpysok
0,3—0,4 2 BITK, — xapaKTepuayeT fuanasoH MPOLECCOB CO CpPeIHHMH
HarpysKaMH; YYacToK 6 siBJsieTcsi HeGJaronpHaATHbIM AJISl PHMEHEHHst
BTOPHYHBIX OTCTOMHHKOB, NOCKO/MbKY JHanasoH Harpysok 0,6—2 e
BIIK;/e - cym xapakrepusyercsi «BcnyxaHuem» uia. [luanasoH e Xa-
pakTepeH JOCTaTOYHO HH3KHM HJIOBBIM HHAEKCOM BBHLY O60JbIUOMH
(usnyeckod KPYIHOCTH arperaToB Hja ¢ COpGHpOBaHHBLIMH 3arpssHe-
HHUAMH.

G M2y
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Ananusupys KpuByio Ha puc. 39 ¢ TOUKH 3peHHsi IpUMEHeHHs | pac-
yeTa BTOPHYHBIX OTCTOHHHKOB, MOXKHO YTBEPXKAAaTb, UTO PEXHM pasje-
JIEHHs] HWJIOBOM CMeCH OTCTaMBaHHeM IpHrofeH IJjsi Mopudukauuil
HU3KO- W CpelHEHarpyxaeMmbiX [pOLECCOB, T. €. MPOLECCOB IIOJHOro
OKHCJIEHHS] H IIPOLEeCCOB OKHCJeHHUs
Tutte ’\ C pereHepanueil u 6e3 pereHeparuu

Wia, a TaKkxke IJs BbICOKOCKOPOCT-
3w \ HBIX [poleccoB OBICTPOro H3BATHS

3arpsisHeHu#i (6uocopbuMH) M Cy-
\ npaaktuBauuu. [as MoaubHKanui
200 \ NPOLECCOB C BHICOKHMH CKODOCTSIMH

OKHcJIeHHs, Ho B mpegenax 0,6—2 e
\ BITK;/e - cym BTOpHYHOE OTCTaMBa-
\ HMe HelpUrOHO; B 3TOM JHalasoHe
Bl e P HarpysoK peKOMeHjyeTcss MpHMe-
7 1 HATb COOPYMEHHsl C pasjiesieHHeM
1 2 eg/”( s 4 unoBOH cMecH B MCEBAOOXKHMKEHHOM

s/¢%%  (B3BelleHHOM) CJIoe AKTHBHOTO HJa,

Puc. 39. 3aBucuMocTb HioBoro mu- ~ HallpHMEDP, aSpOTEHKH-OCBETIHTE/NH.
JleKCa OT Harpy3KH Ha HJ MO CyXo- Pe3sko mnoBbILIeHHbIH HJOBbIf HH-
My BellecTBy: IeK¢ B quana3oHe Harpysok 0,6—2 e
a — JAnana3oH npounecca MoJIHOro oKHcJe- BnKsle . Cym 06'bfiCHﬂeTCﬂ pa3BH'

HUsl; 6 — [AManasoH CPeflHHX HAarpysok; .
6 — AualasoH npolecca CO «BCINyXUIHM» THEM HHTYATbIX 6aKTepm4 B aKTHBHOM
HJIOM; @& —— BBICOKOHarpyKeHHbie npo-
uecch. wie, 1J1s1 XKHU3HeNeATebHOCTH KOTO-
PBIX 3TOT AHMaNa3cH Harpysok ONTH-
MaJsieH. lockosbKy HHUTUaTble GaKTepHH SIBJISIOTCS! XOPOIUHMH OKHCJIH-
TeJSAMH, B3BELUEHHBIH CJIOH BHINOMHSIET, KpoMe QYHKUHH pasnesieHHs
CMeCH, TaKxe (YHKIHIO peaKTOpa-OKUC/HTEIS.

BTopHuHbIe OTCTOHHHMKH, paccMaTpuBaeMble Kak HeOoTbeMJ/eMas 4acTb
KOMIlJIeKca GHOJIOrMYecKOoH OYHCTKH, COBMECTHO C a9pPOTEHKaMHM olpe-
IeJsIOT ONTHUMAJbHBIA JuanasoH paGouMX KOH- gy sfeen
IeHTpalUMil aKTHBHOIO HJ/1a, KOTOPbIH COOTBETCTBY- s

100

€T MHHHMYMY CYMMapHOro YzesbHOro o6beMa BCEero A
Komnaekca. Ha puc. 40 nmpeacrasneHbl pesynbra- 2% 7/
THl MNpocTefllllefl ONTHMH3alLMM, BbINOJHEHHOH MO 0 \\ J /
CyMMapHoMy oObeMy, OTHECEHHOMY K OJHOMY \ 72

LUHHY HJa B CHCTEMe a5pOTE€HK — BTOPH‘lelﬁ OTCTOMHHK: 50 L
| — 3aBHCHMOCTb YZAeJbHOro ofbeMa aspoTeHKa OoT pabouefi KOH- e d |

A
Puc. 40. T'paduk ans onpejesieHHst ONTUMa/NbHON KOHLEHTpa- 100N /
\

/

LEeHTPaUHH HJa; 2 — SaBHCHMOCTb yJeJbHOro o6beMa BTOPHYHOrO S~
OTCTOAHHKA OT KOHUEHTPaLHW MJOBOH cMecH; 3 — KpHBast, CyM- |
MHDpYIOLasi KpUBbie / H 2 MO OCH OPAHHAT. 2 ¢ 8 Supem

NpHUBEIEHHOMY JKMTEMIO .IJsi TOPOACKHMX CTOYHBbIX Boia. MHHHMYM
CyMMapHOro o0beMa OTHOCHTCS K [HaNasoHy KOHLEHTpauuit Hiaa
3—4 2/2 no cyxoMy BelecTBy (cM. KpUBYIO 3), KOTOpBIii peKOMeHaYyeTCs
NPHHUMATh B OCHOBY pacyera.

TakuM 06pa3oM OIpenensiloTCsi OCHOBHblE HCXONHBIE JaHHbIE AJs
pacueta — KOHIIEHTpalHUs aKTHBHOTO HJa M HJIOBbH HHIEKC H COOT-
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BeTcTBeHHO, KpuTepuii /S. Onnako Kpusasi Ha puc. 39 auib B o6WKX
uepTax ONHchiBaeT 3aBUcHMOCTb [ = f(p) B nManasoHe HHU3KHX CKO-
pocteil okucieHus. B nuanasone Harpysok Ha un 0,06—0,2 e
BIIK,/e-cym, B KoTOpOM MpPOTEKAIOT NPOLECCHl NOJHOIO OKHCJEHHS,

06 65040302 Wyy(’) ;;'00 !5 2253 4 56
4"’”3/”; i; @ _\\ \ % \ \
e/ BN
NI B e
| ”’9 3 \\ \\ \ 5\ \\\
T 10-
=z 1 L el m AR
L 92 4 6 8 S,A?/W R _-_\_ * \\\\
=SS 2 1, 3 NUAVAWAWY
‘ — RO
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a 1/ 23 5710 0 JOS 50320'
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Puc. 41. I'padux a5 pacyera OCHOBHHIX MPOEKTHBIX NapaMeTPOB BTOPHYHBIX OTCTOM-
HHKOB:

a — s onpefieJIeHns1 Harpysok; 6 — pas pacueTa BeJIHYMHb PEUUPKYAAUHH aKTHBHOroO HJa,

WJIOBLIH MHIEKC B LIeJIOM OTHOCHTEJNbHO HM30K, HO M3MeHsieTcs C H3Me-
HeHHeM Harpy3oK; 3TO H3MeHeHHe TaKXke OIHO3HAYHO H B JHana3oHe
CpelHeHarpyxeHHLIX NpPOLECCOB, AOCTHrasi MHHHMYyMa HJIOBOTO HHIEKCa
npu Harpyskax 0,3—0,4 e BIIK;/e-cym.

[NpakTHueckoe npuMeHenne ypasHeHus (105) wummoctpupyercs rpa-
¢uxamu Ha puc. 41.

[Tpumep. Paccuutath ¥ nogo6paTb BTOPHYHEIA OTCTONHHK K LHPKYJSIHOH-
HOMY OKHCJIMTeJIbHOMY KaHajy, paboTalolleMy ¢ KOHIeHTpaiuue# WIOBOH cmecH 4 xz/m®
u ¢ Harpyskoit Ha ua 0,152 BIIK;/e - cym, o6ycioBauBaiomel HJOBHIA HHIEKC
100 cam3/e (0,1 m3/x2). Ha puc. 41, @ NyHKTHDHBIMH JHHHSIMH OTVIOXEeHb COOTBETCTBYIO-
wHe aGCLUUCCEI H OPAHHATHI B PaBOf U J1eBo# HiKHeft yacTax. [Ipu BesnunHe KpuTepHs
IS =4 .0,1 = 0,4 cornacHo rpaduky Ha puc. 38 MakcuMa/ibHas THIpaBJHYecKas
Harpyska g = | #%/M2; OTK/IafbiBaeM STy BeJHYHHY Ha JIEBOi LIKa/je JIHHHH aGCuuCe
H MPOBOJAWM BepTHKaJIbHbIE IHHHH [0 MepeceyeHHsl ¢ JHHHAMH, COOTBEeTCTBYIOLIUMH HC-
XOJHBIM 3HAYeHHUSIM KOHUEHTPALWH HJia U HJOBOro HHAekca. TOUKH mepeceueHHs Aa-
JYT BeJIHYHHbI OGBEMHOH yIeJbHON CKOPOCTH MOTOKA H MacCOBOH Harpy3kH Ha OTCTO#-
HHK.

Ecau npuMeHHTb BepTHKaJIbHEIA OTCTORHHK C HHCXOASILE-BOCXOASIIUM ABHKeHHEM
MHIKOCTH C pacyeTHol «oXBaThiBalomeil» ckopocTsio 1 s/« (000 0,3 mm/c), sHaueHus
pacueTHLIX Harpy30K COCTaBAT cOOTBeTCTBeHHO 0,35 #3/m> - uu 4 k2/m?u.

Pexxum pa6oThi BTOPHYHBIX OTCTOHHHMKOB BO MHOIOM oOlpefesieTcs
CTENEHbIO PELHPKYJSUHH HIa B CHCTeMe a3pOTeHK—BTOPHUHBIA OT-
CTOHHHK. B cBolo oucpennb, s¢dekTHBHOCTE paboThl BTOPHYHOIO OT-
CTOHHHMKA Olpe/ie/IseT KOJHYECTBO HJa, HampaBJslolleecsi Ha KOHTAKT

135



C 3arpsisHeHHsIMH B a3pOTeHK, T. €. NpPsIMO BJIHSeT Ha (paKTHUYECKYIO
Harpysky Ha ui. Uem sdepekTrBHee paGoTaeT BTODHYHBIH OTCTOMHHK,
TEM Bblllle KOHLEHTpalHis BO3BPAaTHOrO WJa M TeM MeHbIUYIO CTelleHb
peLlHpKYJISILHH MOXKHO ONpelesIsiTh B pacuyeTe a3poTeHKa. 310 NO3BOJIsI-
eT yMeHbIIHTb 6a/acTHYIO THApPaBJHYECKYIO HarpysKy Ha Becb KOMII-
JIEKC, CO3/1aBaeMyl0 PeLHpKY/JIHPYIOLIHM pacXoioM HJa.
B3anM03aBHCHMOCTb BeJIMYMHBI PELHPKYJSLHH HJa, KOHIEHTpauuH
MJIOBOH CMecH B a’poTeHKe H KOHLEHTpalUH BO3BPATHOrO MJIa Tpej-
cTaBJleHa Ha pHuc. 41,6. 3Has pacueTHYIO KOHLUEHTPALHIO HJIOBOf cMeCcH
B a3poTeHKe M mnpeknoJaras 3¢¢eKTHBHOCTb ee YIJIOTHEHHS BO BTO-
pPHUYHOM OTCTOHHHKE, MOXHO pacCYMTaTh KOHLEHTPALHIO BO3PATHOrO
una. Hanpumep, onpenenuB no rpapukam Ha puc. 41,a yactb o6bema,
3aHuMaeMyio uyoM nocse 30 mun oTcTaMBaHMs (B HallleM NpHMepe —
0,4), paccunTbiBaeM KOHLEHTPALMI0 BO3paTHOrO MJa Mo GopMyJe

Sa.u = S/Wso; (106)
Sen=4-1:0,4=10 xe/m3.

[lo rpaduky Ha puc. 41,6 npu 3TOH BeNMYMHe KOHLEHTpALMH BO3-
BpaTHOro uJaa (ock aGcuMce) U PH KOHUEHTPALHH HIOBOH cMecH 4 ke/m®
CTeleHb pelHpKYJISUUH cocTaBJsieT okoJio 70%.

Ilna pacxona crounsix Box 100 x3/cym npu 70 %-Ho# peunpKyasiuuu
BO3BPATHOIO MJIa pacyeTHasl IJIOLaAb BTOPHYHBIX OTCTOHHHKOB COCTaB-
JsleT no cpenHeyacoBoMy pacxony (100 - 1,7) : (24 - 0,2) = 35,4 »2.
C yuetoM KoadpuuHeHTa yacoBoil HepaBHOMEepHOCTH 1,5 3Ta BeqMuHHA
Bo3pacTaer jo 53,1 m2.

IIpunumaem BepTHKa/NbHBIE OTCTONHUKH JHAMETPOM 4 M U IIOLIAAbIO
nosepxHocTH 12,56 m2. KosmuuecTBO TaKMX BTOPHYHBIX OTCTOHHHKOB
coctaButT 53,1 : 12,56 = 4 wr.

B Hamem npumepe ruppaBinyeckas Harpyska Ha BTODHUYHBIH OT-
CTOHHHK oflpeJieJieHa MO CYMMapHOMY pacXofy CTOYHOH >KHIKOCTH
H pelHpKYJsAiHOHHOro notoka. CooTBeTcTBEeHHO, KO3(pHIHEHT YacoBoi
HepaBHOMEDHOCTH [pPHHAT TOJBKO OTHOCHTEJBHO pacXola CTOYHBIX
BOL, a pacueTHas BeJIM4HHA 3TOro Ko3bdullHeHTa onpeneseHa AJis
CYMMapHOro pacXofia KakK CpelHeB3BellleHHOe 3HaueHHe

kuep.pacs = (Ruep * Qe.s + Qo.u)/Qems (107)

The Aueppace — pACUETHBIH KOI(ULHMEHT YacOBOH HepaBHOMEDPHOCTH;
kuep — KO(DODHLHEHT yYacoBoHl HepaBHOMEPHOCTH MOCTYIJIEHHS CTOY-
HbIX BON; Qs — pacxon CTOUHBIX BOA; Qs — PacXol BO3BPaTHOro
una (pelHpKYJIHpYIOLWHit pacXon); Qecu — pacXol CMeCH CTOYHBIX BOX
M BO3BpaTHOro HJa.

dakTuyecKoe BpeMs MpeCbiBaHMS MJIOBOH CMECH BO BTOPHYHBIX

OTCTOMHMKax B npuMepe 16 cOCTaBHT B Yachl MAKCHMAJIbHOTO MpHTOKA
oxoso 1,8 u.
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OGOPY/I0BAHHE COOPYXXEHHA ONA BHOXHMHUYECKO#H
OYHCTKH CTOUYHbIX BOA

ChcTembl nHeBMaTHYeCKOH a3paunH

IpoekTnpoBaHHe cHCTEM MHEBMATHYECKOH aspallMH OCHOBLIBAETCS
Ha JBYX YCJOBHSIX: HHTEHCHBHOCTH HaCBIUEHHS BOAbI KHCJODOILOM
¥ HHTEHCHBHOCTH TYpOYJIEHTHOrO pexuMa B Cpefe.

CronmocTb coopyeHHil OHOXUMHYECKOH OUYHMCTKHM CTOYHBIX BOJ
B o01e#i CTOMMOCTH KPYNHBIX OYHCTHBIX CTaHUHU cocTaBaser 33—35%,
a norpe6/iseMasi 3JeKTpo3Heprusi — okoso 70% o6liero KoJiHyecTsa,
NI03TOMY YCJIOBHE SKOHOMHYHOCTH a3pPAllHOHHOH CHCTEMbI HMEET OJHO
M3 BaKHeMIINX 3HaueHH{l B MPOEKTHPOBAHHH OYHUCTHHIX KOMILJIEKCOB.

Pacuer n oneHka 5KOHOMHYHOCTH IPOEKTHPYEMOH CHCTEMbl adpalluu
NPOU3BOAMTCA NpH TMOMOLIM CJEAYIOUIMX pacyeTHBHIX NapaMeTpoB:

€, — yJle/NbHbIE 3aTpaThl 3NEKTPOIHEPTHHU B K8m-4 Ha | Ke yHaJleHHBIX
¥3 BOAbI 3arps3HeHui, usmepsemerx no BITKj;

eq — yleJbHble 3aTpaThl 3JEKTPOSHepTHH B kém-4 Ha 1 m® o6palGa-
THIBAEMBIX CTOYHBIX BOJ;

Qo.ya — yHesqbHOE KOJMYECTBO NofaBaeMoro Bo3ayxa B M® Ha 1 ke
yAaJeHHbIX H3 BOABI 3arpsi3HeHuH, uaMepsieMblx no BITKg;

€« — YHeJbHbIe 3aTpaThl 3JEKTPOSHEpPTHH B K6m-4 Ha 1 K2 pacTBo-
pslolerocss B BOAe KHCJOPOAA;

OC — ckopocTh nopauu KHCJIOpOXa B Boay B 2/m34, XapaKTepHas
JJ151 KOHKPETHOTO BHa a3paTopa NPH pacyeTHOH IpOH3BOAUTENbHOCTH,

OC/N — >¢xpeKTHBHOCTb HCIIOJIb30BAHHS MOLHOCTH a3pHPYIOUIHUX yCT-
pOHCTB K2/k6m-4 (B (pU3MYECKOM CMBIC/IE 3TOT NapaMeTp SIBJASETCS Be-
JIHYHHOH, 0OpaTHOH €);

Qop — pacueTHOE KOJHYECTBO BO3AYyXa, KOTOPOE MOXeT MonaTh
TMHeBMaTHuecKHil aspatop, B #3/4 unn almun;

K — Ko3dduiHeHT HCNONb30BaHUS INOAaBaeMOTo BO3AYyXa, T. €.
KOJIMYEeCTBO KHCJIOpOAa, pacTBopsiomierocst u3 1 #® nomannoro posnyxa
a’paropoM, 3arayGJieHHbLIM Ha | m B Bopy, B 2/mM3m unu e/ mt.

ITapamerpel e, e, OC u K sBasiiorcsi HanGoJee yHHUBepeasbHBHIMH
LAS BceX BHJOB CHCTeM adpupoBaHusi, mapaMeTpsl Qap ¥ Qpyx TpHMe-
HSIOTCA TOJIbKO MpPH pacyeTe CHCTEM NHEBMaTHYECKOH adpaluH, a Ma-
paMeTp eq — TOJBbKO AJS OLEHKH 3((PeKTHBHOCTH adpalHOHHOM CHCTe-
MBI B 2a3pOTeHKaX KPYNHBIX FOPOACKHX CTaHIHH.

B uHXKeHepHBIX pacueTax HauGoJsiee 4acTo ynoTpeGisieTcs MapaMmeTp
OC, Bblpaxkaloliuil CKOpoCcTb NepeHoca KHCJOpPoia B BOLY, KOTODYIO
NpHBOAST K BeJiMuuHe pacTBopuMocTH npu teMneparype 10°C. Tak xak
pacTBOpHMOCTb KHcjopofia B uuctodi Boge npu 10°C  eocraBaser
11,33 2/m®, dopMyna aas Boipaxenus OC umeeT BHA

0C = Cotra = 26,1 )/ B L1g 227

* OGo3HaYeHHe COCTAaBJEHO W3 HayajbHBIX GYKB aHIIMACKHX clIoB oxygenation
capacity — xuc/JopofiHasi MPOM3BOAHTENBHOCTb, HO HHOTZA ero TPaKTYIOT KaK CoYeTa-
HHe MepBhX GYKB PYCCKOrO TepMHHA OKHCJIHTeJbHast COCOGHOCTb».
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Tonpapounsti Kosdpdunuent V k/k,, yunroiBaownit pasiauune Aud-
(Y3MOHHBIX KOHCTAHT NpH pasHbIX TeMllepaTypax, OIpeje/sercs MO
saBucumoct  V kylk, = 1,038"° =1y npusenen B Tabn. 47.

Ha ocHoBaHuuW 060061IeHHs JUTepaTypPHBIX AaHHBIX H PYKOBOACTBYSChH
pesyJbTaTaMH 3KCIePHUMEHTAaNbHBIX HCCJEI0OBaHHH, INpOBENEHHHIX B
HUKTHU TX, okucaurenbHas cnoco6Hocts OC  pas/MUHBIX BHIOB
NHeBMaTHYECKHUX a3PaTopoB OLEHHBAeTCs CAefylouuM obpasom Ha 1 u?

Ta6auua 47. Onpegenenne akrtopa V ky/ky B 3aBHCHMOCTH OT TeMnepaTypbi
uamepenus T [54]

Te, C 0,0 0,1 0,2 0.3 0.4 0.5 0.6 0,7 0,8 0.9
3 1,0977 1 1,0957 | 1,0936| 1,0916| 1,0896] 1,0875| 1,0855 | 1,0835] 1,0815 1,0795
6 1,0774| 1,0754| 1,0734| 1,0714| 1,0694 | 1,0674| 1,0655| 1,0635| 1,0615 ’

7 1,0575] 1,0556 | I, 1,0516 | 1,0497 | 1,0477| 1,0458 | 1,0438| 1,0419 1,0399
8 1,038 | 1,0361| 1,0341| 1,0322| 1,0303| 1,0284| 1,0265| 1,0245] 1,0226 1,0207
9 1,01881 1,0169| 1,015 | 1,0131 | 1,0113| 1,0094| 1,0075| 1,0056| 1,0037 1,0019
10 0,9981 0,9944 | 0,9926| 0,9907 | 0,9889| 0,987 0,9852 0,9834
1 0,9815| 0,9797| 0,9779| 0,976 | 0,9742| 0,9724| 0,9706| 0,9688 | 0,967 0,9652
12 ,9634 | 0,9616 | 0,9598 | 0,958 | 0,9562| 0,9545| 0,9527| 0,9509{ 0,9491 0,9474
13 0,9456 | 0,9438 | 0,9421 [ 0,9403| 0,9386| 0,9368| 0,9351 | 0,9333 | 0,9316 0,9299

24 0,7702 0,7688 0:7674 0,7669| 0,7646| 0,7631 | 0,7617 | 0,7602] 0,7588 0,7574

asparopa, e/m-4: Mesnkonyswipuathie 50—70; cpeaHenysbpyaThie 30—
50; kpynHonysbipuathie 40—50.

DbPeKTHBHOCTb HCMONb30BaHUS MOLIHOCTH a3PHPYIOUHX CHCTeM

cocraBasier 1—1,5 ke Op/x6m-u, a ynejbHble 3aTpaThl 31€KTPO3HEPTHH
Ha eAMHHIY KOJIHYeCTBa 06GpabaThiBaeMBIX CTOKOB (Al TFOPOACKHX
CTOYHHIX BO#) eq = 50--80 em-u/md.
- B CCCP npumeHnsiorcs Me 1 KON Yy 3 b pYa T bl e NHeBMaTHUECKHE
a’paTopsl — (UIbTPOCHBIE MUIMTHI, MOPHUCTHE TPY6HI AHameTpom 120—
300 mm u mopoJuToBble TPYGKH KuameTpoM 0 80 mm, TKaHeBble a’pa-
TOpLl, @ TaKXe CpPeJHeNy3 K pyarThl e asparopsl — nepdopu-
poBaHHbIe TPYGHI, mIe/eBble a3paToppl HK pyNMHON Y 3bipYaThH €
a’spaTophl B BHAE OTKPHITHIX CHH3Y TpYO.

Kepamuueckue aspaTophl — (UJIBTPOCHBIE MJIHTH H NOPHCTHIE TPYOH
U3roraB/uBaloTca ¢ pasMepamu mop 60—120 mxkm W npm mnpousso-
autenbHocTH no Bo3ayxy 30—100 x#%/m?s« o6nanalot conpoTHBJ/IEHHEM
150—300 mm 6. cm. TxaneBnie aspatophl (apTuxyasl 56007, 56026)
06/1aJal0T TAKMMH Ke NapaMeTpaMu, HO Mpolle B MOHTaxKe M 3KCIJya-
TalHH.

[NeppopupoBanHble TpyGKH C OTBepCTHAMH KHameTpoM 2—2,5 mm,
mar 100 mm, o6nagaoT MeHbLIeH OKHC/IMTENbHOH MOLUIHOCTBIO H MeHb-
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Ta6auua 48. TexHnueckas xapaxTepicTHKa MHEBMATHYECKHX a3PaTOPOB

Aspartoph
opuarie na | CPeANemysspuamie | KRG TSP
OGo3navye- = =
na;::)"n:er- EQuMHHLA H3MePEHHs 8 ,,3;‘3:,‘?3',, oL 8
bos 3 g
BOAB! i 5 « £ | soam ‘:
)
§ F: EE: B
K 2f/m3m 12 1 85 1 55| 9 7,5 6 4,5
OC/N keQ,/K8m-4 221151 14| 1,1 1,8] 1,5] 1,2 0,9
oc 2/M3-y 60 | 54 | 40 | 36 | 80 | 70 45 38
Quya m8/keBIIK, — |1 356| — 85| —1]7 - €5

UMM COMPOTHBJIEHHEM H NPHUMEHSIOTCA B COOpYXeHHAX, Ille Tpebyercs
MeHbllass BenuunHa Qpy;, HanpuMep, B a3pOTEHKaX-OCBETJIHTE/NSX.
EcJiy 119 MeNKOnyshlpuaThiX a3paTopoB Qpyx = 45--60 #3/ke BIIK,,
TO JJsi CpelHeNys3blpuaThiX, [pHMEHSeMBIX B adpOTEeHKaX-OCBETJHTe-
JsX, 3Ta BeJUYHHA COCTaBJ/seT

30 M3/ke, TaK KaK a’pPOTEHKH-OC- g 3
BeTJIUTENH  TpeOylOT MeHbIIEro 3
yIeqbHOTO pacxola BO3ZYXa. % S~y ¥

KpynHonysnipyaThle  a3paTopbl ol X
NpUMEHSIOTCH B TNpeadparopax H
YCpPeAHHTEIAX H B OCHOBHOM CJy-

XaT s NepemelunBaHus 6ap6o- or
THPOBaHHeM. S

KpurepusiMu ans BhiGOpa TOrO )
MM HHOTO THNA NMHeBMaTHYeCKHX
a’paTopoB MOTYT CJYKHTb OCHOB- S0
Hple MX YJAeJbHble XapaKTepHCTH- w0
KH, NpuBeleHHble B Taba. 48.

CymecTBylomue MeTofsl pacwe- WL Hlodida
Ta a3OTEHKOB C IHEBMaTHYecKoH 7|5] 8 o
aspaunmell JOCTaTOYHO TOYHO IIO-
3BOJISIIOT  ONpPENEeNHTh HHTEHCHB-  pyc, 42, HomorpaMma ans pacuera cHCTeM
HOCTh a’pald W pacXol BO3MY- aspauuu no Merony Mionsepa-Hoitxaysa:
Xa. BbiGop Tuma aspaTopa ON- @ — KpynHONy3mpuaTod; 6 — CpeAHenyswp-
penenﬂemﬂ KaK THIOM a3pOTeH- 4aTofi; 6 — MEJKONy3hnpuaroH.

Ka, TaK H HeoOXONHUMOH HHTeH-
CHBHOCTBIO a3paiHH.

Tak HasbiBaembiii MeTol Miosepa-Hoiixaysa [53) mossosser npo-
BepuTb HMHTEHCHBHOCTb a’pallid TO BeJHYHHe KO3(ppHiHeHTa HC-
nonb30BaHMA BO3lyXa, T. €. MNo BblOpaHHOMY THIY aspaTopa
(puc. 42).

T
‘/N ™ 9%
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Ha neBoit BepTHKa/NbHOH OCH HOMOrpaMMHl OTKJ/AfbIBAIOT BeJIHYHHY
3afjaHHOTrO 3peKTa OYHCTKH M COEJMHAIOT NPpAMOH 3Ty TOYKY C BeJsH-
YHHOM KOHIEHTpalHuH 3arpsisHeHuii Ha npasoii ocH. OT TOYKH nepece-
yeHHsl 9TOH NpsMON cO cpefHeHd OChIO NPOBORAT MNpSAMYIO, Napaienb-
HYI0O YKa3aHHbIM MO HOMOrpaMMe HaKJOHHbIM MpSIMBbIM JIHHHAM, IO Ne-
peceyeHHst ¢ OpAHHATOH, MOXHATOH OT 3HaueHus Kosdpduuuenra K Ha
FOPU3OHTA/NTLHOH OCH BHH3Y HOMOrpaMMbl. Ty TOYKY MNepecedenHs Mpo-
elUPYIOT Ha CPEJHIO BEpPTHKANbHYIO OChb M HAXOAAT HA Hell BEJTHYMHY
MHTEHCHBHOCTH a3palHy JJIsl NPUMHATOrO THNA [HEeBMaTHYECKHX a’pa-
TopoB. Ec/IH ocb MHTEHCHBHOCTH adpallUH MepeceKaercs ¢ FOpPU30HTab-
HOH OCBIO B TOYKe, COOTBeTCTBYIolleH Benndnne K-6 e/m*, T. e. KpymHo-
ny3blpyaThIM a3paTopaM, 3TO 3HAYHMT, YTO BEeJHYHMHA HHTEHCHBHOCTH
a’spalli{ OmpejeNsieTcss cpasy B TOYKe MNepeceyeHHs JIHHHH Mexay
u L, c ocblo MHTEHCHBHOCTell a’spaluH.

Ip ume p. [Tpn ucxoproit KoHueHTpauuu sarpssuennit BITK,, 200 2/#3 u 3apau-
HoM 3bexTe OUMCTKH 95% HMHTEHCHBHOCTb a3pallMM MeJKONY3LIPYaTHIMU a3paTopaMH
COCTa/BJIﬂeT 7 M3/M3, cpemuenysnipuaTeiMu — 10 3/mM3, ~KpynHOMYSBIPYATEIMH —
14 #3/m8.

MenkonyseipyaTas u cpeHenysbipyaras aspauuu 6oJiee 3KOHOMHUHBI
He TOJIbKO [0 OKHCJIMTEe/IbHO CNOCOGHOCTH, HO M C TOYKH 3peHHs Nepe-
MeUIWBaHHs cpefbl.

OnrumanbHass ray6GHHA NOrpyxeHHs ajpaTopa, HAIOIIEr0 MesKHe
nyssipu (auametrpoM okono 2,0—2,2 mm), coctaBasier okoso 3,6 a,
npHyeM B MOMeHT o6pa3oBaHMsl My3blpbKa MNEPEHOCHTCS B KHIAKOCTb
25% obuiero KosMyecTBa pacTBopsiollerocs Kucaopopa. CnenoBarenb-
HO, IJsi NHEBMaTHYeCKOH aspaliH HauboJiee SKOHOMHYHBI a3pPOTEHKH
ray6uno#t 3,5—4 M c MeJKo- MM CpelHeNy3hIpYaTbIMH a’paTopaMH.

BeiGop THna asparopa 06ycJIOBNHBaeTCH TOJIBKO NOTPEGHOCTHIO
B KHCJIODOAE, a NpaKTHYECKH — KOHLeHTpauueii sarpssHeHuit. Ilpu
TNOBbIIEHHBIX KOHUeHTpauusx 3arpsasHenust (BITK,, Gonee 300 2/m3)
peKoMeHJyeTcsl MPHMEHSITh MeJKONYy3blpyaThle a3paTopbl, a NpH MeHb-
IIMX — CpefHeny3blpyaThle, y KOTOpbIX TOTepH Hamopa BO3AYyXa
MeHblle.

OnpenesieHHoe 3HayYeHHe B BHIGOpe THNA IHEBMAaTHYECKHX a3paTopoB
umeeT ¢opMa aspauHoHHOro bGacceiiHa (reoMeTpHsi aspoTeHka). Bbibop
THIAa a5palMOHHOH CHCTEMBl B CBSI3M C MpPeNJIOXKEHHOH IKaJoH TeXHOo-
JIOTHYeCKHX MOLHpHKaLH# NpoleccoB 6UOXHMHUYECKOH OUHCTKH CTOYHHIX
Boll 00YcJ/IOB/IMBaeTCsl HaMpPSXKEHHOCTbIO MPOLECCOB M THIAMH a3po-
TEHKOB, OTBEYAIOUIUMH onpefeseHHoN Mopupukaunu. Ecam npouecc
BLICOKOCKOPOCTHO#, CJIefyeT NpHHUMATh CHCTEMY a3palHi H reoMeTpHIO
a3poTeHKa, obecrneyHBalolllHe MaKC HMaJIbHYIO CKOPOCTb NepeHoca KHCJIo-
pona. Ecan npouecc okuc/ieHHsi 3arpsi3HeHHH aKTHBHBIM HJIOM TIpoO-
HCXOIHT C MaJbIMH CKOPOCTSIMH, a’3palHOHHAsl CHCTeMa, NpH HOCTa-
TOYHOM HAaCBIEHHH KHCJIOPOAOM, JoJKHA obecrneyuBaTb MO MEHbILEH
Mepe NojJepKaHHe HJa BO B3BELIEHHOM COCTOSIHHH (N1HOO B3BelIHBAaHHe
TICEBIOOXKHAKEHHOrO CJIOSi B a3POTEHKaX-OCBETJIHTENSAX), T. €. MOMKHO
NpUMEHATb CHCTEMY CpeHenysbipyaroft aspauuu. Ecau ke npu HU3KHX
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CKODOCTSIX Tpolecca OKHC/IEHHA HeoOXoaumo obecmedutb Tray6Gokoe
€ro npoTekaHue (C MHHepaau3allMed MJa, B YAaCTHOCTH), C/IEAyeT yBe-
JIMYHTD TOJIKO MePeMEeILHBAIOLLYI0 CIIOCOGHOCTb COOPYKEHHUS B LIE/IOM,
4TO value Bcero obecrneyHBaeTcs reoMeTpuel aspoTeHKa.

BelcokockopocTHBle Mpollecchl, a TaKXKe MNpouecch, Tpebyoulye
Gosbiuyto r1y6UHY MX NMPOTEKaHHs, AIA KOTOPHIX HeoGXolMMa 3HAYH-
Te/bHas cTeneHb TYpOYJEHTHOCTH CpeIbl, OCYIIECTBJAIOTCA B a3po-
TEHKaX ¢ MeXaHMYECKHMH a3paTopaMH; ecJM NpPH 3TOM KOHUEHTpALHs
3arpsisHeHHi BbICOKA U TpebyeTcs He TOJNbKO BbICOKAast CKOPOCTh I101auH,
HO M 60JIbllIoe KOJIHYECTBO KHCJIOPOAA,— CHCTEMaMH C THEBMATHYECKO#
asparme.

CucTembl MexaHH4ecKOi aspalnu

MexanuueckHe aspaTopbl paclpoCTpaHEHbl B MpPAKTHKE OUYHCTKU
CTOYHBIX BOJ JAOBOJIbHO IIMPOKO. CymecTBYIOT JBa OCHOBHBIX THIA
MeXaHHYeCKHX a3paToOpOB — C BEPTHKAJbHOH U FOpPU30HTAJBbHOH OChIO
BpaIleHHs.

Aspartopb c BepTHKAaAbHON OChIO BpPameHHus
MOTYT GbITb MOBEPXHOCTHBIMHM H 3arJyG/IeHHBIMH B JKHIKOCTb; 110 BHAY
MeXaHH3Ma a3paliu OHH PAa3leNfAloTCs Ha TYPOWHHBIE, HMIEJJIEPHbIE
M cTpyiiHple. A3paTOoOph C TOPHU3OHTAJNbHOHN OCHIO

MexaHHYeCKHe a3DPaTOpHI

C BepTHKaJLHOH OCbIO C ropusoHTaMLHOA OCbIO
BpaLLeHHsA BpallleHHs
R B —
| | | 1
[ToBepx- 3aray6aen- PotopHrie Memanog-
HOCTHBIE Hble noBepx- Hbe
‘ ‘ HOCTHBIE
| _ \ | |
Crpyit- Hmnennep- | | '
TypGunRbIe Hbte TypGunHLie Hbe '
l = -]
l | | 2 § 2
——d g
| | | | | | Qx =X
e = =
- Lo . ) £3 5B
v E %= § ] 9] § 8 E R
- 8 2 g5 E =B =i
o 8 9 v S = S =
% & . e ||z 2 os OE
\§ T =% =S X =
Sl 51| g 1l85||8s!|8 ||3
=) g @ g = 9 5 Q K a
=] S a ¢s EE 25122 JacCHOHKALHA MeXaHHYe-
U
=t s 8 o8llog|log||og]| cxux asparopos
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BpalleHH A CyWeCTBYIOT IOBEpXHOCTHEIE (POTOPHBIE) H Mellla/I0YHbIE
(cM. cxemy).

MexanusM npoiiecca a3pHpoBaHUsi BOABI B PACCMAaTPHBAEMBIX CJIy4asix
MOXKHO pasfleJIHThb Ha CJefyloLIHe BHIBL:

noacoc BO3AYXa ABHXKYLIEACHA B XKHIKOCTH JIOMAaTKOH 4epe3 MmoBepx-
HOCTb 32 CYET NMOHMXKEHUS JaBJeHHs 3a JIONATKOii;

Puc. 43. TexHosornyeckHe cXeMbsl MeXaHHYeCKHX a3paTopOB:

a — ueHTpo6Gextble TYPOHHHbBIE MOBEPXHOCTHHE; 6 — pajHaljibHOOCeBOR TypGoasparTop; < —
oceBofl; ¢ — 3arayGJeHHB TypOUHHBIH MeXaHHUecKHfi; 0 — TO Ke, NHeBMOMEXaHHYeOKull;
¢ — HMNeJJIepHbR C NMJIOCKHM AHCKOM; % — HMNeJJIePHbI ¢ O6GbeMHLIM THCKOM; 3 — pulop-
Hbfl ¢ YrOJKOBBIMH JIONaTKaMH; 4 — POTOPHBIA C NJIOCKHMH JIOMAaTKaMH; K — MelIaJIOYHbIH.

HaCblleH He KUCJIOPOAOM MHOTOYHCJIEHHBIX CTPYH U KamneJb XKHIAKOCTH,
o6pasylomuxcsi NpyH pasépHI3rUBaloOIEM 1eHCTBHY MeXaHHYeCKOro aspa-
TOpa H MM HUX 6OJIbIIYIO MOBEPXHOCTh KOHTAKTa C BO31YXOM;

CMellleHHe MHIKOCTH M BO3JyXa B MEXJIOMACTHOM IPOCTPaHCTBe
a’paTopoB B YCJOBHAIX Pe3KMX MepenajoB NAaBJeHHN MeX1y 30HaMH
TIOBBILIEHHOTO M MOHUKEHHOTO 1aBJIeHHsI COOTBETCTBEHHO Mepel IABHXKY-
IIUMHCS JIOMAaTKAMH U 33 HHMH,

MOICOC BO3AyXa CTPYSIMH KHAKOCTH, MajalolMMH HJH BBOLHUMBIMH
B Maccy KHIKOCTH;

pacTBOpeHHe KHCJIOpoia yepe3 oOMeHHBaloIUecs CJIOM MOBEpXHOCTH
JKHIKOCTH NMPH ee TypOyJEHTHOM NepeMelIHBaHHH.

Pasnuunbie BHabl aspaTopoB paGoTaloT ¢ NpeoGaajaHHeM TeX MM
MHBIX BHJOB MeXaHM3Ma a3palHu JuH60 npH UX codetaHuH. TexHoJo-
THYeCKHe CXeMbl MeXaHHUYeCKHX a’paTopoB NpHBeJeHb Ha puc. 43.

AspupoBaHue H/IOBOH CMeCH LEHTPOOEKHBIMH TYpOGHHHEIMH a3paro-
paMH OCYIIECTBJsETCS 3a CYeT MOACOCca BO3AYXa BCJeN 3a ABHXKYINEHCS
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Jonartkoii. PaauasbHO-oceBble MOBEPXHOCTHBIE a3paTOphbl PasGpbI3ru-
BalOT BEPXHHE CJIOM XKHIKOCTH, HO TaKe NpPOSABJAIOT MPH 3TOM CBO-
cTBa pabouero KoJjeca IMO0JyaKCHAJbHOIO Hacoca H MepeMeLIMBaiOT
XKHIKOCTb, CNOCOOGCTBYSI peaspauuy 4yepe3 MOBEPXHOCTb.

Ocesble aspaTopsl pabOTalOT KaK BHHTOBBIE HAcOChl, MOJAHHMast
Macchl XKMAKOCTH BBEpX M HAmpaB/ssi UX ClelHa/bHBIM KPHUBOJIHHEMH-
HBIM KO3SBIDbKOM OGPAaTHO B KHAKOCTb B BHAE LHUJIHHIPHYECKOH CTPYH,
KoTopasi mofcackiBaeT Bo3yx. Kpome 31oro, 3a cueT oueHb HHTEHCHBHOTO
nepemMellNBaHHsA OCYHIECTBJSETCS pea’dpauusi yepe3 MOBEPXHOCThb KHI-
KOCTH.

3arsy6eHHble TYPOMHHBIE a3paToOpbl 3aCachiBAOT BO3LYX ABHXKY-
IUMHUCS JomaTKaMu BepxHeH TYpOWMHKH, NpPHYEM BO3LYX MNOCTYHaeT
uepe3 OTBEPCTHA B JHCKe 3TOH TYPOHHKH B MEXKJOMAaTOYHOE MpPOCT-
PaHCTBO — BOPOHKY, CO31aBaeMyi0 BpameHueM TypOuHku. Huxuss
TYypOHHKA 3a CYeT MOHHKEHHS NaBJeHUs BIOJb OCH BpalleHUs YrayoJs-
€T BOPOHKY JO HHKHHX CJIOEB KHUIKOCTH U CNOCOOGCTBYET TeM CaMbiM
NiepeMellIeHHI0 BO3Jly XOHACHIEHHbIX MacC 2KHAKOCTH B HIKHIOIO 30HY
Gaccefina, T. e. Hau6oJiee MONHOMY HACHILEHHIO KHCJIOPOZOM BCETO
aspupyeMoro obbema.

3arny6ieHHble TYpOUHHBIE a’3paTopbl MOTYT 060pYAOBAaThCS JIO-
NIOJIHHTe/IbHOH MHEBMAaTHYECKOH CHCTEMOH a3paliM; TOTAa OHH BbINOJ-
HSIIOT POJib MEeLIaJIOK, ApHYeM HIKHAA TYpOUHA CJYKHUT JHUCHIEPraTopoM
BO3JyXa.

HmnennepHbie aspaTopbl ¢ MJIOCKMM IHCKOM YCTPOEHBl TaK, 4YTO
30Ha MOHMXEHHOTo JaBJjeHHUs BOJIM3H LEHTpa JHCKa coobliaercs cre-
nHanbHoOi Tpy6oi ¢ aTMocepoll Haj MOBEPXHOCTBHIO KMAKOCTH, NpPH
9TOM BaJl, Ha HIPKHEM KOHLle KOTOpPOro YKpelJieH AIHCK C JoNaTKaMy,
NpoXoauT BHYTpH Tpy6hl. [Ipu BpaimeHuu aucKka co3naeTcsi NoH WXKEHHOe
JaBJleHHe BHYTPH TpYOHI, 06YycCJ/IOB/IMBAIOIIEE MONCOC BO3AYyXa M3 aTMO-
cepel. B MexJionmacTHOM NpOCTPAHCTBE AMCKA NPOHCXOAHMT NpobieHue
NOTOKAa BO3AYyXa 3a CYeT MNYJAbCHPYIOWIETO INepeMeIleHHsl KHAKOCTH,
or6pacbiBaeMoii JionaTKamMu. BonoBosayiiHasi cMecb BXOAMT B XKHIKYIO
cpeny 6acceliHa, HachIas €€ KUCJOPOIOM.

MmnensiepHble aspatopsl ¢ MOJMBIM OGBEMHBIM JHUCKOM, B KOTOpOM
JonaTku («3yObsi») pacmosiaraiorcst Mexay ABYMs IJIOCKHMM AMCKaMH,
HMeIoT MOoJbIH Baj, BHYTPEHHSIA MOJIOCTb KOTOPOrO COeXMHeHa C TMo-
JIOCTBIO IMCKa M aTMoC(epoll HaJ NMOBEPXHOCTBbIO XKUAKOCTH. MexaHusm
a3pHpoOBaHES B 3TOM cJjyyae TaKoH ke, KaK Yy a3paToOpoB C MJIOCKHM
JIHCKOM, HO CTelleHb Apo6JeHHsT BO3AYyXa ellle BhIIE 32 CYET TaK Hasbl-
BAeMOro fiBJIEHHs1 MSTKOH KaBHTallHH.

Beicokasi cremenb ApoGaeHHst BO3fyXa B MEXKJOMACTHOM NPOCT-
PaHCTBE HMIEJJIEPHBIX a3paTopoB 06YCJOB/JIMBAET HHTEHCHBHOE HAChI-
IIeHHe BO3AYXOM II0TOKa, OTOpachiBaeMOro B Maccy a3pHpyeMoro
o6beMa KHAKOCTH. IDTO CNOCOOGCTBYeT MOBBIEHHIO KO3(pdhHIHEeHTa
UCMOJIb30BaHHUA BO31YXa, HO MOTOK BOJOBO3AYIIOH CMeCH, HMEIOIIUH
MeHbIIYI0 IJIOTHOCTb, 06j1afaeT ¥ MeHbllel KHHeTHYeCKOH 3SHepruef.
[NostroMy uMmesIepHBIe a3paTOpBl MPUMEHSIOTCSI B a9pOTEHKAX MaJjioi
NIPGU3BOIHTENBHOCTH.
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Potopurle aspaTopbl 06ecneyuBalOT MOACOC BO3AYXa ABHAKYUIMMHCS
JOTMaTKaMH H 00pasyioT NMpU BBIXOAE M3 BOABI CTPYH M Kamau XKHI-
KOCTH, UMelouiie GOJbIIYIO MOBEPXHOCTb KOHTAKTA C BO3LYXOM M yBJje-
Kaiollye BO3AYX NpH MajeHUH B KHUAKOCTb. KpoMe Toro, XuaxocTb
MHTEHCUBHO nepeMeinuBaetcsi. [lo3ToMy nsisi pOTOpHBIX a3paTopoB
XapaKTepHO MHOTOOGpa3He MeXaHM3MOB a3palluH.

Memwa/ioynble a3paTOpbl HACHILAIOT KHAKOCTb KHCJOPOAOM MpPEUMY-
IIECTBEHHO 33 CYET MepeMelIHBaHUs cpelbl H OGHOBJIEHHSI TIOBEPXHOCT-
HBIX MacC JKHAKOCTH, T. €. MyTeM peadpaluH.

Ta6nnua 49. TexnosorHyecKHe napamMeTpsl UEHTPOGEKHHIX TYPSHHHHIX
MOBEPXHOCTHHIX aspaTopoB (ray6uHa morpyxeHus aucka 8—10 cm) [11]

Jlomactu n oc
oTpe6-
JHuamerp Yacrora JseMas
nucKa, m | BPALCHHA, | yonuye- Mou-
M/c cTBO, wr. | ANHHA, CM | BBICOTa, CM | yoory kgrm Ke/cym Ke/4
0.5 3,5 8 14 10 1,2 80 3,3
0,7 3,5 10 17 10 2,4 170 7,1
1 3,5 12 21 13 3,4 230 9,6
1,5 3,75 16 25 14 7,5 550 22,9
2 3,95 18 30 15 11,8 800 33,4
2,5 4,25 18 37 18 18,2 1250 52,1
3 4,5 24 35 17 26,5 1860 77,5
3,5 4,6 24 41 18 38,5 2600 108
4 4,76 24 47 20 52,6 3500 145,6
4,5 4,95 24 52 22 75 4900 204
Npumeuanne B rabiune npusefesbl JauHble 11 BOAONPOBOAHON BOAK! NIPH MOJHOM
npebnnnre Kucopoaa. [N peasbHBIX yCJOBHH (TOPOACKHE CTOYHBIE BOABI) BesHuuHy OC cle-
JlyeT yMHOXaTb Ha KoahdHiuHeHT 0,8 H Ha peasibHyIO BeJMUUMHY AeHIUTA KHCJAOPOAA.

OcHOBHBIMH MapaMeTpaMH AJIsl pacueTa CHCTEM MexaHHYeCKoii aspa-
MU SIBJSIOTCS MPOU3BOAMTENBHOCTh MO Kucjopopy uau OC u mor-
pebisieMast a’3paTopoM 3Heprusi B a6GCOMIOTHOM HJIM OTHOCHTEJNbHOM
3HayeHUsiX. KpoMe 3Toro, cienyer mpuHMMaTb BO BHHUMaHHe 0GbeM
JKHJAKOCTH, B KOTOPOM ofbecrneyuBaercsi HeoOxoguMasi TypGy e HTHOCTb.

Pacuer ieHTpPoGeXHB X TYpG6G HHHB X MNOBEPXHOCTHHIX
a3p4TOPOB PEKOMEHAYETCS MPOH3BOAHTb, MOJb3YSCh AAHHBIMH HCCJle-
noBaHHH MOCKOBCKOTO HHXKEHePHO-CTPOUTENBHOIO MHCTUTYTa, NMpH-
BeleHHbIMH B TabJa. 49.

PanumanbHo-0ce BB € a3paTopbl OTHOCUTENBHO MIHPOKO pac-
NpOCTpaHeHk! B MUPOBO# nmpakTuke («CuMmmieKe», «CuMkap», «Cusesus»
u apyrue) u paspabateiBaiorcss B CCCP.

OceBnie (CTpYy iHB€) aspaTopbl pacmpOCTPAHEHB! B MPAKTHKE
MaJo; u3BecTHH aspaTopsl «['uapoxe» u «Aksanatop» (CILA), o6nagato-
mHe 3(peKTUBHOCTBIO UCMOJb30BaHHS MOLIHOCTH B mpejenax 2—3 ke
O,/x6m-4, T. e. He HMeIOLIHE CYIIECTBEHHbIX TEXHOJOTMYECKHX MpEeU-
MyLIeCTB MNepei APYTHMMM BHJAaMH a%paTopoB C BepPTHKAaJbHOH OCbIO
BpalIeHHUs.

Garny6aneHHbe TYpG6GUHHDBI e MeXaHHYecKHe aspaTophl
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paspaboranst HHKTU TX M)KKX YCCP B xByx TumopasMepax: is
FJYGHHBl a3pOTeHKOB 3—4 M 5 M — COOTBETCTBEHHO THIIBI a3paTopoOB
TA2 u TAIl (ta6a. 50). Kpome storo, JlenHWMHW xummawem paspaGorannl
BcachiBalomue ABYyxpsimuble asparopel Tuna ABJII (OCT 26-01). 3ona
JeficTBUsi Mo o6beMy asporeHKa aspartopoB TAl cocrasiasier 1000 a2,
TA2 — 400 x3.

[THeBMoMexaH HYeCKHe a3paTopbl IPUMEHSIOTCS B TEX cayYasnX,
KOrZa Hapsilly C HeoOXOAMMOCTbIO MHTEHCHBHOTO MNepeMellUBaH Hi

Ta6auua 50. Texuonoruyeckue napameTpsl MEXaHHYECKUX H NHEBMOMEXaNHYECKHX
a3paTopoB ¢ BEPTHKAJLHOH OCHIO BpaleHus

JHuamerp MomHocTb,
TypOHH, M Kem
y .
Tun ap:&z?;;. g r?e?-; ,(g,‘,‘;{,ﬁ', 4|  PaspaboTunk
ﬁ:» = nMje g norpe6-
® ; E « | 7Remas
2 g B
TAl 1108 7,06 40| 36,6 80 2,19 | HUKTHU I'X
TA2 08 | 0,4 5,65 17| 10,6 30 2,83 | To xe
ATIM-17-4 | 09| 0,9 2,2 17 30* 54 1,8 OCT 26-01
ATIM-40-5 | 1,1 | 1 2,17 40 52* 110 2,12 To xe
ATIM-75-5 | 1,3 | 1,15 2,17 40| 92* 190 2,06 »
AW-Im |0,2150— | 10,5— |5,5(2,8—4,4/,6—8 | 2,14— | HUKTU T'X
0,32 15,5 1,8
C-16 0,26— 13—16 2,2—4 | 45— 2,1— | UXO AH
0,32 10 2,5 JIarCCP
INpumeyanne, 3Be3noykoll 06o3HaueHHl NpeariosiaraeMsie BeJHUHHbI MOLIHOCTH, TOT-
peGJisieMol NPHBOAOM H BO3ZAYXOAYBKaMH.

Tpe6GyeTcs BbICOKAast OKHCJIHTENbHAS MOLIHOCTb a3PaLlHOHHOH CHCTeMbl—
HanpuMep, I/ OYUCTKH NPOMBIILIEHHBIX CTOYHBIX BOJ, COAEpXKAIUX
3arpsi3HeHHsl, KOTOpHe MHTEHCHBHO MOTPeGJAOT Kuc/aopox. 3a pyGe-
JKOM pacnpocTpaHeHbl MHEBMOMEXaHHYecKHe aspaTopbl ¢upMbl «lopp-
Ouusep» (CIIA) u «[Ixkoucon» (Ilseunust); 8 CCCP paspaGoraubl Bbico-
Ko3hheKTHBHBIE aspaTopsl KoHcTpyKuuu JlenHWHxummama u BHHUH-
6ymnpoma (cMm. Taba. 50).

HMnennepube aspatopel ¢ TJOCKHM IHCKOM THNA
AMW-1m, paspaboranuele HUKTU I'X, npuMeHsioTCS B KOMIAKTHBIX
yCTaHOBKaxX mpousBoautenbHocThio 50—200 m3/cym. 3ona peficTBus
ONIHOTO a3paTopa NpH rJIy6HHe aspoTeHKa 10 2 m cocTabiseT 50—70 xs.
Asparopet AW-1M MoOryT npuMeHsiTbesi U B GHONpPYAAx AJIS LOOYHUCTKH
ray6uHoit 1o 3—3,5 M; OHHM YCTaHAB/JMBAIOTCA HA MOHTOHE, M 30HA
AeHicTBHA ofHOro aspatopa cocraBaser 1300—1500 3.

MmMnennepusn e aspatopbl ¢ 06beMHBIM I HCKOM THNA
C-16 mpuMeHSAIOTCS B KOMMAKTHBIX YCTAHOBKAX NMPOM3BOLUTENbHOCTHIO
25—100 m*/cym. 3omy peiicTBHsi omHOro asparopa npu rayGume 1o
1,5 m pekomenpyetcss mpuuumath 30—50 x®; B c/aydyae mpUMeHeHHs
ero B GMONpynax AJsi JOOUHUCTKH CTOUHBIX BOX I1yOHHOH a0 2—4,5 #
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30Ha jaeficTBus cocTaBnser 900—1100 3. Aspatop C-16 paspaGoran
HMucrurytom xuMmuu JpeBecuHbl Akamemun Hayk JlarBuiickoit CCP.

Texnonoruueckye napaMeTpbl HMIEJJIEPHBHIX a3paTOpOB, MpHMe-
usiempix B CCCP, npusenenbt B Tabia. 50.

PoTtopubie a3patopl ¢ yTrOJNKOBBIMH JOMaTKa-
M 1 paspabotaubl u uccaenosanbl AKX mm. K. . Ilampunosa u
HUKTU I'X mo asym BenuuuHaM nuameTpoB portopa — 0,5 u 1 m.
Hsrorasausatorcss no paspa6orkam HHMKTHW I'X asparopet APII,
APH, AP-1 u AP-2. Aspatopst API1 u APH umetor nuamerp poropa
0,5 m, a MKy poTopa cooTBeTCTBeHHO 2 1 3 M; B aspartope APII Bos-

MOXKHO MepeMelleHHe pOTOpa MO BepPTHKAJH
3055"'2/”"/ B Auaasone 0-- 200 mm Ha Xomy BcJaen 3a

1ol KOJIeGaHHSMH YPOBHS KHIAKOCTH NpH CO-
’ A XpaHeHHH 3aJlaHHOTO 3aryyGJeHHsl JIOMaToK.
25 4 T Aspatoppt  AP-1 u AP-2 umetor auamerp
20 / | poropa 1 M, AJIMHY COOTBETCTBEHHO 3 H
15 ; 12 u.

|/ | PoTtopbe aspartoppl ¢ MAOCKH-
/,oJ ’ 1 MH nonmaTKaMu paspaborann Kay-
a5 HAaCCKHM  MOJIMTEXHHYECKMM  HHCTHTYTOM
0 (taba. 51).

2 4 6 &8 00 Rnpun Yueno JiomaTok Ha poTope OmMpejessercs
Puc. 44. 3asucamocts OC AMAMETPOM poTopa. B KauecTse Kpurephaib-
POTOPHBIX ~ a3paTopoB oT HOH BeJIMYHHBI MPHHHMAETCSA YHCJIO Joma-
KpHTEpHaIIbHOo MicAa 0~ TOK, MpHXOJslIEECs Ha 1 M OKpyXHOCTH
pocTi g’pameﬁi’m potopa POTOPA B NPOEKIHK HA IJIOCKOCTH, MepreH-
2.5 mlc. IMKyJasipHod ocu poropa. Ilpu pacnonoxe-

HHM JIONATOK B LIaXMaTHOM MOpsiKe MpPOeK-

THPYeTCS Ha 3TY MJOCKOCTb YIBOEHHOE KOJH-
YeCTBO JIOMATOK, HAXOASWIMXCA B MJOcKocTH cedenusi. Ha puc. 44
npenctap/jeHa 3asucuMoctb OC OT KpHTepHaJbHOH BEJHYHHBI YMCJa
gonartok [44]. Kak Buano u3 rpaduka, onTHMaJbHON SIBJASETCS BeJIH-
yyHa 10—11 sonartox Ha 1 # OKPYIKHOCTH poTopa.

Ta6auna 51. Texnonornyeckue mapameTpsi [OTOPHLIX a3pPaTOPOB C
rop 430HTaJbHOA OCHIO BpallEHHs

Onrumane- Motpe6- Yacrora
Huametp| naupa po. | Hoe sar- oc, nsemas | spawenns | OC/N,
Tun sonarok | poropa, Topa, M ny6neHune Kk2/M-4 | MOLIHOCTB, poropa, | Kkz/kem «
M nor:i‘mk. xem/m 06/ MUK
Yroskosbie 0,5 2; 3 11—12 3 1—2 120—150] 1,5—3
To xe 1 3; 12 20—26 6—8 3—4 90—95 2,8
IMnockue 0,7 1,5;2;3 | 16—20 |4,2—5,3| 1,6—2,4 | 75—80 2—3

Takum obpasom, s poropa auamerpom 0,5 M mpu 1jHHE OKpYXK-
HOCTH ceueHHs potopa 3,14-0,5 = 1,57 x4 uuc/0 JonaTok B MPOEKLHH
TNONEPeYHoro ceyeHus coctasiseT 16 wrT., MpH MAaXMaTHOM HX pacno-
JOXeHHH — 8 JonaToK B OfHOM MJocKocTH ceueHusn. Ilo anaJorHYHBIM
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pacyetaM, B OIHOH IJIOCKOCTH ceYeHMsi poropoB auamerpom 0,7
A0KHO ObiTh 11, a y poropoB nuamerpom | u — 16 JomaTok.

BbiGop onTuMasbHbIX 3Ha4YeHHH 3ar/yGJieHHi JIOMATOK POTOPHHLIX
a’3paTopoB HJIIOCTpUpYeTcsl HA pHuc. 45.

I'paduk na puc. 45,a BbipazkaeT 3aBUCUMOCTb 3(HEKTHBHOCTH UCIIOJb-
30BaHHA MOIIHOCTH GpYTTO (6e3 y4yera moTepb MOILIHOCTH B Nepeladyax)
poropHoro aspatopa APH or sarny6uenuii jonatok poropa B Kul-
KOCTb U CBHAETEJbCTBYEeT 00 ONTHMA/IbHOH BeJM4MHE 3arnyG6JieHHUs
10,6—11 cm. 'paduk Ha puc. 45,6 BbIpakaeT 3aBUCHUMOCTb 3(peKTUB-
HOCTH MCMOJIb30BAaHHS MOLIHOCTH HETTO (Ha BaJy pOTOpa) OT YaCTOThI

¥ -1/ N\
U1 T 7 28 N
$ /7 I s/ !
X 43 } N/ }
N 74 1 N
S A LU < !
g o4 t
S ¢ S
S
7.8 | 20 |
0 2 4 6 8 M0 42 hyeM 80 30 10 10 120 130 #0 IS0nofmm
a ’
I3 8 — I —
% 5 6 :
3 ; N, Kby
K g T
- ‘-3
I S 2 /"L/ﬂ 2
2 / - * l -/
5 6 2 % W hew 0 5 W 15 20 25 hyem
g 2

Puc. 45. I'padux ans BbiGopa ONTHMAJbHBIX 1apaMeTPOB POTOPHBIX a3paTOpPOB:

a — onpeaesneHHe 3arayGJIeHHs JlonaTok; 6 — onpefeJeHHe 9acTOTH BPalIeHHS; 6 — 3aBHCHe
MOCTb MOIIHOCTH OT Sarsy6JieHHSs JonaTok aspatopa AP-1 (uacrora Bpamenusn 95 06/mun);
2 — 3aBHCHMOCTb MOWHOCTH U OC OT 3arjyGJeHHs JIONaTOK «MaMMyT-poTopa» pupMu «Ilaccae
BaHT» (@ H 6 — AnAa aspartopoB ¢ guamerpom 0,5 M; 6 H 2 — To XKe, 1 M).

BpallEHHUs POTOPHOTro asparopa auamerpoM 0,5 # C YroJIKOBBIMH JIOMAT-
kamu 40 X 40 mm, xak y APH. Onrumasnbhasi uactora BpaLlieHUs
a’paTopa cocTaBJisieT NpH 3ToM okojo 110 06/mun, onHako ans cepuit-
ubix aspatopos HUKTH I'X npunsra Benuunna 149,5 06/mun ucxons us
Tpe6OBaHHUH THAPOAHHAMHYECKOTO pexKHMa B KOMIIAKTHBIX yCTAHOBKaX.
B uccaenosanusix HUKTH I'X asparopax (rpaduk a) porop Bpa-
aJCcA B TAKOM HAmpaBJ/eHHH, YTO JIOMAaTKa BXOXMJIa B BOLY OOYLIKOM
yroska («3aKpbiTasi jionaTka»), a B ucc/eloBaHublx E. anbuapuukom
(rpaduk 6) — «OTKpBITHIM» 06pa3oM. JTO OGCTOSATENLCTBO O6YCJIOBHIIO
pasaunune B abcosmoTHblx 3HaueHuax OC/N Ha ocfiX opAHHAT 0BGOMX
rpahuKoB, HO He OKa3ajio BJIMSHHA Ha OMNpele/eHHe ONTHMAJbHbIX
3HaYeHHH 3aryy6JeHUli JOmaTok W CKOPOCTH BpAllleHHsl poTopa.
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XapakTepuCTHKH POTOPHBIX a3paTopoB AuaMeTpoM | s mpencraBneHbl
Ha puc. 45, 8 u e; asparop dupmsl «[laccaBant» (PPT) umeer yroaxo-
Bele JjonaTku 40X 40 mm, uyacrora Bpawenus 70 o6/mun [54].

XoTst He Bce mapameTphbl CPaBHHBaeMbIX a3paTopoB COBMAAAIOT MOJ-
HOCTBIO, BCE K€ NpUBEJEHHbIE I'padUKH MO3BOJSAIOT CYUTATH ONTHMAJb-
HbIM 3arnybnenue snonatok 20—26 cm, npHYeM IS OTE€YECTBEHHBIX
aspaTopoB peKkoMeHayercs 3aray6aenne 20 cm M 4acToTa BpalleHHA
95 06/mux B CBA3U C OCOOEHHOCTAAMM NPUMEHEHHs 3THX a3paTopoB B
a5DOOKHCIUTENAX pafualbHOTO THMa, TAe Tpebyiorcs Gonee BBICOKHE
MOBEPXHOCTHBIE CKOpOCcTH Kuakocth — 0,5 — 0,6 m/c.

0GopynoBanHe 23pallHOHHBIX CHCTEM

QuabTpoCHBE NJAHTKH LIS CHCTEM MeJKONy3bIPYaToM
a’pauuu Bemyckatorcs pasmepamu 300 X 300 X 35 mm ¢ pasmepamu
nop 60—100 mxm; TMPOMU3BOAMTEILHOCTb ONHOH IJVIHTKM IO BO3LYXY
B cpenneM 12—50 »*/¢ npu nanope 0,5 amu u norepe Hamopa 35—

Ta6aunna 52. Texnuueckas XapaKTepucTHKa KOMNPECCOPOB W BO3AYXOAYBOK

> g © g <

P S i A ¥ S [y

= . El =X . =

PEREE MERE
Tun g a : ‘Q § Tun ga :e‘ § §
% l-'n: 2 g 3 aﬁ §' § &
cé | £ | 28 g8 | £ | 28
900-31-1,4 52,8 29 3500 TB-200-1,25 12 2,8 250
TB-42-1,4 2,5 4 55 TB-200-1,4 12 4 200
TB-50-1,6 3 6 100 TB-250-1,12 15 12 100
TB-50-1,9 3,6 9,6 160 TB-350-1,06 21 0,6 55
TB-80-1,2 5 2 55 TB-450-1,08 27 0,8 125
TB-80-1,4 5 4,2 100 TB-600-1,1 36 1 200
TB-80-1,6 5 6 125 TB-300-1,1 18 6 400
TB-80-1,8 5 78 200 360-22-2 16,2 | 17,5 400
TB-100-1,12 6 1,2 40 360-22-1 18,6 | 24 800
TB-150-1,12 9 1,3 320 360-21-1 22,51 18 630

TB-175-1,6 10 6 320

100 mm. HsroraBnuBaioTcs NJIMTKH W3 KBaplLeBOro Mecka H KOKca
Ha 6aKe/IMTOBOH CMoJ/ie, HO Yallle BCero myteM chneKaHus ApoGieHoro
IaMoTa M LIAMOTHOH MBUIH HAa BSKYLIEM (XKHIKOM CTEKJe).

QunbTpocHble NAHTKH YKJAANbIBAIOTCS B KeJe300eTOHHEIE Kopoba
Ha IIeMEHTHOM pacTBope HJIH cHHTeTHYecKHX cMosaX. Ilogaua Bospyxa
B Kopo6a OCYLIECTBJAETCA M0 CTOSIKaM, MPHCONHHSIOMUMCS K pacrpe-
JeJIMTeNIbHBIM BO31YXoBofaMm uyepe3 30 .

[ToponutoBB e Tpy 6K M U3ro1aBIHBAOTCA aHAJNOTHIHO DHIIb-
TPOCHBIM NJHTKaM. Kpensenue uX ocyluecTsisieTcs B Buie rpebGeHOK
c warom 0,3 # Ha CTaJbHBIX KOJJIEKTOpaX AJIMHOH 10 9 M, omycKaeMbIx
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B BONY 3BEeHbSAMH. XOTSl MOHTaX TaKHX YCTPOMACTB NOBOJNBHO CJIOXKEH,
TIOPONHTOBbIE TPYOKH NMO CPaBHEHHIO ¢ DHIBTPOCHBIMU MJIMTKAMH 06Jia-
Jaot 6oJsiee BBICOKOH YAe/JbHOH MOBEPXHOCTBHIO NMOXA4YH BO3AyXa (OT-
HOCHTEJIbHO MacChl TPYOKH).

OcBoeHO MPOH3BOACTBO a3paTopoB H3 KepaMUUYECKHU X TPYy6
auametpom 300 mm. Ilopucras Tpyba COCTOMT M3 CeKLHH AJMHHON MO
500 mm, coeMHEHHBIX PE3MHOBBIMH KOJBLAMH.

Tpy6wl ykaaneiBaioTcs B MeJKHe Keso6a Ha JHe a3pOTEHKOB H YK-
penasioTcs XOMyTaMH. YJesbHas MOBEPXHOCTh NoAaYu BO3ayxa y Tpy6
60/bLIOr0 AMAMETpa HUXKE, YeM Y NMOPOJIHTOBHIX TPYGOK, OLHAKO OHU
3HAYHTE/]BHO NMpOYHee W HajleKHee B SKCIMyaTalHH.

g npenoxpaHeHHs MeJIKOMY3BIpYAaTBIX a3paToOpPOB OT 3acOpEHHS
BO31yX MO/2KeH ObiTh OYMIIEH OT MNbIM. B 31aHusiX BO31YyXOLYBOK
C 3T0i LeJIbI0 MpeayCMaTPUBAIOTCA Mac/IsiHble PUABTPHI KaK CTallHOHAp-
Hble, COCTOSILIHE W3 ceTyaThiXx fAveeK KoHCTpykuuu E. B. Pekka, Tak
U Bpawaouyecsi camoouuaomyecs GuabTpbl cepun KIIL.

M3 cpennenyspipuaThix aspaTopoB HauboJlee pacmpoCTpPaHEHBI pas-
JIMYHblE THNBI HU3KOHAMOpHBIX cHcTeM. HuskoHanopHele aspatopsl
KoHcTpykuuu JIMCH paspa6oranbt Coo3BonoKaHa MPOEKTOM AJs1 THIO-
BBIX a3pOTEHKOB mo mpoektam Ne 902-2-215, 902-2-216, 902-2-217
n 902-2-218. AspauuoHHBle pelleTKH 3aHHMAlOT B INJaHe YeTBEPTYIO
4acTb MOBEPXHOCTH a3pOTeHKa, TPYObl H3rOTABINBAIOTCSA M3 BHHHUILJIACTA
u nephopHUpoBaHb! LIeJeBBIMH oTBepcTUAMH 3 X 16 mm ¢ marom 40—
66 mm, nuamerp — 50 mm. llupuna aspaunoHHbix pemetok 2200 mm,
AnHHa ofHoro 3BeHa 950 mm; B 3BeHe noMeteHo 7 TpY6 ¢ mwarom 150 mm.

VHTeHCHBHOCTD a3paliH B HU3KOHATOPHBIX CHCTEMAX pDeKOMeHIyert-
cst 70—90 3/ Ha 1 M® eMKocTH a3poTeHKa.

INonaya Bo3ayxa BCHCTEMBI MHEBMAaTHYECKOH a’palluy OCYLIECTBJSET-
csl BO3MYXOLYBKaMH WJIM BEHTHJIATOpAaMH BBICOKOTO AaB/eHusi. B cBs-
31 C MHOrooGpasHeM BHIOB a3pOTEHKOB CJellyeT MNOAGUpaTh HauGosee
COOTBETCTBYIOLIMI THN BO3AYXOAYBOK MO HAmMOPy H NpPOH3BOAMTE/b-
HocTH (Taba. 52). KueBckoe NpOMbIIEHHOE OOBEAMHEHHE «YKDPKOM-
MYyHMalll» OCBaHBaeT BBIMYCK poTopHBIX aspatopos API1, APH, AP-1
u AP-2, typ6unubix asparopos TAl , TA2, uMnennepHoro asparopa
AH-1m.

Kpome sroro, asparopsr tumos AIIM, ABO, ABJ, C-16 u apyrue
M3TOTaBJMBAIOTCA HA MecTaX MX MpHUMeHeHHs NpeANpUATUSIMH Y3KoBe-
JOMCTBEHHOIo MOAYHHEHHS.



Pazodean 4
OBPABOTKA OCALKOB CTOYHbLIX BOL

KOMIMYECTBO, COCTAB W CBOWCTBA OCAZKOB
CTOYHbLIX BOA

O6pa6oTKa 1 YyTHIH3ALKS OCANKOB, BbE/sEMBbIX B IIPOLIECCE OYHCTKH
CTOYHBIX BOJ, SIBJISIETCSl BeChbMa CJOKHON 3amaueii. Ocagku ropoicKux
CTOYHBIX BOJ MMEIT OoJsibiliMe O0beMbl, OYEHb BBEICOKYIO BJIA’KHOCTD,
HeoIHOpPOAHEI COCTAB U CBOMCTBA, COLEPKAT OpraHHYeCKHe BelleCTBa,
CrocoGHEIe OBICTPO pasJjaraThCsi U 3arHHBaTh; KpoMe TOro, OCalKH
3apaxkeHbl GaKTepuasJbHON, B TOM YHC/E M NMaTOreHHOH MHKpodJopoil
H fAfuamu reapMuHTOB. OCajKH CTOYHBIX BOJX OTHOCATCA K TPYIHO-
(HAbTPYEMBIM HJIOBBIM CYCHEH3HSIM.

KounuecTBo ocankoB pekoMeHIyeTcsl IPHHHMATb MO pe3yJ/bTaTaM 3a-
MepoB Ha (PYHKUHMOHHPYIOIHX OYHCTHBIX CTAHLHUSAX C aHAJOTHYHBIM COCTa-
BOM CTOYHBIX BOJ, 4 KOHIEHTPALMH 3arpsisHeHHii — 1o JabopaTopHbM
aHaJIu3aM.

15 GBITOBBIX CTOYHBIX BOX M3 65 2 CyXHX BeleCTB, MpPHHHMaeMbIX
no HOpMaM Ha | yes. B CYTKH, 3ajilep:KHBaeTCsl B NEPBHYHBIX OTCTOM-
HHUKaX, 6HoKoary./aTopax, oceTiutensix 26—50 . Ocafok nepBHYHBIX
OTCTOHHHKOB IOCJIE 2-4acOBOrO OTCTAMBAHHSI CTOYHBIX BOX HMeeT
BraxHocts 97,5%. B nanbHefiieM OH yNJIOTHSIETCS M BJAXKHOCTh
ero yMmeHbiaetcs 10 92—95%, a comep:kaHue CyXoro BeleCTBa B eJlH-
Huue o6beMa noseiaercs ¢ 2,5 1o 5—8%. B 3aBucuMoCcTH OT BJIaX-
HOCTH MOXKHO mos1yyutb ot 0,5 10 2 4 ocanka U3 NepBUYHBIX OTCTOHHH-
KoB # ot 0,52 10 5,2 4 U36GLITOYHOr0 aKTHBHOTO Ha (Ha | 4es. B CYTKH).

INpupocT akTUBHOrO H/1a Ha FOPOACKHX CTaHLHAX aspallu KoJje6er-
cst ot 2 no 3,8% o6bvema cTouHblx Bop npu BaaxuoctH 99,5% uan
ot 8,8 10 20 m no cyxomy Bewectsy Ha 100 Thic. #® cTouHBIX BoA. [pH
YIJIOTHEHHH €ro BJIaXXKHOCTb MOXKeT CHHXKaTbcst fo 97—98%.

KosnnuecTBo H36LITOUHOrO AaKTHBHOIO HJa Ha CTAHUIHAX aspaiuu
Ha TOJHYI0O HJIH YaCTHYHYIO OYHCTKY peKOMeHAyeTcs NpHHHMAThb IO
IaHHbIM Hactp. 112, a pacueTHble (opMyJBl MO ONpENENEHHIO KOJH-
yecTsa, oObeMa, BJIAXKHOCTH M 30JILHOCTH — N0 Tabu. 53.

D uabTpyeMocTh 0CafKOB XapaKrepHusyeTcsl y 1 €J/J1b HBIM C O I P O-
THBJ €HHEeM BIAarooTaaye, T. €. CONPOTHBJICHHEM eJlMHHIbl MaCcChi
TBepIo# ¢asbl, oTJarallefca Ha eluHuLe IUIoMAnH (UAbTpA MpH
(GUJIBTPOBAHUH TOX MOCTOSAHHBIM JaBJeHHEeM CYCMEeH3HH, BA3KOCTb
XKUAKoH ¢a3bl KoTopo# pasHa I.

YnenbHoe conmpoTHBIEHHe 7 3aBHCHT OT YHCJA, AHaMeTpa H JJIMHBL
KanuIApoB H HUX B3aHMHOTO PACMOJIOXKEHHs!, AUCIIePCHOCTH, XHMHYeC-
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Ta6anuuna 53. PacyeTHble GopMynbl ANS onpeneseHus KOJUYECTBA, BJAKHOCTH
H 30JbHOCTH OCAaAKa

HanwmenoBanne mokasarenedt HE::;;:?,‘ Pacuetnas dopmyna
Konnuectso ocaaxa m/cym Ocyx = C3KQ/1000- 1000
» Hia » Ueyx = [C (1 — 3) n — b] Q/1000- 1000
» 6e330JIbHOTO » Ocyx (100 — By) (100 — 3q)
BeulecTa 0CafKa O, = 100.100
U, (100 — B)) (100 —3,,)
To xe, uia » Ug, = X . L
' Gs 100- 100
100-0
O6bem ocamka: m3jcym = e S
oc
(100 — W o) Foe
100U
» wIa » Van = - L S
(100 — W) Pyp
»  cMecH » Ve =Voe + Vi
OGLu.ee KOJIKYECTBO CMeCH: .
Mo CyXoMmy BeLLeCTB mjcym =
6ye y BelecTsy 164 | Meyy = Oy + Ucys
no 3. - —
ooy 30/IbHOMY  Bellle » Mg, = Og, + Ug,
Mcyx
CpeaHsisi BAaXHOCTb CMECH % W =100 (1 -V )= 100(1 —
oM
_ ocyx + Ucyx
Voc + Vun
0g, + Us
To xe, 30abHOCTB » 3, =100]1— G =
' o Ocgyx (100 — Br)/100 +
’
+ Ueyx (100 — B;)/100
[IpuMeaanwe. 3nech C — HauanbHAs KOHUEHTpAUHs B3BEUIEHHBIX BEMECTB, M2/4;
3 — speKT 3alepKaHUS B3BElICHHHIX BELIECTB B TEPBHYHBIX OTCTOMHHKAX B LOJIAX €AHBHLUbI
\00BI9HO NpHHHMAIOT 0,5—0,6); K — Ko3(dULHEHT, YYHUTHIBAIOWHKI yBesHyeHHe 06'beMa ocafka
3a CYeT KPyMNHbIX (paKuuit PSBECH, He yJaBJMBaeMbIX MpH oTr6ope Npo6 AnA aHanin3a, H TPH~
HUMaeMbllt paBHBIM 1,1—1,2; Q — cpeAHHRt TDHTOK CTOUHBIX BOA HAa OYHCTHYIO CTaHUHIO,
M¥cym: n — KOSDODHLHEHT, YUHTHIBAIOWMA yBeJIHYEHHe H HEPAaBHOMEDHOCTH MPHPOCTa AaKTHB-
HOrO HJ1a B MPOLECCe OYHCTKH, paBHbf 1,15—1,25; b — BBIHOC 2KTHBHOTO HJa H3 BTOPHYHBIX
OTCTONHHKOB B BOAOEM, M2/a; Br' Br—rurpocxonuqeckan BNAXKHOCTb COOTBETCTBEHHO Chl-
poro ocallka H H3OBITOYHONO 8KTHBHONO HJa, paBHas B cpeaHeM 5—6%; 3g¢, 3y — 30JBHOCTH
CyXOro BEmECTBAa ChIpOTO OCAJAKA M AKTHBHOFO MJla, PaBHAst B CPEAHEM COOTBETCTBEHHO 27
25%: W oo — BJIRXKHOCTB CHIPOT® ocaiKa, pasHasi 93—95%; Wy, — BJANXKHOCTE YMJIOTHEHHOrO
AKTHBHOrO HJia, paBHas 96,5—97,6%, Poe Pyj — MJIOTHOCTH COOTBETCTBEHHO CHIPOTO Ocajika
H AaKTHBHOTO HJIa, KOTOPYIO AJIS1 yNpOILEHHS PAcYeTOB NMpPHAHMAIOT paBHOA 1.

KOro COCTaBa, JIMHAMHYeCKOH BA3KOCTH, COOTHOIUEHHA CcBOOONHOM
¥ CBSI3aHHOH BOJIEI B OCaJIKe H ONpezeJisercs no popmye, cm/e

r=R-10° wm R=r-107", (109)
3HaueHHe 7 ONpEeAe/IAOT ONbITHEIM MyTeM B J1aGOPATOPHEIX YCJOBHAX
no Metonuke, paspaboranxoii B HUMKB u OB [31, 331.
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YienbHOe COMPOTHBJEHHE OCAAKOB CTOYHBIX BOX KosieGjercs B IIH-
POKHX Tpejenax, cm/e:

IJfl ChIPBIX OCAJKOB MEPBHYHBIX OTCTOHHHMKOB 7 = 25.101°=-1300 X
X 1019;

LJIsl OCAIKOB MEPBHYHEIX OTCTOMHHKOB, COPOXKEHHBIX B ME30(HIBHBIX
yeaoBusx, r = 350-101°=1800-10%7;

LJs CHIpOro aKTHBHOro na 7 = 72-10'°+-7860- 10,

LJISi CMECH OCaliKa MEepBHYHBIX OTCTOMHHKOB M aKTHBHOrO HJa, cGpo-
XKeHHBIX B Me30QWIbHBIX ycJoBuaAx, r = 520.101°+6750-101°, B
TepMOHJIBHEIX YycaoBuax 7 = 3950-10°=-10000- 10.

Ta6nuna 54. VYnenbHoe compoTHBJIEHHE a3pPOGHO CTaGUIM3HPOBAHHHIX OCAAKOB
r-1071% cm/z [33]

Ocanok Iepuon aspaunn, cym

i R e 0 5 10 15

HeynnorHeHHbI aKTHBHBIR

n1 99,6 158—710| 110—436 | 114—560 | 166—794

YnaoTHeHublil akTvBHbIA wa| 97—97,5 | 800— 3290— | 5140— | 4030—
1130 4500 6250 5700

OcafoK NmepBHYHBIX OTCTOM-

HHKOB 95,8—97,3 | 300—410| 5380 6500 6720

Cmech ocanka nepsuuHbix | 95,5—97 | 602—775| 2170— | 2470— | 3300—

OTCTOHHMKOB H YIJIOTHEH- 5170 3760 5220

HOTO aKTHBHOTO HJa
Cmech ocagka neppuynbix | 99—99,2 | 188—407 | 81—267 | 102—126 [ 79—200
OTCTOMHHKOB H HeyIJIOTHEH-
HOTO AaKTHBHOTO HJa

C6paxkuBaHue 0caJKoB, HECMOTPA Ha MHHEpa/IH3allMIo, YyXyALlaeT
MX BOLOOTAAYY B mpouecce ¢puabrpoBanus. COpoxKeHHbIH aKTHBHBIA HII,
a TakXKe CMecH ocalka C aKTHBHBIM HJIOM MMeIOT 6oJiee BBICOKHE yJeJb-
HbIE CONPOTHBJIEHHSA, YeM cOPOKeHHBIH 0CalloK MePBHYHBIX OTCTONHHHKOB.
AspoGHas cTabuiu3aluus HeYNJOTHEHHOTO aKTHBHOIO HJa M €ro CMecH
C 0CaJKOM NMepBHYHBIX OTCTONHHKOB He MOBLILIAET YAEJBHOI O CONPOTHB-
JIEHHsl, a CTabU/IM3alHA YIIOTHEHHOro aKTHBHOTO HJia M €ro CMeCcH
C TeM K€ OCaJKOM MOBLILIAET YIeJbHOe CONMPOTHBJEHHE B 3aBHCHMOCTH
OT TpPOZOJIKHTENBHOCTH aspauuu (tabn. 54).

YnenbHOe COMpOTHBJEHHE cJefyeT NpHHHMaTh B KauecTse 0606-
LAIOIEro napameTpa, KOTOpbIH MO3BOJAET yYMTHIBATH H3MEHEHHs CO-
CTaBa M CBONCTB OCaZKOB U MOXKET CJYKHTb HCXOJHOH BeJHUHHOH NpH
BeI6Ope MeTofa 06paGoTKH OCAJKOB H pacueTe COOTBETCTBYIOLIMX COO-
py:eHu#t H oGopynOBaHHS.

B coOTBeTCTBMH ¢ COBpPEeMEHHBIMH MNpEACTaBJEHHAMH B 06J1acTH
KOJIJIOHHOM XMMHHM ¥ XUMHH BBICOKOMOJIEKY/ISIDHBIX COeAHHEeHHHi, BoAa
B MHOTOKOMIIOHEHTHLIX AUCIIEPCHBIX CHCTEMaX HaXOLHTCA B OTHOCHTEJIb-
HO MPOYHOM (U3HKO-XUMUYECKO! CBA3H C BellecTBoM. Takue CHCTEMbI
TepMOAMHAMHYECKH YCTOMYHBBI M IJIOXO OTAAIOT Boxy. Boxa B ocaikax
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nonpaszuensercs Ha cBoGomHyo (60—65%) u cBssanuyio (30--35%).
CBsA3aHHYIO BOAY, B CBOIO Ouepelb, IENAT Ha KOJJIOHIHO-CBA3AHHYIO
(22—30%) u rurpockonuueckyio (4—10%), uau QusMKO-MexaHHUECKH
(xanuansipHo) cBsA3aHHyO (pHc. 46). KoanoumHo-cBsazaHHyO BoLy
B CBOIO Odepefb HeNAT Ha XHMHUECKH CBA3aHHYIO M (M3MKO-MeXaHH-
4eCKH (KamHAISpHO) CBA3AHHYIO.

CBoGonHas Boia He CBA3aHa C TBEPALIMH YacTHIAMH H 3HAYH-
TeJIbHAasl YacTb ee MOXET YAAJIATbCA M3 OCaiKOB NpPH TI'DaBUTAlHOHHOM
YNIOTHEHHH, CYIIKOH Ha HJIOBBIX NJIOUIAfKaX, QHIbTpauUell, UEHTPHU-
¢yrupoBanueM uiu orkuMoM. Bpems rpa-

Ve, 5 6
BHTALHKOHHOTO YIJIOTHEHHS  aKTHBHOTO - {
HJa OrpaHHYeHO CPOKOM, B TeueHHe KOTo- [ '
poro OH He 3arHuBaeT. AKTHBHBIH HJI ol | l '
o6najaer BHICOKOH CTpYKTypHO-oGpasy- | ‘ [
toleii croco6GHOCTHIO, BCJIEACTBHE YEro 500] I !
€ro YNJOTHEHHe NDPHBOLHT K HMMOOHJH- 00! '
3auuu GOMBLIOTO KOJMHYECTBAa paHee He | ,
cBfi3aHHOA Boxbl. IlosToMy Hemb3as cHH- | 200H-HN 7
3UThb BJQXHOCTb AaKTHBHOTO WJa rpaBH-
TaUHOHHBIM yMJOTHEHHeM Hmxke 96,5— 100 80 60 40 20 W%
97%. 0515 J040 80 w0
KonnougHocBsa3aHHaAA BoO- Hangewmpayus mlepdod pass, %

M a OpraHHYeCKH CBA33HA C TBEPIBIMH . 4o oo o ova
YaCTHLAMH, OHAa OGBOJIAKHBAaeT MX NMPOY-  y yomnewrpawmm ocamka ot
HOMH ruapatHoifi 060/704KOH, HE MO3BOJAO-  BIArOCOAEPKAHHS H O06E3BO-
el YacTHIAM COELMHATbCS B KPYMHbIE  KHBaHHS:
arperatsl. Hekotopoe kosnuectBo cBs- ;é TL::Tl;efl Efd';;ﬁ&:ﬁﬂieﬁﬁgﬁ'
3aHHOH BOIbI MOXHO YyAAMUTb BaKYYM-  yonounuo-ceasansas H cao.
¢unbrpanued UaM (QUALTP-NPECCOBAHHEM  GonHas, 4, 5 u 6 — rpaHHubI
nocje KoaryNslMH XHMHYECKHMH peareH-  MpOLECCOB YIUIOTHEHHS, MeXa-
tamu. [Ipu KoaryNslHH TOJNOXKHTEJIbHO  HHUECKOTO 0Ge3BOXHBAHHA K
o TePMHYECKOH  CYIIKH;, 7 —
3apsAKEHHBIMH HOHAMH KOAryMNAHTHl HEH-  1oop g hasa.
TPaJNH3YIOT OTPHIATebHBIA 3apfJ YacTHL
ocanka. Toraa oTaesbHBIE TBEpAbIE YACTHIBI OCBOGOXKAAIOTCA OT THAPAT-
HO# 060JIOUKH H COEAMHAIOTCA BMecTe, 06pa3ys XJomnbs; ocBoOOKIeHHas]
Bola Jerue GUIBTPyeTcss WM OTXKuMaercA. Paspymenue rumpatHoit
060JI04KH TPOHU3BOLHTCA TaKxKe KPaTKOBPEMEHHO# TepMHueckKoH opa-
6otkoii. IlonHoe ymaneHue BceH KOJJIOHIHO-CBA3aHHOH BOAB M3
OCalkOB JIOCTHMTaeTCsl JIMIIb CYIIKOH NPH MOBHIIEHHBIX TEMIEpaTypax.
F'nrpockonuueckas Boga — 3T0 BJara, Mor/oleHHas Be-
wectBoM. OHa He yhansieTcs Jaxe NPH TEPMHYECKOH CyLIKe.
O6GbeM ocazika 3aBHCHT OT €ro BJIarocoiepXkaHHs — C yMeHbILUEHHeM
BJIaXKHOCTH OH DE3KO YMeHblLIaeTcs 3a CYeT YAaJeHHs HJAOBOH BOABI.
KoanuecTBo uJI0BO# BoAl B ocagke B mepecuere Hal m cyxoro Be-
LIeCTBa COCTABJISET:

BnaxHocTh Ocaika, % . . . . . . 99,599 98 95 90 80 50 10
Koauyects> Bognl, #3 . . . . . . 199 9949 19 9 4 1 0,
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Ipu ynanenun u3 ocaikoB CBOGONHOH BoAbl H3MeHeHHe obbeMa
ocagka V B 3aBHCHMOCTH OT ero KoHueHTpauuu C onpelensioT no
¢opmye

_y G Vi(100—W,)
Vo=V G- =—H =g (110)

N3 dopmyanr (110) crenyer, uto o6bveM ocazka H3MeHsieTcs: o6paTHO
MPONOPLHOHAJNLHO NMPOLUEHTY CYXHX BellecTB. JTa popMya NpHUMEH HMa
JIHLIb TPH yHaJeHHH cBOOGOAHOH BOABI B pe3yJibTaTe MOHHXKEHHS BJaX-
HOCTH ocajka B cpenHeM 1o 70—65% (cM. puc. 46). Ilpu nanbuefimem
YMeHblLIIEHHH BJIaTH, Jaxe €CJH BOja YXOAHM1 H3 ocaika, yMeHbluas
ero Maccy, o6beM OcajKa He yMeHbIUaeTcsl BCJAEACTBHE YNPYTroCTH
TBepAbIX YacTHl. [anbHefilero ymeHbleHus o6beMa MOXHO A0GHTbCS
JIMIIb NPH H3MEHEHHH CTPYKTYphl OCajka, HanpuMmep, MyTeM TepMu-
YecKoii 06paboTKH.

TEXHONIOrMYEGKHE CXEMbl KOMNJEKCOB
OGPABOTKH OCARKOB

TexuonorHyeckHe OCHOBbLI Bbi6opa cxembl
o6paloTkn ocankoB

OcHoBHasi 3agaua o0paGOTKM OCAJKOB CTOYHBIX BOJ 3aKJIO4aercs
B MOJNYyYeHHH KOHEUHOro NMpPORYKTa, CBOHMCTBA KOTOpOro ofecneuHBaloT
BO3MOXKHOCTb €ro YTHJH3alHH B HHTepecaX HapOAHOro Xo3sicTBa
au60 CBOAAT K MHHHMYMY yiuep6, HaHOCHMBIH OKpyzKalwome# cpene.
TexHosorHyecKHe cXeMbl, MpHMeHseMble 1715 peasiH3allhH 3TOH 3ajauH,
OTNHYaloTCs GONBLUIHM MHOrOOGpa3HeM.

Texnonornueckne npoueccel 06paGOTKH OCaZKOB CTOYHBIX BOJ Ha
BCeX OYMCTHBIX CTaHIMAX MeXaHH4ecKoH, (HU3HKO-XHMHUeCKOH H GHo-
JIOTHYECKOH OYHCTKH MOXHO pa3fe]uTb Ha CJEeAYIollMe OCHOBHBIE
CTafMH. YNJOTHeHHe (CrylleHHe), cTaGHUIH3allusl OpraHHYecKoil yacty,
KOHIHIIHOHHPOBaHHe, 06e3BOKHBaHHe, TepMHYecKas o6paboTKa, yTH/IH-
3alus LUEHHBIX NPOAYKTOB HJIH JHKBHIAIHA OCaaKoB (CM. cXxeMmy).

Cragus ynjoTHeHWs (CIYUleHHWs)) CBf3aHa CO CHHXKEHHEM BJaro-
COIEp>KaHHS OCaJKOB H fIBJfeTCS, KaK NpPaBHJIO, HEOTheMJIeMOH YacThio
moGoi TeXHONOrHuecKoH cxeMbl HX o6paGorku. Ilpu ynsjoTHeHuu
B cpenHeM ypansiercs: 60%, npu MexaHuueckoM oGe3BokHBaHHH 25%,
NpH TepMHYecKo#l cylike M cxuraHuu no 15% oblero KojHuecTsa
HJI0BOH BoAbl, COlepxKameHcsl B MCXONHOM ocaike (cM. puc. 46); mpu
3TOM Macca o6pabaThiBaeMOro ocajgka COKpalllaeTcs B CpeIHeM InpH
YIJIOTHEHHH B 2,5, npu o6e3BokuBaHHM — B 12,5, npu cymke — B
60, a npu cxxkuranuum — B 150 pa3. 3arparhl Ha YHaJeHHe €XHHHIbI
ofbeMa BJard MpH YNJIOTHEHHH mpuMepHo B 10 pas Huxke, ueM npH
MeXaHH4ecKoM 00e3BOXKHBaHHH (C Y4eToM 3aTpaT Ha KOHJHIHOHHPO-
BaHue) ¥ B 15—20 pa3 Huxke, ueM NpH TePMHYECKOH CyILKe.

Bri6op pauHoHa/lbHOH TexHoJorHuecKoil CXeMbl 06pabOoTKH OcalKa
ABNISieTCS CJIOKHOH HH2KeHEepHO-3KOHOMHYECKOH H 3KOJIOTHYECKOH 3a-
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Hcxonnblit ocagok

¢

Ynnotsenune

I'paButaunonsoe
®JoraunoHHoe

Crabuausanus

IlenTtpoGexHoe
Bu6paunontoe

Anaspobuas
A>spobHas

KoHuuuosupoBanye

PearenTHbIl MeTOR

OGpa6oTKa MOJN3JIEKTPONHTAMH
TennoBass o6paboTka

3aMopa KHBaHHe B OTTauBaHHe

ek TPOKOAryJIsLuHs

PannannonHoe o6gyuenne

Tpucagka QUALTPYIOLIMX MaTepUasIoB

i ¢

O6e3BoxHBaHKE

Ha unosbix nJowagkax
BakyyM-¢uabTpoBanue
OuabTp-npeccoBaHye
Llentpudyruposanne
Bu6paumontHoe QHILT-
poBanHe

{ ¥
Tepmnueckasi o6pa6oTka

Tepmuueckas cymka

JKnnkodasHoe okucie-
HHe
OrHeBoe cxKHrauue

¥ ¢

JlukBu gauus

BbiBo3 Ha cBaJKH
C6poc B HakonuTeJH
3akayka B 3emeJbHbIE
MYCTOTbI

v ¥ ¥

Y tuansauus

IMonyuenne TenyoBofi 3HEprum
Ce/bCKOX0351/ICTBEHHOE  KICTIONb 30Ba-
HHe

Peresepaunsi UeHHbIX NMPORYKTOB
ITpousBoaCTBO CTPOHTENbLHBIX MaTe-
pHaJioB

IMpousBoacTso copGentoB

Cragui B MeToIbl 06paGOTKH OCafKa CTOYHEIX BOJ
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lauedl, npaBHJbHOE pellleHHe KoTopo#t Tpebyer, KakK NpaBwWjo, BH-
MOJIHEHHsl NpelBapHTENbHBIX JKCNepUMeHTalbHBIX paboT. TexHoJoru-
yecKasl cXemMa B JIIOGOM cJydae CTPOMTCS Ha KOMOMHALMH pas/MUHBIX
MeTofi0B 00paGoTKH OCakKOB.

[TpoekTHpOBaHHe HOBBIX H PEKOHCTPYKIIMIO CYIIECTBYIOLIUX KOMILIEK-
COB COOpYXeHHH A1 06pabGoTKH OCaZKOB Ha OYHCTHBIX CTAHILHAX H
YCTaHOBKAaX PeKOMEHAYeTCS BBLINOJHATb MPHMEHHTENBHO K YHHHLHIPO-
BaHHBIM IIPOU3BOAHMTEJNbHOCTSAM OUHCTHBIX YCTAaHOBOK M CTaHLMH, a

Ta6auua 55. Illkana yHUPUUMPOBAHHBLIX TEXHOJOTUYECKHX CXEM OGPAGOTKH
ocaJKa CTOYHBIX BOA

Craguu ¥ MeToAbl 06paGOTKH OCaaKoB
TTpoussonu-
Cucrema Ka- TeJILHOCTh & % o
HaJ/lH3a UK CTaH UMK, E g§ 06e3Boxu- | TEPMHUEC-
M jcym g, crabuin3anns 58 Banme Kag o6pa-
MecTHas no 12 AH3C, AaCn
Manasn 25—100 AH3C, A3CII, A3CP
» 200—700 — | AH3C, ASCII, A2CP | — un -
INocenkoBas 1400—4200 AH3C, A3CII, A3CP
» 7000—10 000 AH3C, ASCP THIL I
Topoackas 17 000—50 000 AH3M, A3CP Wr1, L. |
Bd, &Il
» 64 000—100 000 AH3M, A3CP K TC, OC
» 130 000—280 000 ¥ | AHAM ur, b,
)
Topoackas u
paionHas Cabinze 280 000 AH2M
lpumeganue VY — ynnorHenue ocagka, ADCIl — aspo6uasi crabuan3auusi B CO-
opyKeHHAX TpoanieHHoRt aspauus; ADCP — TO ke, B aspocTaGuan3aTopax (pasfesibHo);
AHJC — aHaspoGHas CTaGHJIH3alMs B CENTHKAaX, ABYXDbSPYCHBIX OTCTONHMKAX W OCBETHTE-
asx-neperyusarensnx, AHOM — 1o ke, B Metantenkax, UI1 — unosbie niowaaku; K -— Kou-
IHUHOHMDOBaHHe ocaaka, LI — nenrpudbyrupoBanue, B® — pakyym-dpusabrpauus, OI1—
¢dunbTp-npeccopanue, TC — TepMuueckas cyuka, OC — OrHeBoe CXKHraHHe.

TaKXe K MEeCTHBHIM YCJOBHAIM H TpeGoBaHUAM, K cTemeHH o6paGoTKu
U YTHJIH3allMH OCafKa.

PykoBozcTBysich LIKaJo# YHHODHIHPOBAHHEIX TEXHOJOTHUECKHX CXEM
OYHCTHBIX CTAaHLMH B 32BHCHMOCTH OT HX IPOM3BOLUTEJNBLHOCTH (CM.
tabn. 31), a TakxKe cxemoi, npeicTaBleHHOH Ha pHC. 46, MOXHO KOM-
NoHOBaTh JIOGYI0 TEXHOJIOTHYECKYIO CXeMy KOMILIEKCOB 06paGoTKH
OCaZKOB B BHJiE COYETAHHS Pa3JHYHBIX YCTPOHCTB, coopyxKeHHuH u obo-
PYAOBaHHS C Y4eTOM NPHMEHEHHSl palHOHAJBHBIX MOCJeJOBATENbHBIX
cTaguit H MeTonoB o6paboTKu ocagka. B ta6a. 55 npexcraBieHa LikKana
PeKOMEHAYEMBIX YHHU(PUIHPOBAHHBIX TEXHOJOrHYECKHX cXeM 00paboTKH
OCaZKOB MpPHMEHHTENBHO K MLIKaJe cXeM OHOXHMHMYECKOH OYHCTKH
CTOYHBIX BOZ.

JLnsi MECTHBIX M MaJIbIX OYMCTHBHIX YCTaHOBOK NPHUMEHSIOT aHa3poGH yio
HIM a3po6HYI0 cTabHIH3aLMI0 OCafiKa W BBIBO3KY Ha CBaJKYy aBTOLH-
CTepHaMH MM 00e3BOXKHMBaHHe Ha WJOBBIX MJIOIAAKAX C HCMOJb30-
BaHHeM Ha ynoOpeHue.

AnaspobHyio crabunusanuio ocanka (AHIC) ocymectsasior B cen-
THKax Ha YCTaHOBKaX NPOH3BOAHTENbHOCTBIO J0 50 m*/cym, B ABYXb-
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SIPYCHBIX OTCTOMHHUKAaX U OCBET/IHTeNfX-NIeperHHBaTeNAX MPOU3BOAU-
TesnbHOCTBIO OT 50 0 10 000 #3/cym, ranaBHBIM 06pa3oM, B COOPYKEHHAX
npy MeXaHHYeCKON OYMCTKE CTOYHBIX BOA U OHONIOTHYECKOH OUHCTKE
B €CTECTBEHHBIX YCJOBHAX (OA3EMHOE W Ha3eMHOe OpoLIeHHe).

A3pobHyl0 cTabuaM3aLHIO Ocajka MPHMEHSIOT MJISi COOPYXKeHHUi
6HOXUMUYECKOH OYMCTKHM B MCKYCCTBEHHO CO3[IaHHBIX ycsoBuax. Ha
OUHCTHBIX YCTaHOBKaX MpPOU3BoAHTeNbHOCTBIO 10 700 M%/cym aspobHyio
cTaOHNH3aLHI0 OCaflKa OCYLIECTBJSIOT COBMECTHO C OYHCTKOH BOJbI
B OIHOM coopyxKeHuH mpogieHHoi aspauuu (ADCII) umnn paspgenpHO
B a3po6HLIX crabunusatopax (ADCP) Ha ycTaHOBKax MpoH3BOLHTEbHO-
cteio ot 25 po 700 #*/cym.

N nocesNKOBBIX OYMCTHBIX CTAHUMH TMPOM3BOLHTENBHOCTBIO 10
4200 m®/cym npuMeHsIOT aHadpoOHYIO K aspobHyI0 06paloTKy ocaiKa
(AH3C, A3CII, ASCP), a past craHuuil npousBoguTenbHocThi0 7000—
10000 #*/cym — tonbko no cxeme AHIC B ABYXBAPYCHBIX OTCTOMHU-
Kax U nepernuparensix, no cxeMe A9CP — B aspo6HbIx cTabHan3aTopax
npousBoguteabHocThio 10 10000 #3/cym. OGe3BoxkHBaHME OCanKOB
MOXKET OCYIIeCTBAATLCA Ha MJIOBBIX IJIOMIafKaX, a TaKXKe MyTeM MeXa-
HHYecKoro o0e3BOKMBaHHSl Ha LeHTpupyrax O6e3 mpesBapUTEJBHOTO
KOHIUIHOHUPOBaHHS OCajKa.

Jnst TOpoAcKUX H pafOHHBIX OYMCTHBIX CTaHLMH MOTYT MPHMEHSThCA
nocJiejoBaTebHO BCce CTaIlMH H MeToibl 00paloTKH OCalKOB: Mpel-
BapuTeJIbHOe YMJIOTHEHHe (CTylLleHHe) W YNJOTHEHHe B Mpolecce KOH-
IMIHPOBaHUS OCafiKa; aspoOHas crabunu3auus B crabuaH3aTOpax NpH
Npou3BoAHTEbHOCTH cTaHuuu 64—100 Ttoic. m3/cym (ADCP) u ana-
spobuas crabunnsauus B MeraHTeHKax (AHOM) npu npoussopurenn-
HocTH cBbille 64—100 Teic. x3/cym; MexaHuueckoe oCe3BOXKHBaHUeE
C MNpeABapHTEJbHBIM KOHIMUHOHHDPOBAHHEM ocafka ¥ 00e3BOXKMBaHHe
ocajilka Ha WJOBbIX IJIOLIAAKaX, IIe 3TO MpeACTaB/seTcsl BO3MOMKHBIM;
TepMuyeckast o6paboTka MmyTeM CYLIKH ¥ CXKHTaHHSl OCanKoOB.

Anaspo6Hoe cOpaxuBaHUe OCaiKOB B MeTaHTEHKaX HOBOJIbHO pac-
NpOCTPaHeHO U MPEACTaBJEHO B TEXHOJOTHYECKHX cxeMaX ofpaboTkoi
OCaJIKOB B OJHOCTYMEHYATHIX M ABYXCTYMEHYATHIX METAHTEHKaX C TocJe-
AOYIOIMM 00e3BOXKHBaHHEM Ha HJOBBIX IUIOLIAfKaX, MeXaHHueCKUM
00e3BOXKHBaHHEM C TMpelIBapHTEJbHBIM XHMHUECKHM KOHIMILHOHHDOBa-
HYEM, a BO3MOXKHU M TepMHYecKoi o6paGOTKOH nyTeM CYLIKH U YTHIH-
sauuu (puc. 47,a — o).

B uesax uHTeHcH$UKauuu npoueccoB 06paboTKH BMECTO aHadpOOHO-
ro cOpaknBaHHsl OCafKOB B METaHTEHKaX NpexycMaTpuBaercs o0paboTKa
Pa3fieNbHO CHIPBIX OCAAKOB NMEPBHYHBIX OTCTOMHHKOB H H3OBITOYHOTO
aKTMBHOTO MJ1a, MHHYSI CTAIHIO aHadpoBHo# cTabunu3aiuu. AHaspobHas
CTaGH/IM3aLHA MOXKeT COXPaHHTbCS JIHIIb Ha OYHMCTHBIX CTAHIMAX, e
ye MMEIOTCA TeXHW4YeCKH HCIpaBHble METaHTEHKH WM TpebyeTcs HX
PEKOHCTPYKILHS.

[Tpu oOpaGoTke cbipbix HeCOPOMKEHHBIX OCAIKOB TEXHOJOrHYecKue
CXeMbl 3HAUHTEJbHO YMpOLIAIOTCS H COKpamaercss BpeMs 00paGoTKH.
Ilpu aTOM COKpallaloTCs MPOMBIBKA H BTOPHYHOE YIJIOTHEHHE OCaliKa, a
HHOT/la H XMMHYeCKOoe KOHIULHOHHPOBAH He Nepel MeXaH HueCKuM 00e3Bo-
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JXKHBaHUEM (CM.cXeMbl 0-u). 3aTeM 0CaZioK YTHAM3HPYETCs Mocje CYLIKH
unn cxkuranus. Ilocsie Mexannyeckoro 06e3BoKHBaH Hsl CHIPOH OCafOK MO-
KeT OTNPaBJATLCA Ha yRoOpeHHe HJIH TEPMHUYECKYIO CYIUKY, MOcJie Tep-
MHYECKOH CYIIKH — Ha C2KHI'aHHe WIH NMuposu3 (rasudukaimo). Ha cxe-
Max 8 H e nocJie cOpakHBaHHsl NpelyCMOTpeHa CYIIKa COBMECTHO YIJIOTHE-

Puc. 47. Texnonornyeckne cXeMbl KOMIJIEKCOB COOPYKeHHH 1o o6paGoTKe OCalKOB;
a — 2 — npu aHaspob6Hom cOpaxuBaHuH; 0 — u — npu o6paboOTKe CHIPHIX OCAAKOB:
1 — nepBHYHLI OTCTOHHMK; 2 — MeTaHTeHK; 3 — MeTaHTeHK [-#i cTyneHn; 4 — Mme-
TaHTeHK 2-f CTyneHW; 5 — HJOBasl INIOWIAAKA; 6 — WJIOYMJIOTHUTENb; 7 — Kamepa
NPOMLIBKH H YIUVIOTHEHHS; 8 — MeXaHM4yecKoe 00e3BOKMBaHHe; 9 — TepMHuecKas
cyllka ocagka; J0 — cxuraHue ocanxa; 11 u 12 — XMMHUYeCKOe H TENJIOBOE KOHIH-
uMoHHpoBaHHe; I3 — rasudukauus ocanka; /4 — xuaxohasHoe OKHCIEHHE.

HHOro 0cafika ¢ H36bITOUHBIM aKTHBHBIM MJIOM B CYIIHJIKaX NOJ BaKyyMOM,
TnocJie Yero ocajok MocTynaeT Ha yAoOpeHHe HJIH CKHMaHHe.

Ha cxeMe e xuMuuecKoe KOHZHMLUHOHHPOBaHHE 3aMEHEHO TEMJOBHIM
C NOBTOPHALIM YNJIOTHEHHEM, KOTOPOE [JaeT BO3MOXKHOCTb Tepe] MexaHu-
YyecKMM 00e3BOKMBaHHEM YMeHbLIHTb 00beM ocaika B JBa pas3a; 3aTeM
0CajiloK CYLIHTCH H YTHJIH3UPYETCS HWJH CIKHLaeTcs.

o cxeme s ocamok mocsie ynJoTHeHUs1 6e3 KOHAHMLLHOHHPOBAHHUS MO-
CTyNaer Ha UEHTPUPYTH, CYLIHTCS, 3aTeM MOABEPraercsl rasupuKaLnHH
(MuposH3y) ¢ McnoJb30BaHHEM ra3oB M oTXofoB. [IpH ueHTpudpyruposa-
HHH KOHIMUHOHUpOBaHMsl ocagka He TpeGyercsd. Ilo cxeme 3 ocanok
rocse YyMnJOTHHTeJs TNOCTYNaeT HENOCPeJCTBEHHO B BaKyyM-CYLIHJKY
(meror HUKTH TI'X), a sateM yrunusupyercs B KauecTBe YHoOpeHHA
WIH TomsiuBa. B cxeMe u ocalok mocje YMJOTHeHHs IMoOjABepraercs
XKHUAK0o(a3HOMY OKHCJ/IEHHIO.
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Komnnexcb! coopyennii Ana ynnorHenus
0C3AKOB H HNOB

YnnoTHeHWe WM CrylleHHe OCAJKOB SBJsETcA NepBod craaueit
UX 06paboTKH, KOTOpas Mo3BOJSET C MHHHMaJbHEIMU SHEPreTHUECKHMH
3aTpaTaMy 3HaYUTETbHO COKPAaTHTb 00BEM VICXOINHOro OCafKa H MOBBICHTD
apexTHBHOCTD Nocnenylomux craguilt obpaGorku. Hem Gosblue CBo-
GonHoil Boxbl GyAeT ynajeHo M3 ocagka, TeM MeHblle norpebyercs
3aTpar A/ AOCTHXXEHHA KOHeuyHoH ueJH ero oOpaboTKH; MpH 3TOM
OCHOBHOE BHUMaHHe CJIeyeT YAeNSTb aKTHBHOMY WY, TaK KaK YILIOT-
HEHHe ero Bbi3bIBaeT HanGoJbILKHE TPYAHOCTH. AKTHBHBIH W OT/IHYAETCS
HCKJ/IIOYHMTEIbHO MaJlo¥ KOHLEHTpalued CyXHX BELIeCTB M BBICOKOM
BaaxHoctelo (99,2—99,5%), Menbuaiiiueii cTpyKTypoH B3BEILEHHBIX
vactul (98% no Becy HMelor pa3sMep MeHee 1 ma), MVIOTHOH ruapaTHOM
060/104KOH BOKPYT TBEPABIX YacTHL, NPENSATCTBYIOWEH YMJIOTHEHHUIO
M MOBHIIIEHHIO KOHUEHTpauuH TBepHOH ¢asbl. YNIOTHEHHe aKTHBHOIO
WJ1a MPHUBOIMT K Pe3KOMY BO3PacTaHHIO €ro yAeJbHOrO COMNPOTHBJEH Hs
M K yBeJIHYEHHIO KOJIHYecTBa cBf3aHHOH Boabl. OnHako Kak cOpaku-
BaHHe, TaK U 00e3BOXKHBaHHe HeyNJIOTHEHHOrO aKTHBHOIO HJa HepalHo-
HaJIbHO.

[NokasatesieM cnocoGHOCTH H/la K OCaXKAECHHIO SBJSETCS HJIOBBIH
uHpekxc (cM. ctp. 132). B npakTHKe npuMeH 10T METORBI TPABUTALIHOHHOTO,
¢Gs0TalHOHHOTO, LEHTPOGeKHOr0 M BHOPALMOHHOTO YIJIOTHEHUs ocaj-
KOB H HJIOB.

FpaBuTauuoHHB i MeTon YIJIOTHEHHS siBasieTcs Haubosee
NPOCTHIM H pacnpocTpaHeHHbIM. ['paBuTalHOHHOE yNJIOTHEHHE OCHOBANO
Ha MpHHLHINE CeQUMEHTALMH-OCeJaHHs 4acTHLL JAHCTepcHOM ¢aspl. ITOT
MEeTOj MNpPHMEHSIOT A/ YMJIOTHEHHS H3OBITOYHOrO AaKTHBHOIO HJa,
CMeCH HEeyMJIOTHEHHOro H3OLITOYHOrO aKTHBHOTO HJIa C CHIPHIM OCaJKOM,
a Takxke cOPOKEHHOro H ChIPOro ocazka mepej MexaHHYecKHM 00e3Bo-
J)KUBaHHEM T1ocjle peareHTHOro M TeNJIOBOIO KOHZMIIMOHHPOBaHHA.

Bpems ynnorHeHus MoxeT ObiTb CaMbiM pasjHYHBIM — OT 4 1O
24 4. BnaxHoctb ynioTHeHHBIX ocagkoB 97—95%. Ilpu ynnorHenuu
CTaBAATCA TPH 3aNauH: COKpAIleHHe NMPOXOJIKHTEJNBHOCTH YIIOTHEHHS,
no/jyuyeHue ocaika ¢ Gojiee HH3KOH BJIQXKHOCTBIO H CHHXEHHE KOHIEHT-
pauuy B3BELIEHHBIX BEILECTB B OTAE/SEeMOH Boe.

Ina nosblileHHs 3(dEKTHBHOCTH T'PaBHTALHOHHOTO YIJIOTHEHHS
CMeCH H OTJeJIeHHsl BOJbl NMPHMEHSIOT KpYTJ/ble BepTi:KaJbHble U PafH-
a 1bHbIe UJIOYTIJIOTHHTENH, 060pPYAOBaHHBIE HIOCKpe6Gan.1 ¢ epeMellHBa-
IOIUM YCTPOHCTBOM B BHIE 4HacTOKOJAa M3 BEPTHKAMbHBIX KDYTJBIX
CTOEK, 3aKpenJIeHHbIX Ha ¢epMe Hockpe6a Ha paccrosHuu 0,3 onHa
OT_Ipyrofi.

Ilpu Bpamennu ¢epmb (co ckopoctbio 0,03 #/c) ckpebGKH cTOHKU
TNepeMellHBAalOT H YIJIOTHSAIOT CMeCh, NPELOXPAHSIOT W OT 3aJ/1eX<HBaHHA
U 3arHUBaHHUS W CNOCOGCTBYIOT BBIIENIEHHIO Ta30B pa3JIOKeHHs, NaloT
BO3MOXHOCTb NY3bIPbKaM BO3ZlyXa H HJ/IOBOH BOIe BBIHTH M3 HHXIHX
CJI0eB Ha MOBEPXHOCTb, NPENOTBPALIAIOT 3aBHCAaHHE MJIOBBIX YACTHIL
H CTOHSIIOT CMechb K LEHTpaJbHOMY NpPHAMKY, 4Yepe3 KOTOpbIH OHa
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yaansercs. BenabiBiiasi uioBasi XKHAKOCTb NepesnBaeTcss B mepude-
PHHAHBIN BOZOCJHB M OTBOAHMTCS B KaHaJ Mepej NMepBHYHBIMH OTCTOHH H-
KaMH AJS JajbHeHIleHd ouHCTKH, a YIJIOTHEHHasi CMech MJia C OCafKoM
niepeKauuBaeTcsi B METAHTEHKH.

Ta6auua 56. OcHOBHbie JaHHBIE NJsI PAcyYeTa WJIOYNJOTHUTENEMH

BaaxkHoOCTh n
- K| b-
y:;:_og};e:_ Hmriogmo:::;lm. g?»‘:gﬁ;’;
:2:"%20 ‘ xupkocrn | Harpyska
g B OT- Ha | m?
. naoiaau
Xapugepuerags e | Komers, | Tan woynmermren | oteh | ponat
] - THKaJIbHO- “)?;go‘;:;’:
ﬁE § é % é r?lo:"::ﬁ'}"; Teds, Ms/ “
AR E Rt
mx Qx QX a
Tocsie nosHoli GHo-
XMMHUYECKOH OYHCT-
KH;
H3 a3POTEHKOB 15—3 | — [973] — 5—8 — 0,5
U3 BTOPHYHBIX OT-
CTOMHUKOB 4 98 97,3 10—12| 9—11| <0,1 0,3
U3 30HBl OTCTaH-
BaHHA  a3POTeH-
KOB-OTCTOlHMKOB | 4,5—6,5 | 98 [ 97 16 12—15| <0,1 0,2
Ilocne  HemouiHoM
GHOXHUMHUUECKO# OUH-
CTKH — H3 a3poTeH-
KOB 1,5—2,5 95 3 <0,2 —_

Pacuer unoynmnoTHuUuTE S Bejercss Ha MaKCHMaJbHBIH
yacoBOfi MPHTOK H3OLITOYHOI'O aKTHBHOrO Hna, M3/4

UpaxcQ
Guakc.a = ¢’ (111)

rie Uyaxe — KOJIMYeCTBO H3GBITOYHOTO aKTHBHOTO Maa, /M3, Q — pac-
X0l CTOUHBIX BoZ, M3/cym; C — KOHUEHTpauUHsl YIJIOTHEHHOro W3GHI-
TOYHOTO HJa, 2/M3.

KoHueHTpauHio H3GHLITOYHOr0 aKTHBHOIO HJa, NMpPOLOJIKHTENbHOCTD
OTCTaMBaHHS, CKOPOCTb IBHXKEHHSI HJIa B OTCTOMHOI 30HE M Harpysky
Ha | x® nJIowany UIOYNJIOTHUTENsl peKOMEHAYeTCs MPHHHMATh No TabJ.
56. Harpysku no chipoMy HJy M CyXOMy BeIECTBY MOXHO NpPHHHMATh
no tabma. 56 u 57.

KonnuectBo HoynyoTHHTe el peKOMEHAyeTcsl NPHHHMATh He MeHee
JBYX, NpHYEM BCE OHH HO/KHBI ObITh paGouMMH; OTHOIUIEHHE AHaMeTpa
K riy6une fomxHo 6eith 6—7. [logauy naa u BHIMYCK NpefycMaTpHBAIOT
HernpephIBHBIMH; BHITYCK OCYIUECTBJSETCS MOJA FHAPOCTATHYECKHM Haro-
pom 0,5—1 x yepe3 BOJOCJHBHL C NMOPOroM nepeMeHHOH BhicoThl. Mio-
YIIOTHHTENIM CJEAYeT pacrnojaraTb B BBICOTHOM OTHOLIEHHH TakK,
uTo6bl MJIOBasl BOAA M3 HHX MOIJIa MOCTYNaThb CaMOTEKOM B a3POTEHKH.
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CoBMecTHOEe YyNJOTHEHHE HEYNJNOTHEHHOTO
M36BITOUYHOTO AKTHBHOTO HJAa C CHIPEHM OCAaLKOM
OCYIIECTB/SIETCS TPABUTALLMOHHBIM METOLOM B WJIOYIJIOTHHTENE B Teye-
Hue 10—15 4. 3aTtem cMech mofaercsi B MeTaHTeHKHU Ha cOpaKuBaHue, Ha
KOHIMIHOHHpOBaHHe H 06e3BOKHBaHMe, CYIIKY H cxkuranue. OcBo-
6oxnarowasics uioBasi Bofia BO3Bpalll@aeTCsi M3 WJIOYIJIOTHHTE/SI B Iep-
BHUYHBIE OTCTOHHHUKH OUHCTHOH CTaHIHH.

CoBMecTHOE YMJIOTHEHHE HEYIJIOTHEHHOrO H3GBITOYHOrO0 aKTHBHOIO
HJla ¢ 0CaiKoM MePBHUHBIX OTCTOMHHKOB NMo3BoJsieT Ha 15—20% ymeHb-

Ta6auuna 57. paBHTauHOHHOE YNJIOTHEHHE OCAJAKAa CTOYHLIX BOJ

Harpyska | Baaxuocts
110 CYyXOMy | yrnoTHeH-

Tun ocagka BEINECTBY | yoro ocag-
ocagka, Ka, 2/a
Ke/u m?

Ocanok mepBUYHBIX OTCTOHHHKOB 5 90
M36bITOYHbIR aKTUBHBIA Ml 1 97
Cwmech ocafiKa MepBUYHBIX OTCTOMHHKOB C H3GBITOUHBIM akK-

THBHBIM WJIOM 2 94
Ocanmok nocje GuoJioruueckux (UILTPOB 2 92
Cmech Ocajika MepBHYHBIX OTCTOHHMKOB C OCAaiKOM MmocJje

6Hosoruyeckux (UALTPOB 2 92

wuTh 06beM CMeCH MO CpPaBHEHHIO C O0GbeMOM, MOJYYeHHBIM MyTeM
OGbIYHO TPHMEHSIEMOr0 CMelUeHHsl YIJIOTHEHHOro M3GBITOYHOrO Haa
C TeM XKe ocafkoM. BnaxHocTb cMecu cHukaetcsi ¢ 96 no 92—93%:;
3a cyeT yhaseHusi cBOOGOAHOH BOXbI yBe/JMYMBAETCS MPOU3BOJHMTED-
HocTb MeraHTeHKOB Ha 15—30%. Ilpu atom He TpeGyercsi u3MeHeHUs
pa3MepoB coopyxeHHH u o6opyloBaHus A/ nocaenyouel 06paGoTKH.

TonoBoft sKoHOMHYecKHH 3(peKT OT COBMECTHOTO YIJIOTHEHHSl CO-
crapasier 137—195 py6. Ha kaxnwle 1000 43 cyTouHoro mocTymjeHus
CTOYHBIX BOX.

Ilnst  vHTeHCHOHMKaLMM Tpouecca FpPaBUTAIlMOHHOTO YIJIOTHEHUs
AaKTHBHOTO HJla TPHMEHSIOT KOaryJsillMi0 XMMHYECKHMH peareHTaMH.
Torma B 2—3 pasa cokpalaercsi BpeMsl YIJIOTHEHHSI H Pe3KO CHHXKaeT-
cAl  KOJIHYeCTBO B3BelUeHHBIX BelleCTB B CJAWBHOH Boje. Tak, npu
ynjioTHeHUH u36biTouHoro uma ¢ 0,5 xo 10% mo cyxomy BeliecTBY
noGasasiioT 10 3 2 xJaopa Ha | M3 BAaXHOro uja; NpH 3TOM IJIHTENb-
HOCTb KOHTaKTa He NpeBblllaeT 2 mux. B pesysbrare ynaeTcsi CHU3HTD
103y KoaryJsiHta, pUMeHsieMoro npu 06e3BoXKHUBaHHH OCajlKa.

®noTamMUHOHHHH METOX YHJOTHEHHS aKTHBHOTO HJla
3aKJ/I0YaeTCsl B TOBRHILIEHHOH CKOpPOCTH U GoJjlee BBICOKOH CTeNeHH
YNJIOTHEHHS1 N0 CPaBHEHHIO C IPaBHTALHOHHBIM, a TaKKe BO3MOKHOCTH
peryanupoBanusi mnpouecca. CKopocTb YMJIOTHeHHS NpH  (JoTauuH
B 10—15 pa3s, a KoHueHTpauusa TBepao# (a3bl aKTHBHOTO Wja B 2 pasa
Bhlllle, YeM NPH FPABUTALLHOHHOM YIJIOTHEHHH.

6 7—558 161



M3 wusBecTHHIX MeTonoB (JIOTAaLMH — HMIIEJUIEpHOH, 3JIeKTpo- H
HarnopHo# — HauboJsblllee pacnpocTpaHeHHe MOJNYUHJ NOCJeJHUH, NpH
KOTOPOM B OCaJloK MOJaeTcsi HEKOTOpOe KOJNHYeCTBO BOLBI (paboueil
JKHIKOCTH), NpefBapHUTeJbHO HACHILIEHHOH BO3AYXOM MOI JAaBJieHHEM
1o 4 xec/cm®. @norauus MPOUCXOAMT B pe3yJsbTaTe NMPHJIMIAHHSA TOH-
KHX 4acTHI aKTHBHOTO Wla K Ny3bpbKaM BO3JlyXa H MojbeMa Ha Io-

9 BepxHocTb. OG6pasoBaHue raso-

Y, g BEIX TYSHIPbKOB Moxer MMeTb
m MecTo B pes3yJbTaTe BblAe/eHHs
BO3lyXa M3 pacTBopa (HamopHas
5 % 7 § H M BaKyyMHas ¢JaoTauus), TpH
a 3JMIeKTposiu3e ocajka (3JeKTpo-
9 GJaortanus), 3a cuer pasBHTHA H
.

JKH3HEJeATEJLHOCTH  MHKpoopra-
HH3MOB MpH MOJOTpeBe O0CaJKa
Jo Temneparypsl 35—55°C (6Ho-
A2 Joruueckas ¢uiorauus) u ApYTHX
meropax. Ha puc. 48 mnpexcrab-
JIeHEl JiBe CXeMbl HamopHoi ¢io-
TalMK:  HachlleHHe  BO3JYXOM
HernocpeJCTBEHHO TMOCTYNAOLIEro
B e onioseel oMt ol WIA W HACHIEHHE BONYXOM pe-
H - o o
AyXom: a — Hel‘lOCpeleCTBeHHI:)l nocryna- u"pKy‘anyeMOH HJIOBOH BObI.

joero  Wia; 6 — peLHpPKYJHPYEMOit Meron HanopHoﬁ (p-flOTauHH AA
HJI0BOH BOAEI; | — WA Ha yMJIOTHeHHe;  YIJIOTHEHHsl U3GBLITOUHOrO HJla Obis
2 — nopaua Bo3ayxa; 3 — Hacoc; 4 — H3y4eH B AKX um. K. [I. Hanm-

HanopHBIA pe3epByap; 5 — peAyKLHOH-
Hedi 3aTBOP; 6 — MOjava Wi, Hackimen-  10B3: Tpy noBrilieH K AaB/eH ks

HOTO BOSHyXoM; 7 — BxomHan kamepa; A0 1,6—1,8 xec/cm® Bospyx pact-
8 — ¢noratop; 9 — ckpebkoBhlfi TpaHc- ~ BOPSIETCA B aKTHBHOM HJie, a IpH
EOPTepj 1?17 YIVIOTHEHHKH CQIOTHPO-  moHIKEHMM JaBJeHHs B ¢JoTaTo-
Igﬂf];e';gfmyw ﬁfﬁi’é’éﬁﬂgﬁf BORL pe phimesisiercst B Bule MeJbuail-

LKHX Ty3bpbKOB. JIByXcTyneHya-
Tasi cXeMa 3aKJoyaeTcst B YIJIOTHEHHM HJIa Bo (JIOTAllMOHHOM pe-
3epByape 1o BjaxHoctH 98,2—98,5% B TeueHue 20 MuH, a 3aTeM B
HJIOYTIJIOTHHTeJIe 10 KOHeyHo# BaaxkHocTH 96,5—96% B TeueHue 2 4.
B uioynnotHuTese NPOMCXOAMT BTOPHYHOE BCIJILIBAHHE HJsia, BbIXO-
JSALIETro U3 GJIOTalMOHHOTO pe3epByapa, Ge3 JOMOJIHHUTebHOTO Hachlllle-
HUSI €ro BO3JYXOM.

HacreueHue BoXpl BO3Jly XOM MPOM3BOAMTCS NIPH TOMOLLH BO3LYIIHOTO
3KeKTopa, YCTAHOBJIEHHOro Ha MepeMblYKe MeXKAYy BCAChIBAIOLLMM H Ha-
NopHBIMH Tpy6onpoBojaMu Hacoca. KosnuyecTBo NMofaBaeMoro BO3AyXa
npuiumator 50—80 2 Ha 1 M® xunkoctu. PacTBopeHue Bo3ayxa ocy-
IIeCTBJSIOT B HANopHOM pe3epByape, 06beM KOTODOTO paccyMTaH Ha
npeGbiBaHHe B HeM XHIKOCTH He MeHee 3 mun. CHiKeHHe TBeplOH
¢asnbl B akTHBHOM HJe npuHuMaercs 85% 1o cyxoMy BeliecTBy, a yAelb-
Hasi Harpyska Ge3 daoropeareHToB — 1o 4,4 ke/mPu cyxoro Be-
1ecTBa.

YKpauHCKuil MHCTHTYT HMHXKeHepoB BojHoro Xxossiictea (YMHBX)
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u BHWMBoareo paspaGotanu panukaibHbie (uoTanuoHHble HIOYIIOT-
HUTeIn* cO CJIeNYIOLIUMH TOKa3aTessIMu:

Jlapnenne npy HachIMIEHHH JXUAKOCTH BO3AYXOM,
KecfemM® ... . L. o e e e .. 2—4
Konnuectso Bo3ayxa, mnojaBaemoro Ha 1 3

KHAKOCTH, M3 . . . . . .. L. L L. ... 0,05—0,06
OrHomlenne o6beMa paGoueil JKHAKOCTH K 06be-
MY YIJIOTHSEMOTO HJa . . . . . . . . . . . 2:1-3:1
[ponomxutensHocTs npeGuiBatnst cmecu paGo-

uell XHAKOCTH M YIVIOTHSEMOTO aKTHBHOLO HJa

BO (VIOTALHOHHOM YIJIOTHHTeJdE, 4 . . . . . . 0,7—1
CropocTH MCTeueHHss paGoueil KHUAKOCTH Haa

M3 JLIPYATHIX OTBEPCTHH pacnpeleHTesbHbIX

Y6, Mfc . . . . ... ... L L. 18—23 u 0,7—1
KoHeuHast BNaXHOCTb YMJIOTHEHHOTO uaa, 9% 94,5—95
Konueu’rpauua B3BELIEHHbIX BELIECTB B MOAbH-
JoBOH Bome, e/mM® . . . . . . . ... ... 20—30
Pacuer /0OTalMOHHOFO WJIOYNJIOTHUTE/SI COCTOMT B OINpeleJ/ieHHH
pacxoia Bo3dyXa H pa3MmepoB ¢uioTa- te
Topa [44]. S 05 1015202530
Ina pacuera mpouecca ¢aoTtauuu ¢ N2 7
peLHpKyasnueil UI0Bo#l BOABI U Hero- 1:' /
CpelCTBEHHBIM HaCbllleHHeM ujla BO3-  S&
AyXOM HpPHMEHSIOTCS cJelyiolHe oc- &
HOBHBIE (JOPMYJIBL: E @
h-Bp-V a— 1 8
W, =B nlna=l o (11g) s

(S

174 _.h'Bp(fn‘Pa_l) (113) 2 4 G preen
p Co ’ Puc. 49. PacrBopuMocTh BoO3ayxa
B aKTHBHOM Hae (cM3/4) B 3aBHCH-

rae W, — HeoOxonuMoe coiep:KaHHe MOCTH OT AaBieHHs P u Temmepa-
BO3JyXa B HJOBOH CMeCH, NpHHH- TYPH ! (a — KONHYECTBO 0CBOGO-
maeMoe He Menee 0,03 m3/m3; h —  AMBLIErocs BOnyXa).
pabouaa raybuHa caoraropa, M
B, — KoJinyecTBO pacTBOPHMOrO BO31yXa, OcBOGOAMBLIErocst B IpO-
ecce (JIOTallMH BCJEJCTBHe CHHXKeHUsI JaBjeHus, cx®/a; V, — obbem
PelMpKYJ/JHPYEMOrO MOTOKa, HACHIEHHOTO BO3LYXOM, M3;
V — obvem una, s3/cym; f,— cTeneHb HachIIEHHMS MJAA BO3LYXOM
B 3aBHCHMOCTH OT JaBJIEHUs] H TeMNeparyphl B JONAX €AMHHULBl, P, —
NiaBjeHHe Bo3yXa, kec/cm?;, C, — HavaJibHasi KOHLUEHTpAIMsl aKTUBHOTO
wia, Ke/md.

PactBopuMOCTb BO3JyXa B WJe WM BOJEe PEKOMEHAYETCsl NPHHHUMATb
o HOMorpamme Ha puc. 49.

ITp umep. 3anpoekTHpoBaTh (QIOTALUOHHEIH HIOYMNIOTHUTENAb AJS TOBHILEHUS
KOHIEHTPALUH akTHBHOrO HMy1a g0 Cyx = 4% mno cyxomy BemectBy. O6beM uaa v =
= 1000 #*/cym, HauanbHas KOHLEHTPALMS aKTUBHOTO HJla, MOCTYMAIOUEro Ha yIJOT-
nenue, Co = 4,6 x2/m3; cuuxeHue cogepxanusi TBepaol hasel B aKTHBHOM wuie 85%.

* PaguanbHblii QJIOTAHOHHBIN YIVIOTHATENb STOTO THNMA gUaMeTpoM 12 u pabotaer
Ha OGBeNMHEHHBIX OYHCTHBIX COOpYxKeHHAX HeBHHHOMbICCKa.
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IpunumaeM nabaenve Bospyxa P = 3 kec/cm?; ¢ = 15° C. Crenesb HachllueHHs BO3-
nyxoM npunuMaercs f, = 0,6. Pa6ouas ray6una ¢uoratopa h = 1,3 u.
PaccuntbiBaeM npounecc ¢aoTauHHu
Komuuectso cyxoro Bemectsa U, = CoV = 4,6 - 1000 = 4600 xe/cym.

p+1,0

1,03

Koauuectso pacTBopuMoro Bozftyxa Bp, 0cBOGOAMBILEroCs BCJIEACTBHE CHHXKEHHS
IaBneHusn ¢ 4 1o 1 xec/cu® npu ¢ = 15° C, npuunMaeTcs Mo HOMOTpaMMe, IPHBENCHHOR
Ha puc. 49: 80 — 20 = 60 cu%/4 uaa.

IMocKoJILKY CTeneHb HaCBILEHHS HJa BO3AYXOM fn = 0,6, To Bp=60-0,6=
= 36 cM3/a una.

Ilas tpebyeMoro crymenus uaa po C, = 4% no cyxoMy BeluecTBy Heo6xoAuMoe
c?ln;pmaﬂue BO3AyXa B HJI0BO# cMeck Wy cocrasasier 0,03 #3/#3. Torza no dopmyJe
(112)

Jlasnenne BO3nyXa p, = = 3,9 kec/cmu®.

Wp — thVn (fapa — 1) .

V-G !
0,03 = 1,3-36-Vy(0,6-39—1) 625V,
A 1000 - 4,6 - 1000 ~ 4600000 °

Orciona 06beM pelMPKYJTHPYEMOTO MOTOKA, HACHILEHHOTO BO3AYXOM,
Vi = 10,03 - 4600 000/62,5 = 2200 #3/cym.

O6umufi NoTOK B KaMepe CrYIIEHHS! COCTABJASIET
Q=V + V= 1000 + 2200 = 3200 #3/cym, umu 134 m3/u.

Ins 10-MHHYTHOTO pa3pexeHHs BEICOTa WIOTHPYEMOTO CJIOf OCafKa COCTABJSET
77%, a 23% saHuMaeT pa3peKeHHbIH OCAafOK.
T'nppaBnuueckasn NoBepXHOCTHAA Harpyska Q

Qn=~h/t =10,23 - 1,3/10 = 0,03 m3/mun, uau 1,8 m3/m? - u.

[NosepxuocTs ¢moratopa F = Q/O0p = 134/1,8 = 75 2.

O6veM cinosi V, = Fh =75 - 1,3 = 98 3.

Bpems ¢motauuu T = F/Q = 98/134 = 0,73 u = 45 mun.

PaccunthlBaeM npounecc ¢ HeHNOCPEeNCTBEHHLM Hacbumes
HHEeM o0calnKa BO3AYXOM.

[Mpuinmaem Te e fauHbie Mo GopmyJe (113)

Wp= h'Bp(fE‘; pa—1) :

1,336
0,03 = — 55— (FaPa — 1)

OnpenenseM HeoGXOAMMOe HaBleHHEe BO3LyXa

_ _0,03-4600

(Fn + Pa—[)—-w—&

pa=(3,0+1):0,6 = 6,75 kec/cm?;
|4 1000

F

= = = ~ 2.
% 0; 5. 138 23,2=24 u

®J10TauHOHHbIA HAOYNIIOTHHTEND IO BTOPOMY BapHAHTY TPEGYeT MeHbILYIO OBepX-
HOCTL (B TPH pasa — 24 u® npotuB 75 x®), HO Goslee BHICOKOTO NaBJeHHs BO3LyXa
(6,75 xec/cm® BMecto 3,9 Kacicm?).
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Coopyxexna anaapo6uoi W aapoGHoH
cralunusaunn ocankos

Crabunysanus 0CallKOB HMEET LeJbi0 paspylleHHe GHOJIOTHYECKH
passiaraeMoil 4acTu OpraHH4YecKoro BelllecTBa, ocTaBastowero 65—75%
MacChl CYyXHX BELIECTB AJ1sl NpeloTBpalleH sl HX 3aTHUBAHHUSA U CO3JaHHs
YIOBJIETBOPHTE/IbHBIX CaHUTAPHBIX YCJIOBHH Ha MOC/EAYIOUHX CTaAHAX
o6pabotku u yrtuausanuu. Crabu-

JHU3alHI0 OpPTraHHYeCKOro BellecTBa

OCYIIECTBJSIOT NPH MOMOIMH MHKPO-
OpraHH3MOB B aHadpOOHBIX H a3pob-
HBIX ycsaoBusX. OpraHuyecKue Be-
ecTBa TBepHOH (a3bl ocafKa nepe-
BOAATCA B cralHJbHBlE BelleCTBa:
ABYOKHCb YTJIepoja, MeTaH H BOAY.

Crabuiusanuio opraHuuyecKux Be-
IIeCTB MyTeM aHas3po6HOro cOpaxu- 8
BaHHA pEKOMEHAYeTcsi OCYIIeCTB-
JATb B CJEAYIOLIUX COOpYXKeHHsX:
B CENTHKAaX Ha CTAHUUAX — MPOU3BO-
qutenbHocThio o 25 md/cym; B

JABYXbSPYCHBIX OTCTOMHHKaX WJIH OC-
BET/INTE/IfX-IepeTHHBaTeNIAX — Ha
CTaHIUAX NPOM3BOAUTENBHOCTBIO JO

10 tbic. M3 /cym; B MeTaHTeHKax — Ha g

Puc. 50. TexHoJOrHYecKHe CXeMul COOpY-
KeHHil aHaspOGHOTo COPaKMBAHHS OCAJKa: ) g

a— B CenTHKaxX; 6 H ¢ — B IBYXbSIPYCHHIX OTCTOH-
HHKaX H OTKDBITHIX MEperHHBaTelNsiX; ¢ — H —
B OJHOCTYMEHYaThlX H ABYXCTyNeHYaTHX MeTaH- e
TeHKaX; [/ — CenTHK; 2 — ABYXbAPYCHHI OT-
CTOMHHK; 3 — HJIOBHE NJOWANKH, 4 — OTKPhI-
ThI neperHmBaresib; 5 — METAaHTEHK; 6 — HJIO-
YMJIOTHHTENb; 7 — METaHTeHK, OTKPHThIA BTO-
po#i ctyneHu; 8 — KaMmepnl NPOMBIBKH H YNJOT-
HEeHHS; 9 — MeXaHHUecKoe 06Ge3BOXKHBaHHE WJIH
CyWKa ocafka. s

CTaHLMsAX Npou3BoguTeNbHOCTbIO cBhiLe 10 Thic.#3/cym. TexHomoruuec-
KHe CXeMBbl aHa3po6HOTro cOpaKiBaHHis OcajKa NpuBeleHHl Ha puc. 50.

CenTuKH TNpUMEHSIOT TONBKO Ha HeOOJBLIMX YCTaHOBKaX
¢ nox3eMHoil ¢puabTpanneli. O6beM WJIOBOH YacTH CENTHKa Ha ORHOrO
NpHBeJeHHOTO KHTeJsl NpH COpaXWBaHHM B TeueHHe OJHOro Tojia
onpesiensiior B o6beMe 123 2. MiMelorcst THNOBbIE MPOEKTH CENTHKOB H3
c6OPHOTO XKeJle300eTOHA UK KHpNHya Ha BogooTBeneH ne 0,5—10 x3/cym
u obcayxuBanue 5—120 uen.

JIBYyXbsipycHB E OTCTOIMHHHKH NPUMEHAIOT A/ OTCTaWBa-
HHUA CTOYHOH KHMAKOCTH, COpaKMBaHHSI M YMJIOTHEHHS BhINaBILIETO
ocajfika Ha MaJlbIX M MOCEJKOBBIX OYHCTHBIX CTaHIHAX. JIByXbsipyCHble
OTCTOMHMKH TIPOEKTHPYIOT ONMHOYHEIMH HJIH CNApeHHBIMH KpYTJIOH
(opMbI ¢ KOHHYECKHM WJIH MHpaMMAa/bHEIM JHUIIEM. B BepxHeid yacTn
pacro/iaraioT ocafouHble Keqo6a AJst ocBeTeHHs XuaKkoctH. Huxuss
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4acTh OTCTOMHHMKA HCMOJNb3yeTcsl B KauecTBe CENTHUecKod (HJoBO#)
Kamepel AJsi cOpaxKMBaHusl OCauKa.

Pacuer npoTouyHO# 4acTH ABYXBSIDYCHOrO OTCTOHHMKA (OCaJOYHBIM
XeJs106) pacCYMTHIBAIOT KaK FOPU3OHTANBHBIN OTCTOHHHK. O6beM centH-
yeCcKoH Kamepsl 3aBHCHT OT BpeMeHH, Heo6X0AMMOro 1/ cOpakuBaHHs
OpraHHYecKoro BelllecTBa. IT0 BpeMs B CBOIO OUEpEeb 3aBUCHT OT TeMIle-
paTyphl CTOYHOM BOABI U TeMNepaTypsl cOpaxkuBanus. O6GbeM cenTuyec-
Kol Kamephl, Npuxofsileiicst Ha 1 xurens Vi, npuHUMaeTcs B 3aBUCH-
MOCTH OT cpeJiHel TeMIepaTyphl CTOYHON BOJBI B 3uMHee BpeMs (Taba. 58).

Ta6anmna 58. PacyeTHble napaMeTpbi CeNnTHYECKOd (WJIOBOH) Kamephi
ABYXDBSAPYCHBIX OTCTOHHHKOB

Enuny- CpenHsif 3UMHSAS TeMIepaTypa CTO4HBIX BOA, °C
oa Hus-
HaumeHoBanue mnokasateseit Mepe-
HuA 6 7 |85 | 10 [ 12|15 |2
Bpems nepernusaHus cym [ 210 | 180 | 150 [ 120 | 90 | 60 | 30
O6bemM CcenTHYECKOH KaMeph!
((:Ha 1 xurens) Vi a 110 95| 80| 65| 50 | 30 | 15
yTOUHasi 1033 3arpy3KH % | 0,73 {084 1{123] 1,6 |266] 5,33

Mpumevaune. [lpy Mosaue B CENTHYECKYIO KAMePy ABYXDbSPYCHBIX OTCTORHHKOB

HJN2a M3 A5POTEHKOB Ha MOJIHYIO OYHCTKY H BBLICOKOHAar pyXKaeMbiX GHODHJILTPOB OOBEM Kame-

bl JO/KeH GbiThb yBeJsHueH Ha 709, NMpH nojadye HJa M3 OTCTONHHMKOB MMOCJE KaNeJbHBIX GHO-
(%nm,rpon H 23POTEHKOB HA HEMOJIHYIO OUHCTKY — Ha 30%.

OcHOBHBIMH HelOCTaTKaMH JBYXbSPYCHBIX OTCTOMHMKOB SIBJISIOTCS
Gosblioi 00beM HIIOBOK Kamephbl M GoJiblliasi T1yOHHA OTCTOMHHKA, 4TO
CHJIBHO YZIOpO2KAEeT BCIO YCTAHOBKY M JieJlaeT HeBO3MOKHEIM NTpUMEHEH He
NIpH BBICOKOM YpOBHe TPYHTOBBIX BOJ.

OcBernutean nepernuBareJu (raba. 59), paspaGoraHHrie
JIMCH, pekomeHI0BaHEI B KauecTBe 3aMeHBI [JBYXbSIPYCHBIX OTCTOHHH-
KoB. OcBeT/IHTe/Ib-NIeperHHBaTe/b COCTOMT M3 KPYIJIOTO B NJlaHe nepe-
THUBaTe/Is, TpejHa3sHayeHHOro AAA cOpaXKHBaHMS ocalka, BHYTpH
KOTOPOro KOHLEHTPHYECKH PACIOJIOKEeHB OCBET/IHTE]b U KaMepa (Jio-
KYJSlMH C ecTecTBEHHOH aspauuell. CrouyHble BOAbI B OCBETJIHTEJlE
M30JIMPOBaHKI OT Gpojsillleld Macchl B liepeTHUBaTeNe; TN OCBETISeMBbIX
BOA HCMOJNb30BaHO JJIA TONNepKAHHS TeMIlepaTyphl 06OrpeBaeMoro
ocajka.

PaGouyio rniy6uny Kamepbl QUIOKYAsilMM TpUHHMAOT 4,5 M, LJauHY
ueHTpasbHOH TPY6H 2—3 M (6e3 BOpPOHKU-pacTpyGa), AuaMeTp orpa-
XKaTeJIbHOro LiMTa — Ha 1 M GoJblue nuameTpa TPYOBI, YKJIOH IHHMIIA
45—50°; paccTosiHME MeXIy HHKHMM KpaeM KaMmephbl (JIOKYJALMH
H TIOBEPXHOCTBIO OcajlKa B WJIoBOH 4acTH — He MeHee 0,6 u. OcHoBHEIE
KOHCTPYKTHBHLIe pasMmephl [/ noaGopa ocBeT/IHTeJNel-NieperHuBaTenei
C ecTeCTBEHHOH a’panuedl mpuseleHbl B Tabn1. 60.

JonycTuMyio CKOpoCTb JBHIKEHHsI BOABl B OTCTOHHOH 30He cjefyeT
npuumath 0,8—1 mm/c. [lnametp HuKHEro cedeHus Kamephl (JIOKY-
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Ta6auniua 59. Pasmepsl THNOBHX OCBeTJHTejel-neperHuBareneit

TleperuuBarens Ocseraurenb Kamepa ¢dnoraumn
ITponyckHhas
CNOoCoGHOCTh
npn v =
= 0,9 mm/c B
OTCTOHHON 30HE
b 2 3 = 2 % 3 ® %
g < - = |‘§ - & < -
g £ F | ¢ | & H S| ¢ s | 3
El 8 3 S g 3 8 o = g 2 5
= = o o = @ o S E = @ o
1 9 861 333 4 7,16 | 653 9 295 1,7 48 9,3
21 12 948 | 637 | 5 7,75 | 103,1 | 13,6 | 445 2,3 48 | 17,2
3|1 156 |10,35( 1059 | 6 8,34 | 154,6 | 20 655 2,7 48 | 237

Ta6anuma 60. OcHoBHbie maHHbIE MJsi NOAGOpa OCBETJHTENEl-NepernuBatTeneii c

ecTecTBeHHON aapauueit

Bpicota KOHH- | PaGounit 06b- Beicota KoHH- | PaGounit 065-

Jlnamerp, # | geckoi wacru, | eM coopyxe- Juamerp, # 49ecKoH yacCTH, | eM coopyKe-
M HHS, M3 M Husl, M3
5 1,45 120,4 12 3,48 770
6 1,74 176,3 13 3,77 915
7 2,03 244 14 4,06 1077
8 2,32 323,6 15 4,35 1254
9 2,61 415 16 4,64 1448
10 2,9 520,5 17 4,98 1660
11 3,2 639 18 5,22 1880
TMIpuMeuaHHe Becora NUIHHADHYECKOR uvacTu NpHHATAa 6 M ucXoAs M3 pasMepa

THUNOBLIX NaHesell, sricota 6opra — 0,3 M.

Ta6auuma 61. PacyeTHble mapaMeTpbl CeNTHYECKOH KaMepbl OPOXEHHs
OCBETIHTE/if-NEePerHuBaTens Ansi OCafgKa GHITOBbLIX CTOYHBIX BOJ BJAXKHOCTBIO 959,

Enn- CpeaHssi TeMNepaTypa CTOUHBIX BOA HJiM OCafKa, °C
HRBUa
el
HaunmeHosatine nokasaTtes ;::::;l 6 7 85 10 12 15 2
TpopomxurensHocts  Gpoxe-
uus ocagka T cym | 210 | 180 { 150 | 120 [ 90 | 60 | 30
O6beM Kamepbl GpoxeHHst Vi
Ha 1 XHTens y ] 123 | 105| 8| 70| 53 | 35 | 18
CyTouHasi 03a 3arpysKH % |072 |085(1,02]|128| 1,7 |[257] &

MpumeuaHue. Ilpu HHOM BJaXcHOCTH ocagka W cyTouHas Ros3a 3arpysKH AOJ/KHA
6biTb YMHOXKEHa Ha oTHowexne W/95. CyTouHast J0o3a 3arpy3KH ocafika TNPOH3BOACTBEHHBIX
CTOYHEIX BOA YCTaHaBJHBAeTCs SKCNEePHMEHTabHO.
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JSIUH PAaCCUYMTHIBAIOT HCXONS M3 cpelHefl CKOPOCTH B 3TOM cedyeHHH
8—10 mmlc.

Pacuer ocBeTiiMTeNIeHl ¢ ecTeCcTBeHHOH aspaumnell NpPOM3BOAAT IO
CHuIT 11-32-74, a centuyeckoil KaMephl NMepeTHUBaTesell — 10 K03aM
3arpyskH. SPeKT ocBeTIeHHS B OCBET/IHTE/IE C eCTeCTBeHHOHN aspaineit
cocrasasier 70%.

Ocyx = 65 X 0,7 = 45 elcym cyxoro BemecTBa Ha | uejoBeka.
O6mbem ocanka npu BaaxHocth W = 95% cocrasur

’ 100 - 45
V°°=——'—(100—95) =09 2. (114)

YuuteiBasi, 4To KosuyecTBO Gpomsimell Macchl yMeHblnaercsi Ha 35%
3a cYeT BBIMYCKAa HJIOBOH CMeCH, MOXKHO NOJY4YUTb 0GbeM MeperHuBa-
Tesis Ha 1 Xutens

V= Vo - T - 65)/100, (115)

rie T — mpono/mKHTeNbHOCTb GPOXKEHHUS B 3aBHCHMOCTH OT TEMIIEPaTy pbl
ocajgKa, NpHHUMaeMasi no Ta6is. 61.
Hosa cyrtouHoit 3arpysku, %

D =100 - Voo/V,. (116)

PacuetHble mapaMeTpsl, mosydyeHHble 1o ¢opmysaam (114) — (116),
npuBeneHsl B Taba. 61.

KanutanbHele 3aTpaTel Ha CTPOMTE/BCTBO OCBET/IHTeJeH-eperHyBa-
tenelt Ha 25—30% HuKe, YeM Ha CTPOUTE/BCTBO ABYXbSIDYCHBIX OT-
CTOHHHKOB.

MeTanTeH KN Halluii IUMPOKOE NpHUMEHEHHE B OTEYECTBEHHOM
H 3apy6exXHOH mpaKTHKe. MeraHTeHK npexcTaB/sier coGoil LUIHHIPH-
YecKHH XKe/1e300eTOHHBIH pe3epByap ¢ KOHHYECKHM JHHILEM H FepMeTH-
YeCKMM HeMONBMXKHBIM TepeKpHITHeM, B BepXHe# uacTH KOTOpOTo
uMeercsi Koanak ans c6opa rasa. CoBMecTHO ¢ KaHa/M3allHOHHBIMH
ocajkamu HONycKaeTcsi MOJaua B MeTaHTEHKH APYTHX cOparkHBaeMblX
opraHuyecKMX BelllecTB mocje HX JApo6ienus. Ilpu cOGpakuBaHuu
M3MeHseTCs] XMMHYeCKHH cOCTaB Ocallka B CTODOHY MOBBILIEHHS 30/1b-
HOCTH H CHHXKEHHS YTIJIeBONOB, XKHPOB H Ge/KOB. ‘

Ipumensior aBa pexuma cOpakuBaHUsI OCALKOB: MEe30(HJIbHBINH
(33°C) u repmoduabHeii (53° C). Bbiop mnpouecca cieayer NpoH3BO-
AWTb Ha OCHOBaHHMH TeXHHKO-3KOHOMHYECKHX pacueToB C y4Y€TOM rocJie-
ayole# 00paG0OTKM M YTHAM3allMM Ocajka, a TaKxXe CaHHTapHBIX
TpeboBaH ui.

OGbeM MeTaHTEHKOB ONpefe/sieTcsl B 3aBUCHMOCTH OT (paKTHUYECKO¥
BJIaXKHOCTH OcafKa (M/M CMecH Ocaika ¢ aKTHBHBIM HJIOM) 1O CYTOYHOH
Io3e 3arpysku mo ¢opmyJe, #®

V = Mogu - 100/D, (117)

rie Mosu — KOMHUECTBO OCajka (MM CMecH oOcajka ¢ aKTHBHBIM
HJIOM), MOCTYMAIOLIETO 3a CYTKH B MeTaHTeHK, M3, D — cyTouHas 103a
3arpysKH B MeTaHTEHK, NpuHuUMaeMas 1o Tabma. 62.
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Pacnazl 6e330JIbHOTO BellecTBa 3arpyaemoro ocajika B 3aBHCHMOCTH
OT J103bl 3arpy3KH ONpeAeastoT Mo q)opmyne

y=a—nD, (118)

rie Yy — pacmnaj 6e330/BHOTO BelllecTBa, %; @ — MaKCHMAaJbHO BO3MOX-
Hoe cOpaxkmpaHue Ge330JIBHOTO BelUECTBa 3arpyxaeMmoro ocanka, %,
N, — Ko3h(hHIMEeHT, 3aBHCSAILKE OT BNaXHOCTH OCalKa M NMPUHHMaeMBIi
no Ttaba. 62.

Ta6anuua 62. Cyroynas jo3a D 3arpykaeMoro B METaHTEHK OCafika M
3HayenHe KosgpuuyeHTa 12, NPU pacyere METAHTEHKOB

BilaXKHOCTb 3arpy»Kaemoro ocaaka, %

Temmnepa-
Pexxum c6GpaxkuBa- | Typa c6pa-
a HHRiE 93 94 9% 96 97

CyTtounasa nosa D, 9%
Me3sodpuabubii ' 33 I 7 | 8 | 9 l 10 l 11
1

TepmopHuABHBI 53 14 16 8 20 22
Kospdunuent n

MesoduabHEIH 33 1,5 0,89 0,72 0,56 0,4

TepmoduabhbIi 53 0,455 0,385 0,31 0,24 0,17

MaxkcumanbHo  Bo3MOXKHOe cOpaxuBaHue O6e330JbHOTO BellecTBa
3arpyaemoro ocaika cJjejyeT olpeleJsiTb B 3aBUCHMOCTH OT XHMH-
YeCKOro cOCTaBa ocajka 1o opmyJe

a = (0,922 + 0,62y + 0,346) - 100, (119)

rje %, Y, 6 — COOTBETCTBEHHO COfiepKaHHe KHPOB, YTJIeBOAOB H GENKOB,
2 Ha | 2 Ge330/ILHOrO BellleCTBa OCAaIKOB.

Ipn oTCyTCTBHH NaHHBIX O XMMHYECKOM COCTaBe ocajka JoMyCKaeTcs
NpUHUMATh: JJIS OCAaJKOB H3 TepPBHYHBIX OTCTOMHHKOB @ = 53%;
a8 usbeiTouHoro wiaa a, = 44%; LJaA cMecH ocajKa C aKTHBHBLIM
WIOM decw MO cpelHeaph(MeTHYECKOMY COOTHOLUEHHIO CMeLIHBaeMbIX
KOMIIOHEHTOB M0 6e330/71bHOMY BeLlecTBY.

BennuuHy a aas cMecH Ocajka ¢ aKTHBHBIM HJIOM ONpelessiloT Mo
dopmyae

aen = (206s + a,Uss)/Mes = (0,5306; + 0,44U6s)/Mes,  (120)

rie Oss, Uss 1 Ms, onpenensitorcs no dopmynam taba. 53.
Brixon rasa ompeflesiiioT MO YpaBHEHHIO

I = (@ —n,D)/100, (121)

rie I’ — BbIXof rasa B #® Ha | ke 3arpykaeMoro 6e330JIbHOTO BellleCTBa
(NJIOTHOCTb Ta3a MpHHATaA paBHOH 1).

[Npu Haauyuu B cTouHbx Boflax ITAB BennuuHy cyTouHO# Harpysku
D, npuHstyio B Ta6a. 9, nposepsioT no dopmyne, %

= 10-9
D =+moo—wy - (122)
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rae C — conepxanue TIAB B ocanke B me/e cyXoro ocanka, npuHHMa-
eMoe MO 3KCHepHMEHTaJbHbIM JaHHBIM HAH Taba. 63; g — npenesnbHO
JonmycTuMasi Harpyska pabodero o6beMa MeTaHTeHKa B CYTKH, NpPHUHU-
MaeMasi 40 o/#® 1 anKuIGeH30/CY/IbPOHATOB C NMPSAMOH aAJKHJ/IbHOM

Ta6auua 63. Conepxanne aHuonHnix IMAB, #2 Ha 1 2 cyxoro Bemectsa
ocaaka (CHull 11-32-74)

Hcxopuast Hcxoanasn
KOHUEHT palHs Ocanok us Wa6biToynmii || KOHUEHT pauus Ocapok H3 Hs6HTOuHR
TIAB B cTou- TIePBHYHBIX aktusunt un || TAB B crou- TEPBHUHBIX | aprupupf MO
HO¥ BOJAE, OTCTORHHKOB HoOit BOZdE, OTCTOHHHKOB
Mme/a me/a
5 5 5 20 17 7
10 9 25 20
15 13 7 30 24 12

nenplo, 85 — A8 APYTHX «MATKHX» M TPOMEXKYTOUHBIX aHHOHHBIX
[TAB; 65 — nna anuoHHbIX [TAB B GbITOBBIX CTOYHBIX BOAAX.

[lpn npoeKTHPOBaHMH MeTaHTEHKOB HaJJIEXHT IpelycMaTpuUBaTh
ClellylollHe YCJ/IOBHS: FepMeTHYHOCTb pe3epByapoB, paccuuTaHHasi Ha
AaBJeHue rasa 1o 300 mm 600. cm.; miowanb rasoc60pHOH rOpJIOBHHbI
aas nponycka 700—1000 #3 rasa B cyTku Ha 1 M2, nepemeluuBaroiye
yCTpOHCTBa INponycKa Bcero ofbeMa Gpoisiiell Macchl B TedeHue H—

Ta6auma 64. KoHcTpyKTHBHblE Pa3Mephl METaHTEHKOB

BricoTa, & C’"gg'f:u’:"j;m
TonesHbift
Tanosuift mpo- | JHa- | oGbem ox-
P MeTp, | Horo pe- KHOCKa
M | 3epBYapa, | pepxyero | WHHMHADH- | ypyyero | SAAHHA raso-
M3 KOHyca 4YecKoH KOHyCa 06CHyRHU- | poi
vacru BaHHs ceTH
—_ 10 500 1,45 5 1,7 — —
902-2-227 12,5 1000 1,9 6,5 2,156 652 100
902-2-228 15 1600 2,35 75 2,6 2035 112
992-2-229 17,5 2500 2,5 8,5 3,05 2094 136
902-2-230 20 4000 2,9 10,6 3,5 2520 174
— 24,2 5200 4,63 8,5 4,9 3011 212

10 4. HeoGxonumo TaKxKe MpeiycMOTpeTb MEepONpHATHSA, obecreuHBa-
IolKe B3pbiBOOE30NacHOCTb 060PYNOBaHUS H 0GC/1YKHBAIOIMX TOMelle-
HHe MEeTaHTEHKOB, MOJNOrpeB M MepeKauKy ocajka, CHCTEMbI OTBOIa
rasa, ONOPOXKHEHHS pesepByapa M MNepeKJIOueHUsi TPYOONpPOBOLOB.

PexomennyeTcsi npHHHMaTh THNOBble KOHCTPYKIHH MeTaHTEHKOB
(raba. 64).

O6beM u36BLITOYHOrO aKTHBHOrO WJa, 06pa3yOMMiicA Ha OYHCTHOMN
craiuuu, B 1,5—2,5 pasa npesbillaeT 06beM 0CaKa U3 MepPBHYHBIX
OTCTOHHMKOB. BblcoKasm BJIaXKHOCTb M GoJIbLLOe COfepXKaHHe OesKa
B HJle 00yCAOBJIMBaeT HU3KHH BBIXOJ rasa NMpH aHadpoGHOM cOpaXuBa-
HHH.
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Io sxoHOMHUECKHM TOKa3aTesIsIM 3HauUTEeNbHO BHITOAHee cGpaKkuBaTh
B METaHTEHKaX OAHH ChIPOH OCaJOK, a aKTHBHBIN HJI MOABEpPrarb aspo6-
Holi cTabuinsauuu. [Ipu 3TOM 3HauHTeIBHO COKpallaeTcsi 06beM MeTaH-
TEHKOB, YTO MO3BOJSIET MOJHOCTBIO OOECNEeYHTb HX TEMJIOM 3a Cuer
ckKuranus obpasyroierocs raza. Oco6eHHO NepCeKTHBHO U SKOHOMHYHO
npHMeHeHHe aspo6HOH cTabuau3aluM H3OBITOYHOIO HEYIJIOTHEHHOrO
aKTHBHOTO WJla TPH HEBBICOKOH KOHLEHTpALMH B3BEIIEHHBIX BeLIECTB
B CTOYHOH MKHAKOCTH Ha HEGOJBIIMX OYHCTHRIX CTaHIIUSIX.

YcTaHOBKH a3po6HOM CTaGH/IM3aLMK 1O CPaBHEHHIO C YCTaHOBKaMH
aHaspobHol cTabGUIM3allNK TPolle KaK B KOHCTPYKTHBHOM HCIIOJIHEHUH,
TaK M NpH SKCIIyaTalHH.

Aspo6Hylo cTabuIH3alui0 OCYLIECTBASIOT B a9PalHOHHBIX COOpYXKe-
HHSIX — a3pOTeHKaXx ¢ MHeBMaTHYECKOH, MeXaHUUYeCKOH HJIH IMHEBMOMe-
XaHHYeCKOH aspanueil. AspoGHasi ctabunusanys 3akKgaoudaercsi B AJIH-
TEJIbHOM a3pHPOBaHHM B COOPYKEHHSAX THIA a3POTEHKOB, B pe3yJbTaTte
4ero IPOHCXOAHUT pacnaj (OKHCJeHHe) OCHOBHOH YacTH GHOopas/araeMbix
OpraHHMYeCKHX BelleCTB 10 KoHeuHbX mpomyktoB — CO,, H,O u Hs.
OcraBllliecsi opraHuYecKHe BelleCTBa CTaGHJIMH3HPYIOTCH, T. €. CTaHO-
BATCS He CMOCOGHBIMH K TOCJEAYILEeMY 3arHHBaHHIO. A3pOGHHBIN
Tnporecc COnpoBoXaaeTcs mnorpebeHHeM Kucjopoxa nmpuMepho 0,7 xe
Ha | k2 opraHuyecKoro BeLIeCTBa.

ek THBHOCTb Tporecca a3poGHOH cTaGHIM3allu{ 3aBHCHT OT €ro
NPOAO/IXKHTEJNbHOCTH, HHTEHCHBHOCTH aspalliH, TeMIepaTyphl, a TaKxe
COCTaBa M CBOMACTBA OKHCJIIEMOTO OCajiKa.

Bce oprammuyeckune BeiectBa (OB) ocanka, mocrymaioumero Ha cra-
6unu3anyio, S MOXHO YCJOBHO pPa3fe/IMTh Ha JBE YaCTH: aKTHBHYIO
(pacnaparomytocsi) S, u uHeptHyio S;. OtHocurenbHuili pacnag OB
B TNpouecce cTabMIH3alUH @ ONpefeasoT ho ¢GopMyJe

a=(S,— SIS, (123)

OH He MoXeT NpeBHICHTb HeKOTopo#l BenuuuHbl A npenena pacnana,
onpezensieMoro no ¢opmy.e

A=5S./S, (124)

rae uHgekc O XxapakTepusyeT HauajbHOE COCTOSIHHE, a MHIEKC [ —
cocTOosiHHe yepe3 Bpems i.

IOas uHXKEHepHBIX pacyeToB OCHOBHHIMHM TlapaMeTpaMH SBJSIOTCA
norpeGHoe BpeMsl cTabuJu3auuH ! U yIeJbHBIH pacXofl KHcJopoaa g,
KOTOpble 3aBHCAT OT TeMIepaTrypbl, Bo3pacTa Hsa, KoHuenrtpauuu OB,
HO HE€ 3aBHCAT OT KOHLEHTPalMH PpacTBOPEHHOro KucJjopoaa (mpu
YCJIOBHH, YTO OHA COCTaBJAET 1 m2/4).

Jlns pacyera aspoGHOfi cTaGHIM3alUK AaKTHBHOTO HJa TOJb3YIOTCS
caenyromHMH GhopMyJIaMu:

taw = Olpury  bour = [(8 = 10) 4 0,02 (20 — T,) (v + 5)]1,08@0—Te); (125)
a=14+ @3+ 0,5t —0,2n)/tn; (126)
g = (0,96 + 0,0167)/(1 + 0,1087), (127)
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rae laq ¥ fur — BpeMs cTabU/IM3alHH COOTBETCTBEHHO B fuefKOBOM
peaKkTope M peaKTope- BHITECHHTEJe, Cym; T — BO3pacT Maa, cym,
a — KoapduuueHT nepexoxa; T, u T, — pacueTHas Temmeparypa
B ad’poTeHKe W crabuiusatope, °C; n — 4uc/o fveeK; g — YAeJIbHOE
KOJIMYecTBO MorpeGHoro kucaopopa, kz- Oy/xe - OB (OB — opranu-
yecKoe BellleCTBO 0CajiKa).

INorpe6Hoe KosHYECTBO BO3AYXa pPEKOMEHAYeTCH ONpele]ATh M0
¢dopmysie Aas pacyeTa YAeJbHOTO pacXofa BO3fyXa B a’pOTEHKaX
(cM. paspen 3).

Ta6nuua 65. MapameTpnt AN pacyeTa COOPYXeHHii a3POGHON CTaGHIM3ANMM

Onurens- P Pacnan
HOCTH acxoln 6€3301LHO-
Bua ocanka aspa- BO3Zlyxa ro seute-

wnn £, cym| M/M-4 | crpa, a, %

HeynnoTHeHHBI# aKTHBHBIH ua 7—10 1 20—30
CMech HEyMJIOTHEHHOTO aKTHBHOrO HJa C 0CaAKOM
MNEePBHYHBIX OTCTOMHHKOB 10—12 | 1,2—1,56 | 30—40

HOna pacuera a3po6HO#H cTabuaHM3alLUH CMeCH
ocallka TEepBUYHBIX OTCTOHHHMKOB M M36bITOYHOrO aKTUBHOTO HJa
napamerpbl fcu M Zew ONpPERENSIOTCA MO  cJeAYoLUM QopMyaaM:

few = t, + 2B; (128)
gew=8,(1-+04BV 1), (129)

rae few U Iy — BpeMa CTaGWJIM3allMd CMeCH H aKTHBHOTO HJa, CYT;
8w M gy — YAeJbHBIE KOJHYECTBA KHCJIOpOJAA AJfl CMECH M AJfA HJa,
ke-0,/k20B; B — ornomenne OB ocagka k OB cmecu.

ITpousBoacTBeHHBIE COOPYXKEHHsI a3poOHOM CTaGHJIH3ALHH PAaCCYHTHI-
BaloTCA M0 MapameTpaM, NpHUBEJEHHBbIM B Ta6u. 65.

YNIOTHEHHBIH aKTUBHBIA W/ WJIH CMECh €ro C OCafKOM NepBHYHBIX
OTCTOMHHKOB TOABepraTth aspoOHOH CcTaOWJIH3aLM¥ HepalHOHaJbHO,
TaK KaK 3TO NMPHBOAUT K PE3KOMY YBEJHYEHHIO YAeJbHOTrO COMPOTHBJIE-
HHS Ocajka.

OrcranBaHue aspoGHO CTaGUIM3HPOBAHHBIX OCAAKOB JONXKHO TpO-
u3BoauTCA B TeueHue 1,5—2 4 B crmenmna/bHO BbIAEJNEHHOH OTCTOAHOH
30He, ycTpaHBaeMoH BHYTPH a3palMOHHOTO COOPYXKEHHS HWJIH B OT-
CToNHUKAX. BuaxHocTb ocafika mocsie oTcTauBaHHs COCTaBjseT 95—
96%. HMioBasi Boma HampaB/ifeTcs B a3pallHOHHBIE COODYXKeHHs, ee
BITK moxuo npuuumath okoio 100 me/2, a XIIK —B npenenax
360—670 me/a.

Inst cTabGu/IH3MPOBaHHBIX OCaAKOB CJeAYeT MpeAycMaTpHBaTh AaJib-
Hefilyio 06pabGoTKY TaK Ke, KakK I/ OCafKoB, COPOXXEHHBIX B Me30-
¢$unbHBIX ycJoBUSiX. Bojooraaya MX 3HAYHMTE/IbHO Jydyllle HCXOAHBIX
¥ aHaspoGHO cGpoKeHHBIX. OHU OBICTPO TMOACHLIXAIOT Ha MJOBHIX ILIO-
waakax npu Harpyske B 1,5 pa3a OGoJbllle, 4eM AJIf TepMO(UIBHO
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cOpOXKEHHBIX OCalAKOB, a MOATOTOBKA HX K MeXaHHYECKOMY 06e3BOXH-
BaHHIO MpOILE YeM OCaNKOB, COPOXKEHHBIX B aHA’POGHBIX YCJOBHAX.

AspoGuasi craGuiusaunusi oGecrieunBaer rubeab 6Gakrepuit  Coli
Gonee yem Ha 95%, HO Afiua reJbMHHTOB TPU 3TOM HE MOTHGAIOT.
[lostomy aspo6HO cTabuiu3upoBaHHbEe OCAAKH HEOGXONHMO JeTe/IbMHUH-
TH3HPOBATh.

: 7T, KO
A3poGHas cTabunHsauusi ocaj- — gurecade
Ka COBMECTHO C OYHMCTKOH CTOY- gy £
HBIX BOA B OJHOM COOpPYKeHHH Zz NI
PEKOMEHAYETCSA Ha OYHUCTHBIX CTaH- T //
UHSX IPOMSBOAMTENBHOCTbIO NO -~ /
10 thic. M3/cym. paspenbHas ourcT- ] A2
Ka Bombl W aspobHas crabuiusa- /2 A
/
N V4 e
Puc. 51. DxoHoMmuueckoe cpaBHeHHe Ba- 4 \ &
y4
PHAHTOB a3pOGHOI H aHaspoGHoit obpa- 6y cy 60
6OTKH ocajka: s . 0
| — npuBeleHHble 3aTPaThi B MeTaHTeHKaX 4 | 41 5 40
I1; 2 — 1O Ke, B aspocTaGHJAH3AaTOPAX; 3 — 3 Jo
ce6ecTOUMOCTb 06paGoTkH | 3 ocaxka B Me- H
TaHTeHKax ¢; 4 — TO XKe, B a3pocTabuau3aTO- 2 l \\

pax; 5 — 9KOHOMHYECKHe CpaHullbl NpuMe- 0 14 20 40 405060 50/00/40@100/{:/;}@/0

HeHHs a3pOGHOH CTaGUIH3aUHH HJIa.

UHA B a3POOHBLIX MJIOOKHCJIUTENAX — HA CTAHUHUAX [POM3BOAHTE/b-
HocTblo 10 64 Thic. mP/cym. DKoHoMHuecKasi rpaHHua [pPUMEHEHHs
a’po6HOo# CcTaGMIM3alMH I/ OYMCTHOM CTaHUMM TPOU3BOAHTEb-
Hoctblo 80 TeIc. MP/cym, noKasaHHas Ha puc. 51, nonyuena npu
CTOMMOCTH 3JIEKTPOSHEPTHH B HeHax Mocsnepro. ast Apyrux paiioHoB
CTpaHbl, [JIe OMJIaTa 3a 3/1eKTPO3HEPTHIO, BKJIOYAs OMJIATY H 32 YCTaHO-
BOYHYIO MOIIHOCTb, OT/IHYaeTcs oT MocsHepro, 3KoHOMHUECKas paHHIa
5 6yner mepememaThcs BIPABO WJIM BJEBO B [pelesaX NPOH3BOLUTE/Nb-
HocTH 64—100 TeIC. M3/cym; KaxabIH pa3 BHGOP MeTofa cTaGU/IH3ALMH
Ocajka MOJ/DKEH OTfpeRe/ATbC TeXHHKO-95KOHOMHYECKHM pacyerToM.

Konanunonnposanue ocaaxos

KonauunonyupoBanyem HasbBalOT NPeBa pUTEIbHYIO TIOATOTOBKY OCaj-
Ka CTOYHBIX BOJ Mepel o0e3BOXKMBAHHEM HJIH YTHJIH3alUMeH B LENAX
CHWXKEHUs YAEJbHOrO COMPOTHBJEHHS M YJYHYIIEHHS BOAOOTHAIOIIHX
CBOWCTB OCajKOB ITyTE€M H3MEHEHHS HX CTPYKTYpPbl U OpM CBA3H BOJBL.
Or cnocob6a KOHIMLUHOHHPOBaHHSI 3aBHCUT [POU3BOXUTENBHOCTb 06€3-
BOXKHBAIOLIMX aMaparoB, YHCTOTAa OTAE/ISAEMOH HJIOBOH BOABI H KOHEY-
Hasi BIaXKHOCTb 06e3B0KeHHOro ocanKa. KoHAHIMOHHpOBaH He OCYLIEeCTB-
JIieTCsi peareHTHbIMM M GespeareHTHBIMH CHOCOGaMH.

[lpy pearenTHO# 0o6pab6oTKe 0caAKa MPOHCXOLUT
KoaryJsiuus — MpOLECC arperandy TOHKORMCMEPCHBIX H KOJIIOHMIHBIX
yacTul, oOpasoBaHHe KDYMHBIX XJIOMbEB C pa3pbiBOM COJbBEHTHBIX
060J104eK U U3MeHeHHeM ()OpM CBA3H BOAbI, YTO NPUBOAUT K U3MEHEHHIO
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CTPYKTYpbl OCafKa H YJY4IIEHHIO €ro BOAOOTAAIOMUX cBo#cTB. [as
pearenTHOH 00pabOTKH HCNOJb3YIOTCS MHHEpaJbHble ¥ OpraHHYecKHe
COEAHHEHHs — KOaryJsHThI U QJOKYJSAHTH. B KauecTBe MHHEpA/IbHBIX
KOoaryJ/IsIHTOB NIPHUMEHSIIOT COJIM XKeJle3a, aJIIOMHHUS U u3BecTb. Haubosee
3()eKTHBHBIM SABJAETCS XJOPHOE JKeje30 B COYETAaHHH C H3BECTHIO.
OtH peareHTHl BBOAAT B oGpaGaTbiBaeMblii ocanok B Buge 10%-ubix
pactBopoB. [lo3bl BHecenus B cpepHeM caenyiouue: 3—9% xJsopHoro
xeseza 1 6—25% n3BecTH Ha cyxoe BellecTBO 06pabaTHIBAEMOrO OCAKa.

Ocankn, cOpoxeHHble B TepMO(HJBHEIX YCJIOBHSIX, HMeIOT GoJee
BBICOKOE YJA€JbHOE COMNDOTHBJIEHHe M TpeGYloT NpH 06e3BOXKHBAHHH
TNOBLILIEHHBIX 03 KOAryJISHTOB, TaK KaK NpH cOpaKHBaHUH NOBBILIAETCS
IeJIOYHOCTb OcafKa. [lJifi CHMXKeHMs IIEeJOYHOCTH OCafKa M HO03bl Koa-
ryasHToB a0 30% o6bluHO mepen KoaryJsinueil MPUMEHSIIOT MPOMBIBKY
ocajKa OYMILEHHOH BONOH U €ro YIJIOTHEHHe.

Il poMmel Bk a HauGosee shdekTHBHA AJs1 COPOMKEHHBIX OCAAKOB
C yAeJbHBIM conpoTHB/eHHeM Bbille 1000 - 10 cu/e. Tak Kak yaesnbHoe
CONpPOTHBJIEHHE CBHIDBIX OCAaAKOB INEPBHYHBIX OTCTOHHHKOB HHXKS
1000 - 10" cm/e, HeoGXoRMMOCTb MX NpPOMBIBKH oTnajgaer. Heueseco-
o6pa3Ha NpOMBIBKA aKTHBHOTO MJ1a M3-332 AMCNIEPCHOrO COCTaBa TBEpPAOH
Cpexbl.

KosnuecTBo BOAbl, HeoOXoAMMOe AJISI TNPOMBIBKH, ONpERessoT Mo
dopmyse, #®/m3

g=Ilg(r-107"%)— 18, (130)

TAe r — yAeJbHOe CONMpPOTHBJEHHe oOcajKa A0 €ro NpOMbIBKH, CM/e,
onpezeJsieMoe B Ja6opaTopHbiX yeaoBusx [331. Ilpu orcyTeTBUY AaHHBIX
06 yHeJbHOM CONDOTHBJEHHH OCajKa KOJHYECTBO MPOMBIBHOH BOAbE
NpHHHUMAIOT Mo Tabu. 66.

ITpoMBIBKY OCYLIECTBJSIOT B CHELMAaJbHON adpUpyeMoH Kamepe
B TeueHue 6—10 mun (c npumeHeHueM Bo3fyxa B Koauuectse 0,5 u3/m3
ocanka). Ilpu npoMbiBKe BBIMBIBAIOTCS MeJKHE YAaCTHIbI OCajKa, B pe-
3yJbTaTe Yero BO3HHKAaeT HeoOXOAMMOCTb BO3BpaTa NPOMBIBHOH BOAbLE
B 00LIMH NMOTOK OYHMILAEMBIX CTOYHBIX BOA. B CJIMBHOi Boje yMJIOTHHTE-
Jieii ocJie MPOMBIBKH KOHIEHTPALHIO CJeAYeT NMPHHUMATb MO B3BeIleH-
ubiM BemectaM 1000—1500 mz/a, no BITKpons 600—900 m2/a.

B nensx cHuXeHHs BbIHOCA B3BElUEHHBIX BELIECTB CO CJIMBHOM BOROMH
paspa6oTaH METOA MPOMLIBKH OCaKOB PaCTBOPOM XJIQpHOTO keJie3a [33].

HauGosbiree cHuXEHHe YIEJBHOTO CONPOTHBJEHHS HOCTHTaeTcs
WPOMBIBKOH MaJIOKOHIeHTpHpoBaHHBIM (0,075%-HbIM) pacTBOpOM XJ10p-
Horo xejesa n03oi 1—1,5% naas ocagkos ¢ R<< 1500 cu/z u 2—2,56%
AJs ocankoB ¢ R = 1500 cx/e. Tlpono/mkuTesbHOCTb YIIOTHEHHS OCaAKa
TNpM 3TOM coOKpallaetcst 10 4—6 4, a BLIHOC B3BelEHHBIX BELIECTB — 1O
200—600 maz/2. [33]. TpexkparHas npomsiBka 0,05%-HbIM pacTBOpoM
ocafika, cOpOXXEHHOro B TEPMOQUJIBHBIX YCJOBHSX, C YAEJbHbBIM CORPO-
tuBjeHueM R = 2300--2600 cm/2 nosBommia CHU3UTb 3HauYeHHe R
no 150—250 cm/e, a KOHUEHTPALMIO B3BELIEHHBIX BEIIECTB B CJIHBHOM
Bofie — ¢ 745—1620 no 142—250 mez/a.

YnnoTHeHHE CMECH MNPOMBITOTO OCaAKa U OTHENEeHHe HJIOBOH
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BOJBI NPEYyCMATPUBAIOT B paJHa/lbHBIX HJIOYIIOTHHTeNAsIX. XOTsA Mpo-
MbIBKa fiBAsieTcss 3pQeKTHBHbIM NPHEMOM, OAHAKO /sl KOAryJsiiHu
ocajgka TpeOyK)TCS BCe 2Ke BbICOKHE 03bl XJOPHOTO Keje3a H H3BECTH.
Hapectb HelirpasHayeT KHCJIOTHI, 06pasyolnyecst MpH THAPOIHU3E Koary-
JITHTOB, COKPAILaeT pPacXoi OCHOBHOTO KOary/sHTa M NpeAOTBpaLlaeT
3arHMBaHMe OCaAKa, a TaKXkKe ABAAETCH NPHCAZOYHBIM MaTepHaljioM,
H3MeHSIOIIM CTPYKTYpY ocaika.

Ta6numa 66. Pacxon BOAM M KOAryJASiHTOB Ha MPOMBIBKY M KOAryJsi LHIO
ocajaka [31, 33]

Ho3sa, % or Beca
Mpo- CyXoro BeliecTsa
MBIB- ocazika

Ocankn Hasi
BOAQ,
M3/ M3 FeCl, CaO

C6pokeHHbIE M3 MEPBHYHBIX OTCTOMHHKOB 1—1,5] 3—4 8—10
C6poxeHHble B Me30(HJIBHBIX YCJIOBHSIX CMECH OCajka H3

NePBHUHBIX OTCTOMHHKOB M WU3OLITOYHOrO aKkTHBHoro uaa| 2—3 | 4—6 10—15
To ke, B TepMOQHJBHBIX YCJOBHSIX 3—4 | 4—6 |10—15
Cbipbie M3 TEpBHUYHBIX OTCTOHHHKOB — 2—35 | 6—9
CMech ChIpOro ocafilka M3 MEepBHYHBIX OTCTOHHHKOB H yI-

JIOTHEHHOI'O aKTHBHOTO HJa — 3—5 9—13
YnnorHeHHBIH H3GLITOYHLIH HJI W3 a3POTEHKOB Ha MoJ-

HYIO OYHCTKY — 6—9 |17—25

Mpumegannsn: 1 Jlosa Fe,(SO,); 8o BCEX cilyuasiX yBeNHYHBAETCA 1O CPABHEHHIO

¢ posamu FeCl, Ha 30—40%.
2. CkJaji XJIODHOTO H CEDHOKHCJIONO OKHCHOro JeJjiesa TpefycMaTpHBaercsi Ha
20—30 cym, u3secTH Ha 15-cyTouHbift 3amac.

1036l KOaryJsiHTOB NpH IMOATOTOBKE OCaAKOB K 00e3BOXKHBAHHIO Ha
BaKyyM-(GUIbTpPax MOXHO onpeaessitb no ¢opmyse [33]

D=K(VR + VW .0,001J/C), (131)

rae K — kosbduuueHT, 3aBHCAIMHA OT BUAA M XHMHUYECKOTO coc-
TaBa NMpPHMEHSIEMOro Koary/sHTa, a Takke OT THMAa ocajika; R =

r - 107"° — yneabnoe compoTHBAeHHe ocagka, cm/z; W — Bnax-
HOCTb ocanka, %; C — KOHLEHTpauusi cyXoro BellecTBa ocaika, %;
II] — wenouHoCTb OCaAKa RO KoaryJsiluH, Me/A.

[ns celporo H cOpoXKeHHOrO OCaAKOB NpH KOaryJsiliHH XJIOPHBIM
xeqaesom K = 0,25. [1pu koarynsiuuu XJIOpDHBIM 2K€/1€30M B COYETaHHH
¢ usBecTbio ao3a usBectH (o CaO) onpenensieTcs Takxke mno gopmyJe
(131); npu stom K = 0,25 mas c6poxensoro u K = 0,3 ans ceiporo
ocajKa H M30bITOYHOTO aKTHBHOro Mia. Jlo3a XJIOpHOro Xeje3a B 3TOM
cayuae coctaBiser 30—40% BouHcaenHo# o3l usBectd mo CaO.
Ilpn oTCYTCTBHH paHHBIX MO YAEJIbHOMY COMPOTHBJEHHIO OCajKa 103y
KoaryJ/IsSHTOB MpHHUMaIOT mo Taba. 66.

3aMeHHTeIIMH KPHUCTA/NJIHYECKOTO XJIODHOTO Kese3a MOTYT CJIYXKHTb
OTXOZbI psiia NMPOM3BOACTB: PAacTBOPHI XJIOPHOTO XKeJie3a, CePHOKHUCJIOrO
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JeJsle3a, CEPHOKHMCJOTO aMOMHHHS, XJOPTHApaTa afiQMHHUS H 1p.
BMecTo MuHepaJ/IbHBIX KOAryJsiHTOB 11eJ1eCO00pasHO NPUMEHSTb CHH-
TeTHUECKHe PAacTBOpHMble B Bole (JIOKYJAHTBI TpeX Kaleropuil: KaTu-
OHHble, aHHOHHble M HeMOHHbie. [l 0cajaKoB, comepk4lux Gosblioe
KOJMYECTBO OpTaHHYeCKHX BelueCTB (3osbHOCTb 256—b50%), uesneco-

00pa3Ho HCII0/1b30BATh TOJb-

Ta6auna 67. Beanyuna pacmaga KO KaTHOHHbIE (JIOKYISAHTDL,

Op-aHuyecKoro BeuiecTsa, % AJI5 OCajKoB  30J/IbHOCTBIO
556—65% caenyer KoMOHHH-

Temneparypa. poBaTb KaTHOHHbIE M aHHOH-

Bua ocanka Hble QUIOKYJISIHTBL, LIS Ocajl-

170 | 200 KoB 3osibHOocTbIO 65—70%

TNIPUMEHSAIOTCA HUCKIIIOYUTEb-

AKTHBHBIH HJ 48 58

Buonsienka #3 GHOQUJILTPOB 35 50 Hoq)aHHOHHble oKy NAHTEL.
CMech ChIporo ocafka C ak- JIOKYJISIHTBI BBOASITCA B
THBHBIM HJIOM 26 37 0CaJOK TaK Xe, KaK MU MHHe-
Copoxennblit ocanok 14 | 34 pafbHbie peareHTbl, B BHIE

pacTBOpOB KOHLIEHTpaLLHi 1o-
psinka 0,01—0,5% akTuBHOH
yacTH cyxoro Beiiectsa. OTeuecTBEHHas NpPOMBLILVIEHHOCTb OCBaHBaeT
TNPOM3BOACTBO KATHOHHBIX (/10KY./1siHTOB BA-2 u BA-3 1,151 KOHAMILMOH U-
poBaHHs ocanKoB. CTOMMOCTb (JIOKYJSIHTOB 3HAYMTENbHO BbIllle CTO-
UMOCTH MHHEpaJbHbIX pEareHTOB, OJHAKO 3a CYeT YMEHbIIEHHs HX
103 110 CPaBHEHHIO C J103aMH MMHEDANbHBIX peareHToB o6liast CTOHMOCTb
06paGoTKH NpH HX NpHMEHEHHH COKpalnaercs npumepHo Ha 1/3.

Han6onee 1mmpoko cuHTeTHUeCKHe (JIOKYJSIHTBI NPUMEHSIOT NpH
LUEHTPHPYTHPOBaHHN OCALKOB CTOYHBIX BoA. Jo3a ¢uioKyJ siHTa TpH
atom coctasiser 0,05—0,2% ans cuipwix u 0,15—0,4% aas cGpoxeH-
HbIX OCaJIKOB, YTO MO3BOJISET AOCTHTHYTb 95—96 %-Ho# addeKTUBHOCTH
3aflepKaHusi TBeploH asbl MpH BJaXKHOCTH ocagka mnpumepHo 50%.

PearenTHbie MeTOAb KOHAMUHOHHpOBaHMs TpeGyior ot 40 o0 60%
3aTpart obluel cToMMocTH 06paboTKH Ocajika, MO3TOMY HX Liesiecoo6pasHo
3aMeHATb Ge3peareH THEIMH.

K 6espearednTHBM MeToRaM o6paboTKH oCan-
KOB OTHOCATCS TeMJsoBasi 06paboTKa, 3aMopaKMBaHHe C MOCJ/eAYIOLLHM
OTTauBaHHEM, 3JIEKTPOKOATyJsLUs M pajHallMOHHOe o6syuyeHHe.

TennoBaso6paboTKa ocalkoB ABJAsETCA OAHHM M3 CaMbIX
MepcreKTHBHBIX METOAOB KOHAMLHOHHPOBaHHUS, oOecledyHBAIOIUM CTa-
GUITM3ALMIO U TTOJHYIO CTEPHIIM3ALIHI0 OPTaHUYECKHX OCaJKOB FOPOACKHX
¥ TNpPOM3BOACTBEHHBIX CTOYHbIX BOX ¢ 3oabHocThio 30—40%, uro
Mo3BOJISIET OTKa3aThcsl OT MX cOpaxkuBanusa. TensoBas oOpaboTka
3aK/ioyaeTcsi B HarpeBaHMM ocaika 1o Temneparypel 170—200°
M BbIAEPXKHBaHUH MX NPH 3TOH TeMmmepaType B 3aKPHITHIX €MKOCTAX —
aBTOKJ/aBaX, peaktopax B TeueHHe 0,5—1 4. Ilpu stom paspyuwaercs
KOJIJIOMJHAasA CTPYKTypa ocaiaka, okono 40% cyxoro Beliecta mepexo-
IUT B pacTBOp, a OCTaBLIasicf 4acTb MpHOOpeTaeT CIOCOGHOCTb K XO-
pollleMy YIUIOTHEHHIO M (PMIBTPOBAHMIO, TAK KaK pe3KO CHHXKaeTcs
ylleJbHO® CONpOTHBJeHUe Biaroordade ¢ 800 - 101 — 2500 - 10'° o
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5-101 — 30-10%. Ocanok nocje TennoBo# 06paGoTKH GHICTPO YMJIOT-
HsieTcs 10 BaaxHocTH 92—94 %, u ero o6beM ymenbinaercs o 20—30%
ucxofHoro ofbema.

BennynHa pacnaza opraHHuYeCKOTo BellleCTBa 3aBHCHT OT Bula ofpa-
GaThiBa€MOro ocajika H TeMmnepartyphi (Taba. 67).

Yn10THeHHBIH OCaZOK XOPOLIO 06€3BOXKHUBAETCS Ha BaKYyM-(pHJIbTPAX
Jo BaaxHoctH 70—75% G6Ge3 npuMeHeHHs XHMHUYECKUX peareHTOB.

9 J .i 2
= '|' K;‘ P
II I
X |% ||l |l 9
|| 0 1o
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Puc. 52. Cxema TenJioBoil 06paGoTKH 0CaaKoB Nepej MexaHHYeCKHM 06e3BOKHBAHHEM:

1 — WJIOynJOTHHTENb;, 2 — HJOBLIA KoJodeu; 3 — HJOBas HacocHasn; 4 — TenJOOGMEHHHK;
§ — cenapaTtop; 6 — HJIOYNJIOTHHTEJNb; 7 — MPOMEXYTOYHAs eMKOCTb; 8§ — map; 9 — peakTop;
10 — KoHpjeHcaT; /1 — BaKyyM-GuAbTp; /2 — TpaHcnopTep.

MnoBas Boaa nocse ynnoTHeHHss H QUJbTpAT mocse OGE3BOXKHBAHHS
He colepXKar XKHU3HeCNoCcoOHbIX SHIl TeJbMHHTOB H MaTOT€HHOH MHKpO-
¢aoprl. Hanuune B keke asora, pocdopa u ApyTrux MonesHBIX H HEOGXO-
JHUMBIX /11 PACTEHHI MUK PO3/IEMEHTOB OllpefiesisieT HapoAHOX035 ACTBEH-
HYIO 11e716CO06pa3HOCTh YTHIH3ALUH €ro B KauyecTBe a3oTHo-pocdopHOro
yAoOpeHHs, AJs yay4lIeHHs CTPYKTYPBi MOUBEL.

TexHoJiornueckasi cxemMa TemJioBoit 06paGOTKH ocajka NpHBeAeHa
Ha puc. 52. Cpipoil ocafok nponyckaercs yepe3 peLieTKH-APOGH/IKH,
a NpH mnepeKauke — yepe3 Hacoc-ApoGHJIKY, a 3areM CMellHBasch
C M30bITOYHBIM AaKTHBHBIM HJIOM MOCTYNaeT B HJIOBYIO HaCOCHYIO HJH
B MWJIOYNJIOTHHTEMb — OTCTOMHUK. HacocoM Bbicokoro naB/ieHHs yepes
CHCTEMY TpyOYaThiX TemI006MEHHUKOB OCaloK MOJAeTcsi B pPeaKTop
C fepeMelllyBalOIMM YyCTpoficTBoM. B Tensioo6MeHHHKaX NPOHCXORHUT
BHayaJ/ie HarpeBaHMe IOCTYNAIOLIEro ocafka MpH MOMOLLY MPOMEXKYTOY-
HOTO TENJ/IOHOCHTeNss — YMsAMYEHHOH BOIbI, KOTOpasi, B CBOIO Ouepelb,
HarpeBaeTcsi TepmooGpaboraHHbiM, HarpethiM fo 180° C ocagkoM, npu
€r0 OXJIAXXACHHU Nepej MOCTYNJIEHHEM B WJIOYMJIOTHHTENb. [lonosHH-
TEJbHBbIH MOROTPEB OCaiKa, MOCTYNAlOLIero B PEaKTop, MPOH3BOAUTCSA
OCTpBIM MapoM TaKKe B Tenyoo6MeHHHKe. B peaktope B Teuenue 20 mun
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npu temneparype 180° C 3aBepmarotcs HU3HKO- XMMUYECKHE TPOLECCH,
BbI3bIBAIOLIIUE CTPYKTYPHYIO NEPECTPOHKY OCafika ¥ CHUMKEHHE YAEeJbHO-
ro CONPOTHBJIEHHS, a TaKXKe ero oGe3sapaxKuBaHHUe.

TepMooGpaGoTaHHbIl OCafioOK W3 peaKTopa HanpaBJsieTcsi B TEMJIO-
o6MeHHUK, rae ocThiBaeT A0 TemnepaTypsl 60° C, oTAaBasi Tenso BHOBb
TMOCTYMaIOIEMY OCafKy U Yepes cernapaTop NoCTYNaeT B UJIOY IVIOTHUTEb.
OcThiBIIME M CKOHLEHTpPHpPOBaHHbIH A0 6—8%-Horo coxpepxkanus
CyXOro BellleCTBA OCaAOK M3 WJOYIJIOTHUTEJS MOJAeTCsi B LEX MeXa-
HUYecKoro o06e3BOKHBaHHsl HEMOCPEACTBEHHO K BaKYyM-QHJIbTPAM HJIH
ueHTpudyraM. @uiabTpaT, OTCTOEHHBIE M MPOMBIBHbIE BOAbI U3 TEIJIO-
0oOMEHHHUKOB HanpasJ/sloTcA Ha Guosorndeckyio ouuctky. BITK, stux
Boz Aocturaetr 5000—7500 w2/, a npu pa36GaBieHUH HX MOCTYMAOUMH
CTOYHBIMH BOJAMHM Harpy3ka Ha aKTHBHBI W/ a3pOTeHKa COCTaBHT
0,2—0,4 2/e-cym.

Peaktop npeacraBnser coGoii uesbHOCBapHOH, BepTHUKaMbHBIH LH-
JIMHAPHUECKHH COCYJ C NepeMelaloliM YCTPOHCTBOM H MapoBOH pY-
Galukoii emkocTbio 6,3—32 #* (FOCT 9931—69). Ha naBnenue B py6atiike
8—10 kec/cm? BEIyCKAIOTCS HOPMaJIU30BaHHbIE TENJI0OGMEHHHKH €MKO-
ctbio 8—10 4%, Ha naBueHue 12 xec/cm® — emrocTbio 6,3 3, Ha Gosee
BbICOKOE JaBJIeHHe — [0 CHeLHaJJIbHOMY 3aKasy, MocJe COr/acoBaHHs C
HHWHWxummam. B kadecTBe peaktopa MOTYT MpPHMEHSATHCA FOPHU30HTAJIb-
Hble aBTOKJIaBbl C MepeMelINBAIOIMM YCTPOHCTBOM H 3MEEBHKaMU AJs
o6orpesa.

Tennoo6MenHukn «tpy6a B TpyGe» (tTun II, oaHomorouHbie, Hepas-
GopHble C OTbeMHBIMH AYraMH) C HapyXXHbIM AHaMeTPOM BHYTPEHHHX
TenooOMeHHbIX TPYO 89 MM, HapYKHBIM JHaMETPOM BHELIHHX TEMNJo-
oO6MeHHUKOB TpYO 133 mm, nocTaBAsAOTCA CEKUUAMH IJUHOH 9 M
(TOCT 9930—67). O6mas aauHa TEMJ006MEHHUKOB AJsi YCTaHOBKH
npousBoautebHocThio 18—20 #%/4 cocraBasier okosno 320 x. Bpewms
npe6hiBaHHs ocajiKa B TemnyooOMeHHHKe paBHO 5—10 mun. B remio-
o6MeHHHKe yTuaM3upyetcs Ao 75—80% Ttenua.

B kauectBe cemaparopa ajsi c6poca H3GHLITOYHOrO AaBJIEHHsI Mepes
MOCTYNJIEHHeM OcaiKa B WJOYIJIOTHHTEIb HCHOMb3YIOTCH €MKOCTHbBIE
annapatbl AJ1s BO3AYXa, Fa30B M KMIKHX Cpell, BbITYCKaeMbie MO OT-
pacseBoii Hopmaau OH 26-02-133-69. B kauecTBe Hacoca BBICOKOro
IaBJeHus pekomeHayercst Hacoc Mapku P 25/25 umu XTp 25/25, npen-
Has3HaYeHHBIH 1J151 IepeKayKH HehTH, TPOU3BOAUTENbHOCTDIO 6,8—204°%/4;
Hanop 25 xec/cm®, MomHocTb 3seKTpoaBuratens 40 xgm.

PacueT oCHOBHBIX 3/1eMEHTOB YCTAaHOBKHM TeMJIOBO# 06paboTKH ocanKa
CBORHMTCS K pacyeTy TemJioBoro Gasanca u tensonepenauu. Ilpu pacuere
OnpefeNIfiloT HEOOXOLHUMYIO IOBEPXHOCTb TennooOMeHa peaKTOpoB H
TENJIOOOMEHHHKOB, MapaMeTpbl HarpeBaeMbiX H OXJaxJaeMbIX arpe-
raToB, KOHCTPYKTHBHble pasMepbl M THAPaBJIHYECKHE COMPOTHBJIE-
HHS TemJOoOOMEHHBIX annapaTtoB, KOMMYHHKauHu#l, apmarypbl M CH-
CTEMBI.

ITo nannbeiM Coto3BogokaHa/MmpoeKTa, ce6ecTOMMOCTb TeMNJoBoi obpa-
GOTKH M MeXaHHYeCKOro 00e3BOKHMBAHHSA HA YCTAHOBKE NMPOU3BOAMTEb-
HocThio 10 ocagky 100 »#3/4 cocraBnsier 24,15 Thic. py6. Ha 1 m nporus
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32,25 Tthic. pY6. mpu cGpakuBaHUH, peareHTHoH o0paGoTKe H MeXaHu-
4eCKOM 00€3BO2KHBaHHH.

IlerenbMUHTH3 a Il U0 OCafKa CJIEAYET OTHECTH K KOHAULIHOHH-
POBaHHI0O — MOATOTOBKE OCAaAKOB K €ro yTHau3auuu. Sliina reJbMHHTOB
OTHOCATCS K TpPyNMe YCTOHYHBBIX MHKPOOPraHH3MOB H, Tonanas B Gi.a-
FOTNPHUATHBIE YCJIO0BHA, COXPaHSIOT CBOIO JKH3HECTIOCOOHOCTh B TEYEHHe
5—7 netr, a Ha WIOBBIX IJIOM@AAKAaX — A0 6 JeT. YHHUYTOKEHHEe HX
BO3MOXKHO TOJNILKO TEDMHYECKHM IYT€M IIpH TeMmepatype He HHXKe
60—70°C.

JlerebMuHTH3ALHA 00€3BOXKEHHBIX OCAaIKOB NPOM3BOAMTCS Ha ce-
nMaabHbIX ycraHoBkax KoHcTpykuuu AKX um. K. . Tlamdusosa,
COCTOSIIIMX M3 TOJAIOLIEro TpaHcmoprepa, 6yHKepa A5 BbipaBHHUBAaHHs
CJIosl ocallka M KaMephbl JereJbMHHTH3aLHH C TPAHCIIOPTEPOM H HCTOY-
HHKOM HH(paKpacHOTO H3JyueHHs /s HarpeBaHus ocajka. B kauectse
HCTOYHHKA H3JIyueHHusi MpUHsATH rasosuie ropenaku 'MUB-2, pacnona-
raemple Ha Bbicore 100—200 mm Haj cjoeM mpOrpeBaeMoro Oocajgka.
Hamenenne ckopoctu apuxkenus jeutsi (0,7 m/mur) perynupyer BpeMs
npe6biBaHHsS OCafKa NMoJ HH(GpaKpacHbIMH H3jydarensMu. TosuiuHa
nporpeBaeMoro cJjosi npuHsra 10—15 mm, Bpems mnporpeBaHusd —
1o 6 mun. IpousBogurenbHocTb Kamepsi 0,5 m®/4.

[Ipu nporpeBanuu oGe3BoxenHoro ocagka no 60°C mpoucxopur
YaCTHYHOE HCMapeHHe C TMOBEpXHOCTH OCalKa, YTO NaeT CHHXeHHe
BnaxsoctH Ha 5—10%. [lpu ucnosb3oBaHMH NPHPOJHOrO rasa €ro
pacxon coctaBur 25,2 Hm3/M3.

ITpouecc nereIbMHHTH3ALUK MOXKHO TIEpEHECTH HETOCPEACTBEHHO Ha
noBepXHOCTb BaKyyM-¢usbtpa. C 37Ol mesbio Hajy GapabGaHHbBIM Ba-
KYYM-(pHJIBTPOM YCTpPaHBAlOT KOJNaK, K KOTOPOMY MOABOAMTCA TNap.
Ilon meficTBuem Bakyyma nap c¢ temnepatypoit 120—140° C KouneHcu-
pyercs B mopax 00e3BOXKHBAaEMOTrO CJIOS OCajKka M HarpeBaeT ero Jo
TeMmIepaTyphl 70° C B treuenue 8—10 ¢, a B nocaexywomue 15—20 ¢ —
1o 90° C. Ilpomo/mkurenbHoCTh KoHTaKTa He mpesbiiaer 30 ¢. Pacxon
napa 200—230 ke Ha 1 m 06e3BOXKEHHOTO OCanKa.

IMpu nerenpMuHTH3aL MK 06e3BOMKEHHBIX 0CAAKOB HabiofaeTcs BbIHOC
3HAYHUTEJIbHOTO KOJIHYECTBA SHI FeJIbMHHTOB C (HJIbTPATOM, BO3Bpa-
LI[aeMbIM B TOJIOBHbIE COOPYKEHHsi OYUCTHBIX cTaHuuil. [lostomy Gosee
HaJeXKHOH B CAaHMTapHOM OTHOLIEHHHU SIBJISAETCS TeNJoBas AEreJbMHHTH-
3auus HeoOe3BOXKEHHBIX OCafKoB. B 3ToM ciyyae fifina reJbMHHTOB
B (usbTpare yxKe HeXKH3HeCHOoCOOHBI H He TpeACTaBJAT CaHUTapHOH
OMAacHOCTH.

HHKTH I'X pazpaGoTaHbl TeXHOJIOTHYECKHE CXeMbI TETJIOBOH A€reJib-
MHHTH3ALHH OCAJKOB Ha OYHCTHBIX CTAHIHUAX IMPOH3BOAHTEJbHOCTHIO
10 30 Thic. M3/cym.

CoopyxxeHun AnA 06e3BOXKHBAHHA O0CAAKOB

HawuGosiee mpocTeiM M pacnpocTpaHeHHBIM criocoGoM 06e3BOKUBAH Usi
cTabH/IH3HPOBAHHOIO OCajlka fBJISIETCA TOACYIUMBAHHE Ha M JI O B B X
naomaiKax ¢C eCTECTBEHHbBM OCHOBAaHHUeM. Takne
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OJIOMAAKKU JOoMycKaercsl IpOeKTHPOBaTh IpH YCJOBHH 3aJieraHus
FPYHTOBHIX BOA Ha riy6uHe He MeHee 1,5 M OT NMOBEPXHOCTH KapT H
TOJILKO B TeX CJyyasix, KOria BO3MOXHa (UJIbTpauus HIOBBIX BOL
B TPYHT.

[Ipu npoekTHpoBaHMH HJOBHIX MJIOMIANOK CJelyeT NMPUHUMATh paGo-
yyto ray6uny kapt 0,7—1 m, wIMpuUHY BaJHKOB MOBepXy — He MeHee
0,7 m (IpH MCTIONb30BAaHHM MEXAHH3MOB IpPH PEMOHTE 3€MJIAHBIX BaJH-

Ta6anuma 68. CpeaneromoBas Harpyska D Ha MAOBble MAOWAAKH, M3/ m?

Hnosere
TIJIOWAAKH
C ecTecCT-
Ocaaok BeHHbIM
OCHOBAaHH-
€M
Hec6poxeHnHbiii 0ocagok H aKTHBHBIH HJI 0,8
C6pokeHnast cMech OCafKa H3 MEpPBHYHBIX OTCTOMHHKOB H aKTHBHOTO HJia
B MeTaHTeHKaX B Me30(HJbHbIX YCJIOBHAX 1,2
To ke, B TepMODHJBHBIX YyCJOBHAX 0,8
CG6pokeHHbIH OCaZloK M3 NEepBHYHBIX OTCTOHHHKOB, [BYXBAPYCHBIX OT-
CTOMHHKOB M uCBelJIMTEJNEH-NeperiuBaTeei 2
Mpumeuaunune Harpysku Ha uNoBble MJOUMAAKH B APYFHX KJHMaTHUECKHX YCNO-
llnlmyé cnepyeT NMPAHHMATh COOTBETCTBYIOWIMM KJIUMAaTHUeCKHM KodbduunedtoM no CHull
-32—74

KoB 1,8—2 m); yk/oH pa3BoAsimux TpyO HJM JIOTKOB — IO pacyery,
Ho He MeHee 0,01, KonuuecTBO KapT — He MeHee 4.

Ipu orcyTcTBMM GUABTPYIOMUX TPYHTOB WJIM B CJyuae 3ampelieHus
BbIMYCKa WJIOBOH BOJIbI B TPYHT YCTPAaMBAIOT I J1 O Il @ J| K U HA ecTecT-
BEHHOM HJIH MCKYCCTBEHHOM BOJIOHENpPOHHLIAeMOM OCHOBAaHHU C ApeH a-
K e M. JlpeHaxX YKJaIblBAalOT U3 TOHYapHBIX Tpy6 AuameTpoM 75 mm
(T'OCT 8411—74) B TpaHlueu WHpHHOH A0 | M, 3anonHeHHbie LeCHEM
WIM TpaBHeM KpYMHocTblo 2—6 cm. PaccrosiHue Mexay ApeHaKaMu
6—8 m, HauanbHas ray6uHa Tpanien 0,6, ykaon 0,003. Hnopas
KHIKOCTb, NMOCTYyMAmoas B JApEHaXK, OTBOAMTCA HAa OYHCTHBIE COOpY-
xKenus. DbicTpas KosbMarauusi ¢uabTpylolero cjos u GoJblive
3KCIJIyaTallHOHHble 3aTpaThl Ha €ro BOCCTaHOBJEHHe NPHBEJNH K Mpo-
eKTHPOBAHHIO U CTPOUTENIBCTBY MJIOLIAZOK HAa €CTeCTBEHHOM BOJLOHEMNpo-
HHLaeMOM OCHOBaHHM 6e3 JpeHaxa.

PacueT u/10BbIX NMJIOMIANOK 3aK/II04aeTCst B OnpeeseH i Heo6XxoauMoit
nosiesHolt u obwe# nuowann. Ilnowagbs HIOBBIX MJIOIAAOK 3aBHCHUT
OT KOJIMYECTBA OCajKa, XapaKTepa rpyHTa, Ha KOTOPOM YCTPauBarOTCs
IJIOLIAIKH, KJMMaTHYECKUX YCJIOBHil, a TaKXKe OT CTPYKTYpHl ocalka
M €ro BOLOOTAA4H.

Harpysky ocagka Ha usoBble MJIOIAJAKH B paioHax co cpeaHerono-
Bo#l Temmepartypoil Bo3nyxa 3—6° C BKJ/IOUHTENBHO H CPEAHErOIOBhIM
KOJIMYECTBOM aTMOCcGepHBIX ocafkoB no 500 mm cnepyer nmpuHuMaTh
no ta6,. 68.

Cytounbiii o6beM cOpoxeHHOro ocagka Ves, BbITyCKaeMoro M3
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O TCTOHHUKOB-NeperHuBaTeNell ¥ ABYXBbSAPYCHBIX OTCTOMHHKOB, OMpene-
JIIIOT C y4eTOM YMEHbLIEHHS! ero o6beMa 3a cueT YIJIOTHEHHs u c6pa-
KUBaHUS 1o QopmyJe

Vcﬁ = Voc (1000abD), (132)

rae Voo — 06BeM CHIpOro ocafka; @ — KO3(ppHUIHEHT yMeHbILUeHHs
ofpeMa wJia 3a CUeT pacmnaja ero HpH cGpakWBaHUH, paBHBIH 2; b —
TO Ke, 3a cyer ero YnJoTHeHus ¢ 95 1o 909% -Hoil BIaXXHOCTH, paBHbIH 2.

Orcioga noJie3Has mowWaAb HJOBBIX MJIOWAAOK S A/ WJa U3 ABYXb-
SIPYCHBIX OTCTOHHUKOB Ha 1 M2 moBepxHocTH GyneT

S = (Voc - 365)/(1000abD). (133)

CyToyHblii 06beM W/la U3 METAHTEHKOB Vyer 63 OTHEJEHHUS HJIOBOK
BOIbl He H3MEHfeTCS NPOTHB IepBOHAYaJIbHOrO oGbeMa Ocafka Hu3
OTCTOMHHUKOB H COCTaBJIsIET

Vuer = Voe/1000. (134)

INostomy npu onpenesneHHy IJOWAAM HJIOBBIX IJIOMAAOK A/ OoCagka
U3 METaHTEHKOB He YUHTBHIBAeTCAi yMeHblleHHe o6beMa Ha YIUIOTHEHHe,
c6paXuBaHHe, H MJIOIAAb NoJy4aeTcs npuMepHo B 2—3 pasa GoJiblueii,
yeM MJSl OcafiKa U3 JBYXDBSPYCHBIX OTCTOHHHUKOB M OCBET/IHTesei-
neperHuBareseil.

HnoByio Bony ¢ WI0BBIX MJIOWIAJ0K C JpeHaXeM CJIeNyeT HanpaB/isTh
Ha OYHCTHBIE COOpyxeHHs. [{onoNHHUTe/IbHbIE 3arpPSI3HEHHsT OT HJOBOM
BOMbI, MOA/IeXalllue yyeTy mpH pacuere COOpY2KeHHi, COCTaBJAOT
B3BelleHHble BeiectBa 1—2 e/4; BIlKpoan 1000—1500 me/a. Kouau-
YeCTBO MJIOBOH BOABI MPHUHUMAIOT 110 PacyeTy C yYeTOM MECTHBIX YCJIOBHH
(ucnapexde, GuabTpaUUs U Ap).

MnoBblennomagKu ¢ OTCTauBaHHEM H [OBEPXHOCT-
HbIM YZaJleHHeM HJIOBOH BOABI IPUMEHSETCS 15 OUHCTHBIX COOPYXKEHH
npousBoaHTe bHOCTbIO Gosiee 10 000 #3/cym B pafioHax ¢ KNUMaTHIECKHM
koappuunentom 1. Ilnomanky niaaHUpyOT KackagaMu He MeHee 4—38
Kaprt. [losiesnas miommane oguoit kaptel ot 0,25 no 1 ea. Hlupuna kapr
30—40 » npu ykaonax mecrsoctd 0,04—0,08 cocraBisier 30—60 x;
npu ykjaouax 0,01—0,04 ona paBua 50-—60 x, npu ykjoxax 0,01 x
u MeHbllle — 60—80 .

[nuHy KapT npu GoJbliuX ykaoHax npuuumaior 80—100 m, mpu
majibix — 100—160 x, orHomenue WHpuHBL K Hiause — 1 :2—1:2,5,
BbICOTY OTpafuTe/bHBIX BaJHKOB M Hachineil ass mopor — 2,5 m. Ilox
TUIOWAZKH MOXHO HCIIOJIb30BaTh eCTeCTBeHHbIe OBparH.

Harpysky Ha miolagxku cjepyer NpHHMMaTh no Tabs. 68 ¢ kosd-
¢uunentom 1,2. Kosnyectso uinoBoit Boasl cocraBasier 30—50% o6bema
06e3BOXKEHHOro ocafka. JlomoJIHHTE/bHOe 3arpsi3HeHHe OT HJIOBOH
BOAEI, BO3BpallaeMONl Ha OUHCTHbIE COOPYXKEHHS, CjelyeT NPHHHMATb
no B3BelleHHbIM BemectBaM 1000—2000 me/2, no BIIKpom — 1000—
1500 m2/ .

MnoBrennmomanaKu-ynJaoTHHTENH NPOEKTHPYIOT TIIy-
6uHoit 10 2 # B BHIe NPAMOYTOJBHEIX KapT-pe3epByapoBC BOLOHEMNPO-
HULAeMbIM JHULIEM U CTEHAMH.
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INpunuun feficTBHA NUIOIANOK OCHOBaH Ha CNOCOGHOCTH ocajKa
K Pacc/auBaHUIO NpY OTCTAUBAaHWM; MPH 3TOM I[POUCXOAMT mepepac-
npeneseHue TBepoH a3kl MO BEPTHKAIH U 00Pa3YIOTCA 30HHI ITOH HXKEH-
HOH W MOBBbIIIEHHOH KOHUEHTPauuH ocafka. MHTeHcubHKauus npouecca
00e3BOXKHBaHHA JOCTUTAeT 3a CYET MEePUOAHYECKOro YAaseHHsl HJIOoBOi
XKHUIAKOCTH C TOHHXEHHOH KOHUEHTpalMell ocafka, KOTopasi 3areM
Hanpap/sieTCs B NMEpBHYHbIE OTCTOHHHKH 1151 3aiepKaHHsI B3BeLUeHHbIX

BellecTB. Bmecto o6bluHO mpH-
% 2:%— MeHsieMOoro JpeHaxa, MHoiBep-
JXEHHOTO HHTEHCHBHOH KOJIb-

3 MaTtauuH (3aW/UBaHHIO), MpH-

MeHeHa CHCTeMa WIMGEpoB, MO-

| 3BonsiOAs yAalATh HJIOBYIO

— _ NI 5 M KHIKOCTb C PAa3HBIX TJyGHH
HaJl cJIoeM OCajKa.

J — - Harpysky Ha wusoBble mio-

© WAJAKU-YTIJIOTHUTENH  CJEeNYyeT

w"? Puc. 53. CxeMa BaKyyM-®U/AbTpauuy
Ha 6apa6aHHBIX BaKyyM-QHJIbTPax co
CXOASILLHM TOJIOTHOM;

7 | — ocajioK; 2 — eMKOCTb; 3 — TpyGo-
NMpOBOAbLI MPOMBIBHOH BoAbl; 4 — BO3AY-
XOBOX; 5 — BakKyyM-OHJABTD; 6 — TpaHc-
noprep; 7 — nepeJuBHbBIe TPYGONpPOBO-
1 Abl; 8 — pecHBep IV pa3fie/leHHs BOJNO-
BO3RYWHOH cMecH; 9 — duabrpar; 10 —
172 J Hacoc AJSA nepekauku dusbrpara; // —
rAyLWHTeNdb; /2 — BaKyyM-Hacoc.

npHHEMaTh N0 TabJ1. 68 ¢ Kospduunentom 2. KoandecTso HiI0BOH BOIB!
cocraBaser 30—50% o6Ge3BoxeHHOro ocaixa.

IInpuny Kapr caenyer npuHumatb 9—18 x, anuny 36—66 u; pac-
CTOSIHUS MeXIY BHIMyCKaMH wu/IoBo#i BoAbl — 18 # (THMOBBIE MpOEK-
ol Ne 902-2-74 wu 902-2-75). OrcyTcTBHe ApeHaxka M BO3MOXKHOCTH
MeXaHHU3alli| Npolecca ya/leHUs MNOACYLIEHHOro ocajka ofecreynBaloT
3((heKTHBHOCTb HX 9SKCILIyalauuu. Pa3spa6GoraHa ocagkoyGopouHas
MallliHa MpOU3BOLUTeJIbHOCThIO 10 M3/u.

MexaHuueckoe 00e3B0XHBaHHe 0CaIKOB Ha BaKyyM-
¢uabTpax, QuiabTp-npeccaXx, HeHTpudpyrax, BubpoduabTpax siBjAseTCS
HauboJlee MNepPCHEKTHBHBIM H WHAYCTPHAJbHBIM crocobom 06paGoTKi
o cpaBHeHHI0O ¢ 00e3BOXKHBaHHEM oOCalkKa Ha HJIOBBIX IJIOMAAKaX.
Ha Bakyym-¢usbrpax BaaxKHOCTb 0cafiKoB CHHXKAeTCS C MPeABapHUTeENb-
HO¥ 06paGoTKOM X XUMHUECKHMH pearenTamu 1o 75—80%, a Ha pUiIbTp-
npeccaXx — 1o 45—55%. BuiaxHocth ocajka Ha UeHTpHdyrax CHu-
XKaercsi 6e3 o6paGOTKH UX XHMHYECKHMH peareHTamH xo 65—75%,
Ha BHOpopuibTpax — go 82—94%.

Hau6onbinee paenpocrpaHeHue noJydnio o06e3BoXKHBaHHe COpOXKeH-
Horo ocajka Ha 6apabaHHBIX BaKYyM-(HJIbTpaX HellpepblBHOTO A HCTBUSR
obuiero HasHayeHuss BOY (puc. 53 u Taba. 69), npexcraBasOWUX
co6oi TOpH3OHTa/NbHO pacrojoXKeHHbIH GapabaH, oOTAHYTHI PUABTPY-
IoleH MeTa/VIHYecKOH CeTKOH MM TKaHbIO M MOrpyXKeHHBIH NpHMEPHO
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Ta6auma 69. TexHHyecKas XapaKrepHCTAKA BaKyyM-¢uabtpos tuma BOY

(TOCT 5748—68 *)

iﬁ P;;»g:g: ga é’ =g [aGaputsi, mm Macca, k2 O61eM, M3
A= &g £
:’% % e 1‘5% ait 24 |28 & | §
Q =] S In
25 | & | x | SES |>8s| & | § | &2 |Boq (8BS | & | 8
1 1 — 1,2 — 1100 300 0,4
3 1,75 | 0,55 2 2000 2570|2350 2180 850( 0,4 | 0,4
5 | 1,75 | 0,96 2 29752570 | 2350 | 5200 2350 1
10 | 2,6 1,35 | 0,1—2 3,4 342034503300 8000| 4650 1
20 |26 2,7 5,6 |4740]3710|3700{13 100} 8930| 2,5 1
40 {3 4,4 8,56 | 6550|3960 | 3650 [18 00010500 | 4 2,5
60 | 3,4 6,6 15 8800 | 3960 | 3650 |30 000 |15000|2x4| 4
100 | 4,2 — |(o01—1| 28 — 66 000 |38 200 | 34| 4
TipuMeuaHnue., TIpOH3BOAHTENIBHOCTb BaKyyM-Hacoca NpHHHUMaeTcs Ha 0,5—2 M3,
a BO3AYXOAYBKH — Ha 0,1—0,5 #% BO3JlyXa B MHHYTY Ha | M? TNOBPPXHOCTH (DHJIBLTPOBAHHS.

Ha 1/3 nuamerpa B KOpHITO, KyAa NOCTYMaeT MOMJEXAllUil 06e3BOXKH-

BaHHIO OCagokK.

OGesBoxXxuBaHHEe COPOXEHHB X OocCajKOoB Ha Ba-
KYyyM-(uibTpax (puc. 54) ABISIeTCSA T0BOJIBHO CJOXKHBIM TeXHOJOTHYEC-
KHM NIPOLIECCOM, TPeGYIOLLHM TIIATE/IbHOM MOATOTOBKH (KOHI ML HOHHPOBA-
HuUs) OcajKa: NPOMBIBKH, YIMJIOTHEHHUS W KOATYJSIUHMH €0 XHUMHYECKUMHU
pearentaMu. OcobeHHO OCJIOXHSAETCS MOATOTOBKA 0CajKa K 00e3BOXKH-

BaHHIO [ocje  TepMODHIBHOrO
c6paXkuBaHus B CBSI3H C [OBLI-
[IeHWEM YIEeJbHOI'O COMNpOTUBJe-
Hus. [Ipu o6paboTke CHIpHIX ocag-
KOB TNEPBHUHBIX OTCTOHHHKOB U
yIJIOTHEHHOrO M3GBITOYHOTO HJIa
NpoMbIBKa OTNajaer; Heo6xoxuMa
TOJNBKO KOAryJsiLUs WIH TeIJo-
Bast o6paboTKa ocajgka.
LLHWUAIT KO paspaboraH npo-
€KT Llexa MexaHuYecKoro o6e3Bo-
JKUBaHUS 0CafKoB Ha 6apaGaHHbIX
BaKyyM-GuJbTpax IPOH3BOLHUTE-
abHocthio 10, 15, 25,40 u 60m/cym
IO CYXOMY BeleCTBY JJ15 O4HCTHBIX
CTaHIOUH  NPON3BOLUTEIbHOCTDIO
coorBercTBeHHO 40 — 280 THIC.
»3lcym. B coctaB ueXoB BXo-
OAT KaMepbl [POMBIBKH oCaj-
Ka, YIJIOTHHTe/IH, peareHTHoe
X03HCTBO C  KOaryJasiTopamy,

E‘J_ == 'ETJ

Puc. 54. CxeMa TeXHOMOTHYECKOro Npo-
liecca 06e3BOXKHBAHHA -0CalKa:

| — npuHeMHbli pesepByap; 2 — IJIYHXep-
Hble HacoChl; 3 — MepeJIHBHOH pe3epByap;
4 — nosaTop; 5 — cMeCHTeJlb OCafka C pe-
areHTaMH; 6 — pacnpefieJiuTellb; 7 — Hacoc
IJIs MOJauH WHrHOGHPOBAHHOU KHCJIOTH; &8 —
6aKH At MHTHGHPOBAHHOH KHCJOTH; 9 —
C/IMB HHTHOGHPOBAHHOM KHCJOTH; [0 — CXKa-
Toilt BO3AYX; /! — BaKyyM-buabtpnl; /2 —
BaKyyMHas JIHHHSA, /3 — peCcHBep-JIOBYUIKa;
14 — BaKyyM-HAacocChl; 15 — Tpancnoprep;
16 — GyHKep OGe3BOXKEHHOro ocafika; /7 —
GyHKepHble 3aTBOPbI C FHAPONPHBOJMAMH.
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noMeleHue BaKyyM-uIbTPOB, TPAHCNIOPTHAN Tajiepesi, oTiAeeHue GyH-
KEpOB AJIsi [IOrPY3KH BBICYLIEHHOTO OCaAKa B aBTOTPAHCIOPT HJM I10-
1auyd Ha TepMHYECKYIO CYIIKY.

Iupokoe pacnpocTpaHenHe MoJyyaeT MeXaHHdeckoe 06e3BOXK MBaHHE
chHIpOro ocajka Onarofapsi ero Jiyyliefl BJarootiaue [0 CPaBHEHHIO
cO cOpOKEHHBIM OCaJIKOM B MeTaHTeHKaX.

Ta6auuma 70. Texnuyeckass XapaKTepPUCTHKA BaKyyM-(OMJILTPOB CO CXOASILLHM
noaotHom (I'OCT 5748—68)

Macca, xe O6vem, M®
Ycranos-
JleHHast
Tun MOWHOCTD, | hypprpa ¢ | HaHGOJee
Keém (ue npHBOKOM | THAMKEJOTo | pecHBephl JIOBYLIKH
GoJsee) yana
BexOY 1-1
BOYOK 1-1 1,2 1400 | 350 04
BexOY 3-1,75
BexOK 31,75 0 2500 | 1000 04
B0V 51,75
BN ST 3000 | 1200 | 1
BexOY 10-2,6
Bz’:‘OK 10-2.6 3,4 7400 3210
BxOY 20-2,6
BS;OV 20-2.6 5,6 15 600 6500 2,5 1
BexOY 40-3,4
Bi);OK 40-34 12 25 100 9300 4 2,5
Mpumevauus 1 TloBepXHOCTb buALTpaUuM (M2) U AHAMETD (M) COOTBETCTBEH-
HO OTpa’KeHnl B OGO3HAYEHHH THNa (uABTPaA.
2. TIpou3BOAHMTENBHOCTb BaKyyM-Hacoca NpHHHMaeTcsi Ha 0,5—2 M3, a BO3ZAyXOMYBKH —
Ha 0,1—0,5 M' BO3AyXa B MHHYTy Ha | M? MOBepXHOCTH GHJIBLTPOBaHHS.

Mexannvyeckoe o00e3BOXKHMBaHHE CHIPBIX OCaJKOB Ha OGapaGaHHBIX
BaKyyM-puabTpax Iejsecoo6pasHO NPHMEHATb Ha CTaHLHAX NPOM3BO-
aurenbHOCTIO cBbille 30—50 Thic. #3/cym, a TakxKe NMpPU MOCTYIJIEHHR
Ha CTaHIHIO GOJIBIIOTO KOJHYECTBA [POM3BOACTBEHHLIX BOA.

Mo panueiM AKX mnpuMeHeHue MeXaHMYECKOrO OGE3BOXKHBAHHs
CHIPbIX OCAJKOB N03BOJISIET COKPATHTh KaNHTaJbHbIE 3aTPAaThl HA CTPOH-
TEJIbCTBO CTaHLHMH aspauuu Ha 15—20% u cHU3UTH SKCITyaTallHOHHbIE
pacxomsl Ha 3—5% 3a cuyeT oTKasa OT MeTaHTEHKOB, Tasro/blepoB
H WJIOBBIX IVIOLIAJOK.

Ipu o6e3BoXKuBaHMH CHIPOTO OCajka M aKTHBHOTO WJa Ha GapabaH-
HBIX BaKyyM-QuabTpaX NpOHCXOAMT OBICTpOE 3aujHBaHHe (HIbTPO-
BaJbHOH TKaHH, MpONYCKHAasi CNOCOGHOCTb KOTOPOH 3avacTylo He
foffaeTcsi BOCCTAHOBJEHHIO JaXke C YBeJHYEHHEM 4YucJa OObIYHBIX
npombiBok. [lostomy BakyyM-puABTPH peKOMeHAyeTCsi MpHMEHATb CO
CXOAALMM M0JOTHOM BesOY, BBINOMHEHHBIM H3 YIJIEPORUCTO# CTaNR
U o6GecrneyuBalOUIMM HeNpepLBHYIO pereHepauuio ¢GuabTPOBAJIbHOM
TKaHu (T1ab.a. 70).
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[MpousBoAHTEIbLHOCTD BaKYYM-(DUJIBTPOB M0 CYyXOMY BelleCTBY ocanka
onpeneasior no QopmyJe, xelm? . 4

100 — W v-m-p(100—W,)

M= 024W — TR , (135)
rae W,, W, — BiaxHoCTb HCXOZHOrO OCafika U Keka, %; y — oObeM-
HBIH Bec MCXOQHOTo ocaigka, m/m®; m — Jons BpeMeHU AeHCTBHS
BaKyyMa oT o6Liero unK/aa paGotsl GuibTpa, %; p — pabouuit BaKyyM,

Ta6nuna 71. MponasonurenbHocTs BaKyyM-uabTpos B, OV npi oGeasoxusanum
cuipuix ocaakos [31]

} Jo3a KoaryJssii-

A
=]
XapaKTepucTHKa 06pa6aThiBaeMOro ocagka ToB, % OT Beca | 9
cyxoro Belile- z g
cTBa OcafKa 5 v
I x
=
g £
onpom | B 8% | $ee
Bun fenns R, 1;',“";6 FeCl, | CaO | 23 52
u .
cule e | &
Chblpofi 0caiok MepBHYHBIX OTCTOM- 50—300 90—93 1-3 5—9 | 40—60 | 70—75
HHKOB 200—1000 92—96 2—4 6—12 | 20—40 | 72—80

CMecb CBIDOrO OCagKa MePBHYHBIX
OTCTONHHKOB H YIJIOTHEHHOrO aKkTus- | 200—700 93—96 1,5—4 6—12 | 20—30 | 70—80

HOrO HJ1A 700—2500 93—97 3—5 | 10—16 | 10—20 | 75—85
YNJOTHEHHBIN AKTHBHBIAL HJ HeIod-
HOl GHOXMMHYECKOH OUHCTKH 500—900 95 4—7 | 13—17 | 11—15 | 83—85

AKTHBHBII HJ1 TICJIHOM GHOJIOMHYEeCKOM
OYHCTKH, YIJIOTHEHHLIt B BEPTHKaJIb-

HBIX HJIO yNJIOTHHTeJNSX 1000—3000 | 97,5—98 6—8 | 17—25| 7—10 | 85—87
To ke, B pagHAJIBHBIX HJIOYMJIOTHH-
Tensix 1000—3000 | 96,6—97,1| 6—9 | 18—25 | 10—14 | 85—88

MpuMeuanue BoableMy 3Hagenuio [T COOTBeTCTBYIOT MeHBIIHe 3HayeHus R
uW
e

MM pm. cm; M, — BA3KoCTb ¢uabTpara, caHtunyasel; T — Bpems
oGopora Gapa6GaHa, Mur; R — BennWYuna, XapaKTepHU3YIOIasl YAesbhoe
COMpOTHBJIEHHe CKOAaryJHpoOBaHHOro ocajka M paBHas R = 4 X

x 107" cule.

Ipu oTCYTCTBHHU pacyeTHHIX 1apaMeTpOB NPOH3BOAUTE/IBHOCTL BaKYyM-
G&unbTpoB NMpH 06e3BOXKHBAHHU CHIPBIX U COPOXXEHHBIX OCAJKOB MOXHO
TMPHHUMATb OPHEHTHPOBOYHO MO Tabu. 71 u 72.

[pono/KUTeNbHOCTb (UIBTPOLHKIA peKOMeHAyeTcsi NpPHHHMATh B
3aBHCMMOCTH OT YAEJBHOTO COMpPOTHBJIEHHA OCafKka MHpH BaKyyMme
500 mm pm. cm.:

Y meibHOE CONPOTUBJEHHE OCaj-
Ka mnocje Koaryjsuuu, R-1010,
cmfe . 5—10 10—20 20—30 30—40 40—60
Bpewmst oﬁopOTa 6apaéaﬂa, Mun 2—2,5 2,5—3 3—4 4—5,5 5,5—8

[TpousBogHTEIBHOCTD BaKYYM-(pHALTPOB NPpH 06e3BOXKHBAHHH OCATKOB
MPOU3BOACTBEHHBIX CTOYHBIX BOL MNPHHUMAIOT MO OMBITHHIM JAHHBIM
¢ yyeToM (PU3HKO-XUMHYECKHX CBOHCTB OCAIKOB.
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KonuyecTBO pesepBHBIX BaKyyM-(QHJIBTPOB NPHUHHMAETCs NpH YHCJTIE
pabouux ¢UIBTPOB A0 TPEX — ONIMH, MpH YeThipeX U Gosiee — nBa. Besn-
YuHY BaKyyMa cjefyer npuHumarb B npefenax 300—500 mu pm. cm., a
IaBJeHHe CXKAaToro Bo3jyXa Ha ortAyBKe ocagka 0,2—0,3 kec/cm®.
[TpousBoAHTebHOCTD BAKYYM-HAcOCOB ONpPEAENSAIOT U3 YCJIOBHS pacXoaa
Bosayxa 0,5 #® Ha 1 M® nyomanu ¢uabTpa B 1 Mun, 3 pacXobl C2KaToro
Bosayxa — 0,1 »® Ha 1 M® naowany duabrpa B 1 Mun.

Ta6auma 72. Ipou3BOAHTENLHOCTb BaKYYyM-(HIbTPOB Npu 06€3BOMHBAHWHH
ocaakos (CHull 11-32-74)

Tponssoau- BuiaxHOCTb
XapakTepHCTHKa 06pabaThiBaeMoro ocaika TeILHOCTb, Keka, %
Ke/m? -4
C6poKeHHbIl 0CaJiOK M3 IePBHYHBIX OTCTOHHHKOB 26—35 75—77
C6poxeHHass B Me30(HJLHLIX YCJIOBHSIX CMeCh OCajKa
U3 [epBHYHBIX OTCTOHHHKOB H aKTHBHOTO WJa 20—25 78—80
C6poxeHHasi B TepMO(UJIbHBIX YCJIOBHSIX CMeChb OCaj-
Ka U3 NEPBHYHBIX OTCTOMHMKOB M aKTHBHOTO HJa 17—22 78—80
Cripoil OcajioK H3 NepPBHYHBIX OTCTOHHMKOB 30—40 72—75
CMech CHIPOrO OCajiKa M3 NEepPBHYHBIX OTCTOHHMKOB M
YIVIOTHEHHOTO aKTHBHOTO HJa 20—30 75—80
YnioTHeHHbI aKTHBHEIA I TOPOACKHMX CTaHUMI aspa-
HHH. 8—I12 85—87
MpuMeuanue a3 06e3BOKHBAHHS CHIPHIX OCAZAKOB NPEAYCMATPHBAIOT BaKyyM-
GHABTPLI CO CXOASILIUM TIOJIOTHOM.

Ias xpaneHusi 30%-Ho#t MHTHOMPOBAHHON COMAHON KHCJIOTHI, MpH-
MeHsIeMO#l NIpH TpPOMbIBKEe GUIbTpYIOIIEeH TKaHH, CJeAyeT NpeXycMaTpH-
BaTh clelnHaJbHble €EMKOCTH, pacCUUTAHHbIE U3 YCJIOBHSA 50 2 KHCJIOTBI
na 1 #% punbTpyloliefi noBepXHocTH BakyyM-¢uabrpa. Crepyer takxe
npeaycMaTpHBaTh pacXoiHsle eMkocTH Ans 10%-Hol MHrHGHpOBaHHOM
consiHol KHcJoTHL. TlpenycmaTpuBaercss He MeHee ABYX paOodMX AJs
KaXIol# EeMKOCTH.

[1p umep L. Paccuntarh BaKyyM-(HJIbTPALHOHHYIO YCTaHOBKY V15l 06e3BOXHBaHUs
CMeCH CHIPOTO OCajiKa NEepPBHYHBIX OTCTOHHMKOB H YIJIOTHEHHOTO H3GLITOYHOrO aKTHB-
noro uia. Pacxon ctounsix Box 50 Thic. #3/cym. Cbipoit 0CafoK MepBUYHBIX OTCTOHMH-
KoB coctaBasieT 160 m3/cym Bnaxuoctbio 93%; KOMMYeCTBO H36LITOYHOTO AKTHBHOTO
niaa 240 m3/cym, BnaxHocTbi0 97%. YIenbHOe CONPOTUBJEHHE OCafKa INEPBHYHLIX
orcroitiukoB 200 - 1010 cm/e, wenounocts 25 m2 - ske/a; ynesbHOe CONPOTHB/eHHe
YIJIOTHeHHOTO aKTHBHOrO Mia 1800 - 1010 cule, menounocts 10 me - sxs/a.

OnpezensieM XxapaKTePHCTHKY CMecH OCajKa NMepPBHUHBLIX OTCTOMHHKOB H YIVIOTHEH-
HOTO aKTHBHOrO WJa. BiiaxHocTb cMecH no ¢opmyJie, npuBeleHHON B Tabml. 53, paBHa
160 - 74240 - 3

160 + 240
yleJdbHOe CONPOTHBJIEHHe cMecH mo ¢dopmyJie

R. — Vi€ 4 raVeCy 200 - 160 - 74 1800 - 240 - 3
oM

W, = 100— = 95,4%;

= (Vi Va)Co (160 240)- (100 =954 T
994 000 4 432 000

+ 200 - 4.6 = 367 cm/e;
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WeJIOYHOCTb CMecH
. = 160 - 25 - 240 - 10
oM 160 4 240

Jlo3a uapectu (no CaO) no dopmyane (131) cocrasur

D=K (]/ Re + l/%o,oouu) —0,35 (V3_57 +V . 0,64) ~ 10%.

JIlosa xnopHoro xenesa cocraBut 10,0 - 0,3 = 3% or Beca cyXoro BewiecTsa CMeCH.
400 (100 — 95,4)

= 16 m2 . 5x8/a.

Ilns 06Ge3BOXKHBAHHUS — 0 = 18,4 m/cym cyxoro BemecTBa OCajKa
TOTPeGyeTcsi COOTBETCTBEHHO XJIOPHOIO JKejie3a M HM3BeCTH:
18,4-3 18,410
T00-095 — %" T00 -0 > U™

Y enbHoe conpoTHBIeHHE CKOAry/IHPOBaHHOIO ocajka Gyner paBuo 28 ca/e. Ilpu
BakyyMe 350 mm pm. cm.
Re = (28 - 350) : 500 = 19,6 cm/z.

Bpemst o6opora GapaGaua GymeT paBHO 3 muw. IIpoM3BORUTENBHOCTD BaKyyM-
¢uabTpa, onpelenennas no gopmyne (135), npu BIaxHOCTH Keka 75% coctaBuT (10
CYXOMY BellecTBy OcajKa)

_ 25 350-80-4.6-l=14|,c3mz,,t.
T=0.24 20,4 1-3-19,6

[Notpe6Hasi NOBepXHOCTb QUIBTPaUMK NPH paGoTe BaKyyM-QHIBTPOB 24 4 B CYTKH

COCTaBHT

18 400/(14,1 - 24) = 54,4 »2.

IpunnMaeM K ycraHOBKe 4 6apaGaHHBIX BaKyyM-(QHJbTPa CO CXOASIIHM MOJIOTHOM
N0BEPXHOCTLIO GuJbTPaly mo 20 #? (3 paGoune u 1 pesepBHbIi).

O/IHYECTBO BO3/yXa, OTCACHIBAEMOrO BaKyyM-Hacocamu 3 - 20 - 0,5 = 30 %/ muw;
npuHuMaeM: | paGounii u | pesepBHBIl BaKyyM-Hacoce Tuna PMK-4 nponssonutens-
HOCTbI0 110 25 #3/mun. TloTpe6HbIl PacXO] CKATOrO BO3AYXa OT BO3LYXOLYBHOM CTaH-
LMK a3POTeHKOB cocTaBuT 3 + 20 - 0,1 = 6 M3/ mun.

KonunuectBo ¢uabTpara, OTHAe/IsIEMOe OT OTCAachiBaeMOro BO3JyXa B pecHBepe,
400 400468 _ 54 M3/u
24 4.2 7 ’
Pacxon Bogpl OT TeXHUYeCKOro BOJAONPOBOAA AJIsi pereHepaunu uJIbTPOBAIbHOM
TKakH cocTaBuT 0,15 - 20 - 3 = 9 u3/u,
KonnuecTBO ocagka, 06e3BOXKEHHOIO Ha BaKyyM-®uibTpax, Gyaer
400 (100 — 95,4)
100 — 75
Ha cymmnabHoM GapaGaHe ecaok noxcymmnsaercs g0 30% BJIaXKHOCTH, NPH 3TOM

COCTaBHT

= 73,6 m3/cym.

NOMJIEXKHUT yAajeHu0 73,6 — 73’6T = 47,1 #*/cym unosoit Bomm. Ilpu Kpyrio-

cyTouHolt pa6Gote GapaGaHHOI CYLIHJIKH KOJHYeCTBO yHasisieMOif W3 OcajKa BJiarH COC-
TaBut 47,1 : 24 = 2 M¥/u.
Tak Kak NpOH3BOIMTENbHOCTb GapaGaHHON CYLIMJKH cocTaBiaser 60 k2 Baaru
B yac Ha | #® eMKkoCTH, NOTPe6HEI 06beM Gapabana Gyzet 2000 : 60 = 3,35 M3,
3aTpaTsl YCJIOBHOrO TOIUIMBA IJ1s YAajleHHst M3 ocalKa BJiaru (npu HopMe 1000 xxaa
Temyia Ha | Ke BJlaru) cocTaBAT

47,1 - 1000 - 1000
7000 - 1000

KosuuecTBo TepMHYeCKH BLICYILEHHOrO OCajiKa cocTaBuT 73,6 — 47,1 = 26,5 m/cym.
Ha cayuyaii aBapu# Ha CTaHIMH MeXaHH4YeCKOTO 06e3BOXKHBaHHS TIPeAyCMaTPHUBAIOT-
Cs WIOBble UIOMAAKA Ha 20% rofoBOro KOJMYECTBA I10CTYNAIOLIEro OCaAKa.

= 6,73 m/cym.
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®uabTpnpeccoBaH He NO3BONSAET NPOU3BOLUTE Goslee TI1y-
GoKoe 06e3BOXKHBaHHe OCAJKOB, 4eM BaKyyM-¢uabrpauns. TexHosmoru-
uecKas cxema o6e3BOXKMBaHHSA OCafika Ha QUJIbTPHpeccaX NpeicTaB/eHa
Ha puc. 55.

@unbrpnpecc (Tabi. 73) COCTONT M3 FOPH3OHTAJBHO PACMOIOXKEHHBIX
¢uabTpoBanbHeX MaMT. [laUTH nmepexBuraioTcs BBEpX W BHH3 BLOJb
IJIOCKHX CTSXKEK M 3aXKHMAIOTCA HaXXKMMHOH nuurofl. ®uIbTpoBa/bHEBIE
NJIMTHL COCTOAT U3 ABYX 4acTeil: BepXHell ¢ ApeHaxeM JJisl OTBeAeHHS

1~ 4 T

17

23 omﬁ I%IJ 6 45| Ve

¥ d 16
M\;ﬁi

2] 2 | 7 20 g\/o

Puc. 55. TexHosnoruuecKass cxeMa GUJIbTPIPECCOBAHHS OCAJKOB:

| — duabTpupect., 2 4 8 — GHAbTPOBaJbHBIE TKalib # MJIHTH; 4 — CTA2XKKa; 5 — HJIONPOBOX;
6 — cxaThil BO3QyX Ha MPOAYBKY; 7 — KeK, Buirpyxaemnfl H3 npecca; 8§ - Ha’KHMHas MNJHTa;
9 ~ GyHKep 1N Keka; /0 — MOHXYC; /! — pesepByap; /2 — m03aTOp XJIOPHOrO KeJse3a;
13 — po3aTop usBecTH; /4 — Hacoc AnA ocagKa; /5 — BaKyyMm-Hacoc;, /6 — BaKyyMHas JiH-
HRBAy 17 — cxaThit BO3ZyX Ha NepenaBJiuBaHHe ocajgka; /8 — xommnpeccop; /9 v 20 — nojaua
CHIPOr'0 H CKOaryJIHpOBaHHOTO ocajgka, 2/ — OTBOX GHAbTpaTa; 22 — OTBOXA NPOMHIBHOH BO-
Ibl; 23 — nofava BOAbL Ha NPOMHIBKY TKaHH.

GuabTpPaTa M HUXKHEH, BHINOJHEHHOH B BHAEe PaMKH M oOpasyouei
NpH CXKaTHM IJHT Kamepy ¢uiabrpaunu. Mexny BepxHeil u HuKHef
YacTAMH yCTaHOBJIEHE! PE3HHOBBHIE AHadparMbl, KOTOpHE IIpH Mojaye
Ha HUX BOABI MOX AaBJjeHueM 15 we/cm® oTKuMaloT KHAKYIO dasy u3
CYCTeH3HM M IpeccyloT ocaiok. PuibrpoBanbHas TKaHb B Buie Gec-
KOHEUYHOH JIeHTH 3ur3aroo06pasHo NpoTAHYTa MeXAY QU/IbTPOBabHBIMH
NJIMTaMU M IPHBOAHUTCS B IBUXKeH He OapabaHOM ¥ NPHKHUMHBIM DOJIHKOM.
B nmxHed yacTn GHIbTPA TKAHb NPOXOAMT Yepe3 KaMephl pereHepaluH.

Mo okoHYaHMK BCceX TEXHONOTHYECKHX ONepalHuii MIHTH ONycKalTcH,
o0pa3sys 3a30p A/ BRITPY3KH ocalKa M3 MeXIJIHTOYHOTO NPOCTPAHCTBA
npH NepeABHXeHHH TKaHM Ha OIMH [lar, COOTBETCTBYHOLIMA IJIHHE
¢unbrpoBanbHoii nauthl. [lpy nepenaBuKeHUH TKaHH MPOM3BOLHTCH
cbeM 00e3BOKEHHOro ocalka M pereHepallnsi TKaHH BOIOH, Mojaollefics
u3 Hacanok. OGe3BoXKEHHBIH OCaOK NepemellaeTcs JEHTOYHBIM TpaH-
coproM B OyHKep, a (uiabTpaT W NpoMBIBHAas Boia cOpachiBaloOTCA
B KaHaJ/IM3alHo.

YnpabsieHne (UIBTPIPECCOM, OCYLIECTB/IAEMOE 3/1eKTPOrHLPaBJIH-
YeCKHM aBTOMaToOM, JOMYCKaeT KakK MOJIHOCTBIO aBTOMAaTH4YeCKYyIO €ro
paboTy mo pesie BpeMeHH, TaKk H KHOIOYHOe MooNepaluoHHOe YMpas-
JieHHe.

IOnsa pa6orst PITAKM tpebyercs opraHusauusi peareHTHOro Xo3siii-
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CTBa, HacoCHas J151 ocallka M ¢yrata, KOMIpeccOopHasi, MacJoHacocHas
YCTaHOBKa M Jpyroe BCIIOMOraTesibHoe 00OpYAOBaHHe.

[lo nccnenopannam AKX npousBomuTesbHOCTb GUABTPIPECCOB MU
cOpakuBaHHU OCaZKOB BeCcbMa NpOTHBOpeYuBa. Tak, AJs CMECH 0CanKoB
Jlio61uHCKOM cTaHUUY a3paluH, COPOXKEHHBIX B Me30QUNBHBIX YCJIOBUSAX,
NPOU3BOAUTENBHOCTh (QUIbTpNpeccoB paBHa 1,3—4,1 ke/m®. 4, nasa
CbIpbix ocakoB 2,3—12,6 ke/m?® - u, a njs chipbiX ocagkoB TymHHCKOI

Ta6anuma 73. TexHnueckas xapakrepuctuka cuabtpnpeccos PIMAKM

o ]
- MomHocTb =
55 'gﬁ E:j:‘:&"’ﬁ(’:::"xz SJ1eKTPOABH- laGapuThl, MM g
2. % - rareJsisi, kem g
&k 8 S =
Tun E|Eg =
FEREE ] ~
Sk g H : B H =
2] S .
§35§g§§§§§g§§§8
o a 59 om = & S z S
Sz|2¥| § 5 O|BB|EB| 3| 5| & |8x| 2
2,5 Y11 6 { 15 | 17000 [ 700—~750 4,5 14,5 | 2825 | 1690 | 2725 | 4,76 | 6300
2,5 HIT
2,5 MI1
2,5 TlI
5 VlI
5 HIT
2 I_}&Irll 0| 151 20000 | 845—920 8,5 14,5 | 3375 | 2000 | 2778 | 6,75 | 8400
10yn
10 HII
Ig Mrl:]] 12 15 | 35000 | 845—920 8,5 14,5 | 3375 | 2000 | 3525 | 6,75 | 10 200
10T
25 Y11
25 HI1
25 MII 16 | 15 ) 50000 { 1100—1200 | 13 23,5 | 3780 | 2155 | 4200 | 8,15 | 16 600
25 TI1
Hpumeyanue B obosnauennn Tuna GHIBTPa yHcIa 0603HaYalOT NOBEPXHOCTb (PHIBLT-
pauut, #% TT—c npoMbiBKO#H: ¥ — sl HeHTpaJbHBIX M IEJOYHBIX BOA M3 YIJEpPORHCTON
cranu, H, M, T — anisi arpecCHBHLIX CpeAi M3 KOppo3HeycToiuyHBbIX MaTepHasioB (H — cramm
X13HOT: M — crasm X17HI3M3T: T — THTaHOBbIX CMJIaBOB). 3a30p MeXAy (HILTPOBAJIb-
HbIMH TJIHTaMH 45 MM, QHAMETD 3arpy3ouHblX OTBepcTHil 18 MM AnA Bcex THNOpa3MepoB

craHuuu aspaunu 2,2—9,6 ke/m® - 4. Jlasi 111aMOB NpPOMBILIJIEHHBIX
CTOYHBIX BOJ NPOH3BOAUTEIBHOCTb (DUJIBTPIPECCOB JOCTATOYHO BBICOKA
u coctaBnsier 28,5—144 ke/m® - 4. 3HaueHue yLeJNbHBIX CONPOTHBJEH UM
CKOaryJ/JMpoBaHHBIX OCafKoB a/s ¢uabrpnpeccoBanus Ha PIIAKM
Jomyckaercsi B npegenax 60 . 101 — 130 - 10 cu/e.

®unpTprnpecchl /15 00e3BOXHBaHHS OCAIKOB TOPOICKHX CTOUHBIX
BOJ lleJiecooOpasHO NMPHUMEHSTb B CJYyYasiX TeIJIOBOIO KOHIHLHOHHPO-
BaHHfl OCaJKa, MCKJIOYAOLWEro HeOGXONUMOCTb HX KOaryJsluH XHMH-
YECKHMH peareHTaMH, HJIH Korja o6e3BOXKeHHble OCaKH HH3KOH BJaXK-
HOCTH TMOLJIeXKaT CKHTAHHIO C MOC/ELYIOUHM HCIONb30BaHHEM 30JIbI
B KayecTBe NPHCAJO4YHOro MatepHaja rnepes (PUIbTPIPECCOBAHHEM.

IlenTpudyrupoBaHuUue ocajgkKoB ToOpoACKHX H Mpo-
M3BOJACTBEHHHIX CTOYHBIX BOJ PeKOMeHIYeTCsl NpPHUMEeHATb Ha OUMCTHBIX
CTaHUHUSIX NPOU3BOLMTENbHOCTBIO A0 50 muic - m*/cym. Llentpuopyru-
poBaHHE CBHIPOrO M CODOXEeHHOrO OCajKa, a TaKxkKe aKTHBHOTO HJa
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PeKOMeHIYyeTCs OCYIIECTB/IATh Ha OTeuecTBeHHBIX Hellpe phIBHO AeHCTBYIO-
LMX OCaHTe/bHBIX TOPH30HTANBHBIX LeHTpudyrax tuna Ol (GeBiune
HOT'ILI) co mHeKoBoii BHIrpy3Koil ocanka (taba. 74).

Lentpudyrn OT'lll umeloT KoHHYECKHH POTOP C COOCHO PacHoJ/IOKeH-
HBIM BHYTPH ero 1IHeKoM. PoTop U LIHeK BpallaloTcsi B OIHOM Hanpa.Jle-
HHH, HO C pa3/IMYHOi YacTOTOM, B pe3y bTare Yero HeK TPaHCIOPTUPY-
er o6pa3oBaBIUHiCA OCaJOK BJOJb POTOPa K BBLIPY3OYHBLIM OKHaM,
pacnoJioKeHHbIM B ero y3Koii uacti. Potop ueHTpudyru pacnosaraercs

Ta6aunua 74. Texunyeckasi xapaKrepucTuka ueHtpucdyr tuma Ol

g
HanMeHoBaHue MokasareJelt ] :,‘,- OrL-325 OT'I1I-500
SEE
w8 E
HanGombuinii paGounit auamerp poropa MM 325 500
Pa6ouasi yuHa poropa » 535 900
YacroTa BpalleHusi poTopa mun—1} 2500—3500 | 2000—3000
MolnHocTb 3/1EKTPOABHraTeIs Kem 7 28
PaxTop paspeseHust — | 1530—2200 | 1400—2520
TaGapuTHble pa3mephl (C 3/eKTPOABHraTeNEM):
IJIUHa MM 1510 2710
IIHPHHA » 1465 1990
BBHICOTa » 540 1526
Macca (6e3 BcromoraTe/IbHOr0 06opyAOBaHHS) K2 580 1836

FOpH30HTabHO Ha ABYX OMNopax, MPHBOLHUTCA BO BpallaTe/bHOE ABHXKe-
HHe OT 3JIeKTPOABHIaTe/Is yepe3 KJIHHOpEMEHHYIO Nepelady, a NMPHBOL
IUHeKa — OT poTopa LeHTPHDYTH Yepe3 CHeLHANbHBIH DPELYKTOP.
Porop 3akphIT KOXYXOM C MeperopoikaMH, OTAE/AIOUIUMH Kamepy
A/ ocajKa OT Kamepsl AJs ¢yrata.

Ocanok aas o0e3BoXKHBaHHS TNojaeTcsi To Tpy6Ge TNoJoro ILiHeka,
NOCTyNaeT B NPUEMHYIO Kamepy poTopa M BHIFpYIKaeTcs 4Yepe3 OKHa B
6yHKep nJ18 ocaika; ¢yrat BhiTeKaeT 4yepe3 CJHMBHBIE OTBEPCTHSA.

B TtexHoJsoruueckoil cxeme ueHTPH(YTHPOBaHHS OCAAKOB AOJXKHO
6bITh NMpefyCMOTPeHO pasjesbHoe 00e3BOXHBaHHe 0CafKa U3 epBHYHBIX
OTCTOMHHKOB M aKTHBHOTO HJIa M3 BTOPHYHBIX OTCTOMHHKOB (pHc. 56).
s 3ajepKuBaHUsl KPYNMHBIX NpuMeceH Npu 00e3BOXKHBAHHH CHIPBIX
U COpOXKEHHBIX OCaJKOB Nepej HeHTpHpyraMHu ycTaHaBIMBAIOTCH 3Kpa-
HUpYIOLLYe pelleTKH ¢ Npo3opamu He GoJee 16 mm uayu pelieTKH-Apo-
6uaky. [pobnreHne KpYNHEIX NMpUMecell MOMKET OCYIIECTBJAATHCSA Haco-
camu-apobunkamH. [Ipu ueHTpudyrupoBaHHH aKTHBHOTO HJa PelUETKH
¥ ApoGUJIKH He ycraHaBauBaloTcs. O6e3BOXKeHHBIH 0CallOK HempephIBHO
BLIFpy2KaeTcsi M3 LEHTPUDYrd Ha JIEHTOYHHIH TPaHCIOPTED H 3aTeM
TepMHUueckH oOpaGaThiBaeTcsi B KaMepax JereJIbMHHTH3alMH Kparko-
BpeMeHHbIM TPOrPEBOM WK TepMuYecKo# cylKoi. Pyrar, monyueHHbI#
NpH pasfeleHHH OCajKOB, CaMOTEKOM HJH HAacocoM HaMpasJsieTcs
Ha OYHCTHBIE COOpYXKEHHsS HAM 1/ OTAesbHoil oOpabotkn. BmecTto
Jere/bMHHTH3aLHH HJAH TepMHYeCKOH CYLIKM NpPH COOTBETCTBYIOLLEM
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000CHOBaHHH JIONYCKaeTcsl KOMIOCTHPOBaHHE OGE3BOKEHHOTO 0CaiKa
B cMecH ¢ TopdoMm.

OGesBoxkeHHbIl OCAaNOK PEKOMEHAYETCsl TPaHCIOPTHPOBAThb CKpebKo-
BLIMH H JIEHTOYHBIMH TpaHCIOpTEpaMH M XpaHUTh B witabensix Ha
CrenMasIbHBIX OTKPHITBIX IJIOMIAZKaX WJIM Noi HaBecoM. [lnomanku
PacCUHMTHIBAIOT Ha 4—b5-MecsiyHOe XpaHeHHe ocalka NpPH BLICOTE CJIOS
1,6—2 x. Ha nuowmanke npenycMaTprBaioT HeOGXOAMMBEIN KOMILIEKC

Puc. 56. CxeMa TeXHOJOrHYeCKOro mnpoliecca LeHTpHpYrupoBaHHS U
JIereIbMHHTH3aLHH OCajKa:

I — HJNOYNJOTHHTENb HJH OTCTOMHHK; 2 — NMPOMEXYTOYHAs €MKOCTb; 3 — Ha-
€OC HMJIH Hacoc-APOGHIIKa; 4— pe3epByap-peryJsiTop pacxopfa ocafika; 5 — LeH-
Tpudyru; 6 — JIEHTOYHBIH TpaHCnopTep; 7 — KaMepa JereJbMHHTH3ALHH HJIH
GapaGaHHas CYLIHJKa; 8 — eMKOCTb Ans ¢yrata; 9 — HacoC AAs NepeKauku
dyrara; /0 — nognaua ¢yrara Ha nocjaenyiouyio o6pa6oTky; // — 6yHkep o6es-
BOXXEHHOI'0 OocagKa.

MeXaHHW3allMH H BO3MOXHOCTb BO3BpaTa JAPEHaXXHBIX BOJX Ha OYHCTKY.
Il OYHCTHBIX CTaHLMH, TIe NPOEKTHpyeTcs ULEHTpHyrHpoBaHue
0CaZKOB, He0OXOIHMO NpeaycMaTpHBaTh aBapyiHble HIIOBLIE MJIOLIAMKH,
KOTOpble paccuHThIBaloTcsi Ha o6paGorky 20% romoBoro KoJinuecTBa
ocafKa.

OcHOBHBLIMH TNlapaMeTpaMH, XapaKTepH3YIOWUMH paGoTy UeHTpUPyr
tuna OI'l, aBnsioTcs ek THBHOCTD 3afiepKaHHs CYXOTO BeleCTBa &,
BJ1aXXHOCTb 006e3BOXKeHHOro ocagka W, ¥ npou3BOAHTENLHOCTb LEHTPH-
¢oyr /1. Tlpn u3BeCTHBIX 3HAUEHHSAX KOHLEHTPALMH CYXOrO BelLiecTBa
ocajka, KeKa M ¢yrata 3ppeKTHBHOCTb 3aJiepKaHHs CYXOro BelllecTBa
OIpeeNIAIOT 1o (opMmyJie

e— xCoe=Co) 5, (136)
T Coc (Ck—Cy) ’
rae Coc, C, v Cy — KOHIEHTpallHH CYXOro BellleCTBa COOTBETCTBEHHO
HCXOIHOTO OcaiKa, Keka H ¢yrara, %.
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Pacuernbie 3HaueHHs1 3¢hdEKTHBHOCTH 3amepiKaHHsl CYXOro BellecTBa
H BJIQXXHOCTH KeKa MOTYT NmpHHHMaTbcsi no tabj. 75. [Ipoussoauress-
HOCTb LEeHTpubYr /T no o6e3BoKEHHOMY OCaiKy (KeKy) ompenensercs
no topmyJe, kel4

I — 1017, (100 — W poy) Virex® (137)

K T00 — W, ’

tie I1ycx — TMPOU3BOAUTENBHOCTb LEHTPHDYTH MO UCXOZHOMY OCaiKYy,
#3/u (1abia. 75); Wycx — BIAXKHOCTb HCXOAHOTO ocamka, %; W, —

TaG6auuna 75. IddeKTHBHOCTL 3aAepKaHHA TBEpAOH (ha3n MO CyXoMmy BellecTBY
Ha uentpudyrax tana O (CHuIl 11-32—74)

SboekTus-
Repwan | Brwwe | SOENER | meumen
e st | T | e e |
%
Coipoii HIH cOpOXKEHHbIR 0Cafiok H3
[EPBHYHBIX OTCTORHHKOB 45—65 | 65—75 | 0,8—0,85 | 35—55
Colpoii aKTHBHBIAL HJI NPH 30JIBHO-
crH, %:
28—35 10—15 | 70—80 85—90
38—42 15—25 | 656—75 | 0,9—0,95 75—85
44—47 25—35 | 50—70 65—75
AHa3po6HO-COPOKEHHAst CMECh OCajl-
Ka M3 TEPBHYHBIX OTCTOHHHKOB H
aKTHBHOTO HJIA 25—40 | 65—75 - 60—75
A3po6GHO-OKHCJIEHHAsE CMeChb  OCaj-
Ka H3 TEPBHYHBIX OTCTOHHHKOB H
aKTHBHOTO HJIa F—35 | 60—70 - 65—75

BJIQXXHOCTb 00E3BOXKEHHOTO ocanka (Keka), %; YPux, Yx — OObEMHas
Macca MCXOMHOTO ocamka H Keka, m/m3 (Yuex = 1 m/md).

KosinuecTBO ¢yrara onpefessioT UCXOAs U3 KOJNHYeCTBa LEHTpudy-
THPYEMOTO OCajKa 3a BHIYETOM 0ObeMa BbIIEJEHHOTo KeKa.

B xek ymaercsi nepesectu oT 45 no 65% TBepmoro BeluecTBa Npu
o6paGoTKe 0CafKOB MepBHYHBIX oTcTOMHHKOB M oT 10 mo 35% — npu
00€3BOXXUBAaHHH H3OLITOYHOTO YMJIOTHEHHOTO HJa, YTO ONpefensier
BLICOKYIO CTeNeHb 3arpsisHeHHocTd ¢yrara (tabma. 76).

TexHoJsioruyeckass cxemMa UEHTPHPYTUPOBAHWA AaKTHBHOTO HJIa C
ucrnosib3oBaHueM (yrata AJAf OYMCTKH CTOYHBIX BOA B a3POTEHKax
uesiecoo6pasHa ¢ UeJbIO YAaJeHHs1 U3GbITOYHOro Msia (puc. 57).

KosinyecTBo ueHTpudyr, Heo6XoauMoe AJIsl BblAe/NEHHS H30bITOYHOTO
aKTHBHOTO HJa Nn,, ONpenessioT no QopMyJe

”ch.)K‘

M= 35 C - ell oy * (138)

re /1, — npupoct akrusHoro uina, o/#* - cym; Qecx — pacXon CTOUHOM
XKHIKOCTH, MOCTyNalowWel Ha asporenkH, M3/cym; C — KoHUeHTpalMs
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Ta6auna 76. PekoMenayeMble TEXHHUECKHe MapamMeTps MPol~cca

ueHTpudyrnpobanns ocaakos [33]

& Bua ocaika
=
o c6poXKeHHas
HaumenoBanne nokasaresefi S | u3 nepeuunnix | CMeck ocaaxa
§ qz. OTCTOHHHKOB ngg;;:n:lx (l):. AKTHBHBI un
HKOB
[E g AKTHBHOIo HJa
IMpousBoanTENLHOCTE MO HCXOA-
HOMYy OCafKy IpH QOe3BOXHBa-
HHH M3y 4/7—10 |4—5/10—12 | 5—6/12—14
SddeKTHBHOCTL 3aiepKaHus Cy-
XOro BellecTBa % 45—65 24—40 10—35
BuaxkHocTh Keka » 65—75 65—75 50—80
Yacrora BpallleHHs! poTopa nun—1  2500/2000 3000/2300 3500/2300
INoTpe6nsieMasi MOLIHOCTD xemfu | 6—7/22—25 | 5—6/18—22 | 3—4/15—18
TponsBouTeILHOCTH 1O 0GE3BO-
KEeHHOMY OCafKy Ke/u 200/400 100/200 20/40
MpumevaHnne. B uuciauteNe TpuBeAeHB AaHHble AJA ueHTpuoyr OUIN-325, B 3Ha-
MeHaTene — aast OI'I-500.

aKTHBHOTO WJia, MOCTYMAIOIEr0 Ha UEHTPUPYTH M3 BTOPHYHBIX OTCTOH-
HHKOB, &/4; & — 3bdeKTHBHOCTb 3aJepXkKaHHs CYXOro BelllecTBa,
onpenensemas mo qopmysae (136), %; [lucx — NPOH3BOAHTENLHOCTD
ueHTpudyTH M0 UCXOAHOMY ocaaky, M/« (cM. Tabn. 76).

Harpyska Ha a3poTeHKH ¥ BLIHOC B3BeLleHHBIX BEIIECTB H3 BTOPHYHBIX
OTCTOHHMKOB TNpPH HCMOJb30BAaHHH 3TOH CXeMbl He YBeJHYHBAIOTCHA
M pacCYMTHIBAIOTCS B cooTBeTCTBHH ¢ pekomenaauuamu CHull 11-32—74.

TexHosoruyeckasi cxeMa LEHTpHUGYTHPOBaHUA OCafKa M3 MePBHYHBIX
OTCTOMHHKOB co cOpocoM ¢yrara nepeli NepBHYHBIMH OTCTOHHHKaMH
npeicrasJ/eHa Ha puc. 57,6. [TpousBonureibnocTh UEHTPHDYT, FDEKTHB-
HOCTb 3aJiepKaHusl CYXOTo BellleCTBAa M KOJHYeCTBO (yrara onpeie/isiior
no ¢opmysiam (136) u (138). I'lo nannoii cxeme HeOGXOAMMO yBeJHYHBAThH

QL

Puc. 57. CxemMa 0Ge3BOXHBaHHSA:

a — aKTHBHOro usa; 6 — ocajKa NMepBHYHBIX OTCTOHHHKOB c o6pa6GoTkofi ¢yraros; / — nep-
BHYHbIE OTCTOMHMKH; 2 — aspOTeHKH; 3 — HJI0Basi cMecb; 4 — BTODHYHbIE OTCTOHHUKH; § —
c6poC OYHLIeHHON BOAb; 6 — UEHTpHOYra; 7 — KaMepa JereJbMHHTH3aUHH; 8 — GYHKep
06pa6oTaHHOro ocafKa; 9 — dyraT; /0 — H3GLITOYHbIH aKTHBHBbIA MJ; [/ — BO3BPAaTHLIA WJ;
12 — uaoBas Boja; /3 — WJIOYMJIOTHHUTENb; [4 — 06e3BOXeHHbIH OCaNOK; /5 — aspobHbIft
cTabHJIH3aTOD.
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BpeMs OTCTauBaHUA CMECH CTOYHOH JKHAKOCTH ¢ (yraToM MM YYUTHIBATb
COOTBETCTBYIOLLEe YBeJHUeHHe Harpy3ku Ha a’poTeHKU. B nepsom
ciyyae BpeMsl OTCTaWBaHMA cJelyeT NpPHHHMATb paBHBIM 4—4.5 «,
a HarpysKy Ha a3poTeHKH IIpH 5TOM He yBesuuuBaTb. [lpn pacuere
NepPBHYHBIX OTCTOMHHUKOB KOHUEHTPALHIO B3BelleHHBIX BEIIECTB B CMeCH
CTOYHOI XHAKOCTH C (pyraToM ompezensioT no ¢opmyse

C, =cl+_§_l__l’"___ﬁ_n_l_’i)_, (139)
rie C; — KOHIEHTpaUHs B3BeLIEHHBbIX BELIECTB B NOCTYNAIOIell CTOYHOK
XKHULKOCTH, e/4; K — Koa(pduUHeHT BbIHOCA B3BeLIEHHBIX BELIECTB W3
OTCTOMHHKOB, paBHBIH 1 — 3oc/100 (Jp0 — 3(pheKT .OCBETNIEHHS CTOY-
HOM X)uakocTH, %); M — Ko3(pPHUHEHT BbIHOCA B3BELUEHHBIX BelIECTB
u3 ueHrpudyru, paBHeii 1 — e/100.

Iponnenne BpeMeHH OTCTaHBaHHsA CMECH CTOYHOM XKHUAKOCTH ¢ PyraToMm
NPHBOAMT K YBeJHUEHHIO ofbeMa OcajKa, 4To CJENYeT YUUTHIBATH NPH
onpefeneHus NoTpeGHOro0 KosuyecTBa LEHTPHOYT.

Bo BropoM cayuae o6beM NepBHYHBIX OTCTOMHUKOB He MeHseTcs,
HO TIpH pacyeTax COOPYXKeHHH OHOXMMHUYECKOH OYHCTKH YYHTBIBaeTCs
yBeJIHYeHHe KOHIEHTpPallMH B3BellleHHBIX BellleCTB B MOCTYynaroleH

cTouyHol Kuakoctd Cp, e/a

C Cim (1 — K)

G=C+F0—n - (140)

IMpumep 2. TpeGyeTcss paccunTaTh YCTAHOBKY AJsl PasfebHOIO LEHTPHPY-
THPOBAaHHS CHIPOrO OCajKka MEepBHYHLIX OTCTOMHHKOB W M3GHTOYHOrO aKTHBHOIO uJja
M3 BTOPHYHEIX C BO3BpPaTOM (yraTa OT OCajka B MepBHuHble OTCTOMHHKH, a ¢yrara
OT HEeHTPHU(DYTHPOBAHUSI aKTHBHOrO WJla — B a9POTeHKH. [lpoM3BOAMTENBHOCTb OYH-
cTHOM cranunH 17 thic. #3/cym. KoHueHTpauusi B3BelleHHHIX BeHIECTB B CTOYHOM
KHJKOCTH, mocTynaiowmedi Ha cTaHuuio C = 220 me/a; 5pheKT OCBeTIEHHS B MepBHY-
HBIX OTCTOWHHKaX paBeH 50%; MPHPOCT aKTHBHOrO MJa MO CYXOMY BElECTBY —
110 2/#® cTOuHBIX BOX B CYTKH.

IpousBonHM pacueT YCTAaHOBKH IS LEeHTPUGYrHpOBaHHS OCalKa MepBHUYHBIX OT-
CTOHHHKOB.

OnpenesisieM KOHLEHTPAUMIO B3BELIEHHEIX BELIECTB B CTOUHOM MHAKOCTH Cp. cMe-

maHHo# ¢ dyratoM, no gopmye (140)
m=1—¢/100 =1—55:100 = 0,45;
K=1—3,/100=1—50:100= 0,5;

Cl=C + lcxm(l —K) 220 - 0,45 (1 — 0,5)

Tmi—K ~ 2+t T0.50=05

= 284 2/m3.

O6beM ChIporo ocajka, 3afiepXKaHHOTO B NEPBHUHBIX OTCTOHHHKAX, BJIaXKHOCTHIO
95% npu stpekre ocBersierns 50%

Cp - Q1 - 3y - 100 _ 2841700050100 _ .
1000 - 1000 - 100 (100 — 95) 1000 - 1000 - 100 . 5 -on% M°/cym.

V=

TMponomkutenbHocts pa6othl LeHTpudyrn OIII-500 npn npOM3BOAHTENbHOCTH
10 #%/ut = 48,4 : 10 = 4,84 u/cym, uentpudyrn Ol'LL-325 npn npoU3BORUTEILHOCTH
5 m3ut=48,4:5=9,7 ulcym.
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Konnuectso keka nocnie neHTpudyriupoBaHus ocafika HepBUUHLIX OTCTORHHKOB MpH
BaaxHoctd ero 70% u addekTe 3ajmepxkaHus cyxoro sewectBa 55% (cM. Taba. 75):

V, (100 — 95) 100 - 55 __48,4 -5-100 -55
100 (100 —70) 100 — 100 - 30 - 100

C yueroM 06beMHOI Macchl (cM. Taba. 75)

M = 4,44 .- 0,85 = 3,8 m/cym.

Hanee onpefensieM KO3h(HIUHEHT MPHPOCTAa aKTHBHOTO WJA W MPHPOCT MAacChl aK-
THBHOTO HJ1a:

Vo= = 4,44 M3/cym.

K=Cp:C=284:220=1,2;

_ C-Q K 110-17000-1,9 _
M= 1560~ 10000 = — 1000 1000 — 24 mieym.

OnpenenseM o6beM aKTHBHOTO HJa, KOTOPBI HYXHO MPOMYCTHTb Yepe3 MeHTpH-
tyru, yro6H yAaIuTb 2,4 mfcym cyXoro BemiecTBa M3 aKTMBHOrO uaa. [Ipu sTom
nprHuMaeM s¢bekT 3agepxaHus cyxoro BeutecTBa 20% M BiaxkHOCTb Keka 70% (cM.

Tabn. 75)
M=2,4.100/20 = 12 m/cym;
V=M. 100/(100 — W) = 12 - 100/(100 — 99,2) = 1500 #3/cym.
Koanuectso uentpudyr OI'lLI-500 npoussoguTebHocTbio 14 #3/4 paBHO (Taba. 72)
n=1500:(14 - 24) = 4.
INpunumaeM 4 pa6ounx u 2 pe3epBHBIX UEHTPUDYTH.
®yrar u3 neHTpudyr B Konuuectse okono 1500 s3/cym cMelBaeTcs ¢ UMPKY-
JIUPYIOWIMM aKTHBHbIM WJIOM H HanpaBjsieTcs B a3pOTeHK NS OYHUCTKH CTOYHOM
JKHAKOCTH.
PaccunteiBaeM BTOpO# BapHaHT—aspo6HOe OKuHCJaeHue ¢Gyrara
nocsie UeHTPHPYrHpOBaHKHSA OCaflka NepPBHUYHBIX OTCTOHHHKOB B CMECH C HeYMJOTHEH-
HBIM H36bITOYHBIM aKTHBHLIM HJIOM H LEeHTPHYTrHpPOBaHHEM YIJIOTHEHHOH aspo6HO

OKHCJIEHHOH CMecH.
O6vem ceiporo ocagka BaaxHOCTbIO 95% , 3afilepaHHOTO B IEPBHYHOM OTCTORHHKeE,

CocTaBJnfeT
22017000 - 0,5 - 100
¢~ 1000 - 1000 (100 — 95)

SdheKTHBHOCTb 3aflepKaHKHs CYXOro BemeCTBa NPH HeHTPH(YTHPOBAaHHH ChIPOrO
ocajxa npuHuMaeM no Tabs1. 75 paBHbIM 55%, Bi1axHOCTb KeKa 70% , NPOH3BOAHTE/b-
HocTb meHTpHdyrn OIIH-500 10 x3/cym. TlpopomxuTesbHOCTL PaGOThI LEHTPUGYTH
npu 06e3BOXHBaHUK chiporo ocapka 37,4 : 10 = 3,8 u.

O6beM KeKa

V, = 37,4 M3/cym.

__37,4(100—95) 100 - 55

— — 3
V2= —100(100 —70) - To0_ — % #*/cym.

Oé6beM ¢yrata
Vi—V,=237,4— 3,4 =34 »¥/cym.

dyrar ¢ xoHHeHTpamHeil cyxoro BeuiecTBa 2,2% cMelunBaeTcsi C HeyMJIOTHeHHBIM
H36LITOYHBIM AKTHBHLIM HJIOM.
O6beM  HEYIVIOTHEHHOro HJia

110 - 17000 - 0,5 - 100

1000 - 1000 (100 — 99,2)
WMo nanpasnsercst B a3poGHbIi CTaGHNK3aTOP, [fie a3pHpYyeTcs B TeveHune 6—7 cym.

3aTeM ¢ a3pOGHO OKHCJIEHHOH CMeChblO YMJIOTHSIeTCsl B HJOYNJOTHHTeJe B TeYeHue 5 4

H ueHTpHdyrupyercsi. dyrar nocse ueHTpHGYrHpoOBaHKsl BHOBb HampaBasieTcsl B a3po6-
HbIl CTaGH/IH3aTOP Ha MHHEpaJIH3aLHIo.

Vi = 1,20 = 117 - 1,29 = 151 #3/cym.
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KosnuecTBo Cyxoro BellecTBa, NoCTynamuero B aspoGHbii craGunnsartop ¢ dy-
raToM CHIpOro ocapka,

37,4 - 45 (100 — 95)

My = 100100 = 0,84 m/cym.
KosnuecTBO CyXoro BemecTBa H3GLITOYHOTO HJa
151 (100 — 99,2)
M, 6 = B T 1,21 m/cym.

O6luee KOJHYECTBO CYXOro BellecTBa, MOCTYNAIOWEro NMepBOHAYaJbHO B a3pOGHBIN
crabunusatop, pasHo 0,84 + 1,21 = 2,05 m/cym, a B Teuenue 7 cym — 14,25 m.

Mpu sddekTMBHOCTH 3amepxKaHHsl cyxoro Bemectsa 30% n4a BhigeNeHHs
2,05 m/cym neo6xoguMo mpoueHTpudyruposat M = (2,05 - 100) : 30 = 6,8 m/cym.
B 3ToM cilyyae KOJHYECTBO CYXOro BelleCTBa, BO3BPALIEHHOTO B a3POGHBI CcTaGuIH3a-
Top, coctaButr M = 6,8 (1 — 0,3) = 4,76 micym.

BnaxHoCTb Ocajlka, HogaBaeMoro Ha HeHTpHYry u3 uiaoynsothutens, 97,5%.
O6bem ocajika

V = (6,8 - 100) : (100 — 75) = 272 #3/cym.

KonnuectBo ¢yrarta, Bo3BpallaeMoro B CTaGuau3aToOp, paBHO 272 — 4,76 =
= 267 m%/cym.
BaaxsocTs ¢yrara, HoJyuyeHHOro npH LEHTPHGYTHPOBaHHK OCajKa M3 WJIOYMJIOT-
HuTeas no dopMyJse, npuBeleHHON B Tabi. 53,
M 4,76

W, = 100 (1 "T) = 100 (1 - -27—2-) ~ 98,24%.

Heo6xonumasi npou3BOAMTENbHOCTh LEHTPHGYTH NpH KPYyrJjocyTouHo#t pa6ore
wex = VIT=272:24=11,3 M3u.

IMpunumaeM k ycranoeke 1 nentpudyry tuna OI'-500 gst o6pa6oTku ocanka, 1 —
IAs 06paGOTKH a3pOGHO CTaGHJIM3MPOBAHHOrO OCajKa H 2 pesepBHble, BCEro 4 LEHTPH-
¢yrn OTIH-500.

O6beM aspoGHOro CTaGHIN3aTOPa COCTaBHT

34 - 74 151 - 7 4 267 = 238 4 1060 +- 267 = 1505 #3/cym.

n

CpeaHsisl KOHUEHTPAILHsI CYXOro BellecTBa B a3pOoGHOM cTaGHiIH3aTope
_34.2,24151 -0,84+267 - 1,76 _ 665,52

A 34 4 151 4 267 T 452
INpuHuMaeM KOHTaKTHO-CTAaGHJIM3aLMOHHEIR asPOTeHK ¢ 5 TYpOHHHBIMH asparopa-

mu TA-2 o6beMoM 1620 x3, pasmepoM B miaHe 36 X 30 m; ycTaHOBOYHAsi MOILHOCTD

saekTponBuratesneit 17 - 5= 85 xem, motpe6Has MowwocT 10,6 - 5= 53 xsm.
INpuruMaeM HJIOYMJIOTHHTENb €MKOCTbIO

Vun = (34 4 151 + 267) - 5:24 = 94 8.

14

= 1,475%.

[puBeneHHbIE CXeMBI LIEHTPH(YTHPOBaHHA ocajka 6osiee 3KOHOMHYHBI
0 KalHTaJbHBIM H 3KCIJIyaTallHOHHBIM 3aTpaTaM, IO CpaBHeHHIO
c aHa3po6HBIM cOpaXknBaHHeM H 00e3BOXKHBaHHEM Ha HJIOBBIX IJIOIAAKAX,

TepmHyeckHe MeTOAbI CYIWIKH OCaaKoB

Tepmuueckass cymka oOecneuyBaeT BO3MOXKHOCTb 3(peKTHBHOTO
yAaNeHHs OCaKOB C TEPPHTOPHH OUYHCTHOHM CTAaHUMM H JajibHeMHIled
YTHJH3AIMH HX B HapOoXHOM Xo3sificTBe (pHc. 58).
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Tepmuueckas cymka ocafkoB NPOM3BOAMTCS Ha CYIIHJBHBIX yCTa-
HOBKaX, COCTOSILUHX M3 CYLIMJIBHOIO annapaTa (CyLIHJIKH) H BCHOMO-
rateJbHoOro o6opynoBaHHs, K KOTOPOMY OTHOCATCS TONKH, IOLOTpeBa-
TeJIH-TeNI00OMEHHHKH, ITHTaTe/H, LHKJOHH, CKpyGOephl, AYTbeBhie
ycrpoficTa, a TaKxkKe TpaHCIopTephl H GyHKepa.

HauGosee pacnpocTpaHeH KOHBeKTHBHBIH CNoco6 CYLIKH, NPH KOTO-
poM HeoGxofHMas IJIl MCTIapeHHs BJIATH TeIlJIOBasi SHEPTHA HeIocpex-
CTBEHHO TNepeflaeTcsl OCalKy TENJIOHOCHT2JeM — CYIUMJIBHBIM areHTOM.

B KauecTBe CyHmMJBHOrO areHTa MOTYT HCINOJIBb30BaTbCs TOMOYHbLIE
rasbl, neperpeThli nmap uiau ropsauuii Bo3fyx. IlpumeHeHue TomouHbix
rasoB 3KOHOMHYHO, TaK KaK MO3BOJIleT NpPOBOAMTb MNPOLECC CYLIKH

Puc. 58. CxeMa TepMuyecKof CyIUKH 06e3BOXKEH-
HOTO OCajKa:

1 — ocanok; 2 — o6e3BoXKHRaHHe; 3§ — duibTpal
Ha TMNepBHYHbHIE OTCTOMHHKH; 4 — 06e3BOKEHHLIR
0CajJloK; 5 — CMeCHTeJb; 6 — BLICYLIEHHLIA OCaloK;
7 — TepMHYecKas CymiKa; 8 — CHTO; 9 — OyHKep
LSS BHICYWIEHHOrO ocafka; /0 — ocalloK Ha yXoO-
penue; /! — OCamOK Ha CXHMraHdWe; /2 — cenapa-
TOP; /3 — neub ANA ne3oNOpalHH rasos; /4 — Ton-
JIUBO; 15 — rasonyBka; /6 — KOTeJ-yTHJHSATOP
TenJja.

0CajiKOB IpH BEICOKHX TeMnepaTypax (okosno 500—800° C); ¢ ypesnye-
HHEM TeMIlepaTypbl CYIIMJIBHOTO areHTa COKpAILAlOTCsi rabapuThl Cy-
IIMJIBHBIX YCTAHOBOK, @ TaKXXe pacXof 3HeprHH Ha TPaHCIOPTHPOBKY
OTXOAAIIHX Ta30B.

HesaBucumo or Toro, Kako# CyWIM/IbHBIE areHT IpuUMeHseTcs, Bce
CYLIHJKH KOHBEKTHBHOTO THIA MOXHO pasfieJliTh Ha JBe TpyIILL:

CYIIHJIKH, B KOTOPBIX NpH NpOAYBaHHM CYLIMJBHOrO areHra dYepes
cJIoH MaTepHasia YaCTHIbI €r0 OCTAlOTCS HeNoABHXKHbIMH (6apabaHHble,
MHOTONOAOBLIE, JIEHTOYHBIE, METJEeBbe H Ip.);

CYUIMJKH, B KOTOPHIX YaCTHIbI MaTepHaJjia NepeMelIaloTCs H Iiepe-
MeIlNBAlOTCA TIOTOKOM CYIUHJIbHOTO areHTa.

B cywmixax Bropo#l rpynnel CYIUMJABHBEI areHT HMeeT Tropasio
GoJiee MOJHBIA KOHTAKT C YacTHLAMH BHICyLIHBAeMOro OCajKa; HHTEHCHB-
HOCTb CYWIKH B 3THX anmaparax Bbillle, a IPONOJIKHTENbHOCTD Ipoliecca
MeHbllle, YeM B anmapaTax NepBOH rpynmbl.

Bpamatomyecss 6GapabGaHHble CYMIHJKH BbIIYCKAlOTCA JAHAMETPOM
1—3,5 » u pnuHolt 4—27 m. Dty cymuaku paboTaloT 1Mo cxeme ¢ Ips-
MOTOYHBIM JBHKEHHEM 0CallKa U CYIIH/IbHOro areHTa. Yacrora BpalleH s
GapabGana 0,6—2 06/mun; yron HakjoHa 3—4°, uro obecmeuuBaeT
IBIXKeHHe ocajka BAosb GapabaHa K BEITPY304HOH KaMmepe.

Pexomenayembie napameTpnl GapaGauHbIX CyMIHJIOK

PacueTHast HArPY3Kd . « « « « « « o « « « « . . . 60 xK2/M3.u
BanaxuocTh ocanka, %:
MNOCTYHAIOMIETO  « « & & o o o « o « o & & & o o 78—80
nocJie TePMHYECKOH CYMIKH . . « « « « « o o o o 20—25
TemnepaTypa CymIHJILHOTO areHTa (ABIMOBBIX raaoa), °C:
Ha BXOZ€ B CYIIHIKY .+ « « « « v « o o o o « & 700—800
Ha BHIXOAE H3 CYWIHJKH . « o o o « o o o o o o 250
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ITHUUBIT unkenepHoro obopynoBaHusi TropofoB paspaboras LexH
TepMHYECKOH CYIUKH 00e3BOXKEHHBIX OCaAKOB CTOYHEIX BOA, 060pyn0BaH-
HBIX GapaGaHHBIMH CYLIWJIKaMH, MPOH3BOXMTEJBHOCTBIO MO CYXOMY
Bemectsy 10, 15, 25, 40 u 60 m/cym. CmeTHast CTOMMOCTb CTPOHUTEJIb-
CTBa 3THX CTaHUMH paBHa cooTBercTBeHHOo 294, 315, 393, 531 wu
589,3 thic. py6. (B mepecuere Ha | m ocamka — 29,4; 21; 15,7; 13,3
u 9,8 thc. py6.).

HauGonee 3dipeKTHBHBI CYIIHIKH C NCEBIOOKHKEHHEIM U (POHTAHHDY-
IOIHM CJIOEM, paCbIIHTEIbHO-KHNALMYe CYIHIKH-rpanyastopsl PKCT,
CYLIHIKH CO BCTPEYHBIMH CTPYSIMH
HHUH KBOB AKX wum. Ilampunosa
M BaKyyMHble CYLIHJIbHbIE YCTaHOB-
ku HUKTH I'X [24, 33].

B cymmakax ¢ mceB 0O X H-
KeHHBM (KUHOAU[MM) CJIOEM M3
MHEPTHOro MaTepHaJia NponycKaercs
CHH3Y BBepX MOTOK rasa-TeMnJoHOCH-
TeJsl C ONpeleseHHOH CKOPOCThIO;
TNICEBJIOOXKHIKEHHBIH CJION MepeXOauT

Puc. 59. YcrTaHOBKa pacHbuIMTeNbHO-KHNA-
l1e-TPaHYISHHOHHON CYIIHJIKH:

| — cywnaka; 2— Tpy6onpoRol, COeRHHAOUHUM
CYWHJKY C UHKJOHOM; § — 3XKeKTop; 4 — BeH-
THJAATOP; 5 — UHKJIOHHAS TONKa; 6 — TOMOYHKIe
raspl; 7 — nojaua oOCalKa B 9XKEKTOp; 8 — DH-
6poo6e3BoxKUBaTeNb; 9 — PHUALTP FPY6OHR OUHCT-
KH; 10 — pelwertka-npobuaka;, [/ — LUHKJIOH;
12 — Tenyoo6MeHHHK; /3 — BhLIMYCKHOfi nmaTpy-
GoK; /4 — TpaHcnopTep; /5 — KHUNAWMA cJoh;
16 — pewerKa.

BO B3BElleHHOe COCTOSIHME, NPeACTaBSAIOWEe KHUMALYIO YKUIKOCTb.
CyWH/IKH ¢ KHNSIHM CJI0eM M0 CpaBHEHHIO C 6apabaHHBIMH HIH MHOTO-
TIONIOBBIMH  06J1aZ1al0T PALOM:IPEHMYILECTB: HET JABKKYIIMXCS yacTeil,
Gostee BbicOKas (B 5—10 pas) ynesbHas MPOM3BOXMTE/LHOCTb, BO3MON-
HOCTh CYWIKH Ocajika ¢ JI000# HayaJbHOH BJIaXKHOCTBIO. ¥ BeJIHYEHHas
MHTEHCHBHOCTb BCEro Mpolecca CYIIKH NMO3BOJISET 3HAYHTENBHO YMeHb-
IWIHTk NPOH3BOACTBEHHBIE IJIOWANH, 1aeT BO3MOXHOCTb HCHOJb30BaTh
BbICOKOTEMMNIEPATY PHEIH TENJIOHOC HTe b,

Ha prc. 59 npuBelleHa MpPUHUMIILAJbHAS CXeMa PachBUIHTEJBHO-
Kunsmeu cymuiaku-rpauynaropa PKCI pns cywiku ocagka ¥ akTHBHOTO
HJja npoussoauresnbHocthlo 1500 k2 mo mcmapenHo#t Baare, paspaGo-
TanHas MocsogokananHHUHnpoekrom. OcHosHo# BaarocbeM (mo 70%
BJIArH) OCYILECTBJISIETCS B 30HE pacHblIeHHs, 10CYlIKa 0canKa — B 30He
Kunsumero cJosi. Bosspar ToHKomucnepcHOM NbIIH MHEBMaTHYECKHM
CIocoGOM H3 LIHKJIOHA B 30HY KHMALIETO CJI0s cnoco6CTBYeT rpaHyIsilHH
ocanxka. OrpaGoranubie raswi ¢ Temneparypoil 150° C  xniMococoM
IOJAIOTCS] HAa MOKPYIO OYHCTKY B LEHTpoOexHbIH ckpyGbep. ['panyann-
POBaHHBIM OcanoK BJaxHOCcTblo 30—35% M3 CYLIMJIKH HanpaeJsercs
AJisi CKUraHHs B Neyb ¢ KHMSLKM CJI0eM WM Ha ckJaan. Kanopugep
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ISl TOJOTpeBa BO3AyXa, MAYINErO B MeYb M TONKH, MOMKET YTHJIH3H-
poBaTh TEIIO OTXOLSIIHX ras30B.

BakyyM-cymunbHasa ycTaHOoBKa, pa3paboraHHas B
HUKTHU I'X (puc. 60), sBasiercs HauGosiee NPOCTBIM H 3KOHOMHYHLIM
06opynoBaHHeM 11l TepMHYECKOr0 06e3BPeXKHBaHHA OCAJIKOB FOPOACKHX
CTOYHBIX BOJ M IOJIYUYEHHS CTEPHJBHOTO NMPOAYKTa.

INMpunuunuanbHasi cXeMa BaKyyM-CYIUKH OCaJKOB COCTOMT B CJeRY-
IOleM: cMechb ChIpOTO Ocafka M YINJIOTHEHHOrO AaKTHBHOrO HJa U3

AN
¢

~6

- ) |

=

Puc. 60. TexHosornyeckas cxeMa OQHOKOPIYCHOl BaKyyM-CyIIHJIbHON YCTaHOB-
KH JJ1s1 OYHCTHOH CTaHUMM NPOH3BOAUTENLHOCTEI0 30—40 THC, M3/cym CTOUHBIX
BOA:

] == aKTHBHHI HJ; 2 — eHPON OCaloK; 3 — pe3epByap-cMecHTeJb; 4 — Hacoc; § —
BaKyyM-Hacoc; 6 — GapomerpHieckHit KoHAeHCaTop; 7 — BOAONPOBOA; 8 — BaKyyM-Cy=
WHAbHBIA annapar; 9 — BHCYWeHHHWR ocafiok; /0 — TpaHcnoprtep; // — OyHKep;
{2 — WHeKOBHe NUTaTeNH; /3 — LUHKJIOHHAs TOMKa; /4 — wJjam.

pesepByapa-cMecHTesisl NOfaeTcsl NapaJjJielbHO B TpYyNIy anmnaparos,
o6orpeBaeMblX napoM M3 KoresabHoOH. Ilpomecc cywxu npoucxonur nox
BaKyyMOM, cO3/laBaeMbIM KOHJEHCalledl BTOPHYHOro napa B GapoMer-
pHYeCKOM KOHJeHcaTope H NpU NMoMolny BakyyM-Hacoca. Cyxo#t rpanyiu-
POBaHHBIH 0CaZioK BHITpy2KaeTcsl rpeGKaMH, BpaLIalOIUMHCS peBePCHBHO
B KaXIOM almaparte, Ha TpaHClopTep, a 3areM INofaeTcsi B OyHKep-
HaKoNHTeJb, OTKYAa CHCTEMOH NHTaTe]eli HampaBJsieTcs B TONKY
KOTJIa B KayecTBe TOIJIMBA WJIM B TPAHCHIOPT Ha BLIBO3KY.

B KayecTBe cyLIMJIBHOTO arperara peKOMeHAYyIOTCS CYLIHJIKH BaKyyM-
Hble UMJauHApuYeckue poropHele CBIP, cymmuaku BaKyyMHEBIe
cKkpeGKoBble ¢ Tpy6yathiM potopoM CBTP, BakyyM-rpeGKoBble CyLIHJIb-
Hble ycraHoBkH BI'CY. B KauecTBe CyLIMIBHOrO areHTa HCIOJb3yeTcs nap
¢ Temneparypoil HachieHusi 140—150° C, nomaBaeMmbiii B pyGaliKy
CyWIMJBbHOTO anmnapara. BcJiencTBue BakyyMa B anmnapare KHIeHHe
OcajlKa ¥ BelllapUBaHHe BJary MPOMCXOAUT Npu Temmneparype 65—70° C.
OcHoBHbIe TEXHHYECKHE XapaKTePHCTHKH ¥ TEXHOJIOHYeCKHe [lapaMeTph)
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Ta6auua 77. TexnHuecKas XapaKTePUCTHKA BaKYyM-CyUIHJOK rpe6koBOoro Tuna
(OCT 26-01-1251-75 HUUxummam)

N [Mponsso- 2
% | purems- | 2¢ I IS g
; | wocte mo | O % a” | & ) FaGaputel, um
[ 3 ucnapex- =8 £ | m =
£ ] okB =
N £ | uoit Bnare | 8d« | X5 | © =
g | § i=S8| 85| E. | 2
Tan 8 23| § 5§ | €
g | B £5%| 25 | 85| &4
g | g S0 =B | o% | 28
% 2| &= 3 a3 ]
= a 3 a>n| E s | BS © s s
28| s| S|EEc|BE |82 |8S| E| 5| &
S ~ - =
8 | &| 8| ¥ |E8E|S5¢|Sg (58| 3|23
CBLIP-950/1700 1,2 6,1 183 | 1580 1,8 8,6 6 13 3300 | 1755 950
CBLIP-4K 4,5 14 4201 6020 6,75 14,3 6 6 6700 | 2635 [ 2000
CBTP-10B 10 36 | 1050 {10560 ( 12 10 5 5 9475 | 2845 | 2280
BI'CY-3000 31 132 | 3960 (41 400 | 46,5 10.5 | 3.5 5.3 |13 590 | 5174 | 3000

AN TIPOEKTHPOBaHHS BaKYyYM-CYIUMJIbHBIX YCTaHOBOK MpHBeIEHB B
tabs. 77 u 78.

IMpu npousBoxuTebHOCTH OYHCTHON cTaHuuu 10 30—40 Thic. #%/cym
IieJleco00pasHO NPHUMEHSATb ONHOKOPNYCHYIO CHCTEMY BaKYyM-CYILKH,
T. e. 63 HCNIO/Ib30BaH Ml BTOPHYHOTO Napa, obpasyiollerocs NpH Hcna-
peHHH BoOAbl OcafKoB. Ha OYHCTHBIX CTaHUMAX NPOH3BOXHTENBHOCTHIO
40—200 Tbic. #*/cym NpUMEHSIOT IBYXKOPIYCHBIE BaKyyM-CYLIHJIbHbIE
YCTAHOBKH C HCIOJb30BaHHEM BTOPHYHOTO mnapa, o6pasyoliero-
cl B TepBbIX KOpIycaXx YCTaHOBKH, I/ oOorpeBa BTOPBIX KOpmy-
COB.

B TeueHHe OfHOTO ILMKJa CYIIKH B HelpepbiBHOM pexuMe obpaba-
ThiBaeTcsi TpOHHO#M paGouuit o6beM ammaparta (1/2 reomerpuueckoro

obbema).

Ta6aunuma 78. OCHOBHBE TeXHOJOrHYeCKHE MapaMeTPsl BAKYYM-CYIUKH 0CaJAKOB

CTOYHBIX BOJ

HaunmeHoBaHue nokasareet Eﬁt:;ﬁﬁa"a- I]Peueﬁnuaueue-

BaaxkHOCTb OCajiKa, MOCTYNAIOWEro Ha CyWIKY % 90—93
BJ1aXKHOCTb BBICYLUIEHHOTO OCajika % 35%
YnenbHas Macca CyXHX BeLIeCTB Ke/m? 14—16
Temneparypa rpeioulero napa °C 150—160
HaBnenne B CylumibHOM annapate (BaKyym) Kec/cm? 0,1—0,2
TemnepaTypa ocajka B npouecce CyIIKH °C 40—75
Pa3mep rpaHys BBHICYIIEHHOTO OCafKa MM 1-5
Pacxon tensia Ha Cywky:

Ha | Ke HcnapeHHo# BJaru KKaa[Ke 560

Ha 1 #3 o6pabaTbiBaeMoro ocagka Kkaa/m? 525.10%
Pacxop anekTposHepruu:

Ha | k2 ucnapeHHo#t Baru kem-u/ke | 5- IO_S_:; 5X

X 10
Ha | 3 o6pabaTbiBaeMoro ocaaka Kem - u/m® 4—6
Ha | m a6GCOMOTHOrO CyXOro ocajka Kem-u/m 60
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OGmee KomuuecTBO HCHApsieMoil BOLBI ONpeNensieTcss U3 MaTepHaJb-
Horo GaJslaHca CYIIHJIBHOTO anmnapara, k2/cym

W =G, —G,, (141)

rie G, u G, — COOTBETCTBEHHO Haua/lbHOE M KOHEUHOE KOJHYECTBO
ocanka, Kelcym.

KoneuHoe koauuecTBo ocanka G, T. €. IPOU3BOAUTENBHOCTD CYLIHIb-
HOTO aMnnapara 1o BbICYILIHBAEMOMY OCalKy OINpEAE/ISIeTCS U3 BHpaXKeH usl

G, = G, (100 — W;)/(100 — W,), (142)
Ta6auuma 79. Kpuruyeckoe BjirocoaepxaHue OCaaKoB ropoXCKHX CTOYHBIX BOJL
KpuTHueckoe Baarocoaepkanue, %
Havanbhoe
Tun ocapka BJIarocoaepxa-
Hue, % w, W, w,
Ceipoit 0caZiok H3 NepBHYHBIX OT-
CTOHHHKOB 93—94,5 89—90 | 62—65 | 15—20
YnnoTHeHHHH H3GBITOUHBII aKTHB-
HBIH M 97,9—98 97 74—78 16—20
CMmech ChIpOTO OCaflka M YIIOTHEH-
HOro aKTHBHOTO WJia B COOTHoLle-
HHH cooTBeTcTBeHHO 1: 1,4 97,5—98,5 | 96—97 | 70—75 19—20

rae Wi u W, — cooTBETCTBEHHO Haua/ibHasi U KOHEUHAs BJaXKHOCTb
BbICYLUMBaeMOro ocaika, %.

YpaBHeHus TemsoBoro GajaHca I/ MEPBBIX H BTOPBIX KOpPMYCOB
YCTaHOBKH MMEIOT BHIL:

Dyr =G\C, (ty — ty) + W, (i, — C,ty); (143)
Wx (i - Cavl) = chl (tz - to) + Wz (iz - Ca tz)’ (144)

rae G,C, (¢, —t,) — pacXoxn Temsa Ha NMOZOTPeB NOCTYMNAIOLIEro ocanka
JI0 TEMTIEpPATypbl KANEHUs IPH 1aHHOM BaKyyMe, kkaa/ke, W ({ — C,t) —
pacxol Temsa Ha HcnapeHue Bommbl, kkaa/ke; C; u C, — ynenbHble
TEMJIOEMKOCTH TOCTYNAoIEro ocafka M Bombl, Oxc/kz « °C; f, n t —
TeMrepaTtypa MOCTYNaIIero W Kunsmero ocaiaka, ‘C; { — 3HTa/Jbnus
BTODUYHOTO TNapa, 0%/Ke; v, — TeMNepaTypa HacHILEHUS BTOPHYHOTO
napa ¥3 NepBHYHBIX Koprycos, °C.

Pacxop rpeiolero napa npu 3aiaHHbIX ero napamerpax (temneparypa,
JaBJIeHHe) U TeIUIoTe HCTapeHus I paBeH, Kel4

D, =Qr. (145)

Ko/nuecTBo BaKyyM-CYIUUJIBHBIX aNapaToB pacCYUTHIBAaETCS HCXOAs
M3 3KCNIEPUMEHTAJIBHO YCTAHOBJEHHOH UX TNpPOU3BOAUTEJNLHOCTH ¢ 1 M2
NOBEPXHOCTH HarpeBa M DPacueTHOrO CYTOYHOro oGbeMa HCmapsieMoi
BOLbI C YYeTOM MpPOAOIKUTENbHOCTH H HEOGXOZMMOIo KOJHYecTBa
LHUKJIOB B CYTKH.
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IMpono/KHTEIBHOCTD LMKJA BaKYYM-CYIUKH BbICOKOBJAXHHIX OCall-
KOB TOPOACKHX CTOYHBIX BoX RO BaaxHocTH 30—35% Mmoxer ObITh
paccuHTaHa rno gopmyJe

L (W,—W W,—W Ws—W
te (BT e ), (149)
1 3moct

F U noer Ug — U,
rae W,, W,, W,, W3 — conep:kaHue BJaru B ocajfike B Hauaje CYLIKH
M COOTBETCTBEHHO B KOHIE KaXJIOro NMepHoja CYLIKH, ke/kz (taba. 79);
Ta6auua 80. CKopocTh CyWKH ocagka, K2/m2-«

Tun ocagka
HauMenoBanne CKODOCTH CyLIKH chipo#t aKTHBHBI | CMECb ChI-
ocafioK ua poro ocan-
Ka C HaoM
[Moctosiunas 8 1 nepuone 25—35 | 16—18 22
Cpeanenorapugmudeckas so Il neprnoge 30—39 19—21 25
[Mocrosiunas 8 Il nepuone 37—44 | 22—26 28

Uinocrs Uy Usnocr — COOTBETCTBEHHO CKOPOCTH CYLUKH B OCHOBHbIe Tiep HO-
bl cywku, ke/m® .4 (taba. 80); L — KosMuecTBO TBepAOH Macchi
f10 CYXOMY OCTAaTKy, Ke, F — TNOBEPXHOCTh HArpepa CyLIWJbHOIO amnmna-
pata, Mm%

[Mpumep l. Paccuurarh BaKyyM-CYLUHJbHYIO YCTaHOBKY VIRl CYIUKH OCaJKOB
rOPOACKHX CTOYHBIX BOA OYHCTHON CTAHLMHM NPOH3BOAHTENBHOCTHIO 30 Thic. #P/cym
CTOYHBIX BOA.

Konuuectso ceiporo ocagka snaxuoctelo W, = 93% pasno V. = 125 s%cym,
a H3OLITOYHOrO YIVIOTHEHHOro Hnaa BaaxHocteio 97% V. = 175 s®/cym. Akrus-
HBL MJ Nepel Mojaueil Ha CYWIKY UeHTPHYrHpyeTcs o BiaaxHoctd 93%, npu aToM
ero o6beM COKpaliaeTcs

V., (100 —97) 175 - 3
S — A 3
wn = 100 — 93 7 75 m3/cym.
Temneparypa HacblllleHHOTO TpeloLIero napa OT KoTesbHOR £, = 160° C,
YunteiBas obwnit o6vem ocanka Vg = 125 + 75 = 200 M3lcym, onpepensieM

KOJIMYEeCTBO HCMapseMoil BoAbl NPH BLICYIIHBAHWH OCaiKa A0 BiaxHocTH 35%
100 — W, 100 — 93
100 — W, 100 — 35

[TpuHuMaem K ycTaHoBKe BaKyym-cywuaxu Ttuna BICY-3000 nponsBomuTen-
HOCTbIO MO ucnapseMoi Bnare 3960 x2/« (cM. Ta6a. 77). 3a | UMK/ B NPHHATOM CYIIHJb-
HOM annapate MOXHO 06pa6oTaTh 06beM Ocajflka, paBHBI TpoiiHOMY pa6oueMy o6beMy

annapata. Tak Kak paGounii o6bem annapara paBeH |/2 ero reoMeTpHYecKoro o6bema,
KO.JTHYeCTBO ocajika o6pabaTeiBaeMOro 3a | MK CYLIKH, COCTaBJseT

Qu=30-3:2=45 3.
OnpepnenseM KOJHYeCTBO BOALI, BeiNapHBaeMoe 3a | muK,

u=45ooo(| '00_93)=40200 xe.

W/=G(l— )=200000(1 )=1786001ce/cym.

T 100 —35

INpuunmaem cywnaxky BICY-3000 (cm. Taba. 77).
INotpe6Hoe KOMHMYECTBO LHMKJOB AJIS MCMApeHHs CYTOYHOTO o6beMa BOABI COCTABHT

g = W/Wy = 178600 : 40 200 = 4,45.
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TTponoMmKATeABHOCTL UHK/A BAKYYM-CYIIKH ORHOTO CYLIHJILHOTO ANNapaTa WCXOAA
H3 cpelHeil NpOH3BOAHTENLHOCTH NPHHATOTO anmnapaTa Mo HCMapsieMoll BJjare (CM.
Taba. 77)

T=Wy/n =40200:3960~= 10 u.

Hanee onpegesisieM KONHYECTBO LHK/NOB Ha ONHH annapaT B CYTKA P, B KOJHYeCTBO
CYLWIHWNCK B

24 24
Pl=__‘[—-=—__‘0 =2’4'
=t A5
n= P, — 94 = 2 arperara.

TpunumaeM 2 pa6ounx u 1 pesepBHbI arperarsl.
Pacxoa rpetowero napa

Dy =1,4W/T =1,4-178600: 24 = 10,4 m/u.

lpn sToM BBOZMTCA KO3(dUUHEHT 1,4, yUHTHIBAIOWKI KOMHYECTBO Napa, pacxonye-
MOrO Ha HarpeB OCajKa JO TeMNepaTyprl KHNEeHHS, H MOTEPH B OKPYXKAIOLLYIO Cpepy.

PacueT KOHAeHCaUHOHHOTO YCTPOHCTBA U BaKyyM-HAacoca OCymecTBJsieTes Mo obime-
NPHUHATHIM METOAAaM B COOTBETCTBHH CO CIIPaBOUHOH JIHTepaTypoi.

ITpumep 2. PaccuntaTh ABYXKOPNYCHYIO YCTAHOBKY BaKYYM-CYLIKH OCaJKOB
CTOYHBIX BOA /I OYHCTHOM CTaHLHH MpOM3BoAHTENBHOCTLIO 100 ThiC. M3/CYym.

KonuuectBo o6pasyiomeroca cuporo ocaaka G, = 590 m3/cym (24,5 m3/4), Bnax-
Hocth 94%; KOJIHYeCTBO YIJIOTHEHHOrO Ha LEHTPH}Yyre axkTHBHOro uaa G, = 295
M3lcym (12,3 m3/4), Baaxunocts 94%.

Chipo#t 0cafiok W akKTHBHBIA M/ 06palaTHIBAalOTCA B yCTaHOBKe pa3feibHO. AKTH-
BHBI N NepeA nojadel B CYIIHJIKH YNJIOTHAETCS AONONHHTEIbHO LeHTPHDYrHpPOBaHHEM
1o BaaxHocTH 949%. petomuii nap noaaercs OT KOTe/bHOM ¢ TeMNepaTypoil Hachluie-
Hus £, = 190° C.

OnpenensieM KoM4eCTBO HcmapsieMoii Bjard no xopnycaM. [Ipu 3ToM npuHHMaeM
NOBEDXHOCTH HarpeBa CYIUHJbHBIX annagaros NepBHIX H BTOPLIX KOPNYCOB OAHHAKOBHI-
MH, BJI2XKHOCTb BBICYLIEHHOTO ocanka 35%.

CylluKa chporo ocajika oCyuiecTs/AAeTCs B epBbIX KOPNycaX yCTAaHOBKH, CyILIKa ak-
THBHOTO WJIa — BO BTOPBLIX; KaXKAbli BTOPOil KOpmyc o0OrpeBaeTci BTODHYHBLIM MapoM
OT KaXXIOTo NepBOTO KOpNyca OJHOBPEMEHHO H He MeHee YeM OT 2 NMepBLIX KOPMYcCoB
TIooYepeliHO is obecredeHHs IOJHOrO IMKJA CYWKH BO BTOPLIX KOphycax.

CyTouHOe KO/IMuEeCTBO HCHapseMoil BOLI B NepBLIX KOPHYCax NpH CYLIKe 4O BJIax-
HoctH 35%

100 — W 100 — 94
Wieyr = Ga (l —-IOO_WI'- —IW——.EG)
— W,

=536 000 xe/cym = 22 300 ke/u = 6,2 ke/c.

)=590000(l—

Cyrounnii o6beM HcnapseMOR BJard BO BTOPHIX KOpHycaX HO BjaxHocTH 35%

100—W, 100 — 94

= 269 000 xz/cym = 11 200 xz/u = 3,12 xejc.

IIpuHuMaeM K ycTaHOBKe BakKyyM-cywriky tana BICY-3000.
Q6beM Bary, uenapseMoli B ePHOA KUNEHHA CHIPOrO OCalKa,

_ 100— W, \ _ 100 — 94
wk,n_o,(l—m)_ssoooo(n— 100_75)=

= ~ 450 000 xz/cym = 18 750 xz/4u = 5,2 ke/c.
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Ianee onpesesisieM NOJe3HLIN TeMNepaTypHbIH HANoOP U pacnpenesneHne ero no Kop-
nycaM ycraHoBku. [lpuHHMaem rugpocratiueckyio aenpeccuio A” = 2°C u rugpas-
aundeckyio A” = 1° C; teMneparypHoii AenpeccHeit A’ s ocakoB mnpeHeGperaew,
TaK KaK TeMneparypa KHNeHHSI OCalKOB HHXKe TeMNepaTypsl KuneHus BoAwl. Torga aus
Kaxjoro nepsoro kopnyca A = 3°C; pas Kaxnoro Broporo Kopmyca Anr = 3° C;
BA=3+3=06°C.

IMone3nas pasHocTb TeMnepatyp: 6 = 190° — 60° — 6° = 124° C,

PacnpenensieM nosie3Hyio pasHOCTb TeMNepaTyp NOPOBHY MeXAy NepBHIMH U BTO-
pLHIMH KOprnycaMH H CBORHM B TaGauny (ta6a. 81).

Ta6aunna 81. Pacnpenenenne Temnepatyp MekIy fepBbIMH M BTOPbIMH
KOpnycaMH CyWHJbHO# ycTaHoBKH, °C

Temnepatypa Qmagb;:l/i'lc enapa.

Kop-

e Hachlme- H4CBILEHNs] BTOPHUHO- BTOpHUY-
HHsl Tpeto- KHIIeHHsi OCafKa ¥o mapa rpeomero HOTO
mero Mapa

I T1=]90 t1=T—‘el= Ul=t1_A1=

=190 —62=128| =128 —3 =125 |i= 2800 |i;, = 2720
I vy =12 | t, =0, — 011 = Uy =1, —All = )

=125 — 62 = 63 =63 —3 =60 |[i,=2720{i, = 2610

Pacxop rpeioiero napa Ha nepsbie KOpIyca COCTaBHT

24 500
- 3603

Dyr = G,Cy (y —tp) + W1 (i, — Cgty) =

(128 —18) 46,2 (2720 - 10 — 4190 - 128) = 16 234 - 10° gm;

. 3
D, = J%gii'%.g—= 8,2 k2fc=29,5 mf4 nan 1,2 m Ha | m® ocanmxa.

3necb 3HaYeHHS £ W  B3ATH NO Ta6i. 81, a 3HaueHHS YleNBHOH TeNJOeMKOCTH
ocanka C, = 3603 u Bompl Cg = 4190 doc/kz, a Takke TensoTa HCMapeHHS T'PeIOLLETo
napa kopnycos r = 1981 dac/xe.

Us ypasHenns TensioBoro 6ajaaHnca onpefesisieM KOJIHYECTBO BOALI, UCHapsieMoii BO
BTOPHIX KOpmycax:

Wy (i — CoV1) = GiC, (ty — t) + W, (i — Coty) =

12 300
—_— —_— . 103 —

S50 " 3603 (63 — 18) -+ W, (2610 - 10
— 4190 - 68 =5,2 - 2196,3 - 108 = 552 - 10° -+ W, - 2346 - 103;

11400 - 10° —552 - 10° 10848 - 10°
Wy = CRYCRRT = 5316 100 = 4,6 ke/c.

=5,2(2720 - 103 — 4190 - 125) =

TNonyduenHoe KoJHuecTBO HelapseMoil BIard Bo BTOPLIX Kophycax 4,6 x2/c Gosbiue
TpeGyemoro (3,12 xz/c). CirefosaTesibHO, pacXol BTOPHYHOTO Napa, o6pa3yiomerocss B
NepBEIX KOpNycaX, JOCTaTOYeH JJIf NpPoBeleHHs Npouecca BaKyyM-CYLUKH BO BTOPHIX
Kopnycax.

Lanee paccunThiBaeM KOJHYeCTBO NepBLIX KopnycoB. Kosnnueetso Binaru, nenapse-
Moe 3a OfiMH uuKJ, paBHo Wy = 40 200 xe/yuxaa (cM. npumep 1). [Ipu ykasaHHbix B
Ta6a. 77 napameTpax rpelollero napa IPOHSBONHTEJbHOCTb KaJOro NepBOro Kopmy-
ca no uenapseMoii Biaare npuanMaeM 3960 xz/u win 3960 : 132 = 30 xz/« ¢ 1 42 nosepx-

204



HOCTH HarpeBa ammapaTa; TOrJa NPOAO/KHTEJAbHOCTb UHMKJAA KaXAOro anmapara
paBHa
T = Wy/n=40200:3960= 10 «.

INoTpe6Hoe KoNMYECTBO UHMKJOB B CYTKH
ny = Wy,/Wq = 536 000 : 40 200 = 13.
KosnuecTBo upK/IO0B, BLINOJHAEMBIX OLHHM aNNapaToM B CyTKH,
Piy=T/1t;,=24:10=2,4.
TakuM o6pa3oM, KOJHYECTBO MEPBHIX KOPNYCOB
n=n,/P,=13:2,4=5,4

[lpunumaem 6 arperaros.

AHaJIOTHYHO paccuHTHIBaeM KOJIHYECTBO BTOphIX Kopnycos. [lonyuaeM n = 3,35;
npHHUMaeM 3 arperara.

OG6iee KOJHYECTBO CYLIHJIOK pasHo 6 + 3 = 9.

[TpoBepsieM paBeHCTBO MOBepXHOCTEil Harpesa NepBHIX ¥ BTOPHIX Kopmycos. Ten-
JIoBas Harpy3Ka Ha OQHOBpPeMeHHO pa6oTaioluie mepBhLle ¥ BTOpbE KOPNYyca COCTAaBHT

Q, = (1981 - 108 - 8,55): 2 = 8500 - 108 am;
3300 - 3
Q= 300
KosdpuurenTsl Tensionepefadd npHHAMaeM COIVIACHO 3KCNEpUMEHTAaJbHBIM JaH-
HbIM: 145 nepBhlx KopmycoB K, = 330, paa Bropuix K, = 280 em/m*C:
Q/K; = (8500 - 103) : 330 = 25 800; Q./K5 = (7000 - 103) : 280 = 25000;
2Q/K = Q, + Q, = 25 800 + 25 000 = 50 800;

(2720 - 10° — 4190 - 125) = 7000 - 103 am.

0, = (& . e,,o,m)/z % = (25800 - 124) : 50 800 = 63° C;

K,
8, = Q 0 Q _ 25 000 - 124) : 50 800 = 61° C
s = —K_z_. no.nH/Z?"'( . -~ -
nonerHOCTH Harpesa nepBbIX H BTOpPBIX KOpIycoB COCTaBJIAIOT:
Fy = Q _8500]0‘*410 M F2—&—=M=410M2

T K6, 33063 T K.0, 280 - 61

3aBepluNB TeXHOJNOTWYECKHI pacueT, MPHCTYNAIOT K NMPOEKTHPOBAHMIO lexa, pas-
MelaloT TeXHOMOrHYecKoe 060pyAoBaHHe H MOJBOAKY KOMMYHHKAIHi.



Pa3odean S.
ONTHUMHU3ALUA NPOEKTUPOBAHUA
OYUCTHLIX GTAHIJM“ KAHAJIK3ALLMHU

OYUCTHBIE COOPYXEHHA KAHAJIHBALUHH
KAK OBLEKT ONTHMH3ALHUH

3apnaya W MeTOALI ONTHMH3ALHH

OcyuecTB/leHHe HHXKEHEPHBIX MepONpHATHH MO 3alluTe BOXOEMOB
OT 3arpsisHeHH# TpebyeT OrpoMHBIX 3aTpaT. D10 OGYCJIOBIHBAaeT He-
06X0IMMOCTb pellleH Hs 3aJlauH UCXOAs H3 Makc MMasbHOH adderTHBHOCTH
HCIIO/Ib30BaHHsl 3aTPayeHHBIX CPeACTB. B 3THX yc/0BUSX pe3KO MOBbI-
waTcsl TpeOOBaHHS K KauyecTBY NPOEKTHO-KOHCTPYKTOPCKHX H omepa-
THBHBIX pelleHHH, NpUMeHsAeMbiX NpH pa3paboTke U B XOfe OCYLIECTB-
JIEHUS] TIPOLECCOB OYHCTKH CTOYHBIX BOA. [lomoGHbIe pelueHust NO/KHEL
6a3upoBaThcs Ha CHCTeMe 9KOHOMHKO-MaTeMaTHYECKHX MoJe/iel oTaeb-
HBIX [pOLECCOB, TEXHOJOrHYECKHX CXeM YUYacTKOB H Bcell CHCTEMBI
B LEJOM M MPHHHMATBCA C HCMOJb30BAHHEM CPELCTB COBpPeMeHHOH
BbIYHCJIMTEbHOH TEXHUKH H MaTeMaTHYeCKHX METOJOB ONTHMH3ALHH.

OcHoBHaf 3ajauya 3KOHOMHKO-MATeMAaTHYeCKOTO MOJENHPOBaHHSA —
000CHOBaHHOE OInpeje/ieHHe KOHCTPYKTHBHBIX JHAaHHBIX COOpYMXeHHH
1 000pYyNOBaHHA M ONTHMH3ALHUA peXHUMa BeleHUs Mpolecca OYHCTKH
CTOUHBIX BOJ, OOecreyHBalOLIMX MoOJyueHHe HanboJsiee BLICOKHX KOHO-
MHUYECKHX TMOKasaTejedl — MHHUMYyMa 3arpar NpH TpeOyeMoH creneHu
OYHCTKH.

CoBpeMeHHEIE OUYHCTHBIE COOpYKEHHS! KaHaJM3aUUuH OTHOCATCA K
KJIacCy TaK Ha3piBaeMblX OoJIbIINX cHcTeM. [IJ1s HUX XapaKTepHa CJI0OXK-
Hasl MHOTOCTYyNeHYaTasi TeXHOJIorHueckasi cXema, HCIoJab30BaHHe THIIO-
BOTO H clelHa/JiM3MPOBaHHOro 06OpYJAOBaHUs, HajJUuHe NpSAMBIX H 00-
paTHBIX TOTOKOB. B3auMHas cB3b TEXHOJOTMYECKHX MapaMeTpoB,
ofecneunBaloIIHX TNpOTeKaHHe MPOLECCOB CTOYHBIX BOX U BO3MOXKHOCTD
UX H3MeHeHHs B OTHOCHTEJbHO LIMPOKOM AHanasoHe, oGYyCJ/OB/IMBaeT
BBLICOKYIO 3KOHOMHYECKYI0 3(GheKTHBHOCTb ONTHMHU3ALHH OYHCTHBIX
coopyxeHu# kaHanusauud. Hanuuwe Gosibllioro apceHajsa NpHeMOB,
METONOB H CpPEeACTB OUHCTKH CTOYHBIX BOA Tpe6yeT 0O6OCHOBaHHOTO
UX BbiOOpa, MpPUMEHEHHs M HCIOJb30BaHHS, YTO Ae/]aeT ONTHMH3ALHIO
HE TOJIbKO 9KOHOMMYECKH lieslecooOpa3Hoi, HO M KpaHHe Heo6XOAUMOH.

Maremaruyecky GpopMaH30BaHHAs! NOCTAHOBKA 3alaui ONTHMHU3ALHH
B ofuieM Buie HaHOoJIee YacTO 3aKJIOYaeTCs B OTHICKAHHM MaKCHMyMa
(MuHHMYyMa) HekotopoH ¢yHkuuu [25]

Q=¢(§1, coey En; nl’ ""nln) (147)
KOHEYHOro YHCJa JeHCTBHTENbHBIX MepeMeHHBIX Lpy v.oy sy Myy oeer MNyge
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[Tepemennas Q HasbiBaeTcs ueseBoft GyHKuueH u ABAsieTcsl KOJH-
UeCTBEHHOH XapaKTepPHCTHKOH TNOJy4yaeMbIX Pe3yJbTaTOB. DKCTpeMasib-
Hoe 3HayeHHe leseBOd (YHKHHH (MaKcUMaJbHOE WM MHHHMMaJbHOE)
HasblBaeTcsl KPUTE p HEM ONTHM H 3 a Luu. O6Lias nocTaHOBKA
3aJlauyl ONTUMH3ALHH BKIIOYaeT OTPOMHOe pa3HooOpasue YaCTHBIX ONTH-
MaJIbHBIX 3alay M CBSI3aHHBIX C HUMHU METOZOB pellleH uil, 06yc/I0BJIEHHbIX
BHIOM 3aBucHMoCTH (147) u MHoxXecTBa X, KOTOpPOMY TNpPHHalJIEXHUT
BeKTOp mepeMeHHBIX § = (§y, ..., §n)-

PaccmarpuBasi mpouecc OYHCTKH CTOYHBIX BOJ KaK OGBEKT ONTHMH-
3alivu, lejiecoo6pa3HO MPOBECTH HEKOTOPYIO aHaJIOTMIO €ro C XHMHKO-
TeXHOJIOTHYeCKHMH TpolleccaMH, IJ15 KOTOPbIX B NOC/IEJHHE IOfbl HHTEH-
CUBHO paspabaThiBaeTcsi TeopHs pacueta M ontumusauuu [6]. Ipu
H3YYeHHH XHMHKO-TEXHOJIOIMYECKHX TPOLECCOB OOBIYHO MOJb3YIOTCS
(opMaIbHBIM NOHATHEM CJIOKHOH CXeMBI, [10]] KOTOPOH NPHHATO IOHHUMATh
COBOKYHHOCTb OJIOKOB, KaXIblii U3 KOTOpPBIX OMHCHIBAETCS KOHEUHEIMH
wid audpdepeHUHaNlbHBIME YpaBHEHHSIMH C YKasaHHeM BceX cBssefl,
CYLIECTBYIOIIUX MexKAYy OJioKaMH.

®opmanbHO-MaTeMaTHYeCKOE OMUCaHHe MpoLecca OYUCTKH CTOYHBIX
BOJ OTBEYaeT YCJOBHSM OMpelesieHUs CJOXKHOH CXeMBl, NOITOMY Mare-
MaTvyecKue BOTPOCHl ONTHMH3aLMH, B YacTHOCTH, MaTeMarTHuecKas
TEOPHSI ONTHMAJIBHBIX CUCTEM H €e METOABl MOTYT OBITb HCIOJb30BaHEI
B MOJIHOH Mepe IJIfl TpolLecca OYHCTKH CTOUHBIX BOX.

ITpu paccMorpeHHH CJIOXKHO! CXeMBI KaK COBOKYNMHOCTH OTAEJbHBIX
6JIOKOB C BHYTPEHHUMH CBS35MH YI0OHO BBECTH pasfieieH e NepeMeHHBIX
CXeM Ha (a30Bble H yNpaBiseMbe, KaK 3TO OOBIYHO JeslaeTCs B TEOpHH
onTuMasbHeIX mnpoueccoB [26, 36). IMox ¢asoBbiME nepeMeHHBIMH
MOHHMAIOTCS TNepeMeHHble, ONpeensiolie CBA3H Mexay O6Jokamy,
a Takxke BO3MOMKHBbIE BHEIUHHE CBA3H CXeMbl, TOJX YMNpaBJsfeMBIMH —
BCTIOMOTaTe/IbHble NepeMeHHble, BADbHPOBaHHEM KOTOPHIX MOXHO H3Me-
HATb 3aBUCHMOCTb BEIXOAHBIX (pa30BbIX NEpeMEHHbIX GJIOKOB OT BXOAHBIX.

BxonHrle nepeMeHHEbIe GJIOKOB, He SBJSAOLINECS BHIXOQHBEIMH [IEépeMeH-
HBIMH GJIOKOB, Ha30BeM BXOAHBIMH NEPEMEHHBLIMH CXE€MBI, BBIXOLHbIE
nepeMeHHbIe GIOKOB, He SIBJISIOLLMECS BXOIHBLIME NEepeMeHHBIMH ApYTHX
6J10KOB, — BBLIXORHBIMH TepeMeHHBIMH CXeMBI, OCTaJIbHbIe pa30BBIe Tepe-
MeHH ble — TIPOMEeKYTOUHBIMH.

CooTBeTcTBeHHO B 0603HaueHHsiX OyneM cuuTaTh, u4to A/ K-ro 6s0Ka

k k k &
CXeMbl BeJMUMHB X7, ..., x},,:, y‘l ) e yﬁ,,: I<peL<m 1<q.<n)

€CTb BXOIHBIE H BBHIXOIHBbIE MEepeMeHHBIE CXeMEI.

Hns TeXHOJMOrHYeCKOH CXeMbl OYUCTKH CTOYHBIX BOL (pa3oBhle mepe-
MEeHHbIE — 3TO TepeMeHHBle, XapaKTepH3YIOLLHe OCHOBHBIE MaTepHallb-
HbBlE H SHepreTHYeckHe TOTOKH (pacXofbl, cCOCTaB ¥ KOHIEHTpaLHUs
3arpsi3HeHHi, TeMmeparypa ¥ T. 1.), CBs3biBaioliHe OJIOKH CHCTEMbI
IpYT C APYroM. Y paBJsoLIKe e NepeMeHHble MOTYT HMETb Pa3J/H4HYIO
(pU3UeCcKyI0 HHTEpNpETALUIO: YIIpaB/seMble KOHCTPYKTHBHEIE NepeMeH-
Hble (KOJHYeCTBO 3aleHCTBOBaHHBIX COOPYIKEHHH HJIH CeKUWH coopyKe-
HHH); MepeMeHHble, XapaKTepH3YyioLlye BCIIOMOraTe/IbHEIE YIIpaBJsieMble
MaTepuaJbHEIE M ZHepreTHyecKHe MOTOKH (pacXoi BO3lyXa, pacXon
UHPKYNALUOHHOTO MJa, pacXol KoaryJsHTOB), HolaBaeMbie B GJIOKH
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U T03BOJISAIONIHE H3MEHATh 3aBHCHMOCTb BBIXOIHbIX MepeMeHHBIX GJI0KOB
OT BXOAHBIX; HEKOTOpble TeXHOJOrHYeCKHe [lepeMeHHble, KOTOphble
MOTYT H3MeHSTbCA TpH TOMOLIY BCIOMOTraTeJbHbIX MaTepHaJbHBIX
U 3HepreTHYeCKHX TMOTOKOB (103a HJa B a3pOTEHKAX) U SABJSIOTCA
BHELHHUMH [0 OTHOLUIEHUIO K ()a30BhIM NEepeMeHHbBIM.

Maremarnyeckoe onucaHue cJOXKHON CXeMbl ONpefessieTcsi COBOKYI-
HOCTbIO MoJieJiell OTHesbHbIX GJIOKOB ¥ YIpaBJEHUSIMH CBsi3ed GJIOKOB.
Martemarnueckue Monesu MOTYT ObiThb OMHCAHBI CHCTEMaMU KOHEYHbIX
ypaBHeHHil

(k) B, (R ) .
Yi =f§ (x‘l,....,x,,k, u,,...,u,k) i=1...,n
WIH CHCTeMaMU OGBIKHOBeHHBbIX NHu(depeHUHanbHbIX YpaBHeHHi
dzf® ) k) L) *®. (k) )
T:Fi (i, ..., z;,k; ULy wony Urs W1, oon, Ws, ' (148)
— ) _
0gtgt® i=1, ..., n,

(k) (k)

k
rae 2¥= (z. yeees 2 ) —BeKTOp MepeMSHHbBIX, OMUCHIBAIOLIMX [POLL ECC

% k
B k-m6oke; u® = (uf”, ..., u/)— Bektop cocpenorouennix ynpasie-

o k k k o
unit; 0 = (@{”, ... . , @, )— BekTOp pacnpeneneHHEIX ynpaBienHi; ¢ — ne-

peMeHHas, XapaKTepHusylolllas JHHEHHbIH pasmep.

YpaBHeHus cBsizeit 6JIOKOB 3a/lalOT TAK Ha3bIBaeMYIO TOTIOJIOTHUYECKYIO
CTPYKTYpPY CJIOKHOH cXeMbl, T. €. (OpMaJbHBLIH aHaJOT TeXHOJOTH-
YecKOH cXeMbl Mpoilecca, NMpeACTaBJeHHOro JaHHOH CJIOXKHOH CXeMOH.

YpaBHeHue cBsideil GJOKOB HMeeT BHJ

x(lk) = y(gh,’;“"'l) i= 1, ce ey mk: (149)

TIpHUYeM HHAEKCHI £ U i «npobGeratT» Mo BCEM NPOMEXYTOUHBEIM NepeMeH-
HBEIM CXeMBI.

PasenctBo (149) osnauaer, uTo i-51 BXOZHAs nepeMeHHas k-ro 6Joka
ABASAETCS Cr,i-OM BBHIXOLHOH mMepeMeHHOH HAg,i-ro 6J0Ka.

CoBOKYNMHOCTb BXOIHBIX TeEpeMeHHBIX CJOXKHOH CXeMbl, BbIXOJ-
HBIX TepeMeHHBIX CJOKHON CXeMBI M COCPEJOTOYEHHBIX YyNpaBJ/eHHi

06pa3yET COOTBETCTBEHHO BEKTOpHI X, Y U U:
(1) () (N1) (Ny)
=(xl"-°’xpn-°-t b R xle‘),
(N) (N)
y sy yﬂNz+p ey Y1y oy ypN)’ (150)

(1) (1) (N) (N)
=(u| y eeey Uryy covy ULy a0oey qu)9

x
- N,+1) (N,41)
Y= (ys -+ 2+
u
rae 1 =~ N, — Hy Mepauusi BXOAHHIX 6J10KOB, (N, + 1) -~ N, — npoMexy-
TouHbIX, (N, + 1) <~ N — BbIXOAHBIX. AHaJIOTHYHO 0603HAYAIOTCA Yepe3
x'(4") BeKTOpBI BCe X IPOMEXKYTOUHBIX BXOAHBIX (BBIXOAHBIX) NepeMEeHHBIX
GJIOKOB CJIOXKHO M CXeMBHI.
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PapencrBo (149) npu stom B 0Go6lieHHOM BHAe MOXHO 3anHcaTb
TaK: x' = y’,

Kpurepuit onTHMH3aLHH B BEKTOPHOM 0603HaYeHHH MOXKHO NpeACTa-
BUTb B BHIE
N

) o) -<k) (k)

D(x, y, u) = kz,¢> (x u”) =
=]

= 2 o (u"“) + 2’ o @)+ 3 qbgk’( g""), (151)

k=1 k=1 kN1
(R (k)
rae ( x)(y™) — BekTop BXOmHBIX (BBIXOAHBIX) TeEpEeMEHHBIX CXeMbl,
OTHOCAIUXCA K R-y GJIOKY.

Pasnuyalor 1Ba kJacca 3ajay ONTHMH3ALMH: ONTHMH3AUHS TpH
NIPOEKTHPOBaHHH H ONTHMH3alMA HefCTBYIOIEro npolecca. 3ajgaua
ONTHMAaJbHOTO NMPOEKTHPOBAHUS MOMKeT ObITh NMOCTaBJeHA KaK ONTHUMH-
3alHs NaHHOH TeXHOJIOTHYeCKOH CXeMbl HJIM KaK 3aJjaya ee ONTHMaJbHo-
ro BhiGopa. B cayuae 3ajau onTHMasibHOTO BHIGOPA TEXHOJIOrHYECKOH
CXeMbl Tpe6yeTc;1 Ha#iTH MaKcHMasbHOoe (MHHHMAJbHOE) 3HayeHHe

BEJIHUHH Ql, Qw, rae Q, [ =1, ..., w) — 3KcTpeMasbHOe 3Haue-
Hue pas -k us aJlbTepHAaTHBHO pacCMaTpPHBaeMbIX TEXHOJOTHUECKHX
cxeM. Dra 3ajmaua fBJserca GoJjee obuiei, yeM 3ajaya ONTHMH3AIHH
JAHHOH TeXHOJIOTHYEeCKO! CXeMbl, H BKJIOYAaeT TOCJENHIOI KaK 3Tal
CBOEro peleHus.

JI1A TeXHOJIOTHUECKOH CXeMbl OYHCTKH CTOYHBIX BOJ ynpannsemumu
KOHCTPYKTHBHBIMH NepeMeHHBIMH MOTYT ObITb pasMepbl, KOJHYECTBO,
THI OTCTOHHHUKOB, a3pPOTEHKOB, YHCJIO CTYNeHeH aspOTEeHKOB, pasMephl,
KOJIHYECTBO H THN BTOPHYHBIX OTCTOMHHKOB, (HJIbTPOB, pa3Mephl
M KOJIHYECTBO METAaHTEHKOB WJIM IPYrHX BHIOB COOpY:KeHuH 1Jjs obpa-
6GOTKH OCaIKOB.

[Ipy onTHMaJbHOM NMPOEKTHPOBAHUM HMEETCS BO3MOXKHOCTb BapbHPO-
BaTh NepeMeHHble MapaMerpn! npoiecca B Oojee IIHPOKHX Npenesax,
yeM B IKCIIYaTAllMOHHBIX YCJOBUSAX, UYHCJEHHble 3HAYEHHS] KpHUTEpHUs
ONITHMAJIbHOCTH TaKKe H3MeHSIOTCs B GoJiee LIMPOKHX Npefenax, Mo3To-
My M[epBOCTENEHHOe 3HaueHHe MMeeT 3aJaua ONTHMM3ALUH Ha CTaluH
TNIPOEKTHPOBAHHS.

ITocraHoBKa M pelueHHe 3ajay ONTHMHM3ALUH C NpHMEHEHHEM 3KOHO-
MHKO-MaTeMaTHYeCKHX METONOB XapaKTepusyercs CHCTEMHBI M
nopxonoM CHcTeMHBIH HOLX0L — 3TO METOJOJOIHS PAaCCMOTPEHHS
PasHOro pojia KOMIIJIEKCOB, NMO3BOJSIOIHKX IVy6Ke H Jyyllle OCMBICAHTD
CYLIHOCTb, CTPYKTYPY, OCOGEHHOCTH H 3aKOHOMEPHOCTH HMX DPa3BHTHS
H, CJIElOBATE/NbHO, ONPENENHTh ONTHMA/bHbBIE TMYTH H MeTOAbl BO3JeH-
CTBMSl Ha HX pa3BHTHe, B YACTHOCTH METOJbI ONTHMAJBHOIO MPOEKTH-
poBanus M ynpaaenus [29].

BrnepBbie TEXHOMOTHSI CHCTEMHOTO aHa/lH3a IV pelleHHs npobJem
NIPOEKTHPOBAHHA H BHIGOPA TEXHOJOTHMUYECKHX CXeM OYHCTKH CTOYHBIX
BOJ GblJa MpHMeHeHA NJIsl OTHICKAHHS TaKOH KOMOMHAIIMH TPOLECCOB
OYUCTKH, MPH KOTOPOH C HAHMEHbIUMMH 3aTpaTaMH yJanaseTcss NaHHOE
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kosinyectBo 3arpsisHeHuit no BITK. Bruio nokasano, uto JauHeiiHOe
NporpaMMHpOBaHHe OrPAaHUYEHO TEM, YTO BCE CBSI3H JOJIXKHBI ObITh JHOO
JIMHeHHBIMH, JTH00 KOMOMHALMAMU JHHEHHBIX y4acTkoB [51].

CucteMHBIl aHa/MU3 JaeT TaKxe BO3MOXKHOCTb aHaJM3HPOBATb UyB-
CTBHTEJIbHOCTb CUCTEMBI, ONpPEeeIUTh, KakK JoOble H3MEHEHHST CTOUMOCTH
OCHOBHBIX TapaMeTpOB TMpoLecca BJHSIOT Ha pelleHHe; HanpuMep,
NpoBelleH aHaJMu3 YYBCTBUTENbHOCTH LJISI ONpeleeHUs] BJIMSHHUS Ha
CTOMMOCTb GMOXUMHYECKOH OYHMCTKH CTOYHBIX BOJ TaKHX MepeMeHHBIX
napamMeTpoB, KaK KOJHYeCTBO CHATHIX 3arpsisHeHuil mo BIIK u pacxoxn
crouHbiX Box [52]. Pe3ysbTarthl TakOro aHa/u3a nokKasaJu, 4To yie/bHas
CTOMMOCTb OOpabOTKH CHUXKAeTCA TNpH YBEJUYEHHH pasMepa CTaHIUH
H KOHLEHTpAlHH 3arpsisHeHHH.

C ueJsblo CHUXKEHUS! CTOMMOCTH CTPOMTEJbCTBA M SKCIIyaTauuH Gblia
NOIBEPTHYTA TILATEJNbHOMY aHaJM3y CHCTEMA OYMCTKH TPOMBILLIIEHHBIX
CTOYHBIX BOL GymaxkHOH (haGpUKM M CTaHUUM OHOXHMHUYECKOH OYUCTKH.
PaccmarpuBasi cucTeMy, B KOTOPOH Harpy3Ka (pacxoj M KOHLEHTDAIUsi)
H pPeKT OYHCTKH — BEJHYHHBI U3BECTHbIE M TOCTOSIHHBIE, HCXOLHMJIH
M3 CJENYIOIUX TPEeANOJOKEHHH: CTOMMOCTb OTPaGOTKH, BBUAY He3Ha-
YUTEJbHOTO €e U3MEHEHHs, MOXHO NPHHHMATb NOCTOSIHHOM; TpH MeXa-
HHYECKOH OYHCTKE YHa/SAIOTCS TOJbKO HEPAacTBOPEHHble 3arpsi3HeHus,
a npu GHOJOrMYECKOH TOJbKO PAacTBOPEHHBIE. DTH NPEATIONOKEHHS M0~
3BOJIMJIH CO3JiaTh MOZeJb, afleKBATHYIO peanbHOH cucreme. Henuueiinas
MOjeJb paccMaTpHBaeMOH cHcTeMbl MMeJa 24 orpaHuuenus (13 Hepa-
BeHCTB M 11 paBeHcTB) M 7 mepemeHHbIX. OnTUMa/IbHOE pelleHHe GbLIO
TNOJIyYeHO TpPH TOMOILM MeTONa MOMCKa (aKTopHana AJsi CXOLUMOCTH
B ONTUMANbHOH 30He, a 3aTeM MeTOJA IOCJENOBATeNbHOH HEeOorpaHu-
yeHHON MuHUMHU3auuu. B maHHOM ciyuae ukasanacbh GoJiee BbLITOLHOIH
IJuTeNbHasi TNepBHYHAass o0paboOTKa, TaK Kak NpH 3TOM 3HAYHTENIbHO
camkaercsi BITK. Kak yTBepknarioT ucciieqoBaTteny, NojydyeHHble HMH
pe3yJbTaThl ONTHMH3ALMH XOPOLIO COBMAJAIOT C JIYYLIHMH TPOEKTaMH
cTaHuuil, oOpabaThIBAIOIUX CTOYHBIE BOAbI OyMaXKHBIX (aOpHK, Ha
KOTOpBIX OCYILECTBJSIETCS] TOBTOPHOE HCHO/Mb30BaHUE BOAbI MOCJE
4-4yacoBOro OTCTaMBaHUSI M 3—b5-cyTouHON 06paGOTKH B a3POTEHKAX
C KOHIeHTpauuell B3BelleHHBIX BelllecTB B cMecH He GoJsee 1000 me/a.

C wucnonb3oBaHMeM MeTOla JMHEHHOrO NPOTrPaMMHPOBAHUS OblLaU
ClleJIaHbl TIONBITKH PeLuThb 3aJauy ONTHMaJbHOro Boi6opa 6UOHILTPOB.
CrpoutenbHble U SKCITyaTalHOHHBIE 3aTPAThl ObLIH BKJIOYEHb B PyHK-
IIMIO CTOUMOCTH; B KayecTBe a/IbTePHATHBHbIX BAPHAHTOB OblJIH PaccMOT-
peHbl 6HOPHUILTPBI PAa3HOH BHICOTHI, C PA3/IHYHOM CTENEHbIO PELHPKY.JIsi-
HHH, C IPUHYIUTENbHON BeHTUNALUeH [46].

Jlns 5KOHOMMYECKOrO aHaJu3a CHCTeMbl OGUOXHMHYECKOH OYUCTKH
aKTUBHBIM WJIOM (BKJIIOYasi BTOPHYHOe OTCTaMBaHHe, COpaKUBAHHE)
nepeMeHHbIMH NapaMeTpamMH OblIM NMPUHATHI 4032 UJIa B adPOTEHKaX,
KOHCTaHTBI cKopocTH cHikeHus BIIK, norpe6HOCTb B nOMONHHTENbHOM
nutatenbHoll cpene [52]. MccnenoBanusiMu GbIIO yCTaHOBJIEHO, KaKue
nepeMeHHble HY2KHO OLlEHHBATh BeCbMa KPUTHYHO, H NIOKA3aHO HanpasJle-
HUe, B KOTOPOM HeOOXOIUMO NPOU3BOAUTb H3MEHEHHs MPOEKTa, eClH
NPUHUMAIOTCS BO BHHMaHHe (akTophbl HajexkHocTH. OqHaKo He yaanoch
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ONpeNeNUTh KOJNHYECTBEHHYIO BeJIHYHHY (aKTOpa HAJEKHOCTH H BO3-
MOXHble YTH H3MEHEeHHs ABYX HJIH GoJiee MepeMEeHHBIX JI1 JOCTHXKEHUs
Hau/Iyuillero pesyJibTara.

ITpensioxen onTHMaJbHBI MPOEKT Npolecca GHOXMMHUECKOH OUHCTKH
aKTHBHBIM HWJIOM Ha OCHOBE MMHHMMH3allMd oGbeMa aspoTeHKa mpH
TMOCTOSIHHOH BeJIMYMHEe LHUPKYJSIUH aKTHBHOrO Haa [46). B atom peuwe-
HHM KCMOJIb30BaJiach MoAesb Muxasnuca-MeHTOH AJIsi OMMCAHHS Mpo-
lecca mnpupocTa 6HOMAacCHl M yHmaleHHs OpraHH4eckoro cy6crpara
H MeTox masi N noc/iefoBaTe/IbHO pacloJIOKeHHBIX a3poTeHKoBC N — 1
crenensMu cBobozbl. [TokasaHo, uTo AByXcTyneHuartasi cHcTeMa TpeGyer
MeHbllero o6beMa, 4eM ORHOCTYIeHuYaTasi, IPH 3TOM MepBas CTyNeHb
Bcerja GoJiblue BTOPOH.

Ilns peweHuss 3ajauH CHHKeHHsi o6beMa adpOTEHKOB NpHMeHeHa
JHCKPeTHast BePCHs MaKCHMAaJIbHOrO MPHHLMNA ONTHMH3ALHH CTyIeH-
yaToro mpouecca GHOXMMHYECKOH OYHCTKH aKTHBHBIM HJIOM H CHCTEM
CO CMEILaHHBIM THAPABJIHYECKUM PeKHMOM.

[lpu paccmoTpeHnH Bcel cHcTeMbl MHHHMH3allHs of6beMa a’spoOTeHKa
He fIBJISIeTCS ONTHMasbHbIM pelieHdeM. [ToBeinenve sdpekra MexaHu-
YeCKOH OUHCTKH HEeCMOTPS Ha 3HAYHTeJbHOE MOBLILEHHE CTOMMOCTH
N03BOJISI€T CHH3HUThb CTOMMOCTb OHOXHMHUYECKOH OUHCTKH aKTHBHBIM
HJOM, B pesyJ/bTaTe 4ero ofllasi CTOMMOCTb CHHIKAeTcs; CTOMMOCThb
06paboTKH Ocafika TOYTH He 3aBHCHT OT 3((PeKTHBHOCTH MEPBHYHOrO
H BTOPHYHOrO 3TallOB OUHCTKH NPH NOCTOSIHHOM 001LeM 3pdeKTe OUHCTKH.

Inst onTHMH3aUHH NPOEKTa CTAaHLHH OYHCTKH NPOMBILJIEHHBIX CTOY-
HBIX BOX OblJ1 IDHMEHEH MeToOA A M HaMHUYECKOTr o Nporpauw
MupoBaHu#us [lpy sToM Hcnosb3oBasach MeTORHKA ONTHMH3ALHH
MOC/Ie0BaTEeIbHOH MHOTOCTYNEeHYaToH CHCTeMBl C ABYMSI FPaHHUYHBIMH
ycnoBusiMH. Llesis onTHMH3alMH 3aK/ouasiaCh B OMNpeNeseHHH OMNTH-
MaJibHBIX KOMOMHALHM# H 3(peKTHBHOCTH pa3/HYHBLIX MPOLECCOB MHOIO-
CTYMEeHYaThIX TEXHOJIOTHMYECKHX CXeM OYHCTKH CTOYHHIX BOl, FapaHTH-
pyIoLUHX Hony4deHHe HeoOXoxuMoro pdeKTa O4HCTKH IPH MHHHMAJIbHO#M
CTOMMOCTH. DTOT e MeToA Obll NMpHMeHeH A/1si BHIGOpa ONTHMAaJbHOM
TEXHOJIOTHYeCKOH CXeMbl Ha MpHMepe OYMCTHOH CTaHIHH, oOpabaThbiBa-
lolel ropoackue crounsie BoAul [52].

Boabmolt uHTEpec npeAcTaBisiioT paGoTHl, MOCBSIIEHHBIE MOJEIHPO-
BAHHIO NpoLeccoB 06pabOTKH CTOYHBEIX BOJ MPH MOMOLIM KOMIBIOTEpPA.
MeTtoioM C/I0XKHOH JIHHEHHOH perpeccHu ¢ HCHOJb30BaHHEM MHOTOYHC-
JIEHHBIX ypaBHEHHH BTOpOro mopsiika OblIM CO3JaHbl MaTeMaTHYecKue
MOJe/IH CTaHUMH, MPHMEHSIOWNX akTHBHbIH M. Ha ocHoBe o6paboTku
CTAaTHCTHYECKHX NaHHBIX BOCbMH CTaHUMH Gblia paspaboTaHa BHIYHC/IH-
Te/IbHas cxema Ha a3bike Poptpan IV. [Iporpamma KoMmmbloTepa nmosBo-
JIHJIa HCCJIENOBATh PeaKIHIO CHCTeMbl GHOJIOrHYEeCKOH OUHCTKH Ha LeJIbli
PAA BEJIMYMH AJISi KaXKIAOH M3 HEeCKOJbKHX PEeXHMHBIX MepeMEeHHBIX.

ITpeacrasisiercst, 4TO 3TOT METOX MOXKeT OLITb NPHMEHEH IJsi ONTH-
MH3allHH CYIIECTBYIOIMX CTAaHUHHA H MPOEKTHPYeMBbIX MO CTaHAapTHOH
cxeme,
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OcHoBHbIE 3Tanbl ONTHMH3AUHH

I1puMeHHTENLHO K NPOEKTHPYEMBIM 00beKTaM OYHCTKH CTOUHBIX BOJ MBI
HMeeM JIeJI0 CO CJIOKHBIMH HepapXHUeCKHMH CHCTeMaMH, COCTOSILLHMH H3
KOMIJIeKCa B3aMMOCBSI3aHHBIX MOJCHCTeM pasHoro yposHs. Mccaenosa-
HHe M MPOEKTHPOBaHHE CTPYKTYPbl H OPTraHH3alHH CHCTEMBl TpPeOyIOT
fpenBapHTeIbHOTO H3yUeHHs! ¢IOBEJICHHSI» CHCTEMBI H BCEX €€ 31IeMEHTOB.

Kak nokasbiBaeT NpaKTHKa HCCJIeJOBaHHH MO SKOHOMHYECKOH KHGep-
HeTHKe, pa3paboTKa W peilleHHe S5KOHOMHKO-MaTeéMaTHUeCKHX Mojesel
IPOEKTHPYEMBIX OOBEKTOB OUHCTKH CTOUHBIX BOX JOJIKHBI OXBaThIBATb
cJIefyIole OCHOBHBIE 3TaMnkbl: KJacCH(pHKalHs 0OGBEKTOB MOLETHPOBAHHUS;
XapaKTepHCTHKA MepeMeHHbIX H (opMyJ/IHPOBKA OrpaHH4YeHHH; MaTeMma-
THYECKOe OMNHCaHHe Mpouecca; BbIOOD KPHTEPHS ONTHMH3ALHH; BbHIGOP
MaTeMaTHYeCKOro MeTOAa pacueTa ONTHMAJ/bHBIX apaMeTpoB.

[Tpoueccel OYHCTKH CTOYHBIX BOJ INPEACTaBIAIOT COGOH CJIOXKHYIO
COBOKYMHOCTb OJHOBpPEMEHHO NMpPOTEKAIoUX H B3aHMOCBA3aHHBIX XHMH«
YeCKUX H (U3HYECKHX SIBJEHHH — XHMHYecKoe MpeBpallleHne Ha Io-
BEepXHOCTH U B oGbeme, GHOXMMHYECKHe MpeBpalleHHsl, NepeHoC MaccChl
BemecTB U T. n. Jlas uesell 5KOHOMHKO-MaTeMaTHUECKOIO MOJEJIMPOBa-
HH$1 IPEACTAaBJIsIETCS MOJIE3HEIM K1 aCCHOHU HPOBATHL METO-
LB OYHCTKH CTOYHBIX BOA C MO3HUHH (Ha30BOro-AUCNEPCHOTO
COCTOSIHHSl 3arpsi3HeHHH CTOYHBIX BOJ, BLIAEJHB B KauecTBe CaMo-
CTOSITEJILHBIX TPy NMpPOLECcCh MeXaHHYeCcKHe, OHOXHMHUYecKHe, QH3HKO-
XHMHYECKHe U T. I. DTOT 3Tal MOJAEJHPOBaHHS Mpefonpee/sieT HCob
30BaHHe Ha CTaJMH MaTeMaTHYeCKOro ONHCaHM4 Mpolecca COOTBETCTBEH-
HO 3aKOHOB MeXaHHKH, TMJAPOAHHAMHKH, MaccooOMeHa, XHMHYecKHX
B3auMoaeHcTBHUil H T. A.

Ha Bropom srane K 4HC/y OCHOBHBIX ONTHMH3HPYEMBIX NepeMeHHBIX
CJIelyeT OTHeCTH OCHOBHble raGapHTHBIE pa3Mephl COOPYXKeHHH H 060-
PYZOBaHUSl, XapaKTepH3YIOIHe BEeJIHYHHY KaNMHUTaJdbHB X 3 a-
TparT, HHaubojee BaxKHbIE PeKHMHBIE [I0Ka3aTeJ/IH Mpolecca, KOTOphIe
B 3HAYUTEJILHOH CTENeHH ONpejejsioT BeJHYHHY 3 KCNmJayar a-
LHHOHHB X 3aTpaT H TpebyeMbli 3QPeKT OYHCTKH.

OznHoBpeMeHHO HEOGXOAHMO OMpeJe/HTb NOMYCTHMbIE Mpefebl H3Me-
HeHHs [IepeMeHHBIX, T. €. ONPEeNeIHTh COOTBETCTBYIOIIHE O T P a H H Y e-
H ¥ 1. Tak, 103a aKTHBHOTO HJ1a B @9POTEHKaX OrPaHHYHBAETCS BO3MOXK-
HOCTBIO BTOPHYHBIX OTCTOHHHKOB 0GecrneyHTb Heo6XonuMmoe KayecTBO
pasiesieHHsl MJIOBOISIHOH CMeCH, KOJIHYeCTBO NOJAaBaeMoro BO3JyXa —
MOLIHOCTBIO KoMmpeccopoB. Ilo coobpaxennsm yno6cTBa SKCIIyaTallHH
clefyer, HanpuMep, OrpaHHYHBATh YHCJIO ONHOTHIHBIX COODYKEHHI.

Ha stoMm 3Tane 3KoHOMHKO-MaTeMaTH4eCKOTO MOLE/NHPOBAHHUSA CJAELyeT
u3beraTh M3JMILHEH AeTalu3alliH, KOTOpas NPHBOIHT K YBEJHUYEHHIO
KOJIM4eCTBa MepeMEeHHbIX M CYLIECTBEHHO 3aTpyAHsIET MOCTPOEHHE
MOJIe/IH, He JaBasi KaKHX-J100 MPeHMYILECTB B aHA/IH3€ SKOHOMHYECKHX
‘B3auMocBs3el. Tak, ecin OOBEKTOM ONTHMH3ALHUH SBJSETC MHOrO-
CTyneHYaTass TeXHOJIOTHYeCKass CXeMa OYMCTHOH CTaHIHH, KOMILIEKC
coopyKeHH#l GHOJIOTHYECKOH OYMCTKH (23POTEHKH, BTOPHYHBIE OTCTOH-
HHKH, HWJIOBas HacoCHasi, BO3AYXOAYBHasi) CJelyeT paccMaTpHBaTb
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KaK annaparypHo-NpoLecCHyIo efHHHIly. B cBolo odyepenp, upesamepHoe
COKpallleHHe YHCJ/a NlepeMeHHbIX H3JIHIIHe YKPYMHSeT MoJe/b npoliecca,
M [pH MOCAEAYIOMHX pacueTax Mo Hefl Mnojy4aeTcs HeageKBaTHOe
OTpaxeHHe JeHCTBHUTENbHOCTH.

MaremaTHYecKoe oOMHCaHHe OGBEKTa 3SKOHOMHKO-MaTeMaTHYECKOro
MOJle/IMPOBaHHsl B MepBOM NPHGIHKEHHH MOXeT ObiTb MpenCTaBJIEHO
B BHJIE 3MIHPHYECKHX 3aBHCHMocTell. Bosiee anekBaTHO MonennpyeMoMy
MpollecCy MaTeMaTHYecKoe OMHCaHHe, OCHOBaHHOe Ha (PM3HKO-XHMHYeC-
KHX 3aKOHOMEpHOCTSX.

Bri6op KpHTEepHS OONTHMMHUS3AIHH — OIHH U3 HaHGO-
Jiee BaXKHBIX 3TanoB MOAENHPOBAaHHS H ONTHMH3ALMH NPOEKTHPYEMBIX
npoueccoB. s KOMH4YeCTBEHHOH OLEHKH ONTHMH3HPYeMOro KauecTBa
o6beKTa MOIENHPOBAHHS MOXKHO HCMO/Nb30BaTh PA3/IHYHbIE TEXHHKO-
SKOHOMHYeCKHe [I0Kas3aTesJH: pacXoj CTOYHBIX BOJ, Ce6GeCTOMMOCTb
OYHCTKH, y/e/bHble KalHTabHble 3aTPaThl, KaueCTBO H T. A.

Ilns TeXHOJIOTMH OYHCTKH CTOYHBIX BOJ 3TH MOKa3aTelH HaXOASATCS
B CJIOXKHOH B3aHMOCBSI3H, YTO HPAKTHYECKH HCKJIIOYAeT BO3MOXKHOCTb
OIHOBPEMEHHOTO JOCTHXXEHHSI ONTHMAJbHBIX 3HAUeHHH MO KaXIOMy H3
HUX. B cBsi3u ¢ 3THM HauGosee npueMIeMbIM KPHTEPHEM ONTHMAILHOCTH
3[eCb SIBJsIeTCsl MOKas3aTeJb MpHBEeJEeHHB X 3aTp aT. Muuu-
MH3allHsi BeJIHYHHBL /] obecrneynBaeT OCyILIeCTBJEHHE [poliecca C HaH-
MEHBIIHMH CYMMapHBLIMH 3aTpaTaMH. TaKoe ynpolieHHe BO3MOXHO, eClli
MPOEKTHPOBaHHe BeleTcs Ha 3ajaHHbf pacxox (Q, = const) u Ha
TpeGyeMbiil 3ajanHbll 3ddexT (I, = const).

Bcenencreue pasHoo6pasHst H pa3HOXapaKTePHOCTH MPOLLECCOB, COOPY-
3eHuH ¥ 060pyNOBaHHs, NPHMEHSIEMBEIX B TEXHOJOTHH OYHCTKH CTOYHBIX
BOJ, HEBO3MOXKHO HCMOJIL30BaTh €AMHEIH MaTeMaTHUeCKHH MeTox AJis
onpeeseHHsi COYeTaHHs MapaMeTpoB, o6ecrneyHBaloUIHX SKCTPeMasIbHOe
3HaueHHe BLIGPAHHOTO KPHTEPHS! ONTHMAaJbHOCTH.

Knaccuueckuii MeToj NMOHCKAa 3KCTpeMaslbHOrO 3HaueHHsi (pyHKLMH
MHOTHX [epeMeHHBIX, 3akKJ/ioyaloUuicss B COCTaBJEHHH M pelleHHH
CHCTEeMBl YpaBHEHHH, KOTOpble MOJNY4aloTCss B pe3yJbTaTe OfpejeeHus
YaCTHBIX MPOM3BOAHBIX QYHKUMH MO KaXKAOMY H3 HEH3BECTHBIX MepeMeH-
HBIX H IPHPAaBHHUBAHHUS HX K HYJIIO, TPHMEHHM TOJILKO MPH ONTHMH3aLHH
OYeHb TNpPOCTHIX 3KOHOMHKO-MaTeMaTHYecKHX Mojened. IIpumeHenne
3TOr0 Meroja K ONTHMH3auuH N-CTaJHiAHON Tmoc/ae10BaTe/IbHOCTH
c.M He3aBHCHMBIMH NepeMeHHEIMH Ha KaX10# CTafHH MaJio 3(pdEeKTHBHO,
a MHOTJA M HeBO3MOXHO, TeM GoJiee Korja TpeGyercss OJHOBPEMEHHBIH
yuer NM nepeMeHHbIX, GOJIBLIIHHCTBO H3 KOTOPHIX B3aHMOCBSI3aHBI.
DTo mpHBeNO K CO3JaHHIO 3a MOC/AeJHHE TOAbl Pa3JHYHBIX CIoco6oB
pellleHHs1 MOZOGHBIX 3ajay, OTJIMYAIOWIHXCS MO KPHTEPHSM OLEHKH
onTHMajbHOCTH M MertonaMm [3, 41.

I1pu pacuere onTHMaJbHBIX MapaMeTpoB MOryT ObiTb MPHMEHEHbI
OpPHHIMNBI THHEAHOTO, HeJIMHEHHOro, reOMEeTPHYECKOro H AHHAMHUYECKO-
ro NporpaMMHpOBaHHsl. DTH MeToAbl B PaBHOH Mepe MPHMEHHMbl ISt
ONTHMH3ALMH MpPOoeKTHpyeMbiX o6bekToB [25, 36]. Ilasi KoHKpeTHoil
3ajjaud HauboJsee XOpoOLMe pe3yJbTaThl JaeT METOA AHHAMHYECKOro
NporpaMMHPOBaHHUA.
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NPUMEHEHWE METOAA RHHAMWYECKOr0 NPOrPAMMHPOBAHUA
ANA ONTUMH3ALKK NMPIEKTUPYEMbIX OUHCTHDIX
COOPYKEHHH KAHAJIW3ALHH

MeTop AHHAMHYECKOrO MPOrpaMMHPOBaHHs MpPHMeHsieTcsl AJIsi MHOTO-
CTafHiHBIX MPOLECCOB, XapaKTepH3yeMhIX MOC/AeL0BaTeNbHOCTBIO pelle-
HHH, KOTJa COCTOSiHHe CHCTeMBI 3aBHCHT TOJIbKO OT MpPeAbIAYILero
I1ara ¥ He 3aBHCHT OT paHee CJeJIaHHBIX [aroB. B TakuX ciyuasx
HCMOJIb3YeTCsl MPHHILKI ONTHMANBHOCTH, GOPMYJIHPYEMBIi B C/IeLYIOLEM
BHJE: ONTHMaJIbHas CTpaTerdsi ob6JafaeT TaKHM CBOHCTBOM, YTO KaKOBO
65l HY GBLJIO HauaJIbHOE COCTOSIHHE H HauajlbHoe pellieHHe, MoC/IeAyIoLiHe
pellleHHst JOJKHbI NMPHHHMATbCS HCXOAS M3 ONTHMAJ/bHOH CTpaTeruu
OTHOCHTEJIbHO COCTOSIHHS, [I0J1y4aeMoro B pe3yJibTaTe [1epBOro peiieHHsl.

OcHoBHasi ujesi JUHAMHYECKOTO MPOTrPAMMHPOBAHHSI 3aKJIOYAeTCst
B TOM, YTO €CJIH KaKOH-JIH6O MMOTOK H3MeHsIeTCs Ha KaxkJIoH CTaluH
npolecca, TO ecIH Ha moc/aefHell CTajuu peXXuM paboThl (He3aBHCHMO
OT pexXHMa paboThl Ha BCeX CTaAHsX) He GyIeT ONTHMaJbHBLIM MO OT-
HOIIEHHMIO K MoCTyMNaiolieMy Ha Hee MOTOKY, He GyleT ONTHMaJbHBIM
H PeXHM BCEro MHOrOCTajHHHOro mpolecca B LEJOM.

IIpumeHenne MeTosa AMHAMHYECKOrO MPOrPaMMHPOBAHHSI COCTOHMT
B ONpeAeJ/IeHHH TAaKOro pexkuMa paboThl CTaIHH, KOTOPbIH MHHHMH3HPY-
€T MpHBEJEHHble 3aTPaThl Ha 3TOH M BceX MOCAEAYIOWHX CTaausAX s
JIIOObIX BO3MOXKHBIX COCTOSIHHI1 MOCTynalolero Ha Hero noroka. OGbiMHO
paccMoTpeHHe HauHHaeTcs ¢ nmocjefHel craguu npouecca. OnTHManbHbI
peXHuM Bcero Ipouecca onpefessieTcs MOCTaiuiiHO.

Takum ob6pasoM, MeTol AMHAMHYECKOrO MPOrPaMMHPOBaHHsI Mpearo-
Jlaraer pas6MBKY aHaJIM3HPYeMOro MpOLecca Ha CTaJHH WJIH CTYIeEHH.
B mo6oM ciyuae cTafiusi HIH CTyleHb — 3TO MateMaTHyeckasi abCcTpak-
uus, OpuUMeHsieMas s NPeACTaBJeHHS B AMCKPETHOM BHJIE HElpepbiB-
Ho#t nepemeHHO#. CoCcTOsIHHE CHCTEMBI XapaKTePH3YEeTCsi COBOKYTHOCTbIO
nepeMeHHBIX, OMHCHIBAIOIIMX CHCTeMY Ha oGO cTaguu mmpolecca.

PaccMoTpuM npumeHeHue MeTola AHHAMHYECKOTO NMPOrPaMMHPOBAHH
AJ1s1 ONTHMH3aLHH NPOCTOH nocsefoBaTelbHOCTH N 6JIOKOB HJH JIHHeH-
Horo yuactka (l, N). Dra 3amaua sBJsieTcs1 OCHOBHOMH, MOCKOJBKY
onTHMH3alHs Goslee CIOXKHBIX CXeM OCHOBBIBAeTCsl Ha ee pellieHHH.

YpaBHeHHsl, ONMCBIBaIOUIHe paboTy Kaxaoro 6JIoKa, HMEIOT BHI

(k) (k—1) (k—1) R (k)
xl =f[[xl' y *eoy xn ’ ...,ul,.o-, ur I. (152)
Bxonxne nepemeHHbIE £ 6yleM cuHTaTh 3aJaHHBIMH
0
Xi = Xio, (153)

a BLIXOJHbIE — CBOGONHBIMH. YpaBHEHHs ui” B KaXJ0M GJIOKE JOJKHbI

YAOBJIETBOPATh OTPAHHYEHHsIM, 06pa3yIoliuM B [IPOCTPAHCTBE MepeMeH-
HBIX 4; RonycTuMmyio o6nacte D,. Tpebyercs Takke MHHHMH3HPOBAThb
crepylolUiA KpHTepHHi
N
(k) (k) (N) (N)
Q°=2(Pk(u|,...,u;)+¢(xl 9 vy Xn )0 (154)
k=1
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TMpuHUMDT ONTHMaJILHOCTH, HAa KOTOPOM OCHOBBLIBA€TCS1 AHHAMHUECKoe
nporpaMMHpoBaHue, MOXKeT ObITb CHOPMYJHPOBAH B JAHHOM CJydae
c/enyol UM oépasom: ONTHMAJILHEIA PEXKHM MOC/ef0BaTe/bHOCTH 6JIo-
KoB B+ 1,..., Nk =0,..., N—1) oé.nanaer TeM CBOHCTBOM, YTO
KaKOBHI Obl HH 6bum BXOJHbIE MepeMeHHbIe xP (i =1,...,n) u ynpasJe-

HUS uf"" (j=1,.r) ana (k+ l)-ro Gnoka ynpasieHHss Ha Bcex
foc/Ie Ry HX Gnokax k +2,.., N J.'[O.)I)KHbI ObITb ONTHMaJIbHBI OTHO-
CHTEJIbHO BBLIXOAHBIX MEpeMeHHBIX X; D (= 1,..., n) ans (k + 1)-ro
6/10Ka, KOTOpble MOJIyHaloTCst B pe3yJbTare I‘lpHHﬂTOI‘O ynpaBJieHHs]
Ha (k + I)-om GuioKe.

Hrak, umeem:

Qe (e, ..., A7) = min {eg [, L., 2®T0) 4
A+ Qe LY, L., XTI (155)
B coornomenun (155) npennonaraeTca, uro xT Yi=1, )
TI0JICYUHTHIBAETCS NP nomoulu ypaBHeHuil (152). MoxHo H Henocpen’

CTBEHHO MOACTABHTb 3HaueHHs xy'" u3 copmysl (152) B tdopmyay

(155):

G, ..., x®l= min {Qep WY, L, WY 4
uff+D €Dp 41
+ Qo [F, (11, ™), o (e, ) (156)

CoorHourerne (156) umu (155) SIBJISIETCS PeKYPPEHTHLIM COOTHOWIEHHEM,

cBsisbiBalomuM GyHKIHE Qr—; H Q. [poBons MOXOGHBIE pacCyXAeHHS
nasi k = N — 1, nerko noJiy4uTb COOTHOIIEHHE

Qv = min (g™ ", ..., "+
Meby
+ D (x ”“. af, ey B G0, w1 (157)
[Ipu nomowu COC:THOI]JeHHﬁ (156) u (157) MoXHO mNOC/JeNOBaTeIbHO
HaiiTH GyHKuHH Qn_i, ..., Qo. DyHKIHS

Q% =Qlx, ..., ]
JaeT ONTHMasbHOe 3HaueHHe KpurepHs (154) Kak (QyHKUHIO BXOZHBIX
fepeMeHHbIX CXeMBl.

[Tpy npoekTHpOBaHHH MpOLECCOB OYHCTKH CTOYHBIX BOX XapakTe-
pPHCTHKa MOCTyNaloWHX Ha o06paGoTKy CTOYHBIX BOX H TpeGoBaHMs
K KayecTBY OYHUIEHHBIX CTOYHBIX BOJA SIBJSIOTCA ABYMsI 'DaHHUYHBIMH
YCJIOBHSIMH JJIsi CHCTeMbl ONTHMH3auMH. /s GOJBIIMHCTBA MpPOLECCOB
06paboTKH CTOYHBIX BOJX MaTeMaTHYeCKHe (YHKIHH, HCIOJAb3yeMble AJs
ONTHMH3AalHH, BHLIPAXKAIOTCSt B BeJHYHHAX OCHOBHBIX MPOEKTHHIX Mapa-
MeTpoB /11 KaxJOro mpoliecca.

LleneBasi (pyHKIHS MOZENH ONTHMH3ALHH — MHHHMaJbHOe []

—_ N
M=1,8,d); i=12...,N, (158)
=1
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rae /1 — npuBeleHHass CTOMMOCTb BCeX NpOLECCOB 06PaGOTKH CTOUHBIX
Bo; /I, — mpuBelleHHas CTOMMOCTb i-ro 6/I0Ka; d, — OCHOBHbIE MpO-
eKTHble TpeGoBaHHs IV i-ro 6Ji0Ka (06bIYHO 3pexT ouncTku B %);
S, — KauecTBeHHbIH NapaMeTp, XapaKTepH3YIOWHH MOCTYNALIYO B
i-# G6JOK CTOUHYIO XKHAKOCTb; N — oG6lliee KOJHYECTBO [POLECCOB
00paGoOTKH Ha CTaHUHH.

MexxkacKkaZiHOe COOTHOLIIEHHE OMpefesieTcs Kak

S, =T,(S; d) u S, = Siy1, (159)

rie T, — ¢yHkuHa pabouell XapaKTepHCTHKH mpouecca 06paGoOTKH
i-ro 06JioKa.

HOnsi nocnennero 6/10ka MNpoekTHoe TpeGOBaHHE OrpaHHYHBAETCS
onpefieNleHHOH BeJHYHHOM, COOTBETCTBYIOIWleH O6GmHUM TpeGOBaHHAM
00pa6GOTKH CTOYHEIX BOA Bcell craHmued. Ecan obmasi spdekTHBHOCTD
CTaHLHH WK KayeCTBO OYHILLAEMOH JKMUAKOCTH JOJIKHO COOTBETCTBOBAaTb
omnpezeJieHHOH BesnuuHe C, MpoeKTHOe TpeGoBaHHe NOC/ELHEro npoiec-
ca o6paGOTKH MOAUHHSETCS PaBEHCTBY

d,= f‘l (S, O), (160)

rae f"l — (yHKUMS 115 ONpellesieHHsl COOTHOLIEHHSI MeXAy KadeCTBOM
MOCTYNAIOIUX CTOUHBIX BOJ H NMPOEKTHHIMH TPe6OBaHHAMH MOC/IEAHErO
npouecca o6paboTKH Ha JaHHOH CTaHIIHH.

OnTtuMaibHe  pesysnbTaT 06paboTKM B mocjaelHeM O6JloKe paBeH

1S, € =11,1S,, T, (S0, (161)

a 1 TNOACHCTEMBI, BKJIouaiomed GoJiee ueM OIAHH mNocjeAHHH G6JIOK,
onTHMaJbHLIH pe3ynbTaT Oyjer

min N
fo(Sm C)dy, doy -, dy { SV, (S) + 1 T (S, dy) CJ} . (162)
=2

rae f, (S, C) — onTuManbHbIN pe3yJ/ibTaT n-i NOACHCTEMbl IPH KauecTBe
nocrynaroueil Ha n-10 CTaZHIO CTOYHOH KHAKOCTH S, H KauecTBe BOJbI
Ha Bbixoze C.

Ypasuenue (162) npu ucnonbsoBanun ypaBHeHHH (159) MoxeT GhITb
BbIpAXKEHO CJ/IeAylomuM o6pasoM

fn(Sm C) =d2' dS’ sty dn[”n(Cl’ d2’ ds: LR ] dm Sr:)] (163)

PekyppeHTHOE COOTHOLLIEHHEe, Olpele/somee ONTHMANbHLIE MPOEKT-
Hble TPeOOBaHHs MOACHCTEMBI, BKJIouaiomel n + 1 6/10KoB, NpH 3aiaH-
HBIX ONTHMAJILHEIX NMPOEKTHHIX TPe6OBAHHAX MOJACHCTEMBI, BKJIOYaOLieH
n GJIOKOB, JOJIKHO OBITb

frt1 (Sat1, C) = dngt g1 (Sat1y @ng1) +
+ fa Tag1 (S, dny), O (164)

[MpumeHenue Merona AHHAMHYECKOTO [IPOrPaMMHPOBAHHS MOXKHO
NPOMJIJIIOCTPHPOBATh Ha KOHKPETHOM NpHMepe /sl CTaHUMH MPOH3BO-
IAUTeNbHOCTBIO 25 Thic. M3/cym.
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PaccMoTpuM TpH aJbTepHATHBHBIX BapHaHTa CTaHLHH MeXaHo-6HoJIo-
THYEeCKOH OUHCTKM C JOOUHCTKOH. B 1-M BapuanTe B KauecTBe coopyxe-
HUSl GHOJIOTMYECKOH OYHCTKH HCMOJIB3YeTCsl THIOBOH a’pOTeHK, BO

2-M — aspoakcenatop d = 20 u, B 3-M—
KOHTAaKTHO-CTAaOM/IH3allHOHHBLIH  a3POTEHK
¢ Typ6oaspatopamu. [ paHHuHBlEe YyCJO-
BHSI mpuMmeM cjenyioliue: Ha Bxoxe BITK,,
paBuo 300 me/2, BB — 300 me/2; Ha BbIXO-
ne DBIIK,, paBHO uau MeHbllle 5 m2/a,
BB — 2 me/a.

Ina xkaxknol anmaparypHO-NpoIEecCHOR
eMHHIEBl ONpene/ieHbl 3aBUCUMOCTH NpHUBe-
IeHHOH ctoumocTH o6pabotkH [1 u ru-
IpaB/juuecKoli Harpysku Q. WM opraHu-
yecKoH Harpysku Qr ot addexrta CHHKe-
Hus BITK,,.

Ha puc. 61 mnpexacraBneHbl 3TH 3aBHCH-
MOCTH JJISl NepPBUYHBIX OTCTOHHHKOB NpH
pacxope 25 teic. M3/cym, Ha puc. 62 —
IUIsi a3pOTEHKOB-CMecHTeJsel, aspoaKcena-

104577000,
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Puc. 61. 'paduk 3aBucuMOCTH
NpUBeeHHOK CTOMMOCTH OYHC-
TKH CTOYHBIX BOA B NMePBHYHBIX
BEPTHKaJIbHBIX  OTCTOHHHKaX
oT 3¢deKTa OYHCTKH.

TOPOB, KOHTAKTHO-CTaOU/JIM3ALHOHHEIX a3POTEHKOB H KOMILIeKca Jo-
OUYMCTKH, COCTOSIIErO0 M3 MecYaHbX U YTrOJbHBIX (HIbTPOB.

B cooTBeTCTBHMH C TeXHOJIOTHEH ONTHMH3allMH NepBOH ONTHMH3HPYEM
noAcucTeMy TpeTHuHOH o6paGotku. Ha ocHoBe naHHBIX, NpHBEAEHHBIX

Mo/ 100043 Q2B 1] pye/ 1000 Q. neblMifu

0 s00 9
/

Haao
% W;ﬂ/ﬂm

9 /4400 8 ,
] é / / Joo 7 M@/ﬁy/ é % 200

7
n=Ap" 50 [ 750 Foofts L~ YAl
7 ///é A/ 00 6 1 v TV /-
=17 o d 7 7 /
V) /‘/ % /

) N
6 70 5 80 8 90 sy X 6 7N

178/ 10001 / G rebha
27 ) Jo/ /5
VANV A A

8 A Joo
st N AN

V4 ] / 7 7V 200
00

6
65 0 5 & s 8 9 G %

Puc. 62. [IpuBeneHHble CTOHMOCTH OYMCTKH CTOY-

HbIX BOJX:
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Ta6auwna 82. OnTumMaabHble NPOEKTHLIE TPeGOBaHMS AJS TPETHUHOH OUMCTKH

- — ‘ = o e
S8 s =3 g - IS g ¥ Lo 2= =
558 |25 | BB |8c5| %5 | BB | 28| E |:.8
25% (g4 g20 | 5% | & g25 | EES | &f | $E.
FE ] 258 5.8 ] Moz RN 2a=
SEX | g3 Bbe | B2E | £2 Efo | EEX | 83 | EBe
82 |86 =| c82 | 5835 x| c852a | 885 | 85=| cs2
200 60 7,8 400 76 0,8 800 87 15
250 67 8,7 500 79 11,8 900 88 15,2
300 70 9,5 625 83 13,3 1000 89 15,5
375 75 10,6 700 85 13, 1120 90 15,9

Ta6auua 83. Cowmii opdekT ouncTkH Ans cTafmuii 2 u 3 npu obwei BeaHdnHe
OpraHM4ecKMX 3arps3unenHit 7500 x2/cym

® e ® . S - L& , &5
© ° 2 < ® ]
&8 %“: 68 %iw sES 8is &5Y | Sis
SEE B~ | OFY 52 | 58 | %5y | &%y | §EE
7150 | 96,5 7000 | 935 6750 | 89,5 6475 86,5
7125 | 95 6975 | 93 6675 89 6375 85
7025 94,5 6875 92 6575 | 87,5 625 83,5

Ha puc. 62, e, B Ta6/1. 82 060011eHE! ONITHMAJIbHbIe IPOEKTHEIE TPeGoBaHUSA
I/l TPETHYHOH OUMCTKH.
Harpyska no BITIK paccmarpuBaercs B AaHHOM ciyuae, KaK BXOX
~
B 6J0K S;, a Heo6XoAuMblil 3(deKT OUHCTKH SBJSETCS IMPOEKTHBIM
TpeGoBaHueM mnepBoil mnoacucremsl — BITK,, He no/mKkHO npeBbILIaTh
5 mela.

Ta6auua 84. lNpuseneHHas CTOMMOCTb GMOXHMHYECKON OMHCTKH H ONTHMAJbHON

@ AddeKkTHBHOCTL GHOXHMUYECKOH OHCTKH
[}
= 94 93
o

oF

RS A AC KCA A AC KCA

Oex
10 8,754-8,5 | 8,75+9,5 | 8,75+7,85 1047 96 104-8,96 104-7,85
15 8,654-8,5 | 8,65-+9.5 | 8,65+47,85 | 8,7547,85 | 8,75+8,75 | 8,75-+8,75
20 8,501-8,5 8,549,5 8,5-+7,85 | 8,6647,35 | 8,654-8,75 | 8,6517,85
30 8,504-8,1 854896 | 85478 | 814735 | 81+875| 8,1-+7,85
40 7,8-41,35 7,84-3,75 7,8417,85

Mpumeganune >XupHbiM wWPHPTOM 0603HaYEH ONTHMabHLIL BbiXod — f (S; C).
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Tak kaxk HcXonHas KOHUEHTPamMs CTOYHOM JKHIKOCTH H3BECTHa,
3Hast OCTaTOYHyl0 BeJHUHHY 3arpsisHeHnd no BITK u kosauuectso
CHATBIX NPH TPETHYHOH OUMCTKE 3arpsi3HEHMH, He TPYIHO ONPENE/HTDH
3(peKT OUHCTKH, KOTOPLIH HEOGXOAUMO MOJYUHTh HA OCTAIbHBIX CTALUSX

npolecca OYHCTKH W MapaMeTp S, s
(taba. 83).

JIG T 6120XHMW-I€CKOﬁ OUYHCTKH §/00 )
NpHHATO 3 a/IbTePHATHBHBIX Ba- '§gﬂ ¥
PHAHTa:  aspOTeHKH-CMeCHTeNH, § —
a9DOAKCE/IaTOPLl M  KOHTaKTHO- 3 f~~— |
CTaOH/IM3aLHOHHEIE ~ A3POTEHKH. < & S —
Pa6Gouass xapakrepuctuka 6HOXu- § — ey
Muueckoll ouHCTKH  T5(S, dy), S |~ L
OMNpeAeIIoasi COOTHOILIEHHE MeX- § " 70 ‘\< N0
Ay KadyecTBoM MOCTynaiowe# xux- \% N
KOCTH S, H KaueCTBOM BhIXOAsLIeH .,,%600 /? y R 7

S, IS pasNMUHBIX MPOEKTHEIX
TpeboBaHHH, TNpeACTaBleHa Ha
puc. 63. IIns moacHcTeMsl, o6b- Puc. 63. P;Goqaa XapaKTepHCTHKA GHO-
eNMHSIOWEH GHOXUMHUECKYlo §  HMHICCKOH ounCTkH.

TPETHYHYIO OYHCTKY, MPH MOMOLLH

3TOrO COOTHOLIEHHMSI M JaHHBIX, NPeACTaBJEHHHIX B Tabna. 82 u 83,
onpeleJieHbl 3aTPaThl, NPHBEJEHHbIE I/ PA3/IHYHBLIX MPOEKTHBIX TpeGo-
BaHHH (Taba. 84).

Ananus naHHBIX, MNpeiCTaBJeHHBIX B TaGJ. 84, MOKa3bBaeT, 4TO
T0Jy4eHO HECKOJNbKO Pa3JHYHBIX KOMOMHALHH, NAOIMNX MHHHMAaJbHbIE
sarpatel. Hanpumep, npu 30%-HoM cHuKeHuH 3arpsisHenuit no BITK
B pesysbraTe mnepBuuHOH o6paGotku H 93%-HoM cHuxkennn BIIK
B aspoakcesiaTtopax (d;) o6muH 3bdeKT CHHXKEHHS 3arpsi3HeHHH paBeH
96%; cnenoBaTesbHO, Ha TPETHUHYIO OUHCTKY mocTynaeT 404,5 xe/cym,

Ipy Enepluyno omemodnunax, %

TPETH4HON O4HMCTKH, Py6.

d,, % cunxkennsi BITK

92 90
A AC KCA A AC KCA
11,8-+7,9 11,84-896 | 11,8478 | 12,746,76 | 12,74-8,96 | 12,7+17,85

10,6+7,96 | 10,64+-896 | 10,64+7,85 | 12,4-1-6,76 | 12,4+896 | 12,447,85
9,5-+7,09 9,5-1-8,96 9,547,865 | 12,146,76 | 12,14-8,96 | 12,14+7,85
8,75+7,09 | 8,7518,96 | 8,75-47.85 104-6,76 104-8,96 104-7,95
8,5+7,09 8,51-8,96 8,54-7,85 9,54-5,99 9,5+4-7,69 9,5-+7,85
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YTO COOTBETCTBYET ONTHMA/NbHONH CTOHMOCTH TPeTHUHO# ouHcTKH 8,1 py6.
Ha 1000 x3. IlpuBeneHHasi CTOMMOCTb OHOXHMHUYECKOH OYMCTKH MpPH
93%-nom cumxenun BIIK cocraeasier 7,35 py6. Ha 1000 3. [lpu
TeX ’Ke MPOEKTHHIX TPeGOBaHHAX CTOHMOCTb OYHCTKH B a3poTeHKax-

Ta6auna 85. OntumanbHas 3(peKTUBHOCTL mpouecca U BuiGop d, Ans
BTOPHYHOH OYHMCTKH

Ontumanbhas sro- | ONTHMadbHas | Cyysce- | OntuManemas sro- | OnNTHManbHas
Cumxenue pHuHast OYHCTKa CTOMMOCTD || yye BITK | puunas ouncrka CTOHMOCTD
BITK nipu BTOPHUYHON H TIpH Nep- BTOpHYHOM H
ok Bacnon || 2naon oo
d coopyxe- q OuMCTKe, o coopyKe- '
R R R Y
10 94 KCA 16,6 30 93 AC 15,45
15 94 AC 16,4 30 93 KCA 15,95
15 93 » 16,1 30 92 AC 15,84
15 93 KCA 16,6 40 93 » 15,5
20 94 KCA 16,35 40 93 KCA 15,65
20 93 AC 15,7 40 92 AC 15,59
20 92 » 16,59 40 90 » 15,49

cMmecurensix cocrasaser 8,75 py6., a B KOHTAKTHO-CTaGHJIM3aLlHOHHBEIX
asporeHkax — 7,85 py6. Ha 1000 »3.

O6miass cToMMOCTb BTOPHYHOM OYHCTKH H ONTHMAJbHAs CTOHMOCThb
TPETHUHOH OUHCTKH W, (S,, d,) + [, (Si¢) A1 Kaxaoro U3 Tpex BapuaH-
TOB COOTBETCTBEHHO coctaBJser 15,45; 16,95 u 15,95 py6. Ha 1000 3.

Ta6auna 86. Onrtumanshas cTouMocTs cTauuud, f;(S;, C)

I'uapaBanue- T'uppaBanye-
caan arpyava, || S0bert owr | O0uen crgn | cn darpyova, | bt eny | Qousn cror

M/cym - m2 % Ha 1000 m3 M3/ cym - 12 % Ha 1000 A2
70 10 16,6 4+ 1,09 30 30 15,45 4+ 1,8
52 15 16,4 4 1,24 30 30 15,95 + 1,8
52 15 16,1 4 1,24 30 30 15,84 + 1,8
52 15 16,6 + 1,24 23 40 15,5 4+ 2,39
40 20 16,35 - 1,53 23 40 15,65 + 2,39
40 20 15,7 + 1,53 23 40 15,59 + 2,39
40 20 16,59 + 1,53 23 40 15,49 + 2,39

OntuMasbHEIE BapHaHTHI npejctaBieHbl B Tabsa. 85. IlomoGHeIM ke
o6pa3oM onpeje/ieHbl ONTHMA/IbHEIE BapHaHTHl AJIsi CAefyiomel MoA-
cucrembl (Taba. 86).

B Tabs. 87 nokasaHbl onTHMa/bHblE MNpPOEKTHBIE TpeGoBaHUSA AJis
KaX[0# annaparypHO-NpOLeCCHOR eIHHHLLI H COOTBETCTBYIOLHE NPHBe-
IeHHble CTOMMOCTH.

CpaBHHM pe3yJibTaThl, MOJyYeHHble ¢ PHMEHEHHeM MeToJa AHHaMH-
YeCKOro MporpaMMHpPOBaHHUs, C pPe3yJ/bTaTaMH, MOJyUYeHHBIMH OOBIYHBIM
MeTOJioM pacueTa.
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IMpu Bpemenu npeGhiBaHMsSt cTOYHOH XHAKocTH 1,5 4 cTommocTb
NepBHYHBIX OTCTOHHMKOB coctaBut 1,68 py6. na 1000 m®. CroumocTb
6HOXMMHYECKOH OYHCTKH cToYHbIX Boa no BITK,, no 15 me/a B aspoak-
cesiaTopax cocTaBHuT 7,5 py6. Ha 1000 #3; cTouMOCTb TPETHYHOH OUHCTKH
NpHU JOBeJleHHH KauecTBa CTOUHBLIX BOJ Ha BbiXoje a0 b me/2 — 8,75 py6.

O6wast npruBefieHHasi CTOMMOCTb OYHCTKH BOLBI B 3TOM CJly4ae COCTa-
But 1,68 + 7,5 + 8,75 = 17,93 py6.

Ta6nuua 87. OnrumasnbHble mMapaMeTpsl MO CTAAHSIM NPOLECCA OYHCTKH

IlpnBesneHHas
Bun coopyeHHs SddpeKTUBHOCTB CTOHMOCTb,
py6./1000 m*

Mepeuunbie OTCTOHHUKH 40 thic. M3/cym ua 1 M? 1,53
Aspoakcenatopsl 939 cumxenus BITKy, 7,35
Tpernunas ounctka 649, cumxenuss BITK,, 8,35

Bcero no cranuun 98,5% cumxkenns BITK,, 17,23

Takum o6pasom, npuBelieHHass CTOMMOCTb OYHCTHBHIX COOPYXKEHHH,
paccuuTaHHbIX B COOTBETCTBHH ¢ TpeGoBanusamu CHull 11-32-74, Bhime
NpHBEJEHHOH CTONMOCTH OYHCTHBLIX COOPYKEHHH, PacCUMTAaHHHIX C MpH-
MeHEeHHeM MeTola IHHaMHYeCKOro NporpaMMHpOBaHHS.

TonoBoii 3KoHOMHuecKuil 3(pdeKT OT NpHMeHeHHS STOro MeToxa
COOTBETCTBEHHO DaBeH:

9= 25.365(17,93 — 17,23) = 6,40 Thic. pys.

Kpome 5KOHOMHH, no.nyquHoﬁ OT IPpUMEHEHHS HOBOro MeToja
pacuera, 060CHOBAHHO BHINIOJIHUJIK Bb160p ONTHMaJIbHOIO BapHaHTa
TEXHOJIOTHYECKOH CXEMHI.
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