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«Booa — 6onvwuit Oechuyum, yem snepzus.
Y nac ecmy anemepnamuenvie ucmouruku
IHEP2UU, HO AIbMEPHAMUBLI BOOE Hem»

FOoxcun Ooym
NPEJUCJ/IOBHE

XuMHYeCKHe U CMeXHbIe OTPaciii NPOMBILLJIEHHOCTH ABJIAIOTCA OAHH-
MM M3 CaMbiX BOAOEMKHMX, OZHOBPEMEHHO MPEANpHATUs 3TUX OTpaciieil aBis-
1OTCA WHTEHCHBHEHLWMMH "reHepaTopaMu" 3arps3HEHHst CTOYHBIX BOJA, 4TO
obycnoBnuBaeT HeoOXOAMMOCTb PE3KOro COKPALUEHHS MPOMBILIIEHHBIX CTO4-
HbIX BOJ, MOCTYNAOLMX B BOAHbIE OOBEKTHI

MupoBo#i 06beM CTOUHBIX BOA MCUHCISETCS MHOTMMH ThICSYaMH Ky-
6omerpoB u nocruraer 20% u 6onee oT o6beMa roxoOBOro CTOKa peKk B HEKO-
Topble Mopsi. ITo psiny naHHBLIX NMPOMBbIILIEHHBIE CTOKM N00aBNAOT K €cTecT-
BEHHOMY pPEe4HOMY BbIHOCY 12-13- kpaTHO€ KOJIMYECTBO CBHMHLA, LIMHKA M Me-
a4, 30- kpatHoe konudectBo cypbMbl. Ilo cBepenuto FOHECKO exeronso c
BOJAMM PEK B MOps BbIHOCATCA cBbilie 320 MJIH TOHH CO€NMHEHMIi >kenesa,
2,3 MJH. TOHH COeIMHEHHi1 CBHHLIA, 6,5 MNH TOHH coeauHenuit pocdpopa Ha-
6monenus 3a CaMOOUYMLIEHHEM HEKOTOPBIX pek MHAYCTPHANbHbIX PaHOHOB MO-
Kasanu, uyTo oHO ofecneumBaeT HelTpanusauuio Juib 1/3 nocrynarowmx 3a-
rpsA3HEHU

B xauecTBe MJIIOCTPAaLIMM HECOBEPILEHCTBA CYLIECTBYIOLUMX CHCTEM
06paboTk1 OTXOA0B MPOMBILINEHHBIX NMPEANPUATHH MOXHO TPUBECTH TaKue
undpsr. B Boansie 06bekThl Poccun B cocTaBe cTOUHBIX BOA TOAbKO B 1997 ¢
cbpoiueHo (Thic TOHH) 618,6 - B3BewmeHHbIX BelecTs; 19,2 - xenesa, 9,3 -
HedrenpoaykTos, 4,0 - CUHTETHYECKMX MOBEPXHOCTHO-AKTHBHbBIX BELLECTB;
0,76 - umHKa u apyrux uHrpeadenToB ,0,2 - coenMHeHHii Meau

Ilpn npoekTupoBaHMH cUCTeM BOnoodecreueHHss XMMHYECKUX MPOM3-
BOACTB BO3HMKAaIOT npobaemb! BbIOOpa ONTHMAaNbHOrO 060PYAOBAHHS, TEXHO-
JIOTUYECKOH CXEMBbl BOLOOYUCTKH, €€ CTPYKTYPbl, METOJOB OYUCTKH U T 1

H3 cka3aHHOro siCHO, CKO/Nb BEJIMKA POJb MEPOMPHSTHI, HanpasjieH-
HbIX Ha 03710POBJIEHHE OKpYxKatowleil cpenbl, HauboJlee NPOrpecCUBHLIMHU Cpe-
1M KOTOPBIX ABJSETCA CO3RaHHe 6€30TXOnHbIX U Ge3BOAHBIX TEXHONOMMYECKHX
NpOLECCOB, MCNONb30BaHHE MEMOPAHHBIX METOIOB OYHMCTKHU CTOUHBIX BOZA H
T Jna peanu3aluM BbILIEYKa3aHHbIX NPOOJEM, LEAbI0 KOTOPLIX SABJISETCS
MUHHMMAJIbHBIA COPOC B BOAHBIE OOBEKTHI 3arPA3HSIOLLUX BELECTB C NPOMBILLI-
JIEHHbIMH CTOYHBIMU BOAAaMH, HeoOXOAMMO pa3pabaTbiBaTh W MO3TANHO BHe-
ApsITb OCHOBHbIE TMPHHLIMILI CUCTEMbI aBTOMATH3UPOBAaHHOrO MPOEKTHPOBa-
HWs TMPOMBILIEHHOTO BOAOOOECneueH!s C HMCMOJb30BAHMEM COBPEMEHHBIX
METO0B MAaTeMaTHYECKOrO MOAENUPOBAaHHMSA M CUCTEMHOrO aHanM3a, a TakoKe
3aMKHYTbIX CUCTEM BOAOTO/b30BAHHSA

Ilon 3aMkHYTO# MOHMMAIOT TaKyt0 CUCTEMY BOJHOrO XO3siiCTBA, KOTO-
pas Mo3BOJIIET MCMOJIL30BATL BCE OTPaboTaHHbIE BOAbI B MPOM3BOACTBE MO-
BTOPHO MJIM MHOTOKpaTHO 6€3 04HCTKH, 100 Nocne COOTBETCTBYOLEH OYUCT-
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KM, MOJIHOCTbIO MCKJIHOUaroLieii cOpoc MpOM3BOACTBEHHbIX CTOYHbIX BON B
BoaHble 00bekThl Co3aaHHe TakMX CHCTEM MO3BOJISET He TOJIbKO NpenoTBpa-
THTb 3arpsA3HEHHE OKPYXKalolled cpenbl, HO M PELUIMTb CJEAYHOLIHE BaXKHblE
3aja4uu

— pe3Ko COKpaTHTb MpOMBILLIEHHOe noTpedneHne cBexxel BOAbl M UC-
NoJIb30BaThb €€ TOJIbKO [l XO3SHCTBEHHO-NMTHEBBIX Lesedl M BOCMOJIHEHHUS
noteps B 000pOTHBIX CHCTEMAX,

— CYLUECTBEHHO CHU3MTb, WM aXe UCKIIHOUMTD MOTEPH LIEHHOTO ChIpbs
1 MaTepHanoB CO CTOYHbIMH BOIAMH

Jlons HHTEHCHBHbBIX MepONpUsATHI1 B 0becrnieyeHn noTpebHOCTH B BOAE
He nipeBbilaeT 15%, 4TO CywWwecTBEHHO HHXKE CPEHEro ypoBHs BCEro BOLOMO-
Tpebnenus [lepecTpoiika CTpyKTypbl MHBECTHPOBaHHs npuBeNa Obl K OLLYTH-
MbIM MO3HTHBHBLIM caguraM Hanpumep, uenecoobpa3sHo HapaiMBaTh 3aTpaThl
Ha co3naHue BonOOOOPOTHBIX M 3aMKHYTbIX CHCTeM B Hactosiiuee BpeMs OHM
Ha 35% obecneuuBalOT yOBJIETBOpPEHHE NOTPEOHOCTH B BOAE, B TO BPEMs Kak,
no pacyeraM aBTOPOB, Ha WX 100 NPHUXOAUTCS TOJBKO OKoJIo 6-8% cTouMo-
CTH OCHOBHbBIX OHIOB BOAOXO3AHCTBEHHOTO Ha3HAYEHUs!

FoBops 0 pasnuuHbix GopMax M MeToaax MHTEHCHHKALMW BOAHOTO
X03iCTBa XMMHYECKO# U CMEXHbIX OTpacseil MPOMBILIEHHOCTH, MOXHO Bbi-
OeNUTb 1Ba OCHOBHBIX MOJIOXEHHS]

1) onTMMHU3aUMs BOAOXO3iHCTBEHHbIX OanaHcoB 3a cyeT Gonee addek-
THBHOTO WCNO/Ab30BaHHs 3a0MpaeMoil BOAbI M, KaK CIEACTBHE, CHHXXEHHE BO-
J0EMKOCTH 00LEeCTBEHHOTO MPOH3BOACTBA,

2) MHHUMM3aLHA MAaTepHabHO-TPYAOBbIX PECYpPCOB, HeoOXOAMMbIX
ans obecrnieueHns BOAOX03sHCTBEHHOro HanaHca, Ha Oase yBenuveHHUs npous-
BOAMTENbHOCTH Tpyda, CHHXEeHUst GOHLOEMKOCTH BoaoobecrieueHus:, NnoBbl-
weHus 3¢ dEeKTHBHOCTH UCTIOJIL3OBAHUS IPUPOAHBIX (akTOpOB

B xMMUUECKOH M CMEXHBIX OTPACNAX MPOMBILIIEHHOCTH MPOLECC UH-
TeHCU(PHKALMKH BOAOMONIL3OBAHMA HMEET CBOK creuuduKy pasinyaroTcs
dopmbl 1 MeToabl obecrnieueHns paLlMOHAABLHOrO MCMONBL30BAHMS BOAbI KOH-
KPETHBIMM MOTPEOUTENSAMH, MEPOTIPUATHS MO €€ IKOHOMMH, a TaKXKe Mepbl Mo
COKpaLleHHIO MaTepHalibHbIX M TPYLOBbIX 3aTpaT Ha obecrneyeHue BONO#

B Gnuxaiiiye roasl NpeacTOUT NPOBECTH WKMpOKOMaciuTabHbie pabo-
Tbl 110 OpPraHM3alUMM OXpaHbl BOAHBIX PECYPCOB CTpaHbl OT UCTOLUEHHUs U 3a-
rpsisHenus. B cBA3u ¢ 3TuM Oonblioe 3HaYeHue NpUoOpeTaeT. UCNOIb30BaHUE
COBPEMEHHBIX METONOB MAaTEMaTHYECKOrO MOJENMPOBAHUS M CHUCTEMHOrO
aHanu3a Ass BbIOOpa ONTHMaNbHBIX PEXHMMHbBIX U KOHCTPYKTMBHBIX MapaMer-
POB M CXEM OYMCTKH, pealu3alus 3aMKHYTbIX OE30TXOLHBIX CHCTEM BOHO-
cHabxeHHs1, UCNOJIb30BAHHE MEMOPAHHBIX METONOB OUMCTKH U COBPEMEHHOIO
obopynosanus Co3naHMe 3aMKHYTbIX CHCTEM BOJAOCHaOXEHMs MO3BOMUT 3a-
LUMTUTb BOAHbIE OOBLEKTHI OT 3arpsi3HEHMs M 3aCOJIEHHs, 3HAYUTENbHO COKpa-
THTb 00bembl 3abMpaeMoil U3 HMX CBexkeil BOAbI, 4YTO npHobpeTaeT ocobo
Ba)KHOE 3HAa4YeHMe I/ TeX PaiioHOB, rAe UCMbITbiBaeTCs AEPUUHT B mpecHOMH
Bozle

B npennaraemom yuyebHOM nocoOHH aBTOPbI PaCCMAaTPHBAIOT BOMPOCHI
OYHUCTKH BOA, OOOPOTHBIX CHCTEM BOAOCHAOXKEHHA, MPH 3TOM OCHOBHOE BHH-
MaHue yaensercs crneundrke QyHKUMOHMPOBAHMSA XHMHYECKHX MPOM3BOACTB



NPUMEHNUTENbHO K PeLieHUI0 3alay, CBsS3aHHbIX C co3laHHem OeccOpocHbIX
CHCTEM TeXHHUYeckoro BogoobecrneyeHus

[Tockonbky cOCTaB CTOUHBIX BOJ pa3jMYHbIX NPEANPHUATHI W 3arps3He-
HUH, BCTPEYAIOLIUXCS B 3THX BOJAX, BeCbMa pasHO0Opa3eH M pasfiu4Hbl TaKxe
TpebOBaHUst K MX KOHAMLMOHHUPOBAHHUIO MEPEA MOBTOPHBIM HCMONb30BaHUEM,
OMUCaThb BCE BO3MOJXKHbIE CXEMBbI CO3JaHMA TaKMX CHUCTEM HE MpENCTaBJIAETCS
BO3MOXHbIM T103TOMy aBTOpBI OrpaHMYMBAIOTCS OMHCAHHEM OOLIMX METOAOB
M TNPUEMOB OCYLIECTBJIEHMS U TEXHMKO-DKOHOMHYECKON OLEHKH 3aMKHYTbIX
CHCTEM BOAHOTIO XO35MCTBa XMMHUUYECKUX M CMEXHBIX C HUM NPEANPHUATHI

B naHHOM H3#aHHM HCMOJIL30OBaHbI MaTepuanbl yyebHOro mnocobus
lopneeBa JI.C., benuuenko FO.IT., Komuccaposa IO A "3aMkHyTble cHCTEMbI
BonoobecnedeHus xumudeckux npoussonacts"( M Xumus, 1996 272¢), ko-
TOpble AOMOJHEHbl UCCNENOBaHHAMH MO MaTEMaTH4ECKOMY MOJETHPOBAHHIO
MAPOAHHAMUKHM M KUHETHKY OMOXMMHYECKOH OYMCTKHM CTOYHBIX BOJ, XJIOMbe-
obpa3oBaHMs M T.1 ; BbIOOpY ONTHMANbHbIX CXEM BONOOYUCTKH, MPOrHO3Y H
OlleHKE COCTOSIHUS KOHTpOJMpyemMoro obbekTa — BOAHOM Cpeabl M KayecTsa
NPUHSATOrO PELIeHWs], UCMOJNb30BaHUIO MEMOpPaHHBIX METO0B OYMCTKH CTOU-
HbIX BOJ

ABTOpBI BbIpaXkaloT 61aronapHOCTb KaHOMAATaM TEXHMYECKHUX HayK
Padbkary Abaynxaesnuy KantiokoBy u Cepreto Branumuposuuy Hukonaesy 3a
noaaepXXKy M akTMBHOE y4aCTHe NPH HanWCaHMM PYKOTMCH, a TAKXKE PELEH-
3€HTaM 3a LieHHbIE 3aMeYaHUs 1 BHUMaHHe, NPOsSBJIEHHOE MPH MOArOTOBKE pY-
KOMHMCH K M3AaHHIO

I'opnees J C nanucan rnaebl 4,59 1 10 Hryen Cyan HryeH — rnasbt
4, 6 n 8 Komuccapos }O A. nanucan rnaBsi 1 5,7. 11 u ocywecrsun obuuee
penaKkTUpOBaHHUE M3LaHMS.

INpennaraemoe yueOGHOe mocobue OyaeT None3HbIM AN CTYAEHTOB W
acCnUpaHTOB BBICIIMX Yy4eOHBIX 3aBeneHMH Mo cneuuanbHocTsM "OCHOBHbIE
npoLecchl XMMHYECKMX NMPOM3BOACTB M XUMHUeckass kubepHeruka", "3awura
okpyxatouteii cpenst”, "BonocHabxenue u BogooTaeneHue"

ABTOpBI HaIEIOTCA, YTO 3TO M3[aHHE MO3BOJIUT B JajibHelilieM yTOu-
HATb U pa3BMBaTb TMOAHATHIE B HEM BONPOCH! PaLIMOHANIBLHOTO MCMOJIbL30BaHMUs
BOJHBIX PECypcoB perMoHoB M Poccuu B uenom ABTOpbI Takxke ¢ 60abLioit
61aronapHOCTBLIO MPUMYT BCE 3aMEYaHMsi M MOXKENaHHs YUTaTeNel, KOTopbie
nNpocUM HanpasisaTb no agpecy 125047, Mocksa, Muycckas nn , 9, Poccuii-
CKMI1 XMMHUKO-TeXHOJIOrHYeckuil yHusepcuter uM 1 1 Menneneesa

ABTOpBI



I'nasa 1

CTouYHbIe BOAbI XHMHYECKHX MpeanpUATHIH.
OO0wmas xapaKkTepUCTHKA.

Knaccupukauns crounbix Boa. CrtouHble BoAbl, obpasyrouimecs Ha mpo-
MBILIJIEHHbIX MPEANPHUSITHSX, a TAKXKe OTBOAHUMBIE C HX TEPPUTOPHHU MO COCTaBY
MO>HO pa3fenTb Ha TPH KaTeropuu

MpPOM3BOACTBEHHbIE (MCIIONB30BAHHBIE B TEXHOJIOTHYECKOM Mpolecce Mpo-
M3BOACTBa MM 0Opasyioiuecs npu noObIYe NONE3HBIX HCKOMAEMBIX),

6biTOBBIE (OT CAaHMTApHBIX Y3J10B MPOU3BOACTBEHHBIX W HEMPOU3BOACTBEH-
HbIX KOpMYCOB M 3JaHMH, a TakXe OT AyLIEBbIX YCTAaHOBOK, WMEIOLMXCA Ha
TEpPUTOPHHU MPEATPUSATHS),

arMocdepHblie (10>aeBble U 00pa3yroLIMECs OT TasHUS CHera)

B cBoto ouepenb, NpoU3BOACTBEHHbIE CTOUYHbBIE BOAbI MOXHO MOAPA3AENUTD
Ha J1Ba OCHOBHbIX BUa 3arpsi3HEHHbIE U He 3arps3HeHHble

3arps3HeHH bl € NPOU3BOACTBEHHbIE CTOUYHBIE BOJIbI MOTYT COAEPXKAThb
MpeUMyLIECTBEHHO OpraHuyeckue n1b6o MuHepanbHbie npuMmecu Ilo conepika-
HMIO puMecei (B MIr/n) NpoOU3BOACTBEHHbIE CTOUYHbIE BOJABI NMOAPA3AESSAIOT Ha
yerbipe rpynnsl’ oT 1 1o 500, 500-5000, 5000-30 000, 6onee 30 000

[TpounsBoacTBeHHbIE CTOYHbIE BOAbI MOXKHO pa3jiM4aTh Takxe no ¢usmue-
CKMM CBO}CTBaM, HanNpHMeEp, Mo TeMNepaType KUNEHNs KHMIAIWE MpH TeMre-
parype Huwxke 120 C, npu 120-250 C u Bbrime 250 C (B 3aBUCHMOCTH OT COCTaBa
npumeceii) Ilo cTeneHH arpecCUBHOCTH CTOUHblE BOAbI MOryT ObIThb ciaboar-
peccuBHbIMH (cnaboxkucinbie ¢ pH 6-6,5 u cnabowenousnsie ¢ pH 8-9), cuabHO-
arpeccuBHbiMU (cunbHOKMCAbIe ¢ pH < 6 u cunbHowenouHbie ¢ pH > 9) u He-
arpeccuBHbiMH (€ pH 6,5-8).

Hes3arps3HeHH bl € IPOU3BOACTBEHHbIE CTOYHBIE BOAbI MOCTYMAIOT OT
XOJIOAMJIbHBIX, KOMIIPECCOPHBIX, TeMI00OMeHHbIX annmapatoB Kpome Toro, oHu
06pa3yroTcs npu OXJaXXAEHHH TEXHOJIOTHYeCKoro o60pyAOBaHHUs M MPOAYKTOB
NpPOU3BOACTBA.

Ha pasnuuHbIX NpeanpuATHSAX Aaxke NPU OJMHAKOBBIX TEXHOJOMHUYECKHMX
npoleccax COCTaB NPOU3BOACTBEHHBIX CTOYHbIX BOJ, PEXKHM BOJOOTBEAEHHUS H
yZeNbHbIA pacXoa HEOAUHAKOBbI
®opmMupoBaHHe H aHANMH3 cTOUHbIX BoA CocTaB NMPOM3BOACTBEHHLIX CTOY-
HbIX BOJ BO MHOTOM 3aBHCHMT OT BuJa nepepabaTbiBaemoro cbipbsi Tak, B
CTO4HBIX Bozax HedrenepepabaThiBalOLIMX NpPEANPHUATHH OCHOBHBIM 3arpss-
HAIOLIMM KOMIOHEHTOM siByisieTcst HepTe Ha cocraB cTOYHBIX BOA BIIMSET Tak-
XK€ XapakTep TEXHOJIOTHYECKOro MpOLIECCa, COCTAaB HCXOMHBIX KOMIOHEHTOB,
NPOMEXYTOYHBIX NPOAYKTOB, BbINYCKAEMbIX MPOAYKTOB, COCTaB MCXOAHOI BO-
IIbl, @ TAKXKE MECTHbBIE YCIOBHs M Apyrue GakTopbl

Jins pa3paboTky paliMOHaNbHOM CXeMbl BOAOOTBENEHHs H OLIEHKH BO3MOX-
HOCTH MOBTOPHOIO MCMOJb30BaHUA NMPOM3BOACTBEHHBIX CTOYHBIX BOA U3Y4arOT
MX COCTaB U PEXHM BONOOTBEAECHHS, AaHANM3UPYIOT QU3UKO-XMMHUYECKHE MOKa-
3aTeNM CTOYHBIX BOJA M PEXHM MOCTYIJIEHHs B KaHAJIM3aLUMOHHYIO CeTb He
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TOJILKO 0OI[ero CTOKa MPOMBILIEHHOTO MPEANnpHATHS, HO M CTOYHBIX BOA OT
OTHENBHBIX LIEXOB, a NIPH HEOOXOAUMOCTH — U OT OTIEJbHBIX annapaToB

Jnst aHanu3MpyeMbIX CTOUHBIX BOA HeOOXOAHMMO OMpenensTb Clieaytoime
XapaKTepUCTUKH. COJep>KaHME KOMMOHEHTOB, CrnelMbHUHBIX A1 AAaHHOrO
npousBoacTsa (¢eHonbl, HePTENPOAYKThI, MOBEPXHOCTHO-aKTUBHbIE, SNOBH-
Tbl€, palMOAKTHBHBIE, B3PbIBOOIACHbIE BELLECTBA), OOLLIEe KOJUYECTBO OpPraHH-
4eckHx BellecTB, Boipaxkaemoe B BITKqoq (1BaauaTucyTouHas Guoxmumuueckas
notpebHocts Boasl B kucnopone) 1 XIIK (xumuueckas noTpeOHOCTL BOAbI B
KHMCJIOPOZE), MHTEHCHBHOCTb OKPACKH, CTelneHb MHWHEpalu3alliM, KUHETHKY
OCelaHMst WJIM BCIUIbIBaHMs MEXaHMYEeCKUX Mpumecel U ux ob6beM, koarysu-
pyeMocTb croka M Ap KauecTBeHHas XapakTepuUCTHKa MPOM3BOJACTBEHHbIX
CTOYHBIX BOJA BaxKHAa AJs BbIOOpa METOAA MX OYMCTKM, KOHTPOJIs 3a COpOCcCOM M
JKCIUTyaTauue OYMCTHBIX COOPYXXEHHH, a Taloke A pellleHHs BOMpPOCOB O
BO3MOXHOCTH MX NOBTOPHOTO MCMOJIB30BaHMs, U3BNEYEHNS U YTHIM3ALMHU Be-
LLECTB, 3arpsA3HAIOLMX BOAY

HeobxonuMoe yciioBue nosiydeHust HaeXKHbIX U LOCTOBEPHbIX Pe3ysIbTaTOB
aHanu3a — nmpaBuiIbHbIA 0T60p npob Ilo cnocoby orbopa pasnuuaoT cpednue,
CPeOHenpOnopYuoHATsHele N pasogeie Npobel B 3aBHCHMMOCTH OT pexuMa pa-
60Tbl NpeaNpusTHS cpeOHu e npodbl MOTYT ObITH CMEHHBIMH M CYTOUHBbIMH X
oTOMpalOT paBHbIMU nopuusaMU (00b14HO yepe3 20-30 MUH) B TeyeHHe CMEHbI 1
uepes 1-2 y B TeyeHue cyTok. Cpednenponopyuonansrele npodsl TakKe MOTyT
ObIT CMEHHBIMH U CYyTOYHBIMH HMX 0TOHMpaloT NopuUMAMH, NPONOPLHOHANbHbI-
MM pacxoAy CTOYHbIX BOJ B AaHHbIN nepuon BpemeHU Pazosvie npobbi oTOMpa-
10T Ha aHAJIU3 MPH 3aJIMOBBIX cOPOCaX CTOYHBIX BOJ, a TaKXKe MPH NMPOBENEHHH
MccnenoBaHMii U HaNMaO4YHbIX paboT.

Mecto n nepuoanuHocTL 0TOOpa Npod 3aBMCAT OT Lenu aHanusa Ilpu npo-
€KTHPOBAHUM CHCTEM BOJOOTBEINECHHMS MPOMbIIIIEHHbIX NPEANpUATUH HeobXo-
AMMO MMETh He TOJIbKO OOLMii aHaNIM3 CTOYHBIX BOX MpPENfPpUATHS, HO M aHa-
JIM3 OCHOBHBIX LEXOBBIX CTOYHBIX BOA. st TOoro ytobel paspaboraTh pauuo-
HaNbHYIO CX€MY OTBeleHHs M 00pabOTKM BCEX MPOM3BOACTBEHHBIX CTOYHBIX
BOJ, B aHaNM3aX JOJDKEH ObITh JOCTaTOUHO AOJIHO YKa3aH COCTaB 3arpsi3HEHHI

Hns orbopa npo® MPOMBILIEHHBIX CTOYHBIX BOA MPUMEHSIOT Kak aBTOMa-
THYECKHe, Tak M pydHble npoboordopuukun Haubosnee To4HO OueHHUTHL KauecT-
BO BOAbI MO3BOJIAET aBTOMaTH4eCkui MpoOOOTOOpPHHK, KOTOpbIA ynaBinBaeT
BCE W3MEHEHHUs COCTaBa CTOYHOMH BOIbI, CBA3aHHbIE C 3QJIMOBLIMH H CJIyyaiiHbl-
MM MOCTYIUIEHUAMH 3arpsI3HEHUH, HapyLIEHHEM PeXXMMa OYUCTKA U T Tl

Tlpyu uccnenosanuy CTOYHBIX BOA XHMHUYECKHX NPEANPUATHIA ClIENYET pykKo-
BOACTBOBATbLCA CXeMOM, npuBenenHoi Ha puc 11 Cxauana (3tan I) onpene-
A0T 061Ke NOKA3aTeNH 3arpA3HEHHOCTH CTOUHBIX BOA (OpPraHOJIENTHYECKHE U
bu3MKO-XMMHUYECKHE), 3aTEM COAEP)KAHME OPraHMYECKHX M HEOPraHHM4eCKMX
TNpUMECEH, a TakXe PacTBOPEHHbIX ra3oB (3tan II), npu Hamu4uMu B CTOUHO¥
BOZIE KOJUIOMUHBIX, MENIKO- U rPyOOANCIIEPCHBIX NpUMecel ONPeNeNsoT UX KO-
nuuecTBo u cokcraa (3tan III) Kpome Toro, onpepensitotr 06beM, BNaxxHOCTD
M Ipyrue CBOWCTBa ocaaka, obpasyloulerocs nocje oTAeieHus (OTCTauBaHMs,
bunbTpoBanus, ueHTpudyrupoBanus u ap ) rpyboaucnepcHix npumeceit Mc-
CEAYIOT XapaKTepHble CBONCTBA OCAfKOB' CIIEXKUBAEMOCTb, YIIOTHAEMOCTb,
HaJIMN2aeMOCTb, KOAryJMpyeMOCTb, BCILUIbIBAEMOCTb NIPUMeECEi, IOBEPXHOCTHOE
HaTsHKEHWE Ha TpaHWLE >XMAKOCTb—Ta3, BS3KOCTb, 3JEKTPONPOBOAHOCTL M
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Apyrue nokasaresiy, No3BONAIOLIME KOMIIEKCHO OLEHHTb CBOHCTBA OTAC/bHbIX
3arpsi3HeHHH M BOMbI B LIEJIOM

CocTaB NpOM3BOACTBEHHBIX CTOYHBIX BOJ OTAENLHBIX NMPEANPHATHIA KONED-
JIETCA B LUIMPOKMX TIpefiesiaX, MoITOMy BbIOOp ONTHMaNbHOTO METONa OUMCTKH
OJ15 KaXKAOTO BMAA MPOM3BOACTBEHHDBIX CTOUHBIX BOJ JI0JKEH OBbITh TILATENBHO
obocHOBaH

B cocraB npoaykuuy BOAa BXOAMT NIMLIL B HEKOTOPBIX TEXHOJOTMUYECKHUX
npoueccax M B CpaBHUTENbHO Hebombliux konuyecTBax Ha OosbinHcTBE
NPEaNpPHUsTHI BOLY HCMIONBL3YIOT, KaK MPaBUIIO, /18 BCTIOMOTATENbHbIX LENeH

3HauMTeNbHas 4aCTh BOAbI (Ha OTAENbHBIX npoussoacTeax a0 70-90%) pac-
XONYeTCs Ha OXJIaXAeHHe NPOAYKTOB B TenJoOOMEHHbIX anmnaparax, Ajis
TPaHCMOPTHPOBAHMS U MOTJIOLEHNS PACTBOPEHHBIX HIH HEPACTBOPEHHBIX (MH-
HepaJibHbIX M OpPraHWYeCKHX) NMpUMeceil, B ka4€CTBE PaCTBOPUTENS peareHTOB
WJIM CPEAibl, TE NPOUCXOAAT HHU3UKO-XUMHUECKHE NMPEBPALLEHHS; /ISt TPOMbIB-
KW MPOMEXYTOUYHOM Y rOTOBOI NPOAYKLMHH.

Ucnoab30BaHMe BOAbI B CHCTEMAX MPOM3BOACTBEHHOr0 BOAOCHAGKEHHA U
HOpPMbI BOAoNoTpeGienns. B cOOTBETCTBUM C Ha3HAUYEHHEM BOAY B CHCTEMAX
MPOU3BOACTBEHHOrO BOAOOOECTIEYeH st Pa3AEIIAOT Ha YEThIPE KATErOpHH

600a | kamezopuu NCNoNb3yeTcst A OXJAXKAEHHS KMIAKUX H KOHAEHCALMH
ra3o06pasHbIX NMPOAYKTOB B TEMIOOOMEHHBbIX amnmapaTtax, NMpW 3TOM BOAa HE
KOHTaKTHPYET C MpOAyKTOM, a JIMLIb HarpeBaeTcs M NPaKTHYECKH HE 3arpa3Hs-
€TCs, BO3MOXKHbI JIMLIb aBapHiiHble YTEYKH JKMAKMUX M razooOpasHbiX Mpoayk-
TOB, 3arps3HsOWNE BOAY, MPH HEUCTIPABHBIX TEMNJIOOOMEHHBIX annaparax,

6o0a Il kamezopuu Cny>XuT B KauecTBe Cpeibl, NMOINOLIAOLER pa3jIniHbIE
HepacTBOpHMble (MeXaHM4ECKHE) M PacTBOpPEHHbIE MPUMECH, BOAA HE HArpeBa-
ercs (oboraieHue noJie3HbIX HCKOTAEMBIX, THAPOTPAHCIIOPT), HO 3arps3HAETCS
MeXaHWYECKMMH U PaCTBOPEHHbIMH MPUMECSMH,

6o0a Il xamezopuu wcnonb3yercs Tak ke, kak W Bozpa Il xareropuu, HoO
noABepraeTcs HarpeBy (yJaBiMBaHWE U OYUCTKA ra3oB B Ckpybbepax, rauexue
KOKCA U T. M),

600a IV xamezopuu cny>xut B KayeCTBE JKCTPAareHTa U pacTBOPHUTENsS pea-
reyToB (Hanpumep, nmpu (JIOTAUMOHHOM OOOTalleHHH NPHPOAHBIX HCKOMae-
MbIX)

KoJinuecTBO ¥ COCTaB NMPOU3BOACTBEHHBIX CTOYHBIX BOA B 3HAYMUTENbHOI
CTeneHU onpenensercs cucremoit Bompoobecnedenus vem 6onblue Boabl 060-
POTHOTrO LIMKJIa UCMOJIL3YETCS 1 TEXHOIOTNYECKUX LieJlell Ha IaHHOM W CO-
cenHeM MpEeAnpHUATHH, TeM MeHblLie abCONOTHOE KOJHUYECTBO CTOUHBIX BOA M
TeM Oosiblie 3arpsa3HeHuit B HUX conepxxutcs KonuuecTBo npou3BoaCTBEHHBIX
CTOUYHBIX BOJ 3aBUCHUT OT NIPOU3BOAUTENBHOCTH NPEATNPHATHSA B COOTBETCTBUU C
YKPYNHEHHBIMH HOpPMaMM BO#ONOTpeONeHUss W BONOOTBEAEHHSs, YCTaHOBJIEH-
HbIMH 1UI Pa3NIMUHBIX OTpaciiell MPOMbILLJIEHHOCTH

Hopaoit sooonompebaenun cuuraercs uenecoodbpasHoe KOH4eCTBO BOAbI,
Heobxoa1Moe U8 NPOM3BOACTBEHHOTO MPOLECCa, YCTaHOBAEGHHOE (MJIH peKo-
MeHayeMOe) Ha OCHOBAaHHM TeEpefoBOro OmnbiTa HAM HaydyHO 0DOCHOBAHHOroO
pacuera

Vipynuennas nopma eodonompebinenuss yuuTbiBaeT BCE pacxodbl BOAbl Ha
NpEeanpUSITUU TMPOH3BOACTBEHHbIE, XO3AHCTBEHHO-NUTbEBbIE, OLITOBbLIE U T T

13



Hopma 800oomeéedenuss — 310 yCTaHOBJIEHHOE CPEAHEE KOJIMYECTBO CTOU-
HbIX BOZ, OTBOJMMBIX OT NPOM3BOACTBA B BOLOEM, MpH LiesiecoobpasHoii Hopme
BoponotpebneHus. YKpynHeHHass HOpMa BOAOOTBEAEHHs BktoUaeT B cebs ko-
JIMYECTBO BbINYCKAEMbIX B BOAOEM CTOUHBIX BOX OYMIIEHHBIX NPOU3BOACTBEH-
HbIX U OBITOBBIX, TPOM3BOJACTBEHHDIX, HE TPEOYIOLIMX OUYMCTKH, HHIILTPALIMOH-
HbIX U3 NPYLOB-OCBETIUTENEH, XBOCTOXPAHUIIUIL U LIJTaMOHakonurenei

YkpynHeHHble HOpMbI BOAOMOTPeOieHHs M BOJOOTBEAEHMS BbIPAXAOT B
KyOMUyeckuX MeTpax BOAbl Ha €QMHHULY TOTOBOM NPOAYKUMH HIH MCMOJIb-
3yeMOro Cbipbsi JTH HOPMbI pacxofa MPOM3BOJCTBEHHBIX CTOUHBIX BOA MPH-
MEHSIOT MNpU TNPOEKTUPOBAHUM BHOBb CTPOSLUMXCA W PEKOHCTPYHUPYEMbIX
npeanpUaTHiA pryl‘lHeHHble HOpMbI MO3BOJIAIOT OLEHMTb PaLMOHANBHOCTD
MCIOJIb30BaHUA BOABI U Ha NEHCTBYIOLMX 0ObekTax

Pacqe'rubm pacxon oOpasyroluxcst NPOU3BOACTBEHHbIX CTOUHBIX BOA Qm
(MY/eyT) U q maxe (n/c) onpenensoT no Gopmynam:

Q =NM, qmaxc= [ NM maxcu A(Tx3,6)]JK..

rae N — HOpMa BOAOOTBECHUA HA €AHHHILY NPOXYKLUHH HIH NepepabaThbiBAEMOTO ChIpbs C yue-
TOM 060pOTa BOABL, M>, M HM 0y o — MHCIIO CAMHHL IPOAYKLMH MM NepepabaTeiBaeMoro
ChIPbA COOTBETCTBEHHO B TEYECHHE | CYT H | CMEHBI C MAKCHMAJIbHO# BBIPAOOTKO,

T - NpoAODKMTENBHOCTB CMEHBL, 4, Ky — KO3()QHLUHMEHT YaCOBOH HEPABHOMEPHOCTH

Ecnu Ha npeanpusiTuu ecTh NPOU3BOACTBA, BbIMYCKAKOLHE Pa3niHYHYIO Npo-
OYKLHMIO, TO HEOOXOOUMO ONpeAeNnsTh KOJMYECTBO CTOYHBIX BOA IS KaXI0ro
NPOM3BOACTBA U IS NPEATNPHUATHSA B LENIOM

ZQr = NM; + NMs + ... + NM,

rae Ny, N2, , N, — HOpMBI BOZOOTBEACHHA HA CAHMHHILY NMPOJYKLHH HIH nepepabaTbiBaeMoro
CbIpbsl Ha OTAC/BHBIX NPOH3BOACTBAX. M, M,,. , M, — 4HCNO eAHHHL MPOXYKLHH HIH nEepepa-
6aTBIBAEMOrO CBIPbA HA OTACABLHBIX MPOU3BOACTBAX 3a 1 CyT

B psane cnyyaeB HeoOXOAUMO OMNpeneNsaTh KOJMYECTBO CTOUYHBIX BOA, cOpa-
CbLIBaEMBIX annapaTaMu U 00pas3yIolUXCs MPH OTAENbHBIX OMEpaLusX, a Takxke
KOJIMYECTBO CTOUHBIX BOJI, Pa3s/IMYAIOUIMXCS 10 XapaKTepy ¥ KOHLEHTpPALMH 3a-
rpsISHEHH

PacyeTHbie CyTOUHbIE, 4aCOBbIE M CEKYHIHbIE Pacxoibl ObITOBBIX CTOUHBIX
BOZA Ha MPOMBILUJIEHHBIX MPEANPHUATHAX OMPENENsIOT N0 CMEHe C MaKCHMalb-
HbIM 4MCJIOM paboTaroLiux Jioned (y4uTbiBas NPOAOJDKUTENLHOCTb CMEHBI) M0
cnenytomnm bopmynam

Q' = (251, + 45n;)1000;
O maxs = (25n3:Kq ~ 450K ). (Tx1000);

q maxc & (25’13qu - 45”4K'12)(TX3600).
rae n; U n; — YACI0 paboTarolMX B TeYEHHE | CYT B LEXaX NPH HOPMAX BOJOOTBCACHUA COOT-
BETCTBEHHO 25 M 45 n Ha | 4enoseka (XOIOAHBIC M rOPAYHE LEXH). N3 H Ny — MAKCHMAIbHOC
4HCI10 pabOTAOWMX B CMEHY MPH TeX K€ HOpMax BogooTBeaeHHd. Ky M Ky — ko3 dHumeHTb

4aCcOBOIH HEPABHOMEPHOCTH, COOTBETCTBYIOLLUE TEM K€ HOpMaM BOJOOTBCACHHA H PABHBIC 3u
25
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PacueTHble pacxofbl A0OXKAEBbIX BOI ONpENENAOT B 3aBUCUMOCTH OT MECT-
HbIX YCJIOBHIl — MECTOHAXOXAEHHs NMpPEANpHUATHs, penbeda MECTHOCTH U CTe-
neHu 6J1aroycTpoicTBa TEPPUTOPHH
Ouenka ywep6a oT 3arpsi3HeHMsi BOAHBbIX 00LEKTOB CTOYHBIMH BOJAMH.
3arps3HeHHe NMPUPOAHBIX BOJ HAaHOCHT OrPOMHBIH yluepd, kak NpUpoAE, TaK
3KOHOMMKE CTPaHbl 3arpsi3HeHHble BOJOWCTOYHNKM CTAHOBSTCA JIMLIB OTPAHH-
YEHHO MPUrOAHBIMM, 3 BO MHOTUX Cy4asiX M COBEPLIEHHO HEMPHIOAHLIMH AJis
XO3AMCTBEHHO-TIMTLEBOTO W TMPOMBILIJIEHHOTO BONOCHA0XKEHHs, OpoLIeHHs
CEJIbCKOXO03sICTBEHHbIX yroAui, pbiOHOrO X03sficTBa 3arps3HEHHblE PeKH U
BONOEMBI HENb3si MCTIOJIL30BAThL AJIst BOAHBIX BMIOB CMOPTa U OTAbIX3, OHU He-
PENKO CTAHOBATCS MCTOUHMKAMM MHOEKUMOHHBIX 3aboseBannii Ilo nmaHHbIM
BcemupHo# opranusaunu 3apasooxpanerus npu OOH, no 3toit npuunne exe-
ronHo 3abonesaroT 0o 500 miH yenosek (oxosio 15% Hacenenus 3emin)

[Mpumecw, nocrynatowme B BOAHbIE OOBEKTHI CO CTOYHBIMH BOAAMHM XHMH-
4eCKHMX MpeanpusTHH, MOXHO MOAPa3AeNHTb Ha MMHEPAJIbHbIE, OPraHHYECKHE,
Huonornueckue

K munepansuviym 3azpasienusym OTHOCATCS MECOK, MIHHA, 30/1a W LIJIAKH,
PacTBOpPbI M 3MYJIbCHHU COJIEH, KHMCIOT, wWenoueil 1 MUHEPANIbHBIX Maces, Apy-
rHe HeopraHuyeckue coenuHenns OHM yxyawaroT GHU3MKO-XMMHYECKHE U Op-
raHONENTHYECKHE CBOWCTBA BObI, OTPABNIAIOT (ayHy BOonoeMoB MeHee onac-
Hbl MHHeEpaJibHble 3arps3HeHus Oe3 crneuubryeckoro TOKCHYeCKoro aeHcTBHs
B3BELLEHHbIE YaCTHUbl MEeCKa, TJIMHBL, OPYrMX MOPOA,HO M OHM YXYyILIAKT
CBOJCTBA BOAbI U CIOCOOCTBYIOT 3aMNMBAaHUIO BOJOEMOB

BecbMma HebnaronpusTHoe Bo3aeiicTBHE Ha BOAOEMbl U BOLOTOKH OKa3biBa-
10T CTOUHblE BOMbI, COJEpKAaLUMe 3HAYUTENbHbIE KONMYECTBA PTYTH U MbIILIbs-
ka OHM NOCTYNaIlT C NPEANPUATHH, NPOM3BONALUMX MECTULIMABL, U C HEKOTO-
pbix apyrux npoussoacTB. CUNbHBIMM TOKCHYECKUMH CBOicTBaMH obnapatoT
COenMHEHMs] PTYTH U KaaMusa. MHOrHe COCTaBfIOLME MPOMBILIJIEHHBIX CTOKOB
BOOOLUE HE MOMAAIOTCS Pa3fOXKEHUIO NMOA AeHCTBHEM OHOXHMHUYECKHX MpoLec-
COB, MPOTEKAIOLUMX B BOAOEMAX, U HAKaTJIMBAIOTCS B HHUX, BbI3bIBas pe3kue u3-
MeHEHUsi COCTaBa M CBOWCTB MPHUPOAHBIX BOJ, a HEPACTBOPHMbIE B BOJE OTXO-
Ibl psiia XMMUYECKUX NMPOU3BOACTB JIErKO NMPOHUKAIOT B OHoNoruyeckue cuc-
TEMbI U HaKarIWBaOTCA B TPODHUECKHX LIETsAX

K opeanuveckum 3azpsznenusim OTHOCATCA CMOJIbL, (eHOJbI, KpacuTenw,
CMUPTHI, anbaeruabl, HagTeHOoBblE KUCIOTbI, CEpO- U XJIOPCOAEpIKaLIHE Opra-
HUYeCKHE COENMHEHHs, pa3jiuHble NECTHUMIAbI, CMbIBaeMbie B BOLOEMbI C
CeNIbCKOXO03SHCTBEHHbIX YrOAMH, CHHTETHYECKHE NMOBEPXHOCTHO-aKTHBHbIE Be-
L1eCTBA U AP

Ha noBepxHOCTHblE M MOA3eMHble BOAbI OTPHLATENBHO BAMSIOT HepTb M
HedrenpoayxTel. Ha noBepxHOCTH pek ¥ BonoeMoB 00pa3yroTCst MieHKH, a Ha
aHe — ornoxenus [Jaxe npu HesHauutenbHoM (0,2-0,4 mr/n) conepxaHuu
HebTH Bona npuobperaeT cneunduuecknit 3anax, KOTOpbii He UCHe3aeT Moclie
xJiopupoBaHus ¥ punsTpoBanus Ilpucyrcreue HepTenpoaykToB 0COGEHHO Ma-
ry6no nns poi6 Hanuuue B Bone 6onee 0,1 mr/n HedTn npupaer mscy poib He
ycTpaHseMble HHKakoi TexHonoruyeckoi obpaborkoit npuskyc u cneunduye-
CKUH 3anmax

Bonbliylo onacHOCTb npencTaBasioT (GeHONbHbie COENMHEHHs, conepka-
lHecs B CTOYHBIX BOAAX MPEANPHATHI JIECOXMMHYECKOH, KOKCOXHMHUECKOI,

15



CNaHLEBOH, AHUJIMHOKPACOYHOH NMPOMBILIJIEHHOCTH, @ TAKXKE Pa3IM4HBIX 3aBO-
I0B, BbipabaThiBaIOLIMX BELLECTBA Ui XMMHUeCcKoH 06paboTku ceibekoxo3stii-
CTBEHHOro Ccbipbsi O6sanas CHABHBIMH aHTHCENTHYECKMMH CBOICTBaMM, 3TH
COeMHEHUs HapywaroT 6HOIorHyeckue MpoLecchl B BOAOEMaX, Boaa npuobpe-
TaeT pe3kUi HEeMpUsTHBIN 3amax, yXyALalTCcs YCJIOBUS 151 BOCTIPOM3BOACTBA
pbibbI

B nocnennue ronet Habnronaercs 3arpssHeHHe NPUPOAHBIX BOJ CHHTETHYE-
CKMMH NOBEPXHOCTHO-aKTHBHbIMY BewuecTBamu ([TAB), koTopbie conmepokarcs B
CTOYHBIX BOAAX HekoTopbix mpoussoacte I[IAB npupaioT Bome npuBKyCbl M
3anaxu, oOpasyloT CTOHKHE CKOMIEHUs MEeHbl, CHUXXAIOT CMOCOOHOCTbL BOAbI K
6roxumuueckoii ouncrtke. Jaxe npu HebonbKx koHueHTpauusx I1AB B Bone
npekpalaeTcs pocT kakoi Obl TO HH ObINO PaCTUTENLHOCTH

Bbinyck B npupoaHbIE BOOOEMbI MeENAbIX 600 OM PANUYHBIX 3Hepzemuye-
CKUX YCMAHOBOK YCWIIMBAaET MWCMApeHHe, COMpOBOXIAIOLIEECS YBENHUEHHEM
MHHepanu3aluu BOAbI 3TO NPUBOAMT K YMEHbLIEHHUIO KOJNMYECTBA PaCTBOPEH-
HOTO KHMCJIOpOZa B BOAE, YTO OTPHLATENbHO BIIMSET HAa PACTHTENLHOCTb UM XKH-
BbI€ OPraHH3Mbl

Hanbosbiuyio onacHocTh Ans NPUPOAHBIX BOZ, 3[0POBbs JtozAei, oburaHus
YKMBOTHBIX W pbl0 MpPENCTABNIAIOT pa3jinuHbie paduoaKmuehvie omxoosl. Men-
KHe OpraHu3Mbl, yCBaMBalOLME TH BellecTBa B HeDOJBLIMX 103aX, MOJoLa-
toTCst 6osiee KPYNHbIMHU, B KOTOPBIX PaZlMOAKTHBHbBIE JIEMEHTB! HAKaMIUBAKOTCSA
10 OnacHbIX KOHUeHTpauuii. IMeHHO Mo3TOMy OoTaenbHble 0cobl MpecHOBO-
HbIX pbi0 OKa3bIBA€TCs BO MHOIO pa3 «paavOaKTHBHee» TO# BOAHOMH cpenbl, B
KOTOpPO# OHM 0OuTalOT.

Buonozuveckue 3azpsznenus — 1o 6one3HeTBOpHbie OaKkTEpHH M BUPYCHI,
Bo30OynuTenu MHbEKUMHA; OHM NONAaJalOT B BOLOEMbl C OBLITOBLIMM CTOYHBIMH
BOIAaMH, a TaKXe CO CTOYHbIMU BOJAMH HEKOTOPbIX NMpPOU3BOACTB (rNaBHbIM
obpazom xumuueckux). Mcrnonbs3oBaHue TakoH BOAbI B Ka4eCTBE MUTLEBOH M
1713 OBITOBLIX HYXA MPOBOLMPYET Cepbe3Hble 3a00eBaHUs X0onepy, HHeKLHU-
OHHBIii renaTHT, AU3eHTepUto, OproIuHo# TH, 3apaxkeHHe pa3IMUHBIMU BUAAMH
reNbMUHTOB (T€JIBMHHTO3) U T.24

CooTHOWEeHHE MeXAy OTIAEAbHbIMH BHAAMM 3arpsi3HSAIOLIMX Npumecell B
pasAM4HBIX BOAOEMAX 3aBHCUT OT 00BEMOB U crieiMpUKH NOCTYMAOMHNX B HUX
CTOYHBIX BOJI, XapakTepa W CTENeHH 3arps3HEHHOCTH aTMocdepbl U MPOBOAH-
MbIX BO31yXO- ¥ BOLOOXPaHHbIX MEPOMPHSTHH

Ion ywyepbom om 3azpaznenus 800HbIX UCMOYHUKOE CIIENYET NOHUMATD M0-
TepH TPYIOBBIX 3aTPAT U MaTepHaJIbHBIX PECYPCOB, CBA3aHHbIE C JIMKBUAALHUEH
NOCNENCTBUI 3arpsA3HEHHs Pa3NYHbIMI BOAOMOb30BATENAMH, @ TAKXKE YXYA-
LLIEHWE COLIMAJIbHO-TUTHEHNYECKUX YCIO0BHIA st HaceNeHus

B KOMMyHanbHOM, NPOMBILUIEHHOM M CENbCKOXO3AHCTBEHHOM BOAOCHA0-
KEHUHU yXy[lleHHe KauecTBa 3abMpaeMbix BOJ MPUBOAMT K NOMOJHHTENbHBIM
3aTpaTam (nepeHoc Bono3abopa, CTpoUTenLCTBO Hosee CIOKHBIX CHCTEM M yC-
TAHOBOK AJi OYUCTKM BOAbI, CTPOMTENLCTBO CHCTEM BOAOCHAOXeEHUs M3 1py-
ruX UCTOYHMKOB M 1p.). HenpoussomurenbHble 3aTpaThl Ha OYMCTKY 3arpss-
HEHHO#M BOABI M TPAHCIOPTUPOBAHME YUCTOH BOAbI Ha GOMblLIME PACCTOSHMSA
BO3PACTaIOT C KaXXAbIM rOJIOM.

B XxMMuueckoil NpOMBIILIEHHOCTH UCIMONBL30BAHHE BOAbI M3 3arpA3HEHHbIX
BOAOeMOB 0e3 MpexBapUTENbHONH €€ OYMCTKH OTPMLIATEbHO CKa3biBAETCA Ha
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Ka4yecTBe NMPOAYKLMHM YMEHBLIAOTCS CTOMKOCTb M TNMPOYHOCTb MOJIyHaeMbIX
MaTepHanoB, M3MEHAETCH OKpacka M3AenHH, KPOME TOro, CHWXXaeTcs Moll-
HOCTb TEXHOJIOrHYeCKoro obOpynoBaHMs, HapyllaeTCs HOpManbHbIN Temnioob-
MEH, YCHIIMBAETCS KOPPO3Hst METANNa U T

B puibHOoM xo3siicTBe M3-32 3arps3HeHHs MPUPOAHbIX BOA FMOHET pbiba,
yXYALIAtOTCA €€ TOBapHbI€ Ka4€CTBa, YMEHbLUIAETCS MPOAYKTUBHOCTb BOJOEMOB
n T n Ilpu 3arps3sHeHUN BOAHBIX HCTOYHMKOB COKPALUAKOTCH CPOKH CIYKObI
NOABOAHBIX HacTell COOpY>XeHHWit BON03abOpOB, peuHbIX MOPTOB, TMAPO3JIEK-
TPOCTaHUMA, NIOTHH
Ouenka ymep6a. Metonnueckue Noaxomb! [Uis onpeneseHus yiepba, HaHoO-
CHMMOTrO pa3iMYHbIMH OTpac/IIMH HapOAHOro xo3sicTBa BCieacTsue cOpoca B
BOJHbIE 0OBEKTHI 3arpsi3HEHHBIX CTOUYHBIX BOJ, NOJIOXKEHbI B OCHOBY «MeToau-
KH moacyera yObITKOB, MPUYMHEHHBIX FOCYJapCTBY HapyLleHWeM BOLHOrO 3a-
koHopnatenscTBay (P 33-5 3 01-83), koTOpYyIO WIMPOKO MPHMEHSIOT Ha Mpak-
Tike OxapakTepu3yem KpaTKo pasfiMyHble BUabl yuiepba

Coyuacreno-zuzuennveckuti yupep6 Tlpu OUEHKE YYUTHIBAOT TMOTEPH, BO3-
HUKAOLMKE OT CHUXEHHS O3JAO0POBMTENIBHOW, CMOPTMBHOM M 3CTETHUECKOM
LIEHHOCTH BOZHBIX MCTOYHMKOB (MOANAIOLLENHCS NEHEXHOI oueHke) Yiuepb ot
3arpsA3HeHHUss BOAHBIX MCTOYHWKOB, HAHOCHUMBIN MPOMBILIJIEHHbIM MNpeanpH-
ATHSM, KOMMYHaNbHOMY XO3SCTBY, ApPYyrMM BOAOMNOTpeOMTENSM, OCYLLECTB-
JIAIOWHM  pa3auYHbIE MEPONPHUATHS MO BOCCTAHOBJEHUIO KauyecTBa BOAbI
(ywepb V), paccuuTbiBatoT no gopmyne

=n
vV, = ZmiWi(C+EHK),~,
i=1

rae m, — YHCII0 OAHOTHNHBLIX NMEPBLIX BoaonorpebuTeneii, W, — 06bveM BogonoTpedneHus nep-
BbIM BozonotpeGutenem, m/rog; (C + E,K) — IONONHHTENbHbIC yACbHbIC NPUBEIEHHBIE 3a-
TPaThl i~r0 BOAOTOTPEOHTENA, CBA3AHHBIE C 3arPA3HEHHEM BOAHOTO HCTOMHHMKA, pyo/m>, n -
YHCNO0 Pa3sNM4HBIX BOAONOTpeOHTENEH

Puibnoe xosasicmeo. Yiuepb oT 3arps3sHeHuss BOAHbIX UCTOUHHUKOB (B CTOM-
MOCTHOH ()OpMe) OTNPEneNsIOT B COOTBETCTBUM C 3aTPaTaAMH Ha KOMIIEHCALIMIO
NoTepb PuIOLI U PLIOHBIX 3aMAcOB MM C 3aTpaTaMu Ha MEPONPHSATUS MO BOC-
CTaHOBJ/IEHUIO Ka4eCTBa BOJAB! UCTOYHMKA A0 MPUHATOrO 3TANOHa K4UCTOH» BO-
Obl U BOCCTaHOBJIEHHIO PbIOONMPOAYKTHMBHOCTH AaHHOrO BojoeMa B pacuerax
NpenycMaTPUBAIOT BCE BO3MOXKHbIE BapHaHTbI BOCMPOU3BOACTBA (BOCCTAaHOB-
JIEHH1s1) YTPaueHHbIX PbIOHBIX 3aMacoB B JAHHOM WAM APYrux paioHax Eciu
CHH)XEHHE pbIOONPOAYKTUBHOCTH OT 3arpsi3HEHHsi MPOM30LLIO B BOJHOM MC-
TOYHHMKE, e BENETC HE MPOMBICAOBBIA, & TONLKO MOTPEOUTENLCKMIA MM
CMOPTHBHBIH JIOB, yiepd onpenensioT Ha OCHOBE JAHHBIX O PLIGHOM MPOMBICHE
B aHANIOTHUYHbIX BOJHBIX MCTOYHHMKAX C YYETOM BMAA BCTPEYAIOLLEHCS B HEM
pbIOBL.

Cenbckoe xo3aiicmeo. Yiuepd MOXeET NpOSBAATLCA B BUAE NOMOJHHTENbHBIX
3aTpaT Ha nojy4eHue Boakl TpebyeMoro kauecTBa. B aTom cnyvae ero onpene-
J10T no dopmyne, npuBeneHHo Bbille B Tex ciyyasx, koraa AJis opoiaemo-
ro 3emJiefeNius UCHOJIb3YIOT BOAY XyALIEro Ka4ecTBa (Mo CPaBHEHMIO C MPHHs-
TbIM 3TaJIOHOM Ka4yeCTBAa BOIbl HE3ArPSA3HEHHOTO MCTOYHMKA), ylwepd paccuu-
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TBIBAIOT MO 3aTpaTaM Ha BOCMPOM3BOACTBO MOTEPSAHHON MPOAYKLMH, a TaKxke
Ha BOCCTaHOBJIEHHE TJIOAOPOAMS MOUB

Booonompebumenu, ocywecmenaowue pasnuunsle Meponpusmus O 80c-
CMAaHOBAeHUA ROMePARKOL npodykyuu. JToT BUA ywepda (ywepb V) paccun-
ThIBaIOT MO dhopmye

V;=P(C;-C; + E,AK) + AP(C; - C; + E,K) + E,K,,

rae P — rogoBoe NPOM3BOACTBO NPOAYKUMH, T, C; — TEKyIUHE 3aTPaThl HA MPOH3BOACTBO MpO-
OYKIUHH B HE3ArPA3HEHHOM BOXHOM HMCTOYHHMKE, pyO/T, C; — TeKyllHe 3aTpaThl HA NPOM3BOACT-
BO NPOXYKLHH B (NPH) 3arpA3HEHHOM BOAHOM HCTOYHHKE, pYO/T; E, — HOpMaTHBHbIH K03 (u-
UHEHT 3()eKTHBHOCTH KAMHTAIbHBIX BIOXKEHHH; AK — yBEIMYEHHE OTACNbHBIX KAMHTANBHBIX
BIIO)KCHHI MO BOAONOTPEOUTENAM NPH 3arpPASHEHHOM BOJHOM HCTOYMHHKE, py6/T; AP — CHibke-
HHE roJO0BOr0 NPOH3BOACTBA MPOXYKLUMH NpPH 3aPA3HEHHOM BOJHOM HCTOuHHKE, T, C3 — Teky-
LUME 3aTPaThl HA MPOAYKLHIO, HCMIONBL3YEMYIO /11 BO3MELIEHHA €€ NOTEPh NpPH 3arpA3HEHHOM
BOAHOM HCTO4HHKE, Py6/T, K — KanHTanbHbie BNOXKEHHA HA BOCCTAHOBJICHHE NMPOXYKUMH NPH
3arpA3HEHHOM BOJHOM HMCTOYHMKE pY6/T, Ko — ocTaToyHas GanaHCoBas CTOMMOCTb OCHOBHBIX
()OHIOB, HE HCTIONB3YEMBIX B PE3ybTaTe YMEHbIUCHHA MPOH3BOACTBA NPOAYKUHH NMPH 3arps3-
HEHHOM BOJHOM HCTOYHHKE, pyO/T

Conpuxocrogenue pasnuyHelx 00bekmos (COOpYyXeHHii, 00opynoBaHuUs,
3eMJIM U Op ) € 3azpasHenHou 6000t (yuepb ¥s3) DToT BuA ywepba paccuuTbi-
BatOT Ha OCHOBE MPUBENEHHBIX 3aTpaT Ha MEPONPUATHS NO BOCCTAHOBJIEHHIO
BbILIELIMX U3 CTPOSi 0OBEKTOB WJIK Ha NPENOTBPALUEHHE UX MOPUH

i=S
y3 = Z(C+EHK)I,
i=1
rae S — uucno o6vekroB; C + E,K — npHBEACHHBIE 3aTPaThl i-r0 00BEKTA, CBA3AHHBIE C €r0
BOCCTaHOBJICHHEM (MPEAOTBPALLEHHEM TIOPYH), py6/T.

Hacenenue. Yepb, npuunHseMblii HaceleHHIO, ONpeNeNnsAeTcs 3aTpaTtamu
Ha NMKBUAALIUMIO NPUYMH, BbI3bIBAIOIIMX HETaTHBHbIE MOCNEACTBHUS A JOAEH
Tak, mpu 3arpsi3HeHUH MECT Ul KynaHus yiuepb paBeH CymMMe 3aTpaT Ha Co-
opyxeHUe HacceHOB I KynaHUs, 3aTPaT Ha OYUCTKY U 06e3BpeKHBAHHE BO-
abl B HUX U T A Ecnu BOMM3M 3arpsi3HEHHBIX HCTOYHHKOB PacoJIOXKEHb! 10Ma
OTAbIXa, CaHaTOpuH, 0a3bl OTAbIXA, TO MOXXET BO3HHUKHYTb HEOOXOAMMOCTb B
3aTparax Ha MepeHoC 3THX 3APaBHMUL B Ipyrue MecTa

3arpsisHeHne BOAHBIX MCTOYHWUKOB IyOHMTENbHO BAMAET HA OKPYXAOLLYHO
APUPOJHYIO CPEAy B LIEJIOM MPUUMHSAETCS BpE. JIECHbIM MacCMBaM, LIEHHBIM
OMKMM kHBOTHBIM [lpu 3TOM yliepbd ompenensioT no 3aTpaTaM Ha MX BOCMPO-
M3BOACTBO

Yiuepb, HaHOCHUMBbIii HAPOAHOMY XO3SHCTBY OT 3arpA3HEHH BOJHBIX HCTOU-
HHKOB, MOXKHO PacCHMTHIBaTb MO OTAEbHBIM BOAOMOTPEOMTENAM M BOAOMO-
TpeOIAIOWNUM OTPACIISM, 110 OTAENbHBIM BOAHBIM 6acCEiHaM WIIM UX y4acTKaM,
M0 aAIMMHUCTPATUBHBIM paiioHaM, pecnybnukaM 1 no cTpane B uenom Hcexon-
Has uHdopMauus s pacyeta yepba COIEpKHT.

- KapTy-CxeMy paccMatpuBaeMoro obbekrta (bacceiin unm ydactok GacceiiHa
pexu, aAMUHUCTPATHBHbIA paiioH U Ap.) C pa3MellleHHEM BCeX BOAOMOTpeduTe-
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Jiell (MpOMBILLIEHHBIX OOBEKTOB, HAaCENEHHbIX NMYHKTOB, CTPOMUTENbHBIX U 00-
BOAHHTENILHbIX CUCTEM U 1Ip ),

-~ XapaKTEPUCTHKY 3arps3HEHHOCTH MCMOJb3YEMbIX BOAHBIX MCTOYHMKOB Ha
pacueTHblii ron oueHky yiuepba 0o u nocne cbpoca, CTouHbIX BOA (NpH HeoO-
X0OMMOCTH OoJiee TOHUHOrO pacdera yuiepba maHHbiEe O KauecTse BOAbI bepyT
no Mecsuam),

— naHHble O BOAONOTpebieHnH, B TOM UMCIIE. UCMONB3YeMblii HCTOUHMK, Tpe-
GoBaHMs, NpenbsBIseMble K KaUeCTBY BOJbI, JAJILHOCTb PACIOJIOKEHUS BOJO-
norpeduTeneil OT 3arpA3HEHHbIX BOOHBIX MCTOYHMKOB; 00beM moTpebiaseMoi
BOABI KAXbIM BOAOAOTpeOUTENEM B CYTKH H NO KaXKAOMY MECSLY Pac4eTHOro
rona;

— [aHHble O BIUAHUM 3arpsi3HEHUs BOAHBIX WCTOYHMKOB Ha BOAOMOTpeOHTEe-
Niei ¥ OKPYXKAIOLLYIO MPHPOIHYIO Cpeny.

Obwuii ywep6 ¥V, HaHOCUMBIH pErHOHy OT 3arpsi3HeHMs BOAHBIX MC-
TOYHHKOB, Mpencrasnsier coboit cymMMy yuiepOoB, HAHOCHMBIX OTAENbHBIM BO-
nonoTpebuTensM (MPOMbILINIEHHBIM NPENAPHATHAM, CEIbCKOMY XO3SIHCTBY M
ap ). Ero paccuutbiBatot no ¢opmyne

m ] e r c
‘V=ZVV,”3,”+ZWJK/X3;/X+ZWkC/x3:/x+ZPa3:+zBp3;+yp,
1=1 =1 k=1 B=1

a=1

rae W, W, W, - obbeM BogonorpedneHus, M P, — obBeM BOCNPOH3BOAMMOl NPOIYKUHH, 1,
Bp - TMiOWAAb BOAHOTO HCTOMHHMKA, BOCCTAHOBIIEHHOTO TIO KAYECTBY BOAbI B HCTOMHHKE, KM’
m, l, e, r, ¢ — “HCNO OAHOTHUNHBIX BOAONIOTPEOHUTENEH IO OTPACAM; 1, K/X, C/X, p, 6 — COOTBET-
CTBEHHO NPOMBILUINCHHOCTb, KOMMYHAIBHOE XO3iHCTBO, CENbCKOE XO3ANHCTBO, PhIOHOE XO3sii-
CTBO, BOJHBIH HCTOUHHK; 3, 3, 3, 3, 35— NOMONHHTENBHBIC 3aTPATHI HA CAMHHIYY noTpebde-
MO#i BOABI, HIIH HA EAMHHLY BOCMPOM3BOAMMOM NPOMYKLHH, WIH HA €IMHULYY BOCCTAHOBJICHHA
KAYeCTBA BOABI B BOXHOM HCTOUHHKE, py6/M, pyb/xv’; V, - moBoit Apyroil BLABNEHHLIH BHA
yuep6a OT 3arpA3HEHHA BOOHBIX MCTOYHHKOB (3aTpaThl HA NEPEHOC 3APABHHL, COOPYXKEHHE
6acceiHOB A1 KyNaHUA H T.10.).

OueHka nepeyrcneHHbIX NokasaTeneii yuepba OT 3arpsa3HeHus1 BOAHbIX MC-

TOYHHKOB MO3BOJIsET Oosee y6enmeano 000CHOBATb C 9KOHOMHYECKHX MO3HU-
uui uenecoo6pa3uocn CO3naHUs 3aMKHYTBIX CUCTEM BOJOCHA0OXEHU.
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I'nasa 2

3aMKHyTbIC CHCTEMBbI BOHOI0 X035iCTBA

OxpaHa pek OT 3arpsi3HeHHsi CTOYHbIMH BoJaMH Oa3upyetcs Ha Heobxonw-
MOCTH cOONIONEHUs B 3aJlaHHbIX CTBOPAX MpPENEeNbHO AOMYCTUMbIX KOHLIEHTpa-
LM pa3NUUYHBIX BEILECTB, NPH NPEBLILLIEHHH KOTOPBIX BOJA CTAHOBUTCS Henpu-
rogHoOM AN MCronb3oBaHus. [lo mocieaHero BPEMEHW OCHOBHOE BHHMMaHHE
NpH peLieHuH 310l npobaeMbl ObUIO COCPENOTOHEHO HAa OYUCTKE CTOUHBIX BOA
nepen cObpocoM B BoaHble 00bekTbl OnHAKO 3KOHOMUUECKH LiejiecoobpasHble
TEXHOJIOrM4eckHe npouecchl 00e3BpeKUBAHUA CTOUHBIX BOA ofecneyuBaioT B
aydiieM ciiyyae ypanenue 90-95% opraHM4eckux BELIECTB, HEOPraHUYECKUX —
20-40% u npaKTHYECKH HE CHIKAIOT COJep)kaHue B Hux coneil. locnennee
06CTOSATENBCTBO 03HAYAET, YTO B MeCTax cOpoca CTOYHBIX BOJ, BIUIOTH OO pac-
YETHBbIX CTBOPOB BOZONO/b30BaHMsA, Ha BOLOTOkKax obpasytorcs Hebnaronpusr-
Hbl€ B 3KOJIOTMYECKOM OTHOLUEHUM 30HbI B ycnosusx pocra mpoussoacTsa
COOTBETCTBYIOIIETO yBENHMYEHHss 0OBEMOB CTOUHBIX BOA BO3pacTaeT noTped-
HOCTb B CBeXeil Bojie 1Jis pa3baBneHus, 4yToObl cnenatb ux 6e3onacHbIMU OIS
moneH, )XKMBOTHBIX M Bcex 00bekToB okpyxatouei cpenpl OcobeHHO omacHs.l
cOpochbl B BOROEMbI OCTATOUHBIX KOJMYECTB TOKCHYHBIX BELIECTB, B TOM UMCIE
KaHUeporeHHeix Crenyer y4uThIBaTb U TOT (akT, YTO B APHPOAHBLIX YCJIOBHUSX
MaJIOTOKCHYHbIE M JJa)K€ HETOKCHYHblE COENWHEHUS MOTyT INpeBpaluaThCs B
TOKCHYHbIE.

Cpenu BOgopacTBOPHMBIX KaHLEPOT€HHBIX BELECTB NpeXae BCEro Hano Ha-
3BaTh HUTPO3OMMMHbBI — MPOMEXYTOUYHbIE NPOAYKThI CUHTE3a KpacuTenei, pas-
JIM4YHBIX FETEPOLIMKINYECKUX COeMHEHUH, aMUHOKHMCIIOT U HEKOTOPBIX APYrUX
BeilectB HHUTPO30MMHHBI IIMPOKO APHUMEHSIOT B KauyeCTBE pPacTBOPMTEEH,
IUIst IOJIy4eHHsi repOMLMIOB U T 21, YTO CBHUIETENLCTBYET O BO3MOXKHOCTH MX
NOCTYMJIEHUS B NPOU3BOJCTBEHHbIE CTOYHbIE, 2 3aTEM — B [TOBEPXHOCTHbIE HJIH
NOA3EMHbBIE BOIbI JTH COEAMHEHH MOTYT 00pa30BbLIBATLCA NpH B3aUMONEHCT-
BUM HUTPUTOB U KHCIOT CO BTOPMYHBIMU M TPETHYHBIMH aMUHaMHU, a TaKXe C
reTepoLMKIMYECKUMH COEAMHEHHAMHU KaK BO BHellHeil cpene (MpH CMeLIeHHUH
APOMBILUJIEHHBIX CTOKOB, B COCTaB KOTOPbIX BXOAAT HEOOXOAMMble KOMMOHEH-
Thi), TaK ¥ B OpraHW3Me 4enoBeka U XKHUBOTHbIX KaHLeporeHHbie HUTPO3OMMHU-
Hbl OblKM 0OHapY>keHbI B XeJlyaKe KpbiC, KOTOpbIE MONy4anu C nuiieil BTOpHy-
Hble aMHHbI, a C MUTbEBON BOAOI — HUTPUTHI IlpennosaratoT, YTO KMCAOTHAs
cpena keJlyJO4uHOrO COKa >KMBOTHBIX U 4esloBeka bnaronpusTHa Ais obpasoBa-
HHUsl HUTPO3OMMHUHOB M3 BTOPMYHBIX aMHHOB M HUTPHMTOB, YTO MOXET CTaTb
npuunHOii 3a60s1eBaHUsA pakoM

PanukanbHeIM pelieHHeM npobsieMbl OXpaHbl NMPUPOAHBIX PECYPCOB, B TOM
4MCIie ¥ BOAHOM Cpenibl, sIBAs€TCA CO3AaHUe U BHEAPEHHE B Npo—
MBIIIJNEHHOCTbL 6€30TXOAHBIX M OE€3BOAHBIX TEXHO-
nornyeckux npoueccos [locyumecrBy, 6e30TxonHast TEXHONOrUs
npeacrasnser coboi cobnoneHue opraHM3aLMOHHO-TEXHUYECKUX MEPOMpPHUs-
THii, obecreunBaroLMX KOMIUIEKCHOE HCTOJIb30BaHHE ChIPbst M 3HEPTHH

Ecnn upeanbHas Mozeib 6€30TXOMHOrO MPOM3BOACTBA HE MOXET OBbITb MO

20



KakuM-1ubo NpUYMHAM peanu3oBaHa B MOJHOH Mepe, TO Takas TeXHOJIOTHs HO-
CHT Ha3BaHHE MAJIOOTXOAHOH BaxHO OTMETUTB, YTO OTXOABI — 3TO, MO CYTH,
CbIpbE, KOTOpOE MOXET ObiThb HUCMOJIL30BAHO AN NOJY4YEHMs IOJIE3HOH mnpo-
aykuuu B cBasu ¢ 3TuM Heo6x0aMMbl HOBbie KPUTEPUM OLIEHKH CO3aBaeMbIX
TEXHOJIOTHYECKUX mpoueccoB PaHee mpu onpeneneHuM CTENEHH NpOrpeccHB-
HOCTH TEXHOJIOTMM B KayecTBe pellaloux GakTopoB NpUHUMANUCh TEXHHYe-
CKME W 3KOHOMMYECKHE, Tenepb e OCHOBHbIM JOJDKEH CTaTb 3KOJIOTMYeCKHiH
tbaxrop [lns psna NpOMbILIJIEHHBIX NPOW3BOACTB YX€ MMEIOTCS TeXHHUYeCKHe
peLueHus, No3BoJsoLIMe co3aaTh be3oTxonHbie v 6e3BoaHbie TexHONMOrMM On-
HaKO, HECMOTpS Ha OmnpedeieHHble JOCTHXXEHUs B COBEPLUEHCTBOBAHUM TEXHO-
JIOTMH MPOM3BOACTBA HA OTAENIbHBIX NPEANpUATUAX, B LenoM npobnema oxpa-
Hbl OKpY>Karolie#t cpenbl pa3paboTaHa HEOCTATOYHO, M 111 MacCOBOH 3aMeHbl
CYLIECTBYIOLUMX TEXHOJIOrMi 6€30TX0nHbIMM MOTpeOyIOTCS OrpoOMHbIE HHBE-
ctuumun Tlo3TOMy coBeplieHHO O4EBHMIHO, YTO B Omikainiue kak MMHUMYM
IBa-TPH AECATHJIETHA NOAABAAOILAS YaCTb npeanpuatuii 6yner paboraTsb, no-
npexkHeMy pacxoays OoJibLINe KONMH4ecTBa BOAbI

OrpaboTaHHbie BOAbI MOXXHO OTHECTHM K OCHOBHBIM OTXOAaM OOJbLIMHCTBA
npeanpuaTHii  [ledcTBytolue cucTeMbl ouUCcTkM obecneunBaroT cbop, TpaHc-
NOPTHPOBAaHUE M TOJIBKO 3aTeM COOTBETCTBYIOLIYIO O4YMCTKY Boa Ilpu 3TOM
NPOUCXOAUT Hen3bexxHoe CMeLMBaHUE Pa3/IMYHbIX BELIECTB, HHOTAA ONU3KHX
Mo CBOWCTBAaM, a 4aCTO U COBEPIUEHHO Pa3/IMYHBIX, YTO 3HAYMTENILHO YCIIOXKHSI-
€T BbIJeJICHHE LIEHHbIX KOMIIOHEHTOB M OYMCTKY BOJbl KO HEOOXO0AUMOH cTene-
HM, a MHOr A2 BooOle He NMO3BOJISET PELUMTh 3Ty 3a4a4y

Bo MHorux ciy4asix co CTOUHbIMUM BOAAMH MPEANPUATHI B BOAHbIE OOBEKTHI
NOCTYNAlT AECATKH U JaXKe COTHU BELIECTB C OOHUM M TEM XE JIMMUTHPYIO-
LIMM MPH3HAKOM BPEHOCTH, TaK YTO MX NEHCTBUE OKa3bIBAETCS aJAMTHBHBLIM
INo3tomy 3¢ dexTHBHOCTD OUMCTKHM CTOYHBIX BOA NOJDKHA ObITb Takoii, 4TOOBI
OCTaTOYHOE COAEpXKaHWE 3arpsa3HeHUd Obio BO MHOro pas MeHblle CyLuecT-
BYIOILMX MPEAESIbHO AOMYCTHMBIX KOHLEHTPALMH, a 3TO Heu30eXXHO CBA3aHO C
60NbIIMMH KaNUTANBbHBIMKM K 9KCTUTYaTaLMOHHBIMHU 3aTpaTaMu

CoBpeMEHHbIE OYUCTHBIE COOPYXKEHHS NIPOMBILIIEHHBIX 0OBEKTOB XHMHe-
CKOM MpPOMBILIJIEHHOCTH, OCHOBAHHbIE Ha TPAAMLIMOHHBIX METOJaX MeXaHuue-
CKOH, XMMHYECKOH M OHOJIOTHYECKOM OYMCTKM, HE ODECTIEYMBAIOT CHUXKEHME
coJlieconep>kaHusi B CTOYHBIX BOZaX, a B HEKOTOPbIX CJIy4asX OHO Aaxke MOBbi-
waercs B To ke Bpems M opraHuzalus BOZ00oOOpOTa Ha 3TUX 0ObekTax Mpu-
BOIMT K MOCTENEHHOMY POCTY MHMHepanu3alvu uupkynupytowei Boabt [lo-
3TOMy pa3BUTHE CHCTeM ODOPOTHOrO M MOC/AEAOBATENBHOrO HCMOJL3OBAHUS
BOZbI XOTs M CnocobCTByeT pe3koMy, mpuMmepHo B 20-25 pa3s, yMeHbIUEHHIO
o6bemoB BononoTpedaeHUs: U BONOOTBEAEHUS, HO BCE XKE HE UCKIIOYAET, KaK
npaBuno, cbpoca B BOAHBIE 0OBHEKTH! 3aCOJEHHBIX, TAaK Ha3bIBAEMbIX NPOAYBO4-
HBIX BOX

YToOb! NONHOCTBLIO HCKMIOUNTL COPOC B BOAOEMBI 3arpsI3HAIOILMX BELLECTB,
HeoOXOANMO B CPaBHUTENILHO KOPOTKMi CPOK pa3paboTaTh M MO3TanHO BHe-
OpUTb3AMKHYTbI€ CUCTEMBl BOAOMOJNb30BAHUSN OTHAEN b-
HblX npou3soacTs K npumepy, Ha XMMUYECKUX NPEATNIPUATUAX KOM-
MJIEKCHBIE MEPONPHSATHA MO CO3JAHMIO 3aMKHYTBIX CHUCTeM obecrieueHus mno-
3BOJIMJIM CHU3MTD YNEAbHBIE PACXOAbl CBEXEH BOAbI M, €CTECTBEHHO, CTOYHbBIX
BOA Ha eAMHMLy npoaykuuu Tak, Ha mpemnpusTHsX, BbipabaThIBAIOLIMX XM-
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MHUYeCKOe BOJIOKHO, yAenbHoe BoaonotpebiieHue CHWXkatoT B ABa sTama |-i
3Tan — BBIMNOJHEHHE OPraHM3aLMOHHO-TEXHUUECKUX MEpPONpPUATHUH, TMO3BO-
NAIOLIMX COKPaTHUTh BOROMOTpebieHne M He TpeOyroMX KanuTalibHbIX 3aTpatr
Y NONOJIHUTENBHOrO 000pynOBaHus, 2-i 3Tanm — peanu3alus ITUX Meponpus-
THH C MCINOJIb30BAaHUEM JOMONHUTENBHOTO 000pynOBaHUs WM MOAEpHH3aLMs
CYLIECTBYIOLUEro

2.1.0cHoOBHbIE NPHHLHNbI CO3AAHHSA 3AMKHYTbIX CHCTEM

ITepexon Ha 3aMKHYyTble CUCTEMBbI TEXHHYECKOrO BOLOCHAOXEHHMs Ha Kax-
ZIOM OTIE/LHOM NMPOM3BOACTBE, NPEANPHATHH U MPOMBILLIEHHOM y3Jie onpene-
AsieTCs, B 3aBUCHMOCTH OT MECTHbBIX YCJIOBHii, TpeMs OCHOBHbIMM (akTopamu
nebuUUTOM BOAbI, MCYEPTAaHWEM acCCHMMJIMpYHOLLEH CnocOOHOCTH BOAHBIX
00beKTOB, NpenHa3sHaueHHbIX s TNpPHEMa CTOYHBIX BOJ, 3KOHOMHUYECKUMH
NPEeUMyLIECTBAMU MO CPaBHEHUIO C CyLIECTBYIOLLEH TEXHONOTHEH, T € MpsMO-
TOYHBIMH CHCTEMaMM BOJOCHaO)XXE€HHMs M OUYMCTKOM CTOYHBIX BOA Meped MX
cOpocoM B BOAHbie 00BEKTHI 40 KOHAMUMH, 0OyClOBJEHHBIX TpeOOBaHMAMH
[MpaBun oxpanel Boa u 'ocynapcTBeHHOro BOOHOTrO HaA30pa

[NpumeHeHye 3aMKHYTBIX CHCTeM BopoobecnedeHMs NMPH NPOEKTHPOBAHMH
XUMHYECKHX NpPEANpPUATHI NO3BOJIET pa3MellaTtbh 3TH 00beKTbl B paioHax ¢
OrpaHW4eHHBIMH BOAHBLIMH PECypCaMH, HO C 3KOHOMMKO-reorpadyeckumu
yCnoBUAMHM, ONaronpuATHbIMM Ul Pa3BUTHUS MPOU3BOAMTENBHBIX cunl Takoe
HHXXEHEPHO-3KOJIOrHYeCckoe HanpapJieHHe pa3BUTHA BOJHOIO XO31HCTBA CYMTA-
ercs HauboJiee MPOrpecCUBHBIM M MEPCNEKTUBHLIM, T K [O3BOJISET PELUWThb
npobneMy BopoobecneyeHuss 4 OQHOBPEMEHHO YNOBJIETBOPHTb TPeOOBAHMSAM,
KaCalOLIMMCsl OXPaHbI OKPY>KaroLuei cpebl

O6uHe NPUHLMNDLI CO3JAHHS 3AMKHYTLIX CHCTEM BOAHOIO XO03AHCTBA B
HacTosillee BpeMs pa3paboTaHbl LI XMMHUYECKUX npexnpusatid K ocHOBHBIM
M3 HUX MOXXHO OTHECTH CJIEAYIOLIHE

1 Co3maHHe 3aMKHYTBIX CHCTEM B0J0OOECredeHUst NOJIXKHO COYETaTbCs C
opraHu3auued 6e30TXOOHOTO APOU3BOACTBA, TEXHOJOTHA KOTOPOro OPMEHTH-
POBaHa Ha MaKCHMaJIbHOE U3BJIEYEHHE U3 CbIPbsi OCHOBHBIX NPOIYKTOB

2 TIlpoekTupoBaHMe 3aMKHYTbIX CHCTEM CllelyeT HadMHATb C NETaNbHOW
npopabOTKK MeponpUATHH, HaNpaBJEHHbIX Ha BbIBOJ OTXONOB M3 TEXHOJIOTH-
4ECKUX MPOLECCOB MpeuMyilecTBeHHO B Oe3BoaHoi TBepnoi ¢opme, a ecam
3TO HEBO3MOXKHO, TO B BHIE BbICOKOKOHLEHTPHPOBAHHBIX PacTBOPOB AJIs MO-
cnenyrolen ux yTuan3aluu

3 TlpuHuunuanbHas cxema BOAHOTO X03sicTBa npu 6€CCTOMHOM NpPOM3BO.-
CTBE 10JDKHA BKJIIOYATh B Cebsl KAK MUHUMYM OJMH M3 TPEX OCHOBHbBIX LIMKIIOB
MHOTOKPATHOIO MCIOJIb30BaHMsl BOABI. TEPMUYECKHI (I OXNAXKAEHHs), IKCT-
pareHTHbIil (A NPOMBIBKM, PACTBOPEHHs, BbILIENAYHBAHHA M T 1), TPaHC-
MOPTHBIi (/1% rUAPaBINYECKOrO TPAHCMOPTHPOBAHHUs BELIECTB, MATEPHAIOB H
yAaJIeHUst OTXOAOB).

4 TIOTOKM CTOHYHBIX BOA CIIEAyeT pa3nensTb no BUAOBOMY, Ga3oBOMY, KOH-
LEHTPALMOHHOMY, 3HTANbNWHHOMY NpPH3HaKaM JUIA pa3paboTKH COOTBETCT-
Bytouero cnocofa nokanbHOH OYMCTKM KaXJOro MOTOKa BIUIOTh A0 MOTOKOB
OTHENbHBIX CTaMM TEXHOJOTHYECKOrO MpoLecca

5 Jna Haubonee BONOEMKHMX ONepaLid WM TEXHONOTMYECKMX MPOLECCOB
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HeoOX0IMMO YCTaHOBUTb HayuHO 0OOCHOBaHHble TpeOOBaHHMA K KayecTBy IMO-
TpebnsieMOit B MPOU3BOACTBE BOJIbI, @ TAK)KE€ HOPMbl Ha Kaue€CTBO OTBOAMMBIX
CTOYHBIX BOJ, NMEPBOOYEPEAHOMY OTBENEHUIO Ha JIOKAJIbHYIO OYHCTKY HiH 00-
paboTky nomnexar HauboJiee 3arpsi3HeHHbIE U HarpeTbie BOAbI

6 Ilpu 3aMKHYTbIX cHCTeMax ciiefyeT 0ObeaHUTb LieXH BOAONOANOTOBKHU C
LexaMH JIOKaJIbHOM OYMCTKH MPEANPUATHS UM FPYNINbl NPEANpUATHH, a TaKkxke
MCMONb30BaTh JIMBHEBbIH CTOK C MPOMBILIJIEHHOH TUIOLAAKK B cvcTeme 060-
poTHOro BoaocHabxeHus

[Ipn npoexTHpoBaHuM cucTeM B 00s3aTeNbHOM NOpPSAKE YYUTHIBAIOT BO3-
MOXHbIE OTpULIATENbHbIE MOCAEACTBUs (HanpuMep, BO3MOXHOCTbL Ouosioruue-
CKMX HacloeHUH Ha TpybompoBodax M CTEHaX OXJaXAaeMbIX arperaroB, 3a-
rpsasHeHue atMocdepbl), NpeaycMaTPUBAOT COOTBETCTBYIOLIHE HH)KEHEpHbIE
MEpOMPHATUSA MO NMPEAOTBPALUEHHIO TaKUX SBNEHUH

AHanu3 CyLIeCTBYIOLUMX pelleHUi U MPOEKTHbIX MaTepHaloB MOKa3biBaeT,
4TO CO3JaHHE 3KOHOMMYECKH PALUOHANIbHBIX 3aMKHYTBIX CUCTEM BOAHOIO XO-
3/iICTBa Ha XMMHYECKMX MpPEANpUATHAX — 3afadya AOCTaTOYHO TpyAHas, HO
BriosiHe paspewiMasi ClloxkHblit QU3MKO-XMMHUUECKUH COCTaB CTOYHBIX BOI,
pasHoobpasue comep KalMXCcs B HUX COeAMHEHUH M BO3MOXKHOCTb B3aMMoZei-
CTBMS MX APYr C IpyroM [efaloT HEBO3MOXHBIM Moabop YHMBepCaibHOM
CTPYKTYpbI 3aMKHYTbIX cxeM Co3naHMe TaKUX CUCTEM Ha NpEnnpUATHAX 3aBH-
CHUT OT 0COOEHHOCTEH TEXHOJOrHH, TEXHHMYECKOH OCHALUEHHOCTH, TpeboBaHMi
K KayecTBY MOJy4yaeMoii NpOAYKLUMH M UCTIONIb3YeMOH BOABI U T 11

Hcnonb3oBaHue BOAbI Ha MPOMBILUIEHHBIX MPEANPHATHAX NO 3aMKHYTOMY
LIMKJTY TECHO CBSI3aHO C TEXHOJIOrHel 0CHOBHOrO npouspoactsa Cucrema Boa-
HOro X03s#icTBa NMpeanpUATUsA NO/DKHA ObITh €NMHOMN, T € «3aBeNOBaTb» BONO-
cHabxeHHeM, BONOOTBEIEHHEM, OYMCTKOH CTOYHBIX BOJ U UX MOATOTOBKOM AJst
TEXHH4ECKOro BOAOCHabOxeHHs, cOpOC CTOUHBIX BOA B BOAHbIE OOBEKTHI H0J-
eH ObITb UCKIIOYEH.

Csexyro BOly M3 BOMHBIX HCTOYHHKOB CJIEAYET PaCXOHOBAaTh TOJILKO IS
MOANMUTKH 3aMKHYTBIX CHCTEM (a NMpPU HENOCTAaTKEe OYMIUEHHBIX CTOYHBIX BOA —
271 BOCMOJIHEHHs MOTEPb BOJbI B 3TUX CHUCTEMax), AJs MUThEBbIX M XO3sHCT-
BEHHO-ObITOBBIX LieJei, a Takoke s TEXHONOrMYeCKUX OTepaLuii, B KOTOPbIX
OYHLIEHHbIE CTOUYHbIE BOAbI HE MOryT ObITh MCAONB30BaHbI MO YCJIOBUAM T'd-
TMEHbl U CMeLHaNbHbIM TpeOOBaHUAM TEXHOJIOTHH NPOU3BOACTBA

CoBpeMeHHbIe TEXHONOTHs M TEXHHKA OYMCTKH CrnocoOHbI 06ecrneunTs mno-
JyyeHue BOABI, MO CYLIECTBY, MoOOH 3afaHHOMN CTeneHH YMCTOTHI M3 060
CTOYHOH BOIBI, T.€ CO3JJaHHE 3AMKHYTBIX CHCTEM MOXXET TOPMO3MTLCS NPUUH-
HaMH TOJIbKO 5KOHOMHYECKOTO XapakTepa

s DOCTHXEHMs HAaMJIYYIUMX TEXHHUKO-3KOHOMMYECKHMX MoKa3arteneil npu
CO3aHMH 3aMKHYTHIX CHCTEM BOJOCHAOXKEHHS HA XUMHUECKMX MPENNpPHUSITHSX
NOJDKHBI Takxke NpopabaTbiBaThCs CleAYIOLIKE BONPOCHI

— MaKCHMMaJbHOE BHEAPEHHE BO3AYLIHOIO OXJIaXXAEHUsI BMECTO BOASHOTO,

— MHOrOKpaTHOe (KackagHOe) MCMOJIb30BaHWE BOAbI B TEXHOJIOTMYECKMX
MpOLECCaX, B TOM YUCIIE U C LIENbIO NONY4eHNs HauMeHbLIero oobeMa 3arpss-
HEHHBbIX CTOYHBIX BOJ, AJiA 00€3BPEXXUBaHHUsA KOTOPbIX MOXHO nonobpars 3¢-
(eKxTHBHBIE JIOKAIbHbIE METOABI OYMCTKH;

— pereHepalys OTPabOTaHHBIX KUCIOT, LIEJIOYHBIX M COJIEBbIX TEXHOJIOTH-
YECKUX PAacTBOPOB C MCMOJIb30BAHWEM W3BJIEKAEMbIX NPOAYKTOB B KauyeCTBE
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BTOPUYHOIO Cbipbs

Co3nanmne 3aMKHYTHIX BOJOOOOPOTHBIX CHCTEM Mpeaonpenenser Heobxoau-
MOCTb pa3paboTkM HayuyHO OOOCHOBaHHBIX TPeOOBAHHMi K KayeCTBY BOABI, MC-
NoJbL3yeMOi BO BCEX TEXHOJIOIHYECKHMX Mpolleccax u onepauusx Kak nokasbi-
BaeT NpaKTHKa, Ul GONBLIMHCTBA TEXHONOMMYECKMX MPOLIECCOB HET HEOOXO-
AMMOCTH B MCTOJIb30BaHUM MUTHEBOH BOMBI, MMO3TOMY LEJIECOOOPa3HO B KadK-
1OM KOHKDETHOM CJly4ae OMpenessaTh MaKCUMalbHO HOMYCTHMbIE Mpenesibl oc-
HOBHBIX MOKAa3aTeNeH KauecTBa BOIbI, KOTOpblE€ OKa3blBAIOT pelualollee Bius-
HME Ha KaueCTBO MOJIy4aeMoro NpoaykTa unu HesaBapuiinyto paboTy TEXHOJO-
ru4eckoro obopynoBaHus

JloxanbHast OYMCTKA CTOYHBIX BOX MUI1 MX MOBTOPHOIO MCIMOJIb30BAHHUs B
NPOM3BOJCTBE BO MHOTUX CNIy4asix AeLUeBJie UX MOJIHOM OYUCTKH B COOTBETCT-
BMH C CYLIECTBYIOLIMMH TPeOOBAHUAMM, a CO3JAHUE 3aAMKHYTBIX CUCTEM, Mpe-
NyCMaTPUBAIOLIMX MOJIHOE BbiEJIEHHE BCEX KOMIOHEHTOB M3 CTOYHBIX BOJ,
ABJIAETCA BaXkHeH e cocTaBHOMN 4acTbio 6€30TXOAHOrO NPOU3BOACTBA.

HayuyHo-TexHM4ECKYI0 3afady CO3HaHUsA 3KOHOMHMYECKM 0O0OCHOBaHHBIX

3aMKHYTBIX CHCTEM MOXHO cOpMyIHpOBATSH CllieaytouM obpasom

1. 3ampamu na pezenepayuio 600t u3 CMOYHBIX 800 U 3ampanvl HA O0Be-
OeHue 06pazyIOWUXCA NPU UX OYUCMKe OCAOKO8 00 MOBAPHOZ0 NPOOYK-
ma unu 6MOPUYHO20 CbIPbA OONNHCHLI ObIMb HUNCE CYMMAPHBIX 3ampam
Ha 8000N0020MOBKY U OYUCHIKY CIIOYHBIX 800 00 nokaszameiet, no3eo-
nAfowux copacwisams nocneoHue 8 800HblE 0OBLEKNbI.

2. IIpoexmupoeanue cucmem 600OCHAONCEHUS U KAHAMUBAYUU MPOMbIUL-
NIEHHBIX NPEONPUAMUL OONHCHO BBLINONHAMBCS OOHOBPEMEHHO C NPOEK-
muposanuem 0CHO8HO20 NPOU3BOICMEQ.

JJieMeHTbl 3aMKHYTBIX CHCTEM BOAOMOJIb30BaHuA. Boaa B npousBoacTee
BbINONTHAET Henblii pan Gynkuuit. Tak, B YepHO# MeTaypriu Boaa UCMoJb3y-
€TCS B OCHOBHOM B Ka4y€CTBE OXJIAKHAIOLIEro areHTa, Morjowawlueil cpeasl,
3KCTpareHTa, TPAHCTIOPTHPYIOIETO areHTa, B METaJIypruyeckod MpOMBbILL-
JIEHHOCTH — B KaY€CTBE OXJIAXKAAIOLIEro areHTa, Mornouarniuei cpeabt 1 3KCT-
pareHTa, B LIBETHOHM METaJUlypriuy — B Ka4eCTBe peaKLiMOHHOM cpenbl U OXJaXx-
NaloLLEro areHTa’ B LEJUTIOJIO3HO-OYMaXKkHO! — B KauecTBE peakLMOHHOI cpe-
Ibl, KCTPAareHTa M OXJaXIAIOIEr0 areHTta, B XMMHUYECKOH M HedTexuMuue-
CKOM — B KayecTBE OXJIaXIAIOILEro areHTa, MPOMBILIIEHHOTO ChIpbs, IKCTpa-
reHTa, peaklUOHHOM W MOrJowaroiei cpeabl, KOMINOHEHTa BaKyyMHbIX CHC-
TeM B cBs3u ¢ TakuM pasHoobpazueM (yHKLMH, BHIMONHAEMbIX BOLOH, HEOO-
XoAuMa pa3paboTka npaBui ee HCMOJNb30BaHUsA

HeobxonuMocTs npuMeHeHUs: BOAbI B KOHKPETHOM MpPOM3BOACTBE AOJDKHA
6bITb BcecTOpoHHE 000CHOBaHa (TEXHUYECKH, JKOHOMHYECKH M IKOJIOTHYECKH),
B MEPBYIO O4epenb Clieayer npopaboraTh BapuaHT (BapuaHTbl) 6€3BOAHON Tex-
HOJIOFUH

Ecnu Bona ucnonb3yercs kak pac TBO P U T € J1 b, HEOOXOAUMO paccMoT-
peTb ycnoBus ee pereHepauun Hanpumep, npu HCMOnb30BaHUM PacTBOPOB MO-
BapeHHOH CONM MAJA BbICANMBaHMA KpacHTeNiel, MbUI W APYrUX MpOAYKTOB
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DOJDKHBI OBITH OLIEHEHBI YCIIOBHsl pereHepalliid pacTBOPOB AN BO3BpaTa MX B
MpOLIECC WM YCIOBUS MX NOATOTOBKH AJIs UCTIO/NB30BAHUS B IPYrOM TEXHOJO-
rMueckoM npoliecce

3HauuTeNIbHOE KOJIMYECTBO BObI B MPOMBILIJIEHHOCTH PaCXONYyeTCs B Kaue-
CTBE3KCTpareHTa s NPOMBIBKH CbIpbsi, NOJYNPOAYKTA, MPOAYKTa U NS
OUMCTKH ra3oBbIX BbIOpOCOB M TBepaAbix oTxonoB Ciona ke Clenyer OTHECTH
NPOMBIBKY M3[eNui nocie TpaBieHUs, 00e3KUpUBaHHA M HAHECEHMs rajbBa-
HOTIOKPBITHH B YePHON MeTaypruy, MallHHOCTPOEHHH U MeTanno006paboTke,
LeJUTOJI03bl — B LEJUTI0NI03HO-0yMaXKHOH MPOMBILUIEHHOCTH, BOJIOKHAa — Ha
NPEAnpUATUAX MPOU3BOACTBA XMMHUYECKUX BOJIOKOH, HUTEH M TKaHel — B Jier-
KOH NPOMBILIJIEHHOCTH; HOHOOOMEHHBIX CMOJI — npH 06eccoaMBaHMH BOIbI,
ra3oBbIX BRIOPOCOB — Ha MPEANPUATHAX Pa3IM4HBIX OTpACiei NpPOMBILIJIEHHO-
ctu U TA B atux cayuasx Haubonee paumoHanbHbIM OyneT MpOTHBOTOYHbINA
CTyrNeHuYaTblif peXXMM NPOMBIBKH NPU MUHHUMAJIbHOM pacxofe CBeXKeH BOAbl Ha
nocienHeil CTaiUM MPOMBIBKM M BbIBOA M3 CHCTEMbl KOHLEHTPHPOBAHHbIX
MPOMBIBHBIX BOJ, KOTOpblE HampaBisiOT Ha BOCHOJHEHHE MOTEepPb TEXHOJOIH-
4eCKOro pacTBOpa MM pereHepupyroT (nepepabarbiBaloT) COBMECTHO C OTpa-
6oTtanHbIMM pacTBopamH [InA moBbilieHHs 3G (EKTUBHOCTH NPOMBIBKU MpH
MHHHMMaNbHOM pacxolieé APOMbIBHOH BOIb! Lienecoobpa3HO MCMONb30BATh pas-
JWYHbIE TEXHUYECKHE NPHEMbl. BAHHBI YaBJIMBaHUs, NOa4y BO3yXa, OTKHM,
¢bunbTpOBaHUE M Ap , a TaKXKe COBepLIEHHOe 060pyaOBaHHE

Ecnn noyeMy-nubo HEBO3MOXKHO MOJYYUTb MPOMbBIBHBIE BOXbI C HHU3KOW
KOHLIeHTpalMeil 3arpA3HAOMX BELECTB, TO Lenecoobpa3sHo BbIBOAMTb MX M3
cucrtembl 1Bymst motokamu IlepBblii (KOHLIEHTpHPOBaHHLIH) nepepabaTbiBatoT
OTAENbHO MM COBMECTHO C OTPabOTaHHBIM TEXHOJOTMYECKMM PacTBOPOM
Bropoii (cnabosarpsisHeHHbIi) MOXKHO UCNOJIB30BaTh B APYrOM TEXHOJIOrHYe-
CKOM npouecce 6e3 noaroToBku Uiy nociie HeodxoaAuMoi 06paboTku

Hcnone3oBaHue BoAbl A1 OYUCTKH ra3oB OT BOAOPACTBOPUMBIX OpraHHue-
CKMX COEAMHEHHH NOMYCTUMO B TOM Cllydae, eClIi M3 ra3oB BOAOH M3BJEKalOT-
Cs, a 3aTeM YTWJIM3HMPYIOTCA LEHHblE KOMIOHEHTBI, €CIM TNpPEeANoNaraloT Mc-
N0/1b30BaTh BOAY AJI OYMCTKH ra30B OT TBEPHAbIX YAaCTHLL, MpOLECC Lenecoob-
pa3HO OCYIUECTBJIATb B 3aMKHYTOM wLukjie JIns O4MCTKM BO3ayXa OT MBI
Jy4qlu€e UCMONB30BaTh CyXHe QUNLTPbI

INpy ucnonp30BaHKUM BOJIbI B KAYECTBE O X 1AXK XA LW €ro areHTa
HeoOX0aMMO NpenBapUTENbHOE TEXHUKO-IKOHOMHMYeCkoe 0OOCHOBaHME BO3-
MO>KHOCTH U LiesiecooOpa3sHOCTH CeAYIOLHX CTaAui

— peKynepaLus Temnjia TEXHOJNIOrH4YeCKUX XUAKOCTEH U pacTBOPOB MyTEM Te-
njaoo6MeHa MeXAY UX XOJNOAHLIM M rOpAYHM MOTOKAMH,

~ YTHIM3aLMs OTBOAMUMOIO BbICOKOTEMMEPATYPHOro Tensja AJis MOAyueHUs
3HEPreTH4ecKOro M TEXHOJOrH4eCKOro BOASHOrO Mapa NyTeM HCNapHUTeSbHOro
OXNaXXAEHHs,

— YTHIM3ALMA OTBOAMMOrO Terla ra3oo0pa3HbiM, >KUAKHUM WU TBEpPAbIM
ChIPbEM,

- nepenaya U3OLITOYHOTO TEMa Ha COCEAHHE NMPEANpPUATHS,

— HCMoJIb30BaHWE crelM(HUKH NPOM3BOACTBA, HamnpHMep OXJaKAaroLiei
CrocoOHOCTH MPUPOHOTO ras3a NpH ero pacliMPeHUH Ha BbIXOAE U3 CKBAXKHHBI,
0TBOZAa M3OBITOYHOrO TEMa C KOHEYHbIM TOBaPHBIM NPOAYKTOM,

— HCMNOJIb30BaHHE KIIMMATHYECKUX O0COOEHHOCTEH MECTHOCTH, rlle HaXxoauT-
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Csi nmpeanpuATHe (HU3KUE TeMMNepaTypbl Hapy>KHOro BO3[yxa, BETPbI, XO0JIOA
crpaTocepbl, BeuHas Mep3NoTa, JEAHHKH, XOJIOAHbIE POJHHUKOBbIE BOIbI M
T 1) Ans Leeid oXnaxKaeHus,

— MPUMEHEHHE BO3AYLIHO-UCMAPUTENLHOIO, ABYXKOHTYPHOTO HCMapHUTellb-
HOTO M BO3AYLUHOTO OXJIaXKAeHUA,

— NPUMEHEHHE XOJIOAMIbHBIX YCTAHOBOK

Llenecoobpa3sHo mpumeHeHue B MEPBYIO Ouepelnb BO3AYLIHOTO, BO3AYLIHO-
MCMApUTESILHOTO M JBYXKOHTYPHOTrO HMCNapuTeNabHOro BomocHabxkenus Oc-
HOBHOE MNpPEMMYLIECTBO anmnapaTtoB BO3AyWHoro oxnaxaeHus (ABO) nepen
rpaaupHsaMy, Opbl3ranbHbiMU OaccefiHaMU M TIPyAaMHU-OXNAQUTENSAMH 3aKIlO-
4aeTcsi B OTCYTCTBUH MOTEpPb BOAbI Ha UCMapeHHe M BeTpoBoil yHoc Oxnax-
Jarolas BoJa LIMPKYJIMPYET B 3aMKHYTOH CHCTEME, H03TOMY k 060poTHO#H Bozie
He MpPEeNbABIAIOTCA TakKUe JKecTkie TpeOoBaHUA, KaK B CHCTEMaX BOASHOTO OX-
naxaennss ABO npocTbl 4 yno6HBI B 3KCMUyaTalK, MOTYT paboTaTh B 1t00bIX
KITMMaTHYECKHX YCIOBUAX

INpu nBYXKOHTYpHOM BONOCHAOKEHMH MPOAYKT OXJIAKAAETCSt XJIaAareHToM,
npencrabasomuM coboii raz (aMMuak, nponas) WIK AUCTHIMPOBAHHYIO BOAY
ntn Ilon nefictBueM naBneHMs W OXJIaKAaKoOLLEH BOAb! B XOJOAUIbHON CTaH-
LUMH Ta3 MpeBpaulaeTcs B XUAKOCTb (M3MEHSIET CBOE arperaTHoe COCTOsHHE)
Bnaromaps npMMeHeHMIO Takoi CXeMbl TeMI00OMEHHbIE anmapaTbl He 3arpss-
HSOTCS

Ecnu TemnepaTypa Bozbl He OKa3bIBa€T BIMAHUA Ha TEXHOJOTHYECKHi Mpo-
uecc, HanboJsiee SIKOHOMUYHO HCTIAPUTENILHOE OXNaXkaeHUue YCTaHOBKa MCIa-
PMTENBHOTO OX/aXKAeHHs paboTaeT Ha XMMHMYECKH OYMILEHHOH Boae Temno,
oTObMpaeMoe Oxnaxmarouled BONOHM, 3aTpauMBaeTCsi Ha HarpeBaHHWe BOIbI 10
TEMIIepaTyphl ee KuneHus u ucrnapenus OnuH KujorpamMm oxJiaxaaroleii Bo-
nbt oTBOAMT 2,56-10° [k Tenna (nportus 4,2 10° Ik Npu BOASHOM OXJaXKAae-
HUH), YTO NO3BOJIAET, C OAHON CTOPOHBI, COKPATHUTh PacXox Bofbi B 60 pa3s u, ¢
Ipyro#, HCMOJIb30BaTh TeMo obpasyrouierocs napa.

Hcnonb3oBaHuio BoAbl B KayecTBe TPAaHCMOPTHUPYHOLIEro areHTa
JOJDKEH TPEALIEeCTBOBATh aHANN3 BO3MOXKHOCTH MEXaHWYECKOTO WM NHeBMa-
THYECKOT0 TPAHCIIOPTHPOBAHUS MbUTH, 1Tama, Boabl Ilpu HeoOxoauMocTH uc-
NoJIb30BaHHUs BOABI CHCTEMA NpoekTUpyeTcs 3aMkHyTo# Ilockonbky k 06opoT-
HO# BOJIE CUCTEM TMIPOTPAHCIOPTa BbICOKHE TpeOOBaHHsS He TMPENbABIAIOTCS,
uenecoobpasHa rmepefaya B Hee CTOUHbBIX BOJ M3 APYTUX CUCTEM

Ha puc 2 1 nokazaHa Mozieib O4MCTKU CTOYHBIX BOJ U TIOATOTOBKH UX K HC-
NoJIb30BaHUIO B cHcTeMe 00OpOTHOro BomocHabkeHus 6e3 cOpoca CTOUHBIX
BOJl B BOLOEMbI

Ipu co3naHuk CHCTEMBbI 3aMKHYTOrO BOJOMOTpeONeHMs1 HOJDKHBI ObITh yu-
TEHbI, C ONHOH CTOPOHBI, TPeOOBaHUA K Ka4eCTBY BOAbI, a C APYroi — konuue-
cTBo notpebiasemoii Bonsl Boma Haubonee Bbicokoro kauecTsa Tpebyercs s
OXJIaXKOEHUS1 SHEPreTHYeCKoro o6opyaoBaHKs, MEHee BbICOKOTO — B TEXHOJIO-
rH4eckux npoueccax (pacTBOpeHHe, NPOMBIBKA M T ), AN OXJaXAEHUA U B
KauyecTBe TPAHCMOPTHOro cpeacTsa B To ke Bpems Haubosbluee KONMUYECTBO
BOZABI PaCXOAYeTCs Ha OXJIaKIEHHWE W TPaHCMOPTHPOBaHHUE, MEHbllee — B TeX-
HOJIOTHYECKOM TIpoLiecCe U ellle MeHblliee — [l JHepreTHUeCKUX CHCTEM 3TO
NO3BOJISIET NEePBOHAYANIbHO HCMOJB30BaTh BOLY B TEXHONOTMYECKHX Liexax, 3a-
TeM, nocie HeoOXOAMMO#M OYHCTKH, — IS OXJIaXAeHHs, ocne 4ero, yxe 6e3
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Puc 2 1 Moaenb CHCTEMBbI OYMCTKH CTOUHBIX BOJ H MIOArOTOBKM HX K MCNOJIb30BAHHIO B CHC-

TeMe 000pOTHOro BOROCHa0keHHs 6e3 cOpoca CTOUHbIX BOA B BOAOEMDI'

1 - y3en obopoTHOro BonocHaGeHmi, I - y3en oxndkaeHHs YHCTO! Bombl, [/ — TEXHONOrHYECKHE YCTAHOBKH,
1V - crcTembl  NoKaMbHOH 060pOTHOH OUMCTKH, V- y3en MOMONHHTENLHONH OUHCTKH, V] - y3ea MeXaHHUeCKoH
ounctku, VII - ysen nomrotoBkH orxonoB, VIO - yien Gpyuko-XHMHUecKoH OUMCTKH, LY - y3es XMMHJYeCKoi
OUHCTKH, X — y3ell GHONMOTHYECKOH OYHCTKH, /| — JIMHHS Bo/bl, 3a6GHpaeMoii H3 BofloeMa Ha NOMIUTKY. 2 - 060poT-
Hasl OXJEDKIAEMaN BONA, 3 — JHMHHS YMCTOM BOZbI, BOBPALIAEMON B TEXHOJIOr HUECKHE YCTAHOBIGE, 4 — MOTEPH BOJBI.
5 — JHHMH CTOYHBIX BOl, 6 — JIMHHHH OYHILEHHBIX CTOUHBIX BOM, 7 — JIHHH MOJAYH YHCTOM BObI M3 V V14 NOM UTOBKH
OTXOJOB, 8 — MHHH OTBOJA H3 OYHCTHBIX YCTPOHCTB OTXOAOB, CONCPHALIMX BOAY, 9 — [TMHI BOSBPALLIEHHA 1101€ 3HLIX
OTXO[OB B TEXHO JIOTHIELKHE YCTAHOBKH, /0 — JIMHMS OTBOJA OTXOOB Ha YHHUTOXEHHE

OYUCTKH, — B Ka4€CTBE TPAHCMOPTHOrO CPENCTBA WM BHOBb HAaNMpaBHTb €€ B
TEXHOJIOrMYeckUii LUUKN, a mocne rinybokoit Koo4HcTKH M obecconuBaHus —
LIS OXNaXKAEHUs Pa3sNIMYHOrO 3HEepreTH4eckoro 06opynosanms

[Ipn cosnaHuM 3aMKHYTBIX BOAOOOOPOTHBIX LMKIOB 00s3aTENbHbIM yCNO-
BHEM SBJISETCS BbIAENEHUE TPEX Pa3IMUHBIX LIUKJIOB BOAOCHAOXKEHHA OXnax-
NAOLIero, 3KCTPareHTHOro (MM TeXHUYECKOro) M TpaHCmopTHOro B cessu ¢
3THM Heobxommma pa3paboTka HayuHO-000CHOBaHHBIX TpeGOBaHMIl K KayecT-
BY BOZbI, UCMOJBb3YEMOI BO BCEX TEXHOJIOTMUECKHMX TMpoOLieccax, Mo nokasare-
JIAM, BJIMAIOLLMM Ha Ka4€CTBO MoJiyyaemoro npoaykra Ilpu 3tom Heob6xoaumo
cTporo 060CHOBATb LieNeco0Opa3sHOCTb NpOBeNeHUs NpoLecca C NPUMEHEHHEM
BozHOM cpenpl Ecnn Bona mcnons3yercs B kauecTBe 3KCTpareHTta (Asis npo-
MBIBKH MPOAYKTOB M MOJYNPOAYKTOB, ra3oB, 000pynOBaHHUs U T I ), TO HeOO-
XOAMMO COMOCTaBMTh TaKyl0 MPOMBIBKY C MPOMBIBKOH B HEBOAHOI (MTPOMbIBKA
060pynoBaHus paCTBOPUTENSMH) U BOLO-BO3AYLIHOW Cpenax

PexomeHyeTCs NpOTHBOTOUHBIH PEXXHM NMPOMBIBKH C BbIBEAEHHEM
a) MHHMMAaJIbHOTO KOJIMYECTBA BbICOKOKOHLIEHTPUPOBAHHBIX MPOMbBIBHBIX BOJ,
nepepaboTka KOTOPbIX Lieaecoobpa3Ha BMeCTe C 0TPabOTaHHBIM PacTBOPOM,
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n 6) OCHOBHOIO KOJIMMECTBA NPOMBIBHOH BOAbI, KOHLIEHTpPALMs 3arps3HEHUI B
KOTOpOH He MpErATCTBYET ee MPUMEHEHHIO B MPOU3BOACTBE

Bo MHOrux cnyyasix mpu CO3AaHMM 3aMKHYTbIX CHCTEM y4YMTbIBalOT cOop,
OYMCTKY M MCNOJIb30BAHHE B TEXHUYECKOM BONOCHAOXEHHH MOBEPXHOCTHBIX
CTOKOB C TEPPUTOPUM MpEeAnpusTHii OTH CTOKM OTJIMYAIOTCS, KaK MPaBWJIO,
3HAYMTENBHBIM COAEPXKaHHEM B3BEIUEHHbIX BelleCcTB, HedTenpoaykToB, Npu-
CYTCTBMEM OPraHMYeCKHX BELIECTB €CTECTBEHHOrO MPOMCXOXKIEHHs, MPOAYK-
TOB opraHuMueckoro cuuresa W ap CornacHo TpebosanmnsM «IIpaBun oxpaHsbl
NMOBEPXHOCTHbIX BOJ OT 3arps3HEHHst CTOYHbIMM Bomamu» (Ne 1166—74),
cbpoc 3THX CTOKOB B BOAHble 00bekThbl 63 COOTBETCTBYIOLIEH OYHUCTKHU 3arpe-
weH B To ke BpeMs MCnoNb30BaHHE MX MOCHE KOATryJsUMH M OUUCTKH MO3BO-
ASI€T COKpaTUTL MOTpeblieHne CBexed BOAbIL, a B psAfe CAydaeB M 3aTpaThl Ha
OuHCTKy nepen cOpocoM B BOAHBIH 00bEKT, NOCKobKy TpeOoBaHHs K BOze, UC-
NoJib3yeMOH B TEXHONIOTHYECKHX MpoLeccax, 0ObIMHO HHXe, ueM npH cOpoce B
BOIOEM

MeponpusaTis no 06ecCONTHBAHHIO CTOYHBIX BOJ AJisi HX MOBTOPHOIO
HCMOJIb30BAHUSI BO MHOTHX CJy4yasX 3aMETHO BIIMSIOT Ha 3KOHOMHYECKYHO
3¢ dekTuBHOCTb 3aMKHYTbIX cucteM O6bem MpoayBOK B 3TOM Cllydae COKpa-
iaercs 1o 1% u MeHee B HacTosiiee BpeMs OUHMCTKa MUHEPAIM30BAHHbBIX BOA
OCYUIECTBNAETCS AUCTUIASLUMEH, 3JIEKTPOAHANN30M, 0OpaTHBIM OCMOCOM, 3a-
MOpa>kMBaHMEM, HOHHBIM OOMEHOM, 3KCTpakLMed U ApyrumMu Meronamu Hau-
Honee nepcrekTUBHBIMM M OCBOEHHBIMH B MPOMBILIEHHbIX MaciiTabax sBis-
I0TCS TPU MepBble MeToza

TexHMKO-5)KOHOMUYECKUH aHaMu3 pa3fIMYHbIX METONOB oOecconuBaHUA No-
KasaJ, 4TO IpU OMNPECHEHMHM MUHEPAIM30BAHHLIX BOA C COJiECOAEpXaHHEM
cebiwte 10 r/n 6onee BbIrofHoM ABNsEeTCA Oucmunasyusn. Tlpu coneconepxanuu
meHee 10 r/n npeanourtutensHee Oynyt MembpanHsle memoOwbl — OOpaTHbIM
ocMoc u anektpoamanus IloaToMy B HacTosilee Bpems npeoOnanaroias poib
NPUHALJIEKUT OUCTHUIALMOHHBIM OMPECHUTENAM, Ha JOJIO KOTOPBIX MPHXO-
autcst 67% Ha nonto membpanHbix MeTonos npuxonurcs 33% (23% — obpat-
HOOCMOTHUeckue ycTaHOBKM U 10% — anektponuanusnsie) ITo MHenuto cre-
LIMAJTUCTOB, AUCTUNALMSA ABJISETCA MOKAa OCHOBHBIM METONOM MOJIy4YEeHHs Tpe-
CHO¥H BOJbl B KpYMHbIX NPOMBILLIEHHBIX MacTabax, a npu nepepaboTke BbICO-
KOKOHLIEHTPHPOBAHHBIX PacTBOPOB, PacCoONOB M pamnbl el NMOKa HET aJbTepHa-
THBbI YJenbHble KanuTalbHble W 3KCIMUyaTallMOHHbIE pacxoibl Ha obecconu-
BaHME BOIbl Pa3fIMYHBIMU METONAMU MNpeAcTaBieHbl B Tabn 2 1 u 22 [luna-
MHKa CHH)XKEHHs JHEpreTHYeCcKHX 3aTpaT npuseneHa B tabn 2 3

Jnsi mupoKOro BHEAPEHUs OMNPECHUTENbHON TEXHHWKHM B TNPOMBILIIEHHbIX
maciitabax paspaboraHbl U anpoOMpPOBaHbl pa3jIHuHbIE METOIbI ONMpPECHEHUs
Haubonbluas npou3BOOUTENLHOCTh EIMHHYHOTO OJI0Ka Ha AEHCTBYIOIMX OM-
PECHUTENIbHbIX_YCTaHOBKaX AMCTHJUIALMOHHOTO THUMNa B Halleil CTpaHe COCTaB-
nsier 15 Thic MY/cyT.

VBesinueHHe xke NPOU3BOAUTENLHOCTH OJ10Ka B 2-3 pa3a no3BONAET CHU3UTD
KanuranbHble 3aTpathl Ha 14-21% Ilo-npexxHeMy coxpaHseTcst NPaKTHYECKUH
MHTEpEC K UOHUMHOMY MemoOy, KOTOpbIii B Onukaiiuune 10-15 ner ocranercs
CaMbIM pacnpoCTPaHEHHBIM M 3KOHOMHYECKH TNpPEANOYTHTENbHbIM METOIOM
ri1y6okoro obeccoiHBaHus BOAbI CpeaHei MuHepanu3auuu (no 2 r/n)
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Tabnuya 2 1 Kanumanvrbvie 3ampambi u 3KCN1yamayuoKHble pacxoobl Ha OnpecKeHue 800bl
PazUMHLIMU MEMOOaMU 8 3apybedCcHbIx cmpaHax

Buap! 3aTpar | Jmcrunnsums | Dnexrpommanus | O6patHsiit ocMoc
Y aenbHble KanuTaabHbIE
saTparsl, A0n 3a | M/cyT 0.33-0,58 0.13-0,20 0,09-0.24
KCIUTyaTaLMOHHBIE
pacxoasl, aon 3a l M3/CYT 0,77-0,79 0,17-0,32 0,24-0,33

Tabauya 2.2. Kanumansnbie 3ampamol Ha onpechenue ookl paznudHsiMu memoodamu & Poccuu
(6 xon/m’, no cocmosnuio na 1990 2)

MaccoBas KanutansHeie 3aTpaThl Ha YCTAHOBKH
Meroa | KOHUEHTpauus TIPOH3BOAHTEMLHOCTBIO ( M/CYT)
ompec- coneit B
HEHHSA HCXOIHOH 2400 7200 12000 24000
Boste, /oM’
Jiuctun- 2,0 106 85 72 61
TAUASA 3,5 120 98 81 70
5,0 136 112 2 80
10,0 159 132 109 95
20,0 186 156 130 113
35,0 220 185 154 135
Jnekrtpo- 2,0 96 74 70 73
IMATH3 3.5 96 85 77 77
5,0 144 128 115 115
10,0 191 170 153 153
O6par- 2,0 192 89 79 79
HBbIH 3,5 206 97 89 86
Ocmoc 5,0 227 105 94 94
10,0 269 124 112 112

Tabnuya 2 3. JJlunamuka CHUNCEHU pacxooa NepeuyHoil SHepzuu Ha ONpecHerue MOPCKOil 600b
(e MIncin’)

Meron onpecHeHHA | 1950-1960 rr 1960-1970 rr 1970-1980 rr 1980-1990 rr

JucTHLIALHA 2900-950 950-350 350-130 130-50
DNEKTPOAHAIH3 ~ 400-300 300-200 200-80
OO6parHsIit 0cMOC - 300-200 200-100 100-50
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Havano npouecca KOHel, npouecca

ey

Puc 2 2 TpuHuMnHaIbHbIE CXeMbl HaHOO0:1ee PACHPOCTPAHEHHBIX CNocoboB 0beccoIMBaHus B0
a - AUCTHIUBALHA, 6 - ap , 6 — BbIMOpaXx & — DJIEKTPO/IHANH3, O — HOHHBI OOMEH, e — IKCTpaKuMs
I -npecHas Bona, /I - paccon, /Il - mMopckas Boaa, [V - Boaa A NpoMbIBKH sbaa, V' - siea + paccon, VI - conenas
Bosta, VIl - Xonoamelii SKCTpareHT + npecHas soaa, VIIl - oxnaxaeHnHbiil SKCTpareHT; / — XOJIOAWILHHUK, 2 - HarpeBa-
resib, 3 - BaKyYMHbI# Hacoc, 4 — peccop, 5 - Tennoob 6 - KOJIOHKa KATHOHHOT0 06MeHa, ”  KOJI0HKa
aHHOHHOTO Oo6MeHa, 8 - 3KCTpaKTOp
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K nepcniekTuBHbIM MeTOaM 00eCcCONMBaHUS OTHOCAT TAKXXe 31eKMPOOUANU3S
M eunepgunvmpayuro. IneKTpoaranu3 no3BoJseT npu nepepaboTke NpoMbiil-
JIEHHBIX CTOYHBIX BOJl NOJTy4aTh 00ECCONEHHYIO YHCTYIO BOAY H KOHLIEHTPHPO-
BaHHble cou B cOpocHbix pacconax PaspabotaHbi KOHCTpykUMM KpynHoraba-
PMTHBIX 3JIEKTPOAUANH3AaTOPOB, TEXHONOTHS M3roTOBNEHUs MeMOpaH, 3nemMeH-
TOB 3JIEKTPOAMANTU3HBIX aMNapaToB, 4YTO MO3BOJMT B Omwkaiilnee BpeMs npu-
CTYNMHUTB K MPOEKTMPOBAHHIO cTaHuui 06eccosMBaHUA BOIAbI NPOU3BOAMTEINb-
HocTbio 10 10-20 ThiC M /cyT Ha puc 2 2 npuBeneHs! NpHHUMNMANBHBIE CXe-
Mbl Hanboiee pacnpocTpaHeHHbIX cnocoboB obecconuBanus BOA

Ecnu cebecTroumMocTb onpecHeHHOH METOROM 3JIEKTPOJIN3a BOAbI £ costeco-
nep>xaHueM 3-5 r/11 Ha yCTaHOBKaxX MPOU3BOAUTENBLHOCTBIO 25-500 M e npu-
HATb 32 OQHY €AWHULLY, TO YAE/bHbIE KalHTaNbHbie BIOXEHHA Ha | M~ cyTouY-
HOM NPOM3BORUTENLHOCTH CTAHLMI COCTABJSIOT MPU TE€X XK€ YCIOBUAX IS
auctriianuy 1600-2000 enuuuu, Ans snekTpoavanusa M runepunbTpaLuu
500-700 eguHUL

Oco6eHHOCTBIO 3aMKHYTBIX BOAOOOOPOTHBIX CHCTEM fBsieTCs 0bs3aTesb-
Hbli YY€T TOKCHKOJIOTHYECKOH M 3MUAEMHOJIOTHYECKON XapaKTEpUCTHK OYH-
ILEHHOM CTOYHOI BOAbI M €e BO3NEHCTBUA Ha yenoBeka Jlns mpenoTspaiueHHs
3arps3HeHuit Bo3ayLHoro HacceitHa ¥ Mo4BbI B paiioHe rpaaupeH Heob6xoanMMo
obecneynTs MUHUMANbHBIA YHOC U3 HUX KanefbHOi Baru (B 0ObIUHBIX yC/O-
Busix oH aocruraer 0,3% u bonee)

INpu ucronp30BaHUM OUMLIEHHBIX CTOYHBIX BOA AJIS TOMOJIHEHUS CHCTEM
OXJlaXKAaKoLero BogocHabxeHus yHoc He nospkeH mpeBbiwath 0,05-0,1%, Tak
Kak KaIuld Bjlark MOTYT COAepikaTh BpeHbie BewecTBa. CHU3UTh YHOC BOALI 10
0,05% no3Bonser MpUMeHeHHWe KOHCTPYKLUMM TrpamupeH, pa3paboTaHHBIX BO
BHHHBoxareo

2.2.YTHIIM3a1HS 0CAAKOB CTOYHbIX BOJ XHMHYECKHX
NpeAnpUATHH

Ipu sxcnayaTaul OYMCTHBIX COOPYXXEHHI B CTPYKTYpE 3aMKHYTBIX CHCTEM
BOZI0OOECTIeUeHNsT XMMUYECKUX NPOU3BOACTB 00pa3yeTcs 3HAYUTENILHOE KOJH-
4ECTBO Pa3/IM4HBIX 0CAAKOB (MM LINaMa), KOTOpbie MPENCTaBAAOT coOO0i, Kak
NpaBHJIO, CMECh Pa3IMUHBIX MEXaHWYECKUX MpUMecei (MHHepanbHOro U opra-
HUYECKOTO NMPOUCX0XKICHUs) U BoAbl BO MHOrMX ciyuyasix 3TH OCaAKM CKJIaaM-
PYIOT B Pa3/IM4HBIX NOBEPXHOCTHBIX XpaHunuwax OOHaKo 3TOT METOA sBJsET-
Cst BbIHY>KAEHHBIM M 3KOHOMMYECKHM HE ONpPaBIaHHbIM, NOCKOJIbKY €ro peaiu-
3auUus CBA3aHa C OTYYXOEHHeM OONILLIMX MPOCTPAHCTB 3EMJIM, 3arps3HEHHEM
NOBEPXHOCTHBIX U MOA3EMHBIX BOJA, NO3TOMY €ro Hejib3si PEKOMEHAOBAThL MJis
LIKPOKOrO BHEAPEHHMs

B nocneaHue romel MoNyYMIo pacnpOCTPAHEHHE 3aKavMBaHWE OCAlKOB B
rny6uHHbIE TOPU30HTLI M TMOA3EMHbIE MYCTOTbI €CTECTBEHHOrO M HMCKYCCTBEH-
HOTO MPOMCXOXIEHH OTpPaboTaHHbIE BLIPAOOTKM PA3NUYHBIX PYAHMKOB HJIHM
LIaxXT, MPOHAEHHbIE, KaK NPaBUJIO, B FUIOTHLIX YCTOM4UBLIX AOpoaax (IJIMHBI,
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TUNChI, KAMEHHAsA COJIb, TAMHHUCTbIE CNTAHLBI MU T A1), @ TaK)Xe CMELMaNbHO COo-
opyxaemble xpanunuima Cnocobbl pa3paboTku Noa3eMHbIX MNYCTOT BecbMa
pa3HoobpasHel IlpuMeHsitoT, HampuMep, MeTOl kamy(JieTHbIX B3pbIBOB (MmJia-
CTHYHbIE [JIMHUCTbIE MOPOABI), FOPHbIH CNocob (YCTOHUYMBbIE MOPOabI), BbiLle-
NavuMBaHUE WM pa3MbiB (OTJIOXKeHHs kaMeHHO# conn) OnHako 3akaunmBaHMe
OTXOJOB B MOA3EMHbIE FOPHU30HTbI MOXET NMPUBECTH K HeMpeABUAEHHOMY pac-
MPOCTPAHEHHIO 3arPs3HAIOLIMX BELIECTB MOX 3eMJeH, MOITOMY 3TOT MeETON
clienyeT NPUMEHATb TOJIbKO MPH rapaHTUPOBAHHOM MCKJIIOUEHHH HEXENaTellb-
HbIX MOCJIEACTBUI

Jns psAna >kMAKMX U nacTooOpasHbIX 0CaakoB, nepepaboTka KOTOPbIX Mexa-
HUYECKMMH, OHONOTrHYecKUMH, (U3MKO-XUMHYECKUMH, PaJHalMOHHBIMK H
ApYrMMHM METONAaMH He JaeT YAOBJETBOPHTENbHbIX pe3yJIbTaTOB, UCMOJIb3YIOT
orHeBoe obe3BpexxuBanue npu 850-980°C u Bbline B coBpeMeHHbIX arperatax
OrHeBOro 00e3BpeXXHUBaHUS, MOCTPOEHHBIX HAa IHEPTOTEXHOJIOTHUECKON OCHOBE,
Hapsly C pa3jlo)keHMeM OpraHM4eckux npuMeceil [0 Oe3BpeAHbIX BeELECTB
BO3MOJKHO M3BJI€YEHHE LIEHHbIX HEOPraHMYeCKUX COeIMHEHWH, UCTOJb3yeMbiX
B JaNnbHelillleM Kak MPOU3BOACTBEHHOE Cbipbe (OCHOBHbIE HENOCTATKH 3TOrO
Metona — GosbLIOH pacxon TOMUIMBA AJS MOJIHOTO OKUCIEHHst TOKCHUHbBIX Be-
IUECTB M HEOOXOAMMOCTb OYHUCTKM OTXOAAWMKX rasoB Crieayer oTMETHTb, YTO
MpH BbICOKOH KOHLEHTPALMM FOpIOYHX NMpUMecei npolecc OrHeBoro obesspe-
)KUBaHHUsL MOXeT ObITb MPaKTHYECKH aBTOTEPMMYHBIM C MUHMMAJIbHBIM Pacxo-
1I0M TOTUIMBA JIMLIb Ha NIpeBapUTENbHbIH pa3orpes peakropa

AHanu3 U3BECTHBIX METONOB 00paboTKHM U 3aKkauKMBaHMst XKUAKHUX U MacTOO0O-
pa3sHbIX OTXO[0B NOKA3bIBAET, YTO 3TH METOZbI He MO3BOJIAIOT MOJHOCTHIO pe-
LWIMTh BOMPOCHI, CBSI3aHHbIE C OXPaHOW MpUpPOdbI OT MPOU3BOACTBEHHBIX 3a-
rpssHeHuit B psne cnydaeB BO3HHMKaeT HEOOXOAMMOCTb JIMKBUAALIUM BTOPHH-
HBbIX 3arpsi3HEHHH, ¥ YacTo (HanmpyuMep, NpH CKIANUPOBAHMU M 3aKaYUBAHUM B
NoA3eMHbIe FOPU30HTHI) ObIBAaET TPYAHO NPOrHO3UPOBATH BO3MOJKHbIE MOC/EN-
CTBUA

Crniocobbl 00paboTku 0CaakoB CTOYHBIX BOL, CYThb KOTOPbIX CBOAMTCA K
YMEHbLIEHHIO UX 00BEMOB M yIyYILEHHIO CTPYKTYPbI Ui NOCJIEAYIOLIErO HC-
N0JIb30BaHMs, a Takke HeobxoarMoe 060pynoBaHue NepeuncieHbl Ha puc 2 3

Heckosibko OTNHYaeTcst OT OCHOBHBIX CHOCOOOB 06e3BOXMBaHMs CrOCOD,
peanu3yeMblii B METAaHTEHKaX M adpOTEHKaX-CTabUIIN3aTOpax — COOpYXEHMsIX,
npenHa3HaYeHHbIX U1 aHa3poOHOM 1 a3pobHOI cTabunu3aLuyu ocaakoB (vYatue
BCero ObITOBBIX CTOUHBIX BOA) B ykasaHHbIe rpynmnbl He BOLUJIM Tak1e BCAOMO-
ratesibHble CHOCOOBI, KaK XMMHUUYECKas WIM TemnoBas oOpaborTka, npeniuect-
BylOLIME MEXaHWYeCKOMY 00€3BOXKMBAHHIO M MPOBOAMMbIE IUISi YMEHbLUEHUs
yAenbHOro CONPOTHBEHUs 0OpabaThIBaEMO#i CycrneH3uu

Llens Bcex 0CHOBHbIX cnocoboB 06paboTku coCTOMT B TOM, 4TOOBI 06€3B0-
OMTb OCaloK, T € YMEHbLUTb ero odbeM B 3TOM OTHOlEHHM ynoTHeHue
MOXeT aaTb Haubonee omyTHMbli 3pbekT CHuXKEHHE BIAXKHOCTH MCXOAHOIO
HJla BCEro JIMLIb Ha HECKOJIbKO MPOLIEHTOB MpPHUBOAMT K YMEHbIUEHHI0 Oonee
riy6oKoro yniaoTHeHHsi, KOTOPOTO B HEKOTOPBIX C/y4asiX MOXHO N0OHTbCs Mo-
ClleNoBaTeNbHbIM TIPUMEHEHHEM YCTPOHCTB mnepBoi rpynmbl obpaboTku (cm
puc 2 3), mepexons Aocje YMJIOTHEHHs Cpa3y K TEpMHYeCKOH Cyiuke (MHHYs
CTaIlI0 MEXaHHYeCKOro 00e3BOXKMBaHUSA), MOXKET OKa3aTbCs 3KOHOMHYECKH H
TE€XHUYECKU BIIOJIHE ONpaBAaHHbIM
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Puc 24 YTtunuzaums ocaJkoB CTOYHBIX BOJ
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Jlo cux nop orpoMHO€ KOJHM4YECTBO OCAAKOB CTOYHBIX BOJI OCTAa€TCs HEMC-
MONb30BaHHBIM UJIM UCMOJIL3YETCS BECbMA OMPaHUUEHHO, B JIy4lIeM Cly4ae Kak
ynobpenne YTUAM3aLUS OCAaZKOB CTOYHBIX BOJ, COAEPXKALUMX OpraHU4ecKhe
BELIECTBa, MO3BOJIET MOJy4aTh MHOTO LIEHHBIX NPOAYKTOB U MaTepHasoB AJs
HapoIHOTrO X03siicTBa (puc 2 4)

1) B cenbckoM X03sHCTBE — MCMONL30BaHUE OCAAKOB KaK LIEHHOro ynobpe-
HUsl, TIpEeBpallleHHE MECYaHbIX MOYB B MIOAOPOAHBIE YHYaCTKH, HCMOJIL30BAaHUE
aKTHBHOIO WJIa kaK OeK0BO-BUTAMHHHOIO KOPMa [lsi MOAKOPMKH JKHBOTHBIX U
NTHLL KM A ONyYeHHs MOJIHOLIEHHOH KOPMOBO# cMecH, cocTosllel U3 Kop-
MOBBIX APOXOKEH U aKTHBHOTO Wi,

2) B NPOMBILIJIEHHOM NPOM3BOACTBE — YTHJM3aLMA XKUPOBLIX BELIECTB A
NOJy4eHHs: TEXHMYECKOrO >KMpa M KOHCHUCTEHTHBIX CMAa30K, UCMOJb30BaHHE
0CaaKOB AN CTPOUTENBHBIX U NOPOXKHBIX paboOT, MPOU3BOACTBO TEXHHUECKOTO
BuTamuHa B nns koMOGukopMOB; nosyueHue 6enkoBbIX BELIECTB U AMHHOKHC-
JIOT, U3 OCAJKOB CYXOH MEpEeroHKONH MO>XHO MOJy4aTb LIEHHbIE XUMHUYECKUE
MPOAYKTHI,

3) npy UCNONB30BAHMH ra3a METaHTEHKOB — MOJy4€HHE TEMIOBOH, MeXaHH-
4eCKOH M 3JIEKTPUUECKOH 3HEPruH; MCIOJNb30OBAHME ra3a s ObITOBLIX HYXI
MM IS iepepaboTku ero B 3aMeHHTENb OeH3MHA, MPOU3BOACTBO XUMHUYECKHUX
NpPOAYKTOB

Tabnuya 2.4 Xumudeckuii cocmag akmugHo20 Una U HeKOMOPbIX KOPMOBLIX Npenapamos

Xumuueckuit coctas, % k aGCOMIOTHO CyXO#t Macce
Hctounuku
AKTHBHOTO HJ1a JKHpOMNO- wier- | BIOB* 30Mb- asor
H KOPMOBBbIE 6enku n00HbIE Be- | 4aTKa HOCTb
MPOAYKTHL LIECTBA
Croku 3aBoga
CHHTETHYECKHX 24-30 3,7 0,8 0.8 3,0 39-48
JKHPHBIX KHCJIOT H
cnupTa
Croku
JlucudaHckoro 46,7 3,8 - - 16,6 7,5
XuMKOMOHHATa
KopMmoBbie aposioku 446 0,5 1,5 53,4 8,3 -
IMpenapar 30,9 0,8 6,6 61,7 38,7 -
KMB-12
MACOKOCTHas MyKa 372 144 - 487 329 -
Pri6Has Myka 594 1,9 - 38,7 25.7 -
[NoaconHeuHsIi 38,9 2,5 15.2 434 6 -
WpOT
TpaBsaHas wieBep- 13,1 4,2 23,2 54,5 72 -
Has Myka
Topox 21,7 1,5 43 72,5 2.6 -
SAumeHb 10,9 5.4 5,2 78.5 3 -

BB *— 6e3a30THCTbIE IKCTPAKTHBHbIE BELIECTBA



BakrepuanbHas npupona akTUBHOTO mia, obpasyrouerocs B cucreme 6uo-
XMMHUYECKUX OYMCTHBIX COOpPYXEHHii, 00YyCIOBIMBAET BLICOKOE COZAEpXaHUe B
HeM OesKOBbIX BELIECTB, aMUHOKHMCIIOT, MUKPO3JIEMEHTOB, BUTAMUHOB IPyMNMbl
B, B ToM uncne ButamMuHa Bz, T € HcCnosb30BaHME aKTMBHOTO WJla [yl MOJly-
4YeHMs MOJIHOLEHHOro MpoAyKTa, NPUrOAHOrO IJI KOPMJIEHHUst NOMALUHUX XKH-
BOTHBIX, NITHL, NYLIHbIX 3Bepeii, pbl0, BeCbMa NepCneKTHBHO.

Bonbiuas pabota no onpeneneHno KOPMOBOH LIEHHOCTH aKTUBHOTO uJia Obi-
Jla MpoBelleHa B pslle Hay4HO-UccneAoBaTenbckux uHctutyroB (BHWHrunpo-
nu3, Uacruryt nuranus AMH P®, Jlenunrpanckuii BerepuHapHblii MHCTUTYT,
AxanemMuss kommyHanbHoro xossdctBa uM KII Tlamdpunosa, Ydumckuii
BHHMH cenbckoro xossiictea U ap ) boun paspaboTaHbl ¥ MCTbITaHbI B NPOU3-
BOACTBEHHBIX YCJIOBHAX HOBbI€ TEXHOJIOTMYECKHE CXEMbl MOJIy4eHHst CyXOro
aKTMBHOTO MJIa KaK KOPMOBOIO NpOAYyKTa, pa3jiMyHbie cxembl 06paboTKH Cbi-
pbiXx ¥ COPOXKEHHBIX OCaZKOB, CMELIAHHBIX OCAJIKOB M aKTMBHOTO MJIa, a TAKXe
McClefloBaHa NMUTaTeNbHAs LIEHHOCTb CMeCel KOPMOBBIX APOMOKEH C aKTHBHbIM
MJIOM, COCTaBJIEHbl TEXHUYECKHE YCIIOBUs Ha CYXOH aKTHUBHbIA W1 M Ha CMeCb
Kak KOpMOBOH NpOAYyKT

XuMHUeCKUit COCTaB aKTHUBHOTO MJia CBUAETENIbCTBYET O €ro BbICOKOH KOp-
moBoH ueHHocTu (Tabn24) IloMMMO NMpOAYKTOB, MepeuMCIEHHBbIX B 3TOMH
Tabnuue, B Mie CONEPIKUTCA TaK)Ke MHOTO BUTaMUHOB rpynnbl B Tuamux (B)),
pubodnasun (B,), naHToreHoBas kucnota (Bj3), xonun (B,), HUKOTHHOBas KH-
cnora (Bs), nupunoxcut (Bg), 6notun (B7), M-unosut (Bg), umanokobanamuH
(B12)

Ha puc 2 5 npuBeneHa TexHOJNOrMUyeckass cxema MpoM3BOACTBa OeskOBOro
BHTaMMHa C YIJIOTHEHWEM MJ1a B TepMorpaBUTalMoHHbIX yrnotHutensx (TI'Y),
a 3aTeM Ha cernapaTopax C MocCjeayloileif ero Cylkoil B pacnbUIMTENbHOH Cy-
wunke Cxema OT/IMYaeTcs MPOCTOTOH, HANEXKHOCTbIO W 3KOHOMHYHOCTBIO
IlpuMeHenue TepMOrpaBUTALIMOHHBIX YIUJIOTHUTENEH aKTMBHOTO MJa BbISBUIIO
nonoxurenbHbie GakTopbl, CBsA3aHHbIE C ero cryigedueM Hanpumep, B TI'Y
nocruraercs 6onee rnybokoe CryiueHue mna, 4eM B cemaparope(no B3BeLleH-
HBbIM BelleCTBaM B cpenHeM 96,5%) [locne HarpeBaHus Wj, CTaHOBACL MeHee
BA3KMM, Jly4lile CENnapupyercs — B CPEAHEM 0 95%-HOH BAAXHOCTH MO B3Be-
weHHbIM (MU 94%-Hoil — N0 CyXUM) BeluecTBaM l'lpomaonm‘enbﬂocn cena-
patopa nocne TI'Y moxxHo npunumars paBHoil 10-12 M */4 (BMecTO 8-10 M’/u
Ha HEMOJLOrPETOM HJIE), NPH ITOM Cenaparop Ha nogorperom une paboraer 60-
nee nponoypkuTenbHoe Bpems (7-8 u BMecto  5-6 4 Ha mie 6e3 monorpesa),
¢yrat nonyuaercs 6onee unucTbiM Crenyer OTMETHTb, 4TO nocjie 06paboTkH B
TI'Y nonHocTbIO THOHYT sifilla reJIbMMHTOB M YHHYTOXKAETCs] KHMIIEYHAs Manoy-
ka Pacxonyemblit nap nns nogorpesa una B TT'Y no 80-90 C B 3HauutenbHoM
Mepe 3KOHOMUTCA NpH MOCIeRyoLIel TEpMUYECKOH CylUKe Uia

TexHonoru4eckas cxema NpeayCMAaTPUBAET NOCTYIUICHHE H30BITOYHOTO AKTHBHOTO MA M3
BTOPHYHOTO OTCTOHHHMKA / Ha HIOBYIO HACOCHYIO CTaHLmiO 2. 3ateM i mo Tpy6onposoay 3
nepekauuBaerca B TI'Y 4, rae B pe3yJbraTe NOAOrpeBa YMAOTHAETCA € 99,5-99 Y%-Ho#t a0 (B
cpeaHeM) 96,5 %-Ho# BIOXHOCTH MO B3BelIeHHbIM BelecrBaMm Ilocie TT'Y ua nocrynaer B
cOOpHYIO €MKOCTb 9, OTKYAa HacocoM /0 NepeKkayMBAETCA HA BTOPYIO CTYNEHb CTYIUEHHA B
cenaparope / /. ITocne BToporo yrutoTHeHns un cobupaercsa B eMkocTH /2 1 HacocoM /4 nepe-
KAYMBAETCA B PACMbUIMTENBHYIO CYWIHAKY /5 B cxeMe mpexycMOTpeH BO3BpaT (hyrara c KOH-
LUEHTpauKeil Cyxux Bewecrs 3-6 1/n no TtpybompoBoay /3 Ha HIOBYI0 HACOCHVIO
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Axrusubiit un  [lap

~

Puc 25 TexHonoruueckas cxemMa NpoH3BOACTBA 0eNKoBOro BHTAMHHA C ABYXCTYNEHYa-
ThIM cryweHucM uia B TI'Y u cenapaTopax ¢ noc;ieAyIouieH CyIWKOH B paCnibLIHTENBHOM
CYLUHIKE

| - RTOpHYHBIH OTCTOHHHK, 2 — HacocHas ¢ 3 - TpyGonp , 4- TI'Y, 5- emkocts, 6 — Hacoc,
7 - Tenn0o6MeHHHK. 8 — OYMCTHbIE COOpYXeHHs, 9 — cOopHas eMKOCTD, /() — Hacoc, /] — cenapatop, /2 — eM-
KocTh, 13 — TpyGonpoBon, /4 - Hacoc, /5 - cymuika

CTAHLHIO 2 WK B OTAC/bHYKO €EMKOCTh lleKaHTH]JOBaHHa}l rops4asi H10Bas BoAa nocie T€pMo-
[PABHTALIHOHHOTO YNJIOTHEHUA COOHPAETCA B EMKOCTH J, OTKYAAa HACOCOM 6 NEPEKAYHBAETCA B
TenN0oOMEHHHUK 7 Ui NPeJBAPHTENBHOTO NOAOTPEBA HCX0AHOTO Hia. [Tocse TennoobMeHHHKa
HJIOBYIO BOAY HCNONB3YIOT KaK OHOCTHMY/ATOP B APOMOKECPACTHTENbHBIX annapaTax MiH BO3-
BpALLAIOT €€ HA OYHCTHBIE COOPYXKEHHA &

B Tabn 25 mepeuucieHbl MPOAYKTHI, MOJiyuyaeMbie MpPU CyXO# neperoHke
ocankoB /[lns cpaBHeHHst B Hel MpUBeAEHb pe3yJbTaTbi CyXOH HEeperoHku
Topda u kamenunoro yris ITocne cyxo#i meperoHkH 0cagkoB OCTaeTcsi OKOJIO
50% noJsykokca, npeacTapisoero coboi yepHyo nopoiukoobpasHyro Maccy
[Monykokc conep>xur 60NbLIOE KOMHYECTBO FOPIOYHX BELIECTB W MOXET ObiTh
MCNONBb30BaH Kak MNblJIEBUIHOE TOMINHBO, KpOME TOro, OH comlepxuT docdop u
oxoJ10 3% a30Ta, YTO AeJlaeT ero BeCbMa LIEHHbIM yNoOpeHneM noa cenbCKoXo-
351ICTBEHHbBIE KYIbTYpbI

Ta6nuya 2 5 Pesynemamel cyxoil nepezonku ocadkos npu 450°C(s ckobkax yxazaHnel 0onon-
HUMme 1bHble nomepu no macce)

TTponyKThl MeperoHkH, % oT aGCOMIOTHO CYXOro BellleCTBa
Chipbe TIEPBHYHbIM | IMporeHeTHyeckas | MEPBHYHbIN ra3 TONIYKOKC
1eroTh BOlla
Chlpble 0caaku u3
OTCTOHHHKA 26,3 12.3 12(2,9) 46.5
C6poxeHHBbIE Ocal-
KM H3 METATEHKOB 15,3 14 12(3) 55,7
AKTHBHBIH M1 24.85 15,2 10(2,55) 474
Topd 11.8-25,9 11,8-26,4 17-18,7 41-47
Bypeit yroas 4 7,6 18,6 69,8
AHTpauuT 14.2 6,9 8 64,1
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B pesynbrare cyxoil neperoHku ocankos Bbigensercs 12% (ot abcosoTHO
CYXOro BEIeCTBa) AEPBUUHOro rasza uau 20% mno OTHOLUEHHIO K OPraHU4eCKUM
BemiecTsaM. B obuuedi cnoxxHocTu rasoobpasHbie MPOAYKTbI COAEPXKAT OKOJIO
68% roplouMx BELIECTB, KOTOpbie MOTYT ObITb MCIONb30BaHbI KaK TOMJIMBO
Tuporenernyeckast Boma, coOMpaemast B TAKOM )K€ KOJIMYECTBE, KaK U MepBud-
Hblii ra3, MMEeT LIENOYHYIO PEaKLHIO U COAEPXKUT MHOTO M0JIE3HOro CBOGOAHO-
ro aMMHaka u obiero asora.

Haunbonee LeHHbIE MPOAYKTHI MOXHO MOJYYUTb U3 NEPBUYHOTO AEIrTS MOCIHE
€ro COOTBETCTBYOLIEH 00pabOTKM, HIDKE MepevHClIeHbl MPOAYKThI, MOJy4eH-
Hble U3 100 T cyxux ocagkoB (B TOHHAX):

Bock 2 Ben3un 3
AcanbTensl 3 Kepocun 7
IMupHaMHOBbBIE OCHOBAHHA 0,8 T'yapoH (kuCbIif) 2
DeHonbl 0,25 Iex 1,5

Kax nokasanu uccnenoBaHMs, U3 AErTs LeiecooOpa3HO BbIOENSTh MPOAYK-
Thbl, GIM3KHE IO COCTaBY K FOPHOMY BOCKY (€ro MPHUMEHSIOT B 3JIEKTPOTEXHUYE-
CKO#1, KO)KeBEHHO-00YBHON U NoaUrpaduYecKoil MPOMBIILIEHHOCTH), a TaKXe
roprouee 11 BUrarteneil ¥ nek (MOeT Ha U3rOTOBJIEHHE OPUKETOB U HU30JIALIH-
OHHBIX TUIHT).

CxeMa TEXHOJNOrHYeCKOro MpoLecca CyXoil MeperoHKH OCaakoB NMpPUMEHH-
TEeNBHO K 3aBOAy, nepepabateiBatoiieMy 125 T/cyT abCOMOTHO CYyXMX OCaIKOB,
nokaszaHa Ha puc. 2.6 Takast npoH3BOAMUTENLHOCTb COOTBETCTBYET, HanpuMep,
MolHOCTH nepBoit ouepenu KypbaHoBckoii cTanLuu aspauun (Mocksa).

Ocazxu BiaxHOCThIO 10% noCTynaloT M3 ckiaa / B ABe ApOOUIKH 2 NMPOH3BOAUTENILHO-
CTBIO 6 T/u Kaxpad. [Tocne APOGNECHHA OCAZKH NOAHHMAIOTCA TPaHcnopTepom 3 B OyHKep 4, U3
KOTOpOro MOCTYNAlOT B ra30BYIO NMe4b 5 HAPYXKHBIM AHAMETPOM 3M M BbICOTOH 6M Bcero yc-
TAHOBJICHO TPH NMEYH, H3 KOTOPBIX OAHA pe3epBHas. [Teun oborpeBaloTCA ra3soM C pacueTHoOM
TemnepaTypoii 450-500 °C. TToyKOKC yIANAETCA Yepes HIKHEE pa3rpy30uHoe otBepcTue [a3,
CMOJ1a H Napbl BOABI H3 NEYH NOCTYMAIOT B ra3ocOOPHHK 6, H3 KOTOPOro CMOJNA H B0Ja (B XHA-
KOM COCTOAHHH) CTEKAalOT B BOAOOTACTHTEND 7, a ra3 NOABEPracTCa MPeJBaPUTENLHOMY OXJa-
HKAEHHIO B AMIApaTe 8 H OYHCTKE.

I'a3 oyMIalOT OT CEPOBOAOPOAA H AHOKCHIA YINIEPOJA, MPOMBIBAIOT H3BECTKOBBIM MOJIO-
KOM, a 3aTeM xene3oconoBbiM pacTBopoM (FeCO;) TMornowenue CO, ocyuecTsasercs B Tpex
ckpy66epax 9, a H,S — B aByx apyrux ckpy66epax /0 OuMIEHHbIH ra3 nocTynaet B MOKpbIii
rasronpacp //, OTKyAa pacxomyercs kak TorMBo. Micnoib30BaHHBIH >ken€30COA0BbIH PacTBOP
C/IMBAETCA B EMKOCTb /2 H HacocoM /3 mepekayuBaercs B 6ap6oTepnl /4 111 pereHepaunu

CMOJly OTAEIIOT OT HAACMOJILHOH BOABI B BOAOOTAENHMTENE 7, CHAOKEHHOM 3MEEBHKOM
i o6orpesa napoM. OTCloAa HAICMONbHAS BOJA C MEXAHHYECKHMH NMPUMECAMH TNOCTYNaer B
TEXHHYECKYIO KAHAM3ALHIO, 3 OYHIICHHAA K OCBOOO)KACHHAA OT BOJAbI CMONA HAMPABIAETCA B
ABA XpaHuiIMWa /5

Bock BbLICHAETCS M3 CMOJIBI B anmapaTe-3KCTpakTope /7 B BepXHIOIO 4aCTh 3KCTpaKTOpa
HACOCOM MOAAETCA CMOJIA, a B HIDKHIOK — OCH3HH U3 eMKOCTH /6. PacTBOp BoCKa B GEH3HMHE H3
BEPXHEro LITYUEpa 3KCTPAKTOpa /7 MEpPEeXOOHT B MPOMEXYTOYHYIO EMKOCTb /9, M3 KOTOpO#i
Hacocom 20 noaaercs A1 OXJIKICHHS B KpucTamnu3aTopsl 2/ Cmonoo6pasyromue BewmecTsa
cobHpaloTCs B €eMKOCTH /8 M MEPEAAlOTCA HAa MOCHEXYIOIyIo nepepabotky Pacteop Bocka B
GeH3HHe, oXTaKIeHHBIH 10 5-8 "C, NOCNe KPHCTAIH3ATOPOB MOJAETCA B LUeHTpHYry 22, oT-
KyJa NOnajaer B pe3epByap 23, MPeAKA3HAUECHHBIA ANIA NIABIEHHA BOCKA
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Puc 2.6 Cxema TEXHONOrHYECKOro MPOLIECCA CYXOH MEPErOHKH OCAAKOB CTOMHBIX BOX
I~ Bopa B kananusaumio, I/ - cMona u napsi Boasl, II1,VII — nap, [V - cepoBonopon Ha nepepa6otky, V - Bock
Ha poxnuB, VT — GeH3HH, OCTa/lbHble MOACHEHHA B TEKCTE

PacniaBneHHbIH BOCK rPaHyMPYETCS BOAOH H MO HAKIOHHOMY TPAHCNOpTEPY 24 MOJAaeTcA Ha
3aKPBLITHIH TPAaHCNOpTEp 28, rae OH OKOHYATEJIbHO MPOMBIBAETCA OT NMPUMECEH H BTOPHYHO
NIaBHTCA B pe3epByape 29 Otcioaa nopurHeBbIM HacocoM 30 Macca MOAAETCA HAa (DUIBLTPbI
31, 3aTeM BOCK MOCTYMAeT Ha PO3JIHB

OrtaencHHblii B UeHTpU(Qyre OeH3HH nocTynaer B 6ak 25, M3 KOTOPOro HacocoM 26 mepe-
KaYHBaeTCs B pe3epByap 27, npeJHa3HAYECHHbIH 11 IKCTPAKLMH BOCKa

IMone3Hsle coCTaBHBIE YAaCTH OCAOKOB, MOABEPrHYTbIE CYXOM MEPEroHKe,
MOTYT MpPEACTaBAATb 60MbLIYIO LEHHOCTh

HedrenpoaykThl, ylnoBiIeHHBIE CO BCeX COOpYXeHHH 0GOPOTHOro BOXO-
CHaO>KeHHs M NMpPOM3BOACTBEHHONH KaHaNM3allMK HepTeXUMUUYECKHMX U Hedre-
nepepabaThIBalOIIMX MPON3BOACTB (HedTeoTAenuTeNeH, NECKONOBOK, HedTe-
JIOBYIlleK, MPYIOB OTCTOA M OPYrHX COOPYXKeHWit), 0OpabaTbiBalOT B CreuH-
anbHBIX pe3epByapax ¢ nomorpeBoM /[lanee o6e3BoxeHHble HedTenpoayKThl,
Kak NMpaBWIIO, IEPENAIOTCs B MPOU3BOACTBO.

B npotecce ounctku HedTecomepxaiux CTOYHBIX BOA 00Opa3yeTrcs 3Ha4YM-
TENIbHOE KOJIMYECTBO HedTelllaMa, COCTOALIEr0 B OCHOBHOM M3 MeXaHUue-
CKMX NpHUMeceH, MOCTYNaKOIUX B CTOUHbIE BOABI BMECTE C HeQThIO M BOIOH
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Yrunusnposats HedTelnamM N0BOJIBHO TPyAHO B Haiueli cTpaHe W 3a py-
6exxoM B mocnenHWe roabt NpemoXeHbl cieaylole cnocobbr nepepaboTku
HedTAHBIX LIAMOB U YTHIM3ALMU COAEPKALIUXCA B HUX HeTeNpoayKTOB

~ npenBapuTenbHoe 00€3BOXKMBaHHE, TEPMHUYeECKas WJIM Mpecc-Cylika 06-
BOJIHEHHOTO IIJIaMa U nepepaboTka MONy4YeHHbIX HEeQTENpOAYKTOB N0 pa3yiny-
HbIM cXeMaM (B 3aBUCHMOCTHM OT Ka4yecTBa OPraHMYECKOH YacCTH, BbIAENEHHOM
U3 lJ1ama);

— MpenBapUTeNbHOe 00e3BOXKHBaHUE, TEPMUUECKas CyILKa, OpUKETUpOBaHHE
BBLICYIHEHHOIO 1UflaMa C pa3lUYHBIMU HAMOJHHUTENAMH (YrOJbHON MbLIbIO,
OMUIIKAMH, CIAHLAMHU U T [1.) ¥ HCTOJIb30BaHHe OPUKETOB B Ka4eCTBE TOILINBA,

— rasudukanus 06e3B0XKEHHOr0 MK YaCTHYHO 00€3BOXKEHHOTO j1ama,

— cxxuranue 6e3 06e3BOKMBAaHUA U TEPMUHECKOH CYIIKH B BUAE IMYILCHH U
MCMOMb30BaHHE BBIAENSIOIIEroCs TeIa A NPON3BOJACTBEHHbIX Liefiei

Bce nepeuncnennsie cnocobbl nepepaboTky MnaMoB TPeOYIOT onpenenex-
HbIX KalNMTaJIbHBIX M 3KCIUyaTaLMOHHBIX 3aTPaT, OAHAKO B YCJIOBMsX BO3pac-
Taouero aedpULUTa U 3HAUNTENLHOTO YIOPOXKaHUs TOMUIMBA 3TH 3aTPaThl MO-
ryT oka3aTbCs LenecoobpasHbiMH Bbibop cnocoba nepepaboTku 3aBUCHT OT
KayecTBa LIJIaMa M COCTaBa COAEPXAIUMXCA B HeM HeTEnpOAYKTOB U MeXaHHU-
4yeckux npumeceii B uacTHocTH, mpouecc OTCTauBaHMs HE(PTAHBIX LIIAMOB
noapo6Ho uzysen Ha Kupuiickom HIT3 Illnambt u3 pasnauyHbIX OYUCTHBIX CO-
OpY>XeHHi1 3aBoAa (MCKJTFOYAs ILJIAMBI, [UTMTENILHO XPAHAIHECS B HAKOMMTE-
NX) B Te€YeHHE 3 4 OTCTaWBaHMUA AOCTATOYHO XOPOIUO Pa3AENAIOTCA Ha TPH
CNosA: 3MyNbCHOHHBIN (HedTenpoaykT), NOHHBIA ocamok ¢ 10-15% opranuue-
CKHMX BELIECTB, BOMHBIN, HE3HAYMTENbHO 3arps3HeHHbi HedTernpoaykToM u
MEXaHUYECKHMH NpUMecsiMH. B sMynbCHOHHOM crnoe cofep)kaHue Hedrenpo-
IyKTa cocTaBiseT B cpenHeM 62,5%, Bonsi — 35%, ocranbHbie 2,5% — MexaHu-
YecKkHe NMPUMECH.

Hedtsanbie mambl, obpasyroumecs #a HII3, pexkomenmyercs npenBapu-
TeJNbHO pasfensaTb. BonHblil cnol, 3arps3sHeHHblid HedTenpoayKTaMH, HY>XHO
OTKa4yMBaTh Ha OYMCTHbIE COOPY)XXEHUS, BEPXHUI 3MYJIbCHOHHBIH CNOH, Onu3-
KMH MO COCTaBy K «JIOBYLIEYHO/» HedTH, — MonaBaTh B JIOBYIUEYHbIE pe3ep-
Byapbl 4 nepepabaTbiBaTh BMecTe C 9TOH HedThbO; HUXKHHUH CNOH (HOHHBIHA OCa-
00K) — yTunu3upoBath Ui pasneneHus HeTSHOTO LijlaMa MOXHO TMPUMEHSITD
ueHTpudyrupoBaHue, MOJOTPEB, a TakKe JOOABIATbL B HErO A€3MYJIbIaTOPbI

B Hacrosee BpeMs u3yyaeTcs BO3MOXKHOCTb MPUMEHEHHs TBepAbIX HedTs-
HBbIX OTXOOB (LLIaMOB W He(TAHON rpsA3H) INsi NPHUTOTOBJIEHUS] OUCTIEPrHPO-
BaHHBIX aKTHMBHPOBAaHHBLIX 3MYJIBCHOHHBIX TOTUIMBHBIX CMeceif B ammaparax
YA (yHuBepcalbHbIX JE3UMHTErpaTopax-akTHBATOpax), B KOTOPLIX OOHOBpe-
MEHHO OCYINECTBIAIOTCS QUCTEPrUpOBaHUE, CMEILEHHE M aKTHBALUs KOMIIO-
HEHTOB CMECH C M3MEHEHHEM HX HEKOTOPBIX (PU3MKO-XHUMHYECKMX CBOHCTB
OnbiTh!l NOKa3aH, 4TO nocie 06paboTku B MOJOOHBIX anmapaTaX HeKOTOpble
LI1aMbl MOXKHO HCIIOJIb30BAaTh B KayeCTBE KOTENbHOIO TOIUIMBA HEMOCPEACT-
BEHHO WIM B CMECH C TOMOYHbIM MasyTom Jlucnepruposanuio B YJIA Obinu
MOABEPTHYTHI, KPOME TOTO, CMeChb HE(QTAHBIX LLIAMOB M HedTerpsA3n U3 3aBo-
ICKOro mpyna-HakonuTens (BepXHHiH cNoii), a Takxke cpemHecyTouHas npoba
1IJ1IaMa OT OTHENIbHBIX TPOLIECCOB M MeHa, 0Opasyloulascs B 3aBOACKHX OYHCT-
HbIX coopy>xeHusAX (Tabn 2.6).
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IMonyueHHbie TONMMBHBIE CMECH MOXHO N00aBJATE B 3aBOJCKOE KOTENbHOE
TonNMBO (BhaxHOCThIO 10 10%), a TakKe UCMOJB30BATh OTHAENLHO B KauecTBe
3aBOJICKOro TonuBa 6e3 yxyueHus npolecca ropeHus B TpybuaThix neuax

JloNONMHUTENBHO pa3MellbueHHOe TBepIOe TOMIMBO Jiyullle NepeMeLlMBaeTcs
C BO3JyXOM, UYTO, B CBOIO OUYepellb, COKpallaeT BpeMsi CropaHHs TOTJIMBA U MO-
3BOJISET YMEHBIUUTb M3ObITOK BO3ayxa 6e3 yxynil€HMs MOJNHOTBI CropaHus
Bona akTMBHO y4acTByeT B MpollecCe rOpeHMs, MO3TOMY €€ HeNlb3sl CUMTATh
MHEPTHbIM BelecTBOM [IpH CKMraHMW 3MYNbCHH 3HAUMTENBHO YMEHbLUAETCs
KaK KOJIM4ecTBO 00pasylolerocs yriepoja, Tak H KOJIMYECTBO TOKCHYHBIX CO-
efAlHEeHUU B ObIMOBBIX ra3zax [lpu o6paboTke nonoOHBIX 3MyNbCUi B Ie3UHTE-
rpatope 0Co6€HHO BaXKHa BO3MOXHOCTb BBENEHHMS B HMX NPHUCANOK, YMEHb-
LIAOLIMX KOPPO3HIO alnapaTyphi H CBA3BIBAIOLIMX CEPY

Tabnuya 2 6 Cocmag u kavecmeo wnamog nocne oopabomxu ux ¢ VJ[4

Tennota
JlucneprupoBaHHbie BnaxuHocts, | 3ombHoctb, | Jlucnepc- CropaHus,
TOMJIMBHBIE CMECH % % HOCTb, MKM Mmx/kr
CMechb WIAMOB M3 Npy aa- 73 4,16 10-12 36,4
HAKOTIHTENA (BEPXHHI CT0H
NoC/1e AJIMTENBLHOTO XpaHe-
HHA)
CpeaHecyTouHas npoba mita- 49.7 0,32 8-10 19.4
Ma (CMeCh OTXOAOB MPOM3BO-
CTBA)
Lnam 13 wnaMoHakonure s 28,5 2,41 5-10 274
H CPeHECYTO4HAsA
npo6a wnama (50.50)
INeHa ¢ OMHCTHBIX 47,0 0,5 - 19,0
COOpY>KEHHH H
Ma3yTt mapku 40 (50 50)

2.3.I1porHo3upoBaHue pa3BUTHS 3aMKHYTBIX CHCTEM

Jlns nepexona npeanpuATHA XMMHUUECKOH NPOMBILLIEHHOCTH Ha 3aMKHYTYIO
CXEMY BOJIHOTO X03s/iCTBa Ha NaHHOM BPEMEHHOM ypOBHE MOIYT NOTpe6GoBaTh-
cs Gonee pecypcoeMkye W [OPOrHe METOMbI U CXEMbl OYHCTKHM, a CNIEA0BATENb-
HO, NPUBJIEYEHHE 3HAYUTENLHO OONBILMX MAaTEPHANbHBIX, TPYROBLIX U QUHAH-
COBbIX 3aTpaT JTO, B CBOIO OYepenb, JeNaeT HeOOXOAMMbIM MPOrHO3UPOBaHHE
Pa3BUTHUs 3aMKHYTBIX CUCTEM, a TaKXKe 3aTpaT Ha UX OCYLLECTBIEHHE

Mownocme 3amknymou cucmemer MOXeT GbITb OXapakTepU30BaHa 0O6BEMOM
BoAbl, GyHkuMOHMpYytoulei B Hell JIns MPOrHO3MPOBaHHMs Pa3BUTHA METOMOB
OYMCTKM CTOYHBIX BOJ M 3aMKHYTbIX CHCTEM BOJHOIO XO3SHCTBAa XUMHYECKOM
NPOMBIILJIEHHOCTH MOKHO MCMOJIb30BATh PAA AaHHbIX

TIpozro3 06bemoB 600bl, YHKYUOHUDYIOWeER 6 3aMKHYmbIX Ccucmemar,
MOXHO OCYIUECTBJIATL Ha OCHOBAHWUH BbIMOJIHEHHBIX ¥ B3aHMOYBS3aHHBIX NpO-
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rHO30B 00BEMOB BaJlOBOro BoXONOTpedNeHHs, 060POTHO-NOBTOPHOrO BOAO-
cHaOxkeHMsl MpH 3a[aHHBIX TEMMaX ero pa3BUTHUs, NoTpeblieHHs CBexel BOABI,
BaJiOBOr0 BOJOOTBENEHHA U COpacbiBaeMbIX B BOJAHbIE OOBEKTbI CTOUHBIX BOJ
Jnst pacueros Hcronb3yloT GakTHuecKHe NaHHbIE O Pa3BUTHH 3aMKHYTBIX CHC-
TeM Ha 6a30Bblil nepuon M naHHble Ha Tekyuiue 5 ner OrpaHuvMBaKOLIUE YC-
JIOBUA CleayoLHe

V:aMSV06—<Vao; Vc6+ Voﬁ”_Vno,

rae Viu, — 00BEMBI BOJbI, BO3BPALIAEMbIE B 3aMKHYThIE CHCTEMBI, Vs — 06beMbl BOABI, HAXO-
asuuecs B 060pOTHO-NOBTOPHBIX CHCTEMAX, V,, — 00BbeMbl BaJIOBOr0 BOAOOTBEACHHA, b —
06beMbI COPACHIBAEMBIX CTOMHBIX BOA

YcnoBHoO BHeapeHHe 000pOTHO-NOBTOPHOTO BOAOCHA0XeHHUs! HA BHOBb BBO-
AMMBIX TPEQNPUATHAX [0 MOABJIECHHA BO3MOXKHOCTH NEpexofa Ha 3aMKHYTYIO
CHCTEMY MO>XXHO Ha3BaTh «TPAAMLIMOHHO BO3MOXKHBIM» Torma pesynerar nepe-
XOlda Ha 3aMKHYTYIO CHCTEMY BOJHOTO XO3SHCTBAa YCIOBHO MOXHO OXapakTe-
pU30BaTh Kak yBenMyeHHe oOBeMOB, BO3BpalllaeMbix B CHCTeMbl 00OpPOTHO-
NOBTOPHOTO BOJOCHA0XEHHsA, U Ha3BaTh «CBEPXTPAAMLIMOHHO BO3MOXKHbBIM»

Ob6vembl, 6o38pawjaemvle 6 3AMKHyNble CUCMEMbl, MOKHO MpPEACTaBUThL Kak
cyMMy 00beMOB, BO3BpalllaeMbiX B «TpPaguLMOHHbIE» (F706) U «CBEPXTPaIHLIM-
oHHbIe» (Viro6) 000POTHO-NOBTOPHBIE CUCTEMBI®

Vi = Vi o6 + Veur o6

Jns onpeneneHuss 06beMOB BOAbI, BO3BPALIAEMOi B 3aMKHYTBIE CHCTEMBI,
MCHOJIb3YIOT CENYIOIIYI0 METONMKY Pacdera
Jlns 62a30BOr0 BPEMEHHOrO YPOBHA HAaXOAAT PasHOCTb 06beMOB 0BOPOTHO-
NOBTOPHOIO BOllOCHaG)KeHMﬂ )4 061>CMOB, HaXOmsLHUXCA B 3aMKHYTBIX CHUCTE-
Mmax (V)
= Vos = Vaaw

3Ta pa3HOCTb COOTBETCTBYeT 00bEMY BOMbI, BO3BpAIlaéMOi B «TPaXULIHOH-
Hble» cUcTeMbl 000POTHO-NOBTOPHOTO BOXOCHAOXKEHUs, U XapaKTepu3yeT A0C-
TUTHYTBIA YPOBEHb Pa3BMTHs 3TUX CUCTEM Ha MPEANPHUATHAX OTPaciu, 3a Mc-
KJIOYEHUEM TeX, TAE YK€ peali30BaHbl 3aMKHYTble CHCTEMbl BOLHOTO XO03siHi-
cTBa

MakcuMainbHas 80Jis1 06beMOB (Omax), OTBOAUMBIX B «TpaAMLIHOHHBIE» 060-
POTHO-NOBTOPHbIE CUCTEMBI, B 06beMax BaloBOro BOLOOTBEAEHMs IJIs KaXKAO-
ro KOHKPETHOTO BHAA NMpPOMBILIJIEHHOCTH Ha OMNpeNeNeHHOM 3Tane SBJIAETCs
nocrosiiHoi. IToaToMy Ha cienyroLleM dTane paboThi HAXOAAT MaKCHMalbHOe
3Ha4YeHUe TOH [O0JH, ero OnpenessoT METONOM IKCIEPTHONH OLEHKH WM NpH-
HHUMAIOT 10 pe3ynbTaTaM aHalu3a COOTBETCTBYIOIUMX NMyOnukaluuii unu u3 Ha-
KOTUIEHHOTO OfbITa JTO MO3BOJIMT OMpENeNUTh TY 4acTh 00BEMOB Boabl V7,
KOTOpas HaXOAMTCs B «TPaAMLIMOHHBIX» CHUCTEMax 0OOPOTHO-MOBTOPHOrO BO-
nocHabxeHust BOMHOTO XO35AMCTBa MpeAnpUATHii, paboTaloMX NO 3aMKHYTHIM
cxeMaM

V2 = OmaxVaame
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Cymma V; u V, cootBeTcTByeT 06bEMaM BOZbI, HAXOAAIMMCS B «TpaauLi-
OHHBIX» CHCTEMax 000POTHO-TIOBTOPHOTO BOAOCHAOKEHHs

Vies=V1¢ V2~

3aTeM ompeAensoT A00 00beMOB BObI, GYHKLMOHUPYIOIIUX B «TPaAWLIU-
OHHBIX» CHCTeMax 06OpPOTHO-MOBTOpHOro BojocHaOxenus. Hcxoas u3 nony-
4YEHHOr0 YBEJIHYeHUs 101K 00BEMOB BOABI, HAXOIALUMXCA B «TPAAMLHOHHBIX)»
000pPOTHO-NOBTOPHBIX CUCTEMAX, 33[AF0TC U3MEHEHHEM 3TOM JIO/IK OT PacCuM-
TaHHOH BeNWYMHbI Ha KOHeu 6a3zoBoro cpoka (5-10 ner) oo MakcHMalbHOTO
3Ha4YeHUs B MIEPCIIEKTHBE U ONPENENAIOT 3TH 06BEMBI

PaszHocTb 06beMOB 060POTHO-NOBTOPHOTO BOXOCHAOKEHHA U 06BEMOB Tpa-
AULMOHHOTO 0DOPOTHO-NOBTOPHOrO BOROCHAOXEHUA HACT 00beMbl 600bl KO-
mopuvle 00XNCHLI OblMb 3AMKHYMbl, T € OTBEeleHbl B CBEPXTPaAHLIMOHHBIE»
06opoTHO-noBTOpHbIE cucTeMbl Mcnonp3ys 3T 06veMbl M 3Has NOMIO TpaaM-
LIHOHHOTO 060POTHO-NMOBTOPHOrO BoAOCHaOXeHUst B 00beMax BaloBOro BOXO-
OTBEEHHUS, MOXHO PACCUUTATh 00beMbl 800bl, PYHKYUOHUDYIOUWET 8 3AMKHY-
muix cucmemax, no gopmyne

Viau =V 06'(] - 6)»

rae 8 — noas 06xeMOB BOABI

PacueTbl MOBTOPAIOT AJ Ka)XXOOrO BPEMEHHOIO YPOBHsS M MpPOBEPSIOT CO-
6ionenune orpaHuuMBaloux ycnosuid OnucaHHas METOAMKA NO3BOJIAET Mpo-
rHO3HPOBaTb Pa3BUTHE 3aMKHYTHIX CHCTEM BojooOecnedeHus NpH MHHUMallb-
Hoit nHdopmauun

Jns noNrocpovHoro MIaHUPOBAHUA [HajibHEHIIEro pa3sBUTHA 3aMKHYTBIX
cucreM BoaoobecrneueHnss BaKHYIO pojib MIPAIOT CXEMbl KOMIUIEKCHOTO HC-
MOJIb30BaHUA U OXpaHbl BONHBIX PECYPCOB; 3TH CXEeMbl NMPEACTABIAT coboii
BHECTaJuiHble MPOEKTHbIE NOKYMEHTHI, onpeneisiounue macirtabel, oyepen-
HOCTb U 3KOHOMMKY BOJOX03HCTBEHHOTO CTPOMTENILCTBA, a Takxke Heobxonu-
MOCTb M OYEpPENHOCTb CTPOMTENLCTBA COOPYXEHHil, CBA3aHHBIX C OXpaHOi
BOZHbIX 0OBEKTOB OT UCTOLEHHS U 3arPA3HEHUS

Ha ocHoBanuu pa3paboTOk TEXHUYECKUX MEpONPHATHH M MX 3KOHOMHYe-
CKOH OLleHKHM MOTyT ObITb CO3aHbl KOMILIEKCHBIE LiEJIeBble NPOrPaMMBI, B KO-
TOPbIX JOJDKHA OBITH NPENYCMOTPEHA CHCTEMA KOHKPETHBIX OPraHW3aLHOHHBIX,
TeXHUYECKMX, 3KOHOMUYECKUX M APYTHX BOJOOXPaHHBIX MEPONPUSATHIA, B TOM
4uC/ie ¥ CO3[aHHEe 3aMKHYTBIX CHCTEM BOMHOIO XO3fHCTBa Ha NMPENNpPUATHAX
OTAeNbHbIX 00beANHEHUH HIK XUMHUYECKOH MPOMBILIIEHHOCTH B LIEJIOM

OcHoBbIBasicb Ha pa3paboTke KOMIUIEKCHBIX LieNeBbIX MporpamMm, ¢opmu-
PYIOT enuHbIi NepcrieKTHBHBIA MaH, COCTOAIMUA M3 1) nnaHa, popmMupyemoro
B COOTBETCTBHUM C MEPOTMPUATUAMH KOMIUJIEKCHBIX LI€IEBbIX [IPOrpaMM peruo-
HOB, OacceifHOB pek, X y4acTKOB, 2) MiaHa, YYUTHIBAIOILETO MCIIOJIL30BAHHE
BHEMPOTPAMMHBIX MEpOMNpPUATHH, OCHOBAHHBIX Ha M3y4YEHHUH MATEPHAJIOB MO
OTpacisM MPOMBILIIEHHOCTH, @ Talkke TEXHHKO-JKOHOMUYECKHUX HOKJIanoB U
obocHoBanunii B mepcrnexTuBe mpeAcTaBnAeTCS BO3MOXKHBIM MMOJHOCTBIO Me-
pedTH Ha NOJrOCPOYHOE I1IaHUPOBaHWE, OCHOBAHHOE Ha CHUCTEME KOMILIEKC-
HBIX LIEJIEBBIX MPOTrpamMM C y4yeToM creurduky BOJOOXpaHHOH HesTeNbHOCTH,
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HOCsLLE Kak OTpacNeBoi, Tak U MEXOTpaclieBoil xapakTep

Ilpu peanuzali KOMIUIEKCHbIX M LIENEBbIX BOJAOOXPAHHBIX MNpPOrpamm
JOJDKHBI ObITb JOCTUMHYTHI OnpeneeHHble GU3UKO-XMMHUYECKHe 1 Ononoruye-
CKHMEe XapaKTEpUCTHKU BOIbI, COXpaHEHbl MWHHMAJIbHO NOMYCTHMBIA pacxon
unu o6beMbl ee B BOTHOM 06bekTe OcyluecTBleHHE NPOrpaMMbl UCMOJb30Ba-
HMSl BOJHBIX PECYPCOB JacT BO3MOXHOCTb YIOBJETBOPUTL NOTPEOHOCTb B BOAE
3a CYET U3BATHS JOMYCTHMBIX KOJIMYECTB BOMIbI, HE MCTOILAOLIUX BOAHbIH 00b-
€KT, a TaKkXKe pallHOHANbHO MCMHOJIb30BaTh 3TOT 00BEKT 6€3 HU3bATHs BOABI, HeE
Hapylas BONOOXpaHHbIX TpebGoBaHui. KoMmiekcHble LeneBble nporpamMMbl
JOJDKHBI ObITH pacCcuMTaHbl Ha NOCTHXXEHHE HAMBBICLIEr0 COLMANbHOIO, 3KO-
HOMMHYECKOTO W 3KOJIOrM4eckoro 3¢pekra OT OXpaHbl MOBEPXHOCTHBIX U MOA-
3eMHbix Boa OHU onpenensioT MiaHbl MO COBEPLIEHCTBOBAHUIO CHCTEMbI
yNpaBjieHUss BOLNOOXPAaHHOH MEATENIBHOCTBIO, COHEpXKaT PEKOMEHAAaLUHH Mo
pa3MeLeHH0 MPOU3BOAUTENBHbBIX CHJI, COBEPLIEHCTBOBAHHIO MPaBOBOIi OXpa-
Hbl BOA. JTH MPOTpaMMbI MOTYT MMETb MEXOTPAC/IEBOH, MeXperdoHanbHblii,
Mexxo0nacTHO# xapakTep, OHU HOJKHbI OOBENUHATH, KOOPAWHMPOBATH U Ha-
NpaBNATh OEATENBHOCTh Pa3IM4HBIX BEJOMCTB, NPENPUATHI, OPraHOB YNpas-
JIEHHUS

Ipu noaroToBke KOMMIEKCHOMH LieNeBOH APOrpaMMbl MO CO3AaHUIO 3AMKHY-
TBIX CHCTEM BojooOecnedeHHs Ha MEepBOM STane MIaHUPYIOT BCIO COBOKYI-
HOCTb MepomnpusTui, oQopmiss COOTBeTCTByIOLMEe NOKyMeHTsl Ha BTOpOM
JTare MpoBOAAT HAay4HO-HCCIENOBaTeNbCKHE, OMBITHO-KOHCTPYKTCpCKUE pabo-
Thl, a Takke pabOTbl MO H3TOTOBJIEHHIO M MOHTaXy o0opyHoBaHus, BenyT
CTPOHUTENBCTBO COOPYXKEHUH, OCYILECTBISIOT MYCK M HANaAKy CUCTEM, HX HC-
NbITAHUA U CHAYY B IKCIUTYaTaLHIO.
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Thaea 3

O4YHCTKA CTOYHBIX BOJ H MYTH ee peajiu3aluu

3.1. AHaJIH3 CylIECTBYIOLLHX CX€M OUHMCTKH CTOYHBIX BO

TexHONOrMYeCKME CXEMbI OUUCTKM CTOYHBIX BOJ — 3TO KOMIUIEKChI COOpY-
KEHWH, NpenHa3HaYeHHbIX 1A M3BJIEYEHHs U3 CTOYHBIX BOA NpHUMeECEH, onac-
HbIX B CAHHTApPHOM OTHOLIEHMM MIIM LIEHHBIX KaK BTOPHU4HOE Cbipbe B HacTosi-
liee BpeMs CyLiecTBYeT G0bloe MHOroo6pasie TEXHOJIOTHYECKHX CxeM Bei-
60p KOMIIEKCa COOPY>KeHHit M ycTaHOBeHHE 3(dEKTUBHOTO pexuma ero pa-
60Tbl OOBIYHO MNPEACTAaBJAIOT ONpenesNeHHble TPYAHOCTH, O0OYC/OBJIEHHbIE
MHO>KECTBEHHOCTbIO TyTell NOCTIKeHHs Tpebyemoro KauecTBa OUMIUEHHOH
Boabl Tak, wis GpIOTAUMM CTOYHBIX BOJ KOXKEBEHHbIX 3aBOOB B COYETaHHMH C
KOary/isumneil NPUMEHSIOTCA HarOpHbIE YCTaHOBKM Pasnuuaror npsamyro dio-
Taumio, GOTaUMIO C YaCTMYHOM nepekaukoi Boabl, GoTaumio ¢ peurpkyis-
uueit ¥ driorauuio ¢ pabouei XKHAKOCTHIO

TeXHONOrMYECKHE CXEMbI OYUCTKH CTOUHBIX BOJ, OCHOBAHHbLIE Ha NPUMEHE-
HHH CEAMMEHTALMOHHO-(JIOTALIMOHHBIX METONOB M KOAryJsLiMH, BKIIIOUYAIOT B
ceds y3/ibl ynasenus rpyOOAMCNIEpCHBIX NpuMecei sxupa Metonamu ¢ioTtaumnu
11 OTCTaMBaHHUA, y3Jibl MepeBOaa MpUMeECei B HEPACTBOPMMbIE COEAMHEHHUS Y-
TeM KoaryJisillii HOHaMH xenesa ¢ 1006aBKO U3BECTH MJIs KOPPEKTHPOBKH Be-
AuunHbl pH, y3abl yaaneHus KoarynupoBaHHBIX Npumeceit ¢poTaumed uiu ot-
CTaMBaHMEM M JOOYMCTKU BOAbI QUIILTPOBAHUEM HEPE3 3€PHUCTBIE MAaTEPHAbI,
a TaKke y3/ibl KOHAMLMOHMPOBAHHMA OCAAKOB O0E3BOXXKMBAHMEM HAa BaKyyMm-
¢dunbTpax

Cpenu CylecTBYIOLNX TEXHONOrMYECKUX CXEM OUMCTKM CTO4HBIX BOA OCO-
6oe MecTo 3aHMMaer OUoJOrMyYeckas OYUCTKA C MCMOJBb30BAHMEM aKTHBHOIO
una

BHOXMMHYECKHE YCTaHOBKHM Pa3fiM¥yaloT Nno Knaccu(HKauHOHHBIM NpH3Ha-
KaM  CNOPafiM4ECKUH—TIOCTOSIHHbIA, a3pOOHbIi—aHadpoOHBIH, KpUOQUIBLHBI
(20°C) —Me3sodunbHbiit (20-40°C) —~Tepmodunbhbliii (50-60°C), onHocTyneHua-
TbIH—MHOTOCTYMEHYaTbIi, CMellaHHas MUKpOOHas KynbTypa—CeaeKLMOHHas
MOHOKYNIbTYypa (nubo crepunbHas ¢GepmeHTauMs), ONHOCTaAUHHBIA pac-
nag-pacnajg MpOAYKTOB CTOKOB B HECKOJIbKO 3TamloB, €CTECTBEHHas ajpa-
UMA-TIPUHYOUTENbHAA a3palids pasfIM4HON MHTEHCHMBHOCTH, CXEMa C BO3Bpa-
ToM GHoLIIaMa—CXxeMa C 3a7ep>XaHueM MM BO3BpaToM OHolllaMa, ecTecTBeH-
HOE nepeMellBaHHE—NPUHYAUTENbHA FOMOTeHU3aLMUs, NPOTEKAHNE >XMAKO-
CTH B TPyO4aTOM peakTope—B peakTope FrOMOTe€HHOIo CMeLleHuUs

B03MOXHBI pa3nuyHble BapHaHTbl KOMOMHHPOBAHHBLIX METOAOB Tumnosas
cxeMa OHOJIOrMYeCcKOi OYHCTKH NpUBeneHa Ha puc 3 1

" droTauus — NpPoLECC MOAEKYIAPHOrO MPHAHNAKMA YACTHU TBEPAOTO MaTepHana K mo-
BCPXHOCTH pa3aena aByX (a3, oObrMHO rasa (4aie BO3AYXa) M >KMAKOCTH, 00yCIOBICHHbIH H3-
OBITKOM CBOOOAHO# 3HEPrHH MOBEPXHOCTHBIX MOFPAHHYHBLIX CTTOEB. A TAKXKE MOBEPXHOCTHLIMH
ABICHHAMH CMA4HBAHHA
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Puc 3.1. TunoBas cxeMa GHONOrHYECKOH OYHCTKH CTOUHBIX BOA!
I — nepBuuHBIH OTCTONHHK, 2 — adpOoTeHK, 3 — BTOPHUHbIH oTcTOliHKK, CB — cToyHas Boaa, OB — oun-
IeHHas Boaa, BAM - BosBpaTHblii akTHBHbIA W1, AM — akTHBHbIH Wi, O - ocamok
Puc 3.2 MoauduuupoBassas cxema 6HONOrH4ECKOH O4HCTKH CTOUHBIX BOA
| - npeaspatop, 2,4 — OTCTOHHHKH, 3 — adporeHk, HAH — H36bITOUHBIH AKTHBHBIH HA

3nech cTO4Has BOHa NOCJE MEXaHM4eCKOH OYMCTKH MONAeTCs B MepBUY-
HbI OTCTOMHMK, a 3aTEM B a3POTEHK

CMecb aKTMBHOIO MJ1a M OuMIIaeMOH >XHAKOCTH MOC/E adpOTeHKa nona-
JaeT BO BTOPHYHBIH OTCTOMHMK, U3 KOTOPOrO 4acThb HJia BO3BPALIAETCS 3aTEM
B a3pOTEHK, a OCBETJIEHHasl BOJla HanpaBJiseTcs Ha 06e3BpekMBaHue

Ha puc 3 2 nokasaHa cxeMa OYMCTKM CTOYHBIX BOA C IIpea’paTopom
(BCTpOeHHbIEe COOpYXXEHHMsi B NMEPBHUYHBIX OTCTOMHHUKAX HJIs CHWXKEHHS 3a-
rpsi3HEHUI B OTCTOEHHOH CTOYHOH Boze cBepx ofecneyuMBaeMoro rnepBuu-
HbIMU oTcToMHuKamu). [1o 3TO#t cxeme B npea3paTop fnepen NEpBUYHLIM OT-
CTOMHHMKOM HampasjstoT U3OBITOUHBIH akTHBHbIA Mn Ilpu 3TOM BBIHOC ak-
THUBHOTO WJIa U3 NEPBUYHOTO OTCTOMHHMKA KOMIEHCUPYET Ty YacTb LIUPKYJIH-
pyroLuero una, kotopas Hampaensjiack B mpeadparopbl OcBeTnieHHas cTOu-
Hast )KUAKOCTb NMOCTYNAeT U3 NEepBHYHOrO OTCTOMHUKA B a3POTEHK, I/IEe OUM-
L[aeTCs BMECTe C LUPKYJIHUPYIOLIUM aKTHBHBIM MJIOM, a 3aT€M OCBETISETCS
BO BTOPU4HOM OTCTOHHMKe H3-3a yMmeHblueHMs oObeMa, a rmaBHOe — M3-3a
HU3KMX 3Ha4Y€HHI YAEJIbHOrO CONPOTHBIEHUS OCajka MOTPEOHOCTb peareH-
TOB Ha MOCJIeAyIollee MexaHHYeckoe 0be3BpeXxBaHHE COKpallaeTcs
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Jns ManoKOHLIEHTPUPOBAHHBIX MPOMBILIIEHHBIX CTOKOB (C KOHLIEHTpauuei
TOKCHYHBIX coequHeHuii 0o 50 mr/n) Gonee npueMaeMoi ABISETCS TEXHONOTH-
yeckas CxeMa, OCHOBaHHas Ha HCMOJb30BaHUM COPOLIMOHHBIX CBOHCTB ChIpbIX
0CaIKOB X03sCTBEHHO-(eKaNbHbIX CTOYHBIX BOA M M30BLITOUHOrO aKTHMBHOIO
una (puc 3 3)

31€eCh CTOYHBIE BOADI, NOCTyNaKLHKE HA OYHCTHYHO CTAHLHMIO, pa3ac/LIIOTCA Ha ABA MOTOKA
NPOMCTOKH H X038HCTBEHHO-()eKkanbHble CTOKH [TpoMCTOKM MpoXoaAT ycpeauuTenb /, COOpy-
»eHHe copOLMOHHOH 00paboTKH MPOMCTOKA 0caakaMu 2 H NOAAKOTCA B cMecHTenb 6 Croza xe
NOJAIOTCA XO3AHCTBEHHO-()eKANBHBIC CTOKH Yepe3 PeLUETKU 3, NECKOIOBKH 4 H OTCTOHHHUKM 5

Js OUMCTKH CTOYHBIX BOM, KOTOPLIM CBOHCTBEHHBI KOJieOaHHs TEXHOJIOTH-
yeckoit Harpy3ku, b Penun 1 B.baxkeHOB npemno>xuny OByXCTyneH4aTyo cxe-
My ynpaBjsieMbix a3poTeHkoB (puc 3 4) B kommnnekc coopyxxeHuil ¢ npenna-
raeMoi TeXHONOrue# BXOMAT a3poTeHKH ABYX cryneHeit (AD-1 u AD-II), uno-
ynosutens (YJI), Bropuunsiii orcroiinuk (BO), unoynnoraurenu (YII) Kpome
Toro, AD-1 cHabxeH crneuuanbHbiMU pereHepatopamu (P), koTopbie NpH BbIXO-
1€ Ha ynpaBlisieMble pexuMbl cnocoOHbl paboTaTb B KaueCTBE peakTHBATOPOB
(PA), Te BpeMeHHO BbINOJHATL GYHKLUMH OOMOJHUTENLHOTO adpoTeHka I'un-
paBnuueckas cBazb mexay AD-1 u PA ocymecTnsiercs ¢ noMoursio Gopkamep
(®K), B xoTopbiX co3naercs 3paudTHbIH 3bdEKT 1 BHYyTPEeHHUH LUHUPKYIALHOH-
HbIH NOTOK WUJIOBOM CMECH, a TakXKe MPOUCXOAMUT HACbILIEHHE ero KMCIOpOAoM
¥, KpOME TOro, MPOBOAUTCA MpeABapuTenbHas (copOUMOHHAA) OUMCTKA YacTH
CTOYHOM XUAKOCTH

B nepuon yBenH4eHHOrO MPUTOKA CTOYHBIX BOA KPOME MOCTOSHHO JNEHCT-
BYIOLIEH adpalliM BIJIOYAIOT YMpaBisieMbie CHCTEMbl a’paly MEpBOro WU
oboux ypoBHeil, B pe3yyibTaTe 4Yero LMPKYJALMOHHBIA NOTOK WIJIOBOH cMecH
uepe3 ®K nocrynaer B Hauano AD-1 u3 P, koToprie HaunHaloT paboTaTh B pe-
xkume PA Tlomauya 3HauMTENBHOrO KOJMYECTBAa HACHIIEHHOM KHUCIOPOAOM
unoBoii cmech u3 PA B AD-1 yepes PK obycinoBnuBaeT peLki aHaNOTHYHOTO
KOJIM4ecTBa WJIOBOH cpenbl u3 AD-I, koTopble COeMHEHBI MO NMPUHLKNY COO00-
L{AKOIKXCS COCYAOB. B pesynbraTe 0bOpasyercs nepBbiii yrnpaBiasieMblid KOHTYp
pelupkyaupytouieli GHOMacchl, pacXoa KOTOpo# B 3-5 pa3 mpesbillaeT NPUTOK
CTOYHOM XMAKOCTH, a pabounii 06veM AD-1 kak 6bi Bo3pacTaer BaBoe OnHo-
BPEMEHHO MPOUCXOIMT CTYNEHYaToe yBeJHYEeHHE KOHLEHTPAaLUUM aKTHBHOIO
una B paboueii 30He coopyxkeHus IIpu 3TOM YeM TOYHee CTyneH4YaTbii rpaduk
yNpaBJieH!Ust OKUCIHTENILHOH CrIOCOOHOCTBIO a3pOTEHKAa COOTBETCTBYET rpadu-
Ky konebaHus MOCTynaloueid Harpy3ky, TeM MeHbLIe MOTepH 3JIEKTPOIHEPrHH
M TEM BBbILI€ TEXHHKO-DKOHOMHYECKHE NOKA3aTENN CUCTEMBI

YnenbHbie Harpy3ku Ha un (no BITKpeas) MeXay CTyneHsMH OYMCTKM pac-
npenenstoTcsa cnepyomuM obpaszom (B Mr Ha 1 r una 3a cytku) 1 crynens -
800-1000, IT crynens — He H6osiee 100-150 O6bem YJI paccuuran Ha npebbiBa-
HUe B HeM uNoBoi cmecHu B TeyeHue 15-20 mud Hanuuue VII, Tak ke kak H
AD-I1, Heo6x0aUMO TOJIBKO B Cllydae TPYAHOOCENAIOLIUX WIIOB Y NMPU OYUCTKE
rOpPOACKHX CTOYHBIX BOX He Tpebyercs.

Takum 06pa3oM, OCHOBHbIE TPYOHOCTH OCYLIECTBIEHUs ONMTHMANBHOIO pe-
KHMa OYMCTKH B TPAJULMOHHBIX a3pPOTEHKAaX, BbI3BaHHbIE 3HAYUTENbHBIMU KO-
NebaHUAMU Harpy3kH, MOTyT ObITh yCNEIHO APEOAOJIEHbI yTEM HCIOJIb30Ba-
HUS a39POTEHKOB YMpaB/sieMOro TexHosoruveckoro npoduns B Hacrosiee
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M BO \ 16

Puc 3 4 TexHonoruyeckas cxema paGoThl YNpaBIAEMOro a3pOTEHKA NPH MHHHMATLHOM
(a), yBEAUUEHHOM (6) H MAKCHMAIbLHOM () 06bEME NOCTYN/IEHHSA 3ATPA3HAIOLLHX BELIECTB

I = uexonuas ctounas Boaa, 2 — W0Bas cMeCh 1-H CTyNeHH OYHCTKH, 3 — OCBET/IeHNas Boa |-/ CTyrneHH Oun-
CTKH, 4 = HIORAs cMeCh 1I-H CTYMeHH OYHCTKH, 5 — HeYTUIOTHEHHLIH BO3BPaTHLIH H.1, 6 — YIUIOTHEHHBIH BO3BPAT-
Hulil Wi, 7 — HIoBas BOZA, & — H3GBITOUHBIA W, 9 — MOCTOAHNO AeHCTBYIOWAs adpauMs, /0 — ynpasiseMas aspa-
UM 1IEpBOTO YPOBHA, /] — ynpaB.seMblit HIOBLIH PELHKA MepBoro yposHs, /2 — Mojiaya HeXofiHoro cToka B OK,
13 - BospatHutit W 11-# cTynenn, /4 — ynpasideMas adpaliHs BTOPoro ypoBHs, /5 — ympaBiseMblii HJIOBbIH
PELHKN BTOpOro YPOoBHs, /6 — ocBeTeHHan Boaa l1-# cTynenn odncTin
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Bpemsi NaHHas TEXHOJIOTHs MOJy4YaeT LIMPOKOE PacnpoCTpaHEeHHe B NMPaKTHKE
NPOEKTHPOBaHUs Benercs CTPOMTENbCTBO psina NPOMBILLIEHHbIX 0OBEKTOB, B
TOM UHMCIIE CaMbIX KPYTHBIX YNIPABAEMbIX a3POTEHKOB 3TOH CEpUU NPOU3BONH-
TenbHOCTbIO cBbiie 100 ThiC M'/cyT

AHanu3upys pacCMOTpPEHHbIE TEXHOJOTHYECKHE CXEMbl OUMCTKH CTOUHbBIX
BOJ, HEOOXOAMMO OTMETHTD, UTO CyluecTByeT 6oJblIoe pa3HOoOpa3ue MexaHu-
4eCKHX, (M3MKO-XUMHMYECKHX, OMOXUMHUYECKNX OYMCTHBIX coopyxeHuid [lpu
WX NMPOEKTMPOBAHMU 3aK/IafibIBAIOTCS B OCHOBHOM OZHM M Te XK€ Y3JIbl U 3Je-
MEHTbI B Pa3/IMUHbIX COYETAHUAX U KOMOUHALUAX

CTouHbie BOJIbI MHOTOKOMITIOHEHTHBI 10 CBOEMY COCTaBY, U JUIt UX OYMUCTKH
NPUMEHSIOTCS Pa3/IMUHbIE METOMbI C MHOTOYHCIIEHHBIMH BAPHAHTaMM MX COYe-
TaHus Ilpu 3TOM Kaxxablii METOL OYMCTKM MPENYCMAaTPHBAET WCIONbL30BAaHUE
HECKOJIbKMX arnapaToB, COEAMHEHHBbIX Mexay coboii pasHooOpa3HbIMM MOTO-
KaMu W peunkiamu B cBoro ouepenb Ans Kaxaoro amnmapara, Kakaoro coopy-
)KeHHs TpedyeTcs OpraHu3aLis «CBOUX» MOTOKOB, KCBOMX» PEXHMOB paboThl U
T A Y4uTbIBast 3TO MOXKHO CKa3aTb, 4TO 6€3 MOCTPOEHHst MHOTOBApPHAHTHOI

CB <

11

Y

¥

Y
13

Y

OB

Puc 3 5 ObobruenHas TeXHOIOrHYECKAs CXeMa OYHCTKH CTOUHBIX BOJ

1 - MexaHWdecKast OWCTKa. 2 - OTCTaMBaHWe, 3 - KoarymMpoBaHne, (uibTpawms, 4 - ancopbums, 5 - Xj1opH-
poBaHue, 6 - OTCTaMBaHHe B Npyaax, 7 - WeKTpoiHans,8 - ¢nomaum, 9 - HoHmbii obmen, /0 - Heittpa
msaum, /1 - ¢umsTpams, /2 - Tepvmdeckoe o6easpesaiBanue, 13 - aboopbums, /4 - mosHas Gronomm-
yeckas ouncTKa. CB — cTounas Bona, OB — ounlleHHas Bola
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TEXHOJIOTMYEeCKON CTPYKTYpbl HEBO3MOXHO OCYLUECTBUTH CHHTE3 OMNTHUMAaJib-
HBIX CXEM BOJNOOYHUCTKH

B Hacrosiuee Bpemsi HAaKOIUIEH ONpenesieHHbId OMBIT MO WHTEHCHUPUKaLMK
NeHCTBYIOIMX OYHMCTHBIX COOPY>KEHHH NyTeM MHOroBapHaHTHOro nepebopa
napamMerpoB MX paboTbl MO CYIECTBYIOLIUM METOAM pacyera, B pe3yJibTaTe
BbIOMpaeTcst COBOKYMHOCTb ONTHMANbHbIX NApaMeTPoB, NpPU KOTOPbIX obecre-
4MBaeTcs Haubonee BbICOKAs NPOU3BOAUTENILHOCTD

PaccMoTpeHHbie Bbiille y3/bi U Pas/IM4HbIE CXEMbl BOJOOYMCTKH MCMOJIBL3Y-
I0TCsl NIPU CHUHTE3e KOMIUIEKCHBIX TEXHOJOTHYecKHX cxeM. CTpykTypy KOM-
MJIEKCHOM CXEMbl CTPOST Ha OCHOBE CYLIECTBYIOLUMX CXeM, KOMOMHHUpys 3Jie-
MeHTapHble onepauuu. KnaccuueckuM npumepoM OHONOruveckoi O4HUCTKH
CTO4YHBIX BOJ SIBJIAETCA MOC/IENOBATEIBHOCTb. OCAXKAEHUE—OYNCTKA aKTUBHBIM
unoM—ocaxaeHue—ne3uHpexuus. TperuuHas o4ucTka B M3BECTHOM crocobe
HCnoJib3yeTcs, 4ToObl yIanuTh OcTaBluMecs a3oT u pocdop

a

_J > HC
CB = 110 s A » Bo [—> 0B
| BH .|. > HH
6
> HC
CB —* 110 —»| AC > 48 » o [—> 0B
JC B * > UH
8
cB —] He
l,_, v > 110 > A B0 [—> OB
bi__| r BH ) -
c
2
Hc
CB = 110 >y > " > 4 > BO |—>O0B
lC Bl BH
¥

HH

Puc 3 6 BapuaHrhl (@ -2) OJHOCTYIEHYaTHIX CXEM OYHM CTKH CTOYHBIX BOJ

710 - nepBHaMbIA  OTCTORHMK, A~ @PpOTEHK, BO — BTOPHUHBIH OTCTORHHMK, AC~ dpoTeHK-<MecHTem, C ~ c6poc
WA, AB - a3pOTEHK-BLITECHUTENE, ¥ — YCpeNHHTEND, M ~ nicoTienHTens, C — cbpoc una, B/ — BO3BpaTHbIH Wi,
HH - wn36brmounsiit un, HC ~ unoBas cMech
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Puc 37 Pasnuinble BapuaHThi cXeM (@ - € ) ABY XCTY IEHYaTOH OYMCTKH CTOYHBIX BOJ

AC, - a>poTeHK-CMECHTENb

AB, - apoTenk-BbTecHuTeNb I-ii CTyneHu
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CoBOKYMHOCTb BapHMaHTOB CXxeM, HauboJjee pacnpoCTPaHEHHBIX B MpPaKTHKE
NPOEKTUPOBaHMs, MOXHO NPENCTaBUTbL B Buae 0b6obienHoi cxemsl (puc 3 5)
DTa cxema MOCTpPOeHa Ha OCHOBe OJIOKOB M Y3JIOB M MOXeT ObITb pacLiMpeHa
Tax, anement /4 0603HauyaeT NoJHyr0 GUOJNIOrMYECKYIO OYUCTKY, @ €€ MOXHO
NpencTaBUTb, B CBOIO OYEPeNb, KaKk CUCTEMY annapaToB, COOPY>KEHMH U arpera-
ToB. CTpyKTypa TakMX CXeM 3aBHCUT OT pacxXofa CTOYHOH BOJbI, COCTaBa H
KOHLEHTpaLK1U npuMeceii, TpeboBaHUit kK KauecTBY OUMILEHHON BOAbI U OT Apy-
rux ¢aktopoB B coctaB 3TMX cXeM MOryT BXOIOMTb a3pOTEHKH C MEXaHHYe-
CKOM a’pauued M NHEeBMaTH4eckOW adpalveil, a9POTEHKH KOPUIOPHbLIE C CO-
CpenoTOYeHHOH nojayeil CTOUHO# BOObI M aKTMBHOTO Mna NMO0 a3poTeHKH C
paccpenoTOYEHHOH nopavell akTMBHOIO MJjla M CTO4HOH BOoAbl TexHojoruue-
CKkasi CXeMa OYMCTHOH CTaHUUH MOXeT ObiTb MHOrOCTYNIEHYATON, T € COCTOSTb
13 KOMOMHALMK NepeyrciieHHbIX a3poTeHkoB Haubonee mnpoko npumeHstoT-
Csl OIHOCTYNEHYaThie yCTaHOBKH (puc 3 6)

Ecnu B cTO4HO# Boae conep>kaTcs pa3/iMuHbIE TPYMIbl OPraHMYECKHX CO-
enMHEeHUH, CKOpOCTH OMOJIOrHYECKOro OKHMCIIEHHsl KOTOPbIX CHJIBHO pa3iuya-
toTcs, Lesecoobpa3sHO NPUMEHSTb NBYXCTyMEHYaTble M MHOrOCTYINEHYaTbie
cxeMbl Ouonoruueckoi ouncrku (puc 3 7)

Takum o6pasom, o6o0ieHHas cxeMa (cM puc 3 5) Bkiouaer B cebs pas-
JIM4HbIE BAPHAHTBI CXEM U KaK Obl COCTOMT M3 OTHE/bHBIX OJIOKOB, KaXblii M3
KOTOpbIX MpEACTaBNseT coOOH COBOKYMHOCTb OTHAENbHBIX aMmapaToB, COOpY-
XeHui. DTa cxeMa MoxkeT ObiTb NpeoOpasoBaHa B GoJsiee MpocThie, B 3aBUCHMO-
CTH OT ux Ha3sHayeHus. Hanpumep, uenouka /-/4-5-6 cxembl npenycMaTpuBaeT
Hanu4Me MEXaHU4YeCKOH OUMCTKM, MOJTHOHW GHOXHMMYECKOH OYHCTKH, XJIOpH-
poBaHME M OTCTaMBaHWE B Mpydax, a Lenouka /-/4-3-4-5 npenmycmarpuBaer
MEXaHMYECKYI0 OYHMCTKY, MOJIHYI0 OHONOrHYECKYI0 OHYHUCTKY, KOaryJlMpOBaHHeE,
ancopbumio 1 xsopuposaHue. ITo Mepe COBEpLIEHCTBOBaHHS CUCTEM BOLAOOYH-
CTKHM 3Ta CXeMa MO>XeT ObITb IOMOJNIHEHA U MOXEPHH3UPOBaHA

3.2. OcHoBHbIE NPUHLIMIIBI OHOXUMHUYECKOH OUHCTKH

OuucTKa CTOUHBIX BOX MPU COBPEMEHHBIX MaciiTabax NpPOMBILLJIEHHOTO
NpOU3BOACTBA MNMPENCTaBAAET COOOH CNOXHYIO Hay4HO-TEXHMYECKYIO 3amayy
ITo CBsi3aHO, MpeXe BCEro, C TEM, YTO CTOYHbIE BOAbI COAEPXKAT MHOXECTBO
pa3zHoobpa3HbIx npuMecei, noanexamux obe3pexusanuio Kpome toro, 06b-
€Mbl BOAOTIOTpeOieHNs Ha ObITOBbIE M TEXHUYECKUE HYXK[AbI HACTONLKO BEIMKH,
YTO JISt KPYNHOTO MPOMBILIIEHHOTO LIEHTPa MOTYT A0CTUraTh 1 MitH MY/CyT M
Gonee B cBsA3M C 3THMM CTaHOBHUTCA aKkTyanbHOMH mpobiema noucka 3¢exTns-
HBbIX METOJ0B OYHCTKH CTOUHBIX BOJ, MO3BOJISIOLINX NPOM3BOAMTL MX COpOC B
BOJOEMbI NPU MOJIHOM COOTBETCTBUM TPeOOBaHHUAM HEACTBYIOLIMX CAHUTAPHBIX
HOPM.

BaxxHoe MecTO cpey CyIUECTBYIOLUMX METOAOB OYUCTKH MPOMbILIJIEHHBIX H
ObITOBBIX CTOKOB 3aHUMaeT OHOIOrMYeckas OYUCTKa DTOT METOJ OCHOBAH Ha
CnocoOHOCTH MMKPOOPTraHM3MOB YTHJIM3UPOBATb B Ka4€CTBE MUTATENbHBIX Be-
IECTB OpPraHHYECKHE COENMHEHHs, PaCTBOPEHHbIE B CTOUHBIX Bojax IloTpel-
JIEHWe OPraHMKH MOXKET MPOUCXOAMTb Kak B NPUCYTCTBHU Kucnopona (a3pob-
Hasl 04MCTKA), TaK U B €ro OTCYTCTBHE (aHa3poOHas ouncTka) MeTtoabt aspo6b-
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HOM OUMCTKH MoAyuuaM HaumboJiee WIMPOKOE PACMpOCTPaHEHHE, XOTA AN HUX
TpebytoTcs 60IbLINE KOJMUYECTBA BO3AyXa WIIM KMCIIOpOAa.

CoopyxXeHUE CHOXHBIX WHXXEHEPHO-TEXHHYECKUX KOMIIEKCOB (OTCTOHHM-
KM, a3pOTEHKH, NpyAbl AOOUUCTKH U T 11 ) TpeOyeT 3HaYMTENIbHbIX HHBECTHLIUIA,
NO3TOMY B JaHHOM CJly4ae O4eHb BaXHOM CTaHOBUTCS ONMTHUMH3aLMs MpoLecca
npoektupoBanus Ilpu 3TOM ocoboe BHUMaHKHE YHENSAETCS MEPONpPHUATHAM MO
YMEHBLUEHHUIO 3arpsA3HEHH NPOMBILLJIEHHBIX CTOUHBIX BOJ, METOAaM OYMCTKH,
BHEPEHUIO HOBbIX DE30TXOAHBIX TEXHOJNOTHIA W 3aMKHYTBIX CUCTEM Bomoobec-
neyeHus

[Mpobnema BOAHOI TOKCMKONIOrMM He MPEACTaBiAETCA HepaspelunMOH, ol-
HaKO, Af1si MPHHLUHUMHAJIBHOIO peLieHHst BOMpOCca O NMPUroaHOCTH U 06 3ddex-
THBHOCTH TOrO MJIH MHOTO METOAa OYMCTKH M 1JIst pa3pabOTKHU COOTBETCTBYIO-
LWMX TEXHOJIOrHYECKUX CXEM BOAOMOJIb30BAHUSA HEOOXOOMMO MX CUCTEMaTHye-
CKO€ 3KCMEePHMEHTAJIbHOE U3yueHHe

HanexxHblie MeTOnb! pacdeTa OYMCTHBIX COOpPYXEHHH, OTBEYaiollHe COBpe-
MEHHOMY YPOBHIO NMPOM3BOACTBA, MOTYT ObiTh pa3paboTaHbl TONbKO C NpHBIE-
YeHHeM HOBEWLIMX METONOB MOZESMPOBAHUA, CYTb KOTOPbIX 3aK/IHOYaeTcs B
uccilenoBaHWM 0OBEKTOB M MPOrHO3MPOBAHWM MX MOBENEHHWs MO pe3ysbTaTam
HabaroneHUs 3a MoAensMHM 3TUX oObekToB B 3aBMCHMMOCTHM OT Tunma mopenei
pasnuualoT ABa BUAA MOAENMPOBaHHs. pu3nueckoe U MaTeMaTH4eckoe, KOTO-
pbi€ B3aWMHO JOMOJHAOT Apyr apyra PoJsib u 3HauuMoOCTb u3ndeckoro mone-
JMpOBaHMs B HACTOsilliee BpeMs CyIECTBEHHO M3MeHHJUCb. PaHee 3TOT BMA
MOZEIMPOBAHHS MCMOJIb30BANICS KAK CaMOCTOSTENbHbI MeTOol MCCnenoBaHust
00beKTOB, HO OH MpearnoJiaraeT NpoBeAeHUE BeCbMa CIOXHBIX U AIUTENbHbIX
3KCNIEPUMEHTOB

[Ipy MaTreMaTH4eCKOM MOAENHPOBAHHHM KPYr peliaeMblX 3a7ad KOpPEeHHbIM
obpa3zoM u3meHsercs [IpUMeHHUTENbHO K CTONb CJIOXKHBIM TpoLeccaM, Kak
Huosoruueckas O4MCTKa, COCTOALIUM U3 6OJIBILOrO YKCIa pasJItuHbIX N0 CBOEH
npupone cranuii, paspaboTka anekBaTHbLIX MaTEMAaTHYECKMX Mozeneil u Mx
NpaKTHYECKOE HCTONb30BaHHE BO3MOXHbBI TOJILKO Ha OCHOBE CHCTEMHOTO MNOA-
xona

3.2.1. Ponv mukpoopzanuzmog

MukpoopranuaMel pacrnpocTpaHeHbl BO Bcex yacTsax Ouocdepn (B Boze,
BO3yXe U B MouBe), B | CM’ MOuBBI, HANIpUMeEp, UX conepxuTcs 10 100 mu-
MoHOB. JTOT (aKT yxxe caM no cebe CBUAETENbCTBYET O TOH BaXkHOI poy,
KaKyl MrpaloT MHKpOOPraHu3Mbl B Ouocdepe u B 4enoBe4ecKOi HesATeNbHO-
cti Posb MHKpOOPraHW3MOB 3aKJIIOYAETCs1 B MX CNOCOOHOCTH OCYIIECTBISATD
HGruoxumMuvecke npeBpallieHUs NMOUYTH BCEX OPraHUYECKHX BELIECTB €CTECTBEH-
HOTO NPOMCXOXKAEHUs, BKJIOYasi M Te, KOTOpble HaXOAATCS B PacTBOPEHHOM
COCTOSIHUU B BOXE JTH NpeBpalleHHs CBA3aHbl B ONUH KOMIUIEKC CO CJIOXKHBI-
MU NOC/eNOBaTENbHBIMU PEAKLUAMH, NPOTEKAIOUMHY NPH y4acTHH cneuundH-
4eckMX kaTanusaTopoB OenkoBoi nmpupoabi — pepmertoB C OGuoxumuyeckoii
TOYKH 3peHHs (epMeHTauus — ocobast kaTeropus GMOXMMHUYECKMX TpeBpaLie-
HHMH OpraHM4eckHuxX BellecTB (CyOCTpaToB), COBEpLIAEMbBIX B PE3yJIbTaTe XKH3-
HeAesATeIbHOCTH MUKPOOPraHH3MOB
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[Mpu noaxonsMx yCAOBUSX MUKPOOPraHU3MbI PacTyT, Pa3MHOXAKOTCS, Me-
pepabaTbiBaloT OpraHMuecKHe BELIEeCTBa, MCMONIb3Yysh UX B Ka4eCTBE MHIUM, W
BbIZEJISIOT B OKPYXaIOLLYyH0 cpeny pa3HOOoOpa3Hbie KOHEUHbIE NPONYKTbI

[Mpoueccsl MuHepanu3alUKUl OpraHU4eckoit MaTepuu (NpeBpalleHHs ee B He-
OpraHuyeckye BelLIeCTBa) B 3aBUCUMOCTH OT YCJIOBMIA (cpeabl) U BUOa MHUKpO-
OpraHM3MOB pa3AeNAOTCs Ha ABe OobLine rpynnbl — a9pobHbie ¥ aHa3poOHbIe
[To 3TOoMy >e MpHHLMMY NOApPa3AENAIOTCS Ha JIBa BUAA W criocoOel Guonoruye-
CKOM OYHUCTKHM CTOYHBIX BOL

[poMbiLiieHHOe NMpUMEHEeHHe MUKPOOPraHM3MOB 3aKJIIOYAETCs B yrpasJie-
HUM mpoleccoM OHOXMMMYECKOTO NpeBpalueHHst OPraHMYEeCKUX BELUECTB MpH
y4aCTHH MUKPOOPraHH3MOB U HepMeHTOB

OnHuM U3 HauboJiee TUMUUHBIX MPUMEPOB MPOMBILIIEHHOrO MPUMEHEHHs
MHMKPOOPraHM3MOB — OMOXMMMYECKass OYMCTKa CTOYHBbIX Boa OpraHudeckue
BELLUECTBA, COAEPIKALUMECS B OLITOBbIX U MPOMBILIIEHHbIX CTOYHBIX BOAAX, fAB-
JIAOTCS OnarompUATHOH Cpemoil AN MHKPOOPraHM3MOB, KOTOpbie B Heii
6BbICTPO Pa3MHOXAIOTCS, HCAIONb3Ys YaCTb MHILK /151 CHHTE3a HOBBIX KJIETOK, a
apyryro nepepabarbiBas B NpocTbie MiHepanbHble npoaykTsl — CO,, H,O u mp
JTOT npouecc, MpoTeKaloMi B MPUCYTCTBUM KUCIOpoaa (Bo3ayXa), Ha3blBaeT-
cs1 «OHOXMMHUYECKUM) OKHCIIEHHEM.

Jlo GHOXHMHYECKOTrO0 OKUCIEHHs CTOYHbie BOABbI FIOABEPraloTCs MEXaHWue-
CKOMy ouMllIeHmIo (ocaxaeH o). B ocankax, obpasylowuxcs B pe3ysbrare me-
XaHM4YeCKOro U OMOXMMHYECKOTrO OYMLIEHHs CTOYHBIX BOJ, OpraHHYecKHe Be-
1ECTBAa MUHEPATIU3YIOTCS 3aTEeM 4alle BCEro 3a CueT aHadpoOHbIX OMoxumHue-
CKHX NPOLIECCOB

Mexanusm uzvamua opeanuyeckux eeuyecme u3 CMOYHLIX 800 U UX nepepa-
60mKu MUKPOOP2AHU3MAMU OYEHDb CIIOXKEH U MOJIHOCTHIO He u3yueH. CornacHo
COBPEMEHHBbIM TEOPUSIM €ro MOXXHO OMUCaTb TPEMA MOCNENOBATENbHBIMU CTa-
OMAMH

— maccoobMeH u copbuus cybcrpara Ha NOBEPXHOCTH MHKPOOPraHU3MOB,

— mubdy3us cyberpara depes KIeTOUHYO MeMOpaHy MUKPOOPraHU3MOB,

— Metabosn3m cybcTpaTa B KieTkax

CycneHanMpoBaHHbIe BEILECTBA U KPyMHbIE MOJIEKYJibl B PacTBOpE Hago 3a-
paHee pa3pyliUTb, YTOObI OHM MOTJIM €rko MPOXOAMTb CKBO3b KJIETOUHYHO
obonouky. 310 paspyluieHHe NPOUCKOAUT NMpH NOMoLH PepMEHTOB, Bbidese-
MbIx GakTepusaMu

Bo3Mo>xHbI Ba MyTH NepeHOca BEUIECTBA OT MOBEPXHOCTH BHYTPb KJIETKH

1) nocnenoBaTenbHOE PacTBOPEHHE BellecTBa B 000J0YKe KIJIETKH M LIMTO-
nna3MaTH4eckoit Membpane, 6n1aronaps ueMy oHo nubdyHAUpYeT BHYTpL KJle-
TKH,

2) npucoennHeHHe TPAHCTIOPTHPYEMOTO BelLEeCTBa K crieluduueckomy Gen-
Ky-NepeHoCuHKy, HaxonsleMycs B MeMOpaHe, nanbHeijiliee npespaileHHe Ko-
MIIJIEKCa BeLIeCTBO—TIEPEHOCUMK B PacTBOPUMOE cOCTosiHHe, nudpdysus kom-
niaekca yepe3 MeMOpaHy B KJIETKY, rae KOMILIEKC pacrajaercs H 6Genok-ne-
peHoCcUuK BICBOOOKAAETCS st COBEpLUIEHHs] HOBOTO LKA

OCHOBHYIO pONIb B OYHCTKE CTOYHBIX BOX MIPAIOT MPOLECCHI MpeBpaLieHHs
BELIECTBA, NPOMCXOMALLHE B KJIETKAX MUKPOOPraHM3MOB, @ UMEHHO OKHCJIEHHE
BELECTBA, CONPOBOXAAIOLLEECS BbIAENEHHEM 3HEPIHUH, H CHHTE3 HOBBIX OeJiko-
BbIX BELUECTB, MPOTEKAOLLHNI C 3aTpaTOi I3HEpriH
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Tpu noTpebneHnM MHUKPOOpraHW3MaMM IMHUTATENbHBIX BELIECTB, COAEpXa-
IUMXCSA B CTOYHBIX BOJAX, B MUKPOOHO#t KJIeTke OHOBPEMEHHO NPOTEKAIOT 1Ba
B3aMMOCBS3aHHBIX TPOLIECCA — CHHTE3 MPOTOMJIa3Mbl U OKMCJIEHHE OpraHuue-
CKHMX BewecTB (Ha OKMCAeHHe kieTka noTpedisieT KUCIOpoa, pacTBOPEHHbI B
CTOYHOM )XUAKOCTH)

Ckopocms nhompebaenua Kucaopooa akmueHslM UNOM 3aBUCUT OT MHOTHX
B3aMMOCBs3aHHbIX (aKTOPOB. KOHLEHTpaUuWX MHKPOOPraHU3MOB M MpOCTeii-
WKX B aKTMBHOM HJie, CKOPOCTH MX pocTa W (GH3MONOrHYeCKOH aKTHBHOCTH,
KOHLIEHTPALMHU U COCTaBa MUTATENbHbIX BEIUECTB, MOCTYNAIOLIMUX C 3arpsi3HeH-
HBIM MOTOKOM, a TaK)XXe OT COZep>KaHHsl KUCJIOpOa B Cpefe U YCNOBHii a3paumnu
B a3pOTEHKe

B npouecce GMOOKHMCIIEHHs] OPraHWYECKMX BELIECTB MHKPOOPraHM3Mamu
Ba)KHEHIUYIO POJib MrpaeT TPAaHCMOPT KUCIOpoaa B CHCTEME ra3—KMIAKOCTb—
KJleTKa, B CBS3W C 4eM NpOLECCHl Maccomepefaud M THAPOAMHAMHMKHM B
a3pOTEeHKaX SBJISIIOTCS 0CHOBOMOJIaraloLHMH

3.2.2. Cnocobsl peanusayuu 6uonozuneckoli o4ucmxu

Buonoruueckast ouncTKa CTOUHBIX BOJ B OCHOBHOM OCYLUIECTBISETCS B a9-
pomenxax v buoghunempax. OCHOBHOE pa3jinuxe MeXIy STUMH THINAMH O4HCT-
HBbIX COOPYXEHMH 3akioyaercs B cnocobe KyJLTHBUPOBAHHS MHUKPOOPraHM3-
MoB B a’poTeHkax MMKpPOOpraHM3Mbl HaXOASTCS B CycCNiEHAHPOBaHHOM (CBO-
6onHO nnaBaiolleM) COCTOSIHMM B Buae OakrepuanbHbix ¢nokkyn B 6uo-
¢bunbTpax MUKPOOPraHU3Mbl «(QUKCHPOBAHBI» HAa NMOBEPXHOCTH WHEPTHBIX Ma-
Tepuanos M 06pa3yloT Ha HeM Gnonoruyeckyro nnenky Takoi cnocob ouucTku
LIUPOKO HUCMOJIB3YIOTCS Ha MPENNPHATHAX NErkoi, MULIEBO, MACOMOJIOUHOH U
OpYrux oTpacfied NpPOMBILIIEHHOCTH IJIi OYMCTKH KaK NpOM3BOACTBEHHbIX
CTOYHBIX BOJl, TaK U MX CMeCeH C X03AHCTBEHHO-ObITOBBIMU CTOKaMH

AspoTeHkH. BO3MOXXHOCTb OYUCTKH CTOYHBIX BOA B a3pOTEHKaX BIepBble
6bina ycranoeneHa B 1887 r anrnuiickum xumukoM K JInnszuHoM, xoTopbiid
nucan « NpaBUIbHOE HanpaBjeHHEe B OYMCTKE CTOUHOM >XHUIKOCTH COCTOUT B
TOM, 4YTOOBI CHayala BbIJENMTb OCAlOK, a 3aTe€M K OCBETJIEHHOH >KMAKOCTH
npubaBuTh pasBoAKy crelupUYEeCKUX OPraHM3MOB, CNELMANbHO KYJIbTHBH-
PYEMBIX IIs1 3TOM LieNH; TOTOM BbIIEPKAaThb KUIKOCTb B TEYEHHE JOCTATOHYHOIO
BpPEMEHHU, JHEPTHYHO €€ a3pHpysA U, HAKOHeL, CIyCTHTh B pexy» Takum obpa-
30M, OCHOBHbIE MPUHUUMBI OHOXMMUYECKOH OYMCTKU ObUIM U3BECTHBI YX€ B
xoHnue XIX B

Havano npakTiyeckoro BHeApeHHs a3paLiMOHHBbIX COOPYXXEHHI OTHOCHTCA K
1914—1916 rr, korna AnepH u JlokeTT BnepBble U3NOXMIU CYLIHOCTL OHO-
XUMHYECKOr0 METOAA OYMCTKH CTOUHbIX Bon Kopudopuwiii aspomenx ¢ nHes-
MaTH4eCKOH ajpauued, Unu aspomenx XepOa, OKOHYATENbHO CJIOXKMIICA Kak
coopyxkeHue B Hauane 1920-X rr ¥ ¢ Tex MOp MOUTH HE MOABEPICs U3MEHEHHU-
SIM, U B HalllU IHU OH SBJIAETCS OCHOBHBIM COOPY>KEHUEM Ha CTaHUMsAX a3paluH
MHOTHX rOPOJOB M NPOMBILIIEHHbIX NPEeaNnpUATHH.

CyuecTBeHHbI HEIOCTATOK TEXHOJOTMYECKOH CXeMbl KOPHAOPHOrO a’po-
TEHKa COCTOMT B TOM, YTO TPH 3aJMOBOM TNMOCTYIUIEHUH CTOYHBIX BOA, COAEp-
XalUX BbICOKME KOHLEHTpauHW MPOU3BOACTBEHHBIX 3arpsa3HEHHH, a Taioke
TOKCHYHbIe NMPUMECH, BO3MOKHO PE3KOE HapyLUEHHE >KU3HENEATENbHOCTH aK-
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THBHOTO Mia W Aaxe ero rubenb B obomx cnyuasx HopManbHas paboTa kopH-
LNOPHOTO ajpOTEHKa HapyllaeTcs Ha IUIMTENIbHOE BpeMsi A3pOTeHKkH, csoboa-
Hble OT YKa3aHHOTO HeaocTaTka, Obln co3nanet npodeccopom H A basskuHoit
B 1930-e rr Tak MOABUNHCL AIPOMeHKU-cMecumenu, NN adPOMenKu ¢ oe-
YeHmMPanUu306axHOl nodayeti CMOYHOI HCUOKOCMU U AKMUBHO20 UQ.

Mporpecc, OOCTUTHYTHIH B 0bnacTi 6GMOXMMHUECKOH OUMCTKH FOPOACKHX
CTOYHBIX BOZ, moOynun HcciemoBareneil uckatb nyTH Oojiee LMPOKOro Mc-
NOJb30BaHUA JAaHHOTO METOAA I1d OYUCTKU MPOM3BOACTBEHHBIX CTOUHBIX BOA
B 1934 r. Tpu uccaenoBarensckue rpynmsl (B Mockse, Dccene u Marnebypre)
ony6MKOBaIM JaHHbIE O CMOCOOHOCTH ¢eHosa k OHOXUMHYECKOMY OKMCIle-
HMIO, NP ITOM OTMedanack pojb Gochopconepxamiux COeNMHEHUI B KYNbTH-
BupoBaHuH 6nodnopst 'pynna yuenvix u3 Marnebypra HezaBHCHMO 10Ka3ana,
YTO OYMCTKAa aKTHBHBIM WJIOM CTOYHBIX BOZ, COAepKallux (eHOJ, BO3MOXKHA
npu nobasnenun «dpocdopa» 6e3 pazdaBneHUs ux OLITOBLIMM CTOYHBIMM BOJA-
mu OuucTka B 3TOM Cjiydae MPOMCXOAMT MNOJA AEHCTBUEM CMOHTAHHO BO3HH-
katoweit ¢nopbt Tak 6bun pazpaboraH Merton 6MoreHHoii, B uacTHoCcTH oc-
GopHOM, MOANUTKH, 3HAUUTENILHO PaCLUIMPUBILWHA AMAanNa3oH MpuMeHeHHs Ouo-
XMMHYECKOH OYMCTKH

B koHue 1940-x rr A. Kanuncku (CLLIA) npensioskun cOBMECTHTb B OOHOM
COOpY)X€HHH a3POTEHK M BTOPUUHBIH OTCTOHHUK, YTO NMO3BOJMIIO 3aMETHO HH-
TeHCMQULMPOBaTh NpolecC ODHOXMMHYECKOH OUMCTKH CTOUHBIX BOA Aspo-
MEHK-OMCMOIHUK ¢ NHEEMOMEXAHUYECKUM aspamopoM NONYYUIl Ha3BaHUE as-
poakceaepamop; OH Halllesl IINPOKOE NPAKTUYECKOE MPUMEHEHHE U OUMCTKH
MasbIX 1 CPEOHUX KOJIHYECTB CTOUHbBIX BOI.

Heckonbko no3puee (1954 r.) konanekTus uccnenosareneil AkaneMuu KOM-
myHanbHoro xossiictea (AKX) um. K. 1. [Tambunosa Ha 6a3e 06b1uHOrO KOpHU-
LNOPHOr0 a’pOTeHKa pa3paboTajl KOHCTPYKLHIO a3pPOmeHKa-OMCMmOUHUKA C
nHeeMamuyeckol cucmemoii apayuu AN OUUCTKH OONBIIKUX KOJMUYECTB CTOY-
HbIX Bon bosiee ynauHo# cunTaeTcs KOHCTPYKLIHSi a3pOTEHKa-OTCTOMHMKA Ta-
KOTO THMNA, YCTAHOBJIEHHOr0 Ha OYMCTHOH craHuuu Auwep B Ilapuwxe Aspo-
TEHK-OTCTOHHUK C BEPXHUM TEPETHBOM HJIOBOI CMECH B 30HY OTCTaHBAHMUS U C
HWXKHEH LUMPKYIALMOHHOMN LIENbIO B HACTOsLlee BpeMs ycnewHo ouuwaer 40
THIC M~ TOPOACKOH CTOYHOM >XHIKOCTHM B CYTKM TNpPH MPOAOJKHUTENbHOCTH
aspauuu 0,8-1,5 4.

Jlpyroe peuieHue NO COBEPLIEHCTBOBAHMIO TEXHOJNOMHUECKOTO pexuma as-
poTeHKkoB-OTCTOHHHKOB (1968 r) 6b1n0 nMpennoxeHo B paborax kadeapsi ka-
Hanu3auMn MOCKOBCKOro HHXKEHepHO-CTpouTenbHoro uhHcturtyta (MHCH)
Tak, 6610 n0Ka3aHO, YTO paboTa AYMOMEHKA-OMCMONHUKA ¢ MEXAHUYECKUM
arpamopom MoxxerT ObITb HaneHOH W BbIcOKO3((EKTUBHOMN, eCiii OpraHu3o-
BaThb LMPKY/IALUMIO aKTHUBHOIO WJa C MOMOLIbIO CMELHaNbHOrO HMAOMpPOBOIA,
HUXXKHMH KOHell KOTOpPOro HaXOOWTCA y AHA KOHYCa OTCTOIMHOW 30HbI, a Bepx-
HUI KOHell BBEZIEH B 30HY paspe)keHUs aspatopa ITo ObLJIO NPOAEMOHCTPHPO-
BaHO Ha pa3/IMYHbIX BUaX MPOM3BONCTBEHHBIX CTOYHBIX BOA

INpouecc GHOXUMHYECKOH OYMCTKH CTOYHBIX BOJ OT OPraHU4eCKHX BELUECTB
B 23POTEHKaX COCTOMT M3 CENYIOLIMX 3Tanos

~ afcopbLMs M KOarynsiMs akTHBHBIM MJIOM B3BELUEHHbIX W KOJUIOMAHBIX
YacTHL,

— OKHMCNIEHME MHKPOOPraHM3MaMH pacTBOPEHHBIX M aAcopOHpoBaHHBIX

57



MJIOM OpraHHYeCKUX COeNMHEHUH,

— HUTpU(UKaLUA,

— pereHepauus akTMBHOTO HJa (M3ObLITOUHBIH aKTHBHBIA WU/ y#anseTrcs M3
COOpY)KEHHS)

CTouHas >KMIKOCTb, MOJlaBaeMasi B a3pOTEHK, NOJDKHA coaepxxarb He Gosee
25 mr/n HepTenponykToB 1 He GoJiee 150 Mr/n B3BeLIEHHBIX BELLECTB.

B 3aBUCHMOCTH OT CTENeHH CMeELIeHHs NOCTYNaoLel CTOYHOI XXMAKOCTH C
KMAKOCTHIO, HAXOAALIENHCS B OYUCTHOM COOPYXKEHHH, Pa3jM4alOT TPH OCHOB-
HBIX THUMa a3pOTEHKOB 1) a’spOTeHK, B KOTOPOM MOCTYNatoLasi CTOYHAs XKHI-
KOCTb HE CMELUMBAETCs C XXHAKOCTbIO, HaXOAsIUeACs B HeM, 2) a3pOTEHK CO
CTYNEHYaThiM BMYCKOM CTOYHBbIX BOJ, MPH KOTOPOM NOCTyNaroiuas XUAKOCTb
CMELLMBAETCA C 4acCTbIO >XMAKOCTH, HaxomsuleHcs B HeM, 3) a3pOTeHKH-
CMECHTENH, B KOTOPBIX MOCTYMAIOWast CTOYHAs >KMAKOCTb CMELIMBAETCA CO
BCeM 00BEMOM >XXKMAKOCTH, HAXOIALLEHCS B a9POTEHKE.

KoHcTpykumu a3poTeHKOB W OpraHM3alMs NMOTOKOB OYMLUAEMOMN >KHIKOCTH
M aKTHBHOrO MJa Moka3aHbl Ha puc 3 8. Obbiunble a3pomenKu TNPENCTaBIAIOT
coboii OTKpbITbIE MPOTOYHBbIE OacCeiHbI NMPEUMYILECTBEHHO MPSAMOYroabHOH
¢dopmbl, obopynoBaHHblE YCTpOHCTBaMM Ansi obecrieyeHUss MPUHYAMTENbHOMH
aspauun Takue OacceiiHbl ObIBAIOT ABYX-, TPEX- M UETHIPEXKOPHIAOPHOIO THMA
I'nybuHa a3poTeHkoB He MeHee 3 M KoHuUeHTpauus 3arpssHeHHii B nonasae-
MBIX CTOUYHBIX BOAax A0JKHA ObiTh He 6onee 1200 mr/n no BIIK,,,, B npouec-
Ce OYMCTKH CTOUHOM >KMAKOCTH B OObIMHOM a’poTeHke Habnopaercs peskas
HepaBHOMepHOCTb NoTpebaeHus kucnopoga B MecTe BBeneHHs CTOUHOI XMA-
KOCTH B ad9pOTEHK pacxon kuciopoza B 3 pa3a Goablue, uem Ha Boixone Ocy-
LLECTBIEHE HEPaBHOMEPHON MNOJaYM BO3AyXa CBS3aHO CO 3HAYUTENbHBIMH
TEXHHYECKUMH TPYIAHOCTAMHU

CkopocTtb notpebiieHus KMCIopona BO BpeMst OUUCTKH CTOUHOH BOAbI M3Me-
Haercs cryneHdaro. IlepsoHauanbHO, B TeyeHUE OMNpeNEEeHHOTO BPEMEHH,
CKOpOCTb MOYTU HE MEHSETCS; NIPH 3TOM pa3pyLUaloTCs OpraHM4YecKHe BeLlecT-
Ba, HaXOMsALIMECH B pacTBOpE. CHayana — Haubosiee JIErko OKUCHAOLUMECS, 3a-
TEM — OCTaJibHble B MOCHENOBATENLHOCTH, OTpenenseMoii WHTEHCHBHOCTBIO
okucnenuss Haxopsiuecs B pacCTBOPEHHOM COCTOSIHHM OpPraHHUYeCKHe BeLlecT-
Ba OKMCJIIOTCS paHblle afcopOMpyeMbIX aKTHBHBIM WJIOM. 3aTeM CKOpOCTb
PE3KO CHHXKAETCA, YTO COOTBETCTBYET Hauany HUTpUHKaLMKU U OKHUCAEHUS Op-
raHM4eCcKHX BellecTB, Haxoaswuxcs B une IIpu 3TOM CKOPOCTb OKHCIIEHUs 3a-
rpsisHeHHW ObITOBbIX BOA BTPOE HMXKE, YeM B MnepBoii ¢ase, HO OHa OCTaeTcs
NOCTOSIHHOMN

KosnuectBo kuciaopona, pacxoayeMoro Ha OKHMCJIEHHE OpraHM4YecKiX Be-
LLECTB, HE 3aBUCUT OT HHTEHCUBHOCTH a3pauuu OHO NMpONOPLMOHANBHO BbICO-
Te a3pUpyeMoro cnos xuakocti u aeduuury kucnopona Ilpu Haubonee Hna-
FONpPUATHBIX YCIOBUsX (HanpyMep, NpH nojaye Bo3nyxa yepes NOPUCTHIE MJa-
CTHHKH) 3Ta BesimuuHa pocturaer 8-10 % KonuuectBo kuciopona B cMecu
CTOYHAs BOJa—aKTUBHBIH HJI, COMJIACHO KCMEPUMEHTASIbHBIM JaHHbIM, NOXKHO
NOJIepXKUBATLCs Ha ypoBHe 2 Mr/n Ecnu coneprxkanue pacTBOPEHHOro KHC/O-
pona craHOBMTCs MeHblue 1,5 Mr/n, mpouecc ounctku Hapywaercs Conepixa-
HHIO PaCTBOPEHHOTO KUCJIOpOAa B OYHMIIEHHOH XMAKOCTH mpuaaetcs 6onbluoe
3Hauenue Tak, CUMTAETCs, YTO OCHOBHas MpUYMHA HapylleHus paboThbl a3po-
TEeHKa 3aKJII04YaeTCs B HEAOCTaTKe KUCJIOPOa B OuMLIiaeMoi xkuakocti pyrue
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a — ¢ COcpeloTOYECHHbIM MOCTYIUICHHEM CTOYHOMH KMAKOCTH, 6 — ¢ COCPEIOTOUCHIBIM MOCTYIUICHHEM
CTOYHOM XHAKOCTH H aapauueﬁ BO3BpAaTHOrO HJa, 6 — C¢O CTYNEHYaTHIM BIIYCKOM CTOMHOM XKHIKOCTH.
.t = ¢ paccpe1oTOUeHHBIM BIYCKOM H BbIIIYCKOM CMECH CTOYHOH JKHMAKOCTH H aKTHBHOTO Haa, [ — adpo-
1eHK, 2 — pereHepatop, 3 — a3pOTEHK-CMECHTe/b, 4 — OTCTORHHK
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NpUYHHBI — HaNpHUMep, U3MEHEHHE COCTaBa CTOUHBIX BOA BCNEACTBHE MOCTYM-
NIeHHsl B HUX SIOBMTBIX IJIS WJla COENMHEHHH, HEAOCTaTOuHbIH 00beM BTOpHU-
HbIX OTCTOHHWKOB, MCTOYHHUKH 3arHUBAHUS BHYTPH COOPY>KEHHIT — HMEIOT BTO-
pUYHOE 3HaYEeHHE

OpraHiyeckye BellecTBa, NonanatoliMe B a3pOTEHKH, pacnpenensoTcs Me-
KAy MIOM H XkuakoH ¢a3oi cnenytoiunm obpasom B une — 58 — 90 %, B xua-
koctn —42 - 10 %

Kucnopon, nocrynaromuii ¢ BO3AyXOM B a3pOTEHK, B OCHOBHOM PacXOnayeT-
Csl Ha OKHCJIEHHE OpPraHM4eCKHX BELECTB B CTOYHOH XXHAKOCTH W B HEOOAbLIOM
KoJiuuecTBe noTpebnsercsa akTHBHBIM MiIoM Pacxon kucnopona Ha | 1 akTus-
Horo wna cocrabiser 14-36 mr/y. Tak kak B a3poTeHKe COAEPXHTCA OKOJIO
10 %(06 ) una, To pacxon kucaopona Ha 1 1 cMecH CTOYHOM >KMAKOCTH U 1na
cocrtasasier 1,4-3,6 Mr/u, B To BpeMsi Kak Ha OKMCJIeHHe 3arps3HeHHi B | 1
CTO4HOW Boab! ero pacxonyercs 100 mr/u

Ha cranun Haubonbluero pacxona KMCIOpOAa CKOPOCTb €ro notpedneHHs
NponopuHOHalbHa KOHLUEHTPALUUK aKkTUBHOro una (Mr/m), pacCuuTaHHOW Ha
cyxoe Bellectso Heobxonumast creneHb OYMCTKHM ONpenesseT CPeaHIO CKo-
poCTb mpoliecca. MOCNeaHsAs TEM MeHbLIE, YeM Bblllle CTeneHb ouncTkH Kpome
TOro, CKOPOCTb OMOXMMHUYECKOTO OKMCIEHMS OpraHM4eCKHX BELIeCTB omnpene-
JII€TCs COCTaBOM CTOYHbIX BOJ

Cxemy (cM puc 3 8) MOXHO ynyulUWTb, UCMOAB3Ysl OAMH HJIH OBa OTCeKa
(25 — 50 % obbema adpoTeHka) B KauecTBe pereHepaTopa akTUBHoro una Ha-
Jl4Me pereHepaTopa JaeT BO3MOXKHOCTb pa3pyLiaTb 3arpsA3HeHHs Mpi MoBbl-
WEeHHOM KOHLIEHTPALMY aKTHBHOTO MJ1a, YTO YCKOPSET MPOLECC O4MCTKH H Mo-
BbILIAET MPOU3BOAMTENBHOCTb a3pOTeHKa. PereHepaTop mo3BoJseT Takxke 3Ko-
HOMMTb BOAY, KOTOpas MOXXET NOrybuTb MHKpOOpraHu3Mbl B ajpoTeHke B
3TOM COOPY>K€HHH OPraHMYECKHE BELIECTBA OKUCIHSIOTCA B OCHOBHOM B Hie,
XMOKOCTb OKUCIIAETCS1 HE3HA4YUTeNbHO. [Tocne Toro kak 3akaH4HBaeTcs paso-
’KeHue afcopOUpOBaHHBIX WJIOM OpraHHYeCKHUX COEQMHEHWii, BO30OHOBJsETCA
OKMCJIEHHE OCTAaBLIMXCS B )KMAKOCTH PaCTBOPEHHBIX BELIECTB, 3aT€EM CKOPOCTH
OKHCNeHus cHoBa cHwkaercss. OIHAakO CTymeH4aTbii XapakTep moTpedaeHHs
KHCJI0pOZa COXpaHseTcs

Aspomenku co cmynenyamuim 6nyckom cmoynoi xcuoxkocmu (puc 3 86) pe-
KOMEHYeTCst MPUMEHATb AJIs1 OYMCTKH CTOYHOM >KUIAKOCTH, B KOTOPOIi BbICOKA
KOHLIEHTpallMs 3arpA3HSAIOIMX OpPraHM4ecKUX BEWECTB W 0CoOeHHO 3Hauii-
TEeNbHO COZlepKaHHe ObICTPOOKHCIAIOMKCS BEIECTB, pa3baBisATs HX NPH 3TOM
clieflyeT OYMILEeHHOH cTouHOoH BoaoH QOuuiiaeMylo CTOYHYH BOay Mocie OT-
CTaMBaHMA MOJAIOT B HECKOJIbKMX MECTax Mo HHe asporeHka CoriacHo c-
cnenosannem BHHHMBonareo, ee cnenyer nonaBaTb B NEPBYO MONOBHHY a3po-
TeHka B 4 30HbI. B nepByto — 10 % obuiero o6bvemMa oumiaemMoii )XMAKOCTH, BO
BTOPYI0 M TpeThbio — 110 35 % u B verBepTyto — 20 % PaccrosHue mexay Bnyc-
KaMH He NOJDKHO TIpeBbillaTh LWIMPHUHBI adpoTeHka JKHUAKOCTb B a’poTeHke
MMEET NOCTYNaTeIbHOE ABHXEHHE U aKTUBHO NEPEMELIUBAETCS BO3AYXOM

Cnoco6 6uonoruyeckoit OYMCTKH KOHLIEHTPUPOBAHHBIX CTOUHBIX BOA Oblh
ycoepiueHcTBoBaH H.A. basskunoii, koTopas paspaboTana KOHCTpYKLHIO a3-
pomeHka-cmecumens C NELEHTPANIM30BAHHON MNOmayeld CTOYHOM BOABLI H Hia
(nocne pereHepaliii) NO ANMHE a3pOTEHKA — C OXHON €ro CTOPOHbI H C JeLeH-
TPaJM30BaHHBIM BBIMYCKOM — C Apyroit (cMm. puc.3 8 2) Dra cxema paer BO3-
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MO>XHOCTb MOAAEPKMBATh MPAKTUYECKH OJMHAKOBYIO, MOHWXKEHHYI) KOHUEH-
TpauMio 3arps3HeHui Bo BceM obbeme asportenka [locrynaroume CToUYHblE BO-
Ibl pa3baBAAIOTCS COMEPXKUMbIM ad3pOTEHKa, YTO MO3BOJAET MOJABATh B a3po-
TEeHK CTOYHbIe BOJbI C BBICOKO# KOHLEHTpauueil 3arpssHeHuii 6e3 npensapu-
TeNibHOro pasbasneHus. Bo3BpaTHbIN akTHBHbIH M1 pereHepUpyeTcsi KUCIopo-
IOM NpU NPOXOXIEHHUU MEPBOro a3poOTEHKa, B KOTOPbI OH BO3BPALUAETCA M3
BTOPHUHbIX OTCTOHHHMKOB. IIOCKONIBKY OKHCIUTENbHAA U ancopOUMOHHas cro-
coOHOCTb aKTMBHOIO MJjla BOCCTaHABJIMBAETCS, MJIUTEJILHOTO KOHTAaKTa €ro co
CTOUYHOH BONOH He Tpebyercs, U 3a KOpOTKOE Bpems (MpUMepHO 3 ) opraHuye-
CKHME COENVHEHHUs pa3pyllaloTCs A YAAISAITCA M3 ouniyaeMoil xuakoctu [lpu
OYMCTKE CTOUHBIX BOA MO TaKOH CxeMe B adpoTeHkax He OynyT BO3HHKAThb aHa-
3poOHble yCoBHs, Tak Kak noTpebneHue KMCIOpOaa CTaHET NPaKTHYECKH OAH-
HaKOBbIM BO BCEM COOPY>KEHHH

A3pOTEHK-CMECHTENb MO CPaBHEHHMIO C OOBbIUHBIM a3POTEHKOM HMEET pAn
BAXKHBIX MPEUMYLLIECTB BO3MOXXHOCTb OYMCTKH CTOYHBIX BOA C BbICOKOWH KOH-
LUeHTpaluel 3arpA3HeHUH, paBHOMepHas rojaaya BO3Ayxa MO BCeH MuoLany,
NMOCTOAHCTBO CKOPOCTH MPOLIECCOB OKUCIEHUA OPraHUYECKHUX BELLECTB MPH Mo~
CTOSIHHBIX KOHLEHTpaLMH akKTHBHOrO Wia v Temneparype PaBHoMepHas nona-
4a BO34yXa, a CIeA0BaTeNIbHO, U KHCI0poaa, obecriednBaeT akTUBHOE PasMHO-
KEHHE MHKPOOPraHU3MOB M, COOTBETCTBEHHO, YJIy4YLUA€T OYMCTKY CTOUYHbBIX
Bon B Hactosiuee Bpems B Poccun u 3a pybesxoM aspoTeHk-CMecHTENb NpH-
3HaH OHUM U3 HauboJlee COBEpLLIEHHBIX COOPYKEHHI 3TOro THna

Aospomenk-omcmotinuk (puc 3.9 a) npexncrasisier coboi a3poTeHK C NMHeB-
MaTHuYeCKOH a’spauueit, oObeAUHEHHbIH CO BTOPUYHBIM OTCTOHHHMKOM B OIHO
COOpYy>XeHHe

30Ha a’paLHH AIPOTEHKA-OTCTOHHHKA OTAEICHA OT 30HBI OTCTAHBAHMA HE JOXOIAIICH 10
JIHA MEPEropoKoii 3, yron HaKIOHA KOTOPOH K FOPH3OHTAJIH NPHHMMAETCA paBHbIM 60-70° B
HIDKHEH YaCTH NEPEropoAKYM PacnoNoXeH CTPYCHANPaB/LAOLIMK KO3bIPEK IUHPHHOH He MeHce
1 M, HaMpaBAEKHbIH BHU3 B 30HY a3pallHH NOA yraoM 45° K rOpH30HTaNH

CToUHas BOAA NOJAETCA PACCPEAOTOUEHHO MO TpyOe /. pacCTOAHHE MEXKIY BIYCKAMM NPH-
HHUMAETCA PaBHBIM He Gonee NBOHHOH LIMPHHDLI 30HBI adpaunn OuHIIEHHAs CTOUHAA BOAA OT-
BOJIMTCS MO COOPHOMY NOTKY I, pacCnoNOKEHHOMY CO CTOPOHBI OTCTONHHHKa 4 B 30He orcTam-
BaHMs 00pa3yeTcs Cnoi B3BELUEHHOrO aKTHBHOTO MIA, Yepe3 KOTOpblil (PHILTPYETCA CTOYHAA
KHIKOCTh M3OBITOUHBIH H AKTHBHBIA M OTBOAATCA H3 30HBI B3BELUEHHOTO CA0A MO TPYGam.
BO3BPATHBIN AKTHBHbIH HN N0A ASHCTBHEM CHIBI TDKECTH BO3BPALLUAETCA M3 B3BEIUEHHOTO CNOs
B 23PALMOHHYIO YACTb COOPYKECHHA

O61wuii 06beM a3poTeHka-oTCTONHHMKA NpuMepHO Ha 20 % MeHbllue obObema
06bIYHOrO a’poTeHKa M BTOPUYHOIO OTCTOHHMKa, He TpedyeTcs Takxke nepe-
Kauka BO3BPaTHOIO aKTMBHOro wia. HemocTaTkoM adpoTeHKa-OTCTOHHHKA 5iB-
JIS€TCs1 HEBO3MOXHOCTD PereHepallii akKTHBHOTO MJla M BbICOKas 4yBCTBUTEJIb-
HOCTb K KoJiebaHUAM pacxofia OYHMILaeMOH CTOUHOMH BOZbI, OTPULIATENILHO CKa-
3biBatolMecs Ha 3G HexKTUBHOCTH OYUCTKH.

Bbinu npoBeneHb! CpaBHUTENbHbIE MCMIBITAHUS NONYNPOU3BOACTBEHHBIX a3-
POTEHKOB-CMECHTENEH M a3POTEHKOB-OTCTOWHMKOB NpPHU COBMECTHOW OUYMCTKE
OBITOBBIX CTOYHBIX BOJ M CTOYHbIX BOX TEKCTH/bHOW mpoMbiuneHHoctH [lo-
CJle MEXaHHUYECKOH OYMCTKH CTOYHbIE BOAbI NOCTYMANH B a9pOTEHKH-CMECHTe-
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Puc 3 9. PasnurHble CHCTEMBI 23paLiMH’

a - adPOTEHK-OTCTOHHHK. | — TpyOa /1A nonayu HCXOAHBIX CTOYHBIX BOJ, 2 — adpoTeHK, 3 — meperopoaka, 4 —
OTCTOMHHK, 5 ~ JIOTOK ANA cGopa OYHIIEHHOH KHAKOCTH, 6 — BO3AYX0BOA, 6 — CXeMa MOBEPXHOCTHOH adpauMH
"Cumiekc” | — BepTHKa/IbHbIA ABHraTeb, 2 ~ BpalllAlOIHECA JIONACTH

¥ WIH adPOTEHKU-OTCTOHHHKM Ha 3THX aspoTeHkax Obinu Moy4eHbl XO-
polie MajopasiMyaroLiecss pe3ynbTathl ouucTku OIHAaKO a3pOTeHK-
OTCTOMHMK OKa3ajcs 6oJjiee YyBCTBUTEJIBHBIM K YMEHBLUIEHHIO COHEpXXaHHs
PacTBOPEHHOTO KUCIOpOAa Hike obLienpuHsToit HopMe! (2 mMr/m). Ob6a aspo-
TeHKa ObUIH yCTOHUYMBBI K 3aMOBbIM cOpocaM, OHAKO COCTOSIHHE aKTHBHOT'O
Wia B HUX yXYOIIWIOCh M BO3pPOC WIOBBIA MHuekc BricTpee nukBumupoBa-
JIMCb HApyLIEHHsS COCTOSHHA aKTMBHOTO WJla B pereHepaTtope adpOTeHKa-
CMecuTeIs, CBA3aHHbIE C 3JINOBbIMU cOpocamu.

Hcneltanis nokasany, YTO MPH HOPMAJbHBIX YCIOBHAX a3pOTEHKH-
CMeCHTENM U a3POTEHKU-OTCTOMHHMKU paboTaroT Oe3 CylIeCTBEHHbIX pa3nu-
Mt

Ipencraensier onpeneneHHbli HMHTEpPeC aspomenk-oceemaumens. Ero
NPUHLIUI JeHCTBHMS OCHOBAH Ha CO3NaHWM B 30HaX OCBETNIEHHA CTabHIIbHOrO
1 MOCTOSIHHO OOHOBIAIOLErocs B3BELIEHHOTO ClIOs aKTHBHOTO Mia YcioBus
KOHTaKTMPOBAHHA 3arps3HEHHH C UIOM H KUCIOPOIHbBIN PEXXHUM B TAKOM a3-
poTeHke obecreurBalOT NpoTeKaHHe npouecca OMOXUMHYECKOTO OKHUCIIEHHs
NIpH OTHOCHTEJNILHO BbICOKMX Harpy3kax Ha un 3a cuer 6oJsbIoi KOHLeHTpa-
uuu una. [1pu 3TOM B npouecce OHOXMMHYECKOTO OKUCIIEHUS Y4aCTBYET OA-
HOBPEMEHHO BCsl MacCca akKTHBHOT'O WJIA, HAXOMALIErocs B COOPY>XXEHHH

IupponuHamMuveckas cxeMa COOpYXXEHHst obecneyMBaeT MpoLECChl CMe-
IIEHHUs CTOYHBIX BOX, aKTHUBHOTO MJla M BO3/yXa B 30HE adpalliM, OKHCJIEHHE
3arps3HEeHHi BO B3BELUEHHOM CJI0€ aKTHBHOTO MJ1a M BO3BpAT YaCTH aKTHB-
HOTO WiIa W3 B3BELUIEHHOTO C/0s B 30Hy a’paluu. B3seweHHslit cnoii nocro-
SHHO MepeMellnBaeTcs U CHabXaeTcst MNO-BOASHOM CMECBHIO, HaChILEHHOMN
pacrBopeHHbIM KkucnopogoM QOuuuiaemas Boga (uibTpyercs depes B3Be-
IUEHHBIA CJIOH aKTUBHOrO WJja, YyeM obecneunsaercs 3¢ peKkTHBHOE ynaBiu-
BaHUe 3arpsAsHeHuit YmenbHbIH pacxond Bo3myxa cocrasaser 30 M Ha | xr
cHkenus BITKs (natucyTouHass nmoTpeGHOCTL BOABI B KHCIOpOnE), 0Obem-
Hast Harpy3ka— 6 kr BITKs B cyTku Ha oMH M’ 06BeMa COOPYIXKEHHUst
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Bo ®panuun, CIIA, KaHane u Apyrux crpaHax HCHOMNB3YIOTCS A3pPOMeEHKU
noaxo2o cmewenus. Tlon TakuM Ha3BaHHEM U3BECTHDBI a3POTEHKH-CMECHUTENH, B
KOTOPbIX ajpaliis OCYLIECTBJISAETCA MEXaHWYECKUM MepeMelIMBaloLMUM YCT-
pOCTBOM npu momoluu a’paTopoB THna «CHUMMIEKC», OUCKOBBIX U APYruX,
obecrneunBalOLIMX UHTEHCHBHOE MepeMeLIMBaHUE )XHAKOCTH BO BCeM obbeme
asporeHka IIpUMeHSIOTCS OHM rNaBHBIM 00pa3OM MUl OYMCTKH KOHLIEHTPHPO-
BaHHbIX cTOo4HbIX BOA ¢ BITK ot 1,5 r/n u Beiwe Ha paboty Taknx aspoTeHkos
He BJIMAIOT 3Ha4YMTeNbHble KoJlebaHHst COCTaBa CTOYHBIX BOA M COJAEpXaHHE
TOKCHYHbIX BELLECTB

Cucmema nosepxnocmuou aspayuu «Cumnaexcy» (puc3 9 60) cocrour w3
LIMPOKOI BEPTHKAJIbHO PACMOJIOKEHHOH B a9pOTeHKe TPyObl, B BEpXHe#H 4acTH
KOTOpPOH, FTOPH30HTANBHO pa3MeELIEHO MOLIHOE pa3bpbi3riBaollee YCTPOHCTBO
— BpaLlAIOWIMIACS KOHYC C JIOMACTAMH. DTO YCTPOHCTBO pa3bpbI3ruBaeT CToY-
HYIO BOAY M aKTHBHBIi MJ1 IO NOBEPXHOCTH BOABI M TaKOE Xe KOJIM4ECTBO BOAbI
M HJ1a BcachiBaeT co AHa adporeHka CucreMa aspaumuu « CUMIUIEKCY HalexXHa B
JKCIUTyaTaliMy, OHa LHPOKO UCnosb3yercs B Bennkobpuranun

B Hactosiuee Bpems 3a pyOexkoM BMeCTO BO3JyXa NpH MHEBMAaTHYECKOM
a’paldH ad3pOTEHKOB LUMPOKO NMPUMEHSETCS KHCIOPOX 3TO NO3BOJIAET MHTEH-
cubuupoBaTh npouLecc OHOXMMHUYECKOH OYUCTKH, MOBBICMB HCMOJIb30BaHHE
kucaopoza 1o 90 %, xots ob6bIuHO OHO cocTaBiisieT MeHee 8-9 %

Typounnsie aspamopel, npennoxeHHsle 3a pybexxoM, no3poJsoT B 3-4 pasa
YBEJIMYHTb KOJIHYECTBO MCMNOJIb3YEMOTrO KMCAOPOAA MO CPABHEHHIO C MOPHCTHI-
MM MAHTaMi ¥ Tpybamu

Aspaums KMCIOPOJOM YCMEHO NPUMEHSETCS MPH OYUCTKE ObITOBBIX CTOY-
HBbIX BOJ, a TaKXX€ CTOYHBIX BOR LIEJUIOJO3HO-OYyMa>kHOH MpPOMBILLIIEHHOCTH,
UCKYCCTBEHHBIX CMeCeii OpraHH4eckux BellecTB M Ap. JTOT cnocob adpauuu
TpedyeT NONONHHUTENbHBIX KanuTanoBnoxeHui# OmHAKO B HEKOTOPbIX NPOU3-
BOZCTBax, HalpuUMep B a30THOH NMPOMBILIIEHHOCTH, KHCIOpoa 0bpasyercs kak
no6ouHbIH NMPOXYKT, HE MCMONB3YEMBIIl B MPOU3BOJACTBEHHBIX Lensx B atom
Cllyyae adpalusi CTOYHBIX BOA KUCIOPOJAOM CTaHOBUTCs peHTabenbHol Ilpu
NHEBMAaTHYECKO} adpalluM KUCIOPOA JOJKEH MONAABATLCA B repMETHUYECKH 3a-
KPBITBIH a3pOTeHK, MHaue OH ObICTPO CMELIMBAETCA C BO3NYXOM U KOHLEHTpa-
LIMsl €r0 B a3pUpYyeMOt CMECH MOHHKAETCA.

INpumeHeHmne KUCIOpPOZA BbI3bIBAET 3HAYUTENBHOE (C 3 O 6 I/)1) yBenIuueHue
KOJIMYECTBA aKTHBHOTO MJla B a3poTeHKe. IHTeHCHbHKaLua OunCTKH ApH Npu-
MEHEHMH KHCJIopona 06ycnoB/ieHa B 3HAYUTENBHONH Mepe BHICOKUM KaueCTBOM
aKTMBHOTO Mja. A3pallusi KUCIOPOROM He TpeOyeT WHTEHCUBHOIrO ABWXKEHUs
OYMINAEMOM XXMIKOCTH, NMO3ITOMY OOpa3ylowMicsa Wl COCTOMT W3  KpPYIHbBIX
TMJIOTHBIX XNONbEB, Jierko Guokkynupyer, ObicTpo ocenaer. Ilpu 3ToM yny4iua-
€TCs COCTaB HakTepuasbHbIX MOMYJALHIA, Tak kak MOAaBAseTCs pocT obaurar-
HbIX (00s13aTeNbHBIX) M (pakyNbTaTHBHBIX (HEOOA3aTENbHBIX) aHA3PO6OB, a 3T,
B CBOK O4epelb, yckopsieT oOpaboTky akynbTaTHBHBIX aHaspo6oB Kpome
TOro, npu OonbLIOH KOHLEHTPaLMW KHCIOPOAA HE Pa3BUBAIOTCS HUTHAThle
dopmei 6akTepuii, uTo NpenoTBpaiLaeT 0Opa3oBaHUe BCNYXAOLEro Uia

Ha npaktnke 3¢ (exkTHBHOCTb a’spauny BO3AYXOM OrpaHUUMBAETCS HM3KOM
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KOHLIeHTpalyieii kucnopona B aspupyemoii cmecu (1-2 mr/n) ns Toro utobbi
nocTu4b HeoOXOAMMOro KOHTakTa rasa M >KHAKOCTH, HEOOXOIMMO aKTHBHOE
nepeMelIMBaHUE CTOYHBIX BOJ, HO MPU 3TOM pa3pyLIalOTCs XJIOMbs Mia U 3a-
MeLJIsieTCs UX OCAKAEHUE

HccnepoBanus nokasany, YTto NMpU COmep>XaHUM akTMBHOro wia 10 r/n 6uo-
XUMHYECKOe OKHCIIEHHE 3arpssHeHuii yckopsnock B 1,3-2 pasa, a skcrlyarta-
LIMOHHbIE pacxonbl He yBennuuBanuch (OKa3anocb TakXke, YTO MPH UCMOJB30-
BaHMHU KUCJIOPOZa BMECTO BO3AyXa 3KCIUTyaTaLlMOHHBIE PACXOAbl CHUXAJIMCh Ha
40-50 %, a obwue unBectuumu — Ha 15-20 % DKOHOMMs HOCTHraercsi B pe-
3yJIbTaTe YMEHbLUIEHUSI Pa3MEPOB OUMCTHBIX COOPY)XEHMI 33 CUET MOBbILEHUA
WX POU3BOAMTENBLHOCTH, a TAKXKE 32 CUET CHHXKEHHMs KOJIH4ECTBA MOAABAEMOro
rasa no cpaBHEHHIO € rmopjayed Bosayxa Ilpu cokpaieHUH NPOAOIKHUTENLHO-
CTH a3pauuu ¢ 6 00 2 4 yMEHbLIAETCS PACXO/A KMCI0POAa U 3JIEKTPOIHEPTHUH

Jns 3 dexTuBHOrO NpuMeHeHus kucnopona Ovina pazpaboTaHa HOBast KOH-
CTPYKLUHs a3poTeHKa - oxcumenk. OH 6bu1 onpoboBaH B MONYyNpOU3BOACTBEH-
HbIX YCJIOBHUsX Ha CTO4HBIX Boaax LllekuHckoro xumuueckoro kombuxara Ox-
CHTEHK repMeTHueH, OH npencTabiser coboii pesepByap, cHabkeHHbli a3paTo-
POM U COBMEIUEHHBIH C UNOOTAENuTeNeM. AKTHBHBIH W B adpallMOHHOM KO-
JIOHHE HacCBbILAaeTCd KUCIOPOIOM M mepeMelunBaercs Mewankoit Kucnopon
WK BO3AYX NMOJHUMAETCs1 CHU3Y BBEpX, a CTOYHAs BOJAa MOMAETCs CBEPXY W
cboky. OumnureHHast Boja nocrynaer B OTCTOHHUK. OKHUCIUTENbHAST MOLUIHOCTh
okcuTenka gocturaer 5-10 kr BIIK Ha 1 M* B CYTKH, 4TO B 3-4 pa3a npeBOCXoO-
IUT MOLIHOCTH UMEIOLUXCst Ha koMOuHaTe 0OBIYHBIX A9POTEHKOB.

CpaBHUTENBHO HENABHO CTaNH MCNOJb30BAaTb AIPOMEHKU C NPOMUBOMOY-
HbIM 08UdCEeHUeM dcuoKocmu u kucaopooa (npotuotok). ITo MHEHHIO MHOTHMX
uccnenoBarteneil, a3paluo KUCIOPOIOM UM BO3AYXOM, 0OOrallleHHbIM KUCIIO-
ponoM, Lenecoobpa3HO NPHMEHSTb TONBKO B MPOTHBOTOYHOM a3pOTEHKe
[IpuHUMD ero HeHCTBUS COCTOMT B TOM, YTO OUHMILAEMas XXUAKOCTb, MOAaBae-
Mas KaK B a3pOTEeHKe-CMeCHTelle, ABUKETCS CBEPXY BHU3, a €ii HaBCTpeuy CHH-
3y BBEpX MOCTyMaer kuciaopon 1o obecneunBaeT TILATENLHOE NepeMellnBa-
HHME KUCJIOPOAa U CTOYHOH >XMAKOCTH M, B UTOre, PaBHOMEPHOE pa3pylleHue
3arpsi3HeHUi. YCTaHOBJIEHO, YTO NpPU MPOTHBOTOKE BPeMs KOHTakTa CTOYHOM
XKUAKOCTH U KHCIopoaa cocTasnsier 40 c,Torna kak npu NpsAMOTOke — Bcero 8 c,
T.€. IUTUTENbHOCTh KOHTAaKTa P MPOTHBOTOKE B 5 pa3 OoJblue.

BuodnabTpbl. KpoMe a3poTeHKOB NMPUMEHSIOT OYMCTHbIE COOPYXXEHHsS C
bukcupoBaHHOM 6uomMaccoi. B Takux cucreMax cTouHble BOAbI KOHTaKTUPYHOT
¢ buoMaccoi, 3akpenyieHHoH Ha moBepxHOCTH Hocutens Ecnu crounas Boma
pacmpezenseTcs METOAOM OpOLIEHMs MO 3arpy3ke u3 apobneHoil mopoasbl, To
TaKyl YCTAHOBKY OObIYHO Ha3biBAlOT Ouogusvmpom. K coxaneHuto, 3To Ha-
3BaHME HEMpaBOMEPHO, NOCKOJIbKY NMPOTEKAIOLIMHA 31€Ch NPOLECC NPEACTaBIs-
et coboit Guonoruueckoe 3kCTparupoBanue, a He puasTpoBaHne C nosiBNIEHH-
€M CHHTETHUYECKHX Cpel, 3aMEHMBLIMX NpOOJeHbli KaMeHb, Obll BBElEH Tep-
MUH «6uonozuveckas 6awnay, TaKk Kak TakKOro poia YCTaHOBKH 4acTO NOCTH-
raroT BbICOTHI 6 M (BbICOTA TPAAULMOHHBIX GUIBTPOB C mebeHOuHOl 3arpy3koit
cocrasysieT Toabko 1,8 M) Cucrema c ¢ukcuposBanHoit Guomaccoii apyroro
TUNA NpeacTaBisier coboi 6uonozuyeckuil Ouck, rae HECKOAbKO KPYribix mia-
CTHH, pacrnosoXeHHbIX Ha oflLueM Bajy, MEANEHHO BpawiatoTcs, OynydM uac-
THUYHO MOTpY>XeHHbIMU B HacceiiH co crouHoii Bonoit Haxonsiumecs Ha auckax
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OpraHuyeckue
Teepaas BEILECTBA
NOBEPXHOCTh
\ OpraHuyeckue
AHadpobHas kucnorsl CHs H-S
30Ha \ BuIToBO# CTOK
Bosayx
AHa3pobHas say
30Ha
OrnaBmas RN CO. H.0 NO..NO
P 5 2. 1,0, 25 3
Guonnenka B
Buonoriieckan | BomsHoit
NJICHKA chnoi

Puc 310 MexaHH3M KMHETHKH Maccomepezaud B OHopeakTopax ¢ (DHKCHPOBAHHOIl
6uomaccoit

MMKPOOPraHU3Mbl M3BJEKAIOT COAepoKaLKecs B CTOYHbIX BOJAX OpraHuue-
ckue BewectBa CHcTeMbl ¢ (UKCHPOBaHHBIMH OMOMAaccaMHu OTAMYAIOTCS
IpYr OT Apyra TOJbKO KOHCTPYKLHMEH, B HMX NPOTEKAeT OAMH WU TOT e
6uonoruueckuii npowecc

IMpu opoweHnu GHKCUPOBAHHBIX CPen OLITOBBIMU CTOUHBLIMH BOJAMH Ha
NnoBepxHOCTU cpen obpasyercs OGuonoruyeckas nienka (buonnenka) Owxa
COCTOMUT rnaBHbIM 00pa3oM U3 Oakrepul, nmpocTeHiunx v rpuboB, nNUTao-
LIMXCS COAEPXKALIUMUCA B CTOYHBIX BOIAX OPraHUYECKMMH BELIECTBAMH
Cxema nporekanus Guonoruueckoro npouecca npuseneHa Ha puc 3 10 Ilo
Mepe TOro KaK CTOYHast BOJa NMPOXOAUT MO NMOBEPXHOCTH OMOMJIEHKH, CO-
CTosILlied U3 MHMKpPOOPraHM3MOB, YTHIM3HUPYIOIIMX OpPraHHYecKue M MHUHe-
pajibHble KOMMOHEHTbI CTOYHBIX BOJ B MPUCYTCTBHUM KUCJIOPOAA MPOUCXO-
auT 6royTHnu3auus ¢ 06pa3soBaHMEM YIIIEKMCIIOro rasa

KonnuecTBo KHCIOponda, paCTBOPEHHOIO B >KMIAKOCTH, MOMOJIHAETCS 3a
cuer abcopbuuu Kucnopona M3 BO3AyXa, HaxXOALIErocs B MOJIOCTAX 3a-
rpy3ku ¢unbTpa Buonorudeckuii cnoi, XOTs U OYEHb TOHKUH, ABNSETCS
aHa3poOHbIM B cBOeil BHyTpeHHHH 4acTu. [ToaToMy xoTst Guosiorudeckoe
(GuibTpOBaHHE M Ha3bIBAalOT a’pOOHBIM MPOLIECCOM, OHO MO CYLIECTBY
npencrasisier coboit dakynbraTHBHLIA (T e Heobs3aTenbHbI) npouecc,
00benuHsIOIUH IeATENbHOCTb Kak a3pOOHBIX, TaK M aHa’pOoOHbIX MUKPO-
OPraHHU3MOB
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MukpoopraHusmMbl B BEPXHHX CJIOSAX 3arpy3ku ObICTPO pa3MHOXKAIOTCs, NH-
Tasch nocrynatoei B u3buiTke numeit Ilo Mepe Toro kak crouHas Boaa cre-
KaeT BHW3, COJep>KaHHe OPraHUYeCKHX BELIECTB YMEHbLUAeTCst 40 TakoH Cre-
MEHH, YTO MHKPOOPraHU3Mbl B HIWKHEH 30HE HAaXONATCS B COCTOSIHMM roJioza-
Hus H36biTox 6GMoMacchl, BbiMbiBaeMO# M3 QUIbTpa, M3BJIEKAETCS U3 BOAbI BO
BTOpU4HOM oTcTOliHHKe Ilponmyska 3arpy3ku HeoOxoauma, uToObl COXpaHHTD
Nopbl AJ1 NPOXOXXAEHUs1 CTOYHOH Boabl M Bo3ayxa. Ileperpyska ¢unbrpa mo
OpraHH4YEeCKHM 3arpsi3HEHHsSM B COHYETAaHUU C HENOCTATOYHOM rUApaBIIUUECKOH
Harpy3koi MO>XET NMPUBECTH K 3aCOPEHHI0 NOp B OHOMIIEHKE M, B UTOTE, K CHH-
*eHuo 3¢ PeKTUBHOCTH OYHUCTKH

3azpysounvie mamepuanvi 0aa 6uogunempos. buonoruveckuii  GuibTp
(6rodunbTp) COCTOUT U3 KOpMNyCa, 3arpy304HOr0 MaTepuana, a TaKxe U3 BOJO-
pacnpefe/MTENbHOrO, JPEHAXKHOTO W BO3MYXOPaCNpeNeuTeIbHOIO YCTPOHCTB
CrouHast KUAKOCTh 0OTEKAaET NOBEPXHOCTb 3arpy304HOr0 MaTepuana, NoKpbi-
Toro 6uonoruyeckoil nneHkoit (buonneHkoii), koTopyro 00pasyrOT KOJOHUH
a3pobHbIX MUKpoopraHu3smoB [lpoxons uepes 3arpy304HbIii MaTepuan, 3arpss-
HEHHasl BOJa OCTaBJII€T Ha HEM NMPHMMECH, He OCEBLIHE B MEPBHYHBIX OTCTOM-
HHKAX, a TaK>X€ KOJJIOMIHble W pacTBOPEHHble opraHudeckue Beuiectsa. Ilo-
cnenHue copbupyroTcs GHOMNEHKOMH, NOKpbIBalOLIEH NOBEPXHOCTb 3arpy30U4HO-
ro mareprana Mukpoopranusmsl, obpasyroiue 6HONNEHKY, MCMONB3YIOT Op-
raHUY€eCKHE BEILECTBAa KaK MCTOYHUK MUTaHUA W 3Hepruu. Takum oOpasom, u3
CTOYHOIi BOIbI YNANAIOTCA OPraHUYECKHE BEILECTBA U B TO )K€ BpEMs YBEJIU4H-
BAaeTCs Macca akTUBHOH OuomneHku u Tena 6uodunsrpa OMepTBeBLIas U OT-
paboTaBinas O1oneHka CMBIBAETCs NMPOTEKAOILEH CTOUHON BOOOH U BHIHOCHT-
cs u3 Tena 6GuodunbTpa.

INpuHumne! kiaccupUKALUK CYIECTBYIOUIMX BHIOOB OHOGUNLTPOB MOryT
ObITh pa3IMYHBIMU: MO CTEMEHH OYMCTKH, MO cnocoby momauu Bo3ayxa, Nno pe-
UMy paboThi (HalMuMe UNM OTCYTCTBME DPELMPKYNIALMH), MO TEXHOJIOrH4Ye-
CKO# cxeMe (0HO-, ABYX- HJIM TPEXCTyNEeHYaThie) U T.1.

INepBrie MccnenoBaHWs MO OYHUCTKE CTOYHBIX BOX B Ouodunbrpax, 3arpy-
XKEHHbIX kepamuveckumu konvyamu Pawuea pazmepom 1,9-56 cM, nokasany,
YTO OHM MOTYT BBIAEP)KUBATH MOBLILIEHHbIE HArpy3KH IO OPraHHYECKHM 3a-
rpsa3HenusM. B nadane 1940-x rr. B kayecTBe 3arpy3ku 6M0¢uIbTpOB Bnepsbie
Obl1M Mcnonb3oBaHbl muacTMaccl. LInpokoe Mx NpUMeHeHHe HAYanOCh JIKLIbL
B koHue 1950-x rr B Hacrosiuee Bpems B CIIIA, Kanane, BennkoOputanuii u B
psle OPYrux CTpaH MOCTPOEHbl H IKCIUIyaTHPYIOTCA AECATKH CTaHUMH OHo-
bunbTpauuy, roe B kauectBe 3arpy3ku OHOPHIBTPOB UCMOBL3YIOT CUHTETHYE-
ckue marepuansi (puc 3 11).

ITonynpousBoacTBEHHbIE UCTIBITAHUA MO OYMCTKE CTOUHBIX BOJ KOKCOraso-
BbIX 3aBOZOB, CoAepxalHx (HeHoNbl ¥ LMaHUbI, TPOBOAMIN Ha YCTAHOBKE M3
aByx 6uodpunbTpoB pasmepom 0,9x0,9 M u BbicoTO#H 4,5 M ¢ Aveucmoi 3azpys-
kot muna «Iloauepudy», M3roToBIIEHHOW NMyTeM HHXEKLHNOHHOrO NpeccoBaHHs
W3 yOaponpo4HOro MOJMCTHpoaa uiy noaustuiieda [lpu cyrounoii Harpyske
no ¢enonam 0,4 kr/M’ u no umManunam 0,3 KI/M’ B OUHIEHHBIX BOAAX MX Cle-
10B 0OHapy>keHO He ObLIO, OTCYTCTBOBAJIO U 3aunuBaHie 6HOGUABLTPOB

Boinu uccnenosanbl Takxke 6nodunsTpel tuaMerpoM 21,3 M ¢ 3azpyskoi u3
Aveucmulx kepamuyeckux mpy6 nuamerpom 71,5 mm u anuHoit 30,5 cm, pasne-
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Puc 3 11 BroduapTpsi ¢ 6:104HOl NIACTMACCOBOI 3arpy3Ko
! - peaxmnumﬁ OPOCHTCIIL, 2 - mnacT™MaccoBble 610kH. 3 — BEHTHIBILHOHHBIE OKHA 4 — MPpHAMOK UIA BbIIIYCKA
CTOMHLIX BON

JIEHHbIX MPONONBHBIMU NEPEropoikaMHt Ha YeTbIpe YaCTH U yCTAHOBAEHHBIX
BEPTUKaNbHO Ha peweTKy Co weasmu pasmepom 50x100 MM; ynenbHas no-
BEPXHOCTb Tako# 3arpy3ku 74 m*/M> Ouncrke noasepranuch ObITOBbIE W
NPOU3BOACTBEHHbIE CTOUHbIE BOJbI KOHCEPBHbIX 3aBOAOB ¢ HauanbHbIMU BITK
coorBercTBeHHO 154 u 816 mr/n Ilpu npoussoautensHocTu 485 M3/(M2~C}'T)
nocruranock cHuxenne BITK Ha 55-60 %.

Jlns ourcTku OBITOBBIX CTOYHBIX BOH, colepkaliux (eHos, Mcrosib3oBa-
nacb 3arpyska muna «/Joynax», npeacraBiswowas coboi 6a0ku pazMepom
0,95x0,52x0,36 M, BbIMONHEHHbIE W3 rOPPUPOBAHHBIX B ABYX HanpaBJIEHHsIX
nnactmaccoBbix nucroB CpaBHeHue paboTbl 6HOGUNLTPOB C 3arpy3kaMu u3
NAacTMacChl ¥ U3 JOMEHHOIO LIaka MoKa3aio, YTO CHWXKEHHe KOHLEeHTpaLuH
beHona cocraBnsier coorBercTBeHHO 82 U 62 %. Buicokas mponyckHas cno-
COOHOCTb NpU NMpUMEHEHNUH ABYXCTyneH4aToro ¢punbrpa «Joynax» Gbita noc-
THUTHYTa NPH OYMUCTKE CTOUHBIX BOJ ra30BbIX 3aBOJIOB, Cofepkaux dhenon (1o
50 r/n) ¥ 3HaUMTENbHBIE KOJHYECTBA KPE30JIOB, KCHUIEHOJIOB, MUPOKATEXHHA H
T a Tpu BxonHoii Harpyske no BITK, pasuoii 8-9 kr/(m*-cyt), BIIK ounuen-
HBIX BOJl COCTaBJisANa B cpenHeM 40 mr/n

boina uccnenosana pabora 6uodunpTpa, NOCTPOSHHOrO It OYUCTKU CTOYU-
HBbIX BOJ Cynb(aTLe/UII0N03HOrO 3aBoAa buodunstp uMen B njaHe BOCbMH-
rpanHyto Gopmy, ero nonesHsiii 06veM cocrasnsn 2830 M 3azpyska c Brico-
TOH cnost 9 M cocTosina U3 YepeOyIUUxXcs 20PPUPOBAHKBIX NAOCKUX AUCMO8
ROMueuHUAXA0pUOA, COOpaHHBIX B MakeTbl pasMepom 0,6x0,6x0,12 M Ilnot-
HOCTB 3arpy3KkHu cocTaBisia 60 Kr/m’, yaenbHas nosepxHocts — 130 m*/m°, mo-
puctocte — 95 % Ilpu skcmnyatallMy CTOYHBIX BOA Harpyska AOCTHMrajia
242 m'/(Mi-cyT), a Harpyska no BIIK - 10,3 kr/(M’-cyT), sdbext cHuxeHms
BITK npesbiwan 50 % (npu HauanbHo# Benuumnde 420 Mr/n)
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HUccnenoBanus 1no ouucTke ObITOBBIX CTOYHBIX BOA Ha 6uodunbTpe (nony-
NPOM3BOACTBEHHAS YCTAHOBKA) C 3aZpy3KOl U3 NOAUBUHUAXAOPUOA TIPOBOIM-
Jauch Ha kadenpe kaHanu3auuu JIEHHHrPaACKOTO MHXKEHEPHO-CTPOUTENBLHOrO
nrctutyta (JIMCH). YcraHoBka Obuia BbIMOJIHEHA U3 acOECTOLIEMEHTHOH Tpy-
6b1 nnamerpom 0,28 M, a BBICOTa CJIOA 3arpy304HOro Marepuana — 3,4 M Okc-
NepUMeHTbI MOKa3aJy, YTO MPOMNyCKHas cnocobHOCTL OuodunbTpa ¢ Takoi 3a-
rpy3koit Ha 35 % BbllIe, YeM y BbICOKOHarpyxaemoro duodunsrpa ¢ rpaBuii-
HOM 3arpy3koi

DTH MCCIIeROBaHUs NOCYXUIM OCHOBOH ANs co3naHus buogursmpa-cma-
Ouauzamopa, NpenHa3Ha4eHHOTO AN TNOJHOH M HenonHoi OuoXMMHYeEcKoi
OYMCTKU Kak ObITOBBIX, TAK M NPOM3BOACTBEHHBIX CTOYHBbIX BoA B Guodunbt-
pe-cTabuinsarope NpoMCXOOMT OKMCIIEHHE OpPraHM4eCKUX 3arps3HeHHii, Haxo-
OSILIMXCS BO B3BELIEHHOM, KOJUIOWIHOM M PaCTBOPEHHOM COCTOSIHMM, a TakKe
MuHepajiu3auus npupactatoweii 6uonoruueckoit Maccol (crabunusaumns) Ilpu
npuMeHeHuu 6uoduNbLTPoB-cTabMIM3AaTOPOB OTNAnAeT HEOOXOAMMOCTDb B Mep-
BMYHOM OTCTaWBaHHH CTOYHBIX BOA M B COOPYXeHHsix s 0O6paboTku ocanka,
T € JOCTUraercs 3Ha4uTeNbHas 3KOHOMMS U YNPOLLAETCs CXEMa OYMCTKH

HccnepoBaHus no 04MCTKE rOPOACKUX CTOYHLIX BOI Ha 6uoduabTpe c 3a-
2PY3KOU U3 20hPUPOBAHHOZ0 NOAUIMUNEHA IPOBORUNKCH B BakuHckom dunua-
ne BHHMMBoareo (Asepbaiimxan) Ha nonynpousBoAcTBEHHOH ycTaHOBKe
auamerpoM 0,25 M c BbicoToH ciost 3arpy3ku 4 M, npu Harpyske no BITKeu
paBHO# 1,6 Kl‘/(M3'CYT) oKucauTeNbHas MOWHOCTb No CHATOH BIKjom cocTa-
Buna 1,4 kr/(M>-cyT).

s oxnaxAeHusi CTOUHbIX BOA ¢ TemnepaTypoit 48°C Ha onHo# M3 GyMa-
Ho-kapToHHbiX (abpux (CLIA) mepen asporeHkoM ObuiM yCTaHOBIIEHBI NBa
OMBITHBIX GUOGUIBTPA ¢ 3azpy3kol munos «Ilonuzpud» u «/Joynak» ¢ BbICOTOIA
CJlosi COOTBETCTBEHHO 3,2 1 6,6 M [lpennonaranock, 4T0O OQHOBPEMEHHO C OX-

JlaXIeHHeM OyneT NpoUCXOOUTh MpeaBapUTelbHas OYUCTKA CTOUYHBIX BOX OHo-
nyeHko#, obpasoBasiueiica Ha Hacanke. Mccnenosanus nokasay, 4T0 NpH Ha-
uanbHoii BIIK 140-400 Mr/n n Harpyske CTOUHbIX BoA 87-336 M’/(M*-cyT) cHu-
xenune BIIK cocransno 11-34 % u 6bU10 MpakTHYECKH OJMHAKOBBIM INs 3a-
rpy3ku 060X THIOB

Bbuin npoBeneHsl HCMbITaHUs 6MOMUALTPA, B KOTOPOM UMEJIHCD NBE CTyMne-
HU ¢ hracmmaccosoi 3azpysxou (C B Axosnes) Ha neppoii CTyMeHH Mpowuc-
XOAWNA MpeaBapuTe/ibHas OYUCTKAa CTOYHBIX BOA, NpH KOTOpOH BITK cHuxa-
nace 1o 50-200 mr/n npu Harpyskax no BIIK 0,6-3 Kr/(M -CyT), MpH 3TOM yer-
paHsJlacb OCHOBHasi 4YaCTb 3arps3HEHHH. l'lpumeHeHue fepBUYHBIX OTCTONHH-
KOB nepen NepBoii CTyNeHbIo CUMTaNoCh Heobsa3atenbHbiM Ha BTOpoit cTynenu
CTOYHbBIE BOJIbl OYMIIAIMCh JO CTENEHH, OTBEYalolleii CAHUTapHBIM TpeOoBaHH-
sm 1o BITK (e Gonee 20 Mr/i) u NO KOHLIEHTPALIMK B3BELIEHHBIX BELIECTB (He
6onee 30 mr/n). IlnactMaccoByi0 3arpy3ky peKOMEHAYETCS NPUMEHATb IUist
OYMCTKM CTOUYHBIX BOJ KOHCEPBHbIX, THBOBAPEHHBIX, APOXOKEBBIX, CIUPTOBbIX,
MOJIOYHBIX, (papMaLIeBTUYECKUX W LIEJUTIONIO3HBIX 3aBOJOB, 8 TAKXKE TEKCTHJIb-
HbIX (abpuk.

IMpu BIIK B HeouuieHHBIX CTOUHBIX BoAax oT 300 mo 5000 mr/n nmpumeHe-
HUe 3aepy3ku muna « PAokop» NO3BOJMIO CHU3UTL IKCILTyaTallMOHHBIE PACcXo0-
Ibl Ha 26-46 % MO CpaBHEHWIO C MCMOJb30BaHWEM rpaBHHHON 3arpy3ku Ilpu
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OYMCTKE CTOUHbIX BOX 3aBOAa natouHoro cnupta cHuwxkenune BIIK nocrurno 55-
95 % npu HauanbHOIi Harpy3ke no BIIK 0,2-6 KF/(Mg'CyT) B TpexcryneH4aTbix
6uodunbrpax c 3arpyskoit tuna «Pnokop» camxkenue BIIK cocrasnano 92 %
npu HadanbHOH BITK okono 5000 mr/n

JIy1s OUMCTKM CTOYHBIX BOJ (hapMalleBTH4ECKOro 3aBofia Obl1 HOMOJHUTENb-
HO yCTaHOBJIeH OMOGUILTD C 3azpy3koll u3 capana, NpeAcTaBisowui coboi
2o¢hpuposannvie 6 08yx Hanpasnenusx aucmol pasmepom 550x975 mm, ycra-
HOBJIEHHbIe BepTHKanbHO CBOOOIHOE NMPOCTPAHCTBO MEXAY JIMCTaMM COCTaB-
NAN0 25 MM, yIenbHas MOBEPXHOCTb 3arpy3ku — 89 M°/M’. HeouminenHbie
CTOuHble Bonbl Apu HauanbHOH BITK = 428 mr/n nocne nepBU4HOro OTCTOMHH-
ka noctynanu Ha 6uo¢unetp, rae BITK cHwxanacy B cpenHeM Ha 56 % [lanee
CTOYHbIEe BOAbI HAMPAaBASAINCL B MPOMEXYTOUHBIH OTCTOMHHMK, PacCUHTAHHBIN
Ha npeObIBaHHME B HEM B TeueHHe 15 MMH, a 3aTeM MOCNENOBaTENbHO B paHee
yCTaHOBJIEHHbIE OMOPUIIBLTPDLI, OTCTOMHHKH, NecyaHble GUIBTPbI U KOHTAKTHbIE
pesepByapbl Obmiee cHmxenne BIIK Ha 3THX COOpY>XXEHUSX, MMEIOLIUX B CBO-
€M cocTaBe TpU cTyneHn 6uodunbTpos, coctaBasno 99 %.

Buopunbrpbl cucmemvr  «HMuzpem» 3arpykaqu HECKOJBKUMH (MATBIO-
LIECTHIO) PACMOJIOKEHHBIMU OIMH Hall APYrUM CIOSMH 0/10KO8 U3 NONUGUNUI-
XA0puda, KOTopble pa3aesuch BO3AYLIHbIMH MPOCNONAKaMH, 3arpy3ka B ceye-
HMM MMena BUA nuenuHeix coT CTOYHbIE BOABI NOAABANH HACOCOM M pa3OpbIs-
rUBajNy Haj nepBbIMH (CBepXy) TpeMs ciosiMu 3arpy3ku. Bosmyx nonaBanu
BO3AYXONYBKOH CHHU3Y B KaXIblii CNOH 3arpy3ku. YCTaHOBKa IJI1 OYMCTKH
CTOYHbBIX BOZA COCTOsJla U3 HEHTpanu3aTopoB, pesepByapa IJisi pa3basiieHus
CMelIeHHs, NepBUYHbIX OHOGHILTPOB C peLUpKyIsALHel, BTOPUYHBIX OTCTOI-
HHUKOB W BTOpHYHBIX OrodunbTpoB. CTOYHBIE BOABI 3TOrO 3aBOAA COHEpXKay
XUpPHbIE KUCIIOTbI, TIHLEPHH, )XHUPBI, Maclla, CHHTETHYECKHE ETEPreHTh, Kpe-
3011, ¢beHons! u gpyrue npumecH. Iocrynarowue crounsie Boabl umenu pH 1,5
u BITKs = 5000-19000 mr/n , a ouneHHbie — BITKs = 50 mr/n u pH 7

BuodunbTpst cucrembl «HHrpeM» NpuUMeHSIOT TakXKe Ul OYUCTKH CTOUHBIX
BOJ 3aBOMOB LIEJUTIONO3HO-OyMaXKHO# M MULIEBOH APOMBILIIEHHOCTH, MOJOY-
HOTO M TEKCTHJILHOTO MPOM3BOACTBA, nTHLedepM U Apyrux npeanpustuii [Ipu
Harpyskax no BITKs = 2-7,5 Kl"/(Mg'CyT) cHwkenune BITIK cocraBnsier cooTBeT-
crBedHo 90 1 70 %

IpumMenenne 6UOGUNBTPOB C MIACTMACCOBOMN 3arpy3KOH Ui OYUCTKH Obl-
TOBBIX CTOYHBIX BOJ 9KOHOMH4YeckH Oonee LenecoobpasHo, 4yeM 6uopuIbTPOB,
3arpy>keHHbIX rpaBueM. bbliu 3anpoexTHpOBaHbl ABE YCTAHOBKYU s OYMCTKH
BBITOBBIX CTOUHBIX BOJ C pacxooM 38 Thic M’/cyT (Hauanbhas BITK 200 mr/n)
OnHa ycraHOBKa WMelsla OBYXCTyrMeHuarbie OMOQUABTPH (MO ABE B KaXmow
cTynexu) nuamerpoM 39,6 M u BeicoToH 1,8 M ¢ rpaBHHHOI 3arpy3koii, BTopas
— IBYXCTyneH4arbie 6uodunpTphl quamerpoM 11,4 M u BricoTo# 3,2 M C rod-
PUpPOBaHHOM CuHTeTH4YeckoH 3aepyskoui muna «Caghnaxy. BITK o4MILEHHbIX
cTouHbIX Box cocTaBuia 30 Mr/n. CTOMMOCTb YCTaHOBKH, MMEBLUEH B CBOEM
cocraBe OMopUNBTpPBI C NIACTMACCOBOH 3arpy3koi, okasanace Ha 21 % MeHblue
CTOMMOCTH YCTaHOBKM C IpaBHiiHbIMM OHOGMIBTPaMM; 3aTpaThi Ha HX 3KC-
niyaTanuio ObUIH MPHMEPHO OXMHAKOBBIMH

Honyckaerca noxaBaTh CTOYHbIE BOAbI Ha OMOGUIBTPHI C MIACTMACCOBOM
3arpy3kol, He nojaBepras MX NEpBMYHOMY OTCTAaHBAHUIO, MOCKOJIbKY MOPbI
610G uNBTPOB NPaKTHYECKH HE 3aHJIMBAIOTCA BbLIO OTMEYEHO, YTO naxe npu
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3a/IMOBOM MOCTYIUIEHHH TOKCHYHBIX NpuMeceii 61onneHka ObICTpO BOCCTaHaB-
nuBaer cBolo paboTocnocobHOCTDL

OnbIT AOBTOPHOrO MCIOJB30BaHUs CTOYHBIX BOJ, MPOLUENLINX OYUCTKY Ha
6uodunbTpax (B Ka4eCTBE KOTOPLIX UCMOJIB30BAIMCH IPAAMPHU), NOKa3al, 4YTO
OYHMILEHHbIE CTOYHBIE BOJABI MOXHO HCHOJBL30BaTh B Ka4yecTBE MONMUTOYHON
Boabl B 0bopoTHO#H cucreMe BomocHabxenns. CucreMa ycnewHo pabotana B
Teuenue 11 ner: cHkeHue KoHUeHTpauuu ¢eHosos gocrurano 99,9 %, veptu
— 84 %, XIIK u BITK — 6onee 90%.

Ha omnbiTHOH ycraHoBke c 3arpy3koil tuma «Cadmak» ObinM npoBemeHbl
TaK)Xe UCMBITAHHs MO OYMCTKE CTOYHbIX BOA XMMH4ECKoro 3aBopa. buodunbr-
pbl ¢ cuHTeTH4Yeckoi 3arpy3koit cHwkanu BIIK crounbix Box Ha 70 %, kOHLEH-
Tpauuio B3BelIEHHbIX BellecTB — Ha 80 % u HopManbHO pabotanu nNpu Temme-
patype cTouHsix Box 45-50°C.

B kauecTBe >KECTKUX 3aChIMHbIX 3arpy304HbIX MaTepHanoB mns OuodpunbT-
POB MOIyT MCMOJB30BaThCA Pa3sNMYHBIE NJIACTMACCOBbIE, KEpaMU4ECKUE U Me-
TaJuIM4eckue usfienus (Co 3HauMTENnbHOH YOENbHOH MOBEPXHOCTBIO, BBICOKO#
CTEMNEHbI0 MOPUCTOCTH M MAJIOH MNOTHOCTBIO), KOTOpble TIPUMEHSIIOTCS B Mac-
co0OMeHHbIX KOJIOHHAX W anmnaparax.

Buonucku (nozpyscrvie 6uoghunemput). B TeueHre HECKONBKUX JIET TUCKY-
THPOBAJICS BOMPOC: K KAKOMY THIY COOPY>KEHHIi OTHOCHTb IUCKH — K a3pOTeH-
kaM unu 6rnodpunsrpam. Criop pemmnics B noawdy 6uopunsTpos. Mx HasbiBaloT
TaKoKe MpocTo GHOAMCKaMU WIH BPAILAIOLIUMHCS KOHTaKTOPaMH.

Buoaucky MMEIOT psn MPEeHMYLUECTB, MO3TOMY K HUM npossasercs 60b-
ILO# MHTepeC, HeMpepLIBHO BeayTcs paboTel MO UX coBepLIeHCTBOBaHMUIO. T1ep-
BOHa4aJIbHO OMOOMCKH MPHUMEHANU AN OYUCTKH HeOONBLUIMX KOJIMUYECTB CTOU-
HbIX BOJ, & BIIOCNENCTBUM ~ H JUIl OHHCTKH 6onbLnx konuyects (mo 100 Tbi-
ca4 M7/cyT).

IMepBbie QMCKU W3rOTaBAMBANM C NIAAKOM MOBEPXHOCTHIO B nocnemxue ro-
Ibl NpeanoYTeHne oTaaeTcs NpoduILHON NOBEPXHOCTH, YTO MO3BOJSET YBENH-
YUTb YAENbHYI MOBEPXHOCTh AuckoB. Ha moBepxHocTH muckoB obpasyercs
buonoruyeckas mieHka, obpa3oBaHHas MMKPOOPraHU3MaMH, KOTOpbIE MONy-
4alOT HeoOX0aMMOEe I/ CBOEro Pa3sBUTHA KOJHYECTBO MUTATENbHOIO cybCcTpa-
Ta U KUCJIOPOAA BO BpeMsi MEPHOANUECKUX 3aepxkek OMOIMCKOB B OYMLIaeMOii
BOJE ¥ B BO3AyXe B pe3ynbTare ABMXKEHMA OUCKOB HOCTHMraeTcs pasMellnBa-
HUE Cpefibl, KOTOpoe obnerdaeT NpoLece YTHIIM3aluK 3arps3HeHuit boinu pas-
paboTaHbl AMCKH, BpalLalOLMECs 3a CYET MoJayd Bo3dyxa, Onmaropaps uemy
yJy4llaeTcs adpaLus Cpenbl.

J¥cKy W3TOTaBIMBAKOT M3 JIETKOrO HCKYCCTBEHHOTO MaTepuana (mpexne
Bcero u3 ruiacrMaccsl). Jluamerp auckoB o6b14HO coctaBnsier 2,0-4,0 M, yacTo-
Ta BpameHnus 0,5-3,0 Mun" npu mepudepuiinoit ckopoctu 0,3-0,4 M/c. Tucku
pasMeIaT B MPAMOYTOJbHBIX OacceHHax, KOTOpble, B 3aBUCHMOCTH OT HX
obbeMa, U3roTaBIMBalOT U3 Xenesoberona uiu 6eroHa. O6BIMHO pekOMeHny-
ercs npenycMaTpHBaTh [ OGHOMMCKOB JIETKYIO KpBIlly, KOTOpas NpexoTBpa-
LIAeT MOMajaH1e Ha HUX MPsIMBIX COJHEUHbIX Jyded WM BIMAHUE OPYrUx aT-
Moc(epHBIX SABJIEHHH, MO3BOJIAET COXPAHMTb XXU3HEHHble QYHKLUUH MHKpPOOp-
raHU3MOB

K TexHM4eCKHUM XapaKTepucTHKaM OHOAMCKOB OTHOCATCS MX pa3Mepbl, 4ucC-
JI0, KOHCTPYKLMA U pesibed MOBEPXHOCTH, riybHHa NOTrpy)KeHHs, 4acToTa Bpa-
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Puc 3 12 Torpysxubie 6HOQHUABLTPBI
a - OHOCTYMeHYATHIf, 6 — MATHCTYMEHYaTLI ¢ 1p YTOYHBIM OTC 1 = noasoasmui noToK, 2 - pe-
1epByap, 3 — Ball, 4 — AHCKH, 5 — OTBOAALLHI JIOTOK, 6 — MepenyckHo# KaHal, 7 — OTCTOMHHK

meHus ¥ ap. Ha ckopocTe OUMCTKM OKa3bIBalOT BIMSHHE TaKXKE HadasibHast
KOHLIEHTpaLMs 3arpA3HUTENs, COep>KaHHe PaCTBOPEHHOTO KHUCJIOPOJa, TOJI-
wuHa 6uonneHky, Temneparypa, pH cpensl u gpyrue gakTopsl

Ewe B 1917 r. B Poccuu Obina Boigana «IIpusuinerus Ha cioco6 6uonoru-
4eCKOTO OHYMLIEHHs BOIbI, OTAMYAIOIHICSA TeM, uTo B bacceiiHe ¢ ouuluae-
MOt BOZOI MOBTOPHO MOTPYXXarOTCS M MOJHUMAIOTCA IS MPENoCTaBlEHHs
JIEHCTBUIO BO3JyXa >KeNe3Hbli kapkac C HaTAHYTBIMH B HEM IPOBOJIOKaMHU,
Ha KOTOpble HacaXXeHbl MIAaCTHHbI U3 MPOOKHU, BaThbl HIH KyCKOB TKaHM, WIH
TeJla U3 JIerkoro mMatepuana». JTOT NMpUHUMI paboThl OMOGUILTPOB Haiuen
TeXHUYeckoe npuMeHeHHe nuuib B 1960-x rr. Takue koHcTpykuuu 6uo-
GbunbTPOB NONYMMIU Ha3BaHHE NOTPYXKHBIX (puc. 3.12).

B I'epManuu ans norpyskHeix 6HopunbTpoB ObLIN HCHONB30BaHbI TUCKHU
nuamerpom ot 0,65 no 3 M; npu nuamerpe qucka 3 M ONTHMalbHAs 4acToTa
BpALEHHs COCTABNIANA 2-3 MUK BOJbLIYIO POJib Hrpana CTENeHb Morpyke-
HMA OucKoB Haubonbiuit 3ddekT mocTurancs, kKoraa MX Onyckaiu B KHI-
KOCTb Ha 0,45 [uaMeTpa, T.e OCH BaJlOB HaXOLMJIMCh HECKOJILKO BbILLE YPOB-
Hs CTO4HBIX BoA. IIpyu BpaleHuu Banos pa3BUBAIOLIMECS HA MJIACTMAaCCOBBIX
AMCKaX MHUKPOOPraHM3MbI MOMEPEMEHHO MPUXOAMIU B KOHTAKT C BO3AYXOM
K CO CTOYHBIMHM Bojami, bnaromapsi 4yemy CO3[aBaJMCh XOPOLUHE YCJIOBHS
IS JKU3HenesTensHocTH 6uorenku. IlpennoxeHa Takke KOHCTPyKLMst ar-
perata, CMOHTHPOBAaHHOTO Ha aBTOTPHLENE, YTO MO3BOJIIET NOCTABSATH yC-
TaHOBKY B Mo60e MecTo, OBICTPO €€ MOHTHPOBATh U IEMOHTHUPOBATS.

IMorpyxHele 61odunbTpe! OblnM TakKe onpoOOBaHbI AN OYMCTKH MPOU3-
BOACTBEHHbIX U ObITOBbIX cTouyHbix Box B llItyrrapre u Ljtopuxe; nakersi
n1acTMaccoBbiX AUCKOB (10 30-180 muckoB B KaXKAOM MakeTe) 3aKperisiuch
Ha Bany Ha paccTosHMM 15 MM npyr ot gpyra. Jlucku mo MOSOBUHBI NOrpy-
KaNMCh B JIOTOK, Yepe3 KOTOPbIH MPONyCKad CTOYHbIE BOIbI, YaCTOTA Bpa-
LIeHHs AUCKOB cocTaBnsna 1,5 mun’'. Takue GHOQMILTPBI ManouyBCTBHU-
TeNbHbI K koNeOaHMsAM pacxofa M KOHLEHTpalLUMK CTOYHBIX BOJ, YTO MO3BO-
asno obecneuuts Mobyro creneHb ouucTkH. KpaTkoBpeMeHHble 3anmnoBble
NOCTYIUIEHUs] CTOYHBIX BOJ JIMIUb HE3HAUMTENbLHO YXYALIANH Ka4eCTBO OYHU-
CTKH
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TMo cpaBHeHHIO C a3pOTEHKaMH MOrpyxkHbele OHOPUIBLTPHI MeHee 4yBCTBH-
TeNbHBl K TOKCHYHBIM BELUECTBAM, MUHEPAJbHbIM Mac/laM ¥ CHHTETHYECKHM
nereprentaM IlpomyckHas cnocoGHOCTE 3TUX 6MOPUILTPOB CHMXKANACh TOJb-
KO MpH AJUTENBbHBIX Neperpy3kax coopyXeHuii.

Pe3ynbTaThl OTEYECTBEHHBIX W 3apyOeXKHbIX HCCNENOBaHMH W OMBIT 3KC-
NIyaTallMi AO3BOJIAIOT CHENaTh BHIBOABI, YTO MOrpy>kKHble OHOGHILTPBI MOTYT
ObiTh peKOMEHIOBaHbI ANs OUMCTKH OBITOBbIX U MPOM3BOACTBEHHBIX CTOYHBIX
BOA c pacxomoM no 500-1000 m /cyT BrodunbTpe! 3TOrO0 THNA NPOCTHI B 3KC-
riyataluy, He TpebyloT 60MbLIKMX NepenanoB BLICOT NPH ABIKEHUH BOAbI (4TO
CBOMCTBEHHO BCEM IPYrMM KOHCTPYKLUsiM 6U0oGHUNbLTPOB), a Mpy Hanu4uu ne-
penana, paBHoro 0,5 M, makeT AHCKOB MOJXXET BpaLlaTbCs 3a CYET 3HEPrvM na-
natouied ctpyu Bonbt. [lorpyxHbie OHOGHALTPBI BbIAEPXKUBAIOT 3a/MOBLIE 110-
CTYMJIEHHst CTOUYHBIX BOA: MX LesiecooOpa3sHO MPUMEHSTb NPH HepaBHOMEPHOM
NOCTYMJIEHWH CTOUYHBIX BoA. [l obecneuyenus Gonblueid HagesxHOCTH B paboTe
ClleflyeT NPUMEHATb NPEUMYLIECTBEHHO ABYX- MM TPEXCTYMEHYaThie MOrpyX-
Hble OHOGUNbTPBI.

YCcraHoOBKH € NCEBAO0KHKEHHbIM CJIoeM. A3pallMOHHbIE COOPYXXEHHUs C
3arpy3kod M3 pa3NN4YHBIX MaTepHasioB MOJY4HIH Ha3BaHue 6uomenxkos. Q4qu-
CTKa CTOYHBIX BOI B 3THX COOPY>KEHHSAX MPOMUCXOOMT Kak B cBOGOOHOM 0Obe-
Me, TaK U Ha MOBEPXHOCTH 3arpy304HOro Matepuaina. 3arpy3ka OMOpeakTOpoB C
HEMOABW)XHON Hacalkoil MOXET BbIMOJHATbLCSA B BUAE OTHENbHbIX OJOKOB U3
MJIACTMAaCCOBBIX XKECTKUX WM rMOkux MaTepuanoB. bnoku pasmeuwaror Takum
ob6pasom, yto6b1 06ecneunTsd 3hPEKTUBHYIO LUPKYJIIALNIO HIOBOH CMECH B 3a-
30pax MeXAy HHMH U B MPUIOHHOM MPOCTPAHCTBE IS TPENOTBPALUEHHUs Bbi-
najgeHus uia Ha THO coopyxeHus Tak Kkak CKOPOCTH ABWXXEHHs MJIOBOH cMecu
OTHOCHTENbHO HeBeNukH, OHOMJIeHKa Ha MOBEPXHOCTH 3arpy304HOro MaTe-
puana HapauMBaeTcs CpaBHUTENbHO ObicTpo B pesynbraTe cpenHsst KOHLeH-
Tpauus OyoMacchl B peakTope MpeBbIllaeT OOLEenpUHATbIE KOHLEHTPAaLMU aK-
THBHOTO MJ1a B a9POTEHKaXx.

[MpuMeHeHue B3BelweHHOTO (NCEBIO0XKMKEHHOTO) ClOst Uit OUONOrnYecKoi
OYUCTKH CTOYHBIX BOJ 3HAUMTENbHO MEHSAET TPaAMLIMOHHYIO TEXHOJOrU. V-
MAHOBKA C NCEBOOONCUINCEHHBIM CNOEM NeCYanol 3azpy3ku « OkcumpoHy, npen-

Puc. 3 13. CxeMa YCTAaHOBKH C NCEBAO0KIKEHHBIM
CJI0EM MECYAHOI 3arpy3KH’

| - nopatomuii Hacoc, 2 ~ caTypatop, 3 — OTpaxalowWHit Ko-
HYC, 4 — peaKTop, 5 — YHCTHIH Necok, 6 — 30Ha B3BeWEHHOro
MecKa ¢ MPHKPEIUIEHHbIMH MHKPOOPTaHH3MaMH, 7 — MeCKOBLIH
Hacoc, 8 — myasnonposoa, 9 — WIOYNIOTHHTeNb, [0 — Hamop-
HbIH THAPOLHKNIOH, [/ — Hacanka, /2 — BOJOC/HBHON JIOTOK,
13 ~ 30Ha ocBeTnenus, [4 — cbpoc ouHieHHOH Boabl, /5 —
PeLHPKY. 1#t TpyGonposon, /6 — 3xkekTop
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Ha3HaveHHas 11 OMOJIOrHYecKOH OUUCTKH CTOUHBIX BOJ C MPHMEHEHHEM TeX-
HMYECKOro kucaopona, paspaborana ¢pupmamu «Ixonorpon» u «dopp-Onu-
sep» (CLIA)

B ycTaHOBKe CO B3BelleHHbIM COeM OOBEAMHEHBI MPEMMYLLECTBA a3po-
TeHkoB M OuodunsTpos TexHonornyeckas cxema BKIouaeT B cebs Guopeak-
TOp, B KOTOPOM OYHLIAEMasi CTOYHAs )KUKOCTb MPOXOAUT CHU3Y BBEPX CO CKO-
poctbio 13-63 M>/4, IOCTATOYHOI 151 CO3NAHMS B3BELIEHHOTO CJIOA MECYaHOi
3arpy3ku, Haxomsueicsa B peakrope Kak u B 6GuodunbTpe, nonynsuus MUKpo-
OpraHU3MOB MOKPHIBAET 3epHa MecyaHoii 3arpy3kn YacTuipbr necka obecneun-
BalOT 3HAYMTENIbHYIO MOBEPXHOCTb I POCTa MHUKPOOPraHM3MOB aKTMBHOIO
una, cocrasisoowyto 3330 M* Ha 1 M’ peaktopa 3a OAMH LMKJ MPOTEKaHHs
xxuakoctu norpebasiercs 65-70 Mr/n pacTBopeHHoro kuciaopona Ilpouecc cra-
OMneH npy 3aNMOBBIX HAarpy3kax M MeHee MOABEPKEH TOKCMYHOMY BJIMAHHIO
3arpsi3HEHUI CTO4HBIX Bol. BbicoTa ciost B3BELIEHHO#H 3arpy3ku COCTaBJAET A0
3 M, pa3Mep uyacTHL uucroro necka—0,6 MM,a yacTul necka ¢ uiaom —0,8-2 mm
H30bITOK aKTMBHOTO MJIa OTBOZAST C FPaHMLbl pa3zena B3BELIEHHOMN 3arpy3ku H
ocBeTyieHHOM Boabl TlecOk OTMBIBAIOT OT aKTHBHOIO Miia Ha BMOpOCHTax Wi,
Jlyuille BCEro, B rUAPOLIMKJIOHAX W BO3BPALLAIOT B PEAKTOP AJIst MOBTOPHOIO HC-
nonb3oBanust. KoHueHTpalus 6MoMacchl B peakTope MOXET COCTaBisATh OT 12
1o 40 r/n, 3¢pekTHBHOCTb UCMONBL30BaHHUS NMOAABAEMOTO TEXHHYECKOIO KHUCIIO-
pona — 90 % Ilpouecc He TpebyeT pa3neneHUs MIOBOR CMECH, MOCKONbKY B
BbIXOAsiLUeH W3 3arpy3KH >KHIKOCTH CONEP>KUTCS JIMLIb HE3HAYUTENLHOE KOJIU-
4eCTBO BELIECTB BO B3BEIIEHHOM COCTOSIHUH

Bo BHHUHMBoareo paspaboTaHa KOHCTPYKLHMSI OIbITHO-MPOMBIILJIEHHON yC-
TaHOBKH C NICEeBROOKWKeHHBIM ciioeM necka (YTICIT) ans ouncTku asorconep-
XKalKUX CTO4HbIX Box (puc.3.13) .

VTICIT Brmouvaer B ce6s peakrop auamerpom 0,75 M M BBICOTOH 5,5 M, 3arpy>kcHHbli B
HIDKHE#H yacTH neckoM (pasmep 4actHi 0,3-0,8 MM), CHCTEMY PaCTBOPEHHA TEXHHUECKOTO KH-
€N10p0Ja B MOCTYNAIOWICH CTOYHOM XHMAKOCTH, Y3/bl pACHPEAECNEHHA, OTBOJA H PELMPKY.IALHH

KMAKOCTH, THAPOLUHMIVIOH I OTMBIBKH NMECKA OT AKTHUBHOIO HJA. OTCTOﬁHMK-_\’l'l.'IOTHMTe."Ib.
HACOCbI

3.3. UnTencudukauus padoTbl OUHCTHBIX COOPY KEHHI

[ToBbICHTb HHTEHCHBHOCTb paboTbl a3POTEHKOB MOXKHO 32 CYET Pa3NM4HbIX
MepoTpHATHH TMOBbILIEHUs KOHLEHTPALUH 1A B COOPY>KEHHH, BbIpaBHUBaHHA
Harpy3kH Ha WJ1 ¥ UCKJIIOYEHHS LIOKOBbIX NEPErpy30K, CO3AaHHs ONTHMAJbHbIX
pH u TeMnepaTypbl, a Takxke onpeneseHHoH rHAPOAMHAMUYECKON CTPYKTYpbI B
COOpY>XEHHMM, yNydlleHus cHabXxeHust kuciaoponom M Tn B nocnenxee Bpems
4451 3TOH LeNH WHPOKO UCMIONL3YIOTCS XMMHUYeckue U OHOXHMHYECKHE Coco-
6bl: MpUMeHeHHe aKTHBHOTO YIIIsl, CO3JaHHe CHUCTEM C 3aKperuleHHbIMH dep-
MEHTaMH U 1p

IloBblIeHHE KOHUEHTPALUHH AKTHBHOIO MJIa B a3pPOTEHKaX — OCHOBHOI
M3 BO3MOXXHBIX MyTel MHTeHCHduKaluu ux paboTel. CuuTaeTcs, 4To ¢ MOBbI-
IIEHWEeM [03bl aKTHBHOIO Mna B 30He ajdpauuu ¢ 1-2 no 25 r/n npoucxoaut
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NPONOPLIMOHANBHBIA POCT OKHCIIMTENLHOH MOLIHOCTH a’poTeHkoB ¢ 0,5-1 mo
12 kr Bl'[K,.o,,../M3-cyT OnHako ¢ NOBblIEHHEM KOHLUEHTPALIMK aKTUBHOTO MJla B
a3pOTEHKAX YBEJIMYUBAETCS BBIHOC €r0 W3 BTOPHUUYHBIX OTCTOMHMKOB, YTO CBSi-
3aHO C yXYALUIEHWEM TPaBUTALMOHHOrO pas3feNieHHs WIIOBbIX CMeceil Mo Mepe
MOBBILIEHUS UX KOHLEHTpaUuu

HopmanbHas paboTa ad3poOTEHKOB OCYLUECTBIISIETCS MPH MpeNeNbHbIX KOH-
LIEHTPAUMAX aKTMBHOTO HMja B WIOBOH CMECH, MOCTyMaiollied BO BTOPHUHblE
OTCTOWHMKH DTa mNpeaeNbHas KOHLEHTPaUMs AJis PasjiMyHbIX OYMCTHBIX CO-
opyXeHHi1 MOXeT ObITb pa3HOii U 3aBUCUT OT MHOrMX (GaKTOpOB YBeNH4YMBas
10 BO3MOXHOrO Nnpenesya KOHUEHTPaLMI0 akTUBHOIO MNa B a3pOTEHKaX, MOXKHO
HECKOJIbKO MOBBICHTb MX MPOU3BOAUTENLHOCTb U YNYULINTb Ka4€CTBO OUHCTKH
CTOYHBbIX BoA Ilpy 3TOM HY’>KHO yYHTBIBaTb, YTO MONOXKHTENbHBIN 3DeEKT MO-
’KeT ObITb JOCTMFHYT TOMBKO NMpH MOJIHOM obecniedeHUH OHOXHMHYECKOTO
nipouecca KHCJI0poaoM

BuoxuMH1ecKasi 0UHCTKA ¢ HCMOJIL30BAHHEM TEXHHUYECKOr0 KHCJI0POa
HAH 000ralleHHOro KHCJA0poaoM Bo3ayxa. O4UCTHbIE COOpYXKeHHs, B KOTO-
pbIX MPUMEHSETCA 3TOT MeToA, B Poccuy nonyunnu Ha3BaHMe «OKCHTEHKH» 3a
pybexom npuHaT Oosnee OOLWMHA TEPMHH — «COOPYXEHHS C HCMOJbL30BAHHEM
YHCTOTO KHUCJIOpoAa», OOBENMHSAIOWMI OKCUTEHKM H OMOoPuAbTpBI, a Takke
TEPMHH «a3pOTEHKH C UCTIOJIb30BAHUEM YUCTOrO KMCIIOpOaa»

PeanbHbIi MyTh AaNbHeLIEro CoBEpLIEHCTBOBAHUA paboTbl OHOPHALTPOB -
lIcCNenoBaHHe MPOLIECCOB, MpoHucxXoaaiux B OGuonneHke Ceiiuac nposoasTcs
nccnenosaHus auddy3umn kucnopona B MieHKy, ee akTHBHO# TONWHHbI (ycTa-
HOBNIEH MaKCHMYM aKTHBHOM TOJILMHbLI — 70 MKM), YCIIOBHIA U3bATHS 31€MEH-
TOB NHTaHHs, OMOXMMHH TIpoLleccoB M T N PeakTopbl ¢ npHKpenaeHHo# Gio-
Maccoit mpHBReKatoT Bce OoJibluee BHUMaHHE CMEeUHaNuCTOB H BCE yalle rnpi-
MEHSIOTCS Ha NMPaKTHKE IS OYUCTKH CTOYHBIX BOA

CoBepluieHCTBOBAHHE KOHCTPYKUHMH OYHCTHBLIX COOpPYKeHHil. Yciis
cnenyeT HanpaeiasTb Ha pa3paboTky Oosiee COBEPLUEHHBIX MacCOOOMEHHbIX
NPOLECCOB, MOBbILWEHHE FHAPOAHHAMHYECKHX XapaKTePHCTHK, MO1ep.KaHhe
NOCTOSHHOH H HEOOXOAHMOH KOHUEHTPALIMK MHKPOOPraHH3MOB B OHoOpearkrope
1 HHTeHCHbHKALMIO WX XH3HeaesiTenbHOCTH Uem Oosiee coBeplueHHa KOHCT-
PYKLHA OUMCTHBIX COOPYXXEHHIl, TeM Nydllie HeoOXOIHMble TEXHOJIOIHYEChIE
napamMeTpbl OYMLIEHHBIX BOA, TeM OsiHXe OHH K HEOOXOOHMBIM CAHHTAPHbLIM
HopMaMm 1 TpeboBaHUAM

Iposenenne npouecca depmMeHTALHH B MPHCYTCTBHH MUIaBalOLLeil Ha-
caakn — 3¢dexTHBHBIA NyThb HHTEHCHHKALHH MAaCCOOOMEHHbIX NPoLecCoB B
KOJOHHbIX OHOpeakTOpax 3a CYeT AOMONHUTENbHOH TypOymH3auini cpeabl it
BbIPABHHBAHMS MPOQUIsS KOHLEHTPAaLHH MO CeYeHUIO KOJNOHHbI Bbinit BbINO:1-
HEHbl IKCMEPUMEHTANIbHbIE H TEOPETHYECKHE HCCNENA0BaHHS Pad0Tbl KONOHHO-
ro OHopeakTopa ¢ miaBawouleli HaCaaKoi, NokasasliHe ero BbICOKYIO 3hdek-
THBHOCTb MNpH MPOBEAEHHH Pa3NHYHbIX MPOLECCOB MHKPOOHOAOTHUECKOIO
ciHTe3a JloCTHrHYTast MPOAYKTHBHOCTb B KOJIOHHOM CEKLLHOHMPOBAHHOM OHO-
peakTope ¢ naasarouleil Hacaakoll coctasaser 4,5-52 Kkr/(m' u) npH BbIpalLli-

BaHHI AposAokell Ha n-napadiHax it 6,2-6,6 Kr/(M ' 4) APH HCNOIbL30BAHIIE \iC-
Jlacchl B KauecTBe cydcTpara YiesbHble 3Hepro3arpaTbl Ha | kr OHomaccbl co-
CTaBIASAOT cOOTBETCTBEHHO 2.2-23 1 1,0-1.1 kBt u Ha | kr Onomacesl Ilpo-

MBILAEHHBIT KOJIOHHBIT OHOpPEakTOp TAKOro NpHHUIMNA AeiiCTBIS OOBLEMOM
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900 M’ obecrieunt nonyuente 50 T GroMacchl APONOKet H3 H-NAPaIHOB B Cy-
TKH

HoBbie THNblI GHOPEAKTOPOB, MO3BOJISANOLIME HWHTEHCHHLHMPOBATL MPO-

LIeCC OYUCTKH.

— OHopeakTopbl C LMKJIMYECKUM BBOIOM HEPTHH,

— 6HOpeaKTopbl C NCEBAOOKKEHHBIM CI0EM HaCalKH,

— GuopeakTopbl C NONYNPOHULIAEMO MM NIOPUCTOI NEeperopoako,

— OHonieHOUHbIE GHOpeakTOpbl K PEaKTOPbI 411 UMMOOUTH30BaHHBIX KIIETOK,

— OMopeakTOpbl C HUCMONB30BAHUEM MOBBILIEHHOTO MapLMaIbHOrO AABJIEHHUS
KHcJioponaa,

— OHopeakTOpbl C 371€KTPOMArHWTHOM WM 3MekTpHueckoi 0bpaboTkoii cpe-
Abl,

— buopeakTOpbl C YCTPOHCTBOM 1711 KOHUEHTPUPOBAHUA M BO3BpaTa MHK-
POOHBIX KNETOK

OuabTpbl ¢ NAABAIOLLEH 3arpY3KOH, BbIMOJHEHHbIE U3 NEHOMONHCTHPOA,
WIYHre3uTa 1 ApYrux MaTepHasioB C MJOTHOCTBIO MEHbLUEl, YyeM y Boabl Hau-
Honee uenecoobpasHO NPUMEHSTH At JOOYHUCTKU CTOUYHBIX BOA QUABTP C HHC-
XoasAWmuM GUAbTPaUHOHHBIM TOTOKOM THNa PI13-4 (puc 3 14)

JiBurkcHHE (PMALTPALHMOHHOrO MOTOKA B (DMALTPE MPOMCXOAMT B HAMPABICHHH. COOTBCTCT-
BYIOLLEM CHHXXEHHIO KPYMHOCTH HEOAHOPOAHOH 3arpy3kH C AMAMETPOM rpaHyl ot 0.3 10
12 MM [1naBarowmas 3arpys3ka yaep>KHBaeTCa Ha onpeaeneHHoi riybuHe B kopnyce (HabTpa C
MOMOILbIO PELUETKH HIIH NEPEKPbITHA H3 COOPHOrO MM MOHOJIMTHOIO XKeNe300CcTOHa ¢ (PUIbT-
pPYIOLUUMH KacceTaMH. PHIBTPOBAHHAA BOJA OTBOJMTCS 4€pPe3 APEHAK B HIDKHEM C Cloe Mel-
KO3EPHHCTOH 3arpy3KH, YTO NMPEJOTBPALIAET PACUIHPEHHE 3TOTO CI0S H BBLIHOC 3AJEPXKAHHBIX
3arpasHernii [IpoMbIBKY MfiaBarolieil 3arpy3kH OCYIIECTBIAIOT MCXOAHOH HE(UILTPOBAHHOM
BOJOH, HaxoAALICHCA B HAA(HIBTPOBOM NPOCTPAHCTBE.

Pe3ynbTaThbl HCC/IEOBaHMI N0 JOOYHCTKE OHONOTMUYECKHN OUHILEHHbIX CTOY-
HbIx BoJ Ha punbTpax Tuna PI13-4 nokasbiBaOT, YTO NPU BLICOTE CJIOS 3arpy3-
ku 1200 MM, MCXONHOH KOHLEHTpaLUW B3BeLIEHHbIX BellecTB A0 60-80 mr/nx,
ckopoctH ¢unbrpoBanus 8-12 M/u cHuxenue BIIKs cocrtaBnser 60-75 %, a
KOHLIEHTpPaUMH B3BelleHHbIX Beulects — 90-98 % [pomosmxHTeNbHOCTbL
(GUIbTPOLMKIIA B 3aBUCUMOCTH OT CKOPOCTH (QUALTPOBAHMS H KOHLEHTPaLHH
B3BELUEHHBIX BELIECTB B UCXOAHOI BOAe BapbupyeTcs OT 8 no 72 u

JAns 1OOYMCTKM CTOYHBIX BOJ MPUMEHSIOT QUILTPbI C 3ePHUCTOIT 3arpy3Koii
13 KBapLEBOro NecKa, aHTPalnTa, rPaHyIHPOBAHHOIO JOMEHHOrO LW JaKa, Kepa-

M3HUTa, NMEHOMOJNHUCTUPONA, MEHOMOJMHYPETAHA

Zus u apyrux marepuanos [lepen dunbTpamu B
S e OO0JIbIIMHCTBE Cly4aeB yCTaHaBAMBAKOT Oapa-
'/:—- -———vzmm’f— g/S GaHHble ceTku C Aueiikamu pasmepom 0,3-0,5
o5 52500 :; MM, u4TO oDecreuyuBaeT ynajneHHe KpPYMHbIX
3 ;.0.00...0’..._... é/(, rpyboaucnepcHbIx npuMeceii H BblpaBHHBa-
J— J B Ry 7 HHE KOHLEHTPaLMH B3BELIEHHbIX BELIECTB B
‘N YR &
AS A LA S S Y nocrvnawowei Ha buabTobI Boe
7 L s o o e eo s |
2 é'.:.:,' .:.’.’.:.: 2 Puc. 3 14. ®unbTp C niasaroweii 3arpy3koii
;'. [ % 1 = oTBoa NpoMLiBHOM Bofbl, 2 — OTBOA QH.ILIPara, 5 — 1O
—— 7>q_f 7 OUMUIACMON BOAM, ¥ — KaHA'L Il OYHUIACMOM BO.I 5 — \IepAH-
t 222727 BAIOILAS CETKA, 6 — IIABAONIAA 3AIPY had, Z yane 7w = MRCHARUTL-

-~

HBIH, MEHAMAILHEL YPOBHH BO. 1L
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Ha 3epHax 3arpy3ku ¢unbtpoB obpasyercs Ouonoruueckas nieska, B co-
CTaB KOTOpOii BXOAAT adpoOHbIE MUKPOOPraHU3Mbl, COXPAHSIOLLHE CBOK XKH3-
HecrnocobHOCTL Onaronaps KMcaopoay, paCTBOPEHHOMY B OHOJIOrHUYECKH O4ii-
LIEHHBIX CTOYHbBIX Bojax Takum obpazoM, puUabTpyrOLLas 3arpy3ka BbIMONHsET
pousib Guonoruueckoro GUALTPa, B KOTOPOM NMPOJOIKAKOTCS MPOLECCH OHOXH-
MUUECKOro OkUCNeHus 3arpasHeHui Ckopoctb M rybuHa 3Toro mpouecca jih-
MUTHPYIOTCS KOHLIEHTpallel pacTBOPEHHOTO B BOAE KHCIOPOAA, BaXKHO, 4TO-
Obl ero koHUeHTpauus 6b1a Bo3MOXHO Oonblueil M obecneunsana coznaHue
a’pobHbIx ycnoBuit Bo Bced Tosue ¢uibTpytoweid 3arpysku  HacbiweHue
6HONOrHYECKN OUMLIEHHBIX CTOYHBIX BOA KMCJOPOAOM mepen WX (puibTpoBa-
HHEM HeCOMHeHHO Oynet cnocobcTBoBaTh peskomy CHikeHHto ux BITK

Jna nosbiieHHs pabotel 6MopuAbTpa pEKOMEHAYETCA Yae.1uueniie 6peMenis
KOHMAKMA CMOYNBIX 800 C 3a2PY3KON W PeryiupoBaHHE 3TOrMO BpPEMEHH
Y nenbHblil BeC MaTepuana 3arpy3ks cocrasiser menee 1000 Kr/M' YcTaHOBKa
C KepaM3WTOBOW 3arpy3koH, Ha kotopoi dopmupyercs Guonsenka, obecneuis-
BaeT 90%-10 ouncTky crouHbix Boa no BIIKs, ator Bua 3arpysku oTnmuaercs
1IPOCTOTOH M BBICOKO# HaN€XKHOCTBIO MPH IKCILyaTalHH

W3 Bcex npuMeHsieMbix BUAOB (QHIBTPOBaAbHBIX HACanOK (3arpy3ok) Ha oc-
HOBe eCTeCTBEHHbIX (Ha MHHepalbHOI OCHOBE) H MCKYCCTBEHHbIX MaTepHanioB
cienyer BbIAENHTb MJIACTMACCOBbIE HACAAKM M3 MONMBHHHUIXIOPHAA, MOJHAPO-
nitieHa, MOJAMITHIIEHA M T 1, KOTOPble MMEIOT BbICOKYIO YAENbHYIO MOBEpX-
HOCTb H MOPO3HOCTDb MpH HebonbLIOH cOOCTBEHHOH Macce

3.4. AHaIM3 KOHCTPYKTHBHOro opopmJieHusi 31eMeHTOB
OUYMCTHBIX COOPY>KEeHUii 1 METO0B X pacuera

3.4.1. Aspomenru

CkopocTb ynaneHus 3arps3sHeHHiH NPU OYHCTKE CTOYHBIX BOX B a3pPOTEHKAX,
KaK H CKOPOCTb I060ro XHMHUKO-TEXHOJIOrHUYECKOrO Mpolecca, 3aBUCHT OT ps-
na $hakTopoB KHHETHMYECKHX M FMAPOAMHAMIYECKHUX 3aKOHOMEpHOCTel, mMone-
KynsipHOH u TypOyneHTHOI Anddy3Hu, OT BOZMOXKHOCTH arperipoBaHis U T 1,
KoTopble MoApobHO onucaHbl B nuTepaType K coxanenuto, no Hactosuiero
BPEMEHH TNPAaKTHYECKH OTCYTCTBYIOT riyOOKHE HCCNeNOBaHHs M0 OLEHKe
B/MAHHA ITUX ABJEHHH Ha 3PEKTHBHOCTL MpoLecca H3bATHS OpraHit4ecKix
3arpsasHeHuii CnencrBueM 3Toro sipjisercss Gonblioe MHOroodpasiie MeToa0B
pacueTa a3poTEHKOB H HHXEHepHOro oGopmneHHs caMMx KOHCTPYKLHIii Oe3
BHAMMBIX NIPEUMYILECTB ONHOII nepen Apyron

A3pOTeHKH, KaK OJMH U3 TUMOB OMOXMMHYECKHX PEAKTOPOB, B HacToOsLUee
BpEMs NMOAPA3AENAOTCA Ha TPU Knacca B 3aBHCMMOCTH OT OpraHisauuH nepe-
MELIHBAHHA U A3PHUPOBAHHA a3POTEHKH-BLITECHHTENH, a)POTEHKH-CMECITTENH,
aIPOTEHKH NPOMEXYTOUHBIX THMOB

B wpomenrax-evimecnume:isiv, Ha3blBa€MbIX B OTE€YECTBEHHOI I1PaR1iihe
AIPOTEHRKAMH KOPHAOPHOTO THIMA, OYHCTKA CTOYHbIN BOA MPOHCXOIHT MO Mepe
ABIAKCHHS MOTOKA OT TOUKIL BAYCKA 10 €ro BbiXoda 13 adporenka (/) B na-
HAIbHBIX VHACTRAX (CMOTPIT pHC 3 15) HAOMOACTCs Meper py3ka akTHBHOIO
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X, kI’ S. kI’ St BIIK ), k1" w'
8 1 20

0 { 0 ! 0 IR

X, k[ ar? C,xl"mt S¢ BIIK ), kI’ r?
8 1 20

0 0 0
0 { 0 ! 0 [ARY]
Puc 3 15 PacnpeneneHne KOHUEHTPALMM AKTHBHOrO Mia (Y). kuciopoga (C') u cy6eTpaTa
(5) no anuue (/) a9poTeHKA-BbITECHHTELA
Puc 3 16 Xapakrep pacnpeaencHus KOHUCHTPALHH AKTHBHOIO MMa, KMC10poaa M CyGcTpa-
TA MO THHE AINDOTEHKOB NOTHOTO CMELIEHHUA

Mia nuTaTeNbHbIMM BellecTBaMHM M aepuuMT kuciopona [lanee npu paBHO-
MEpHOIi a3pallii aKTHBHBIA U NoJyvaeT U3ObITOUHOE KOJIHYECTBO KHUCI0pOaa
NpH HEAOCTaTKE MUTATENbHOTO BELIECTBA, TaK YTO HOPMajlbHbI€ YCNOBMSA M0
aKTMBHOCTH 00ecreyuBatOTCs JIULIb B HEKOTOPOM MPOMEXYTKE BPEMEHU Npe-
ObiBaHMs OYMILIAEMbIX CTOUHBIX BOA B adpoTeHke Jlpyrumu crnoBamy, TEXHOJO-
FMYECKHMI NIPOLIECC B KOPMAOPHBIX a9POTEHKAX HE MO3BOJIAET C AOCTATOYHOM
NOJIHOTOM MCNosb30BaTh pabouuit 06beM 3THX coopyxeHnuit Bmecrte ¢ Tem,
KOrAa B KOPMIAOPHbIM adpOTEHK MOAAETCs CTOYHAs BOAA C BBICOKOH KOHLIEH-
Tpauuei 3arps3HeHUH, NPOUCXOAMT rubesib MUKPOOPraHU3MOB Ha HaualbHbIX
y4acTkax 3a c4eT neperpy3ku HecmoTps Ha 3TH HEQOCTAaTKH, MHOTHE HCCNENO-
BaTe/ld OTAAIOT NMPEANOYTEHHE TaKUM KOHCTPYKLHSAM a3pOTEHKOB MO CpaBHe-
HHIO C a3poTeHKaMHU-cMecHTensMH Tlpu 3TOM yTBep:kaaeTcs, Y4TO NPOH3BOIH-
TEJAbHOCTb KOPHMIOPHbBIX a3POTEHKOB rOpa3fo Bbille, YEM Y aJIPOTEHKOB-
cMecHTeeH, H YTO YTHAM3aUuUs KHCIOPOAa B HUX HIeT Oonee paLuHOHAIbHO
PaspadoTaHbl a3pOTEHKH-CMECHTENH, B KOTOPbIX OTCYTCTBYIOT HEKOTOpbIE
HEZLOCTATKH KOPHAOPHbIX a3POTEHKOB, B HaCTHOCTH rHOeNb MHKPOOPraHHW3MOB
npH 3aanoBbIX cOpocax ITO NOCTHraeTcs TeM, YTO B a3pOTEHKH-CMECHTENH
CTOYHAs! XHIAKOCTb MOJAETCS TaK )K€, KaKk M aKTHBHbIA M — paccpenoTOUYEHHO
NPH HHTEHCHBHOM NEpEMELLHBAHUH, 4TO odecnednBaeT Oobwoe pasbasienue
CTOYHOI XHAKOCTH OUYHLIAEMOH BOAOI, Haxoasedcs B a3poTeHke KoueHTpa-
LUHM MoCTynarouinx 3arpssHeHuii moryT nocrurate 2000-3000 mr/a no BITK,, .
i Oonee Peakumus okHCAEHHS B adPOTEHKaX-CMECHTENAX NpPOTeKaeT MOUTH B
OMOTEHHBIX YCNOBHAX (nceBnoromoreHHbix) Kpome Ttoro. odecneuiBaercs
MOCTOSHCTBO KOHLUEHTPALHH PAaCTBOPEHHOrO KHCI0pOa 1o BceMy o0beMy co-
opyxeHust (pic 3 10) B uincne oCHOBHBIX JOCTOMHCTB a3POTEHKOB-CMeCHTeNei
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Puc 3 17 [NpHHUMNHANbHAA CXEMA YEThIPEX-KOPHAOPHOIO a3POTEHKA

I 9 — HoMepa MKGEPOR .15 10aUH OCBET.ICHHBLIX CTOYHBLIX BOA. /() — GHILTPOCHRKIC KAHAI LIS 110,JAUH KO-
.vaa, /] = noaata ROAB! 01 NEPBHYHBIX OTCTOHHHKOR. /2 — BBIIVCK BO/ILI HA BTOPHUHBIC OICTOHHHKK /3 —
10,1444 BOY1VXd. /4 = 110/1a4a AKTHRHOI 0 KA, /S — BBIIIY CK HJIOROH CMCCH. |6 — BRO1 AK THRHOI 0 H.ld
clienyeT OTMETHUTb MX HaNEeXHOCTb B 3KCIUlyaTallUH M NMPOCTOTY KOHCTPYK-
uuu K HemocTaTkamM OTHOCHMTCS BO3MOXHOCTb NMPOCKOKA YaCTH >KMAKOCTH
6e3 10CTaTOUHON OYMCTKH, NOITOMY OcTaTOUHble BeIMUMHbI BITK o, B Bbi-
XomsleH H3 3THX COOPYXXEHHii CTOYHOH Boae HeckoNibko OoJiblie, YeM B
CTOYHOW BOJAE KOPHAOPHBIX a3pOTEHKOB Pa3HOBMAHOCTBIO a’paLiMOHHbBIX
COOPY)KEHHI SABJISETCA adPOTEHK, CXEMa KOTOpOro rnokasaHa Ha puc 3 17,
3TOT a3pOTEHK MOXKHO NMPHUMEHATb Kak MJIA OONbLIMX, Tak W ANA ManbixX
cranuuii Ilo 3Toi cxeMe oObeM pereHepaTopa MOXHO M3MEHSATb B npeje-
nax ot 25 no 75 % obuiero obvema coopykeHuii B coopykeHusx naHHoro
THNa paboTy a’pOTEHKOB MOXXHO OCYLUECTBJISATH MO CTYMEH4aTOH CXeMme,
COracHO KOTOpOH CTOYHbIE BOAbI MOJAIOTCA B a3POTEHK PacCpenoTO4YEHHO
NoCcpencTBoM LHOepoB /-9, OTKPbITHE MM 3aKPbITHE KOTOPBIX 3aBHCHT OT
HayaNbHbIX KOHLUEHTpaLMi CTOYHBIX BOX

XopoluHe pe3ynbTaThl N0 OYUCTKE CTOYHONH BOABI JOCTHTAKOTCH CEKLHO-
HHpOBaHHEM OObIYHbIX a3POTEHKOB-BbITECHUTENEH Ha 3-5 nocjenosarelb-
HO COEAMHEHHbIX AYeeK MOJIHOro cMeieHus K 3ToMy THMy MOKHO OTHe-
CTH a3POTEHKH C NepeMEeHHOW rHApaBJIHYECKOW CTPYKTYpOH, YCTaHaBJH-
BAa€MOM OMEepaTopoM B 3aBUCMMOCTH OT KOHKPETHbIX JKCITyaTaLlMOHHbIX
ycnovit Mx oTaMuMe OT a’3pOTEHKOB-BBHITECHUTENEH HIJIM a3pOTEHKOB-
CMeCHTeNeH COCTOUT B TOM, YTO CTOYHAsA )XMOKOCTb MOJAETCS B 30HY a’pa-
LHH nonepeMeHHO — COCPEAOTOYEHHO MM paccpenoTodeHHo [lonaua Bo3-
BPAaTHOrO HJa BO BCEX Clyyasix NPOU3BOAMTCS PaCCPEAOTOUEHHO, a OTBee-
HH€ OYMLIEHHON HJI0BOI CMECH BO BTOPHYHbII OTCTOMHMK BCerna cocpeno-
TOYEHHO
B HacTosee Bpems cyuiecTsyeT Gonbiioe MHOrooOpazue KOHCTPYKLIHH

a3POTEHKOB, HMEIOLLHX CBOH MPEUMYLIECTBA H HEOCTATKH, HO HH OJHA 13
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Puc 3 18 CrpykTypa NOTOKOB B CHCTEME a9POTCHK-OTCTOHHHK C PCLIHKIOM

KOHCTPYKLUMH He MoXeT ObiTb MpH3HaHa yHHMBepcasibHOW Bhibupas Ty uau
MHYIO CXEMY OpraHM3alMH NOTOKOB a3pOTEHKA, NPOEKTHPOBIUMKH OPHEHTHDY-
10TCs1, TJIaBHBIM 00pa3oM, Ha CBOIO NpodecCHOHANbHYIO HHTYHLHIO

A>pOTEHKN-CMECUTENM HUCTIONB3YIOTC TNMpU  OOMbLIMX KOHLEHTPALMAX 3a-
rpA3HeHuit M OOJbIIOH CTeNneHH HepaBHOMEPHOCTH MOCTyNawuMX CTOkoB B
OCTaJIbHbIX CJIy4asiX MCIOJIb3YIOTCA adPOTEHKHM-BBITECHUTENN M adPOTEHKH
NpOMEXYTOYHOIO THNa

Boin npennoxen (B Basunux, B Bacunbes) meron pacyeta MHHMMAAbHOro
obbeMa cucTeMbl a3pOTeHK-0TCTOHHUK (puc 3 18) ¢ yyeToM BO3pacTa akKTMBHO-
ro wia (6 ), KOTopbiii ONpenensoT No 3a4aHHOW KOHUEHTpalMH BO3BPAaTHOrO
una X (Bce 0603HaYeHUst KOHLEHTpPaLUMil NpUBeNEeHbl Ha CTPYKTYypHOH cxeme
puc 3 18)

’ T.X,+T,X,
== (ER))
Y (So - S/)

rae T, Ty, — BpeMs adpalHH B a9POTEHKE H BPEMA OTCTAMBAHHA B OTCTOHHHKE. COOTBETCTBEH-
HO. .\, X} — KOHLEHTpauMsa MJIA HA BBIXOAE APOTEHKA M OTCTOWHHKA., COOTBCTCTBEHHO.
¥ - ko3 puumeHT TpaHCHOpMaLMK 3arPA3HEHHH B BHOMACCY MHKPOOPTraHH3MOB. Sy, S; — KOH-
LICHTpALUMA 3arpA3HEHHH HA BXOAE H BBLIXOAC MOTOKA CHCTEMbI 2l3p0TeHK-0TCTOﬁHMK\ COOTBET-
CTBCHHO

VpaBHenue (3 1) npeobpasyem k Buny
k+S, 1. oo [(R+e)x,] X,
S+M@O) | Jr+R)| @i, Y(S, -5,

rae k, — KOHUCHTPALMA 3arpA3HCHHH N0 Moae M MOHO. MpH KOTOPOi CKOPOCTb PCAKUMH PABHA
'/2 MAKCHMATbHOM. Vp — HAYAIbHA CKOPOCTb OCKACHHMS MO JEHCTBMEM CH1 THRKCCTH NpPH
X - \:(or | 10 10 M/4), @ - kOHCTaHTa (= 2). A} .\, — KOHLUCHTPALHKA HIa HA BbINOJE OTCTOIi-
HHMKA M BO3BPATHOIO M1a. COOTBETCTBEHHO, R — K03 (pHLHEHT peunpkynsauun, () — KOIMYECTBO

CTOKOB. NOCTYMAIOWIMX B CHCTEMY. @ — KOI(PHUMEHT MOTOKA C H3OLITOUHBIM AKTHBHBIM
HIIOM

RO E (32)

33
X -X, (33)
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KoHcraHTy 1 ¢ onpenenstot no dopmyJe
1/6+b,

=gy —o- "= ] 34
u ”01/0+b,,+d HoM (6) (34

KoHLueHTpalys akTHBHOTO WJIa Ha BbIXOZE a3POTEHKA
— XO +Y(SO _S[)
¢ 1+ 5T,
3necy 7', — BpeMs adpaLiu B a3pOTEHKe TNOJIHOrO NepeMeLnBaHus
T = Y(k, +58,)(S, -S)
a S ’
:uXa i
b — KOHCTaHTa CKOPOCTH CAMOOKMCJIEHHA Una

1/0+b, +d

b=(1/0+b,)—YL——

1/60+b, +d

[Tpu BuiBome cooTHowenui (3.4) u (3.7) monararoT, YTO MJI COCTOMT M3 aK-

THBHOW W MepTBOM 4Yacreii, npuueM b, , b, — KOHCTAHTbI CKOPOCTH OKHCJIEHHS

MEpTBOI M aKTMBHOM 4aCTeill Mna, COOTBETCTBEHHO, d — KOHCTaHTa CKOPOCTH

OTMHPAaHHs HJla

Bpems oTcTanBaHus B OTCTOMHHUKE

a

HR+@) 1((a-1 X,

"TU+R@-Dv,| a X.

ri1e .\': — HeKOTOpas MOCTOAHHAA KOHLUEHTPALMA aKTHBHOTO M1A. f1 - BBICOTA A3POTEHKA

X 3%

(36)

+1/0 37

, (38)

YucaenHo pewnB ypaBHeHue (3 1) mna ¢ukcupoBaHHOrO 3HaueHus JX;, Mo
ypaBHeHusiM (3 5), (3 6) u (3 8) onpenensem X,, Ty, To
HenocraTkom 3TOr0 Merona siBasercs To, 4to cootHowenus (3 1) - (3 5) no-
JlydeHbl 11 a3pOTEHKOB-CMECHTENEH, TOraa Kak B PeasibHbIX YCIOBHAX CTPYK-
Typa MOTOKa B a3pOTEHKAaX HAaXONUTCS B NMPOMEXKYTOUHOM COCTOSHHM MEXIy
naeanbHbIM CMELIEHHEM U BbITECHEHHEM
dopMynbl Ui pacdeéTa BbICOKONPOM3BOAMTENBHBIX a3POTEHKOB, Mpenno-
xeHHble SI KapenuHbiM ¢ COaBTOpamH, y4HTBIBAIOT HaudallbHble W KOHEYHble
KOHLIEHTPaLMH CTOYHBIX BOX, MOCTYMAIOLUX Ha OYMCTKY, H 103y aKTHBHOrO
Hna B CHCTEME
Bpems aspauuu B BbICOKOMPOM3BOAHTENLHOM adpoTeHke (7)) onpenensior
no gopmyne
T,=(S, - 5,)/(16 +0.754° 7S’ ™) (39)
Bpems oTcranBanus
T,=04541"" /B 4125, (310)
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rae A — paboyas A03a AKTHBHOTO MJIA B CMECH No 6e3301bHOMY BewecTsy, r/n, Ty — BpeMs OT-
CTaMBAaHHA B OTCTOMHHKE, 4; / — HIOBBIAH MHIEKC, cM>/r, B — BBIHOC B3BEIICHHbIX BEIIECTB B
Mr/n

AHanorn4Has MeTonMka pacuéra npennoxera B Cuull 11-32-74, cornacho
KOTOpPO# MPOAOJIKUTENBHOCTb ad3pallii a3pOTEHKOB BCEX THMOB ONpPENESeTcs
no Gbopmyne

= %Q—SL, 311
cp

rae R, — CpeaHAs CKOPOCTb OKHCICHHA 3arpA3HEHHH

TMpu cpaBHeHMM pe3y/nbTaTOB pacyéra, BHINOJHEHHbIX MO dopmynam (3 9) u
(3 10), 6b1 06Hapyxensl Gonbiume pacxoxnaeHus Tak, Ipy 003e aKTHBHOTO
wna 2 r/n u 3onbHocTH 0,25 crounbie Bonabl ¢ koHuenTpauued no BIIK, paBHoii
250 mr/n, B nepBoM ciiydae HeoOxonuMo a’puposath 4,1 4, uToObl NONYYMTD
Si1 =15 mr/n no BIIK, a Bo BTOpoM ciydae — 7,5 u Ecnu xe Tpebyercs nosectu
ypoBeHb ouucTku 10 S; = 30 mr/a, To mo dopmyie (3.9) HeobxoaUMO adpupo-
BaThb 2 4, a no ¢opmyne (3.11)-49y

INepeuncneHHble METOAbI HE YUUTHIBAIOT KMHETUKY M3BATHA OpPraHH4ecKux
BELLECTB M3 CTOUYHBIX BOJ U UX noTpebieHne MUKpPOOpraHu3mMamMu

B coBpemMeHHO#H NpakTHKE CKOPOCTb MpOLiecCa M3bATHS OPraHUYecKUX 3a-
TPA3HEHHIT MMKPOOpPraHM3MaM# BbIPaXkalOT B BHIE KHMHETHUECKHX YPaBHEHHIA,
nosy4yaeMbix M3 GopManbHOH CXeMbl, IPHHATON TEM WM MHBIM MCCilenoBaTe-
JleM Ha OCHOBe HabmoneHu#

B knHeruke OHOXMMMYECKMX MpOLIECCOB NMPUMEHSIIOTCS MaTeMaTHdeckue
OMNUCaHUA, B OCHOBY KOTODBIX TOJIOXKEHbI KJIACCUUYECKHUE TNPEACTABJEHHS O
tbepmeHTaTUBHBIX peaklusx B Hacrtosiuee Bpems cyiecTByer 6onblioe MHO-
roobpaszue MaTeMaTH4ECKHX COOTHOIIEHHUI, OMMCBIBAIOIUX OCHOBHbIE KMHETH-
yeckHe MpoLecCchl pOCTa MUKPOOPraHU3MOB

Cpenu Mopenel, y4MTBIBAIOLIMX KMHETHKY M3BATHA CyOcTparta, LIMPOKOE
pacnpoctpaHeHue nonyuunu Mounenu B Dxkendenvnepa, P Makkuuu n ap
Jnst Toro utobbl OTAATHL MPEANOYTEHHE KaKOH-TNO0 U3 HUX, HEOOXOANUM Ccpas-
HUTENIbHBII aHANU3 STUX MoJeneit

M3 Bcero ckasaHHOro MOXHO chenath cieaylowuii BbiBoa B HacTosiee
BPEMS CYLUECTBYIOT MHOrOYMCIIEHHble NpUOAKEHHblE METOMbI pacyeTa anmna-
paToB, BXOAALIMX B CXEMY OMOXHMHUYECKOH OYMCTKHM CTOUYHBIX BOA ITH METO-
Ibl, OCHOBaHHbIE Ha IMMUPUYECKUX WM MOJYIMIMUPHUUECKMX 3aBUCUMOCTAX, He
BCEraa y4MTbIBAaIOT M'MAPOAMHAMUYECKHE OCODEHHOCTH M KMHETHYeCKHe 3aKo-
HOMEPHOCTH TNPOUCXOAAIUMX B anmnapartax MpoLEcCOB, TaK YTO 4acTO pacyer-
Hble 00beMbl COOPYXKEHHI OKa3bIBAlOTC HEONpPaBAAHHO 3aBbILEHHBIMH WIH
3aHWKeHHbIMU B obuieM ciydae npoekTHpOBaHWE ONTHMalIbHbIX TEXHOJIOMM-
4eCKMX cXeM OMOXHMMYECKOH OUMCTKM NPENCTaBISETCA BO3MOXHBLIM JHIlb
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Npy CO34aHMH MOAENHUPYIOIMX CUCTEM, BKITIOUAOLIMX B cebs MOLYNN pacuera
OTZEJIbHBIX anmnapaToB U y4eTa BO3MOXHBIX CBA3eH MexXay HUMH (OpraHusaums
6afinacHbIX M peLUPKYJIILLHOHHBIX MOTOKOB)

3.4.2. Omcmonnuku

OtcrauBanye — OAMH W3 OCHOBHBIX 3TarloB BbIAENEHUA M3 CTOUYHBIX BOA HeE-
pacTBOpUMBIX (OCENAOIUMX WIH BCIUIBIBAIOLIMX) MEXaHWUYECKHX NpHUMeceid —
B3BELUEHHBIX BELIECTB, 3MYJIbrMpoBaHHbIX Maces U T 1 Haubonee npocTeimu u
«CTapbIMM» M3 COOpPYXeHMH, paboTaroLiux MO MPUHUMNY OTCTaMBaHMs, ABJIs-
10TCS TIECKOJIOBKH

B Hacrosiiee BpeMst B NPakTHKE BOJOOYMCTKU UCIMOJb3YIOT OTCTOMHHMKM TE-
pPHOIMUECKOTO U HenmpepbiBHOrO AeiicTBUA OTCTOMHMKHM HENMPEPLIBHOIO AEHCT-
BUsl B 3aBUCHMOCTH OT HanpaBJIEeHUs TEYEHUs >KUAKOCTH MOAPA3AESAIOTC Ha
rOpU30HTaJIbHbIE, BEPTUKAIbHbIE U PafiUANIbHbIE

FopusonTanbHblil oTcToiinuk (puc 3 19) npeacraBnsier coboit npsmo-
yronbHbiii H6acceitt, 060pynOBaHHBIA BOAOpACTpeAeUTENbHBIM M BOAOCOOp-
HbIM yCTpoiicTBaMM, TpyOonpoBonamMu Ais NOABOAA OCBETNIAEMOH BOXbI, a
TaKXe YCTPONCTBOM AJsl NMEPHOAMYECKOro YAajeHHus, BbinaBuiero ocanka Mx
NPUMEHSIOT Ha BOLOOYUCTHBIX CTAHLMAX XO38HCTBEHHO-NIUTHEBBLIX M MPOMBILL-
NEHHBIX BOZOMPQBONAX, NPOM3IBOAMTENLHOCTH KOTOPBIX COCTaBNACT Honee
30000- 50000 ™ /cy"nm NMpH yNaNeHUH H3 BOAbI Koarynupoaauuou B3BECU
CyluecTBEHHBIM HEIOCTaTKOM TFOPHM3OHTANIbHBIX OTCTOMHHKOB ABNSETCA TPYI-
HOCTb, CBA3aHHasl C MEXaHM3aLMEN Mpoliecca yAaNeHUus U3 HUX OCaJlKOB

Pacuem zopuzommanvrnozo omcmoinuka 3akmo4yaeTcs B ONpeleseHnH ero

reoMeTPUUYECKHX pa3MepoB (ANUHBI M LWIMPHHBLI) M TpebyeMoii cTeneHn ocser-
JIEHHs )KUIKOCTH

i (3 12)

rae /o — ryOHHA OTCTOHHHKA, L — IIMHA OTCTOHHHKA, Uo — PACHETHAS CKOPOCTb OCAKIECHUA
B3BCCH B CTATHMECKMX YCIOBMAX, MM/C, W — CpPeiHEe 3HAUCHHE BEPTHKAJIbLHOH COCTAaBIAIOLICH
CKOPOCTH NMOTOKA MM/C. V. - CPEAHAA TOPH3OHTATbHAA CKOPOCTh ABHKEHUA BOAbI B OTCTOHHH
Ke. MM/c

g OCB ——I__——‘_ D) } Puc 319 CxeMmbl OBWKEHHA BOAbI B
e _— FOPH3OHTAJILHBIX OTCTOMHHMKAX Da3HOro
s e ——— OCB THNA
; . Q) OIHO YTAKHBIH NPAMOTOYHBIH (patpet). 7) 0/1HO-
0 YTAXKHBIA ¢ MOROPOTOM MOTOKA. (IL1AH). 6) ,IBYX-
OCB S ) ITAXKHBIH PAMOTOUHBII (paipet), .°) JARYX TaKHLIH
R 1c ::D___;__J ¢ MOBOPOTOM MOTOK4 (paspes). () - ocadok, /(' -
[0 nnosast cMech (OCB - OYHIUCHHBIC CTOYHbBIC BO/IBI

82



®opmyny (3.12) MOXKHO NpeACTaBUTL B BUAE

%

L=a-<H,, (313)

u()
rae @ — K03 (QUUMEHT, YYHTHIBAIOLUMIT BNHAHHE BEPTHKANBHOH COCTABIAIOLICH CKOPOCTH MO-
TOKA, paBHbIH

ug
Uy — Vv, /30 ’

KoadpuLmeHT k HaxomAT B 3aBUCKMOCTH OT COOTHOWeHUs L Hy

k 7.5 10 12 13,5
L Hy 10 15 20 25

HIupuny otcroiinuka B onpenenstor no gopmyne

B = Q/ vcH 0>
rae - pacxoa BObL, M/C

3HaueHus uy, W, v, ONPENeNsIoT 3KCNIEPUMEHTANBHO MJIM C MOMOLLBIO KPUBO#
ocaxneHus PaspaboraH cTaTHCTHYeCKHIT MeTOA pacuéra, yuUMTBIBAOLIMIT
BJIMsIHHE BEPTHKAJILHOM COCTaBJIAIOLLEH CKOPOCTH Ha OCaXKAEHHE 4acTHLl B3Be-
cu pa3Ho# ruapaBaundeckoi kpynHocty (I' ITaBnos)

BepTukanbHblii OTCTOHHHK npencrasiseT coboil kpyrablid Mau KBaapar-
Hbl B MjlaHe pe3epByap, 060pynoBaHHbI TpyOONpoBO#OM ANt NMOAAYU OCBET-
AseMoi BOAbI, kKaMepo# xsnonbeoOpazoBaHus, xkenobamu ais cbopa ocBeTieH-
HOM BOAbL, a Tak>Kke TPyOONpoBOAOM ANs NMEPUOAUHECKOrO BBIMYCKa Ocaaka Miau
OnoposkHeHust oTcTofiHuka IIpenMyluecTBOM BepTHKAIbHBIX OTCTONHHUKOB AB-
J€TC NPOCTOTA YAANEHUs U3 HUX OCAZIKOB, KOTOPOE MPOW3BOAMTCSA MOA IMA-
pOCTaTHYECKMM naBlieHWeM FIX KOHCTpykuus MO3BONAET yaansaTh ocanok 6e3
cneuranbHbiXx yctpoiicTs Takue OTCTOMHHKM NMPUMEHSIOTCS AN OCa)XKAeHHs
CKOaryJiMpoBaHHOH B3BeCHM C Npou3BoAMTESbHOCTBIO 1o 20000 M3/cy“rm1
Onxako, HECMOTpPSL Ha 3TO NPEUMYILECTBO, BEPTHKA/IbHbIE OTCTOMHUKH MOJy-
YWJIM pacTpoCTpaHeHHe rNaBHBIM 00pa3oM 1JIst OCBETJIEHHsl ObITOBBIX CTOUYHBIX
BOJ, a AJIs NPOMBILLIEHHbIX MPEANPUATHI WX NMPUMEHAIOT CPaBHUTENILHO pel-
ko OObscHsAETCA ITO TEM, YTO MPU ONMHAKOBOM HArpy3ke CTOYHOM KMAKOCTH
pabounii 3¢ ekt BepTUKANBHBIX OTCTOHHUKOB, Kak NMPaBHJIO, HUXKE, YEM TOpH-
30HTANIbHBIX, @ TAKXXE TEM, YTO MPOMYCKHast CMOCOOHOCTb OQHOrO BEpPTHKAIb-
HOro OTCTOMHMKA CpaBHMTENbHO Mana Ilpu 3HAa4YMTENBHOM KONWueCTBE Npo-
M3BOJICTBEHHBIX CTOYHBIX BOJ 3TO NPMBOAMT K HEOOXOAMMOCTH CTPOUTDH 6O0Jib-
I0€ KOJINYECTBO OTCTOHHHUKOB, YTO OCJIOKHSAET HX IKCIyaTalHio
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Hccnenosanus paboThl BepTHKaNbHBIX OTCTOWHUKOB MOKa3any, 4To Haubo-
jlee GnaronpusTHbIE YCIOBUS OTCTaMBaHMs B HUX CO3AIOTCS B TEX Clyyasx,
KOra pacueTHasi CKOpOCTb ABHXKeHMUs Boabl paBHa 0,2-0,3 mm/c

'nppaBnuueckuit pacuer BepTHKabHBIX OTCTOHHWKOB (puc 3 20) Benercs
nBymst Mmetonamu. Ilo nepeomy memody UCXOQHBIMU PacCUETHBIMH BEIMYMHAMH
ABJISAFOTCA PaCYETHasi CKOPOCTb NPOTOKA CTOYHOM XXUAKOCTH B OTCTOHHUKE Vp M
pacueTHas NPOAOJKUTENLHOCTb OTCTauBanus £ BennuuHa vp, npuHnMaercs c
Yy4€TOM HauMeHbLLIeH CKOPOCTH OCaXHEHHUs Uy YaCTHL B3BELIEHHbIX BELIECTB,
Ha 3ajep>kaH1e KOTOPbIX PaCCUUTBIBAETCS OTCTOHHUK (Vp 0,5 — 0,7 uy)

BennuuHa ug npuHMUMaeTcs B COOTBETCTBMHU ¢ Tpebyembim 3ddexTom 3anep-
»KaHHsl B3BELUEHHbIX BELECTB U JaHHBIMM O KMHETHKE UX OCa)XAEHHS

TTpomOIKUTENBHOCTL OTCTaMBaHUsA ! NPUHMUMAETCA Ha OCHOBAHUH OMBITHBIX
OaHHBIX M0 OTCTAUBAHUIO JIaHHOW WM aHANOTMYHON CTOYHOM XXUIKOCTH

Huametp ueHTpanbHOH TpyObl d 3aBUCHT OT MPHUHATON CKOPOCTH ABHXKEHUS
BOABI B Held (Vy)

BennuuHa vy OKa3biBaeT 3HAUUTENLHOE BIUSAHME Ha paboTy oTCTOlHMKa, No-
3TOMY €€ CJIeAyET MPUHMUMATL C Y4eToM o0Lueii rnybuHbl OTCTOHHMKA M riay6u-
Hbl TIOTPY>XEHHUs LIeHTPaNnbHO# TPYObI, a Takxke HaNUYMsA Hibke TPYObl OTpaa-
TenbHoro wuta [lpu rnybune (H >3 M) npoTOYHOH 4acTH OTCTOMHHMKA B Cily-
4asiX OTCYTCTBMS OTPaXaTeNIbHOTO LUMTa CKOPOCTb B LIEHTpaJbHOI TpyOe He
DOJDKHA MpeBbILaTh 28 MM/C; NP1 HATUYUK LMTA OHA MOJKET ObITh MOBbILIEHA
no 100 mm/c

C yMmeHblueHueM BenuuuHbl vy 3ddext paboTbl OTCTOHHMKOB NMpH MPOYHX
paBHBIX YCJIOBMSIX MOBbILIAETCS

ITnowmanb OTCTOMHUKA ONpPENENsAeTCs U3 YypaBHEHUs
1 1

F=0 —+—

v, Vv,

rae O — pacXo/ CTOYHOi BOBI, M°/C.

BericoTa paboueii yacTi OTCTOMHMKA A 3aBUCHT OT 3Ha4eHHH vy U [ h = vy L

OTpaxkaTeNbHBIH WUT 2 PacroNaraloT ¢ TaKUM Pac4eToM, 4ToObl CKOPOCTb
IBWXEHUs BOAbI B LIENH MEXAY KPOMKOH LieHTpanpHOH TPyObl M MOBEPXHO-
CTbIO LIMTA He npeBbimana 40 Mm/c; 0ObIMHO BbicOTa Lienu cocrasnser 0,25-
0.5m

Jinst 3aiuThl BbINABILErO OCaakKa OT B3MY4YMBAHUSA NMpPeNyCMaTPHBAETCA Tak
Ha3biBaeMblit OydepHblit cnoit / BricoTa ero, cunTas OT HHU3a OTPaXKaTEJILHOTO
HTa, He npesbiaer 0,3 M, NpyU OTCYTCTBUM IUTA OHa MOJKET AOCTHrath 1 m
(B 3aBUCMMOCTH OT XapakTepa Ocafika)

HaknoH CTEHOK KOHYCHOH 4acTH OTCTOMHHKOB OMNpENEINAETCS XapaKTepom
BBINAAAIOLIEro B OTCTOMHHMKE OCaaKa U CocobOM €ro ynaneHus, 4alie BCEro
OH cocTasiisieT 45-60°

Yron HakJIOHa NMOBEPXHOCTH OTPAXKATENLHOTO LIMTa NPUHUMAIOT B COOTBET-
CTBUM C YIJIOM €CTECTBEHHOIrO CIOJ3aHMs OCajKa MOA BONOMH, Te TaKuM Xe,
KaK ¥ yroj HakJIoHa JHHLIA OTCTOMHHKA.
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Puc 3 20 PacuerHas cxeMa BEPTHKAJIBHOIO OTCTOHHHKA'

| oTpaxaTesbHbIA WKT, 2 - pacTpy6, 3 - KOpNyc OTUTOHHHMKA, 4 - LeHTpaitHas TpyGa, 5 - *kenob ans oTBoAa
OCRETIEHHOM ROBI

Puc 3 21 3aBHCHMOCTb paaMyca OTCTOHHHKA (r ) OT PaCYETHO#H CKOPOCTH OCKACHUA Uy

Ins oTBona OcBeT/IEHHOH BoAbl 0ObIMHO ciyxuT nepudepuiiHblii xenob,
npu auaMetpe OTcToiHHUKa Oonee 6 M uenecoobpa3Ho npedycMaTpuBaTb 1O-
NoJHUTENbHbIE COOpHBIe Xkenoba (paanalbHbie WK KONbLEBbIE)

Bona B HMX noctynaer yepe3 BOAOCIMBHYIO CTEHKY MO BCel AnMHe xenoba
uiu uepes wenu B ero creHkax Llenu pacnonaraloTcs Ha MosioBUHE rnyOHHbI
xenoba, BeicoTa weneit o6biuHO He mpeBbiwaeT 0,05 M YipaneHue ocanka u3
OTCTOHHMKOB B OOJIbLIMHCTBE Cly4aeB APOU3BOAUTCS MYyTEM €ro BblIaBJIMBa-
Hust Heobxonumoe nyist 3TOro ruApoCTaTHYeckoe AaBJjEHHE 3aBUCUT OT (GH3H-
4EeCKUX CBOWCTB Ocaika M MPOROJDKUTENLHOCTH Mepuona ero npebbiBaHUs B
otcToiiHuke [lns G0nbIIWHCTBA BUAOB MPOM3BOACTBEHHbIX CTOUHBIX BOZ IMA-
poCTaTHuYeCcKoe NaBlieHUe COCTaBseT 1-2 M

Bmopotu memoo, pacuera BepTkanbHbix otcToiiHKiK0B (C [lluppun) ocHoBaH
Ha MPENNONOXKEHUH, YTO MPOLIECC OCAXKAEHHUS B3BELIEHHBIX BELIECTB 3aKaH4YH-
BAETCs B 30HE FOPU30HTANIBHOIO JBI)KEHHs CTOYHOMN >KUAKOCTH OT MECTa Bbli-
XOla €e U3 LeNd MeXOy LeHTpanbHOH Tpyboil U OTpakaTeNbHBIM IMTOM [0
CTeHKH OTCcTOHHHMKAa. MICXOZHBIMH pacueTHbIMH BENMYUHAMH ABNSIOTCS Hau-
MEHbIUAss CKOPOCTb OCaXAEHUA (Uo) YaCTHL, Ha 3ajlepXKaHUe KOTOPbIX PacCyu-
TbIBAETCSA OTCTOMHHUK, U BbICOTA MOTOKA BOJbI, JBUXYLUEroCs OT LEHTpaNbHOM
TPYObI K CTEHKaM OTCTOHHMKA

Bennumnna uy onpenensercs B 3aBUCMMOCTH OT Tpebyemoro 3ddexra 3anep-
XKaHHUA B3BELUEHHBIX BEIECTB M NaHHBIX O KUHETHKE WX OCAXIEHUs

BeicoTa nBuxyiierocs cios BoAbl 3aBUCHT OT MHOTMX (DakTOpPOB BBICOTHI
LUENH, HAYaNbHON CKOPOCTH (TIpU BbIXOJ€E BOALI M3 LIEHTPaIbHOH TpyObl) NOTO-
Ka, HAaKJIOHa MOBEPXHOCTH OTPAXaTeJbHOIO LIHTA, paAMyca OTCTOWHMKA M Op
Hns ynpoutenus pacyera npemnoxke rpaduk (puc 3 21), nossonsitowmii onpe-
AENATb HeoOXOAMMBIH paavyc OTCTORHMKA B 3aBUCHMOCTH OT BEJIHUMHBI Uy U
HayajibHON CKOPOCTH BXOZa BOJbl B OTCTOHHHK V4 (1,2-4 cM/c)
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OcranbHble 3JIEMEHTbI BEPTUKAJIBHOIO OTCTOMHUKA MO 3TOMY METOAY pacuera
NPUHHUMAIOT Ha OCHOBE OMbITHBIX AaHHBIX

L{MIMHAPHUYECKYIO YacTh OTCTOMHHMKA PEKOMEHIYETCS YCTPauBaTb BbICOTOH
h, paBHoi#i 2,5d, Ho He MeHee 2,75 M [JluameTp ueHTpanbHOIi TpyOsl d NMpUHH-
MalOT UCXOIs U3 YCNOBHUSA, YTOObI CKOPOCTb BOIbI B HEH Obina B nmpenenax 28-
100 mm/c Tuamerp oTcroiiHuka D He HOJoKeH npessiath 3A.

Otpa>kaTenbHblil IUT PacnolaraeTcsi Ha TAKOM PacCTOSTHUU OT LIEHTPaibHON
TpyObi, 4TOOBI CKOPOCTL BOAbI B 0Opa3oBaBLIEiiCs IUENU V; HE NpeBbIlLaNa yka-
3aHHO} paHee Benu4UHbI BbicoTa HelfTpanbHOro cnos He npesbiwaer 0,3 M.

Jna 3agepkaHus BCMJBIBAIOWMX BELIECTB B BEPTHUKAIbHBIX OTCTOHHHMKaX
NpenycMOTpPEHbI MOJIYNOrpy>KeHHble CTeHKH (LIMTKM), pacnojiaraembie nepen
BOJIOCIMBHBIMM KPOMKaMH BOAOTIpUEMHbIX xkenoboB Ha pacctosHuu 0,2-0,3 M
OT HUX
TMpumep pacyeta PacucTHoe KO.THYECTBO CTOUHBIX BoA Op = 0,1 M, KOHUEHTpAUMA B3Be-
LICHHBIX BEIECTB B HEOTCTOCHHO# Boae () = 200 Mr/a, B BOA0OEM MOKHO BBITYCTHTb CTOHbIC
BOABI C KOHLIEHTPALIKEH N0 B3BELUEHHBIM BemecTBaM C, = 40 mr/i, o6vem ocaaka pasen 0,5 %
00beMa CTOUHOI KHIKOCTH, MPOJO/DKHTENBHOCTh XPAHEHHA €ro B OTCTOHHHKE He Ooaee 3 cy-
TOK Yron cnons3aHus ocaaka noa Bogoi 45° OnpeaenuTh KOAHYECTBO H Pa3MEpPBI BEPTHKAIb-

HBIX OTCTOHHHKOB.
Pewenue no nepgomy memody TpeGyemblit pabounii adpdexr

3 = ﬁ.loo = M.]OO = 80 %
C, 200

Mo naHHBIM KMHETHKH OCAKICHHA B3BELUEHHBLIX BEILECTB TakoH ekt mMoxer ObITh J0C-
THIHYT NPH YCNOBHH 3aNEPKAHHA OTCTOHHHMKOM YaCTHLL. BbIMAJAIOLUIMX CO CKOPOCTBIO U,
paBHo#t 0.4 MM/c

Tpebyemas NPOAODKHTENBHOCTb OTCTAMBAHMA MO TEM XK€ AAHHBIM — =2 4
[MpuMeM pacyHeTHYI0 CKOPOCTb MPOTOKA CTOYHOM HHIKOCTH B OTCTOHHHUKE v,=0,75u0,=0,3 MM/C
Pabouas nnowmanp BceX OTCTOHHHKOB

% o
P v, 0,0003

CKOpOCTb ABHKEHHA CTOYHOMH KHAKOCTH B LIEHTPA.1bHOM TPYOE (V; ). NPH YCIOBHH HATHYMA
OTPXKATENILHOrO LIHTA. NpUMEM paBHoO# 100 MM/c. komuecTBO oTCTOMHMKOB 1 = 8 it Torda
JMAMETP OTCTOHHHKA

=334 m?

BeicoTa paboueii yactu otcroituka h = 7200-0,3 = 2,2 M

Jlnamerp ueHTpanbHOi TPYObI
40,

d=]——=04wm
v
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Jluamerp d; (cM puc 3 20) pactpyba B COOTBETCTBHH C ACHCTBYIOLIMMH HOPMAaMH paBeH
1.35d = 0,54 m, anamerp oTpaxkarteabHoro wwura d» = 1.3:0.54 = 0.7 M CkopoCTb ABHXCHHA
CTOYHOM MHIKOCTH B LLEIH v, = 1() MM/C. TOTa BBICOTA LIEH OonpeaenseTca no ¢opmy:ie

hoo % 0,1 N
), = = =
v.rdn 0,04-314-04-8
Yros HaKIOHA MOBEPXHOCTH OTPAXATENbHOTO LIMTA < MPHMEM PABHBLIM YIJIy CHON3aHHA
JAHHOTO 0cazaKa noi Bodoi, Te 45°. BbicoTa oTpaxaTenbHOro LIKTAa NMpH AAHHBIX d; H Yrie
HakJIoHa Oyaer 4 = 035 M
BeicoTy HeifTpansHoOro cnos h, npumem pasHoii 0,3 M, Bo3BbIIIEHHE OOPTOB OTCTOHHHKA HaX
YPOBHEM BOJIbI B HeM /13 paBHbIM 0,25 M. Toraa BbICOTa LMNHHAPHYECKOH YaCTH COOPYKEHHA
H h+ho+thy+hy+hy>33m
CyTOYHOE KONHYECTBO BHIMANAIOLIEFO OCANKA PABHO
Geyr = 0,005 Q- 86400 =43 o’
INpH NpoaOKHTENBHOCTH XPAHEHHA €ro B OTCTOHHHKAX B TEYEHHE 3 CYTOK €MKOCTb Irpsie-

BOH YACTH KKAOTO OTCTOMHHKA JO/DKHA ObiTh He MeHee 17 M° HakIoH CTEHOK KOHYCHO#M Hac-
TH OTCTOi{HHKA NPHMeEM PaBHBIM o= 45°, TOrIa ee eMKOCTh

V.—_l”D3
3

0,25 m

>

1ga ~49 m’

Takum 00pa3oM, BeCh HAKAMUIHBAEMBIH OCANOK Pa3MeELLAeTCA B KOHHYECKOH “aCTH OTCTOM-
HHKa, 3aHHMad okojto 30 % ee oObema.

He#TpanbHelit c10# B JAaHHOM CITy4ae MOXXKHO He MpexycMarpuBath TOrAa MONHAs CTPOH-
TENbHAA BICOTA OTCTOMHHKA

Hnonu =h+ho +h3 +h4 +-1221gaz6,6 M.

Pewenue no emopomy memody. BenmiuHy paauyca OTCTOHHHKA, COOTBETCTBYIOLIYIO NpH-
HATBIM 3HAYEHHAM CKOPOCTH OCKACHMA YACTHIL ¥, H CKOPOCTH NPH BXOJE BOJbl B OTCTOHHHK
v,.. Haiaem no rpaduxy (cM puc 3.21)

Ipu uo = 0,4 MM/C 1 v, = 40 MM/C paaMyC OTCTOMHHKA ¥ = 4 M

CKOpOCTb ABIKEHMSA CTOYHOM XHIKOCTH B LEHTPaIbHOH Tpy6e mpuHuMaem 100 Mm-c, Toraa
auametp ee d = 0.4 M

Boicora paboueii, yacTu oTcToiHMKA MOXET ObIThb PaBHOM A = 2.5d, HO He MeHee 2,75 M,
NpHHUMaeM h =275 M

BeicoTa KOHH4ECKO# YacTH OTCTOHHHKA NpH D = 8 M H HAKJIOHE €€ CTCHOK 45°COCTaBHT 4 M.,
eMKOCTb ee V' = 70 M*, T e Goablue, HeM 3T TpeGyeTCs 414 Pa3MEMICHNA 0CAIKA

Pasmepbl OTpKATENBHOTO LKMTA MPHMEM, KaK U B ncpsoM cIyyae d- = 0,7 M. hy = 0.35 M.
BLICOTY 6OPTOB OTCTOMHHKA h3 = 0,25 M, HEHTPAIbHBIII C10/ HE NPe1y CMATPUBAETCA
MonHas BLICOTA OTCTOMHHMKA Hijom = 7,6 M

[MpomyckHas cnoco6HOCTb 0IHOrO OTCTOHHHKA MPH MPHHATHLIX AMAMETPE LEHTPAJILHOM TPy -
Obl H CKOPOCTH NMPOTOKA B HEil COCTABUT

7ud
0=
Yuco oTCTOHHUKOB
= % ol 8 wr
Q0 0,0125

2

v, ~0,125 M’ /c
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Q(I1+R) . X4, S,

} ocry x.s.

Puc 3 22 Cxema paauanbHOro OTCTOHHHKA

| - nonsoasmas Tpy6a akTHBHOrO Hila ¢ OYHILEHHON BOAOH, 2 — HAMPABMAIOIMIA UHAKHAP, 3 — cGOpHLIH JIOTOK.
4 - Tpy6a oTKa4ykH Bo3BpaTHOro Wia, OCB - o4HileHHas cTouHas Boaa, AJ{ - H3GLITOYHbIA aK THBHBIH WA, Bce
060tHaYeHHA B TeKcTe K pHc 3 18

Pagnanbhble orcToiinuku (puc 3 22) npumeHstor ans ob6paboiku 6onbuinx
(6ontee 20000 m*/cyTkn) 06beMOB Bombl OHM NPENCTABAAIOT COBOI Kpyrnblii (B
nnaHe) 6acceiid, 060pynOBaHHbIN NOABOASALLMM M OTBOAALLMM BoAy Tpybomnpo-

BOAAMH, BOJOpACNpeneanTeNbHBIM U BONOCOOPHBIM YCTPOHCTBaMH

CMech aKTHBHOTO HNIA C OYHLICHHOH BOJO#H NMOJAETCA B LIEHTP OTCTOHHHKA CHH3Yy BBEpPX MO
Tpy6e / M HanpaBLMOWMHA UMIHHADP 2 Bbinazaroumimii B 0CaI0K KA C NOMOLIBIO CKPEOKOB, yC-
TAHOBIEHHbIX HA NOABHXKHOH (pepMe, HNH CAMOTEKOM CABHraeTCA B NPHAMOK OTCTOHHMKA, Na-
nee mo TpybonpoBoay 4 ymansercsa HacocaMH OCBET/IEHHas BOAA MOCTYNMAET B KPYrOBOW
cOOpHbIi N0TOK 3

Ckopoctb Bocxostero noroka #, = Q(1~w)/ F, ckopoCTb HUCXOAALLErO T0-
ToKa - u, = Q(R+w)/F (cm pacueTHyto cxemy Ha puc 3 22, F - naowans ce-
4YEeHUs OTCTOHHHKA, MZ)

JuameTp paauasibHbIX OTCTOIHMKOB cocTaBiser 15-40 M OtHolenue ana-
MeTpa OTCTOMHMKA K rnyOuHe ero LMJIMHAPHYECKOH yacTd — oT 6 1 no 12 1,
riaybuna npotouHoit yactu 1,5-5 M CyluecTBeHHbIM HENOCTaTKOM pPaaMalibHbIX
OTCTOHHMKOB, KakK M FOPH3OHTANIbHBIX, SABJISAETCS PE3KO BbIpaXeHHas CTpy#-
HOCTb MOTOKa B HUX CTOYHOW BOJbl U HallHuHe, B CBA3U C ITUM, JOMOJHHUTENb-
HbIX COMPOTHBJIEHHI, TOPMO3SALUMX OCaXKIAEHHE HEPAaCTBOPEHHBIX MNPUMECE
Bce 3to cHuxkaet adpdext paboTbl OTCTOHHUKOB

Pacuér nyolany panuanbHOro OTCTORHMKA NPOU3BOAUTCs Mo Gopmye

Y
3,6u, A
rae O — MPOH3BOAMTEILHOCT OTCTOMHHKA, MY/C. Uo — PACHETHAS CKOPOCTh OCAXKAEHUS B3BECH B
MM/C. / — NJIOWAbL UEHTPAIbHOM 30HbI, rA€ BCAEICTBHE BbICOKOH TYPO) NEHTHOCTH MOTOKA HC
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TNPOMCXOIHT OCHKICHHC B3BCCH. B M™. it ~ KOI(NPHLMCHT, VUUTHIBAIOLUMI BIHAHHC BEPTHKATb-
HOIi COCTaB.IAKOLUCH CKOPOCTH NOTOKA HA PPEKT 0CANIAECHHSA B3BECH

a= u—o‘
U, -w
rac w* - CPEeAHCKBAAPATHYHOE 3HAYCHHE BEPTHKAMBbHON COCTABIAIOILEH CKOPOCTH NMOTOKA B
CpeaHeM CEeYEHHH OTCTOHHHKA

B Knsauko u I' TlaBnos npennoxuny pacCYMTBLIBaTh paaualibHbie OTCTOMH-
HMKH C Y4ETOM HEMpPEPBLIBHOTO W3MEHEHHs! FOPU30HTAJIbHON M BEPTHKaabHOM
COCTaBJAIOLLMX CKOPOCTH MOTOKA MO AJMHE paAuyca OTCTOMHMKA

Iopu30oHTaNbHYIO COCTaBAAIOLIYIO CKOPOCTH ABHXXEHUst BOAbl B Jit0oOOH
TOYKE OTCTOMHMKA OTNPEAEIAIOT, HCXOAS U3 paBEHCTBA

J = ﬂ — —Q_’ (313)
di - 2me(H - )
FIC X — PACCTOAHHC OT LEHTPAa OTCTOHHMKA 10 TOMKM. NI KOTOPOi ONMPCICIACTCH FOPU3OH-
TATbHAA CKOPOCTb. // — r1yOMHA OTCTOMHHMKA B ICHTPC. Y — Y KAOH JHA OTCTOMHUMKA

CKkopocTb ocaXkAeHUs B3BECH B paaHajibHOM OTCTOHHHMKe Oyner paBHa

a’ \

D u, —w(x), . (3 14)
dr

raC W(Y) - CPCIAHAA BC.IMYHHA BEPTHKATbHOM COCTABAIOILEH CKOPOCTH ABHWKECHHS BObl B OT-
CTOMHHKC, 3dBMCALLASA OT 3HAUCHHA X

26-27 x(H -y x)
IToncrasus B popmyny (3 14) 3HaueHus w(X), noayunm
dy _ 0

w(x) =

=u, - = (3 15)

dt 26-27x x(H -y x)
Pewus coBmecTHO ypaBHeHus (3 13) u (3 15), nonyuum

dx Q

dy  2rxuy(H-yx)-0/26
UHuTerpupys nocnenHee BbipaxceHie B npenesnax ot 0 1o R, noayuum

L 2ru,y R N ru,H R —RI%
30 o
ITpu x = R opamHaTa ) paBHa BbicOTe OTCTOHHMKA y cGOpHOroO xenoba (4)
h=H-yR

[locne cooTsercTayrolMx npeobpa3oBaHuii B OKOHYATENILHOM BHAE PACHETHOE
ypPaBHEHHWE 1IN pafHaNbHbIX OTCTOHHUKOB MOJy4aeT BU
2ruy . #muH
Lii-
30 0
HIH, B ynpouteHHoii popme, K = (2800/uy)" e

R +H =0, (3 16)
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Puc 3 23 3aBMCHMMOCTb MJIOLIAAH LEHTPAJILHOH 30HBI OT MPOH3BOAMTEIBHOCTH OTCTOHHHKA M
CKOPOCTH OCXKAEHHA B3BECH U

Puc 3 24 Ycpeanutenb ¢ nepeMELIHBAIOIHMM YCTPOHCTBOM

VCB - ycpeaHeHHas no 06beMy H KOHUEHTPALMH CTO4HAA XKHAKOCTb

ITockonbky Mpu BbIBOAE Pac4ETHOro ypaBHeHus (3 16) He yuuTBbIBaloOCH Ha-
Jin4Me B LIEHTPE OTCTOHHMKA 30HbI OOJIBIIKUX CKOPOCTEH, B KOTOPOi OCa)kAeHHs
B3BECH NPAKTHYECKH HE MPOUCXOAUT, Ui MOJyYEeHHUs WCKOMOHM Iowanu oT-
CTOMHMKAa HeoOXO0AMMO K OCHOBHO# miowany kpyra ¢ paauycom X npubaBuThb
naowanb UeHTPaNbHOH 30HbI (fy;), KOTOPYIO MOXHO OMNpenenuThb no rpaduky
(puc 3 23)

F,,=nR+f,,

CyLuecTByIOT W Apyrue TUIbl OTCTORHMKOB (MHOTOSIPYCHbIE, CIIUpasibHble),
KOTOpble MMEIOT OrpaHM4YeHHOE NMpUMEHEHHE Ha CTaHLUAX OHOXMMHUeCcKOH
OYUCTKH CTOUYHBIX BOA

3.4.3. Ycpeonumenu, cmecumenu, kamepsi x.10nseobpazosanus

Jns ycpenHeHus (BblpaBHMBaHWs) KOHLEHTPALMK CTOUHBIX BOJ M CTabMiu-
3alMM pacxona MPUMEHSIOTCS MpyIbl U CreuualbHble pe3epByapbl-yCpenHH-
TeJu, KOTOpble NOAPA3AESAIOTCA Ha KOHMAKMHbIE U HDOMOYHbIE

Konmaxmuvie ycpeonumenu npuMeHstoTcs npy HeOONbILMX pacxoaax, nepu-
onuueckoM cbpoce CTouHbIX Boa M HeobxoaumocTu 100%-HOro ycpenHeHus
KOHLIEHTpaLUMK 3arpsasHeHuil B GonbluMHCTBE cilydaeB UCMONb3YIOTCS MPOTOU-
Hble YCpPeNHHUTENIH, KOTOpble MPEeACTABAAT CO00M pesepByapbl C nepeMeLl -
BalOLIMMHK YCTPOMCTBaMM (MeXaHHueckoe mnepeMelidBanue, OapboTaxc) uau
MHOIOKOPHOpHbIE Pe3epByaphbl.

TIpomounvie ycpeOnumenu c nepeMeLIMBAIOWMMU YCTpoOiicTBaMi paboTaioT
MO MPUHUMIY TNOJIHOTO NepeMeLBaH1s BHOBb MOCTYNAOIMX MOPUHiA CTOY-
HbIX BOJ C colepxumbiM pesepByapa Haubonee ynoOHbiMu B 3kCrmuyaTaumu
SIBJIAIOTCS ycpeaHutenu ¢ nepdopuposaHHbiMM TpyOuaTbiMu GapOoTepamu
(puc 3 24) SBasisch MOJIHBIMM YCPEAHMTENAMH pacxoja, OHW He odecrieduBa-
0T MOJIHOTO YCPeAHEHUsE KOHUEHTPaLMH 3arpa3HeHHs
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Puc 3 25 MHorokopHaopHsiii ycpeanutens [l Baxskuua (NpsAMOYro1bHblif)

1 4 = pacnpeiie HTeIbHbIC Keao0a 2 — KAHAT 110,1a4H CTOMHKX BOjL 3 — 1.TyXasl jIHaroHafaLHas 11epel opo,lka 5 -
KAHAT 0 TBOJLA Yepediennon OB, 6 = 1po0IbHEIC BEPTHKATBHBIE Mepel OPOIKHK

Puc 3 26 MHOroKOpHAOPHBIH YCPEAHHTCIb (KPYTIIbIi)

| = RAHAI TIO4AYH CTOMHLIX BO/L. 2 — pacnipefle/IuTe IbHbIH Xke06. 3 — cGophuii kenol., 4 — KaHal oTBoda vepel-
HeHiol C B 5 = 11y \as paIHAILHAR Hiepel opoika

Mnocokopuoopusie  ycpeonumenu 6biBaloT npsiMoyronbHble (puc 3 25) u
Kpyrable (puc 3 26) YcpenHeHue KOHLEHTpaLUMi 3arps3HEHUA B HUX NOCTHUra-
€TCs 3a CYET CMeLUeHHA CTPYH pa3sHOi KOHLEHTpaLMH, MOCTYNaoWMX B yCpea-
HHTENb B pa3Hoe Bpems B kaxnoi NonoBHHE yCpeaHMTeNs AOJDKHO ObITh 5-6
KOpHaopoB

KOHCTpyKUHIO yCpeRHUTENs AN KaXXAOro KOHKPETHOro cilyyas noabuparot
B 3aBUCMMOCTH OT KOJIM4€CTBA M KaueCTBa O4YMLLAEMON CTOYHO BOAbI

Cumecume:u peaHa3HayeHbl A1 PaBHOMEPHOIO PacnpenesieHUsl peareHTos
B oObeme oOpabarbiBaemoii Boabl B mpakTvke BOLOOUMCTKH MPHUMEHSAOTCS B
OCHOBHOM wWaiiboBble, BepTHKaNbHbIE, AbIpYaThle W Meperopoayarbie CMecHTe-
au (puc 3 27, 3 28)

CMecHTenH BEpTHKaNbHOrO THMA MOrYT ObITh KBaipaTHOTO MJIM KPYraoro B
NiaHe CeYeHMs, C MHPaMHAANbHOH MM KOHHYECKOW HMXKHeil 4vacTbio lleH-
TPaNbHbII Yrol MEXAYy HaKIOHHBIMH CTEHKaMH AOJDKeH cocrasiats 30-45°C
OopabarbiBaemas Boaa no TpybonpoBoay MOABOAMTCS B HHUXKHIOK 4YacTb CMe-
curens (puc 3 27). 310 co3znaer TypOyJIEHTHOE NBHXXEHHE BOAbl, CrnocodCT-
BYIOL€€ CMELIHBAHUIO C BBEAIEHHBIMII B Hee peareHTamMu

CMecHTenb IbIpHaTOro THMA BbIMOJHAETCS B BHIE JIOTKA C TPEMs BEPTH-
KaabHbIMH neperopoaxkaMu (puc 3 28) Hannune B meperopoakax HeCKOJNbKHX
pAN0OB OTBEPCTHIH MO3BONSAET CO3AaTh OONbLIOE YHCIAO MENKHX BHXpeii, Cro-
COOCTBYIOLLIX XOPOLIEMY CMELIHBAIOHUIO peareHToB ¢ Bopoit CkopocTb nBH-
KE€HUs BOIb! B OTBEPCTHAX neperopoaok by =1 m/c Utobdbl n3bdexars Hacbiule-
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Puc 3.2/ BepTHKANbHbLIA (BUXPEBOH) CMECHTEND
Puc 3 28. JIpipuathlif CMECHTEND.
HHs BOIBI Ny3bIpbKaMH BO3JyXa, BEPXHUH psil OTBEPCTUH AOJDKEH ObITH 3aTOmN-
Jied Ha rnybuny 0,1-0,15M [Inamerp OTBepCcTHHi NPHHUMAETCS PaBHBIM
20-120 mm.
[lo mpuHuMny neficTBus kaMepbl XJOMbeoOpasoBaHUsA MOAPA3AENAOTCS Ha
IMApaBINYECKHE U MEXaHHUYECKHE
K cuopaenuueckum 0THOCATCSt BONOBOPOTHbIE, BUXPEBbIE H NEPLropoauaThie
kaMepbl. BomoBopoTHbie kaMepbl XJ10MbeoOpa3oBaHWs MpeNCTaBIAIOT coboi
BEPTUKAJIbHBIH LIWIMHIP, B BEPXHIOK YaCTb KOTOPOro U3 CMECHUTENsS BBOLUTCS
cTouyHas Bona. Boma, cMmelnaHHas ¢ peareHTaMy, NoCTynaer B kaMepy Mo Tpy-
H6onpoBoay, KOTOpbIi Ha koHLe cHabxxeH HacaakaMu (connamu) Hacanku yc-
TaHOBJIEHBI TaK, YTO BOAA, BBIXOAA U3 HUX ¢ O0MbiLOi ckopocThio, Mpuobpera-
€T BHYTpU KaMepbl BpaluaTe/lbHOe (BOLOBOPOTHOE) ABHXXEHHE, obecneunBaro-
iee nepemeuinBaHue OObIMHO Takas BOAOBOPOTHAas KaMe€pa BbLITIOJIHAETCS B
Buae TpyObl,pacrnonoXXeHHOH B LEHTPE BEPTHKANbHOrO OTCTOMHMKA(pHc 3 29).
B HuxHel YacTh kaMepbi nepel BbIXOAOM BOAbI B OTCTOHHMK HaXOAATCS racH-
TeNIM BPalLaTeNbHOro ABMXKeHUs Bpems npeObiBaHWs BOIb!I B kKaMepe COCTaB-
nsier 15-20 Mun

Buxpeeasn xamepa xionveodpasosanus (puc 3 30) numeer dopMy obpaTHoii
NUPAMHUIbI MM KOHYCA C YIJIOM MEXAy CTeHKamu o = 30-45 ° BepxHsas HancTa-
BKa — C BEPTHKaNbHbIMM cTeHkamu CKopocTb ABMXEHHs BOAbl Mo Tpydonpo-
BOZy, MOJAIOLIEMY ee OT CMECHTeNs K Kamepe X1onbeoOpasoBaHus, NOJKHA
oviTb 0,8-1 M/c, a npu Bxoae B HIXKHIOW 4acTb kamepbl — 0,7 m/c CkopocTb
BOCXOZASAILEro MOTOKa Ha BbixoAe M3 kaMepbl V = 4-5 mm/c Tlpouecc xnonve-
0bpa3oBaHHs B BUXpEBOH kaMepe 3aKkaHuUWBaeTCs 3a 6-10 MUH, T € 3HaYMTENb-
HO ObICTpee, ueM B kamepax OMMCAHHBIX BbllLE TUIOB

HepocTarkaMu pacCMOTpPEHHBIX TMAPaBAMYECKHX KaMep xJjonbeoOpasosa-
HUS ABJIIOTCA CH/bHAS 3aBHCUMOCTb CTPYKTYPBbI MOTOKOB OT pacxona odpada-
TbIBaeMOH BOAbI, @ TaKXK€ HEBO3MOXKHOCTb H3MEHATb HHTEHCHBHOCTb TYpOynH-
3auMy MPU U3MEHEHHH BHELIHHX YCJOBHIi (TemnepaTypa BOAbL. KOHLEHTpALHs
3arpsi3HEHH HT 1)
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Puc 3 2Y BoooBopoTHas kamepa X:10nbcoGpa3oBaHu
1 = coIN0 YCKOPHTEN, 2 — COOPHBINA JOTOK, 3 — OTCI0HHHK, 4 = 1acHIC L
Puc 3 30 Buxpcpas kamepa x10nbeo0pa3oBaHms

Cpenu aexanuyeckux kamep xionbeoOpasosanis Hanbonblee pacnpocTpa-
HeHWe TOJIyYHJIH JomacTHble B HUX Boaa mepemeliMBaeTcs JOMacTaMH, Bpa-
LA HMHCA BOKPYr BEpTHKaJIbHbIX MJIH FOPU3OHTANbHBIX OCEH C OKpY>KHOMH
ckopocTbio 0,4-0,55 m/c

J1s1s MexaHHUYeCKHX KaMmep xJIonbeoOpa3oBaHUs xapaktepHo 1) popmuposa-
Hile MOTOKOB C KPYMHOMACIITAOHBIMH BUXPAMH, TPEMATCTBYOLHMH CTOJIKHO-
BEHHIO MEJKOAMCIEPCHBIX YacTHL, 2) paspylieHHe yxe chOopMHUPOBaBLIMXCS
KPYMHBIX XJIONbeEB, 3) HEpaBHOMEPHOE, pacnpeneneHe NoToka BOAbI Mo norne-
pe4HOMy CeveHHIO anmnapara (B KaMepax C BOCXOAALUMM CloeM ocazka), 4) Ha-
JAu4Me B KaMepax 30H C pa3fIMuHoOi cTeneHbto TypOynusaumu notoka (y ocu
MellanoK HU3KHIA rpaaMeHT CKOPOCTH M, Kak pe3yJibTaT, — GOpMHpOBaHHe 3a-
CTOHHBIX 30H, a HENOCPEACTBEHHO Y KPaeB JIONacTel O4eHb BLICOKOE Harnpsxe-
HHe CIBWra, B pe3ysibTaTe 4ero cHopmMHMpOBaBLIMECS XJIOMbS B 3THX MeCTax
paspyLuatoTcs)

Bce 3TM HemoctaTkH mpHMBOIAT K GoJsibiioMy pa3bpocy GhopMHUpyroLLUXCS
XJIOTbEB MO pa3Mepam, YTO OTPULIATENbHO BJIMAET Ha KaYeCTBO OYMCTKH CTOY-
HbIX BOA

Takum obpa3oM, aHanu3 paboT OTeyeCTBEHHBIX U 3apyOeXHBIX YUEHbIX, MO-
CBALLEHHBIX ONTHMAJIbHOMY NMPOEKTHPOBAHHIO KaK OTAENbHBIX 3JIEMEHTOB O4H-
CTHBIX COOPY>XXEHHH, TaK H CJOXHBIX CHCTEM B LIEIOM, 0Ka3an

— OTCYTCTBHE MAaTe€MaTM4ECKMX 3aBMCUMOCTEH W MX CHCTEMATH3aUMMH Mo
rHAPOJHHAMIKE H KHHETHKE MacconepenayH, CTPYKTYpe MOTOKOB B a3pOTeH-
KaxX, CHCTEME «adPOTEHK-OTCTOIHHK» M T A MAPH Pa3HbIX crocodax opraHiza-
L TOTOKOB,

- OTCYTCTBIE HAVUHbIX OCHOB U1 aBTOMATH3HPOBAHHOTO MPOEKTHPOBAHHS
BOI0OOECNEUeH s TTPOMBILLIEHHBIX TPEANPHATHIT C HCTONB30BAHIEM COBpE-
MEHHBIX METO/I0B MAaTEMATHYCCROro MOAC THPOBAHIA H CHCTEMHOIO aHa. i 3a



I'asa 4

MaTemaTuqeche MOA€C/IHPpOBAHHE NpoHecca
OHOXHUMHYECKOH 0YMCTKH CTOYHBIX BOJ

IpoMblllieHHOE MPUMEHEHHE MHUKPOOPTaHHW3MOB 3aKJIOYAeTCs B KOHTpO-
AUPYEMOM TMNpOBENEHHMH OMOXMMHUYECKMX TNpeBpaILEHUIl OpraHMYecKUX Be-
LECTB C y4aCTHEM MHUKpoopraHusmoB U ¢epmentoB OpuH M3 Haubonee TH-
MHUYHBIX NPUMEPOB MPOMBIIIEHHOTO APMMEHEHUs MUKPOOPraHH3MOB — GHO-
XMMHYecKast O4MCTKa CTO4HbIX BoA OpraHuveckue BelleCTBa, COAEPKALUHECS
B ObITOBBIX U NPOMBILIJIEHHBIX CTOUHBIX BOJAX, SIBJISHOTCS OCHOBHBIM yriepoa-
copepxallium cybCcTpaToM ANs pOCTa M Pa3BUTHSE MUKPOOPraHM3MOB aKTHBHOIO
nia B npouecce xu3HENEATENLHOCTH MUKPOOpraHu3mMoB obpasyercs Guomac-
ca — n36bITouHbI# akTuBHbIA W 1 CO;

broxumuueckas ouMCTKa CTOUHBIX BOA — mnpouecc 3d¢ekTuBHbIA U nep-
CMEeKTHBHBI MHKpOOpraHu3Mbl B MeTabOMMYECKUX MpeBpalleHHAX MpOsBs-
10T MUCIKJIIOYMTENIbHO BbICOKYIO aKTHBHOCTB, KOTOpasi CBsi3aHa C MX CrOCOOHO-
CTbio ObICTPO pa3mHOXkaTbcsi [Ipu 3TOM OHM mepepabaThIBAOT OpraHUYecKHe
BEIIECTBA CO CKOPOCTBIO, MPOMOPLIMOHANBLHON CKOPOCTH WX pocTa Bosmoxk-
HOCTb OMOXUMMYECKOH OYHUCTKM CTOYHBIX BOJ 3aBHCHMT OT BMIA I COCTaBa Op-
raHUYECKHX BELIECTB U MOAXOASLUEr0 COOTHOLUEHHS WX OCHOBHbIY. 3JIEMEHTOB,
HeoOXOAMMBIX Ui MUKPOOPraHM3MOB B KauecTBe WCTOYHMKA nutanus [lpu-
CYTCTBYIOLUME B OBITOBBIX BOJAaX M B 3HAYHTENIbHOMN 4aCTH MPOMBILLIIEHHBIX BOJ
OpraHM4ecKHe BELUECTBa MPMIOIHbI HJS JKM3HEAESTENbHOCTH MHKPOOPraHM3-
MOB

Kak u3BecTHo, 6HOXMMHYECKas OYMCTKA pEANU3yeTCsd TEXHUUECKH NBYMs
nytamu — nubo B OGuodunbTpax, nubo B 6Guobacceiinax OcHoBHas pa3HHLa
MeXAYy HMMHM COCTOMT B cnocobe KyNbTHBHPOBaHMS MMKpOOpPraHusmos B
6uodHnbTpax MHKPOOPraHU3Mbl (DUKCHPOBaHbI Ha NOBEPXHOCTH HHEPTHOrO
matepuana B 6uobacceiinax (GuopeakTopax) MMKpPOOpraHM3Mbl KyJbTHBUpPY-
10TCs Kak CBODOAHO niaBaolie CyCneHaupoBaHHble OakTepHanbHbie GIoKKy-
abl OCHOBHYIO POJIb TYT UrparoT CTPYKTYpa MOTOKAa CTOYHBIX BOX, KHHETHKA
NpoueccoB NpH TpaHChOpMalLMH OPraHUYECKUX BELLECTB, a TAKXKE CKOPOCTb
pacTBOpeHUs KMCJIOpOa B CTOUHBIX BOAAX

JlMHaMuKa pa3BUTHS MUKPOOPTaHM3MOB H MX (DU3MOJIOrMYECKOE COCTOsIHIE
HaXOAATCA B MPAMOM 3aBMCMMOCTH OT crnocoba moaauu KMCopo:aa — Hernpe-
PbIBHO WIIM NepuoauyHo Ecnu He BBOAAT HOMONHWTENLHOE KONHYECTBO CYO-
cTpaTa, MMKPOOPraHM3Mbl B CAMOM Haualle ObICTPO Pa3MHOXAKOTCS B yCIOBUAX
130bITKa MUTATENbHBIX BELIECTB, 3aTEM 3TOT MpoLecc 3amennsercs B pesynb-
TaTe U3MEHEHHs MUTATeNbHOM Cpelbl MUKPOOPraHM3Mbl, NOSBHBLUHECS B Ha-
4aJIbHBIX YCJIOBUSAX, OTJIMYAKOTCS OT Te€X, KOTOpbie MOABMIIMCH BIOC/IEACTBHH

JIis ycrewHoro peleHus 3aaaY, CBS3aHHbIX C MPOTHO3MPOBAHHEM, MAHH-
pOBaHHEM, OMEpPaTHBHbIM YNPaBJIEHUEM WU KOHTPOJIEM 3a KayeCTBOM BOLHOM
cpenbl, He0OX0AUMO KOMIIEKCHOE OMUCaHHe TMAPOAMHAMHYECKUX, ruapobHo-
JIOMMYECKUX M MUKPOOHOJIOrHuecKUX NMPOLECCOoB B BoAoeMax M annaparax [lns
TAKOrO OMHCAHWS MCMOJIL3YIOT METOAbl MaTeMaTH4eCKOrO MOAENHPOBaHHSA i
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cucTteMHoro aHanusa I[lpumeHeHMe MaTeMaTHUYECKMX Mozesell Mo3BoaseT
y4ecTb T€ WM MHble OCOOEHHOCTH MpoLecca O4MCTKH, bojiee MpaBHALHO OMU-
caTh YKCNepHMeHTaNbHble pe3ynbTaThl HanpaBneHHOCTb MOAENHMPOBAaHHS NpPO-
SABJISIETCS Kak B BbIOOpE MaTeMaTHUYECKOro annapara, Tak M B ypOBHE JeTann3a-
LMK CTPYKTYpbI 0OBbekTa

IIpUHUMABI NOCTPOEHHS MATEMATHYECKHX MOJeJieHd NMPoLecca 0YUCTKH
cTouHbIXx Boa. ITocTtpoeHue MaTeMaTH4ecKOH MoJeNH Ha4MHAIOT C COCTaBlle-
Hus GOpMaNn30BaHHOIO ONMUCAaHUS MPOLECCOB, COCTaBMAIOLMX OCHOBY Mate-
MaTH4ecKoro annapara

BHauane uccnenyrT ruapoaHHaMHMYecKyt0 MOZENb MpoLEecca Kak OCHOBY
CTPYKTYpbl MaTeMaTH4yeckoro onucaHus Jlanee M3y4arOT KMHETHKY XHMHYe-
CKHX peakLHii, MpoLECcCCOB MAcCco- M TEMIOMNepenadyu ¢ y4eToM ruapoaHaMu-
4eCKHUX YCJIOBHI HaWOAEHHOW MOJENH M COCTAaBAAIOT MaTEMAaTHUYECKOE ONHCaHie
K@XKAOro H3 3THX MPOLECCOB 3aK/IOYMUTENIbHBIM 3TanoM sBisercs obbenHHe-
HHE BCEX HCCJIEH0BAHHbIX ‘3NeMeHTapHbIX” MpoueccoB (OJNOKOB) B enHHYIO
CHCTEMY YpaBHEHHII MaTEMATHUYECKOro ONMUCaHUs 00BEKTA MOAENHPOBAHHS

Jlns MaTemMaTH4ecKoro onucaHHs, pa3padOTaHHOIO Ha OCHOBE aHaaH3a Xi-
Mitteckoii 1 H3HYECKOH NPUPOAbl MOAETHPYEMOro 0ObEeKTa, MOXKHO Bblae-
JUTb Cllenyrolliie rpynnbl ypaBHeHHI

1) ypasHenie HanaHca KOJIHYECTBA ABHXKEHUS

o o, ou ‘UL ol ‘U, o, l(’)l
o1 oo Yoy 0z p ox

rac (s, — CROPOCTh ABWXCHUA CPEAbI BAOIb OCH X. V — TPAHCMOPTHLIH KOI(DHHUMCHT (B 3-
KOCTB). vV, — CH1a BA3KOrO Tpeuus, (g - (1/p)(Op/Ox)) — CHIa BHEIUHETO JaBICHHUS.

2) ypaBHeHWe 3HepreTHueckoro banaHca Ans 3NeMeHTapHOro odbema ABH-
KyLuercs cpenbl

a_ U,‘ﬂ+U‘.Q’—+UZ a +czV21+—(1{'—,
or ox T oy oz pC,

rac { — TCMNCPATYPa Cpeasl. a — KOIPPHLUHEHT TEMACPATYPONPOBOIHOCTH (a = 7./(",p). aver -
AY[¢] ICI\'}.’I)I[)Hblii NCPCHOC JHCPTrHH. ¢, — MOWHOCTb HCTOHHHKA TCNn.1a B Cpcac.

3) ypaBHeHHe MaTepHanbHOro 0anaHca fo /-My KOMIIOHEHTY YMEMEHTAPHOTO
o0beMa nBHKyLLeiics cpensbl

s

+W3U , + (g -

o cC aC ac .,
_;—!:_ (/\ TI—+(/\ - : +(/: - : +I)KV‘(, +rn'
cr x ay oz
rac (', — KOHUCHTPALMA [-TO KOMMNOHCHTA B cpeac. /), — KodpHumueHT iy sun DV, -

MOICK) THPHBI NCPCHOC MACCBL, #,,— CKOPOCTb 00PA30BAHHS /-TO KOMMOHCHT:l B CIHHHUC 00b-
CMva

B uenom 3TH ypaBHeHUs npHMeHHMbI K NOOBIM MPOLECCAM — €CTECTBEHHO,
fpH yueTe orpaHuueHuii, obycnoBiaeHHbIX 0COOEHHOCTAMH KOHKPETHOFO Mpo-
uecca reomerpieii annapara, QH3IHUECKUMI XapAKTEPHCTHKAMH CHCTEMbI, YC-
JIOBHSIMH B3aHMOeilCTBHA C OKpYy»Xarolel cpenoil, yCnoBUaAMI Hayana OTcue-
ta Ilpn MaTeMaTHYeCKOM OfCaHHH MPOLECCOB, MPOUCXOAALLIX B CHCTEME
BOJOOUHCTKH, HYXXHO YYHTbIBATh, YTO OHOJIOrHUECKass CHCTEMA OUHCTKIL CTOY-
HbIX BOI KAYEeCTBEHHO OT/IHYAETCS OT CHCTEM HEKIBOI MPHPOAbl ITO MHOro-
KOMIMOHEHTHblE, MHOTO(AKTOPHbIE CAMOPETYTHPVIOILHECS H MHOFOVPOBHEBbIE
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CUCTEMbI, HAXOAALIUECS B MOCTOAHHOM MaTEpUalIbHOM M 3HEpreTUYeckom o0-
MeHe ¢ okpyxatoiuei cpenoit. [loBenenye nonynsuuMy MUKPOOPraHU3MOB, yua-
CTBYIOLIMX B NpOLECCaX M3bATHA 3aTPA3HEHHH, Kak U moBeaeHHe 060 Opy-
roif 6MONOruuecKoi CUCTEMBI, HCKJIIOUUTENBHO MHOTOrpaHHo B xone pocra u
pa3sBMTHA MOMYNALMM HakannuBaerca OHMOMacca, M3MEHSETCS COCTaB OKpy-
XkatowleH cpenbl, NMepenaercs B MOMYJSILMIO HacleNCTBeHHas uHdopmauus,
OCYLLUECTBJISIOTCA MPOLECChl MyTaLMK M celeKUuu, uaer bopeba 3a cyiuecrso-
BaHue, NPU 3TOM NPOTEKAIOT ¥ APYrie NPOLIECCH], KOTOPbIE XapaKTepU3YIOT 3Ty
CHCTEMY M MOTYT NPEJCTaBIIATb HHTEPEC NPH Pa3NHUHbIX UCCIIEA0BAHUSAX

Bonee nonpobHO KHMHETHYeCKHe 3aKOHOMEPHOCTH NPOLECCa M3bATHA CyO-
CTpaTa MHUKpOOpraHM3MaMH W OCOOEHHOCTH MX MaTeMaTM4eCKOro ONMCaHWs
OynyT pacCMOTpEHBI HH1XKeE

Jpyroit oTnuuuTeNbHOM 0COOEHHOCTBIO MAaTEMATHUYECKOTO MOJEIMPOBaHHSI
cucTeM OHOJIOrMUecKOi OUYMCTKH ABJIISETCS TO, YTO NPHUXOAMUTCA YUHTHIBATDb HE-
CTaLlMOHAPHOCTL COCTaBa, COMAEP>KaHUS W PAcXOAa CTOUHBIX BOJA, MOCTyMaro-
KX HA OYHMCTKY

4.1. MaTtemaTu4yeckoe MOAeIHPOBaAHHE AIPOTEHKA

IMpy mMaTeMaTHueCKOM MOZIENUPOBAHHUHM a3POTEHKA €ro MOXXHO PacCMaTpH-
BaTb kak OMOXUMHUYECKHH peakTop, UMeroL i BCce Te 0COOEHHOCTH, 0 KOTOPbIX
roBOpHNOCH Bhillle. 3nech HE06X0MMMO J0OaBUTB, YTO MPOLECC OUMCTKH CTOYU-
HbIX BOJ aKTHBHBIM MJIOM HEOJHOPOZAEH, MOCKOJIbKY 4aCTh KOMMOHEHTOB Moa-
Bepraercs ObicTpoMy GakTepHanbHOMY OKUCIEHUIO (YKCYCHasi KMCNOTa, H-Oy-
TaHOJ, pasiH4HbIE YIIeBOMbI), TOTAA KaK Jpyrue KOMIOHEHTbI (YrIEBOAOPOAbI
Pa3sM4YHOro CTPOEHHs, BLICIIHE CAUPTHI, )KUPHbIE KHUCJIOTBI H T 1 ) OKHUCIAIOTCA
C TPYOOM W IOBOJILHO JNOJrO OCTAlOTCS B aKTMBHOM ujie B pesynbrate mexa-
HU3M B3aUMOIEHCTBHA MHOTOBMIOBOIO MUKPOOHOrO LieHO3a W MHOTOKOMIIO-
HeHTHOro cybcTpara K0 CMX MOp MOJIHOCTBIO He packpbiT IToatomy ans ynpo-
IEHHU KMHETUYECKUX 3aBUCHUMOCTEH, HeOOXOAMMBIX AN pacyera, HY>KHO pac-
CMaTpHBaTh COCTaB CTOKOB MO ycpenHeHHOMy nokazatento BIIK (r/m*), a co-
CTaB aKTMBHOIO MJa — Nno obuiei koHUeHTpaLuy (/M)

H3bsTHE M3 CTOYHOMH >XMIOKOCTH KPYMHBIX B3BELIEHHBIX YacTHLl M Oosnblueii
4acTH 3arps3HEHHH, HaXONALUMXCSA B KOJUIOMAHOM COCTOSIHMHM, NMPOMCXOOMT B
pe3ynbTare COpOLHOHHBIX MPOLECCOB NPH CTOJKHOBEHMH XJIONbLEB aKTHBHOIO
HJla C 4aCTHLIAMK OpraHuyeckux 3arpsasHenuil IloatoMy ycnoBusMu Hopmalb-
HOro npoTekaHus mnpouecca OuookucneHus OyayT yCHOBHS paBHOMEPHOrO
pacnpeneneHus XJIONbeB aKTUBHOIO MJjla Mo BceMy oObeMy adpoTeHKa mnpit
obecneyenny nepeHoca K HUM pacTBOPEHHOro kucjopopaa u cybcrpara B 1o
e BpeMs MJOTHOCTb XJIONbEB aKTHBHOIO MJa HECKOJIbKO MpEBbILIAET MIOT-
HOCTb BOJBI, B PE3YyJIbTATE Yero NPOMCXOOUT OCENaHMe aKTUBHOIO WJla moa
nefiCTBHEM CUIIBI TsDKeCTH. J[nsi mpenoTBpallieHus OCeNaHUs B a3pallMOHHbIX
COOpYXEHHs JOJOKHO ObITh NpEenyCMOTPEHO WHTEHCHBHOE MepeMeliMBaHue
Takue ycnoBus obecrne4uBarOTCA NPU WHTEHCHMBHOW MNHEBMAaTUYECKOH WM
NTHEBMOMEXaHUYECKOH ajpaLluu.

IMnpponnnamuueckas obcraHoBka B coopykeHuu Oyner ¢dopmupoBaThCs B
3aBHCHMOCTH OT croco®a ¥ WHTEHCMBHOCTH a3palliH, a TaKKe reOMETPHHU a3-
poTeHKa U OpraHU3aLUUM NoJa4u NOTOKOB MHeHMs Mo MOBOAY CTPYKTYpbl Mo-
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TOKOB B a3pPOTEHKaX HOCAT MPOTHBOPEYMBLIH XapakTep (OT HIAEanbHOro cMe-
IIEHHUSt 00 HMOEaNIbHOrO BBITECHEHMs, BKJIOYAas NMPOMEXKYTOUHOE COCTOsIHHE)
[MosToMy Heobxonuma rubkas koMOMHMpPOBaHHas MareMaTHdeckas MoZeb
CTPYKTYpbl NOTOKOB, KOTOpPast MOXKET U3MEHATLCSA B 3aBUCUMOCTH OT MMAPOAH-
Hamuyeckoit obcraHoBku B aspoTenke Ilpu paspaborke Takoi momenu ans
npoLecca OYUCTKU CTOUHBIX BOJ B a9pOTeHKaX HEOOXOMUMO NMPHHSATL AOMyLue-
HME, YTO CTPYKTYpa MOTOKOB IO aKTUBHOMY WJIY M 1O CyOCTpaTy OfHHAaKOBa

Takum obpa3om, MaTemaTH4eckas MOJENb a3pOTEHKa B LieNIoM (popMHpyeTcs
Ha OCHOBE KMHETHYECKO# MoJenn okuciaeHus cybcrpata MUKpOOpraHH3mMami
rMAPOAMHAMUYECKOI MOZENIH a3pOTeHKa

4.1.1. Mamemamuueckas modens npooo/lbii0z0 nepeMeiueanus 6 0zpanu-
HEHIOM KANANEe ¢ HECKONbKUMU 30HAMU CMeWleHUA

ITpu uccnenoBanuu a3poTeHkoB ¢ GapboTarkHO# aspaumei oObiuHO onpene-
JISOT yCpenHeHHblH ko3¢ duLIMeHT NpoaoNbHOrO NepeMellnBaHus, XOTs B pe-
a/IbHBIX YCIIOBUAX OH MOXET ObITh pa3/IMuHbIM Ha pasHbix yyactkax OObluHas
nubdy3noHHas Modenb B 3THX CNY4asX HELOCTATOYHO TOYHO OTpaXkaeT (Ppu3u-
4ECKYI0 CYLIHOCTb fpoLecca

Jns onTMM3aLMK npoliecca MpOAOJbHOIO NEPEMELIMBAHUS BbISBNSIOT y4a-
CTKM C HauxyJlueH AJisi oCyLUEeCTBIEHUs npolecca ruapoaruHamMukoi [lns sto-
ro onpeneastoT ko3hPUUHEHTbI NPONOJILHOTO NepeMeLIMBaHHs Ha OTAENbHbIX
y4acTkax annapara

Cxema Mozenu, NpencTaBisioLledl OrpaHWueHHbl kaHan (amnapar), co-
CTOSILUMH M3 1 30H C Pa3M4YHONH MHTEHCHMBHOCTbIO NEpeMELLHWBAHUs, NOKa3aHa
Ha puc 4 | MarepuanbHbiii 6anaHc no Tpaccepy (MHAMKATOPY) AJs OTAENbHbIX
30H OMUCBIBAETCS CNEAYIOIMMH YPaBHEHUAMHU

2
0°c  0Oc oc
Dj—-u—=—,0<z<z,
7 2 0z Or
2
D, 0 ;‘—uﬁzgc— ,ZpySz<zy,
oz 0z Or
2
o‘c dc
Dn 2—1—= > Z"_|SZSZ,,
74 Oz 6
"
> Dyu Dyu Dsu Dy u Dyu Dy u Dyu >

25 Zg-) 2 2y Z,

Puc 41 CxemaMoaenu NMPOA0ONBHOIO NEPEMELIUBAHHA B OTPAHHYEHHOM KAaH41€ C 1 30HaMH
CMCLUCHUA
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['paHuuHbIe ycaoBUs

oc
D] (—] —Uucy = 0,
oz z=0
- +
D, (a—) —uc;, =D, (—-) —ucy),
Z z,1 z,1
c1=¢c7)
Dy (—] Uz =Dyy (g] —ucy,
z,k z,k
Coh =Czk
ac)” _ ac\"
Dn—l (6_) - ucz,(n—l) = Dn (g) - uc:,(n—l) >
Z /) z,(n-1) ' z(n-1)

- _ o+
Czn-1) =Cz(n-1)>

3],
0z z=L

rac u — NuHeiHas CKOpoCTb MOToka, M/C; Dy (k = 1, 2,. ,n) — k03 ()HLUHEHT NPOA0ILHOIO mne-
peMelMBaKuA B k-it 30He annapata, M%/c; z,k — KOOPAMHATA IUTHHBI MOTOKA XKHAKOCTH B k-ii
30He, M, z,k™, z k™ - KOOPAMHATA [UTHHBI NOTOKA, OeckOHeuHo 6aM3Kas K TOUKe 2,k CJ1eBa M Cnpa-
Ba OT Hee, M. ¢ — KOHLEHTPaLUA Tpaccepa, r/n

Beens B cucreMy ypaBHeHuii OGe3pasMepHbie nepeMeHHbie M C Y4ETOM HM-

nyJbCHOM MOAa4u Tpaccepa B mepByro 30HY B Buae dyHkuuu dupaka d(f), no-
JlyyaeMm.

2
NI SO S,
PelaZ oz of
1 0%c oc_oc Zy  <Z<Z,

Pe, 072 oz o’

2 .
—I_.a_f_zz @’ Zn—l <Z< Zn
Pe, oz= 0Z ot

9R



['paHuuHbIE yCNOBUs

+a2)
—| =] -¢ =0,
Pe] oz 7=0

1 (&) - 1 (Y .
o e 2 v 2 A
Pe] aZ Z,1 Pez aZ zZ1

- _ .+
€z1=¢€z1,

.........

1 (&) - 1 (&) .
He | A7 —cZ,k =T &y ~CZ k>
Pek 0z Zk Pek+] oz Zk

- _ .+
Czk =C€Z k>

1 (60)_ I (6c)+ ot
= —CzZm-) T 5 | A —*Z,(n-1)>
Pe, 1 \0Z )z (y) "D pe, \0Z Z,(n-1) !

- _ ot
Cz,n-1) =€z (n-1)»

(),
0Z )74

rae Pe = ul/E, Z = z/L ~ Ge3pa3MepHas KOOPAMHATA [UTHHBI MOTOKA.

Ipu umnynbcHO# nomavye Tpaccepa Ha Bxone annapara (Z = 0) ypaBHeHus
ans nepeoro (M) u Broporo (M;) HayanbHbLIX MOMEHTOB KPHBOH OTK/IMKA B
mo6oii k-oii 30He UMeEIOT BHO

M]=A,‘expPekZ+E-1—+Z, Zk—lSZk’ 4 l)
€k
roenpuk=1,2 ,n-l

1 1
A = [ +——+ Ay exp(Per Z, )] exp(-Pe;Z;),

Pe,,1 Pey
npu k=n
A, =exp(—Pe,)/Pe,,
k 47 4 2
M2=Z]:Bk+?+ 2+Z —(2AkZ—Ck)exp(PekZ)
k Pek
Z, <2<, (42)
npu k =
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npu k=23 .n

27 27 24 24,
By =2kl ZoAet | 2Tk CXP(Pek-IZA-l)—'];—AeXP(Pel-ZA—I)*

Pe,_, Pe, Pe; ey
npuk=12 ,n-1
Cp =24,Z; —=QAnZ; ~Cry)expZi(Peyy —Pey) +
47, 4 4z,

+| By ———~ +
Pe, Pe; Pery  Pej,

exp(-Pe, Z;),

npuk=n

4
C,=——+

n 2
Pe,, Pe"

exp(—Pe,,)

VpaBHenus (4 1) u (4 2) No3BOAAIOT NO 3KCNEPHUMEHTANBbHBIM KPUBBIM OT-
Knuka, 3aUKCMPOBAHHBIM Ha OTAEJbHBIX y4acTKax amnmapara, OnpenessTb HH-
TEHCUBHOCTb NMPOAOJIbHOrO nepemewinBaHus Tak, GuUKCHpys KpHUBble OTKIMKA
B ceueHusx Zy, Za, , Zr, , Zn =1, MOXHO 1O BEJIMYMHE NpHUpallenus Oe3pas-
MEpHON IMCTIEPCHU HA KAXIOM ydacTke AGy” = 0z4° - Oz 1) MOCIENOBATENb-
HO, HauMHas C KOHEYHOro yyacTka, paccyurarb Bce 3HaueHus Pe; u D; Heob-
XONMMAs 11 PacueTa 3aBHUCHMOCTh AGy> OT rapamMeTpoB MOLENH CIIENyeT U3
ypaBHenmii (4 1), (4 2) Ob6iuee BoipakeHue Acy” ans moboro k-ro y4acTka ar-
napaTta UMeeT BUL
2AZk = Zk-1)

2 2 2 _
Aoy =074 —O7 41y = P
€

24,
+(4AkZA_| +—-—A —(‘1‘ )exp Pe,‘Z,‘_I -
Pek

~ (44, Z; +12)i—('k)exp Pe,.Z, +A,f(exp2Pe,|Z,‘._, —exp2Pe, Z;)
€

(43)

B 3710 ypaBHeHnue, kpome Pe usyyaemoro yuyacrtka, BXoaar takxke Pe nocne-

LYIOUIHX y4acTKOB, NO3TOMY MOXXHO HaiTH BCe 3HaveHus Pe; [lns annapatos

Sonbuioit anmubl (bonbiuve Pey) ypaBsHenue (4 3) ynpoiaetcs, u Pe; onpene-

aserca B ssHoM Buae Ilpu mccnemosaHuM annapartoB Manoi MUTHHbL (He0OoJb-

wue Pe;) npuxonutcs pewars ypaBHeHue (4 3) rpaduuecknm cnocodom B pe-

3ynbTaTe OMNpenenstoT CpeaHMe 3HauyeHUs k0dpdHLUHEHTOB MpoaonbHOro ne-

peMeLIMBaHHs ) OTAEbHbIX y4acTKoB anmnapara J[lns nocneaxero (no xoay
NOTOKa) yuacTka ypaBHeHHe (4 3) NpMBOAUTCA K BUAY

Pe, Pe? Pe, Pe? (4 4)

n n

AO'(% =a§=l -0

X exp[— Pe,(1-2,_, )] + exp[— 2Pe, (1-Z,,, )]/ Pe,z,
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YacTo ABa MOC/EAHMX useHa ypaBHeHUs (4 4) ObIBalOT BeCbMa Majlbl, TOraa
2
-z, N 1-Z,,| 5

n =

Pe

Aag Aog Acrg

s annapaToB, COCTOSLUMX M3 IBYX Y4acCTKOB C pa3HOH MHTEHCHBHOCTbIO
NPOAONBLHOrO NMepeMellBaHKsl, Ha OCHOBe ypaBHeHHMit (4 1) u (4 2) nonyyaem

0'2 2(1 ‘) i.{.i Zl+L _i L_ 1
% Pe, Pe% Pe, Pe, Pe% Pe, Pe,
y 2exp(-Pe,Z)) N R N exp(—Pe,Z;) \ 2exp[-Pe, (1 - Z,)]
Pe, Pe, Pe Pe, Pe, '

(45)
IIpn Gonbluux 3HayeHusx Pe nBa nmocnenHux ujeHa ypaBHeHus (4 5) mpe-
HeOpeXKMMOo MaJibl, Toraa

2
Pe _Z|+]/Pez + Z]+1/Pez _i (46)
e G )’

re () = o+ iz _A=2y)
Pez Pe2
3nas Pe;, MOXHO NO AucnepcHH QYHKLUHUM OTKIWKA, 3apHKCHUPOBAHHOH B
MOTOKE Ha BbIXOJIE M3 ammnapara, C NoMOLLbI0 ypasHeHus (4 6) HaliTu Pe)

4.1.2. Ikcnepumenmansnsie uccie006anun 2uOPOOUHAMUKY 6 AIPOMENKe

[{eab pabomul

1 HccnenoBaTbh CTPyKTYpY NMOTOKA )KUAKOCTH B YETLIPEXKOPUIOPHOM a3po-
TeHke (MCNoJb3YIOTCs AN OHOJOTHYECKOH OUHUCTKH CTOUHBIX BOA)

2 Paccuutath mapamerpbl sdyeeuHOH M AMPQY3MOHHOH MaTeMaTHHECKMX
monened, O/ 3TOr0 CHATb 3KCMNEPUMEHTalbHble QYHKLMM OTKIMKA Ha WUM-
NyNbCHOE BO3MYLIEHHE B )XKMAKOI (Pa3e B HECKONBKMX TOUKAX adpPOTEHKa

3 TlpoBecTy cpaBHEHHE TOUHOCTH MozeNei

Onucanue yemanosku

YcraHoBka (puc 4 2) COCTOMT U3 adpoTeHka 6, B KOTOPbIH MOCTynaeT Boaa
yepe3 BeHTHNIb / U poTaMeTp 2 TlocTosHCTBO ypoBHst BOIbI B a9pOTEHKe MOA-
NEP>XUBAETCs C NOMOILUBIO ypaBHUTENbHOrO cocyna /2 Aspaums OCyLlecTBAs-
€TCs BO34yXOM, MOAaBa€MbiM M3 BO3AyxoayBku [/, yepe3 BeHTHib /0, poTa-
MeTp Y W MHEBMOTPYOKH, pacnosioxKeHHble CHapyXH a3pOTeHKa

Jlns uccnenosaHus ruapoOAMHAMHYECKOTO peXkMMa Ha BXOZe MOTOKA XHIKO-
cTu B adpoTeHk BBoaaT pacteop KCl nocpeacrsom nHeBMaTHueckoro yCTpoi-
crea 4 Msmenenne konuentpauuu coan KCl B kopunopax asporeHka (pHMKCH-
PyeTCs Ha AMarpaMMHOMR JIeHTe C NOMOLLbIO 31eKTPOHHOTO NOTEHUHOMETpa 7,
KOTODPbIA CBA3aH C KOHAYKTOMETPHYECKMMH AaTYUKAMU 3 U HU3MepUTEeM
3/IEKTPONMPOBOAHOCTH &
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Puc 4 2 YcTaHOBKA MO UCCIENOBAHHIO CTPY KTY Pbl MOTOKd KHIKOCTH B adpo1eliKe
J — BEHTMIb 1IORUK BOTIBE, 2, 9 — pOTAMETPLE 3 - KOHAYKTOMETPHUGL KHE AdTUARM, 4 HHCBMITHICCROC V¢ | PORC 180
3 - COLYN A MHOMKATO, 6 — Q)POTEHK, 7 — 3/IEKTPOHHbIM [IOTEHUHOMETD, & — KMEMEPHTEIL Y ICKIPOHPOBOUNK |
10 BeHIMb 1OLAYH BO3TYXa, /] — BOIOYXOAYBK4, /2 - YPABHHICBHBIA COCYIL (LM TAIOKE HOACHEHHA B ITKCIC)
{lemoduka uccnedosanus
”CnOﬂbByeTCSI METOA UMMYJLCHOIO BO3MYLUEHUA (6-¢)yHKLlHH llnpal(a) H B
Tpex Toukax Mo JUIHHe a3poreHka (1a, 2a, 34 Ha puc 4 2) cHumatores (-KpH-
Bbl€

Y

lopa0ok geinonnenus skcnepumenma

1 OTkpbiTb BeHTHWJIb /| M NO poTaMeTpy 2 YCTaHOBHUTb TpedyeMblii pacxon
BOAbI

2 3anofHuTBb adpoTeHK 6 1o TpebyeMoro ypoBHs

3 YpoBeHb BOABI B annaparte NOAAEPXKMBATb C NMOMOLBIO YPAaBHHTENBHOIO
cocyna /2

4 Bkmtountb BO3nyxonysky //

5 Bxounth OJIOK MUTaHUS M3MEPUTENs 3MeKTPONPOBOAHOCTH & H 3nek-
TPOHHOrO NoTeHuuomeTpa 7

6 TlpuroToButh HHAMKATOP — BoAHBIH pacTBop KC1 koHueHTpauitn 0,2 r/n

7 3anuTb MPUrOTOBAEHHBIH PaCTBOP B COCYA J U BKAKYHMTbH MOAAYY C/KATOrO
BO31yXa

8 BBecTi MHAMKATOP Ha BXOA MOTOKA >XHAKOCTH, Ha AHArpaMMHON JEHTE
3adiKcHpOBaTh BpeMs noaa4u tpaccepa (naBieHue B cocyne 5 AOJNKHO ObiTb
0 2 MITa)
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A 9 TIlpoussectH 3anuchb
KPUBBIX OTKJIMKA Ha WM-
1400 - NyJAbCHOE BO3MYLIEHHE B
TpeX TOUKax.

200 rae )y — 00BeM KHIAKOCTH B a3-

. poTenke,  — pacxoa Boabl (rpa-
' ! ! ) - IyMPOBOMHbIH rpaMK npuBeIcH

0 10 30 50 70 % wa prc 4 3)
lllkana poTameTpa 10 H3meputb CkOpOCTb

) IMarpaMMHOI NeHTbl no-
Puc 43 T'panyupoBouHblii rpaduk poTaMeTpa KHIKOCTH TeHLHOMeETpa 7

Ea

> Jns  yMmeHblienus no-
2 1000 [PELHOCTU B OMpENEJEHHH
Q napameTpoB Mozejed He-
E 006X0AMMO,  YTOObI  AMH-
% i TENLHOCTb IKCTIEPUMEHTA 1,
= 600 cocrasJisna

= t, = 3= 3V;m /Q’

o

”

2

]

a.

Buiknrovenue yemanoexu

1 3akpbiTb BeHTWIb /, MOAAOLIUI BOAY B a3POTEHK

2. BbIk/t04UTb BO3AYXOAYBKY //, noteHunomerp 7 1 610k nutaHus 8
3 Cnutb Bomy U3 annapara uyepes cocyn /2

Ananusz u obpabomka pe3ynsmamos skcnepumenma

1 C nomouibto IBM nnst nonyueHHbIx Tpex C-KkpHBbIX HaliTU CpenHee Bpe-
ms npeObiBaHUs M Oe3pa3sMmepHbie aucnepcuu B Tpex Toukax (la, 2a, 34 Ha
puc 4 2) no dpopmynam

I te(f)dt

123 = . = ZZ’,‘% )
) c;
[ ety 47
0

j 1c(r)dt / j c(t)d
2 _0 / 0
0p23 = =1

t‘Z

2 Tlo C-kpusoii natuuka (3a) paccuuTaTh KOJMYECTBO BBEAEHHOIrO MHAHKA-
TOpa g ’

g= QIc(t)dt ~ Qi c; At (48)
0 i=1

[Tpu obpabotke (-kpHBBIX ClleAyeT y4ecTb, YTO OTCeYeHHe “‘XBOCTa” KPHBOIl
NPHBOAHT K OONMBLIOH MOrpeiHOCTH, @ MMEHHO K 3aBbILIEHHIO 4Hcha Pe uan
uncna sueek (N) IlorpewrHocTb 3aBHCHUT OT COOTHOLIEHMS ¢, /¢y (rae ¢, —
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KOHeYHasi KOHUEHTpallus uHAMKaTopa (XBOCTa”), a Cp — MAKCHMMAaNbHAs KOH-
LIEHTpaLMA HHAMKATOpa) CeAyomnm obpasom
Ck/Cm 0,1 0.01 0,001
[lozpewrnocms, % 60,0 9,0 2.0
Tak kak B peajibHbIX yCIOBUAX Uit a9poTeHKa (cM puc 4 2) ¢, ~ 0,2 r/n, T0
Cx AOJKHA cocTtaBuTb 0,002 r/n
3 PaccuuTaTth cpenHee BpeMs npebbiBaHus [ ¥ KOJIMYECTBO BBEAEHHOTO WH-
aukatopa g no Gopmynam
[ =ValO, “9)
g = CuQulu, (4 10)
TO€ Gy, Cy U 1, — COOTBETCTBEHHO PACXOA, KOHUEHTPALMA H BDEMA NOJA4H Tpaccepa (MHAMKATO-
pa) uepes NHEBMOYCTPOiiCTBO /2

4 CpaBHMTb 3HAa4€HHWs CPeNHEro BpeMeHU npebbiBaHWst [ W KOJHYECTBO
BBENEHHOr0 MHAMKATOpa g, MOJIyYEHHbIE MO IKCNepUMeHTaNIbHBIM C-KpHBBIM
(4 7) u (4 8), c paccuutaHHbIMH 110 Popmynam (4 9) u (4 10) 1 oLeHHUTb Hanu-
4ype B adpoTeHKe 3aCTOHHbIX 30H, Oaiinaca, peuukia C y4eToM MOrpelHOCTH

{3KCNEPUMEHTANIbHBIX TAHHbIX

5 Paccuurath yncno sueek no C-KpUBO# naTuvka 34 4Jis st4ee4HON MOIeNH

CTPYKTYpbI NOTOKOB N0 dopMyne

1
N=—
o
&
6 CpaBuutb C-kpuByio nat4uka 3x (cM. puc.4 2), nocrpous rpaduk Teope-
TH4eckoi C-KpHBOH B COOTBETCTBUH C BHIPAXKEHHEM

c= —C"NNIN—] exp(— M)
NN =) i)

7 Paccuutatb napametpsl fubdy3noHHoH Moaenu. JIns UCKMOUEHHS OLIH-
60K, CBsI3aHHBIX C TPYOHOCTBIO HOAA4M TOYHOTrO (MOEaNnbHOr0) MMIyJbCa, Hai-
™M GyHKUMIO pacnpeleneHUs KaK pasHOCTb AMCTMEPCHH AJs OBYX TOueK NoO
IJIMHE a9poTeHKa (naT4uuku 14 u 2n)

rae ¢, =gV

Aoj =04, -0
Jnsa annapata koHeuHOH AauHbI (OTKpBITLIA cocyn) [cm pa3n4 1 1, ypas-
HeHue (4 4) npu ycnoBuu Z,.; = 0], KOTOpPbIM ABASETCA aIPOTEHK, CBA3b UUCIA
Pe, xapakTepusylouiero nponosibHoe nepemeliuBaHue, C npHpaiieHuem 6es-

pasmepHoii aucnepcuu Ao, MMeeT BUA

, Aot 2 1
Ao = _2' = — + —[exp(—2Pe) + 4 exp(—Pe) + 4Pe - exp(—Pe) — 5]
13 Pe Pe

(411)
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CB AITE
ur Y00, Gy, Gy Gy Gy,
5 G, G G G G
21 X 2 v 23 Ly 24 ' L 2 L )
> Su "\.u '
G, ADPOTEHK CG >0B
— | Wl
\ A \
G, Gy Gy
B (‘l) 'Gs G!I G32 (;33 (;M

Puc 4 4 O600u1cHHAA C\eMa OPraHU3all UM HOTOKOB d)POreHKa

OB crouwat Bona A/] akTuBubiil . OB - o'MiueHHas Boja B - BosayX, (5, ofmmii pacxon nocivnaouci
CIVUHOR BObI B MPOTeHK MY4. G, - ofWMA pacxol mocTymalowerv Mia B a)poTeHk. M/, G, ofuwit pachol
BUS/IYNA, MO1aBACMOTO Ha a“pallio, M*u. G, ofwes KOJMYECTBO OMHIICHHOR KWIKOCTH M . (4 Gy, (ry
COOTBCTCTBCHHO PACNO/l CIOYHOH BOIbI. aKTHBHOTO HJIAH BOXIYNA, 101ABACMOI0 B A)POTCHK B KaNQLOM TOMKe, W 1
G, - KOIMYECTBO OUHLICHHON XWIKOCTH. BBIBOAHMOM M3 KKIOH TOUKH a’poTeHka, MYuS X () KOHUCHTpauuH
cTounoit Boabt N0 BITK,, KOHLEHTpaUns aKTHBHOrO WIa M COIepXAaHHE KHCTOpPOJa B BOLTYXC HA BXOIC B a)pOTeHK.
1 MY Sy C — TOKE Ha BBIXOJIE H3 aIPOTEHKa, I/M}

®opmya (4 11) sBseTCs TOUHBIM ypaBHEHHEM CBs3M uucna Pe u Ao, | npu

Hosbinx 3HaveHMsax umcna Pe BTopbiM uneHom MoOxHO mpeHebpeus [lorpew-
HOCTb pacyeta umcna Pe mpu otOpackiBaHMM BTOpPOro ujieHa cocrasisiet 2,5 %
npu Pe = 100 u 25 % npu Pe = 10 Tlockonbky B 1abopaTopHOii yCTaHOBKE YHUCAO
Pe menbuie 10, pacdeT cnenyer npoBoaAUTb NO TouHOH dopmyiie (4 11)

8 Paccuurars k03bdHLUHEHT NponoAbHOTO NepeMewinBanus D, m°/c

D = ul/Pe,
Fie U — CPEIHAA CKOPOCTb XKHIKOCTH B a3POTEHKE. M/C. / — PACCTOAHME MOKIY JATUHKAMH 21
la. M

9 CpaBHHTb napaMeTpbl MaTeMaTHYECKMX Mozesieil 0 TOYHOMY ypaBHEHHIO
CBA3W, MOACTaBUB B HEro 3HaYeHUe umncna Pe

_1_ _ _2__i N 2 exp(—Pe)
N Pe Peé’ Pe’
Janubie, HeobxonuMsle nyis pacuera, cienytrowue = 0,0074 m/c, 1=0,9 m,

0=0,6 M3/'-I, "= 0,1 M", CKOpPOCTb AUarpaMMHOM JieHTbl — 600 MM/4,
gu= 186mn/c.tu=15c¢c.c,=30r/n
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4.1.3. Tuopoounamuueckas moodens a;pomenka

TMpencraBuM 0606IEHHYIO CXEMY BO3MOXHBIX BAPHAHTOB OpraHH3aluu To-
TOKOB B a3poTeHKax (puc.4.4).

B 3aBucumocTH OT 3HaueHuil Benuuunbl Gy, Gy, u G4, naHHas cxema MO)KCT
nedopmuposarbes B 6onee npoctbie  Hanpumep, ecnu Gy, = Gy, = Gy, =
i=234, ,n10G =G, G = Gz, 1 G4 = Gy, 4TO COOTBETCTBYET pemumy co-
CpPeNOTO4EHHOM Noaa4yy CTOYHOM BOABI M aKTHBHOIO WJd MPH COCPENOTOHEH-
HOM OTBOZE O4HLLUEHHOH xxuakocTu (puc 4 5a) Eciu Gy = Gy =G4 =0, 1O

ZGIx =Gl’ ZGZI :GZ u ZGM :G47
1=2 1=2 1=2

YTO COOTBETCTBYET PEXKHUMY PAcCPEAOTOYEHHOM MOAaYM CTOYHOM BOAbI W aK-
THBHOIO MJIa MPH PacCPENOTOYEHHOM BbIBOJIE OUMLUEHHOM KMAKOCTH ( CMOTpH
puc 4 56) Ecnu

ZGZI ZGM =0,

i=2
To paboTa a’poTeHKa ocyumc-ranﬂe'rcx B peKHMME C paccpenoTOYEHHOH nopa-
4ell CTOYHOH BOJIbI U COCPENOTO4YEHHOM MoJgayuel akTHBHOTO Ma MpH COCpeno-
TOYEHHOM BbIBOZIE OUHILLEHHOM >xuakocTH (puc 4 56). Ecnu

n n
ZGIi =GZi =ZGM =0,
i=2 i=2

TO OCYLUECTBASETCS COCPENOTOUEHHAs MOAaya CTOYHOM BOAbI IPH PaccpenoTo-
YeHHOIi MoJaye akTHBHOrO WJa U COCPENOTOYEHHOM OTBOAE OUMLIEHHOM >XUA-
kocTH (puc 4 52)

Jlns BbIBOAA ypaBHEHHs MOZENH adpOTeHKa B o0lleM BuAe COCTaBUM MaTe-
pHanbHbIA GanaHc Ans 3neMeHTa annapara d/, kak 3To nokasaHo Ha puc 4 6, no
cyberpary (3), aKTldBHOMy nny(X) u xucnopony (C)

ds d’s ds ds d;

GS + FD —dl -8 —dl -
dl di? dl dl dl
—ﬁﬁd/' W\ (S, X,C)Fdl =0,
dl di
GX +FDﬂ+fDﬂdl+X0V7(l)d/ FDg—GX G—dl Xﬁd/—
dl dr? dl dl dl
—iq—d—Xd/'+W7(.3 X,C)Fdl =0,
dl di
GC+ D — d dC wa(ydl - Il)d—( GC-G uLa’/ C i-—a'/ -
¢ dir? dl ¢ ¢
d; dC

Eakilips/ R -Wi (S, X, C)Fdl =0
dldl
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CB

AH

CB

AH

CB

AH

AH

CB

B

So.Gyy S x a)
ADPOTEHK L LN
Xy.Gy) c,.G, OB
Y Y ) Y
CO 'G3 GJI G32 GB G3n
S,.G,
XO ’GZ GIZ GIJ GH Gln
GZI 'GZZ '623 Gld J GZS by y GZ"
> ABPOTEHK 6)
Y Y Y
G, G, G
Y L\ y ¥ oy S X »0B
CO ' G3 GJ] G32 GJS G3n CB 'G4
SO 'Cc 'GI
Gll Gl3 Gl4 Gln
¥ Y y Y ¥ &
v c S,.X,,
o > 0B
_S"_._G? ADPOTEHK c,.G,
A \ \ A A
CO 'G3 GJI GSZ G3n
X,.C,S,.G,
G'.ZZ G23 G?.4 G'.!n
y \ r Y ¥ 2)
S, . S,.X,,
— 0, ADPOTEHK OB
CC ’ Gl CB ’G4
K Y K W
CO ’63 GJ] G3’ GSn

Puc 4 5 Bo3mOXHble BApHaHThI OPraHH3alMH MOA44H NOTOKOB B 49POTEHK
S, —OCTaroyHas KOHUECH IPAllMs 3AIPA3HEHM B HI0BOH Macce, T/M3, C,, C — KOHUEHTpalks Kuc1opoia
B H;I0BOW Macoe, B CTOUHOI BOJIe, COOTBETCTBEHHO, /M3, BCE OCTAIbHBIE 0003HAYEHHS CM pHC 4 4

107



! dl

|
I« - . ldl
|
G+ arys + B any
G-S dl dl
- <
ds *
F D — . d ds
dl F D d—[(S +7d1)
GX aG_ C, A
(G+dl dl)(.\+dl di)
-— dv B >
F D — d dX
dl F DI(X +le)
G+ 99 arye + 4
G-C dl dl
RS >
-— <
F D£— F DL(C + a dl)
dl dl dl
I=0—x7%%
¥ W.(S,X,C)Fdl
Sy vy (Dl
Y W,(S,X,C)Fdl
N W.(S,X,C)Fdl
K Cyvi(hydl Y (5, X, C)

Puc 46 K BbIBOZY } pABHEHHs MATEMATHYECKOH MOJETH
| naMHa a>poTeHKa, F - cevennc adpoTenka, M, vy(l). vo(D). vi(l) - DYHKUHH pacnipeieieHHs MOAAYH CTOYHON BUIht
AKTHRHOTO HJIA W RoyXa. M'/u, D kod(bHUHEHT npofiosbHOro Nepememupanus, M>a, Wi(S, V. (), WoS. X ()
WS A ) xHHeTHKA HILATHA cyGCTpaTa, CKOPOCTh Pa3MHOKEHHS aKTHRHOIO H1a H CKOPOCTL MOTPe6IICHHA KHC! lo-
po- aa. rm'u, K KODQOHUHEHT, YYHTHLIBAIOUIHI HCIONBIOBAHHE BO3YNA B AOPOTEHKE. OCTAILHEIE 060 tHACHHN
oM pucd 4

CokpaTB nonoOHbie useHbl B ITOM CHCTEME ypaBHEHHH, oTOpOCHB YNeHbl
dGIdIdSIdDdl, dGIdidXIdDdl, dGIdI(dCIdldl, nonenws ua Fdl w ssens
obo3Hauenus G/F = u (rae u — NuHelHas CKOPOCTb MOTOKa B a9pOTEHKE, M/u),
nojJy4mMM MaTeEMaTUYECKYKO MOAE€ab mnpouecca OMOXMMHMUYECKOH OYMCTKH CTOY-
HbIX BOA B a3pOTEHKaxX B BUAE

d’s vidy dS . du

DL+ a2 s Z w8, X,0)=0,
2T T T 1( )
2

DM+X() szl)—ud—X—Xd—u+W2(S,X,('):O, 412
di? F di dl
2, B

pdC ke, B 4 cde 6o x .y =0
e 2 d - d
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C rpaHUYHBIMH YCIIOBUSAMH

npu /=0
DL —u(s-5y),
D%:u(X—XO),
DL =u(C-Cy),
npul=L

dS _dX dC _ 0
dl dl d

Benuuuna D, xapakTepusyiowas npomoibHoe nepeMeinnpanue (B M*/u), siB-
JISeTCS MapamMeTpOM MOIENH.

Mopaens naeanbHoro sbiTecHenusi. CucreMa ypaBHenuit (4 12) ¢ rpaHuy-
HbIMH YCJIOBUSIMH SIBJISIETCS MaTeMaTH4€CKOH MOZAenbIo npouecca 6uoxumude-
CKOM OYMCTKHM CTOYHBIX BOI B a3poTeHKax s 000OLEHHOro cilyyass OopraHu-
3alMH NOTOKOB a3pOTeHKa, KoTopas moxeT aedopmupoBaTbest Ha Gonee npo-
croie Tak, ecnu Benuuunbi D, vi(l) u v2(/) paBHBI HYJIO, TO MaTeMaTHyeckKas
mozesb (4 12) cooTBETCTBYeT pexXMMy HAEanbHOrO BbITECHEHMs C COCPENOTO-
yeHHOM nojayel CTO4HOM BOAbI M aKTUBHOTO Mia (cM. puc 4 S5a) u 3anuceiBa-
€TCs B CENYIOLLEM BUIE

ds
—-W,(5,X,C)=0,
u m W ( )

ax
—+W,(5,X,C)=0, 413
u 7 5 ( ) +13)

u§ _W,(8,X,C)= KCov, (1) F =0

C rpaHHYHBIMH YCIOBHAMH
npu [=0,8=8,, X=X, C=Chy
rae Sux, Xpc. Cox — KOHUEHTPALMH CTOYHOM BOAbI, AKTUBHOTO MJa M KHMCJIOPOAA HA BXOJE B 43-
POTEHK B COOTBETCTBHH C PHC 4 7, KOTOPBIE PACCHHTBIBAIOTCSA 10 COOTHOLICHUAM
S, =(8,G, +S8,G.) (G, +G,),
X =(X,G)NG, +Gy), 14
C.=G,C. +G.CHNG, +G,),

v .~ 3 .

rae (', — KOHUCHTPALMS KHCNOpPOaa B MA0BOH Macce. /M, (- — KOHUEHTPAUHs KHCIOPOId B
. 3 ¢ .

CTOMHOI BOAC. /M, S, — OCTATOMHAA KOHLUCHTPALMS SATPASHCHHS B H10BOI Macce. /v’
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SO'C("GI

CB i L
N\ G.Se X Coe S,V
>< > ADPOTEHK [T g, > OB
/\:0 , C" , B 4
Al Su'GZ A A \
B C,.G, Gy |Gy Gy,
Puc 47 CocpeporodeHHas Mofauya CTOUHOH BOIbI B aKTHBHOTO Mila (000 stravcns

cMoTpH puc 4 5)

Oanonapamerpuueckas auddy3nonnas moaenn. Ecan B cucreme (4 12)
D =0, a wi({) = w()) = 0, To MaTemaTHueCkas MOJEb TpaHCHOPMHUpYeETC B OA-
HOMNapaMeTPUUECKYIO 11H¢)be3MOHHylo Mozenb

d’s  dS

D—-u—-W(S,X,C)=0,
d12 ud l( )
d*x dx
D——-u—+W,(S,X,C)=0, 115
P “ 2 ( )= (4 15)
d C dc
dlz 1(7—W3(3 X (‘)+KC()V}(/)/I =0
C rpaHUUYHBIMH YCIOBUAMHU
npu/=0
ds
D—=u(S-5
d[ u( BK)’
D%—:u(X—X“), 4 16)
DL —uC-C)
dl
npul/=1L
das dX dC
dl dl a'/

B rpaHuuHbIx yciosusax (4 16) S. X, (' — KOHIEHTpaUMM 3arps3HeHHil, ak-
THBHOTrO WJla ¥ KMCJIopona B adporeHke npu / = 0 (puc 4 8) 3HadeHUs BeIHYHH
Sev, Xaxs Cox ONPENENSAOT MO BBIPAKEHHIO (4 14) Taxkoii cnocob 3amaHus rpa-
HHYHBIX YCIOBHiA NPEACTABIAET ONPEAENIEHHYIO CIIOXKHOCTb NPH HHTErpupoBa-
HUM CHCTeMbI ypaBHeHuit (4 15), Tk 3Hauyenus S, X, C npu / = 0 HeusBecTHbI
MeTon peLieHHs, TakuM 00pa3oM, MOXET ObiTb MOMCKOBBIM, YTO H ObINO HC-
noJb30BaHO B aNibHelLIEM
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o /

CBX
> > |/ _—_
0 0 0
S0.Cc .G,y
CB
Gll Gl2 Gl3 Glx G]n-J Gln-Z Gln-l Gln
Soy Soy Soy S So gy Soy  Soy
X,.C, : : : " ) : ' S, X
] 1 ] 1 1 ] 1 B
am—| 1 12 T T e 0
SH,G7 : ] ] ) ] [ [ CavGC
- ] 1 1 I 1] 1 1
A A A A \ \ \ A
CO’GS GS! GSZ G33 G3, GSn-J G3n-2 Gsn-l Gln

B

Puc 4 8 MsMeHeHHe KOHUEHTPaLMH ¢y 6CTpaTa,ak THBHOTO HIa H KMCI0pPOJa MO JIMHE a3po-
FEHKa
Puc 4 9 PaccpenoroucHHas nojaya crodHoit Boabl ( 0603HaueHHsA cM puc 4 5)

Monaenb a3poTeHKa QJist YCA0BHIH paccpenoToOueHHOH NOAAYH CTOUHOI
Boabl. Ha puc 4.9 npencraBneHa cTpykTypa MOTOKOB INPU paccpenoOTOYeH-
Ho# monave cTouHoi Boxsl (CB) u cocpenoTouyeHHoOH nogaye akTUBHOIO Mila
(AH) ¢ cocpenoTo4eHHbIM BBIBOAOM 04uuiLeHHOH xuakoctd (OB), uyto cooT-
BETCTBYyeT pHC 4 56

JIuneiinas ckopocTb 1/ B a’pOTEHKE M3MEHsieTCs B KaXaod TO4ke BBOAA
CTOYHOI BoAbl AHCkpeTHO IloMHMO 3TOro kaxkaas TO4Yka BBOAA BHOCHMT B
CHCTEMY AOMOJIHUTENbHbIE BO3MYLUEHHS, KOTOpbie NPOABIAIOTCA B U3MEHE-
HHH KOHLEHTpaLHu cybcTpara, akTHBHOrO MJIa M KMCJIOpoza 3a cyer pasbas-
nenus IlycTb a3poTeHk COCTOMT M3 1 sueek, rae # — YUCJIO TOUYEK BBOJAA
cTo4Hoit Boabl Torna anuHa kaxnoii s4yeiiku / = L/n Hanbosnee yacthbl cay-
4aM, Korja BenuuHHa / cousmepima ¢ WwHpHHOH B 1 BbicoTol H ajspoTeHka
[Tpu nocTaTo4HO HHTEHCHBHOM riepemMellBaHUH (TaKasi CXeMa NPUMEHSETCS
00bI4HO MpH GONBLINX KOHLUEHTPALUHsAX MOCTYMAIOLIHX 3arpsA3HEHHIT H Tpe-
OyeT HHTEHCHBHOIO MepeMeLlHBaHHA) MOXKHO A0MyCTHTb, YTO THAPOAMHA-
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muyeckas 0OCTaHOBKa B KaXKAOH suelke COOTBETCTBYET PEXHUMY MAEaNbHOro
cmeuwieHuss OOMeH MOTOKOB Mexay sueiikaMu OCYIUECTBJIIETCS KakK 3a CYeT
JMHENHOM CKOPOCTH NOTOKA, TaK W 32 CHET MPOAOJIbHOIO NepeMeLlBaHUs
PaccMoTpum nmpunuun paboTel Takoit cxeMbl B nepByro suefiky moctynaer
cro4Has Boaa G ¢ koHLeHTpauueii So, KoTopas pa3baBiseTCst aAKTUBHBIM HJIOM
(1 ¢ koHUeHTpauueil S, ¥ ouHiLeHHO#H xuakocTsio D-F/1 (Beanuuna o6patHoro
NoTOKa C KOHLEHTpauueii S;, nocrynawotuas 13 BTopoii sueitkn) OnHOBpeMeH-
HO M3 MepBOii iueiiky OUHLLIEHHAs )XUAKOCTb B kosndectBe ) =G, + () M
g = F-DJI ¢ xoHueHTpauueii S| nepexoaur Bo BTOPYIO si4eHKy
Paccyxmas aHanor4Ho aust i-i s4eiky, MOXKHO IoKasaTb, YTO C pacrnpene-
JMTENBLHOTO KaHala B Hee MOCTynaroT cTouHas Boga Gy, C kOHUeHTpauuei Sy,
i-1
MOTOK OYMILEHHOH >xunkocTH U3 (i-1)-it sueiiku Q,_ ) =G, +ZGU C KOH-
J=l
ueHtpauuedi S.; u norok g c (i+1)-i sueiiku ¢ koHueHTpauueit S,.; B csoio

1
ouepenb U3 i-i Aueiiku B cocenHMe nepexoaaT notoku (; = G, + Z(} g mgec
J=l
KoHUeHTpauueit S, BMecTe ¢ TeM KOHLEHTpalus 3arps3HeHUH B KaK A0 siueii-
ke Oyner yMeHbIIAaTbCA 3a CHET OKMCIIEHMsi CyOCTpaTa MHMKpOGpraHW3Mamu
Hcxonsa m3 storo matepuanbHbiii 6ananc no cyberpaty mns asporeHka (cm
puc 4 9) 6yner umeTsb BUA

G,8y +G, S8, -0\, +DF32+3]_V1W|(S|»XMC|)=O,

S, =28 +5,,

Ql lSl 1 +G]1Sll —QISI +Di: I l _VIVVI(SnXx’(‘I):Oa (4 |7)

Qn ISn 1 +(;ln‘S0 —QnSn +D1~“S"]+3"_v"u/l(b' X"’(v")zo’

n?

e O, =G, +ZGJ,/= 123, »n
J=1

MarepuanbHeiit 6anaHc No akTUBHOMY My AJIst a3poTeHka Oyner oTanyaTs-
cst oT ypaBHenuH (4 17), xapakTepu3ylolmux MatepuanbHbiid 6anaHc ans cy6-
ctpata JTO OTIHYME OOBACHAETCS pas3/MUHBIM XapakTepoM BBOJa CTOYHOM
BOZb! (paccpenoTOYEHHO) U aKTHBHOTO MJ1a (COCPENOTOUEHHO)
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G, X, -, X, + DI

if ;X' +V,W,(8,,X,,C)=0,

Q:erl_lel+Df‘M+VIWZ(S:vas('1)=O’ (4]8)

0,,X,,-0,X, +DF1\,—1‘—‘—I-_—X—"+V,,W2(S,,,X,,,(',,)=O,

MatepuanbHbliit 6anaHC NO KHUCJIOpOAY 3aMuilieM, Y4HTbiBas paccpenoTo-
YeHHOe pacnpenesieHHe Bo3nyXa Ha a’pallMio Mo BCed MJIMHE aj3pOTeHKa M Ha-
ANYUe PacTBOPEHHOrO KMCJIOpoAa B MOCTyMNaloluel CTOYHOH BOAE M aKTHBHOM
uie

-C
G2C, + G Ce +G31KCy —0,C, + DF G =Gy

—V1W3(S1,X1,C1)=0,

o _2C. 4
0,0Ci0 +GCe +G3,KCy - Q,C; + DF Cim ?’ +Con -v,W3(S;,X;,C;)=0,
Cn—l -G,
Qn—ICn—l + GlnCC +G3nKC0 - QnSn + DF—I— - VnW3 (Sn’Xn’Cn)z 0,
(4 19)

rae K - ko3 ()HUHEHT NOrIOWEHHA BO3AYXA )KUAKOCTBIO B a3POTEHKE

O6benunss ypaBHeHus (4 17) — (4 19), nosyuum MateMaTUYeCKyl0 MOIE/b
npouecca OMOXUMUYECKOH OYMCTKH CTOYHBIX BOA C AMCKPETHO pacCpenoTo-
4EHHOM nojayed CTOYHOH BOJbI U COCPENOTOUEHHOI MoAavell akTUBHOTO Wia
11 a3pOTEHKOB ¢ OapboTarkHOH aspauuei’

G,S, +G,S, - 0,8, +pF 325

-vWW,(S$,.X,,C,) =0,

S,-25+S,.,

0.5 ,+G,S8,-0S8, +DF = -v W, (S,.X,,C)=0,



X,-X
G,X, -0\ X, +DF—2—7——'—+le2(S,.X1,(‘1)=O.

X:—I _Z/YI + X1+I

Q,_|X,_|—Q,X,+DF~ /

+Vv W,(S,, X,,C,)=0.

X, —-X
X, -0 X, +DFZ Ty w,(S,.X,.C,)=0.
n-1* n-1 n ] n "2\ n n

c,-C
G,Cy +G,,Ce +G1KC,y —0,C, +Dﬁ'—l/——’-vlng(s,.)r,.('l )=0.

C_,-2C +C
0,1Cy +G\Ce +Gy KCy =0,C, 4 DF =By (5, .C) =0,

v

C,—C
0,,Coy+G,,Cc +G, KC, —0,C, + DF% v, Wi(S,.X,.C,)=0.(4 20)

me 0, =G, +Y.G,,i=123. =

=

Moneab ajpoTeHka ¢ mHeBMoMexaHHMuecKoH adpaumeii. [lpumeHenue
MeXaHHUYECKUX a3paTopoB obecneynMBaeT OTHOCHUTENIbHO ObICTpOE BbIpaBHHBA-
HHME KOHLEHTpaUMH NOCTYMatoIMX CTOUHBIX BOX MO BCeMy 00ObEMY Coopyxe-
HMS, 4TO OCODEHHO BaXKHO MPH OYUCTKE CTOUHbIX BOA MPEANpPHATHIi, ANs KOTO-
pbIX XapakTepHO HajiMyHe 3anoBbix cOpocoB ¢ 6obLIOH KOHUeHTpauueii 3a-
rpsi3HEHUH

[MTHeBMOMexaHH4ECKHE a3paTOpbl YCTAHABIMBAIOTCS B OObIYHBIX a3pOTEHKaX
KOpPHIOPHOro THNa paBHOMepHO No AnuHe (puc 4 10) Paboty asporenka Takoi
KOHCTPYKLIUM MOXHO paccMaTpuBaTh kKak paboTy a3poTeHka, COCTOSLIEro u3 /1
30H (MO uMCay a’paTopoB), MepeMellMBaHHE B KaXkAOH W3 30H sABAsETCA pe-
3yabTatoM TypOysnenTHoi auddysun, a oOMeH Mexay 30HaMM — pe3ynbTaTOM
LUMPKYSALUH

I BbIBOZA ypaBHEHUst MOZENM COCTaBUM MaTepHvanbHblii OanaHc, aas /-i
A4eHKH, KaK Noka3aHo Ha puc 4 11

CocraBuM MaTepHaibHblii OanaHc no cybcTparty, akTUBHOMY MAy M KMCJO-

poay

114



LGS
b "l S, X,
4 — 1 Qo Qo qo QP g o8
GZ’XO' Su'Cu
3 A \ A
G,.Cy
B
8.5, .X,C., g£.5,.X,.C,
i-1 > i,S .X,.C, - i+l
(J G.S,, . X,C, | a0 G.S.X.C J
o & ’S' ')‘.' 'C' A g 'SHI '/"lil ’Cnl (o]
K.C,.G,,
B

Puc 4 10 Pacnpeneienne nHeBMOMEXaHHIECKHX adPATOPOB M0 JUTHHE adPOTEHKa
(o6o3HaWHHA cM pHC 4 5)

Puc 4 11 K BbIBOJly ypaBHEHHA sSMeeqHOR MOZENH ¢ 0OpaTHHIM M TOTOKaMH

1 - HoMep sYeiin (1 = 1,2,3, ,n), G, g - pacxon CB, 06y clORIEHHbI i OCHOBHbBIM NIOTOKOM, C6POCOM C NOMACTHBIX
MELIAN 0K, COOTBETCTBEHHO, MY 4

G(Su -S)+8(S,-8)-vW(S.,X,,C,)=0,

.........

G(X, - X)+g(X,,-X,)-2gX,+vW,(S5,,X,,C))=0

G(X,,-X,)+g(X,,-X,)+v,W,(S,,X,,C,)=0,



G(C_, -C)H)+KGG, v W (S,,X,,C,)=0,

G, -C)+gC,, -C)+KGG,, v, W (S,,.X,,.C,)=0,(4.21

raei =123, , n. Spx Xox, Cox — ONPEaEAIOTCA TAK K€, KaK B (4 14)

YactHbiM ciyuaeM mopenu (4 21) sBnsercs Monenb Ans adpOTEHKOB C
NHEeBMOMEXaHUYEeCKUMHU aspaTopamu 6e3 obpaTHbix noTokos (4 22)

G(Sex —S8) —viW(8), X,.C) =0,

......... 422)

G((vn-l - (wn) + KCOG3n - VnW% (Sn ) Xn ’ (‘n) = 0’
=123, n

Takum obpa3zom, MbI nosyuunu Marematuueckue mozenu (4 13), (4 15),
(4 20), (4 22) nona pasnuuHbIX CnOCOOOB a’palliM M OpPraHU3all¥ NMOTOKOB B
asporeHkax Ilpu pelneHUM KOHKPETHBIX 3aJay C HCMONb30BaHWEM paspabo-
TaHHBIX ypaBHEHU# Mozesied HeoOXOAMMO UMETb NaHHble MO KMHETHKE Mpo-
uecca [W, (S, X,, C), i = 1,2,3], crpykrype notokoB (D, g) 1 KoJu4ecTBy pac-
TBOPEHHOro kuciopona B xxuakoi dase (KCy(G )
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4.1.4. Kunemuka npoyecca uzvamus cybcmpama MUuKpoopzanu3mamu

CkopocTb npotiecca OHONOrMYeCKOro OKMCIEHHsi OPraHMYECKUX BELLECTB B
CHCTEMAaX C aKTUBHBIM MJIOM KOHTpoJsiMpyeTcs cranveit nuddysumn kucnopona v
cybcTpaTa, a He (epMEHTaTUBHOH aKTHBHOCTbIO MUKpoduiopbl OmnHako, Kak
Obi10 OTMEYeHO paHHee, B cOCTaB MUKpodayHbl akTMBHOro una npu pabore
a3pOTEHKOB BXOAMT 10 60 BUOOB OpPraHM3MOB — B OCHOBHOM 3TO NPOCTEMLLHE,
KOJIOBpAaTKH, B MeHblleM kosndecTBe uepBu M T A Ilostomy 6uocucremy ak-
THUBHOrO MJa NMPEACTaBISIOT HECKOJbKUMH TPOPHUUECKUMH YPOBHAMH TNeEpBbIi
ypOBEHb — 3TO B OCHOBHOM reTepoTpodHble HakTepHH, BTOPOH YpOBEHb — MH-
Gby30puH M KONOBpaTKH, MuTarolMecs OakTepusiMu, TpeTHi — XHLIHble UHOY-
30pHH

HHTencuBHOCTL NOTpebNeHUs KUCIopoaa 3THMM MHUKPOOPraHM3MaMH pas-
nuuHa Tak, MeslkMe KOJIOBPaTKM CpelHHUM BECOM 101- 10* mr notpebnstor
6,6 Mr 0,/r- 4, a KpynHele KonoBpaTkh (Becom 2-107mr) — 1,3 Mr Oy/ry B To
e BpeMs olHa MH(}Y30pHs 3a OOMH uac morpedaser 0o 30 Thicay HakTepuii
OaunH munaurpaMm OakTepuii (B nepecuere Ha Cyxoii BeC) B nepuoa Jiorapud-
muueckoro pocra norpebssier go 1000 mxn kucnopoma CrenoBaTenbHo, mo-
TpebneHue KMCIopoaa CBA3aHO HE TOJIbKO C MpPOLECCOM OkuciieHus cybcrpara
MMKpOOpPraHM3Mamu, HO U C mpoueccaMu noTpebnenus Oakrepuii npocreifiiu-
mu  OQueBHIHO MO3TOMY, YTO MaTeMaTHueckas MoOIeSb NOJKHA YYUTHIBAThb
poJib MHKPOOPraHM3MOB aKTHBHOTO WJja B mpoliecce ouuctkd KuHernka pocra
MMKPOOPraHH3MOB, MoTpebieHHe 3arpsA3HeHHH W pacTBOPEHHOro KUCaopozda
B3aMMOCBS3aHbl, 1 YPaBHEHHUs, OTPAXKAIOLIHE 3Ty B3aMMOCBA3b, 3aMUCBIBAIOTCS
B CJIeflytoLeM BUAe

das
—L=-W(S,X,.X,, ,X,.0),
dt i
d _w ('Slws'n vb XlaXZ" ’Xm’(‘)’ (423)
B 808 S XX X0,
dr ; )
rae S, — KOHUEHTPALMA i-i KOMMOHEHTBI 3arpa3HeHuit (i = 1.2,3. . n). .\, — KOHUEHTpPauHs j-ro

BHIA MHKPOOpraHusmoB (j = 1.2.3. . m). C — KOHUCHTPALMA PACTBOPCHHOTO B KMAKOCTH KH-
cnopoaa

Cuctema (4 23) onucCbiBaeT W3bATHE N KOMIIOHEHTOB OPraHUUYECKMX Be-
WECTB B MpoLiecce pocTa m BMAOB MHUkpoopraHusmoB Ilpu 3tom mpoucxoaut
notpebneHne paCTBOPEHHOrO KMCJIOPOAA M OAHOBPEMEHHO MAET MpOLECC pea-
3pauuu

Hns cnyuas, koraa npouecc GHOXMMHUYECKOrO OKMCIIEHHS B LUMPOKOM HH-
TepBajle M3MEHEHMH KOHLUEHTPalMM PaCTBOPEHHOrO KHMCIOpPOda MNOCTOSIHEH,
cucrema ypaBHeHui (4 23) OyneTr umets BHI
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d.
%z“W.(S,;Xan’« X,
t (424)

dXJ

dt =¢J(S|,S2"' )S,,)X],Xza N )Xm)
INockobKy KONHYECTBEHHBIH y4eT MHUKPOOPraHM3MOB 3aTPYAHEH, OObIYHO

MX KOJINYECTBO OMNpeneNnsercs KoHLeHTpauueid 6uomaccel Korma cymmapHas

KOHLEHTpaLMs S KOMIOHEHTOB 3arpA3HEHUH M3MepseTCs B 3KBMBAJEHTaX MO

BIIK, cucrema ypaBHeHnuii (4.24) umeer Bua

B _wex,

dt (4 25)
A oS.X)

dt (p 2 .

Jlpyroe HanpabneHue pa3pabOTKM MaTEMaTH4eCKOTO OMMUCAHHS KMHETHKH
OYMCTKH CTOUHBIX BOX aKTHBHBIM MJIOM OCHOBaHO, KaK ObiNI0 OTMeueHO BbiLIeE,
Ha MpEeANoJ0KeHNH NPOMOPLMOHANBLHOCTH MacC noTpedneHHOro kucnopoaa
okucneHHoro cybcrparta. [lns sToro cnyuyas cucrema ypaBHeHuit (4 23) npu-
HHMaeT BUJ

B ws.0)
:é (4 26)
1580 5..0)

Takum obpa3oM, ypaBHeHue (4.25) onucbiBaeT KMHETHKY OKHMCJIEHHs CyO-
CTpaTa akTHBHBIM MJIOM C YYETOM KOHLEHTpallMM MHKPOOPraHW3MoB, a ypas-
HeHue (4 26) — KUHETUKY M3BbATHA 3arpsA3HEHHil MUKPOOPTraHM3MaMH C y4ETOM
kucnopona IIpoaHanusupyeM 3TH ypaBHEHMs, 4TOObI ONpeneauTb, Kakoe M3
HUX HaunboJiee MOJNHO M TOYHO OTPAXKAET PEANbHbIE MPOLECCHI OYUCTKH CTOM-
HOM BOJb! MJIOM

Mo coBpeMeHHBIM NPEACTaBNEHMSM MPOLIECC OYMCTKH CTOUHBIX BOA CKJa-
IbIBAETCS U3 MPOLIECCOB MaCCOMepenauy OPraHMUYeCKOro BEIECTBA W3 XHUAKO-
CTH k mnoBepxHOCTH OaxrepuanbHOW knerkd, auddysum BelecTBa BHYTPb
KJIETKM M TMOCNEAYIOLEro NpeBpalleHus ero B LMKJIaX KOHCTPYKTMBHOMO H
3Heprerudeckoro obmMeHa. Hu o1HO M3 M3BECTHbIX ypaBHEHHH, OMMCHIBAOLIHX
3TH 3aKOHOMEPHOCTH, He ABJIAETCS YHUBEPCAbHbIM M HE MOXeET ObiTb MpHMe-
HEHO B YCJOBHAX M3MEHEHMA NapaMeTpoB Mpolecca B LIMPOKOM AHANa3oHe,
MOCKOJIbKY KOHCTaHTbI KMHETHMYECKMX YpaBHEHWH, OMUCBIBAIOLIMX TPOLECC
OUOXUMHYECKOH OUYHCTKHM CTOUHBIX BOJ, Pa3JIMUHBIX O CBOEMY COCTaBY U KOH-
LIeHTPaLMH, NOJIXKHbI OBITh pa3NU4HLIMU. PacCMOTPHM ¢ 3TOH NO3MLMKM MOZENH
(4 25), (4 26) 1 oLeHNUM KX BO3MOXXHOCTH

Pacuer npouecca OGHOXUMHUECKOH OYHUCTKH CTOYHBIX BOI OT OPraHUUYECKHX
3arpA3HeHUit OCHOBBIBAETC Ha KMHETMYECKUX 3aBHCHMOCTSX POCTa MHKpPOOp-
raHW3MOB aKTHBHOrO uja (6UOMacchl) M yTUNM3aLUMKH UMH cybcTpata Bbine-
ASIOT Ba OCHOBHBIX MOAX0Aa K BbIOOPY Moneneil KWHETHKM B MEPBOM Clydae
npouecc yTHiM3auuu cybcTpata OonMcbiBaeTcs ypaBHeHHEM (opManbHOIT Xi-
MHY€CKOI KUHETHKH HYNEBOTrO MW H-TO MOPAAKOB, BO BTOPOM CJiyyae HCMOMb-
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3yl0TCsl ypaBHEeHUs (PEPMEHTaTUBHONH KMHETUKU

Haubosbiliee pacnpoCTpaHeHHe MOJYyYHIH KHHETHYECKUE MOLENHN HAa OCHO-
Be cxeM ()epMEHTaTUBHBIX PEaKLIHil.

moaenab MoHo

S
K +S’

rac K — KOHUeHTpaLua CyOCTpara npH 4 = Ly/2; f4y — MAKCHMAJIBHAA YA€EbHAA CKOPOCTb POC-
Ta, S - koHueHTpauua cydcrpara (BITKs), r Oy/n,

“(S)=

monenn I'epGepTa

u(S)=u, K

S
— K,
K, +S
rae K| — KOHCTaHTa HachilieHHs, K, — KOHCTAHTa CKOPOCTH OTMHPAHUS KIETOK

BoJiee eTanbHO NPOLECC POCTa MUKPOOPraHW3MOB aKTHBHOTO MIIa, YTHIIH-
3aUUM UM OpPraHMYECKHX 3arpsA3HeHHit 1 OTMHpPaHUA KJIETOK OMMCBIBAET MOMENb
[epbepra KoHkpeTHble 3Ha4eHHs KOHCTAHT HackiweHus (Ki) u ynensHo# cko-
pocTH pocTa una (4) OnpenensoTcs M CTOYHBIX BOJ KaXI0ro 6uoxumuye-
CKOTO NPOM3BONCTBA.

TeopeTuueckoe u 3KCNEpUMEHTAIbHOE U3y4eHHe MPOLIEcca OUHCTKM 3arpss-
HEHHBIX BOJ B OHOQM/IBTPAX MOKa3bIBaeT, 4TO Ha 3G (PEKTUBHOCTL UX paboThl
CYLUECTBEHHO BJIMAIOT Kak MeXaHU3M OaKTepHallbHOrO OKHMCIIEHHs, TaK U Ppusm-
4ecKHe MpoLecchl Macconepenadu ITockonbky nocrynatomue Ha 6noduibTp
CTOYHbIE BOABI CONEPIKAT, Kak MPaBHIIO, MHOXXECTBO Pa3/IMYHLIX OPraHUYECKHX
BewlecTB, OuoMeHka, pacTyias Ha TakoM cybcrTpare, MMeeT COXHbIA MHOrO-
BUA0BO# coctaB Ilpoliecc OKHUCIIEHUst paCTBOPEHHOTO OPraHM4ecKoro BellecT-
Ba aKTMBHOIO MJia MpencTaBiiseT coOOH reTeporeHHyI KaTalWTHUYECKYIO peak-
unio Ilpennoxen psn Mozenei, HazbiBaeMbix AM(PEHY3HOHHBIMH, AN ONHCAHUA
OKMCJIeHHst OTHENbHBIX cybcTpaToB GuonneHkoit B xone npouecca o4MCTKH
peareHT KOHTAKTUPYET CHa4ana C NOBEPXHOCTHIO YaCTHLIbI U Aajiee MePEHOCHT-
Cs BHYTPb HaCTHLbI, K COOCTBEHHO KaTalUTHUECKOMY LIEHTPY, KOTOPbIM SBs-
I0TCSl MUKPOOPraHU3MBI, BXOASLUHE B COCTaB YaCTHLIbl aKTUBHOTO MJa

s nuddy3noHHOI MOaENH MOXKHO CAeNaTh CleAyIoLIHe AOMyEeHHs

1) yactuua una chepuuecku CHMMETpUYHa,

2) koHuUeHTpauusi cybcTpaTa Ha MOBEPXHOCTH YAaCTHLbI paBHA KOHLIEHTpa-
uuu cyberTpara B pacTBOpe (Ciy4ait neaabHOTO nepeMeIlMBaHKs),

3) oThenbHble MHKPOOPraHU3Mbl pacrpelesieHbl BHYTPHU XJIOMbEB pPaBHO-
MepHO,

4) 6akTepuM aKTUBHOIO Mia notpednstoT cybcTpaT no 3akoHy “BCE WM HHU-
4ero”

) u, 'Y, ecnn §>0,
q)= .
0, ecqn §$=0,
rae }' — ko3 pUUMEHT, OTPAXKAIOLIMH MACCY CHHTE3HPOBAHHBIN MHKPOOPTAHM3MOB M3 €IMHH-

Lbl MACChl YCBOCHHOrO cy6cTpara. q(S) — ckopocTh notpeb:1enus cyberpara camnuuei 6uo-
MACChI.
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