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BBEAEHUE

B Tepckoil 001acTH cOCPEeIOTOYEHBI OTPOMHBIE 3alachl MOBEPXHOCTHBIX
BOJI. D10 «(dabprka yucToit Boasl» neHTpa Poccuu. TBepckast 001aacThb sIBIsSETCS
YHUKaJIbHOU 00J1acThlo, TJie OepyT Hauajao TpU KPYMHBIX BOAOTOKa. bacceitn
BEJIMKOW pycckoi peku Bosru mmeer ctok B MOCKOBCKYIO 0o0nacth — 2,3 KM
B rox 1 B SIpocnaBckyio obmacts — 9,6 kM. Bacceiin 3amanmoii JIBHHBI (nance
JlayraBbl) gaet crok B CMOICHCKYIO 06macts — 5,0 KM® B rof, 03epo MiIbMeHsb
(p. Mcta) — B HoBropozckyro o6macts — 1,0 k.

PeanbHyto yrpo3y 3arpsi3HEHHs] MMOBEPXHOCTHBIX BOJ CO3JAa0T OIACHbBIE
B OKOJIOTMYECKOM  OTHOIICHMM  TMPOU3BOJACTBA:  aTOMHAasg  DJHEPreTHKa,
XUMUYECKasi MPOMBIIIJIEHHOCTh, TEIUIOPHEPreTUKa, CeIbCKOXO35HCTBEHHBIE
wiomanad. B TBepckoil o001acTu  KOJIMYECTBO MOJIb30BaTeNed  BOIOM,
OTUHUTHIBAIOIIUXCSA O dopMe 2TH-Boaxo3, cocrabisger 1169. B 2005 roay u3
IPUPOIHBIX BOAHBIX 0OBEKTOB 3a0paHo 2784,92 MIH. M’ BOIBI, B TOM UHCIE U3
MOBEPXHOCTHBIX — 2652,74 MuH. M, W3 MOM3eMHBIX — 132,19 MiH. M. Copoc
CTOYHBIX, TPAH3WTHBIX M Op. BOA COCTaBHI 269516 wmmm. M. C6poc
B IIOBEPXHOCTHBIE BOJIHBIE OO0BEKTHI cocTaBui 1202,90 wMiH. M3, U3 HUX
3arpsi3HEHHBIX 79,43  MuH. MS, HOPMATUBHO OYMIEHHbIX 44,63 MIH. M
TpaH3uTHOW BoAnl 1479,10 MiH. M’ ; B HAKONWUTEIW, BHOAJWUHBI, MOJI
dunpTpamuy, Ha penbed 13,16 MiIH. M.

BbIycku CTOYHBIX BOJ B IOBEPXHOCTHBIE BOJIHbIE 00BEKTHl UMEOT 180
Bojonoab3oBarencii. M3 1209,90 muH. M CTOYHOI BOJBI COpOIICHO 3arpss-
HeHHON 79,43 MiH. M3, w3 Hux 0,10 muH. M° 6e3 ourcTkH, 79,33 MiH. M
HEZ0CTaTOYHO ouulieHHOW. COpoC HOPMATHBHO YHCTOW BOJBI COCTABWII
1078,84 min. m’. Ha ouncTHBIX COOpPYXKEHUSAX OuHnIleHO 44,63 MIIH. M, B TOM
YKCIe OYMIIECHHOW OHOJOTMYECKMMH MeTojamMu 22,52 MIH. M, bu3uKo-
XUMHUYECKUMH — 1,43 MIIH. MS, MexaHudeckumu — 20,68 MITH. M.

MoOmHOCTP  OYMCTHBIX  COOpykeHuM coctaBmina Ha 2005 rox
453,95 M. M°. JIuBHEBBIX BOJ cOporuero 11,57 MiuH. M.

[IppopuTeTHBIM BUIOM HCIOJIB30BAHUS BOJHBIX OOBEKTOB TBepckoit
00JIacTH SIBISIETCS XO35UCTBEHHO-TTUTHEBOE BOOMOJb30BaHue. OCHOBHASI POJIb
31ech MpUHAICKUT peke Bonra. M3 Hee 3a0upaercs Boaa 1 XO35SHCTBEHHO-
MUTHEBOT'O BOJIOCHAOXKEeHUS TOpo10B PixkeB, KuMpHI, psisia MOCENKOB TOPOICKOTO
THMa, a Takke MOCKOBCKOro meramojiuca. Jlepuiut NUTbeBOM BOJBI IS
Mockssl Ha 70 % MOKpBIBAaETCS BOOM, OCTyMaromiei u3 TBepckoii odnacTu.

B stoit cBsizm s TBepckoil 0051acTH aKTyallbHBI BOIPOCHI YITYUIIEHUS
KauecTBa MPUPOJIHBIX BOJ U OUYUCTKU CTOUYHBIX BOJI.

B Hacrosmem ydeOHOM mocoOMM paccMaTpPUBAIOTCS OXpaHa TOBEPX-
HOCTHBIX BOJ| OT 3arpsi3HEHUsI CTOYHBIMU BOJAMU, OINpeAeieHue HeOOXO0IUMOM
CTEINEHU OYUCTKU, METOJIbl OUUCTKU MPOMBIIIICHHBIX CTOYHBIX BO/I.



1. OXPAHA BOJHBIX OB BEKTOB OT 3AT'PA3ZHEHUA
CTOYHBIMHU BOJAMH

1.1. OcHOBHBIE TEPMHUHBI M ONpPeAeJICHUSs

OcHoBHBIE TEpMUHBI U oOmpeneneHus coxaepxarca B Boanom Konekce
Poccuiickoit ®epepanuu, npuHarom [ocymapctBenHoin [ymon S ampens
2006 rona.

Boouwiii 06vekm — TMPUPOIHBIM WM HCKYCCTBEHHBIH BOJOEM, BOJOTOK
700 WHOM OOBEKT, MOCTOSHHOE WM BPEMEHHOE COCPENOTOYEHHE BOJ B
KOTOPOM MUMEET XapaKTepHbIe (JOPMBI ¥ PU3HAKHA BOJTHOTO PEKUMA.

Oxpana 800HbIX 06bEKMO6 — CUCTEMa MEPONPUATUI, HAIPaBIECHHBIX Ha
COXpPaHEHHE ¥ BOCCTAHOBIIEHNE BOJIHBIX OOBEKTOB.

Boooomeeoenue — moboit cOpoc BOA, B TOM YHCIIC CTOYHBIX BOJ U (WIJIH)
JPEHAKHBIX BOJI, B BOAHBIC OOBEKTHI.

Cmounvie 600bl — BOJAbI, COpPOC KOTOPBIX B BOJAHBIE OOBEKTHI
OCYIIECTBISETCS MOCIIE UX KUCTIOJIB30BAHUS WM CTOK KOTOPBIX OCYIIECTBIISETCS
C 3arpsA3HEHHON TEPPUTOPHH.

lpenasicnvle 60061  — BOABL, OTBOJ  KOTOPBIX  OCYILUECTBISIETCS
JIPEHAXHBIMU COOPYKCHHUSIMH ISl cOpOca B BOJHBIC OOBEKTHI.

Booonompebnenue — notpebdIeHNE BOJIBI U3 CHCTEM BOJOCHAOKECHUSI.

Booocnabocenue — mopadya TOBEPXHOCTHBIX WM TIOJI3EMHBIX BOJ
BOJIONIOTPEOUTEIISIM B TPeOyEeMOM KOJIMYECTBE W B COOTBETCTBHH C IICIICBBIMH
MOKA3aTeNsIMU Ka4eCTBa BOJIbI B BOAHBIX OOBEKTAX.

Booononvzosamens — Qusnmueckoe WIM HOPUIUYECKOE JIULO, KOTOPOMY
IPEIOCTaBIEHO MPABO MOJB30BAHMUS BOJAHBIM 00BEKTOM;

1.2. OcHOBBI BOAHOI'0 3AKOHOIATEJILCTBA

Bonnoe 3akoHomarenscTBO coctouT u3 Boanoro Kopekca, apyrux
(denepanbHbIX 3aKOHOB M INPUHUMAEMbIX B COOTBETCTBUUM C HUMHU 3aKOHOB
cyosekToB Poccuiickoit ®@enepanuu, ykazos Ilpesunenta P®, HOpMaTHUBHBIX
npaBoBbIX akToB [IpaButenscTBa Poccuiickoit denepanyu U ynoJIHOMOYEHHBIX
[IpaButenbctBOM  Poccuiickoit ~ depepanuu denepalbHBIX  OpPraHOB
HCTIOJTHATENBHOM BIIACTH.

K 0CHOBHBIM NpUHIIMIIAM BOJHOTO 3aKOHOJIATEILCTBA OTHOCATCSA (BomubIit
Konexke, ct.3):

— TPUOPUTET OXPaHbl BOJHBIX OOBEKTOB TMEpPEe] WX WCIIOJIH30BAHUEM.
Ucnonb3oBanne BOAHBIX OOBEKTOB HE JOJKHO OKa3blBaTh HEraTHBHOE
BO3/ICHCTBUE HA OKPYKAIOIIYIO CPEly;

— SKOHOMMYECKOE CTUMYJMPOBAHHUE OXpaHbl BOJHBIX 00BEKTOB. I[lpu
ONpEACIICHUH IUIaThl 3@ IOJIb30BAHUE BOJHBIMHU OOBEKTAMH YUUTHIBAKOTCA
pacxo/ibl BOJOMNOJIb30BaTENE Ha MEPOIIPUATHS 110 OXPaHe BOJHBIX OOBEKTOB.

Bonubie 00bekThl, Haxonsgmuecss B (denepanbHOW COOCTBEHHOCTH,
COOCTBEHHOCTH  CcyOBekTOoB  Poccmiickoit ~ demepanun, COOCTBEHHOCTH



MYHHUIIUTANTBHBIX 00pa30BaHUM, MPEIOCTABISIIOTCA B MOJb30BaHUE s cOpoca
CTOYHBIX BOJ M (WIM) JPEHAXKHBIX BOJ HA OCHOBAaHUM PEIICHUM
0 MPEJOCTABICHUU BOJHBIX 0OBEKTOB B MOJb30BAHUE.

Pemenue o mpemocTaBieHUM BOJHOTO OOBEKTa B MOJIB30BAHUE B LEISAX
cOpoca CTOYHBIX BOJ ¥ (MJIM) IPEHAXKHBIX BOJI JIOJKHO COJIEPKATh:

1) ykazanue mecta cOpoca CTOYHBIX BOJ U (MJIH) IPCHAXKHBIX BOJI;

2) 00beM 10MyCTUMBIX COPOCOB CTOYHBIX BOJ U (MJTM) IPEHAXKHBIX BOJI;

3) TpeboBaHMs K KauyecTBY BOJbI B BOJHBIX OOBEKTax B MecTax cOpoca
CTOYHBIX BOJ ¥ (MJIN) APEHAXKHBIX BOJ.

KBoTBI 3200pa (M3bATHS) BOJHBIX PECYPCOB M3 BOJHOrO 00BEKTa U cOpoca
CTOYHBIX BOJ], COOTBETCTBYIOUIMX HOPMAaTHBaM Kaye€CTBa, B IPaHULAX PEUHBIX
OacceifHOB, MOI0AcCCEHOB, BOJOXO3ANUCTBEHHBIX YYAaCTKOB MpPU PA3IUIHBIX
YCIIOBUSIX BOJAHOCTU B OTHOLIEHUH Kaxaoro cyobekrta Poccuiickoit deneparnyn
YCTaHABIMBAKOTCS CXEMaMU KOMIUIEKCHOTO MCIOJIb30BAaHUS U OXPaHbl BOJHbBIX
00BEKTOB.

CoOCTBEHHUKH BOJAHBIX 00BEKTOB, BOJAOMOIL30BATEIMN TIPU UCTIOIH30BaHUHU
BOJHBIX OOBEKTOB 00S3aHBI BECTH B YCTAHOBJICHHOM IOPSAKE y4eT oObema
3ab6opa (M3BATHSI) BOJIHBIX PECYpCOB U3 BOJHBIX OOBEKTOB M 0OBbemMa cOpoca
CTOYHBIX BOJ U (WJIM) APEHAXHBIX BOJI, UX KaueCTBa, PETyJsipHbIe HAOIIOICHUS
3a BOAHBIMU OOBEKTaMHU M WX BOJOOXPAHHBIMU 30HAMH, a TaKKe OECIIaTHO
U B YCTAHOBJICHHBIE CPOKH MPEICTABIATh PE3YyJIbTaThl TAKOTO Y4Y€Ta W TaKHX
peryssipHeIX HaOmoaeHuil B ynosHomoueHHbIH [IpaButensctBoM Poccuiickoit
®deneparuu dhenepaibHBINA OpraH NCIOTHUTEIBLHOM BIACTH.

Cratbs 44 Boanoro Koznekca P® pernameHTUpYET UCIIOJIB30BAaHUE BOAHBIX
00BEKTOB I I1ieneil cOpoca CTOYHBIX BOJ H (WIM) JAPCHAXHBIX BOJ
c coomoneHueM  TpeboBaHWi, mnpemycMoTpeHHbIX BomapiM  Komekcom
Y 3aKOHOJATEIbCTBOM B O0JIACTH OXPaHbl OKPYXAIOLIEH Cpeibl.

B uactHOCTH, 3anpemaeTcss cOpOC CTOYHBIX BOJ U (MJIM) JPEHAXHBIX BOJ
B BOJHBIE OOBEKTEL:

1) coneprkaiiue IpupoHbIe JeueOHbIC PECYPCHI;

2) OTHECEHHBIE K 0CO00 0XpaHsAEMbIM BOAHBIM OOBEKTaM.

3anpemiaercsi cOpoC CTOYHBIX BOA M (WJIM) JAPEHAXHBIX BOJ B BOJIHBIE
O0OBEKTBI, PACIIONOKEHHBIE B TPAaHUIIAX:

1) 30H, OKpPYyroB CaHUTapHOW OXpaHbl HCTOYHUKOB TMHUTHEBOTO
1 XO3SIMCTBEHHO-OBITOBOIO BOJIOCHAOKEHHS;

2) mepBoii, BTOPOM 30H OKPYrOB CAHUTAPHON (TOpPHO-CAaHUTAPHOM) OXpaHbl
71e4e0HO-03T0POBUTEIBHBIX MECTHOCTEH U KyPOPTOB;

3) ppIOOOXpAHHBIX 30H, PHIOOXO3SIIICTBEHHBIX 3aMIOBEHBIX 30H.

COpoc cTouHBIX BOA M (WJIM) APEHAKHBIX BOJ MOXKET OBITh OrpaHUYEH,
IIPUOCTAHOBJIEH WJIM 3alpelleH [0 OCHOBAaHUSAM W B MOPSAKE, KOTOpHIE
YCTaHOBJICHBI (PeJePATLHBIMU 3aKOHAMH.

B cooTtBercTBUM cO cTaTheil 56 3amperaercs cOpoc B BOJAHBIE OOBEKTHI
CTOYHBIX BOJI, COJIEP)KaHHE B KOTOPHIX PaJMOAKTUBHBIX BEUIECTB, TIECTUIUIOB,



arpOXMMHMKATOB W JIPYTUX OMNAacHBIX [UIsl 30pPOBbSl YEJIOBEKA BEIIECTB
Y COCIMHCHUN TIPEBBINIAET HOPMATUBBI JOIMYCTUMOTO BO3JCHCTBUS Ha BOJHBIC
OOBEKTHI.

[Tpu skcruTyaTanuu BOAOX03sIMCTBEHHOM cucTeMBblI (CT. 60) 3anpeiaercs:

1) ocymecTBiaTh CcOpoc B BOJHBIE OOBEKTHI CTOYHBIX BOJ, HE
MOJIBEPrUINXCS  CAHUTAPHOW  OYHCTKE, OOE3BPEKMBAHUIO  (MCXOAS U3
HEJIOTYCTUMOCTH TPEBBIIICHUS HOPMATHUBOB JIOMYCTUMOTO BO3JAEHCTBUS Ha
BOAHBIC OOBEKTHI W HOPMATHUBOB TPEICIHHO JAOMYCTUMBIX KOHIEHTPAIIHI
BpPEAHBIX BEHICCTB B BOJHBIX OOBEKTax), a TaKKe CTOYHBIX BOJ, HE
COOTBETCTBYIOIIMX TPEOOBAHUSIM TEXHUYECKUX PETIAMEHTOB;

2) mpou3BOAUTH 3a00p (M3BATHE) BOJHBIX PECYPCOB M3 BOAHOTO OOBEKTA
B 00bE€Me, OKa3bIBAIOIIIEM HETaTUBHOE BO3/ICHCTBYE HAa BOJIHBIN OOBEKT;

3) ocylecTBIATH COPOC B BOJIHBIE OOBEKTBI CTOYHBIX BOJ, B KOTOPBIX
cofiep>kaTcsl BO30yauTeNn HH(PEKUMOHHBIX 3a00JeBaHMiA, a TaKKe BpEIHbIE
BEIIECTBA, VI KOTOPHIX HE YCTAHOBIICHBI HOPMATHUBEI MPEIEITHHO JOITYCTUMBIX
KOHIICHTPALUH.

1.3. HopmaTuBsbl npeesibHO J0NYCTHMbIX BPEAHBIX BO3/elCTBUI
HA BOJHBIC 00bEKThI

HopmaTuBsl npeienbHO JOMYCTUMBIX BPEIHBIX BO3JAEHCTBHM Ha BOJHBIC
00BeKkThl paccMoTpeHbl B ctathe 35 Bomgmoro Kopekca, mpunsSTOrO
TlocynapctBennoit ymoii 5 anpens 2006 rona.

Ilognepxanue TOBEPXHOCTHBIX M IOA3EMHBIX BOJ B COCTOSHMH,
COOTBETCTBYIOIIEM DKOJIOTUYECKUM TpeOOBaHUIM, oOecrnieunBaeTcs
YCTaHOBJIEHHEM M COOJIIOJICHHEM HOPMATHBOB MPEAEIbHO JIOMYCTUMBIX
BPE/IHBIX BO3JIEUCTBUI HA BOJIHBIE OOBEKTHI.

HopmaTuBbl ~ JOMyCTUMOrO  BO3ACHCTBUSL HAa  BOAHBIE  OOBEKTHI
pa3pabaTbIBalOTCS HA OCHOBAaHHUM TMPEAEIBbHO JOMYCTUMBIX KOHLEHTpaIuil
XUMHYECKUX BEIIECTB, PAAMOAKTUBHBIX BEIIECTB, MUKPOOPTaHU3MOB U JPYTUX
noKa3aTesiel KadyecTBa BOJbI B BOJHBIX OOBEKTaX.

HopmaTuBel npenenbHO JOMYCTUMBIX BPEIHBIX BO3ACHCTBHI Ha BOJHBIC
00BEKTh! YCTAHABIMBAKOTCS UCXOS U3!

— MpeNeiapHO JONMYCTUMOM  BEJIMYMHBI AHTPOIIOTEHHOM  HArpys3KH,
JUIMTEIIBHOE BO3JEUCTBHE KOTOPOW HE NPUBEAET K M3MEHEHHIO JKOCHCTEMBI
BOJHOI'0 0OBEKTA;

— MpEeaeabHO OOMYCTUMON MAacChl BPEAHBIX BEHIECTB, KOTOpPAs MOMXKET
NOCTYIIUTh B BOJHBII OOBEKT U HA €r0 BOAOCOOPHYIO ILIOILAb.

KonuuecTBo BEmIECTB W MHUKPOOPTaHW3MOB, COJEPXKALIUXCS B cOpocax
CTOYHBIX BOJI M (WJIM) APEHAKHBIX BOJI B BOJIHbIE OOBEKTHI, HE JJOJKHO MPEBBIILIATh
YCTaHOBJIEHHBIE HOPMATUBBI JIOITyCTUMOT'O BO3JEMCTBUS HA BOAHBIE OOBEKTHI.

HopmaTtuBbl npenenbHO OONYCTUMBIX KOHLEHTPALMM BPEOHBIX BELIECTB
B BOJHBIX OOBEKTaX M CTOYHBIX BOJAX YCTAHABIMBAIOTCA MCXOMAS U3 YCIOBUSA
LEJIEBOr0 UCIOJIb30BaHUS BOJAHOIO OOBEKTA.



[lopsinok  pa3pabOTKM W YTBEpKICHUS HOPMATHUBOB  IIPENEIBHO
JOTIYCTUMBIX BpPEIHBIX BO3JIEUCTBUM Ha BOJHBIE OOBEKTHl YCTaHABIMBACTCS
[IpasurenscTtBoM Poccuniickoin Penepaunu.

IIpaButenbcTtBO Poccuiickoit @enepaunu npuHsiio lloctaHoBieHue ot
19 nexabpst 1996 r. Ne 1504 «O mnopsigke pa3paOOTKM M yTBEPXKJICHUS
HOPMAaTUBOB MPEIEIbHO JOMYCTUMBIX BpPEAHBIX BO3JCICTBUA HAa BOJHbBIC
o0wvekT». CormacHo gaHHOMy [loCTaHOBJIEHWIO YCTAHABIWUBAETCS, HUTO
HOPMAaTUBbl NPEAEIbHO JOMYCTUMBIX BPEAHBIX BO3JCUCTBUUA Ha BOJHBIC
O00BEKTHI pa3padaThIBAIOTCS U YTBEPXKIAIOTCS MO OacceifHy BOJHOTO OOBEKTa
WM €ro y4acTKy B HEJSX TMOAJAEpP>KaHHsS MOBEPXHOCTHBIX U MOA3EMHBIX BOJ
B COCTOSIHMM, COOTBETCTBYIOLIEM IKOJIOIMYECKUM TPEOOBAHUAM.

Pa3paboTka HOpMATHBOB TIPEAEIBHO MOMYCTUMBIX BPEIHBIX BO3JACUCTBUI
Ha BOJHbIE OOBEKTHl BO3Jarajacb Ha MUHHCTEPCTBO NPUPOJIHBIX PECYPCOB
Poccuiickon denepauuu u OpraHbl HCTIOTHUTENBHON BJIACTH
3aMHTEPECOBAaHHBIX CyOBEeKTOB Poccuiickoit denepaiuu.

ITocTaHOBIIEHHMEM  yCTAHABIMBAJIOCh, YTO HOPMATHBBI  NIPEACIBHO
JOITYCTUMBIX COPOCOB BPEIHBIX BEIIECTB B BOJIHBIC OOBEKTHI:

— pa3palaThIBAlOTCS BOJOMOIB30BATENIMM Ha OCHOBaHUM PAaCUETHBIX
MaTepuaJoB 10 HOPMATHBAM IPEIEIBHO JIOIYCTUMBIX BO3JEHCTBUI HA BOJHBIE
00BEKTHI, MPEIOCTABISIEMBIX OACCEHHOBBIMU M APYTUMH TEPPUTOPUATHHBIMU
opranamMu MuHHCTEPCTBA NPHUPOJHBIX pecypcoB Poccuiickon @Penepanum,
a TAKXKE KCXOHsl W3 HEJOMYCTUMOCTH IPEBBIIICHUS MPEACIbHO AONYCTUMBIX
KOHIICHTPAIIMil BpPEIHBIX BEMIECTB B BOJHBIX OOBEKTAX, OIMPEAEICHHBIX
C YYETOM LIEJIEBOTO UCIIOIb30BaHUS 3TUX OOBEKTOB;

—  YTBEPXKIAIOTCS OAacCEHOBBIMH M JAPYTHMH  TEPPUTOPUATLHBIMU
opranamMu MuHHCTEPCTBA NPUPOIHBIX pecypcoB Poccuiickont denepaunu 1o
COTJIACOBAHMUIO C TEPPUTOPHAIBHBIMM OpraHaMH ['0CyaapCTBEHHOIO KOMHUTETA
Poccuitckonn depepanuy no oXpaHe OKPYk awLIEH cpenbl, ['ocy1apCTBEHHOrO
komuteTta Poccutickot denepanun no pridoI0BCTBY, DeaepanbHON CIIyKOBI
Poccuun 1o ruipoMeTeoposIorun 1 MOHUTOPUHIY OKPYXKAIOUIEH CPELbl, a TAKXKE
C TEPPUTOPUATIBHBIMU OpraHaMU CaHUTAPHO-AMUIECMHUOIOTHUYECKON CITYKOBI
MunucrepcTBa 3apaBooxpanenus Poccuiickoit @enepanuu;

— HCIONB3YKOTCA MPHU BbAAYE JIMICH3UMM Ha  BOJOIIOJIB30BAHUE,
OCYILIECTBJIICHUU TOCYJApCTBEHHOTO KOHTPOJISI 332 MCIOJIb30BAaHUEM U OXPAHOMU
BOAHBIX OOBEKTOB, YCTAaHOBJICHMHM pa3MEpOB  IJIATEXKEW, CBSI3aHHBIX
C MOJIb30BAHUEM BOJIHBIMH OOBEKTaMH, a TaKXkKe HAJIOKEHUH ITPaPoB H
NPEIBABIEHHA WCKOB O BO3MEIICHWHM Bpeda MpPU HAPYLIEHUH BOJHOIO
3aKOHOAATENbCTBA.

MunuctepcTtBy  npupoIHBIX  pecypcoB  Poccmiickoin  ®enepaunu
NOpy4aJIoCh pa3paboTaTh U yTBEPAUTH MO corjlacoBaHHIO ¢ ['ocyaapcTBEHHBIM
KoMHUTETOM Poccuiickoi @enepani 1O  OXpaHE OKPYKalollled Cpelpl,
['ocynapcTBeHHBIM KOMHTETOM Poccuiickoit ®Deaepanuu 10  PHIOOJIOBCTBY,
MunucrepctBoM 3apaBooxpaneHusi Pocculickoit ®enepairuu, DenepalibHOMN
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ciayxxk0oit Poccun 1O THUIAPOMETEOPOJIOTMM U MOHUTOPHHTY OKpYKarolieu
cpensl, ['ocymapcTBeHHBIM KoMuTeTOM Poccuiickot @enepanyii 1Mo HAyKe H
TeXHOJOrusM U Poccuiickoyl akajgeMuend HayK METOAUYECKUE YKa3aHWs II0
pa3paboTKe HOPMATHUBOB MPENEIBbHO JOMYCTUMBIX BPEIHBIX BO3ACHCTBUN Ha
BOJHbIE OOBEKTHl M HOPMATHBOB MPEJEIbHO JOMYCTUMBIX COPOCOB BPEIHBIX
BCIIECTB B BOJHBIC OOBEKTHI.

[Tpukazom MIIP Poccun ot 4 depanst 1997 r. Ne 18 no yrBepxneHus
METOAUYECKHX YKa3aHW HOPMATUBOB MPEIEIbHO JOMYCTUMBIX BpPEIHBIX
BO3JICHCTBUI Ha BOJHBIE OOBEKTHI W HOPMATUBOB IPEICITHHO JOITYCTUMBIX
cOpOCOB BpEIHBIX BEHIECTB B BOJIHBIE OOBEKTHI COXPAHSJICS JCHCTBYIOIIMIA
HOPSAZOK MOATOTOBKH HOPM MpeAeabHO qomycTuMbix copoco (IT1C).

Mertonuueckne yKkaszaHUS 1O pa3paboTKe HOPMATHBOB TIPENEIHHO
JOMYCTUMBIX BpPEIHBIX BO3JICUCTBUH HA TIOBEPXHOCTHBIE BOJIHBIE OOBEKTHI
(ITABB) 6putn ytBepkaeHsl B 1999 r. u HampaBiieHbl B TE€PPUTOPUATIbHBIC
opranbl MIIP Poccun n I'ockomakomoruu Poccun. B 2003 r. mnaHupoBanach
NOATOTOBKA HOBOM peAakiMM yKa3zaHWl ¢ ydeToM oOOOOIIeHUs OmbITa
pa3padotku HopMatuBoB [1/IBB 3a nepuoxa ¢ 1999 no 2003 rr.

Meronuueckue ykazaHus 10 pa3paboOTKe HOPMATHBOB TIPENEIHHO
JIOIMYCTUMBIX BPEJIHBIX BO3JEHCTBUNA HA TOJ3€MHbIE BOJHbIE OOBEKTHl U
NPENeTbHO JOMYCTUMBIX COPOCOB BpPEIHBIX BEHICCTB B TMOA3EMHBIE BOJHBIC
o0bekThl ObuM mOATOTOBNEHBI B 1998 1. MIIP Poccum u corjmacoBaHBbI
¢ 'ockomakonorun Poccun, Munsapasom Poccun, Munnayku Poccun,
Muncensxo3npoaoM Poccum, Poccuiickoit akagemuent Hayk u PocrumpomeTom.
WUx yrouHeHHas penakuus, yreepxkaeHHas 23.09.99 r. Obuia BBeacHa
B nelicteue mpukazom MIITP Poccun ot 13 mapta 2000 r. No 71.

B coorBerctBun ¢ IlocranoBmenuem IlpaButenscrBa Pocculickon
@enepauun ot 3 asrycra 1992 r. Ne 545 «O06 yrBepxaenuun Ilopsaka
pa3pabOTKH U YTBEPKACHUS HKOJIOTMUECKUX HOPMATHBOB BHIOPOCOB U COPOCOB
3arps3HSAIONINX BEIIECTB B OKPYXAIOIIYI0 TPUPOIHYIO Cpeay, JIHUMHUTOB
UCII0JI30BAHUS IPUPOJHBIX PECYPCOB, pa3MElIeHUsI 0TX0/10B», B 1998 r. Obun
MOJATOTOBJICHB «MeToArueckue YyKa3zaHusd M0 pa3pabOTKe HOPMATHUBOB
MpEeACIbHO JOMYCTUMBIX COPOCOB BPEIHBIX BEIIECTB B MIOBEPXHOCTHHIE BOJTHBIC
00bexTh». Ilpukazom MIIP Poccun ot 13 maprta 2000 r. Ne 71 oHuM ObLIM
BBEJICHBI B JICHICTBHE.

K uuciny HOpMaTMBOB KauecTBa OKpY KAroLIEH Cpelibl MOXXHO OTHECTH
HOPMATUBBI TPEJICABLHO JOMYCTUMBIX KOHLEHTPAIIMHA XUMUYECKUX BEILECTB.
HopmatuBsl npenenbHO AONYCTUMbBIX KOHUEHTPAIM XUMHYECKHUX BEIECTB, B
TOM YHCIIE PaIUOAKTUBHBIX, HHBIX BEIIECTB U MUKPOOPTraHU3MOB — HOPMAaTHUBHI,
KOTOpPBbIE yCTAHOBJEHBI B COOTBETCTBUU C TOKA3aTeIsIMU  MPEACIBHO
JOMYCTUMOTO  COJIEpXaHWUS  XUMHUYECKMX  BEIECTB, B TOM  YHCIE
PaIUOAKTUBHBIX, MHBIX BEIIECTB U MUKPOOPTraHW3MOB B OKPYKAIOUIEH cpeje u
HECOOJIIOJICHHE KOTOPBIX MOXET MPUBECTH K 3arps3HEHUI0 OKPYKaroIIeu
Cpe/ibl, Jerpajialiii €CTECTBEHHBIX SKOJIOTHUYECKUX CHCTEM.



1.4. HopmupoBaHune Ka4ecTBa BO/JbI

HopmupoBanue  kadectBa  BOAbI, coriacHo IlpaBunam  oxpaHsbl
noBepXHOCTHBIX BoA (M., 1991), cocTOUT B YCTaHOBJICHUU [IJISl BOJBI BOJHOTO
00BEKTa COBOKYITHOCTHM JIONYCTHMbBIX 3HAYEHWN TIOKa3zareled ee cocraBa U
CBOMCTB, B IIpeseiax KOTOPBIX HAJIEKHO 00ECIeUYnBAETCS 3/10POBbE HACENICHUS,
ONaronpusTHBIE YCIOBHUS BOIOIOJIB30BAHUS M SKOJOTHYECKOE OJIaromnoiaydue
BOJIHOTO OOBEKTA.

IIpaBunamu yCTaHOBJICHBI HOPMBI Ka4eCTBa BOJbI BOAOEMOB M BOJIOTOKOB
JUIs1 CIIEAYIOIINX YCIOBUM BOJIOMIOIB30BAHUS:

® XO035HUCTBEHHO-ITUTHEBOTO;

® KOMMYHaJIbHO-OBITOBOIO;

® PBIOOXO3SHCTBEHHOTO.

K X034 CTBEHHO-ITUTHEBOMY BOJIONIOJIb30BAHUIO OTHOCHUTCS
WCIIOJIb30BAaHUE BOJHBIX OOBEKTOB WM HMX yYaCTKOB B Ka4eCTBE HCTOYHUKA
XO35IICTBEHHO-IIUTHEBOTO  BOJIOCHAOXKEHMS, a TakXKe JUIsl BOJOCHAOKEHUs
MPEINPUITUAN UIIEBOU POMBIIILICHHOCTH.

K KOMMyHa1bHO-OBITOBOMY BOJIOIIOJIB30BAHUIO OTHOCUTCSI MCIIOJIb30BAaHUE
BOJAHBIX OOBEKTOB JUIsl KyIMaHWs, 3aHSATHS CIOPTOM M OT/AbIXa HACEICHMUS.
TpeGoBaHus K Ka4eCTBY BOJBI, YCTAHOBJICHHBIC 11 KOMMYHAaJIbHO-OBITOBOTO
BOJIONOIB30BaHUS, PACTIIPOCTPAHSIOTCS Ha BCE YYACTKH BOJHBIX OOBEKTOB,
HaxOJsIIMXCSI B 4YEpPTE€ HACENEHHBIX MECT, HE3aBUCUMO OT BHIA HX
UCIOJIb30BAHUS.

K pbi00X03SHCTBEHHOMY BOJIOIIOJIb30BAHUIO OTHOCUTCSI MCIIOJIb30BAHUE
BOJHBIX OOBEKTOB JJI1 OOMUTAHHUA, PA3MHOKCHUA M MUTPALMU PHIO U JPYTUX
BOJIHBIX OpPraHu3MoOB. PbI00X03sHCTBEHHBIC BOJIHBIE OOBEKTHI WM UX YYaCTKH
MOT'YT OTHOCUTBHCS K OJTHOUM U3 TPEX KATErOPUN:

— K BBICHIEHl KAaTETOPUU OTHOCSATCA MECTa PACIOJIOKECHHS HEPECTUIIULI,
MAacCOBOTO Haryjla M 3WMOBAJIBHBIX SIM 0CO0O IEHHBIX BHIOB PHIO M JIPYTUX
IIPOMBICTIOBBIX BOJHBIX OPIaHU3MOB, a TAKXKE OXPAaHHBIEC 30HBI XO3SICTB J1I000T0
THTIA I UICKYCCTBEHHOTO pPa3BEIACHUS M BBIPAINTUBAHUS PBIO, IPYTHUX BOIHBIX
YKUBOTHBIX U PACTCHUMH;

— K MEPBOIl KaTEeropuu OTHOCATCA BOJHBIE OOBEKTHI, HUCIOIb3YEMbIE IS
COXpaHEHUs] U BOCIPOU3BOJACTBA LIEHHBIX BHJOB PBIO, 00JaJarONIUX BBICOKOW
YyBCTBUTEIBHOCTBIO K COJIEPKAHUIO KHCIIOPOJa;

— KO BTOpOI KaTeropuu OTHOCSTCS BOJHbIE OOBEKTHI, UCIIOIb3yEMBbIE IS
JPYTUX PhIOOXO3SICTBEHHBIX LIETIEH.

Hopwmpbl kauecTBa BOJbl BOJHBIX 00BEKTOB BKIIIOUYAIOT:

1) obumme TpeOoBaHHS K COCTaBy W CBOMCTBaM BOJbl BOJOTOKOB H
BOJIOEMOB JUI Pa3jMYHbIX BHJIOB BOJIONO0JIb30BaHUsS. OOuue TpeboBaHUsA K
OXpaHe MOBEPXHOCTHBIX BOJ OT 3arps3HeHus ycraHosieHsl I'OCT 17.1.3.13-86
«Oxpana mnpuponsl. I'mapocdepa. OOmume TpeboBaHUS K  OXpaHe
MOBEPXHOCTHBIX U MOJ3EMHBIX BOJI OT 3arpsi3HEHUSD;



2) mepeyeHb  TpeAenbHO  momycTUMbIX  koHHeHTpauumd  (ITJJK)
HOPMHUPOBAHHBIX BEHIECTB B BOJIC BOJHBIX OOBEKTOB, HCIOJIB3YEMBIX IS
XO35IICTBEHHO-ITUTHEBBIX M KOMMYHAJIbHO-OBITOBBIX HYK/l HACEJICHUS;

3) nepeuenn 1K HOpMHpPOBaHHBIX BEIIECTB B BOJIC BOJIHBIX OOBEKTOB,
UCIIOJIb3YEMbIX B PbIOOX03iCTBEHHBIX IIEJISIX.

1IJIK — KOHIIeHTpalus HHANBUYaIbHOTO BEIIECTBA B BOJIE, BBIILIE KOTOPOI1
BOJa HE TIPUTOJIHA [UJIl YCTAaHOBIEHHOTO BHJAa BOAONOJb30BaHus. Ilpu
KoHIleHTparu BemecTBa Menbie [1JIK Boma ocraercs Takoi ke Oe3BpeqHOM
JUIsl BCETO JKMBOTO, KaK M BOJIa, B KOTOPOH IMOJHOCTBIO OTCYTCTBYET HAHHOE
BEILECTBO.

B nepeunsax IIJIK yka3piBaroTcs: MOTHOE HANMEHOBAHHUE BEILECTBA U €rO
CMHOHHMMBI (€CIM €CTh), JUMHUTHpYOUMi npusHak BpeaHoctu (JIIIB), kmacc
OMAaCHOCTH, HOPMATHBHOE YHCJIOBOE€ 3HAUYEHHE C YKA3aHUEM EJIUHUIIBI
U3MEPEHUSL.

Jlumumupyrowuii npusHax epeoHocmu — TPU3HAK, XapaKTEPUIYIOIUNCT
HaUMEHbIIEH OE3BpEeIHON KOHIIEHTPAIIMEH BEIIECTBA B BOJIC.

C 15 wumrons 2003 r. nHa Bced Ttepputopun Poccuiickoit ®enepamuu
JNEUCTBYIOT  THTHeHWYeckue  HopMartuBbl  «lIpemenbHO  JOMyCTHMBIC
kounnenTparuu (I1JIK) xumuyeckux Bemects B BOJE BOAHBIX OOBEKTOB
XO3SUCTBEHHO-TUTREBOTO U KYJIBTYPHO-OBITOBOTO BoOAomoOnb3oBanusa. ['H
2.1.5.1315-03», yTBepKJE€HHBbIE TJIABHBIM TOCY/IapCTBEHHBIM CaHUTaPHBIM
BpauoMm Poccuiickoit ®enepauun 27 ampens 2003 r. (3aperucTpupoBaHO B
Munrocte PO 19 masg 2003 r.). ITJIK Bxarogaer B ceds 1204 BemecTna.

Hopmbl kadecTBa BOABI BOJOEMOB M  BOJIOTOKOB JUIsl  YCJIOBHUU
pPBIOOXO3SIIICTBEHHOTO  BOAOMOJb30BaHUs  mOpuBefaeHbl B «llepeuene
phIOOX034MCTBEHHBIX HOPMATHBOB: MPEIEIbHO JOMYCTHUMBIX KOHUEHTpAlHUi U
OPUCHTHUPOBOYHO OE30MACHBIX YPOBHEW BO3JCHCTBHUS BPEIHBIX BEIIECTB JJIf
BOJIbI BOJIHBIX OOBEKTOB, UMEIOUINX PHIOOXO3AHCTBEHHOE 3HAYECHHE», KOTOPHII
saasierca npuinoxkenneM Ne 3 k [IpaBunam oxpaHbsl MOBEpXHOCTHBIX BOA. OH
€XKEroJHO TMOMOJHSAETCS HOBBIMM HOpMaTUBaMU (B BHUJE JIONOJIHUTEIbHBIX
cuckoB  IIJIK uw OBYB BpemHelx BeliecTB), pa3padaTbiBacMbIMU
PBIOOXO3SIICTBEHHBIMM HAYYHO-UCCIICIOBATEIbCKUMH WHCTUTYTaMH M JIPYTUMU
CIELUATM3UPOBAHHBIMI OpPraHU3alMsIMH HE3aBUCUMO OT UX BEJIOMCTBEHHOW
npuHamnexHoctu U gopm codctBeHHoctu. C 1999 r. nelictByeT HOBas
penakuus [lepeuns, yrBepkaenHas npukazom ['ockompsibonoBctBa Poccun ot
28 ampeng 1999 r. Ne 96 «O ppi00X0351CTBEHHBIX HOPMATUBAX).

1.5. Metoanku pacuera npegejibHO Aonycrumbix copocos (IIAC)
3arpsi3HAIONIUX BEIECTB B BOJAHbIE 00bEKThI

COpoc BO3BpaTHBIX (CTOYHBIX) BOJ SIBJISIETCS OJHUM W3 BHJIOB
CHELHAIBHOTO  BOJAOINOJB30BaHUA M OCYHIECTBIIETCS. HAa  OCHOBAHUH
pa3perieHui.
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Ilox I1/IC 6 800Hwiti 06vexm (o TOCT 17.1.1.01-77) nonumaercst macca
BEIlIECTBA B CTOYHBIX BOJIaX, MaKCUMaJbHO JOMYyCTHUMasi K OTBEJACHUIO
C YCTAQHOBJICHHBIM PEXHMMOM B JJAHHOM IyHKTE BOJHOTO OOBEKTa 3a €IUHUILY
BPEMEHHU C 1[eJIbI0 00eCTeUeHNs HOPM Ka4eCTBa B KOHTPOJIbHOM ITyHKTE.

Konmponvuwvi cmeop — 3TO NHONEPEUYHOE CEYEHUE MOTOKA, B KOTOPOM
KOHTPOJIMpYETCS  KayecTBO BoAbl. IlonokeHHME KOHTPOJBHOTO  CTBOpaA
oTIpeieNsieTCs] BUJIOM BOJIOTONIb30BaHUs. Ha phIO0X034iCTBEHHBIX BOJIOTOKAaX
MOJIO’KEHHE KOHTPOJIBHOTO CTBOPA OMPEIENACTCS B KAXKIOM KOHKPETHOM Cllydae
TEPPUTOPHATBHBIM (0aCCEHOBBIM) OpranoM (eepaibHOTO OpraHa yIpaBICHUS
HCIIOJIb30BAaHUEM U OXpaHOU prIOHBIX pecypcoB (LleHTppiOBOM), HO He naiee
500 meTpoB OT MecTa cOpOCca CTOYHBIX BOJI.

Ecau BogoTOK Mcnonp3yercs AJisl XO35HCTBEHHO-ITUTHEBOTO U KYJIbTYPHO-
OBITOBBIX II€JIel, TO HOPMBI KadyecTBAa BOJbl BOJHBIX OOBEKTOB WIH €€
OPUPOAHBIA COCTAB U CBOMCTBA CIIEIYET BBIAEPKUBATH HA YYacCTKE OJMH
KWJIOMETP M BBIINIC OJMKAWIIEro IO TEUYEHHUIO IyHKTa BOJOMOJIb30BaHUS,
a B BOJJOEMax — Ha akKBaTOPUM B paJUyCce€ OJIHOTO KHJIOMETpa OT IyHKTa
BOJIOTIOIb30BAHUS.

B 1999 rony Munnpupoast P® yteepauino «MeToauuecKkue yKa3aHus 1o
pa3pabOTKe HOPMATUMBOB MPEAEIIBHO JOMYCTUMBIX COPOCOB BPEIHBIX BEILIECTB
B MTOBEPXHOCTHBIC BOJAHBIE O0BEKTH (yTouHeHHas pemakuus). I[1C (r/9)
C ydeToM TpeboBaHUN K COCTaBy M CBOMCTBAM BOJBl B BOJHBIX OOBEKTaX
ONpeneaeTcss i BCEX KaTeropuid BOJOIOJIB30BAHUS KaK MPOU3BEIICHHE
MaKCHMAaJIbHOT'O YaCOBOTO PacXo/ia CTOYHBIX BOJl HAa MPEICIHHO TOMYCTUMYIO
KOHIICHTPAIIUIO BEIIECTBA B CTOYHBIX BOJIAX.

H/IC = anpe():
rae  Cueo — TPENENbHO  JIOIMYCTHMOE  COJEpKaHWE  (KOHLEHTpaLus)
3arps3HAIONIETO BEIIECTBA B MOBEPXHOCTHOM CTOKE C YYETOM CMEIICHHS €ro
C BOJaMU BOJOTOKAa, MI/JI; ¢ — pacueTHbI pacxo] (MaKCUMaJIbHBIM)

MOBEPXHOCTHBIX CTOYHBIX BOJ, M/

Clpeo OTIPENENIAETCS C YYETOM CTENEHU CMEIIEHUSI CTOYHBIX BOJ C BOJOM
BOJHOTO OOBEKTa Ha PACCTOSHHUM OT MECTa BBITYCKAa CTOYHBIX BOJ [0
OJIMKaMIIIero KOHTPOJBHOT'O CTBOPa BOJOIOJIB30BaHUSA U (DOHOBOT'O COCTaBa
1 CBOMCTB BOJAHBIX O0OBEKTOB B MECTaX BBIITYCKA CTOYHBIX BOJI.

OCHOBHO€E YpaBHEHUE CMELLICHHS CTOUYHBIX BOJ C IPUPOJHBIMU UMEET BUJT

chm + VQC( = (q + YQ)CKC’
rae O — cpeaHeMecsyHbll (MUHUMaJIbHBIN) pacxoj BOJAbl B BOAOTOKE 95 %
00ECIIeYeHHOCTH, M/C; ¢ — MAKCUMAJIbHEIA PAcX0f CTOUHBIX BOX, M /C; Cy —
KOHIICHTpAlUsl JaHHOTO BPEJHOrO BELIECTBA B CTOYHBIX BOJAaX; MI/I, ¥ —
ko3(p¢unuent cmemenus; C;, — KOHIEHTpalMs JaHHOTO 3arpsi3HSIOIIETO
BELLECTBA B BOJOTOKE, MI/JI, IPUHUMAETCA 10 JaHHBIM OpraHoB Pocruapomera
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u Pocnorpebnanzopa; C,. — KOHIEHTpAIUsl NaHHOTO BEIIECTBA B PAaCYCTHOM
(KOHTPOJIBHOM) CTBOPE, MI/JI.
Pemmus 310 ypaBHeHNE OTHOCUTEIBHO Cj(, TOTYIUM

o _9Cam*+19C
‘ q+70

Ota (dopmyna MO3BOJISIET MPOTHO3UPOBATH CAHUTAPHOE COCTOSIHUE BOJbI
IpU BCEX 3aJlaHHBIX MapaMeTpax, BXOJAIuX B Hee. [IporHo3 ocyliecTBiseTcs
nyteM cpaBHeHus C,. C yCTaHOBJIEHHOW M aaHHoro Beniectsa II/IK. Ecnwm
Cye < IIJIK, TO mporHo3 OiaronpusiTeH U, CleI0BaTeIbHO, MEPHI, IPUHIMAEMBbIC
Ha MPEINPUATHH JUIsI OYMCTKA WM Pa30aBJICHUS CTOYHBIX BOJ, JOCTAaTOYHBI.
B npotuBHOM ciydae HEOOXOAMMO TIPUHATH MEPhl 10  YMEHBIICHUIO
KOJIMYECTBA CTOYHBIX BOJ WJIM KOHIIGHTPAIIMM B HUX BPETHOTO BEIIECTBA JTHUOO
32 CYET JIONOJHUTEIBHBIX CHUCTEM OYUCTKH, JMOO COBEPIICHCTBOBAHHUEM
TEXHOJIOTUHYECKUX TTPOIECCOB.

OmnpeneneHre MaKCUMaJIbHON IPEACIBHON KOHUEHTPAUUU Cypep, KOTOPYIO
MPENPUITHE MOXKET JOMYCTUTh B CTOKaX M KOTOpas HE BBI3OBET MPEBBIIICHUS
[1IK B KOHTPOJILHOM CTBOPE, OCYLIECTBISIETCS 1O (hopMyJie

yO\IIIK - C,y )+ gl
q
I[J'I?I TOI'O LITO6I:oI OHpeILCJ'II/ITB CTCIICHb OYHMCTKHU HUJIN pa36aBHCHI/IH CTOYHBIX

BOJ TIepel HX OTBEJCHHEM B BOJHBIM OOBEKT, HEOOXOAWMO YCTAaHOBUTH
BEJINYMHY ¥ € MOMOLIbI0 ypaBHeHus Dponosa-Poasuinepa:

=5

B

Benmnuuna [ onpenensiercs mo popmyiie
p= exp(— a%),

rae L — paccrosinue 1o (papBarepy OT MeCTa BBIMTYCKa TOBEPXHOCTHBIX CTOYHBIX
BOJ JO pacueTHOro (KOHTPOJBHOTO) CTBOpa, M; o — Ko3(duiueHr,
YUYUTBIBAIOIIUM THUJIPABIMYECKUE YCIIOBUS CMEUIEHUS WU OMNpeesieMbld TI0

bopmyiie
a=E(p|Elq,

rae ¢ — Ko3(pPUUUEeHT, 3aBUCSAIINI OT MECTa BbIMTYCKa MOBEPXHOCTHBIX CTOYHBIX
BOJ B BOJIOTOK, TpUHUMAaeMbIil paBHbIM 1,0 nmst OeperoBoro Beimycka u 1,5 npu
CTPEKHEBOM BBIITYCKE CTOYHBIX BOJ; ¢ — KOA((UIIMEHT U3BUIUCTOCTH pycClia
PEKH, paBHBIA OTHOLICHUIO PAaCCTOSHUSA OT MECTAa BBIIYCKAa CTOYHBIX BOJ JI0
pacdeTHOro cTBopa Io (apBaTepy K pacCTOSHUIO MEXIY 3TUMH IIYHKTaMHU I10
npsimoit; £ — koaddunment typOyneHTHon quddysum.

C

nped —

7/C/Vl:
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Kospduument TypOynentHol  auddy3un a8  paBHUHHBIX — peK
onpeaensercs no ¢popmyie [loranosa:

E = vephe,/200,

To€ V., — CpelHAs CKOpPOCTh IOTOKa B pycle, M/C; A, — CpeiHsAs TIIyOuHa
B pycJie peKU IIpH 33JJaHHOM YPOBHE, M.

OkoHYaTeNIbHYI0 KPAaTHOCTh HEOOXOJIHMMOIo pa30aBieHUS CTOYHBIX BOJ
MOKHO OIPEIETUT KaK

_+aq
q

[Tpu mocTymieHnn CTOYHBIX BOJ B HEMPOTOUYHBIE BOJHBIE 00BEKTHI (03€epa,
BOJOXPAaHWINIA H T.I.) Hcnoib3yercs Mmerox M.A. Pyddens, cormacho
KOTOPOMY TIOJIHOE pa30aBICHUE CTOYHBIX BOM ., SBISETCS PE3yJIbTaTOM
COBMECTHOTO BJIMSIHUSI HAYaJIbHOTO (7,,,) pa30aBieHUs, MNPOUCXOISAIIETO
y BBIIIYCKAa B BOJOCTOKE 3a CYET CKOPOCTH BBIXOJSIICH CTPyH, U OCHOBHOIO
(Moen), OCYIIECTBISIOMIETOCS IO MEPE TATbHEUIIIETO TTPOABUKEHUS CTPYH:

n

Nyponn = Mgy Nocn-

Benvuuna m,,, omnpenenseTrcs MO  JIONOJHUTENBHBIM  (opMyJsam,
Pa3IUYHBIM I TIOBEPXHOCTHOTO M TJIYOMHHOTO BBIMYCKOB, a M,y — IO
CTHEIUATBHBIM IpapUKaM-HOMOTpaMMaM.

Bemuuuner [1JIC moryT ycranaBiauBaThcs O0€3 ydeTa OacceifHOBOTO
OPUHIMNA IS KaXJA0T0 BOJOIOJB30BATENSI B OTACIBHOCTH B CIICIYIOIIUX
CITyJasix:

a) eci B OAHOM OOBEKTE B pe3yjbTaTe aHTPOMOTEHHOTO BO3JEHCTBUS
ucUepnaHa acCCUMHUIUPYIONas CIOCOOHOCTh MO KaKUM-THOO TOKa3aTessiM, TO
[TIC mo »>TUM moOKa3aTelds M YCTAHABIMBAIOT HWCXOJIS W3 OTHECCHUS
HOPMAaTHBHBIX TPEOOBAHHMH K COCTABY M CBOMCTBAaM BOJIBI BOJHBIX OOBEKTOB K
CaMHUM CTOYHBIM BOJIaM;

0) /uist cCOPOCOB CTOYHBIX BOJI B U€PTE HACEIICHHBIX ITYHKTOB.

[Ipu cOpoce Heckonpkux BemiecTB IIJIC ycranaBnuBaeTcsi Tak, 4TOOBI
C Y4€TOM MpHUMEeCceH, MOCTYNAIONINX B BOJIOEM HIIM BOJOTOK, CyMMa OTHOIIIECHUI
KOHIIGHTpAIMil Ka)KJIO0TO BEHIECTBA B BOJHOM OOBEKTE K COOTBETCTBYIOIIMM
[TAK He mpeBblmana enuHuiibl. Takum o6pazom, npu pacdete [IJC momkHO
COOIOIATHCS yCIIOBUE

C/IAK, + G/IAK, + ... + CJIIJIK, < 1,

rae C;, C,. C, — KOHUEHTpAlUMU 3arps3HSIONIMX BELIECTB OJHOW TPYIIIbI
BPEAHOCTU B KOHTPOJILHOM CTBODE.

B oany rpynmy BpeIHOCTHM BKJIKOYAKOTCS BellecTBa ¢ oavHakoBbiM JIIIB
JUIsl phIOOX03MCTBEHHOIO BOJOMOJIb30BAaHUS U BellecTBa ¢ oauHakoBbiM JIIIB
M KJIAaCCOM OMACHOCTH HE HMXKE 2 ISl XO3SMCTBEHHO-NIUTHEBOTO, KYJIBTYPHO-
OBITOBOT'O BOJIOIOJIL30BaHUS.
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2. KIACCH®UKAILIUA CTOYHBIX BOJ.
CXEMBbI BOJOOBECIIEYHEHMSA U BOAOOTBEJIEHMUA.
YCJIOBHUA BbIITYCKA U HEOBXOJIUMAS CTEIIEHD OYUCTKH

2.1. Knaccuduxauusi CTOYHbIX BOJ IPOMBILIVICHHBIX NPeANPUATHI

OtpaboranHass BoJa TPOMBIIUICHHOTO  MPEANPHATHS,  yAalseMas
C TEPPUTOPUU TIPEANPUSATHS WIM HampapisieMas Ha OYHCTKY, Ha3bIBAeTCs
ctoyHO. CTOYHBIC BOJBI TMPOMBIIUICHHBIX MPEANPHUATHI YCIOBHO pa3leisioT
Ha mpu 8uUoa:

— NpouU3800CmEeHHble — WUCTIONb30BAHHBIE B TEXHOJIOTMYECKOM TpOIEcCe
MTPOU3BO/ICTBA WM TTOTYHAIOIIUECS TIPH TOOBIUE TIOJIE3HBIX HCKOTAEMBIX;

— Obimogble  —  OT  CAaHUTAPHBIX  y3JIOB  TPOM3BOJICTBEHHBIX
Y HENPOU3BOJCTBEHHBIX KOPIMYCOB W 3JaHUW UM JIYUIEBBIX YCTaHOBOK,
UMCIOIINXCS Ha MPEAIPUATHH;

— ammocghepHble — MOXKIEBBIE U TallbIE BOJbI, OTBOJUMBIC C TEPPUTOPUHU
TIPCIITPUSTHS.

[Ipou3BoaCTBEHHBIE  CTOYHBIE  BOJBI  JENATCA HAa  3aepsA3HEHHble
U He3azps3HeHHble (YCIIOBHO Yucmyle).

3arps3HEHHBIC TPOU3BOJICTBEHHBIC CTOYHBIE BOABI 1O  XApakmepy
coO0epIHCaumUXCcs 8 HUX npuMecell TIOAPA3IEISIIOTCS Ha TPYIIIBL:

— 3arps3HCHHBIC MPEUMYIICCTBEHHO MHHEPATHLHBIMH IIPUMECSIMHU;

— 3arps3HCHHBIC TPCUMYIIICCTBCHHO OPTaHMYCCKUMHU TIPUMECSIMU;

— 3arpsA3HCHHBIC MUHEPATHLHBIMU ¥ OPTAHUYECKUMH TIPUMECIMHU.

B  3aBucuMocTH < om  KOHYyewmpayuu — 3aCpA3HAIOWUX — 8euecmes
MIPOU3BOJICTBEHHBIC CTOTHBIC BOBI JCISTCS HA YETHIPE TPYIIIIHI:

— menee 500 mr/im;

— ot 500 7o 5000 mr/m;

— ot 5000 mo 30000 mr/m;

— cBpime 30000 mr/m,

a no cmeneHu azpeccugHOCmy — Ha TPU TPYIIIILI B 3aBUCUMOCTH OT 3HaueHus pH:

— HearpeccuBHble (6,5 < pH < 8);

— cnaboarpeccuBHbie (6 <pH < 6,5 u § <pH <9);

— cuibHoarpeccusHble (pH < 6 u pH > 9).

Cxema npuBEJIEHHON BbILIE KIacCU(UKALMU TI0OKa3aHa Ha puc. 2.1.

Boay B cucremMax mpoW3BOACTBEHHOTO BOJOOOECIICUEHUS B 3aBUCHMOCTHU
Om HAa3HAYeHUs PA3ACTAIOT Ha YETHIPE KaTETOPUH:

I xareropusi — Boja s OXJ@XKJICHUS IKUJKUX W KOHJCHCAIHH
ra3o00pa3HbIX MPOAYKTOB B TEIUIOOOMEHHBIX ammaparax, B KOTOPBIX OHa HeE
KOHTAaKTHPYET C TIPOJYKTOM, JIMIIbL HArpeBaeTCs W TPAKTUYCCKH HE
3arpsi3HACTCS,
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II xareropus — BoJa CIIy’)KUT B Ka4€CTBE CPEbL, IOTJIOLIAIOIIEH pa3IuyHbIe
HEpPAaCTBOPMMBIE UM PACTBOPUMBIE NIPUMECH; BOJA HE HArpeBaeTCs, HO
3arpsA3HACTCS B3BEUIEHHBIMU U PACTBOPEHHBIMU BELIECTBAMM;

IIT kaTeropust — BoJa UCIOJIB3YETCA TaK ke, kKak Boja Il kareropum, HO ipu
ATOM HarpeBaeTcsi (OUYMCTKA ra3oB B CKpyOOepax, raieHue Kokca u T.J1.);

IV kareropust — BOJa CIIy’)KUT B Ka4e€CTBE DKCTPArceHTa WJIM PacTBOPUTENS
XUMHYECKUX BEIIECTB, HAIPUMEP NPU IONVIOLUIEHWH OKCHUIOB  a30Ta
B IIPOM3BOJICTBE a30THOU KUCJIOTBHI.

CT0YHblE BOADI

2
NPOU3BOACTBEHHbIE

N N

BbbiTOBLIE

aTmocdepHele

< 500 mr/n

< 5000 mr/n HearpeccUBHbIe

< 30000 mr/n

cnaﬁoarpecchHble

HE3arpAsSHEeHHEI©

> 30000 mrin CMNbHOArPeceUBHbIE

%

OpraHm4eckne

3arpA3HEHHbIE

2

MWUHEepanbHble + OpraHM4eckue

2

MWHEPankeHbIE

Puc. 2.1. Cxema knaccudpmkaumm Nnpon3BoACTBEHHbBIX CTOYHbIX BO,

KonudecTBO TPOM3BOACTBEHHBIX CTOYHBIX BOJ| 3aBHUCUT OT HOPM
BOJOIIOTPEOIECHUS U BOJOOTBEICHNS.

Hopmoii sooonompebnenus cautaetcs 1eaecoo0pa3Hoe KOJIMYECTBO BOJIBI,
HE0OX0AMMOEe JUIsi MPOU3BOJICTBEHHOIO IpOIlecca, YCTAaHOBJICHHOE (WM
pPEKOMEHJyeMO€) Ha OCHOBAaHMM IIEPEJOBOTO  OMbITA WM  HAYyYHO
000CHOBAaHHOTO pacyeTa.

Hopmou 6000omeedenusi SIBASETCS YCTAaHOBIEHHOE CpeIHEE KOJIHMYECTBO
CTOYHBIX BOJI, OTBOJUMBIX OT TPOM3BOJICTBA B BOJOEM, IPH IIEI€CO00Opa3HOU
HOPME BOJIOTIOTPEOJICHHUS.

B ykpynuennyro nopmy 6ooonompebnenus BXOIAT BCE pacXoibl BOJABI HA
NPEANPUATAA KaK Ha TPOU3BOJCTBEHHBIC, TaK W Ha XO3SHUCTBEHHO-OBITOBBIC
HYXK]IbI, Ha JTyIIEBbIC YCTAHOBKHA M T.M. YKPYMHEHHash HOPMa BOJOOTBEICHHUS
BKJIFOYAET B C€0S1 BCE BUIBI BHIMTYCKAEMBIX B BOJOEM CTOYHBIX BOJI: OUHMINCHHBIX
MIPOU3BOJICTBEHHBIX U OBITOBBIX; IMIPOU3BOJICTBEHHBIX, HE TPEOYIOIINX OYHCTKH;
(GUIBTPAIIMOHHBIX W3 TPYI0B-OCBETINTEICH, XBOCTOXPAHWIHII, MIJIAMOHAKO-
MATEJEH.
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YKpynHEHHBIE HOPMBI BOJONOTPEOJICHUS] M BOJOOTBEACHHUS BBIPAKAIOTCS
B KyOMUECKMX METpax BOJBI Ha EIUHUIY TOTOBOM MPOAYKIUU WIH
UCIIOJIB3YEMOIr'0 ChIpbsl. YKPYHNHEHHbIE HOPMbI BOJOOTBEICHUS B PA3TMYHBIX
OTpacisX MPOMBIIIJIEHHOCTH KOJIEOIIOTCS B IIMPOKUX TIpeIeiax:

ITPOU3BOJICTBO IIEMEHTA -0,1 M3/T;
MPOU3BOJACTBO cuHTeTHUEeCKUX [TAB — 1 M/T;
MIPOU3BOJICTBO Oymaru —37v/T;

TPOM3BOICTBO BUCKO3HOIO BOJOKHA — 233 M/T.
B orcyrctBHE HOpPM  BOJOOTBEACHHUS KOJHMYECTBO CTOYHBIX  BOJ
ONPEIENSIOT PACUETOM UCXO/S U3 PErJIAaMEHTa ITPOU3BOICTBA.
KonudecTBO NpoOU3BOACTBEHHBIX CTOYHBIX BOA () B €IHMHUIYY BPEMEHHU
(4, roz1) paccUUTHIBAIOT TIO popmyIie
Q = NM,

rie N — HOpMa BOJOOTBEICHHMS Ha CIUHUIYY TPOAYKIUU  WIH
nepepabaTbiBaEMOT0 ChIPbs, M’; M — YHCIO CAMHHI HPOAYKIMHM WIX Macca
nepepadaThIBAEMOr0 ChIPbS B €IMHULLY BPEMEHMU.

KonmaecTBo OBITOBBIX CTOYHBIX BOJ MIPEATNIPHUATHS OMPEICISICTCS PAcX0I0oM
CTOYHBIX BOJI OT IYLIEBBIX YCTAHOBOK, OT CTOJIOBBIX, IPAYe€yHbIX U T.11. Hanpuwmep,
pacxoi TyIIEeBbIX CTOYHBIX BOJ (J, B CMEHY PaCCUUTHIBAIOT MO (hopMyJie

Qo =0,375M,,

rae 0,375 — HOpMa BOJOOTBE/IEHHS Ha OJHY AYIIEBYIO CETKY; M, — 4ucIo
JQYUIEBBIX CETOK Ha MPEANPUITHH.

3HauecHHEe M, 3aBUCUT OT CAHUTAPHBIX YCIOBUM TEXHOJOTHYECKOTO
npoiiecca ¥ 001Iero uncia padoraronux. OpUeHTUPOBOYHO J10JIS1 CIIMCOYHOTO
coctaBa pabOTaAOIMIUX, MOJB3YIOMIMXCS AYHIEM, B TEKCTUIBHON MPOMBIIII-
JaeHHocTH cocTtaBisaeT 10 %, B MalIMHOCTPOUTEIBHOU — 25, B XMMHYECKOM,
METAJTypru4ecKkoil, MeramooOpadaThiBaroliel npoMbinuieHHOCTH — 40, B
MUILIEBOM, KOKEBEHHOU IMPOMBIILICHHOCTH, NPOMBIIUIEHHOCTH CTPOUTEIbHBIX
Marepuanos — 75.

PacueTHo€ 4uCIIO JIIOAEH HA OAHY AYUIEBYIO CETKY 3aBUCUT OT KaTeropuu
MIPOM3BOJICTBA M COCTABJISIET: JJI1 MAPTCHOBCKUX, Ky3HECUHBIX, JIMTECHHBIX IIEXOB —
3 denmoBeka, I TMHINEBBIX, (PapMaIreBTHUECKUX, METaAI000padaThIBAIOIINX
LEXOB — 5 YeJOBEK, ISl MPSAUIbHBIX U TEKCTWIBHBIX LIEXOB — 7 YEJIOBEK U T.I.

PacdeTHble pacxoanl HOXKIECBBIX M TaJbIX BOJ ONPEIACISIOT B 3aBUCUMOCTH
OT MECTHBIX METEOPOJIOTHYECKHUX YCIIOBHM, penbeda MECTHOCTH U CTEICHHM
OmaroyctpoiictBa  Tepputopud.  JlokneBele  BOABL € TEPPUTOPUHU
MPOMBIIIIJIEHHOTO MPEANPUATHS OTBOMATCA CaMOCTOSITEIBHOM CEThIO IS
JIUBHEBBIX CTOKOB MJIM BMECTE C IPOU3BOJICTBEHHBIMU CTOUHBIMH BOJIAMM.

2.2. CxeMBI BO1000€ECIIEYCeHHUS U BOOOTBEACHHS

BopoobecriedueHue = OpOMBILUICHHBIX — NPEANPUATHN  MOXKET  OBIThb
IPSIMOTOYHBIM, MTOCJIE0BATEIbHBIM U OOOPOTHBIM.
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IIpu npsmoTouHoM BopoobOecneueHun (puc.2.2) Bcs 3abupaemas u3
OTKPBITOr0 BoioeMa BoJa (., OCIe MPOBEICHHS TEXHOJIOTUYECKOT0 Mpoliecca
BO3BpAILA€TCs B BOJOEM, 3a HCKIIOYEHHEM TOTIO KOJHWYECTBA, KOTOPOE
0e3B03BpaTHO MOTPEOIIIETCS B MPOU3BOACTBE O, KoMUuecTBO cOpackiBa€MbIX
B BOJIOEM CTOYHBIX BOJ (.5, COCTABIISET

Qcﬁp = Qucm - Qnom-

TQHOIT?

MNpeanpuatue
J Qucm Q chp

h 4

T Q nom, 1 T Q nom, 2

Mpeanpuatue 1 >{MNpeanpuarue 2
QLU'J'.‘
QuUUCTHBIE |5
Quem COOPYPKEHWUA
Q
b 4 05,0
]
T QyH T Q nom
>| lNMpeanpuATtne _I
Q QLUJ’".'
. 0b OxnagurensHas | QUUCTHBIE
~ yCTaHOBKa COOpY)KeHWA
Qucm Q cip
- h

Puc. 2.2. Cxembl BogoobecneyeHuss 1 BOOOOTBEAEHUS:
a — npsimoro; 6 — nocnegoBaTeNbHOrO C OYNUCTKOM CTOYHbLIX BOA;
B — NPSIMOrO C OMUCTKOWN N OXNaXXOAEHNEM CTOYHbIX BOA

B cxeme BOI[OO6€CHC‘I€HH5[ C MMOCJICAOBATCIBHBIM HCIIOJIB30BaHHCM BOJbI
KOJINYCCTBO C6paCI>IBa€MI>IX CTOYHBIX BOJA YMCHBIIACTCA B COOTBCTCTBUU
C 6€3B03BpaTHBIMI/I MoTepsAMHU Ha  BCCX  INIPCANPUATHAX WM  CTAUAX
IMPpOU3BOACTBA:

Qc6p = Qucm - ( Qnom,l + Qnom,Z) .

HpI/I IMPOXOKACHHUHN CTOYHBLIX BOJ YCPC3 OUHMCTHBIC COOPYIKCHHA IIOTCPH
BO3pacCTaroT, IIOCKOJIBKY 4aCThb BOJbI Quw OTBOAUTCA BMCCTC CO IIJIIaMOM:

Qc6p = Qucm - (Qnom + Qm'l) .
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Ecitu B cucreme 00OpOTHOrO  BOAOCHAOXKEHHUS  MPOMBIILIICHHOTO
NPEANPUITAS  BOJA SIBISAETCS TOJBKO TEIUJIOHOCUTEIEM MW B TMPOLECCEe
UCIIOJIb30BaHUs JUIIb HarpeBaeTcs, Ho He 3arps3Hsetcs (I kareropus), To nepen
MOBTOPHBIM UCITOJIb30BaHUEM OHa  MPEABAPUTEIBHO OXJIAXKIACTCS
B OXJIQJIMTEJIbHON YCTAaHOBKE: MPYAY, OpbI3raJbHOM OacceiiHe, rpaupHe U T.1.
B cinyuyae ncnosb30oBaHUsS BOABI B KAUECTBE PACTBOPUTENS WM PEAKIIMOHHOM
cpeasl (II kareropwsi) cTO4HBIE BOABI NEPE] MOBTOPHBIM HCIOJIb30BAHUEM
OUMILIAIOT HA OYHUCTHBIX COOpYXeHusix. Ilpu OJAHOBpEMEHHOM Harpese
u 3arpsiznenun BojwI (111 kaTeropus) mpoBOAUTCS U OYMCTKA U OXJIAXKICHHUE.

IIpu  ucmonap30BaHUKM  CHUCTEM  OOOPOTHOTO  BOJOCHAOKEHHS IS
KOMIIEHCAlluh O€3BO3BPATHBIX MOTEPh BOALI B MNPOU3BOACTBE (,pn, HA
OXJIAOUTENBbHBIX (J),, U OYHMCTHBIX YCTAHOBKAaX (J,, a TaKKe IOTEPb BOJBI,
cOpacbiBaeMOil B KaHanu3alMio0 (.p, OCYILECTBILIIOT MOAIMTKY M3 OTKPBITHIX
BOJJOEMOB  WJIM JPYTrUX MCTOYHMKOB BojooOecrneueHus. KonuuectBo
MOAMUTOYHOU BOJIBI PACCUUTHIBAETCSA 1O (popMyIie

Qucm = Qnom + Qyn + Qm/l + Qc6p-

OO011ee KoanMuecTBO H00aBiIsseMO BoIbl cocTasigeT o0bruHo 10 — 15 % ot
€€ KOJIMYECTBA, IUPKYJIUPYIOIIECTO B CUCTEME.

Appexmusnocmsb uUCnob306aHUSL 600bl HA TIPOMBIIIJICHHOM MPEIPUITUN
OIICHUBAIOT TPEMsI ITOKA3ATEIISIMU:

1) mexnuueckoe coeepuieHcmeo CUCTEMBI BOJOCHAOKCHHS OICHHUBACTCS
OMHOCUMENILHLIM KOJIUYECMBOM UCHOTb30BAHHOU 000POMHOU 80ObL:

P, = Ous -100% ,
O+ Qe + Q.
rae (. — KOJIMYECTBO BOJbI, MOCTYIAIOIIEH B CHCTEMY BOJOCHAOKEHHUS BMECTE
C CBIPbEM;
2) payuoHanbHOCMb UCHONL308aHUS BOJbI, 3a0MpaeMON W3 HCTOYHHKA,
OIICHUBAETCS KOIPDUYUSHMOM UCNONb30BAHUSL:

+0.-0..
— Qucm QC QCOp .100%;

ucn
Qucm + QC
3) nomepu 600b1 PACCUUTHIBAIOTCS IO (POpMYIIC

+ —
— Qucm Qc Qcﬁp .100% ,

P

7 Quon O+ Qs T O
rne  Quer — KOIWYECTBO  BOJBI, HCIOJIB3YEMOHM B  IPOU3BOJCTBE
IIOCJIEIOBATENBHO.

Crounble  BOJOBI  NEPEMEINAIOTCS O  CUCTEME  KaHAJIW3aluu
IPOMBIIUIEHHOTO npeanpusaTus. [Ipu BeIOOpE cXeMbl KaHAIU3alUU U CUCTEMBI
OYUCTKH CTOYHBIX BOJ HEOOXOIMMO BBIOJTHEHUE CIETYIOUIUX YCIOBHI:

1) obecnieueHre NpeANpPUATHS BOJION HYKHOT'O KauecTBa;
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2) MaKkCUMaJbHOE CHUXEHUE 3arpsi3HEHHOCTU OTBOAMMBIX C MPEAIPUITHUS
CTOYHBIX BOJ;

3) onTtumuzauusg pasfeibHOM OYMCTKHM CTOYHBIX BOJ  Pa3IUMYHbIX
TEXHOJIOTUYECKUX TIOTOKOB M CXE€Mbl OOBEIUHEHHSI CTOKOB C LIEJbIO
COKpAILIEHUs 3aTpaT Ha UX OUMUCTKY.

IIpou3BOACTBEHHBIE  CTOYHBIE  BOJBl  OTBOASTCA, Kak  IIPaBuIIoO,
HECKOJIBKUMH  CAMOCTOSITEJIbHBIMA T[OTOKaMH B 3aBUCMMOCTH OT BHJA
3arpsI3HAIOIIMX BEUIECTB U UX KOHIICHTPALMM, a TAKXKE OT KOJIMYECTBA CTOYHBIX
BOJ U MeCT ux oOpaszoBanus. HezarpssHeHHBbIC CTOYHBIC BOABI OOBEIUHSIOT
B OTIENBHBI  TOTOK. bBBITOBBIE CTOYHBIE BOABI, oOOpasywomuecs Ha
NPEANPUITAA, MOTYT OTBOJAWUTBCA M OYMIIATBCS OTIACIBHO, €CIU  JJIst
MIPOU3BOJICTBEHHBIX CTOYHBIX BOJI He TpebyeTcss Omonormyeckas O4MCTKa, WIIH
BMECTE C MPOU3BOJCTBEHHBIMU CTOYHBIMHM BOJIAMH, €CIIH ITOCIEIHUE MPOXOMIST
CTaJIUI0 OMOJOTUIECKONW OUUCTKH.

ATMmocdepHBIE OCAJKH U Tajlble BOJBl C TEPPUTOPUHU TPEAITPUATHS
OTBOJSTCA  OTJAEJbHOM  CHUCTEeMOM  KaHaIM3allMu WIU  OOBEIUHSIIOTCS
C HE3arpA3HEHHBIMH NPOW3BOACTBCHHBIMH CTOYHBIMH BOJAMHU M MOTYT
B OTIPENICTICHHBIX Ciy4yasix cOpachlBaThCs B BoJgoeM 0e3 ouucTtku. Ha
XUMMYECKUX MPEANPUATUAX YaCTO MPUXOAUTCSA IPerycMaTrpuBaTb CUCTEMY
OYMCTKHU JTIUBHEBBIX CTOKOB.

2.3. Yc/10BHA BBITYCKA IPOU3BOICTBEHHBIX CTOYHBIX BOJ

Brinyck IIPOU3BO/ICTBEHHBIX CTOYHBIX BOJI MIPOU3BOIUTCS
HEIMOCPEACTBEHHO B BOJIOEMbI WJIM B FOPOJCKYIO KaHalu3auuioo. B mociennem
Cllydyae OYHCTKa CMECH OBITOBBIX M IIPOM3BOJICTBEHHBIX CTOYHBIX BOJ
OCYILIECTBIISIETCS. COBMECTHO HAa €IUHBIX OUYUCTHBIX COOpPYKEeHHsIX. CHCTEMBI
OYUCTKH KPYMHBIX TPEANPUITHI HCHOJIB3YIOTCS OOBIYHO UM IS OYUCTKH
CTOYHBIX BOJ OJIM3JIEKAIINX HACEICHHBIX ITyHKTOB.

Brinmyck npou3BOACTBEHHBIX CTOYHBIX BOJI B TOPOJCKYIO KaHAJIU3AIUIO
PETIAMEHTUPYETCS CHEAYIOIIMMU YCIOBUAMH:

1) TpOM3BOJICTBEHHBIE CTOYHBIC BOJBI HE JOJDKHBI Hapyliath padoTy
KOMMYHAJIBHBIX CETEH U COOPYKEHUM;

2) coaep)kaHWE B3BCLICHHBIX BEIIECTB B HUX HE JOJDKHO IPEBHIIIATH
500 mr/;

3) oHM HE JOJKHBI COJCP)KAaTh BEIIECTBA, CIOCOOHBIC 3aCOPATH TPYObI
KaHAJM3AIMOHHBIX CETEH UM OTJIaraThCsl Ha CTEHKax TPyo;

4) He JOMKHBI OKa3blBaTh pazpyllaloliee JelcTBue (HAmpUMmep,
B pE3yJbTAaT€ KOPPO3UM) HA Marepual TpyO0 U DJIEMEHTBl COOPYKEHMUII
KaHaJIM3allHH;

5) He [OMKHBI CcOJepKaTh TOPIOYME TMPUMECH U PACTBOPEHHBIE
ra3oo0pas3Hble BEIIECTBA, CIIOCOOHBIE OOpPA30BHIBATH B3PHIBOOMACHBIE CMECH
B KaHAJIM3AIIMOHHBIX CETSIX U COOPYKEHUSIX;
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6) He [JOJDKHBI COJIEp)KaTh BPEIHBIX BEHIECTB B KOHIEHTPAIUSX,
NPENSTCTBYIONIUX OHOJOTMYECKON OYMCTKE CTOYHBIX BOJ WJIM COpoCcy HX
B BOJIOEM;

7) TemIieparypa IpOU3BOACTBEHHBIX CTOUHBIX BOJI HE JOJDKHA rpeBbiuath 40 °C.

IIpon3BOJACTBEHHBIE CTOYHBIE BOJbI, HE YJIOBJIETBOPSAIOLIUE IEPEUHCIICH-
HBIM TpeOOBaHUSAM, CIEAYeT TMPEABAPUTEIBHO OYMINATh, OXJIAXKIATh WIH
pa3z0aBIATh 10 TPEOYEMBIX MMapaMeTPOB.

VYcnoBus BblllyCcKa IPOU3BOACTBEHHBIX CTOYHBIX BOJ B  BOJOEMBI
pernamentupytorcs «[IpaBunamu oxpaHbl MOBEPXHOCTHBIX BOJ OT 3arpsi3HEHUS
CTOYHBIMH BojiaMu» U «lIpaBuiiaMu caHUTapHOI OXpaHBI TPUOPEKHBIX PAIOHOB
Mopein» Munznpasa CCCP.

[IpaBuiiaMu yCTaHOBIEHBI HOPMATHMBBI KAayecTBAa BOABI IJI1 BOJOEMOB IO
JIBYM BHJIaM BOJIOTIOJIb30BAHUSL:

1) x mnepBoMy BHJy OTHOCSATCS Y4YaCTKH BOJOEMOB, HCIIOIb3yEeMbIC
B KQUeCTBE MCTOYHHUKA JJI1 XO3SIMCTBEHHO-TTUTHEBOTO BOJJOCHAOKEHHS, a TAKXKE
JUIsl BOJOCHAOXKEHUS IPENIPUATUIN MUIIIEBON MTPOMBIILICHHOCTH;

2) KO BTOPOMY — Y4aCTKH BOJJOEMOB, UCIIOJIb3yEeMbIE ISl KYTIaHUsl, CIIOPTa,
OTZIbIXa, a TAK)KE HaXOASAIIUECS B UEPTE HACEIICHHBIX ITYHKTOB.

JInsg Kaxaoro W3 JBYX BHUJOB BOJOIIOJIB30BaHUSA YCTAaHOBJIEHBI CBOU
TpeObOBaHMsI K KayecTBY cOpachlBaéMbIX CTOYHBIX BOjA. Kpome ToTO,
YCTaHOBJICHBI 0OJIee )KECTKHUE HOPMATHUBBI KAUe€CTBA BBIITYCKAEMBIX CTOYHBIX BOJT
JUTSI BOJIOEMOB, UCTIOJIb3YEMbIX B PHIOOX035HCTBEHHBIX 11X (TabII.).

[IpenenpHO AOMYCTUMBbIE KOHUEHTPALUH 3arPSI3HSIOIINX BEIIECTB B BOJOEMAX
Pa3JIMYHBIX KaTErOpUil

HAK, mr/a
BelmecTro BOJJOfeMLI pui0o- | Bomoembl xo3stiicTBeHHO- | JIMMHUTHPYIOIIMIA
X03SIHCTBEHHOI0 | THTHEBOIr0 U KYJIbTYpPHO- nokasarteJb
HA3HAYEHHS OBITOBOT0 HA3HAYEHHS

AMMuak 0,05 2 Oc
benzon 0,5 0,5 Cr
Kanmuii 0,005 0,001 Oc
Menp 0,001 1 Oc
MBbIIBSIK 0,01 0,03 Cr
HedrenpoaykTsl 0,05 0,1 On
CBuHer 0,1 0,03 Cr
Cepoyruepon 1 1 On
dDeHOJIBI 0,001 0,001 Oc
Xgopodoc 0 0,05 Oc
[unk 0,05 1 Oc
[Ipumeuanne. CT — CaHUTAPHO-TOKCHUKOJOTHMYECKHH; OC — OOILECaHUTApHBIA; Ol —
OpPraHoOJIEITUYECKU.
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Pacmeopennviii kuciopoo. B Boae BomoeMa TMOCHE CMEIICHUS C Hel
CTOYHBIX BOJI KOJWYECTBO PACTBOPEHHOTO KHUCIOPOJa HE JOJDKHO OBITH MEHee
4 mr/n B 11000# nepuoa roaa B npode, orodpaHHoit 10 12 4 qus.

buoxumuueckas nompebnocme 6 Kucnopooe. IlonHas mMOTPEOHOCTH
B KUCIOPOJE Jisi OMOXUMHUECKOTro oKucienus npumeceii npu 20 °C He Jo/KHa
MPEBBIIATH | MI/JT 1711 BOJJOEMOB MEPBOr0 U BTOPOTO BUAA, & TAKIKE MOPEH.

Bssewennvie seujecmea. ConepkaHue B3BEIIEHHBIX BEIIECTB B BOJE
BOZIO€MA TIOCJIC CITyCKa CTOYHBIX BOJ HE JOHKHO yBEIHYMBATHCS OOJICe YeM Ha
0,25 u 0,75 Mr/n ams BOJOEMOB TEPBOTO M BTOPOTO THUIIOB, COOTBETCTBEHHO.
Jlns  BomoeMOB, coJepkamux B MexeHb Oomee 30 Mr/m  TpUPOJHBIX
MUHEPAIbHBIX BEUIECTB, JAOMYCKAETCSA YBEIMYCHUE KOHLICHTPALIMU B3BEIICHHBIX
BEIIECTB B BOJIE 10 5 %. CTOUYHBIEC BOJBI, COACPHKAILIKUE B3BCIICHHBIE BEIIECTBA
CO CKOpOCThIO ocaxaeHusi oonee 0,4 Mm/c 7l MPOTOYHBIX BOJIOEMOB U Ooliee
0,2 MM/C 19 BOJOXPaHWIIHII, CITyCKAaTh B HUX 3alpeniacTcs.

3anaxu, npusxkycel. Boga He MOJDKHA MPUOOpETaTh 3alaxoB W MPUBKYCOB
WHTEHCUBHOCTBHIO OoJiee 3 OayioB it Mopedl u 2 OalyioB, 0OHApYKUBAEMBIX
JUIL BOJIOGMOB IIEPBOI0 BHJIAa HEMOCPEACTBCHHO WM IPU TIOCICIYIOIIEM
XJIOPUPOBAHUM W [T BOJOEMOB BTOPOTO BHJA HEMocpencTBeHHO. Boma He
JIOJDKHA CO00IIaTh NOCTOPOHHUX 3allaXxOB M IIPUBKYCOB phIOE.

Hnmencusnocms 3anaxa onenusaercsa B 0amwiax or 0 1o 5:

2 — 3amax, JerkKo oOHapy>KMBaeMbIi IMOTPEOUTEIEM, €CITM Ha 3TO 0OpaTUTH
€ro BHUMAaHUC;

3 — OTYETNWBBIM 3amax, SBISIONIMHCA MPUYMHOM TOTO, 4YTO BOJA
CTAHOBUTCS HETIPUATHOM JIJISl TUTHSI.

Oxpacka He nokHAa OOHApPYKMBATHCS B CTONOE COpAachIBAEMOW BOJIBI
BbICOTOM 20 cM 111 BOAOEMOB mepBoro Buaa v 10 ¢cM it BOJJOEMOB BTOPOTO
BHJIa U MOPEM.

Peaxyusa 600wt (3HaueHue pH) BogoeMa Mocjie CMEIICHUs! €€ CO CTOYHBIMU
BOJIaMU JIOJKHA OBITH B mpenenax 6,5 — 8,5 en.

Inasarowue npumecu. CTOUHbIE BOJbI HE JOJDKHBI COAEPkKAaTh MUHEPaIb-
HBIX Macell U JPYruX IUIaBarOIIMX BEIISCTB B TAaKUX KOJUYECTBaX, KOTOPHIC
CIIOCOOHBI 00pa30BaTh Ha MOBEPXHOCTH BOJAOEMA TUICHKHU, MATHA U CKOTIJICHHUS.

Munepanouvii  cocmag i BOJOEMOB TNIEPBOrO  BHUAA HE JOJDKEH
MPEBBIIATE MO TI0OTHOMY ocTaTky 1000 mr/m, B ToM gucie xjaopuaoB 350 mr/in
u cynbdaroB 500 mr/in, a I BOJIOEMOB BTOPOT'O BHAa MUHEPAJIbHBIA COCTaB
HOPMUPYETCS N0 MPUBEACHHOMY BhIIIE MTOKa3aTeto «[IpuBKych».

Temnepamypa 600vl BOJOEMa B pe3yibTaTe cOpoca CTOYHBIX BOJ HE
JOJDKHA TOBBINIATHCS JieToM Oonee deM Ha 3 °C 10 CpPaBHEHHIO CO
CpPEOHEMECSIYHONW TEMIEpaTypoil BOABL CaMOIr0 JKapKOro Mecsla rojaa 3a
nocienane 10 jer.

Bpeonvie  (3acpsasmarowue) eewecmea HE  JIODKHBL  COJIEPIKATHCS
B KOHIIEHTpAIUAX, KOTOPbIe MOTYT OKa3aThb MPSIMOE WA KOCBEHHOE BPEIHOE
BO3JICMCTBUE HA 3/I0POBhE HACEITICHUS.
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24. OnpezleJIeHne He00X0IMMOM cTeNeH! OUYUCTKH NMPOU3BOACTBCHHBIX
CTOYHBIX BOJ

Heo6xonumyro cTeneHb OYMCTKU CTOYHBIX BOJ| yCTaHABIMBAIOT:

1) mo HOpMaTUBHOMY MOKA3aTENIO COACPIKAHUS BPETHBIX TPUMECE;

2) 1o coJiep>KaHUIO B3BEIICHHBIX BELIECTB;

3) no BenuuuHe Onoxumuyeckoro norpednenus kucinopoaa (bIIK) B cmecu
CTOYHBIX BOJ] ¥ BOJIBI BOJIOEMA;

4) o moTpeOICHUIO CTOYHBIMH BOJIaMHU PACTBOPEHHOTO KUCIOPOJIA;

5) 110 U3BMEHEHUIO KUCIIOTHOCTHU BOJIbI Bogoema (pH);

6) 110 U3MEHEHUIO TEMIIEPATYPhI BOJIbI BOJIOEMA;

7) IO OKpackKe, 3a1axy U COJIEBOMY COCTAaBY.

Paznmnuator ycroBus BITyCKa CTOYHBIX BOJI B MPOTOYHBIN W HETPOTOYHBIN
BOJOEMBI.

YcnoBue BBITyCKa CTOYHBIX BOJ B MPOTOYHBIN BOJOEM MO HOPMATHBHOMY
MOKA3aTelt0 COAEP>KaHUs BPEIHBIX IPUMECEN ONpeIeNsieTCs] HEPABEHCTBOM

Cc6ch6p + Csodanod < HrZIK(QC5p + OCnga), (21)

rae C.; — KOHIIEHTpAlMs BPEIHOIO BEIIECTBA B COPAchIBAEMBIX B BOJOEM
cTOUHbIX BoJax; C,,» — KOHIIEHTpAIMsSl 3TOTO K€ BEIIECTBAa B BOAE BOAOEMA 0
cOpoca cTouyHbIX BOX ((poHOBass KOHUEHTpanus); (.5 — PACXOJ CTOYHBIX BOI,
coOpackiBaeMbIX B BojioeM; (,,y — pPacxojl BOJbI B BojoeMme; a — Kod(phuimeHt
CMEUIEHHUS CTOYHBIX BOJ M BOJIbI BOJJOEMA B PACUYETHOM CTBOPE.

ITonenns o0e yactn HepaBeHCTBA (2.1) Ha O,4p, TOTYIUM

+ o
C.p+Cy o < 115 Loy * oy . (2.2)
Qc6p Qcép
Brerpaxenue
+a
Qcﬁp Qeob = Np
Qcép
Ha3BIBAIOT KPAMHOCHbIO pa3oasienusi I IPOTOYHBIX BOJIOEMOB.
Otcrona ko3 pUIUEHT CMETICHHUS
o= Nchﬁp _Qcﬁp — (N _ I)Qcép
ngd g Qeod
[ToncraBum ero B (2.2) u noay4um
Ceap + Cooo(N, — 1) < IIJK"N,,. (2.3)

Ecin nmanHOE 3arps3HsIONIee BEHISCTBO B BOJE BOJOEMa OTCYTCTBYET
(Ceo0 = 0), To U3 (2.3) cienyer

Cesp < IIIK'N,,
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T.€. KOHIICHTpAITUS 3arps3HAIONIETO BEIIECTBA B COPACKIBAEMBIX CTOYHBIX BOJIAX
HE JIOJDKHA mpeBbImaTh npousBeacHus [IJIK n kpaTHOCTH pa3OaBiieHUS.

Ecnu KoHIIEHTpaIusi 3arps3HSIONICTO BEIIECTBA B BOJIOEME BO BpeMs
cOpoca HENPEpPBHIBHO YBEIWYWBACTCS, TO KpPaTHOCTH pPa30aBIIEHUS MOXKHO
cuuTaTth O1m3koi k Hymo (N, = 0). Torga

Cc6p < Ceoaa

T.€. KOHLEHTpAIUs 3arpsA3HAIOLIErO BELIECTBA B CTOYHBIX BOAAX HE JOJDKHA
ObITh BBIIIE KOHUEHTPALMM 3TOr0 BellecTBa B Bogoeme. [Ipaktuuecku 3TO
03HAYaeT, YTO CTOYHBIE BOJBI HEOOXOAUMO OUHMIIaTh 10 ypoBHs [T/IK.

VYcioBue BBITYCKa CTOYHBIX BOJ B HENPOTOYHBIA BOJOEM OIIPEIEIISAECTCS
COOTHOILIICHUEM

Cc6p < Csoc) + Vl(H,ZZK - Ceod):
Tac n — KpaTHOCTb HAMMCHBIICTO p336aBJ'IeHI/ISI.
HeO6XOI[I/IMYIO CTCIICHb OYMCTKH CTOYHBIX BOJ OIMPCACIIAIOT 110 (bOpMy.TIe

c-C
77:_051’.1()0%’
C

rie C — KOHIIEHTpalusl 3arpsi3HSAIONIET0 BEIIECTBA B CTOYHBIX BOJAX [0
OYHUCTKH.

[Ipu BBITyCKE IIETOYHBIX U KUCIBIX CTOYHBIX BOJ HEOOXOAUMO YUUTHIBAThH
HEUTPAIM3YIONIYI0O CHOCOOHOCTh BOJIOEMA, YTO B pAJie CIydyaeB MO3BOJISIET
00ONTHCH 0€3 CHeNHaTbHBIX OYUCTHBIX COOPY)XCHHH 10 HEeUTpamu3aiuu
CTOYHBIX BOJl. Boma BOJOEMOB dYacTO COJAECPKUT OWMKApOOHATHI KaJIbIUS
Ca(HCOs), u maraus Mg(HCOs),, a TakKe pacTBOPEHHBIA TUOKCUII YTIIEpoia
CO,. OTn BemecTBa BCTYNAKOT B PEAKUUIO C KHUCIOTAMU WIM LIEIOYaMH,
COJIEPXKAIUMHUCS B CTOYHBIX BOJ[aX, U HEUTPATU3YIOT HX

CCI(HCO3)2 + H2S04 = CaSO4 + 2H20 + 2C02

C02 + 2NaOH = N02C03 + HQO
CormacHo CaHUTApHBIM IIpaBWJIaM, IIpU OTBOAC CTOKOB B BOJOCMBbI BCCX

BUJIOB BOJIOTNOIL30BaHUSI U3MEHEHHE pH HE JOJKHO BBIXOJWUTH 3a MPEEbl
6,5 — 8,5 ex.

3. OCA’)KAEHME B I'PABUTALITMOHHOM I10OJIE

MeToabl OYUCTKH MPOMBIIIICHHBIX CTOYHBIX BOJ MPUHSATO IOJPa3ICiaTh
Ha MEXaHHYECKHe, XMMHUYECKUe, OnoIornueckue U (pusuko-xumudeckue. [Ipu
TOM OYHCTKA MOXKET OBITh OCYIICCTBJICHAa KaK C BBIJICICHHUEM IIPHMECCH
B TBEPJIyI0, HE CMCIIMBAIOIIYIOCS C BOJOM JKHJIKYI WM Ta3o00pazHyio a3y,
TaK ¥ C UX pa3pylICHUEM.

MexaHUYEeCKYI0 OYUCTKY MPUMEHSIOT JUIS BBIJCICHUS U3 CTOYHBIX BOJI
HEPAaCTBOPUMBIX B HEH MHHEpPAJIbHBIX MW  OPraHUYeCKHX  IPHUMECEH.
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MexaHuueckass OYMCTKa SIBJISIETCS, KaK IMPaBUIIO, MPEIBAPUTEIBHBIM JTalioM
U CAYKUT JIJI TIOATOTOBKM CTOYHBIX BOJI K OHOJOrHYecKoMmy, (usuko-
XUMUYECKOMY WIH JIPYyTOMY METOJy Oojiee IiiyOoKoN o4ucTKH. MexaHudeckas
OYHCTKa oOOecIeunBaeT BBIJIEJICHUE B3BEIICHHBIX BemecTB Ha 90 — 95 %
U CHI)KeHHe oprannueckux 3arpssHenuit (mo bIIK) na 20 — 25 %.

3.1. Ocaxxnenue

OcadicOenue TIPEICTaBIICT COOOH TIpolecc pa3AciiCHUs IUCIEPCHOMN
TBEpZOM (Da3bl U CIUIONTHOM XKUAKOW (pa3bl MOJ JEWCTBHEM TPaBUTAIMOHHBIX,
WHEPLUUOHHBIX WIH 3JIEKTPOCTATUYECKUX CHUJI.

OcaxneHue, NpoUcXoAsaulee MoJ JECUCTBUEM CHIIBI TSDKECTH, HA3bIBACTCS
OMCcmau8anuem. OrtcranBaHue B OCHOBHOM  TMpUMEHSIETCA IS
npeABAPUTEILHOIO rpyOOro pa3aeieHus HEOJHOPOIHBIX CUCTEM.

3.1.1. CxopocTb CBOOOAHOTO OCAXKICHUS

PaccMoTpuM  JBUKEHHE OAMHOYHOM TBEPAOW CHEPUUECKOM YaCTUILIBI
pPaguycoM # M INIOTHOCTBIO p,, B HEMOJABUKHOM JKHUJIKOCTH, INIOTHOCTh KOTOPOW
paBHa p,,.. Ha yactuny, Haxoas11yrocs B )KUJIKOCTH, IEUCTBYIOT TPU CUJIBI:

1) cuna TsxecTn

fu=mg=Vp,g=%m"p,g;
2) cwia BeITAIKUBaHUS (Apxumena)
fo=- % P8
3) cuna conpoTtuBieHus xuakoctu (Crokca)
Je=—bmnu,

TAC 1 — BA3SKOCTD ) KUIAKOCTU; U — CKOPOCTh ABHIKCHWA YaCTHIIBI.
HpI/I PaBHOMCPHOM ABUKCHUC paBHOHeﬁCTBy}OH{aH BCCX CHJI paBHA HYJIIO:

Y p,g =Y mrp,.g—6mrnu=0.
CKOpOCTB JIBHUXCHUA HaCTUILIbI

=—7 g - - A

9 "
IIPONIOPLMOHAJIBHA PA3HOCTH IUIOTHOCTEM YaCTHULBI M Cpelbl, KBaJpaTry
JIMHEMHOI0 pa3Mepa YaCTHULIBI.

u

3.1.2. CKOpOCTb CTECHEHHOTO OCAKICHUS

IIpuBecHHBIN BBIIIC BBIBOJ OTHOCHTCS K CKOPOCTH CBOOOJHOTO
OCAKJICHUS OJMHOYHOW c(epruecKoil dYacTHIBI B HEOTPAHHMUYCHHOM OO0BbeMe
HETIOABMKHOHN KUJKOCTH.
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B nmpoMBIIUIEHHBIX IIpoLieccaX BOAOOYUCTKHA OCAXKACHHUE IIPOBOMST
B OTPaHUYEHHOM 00BbeMe MpU OONBIION KOHIIEHTpalUU AucnepcHoil ¢assl. [Ipu
3TOM Bce OOCTOUT ropasfio CIOMKHEE:

— (hopma peasibHBIX YacTHULl AajieKa OT C(hepruuecKoi;

— KOHIIGHTpAalUs YaCTHUI[ JOCTATOYHO BBICOKA M YACTHUIIBI HE MOTLYT
paccMaTpuBaThCS Kak OJIMHOYHBIE, HE B3aUMOJIEHCTBYIOIIHE JPYT C APYTroM;

— JIBJKE€HHE OOJIBIIOT0 KOJMYECTBA YACTHI] BbI3bIBAET BHITECHEHUE CPEJIbI,
cpe/ia IBUJKETCSl HaBCTpedy YacTHLIAM.

B pesynbrare peanbHas 4acTULa OBHUXKETCS CO CKOPOCTBIO, Ha3bIBAEMOMU
CKOPOCMbBIO CMECHEHHO20 0CadCcOeHusl, BEIIMYMHA KOTOpPOH B oOO0IIeM ciyvae
IPONOPLMOHATIbHA CKOPOCTH CBOOOJHOIO OCAXKJIEHUS U 3aBUCUT OT OOBEMHOI
JIOJIA SKUJIKOM (ha3bl B IUCTIEPCHOM CUCTEME X,..

2
u, =fu,x,.).

[Ipu cTECHEHHOM OCAKJIEHUM MEJIKME YaCTHULIbI TOPMO3AT JBUKEHHUE Ooee
KPYIHBIX, @ KPyHHbIE YacTHIbl B CBOIO OUYEpelb YBIEKAIOT 3a co0oil Ooiee
Menkue. B pesynbraTe HabOmionaercs TEHIEHIMA K CONMKEHUIO CKOPOCTEi
OCAKJEHUS 4YacTULl pa3IM4HbIX pPa3MEpPOB: BO3HUKAET KOMIEKMUBHOE, WIH
COJIUAAPHOE, OcaxcoeHue JacThll ¢ ONM3KUMU CKOPOCTSAMHU B Ka)KJJOM CEUEHUH
anmnapara, HO C pa3JIMYHbIMH CKOPOCTSIMH I10 €r0 BBICOTE.

[Tockonpky Jfoisi >KuAKoM ¢a3bl CBEpXy BHHU3 IO CEUCHHIO arapara
HENPEPBIBHO YMEHBIIAETCS BCJEACTBUE CTYIIEHHSI CYCIIEH3UH, CKOpPOCTb
CTECHEHHOI'O OCAKJEHUsS [0 BBICOTE ammapara Takxke yMeHbluaercs. Kpome
TOr0, KOHILIEHTpaLus TBepAoi (a3bl U, CIEAOBATENBHO, CKOPOCTh CTECHEHHOTO
OCAXKIEHUA B KaXIOM CEUEHUHU ammapara U3MEHSETCS BO BPEMEHH, UTO eIle
OoJiee yCI0XKHSIET pacyeT mpoiiecca.

OtxiioneHue (opMbl 4YacTul, OT CPEpUYecKO MOXKET ObITh YUYTEHO
BBesieHneM Koddduimenta GopmMbl U 3PHEKTUBHOTO AUAMETPA YACTHIIBL. ITO
IIO3BOJISIET C ONPEACICHHOW NOIPABKOW MCIIOIb30BaTh HKCIEPUMEHTAJIbHbBIC
JaHHbIC, IIOJIyYEHHbIE U1 dYacTul cdepudyeckoidl (OpMbI, A ONUCAHUSA
JBWDOKEHUST dacTull Hechepudecko (opmbl, HO ogHOTO pasmepa. [ns
HNOJUAMCIIEPCHBIX CUCTEM HAJEKHBIX JaHHBIX s pacuera Kodd¢uuueHTa
(OpMBI HE CYILIECTBYET.

BinsiHMe JBUWXKEHUsT Cpellbl Ha CKOPOCTb OTCTaWBaHMs, CBSI3aHHOE
C OTKJIOHEHUEM HAIpaBJICHUs [BWKEHHUA 4YacTUL OT BEPTHKAJIbHOIO, HE
NOJAaeTCs  TeopeTudyeckomy pacuery. [losTomy 1Opu HPOEKTUPOBAHHMH
OTCTOMHUKOB  HCIOJb3YIOT  YIOPOLIEHHBIE ASMIIMPUYECKHUE  3aBUCUMOCTH,
BKJIIOYAIOLIME ONPEAesieMble ONBITHBIM MyTeM KO3 (OUIIUEHTHI.

3.2. OTCTOMHUKH

OtcrauBanue siBisieTCA HamOosiee ACIIEBBIM M HamMmeHee 3(PQPEeKTHBHBIM
IIPOLIECCOM  OYMCTKH IIPOMBILIUIEHHBIX CTOYHBIX BOJ OT MEXAHMYECKHUX
npuMecell. OTcTauBaHUe IPOBOJAT B ammapaTax, Ha3bIBAEMbIX OTCTOMHUKaMH,
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15R10 CTYCTUTEIISMU. Paznuuaror armapaTsl MIEPUOIUYECKOTO,
MOJTYHENPEPHIBHOTO U HEMPEPHIBHOTO JAEHCTBUS.

3.2.1. OTCTOMHUKHN NEPUOIUYECKOTO AEUCTBUS

[lepuonuuecku neWcTByromue OTCTOMHHUKM (puc. 3.1) mpencTaBisiOT
coboli HM3KkHEe OaccelHbl 0e3 MepeMeNIMBaIINX YCTpOHCTB. OTCTOMHUK

3aMOJIHSFOT CYCIICH3UEH, KOTOpast
CycneHsuA OCTaeTCsA B COCTOSHUU IOKOSA B TECUCHHE
~<L BPEMEHH, HEOOXOIUMOTO JIJIsI OCEIaHUs

TBEPIBIX YACTHI[ HAa JHO ammapara.
[locme 3TOro OCBETIIEHHYIO KHIKOCTH
JICKAaHTUPYIOT, T.€. CJIHBAIOT dYepe3
cU(pOHHYIO TpyOy 170071 KpaH,
PACIIONIOKEHHBIN BBIIIE YPOBHS OCAJKa.

4 il Ocanok (1maM) OOBIYHO MPEIACTABISET
OceetneHHaa LlUnam c000M I'yCTYI0 TEKYUyI0 Maccy, KOTOPYIO
KMAKOCTD MOJKHO CIHTh M3 OacceiiHa CaMOTEKOM

WIH OTKadaTh HAcOCOM TIOCTEe JCKaH-
TaI[UU OCBETICHHOMN JKUIKOCTH.

Pasmepsr u ¢Qopma ammapatos
3aBUCAT OT pPAacXojJa CTOYHBIX BOJ, KOHIIEHTPAIMH, pa3MepoB, (GopMbl u
IUIOTHOCTH YaCTHUIL CYCTICH3HH.

CKOpOCTh OTCTaMBaHUS CYIIECTBEHHO 3aBUCUT OT TEMIIEPATYPhl BOJBI, C
U3MEHEHHEM KOTOPOIl U3MEHSETCS BSI3KOCTh JKUIKOCTH.

st orcrauBaHWS HEOOJBIINX KOJUYECTB CTOYHBIX BOJ[ HCITOJIB3YIOT
METAUIMYECKHE EMKOCTH UWIUHAPUYECKOW (GOPMBI € KOHHYECKHM WM
cheprudecKuM THUIIEM, UMEIOIINE JTIOK ISl OTKAYKW WJIA BBITPY3KH OCaaKa U
HECKOJIPKO KPAaHOB JUIsI CIMBA JKUIKOCTH, PACIIONOKEHHBIX Ha Pa3IUnIHON
BbICOTE ammapara. JlJis oTcTamBaHUS 3HAYMTEIBHOTO KOJIMYECTBA KHUIAKOCTH
CTpOSIT OETOHHBIE 0ACCEMHBI.

Puc. 3.1. OTcTONHUK
nepuoanyeckoro 4encrTensa

3.2.2. OTCTOMHUKY NOJYHENPEPHIBHOTO JIEUCTBUS

B orcToiiHMKax MOJYHENpPEpPhIBHOIO JEHUCTBUS JKUAKOCTh IIOCTYIAET
Y yJAIAETCsl HENPEPBIBHO, a IIUIAM BBIIPYKAECTCS IEpUOIUUYECKUA. B nmpunumne
a000l  OTCTOMHHMK  TEPUOJMYECKOTO  JACHCTBHS  MOXeET paboTrarh B
MOJIYHENTPEPHIBHOM DPEXHUME, €CIIM €ro 00O0pya0BaTh YCTPOWCTBOM YIAJICHHUS
nuiaMa 0e3 CIuBa KUIKOCTH.

OnHako CylIeCTBYIOT U cHielaibHble KOHCTpYKUnH (puc. 3.2). Cycnensus
yepe3 HIDKHUN IITyHEp MOJAeTCs B amnmnapaTr, BHYTPEHHHM 00beM KOTOpPOro
pa3leiieH HAa CEKIMM HAKJIOHHBIMH MEPErOpOJKAMH, HAIMPABISIIOIIMMU IMOTOK
JKAJIKOCTA TIONIEPEMEHHO TO BBEpPX, TO BHU3. Hanmumume mneperopomok
YBEIMYMBAET MOBEPXHOCTh OCaxaeHus B ammapare. Ocagok cobupaercs B
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KOHMYECKUX JHMUINAX W MEPUOAUYECKH YHAISIETCSA, a OCBETIEHHAs KUIKOCTb
HEIMPEPBIBHO OTBOJAUTCS YEPE3 BEPXHUU IITYLED.

3.2.3. OTCTOMHHKN HENPEPHIB-
HOTO JICHCTBUSA
— it
OceeTneHHan

KMIKOCTb B IMPOMBIIIIJICHHOCTH HanOO0JIb-
CycneHsua

pid [I€€ PpaclpOCTPAHEHHUE MOIYYUIIN
OTCTOMHHMKHA HENPEPBIBHOIO JEHCT-
BUsI, HAaNpuUMep OTCTOWHUK C Tpel-

KOBOM Memmaiikoit (puc. 3.3).
mﬁam mﬁau OtcroiHuK IPEJICTaBIAET
co00l HEBBICOKMU HMWIMHAPUUECKUN
Puc. 3.2. OTCTONHUK pe3epByap C IUIOCKMM WM CJErka
C HaKIOHHbIMY Neperopoakamu KOHMYECKUM JHUIIEM U BHYTPEHHUM
— KOJIBLIEBBIM KEJI000M BJOJIb BEpPX-
Hero kpas ammaparta. B pesepByape
C_Ti? YCTaHOBJICHA MEIIAJKa, Ha JIONACTAX

Th— KOTOPOM HaXOJsATCA CKpeOKH Jis

| OcseTneHHas  TIEPEMELICHUSI OCAaAKa K pasrpy-

WRREE 30uHOMY yCTPOHCTBY B IEHTPATBHO

yacTu amnmnapara. Memanka aenaer

ot 0,01 go 0,5 060pOTOB B MHUHYTY,

T.e. BpallaeTcsi HACTOIbKO Me-

JIEHHO, YTO HE HapylIlaeT mpolecca

OCaXKJICHMUSI.

Cycnensust HEIMPEPHIBHO

M0/IaeTCA MO LIEHTpPaJIbHOU TpyOe B

pesepByap. OcCBeTIEHHAs >XKUAKOCTH

MepeaIuBaeTCs B KOJIbIEBOU Keno0 u

yaansercs u3 pesepByapa. Lllmam B

BUJIC CTYIIIEHHOW CYCIIEH3WM C KOHIIEHTpanuen TBepno ¢assl ot 35 1o 55 %
yAalisieTcsa U3 pe3epByapa ¢ MOMOIIbI0 JuadparMoBOro Hacoca.

['pebkoBbIE HOpMAIM30BaHHBIE OTCTOMHUKMA HMMEIOT guamerp ot 1,8 1o

30 M, a B HEKOTOPBIX IMPOU3ZBOJCTBAX C OOJBIIUM BOJOOTBEICHHUEM IHAMET]

orcroiiHukoB gocturaet 100 M. PaGora Takux OTCTOMHHMKOB MOJHOCTBHIO

LWnam

Puc. 3.3. OTCTONHMKK
HenpepbIBHOIO AeNCTBUA
C rpedbkoBOM MeLLankoun

aBTOMAaTU3HUpOBaHA.
OTCTOMHHMKM 3TOr0 THUIA XAPAKTEPU3YIOTCS OONBIION MPOU3BOJUTEIb-
HOocThi0O — 10 3000 T ocagka B CYTKH, TPOMO3AKOCTBIO, OOJBUIMMHU

KalUTAIbHBIMU 3aTPAaTaAMU Y HU3KMMH IKCIUTYaTallMOHHBIMU PACXOJaMH.

[Ipu HEOOXOAMMOCTH YCTAHOBKHM psijJia OTCTOMHHKOB C IEIbI0 AKOHOMUHU
IJIOMIAAM MX Pa3MENIAOT OJWH HaJl APYTUM, T.€. MPUMEHSIOT MHO205P)CHblE
OMCMOUHUKU, COCTOAIINE W3 HECKOJIBKHX annapaTroB, KOHCTPYKTUBHO
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O0OBEAMHEHHBIX B OJHOM Kopiryce. Pa3nmuyaioT MHOTOSIpyCHBIE OTCTOWHHKHU
3aKpvimMoco U cOANaHCUpo8anno2o TUToB (puc. 3.4).

[Ipocreiiinii MHOTOSIPYCHBI OTCTOMHMK MPEACTABISET COOOM HECKOIBKO
HE3aBUCHUMO PabOTAIOIIMX aIlapaToB C €AMHBIM MMPUBOIOM ISl BCEX MEIIAJIOK.
[Tomaya cycrneH3uHW, CJIWB OCBETJIICHHON JKHUIKOCTH U BBITpy3Ka IMIamMa
MIPOU3BOIATCS B KAXKIOM SIpyCe HE3aBUCUMO.

CycneH3ua CycneHsua

] OcBeTNeHHanA

1 0cBeTneHHan
: KUAKOCTb

XKUAKOCTb

Lnam

Lnam

Puc. 3.4. MHorosipycHble OTCTOMHUKM 3aKpbITOro (cnesa)
n cbanaHcMpoBaHHOro TUMNOB

MHorosipycHbIe OTCTOMHHMKH COaJaHCHUPOBAHHOTO WJIM YPAaBHOBEUIEHHOTO
TUIIA, B OTJIUYUE OT OTCTOMHHUKOB 3aKPBITOr'O THUIIA, COOOIIAIOTCS MEXKy CO0O0i:
[IJIaM U3 BEPXHEro spyca yepe3 CHelualbHbli CTaKaH CAaMOTEKOM IOCTYMNAeT B
CJIOM CTYIIEHHOW CYCIEH3UHU SIPyca, PACIONIOKEHHOTO HUke. CyCleH3us yepes
pacnpeieuTeNbHOE YCTPOMCTBO TMOAAETCS OJIHOBPEMEHHO Ha BCE SPYCHI.
OcBeTsieHHas JKUIKOCTh C KaXJOTO sipyca BBIBOJUTCS Ye€pe3 OTICIbHBIN
naTpyOoK M mocTymnaer B o0muil koywtekrop. [lnam ckannuBaercs Ha HUKHEM
Apyce, OTKyZa U yIAaJIsieTCsl.

B oTcroiiHMKax 3aKpbhITOTO TUIA JHULIE KaXKIOTO spyca BOCIHPUHUMAET
BECh BEC HAaXOJMIIECWCA Ha ITOM SPYyCe CYCHEH3UMHU, a Y OTCTOMHHUKOB
cOamaHCUPOBAHHOTO THUMA BCIO HArpy3Ky BOCHPUHHUMAET TOJIBKO JIHHUIIE
HIDKHETO sipyca, 4TO JIeJaeT KOHCTPYKIIUIO B 11eJoM Oosiee jerkoid. Kpome toro,
B OTCTOMHMKAX 3aKPBITOTO TUIA BaJl MEIIAIKU MEXKIY SIpPyCaMU MPOXOJUT Yepes3
CAJIbHUKOBOE YIJIOTHEHHE, paboTaoliee B THKEIOM pPEXUME U OBICTPO
U3HalMBaromnieecs. B oTcroiiHMKax  cOajdaHCMPOBAHHOIO  THUIMA  TaKHUe
YIUIOTHEHUS HE TPEOYIOTCS.

[ToMuMO MHOTOSIPYCHBIX OTCTOMHHUKOB OOJIbIIASl MOBEPXHOCTh OCAXKACHUS
JIOCTUTAETCS. B OMCMOUHUKAX HENPEepul6HO20 Oelcmeus ¢ KOHUYECKUMU
noaxamu (puc. 3.5).
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Paznensemas cycneHsus mojaaer-
CycneHmﬂi ci  4epe3 IEHTPAILHBIA  BEpXHHIA
OcBeTneHHas HITyIIEp W paclpenessaeTcss MexIy
—F HMAKOCTb  KOHUYECKUMHM MOJKaMU (Y4epe3 ONHY),
Ha IOBEPXHOCTU KOTOPBIX IPOUCXO-
IUT OCAXIEHUE TBEPABIX YACTHII.
OceBmMe 4YacTHULBI  CIOJN3AIOT  T10
HAKJIOHHBIM IOJIKaM U MepPEeMeNatoTCs
BHU3 K IITyLepy Ml yAaJleHUs
nuama.  OcBeTsIeHHass — KUAKOCTb
OTBOAMTCS MO  KaHalaM  MEXAY
MOJIKAMU M BBIBOJUTCS M3 arapara
yepe3 OOKOBOM MITYIIED.
JlocTonHCcTBaMu 3TOrO amnmapara
ABJISIIOTCS.  HEOOJbIINE TabapUTHBIE

i LLinam pasmMepsl IpU  BBICOKOM  IUIOLIAJN
OTCTaWBaHUS, OTCYTCTBHC JIBHIKY-
Puc. 3.5. OTcTonHuK IIMXCS YacTeH M MPOCTOTa 0OCITYKHU-

C KOHNYECKUMU MNMOoJKamMun BAHUSL.

3.3. Pacuer OTCTOMHUKOB

OTCTOMHMKHN IMPOEKTUPYIOTCS B pPACyETe Ha OCAXKJIECHUE CaMbIX MEIKUX
YacTULl MCXOJHOW CyCHeH3uu. Bpemsi npeOblBaHUs CyCHEH3UM B amnmapare
JOJDKHO OBITh HE MEHbBIIE BpPEMEHHM, HEOOXOOUMOIO JUIsl CTECHEHHOIO
OCAKJICHMS YaCTHUI[Bl HAaWMMEHBIIErO0 pa3Mepa Ha JHO ammapara ¢ 3aJaHHOU
BBICOTBHI.

ITycts 3a Bpems ¢ CyCcieH3Us pa3femsaeTcsl Ha CIIOM OCBETICHHOM KUJIKOCTH
BBICOTOM /~ U cioil crymeHHo cycneHsuu (uwiam). I[lpu mnoBepxHOCTH
ocaxkaeHuss [ 00beM OCBETIEHHOM JKHIKOCTH, TIOJIYy4YaeMOH B EAMHUILY
BPEMEHU,

Voes = (hE)/L.
3a 3TO e BpeMsl YaCTHIIbI, OCAKAIOIINECS CO CKOPOCTBIO Uy, MPOUIYT MYTh /:
h =u,t.
[ToacraBmss 4 B mpenpiayiiee ypaBHEHUE, TTOJTYIUM
Voo = Uenml.

[ToryueHHOE  ypaBHEHHME  IIOKa3bIBA€T, YTO  NPOU3BOOUMENbHOCD
OMCMOUHUKA He 3A8UCUM 8 BHOM GUOE OM €20 8bICOMDbL, A 3A8UCUM MOJILKO OM
ckopocmu  u  nogepxHocmu  ocadxcoerus. 1103TOMy OTCTOMHHMKH HMMEIOT
3HAYUTEIbHYI0 MOBEPXHOCTh OCAXACHHS INpU HEOOIbIIONW BbicoTe. OOBIYHO
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BBICOTA OTCTOMHHMKOB cOCTaBIIICT 1,8 —4 M, a 711 OTCTOMHUKOB OUYCHB OOJIBIITHX
pa3MmepoB — He Oosiee 7 M.
Heo6xonumyo moBEpXHOCTh OCAXACHUS HAXOAST U3 BBIPAYKCHUS

F =V, /um

OTO0 BBIpOXKEHHE HE YUUTHIBAET HEPABHOMEPHOCTD JABMKEHUS HKHUIKOCTH IO
BCEW IUIOIIAM OTCTOMHMKAa — OT TOYKM €€ BBOJ@ B almapaTr IO CIUBHOTO
YCTPOMCTBA, a TAKKE HAJTUYHE 3aCTOMHBIX 30H M BHUXPEOOpPA30BaHMS B MOTOKE
KUAKOCTH. KOJIM4ecTBEHHO ydecThb BIMSHUE O3TUX (PAKTOpPOB Ha CKOPOCTH
OCAXKJICHUSI HA CTaAuu TEOPETHYECKOTO pacuera He MNpPe/ICTABISIETCS
BO3MOXHBIM. [l03TOMY B HH)KEHEpPHBIX pacyeTax MOBEPXHOCTh OTCTONHUKA,
ONPE/ICIICHHYI0 TEOPETHUUECKH, 00BIUYHO yBeanuuBatoT Ha 30 — 35 %.

4. OCAKJAEHME B HEHTPOBEKHOM IIOJIE
4.1. I'napoOUMKJIOHBI

OcaxneHre  CyCNeH3WdM  MOJA  JEWCTBHEM  LEHTPOOESXKHBIX  CHUJI
OCYULIECTBJISIOT B TUAPOLMKIOHAX U LHEHTpUyTax.

Kopnyc ruaponukinona (puc. 4.1) coctouT u3 KOPOTKOH BepxHeEH

WIMHAPUYECKON 4acTh M yJJIMHEH-

OceeTneHHas HOTO KOHMYecKoro auuma. Caepxy

! P lwﬂmmb TUAPOLIMKIIOH 3aKpbhIBACTCS LMJIMH]I-
Cyenenana PUYECKON  KPBIMIKOM ¢ maTpyOKoM
JUIL OTBOJIa OCBETJICHHOM KUIKOCTH.
Mexny KpBILIKOM H  KOPILyCOM
YCTAHABIIUBAETCSI TEPMETUYHAS TEpe-
TrOpPOJIKa C OCEBBIM MaTPyOKOM.
Cycnens3uss noAaercss TaHIEH-

IAATBHO B LWJIMHIPUYECKYIO YacCTh
KOpIyca U IMpuoOpeTaeT HHTEHCHB-
HOE BpawmarenbHoe asuxeHue. I[lox
NEHUCTBUEM  IIEHTPOOEXKHBIX  CHJI
YaCTULbl  CYCIEH3UU,  HUMEIOIINE
OOJIBIIYIO MIIOTHOCTD, YEM JKHUJIKOCTb,
[IEPEMEIIAIOTCA K CTEHKaM arapara,
KOHLIEHTPUPYIOTCS BO BHEIIHUX CJIOSAX BPALIAIOLIETOCsS IMOTOKA U ABUXKYTCS I10
CIIUpAIN BAOJIb CTEHOK TMAPOLMKIOHA BHU3 K Pa3rpy304HOMY ILITYILEPY, Yepe3
KOTOpPBIA M BBIBOJSTCA M3 almapara BMECTE C YacTbl0 >KUIAKOCTH B BHJIE
CrYLIEHHOM cycneH3uu. OCBETIIEHHAsd >XUAKOCTh IBHXKETCA BO BHYTPEHHEM
CIIUPAJILHOM MOTOKE BBEPX M BBIBOJIUTCS UEPE3 LITYLEP B KPBILIKE arrapara.
DTa ujeanu3upoBaHHas KapTUHA JBUKEHUS MMOTOKOB JlajieKa OT peaibHOM.
B nelictBuTenpHOM amnmapaTe BO3HHMKAIOT pajuajibHbIe MOTOKH (OT LIEHTpa K
nepudepur) U 3aMKHYTHIE KOJBIEBBIE MOTOKH, 3HAUUTEIBHO OCJIOXKHSIOIINE

LWnam

Puc. 4.1. T'ngpoumnkroH
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pacdyer W MPOCKTUPOBAHUE THUAPOLMKIOHOB. KpoMe TOro, H3-3a BBICOKHX
OKPYKHBIX CKOPOCTEH MOTOKA MO OCU THAPOIUKIOHA (DOPMUPYETCS BO3IYIITHAS
BOPOHKA, OTTECHSIOIIAS ITOTOK OCBETJICHHOM >XUAKOCTU K cTeHkaM. IIpu stom
yCUJIUBAETCs TypOyIn3alys oToKa U yxy/amaercst 3 ()eKTUBHOCTD pa3/ieieHusl.
OddexTuBHOCT pa3zeneHuss CyCHeH3MM B THAPOIMKIOHE XapaKTepu-
3yercsi BenM4YMHOM K, Ha3bIBaeMOW ¢paxmopom pasoenenus W PaBHOU
OTHOIIEHUIO IEHTPOOEIKHOM CHIIBI K CHUJIE TSKECTH
x - L_mir v
P F mg rg

m

b

rJe m — Macca BpallalomIeHCs] YaCTUIIbl; V — OKPYXHasi CKOPOCTh JIBUKCHHS
YACTHUIIbI; ¥ — PAJAYC BpAIlICHUS YaCTHUIIBI.

W3 ypaBHEHUS BHIHO, YTO 3Ha4YeHHUE (haKTOpa pa3/CIICHHUS TEM BHIIIC, YeM
OOJIbIIIe CKOPOCTh JBHKEHUS JKHIAKOCTH M YeM OoJbllle KpUBHU3HA €¢
Tpaektopuu. IlodTOoMy, B OTIMYME OT I[UKJIOHOB [JI1 OYUCTKH TIa30B,
TUAPOLMKIOHBI UMEIOT HEOOJIBIIINE Pa3Mephl: NIl OTJEICHUS TBEPABbIX YACTHUII
pazmepoMm oOT 5 no 150 MKM OpPUMEHAIOT LUKIOHBI C JAMAMETPOM
nwmHapudeckor yactu oT 100 go 350 MM; A1t OYMCTKH OT YaCTHIL Pa3MEpPOM
MEHEE 5 MKM MPUMEHSAIOT HUKJIOHKI ¢ quameTpoM 10 — 15 mm. Takue HUKIOHBI
O0OBIYHO OOBEAUHSIIOT B OJMH arperaT, B KOTOPOM OHU pa0OoTaroT MmapauiesbHoO, —
MYTbMUYUKTIOHBL.

DKCNEPUMEHTAILHO HAWIEHO, YTO HAWIy4llee Pa3Aei€HUE TOCTUraeTCH,
KOrja THAPOLUMKIOHBI HMEIT YMIUHEHHYI0 (GOpMYy C YIJIOM KOHYCHOCTH
15 - 20°. IIpu Takoii GopMe yIIMHAETCS IIyTh YaCTHII, YBEIMIMBAETCSI BPEMS UX
npeObIBaHUA B anmapaTe U MOBbIIaeTcs YQPEKTUBHOCTD pa3Ie/ICHHUS.

JlocToMHCTBaMU TUIPOLIMKIIOHOB SIBJISIFOTCS:

— BBICOKas MPOU3BOAUTEILHOCTH IIPH MAJIbIX TabapuTax;

— OTCYTCTBHUE JBMXXYIIUXCS YACTEM;

— TIPOCTOTA U JIETKOCTh 0OCITY>KUBAHUS;

— HEBBICOKHME KaIllUTAIbHBIE 3aTpaTbl M HU3KUE OKCIUTyaTal[MOHHbIC

pacxobl;

— [IKUpOKasi 00JaCTh NPUMEHEHUS.

K HemocTaTkam ruIpoOIMKIOHOB CJIEAYET OTHECTH CPAaBHUTEIBLHO OBICTPHIiL
aOpa3uBHBIM W3HOC OTHAEIbHBIX SJEMEHTOB KOHCTPYKIIUHU, TMPEKIE BCETO
Kopiryca. JlJisi yMEHBIIEHHS] U3HOCA THAPOLMKIOHBI YaCTO M3rOTaBJIMBAKOT CO
CMEHHOW BHYTPEHHEH (yTEepOBKON W3 MJIACTMACChI, KEPAMUKHU, H3HOCOCTONKHIX
CILJIABOB U T.]I.

4.2. lHentpudyrupoBanue

[loxg uenTpudyrupoBaHuEeM MOHUMAIOT NPOLECC PA3ACICHUS KUIKUX
JTUCTIEPCHBIX CHUCTEM, B YaCTHOCTHU CYCIIEH3WM, B TOJIe€ HEHTPOOEKHBIX CHUJL.
OO0mue 3aKOHOMEPHOCTH HEHTPU(DYTHPOBAHUS CXOXKH C 3aKOHOMEPHOCTSIMU
oTctauBanus. OJHAKO CYIIECTBYIOT U NPUHUUIHAIbHBIE OTINYUS:

31



* B OTCTOMHHKaxX TI'PaBUTALIMOHHOE IOJIE OJHOPOJHO, & MHTEHCUBHOCTH
HEHTPOOEKHOTO oJIst B OTCTOMHBIX neHTpudyrax BO3pacTaeT
MPOMOPIHUOHATIBHO PACCTOSHHUIO OT OCH BpAIllEHUS. DTO O3HA4YaeT, 4TO Ha
YacTHUIy IO Mepe €€ ABUKEHHUS K CTEHKE poTopa JeHCTBYET HEMpPEpPHIBHO
BO3pacTarolas cuja, Mo3TOMY YacTHUIIA ABUKETCS C YCKOPEHUEM;

* B OTCTOMHHUKAX YacCTHUIA JBUXKETCS Yepe3 paBHbBIC MO IUIOMIAIN TIIOCKUE
MOTIEPEYHBIE CEUEHUS CIIOSl JKMJIKOCTHU, a B OTCTOMHBIX IEeHTpudyrax — depes
yBEIIMYUBAIOLIMECS IO IUIOMAAN UWIMHApUYeckue cedenus. [lostomy B
neHTpudyre 3pGheKTsl CrymeHus CyCHeH3MH M KOJUICKTHUBHOTO OCaXICHUS
MEHEee BBIPAKEHBI, M CYCIIEH3HsI CPAaBHHUTEIBHO OBICTPO pasfeisieTcs Ha JiBe
¢a3zbl — xkuakyio (dpyrat) u TBEpAYIO (0CATOK).

Bennunna 11eHTpoOEKHON CUITBI BEIPAXKAETCSI PABEHCTBOM

F,=mVIr, 4.1)

rJie m — Macca BpaIllaroIerocs Teja; v — OKpy>KHasi CKOPOCTh BpaleHus (M/c);
7 — paJinyC BpaIllCHHUS.
Oxkpy>Hasi CKOPOCTh BpaIlleHUs OMPEACISIETCS PABEHCTBOM

v =27nr, (4.2)
TJIe 71 — YHCII0 06OPOTOB (C ).
IToncTaBuB BhIpakeHUE ISl OKPYKHOU ckopoctu (4.2) B ypaBHeHue (4.1),
MOJTYYUM
2
F, = 7m(27znr) ~ 20mrn®
r
Orcroga BHJHO, YTO YHKCIO OOOPOTOB UEHTPUPYTH B 3HAUUTEIHHO
OoJbIlIel CTETeHN BIMSET Ha 3HAUYCHUE IEHTPOOSKHOW CHIIbI, YeM yBEIMUYCHUE
JuameTpa poTopa UEHTPUPYTH.
daxTop pazaeneHus
_F, 20mrn’

P F mg

m

2
~2rn”

Hanpumep, daktop pazgeneHus mis UEHTpUPYru, poTop KOTOPOi
BpAIaeTcss co ckopocthbio 1200 o6/Mun (n = 20 ¢') u umeer muamerp 1 M,
coctaBut 800, T.e. mpouecc OCAXKIEHUs CYCIIEH3WHM B TaKOoW ULeHTpudyre
noJpkeH nporekath B 800 pa3 ObicTpee, 4eM B IPaBUTAILIMOHHOM MOJIE.

Hentpudyra B mnpoctelieM BHAE MNPEICTABIICT COO0N BEepPTUKAIbHBIM
MAJTUHIPUIECKUM  POTOP, KOTOPBII MIPUBOTUTCS BO BpalieHue
aneKTpoaBurareneM. Porop nmomenieH B HEMOABUKHBINA COOCHBIN KopItyc. Porop
MO>KET OBITh CO CIUIOIMIHBIMU UK nephoprpoBaHHbIMU cTeHKamu. Llentpudyru
c nepopupOBaHHBIM POTOPOM HaszbIBAIOTCS Quivmpytowumu. Paznenenue
CYyCIICH3UM B TakuxX IeHTpudyrax OCYIIECTBISAETCS IO  IPHUHIIHUILY
bunbTpoBanus. LleHTpudyru co CrIonIHEIM POTOPOM HA3BIBAIOT OMCMOUHBIMUL.
B nenrtpudyrax storo tuma ocaxaeHue CyCIEH3UU MPOUCXOJUT IO MPUHITUITY
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OTCTaMBaHMSI C TOM Pa3HULICH, YTO JIEMCTBHE CHJIbI TSHKECTH 3aMEHSIETCA Ha
JeHCTBUE IIEHTPOOESKHOM CUIIBI.

4.2.1. Ilpoiiecchl B OTCTOMHBIX IEHTpUPyTrax

B oOuiem cnyuyae pasnencHue CyCHEH3WM B OTCTOMHBIX UEHTpHU(Yrax
CKJIaJbIBACTCS U3 JBYX CTaIUM:

1) ocaxaeHue TBEpIbIX YACTUI[ HA CTEHKax poOTOpa, MpPOTEKarollee I0
3aKOHaM TUJPOIUHAMUKH;

2) ymioTHeHrWe oOpa30BaBIIETOCS OCajKa, MPOTEKAlolee IO 3aKOHaM
JUHAMHUKH TPYHTOB.

[Ipu manol KOHIIGHTpAIlUU TBEPABIX YACTHIl B MCXOJHON CyCNEH3uHU (/10
4 00.%) wnaOmogaeTcs cBOOOJHOE oOcaxiecHue Oe3 oOpa3oBaHUS YETKOM
MOBEPXHOCTH pazjieia MEKy YUCTOM )KUAKOCTIO U cycrien3uei. [Ipu Gonbimx
KOHILICHTPAIUSAX MPOUCXOJUT CTECHEHHOE OCaXJeHue TBepAblx yactul. [lpu
3TOM oOpasyeTcsi ueTKas TpaHulla paszjena BCJICACTBUE BbIPABHUBAHUS
CKOPOCTEMN OCaXKIEHUS KPYITHBIX U MEIKUX YaCTHULL.

Pazpendromast crnocoOHOCTh OTCTOMHBIX LEHTPUDPYT XapaKTepU3yeTCs
UHOEKCOM — NpoU3B00UMeENbHOCMU 2, PaBHBIM IPOU3BEACHUIO  IUIOIIAIN
LWJIMHIPUIECKON IIOBEPXHOCTH OCaKICHUA S Ha dakTop pasneneHus K,:

>=3K,

NHnekc mpou3BOIUTENBHOCTH HMMEET Pa3MEPHOCTh IUIONMIAJA U MOXKET
paccMaTpuBaThCAd ~ KaK  IUIONIAJlb  OTCTOMHHKA, OKBUBAJEHTHOTO IO
TIPOU3BOIUTEIFHOCTH IS JAHHOW CYCIICH3HH.

[IpuMeHUTENBHO K MMJIWHIPHUYIECKOMY POTOPY AUMaMETpoM D, B KOTOPOM
HAXOJUTCS CJION >KUJIKOCTH TOJMMMHOU A << D, ¢akTop pasaeiacHus MOXKHO
OTHECTH K CPEeTHEMY JHAMETPY CJIOS KUAKOCTH (D — h):

F,=(D—hn’.

[lmomane LUAMHIPUYECKON TMOBEPXHOCTH OCAXKJICHUS [JIsi CPEIHETO
JIIAMETpPa CII0S KUJIKOCTH
S=n(D-h)L,
rae L — anuHa poropa.
NHnexc mpou3BOIUTEIBHOCTH B ATOM ClIydae MOKET OBITh HallZICH KaK

X =al(D— h)n’.

IlosyyeHHble ypaBHEHHs CIPABEJIMBBI JUIsL JIAMMHAPHOIO peXuma
ocaxkeHusa cycneH3uu. OIHAKO BCIEACTBHE BBICOKOW CKOPOCTH BpalllCHHS
IOPOMBIIUIEHHBIX HEHTPUPYr u OONBIINX 3HAYCHUH UEHTPOOEKHOW CHIIBI
OCAKJEHUE YacTHUI] MOXKET IPOTEKaTb B MEPEXOJAHOM WM TYpOYJIEHTHOM
pexume. HWHAEKC NPOU3BOAUTENBHOCTH ULEHTpUYrm B ITOM  clydae
YMEHBIIAETCH:

2= SR,,O‘715 B IIEPEXOJHOM PEKUME

n 2= SKPO’S B TypOyJICHTHOM PEXUME.
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dakTHyecKas MPOU3BOAUTEIBHOCTh OCATUTEIBHBIX MEHTPUGYT 3aMETHO
OTJINYAETCS B MEHBIIYI0O CTOPOHY OT TEOPETHUYECKHU MpPEJCKa3biBa€MON. ITO
00BsICHSIETCS:

1) oTcTaBaHMEeM CKOPOCTH BpAILEHUS >KUJIKOCTA OT CKOPOCTH BpaIlCHUS
poTopa H, CIe0BaATEIbHO, YMEHBIIEHUEM HIEHTPOOCKHOM CUITBI, JEHCTBYIOLIEH
HA YaCTHUIIbl CYyCTICH3UU;

2) IBWKEHHEM CYCIIEH3WHU BJIIOJIb POTOpa B IEHTpUPYrax HEMPEPHIBHOTO
JNEUCTBUSL U, CIIEIOBATENIbHO, OTKJIOHEHUEM JBHUKEHHUSI YACTHUI] CYCIEH3HH OT
paauanbHOTO HAIPABJICHUS,

3) oOpa3oBaHMEM JIOKAJbHBIX TYpOYJIEHTHBIX 30H JIa)Ke MPU JIAMUHAPHOM
OCaK/ICHUU CYCIICH3UU B LIEJIOM, YTO MPUBOJUT K B3MYUHUBAHUIO OCAJIKA.

4.2.2. KoncTpyKuuu HeHTpudyr

[To BemmumHe (akTOpa pasaeiacHus NEHTPUDYTH ACTATCI Ha HOPMAIbHbLE
nentpudyru (F, < 3500) u ceepxyenmpugpyeu (F, > 3500).

HopwmaibHabie neHTpupyru MOTyT ObITh OMCMOUHBIMU U QULLMPYIOUUMU.

B 3aBuCcMMOCTH OT OpraHuzaiuu mpoiiecca HeHTPU(yru MOTyT OBITh:

*  nepuoouuecko2o Oeucmeus — ¢ NEPUOJUUYECKON 3arpy3Koil CyCreH3uu
U TIEPUOJIUYECKUM CIUBOM (yraTa U BBHITPY3KOUM OcajKa;

*  NOJYHenpepvlgHO20 Oelicmaus — C HENPEPHIBHON 3arpy3koi CyCHeH3UH
U HENPEPHIBHBIM  BBIBOJIOM (yrata B TMpeaenax OJHOTO IMKIa, HO C
MIEPUOIUYECKON BBITPY3KOU OCaIKa;

*  Henpepuvl8HO20 OeUCmEUsl.

Tpexkononnsle neHtpudyru (puc. 4.2) OTHOCATCS K HOPMAaIbHBIM
OTCTOMHBIM HEeHTpUdyram MepPUOIU-
yeckoro jaeiicteus. CBoe Ha3BaHHUE OHU
NOJIYYUJIM U3-32 TOrO0, YTO KOPILYC
neHtpudyru 1 moaBemieH Ha Tpex
onopax 2. BHyTpu HENOABUKHOIO
KOpIyCa BpaIlAeTCs yCTAHOBJICHHBIN

1
QK
_\§
HAa BEPTUKAIBHOM Baly potop 3.

CycneHsuAa 4  Qcagok

3arpy3ka CyCHEH3UH MPOU3BOJUTCA
OpU  HEMOJBMKHOM pOTOpEe  uepes
BepxHIOIO KpbilKy 4. Ilocne wero

KPBIIIKA  3aKpbIBACTCSI, H  POTOP m;IFa-r - .|.

HEeHTPU(PYTU TMPUBOIAUTCS BO Bpallle- -

nue. Ilocne okxoHuanus ueHTPUPY- Puc. 4.2. TpexkonoHHas ueHTpudgyra
TUPOBAHUS BpalleHue poTtopa

npeKpamaercs, SKUIKOCTh  (dyrar)

CIIMBAETCSl YE€pe3 HWKHUM IUTYLEpP, a OCaJ0K BBITPYKAECTCS 4YEpPe3 BEPXHIOIO
KPBIIIKY WM HWKHUN JIIOK, KakK TMpPaBWIO, BPY4YHYIO. TpEXKOIOHHBIE
HEHTPU(PYTU MOTYT OBITH BBINIOJHEHBI ¢ GUIBTPYIOUM poTopoM. Llentpudyru
3TOr0 THUMA OTIMYAIOTCSA OOJIBIION TPYJOEMKOCTBIO OOCITYXKUBAaHUS M HU3KOU
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NIPOU3BOJIUTENFHOCTRIO. YICNBHBI PacxXxod dIEKTPOIHEPTHH 3HAYUTEIIHHO
BBIIE, YeM B IICHTpU(Yrax Jpyrux THIIOB H3-3a YaCTOH PACKPYTKH H
TOPMO’KEHHUSI MACCUBHOTO POTOPA.

JIisT OYMCTKU TMPOU3BOJICTBEHHBIX BOJ| WX HCIOJIB30BaHUE OTPAHUYCHO,
HamlpuMep yJaJeHHeM O0pa30BaBIIEroCs MEIKOAUCIIEPCHOTO OCajKa IpH
XUMHYECKOM OCaXJICHUU COJICH METalIOB B MEPUOIUICCKUX TEXHOJIOTHUSCKUX
IpoIEeccax ¢ MaJIbIM BOJOOTBEICHHUEM. '

[ToxsecHble HEHTPUPYTU OTHOCATCS K @
HOPMAJIHBIM IIEHTpU(yraMm OTCTOHHOTO
TUTIAa  TIONYHENPEPHIBHOTO  JICUCTBUS
(puc. 4.3). Cycnen3usi HEMPEPHIBHO MOJ1a-
eTcs BO BpAIIAIOIIUNCA POTOpP, 3aKper-
JICHHBIN Ha HI)KHEM KOHIIE Baja 3JIEKTPO-
nsurarenis. Tepaas daza oTOpachiBaeTCs
K cTeHkaM potopa. Kunkas daza
coOupaercss B BHUAEC KOJBIEBOTO CIOS

CycneH3uA

OmbKe K OCH poTopa M IO Mepe myra-rE
HaKOTLJIEHUS TIEPETMBAETCS YePe3 BEPXHUI 1l

Kpail poTopa B IPOCTPAHCTBO MEXKIY HUM Ocapok

M HENOJBMKHBIM  KOXXKYXOM, OTKy/a

yJaNAeTCs Yepe3 BBIXOAHOH MTyIIep. Puc. 4.3. lNMoasecHas ueHTpudyra

I[Ipy HakoruieHMH CJIOS  OcCajJKa
OTIPEJICTICHHONW TOJIIUHBI IeHTpU(yra OCTAHABIMBACTCS, IPUIIOTHUMACTCS
KOHMYECKas KpBIIIKA, 3aKpbIBaKoIllas OTBEpPCTHE B JHUIIE, M OCAJIOK
BBITPYKACTCSI BPYYHYIO WJIM B aBTOMATHYECKUX LEHTPU(PYrax € MOMOIIbIO
CKpPEOKOB IIPU MEIJIEHHO BPAILAIOIIEMCS pOTOPE.
B CaMopPasrpyKarOIUXCs
NOJIBECHBIX ILEHTpUPYrax poTOp
UMeeT KOHHMYECKyl (opMy cC
YyIJIOM HaKJIOHA CTEHOK MEHbIIIE
yria  €CTeCTBEHHOIO0  OTKOCa
oOpasyromerocs  ocanka. Ilpum = — 1
OCTAaHOBKE ILEHTPU(PYTH OCaTOK
CIIOJI3a€T BHU3 CO CTEHOK pOTOpa.
['opu3oHTAIBHBIE  LIEHTPU- e
byru SABHSAIOTCA, Kak IPaBHUIIO,
HOPMAJBHBIMU  (PHITBTPYIOIITUMU
HeHTpUu(PyraMu  HENPEPHIBHOTO
nerctBus (puc. 4.4).
Porop  Takmx  menTpugpyr Puc. 4.4. Fopu3oHTanbHas LueHTpudyra
YCTAaHOBJIIEH  TOPU3OHTAIILHO U C NyNbCUPYIOLLMM MOPLUHEM
UMEEeT LWIMHAPUYECKYIO WM CIIET-
Ka KoHuueckyro @opmy. CycrneH3us MoAaeTrcss BHYTpb poTopa Mo TpyoOe.

CycneH3uA

Oyrar 0Ocagok
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Kunkas ¢daza ypansercs u3 poropa dyepe3 MepOOpUpOBaHHBIE CTEHKH,
MOKPBIThIE (GUIBTpYIOIUM MatepuaioM. Ocalok yaaisieTcss u3 HeHTpUudyru
AM00 € MOMOIIBI0 IMYJIbCUPYIOIIETO MOPIIHS, JUOO € MOMOILIBIO IIHEKOBOTO
YCTpPOMCTBA.
Lentpudyru ¢ MHEPIUOHHOM BBITPY3KOHW OCaJKa MPEACTABISAIOT COOOM
HOpMaJibHbIE  (QUIBTPYIOIIKE UEHTPU(GYTH HENPEPHIBHOTO  JIEUCTBUS  C
KOHUYECKUM poTopoM (puc. 4.5).
CycneHsua Cycnensust nonaercsi B LIEHTPH-
byry cBepxy u 1moja JEHCTBHUEM
IIEHTPOOEKHON CHIIBI OTOPACHI-
BaeTcsi K CTeHKaM mnepdopu-
poBaHHoro poropa. Ilpu sTom
xuakas (aza MPOXOAUT CKBO3b
OTBEPCTUSL POTOpA U yNAIAECTCS
U3 HEHTpUPYTH yepe3 CIUBHOMN

Oyear - -p Dc:.q N mrynep. OOpa3oBaBIIMICS Oca-
JIO0K, Yyroll TPEHUS KOTOPOro

MCHBIIIE, YeM yTroJ HaKJIOHA

Puc. 4.5. Llentpucpyra CTCHOK pOTOpa, IepeMEeIIaeTcs

C MHEPUMOHHOM BbIrPY3KOW OCaKa BJIOJb CTEHOK pOTOpa BHHU3 U

yAQISIETCs U3 armnapara.

Ecnu BMECTO KOHMYECKOTO BHYTPEHHETO POTOPA YCTAHOBUTH KOHMYECKHUI
[IHEK, YacTOTa BpAIICHHS KOTOPOrO HECKOJIBKO HM)KE€ 4YacTOThl BpaLCHUS
poTopa, TO OCaJ0K MOXXHO YJAJSATh NPUHYAUTENIBHO, PEryJupys HpH 3TOM
IPOAODKUTEIBHOCTh NPEOBbIBAHUSA OCagKa B LEHTPU(PYre U CTENEHb €ro
00€3BOKUBAHUS.

Hentpudyru ¢ HEnpepbIBHOM BBIIPY3KOM oOcajika XapaKTepU3yrTCs
BBICOKOU MPOU3BOJUTENBHOCTHIO.

Hanpumep, nHebGombmias ueHtpudyra ¢ pasmepamu potopa 1x1 M u
IUIOMAbI0  (DHIBTPOBAHUSA OKOJTO 3 M°, (GAKTOp pasieneHHs KOTOpOii
npubnmxaercs k 1000, sKkBUBaJIEHTHA MO MPOU3BOJAUTEIBLHOCTH OTCTOMHHKY,
ILIOIAb KOTOPOro paBHa 3000 M’.

Henocrarkamu 1ieHTpudyr sSBIASETCS BBICOKHN PaCXO]l AJICKTPOIHEPTUU U
CPaBHUTEIHHO HEOOJIBIIIOHN (IO OTHOIIEHUIO K OTCTOMHUKAM) CPOK CITYKOBI.

5. DWJIBTPOBAHUE

Qunvmposaruem Ha3bIBAIOT Ipolecc paszaeneHus Cycne3uu
C UCIIOJIb30BAHUEM ITOPUCTBIX IMEPErOPOIAOK, KOTOPBIE 3aIE€PKUBAIOT TBEPAYIO
dazy u nponyckaroT XKUAKy0. KUIKOCTh ABUKETCA 4epe3 (PUIbTPOBAILHYIO
MEPETOPOJIKY MOJA ACUCTBUEM PA3HOCTHU JABJIECHUM C OJHOWU U IPYIrOM CTOPOHBI
MEePEropoaKU, B YACTHOCTH, 3TO MOXKET OBITh THAPOCTATUUECKOE JABJICHUE CIIOSI
cycrneH3uu Haj GUIbLTPOBATLHON MEPErOpOAKOH.
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5.1. 3akoHOMepHOCTH PUIBTPOBAHUS

Yactuipl CyCreH3uM MOryT NMPOHUKATh B MOPhI MEPErOPOAKU U OCENATh
B HUX, HE 00pa3ys ocagka Ha MOBEPXHOCTU. Takoil mpouecc Ha3bIBAIOT
Gunvmposanuem ¢ 3akynopusanuem nop. Ecnum dYacTHIbl CyCHEH3UM HE
IPOHUKAIOT B (PUIBTPOBAIBHYIO NIEPETOPOAKY, @ HOJHOCTHIO 33/1€PKUBALOTCS Ha
ee TOBEPXHOCTH, TO TaKOM TMPOIECC HAa3bIBAIOT  QuibmposaHuem
¢ obpazosanuem ocadka. Ha mnpakTuke TOT MM MHOW BHJ (UIBTPOBAHUS
B YMCTOM BHJI€ HUKOT/]a HE pEaInu3yeTCs.

TBepible YacTUIlBl, YBJIEKaeMble MOTOKOM KHMJIKOCTH K ITOBEPXHOCTU
NIEPErOPOJKH, MOTYT MOMNAJATh B PA3JIMYHbIE YCI0BUsA. Eciin quameTp 4acTHUIbI
Oonbllle aUaMeTpa Mop, TO, OYEBHJIHO, YacTHULa HE MPOHUKHET BO BHYTPb
(GuABTPYyIOLIEH NMEPEeroposiKu, a 3aJepKUTCS Ha MmoBepxHocTu. Ecnm auamerp
YACTHUIIBI MEHBILIE AUAMETPA I1OP, TO BO3MOXKHBI BAPUAHTBI:

1) yacTuia MOXKET IPOUTH Yepe3 NEPETOPOIKY BMECTE C KHUAKOCTHIO;

2) MOXET 3aJlepKaTbCsi BHYTPU MEPETOPOAKU 33 CUET aJCOpOLMH WIU
MEXaHMYECKOr0 TOPMOKEHHUS IPH PE3KOM U3MEHEHUH HAIIPaBJICHUS JIBHIKECHHUS,
BBI3BAB TEM CaMbIM YACTUYHYIO WU MOJHYIO 3aKYIIOPKY MOPHL;

3) MOKEeT HE BOMTH B YCThE IIOPBI, €CIIM HAJl YCThEM YK€ 00pa30BajICsi CBOJL
u3 Oonee KpynHbIX yacTul. OOpa3oBaHHE CBOJOB HIPAECT BAXKHYIO pPOJb B
nporeccax GUIbTPOBAHMSL.

Haumenee xenatenbHO (puiabTpoBaHME € 3aKyNOPUBAHUEM IOp, TaK Kak
COMPOTHUBJICHUE (DUIBTPOBAIHHONU MEPETOPOAKH MPHU STOM OBICTPO BO3PACTAcT,
a CKOpocCTh Iporiecca mnajgaer. Perenepanust GpuiabTpoBajIbHONW NMEPEropojKu B
3TOM CIIy4ae CHUJILHO OCJIOXKHSIETCS, & MHOTJA BOOOIIE CTAaHOBUTCS HEBO3MOXK-
Hoii. [ToaTOMYy (punmbTpOBaHME CTAparOTCS BECTU B PEXKMME HAKOIUICHHUS OCaJKa.
JUist 3TOro OueHb pa30aBIEHHBIE CYCIEH3UHW NPEIBAPUTEIBLHO CryIIAIOT B
OTCTOMHHMKAX WU JOOABISIOT K HHUM GCHOMO2AmeNbHble (DUIbMPOBATbHbLE
gewjecmea, WM HAHOCAT CJIOW TaKUX BELIECTB HEMOCPEACTBEHHO Ha
(GUIBTPOBANBEHYIO TIEPETOPOJKY TEPE] M0/1aYell Ha Hee cycrneH3uu. B kauecTse
BCIIOMOTATEIbHBIX BEUIECCTB UCIOIB3YIOT MPUPOIHBIC BOJIOKHUCTHIC MaTEPUAIIbI
— acOecT, IEeUII0JIO3y WU CIEUHUaTbHO MOATOTOBIEHHBIE TOHKOAHCIEPCHBIE
MaTepuaibl — JUaTOMUT, AKTUBUPOBAHHBIN YI0Jlb, JPEBECHYIO MYKY.

BcnoMorarenbHble MaTepuaibl CIOCOOCTBYIOT 00Opa30BaHMIO CBOJOB Hal
YCTbSIMM ~ TIOp, MPEMSITCTBYS  TakuM  oOpa3oM HX  3aKy[OPHUBAHUIO.
BcenomoratenbHble MaTepuaibl 4acTo 001a1al0T COPOLMOHHBIMU CBOWCTBAMU
Y TIOTJIOIIAK0T PACTBOPEHHBIE B KUIKOCTH BEIIECTBA.

Ocaaxu, nojaydaeMble Ha (UIBTPOBAIBHON NEPETrOPOAKE, MOAPA3ACIIAIOT
Ha cocumaemvie U Hecocumaemsvie. [1og HEC)KMMaeMbIMU ITOHUMAKOT TaKHE
0CaJIKM, TTIOPUCTOCTh KOTOPHIX (OTHOIIEHHE o0BheMa Mop K 00beMy Ocaaka) He
YMEHBIIAETCS NPU YBEIUUYEHHUH JaBiieHHs. [loprucTocTh CKUMaeMbIX OCaJAKOB C
pPOCTOM JaBJIEHUS] YMEHBIIIAECTCS, & UX CONPOTUBICHUE BO3PACTAET.

K mpakThueckn HeC:)KMMaeMbIM OCaJKaM MOKHO OTHECTH OOJIBIIYIO YacThb
MUHEPAJIbHBIX KPUCTAIUIMYECKUX BELIECTB: 11€COK, HEPACTBOPUMbIE KapOOHATHI,
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cylibdatel U T.4. ¢ pazmMepoM vacTull 100 MM 1 6osee. K CUIbHO CoKMMaeMbIM
0CaJIKaM OTHOCSITCA TUAPOKCHJIBI METAJIJIOB, MOJYYEHHBIE OCAKICHUEM, & TAKKE
0CaJIKi, 00pa3yronIrecs B Pe3yJIbTaTe KOaryJisaliKi KOJJIOMIHBIX PACTBOPOB.

5.2. YpaBHeHus1 pUJIbLTPOBAHUA

PasHocTh maBneHMit MO0 00€ CTOPOHBI (WIBTPOBATBHON IEPETOPOIKU
CO3JIAI0T PA3JIMYHBIMH CIIOCOOAMHU, B PE3YJIbTATE YEr0 PEATU3YIOTCS Pa3IMyHbIC
CrIOCOOBI (PUIBTPOBAHUS.

Ecin naBiieHne HaJl IEperopoJIKON CO3/IaeTCs CKAThIM BO3yXOM HJIH IO
NIEPErOpPOJIKOM CO3/MaeTCs BaKyyM, WIH (QUIBTPOBAHUE TIPOBOJAAT 3a CUYET
THJIPOCTATUYECKOTO JIABJICHHS CJIOS CYCIICH3UM ITOCTOSIHHOW BBICOTHI, TO
NPOIIECC HA3BIBAIOT (DUibmMpOGaAHUEM NPU NOCMOSIHHOM dasieHuu. [Tpu s3ToM 10
Mepe HaKOIUICHHS OCaJlka ero CONPOTUBJIICHUE BO3pPACTaeT, U CKOPOCTh
(WIBTPOBAHHS YMCHBIIIACTCSI.

Ecim  cycnensuio mojaroT  Ha  (QWIBTP  MOPIIHEBBIM  HACOCOM,
IPOU3BOIUTEILHOCTh KOTOPOTO MOCTOSIHHA, TO MPOUCXOIUT PUIbMPOBAHUE NPU
nocmosiHHou ckopocmu. ITpr 3TOM 0THOBPEMEHHO C BO3pacTaHUEM TOJIIIMHEI H,
CJICZIOBATEIIbHO, COTIPOTUBIICHUS CJI0SI OCaJIKa BO3pacTaeT Meperna AaBIeHUH Ha
(HIBTPOBAILHOM MIEPETOPOIKE.

Ecnmu  cycneHsuio momaroT Ha  QWIBTP UEHTPOOSKHBIM  HACOCOM,
POU3BOIUTEILHOCTS KOTOPOTO 3aBUCHT OT CONPOTHUBICHHS, TO (uibmposaniue
NIPOTEKALT NpU NEPEeMEHHOU CKOPOCMU U NePeMEeHHOM OA8leHUU.

5.2.1. OcHOBHOE ypaBHEHHE (DUIBTPOBAHUS

CkopocTh 11100600 TIporiecca, B TOM YHCIEe W Tpolecca (GuiIbTpoBaHUS,
B O0IIIeM ciyyae MpOMOPIHOHANIbHA JBMXKYLIEH cujie mpoiecca U 00paTHO
NpPOMOPLUHUOHANIbHA ~ CONMPOTHUBJIEHUIO. [[BrKyield cumoil  QuiabTpoBaHUA
SIBJISIETCS PA3HOCTb JABJIEHUM C JIByX CTOPOH (UIBTPOBAJILHON MEPETOPOJKHU
Ap. CompoTuBieHue rmnpoieccy (GUIBTPOBAHUS CKJIAABIBACTCS U3 COMPOTHUB-
JICHUS CIIOSA Ocajka R,. U CONPOTUBICHUS (UIBTPOBANBHON MEPETOPOIKA Ry
Kpome Toro, ckopocTh (puiibTpoBaHUs OOpaTHO MPOMOPIIMOHATIBHA BS3KOCTH
KUAKOCTH . [TockonbKy npu pUIBTPOBAHUY ABUKYILAS CUJIA U COPOTUBIICHUE
U3MEHSIOTCS BO BPEMEHM, CKOPOCTh (DUIBTPOBAHHUS TPHUHATO BBIpAXaTh B
nuddepennuanbHol Gopme:

dV Ap

"Tsd T R, R,,) G-b

rie w — CKOpOCTh (QuibTpoBaHus, Mm/c; V' — o0bem (QuibTpara, M; S —
MOBEPXHOCTh (DMIBTPOBAHHSA, M’; { — MPOIOIIKHTEILHOCT (DUIBTPOBAHUS, C;
Ap — pasHocTb qaBieHnit, H/M”; i — BI3KOCTb kUKo dasel, H-c/M”; Ry, 1 Ryn —
CONPOTHBJICHUS  CJOSI  ocaJka ®  (UIBTPOBAIBLHONH  IEPETOPOJIKH,

-1
COOTBETCTBEHHO, M .
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JlJisi UHTETPUPOBAHUS 3TOTO ypaBHEHHS HEOOXOJIMMO 3HATh 3aBUCUMOCTH
COTPOTHUBJIEHUS COsl ocagka R,. oT odbema nosydeHHoro ¢unstpata V. Ilpu
MOCTOSIHHOM JIaBJICHUU M IOCTOSIHHOM KOHILIEHTPALUU CYCIIEH3UU 00bEM OCajIKa
V,. mponopuuoHaneH oobeMy (puibTpaTa:

Voc =X V.

KoadduimeHT npornopuroHaIbHOCTH Xy €CTh HE YTO UHOE, KaK 00BeMHAsI OIS
TBEpIOi (pa3bl B CyCIICH3UHU.

C npyroii cTOpoHBI, 00bEM OCaJIKa pPaBEH MPOU3BEICHHUIO TOJIIIHUHBI CIIOS
ocajika /,. Ha TOBEpXHOCTh (DUITHTPOBAHMUS:

Ve = h,oS.
OTcro1a TOJIIIIMHA CJIOI OcaIKa
V
hoc = xO E N
a €ro CONMpPOTUBIICHUE
%
Roc :rohoc _FOXOE’

-2
T7I€ 7'p — YAEIbHOE 00bEMHOE CONIPOTUBIIEHUE CI0S OCaTKa, M .

[ToncTaBuM MOJy4EHHOE BBIPAKEHHE JIJII COMPOTUBIIEHUS CIIOSI Ocajika R,
B (5.1) ¥ mOAYy4YUM OCHOBHOE ypasHeHue PUILMPOBAHUS

dV Ap

Sdr v - (5-2)
H rO‘xO E + qun

5.2.2. YpaBHeHue GUIbTPOBAHMS MPU MOCTOSIHHOM JIABJICHUU

[Ipy 1OCTOSAHHON pa3HOCTU JaBJIEHUM Ap = const U HEU3MEHHOU
TeMIiepaType s JaHHOW (PUIBTPOBAIBHOM MEPErOpPOJKH BCE BEIUYMHBI B
BBIBEJICHHOM BBIII€ YpaBHEHUH (5.2), 32 UCKIIIOUEHHEM V U ¢, TOCTOSIHHBI.

Pa3znenum nepemennbie

,u(roxo g +R,, jdV = ApSdt
Y IIPOMHTErPUPYEM ITO ypaBHeHHe B npenenax ot 0 1o V'u ot 0 no ¢

MJV.VdVJr,uqunJV.dV - Apsjdt,
S 0 0 0

wr,x,V’?

+ V = ApSt
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[IpuBeneM TOMyYeHHOE KBaJpaTHOE YpaBHEHHWE K HOPMAJIbLHOMY BHIY,
pazzienuB 00e YacTH Ha uroxo/2S:
R,.S ApS’t
| V:27p . (5.3)
FoXo HIyXo

[TomyyeHHOE ypaBHEHHE OIMCHIBAET 3aBUCUMOCTH 0O0beMa (uiIbTpaTra OT
BpeMeHH (QUILTPOBAHUS. ITO YpaBHEHHUE MPUMEHUMO KaK K HEC)KUMAEMBbIM, TaK
U K C)KMMAae€MbIM OCaJKaM, ITOCKOJIbKY IPU MOCTOSSHHOM JABJICHUW 3HAYEHHUS X
Y 7y TAKYKE MOCTOSIHHBI.

5.2.3. YpaBHenue GuabTpOBaHUS MPU MOCTOSTHHOW CKOPOCTH

Jlnst  GuabTpoBaHUS TPHU TIOCTOSIHHOM CKOPOCTH MPOU3BOAHYIO dV/dt
B OCHOBHOM ypaBHEHHH (puibTpoBaHus (5.2) MOXKHO 3aMEHUTh Ha OTHOIICHHE
KOHEYHBIX BEJIUYUH V/1:
V Ap

St V '
,u(roxo 5 + qunj

Pemast momyyeHHOE ypaBHEHHE OTHOCUTEIBHO Ap, TTOIYyUYHM

uv |4 & v
Ap=—I|1x,—+R, |=yx,—1t+ —
\p St(o 0°g (]mj Hry 07622 ﬂqunSt.

[Ipunumas BO BHUMaHue, 4to V/St = w, moaydum
Ap = uroxgw’t + UR W (5.4)

N3 ypaBuenus (5.3) BUAHO, 4UYTO COMPOTUBJICHHUE QUIBTpA MPHU
(GUIBTPOBAHUM C TMOCTOSIHHOW CKOPOCTBHIO JIMHEMHO BO3pacTaeT BO BPEMEHH.
OTO ypaBHEHHE CIIPABEUIMBO JIJIS1 HECXKUMAEMBIX OCAJIKOB.

5.2.4. OnpeneneHue NOCTOSHHBIX B YPAaBHEHUSX (DUIBTPOBAHUS

3HaueHust KodpPuiumeHToB B ypaBHeHUsX (uibTpoBanus (5.3) u (5.4)
HaXOJST ONBITHBIM IyTeM. JIJis 3TOr0 ypaBHEHUS MPUBOJIAT K THHEHHOMY BHITY.

Paznenum o0e wyacT ypaBHEHUS (UIBTPOBAaHUS TPU IOCTOSHHOM
naBiaeHuu (5.3) Ha yJABOEHHBIM 00beM CycrneH3uu 2V U MOMEHsSIeM MeCTaMH
JIEBYIO U IIPaBYIO YacCTH:

wx, Vo2 rx,

[TpeoOpa3yem nosydeHHOE ypaBHEHUE K BULY

r_ /U”oxo2 .V_'_/qubn .
V. 2ApS SAp
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[lonyyenHoe ypaBHeHHME B KoopauHatax V — ¢/V mpencraeiser coOoit
yYPaBHEHHE NPAMOW, OTCEKAIoUmed Ha Och /) OTpe3oK, paBHbBIM uRy,/ApS,
TAHIeHC yIla HAKIOHA KOTOPOil paBeH uryxo/2ApS” (puc. 5.1).

OmnpenenuB 3KCIEPUMEHTAIBHO

% 3aBucumMocTs #/V = f(V) u moctpoun
rpaduk 3TOW 3aBUCUMOCTH, 1O YTy
HAaKJIOHA  MPSAMOM  OIpeHessieM
3HaYeHue Ry,, a IO OTPE3KY,
OTCEeKaeMOMY Ha OCH OpJMHAT,
oTpesieNisieM YAENIbHOE COMPOTHB-
JICHHEe ocajaka ry. Bce ocraibpHbIC
NIEPEMEHHBIE OMPEEISIOTCS He3aBU-
CUMO WJIM SIBIITFOTCS TEXHOJIOTH-

#R@n {
YECKUMU MTapaMeTpPaMH.
ApS
0 o VYpaBHeHue puibTpoBaHUS MPU
MTOCTOSTHHOM CKOpPOCTH (5.4)
Puc. 5.1. OnpegeneHne KOHCTaHT PEACTABISIET COOOIl IPSIMYI0 B

yPaBHEHNs UIbTPOBaHMS KoopauHaTax Ap — t, OTceKarolieu

Ha ocu Ap OTpEe30K, PaBHBIN (R;,w, TAaHTE€HC YIJIa HAKJIOHA KOTOPOW paBeH
2
MHroXow .
5.3. ®uabTpoBaAJIbHbIE IEPETrOPOAKH

OunpTpoBaIbHAs MEPETOPOKA MPEICTABISAET COO0M CYIIECTBEHHYIO YacTh
buabTpa, W OT MPaBUIBHOCTH €€ BHIOOpPA 3aBHUCAT MPOU3BOIUTEIBHOCTD
GuUnbTpa U CTENEHb OYUCTKHU MPOU3BOJICTBEHHBIX CTOYHBIX BOJ OT B3BEIIECHHBIX
YaCTHLL.

[leperoponaka m0KHA UMETh MOPHI BO3MOKHO OONBIIEro pazMepa, YTOOBI
CHU3HUTH €€ THAPABIMYECKOE CONMpOoTUBIeHHE. OQHAKO pa3Mep MOop HE JOJDKEH
MPEBBINIATh HEKOTOPOW BEJIMYMHBI, OOECIEeUMBAIOIEH XOPOIIyI (GUIBTPY-
IOLYI0 crtocOOHOCTS. [IpenBapurenbHblil BEIOOP GUIBTPOBATLHON MEPErOPOIKH
OCHOBBIBA€TCSI HA COINOCTABJICHUM JUCIIEPCHOTO COCTaBa  OTHAEIAEMOM
CYCHEH3UM U PACIPENEICHUs MOP MO paguycam Uil pa3iudHbIX IIEPErOPOJIOK.
OxoHYaTeNbHbIN BEIOOP MPOU3BOAUTCS MOCIE SKCIEPUMEHTAIBHON MTPOBEPKH.

Bce ¢gunbTpoBanbHbIe MEpEeropoAKd MOTYT OBITh KIaCCHU(PHUIIMPOBAHBI TI0
HECKOJIbKUM IMpU3HAKAM.

[lo mpuHOMIY AEHCTBHUS MEPETOPOJKH PA3ENAIOT HAa HOBEPXHOCHIHbIE
u 2nyounnvie. Ha TOBEPXHOCTHBIX IEperopojakax (UIbTPOBAHHE IPOTEKAET
C HAKOIUIEHHEM OCaJKa, Ha TITyOMHHBIX IEPETOPOAKAX — C 3aKYIOPKOM TOpP.

Ileperoponku MOryT OBITh KJIacCCH(PUIIMPOBAHBI 1O MaTepuany, U3
KOTOPOTO  OHHM  M3IOTOBIIEHBL:  XJI0ONYAmMOOYMAdiCHble,  CUHMEmuyecKue,
cmeknAHHble, Kepamuyeckue U T.4. Takas kinaccuukanus yao0Ha i OLEHKH
MEXaHUYECKON MPOYHOCTH U XUMUYECKON CTOMKOCTH MEPETOPOIOK.
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ITo cTpykType GunbTpoBajibHBIC IEPETOPOAKU TTOAPABIALIAIOTCS HA cUOKUE
U HecubKue, a HETUOKHE TIEPEropoJKH B CBOIO OYEPEIb MOJPA3JCISIOTCS Ha
Jlcecmiue, COCTOSIIIME U3 CBSI3AHHBIX TBEPJbIX YACTUIl, U Hedlcecmkue,
COCTOSIIINE U3 HECBS3aHHBIX TBEPABIX YACTHII.

5.4. KoncTpykuuu puibTpoB

OnHOM M3 OCHOBHBIX XapaKTEPUCTHUK, UCTIOIb3YEMbIX ISl KilacCU(pUKAIINU
GUIBTPOB, SBISETCA PEXKUM UX PAOOTHI: nepuoouyeckutl Ui HenpepbulEHbll.
JIns OYMCTKH TPOU3BOJICTBEHHBIX CTOYHBIX BOJI HMCIOJIB3YIOT, KaK IPaBHIIO,
BBICOKOTIPOU3BOIUTEIbHBIE (PHIIBTPHI HEPEPHIBHOTO JICUCTBUSI.

[Io cmocoby co3manus mepenaga MAaBJieHUM Ha (GUIBTPOBAIBHOMN
NEePEropoaKe pa3nnuyaroT GUILTPHI, paboTaIe nod dasienuem, U QUIbTPHI,
paboTtatomue 700 saxyymom. OunbTphl, paboTAIONINE MO TaBICHUEM, TOJKHBI
ObITh OoJiee TMPOYHBIMU M, CJIEIOBATE€bHO, 0o0Jiee TPOMO3JAKUMH U
METAJIJIOEMKUMH.

Yucno KOHCTpYyKUM QuiibTpoB oueHb Benuko. Huke OyyT paccMOTpEeHbI
HECKOJIbKO Haubosee paclpOCTpPaHEHHBIX THUIIOB (UIBTPOB HEMPEPHIBHOTO
JICHUCTBUSI.

bapabGannsiii Bakyym-puibTp (puc. 5.2) mpeactaBiser coOoi ammapar
HEMPEPBIBHOTO JEHCTBUA, paboTaro- -
UK 1101 pa3pexxeHneM. OuibTp ume-
€T TOPU3OHTAJIBHBIN TephOpUpOBaH-

HBI MeTajuimueckuii OapabaH, TO-
KPBITBIA CHApYXXH (UIBTPOBAILHOMN
TKaHblo. bapabaH BpamaeTcss BOKPYT oemm—f——
cBOeil ocu 1 Ha 1/3 TOrpyXkKeH B cyc- B 4 El [
TIEH3MI0. BHYTpEHHSS MOJNOCTh Oapa- — oo
OaHa pasjelieHa Ha psiJ U30JIUPOBaH-

HbIX cekiui. [Ipu Bpamenun Oapa-

0aHa CEKIUM TOOYEPETHO TMOJICO-
CAMHSIOTCA  JIMOO K  HUCTOYHHKY

BakyyMa, JMOO K JIMHHHM CKaTOTO
BO3/IyXa. Puc. 5.2. BapabaHHbIn BakyyM-punbTp

.

Ocabok

BuyTtpn cexumii, corpukaca-
IOIIUXCA C CYCHEH3HWeH, co3maercsd BakyyM. [Ipw 3TOM KUAKOCTh MPOXOJIUT
yepe3 GuIbTPOBAIBHYIO TKAHb BO BHYTPEHHIOIO MOJIOCTh OapabaHa U yJaaaseTcs
U3 HEro 4yepe3 JPEHaXHbIM TpyOOmpoBOA, a Ha (UIBTPYIOLIEH MMOBEPXHOCTH
oOpasyercss ocamok. Ilpu panbHeimem BpameHun OapabaHa CeKIUS
MOJACOEINHSETCA K JIMHUU CKATOro Bo3ayxa. Ocalok pa3phIXJsieTcsl, OTIEIsAETCS
OT PUIBTPYIOUIEH TKAHU U CHUMAETCs ¢ OapadaHa ¢ MOMOIIBIO HOXKaA.

bapabGannpiii BakyyM-QuiIbTp ¢ HEOOJBIION CTENEHBIO MOTPYKEHUS
OapabaHa B CyCIEH3UI0O HamOoJiee MPUTOJEH [JIsi pa3/esieHUs] CYCIEH3UH ¢
BBICOKOW KOHUEHTpAlMEd TBEPABbIX YAaCTHULl, MEJIEHHO OCEHAIOIIMUX IO
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JNIEUCTBUEM CHWJIbI TsDKECTH. [Ipy 3TOM CBOMCTBAa pa3aensieMor CyCIIEH3UU
JOJKHBI OBITh HEU3MEHHBI, MOCKOJBKY AJis 3TOro (UiIbTpa, B OTIUYHE OT
(GUIBTPOB MEPUOANYECKOTO ACUCTBUS, HEIb3S MU3MEHATh MPOIOJIKUTEIBHOCTD
OTJEJIBHBIX CTaUN MpolLiecca.

K nocromnctBam 3TOro ¢GuiabTpa, KpoMe€ HENPEPHIBHOCTH €ro JEUCTBUS,
MOXXHO  OTHECTH HAJEXKHOCTh pPabOTBI M  MPOCTOTY  OOCTY>KUBAHUS.
K HepocTaTkaM — HEOONBIIYIO MMOBEPXHOCTh (DPUIBTPO-BAHUS 1O CPABHEHUIO C
IUIOMIA/IBI0, KOTOPYIO 3aHUMAET caM (UIIbTP, U BHICOKYIO CTOUMOCTb.

JluckoBbIil BakyyM-¢unbsTp (puc. 5.3) cocrout
13 HECKOJIBKUX BEPTUKAIBHBIX JUCKOB, HACAKEHBIX
Ha TOJBbIM TOPU3OHTAIBHBIA BaJl HA HEKOTOPOM
pPacCTOSTHUM APYT OT Apyra. Kaxkaplii TUCK UMeeT C
00enx CTOPOH pU(DIIEHYIO TOBEPXHOCTh, TOKPBITYIO
(GUIbTPOBANBLHON TKaHbIO. [[MCKM modTH Hamojo- Cuaei
BUHY TIOTPYKEHBI B PE3€pByap C CYCIICH3UEH. X
BHyTpn Bana CMOHTHPOBAH pacHpEACIUTEIbHBIN
MEXaHU3M, IIOAKJIFOYAOIIU I buabTpyIOINe
AJIEMEHTHl JMO0 K BaKyyMHOW JMHHUH, JMOO K
JUHUAKA CXaToro Bo3ayxa. Korma HEKOTOpHI
CEKTOp IMCKa HAXOIUTCS B CYCIICH3UH, KAHABKU Ha
IIOBEPXHOCTH 3TOT0  CEKTOpa COEIMHEHBI C
BakyyMHOW JnuHued. Ilpu »3TOoM  dumsTpar Puc. 5.3. [IUCKOBbIIA
OPOXOAUT uepe3 (UIbTPOBAIbHYIO TKaHb U BaKyyM-hUnbTp
yAaasieTcss 4depe3 mnosiocte Bana. lIpu mepeme-

LICHUHU 3TOT'0 CEKTOPA B BEPXHIOK YACTh OH MOJCOEIUHSETCS K JIMHUU CKATOTO
Bo3ayxa. Ocalok MpU 3TOM Pa3phIXISETCS U yAalseTcsl ¢ GUIBTPOBAIBHOIM
TKaHU [IPU IIOMOILIY HOXKEM.

[Io cBOMM B3KCIUTyaTallMOHHBIM XapaKTEPUCTUKAM (PUIBTPHI ATOrO THUIA
Omu3ku  OapabGaHHBIM  BakyyM-(QWIbTpaM, OJHAKO WMEIOT 3HAYUTEIIBHO
OOJBIIYI0 TOBEPXHOCTh (PUIBTPOBAHUS M, CIEJOBATENbHO, OOJBIIYIO
IIPOU3BOAUTEIIBHOCTD IIPU TEX JKE pa3Mepax.

Kapycenbnbiii punbtp (puc. 5.4) coCTOUT U3 psAJia TOPU3OHTATBHBIX HYTY-
(GUIbTPOB, pa3MELICHHBIX 110 KPYTY BIUIOTHYIO OJIUH K APYTOMY U COE€IUHEHHbIX
THOKMMHU TIIJITAHTaMH € IIEHTPAJbHBIM  paclpeleNuTeIbHbIM yCTPONUCTBOM,
aHAJIOTUYHBIM TIPUMEHsIEMOMY B O0apaOGaHHBIX M JTUCKOBBIX GuibTpax. Kaxmabiii
HYTY-(QWIBTP MMEET B KAuyeCTBE JIOXKHOTO JHA OMOPHYI0 MEepPOPHUPOBAHHYIO
NEPETOPOJIKY, MOKPHITYIO (PHUIBTPOBAIBHOMN TKaHBIO.

IIpu nepemerieHny MO Kpyry (uibTpbl MOCIEI0BATEIBHO COECIUHSIIOTCS C
JUHMEW BaKyymMa WM CXaroro Bo3ayxa. I[lpm ymamenum ocagka ¢GuibTp
ONPOKUJIBIBAETCS, a 3aTeéM BHOBb 3aHUMaeT pabouee mnonoxeHue. K
JOCTOMHCTBAM KapyceabHOro (GuibTpa CIEAYET OTHECTH [JIMTENIbHBIA CPOK
CITY>KObI (GUITBTPOBATILHON TKAHU U3-32 OTCYTCTBHS MEXaHUUECKUX BO3JICUCTBUI
IIPU CHATHUH OCAJIKA.

Bawyum ]k T
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Cywka ocadka

DBEZBOKHBAHME
ocadka

[romMbiBKa

ocadka Buirpyska ocadka

Db TPOBEHHE

“=%f—”H#11;:;::a CYCTEHIHH

Puc. 5.4. KapycenbHbin unbTp U HyTY-OUNbTP

Jlentounslii guibTp (puc. 5.5) Takke OTHOCUTCA K BaKyyM-(uibTpam
HENpepbIBHOTO JeicTBua. OmopHas pe3WHOBas JIEHTA C OTBEPCTUAMH M
OopTamMu mepeMeniaeTcs 1Mo 3aMKHYTOMY KOHTYPY TPH ITOMOIIU MTPUBOTHOTO H
HaTsHKHOrO OapabaHoB. PuibTpoBaibHAs TKaHb B BUJIE OCCKOHEUHOM JICHTHI
MPKAMACTCSI K OTIOPHOM JICHTE C MOMOIIBIO HATSHKHBIX POJIMKOB U JIBHXKETCS
BMecTe ¢ Hel. CycneH3usl MOCTyNmaeT Ha (QUIBTPOBAIBHYIO JIEHTY W3 JIOTKA.
OwIbTpaT MO BaKyyMOM OTCACBIBACTCS B KaMephl IOJ] PE3UHOBOW JICHTOW H
yepe3 KOJUIGKTOp OTBoAMTCS B cOopHuk. Ha mnpuBomnom Oapabane
buapTpoOBaTbHAS TKaHb OTXOJHWT OT PE3WHOBOHM JIEHTH. [Ipm 3TOM ocamok
OTHENsieTCs OT TKaHUW U majaer B OyHkep. Ha myTu Mexay HaTSKHBIMU
poJIKaMu  TKaHb  MPOMBIBA€TCA  WIM  OYHUIIACTCS  MEXaHUYECKHU.
[IpeumytiecTBOM JTEHTOYHBIX (UIBTPOB SBISIOTCS MPOCTOTA KOHCTPYKIMH IO
CpPaBHEHHIO C IpyruMu (GUiIbTpamMu HempephiBHOTO nerictBus. K HemocTaTkam
CJIeTlyeT OTHECTH HEOOJBIIYI0 MOBEPXHOCTh (PMIBTPOBAHUSA IO OTHOIICHHUIO K
3aHUMaeMoOr (UIBTPOM TUIOMIAJAM M HAJWYME HEUCIOJIb3yeMbIX 30H Ha
(GUIBTPOBAILHO MEPETOPOIKE.

Cycnenzus

e

PuneTPaT +
=

Puc. 5.5. JleHTOuYHbIN hunbTp

44



5.5. UaTencuukanusa padors! GuiabTpoB

MO3KHO BBIAEJIUTH TPU OCHOBHBIX HAIIPABJICHUS UHTEHCU(PUKALMU paOOTHI
(UIBTPOB: TEXHUYECKOE, TEXHOJIOTUYECKOE U (PU3HKO-XUMHUYECKOE.

N3 ocHoBHOTO ypaBHeHUsI (PUIBTpOBaHUA (5.2) MOXHO 3aKIIOYUTH, YTO
CKOpPOCTh (pHIIbTPOBaHUS OyAET BO3pacTaTh C YBEJIMUCHUEM II€penaia JaBIcHUs
Ha (UIBTPOBAIBHON MEPETOPOAKE, YMEHBIIEHHEM BSI3KOCTH Cpelbl U
YMEHbILIEHUEM COIPOTUBIICHUH OcaiKa U (PUIbTPOBAJILHON MEPETOPOIKH.

Ilepenao oaenenus Ha @uibmposanvHol nepecopooKe TEOPETUUCCKU
MOXHO czienarh Jo0biM. [IpakTudeck k€ BO3MOMXHOCTH ATOrO IyTH MHTEH-
cupukanuu mnpoiecca (UILTPOBAaHUS BecbMa oOrpaHuueHsl. B ¢dunbtpax,
paboTaromux Mol BAKYyMOM, CPABHUTENIBHO JIETKO MOXET ObITh CO3/IaHO pa3pe-
wenue 80 klla. JlanbHeliliee yBenWuYeHHME pa3pekeHUs BIeUYEeT 3a Co0oit
HEMPONOPIUOHATILHO OBICTPOE YBETUUECHUE CIIOKHOCTH U CTOUMOCTH 000pyZ0-
Bauus. OunbTpsl, paboTaromie Mo AaBICHHEM, KOHCTPYKTHBHO 00JI€€ CIIOKHBI,
OoJiee METAIIOEMKH U TIPEHA3HAYCHBI TOJIBKO JIJISI TIEPHOAMYECKUX TIPOIIECCOB.

BO3MOXXHOCTH peryinupoBaHusl 643KOCMU Cpedbl OTPAHUYEHBl TOJIBKO
Temmnieparypoii. HarpeBath cycmeHsmio miepen (QUIBTPOBAHHEM — 3TO
OeccMbiciieHHass Tpara SHepruu. Eciom ke cycneHsus oOpasyercss B
TEXHOJIOTMUECKOM TpOLIEcCe MPHU MOBBIIIEHHON TeMIeparype, TO HE0OXOAUMO
3aLUTHTh €€ OT OXJIAXKJIEHUS 10 QUIBTPOBAHMUSL.

Conpomuénenue  QuibmposanivHoti  nepe2opooKku  3aBUCUT  OT €€
HNOPUCTOCTU M TONIIUHBL. V3MEeHEHHe MOPUCTOCTH B HEKOTOPBIX Mpenenax
NPAaKTUYECKH HE OTpaXaercs Ha CTEeNeHW OYUCTKH CTOYHBIX BOJ OT
B3BEILIEHHBIX BEILECTB, MOCKOJIbKY OCHOBHYIO POJb B Mpolecce (UiIbTpaluu
UTpaeT MopucTas CTPyKTypa ocajaka. BaxkHo nuiib o6ecieyuTs GUIbTPOBaHHE B
pexume HakoruieHus: ocanka. Iloatomy nHanbonee 3(pPEeKTHBHBIMU SIBISAHOTCS
(GuIbTpyIOIIKE NEPErOPOJKH C MEIKOIOPUCTBIM TOHKUM Hapy)XHBIM CJIOEM H
KPYTTHONIOPUCTBIM MEXaHHYECKH MPOYHBIM BHYTPEHHHUM. Takue Meperopoaku
00alal0T MUHUMAIBHBIM THJIPABIMYECKUM COIMPOTUBICHHEM MPH XOPOIIEi
¢unpTpyromeil  cnocodHoctH. Bo  BcAkoM  ciydae,  CONpPOTUBIICHHUE
(GUIBTPOBATLHON ~ TEPErOpPOAKM  HE3HAYUTENbHO TO  CPaBHEHHIO  C
COIPOTHBJIEHUEM [Ia)KE€ HEOOJBILIOIO CJIOSI OCajlka W IOITOMY HE HUIpaeT
OTIpEACIIAIONICH POJIU B IIpOLiecce PUIBTPOBAHMSL.

Conpomuenenue ocadka OUPEHENAETCS JBYMsI €r0 XapaKTepUCTHKaMHU:
yAEIbHBIM COIPOTUBICHUEM (T.€. CTPYKTYpoil) U TomuHoi. PerymupoBanue
TOJIIIMHBI CJIOSI  OCaJKa MOYKHO OCYIIECTBHTh NIPHUMEHEHHEM HEKOTOPBIX
cneuu(UUeckux TUIOB  (UIBTPOB, TaKUX KaK LEHTPOOSKHBIA WM
BUOPALMOHHBIN (PUIBTPHI.
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L{eHTpoOexKHBIHI bubTp
(puc. 5.6) cocTouT U3 BEpPTHU-
KJIBHOTO IUJMHPUIECKOTO KOP-
myca, B KOTOPOM pa3MeIIEHBI
JTUCKOBbIE  (DUIBTPYIOIIHME DJie-
MEHTBI, AQHAJIOTUYHbIC DJIEMECH-
TaM JHUCKOBOTO (HIIBTpa, HO C
OJHOW paboueld IOBEPXHOCTHIO.
Jluckn  HacaxkeHel Ha  Bpa-

ill'

Ocanok PUMETRET raromuiics moasii Bas. CycreH-
3Usl NIOAAETCSA 4Yepe3 OTBEPCTHS
Puc. 5.6. LieHTpobexHbI chmnbTp BaJIa HA BHYTPEHHUM Kpail JTUCKA.

QOunbTpar  NPOXOAUT  4YEpe3
(GUIBTPYIONIYI0 TKaHh BO BHYTPEHHIOIO IMOJIOCTh JUCKA M YJAISIETCA U3 HEE C
NOMOIIBI0 Bakyyma. HakamnmuBarommuiicss ocalok MOJ JEHCTBUEM LIEHTPO-
OEXHOM CWJIbI CIOJI3a€T K BHEIIHEMY Kpalo JUcKa M cOpachIBaeTcsl C HEro, a
3aTeM yAalseTcs U3 Koplyca anmapara. Takoil ¢uibTp mo3BosiseT paboTaTh C
TOHKUMH CJIOSIMH OCaJIKa U 00€CTIEYNBAET BBICOKYIO CKOPOCTh (PMIIBTPOBAHUSL.

BuOpauuonHblii GUIBTp OTIMYAETCA TEM, YTO CYCIIEH3MsI MOJAETCs IOA
(GUIBTPOBAIBHYIO HEPETOPOJIKY, PACIIONIOKEHHYIO TOPH30HTaIbHO. DMiIbTpar
10J1 ACMCTBUEM BaKyyMa MPOXOJUT CKBO3b MOPHI MEPErOpoOJKU CHU3Y BBEPX, a
0CaJIOK TEPUOJUYECKH WM HENPEPBHIBHO CTPSAXUBACTCS C MEPErOPOAKH U
OITyCKaeTCs Ha THO allapara.

Yoenvnoe conpomuenenue ocaoka onpenensercs €ro CTPYKTYpol W,
CJIEIOBATENbHO, CTPYKTYpPOH CYCIEH3MM — B MEPBYIO OYEpPEIb pa3MepaMu U
dopmoii ee yactuu. CTPYKTYpOil CyCIEH3UH MOXKHO YIPAaBISATh KaK Ha CTaIUH
ee o0Opa3zoBaHUs, M3MEHsS TEeMIlepaTypy, KOHIICHTpAI[MH pPEareHTOB, WHTEH-
CHUBHOCTb TME€PEMEIIMBAaHUSA U Jp. MapaMeTpbl, TaK © TOCIe TOIyYeHUS
CYyCIIeH31H, T00aBICHNEM K HEH arperupyronrX U BCIIOMOTaTeIbHBIX BEIIECTB.

OdeHp YacTO IpPU PEAreHTHOM OCAXKACHUM IpUMECEN 00pa3yroTcs He
KOMIIaKTHBIE OCAJIKH, & YCTONUMBBIE TUCIIEPCHBIE CUCTEMBI C pa3MepaMH YacTHI
nuctiepcHor ¢aszel or 1 10 100 HM, Ha3bIBaeMble 304MU WIA KOJIOUOHBIMU
pacmeopamu. YCTOWYMBOCTh 3THUX CHUCTEM OOBSACHSAETCS OOpa3oBaHUWEM Ha
MOBEPXHOCTH YaCTHUIl JIBOMHOTO JJIEKTPUYECKOIO CJIOsl, COCTOSILIEro W3
IPOCTPAHCTBEHHO pPAa3/ICJICHHBIX IOJOKUTEJIBHBIX W OTPHUIATEIBHBIX HOHOB.
Hanuuue Takoro ciosi mpensTcTBYeT COMMKEHUIO YAaCTUIl U UX KOAryJsiud B
0oJee KpyIHbIEe YaCTHULIBI.

JIBOIHOM 31EKTPUYECKUI CIIOM COCTOUT U3 aACOPOIMOHHON U TU(PPy3HON
yacTteld. AAcopOLMOHHAsI YacTh MPOYHO CBs3aHa ¢ yactuuei 3oms. duddysnas
9acTh TOJBUXKHA, U €€ pa3Mepsl  GopMa MOTYT U3MEHSITHCS B 3aBUCUMOCTH OT
COCTaBa W KOHIEHTpalUW dJekTponuTta. [Ipy yBenTWYeHMHM KOHIIEHTpAIMH H
3apsA/ia MOHOB JJIEKTPOJIUTA MPOUCXOAUT CkaThe MU(Py3HOW YacTh ABOMHOTO
ANIEKTPUIECKOTO CJIOS U YMEHBIIICHHE CHJI OTTAIIKMBAHUS YacThil. B pe3ynbrarte
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YaCTHIIBI TIOJTyYAF0T BO3MOXKHOCTh COJMKCHUS M COCTMHECHHS B 0OJiee KPYITHBIE
arioMeparbl. DTOT TPOIECC HA3BIBACTCS Koaeyisyuell 30J€H, a BEIIeCTBa,
BBI3BIBAIOIIME KOATYJALMIO, — Koa2yiaumamu. Koarynupytomas cuia
AIICKTPOJUTA MPOIOPIIMOHANIEHA 3apsily MOHA, BHI3BIBAIOIICTO KOATYJISAIUIO, B
mectoil crenenu. [lodToMy B KauecTBe KOaryJjasHTOB HauOoyiee dYacTo
MIPUMCHSIIOT PACTBOPHUMBIC COJIM TMOJUBAICHTHBIX MeTamuioB (FeCly, AL(SO4);
U JIp.) WIN TIOJIMBAJICHTHBIE OPTaHUYECKHUEe HOHBI.

Kpome koarynssHTOB B CYCHEH3MIO HEPEIKO T00aBISIOT BEIIECTBA,
CIIOCOOCTBYIOIIME  CIUIMAHUIO  arperaTUBHO  HCYCTOMYMBBIX  YaCTHII,
00pa30BaBIIUXCS B PE3yJbTaTe KOAryislluh, YTO B emle OOJbIIeld CTEleHH
CIIOCOOCTBYET  YKPYMHEHHIO  YacTWIl.  [aKue  BEIIeCTBA  HA3BIBAIOT
Gnoxyranmamu. Haubonee pacnpoCTpaHEHHBIMU (QIOKYISHTAMU SBISIOTCS
MOJIMAKPWIIAMUAT, W aKTHBUPOBAHHAs KPEMHHEBAas KHCIOTa, TOJTydaeMast
JNIEUCTBUEM CEPHOM KUCJIOTHI HA CUJIMKAT HATPHSL.

6. ®JIOTAIIMOHHASA OYUCTKA
6.1. ®uoranus

JIIS  OYMCTKM TIPOM3BOACTBEHHBIX CTOYHBIX BOJ OT HEPTEIPOIYKTOB,
Maces, TBEP/AbIX B3BEHIEHHBIX YAaCTHI[, B YACTHOCTH M30BITOYHOTO AKTHBHOTO
uia, IPUMEHSIOT (IIOTAIUIO.

@nomayus — ITO CNOCOO MEXaHWYECKOTO pa3/IeJIeHUs AMYIbCHUA H
CYCIICH3UH, OCHOBaHHBIM HA HAKOIUIEHUM YaCTHIl OTJEISEMOro BEIIeCTBa Ha
MTOBEPXHOCTH pazzena a3 ra3 (Bo3mayx) — KUIKOCTh.

OTO0 sIBJIEHUE MOXET OBITH CAMONPOU3BOJIBHBIM 711 THAPOPOOHBIX YaCTHI]
W BBI3BAaHHBIM MCKYCCTBEHHO I THAPO(PUIBHBIX YaCTHIT 3a CUET 00paboTKu
CYyCTIEH3WHW WM OMYJbCHUH CIEIUAIbHBIMA BEHIECTBAMHU, HAa3bIBAEMBIMHU
npomomopamy Ui Koanexmopamuy. Monexkysbl IpOMOTOPOB UMEIOT MOJISIPHBIE
IPYIIbI, CIOCOOHBIE aJCOPOMPOBATHCS Ha MOBEPXHOCTH TBEPIBIX YaCTHII,
¥ HETIOJSIPHBIE YTJIEBOAOPOIHBIC PAAMKAIbI, PUIAIOIINE TOBEPXHOCTH YACTHII
rupodoOHbIe CcBOMCTBA. B KauecTBe MNPOMOTOPOB MCHOJB3YIOT SKUPHBIE
kuciioThl R-COOH n ux HatpueBble coiid (Mbl1a) R—COONa, XxupHbIE aMUHBI
R-NH, n wux comu R—NH; CI', cympoxuciorsl R—SO;H, mutnodocdarsl
(R-O-),P(S)S—Na.

VY aanenue 3arps3HSIONIMX BEIIECTB M3 CTOYHBIX BOJ MpHU (PIOTAIIMOHHON
OYHCTKE TPOUCXOJIUT B BUE MeHbI. [IJIsi mpuiaHus MeHe YCTOMYMBOCTH HCTIONb-
3YIOT neHoobpazosamenu. B xauecTBe MeHOOOPA3yOIUX BEIIECTB MPUMEHSIOT
amgatuaeckue crupThl Cs—Cg, TTOTMOIBI (MPOMMICHTIIMKOIb) ¥ UX TTPOU3BOIHBIE.

NuHorga Kk cycneH3uu J00ABIAIOT MoOuguxamopsvl, yIydllaoline
a7IcOpOIUIO KOJJIEKTOPOB Ha YacTUIAX CYCIEH3UH, peeynamopsl pH (U3BeCTb,
KayCTUYeCcKass COJa, CepHas KHCJIOTa), [AUCTIEPTUPYIOIIUE AareHThl WIH
Ode@noxkynamopel, TPENATCTBYIOUIUE CIUIAHUIO YacTUIl CYCHEH3uu B Ooiee
KpPYIHBIE arperaThbl.
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6.2. DaoTaliMOHHBIE MAIINHBI

DddexTuBHOCTD GIOTAUKA ONPEACIACTCS CTCICHBIO JTUCIICPTUPOBAHMS
ra3a B KHUIKOCTH.

B npocreiitem ciaydae BO3AyX pacnpelessieTcsi Mpy MOMOIIM TOPUCTON
nuadparmel co ckopoctsio 0T 0,03 mo 0,08 M’/(M*c). B kadectBe muadparmsl
UCIOJIb3YETCSI MHOTOCJIOMHBIN XOJICT WK 1ep()OpUpOBAHHBIA PE3UHOBBIN JIHCT
TOMIMHOW 2 — 4 MM ¢ uucioMm otBepctuit g0 30 Ha cM’ IIpU TUAMETPE
orBepctuii 1 - 1,5 MMm. Dh(HEKTUBHOCTH TAaKUX anmapaToB HE BHICOKA.

bonee  BeicOKOUW 3 deKTHB- -

HOCTBIO  Xapaktepusytorcs (dioTta- Boadyx
ITMOHHBIC MAIIMHBl C MEXaHUYCCKUM 3o
JTUCTIIEprupoBaHueM Bo3ayxa (puc. 6.1).
Jna  3TOM  menmM  MCHOJIB3YHOTCS
BBICOKOCKOPOCTHBIC ~ MEIIAJIKHA  CIIe-
ITUATHFHOW KOHCTPYKIIMH, HAa3bIBACMbBIC
UMneniepamu.

[Tynbna 3acachIBaeTCs BO
Bpamaronuiics porop cHuzy. OmHo-

Mena

Myasna
BPEMCHHO B BCPXHIOIO YaCTh poTOpa OceETAEHHaR |

3aCaChIBAETCS BO3AYX U CMENINBACTCA KHAKOCTL

C HMyJbION B CPEAHCH HacTH POTOPA. Puc. 6.1. dnotatop ¢ MeEXaHUYECKNM

A3pI/Ip0BaHHaﬂ ITyJbIIa BI)I6paCI>I- AncneprmpoBaHMeM Bo3gyxa
BaCTCA M3 POTOpa ]_IeHTp06e)KHOﬁ

cuioi. BOkpyr poTtopa HEMOABMIKHO 3aKpEIUIEHA CTATOPHAs pelIeTKa, MPOXOIs
CKBO3b KOTOPYIO BO3AYyX pa30OMBaeTcs Ha Menbyaiinue my3blpbku. Croil meHsl
NOJIHUMAETCSI B BEPXHIOKO 4YacTh almapara W YJAIseTcsi U3 HEro IMeperuBOM
yepes Kpau.

O} PpexTuBHBIM CIOCOOOM HACHIILIEHUS BOJBI BO3IYXOM SIBISETCS CTpyHHAas
asparust (puc. 6.2). Aspaiusi OCYHIECTBISCTCS TPU NPOHUKHOBEHUHU 4Yepe3
MOBEPXHOCTh KUJKOCTH C BBICOKON CKOPOCTHIO HE3ATOIUVIEHHON CTPYU TOU Ke
#Kuakocth. [Ipu 3TOM NPOUCXONUT 3aXBaT BO3AYyXa U €ro JAUCIEPTUPOBAHUE HA
MEJIKHE Iy3bIpU MPHU 3aTOIJIEHUU CTPYH, T.€. IPU CIUSHHUHU CTPYH C OCHOBHOM
Maccou XKUIAKOCTH. BenuuwHa aj’panuu ompenensercss B NEPBYIO OYEpenb
CKOPOCTBIO JIBUOKEHMS CTPYH KUJIKOCTH U JUIMHOW HE3aTOIJIEHHOM YacTh CTPYH.

Kackag ¢mnoraTopoB co cTpyiiHON al’pamueil MoxeT padoTaTh B HEMpe-
PBIBHOM pEKHMME. A3paliusi OCyIIECTBIsIeTCSI 000poTHOM Boaoi. IleHy ynanstoT
U3 KOKI0U (PIIoTalMOHHON KaMephl B 00U CIIMBHOM keno0. st yinydiieHus
OTJEJICHUS TEHbl a3pUPYIOIIME CTPYH HAIPaBJISIOT HE BEPTUKAJIbHO, a IOJ
yriiom 7 — 15° B CTOpOHY, IPOTHBOIOIOKHYIO CITUBHBIM JKET00aM.
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Mema (

|
OcBETAEHHAR —)Eﬁ 4@
AMDKOCTH DceeETnEHHAR

NMyaena XHOIKDCTE

& el

Puc. 6.2. dnotatopbl CO CTPyMHOM aspaumen:
a — nepnogunyeckoro; 6 — HenpepbIBHOIO AENCTBUSA

Bmecte ¢ meHoil yacTUYHO CiMBaeTcs ouuiiaemas Boja. [loatomy neHa,
BBIXOJISIIIIast U3 pIoTaTopa, MOCTynaeT B OTCTOMHUK. OTAenuBIIasCsS BOJAa BHOBb
BO3BpaIaeTCsl BO (hJIOTAIIMOHHYIO YCTAaHOBKY.

dnoratopel  cO  CTPYWHOM  a’pamuei  Oosiee  KOMIIAKTHBI U
IPOU3BOIMTENBHBI 110 CPABHEHHUIO C MeXaHuueckumu Quoratopamu. OHU He
UMEIOT JIBUKYIIMXCS YacTed, MO3TOMY HaAEKHEE B AKCIUIyaTallud W IMPOUIE B
00CITyKUBaHUH.

OdyeHb TOHKasi JUCHIEPCHs My3BIPHKOB Ta3a B KUIKOCTH oOpasyeTcsi Mmpu
BBIJICJICHUU T'a3a U3 NEPECHIIEHHOTO PacTBOPA.

Ha mpuHnune BbIfelIeHHs Ta3a OCHOBAHBI JBa THUIA alllapaToB IMEHHOU
dnotaiuu. B ogHOM mpenBapUTENIbHO a3pUpOBaHHAs (HACHIIIEHHAS] BO3yXOM
npu atrMochepHOM [JaBJICHWUU) CYCIEH3Us BCIICHUBACTCSI IMOJI BO3JICUCTBHEM
Bakyyma. B Apyrom cycrneH3usi HachIIIaeTCs BO3AYyXOM MpPH AABJIECHUU BBIIIC
aTMoc(epHOro, a 3aTeM BCIEHUBACTCS B Kamepe, paboTawIied Mmpu armoc-

dbepHoMm naBiieHuu. Takue
dbaoTaTopbl MOJTYYUIIN
P Ha3BaHHUE HATIOPHBIX.

Ha stom xe npuH-
IIMIIe OCHOBaHa paboTa
KOMOMHUPOBAHHBIX (JIO-
TalMOHHBIX  OCAJUTENb-
HbIX anmapaTroB, 4YacTo
UCIIOIb3YEMbIX JJIA MPe-
BApUTEIbHOU 00pabOTKH
CTOUYHBIX BOJ (puc. 6.3).

[Mema

DcEETAELHAR

EHOKOCTh

Mynena
hm—

Pwuc. 6.3. ®rioTauMoHHbIN OTCTONMHUK
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KoHcTpykiuss  anmapatra  HallOMHUHA€T  KOHCTPYKIHMIO — TpeOKOBOTO
OTCTOMHMKA. AmmapaT TMpeACTaBiseT co0OW MWIMHAPUYECKYI0 €MKOCTh
nuameTpoM oT 1,8 10 12 M ¢ rpeOKOBBIM MeXaHU3MOM. McxoaHasi CcycrneH3us
MIpeABAPUTEIHLHO HACBIIIACTCS BO3IYyXOM IPU M30BITOYHOM JABJICHUU OKOJIO 2
atMocdep M MoJIaeTCsl B OTCTOMHUK HMDXKE YPOBHS KUAKOCTU. [Ipu cHUXkeHUU
JaBjieHus: 10 arMocdepHOro (IUII0C HEKOTOPOE THUAPOCTATHYECKOE JIaBJIICHUE
CJOSl JKMAKOCTH) W3 CYCIIEH3UMH BBIACISAETCS Macca MEJKUX ITY3bIPhKOB,
BBIHOCSIIIUX  YaCTHUIIBl  OTJAEISEMOTO  BEIIeCTBa BBEPX, OTKyJa OHH
HaIPaBIIAIOTCS B IEHOOTBOIHBIN kel00. TspKenble YacTHIBI OCaXIAIOTCS Ha
JTHO, KaK B OOBIYHOM OCaJuTeNe W YAAISIIOTCS M3 HIDKHEH YacTH arapara B
BUJIC€ MJIaMa. Amnmnaparbl TaKOrO THIA WCHOJIB3YIOTCS, B YaCTHOCTH, MJIs
OTJCJICHUS KHPA OT CTOYHBIX BOJ MPEANPUSTANA MACHOM MPOMBIINUICHHOCTH,
I oTAeneHuss HedTH  OT  cOpachlBaeMbIX  BOJ  HEe(PTEOUMCTHBIMH
OpEANPUATUIMH, B IEJUTIOJI03HON U OyMaKHON MPOMBIILIEHHOCTH.

7. IMCIIEPCUOHHBINA AHAJIN3 CYCIIEH3U

[{enbro IMCIIEPCUOHHOTO aHAIU3a SIBJSETCS OIpeleleHue (PpaklmOHHOTO
coctaBa cycrneH3uil. MHbIMH cioBamM, NHUCIEPCUOHHBIM AaHAIU3 I03BOJISET
OTBETUTH Ha BOIIPOCHI:

— KakKoBa IOJIMJIUCIIEPCHOCTh CHCTEMBI, T.€. KaKOBBI pPa3MEPBI CaMbIX
MEJKUX U CaMbIX KPYIHBIX YaCTHII;

— YaCTUI] KaKOTo pa3mepa 00JIbIlle BCErO COJIEPIKUTCS B CYCIICH3HH;

— KaxkoBO IIPOLICHTHOE COJAEpPXAaHUE YACTHUIl B 3aJaHHBIX HHTEpBaJIAX
pa3MepoB.

OcCHOBHOI1 3ajaueil JAUCIEPCUOHHOIO aHAIM3a SIBJIAETCA IOJYyYEHUE TaK
Ha3bIBaeMOU (DYHKIIUU pacIipeieIeHHs

40
dr’

rae QO — coJiepKaHue B CYCIIEH3UH YaCTHI] pajinyca 7.
3Hasi aHATUTUYECKOE WU Tpaduueckoe BeIpaKeHUE 3TON (DYHKIIMH, MOYKHO
OTBETUTH HA MOCTABJIICHHBIE BBIIIE BOIPOCHL.

7.1. CenMMeHTAITHOHHBIN aHAJIN3

[IpocreiiiuM METOAOM JHCIIEPCUOHHOTO aHaJIu3a SIBISETCS HaOII0JEHUE
3a CKOPOCTBIO OC@XIEHHUS YacTUI] TBEepAOH (a3pl U3 CYCIEH3UH B
IPaBUTALlMOHHOM II0JI€. DTOT HPOLECC HA3BIBAKOT ceouMeHmayueu, a METOJ
NOJIydeHHs] (PYHKUMU paclpeiesieHuss ¢ TOMOILIbI0 CEIUMEHTAlud —
CeOUMEHMAYUOHHBIM AHATUZOM.

B HauvanbHBIE MOMEHT JucnepcHas ¢asza pacmpeneieHa B 00beMe
XKUJKOCTH PAaBHOMEPHO. YacTHUIBI CyCIIEH3MM B 3aBUCHMOCTH OT UX pasMmepa
OCENAal0T Ha JHO COCyJa C PAa3HOM CKOPOCTBIO: KPYIIHBIE YAaCTHULBI OCENAOT
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obIcTpee, a MeJakue — MeqjieHHee. Ho Menkue 4acTulbl, HaXoAsuecs BOIU3U
JHA COCyJia, OCSAyT ObICTpee, YyeM KPYMHBbIC, HAXOJSAIIUECs y TMOBEPXHOCTH
KUJIKOCTU. B pesynbTare Ha nHE OyayT OJHOBPEMEHHO COOMPATHCS YaCTHUIIbI
Bcex pazMepoB. OHAKO Yepe3 HEKOTOPOe BpeMsl HEOOXOAMMO, YTOOBI YaCTHIIhI
ONPEJICTICHHOr0 pa3Mepa MPOULIM MyTh OT IMOBEPXHOCTH >KUIAKOCTH JI0 JIHA
COCyJla, YacTHI[ 3TOr0 pa3Mepa B CYCIICH3MM YK€ He Oyner. OTh u Oosee
KPYIHBIE YaCTHUIIBl HAIEJO BBIMAAYT B 0cagok. O4YEeBUIHO, YTO CKOPOCTH
HAKOIUICHUSI OCaJIka Ha JIHE COCYyJla MAaKCUMaJIbHAa B HAYaJbHbIA MOMEHT
BPEMECHHM M C TCUYCHHEM BpPEMEHH IIOCTCTIICHHO CHIDKaeTcs. I 'paduueckas
3aBUCUMOCTh MACChl OCajJika OT BPEMEHHM OCAXJCHHUS Ha3bIBACTCSI KpPUBOLU
ceoumMeHmayuu.

TunuuHass KpyuBas CEAUMEHTALIMM UMEET BUJ, MOKA3aHHBIM HA puc. 7.1, u
XOPOILIO OMHUCHIBAECTCS SMIIUPUYECKUM YPABHEHHEM

0-0,——

4t

(7.1)

KoHcTanTa 3TOro ypaBHEHHUs
Q,, mpeacTaBiIseT co0O0# mpene,
K KOTOPOMY CTPEMHTCS 3HAUYCHHE
Q . QO npu YyBEIMYCHHH BpPEMCHHU
OCAXKJICHHUS JO OCCKOHEYHOCTH.

= KoHcraHTy ¢y Ha3bIBAIOT 1OI08UH-
%Qm 1- 2=Qm t HbIM  8peMeHeM CeOUuMeHmayuu,
Qg L+t nockonbky QO = 0,50, ipu t = t,
TO €CThb B MOMEHT {3 Ha JOHO
; i; cocyzia ocsiAeT IOJIOBHUHA CYCIICH-

0]

3UH.

Puc. 7.1. KpuBas cegumeHTaumnm

7.1.1. MHTerpanbHas KpuBas pacpeacicHus

CKOpOCTI) OCaXKXICHUA CYCIICH3UU B 000 MOMEHT BPCMCHHU MOJKCT OBITH
Haﬁ)IGHa KaK TAaHI'CHC YIJIa HaKJIOHA KacaTeJIbHOM K KpHBOf'I CCAMMCHTalIu
B ,HaHHBIﬁ MOMCHT BPpECMCHH:

dQ _0-0,
dt r

duznuecknii cMbIcT () B 3TOM YpPaBHEHUH — KOJIMYECTBO HAIICJIO BBHITIABIITUX
YaCTHI] CYCIICH3UU K MOMEHTY BPEMCHH £.
[IpencraBum ypaBHeHue (7.2) B BUae

Qy=0——t. (7.3)

(7.2)
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[Iponuddepenuupyem ypaBHeHre cenumerTanuu (7.1) mo BpeMeHu:

a9 _
dt _Qm

-t _ 5 L 74
(t+2,) ~"(t+t,) (7.4)

[TogcraBuM moMydeHHOE BBIPAKEHHE W BbIpakeHHe Mia Q W3 ypaBHCHHS
cequMmenTanyu (7.1) B ypaBHeHue kacarenbHou (7.3):

t t

0t
t+t, " (t+2,)

QO :Qm

U TI0ciie TpeoOpa3zoBaHui MOITYyIUM

0, =0, oty it 0, (LT . (7.5)

(t+t,) t+1,

Bocnonb3yemcss  ypaBHEHHEM  OCaXICHHUS  CEPUUCCKOM  YACTHIIBI
B I'PABUTALIMOHHOM I10JI€
4 5
37 (0, =P g =67
U, BBIPA3UB CKOPOCTh OCAXJEHUS 4Yepe3 BBICOTY M BpeMsi ocaxkacHus u = h/t,
HaiiIeM BpeMsi OCaXKJICHUS
_ 18nh i 1
4r*Apg P
3amMeHMB B TIOJIydeHHOM paHee ypaBHenmu (7.5) ¢ u 1t Ha
2 2
NPOMOPIMOHANIbHBIE WM 3HaueHuss 1/7° u 1/ry°, TONydYuM aHaJIUTUYECKOE
BBIpQKCHUE UHMESPANIbHOU KPUBOU PACHDeOeNeHUs:

2

7.1.2. Iuddepennmanpuas kpuBas pacnpeaeacHus

Jns  HaxoxaeHus — auddepeHimanbHOM — KPUBOM  pacrpeieseHuUst
npoauddepeHnrpyeM MorydeHHoe Beipaxkenue (7.6) mo paauycy

d i~ —2rr}

F= a0 _ 20, —— 0

2, 2
dr ro 47y (r2+r02

=40, 1 (7.7)
) (- +77)

re+r,

3HaK «—» B 3TOM YpPaBHEHUU HE UMEET (PU3MUECKOr0 CMbICIIA U IIOTOMY OIMYIIEH.
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VYpaBuenuss unterpansHoit (7.6) u muddepenunansHoil (7.7) KpUBBIX
pacnpeneseHusl coiepaT MOCTOSHHbIE BETUYUHBI (,, U ¥y U MEPEMEHHYIO 7.
OueBuAHO, YTO 00€ KOHCTAHTHI HE 3aBUCAT OT YCJIOBUU ONBbITA U CBSA3aHbBI
TOJIBKO C TUCIIEPCUOHHBIMUA OCOOEHHOCTSIMU CYCIIEH3HU.

7.2. AHa/IU3 KPUBBIX pacnpeaeeHust
7.2.1. HaumeHbIIuii pa3Mep 4acTUl] CyCIICH3UU

N3 unTEerpanbHoi KpuBOil pacnpenenenus (7.6) cieayer, 4To Mpu MOJIHOM
OCAXKJIEHUW YaCTUIl C MHUHHUMAIBHBIMUA pPa3MEpPaMH 7, 3HaueHue (Jy Oynaer

PaBHO CAMHUIIC:

2
2

_
2 2

rmin + 7 0

1=0,

OTtcroia JerkO BbIPa3UTh MHUHUMAIBHBIA pa3Mep 4YacCTHUll, COACPKAIIUXCS

B cycneH3uuk
Pmin :\/”02@_’”02 :’”o\/@_l-

7.2.2. Hanbosee BepOsITHBIN pa3Mep 4acTHI] CyCIIEH3UU

HaubGonee BeposTHBI pa3Mep dYacTHIl B CYCIIEH3MH HaXOAHUTCS
i depeHIIUpOBaHUEeM ypaBHEHUs audQepeHInanbHOl KPUBOW pacrpeie-
nenwst (7.7) Mo paguycy v MIpUpaBHUBAHUEM IOJYICHHOHN MPOW3BOIHON HYIIO:
dF/dr=0 P ¥ = T,

2, 2 2, 2V
ccz’l_i’ 40, (ro +7,; )E : 3r(7;0)6+ v ) 2r

2 2
v, +r —6r
=40 1 0( " .

2 ¥
r0+rH)

7o =5r2=0;

7.2.3. HauGomnpiuit pa3mep 4acTull CyCleH3UN

HauGonbmuii pasmep YacTHI] CYCIIEH3UH MOXET OBITh ONpEenesieH u3

yCIIOBUS
F(r,) >> F(rma) wma F(rm)/ F(r,) <</ 1. (7.8)

Jns mpaktuueckux uenel ycinosue (7.8) ¢ AOCTaTOYHOM CTENEHbIO TOYHOCTH
MOXHO 3aMEHUTH Ha YCJIOBUE

F(rmax)/ F(r,) =0,01.
JlanpHENIINIA aHATU3 3TOTO COOTHOILICHUS IPUBOAUT K PE3YJIbTATY:

Vmax ~ 37"().
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7.3. Haxox/aeHue KOHCTAHT YPaBHEHHS CeIMMECHTALMU

[IpuBenem ypaBHeHue KpuBoM cenuMeHntauuu (7.1) K JNUHEHHOMY BUAY.
JIist 3TOr0 TOMEHsSIEeM MECTaMHU YHUCIUTENb M 3HaAMEHATelb U YMHOXHM 00€
4aCTH ypaBHEHUs HA [

o
Qm

[TomyyenHOe ypaBHEHHUE TIPENI-
CTaBJIsieT COOOM MpsSMYyI0 JIMHUIO B
KoopauHatax f— t/Q (puc. 7.2), orce-
KAaloIIyI0 Ha OCH OpJUHAT OTPE30K,
paBHbIi #)/(Q,,, TAHTEHC yIJIa HaKJIOHA

KoTopoi paBeH 1/0,,.
Takum o00pa3oM, MOCTPOUB 10
a tg.5u=1_ HKCIEPUMEHTAIbHBIM JaHHBIM 3aBUCH-
th i MocTu (J(f) TMHEapU30BAHHYIO KPUBYIO
Qrn CeIMMEHTAIlMN, HAXOIAT YHCIICHHBIC
i 3HayeHust O, ¥ fy U, BHIYUCIUB 3HaYe-
HUE KOHCTaHTHl ypaBHeHus CrTokca £,
Puc. 7.2. HaxoxaeHne ko3tOPULMEHTOB  pacCUMTHIBAIOT 3HAYEHHE KOHCTAHTHI 7.
ypaBHeHUs ceiMeHTaliu [Tocie 3TOro CTPOST HUHTETPATbHYIO W

L
0 9,

|

muddepeHIrnanbHy0 KpUBbIE pacipe-
JEeJICHUSL.

8. AICOPBIIUS

Aocopbyueti Ha3bIBAIOT KOHILIEHTPUPOBAHHE PACTBOPEHHOTO BEIIECTBA Ha
rpaHuIle pasfena >KUAKOW u TBepaor Qa3 (pacTtBopa W adcopbenma).
Paznuuarotr ¢usznueckyro U XUMHUYECKYIO afcopOuuio win xemocopouuro. [Tpu
@usuyeckotl adcopbyuu ancopoupyemMoe BEIeCTBO (adcopomus i adcopbam)
HE B3aMMOJICHCTBYET XMMHYECKH C aJCOPOCHTOM. XemocopoOyusi COTMPOBOXK-
naetrcsi oOpa3oBaHHWE XHMHYECKOTO COEIWHEHHUs ajcopOara ¢ ajacopOEHTOM.
®dusnueckas ajgcopouus ooparuma. OOpaTHBIN MPOLIECC HA3BIBAETCS AECOPOLIUEH.

AncopOImoHHass OYHMCTKAa IIMPOKO TPUMEHSICTCS IS yIaJICHUS
pPacCTBOPUMBIX OpPTaHUYECKUX BEMIECTB W3 CTOYHBIX BOJ TPEANPHSITHIMA
LEJUTIOJI03HO-0yMaKHOM, XUMHUYECKOM, HEPYTEXMMHUYECKON, TEKCTUILHONW W
OpPYruX OTpaciell MPOMBIIUIEHHOCTH. Meton mpoct, d3(p¢GeKTHBeH U
CPaBHUTEIIBHO JICIIICB.

8.1. AncopOumnoHHoe paBHOBecHe

KonuuecTBo BemiecTBa, MOTJIOMIEHHOTO aJCOPOEHTOM IMPHU JIOCTHUKEHUHU
paBHOBecHUs, ABJISETCS (YHKIIMEH KOHIIEHTPAIMU ITOTO BEIIECTBA B PACTBOPE
u Temneparypsl. KonnuecTBo agcopOupoBaHHOTO BEIIECTBA MPUHATO BHIPAXKATH
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cmenenbro 3anoaHenus: nogepxHocmu O ancopbeHTa 3TuM BemecTBOM. CTEneHb
3aMOJIHEHUSI TIOBEPXHOCTH paBHA €AWHUIIE TPU MOHOCIOWHOM TMOKPBITUH
MOBEPXHOCTH  aJIcOpOEHTAa  MOJIEKYJIaMH  aJICOPOMPOBAaHHOTIO  BEIECTBA.
3aBHCHUMOCTh

® :ﬂcr)t:const
IIPH TOCTOSHHOM TEMIIEPAType HA3BIBAIOT U30MepMOll adcopoyuu.

8.1.1. Teopus JIrurmropa

B ocHoBy Teopuu JIsHrMIOpa MOJI0KEHBI CIEAYIONINE JOMYIICHUS:

* TOBEPXHOCTh TBEPAOTO TeJla COCTOUT U3 OTIEIbHBIX YYaCTKOB
(amcopOIMOHHBIX LIEHTPOB);

* BCE AaJCOpPOITMOHHBIC IICHTPHl PABHOJOCTYIHBI M OHEPreTUYECKU
OJTHOPOTHBI,

* CBOMCTBa Ka)XJI0TO aJICOPOIIMOHHOTO LIEHTPA HE 3aBUCSIT OT COCTOSIHUS
COCEIIHUX C HAM IICHTPOB;

* ancopOar MOJUUHSIETCS 3aKOHAM WJIEaIbHOTO Ta3a, T.€. €r0 MOJICKYJIBI He
B3aWMOJICHCTBYIOT JPYT C APYTOM HH B PaCTBOPE, HU B aJICOPOIIMOHHOM CIIOE;

* Ha OJHOM aJCOPOIMOHHOM IIEHTPE MOXKET aJCcOpOMPOBATHCS TOJBKO
OJlHa MoOJleKyJia ajcopOara, T.e. MPOIECC MPOUCXOAUT 10 0Opa3OBaHUS
a1COPOLIMOHHOTO MOHOCIIOSI.

CKOpoCTh aJcopOIMy MPOTOPIIMOHANIBHA JI0JI€ CBOOOJHOM ITOBEPXHOCTH
(1 - ®) u koHILIEHTpaIUK azcopdaTa B pacTBOPE C:

Waoe = kadc(l - @)C

CkopocTh  JecopOIMu  MPOMOPIMOHAIbHA JIOJE TMOBEPXHOCTH, 3aHATOU
abcopbaToM:
Woec = k()ecG)-

[Ipu paBHOBeCHMU CKOpPOCTH ajcopOuuu u jgecopOumu paBHbI. [IpupaBHsB
MPaBbI€ YACTU MPHUBEIACHHBIX BBIIIC YPABHEHUU M BBIPA3UB W3 IOJYYEHHOIO
PaBEHCTBA CTENEHD 3aMOJHEHUS IOBEPXHOCTH, MOTYYUM U30TEpMYy JI3HrMIopa

k,.c kc

@ — —
k,c+k,, 1+kc’

(8.1)

rac k= kaéc/ kéec-

HpI/I HHU3KHX KOHOCHTpAIUAX ke << 1 n YPaBHCHHUC HC—)HFM}Opa (81)
MNePexXoaUT B YPABHCHHC FCHpI/I ® = kc.

B cilydac KOHKypeHTHOﬁ a,I[COp6HHI/I, Inpu KOTOpOﬁ Ha IIOBCPXHOCTH
anc0p6eHTa IMPOUCXOOUT OAHOBPCMCHHAA aﬂcop6u1/151 HECKOJIBbKHUX BCIICCTB,
YPaBHCHHC HaHeropa HpH06peTaeT BHU

ke,
: 1+> ke,
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[Ipu anmcopOuy M3 BOAHBIX PACTBOPOB CJENyeT YYUTHIBATH €IIe OTHO
00CTOATENHCTBO. MOJIEKYJIBI PACTBOPEHHOTO BEIECTBA HAXOMSTCS B THIpPATH-
POBAaHHOM COCTOSTHUH, T.€. OKPY)XEHbI OOOJIOYKOW U3 OpPHUEHTHUPOBAHHBIX
OlpeneNeHHBIM 00pa3oM MoJiekyn Bonbl. [lpum agcopOumu MPOUCXOTUT
paspylieHre TUIPaTHON 000JI0UKH M 00pa3oBaHHME HOBBIX CBs3eil ajcopbara c
aJIcOpOCHTOM 3a CYeT JUCIEPCHOHHOTO U JJIEKTPOCTATUYECKOTO B3aMMO-
nercTBua. AncopOumsi, Kak W JH000M Apyroi camoOINpOW3BOJIBHBIA MPOIECC,
OyAeT mpoTekaTb, €CIM B pe3ylibTaTe mpouecca oO0IIas 3HEPrUs CHCTEMBI
YMEHbBILIAETCS. JTO O3HAYAET, YTO KOJUYECTBO SHEPruH, BBLICISIOIICECS MpPU
azcopOImu, MOMHKHO OBITh OOJbINE, YeM 3aTpaThl PHEPTUM Ha pPa3pyIlICHUE
COJIbBATHOM 000J104KH. B IpOTHBHOM city4yae aacopOLusi HpOUCXOIUTh HE Oy IeT.

[TosTomMy ancopOIMOHHBIE METOAbl HE MPUMEHSIOT Uil OYHUCTKU
IPOU3BOJICTBEHHBIX CTOYHBIX BOJ OT HEOPraHMYECKHMX HMOHOB U XOPOIIO
pPacTBOPUMBIX OPTaHUYECKUX COCAMHEHUN, HAmpuUMEp TaKuX, KakK HHU3IINE
OJTHOATOMHBIE CITUPTHI.

8.1.2. Teopus bpynayspa-Ommerta-Temiepa (B3T)

PazButuem Tteopum JIburmiopa sBusiach Teopuss bBOT, onumcaBmas
MOJIMMOJICKYJISIPHYIO aJICOPOIIMI0O Ha OJHOM aKTHUBHOM IIeHTpe. B ocHOBY
TEOpUH OBLIN MOJIOKEHBI T€ e JTOMYIIEHUs], YTO U B TeOpHuH JIsHTMIOpa:

* MOJIEKYJIBI MOTYT aJICOPOMPOBATHCS BO BTOPOM, B TPETHEM U T.JI. CIIOSIX,
npuYeM IUIOMAb, MOCTYMHAS JUIsl aacopOIMyd B n-M CJIO€, paBHA IUIOMIAMIM,
MOKPBITON MOJIeKyJlaMu ajicopOata B (n — 1)-m crioe;

* DJHEprus aAcopOIMH TPHUHATA T[OCTOSIHHOM ¥ PaBHOM TEIIOTE
aacopOUMMU Il TEPBOTO CJIOST WJIM TEIUIOTE KOHJCHCAIMU MJiS BCEX
MOCJIEAYIOIIUX CIIOEB.

VYpaBuenue uzorepmel bOT

kc

O (s T o 82)
rae ¢ — Oe3pa3MepHasi OTHOCUTENIbHAsT KOHIICHTpAlus, paBHAas OTHOIICHUIO
KOHIICHTpAIMH a7copOaTa K KOHLIEHTPAIIMH €r0 HACHIIIIEHHOTI'0 pacTBOpA.

ITpu ¢ << 1 ypaBuenue bIT (8.2) nepexoaut B ypaBHeHHUe JI?HTMIOpa

ke
1+ ke

8.1.3. Teopuu, yunTsIBaroIue HEOJHOPOIHOCTD IOBEPXHOCTH

[TonbITKHM y4YecTh HHEPreTUYECKyI0 HEOJAHOPOIHOCTh aJcopOupyrolIei
MOBEPXHOCTH MPEANPUHUMAINCH Pa3IndHbIMU aBTOpamMu. Hambosee M3BECTHBI
IMIIUPUYECKUE ypasHeHus Ppeunonuxa

@ — kCl/n,
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rae kK u n — SMIUPUYECKUE KOHCTAHTBI, U ypagHeHue PpyMKuHa, B KOTOPOM B
ypaBHeHUe JI3HTMIOpa BBOAMTCS MHOMWUTEIb, 3aBUCSIIMI OT CTENEHH
3aMOJIHEHUS] TOBEPXHOCTH:

®
-b®
C=—F"-x6€

k(1-©)
8.1.4. Teopus [{younuna (00beMHOTO 3aMOJHEHUSI MUKPOTIOP)

B cBoux pabGorax M.M. JlyOMHUH OTKa3bpIBae€TCA OT TMOHSATUM
«aJIcopOLIMOHHAsI IOBEPXHOCTh» U «aJCOPOIIMOHHBINA LIEHTP» U PacCMAaTPUBAET
aJIcOpOLIMIO KaK MpollecC KOHACHCALMK aicopbaTta B MUKpPOIOpax aJcopOeHTa.
B cooTBeTcTBUM ¢ 3THUMH TpEACTABICHUSIMH TMpeiesibHast aacopOIus paBHA
00BEMY MHUKPOTIOP aICOPOCHTA.

PazBuBass B3rmsagel  [lonsau 00  amcopOLMOHHOM — TMOTEHIMANE Kak
JBYDKYIIEH CUJTBI aJIcOpOInu, omyOnuKkoBanHbie B 1914 .,

A= RTlnc, (8.3)

IJIe ¢ — OTHOCHUTEINIbHAsI Oe3pa3MepHasi KOHIeHTpalus ancopbara, M.M. JlyOu-
HUH ompezaenseT (U3MYecKylo NpUpOIy aJCOpPOIMOHHOTO MOTEHIMAada Kak
nuddepeHnanbHyl0 MOJIBHYIO padoTy IepeHoca BellecTBa U3  aAcopo-
MOHHOTO 00beMa B 00BEM pacTBOpa M IMpealaraeT XapaKTePUCTHUYECKOE
ypaBHEHHUE aIcOPOLIMH B BUE

VIV, = exp(A/EY, (8.4)

rne V/Vy — nmons oObemMa MHKPOINOpP, 3alOJHEHHBIX ajcopOaToM;
E - XapakTepucTudeckass SHEprus ajcopOIuu; z — CTPYKTYPHBIM mapamerp,
paBHbIH 1 — 6.

[loncraBuB B ypaBHeHue (8.4) BbIpaKEHHUE I aICOPOLMOHHOTO
noternuana (8.3) u £ = pE;, noaydum

V RT
—=exp| ——Inc | |
VO ﬂEs
rae f — koddpdunueHt aduHHOCTH; FE; — XapaKTepUCTHYECKas JHEPTH

aJIcopOIMK CTaHIapTHOTO BeriecTBa (OeH301a), Win

VK:exp —B% (Incy )

0
rae B = (R/E,) = const.
CreleHsb 3aroIHeHUs IIOBEPXHOCTU MOKHO BBIPA3UTh KaK
e®=Vv,,

rae V — obobem ajcopOupoBaBIIerocs BelecTsa, V,, — o0beM ajacopbara mpu
MOHOCJIOMHOM 3aIT0OJTHEHUHU ITOBEPXHOCTH.
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IloacraBuB V = OV, u nepenecs V,/V, B mnpaByl0 4YacTb ypaBHEHUS,
NOJIYYUM H30TepMy azcopOiuu Jlyoununa

z

@z%exp - B % (Incy

m

5

KOTOPYIO 4acTO MPEJICTABISAIOT B JIOTapU(PMUIECKOM BHUJIC

In® = 1nE ~D(Inc)
V M

m

rne D = B(T/f)" nas gaHHOTO BeIeCTBAa MPH IMOCTOSHHON TeMIeparype
SIBJISIETCS] KOHCTAHTOM.

8.2. /lunamuka agcopoumu

PaccmoTpum cityuaid, korjga 4epe3 HEMOJBIKHBIA CIION ajcopOeHTa, He
coJiepKaluii aIcopOMPOBAaHHOTO BEIIECTBA, JBUKETCS B PEKUME HICATBHOTO
BBITECHEHUS PACTBOP C HAUAJIbHOW KOHIIEHTpALMEN BemecTsa ¢y (puc. 8.1).

ITornomenue BELIECTBA
HAYMHAETCSI HAa  HayaJlbHOM
(¢ppoHTaTEHOM) yUYacTKe aacop-
OoeHta. DpOHTAIBHBIA y4acTOK
OBICTPO HACHILIAETCS, U PACTBOP
MPOXOJUT Yepe3 HEero MpakTH-
Yyecku 0€3 M3MEHEHUs] KOHIICHT-
pauuu. Ecaum  Obl  cKOpOCTH
aacopOuuu Oblla OECKOHEYHO
OoJbIION, TO ajxcopOIus B
CIIETyIOUIUX CJIOSX HAaYMHAIACh

Puc. 8.1. dopmumpoBaHue n nepeHoc OBl TOJILKO IIOCJE€ HACKIIIECHUS

poHTa agcopbumm npeasrymux. [1oCKONbKY CKO-

pOCTh  anmcopOIMu  KOHEYHA,

U3MEHEHHE KOHIICHTpAIMK ajicopOara Mo JJIUHE CI0S aJIcOPOEeHTa MPOUCXOIUT
mwiasHo. [Ipu aTom popmupyercst gpornm adcopbyuu.

[Io wcredeHnH HEKOTOPOro BpeMeHH Mpoduiab QGPOHTA anaCcopOITUu
CTAHOBUTCS TPAKTUUECKU HEU3MEHHBIM, JIUIIIb caM (PPOHT MepeMeniaeTcs BAOIb
ciost agcopoenTa. Bpems paGoThl cosi 10 HAChILIEHUS (PPOHTAIBHOTO Y4YacTKa
fo, T.e. O YCTAHOBJIIEHUS CTallMOHAPHOrO (pPOHTA aaCcOpOLMH, HA3bIBAIOT
nepuooom opmuposanus pponma adcopoyuu.

IIo oxoOHYaHMM HTOr0 MEpUOAa HACTYyHAeT BTOPOM IIEPUOL, KOTOPBIU
Ha3BIBAIOT HEPUOOOM NApPAINeIbH020 neperHoca @pouma adcopoyuu. DOPOHT
aJcopOLMKM TpU ATOM IEepeMeliaeTcss BIIOJIb CJIOs aJcopOeHTa ¢ HEKOTOPOu
MIOCTOSIHHON CKOPOCTBIO U.

@A

1
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MomMeHT BbIXOAa (poHTa afcopOUUM W3 CJI0S aJACOpOEHTa Ha3bIBAIOT
npockoxkom. Bpemsi OT Hauama mpoiiecca J0 MPOCKOKa HA3bIBAIOT 8peMeHeM
3auUMHO20 Oelicmaus Ui 8peMeHemM NPOCKOKd, a KOJTUYECTBO MOTJIOMIEHHOTO
BEIIIECTBA JI0 MOMEHTA MPOCKOKA — OUHAMUYECKOU eMKOCbIo alICOPOCHTA.

3aBHCHMOCTh BPEMEHH MPOCKOKA OT JJIMHBI CIIOSI aJICOPOSHTA OMUCHIBACTCS

IMIUPUICCKUM ypasHeHuem Lllunosa:

oy

t
np fnp = kL — t(),
rie k — KOIPOUIIMEHT 3alUTHOTO
a)tgazk NeHUCTBUS Ciost; ty — Bpems ¢Gopmu-
_’/ pOBaHUS CTallMOHAPHOTO ¢dponTa
i o : azcopoumu.
¢
£ ! L Koadpdunuentst ypaBuenus [1lmnosa
o, o
L MOTYT OBITh HaWJeHbl Ha OCHOBE
Lz OIBITHBIX JaHHBIX (pHUC. 8.2).

8.3. AncopOeHTBI

Puc. 8.2. Onpe,qeneHvle KOHCTaHT AI[COp6CHTBI, IIpUMEHSAEMBIE  UIS

ypasHeHua Llunosa OYHCTKA TIPOM3BOJICTBEHHBIX CTOYHBIX

BOJ, JOJOKHBI ~ 00JlajaTh  BBICOKOM

aJICOPOLIMOHHOM CITOCOOHOCTBI0, HHEPTHOCTBIO MO OTHOIICHHIO K aJcopOary u

pacTtBopuTento  (BOJE), MEXaHHMYECKOHW IPOYHOCTBIO, CIIOCOOHOCTBIO K
pereHepanyy U HU3KOM CTOUMOCTBIO.

AncopOeHThl XapaKTepU3yIOTCs pa3MepoM IOp U YICIbHOW MOBEPXHOCTHIO.
Paznmuuator mukponops! (10 3 — 7 HM), me3onopsl (10 200 HM) U MakpOHOpBbI.
B mukpornopax aacopOuus NOpOTEeKAaeT B OCHOBHOM 33 CUET KalWUISPHOMN
KOHJCHCAIIUA, B ME30MOpax MPOUCXOJUT MOHO- WU MOJUMOJEKYJIsIpHas
a71copOLIvsl, MAaKPOIIOPHI BHITMOIHSIIOT MPEUMYIIIECTBEHHO TPAHCHOPTHBIE (DYHKIUH.

K mnaubonee mmpoko pacHpoCTpaHEHHBIM aJacOpOEHTaM OTHOCSTCS
aKTUBUPOBAaHHBIE yIUIM pa3nuuyHbix Mapok: Al-2, BAY, AP wu npyrue.
Axmueuposannwiti  y2one mony4arorT KapOonmsamueir mpu 500 — 900 °C
UCKOIMAEMbIX WM JPEBECHBIX YIJIeH, Topda, TEepMHUUYECKHM pPa3I0KEHHEM
CUHTETUYECKUX  MOJUMEpPOoB.  [lOoBEpXHOCTH  yriepoaa  JJIEKTPUUECKH
HeUTpasibHa. AJCOPOIMS MPOUCXOJUT B OCHOBHOM 3a CYET JIHUCIEPCHOHHOTO
B3aUMOJICHCTBHUA. YAelbHas TMOBEpPXHOCTh jocturaet 1000 Mz/l", 00BeEM
mukpornop — 0,3 — 0,6 cm/r.

Nuornma B KayecTBE aJCOpOCHTOB MPHUMEHSIOT TMOPUCTHIC TMPUPOIHBIE
MaTepualbl WIK OTXO/bl IPOU3BOJICTBA: 30y, KOKCOBYIO Menoub, Topd. Takue
COpOEHTHI 00JIA/IaI0T XYAIIMMH XapaKTEPUCTUKAMHU, HO MEHBIIEH CTOMMOCTBIO.
OTU COpOEHTHI HE PETCHEPUPYIOT, UTO JOMOJTHUTEIBHO YICHIEBISET IPOIIECC.

8.4. lecopOoums

JecopOuust SIBJISIETCS o0si3aTenbHON COCTAaBIISIOIICH YacThIO
TEXHOJIOTHYECKHX MPOIIECCOB aICOPOIIMOHHON OYMCTKHA CTOUYHBIX BOJI.
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JIns  aKkTUBUPOBAHHBIX YIJIEH TMPUMEHSIOT 4Yalle BCEro OTHYBKY
NIeperpeThiM BOJSHBIM MapoM. YacTh mapa pacxomyeTcsi Ha HarpeB ammapara,
KOH/ICHCHUPYETCSl W BBIBOAMTCA W3 ammapata B BUAEC KOHAEHcaTa. JTOT Map
Ha3bIBaeTCs eperowyum. JlecopOUpoBaHHbBIE BEIIECTBA BMECTE C APYTroi 4acThIO
nmapa, Ha3bIBaEMOW OuHamuyeckum TApOM, YIAISIOTCS U3 ammapara |
KOHJICHCUPYIOTCS B KOHACHCATOpax. 3JeCh KE MPOUCXOIUT OTACICHHUE
JecOpOUPOBAHHBIX BELIECTB OT BOJbl. OCHOBHas Macca ajacopOMPOBAHHOTO
BEIIECTBA ynajsieTcs B Hadaye jaecopOiuu. CKOpocTh 1ecopOIuy CO BpeMEHEM
IIOCTOSTHHO YMEHBIIIAETCs, a pacxXoJ Iapa Ha EIUWHUIly JecOpOUpPOBAHHOTO
BemiecTBa Bo3pacTtaeT. [loaToMy aecopOIui0 U3 TEXHUKO-3KOHOMHUYECKUX
COOOpaKEHHH 10 KOHIA HE MPOBOJSIT.

8.5. AncopOepni
8.5.1. AncopOepsl ¢ HETOBH>KHBIM CIIOEM aJICOPOEHTa

Haubonee  yacTo  OpUMEHSIOTCA ~ LMJIMHIAPUYECKHE  aacopOephl

BEPTUKAIBHOTO WJIM TOPU3OHTAIHHOTO HCHOJHEHHS (puc. 8.3), 3amoJIHCHHBIC

IPaHyJIUPOBAHHBIM COPOEHTOM C

pasmMepoMm wyactuif 1,5 — 5 mm.

OuniaemMass BoJa TOJaeTcs B

anmapar CHM3y CO CKOpPOCTbIO OT 1

10 6 M/(M>4) B3aBUCHMOCTH OT

KOHIIeHTparuu azcopbarta. Oun-

Bona HIEHHas BOJA  OTBOJMUTCS U3

BEpXHEHN vacTu anmapara. [Ipouecc

OYHUCTKM BEAYT JIO MOMEHTa

KoHpeHcat IMPpOCKOKa, II0CJIC YCro ariapar
B OTCTOHK IEPEKIIOYA0T Ha pEreHePaLHIo.

MeperpeTbin OynweHHanA
nap BoAa

Puc. 8.3. Aacopbep nepmnoamnyeckoro 4encTeus
C HENoABWXHbIM crioem copbeHTa

HpOI[OJ'I}KI/ITCJIBHOCTL pereucpanu, KakK IIpaBHUJIO, MCHbBIIC IIPOAOJIKH-
TCIIBHOCTH aIICOP6HI/II/I. HOBTOMY YCTAaHOBKa M3 IOBYX HWJIHN Ooiece alrrapaToB
MNEPHUOANICCKOTO JleﬁCTBHH MOJKCT pa60TaTI) B HCIIPCPBIBHOM PCIKHUMC.

8.5.2. AncopOepsl ¢ CyClIeHIUPOBaHHBIM aJICOPOEHTOM

AncopOumoHHasi yCTaHOBKA C CYCIIEHIUPOBAHHBIM COPOEHTOM COCTOMT M3
HECKOJIBKHUX ammapaToB C MeEIIaJIKaMH, COEIWHEHHBIX KackagHo (puc. 8.4).
OuwurniaemMas BoJia MPOXOJUT MOCIIEI0OBATEILHO Yepe3 Bce amnmnapaThbl. AJCOpOeHT
IIOJAETCs B KAXbIM U3 anmaparoB. Ha BbIXo1e Kax10ro amnrapara yCTaHOBJICHBI
cemapaTtopsl IS OTHENEHUs aacopOeHTa oT ouum@aeMoil BoJbl. OOBIYHO
UCIIOJIb3YIOTCS THIPOIIMKIIOHBI WM (PHIIBTPHI HEMPEPHIBHOTO JICUCTBUS.
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Kaxnpiii u3 amnmapartoB
pabotaer B pexume, OIu3-

KOM K M7ealbHOMY CMellle- AncopGent Ancopbent
HHIO. HOBTOMy CTCIICHDb CroyHas OumLeHHaA
W3BJ€UEHUs ajacopbara B °oAd BoAa

KQKJIOM anmnapare HE MOXKET
OBITH OOJIbIIIE PAaBHOBECHOM.
[TockonbKy B MOCIEYHOLIMN
amnmnapar MoJaeTcsl YaCTUYHO AgcopBeHT

OYHMIICHHAA BOJa M3 IIPC- Ha pereHepaumio

AbLIynero,  Kod(duiueHt A YTHTIMIELIAO

OYMCTKHA KackaJlia B LEJIOM

MOXET OBITH  JIOCTATOYHO Puc. 8.4. Kackag ancop6epos

BBICOKHM. HenpepbIBHOIO AeNCTBUA
C cycneHaMpoBaHHbIM aacopbeHToM

9. DKCTPAKIIAA

Oxecmpakyuell Ha3bIBAIOT IPOLECC HU3BJICYECHHS] OJHOTO MM HECKOJIBKUX
KOMIIOHEHTOB U3 pacTBOpa C IIOMOIIbI0 H30UPATENLHOTO PACTBOPUTEIIS.
OKCTpaKIus MHUPOKO UCHOJIb3YETCA JUIsl OYUCTKU MPOU3BOACTBEHHBIX CTOYHBIX
BOJI OT COJIEH METaJIJIOB, (DEHOJIOB U IPYTUX COCIUHEHUH.

IIpyn SKCTpakUUu uUcxoouwvlii pacmeop W HECMEIIMBAIOIIUNACA C HUM
9KCmpazenm TIPUBOASIT B KOHTAaKT MEXIy CcoOOH, B pe3yibTaTe Yero
AKCTPArHPyEMOE BEIIECTBO NEPEXONUT U3 PACTBOPA B dKCTpareHT. B pe3yinbrare
AKCTpPaKIMK O00pa3yloTcs 9KCcmpakm — PpacTBOP HU3BJIEKAEMOr0 BELIECTBA B
IKCTpareHTe u paguram — OCTaTOYHBIA UCXOAHBIA pacTBOP, U3 KOTOPOTO B TOM
WIM WHOW CTENEHH YAAJIECHBl JKCTParupyemMble KOMIIOHEHTBI. OJKCTPaKT H
papuHAT OTAEISAIOT JAPYr OT Jpyra OTCTaMBaHMEM, IIOCIE YEro W3BJIEKAIOT
OKCTPAarMpOBAaHHOE BEUIECTBO M3 OKCTPAKTa U IPOBOLAT pEreHEpalrio
JKCTpareHTta u3 padunara.

9.1. PaBHOBecHE B reTepOreHHOM CUCTEME KUIKOCTh — JKUAKOCTh

OKCTpakIusi MPOTEKaeT B JBYX(}a3HOM TPEXKOMIIOHEHTHOW CHUCTEME.
KommoHeHTaMu 3TOW CHUCTEMBI SABJISIKOTCA: PACTBOPUTENIb, W3 KOTOPOIO
U3BJIEKAETCS] SKCTParupyeMoe BElIECTBO (MIPUMEHUTEIBHO K OYMCTKE CTOYHBIX
BOJl TaKUM pACTBOPUTENIEM SIBJISIETCA BOJIa), IKCTPAr€HT U JKCTPArupyemoe
BemecTBo. OgHo u3 (a3 sBisieTCs pacTBOpP 3KCTPArMpyeMoOro BEIIECTBA B
BOJIE, IPYTOM — PACTBOP IKCTPArupyeMOro BEIIECTBA B IKCTPATEHTE.

He cymiectByeT HEpacTBOPUMBIX APYT B JPYre >KUAKOCTEH. DKCTpPAreHT
YaCTUYHO PacTBOPSETCS B BOJE, a BoAa — B 3KcTpareHrte. [loatomy npaBuiibHee
ObU10 OBl TOBOPUTH O (paze Kak O PacTBOPE IKCTPArUpyeMOro BEIIECTBa B
HACBIIIEHHOM PacTBOPE BOABI B OKCTPAre€HTE MUJIM IKCTPAreHTa B BOJIE.
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[Ipu sKCTpaKkIMK HEOPTAHUYECKUX BEIIECTB U3 BOAHBIX PAaCTBOPOB OOBIYHO
yaaeTcsi moAo0paTh AKCTPAreHT, MPaKTUUYECKH HEPACTBOPUMBINA B BOJIHOM (haze.
Hanpuwmep, PacTBOPUMOCTD TUPOKO MPUMEHSIEMOTO HKCTpareHTa
TpubdbyTuiadocdara B Boge cocrasisier 0,02 Bec. %. [loatoMy B nmanbHeiiem
B3aMMHOM pacTBOPUMOCTBIO PACTBOPUTENISI U IKCTpareHTa OyjiemM npeHeoperarsb,
YTO IO3BOJUT YHPOCTUTh H3JIOKEHUE MaTepuayia, HE 3aTparvuBas OOLIHOCTH
OCHOBHBIX 3aBUCUMOCTEM.

JIBKyIIEN CHIIOW MPOLECCA IKCTPAKIUU SIBISETCS PA3HOCTh XUMHUUYECKHUX
NOTEHIIMAJIOB pPACHpPENesIIeMOro BEHIECTBA B BOJE M ASKcTpareHre. Ilepexon
BelleCTBa W3 OAHOW (a3pl B Jpyryr0 OyAeT MpOJOIIKATHCS 10 MOMEHTA
BBIPABHUBAHUS 3TUX MOTEHIMAJIOB, T.€. O HACTYIJICHUS] PABHOBECHS.

9.1.1. M30Tepma 3KCTpakuuu

CocTostHUE paBHOBECHS XapaKTEPU3YETCS U30MEPMOLL pacnpedesieHus N

U30MEPMOT IKCMPAKYUU:

y¥ =k,
IJIc Yy — KOHIGHTpAIUsl paclpeesieMOro BEIIeCTBA B DJKCTPAKTE;, X —
KOHIIGHTpAIUsl paclpenensieMoro BemiectBa B padunare; k — xoddduimreHt
MIPOTIOPIIMOHAIIBHOCTH, Ha3bIBaeMbIN k02 duyuenmom pacnpedenerusi. CUMBOI
«*» 03HaYaeT paBHOBECHBIE YCIIOBUSI.

B mpocretimem ciydae mpu OTCYTCTBHM JMCCOLMAIIMM WM ACCOIMAIIUU
MOJICKYJ OKCTparmpyeMoro BemiecTBa B 00eux (dazax kodpduimeHt
pacrpesieieHdss kK MOXKET CUHMTAThCS BEIWYMHONW TOCTOSIHHON MNpH JaHHOU
temriepatype. llpu sToM H30TEepMa SKCTPAKIMU HMEET BUJ MNPSIMOA a B
KoopauHaTax x —y (puc. 9.1a).

Bo MHoOrmx ciaydasx paBHOBECHAasl 3aBUCH-

v MOCTh YCJIOXKHSIETCS BCJICACTBHE XUMHUYECKOTO

B3aMMOJICHCTBHS IKCTPArUpPyeMOTO BEIECTBA C

oy b © DKCTPAreHTOM, a TaKXKe U3-3a Pa3IMYHBIX

- COCTOSIHUWA 3TOr0 BEIIeCTBa B pa3HbIX (azax

(Hanpumep, MOJEKYJbl JKCTPAarupyeMoro Be-

HiecTBa JUCCOLMUPYIOT B BOJHOHM (hase u He

JUCCOIIMMPYIOT B JKCTparcHre). PaBHOBecHas

3aBUCUMOCTh TIPH OITOM CTAHOBHUTCS HEJH-

- HEWHOM, a KOd(PUITMEHT pacTpeeeHus] CTaHO-
BUTCA (DyHKIMEH KOHIIEHTPAIIHH.

KonudecTBeHHBIE XapaKTEPUCTUKH PaBHO-

Puc. 9.1. UsoTepmbl

SKCTPaKLMM BECM  MOJOOHOrO  BUAA  MOTYT  OBITH
YCTAHOBJIEHBI C TIOMOIIBIO 3aKOHA Oeucmeust
macc.

PaccMoTpuM Takoi moAXo1 Ha MPUMEPE TUIMMYHOTO MPOLECCa SKCTPAKIIUU
coJiel METaJJIOB HEUTpaJbHBIMU OPraHUYECKUMM OJKcTpareHtamu (3¢upom,
YETBIPEXXJIOPUCTHIM YTIEPOAOM U T.II.).
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Jlnst ynpomieHus: M3JI0KEHUs COJb MeTajula OyJeM CuMuTaTh OMHAPHBIM
3JEKTPOJIUTOM, T.€. MOJIEKYJIa COJIM COCTOMT M3 OJHOTO KAaTHMOHA W OIHOTO
aHWOHA. 3apsiibl KaTHOHA W aHUMOHA B 3TOM Ciy4yae 3HAYEHUS HE UMEIT U
YCJIIOBHO MIPUHUMAIOTCS paBHBIMU enuHuile. C 3TOM ke 1eNblo OyJIeM CUUTaTh,
4YTO B OpraHuyeckoil ¢aze oOpasyercs COJbBAT TOJBKO C OJIHOM MOJIEKYJIOM
IKCTpareHra.

Conp mMetaia U Kuciotel (MAn) B BOJHOUN (aze TUCCOIMUPYET HA MOHBI,
a B opraHuueckoi (haze oopaszyeT coibBaT ¢ MOJIEKYJIaMH dKCTpareHra S

M+ An + S — MAn-S.

CorJiacHO 3aKOHY JCUCTBHS MacC, KOHCTAHTAa PABHOBECHS 3TOW peaKIiu
_ [MAn-S]
P T AR IS (9.1)
[M " ][An” ][S]

KBaapatHbie CKOOKH 3/1eCh 03HAYal0T MOJISIPHBIC KOHIICHTPAIIUU BEIIECTB.

[IycTh paBHOBECHas! KOHIIEHTpPALMS PaCIpeesiieMOro BellecTBa B BOJIHOM
dase paBHa x*, a B oprannueckoii — y*. Torna [M'] = x*; [MAn-S] = y*. Eciu B
BOJHOM pAacTBOpPE HET APYrMX COJed ¢ OJAHOMMEHHBIM aHMOHOM An , TO,
YYHUTHIBAS, YTO OJIMH MOJIb KATHOHOB METaJlIa CBSI3aH C OJTHUM MOJIEM aHHOHOB,
umeeM [An] = [M'] = x*. Bemmumna [S] B ypaBHeHum (9.1) sBusercs
KOHIIEHTpaIMeil CBOOOIHOTO, T.€. HE CBA3AHHOTO B COJIbBAT, FKcTpareHta. Onun
MOJIb METaJIJIa CBSI3BIBAET OJMH MOJIb DKCTPAreHTa, a y* MoJeil MeTaia CBIKYT
y* ™oneit skcrparenTta. [losTomMy KOHIIEHTpamus CBOOOAHOTO JKCTparcHTa
[S]=So— y*, Tne Sy — HavaTbHAsE KOHIICHTPAIIAS SKCTPareHTa.

C y4eToM U3JI0KEHHOTO MpeicTaBuM ypaBHeHue (9.1) B Buje

p*
K =
! x*-x*(SO—y*)'

OTCIOJIa HaﬁIICM YPAaBHCHUC U30TCPMBI SKCTPAKIINHU

K (x*)
* p S
59 9.2)
1+ K, (x*)
1 Kod(punreHTa pacupeneneHus
* K x*
A S . (9.3)

T K, ()

[Ipy HU3KUX KOHIIEHTpAIUAX (I(,,(x”‘)2 << 1) uzorepma (9.3) npeBpaiaercs
B napaboiy y* = Kp(x*)zSo, a TIPU BBICOKUX KOHIIEHTPAIIMIX (1‘(11,()&")2 >>1)-—8
TOPU30HTAIBHYIO TIpsiMYI0 y* = Sj. [Ipu 3TOM M30TepMa IKCTPAKIIUU UMEET BU/
6 (cm. puc. 9.1). Koapdunuent pacnpenenenus k npu x* — 0 oOparmaercs B
HYJIb. DTO O3HAYaEeT, YTO TIIyOOKOE M3BJICUEHUE IKCTPATHPYyEMOTO KOMIIOHEHTA
HE JTOCTHUKUMO.
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9.1.2. DddexT BrIcCAIMBAHUS

OTta TPYOHOCTb MPEOJOJIEBACTCA NMyTeM J00ABICHUS Gvlcanusamenei —
COJIei C OJHOMMEHHBIM AQHHOHOM M MAJOTOKCUYHBIM KAaTHUOHOM JJIf
AKCTPArupOBaHUS TSHKEIBIX METAJUIOB UM HA00OPOT — COJIEH C OJJHOMMEHHBIM
AHMOHOM Y MaJIOTOKCHUYHBIM KaTHOHOM JIJIsl SKCTParupoBaHUs KUCIIOT.

[lycTh KOHIIEHTpalus BbICAIMBATENSI paBHA X, TOIJAAa KOHIEHTpAIUs
aHMOHOB B BOJHOM (aze [An | = x* + Xx,, a ypaBHEHUS U30TEPMBbI IKCTPAKIIUU
(9.2) u kordPurmenta pacrpenenenus (9.3) IpuUMyT BHU]T

# (1 % *)2 *

K, x (x +x6) B Kp(x ) + K, x*x,
0 2
* %k
1+Kp(x ) +K,x*x,

y*= So: (9.4)

- 1+pr*(x*+x6)

K, x*+K x,
- 2
1+Kp(x*) +K,x*x,

k

0.

B o6nactu Hu3KuX KOHUEHTpanui (K,(x *)? << 1) m3otepma (9.4) mepecraer
ObITh Mapabdosnoi (dy*/dx* > 0), a mpu BeICOKNX KOHLEHTpausx (K,(x #)2>> 1) —
OCTaeTcs TOPU3OHTAIbHOW mpsiMon y* = Sp. M3oTepma sKcTpakuuu B HTOM
ciydae umeeT Bua 6 (cM. puc. 9.1). Koadduuuent pacnpenenenus k mpu
x* — 0 crpemurcs k BennmuuHe K,x,Sp > 0, ¥ H3BIEYEHUE CTAHOBUTCA
JOCTATOYHO IMOJIHBIM.

IIpy o3KkCcTpakuMu  COJNEA  METAUIOB  OPraHUYECKUMH  KHCJIOTaMU
ko3 dumentT pacrpeneneHus spusercss Gpynkuuent pH Boano# dassl. [ToaTomy
B TaKHMX MPOIECCaxX IKCTPAKIIUEH YIPABISIIOT, U3MEHSS KHCIIOTHOCTh MCXOIHOTO
pacTBopa.

9.2. MeToabl IKCTPAKIMH
9.2.1. OnHoctyrneHyaras (OJJHOKpaTHAs ) DKCTPAKIIUs

DOTOT NPOCTEHIITUNA METOJT SKCTPAKIIMK 3aKjIrodaeTcs B ToM (puc. 9.2), uro
HUCXOJHBIN pacTBOp F, cocTosAmMM U3 IBYyX

F=wW+B s KOMIIOHEHTOB: pacTBopuTes (Boasl) W u
pacTBOPEHHOro BeunlecTtBa B, mnepeme-
IIMBAIOT C DKCTPAreHTOM S B CMECHUTENE
MEPUOIUYECKOTO JEUCTBUS, IIOCJIE YEro

L CMEChH CIIMBAIOT B CEMAPaTOP-OTCTOWHHK.
2 Ej i’;BB B orcroliHnke cMech pasaensiercs Ha JBa
ciosi: akctpakt E = =S + B u padunar

R=W + B. Ilpu nocratouHom BpeMeHU
KOHTAKTa MOTYT OBITh MOJYy4YE€HBI OJM3KHUE
K PaBHOBECHBIM KOHIICHTPAI[UU pacrpeie-
JseMoro BemiecTBa B B 3KCTpakTe U
padunare.

Puc. 9.2. Cxema
OLHOCTYNEeHYaTON 3KCTpaKLnn
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PaccmoTpum  Hamboniee mpocToil  ciywaid, Koraa OKuAKuE — (as3bl
PAKTUYECKU HEPACTBOPUMBI JPYT B APYTE.

IlycTh W KI HCXOHOTO pacTBOpa ¢ KOHUEHTPALUN X) CMEIIMBAIOTCSA C S KI'
JKcTpareHTa. B pesynbpTaTe SKCTpaklMU TMOJYyYarOTCs pPaBHOBECHBIE (a3bl:
padbuHAT C KOHIEHTpalueil x* ¢ OKCTpaKT ¢ KOHLEHTpamuen y*.
(KonuenTtpauuu B JaHHOM clly4ae BBIpaXXEHbI B Kr BeliectBa B/kr
pacTBOPUTENSL.)

MarepuasibHbIN OaJIaHC 10 PACTIPEEIISIEMOMY BEIIECTBY

wxo = wx* + sy*.
Y * = Jor* Haif
YHUTHIBAS, U4TO Y , HaliJIeM KOHIIEHTPAIHIO MTOJTy9aeMoro paduHara

wxo = wx* + skx*;

wx X
x* = 0o _ 0
w+sk 1+z ©-3)
Y KOHIICHTPAIMIO DKCTPaKTa
kx
y¥*=ho* = 1+°Z. (9.6)

Hocturaemass creneHb u3BiledeHus @ pacnpenenseMoro BeEIIECTBA
ompenensieTcss Kak OTHOILIEHHWE KOJIMYECTBa M3BJICYEHHOIO BEILECTBA K
KOJIMYECTBY TOT'O BELLECTBA B UICXOJHOM PacTBOpE:

“k
sy* skx, W z
(D:wx B s ) .8 :1+Z' ©.7)
0 wx{ﬂ—kj 1+~k
w w

B ypaBuenusx (9.5) — (9.7) z = ks/w — s3kcTpakIMOHHBIN (haKTOP.
BenuunHa  OKCTpPakIMOHHOTO  (akTopa UMEET BaXKHOE TEXHHUKO-
HSKOHOMHYECKOE 3HAaueHHe IpPH TPOBEJCHUM MPOIECCOB HKCTpakiuu. [lpu
HU3KUX 3HAYECHUSAX Z CTENEHb H3BIICUEHUS

y pacrpenensieMoro KOMITOHCHTa W3 HCXOJI-
HOI'O pacTBOpa TakXe Maja, IPH BBICOKHX

Wl T T T T Y =) 3HAUCHHUSX Z BO3PACTAaCT CTOMMOCTh pereHe-
/ | y=fx) paruu dkctpareHra. OnTHManbHBIC 3HAYeE-

: HUS OKCTPAKIIMOHHOTO (paKTOpa HaXOMSITCS B

| npenenax ot 1,5 no 2.

| Jlns moctpoeHus Tpaduka mporecca
o X Xg X OJTHOCTYTICHYATOM OSKCTPAaKI[MU Ha JUar-
paMmMme y = f(x) HaAHOCAT PaBHOBECHYIO
auHUIo y* = f(x*) u cTraBAT Ha ocu abcmucce
HAaYaJbHYI0 TOYKYy pabodyed JIMHAHU C
KoopauHaTaMu x = xo u y = 0 (puc. 9.3).

Puc. 9.3. Paboyas nuHunsa
O[HOCTYMNEHYaTON KCTPaKLMm
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W3 MaTepranpHOro 0anaHca SKCTPAKLUM CIEAYET, UTO

w w
y=—Xx ——Xx,
s s
T.€. TAHT'€HC yTJIa HaKJIOHA pa0oyeil JIMHUU Ipoliecca paBeH —w/s.

Ecnu B pe3ynbTaTe SKCTPAKIIUU JTOCTUTACTCS paBHOBecHe (a3, TO MPsIMYO
NPOJOJDKAIOT JI0 TIEpecedeHUs ¢ JUHHEH paBHOBecHs. KoopawHATHI TOYKHU
NIEPECEUYCHHsI BBIPAKAIOT COCTABBI MOJIyIaeMbIX dKCTpaKTa ), = y* u paduHaTta
X, = x*. UeM OoJIbIIIe pacxo/ SKCTpareHTa s, TeM MEHbIIIE TAHTEHC yTiia HaKJIOHa
paboueil JTWHUU, W, CIEIOBATEIBHO, TEM HIKE KOHIICHTPAIIMH H3BJICKAEMOTO
BEIIECTBA KAaK B DKCTPAKTE, Tak U B paduHaTe.

9.2.2. MHoroctyneHyaTtas 3KCTpaKLHs IPU NEPEKPECTHOM ITOTOKE

DKCTpaKIUsl 3TUM CIIOCOOOM TPOBOJUTCA B HECKOJIBKUX CTYIEHSX, Yepes3
KOTOPBIE TMOCJIEI0BATEIBLHO JBMIKETCS MCXOIHBIA pacTBOp. Bo Bcex crymnensx,
HAa4YMHAs CO BTOPOH, MCXOJHBIM PAaCTBOPOM SIBIACTCS paduHAT MPEIbIIYIICH
CTYHEHU. DKCTPAreHT MOJAETCsl BO BCE CTYIEHU NapajuieabHo (puc. 9.4).

a) 6)

Puc. 9.4. Cxema (a) n pabo4vas nuHus (6) MHOrocTyneH4yaTom 3KCTpakuum
npy NepekpecTHOM MoToKe

Ha kaxnayrwoo clenyronyr CTyneHb NOJalTcsl Bce Oosnee oOeqHEHHBIE
AKCTPArupyeMbIM BEILIECTBOM paduHATHI, MOITOMY KOHIIEHTPAIIMU SKCTPAKTOB
CHUYKAIOTCSl OT MEPBOM CTYINEHU K mocieaHed. B pesynbraTe sl mojydeHus
paduHaTa BBICOKOM YMCTOTHI TPEOYIOTCS OOJbIITHE OOBEMHBIE COOTHOIICHUS
HKCTpareHTa M HCXOJHOI0 PACTBOpPA, YTO CBA3AHO C YAOPOKAHHEM BCETO
npolecca SKCTPAKIIUH.

[TosToMy mpomecchl TAaKOro THUIIA MPUMEHSIOT B IPOMBIILIEHHOCTH B
peOKHX Cay4dasX, KOrjga s OHKCTPAKUUU MOXKHO MPUMEHUTH ACIIEBbII
AKCTpAreHT U yTWIM3UPOBATh €ro 0€3 pereHeparum.
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9.2.3. MHoOrocryneHnyaras pOTUBOTOYHAS SKCTPAKLIUS

[lo aToii cxeme (puc. 9.5) UCXOAHBIA PACTBOP M IKCTPAr€HT MOCTYHAIOT
C MPOTHUBOIMOJIOKHBIX KOHIIOB YCTAHOBKM M ABIIKYTCSI MPOTUBOTOKOM JIPYT K
ApyTy 4Yepe3 psiJl MOCIe0BATENbHBIX CTyICHEH.

k,3 ¥r,2= Hyg,1= Xy,1 ¥
=Xu,3 THy,z

a §)

Puc. 9.5. Cxema (a) n paboyas nuHus (6)
MHOrOCTyneH4YaTon NPOTUBOTOYHOW IKCTPaKLMm

KoHeuHblil SKCTpakT ynaisieTcss U3 MepBOM CTYIEHU, a KOHEUHBIA papuHaAT
n3 nociuenHeil. I[lpm sTOM Ha mocienHel cTyneHu paduHar, HauboJsee
O00€IHEHHBIN HKCTPATUPYEMBIM KOMIIOHEHTOM, B3aUMOJECHCTBYET CO CBEXHUM
JKCTPAareHTOM, HE€ COJEpXKallMM 3TOro KOMIIOHeHTa. Ha mnepBoi cryneHu
HKCTPAreHT, KOHILIEHTpalMsl HW3BJIEKAEMOI'0 BELIECTBA B KOTOPOM OiM3Ka K
HaCBILICHHUIO, B3aUMOJEUCTBYET C HauboJiee KOHIEHTPUPOBAHHBIM PacTBOPOM
TOr0  KOMIIOHEeHTa. bmaromaps 3ToMy  JIBWXKYyIas Cwia Ipouecca
BBIPABHUBAECTCSA 110 BCEH YCTAHOBKE, TOCTUIAaeTCsl JOCTATOYHO BBICOKAS CPEIHSs
CKOpPOCTh TIpolLlecCa M OCYLIECTBISIETCS Haubojee IOJHOE W3BJICUECHUE
HKCTPArupyeMoro KOMIOHEHTA U3 UCXOJHOT0 PacTBOpa.

Paccmotpum MatepuanbHbIid 6aaHC mpolecca SKCTpakuu BeuecTsa B u3
MCXOJHOTO JABYXKOMITOHEHTHOro pactBopa W + B akctparentom S. B3anmuoM
PacTBOPUMOCTBIO PACTBOPUTENS HCXOMHOro pacrtsopa W M JKCTpareHra S
MOJKHO IIpeHeOpeub. B 3TOM cilydae MaccoBble IOTOKHM PACTBOPUTENEH IIO
JUIMHE YCTAaHOBKH OCTAOTCS MOCTOSHHBIMHU M PABHBIMU COOTBETCTBEHHO W U §.

JUJ1s1 HEKOTOPOM 71-11 CTYIIEHN YCTAHOBKH CIIPABEJINBO COOTHOLIEHUE

Ww(xo — Xp1) = S(O'1 — V),
OTKYy[1a CIEAYET, YTO

('XO _xn—l)+yn .

_W
yn__
S
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[TonydyenHoe ypaBHeHHE pabouel JIMHUU U300paKkaeTcs MpSAMOU JTUHUEH,
TaHI'€HC yTJIa HaKJIOHA KOTOPO paBeH w/s (cM. puc. 9.5).

[Tporiecc MHOTOCTYNEHYATONW HKCTPAKIIUN MOXKET OBITh M300paKEH B BUJC
CTyNEHEK MEXIy pabouel nuHuUeNH W JuHUeW paBHOBecus. Kaxkmas Takas
CTYTIEHbKA Ha3bIBACTCS Meopemuyeckol cmynenvio sxcmpakyuu. 1I0CKOIbKy B
peabHBIX YCTAHOBKAX PABHOBECHE HA KAXJIOW CTYNEHU HE JOCTUTACTCA B CHITY
OTPAaHUYEHHOCTH BPEMEHH KOHTAKTa, YHCJIO PEaTbHBIX CTYNEHEH SKCTPAKIINH
Bcer/ia 00JIbIle YUCia TEOPETUUECKUX CTYIEHEH.

B 3aBucumocTtd OT BHAa KOHTaKTa MEXAy (a3zaMu SKCTPAKIIMOHHBIC
arnmapartbl ObIBAIOT CcMyneHuamviMu, TAe W3MEHEeHHe cocTaBa (a3 MPOUCXOIUT
CKa4KO0OOpa3HO, OT CTYNEHU K CTYNEHHU, U3 KOTOPHIX COCTOMT armapar, u
oughgpepenyuanbHo-KOHMaKMHbIMY, B KOTOPBIX H3MEHEHHE cocTaBa (a3 IIo
JUTMHE anmapaTta NpuOInKaeTcsl K HeIPEPHIBHOMY.

CkopocTh mpoliecca OSKCTPAKIMU 3aBUCHT OT IUIOLIAJAM KOHTAaKTa
HECMEIINBAIOIINXCS KUIKNX (pa3. PazimuaroT CriomHyo U JUCTIEPCHYIO (asbl.
HucnepcHas ¢aza, KOTOPOU SIBISETCS IKCTPAreHT, paclpeAeaeTcs B CIUIOMHON
dase B Buae Kamenb. B 3aBUCMMOCTH OT MCTOYHUKA DHEPTHH, HUCIIOJIB3YEMOil
JUIs  TUACTIEPTUPOBaHWs OAHOW W3 a3, IKCTPAKTOPHI TMOAPA3ICISIIOTCS Ha
anmnaparbl, B KOTOPBIX Oucnepzuposanue TPOUCXOJUT 3a cyem COOCTBEHHOU
9Hepeul NOMOK08, N ATIAPATHI ¢ GHEUHUM NOOBOOOM IHEPSULL.

OO0s3aTenbHON  cTamuelt mpolecca JKCTPAaKIMM SIBISIETCS  pa3JielieHHe
(cemapauus) ¢a3. B 3aBucMMOCTH OT CHJI, TMOJ JEHCTBUEM KOTOPBIX
OCYIIIECTBIISICTCS cemapaius ¢a3, pa3indaroT 3KCTPAKTOPHI C paszeicHueM (a3
6 nonre madxcecmu (TPAaBUTALIMOHHBIE SKCTPAKTOPHI) W OIKCTPAKTOPHI C
pasnencHueM a3 6 yenmpodesicnom noie (IEHTPOOCIKHBIC IKCTPAKTOPHI).

[To mpuHIHITY OpraHU3aliy Mpoliecca IKCTPAKTOPHI ACTATCA Ha anmaparhl
nepuooUYecKo20 Oelicmaus U annapaTbl HeNPepulBHO2O OeUCMEUsL.

9.3. CtyneH4aThie 3KCTPAKTOPbI
9.3.1. CMecuTenbHO-OTCTOMHBIE SKCTPAKTOPHI

DKCTPAKTOPBI 3TOrO TUIIA COCTOSAT U3 pANla CTYIIEHEW, KaXaas U3 KOTOPBIX
COZICPKUT CMECHUTENIb U OTCTOMHHUK (puc. 9.6). JIBmxeHue xunkux (a3 depes
CTYIIEHH OCYILIECTBJISIETCS B PEKUME NPOTUBOTOKA. IJKCTPAreHT IOAACTCA
B CMECUTEIb IIOCIEIHEN CTyleHu. Tyaa e nmapasuieibHbIM IOTOKOM IOAACTCs
paduHAT U3 OTCTOMHMKA Tpeabiaymied cryneHu. llocime cmemeHust (assl
pa3zeNsoTCS B OTCTOMHUKE TOCHEIHENH CTYNeHH, OTKyJa KOHEYHbIH paduHaT
yIAJseTCsl B KA4ECTBE OCHOBHOIO MPOJAYKTa, a OSKCTPAKT HAIPABISETCS B
CMECUTEIb NPEABIAYIIEH CTYIIEHH.
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MNepBas cTYNEHL Btoras cTynEHb

Puc. 9.6. [1ByxcTyneH4aTblh CMECUTENBHO-
OTCTOMHbIN SKCTPAKTOP

CMernieHue JKUIKOCTEM MOYKET IPOUCXOJUTh HE TOJIBKO C IOMOILBIO
MEXaHUYECKUX MEHIAJIOK, HO U TIOCPEICTBOM HACOCOB, MHXKEKTOPOB U JIPYTUMHU
cnocobamu. Pa3nenenne a3 MOXKHO OCYLIECTBIATH HE TOJIBKO B
IPaBUTALMOHHBIX OTCTOMHUKAX, HO W B CEMapaTropax IEHTPOOEKHOro THIIA,
HamnpuMep B THJPOLMKIOHAX WM LeHTpudyrax. Ilostomy uucio BapuaHTOB
CMECUTEJIBHO-OTCTOUHBIX KCTPAKTOPOB BEIHUKO.

B cmecuTenbHO-OTCTOMHBIX 3KCTPAKTOPAaX JOCTHIaeTCs HHTEHCHBHOE
B3aMMOJecTBHE MEXAy (asamu, mpuyeM 3(PPEeKTUBHOCTH KaXKJIOW CTyNEHH
MOXKET MPUONMKATBCS K OJHOM TEOPETUYECKOM CTYNEHHW pa3JelieHus. OTH
ammapaThl XOpoIIo paboTalOT MPH MaJbIX pacxojax skcrparenta — 1/10 u menee
OT pacxojia BOJHOTO PacTBOPA, YTO MO3BOJISIET MOJyYaTh KOHIIEHTPUPOBAHHBIE
IKCTPaKThl. BaKHBIM JOCTOMHCTBOM CMECHUTEIBHO-OTCTOMHBIX SKCTPAKTOPOB
SBJIIETCSI BO3MOKHOCTh U3MEHEHUS YHCIIa CTYNIEHEH SKCTPAKIUU.

HepocratkamMmu  9KCTpakTOpOB  ATOrO  THIA  SABISETCA  CIOXKHOCTD
KOHCTPYKIIMU, OOYyCIIOBICHHAs HAJWYMEM MEIIAJIOK B KaXJIOW CTyNEHH, U
Oonpllasi IUIOIIAJbL, 3aHMMAaeMas yCTaHOBKOW. KamuraneHbele 3arpaTbl U
JKCILTyaTallMOHHBIE PAcXOApl Il TaKUX 3KCTPAKTOPOB BBIIIE, YEM JUIS
HKCTPAKTOPOB JPYTUX THUIIOB.

9.4. InddepeHunaibHO-KOHTAKTHbIE IKCTPAKTOPbI
9.4.1. PactbuiuTeIbHBIE KOJTOHHBI

PacnbuiiTeNnbHBIN  KOJIOHHBIN 3KCTPAKTOp TPENCTaBIseT COOON TOMyrO
KOJIOHHY, 000py0BaHHYIO YCTPOWCTBAaMU JJIsi BBOJa U BbIBoja (a3 (puc. 9.7).

Jlerkas aza, KOTOpOH MOXKET OBbITb KaK SKCTPareHT, TaK W BOJHBIN
pacTBOp, NOAAETCA B HWKHIOIO YacThb KOJOHHBI 4YEpPE3 PaCHpPEICITUTEND.
[Ipoxoas uepe3 oTBepcTUs pacmpenenuTens, jJerkas (asza Iucrneprupyercss Ha
Kalld M JBWXKETCS CHU3Y BBEpX (BCIUIBIBAET) Yepe3 CJION Tshkenoil Qassl,
KOTOPOM 3aIl0JIHEHA KOJIOHHA. B BEpXHEW 4acTH KOJIOHHBI HAXOJUTCS BEPXHSISA
OTCTOMHAs 30HA, MMeEIOIast OOJBIIMKA MaMeTp MO CPABHEHHIO C KOJIOHHOM.
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B 31Ol 30HE MPOMCXOAUT OTAEIECHUE JIETKOU

(ha3bl OT SMYJILCUU U BBIBOJI €€ U3 arrapara.
_1_ | _1 Tsoxenas paza mogaeTcs Ha JHO BEepXHEH

OTCTOMHOW 30HBI, NEPEIUBOM MOCTYHAEeT B
KOJIOHHY U COOMpAeTCsl B HUKHEHU OTCTOMHOMU
30He. BbIBOA TsKenoi (a3l OCyIIeCTBISIECTCS
yepe3 THAPABIMYECKUNA 3aTBOP, C IOMOIIBIO
B , - KOTOpPOIr'0 JIOCTUIAE€TCS IIOJHOE 3allOJIHEHUE
KOJIOHHBI JKHJIKOCTBIO. YPOBEHb pazzena ¢a3
B KOJIOHHE PEryJIUPYETCS BBICOTOM MEpennBa
TSDKEIOU (Pa3bl ¢ MOMOIIBIO BEHTHUIICH.

Kaxgomy pacxomy Tspkenod (a3l
| COOTBETCTBYET HEKOTOPBIM  ONTUMAaJbHBIN
R pacxoq Jyerkod (aspl. C yBenMueHUEM pac-
X0Ja JIeTKOW (ha3pl BO3pacCTaeT YHCIO €€
Kafneilb B €IUHUIIE O0beMa ammapara, u
YMEHBIIIAETCS JOJI MOIMEPEYHOIO0 CEUYCHMUS,
CBOOOJHOTO JJIsi TPOXOXKJIECHUS CIUIOMIHOM Tskenod (as3pl. DTO, B CBOIO
ouepellb, BbI3BIBAET BO3PACTAHHUE JIOKAIBHBIX CKOPOCTEM OTHOCUTEIBLHOIO
NBYOKEHUs (a3, u Bce OOJIbIIEe YUCIO Karelb HAYNHACT JBUTATHCS BHU3 BMECTE
C TsDKeIoH (ha3oii, T.e. HaBCTpeuy OCHOBHOMY IMOTOKY Jierkoit ¢da3pl. Bo3Hukatot
UPKYJISIIIUOHHBIE TOKUA JUCIIEpcHOM (a3l (0OpaTHOE TMepeMEelIMBaHuE),
KOTOpBIE CYIIECTBEHHO YMEHBIIAIOT CPEIHIO ABMKYIIYIO CHIIy IIpolecca U
WHTEHCUBHOCTH 3KCTpakiuu. JlanpHeilniee yBemueHrne pacxoaa TsHKelnon (asbl
NpUBEACT K YHOCY Kameidb W3 30HBI JKCTPAKIUHU, OOpPa30BaHUIO BTOPOM
MOBEPXHOCTH pasfena (a3 B HIDKHEHM OTCTOWHOW 30HE, HapYIICHUIO
MPOTUBOTOKA, T.€. K 3aXJICObIBAHUIO KOJIOHHHI.

C yMeHbIIEHHEM pacxoja JUCIEepCHOM (Jerkoi) (asbl pe3Ko CHUKACTCS
MOBEPXHOCTh pazfena a3 Kak 3a cUeT YMEHBUICHUS YUCia Kalejdb B €IUHUIIE
o0beMa, TaKk W 32 CUET YBEJIWYEHUss HX pa3mepoB. [Ipu sToM mpoucxomur
IMPONOPLUHOHAIBHOE  CHWJKEHUE CTENEHH HW3BICYEHUS OKCTParupyeMoro
KOMIIOHEHTA.

PacnbuiurenbHble AKCTPAKTOPHI XapaKTepU3YyIOTCs IIPOCTOTOM
KOHCTPYKIIMH, BEICOKOW MPOU3BOJAUTEIBHOCTHIO, HO BMECTE C TEM OYEHb HU3KOM
WHTEHCUBHOCTBHIO SKCTPAKIUU.

[l

Puc. 9.7. PacnbinutenbHbIN
KOJTOHHbIN SKCTPaKTOp

9.4.2. [lono4yHbIE KOJIOHHBIE 3KCTPAKTOPBI

[Tonmounsie skcTpakTopsl (puc. 9.8) mnpencTaBisoT CcoOOKW KOJIOHHBI
C TapeJIKaMH-TIEPErOPOIKAMHU Pa3INYHON KOHCTpyKIMU. [leperopogku umeroT
dbopmy OO YEpEAYIOMUXCS TUCKOB U KOJIEIl, JIMOO JUCKOB C BHIPE3aMH B BUJIC
CErMEHTOB. PaccTosiHMEe MEXKIy COCETHUMH IOJIKAMHU COCTABIISIET OOBIYHO S50 —
150 mm.
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E Jlerkast UIKOCTh (IKCTpAreHT) Mpu ABUKEHUU
BBEpX pa3OMBaeTCs Ha KaIulM, KOTOPbIE O] KaXKIOM
MOJIKOM CIIMBAIOTCS JIPYT C JPYyroM (KoaJeCHHUPYIOT)
W+B ¥ OOTEKAIOT TMOJIKY B BHUJAC JIAMUHApPHOW IUICHKH,
= KOTOpasi OMBIBAETCS CIUIOLIHOM (ha3oii.
— NHTEHCHBHOCTh Maccollepeiaud B MOJIOYHBIX
N— KOJIOHHaX HECKOJIbKO BBIIIE, YeM B pacHbLIu-
i TEJIbHBIX, TJABHBIM 00pa3oM 3a CYET YMEHbIIEHUS
— 00paTHOTO MepeMEIIUBAHMUS.
L‘,{:_ -]
l

Puc. 9.8. lNMonoyHbIn
KOJTOHHbIN 9KCTPaKTOp

9.5. IKCTPAKTOPHI € OABOAOM BHEUIHEH JHEPIrUHU
9.5.1. POTOpHO-ANCKOBBIE SKCTPAKTOPBI

OKCTpPakTOp ATOTO THUIA TMPEICTABISIET COOOM MOJOYHBIM KOJOHHBIN
AKCTPAKTOP, MO OCH KOTOPOT'O MPOXOIUT BEPTUKAIBHBIN BaJl C 3aKPEILUICHHBIMU
- Ha HeM jguckamu (puc.9.9). Ha xopmyce
DKCTPAKTOpPA CUMMETPUYHO OTHOCHUTEIBHO
JMCKOB 3aKpEIUIEHbl HEMOJBUKHBIE KOJIb-
LEBBIE MEPETOPOJKH, KOTOPbIE BMECTE C
BpAIIAONIUMUCS JUCKaMU 00pa3yloT CMeCH-
TeIbHYI0 30HY. CBEpXy M CHHM3Yy K CMECH-
TEJIbHOU 30HE MPUMBIKAIOT OTCTOMHBIE 30HBI.
DKCTpareHT MoJaeTcsl Mo HIXKHUM JTHUCK
U JUCHEPTUPYETCA 3a CUET €ro BpaIlCHUS.
[Ton HEMOABMXKHOW MEPETOPOAKON MPOUCXO-
OAT YaCTUYHOE pA3JEICHUE JIETKOW U
Tsokenon Qa3. Jlerkas (aza ABUKETCS BBEPX U
BHOBb JUCIIEPTUPYETCS CIEAYIOIINUM AUCKOM.
Fil DTOT MPOoILIeCC TOBTOPSETCS B KAXKIOM CEKITUU
Puc. 9.9. POTOpHO-aMCKOBbI ~ KOJIOHHBI, B DE3yJIbTAaTe Yero JJIOCTUTACTCsS
KOMOHHbIA 3KCTPaKTOP WHTEHCUBHOE TiepeMennBaHue a3 v yBelu-
YUBAETCSI TOBEPXHOCTh UX KOHTAKTA.

N

4

W+B

7

5 | |

[ ]

J.a

—[L]IJIJIJIJIJIJB,_IJ )—.

[ M.

HenoaBuxHble TNEPEropojku CiayKaT Jig YMEHBIIEHUS MNPOAOJIbHOTO
NepeMeluBaHusl U [ NPeAOTBpPALlEHUs 3aKpy4yHMBaHHUS IMOTOKOB Bpamia-
IOIIAMCS] POTOPOM.

Jlis noBblieHust 3((HEKTUBHOCTU AUCIIEPTUPOBAHUS HKCTPAreHTa Ha Bally
KPEMAT HE IJIOCKUE IUCKH, a OTKPBIThIC TYpOMHHBIE MEIIaIKu. B aToM ciayuae
Ha KOpITyCe ammapara YCTaHaBIIMBAIOT JIOMOJIHUTEIbHbIE BEpTUKAIbHBIE pedpa
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Ui PAacKpy4YMBaHMS TOTOKAa >KHIKOCTH, OTOpachiBaeéMOro Memainkon. B
HEKOTOPBIX ammaparax HEMOABIKHBIE TEPETOPOJKH JIeTAI0T ¢ MEHBIINM
OTBEPCTHEM B ILIEHTPE, TAK YTO OHM HAKPBIBAIOT MEMAJIKy. B Kaxaoil cekuuu
YCTaHABIIMBAIOT BEPTUKAJIbHBIC TIEpQOpHpOBaHHBIC TIEPETOPOIKH B BHIC KOJEII.
B anmapatrax ¢ TakuMu TEPErOpOJKaMHU B KaXJAOW CEKIIMH MPAKTHUYECKH
MOJIHOCTBIO PA3JENsIOTCA Jerkas W Tskenas ¢asbl, NpU HTOM MNPOUCXOAUT
BbIPAaBHUBAHUE KOHIEHTpAIUH 1O 00beMy Kaxkao¥ (a3pl. Ammaparsl Takoro
TUTIA, HECMOTPS Ha BHEIIHIOIO CXOXECTh C POTOPHO-IMCKOBBIMU DJKCTPAK-
TOpaMH, CJIEyeT OTHECTH K CMECHUTEIIbHO-OTCTOMHBIM  JKCTpaKTOpam
BEPTUKAILHOTO THUTIA.

B HemnpepblBHO ACUCTBYIOMIMX KOJOHHBIX MEXAaHHYECKUX DKCTPAKTOpPAX
JOCTUTAETCS BBICOKAs WHTEHCHBHOCTH Maccolepefadyd. OTH  almapaTsl
3aHMMAIOT HEOOJBINYIO TUIONIAIb U HAJCKHBI B dKCIUTyatanuu. K HemocTaTkam
anmapaToB CIEAYeT OTHECTH HEOOJIBIIOE YHCIO CTYNEHEH SKcTpakuuu (He
oonee 8). Ilpu OosbiieM 4Yucie CTyNeHEHW 3HAYMTEIBLHO BO3pacTaeT BBICOTA
ammapara | YCIOXKHSAETCS KOHCTPYKIHSI POTOpa. ATMIMapaThl 3TOTO THIA HE
NPUMCHHAMBI, €CJIM BOIHBIM pAacTBOP M JKCTPAreHT OO0pa3yloT YCTOWYHBYIO
AMYJIBCHIO, TTOCKOJILKY BPEMsS OTCTaWBAaHMS B JTHX allllaparax HEBEIHMKO W HE
MOKET PErYJIUPOBATHCS.

9.5.2. IlynbcanuoHHBIE SKCTPAKTOPHI

B skcTpakTopax 3TOro THIa BHEIIHSS SHEPIus MOABOAUTCS K ammapary 3a
CYeT TyJbCaluidl SKUJIKOW (a3bl, CO3JaHUE KOTOPOW BO3MOXKHO JIBYMS
crocodamu:

1) ¢ momoImpl0 BUOPHUPYIONIMX BHYTPH ammapara nepopupoBaHHBIX
TapeJoK, YKPETJICHHBIX Ha OOIIEM IITOKE, K KOTOPOMY TMOJIBOAUTCS BO3BPATHO-
NOCTYNAaTeNbHOE IBUKCHHE;

2) TmOCpPEACTBOM CHEIHAbHOTO MeXaHu3Ma (TyJbcaTopa), HaXOMsIIerocs
BHe ammapara. (Co3gaBaeMble MyJIbCATOPOM KOJeOaHWsS TUAPABINIECKU
NepenarTCs )KUJIKOCTH B SKCTPAKTOPE.

Bropoii cnoco6 6ojiee 3KOHOMUYEH U OCYIIECTBISIETCS MPU OTCYTCTBUHU
JBIDKYIIUXCS yacTed B caMoM amnmapare. [1o3TomMy 3KCTpakToOpbl ¢ BHEHIHUMU
MyJIbCATOpPaMH MPUMEHSIIOTCSA HanboJliee 4acTo.

[Tynbcanuu crnocoOCTBYIOT JydlieMy ApOOJICHHUIO TUCTIEPTUPYeMOit (a3bl
Ha KaIUTM U YBEJIMYCHUIO MTOBEPXHOCTH KOHTAKTa (pa3, MHTCHCUBHOMY IEepeMe-
MUBaHUIO (a3, a TaKKEe YBEIUUYCHUIO BPEMEHH MPEOBIBAHUS TUCIIEPTHPYEMOI
da3pl B DKCTpaKTOpe. YBEIMYCHHEC WHTCHCUBHOCTH IyJbCAIU MPUBOAUT K
YBEJIIMYEHUIO MPOJIOJIBHOTO MEpEMEIINBAHUS U, KaK CJIEACTBHE, K YMEHBIICHUIO
kodummeHTa Macconepeavmn.
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Hcnonp3oBanne mynabcalMii Kak MeToJa HMHTEHCH(UKAIMKU TpoIiecca
AKCTPAKIIMK BO3MOXXHO B JKCTPAKTOpPAX Pa3IUYHBIX KOHCTpyKnmi. Hambonee
4acTO ATOT METOJl MPUMEHSIOT JJIsi CHUTYAThIX M HACAJO0YHBIX JKCTPAKTOPOB

(puc. 9.10). ITopuiHeBoO# mMyJbcaTOp MPEACTaB-
- asieT coOoM OeckianaHHBI TOPUIHEBON WM
TUTYHXKEPHBIM HACOC, KOTOPBIN MPUCOEIUHSIETCS
E nub0 K JIMHMM MOJA4d 3KCTpareHra, Jmoo
T = HETIOCPEJICTBEHHO K CaMOW KOJIOHHE. B3ameH
MOPITHEBOTO MyJIHCATOPa MOTYT OBITH UCIIOJb-
30BaHbl MeMOpaHHbIE, CUITBL()OHHBIE, THEBMATH-

! YECKHUE U JPYTHE HACOCHL

[To wHTEHCMBHOCTH pPaOOTHI | MPOU3BO-
JTUTENHHOCTA  MYJBCAIIMOHHBIE  AKCTPAKTOPHI
NPUOIMKAIOTCI K MEXaHHMYECKHUM OJKCTpaK-
TOpaM C MEIIAJIKaMH, HO BBITOJTHO OTIMYAIOTCS
OT HUX OTCYTCTBHEM JBIIKYIIUXCS YacTe B
caMoM J3KcTpakTope. OCHOBHOM HEIOCTATOK
NyJIbCAIIMOHHBIX JKCTPAaKTOPOB — OTpaHu-
YEHHOCTh JuameTpa armapara (He 6osee 800 Mm).
[Tpu GonplIMX TUaMeTpax 3HAYUTEIHHO YBEIH-
YUBAETCS HEPABHOMEPHOCTH CKOPOCTEW JKHUJKOCTH IO CEUEHHUIO ammapara u
PE3KO YBETUYMBACTCS PACXOJ] DHEPTUHU Ha CO3/IaHUE MTyJIbCAIUH.

Puc. 9.10. Hacapgo4iHbin
NyNbCaUNOHHbIA 3KCTPAKTOP

9.5.3. LlenTpoOEKHBIE SKCTPAKTOPHI

Hcnonp3oBanne MEHTPOOCIKHBIX CHUJT SABIACTCS d(PPEKTUBHBIM CPEICTBOM
KaK CMENIeHHs, TaKk W pa3feneHust a3 npu dKcrpakuuu. [IpuHIum paboTsl
IEHTPOOEKHOTO IKCTpaKTopa (puc. 9.11) 3akimtouaercs B CIEAYIOMIEM.

Ha Bpamatomemcs Baity ¢ aBy-
Ms KOHIICHTPUYCCKUMH KaHAJIaMH

JUIs TIOABOJA W OTBOJA YKUIKOCTH
~ . 3aKkpemieH  potop.  OuuiaemMbii
j=‘ /) N, {f—" pacTBOp M OKCTPAreHT IOHAI0TCS

8 ,—-———-—/ —_/ W+B  yepe3 IUEHTpaJbHBIE KaHAJIbl C

Ej—;.—,-‘\ % I IPOTUBOIOJIOXKHEIX KOHIIOB BaJa.
\/ ITpu sTom nerkast aza (d3CTparcHr)

BBOJUTCS B pOTOp Onmmxke K

Hapy>KHOMY Kparo, a Tshkenas Qasza
(BomHBIA pacTBOp) — OJIKE K OCH
poropa. Tspkemas  ¢daza  mof

Puc. 9.11. LieHTpo6exHbIN IKCTPaKTop NEHCTBMEM IIEHTPOOEIKHOM  CHIIBI
0oTOpachIBaeTCsl K BHEIIHEMY Kpak pOTOpa, BBITECHSA JIETKYIO (a3sy K ocH
potopa. Takum oOpazoM, da3bl JIBUXKYTCS TPOTUBOTOKOM C  BBICOKOM
CKOPOCTBIO.
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Jlns yBenu4yeHUs] BpeMEHU KOHTakTa (a3 U yJIydlieHUs AUCIIePTUPOBAHUS
JKCTpareHTa BHYTPU POTOpa IO BCEH €ro MMPHUHE pa3MelleHa CIUpalbHas
nepdopupoBanHas neperopojka. JlucneprupoBanue Jerkoi (a3l MPOUCXOIUT
Ipy TPOXOXKJIEHUU €€ uepe3 OTBepcTus neperopoiku. Paznenenuwe a3
OCYIIECTBJISIETCS. Ha CIUIONMIHBIX YyYacTKax meperopojku. CmenieHue u
pazneneHue ¢a3 NpoUCXOAUT OJHOBPEMEHHO U MHOTOKPATHO TOBTOPSETC.

Jlerkas paza cobupaercst BOIM3U OCH pOTOpPA U OTBOJUTCS Yepe3 BHEITHUI
KaHaJl CO CTOPOHBI BBOJA TsDKeNOM (pas3bl, a Tsokenas ¢aza OTBOAUTCS yepes3
BHEIITHUHN KaHaJl CO CTOPOHBI BBOJA JIETKOM (ha3bl.

B npoMmBIIIIEHHBIX SKCTPAKTOpax YMCIO 00OPOTOB POTOpA COCTABISET OT
1200 1o 5000 muu ', auamerp potopa He mpeBbimaeT 1,5 M. IleHTpoGeKHBIE
IKCTPAKTOPHl BEChbMa KOMIIAKTHBI M COYETAIOT 3HAYUTENbHYIO IPOU3BO-
JTUTENFHOCTD C BHICOKOW MHTEHCHUBHOCTHIO Maccomepeaun. DKCTPAKTOPHI 3TOTO
THUIIA XapaKTePU3YIOTCS MaJIbIM BpeMEHEM KOHTaKTa ¢as3.

10. MOHOOBMEHHAS OYUCTKA CTOYHBIX BO/1
10.1. UouuTnl

HNounHubiii 0OMeH mpeacTaBisieT coOoi Mpollecc B3auMOJICUCTBUS pacTBOpa
c TBepAoi (a3zoii, obagaroIiei CBOMCTBOM OOMEHHBATh COJEpKAIUeCss B HEl
MOHBl Ha JpYrHe HOHBI, IPUCYTCTBYIOIIME B pacTtBope. Takue BemiecTna
MTOJTy4YHWIJIM Ha3BAHUE NOHUTOB.

B kadectBe HMOHWUTOB MOTYT OBITh HMCIOJB30BaHbI MPUPOJHBIE HEOpPra-
HUYECKUE COCAMHEHUS THUIA MOJHUMEPHBIX CHIUKATOB (IIE€OJIUTOB), OCHUAUPO-
BaHHBIC WIH CYyJIb()UPOBAHHBIE YIVIM U Ap. B HacTosiiee BpeMsi HauOoJibliiee
PacIpOCTPAHEHUE TOJYYUIIM MOHHUTHI HA OCHOBE CHUHTETUYECKHUX CMOJI. HacTo
JUTSL 3TUX TEJeW HCIOIB3YIOTCS COIMOJMMEPHl CTHUPOJa W JUBHUHIIOCH30Ja.
Crupos 00pa3yer NJIMHHBIE MOJUMEPHBIEC LIENH, a JUBUHUIOECH30] (popMUpyeT
MOCTUKH (WU CIIMBKH) MEXIy STUMH uensiMu. [Ipu sTom oOpasyercs omHa
TUTAHTCKAsl TPEXMEPHas MOJIEKyJia. AKTUBHBIE TPYNIIBI BBOJAT B 3TY MOJEKYJIY
AMUHUPOBAHUEM WIH CYJIb(PUPOBAHUEM:

S0;H
CH,=CH = - - - - - - - - - -
2 2 CHy=CHj4 CH;-CH;-CH,-CHj, + HyS04 CH;-CH;—CH,-CH,
+ — —2 =,
CH,=CH " Haf
CTupon AuBUHUASEHZ O 50;H
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B noOHOOOMEHHBIX  TpolleccaX  OCYIIECTBISETCS  M30MpATENIbHOE
MOTJIONICHHUE OJTHOTO TN HECKOJIBKAX KOMIIOHCHTOB M3 PACTBOPOB C TTOMOIIBIO
UOHUTOB.

OTnrune MOHOOOMEHHBIX TMPOIIECCOB OT aJCOPOIMOHHBIX 3aKII0YACTCSA B
TOM, YTO OOMEH MOHAMHU MEXIY PACTBOPOM M MOHUTOM CBSI3aH C MPOTEKAHHEM
reTEepPOreHHOM XUMHUYEeCKoW peakuuu. [Ipouiecc moHHOro oOmMeHa COCTOMUT W3
TpeX CTaAuil: TPAHCIOPT MOHOB U3 oOBeMa XKHUAKOM (a3bl K TOBEPXHOCTH
noHuTa (BHeIHss au(dys3us), TPAHCHIOPT HOHOB BHYTPh 3€pEH HOHHUTA
(BHyTpeHHsAs nuddys3usa) U peakius HoHHOro oomena. Jlrobas u3 3TUX cTaauii
MOJKET OBITh JIMMUTHUPYIOIIEN CKOPOCTH MPOIIEcca B IIEJIOM.

[Ipomiecchl  MOHOOOMEHHOW OYMCTKM CTOYHBIX BOJ IO TEXHHUKO-
AKOHOMHUYECKHUM TOKa3aTeIsIM YCIIEITHO KOHKYPHPYIOT C APYTHMH METOJaMHU
OYHCTKH. OTOMY CIOCOOCTBYET TMPOCTOTA almapaTypHOTO O(OPMICHUS
MOHHOT0 OOMEHa.

10.1.1. OO01ast xapakTepuCTHKa U Kiaaccupukaus

CuHTeTHYeCKHE MOHOOOMEHHBIE CMOJIBI MPEACTABISIIOT COOON MONMMEPHI
C IPOCTPAHCTBEHHOW CTPYKTYpOH, cozepxkaiiue (yHKIMOHAIbHBIE TIPYIIIH,
CIIOCOOHBIE UCCOIMUPOBATh B BOAHBIX PACTBOpPaxX Ha MOHBI — TAK Ha3bIBaCMbIE
MOHOTEHHBIE Tpynibl. [Ipu guccoumanuu 3TUX TPynI 00pa3yroTcs M0 MEHbIIIEH
Mepe JiBa MOHA: OJMH M3 KOTOPBIX (KaTMOH WJIM aHUOH B 3aBUCUMOCTU OT THUIIA
HMOHHUTA) XUMHUYECKH CBSI3aH CO CTPYKTYpPOH MOJMMEPa U TTOITOMY HEIOJABUKCH,
a Ipyroiu, MpOTHUBOIIONOKHBIHN 10 3HAKY 3apsaa, MOXKET MEPEXOJUTh B PACTBOD.
[lepBblii TUII HOHOB HA3BIBAIOT (PUKCUPOBAHHBIMU, & BTOPOI — MPOTUBOUOHAMM.

B 3aBHCHMOCTH OT NPOTUBOMOHA, KOTOPBIM HAChIIIEHa HWOHOOOMEHHas
cMona, paznuyatotr H-dopmy, Na-popmy, Ca-popmy # T.I. JUisi KATHOHUTOB U
cootBeTcTBeHHO OH-hopmy, CI-popMy /i1 aHHOHUTOB.

HMoHUTHI pa3fensoT Ha KaTHOHUTHI, BCTYMAIOIIAE B PEAKIMH KaTHOHHOTO
obmena RH + Na* — RNa + H', 1 aHHOHUTHI, BCTYNAIONIUE B PEAKIUM 0OMeHa
aanoHamu ROH + CI” — RCI + OH . IIpoMeXyTOYHOE TOJ0KECHUE 3aHUMAIOT
amM(OJIUTHI, KOTOPbIE COAEPKAT KaK KHCIOTHBIE, TAK U OCHOBHBIE MOHOT'€HHbBIE
I'pyHIlbl, U, B 3aBUCUMOCTH OT YCJIOBMI ITpoLecca, MOTYT BECTH ce0s b0 Kak
KaTHUOHUTBI, TUOO KaK aHUOHUTHI.

B cOOTBETCTBUM CO CTENEHBIO MOHU3ALMM B PACTBOPE KATHOHUTHI JEHSATCS
Ha CWIbHO- U ciaOoKuciaoTHbIe. CHIBHOKUCIOTHBIE KAaTHOHUTHI CIOCOOHBI
K OOMEHY HOHOB B IIEJIOYHOM, HEUTpaJbHOM M KHCIOH cpemax. B kauecrtBe
(UKCUPOBAHHBIX HMOHOB OHM OOBIYHO cojepxkar cyiabdorpynny —SO; .
CnaOoOKUCIOTHBIE KAaTHOHUTHI CIOCOOHBI K OOMEHY KAaTHOHOB TOJBKO B
MIeIOYHOW WiH HeuTpanpHOU cpene (pH > 7). B kadectBe (uKCHpPOBAHHBIX
MOHOB OHHM COJEepKarT ciab0 AMCCOLUMHUPYIOUIME KHUCIOTHBIE TIPYNIMPOBKH,
HanpuMmep KoOokcunpHyto rpynmny —COO".

AHanoruyHeiM  00pa30oM aHUOHHUTBHI JIENATCA Ha CUIBHOOCHOBHBIE
U c;1a000CHOBHbBIE. CHUILHOOCHOBHBIE aHUOHUTHI CITOCOOHBI K HOHHOMY OOMEHY
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KaK B KUCJIOTHOH, TaK U B IIEJIOYHOW cpele. DTU aHUOHHUTHI HamboJee 4acTo
COJIepKaT B KayecTBE (PUKCHUPOBAHHBIX HOHOB YETBEPTUUHYIO aAMMOHHUEBYIO
rpynny —NR;". CnaGooCHOBHbIE aHMOHHTHI CIIOCOOHBI K OOMEHY aHHOHAMH
TOJIBKO B KUCJOW cpefie. AKTUBHBIMHM I'pyNIaMy B HUX SIBIIAIOTCSA NEPBUYHBIE,
BTOPHYHbIE UM TPETHYHbIE aMMOHNEBBIE Tpymmbl: —NH; , —~NRH, 1 —NR,H .

10.1.2. CopOuroHHBIE CBOMCTBA U CEJIEKTUBHOCTD

CopOIMOHHYI0 CIIOCOOHOCTh MOHHMTOB OIICHUBAIOT ITOJHOHM, PaBHOBECHOM
u paboueit oOMeHHOU eMKocThlo. [lonHass oOMEHHass €MKOCTh BBIpaKaeTCs
OOIIIMM YHCIIOM HMOHOTEHHBIX TPYII B €IMHHUIIE 00bEMa WM MacChl MOHHUTA
(9KB/T MM DKB/CM’) U SIBISICTCS XapaKTEPUCTHKOMN HOHUTA.

Peakuus wnoHHOrO oOOMEHa sBIseTCS OOpaTUMON W TPOTEKaeT [0
JOCTIDKCHUSI PAaBHOBECHOTO COCTOsSIHUA. KOIM4ecTBO WMOHOB, BCTYNMUBIIUX B
peaknuo OOMEHa TpHU JOCTH)KCHHUH DPABHOBECHS, HAa3bIBAIOT PaBHOBECHOM
OOMEHHON €MKOCTHIO M BBIPAXKAIOT B TE€X K€ ¢AWHHUIIAX. PaBHOBECHAas EMKOCTh
3aBHCHUT OT YCIIOBUH MPOBEACHUS Iporiecca (KOHIICHTpAuH, TeMrepatrypsl, pH)
W BCET/1a MEHBIIIE TTOJTHOW EMKOCTH.

PabGoune mporecchl MOHHOTO OOMEHa TPOTEKAIOT B HEPaBHOBECHBIX
ycIoBusiX. DP(HEeKTUBHOCTh UCTIOIB30BAHUS MOHHUTA XapaKTepU3yeTcs padoueit
OOMEHHOW EeMKOCTBIO, 3HA4YeHHE KOTOPOW 3aBHCHUT OT TEXHOJIOTUYECKOTO
pexuMa MPOBEACHUS Ipoiecca (OTHOCUTENBHBIX CKOPOCTEH ABMKEHUS (a3,
BpEMEHU KOHTakTa u 1p.). YeMm Omrmke 3Ha4YeHHe pabouyell eMKOCTH K
PaBHOBECHOM, TeM 3P eKTUBHEE UCTIONB3YIOTCS CBOMCTBA HOHUTA.

10.2. CxeMbl HOHOOOMEHHBIX YCTAHOBOK
10.2.1. AnmapaTsl C HETIOJABUKHBIM CJIOEM HOHUTA

B npoun3BoACTBEHHON MPaKTUKE MIMPOKO PACIPOCTPaHEHbl HOHOOOMEHHBIE
YCTAHOBKM IIEPUOAMYECKOTO JEHUCTBUSA C HENOABMIKHBIM CJIOEM HOHMTA.
Tunuunelit MOHOOOMEHHUK

(puc. 10.1) nmpencraBisieT co-

':"'“_"-';EE_'E'E"F* gr;i":'ﬁ'““ 0011 BepTUKAJIbHBIA UIUHIPU-

YECKHI ammapar, BHyTPHU KOTO-

pOrO0 Ha OINOPHOM pELIETKE

Perenzpupywu PaCIIOIOKCH CIIOU rpanyiun-
T | pacTlop poBaHHOTO HOHMTA. /1)1 paBHO-
MEpPHOI'O pacCIpeeTICHUs] OYH-
LIaEMOI'0 PacTBOPA 110 CEYECHUIO
arrapara ciry»KaT ClielIMaJIbHbIE

B

I"-----..._ I pacnpeeuTeIbHbIE  YCTPOii-
Nposeifisan T ML WEH HbIid crea. MHorna Juis  pacrpe-
e JEJICHUS] PACTBOPA UCIIOIB3YIOT

oz pacthop N
CJIOW KPYITHO3EPHUCTOTO UHEPT-
Puc. 10.1. VloHoobMeHHbIN annapat HOro  MaTepuana  (rpaBus,

C HenoaBMXHbIM CINOEM NOHUTA
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KBaplia, aHTpamuTa) ToamuHoi He 6osee 200 mMm. [l mpegoTBpamieHus: yHoca
YaCTUI[ CMOJIBI CBEPXY €€ 3aKPBIBAIOT CETKON M3 HEpKaBEIOUIeH cTajiu WU
NOJUMEPHBIX MaTepuaiioB. BricoTa KOJOHHBI JOMKHA OBITH 3HAYUTEIHHO
OoJbIIe BBICOTHI CJOSI CMOJIBI, YTOOBI AaTh BO3MOXHOCTH MEPEHTH CJIOI0 B
NICEB/IOOKUKEHHOE COCTOSTHUE TIPU MPOMBIBKE CMOJIBI BOCXOISIIIIUM TTOTOKOM.

[{uxn paGoTHl TakoW YCTAHOBKH CKJIQABIBACTCS M3 YETHIPEX CTaHIA:
HOHOOOMEH; OTMBIBKA HOHHUTA OT CTOYHBIX BOJI; pereHepalisi MOHNWTA; OTMbIBKA
MOHMTA OT PEr€HEPUPYIOLLETO pacTBOPA.

Ha mnepBoii ctaguu odMillacMblii pacTBOp IMOAACTCS B BEPXHIOI YacTh
ammapara 4epe3 paclpeleuTeNIbHOe yCTpoWcTBO. PacTtBop camoTekom
JIBMDKETCSI BHU3 W BBIBOJIUTCS U3 HIDKHEH YaCTH ammapara.

Ha BTopoii cramuu B ammapar mogaercsl nmpombiBHas Boja. Ilomaya BombI
OCYIIECTBIISIETCS. HACOCOM CHM3Y BBepx. CIIOif MOHWTA MPH ITOM IMEPEXOUT B
NICEBJIOOKMKEHHOE CcOCTOsiHUE. [Ipu MpoOMBIBKE HMOHHUTAa TAKUM CHOCOOOM
IPOUCXOJIUT HE TOJIBKO €r0 OTMBIBKA OT UCXOJHOTO PAcTBOpA, HO U YAAJIICHUE U3
CJIOST MOHWTA HAKOIMBIIUXCSA B HEM MeXaHMYeckuxX npumeceid. [lpu pabote
anmapara B KackaJie C JIpYrMMU amrapaTtaMyd TOTO K€ Ha3HA4YCHMSI B KaueCTBE
IIPOMBIBHOM BOJIbI MOXET OBITh MCIIOJIb30BaHa OUMIIaeMas Boaa. B aTom ciydae
POMBIBHAsE BOJA IIOCHE OTJAEJIEHUs OT Hee MEXaHUYEeCKHX IpHUMece
HaIpaBJsieTCs B APYrou amnmapat JJs OUUCTKH.

ITociie OTMBIBKM MOHUTA MPOBOJUTCS €ro pereHepauus. Perenepupyromuii
pPacTBOp MOMAAIOT B ammapar CBEpXy, TaK K€ KaK W O4HuIIaeMblii pactBop. B
KaueCTBE PETCHEPUPYIOIIMX pPACTBOPOB B 3aBUCHUMOCTH OT THUIIA HOHHUTA
UCTIOJNB3YIOT PACTBOPHI KUCIOT M IIEIOYCH.

[Io okOHYaHWUU CTaJAMKM PEreHEPallUd TMPOBOMAT THIATCIBHYIO OTMBIBKY
HOHUTAa OT PEreHepUupyrolero pacrBopa OOECCONEHHOW BOIOM  WMIIU
KOHJICHCATOM, T10J1aBasi € (WM €r0) CBEPXY BHU3.

AnmapaTel Takoro THIA MPEIHA3HAYEHBI Uil OYHCTKUM CTOYHBIX BOJ OT
OHOTO BHJa HWOHOB: KAaTHMOHOB WM aHWOHOB. ClieqyeT OTMETHUTh, HUTO
MOHOOOMEHHBIE CMOJIbI OOIEro Ha3HAYEHUs HE O0JIalal0T CEJNEKTUBHBIMU
cBoiicTBaMu. B peakinto mOHHOro oOMeHa OyIyT BCTYIaTh BCE KATHOHBI WM
aHUOHBI, COJIEPIKAIIMECS B PAacTBOpPE, HE3aBHUCHUMO OT TOro, TpeOyeTcs 3TO IO
TEXHOJIOTMUYECKUM COOOpaKeHUsAM WiH HeT. [1o3ToMy yacTh OOMEHHON €MKOCTH
noHuTa (MHOT/Ia — OOJIBIIIAs 9acTh) OYJET pacXoI0BaThCs BITYCTYIO.

Jlnst m30upartenbHOW OYMCTKM CTOYHBIX BOJ OT OMNPENEJIEHHBIX HOHOB
NPUMEHSIOTCS CIEIUaIbHbIe MOHOOOMEHHBIE CMOJIbI, CIHOCOOHBIE K 00pazo-
BaHUIO KOMIUIEKCHBIX COCAMHEHHI THIA XeJaTOB C M3BJIEKAeMbIMH HOHAMH.
DOTH CMOJIBI 3HAYUTEIHLHO JIOPOKE YHHBEPCAIBHBIX W HCIOIB3YIOTCS B TOM
cily4ae, KOrja M3BJIEKaeMble MOHBI MPEACTABISIOT cO00M LIEHHBIM XUMUYECKHil
TIPOTYKT.

Kackan amnmapatoB mNepUOAMYECKOrO JEHCTBUSL MOXET paboTaTh IO
HENPEPBIBHOM CXEME C MEPEKITIOUYEHUEM MTOTOKOB.
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10.2.2. Annapatrsl ¢ IBM>KYIIAMCS M KATISIIUM CJI0EM HOHUTA

B anmaparax ¢ JBWKYIIMMCS WM KUISIIMM CJIOEM HOHUTA YIaeTcs
JOCTUYb OOJIbILIEH CKOPOCTH MPOLECCa 3 CUET CHATUA BHEIIHE TU(PPY3nNOHHOTO
TOPMOXEHUSI U OoJee TMOJHO MHCMOJIb30BaTh €MKOCTh HMOHUTA 3a CYET
JIMKBUIAIIMK 3aCTOMHBIX 30H B CJIOE.

KoHcTpykiuu  amnmapatoB ¢ JIBIXKYIIUMCS cioeM uoHuTa (puc. 10.2)
MPEICTABIAIOT COOOM BEpPTUKAIBHBIE KOJOHHBIE amnmaparbl C CUTYATHIMH
TapeakaMu WU TEpPEeMBHBIMU yCTpoicTBaMu. OYMIIAEMBIl pacTBOpP IBHUIKETCS
CHHM3Y BBEPX CO CKOPOCTBIO, OOECIIEUNBaIOIIEH TICEBAOOKUKEHUE CIIOSI HOHUTA
Ha Tapesjke. PereHepupoBaHHBII MOHUT HENPEPBIBHO IOJAETCS HA BEPXHIOKO
TapeliKy, OTKyJa 4epe3 MEPEMBHOE YCTPOMCTBO «CTEKAET» HA HIDKEIEKAIILYIO
tapesiky W T.0. C HWKHEH Tapenku OTpadOTaHHbII HOHUT HENPEPHIBHO
OTBOJIUTCA Ha pereHepanuo. PereHepanuio U OTMBIBKY HMOHHUTA IMPOBOJST B
OTZIETILHOM armmapare.

HenpepoiBHBIN mpoliece ¢ KUmsimuM ciioeM uonuta (puc. 10.3) mpoBoasr
B KACKaJl€ pPEaKTOPOB C MepeMelnBaHueM. Jlns nepemMelmuBaHus HOHHUTA
BHYTPH pEaKTopa U Il TPAHCIOPTUPOBKM €ro M3 peakropa B PEaKTop
UCIOJIb3YIOT THEBMATUYECKHUE YCTPOUCTBA TUIIA SpiiudTa.

pacThop

CHMINa

HO-ODﬁﬂE-H&ﬂ\[ [ﬁHHMEHHHH

HoHoOZMEHHAS
Caona,
%MW EHHEIW

. HoHoooMEHHAS
I Bkttt
CHOAa

pacthop

Crarei Bozdy:

Cwatel Sozdyvy

OHUW B EMBEH
_—

zcthop

0HHL 3ERBIRH

pacrhop

{ HosoodsE=HAS

- CHMOna
L
Puc. 10.2. lHOOOOMEHHbIN annapat Puc. 10.3. loHHOOOMEHHbBI annapat
C ABMXYLLMMCS MOHUTOM C KUNALLMM NOHUTOM

[enTpanbHas spaudTHas TpyOa CIyKUT JJIsl IEPEMEIINBAaHUs CYCIIEH3UU
HMOHUTA B PacTBOpe, a OOKOBask — JUIs EPEeKauky MOHUTA (BMECTE C HEOOJBIIOMN
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YacThIO OYMILAEMOI'0 PacTBOPA) B PEAKTOP MPEAbIAyIIero Kackaaa. [lockonbky
B almapar HENpPEPBIBHO IOJAETCA CKATBIA BO3AYX, KPBIIIKY Ha ammapar He
yCTaHaBIMBaIOT. J{J1 UCKIIIOUEHUsT pa30pbhI3ruBaHus pacTBOpPa B BEPXHEH YacTH
amnmapaTra yCTaHOBJICHA TOHKAsl MeTaJim4yeckass ceTka. OuMIaeMblii pacTBOp U
MOHUT JIBHXKYTCS 4Yepe3 KackKaJl anmnapaTtoB B pEXKHUME NPOTHUBOTOKA, 4YTO
MO3BOJISIET JOOUTHCS BBICOKOM CTENEHU HCIOIb30BaHUS OOMEHHOM E€MKOCTH
HOHUTA. PeakTopbl ¢ 3pAuUTHBIM NEPEMEIINBAHUEM HE MMEIOT JIBHKYIIHUXCS
YacTEeH U M0ITOMY IIPOCTHI 110 KOHCTPYKIIMU U HAZCKHBI B OKCIUTyaTaLUH.

10.2.3. Annapatsl CO CMEIIaHHBIM CJIOEM UOHUTOB

JIJis OYMCTKH BOJABI KaK OT KaTUOHOB, TaK U OT aHHOHOB MPUMEHSIOT JBa
MOCJIEIOBATEIbHO COEIMHEHHBIX alapara ¢ KaTUOHUTOM M aHUOHUTOM WIIH
OJIMH anmnapaT cO CMEChIO KaTUOHUTA U aHrnoHUTa (puc. 10.4).

Bo Bpemsi paboueit cragum o0a MOHWTA HAXOMATCS B ammapare B BUIE
OJIHOpOAHOM cMecu. [Ipu mpombIBKe armapara BOCXOISIIUM MOTOKOM HOHUTHI
paccnauBaroTcs: 0ojiee JITKUH aHUOHUT KOHLIEHTPUPYETCS B BEPXHEW 4acTu
TICEBIOOKIKEHHOTO CJI05, a 00JIee TSHKEIbIN KATHOHUT — B HIDKHCH.
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Puc. 10.4. Annapat co cMeLlaHHbIM CITOEM MOHUTOB

Perenepannio cMon nmpoBOAsAT ONHOBpeMEHHO. [Ipu 3TOM pacTBOp HIEn0YH
JUISl pETeHEpalii aHMOHUTA MTOAAI0OT B allapar CBEPXY, a pACTBOP KUCIOTHI JJIS
pereHepanyi KaTHOHUTA — CHU3Y. PacXoapl U KOHIIEHTpAlMU PEreHEPUPYIOIINX
pacTBOpOB  MOAOMPAIOTCS TakuM 00pa3oM, YTOOBI TMPEAOTBPATUTH UX
IIPOHUKHOBEHUE Yepe3 TpaHUIly pasjaena HOHUTOB. Ha »3Tol rpanuie
pereHepupyrome pacTBOpbl B3aUMHO HEUTPAIU3YIOTCA M BBIBOAATCA 4Yepe3
OOKOBOM CIMBHOM NaTpyOOK.

Ilocne perenepannu M NPOMBIBKM amnmapar MNPOLYBAIOT CHU3Y CHKATBIM
BO31yXOM. IIOCKONBKY pasnuuus B IUIOTHOCTM KaTHOHUTA W AHUOHMUTA IIO
OTHOILIEHUIO K IJIOTHOCTH BO3/yXa HEBEIHUKH, TO IPU MEPEXOAE CIOSI HOHUTOB B
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IICEBJOOKIDKEHHOE  COCTOSIHME B  BO3AYIIHOM IIOTOKE IIPOMCXOAMUT UX
nepememnBanue. [locme OKOHYaHMS TPOAYBKM CMELIAHHBIA CIIOM HOHHUTOB
0CEJIaCT HAa HUKHIOIO PELIETKY, U annapar roToB JUIsl BO30OHOBJICHUS LIUKJIA.

11. JIEKTPOXUMHNYECKAS OYUCTKA CTOYHbBIX BOJ

[TpumeHneHne >MEKTPOXUMHUYECKIX METOOB JIJISi OYHCTKH TTPOMBIIITICHHBIX
CTOYHBIX BOJ[ OCHOBAaHO Ha MX 3JICKTPOJIH3E, T.C. HAa MPOMYCKAaHUH 4Yepe3 HUX
TIOCTOSTHHOTO DJICKTPUYECKOTO TOKAa C TIOMOIIBIO TOTPYKEHHBIX AJIEKTPOJIOB.
DNEeKTpoA, Ha KOTOPOM MPOUCXOASAT PEAKIIMH BOCCTAHOBICHHS, HA3bIBACTCSI
Kamooom, a DJCKTPOA, Ha KOTOPOM TIPOUCXOAHUT DJICKTPOXHUMHUCCKOE
OKHCIIEHHe, — aHoOom. llpum »SJeKTponu3e Karoa TOACOSAUHSETCS K
OTPHIIATEILHOMY IOJIFOCY MCTOYHHMKA TOKA, & aHOJ — K IOJOXKUTEeIbHOMY. Ha
Karole TMPOUCXOTUT BOCCTAHOBJICHHE MOJIGKYJ BOJBI  C BBIACICHUEM
ra3000pa3HOro KHCIIOpOJa, pas3ps]i KaTHOHOB METAUIOB ¢ 0O0pa3oBaHHEM
KaTOJHBIX OCAJKOB, BOCCTAHOBJICHHE MOJICKYJ OPraHMYECKUX BEIIECTB U HMX
HoHOB. Ha aHome W3 MHEPTHBIX METAIOB IPOHCXOIMWT OKHCICHHE BOIBI C
BBIJICJICHHEM KHCJIOPOJa, OKHCICHHE aHWOHOB TaJOr€HBOJOPOJHBIX KHUCIOT C
BBIJICJICHUEM Ta3000pa3HbIX TAJOICHOB, OKUCIICHUEC OPraHUYCCKHUX BEIICCTB.
[Tpu 3neKTposM3e MOXKET MPOUCXOIUTH TEPESHOC HOHOB uepe3 MOJIYNPOHH-
IacMble MEMOpPAHbI, KOAryJSIHUs KOJUIOWIHBIX YacTHIl, (BIoTamus TBEPIBIX U
SMYJIBTUPOBAHHBIX YaCTHUIl U PsAA APYrux sBieHuil. Bce 3TH mporecchl MOryT
MIPOTEKATh OJJHOBPEMEHHO C TOW MJIM HHOM CTEIIeHbIO HHTEHCUBHOCTH.

B 3aBucuMocTH OT mNpeoOJaAaomero Npouecca BBIACISIOT METObI
ANEKTPOXUMHUYECKON OUMCTKH MPOMBIIIJICHHBIX CTOYHBIX BOJI:

— aHOJ/IHOE OKHUCIICHUE ITPUMECEH;

— KaTOJHOE BOCCTAHOBJICHUE MIPUMECEH;

— 3JIEKTPOKOATYJISIHS;

— 3IEKTPOINAIIN3;

— JIeKTpodIoTaIHS.

11.1. AHoIHOE€ OKHCJICeHHE PUMecei

[Ipu 31eKTpOSIM3e CTOYHBIX BOJ C NMPUMEHEHHEM HEPAaCTBOPHUMBIX aHOJIOB
OpyU  BBICOKMX  MMOTEHIMANaX [MPOMCXOAMUT  JIECTPYKTUBHOE  OKHUCIICHHE
MIPAKTHUECKH BCEX OPraHMYECKUX BEIICCTB ¢ 00pa30BaHUEM YTIICKHCIIOTO Ta3a,
BOJBI, A30Ta WJIM aMMHaka M HEKOTOPBIX JIPYTHX Ta3000pa3HbIX BEIIECTB.
HecenextuBHOE OKHCIICHHE KpalHE HE YKOHOMHYHO, ITOCKOJIbKY IPHU BBICOKUX
AaHOJIHBIX TMOTEHITHANIAX TPOUCXOIUT HWHTEHCHUBHBIN SJEKTPOJIM3 BOJBI, HUTO
PE3KO CHUXKaeT KO3(P(UIIMEHT UCTIONb30BaHUS AJIEKTPOIHEPTIUH.

B psnme cnydaeB OKHCIEHHE TPOBOAST TIPM  HEBBICOKUX AHOIHBIX
MOTEHIIMAJIaX C HMCIOJIh30BAHMEM THUTAHOBBIX AHOJOB C HAaHECEHHBIMH Ha HUX
CJIOSIMH KQTAIUTUYECKH aKTUBHBIX METaIOB. [Ipm 3TOM TOMHON AecTpyKIuu
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OpPraHMYECKUX MOJIEKYJ HE TMPOHCXOAUT, a 00pa3yroTcs Oojee MPOCTHIC IO
COCTaBY U MEHEE TOKCUYHBIE COCAMHEHUSI.

B xaudecTtBe npumMepa pacCMOTPUM IMPOLECC DIEKTPOXUMHUUECKON OYMCTKH
CTOYHBIX BOJ OT IMAHUCTHIX coeAuHeHu. OOpaboTka CTOYHBIX BOJ
IPOUCXOIUT B Oe3auadparMeHHbIX 3JIEKTPOJIU3EPaX C YrOJIbHBIMH aHOJaMHU U
KAaToJaMH W3 JIErMpOBaHHOM cTanu. CTOYHBIE BOJBI HEMPEPHIBHO MOJAOTCA B
HIKHIOIO YacTh JJIEKTPOJW3Epa W BBIBOASATCA M3 €ro BEPXHEH YacTu.
[TepemeniBaHUE€ CTOYHBIX BOJ B 3JIEKTPOJIU3EPE OCYIIECTBISETCS CHKAThIM
BO3/IyXOM.

IIpn »snekTponuze B MIETOYHOM Cpelae Ha aHOJE MPOUCXOAUT
AIEKTPOXUMHUYECKOE OKHUCJICHUE LUaHUA-UOHOB CN ', a TakKe KOMIUIEKCHBIX
1oHoB [Cu(CN);17, [Zn(CN),]* v apyrux ¢ oGpa3oBaHHEM UAHAT-HOHOB

CN +20H —-2e =CNO +2H,0

[To mMepe HakorieHUs] IMAHAT-UOHOB MPOUCXOJUT UX JadbHEUIlee OKHUCIICHHE
¢ 00pa3oBaHHEM COBEPUICHHO HETOKCHYHBIX IPOAYKTOB

2CNO +40H —6e =2C0,+ N, +2H,0
Ha KaToAC MPOUCXOAUT BOCCTAHOBJICHHUC BObI
2H20 +2¢ =20H + Hz,

a TaKkKe pas3psa] KAaTHOHOB META/UIOB, OOpasyroIIMXCs IpU AMCCOLUALMU
KOMITJIEKCHBIX IIHaH-HOHOB.

JUIsl TIOBBIIEHMS 3JEKTPONPOBOAHOCTH CTOYHBIX BOJ M YCKOPEHMS
npouecca 3JIeKTpoin3a K HUM JOOaBJSAIOT PacTBOPbl MHUHEPAIBHBIX COJICH.
Oco0eHHo 3¢ dexkTBHO n00aBIcHUE XIopuaa HaTpus. B 3ToM ciayyae moMumo
OPSIMOTO  3JIEKTPOXMMHUUYECKOTO  OKHCIEHHUS LMAaHWAOB IPOUCXOJHUT  UX
TOMOT€HHOE XUMHUYECKOE OKHUCICHUE aTOMapHBIM XJIOPOM, 00pa3yIoluMcs Tpu
OKHUCJIEHUH XJIOPUI-UOHOB:

Cl —e =CI
2Cl+ CN +20H =CNO +2CI + H,O

CreneHb OYMCTKH CTOYHBIX BOX OT nmuanuaoB mocturaet 100 %. B Bume
KaTOJAHOTO ocajka Beiaensiercss okono 80 % wMeramioB, coaepKaluxcd B
CTOYHBIX BoJax. Pacxon anekTposHepruu coctasisger okojo 0,2 kBtu/r CN .

11.2. KaToaHoe BOCCTaHOBJIEHHE NIpUMeceid

Karognoe BoccTaHOBIIEHHE NMPUMECEd OPraHUYECKUX COEMHEHUH I1eIeco-
o0pa3HO B TOM cllydae, KOrjaa NpsMoe aHOJHOE OKUCIICHUE ITUX IIpUMecei 0o
HE MPOUCXOINUT BOOOIIIE, MO0 TpeOyeT Upe3MEPHBIX 3aTpaT SHEPTUH.

Takum o00pa3oM MPOBOAST OYUCTKY CTOYHBIX BOJ OT OPTaHUYCCKUX
HUTPOCOCANHEHUH (HUTPOOEH301a, TPUHUTPOTONIYoa U Jip.). OUUCTKY TPOBO-
JAT B JIB€ CTAANH B quadparMeHHbIX dJekTponm3epax. CHadama CTOYHbBIE BOJIBI
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NPOMYCKAIOT dYepe3 KaTOJHOE TPOCTPAHCTBO TIEPBOTO DJICKTPOIM3Epa IS
BOCCTaHOBJICHHSI HUITPOCOCTMHCHUH 0 AMHHOB:

R-NO, + 6H" + 6¢ = R-NH, + 2H,0,

a 3aTeM 4epe3 aHOJHOE MPOCTPAHCTBO JAPYTOTO SJCKTPOIU3EPA ISl OKUCICHHUS
00pa30BaBIIMXCS AMHHOB J0 HETOKCHYHBIX MPOAYKTOB. [l ynaneHus wu3
CTOYHBIX Boj | T TpuHHTpOoTONmyoda Tpedyercs okomo 0,5 kBTu anexTpo-
SHCPTHH.

B HEKOTOpBIX cilydasx KaTOJHOE BOCCTAHOBJICHHE PAaCTBOPEHHBIX B CTOY-
HBIX BOJIaX OPraHMYECKUX BEIISCTB MPUBOJMUT K 0OOPA30BAHHIO HEPACTBOPUMBIX
NIPOAYKTOB, BHIMAIAIONIUX B 0cagoK. Hampumep, pH 31EKTPOIH3e CTOYHBIX BOJT
NIPOU3BOJICTBA AHTPAXHMHOHCYJIb(MOKUACIOT (MOJYIMPOJYKT CHHTE3a aHTPaxH-
HOHOBBIX KpacHUTeNIel) MPOUCXOAUT JecylbupoBanue ¢ oOpa3oBaHHUEM
HEPAaCTBOPHMOT'O B BOJIC aHTPAaXWHOHA!

C6H4(C:O)2C6H3-SO3H+ 8H+ —8e = C6H4(C:O)2C6H4 + HzS + 6H20
11.3. DaekTpokoaryJsiuus

DNEKTPOKOATYJISHS MPUMEHSIETCS MPEUMYIIECTBEHHO IS yIOAJleHUs U3
CTOYHBIX BOJI MEJKOAMCIEPCHBIX HEPaCTBOPUMBIX IpuUMeced, 00pa3yronmx
KOJUIOUIHBIC PACTBOPHI (30JIM UITU TEIN).

OuncTKa TPOMBIIIIICHHBIX CTOKOB METOJIOM 3JIEKTPOKOATYJIISIIUN OCHOBaHA
HA UX DJEKTPOJM3E C WCIOJIb30BAHUEM METAUIMYECKUX (CTANBHBIX WIH
JIFOMUHUEBBIX) PACTBOPUMBIX aHOAOB. BceliencTBue pacTBOpeHHUs aHOAA BOJA
oborariaercs MOHaMH AJTIOMUHUS WINA JKelie3a, KOTOphle B HEUTPATHHOM WM
craborenounoii  cpene  obpasyror ruapookucu. (Mom Fe®'  obpasyer
THJIPO3aKUCh, KOTOpas KHCIOPOAOM BO3/AyXa OKHCISETCS [0 THIPOOKUCH
Fe(OH);.) B pesynbrare NpOUCXOIUT KOAryJisilus KOJUIOMJHBIX PACTBOPOB
AHAJIOTUYHO XMUMHYECKON KOaryJsiliui ¢ MNPUMEHEHHEM PacTBOPUMBIX COJEii
3TUX MeTauioB. OQHAKO MPH STOM HE MPOUCXOAUT 3arpsi3HEHUE BOABI CyIbdar-
U XJIOPUA-MOHAMH, COJIEP)KAHUE KOTOPHIX B MPOMCTOKAX TaKKe peryiaMeH-
TUPYETCSL.

[Tpr >7IEKTPOKOATYISAMN TPOTEKAIOT TaKKe JPYTHe XUMHUYECKHE W
(UBHKO-XUMHUYECKHE MPOIIECCHI, TAKUE KaK

* DJIEKTPOXMMHUYECKOE OKHCICHHE U BOCCTAHOBJICHHUE OPraHUYECKUX
IIPUMECEN;

* KaTOJHOE BBIJCJICHUE METAILJIOB;

* XUMHUYECKOE B3aMMOJICHCTBHE HOHOB >Keje3a U amtoMuHMS C ¢docdar-
WU CYJIb(UI-MOHAMHU C 00Pa30BAHUEM HEPACTBOPUMBIX B BOJIE COJICH;

e aacopOuusi OPraHMYEeCKMX COCAMHEHHH Ha TMOBEPXHOCTH OCaIKOB
THAPOKCHIOB, OOJafaomUX 3HAYUTEIbHOW COPOLMOHHON CIIOCOOHOCTHIO,
0COOEHHO B MOMEHT 00pa30BaHMs;

e 9neKkTpodIioTanus 30J1€H U SMYJIbCHIA;

* anekTpodopes.

82



KoMOuHupoBaHHOE NEHCTBUE 3THX MPOLECCOB MPUBOJIUT B pALie CIydacB
K BBICOKOM CTENEHW OYMCTKU CTOYHBIX BOJI OT JIPYyTHX, HE TMOJABEPKEHHBIX
KOaryJisiuu, 3arpsi3Hstomux BemecTB. [loatomy addexT okaswiBaeTcs Oosee
BBICOKMM, YeM TMpu o00pabOTKe CTOYHBIX BOJ PACTBOPAMH  COJIEBBIX
KOAryJisiHTOB.

OrpaHuyeHueM, MNPENITCTBYIOMIMM IIUPOKOMY HPUMEHEHHUIO 3JIEKTPO-
KOaryJisiiuid B TPOMBIIUICHHOCTH, SIBIISIETCS BBICOKMM pacxoj MeTalia H
NEKTpOsHEprun. TeopeTudecku st pacTBOpeHHs | Kr amoMuHUS TpedyeTcs
12 kB14u snekTposneprun. @akTryeckuil pacxoj JMEKTPOIHEPTUHA OKA3bIBACTCS
B HECKOJIBKO Pa3 BBIIIE 33 CUET HArPEBAaHUS BOJbI, MOJAPU3ALUU IJIEKTPOJOB,
NPEOJOJCHUS] CONMPOTUBJICHUS OKUCHBIX IJIEHOK W psAlla JAPYruX IPUYMH.
Mertann aHOJOB MCHOIB3YyeTCs sl Koarysainuu Bcero Ha 50 — 70 %, mosromy
MacCcoOBO€ BHEJIPEHHE JJIEKTPOKOArYJSILUHA JJIi OYMCTKM CTOYHBIX BOJ
IPEICTaBIACTCS MpexAeBpeMeHHbIM. lcmonab30BaHue 3TOro merona (Kak H
OPYrUX  AJEKTPOXMMHUYECKUX  METOJIOB)  IlesiecooOpa3HO, KOrjJa  HeT
ATbTEPHATUBHBIX MYTeHM C  AHAIOTUYHBIMU  TEXHHUKO-DKOHOMUYECKUMU
MOKA3aTeIIAMH.

11.4. Dnexrpoduioranus

CymHOCTh  3MEKTPO(IOTAIMOHHOTO  METO/Ia OYUCTKU  CTOYHBIX  BOJI
3aK/II0YaeTCsl B MEPEHOCE TBEPAbIX YacTull U3 oObeMa JKUAKOM (a3pl Ha ee
HOBEPXHOCThH € MIOMOIIIBIO ITy3bIPHKOB ra3a, 00pa3yroIUXCsl IPU HIEKTPOIIN3E BOJBL.
B nporiecce anexTponnza Ha KaTo/ie BhIIEISIETCS BOJOPO/I, @ Ha aHO/E — KUCIIOPO/I.

OcHOBHYIO POJb B Ipoiecce (UIOTAllMd WIParOT MY3BIPHKH BOJOPO/IA,
BBIICJISIONIMECS Ha Karone. Yem MeHbIIEe My3bIpbKM Ta3a, TEM BBILIE
3¢ deKTUBHOCTh (IIOTAIMM M, CJIEIOBATEeNbHO, BBIIIE NPOU3BOAUTEIHHOCTH
3NIEKTpoQIIOTaTOpa MPU TOM XKE pacxoje 3Hepruu. Pasmep my3bIpbKOB Trasza
3aBHCHUT OT KPaeBOTO YTJIa CMaYMBAHUS AJIEKTPOa, €ro (POPMBI U KOHCTPYKIIHH.
Yem Oomblile KpHUBH3HA MOBEPXHOCTU DIEKTPOJA, TEM MEHBIIE pa3Mepbl
ny3slppkoB.  [losToMy kaTtom B ANEKTPOQIIOTAIIMOHHBIX  yCTaHOBKax
U3rOTaBJIMBAIOT U3 MeTalIn4eckoi cetku (puc. 11.1).

MExaHMEM
CrPESAHMA MEHLI
\
n J P, JYMIWEHHAR
JNEKTPOANSER Y {E?“l ! Boda
i Sptateleete e elieliee el S Sl S _-_-_ [
BarPASHEHHAR L e e MeHHeI
goda S x 5 LA
44:;:_:_:_:_:_:_:_: o PAOTaUMOHHAR

KaMERAa

Ocadok

Puc. 11.1. Gnektpodriotatop
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AHOJIBI AIEKTPOGIOTAITMOHHBIX YCTAHOBOK M3TOTABJIMBAIOT OOBIYHO B BUJIC
JYMCTOB W3 AIIOMHUHUS WK Kele3a. B pe3ynbrare OKUCICHHS TaKuX aHOJOB
B PaCTBOp TMEPEXOJAT HOHBI METAJIOB, OO0pa3ylolmme Mpu THUIPOJIU3E
rugpookucu. OTHOBpEeMEHHOE 00pa30BaHuE XJIONMBEB KOATYJISIHTA U MYy3bIPHKOB
ra3da B CTECHEHHBIX YCJOBHUAX MEXKIIEKTPOJAHOTO TIPOCTPAHCTBA CO3/1A€T
YCHOBUSL ISl HAJEKHOTO 3aKpEIUICHUSI Ta30BbIX IY3bIPbKOB Ha XJOMbSIX M
VHTEHCUBHOM KOAryJiAluu 3arpsisHeHu. [loaTomy Takue yCTaHOBKHM Ha3bIBAKOT
IIEKTPOKOATYJIAIIMOHHO- (IO TAIIMOHHBIMH.

11.5. Daexkrpoauanus

DNeKTpoauanu3 — OSTO TMPOLECcC pa3leieHUus CoJe ¢ OMOIIbIO
MOHOOOMEHHBIX MEMOpaH IO JIEHCTBUEM MOCTOSHHOTO 3JIEKTPHUYECKOrO TOKA.
ONEeKTpOANATU3aTOp  MPEACTaBIsECT COOOW  DIEKTPOJM3Ep, BHYTPEHHEE
IPOCTPAHCTBO KOTOPOTO pa3leleHO YepeAyIolUMHUCT MeMmOpaHamMHu U3
KaTHOHWTa W  AaHWOHUTAa HA  KOHIIGHTpPHUpYIOHME  (paccoiibHbIE) U
oOecconMBarone (IWI0aTHbIE) Kamepbl. Yepe3 Takylo CUCTEMY MPOITyCKaeTcs
ANEKTPUYECKUI TOK, MO JACWCTBUEM KOTOPOTO KATHOHBI, ABUTAACh K KaTOAY,
IPOXOJAT 4Yepe3 KAaTHOHHbIE MEMOpaHbl, HO 3aJIepKUBAIOTCS AHWOHHBIMU
MeMOpaHaMu. AHHOHBI JABW)XYTCS B MPOTHUBOIOJIOKHYIO CTOPOHY M MPOXOMAST
yepe3 aHMOHHbIE MEMOpPaHbl, HO 33J€PKUBAIOTCS KATUOHHBIMU (puc. 11.2).

Takum oOpa3oMm, U3 OIHUX
KaMep HMOHBI 00OOUX 3HAKOB BBIBO-
[+ JISITCSL B CMEXXHBIE C HUIMH KaMepbl, B
! KOTOPBIX TMPOUCXOAUT KOHIICHTPU-
K A K A pOBaHKeE pacTBOpA.
' ' Jist a¢dexkTuBHON  pabOTHI
AManu3aTopa UMeeT OOJIbIIOE 3HAYE-
HUE TIPOMBIBKA IPHUAIEKTPOTHBIX
KaMmep. B 3Tux xamepax mpoucxomuT
AIIEKTPOJIU3 BOJIBI, B PE3YyIbTATE YETO
KaTOJHOE TIPOCTPAHCTBO oOOoraria-
Puc. 11.2. Cxema anekrTpognanusa €TCsl TUAPOKCUI-MOHAMU (samenaqn-
BaeTCs):

2H20 +2e — H2 + 2OH,
a aHOJITHOE — KaTHOHAMM BOJIOpPO/ia (3aKUCIISIETCS):
2H20 —4e — 02 + 4[‘1+

B anHomHOM DpOCTpaHCTBE MNPOUCXOAWUT OKHUCIEHUE XJIOPHUI-aHHMOHOB C
BBIJICJICHEM aTOMapHOTO XJIopa U 00pa30BaHUEM XJIOPHOM KHCIIOTHI:

Cl—-e — (I
2Cl+ H,O — HCI + HCIO
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Ob6a mpomykTa SBISIOTCS CHUJIBHBIMH OKHCIUTEISIMH W BBI3BIBAIOT
pa3pylieHrne HOHHOOOMEHHBIX MEMOpaH.

Ecau oOpabaThiBalOTCSl CTOYHBIE BOJIbI, COJEpXKAIIUE KalblUK WIH
MarHuii, KOTOpblE B IICJIOYHOH cpeAe oOOpa3ylT MaJopacTBOPUMBIC
TUAPOKCHUJIBI, TO B IPOMBIBHYIO BOIY JI00ABJISIOT KUCIOTY JJIs MPEIOTBPAICHHUS
oOpa3oBaHUs OCajKa.

11.6. CxeMblI JIEKTPOANAIU3HBIX YCTAHOBOK (DY)

BelltyckaeMble OT€YECTBEHHON MPOMBIIIIEHHOCTBIO AJIEKTPOAUAIN3ATOPbI
MMEIOT MPOM3BOAMTEIBHOCTh OT 1 10 25 M’/4 mpu umcie MeMOpaH OT
HECKOJIBKHMX JIECSTKOB J0 HECKOJIBKUX COTEH nap. MeMOpaHbl U3rOTaBIUBAIOTCS
U3 TOJMATWICHA WIM TOJMBHHWIXJIOPUAA B BHUAE JKHCTOB Pa3MEpPOM
1500x500 MM ¢ BKJIIOYEHHEM MOPOIIKOOOPA3HBIX CHUHTETHYECKUX HOHUTOB
tuna KY-2, 9/13-10I1 u np. Paccrosiane mexmy memOpanamu — ot 1 10 2 mMMm.
Cpok cnyxObl MeMOpaH COCTaBJII€T HECKOJbKO JieT. Marepuanom s
AIIEKTPOJOB OOBIYHO CIIYXUT IUIATUHUPOBAHHBIN TUTAH.

JuanuzaTopsl padOTalOT MPHU HANpPsKEHUU Ha 3iekTponax ot 50 mo 500 B
U cuiie Toka nopsaka 20 A.

ObecconuBaomue W paccojbHble  KaMepbl  JUAIU3aTOpPOB B
IPOMBIIUIEHHBIX anmaparax pas3fefieHbl U MMEIOT pa3fesibHOE MUTaHUE. JTO
IIO3BOJISIET KOMITIOHOBATh 3JIEKTPOJUAIM3HBIE YCTAHOBKH I10 PA3JIMYHBIM CXEMaM
B 3aBUCHUMOCTH OT TpeOyeMoil cremeHHM OOeccolMBaHHUs  pacTBOpa,
CTaOMJIBHOCTH pacxo/ia OYMIAEMOW BOJBI M JPYTUX TEXHOJOTUYECKUX
IapameTPOB.

11.6.1. Ilpsimorounas Y

[IpocTrenimenn cxemMol BKIIO-

yeHust DY sBisieTcs npsMOTOY-

| Has (puc. 11.3). ITo »Toil cxeme
nojiaya BOJAbl Ha 00ECCOIMBaHUE U
Ha KOHUEHTPUPOBAHUE IPOU3BO-
IUTCS NapaJuleIbHBIMU IIOTOKAMMU

Boaa Ha o4MCTKY

Bona
Ha NPOMbIBKY l

MpoMbIBHaA 4yepe3 COOTBETCTBYIOIINE KaMEPHI.

BoAa Paccon Ounctka BOJABI MPOUCXOIUT
0O6ecconeHHan 3a oguH npoxoj. CreneHnb obecco-
BoAa JUBAHUS SBJISETCS TPOCTON (HyHK-

oUeH JUIMTEIbHOCTU NPEOBbIBAHUS
BOJBI B JMAIM3aTOPE U CHIIBI TOKa
1 00b14HO He npeBbiaet 50 — 70 %.

[IpeumyriecTBa 3TOM CXEMBI: MPOCTOTa KOHCTPYKIIMH, JIETKOCTh aBTOMa-
TU3allMHU TPOIecca, MUHUMANBHBIN pacXo]] SHEPTUH.

Puc. 11.3. Cxema npsamoTtoyHon 34Y
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Henocratku: 3aBUCHMOCTH CTETICHH 00ECCOTMBAHUS OT TEXHOJIOTHYCCKUX
PEXHUMOB (COZEepX aHUs COJe B MCXOHOM pPacTBOpE, TEMIIEpaTyphl U pacxojia
pacTBOpa) U COCTOSTHUS MEMOpaH.

VYBenuueHue COMPOTHUBICHUS MEMOpaH WM CHI)KCHHE CEJICKTUBHOCTH
BBIBOJIUT YCTAHOBKY U3 CTPOSL.

11.6.2. IIpotuBoTOUHAast MHOTOKaMepHast DY

B  nporuBoTouHO#l < cxeme  BKIoueHHs Y  oummaeMsli U
KOHIICHTPUPYEMbIH PAaCTBOPHI JIBHXKYTCSI HABCTpEUy JPYyr APYry 4depe3 Kackaj
AIEKTPOANAIN3ATOPOB WM OJIMH CEKIMOHUPOBAHHBIM auanuzatop. Kaxnas
CEKIIUS UMEET CaMOCTOATEIbHBIC BBOJBI M BHIBOJBI PACTBOPOB U pabOTAET Kak
OT/CJIbHBIN anmnapar.

DNeKTpoJHas CUCTeMa B MHOTOCEKIIMOHHOM allfapare OJHa. JTa CXeMa
oTIM4YaeTcs oT npaMoTouHoit D/IY OGornee croxkHON 0OBSA3KON, HO UMEET Ooee
BBICOKHE MOKA3aTeJIM OYUCTKHU.

CxemMa Takke UYyBCTBUTEJIbHA K TEXHOJOTHMYECKUM TIapaMeTpaMm U
COCTOSIHHIO MEMOpaH.

11.6.3. HupkynsiuonHas (mponopuuoHainbHas) Y

B nupkyisinnonnoit /1Y ouuiiiaemMeiii pacTBOp NEPEKAYMBACTCS HACOCOM
u3 Oaka [aWiroata 4epe3 O00ECCOMMBAIOIIME KaMepbl JUaau3aropa WU
BO3BpaIIaeTcsi 00paTHO B ATOT ke 0ak JI0 TeX Mop, Moka He Oy/eT JOCTUTHYTa
HE0OX0IMMasl CTEIIeHb 00ECCOMBAaHMs CTOYHOM BOJIbI (puc. 11.4).

OIHOBPEMEHHO € IOMOIIBIO IPYTrOr0 HACOCA OCYIIECTBIISIETCS LIUPKYJIALIHS
paccoia dyepe3 paccoiibHble KaMepbl nauanuzatopa. COpoc paccoia MOMKET
IPOBOAUTHCA JMOO HEMPEephIBHO MpPHU MOCTOSHHOW MNOAMUTKE Oaka paccoia
OYMIIAEMON BOJOHU, TMOO NEPUOJUUECKH.

Unpkynayua
AUNaTa Lnpkynaums
paccona
ObecconeHHan Paccon
BEOAa
-— -+
Boga — Boga
Ha obecconuBaHune Ha KOHLEHTpUpoBaHue

bak gunwara bak paccona
Puc. 11.4. Cxema umpkynsumoHHon 30Y

[IpeumyriecTBa STOM CXEMBI: BO3MOXHOCTH JOCTHDKCHUS TMPAKTUYECKUX
JTOOBIX CTEeNeHell 00ecCONMBAaHMS; U3MEHEHHUE TEXHOJOTMYECKUX PEKUMOB U
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CBOMCTB MEMOpaH HE OTpakaeTcsl Ha CTENEHU OYUCTKUA M BIMSET TOJIBKO Ha
MTPOU3BOUTEIFHOCTh YCTAHOBKH.

Henocratku: ciio)xHOCTh OOBSI3KM armapaTa; OONbIIONH pacXxo IHEPruu Ha
HUPKYJSIIUIO  PAacTBOPOB; HEMPEPHIBHOE HW3MEHEHWE IUIOTHOCTU TOKa H
CJIOHOCTh aBTOMAaTHU3aI[MH Ipoliecca.

11.6.4. HupkynsunonHas /Y HenpepbIBHOTO NEHUCTBUS

Ota cxeMa OTJIM4aeTcss OT MpeIbIAyHIe TeM, YTO ovHIaeMmas Boja
HETPEPHIBHO T0/IAETCSl B JIMHUIO PEIMPKYISAIUHN IHII0aTa U CMEIIUBASTCS C
oOeccosieHHOW Bojaoi. OOeccosieHHass BOJa HENPEPBHIBHO BBIBOJUTCS U3
CHCTEMBl PEUMPKYISIUM M TOHACTCS B COOPHUK OOECCONCHHON BOIBI WU
NOTPEOUTENIO.

[TpeumyiecTBa 3TOM CXEMBI: HEMPEPBIBHAS IMOJa4a 00SCCONICHHON BOJIBI;
BO3MOXKHOCTH 00pabOTKH pacTBOpa MPAKTUIECKU JTF000I KOHIIEHTPAIINH 32 CYET
U3MEHCHHSI COOTHOIICHHS TIIOTOKOB; CTAallMOHAPHBIC YCIOBHSI  PabOThI
JMaIn3aTopa; JerkoCcTb aBTOMATU3aILUH ITPoLEcca.

12. PEATEHTHBIE METOJbI OYNCTKHU CTOYHBIX BO/]
12.1. HeiiTpaiu3anus
12.1.1. Heititpanuzauusi CMELIEHUEM ILIEJTOYHBIX U KHCIBIX CTOYHBIX BOJ

Ecnu mienouHble W KHUCIbIE CTOYHBIE BOJBI OTBOJASTCS M3 Pa3IUYHBIX
MPOU3BOJICTB WM OT PA3JIUYHBIX MPEANPUATHI OTACIbHBIMH MOTOKAaMH, TO B
Ka4eCTBE MEPBOM CTYNEHU HX OYMCTKH PAIlMOHAIBHO MPUMEHHUTH B3aUMHYIO
HeuTpanu3anu. HeuTpanuzamus [IEJIOYHBIX ¢ KHUCJBIX CTOYHBIX BOJI
MPOBOJIUTCSL B PE3€pPBYapax-OCPEIHUTENAX IPH MEXAHUYECKOM IIepeMe-
IMBAaHUM WA TpH 0apOOTHPOBAaHMH BO3ayXa. BO3MOXHBI 1Ba TEXHOJIO-
TMYECKUX BapUaHTa. HEIMPEpPbIBHAS HEUTpaIW3alMs WIHM HEUTpaIU3amus C
HAKOIVICHUEM.

B nepBoM ciydae MOTOKM IIETOYHBIX M KUCIBIX CTOYHBIX BOJ MOAAIOTCS
B PE€3€PBYap HEIMPEPHIBHO, TAKXKE HENPEPBIBHO HEUTpaIM30BaHHAs BOJAA
BBIBOJIUTCS W3 pe3epByapa. I[lomHoTa HeWTpanmuzanuu 00eCTICUrBACTCS
aBTOMAaTUYECKUM PETYJIUPOBAHUEM DPACXOJOB MICTOYHBIX M KHUCIBIX BOA. Bo
BTOPOM CJIy4a€ MPOLECC HEUTpalv3alliyd OCYILIECTBIAETCA MEPUOJUYECKH.
CHauarmla B pe3epByap TIOJIA€TCs OMNPEACICHHBIH 00beM KHUCIBIX (WM
IIEJIOYHBIX) CTOUHBIX BOJ, a 3aTeéM IMpU MNEPEMEIIMBAHUU W HEMPEPHIBHOM
KOHTpOJie BeauuuHbl pH mocTerneHHo A00aBISIOTCS IIETOYHBIC (WM KHUCIBIC)
CTOYHBIE BOJABI JO IIOJHOW HeuTpanu3amuu. HeWTpanu3oBaHHasi BoOJa
CIIMBAETCS, U IPOLECC MIOBTOPSETCS.

B o06oux BapuanTax TpeOylOTCs JOMOJHUTENbHBIE Oy(depHbIe pe3epByaphl
s cOpoca mM30BITKA BOJ IIepe]l HeHTpanu3amueil, Ho MepBhlii BapuaHT OoJiee
CJIOXEH B OOBSI3KE U YIIPaBJICHUHU.
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12.1.2. PearenTHas HEUTpaIU3alKs KUCIbIX CTOYHBIX BOJI

Heiitpanuzainuio KHUCIBIX CTOYHBIX BOJI MOKHO MPOBOJUTH Pa3IUYHBIMU
XUMUYECKUMU BEUIECTBAMU OCHOBHOI'O XapaKTepa: OCHOBHBIMU OKCHIAMH
(meramenass wu3Becth CaQ), rtuapokcuaamu (rameHas usBectb Ca(OH),,
Kayctuueckas coma NaOH, Bomgubiii pactBop ammuaka NH,OH), consmu
cJ1a0bIX KUCJIOT, Yallle Bcero kapOoHaTamu (KaJlbLIMHHpOBaHHas cona Na,COs,
notam K,CO;). Beibop pearenra ompenemnsieTcsi TOJIbKO €ro JTOCTYMHOCTHIO U
cTouMOCThI0. Hanbosee pacnpocTpaHeHHBIMU pearcHTaMU SIBJSIOTCS TallleHas
U HeralleHasi U3BECTh — IPOYKT 00KUTA U3BECTHSKA, CHIPHE JUIsl IPOU3BOICTBA
CHUJIMKATHOTO KUpPIHU4Ya, CTEKJIa, KEpaMHUKUA U Jp. [ MApOKCUA HATpUsl WIH COLY
UCIOJIB3YIOT B TOM CJIYy4ae, €ClId OHM CaMH SIBJISIFOTCS OTXOJAMHM M UX TAKXKe

HE00X0AMMO yTUIM3upoBaTh. Cxema HEUTpa-
Boga  Ca0 JM3allMM CTOYHBIX BOJ| M3BECTKOBBIM MOJIO-
- Ll __l KOM IOKa3aHa Ha puc. 12.1.

B ammapate gns  OpUrOTOBIICHHUS
M3BECTKOBOI'O MOJIOKA 1 MPOUCXOAUT U3MENb-
]] YeHHE U ralieHue OKCUAa KaabIus:

CaO + H,O — Ca(OH),

PacTBOprMOCTh THIpOKCHIIA KalbIUs B
Boje mpu 25 °C cocraBiser okoio 1,5 r/im,
MO3TOMY OOJIBIIasi YacTh TAIlICHOW HW3BECTH
obpasyercs B Bujae cycreHsun. OOpa3oBaB-
I1asicsi CyCIICH3Ms TIepeKaunBaeTCs HACOCOM B
pactBopHble Oaku 2. [lepememmBanue B 3THX
0aKax MpersITCTBYET PaccanBaHHIO CYCIICH3HH.

Crounas BojJa TMOCTymaeT B 0Oak-

_ Puc. 12.1. Cxema ocpeHUTeNb 4 1 3aTeM B HeHWTpamusaTop 5.

HeMTparnmsalnn CTOMHLIX BOA - J3pecTkOBOE MOJIOKO U3 PACTBOPHEIX OaKOB

VIARECTKORKIN MOTIOKOM B HEOOXOJUMOM KOJUYECTBE IIOJIaeTCs B
HelTpanu3aTop 5 uepe3 MepHuk 3. HeliTpanuzoBaHHas CTOYHAs BOJA CIMBACTCSI
B OTCTOMHHK 6, B KOTOPOM MPOUCXOIHUT OTHACJCHHE B3BEIICHHBIX YACTHI[ KaK
NPHUCYTCTBOBABIINX B CHIPbe (TEXHUYCCKOM OKCHJEC KalblMsg), TaK W
00pa30BaBIIMXCS B MPOIIECCE HEUTpAIU3AIMH, HATIPUMEDP MTPH B3aUMOICHCTBUH
THJIPOOKUCH KaJIbITUS C CyJIb(aT-noHAMH:

Ca(OH), + SO — CaSO4 + 20H

[Tomumo HeWTpamu3anuu Mpu HEOOJIBIIOM M30BITKE THAPOOKUCH KaJlbIUs
IIPOUCXOIUT OCAKIECHUE TUIPOOKUCEN TAKEIIbIX METAJUIOB:

Cr'* +30H — CrOH);,

OCaJJKH KOTOPBIX OTACIIAOTCA N3BCCTHBIMU crocobamH.

CTOYHAA
Bofda J

=
|
H
|
”%(

oYuieHan
€
Bopa

0CafoK
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JUia HelTpanu3alMu KUCIBIX CTOYHBIX BOJ BOBCE HE 0053aTEIbHO
paznaratb ~ KapOOHAT  KaiblMsl W  TOTOBUTh  H3BECTKOBOE  MOJIOKO.
Kapb6onarconepskaimue nopoabl (M3BECTHSAK, MEJ, MPaMmop, TOJOMHUT) MOKHO
UCIIOJIb30BaTh HEMOCPENCTBEHHO, HAllpUMeEp, B COCTaBe (PUIBTPOB-HEUTpa-
au3atopoB (puc. 12.2).

CTO4YHaA !

BOAa

Crounass Bojaa mopaetrcsi B
MPUEMHYI0 Kamepy 1 Juisi BbIpaB-
_ Lpdnwenan, guanHus pacxona vepes GuibTp,
=oAd OTKyJa MEpEeIMBOM IOCTYHAaeT B

(buUIBTPOBANILHYIO KaMepy 2, TIie
Y IIPOMCXOJAT HEUTPAIA3ALUSA:

CaCO;+2H — Ca*" + CO, + H,O

Puc. 12.2. dunbTp-HenTpanusaTop IIpu mpocToTe KOHCTPYKLUN
(UIBTPBI-HEUTPAIU3ATOPHI HE

MPUMEHHUMBI JJIs1 CTOYHBIX BOJI, COJIEpkKAIIUX CYyIb(aT-uOHbI U MOHBI METAJIOB,
oOpa3yrolire TpyIHOPACTBOPUMBIE OCAIKH M3-3a OBICTPOro 3a0MBaHMS KAHAJIOB,
YBEJIMYEHHUSI CONTPOTUBIICHUS (PUIIBTPA U €0 3aXJICObIBAHMSL.

12.1.3. Helttpanu3zaius 1meJI0YHbIX CTOYHBIX BOJI JGIMOBBIMM T'a3aMu

JIsis HeWTpanu3aluuy MIEJOYHBIX CTOYHBIX BOJ MOTYT OBITh peajn30BaHbI
aHAJIOTUYHbBIE TEXHOJOTUYECKHE CXEMbI, HO HanboJee IKOHOMUYHBIM METOIOM
SBIIICTCS. HEUTpaIU3aIUsl C TOMOIIBIO IBIMOBBIX Ta30B, KOTOPHIE 00pa3yroTCs B
pe3ysibTaTe CXKUTAHUS TOIUIMBA MPAKTUYECKU Ha JIFOOOM MPOU3BOICTBE.
JIpIMOBBIE Ta3bl COJIEPKAT B CBOEM COCTABE KUCIOTHBIE OKCUIBI, Takue Kak CO,,
SO,, NO, NO, n 1p., KOTOpbIE JIETKO BCTYNAIOT B PEaKIUsl HEUTpaau3aiuu.
Hanpuwmep,

CO, +20H — COy* + H,0

CO;* + CO, + H,O — 2HCO;

Hcnonb3oBaHue NBIMOBBIX Ta30B IMO3BOJISET OAHOBPEMEHHO PELIUTH JIBE
3a/layu: HEUTPAIN30BaTh CTOYHBIE BOJbI M1 CHU3UTH BHIOPOCHI BPEIHBIX BEIIECTB
B aTMocdepy.

TexHomornyecku npouecc MOXKET ObITh pealn30BaH B Pa3HbIX BapHaHTax,
HaIrpuMep, B peakTope ¢ uMIeiepHor Memankon (puc. 12.3) unu B ckpyooepe
TOHN WJIM MHOM KOHCTpYKIMH (puc. 12.4).

C TOoukM 3peHus TEXHOJIOTMHM B IEPBOM BapHaHTE CIUIOMIHON (pa3oi
SIBJISIETCSl JKUJIKOCTh (CTOYHAs BOJA), a JUCIEPCHOM — JbIMOBBIE Ta3bl, BO
BTOPOM BapHaHTE CIUIOMIHON (Da30i SIBISIFOTCS JBIMOBBIE Ta3bl, TUCIEPCHON —
CTOYHAas BOJA.

C >KOHOMHMYECKOW TOYKM 3pEHHsI NEpBbIil BapuaHT Oosee MPOHU3BO-
JTUTENbHBIN, HO U OoJiee PHEPrOeMKUN, BTOPON BapuaHT HE TpeOyeT OOIbIINUX
AKCIUTyaTallMOHHBIX PACcX0JI0B, HO TpeOyeT TIPOMO3JKOr0 U METaIOEMKOTO
000py10BaHUSI.
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A

Auimosbie| - oduensle oYMl eHHble |raskl

rasbl rasbl
A CTOYHAaA NS
Boga
CTOYHaA
BOAA
OuuLleHan ,quMOBbIe‘
Boga rasbl 7
Ll BoAa
Puc. 12.3. PeakTtop Puc. 12.4. Hacago4Hbin ckpyobep

C MnennepHoOn MeLLankown

12.2. Okucaenue

OxkucieHue NpUMEHSIOT N1 00€3BPEKMBAHUS CTOYHBIX BOJI, COJACPIKAIIUX
TOKCHUYHBIC MIPUMECH, YIATUTh KOTOPhIE HHBIMU CIIOCOOAMHM 3aTpyIHUTEIBHO. B
YAaCTHOCTH, OKHCIICHHE MPUMEHSIOT Ui yAaJ€HUs LMaHUJIOB, CEpOBOJIOPOA,
CyJIb(pHUIOB, OpraHUYeCKHX mpuMece. M3 mmpoko pacnpocTpaHEHHBIX
OKHUCJIUTENEH HauOOJbIIEH OKUCIIIONIEN CIIOCOOHOCTRIO 00JIaaeT 030H, Hajiee
CIEYIOT XJIOP, IEPEKUCh BOAOPOAA, IEPMAHTAHAT KAJIHSI.

12.2.1. Oxucnenne nuaHug0B MOJIEKYIISIPHBIM XJIOPOM

MonexkynspHbIii XJI0p AOCTATOYHO XOPOILIO pacTBOpsercs B Boxe (2,3 a/n
npu 20 °C) ¢ oOpa3oBaHUEM COJITHON M XJIOPHOBATUCTOM KHCIIOT MJIH MX COJICH
(XJIOpUI0B U TUIOXJIOPUJIOB) B LIETOUYHOU Cpeie:

Cl, + H,O — HCl + HCIO
ClL+20H — CI + ClO” + H,O
FI/IHOXJIOpI/I)I-I/IOH JIETKO OKUCJISACT IUAHUIBI 10 IIMAHATOB:
ClIO + CN — CI + CNO',
KOTOPLIC B HICJIO‘IHOﬁ Cpecac rnapoOIM3YOTCA 10 Kap60HaTOB n aMMOHUI:
CNO™ +2H,0 — COy* + NH;
HJIX OKUCJIAOTCA 4O YITICKHCJIOIO I'a3da M a30Ta:
2CNO +2CI0° — 2CO, + N, + 2CT

[Io mpuBeneHHOM BBIIIE CXEME PEaKUusl MPOTEKAET TOJBKO B ILICIOYHOMU
cpene (pH = 8 — 11). B kucnoit cpeae muaHuapl TakKe OKUCISIOTCS XJIOPOM, HO
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c o0pa3oBaHMEM COBCEM HE€ O€30IaCHBIX MPOIYKTOB, HAIpHUMEpP XJIOpLHAHA
(OB):
CN + Cl, — CICN+ CI
Crounas Boja ¢ cojepkanveMm nuaHugoB oT 20 mo 100 Mr/ma mogaercs B
eMkocTh 1 (puc. 12.5), BkitO-
YEeHHYI0 B CXEMYy  peLHp-
KyJsuu 1o kuakor daze. B
WHXXEKTOp 2 TMOJaercs raso-
oOpasnbiit  xyop. Lupkynsmms
CTOYHOW BOJbI C BBEICHUEM
04 eHaR
XJiopa  OPOJOJDKAETCS /10

BOfa Y
S JOCTHIKEHHST TPeOyeEMOU CTere-

Puc. 12.5. Cxema 04MCTKM CTOUHbIX BOJ HHU OKHCJICHUA, ITOCJIC 9€TO BOA
OT UMaHMOoB BBIBOJUTCS U3 €MKOCTH. KOoHT-

poJib BEAYT MO OCTaTOYHOMY
aKTUBHOMY XJIOPY, COJIEp>KaHKE KOTOPOTro JIOJKHO ObITh HE MeHee 5 — 10 mr/m.

X1op

CTOYHAA

12.2.2. Oxucnenue cyiab(PpuaoB KUCIOPOIOM BO3ayXa

OxucieHrue KUCIOpOJAOM BO3AyXa MPUMEHSIOT ISl JIETKO OKHUCIISIFOIINXCS
npumeceil. Hampumep, JIBYXBaJE€HTHOTO JKelie3a B TPEXBAJICHTHOE C
OCQXKJICHUEM IOCIEAHETO B BUJE TUAPOOKUCH:

2F*" + 0, — 2Fe"
Fe* +30H — Fe(OH);
WIH CyIb(GUIOB:
5 — 85— 505" — SO~

TexHonornueckass cxe-
BO3AyX Ma OKHCJICHUS CYIb(UI0B
rokKazaHa Ha pwuc. 12.6.
CrouHble BOJBl HaKarliu-
BAaIOTCA B IPUEMHOM pe3ep-
Byape 1, oTkyaa depe3
CTOYHAA =% — IOOrpEBATENlL 2 HACOCOM
BoAa - MOJIAE€TCSI B OKUCIIUTEIBHYIO
KOJIOHHY 3. Uepe3 KOJIOHHY
HEIPEPHIBHO 0apOOTHpyeETCs
BO31yX. Bo3myx oTBoguTcs
yepe3 KaruieoTACIUTENb 5 B
B3y ouMlLeHas atMocepy, CKOHIEHCUPO-
BoAa BaBIIasiCsl BJlara  BO3Bpa-
maercsi B NPUEMHBIN pe-
3epByap. CTOYHBIE BOABI
MOCJIE OKHUCIICHUSI OXJIAXKIAIOTCS B XOJOAWIbHUKE 4 U TMepenarTcss Ha

JNAIBHEUIIYIO0 OYUCTKY.

| =]

EOHOSHCAT

Puc. 12.6. Cxema OKMCrUTENbHON YCTaHOBKU
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13. PACYETHBIE 3AJAHUSA 1JISI IPAKTUUYECKHUX 3AHATUI

Homep BapuaHTa pacyeTHOro 3aJaHusl ONPENEseTCs MO JABYM IMOCIECIHUM
nudpaM HoOMEpa 3a4ETHOM KHUXKKUA CTyAeHTa. TaOnuibl HMCXOIHBIX JTaHHBIX
COCTOSIT M3 JIByX 4acrted. B mepBoi yacTu TaOMWIbl NMPUBENEHBI JAHHBIE JUIS
nepBoi 1Mdpsl HOMEpa BapuaHTa, BO BTOPOM — JUIsl BTOPOM IM(pPH HOMEpa
BapuaHTta. Hampumep, eciam HOMEp 3a4eTHOM KHIDKKA 225462, TO HOMEp
Bapuanta — 62. McxomHble AaHHBIE N7 3TOTO BapuaHTa OEpyTCS W3 CTPOKH
«BapuanT 60» niepBoii yactu TabIUILI U U3 CTPokU «Bapuant 02)» BTOpOU 4acTu.

13.1. OcaxjaeHue B IPABUTAIIMOHHOM I10JIe

Ckopocmb c80600H020 ocaxcoeHus TBEPABIX YyacTull chepruueckor (hOpMbI
1O/ JEHUCTBUEM CHUJIbI TSXKECTH B HEOTPAHMYCHHOM OOBEME JKUJIKOCTU MOXKET
OBITH pacuMTaHa UCXO/s U3 OanaHca CUIIbI TSHKECTH, CUIIbI BRITAIKUBAHUS (CHJIIBI
Apxumena) U CUIIbl CONMPOTUBIIEHUS ABMKEHUTO (cribl CTokca) 1o ¢hopmyse
_2 8Py = Pa)

9 He ’
II€ U — CKOPOCTb CBOOOAHOTO OCaXACHUA, M/C; 7 — paJlyC YacTHULbI, M;
g - YCKOpEHHE CBOOOJHOTO MAjeHHs, M/C’; p, M p,. — IUIOTHOCTh TBEPIOH M
YKIIKOH (a3, COOTBETCTBEHHO, KI/M'; /. — AMHAMUYECKast BI3KOCTb CycrieH3mH, I1a-c.

Bsi3kocTh cycneH3um He 3aBUCUT OT (OPMBI M pa3MEpOB YACTHII, HO

3aBUCHUT OT 0OBEMHOMN JOJIM TBEPAOH (Pa3bl B CYCIICH3UH € U OMPEILISICTCS TaK:
Ue = (1 +2,5¢) npue<0,l1;
Ue = (1 +4,5¢)  npue>0,1,

TJI€ My — BI3KOCTD KHUIKOU (pa3bl.

O6beMHast 107151 TBEpAOH (hasbl B CyCIIEH3UN MOXKET OBITh BhIpaKeHa uepe3
MaccoOBYIO0 710110 X. [ITOTHOCTH cycnieH3un

Pc= PmX +,09,c(1 B x)-

B sTom ciyudae macca cycnensun G., BhIpakeHHasi uepe3 ee o0beM V., u
IOTHOCTh, paBHa G, = V.p., macca TBepAou (a3l B CYCNEH3UM paBHA
G,=xG.=xV.p., a ee ooveM — V,,=G,/pn=xV.p.lpn. O0beMHas n0JS
TBepio¥ ¢a3wl B cycnieH3uu paBHa € = V,/V,. = xp./p,. lloncraBuB B mociennee
BBIPAKEHUE 3HAUYCHUE P, IOTYUUM

u

E=x x+&(l—x) .
P
Ckopocmb  cmecHenHo20 ocadcoenusi B OOILEM CIy4yae OIMCHIBAETCS
KpUTEpPHAIbHBIM ypaBHeHUEM Buna Re = flAr, 1 —x), tne Re u Ar — xputepuu
PeitHonbica u Apxumena COOTBETCTBEHHO.
B pacueTHol nipakTyiKe CKOpOCTh CTECHEHHOTO OCAKIEHHS BBIMUCIISIEOT 110 (POpMyIiam
2 -1,82¢ .
u, =u(l—) 10 npu ¢ < 0,3;
3
0,123(1-¢)
u

u,, = f nipu € > 0,3.
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llogsepxrnocmo ocaxcoenusi omcmotiHuka, Heo0XoauMas i yAaJeHUus U3
CYCIIEH3UU YaCTHI] paJuycoM 7 U Ooliee, onpeaensieTcs no Gpopmyiie

F= Voce / Ucms,
. < 3
rac Vocg — 00BEM OCBETIICHHOM KHUOKOCTH, ITOJIYYAaCMbIU 3a CAUMHUITY BPCMCHU, M /c.

3aoaua 1. PaccunTaiiTe IOBEPXHOCTb OCAXKICHUS OTCTOMHUKA, TEOPETHUYECKU
HEOOXOUMYIO JUIsl OCaKJIEHUS U3 CYCHEH3UHU JUOKCUAA KpeMHUsl 4acTul] ¢ 3¢ (HEeKTUBHBIM
mmamerpom 100 MM 1 Goree. IIpoM3BOAHTENBEHOCTS OTCTOMHEKA — 1000 M>/4. Maccosas
nonst TBepnoit ¢das3el B cycniensuun — 0,1. Bs3kocTs BOABI — 1,002:107 Ia-c npu 20 °C;
IUIOTHOCTB BOJBI — 1-10% kr/m® ; TNIOTHOCTH TMOKCHUIa KpeMHHus — 2,651+ 10° kr/nve’.,

Pewenue. O6beMHas nois AMOKCHA KPEMHHUS B CyCIIEH3UU

£= 0,1[0,1 + @(1 —~ 0,1)} =0,044.
2651
Bszkoctsb cycnieHsuu y, = 1,002~1073(1 +2,5:0,044)=1,1 12:107 Ma-c.
CkopocTh CBOOOTHOTO OCakaeHus ipu » = 50 MKM = 510°m
u=2(5-10) 08120171000 g 09 10 yyre.
9 1,112-107°
CKOpOCTh CTECHEHHOTO OCAXKICHUS
Uem = 8,09-107(1 — 0,044)* 1073 = 6,16:107 m/c.

[Tpou3BOAUTENBHOCTh OTCTOMHUKA IO OCBETJIIEHHOW >KMJIKOCTU Vyee = 1000 M/4 Wi

1000 / 3600 = 0,278 m’/c. [ToBEpXHOCTh OCAXKICHUS IPU 3TOM MTPOU3BOAUTEIBHOCTH
F=0278/6,16-10" = 45 m”.

Koumponavnaa 3aoaua 1. PaccunTaiiTe TOBEPXHOCTh OCAXKICHUS
OTCTOMHUKA F,, TEOPETUYECKH HEOOXOIMMYIO UISl OCaXJACHUS U3 CYCIICH3UU
4acTHLl C A(QQEKTUBHBIM JUAMETPOM d,; M ILIOTHOCTBIO p,. IIponsBoau-
TEIBHOCTh OTCTOMHUKA paBHA V., MaccoBas JI0Jisl TBEPAON (a3bl B CyCIICH3UH —
x. Ucxonupie nanuble mpuBeaeHbl B Tabin. 13.1. BsA3KocTb BOIBI i, MPUMUTE
paBHOM 1,002-1073 ITa-c; mIOTHOCTH BOJBI P, = 1-10° kr/v’.

Bribepute OTCTOMHMK HEOOXOAMMBIX Pa3MEpOB M3 HOPMAJIM30BAHHOTO
pana (tabsa. 13.2), yuuThiBasi, 4TO H3-3a HEPABHOMEPHOCTU pPaCHpPEACIICHUS
CYCIEH3UM U BUXpeoOpa3oBaHus IUIONIAb OTCTOMHHUKA YBEJIMUYMBAIOT Ha 1/3 mo
OTHOUIIEHUIO K TEOPETHYECKH HEOOXOIUMMOA.

Tabnuua 13.1. Mcxoansle JaHHbIE JUIsl KOHTPOJIBHOM 3aaaun 1

Bapuanrt Teepaas asza Kﬁ 7’;43 1\(41;?)1\,4 Bapuanrt Zg;f; x
00 Anatut 3190 30 00 500 0,095
10 Acbect 2600 40 01 550 0,090
20 ['uric 2240 50 02 600 0,085
30 H3BecTHIK 2650 45 03 650 0,080
40 Kaonun 2200 55 04 700 0,075
50 Konuenan cepubiii 5000 25 05 750 0,070
60 Ilecok 1500 90 06 800 0,065
70 KameHHblIi1 yroab 1350 100 07 850 0,060
80 Marnesur 2900 40 08 900 0,055
90 Hlamort 1900 55 09 950 0,050
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Tabnuua 13.2.0cHOBHBIE XapaKTEPUCTUKU
HOPMaJIM30BAHHBIX OTCTOWHUKOB

Yucio
Muamerp, BeicoTa, obopoTtos
MM MM MeIIAJIKH,
muH’
1800 1800 0,63
3600 1800 0,39
6000 3000 0,30
9000 3600 0,15
12000 3600 0,19
15000 3600 0,19
18000 3200 0,12
24000 3600 0,08
30000 3600 0,08

13.2. OcaxjaeHue B IEHTPOOEKHOM M0JIe

B orcroiiHbIX HeHTpudyrax co CIUIOMIHBIMUA CTEHKaMU pOTOpa pa3JesieHue
CYCIIEH3UM Ha OCAJIOK MU OCBETJIEHHYIO >XHJAKOCTHh ((yrar) MmpoUCXOIUT IO
NPUHLIUIYY 0caxcoeHuss noo oelicmeuem yermpoobedicHou cuivl. BennunHa
LEHTPOOEKHON CUIIBI B OOIIEM CITyyae BbIPa)KaeTCsl PABEHCTBOM

2
F,=mv/r,

rae F, — 1eHTpoOexHas Cwia, H; m — Macca Bpalllalollerocs Teia, Krj v —
OKpPYHasi CKOPOCTb BpaIllEHUs, M/C; 7 — PaInyC BPAIICHHUS, M.
OkpyxHas CKOPOCTb BpallleHUsI ONIPEAEIISIETCS COOTHOIIEHUEM

v=2mrn,

-1
TJIe 1 — 9UciI0 000pOTOB poTOpa, C .
2
OTHOIICHHE IEHTPOOCIKHOTO YCKOPEHHUS V /7 K YCKOPCHHIO CHUJIBI TSHKECTH
g HA3BIBAIOT Paxkmopom pazoeieHus:

rg 4

Pazpensromas cnocoOHOCTh OTCTOMHBIX HEHTPUPYT XapaKTepHU3yeTcs
UHOEKCOM Npou3gooumenbHocmy 2, KOTOPBIA SIBISETCS TPOU3BEIICHUEM
MOBEPXHOCTH OCAXKICHUS U (aKTOpa pa3aesiCHUs:

2 =SK,.
WHekc Mpou3BOAUTEIHFHOCTH EHTPpU(PYTH TIPEACTABIAET COO0M IIIOIIAIh
OTCTOMHUKA, SKBUBAJICHTHOTO 110 TPOU3BOUTEILHOCTH VISl JAHHOMN CYCIIEH3UHU.

Jl51s OTCTOMHOM LHEHTPUPYTH C IMIUHAPUIECKIM POTOPOM JUaMeTpoM D U
JUIMHOW [, B KOTOPOM HAaxXOIWUTCA CIIOM CYCHEH3WW TONIMUHOW A, ¢akTop
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pasziesieHust MOKET OBITh OTHECEH K cpefHeMy auamMeTpy (D — h):

. _Cm} D-h
p g 2 5
Wiy pu h << D
()’
K,=2—=-D
g

[1101maas TOBEPXHOCTH OCAXKIACHUS B TOM ClTydae

S=xnDL.

[IpuBeneHHBIE BBILIE YPAaBHEHUS CIPABEIUIMBBI UL OCAXACHUS TBEPABIX
YacTULl B JIaMUHapHOM pexume. BceneactBue OO0JbIION BEIWYUHBI LIEHTPO-
O€XHOM CHUJIBI OCAKJICHHE CYCHEH3UU B LEHTpU(]Pyrax MOKET MPOUCXOIUTH B
YCIIOBUSIX TypOYJIEHTHOTO WJIM MEPEXOIHOr0 PEKUMOB. B 3TOM cityyae MHIEKC
IPOU3BOJAUTEILHOCTH BBIPAXKAETCS COOTHOLICHUSIMMU:

2= SKI,(,)O;715 JUISl IEPEXOTHOTO PEKMMA,
2 =8K,” JUISl TYpOYJIEHTHOTO peXUMa.

MuHUMaNBHBIN pa3Mep OTHENSIEMBIX YacTHULl (KpYNHOCMb 2PAHUYHO20

3epHa) 0, MKM, IS TUAPOIHUKIOHA ¢ YoM KoHycHOocTH 20° ompenernsieTcs 1o

bopmyie
d_D
5=09-10° — eV

d NH\p,-p,’

rae d., — InaMeTp CIAUBHOTO MaTpyoka, M; D — quamMeTp IIMHIPUYECKOIN YacTh
KOpITyca TUIPOLUKIIOHA, M; X — J0JIsl TBEPIOM (a3bl B CyCIIEH3HH; . — BA3KOCTb
cycnensuu, Ila-c; d. — AuaMmerp meckoBOil Hacaaku (maTpyOka IUisi CiuBa
CryUIeHHOW cycneH3uu), M; H — uW30BITOYHOE [aBJIEHHE Ha BXOJE
B TMIPOLIMKIIOH, aTM; p, U pP, — IUIOTHOCTH TBEPAOW U KUAKOH (a3
COOTBETCTBEHHO, KI/M'.

TIpOM3BOAUTEIBHOCTD LIUKIIOHA, M/, HAXOIUTCS 110 (hopMyITe

V=564-10°d_d_~JH |

86X Cl

rae d,, — TMaMeTp BXOJIHOTO MMaTpyoKa, M.

3aoaua 2. Onpenenure yncino HeHTpUPYT ¢ xapakrepuctukamu: D = 1 m; L = 0,7 m;
n=1000 MI/IH-I, SKBUBAJEHTHBIX 1O MPOU3BOJUTEIBHOCTH OTCTOMHHUKY, IIOBEPXHOCTb
OCAXJIEHUSI KOTOPOr0 paccuuTaHa B mpenbiaymed 3anade. OcaxaeHue CyCIEeH3UH
MIPOUCXOANT B TYPOYJIECHTHOM PEIKUME.

Pewenue. ®axtop pa3aencHust UEHTPUPYTH

) (3,14-1000/60)°
? 9,81
HOBerHOCTL OCaXACHUA PRI Typ6yneHTHor0 PEKUMaA pu HHICKCEC
MMPOU3BOANTCIIBHOCTHU, PABHOM IMOBEPXHOCTHU OCAXKIACHUA OTCTOMHUKA,

S=i05=19 Ve
558"

K -1=558.
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[ToBepxHOCTH pOTOpa OJIHOM LEHTpUpyru

S1=3,141-0,7=2,2 m’.
Yucno nentpudyr
N=5/851=1922=1.

Koumponvnasa 3adaua 2. Onpenenure 4uciao NeHTpUdyT, SIKBUBATIEHTHBIX
[0 TPOU3BOAUTENBHOCTH OTCTOMHHUKY, PACCYUTAHHOMY B KOHTPOJIBHOM
3amaue 1. Wcxonmueie manHble mpumuTe mo Taom. 13.3. XapakrtepucTuku
neHTpudyr npuBeneHsl B Tadn. 13.4. OcaxJeHHe CYCIIEH3UHM IMPOUCXOJIHT B
NIEPEXOTHOM PEXKUME.

Onpenenute auaMeTp TUAPOIUKIOHA D, paboTarolIero MojJ HamopoM
H=0,3 arm tipu d., = 0,3D; d.. = 0,2d.,. 3HaueHus 1IOTHOCTEW TBEpIOMl U
KUAKOW (pa3sl mMpUMHTE MO pacyeTHOMY 3afanuio 1. KpymHOCTh TpaHMYHOTO
3epHa 0 MPUMUTE PaBHOU d,g (Tabm. 13.1). IlogGepute cooTBeTCTBYIOMMI 1O
pasmepam TUAPOLUKIOH U3 CIIpaBOYHOM Taou. 13.4.

Onpenenure YHCIIO TUAPOLMKIIOHOB, AKBUBAJICHTHBIX 1o
IIPOU3BOJIUTEIIBHOCTH OTCTOMHHKY, PACCUATAHHOMY B KOHTPOJIbHOM 3amaue 1,
npu d,. =d., = 0,3D.

Ta6mmma 13.3. VicxonHbple qaHHbBIE 1J1s1 KOHTPOJIBHOM 3a1a4u 2

Yucgo
Bapuant Auamerp Homa BapuanT | 000opoTOB,
poTtopa,M | poropa, M -1
MHUH
00 0,50 0,5 00 2000
10 0,50 0,6 01 1950
20 0,55 0,5 02 1900
30 0,55 0,6 03 1850
40 0,60 0,5 04 1800
50 0,60 0,6 05 1750
60 0,65 0,6 06 1700
70 0,65 0,7 07 1650
80 0,70 0,7 08 1600
90 0,75 0,6 09 1550

Tabnuua 13.4. JlaHHbIE THIPOLIMKIOHOB
¥ dbumckoro 3aBojia ropHOro 000pYAOBAHUS

D,mM | ¥YroJ KOHYCHOCTH, Tpaj.| d., B 1oasax D | d,. B noasxd., | d., B noasix d.,

25 20 0,3-0,5 1,0-0,5 0,2-0,7

50 20 0,3-0,5 1,0-0,5 0,2-0,7

75 20 0,2-0,5 1,0-0,5 0,2-0,7
150 20 0,2-0,4 1,0-0,5 0,2-0,7
250 20 0,2-0,4 1,0-0,5 0,2-0,7
350 20 0,2-0,4 1,0-0,5 0,2-0,7
500 20 0,2-0,4 1,0-0,5 0,2-0,7
700 20 0,2-0,4 1,0-0,5 0,2-0,7
1000 20 0,2-0,4 1,0-0,5 0,2-0,7
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13.3. ®uiabTpOBaHME MPH MMOCTOSTHHOM Iepenaje 1aBJIeHus

Dunbmposanuem Ha3bIBAIOT MPOLIECC Pa3/CIICHUs CyCIEH3UH Ha TBEPIYIO
dazy (ocamok) u xunakyro (azy (puabTpaT) ¢ HCMONIB30BAHUEM MOPUCTHIX
neperopoiok. JKuakocTh JBHXKETCS dYepe3 MEepPeropojky Mo JIEeHCTBUEM
Pa3HOCTH JIaBJIEHUN C OJTHOU U APYTOM €€ CTOPOH.

Ckopocmb  ¢unbmposanuss TIPUHATO BbIpaXkaTh B Aud@epeHnanbHon
(dbopme (OCHOBHOE ypaBHEHUE (PUIBTPOBAHMS):

wde: Ap

Sdt 14 R
H 7bx0§+ @n

rie W — CKOpocTh (GuiabTpoBanus, M /(M>-c); V — oObeM Quibtpata, M; S -
MOBEPXHOCTh (DMIBTPOBAHHSA, M’; { — IPOJOIIKHTEIBLHOCTD (DUIBTPOBAHUS, C;
Ap — nepenan naenenuid, Ila; y — Bs3kocTh xkuakou ¢assl, Ila-c; vy — ynenpHoe
CONPOTHUBJICHUE OCAJIKa, M2 X, — OTHOLIEHHE O0BbeMa Ocajka K o0beMy
(GunbTpara; Ry, — CONPOTHBICHNE (PUIBTPOBAILHON IIEPETOPOAKH, M

3HaueHUsI TOCTOSIHHBIX B YpPaBHEHUHM (UIBTPOBAHUS NpuU NOCHMOAHHOM
oasnenuu Ap = const HaxoIAT ONBITHBIM TiyTeMm. Jlisi 3TOro ypaBHEHHE
IPUBOJST K JINHEUHOMY BUIY

L /u”oxo2 V4 HRy,
V. 2ApS ApS -

[TomyuenHnoe ypaBHeHHE B KOOpAWHATaX V — ¢/ mpeacraBusieT coO0i MpsMyIo,
OTCEKAIOIlyl0 Ha OCH OpAMHAT OTPE30K, paBHbIM uR,,/(ApS), TaHreHc yriaa
HAKIIOHA TPSIMOIL k = 1roxo/(2ApSY).

3aoaua 3. Onpenenure 9ucio GUIHTPOB MEPUOAMUECKOTO ACHCTBHS C TIOBEPXHOCTHIO
bunpTpoBaHus S| = 7 M%, HEOOXOLMMOE sl paszieneHus CyCleH3uu, XapaKTePUCTUKU KOTOPO
npuBeleHbl B 337ade 1, B pexume (uiIbTpoBaHUS NPU TOCTOSIHHOM JaBiieHMH | aTMm.
OuIbTpOBaHWE NPOBOAAT J0 HAKOIUIEHHS Ha ¢uibTpe ocanka ToimmHon 10 cm. Ilpum
UIBTPOBAHMH CYCIICH3HH HA MOIENBHOM (HIBTPe ¢ MOBEpXHOCTHIO S, = 0,01 M° B

AQHAJIOTUYHBIX YCIOBUSAX MOMyYeHA 3aBUCUMOCTh 00beMa QuiIbTpaTa OT BPEMEHHU:

t, MUH 5 10 15 20
V, n 55 75 90 100
ConpoTusieHne GUILTPOBATHHON NIEPETOPOIKH B pacueTax HE YUYUTHIBATS.

Pewenue. Ecnu conpotuBicHre (GUIbTPOBATBHON MEPETOPOAKH MPEHEOPESIKUMO MAJIO
M0 OTHOIICHUIO K CONPOTHBIICHHUIO CJIOS OCaJIKa, TO OCHOBHOE YypaBHEHHE (UIBTPOBAHUS
MO3KHO 3aIicaTh B BUJIE

o HRX,
V. 2ApS*

[Tonmyuennoe ypaBHeHue B KoopauHaTax V — ¢/V npencrasiser coboil mpsAamMyro, MPOXOISIIyIO
Yepes HAYAll0 KOOPAHHAT, TAHICHC YIJla HAKIIOHA KOTOPOH k = urpxo/(2ApS?).
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I[J'IH OonpeaAcICHNA KOHCTAHTEI k npeo6pa3yeM NCXOAHBIC NAaHHBIC:

tc 300 600 900 1200
V, M 0,055 0,075 0,090 0,100
1V, e’ 5500 8000 10000 12000

[Toctpoum rpadux 3aBucumoctu #/V ot V (puc. 13.1), mo koTopoMy Hailnem 3HaueHHE
YTIOBOTO KOA(PPUIMECHTA IPSMOH:

= > = =0,11-10° m/c.
2ApS® 0,098

y,Z[CJIbHOG COIMPOTUBJICHUC OCaJIKa
_2ApS? r e 2-1,03-10°-0,01°
X, 1,002 -1072 - 0,046

L0,11-10° = 4,93.10'0 M™.

o

t/v, c/m3

pd

12000 "

el
s

10000

8000

6000

4000 //

2000

|
I
|
|
|
i
|
|
|
0 0.02 0.04 0.06 0.08 0.10 Vv, m3

Puc.13.1. OnpeaeneHne KOHCTaHTbI PUNbLTPOBAHNS

B pacuerax npunsTO: Tepenaa AaBieHUN Ha (QUIBLTPOBAIBHOU meperopoake Ap = 1 atm =
= 1,03-105 [Ta; BSI3KOCTH BOJBI i = 1,002-1073 [Ta-c; oTHOmIEHNE 0OBEMa Ocagka K 00beMy
bunsTpara xo = &/(1 — &) = 0,044/(1 — 0,044) = 0,046.

[TpencraBuM Bpemsi GUIBTPOBAHUS KaK

. (Kj gy
S) 2Ap
W, IPUHUMAs BO BHUMaHUE, 4TO V/S = hoo/Xxp, TIOTydYUM BBIpOKEHHUE ISl pacdeTa BPEeMEHHU
HAKOIIJICHHUA OoCaaKa 3aJaHHOU TOJIIIUHBI:
t:(hif i, =( 0,1 jz 1,002-107-4,93-10" 0,046 _
x, )] 2Ap 10,046 2:1,03-10°

MakcumanbHas 3(PGEKTHBHOCTh pabOTHl  (QHUIBTPOB MEPUOAUIYECKOTO JICHCTBHS
JOCTUraeTcs, Korga BpeMs (UIbTPOBaHUS PpaBHO BPEMEHH, 3aTpaydBacMoOMy Ha
BCIIOMOTATeNIbHBIE ~ Omepanuu  (yJaJeHue ocajJka U pereHepanmus QrIbTPOBAILHON
neperopoaku). [loaTromy cymmapHOe BpeMmsi OAHOTO LUKJIa OyJeT pPaBHO YIBOCHHOMY
BPEMEHU (PUIIbTPOBAHUSA:

52c.

t,=2t=104c.
O0beM (unbTpaTa 3a BpeMsl [UKIIA

V= Sihoxo = 7-0,1/0,046 = 152 v°.
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CJ‘ICI[OBaTeJ'IBHO, MMPOU3BOJUTCIbHOCTb OJJTHOT'O (bI/IJ'IBTpa
Vi =Vit,=15,2/104 = 0,15 Mm’/c = 540 m*/u.

Yucno punbTpoB
N = Vool V1 = 1000/540 = 2.

Koumponvnasa 3a0aua 3a. Onpeaenute 4ucio GUiIbTpoB MEPHOIUUESCKOTO
NEUCTBUA C MOBEPXHOCTHbIO (DUIBTPOBAHUS S;, HEOOXOAMMOE NJisi pa3leicHUs
CYCHEH3HUH, XapaKTEPUCTUKH KOTOPOW MPHUBEIICHBI B KOHTPOJIBHOM 3anaue 1,
B peKuMe (DUIBTPOBAaHUSI MPU TIOCTOSHHOM JaBiieHuu 1 atm. OunbTpoBaHHE
IIPOBOJIAT 0 HAKOIUICHUS HAa (GUIBTPE OCAJKA TONIIUHON /,.. 3HAUCHUS S| U A,
a TaK’Ke€ 3aBHCHUMOCTh OObema (uiIbTpara OT BpeMEHU TpH (GUIBTPOBAHHUH
CYCIICH3HH HA MOJAEIBHOM (PHIBTPE C HMOBEPXHOCTBIO S, = 0,01 M° B aHaio-
THYHBIX YCIOBUSAX MpuBeAeHbl B Ta0i. 13.5. ConpoTuBienneM GuibTpoBaIbHON
NEPErOPOJKH B pacyeTax MpeHeOpeyb.

Taomuna 13.5. UcxoaHble JaHHBIE K 3a/1aUe 3a

Oo0bem puanTpara V, a
Bapuant | Sy, M2 | hoe, e | Bapuant npu BpeMeHu GUIbTPOBAHUS
t, MUH
5 10 15 20
00 5,5 12 00 34 50 60 70
10 6,0 11 01 40 55 70 80
20 6,5 10 02 42 60 75 85
30 7,0 9 03 45 65 80 95
40 7,5 9 04 50 70 85 100
50 8,0 8 05 55 75 95 110
60 8,5 8 06 55 80 100 115
70 9,0 7 07 60 85 105 125
80 9,5 7 08 63 95 115 130
90 10,0 7 09 70 100 125 140

Koumponwvnasa 3a0aua 36. IloBTopute pelieHUE KOHMPOIbHOU 3a0a4u 3a

C YYETOM COIPOTUBJICHUS (PUIBTPOBATHLHON MEPETOPOAKH.

IIpumeuyanue. [l noctpoeHus rpaduKoB PEKOMEHIYETCSl MCIOJIb30BaTh Memoo
HAUMEHbWUX K6aopamog, KOTOPbIH OCHOBAaH HAa MHUHHMMH3ALUU CYMMBl KBaJpaToOB
OTKJIOHEHUH SKCIIEPUMEHTAIBHBIX 3HAYCHUH ); M 3HAUEHUI NCKOMOH QyHKINH y = f(X):

minf 3.1, - )}

Jna dyskunn y = kx 3HaueHue Kod(pGUIMEHTa MPOMOPLUOHAIBHOCTH Kk MO METOAY
HaMMEHBIINX KBIPAaTOB MOXET ObITh BHIYUCIIEHO 10 (popmyiie

N
> Xy,
= i )
N
2
D
i

k
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I/I€ X; ¥ y; — DKCIIEPUMEHTAIbHO ONpPE/ICTICHHbIE 3HaYEHHs apryMeHTa U GyHKIUH; N — YUCIIOo
U3MEPECHUM.
Jnst ¢yHKumu Buma y = kx + b 3HaueHUA KOd(DPHUIMEHTOB pPACCUUTHIBAIOTCS TIO

dopmynam

N N N N N N N
Nzxiyi_zxizyi inzzyi_zxizxiyi

1

13.4. /lucnepCcHOHHBIM AHAJIU3 CYCHIEH3UI METOIOM CeIUMEHTALMH

OcHOBHOHM 3amaveld TUCTIEPCHOHHOTO aHajW3a SBISETCS OINpeaelicHUe
XapakTepa pacmupezesieHus] YaCTHI] CyCIIeH3UH 10 pa3MepaM, HHBIMH CIIOBaMU —
TIOJTyYEHUE TaK Ha3bIBAEMOU Kpusotl pacnpeodenenusl.

HazoBem ¢paryueii AQ, 4dactb OT OOIIEro KOJIWYECTBAa TBEPAOUM (a3wl
B CYCIICH3HMH, COOTBETCTBYIOIYIO JJOCTATOYHO y3KOMY MHTEpBAIy PaanycoB Ar.
Otnomenue F = AQy/Ar (a B ipeaene — dQ/dr) npencraBisier coboit ¢hyrkyuio
pacnpedenenusi 9acTULl CyCHEH3WU Mo paguycaM. ['paduuecku BbIpaskeHHas
3aBucuMocTh AQy/Ar = f(r) mpencraBiser coboil Juppepenyuanvryio Kpugyro
pacnpeoenetus.

TunvuHas KpuBas CEAMMEHTAIMH XOPOIIO OMHMCHIBACTCS SMITUPHYCCKUM
ypaBHEHHUEM BHa

t
0=0,—— 13.1
"+t (13.1)
rae O — 105 BBINABIIETO OCajika 3a BpeMms t; (,, U ty — KOHCTAHThI, 3aBUCSIIIHE
OT CBOMCTB CyCII€H3HH.
st HaxoxneHus kKoHCTaHT (O, W fy ypaBHenuwe (13.1) mpuBoguTCs K
JIMHEMHOMY BUY
t 1 oy o (132)
0 0, 0. '

VYpasuenue (13.2) mpencraBiser coOoil mpsMyr0 B KoopauHaTtax ¢ — t/Q,
OTCEKaIoIIyl0 Ha ocu t/() OTpPe30K, paBHBIN fo/(,, TAaHTEHC yrja HaKJIOHA
KOTOpoii paBeH 1/Q,,.

3aBUCUMOCTh JOJM HalleJdO BbIIABHIETO ocaaka (Jy OT BPEMEHHU
BBIPAKACTCS YPaBHEHUEM

0, =0, el (13.3)
Bpemsi ocaxjeHHs 4YacTHIl, PaJdyC KOTOPBIX paBeH 7, MOXKET OBITh
HaijieHo u3 ypaBHeHus CTokca npu u = h/t
9 y7/;
{=—-
2 (o, = po)er

2
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rie & — BBICOTAa OCAXKIEHUS, U — CKOPOCTh OCAXJIECHMS YacTHI] paauyca r, U —
BSI3KOCTH CPEJIbL, O, U P, — INIOTHOCTU YACTHUII U CPEJIbI COOTBETCTBEHHO.
3amenuB B ypaBHeHuu (13.3) ¢ u ¢y Ha TPONOPLUHUOHAIILHBIC UM 3HAYEHUS
1/ u 1/ry’, MOTyY9HM aHATHTHYECKOE BBIPAKCHHE UHMESPANbHOLU KDUBOTL
pacnpeoenenus
}"2
_ 0
QO - Q 2 2 . 13.4
"\ 4 (13.4)
Jis  HaxoxneHus — oJuggepenyuanvHot — Kpueou  pacnpeoenenus
npoauddepenrpyem norydeHHoe Beipakenne (13.4) mo paauycy:
F = % =40 r’' _r
- d - m"0 2 2y - (135)
r +r

¥
0
N3 unterpanbHoOi KpuBO pactpeneneHus (4.4) cieayer, 4To MpU MOJTHOM

OCaXJCHUU YaCTHIl, COJIEPKAIIUXCS B CYCHEH3UH, C MUHUMAJIbHBIMU pa3Me-
paMu 7y, 3HaueHue (Jp Oyner paBHO enuHuue. OTCIONa MUHUMATLHBIL pA3MeD

yacmuy
rmin:ro VQm _1-

Haubonee eeposammuvlii pasmep uwacmuy B CYCIEH3UU 7, HAXOIUTCS
nuddepeHupoBaHremM ypaBHEHUS nuddepeHnuanbHoN KpUBOM
pacnpenenenus (13.5) mno pamgdycy W TOpUpaBHUBAHUEM IOJYYEHHOMH
MIPOU3BOAHOMN HYJIIO:

o
r,=——
\/g :
Haubonvwuii paduyc uwacmuy CyCNE€H3UU Vi, MOXKET OBITH ONpEEeH U3
yCIIOBUS
F(ry) >> F(rmax)-
JIJ1st mpakTUYECKUX 1LeJiel ¢ JOCTAaTOYHOU CTENEeHbI0 TOYHOCTH MOXKHO MPUHSTH
COOTHOIIICHHE
Fimax ~ 370.

Koumponvnaa 3adaua 4a. Ha ocHOBE pe3yJIbTaTOB CEIMMEHTALIMOHHBIX
WU3MEPEHUH, TPUBEICHHBIX B Ta0M. 13.6:

1) omnpenenuTe KOHCTaHThI ypaBHEHUS ceauMeHTanmu O, U
rpaduyeckuM MeTOA0M (TIOJTHOE OCaXKACHUE YacTHI] HAOII0daeTCs TP ¢ = o0,
T.e. Q= P/P,);

2) 1o HalJICHHOW BEJIMYUHE /) BBIYUCIUTE 3HAYCHUE KOHCTAHTHI 7

3) BBIYMCIUTE 3HAYCHHS XaPAKTEPHBIX TOUEK KPUBBIX PACHPEACICHHUS ¥ pmin,
Vuy V'max-

[Ipu pacuerax HPHMHUTE BA3KOCTh >KUAKOH (a3sr (Bomsl) 1107 Ia-c,
IUIOTHOCTD KHAKOH (aspl 1:10° xr/a’. TIIOTHOCTH TBepAoil (Basbl U BHICOTA
OoCakJICHUs MpUBEACHBI B Ta0. 13.7.

101



Koumponvnasa 3ad0aua 46. Ha ocHOBe pe3yIbTaTOB PEMIEHUS] KOHTPOJIBbHOMN
3agaun 4a:

1) nmocTtpoliTe  UMHTErpaibHyr0 W  JAUPPEpPEeHIUANbHYIO  KPUBBIE
pacrnpeeNieHus: YaCTHUI] CYyCIIeH3UH 10 paguycaM B Ipeenax OT Fmin IO Fmax;

2) Mo MHTETPAIbHONW KPUBOW pACIPEIEIICHHs OINpPEACIUTE MUHUMAIbHBIH
pa3Mep YacTull 7*, KOTOpble HEOOXOAMMO OCAIUTh U3 CYCIEH3UHU IS
NOJIyYEeHHMSI CTeNeHn OYUCTKU 70 %.

3) Beruncnure 3HaueHue r* u3 ypasuenus (13.4) mpu Oy =0,7.

Tabauua 13.6. Pe3ynbTarsl cCEAMMEHTAIMOHHBIX U3MEPEHUN

Bapuanrt t,c 60 | 180 | 300 | 600 | 900 | 1200 o0
00 15 40 55 75 85 90 100
10 20 45 65 90 100 | 110 120
20 22 55 75 | 105 120 | 130 140
30 30 70 95 |135 155 | 165 180
40 10°P. 12 30 75 105 |150 170 | 185 200
50 ’ 40 92 125 |180 205 |220 240
60 40 {100 140 |195 220 |240 260
70 45 110 150 |205 240 |260 280
80 50 |115 160 |220 255 |275 300
90 60 | 140 190 265 305 ]335 360
Tabmuma 13.7. Xapakrepuctuka TBepAoi (a3bl CyCleH3Un

Bapmant Teepaan dasa H.J'IOTHOscTL, BbicoTa
Ke/M OCAK/ICHM S, M
00 Anarut 3190 0,10
01 Acbect 2600 0,10
02 ['unc 2240 0,11
03 N3BecTHSIK 2650 0,12
04 Kaonun 2200 0,12
05 Konuenan cepubiit 5000 0,13
06 IIecok 1500 0,14
07 KameHnnblit yroib 1350 0,14
08 Marse3ur 2900 0,15
09 [ITamoT 1900 0,15

13.5. Ancopouus

Aocopbyueii Ha3bIBAIOT TPOIECC TIIOTJIONMICHUS BEIIECTBA M3 PacTBOpa
MOBEPXHOCTBIO TBEPIOTO Tena — adcopbenma. PaBHOBeCHas KOHIICHTpAIIHs
MOTJIOMICHHOTO BEIecTBAa B ajcopOeHTe (KT BemecTBa /KT agcopbenta) X
sBIISIeTCS  (YHKIIMEH KOHIIGHTPAIIMM JTOTO0 BEIIECTBA B pPacTBOpEe ¢ U
Temmeparypsl I. 3aBHCHMOCTD X = ((C)rconss TIPU TOCTOSHHOM TEMIIEPATYpPE
HAa3BIBACTCS UZ0OMEPMOU A0COPOYUL.

Hanbonee wu3BecTHON U30TEPMON aJCOpPOIMU  SIBIISIETCS  YpABHEHUe
JIonemiopa, ONUCHIBaIOIIEe MOHOCIOWHYIO (PU3UYECKYIO aJICOPOIUIO
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ke
1+ ke’
rne Xo — TOpelnenbHas ~— BEJIMYMHA  AJCOpPOIMHU, COOTBETCTBYIOIIAS
MOHOMOJIEKYJISIPHOMY TOKPBITHIO TIOBEPXHOCTH aJcOpOeHTa a/IcOpOUPOBAHHBIM
BEIIIECTBOM; k — KOHCTAHTa aJICOPOIIMOHHOTO PaBHOBECHSI.

Hzomepma bpynayspa-Ommemma-Tennepa (F2T) OIIUCBHIBAET
MHOTOCJIONHYIO (PU3UYECKYIO aICOPOIUIO
X" =X, ke

(1=c)1+(k=1)]
rie ¢ — 6espasMepHa;{ OTHOCHUTCIIbHAA KOHOCHTpALUA, PABHAA OTHOIICHHUIO
KOHIOCHTpAalun a,ZICOP6PIpy10HI€I‘OCH BCIICCTBA K KOHIOCHTpAalun cro
HACBIIIICHHOI'O pacTBOpPA.

[Ipn xoHaeHCAuu aaCcOpOMPYIOIIETOCS BEIIECTBA B  MHUKPOIOpax
aficopOeHTa UCTIONB3YeTCs ypasuerue /[younuna

X" =X0%exp —B(%} (Inc) |,
m
rae Vo — odbeM mukpornop; V,— o0beMm ancopOMpOBAHHOTO BEIIECTBA MPH
MOHOCJIOHOM TMOKPBITHU MOBEPXHOCTH; B = (R/E;)’ — KOHCTaHTa, CBSI3aHHAs
C XapaKTepUCTUYECKOW  OJHEprued  ajacopOumMM  CTaHJApTHOTO  BEUIECTBa
(6enszomna) E;; T— temmeparypa, K; f — xoaddurment apunHocTu (CpojcTaa)
aJIcopOMpyeMOro M CTaHJAPTHOTO BEIECTB, z — CTPYKTYpHBIA ¢akTop,
3aBUCSAIIMN OT MPHUPOABI aACOPOCHTa UM NPUHUMAIOUIUN 1ETOYUCICHHBIC
3Ha4YeHus oT 1 110 6.

Benuuuny ajcopOuuMu NPUHATO BBIPAXATb CMENEHbI0  3ANOJIHEHUs.

noeepxﬂocmu
®=X/X

CreneHb 3allOJIHCHUS TIOBEPXHOCTH G W paBHOBECHAs BeEJIMYMHA
ancopoumn X XapaKTepH3yIOT CMAmMuyeckylo eMKocms adcopbenma, T.e.
MaKCUMaJIbHO BO3MOXXHOE KOJIMYECTBO aJCOPOMPOBAHHOIO BEIIECTBA IPHU
JOCTATOYHO OOJILIIIOM BPEMEHH KOHTAKTA.

B ounamuueckux ycnogusix, KOTJa pacTBOP HEMPEPHIBHO JBUKETCS depes
HETIOJIBMYKHBIN CJIOW a7cCOPOEHTa, TIOTIIOIICHHE BEIESCTBA HAYMHACTCS B IIEPBYIO
ouepesb Ha HadaabHOM ((PpOHTAIILHOM) ydYacTKe aacopOeHTa. DTOT y4acTOK
OBICTPO HACHIIAETCS U B clioe ajicopOeHTa dhopmupyercs gpponm adcopoyuu. B
JanpHemeM (GPOHT afcopOIUK JABMKETCS Yepe3 CIIoW COpOCHTa, HE M3MCHSS
cBoero mpoduis, 10 MOMEHTa npockoka — BbIxoja (PpOHTa 3a MpPEIesbl CIIOs
ancopOenTa.  KonmuecTBO  TOTJIONMICHHOTO — BEIIeCTBA  JIO  MPOCKOKa
XapaKTEPU3yeT OUHAMUUECKVIO eMKOCb adcopbeHma.

3aBHCUMOCTb BpPEMEHH IIPOCKOKa T7,, OT MAJMHBI cJ0sl aacopOeHta L
OIMCBIBACTCS SMITUPUICCKUM ypasHeruem [llunosa

Ty = kL — 10,
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rae k — Ko3(pPuIueHT 3alMUTHOrO ACHCTBUS CIOS; Tp — BpeMsl (hOPMUPOBAHUS
cTaiuoHapHoro ¢ponra ajacopouuu. Kosddumments: ypauenust [llmiosa
HAXOJST Ha OCHOBE OTIBITHBIX JIAHHBIX.
D¢ hekTUBHOCTh aJCOPOIMOHHON OYHCTKU XapaKTepUusyeTcs paxkmopom
pazoenenus
R=1-c/c,

TJIe Co — HavalibHAsl KOHILIEHTPAIUs aJcOPONPYyEMOTo BEIIECTBA B PACTBOPE; € —
KOHIICHTPAIIUS BEIIECTBA B OYUILIEHHOM PacTBOPE.

MaremaTuyeckoe BBIpaXKeHHWE IS pacdera (akTopa pasaeieHus
ompeeNsieTcs: BU0M H30TepMbI aacopommu. /s nzorepmsl JIanrMropa

R=—1
1+ kCO
3aoaua 5. Tlpu ancopOumm aHTpaneHa KOKCOBBIM YIJIEM M3 BOJHOTO pacTBOpa
B pPaBHOBCCHBIX YCJIOBUIAX IMOJTYYCHBI JAHHBIC:
¢, MMOITB/ I 0,2 04 | 06 0,8
X', MMOIB/KT 4,1 76 | 10,8 | 13,5
Onpeznenure KOHCTAHTHI ypaBHEHHs JIPHrMIOpa W BbIUMCIUTE (AKTOP pa3fesieHUs H
CTeIeHb 3aI0THEHHS TOBEPXHOCTH JUTS HAYAIbHON KOHIEHTPAIHH ¢o = | MMOIB/IM’.
Pewenue. IlpencraBuMm ypaBHeHUE HM30TE€pMbl JI3HTMIOpa B JIMHEAPU30BAHHOM BUJIE,
IIOMEHSB YHCIHUTENb W 3HAMEHATeldb B OOEHMX YAacCTAX YPAaBHEHHS MECTaMH M ITOYWIEHHO
pa3leNuB MPaByIoO YacTh:

1 l+ke. 1 1 1 1
X* Xoke X' Xok ¢ X,
Iloly4eHHOE ypaBHEHHE MPEACTABISCT NPAMYK B KoopamHatax l/c — 1/X,
OTCEKAIOIIYIO HA OCH OPJMHAT OTPe30K 1/X), TaHTeHC yriia HaKJIOHa KOTOpou paBeH 1/(Xok).
[TpeoOpa3yem KCXOHbBIE TAaHHBIE:
1/c, M / MMOJTB 5,00 2,50 1,67 1,25
I/X*, KT / MMOJIb 0,244 0,132 0,092 0,074
# ocTponM rpaduk 3asucumoctr 1/X = f{1/c) (puc. 13.2).

1/X*,
KI/MMOIh

0.25 /

0.20 /

0.15 /
0.10 /
0.05

/_’ ? tgd=1/kxXg)

17X q{ |

0 2 4 1/C, ant3/MMOIb
Puc.13.2. OnpeageneHne KOHCTAHT n3oTepMbl JIaHrMopa

104



I[To rpaduxy onpenensem 3naueHust 1/Xy u 1/(Xok):
1/Xy = 0,02 xr/mois — Xy = 1/0,02 = 50 MMOJIB/KT;
1/Xok = tga = (0,24 — 0,06)/(5 — 1) = 0,045 xr/n — k= 1/(50-0,045) = 0,444 n/mmoub.

daxTop paznenenust R = 1/(1 + 0,444-1) = 0,69.
3HayeHUE PaBHOBECHOW KOHICHTPAIINHU

c=co(l—=R)=1(1-0,69) = 0,31 MmOIB/aM".

CreneHb 3amOTHEHUS IMOBEPXHOCTHU OIPECACINM C YUYETOM HaﬁﬂeHHOFO 3HA4YCHUA
KOHCTAHThI aIICOp6LII/IOHHOFO paBHOBECHUA:

X* ke 0,444-031 0121
X, l+ke 1+0,444-031

Konmponvnasa 3adaua 5a. Ilpu ancopOnum o-kpe3ojia akTHBUPOBAHHBIM
yIiaeM W3 BOJHOTO PacTBOpa B PABHOBECHBIX YCIIOBUSAX TOTY4YEHBI TaHHBIC,
npuBeneHHbie B Ta0m. 13.8. (B meBoit 9acTu TaOMWIIBI MPUBEACHBI 3HAYCHHSI
PABHOBECHBIX KOHIIEHTPAIMI ¢, B MPaBOM — COOTBETCTBYIOIIME UM 3HAYCHUS
azcopOuuu X .) ONpenenuTe KOHCTAHTHI ypaBHEHHS JISHIMIOpa.

Konmponwvnaa 3adaua 56. Iloctporite rpaduku 3aBUCUMOCTH (pakTopa
pasliesieHusT M CTEICHH 3alloJIHEHUS TMMOBEPXHOCTH OT KOHIIGHTpAIluu B
nuamasose ot 0 10 10 MMoiIs/aM’.

Tabmuua 13.8. McxoaHble naHHBIE K 3aaUe Sa

PaBHoOBecHast
Ancopouus X .
Bapuanr KOHLEHTPALuA ¢, Bapuanrt
3 MMOJIb/KT
MMOJIL/IM

00 0,19 10,32 | 0,53 | 0,75 00 0,6 10911420
10 0,18 10,311 0,51 | 0,73 01 0,7 |1,111,7]23
20 0,17 10,30 | 0,49 | 0,71 02 09 11,312,026
30 0,16 { 0,29 | 0,47 | 0,69 03 L1 [ 1,5]/24]3,0
40 0,15 0,28 | 0,45 | 0,67 04 1,3 [1,8[(28]34
50 0,14 10,27 | 0,43 | 0,65 05 1,5 12,1[32]3,8
60 0,13 10,26 | 0,41 | 0,63 06 1,7 12,413,643
70 0,12 1 0,25 | 0,39 | 0,61 07 1,9 12914248
80 0,11 0,24 10,37 | 0,59 08 2,2 13414853
90 0,10 { 0,23 | 0,35 | 0,57 09 25 (135153159

13.6. DkcTpaknus

Oxcmpazupoganuem WIN IKCMpakyueli HA3BIBAIOT TMPOILECC W3BICUCHUS
OJTHOTO WJIM HECKOJBKMX KOMIIOHEHTOB U3 cMecHu (ucxodnozo pacmeopa,
COCTOSIIIIETO W3 HEPBUUHO20 pPACMBOpUMENs WU U361eKAeMO20 6euecmed) C
MIOMOIIIFI0  HECMEIIMBAIOMIETOCSI C  HUM  CEJICKTHBHOTO  PaCTBOPHUTEIIS
(oxcmpacenma). B pe3ynbrare 3KCTpakUUU TOIYyYarOT PacTBOpP, OOCTHEHHBIM
U3BJIEKAEMBIM BEIECTBOM (paghunam) M pacTBOpP HM3BICKAEMOTO BEIECTBA B
IKCTpareHte (sKkcmpaxkm).
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B mpocreiimeM ciydae SKCTpakiMs NPOTEKaeT B  JIByX(a3HOU
TPEXKOMIIOHEHTHOM cucTteMe. KOMIIOHEeHTaMH 3TOHW CHCTEMBI SIBIISFOTCS
pacTBOpPUTENb, H3 KOTOPOrO  M3BJIEKACTCSI JKCTPATMPYEMOE  BEIIECTBO
(MpUMEHUTENHFHO K OYHCTKE CTOYHBIX BOJ TaKHUM PACTBOPHUTENIEM SIBISETCS
BOJa), JKCTpareHT M JKcTparupyemoe BemiectBo. OnHOM u3 (a3 sBiseTcs
pacTBOp  AKCTparupyeMoro BellecTBa B  BOJAE, [JpPyrod —  pacTBOp
DKCTPArupyeMoro BELIECTBA B OKCTPATCHTE.

[Ipu oorocmynenuamoii sxcmpakyuy UICXOAHBIA PACTBOP £, cocTosIIIUiA U3
IIEPBUYHOIO pacTBoputreist W u pacnpenenseMoro BelecrBa B, BBOIAT
B KOHTaKT C OJKCTpareHToM S. OKCTparupoBaHUWE MPOBOIAT B ammaparax
NEPUOIUIECKOTO JEHCTBUS C MENIATKaMH, OOSCIEeYMBAIOIIUMHA HHTCHCHUBHOEC
JTUCTIEPTUPOBaHUE U TiepeMemrBanne (a3. Bpems xoHTakTa (a3 mT0CcTaTOuHO
JUTsL JOCTHKEHUS KOHIIEHTpAruii, OJM3KUX K paBHOBECHBIM. [lo oxoHYaHWHM
MEPEMENINBAHUS 3MYJbCHUIO CIHUBAIOT B OTCTOMHHUK, TAE€ IPOUCXOIUT €€
paszenenue Ha papuHat R 1 SKCTpakT E.

Cocrosinue paBHOBecUsl a3 XapaKTEPUYETCS U30mMepMOU pacnpeoeieHus
WU U30MEPMOU IKCMPaKyuu

y* =k,

TIe X — CoIep)KaHWe paclpeiensieMoro KOMIOHeHTa B (ase paduHarta
(Kr BemecTBa/Kr pacTBOPUTENs); y* — copepaHue dTOTO K€ BeliecTBa B ¢ase
IKCTpakTa (KT BEIIECTBA/KT AKCTpareHra); k — KodhUIMEHT MpomopIu-
OHAJILHOCTH, Ha3bIBAEMBIN K02(huyuenmom pacnpeoenerus.

B dactHOM cnydae mnpu OTCYTCTBHM JMCCOLMAIMMA WA aCCOIUAIUN
MOJIEKYJT OJKCTparupyemoro BemecTBa B o0eux (dazax kodhdumumeHT
pactpeneneHs MOZKHO CUHTATh , )
BETUYMHOW TIOCTOSHHOW TpU JTaHHOU Y'=£(x)
TEMIIEpATypE. o — ===

Ecnm  B3auMHONW pacTBOPUMOCTBIO
MIEPBUYHOTO PACTBOPHUTEIISI M SKCTPAreHTa
MOXKHO TIpeHeOpedb, TO 3aBHUCHMOCTH
y*=kx MoxeTr ObITh BbIpaxkeHa rpadu-
YeCKH Ha MPSMOYTOJBHOW JMarpaMMe B E
KoopJiMHaTax x — y. B oOmiem ciydae sta

YH

W+B Y=£f(x)

3aBUCUMOCTH HelnHeHas (puc. 13.3.). X %y o
MarepuanbHbplii OalaHC TI0 pacrmpe- Punc.13.3. Cxema n paboyas nuHmns
JACIIEMOMY BCIICCTBY OIIUCHIBACTCSA OOHOCTYNEeH4YaTon IKCTpaKLmm
YpaBHEHUEM
WX, t 8y, = WX, + SVy,

I7I€ W U § — COOTBETCTBEHHO MAacCCOBBIE PacX0/ibl IEPBUYHOIO PACTBOPUTENS U
JKCTpareHTa, Kr; X, U X, — COJAEPKAaHUE M3BJIIEKAEMOIO BEIIECTBA B MCXOJHOM
pacTtBope u pauHaTe, KI/KT; V, U V, — COAEPKAHUE U3BIEKAEMOr0 BEILECTBA B
AKCTpAreHTe U SKCTPaKTe, KI/Kr. [[ns uncroro skcrparenra y, = 0.
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3aBucuMocTh y = f(x) Ha3bIBaeTCs paboueli TuHUeli TIPOIEcca SKCTpa-
TUpoBaHMs M Ha jguarpamme (puc. 13.3) oroOpaxaercss OTpEe3KOM MpsSMOH,
HayvajgbHas TOYKAa KOTOPOTO MMEET KOOPAUHATHI X = X, U ¥ = ). V3 ypaBHEHUS
MaTepuaibHOro 6ananca mnpu y, = 0 caeayert, yTo

w w
y=——x+—x,,
S S
T.€. TAHTEHC yIJla HaKJIOHa pabodel JIMHUU OTpULIATENIEH M paBeH —w/s. Ecnu
B pe3yJbTaTe AKCTPArupoBaHUs JOCTUTaeTCs paBHOBecue (a3, TO KOHEUHas
TOUKa pabouell TMHUM HAXOAUTCA HA JIMHUU PABHOBECHS U MMEET KOOPIMHATHI
X=x,uy=yp*

Cmenenb u3eneuenus SKCTParupyeMoro BellecTBa @ ompenensiercs Kak
OTHOIIICHHWE KOJMYECTBA W3BICYCHHOTO BEIIECTBA K KOJUYECTBY OTOTO
BEIIECTBA B UCXOHOM pacTBope. /{1t oAHOCTYIeHYaTON HKCTPAKIMU

S
ke z
- W _
¢= s 1+z’
l+k—

w
rie z = ks/w — skcmpakyuorHulll pakmop.

3adaua 6. Ilpu opHokpatHOM »dKcTpakiuuu 100 Kr BOAHOrO pacTBOpa XJIopuaa
amomunust (AI/Cl3) ¢ wmaccoBoit gomeit 3,7 % 60 Kr 4YeTBIPEXXJOPUCTOTO YTiepojaa
(CCly)nonyuen padunat ¢ maccoBoit morneit 1,6 %. Brramcnoure koadduimeHT pacmpe-
JIEJIEHNUs1, CTETIEHb U3BJICYEHUS U SKCTPAKIIMOHHBIN QakTop.

Pewenue. Wcxonnsiii pactBop cogepxut 100-0,037 =3,7 xr xnopuga aatOMHHHS
u 100(1 - 0,037) = 96,3 xr Boabl. Conepxanue A/Cl3 B ICXOTHOM pacTBOpE

x,=3,7/96,3 = 0,0384 xr AICI5 / KT BOIEI.

Padunar copepxut 96,3 Kr BoJbl U HEU3BECTHOE KOJIMYECTBO g XJIOPUAA AJIOMHHHUSL.
3Ha4yeHue g MOXKeT ObITh HalZIEHO U3 COOTHOLIEHUS

2/(96,3 +2)=0,016 —» g=96,3-0,016/(1 — 0,016) = 1,566 kr.
ConeprkaHue XJI0puaa ATFOMUHUS B paduHATE
x = 1,566/96,3 = 0,0163 xr AI/Cl3 / KT BOJIEL

KomuyecTBo Ximopuma alrOMUHUS, TIEPEHISANICTO U3 PAcTBOpPAa B IKCTPAKT, COCTABIISICT
3,7-1,563 =2,137 kr. Coneprkanue XJopuaa allOMUHUS B SKCTPAKTE

y* =2,137/60 = 0,0356 xr AICl; / xv CCl,.
Koaddurment pacnpenencHus
k=y"x"=0,0356/0,0163 =2,18.
DKCTPaKIMOHHBIH (pakTop
z=ks/w=2,18-60/96,3 =1,35.
CrenieHb U3BIICUCHUS

@ =z/(1+2)=135/(1+1,35)=0,574.
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Konumponwvnaa 3ad0aua 6a. Ilpu 0JHOKpATHON SKCTPAKUUU M, KT BOJHOTO
pacTBopa XJIOpUJa aJIlOMUHHS C MaccoBOM noneud ¢, % mg Kr YeTbIpex-
XJIOPUCTOTO yrijiepojia mojiydeH paduHat ¢ MaccoBoil nonei ¢, % (tadn. 13.9.).
Boruucnure kosd@uimeHT pacrpeneneHus, CTENEHb H3BICUEHUS M DKCTPakK-
1noHHbIN (hakTop. [TocTpoiiTe pabouyto TUHUIO TIpoIiecca.

Koumponwvnaa 3adaua 66. Bpluucinure CTENEHb W3BICYCHHS XJIOpUIA
ATIOMHHUSL TIPU TPEXCTYIEHYATOM SKCTPAKIUU C MEPEKPECTHBIMU MOTOKAMH.
Pacxon skcTparenta Ha Kaxxaou ctynenu paseH 1/3 my kr. [loctpoiite pabouyro
JUHUIO TIpoliecca, cuuTas KOIPODUIMEHT paclpeneeHus] MOCTOSHHOMN
BEJIMYUHOM.

Taomuna 13.9. Ucxoanble 1aHHBIE K 3a/1aue 6a

Bapuaur | m,,kr | ¢, Mmac.% | Bapuant | m, kr | ¢, Mac.%
00 85 5,0 00 45 1,45
10 95 4,8 01 50 1,40
20 110 4,6 02 55 1,35
30 120 4,4 03 60 1,30
40 125 4,2 04 65 1,25
50 130 3,8 05 70 1,20
60 140 3,6 06 75 1,15
70 150 3,4 07 80 1,10
80 155 3,2 08 85 1,05
90 160 3,0 09 90 0,95
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