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BBEJIEHUE

B Tsepckoil 001acTu cOCpeI0OTOYEHBI OTPOMHBIE 3alachl MOBEPXHOCTHBIX
BoJ. 10 «(pabdpuka uncroit Boab» 1eHTpa Poccun. TBepckas 001acTh sABISETCS
YHUKaJIbHON 00J1acThlO, e OepyT Hauyajao TpU KPYIHBIX BoaoToka. bacceitn
BEJIMKOW pycckod peku Bosru mmeer ctok B MOCKOBCKyr o06iacth — 2,3 KM
B rox 1 B SpociaBckyro obmacts — 9,6 km'. Bacceiin 3amanmoii JIBHHBI (nance
JlayraBbl) gaet crok B CMOJCHCKYIO 00macts — 5,0 KM® B rof, 03epo MiIpMeHb
(p. Mcra) — B HoBropozckyto o6macts — 1,0 kv,

PeanbHyt0 yrpo3y 3arpsi3HEHHsS] MOBEPXHOCTHBIX BOJ CO3HAOT OIACHbBIE
B OKOJIOTMYECKOM  OTHOILIIEHHM  TPOM3BOJACTBA:  aTOMHAas  DJHEPreTHKa,
XUMUYECKasi MPOMBIIIJIEHHOCTh, TEIUIOPHEPreTUKa, CEIbCKOXO3SHCTBEHHBIC
wiomanu. B TBepckoil 001acTH KOJIMYECTBO MOJIb30OBaTENEH  BOJIOM,
OTUUTHIBAIOLIMXCS N0 GopMe 2TH-Boaxo3, cocrasiger 1169. B 2005 roay u3
TNPUPOIHBIX BOJHBIX 00BEKTOB 3a0pano 2784,92 MiH. M’ BOJBI, B TOM UHCIIE U3
MOBEPXHOCTHBIX — 2652,74 MIIH. M, M3 MOM3eMHBIX — 132,19 MiH. M. Copoc
CTOYHBIX, TPAH3UTHBIX W Op. BOX cocTaBmin 269516 wmmm. . C6poc
B IIOBEPXHOCTHBIE BOJIHBIE OO0BEKTHI cocTaBuil 1202,90 MiH. M3, U3 HUX
3arpsi3HEHHbIX 79,43  MIIH. M3, HOPMATUBHO OYMIIEHHBIX 44,63 MIIH. M3;
TpaH3uTHOM BoAbl 1479,10 MiH. M3; B HAKOMNUTEJM, BIAAWHBI, IO
dbunbTpanmy, Ha penbed 13,16 MiIH. M.

BrIITycku CTOYHBIX BOJI B MOBEPXHOCTHBIC BOJIHBIC OOBEKTHI MMErOT 180
BOZOMOJB30BaTeneil. U3 1209,90 MIH. M® CTOYHOH BOJBI cOpOIIIEHO 3arpsi3-
HEHHOM 79,43 MIH. M3, n3 Hux 0,10 MmuIH. M 6e3 OYUCTKH, 79,33 MIH. M’
HEJO0CTaTOYHO O4uIleHHOW. COpoC HOPMATHMBHO YHMCTOM BOJBI COCTABUII
1078,84 muH. M°. Ha OYHCTHBIX COOPYXEHHSX OUMIIEHO 44,63 MiIH. M°, B TOM
YHUCJIC OYMIIECHHON OHOJOTMYCCKHMMH MeTogamMu 22,52 MIIH. M’ , (u3uKo-
XUMAYeCKUMHE — 1,43 MiH. M’, Mexaanueckumu — 20,68 MIH. M.

MomHOCTP  OYMCTHBIX  CcOOpykeHuM cocrtaBwia Ha 2005 rox
453,95 muH. M. JIMBHEBBIX BOJL copomreno 11,57 muH. M.

[IpyopuTeTHBIM BHUIOM HCIOJIb30BaHUS BOJHBIX OO0BEKTOB TBeEpcKoil
00J1aCTH SIBIIETCA XO3SIICTBEHHO-IIMTHEBOE BOJOMONIb30BaHKE. OCHOBHAS POJIb
3/1ech MPUHAICKUT peke Bonra. M3 Hee 3abupaercs Boga sl XO35HCTBEHHO-
MUTHEBOTO BOJIOCHAOXKEeHUSI TOPO10B PkeB, KuMpsl, psijia mocenkoB ropoickoro
THIMA, a Takke MOCKOBCKOro Meramojiuca. Jlepuiur TUTbeBOM BOIBI IS
Mockasl Ha 70 % nokpsiBaeTCs BOJIOM, OCTynaroie u3 TBepckoil o0naacTu.

B sr1oit cBsa3u mns Teepckoit 06acTH akTyalbHbI BOMPOCH YIYYIICHUS
KauecTBa MPUPOJIHBIX BOJ U OUYUCTKU CTOUYHBIX BOJI.

B HacrosimeM yueOHOM MMOCOOMHM paccMaTpUBAIOTCS OXpaHa MOBEpX-
HOCTHBIX BOJ| OT 3arpsi3HEHUs CTOYHBIMU BOJAMHU, ONpPEACICHUE HEOOXO0IUMOM
CTEIMEeHU OYUCTKHU, METOAbl OUYMCTKH MPOMBIIIIEHHBIX CTOYHBIX BOJI.



1. OXPAHA BOJAHbBIX OBFBEKTOB OT 3AI'PA3HEHUA
CTOYHbBIMU BOJAMHA

1.1. OcHOBHBIEC TEPMMHBI H ONpeJesIeHUs

OcHoBHbIE TEpMHUHBI U ompeaeneHus coaepxkarcsi B Bomnom Kopekce
Poccuitickonn ®enepanuu, npuHsatom [ocymapctBenHou Jlymou S anpens
2006 rona.

Boonviii 06vekm — TPUPOIHBIA WM UCKYCCTBEHHBIH BOJIOEM, BOJOTOK
aM00 WHOW OOBEKT, MOCTOSHHOE WM BPEMEHHOE COCPEIOTOYEHHE BOJ B
KOTOPOM UMEET XapaKTepHbie (OPMBI U MPU3HAKUA BOJTHOTO PEKUMA.

Oxpana 600HbIX 00beKmMo8 — CUCTEMa MEpPOIPHUSITUH, HAMPaBICHHBIX Ha
COXpaHEHHUE U BOCCTAHOBJICHHE BOJHBIX OOBEKTOB.

Boooomeeodenue — moboii cOpoc BOJI, B TOM YHUCJIE CTOYHBIX BOJA U (WJIN)
JPEHAXHBIX BOJI, B BOJHBIE OOBEKTHI.

Cmounvie 600bl — BOHbBI, COpPOC KOTOPbIX B BOAHBIE OOBEKTHI
OCYILIECTBIISIETCS TIOCJI€ UX MCIOJIb30BAHUS UM CTOK KOTOPBIX OCYIIECTBIISETCS
C 3arpsI3HEHHOU TEPPUTOPUH.

lpenasicnvle  600b1  — BOABI, OTBOJ KOTOPBIX  OCYLIECTBISETCS
JPEHAKHBIMU COOPYKEHUSIMU JIJIs1 COpOca B BOJHBIE OOBEKTHI.

Booonompebnenue — norpediieHre BOALI U3 CUCTEM BOJIOCHAOKEHUS.

Booocnabowcenue — Tmomada TOBEPXHOCTHBIX WM TOJ3EMHBIX  BOJI
BOJIOTIOTPEOUTENSIM B TPeOyEMOM KOJIMYECTBE U B COOTBETCTBUU C IICJIIEBBIMHU
MOKA3aTesIMUA Ka4eCcTBa BOJIbI B BOJAHBIX OOBEKTAX.

Booononvzosamens — (usmdeckoe WU OPUAMYECKOE JIHUIO, KOTOPOMY
PEAOCTABICHO MPABO MOJIb30BAHUS BOAHBIM OOBEKTOM;

1.2. OcHOBBI BOJTHOI'0 3aKOHOIATEJILCTBA

BonHoe 3akoHomarensCTBO cocToMT u3 Boamnoro Kogekca, npyrux
(denepanbHbIX 3aKOHOB M TNPUHUMAEMbIX B COOTBETCTBUUM C HUMHU 3aKOHOB
cyowrektoB Poccuiickoii @enepauun, ykazoB Ilpesunenta PO, HOpMaTUBHBIX
1paBoBbIX akTOB IIpaBurenscrBa Poccuiickon denepanyu U ynoJHOMOYEHHBIX
[IpaButenbctBOM  Poccuiickoit ~ ®depepanu  (QenepanbHBIX  OpPraHoB
VICIIOJIHUTEIIHOM BJIACTH.

K ocHOBHBIM mpuHIIMIIAM BOAHOI'O 3aKOHOJATENIbCTBA OTHOCATCA (BoaHbIi
Koneke, ct1.3):

— MPHUOPUTET OXpaHbl BOJHBIX OOBEKTOB MEPE] WX HCIOJIb30BAHUEM.
Wcnonp3oBaHue BOAHBIX OOBEKTOB HE JIOJDKHO OKa3blBaThb HETaTUBHOE
BO3JICVICTBHE HA OKPYXKAIOIIYIO CPENY;

— DKOHOMHYECKOE CTHUMYJIUPOBAHUE OXpPaHbl BOJIHBIX OO0BEKTOB. Ilpm
ONpENETICHUN IUIaThl 32 IO0JIb30BAaHUE BOJHBIMU OOBEKTAMHU YUYUTHIBAIOTCS
pacxo/ibl BOJOTMOIB30BAaTENeH Ha MEPOTIPUATHUS TI0 OXpaHe BOJHBIX 0OHEKTOB.

Bonneie 00bekThl, Haxomsumecs B (deaepalibHOM  COOCTBEHHOCTH,
coOctBeHHOCTH  cyObekToB  Poccuiickoit ~ ®epepaunu, COOCTBEHHOCTH



MYHULIUNAIBHBIX 00pa30BaHUM, MPEJOCTABISIOTCS B MOJIB30BAaHUE NJisi cOpoca
CTOYHBIX BOJ W (WIM) JPEHAXKHBIX BOJ HA OCHOBAaHUM PEIICHUM
0 MPEI0CTABJICHUH BOJHBIX OOBEKTOB B MOJIb30BAHHUE.

Pemienue o mpenocTaBieHUH BOJHOTO OOBEKTa B IMOJIb30BAHUE B IIEISAX
cOpoca CTOYHBIX BOJ M (MJIM) APEHAXKHBIX BOJ IOJKHO COJIEPKATh:

1) ykazanue MecTta cOpoca CTOUYHBIX BOJI U (UJTK) APEHAXKHBIX BOJI;

2) 00beM TOMYyCTUMBIX COPOCOB CTOYHBIX BOJ U (WIJIHM) IPEHAKHBIX BOJI;

3) TpeboBaHUs K KauyeCTBY BOJbI B BOJHBIX O0OBEKTaXx B MecTax cOpoca
CTOYHBIX BOJ U (WJIM) IPEHAXKHBIX BOJ.

KBoTbI 3a00pa (U3bsITHS) BOJHBIX PECYPCOB U3 BOAHOTO 00BEKTa U cOpoca
CTOYHBIX BOJ, COOTBETCTBYIOIIMX HOPMATHUBAM KadyeCcTBa, B T'PAHUIAX PEUYHBIX
0acceiiHOB, MOA0acCEHOB, BOJOXO3SMCTBEHHBIX YYACTKOB MPU PA3THYHBIX
YCJIOBUSIX BOAHOCTH B OTHOILIEHUM Kaxaoro cyonekra Pocculickoit denepannu
YCTaHABJIMBAIOTCSI CXEMaMHU KOMILJIEKCHOTO HMCIOJIb30BAHUSI U OXPaHbl BOJIHBIX
00BEKTOB.

CoOCTBEHHUKH BOJAHBIX O0BEKTOB, BOJOINOIL30BATEIN MIPU UCIIOIB30BaHUU
BOJHBIX OOBEKTOB 0053aHbI BECTH B YCTAHOBJICHHOM IMOpPSAKE y4eT oObema
3a00pa (M3BATUSI) BOJIHBIX PECYpCOB U3 BOJHBIX OOBEKTOB M 00bema cOpoca
CTOYHBIX BOJ U (WJIM) APEHAXKHBIX BOJ, UX KauecTBa, PEryJsipHbIe HAOIIOACHHUS
3a BOJAHBIMU OOBEKTaMH M WX BOJOOXPAaHHBIMH 30HAMH, a TaKXe OECIUIaTHO
U B YCTAHOBJICHHBIE CPOKU MPEACTABIATH PE3YIbTaThl TAKOTO ydeTa M TaKUX
perynsipHbIX HaONIOACHUN B yrnoidHoMoueHHbIN [IpaButensctBoM Poccuiickoit
deneparuu dhenepaibHbIA OpraH UCIOJTHUTEIHLHOM BIIACTH.

Crartbs 44 Boanoro Kogekca PO periiameHTHPYET UCIIOJIB30BAHUE BOAHBIX
00BEKTOB Uil Leneil cOpoca CTOYHBIX BOJ M (WIM) JAPEHAXHBIX BOJ
c coOmtoneHueM  TpeOoBaHMi, mpexycMoTpeHHbIXx BoansiM  Koxpekcom
Y 3aKOHOJATENIbCTBOM B 00JIACTH OXPaHbl OKPYXAIOLIEH Cpeibl.

B uwacTHOCTH, 3amperniaeTcsi cOpOC CTOYHBIX BOA M (MJIM) APEHAKHBIX BOJ
B BOJIHBIE OOBHEKTHI:

1) conepxatiue npupoIHbIE JIeueOHbIE PECYPCHI;

2) OTHECEHHBIE K 0CO00 OXpaHseMbIM BOAHBIM 0ObEKTaM.

3anpemiaercsi cOpOC CTOYHBIX BOJA M (WUJIM) JAPEHAXKHBIX BOJ B BOJHBIC
00BEKTHI, PACTIOJIOKEHHBIE B TPAHUIIAX:

1) 30H, OKpYroB CaHUTApHOM OXpaHbl HMCTOYHUKOB IHUTHEBOTO
1 XO35IMCTBEHHO-OBITOBOIO BOJIOCHA0KEHHS;

2) nepBOM, BTOPOM 30H OKPYTOB CAHUTAPHOU (TOPHO-CAHUTAPHOM) OXpaHbI
Je4eOHO-03/I0POBUTENbHBIX MECTHOCTEU U KypPOPTOB;

3) ppIOOOXpAHHBIX 30H, PHIOOXO3SIMCTBEHHBIX 3aMOBEAHBIX 30H.

COpoc cTOYHBIX BOA W (WJIM) JIPEHAXKHBIX BOJI MOKET ObITh OTPaHUYEH,
MPUOCTAHOBJIEH WM 3alpenieH 10 OCHOBAaHUSIM W B TOPSAKE, KOTOpPBIC
yCTaHOBJIEHHI (heJiepaTbHBIMU 3aKOHAMM.

B cootBeTcTBUM cO cTaThel 56 3amperiaeTcsi cOpoc B BOJHbBIE OOBEKTHI
CTOYHBIX BOJI, COJIEpKAHUE B KOTOPHIX PaJMOAKTUBHBIX BEUIECTB, NECTUIUIOB,



arpOXMMUKATOB M JPYTMX OINACHBIX [IJI1 370pOBbSl UEJIOBEKA BEIIECTB
Y COCIMHCHUN TPEBBINIAET HOPMATUBBI JOIMYCTUMOIO BO3JCHCTBUS Ha BOJHBIC
OOBEKTHI.

[Ipu sKcrutyaTtanuy BoJoX03aiMcTBEHHOM cucteMbl (CcT. 60) 3ampemaercs:

1) ocymectBisATh cOpoc B BOAHBIE OOBEKTHI CTOYHBIX BOJ, HE
MOJIBEPTrIINXCS  CAaHUTAPHOW  OYUCTKE, OOE3BPEKMUBAHUIO (MCXOAS U3
HEJIOMYCTUMOCTH TPEBBIIICHUSI HOPMATUBOB JIOMYCTUMOTO BO3JCHCTBUS Ha
BOJHBIE OOBEKTHI W HOPMATUBOB TPEIAEIHHO JOMYCTUMBIX KOHIIEHTPAIIHA
BpPEIHBIX BEHIECTB B BOJHBIX OOBEKTax), a TaKKe CTOYHBIX BOJ, HE
COOTBETCTBYIOIIMNX TPEOOBAHUSM TEXHUYECKUX PETIAMEHTOB;

2) mpou3BOAUTH 3a00p (M3BATHE) BOJHBIX PECYPCOB M3 BOAHOTO OOBEKTa
B 00bEME, OKa3bIBAIOIIEM HEraTHBHOE BO3/IEHCTBHE HA BOAHBIA OOBEKT;

3) ocyuiecTBIATh COpPOC B BOAHBIE OOBEKTHI CTOYHBIX BOJ, B KOTOPBIX
cojiepkarcsi BO3OyauTe I WH(EKIMOHHBIX 3a00JieBaHUM, a TaKKe BpEIHBIC
BEIIECTBA, I KOTOPBIX HE YCTAHOBIICHBI HOPMATUBHI MPEIEITHHO JOIMYCTUMBIX
KOHLEHTPALUH.

1.3. HopmaTuBbl npeae/ibHO J0NMYCTUMbIX BPEAHBIX BO31eiCTBHI
HA BOJAHbIC 00bEKTHI

HopMaTtuBbl npefeiabHO JOMYCTUMBIX BPEAHBIX BO3JCUCTBUM HAa BOJIHbBIC
00BEKTHI paccMOTpeHbl B crTathe 35 Boanoro Konekca, mnpuHATOrO
['ocynapctBennoit Jymoii 5 anpens 2006 roaa.

[Tonnep>kanue TIOBEPXHOCTHBIX M TOA3EMHBIX BOJ B COCTOSIHUH,
COOTBETCTBYIOIIEM SKOJOTHYCCKUM TpeOOBAHUSM, oOecreunBaeTcs
YCTAaHOBJIICHHEM ¥ COOJIOJICHUEM HOPMATUBOB TMPEACIBHO JTOMYCTHUMBIX
BPEJHBIX BO3/ICHCTBUIN HA BOJIHBIE OOBEKTHI.

HopmaTuBbel  [OMyCTHUMOrO  BO3JCMCTBUSI HAa  BOJHBIE  OOBEKTHI
pa3palaThiBalOTCS Ha OCHOBAHUU TMPEJCIbHO JOMYCTUMBIX KOHIICHTpAIUi
XUMUYECKUX BEILECTB, PAAMOAKTUBHBIX BEIIECTB, MUKPOOPTAaHU3MOB U JIPYTUX
IOKa3aTeliell KauecTBa BOJIbI B BOJHBIX OOBEKTaX.

HopMaTtuBbl npefeiabHO JOMYCTUMBIX BPEAHBIX BO3JCUCTBUM Ha BOJHbBIC
00BEKTHI YCTAaHABIUBAKOTCS UCXO/IS U3:

— OpeAciabHO JIONMYCTUMOW  BEJIWYMHBI  AHTPOIOTCHHOM  HArpy3Ku,
JUTUTEJIbHOE BO3JEHCTBHME KOTOPON HE MPHUBEACT K HM3MEHEHUIO SKOCHCTEMBI
BOJIHOTO OOBEKTA;

— MPEACNbHO JIONMYCTUMON MacChl BPEIHBIX BEIIECTB, KOTOpas MOXKET
MOCTYIIUTH B BOJHBIN OOBEKT U HA €T0 BOAOCOOPHYIO IUIOIIA .

KomnyectBo BemiecTB W MHUKPOOPTaHM3MOB, COACPXKANIUXCA B cOpocax
CTOYHBIX BOJ U (WJIK) APEHAXKHBIX BOJI B BOJHBIE OOBEKTHI, HE JOKHO MPEBHIIIATh
YCTaHOBIICHHBIE HOPMATUBBI JIOITyCTUMOTO BO3JICHCTBUS HA BOJAHBIC OOBEKTHI.

HopmaTuBel npenenbHO JOMYCTUMBIX KOHIEHTPALMK BPEIHBIX BEIIECTB
B BOJIHBIX OOBEKTaX M CTOYHBIX BOJIaX YCTAHABJIMBAIOTCS WCXOMAS U3 YCIOBUS
1I€JICBOT0 MCIIOJIb30BaHUS BOJHOTO OOBEKTA.



[Topsinok  pa3paboOTKM W YTBEPXKICHUS  HOPMATUBOB  MPENEIHHO
JOIMYCTUMBIX BpPEIHBIX BO3JEHCTBUA HA BOJHbIE OOBEKTHl YCTAaHABIIMBAETCS
[IpaBurensctBOM Poccuiickon denepaunm.

IIpaButensctBO Poccuiickon ®epepaunu npunHsio [loctaHOBIEHHE OT
19 nexabps 1996 r. Ne 1504 «O mnopsimke pa3paOOTKH U yTBEPKIACHUS
HOPMAaTUBOB MPEAECIbHO JOIYCTUMBIX BPEIHBIX BO3JACHCTBUM HA BOJHBIC
o0bekTh». CormacHo gaHHOMYy IlocTaHOBIIEHHIO YCTaHaBIMBAETCS, YTO
HOPMAaTHUBBl NPENEIbHO JONYCTUMBIX BPEIHBIX BO3ACHCTBUM HAa BOJHBIE
00BEKTHl pa3padaThIBAIOTCA W YTBEPXKIAIOTCA MO OacceliHy BOJHOTO OOBEKTa
WM €ro y4acTKy B LEJSX IOJJEPKAHUS ITOBEPXHOCTHBIX U ITOA3EMHBIX BOJ
B COCTOSTHMH, COOTBETCTBYIOIIEM SKOJIOTHUYECKUM TPEOOBAHUSIM.

Pa3zpaboTka HOpMATHBOB MpPENEIbHO JOMYCTUMBIX BPEIHBIX BO3ACUCTBUN
Ha BOJHBbIE OOBEKTHl BO3Jarajacb Ha MUHHUCTEPCTBO MNPUPOJIHBIX PECYPCOB
Poccuiickon Denepauuu 151 OpraHbl VCIIOJIHUTEIIbHOU BJIACTH
3aMHTEPECOBaHHbBIX CyOBbekTOB Poccuiickoit deaeparumu.

[locTaHOBIIEHMEM  yCTAaHABIMBAJIOCh, 4YTO HOPMATHBBI  IPEACIBHO
JOIYCTUMBIX COPOCOB BPEIHBIX BEIIECTB B BOJIHBIE OOBEKTHI:

— pa3palaThIBalOTCS BOJOMOJB30BATENSIMU Ha OCHOBAHUM PACUYETHBIX
MaTepuaioB 110 HOPMAaTUBaM IIPEIEIIbHO JOIYCTUMBIX BO3JCHCTBUM HA BOJHbBIC
00BEKTHI, MPEIOCTABISEMbIX OACCEHHOBBHIMU U JPYTHMMH TEPPUTOPUATHHBIMU
opraaMu MuHHCTEPCTBA MNPUPOJIHBIX pecypcoB Poccuiickon @Penepauuu,
a TAKXKE MCXOJsl M3 HEJOMYCTUMOCTH IMPEBBIIMIEHUS MPEIEIbHO JOIYCTUMBIX
KOHIIEHTpAIlMii BpEIHBIX BEIIECTB B BOJHBIX OOBEKTaX, OIMPEACIICHHbIX
C YYETOM LI€JIEBOr0 UCIIOIb30BaHUS 3TUX OOBEKTOB;

— YTBEPXKIAKOTCS 0acCeiHOBBIMM M APYTMMH  TEPPUTOPUATILHBIMU
opranamMum MuHuUCTEpPCTBA NPUPOAHBIX pecypcoB Poccuiickon dPenepanuu 1o
COTJIACOBAHUIO C TEPPUTOPHUAIBHBIMU OpraHamMu [ ocyJapCTBEHHOIO KOMHTETA
Poccuiickon ®@exepanuu 1mo OXpaHe OKPYykKawllen cpenbl, ['ocy1apCTBEHHOTO
komuteTa Poccuiickoit denepanuu no prib0I0BCTBY, DenepanbHOMl CIIyKObI
Poccuun 1o ruipoMeTeoposIoruv 1 MOHUTOPUHTY OKPYKAFOIIEH CPEBI, a TAKXKE
C TEpPUTOPUATILHBIMU OpraHaMu CaHUTAPHO-3MUIEMHUOJIOTHUECKONU CITYKOBbI
MununcrepcTBa 3apaBooxpaneHus Poccuiickont @enepannu;

— HCIOJB3YKOTCA MNPHU BbAAYE JIMICH3MM Ha  BOJOIIOJIB30BAHME,
OCYILIECTBJIICHUN TI'OCYJapCTBEHHOIO KOHTPOJIS 3a HCIIOJIB30BAaHUEM U OXPAHOU
BOJAHBIX OOBEKTOB, YyCTAaHOBICHUM pa3MEpPOB  IUIATEXKEW,  CBSI3aHHBIX
C MOJB30BAaHUEM BOJHBIMH OOBEKTAMH, a TaKXKE HAIOKEHHH IITPaPoB H
IPEABSABICHHM MCKOB O BO3MELIEHWH BpeNa MNpPH HAPYLWIEHWH BOJHOIO
3aKOHOAATENbCTBA.

MunucrepctBy  npupOoIHBIX  pecypcoB  Poccmiickon = @enepanun
opy4aJioch pa3zpaboTaTh U YTBEPAUTH MO coriacoBaHuio ¢ ['ocyaapcTBEHHBIM
komureroM Poccuiickoir @enepauuu IO OXpaHE OKPYXKaroLIEHd Cpensl,
['ocynapctBenHbIM komuTeTOM Poccuiickoil ®enepaunu 1O PpbIOOJIOBCTBY,
MununcrepctBoM 3apaBooxpaneHus Poccuiickon ®epnepanuun, DenepanbHOU
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cinyx0oii Poccuum 1Mo ruapoMeTeoposioTMM M MOHUTOPHUHIY OKpY>KaroIIei
cpenbl, ['ocynapctBeHHbIM KOMHUTETOM Poccuiickon @Denepanuu 1o Hayke U
TEXHOJOTUsAM U Poccuiickoy akageMuend HayK METOAUMYECKUE YKa3aHHs I10
pa3pabOTKe HOPMATHMBOB MPEJEIbHO JOMYCTUMBIX BPEIHBIX BO3ACHCTBUN Ha
BOJHbIE OOBEKTHl M HOPMATHBOB MPEIEIbHO JOMYCTUMBIX COPOCOB BpPEIHBIX
BEIIECTB B BOJHBIE OOBEKTHI.

[Tpukazom MIIP Poccum ot 4 depans 1997 r. Ne 18 no yrBepxkaeHus
METOAUYECKHX YyKa3aHWW HOPMATUBOB MPENIEIbHO JAOIMYCTUMBIX BPEIHBIX
BO3JICHCTBUI Ha BOJHBIE OOBEKTHI W HOPMATHUBOB MPEIEIHHO JOIMYCTUMBIX
cOpOCOB BpPEIHBIX BEIIECTB B BOJHBIE OOBEKTHI COXpaHSUICA ACHCTBYIOLIMIA
HOPSAZOK MOATOTOBKH HOPM MpeaenbHo gomycTumbix copocos (IT1C).

Meroauyeckre ykazaHus MO pa3pabOTKE HOPMATUBOB MPEIEIbHO
JOIYCTUMBIX BpEIHBIX BO3JCHCTBUI HA IOBEPXHOCTHBIE BOJHBIE OOBEKTHI
(ITIBB) 6putn ytBepkaeHsl B 1999 r. u HampaBiieHbl B TE€PPUTOPUAIIbHBIC
opranbl MIIP Poccun u I'ockomakonorun Poccun. B 2003 r. mmanupoBanach
NOJTOTOBKAa HOBOM peJakUMM YKa3aHUd C ydyeToM o00OOUIeHUsl OIbITa
pa3zpabotku HopMmatuBoB [1J]IBB 3a nepuoxa ¢ 1999 mo 2003 rr.

Mertonuueckue ykazaHus 1O pa3pabOTKe HOPMATHBOB TMPENEIHHO
JOIYCTUMBIX BpPEIHBIX BO3JCHCTBUNA HA TMOJ3EMHBIC BOAHBbIE OOBEKTHI U
IPEENbHO JOIMYCTUMBIX COPOCOB BPEIHBIX BEIIECTB B IIOJ3€MHBIE BOJHBIC
00bekThl ObuM mOATOTOBNEHBI B 1998 1. MIIP Poccum u cormacoBaHbl
¢ 'ockomakomorun Poccun, MunzgpaBom Poccumn, MunHaykun Poccuu,
Muncensxo3npoaom Poccuu, Poccuiickoit akagemueit Hayk u PocrugpomeTom.
Nx yrouneHnHas pegakiusi, yTBepxkaeHHas 23.09.99 r. Obuta BBeneHa
B nievicteue npukazom MIIP Poccum ot 13 mapra 2000 r. Ne 71.

B coorserctBun ¢ IlocranoBnenuem IlpaBurenscTtBa Poccuiickoi
®enepauun ot 3 aprycra 1992 r. No 545 «O06 yrBepxaenun Ilopsaka
pa3pabOTKU U YTBEPXKACHHS 3KOJIOTMUECKHMX HOPMATHBOB BHIOPOCOB U COPOCOB
3arpsi3HSIONIMX BEIIECTB B OKPYKAIOLIYI0 MPUPOJHYIO Cpeay, JHMHUTOB
HCIIOJIb30BAHUSI IPUPOAHBIX PECYPCOB, Pa3MEUIEHUsI OTX0A0B», B 1998 . ObLM
NOJArOTOBJIEHBl «MeTroArueckue YyKa3zaHus [0 pa3pabOTKe HOPMAaTHUBOB
peebHO JOMYCTUMBIX COPOCOB BPEIHBIX BEIIECTB B MOBEPXHOCTHHIE BOJHBIC
o0wvekTh». [Ipukazom MIIP Poccun ot 13 mapra 2000 r. Ne 71 onu Obutm
BBEICHBI B ICHICTBHE.

K 4uciy HOpMaTWBOB KadecTBa OKpY>KAKOLIEH Cpepl MOXHO OTHECTH
HOPMATHUBBI MPEAEIbHO TOMYCTUMbBIX KOHUEHTpAMil XMUMHYECKUX BEIIECTB.
HopmatuBsl npeneiabHO AOMYCTUMbBIX KOHLEHTPAIM XUMHYECKUX BEIIECTB, B
TOM YHCIIE PaIMOAKTUBHBIX, HHBIX BEIIECTB U MUKPOOPTaHU3MOB — HOPMATHUBHI,
KOTOpPbIE YCTAaHOBJIIEHBl B COOTBETCTBMM C IIOKAa3aTeasiMU MPEIEIbHO
JOIMYCTUMOI'O  COAEp)KaHUs  XMMUYECKUX  BEIIECTB, B TOM  YHUCIE
PaAOAKTUBHBIX, UHBIX BEIIECTB MU MUKPOOPIaHU3MOB B OKpY>KaIOLIEeH cpene u
HECOOJIIOJICHHE KOTOPBIX MOXET MPUBECTH K 3arps3HEHUIO OKpY>Karollei
Cpeabl, JEerpalallii €CTECTBEHHBIX KOJIOTMYECKUX CUCTEM.



1.4. HopmupoBaHue KayecTBa BOAbI

HopmupoBanne kadectBa  Boabl, corinacHo IIpaBuimam  oxpaHsl
noBepXHOCTHBIX BoJ (M., 1991), cocTouT B yCTaHOBJIEHHH AJIE BOJBI BOAHOTO
00BEKTa COBOKYITHOCTH JOMYCTUMBIX 3HAYEHUN IOKa3aTelied ee cocTaBa H
CBOMCTB, B Ipe/iesiax KOTOPBIX HAJAECKHO 00eCreuynBaeTcs 3/10pOBhE HACEJICHHUS,
OJIaroNpUSATHBIE YCIOBHUSL BOOINOJIb30BAHUS M SKOJOTUYECKOE OJIaromnoiydue
BOJIHOTO OOBEKTA.

IIpaBriiaMu yCTaHOBJIEHBI HOPMBI KayeCTBa BOJbI BOJAOEMOB U BOJOTOKOB
JUISL CIIEAYIOIIUX YCIOBUM BOJIOIIOIb30BAHUS:

® XO3SMCTBEHHO-IMUTHEBOTO;

® KOMMYHaJIbHO-OBITOBOTO;

® pBIOOXO3SHCTBEHHOTO.

K XO35UCTBEHHO-IIUTHEBOMY BOJOII0JIb30BAHHIO OTHOCHUTCS
UCIOJb30BAaHUE BOJHBIX OOBEKTOB WM HUX YYaCTKOB B KAaueCTBE HMCTOYHMKA
XO3SIICTBEHHO-IIUTHEBOTO  BOJIOCHAOXKEHMs, a TakkKe JUIsi BOJOCHAOKEHUs
NPEANPUATUN MHILIEBON MPOMBIIUIEHHOCTH.

K KOMMyHa1bHO-OBITOBOMY BOJIONIOJIB30BAHUIO OTHOCUTCSI UCIIOJIb30BAHUE
BOJHBIX OOBEKTOB [JIsl KyHaHHs, 3aHATHS CHOPTOM M OTAbIXa HaceleHUs.
TpeboBanust K KauecTBY BOJbI, YCTAHOBJIEHHBIE IJIs KOMMYHaJbHO-OBITOBOTO
BOJIOIIOJIb30BaHUSA, PACIPOCTPAHSIOTCS HA BCE YYACTKU BOJHBIX OOBEKTOB,
HaxOJsIIMXCSI B UYEpPTE€ HACEJEHHBIX MECT, HE3aBUCUMO OT BHJIA HX
UCIIOJIb30BaHUSI.

K pbi00X035HCTBEHHOMY BOJIOIOJIB30BAHUIO OTHOCHUTCS HMCIOJb30BaHUE
BOJHBIX OOBEKTOB JJiI OOMTAHUSA, PA3MHOXKEHUS M MUTPALUU PHIO U JPYrUX
BOJHBIX OpPraHu3MoOB. PbI00X035iiCTBEHHBIE BOAHBIE OOBEKTHl WM MX YyYaCTKH
MOTYT OTHOCUTBCS K OJTHOM U3 TPEX KATETOPHIL:

— K BBICHIEH KATETOPUU OTHOCATCA MECTa PACIIOJIIOKEHMS HEPECTUIIMLL,
MacCcOBOTO Haryja ¥ 3MMOBAJbHBIX SIM OCO0O LIEHHBIX BHJIOB PBIO U APYTUX
IIPOMBICTIOBBIX BOJHBIX OPTAaHU3MOB, a TAKXKE OXPAaHHBIEC 30HBI XO3SICTB JII000TO
TUNA JJI1 UCKYCCTBEHHOTO Pa3BEJCHUS W BBIPAIIMBAHUSA PbIO, IPYTHX BOJHBIX
YKUBOTHBIX U PACTEHUM;

— K MEpPBOIl KaTEropuu OTHOCATCA BOJHBIE OOBEKTHI, UCIOIb3yEMBbIE IS
COXpaHEHUsl U BOCIPOM3BOJICTBA LIEHHBIX BUAOB pPbIO, 00JIaJalOIIUX BBICOKOM
YyBCTBUTENBHOCTBIO K COAECPKAHUIO KUCIOPOAA;

— KO BTOpOM KaTeropuu OTHOCSTCS BOJHBIE OOBEKTbI, UCIIOJIb3yEMbIE IS
JIPYTUX PhI00X03SMCTBEHHBIX LIETIEH.

Hopwmpbl kauecTBa BOJIbI BOJIHBIX 0OBEKTOB BKIIIOUAOT:

1) obOmue TpeOOBaHHS K COCTaBy M CBOMCTBaM BOJbI BOJOTOKOB H
BOJIOEMOB I Pa3IUYHBIX BUIOB BOJOMNOJb30BaHUS. OOmue TpeboBaHUS K
OXpaHe MOBEPXHOCTHBIX BOJ OT 3arpsi3Henus ycranosieHsl ['OCT 17.1.3.13-86
«Oxpana mpuponbl. ['mapochepa. OOmme TpeOoBaHMA K  OXpaHe
IIOBEPXHOCTHBIX U MOJ3EMHBIX BOJ OT 3arpsA3HEHU;



2) mepeyeHb  mOpenenbHO  AonycTUMBIX — KoHHeHTpaumid  (ITIK)
HOPMHUPOBAHHBIX BEIIECTB B BOJE BOJHBIX OOBEKTOB, MCIOIb3YEMBIX IS
XO03MUCTBEHHO-TUTHEBBIX U KOMMYHAJIbHO-OBITOBBIX HY K1 HACETICHUS;

3) nepeuens ITJIK HOpMHpPOBAHHBIX BEIIECTB B BOJIE€ BOJHBIX OOBEKTOB,
UCIIOJIb3YEMbIX B PbIOOX03iCTBEHHBIX IEISIX.

IJ[K — KOHIIEHTpauus UHINBUIYAIbHOTO BEILIECTBA B BOJIE, BBIILIE KOTOPOI1
BOJa HE IMPUTOJIHA [UJIsl YCTAHOBJIEHHOIO BHUJA BOAONOJb30BaHusd. Ilpu
KOHIIeHTparuu BemiectBa MeHbIe [IJIK Boga ocraercs Takoi ke Oe3BpeaHOM
JUIsL BCEro >KMBOIO, KaKk M BOJA, B KOTOPOW MOJHOCTBKO OTCYTCTBYET JTaHHOE
BEILIECTBO.

B nepeunsax IIJIK yka3piBaroTcs: MOTHOE HAMMEHOBAHHUE BEILIECTBA U €TO
CUHOHMMBI (€CIM €CTh), JIUMHUTHpYIOUMI npusHak BpeaHoctu (JIIIB), kmacc
OMACHOCTH, HOPMAaTHUBHOE YHCIOBOE 3HAYEHUE C YyKa3aHUEM EIUHULBI
U3MEpEHUSI.

Jlumumupyrowuti npusHax epeoHocmu — TPU3HAK, XapaKTepU3YIOLIUNCS
HaWMEHbIIIEH Oe3BpEeIHON KOHIIEHTPAIIMEH BEIIECTBA B BOJIC.

C 15 wons 2003 r. Ha Bceil Tepputopuu Poccuiickoit denepaunu
JNEUCTBYIOT  TUrueHudyeckue  HopMatuBbl  «lIpenenbHO  gomycTHMBIE
koHuentpaiuu (IIJIK) xumudeckux BemIeCTB B BOJ€ BOJHBIX OOBEKTOB
XO03SIUCTBEHHO-TTUTREBOTO U KYJBTYPHO-OBITOBOTO BOAOIONb30BaHusA. ['H
2.1.5.1315-03», yTBepKACHHBbIE TJIABHBIM T'OCYJIapPCTBEHHBIM CaHUTAPHBIM
BpauoM Poccuiickoii ®enepanuu 27 ampens 2003 r. (3aperucTpupoBaHO B
Mumntocte PO 19 mas 2003 r.). [1JIK Bxirouaet B cebst 1204 BemecTna.

Hopmbl kauecTBa BOJBI BOJOEMOB M BOJOTOKOB JUISl  YCJIOBHMA
pHIOOXO3SIIICTBEHHOTO  BOJONOJIb30BaHUS ~ mpuBeneHsl B «llepeuene
pHIOOX034MCTBEHHBIX HOPMATUBOB: MPEIEIbHO JOMYCTHUMBIX KOHUEHTpAUUM U
OpUEHTHUPOBOYHO O€30MAaCHBIX YpPOBHEW BO3JIECUCTBHUS BPEAHBIX BELIECTB IS
BOJbl BOJHBIX OOBEKTOB, UMEIOIIUX PHIOOXO3SIMCTBEHHOE 3HAYEHUEY, KOTOPBIM
apisieTcss npwioxenneM Ne 3 k [IpaBuiiam oxXpaHbl MOBEPXHOCTHBIX BOJA. OH
€XKEroJIHO TOMOJHSAETCS HOBBIMM HOpMaTUBaMHU (B BHUJE JOIMOJHHUTEIbHBIX
ciuckoB IIJIK wuw OBYB Bpeansix BemiecTB), pa3padaTbIBaeMbIMH
PBIOOXO03SUCTBEHHBIMU HAYyYHO-UCCIIEI0BATEILCKUMH UHCTUTYTAMU U JPYTUMHU
CIELMAIU3UPOBAHHBIMUA OpPraHU3alUsIMU HE3aBUCUMO OT KX BEJOMCTBEHHOM
npuHamnexHocty U ¢Gopm codOctBenHoctu. C 1999 r. nelicTByeT HOBas
penakuusa [lepeuns, yrBepkaeHHas npukasom ['ockompsioonoBcTtBa Poccun ot
28 ampeig 1999 r. Ne 96 «O ppI00X035HCTBEHHBIX HOPMATUBAX).

1.5. MeToauku pacuera npeaejbHo onyctumMbix copocos (ITC)
3arpsi3HSIIONIMX BelleCTB B BOJHbIE 00bEKTHI

COpoc BO3BpaTHBIX (CTOYHBIX) BOJl SBJISIETCS OJHUM U3 BUJIOB
CHEUUAIbHOrO  BOJONOJIb30BAaHUS M  OCYILECTBIAECTCS Ha  OCHOBAHHUHU
pa3pelIeHui.
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Ilon 11/IC 6 600nsbiii 06wexm (mo I'OCT 17.1.1.01-77) nonumaeTcs Macca
BEIIECTBA B CTOYHBIX BOJIaX, MaKCUMaJbHO JOMYCTHMas K OTBEICHUIO
C YCTaHOBJICHHBIM PEXKUMOM B JJAHHOM IYHKTE BOJHOTO OOBEKTA 3a €IUHUILY
BPEMEHHU C 1IeJIbI0 00€CIIeUeHUs HOPM KayeCTBa B KOHTPOJIbHOM ITyHKTE.

Koumponvnolii cmeop — 3TO TNONEPEUYHOE CEYEHUE IOTOKA, B KOTOPOM
KOHTPOJUpPYeTCs KayecTBO BoJbl. [lonoxkeHue KOHTPOJIBHOTO  CTBOpA
ompeseNsieTcss BUAOM BOJIONOJIb30oBaHUs. Ha ppIO0X034iCTBEHHBIX BOJIOTOKAX
MOJIO’KEHHE KOHTPOJIBHOTO CTBOPA OMPENIEIAETCS B KAXKIOM KOHKPETHOM ClTydae
TEPPUTOPHATLHBIM (0aCCEHOBBIM) OpraHoM (GeIepaIbHOTO OpraHa yIpaBJICHHUS
UCIIOJIb30BAaHUEM U OXpaHOU pbrIOHBIX pecypcoB (LleHTppIOBOM), HO HE nanee
500 meTpoB OT MecTa cOpoca CTOYHBIX BO/I.

Ecnau BOgOTOK MCHONIB3yeTCs AJisl XO35IMCTBEHHO-MTUTHEBOTO U KYJIbTYPHO-
OBITOBBIX II€JIEM, TO HOPMBI KauyecTBAa BOJbI BOJHBIX OOBEKTOB WIH €€
NPUPOJIHBIA COCTAaB W CBOMCTBa CIIEyeT BBIICPKUBAaTh HA Y4YacTKE OJIMH
KWJIOMETP M BBIIIC OJIMKAWIIEro IO TEYEHUIO ITyHKTa BOOMOJb30BaHUS,
a B BOJJOEMax — Ha akKBaTOPUM B pajuyce€ OJIHOIO KHUJIOMETpa OT IMYyHKTa
BOJIOTIOJIb30BAHUS.

B 1999 rony Munnpupoast P® yrBepauino «MeToauuecKue yKa3aHus 1o
pa3paboTKe HOPMATHMBOB MPEACIIBHO JOMYCTUMBIX COPOCOB BPEAHBIX BEIIECTB
B IIOBEPXHOCTHBIC BOJIHBIE OO0BEKTBI» (yTouHeHHas penakmus). [IJIC (r/9)
C yueToM TpeOOBaHMU K COCTAaBy M CBOMCTBaM BOJbI B BOJHBIX OOBEKTaX
omnpenensaeTcss g BCEX KaTeropuil BOJOMNOJIB30BAHUS KaK MPOU3BEIICHHE
MaKCUMaJIbHOTO YaCOBOT'0 PacxojJa CTOYHBIX BOJ HAa MPEAEIIBHO JIOMYyCTUMYIO
KOHIICHTPAIIUIO BEIIECTBA B CTOYHBIX BOJAX.

Hﬂc = anpeb)
rne  Cueo — TPENenbHO  JOIYyCTHMOE — COJAEpKaHWe  (KOHLIEHTpaLus)
3arpsi3HSIONIETO BEIIECTBA B MOBEPXHOCTHOM CTOKE C YYETOM CMEILICHHS €ro
C BOJaMU BOJOTOKAa, MI/JI; ¢ — pacueTHbId pacxo] (MaKCHUMaJbHBIN)

IMMOBCPXHOCTHBIX CTOYHBIX BO/I, M3/II.

Cnpea onpeaAcisICTCa € y4YCTOM CTCIICHHW CMCIICHHA CTOYHBIX BOI C BOI[Oﬁ
BOJHOI'O o0beKTa Ha pacCToOAHUM OT MCCTAa BBIITYCKAa CTOYHBIX BOJ 1O
Onm>KamIero KOHTPOJIBHOI'O CTBOpAa BOAOIIOJIB30BAHUA U (I)OHOBOI“O COCTaBa
1 CBOMCTB BOJHBIX 00BEKTOB B MECTax BBIITYCKa CTOYHBIX BOJI.

OcHOBHOE YPaBHCHUC CMCIHICHHUS CTOYHBIX BOJ C IIPUPOIHBIMU UMCECT BHU

qCem +70Cy = (¢ + 1O)Ce,
rae O — cpelHeMecsSYHbIM (MUHUMAIbHBINA) pacxoj BOJBI B BOAOTOKE 95 %
06ECIIeYeHHOCTH, M /C; ¢ — MaKCUMAaJbHBIH PacXoJi CTOYHBIX BO/I, M/c; Com —
KOHIIEHTpAIMsl JAaHHOTO BPEIHOTO BEIIECTBA B CTOYHBIX BOAAX; MI/J, ) —
ko3¢ ¢unuent cmemenus; C; — KOHIEHTpAlMs JaHHOIO 3arpsi3HSIOILETO
BEIIIECTBA B BOJOTOKE, MI/JI, MPUHUMAETCS 0 JaHHBIM OpraHoB Pocrumpomera
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u Pocnorpebnanzopa; C,. — KOHIIEHTpAIUsi JAHHOTO BEIIECTBA B PACUYETHOM
(KOHTPOJIBHOM) CTBOPE, MI/JI.
Pemmus 310 ypaBHeHHE OTHOCUTENBHO Cj(, TOTYIUM

o _9Cam 719G,
q+70

Ota ¢GopMyna MO3BOISET MPOTHO3UPOBATH CAHUTAPHOE COCTOSTHUE BOJIBI
IpU BCEX 3aJlaHHBIX NapamMeTpax, BXOJsAlux B Hee. [IporHo3 ocyiiecTBisieTcs
nytem cpaBHeHusi C,. ¢ ycTaHOBI€HHOW misi nanHoro BemectBa [I/JIK. Ecin
Cie < IIJIK, TO mporHo3 OaaronpusiTeH U, CJI€I0BATEIIbHO, MEPHI, MPUHUMAEMbIC
Ha MPEINPUATHH JUISI OYMCTKU WM pa30aBJICHUS CTOYHBIX BOJ, JOCTATOYHBI.
B npotuBHOM ciydae HEOOXOAMMO TIPUHATH MEpPhl 10  YMEHBIICHUIO
KOJIMYECTBA CTOYHBIX BOJ WJIM KOHIIGHTPAIIMM B HUX BPETHOTO BEIIECTBA JHUOO
32 CYET JIONOJHUTEIBHBIX CHUCTEM OYUCTKH, JHMOO COBEPIICHCTBOBAHHUEM
TEXHOJIOTHYECKHUX MTPOIIECCOB.

OmnpeneneHre MaKCUMalIbHOU NPEACIBbHON KOHUEHTPAUUU Cypep, KOTOPYIO
MPENPUITHE MOXKET JOMYCTUTh B CTOKaX M KOTOpas HE BHI3OBET MPEBBIIICHUS
[TIK B KOHTPOJIBHOM CTBOpPE, OCYLIECTBIIACTCS MO (PopmyIie

yO\ILIK - C,y )+ gl
q
I[J'I?I TOTO LITO6I:»I onpezerme CTCIICHb OYHUCTKHU HUJIN pa36aBJ'IeHI/I${ CTOYHBIX

BOJ Iepel HX OTBEJCHUEM B BOJHBIM OOBEKT, HEOOXOAWMO YCTaHOBUTb
BEJINYMHY ¥ € MOMOIIbI0 ypaBHeHUs Dponosa-Poasunnepa:

=5

B

Benuuuna £ onpenensiercs mo ¢popMmyiie
p= exp(— dA/L ),

rae L — paccrosinue mo (papBarepy OT MeCTa BBIMTYCKa MTOBEPXHOCTHBIX CTOYHBIX
BOJl JO pacueTHOro (KOHTPOJBHOr0) CTBOpa, M; o — Ko3(duiueHr,
YUYUTBHIBAIOIIUM THUJPABIMYECKUE YCIIOBHUS CMENIEHUS WU OMNpeAesieMblid TI0

dbopmyie
a=(RJE ] q,

rae ¢ — Ko3pPUUUEeHT, 3aBUCSAIINI OT MecTa BbIITYCKa MOBEPXHOCTHBIX CTOYHBIX
BOJ B BOJIOTOK, MpUHUMAaeMbIil paBHbIM 1,0 nmst OeperoBoro Beimycka u 1,5 npu
CTPEXHEBOM BBIITYCKE CTOYHBIX BOJ; ¢ — KOA(PQUIMEHT U3BMWIMCTOCTH pycia
PEKH, paBHBIA OTHOLICHUIO PAaCCTOSHUSA OT MECTa BBIITYCKAa CTOYHBIX BOJ JI0
pacueTHOro cTBopa Io (apBaTepy K pPacCTOSHHUIO MEXIY 3TUMH IYHKTaMHU I10
npsmoit; £ — koaddunment typOyneHTHon quddy3um.

C

nped —

7/ M =
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Koapduument  TypOynentHot  auddy3um 118  paBHUHHBIX — peK
onpeaensercs no ¢popmyne [loranosa:

E = vephe,/200,

Tae Vo, — CpelHsds CKOpOCTh IIOTOKa B pycle, M/C; h, — CpeiHsAs TIyOuHa
B pyciie peKU IIpH 33JJaHHOM YPOBHE, M.

OkoHYaTeNbHYI0 KpPAaTHOCTh HEOOXOIMMOIo pa3z0aBieHUS CTOYHBIX BOJ
MOHO OIPEETUT KaK

_+aq
q

[Ipu nocTyIIeHHH CTOYHBIX BOJ B HEIPOTOYHBIE BOJHBIE OOBEKTHI (03€pa,
BOJOXPAHWININA H T.I.) HUcmoib3yercs Mmeronx M.A. Pyddens, cormacuo
KOTOPOMY TIOJIHO€ pa30aBJICHUE CTOYHBIX BOJ 7, SBISIETCS PE3yJbTaTOM
COBMECTHOTO BJIMSIHUS HA4yaldbHOTO (7,,,) pa30aBiIeHUs, MTPOUCXOISAIIETO
y BBIITyCKa B BOJIOCTOKE 3a CYET CKOPOCTH BBIXOMSIIEH CTPyH, U OCHOBHOIO
(Moen), OCYIIECTBIAIONIETOCS IO MEPE ATbHEUIIIETO MTPOJABUKEHUS CTPYH:

n

Nyponn = Mgy Nocn-

Benuuuna nm,,, omnpenenseTrcs MO  JOMNOJHUTENBHBIM  (opMysam,
Pa3IUYHBIM U1 TIOBEPXHOCTHOTO M TJIYOMHHOTO BBIMYCKOB, a M,y — II0
crienuaIbHBIM rpaduKaM-HOMOTPaMMaM.

Bemuuuner [1JIC wmoryT ycraHaBiauBaThcs 0€3 ydeTa OacceifHOBOTO
OPUHITUNA IS KaXJA0TO BOJOIOJIB30BATENSI B OTACIBHOCTH B CICIYIOIIUX
CITyJasix:

a) eci B OAHOM OOBEKTE B pe3yJIbTaTe aHTPOIOTE€HHOIO BO3JCHCTBUS
ucuepnaHa acCCUMUIUPYIONas CIOCOOHOCTh MO KAaKUM-THOO TOKa3aTessM, TO
[TIC mo »>TUM moOKa3aTelas M YCTAHABIMBAIOT HWCXONIS W3 OTHECCHHUS
HOPMAaTHBHBIX TPEOOBAHHMM K COCTaBY M CBOMCTBAaM BOJIBI BOJHBIX OOBEKTOB K
CaMUM CTOYHBIM BOJIaM;

0) /u1st cCOPOCOB CTOYHBIX BOJI B U€pPTE HACEJICHHBIX ITYHKTOB.

[Ipu cOpoce neckonpkux BemiecTB [IJIC ycranaBnuBaeTcsi Tak, 4TOOBI
C YYETOM IPUMECEH, TOCTYMAIOIIUX B BOJIOEM UM BOJOTOK, CYMMa OTHOIICHH
KOHIIEHTpAIMil Ka)KJO0TO BEIIECTBA B BOJHOM OOBEKTE K COOTBETCTBYIOIIMM
[TAK e mpeBblmana enuHuiibl. Takum o6pazom, npu pacdete [IJIC momkHO
cOOI0IaThCA YCIOBHE

CVILIK, + Co/IIIK, + ... + C/IIK, < 1,

rae C;, C,. C, — KOHUEHTpAlUM 3arps3HSIONIMX BELIECTB OJHOW TPYIIIbI
BPEAHOCTU B KOHTPOJILHOM CTBOPE.

B oany rpymmy BpeIHOCTM BKIIKOYAKOTCS BEIIeCTBa ¢ oaMHaKoBbIM JIIIB
JUIsl phIOOX03MCTBEHHOTO BOJOMOJIB30BAaHUS U BellecTBa ¢ ouHakoBbiM JIIIB
M KJIAaCCOM OMACHOCTH HE HIKE 2 ISl XO3SIMCTBEHHO-IMTHEBOTO, KYJIbTYPHO-
OBLITOBOT'O BOJONOJIb30BaHUS.
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2. KIACCU®OUKALIUA CTOYHBIX BOJ.
CXEMBbI BOJOOBECIIEYHEHUMA U BOJOOTBEJIEHMUA.
YCJIOBUA BBIITYCKA U HEOBXOAUMASA CTEIIEHDb OYNCTKHA

2.1. Knaccudgukanusi CTOYHbIX BOJ NPOMBILIVICHHBIX NPeANPUATHI

OtpaGoTanHasi BoJa  TMPOMBIIUICHHOTO  MPEIUPUATHS,  yAalseMas
C TEpPUTOPUU TPEANPUATUS WIM HampapisieMas Ha OYHCTKY, Ha3bIBaeTCS
ctouHoi. CTOYHbBIE BOJABI MPOMBIIIUICHHBIX MPEINPHUATHI YCIOBHO pa3iemsioT
HA mMpu 8U0a:

— NpoU3800CmEeHHble — UCTIONB30BAHHBIE B TEXHOJIOTMYECKOM MpOIlecce
IPOU3BOICTBA WU MOJIYYaIOIIHECs P T00bIYE MOJIE3HBIX HCKOMAEMBIX;

— Oblmogble  —  OT  CAaHUTAPHBIX  Y3JIOB  TPOU3BOJICTBEHHBIX
Y HEMPOU3BOJACTBEHHBIX KOPIYCOB U 3JaHUW U JYHIEBBIX YCTaHOBOK,
UMEIOIIIMXCS Ha TIPEIIPUSATUY;

— ammocghepHble — NOXKJEBBIE U Tallble BOJbI, OTBOAUMBIE C TEPPUTOPHUH
MPEANPUATHS.

[Ipou3BOACTBEHHBIE  CTOYHBIE  BOJBI  JENATCA Ha  3acpsA3HEHHble
U He3aeps3HeHHble (VCI08HO Yucmoie).

3arpsi3HEHHBIE MPOU3BOJCTBEHHBIE CTOYHBIE BOABI HO  Xapakmepy
cooeparcaumyuxcs 8 HUX npumecetl TIOAPA3IEISIOTCS Ha TPYIIIIBL:

— 3arps3HEHHBIC MPEUMYIIECTBEHHO MUHEPATIbHBIMU PUMECSIMU;

— 3arps3HEHHBIC MPEUMYIIECTBEHHO OPTaHUYECKUMH MPUMECSIMHU;

— 3arps3HEHHBIC MUHEPATHLHBIMHU ¥ OPTAHUYECKUMH TIPUMECSIMHU.

B 3aBucuMoctTM < om = KOHyeHmpayuu — 3Q2pASHAIOWUX ~— BeUecms
MIPOU3BOICTBEHHBIC CTOYHBIC BOIBI JEISITCS HA YETHIPE TPYIIIIHL:

— Menee 500 mr/i;

— ot 500 go 5000 mr/m;

— ot 5000 mo 30000 mr/m;

— cBbime 30000 mr/m,

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

— HearpeccuBHbIe (6,5 < pH < 8);

— cnaboarpeccuBHble (6 <pH < 6,5 u 8 <pH <9);

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

Cxema npuBeJCHHOM BhIIIE KJIacCH(PHUKAIIUHU MOKa3aHa Ha puc. 2.1.

Boay B cuctemMax mpoW3BOACTBEHHOTO BOJ00OECTICUEHUSI B 3aBUCHMOCTHU
Om HA3HAYeHUs Pa3ACIAI0T HA YEeThIPE KaTerOpPHH:

[ kareropuss — Boma [N OXJIAXACHUA IKHIKHX ¢ KOHICHCAIUU
ra3oo0pa3HbIX MPOIYKTOB B TEIJIOOOMEHHBIX ammaparax, B KOTOPBIX OHa He
KOHTaKTHUPYEeT C TMPOJIYKTOM, JIUIIb HAarpeBaeTcsi U MPAKTUYECKH He
3arpsi3HseTCs;
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II xaTeropus — BoJa CIIy>KUT B Ka4€CTBE CPEbI, IOTJIOLIAIOIIEH pa3IuyHbIe
HEpPAaCTBOPMMBIE M PACTBOPUMBIE NIPUMECH; BOJA HE HArpeBaeTCs, HO
3arpsA3HACTCS B3BEUIEHHBIMU U PACTBOPEHHBIMH BEIIECTBAMM;

IIT kaTeropust — BoJa UCIOJB3yETCA TaK ke, kKak Boja Il kareropuu, HO ipu
ATOM HarpeBaeTcsl (OUYMCTKA ra3oB B CKpyOOepax, raieHue Kokca u T.1.);

IV kareropust — BOJia CIIy’)KUT B Ka4e€CTBE DKCTPAreHTa WIM PaCTBOPUTENS
XUMHAYECKUX BEIIECTB, HAIlpUMEpP I[PU IONVIOLICHUHM OKCHUIOB  a30Ta
B [IPOM3BOJICTBE A30THOU KUCJIOTBHI.

CTOYHbIE BOAKI

2
NPOU3BOACTBEHHBIE

N

BbuiTOBLIE

N

aTmocdhepHele

<500 mr/n

< 9000 mr/n HearpeccUBHble

< 30000 mr/n

CHHEOEFPECCMBHHB

HE3ArPASHEHHLIE

> 30000 mr/n

2
MUHepankHel e

CUNbHOArpeccHMBHbIE

N

OpraHvyeckme

3arpA3HEHHbIE

N2

MWHEpPaneHele + OpraH4eckme

Puc. 2.1. Cxema knaccudmkaumm Nnpon3BoaCcTBEHHbBIX CTOYHbIX BO,

KonumdecTBO TPOM3BOACTBEHHBIX CTOYHBIX BOJ[ 3aBHUCHUT OT HOPM
BOJIOTIOTPEOICHUS U BOJOOTBEICHUS.

Hopmoii sooonompebnenus cantaetcs 1eaecoodpa3Hoe KOJIMYECTBO BOJIHI,
HEeoOXoaMMOe JUIsi MPOU3BOJICTBEHHOI'O IpoOIlecca, YCTAaHOBJICHHOE (MM
PEKOMEHJlyeMO€) Ha OCHOBAaHMU TEPEJOBOTO  OMbITA WM  HAYYHO
000CHOBAaHHOTO pacyeTa.

Hopmou 6000omeedenusi SIBASETCS YCTAHOBIEHHOE CpeHEE KOJIMYECTBO
CTOYHBIX BOJI, OTBOJIUMBIX OT MPOU3BOJACTBA B BOJOEM, IMPHU IEIECO00PA3HOM
HOpPME BOJIOTIOTPEOJICHHUS.

B ykpynuennyro nopmy eooonompebnenus BXOIAT BCE pacXoibl BOABI HA
NPEANPUATAA KaK Ha TPOU3BOJCTBCHHBIC, TAaK W Ha XO3SHUCTBEHHO-OBITOBBIC
HYKJIbI, Ha JTyIIEBbIC YCTAHOBKH WM T.N. YKPyHMHEHHAass HOPMa BOJOOTBEICHHUS
BKJIFOYAET B C€051 BCE BUIBI BHIMTYCKACMBIX B BOJOEM CTOYHBIX BOJI: OUHMINCHHBIX
MIPOU3BOICTBEHHBIX M OBITOBBIX; ITPOU3BOJICTBEHHBIX, HE TPEOYIOINX OYHCTKH;
GUIBTPAIIMOHHBIX W3 TPYI0B-OCBETIUTEICH, XBOCTOXPAHWIHII, MIJIAMOHAKO-
IATEJIEH.
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VYKpynHEHHbIE HOPMBI BOJONOTPEOICHHUS] U BOJAOOTBEIACHUS BBIPAXKAIOTCS
B KyOMYEeCKMX MeTpax BOJbl Ha EAUHUIy TOTOBOW MPOAYKIUH WIH
UCIIOIb3YEMOTO CBIPbsSl. YKPYITHEHHBIE HOPMBI BOJOOTBEIECHUSA B Pa3INYHBIX
OTpaciiiX NPOMBIIUIEHHOCTH KOJIEOIIOTCS B IIMPOKUX Mpeeax:

3
MPOU3BOJCTBO [IEMEHTA - 0,1 m/1;
3
pou3BOJICTBO cuHTeTH4eckux [TAB — 1 m'/T;
3
MIPOU3BOJICTBO OyMaru - 37 v/t

MIPOM3BOJICTBO BUCKO3HOTO BOJIOKHA — 233 M/T.
B orcyrctBue HOpPM  BOAOOTBEACHUS KOJWYECTBO CTOYHBIX BOJ
ONPENEIIAIOT PACYETOM UCXO/IA U3 PETrJlaMEeHTa IPOU3BOJICTBRA.
KonuuecTBO MpOU3BOJICTBEHHBIX CTOYHBIX BOJ () B €AMHUIY BPEMEHHU
(4, TO) pacCYUTHIBAIOT IO (popmyIie
Q0 =NM,

rae N — HOpMa BOJOOTBEICHHMS Ha CIWHUIYYy MPOAYKUUU  WIH
nepepabaThIBAEMOrO CHIPbS, M; M — UMCIIO eIMHHMII MPOAYKIHH WIM Macca
nepepadaThIBAEMOTrO ChIPbS B €IMHUILY BPEMEHHU.

KomyecTBO OBITOBBIX CTOYHBIX BOJ MPEINPUATHS OMPEACTSETCS PacX0oaoM
CTOYHBIX BOJ OT JIyIIEBBIX YCTAHOBOK, OT CTOJIOBBIX, IPaY€4HbIX U T.1. Hanmpumep,
pacxoji IyIIEeBbIX CTOYHBIX BOJI (J, B CMEHY PaCCUMTHIBAIOT MO (hopMyJie

0, = 0,375M,,

rae 0,375 — HOpMa BOJOOTBEJICHUSI Ha OJHY AYIIEBYIO CETKYy; M, — 4ucio
JTYIIEBBIX CETOK Ha MPEANPHUITUH.

3HaueHue M, 3aBHCUT OT CAHUTAPHBIX YCJIOBUH TEXHOJIOTHYECKOTO
nporecca U odmero yucna padoraronux. OpueHTHPOBOYHO JOJS CIIUCOYHOTO
coctaBa pabOTAIOMUX, TMOJB3YIOMIMXCS AYIIEM, B TEKCTUIBLHON MPOMBIIII-
aeHHoctu coctaBisier 10 %, B MAaIMHOCTPOUTENBHOM — 25, B XHUMHUYECKOM,
METaJUTypru4ecKkoi, MeTajiooOpadaThiBaromiel npoMeiuieHHOCTH — 40, B
MUIIEBOM, KOXXEBEHHOUN MPOMBIIUICHHOCTH, MPOMBIIUICHHOCTH CTPOUTEIBHBIX
MarepuainoB — 75.

PacuetHoe uncio nr0JIel Ha OJHY IYLIEBYIO CETKY 3aBUCHUT OT KaTErOpHUU
IIPOU3BOJACTBA U COCTABJISIET: AJIsI MAPTEHOBCKUX, Ky3HEUHBIX, TUTCHHBIX LIEXOB —
3 yenoBeka, s THUIIEBBIX, (hapMaleBTUUECKHUX, MeETamioo0pabaThIBAOIINX
LEXOB — 5 YeNOoBEeK, ISl MPSAIUIbHBIX U TEKCTHIBHBIX LIEXOB — 7 YEIOBEK H T.]I.

PacuetHble pacxonbl JOKIEBBIX U TaJIbIX BOJ ONPEAEIAIOT B 3aBUCUMOCTH
OT MECTHBIX METEOPOJIOTHYECKUX YCIOBUM, pelbeda MECTHOCTH U CTEICHH
OomaroycrtporictBa  Tepputopuu.  JlokaeBele  BOABL C  TEPPUTOPUH
MPOMBIILJICHHOTO TPEANPUSITUS OTBOJATCS CAMOCTOSATENIbHOW CEThIO IS
JIMBHEBBIX CTOKOB MJIM BMECTE C MPOU3BOJCTBEHHBIMU CTOUHBIMU BOJIAMH.

2.2. CxeMBI BOgoo0ecneYyeHusI 1 BOJOOTBEACHUS

BonooGecnieuenre  MPOMBINUICHHBIX — MOPEANPUSTANR  MOXKET  OBITh
PSIMOTOYHBIM, TTOCJIEI0BATEILHBIM U O0OPOTHBIM.
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[Ipu npsmorouHoM BopoodOecneueHun (puc.2.2) Bcs 3abupaemas u3
OTKPBITOr0 BogoeMa BoJa (., MOCie MPOBEICHHS TEXHOIOTMYECKOT 0 Ipoliecca
BO3BpAILA€TCs B BOJOEM, 3a HCKIIOYEHHEM TOTO KOJHWYECTBA, KOTOPOE
0e3B03BpaTHO NMOTPEOIIIETCS B IPOU3BOACTBE O, KoMuuecTBO cOpackiBa€MbIX
B BOJI0OEM CTOYHBIX BOJ (.5, COCTABIISET

Qc6p = Qucm - Qnom-

TQnom

Mpeanpuatne
J Qucm Q chp

N/

T Q nom, 1 T Q nom, 2
MpeanpuaTtne 1 >{MNpeanpuatue 2 _I

QLUJ".'
OYKCTHBIE
Qucm COOPYHEHWA —
Q
~ CG'O
3]
T QyH T Q nom
> lNpeanpuATue
Q
. Qo OxnaautencHas |¢ QYWCTHBIE 4
= YCTaHOBKA COOPYHeHUA
Quem Q b
— b

Puc. 2.2. Cxembl BogoobecneyeHus 1 BOOAOOTBEAEHUS:
a — npsimoro; 6 — nocnegoBaTeNlbHOrO C OYUCTKOM CTOYHbIX BOA;
B — NPSIMOrO C OMUCTKOWM N OXNaXXOAEHNEM CTOYHbIX BOA

B cxeme BOI[OO6€CH€‘ICHI/I5[ C IIOCJICAOBATCIBbHBIM HCIIOJIB30BAaHHUCM BO/JbI
KOJINYCCTBO C6paCBIBa€MBIX CTOYHBIX BOJA YMCHBIIACTCA B COOTBCTCTBUU
C 6€3B03BpaTHBIMI/I moTepsAMMU  Ha  BCCX  IIPCANPUATHAX WK  CTAAUAX
IMPpOU3BOACTBA:

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

HpI/I IMPOXOKACHHUHN CTOYHBLIX BOJ YCPC3 OUMCTHBIC COOPYIKCHHA IIOTCPH
BO3pacCTaroT, IIOCKOJIBKY 44aCTh BOJbI Quu OTBOAUTCA BMCCTC CO IIJIaMOM:

Qc6p = Qucm - (Qnom + Quﬂ) .
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Eciu B cucreme 00OpOTHOrO  BOAOCHAOXKEHHUS  MPOMBIILICHHOTO
NPEANpPUITAS BOJA SIBISAETCS TOJBKO TEIUIOHOCUTEIEM UM B IPOLECCE
WCIIOJIb30BaHUs JIUIIb HarpeBaeTcsi, Ho He 3arps3usercs (I kareropus), To nepen
MOBTOPHBIM UCITOJIb30BaHUEM OHa  IPEIBAPUTEIBHO OXJIAXKIAETCS
B OXJIQJUTEJIbHON YCTAaHOBKE: MPYyAY, OpbI3raJbHOM OacceiiHe, rpagupHe U T.1.
B cnyuyae ncnosb30oBaHHsS BOABI B KAUECTBE PACTBOPUTENS WJIM PEAKIIMOHHOM
cpeasl (II kareropwusi) cTouHbIE BOABI NEPE] IMOBTOPHBIM HCIOJIb30BAHUEM
OUMIIAIOT HA OYHUCTHBIX COOpYXeHUsix. IIpu oAHOBpEeMEHHOM Harpese
u 3arpsisHeHud Bobl (111 kaTeropus) NpoBOAUTCS U OYUCTKA U OXJIaXKICHUE.

IIpy  wucmonap30BaHUM  CHUCTEM  OOOPOTHOTO  BOJOCHAOKCHHS  JUIA
KOMITGHCAaIui O€3BO3BpPATHBIX TMOTEPh BOABI B TNPOW3BOACTBE (J,pm, HA
OXJIAOUTENBHBIX (J),, U OYHMCTHBIX YCTAHOBKAX (J,,; a TaKKe IOTEPb BOJIBI,
cOpacbiBacMOM B KaHAMU3auuio (s, OCYILIECTBIAIOT MOAINUTKY M3 OTKPBITHIX
BOJIOEMOB  WIM JPYTrUX HMCTOYHHMKOB BojooOecrnieueHus. KonnuectBo
MOAMUTOYHOU BOJIBI PACCUUTHIBAETCSA 1O (popMyIie

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

OO011ee koanuecTBO H00aBiIsseMoOi Bobl cocTaBisgeT oOsruHo 10 — 15 % ot
€€ KOJIMYECTBA, IUPKYJIUPYIOIIETO B CUCTEME.

Ippexmusnocmsv ucnonb306aHUs 600bl HA TTPOMBIIIJIEHHOM MPEANPUITHH
OIICHUBAIOT TPEMsI ITOKA3aATEIISIMU:

1) mexnuueckoe coeepuieHcmeo CUCTEMBI BOJOCHAOKECHHS OIEHHUBACTCS
OMHOCUMENILHBIM KOJIUYECMBOM UCHONb30BAHHOU 000POMHOU 80O0bL:

P, = Ous -100%
Q06 + Qucm + Qc
rac Qc — KOJIMYECTBO BOJHbI, l'IOCTyrIaIOH_Ieﬁ B CUCTCMY BOI[OCH8.6)KCHI/I$I BMCCTC

C CBIPbEM;
2) payuoHanbHOCMb UCHONL308aHUSA BOJbBI, 3a0MpaeMON U3 HCTOYHHKA,
OIICHUBAETCS KOIPDUYUSHMOM UCNONIb30BAHUSL:

+ J—
_ Qucm Qc Qc6p 100%,

ucn
Qucm + QC
3) nomepu 800b1 pacCUUTHIBAIOTCA 110 POpMyJIie

P — Qucm + Qc - Qcﬁp
o Qnam + Qc + Qnacﬂ + Q06

rne  Quoer — KOIWYECTBO  BOJBI, HCIOJIB3YEMOHM B  IPOU3BOJCTBE
IIOCJIEIOBATENBHO.

Crounble  BOJABI  NEPEMEIIAIOTCS IO  CUCTEME  KaHAJIW3aluu
IPOMBIIUIEHHOTO TpeanpusaTus. [Ipu BeIOOpe cXxeMbl KaHATH3aIl[MH U CHCTEMBbI
OUYHCTKHU CTOYHBIX BOJ HEOOXOIUMO BBIMOJIHEHUE CIETYIOUIUX YCIOBHIA:

1) obecnieueHre nNpeANpUsTHs BOJIOM HY’KHOT'O KauecTBa;

-100% ,
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2) MakCUMaJIbHOE CHUKEHHUE 3arpsi3HEHHOCTU OTBOAMMBIX C MPEAIPUSITHUS
CTOYHBIX BOJ;

3) onrtumuzauus pa3geiabHOM OYMCTKHM CTOYHBIX BOJA  Pa3iUYHBIX
TEXHOJIOTUYECKUX TIOTOKOB M CXE€Mbl OOBEIUHEHHS] CTOKOB C IIEJIbIO
COKpAILIEHUs 3aTpaT Ha UX OUYUCTKY.

IIpon3BOACTBEHHBIE  CTOYHBIE  BOJBI  OTBOJAATCA, Kak  IIPaBUIIO,
HECKOJIbBKUMHM  CaMOCTOSITEJIbHBIMA  IIOTOKAMM B 3aBUCHMOCTH OT BHJA
3arpA3HAIONINX BEIIECTB U X KOHUEHTPALUH, @ TAKXKE OT KOJIMYECTBA CTOYHBIX
BOJ U MecT uX oOpa3oBaHus. HesarpsisHeHHBbIE CTOYHBIE BOJbI OOBEAUHSIIOT
B OTJCNbHBIA  TOTOK. bBBITOBBIE CTOYHBIE BOABI, OOpa3yroluecs Ha
NPEANPUATANA, MOTYT OTBOAMTBCA M OYHINATHCS OTACIBHO, €CIH JUIA
IIPOU3BOJICTBEHHBIX CTOYHBIX BOJ HE TpeOyeTcs: OMOJOorHYecKas OYMCTKa, WU
BMECTE C IPOU3BOACTBEHHBIMH CTOYHBIMH BOAAMH, €CIHU IOCIEIHUE MPOXOIIT
CTaJANI0 OMOJIOTUYECKOW OUUCTKHU.

ATMocdepHble OCagKh M Tajble BOJAbI C TEPPUTOPUM TMPEAIPUITHUSL
OTBOJATCS  OTIEIBHOM  CHUCTEMOM  KaHamu3alMu Wi  OOBEIUHSIOTCS
C HE3arpsAA3HEHHBIMU IIPOU3BOJCTBEHHBIMU CTOYHBIMHU BOJAMU M  MOLYT
B ONPENICJICHHBIX Ciy4yasx cOpachiBaThCs B BoJoeM ©0e3 ouucTtku. Ha
XUMHUYECKUX MPEANPUATUAX YacTO NPUXOAUTCA IpeaycMaTpuBaTbh CHUCTEMY
OYMCTKH JIMBHEBBIX CTOKOB.

2.3. Yc/10BHS BBITYCKA MPOU3BOICTBEHHBIX CTOYHBIX BOJI

Brimyck IPOU3BOJICTBEHHBIX CTOYHBIX BOJI IPOU3BOUTCS
HETNOCPEICTBEHHO B BOJOEMBI WM B TOPOJCKYI0 KaHaiu3anuio. B mocnennem
Clly4ae OYHCTKa CMECH OBITOBBIX M TPOHU3BOACTBEHHBIX CTOYHBIX BOJ
OCYIIECTBIISIETCS COBMECTHO Ha €IMWHBIX OYHUCTHBIX COOPYXEHHsX. CHCTEMBI
OYUCTKM KPYMHBIX MPEANPUATANA HCHOJIB3YIOTCA OOBIYHO U JUISI OYHCTKHU
CTOYHBIX BOJI OJMU3IEKAITNX HACEICHHBIX TyHKTOB.

Brimyck mpoOW3BOJACTBEHHBIX CTOYHBIX BOJ] B TOPOACKYIO KaHaTU3aIUIO
perIaMeHTHPYETCS CIASAYIONIMMHE YCIOBUSMU:

1) mpou3BOACTBEHHBIE CTOYHBIE BOJBI HE JOJDKHBI HapylaTh paboTy
KOMMYHAJIBHBIX CETEH U COOPYKEHMUI;

2) conep)kaHUE B3BEILIEHHBIX BEIIECTB B HUX HE JOJDKHO IPEBBIINIATH
500 mr/m;

3) oHM He JOJDKHBI COJEpPKaTh BEIIECTBA, CIOCOOHBIE 3aCOPATH TPYOBI
KaHaJIM3alMOHHBIX CETEH UM OTJaraThCs Ha CTEHKax Tpyo;

4) He JOKHBI OKa3plBaTh pa3pyllarllee JelcTBUE (Hampumep,
B pe3yJIbTaTe KOPPO3WH) Ha MaTepual TpyO W DIEMEHTBHI COOPY KCHHI
KaHaIH3all1H;

5) He JOMKHBI COAEpKATh TOPIOUHME TPUMECH U PACTBOPEHHBIC
ra3zoo0Opa3Hble BEUIECTBA, CHOCOOHBIE OOpPa30BBIBATH B3PBHIBOONACHBIE CMECH
B KaHAJIM3AI[MOHHBIX CETSIX U COOPYKEHUSIX;
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6) He JOJDKHBI COJEpXKaTh BPEIHBIX BEHIECTB B KOHIEHTPAIUIX,
NPENSATCTBYIOUIMX OMOJIOTMYECKOW OYMCTKE CTOYHBIX BOJA WM cOpocy HX
B BOJIOEM;

7) TemIiepaTypa MPOM3BOICTBEHHBIX CTOYHBIX BOJT He JI0JbKHA MpeBbiiiarh 40 °C.

IIpon3BOACTBEHHBIE CTOYHBIE BOJbI, HE YJIOBIETBOPSIOLIME NEPEUUCIICH-
HBIM TpeOOBaHUSM, CIEAYyeT TMPEABAPUTEIBHO OYMINATh, OXJIAXKIATh WIH
paz0aBIATh 0 TPEOYEMbIX MapaMeTPOB.

VYcnoBus BbllyCKa MPOU3BOACTBEHHBIX CTOYHBIX BOJ B  BOJOEMBI
pernamentupytorcs «[IpaBunamu oxpaHbl MOBEPXHOCTHBIX BOJ OT 3arpsi3HEHUS
CTOYHBIMU Bogamu» U «lIpaBunamu caHUTapHON OXpaHbI MPUOPEKHBIX PAHOHOB
Mopein» Munznpasa CCCP.

[IpaBunamMu yCTaHOBJIEHBI HOPMATUBBI KadyeCcTBa BOABI Uil BOJOEMOB IO
JIBYM BHUaM BOJIOTOJIb30BAHUS:

1) x mnepBoMy BHJy OTHOCSATCS Y4YacCTKH BOJOEMOB, HCIIOIb3yEeMbIC
B KaU€CTBE MCTOYHMKA JJI XO35MCTBEHHO-TUTHEBOIO BOJOCHAOXKEHUS, a TAKXKE
TSl BOJOCHAOXKEHUS PENIPUATHIN MUIIIEBON MTPOMBIILICHHOCTH;

2) KO BTOPOMY — Y4aCTKH BOJJOEMOB, UCIIOJIb3yEeMbI€ ISl KYTIaHUsl, CIIOPTa,
OT/IbIXA, & TAK)KE HAXOIALIMECA B YEPTE HACECIICHHBIX ITYHKTOB.

JInsg Kaxaoro M3 JBYX BHUJOB BOJOIOJIB30BaHUS YCTAaHOBJIEHBI CBOU
TpeOOBaHMsI K KayecTBY cOpachlBaéMbIX CTOYHBIX BOJ. Kpome ToTO,
YCTaHOBJICHBI 0OJIee )KECTKHUE HOPMATHUBBI KaUe€CTBA BBIITYCKAEMBIX CTOYHBIX BOJT
JUTSI BOJIOEMOB, UCTIONIB3YEMBIX B PHIOOX03HCTBEHHBIX 11X (TabI1.).

IIpenenbHO HOMYCTUMBIE KOHLIEHTPALUK 3arpsA3HAIOIINAX BEIECTB B BOJOEMAX
Pa3IMYHBIX KaTETOPUU

HAK, mr/a
BemecTso BO)IOUCMLI pb100- Boaoembl xo3stiicTBeHHO- | JIMMUTHPYHOIIM A
X035IiiCTBEHHOT0 | MHTHEBOrO M KYJbTYPHO- noka3areJib
Ha3HAYEHUsI OBITOBOI'0 HA3HAYEHHUS

AMMuax 0,05 2 Oc
benzon 0,5 0,5 Cr
Kangmuii 0,005 0,001 Oc
Menp 0,001 1 Oc
MBEIIBSIK 0,01 0,03 Cr
HedrenpoayKTsl 0,05 0,1 On
CsuHerg 0,1 0,03 Cr
Cepoyriepon 1 1 On
DEHOIIBI 0,001 0,001 Oc
Xnopodoc 0 0,05 Oc
[unk 0,05 1 Oc
[Ipumeuyanue. CT — CaHUTAPHO-TOKCHKOJIOTMYECKUH; OC — OOIIECaHUTapHBIA;, O —
OPraHOJICITUYECKUIA.
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Pacmeopennwviti kucnopoo. B Boje Bojoema IMocie CMELIEHUS C HEl
CTOYHBIX BOJ KOJHUYECTBO PACTBOPEHHOTO KUCIOPOJa HE JIOJKHO OBITh MEHEE
4 mr/n B nr000i nepuoa roaa B mpode, oToopanHoi 10 12 4 aHsl.

buoxumuueckas nompebnocms 6 Kuciopooe. IlonHas MOTPEOHOCTH
B KHCJIOPOJIE JUIs OMOXMMHUYECKOT0 OKucieHus npumeceit pu 20 °C He 10/KHA
MPEBBIIATH | MI/JT A1 BOJJOEMOB MEPBOTO U BTOPOTO BUAA, a TAKIKE MOPEH.

B3sewennvie eewecmea. ConepkaHue B3BELICHHBIX BEIIECTB B BOJE
BOJIO€MA TIOCJI€ CITyCKa CTOYHBIX BOJ HE JOHKHO YBEIMUYMUBATHCS OOJiee YeM Ha
0,25 u 0,75 Mr/n ams BOJOEMOB TEPBOTO M BTOPOTO THUIIOB, COOTBETCTBEHHO.
Jlns  BOAOEMOB, coJepkKalux B MexeHb Oosee 30 Mr/m  TpUPOIHBIX
MUHEPAIIbHBIX BEIIECTB, JOMYCKAETCA YBEINYECHUE KOHIICHTPAIIMU B3BEIICHHBIX
BellecTB B Bojie 10 5 %. CTo4HbIE BOJIBI, COJIEpKAIME B3BEIICHHBIC BEIIECTBA
CO CKOpOCThIO ocaxnaeHusi 6onee 0,4 Mm/C A1 MPOTOYHBIX BOJOEMOB U OoJiee
0,2 MM/C 171 BOJIOXPAHWIHIIL, CITyCKaTh B HUX 3aIpeIacTcs.

3anaxu, npusxycwi. Boga He AoKHA MpUOOpETaTh 3alaxoB U MPUBKYCOB
WHTEHCUBHOCTHIO OoJiee 3 OayuioB 11t Mopel u 2 OaioB, 0OHApYKUBAEMBIX
JUIsT BOJAOEMOB TIEPBOTO BHJA HEMOCPEACTBEHHO WJIM TNpPHU TOCIEAYIOIIEM
XJIOPUPOBAHUM M JJI BOJOEMOB BTOPOrO BHJla HEMOCpeAcTBeHHO. Boma He
JIOJI’KHA COOOIIATh MOCTOPOHHUX 3aMaX0B U MPUBKYCOB phIOE.

HUnumencuenocms 3anaxa ouenuBaetcs B 6amax ot 0 1o 5:

2 — 3amax, JIETK0 0OHapyKMBaeMbIil MOTPEOUTENIEM, €CJIM Ha 3TO 0OpPaTUTh
€ro BHUMAHUE;

3 — OTYETNUBBIMA 3amax, SBISAIONIMNCA MNPUYMHOM TOTO, YTO BOJa
CTAHOBUTCS] HEMIPUATHOM JIJISI TUTHSI.

Oxpacka He noKHA OOHApPYKHMBAThCS B CTOJNOE COpAachIBAEMOW BOJIBI
BbICOTOM 20 C¢M i1 BOAOEMOB IepBOro Buaa u 10 cMm st BOIOEMOB BTOPOTO
BUJIa U MOPEU.

Peaxyus 600w (3Hauenune pH) BojoemMa MOCJE€ CMEIICHHUSI €€ CO CTOYHBIMU
BOJIaMU JIOJKHA OBITH B mpenenax 6,5 — 8,5 ef.

IInasarowue npumecu. CTOUHBIC BOJIBI HE JOJKHBI COJIEPKaTh MUHEPAIb-
HBIX Macesl W JIPYyTruX IUIaBAIOIIMX BEUIECTB B TAaKUX KOJIMYECTBAaX, KOTOpHIE
CrocoOHBI 00pa30BaTh HAa MOBEPXHOCTH BOJIOEMA TUICHKH, MSITHA U CKOTUICHHUS.

Munepanouvii  cocmag s BOJOEMOB TIEPBOrO BHUAA HE JIOJKEH
MPEBBINIATH MO TWIOTHOMY ocTaTKy 1000 mMr/i, B Tom yucie ximopunoB 350 mr/n
u cynbdaroB 500 Mr/i, a s BOJAOEMOB BTOPOTO BUAA MHUHEPAIbHBIN COCTaB
HOPMUPYETCS IO MPUBEJECHHOMY BbIIIE TTOKa3aTeto «[IpuBKych».

Temnepamypa 600bi BOAOEMa B pe3yibTaTe cOpoca CTOYHBIX BOJ HE
JIOJDKHA TOBBIMIATHECSA JieToM ©Oomee dyeM Ha 3 °C 1O CpaBHEHHIO CO
CpeAHEMECSYHOW TEMIEepaTypoil BOJABI CaMOIrO >KapKOro Mecsla rojaa 3a
nociexaue 10 jer.

Bpeonvie  (3acpsasnamowue) eewecmea HE  JOKHBI  COACPIKATHCS
B KOHIICHTpAIUAX, KOTOPbIe MOTYT OKa3aTh MPSIMOE WU KOCBEHHOE BPEIHOE
BO3/ICHCTBHE Ha 3I0POBbHE HACEIICHHUS.
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2.4. OnpenesieHue HeOOXOAUMOM CTENEHN OYUCTKH NMPOU3BOACTBEHHBIX
CTOYHBIX BOJ

Heo6xonumyro cTeneHb OYMCTKU CTOUYHBIX BOJ| yCTaHABIIMBAIOT:

1) mo HOpMaTUBHOMY MOKA3aTENIO COACPIKAHUS BPEIHBIX TPUMECEH;

2) 1o coJiep>KaHHI0 B3BEIICHHBIX BEUIECTB;

3) no BenuuuHe Onoxumuyeckoro norpedinenus kuciopoaa (bIIK) B cmecu
CTOYHBIX BOJI ¥ BOJIBI BOJIOEMA;

4) o moTpedICHUIO CTOYHBIMH BOJIaMHU PACTBOPEHHOTO KUCIOPO/IA;

5) 110 UBMEHEHHUIO KUCIIOTHOCTHU BOJIbI Bogoema (pH);

6) 10 U3MEHEHHIO TEMIIEPATYPhI BOJBI BOJOEMA;

7) IO OKpacke, 3anaxy 1 COJIEBOMY COCTAaBY.

Paznmnuator ycroBus BBITyCKa CTOYHBIX BOJT B MPOTOYHBIN W HETPOTOYHBIN
BOJOEMBI.

VYcnoBue BBITyCKa CTOYHBIX BOJ B MPOTOYHBIN BOJOEM IO HOPMAaTHBHOMY
MOKA3aTelt0 COAEp>KaHUs BPEIHBIX IPUMECEN ONpeesieTCs] HEPABEHCTBOM

Cc6ch6p + CeodaQsod < HﬂK(QC5p + aQeod)y (21)

rae C.; — KOHIIGHTpalMs BPEIHOIO BEIIECTBA B COPAchIBAEMBIX B BOJOEM
cTtouHbIX Bojiax; Cy,y — KOHIIGHTpAIIUS STOTO e BEIIECTBA B BOJIE BOJOEMA JI0
copoca crounbIx Box ((poHOBasg KOHUEHTpauus); (O.; — Pacxol CTOYHBIX BOJ,
cOpaceiBaeMbIX B BojioeM; (J,,p — PacxoJl BOIbI B BojgoeMe; o — KOdhUIMECHT
CMEIIEHUST CTOYHBIX BOJ ¥ BOJIBI BOJOEMA B PAaCYECTHOM CTBOPE.

ITonenus o0e yactn HepaBeHCTBa (2.1) Ha O, 4, TOTYIUM

+a
Coy +C, s Leip * Wy . (2.2)
Qc6p Qpo
Beipaxenue
Qc6p + aQeod = N
Qcﬁp !
HA3BIBAIOT KPAMHOCMbIO pa30asienus T TPOTOYHBIX BOJOESMOB.
Otcrona ko3 pUIUEHT CMeTIeHHSI
o= Nch6p _Qcﬁp — (N _I)Qcﬁp
Qsod 3 Qeod
[ToacTaBum ero B (2.2) U NOay4uM
Cc6p + CBO()(Np - 1) < HﬂKNp (23)

Ecnu 1aHHOE 3arps3HSIONIee BEIIECTBO B BOJAE BOJOEMA OTCYTCTBYET
(Cyo0 = 0), TO 13 (2.3) crenyer

Ceop < IIIIK'N,,
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T.€. KOHIICHTpAITUS 3arPs3HSIONIETO BEIIECTBA B COpACKIBAEMBIX CTOYHBIX BOJIAX
HE JI0/DKHA mpeBbImaTh npousBeacHus 11K u kpaTHOCTH pa3baBiieHUS.

Ecnu koHIIEHTparusi 3arps3HSIONICTO BEIIECTBA B BOJOEME BO BpeMs
cOpoca HEMpephIBHO YBEIWYMBACTCS, TO KpPaTHOCTH pa30aBJICHUS MOXKHO
cuuTath O01M3KoM K Hymo (N, = 0). Torna

Cc6p < Ceoc)a

T.€. KOHLEHTpAIMs 3arpsA3HAIOLIErO BEIIECTBA B CTOYHBIX BOAAX HE JOJDKHA
OBITh BBIIIE KOHUEHTPALMK 3TOr0 BellecTBa B Bogoeme. [Ipaktuuecku 3TO
03HAYaeT, YTO CTOYHBIE BOJBI HEOOXOAUMO OuHuIIaTh 10 ypoBHs [1/IK.

YcioBue BBITYCKa CTOYHBIX BOJ B HENPOTOYHBIA BOJOEM OIIPEIEIsAeTCS
COOTHOLIECHUEM

Cc6p < Ceoc) + n(HﬂK - Ceoc)):
Tac n — KpaTHOCTb HAMMCHBIICTO p336aBJ'IeHI/I$I.
HeO6XOI[I/IMYIO CTCIICHb OYMCTKH CTOYHBIX BOJ OIMPCACIIAOT 110 CI)OpMy.He

c-C
77:—"51’.1()0%,
C

rie C — KOHIIEHTpalus 3arpsi3HSAIONIETO BEIIECTBA B CTOYHBIX BOJAX [0
OYHCTKH.

[Ipu BbIMTyCKE IIETOYHBIX U KUCIBIX CTOYHBIX BOJ HEOOXOAUMO YUUTHIBAThH
HEUTPAIM3YIONIYI0O CHOCOOHOCTh BOJOEMA, YTO B psAJie CIydaeB IMO3BOJISET
00ONTUCH 0€3 CHeNUaNbHBIX OYHCTHBIX COOPYXKEHHM IO HEeWTpaIu3aiuu
CTOYHBIX BOJ. Boga BOJOEMOB dYacTo COACPKUT OMKApOOHATHI KaJbIUA
Ca(HCO;), u maruusa Mg(HCO;),, a Takke pacTBOPEHHBIN JUOKCHU]I YTIEpOJia
CO,. OTu BellecTBa BCTYMAIOT B PEAKIHUIO C KUCIOTAMU WIH IIEJI0YaMHu,
COJICPKAIMMICS B CTOYHBIX BOJIaX, U HEUTPAITH3YIOT UX

CCI(HCOj,)z + H2S04 = CaSO4 + 2H20 + 2C02

C02 + 2NaOH = NClzCO3 + HQO
CormacHo CaHUTApPHBIM IIpaBUWJIaM, IIpU OTBOAC CTOKOB B BOJOCMBbI BCCX

BUJIOB BOJIOTIOJIB30BaHUsI U3MEHEHHE pH HE JOKHO BBIXOJWUTH 3a MPEEibl
6,5 — 8,5 en.

3. OCA’KAEHME B I'PABUTALITMOHHOM IIOJIE

MeToapl OYMCTKH MPOMBIIUICHHBIX CTOYHBIX BOJI MPHUHSITO IOJIPA3ICISITh
Ha MEXaHMYECKHe, XUMUUYECKHe, Oumonornueckue u Qusnuko-xumudeckue. [Ipu
TOM OYHCTKA MOXXET OBITh OCYIIECTBICHA KaK C BBIJICICHUEM IpUMEcei
B TBEPYI0, HE CMEIIUBAIOIIYIOCS C BOJOW XUAKYIO WIM ra3zoo0pasHyo ¢asy,
TaK U C UX pa3pylICHUEM.

MexXaHn4YecKyl0 OYHMCTKY NPUMEHSIIOT I BBLACIEHUS W3 CTOYHBIX BOJ
HEPACTBOPUMBIX B HEM MHUHEpPAJbHBIX M  OPraHUYECKUX MPUMECEH.
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MexaHnnueckasi OYMCTKa SIBJISIETCS, KaK MPaBUJIO, MPEABAPUTEIBHBIM ATarioM
U CY>KUT JJI1 TIOATOTOBKM CTOYHBIX BOJ K OHOJOTHYECKOMY, (PU3HUKO-
XUMUYECKOMY WIH JIPYyTOMY METOy Oojiee TiryOoKoi o4ucTKH. MexaHudeckas
OYHCTKa OO0€eCIIeYMBAET BBIJICICHUE B3BEIICHHBIX BemectB Ha 90 — 95 %
U CHIKeHHe oprannueckux 3arpssHenuit (mo bIIK) na 20 — 25 %.

3.1. Ocaxxnenue

Ocadicoenue TIPENCTaBISET COOOM TMpolecc pa3JeieHus JUCIIEPCHOM
TBEpZOoM (Da3bl U CIUIONTHOM KUAKOW (pa3bl MOJ JEWCTBHEM TpaBUTAIMOHHBIX,
MHEPLUHUOHHBIX WIH 3JIEKTPOCTATUYECKUX CHUJI.

OcaxaeHnue, NpoucxoAsulee MoJ IECUCTBUEM CHIIBI TSDKECTH, HA3bIBACTCS
omcmausaHuem. OtcrauBanue B OCHOBHOM  TMpUMEHSIeTCa IS
peABaAPUTEIBLHOIO ITpyOOro pa3aeieHus HEOJHOPOIHBIX CUCTEM.

3.1.1. CkopocTh CBOOOJHOTO OCAXKACHUS

PaccMoTpuM  JBUXKEHHME OAMHOYHOM TBEPAOW CHEpPUUECKOM YaCTUIIBI
PaZlyCcoOM 7 ¥ IUIOTHOCTBIO p,, B HEMOABUKHOU JKUAKOCTH, INIOTHOCTH KOTOPOU
paBHa p,,.. Ha yactuily, HaXoas11yr0Cs B )KUAKOCTH, IEUCTBYIOT TPU CHUJIBL:

1) cuna TsoxecTH

fu=mg=Vp,2=Ym’p,g:
2) cwiia BeITAIKUBaHUS (Apxumena)
fo==Ymp.8;
3) cuna conpotuBneHus xxuakoctu (Crtokca)

f. =—6mrnu

T7i€ ] — BA3KOCTb KUJAKOCTH; U — CKOPOCTh JIBUKEHUS YACTHUIIBI.
[Ipu paBHOMEpPHOM JABUKEHUE PaBHOICHCTBYIOIIAsl BCEX CUJI paBHA HYIIIO:

%ﬂfpmg - %m"%mg —6zrqu=0.
CKOpOCTB JABHUXCHUSA HaCTUILIbI

u:gI/,ngm_psfc
9 7
MPONMOPIMOHAJIPHA PA3HOCTH IUIOTHOCTEHW YacCTUIIBI W CpEeIbl, KBaapaTy
JIMHEMHOTO pa3Mepa YaCTHULIBI.
3.1.2. CKOpOCTb CTECHEHHOTO OCAKICHUS

[IpuBeeHHBIN BBIMIE BBIBOJI OTHOCHTCS K CKOPOCTH CBOOOJHOTO
OCaXJCHUS OAMHOYHOM CQPEpUUYECKONM YacCTHUIIBI B HEOTPAaHUYCHHOM OOBeMe
HETTOABMKHOHN KUJKOCTH.
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B mnpomblllIeHHBIX TpoLeccax BOJOOYUCTKH —OCAXKICHUE MPOBOAST
B OTPaHUYEHHOM 00BbeMe Mpu OOIBIION KOHIIEHTpaluK AucnepcHoi ¢asbl. [1pu
ATOM BCE€ OOCTOUT ropas/io CIOMKHEE:

— (opMa peallbHBIX YaCTHIl JaleKa OT chepruueckou;

— KOHIIEHTpalWs YAaCTHUI[ JOCTaTOYHO BBICOKA M YACTHIBI HE MOTYT
paccMaTpHUBaThHCS KAK OJIMHOYHBIE, HE B3aMMOJIEHCTBYIOIINE APYT C IPYTrOM;

— JIBJKEHHE OOJIBIIOrO KOJMYECTBA YACTHI] BbI3bIBAET BHITECHEHUE CPEIbI,
cpena JBUKETCS HABCTPEUy YacTHUIaM.

B pesynbrare peanbHas 4acTHila ABUKETCS CO CKOPOCTBHIO, Ha3bIBAEMOM
CKOPOCMbIO CMECHEHHO20 0CadCcOeHus, BEINYMHA KOTOpPOM B OOIIEM ciyyae
IPONOPILMOHATIbHA CKOPOCTH CBOOOJHOIO OCAXKJEHUS U 3aBUCUT OT OOBEMHOI
JIOJIN JKUJKOM (a3bl B TUCTIEPCHOM CUCTEME X,:

U, = f(u,x,).

[Ipu crecHEHHOM OCaXJACHUU MEIKHE YaCTHUIIbl TOPMO3SAT JBHXKEHHE OoJiee
KPYIHBIX, a KpYIHBbIE YacTHIBI B CBOIO O4YEpeIb YBIIEKAIOT 3a coboi Oosee
Menkue. B pesynbraTe HabOmronaercs TEHIEHLHMS K COJNMKEHHUIO CKOPOCTEH
OCAXKJIEHUS YaCTUIl Pa3UYHBIX Pa3MEpPOB: BO3HHUKACT KOLIEKMUBHOE, WIH
COJIUJAPHOE, OCadcOeHUue YacTHUI] ¢ OJIM3KUMH CKOPOCTSMU B KaXKJIOM CEYCHHH
amnmapara, HO C pa3JIMYHBIMH CKOPOCTSIMU T10 €T0 BHICOTE.

[TockonbKy mons >kuakoil ¢a3pl CBEpPXy BHH3 [0 CEUCHHUIO arapara
HEMPEPHIBHO yMEHBIIACTCS BCJIEJICTBUE CTYIICHHS CYCIEH3UH, CKOpPOCTb
CTECHEHHOTO OCaXJCHHS IO BBICOTE ammapaTa Takxke yMeHblnaerca. Kpome
TOT0, KOHILIEHTpalMs TBepJoi (a3bl U, CIEAOBATEIBHO, CKOPOCTh CTECHEHHOTO
OCXACHHUS B KAKIOM CEUEHUM ammapara W3MEHSETCS BO BPEMEHH, YTO elle
0oJiee yCI0XKHAET pacyeT mpoiiecca.

OtknoHnenne QOpMbl YacTUll OT C(HEPUYECKON MOMKET OBITh YUYTEHO
BBeAeHUEM Kod(ddunrenta ¢opmbl U d3GPEKTUBHOTO JUaMETpa YacCTHUIIBI. DTO
MO3BOJISIET C OMNPEICICHHONW MOMPAaBKOM HCIOJIb30BaTh AKCIIEPUMEHTAJIbHBIC
JaHHBIC, TOJIyYeHHbIC i1 dYacTull chepuyeckoi ¢GOpMbl, [JIs ONMUCAHUS
JBWOKEHHUST 4acTul] Hechepuueckoil ¢(opmbl, HO ofHOro pasmepa. Jis
MOJIUTUCTIEPCHBIX CHUCTEM HAACKHBIX JaHHBIX I pacdera KoddduimeHTa
(GOpPMBI HE CYIIIECTBYET.

Brnusnue pgBuKeHUS Cpelbl Ha CKOPOCTh OTCTaWBaHUS, CBSI3aHHOE
C OTKJIOHEHHWEM HaMpaBJICHWUs [BIDKCHUS 4YaCTUIl OT BEPTHKAIBHOTO, HE
nojfaeTca TeopeTuueckomMy pacdery. [loaTomMmy mipu MOpOEKTUPOBAHUU
OTCTOMHHMKOB  HCIIOJIb3YIOT  YNPOIIEHHBIE JMIHUPUYECKHE 3aBUCHUMOCTH,
BKJTIOUAIOIINE ONPEIEIsIeMbIe OMBITHBIM IyTeM KO3 PUITUCHTHI.

3.2. OTCTOMHUKH

OtcrauBaHue siBIsAeTCA HauOoliee ACIIEBbIM W HauMeHee 3(P(HEKTUBHBIM
IPOLECCOM OYHMCTKH IPOMBIIIJIEHHBIX CTOYHBIX BOJ OT MEXAHUYECKUX
npumMeceil. OTcTanBaHUe MPOBOJAT B amrmapaTax, Ha3bIBAEMbIX OTCTOMHUKaMU,
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17R10 CTYCTHUTEIISIMU. Paznuuaror arnmaparTsl MEPUOIUYECKOTO,
MOJTYHENPEPHIBHOTO ¥ HEMPEPHIBHOTO JCHCTBUS.

3.2.1. OTCTOMHUKHN NEPUOIUYECKOTO JEUCTBUS

[lepunonuuecku neWcTByromue OTCTOMHMKU (puc. 3.1) mTpencTaBisiOT
coboif Hu3KHe OaccelHbl 0e3 mMepeMenIuBaIUX YCTporucTB. OTCTOMHUK
' 3alOJIHSIOT CyCIEH3HEMN, KOTOpas

CycneHsua OCTaETCsl B COCTOSIHUM MOKOSI B TEUECHHE

BpEMEHHU, HEOOXOJAMMOTO JIJIsi OCEIaHMUs
TBEpJIbIX YAaCTUI[ Ha JHO anmnapara.
[lIocme 3TOro OCBETIIEHHYIO KHAKOCTH
JNEKAHTUPYIOT, T.€. CIMBAIOT 4epes
cu(OHHYIO TpyOy WU KpaH,
PACIIOJIOKEHHBIN BBIIIE YPOBHS OCAJIKA.

4 il Ocanok (uiaM) OOBIYHO MPEACTABISET
OcBetneHHaAa LUnam c000 T'yCTYI0 TEKYUyI0 Maccy, KOTOPYIO
KuakocTb MOKHO CIHTh M3 OacceiiHa CaMOTEKOM

WIH OTKayaTh HAcCOCOM TIOCIe JeKaH-
TaI[UU OCBETICHHOMN JKUIKOCTH.

Pasmepsr u ¢Qopma anmapatos
3aBUCSAT OT pacxoJa CTOYHBIX BOJ, KOHIIEHTPAIMH, pa3MepoB, (GopmMbI H
IUIOTHOCTH YaCTHUII CYCIICH3HH.

CKOpOCTh OTCTaMBaHUS CYIIECTBEHHO 3aBUCUT OT TEMIIEPATYPhl BOJBI, C
U3MEHEHHEM KOTOPOIl U3MEHSETCS BI3KOCTh JKUIKOCTH.

st orcrauBaHWs HEOOJBIINX KOJUYECTB CTOYHBIX BOJ[ HCIOJIB3YIOT
METAUIMYECKUE EMKOCTH UWIUHAPUYECKOW (GOPMBI € KOHHYECKHM WM
chepuvecKuM JTHHINEM, UMEIONTUE JIIOK ISl OTKAYKHW WM BBITPY3KH OCaKa |
HECKOJIPKO KPaHOB JUIsl CIAMBA JKHJIKOCTH, PACIOJIOKEHHBIX Ha Pa3InYHOU
BbICOTE ammapara. J[Jig oTcTamBaHWS 3HAYMTEIIBHOTO KOJIMYECTBA KUIAKOCTH
CTPOSIT OETOHHBIE 0ACCEMHBI.

Puc. 3.1. OTcTOnHUK
nepuoanyeckoro 4encrTensa

3.2.2. OTCTOMHUKY MOTYyHENPEPHIBHOTO JIEUCTBUS

B orTcroiiHMKax MOJYyHENPEPBIBHOTO JECUCTBUS JKUIKOCTh IOCTYIAET
U yIAIAETCS HEMPEPBIBHO, @ IIJIaM BBITPYXKaeTCsA NMEepuoAndecKkd. B mpuHuumme
000  OTCTOMHUK  TEPUOJUYECKOTO  JICUCTBHS  MOXKET paboTaTh B
HOJYHETIPEPBIBHOM pEXHME, €CIM €ro 000pyJoBaTh YCTPOMCTBOM yHajeHHs
nuiaMa 0e3 CIuBa KUIKOCTH.

OpnHako CymIecTBYIOT U cHeluanbHble KOHCTpYKIUH (puc. 3.2). CycneHsus
yepe3 HWKHUU IITyLep NOJaeTcs B anmapar, BHYTPEHHUH OOBEM KOTOPOTo
pa3zenieH Ha CEKIMU HAKJIOHHBIMU NEPEropoiKaMH, HAIpaBISIOIUMU MOTOK
KUIKOCTH TIONEPEMEHHO TO BBEPX, TO BHHU3. Hannume mneperopoaok
YBEIMYMBAET MOBEPXHOCTh OCaXJeHus B ammaparte. Ocagok coOupaercs B
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KOHMYECKUX JHMUINAX WU MEPUOAUYECKH YHAISIETCA, a OCBETIEHHAs KUIKOCTb
HEIMPEPBIBHO OTBOAUTCS YEPE3 BEPXHUM LITYLED.

3.2.3. OTCTOMHUKH HENPEPHIB-
HOTO JICHCTBUSA
“ it
OcBeTneHHaA

KMAKOCTD B IIPOMBINIICHHOCTH HauO00JIb-
CycneHsuna

id lee  PacupoCTpaHeHHe MOy THIIH
OTCTOMHHMKH HEMPEPHIBHOTO JICHCT-
BUSI, HAapUMeEp OTCTOMHUK C Tpeo-

1 KOBOM Memmaikou (puc. 3.3).
Lufam Winam Orcroiinuk IPENCTaBIsAET
co00i HEBBICOKUU IUIUHAPUIECKHI
Puc. 3.2. OTCTOMHUK pe3epByap C INUIOCKMM MM CJErKa
C HaKMOHHbIMW Neperopoakamu KOHWYECKHM JHUILEM U BHYTPEHHUM
— KOJIBLIEBBIM KEJIOOOM BIOJb BEpX-
HEro Kpas anmapara. B pesepByape
C__iD YCTaHOBJICHA MEIIAJIKA, Ha JOMACTAX

KOTOPOM HaXOIATCS CKPEOKW s
NEepEeMENIEHUsT O0cajika K pasrpy-
304HOMY YCTPOMCTBY B LICHTPaIbHOM
yacTu anmaparta. Memanka aenaer
or 0,01 go 0,5 060pOTOB B MHUHYTY,
T.€. Bpalllae€TCid HACTOJIBKO M-
JIGHHO, YTO HE HapylIaeT Ipolecca
OCaXKJICHMSI.

Cycnensus HENPEPHIBHO
MOJIaeTCA MO LEHTpalIbHOU TpyOe B
pesepByap. OcBeTIEHHAs KUAKOCTH
MepeIuBaeTCs B KOJIBIIEBOU Keno0 u
yaansercss u3 peseppyapa. lllnam B
BUJIC CTYIIEHHOW CYCIIEH3MM C KOHIIEHTpauuer TBepnor ¢asel ot 35 1o 55 %
yAQJISIETCSl U3 pe3epByapa ¢ MOMOIIbI0 JuadparMoBoro Hacoca.

I'peOkoBBIE HOpPMaAIM30BaHHBIE OTCTOMHUKH HMEIOT auameTp ot 1,8 1o
30 M, a B HEKOTOPBIX IPOU3BOJCTBAX C OOJIBIIMM BOJIOOTBEICHHUEM JHAMETP
orctoiHuKoB pgocturaeT 100 M. PaboTa Takux OTCTOMHUKOB IIOJHOCTBIO

Lnam

Puc. 3.3. OTCTONHMKK
HenpepbIBHOIO AeNCTBUA
C rpebkoBOM MeLLankoun

aBTOMaTU3MPOBaHa.
OTCTOMHHMKM 3TOr0 THUIA XAPAKTEPU3YIOTCS OOJIBIION MPOU3BOJIUTEIb-
HocThi0o — 10 3000 T ocagka B CYTKH, TPOMO3AKOCTHIO, OOJBIIMMHU

KalUTAIIbHBIMU 3aTPAaTaMU Y HU3KMMH JKCIUTYaTAllMOHHBIMU PACXOJaMH.

[Ipn HEOOXOAMMOCTH YCTAHOBKHM psjJia OTCTOMHHKOB C IEIbI0 SKOHOMHUHU
IJIOMIAM MX Pa3MENIAOT OJIUH HaJl JAPYTUM, T.€. MPUMEHSIOT MHO205P)CHblE
OMCMOUHUKU, COCTOAIINE U3 HECKOJBKHX amnnapaTroB, KOHCTPYKTUBHO
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O0OBEIMHEHHBIX B OJHOM Kopityce. Pa3nmnyaroT MHOTOSIpYyCHBIE OTCTOMHHMKH
3aKpbimo2o U cOANancuposanio2o Tunos (puc. 3.4).

[Ipocreiinii MHOTOSIPYCHBIN OTCTOMHMK MPEACTaBISET COOOW HECKOIBKO
HE3aBUCUMO pabOTaIOIIKX aNMapaToB C €UHBIM MIPUBOAOM JJI1 BCEX MEIIAJIOK.
[lomaua cycmneH3uu, CIHMB OCBETIEHHOM JKMJIKOCTH U BBITPy3Ka MHUIaMa
IIPOU3BOJIATCS B KAJKIOM SIpyCe HE3aBUCUMO.

CycneHsuAa CycneHsuAa

CBeTneHHaA

JOcBeTNEHHARA
KMAKOCTE :

HUAKOCTb

Lnam

Lnam

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

MHorosipycHble OTCTOMHHMKH COaJaHCHUPOBAHHOTO WM YPAaBHOBEUIEHHOTO
THUIIA, B OTIIMYUE OT OTCTOMHUKOB 3aKPBITOTO THUIIA, COOOIIAIOTCS MEXKIY COOOM:
[IJIaM W3 BEPXHEro spyca yepe3 CleluaibHbli CTaKaH CaMOTEKOM IOCTYMNaeT B
CJIOM CTYILIEHHOM CYCHEH3UHU sSpyca, pacroiokeHHoro Huke. CycneHsus vepes
pacnpeeNuTeNbHOe YCTPOMCTBO IOAAETCS OAHOBPEMEHHO Ha BCE SIPYCHI.
OcBeTyieHHast JKUAKOCTb C KaXAOro sipyca BBIBOJUTCS 4Yepe3 OTIEINIbHBIMI
naTpyOoK U nmocrynaer B oommid kosuiekrop. lllnam ckamiuBaeTcs Ha HUXKHEM
Apyce, OTKyZa U yIaJIsieTCsl.

B oTCcTOMHMKaxX 3aKpbITOrO THINA JHULIE KaXKJOro spyca BOCHPUHUMAET
BECh BEC HAXOIMIIEWCAd Ha 3TOM SPYyC€ CYCHEH3UMH, a Y OTCTOMHHUKOB
COQJIaHCUPOBAaHHOTO THIA BCKO HArpy3Ky BOCHPUHHMAET TOJIBKO JHUIIE
HWKHETO Apyca, 4To JeNaeT KOHCTPYKIHMIO B 11esIoM Ooiee jierkoil. Kpome Toro,
B OTCTOMHMKAX 3aKPBITOTO TUIA BaJl MEIIAIKU MEXKIY SIpyCaMU MPOXOJUT Yepes3
CaJIbHUKOBOE YIUIOTHEHHUE, paboTarollee B THKEIOM pPEeXUME U OBICTPO
u3HalMBaronieecs. B oTrcroiiHMKax  cOajdaHCUPOBAHHOIO  THUIA  TaKHe
YIUIOTHEHUS HE TPEOYIOTCS.

[ToMuMO MHOTOSIPYCHBIX OTCTOMHHUKOB OOJIbIIASI TOBEPXHOCTh OCAXKIACHUS
JOCTUTAETCA B OMCHOUHUKAX HENpPepubleHO20 Oelicmeuss ¢ KOHUYECKUMU
noaxamu (puc. 3.5).
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Paznensemas cycneHsus mojaert-
Cycne,ﬂ“ﬂl Ci  4epe3 IEHTPAIbHBIA  BEPXHUM
DcBeTneHHas IITyep U pPACIpEnessieTcss MexXIy
=1— b ®makocTe  KOHMYECKMMH IOJKaMU (4epe3 OAHY),
Ha TOBEPXHOCTU KOTOPBIX IPOUCXO-
IUT OCaXIEHHE TBEPIABIX YaCTHUII.
OceBiIMe 4YacTULBI CIIOJN3AIOT IO
HAKJIOHHBIM IOJIKaM U MepeMenatoTCs
BHU3 K IITyLepy M yAaJleHus
mmama.  OcBeTsieHHass  KHUJKOCTh
OTBOAMTCS 1O  KaHalaM  MEXAY
NOJKaMUd W BBIBOAMTCA W3 ammapara
gepe3 O0KOBOH MITYIIEP.
JlocTronHCcTBaMU 3TOrO ammapara
ABJISIIOTCS.  HEOONbIIME TabapUTHBIE
pasMepbl TPU BBICOKOW  IJIOMIAAN
OTCTaWBaHUS, OTCYTCTBHE JIBHXKY-

Puc. 3.5. OTcTonHuK IIMXCS YaCTeH M MPOCTOTa OOCTYKH-
C KOHWYECKVMM MosKamu BAHIS

3.3. Pacuer OTCTOMHUKOB

OTCTOMHHMKN MPOEKTUPYIOTCS B pPACyETe HA OCAXKIECHUE CaMbIX MEIKUX
YacTULl MCXOJHOW cycrneH3uu. Bpemst npeOblBaHHs CyCHEH3UM B ammapare
JOJDKHO OBITh HE MEHbBIIE BpPEMEHHM, HEOOXOOUMOIO JUIsl CTECHEHHOIO
OCaXJCHUS YAaCTULbl HAMMEHBIIErO0 pa3Mepa Ha JHO ammapara ¢ 3aJaHHOU
BBICOTBI.

ITycTe 3a Bpems ¢ CyCrieH3usl pa3AeisaeTCsa Ha CJIOM OCBETIIEHHOMN JKUIKOCTH
BBICOTOM /~ U cioil crymeHHol cycneHsuun (uwiam). I[lpu mnoBepxHOCTH
ocaxkJieHus F o0ObeM OCBETIEHHON KUAKOCTH, IOJy4aeMOW B EIUHUILY
BPEMEHU,

Voes = (hE)/L.
3a 3TO e BpeMsl YaCTHIIbI, OCAKIAIOIINECS CO CKOPOCTBIO Uy, MPOUTYT MYyTh A:
h =u.yt.
[ToacraBnss 4 B mpenpiAyinee ypaBHECHUE, TOJTYIUM
Voo = U

[ToryyeHHOE  ypaBHEHHME  IIOKa3bIBA€T, YTO  NPOU3BOOUMENbHOCD
OMCMOUHUKA He 3A8UCUM 8 8HOM GUOE OM €20 GbICOMbL, d 3A8UCUM MOJILKO OMm
ckopocmu  u  nogepxHocmu  ocaxcoenus. 1103TOMy OTCTOMHHMKH HMMEIOT
3HAYUTEIbHYI0 MOBEPXHOCTh OCAXJCHHS INpU HEOOIbIIONW BbicoTe. OOBIYHO
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BBICOTA OTCTOMHHMKOB cOCTaBIIsIeT 1,8 —4 M, a 711 OTCTOMHUKOB OUYCHB OOJIBIITHX
pa3mepoB — He Oosee 7 M.
Heo6xonumyro moBEpXHOCTh OCAXACHUSI HAXOAAT U3 BBIPAYKCHUS

F =V, /um

OTO0 BBIpa)KEHHUE HE YUUTHIBAET HEPABHOMEPHOCTD JBUKEHMSI )KUJIKOCTH 110
BCEH IUIOIIAJM OTCTOMHMKAa — OT TOYKM €€ BBOJA B ammapar IO CIUBHOIO
YCTPOMCTBA, a TAK)KE€ HAJMYME 3aCTOMHBIX 30H U BUXPEOOPa30BaHMS B MOTOKE
xuakoctu. KonuuecTBeHHO yuecTh BIUSHHE AITHX (AKTOPOB Ha CKOPOCTh
OCAKJEHUS Ha CTAaJUd TEOPETUYECKOTO pacyeTa HE IPEACTaBIAETCS
BO3MOXHBIM. [I03TOMy B HMHXEHEPHBIX pacdeTax MOBEPXHOCTh OTCTOMHUKA,
ONpPEIEICHHYI0 TEOPETUUECKH, OOBIYHO yBennunuBaroT Ha 30 — 35 %.

4. OCA’KJIEHHUE B HEHTPOBEKHOM II10OJIE
4.1. I'mapouMKI0HBI

OcaxneHve  CyCNeH3WdM  MOJA  JEWCTBHEM  LEHTPOOESKHBIX  CHI
OCYLIECTBJISIOT B TUAPOLMKIOHAX U LEHTpU(yrax.

Kopnyc rugponukinona (puc. 4.1) cocToUT U3 KOPOTKOM BepxHeEH

WINHAPUYECKON YacTU M yJJIMHEH-

OteeTneHman HOTO0 KOHMYecKoro auuma. Caepxy

! s lmﬂmmb TUAPOLMKIIOH 3aKpbIBA€TCS LMIIMHI-
Cyenenana PUYECKON  KPBIIMIKOM ¢ maTpyOkoM
JUIs OTBOJIA OCBETJICHHOM KHMJIKOCTH.
Mexny KpBIIKOM H  KOPILyCOM
YCTaHABIIMBAETCA T'€pPMETHYHAS Tepe-
TOpOJIKa C OCEBBIM MATPYOKOM.
CycneHs3uss mojaercsi TaHTE€H-

UAATBHO B LWJIMHIPUYECKYIO YacCTh
KOpIyca U IMpuoOpeTaeTr HHTEHCHUB-
HOE BpamareiapbHoe asvxeHue. [lox
NEUCTBUEM  IIEHTPOOCKHBIX  CHJI
YaCTUIBl  CYCIICH3WHM, HMEIOUIUE
OOJIBIIIYIO TIOTHOCTD, Y€M YKHIKOCTb,
MEPEMEIIAIOTCS K CTEHKaM arrapara,
KOHLICHTPUPYIOTCA BO BHEIIHUX CJIOSAX BPALIAIOLIETOC MOTOKA U ABUKYTCS 1O
CIIMPAJIX BAOJIb CTCHOK TMJPOLMKIOHA BHU3 K PA3rpy304HOMY IITYLIEPY, YEPE3
KOTOpPBIA WM BBIBOJSTCA M3 alapara BMECTE€ C YacTbl0 >KUIAKOCTH B BHJE
CrymeHHou cycnen3un. OCBETIEHHAasl >XKUAKOCTh JBHXKETCS BO BHYTPEHHEM
CIIUPAJIbHOM IOTOKE BBEPX U BBIBOJUTCA UEPE3 LITYLEP B KPBILIKE arrapara.
JTa uacanu3upoOBaHHAsl KapTUHA JBUKEHHUS MTOTOKOB JTAJIEKA OT PEAJIbHOM.
B nelicTBuTenbHOM anmapaTe BO3HUKAIOT paJuajibHblEe MOTOKH (OT LIEHTpa K
nepudepur) U 3aMKHYTBhIE KOJBIEBbIE MOTOKH, 3HAUYUTEIBHO OCJIOXKHSIOIINUE

Lnar

Puc. 4.1. T'ngpoumnknoH
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pacuer M MPOCKTUPOBAHUE THUAPOLUMKIOHOB. KpoMe TOro, u3-3a BBICOKHX
OKPY>XHBIX CKOPOCTEH MOTOKA MO OCH TUAPOLMKIOHA POpMHUpPYETCS BO3AYIIIHAS
BOPOHKA, OTTECHSIOLIAS ITOTOK OCBETJICHHOM >KUAKOCTA K cTeHKaM. IIpu stom
yCUJIUBAETCs TypOyJIn3alys MOoToKa U yxy/amaeTcst 3 ()EeKTUBHOCTD Pa3/ieieHusI.
OddexTuBHOCT pa3eneHuss CyCHEH3MM B THAPOIMKIOHE XapaKTepu-
3yercsi BenM4YMHOM K, Ha3bIBaeMOW ¢paxmopom pasoenenus W PaBHOU
OTHOIIEHUIO IEHTPOOEIKHOM CHUIIBI K CUJIE TSDKECTH
E, mfr v

K =—“*%—-_"""/7 _-__
P F mg rg

m

b

r1€ m — Macca BpAalAOIICICs YacTULIBL, V — OKPY>KHasi CKOPOCTb JIBUKEHUS
YaCTHULbI; ¥ — PaJNYC BPALLICHUS YaCTULIBI.

N3 ypaBHeHUs1 BUIHO, YTO 3HaUeHUE (hakTOpa pa3esieHUus TEM BHIIIE, YeM
OOJIbIIE CKOPOCTh JBWIKEHUS IKUIAKOCTH W dYeM OoJbllle KpUBU3HA €€
Tpaekropuu. IloaTomy, B OTIIMYME OT NIUKJIOHOB [UJI OYKMCTKH TIa30B,
TUAPOLMKIOHBI UMEIOT HEOOJIBIIINE Pa3Mephl: NIl OTJEICHUS TBEPAbIX YACTHII
pazmepom oT S5 nmo 150 MKM DOpPUMEHAIOT LMKIOHBI C JUMAMETPOM
nurHAprdeckor yactu oT 100 mo 350 mMm; 11 OYMCTKY OT YacCTHI] pa3MEPOM
MEHEE 5 MKM MPUMEHSAIOT HUKJIOHKI ¢ quameTpoM 10 — 15 mm. Takue HHUKIOHBI
0OBIYHO OOBEAUHSIOT B OJMH arperaT, B KOTOPOM OHU pa0OTaroT MapaieabHo, —
MYT6MUYUKTIOHBL.

DKCNIEPUMEHTAIBHO HAWICHO, YTO HAWIy4llee pa3Aei€HUE JTOCTUTaeTCH,
KOT/Ia THUIPOLUUKIOHBI UMEIOT Y/UIMHEHHYIO (OpMYy C YIJIOM KOHYCHOCTH
15 - 20°. TIpu Takoi GpopMe yIITHHSAETCS IyTh YaCTHUII, YBETHIUBAETCS BPEMS UX
npeObIBaHUS B annapare U NoBbImaeTcs 3QPEKTUBHOCTD pa3ieiaeHUs.

JIocTOMHCTBaMU TUAPOLIMKIIOHOB SIBJISIFOTCSL:

— BBICOKas MPOU3BOJUTEIBHOCTD MPU MaJIbIX rabapuTax;

— OTCYTCTBHUE JBHKYIIMXCS YACTEM;

— TMPOCTOTA U JETKOCTh OOCITYKUBaHMUS;

— HEBBICOKHME KaNWTalbHbIE 3aTpaTbl U HU3KUE SKCIUTyaTal[MOHHBIE

pacxonsl;

— MIKpoKasi 00JaCTh TPUMEHEHUSI.

K HemocTaTkam ruJIpoOIMKIOHOB CJIEAYET OTHECTH CPAaBHUTEIBLHO OBICTPHIi
aOpa3uBHBIM HW3HOC OTHAEJIbHBIX OJEMEHTOB KOHCTPYKIIUHU, MPEKIE BCETO
Kopiyca. JlJisi yMEHBIIEHHS] U3HOCA THAPOLMKIOHBI YacTO M3rOTaBJIMBAKOT CO
CMEHHOU BHYTpeHHe! (yTepOBKOM M3 MIaCTMACCHI, KEPAMUKU, U3HOCOCTOUKHUX
CILJIaBOB U T.[.

4.2. llenTpudyrupopanue

[loxg uenTpudyrupoBaHUEM MOHUMAIOT MPOLECC PA3ACICHUS KUIKUX
JUCTIEPCHBIX CHUCTEM, B YaCTHOCTHU CYCIICH3Wi, B TOJIe HEHTPOOEKHBIX CHUIL.
OO0mue 3aKOHOMEPHOCTH LEHTPU(DYTHPOBAHUS CXOXKU C 3aKOHOMEPHOCTSIMU
oTcTauBanus. OHAKO CYIIECTBYIOT U MPUHUUIHAIBHBIE OTINYUSA:
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* B OTCTOMHUKAaX TI'PaBUTAIIMOHHOE TOJIE OJHOPOJHO, & MHTEHCUBHOCTh
IHEHTPOOEXKHOTO  MOJsi B OTCTOMHBIX  HeHTpudyrax  BO3pacraer
MPOMOPIHUOHATIBHO PACCTOSHUIO OT OCH BpaIlleHUs. DTO O3HA4aeT, 4TO Ha
YacTHUIy IO Mepe €€ JBWKEHHS K CTEHKE poTopa JEHCTBYET HEMpPEpPHIBHO
BO3pacTarollas cuja, MO3TOMY YacTHUIA ABUKETCS C YCKOPEHUEM;

* B OTCTOMHHUKAX YacCTHUIA BUXKETCS Yepe3 paBHbIC MO IUIOMIAIN TIIOCKUE
MOTIEPEYHBbIE CEUCHHUS CIIOS JKHJIKOCTHU, & B OTCTOMHBIX IEHTpudyrax — depes
YBEJIMYMBAIONIUECS 10 IUIOMAAM [WIMHApHYeckue cedeHus. [lostomy B
neHTpudyre >pGheKkTsl CrymeHus CYyCIeH3UH M KOJUICKTUBHOTO OCaXICHUS
MEHEeEe BBIPAKEHBI, U CYCIEH3HsI CPAaBHHUTEILHO OBICTPO pas3feisieTcss Ha JiBe
¢a3bl — xuakyto (pyrat) u TBEpAYIO (0CATOK).

Bennunna 11eHTpoOEKHON CUITBI BEIPAXKAETCSI PABEHCTBOM

F,=mVIr, (4.1)

rJie m — Macca BpalllarolIerocs Tejia; v — OKpy>KHasi CKOPOCTh BpaleHus (M/c);
¥ — paJinyC BpAIlICHHUS.
Okpy>KHasi CKOPOCTh BpaIlleHUs OMPEACIISIETCS PABEHCTBOM

v =27nr, (4.2)
IJIe 71 — 9UCIIo 060pOTOoB (C ).
[ToncTaBuB BhIpakeHUE ISl OKPYKHOM ckopoctu (4.2) B ypaBHeHHe (4.1),
MOJTyYUM
oL C . P —
r
Otcroga BHAHO, YTO YHKCIO OOOPOTOB UEHTPUPYTH B 3HAUYUTEIHHO
OoJbIIIel CTETeH! BIMSET Ha 3HAUYCHUE IEHTPOOSKHON CHIIbI, YeM yBEIMUYCHUE
JuameTpa poTopa UEHTPUPYTH.
daxTop pazaeneHus
_E, 20mr’

P F mg

m

2
~2rn”

Hampumep, dakrtop pasgenenust mis IEeHTpUPyrd, poTtop KOTOPOH
BpaIaeTcs co ckopoctbio 1200 06/Mun (n = 20 ¢') u umeer muamerp 1 M,
coctaBuT 800, T.e. mpoLEcC OCAXKIEHUS CYCIIEH3UM B Takoll ULeHTpudyre
noJbkeH nporekaTth B 800 pa3 ObicTpee, 4eM B IpaBUTAILIMOHHOM MOJIE.

Lentpudyra B mpocteiieM BHJE MNPEIACTaBIIET COO0N BEPTUKAIBHBIM
UUWJIUHIPUYECKU  POTOp, KOTOPBIi MIPUBOJUTCS BO BpallEHUE
anekTpoaBurareneM. PoTop momenieH B HEMOABUKHBINA COOCHBIN KopItyc. Porop
MO>KET OBITh CO CIUIOIIHBIMU UK nepdopupoBaHHbIMU cTeHKamu. Llentpudyru
¢ nep@opupOBaHHBIM POTOPOM HA3BIBAOTCH Qunsmpyrowumu. Paznenenue
CyCHeH3WM B TaKuX NEHTpUdyrax OCYyIIEeCTBIACTCS MO  MPUHIUITY
bunbTpoBanus. LleHTpudyru co CrIONIHEIM POTOPOM HA3BIBAIOT OMCMOUHBIMUL.
B nentpudyrax sToro tuma ocaxacHue CyCIEH3UU MPOUCXOAUT IO MPUHITUITY
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OTCTauMBaHUS C TOW PA3HUILIEH, YTO JEUCTBUE CHUJIbI TSKECTH 3aMEHSETCA Ha
NelCTBUE IIEHTPOOESKHOM CHUIIBI.

4.2.1. IIpouieccol B OTCTOMHBIX LIEHTpUPyrax

B oOmem cnydae pasneneHue CyCHeH3MM B OTCTOMHBIX HEHTpUdyTax
CKJIaJIBIBA€TCS U3 JIBYX CTaIUM:

1) ocaxaeHue TBEpPIBIX YACTUI[ HAa CTEHKax poTOpa, IpOTEKaroliee IO
3aKOHaM TUJIPOIMHAMUKH;

2) ymioTHeHHe oOpa30BaBIIETOCS OCajKa, MPOTEKAlolee IO 3aKOHaM
JTUHAMHUKU TPYHTOB.

IIpu Manoil KOHIIEHTpAIlMu TBEPJbIX YAaCTHUI] B UCXOJHOWU CYCIEH3UU (10
4 00.%) wnabmomaercs cBOOOAHOE OCakAeHHE Oe3 o00pa3oBaHUS YETKOMH
MOBEPXHOCTH pa3ziesia MeKIy YACTOH KUAKOCTHIO U cycnieH3uei. [Ipu Gombimmx
KOHIEHTPALUAX MPOUCXOJUT CTECHEHHOE OCAXIEHHUE TBEpAbIX 4dacTull. [Ipum
3TOM oO0pa3yeTcs uYeTKash TpaHWIla pas3jelia BCJIEICTBUE BbIPaBHUBAHUS
CKOPOCTEHN OCaXACHUS KPYMHBIX U MEJIKUX YaCTHII.

Paznenstomasi cnocoOHOCTh OTCTOMHBIX HEHTPUDPYT XapaKTepu3yercs
UHOEKCOM  NpouU3BOOUmMenbHOCmU 2, PaBHBIM TPOU3BEICHUIO  IUIOLIAAH
LWJIMHIPUYECKON IIOBEPXHOCTH OCaKIeHUsA S Ha (akTop pasneneHus K,:

>=SK,

NHpaekc Npou3BOAUTENBHOCTH HMMEET Pa3sMEPHOCTh IUIOIIAJA W MOXKET
paccMaTpuBaTbCid ~ KaKk  IUIOIIAJb  OTCTOMHHKA, OSKBUBAJEHTHOIO IO
IIPOU3BOJAUTEIBHOCTH IS JAHHOM CYCIIEH3HH.

[IpuMEeHUTENBHO K LMJIMHAPUYECKOMY POTOPY AUaMETpoM D, B KOTOPOM
HaXOJUTCS CJIOW >KUAKOCTU TOJNIIMHOU A << D, Qaktop pa3aeicHus MOXKHO
OTHECTH K CPETHEMY JHAMETPY CJIOS KUAKOCTH (D — h):

F,=(D-hn’.

Ilmomans LUIMHAPUYECKOM IIOBEPXHOCTUM OCAXKICHUSA [ CPEIHETO
IaMeTpa CJI0s KUIKOCTU
S=n(D-h)L,
rae L — Ha poropa.
WHaexc npou3BOAUTEIBLHOCTH B 3TOM CIIy4ae MOKET ObITh HalJIeH Kak

> =nL(D - hy'n’.

[lomy4yeHHbie ypaBHEHUS CHOPABEAJUBBI Uil JIAMHHAPHOTO peXUMa
ocaxaeHus cycneHsuu. OIHAKO BCJIEICTBHUE BBICOKOM CKOPOCTH BpalLICHUS
MPOMBIIIUICHHBIX HEHTPUGYT U OONBIIUX 3HAYCHUN I[EHTPOOEKHON CHIIBI
OCXKICHHE YaCTHUIl MOXET MPOTEKaTh B MEPEXOAHOM WM TYpOYyJIEHTHOM
pexxume. UWHAEKC NpPOU3BOIUTENBHOCTH UEHTpUYrHm B ITOM  clydae
YMEHbILIAETCSI:

2= SRPO’715 B [IEPEXOTHOM PEKUME

n 2= Sl’(po’5 B TypOyJICHTHOM PEXKUME.
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dakTryeckas MPOU3BOIUTEIHHOCTh OCAAWTEIBHBIX MEHTPU(DYT 3aMETHO
OTJIMYACTCS B MCHBIIYIO CTOPOHY OT TEOPETUYECKH TMPEICKA3bIBAEMOUN. ITO
00BsICHIETCS:

1) oTcTaBaHMEM CKOPOCTH BpAIIECHUS >KUJIKOCTH OT CKOPOCTH BpalllCHHS
poTopa |, CICA0BATEIBLHO, YMEHBIICHUEM IIEHTPOOCKHOW CHIIBI, JEHCTBYIOMIEH
Ha YaCTHIIBI CYyCTICH3UU;

2) ABMIKEHHEM CYCIIEH3MH BJOJb POTOpa B LEHTPpU(PYrax HEMPEPHIBHOTO
JNEHUCTBUS M, CIICIOBATEIIbHO, OTKJIOHCHUEM JBIKCHHS YaCTHI[ CYCIICH3HH OT
paaruaJIbHOTO HAIPABJICHUS,

3) obpa3oBaHHEM JIOKAJIbHBIX TYPOYJEHTHBIX 30H Ja)Ke MPH JaMUHAPHOM
OCQXKJICHUU CYyCTICH3UH B II€JIOM, YTO MPUBOIUT K B3MYyYHBAHUIO OCAIKA.

4.2.2. KoHCTpYKIIUH LEHTPUPYT

[To BemmumHe (hakTOpa pasaencHus NEHTPUDYTH ACTATCS Ha HOPMAIbHbLE
nentpudyru (F, < 3500) u ceepxyenmpugyeu (F, > 3500).

HopwmaibHbie HeHTpUpyru MOTYT ObITh OMCMOUHBIMU U DULLMPYIOUUMU.

B 3aBucMMOCTH OT OpraHuzaiuu mpoiiecca HEeHTPU(Yru MOTyT OBITh:

*  nepuoouueckoeo oeucmeus — ¢ NEPUOJUUYECKON 3arpy3Koil CycreH3uu
U TIEPUOJIMYECKUM CIUBOM (yraTa U BHITPY3KOM Ocajka;

*  NOJYHenpepvigHO20 Oelicmaus — C HENPEPhIBHON 3arpy3Koi CyCleH3Uu
U HENPEPhIBHBIM  BBIBOJIOM (yrata B TMpeaenax OJHOTO IMKIa, HO C
MIEPUOIUYECKON BBITPY3KOM OCaKa;

*  Henpepuvli8HO20 OeUCmEUs.

Tpexkononnsle neHtpudyru (puc. 4.2) OTHOCATCS K HOPMaJIbHBIM
OTCTOMHBIM HeHTpUdyram MepUOIH-
yeckoro jaeiicteus. CBoe Ha3BaHHUE OHU
NOJIYYUJIM U3-32 TOrO, YTO KOPILYC
neHtpudyru 1 moxaBemeH Ha Tpex
onopax 2. BHyTpu HENOABUKHOIO
KOpIyca BpAaIlA€TCs YCTAHOBJICHHBIN

1
2_\
_\§
HAa BEPTUKAIBHOM Baly potop 3.

CycneHs3uA 4 Ocanok

3arpy3ka CyCIIEH3UM IPOU3BOAUTCA
OpU  HENOJBWKHOM pOTOpE depes
BepxHIOKO KpbllKy 4. Ilocne wero
KpBILIKA  3aKpbIBaeTCsi, M  POTOP .|.

HeHTpU(dyru MNPUBOIUTCS BO Bpalle-

nue. Ilocme oxoHwanms 1eHTPUQY- Puc. 4.2. TpexkonoHHas ueHTpudgyra
TUPOBAHHUS BpalllCHUE poropa

npeKpamaercs, KUAKOCTb  ((yrar)

CIIMBAETCSl 4Yepe3 HIKHUW IUTYLEpP, a OCAAOK BBIIPYKAETCS YEpe3 BEPXHIOKO
KPBIIIKY WM HWKHUH JIIOK, KakK TMpPaBWIO, BpPYUYHYIO. TpexKoJIOHHBIE
HEHTPU(PYTU MOTYT OBITh BBINOJHEHBI ¢ GUIbTPYIOIUM poTopoM. Llentpudyru
3TOr0 TUMA OTIMYAIOTCA OOJIBILION TPYIOEMKOCTHIO OOCITY>KMBAHMSI M HU3KOM
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IPOU3BOAUTENFHOCTIO. YJICNBHBI PacxXxod JJIEKTPOIHEPTHH 3HAYUTEIIBHO
BBIIE, YeM B IICHTpU(Yrax JIpyrux THIIOB H3-3a YaCTOH PACKPYTKH H
TOPMO’KEHHUSI MACCUBHOTO POTOPA.

JIIsT OYMCTKU TPOU3BOJICTBEHHBIX BOJ| HUX HCIOJIB30BaHUE OTPAHUYCHO,
HampuMep yJaJeHHeM O0pa30BaBIIErOCs MEIKOANCIIEPCHOTO OCajKa IpH
XUMHYECKOM OCQXKJICHUHU COJIEH METAJUIOB B MEPUOJUICCKIX TEXHOJIOTHUECKUX
IpoLEeccax ¢ MaJIbIM BOJOOTBEICHHUEM. '

[ToxsecHble HEHTPUPYTU OTHOCATCS K @
HOPMAaJIbHBIM IIEHTpU(yraMm OTCTOHHOTO
TUTIAa  TIOJYHENPEPHIBHOTO  JICUCTBUS
(puc. 4.3). CycneH3usi HEMPEPHIBHO MOJ1a-
eTcs BO BpAIIAIOIIUNCA POTOpP, 3aKper-
JICHHBIN Ha HIDKHEM KOHIIE Bajla dJIEKTPO-
neurartens. Tepaas daza oTOpachiBaeTCs
K creHkaMm potopa. Kunkas ¢daza
coOupaercs B BHUJIEC KOJIBIEBOTO CIIOS

CycneHIuA

OnmKe K OCH poropa M IO  MEPE T T myra-r[
HAKOILJIEHUS TIEPEUBACTCS YEPE3 BEPXHUI Il

Kpail poTopa B IPOCTPAHCTBO MEXKIY HUM Ocagok

¥ HENOJABWKHBIM  KOXYXOM, OTKyJa

yJaIAeTCs Yepe3 BBIXOAHOH MTyIIep. Puc. 4.3. lNoasecHas ueHTpudyra

I[Ipy HakoruieHMH CJIOS  OcCajKa
OTIPEICIICHHOM TOJIIMHBI IEHTpUudyra oCTaHABIMBACTCS, IPHUIIOTHUMACTCS
KOHMYECKasi KpBIIIKA, 3aKpblBalolllas OTBEPCTHE B JIHUINE, U OCAJOK
BEITPY)KAETCSI BPYYHYIO WJIM B aBTOMATHYECKHX IEHTPUPYrax ¢ MOMOIIBIO
CKpeOKOB IIPU MEJJICHHO BpallaloieMcsi pOTOpeE.
B CaMopasrpyKaroUMXCs
MOABECHBIX IIEHTpUdyrax poTop
UMEET KOHHMYECKyI (opMy cC
YIJIOM HAaKJIOHA CTEHOK MEHBIIIE
yrjla  €CTECTBEHHOTO  OTKOcCa
obpasyromerocs  ocaaka. Ilpm &= — /4
OCTaHOBKE IICHTPUGYTH OCaTIOK
CITOJI3a€T BHU3 CO CTEHOK pPOTOpA.
['opu3oHTAIBHBIE  LIEHTPU- e
byru ABISIOTCS, KaKk MpaBUIo,
HOPMaJIbHBIMU  (QUIBTPYIOLIUMHU
HeHTpu(yraMu  HENPEPHIBHOTO
nevctBus (puc. 4.4).
Porop  Takux  neHTpudyr Puc. 4.4. TopusoHTanbHas LeHTpudyra
YCTAHOBJIEH  TOPU3OHTAJILHO | C MyNbCUPYIOLLUM MOPLLHEM
UMEET MWIMHAPUYECKYIO WJIU CJIer-
Ka KoHu4eckyr ¢opmy. CycrieH3us IMojaercs BHYTPh poTOpa IO0 Tpyoe.

CyCrneH3nA

®yrat Ocapnok
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Kunkas ¢aza ypansercs U3 poTopa uepe3 MnepOpUPOBAHHBIE CTEHKH,
NOKpPBITBIE (UABTPYIOIMM MaTepuasioM. OcaJok yaanserca U3 LeHTpUudyru
JM00 C TOMOIIBI0 MYJIbCUPYIOIIETO MOPIIHS, JUOO € MOMOIIBIO IIHEKOBOTO
YCTPOMCTBA.
Lentpudyru ¢ MHEPIUOHHOW BBITPY3KOW OCaJKa MPEACTABISIOT COOOM
HOpMaJibHble ~ (QUIBTPYIOIIME UEHTPU(PYTH HENPEPHIBHOTO  JEUCTBUS C
KOHUYECKUM poTopoM (puc. 4.5).
CycneHauns Cycnensust nonaercss B LEHTPHU-
¢yry cBepXy U HOJ JEHCTBUEM
IEHTPOOEKHOM CHIIBI OTOpACHI-
BaeTcsi K CTeHKaM mnepdopu-
poBanHOro poropa. Ilpm s3TOM
xKuakas (a3za MPOXOAUT CKBO3b
OTBEPCTUSL POTOpA M YNAIAETCS
U3 LEHTpU(yru yepes3 CIMBHOM

v - )[D mrynep. OOpa3oBaBIIMCS Oca-
rat

4 Ocapok JIOK, YTOJl TPEHUS KOTOPOTO

MEHbIIE, YeM Yyroja HakJIoHa

Puc. 4.5. Llentpudpyra CTCHOK pOTOpa, IepeMEIIaeTCs

C MHEPUMOHHOM BbIrPY3KOW OCaKa BJIOJb CTEHOK pOTOpAa BHHU3 U

yAIsIeTCs U3 anmnapara.

Ecnu BMECTO KOHMYECKOTO BHYTPEHHETO POTOpPA YCTAHOBUTH KOHUYECKUHI
IIHEK, YacTOTa BpAIICHUS KOTOPOrO0 HECKOJIbKO HMYKE€ YacCTOThl BpAalLECHHUS
poTopa, TO OCaJOK MOXXHO YJaJsATh NPUHYAUTENIBHO, PEryJupys HpH 3TOM
IPOAOKUTEIBHOCTh TMpeObIBaHUSA OCaZKka B LEHTPUPYre U CTENEHb €ero
00€3BOKHBaHUSI.

Lentpudyru ¢ HEnpepbIBHOM BBITPY3KOM oOcCajka XapaKTepU3yrTCs
BBICOKOU MPOU3BOJUTENBHOCTHIO.

Hampumep, HeOonbiias ueHtpudyra c pasmepamu portopa 1x1 M u
IUIOUIAZBI0  (DUILTPOBAHHMS OKOIO 3 M°, (haKTOp pasjeNeHus KOTOPOii
npubmmxkaercs k 1000, 3KBUBaJ€HTHAa MO MPOU3BOAMTEIBLHOCTU OTCTOWHUKY,
monaas kotoporo pasua 3000 M

Henocratkamu 1eHTpUQYT SBISETCS BBICOKMHA PACXOJl 3JIEKTPOIHEPTUU U
CPaBHUTEIHHO HEOOJIBIIOHN (110 OTHOIIEHUIO K OTCTOMHUKAM) CPOK CITY>KOBI.

5. PUJIbTPOBAHUE

Qunvmposaruem Ha3bIBAIOT Iporecc paszaeneHus cycCIre3uu
C UCIIOJIb30BAHUEM ITOPUCTBIX MEPErOPOAOK, KOTOPBIE 3aE€PKUBAIOT TBEPAYIO
dazy u mpomyckaroT XKUAKYI0. KUIKOCTh ABUKETCA 4epe3 (PUIbTPOBAIBHYIO
MEPETOPOJIKY MOJ ACUCTBUEM PA3HOCTHU JABJIECHUN C OJHOWU U IPYTrOM CTOPOHBI
MEePEropoaKu, B YaCTHOCTHU, 3TO MOXKET OBITh THAPOCTATUYECKOE JABJICHUE CIIOSI
CycrneH3uu HaJ GUIbTPOBAILHON MEPETOPOIKOM.
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5.1. 3akoHomepHOCTH PUILTPOBAHMS

YacTuipl CycreH3ud MOTYT MPOHUKATh B MOPHI MEPETOPOAKH M OCenaTh
B HUX, HE o00pa3ys ocaJka Ha MOBEPXHOCTU. TakoWl mpouecc Ha3bIBAIOT
Gunvmposanuem c¢ 3akynopusavuem nop. BEcIW 4YacTHIBl CYCHEH3UH He
MPOHUKAIOT B (PUIIBTPOBAIBHYIO IEPETOPOJIKY, & MOTHOCTHIO 3a/IEP)KUBAIOTCS HA
ee MOBEPXHOCTH, TO TaKOM TMPOIECC  HA3bIBAIOT  QuibmposaHuem
c obpazoeanuem ocaoxa. Ha mpakTuke TOT WIM HHOW BUA (PUIHTPOBAHUS
B YMCTOM BHJI€ HUKOI'/Ia HE peaTn3yeTcs.

TBepaple yacTHIBI, YyBJIEKa€MbIE IOTOKOM >KMJIKOCTH K IOBEPXHOCTU
HEePEropoJIKi, MOTYT MOMAaJIaTh B pa3IU4HbIe yCioBUsA. Eciu nuameTp 4acTULIbI
Oonpllle nUaMeTpa Mop, TO, OYEBHJHO, YacTHUIa HE MPOHUKHET BO BHYTPb
GunpTpyromen neperopoiku, a 3aJACpKUTCS Ha MOBEPXHOCTH. Eciam amamerp
YaCTUILIbI MEHBIIIE IUAMETPA MOP, TO BO3MOXHBI BAPHAHTHI:

1) gacTuiia MOXKET MPONTH Yepe3 MEePETOPOAKY BMECTE C )KHUIKOCTHIO;

2) MOXET 3aJepKaThCs BHYTPH MEPETOPOAKH 3a CUET aJCOpOIUH WIH
MEXaHUYECKOTO TOPMOXKEHHUS TPU PE3KOM M3MEHEHUH HAIPaBIICHUS IBIKEHUS,
BBI3BAB TEM CaMbIM YACTUYHYIO WJIH MOJHYIO 3aKYIIOPKY MOPbI;

3) MOXET HE BOMTH B YCThE MOPHI, €CIIM HAJl YCTHEM YiKe 00pa30BajICsi CBOJI
u3 Oonee KpymHbIX yacTull. OOpa3oBaHHE CBOJOB HWIPAET BAXKHYIO pPOJb B
nporeccax GUIbTPOBAHMUS.

Haumenee xenatenbHO (pUiIbTpOBaHUE € 3aKyNOPUBAaHUEM IOp, TaK Kak
COTPOTUBIIEHUE (QUIBTPOBAIBHON MEPETOPOAKH IPU 3TOM OBICTPO BO3pACTaET,
a CKOpoCTh Tpoliecca majgaer. Perenepanust (QpuibTpoBajIbHOW MEPEropoiKU B
3TOM CIIy4ae CHUJIBHO OCJIOXHSETCS, a MHOTJa BOOOIIE CTAaHOBHUTCS HEBO3MOXK-
Hoii. [ToaTOMy (punmpTpOBaHME cTaparOTCsl BECTU B PEKMME HAKOTUICHHUS OCAIKa.
Jis 3TOro o4eHb pa30aBICHHBIC CYCICH3UH MPEABAPUTENHHO CTYIIAIOT B
OTCTOMHUKAaX WM J00aBISIOT K HUM GCHOMO2ameibHble (QUIbmpos8anbHbie
gewecmea, WIM HAHOCAT CIIOM TaKUX BEIIECTB HEMOCPEACTBEHHO Ha
(GUIBTPOBAIEHYIO TIEPETOPOIKY MEpea Moiadeil Ha Hee CycleH3un. B kadecTBe
BCIIOMOTATENIbHBIX BEUIECTB MCMHOIB3YIOT MPUPOIHBIE BOJIOKHUCTHIE MaTEPUAIIbI
— acOecT, UEeJUII0JIO3Y WU CIEUUaTbHO MOATOTOBIICHHBIE TOHKOAMCIEPCHBIE
MaTepHalibl — TUaTOMUT, aKTUBUPOBAHHBIN YTrOJib, IPEBECHYIO MYKY.

BcnomoratenbHble MaTepuanbl COCOOCTBYIOT 0Opa30BaHUIO CBOJOB Haj
YCTbSIMM ~ TIOp, MpPEMSATCTBYS  TakuM  oOpa3oM HUX  3aKy[NOpPUBAHHUIO.
BcromorarenbHbple MaTepuaibl 4acTO 00JIaaloT COpOLMOHHBIMHU CBOMCTBaMHU
¥ TIOTJIOIIAIOT PACTBOPEHHBIE B )KUIKOCTHU BEIIECTBA.

Ocanku, moimyyaemble Ha (UIBTPOBAIBHON MEPETOPOJAKe, MOAPA3ACISIOT
Ha corcumaemvie U Hecocumaemvle. 1107 HeCKMMaeMbIMU TIOHHMAIOT TakKue
0CaJIKu, TOPUCTOCTh KOTOPBIX (OTHOIIIEHHE 00beMa MOop K 00bEeMYy OCalika) He
YMEHBIIIAETCS TPY YBEIWYCHUH JaBieHHs. [[opucTocTh CKMMAaeMbIX OCAaJIKOB C
POCTOM JIaBIICHUS] YMEHBIIIAEeTCS, & UX COMPOTHUBIIEHHE BO3PACTALT.

K mpakTudeckn HEC)KUMAEMBbIM OCaJIKaM MOXHO OTHECTH OOJIBIINYIO 9acTb
MUHEPAIbHBIX KPUCTAIUIMYECKUX BEIECTB: MECOK, HEPACTBOPUMBIE KapOOHATHI,
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cynbdathl U T.1. ¢ pazMepom yactull 100 mxm u 6osee. K cuiibHO CKUMaeMbIM
0CaJKaM OTHOCSITCA TUAPOKCHUJIBI METAJIJIOB, MOJYYEHHBIE OCAKICHUEM, & TAKKE
0CaJIKi, 00pa3yroIIrecs B pe3yJIbTaTe KoaryJisaliK KOJIJIOMIHBIX PACTBOPOB.

5.2. YpaBHeHus1 pUJIBTPOBAHUA

PasHocTh maBieHHMit MO0 00€ CTOPOHBI (WIBTPOBAIBHON IEPETOPOIKU
CO3JIAIOT PA3JIMYHBIMK CIIOCOOAMHM, B PE3YJIbTATE YEro Peau3yr0TCs pa3InyHbIC
CrocoObI PHIIBTPOBAHUS.

Ecin naBiienne Hall IEperopoIKON CO3/MaeTCs CHKAThIM BO3yXOM HJIH IO
NIEPEerOpPOJIKON CO3MaeTCs BaKyyM, WM (QUIBTPOBAHUE TIPOBOMAT 3a CUYET
THIIPOCTATHYECKOTO JaBJICHHUS CJIOS CYCIICH3WU TIOCTOSHHOW BBICOTHI, TO
IPOIIECC HA3BIBAIOT PUibMpPOBAHUEM NPU NOCOSIHHOM dasieHuu. [Tpu sToM 10
Mepe HaKOIUICHHS OCaJKka ero CONPOTUBICHHWE BO3PACTaeT, U CKOPOCTh
(GUIBTPOBAHHS YMCHBIIIACTCSI.

Ecim  cycnensuio mojgaloT  Ha  (GWIBTP  MOPHIHEBBIM  HACOCOM,
POM3BOIUTEILHOCTh KOTOPOTO MOCTOSIHHA, TO MMPOUCXOAUT PUIbMPOBAHUE NPU
nocmosiHHou ckopocmu. IIpr 3TOM 0THOBPEMEHHO C BO3pacTaHUEM TOJIIIUHEI H,
CJICZIOBATEIILHO, COTIPOTUBJICHUS CJI0S OCaIKa BO3pPACTACT Meperna;y JaBJIcHUH Ha
(GUIBTPOBAILHOM MIEPErOPOIKE.

Ecmu  cycneHsuro momaroT Ha  QWIBTP UEHTPOOSKHBIM  HACOCOM,
IIPOU3BOUTEILHOCTh KOTOPOTO 3aBUCHT OT CONPOTUBIICHUS, TO (uUibmposanue
NIPOTEKACT NPU NEPEMEHHOU CKOPOCMU U NePEMEHHOM OABIeHUU.

5.2.1. OcHoBHOE ypaBHEHUE (HUITBTPOBAHUS

CkopocTh JI0060T0 Tpoliecca, B TOM 4YHCIEe W Tpolecca (GUuiIbTpoBaHUS,
B O0IIeM ciyyae MpOMOPIHOHAIbHA IBMXKYLICH cuje mpoiecca U 00paTHO
POIMOPLMOHAIBHA  CONPOTHUBICHHIO. JIBrKymied Ccuioi  (QuiIbTpOBaHUA
ABIIIETCS PA3HOCTh JABICHUN C JIBYX CTOPOH (PHIBTPOBAJIBHOW MEPEropoKu
Ap. ComnpoTtuBieHue rmporeccy GUIBTPOBAHUS CKJIAIbIBAETCS W3 COMPOTUB-
JIEHUS CIIOA Ocajka R,. U CONPOTUBICHUS (UIBTPOBANBHON MEPETOPOIKU Ry
Kpome Toro, ckopocTh (puiibTpoBaHUsS OOpaTHO MPOIMOPIIMOHATBHA BSI3KOCTH
KUAKOCTH w. [TockonbKy npu PUIBTPOBAHUYU ABUKYILAS CUJIA U CONPOTUBIICHUE
U3MEHSIOTCS BO BPEMEHM, CKOPOCTb (DUIBTPOBAHUS TPHUHATO BBIpAXaTh B
nuddepennuanbHoOl Gopme:

dV Ap

“Tsa T R, +R,) (.1

rie w — CKOpOCTh (QuiabTpoBaHus, m/c; V' — o0bem (QuibTpara, M S —
MOBEPXHOCTh (DMIBTPOBAHHSA, M’; { — MPOIOIIKHTEIBHOCTD (DUIBTPOBAHHUS, C;
Ap — pa3HOCTb NaBJICHHUI, H/m%; [l — BSI3BKOCTB KUJIKOM (ha3bl, H-c/™M%; Ry 1 Ryn —
COMPOTHUBJIEHUS  closi  ocaaka U (GUIBTPOBAIBLHONM  MEPEropoJIKH,

-1
COOTBETCTBEHHO, M .
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JUIsi UHTETPUPOBAHUS 3TOTO YpaBHEHHUS HEOOXOJIMMO 3HATh 3aBUCHUMOCTH
CONPOTHUBJIEHUS cllosl ocajaka R,. oT oObema nonxyuyeHHoro ¢guubtparta V. Ilpu
NOCTOSIHHOM JIaBJICHUU M TTOCTOSIHHOM KOHIIEHTPALlMU CYCIIEH3UMH 00bEM OCajKa
V,. mponopuuoHaneH oobeMy (uiabTpaTa:

Voc =X0 V.

KoaddurueHT mponopiinoHaIbHOCTH Xy €CTh HE YTO WHOE, KaKk 00beMHAsl OIS
TBEpI0i (pa3bl B CYyCIICH3UHU.

C npyroii cTOpoHBI, 00bEM OCaJiIka paBeH MPOU3BEICHHUIO TOJIIIUHBI CIIOS
ocajika /,. Ha TOBEpXHOCTh (DUITBTPOBAHMUS:

Voe = hooS.
OTcroza TONIIMHA CJI0S OCaJIKa
h, =x, % ,
a €ro CONPOTHUBJICHUE

-2
i€ 7'p — YAEIbHOE 00bEMHOE CONIPOTUBIIEHUE CII0S OCaAKa, M .

[ToncTaBuM MOy4eHHOE BBIPAKEHUE NI COMPOTUBIICHUS CJIOSI Ocajika R,
B (5.1) ¥ mOAy4YUM OCcHOBHOE ypasHeHue PUIbLMpPosanus

dVv Ap

Sdr v - (5-2)
| X, < +R,,

5.2.2. YpaBHeHue GUIbTPOBAHMS MPU MOCTOSIHHOM JIABJICHUU

[Ipy 1OCTOSHHON pa3HOCTH JaBJIEHUM Ap = const U HEU3MEHHOU
TeMIiepaType i JaHHOW (PUIBTPOBAIBHOM MEPErOpOJIKM BCE BEIUYMHBI B
BBIBEJICHHOM BBIIIE ypaBHEHUH (5.2), 32 UCKIIIOUEHUEM V U ¢, TOCTOSIHHBI.

Pa3znenum nepemennbie

,u(roxo % +R,, jdV = ApSdt
Y IIPOMHTETPUPYEM ITO ypaBHeHHe B npenenax ot 0 1o V'u ot 0 o ¢

MTVCJV + yR(pn_TdV - Apsjdt ,
S 0 0 0

Vz
£l LR,V = ApSt
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[IpuBeneM TOMyYeHHOE KBaJpaTHOE ypaBHEHHWE K HOPMAJIbLHOMY BHIY,
pazaenuB 00€ YacTu Ha uryxo/2S:
R,S ApS’t
2
praplenty oo L _ (5.3)
oXo HIyXo
[TomyyeHHOE ypaBHEHHE OIMCHIBAET 3aBUCUMOCTh 0O0beMa (uiIbTpara OT
BpeMeHU (QUILTPOBaHUA. ITO YpaBHCHHE MPUMEHUMO KaK K HEC)KUMAEeMbIM, TaK

H K C)KUMAaCMBIM OCaaKaM, ITOCKOJIbKY IIpU IMOCTOSAHHOM AJAaBJICHHUHN 3HAUYCHHA X
U ro TAaKKC ITIOCTOSHHBI.

5.2.3. YpaBHeHue GUIbTPOBAHUS MPU MOCTOSTHHOM CKOPOCTH

Jlnst  GunabTpoBaHUS TPH TOCTOSIHHOM CKOPOCTH MPOU3BOAHYIO dV/dt
B OCHOBHOM ypaBHEHHM (puibTpoBaHus (5.2) MOXKHO 3aMEHUTh Ha OTHOIICHHE
KOHEYHBIX BEIUYUH V/t:
V Ap

St V '
,u(roxo 5 + qun)

Pemras mony4eHHOE ypaBHEHUE OTHOCUTENBHO Ap, OIYUYUM

v & 4
Ap=—-I|1x,—+R, |=rx,—1t+ —
\p (0 0°g (j)nj Hry 0722 /lR([m S

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

N3 ypaBuenus (5.3) BUAHO, 4UYTO COMNPOTUBJICHUE QUIBTpA MPHU
(GUIBTPOBAaHUM C TIOCTOSHHON CKOPOCTHIO JIMHEWHO BO3pAacTaeT BO BPEMEHHU.
OTO0 ypaBHEHHUE CIIPABEUIMBO JIJIS1 HECXKMMAEMBIX OCAJKOB.

5.2.4. OnpeneneHue NOCTOSHHBIX B YPaBHEHUAX (DUIBTPOBAHUS

3HaueHust Kod(pPuuueHToB B ypaBHeHUsX (uibTpoBanus (5.3) u (5.4)
HAXOJSAT ONBITHBIM IyTeM. {715 3TOro ypaBHEeHUs! NPUBOAST K JIMHEUHOMY BUIY.

Paznenum o0e wyacTu ypaBHEHUS (DUIBTPOBAaHUS TMPU IOCTOSSHHOM
naBieHuu (5.3) Ha yJIBOEHHBIH O0BEM CYCNEH3UM 2V U NOMEHSIEM MeCTaMu
JEBYIO U MIPaBYIO YacCTH:

wx, Vo2 nx,

[IpeoOpa3yem noslydeHHOE ypaBHEHUE K BULY

r_ /U”oxo2 -V+/qubn '
V. 2ApS SAp
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[lonyyenHoe ypaBHeHME B KoopauHatax V — ¢/V mpencraeiser coOoit
yPaBHEHHE NPAMOW, OTCEKAIOUmIed Ha OCh /) OTpe3oK, paBHBIM uR;,/ApS,
TAHIeHC yIya HAKIOHA KOTOPOil paBeH uryxo/2ApS” (puc. 5.1).

OmnpenenuB >KCHEPUMEHTAIBHO

s 3aBucuMocThb #/V = f(V) u moctpoun
rpaduk 3TOW 3aBUCUMOCTH, 1O YTy
HAaKJIOHA  MPAMOM  OIpEHessieM
3HaYeHue Ry,, a IO OTPE3KY,
OTCEeKaeMOMY Ha OCH OpJMHAT,
OIlpesessieM YIEJIbHOE CONpPOTHUB-
JICHHEe ocajaka r,. Bce ocraibpHbIC
NIEPEMEHHBIE OIMPEIEISIOTCS He3aBU-
CUMO WJIM SIBIITFOTCSI TEXHOJIOTH-

JU“R@?’I {
—= YEeCKUMHU [1apaMeTPaMHU.
ApS
0 i VYpaBHeHue puiIbTpoBaHUS MPU
MMOCTOSTHHOM CKOpPOCTH (5.4)
Puc. 5.1. OnpegeneHve KOHCTaHT IPEeACTaBIsIeT COOOH NPAMYIO B

yPaBHeHNs UrbTPOBaHMS KoopauHaTax Ap — ¢, oTcekaromen

Ha OocH Ap OTpEe30K, PaBHBIA (R;,w, TAHTE€HC YIJIa HAKJIOHA KOTOPOW paBeH
2
UFoXoW'.
5.3. ®uabTpoBaAJIbLHbIE IEPETrOPOAKH

OubTpoBaIbHAS MEPETOPOIKA MPEJCTABISAET COO0M CYIIECTBEHHYIO YacTh
buabTpa, W OT MPaBUIBHOCTH €€ BHIOOpa 3aBUCAT MPOU3BOIUTEIHHOCTH
GbuIBTpa M CTEMEHb OYMCTKH MPOU3BOJACTBEHHBIX CTOYHBIX BOJI OT B3BEIICHHBIX
YaCTHLL.

[leperoponka m0KHA UMETh TOPHI BO3MOKHO OOJBIIEr0 pazMepa, YTOOBI
CHU3UTH €€ THAPABIMYECKOE CONpoTUuBIcHHE. OAHAKO pa3Mep MOp HE JOJIKEH
MPEBBIIATh HEKOTOPOW BEJMYMHBI, OOECIeUMBaIOed XOpOolly QGUIbTPY-
IOLYI0 crtocoOHOCTh. [IpenBapurenbHblil BEIOOP GUIBTPOBATLHON NMEPErOPOIKH
OCHOBBIBA€TCSI HA COINOCTAaBICHUM JUCIIEPCHOTO COCTaBa  OTHAEIAEMOM
CYCIIEH3UHU U PACIPEACIICHHS IOp MO paguycaM I Pa3JudHbIX NEPETOPOAOK.
OxoHYaTeNbHbIN BEIOOP MPOU3BOIUTCSA MOCIE SKCIIEPUMEHTAILHON TPOBEPKH.

Bce ¢unbTpoBanmbHbIe MEPEropoAKd MOTYT OBITh KIaCCHU(PHUIIMPOBAHBI T10
HECKOJIbKUM IpU3HAKaM.

[To nmpuHLMNYy AEHCTBHUS MEPETOPOJKH PA3JENAIOT HA HOBEPXHOCHIHbIE
u 2nybunnvie. Ha TOBEPXHOCTHBIX MEpEropojkax (UIbTPOBAHHE MPOTEKAET
C HAaKOIUICHHEM OCaJiKa, Ha NIYOUHHBIX MEPEropoaKax — C 3aKyHOPKOil mop.

[leperoponku Moryt OBITh KiIacCU(PUIMPOBAHBI IO MaTepualty, U3
KOTOPOTO  OHHM  HW3TOTOBIIEHBL:  XJI0NYAmMOOYMAdCHble,  CUHMEemuyecKue,
cmekAHHble, Kepamuyeckue U T.A. Takas kinaccuukanus yao0Ha i OUEHKH
MEXaHUYECKON MPOYHOCTA U XUMUYECKONU CTOMKOCTH NEPETOPOJIOK.
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ITo cTpykType (GuiIbTpoBaIbHBIE NEPETOPOAKH MOAPA3IAEIAIOTCS Ha ubKuUe
U HecuOKue, a HErMOKHE IMEPEroOpoJKH B CBOIO OUYepellb NOIAPA3ACIAIOTCA Ha
Jicecmkue, COCTOSILIUE W3 CBSA3AHHBIX TBEPIABIX YaCTHLl, M Hedcecmkue,
COCTOSIIIIME U3 HECBA3AHHBIX TBEPBIX YACTHII.

5.4. Koncrpykuuu GpujibTpoB

OnHOI M3 OCHOBHBIX XapaKTEPUCTHUK, UCIOIB3YEMbIX IS KilacCU(pUKALINH
GUIBTPOB, SBISETCA PEKUM UX PAOOTHI: nepuoouyecKutl Ui HenpepulEHblll.
JIns OYMCTKH TPOU3BOJICTBEHHBIX CTOYHBIX BOJI HMCIOJIB3YIOT, Kak IPaBHIIO,
BBICOKOTIPOU3BOIUTEIbHBIE (PHIIBTPHI HEMPEPHIBHOTO ICUCTBUSI.

[lo cmocoby co3maHus mepenaga JAaBiIeHUA Ha (UIBTPOBAIBHON
MIEPETOPOJKE pa3uyaroT GUIBTPHI, paboTaromue nod dasieHuem, U GUIbTPHI,
paboTarommue noo gakyymom. OUIbTPhI, paboTaroIue Mo AaBICHUEM, JOTHKHBI
ObITh OOJiee TPOYHBIMH U, CJENOBaTelIbHO, Oo0Jee TPOMO3ZAKUMU H
METaNIOEMKUMH.

Yucno KOHCTpYKUMA PuiibTpoB oueHb Benuko. Huke OyyT paccMOTpEHbI
HECKOJIbKO HanOoJiee pacrnpoCTPaHEHHBIX THUIOB (UIBTPOB HENPEPHIBHOTO
JIEHCTBUSI.

bapabGannsiii Bakyym-punstp (puc. 5.2) mpeactaBisier coOoi ammapar
HEMPEePBIBHOTO JEHCTBUA, paboTaro- -

AN T10]T pa3pexkeHneM. OUIIbTp UMe-

€T TOPU3OHTAJIbHBINA TNephOpUPOBAH- e e

HBI MeTajMyeckuii GapabaH, IIO- "4 '
KPBITBIA CHApPYXH (UIBTPOBATLHON
TKaHbIO. bapabaH BpaIIAeTCsd BOKPYT ot
cBoeil ocu U Ha 1/3 morpykeH B cyc-
IIEH3HI0. BHYTpEHHsA MOJNIOCTh Oapa- — 2o
O0aHa pas3fesnieHa Ha psAJl U30JUPOBaAH-

HbIX cekiui. [Ipu Bpamenuun Oapa-

0aHa CeKUMH TMOO0YEPEeTHO TOJCOo-
CAMHSIOTCA  JIMOO K  HUCTOYHHKY

BaKkyyma, JIMOO K JIMHUHM CKaTOTO
BO3yXa. Puc. 5.2. BapabaHHbIn BakyyM-punbTp

Ocatok

Buytpun cexumii, cornpukaca-
IOIUXCSL C CYCIIEH3WeH, co3faeTcss BakyyM. IIpm 3TOM JKHIKOCTB MPOXOAMT
yepe3 GUIbTPOBAIbHYIO TKaHb BO BHYTPEHHIOIO TIOJIOCTh OapabaHa U yaalseTcs
U3 HETO 4Yepe3 JPEHaXHBIM TPyOOmpoBOA, a Ha (UIBTPYIOMEH MOBEPXHOCTH
obOpasyercss ocamok. [lpm panbHeimem BpameHwn OapabaHa CeKIUS
NOJICOENHSAETCS K JIMHUU CKATOro Bo3ayxa. Ocagok pa3pbIXiIIeTcs, OTAEISIETCS
oT QUIBTPYIOIIEH TKAaHU U CHUMaeTcs ¢ ObapabaHa ¢ MOMOIIBIO HOXKa.

bapabGannpiii BakyyM-QuiabTp ¢ HEOOJBIION CTENEHBIO TOTPYKEHUS
OapabaHa B CyCHEH3UI0 HamOoJiee MPUTOJEH [JIsi pa3/elIeHHs] CYCIEeH3UN ¢
BBICOKOM KOHIEHTpAlMEd TBEPABbIX YACTHUL, MEIJIEHHO OCEHAIOUIUX 0[]
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JNEUCTBUEM CHJIbI TsDKECTH. [Ipu 3TOM CBOMCTBa pa3nensieMod CyCIIEH3UU
JOJIKHBI OBITh HEU3MEHHBI, MOCKOJBKY i 3TOro (UiIbTpa, B OTIUYHE OT
GUIBTPOB MEPUOAUYECKOTO ACHCTBUS, HEIb3S MU3MEHATHh MPOIOJIKUTEIBHOCTD
OTAEJIBHBIX CTAaIUN IIpoLecca.

K nocrounctBam storo ¢uiabTpa, KpoMe HENPEPHIBHOCTH €ro JEUCTBUS,
MOXXHO OTHECTHM HAJEXKHOCTh pPabOTBI M  MPOCTOTY  OOCTY>KUBAHUS.
K HemocTaTtkaM — HEOOJIBIITYI0 TTOBEPXHOCTh (UIBTPO-BAHUS O CPABHEHHIO C
TUIOMIAbI0, KOTOPYIO 3aHUMAET caM (UIbTP, U BEICOKYIO CTOMMOCTb.

JluckoBbIil BakyyM-unbsTp (puc. 5.3) coctout
Y3 HECKOJIBKUX BEPTUKAIBHBIX JUCKOB, HACAKEHBIX
Ha TIOJIBI TOPU3OHTAJIBHBIA BaJl HA HEKOTOPOM
pPacCTOSTHUM APYT OT Apyra. Kaxkaplii TUCK UMeEeT C
o0eux cTOpoH pudICHYIO MTOBEPXHOCTbD, MOKPHITYIO
(GuIbTPOBANBLHON TKaHbIO. [[MCKM modYTH Hamojo- Crare
BUHY TMOTPYKEHBl B PE3€pByap C CYCIICH3UEH.
BHyTpu BajJla CMOHTHUpPOBAH pPacCIpEICIIUTEIbHBIN
MEXaHU3M, ITOJKJIFOYAOIIU I bunbTpyromue
AJIIEMEHThl JHOO0 K BaKyyMHOW JHMHHH, JHOO K
JUHAKA CXaToro Bo3ayxa. Korma HEKOTOpHIi
CEKTOp AMCKa HAXOJUTCS B CYyCIICH3UU, KAHABKU Ha
IIOBEPXHOCTH JTOI0  CEKTOpa COEIMHEHBI C
BakyyMHOW nuHued. Ilpu »3TOomM  dunsTpar Puc. 5.3. [IUCKOBbII]
OpOXOAUT uepe3 (UIbTPOBAIBHYIO TKaHb W BaKyyM-hUnbTp
yAaasieTcss 4depe3 mnoJsiocte Bana. lIpu mepeme-

LICHUHU 3TOT'0 CEKTOPAa B BEPXHIOK YACTh OH MOJCOEINHSETCS K JIMHUHU CKATOTO
Bo3myxa. Ocafok TpU ATOM Pa3phIXJSLETCS W yHaluseTcs ¢ QUIbTpOBaILHOM
TKaHU IIPU TIOMOILIHA HOMXKEM.

ITo cBOMM »BKCIUTYyaTalMOHHBIM XapaKTepUCTUKaM (UIBTPHI ATOTO THIIA
Omu3ku  OapabaHHBIM  BakyyM-(QWIbTpaM, OJHAKO HMEIOT 3HAYUTEIIBHO
OOJIBIIYI0 TOBEPXHOCTh (PUIBTPOBAHUS M, CIIEJOBATENbHO, OOJIBIIYIO
IIPOU3BOJAUTEIIBHOCTD IIPU TEX JKE pa3Mepax.

Kapycenbnbiii punbtp (puc. 5.4) cOCTOUT U3 psijia TOPU3OHTAIBHBIX HYTU-
GUIBTPOB, pa3MEIEHHBIX 110 KPYTY BIUIOTHYIO OJWH K APYTOMY M CO€TMHEHHBIX
rHOKUMHU [IJJAHTaMH C I[EHTPAJbHBIM PaCHpe/IeTUTEIIbHBIM  YCTPOMCTBOM,
aHAJIOTUYHBIM TIPUMEHsIEMOMY B O0apaOaHHBIX M JTUCKOBBIX GUiIbTpax. Kaxmabiii
HYTY-QWIBTP MMEET B KAadyecTBE JIOXKHOTO JHA OMOPHYI0 MepPOpPHUPOBAHHYIO
MIEPETOPOIKY, TIOKPHITYIO (PUIBTPOBAIEHON TKAHBIO.

[Ipu mepememieHnu Mo Kpyry (pUIbTpbl MOCIEAOBATEIBHO COCIUHSIOTCS C
JUHUEN BaKyyMmMa WIM cCkartoro Bosayxa. llpm ynpameHunn ocaaka (uibTp
ONpPOKUJIBIBAETCSA, a 3aTeéM BHOBb 3aHUMaeT pabouee mnosoxeHue. K
JIOCTOMHCTBAM KapyceabHOro (GuibTpa CJIEAYEeT OTHECTH [JIMTENbHBIA CPOK
CITy>KObI (DUIIBTPOBAJIBHOM TKAHU M3-32 OTCYTCTBUSI MEXaHUUECKUX BO3JCHCTBUI
IIPU CHATUHU OCAJIKA.

Basyym
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Cywra ocadka

JBESEOKHEAHME
acadka

[rorbiEk.a

ocadka Beirpyska ocadka

AL TPOBAHHE

Puc. 5.4. KapycenbHbin unbTp U HyTY-OUNbLTP

Jlentounslii guiubTp (puc. 5.5) Takke OTHOCUTCA K BaKyyM-(uibTpam
HEeNpephiBHOTO JieiicTBUA. OmopHass PEe3UHOBasi JIEHTA C OTBEPCTUSIMU H
OopTaMu MepeMeniaeTcsl Mo 3aMKHYTOMY KOHTYPY MpPH MOMOIIY MPUBOJIHOTO U
HATSOHKHOTO OapabaHoB. DUIbTpOBalIbHAS TKaHb B BUIE OCCKOHEYHOM JICHTHI
MPUKUMAETCSI K ONMOPHOW JIEHTE C MOMOIIBI0 HATSIKHBIX POJIUKOB U JBUKETCA
BMecTe ¢ Hel. CycneHsusl MOCTyNmaeT Ha (PUIbTPOBAJIBHYIO JIEHTY W3 JIOTKA.
QuibTpaT MOJ BAKYYMOM OTCAChIBA€TCS B KaMEPHI IIOJ PE3UHOBOW JIEHTOU M
yepe3 KOJUIGKTOp oOTBoAWTCS B cOopHuk. Ha mnpuBomnom OGapabane
bunbTpoBaIbHAs TKaHb OTXOJUT OT PE3UHOBOM JieHTHL. [Ipu 3TOM oOcamok
OTHeNsieTCss OT TKaHU U majaer B OyHkep. Ha myTu Mexay HaTSKHBIMU
poJNMKaMM  TKaHb  IPOMBIBAETCA WM OYMIIAETCA  MEXaHHYECKHU.
[Tpenmy1iecTBOM JIECHTOYHBIX (PUIBTPOB SBISIOTCS MPOCTOTA KOHCTPYKIMH IO
CpPaBHEHUIO C JAPYrMMH (PriIbTpaMu HempepbIiBHOTO AeiicTBusi. K HemocraTkam
ClielyeT OTHECTH HEeOOJBITYI0 MOBEPXHOCTh (UIBTPOBAHMS MO OTHOLIEHUIO K
3aHUMaeMON (UIBTPOM TUIOMIAJAM M HAJWYME HEUCIOJb3yeMbIX 30H Ha
(UIBTPOBATIEHON IEPETOPOJIKE.

CycneHsua

PyneTRaT
=

Puc. 5.5. JleHTOuYHbIN hunbTp
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5.5. UaTencudukanus padorsl GuiabTpoOB

MO>XHO BBIACIUTH TPU OCHOBHBIX HANpaBJICHUS MHTEHCU(PUKALUUA PaOOThI
(GUIBTPOB: TEXHUYECKOE, TEXHOJIOTMUECKOE U (PU3UKO-XUMHUYECKOE.

N3 ocHoBHOTO ypaBHEeHHsI (QUIBTpOBaHUA (5.2) MOXKHO 3aKIIOYUThH, YTO
CKOPOCTh (pMIIBTPOBaHUS OyJET BO3pacTaTh C YBEITUUYCHUEM TEepenaia JaBICHUs
Ha (QWIBTPOBAJIBLHON MEPEropojike, YMEHBIICHUEM BS3KOCTH CpeAbl M|
YMEHbBILIEHUEM COIPOTUBIICHUH Ocaaka U (PUIbTPOBAILHON MEPETOPOIKH.

llepenao oOasnenuss Ha @uibmpo8anbHoOU nepecopooKe TEOPETUUECKU
MOKHO clenarh JtoObIM. [IpakTuuecku ke BO3ZMOXKHOCTH 3TOrO IMyTH MHTEH-
cudukanmuu Tmporecca (UIBTPOBAHUS BechbMa oOrpaHuyeHbl. B Quibtpax,
paboTaroIKX MO/ BAKYyMOM, CPABHUTEIIBHO JIETKO MOXET OBITh CO3/1aHO pa3pe-
xenue 80 klla. JlampHelmee yBenmWueHWE pa3pekeHUS BIEYET 3a COOOM
HEMPOIMOPIMOHAIBHO OBICTPOE YBEJIMUYEHUE CIOKHOCTH U CTOMMOCTH 000pY10-
BaHus. OUIbTPHI, paboTAIOLIUE MO/ IABJIEHUEM, KOHCTPYKTUBHO OO0JIE€ CIIOKHBI,
0oJjiee METaITIOEMKH U MPEAHA3HAUYEHBI TOJIBKO ISl IEPUOIUUYECKUX MTPOLIECCOB.

BO3MOXXHOCTH pEeryJupoBaHusl GA3KOCMU cpedbl OTPAHUYEHBI TOJIBKO
temriepatypoil. HarpeBats cycnensuto nepea  (GUIBTPOBAHHEM — 3TO
OeccMmbicieHHass Tparta OdHepruu. Ecmu ke cycneH3uss oOpasyercss B
TEXHOJIOTUYECKOM TpOoliecce MPH MOBBIINIEHHONW TeMIepaType, TO He0OX0IuMO
3aIUTUTH €€ OT OXJIAXKJIECHUS 10 GUIBTPOBAHMUSL.

Conpomuenenue  @QUILMPOBATLHOU  NepecopoOKU  3aBUCUT OT €€
NOPUCTOCTH M TOJNUIMHBL. V3MEHEHuEe IOPHUCTOCTM B HEKOTOPBIX Mpenenax
INPAKTUYECKH HE OTPakaeTcs Ha CTENEHW OYUCTKA CTOYHBIX BOJA OT
B3BEILIEHHBIX BEILECTB, MOCKOJBbKY OCHOBHYIO POJb B Mpolecce (UIbTpaluu
UTpaeT MOPUCTasl CTPYKTypa ocajka. BaxxHO auib o0ecneunTsh (PUIbTPOBAHUE B
pexxrme HakomieHus ocaaka. [loaromy Hanbonee 3((PEKTUBHBIMU SBISIOTCS
GUIBTPYyIOLIME MEPETOPOJKH C MEJIKOIMOPUCTHIM TOHKUM HAapy>KHBIM CJIOEM U
KPYIHOTIOPUCTBIM MEXaHUYECKH MPOYHBIM BHYTPEHHHM. Takue Neperopojku
00Jagat0T MUHUMAJIBHBIM THAPABIWYECKUM CONPOTHUBICHUEM IPHU XOPOIIE
bunpTpytomeir  cocoOHocTH.  Bo  BcAKOM  cilydae,  CONPOTHUBIICHUE
GUIBTPOBANLHON ~ TMEPErOpOJIKM  HE3HAYUTENBHO 1O  CPaBHEHHUID  C
COMPOTHUBJICHUEM JIa’)kKe HEOOJBIIOT0 CJIOS OCajKka W MO3TOMY HE Wrpaer
OTIpeCIAIONIEH oI B IpoLecce PUIbTPOBAHUS.

Conpomuenenue ocadka ONPENEISIETCS IBYMS €ro XapaKTepPUCTUKAMHU:
YAEIbHBIM COMPOTUBJIEHUEM (T.€. CTPYKTYypOW) M TONIIUHOW. PerymupoBanue
TOJIIMMHBI  CJIOSI OCaJKa MOYKHO OCYIIECTBUTh IPUMEHEHHEM HEKOTOPBIX
cnenupuUeckux TUMOB (WIBTPOB, TaKUX KaK LEHTPOOCKHBIN WM
BUOPALIMOHHBIN (PUIBTPHIL.
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[{eHTpoOexHBI bunbTp

iCycneHamgl (puc. 5.6) cocToUT U3 BEpTHU-
g KJIBHOTO HUJIUHIPUYECKOTO KOP-
nmyca, B KOTOPOM pa3MeEICHBI
JTMCKOBBIE  (DUIIBTPYIOIIME  dJIe-

MEHTBI, AaHAJIOTHYHBIC DJIEMECH-
TaM JHUCKOBOTO (HIIBTpa, HO C
ONHOM paboueld TOBEPXHOCTHIO.
Jluckn  HacaxkeHol Ha  Bpa-

ilr

Ocanok bunsTpat HIaroIuics noJenid Bai. CycrneH-
3Usl TIOAAETCS 4Yepe3 OTBEPCTHS
Puc. 5.6. LieHTpobexHbI chnnbTp BaJIa HA BHYTPEHHUU Kpail JIUCKA.

@unpTpaT  NPOXOOUT  Uepes
GUIBTPYIOLLYIO TKaHb BO BHYTPEHHIOIO IMOJIOCTh JMCKA M yAANsAETCA U3 HEe ¢
MOMOIIBI0 BakyyMa. HakarummBaromuucss OCagoK IOJ JECUCTBHEM LIEHTPO-
OEKHOM CWJIBI CIOJI3a€T K BHEIIHEMY Kpar JUCKa M cOpachIBaeTcsl C HEro, a
3aTeM yAalseTcss U3 Koplyca anmapara. Takoil ¢uibTp mo3BosiseT paboTaTh C
TOHKUMH CJIOSIMH OCaJIKa U 00€CTIEYNBAET BBICOKYIO CKOPOCTh (PMIIBTPOBAHUSL.

BuOpaunoHHbIi QUIBTP OTIMYAETCA TEM, YTO CYCIIEH3Ms MOJAETCS IOA
(GUIBTPOBAIBHYIO TEPErOPOJIKY, PACIOJIOKEHHYI0 TOPU30HTaIbHO. DUiIbTpar
1OJI JEHCTBUEM BaKyyMma IMPOXOJUT CKBO3b IOPBI MEPErOPOJKU CHU3Y BBEPX, a
0CaJIOK TEPUOJMYECKH WJIA HENPEPBIBHO CTPSAXUBAETCA C IEPETOPOJIKH H
OITyCKaeTCs Ha JIHO ammapara.

Yoenvnoe conpomuenenue ocaoka onpenensercs €ro CTPYKTypol W,
CJIEIOBAaTEIbHO, CTPYKTYpOM CYCHEH3MHM — B NEPBYIO OYEpEab pa3sMEpPAMH U
dopmoit ee yactui. CTPYKTYpOil CyCHEH3UM MOXKHO YIPAaBIISATh KaK Ha CTaIUH
ee 00pa3oBaHUs, U3MEHSS TEMIEPATypy, KOHLUEHTpALMd pPEeareéHTOB, HHTEH-
CUBHOCTh TNE€pEMEIIMBAaHUS W Jp. MapaMeTpbl, TaKk M IOCJIE MOJyYEHHUS
CyCIEeH3UH, 100aBJIEHUEM K HEW arperupyronx U BCIIOMOTaTeNbHbBIX BEIIECTB.

OdeHp YacTO MpPHU PEAreHTHOM OCAXACHUM IpUMECEN 00pa3yloTcs He
KOMITIAKTHBIE OCaJIKH, @ YCTOMYMBBIE TUCIIEPCHBIE CUCTEMBI C Pa3MepaMy YacTHII
nucriepcHor ¢aszel oT 1 10 100 HM, Ha3bIBaeMbIC 304MU WIH KOJIOUOHBIMU
pacmeopamu. YCTOWYMBOCTh 3THUX CHUCTEM OOBSACHSAETCS OOpa3oBaHHMEM Ha
NIOBEPXHOCTU YaCTHUL[ JIBOWHOIO 3JIEKTPUYECKOIO CJIOS, COCTOSIIEro U3
IPOCTPAHCTBEHHO PA3/ACIICHHBIX IIOJOKUTEIbHBIX W OTPULATEIBHBIX HOHOB.
Hanuuue Takoro ciosi mpensTCTBYET CONMXKEHHMIO YacTULl M UX KOAryJisiuu B
0oJiee KpyIHbIEC YACTHUIIBI.

JIBOIHOM 31EKTPUYECKUI CIIOH COCTOUT U3 aACOPOIMOHHON U TU(PPy3HON
gacTteld. AAcopOLMOHHAs YacTh MPOYHO CBs3aHa ¢ yactuue 3oms. duddysnas
4acTh MOABUKHA, U €€ pa3Mepsl U (popMa MOTYT U3MEHSTHCS B 3aBUCUMOCTH OT
COCTaBa M KOHIIEHTPALMU 3JeKTposuTa. [Ipu yBeIWyeHUM KOHLIEHTpalUuU H
3apsiia MOHOB DJIEKTPOJIMTA MPOUCXOAUT Ckathe AUd(y3HONW YacTh ABOMHOTO
IEKTPUUYECKOTO CJI0S M YMEHBIIECHUE CHJI OTTAJIKMBAaHMS yacTull. B pesynbrare
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YACTHUIIBI MTOJTy4al0T BO3MOXKHOCTh CONMKCHHS M COSTUHEHUS B OoJiee KPyIHbBIE
arjaoMeparsl. ODTOT MPOIECC HA3BIBACTCS KoalynAyuel 307IeH, a BEIIECTBa,
BBI3BIBAIOIINE KOATYJSIIMIO, — Koazyriswmamu. Koarymupytomas —cuia
AIIEKTPOJIUTA MPOMOPIHOHATEHA 3apsily MOHA, BBI3BIBAIOLIETO KOATYJSAIUIO, B
miectod crenend. [losTomy B KadecTBe KOAaryJasHTOB HauOoliee YacTo
MIPUMEHSIIOT PACTBOPUMBIC COJIM TMOJUBATICHTHBIX MeTauioB (FeCly, AL(SO4);
U JIp.) WU TTOJIMBAJICHTHBIE OPTaHUYECKUE UOHBI.

Kpome KoaryiasHTOB B CYyCHEH3UIO HEpPEIKO J00aBIISIOT BEIIECTBA,
CIIOCOOCTBYIOIIIME  CIUIMAHUIO  arperaTUBHO  HEYCTOMYMBBIX  YacCTHII,
0o0pa30BaBIIUXCS B pe3yJbTaTe KOAryJslUH, 4TO B elle OoJsblIeil CTeneHH
CHOCOOCTBYeT  YKpPYNHEHHIO  4YacTull.  Takume  BemlecTBa  HA3bIBAIOT
@noxyranmamu. Hambomnee pacmpoCTpaHEHHBIMU (QIIOKYISHTAMU SBIISIOTCS
MOJIMAKPWJIAMUZT W aKTUBUPOBAHHAs KPEMHHEBAas KHCIOTa, TOJydaeMast
JNEUCTBUEM CEPHOU KUCIIOTHI HA CUJIMKAT HATPUs.

6. ®DJIOTAIIMOHHAS OYUCTKA
6.1. daoranusa

JUIss OYMCTKM MPOU3BOACTBEHHBIX CTOYHBIX BOJ OT HEPTEHPOIYKTOB,
Maces, TBEPAbIX B3BEHICHHBIX YAaCTHI], B YACTHOCTH M30BITOYHOTO aKTHBHOTO
uia, IPUMEHSIOT (IIOTAIHUIO.

@nomayusa — HTO CMOCOO0 MEXaHWYECKOTO pa3leJICHUs AMYJIbCUH H
CyCII€H3Ul, OCHOBaHHbII Ha HAKOIUIEHUM YacCTHUIl OTAEJIIEMOrO BEIIEeCTBa Ha
MOBEPXHOCTH pazzena (a3 ra3 (Bo3ayx) — KHUAKOCTb.

DTO0 SIBJICHUE MOXET OBITh CAaMOMPOU3BOILHBIM JIJIsi THIPOPOOHBIX YACTHI]
VIV BBI3BAaHHBIM MCKYCCTBEHHO I THAPOPUIHHBIX YaCTHUIl 32 CYeT 00pabOTKH
CyCHEH3UU WA HSMYJIbCUU CIEIUAIbHBIMU BEIIECTBAMHU, HAa3bIBAEMbIMU
npomomopamu Ul Konnexmopamu. MonexkyJbl IpOMOTOPOB UMEIOT MOJIIPHBIE
IPYIIIbI, CIOCOOHBIE aJCOPOMPOBATHCS HA MOBEPXHOCTH TBEPIBIX YaCTHII,
Y HENOJIAPHBIE YTJIEBOAOPOHBIE PaJUKaNbl, MPUAAIOIINE TOBEPXHOCTH YaCTHII
runpodoOHble CcBOMCTBa. B KauecTBe MNPOMOTOPOB HCHOJB3YIOT SKUPHBIC
kucyioTel R-COOH w ux HatpueBble coiid (Mbl1a) R—COONa, xupHbIe aMUHBI
R-NH, u ux comn R-NH; CI, cymbdokucnors: R—SOsH, nutnodochaTs
(R-O-),P(S)S—Na.

VY nanenue 3arps3HSIONIMX BEIIECTB U3 CTOYHBIX BOJ MpHU (HIOTAIIMOHHON
OUYHCTKE MPOUCXOAUT B BUAE NEHbI. JlJIs IpuaaHus IeHe YCTOMYUBOCTH UCIIONb-
3YIOT neHoobpazoeamenu. B xaduecTBe MeHOOOPa3yOMIUX BEIIECTB MPUMEHSIIOT
anmudarndeckue cnupThl Cs—Cg, TOMMOIBI (IPONIICHIIIMKOIB) U UX IPOU3BOTHBIE.

Nuornga k cycnmeH3uu J0OaBISIOT MoOugukamopsl, yIydllaroline
ancopOIUIO KOJIJIEKTOPOB Ha YaCTUIAX CYCIIEH3UH, peeynamopsl pH (U3BECTb,
KayCTUYecKass CoJa, CepHas KHCIOTa), [AUCIEPrUpPYIOIIUE AareHThl WIH
Odenoxkynamopul, TPENATCTBYIOUIME CIWIAHUIO YacTUIl CYCHEH3UH B Ooiiee
KpYITHBIE arperarhbl.
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6.2. DaoTallMOHHBIE MAIINHBI

DddexTuBHOCTD (GIOTAUKA OTNPEACTACTCS CTEICHBIO JTUCIICPTUPOBAHMS
ra3a B KHUIKOCTH.

B mpocreiitiem ciaydae BO3AyX pacHpelessieTcsi Mpu MOMOIIM MOPUCTON
nuadparmer co ckopoctsio oT 0,03 mo 0,08 M’/(M*c). B kadectBe quadparmsi
UCIOJIb3YETCSI MHOTOCJIOMHBIN XOJICT WK Nep(HOpUpOBAHHBIA PE3UHOBBIN JHCT
TOJNIMHOW 2 — 4 MM ¢ uucioM otBepctuil a0 30 Ha cM’ IpU TUAMETPE
orBepctuii 1 - 1,5 MM. Dd(HEKTUBHOCTH TAaKUX anmapaToB HE BHICOKA.

bonee  BeicOkOU 3 dekTus- -

HOCTBIO  XapakTepusyrrcs (dioTa- Boadyx
IIMOHHBIC MAIIMHBI C MEXaHUYCCKUM 3o
JMCTIEPTUPOBaHUEM Bo3yXa (puc. 6.1).
Jnsg  3TOM  1Henm  HUCHOJIB3YHOTCA
BBICOKOCKOPOCTHBIC ~ MEIIAJIKHA  CIIe-
ITUATbHOW KOHCTPYKIIMH, Ha3bIBACMbIC
umneniepamu.

[Tynbna 3acachIBaeTCs BO
Bpamaronuiics porop cHuzy. OmHo-

[MeHa

Myasna
BPEMCHHO B BCPXHIOIO YacCTh poTOpa OceETAEHHaR |

3aCachIBACTCs BO3AYX U CMCIIMBACTCSA KHdKOCTH

¢ HyJbLOW B CPEAHCH HACTH POTOPA. Puc. 6.1. dnotatop ¢ MexaH14eckum

A3pI/IpOBaHHaﬂ ITyJibIla BI)I6paCI>I- AncneprmpoBaHmemM Bo3gyxa
BacTCA M3 POTOpa ]_IeHTpO6e)KHOﬁ

cuioil. Bokpyr poropa HENOABMKHO 3aKpEIUIEHA CTATOPHAs pelIeTKa, MPOXOIs
CKBO3b KOTOPYIO BO3JyX pa30uBaeTcsi Ha Melbyaiiive my3bipbku. ClIoN MEeHBI
IIOAHUMAETCS. B BEPXHIOK0 4acTh amnmapara M yIaIseTCs U3 HEro IepelMBOM
yepes Kpau.

O} dexTuBHBIM CIOCOOOM HACBILLIEHUS BOJBI BO3IYXOM SIBJISETCS CTpYyHHAas
adparust (puc. 6.2). Aspaius OCYHIECTBISETCS TPU NMPOHUKHOBEHUHU 4Yepe3
IIOBEPXHOCTh KUIKOCTH C BBICOKON CKOPOCTBIO HE3ATOIUICHHON CTPYHM TOM XK€
XKUAKOCTH. [Ipy 3TOM NMPOUCXOAUT 3aXBaT BO3AyXa U €ro JUCIEPrUpPOBaHUE HA
MEJIKHE ITy3bIpU IIPU 3aTOIUIEHUU CTPYH, T.€. IIPU CIUSHUU CTPYU C OCHOBHOM
Maccoil JKMIAKOCTH. BenuumHa aspamuu omnpenensercs B IEPBYI0 O4Yependb
CKOPOCTBIO IBMOKEHUS CTPYH KUIAKOCTH U JUIMHOW HE3aTOIJIEHHOM YacTH CTPYH.

Kackan ¢moraTopoB co cTpyiiHON alsparueil MOXeT padoTaTh B HeEMpe-
PBIBHOM peXHUME. Adpalys OCyIIecTBIsIeTcs 000poTHON Booil. [leny yaandroT
U3 KaXa0i (proTannoHHON KaMepbl B OOLINil CAMBHOM keno0. s ymydmeHus
OTJEJICHUSl TIEHbl a3pPUPYIOIIME CTPYH HAIPaBJISIOT HE BEPTUKAJIBHO, a IOJ
yriom 7 — 15° B CTOpOHY, IPOTHBOIOJIOKHYIO CITUBHBIM JKEI00aM.
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Mewa Mena

OcBETAEHHAR A)I:ﬂ- 4@-
EHOKOCTE OceeTnEHHan

Myasna ®MdKoCTE

2 il

Puc. 6.2. dnotatopbl CO CTPyMHOM aspaumen:
a — nepnogun4yeckoro; 6 — HenpepbIBHOIO AENCTBUSA

Bmecte ¢ meHoil yacTMUHO ciMBaeTcsi ouuiiaemas Boja. [loatomy meHa,
BBIXOJISIIIIast U3 JIoTaTopa, MOCTynaeT B OTCTOMHUK. OTAenuBIIasCS BOJAa BHOBb
BO3BpaIlaeTcsi BO (hJIOTAIMOHHYIO YCTAaHOBKY.

dnoratropel  cO  CTPYWHOM  a’panue  Oosiee  KOMIIAKTHBI U
MPOU3BOJAUTENBHBI 110 CPABHEHHUIO C MeXaHuueckumH Quoratopamu. OHU He
MMEIOT JIBUKYIIMXCS YacTed, MO3TOMY HaAEKHEE B JKCIUIyaTallud W MPOUIE B
00CITyKUBAHUH.

OdeHb TOHKasi JUCHEPCHS IMYy3BIPHKOB Ta3a B KUIKOCTH oOpasyeTcsi Mpu
BBIJICJICHUY T'a3a U3 NEPECHIIEHHOTO PACTBOPA.

Ha mpuHnune BbieNieHHs Ta3a OCHOBAHBI JIBa THUIA alllapaToOB IMEHHOU
¢dnoranuu. B omHOM TpenBapuTEIBHO adpUpOBaHHAS (HACKHIIICHHAS BO3JIYXOM
npu atrMochepHOM JaBJICHWU) CYCIEH3Us BCIICHUBAETCSI TMOJI BO3JCUCTBHEM
Bakyyma. B Jpyrom cycrneH3usi HachIIIa€TCsl BO3AyXOM MpPH JABJICHUU BBIIIC
aTMoc(epHOro, a 3aTeéM BCIEHUBACTCS B Kamepe, paboTaroliedl Mmpu arMoc-

dbepHom naBnenuu. Takue
droraTtopbl MOJTYYUIIN
P Ha3BaHHUE HATIOPHBIX.

Ha »stom xe npun-
IIMIIE OCHOBaHa paboTa
KOMOWHUPOBAHHBIX (JI0-
TallMOHHBIX  OCAJUTENb-
HbIX anmapaTroB, 4YacTo
UCIIOIb3YEMbIX I Mpe-
BapUTENbHOU 00paboTKH
CTOYHBIX BOJ (puc. 6.3).

MNewa

(cEETNEHMAR

HAKOCTh

Mynena
—

Puc. 6.3. ®rioTauMoHHbIN OTCTONMHUK
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KoncTpykiuss  anmapata  HallOMHUHAe€T  KOHCTPYKIHMIO  TpeOKOBOTO
OTCTOMHUKA. AmmapaT MPeACTaBIsIeT COO00M IWIMHAPUYECKYIO €MKOCTh
nuameTpoM oT 1,8 10 12 M ¢ rpeOKoBBIM MeXaHu3MOM. McxoaHasi cycrneH3us
IPEeIBAPUTEIHLHO HACHIIIAETCS BO3AYXOM IPHU U30BITOYHOM JABJICHUU OKOJO 2
aTMocep U MoJaeTcsi B OTCTOMHUK HIDXKE YPOBHS KUAKOCTH. [Ipu cHm>keHUn
JaBjeHusi 10 atMochepHOro (IUII0C HEKOTOpPOE TUIPOCTATUYECKOE IaBJICHUE
CHOSl KUIKOCTU) W3 CYCIEH3UU BBIJCISIETCS Macca MEJIKUX ITy3bIPhKOB,
BBIHOCSIIIUX  YaCTULBI  OTAEISEMOTO  BEIIECTBA BBEPX, OTKyJa OHH
HAIPABJISIIOTCS B TEHOOTBOAHBIN kes00. TsKenble 4acTUIBI OCaXIAr0TCS Ha
JTHO, KaK B OOBIYHOM OCaJUTeNIe W YIAISIOTCS W3 HIDKHEW 4YacTH amnmapara B
BHUJIC€ MIJJaMa. Amnmaparbl TAaKOTO THIA WCHOJIB3YIOTCS, B YaCTHOCTH, MJIs
OTAEJEHUS KUpPa OT CTOYHBIX BOJ MPEANPUITANA MSICHOW MPOMBIIIJICHHOCTH,
st otnmeneHuss  Heptm  oT  cOpachiBaeMbBIX  BOJ  HE(PTEOUMCTHBIMH
OPEANPUATUIMHE, B EJUTIOJI03HON U OyMaKHON MPOMBIILIEHHOCTH.

7. IMCIIEPCUOHHBINA AHAJIU3 CYCIIEH3U

[{enbro IHUCIIEPCHOHHOTO aHAIW3a SIBJSIETCS OIpeneeHue (PpaklOHHOTO
cocraBa cycneHszud. VHpIMM clloBaMH, AMCIIEPCHUOHHBIN aHalU3 IO3BOJISET
OTBETUTH Ha BOIIPOCHI:

— KakoBa IMOJIMJIUCIIEPCHOCTh CHCTEMBI, T.€. KaKOBBI pPa3MEpbl CaMbIX
MEJKHX U CaMbIX KPYIHBIX YaCTHII;

— YaCTUI] KaKOro pa3mepa 00JIbIle BCEro CONEPIKUTCS B CYCIICH3UH;

— KakoBO IIPOLICHTHOE COJAEpPXAaHUE YaCTHUIl B 3aJaHHBIX HHTEpBaJIAX
pa3sMepoB.

OcCHOBHOI1 3ajaueil JAMCIIEPCUOHHOIO aHANIM3a SIBJIAECTCA IOJYyYEHHUE TaK
Ha3bIBaeMOU (DYHKIIMHU pacIipeieIeHHs

40
dr’

rae  — coaep:kaHue B CYCIIEH3UU YacCTHll paauyca r.
3Hasi aHAIUTUYECKOE WU Tpaduueckoe BeIpakeHHe 3TON (DYHKIIMH, MOYKHO
OTBETUTH HA MIOCTABJICHHBIE BBILIE BOIIPOCHI.

7.1. CenMMEeHTALMOHHBINA aHAJIN3

[IpocTeiiuM METOAOM JHCIIEPCUOHHOTO aHaJIh3a SIBISETCS HaOII0JEHUE
32 CKOpPOCTBIO OC@KIEHHUS 4YacTHI TBepaodl (a3sl U3 CyCHeH3uu B
IPAaBUTAIMOHHOM II0JIe. DTOT MPOIECC HAa3bIBAIOT ceoumenmayueu, a METOJ
NOJIy4eHUs] (YHKIUU paclpeiesieHuss ¢ TOMOILIbI0 CEIUMEHTAUud —
CeOUMEHMAYUOHHBIM AHATIUZOM.

B HavanbHbIi MOMEHT nucrepcHas ¢asza pacmpeneneHa B o0beme
KUJKOCTH PaBHOMEpPHO. YacTHUIbl CYCIIEH3MM B 3aBUCHUMOCTH OT HX pa3Mmepa
OCEAAalT Ha JHO COCYyJla C Pa3HOM CKOPOCTBIO: KPYIHBIE YACTHIIBI OCEHAIOT
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obIicTpee, a MeJkue — MeajieHHee. Ho Menkue yacTulbl, HaxoAsumecs BOIU3U
JHA cOoCyJa, OCSAyT ObIcTpee, YyeM KPYMHBIC, HAXOJAIIUECs y TOBEPXHOCTH
XKUJIKOoCcTU. B pesynbTaTre Ha JHE OyayT OJTHOBPEMEHHO COOUPATHCS YACTHIIBI
BceX pazMepoB. O HAKO Yepe3 HEKOTOPOe BpeMsl HEOOXOAMMO, YTOOBI YaCTHIIbI
ONPEJEICHHOr0 pa3Mepa MPOUUIM MyTh OT IMOBEPXHOCTH >KUAKOCTH 10 JHA
COCyJla, YacTHI[ TOr0 pa3Mepa B CYCIICH3UM YK€ He Oyner. OTh u Ooiee
KPYNHBIE YaCTHUIIBl HAIEJO BBINAAYT B 0cagok. O4YEeBUIHO, YTO CKOPOCTH
HAKOIUICHUSI OCaJIka Ha JIHE COCYyJa MAaKCUMaJbHAa B HA4yaJbHbIK MOMEHT
BpEMECHHM M C TCUYCHHEM BpPEMEHHM IIOCTETIICHHO CHIbKaeTcsa. [ 'paduueckas
3aBUCUMOCTh MACChl OCajJika OT BPEMEHHM OCAXJCHHS Ha3bIBACTCSI KpPUBOLU
ceoumMeHmayuu.

TunuuHass KpruBas CEAUMEHTALlMM UMEET BUJI, OKA3aHHBIM HA puc. 7.1, u
XOPOILO OMHUCHIBAECTCS SMIIMPUYECKUM YPABHEHUEM

0=0,——

"t+t,

(7.1)

KoHcTanTa 3TOr0 ypaBHEeHHUs
O, mpexacraBisieT cobol mpexed,

dQ _Q-0Qo
PR K KOTOPOMY CTPEMHTCSI 3HAUYCHHUE
Q QO 1npu YBEIWYCHUH BpPEMEHHU
Qpt------= = OCAXKJICHHUS JO OCCKOHEYHOCTH.
KoncraHTy #) Ha3bIBAIOT 10O108UH-
%Qm - 0=Qm t HbIM 8peMeHeM CeOUuMeHmayuu,
Qg t+ig nockoiabky QO = 0,50, ipu t = t,
TO €CTh B MOMEHT {3 Ha JOHO
; 1:; cocyZia ocsiAeT IOJIOBHUHA CYCIICH-

O

3UH.

Puc. 7.1. KpuBas ceaumeHTaumm

7.1.1. MnTerpanbHas KpuBas pacupencicHus

CKOpOCTB OCaAXKIACHUA CYCHCHSI/II/I B J]IO60ﬁ MOMCHT BpCMGHI/I MOXCET 6I>ITB
HaﬁneHa KaK TaAHI'CHC yrﬂa HAKJIOHA KacaTeHBHOﬁ K KpHBOﬁ CCAUMMCHTAllNHU
B ,HaHHBIﬁ MOMCHT BpeMeHI/I:

dQ _ Q - Qo
dt t

®usnueckuii cMbicT () B TOM YpPaBHEHHUU — KOJIMYECTBO HAIICJIO BBHITIABIIUX
YaCTHI] CYCIICH3UU K MOMEHTY BPEMCHH £.
[IpencraBum ypaBHenue (7.2) B BUae

Qy=0——t. (7.3)

(7.2)
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[Iponuddepenmpyem ypaBHenue cenumentanuu (7.1) mo BpeMeHu:

a9 _
O

R S S
(1 "+t ) (7.4)

[TomcTaBuM MONy4eHHOE BBIpaKEHWE W BhIpakeHuWe miasi Q W3 ypaBHCHUS
cequMenTaiuu (7.1) B ypaBHeHHe kacatenbHou (7.3):

t t

— 0 ¢
t+t, " (t+t,)

QO :Qm

U TIociie Tpeo0pa3zoBaHuil MOIYIUM

0, =0, oyt 0, (LJZ . (7.5)

(t+¢,) t+1,

Bocnonb3yemcss  ypaBHEHHEM  OCXACHUS  CHEPUUYCCKOM  YACTHIIBI
B I'PABUTAIIMOHHOM I10JI€
4 5
37 (= pu)g = 6mmu
U, BBIPA3UB CKOPOCTh OCAXJEHHUS 4Yepe3 BBICOTY M BpeMsl ocaxkiacHus u = h/t,
HaiiIeM BpeMsi OCaXKICHUS
_ 18nh i 1
4r*Apg P
3amMeHMB B TIOJIydeHHOM paHee ypaBHenuu (7.5) ¢ u t, Ha
2 2
MPOMOPIUOHANIbHBIE MM 3HaueHuss 1/7° u 1/ry°, TOAydYuM aHaJIUTUYECKOE
BBIPQKCHUE UHMESPATIbHOU KPUBOU PACHPEOeNeHUsL:

2

7.1.2. Iuddepennmanpuas KpuBas pacrnpeacaeHus

Jns  wHaxoxnaeHus — auddepeHnuaIbHOW — KPUBOM  pacmpenesieHus
npoauddepeHnrpyeM morydeHHoe Beipakenue (7.6) mo paanycy

d e —2rr)

O o WL

dr ro+ry (,/2 + 7]

7 = 4Qm”o4ﬁ. (7.7)
) r?+r7)

re+r,

3HaK «—» B 9TOM YPaBHCHUHN HE UMECT (bHSquCKOFO CMBbICJIa ¥ IIOTOMY OITYIIICH.
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YpaBuenusi unrerpaibHoit (7.6) m muddepenuuansuont (7.7) KpUBBIX
pacrnpesiesieHus CoJIepkKaT MOCTOSIHHbIC BEIUYUHBI (0, U 7y U TIEPEMEHHYIO 7.
OuyeBUIHO, YTO 00€ KOHCTAHTBHI HE 3aBUCAT OT YCIOBHM OMNBITA U CBS3aHbBI
TOJIBKO C TUCTIEPCUOHHBIMU OCOOEHHOCTSIMU CYCIEH3HUHU.

7.2. AHaJIU3 KPUBBIX pacnpeaeeHust
7.2.1. HaumeHbIuii pa3Mep 4acTUI] CyCIIEH3UU

N3 unTerpanbHoi KpuBoil pacnpenenenus (7.6) cieayer, 4To Mpu MOJIHOM
OCAXKJIEHUU YaCTUIl C MHUHHUMAJIbHBIMU pa3MEpaMH 7, 3HaueHue (Jy Oynaer

PaBHO CAMHUIIC:
2
2
7o
2 2
r min + 7 0

1=0,

OTtcroga JIerkO BbIPAa3UTh MHUHHMAJIBHBIA pa3sMep YacTHL], COAEPKAIIUXCS

B cycneH3unk
P mnin :\/roz@_’”oz :”o\/@_l-

7.2.2. Haubosee BepOsTHBIN pa3Mep 4acTHI] CYCIIEH3UU

HaubGonee BeposATHBII pa3Mep dYacTHIl B CYCIICH3MH HaXOAHUTCA
nuddepeHIMPOBaHUEM ypaBHEeHUs Ju(QPEpeHIInanbHON KPUBOW pacrpee-
nenws (7.7) Mo paguycy u MIpUpaBHUBAHUEM ITOJTYICHHOHN MPOW3BOIHON HYIIO:

dF/dr=0 IIPU ¥ = T,

dF (r2 + rj)3 —3r(r2 + rH2)22r B 7+, —6r
E = 4er04 : (7’2 + rH20)6 = 4er04 0(7'02 n I’H2 )4 >

0

2 2
ry =5r, =0,

b

o
}/‘ = —
H ,5 .
7.2.3. HauGonpmuii pa3mep 4acTHUIl CyCIIEH3UU

HauGonbmuii pasmep YacTUI] CYCIEH3UM MOXET OBITh ONpENeNieH H3
yCIIOBHUS
F(r,) >> F(rma) wmm F(rm)/ F(r,) <</ 1. (7.8)

Jlnst mpakThueckux wnened ycioBue (7.8) ¢ TOCTaTOYHOM CTENEHbI) TOYHOCTH
MO>KHO 3aMEHHUTh Ha YCIOBHE

F(rma)/ F(r,) =0,01.
JlanpHENIINMN aHaIu3 3TOr0 COOTHOLLIECHUS IIPUBOAUT K PE3YJIbTATY:

Vmax ~ 31"().
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7.3. HaxoxaeHue KOHCTAHT YPaBHEHUS CelMMECHTALMU

[IpuBeneM ypaBHeHUE KpuBOM cenuMeHTauuu (7.1) K JNUHEHMHOMY BUAY.
JIist 3TOro0 MOMEHsIeM MECTaMHU YHUCIUTENb M 3HAMEHATelb U YMHOXHM 00€
4aCTH ypaBHEHUs HA [

o
Qm

ITomyyeHHoe ypaBHEHUE IIpen-
CTaBJsieT COOOM TMpsMYyI0 JIMHUIO B
KoopauHatax ¢ — t/Q (puc. 7.2), orce-
KaloILlyl0 Ha OCH OpJAUHAT OTPE30K,
paBHBIN #)/Q,,, TAHTEHC YIJIa HAKJIOHA

KoTopoi paeH 1/0,,.
Takum o00pa3oM, MOCTPOUB 1O
a tga=1— HKCIIEPUMEHTAIbHBIM JTaHHBIM 3aBUCH-
ty m MocTu (J(f) TMHEapU30BAHHYIO KPUBYIO
Qrp CeIMMEHTAIlMN, HAXOIAT YHCIICHHBIC
; 3HaueHust O, ¥ fy U, BHIYUCIUB 3HaYe-
HUE KOHCTaHThl ypaBHeHusa CTokca k,
Puc. 7.2. HaxoxaeHne ko3OPULMEHTOB  pacCUMTHIBAIOT 3HAYECHHE KOHCTAHTHI 7.
ypaBHEHUs ceiliMenTalm [Tocite 3TOro0 CTPOST MHTErPAIbHYIO U

L
0 90,

ol e

g depeHnranbHy0 KpUBbIE pacipe-
JICJICHUS.

8. AJICOPBLIUS

AOocopbyueii Ha3pIBAIOT KOHIIEHTPUPOBAHWE PACTBOPEHHOTO BEIIECTBA Ha
rpaHulle pas3fena KuAKOM u TBepaoud a3 (pacTBopa U adcopbeHma).
Paznmuuator ¢pusznueckyro U XUMUYECKYIO ancopOuuio win xemocopouuro. [Tpu
@usuyeckotl adcopbyuu aacopoupyemMoe BEIIECTBO (adcopomus i adcopbam)
HE B3aMMOJCHCTBYET XMUMHYECKH C aJCOPOCHTOM. XemocopbOyusi COTMPOBOXK-
naetcs oOpa3oBaHHE XMMHYECKOTO COEIMHEHHUs ajcopbaTta c aJcopOSHTOM.
dmsuueckas agcopomms ooparnma. OOpaTHBIN MPOIIECC HA3BIBACTCS ECOPOITUEH.

AncopOrmoHHasT OYKMCTKAa IIMPOKO  TPUMEHSICTCS IS yJIaJCHUS
PacCTBOPHMBIX OpPTaHWYECKUX BEIISCTB W3 CTOYHBIX BOA TMPEANPHUATHH
[EJUTIOJI03HO-0yMaKHOM, XUMHUYECKOM, HEYTEXMMHYECKON, TEKCTUIBLHONH W
JIpYTHX OTpaciedl MpoMbIIUieHHOCTH. Mertox mpocT, JddeKTuBeH U
CPaBHHUTEJIHHO JICIIICB.

8.1. AncopOumnonHoe paBHOBecHe

KonuuectBo BemiecTBa, MOTJIOMIEHHOTO aJCOPOECHTOM IMpPHU JIOCTUKEHUU
paBHOBecHUs, ABJISETCS (PYHKIMEH KOHIIEHTPAIMU ITOTO BEIIECTBA B PAacTBOPE
u Temneparypsl. KonnuecTBo aacopOupoOBaHHOTO BEUIECTBA MPUHATO BHIPAXKATh
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cmenenbio 3anoHeHusi nogepxHocmu O ancopoeHTa STuM BeecTBOM. CTeneHb
3aMOJIHEHHUSI TIOBEPXHOCTH paBHA €AUHUIIE TMPU MOHOCIOMHOM TOKPBITUH
MOBEPXHOCTH  aJIcOpOEHTAa  MOJIEKYJIaMH  aJICOPOMPOBAaHHOTO  BEIECTBA.
3aBHUCHUMOCTh

e :ﬂcr)t=const
IPH TOCTOSHHOM TEMIIEPAType HA3BIBAIOT U30MepMOl adcopoyuu.

8.1.1. Teopus JIrurmropa

B ocHoBy Teopun JIsHrMIOpa MOJI0KEHBI CIEAYIONINE JOMYIICHUS:

* TOBEPXHOCTh TBEPJAOTO TeJla COCTOUT U3 OTIEIbHBIX YYacCTKOB
(amcopOLMOHHBIX LIEHTPOB);

* BCE AaJCOpPOITMOHHBIC IICHTPHl PABHOJOCTYIIHBI M DJHEPTreTUYECKU
OJTHOPOTHBI,

* CBOICTBa Ka)XJ0T0 aJICOPOIMOHHOTO LIEHTPA HE 3aBUCIT OT COCTOSIHUS
COCEIHUX C HUM IICHTPOB;

* ancopOar MOJUUHSIETCS 3aKOHAM WJIEaIbHOTO Tra3a, T.€. €r0 MOJICKYJIbI He
B3aMMOJICHCTBYIOT JPYT C APYTOM HH B PaCTBOPE, HU B aJICOPOIIMOHHOM CIIOE;

* Ha OJHOM aJICOPOIIMOHHOM IIEHTPE MOXET aJcOpOMPOBATHCS TOJBKO
OJlHa MoJleKyJa ajcopOara, T.e. MPOIECC MPOUCXOAUT 10 0Opa3OBaHUS
a7IcCOPOLIMOHHOTO MOHOCIIOS.

CKopocTh aJIcopOIMy MPOTOPIIMOHANIBHA JI0JI€ CBOOOJHOM ITOBEPXHOCTH
(1 - ®) u KoHILIEHTpaIUK ajcopbaTa B pacTBOpE C:

Waoe = kadc(l - @)C

CkopocTh  JecopOIMu  MPOMOPIMOHAIIBHA  JIOJE TOBEPXHOCTH, 3aHATOU
abcopbaToMm:
Woec = k()ec@-

[Ipn paBHOBECHM CKOpPOCTH ajacopOouuu u JecopOuuu paBHbl. [lpupaBHSB
IpaBble YaCTH MPUBEICHHBIX BbILIE YPAaBHEHHUW W BBIPA3UB U3 IMOIYYEHHOTO
PaBEHCTBA CTENEHb 3aII0JIHEHUSI TOBEPXHOCTH, MOIYYUM U30Tepmy JIaHrMropa

ko.C ke
O=_— 8.1)

“koctk, 1tk

rae k= ka()c/ k()ec-

HpI/I HHU3KHX KOHOCHTpAIOUAX ke << 1 n YPaBHCHUC .HG)HFMIOpa (81)
MNePeXOaUT B YPABHCHHC FCHpI/I ® = kc.

B cilydac KOHKypeHTHOﬁ aHCOp6HI/II/I, Ipu KOTOpOﬁ Ha IIOBCPXHOCTH
a}:{cop6eHTa IMPOUCXOAUT OAHOBPCMCHHAA azxcop6u1/1ﬂ HECKOJBbKHUX BCIICCTB,
YPaBHCHHC .HBHFMIOpa HpH06peTaeT BH

ke,
"1+ ke,
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[Ipu ancopOImu M3 BOAHBIX PACTBOPOB CIEAYET YUYUTHIBATH €IIE OJIHO
00CTOATENHCTBO. MOJIEKYJIBI PACTBOPEHHOTO BEIISCTBA HAXOMATCS B THpPATH-
POBAaHHOM COCTOSIHUM, T.€. OKPY)KEHbI OOOJOYKOH W3 OPUEHTUPOBAHHBIX
ompeAeNieHHbIM 00pa3oM MoJIeKyn Bonbl. llpuw aacopOumu MPOUCXOTUT
paspylieHre TUIPAaTHON 000JI0UKH M 00pa3oBaHME HOBBHIX CBs3el aacopbara c
aZIcOpOEHTOM 3a CYeT JUCIEPCHOHHOTO U JJIEKTPOCTATUYECKOTO B3aMMO-
nencTBua. AncopOumsi, Kak W JH000M Apyrod camoINpou3BOIBHBIA MPOIECC,
Oyner mpoTekaTh, €CIM B pe3yibTaTe mpolecca oO0IIas SHEPrus CUCTEMbI
YMEHBIIAeTCs. JTO 03HAYAET, YTO KOJUYECTBO DHEPTUH, BBIACIAIONICECS MPH
azicopOIMu, MOKHO OBITh OOJbIle, YeM 3aTpaThl PHEPTUM Ha pPa3pyIlICHUE
COJIBBATHOM 000J109KH. B IpOTHBHOM ciTydae afacopOIust MpOUCXOIUTh HEe Oy IeT.

[ToaToMy amcopONHMOHHBIE METOALI HE NPHUMEHSIOT IS OYHCTKH
MIPOU3BOJICTBEHHBIX CTOYHBIX BOJI OT HEOPTaHMYECKUX HOHOB M XOPOIIO
PacCTBOPHMBIX OpPTaHUYECKUX COCIWHCHHWM, HApuUMep TaKWX, KaK HHU3IINE
OJTHOATOMHBIE CITUPTHI.

8.1.2. Teopust bpynayspa-Ommerra-Temepa (B3T)

PazButuem Teopum JIburmiopa sBusack Teopuss bOT, onucasmas
MOJIUMOJIEKYJISIPHYIO aJIcOpOIIMI0O Ha OJHOM aKTHUBHOM IIeHTpe. B ocHOBY
TEOpUH OBLIN MOJIOKEHBI T€ e TOMYIIECHUs, YTO U B TeopuH JIsHrMIopa:

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

* DJHeprus ajAcopOIMH TPUHATA TIOCTOSIHHOM ¥ paBHOM TEIIOTe
ajcopOommMu  JUIsi TEPBOTO  CJIOS WM TEIUIOTe KOHACHCAIIMU JIJIST  BCEX
MOCJIEAYIOIIUX CIIOEB.

YpaBaenue nzorepmsl bOT

kc

O (p T ey 82)
rae ¢ — Oe3pa3MepHasi OTHOCUTENbHAs KOHIICHTpAlus, paBHas OTHOIICHUIO
KOHIICHTpAIMU ajcopOara K KOHLEHTPAIIMH €T0 HACHIIIIEHHOT'0 pacTBOpa.

ITpu ¢ << 1 ypaBHenue bIT (8.2) nepexoaut B ypaBHeHue JIaHTMIOpa
ke
1+ ke’

8.1.3. Teopuu, yunTsIBaroOIe HEOJHOPOIHOCTD IOBEPXHOCTU

[TonbITKHM y4YecTh HHEPreTUYECKyl0 HEOJAHOPOJIHOCTh aJcopOupyrolei
MOBEPXHOCTH MPEANPUHUMAIINCH Pa3IMYHBIMU aBTOpamMu. Hambosnee n3BeCTHBI
IMIUPHUUECKUE ypasHeHus Ppelinoauxa

@ — kCl/n,
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rae kK u n — SMIUPUYECKUE KOHCTAHTBI, U ypagHenue PpyMKuHa, B KOTOPOM B
ypaBHeHHEe JI3HrMIOpa BBOJMTCS MHOMKUTEIb, 3aBUCSAIIMI OT CTENEHH
3aMoJIHEHUS] TOBEPXHOCTH:

® -b®

=—F=c¢

k(1-®)
8.1.4. Teopus [IyouHuHa (00beMHOTO 3aMOJHEHUSI MUKPOTIOP)

B cBoux pabGorax M.M. JlyOuHUH OTKa3bIBae€TCA OT MOHSATUH
«aJIcopOLMOHHAsl IOBEPXHOCTb» U «aJCOPOIIMOHHBINA LIEHTP» U pPacCMaTPUBAET
aJIcOpOIIMIO KaK Mpollecc KOHACHCAIMK ajicopbaTta B MUKpPOIOpax aJcopOeHTa.
B cooTBeTcTBUM ¢ 3THMM MpEACTABICHUSIMH IMpeiesibHas aacopOIus paBHA
00BeMy MUKPOTIOp aficOpOCHTA.

PazBuBass B3rmsagel  [lonsar 00  amcopOLMOHHOM — TMOTEHIMANE Kak
JBYDKYIIEH CUJTBI afIcopOInu, omyOnuKoBanHbie B 1914 r.,

A= RTlnc, (8.3)

IJIe ¢ — OTHOCHUTENIbHAsI Oe3pa3MepHasi KOHIeHTpalus aacopbara, M.M. Jlyou-
HUH ompezenseT (U3NUecKylo MNpUpOay aJCOpOIMOHHOTO MOTEHIMAada Kak
muddepeHnranbHyl0 MOJIBHYIO paboTy TIEpeHOoca BemecTBa U3 aacopo-
IIMOHHOTO 0o0beMa B 00BEM pacTBOpa W MpeJiaraeT XapaKTepUCTHUECKOEe
ypaBHEHHUE aicOPOLIMH B BUE

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

rne V/Vy — nmons oObemMa MHKPOIOp, 3alOJHEHHBIX  ajcopOaToM;
E - XapakTepucTudeckass SHeprusi ajcopOIuu; z — CTPYKTYPHBIM mapamerp,
paBHbIl 1 — 6.

[loncraBuB B ypaBHeHue (8.4) BBIpaKEHHE I aJICOPOLIMOHHOTO
notennuana (8.3) u £ = pE;, noayuum

z

V RT
—=exp| ——Inc | |
VO ﬂEs
rie f — xoddpdunuent abuHHOCTH; FE; — XapakTepUCTHYECKas DJHEPTHUs

aJIcopOIIMK CTaHIapTHOTO BeriecTBa (OeH301a), Uin

z

V T :
—=exp| - B| — (lnc) ’
Vs p
rae B = (R/E,) = const.
CreneHb 3aroJHEH s TOBEPXHOCTH MOKHO BBIPa3UTh KaK

O=VIVy,

rae V' — obobem ajacopOupoBaBIIerocs BeliecTsa, v, — o0beM aacopbara mpu
MOHOCJIOMHOM 3aIT0JTHEHUH ITOBEPXHOCTH.
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IloacraBuB V = OV, u nepenecs V,/V, B mnpaByl0 4YacTb ypaBHEHUS,
NOJIYYUM H30TepMy azcopbOiuu Jlyoununa

z

@z%exp -B % (Inc)

m

b

KOTOPYIO 4acTO MPEJICTABISAIOT B JIOTapU(PMUIECKOM BUJIC

In® = lnﬁ ~D(Inc)
V b

m

rone D = B(T/)” mnsa [DAaHHOrO BEIIECTBA IPH IIOCTOSHHOM TeMIeparype
ABJIAETCS KOHCTAHTOM.

8.2. /lunamuka aacopoumnu

PaccmoTpum ciyuaid, korjga 4epe3 HEMOJBIKHBIA CIION ajcopOeHTa, He
coziepKalnii afcopOMPOBAaHHOTO BEIIECTBA, JBUKETCS B PEKUME UICATBHOTO
BBITECHEHHS PACTBOP C HAYAJIbHOM KOHIIEHTpALMEN BelecTsa ¢y (puc. 8.1).

[Tornomenue BELIECTBA
HAYMHAETCS HAa  HAdaJbHOM
(¢ppoHTaTEHOM) yUYacTKe aacop-
OoeHta. DpOHTAIBHBIA yYacCTOK
OBICTPO HACHILIAETCS, U PACTBOP
MPOXOJUT Yepe3 HEero MpakTH-
Yyecku 0€3 M3MEHEHUs] KOHIICHT-
pauuu. Ecaum  Obl  cKOpoOCTb
aacopOuuu Oblla OECKOHEUHO
OonbIION, TO axcopOIus B
CJIENYIOLIMX CJOSX HAaYMHAJIACh

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

(poHTa agcopbumum npeaprymnx. IT0CKONBKY CKO-

pOCTh  ancopOmMu  KOHEYHA,

M3MEHEHHE KOHIICHTpAIMK ajicopOara Mo JJIWHE CJI0s aIcOpOeHTa MPOUCXOIUT
mwiasHo. [Ipu aTom popmupyercst gpornm adcopoyuu.

[lo wucTeyeHHH HEKOTOPOro BpeMeHH Mpoduias ¢GpoHTa aacopOIHuu
CTAHOBUTCS MPAKTUYECKA HEM3MEHHBIM, JIUIIb caM ()POHT MEePEMENIAeTCs BIOJb
cinos agcopOenTta. Bpemst paboThl cliosi 40 HACBIMIEHHUS] (POHTAIBHOTO y4acTKa
fo, T.e. O YCTAHOBJIEHUS CTallMOHAPHOrO (pOHTA aaCOpPOLMH, HA3bIBAIOT
nepuooom opmuposarnus pponma adcopoyuu.

I[Io oxkoHYaHMM HTOro mepuoJa HACTYyHaeT BTOPOM IIEPUOI, KOTOPBIU
Ha3BIBAIOT NEPUOOOM NApPaAIIeIbH020 nheperHoca @pouma adcopoyuu. DOPOHT
aJcopOLMK TIpU TOM IEepeMeliaeTcss BIOJIb CJIOS aJcopOeHTa ¢ HEKOTOPOu
MOCTOSIHHON CKOPOCTBIO U.

Bn

1
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MomeHT BbIxOAa (poHTa afcopOUUM W3 CJI0s aJACOpOEHTa Ha3bIBAIOT
npockokom. Bpemsi OT Hauama mpoiiecca A0 TMPOCKOKa HA3bIBAIOT 8peMeHeM
3auumuo2o Oelcmausi NN 8pemeHemM NPOCKOKd, a KOIWYECTBO MOTIIOMIEHHOTO
BEIIECTBA JI0 MOMEHTA MPOCKOKA — OUHAMUYECKOU eMKOCbIo alIcCOPOCHTA.

3aBHCHMOCTh BPEMEHH MPOCKOKA OT JJIMHBI CIIOSI aICOPOCHTA OMUCHIBACTCS

IMIUPUIECCKUM ypasHeruem Lllunosa:

t
np typ = kL — 1o,
rne k — Kod(pPUIMEHT 3alMTHOTO
a)tga=zk nercTBUSL Cios; fy — Bpems ¢GopMu-
_// pOBaHMUS CTallMOHAPHOT'O ¢dponTa
T 7 ajcopomnmm.
[
¢ ! L Koadpdunuentst ypasuenus [1lnnosa
o, o

L MOTYT OBITh HaWJeHbl Ha OCHOBE

—L— OMBITHBIX JTAaHHBIX (puc. 8.2).

8.3. AncopOeHTBI

Puc. 8.2. OnpepgeneHne KOHCTaHT AI[COP6CHTBI, IIpUMEHSAEMBIE  TUIS

ypasHeHua Llunosa OYHCTKH TPOU3BOACTBEHHBIX CTOYHBIX

BOA, JOJOKHBI  00JlajaTh  BBICOKOM

aJICOpOIIMOHHOM CITOCOOHOCTHI0, HHEPTHOCTHIO MO OTHOIICHHIO K ajcopdary u

pacTtBopuTento  (BOJE), MEXaHHMYECKOH IPOYHOCTBIO, CIIOCOOHOCTBIO K
pereHepanyu U HU3KOM CTOUMOCTBIO.

AnCOpOeHTBl XapaKTepU3YyIOTCs pa3MepoM IOp M YJCIbHOW MOBEPXHOCTHIO.
Paznuyaror mukpomnops! (10 3 — 7 HM), me3omopbl (10 200 HM) U MakKpoOIOpHI.
B Mukpornopax ajncopOuus NpoTeKaeT B OCHOBHOM 32 CYET KaWUIIPHON
KOHJCHCAIIUA, B ME30MOpax MPOUCXOJUT MOHO- WM MOJIUMOJIEKYJISIpHAS
aJICOpOIIHSI, MAKPOTIOPHI BHITTOJTHSIOT TIPEUMYIIIECTBEHHO TPAHCIIOPTHBIE (PYHKITHH.

K mnaubonee mmpoko pacnpoCTpaHEHHBIM aJacoOpOEHTaM OTHOCSTCS
aKTUBUPOBAaHHbIE yIUIM pa3nuuyHbix Mapok: Al'-2, BAY, AP wu npyrue.
Axmueuposannwiti  y2one Tony4aroT KapOommsamueir mpu 500 — 900 °C
UCKOIAEMbIX WM JPEBECHBIX YIJied, Topda, TEepMHUUECKHM pPa3I0KEHHEM
CUHTETHYECKMX  NOJUMEPOB.  [lOBEpXHOCTH  yriepoga  JIEKTPUUYECKH
HeUTpalibHa. AJCOpPOIMS MPOUCXOJUT B OCHOBHOM 3a CYET JUCIEPCHOHHOTO
B3aUMOJICHCTBHUSA. YAelbHas TMOBEpXHOCTh jocturaet 1000 M2/r, 00BeEM
mukpornop — 0,3 — 0,6 cm/r.

Nuorna B KayecTBE aJCcOpOSHTOB MPHUMEHSIOT TMOPUCTHIE MPUPOJIHBIE
MaTepHaIbl WJIM OTXObI MTPOU3BOACTBA: 30JTy, KOKCOBYIO MeJioub, Topd. Takue
COpOEHTBHI 00JIAIAI0T XYIIIMMH XapaKTEPUCTUKAMHU, HO MEHBIIEH CTOMMOCTBIO.
DT COPOEHTHI HE PETEHEPUPYIOT, UTO AOTOTHUTEIBHO YACIIEBISET MPOIECC.

8.4. lecopOums

HecopOius SIBJISIETCS o0s13aTenbHON COCTAaBJISIOIICH YacThIO
TEXHOJIOTHYECKHX MPOIIECCOB aICOPOITMOHHON OYUCTKHA CTOYHBIX BO/I.
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JIiss  aKTUBUPOBAHHBIX YIJIEH TMPUMEHSIOT dYalle BCEro  OTIYBKY
NeperpeThiM BOJSHBIM MapoM. YacTh mapa pacxomyeTcsi Ha HarpeB ammapara,
KOH/ICHCHUPYETCSl W BBIBOJAWTCA M3 ammapata B BHUAE KOHAEHcaTa. DTOT Map
Ha3bIBaeTCs eperowyum. JlecopOUpoBaHHbBIE BEIIECTBA BMECTE C APYTrod 4acThIO
mapa, Ha3bIBaEMOW OuHamuyeckum TIApOM, YIAISIOTCS U3 ammapara |
KOHJICHCHUPYIOTCS B KOHICHCATOpax. 3JeCh Ke MPOUCXOIUT OTACICHHUE
JecOpOUpOBaHHBIX BELIECTB OT BoJbl. OCHOBHas Macca aacopOMPOBAHHOTO
BEIIECTBA ynajsieTcss B Hadase aecopOiuu. CKOpocTh MecopOIuu CO BpeMEHEeM
IIOCTOSTHHO YMEHBIIIAeTCs, a pacxo] Iapa Ha €IUWHUIly J1eCOpOMpOBAHHOTO
BemiecTBa Bo3pacTtaeT. [loaToMy paecopOLuI0 U3 TEXHHUKO-3KOHOMHUYECKUX
COOOpaKeHH 10 KOHI[A HE MPOBOJSIT.

8.5. Ancop0Oepsnl
8.5.1. AncopOepsl ¢ HETOJBH>KHBIM CIIOEM aJICOPOEHTa

Hanbonee  wacto  NpUMEHSIOTCA  LWIMHAPUYECKUE  afcopOepbl
BEPTUKAJIBHOIO WM TOPU3OHTAJIBHOTO HCMONHEHUs (puc. 8.3), 3amoJHEHHBIE
IPaHyJIUPOBAHHBIM COPOEHTOM C
pasmMepom wyactuip 1,5 — 5 mm.
Ounimaemass BoAa ToJaeTcs B
anmapar CHM3y CO CKOpPOCThbIO OT 1

10 6 M/(M>4) B 3aBUCHMOCTH OT
KOHIIEHTpaIuu ajcopbara. Oun-

Bona HIEHHas BOJA OTBOJAMUTCS U3
BEpXHEH vacTtu anmapara. [Ipouecc
OYHMCTKA BEAYyT JO MOMEHTa

sona KoHpeHcar IIPOCKOKaA, IIOCJIE€ YCro ammapar

B OTCTONHIG IEPEKIIOYAI0T Ha PEreHEPaLUIO.

MeperpeThin v ) OuneHHan

Puc. 8.3. Aacopbep nepmnoanyeckoro oencTaus
C HENoABWXHbIM crioem copbeHTa

HpOILOJ'I}KI/ITCJIBHOCTL pereucpanu, KakK IIpaBHUJIO, MCHbBIIC IIPOAOJIKH-
TCIIBHOCTH azxcop6u1/11/1. HOBTOMy YCTAaHOBKa M3 IBYX HWJIHN Ooiee alrapaTroB
MNEPUOANICCKOTO I[GﬁCTBPIH MOJKCT pa60TaTL B HCIIPCPBIBHOM PCIKHUMC.

8.5.2. AnacopOepsl ¢ CyCIIeHIUPOBAaHHBIM aJICOPOSHTOM

AncopOImoHHasi yCTaHOBKA C CYCIIEHIUPOBAHHBIM COPOCHTOM COCTOMT M3
HECKOJIBKHUX ammnapaTtoB C MeIIaJlKaMH, COEIWHEHHBIX KackagHo (puc. 8.4).
Ouwiiaemast BoJia MPOXOAMT MOCIEI0BATEIBLHO Yepe3 BCe anmaparbl. A1copOeHT
IIOJAETCs B KAXKIBIM U3 anmaparoB. Ha BbIXo1e Kax10ro amnmapara yCTaHOBJICHBI
cemapaTtopsl IS OTHAENEHUs aacopOeHTa oT ouumE@aeMoil BoJbl. OOBIYHO
UCIIOJIb3YIOTCS THAPOIMKIIOHBI WIH (PUIIBTPHI HEMPEPHIBHOTO JCUCTBUSI.
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Kaxnpiii u3 amnmaparoB
paboTtaeT B pexume, Onu3-

KOM K MIEaJLHOMY CMeIle- AncopGeT ARCOPBeHT
HUIO. HOBTOMy CTCIICHb CTouvHaA OuynueHHan
W3BJI€UEHUS ajgcopbara B - CoA? BoAa

Ka)XXZIOM aIrrapare He MOXET
OBITH OOJIbIIIE PAaBHOBECHOM.
[TockonbKy B MOCIEAYHOUIMN
anrapar MnoJaeTcsi 4aCTUYHO AncopBeHT

OYHMIOCHHAA BOJAa M3 IIPC- Ha pereHepaLyho

TBITYIIET0, KO3 UIIUEHT MM YTITHEELHO

OYMCTKM KackaJa B LEJIOM

MOXET  OBITh  JIOCTATOYHO Puc. 8.4. Kackap ancopbepos

BBICOKHM. HenpepbIBHOro AENCTBUS
C cycneHaMpoBaHHbIM aacopbeHToM

9. DKCTPAKIIMS

Oxcmpakyuel Ha3bIBAIOT IPOLECC HU3BICYECHHS] OJHOTO MIIM HECKOJIBKUX
KOMIIOHEHTOB U3 pacTBOpa C IOMOIIbI0 H30UPATEIbHOTO PACTBOPUTEIIS.
OKCTpaKIus MHUPOKO UCHOIB3YETCs JUIsl OYUCTKUA MPOU3BOACTBEHHBIX CTOYHBIX
BOJ OT COJIEH METaJNIOB, (DEHOJIOB U JIPYTUX COEAUHEHUM.

[Ipyn SKCTpakUU uUCXoOHblil pacmeop W HECMELIMBAIOIIUNACA C HUM
9KCmpazenm TIPUBOASAT B KOHTAaKT MEXIy coOOH, B pe3yibTaTe Yero
AKCTPArUpPyEMOE BEIIECTBO NEPEXONUT U3 PACTBOPA B DKCTpareHT. B pe3yinbrare
AKCTpPAKIMK O0pa3yloTcs 9KCmpakm — PpPacTBOP HU3BIEKAEMOr0 BEIIECTBA B
IKCTpareHTe u paguram — OCTaTOYHBIA UCXOAHBIA pacTBOP, U3 KOTOPOTO B TOM
WIM WHOW CTENEHU YAAJIECHBl JKCTParupyemMble KOMIIOHEHTBI. OKCTPaKT H
paduHAT OTAEISAIOT APYr OT Jpyra OTCTaMBaHMEM, IIOCIE YEro W3BJIEKAIOT
DKCTPAarupOBaHHOE BEIIECTBO U3 JKCTPAaKTa U IMPOBOLAT pPEreHEpanuio
IKCTpareHrta u3 padunara.

9.1. PaBHOBecHE B reTepOreHHOM CUCTEME KUIKOCTh — JKUAKOCTh

OKCTpakIusi MPOTeKaeT B JBYX(}a3HOM TPEXKOMIIOHEHTHOW CHCTEME.
KommoHeHTaMu 3TOW CHUCTEMBI SABJSIOTCA: PACTBOPUTENIb, W3 KOTOPOIO
U3BJIEKAETCS] SKCTpParupyeMoe BElECTBO (IPUMEHUTEIBHO K OYMCTKE CTOYHBIX
BOJI TaKUM paCTBOPUTENIEM SIBJISIETCA BOJIa), IKCTPAr€HT U JKCTPaArupyemoe
BemecTtBo. OqHOM M3 (a3 sBisieTCs PacTBOpP JKCTPArMpyeMoro BEUIECTBA B
BOJIE, IPYTOM — PACTBOP IKCTPArupyeMOro BEIIECTBA B IKCTPATEHTE.

He cymiecTtByeT HEpacTBOPUMBIX APYT B JPYre >KUAKOCTEH. DKCTPAreHT
YAaCTHYHO PacTBOPSETCS B BOJE, a BoAa — B 3kcTpareHre. [loatomy npaBuiibHee
ObUI0 OBl TOBOPUTH O (paze Kak O PacTBOpPE SKCTPArupyeMOro BeIllecTBa B
HACBIIIEHHOM PacTBOPE BOABI B OKCTPArE€HTE MUJIM IKCTPAreHTa B BOJIE.
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[Ipu sKCTpaKIMK HEOPTAHUYECKUX BEIIECTB U3 BOJAHBIX PACTBOPOB OOBIYHO
yaaeTcsi mogo0paTh AKCTPAreHT, MPaKTUUYECKH HEPaCTBOPUMBINA B BOJIHOM (haze.
Hampumep,  pacTBOpUMOCTh  IIUPOKO MPUMEHSIEMOTO  DKCTpareHTa
TpubyTuiadocdara B Boje cocrasiser 0,02 Bec. %. [loaTtomMy B nmanbHeiiem
B3aMMHOM pacTBOPUMOCTBIO PACTBOPUTENISI U AKCTpareHTa Oyjem npeHeoperarsb,
YTO MO3BOJUT YHPOCTUTH H3JIOKEHUE MaTepuaya, He 3aTparvuBas OOLIHOCTH
OCHOBHBIX 3aBUCUMOCTEM.

JIBHKyIIEN CHIIOW IPOLECCA IKCTPAKLMUU SBJISECTCS Pa3HOCTh XUMHUUYECKHUX
MOTEHIIMAJIOB PACIpPENENIIeMOro BEUIECTBA B BOJE M 3KcTpareHre. Ilepexon
BEIIECTBA W3 OAHOW (a3pl B Jpyryr0 OyAeT MNpOAOIKATHCS 10 MOMEHTA
BBIPAaBHUBAHUS 3TUX MMOTEHIMAJIOB, T.€. O HACTYIJICHUS] PABHOBECHSI.

9.1.1. M30Tepma skCTpaKkuuu

CocTostHuE paBHOBECHS XapaKTEPU3YETCS U0MEPMOL pacnpedesieHus i

U30MEPMOT IKCMPAKYUU:

y¥ =k,
rI€ y — KOHIGHTpAIUs paclpelesieMOr0 BEIIECTBA B DJKCTPAKTE; X —
KOHIIEHTpAaIUsl pacipenensieMoro BeliectBa B padunare; k — xoddduimreHt
MIPOTNIOPIIMOHATIBHOCTH, Ha3bIBaeMbIN k02 duyuenmom pacnpedenerusi. CUMBOI
«*» 03HavaeT paBHOBECHBIEC YCIIOBUSI.

B mpocretieMm ciydae mpu OTCYTCTBHM JMCCOLMAIIMM WM ACCOITUAIIUU
MOJICKYJ OJKCTparmpyeMoro BemecTBa B o0eux (a3zax koddduiueHt
pacripesiefieHdss kK MOXXET CUHUTAThCS BEIWYMHONW TIOCTOSIHHON MNpH JaHHOMU
temriepatype. llpu sTOoM H30TepMa SKCTPAKIMM HMEET BUJ MPAMOA a B
KoopauHaTax x — y (puc. 9.1a).

Bo mHOrMX ciydasx paBHOBECHAasl 3aBUCH-

v MOCTh YCJIOXKHSIETCS BCJICACTBHE XUMHUUYECKOTO

B3aMMOJICHCTBHS IKCTPArUPyEeMOTO BEIECTBA C

oy B OKCTPAareHTOM, a TaKXKe U3-3a Pa3IMYHBIX

- COCTOSIHHM ATOTO BEIIeCTBAa B Ppa3HBIX (azax

(HampuMep, MOJIEKYJIbI JIKCTParupyemMoro Be-

IIeCTBa JUCCOLIMUPYIOT B BOJHOM (hase u He

JUCCOLIMMPYIOT B JKCTpareHre). PaBHoBecHas

3aBUCUMOCTh TP JITOM CTAHOBHUTCS HEJH-

X HEWHOM, a KOd(pPUIUEHT pacpeeeHus: CTaHO-
BUTCA (DYHKITMEH KOHIIEHTPAIIHH.

KonmdecTBeHHBIE XapaKTEPUCTUKH PABHO-

Puc. 9.1. MsoTepmbl

SKCTPAKLMN BeCHid  TOMOOHOTO  BHJAA  MOTYT  OBITh
YCTaHOBJIEHBI C IOMOUIBIO 3aKOHA Oeucmeus
macc.

PaccMoTpuM Takoil moAXo Ha MPUMEPE TUIMMMYHOTO MPOLECcca SKCTPAKIIUU
coJiel METaJJIOB HEUTpaJbHBIMH OPraHUYECKHUMH OJKcTpareHTamu (3¢upom,
YETBIPEXXJIOPUCTHIM YIIAEPOAOM U T.II.).
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Jlnst ynpouieHus: MU3JI0XKEHUs COJdb MeTajla OyJleM CcuuTaTh OMHAPHBIM
ANEKTPOJIUTOM, T.€. MOJIEKYJIa COJIM COCTOMT M3 OJHOTO KAaTHOHA U OIHOTO
aHWOHA. 3apsiibl KaTHOHA W aHWOHA B 3TOM CiIy4yae 3HAYEHUS HE UMEIT U
YCJIIOBHO MPUHUMAIOTCS paBHBIMU enuHule. C 3TOH ke 1eNblo OyJIeM CUUTaTh,
4YTO B OpraHumyeckoil ¢aze oOpasyercs CONbBAT TOJIBKO C OJHOM MOJIEKYJIOM
IKCTpareHra.

Conp mMetaina U Kuciotel (MAn) B BOJHOU (aze TUCCOIMUPYET HA MOHBI,
a B opraHudeckoi (haze 00paszyeT coibBaT ¢ MOJIEKYJIaMH dKCTpareHra S

M+ An + S — MAn-S.

CorJiacHO 3aKOHY JCUCTBHS Macc, KOHCTAHTAa PABHOBECHS 3TOW peaKIiu
_ [MAn-S]
P M AR ST 9.1)
[M " ][An” ][S]

KBaapaTHbie CKOOKH 371eCh 03HAYAIOT MOJISIPHBIC KOHIICHTPAIIMH BEIIECCTB.

[IycTh paBHOBECHasi KOHIEHTpPALIMS PaCIpeesieMOro BellecTBa B BOJIHON
dase paBHa x*, a B oprannueckoii — y*. Torna [M'] = x*; [MAn-S] = y*. Eciu B
BOJHOM pAacTBOpPE HET JPYrMX cOJed ¢ OJAHOMMEHHBIM aHHOHOM An , TO,
YYHUTHIBASA, YTO OJIMH MOJIb KATHOHOB METaJlJIa CBSI3aH C OJTHUM MOJIEM aHHOHOB,
umeeM [An] = [M'] = x*. Bemmumna [S] B ypaBHeHum (9.1) sBisercs
KOHIIEHTpaIeil CBOOOIHOTO, T.€. HE CBI3aHHOTO B COJIbBAT, SKcTpareHTa. OauH
MOJIb METAJIJIa CBSI3BIBAET OJMH MOJIb DKCTPAreHTa, a y* MoJeil MeTaia CBIKYT
y* ™oneit skcrtparenta. [losTomMy KOHIEHTpamus CBOOOJAHOTO JKCTparcHTa
[S]=S¢—y*, rue Sy — HauaIbHAsE KOHLIEHTPALUs SKCTPareHTa.

C y4eToM U3JI0KEHHOTO MpeicTaBuM ypaBHeHue (9.1) B Buie

o
- X*'X*(So_y*).

OTCIO,Z[a Haﬁ,ﬂeM YPaBHCHUC U30TCPMBI SKCTPAKIIUU

K (x*)
* p S
=9 9.2)
1+ K, (x*)
U Kod(punreHTa pacupeneieHus
* K x*
A S . (9.3)

x4+ K (x*)

[Ipy HU3KUX KOHIIEHTpAIUAX (I{p(x*)2 << 1) uzorepma (9.3) npeBpaiaercs
* — )2 %)2
B napabony y* = K,(x*)"Sy, a mpu BeICOKHX KOHLEHTpanusax (K,(x*)" >> 1) — B
TOPHU3OHTAIBHYIO TipsiMyto )* = S;. [Ipu 3TOM H30TEpMa IKCTPAKIINH UMEET BUJ
6 (cm. puc. 9.1). Koapdunuent pacnpenenenust k npu x* — 0 oOpamiaercs B
HYJIb. DTO O3HAYAET, YTO TIIyOOKOE M3BJICUEHUE HKCTPArMPYyEMOT0 KOMIIOHEHTA
HE JTOCTHKUMO.
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9.1.2. DddexT BricAIMBAHUS

OTa TpYOHOCTb MPEOJOJIEBAETCS NMyTeM J00ABICHUS Gvlcanusameneu —
coJiel ¢ OJHOMMEHHBIM AHMOHOM M MAJIOTOKCHUYHBIM KAaTHOHOM IS
AKCTPArupoOBaHUs TKEIBIX METANIOB MM HA000POT — COJIEH C OJJHOMMEHHBIM
AHMOHOM Y MaJIOTOKCHYHBIM KaTHOHOM JIJIsl SKCTParupoBaHUs KUCIOT.

[lycTh KOHIIEHTpalus BbICAIMBATENSI paBHA X, TOIJAa KOHUEHTpAIUs
aHMOHOB B BOJHOM (aze [An | = x* + Xx,, a ypaBHEHUSI U30TEPMBI IKCTPAKIIUU
(9.2) u koadPunmenta pacrpeaenenus (9.3) npuUMyT BHU

. pr*(x*+x8) Kp(x*)2+pr*x8
y = =
1+pr*(x*+x6) ’ 1+Kp(x*)2+pr*x8

So; (9.4)

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

k

0.

B o6nactn Hu3KkuX KoHUEHTpanui (K,(x *)? << 1) m3otepma (9.4) mepecraer
ObITh Mapabdosoii (dy*/dx* > 0), a mpu BeICOKHUX KOHLEHTpauusx (K,(x #)2>> 1) —
OCTaeTcsl TOPU3OHTAIbHOU mpsMon y* = Sy M3oTepma 3KCTpakuuu B HTOM
ciyyae umeetr Bun 6 (cMm. puc. 9.1). Koadbdumment pacnpenenenuss k mpu
x* — 0 crpemurca k BennmuuHe K,x,Sp > 0, U U3BIEYEHUE CTAHOBUTCA
JIOCTaTOYHO TTOJTHBIM.

[Ipm  oSKCTpakiuu cojied METAUIOB  OPraHWYECKUMU  KHCIOTaMU
K03 umeHT pacnpeneneHus spusercs Gpynkuuert pH Boano# dassl. [ToaTomy
B TaKMX MPOIECcaxX IKCTPAKITUEH YIPABISIFOT, U3MEHSS KHCIIOTHOCTh MCXOIHOTO
pacTBopa.

9.2. MeToabl IKCTPAKIMHU
9.2.1. OnHoctyrneHyaras (OJTHOKpaTHAs ) SKCTPAKIIUS

DTOT NPOCTEHIITUI METOJT SKCTPAKIIMK 3aKiIrodaeTcs B ToM (puc. 9.2), uto
UCXOJIHBIN pacTBOp F, cocrosiuii u3 1Byx
KOMIIOHEHTOB: pacTBopuTes (Boasl) W u
pPacTBOPEHHOro BeuwiecTtBa B, mnepeme-
IIMBAIOT C DKCTPAreHTOM S B CMECHUTENe
MEPUOINYECKOTO JEUCTBUS, IOCJIE YErO
CMECh CJIIMBAIOT B CENapaToOp-OTCTOMHUK.
— E - i ++BI'3 B orcroliHnke cMech pasaensiercs Ha JBa
cinosi: 3kctpaktT E = =S + B u padunar
R=W +B. Ilpu gocrtaTouHOM BpeMeHU
KOHTAKTa MOTYT OBITh MOJY4YE€HBI OJIM3KHUE
K PAaBHOBECHBIM KOHLIEHTPALMH pacrpeie-
JA€eMOTro BelecTBa B B 3KCTpakTe W
padunare.

Puc. 9.2. Cxema
OLHOCTYNEeHYaTON SKCTPaKLUK
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PaccmoTpum  Haubosiee mpocToil  ciaywyad, Korga oKuAKAe — (asbl
PAKTUYECKU HEPACTBOPUMBI JPYT B APYTE.

IlycTh W KT MCXOHOTO pacTBOpa C KOHUEHTPALUU Xy CMEIIMBAIOTCS C § KT
JKCTpareHta. B pesysnbTaTe S3KCTpaKIUU TOJYy4YarOTCs paBHOBECHBbIE (Da3bl:
padbuHAT C KOHUEHTpaluedl x* ¢ OKCTpaKT ¢ KOHLEHTpamued y*.
(KoHuenTtpanuu B JaHHOM clly4ae BBIpaXX€Hbl B KI BeliectBa B/kr
pacTBOpUTETISL.)

MartepuaibHbli OaIaHC 10 PACTIPEETISIEMOMY BEIIECTBY

wxo = wx* + sy*.
Y * = Joc* Haif
YHUTHIBAS, U4TO Y , HaliJIeM KOHIIEHTPAIHIO IOTy9aeMoro paduHara

wxo = wx* + skx*;

WX X
X*:: 0 — 0
w+sk 14z ©-3)
Y KOHIICHTPAILMIO DKCTPaKTa
kx
yE=kx* = 1+°Z. (9.6)

Hocturaemast cremeHp u3BieueHus @O pacmpenenseMoro BelecTBa
ompenenseTcss KaK OTHOIICHHWE KOJIMYeCTBa W3BJICYCHHOTO BEIIECTBA K
KOJIMYECTBY 3TOTO BEIIECTBA B UCXOTHOM PAaCTBOPE:

s
—k
%k
S skx z
(D y 0 w

- - 9.7)
WX S S 1+z - 9.
O wx,|1+—k| 1+—k
w w
B ypaBuenusix (9.5) — (9.7) z = ks/w — aKCTpaKIIMOHHBIN (aKTOp.
Benmnunna  SKCTpakmMOHHOTO — (pakTOpa WMeEEeT BaXHOE  TEXHHUKO-
HPKOHOMHYECKOE 3HAY€HUE IMpPHU MPOBEACHUH MPOLECCOB OKCTpakiuu. [lpu

HU3KUX 3HAYCHHUAX Zz CTCIICHb H3BJICHCHMUA

y pacrpenensieMoro KOMIIOHEHTa W3 HCXO/I-
HOI'O pPacTBOpa TaKXe Maja, MPU BBICOKHX

Wl T T T i y T ) 3HAUEHHUSX Z BO3pPACTaeT CTOMMOCTh pereHe-
/ : y = pamuu dkctpareHra. OnTHManbHBIC 3HAYe-

: HUS DKCTPAKIIMOHHOTO (paKTOpa HaXOMSITCS B
| npenenax ot 1,5 no 2.
| Jlns moctpoeHus Tpaduka mporecca
W X Xg X OJTHOCTYTIEHYATOW OSKCTPAaKIMH HA JUar-
paMmMme y = f(x) HaAHOCAT PaBHOBECHYIO
Puc. 9.3. Paboyasi AnHus muHUio y* = f(x*) u craBaT Ha ocu abcmucce

O[HOCTYNeHUaTON akcTpakumy ~ HAYAIBHYIO  TOUKY paboueit JWMHUU C
KoopauHaTaMu x = xo 1 y = 0 (puc. 9.3).

65



W3 MaTepuanbHOro 0anaHca SKCTPAKLUM CIEAYET, YTO

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

Ecnu B pe3ynbTaTe SKCTPAKIIMU JTOCTUTACTCS paBHOBecHe (a3, TO MPsIMYO
NPOAOJDKAIOT IO TIEpecedYeHUus C JUHHEH paBHOBecHs. KoopaWHATHI TOYKHU
NepecedeHHs BBIPAXKAIOT COCTABBI MOJIy9aeMbIX IKCTpakTa ), = y* u paduHaTta
X, = x*. UeM O0JIbIIIe pacxo/1 SKCTpareHTa s, TeM MEHbIIIE TAHT€HC yTiia HaKJIoOHa
pabouei JMHUU, W, CJIEIOBATEIbHO, TEM HIKE KOHIICHTPAIIMH H3BJICKAEMOTO
BEIIECTBA KAaK B DKCTPAKTE, Tak U B paduHaTe.

9.2.2. MHoroctyneHyaTas 3KCTpakLHs IpU NEPEKPECTHOM MTOTOKE

DKCTpaKIUsl 3TUM CIIOCOOOM TMPOBOJUTCA B HECKOJIBKUX CTYMEHSX, Yepes3
KOTOPBIE TMOCJIEIOBATEILHO JIBIKETCS MCXOIHBIA pacTBOp. Bo Bcex crymneHsx,
HA4YMHAS CO BTOPOHM, MCXOMHBIM PACTBOPOM SIBIIACTCS paduHAT MPEIbIIYIICH
CTyNEHHU. DKCTPAreHT MOAAETCS BO BCE CTYNEHU NapaiesbHo (puc. 9.4).

a) 6)

Puc. 9.4. Cxema (a) n pabo4yas nuHus (6) MHOrocTyneH4yaTom aKCTpakuum
npv NEpPeKpPecTHOM MNOTOKe

Ha xaxzayro cineayrollyro CTYNEHb MOJAIOTCA Bce Oosee 0OeIHEHHBIE
IKCTParupyeMbIM BEIIECTBOM paMHATHI, TO3TOMY KOHUEHTPALMH SKCTPAKTOB
CHIDKAIOTCS OT IEPBOM CTYINEHM K IMOcienHen. B pesynbraTe Ui MOIYy4YEHHUs
paduHaTa BBICOKOM YHUCTOTHI TPEOYIOTCS OOJbIINE OOBEMHBIE COOTHOLIECHUS
DKCTpPareHTa M HCXOJHOIO pacCTBOpa, YTO CBA3AHO C YAOPOKAHHEM BCETO
IIPOLIECCa IKCTPAKIIHH.

IlosTOMy mpoLEcChl TAKOrO THUIIA IIPUMEHSIOT B IIPOMBIIIICHHOCTH B
peOKMX CiaydasX, KOrjga Uil OKCTPAaKLUHUA MOXHO IPUMEHUTH JCIIEBBIN
HKCTPAreHT U yTUIN3UPOBATh €ro 0e3 pereHepaluu.
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9.2.3. MHorocryneHyaras mpoOTUBOTOYHAS SKCTPAKLIUS

[lo aToii cxeme (puc. 9.5) UCXOAHBIA PACTBOP M IKCTPAr€HT MOCTYMHArOT
C POTHUBOIIOJIOKHBIX KOHIIOB YCTAaHOBKM M ABMXKYTCS MPOTUBOTOKOM JIPYT K
ApyTy Yepe3 psJl MOCIe0BATENbHBIX CTyICHEH.

I

I

I
¥Y=£f(x)

| [

| [

| [

R‘,l____ | |
_ | I
| |

I I

f }

=Y |
|
|
Yy 1 :
K, 3 Fr,2= Fyp,1= Xy,1 X%
=¥,z T X,z
a 0

Puc. 9.5. Cxema (a) n paboyas nuHus (6)
MHOrOCTYyneH4YaTon NPOTUBOTOYHOW IKCTPaKLmmn

KoHeuHbli SKCTpakT yaisieTcss U3 MepBOM CTYIEHU, a KOHEUHBIA papuHaT
u3 nociueaHeil. Ilpm sTOoM Ha mocienHel cTyneHW paduHar, HaumOosee
O00€HEHHBIN HKCTPATUPYEMBIM KOMIIOHEHTOM, B3aUMOJECHCTBYET CO CBEXHUM
DKCTPAreHTOM, HE COJEp)KallMM 3TOro KommoHeHTa. Ha mnepBoil cTyneHm
DKCTPAreHT, KOHILIEHTpalMs HW3BJIEKAEMOI'0 BELIECTBA B KOTOPOM OlM3Ka K
HACBILICHHUIO, B3aUMOJIEUCTBYET C HauboJiee KOHIEHTPUPOBAHHBIM PacTBOPOM
TOr0  KOMIIOHEeHTa. biaromaps 53ToMy  IBWXKYyIas Cwia Impouecca
BBIPABHHUBAETCA 110 BCEH YCTAHOBKE, JOCTUIAaeTCsl JOCTATOYHO BBICOKAS CPEIHS
CKOpOCTh IIpoliecca W OCYLIECTBIseTcs Haubojee IOJHOE W3BJICUECHUE
HKCTPArupyeMoro KOMIOHEHTA U3 UCXOJHOTO PacTBOpa.

Paccmotpum MatepuanpHBIid 6aaHC Mpolecca SKCTpaKuu BemecTsa B u3
MCXOJHOTO JABYXKOMIIOHEHTHOTro pactBopa W + B akctparentom S. B3anmuou
pPacTBOPUMOCTBIO PACTBOPUTENS HCXONHOro pactsopa W M JKCTpareHra S
MOJKHO IIpeHeOpeub. B 3TOM cilydae MaccoBble NOTOKHM PACTBOPUTENEH 110
JUIMHE YCTAaHOBKH OCTAOTCS IIOCTOSIHHBIMU U PABHBIMU COOTBETCTBEHHO W U S.

JU1s1 HEKOTOPOM 71-11 CTYIIEHN YCTAaHOBKH CIIPABEJINBO COOTHOLIEHUE

Ww(xo — Xp-1) = SOt — V),
OTKYyJa CIEAYyET, YTO

(xo _xn—l)+yn .

_W
yn__
S
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[TonyuenHoe ypaBHeHUE paboyel JUHUM HM300pa)kaeTcs MpsSMOW JIMHUEH,
TAHI'€HC yTIJIa HAKJIOHA KOTOPOM paBeH w/s (cM. puc. 9.5).

[Iporecc MHOTOCTYIIEHYATOM IKCTPAKITUU MOXKET OBITh M300pakeH B BUIE
CTYNEHeK MeXay pabodeil nuHHEe W JuHUEeH paBHOBecusa. Kaxmas Takas
CTYNEHbKa Ha3bIBACTCS meopemuieckou cmynenvto skcmpaxyuu. 11ockosbKy B
peanbHBIX YCTAHOBKAX PAaBHOBECHE HA KaXJOW CTYNEHU HE JOCTUTAETCSA B CHITY
OTPAaHUYCHHOCTH BPEMEHHM KOHTAKTa, YHCJIO PEabHBIX CTYNEHEH SKCTPaKIINH
Bcer/ia O0JIbIle YUCIIa TEOPETHUECKUX CTyTICHEH.

B 3aBucumoctH OT BuAa KOHTaKTa MexAy (a3zaMu SKCTPAKIIMOHHBIE
anmapartbl ObIBAIOT CMYNEHUamviMu, TAe W3MEHEeHUEe cocTaBa (a3 MPOUCXOIUT
CKauyKoOOpa3HO, OT CTYNEHW K CTYNEHU, M3 KOTOPBIX COCTOWT ammapar, |
oughghepenyuanbHo-KOHMAKMHLIMU, B KOTOPBIX H3MEHEHHE cocTaBa (a3 IIo
JUTHHE arapaTta IpuOInKaETCsl K HEIIPEPHIBHOMY .

CkopocTe mpoliecca OSKCTPAKIMU 3aBUCHT OT IUIOMIAAM KOHTAaKTa
HECMEITUBAIOIINUXCS KUIKUX (a3. PaznudaroT CIIONHYI0 U AUCTIEPCHYIO (ha3bl.
JucnepcHas ¢daza, KOTOPOU SBISETCS SIKCTPAreHT, paclpeAeiaeTcs B CIUIOMIHON
daze B Bue Kameiab. B 3aBUCMMOCTH OT HMCTOYHHMKA DHEPTUHU, UCIOJIb3yEeMOU
JUIsl AUCTIEPTUPOBaHUS OAHOW M3 (a3, SKCTPAKTOPHI MOJPAa3JEISIOTCI Ha
anmnapartbl, B KOTOPBIX Oucnepauposanue TPOUCXOIUT 3a cyem COOCTBEHHOU
9HepeuU NOMOKO08, U allapaThl C BHEUHUM NOOBOOOM IHEPIUL.

OO0s3aTenbHON  CTaguell Tpollecca JKCTPAKIUU SIBJISETCS  paslielieHue
(cemapamus) ¢a3. B 3aBHCMMOCTH OT CHJ, IIOJ JEHUCTBUEM KOTOPBIX
OCYIIECTBIISIETCS cenapanus (a3, pa3IuyaroT SKCTPAKTOPHI ¢ pasfeieHuem ¢as
6 nonre madxcecmu (TPAaBUTALIMOHHBIE B3KCTPAKTOPbI) U OSKCTPAKTOPHI C
paznenenuem das 6 yenmpooesicHom noie (IEHTPOOEIKHBIC IKCTPAKTOPHI).

[To mpuHIUITY OpraHU3aniy IpoIecca IKCTPAKTOPHI ACTATCS Ha anmapaThl
nepuoouuecKo2o 0elcmeaus v anmnapaTbl Henpepvl8HO20 OeltiCBUsL.

9.3. CtyneH4yaTbie IKCTPAKTOPbI
9.3.1. CMecHUTENBHO-OTCTOMHBIE IKCTPAKTOPBI

DKCTPaKTOPhI 3TOr0 THUIMA COCTOAT U3 PsAla CTYIIEHEH, Kaxaas U3 KOTOPBIX
COJIEPKUT CMECHUTENIb U OTCTOMHHUK (puc. 9.6). JIBmxenue xunkux (a3 uepes
CTyNEHU OCYLIECTBIIAETCS B PEXUME NPOTUBOTOKA. ODKCTPAr€HT IOJAETCA
B CMECUTEJIb ITOCIEIHEN CTyneHu. Tyaa e napaulebHbIM OTOKOM IOAAETCS
padbuHaT W3 OTCTOMHUKA mpeabiaymiei crynend. [locne cmemieHus ¢asbl
pa3NeNnsoTCS B OTCTOMHUKE TMOCHEIHeN CTYNeHHW, OTKyJa KOHEYHbIH paduHaT
YIAIseTCslT B KA4eCTBE OCHOBHOI'O MPOJYKTa, a SKCTPAKT HAIPaBISETCS B
CMECUTEIb NPEABIIYIIEH CTyIIEHH.
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W+B

MepPBas CTYNEHDL ETopaa cTYNEHL

Puc. 9.6. [IByxcTyneH4aTbll CMeCUTESbHO-
OTCTOMHbIN SKCTPAKTOP

CmMmerieHne >KUIKOCTEH MOMKET NPOMCXOIUTh HE TOJNBKO C IOMOIIBIO
MEXaHMUYECKUX MEIIANOK, HO U MOCPEACTBOM HACOCOB, MHKEKTOPOB U IPYTHMHU
cnocobamu. Pasznenenue ¢ga3 MOXKHO OCYIIECTBIATH HE TOJBKO B
I'PaBUTAllMOHHBIX OTCTOMHUKAax, HO W B Cemaparopax IEHTPOOEKHOro THIIa,
HampuMep B TMJPOLMKIOHAX WM LeHTpudyrax. Ilostomy uucno BapuaHTOB
CMECHUTENbHO-OTCTOMHBIX 3KCTPAKTOPOB BEIHUKO.

B cMmecuTenbHO-OTCTOMHBIX 3KCTPAKTOpax JOCTHTaeTcsl WHTEHCHBHOE
B3auMOeicTBUE MeXAy (asamu, mpuyeM 3(PPEeKTUBHOCTb KaXKIOW CTyHNEeHH
MOKET MPUOMIKATBCS K OJHOM TEOPETUYECKOW CTYNEeHM pas3fielieHus. OTU
amnmapaThl XOpOIIo paboTaIOT MPH MaJbIX pacxojax skcrparenta — 1/10 u menee
OT pacxoja BOJHOTO PacTBOpA, YTO MO3BOJISET MOMydaTh KOHIEHTPHUPOBAHHBIC
OKCTPAKTHl. BakHBIM OCTOMHCTBOM CMECHTEIBbHO-OTCTOWHBIX 3KCTPAKTOPOB
SIBIISIETCS] BO3MOKHOCTh U3MEHEHHUS YHCIIa CTYTIEHEH SKCTPaKIIHH.

HenocratkamMu  SKCTpakTOPOB  3TOTO  TUNA  SIBJISETCS  CIIOKHOCTh
KOHCTPYKLIMK, OOYCJOBJCHHAs HAJIWYMEM MEUIaJoOK B KaXJOH CTyNeHH, U
Oonplas IUIOINAAb, 3aHMMaeMash YCTaHOBKOH. KamuranbHble 3arpaTtbl U
HKCIUTyaTallMOHHBIE pacXoibl Ui TaKUX SKCTPAKTOPOB BBIIIE, YEeM JUIs
HKCTPAKTOPOB JPYIUX THUIIOB.

9.4. InddepeHunaibHO-KOHTAKTHbIE IKCTPAKTOPbI
9.4.1. PactibuiuTeIbHBIE KOJTOHHBI

PacnbpimuTenbHbI  KOJOHHBIM AKCTPAKTOP TMPEACTaBISET COOOH MOIyIo
KOJIOHHY, 000pyZ0OBaHHYIO YCTPOUCTBAaMU JJIsi BBOJa U BhIBoAa (a3 (puc. 9.7).

Jlerkas aza, KOTOpoH MOXKET OBITb KaK SKCTPAreHT, TaK W BOJHBIN
pacTBOp, TMOJAETCS B HIKHIOK YacThb KOJOHHBI 4Yepe3 paclpeieuTeNb.
[Tpoxoast yepe3 oTBepcTUs pacHpenenuTens, Jerkas ¢asza ITucrneprupyercss Ha
Kalld M JBWXKETCS CHU3Y BBEpX (BCIUIBIBAET) Ye€pe3 CJION Tshbkenoil (assl,
KOTOpPOM 3arojHEHa KOJOHHA. B BepxXHE! 4acTU KOJOHHBI HaXOIWUTCS BEPXHSS
OTCTOMHAsl 30HA, MUMEIOIIAs OOJBUIMM JUaMETp MO CPaBHEHUIO C KOJOHHOM.
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B 3Toi1 30HE MPOUCXOAUT OTAECICHHUE JIETKOU

(da3bl OT ’MYJILCUU U BBIBOJI €€ U3 arlapara.
_1- 'IL' _1 Tsoxenast paza mogaeTcs Ha THO BEpXHEH
} 1’ OTCTOMHOW 30HBI, MEPEIUBOM MOCTYNAaeT B

KOJIOHHY U COOMpAeTCsi B HUXKHEU OTCTOMHOMU
30HE. BoIBoA TsKenol ¢a3bl OCyLIECTBISAETCSA
4yepe3 TUAPABIMYECKUM 3aTBOp, C IOMOILBIO
N = 3 KOTOPOI'O JIOCTUraeTCs IIOJHOE 3aIlOJIHEHUE
KOJIOHHBI KMJIKOCTBIO. YpOBEHb pazaena ¢a3s
B KOJIOHHE PEryJINpyeTCs BBICOTOM IIE€pEIvBa
TSKENIOH (pa3bl ¢ MOMOIIBIO BEHTHIICH.

Kaxgomy pacxomy Tspkenod — (paswl
A COOTBETCTBYET HEKOTOPBIM  ONTUMAaJIbHBIN
R pacxon Jerkoi ¢aspl. C yBeTWYEeHUEM pac-
X0Jla JIeTKOM (ha3pl BO3pACTaET YHCIO €€
Kafnejip B €AUHUIE o0bema anmnapara, M|
YMEHBUIACTCS JI0JIs1 TIONEPEYHOr0 CEUYCHUs,
CBOOOJIHOTO Il MPOXOXKJIEHUS CIUIOIIHOM Tspkeaod (¢as3pl. DTO, B CBOIO
ouepelb, BBI3BIBACT BO3PACTAHUE JIOKAIBHBIX CKOPOCTEM OTHOCUTEIBHOIO
JBUKEHUS (a3, U Bce OOJIbIIee YMCIIO Kaleab HAUMHAET JBUTaThCs BHU3 BMECTE
¢ TsKeNnou (ha3oif, T.e. HABCTpedy OCHOBHOMY IOTOKY Jierko# ¢a3bl. Bo3Hukarot
IUPKYJISUOHHBIE TOKM JUCHEpcHON (¢a3pl (0O0paTHOe mepeMelInBaHue),
KOTOPBIE CYIIECTBEHHO YMEHBIIAIOT CPEIHION ABIKYLIYI0 CWIY IIpolecca U
MHTEHCUBHOCTH dKCTpakiuu. JlanpHeilliee yBeITuueHne pacxoaa TsHKeIoi ¢a3bl
OpUBENET K YHOCY Kameidb W3 30HBl JKCTPAKIMH, OOpa30BaHMUIO BTOPOM
NOBEPXHOCTH pazaena (a3 B HIDKHEH OTCTOMHOM 30HE, HapyUICHHIO
IPOTHUBOTOKA, T.€. K 3aXJICOBIBAHUIO KOJIOHHBI.

C yMeHbIIIEeHHEeM pacxoja JUCIepCHOM (Jerkoi) (aspl pe3Ko CHUKAETCS
MOBEPXHOCTh pazfena (a3 Kak 3a CUeT YMEHBbUICHUS YUCla Kalejlb B €AUHUIIE
o0beMa, TaKk M 3a CYET YBEJIWYEHHUs HX pa3MmepoB. Ilpu 3TOoM mpoucxoaut
IIPONIOPLIMOHAIIBHOE  CHWJKEHHE CTEIEHW  M3BICYEHHUS  DKCTPArupyemoro
KOMITOHEHTA.

PacnibunrenbHbIe DKCTPAKTOPHI XapaKTEepU3YyIOTCs IIPOCTOTOMU
KOHCTPYKIIMH, BEICOKOM ITPOU3BOJUTEIIBHOCTBIO, HO BMECTE C TEM OYEHb HU3KOU
WHTEHCUBHOCTBIO YKCTPAKIUU.

o=

Puc. 9.7. PacnbinutenbHbIN
KOJTOHHbIN 9KCTPaKTOp

9.4.2. [1ono4yHbIE KOJOHHBIE SKCTPAKTOPBI

[Tomounsie skcTpakTopsl (puc. 9.8) mnpencTaBistoT CcoO0KW KOJIOHHBI
C TapeJIKaMU-TIEPErOpoJIKaMU Pa3IuyHON KOHCTpyKuuu. [leperopogku umeror
dbopmy OO YEpEAYIOMUXCS TUCKOB U KOJIEIl, JIMOO JUCKOB C BHIPE3aMH B BUJIC
cerMeHToB. PaccTositHue Mexly COCEAHUMU TMOJKAMU COCTaBlsAeT 00bIYHO 50 —
150 mm.
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E Jlerkast UAKOCTh (IKCTpAreHT) Npu ABUKEHUU
BBEpX pa3OMBaeTCs Ha KaIulM, KOTOPbIE MOJI KaXKIOM
MOJIKOM CIIMBAIOTCS IPYT € ApYyroM (KoajJecCuupyroT)
W+B U OOTEKAalOT TMOJIKY B BHUJAE JIAMUHApPHOW IUICHKH,
— KOTOpasi OMBIBAETCS CIUIOLIHOM (ha3oii.
— NHTEHCUBHOCTh Maccolepeiaud B MOJIOYHBIX
N KOJIOHHaX HECKOJIbKO BBbIIIE, YeM B pacIblIu-
— TEJbHBIX, TJAaBHBIM 00pa3oM 3a CYET YMEHbIIEHUS
- 00paTHOTO MepeMEeIIBaHUS.
S_).|=_ ]
l

Puc. 9.8. NMonoyHbIn
KOJTOHHbIN 9KCTPaKTOp

9.5. DKCTPAKTOPHI € MOABOAOM BHEUIHEH JHEPIrUHU
9.5.1. POTOpHO-ANCKOBBIE SKCTPAKTOPHI

OKCTpPaKTOp ATOTO THUIA TMPEJICTABISIET COOOM TMOJOYHBIM KOJOHHBIN
DKCTPAKTOP, MO OCH KOTOPOTO MPOXOJAUT BEPTUKAIBHBIN Bajl C 3aKPEILICHHBIMU
- Ha HeM jguckamu (puc.9.9). Ha xopmyce
DKCTPAKTOpPA CUMMETPUYHO OTHOCHUTEIBHO
JUCKOB 3aKpEIUJIEHbl HEMOJBH)KHBIE KOJb-
LEBBIE MEPETOPOJKH, KOTOpPbIE BMECTE C
BpAIIAIONIMMUCS JUCKaMU 00pa3yloT CMeCH-
TeIbHYI0 30HY. CBEpXy M CHHU3Y K CMECH-
TEJIbHOU 30HE NPUMBIKAIOT OTCTOMHBIE 30HBI.
OKCTpareHT NoJaeTcsl MO/ HHXKHUM JUCK
U JHUCHEPTUPYETCA 3a CUET €ro BpaIlCHUS.
[Ton HEMOABMXKHOW MEPETOPOAKON MPOUCXO-
OAT 4YaCTUYHOE pA3JCICHUE JIETKOW U
Tsoxenon ¢a3. Jlerkas (asza ABUKETCS BBEPX U
BHOBb JUCIIEPTUPYETCS CIEAYIOIIUM JUCKOM.
DTOT Opouecc NOBTOPSETCSA B KaXKI0M CEKUUU
Puc. 9.9. POTOpHO-aMCKOBbI ~ KOJIOHHBI, B pE3yJbTaTe Yero JJOCTUTACTCS
KOMOHHbIA 3KCTPaKTOP WHTEHCUBHOE TiepeMennBaHue a3 1 yBelu-
YUBAETCS] TOBEPXHOCTh UX KOHTAKTA.

R

W+B

7

_El:IJIJIJIJIJIJn,_IJ”L

1{ e 7f

HenonBukHble MEPErOPOAKH CIIyXkaT ISl YMEHBUIEHUS MPOAOJIBHOIO
NEepEMEIINBAHU W Ul TNPEJOTBpPALICHUs 3aKpPyYHMBaHUsA IIOTOKOB Bpalla-
IOIIAMCS] POTOPOM.

Jlis noBbieHust 3((HEKTUBHOCTU AUCIIEPTUPOBAHUS IKCTPAreHTa HA Bally
KPEMAT HE IJIOCKUE IUCKH, & OTKPBIThIE TYpOMHHBIE MeIIajIKu. B aToM ciayuae
Ha KOpIIyce ammapaTa yCTaHaBIMBAIOT JONOJHUTEIbHbBIE BEPTUKAJIbHbIE pedpa
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JUISI  pacKpy4HMBAHUS TIOTOKA JKHUIKOCTH, OTOpAachlBaeMOro Memankoi. B
HEKOTOPBIX ammaparax HEMOJBI)KHBIC IEPETOPOJIKH JENA0T C MEHBIINM
OTBEPCTHEM B IIEHTPE, TaK YTO OHM HAKPBIBAIOT MEIIAIKYy. B KaKmoi cekmuu
yCTaHaBIMBAIOT BEPTUKAIbHBIE TIep(OoprpOBaHHBIC IEPETOPOAKH B BUIC KOJIEII.
B ammaparax ¢ TakuMU TEpPEropoKaMyd B KaXJIOH CEKIUH MPaKTUIECKH
MIOJTHOCTBIO PA3ACISAIOTCA JIeTKass W Tsokenas (as3pl, MPU TOM IMPOUCXOTUT
BBIPABHUBAHUE KOHIIEHTpAIMi 1O 00beMy KaKaoil (a3bl. AmmapaTbl Takoro
TUTIA, HECMOTPS Ha BHEIIHIOIO CXOXKECTh C POTOPHO-TUCKOBBIMU DKCTPAK-
TOpaMH, CIIEAyeT OTHECTM K CMECHTEIbHO-OTCTOMHBIM  JKCTPaKTOpam
BEPTUKAJILHOTO THUTIA.

B HempepplBHO ACHCTBYIOMMX KOJOHHBIX MEXAaHWYECKUX JKCTPAKTOPAX
JIOCTUTAETCS BBICOKAs WHTEHCHBHOCTH Maccollepefadd. OTH almmapaThl
3aHMMAIOT HEOOJBINYIO TUIONIAIb U HAJESKHBI B dKcIUTyatanuu. K HemocTaTkam
anmapaToB CIEAyeT OTHECTH HEOOJIBIIOE YHCIIO CTyNEHEeH SKcTpakuuu (He
oonee 8). Ilpu OosblieM 4YHCE CTyNeHEW 3HAYUTEIBLHO BO3PAacTaeT BBICOTA
ammapara | YCIOXKHSACTCS KOHCTPYKIHS pPOTOpa. AIMIMapaThl 3TOTO THIA HE
NPUMEHUMBI, €CITM BOJHBIM pPAcTBOP W JKCTPAreHT O0pa3yloT YCTOWYHBYIO
OIMYJIBCHUIO, MOCKOJIBKY BpeMsl OTCTaWBaHMS B ITHUX allllapaTax HEBEIWKO M HE
MOJKET PeryJIupOBaThCSI.

9.5.2. IlynbcaliuoHHbIE SKCTPAKTOPHI

B skcTpakTopax 3TOro THIA BHEWIHSS dHEPIHs MOABOAMTCS K ammapary 3a
CYeT TyJbCalluid >KUAKOW a3pl, CO3JaHUE KOTOPOM BO3MOKHO JIBYMSI
CHoco0aMu:

1) ¢ momouipl0 BHOPHPYIOIMIMX BHYTpU ammapara nephopupOBaHHBIX
TapeJioK, YKPEIJICHHBIX Ha O0IEeM IITOKE, K KOTOPOMY MOJBOAUTCS BO3BPATHO-
NOCTYIATEIbHOE JIBH)KEHHE;

2) MOCPEeACTBOM CIELHATBHOIO MeXaHu3Ma (IyJbcaTopa), HaXOASIIEerocs
BHe anmnapara. Co3naBaemble MyJbCATOPOM KOJEOAHHS TUAPABIUYECKH
NepeIaroTCs )KUIKOCTH B SKCTPAKTOPE.

Bropoii cnoco6 6osiee S5KOHOMUYEH U OCYUIECTBIISIETCS MPU OTCYTCTBUU
JOBIKYLIMXCS YacTel B caMoM ammapare. [103ToMy 3KCTpakTopbl ¢ BHEIIHUMH
nyJIbcaTopamMu NPUMEHSIOTCS HanboJliee 4acTo.

[lynbcamuu cnocoOCTBYIOT JydllieMy IpOOJICHUIO AUCTEPrupyeMoi ¢asbl
Ha KaIUld U YBEJIMYEHUIO MOBEPXHOCTU KOHTaKkTa (a3, MHTEHCUBHOMY IlepeMe-
MMBaHUIO (a3, a TaKKe YBEIMUYEHUIO BPEMEHU NMpeObIBaHUS JUCIEPTUPYEMOil
da3pl B SKCTpakTOpe. YBEIMUYEHHE WHTECHCHUBHOCTU IyJbCAUNA MPUBOAUT K
YBEIUYECHHIO MPOAOJIBHOIO NEPEMEIINBAHMS U, KaK CIEACTBUE, K YMEHbBIIECHUIO
K03 duIMEeHTa Macconepeayn.
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Hcnonb3oBaHue myibcaluii Kak METOJa WHTEHCU(UKaUWMK mpouecca
SKCTPAKIIUM BO3MOXKHO B DIKCTPAKTOpAx pazIMUHbIX KOHCTpyKuuid. Hambonee
4acTO 3TOT METOJ MNPUMEHSIOT JUIsl CUTYAThIX M HACAJOYHBIX SKCTPAKTOPOB

(puc. 9.10). ITopuiHeBO# myJibcaTOp MPEACTaB-

JseT co0ol OecKiamaHHBIN TMOPITHEBOW WU

TUTYHXKEPHBIM HACOC, KOTOPBIN MPUCOEIUHSIETCS

E a0 K JMHMM [OJAa4M 3KCTpareHTa, JnOo

Wb - HETIOCPEJICTBEHHO K CaMOW KOJIOHHE. B3ameHn

MOPIITHEBOTO MyJHCATOPa MOTYT OBITH MCIIOJb-

SO, 30BaHbl MEMOpaHHbIe, CUIb()OHHBIC, THEBMATH-
R | 4eCKHe U JPyrue HacOChL.

A [lo uHTEeHCMBHOCTH palbOThl U MPOU3BO-

e TUTENHHOCTA  MYJILCAIMOHHBIE AKCTPAKTOPHI

NpUOIKAIOTCS K  MEXaHUYECKUM DKCTpak-
§  TOpaMm ¢ MeIlaJKaMH, HO BBITOJIHO OTJIMYAKOTCS

B i — o
J) OT HUX OTCYTCTBHEM IBWMXYIIMXCSA 4YacTEU B
. caMoM »SKcTpakTope. OCHOBHOM HEIOCTAaTOK
Puc. 9.10. Hacago4yHbin P P a
IIyJIbCAlMOHHBIX JKCTPAKTOPOB — OIPaHU-

NyNbCALMOHHbINA 3KCTPAKTOP
YEHHOCTh JTameTpa armapara (He 6osee 800 Mm).

[Tpu GonblIMX TUaMeTpax 3HAYUTEIHHO yBEIH-
YMBAETCS HEPABHOMEPHOCTh CKOPOCTEW MKHUJKOCTHM IO CEUCHHUIO ammnapara u
PE3KO YBEIMYUBAETCS PACXO]l SHEPTUM HA CO3/IAHUE ITYJIbCALIUN.

9.5.3. LleHTpOOEKHBIE SKCTPAKTOPHI

Hcnonp3oBanne MEHTPOOEIKHBIX CHUIT SBIACTCS d(PPEKTUBHBIM CPEICTBOM
KaK CMENICHHS, TaKk W pasfeneHusi a3 npu dKcTpakuuu. [IpuHIum paboTsl
IEHTPOOEKHOTO IKCTpaKTopa (puc. 9.11) 3aximtouaercs B CIEAYIOMIEM.

Ha Bpamatomemcsa Baity ¢ aBy-
Ms KOHIICHTPUYCCKUMH KaHaJTaMH

JUISL TIOJIBOJIa M OTBOJIA KUIAKOCTH
A BB nop & secparear moaores

s =N BES Sun e v v
,«f_:: - — yepe3 ICHTpaJbHBIE KaHAIbl C
14 :—-_-—j.-.;\» T ?{pOTHBOHOJ’IO)KHI)IX KOHIIOB Baja.
\_/ pu »TOM Jerkas (asza (dCTpareHT)
BBOJUTCSI B poTOop Ommke K

HApY>KHOMY Kparo, a Tspkenas ¢asa
(BomHBIA pacTBOp) — ONIDKE K OCH
poropa. Tskemas  ¢daza  mon

Puc. 9.11. LleHTpobOEXHbIN 3KCTPaKTOP HeﬁCTBHeM HeHTp06eH(HOﬁ CYJIBI
oTOpachIBaeTcsl K BHEIIHEMY Kpar pOTOpa, BBITECHSAA JErKyr (a3zy K ocu
potopa. Takum oOpazoMm, (a3bl ABUKYTCS MTPOTUBOTOKOM C BBICOKOH
CKOPOCTBHIO.
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Jlnis yBenu4yeHUs] BpEMEHHU KOHTakTa (a3 U yJIydllieHUs] AUCTIePTUPOBAHUS
JKCTpareHTa BHYTPU POTOpa MO BCEH €ro MMPHUHE pa3MelleHa CIupaibHas
nepdopupoBanHas neperopoaka. JlucneprupoBanue Jerkoi (a3l MPOUCXOIUT
Ipy TPOXOXKJIEHUU €€ uepe3 OTBepcTus neperopoiku. Paznenenuwe a3
OCYLIECTBJISIETCS. Ha CIUIOIIHBIX Yy4acTKax meperopojku. CmernieHue u
paznenenue ¢a3 NpoUCXOAUT OJJHOBPEMEHHO U MHOTOKPATHO TTOBTOPSETCH.

Jlerkas aza cobupaercs BOIM3U OCH POTOpPA U OTBOJUTCS Yepe3 BHEITHUI
KaHaJ CO CTOPOHBI BBOJA TsDKENOM (pas3bl, a Tspkenas ¢aza OTBOAUTCSA yepes3
BHEIITHUHM KaHaJl CO CTOPOHBI BBOJA JIETKOH (ha3bl.

B npoMBbIIIIEHHBIX SKCTPAKTOpax YMCIO 00OPOTOB pPOTOpaA COCTABISET OT
1200 1o 5000 muu ', aumamerp poTopa He mpeBbimaeT 1,5 M. LleHTpoGeKHEIE
OKCTPAKTOPHl BEChbMa KOMIIAKTHBI M COYETAIOT 3HAUYUTENbHYIO IPOU3BO-
JTUTENBHOCTD C BHICOKOW MHTEHCHUBHOCTBIO Maccomnepeaun. DKCTPAKTOPHI 3TOr0
TUTIA XapaKTePU3YIOTCS MaJIbIM BpeMEHEM KOHTaKTa ¢as3.

10. MOHOOBMEHHAS OYUCTKA CTOYHBIX BO/J
10.1. HUouuTnl

HNounHbiii 0OMeH mpeacTaBisieT coOoi Mpollecc B3auMOJICUCTBUS pacTBOpa
¢ TBepaoi (ha3oii, obyamaroIeli CBOMCTBOM OOMEHHMBATH COJIEpKAIUEcs B HEM
WOHBl HA JAPYTHE HOHBI, MPUCYTCTBYIOIIHE B pacTBOpe. Takue BelecTBa
MOJIYYHMJIM Ha3BaHUE HOHUTOB.

B kadyecTBe HMOHHTOB MOTYT OBITh HMCIOJIB30BaHBI IMPUPOJHBIC HEOpra-
HUYECKHE COCAWHEHMs] THUIA IMOJUMEPHBIX CHJIMKATOB (IICOJIMTOB), OCHJIHUPO-
BaHHbBIE WM CyJb(upoBaHHBIE yrau U Ap. B HacTosimiee Bpemsi HamOombIee
pacpOCTPAHEHUE TMOJYYMUIIM MOHUTHI HA OCHOBE CHHTETHYECKHX CMOJI. YacTto
JUTSL 3TUX TENEeW HCMOJIB3YIOTCS COIMOJMMEPHI CTHUPOJa W JUBUHIIOSH307A.
Crupos 00pa3yer NJIUMHHBIE NOJMMEPHBIE LENH, a AUBUHUIOECH30J (PopMUpYeET
MOCTUKHM (WU CIIMBKH) MEXIy 3TUMH uensmu. [Ipu sTom oOpasyercs oaHa
TUTAHTCKAsl TPEXMEPHas MOJIEKyJa. AKTUBHBIE TPYMIIBI BBOJAT B 3TY MOJEKYJY
aMUHHUPOBAHUEM WJIU CYJIb(HUPOBAHUEM:

S053H
CHy=CH = - - - - - - - - - -
2=CHy  CH,=CH, CHp-CHp-CHp~CHp- S04 CHyz-CHy-CHy-CHy

. — i i N
CH,=CH "t
a=“Ha  CHp=CHj -CH5-CHa—CH,-CHp— -CH5-CHp—CH,-CHp—
Crupon AuBUHUATEHZON §03H
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B WOHOOOMEHHBIX  TIpolleccax  OCYIIECTBIACTCS  M30MpaTellbHOE
MIOTJIONICHNUE OJTHOTO WJIM HECKOJIBKUX KOMIIOHEHTOB U3 PaCTBOPOB C TTOMOIILIO
NOHHUTOB.

OTnrure MOHOOOMEHHBIX MPOIECCOB OT aJCOPOIMOHHBIX 3aKIIIOYAETCs B
TOM, YTO OOMEH MOHAMHU MEXAY PACTBOPOM M MOHUTOM CBSI3aH C MPOTEKAHHEM
reTeporeHHoN XuMHuueckol peakuuu. IIpouiecc moHHOro oOMeHa COCTOUT W3
TpeX CTaJWii: TPAHCIOPT HOHOB U3 oOBeMa >KHAKOW (ha3bl K MOBEPXHOCTH
noHuTa (BHEmHsS auQdy3us), TPAHCHIOPT HOHOB BHYTPh 3€pEH HOHHUTA
(BayTpeHHsa auddy3us) u peakius HOHHOTO oOMeHa. Jrobast U3 ATUX CTaauid
MOJKET OBITh JIMMUTHUPYIOIIEH CKOPOCTH MPOIIECCa B IIETIOM.

[Ipomieccbl MOHOOOMEHHOW OYHMCTKM CTOYHBIX BOJI 1O TEXHHKO-
HPKOHOMHUYECKUM ITOKA3aTeIsIM YCIENTHO KOHKYPHUPYIOT C APYTHMH METOJaMHU
OYHCTKH. OTOMYy CIOCOOCTBYET MPOCTOTA ammapaTypHOTO OhOPMIICHUS
MOHHOTO OOMEHa.

10.1.1. OO01as xapakTepuCcTHKa U Kiaccupukams

CuHTeTnyeckre MOHOOOMEHHbBIE CMOJIbI MPEACTABISIIOT COOOM MONIMMEPHI
C IPOCTPAHCTBEHHOW CTPYKTYpOH, coaepxkamue (yHKIUOHAIbHBIE TPYIIIH,
CIOCOOHBIE TUCCOLMUPOBATH B BOJHBIX PACTBOPAX HAa MOHBI — TaK HA3bIBAEMBIE
MOHOTeHHbIe Tpynnsl. [Ipu aucconumanuu 3TUX rpymn o0pazyroTcs 0 MEHbLIEH
Mepe JBa MOHA: OJMH U3 KOTOPBIX (KaTHOH WJIM aHUOH B 3aBUCMMOCTU OT THUIA
MOHUTA) XUMHUYECKU CBSI3aH CO CTPYKTYpOH MOJIMMEpa U MO3TOMY HEIOIBHIKEH,
a Ipyroi, IpOTHUBOIIOJNIOXKHBIN 10 3HAKY 3apsia, MOXKET MEPEXOJUTh B PACTBOD.
[lepBbIil TUIT HOHOB HA3BIBAIOT (PUKCUPOBAHHBIMH, @ BTOPOI — MPOTUBOUOHAMHU.

B 3aBHCHMOCTH OT NPOTUBOMOHA, KOTOPHIM HACHIIIEHA HOHOOOMEHHas
cMmodna, paznuyatroT H-popmy, Na-popmy, Ca-popmy # T.I. Ui KATUOHUTOB U
cootBeTcTBeHHO OH-bopmy, CI-popMmy i1 aHHOHUTOB.

HNoHuTHI pa3fensoT Ha KaTUOHWUTHI, BCTYMAOIINE B PEAKIIMH KATHOHHOTO
obmena RH + Na' — RNa + H', 1 aHHOHUTHI, BCTYTIAIONINE B PEAKIUM 0OMEHA
annonamu ROH + CI' — RCI + OH . 1IpoMeXyTOYHOE MOJ0KEHHE 3aHUMAIOT
aM(OJUTHI, KOTOpPBIE COAEPKAT KAaK KUCIOTHBIE, TAK U OCHOBHBIE MOHOTI'€HHBIE
Ipynmnbl, U, B 3aBUCUMOCTH OT YCJIOBHUH IIpoLecca, MOTYT BECTH ce0s INOO Kak
KaTUOHMTBHI, TUOO KaK aHHOHUTBHI.

B cOOTBETCTBUM CO CTENEHBIO MOHU3ALMH B PACTBOPE KATHOHUTHI JEIATCS
Ha CWIbHO- U cJa00KucHIOTHbIE. CHIBHOKUCIOTHBIE KAaTHOHUTHI CHOCOOHBI
K OOMEHy HMOHOB B IIECJIIOYHOW, HEHUTpalbHOM W KHUCJOW cpenax. B kadectse
(UKCHUPOBAHHBIX HOHOB OHHM OOBIYHO comepxar cymbdorpynmy —SO; .
CnaOoOKUCIOTHBIE KAaTHOHUTBHI CIOCOOHBI K OOMEHY KAaTHOHOB TOJBKO B
MIEJIOYHONW WK HeuTpanbHOU cpene (pH > 7). B kadecTBe (uKCHpOBaHHBIX
MOHOB OHHU COJEpXaT ciaabo IUCCOLMUPYIOIINE KHUCIOTHBIE TPYNIHUPOBKH,
HarpuMep KoOokcuwibHyto rpynny —COO .

AHanoOruyHbIM  00pa30M AHUOHUTHI JIENATCA HA  CUIbHOOCHOBHBIE
U c1a000CHOBHbBIE. CUIIbHOOCHOBHBIE AHMOHUTHI CIIOCOOHBI K HOHHOMY OOMEHY
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KaK B KUCJIOTHOHM, TaK U B IICJIOYHOW Cpele. DTU aHUOHHUTHI HamOOJee 4acTo
colepKaT B KauecTBe (PUKCHUPOBAHHBIX HOHOB YETBEPTUYHYID aMMOHHUEBYIO
rpynny —NR;'. CnaGooCHOBHBIE aHMOHHTHI CIIOCOOHBI K OOMEHY aHHOHAMH
TOJIBKO B KUCJIOW cpefie. AKTUBHBIMHM I'pyNIaMy B HUX SIBIIAFOTCS NEPBUYHBIE,
BTOPHYHBIE WM TPETHYHbIE aMMOHNEBBIE Tpymmbl: —NH; , —~NRH, u —NR,H .

10.1.2. CopOuroHHbBIE CBOMCTBA U CEJIEKTUBHOCTD

CopOIMoOHHYI0 CIIOCOOHOCTh MOHHMTOB OIICHUBAIOT IOJHOM, paBHOBECHOMU
U paboueit oOMeHHOU eMKocThlo. [lonHas oOMEHHass €MKOCTh BBIpaKaeTCs
OOIIIMM YHCIIOM HMOHOTEHHBIX TPYIIN B €AUHUIIE O00beMa WMIM MacChl MOHUTA
(9KB/T MM DKB/CM’) U SIBISICTCS XapaKTEPUCTHKON HOHNTA.

Peakuus wuoHHOrO oOMEHa SBIsSeTCS OOpaTUMON U MPOTEKaeT [0
JOCTIKEHUST PAaBHOBECHOTO COCTOSIHWA. KOIM4ecTBO WMOHOB, BCTYNMUBIIUX B
peaknuo OOMEHa TpHU JOCTHKCHUM DPABHOBECHS, HA3bIBAIOT PaBHOBECHOM
0OMEHHOW €MKOCTBIO M BBIPKAIOT B TEX K€ €IUHUIIAX. PaBHOBECHAss €MKOCTh
3aBUCHUT OT YCIIOBUH MPOBEACHUS Tporiecca (KOHIICHTpAIuH, TeMrneparypsl, pH)
Y BCET/1a MEHBIIIE TTOJTHOW EMKOCTH.

PaGoune mporecchl MOHHOTO OOMEHa TPOTEKAIOT B HEPaBHOBECHBIX
ycIoBusiX. DP(HEKTUBHOCTh UCTIONB30BaHUSI MOHHUTA XapaKTepU3yeTcsl padoueit
OOMEHHOW EeMKOCTBIO, 3HA4YeHHE KOTOPOW 3aBHCHUT OT TEXHOJIOTUYECKOTO
pexuMa MPOBEACHUS Ipoiiecca (OTHOCUTENBHBIX CKOpPOCTEeH ABMkKEeHUs (a3,
BpEMEHU KOHTakTa u Jp.). YeMm Ommke 3HadueHHe paboyell EeMKOCTHU K
PaBHOBECHOM, TeM 3P eKTUBHEE UCTIONB3YIOTCS CBOMCTBA MOHUTA.

10.2. CxeMbl HOHOOOMEHHBIX YCTAHOBOK
10.2.1. Annapatsl ¢ HEMOJBU>KHBIM CJIOEM MOHHUTA

B mpou3BoACTBEHHOM MTPaKTHUKE IMTUPOKO PACTIPOCTPAHEHBI HOHOOOMEHHBIE
YCTAHOBKU TNEPUOJANYECKOTO JEUCTBUSL C HEMOABMXKHBIM CJIOEM HOHUTA.
TunuaHbIN HOHOOOMEHHHUK

(puc. 10.1) mpencraBisieT co-

':"'H_U::_f;ﬂ E;E’;bﬁ'““ 001l BepTUKAJIbHBIA LUIUHIPU-

YECKHI armapar, BHyTPH KOTO-

pOrO Ha OIOPHOM peIIeTKe

PErEHE pUpY 0L WL pACIIONIOKEH CIIOW TpaHyJIu-
pacTiop poBaHHOr0 MOHHUTA. /{11 paBHO-
MEpPHOT0 PacCMpee/ICHUs OYHU-

[aeMOT0 PacTBOpa MO CEYECHUIO

amrapara ciykaT ClellMabHbIe
pacHpenenuTeNbHbIE  YCTPOU-

+= ctBa. HMHorma gns  pacrpe-

Mposeifsasn Q4L WEHHEIN
— JEJIEHUST pacTBOpPa UCIOIB3YIOT
fiodz pacthop

CJIOM KPYITHO3€PHUCTOTO UHEPT-

Puc. 10.1. MloHoobMeHHbIn annapat HOro  Martepuana  (rpaBus,
C HemnoaBWKHbIM CII0OeM MOHUTA
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KBaplia, aHTpamuTa) ToamuHon e 6onee 200 mMm. Jliia mpegoTBpalieHus: yHoca
YaCTHUI[ CMOJIbI CBEpPXY €€ 3aKphIBAIOT CETKOW W3 HEPXKaBEIOIICH CTalu WiIu
MOJIMMEPHBIX MaTepuaioB. BbicOTa KOJIOHHBI JOJKHA OBITh 3HAYUTEIHHO
0O0JIbIIe BBICOTHI CJIOSI CMOJIBI, YTOOBI JaTh BO3MOXKHOCTH MEPEHTH CJIOI0 B
NICEBIO0KUKEHHOE COCTOSTHUE MPHU MMPOMBIBKE CMOJIBI BOCXOASIIUM ITOTOKOM.

[Mukn paboThl TaKOW YCTAHOBKHM CKJIQJbIBACTCS M3 YETHIPEX CTaIuil:
MOHOOOMEH; OTMBIBKA HOHUTA OT CTOYHBIX BOJ|; pEr€Hepalis HOHNUTA; OTMbIBKA
MOHUTA OT PEr€HEPUPYIOIIETO PACTBOPA.

Ha mnepBoi craguu oOYHWIaeMbId PacTBOpP IIOJAETCS B BEPXHIOK YacTh
anmapara 4epe3 pacnpeleNuTeNbHOe yCTpoiicTBo. PactBOp camoTekom
JBUKETCS] BHU3 U BBIBOJIUTCS M3 HUYKHEW YacTH anmnapara.

Ha BTopoii cragum B anmapart nojaercss nmpombiBHas Boja. [lomada Boasl
OCYILIECTBIISIETCA HACOCOM CHU3Y BBepxX. ClOi MOHUTA MPHU ATOM MEPEXOIUT B
MICEBIO0KUKEHHOE COCTOsiHUE. [Ipy MpOMBIBKE HMOHHMTA TaKUM CIIOCOOOM
MPOUCXOJIUT HE TOJIBKO €r0 OTMBIBKA OT UCXOJHOTO PacTBOPa, HO U yJaJ€HUE U3
CJI0S MOHUTA HAKOMHUBIIMXCS B HEM MeXaHMueckux mnpumeceit. Ilpu pabote
anmapara B KacKaJe ¢ APYTMMH alllapaTaMHl TOTrO K€ HAa3HAYEHHSI B KaueCTBE
IIPOMBIBHOM BOJIbI MOXKET OBITh MCIOJIb30BaHA OUYHIllaeMas Boga. B aTom ciyyae
NPOMBIBHAs BOJA IIOCJIE OTHECIEHUS OT HEE MEXAHUYECKHX IpUMeECEH
HaIlpaBJIAETCS B IPYroM amnmapar Jjisi OUUCTKHU.

ITociie OTMBIBKM MOHUTA MPOBOJUTCS €ro pere’epauus. Perenepupyronmi
pacTBOp MOJAIOT B ammapaTr CBEPXY, TaK K€ Kak M OuHuIlaeMblid pacTBop. B
KAueCTBE PETCHEPHUPYIOIINX PACTBOPOB B 3aBUCHUMOCTH OT THUIIA HOHHUTA
HCIIOIB3YIOT PACTBOPHI KUCJIOT U IIET0YEH.

[lo oxkOHYaHWM CTaJWU pEreHepalyyd MNPOBOISAT THIATEIBHYIO OTMBIBKY
MOHUTAa OT PEreHepUpyIoLIero pacTBopa OOECCONEHHOW BOJOM WU
KOHJICHCATOM, T10JIaBasi €€ (WIKM €ro) CBEpXY BHU3.

Anmnapatbsl Takoro THUIA MPEeAHA3HAYEHBI NI OYMCTKUA CTOYHBIX BOJ OT
OJIHOTO BHJIa HMOHOB: KAaTMOHOB WM aHUOHOB. Cieayer OTMETUTh, 4YTO
MOHOOOMEHHBIE CMOJIbI OOIEro Ha3HA4YeHHS HE O00JIalaloT CENEeKTUBHBIMU
cBoiicTBaMu. B peakiuto mOHHOro oOMeHa OyIyT BCTynaTh BCE KAaTHOHBI WU
aHUOHBI, COJIEPKAILMECsS B PacTBOpPE, HE3aBHUCHUMO OT TOro, TpeOyeTcs 3TO IO
TEXHOJIOTUYECKUM COOOpakeHusaM win HeT. [loaToMy yacTh 0OMEHHON €MKOCTH
MOoHHUTA (MHOT/Ia — OOJIbIIAst 4acTh) OYJIET PacX0A0BaThCs BIYCTYIO.

st m30upaTtenbHOW OYKMCTKH CTOYHBIX BOJ OT OMNPENEIEHHBIX HOHOB
IPUMEHSAIOTCS CIHEIUallbHble MOHOOOMEHHBIE CMOJIbI, CIHOCOOHBIE K 00pazo-
BAHUIO KOMIUIEKCHBIX COEAMHEHUN THUMAa XEJIaTOB C M3BJIEKAEMbIMU HOHAMM.
OTH CMOJBI 3HAUUTENIBHO JOPOXKE YHUBEPCAIBHBIX W HUCIOJIB3YIOTCS B TOM
CiTy4ae, KOTJla M3BJICKAeMbIe MOHBI MIPEICTABIISIOT COOOM IIEHHBIM XUMUYECKHUMA
MPOIYKT.

Kackan ammapaTroB mNepUOAMYECKOrOo JEWCTBUS MOXET paboTaTh IO
HETPEPHIBHOMN CXEME C MEPEKIIIOYCHUEM ITOTOKOB.
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10.2.2. Annaparsl ¢ IBM>KYIIAMCS ¥ KHATISIIUM CII0EM MOHUTA

B anmaparax ¢ JOBWKYIIMMCS WM KUISIIIMM CIIOEM HOHUTA YIAaeTcs
JOCTUYb OOJIbILIEH CKOPOCTH MPOLECCA 33 CUET CHATUA BHEIIHE TU(PPY3nNOHHOTO
TOPMOXEHUSI W OoJee TMOJHO MHCMOJIb30BaTh €MKOCTh HMOHUTA 3a CYET
JIMKBUJIAIIMK 3aCTOMHBIX 30H B CJIOE.

KoHcTpykiuu  amnmapatoB ¢ IBWXKYIIUMCS cioeM uoHuTa (puc. 10.2)
MPECTaBIAIOT COOOM BEpPTUKAIBHBIE KOJOHHBIE amnmaparbl C CHUTYATBIMH
TapeakaMu WU TEpPeMBHBIMU yCTpoicTBaMu. OYMIIaeMBblil pacTBOp IBHUIKETCS
CHHM3Y BBEPX CO CKOPOCThIO, 00ECIIeUNBAIOIIEH NICEBAOOKUKEHUE CIIOSI MIOHUTA
Ha Tapesnke. PereHepupoBaHHBII MOHUT HENPEPBIBHO IOJAETCS HA BEPXHIOKO
TapeliKy, OTKyJa 4epe3 MEPEMBHOE YCTPOMCTBO «CTEKAET» HA HIDKEJEKAIILYIo
Tapeniky W T.0. C HWKHEH Tapenkud OTpadOTaHHBII HMOHUT HENPEPHIBHO
OTBOJIUTCA Ha pereHepauuo. PereHepanuro WU OTMBIBKY HMOHHUTA MPOBOJST B
OTJIETILHOM armmnapare.

HenpepbiBHBIN mpoliece ¢ KUMSmuUM ciioeM uonuta (puc. 10.3) mpoBoasr
B KACKaJl€ pEaKTOpOB C MepeMelnBaHueM. Jlns nepememmBaHus HOHUTA
BHYTPH pe€akTopa U Uil TPAHCIOPTUPOBKM €ro M3 peakropa B PEaKTop
UCIOJIb3YIOT THEBMATUYECKHUE YCTPOUCTBA TUIIA SpiUdTa.

pacThop
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L
Puc. 10.2. MHoOOBMEHHbIV annapat Puc. 10.3. MOHHOOOMEHHBIN annapaT

C ABWXYLLUMMCS MOHUTOM C KUMALWUM NOHUTOM

[enTpanbHas spaudTHas TpyOa CIYKUT JIJs MEPEMEIINBAHUS CYCIIEH3UU
MOHUTA B PacTBOpe, a OOKOBask — JUIs EPEKauKH MOHHUTA (BMECTE C HEOOJBIION
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YacThIO OYMILAEMOI'0 PAacTBOPA) B PEAKTOP MpeAbIaylIero kKackaaa. [lockonbky
B almapar HENpPEPBIBHO IOJAETCA CKATBIA BO3AYX, KPBIIIKY Ha ammapar He
yCTaHaBIMBaIOT. J{J1s1 UCKIIOUEHUs1 pa30pbI3ruBaHus pacTBOpa B BEPXHEH 4acTH
anrapaTra yCTaHOBJICHA TOHKAs MeTaJimyeckas ceTka. OuMIaemMblii pacTBOp U
MOHUT [JBIXKYTCS Yepe3 KackKaJ anmnapaTtoB B pEXKHUME NPOTHUBOTOKA, 4YTO
MO3BOJISIET JOOUTHCS BBICOKOM CTENEHU HCIMOIb30BaHUS OOMEHHOM €MKOCTH
MoHUTA. PeakTopbl ¢ 3pau(THBIM NEpPEMEIIMBAHUEM HE HUMEIOT JIBHXKYIIUXCS
YacTEeH U MOTOMY IPOCTHI 110 KOHCTPYKIIMU U HAZECKHBI B OKCILTyaTaLlUH.

10.2.3. Annapatsl CO CMEIIaHHBIM CJIOEM UOHUTOB

JIJst O4MCTKHM BOJABI KaK OT KaTHOHOB, TaK U OT aHMOHOB MPUMEHSIOT JBa
MOCJIEI0BATEIbHO COEIMHEHHBIX alapara ¢ KaTUOHUTOM M aHUOHUTOM WIIH
OJIH amnmnapaT CO CMEChIO KaTHOHHUTA U aHuoHuTa (puc. 10.4).

Bo Bpemsi paboueit cramum o0a MOHWTA HAXOMSTCS B ammapare B BUIE
oJHOpoAHOM cMecH. [Ipu mpombIBKe amnmapara BOCXOSIIUM MOTOKOM HOHUTHI
paccnauBaroTcs: Oojiee JITKUH aHUOHUT KOHLIEHTPUPYETCS B BEPXHEW 4acTu
TICEBIOOKIKEHHOTO CJI05, a 00JIee THKEIbIN KATHOHUT — B HIDKHCH.

ETHITEN S ER: |
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e e
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Puc. 10.4. Annapat co cMeLlaHHbIM CITOEM MOHUTOB

Perenepanuto cMoil IpoBOAST OgHOBpeMeHHO. [Ipu 3ToM pacTBop 1Ie104H
JUIsl pereHepalii aHMOHUTA TIO/Ial0T B allfapaT CBEpPXY, a paCTBOP KUCIOTHI JUIs
pereHepanyu KaTHOHUTA — CHU3Y. Pacxoapl M KOHIIEHTpAlMU PEreHEepUpPYIOIINX
pacTBOpPOB MOAOMPAIOTCS TakuM O00pa3oM, UTOOBI MPEAOTBPATUTH UX
IIPOHUKHOBEHUE Yepe3 TpaHUIly pasaena HOHUTOB. Ha »3ToM rpanuie
pEereHepupyroMe pacTBOPbl B3aUMHO HEWUTPAIU3YIOTCS M BBIBOASTCS 4Yepe3
OOKOBOM CIMBHOM NaTpyOOK.

[Tocne pereHepaniu W TPOMBIBKM amnmapaT MOpPOIYyBalOT CHU3Y CXKATHIM
BO31yXOM. [lOCKONBKY pa3nuuusi B IUIOTHOCTM KAaTHOHUTA U AHUOHUTA IO
OTHOLIEHUIO K TJIOTHOCTH BO3/lyXa HEBEJIMKH, TO MPHU MEPEXOJIE CI0SI HOHUTOB B
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IICEBJIOOKMKEHHOE COCTOSIHUE B  BO3AYIIHOM IIOTOKE HPOUCXOOUT HX
nepememnBanue. [locme OKOHYaHMS NPOAYBKM CMELIAHHBIA CIIOM HOHHUTOB
0CEJIacT Ha HUKHIOIO PELIETKY, U anmnapar roTOB JUIsl BO30OHOBIICHUS LIUKJIA.

11. JIEKTPOXUMHNYECKASA OYUCTKA CTOYHBIX BO/

[IpruMeHeHne MEKTPOXUMHUYECKIX METOOB JIJISi OYMCTKH MTPOMBIIIIICHHBIX
CTOYHBIX BOJI OCHOBAHO Ha MX JJIEKTPOJM3E, T.€. HAa MPOIYCKAHUM 4Yepe3 HUX
MOCTOSIHHOTO DJIEKTPUYECKOTO TOKA C TOMOUIBI0 TMOTPYKEHHBIX AJIEKTPOJIOB.
DneKTposi, Ha KOTOPOM MPOUCXOJAT PEAKIMU BOCCTAHOBIICHHUS, Ha3bIBACTCS
Kamooom, a DdIEKTPOJ, Ha KOTOPOM TMPOUCXOAUT DIICKTPOXUMHUYECKOE
OKHCIIEHUEe, — aHodom. llpu orekTponuse KaToJ TMOJCOCTUHSETCS K
OTpHUIIATEIILHOMY TIOJIFOCY MCTOYHMKA TOKA, a aHOJ — K TMOJIOXKHUTeIhbHOMY. Ha
KaTofle MPOUCXOJUT BOCCTAHOBIIEHWE MOJEKYJT BOABI  C BBIJCICHHEM
ra3o00pa3HOro KHUCIOpOJa, paspsii KaTHOHOB METauIOB C 0Opa3oBaHUEM
KaTOAHBIX OCAJKOB, BOCCTAHOBJICHHE MOJIEKYJ] OPTaHMYECKHX BEIIECTB U MX
noHOB. Ha aHome W3 WHEPTHBIX METAUIOB IMPOMCXOIUT OKHCICHUE BOJIBI C
BBIJICJICHHEM KHCJIOPOJa, OKHCIEHUE aHUOHOB TaJOr€HBOJOPOJHBIX KHCIOT C
BBIJICJICHHEM Ta3000pa3HBIX TaJIOTEHOB, OKWCICHHE OPTaHMYECKUX BEIIECTB.
[Tpu »yeKTpoM3e MOXKET MPOUCXOIUTH IMEPEHOC HOHOB Yepe3 IMOTYIPOHU-
1aeMble MEMOpaHbl, KOATYJSIHS KOJUIOWTHBIX YacTHUIl, (proTamusi TBEPIbIX U
OIMYJIbTUPOBAHHBIX YACTHUIl U PANl APYTHX siBIeHUW. Bce 3T mpoiecchl MOryT
POTEKaTh OJJHOBPEMEHHO C TOM WJIM MHOM CTENIEHbIO NHTEHCUBHOCTH.

B 3aBucumoctu 0T mpeolOsanarimero mpolecca BBIIETSIOT METOJIbI
IEKTPOXUMHUYECKON OUYNCTKH MPOMBIIIJICHHBIX CTOYHBIX BOJI;

— aHOJTHOE OKHUCJICHHE TPUMECEH;

— KaTOJIHOE BOCCTAaHOBJICHUE MPUMECEH;

— IIEKTPOKOATYJISIIHS;

— JIEKTPOINAITH3;

— anekTpodoTarusi.

11.1. AHOIHOE OKHC/ICHUE PUMecei

[Tpu 3meKkTponIu3e CTOYHBIX BOJI C MPUMEHEHHEM HEPacTBOPUMBIX aHOOB
IpU  BBICOKMX TIOTEHIIMAJAX TPOWCXOIUT JECTPYKTUBHOE  OKHCIICHHUE
MPAKTUYECKU BCEX OPraHUYECKUX BEIIECTB C 0Opa30BaHUEM YTIIEKUCIIOTO Tasa,
BOJbI, a30Ta WJIM aMMHaKa M HEKOTOPBIX JPYTUX Ta3000pa3HbIX BEIIECTB.
HecenextuBHOe OKHUCIIEHHE KpalHE HE YKOHOMHYHO, MTOCKOJIbKY TPH BBICOKUX
AHOJIHBIX TOTEHITMANIAX TPOUCXOIUT HWHTECHCUBHBIN SJIEKTPOJIM3 BOJBI, YTO
PE3KO CHIKAET KOA((DHUIIMEHT UCTIOIB30BAHUSI DJIEKTPOIHEPTUH.

B psnme ciydaeB oOkuclieHWE TPOBOAST TP  HEBBICOKUX AHOIHBIX
MOTEHIMAJIaX C HMCIOJIh30BAHUEM THUTAHOBBIX aHOJOB C HAHECCHHBIMH Ha HUX
CIOSIMHM KaTaJTMTHYCCKH aKTUBHBIX METALIOB. [Ipw 3TOM MONHON OECTPYKIMH
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OpraHUYEeCKUX MOJIEKYJ HE NPOUCXOJIUT, a 00pa3yroTcs Oosee IpoCThie MO
COCTaBY U MEHEE TOKCUYHBIE COCTMHEHUS.

B kadectBe mpumMepa pacCMOTPUM MPOIECC INEKTPOXUMUUECKON OYUCTKU
CTOYHBIX BOJ OT IIMAHUCTBIX coeauHeHui. (OOpaboTka CTOYHBIX BOJ
MPOUCXOJUT B Oe3nuadparMeHHbIX SJEKTPOIU3Epax C YroJbHBIMU aHOJAMH U
KaToJlaMi M3 JIETMpoBaHHOM cTanu. CTOYHBIE BOJIBI HEMPEPBHIBHO MOJAIOTCS B
HIDKHIOIO YacTh OJJIEKTPOJIM3€pa M BBIBOJSTCA M3 €ro BEpPXHEH YacTw.
[lepemeniiBaHue€ CTOYHBIX BOJ B DJIEKTPOJIM3EPE OCYIIECTBISETCS CXKAThIM
BO3/IyXOM.

I[Ipu osnexTposmze B WIETOYHOW CpeAe HA AHOJIE MPOUCXOJUT
ANEKTPOXUMHUYECKOE OKHUCJICHUE IUaHUA-UOHOB CN ', a TakKe KOMILUIEKCHBIX
1onoB [Cu(CN);]*, [Zn(CN),]* v apyrux ¢ oGpa3oBaHHEM LIUAHAT-HOHOB

CN +20H —-2e =CNO +2H,0

[Io mepe HakOIJIEHMs LHUAHAT-UOHOB MPOUCXOAUT MX JAJIbHEWIIEE OKHUCIICHHE
¢ o0pa3oBaHUEM COBEPIIEHHO HETOKCUYHBIX MTPOTyKTOB

2CNO +40H —6e =2C0,+ N, +2H,0
Ha KaToAC IMPOUCXOAUT BOCCTAHOBJIICHHUC BOIbI
2H20 +2e =20H + Hz,

a TaKKe pa3psAl KATHOHOB METAJIOB, OOpa3yIOUIUXCSA MPH TUCCOIHAIIAN
KOMIUICKCHBIX IIHaH-UOHOB.

JIJIs  TIOBBITIICHHUST  DJICKTPOIPOBOHOCTA CTOYHBIX BOJ W YCKOPCHHUS
mporecca dJICKTpoM3a K HHUM JOOABJISIOT PacTBOPHl MHHEPAIBHBIX COJICH.
Oco0enHo 3¢ dexkTuBHO n00aBiIeHUE XJIopuaa HaTpus. B aTom ciyyae momumo
IOPSIMOTO  3JICKTPOXUMHYECKOTO  OKHCJICHHS ITHAHWIOB IPOWCXOJUT HX
TOMOT€HHOE XMMHUYECKOE OKHCIICHHE aTOMapHBIM XJIOPOM, 00pa3yIOMUMCs IPU
OKHCIICHUU XJIOPUI-UOHOB:

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

CreneHb OYMCTKH CTOYHBIX BOJ OT nuanuaoB gocturaet 100 %. B Bume
KaTOJAHOTO ocajka BeiAensercss okono 80 % wmeramnoB, coAepKalluxcs B
CTOYHBIX BoJiax. Pacxo sanekTposHepruu coctasiser okojio 0,2 kBtu/r CN .

11.2. KaToaHoe BOCCTAHOBJIEHHEe NIPUMeceil

KarogHnoe BoccTaHOBIIEHHE TPUMECEN OPTAHUYECKUX COEOUHEHUM LIEJIECO-
o0pa3HO B TOM cllydae, KOTJa NpsMOe aHOJHOE OKUCIIEHHE ATUX ITpuMece 100
HE TIPOUCXOIUT BOOOIIE, INOO TpeOyeT upe3MepHBIX 3aTpaT IHEPTHUH.

Takum 00pa3oM MOPOBOJAT OYKMCTKY CTOYHBIX BOJI OT OPraHUYECKHUX
HUTPOCOEIUHEHUM (HUTPOOEH30J1a, TPUHUTPOTONIYOoa U Ap.). OUHUCTKY MPOBO-
JST B JIB€ CTaANM B quadparMeHHBIX dJeKTponm3epax. CHadama CTOYHbBIE BOJIBI
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IMPOIMYCKAKT YCpE3 KATOAHOC IIPOCTPAHCTBO IICPBOro OSJICKTPOJIMU3CpaA A
BOCCTaHOBJICHU HI/ITpOCOGI[I/IHeHI/Iﬁ J0 aMHHOB:

R-NO, + 6H + 6¢ = R-NH, + 2H,0,

a 3aTeM 4Yepe3 aHOAHOE MPOCTPAHCTBO JIPYTOro 3JIEKTPOJU3EPA I OKUCIECHUS
00pa30BaBIIUXCS AMUHOB JO HETOKCHYHBIX MNPOAYKTOB. s ynaneHus wu3
CTOYHbIX BoA | r TpuHuTporomyona TpeOyercs okono 0,5 xkBtu snekrpo-
DHEPIUU.

B HekoTOphIX ciydasx KaTOJHOE BOCCTAHOBJIEHUE PACTBOPEHHBIX B CTOY-
HBIX BOJAaX OPraHMYECKUX BEIIECTB MPUBOAUT K 00pa30BaHUIO0 HEPACTBOPUMBIX
MPOAYKTOB, BBINAJAIOIINX B 0calioK. Hampumep, pu 31€KTpoIn3€e CTOYHBIX BOJ
IPOU3BOJICTBA AHTPAXUHOHCYIb(OKUCIOT (MOMYNPOAYKT CHUHTE3a aHTpaxu-
HOHOBBIX KpacuTeleil) MpOUCXOAUT JecyibdupoBaHHe C 00pa3oOBaHUEM
HEPACTBOPUMOIO B BOJIE aHTPAXUHOHA!

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

DJEKTPOKOATYIISIIAS IPUMEHSIETCS MPEUMYIIECTBEHHO JUIS yIAJICHUS W3
CTOYHBIX BOJ| MEJKOJUCIEPCHBIX HEPACTBOPUMBIX IPUMECEH, 00pa3yroImux
KOJUTOHMTHBIE PACTBOPHI (30JIM WIJIH TEIIN ).

O4ncTKa TPOMBIIUICHHBIX CTOKOB METOJOM 3JIEKTPOKOATYJISIIIMA OCHOBaHA
Ha WX OJJIEKTPOJHM3E C UCIOIb30BAHUEM METAIMUECKUX (CTaJIbHBIX WIH
AIFOMUHHUEBBIX) PACTBOPUMBIX aHOMOB. BcreacTBue pacTBOpeHHsI aHOnIa BOJA
o0oramaeTcss HOHAMH aTIOMUHHS WU JKeJie3a, KOTOphle B HEUTPaIbHON WIIH
cnabomenouHoil  cpene  oOpasyoor rugpookuc. (Mom Fe''  o6pasyer
THIPO3aKUCh, KOTOpasi KHUCIOPOAOM BO3/AyXa OKHCISETCS [0 THUIPOOKUCH
Fe(OH);.) B pe3ynbrare NpOMCXOIUT KOAryJisiUs KOJUIOMAHBIX PACTBOPOB
AHAJIOTHYHO XMMHYECKOW KOaryJisiui C MPUMEHEHHEM PAaCTBOPUMBIX COJICH
THX MeTautoB. OHAKO MPU ITOM HE MPOUCXOAUT 3arpsi3HEHUE BOJBI CyIbdart-
U XJIOpUI-WUOHAMH, COJCPKAaHUE KOTOPHIX B TPOMCTOKAX TAaKXKe periiaMeH-
TUPYETCS.

[Ipr >7MEKTPOKOAryJSIUU TMPOTEKAIOT TaKKe JPYTrue XUMHUYECKHE H
(U3BNKO-XUMHUYECKHE TIPOIIECCHI, TAKUE KaK

* DIIEKTPOXMMHUYECKOE OKHCIECHHE W BOCCTAHOBIICHHE OpPTaHMYECKHX
IIPUMECEN;

* KaTOJHOE BBIJCIICHHE METAUIOB;

* XUMHUYECKOE B3aMMOJICWCTBHE MOHOB >Kejie3a U amoMuHHs ¢ docdar-
WIN CYIb(QUI-UOHAMH ¢ 00pa30BaHUEM HEPACTBOPUMBIX B BOJE COJIEH;

e aacopOuusi OPraHMYEeCKHMX COEAMHEHUH Ha TOBEPXHOCTH OCaIKOB
THJIPOKCHUJIOB, OONANAOMX 3HAYUTEIBHOW COPOIMOHHON CHOCOOHOCTHIO,
0COOEHHO B MOMEHT 00pa30BaHMs;

* aneKkTpodioTanus 30J1€i U SMYJIbCHIA;

* anekTpodopes.
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KoMOuHrpoBaHHOE NEHCTBHE 3THX MPOLECCOB MPHUBOJUT B pAJie CIydaeB
K BBICOKOM CTENEHH OYMCTKM CTOYHBIX BOJ OT JIPYTUX, HE MOJABEP>KEHHBIX
KOaryJisiiuu, 3arpsi3Hstomux BeiiecTB. [loatomy addext okaswpiBaeTcs Oosee
BBICOKMM, 4YeM TMph 00pabOTKEe CTOYHBIX BOJ PACTBOPAMH  COJIEBBIX
KOAryJisiHTOB.

OrpanuyeHueM, MNPENSITCTBYIOMIMM IIUPOKOMY NPUMEHEHUIO 3IIEKTPO-
KOAaryJisiiMid B TPOMBILUIEHHOCTH, SBJISETCS BBICOKHMH pacxol MeTamjia u
35ieKTpo3Heprun. TeopeTndyecku JUisi pacTBOpeHUs 1 Kr antoMUHHS TpeOyeTcs
12 kB1-4u snekTposneprun. @akTuyeckuil pacxoj 3JMEKTPOIHEPTUHA OKA3bIBAETCS
B HECKOJIBKO pa3 BBILIE 33 CUET HArpeBaHMs BObI, MOJSPU3ALUU JIEKTPOIOB,
IIPEOJIOJIEHHS] CONPOTUBJIEHUS OKHUCHBIX IUIEHOK W psAa APYIHMX IPUYUH.
Meramn aHoAOB MCHOJB3yeTcs ISl Koaryiasiuuu Bcero Ha 50 — 70 %, moaromy
MaccoOBO€ BHEJIPEHHE JIIEKTPOKOArYJSILIMHA I OYMCTKM CTOYHBIX BOJ
IpEICTaBIACTCS MpexAeBpeMeHHbIM. lcnonab3oBaHue 3TOro merona (Kak H
OPYTUX  JJEKTPOXMMUYECKUX  METOJIOB)  Ileiecoo0pa3HO,  KOrjJa  HET
QIbTEPHATUBHBIX NYyTeM C  AHAJIOTMYHBIMU  TEXHUKO-3KOHOMUYECKUMU
MOKAa3aTeJIIMHU.

11.4. Dnexkrpoduioranus

CylHOCTh  3MEKTPO(IOTAIIMOHHOTO  METO/la OYUCTKH  CTOYHBIX  BOJI
3aKJIIOYaeTCs B TEPEHOCE TBEPbIX YacTUI] M3 o0beMa >KuaKon (asbl Ha ee
MOBEPXHOCThH C TIOMOIIIBIO ITy3bIPHKOB T'a3a, 00Pa3yIOIIUXCS MPH AIEKTPOJIN3E BOIBI.
B nporiecce anexTposnu3a Ha KaTo/ie BBIACSIETCS BOJOPO/I, 8 HA aHOJIE — KHCIIOPO/I.

OcHOBHYIO POJb B Ipoiecce (UIOTAllMd HWIPAIOT IMY3BIPHKH BOJOPO/IA,
BBICIIAIONIMECST Ha Karoae. YeMm MeEHbIIe My3bIphbKH Ta3a, TEM BHIIIIE
b (HEKTUBHOCTh (IOTAMKM W, CIEAOBATEIIBHO, BHIIE MPOU3BOIUTEIHLHOCTD
anekTpodIoTaTopa MpPH TOM K€ pacxoje dHepruu. Pasmep my3BIppKOB rasa
3aBUCHUT OT KPaeBOTO yTIJla CMAauYWBaHMSI DJICKTPOA, €ro (POPMBI M KOHCTPYKITUH.
Yem Oomplie KpPUBU3HA IMOBEPXHOCTH DJIEKTPOAA, TEM MEHBIIEC pa3Mephl
nmy3eIpbkoB.  [loaToMy karogq B AIEKTPO(IOTAIMOHHBIX  yCTaHOBKaX
U3rOTaBIMBAIOT U3 METAJUINYECKON ceTkH (puc. 11.1).

ME®AHMEM
CrPEAAHMA MEHLI

5 ] ) () O4MWEHHAR
AEKTROAWSER «l :;f“l Eoda
_ = s h
1

[EHHEIRA
LM

SarPASHEHHAR P

Eoda - ;
44:'_:_:_:_:_:_:_:_: Sty ProTALMOHHASR

KaMERZ

Ocadok,

Puc. 11.1. OnektpodniotaTop
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AHO/JIBI AEKTPOGIOTAIMOHHBIX YCTAHOBOK M3TOTABJIMBAIOT OOBIYHO B BUJIE
JUCTOB W3 AIIOMHUHUS WK Kele3a. B pe3ynbrare OKUCIECHHS TaKMX aHOAOB
B PacTBOp TMEPEXOJAT HOHBI METAJIOB, OO0pa3ylolmme Mpu THUIPOJIU3E
rupookucu. OTHOBpEMEHHOE 00pa30BaHUE XJIOMbEB KOATYJISIHTA U MY3bIPHKOB
ra3a B CTECHEHHBIX YCJOBHUAX MEXKIIEKTPOJAHOTO TMPOCTPAHCTBA CO3/1AET
YCHOBUSL JUISl HAJEKHOTO 3aKpEIUICHUS Ta30BbIX ITy3bIPbKOB Ha XJIOMbSIX H
VHTEHCUBHOM KOAryJiiluu 3arpsisHeHui. [1oaTomy Takue yCTaHOBKHM Ha3bIBAKOT
AIIEKTPOKOATYIAIIMOHHO-(IIOTAIIMOHHBIMH.

11.5. DaexkTpoauanus

DneKTpoauanu3 — O3TO MpOLecC pa3leleHus CoJell ¢ TOMOIIbIO
MOHOOOMEHHBIX MEMOpaH IMOJ EHCTBUEM MOCTOSHHOTO 3JIEKTPHUYECKOrO TOKA.
ONeKTpOANaTU3aTOp  MPEACTABIsAET COOOW  DIEKTPOJM3Ep, BHYTPEHHEE
OPOCTPAHCTBO KOTOPOTO Ppa3/eleHO YepeAyIoUMHUCS MeMmMOpaHamMHu U3
KaTHOHWTa W  AaHWOHUTAa HA  KOHIIGHTpPHpYIOIME  (paccoiibHble) U
oOecconuBarolye (IUI0AaTHbIE) KaMephl. Yepes Takylo CHCTEMY MPOITyCKAETCs
AIIEKTPUIECKUI TOK, TOJ JACWCTBUEM KOTOPOTO KAaTHOHBI, ABUTAsACh K KaTOAY,
IPOXOAAT Yepe3 KATHOHHbIE MeMOpaHbl, HO 3a/IepKUBAIOTCS AHWOHHBIMU
MeMOpaHaMu. AHHOHBI JBMXKYTCS B MPOTHUBOIIOJOKHYIO CTOPOHY U MPOXOJST
yepe3 aHMOHHbIE MEMOPAHbI, HO 3a/IEPKUBAIOTCS KATUOHHBIMU (puc. 11.2).

Takum oOpazoM, U3 OJHUX
KaMep HOHbI O0OMX 3HAKOB BBIBO-
+ ISITCSL B CMEXXHbBIE C HUMU Kamephbl, B
KOTOPBIX TPOUCXOJUT KOHIIEHTPH-
A K A pOBaHKE PacTBOPA.
( : Hna  s¢pdextuBHON  pabOTHI
AManu3aTopa UMeeT OOJbIIOe 3HAYe-
HUE TIPOMBIBKA MPUIICKTPOIHBIX
KaMmep. B 3Tux xamepax mpoucxomuT
AIIEKTPOJIN3 BOJIBI, B PE3YyIbTATE YETO
KaTOAHOE MPOCTPAHCTBO oOOoOraIa-
Puc. 11.2. Cxema aneKktpoaunanusa €TCsl TUAPOKCUI-MOHAMU (3a1ueﬂaq1/1-
BaeTCs):

2H20 +2e — H2 + 20H,
a aHOJITHOE — KaTHOHAMU BOJIOpOa (3aKUCIISIETCS):
2H20 —4e — 02 + 4f]+

B aHomHOM DpOCTpaHCTBE MNPOUCXOAMT OKHUCIEHHE XJOPHUI-aHHMOHOB C
BBIJIEJICHHEM aTOMAapHOTO XJIopa U 00pa30BaHUEM XJIOPHOM KUCIOTHI:

Cl—e =l
2CIl+ H,O — HCI + HCIO
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Ob6a mpomyKTa SBISIOTCS CHJIBHBIMH OKHCIUTEISSMH W BBI3BIBAIOT
paspylieHrue HOHHOOOMEHHBIX MeMOpaH.

Ecau oOpabaThiBalOTCSl CTOYHBIE BOJIbI, COJEpXKAIIUE KaJlblUM WK
MarHuii, KOTOpblE B IIEJIOYHOH cpeAe oOOpa3ylT MajJopacTBOPUMBIC
TUAPOKCHUJIBI, TO B IPOMBIBHYIO BOAY OOABJISIOT KUCIOTY JJIs MPEIOTBPAICHHUS
00pa3oBaHuUs OCajIKa.

11.6. CxeMbI 2JIEKTPOANAIN3HBIX YCTAHOBOK (DY)

Brinmyckaemble OTE€YECTBEHHOM MPOMBIIIIEHHOCTBIO AJIEKTPOINATN3aTOPBI
MMEIOT TPOM3BOAMTENBHOCTh OT 1 10 25 M’/4 mpu umcie MeMOpaH OT
HECKOJIBKHX JIECSTKOB J0 HECKOJIBKUX COTEH nap. MemMOpaHbl U3rOTaBIUBAIOTCS
U3 TONMATWICHA WM TOJUBUHWIXJIOPUAA B BHUAE JIUCTOB pPa3MEpPOM
1500x500 MM ¢ BKIJIIOUYEHHEM MOPOIIKOOOPA3HBIX CHUHTETHYECKHX HOHUTOB
tuna KY-2, 9J13-10I1 u ap. Paccrostane mexmy memOpanamu — ot 1 10 2 mMMm.
Cpok ciyxObl MeMOpaH COCTaBJII€T HECKOJbKO JieT. Marepuanom s
AJIEKTPOJIOB OOBIYHO CITYXKUT MJIATHHUPOBAHHBINA TUTAH.

JlnanuzaTopsl pabOTalOT MPU HANPSKEHUU Ha 3iekTponaax ot 50 o 500 B
U cuiie Toka nopsaka 20 A.

ObecconuBalle W paccoibHble  KamMepbl  TUAIU3aTOpPOB B
MPOMBIIIUICHHBIX allapaTax pa3/ieJieHbl U UMEIOT pa3lelbHOE MUTaHUE. IJTO
M03BOJISIET KOMIIOHOBATh AJIEKTPOAUATIN3HBIE YCTAHOBKH IO Pa3IMYHBIM CXeMaM
B 3aBUCMMOCTHM OT TpeOyemMoW cTermeHu O0O0ecCoIMBaHUS  pacTBOpa,
CTaOWJIBHOCTU pacxoja OYMINAeMOM BOABI M JPYTHX TEXHOJIOIMYECKUX
napaMeTpoB.

11.6.1. Ilpsimorounas DY

[IpocTenmen cXxemMou BKIIO-

yeHuss DY sBnsercs npsaMoTOY-

| Has (puc. 11.3). Ilo aTOil cxeme
nojaya BOJAbl Ha 00ECCOIMBaHUE U
Ha KOHIICHTPUPOBAHUE ITPOU3BO-
JUTCS MapaJuIeIbHbIMA TIOTOKAMMU

Bopa Ha o4MCTRY

Bona
Ha NPOMbIBKY l

MpoMbIBHaA ] yepe3 COOTBETCTBYIOIIHNE KAMEPHIL.

BoAa Paccon Ounctka BOJABI TPOUCXOIUT
O6ecconeHHan 3a onuH npoxo. CreneHb odecco-
EoAa JIUBAaHUS SBJISETCS MPOCTOM (hYyHK-

Uel JJIUTETLHOCTH NpeObIBaHUS
BOJIbI B IMAJTU3aTOPE M CHJIBI TOKA
1 00b19HO He TipeBbimaet S0 — 70 %.

[IpenmytiecTBa 3TON CXEMBI: TMPOCTOTA KOHCTPYKIIMH, JIETKOCTh aBTOMa-
TU3AIHH MPOIECCa, MUHUMAIBHBIA PAacX0] YHEPTUH.

Puc. 11.3. Cxema npsamoTtoyHon S4Y
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Henocratku: 3aBUCHMOCTh CTETICHH 00ECCOIMBAHUS OT TEXHOJIOTHUYCCKUX
PEXKHUMOB (COMEpKaHUsI COJIEH B MCXOJAHOM PacTBOpPE, TEMIEPATypPhl U pacxoja
pacTBOpa) U COCTOSTHUSI MEMOpaH.

YBenuueHue COMPOTHBIICHUS MEMOpaH WM CHW)KCHHE CEJICKTUBHOCTH
BBIBOJIUT YCTAHOBKY U3 CTPOSL.

11.6.2. IIpotuBoTOUYHAast MHOTOKaMepHast DY

B  nporuBoTouHO#l  cxeme  BkiIwoueHus  IJ[Y  oummaeMbli U
KOHIIEHTPUPYEMBIM pAcTBOPHI JABMKYTCS HABCTpEUy JIPyr JAPYry udepe3 Kackaj
AIEKTPOIUAIM3ATOPOB WM OJWH CEKIIMOHUPOBaHHBIA auanuzatop. Kaxkmas
CEKITUSI UMEET CaMOCTOSATEIIbHBIC BBOJIbI M BBIBOJIBI PACTBOPOB U pabOTaeT Kak
OTAEIbHBIN anmnapar.

DNeKTpoJHas CUCTeMa B MHOTOCEKIIMOHHOM allapare OJHa. JTa CXeMa
oTau4aeTcs ot npsaMmoTouHoit DJIY OGonee croxHON 0OBSA3KOW, HO UMEET Ooee
BBICOKHE ITOKA3aTEIIN OYHCTKH.

Cxema Takke UYyBCTBUTEIbHA K TEXHOJOTMYECKMM TMapaMeTpaMm U
COCTOSIHUIO MEMOpaH.

11.6.3. HupkynsiuonHas (mponopuuoHainbHas) Y

B nupkynsinuonnoit /1Y ouuiiaemMeiii pacTBOp NEPEKAYMBACTCS HACOCOM
u3 Oaka jaWimoara uepe3 00ECCONMBAIOIIME KaMephl Jauanu3aropa M|
BO3BpAIlaeTcsi 00paTHO B ATOT ke 0ak 0 TeX Mop, MoKa He Oy/neT JOCTUTHYTa
HE0OX0IMMasl CTENeHb 00ECCOMMBaHMs CTOYHOM BOJIbI (puc. 11.4).

OIHOBPEMEHHO € MOMOUIBIO APYrOro HACOCA OCYIIECTBISIETCS LIUPKY SIS
paccoiia depe3 paccoibHble Kamepbl nuanusaropa. COpoc paccoiga MOXKET
MPOBOJUTHCSA MO0 HEMPEPHIBHO TPHU TMOCTOSHHOW MOAMHUTKE Oaka pacconia
OYHIIIA€MOH BOJIOM, THOO NEPUOINIECKH.

Lmpkynaumna
avnaTa Lnprynauua
paccona
QObecconeHHan Paccon
Boja
- — - +
Bopga — Boga
Ha oDecconnBaHne Ha KOHLEHTPHPOBaHWe

Bak gunioarta Bak paccona
Puc. 11.4. Cxema uupkynaunoHHon 34Y

[IpeumyrmiecTBa STOM CXEMBI: BO3MOXKHOCTH JOCTH)KCHUS TMPAKTUYECKHX
JHOOBIX CTENeHel 00ecCONMBAaHMS; U3MEHEHUE TEXHOJOTMYECKUX PEKUMOB U
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CBOMCTB MEMOpaH HE OTpaXaeTcsl Ha CTENEHU OYUCTKUA M BIMSET TOJIBKO Ha
POU3BOJAUTEILHOCTh YCTAHOBKH.

HenocraTku: ci1oXHOCTh OOBSI3KM anmapaTa; 00JIbIION pacxoj dHEPruu Ha
LIUPKYJSIUI0 PAacTBOPOB; HENPEPHIBHOE HM3MEHEHUE IUIOTHOCTH TOKAa M
CJIOKHOCTh aBTOMATHU3ALIMN IIpOLecca.

11.6.4. HupkynsuuonHas 1Y HenpepbIBHOTO ACHCTBUSA

Orta cxemMa OTIMYAaeTcs OT MpPENbIAyIIeld TeM, 4TO OdYHIaeMas BoJa
HETPEPBIBHO TMOAACTCA B JIMHUIO PEHUPKYJIAIHANA JHII0ATA W CMEIINBACTCS C
obecconenHoit Bomoil. OOecconeHHass BoJa HEMPEPHIBHO BBIBOJIUTCA U3
CHCTEMBl PEIHPKYISALIUU U TOJAaeTCs B COOPHUK OO0ECCONIEHHOW BOJABI WU
OTpeOUTENIO.

[IpenmymecTBa 3TOM CXeMbI: HEMPEPBIBHAS IMO/a4a 00ECCOJICHHON BOJIBI;
BO3MOXHOCTh O0OpaOOTKH pacTBOpa MPAKTUIECKH JTFO00H KOHIIEHTPAIMH 33 CYET
U3MEHEHHUSI COOTHOIICHHS TIOTOKOB; CTAallMOHAPHBIC YCIOBHSI  Pa0OThI
JMaTN3aToPa; JETKOCTh aBTOMATU3aIlUH MPOIIECCa.

12. PEA'EHTHBIE METOAbI OYUNCTKHU CTOYHBIX BO/I
12.1. Heitrpanu3anus
12.1.1. Helltpanu3zaiusa CMEMICHUEM ILIEJIOYHBIX U KUCIBIX CTOYHBIX BOJ

Ecan mienouyHble M KUCHIBIE CTOYHBIE BOJBI OTBONATCS M3 PAa3IUMYHBIX
IIPOU3BOJCTB WIH OT Pa3jIU4HbIX NPEANPUATUNA OTAEIbHBIMU ITOTOKaMH, TO B
KayecTBE IEPBOM CTYNEHM MX OYHUCTKM PALUOHAIBHO NPUMEHUTH B3aHMHYIO
HeWTpanu3anuo. HeWTpanuszanus IIETOYHBIX M KHUCIBIX CTOYHBIX BOJ
IIPOBOAMUTCS B PE3€pByapax-OCPEAHUTENSAX INPU MEXAHUYECKOM Iepeme-
MIMBAaHUM WM TpH O0apOOTUpOBaHMU BO3AyXa. BO3MOXHBI JBa TEXHOJO-
TMYECKMX BapUaHTA: HENPEPbIBHAS HEUTPAIM3ALM WM HEUTpanm3auus C
HAKOIUICHHEM.

B nepBoM ciydae MOTOKH HIENOYHBIX W KHCIIBIX CTOYHBIX BOJ MOJAKOTCS
B PE3€pBYap HENPEPBIBHO, TAaKXE HENPEPHIBHO HEWTpaIuM30BaHHAs BOJAA
BBIBOJUTCS U3 pe3epByapa. llomHoTra HeWTpamuzauuum 00ecreynBaeTCs
aBTOMAaTUYECKUM DPETYJIMPOBAHUEM pPacXOJO0B IICJIOYHBIX M KHUCIBIX BOA. Bo
BTOPOM ClIy4a€ IIpOLECC HEWTpaIM3alUU OCYLIECTBIISIETCS IEPUOANYECKHU.
CHauama B pe3epByap TMOAAETCS OINpEAETEHHBIH 00beM KHUCIBIX (WM
IIEJIOYHBIX) CTOYHBIX BOJ, a 3aT€M IIPpU NEPEMEIIMBAHUM U HENPEPHIBHOM
KOHTpoJie BeanurnHbl pH mocreneHHO A00aBisIOTCS IIEIOYHbIE (WM KUCIBIE)
CTOYHBIE BOJBI JO IIOJMHOM HeuTpaimsaunu. HeWrpanmn3oBaHHas Boxaa
CIIMBAETCSl, U POLIECC MIOBTOPSETCS.

B 06oux BapuanTax TpeOyIOTCS AOMOJHUTENbHBIE Oy(depHbIe pe3epByaphl
i copoca m30BITKa BOJ IMepen HelTpanusalueil, HoO IepBblii BapuaHT Oolee
CJIOEH B OOBSI3KE U YIIPABJICHUHU.
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12.1.2. PearenTHas HeUTpanu3anus KUCIbIX CTOYHBIX BOJ

Heiitpanuzaiuio KHUCIBIX CTOYHBIX BOJI MOKHO MPOBOJUTH Pa3IUYHBIMU
XUMUYECKUMHU BEIIIECTBAMU OCHOBHOI'O XapakTepa: OCHOBHBIMU OKCHJIAMHU
(meramenass wu3Becth CaQ), rtuapokcuaamu (rameHas usBectb Ca(OH),,
Kayctuueckas coma NaOH, Bomgubiii pactBop ammuaka NH,OH), consmMu
cnalbbIX KHUCIIOT, Yallle BCero kapOoHaTamMu (KasbLIMHUpOBaHHAs cona Na,COs,
notam K,CQO;). Beibop pearenta ompenensieTcsi TOJIBKO €ro JTOCTYMHOCTHIO U
cTouMocTbio. Hanbosee pacnpocTpaHeHHBIMU peareHTaMu SIBJISIOTCS TallleHas
U HeralieHasi U3BECTh — MPOIYKT 00KUTa U3BECTHSKA, CHIPhE JUIsl IPOU3BOICTBA
CUJIMKAaTHOTO KUpIU4Ya, CTEKJIa, KepaMUKHU U Jp. ['mapoKcua HaTpus WM COmy
UCIIOIB3YIOT B TOM CIIy4yae, €CJIM OHHM CaMH SIBIIIFOTCSA OTXOJIaMH M HMX TaKXKe

HE0OX0aMMO yTUIU3upoBaTh. Cxema HEHTpa-
Bona  Ca JU3alMi CTOYHBIX BOJ H3BECTKOBBIM MOJIO-
- il __l KOM IOoKa3aHa Ha puc. 12.1.
2 B anmapate s IpPUTOTOBJICHMS
. M3BECTKOBOI'O MOJIOKA 1 TPOUCXOAUT U3MENb-
YeHHE U rallleHue OKCUAa KaabIus:

CaO + H,O — Ca(OH),

PacTBOPUMOCTh THAPOKCUIA KAlbLUsS B
soge npu 25 °C cocrasuser okoio 1,5 r/im,
H03TOMY OOJIbIIAs YacTh TalleHOM M3BECTU
oOpasyercsa B Buae cycrnensuu. OOpa3oBaB-
1ascs CyCIEH3Hs EPEKAUNBAETCS HACOCOM B
pactBopHble Oaku 2. [lepeMemmBanue B 3THX
0aKax MPEISTCTBYET PACCIAMBAHMIO CyCIIEH3HH.

Crouynas Bojma TmocTymaeT B Oak-

_ Puc. 12.1. Cxema oCpenHHUTENb 4 M 3aTeM B HEHTpanu3aTop 5.

HeMTpanmsalin CTOMHLIX BOA  J3pecTROBOE MOJIOKO M3 PACTBOPHEIX OaKOB

VIARECTIORRIM MOToKoM B HEOOXOOMMOM KOJMYECTBE MOMACTCI B
HelTpanu3aTop 5 uepes MepHMK 3. HeliTpanuszoBaHHast CTOUHAs BOJA CIUBAETCS
B OTCTOMHHUK 6, B KOTOPOM HPOMCXOIMT OTEJIE€HHME B3BELIEHHBIX YACTHUIl KaK
IPHUCYTCTBOBABIIMX B CHIPhE (TEXHUYECKOM OKCHJAE KalblMs), TaKk M
00pa30BaBIIUXCS B IPOLECCE HEMTPAIU3ALUH, HATPUMED IIPH B3aUMOIEHCTBUM
TUIPOOKUCHU KaJbLMs C CYJIb(PaT-HOHAMMU:

Ca(OH), + SO — CaSO4 + 20H

[Tomumo HeWTpamu3auu Mpu HEOOJIBIIOM M30BITKE THAPOOKUCH KallbLUs
IIPOUCXOUT OCAKIAEHNUE TUAPOOKUCEN TSKEIIBIX METAJUIOB:

Cr'* +30H — CrOH);,

0CaAKH KOTOPBIX OTACIIAKOTCA N3BCCTHBIMHU crocobamMH.

CTOYHaA
BOAa

_ O4MIl|eHaR
" Bopga

ocagok
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Jlis  HeWTpanmu3alMyd KHCIBIX CTOYHBIX BOJ BOBCE HE 00s3aTeIbHO
pa3narath  KapOOHAaT KalblMsi W  TOTOBUTh  H3BECTKOBOE  MOJIOKO.
Kapb6onarconepskaiue nopoabl (M3BECTHAK, MEJ, MPamop, TOJOMHUT) MOKHO
HCIOJIb30BaTh HEMOCPEJICTBEHHO, HalpuUMeEp, B cocTaBe (UIBTPOB-HEUTpa-
au3atopoB (puc. 12.2).

CrounHass Bojaa mopaercs B
CTo4HaRA MPUEMHYIO Kamepy | aiisa BbIpaB-
BoAd LPuMileHad,  HMBaHMA Pacxoaa 4epes (QUILTP,
=oAd OTKyJia MEpeIvBOM IOCTYHaeT B
(GUIBTPOBATILHYIO KaMepy 2, TIe

Y TIPOMCXOANUT HEUTpaTH3aIus:

CaCO;+2H — Ca*" + CO, + H,O

Puc. 12.2. dunbTp-HenTpannsaTop IIpn mpocToTe KOHCTPYKLUK
(UIBTPBI-HEUTPAIU3ATOPHI HE

MPUMEHHUMBI JJIsI CTOYHBIX BOJI, COJIEpKAIUX CYIb(aT-uOHbI U MOHBI METAJIIOB,
oOpa3yrolye TpyIHOPACTBOPUMBIE OCAIKH M3-3a OBICTPOro 3a0MBaHMS KAHAJIOB,
YBEJIMYEHHUSI CONTPOTUBIICHUS (PUIIBTPA U €0 3aXJICObIBAHMS.

12.1.3. Helltpanu3zaius 1meJI0YHbIX CTOYHBIX BOJI JLIMOBBIMM T'a3aMu

JUts HeUTpanu3aluy LIETOYHBIX CTOYHBIX BOJ MOTYT OBITh peai30BaHbI
aHAJIOTUYHbIE TEXHOJIOIMUYECKHUE CXEMbl, HO HanboJjiee 3KOHOMUYHBIM METOJIOM
SIBJISIETCS] HEUTpan3allks C MOMOUIBbIO IBIMOBBIX I'a30B, KOTOpbIE 00pa3yroTcs B
pe3ysibTaTe CXKUTAHUS TOIJIMBA MPAKTUYECKH Ha JII0OOM TPOU3BOJICTBE.
JIbIMOBBIE ra3bl COAEPKAT B CBOEM COCTABE KUCIOTHBIE OKCHUIBI, Takue kKak CO,,
SO,, NO, NO, u ap., KOTOpbIE€ JIETKO BCTYNAIOT B PEakUHs HEUTpan3aluu.
Hanpuwmep,

CO, +20H — CO5* + H,0

CO;* + CO, + H,O — 2HCO;

Hcnonb3oBaHue JIBIMOBBIX Ta30B IMO3BOJISET OAHOBPEMEHHO PEIIUTH JIBE
3aJlayi: HEUTPAIU30BaTh CTOUYHBIE BOJbI U CHU3UTh BHIOPOCH BPEIHBIX BEIIECTB
B aTMocdepy.

TexHonorn4ecku Mporecc MOXKET ObITh peau30BaH B Pa3HbIX BapHAHTAX,
HaIlpuMep, B peakTope ¢ uMIeiepHor Memankou (puc. 12.3) uinm B ckpyooepe
TOW WJIKM MHON KOHCTpYKIMH (puc. 12.4).

C TOukM 3peHHs] TEXHOJOTMH B TIEPBOM BapUaHTE CIUIOMIHOW (a3oii
ABJIAETCS JKUJIKOCTh (CTOYHAas BOJA), a JIHUCIIEPCHOM — JBIMOBBIE Ta3bl, BO
BTOPOM BapHaHTE CIUIOMIHON (Da30i SIBISIFOTCS JBIMOBBIE Ta3bl, TUCIEPCHON —
CTOYHAas BOJA.

C SKOHOMHMYECKOW TOYKH 3pEHHUsl TMEpBbI BapuaHT Ooyiee MPOU3BO-
JTUTENbHBIN, HO U OoJiee SHEPrOEMKUN, BTOPOH BapuaHT HE TpeOyeT OOIbIINUX
AKCIUTyaTallMOHHBIX PAacX0JI0B, HO TpeOyeT TIPOMO3JKOr0 U METaIOEMKOTO
000py10BaHUSI.
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A

pemossie| - founueHsle OYMILEHHbIe | a3kl
rassl rasel
/I CTOYHaA

Boga

CTOYHaR
BoAa

1 oumuenas AbIMOBble
Seopa rasbl ’
LI Boga
Puc. 12.3. PeakTtop Puc. 12.4. Hacago4Hbin ckpy66ep

C MNennepHoOn MeLLankown

12.2. Okucaenue

OxuciieHre TPUMEHSIOT JJIs1 00€3BPEIKUBAHUS CTOYHBIX BOJ, COJACPIKAIIMX
TOKCHYHBIC TIPUMECH, YIAIUTh KOTOPbIC HHBIMU CITIOCOOAMH 3aTPYyIHUTEIbHO. B
YaCTHOCTH, OKHCJCHHE NMPHUMEHSIOT I yAaJeHHUS LHAHUIO0B, CEPOBOIOPOJA,
Cylb(PHUIOB, OpPraHMYECKHUX mpuMeceil. M3 IHMpoKo pacnpocTpaHEHHBIX
OKHUCIIUTENEH HanOOJbIIEH OKUCIIIONIEN CIIOCOOHOCTRIO 00JIajaeT 030H, Hajiee
CIIEIYIOT XJIOP, IEPEKKUCh BOJIOPO/Ia, ICPMAHTaHAT KaJIus.

12.2.1. Oxucnenue HHaHUI0B MOJIEKYISIPHBIM XJIOPOM

MonexkynspHbIii XJI0p AOCTATOYHO XOPOIIO pacTBOpsercs B Boxe (2,3 a/n
mpu 20 °C) ¢ oOpa3oBaHUEM COJITHON M XJIOPHOBATUCTOM KHCIIOT MJIM MX COJICH
(XJIOpHUI0B U TUIIOXJIOPHUJIOB) B LIEJIOUYHOU Cpeie:

Cl, + H,O — HCl + HCIO
ClL+20H — CI + ClO” + H,O
FI/IHOXJ'IOpI/I)l—I/IOH JIETKO OKUCJIACT IUAHUIbI 40 IIMAHATOB:
ClIO"+ CN — CI + CNO',
KOTOPLIC B IHCJIOHHOﬁ cpecac rnapoOIM3YOTCA 10 Kap60HaTOB n aMMOHUI:
CNO +2H,0 — COy* + NH;
HJIA OKUCJIAOTCA 4O YITICKHCJIOIO I'a3da M a3oTa:
2CNO +2CI0" — 2CO, + N, + 2CT

[Io mpuBenEeHHOM BBIIIE CXEME PEaKLUs MPOTEKAET TOJIBKO B IIEJIOYHOU
cpeae (pH = 8 — 11). B xucnoii cpenie IuaHu/Ibl TAKXXE OKUCIAIOTCA XJIOPOM, HO
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¢ 00pa3oBaHMEM COBCEM HE O€30MACHBIX MPOIYKTOB, HAIPUMEpP XJIOpLHaHA
(OB):
CN + Cl, — CICN+ CI'

Crounas Boja ¢ cojaepkanveMm nuaHugoB oT 20 nmo 100 mMr/n mogaercs B
eMkocTth 1 (puc. 12.5), BkiIO-
YEeHHYI0 B CXE€My  peLup-
KyJsiuu mo kuako daze. B
WHXKEKTOp 2 TMOJaercs raso-
oOpasnbiii  xsop. Lupkynsmms

Xnop

T

CTO4HAA | | | — CTOYHOM BOJbl C BBEICHUEM
BOIa A mBona XJIopa  TPOJOJDKAeTCsS [0
N JOCTHIKEHHST TPEOyeEMOU CTele-

Puc. 12.5. Cxema O4UCTKM CTOYHbIX BOJ HH OKHUCJICHMA, IIOCIE 9€TO BOAA

OT LUMaHnaoB BBIBOAUTCS M3 eMKOCTU. KoHT-
poJib BEAyT IO OCTaTOYHOMY
aKTUBHOMY XJIOpPY, COJIEpP>)KaHKE KOTOPOTro JI0JKHO ObITh HE MeHee 5 — 10 Mr/m.

12.2.2. Oxucnenue cyab(PuaoB KUCIOPOIOM BO3ayXa

OxuciieHrne KUCIOPOJAOM BO3AyXa MPUMEHSIOT JUIsl JIETKO OKHUCIISIFOUTUXCS
npumeceil. Hanpumep, [IBYXBaJE€HTHOTO JKelie3a B TPEXBAJICHTHOE C
OCQXKJICHUEM IOCIEAHETO B BUAE THAPOOKHUCH:

2Fe*" + 0, — 2Fe"
Fe* +30H — Fe(OH);
WIH CyIb(GUIOB:
5 — 8§ — 8,0 — SO~

TexHonornueckass cxe-
BO3AyX Ma OKHUCICHHUS CYyIb()HUI0B
MokazaHa Ha puc. 12.6.
CrouHble BOJBI HaKaIlJIU-
BaIOTCA B MPUEMHOM pe3ep-
Byape 1, oTkyma uyepe3
CTOYHAA 1= — MOIOrpeBaTeNlb 2 HACOCOM
BoAa - — MOJAETCSI B OKUCIUTEIbHYIO
KOJIOHHY 3. Uepe3 KOJIOHHY
HEIPEPHIBHO 0apOOTHPYETCS
BO3yX. Bo3ayx orBoauTCs
yepe3 KaruieoTACIUTENb S5 B
B3y ouMIeHas atMocdepy, CKOHIEHCUPO-
BOA3 BaBIIAasiCA BJlara BO3Bpa-
LIAaeTCd B MNPHUEMHBIN pe-
3epByap. CTOYHBIE BOJBI
MOCJIE OKHUCICHUSI OXJIAKIAIOTCS B XOJOAWIbHUKE 4 U mepenarTcs Ha

JATbHENIITYIO OUUCTKY.

¢

| E3

KOHOGHCAT

Puc. 12.6. Cxema OKMCrUTENbHON YCTaHOBKN
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13. PACYETHBIE 3AJJAHUA JJ151 IPAKTUUECKHUX 3AHATUR

Homep BapuaHTa pacyeTHOro 3aJaHusl OMPENEseTCsS MO ABYM IMOCJIEIHUM
nudpaM HOMEpa 3a4ETHOM KHUKKUA CTyAeHTa. TaOnuilbl HMCXOIHBIX JaHHBIX
COCTOSIT M3 JBYX 4acTed. B mepBoil yacTu TaOIWIbl MPUBEIEHBI JAHHbBIE JUIS
nepBoi 1Mdpsl HOMEpa BapuaHTa, BO BTOPOM — JUIsl BTOPOM IMQpPHI HOMEpa
BapuaHTta. Hampumep, eciam HOMEp 3a4e€THOM KHKKUA 225462, TO HOMEp
Bapuanta — 62. McxomHble AaHHBIE N7 3TOTO BapuaHTa OepyTcs W3 CTPOKH
«Bapuant 60» nepBoi yacTu TabIUIIbI U U3 CTpoku «Bapuant 02» BTOpOIt yacTH.

13.1. OcaxaeHue B rpABUTAIIMOHHOM I10JI€

Ckopocmb c80600H020 ocadxcoeHus TBEPABIX YyacTull chepruuecko (hOpMBI
1o/ JEHUCTBUEM CHUJIbI TSXKECTH B HEOTPAHUYEHHOM OO0BEME JKUJIKOCTH MOXKET
OBITh pacuMTaHa UCXO/s U3 OanaHca CUIIbI TSHKECTH, CUJIbI BRITAJIKUBAHUS (CUJIBI
Apxumena) U CUJIbl COMPOTUBIIEHUS ABMKEHUTO (cribl CTokca) 1o ¢hopmye
_2 r7g(pu—Py)

9 H ’
II€ U — CKOPOCTb CBOOOJHOTO OCaXACHUA, M/C; 7 — paJlyC YacTHULbI, M;
g - YCKOpEHHE CBOOOJHOTO MAajeHHs, M/C’; p, W p,. — IUIOTHOCTh TBEPIOH M
JKHJIKOIT (a3, COOTBETCTBEHHO, KI/M ; 1. — TMHAMIYECKAsl BS3KOCTh Cycriensu, ITa-c.

BsizkocTh cycneH3uM He 3aBUCUT OT (OpMBI U pa3MepOB YACTHUIL, HO

3aBUCHUT OT 00bEMHOM A0 TBEPAOH (ha3bl B CYCIIEH3HUH & U ONIPEALIIAETCS TaK:
Ue = (1 +2,5¢) npue<0,1;
Ue= (1 +4,5¢) npue>0,1,

TJI€ My — BI3KOCTB KUAKOHN (hasbl.

ObbeMHas 107151 TBEpAOH (ha3bl B CyCIIEH3UN MOXKET OBITh BhIpaKeHa uepe3
MaccoBYIO J0J10 X. [I10THOCTE cycnien3uun

Pc = PmX +p9/c(1 —)C).

B sTom ciyuae macca cycnensuu G., BhIpaKeHHas uepe3 ee o0beM V., u
MJIOTHOCTh, paBHa G, = V.p., macca TBepAou (a3l B CYCNEH3UM paBHA
G,=xG.=xV.p., a ee ooveM — V,, =G, /pn=xV.p./pn. O0bemMHas noms
TBepioH ¢a3wl B cycnieH3uu paBHa ¢ = V,/V,. = xp./p,. lloncraBuB B mocienHee
BBIPAKEHUE 3HAUYCHUE P, IOTYUUM

u

E=x x+ﬁ(l—x) .
pm
Ckopocmb cmecHeHHO20 ocadxcoeHus B OOIIEM Ciy4yae OIMUCHIBACTCS
KpUTEpHAIbHBIM ypaBHeHUEM Buna Re = flAr, 1 —x), tne Re u Ar — xputepun
PeitHonbaca u Apxumena COOTBETCTBEHHO.
B pacueTHol npakTyike CKOpOCTh CTECHEHHOTO OCKIEHHS BBIMUCIISIEOT 110 (JopMyIiam
2 -1,82¢ .
u, =u(l—g)’-10 npu ¢ < 0,3;
3
0,123(1-¢)
u

U = < npu € > 0,3
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llogsepxnocmo ocaxcoenusi omcmotiHuka, HeO0XoauMas i yAAJeHUs U3
CYCIEH3MHU YacTHI] pauycoM 7 1 Ooiiee, onpeaensercs no Gpopmyiie

F= Vocs / Ucm,
o o 3
rac Vocg — 00BEM OCBETIICHHOM KNOKOCTH, ITOJIYYAaCMbIH 3a CIMHUITY BPEMCHU, M /c.

3aoaua 1. PaccunTaiiTe MOBEPXHOCTb OCAKICHUS OTCTOMHUKA, TEOPETHUYECKU
HEOOXOAMMYIO Ui OCAKICHUS W3 CYCIICH3MHM JTUOKCHa KPEMHHUs 4acTHull ¢ 3(PPeKTUBHBIM
muametpom 100 Mxm u Gomnee. [IpousBoaurensHOCTh OTCcTOMHUKA — 1000 M>/4. Maccosas
noyist TBepnoit ¢das3el B cycriensuun — 0,1. BsiskocTs BOABI — 1,002-10° Ta-c npu 20 °C;
IUIOTHOCTB BOJBI — 1-10° KF/M3; IJIOTHOCTh JUOKCHUAA KPEMHHUS — 2,651-103 KT/M-.

Pewenue. O0beMHas 10719 TMOKCHIA KPEMHHUSI B CYCIICH3UU

£= 0,1[0,1 + @(l - 0,1)} =0,044.
2651
Bs3kocTh cycniensuu p, = 1,002'1073(1 +2,5:0,044)=1,1 12:10° Ta-c.
CxopocTh CBOOOTHOTO OcakaeHus ipu » = 50 MKM = 510°m

" :3(5.10-5 ) ~9,81M =8,09-10" m/c.
9 1,112-10°

CKOpOCTh CTECHEHHOTO OCAXKICHUS
Uem = 8,09-107(1 — 0,044)%107 3% = 6.16-107 m/c.
[Ipou3BOAUTENBHOCTh OTCTOMHUKA MO OCBETJIICHHOW >KUIKOCTU Ve = 1000 M/4 i
1000 / 3600 = 0,278 m’/c. TIOBEpXHOCTb OCAXKICHHS TIPU STOH IIPOU3BOLHTEIBHOCTH
F=0,278/6,16-107 = 45 v".

Koumponvnaa 3adaua 1. PaccuntailTe TOBEPXHOCTb OCAKICHHS
OTCTOMHMKA F,,, TEOPETUUECKU HEOOXOAUMYIO JUIsl OCaXACHUS U3 CYCIICH3UH
qacTULl C 3(QQEKTUBHBIM JUAMETPOM d,; M ILIOTHOCTBIO p,. IIponsBoau-
TEIBHOCTh OTCTOMHUKA paBHA V., MaccoBasi 10Jisi TBEPAOU (a3bl B CYyCIICH3UH —
x. Ucxonueie nanHble mpuBeAeHbl B Tabn. 13.1. Bs3kocTh BOIBI i, MPUMUTE
paBHOM 1,002-10° [1a-c; IIOTHOCTH BOABI P, = 1-10° kr/v’.

Bribepute OTCTOMHHMK HEOOXOAMMBIX Pa3MEpOB U3 HOPMAJIM30BAHHOTO
psana (tab6in. 13.2), yuuThiBas, 4YTO H3-3a HEPABHOMEPHOCTH pacHpeeieHus
CYCIIE€H3UHU U BUXPEoOpa30oBaHuUsl IJIOIIA/Ib OTCTOMHUKA YBEIUYMBAIOT Ha 1/3 1o
OTHOLIEHUIO K TEOPETUYECKU HEOOXOIUMOM.

Ta6muia 13.1. VicxoHble JaHHBIE 1J1s1 KOHTPOJIbHOM 3a1auu |

Bapuant Teepaas pasza K'l; 7’“’13 1\(41;:1]1\,4 Bapuant Kg;f; x
00 Anarur 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 KamenHblIil yroab 1350 100 07 850 0,060
80 Marse3ur 2900 40 08 900 0,055
90 Hlamor 1900 55 09 950 0,050
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Tabnuua 13.2.0cHOBHBIE XapaKTEPUCTUKU
HOPMAJIM30BAHHBIX OTCTOWHUKOB

Yucio
Auamertp, Bricora, o0opoToB
MM MM MeIIAJIKH,
vun’
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. OcaxaeHue B IEHTPOOEKHOM M0JIe

B oTcTOWHBIX EeHTpHU(YTrax cO CIUIONTHBIMU CTEHKaMU POTOpa pa3ieleHHe
CYyCIEH3UM Ha OCaJ0K M OCBETIEHHYIO XHUAKOCTh ((pyrat) MpOUCXOIUT IO
NPUHLUAIY 0caxcoeHuss noo oelcmeuem yermpoobedchol cuivl. BennunHa
IEHTPOOEIKHOM CHIIBI B OOIIIEM CITyyae BBIPAKAaeTCsl PAaBEHCTBOM

2
F,=mv/r,

rae F, — 1eHTpoOexHasl Cwia, H; m — Macca Bpalllalollerocs Tena, Krj v —
OKpY>KHasi CKOPOCTh BpPAILIEHUS, M/C; 7 — PAJINyC BPAIICHHUS, M.
OkpyxHas CKOPOCTb BpAIlICHUSI ONPEACIISIETCSI COOTHOLICHUEM

v=2mrn

IJIe 1 — 9HCII0 0GOPOTOB POTOPA, C .
OTHOIIICHHE [EHTPOOESKHOTO YCKOPEHHUS V'/F K YCKOPEHHIO CHIIbI TAKECTH
g HA3BIBAIOT PaxKmopom pazoeieHus:
Vv (27271)2
K =— —
rg g

Pazpensiomas cnocoOHOCTh OTCTOMHBIX LEHTPUDPYT XapaKTepuzyercs

UHOEKCOM Npou3eooumenbHocmy 2, KOTOPBIM SBISETCS MPOU3BEICHUEM
MOBEPXHOCTH OCAXKIEHUS U (aKTopa pa3aesieHUs:

2 =SK,.
MHekc Mpou3BOAUTEIHFHOCTH HEHTPU(PYTH TIPEACTABIAET COOOM MIIOIIaIb
OTCTOMHHKA, S3KBUBAJICHTHOTO MO MPOU3BOAUTEILHOCTH JJISI JAHHOW CYCIEH3HUU.

Jlj1s OTCTONHOM LHEHTPUPYTH C IMIUHAPUIECKIM POTOPOM TUaMeTpoM D u
JUIMHOW [, B KOTOPOM HAxXOIWUTCA CIIOM CYCTHEH3WW TONIMUHOW h, (akTop

r .
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pasziesieHust MOKET OBITh OTHECEH K cpeaHeMy auametpy (D — h):

2
K - (27zn) D—h
p g 2 5
Wiy pu h << D
()’
K,=2—=-D
g

[1101maap TOBEPXHOCTH OCAXKIACHUS B ’TOM Cllydae

S=nDL.

[IpuBeneHHBIE BBILIE YPABHEHUS CIPABEIUIMBBI I OCAXACHUS TBEPABIX
YacTUll B JIaMUHapHOM pexume. BceneactBue OO0JbIION BEIWYUHBI LIEHTPO-
O€XHOM CUJIbl OCAKJEHHE CYCHEH3UU B LEHTpU(]yrax MOKET MPOUCXOIUTH B
YCIOBUSIX TypOYJIEHTHOTO WJIM MEPEXOJHOr0 PEKUMOB. B 3TOM cityyae nHIEKC
IIPOU3BOIUTEILHOCTH BBIPAYKAETCSI COOTHOLIEHUSMMU:

2= SK%O;715 JUISL IEPEXOTHOTO PEKNMA,
2=S8K,” U1 TypOYJIECHTHOTO PEeKUMa.

MuHUMaNIBHBIN pa3Mep OTHENSIEMBIX YacTHULl (KpYNHOCMb 2PAHUYHO2O
3epHa) 0, MKM, IS TUAPOIHUKIOHA ¢ YoM KoHycHocTH 20° ompenesnsieTcs 1o

bopmyiie
d /D
5 — 0’9 . 105 cr lelc

d.NH\p,-p,’

rae d., — IMaMeTp CIAUBHOTO MaTpyoka, M; D — quamMeTp WINHIPUYECKOI YacTh
KOpITyca TUIPOLUKIIOHA, M; X — JOJIsI TBEPIOi (a3bl B CYyCIEH3UH; (i, — BA3KOCTb
cycnensuu, lla-c; d.. — Aunamerp meckoBoil Hacaaku (maTpyOka IUisl CivBa
CTYLIEHHOM cycneH3uu), M; FH — H30bITOYHOE JaBJI€HUE Ha BXOJE
B THJIPOLIMKIIOH, aTM; p, W p, — IUIOTHOCTH TBEpIONM u Kuakoh a3
COOTBETCTBEHHO, KI/M".

TIpOM3BOAUTEIBLHOCTS LIUKIOHA, M/4, HAXOMUTCS 110 (hopMyJIe

V=564-10°d_d _~H |
riae d,, — TMaMeTp BXOJHOTO MaTpyoKa, M.

3aoaua 2. Onpenenure yucio HEHTPUPYT ¢ Xxapakrepuctukamu: D = 1 m; L = 0,7 m;
n=1000 MuH"', OKBHBAICHTHBIX MO MPOM3BOXUTEILHOCTH OTCTOWHHKY, MOBEPXHOCTH
OCaXJIEHUSI KOTOPOTO paccyhTaHa B Tpeapinymed 3amade. OcaxkIeHHe CyCIeH3HU
TPOMCXOUT B TYPOYJIICHTHOM PEXUME.

Pewenue. ®axrop pa3aeneHus HEHTpUPYTU

3,14-1000/60)
szz( ) .1=558.
9,81
[ToBepxHOCTh  OCakIOeHUS g  TypOyJIEHTHOrO  pexuma Tpu  HHICKCE
HpOI/I3BOI[I/IT€JII>HOCTI/I, paBHOM HOBerHOCTI/I OCAXIACHUA OTCTOfIHHKa,

S = 4505 =19 m”.
558"
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[ToBepXHOCTH pOoTOpa OJTHOM HEHTPUPYTH

S1=3,141-0,7=2,2 m’.
Yucno nentpudyr
N=S8/51=1922=1.

Koumponvnaa 3adaua 2. Onpenenure 4uciao HeHTpUdyr, IKBUBATICHTHBIX
0 TPOU3BOJAUTEILHOCTH OTCTOMHHMKY, PACCUMTAHHOMY B KOHTPOJIBHOM
3amaue 1. Ucxonmubie manHble mpumute mo Tadn. 13.3. XapakrtepucTuku
neHTpudyr npuBenensl B Tadn. 13.4. OcaxeHHe CYCIIEH3UM IMPOUCXOIHT B
MEPEXOTHOM PEKUME.

Onpenenute nuaMeTp TUAPONUKIOHA D, paloTaroliero moJ HarmopoM
H=0,3 arm nipu d., = 0,3D; d.. = 0,2d.,. 3HaueHusa MIOTHOCTEW TBEpPIONl U
KUAKON (ha3pl MPUMHUTE MO pacueTHOMY 3amaHuio 1. KpymHocTh rpaHudHOTO
3epHa 0 NMpUMUTE paBHOU d,; (Tabn. 13.1). IlonbGepure cOOTBETCTBYIOUIMI 110
pasmepam TUAPOLUKIOH U3 CIIpaBOYHOM Tadu. 13.4.

Onpenenute YUCJIO0 TUPOLIMKIIOHOB, SKBUBAJICHTHBIX 1o
IIPOU3BOJIUTEIIBHOCTH OTCTOMHHKY, PACCUNTAHHOMY B KOHTPOJIbHOM 3amaue 1,
npu d,. =d., = 0,3D.

Ta6mmma 13.3. VicxonHple qaHHbBIE IS KOHTPOJIBHOM 3a1a4u 2

Yucgo
Bapuant Auamerp Hoa BapuanT | 000poTOB,
poTtopa,M | poropa, M 1
MHH
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
¥ dhumckoro 3aBojia ropHOro 000pYAOBAHUS

D,mM | ¥YroJ KOHYCHOCTH, rpaj.| d., B noassx 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. ®uibTpoBaHUE NPU MOCTOSTHHOM Iepernajie 1aBJIeHUA

Dunbmposanuem Ha3bIBAIOT MPOLIECC Pa3/IeNIEHUsI CyCIEH3UH Ha TBEPIYIO
dazy (ocamok) u xkunakyro (azy (puibTpaT) ¢ HCMONIB30BAHUEM MOPUCTHIX
neperopoiok. JKuAKocTh NBIXKETCS dYepe3 MEeperopojaKy IMoja JIEHCTBUEM
Pa3HOCTH JIaBJIEHUN C OJTHOW U APYTOM €€ CTOPOH.

Ckopocmb  ¢unbmposanuss TPUHATO BbIpaxaTh B Aud@epeHnanbHON
(dbopme (OCHOBHOE ypaBHEHUE (PUIBTPOBAHMS):

wde: Ap

Sdt 14 R ’
y2 ’"oon"‘ on

re W — CKOpocTh (GuiabTpoBaHus, M /(M>-c); V — oObeM Quibtpata, M; S -
TMOBEPXHOCTh (DMIBTPOBAHHSA, M’; ¢ — MPOJOIIKHTEIBLHOCTD (DUIBTPOBAHUS, C;
Ap — nepenan nasnenuid, Ila; ¢ — Bsa3kocTh xkuakou ¢assl, Ila-c; vy — ynenpHoe
CONPOTHUBJICHUE OCAJKa, M % Xp — OTHOLICHHE O0BeMa Ocajka K o0beMy
¢unbTpara; R, — CONMPOTHBICHNE (PUIBTPOBAIBLHON NIEPETOPOAKH, M

3HaueHUs] TMOCTOSIHHBIX B YpPaBHEHUM (DUIBTPOBAHUSI NpuU NOCMOAHHOM
Ooasnenuu Ap = const HaxomAT ONBITHBIM TyTeMm. [lns 3TOro ypaBHEHHE
MPUBOJST K JINHEWHOMY BUIY

i: /w”oxo2 Vo lURdm
V- 2ApS AV

[TomyuenHnoe ypaBHeHHE B KOOpAWHATaX V — ¢/ mpeacraBusieT coOoi mpsaMylo,
OTCEKAaIOIlyl0 Ha OCH OpAUHAT OTPE30K, PaBHbIM uR,,/(ApS), TaHreHc yria
HAKIIOHA IPSMOIL k = 11roxo/(2ApSY).

3aoaua 3. Onpenenure 9ucio GUIBTPOB MEPUOAMUYECKOTO JACHCTBHSI C TTOBEPXHOCTHIO
bunbTpoBanus S = 7 M°, HEOOXOIMMOE [ISL pasneneHus CyCIeH3uu, XapaKTePUCTUKU KOTOPOM
NpUBEJCHBI B 3agade 1, B pexume QIIBTPOBAHHUA MPH TOCTOSHHOM JaBICHUMU | artm.
OuIbTpOBaHWE NPOBOAAT A0 HAKOIUIEHUS Ha ¢uibTpe ocanka Toimmaon 10 cm. Ilpm
DUIBTPOBAHNM CYCNICH3WH HA MOJENBHOM (HIBTPe C MOBEPXHOCTHIO S, = 0,01 M° B
AQHAJIOTUYHBIX YCIOBUSX MOMyUYeHA 3aBUCUMOCTh 00beMa QuiibTpaTa OT BPEMEHHU:

t, MUH 5 10 15 20
V,n 55 75 90 100
ConpoTusieane GUILTPOBATHHON NIEPETOPOJIKH B pacueTax HE YUUTHIBATS.

Pewenue. Ecnu conpotuBieHre (GUabTPOBaIbHON MEPETOPOAKH MPEHEOPEKUMO MAJIO
10 OTHOIIICHUIO K CONPOTHBIICHHUIO CJIOS OCaJKa, TO OCHOBHOE YpaBHEHHE (UIHTPOBAHHS
MO3KHO 3aIicaTh B BUJIE

L HRX,
V. 2ApS®

[TonmyueHHoe ypaBHeHHE B KoopAuHaTax V — t/V npencrasisier coboil mpsAmMyto, MPOXOISILYT0
qepes HAYalo KOOPHHAT, TAHICHC YIla HAKIIOHA KOTOPOH k = urgxo/(2ApS?).
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Jlns onpeneneHys KOHCTaHThI &k mpeoOpa3yeM MCXOHbIE JaHHbIE!

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 Haiinem 3HaueHHE
yII0BOro Koa(uuueHTa npsmoi:

i = HXo _ 11000

_ = =0,11-10° M'/c.
2ApS* 0,098

Y,Z[G.HBHOG COIMPOTUBJICHUC OCaJIKa
_2ApS? p 22103 -10°-0,012
X, 1,002 -1073 - 0,046

7 .0,11-10° = 4,93-10'0 M.

t'v, c/m3

i

12000

______________/

10000 g

4000

6000

4000

2000

|
|
|
|
|
i
|
|
|
0 0.02 0.04 0.06 0.08 0.10 v, w3

Puc.13.1. OnpegeneHue KOHCTaHTbl PUNbLTPOBAHNS

B pacderax mpuHATO: mepenan AaBICHUN Ha (UIBTPOBAIBLHOMN meperopoake Ap = 1 atm =
= 1,03-10° [Ta; BA3KOCTbH BOJIBI u = 1,002-10_3 [Ta-c; oTHOmIEHNE 0OBEMa Ocagka K 00beMy
bunbsTpara xo = &/(1 — ) = 0,044/(1 — 0,044) = 0,046.

[TpencraBuM Bpemsi GUIBTPOBAHUS KaK

2
S) 2Ap
W, IpUHUMasE BO BHUMaHHeE, uT0 V/S = h,./x(, IOJYyYUM BbIpakeHUE JUIS pacdeTa BPEMECHU
HaAKOIIJICHHUA OCaJdKa 3aI[aHHOI>i TOJIIUHBI:

f= hi z.ﬂroxo_ 0,1
X, 2Ap 0,046

MakcumanbHas 3PGEKTHBHOCTh pabOTHl  (QHUIBTPOB MEPUOAWYECKOTO JICHCTBHS
JOCTHTaeTCsl, KOrna BpeMs (UIBTPOBaHMS paBHO BPEMEHH, 3aTpaylMBaeMoOMy Ha
BCIIOMOTATeNbHBIE ~ Omepanuu  (yJaJeHue ocaaka W pereHepanmus QUIbTPOBAILHON
neperopoaku). I[losTomy cymmapHOoe BpeMs OAHOTO IMKIa OyAET PaBHO YJIBOCHHOMY
BpPEMEHHU (QIIIBTPOBAHHS:

’ 11,002 -107-4,93-10'-0,046 _

52 c.
2-1,03-10°

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

V= Sihodxo = 7-0,1/0,046 = 152 v°.
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CrnenoBaTenbHO, MPOU3BOIUTEIHHOCTD OJHOTO (BUIIBTPA
Vi=Vit,=15,2/104 = 0,15 m’/c = 540 m’/u.

Yucno GpunbTpoB
N = Vool Vi = 1000/540 = 2.

Koumponvnaa 3aoaua 3a. Onpenenute 4uciao GUIbTPoB NEPHOIUUESCKOTO
NENCTBUSA C MOBEPXHOCTHbIO (DUIBTPOBAHUS S;, HEOOXOAUMOE NJisi pa3JeieHUs
CYCIEH3UHU, XapaKTePUCTUKU KOTOPOW MPHUBEIACHBI B KOHTPOJBHOU 3amaue 1,
B peXrMe (DUIBTPOBaHUSI MPU TOCTOSHHOM naBiieHuu 1 atM. DuiabTpoBaHHE
MIPOBOJIAT 10 HAKOIUICHUS HAa (GUIIBTPE OCAJKA TONIIUHON /,.. 3HAUEHUS S| U A,
a TaKKe 3aBHCHUMOCTh O0bema (uiIbTpara OT BpeMeHU Mpu (GUILTPOBAHUH
CYCIIGH3MH Ha MOJEIBHOM (MIBTpE ¢ HmoBepxHocThio S, = 0,01 M’ B aHaso-
TUYHBIX YCIOBUSAX TpuBeaAeHBI B Ta0d. 13.5. ConporuBiienneM GuibTpOBaILHOM
MIEPETOPOJKH B pacyeTax MpeHeOpeyb.

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

Oo0bem puanTpara V, a
Bapuant | S;, M* | Mo, cM | Bapuant npH BpeMthHD?:;BTPOBaHHH
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 3adaua 36. IloBTopute pelieHUe KOHMPOIbHOU 3a0a4u 3a

C YYETOM CONPOTUBIIEHUS (PUIBTPOBAIBHOMN MEPETOPOIKH.

IIpumeuyanue. J{ns nmoctpoeHus rpadUKOB PEKOMEHIYETCS MCIOJIb30BaTh Memoo
HaUMeHbWUX K8aopamog, KOTOPBIH OCHOBaH Ha MHMHUMH3AIMM CYMMBI KBaJpaToOB
OTKJIOHEHUH SKCIIEPUMEHTAIBHBIX 3HAYCHUH ); U 3HAUEHUI NCKOMOHN QyHKINH y = f(X):

minf3 1, - ) -

Jnst dyHkumu y = kx 3HaYeHHE KOd(h( UIMEHTa MPONMOPIHOHATIBLHOCTH k TIO METOMY
HAUMEHBIINUX KBAJPATOB MOXKET ObITh BHIYHCIECHO MO (hopMyJie

N
PREAY
= i b
N
2
>
i

k
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T/I€ X; ¥ y; — DKCIIEPUMEHTAIbHO OMpPEICIICHHbIC 3HAaYEHHs apryMeHTa U GyHKIUH; N — YUCIIO
U3MEPECHUM.
Jnst yHkumu Buma y = kx + b 3HaueHUs KoOd(DPUIIMEHTOB pPACCUUTHIBAIOTCS TIO

dopmynam

N N N N N N N
Nzxiyi_zxizyi fozyi_zxizxiyi
- N N 7 b= 1:/ IN % .
Nfo—(inj Nfo—(le)

13.4. /lucniepcHOHHBIM AHAJIU3 CYCHIEH3UI METOI0M CeIUMEeHTALMHU

OcHOBHOHM 3amaveld TUCIIEPCHOHHOTO aHajW3a SBISETCS OINpeAeiicHUe
XapakTepa pacrpeaeneHus] YacTHIl CYCIIEH3UH TI0 pa3MepaM, HHBIMH CIIOBAaMU —
TIOJTyYEHHUE TaK Ha3bIBAEMOU Kpusotl pacnpeodenenusl.

HazoBem ¢paryueii AQ, 4dactb OT OOIIEro KOJIWYECTBAa TBEPAOM (pa3wl
B CYCIIE€H3UU, COOTBETCTBYIOIIYIO JOCTATOYHO Y3KOMY MHTEPBAILY paanycoB Ar.
Otnomenue F = AQy/Ar (a B peaene — dQ/dr) npencraBisier coboit ¢hyukyuio
pacnpedenenusi 9acTULl CyCHEH3UU MO paauycaM. ['paduuecku BbIpaskeHHas
3apucumMocth AQy/Ar = f(r) mpencraBnser coboii JugppepenyuanvHyio Kpugyro
pacnpeoenenus.

Tunuuynas KpuBas CEIMMEHTAIMU XOPOIIO OIMHMCHIBACTCS SMITUPHYCCKAM
ypaBHEHHEM BHa

t
0=0,—— 13.1
"ttt (13.1)
rae O — oSl BeIMABLIEro ocajka 3a Bpems t; O, U {y — KOHCTaHThI, 3aBUCAILINE
OT CBOMCTB CYCIICH3UHU.
Hns Haxoxaenuss koHcTaHT (,, W fy ypaBHeHue (13.1) mpuBoguTCa K
JIMHEHOMY BUY
t 1 oy o (13.2)
o 9, 0, '

VYpasuenue (13.2) mpencraBiser coboil mpsMyr0 B KoopAuHaTtax ¢ — t/Q,
OTCEKAIoINIyl0 Ha Ocu t/() OTpPe30K, paBHBIN fy/(,, TAaHTEHC yrja HaKJIOHA
KOTOpoii paBeH 1/Q,,.

3aBHCHUMOCTh JIOJM HalleJIO BBINABIIET0 ocaaka (Jy OT BpPEMEHHU
BBIPAKACTCS YPaBHEHUEM

0,=0, ) (13.3)
BpeMs ocaxaeHuss dYacTuil, paguyc KOTOPBIX pPaBEH », MOXET ObITh
HalfieHo u3 ypaBHeHus CTokca npu u = h/t
9 Lh
t=—
2 (o, = po)er

2
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r€ & — BbICOTA OCAXIEHUS, ¥ — CKOPOCTb OCAXKJIECHMS YaCTHI] paauyca 7, [ —
BSI3KOCTh CPEJIbL, 0,; U P, — INIOTHOCTH YACTHUII U CPEJIbl COOTBETCTBEHHO.

3amenuB B ypaBHeHuu (13.3) ¢ u ¢y Ha TPONOPLUHUOHAIILHBIE UM 3HAYEHUS
1//* u 1/ry’, MOTy49HM aHATHTHYECKOE BBIPAKCHHE UHMESPANbHOLU KPUBOL
pacnpeoenenus

2 2

_ o
0, =0, 2t (13.4)
Jnst  HaxoXnaeHus — ouggepeHyuanrvHol  Kpueou  pacnpeoesieHus
npoauddepennmrpyem norydeHHoe Beipakenue (13.4) mo paauycy:

dQ r
4
F=—22=40 r} ——
d m"0 2 2 3 .
r vy +r
W3 unterpanbHOi KpuBOM pacnpeaeneHus (4.4) cieayer, 4To MpU MOJTHOM
OCaXJICHUU YaCTHIl, COJIEPKAIIUXCS B CYCHEH3UHU, C MUHUMAJIbHBIMH pa3Me-

paMu 7y, 3HaueHue (Jy Oyner paBHO eauHuue. OTCIOAa MUHUMATLHBIL pA3MeD

yacmuy
rmin:rO VQm _1-

Haubonee eeposmnviti pazmep uacmuy B CYCHEH3UU 7, HAXOIUTCA
nuddepeHupoBaHremM YpaBHEHUS nuddepeHnranbHon KpUBOH
pacnpenenenus (13.5) mno pamguycy W TOpUpaBHUBAHUEM IOJYYEHHOU
MIPOU3BOJAHON HYJIIO:

(13.5)

-
\/g :
Haubonvwuii paduyc uwacmuy CyCNI€H3UU Vi, MOXKET OBITH ONpEJEeH U3
yCIIOBUS
F(ry) >> F(rmax)-
JI7ist mpakTUYEeCKUX 1eJiel ¢ JOCTaTOYHOU CTENEeHbI0 TOYHOCTH MOXKHO MPUHSTH
COOTHOIIICHHE
Fimax ~ 370.

Koumponvnaa 3a0aua 4a. Ha ocHOBE Pe3yJIbTaTOB CEAWMEHTALIMOHHBIX
U3MEPEHU, TPUBEAEHHBIX B Ta0I. 13.6:

1) omnpenenuTe KOHCTaHThl ypaBHEHUs ceauMeHTauuu O, U b
rpadguueckumM MeToJoM (TIOJIHOE OCAXICHHE YaCTHI] HAOIIOAAETCs MpHU ¢ = o,
T.e. Q= P/P,);

2) no HallJICHHON BEJIMYUHE ) BBIYUCIUTE 3HAUEHUE KOHCTAHTHI 7;

3) BBIUMCIUTE 3HAYEHUSI XaPAKTEPHBIX TOUEK KPUBBIX PACIIPEACICHUS Fyin,
Vyy 'max-

Ilpn pacyerax HpUMHTE BSI3KOCTh KMAKOH (asel (Bomsl) 1107 Ila-c,
IUIOTHOCTD KHAKON (aspl 1:10° xr/a’. IIIOTHOCTH TBepAoil (Basbl M BHICOTA
OoCakJIeHUsI MpUBEACHBI B Ta0. 13.7.
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Koumponvnasa 3ad0aua 46. Ha ocHOBe pe3ybTaTOB PEMIEHUS] KOHTPOJBbHOMN
3agauu 4a:

1) nmocTtpoiiTe  uWHTErpaibHyr0 W JAUPPEpeHIUANTbHYIO  KPHUBBIE
pacrnpeieNieHus: YaCTHUI] CYCIIEH3UU 0 pauycaM B Ipeaenax OT Fmin A0 Fmax;

2) Mo MHTETpaJIbHOW KPUBOW pACTPENEIICHUs ONpPEAEIUTE MUHUMAIbHBIM
pasMep YacTull 7*, KOTOpble HEOOXOAMMO OCAIUTh U3 CYCIEH3UU IS
MOJIyYEHHUSI CTENEHU OYUCTKH 70 2.

3) BeruncauTe 3HaYeHue r* u3 ypapaenus (13.4) mpu O, =0,7.

Tabmauna 13.6. Pe3ynbTrarsl cCEAMMEHTAMOHHBIX U3MEPEHUN

Bapuant 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. o 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
Tabnuma 13.7. Xapakrepuctuka TBepAoOH ¢a3bl CyCIeH3UU

ILnoTHOCTS, BbicoTa
Bapuant Teepaas ¢a3za A OCaIeHUS, M
00 Anarut 3190 0,10
01 Acbect 2600 0,10
02 ['unc 2240 0,11
03 H3BecTHIK 2650 0,12
04 Kaoaun 2200 0,12
05 Komuenan cepubiit 5000 0,13
06 IIecok 1500 0,14
07 KameHnnblii yronb 1350 0,14
08 Marse3ut 2900 0,15
09 [MlamoT 1900 0,15

13.5. AacopOuus

Aocopbyueii Ha3bIBAIOT MPOIECC TIIOTJIONMICHUS BEIIECTBA M3 pacTBOpa
MOBEPXHOCTBIO TBEPIOTO Tena — adcopOenma. PaBHOBeCHas KOHIIGHTpAIIHs
MOTJIOMICHHOT0 BEIIecTBa B ajcopOeHTe (KT BeljecTBa /KT agcopbenta) X
sBisieTcss (DYHKIUEH KOHIIGHTpAIlMM JSTOTO BEIIeCTBA B pPacTBOpe ¢ W
Temmeparypsl 7. 3aBHCHMOCTD X = ((C)7conss TP TOCTOSHHOM TEMIIEPATYpe
Ha3BIBAETCS UBOMEPMOU A0COPOYUL.

Hanbonee wu3BeCcTHON U30TEPMON aACOpOIMU  SIBISICTCS  ypasHeHUe
JIonemiopa, ONUCHIBAIOIIEe MOHOCIOWHYIO (PU3UYECKYIO aJICOPOITIIO
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ke
1+ ke’
rne Xo — TpenenbHas — BeJIMYMHA  AJCOpPOIMHU, COOTBETCTBYIOIIAS
MOHOMOJIEKYJISIPHOMY TOKPBITHIO TTOBEPXHOCTH aJcOpOeHTa a/IcOpOUPOBAHHBIM
BEIIIECTBOM; k — KOHCTAHTa aJICOPOIIMOHHOTO PaBHOBECHSI.

H3zomepma bpynayspa-Ommemma-Tennepa (b2T) ONMCHIBAET
MHOTOCJIOWHYIO (PH3NYIECKYIO acopOITHio
X" =X, ke

(1—c1+(k=1)]
rac ¢ — 663pa3MepHa;1 OTHOCHUTCIIbHAA KOHLOCHTpALUA, PaBHAA OTHOIICHHUIO
KOHICHTPpAN a,ZICOP6I/Ip}7IOH_I€FOC}I BCIICCTBA K KOHIOCHTpAaln cro
HaCBIIIEHHOI'O pacTBOpa.

[Ipn xoHaeHcaluu aaCcOpOMPYIOIIETOCS BEIIECTBA B  MHUKPOMOpax
aJicopOeHTa UCTIONB3YETCS ypasHeHue /[younuna

X :Xoﬁexp —B(EJ (Inc) |,
Va B
rae Vo — o6beM mukpornop; V,— o0beM aacopOUpOBAHHOTO BEIIECTBA MpPHU
MOHOCIOMHOM IOKPBITHH MOBEPXHOCTH;, B = (R/E,)° — KOHCTaHTa, CBS3aHHAs
C XapaKTepUCTUYECKONH  DJHEpPruel  amcopOIMy  CTaHJAPTHOTO  BEIIEeCTBA
(6enszona) Es; T— temmeparypa, K; f — xoaddunuent apunnoctu (cpojcraa)
aJicopOMpyeMOro M CTaHAAPTHOTO BEIECTB, z — CTPYKTYpHBIA QakTop,
3aBUCSAIIMN OT MPUPOABI aACOpPOCHTa M TPUHUMAIOIIUN 1ETOYHUCICHHBIE
3Ha4YeHus oT 1 110 6.

Benuuuny ajcopOnuu NPUHATO BBIpAXKaTh CMENeHbl0  3aNOJIHeHUs.

n06€pXHOCI’I’lZ/l
®=X/X

CrerieHp 3amoJHEHUS] TOBEPXHOCTH ® ¥ paBHOBECHas BeTUYHHA
agcopomn X XapaKTepH3yIOT CMAmMuyecKylo eMKocms adcopbenma, T.e.
MaKCHMaJIBHO BO3MOKHOE KOJHMYECTBO aJCOPOMPOBAHHOTO BEIIECTBA TIPH
JIOCTaTOYHO OOJIBIIIOM BPEMEHU KOHTAKTA.

B ounamuueckux ycnosusx, Korua pacTBOp HEMPEPBHIBHO JIBUIKETCS 4Yepes
HETOIBMKHBIN CIION aJIcOpOEHTA, MOTJIOICHUE BEIIECTBA HAYNHAETCS B TICPBYIO
ouepellb Ha HayalbHOM ((DPOHTAILHOM) Y4YacTKe ajcopOeHTa. DTOT y4acTOK
OBICTPO HACHIIIACTCS U B clioe ajcopOenTa dhopmupyercs ¢pponm adcopoyuu. B
nanbHeieM QpoHT aacopOIUU JABMKETCS Yepe3 CIOM cOpOeHTa, HEe MU3MEHSs
cBOero mpoduiia, 10 MOMEHTa NPOCKoKa — BBIXOAA (PpoHTa 3a Mpeaesbl CIOos
aacopbenta.  KonumdecTBO  MOTJIOMIEHHOTO — BEMIECTBA 1O  MPOCKOKa
XapaKTEPU3yeT OUHAMUUECKYIO eMKOCIb a0copbeHma.

3aBUCHMOCTb BpPEMEHU IPOCKOKA T,, OT MJIUHBI CJIOS aacopOeHTa L
OTHCHIBACTCS SMIIUPUUECKUM ypasnernuem [llunosa

Ty = kKL — 10,
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rae k — Ko3pPuuueHT 3ammuTHOrO ACUCTBUS CIOS; Tp — BpeMsl (pOpMUPOBAHUS
craumoHapHoro ¢ponra azacopouuu. Kosadpduuuentsl ypaBHenus Ilunosa
HaXOJST Ha OCHOBE OTIBITHBIX JIAHHBIX.
D¢ hekTuBHOCTh aJCOPOIIMOHHON OYHCTKU XapaKTepUsyeTcs axkmopom
pazoenenus
R=1-c/c,

TZie o — HavaJgbHasl KOHIEHTpAIMs acopOUpyeMoro BeIIecTBa B PaCTBOPE; C —
KOHIICHTpALMS BELIECTBA B OYUILIEHHOM PacTBOPE.

MaremaTuyeckoe BbIpaXKe€HHWE g pacdera (akTopa pasaeneHus
ompeesieTcss BU0M U30TepMbI agcopommu. s nzorepmsl JIanrMropa

R=—1
1+ ke
3aoaua 5. Ilpu ancopOumm aHTpaneHa KOKCOBBIM YIJIEM M3 BOJHOTO pPacTBOpa
B paBHOBCCHBIX YCJIOBHAX IMOJTYYCHBI JAHHBIC:
¢, MMOITB/ I 0,2 04 | 06 0,8
X', MMoB/KT 4,1 76 | 10,8 | 13,5
Onpenenure KOHCTaHTHI ypaBHEHHs JIPHrMIOpa W BbIUMCIUTE (AKTOP pa3fesieHUs U
CTETIEHb 3aMOMHEHHS TOBEPXHOCTH JUTS HAYATbHOM KOHIIGHTPAIMH Co = | MMOJIB/IM’.
Pewenue. IlpencraBuM ypaBHEHHE U30TE€pMbl JISHTMIOpAa B JIMHEAPU30BAHHOM BUJIE,
IIOMEHSB YHCIHUTENb W 3HAMEHATeldb B OOCHMX YACTAX YPABHEHHS MECTaMH M IIOWIEHHO
pasieNnuB MPaByIO YacTh:

1 I+ke. 1 1 1 1
X' Xoke X' Xok ¢ X,
[lonydeHHOE ypaBHEHHE MpPEACTABISET MNpsAMyl0 B KoopamHatax l/c — 1/X,
OTCEKAIOIIYIO HA OCH OPJMHAT OTPe30K 1/X), TAaHTeHC yTiTa HaKJIOHa KOTOopoi paBeH 1/(Xok).
[TpeoOpa3yem HCXOHbBIE TAaHHBIC:
/e, i / MMoIb 5,00 2,50 1,67 1,25
I/X*, KT / MMOJIb 0,244 0,132 0,092 0,074
u ocTponM rpaduk 3asucumoctr 1/X = f{1/c) (puc. 13.2).

1/3C*,
KI/MMOJIh

0.25 /

0.20 /

0.15 /

0.10 /
0.05
/_’ ﬁ tgd=1/Kxo)

1/Xg 4 |

0 2 4 1/C, nM3/MMONE
Puc.13.2. OnpeageneHune KOHCTaHT n3oTepMbl JIaHrMopa
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I[To rpaduxy onpenensem 3naueHust 1/Xy u 1/(Xok):
1/X, = 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/MMOb.

daxtop paznenenust R = 1/(1 + 0,444-1) = 0,69.
3HayeHHUE paBHOBECHOW KOHIEHTPALIMHU

c=co(l1=R)=1(1-0,69) = 0,31 mmonb/am’.

CreneHp 3amoJTHCHUS IMOBEPXHOCTHU OIPECACIMM C YUYETOM HaﬁﬂeHHOFO 3HA4YCHUA
KOHCTAHTbI aIICOp6I_II/IOHHOFO paBHOBECHUA:

X* ke 0,444-031 0121
X, l+ke 14+0,444-031

Konmponwvnaa 3aoaua 5a. 1lpu ancopOuuu o-kpe3oyia aKTUBUPOBAHHBIM
yrieM W3 BOAHOTO PacTBOpa B PABHOBECHBIX YCIIOBUAX IMOJYYEHBI JIaHHBIE,
npuBegeHHble B Ta0n. 13.8. (B neBoit yactu TaOmuubl NpHUBEACHBI 3HAUYCHUS
PAaBHOBECHBIX KOHIIEHTpPAIMI ¢, B MPaBOM — COOTBETCTBYIOIIME UM 3HAYCHUS
azcopOuuu X .) ONpenenuTe KOHCTAHTBI ypaBHEHHs JISHIMIOpa.

Konmponwvnaa 3adaua 56. Iloctporite rpaduku 3aBUCUMOCTH (hakTopa
paslereHusT M CTENEeHH 3alloJIHEHUS TMMOBEPXHOCTH OT KOHIIGHTpAIuu B
nuamasose ot 0 10 10 MMois/aM’.

Taomuna 13.8. Ucxoanble faHHBIE K 3a/1a4Ue Sa

PaBHoOBecHasi
Ancopouus X .
Bapuanrt KOHLEHTPALuA C, Bapuanrt
3 MMOJIb/KT
MMOJIL/IM

00 0,19 10,32 ] 0,53 | 0,75 00 0,6 10911420
10 0,18 10,31 0,51 | 0,73 01 0,7 | 1,1 11,7123
20 0,17 10,30 | 0,49 | 0,71 02 09 1,312,026
30 0,16 | 0,29 | 0,47 | 0,69 03 L1 |1,5[24]3,0
40 0,15 10,28 | 0,45 | 0,67 04 1,3 1,8[28]|34
50 0,14 10,27 | 0,43 | 0,65 05 1,5 12,132]38
60 0,13 10,26 | 0,41 | 0,63 06 1,7 12,413,643
70 0,12 10,25 ] 0,39 | 0,61 07 19 12914248
80 0,11 10,24 | 0,37 | 0,59 08 22 13414853
920 0,10 1 0,23 | 0,35 | 0,57 09 25 135153159

13.6. DxkcTpaknus

Oxcmpazupoganuem WIAN IKCmMpakyueli HA3BIBAIOT TMPOILECC W3BICUCHUS
OJTHOTO WJIM HECKOJBKMX KOMIIOHEHTOB W3 CMecHu (ucxodHozo pacmeopd,
COCTOSIIIIETO W3 HNEPSUYHO20 pACMBOpUmMens W U361eKAeMO20 6eujecmed) C
MIOMOIIPI0  HECMEIIMBAIOMIETOCS C HHUM  CEIEKTUBHOTO  PaCTBOPUTEII
(sxcmpacenma). B pe3ynbrare 3KCTpakUUU TOTYyYarOT PacTBOpP, OOETHEHHBIM
U3BJICKAEMBIM BEIIECTBOM (paguram) W PacTBOP HM3BIEKAEMOTO BEIIECTBA B
IKCTpareHrte (sKkcmpaxm).
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B mpocreiimieM ciydae 3KCTpakiMs ~MpPOTEKaeT B  JBYyX(a3zHOH
TPEXKOMIIOHEHTHOM cucTteMe. KOMIIOHEHTaMH 3TOM CHCTEMBI SIBIISIOTCS
pacTBOpUTENb, H3 KOTOPOrO  M3BJEKAETCS JKCTPATHPYEMOE  BEIIECTBO
(MpUMEHUTENFHO K OYHCTKE CTOYHBIX BOJ TaKUM PACTBOPHUTENIEM SIBISETCS
BOJa), DKCTpareHT M JKcTparupyemoe BemiectBo. OnHol u3 (a3 sBiseTcs
pacTBOp  AKCTparupyeMoro BemiecTBa B BOJAE, JpPyrod —  pacTBOp
DKCTParupyeMoro BELIECTBA B AKCTPATCHTE.

[Ipu oorocmynenuamoii sxcmpakyuy UICXOAHBIA PaCTBOP £, cocTOSIIIUMA U3
IIEPBUYHOIO pacTBoputrelst W u pacupenenseMoro Bewecrsa B, BBOIIT
B KOHTAaKT C DJKCTpareHToM S. OKCTparupoBaHUE MPOBOIAT B ammaparax
MEPUOTUIECKOTO JEHCTBUS C MENIAIKaMH, OOECMEeYMBAIOIIUMHA HHTCHCUBHOE
JTUCTIEPTUPOBaHUE W TiepeMemrBanne (a3. Bpems xoHTakTa (a3 IT0CTaTOYHO
JUTSl TOCTIDKEHUS KOHIEHTpAIruii, OJM3KUX K paBHOBECHBIM. [lo oxoHYaHWM
MEPEMENINBAHUS 3MYJbCUIO CIUBAIOT B OTCTOMHUK, TAE IPOUCXOIUT €€
pazzenenue Ha papuHat R U SKCTPakT E.

Cocrostnue paBHOBecHs (ha3 XapaKTEpUYETCS U30MePMOU pacnpeoenenusl
WU U30MEPMOU IKCMPaAKYuu

y* =k,

rle X — COJepKaHWe paclpeneisieMoro KOMIIOHeHTa B (aze paduHaTa
(KT BelecTBa/KI pacTBOPUTEINS); y* — colepikaHWe ITOTO ke BelecTBa B (ase
9KCTpakTa (KT BEIIECTBA/KI AKCTpareHra); k — KodhUIMEHT MpomopIu-
OHAJIbHOCTH, Ha3bIBAEMBIN K03 duyuenmom pacnpeoenenus.

B wacTHOM ciyyae TpuW OTCYTCTBUHM JHCCOIMAIMHM WU aCCOIHAIIUU
MOJIEKYJT ~JKCTparupyemoro BemecTBa B o0eux (Bazax kodhdummeHT

pacrpeneneHus MOXHO CUUTATh

o o o ¥
BEJINYMHOM TIOCTOSIHHOM TpPH JaHHOMU ¥'=£ (x)
TEMIIEPATYpE. b —— — -

Ecnm  B3auMHOW pacTBOPUMOCTBIO
NIEPBUYHOTO PACTBOPUTEINS U SKCTpareHTa
MOXXHO TpeHeOpeub, TO 3aBUCUMOCTh
y*=kx MoxeTr ObITh BbIpaxkeHa rpadu-
YeCKM Ha MPSMOYTOJIbHOW Auarpamme B E
KoopAuHaTax x — y. B o0mem cioyuae ata

yH

W+B

3aBUCUMOCTH HeJnHeHas (puc. 13.3.). X X o
MarepuanbHbplii OalaHC IO pacrmpe- Punc.13.3. Cxema u paboyas nuHus
JACIIEMOMY BCIICCTBY OIUCHIBAETCA OOHOCTYNEeH4YaTon IKCTPaKLmm
YPaBHEHHUEM
WX, t 8y, = WX, + SVy,

I71€ W U § — COOTBETCTBEHHO MAacCOBBIE PacX0/ibl IEPBUYHOIO PACTBOPUTENS U
DKCTPAreHTa, Kr; X, U X, — COAEPKAHUE 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.

106



3aBUCUMOCTh ) = f(X) Ha3bIBaeTCA paboueil auHuel Tpoliecca dKCTpa-
rUpoBaHMsT M Ha jguarpamme (puc. 13.3) oroOpaxaercss OTpEe3KOM MpsSMOH,
HayvajgbHas TOYKAa KOTOPOTO MMEET KOOPAWHATHI X = X, U ) = y,. VI3 ypaBHEHUS
MaTepualibHOro 0anaHca mpu y, = 0 ciaemyer, 4To

w w
y=——x+ — Xy,
s S
T.€. TAHTEHC yIJla HaKJIOHa pabodyel JIMHUU OTpULIATENICH M paBeH —w/s. Ecmu
B pe3yJbTaTe AKCTPArupoBaHUs JOCTUTAeTCs paBHOBecue (a3, TO KOHEUHas
TOouka pabouell TMHUM HAXOAUTCS HA JIMHUM PABHOBECUS U MMEET KOOPIAMHATHI
X=x,Uuy=yp*

CmeneHnv uzeneuenusi SKCTparupyeMoro BeuniecTBa @ omnpezensercs Kak
OTHOIIICHHWE KOJMYECTBA W3BICYCHHOTO BEIIECTBA K KOJUYECTBY OTOTO
BEIIECTBA B UCXOJIHOM pacTBope. i 0AHOCTyIEeHYaTON IKCTPAKIIMU

s
ke z
W
¢= s 1+z’
1+k—

w
rie z = ks/w — skcmpakyuorHulil pakmop.

3aoaua 6. llpu opHokpaTHOW »dkcTpakumu 100 kr BoAHOro pacrtBopa XJopuaa
amomunust (A/Cl3) ¢ wmaccoBoit gomeir 3,7 % 60 Kr 4YeTBIPEXXJOPUCTOTO Yriepojaa
(CCly)nonmyuen padunar ¢ maccoBoil monedt 1,6 %. Borunmcnaure kospuIMEHT pacipe-
JIEJIEHNUs, CTETIEHb U3BJICUEHUS U SKCTPAKLIMOHHBIN QakTop.

Pewenue. Wcxomnwiii pactBop cogepxkut 100-0,037 =3,7 xr xnopuja aatOMHUHHS
u 100(1 - 0,037) = 96,3 xr Boabl. Coaepxanue A/Cl3 B ICXOTHOM pacTBOpe

X, =3,7/96,3 = 0,0384 xr AICI5 / KT BOOEI.

Papunar comepxut 96,3 Kr BOABI M HEM3BECTHOE KOJUYECTBO g XJIOPUAA ATFOMHHUS.
3HadyeHue g MOXKET ObITh HalZICHO U3 COOTHOLIECHUS

2/(96,3 + 2)=0,016 —» g=96,3-0,016/(1 — 0,016) = 1,566 k.
Copep:xanue xJ0pu/a allOMUHUS B paduHaTe
x = 1,566/96,3 = 0,0163 xr AI/Cl5 / KT BOJIEL

KonudecTBo Xjopuaa altOMUHMS, MIEPEHISIIIET0 U3 PACTBOpa B IKCTPAKT, COCTABIISCT
3,7-1,563 =2,137 kr. Conepxkanue XJopuaa allOMUHUS B SKCTPAKTE

yﬂ= =2,137/60 = 0,0356 xr AICI; / xr CCl,.
Koaddunment pacnpenenenus
k=y"x"=0,0356/0,0163 =2,18.
DKCTPaKIMOHHBIN (haKTop
z=ks/w=2,18-60/96,3 =1,35.
CreneHb U3BICUCHHUS

@ =z/(1+2)=135/(1+1,35)=0,574.
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Koumponwvnaa 3adaua 6a. Ilpy 0JHOKpPATHOW SKCTPAKUUU M, KT BOJHOTO
pacTBOpa XJIOpWJa aJlOMUHMSI C MaccoBOM poyiel ¢, % m; KO YeThIpeX-
XJIOPUCTOTO yriiepojia mojiydeH paduHaT ¢ MaccoBoil nonei ¢, % (tabdn. 13.9.).
Boruucnure koad@uimeHT pacrnpenenieHus, CTENEHb W3BICUEHUS U DKCTPakK-
nuoHHbIN (pakTop. [TocTpoiiTe pabouyro TUHUIO Mpoliecca.

Konmponvnaa 3adaua 66. Bprauciure CTENEHb W3BICUCHHS XJIOpUJA
QTIOMHUHUSL TIPU TPEXCTYIEHUYATOM SKCTPAKUIUU C MEPEKPECTHBIMU IMOTOKAMH.
Pacxon skcTparenTa Ha Kaxaou ctynenu paBeH 1/3 m; kr. [loctpoiite pabouyro
JUHUIO TIpoliecca, cuuTas KOIPHUIMEHT paclpefesieHus] TMOCTOSHHOM
BEJIMYHUHOM.

Taomuna 13.9. Ucxoanble 1aHHBIE K 3a1aue 6a

Bapuaunt Mm,,, KT cws Mac.% | Bapuant | my, Kkr | ¢, 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
40 125 472 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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