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ITPOBJIEMBI 1 PEIHEHUSA ITPHU NCITIOJIB3OBAHUHU YCTAHOBOK
OBPATHOI'O OCMOCA B IIMTBEBOM BOAOCHABKEHUN
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AnHoTamus: O4UCTKa MOA3EMHBIX BOJ JJIs 1IeJeH MUTHEBOTO BOJAOCHAOXKEHUS
HEOOJIBIINX MMOCENIKOB, IPEANPUATAN U OTAETBHBIX TOMOB YacTO MPEACTABISAET COO0H
J0CTATOYHO CJIOXKHYIO 3a/1a4y.

Apte3nanckue Bonbl [10MOCKOBBSI MOTYT colepKaTh OOJBIIOE KOJIHYECTBO
pPacTBOPEHHOTO >Keje3a, COJeH )KeCTKOCTH, cepoBoiopoaa. Kpome Toro, ckBaxknuHHas
Boja [loAMOCKOBBS MOXKET COJAEPKATh IMOBBILIEHHOE KOJIMYECTBO (PTOPHUI-HOHOB,
MOHOB aMMOHMSI, HUTPAT-UOHOB, CTPOHIIMSL, JTUTHSI, MBIILIbAKA U Jaxke 0op.

g oOecnieueHuss O€30MacHOCTH M KayecTBa MHUTHEBOM BOJBI HEOOXOIUMO
MPOBOANTH €€ OYHUCTKY. BBIOOp MeToAa O4YMCTKH 3aBHCHT OT COCTaBa BOJBI U
TpeOOBaHMII K €€ KaYECTBY.

KuroueBblie ciioBa: ApresnaH, (GTOpUA-MOHOB, BUACAdPALNHU, aACOPOUPYIOIINE,
(dhaxTop, TanTUpyroTCs, 00paTHOro0 OCMOCa, MEMOpaH.

BBenenue

Br16op crmocoba 0unCcTKY MO3EMHBIX BOJI JIJIS I€JIeH MUTHEBOTO BOIOCHAOKEHUS
HEOONBIMX ITOCEIKOB, MPEANPHUATAH W OTICIbHBIX JIOMOB YacTO IMPECTABISICT
JIOCTaTOYHO CEpPbE3HYI0 3ajady. Apre3uaHckue BoJbl I[logMOCKO- BbS MOTYT
cojiepkaTh OOJIBIIIOE KOJWYECTBO PACTBOPEHHOTO JKeje3a, COJIEM MKECTKOCTH,
cepoBojgopoaa. Kpomeroro, ckBaxkuHHasi Boaa [l0IMOCKOBBS, MOXET COAEPKATh
MTOBBIIIIEHHOE KOJIMYECTBO (DTOPUI-MOHOB, HOHOB aMMOHHUS, HUTPAT-HOHOB, CTPOHIIHS,
JIMTHS, MBIIIbsSKA U gaxe 6opa [1].

TpaguImoHHO MCHOJB3yeMble METOJbl OYHMCTKH BOJBI B BHJICAdpallNH,
o0e3xkeIe3uBaHusl ¥ MOHOOOMEHHOTO YMSTUCHHSI YacTO HE CIPAaBISIIOTCS C BBI-
IIETIEPEUNCIACHHBIM CTIIEKTPOM 3arpsi3HeHuid. K ToMy ke, TpaaullMOHHBIE CHCTEMBI
BOJIOTIOATOTOBKM HMEIOT PsAJ  JKCIUTyaTallMOHHBIX HEJAOCTATKOB: BBICOKOMH-
HEpaJIM30BaHHBIC CTOKH TP MCIIOJIb30BaHMM HOHOOOMEHHOTO METOa YyMAT4e- HHs, a
METOJI YNPOIINEHHOW a’paliid MOXKET OKa3aThCsl HeAI(P(HEKTUBHBIM C HM3MEHEHHUEM
BEJIMYHHBI OKHCIUTEILHO-BOCCTAHOBUTEILHOTO MTOTEHIIMAA BOIBI [2— 5].

C mosBICHHMEM MW IIMPOKUM BHEJIPEHHEM METOJa OOpaTHOTrO ocMmoca IS
OTIPECHEHUS BOIbI, TOJATOTOBKH BOJBI B MPOMBIIIUICHHBIX IEJISAX, CTajla OYEBHIHA €T0
3¢ (HEKTUBHOCTS IS YITYUIICHUS Ka4ECTBA IMOA3EMHBIX BOJI, HCTIOIB3YEMBIX IS IICIICH
MUTHEBOTO BOAOCHaOkeHust [6, 7]. Mertox oOpaTHOro ocMoca TI03BOJISET
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«YHUBEpCAJIbHO» 3aJeP’KUBaTh W3 BObI JIIOObIE 3arps3HEHUsT B HOHHOUN Qopme:
dTopuabl, cTpoHIMH, IUTUH, aMmMoHM. [loaTOMy B mocinenHee Bpemsi YCTaHOBKHU
OoOpaTHOTO OCMOCa HAUMHAIOT MPUMEHATHCA ISl OYHCTKH TPYHTOBBIX BOJBI C
MOBBIIICHHONW MUHEpaM3aIuei (BeMUYnHON o01ero conecoaepxkanus Boime 1000
MT/JT), @ TAaKXKe C BHICOKUM COJICP’KaHHUEM COJIEH KECTKOCTH, CTPOHIMS, Topa u 1p.
3arpsisHeHH. ONBIT  3KCIUTyaTallud  TEPBBIX YCTAHOBOK OOpaTHOroO ocMoca
BOoJiOKaHamaMu MOCKOBCKOM 007acTH TOKa3all, 4YTO COTPYJAHHMKH BOJOKAHAJIOB
CTOJIKHYJIUCh C JBYMSI OCHOBHBIMU TPYIHOCTSIMU: BBIOOPDOM HWHIH- OUTOPOB
0cagKkoo0pa3oBaHMsl M MX JO3MPOBOK, a Takke C OONBIIMMHU 3aTpaTamMu Ha cOpoc
KOHLIEHTPATOB B CUCTEMY IOpoICKOM kKaHamu3amui [ 1, 7, 8]. [losTomy it ycnemsoro
pellIeHusi BOMPOCOB BOJOCHaOkKeHHUsS [10IMOCKOBHBIX TOPOJOB CIEAYyeT B IEPBYIO
ouepe/ib PeIUTh 3TH JIBE 3a/1a4U.

WNuruburtopsl ocaikooOpa3oBaHUs 103UPYIOTCS MEpe]l YCTAaHOBKAMU OOpaTHOTO
ocMoca ¢ pacxosoM oT 4 10 7 /M. Yalie Bcero MHTMOMTOPHI TIOCTABIIAIOTCS B BHIE
BOJIHBIX PacTBOPOB cojepx anux oT 15 1o 35% akTUBHOTO BelIECTBAM UX CTOMMOCTD
MokeT BapbupoBatbes oT 200 no 400 pyOnelt 3a KT TOBapHOTO peareHTa. TpyaHocTH
C BbIOOPOM HMHTHOMTOPOB CO3JAN0 TO OOCTOSITENBCTBO,YTO OHHM YAaCTO CXOXKH IO
CBOEMY COCTaBy M JO3UPOBKaM, M TO, YTO OHHU I[IOCTaB- JISIIOTCS PSIOM
MPOM3BOJUTENICH, KAaK OTEYECTBEHHBIMH, TaK M 3apyOCKHBIMH, TIOJ pPa3HBIMU
TOpProBeIMU Mapkamu [1, 9].

Btopoii ocHOBHOI mpoOseMoOil, ¢ KOTOPOHl CTOJKHYJIUCh BOAONOJITOTOBU-
TeJbHBIE CTAHLIMHU, UCIIONB3YIOIIME METO 0OpaTHOTO OCMOCA B KaUe€CTBE OYUCTKU —
3TO HEOOXOIMMOCTh cOpoca OOJIBLIOrO KOJMYECTBA KOHIIEHTpaTa B KaHAJIU - 33110, a
erie HeoOXOAMMOCTh peMUHEpATIM3ALMK NiepmeaTa. [[ist moanepkaHuss ONTUMAIBHOTO
COJIEBOI'O COCTaBa BOJbI, MOAABAEMON K MOTPEOUTENIO, MCIOJIB3YIOT CXEMY
BOJIOTIOATOTOBKY C YaCTUYHBIM ITOJIMECOM UCXOTHOM BOABI (puc. 1).
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Puc. 1. TexHonoruyeckass cxemMa IMPUMEHEHHUS YCTAaHOBOK OOpPaTHOIO OCMOCA,
MIPUMEHsIe- Mast 111 OYUCTKH MOJI3EMHBIX BOJI:

1 — asparop; 2 — Hacoc; 3 — mexaHn4eckuil GpuibTp; 4 — pe3epByap 00€3KeIe3eHOM
BOJIbI; 5 — pabounii HACOC BBICOKOTO JIABJIEHUS; 6 — yCTAHOBKA 0OpaTHOTO ocMoca;, 7 —
peryJivi- pyrouui BEeHTUIb
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HcxonHas BoAa  NPOXOIUT  CTAMIO  a’pallii € MOCJIEAYIOLIUM
o0e3’kene3uBaHuEM, HAKAIUIMBAETCS B pe3epByape 00e3:KeNe3eHO0i BOIbI, MIOCIIE Yero
MoJ/Ia- €TCS Ha YCTaHOBKY oOpaTHOro ocmoca. [locie ouncTku Boabpl HA MEMOPaHHON
YCTaHOBKE, 4acTh MepMeara CMEIIMBAETCS ¢ 00€3KeNe3eHON BOIOM B COOTHOIICHUU
1:1 v momaeTcs K MOTPEOUTEIIO.

B kauecTBe npumepa paccCMOTpUM COCTaBbl BOJIbI T',BUIHOE, T UCTIOJIb3YETCS
cxema BOJIONOATOTOBKU TMpejcTaBieHHas Ha puc. 1. B Tabn. 1 mpencraBiieHbl
IPUMEPHI COCTABOB UCXOAHOU, 00€3KeJIe3€HOM U CMEIIaHHOM BOJIBI.

B cBsi3M C BBICOKMM COJEpX)aHHEM OCAJKOOOpa3yIOMIMX HOHOB, 3HAYCHUS
BEJIMUMHBI «BBIX0/1a IEPMEaTay» yCTAaHOBOK OOPATHOTO 0cMoca (OTHOIIIEHHE pac- X0/
nmepMeara K pacxoay oOpabartbiBaeMoi BOABI), P 00pabOTKE MOIA3EMHBIX BOJ HE
npesbimaer 0,65-0,75. Oro 3Hauut, yto 25-35% pacxoma BOABI OT ycTa- HOBOK
o0paTHOro ocMoca HEOOXOJMMO cOpachiBaTh B KaHAJIMW3ALMIO M OIUIAYU- BaTh 110
Tapudy. YBeanueHue BbIX0oAa (QUIbTpaTa BEIET K MOBBIILICHUIO MEpe- CBHIILEHUS IO
KapOOHATY KaJbIIKs B KOHIICHTPATE U OBBIIICHUIO CKOPOCTH 0CaaKo00pa3oBaHus [7].

Kak y>xe 6110 MOKa3aHO B pe3yNIbTaTe UCCIEAOBAHNN M OMBITA DKCIUTyaTa- UK
[10, 11], nHanbonee 3pHeKTUBHO U PAIMOHAIBHO TPUMEHATHh HAHOPUIIBTPA- IUOHHBIE
MeMOpaHbl, KOTOpbIE CHEIHUANIbHO ObUIM pa3padoTaHbl MJIs LEJeld MH- ThEBOIO
BojiocHaOeHusi. HanodunbTpanmoHHble  MeMOpaHbl  MEHBIIE  CKIOHHBI K
00pa30BaHMIO KPUCTALIMYECKMX OCAJKOB, PAOOTAIOT NPHU MEHBIIUX BEIUYMHAX
paboyero AaBICHUS, U KaK CIEICTBHE NOTPEOISIOT MEHbIIIE AIEKTPO3HEp- ThH [1].

Tabnuya 1

CocraB BOJIbl U3 CKBAKHUHBI I'. BUIHOE U Ka4YeCTBO nmepmMmeara

Hcxoana ocae Hopmart
Iloka3za 1 Boma / Ilepm cmMemieHust UB
TeJU Boaa earOO | mepmear (CanlluH
nocJje 00: uc-2.1.4.1074.
00e3- xoaHas Boaa (01
KeJIe3UB 1:1 1:2
aHus
Koo6mr., | 10,5 0,5 9,5 70| 15-70
MT-3KB/JT
Ca*", 7,0 0,35 3,6 4,7 | He
MT-3KB/JT HOPMHUPYET
cst
Mg?*, 3,5 0,18 1,9 2,3 | He
MT-3KB/JT HOPMUPYET
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cs
Na"+K*,| 25 0,2 135 | 20| me
MT /71 HOPMHUPYET

cs
Cl, mr/n| 250 0,3 1,1 2,1 | 350 mr/n
SO 2%, 300 0,05 152 | 2,4 | 500 mr/n
MT/JT o
4
HCO-, | 7,5 0,35 3,92 | 57| ne
3 HOPMHUPYET
MT-3KB/JI -

cs
Fe?*, 1,4/0,1 | 0,01 0,05 | 00| 0,3
MT/JT 1
F,mr/m | 1,6 0,1 08 | 12| 15

4

Comecon| 740 53 399 520| 1000
ep-
JKaHHe,
MT/JT

[Toaromy B HacTosiel paboTe NPENPUHSAT LIar elle pa3 MPoJAEeMOHCTPUPOBATH
AKCIIEPUMEHTAIBFHO TPEUMYIIECTBO HAHO(MUIBTPAIMOHHBIX MEMOpaH B CHU)XCHHU
OMAaCHOCTH 0CaaKo00pa3oBaHMs, W TOJIYYCHHBIE B PE3yJbTAaTe OJKCIIE- PHUMEHTOB
JaHHBIE JJIS OMpEAENCHHUS DKCIUTyaTallMOHHBIX 3aTpaT B Ciydae MpH- MEHEHUS
00paTHOOCMOTHYECKUX U HaHO(MWIBTpaMOHHBIX MeMOpaH [1]. Ha puc. 2 nokaszana
pa3paboTaHHasi aBTOpaMHU cxeMa OOpaOOTKM TMOA3EMHBIX BOJI C TMPUMEHEHHEM
HAaHO(PHUJIBTPALIMOHHBIX MEMOpaH, MO3BOJIAIONIAs PAAUKAIBHO CO- KPaTUTh PacXO/bl
koHieHTpara [1]. [lns ompeneneHuss pabOTOCIOCOOHOCTH MPEAIOKCHHON MOJIEIH
(puc. 2.) ObBLIM MPOBEACHBI CEPUH IKCIICPUMEHTOB IO CPaBHEHHUIO 3(P(EKTUBHOCTH
IBYyX Hamboyiee paclpoCTpaHEHHBIX B OTCUYECTBEHHOW MPaKTUKE WHTHOWTOPOB:
oteyecTBeHHOro uuHruouropa «k AMUHAT™ K» (Tpasepc, MockBa) ¥ UMIIOPTHOTO
unruouropa ‘“PermaTreat PC-191” (Nalco, USA).

WcnbrTanust mpoBOIMIIMCHh MPU 00pabOTKE BOJBI ¢ MpPUMEHEHHWEM OOpaTHO-
OCMOTHYECKMX W HaHOPWIbTPAIIMOHHBIX MEMOpaH, C pa3jIMYHBIMM J1I03aMH HH-
ruOUTOpPOB, KOTOpBIE COCTaBisM 5, 3 u 1 Mr/n mo ToBapHoMy peareHTy. Cxema
HKCIIEPUMEHTAIbHON YCTaHOBKH IIpe/ICTaBIeHa Ha puc. 3.
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HcxomHast Boa B KOJIMYECTBE 5 TUTPOB MOMEINIanach B 0ak UCXOAHON BObI 1,
OTKyJla HACOCOM 2 ToJIaBajiach B MeMOpaHHBIH ammapar 3. B MmemOpaHHOM ammapare
BOJIa pasJieisuiach Ha (GUIBTPAT U KOHIEHTpaT. KoHIIEHTpaT Bo3BpaIajics o0paTHO B
0ax 1, a mepmear (ouuieHHas Boja, GUIBTpAT MEMOPAHHOTO ammapara) Cooupascs B
Oake coopa ¢unbTpara 4. [lo Mepe HaKOIJICHUS OYUIIIEHHON BOABI B Oake 4, o0beM
UCXOAHOW BOJBI B Oake 1 MOCTOSHHO yMEHBINAN- Cs, a 3HAYCHHUs KOHIICHTPAIUH
PacTBOPEHHBIX B HCXOAHOW BOJIE COJICH TMOCTOSHHO YBEIWYHBAINCH. KommdecTBo
ocangka kapOoHaTa KanbIusi M, KoTopoe 00pa30BaOCh B MEMOpAaHHOM armapare B
IpoIIecce IKCIepUMEHTa, ONPEIeISIIOCh HAOCHOBE MaccoBoro Oamanca [1, 12]:

M=V, x[Cal,- Vg x[Caly,
rne [Ca], u [Ca], — KoHIEHTpauy KaabIMs COOTBETCTBEHHO B MCXOJHOW BOJACH
nepMeare.

Puc. 2. TexHomornyeckas cxemMa OUYMCTKHA MOA3EMHBIX BOJI C IPUMEHEHUEM METOIA
HaHO(DWIBTpAIU C OJIOKOM JIJIsI COKPAILICHHS pacXojia KOHIIEHTpaTa:

1 — a»patop; 2 — Hacoc; 3 — mexaHudeckut pubTp; 4 — pabounii HACOC BHICOKOTO
JaBje- HUsl; 5 — yCTaHOBKA HAaHO(DWIBTPALMU, 6 — PEryIUpYIOMUNA BEHTUIb; 7 —
MeMOpaHHbBINM OJIOK COKpaIllEHUsT pacxoja KOHIIEHTpaTa

M3 soacnponogn

W sogenpoeoan

B wvanvo numo

Puc. 3. C(CxemMa DOKCHEPUMEHTAIIbHOW  YCTAHOBKM  OYHUCTKM  BOABI €
HaHO(MUIIHLTPAIIMOHHBIMU U 00PAaTHOOCMOTHYECKUMH MEMOpaHaMU:

1 — 6ak ucxoHOM BOMBI; 2 — pabouunii HacoC; 3 — pyJIOHHBIN MEMOpPAHHBIN PJIEMEHT
B Koprnyce; 4 — Oak cOopa uibTpara; 5 — Tems100OMEHHUK; 6 — MaHOMETp; 7 —
pOTaMeTp UCXOAHOM BOJbI;, 8 — poTameTp dunbTpaTa; 9 — poramerp KoHuenrpara; 10
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— perynupy- oMl BeHTHIb Ha Oaiinace Hacoca; 11 — perynupyromuii BEHTWIb Ha
JIMHUU UCXOJHOMW BOJBI; 12 — perynupyronuii BEHTWIb Ha JMHUM KOHLIEHTpaTa; 13 —
PETYIUPYIOMINN BEH- THIIb Ha JIMHUW OXJIaXKAaromiei Boabl; 14 — mpo6ooTOOpHUKHU
[TockonbKy CENEKTUBHOCTh HAHOMUIBTPALMOHHBIX MEMOpaH MO HOHY KaJbLus
HU)KE, YeM OOpaTHOOCMOTHYECKMX MeMOpaH, KOJMYECTBO HaKalUIMBaeMbIX Ha
HaHOPWIBTpAIIMOHHBIX MeMOpaHax (puc. 4, 0) B IIporecce SKCIIEpUMEHTAa,
3HAYUTEIBHO OOJIbIlIe, YeM Ha OOpaTHOOCMOTHYECKMX MeMmOpaHax (puc.5, 0). s
ornpeeneHus: CKOPOCTeH pocTa ocaika KapOOHAaTa KaJablus Ha MeMOpaHaxX MOCTPOEHBI
3aBUCHUMOCTH KOJIMYECTBA OCaJKa OT BpPEMEHU dKCIepuMeHTa (puc. 4u 5, B).
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Puc. 4. Cpasuenne >pdextuBHocteil neiicreus uurnouropos AMUHAT™ K u
PermaTreat PC-191 nmpu o6paboTke BOABI C MpUMEHEHHEM HAHO(MUIHTPAIMOHHBIX
MeM-OpaH:

1 — 6e3 mobaBneHUs: UHTUOUTOPOB; 2 — 1036l MHTHOUTOPOB | Mr/m; 3 — 03I
WHTUOUTOPOB 5 MI/T;

a) 3aBUCUMOCTH KOHIICHTPAIIM KaJIbIUsl B UCXOIHOM BOJIC U ITepMeaTe OT BEJTMUMNHBI
K; 6) 3aBucumocTh KoimdecTBa oOpaszoBaBiierocsi ocaaka M ot Benuuusbl K; B)
3aBUCH- MOCTh KOJIMYECTBA 00pa30BaBIIErocs ocajgka M OoT BpeMEHU JKCIIEpUMEHTa
T; T) 3aBUCU-MOCTb CKOPOCTH pOCTa OcajJiKa OT BeauurHbl K

OmpeneneHue CKOpoOCTed pocTa ocajka Ha MeMOpaHax MPOU3BOJUTCS B
COOTBETCTBUM C pa3pabOTaHHON aBTOpaMH METOAUKON [12] u cocTOMT B pacuere
3HAYEHHUM TAaHIE€HCOB YIJI0OB HAKJIOHOB KPUBBIX 3aBUCUMOCTEN KOJIMYECTBA ocal- Ka M
oT BpemeHHu T B pa3iMuHbIX TOuKax (puc. 4 u 5, r).
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B) r)

Puc. 5. Cpasuenne >ddextuBHocTeil aeiicreus unruountopoB AMUHAT™ K u
PermaTreat PC-191 npu o00paGoTke BOJIBI ¢ NPUMEHEHHEM HH3KOHAIIOPHBIX
00paTHOOC- MOTHYECKUX MEMOpaH:

1 — 06e3 nmoOapieHuss WHruOurTopa; 2 — pgo3a uHruouropa — 1 mr/m; 3 — nosa
WHTHOWTOpa 5 MI/J; a) 3aBHCHUMOCTh KOHIICHTPAIMW KaJIBIMSI B MCXOJHON BOJE U
nepMeare OT Bem4u- Hbl K; 0) 3aBHCMOCTD KOJTMYECTBA 00pa30BaBIerocs ocaaka M
oT BenuuuHbl K; B) 3aBU- CHMOCTH KOJIMUECTBAa OOpa3oBaBIlerocs ocajaka M ot
BpEMEHU dKcriepuMenTa T; T) 3aBU- CUMOCTb CKOPOCTH POCTa Ocajika OT BeruruHbI K

Ha puc. 4 mnpencraBieHbl pe3yidbTaThl JKCIEPUMEHTOB M OOpabOTKU IKCIie-
PUMEHTAJIBHBIX JAHHBIX TMPU CpaBHEHUM S(PPEKTUBHOCTEH CHUKEHHUS CKOPOCTEH
pocTa ocajika kapOoHaTa Kajblusg IpU 00paboTKe BOABI C MPUMEHEHHEM MEMOpaH
BLN. Kak Bugno, nuaru6burop AMMUHAT™ K uu B uem ne ycrynaerPermaTreat PC-
191. Cepbe3Hoe NPEUMYIIECTBO AACT HCIOIL30BAHME HAHO- (QHIBTPAITMOHHBIX
MeMOpan. IIpu 3TOM yMeHbIIaeTcs CKOPOCTh OCAaaKO0Opa3o- BaHHUS W MOXKHO
YMEHBIIUTH J03bl UHTHOUTOPOB.

Ha puc. 5 mokaszaHbl CKOpPOCTHM poOCTa Ocajka KapOOHaTa Kaiblluig TpPH HC-
nons3oBanur Memopan 70NE npu mo3ax unruouropa AMUHAT™ K 5.3 u 1 mr/m.
Kak BumHO, ckopocTu 00pa3oBaHUs Ocagka MEHSIOTCA He3HauuTenbHO. [Ipu sTOoM
3((PEKTUBHOCTh CHMIKEHHSI OCAJKOB Ta K€, YTO W MPU MCIOJIb30BAaHUU UHTHOUTOpA
PermaTreat PC-191.

[Ipumenenne HaHOPWIBTPAITMOHHBIX MEMOpPAH TO3BOJISET 3HAYMTEIHLHO CHHU3UTH
WHTEHCUBHOCTh OCaJKOO0Opa3oBaHusl HA MeMOpaHax W Oiaromapsi ’TOMY COKPAaTUTh
pacxojpl Ha HMHTUOMTOPHI M MOIOIIME pacTBOphl. Jlo3a wHrHMOWTOpa B Cllydae
MCIOJIb30BaHKs HAHO(PHILTPALMOHHEIX MeMOpaH BeIOpana 1 /M uc- XOHOM BOJEI, a
JacToTa MPOBEACHUS XHMHUYCCKHX MPOMBIBOK CHIDKEHA B 3 pa3a IO CpPaBHEHHUIO C
NpUMEHEHHEM O00paTHOOCMOTHUYECKHX MeMOpaH. Kak BHUIHO U3 pe3yabTaToB
WCIIBITAaHUH, 3aTpaThl Ha DJICKTPOIHEPTHUIO W PEArcHThl 3HAYMTENb- HO HIDKE TIpU
WCITOJIb30BaHUN HAHOMDUIBTPAITMOHHBIX MEMOpaH, T.K. HAaHOQWIb- TpaIMOHHBIC
MeMOpaHnbl padoTaroT rpu gaBiaeHun 0,16 MIla, a 06paTHOOCMOTH - YeCKHe MEMOpPaHbI
paboraroT npu gasieHuu 0,98 Ml1a.

YcraHoBKM HaHO(PWIBTPAIIMU TO3BOJISIIOT JOCTUYhL 0OJiee BBHICOKUX 3HAUE- HUM
BbIxosa (unbrtpata M kodddummenta K (puc. 3-5) 3a cuer HUBKOH CKOPOCTH
ocaznkooOpazoBanusi. Kak Obuto mokazaHo (puc. 2), Mg JTOCTHKEHHUS BBICOKUX
3HaueHni BenmunH K uWcrmonb3yercs JOmoJHUTENbHas MeMOpaHHas CTyNeHb 00-
pabOTKH U COKpAIeHHUs pacxo/aa KOHIIEHTpaTa.
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B ciIy4dac, €CJIM pacCxXoJbl Ha C6pOC KOHICHTpPATa B I'OpOACKYIO KaHalIM3a- HHIO

YUYUTBIBAKOTCA B 3aTparTax, YBCIWMYCHHUC KOJIMYCCTBA M€M6paH OKa3bIBaACTCs

AKOHOMHMYECKH O00OOCHOBAaHHBIM, TaK KakK IOJOBBIC 3aTpaThl Ha COPOC KOHIIEHTpa- Ta

3HAYUTENIbHO MPEBBIIIAIOT 3aTPAaThl HA MPUOOPETEHUE U 3aMEHY JOTOJIHH- TEIHHOTO

KOJIMYECTBA MEMOpPAHHBIX 371eMeHTOB [18].
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