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YCOBEPIHIEHCTOBAHHBII CIIOCOB OBPATHOT'O OCMOCA WA
HAHO®WJIBTPAIIUU UUIAA OUYUCTKH BO/1bI

JlaHHOe n300peTeHne OTHOCUTCSI K YCOBEPLUIEHCTBOBAHHOMY CIIOCOOY M CHCTE€ME OYMCTKH WU
AeMUHEPATH3alui MUTATeIbHON BOAbI myTeM oOpaTHOro ocMoca (OO) min HaHOMUIBTpALMU

(H®) B OTKpPBITOM KOHTYE.

OBJIACTBb TEXHUKH

Hemunepauzanus mytem oopatHoro ocmoca (OO) npoucxoauT, Koraa BOAHBINA PacTBOP COJU
CKUMAKOT Ha MNOJYINPOHULAEMbBIX MeM6paHaX C HOaBJICHHUEM BbBIIIIEC €ro OCMOTHYECKOIO
nasnenusi. [IpumMep 3TOro mpoiecca MpeAcTaBiseT COOON «IeMUHepau3aluu MPOOKOBOTO
MOTOKA», BKJIFOYAIOIIMIA MPOIMyCKaHHE MUTATENIbHOrO MOTOKA MO JaBJIEHUEM uepe3 pabouyro
Kamepy, MMEIOIIYI0 MOJyNPOHHLAEMYI0 MeMOpaHy. 3areM Moja4ya pa3fesisieTcsi Ha TMOTOK
JIeMUHepaI30BaHHOrO (uiabTpata Oe3 MAaBJIeHHs M BBIXOISIIUI IMOTOK paccojia Moz

nasneHreM. Kak mpaBuiio, BEIXOASALINIA MOTOK PACCOI MPEACTABISET COOOH OTXOIBI.

Hanopunerpamst (H®) takke mnpencraenser coOoi crmocod Ha OCHOBE (PHIBTpALUM C
NMOMOIIbIO MOJNYIIPOHULAEMbBIX MeM6paH, I/ICHOJ'II:;SYI'OH_[I/Iﬁ CKBO3HBIC HUJIMHAPUYCCKUE TIOPbI
HAHOMETPOBOTO pa3mepa. HaHOpHUIBTpaIMI0 MOKHO UCIONB30BaTh [ 00pabOTKU BOIBI BCEX
TUIOB, B TOM YHCJIE€ TPYHTOBBIX, MOBEPXHOCTHBIX M CTOYHBIX BOA. MemOpaHbl mJIst

HaHO(UIIBTPALIHM UMEIOT CIIOCOOHOCTD YAAJNCHUS 3HAYUTEIbHON 1O PACTBOPEHHBIX COJIEH.

CKOpOCTb OYHUCTKH, OOCTHUracmMas B YIIOMSAHYTBIX pPaHCE IpoHecCax, 3aBHCHUT OT Ka4d€CTBa
MMUTATEIbHON BOJAbI U MPUMECHACMOI'O NaBJICHUSA. Kaxk MPpaBuJIO, NMUTATCIBbHYIO BOAY MNOOAKOT B

CUCTEMY IJId CO3AaHMs MOTOKA CTOYHOI'O pacCojyia U IMOTOKa OYHIIIEHHO! BOJBI.

Ilens nmamHOro M300peTEHMS 3aKIFOYAETCS B CO3JAHMM YCOBEPIIEHCTBOBAHHOIO Crocoba
OYHCTKH WA JIEMUHEPAIU3aLUN MUTATEeJIBHON BOIbI MyTeM OOpPaTHOrO OCMOca WIIH
HAaHOQWIBTPALMU B OTKPBITOM KOHTYpE, CHOCOOHOro o0pabaThiBaTh NHTATENBHYI BOAY

Pa3jMiHOrO Ka4e€CTBa U pa6OTaTI:> C PA3JIMYHBIMH CKOPOCTAMH OUUCTKHU.

JlonmonHutenbHas ~— menb  JAHHOTO  M300peTeHMs  3aKIIouaercss B CO3JaHUU
YCOBepmeHCTBOBaHHOﬁ CUCTEMbI OUUCTKU HJIN ACMUHECpAJIN3allnun MATATETbHON BOIbI IyTEM
o0paTHOro ocmoca WM HaHOQUIBTPAIIMM B OTKPBITOM KOHTYpE, CIIOCOOHOH 00OpalaThIBaTh

NMUTATCJIBHYIO BOAY PA3JIMYHOI'O Ka4e€CTBA U pa6OTaTb C pasIMYHbIMU CKOPOCTAMU OUUCTKH.



CYIIHOCTB U30BPETEHUA

COOTBETCTBEHHO, TEPBbIM aCHEeKT MJaHHOrO H300peTeHHs IpeajaraeT Crocod0 OYHCTKU
nutarenbHoi Boabl (IIB) paznudHOl cTeneHn YMCTOThI, BKIFOYAIOMINNA CIeIYIOIHUE STallbI:

(a) noparot nutarensHyo Boay (I1B) B ogHy U3 o MeHblIel Mepe IBYX 3arpy304HbIX KaMep;
(b) mpokauMBarOT MUTATEIBHYIO BOLY W3 OJHOI M3 3arpy30UHBIX Kamep uepe3 MeMOpaHy s
obparnoro ocmoca (O0O) wmm Hanodpuisrpauuu (H®D), nonydas moTOK KOHIEHTpaTa U MOTOK
ounteHHoi Boabl (OB);

(C) MOHIIKAKOT AaBJIEHUE TIOTOKA KOHIIEHTPATAa,

(d) BO3BpALIAIOT MOTOK KOHIIEHTPATAa B UCXOIHYIO 3arpy304HYI0 KaMmepy IJis mojadyu oOpaTHO
yepe3 00paTHBIA OCMOC HITH HAHO(PHIIBbTPALHIO,

() mepexITIoUar0T BO3BPATHYIO NOAAa4Yy MOTOKA KOHLIEHTPATA B [0 MEHBINIEH Mepe OHY IPYTYIO
3arpy304HyI0 Kamepy IOclieé PEerucTpaluy IpelBapUTENbHO OINpPEAeEHHOTO YMEHbIISHMUs
s¢ppexruBHOCTH Tpouecca OO nnn H® BHyTpU MCXOMHON 3arpy304HOI KaMepsl,

(f) ymansror morok konnentparta (KP) u3 uCXOmHON 3arpy304HONM KamMephbl U MOAAIOT CBEXKYIO
MUTATEIBbHYIO BOAY B 3TY KaMepy BO BpeMsl HEMPEPHIBHON LIUPKYJSIIUY MUTATEIbHON BOABI U3
yYKa3aHHOH MO MEHbIIeH Mepe OTHOU APYroi 3arpy304HOM KaMephl uepe3 0OpaTHBII OCMOC UJTH
HaHOQMIBTPALMIO OOpPaTHO B YKAa3aHHYIO IO MEHbLIEH Mepe OAHY APYTyI 3arpy304HYIO
Kamepy; u

(g) mpoIyCcKarT MUTATEIbHBIN MMOTOK Yepe3 YCTPOHCTBO YMEHBIIEHUS] KOHLIEHTPALMU 10 WIH

HIOCJIE erO MPOXOKACHHUS Yepe3 0OpaTHBIH OCMOC MM HAHO(D UIIBTPALIHIO

[IpenmouTuTeabHO CMOCOO BKIJIIOYAET MEPEKIIOYEHHUE TOAAa4YM IOTOKA KOHLIEHTpaTa W3
YKa3aHHOH MO MEHbIIEH Mepe OAHOM APYroil 3arpy304HON KaMepbl Ha UCXOAHYIO 3arpy304HYHO
KaMepy IOClie PEerrcTpalud MPEABAPUTEIBHO ONPENeEHHOrO0 yMEHbIIeHUs 3(PQeKTHBHOCTH
npouecca OO nnu HP BHyTpu yka3aHHON MO MeHbIIEH Mepe OAHON ApPYroi 3arpy304HoOi
KaMmepbl, yaaneHue noroka koHmenrpata (KP) u3 ykasaHHOM MO MeHbIIEH Mepe OHOUN APYyroi

3arpy304HOM KaMephl U Moaady cBeskel mutarenbHo Boabl (I1B) B 3Ty kamepy.

DTO MO3BOJISIET BBITIOJHATh OYUCTKY 3arpy304HON KaMepbl BO BpeMsl YAAJICHHs U3 Hee MOTOKa
KOHIIEHTpaTa B TO BPeMsl, KaK MUTATEJIbHAS BOA MPOOJIKAET MOAABAThCS B KAaMepy 0OpaTHOro

0CMOCa WJIM HAHO(PWIIBTPALIUH U3 APYTON 3arpy304HON KaMephl.

JIroboe mopxonsiee yCTPOWCTBO YMEHbIIEHHUST KOHIEHTPALIUUA MOKET ObITh HCIIOB30BAHO IS

YAAJICHUA Sar’pH3HeHHI>'I, TaKHUX KaK PaCTBOPCHHBIC COJIM U OIPaHUYCHHO PaCTBOPUMBIC COJIN, U3
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IUTATEIBHOTO IOTOKA JO WJIM TIOCHIE €ro NPOXOXKAEHUS uepe3 OOpaTHBIH OCMOC WM
HaHO(ubTpanuio. [IpuMepsl BKIIFOUAIOT PEAKTOPHI C TICEBAOOKIKEHHBIM CJIOEM, YMSTYHTEIH,

UOHOOOMEHHUKU U / WY NOTJIOTUTENHA.

Vmenbienne s dextuBHocty npouecca OO nianm H® MOXKHO perncTpupoBaTh MHOXKECTBOM
criocoboB. IIpennoyTuTensHO perucTpanusi MpeABAPUTENIBHO ONpPEefeIeHHOH MaKCHMaJbHON
KOHIIEHTPALUK COJIE B KaMepe BbI3bIBAET MEPEKIIOUEHNE BO3BPATHOMN MOAAYH B YKa3aHHYIO MO
MeHbLIEH Mepe OAHYy APYIyI0 3arpy304Hyr0 Kamepy. bonee mpeanodrurenbHo,
NpeABAPUTENPHO  OINpeNeeHHas MaKCHMajbHas KOHLEHTpaLuusi CoJed COOTBETCTBYET
MAaKCUMAJIbHOMY OCMOTHYECKOMY HAAaBJICHUIO, IIPH KOTOPOM MOXKET IMPOUCXOOUTb 06paTHbII\/‘I

OCMOC WJIM HAHO(UIIbTPALIUS.

IIpennodTuTensHO, 3Tan YMEHBIIECHMs NAaBJICHHs] NTOTOKA KOHLEHTPATa Mepes €ro BO3BPaTHOU
NOaYel B OHY WU APYTYIO U3 3arPy304HBIX KaMep BKJIIOYAET YMEHbIICHNE JABJICHUsS TIOTOKA
KOHIIGHTpaTa IO CYWIECTBY [0 aTMOC(EPHOTrO MaBJEHUS. IJTOr0 MOXKHO IOCTUTHYTH B
OTKPBITOM KOHTYpE, B KOTOPOM ITUTATENbHBIA MOTOK MPOXOAUT OOPaTHO B KaMepy, OTKPBITYIO
B aTMocdepy. B anpTepHaTUBHOM HITH TOMOJHUTENBHOM BapHAHTE JJISI YMEHBIIEHUS 1aBICHUS
NIOTOKa KOHLIEHTpaTa MOXET ObITh HCIIONB30BAaH YpPaBHUTENb JaBieHus. IIpoxoxneHue
MUTATEJIbHOIO MOTOKA Y€Pe3 YCTPONUCTBO YMEHBIIEHUsI KOHLUEHTPALUU MOXKET IIPOUCXOAUTD 10

HJIN MOCJIC YMCHBIICHUS NaBJICHUS.

Vka3aHHbIN C1IOcOO MOXKET TaK)Ke BKIIFOUATh [TPEABAPUTENbHYI0 00pabOTKy MUTATEIbHON BOIBI
OO0 ee Tmomaud Ha OOpaTHBI ocMoc wiu HaHo(uiubTpaumioo. Hampumep, yka3zaHHas
npeaBapuTenbHas 00paboTka MOXKeT BKJIIOYATh (DUIBTPOBAHUE MUTATENBHOH BOABI 1O €€
nojaud Ha oOpaTHbIE ocMoc Wi  HaHoQuibTpaumwo. Kpome TOro, (¢uibTpoBaHHAS

nurarejibHasd BOJAa MOXKET OBITh IMpoKavaHa 1noJ BbICOKUM JaBJICHHUEM CKBO3b MeM6paHy.

CornmacHo BTOPOMY AacCHeKTy IaHHOTO H300peTeHHs, MPEIJIOKeHa CHCTEMa OYHCTKH
MUTATENBbHON BOABI PA3JIMUHON CTENEHU YUCTOTHI, COEPIKALLAs:

(a) ByckHO# maTpyOOK, CENEKTHBHO NOAAIUI nuTaTenbHyo Boay (I1B) B onHy uimm npyryro
U3 TI0 MEHBILEH Mepe ABYX 3arpy30uHbIX Kamep, KaKaast U3 KOTOPBIX UMEET MONAOLIYI0 TPyOy,
MOJAOINYIO MMUTATEIBHYIO BOAY Ha OOPAaTHBIH OCMOC WJIM HAHO(UIIBTPALIUIO;

(b) Hacoc, mopmarOImMii MHUTATEIBHYID BONY M3 ONHON W3 3arpy304HBbIX Kamep uepes
COCMHEHHYI0 ¢ Hel moparmyr TpyOy Ha MemOpany misi oOparnoro ocmoca (OO) wmum

HaHo(ubTpauuu (H®P), coznaromnyto moTok KOHIEHTpaTa U MOTOK ounieHHoH Boasl (OB);
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(c) Bo3BpaTHBIE TPYOBI, CENEKTHBHO BO3BPALIAIOINNE ITOTOK KOHIEHTPATa B OAHY HIIU IPYTYIO
U3 YKa3aHHBIX I10 MEHbLIEH Mepe IBYX 3arpy304HbIX KaMep;

(d) BbImyCKHOM MaTpyOOK OUMIEHHON BOJIBI, BBIBOAALINH ounineHHyo Boay (OB);

(e) MexaHuW3M TMEPeKIIOUEHHUs] IOJayu IIOTOKAa KOHLEHTpaTa MeXIy BbIOMpaeMbIMU
BO3BPATHbIMU TpyOamMM TOCJE PErHCTPALi MPEABAPUTENIBHO ONPENEeNIeHHOTO YMEHBIISHUS
s¢pdexruBHocTH mpouecca OO wmmm H®, Hanpumep, myTeM perucTpauuy MaKkCHUMAaJIbHOH
KOHLEHTPALUU COJIeH, BHYTPU OAHOMN WJIM APYroil U3 3arpy30uHbIX KaMep, U

(f) ycTpoHCTBO yMeHbIIEHHsS] KOHLIEHTPALUH, MPEIyCMOTPEHHOE B TIO MEHbLICH Mepe OIHOM
NMUTATEIbHOM TOTOKE MEXIy 3arpy304yHOW KaMepoil M OOpaTHbIM OCMOCOM WM
HAaHO(WIbTPALMEH, WM B IO MEHBbLICH Mepe OJHOW BO3BpPaTHOH TpyOe Mexnay oOpaTHbIM

OCMOCOM HJIH HAaHO(UJIBTPAMEH 1 3arpy304HON KaMepoi.

VKa3aHHBIA MEXaHU3M NEPCKIIOUCHUA MPEATIOYTUTCIIBHO adallTUPOBAH AJiA o6ecnequI/I$[
BO3MOYKHOCTH IMOJIA4M MTUTATENbHOM BOMIbI U3 MEPBOI KAMEPHI Yepe3 MEPBYIO MOTAIIYI0 TPYOy
Ha MeMOpaHy OOpaTHOro OCMOCa JJisi BO3BpaTa 4yepe3 CBOK BO3BPATHYIO TPyOy B MEPBYIO
Kamepy, Moka He OyneT 3apericTPUPOBAHO MPENBAPUTENBHO OMNpEeNeieHHOe YMEHbILICHUE
s pexTuBHOCTH B 3TOW Kamepe, MOCIe Yero MEXaHH3M IMEePeKIOYeHUs JaeT BO3MOXKHOCTD
NOJIauM MUTATEJIbHOM BOABI U3 BTOPOM KaMephl Yepe3 BTOPYIO MOAAMIIYI0 TPYOy Ha 0OpaTHBbIit
OCMOC HJT HAaHO(HIJIBTPALIMIO C BO3BPATOM Yepe3 CBOIO BO3BPATHYIO TPyOy BO BTOPYIO Kamepy,
noka He OyAerT 3aperucTpupOBaHO MPEABAPUTENLHO  ONpENEIEHHOe  yMEHbIICHUE

5 PEeKTUBHOCTH BO BTOPOI Kamepe.

IIpennodTurenbHO MEXaHU3M NEPEKIOUEHHUs] TAaKXKe aKTUBUPYET yIaleHUue KOHLIGHTpaTa U3
3arpy304HOM KaMmepbl IOCJIE€ PErucTpaluu IPeABapUTENbHO OIPEAETICHHOIO YMEHbIIEHUs
3¢ (eKTUBHOCTH, HAITPUMEP, HA OCHOBAHUHU PETHCTPALUN MAKCUMAIBHON KOHLIEHTPALIH COJIEH
BHYTPU 3TOH Kamepbl, W TOAA4Yy CBEKEH NHUTATENIbHOW BOXBI HAa OOpATHBIH OCMOC WIIH

HAHO(WIBTPALIMIO U3 IPYTOH 3arpy304HON KaMephl.

KpOMe TOro, MEXaHU3M MEPCKIIIOYCHUA MOXKET AKTUBHUPOBATH MMOAAYy CBEXKel IHNTaTeIbHOMI

BOJbI B KaMEPYy MOCJIC yAAaJICHUS U3 3TOH KaMEPbI [TOTOKA KOHLCHTpATaA.

YCTpOHCTBO yMEHBINEHUSI KOHLEHTPALUU MPEAYCMOTPEHO JHOO B MHTATEIBHBIX IMOTOKAaX
MEXOYy 3arpy304HOH KaMepoil M OOpaTHBIM OCMOCOM WM HaHO(HIbTparuen, iubo B

BO3BpPAaTHBIX TpPyOax MexIy OOpaTHbBIM OCMOCOM WM HaHOQWIbTpauUued W 3arpy304HON
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KaMepoil. Mosker ObITh NMPEenyCMOTPEHO YCTPOHCTBO YMEHBIIEHHS KOHIEHTPALMHU JIF0OOro

NOAXOAALICTIO THUIIA.

IIpenmnouTuTeapbHO CHCTEMA COTJIACHO BTOPOMY aCHEKTY JAHHOTO M300pETEHHsI MPeNCTaBIIseT
coboli cucTeMy C OTKPBITBIM KOHTYpOM, B KOTOPOH MAaBJeHHE IOTOKAa KOHIIEHTpaTa B
BO3BPAaTHBIX TPyOaX yMEHBINAIOT, MPOIMYyCKas MOTOK B KaMepbl, OTKpbITbie B atMochepy. B
JOTIOJIHUTEIPHOM WJIM  AJbTEPHATUBHOM BapuaHTe B MpeAesiax CHUCTEMbl MOXET ObITh
NPEeIyCMOTPEH YypaBHUTENb JAaBlieHus. lIpenmnodrurenbHO NaBjieHHE MOTOKAa KOHLIEHTpaTa B
BO3BPATHBIX TPyOax yMEHBINAIOT IO CYIIECTBY A0 aTMOC(EepHOro namieHus. Mexay
YpaBHUTENEM JAABICHHS M 3arpy304HON KamMepol MOXKeT OBITh MPEeOyCMOTPEHO YCTPOICTBO

YMEHBIICHNA KOHUOCHTPALUHN.

Cucrtema MOXET coIepXaTb YCTPOWCTBO NpPEABAPUTENIbHOW 00pabOTKH, Takoe Kak
(UNBTPOBANBHOE YCTPOWMCTBO, UISl MPeNBAPUTENbHON 00paOOTKM MHUTATENbHON BOABI IO €€

NoJIauy Ha OOPATHBIA OCMOC MIJIH HAHO(DUIIBTPALIHIO.

KPATKOE OITHCAHUE I'PAOUYECKUX MATEPHAJIOB
BapuanTtel peanuzanui JaHHOTO H300pETEHHsI OMHMCAHBI TOJBKO B KAueCTBE INPHMEPOB CO

CCBUIKOH Ha MPUJIOXKEHHBIE TpapUUeCcKue MaTepUabl, B KOTOPBIX:

@ur. 1A npexacrasisieT coOOOW MPUHLMITHAIBHYI) CXEMY CHCTEMbI OUHCTKHU BOJIbI COTJIACHO

OJTHOMY BapHaHTY peaji3aliy JAHHOTO H300peTeHus,

@ur. 2 mpencrasisier coOOH NMPUHLMITHANBHYI) CXEMy CHCTEMbl OYMCTKH BOIbI COTJIACHO

IPYroMy BapUaHTy peau3aluu JAHHOTO H300PETeHUs,

@ur. 3 npencrasisier cobol OJIOK-CXeMy, WJUTIOCTPUPYIOMIYIO 3Tambl crocoda COrjiacHO

NPEATIOYTUTEIbHOMY BAPHAHTY PeajIM3aliy JAHHOTO H300pETEHUSI.

HOJAPOBHOE OINIUCAHUE U30OBPETEHUA
JlanHoe wu300peTeHue mpeljiaraeT yCOBEPIIEHCTBOBAHHBIA CIMOCOO W CUCTeMy OOpaTHOro
ocMoca U / Wi HAaHOQHUIIBTPALIMK ¢ BO3MOKHOCTBIO 00pabOTKH MUTATENbHON BOMIBI PA3IMYHOM

CTCIICHU YUCTOTHI JI UCIIOJIb30BAHUS C PA3JIMYHBIMU CKOPOCTAMUA OUUCTKH.
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Obpatumcs k @urype | NpuIoKeHHBIX Tpa@UUECKHIX MaTEPHAJIOB, WLTIOCTPUPYIOIIEH OAMH
BApHUAHT pajrn3aliid CUCTCMbl OYHCTKU MUTATETbHOMN BOJbI paSHHqHOﬁ CTCIICHHU YMCTOTHI.
VYKka3aHHBI BapHaHT peaNu3ally WUIIOCTPUPYET NaHHOE H300pETeHHE MO OTHOLIEHHMIO K
crioco0y M cucteMe OOpaTHOro OCMOCa, OJHAKO, B KadecTBE ajbTEPHATHBBI MEMOpaHbI
o0paTHOro OcMOca MOKET OBITh HCIIONb30BaHa MeMOpana HaHo(uubTpauuu. [IurtarensHyro
Bony wiu coseHyio Boxy (IIB) BBomsT B mepByr0 3arpy30uHyr0 Kamepy 2, U3 KOTOpPOH OHa
HaNpaBJIIETCsl Yepe3 momarinyr TpyOy 21 B ycTpoiicTBO 20 yMeHbINEHUS KOHLIEHTPALUU
(Harmmpumep, B Gpopme yMsArdutens, HOHOOOMEHHHMKA WJIN TIOTJIOTUTENIS), a 3aT€M B YCTPOHCTBO
50 mpenBapuTenbHONH 00pabOTKH, Takoe Kak (PUIBTPOBAJbHOE YCTPOMCTBO. 3areM Hacoc 6
BBICOKOTO JTABJICHUS CO3JIAET aBJICHUE MPeaBapUTENIbHO 00pabOTaHHOW MUTATEIBHON BOIBI 10
ee TPOXOKACHUS dyepe3 MeMOpaHy 8 oOpaTHOro ocMoca, M3 KOTOPOH MONYYar0T OYHIIEHHYEO
Bony OB BMecTe ¢ MOTOKOM KOHLEHTpupoBaHHOro paccoja KP. OOprdHO TOTOK paccona

OTHPAaBJIAOT B OTXOAbIL.

B nanHOM u300peTeHHHM MOTOK KOHIIGHTPUPOBAaHHOrO paccona KP HampaBisiroT oOpaTHO B
NEPBYIO 3arpy304HYK0 Kamepy 4depe3 ypaBHUTenb 40 naBieHus, B KOTOPOM JaBJIEHHE CHOBA
YMEHBLIAETCS MO CYLIECTBY A0 aTMocdepHoro nasieHus. Cucrema Taxke MpeacTaBisier coOoi
OTKPBITHIH KOHTYP, B KOTOPOM KaMepbl OTKPBITHI B aTMochepy. IIoTOK KOHIIEHTPUPOBAHHOTO
paccojia CMEIIMBAKT C JOMNOJHUTEIbHOM MNUTATEIbHONM BOAOW B INEPBOM Kamepe, a 3aTeM
BO3BpaIatlOT OOpaTHO depe3 cHCTeMy, Tnoaydass Oosblie ouuniieHHOH Boasl OB wu

KOHIIeHTpUupoBaHHOTO paccosa KP, Bo3Bpaiaemoro obpaTHo B kamepy 2.

B cucreme mnpenycMOTpeHbI CpencTBa MOHHUTOpPHHra 3(p¢GeKTHBHOCTH Mpolecca oOpaTHOro
ocmoca. B 3TOM OTHOLIEHHMU ClefyeT MOHMMATh, YTO IOBTOPSIEMOE BO3BpAILLEHUE ITOTOKA
pacconma ymeHbInaeT 3(PQEeKTHBHOCTh MPOLIECCA CO BPEMEHEM, IOCKOJbKY KOHLIEHTPALUs
MUTATENIbHOW BONBI yBeNuduBaeTcs. JJist pemenus 3Toil mpoOjieMbl B CHCTEMe MPEayCMOTPEHa
BTOpas 3arpy3ouHas kamepa 4. Korna kOHLEHTpalusi mUTaTENbHON BOJbI B NIEPBOM Kamepe 2
JIOCTHTAET MPEIBAPUTENBHO ONPENEICHHOTO YPOBHS, MOJAIOINYI0 TPYOy 21 MepeKphIBAKOT, H
NUTATENbHYIO BOAY BBOAST B CHCTEMY M3 BTOPOH Kamephl 4 uepes noparomyro Tpyoy 4i. 3arem
5Ty NUTATENBbHYI) BOAY MNPOMYyCKAKT 4Yepe3 yCTPOUCTBO 20 yMEHBbLIEHUs KOHLEHTpaLuu U
ycrpoiictBo 50 mpenBapuTeabHON 0OpabOTKH, MPOKaYMBAIOT depe3 MeMmOpaHy 8 obOpaTHOro
ocMoOca, TMojyd4asi KOHLIEHTPUPOBAHHBIN paccon u ouumieHHyro Boay OB. VYkazannbii
KOHIIEHTPUPOBAHHBIN PaccoJl BO3BPALIAIOT OOPaTHO BO BTOPYIO kamepy 4 depe3 ypaBHHUTENb 40
JaBIIEHUsT W BO3BpPaTHYIO TpyOy 4R 11 NOBTOPHOTO MNPOXOXAEHHS Yepe3 CUCTEMY C

JIOMNOJIHUTEIbHON MUTATEILHON BOJIOH.



Iloka nuTaTtenbHY0 BOAY BBOJST U3 BTOPOM KaMephl, paccoil BbICOKOW KoHLeHTpauuu KP B
NepBOIl Kamepe YAANSAIOT depe3 BbIMyCKHOW mnaTpyOok 2o0. Kamepy oumimaror, U CBEXYIO

MUTATCJIbHYIO BOAY BBOAST B KaMEPy 2.

Cuctema mnponmokaeT MOHUTOPHHT 3((EKTUBHOCTH mpouecca obpatHoro ocmoca. Co
BpEMEHEM IUTaTeIbHasl BOJA U3 BTOPOW KaMepbl NOCTUTAET IMPEABAPUTENILHO OINpPEAesIeHHON
KOHIIGHTPALUK, TMPEONOYTHTEIbHO TIOA  JAaBJICHUEM, OJHM3KUM K  MaKCUMaJIbHOMY
OCMOTHYECKOMY IaBJICHHIO, TPU KOTOPOM MOKET paboTaTh MeMOpaHa 0OpaTHOrO OCMOcCa, U B
STOW TOYKE BIYCKHOH MaTpyOOK 41 BTOPOI KaMephl 3aKpPbIBAIOT, & MUTATEIBHYIO BOJIY CHOBA
NOJAIOT B CHUCTEMY W3 NMEPBOH Kamephl 2 U BO3BPALIAOT OOpPAaTHO B MEPBYIO Kamepy dyepes
ypaBHutenb 40 naBneHus u BO3BpaTHY TpyOy 2R. KOHIEHTpHpPOBaHHBINA paccos BO BTOPOId
KaMepe YAAJSIIOT Yepe3 BBIMYCKHOW maTpyOoK 40, M CBEXKYIO BOAY MOJAIOT BO BTOPYIO KaMepy

4.

Takum obpa3om, crcreMa CrocoOHa paboTaTh ¢ MUTATENILHOW BOMOW Pa3IMYHOIO KavyecTBa U

HeﬁCTBOBaTb C Pa3JIMYHBIMU CKOPOCTAMH OUUCTKHU.

Cnenyer moHHUMAaTh, YTO MOTYT OBITh NPEAYCMOTPEHBbI OOjee ABYX 3arpy304HBIX KaMmep,
paboTaroMX MOCIEAOBATENBHO, TIO3BOJISISI BBIMOJIHATD BO3BPAIIEHUE M OUUCTKY IMUTATEIbHOM
BOAbl. B cucreme Takke MOryT ObITh IPEIyCMOTPEHBI HECKOJBKO Kamep, padOTaloLInx B

MOCJIEA0BATENbHBIX IPyIIaXx.

YcrporictBo (20) yMeHbIIEHUSI KOHLIEHTPALMA MOKET HaYWHATh NEHCTBOBATH, TOJBKO KOTIA
BO3BpalllaeMasi MUTaTeIbHasl BOJA AOCTUrAeT MPEABAPUTEIbHO ONPENEIEeHHON KOHLIEHTpaLuu
cojieil. B aibTepHATHBHOM BapHaHTE YKa3aHHOE YCTPOWCTBO MOXKET paboTaTh MOCTOSIHHO.
Yka3zaHHOE YCTPOWCTBO MOXKET OBITH MPENTyCMOTPEHO B IPYIOM MECTE€ CHUCTEMBbI, HaIpHMep,
nocne ypasHutens 40 naBieHWss B BO3BPAaTHOM JIMHMM, Kak MOKa3aHO Ha Purype 2

MPUJIOKEHHBIX IPaQUIECKUX MATEPUATIOB.

IlpennodTureNbHO B CUCTEME NPENYCMOTPEHBI COOTBETCTBYIOLIWE 3JIEKTPOHHBIE CPEACTBA
yIpaBJIeHUsl, ABTOMATUYECKN BBINOJIHAIOLINE MEPEKIIOYEHUE MEXIy MOJAa4el MUTATEIbHOU
BOABl U3 COOTBETCTBYIOINMX KaMep IIOCJIE PETUCTPALMUA IPEABAPUTENHLHO OIPEAEICHHOIO
yMeHblIeHNs1 3 ()EeKTUBHOCTH MpOoLiecca B IIEJIOM, HAIIPUMeEP, B COOTBETCTBUH C KOHKPETHOMN

KOHLIEHTpaL e, PETUCTPUPYEMON BHYTPU KaXKION 3arpy304HOM KaMephL.



durypa 3 npUIOKEHHBIX IPaQUIECKUX MAaTEPHUAIOB WILTFOCTPUPYET OCHOBHBIE 3Tambl criocoda
COIJIACHO AAHHOMY M300pETEeHHIO, TAKXKe OMHCAHHOIO MO OTHOUIEHHUIO K MpoLeccy 0OpaTHOro
OCMOCa, OJHAKO, IAHHOE H300peTeHHe MPUMEHUMO Takke K HaHopuiabTpauuu. CHauana
IHUTATEJIbHYIO BOAY MOJAIOT B NEPBYIO KaMepy, U3 KOTOPOH e MPOKAYMBAIOT CKBO3b MEMOpPaHy
OO, mnonywast uuctyro oumineHHyro Bonxy OB u koHueHrtpar. /laBieHue KOHLEHTpaTa,
BeIXOAsALIEero u3 MmemOpanbl OO, yMEHBIIAIOT 0 aTMOC(EpPHOro AaBleHUs], TP KOTOPOM €ro
MOJKHO BO3BpallaTh OOPaTHO B OTKPBITYIO TMEPBYK Kamepy [uii OOpa3OBaHUS YaCTH
MUTATENbHOW BOIBI (CM. «A» Ha @urype 3). DTOT LMKJ MOBTOPSIOT, NMOKAa KOHLEHTPALMS
MUTATEJIbHON BOZABI B OTOM Kamepe He NOCTUTHET NPENBAPUTENBHO OMNPENETIEHHOIO YPOBHH,
IIPU KOTOPOM BOAY YAAJSIOT, KAMEPY OUYHILNAIOT, M CBEXKYIO BOAY BBOIAT B MEPBYIO KamMepy (CM.

«B»).

Bo Bpems ynaneHus BOAbI U3 EPBOM KamMepbl MUTATEIbHYIO BOAY BBOIAT B CUCTEMY U3 BTOPOU

kamephbl. [TutaTenbHy0 BOAy CHOBa MPOKaYUBAIOT CKBO3b MeMOpany OO u

BO3BPALIAOT OOPATHO BO BTOPYIO KaMepy uepe3 YPaBHUTENb AABIEHUS 111 OOpa30BaHUs YacTH
nutatenbHo BoAel (cM. «C» Ha Purype 3). DTOT LMK MOBTOPSIOT, IMOKA KOHLEHTPALUS
MUTATEJBHON BOIBI B 3TOW BTOPOH KaMepe He JOCTUTHET MPEABAPUTENIBHO OIPEAETIEHHOIO
YPOBHs. 3aTeM BOAY YAAJSAIOT, KAMEPY OUHINAIOT, U CBEXKYH BOAY BBOIAT BO BTOPYIO KaMmepy
(cMm. «Dy»). Bo Bpems ynaneHust BOZbI MUTATEIbHYIO BOAY CHOBA BBOZST U3 MEPBOI KaMepbl U
BO3BpALIAIOT, KaK NPOWUIIOCTPUPOBAHO dTamamMu A Ha Purype 3, 1Moka KOHLEHTpalus He
NOCTUTHET MPEBAPUTEIbHO ONPENEIEHHOIO YPOBHs, IPU KOTOPOM MUTATEIbHY BOAY BBOJSAT

U3 BTOPOI KamMephl U BO3BPAILAIOT, KaK MPOUJUTIOCTPUPOBAHO B 3Tanax C.

B upeanbHOM BapuaHTe CIOCOO JOMONHHUTENBHO BKIIIOYAET NOMOJHHUTEIBHBIA 3Tal YIAJIeHUS
coJiell U3 MUTATENIbHOW BONBI JUOO 10, JTUOO TOoce ee mpomyckanus ckBo3b MemOpany OO.
DTOro MOKHO HOCTHTHYTh C IOMOIINBIO JFOOOTO MOAXOISINErO YCTPOMCTBA YMEHBIIEHHSI

KOHLCHTpPALUUHX, HAIIPUMED, COACPKALICTO YMATUUTECID, MOHOOOMEHHHUK HJIH MOTJIOTUTEID.
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DOOPMVIJIA N30BPETEHHA

1. Cnocob oumctku nurarenbHON Boxbl (IIB) pasnuyHOll cTeneHH YMCTOTHI, BKIIFOYAROLIHIA
CJIEAYIOLINE TAIIbL:

(a) moparot nutarensHyo Boay (IIB) B omHy M3 mo MeHbLIel Mepe ABYX 3arpy304HBIX KaMep
(2);

(b) mpoka4MBarOT MUTATEIHHYIO BOAY M3 OMHOM M3 3arpy304HBIX Kamep (2) CKBO3b MeMOpaHy
(8) obparnoro ocmoca (OO) wnu HanodmnbTpauun (H®P), nmonydas mOTOK KOHIEHTpara U
NnoTOK ouuieHHou Bonb (OB);

(C) MOHIKAKOT AaBJIEHUE MTOTOKA KOHIIEHTPATA,

(d) BO3BpaIaOT MOTOK KOHLIEHTPAaTa B MCXOIHYIO 3arpy304Hy Kamepy (2) nmnsi monmavu
o0paTtHO 4epe3 oOpaTHbIH 0ocMOC Wit HaHO(UIBTparHo (8),

(e) mepexTrouar0T BO3BPATHYK IMOady IOTOKA KOHLIEHTpPATa B IO MEHbIIEH Mepe OIHY
APYTYIO 3arpy304HyI0 Kamepy (4) mocie perucTpalyy NpPeABAPUTEIBHO OMPENEICHHOTO
ymenblieHus >¢dexrusroctu npouecca OO mniu H® BHYTpU MCXOAHOM 3arpy304HOI KaMephbl
(2), m

(f) ymamsror xonuentpar (KP) u3 mcxomnoil 3arpy3o4HOil kamepsl (2) M MOTAIOT CBEXYIO
nurarenbHylo Boay (IIB) B ykasaHHyr0 kaMmepy BO BpeMsl HENPEPBIBHON LUPKYJISILUU
MUTATEeJIbHOW BOABI U3 IO MEHbINEH Mepe OJHOW Ipyrod 3arpy304HOil kamepsl (4) uepes
oOpaTHblii ocMOC WM HaHOQHUIBTpaLHiO (8) OoOpaTHO B MO MEHblIEH Mepe OAHY IPYIVIO
3arpy304HyIo kamepy (4); u

(g) mpomycKarT MUTATEIbHBIH MOTOK Yepe3 YCTPOHCTBO YMEHBIIEHHsSI KOHIIEHTPALUU 10 WIN

NIOCJIE €r0 MPOXOXKACHUS Yyepe3 00paTHBI OCMOC WJIH HAHO(PUIIBTPALIUIO.

2. Cnoco® mo m. 1, IOMONHUTENPHO BKJIOYAOIIMHA STANbl MEPEKITIOUEHHs MOAAaYd MOTOKA
KOHIIEHTpPATa W3 MO MEHBIIeH Mepe OJHOU NPYroi 3arpy304Hol kamepbl (4) Ha HUCXOIHYIO
3arpy304HyI0 kamepy (2) mociie oOHapy KeHHsI MPeIBAPUTENILHO OMPEISICHHOTO YMEHbIICHHSI
s¢ppexruBHOCTH Mpouecca OO nnmm HO BHYyTpH 1O MeHbIIEH Mepe OXHOM Ipyroi 3arpy304HOn
kamepbl (4); ynanenus: koHueHtpara (KP) u3 ykasaHHOH Mo MeHbIIEH Mepe ONHOH Apyroi

3arpy304HOM KaMephbl U Mojadu cBexen nuratenbHol Boabl (I1B) B 3Ty kamepy.

3. Croco® no n. 1 mim 2, MOMONMHUTENBHO BKIFOYAKOLIUI 3Tall OYMCTKH 3arpy304HON Kamepsl

(2, 4) BO BpeMs ynaneHus U3 Hee NMOTOKa KOHLIEHTPaTa.
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4. Cnocobd mo mobomy u3 myHKTOB 1 --3, OTIMYANOIIWICA TEM, YTO TPENBAPUTEIBHO
ompeneneHHoe yMmeHbineHne 3¢dexruHocTu npouecca OO mnmu HO® oOHapyxuBaroT 1O
MPENABAPUTENIBHO OIMPENEICHHON MAaKCUMAJIbHOM KOHLIEHTPALUU COJIEH, COOTBETCTBYHOLIEH
MaKCHUMaJIbHOMY OCMOTHYECKOMY IaBJIEHHIO, NIPU KOTOPOM MOXkeT paboraTte MeMmOpana (8)

00paTHOro 0CMOCa UM HAHO(DUITBTPALIHH.

5. Cnocob no moOoMy M3 MPENUIeCTBYIOIUX MYHKTOB, OTJIMYAKOLIMICS TEM, YTO JaBJICHHE

NOTOKA KOHIEHTPATa YMEHBIIAIOT IO CYLIECTBY 10 aTMOC(HEPHOTO IABJICHUS.

6. Crnocob no r000My M3 MPENIIeCTBYIOMUX MyHKTOB, JOMOJHUTEIHLHO BKITFOUAOLIUN STar
npeaBapUTeNIbHON 00pabOTKM MUTATENLHOW BOABI IO €€ MOJa4d Ha OOpaTHBI OCMOC WU

HAHO(WIBTPALIUIO.

7. Cnocob mo m. 6, OTIMYAIOMIMICS TeM, YTO YyKa3aHHAas MpeaBapuTeibHas oOpadoTka
BKJIFOYAeT (UIBTPOBAHME MHUTATEIBHON BOABI [0 €€ MMOoJa4u Ha OOpaTHBIH OCMOC WM

HaHO(WIBTPALIHUIO.

8. Cnoco0d mo m. 7, HONMOJHUTENBbHO BKIKOYAIOLIUN 3Tan NPOKaYMBaHUS (PUIBTPOBAHHOMN
IUTATEIbHON BOXBI TOJA BBICOKUM JaBJIEHHEM CKBO3b MeMOpaHy OOpaTHOro ocMoca WU

HaHO(UIIbTPALIUH.

9. Cuctema OYMCTKH MUTATENBHOM BOJIBI PA3JIMYHON CTENEHU YUCTOTHI, COAEPIKaLIas:

(a) ByckHO# naTpyOOK, CENEKTUBHO Monparoiuii murareapuyto soay (I1B) B ogHy umu apyryro
U3 [0 MEHbIIEH Mepe ABYX 3arpy304HbIX Kamep (2, 4), kaxnas U3 KOTOPbIX UMEET MOJALIYEO
TpyOy (21, 41), NOJArOLIYIO MUTATENBHYIO BOIY Ha OOpATHBIN OCMOC MM HaHODMIbTpauuto (8);
(b) Hacoc (6), momaroIMii MUTATEBHYIO BOAY M3 ONHOHN W3 3arpy304HbIX kKamep (2, 4) uepes
COeMHEHHYIO C Hell monaromyro Tpyoy (21, 41) Ha memOpany (8) obpatHoro ocmoca (O0) umu
HaHo(unbTpanuu (H®D), nnst co3nanus MoToka KOHIEHTpATa U MOToKa ounineHHoU Boas! (OB);
(c) Bo3BpartHbie TpyOs! (2R, 4R), cenekTHBHO BO3BpAINAIOIINE ITOTOK KOHLEHTPATa B OHY WU
APYTYIO U3 IO MEHbBINEH Mepe ABYX 3arpy30uHbIX Kamep (2, 4);

(d) BeIMyCKHOM MaTpyOOK OUMIEHHON BOJIBI, BBIBOASALINN ounineHHy Boay (OB);

(e) MexaHW3M TEPeKIIOUEHHUs] TOAaYd IIOTOKa KOHLEHTpaTa MeXIy BBIOMPaeMbIMU
BO3BpaTHBIMH TpyOamu (2R, 4R) mpu oOHapykeHHHM IpeaBapUTENbHO OMNPEAEICHHOTO
yMmeHblieHus s¢dextuBHocTH mnpouecca OO wmnmu H®P BHyTpu omHOM wuiam Apyro us

3arpy304HbIX kKamep (2, 4); u
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(f) ycTpolcTBO yMeHbIIEHHsI KOHIEHTPALUH, MPENyCMOTPEHHOE 10 MEHbLIEH Mepe B OJHOM
MUTATeIbBHOM TOTOKE MEXKAYy 3arpy304HONd Kamepoi u  oOpaTHBIM OCMOCOM  HIJTH
HaHO(WIbTpanMel, WIM N0 MEHbIIeH Mepe B OJHOW BO3BPATHOW TpPyOe MEXIYy paccojoM

o0paTHOro 0cMoca UM HAHOQUIBTPALIMH U 3arPy304HON KaMepoil.

10, Cucrema mo m. 9, OTIMYAIOINAACA TEM, 4YTO YKa3aHHbIH MEXaHU3M IEepPEeKIIOUEHHs
amanTUPOBaH JJisi O0ecreueH si BO3SMOKHOCTH MOAA4YH MTUTATEIbHOM BOJBI M3 MEPBOM KamMepbl
(2) uepes mepByr momaroIyr TPyOy (2i) Ha OOpaTHBII OCMOC WM HAHO(MIBTPALUIO, C
BO3BpaTOM 4epe3 CBOK BO3BpaTHYIO TpyOy (2R) B mepByro kamepy 0 TexX Mmop, Moka He Oymer
OOHapy»KeHO MpeIBapUTENLHO onpenesieHHoe yMeHblnenne 3¢ dexruBHocTr nporecca OO wmum
H® B 570l Kamepe, MOC/Ie Ye€ro MEXaHU3M MEePEKJIIOUYEeHHUs] aKTUBUPYET MOa4y MUTATEIbHON
BOJZIbI U3 BTOPOH Kamephl (4) depe3 BTOPYIO moparouyo TpyOy (4i) Ha oOpaTHbI 0OcMOC WM
HAaHO(HMIIBTPALIUIO C BO3BPATOM 4Yepe3 CBOIO BO3BpaTHYIO TpyOy (4R) BO BTOpYIO Kamepy 110 Tex
nop, moka He Oyner o0OHApY»KEHO MPEABAPUTENIBHO OMNpEAEIEHHOE yMEHbIICHHE

3¢ (eKTUBHOCTH BO BTOPOI Kamepe.

11. Cucrema mo n. 9 wnu 10, oTaMyaroLIascs TEM, YTO MEXAHU3M IEPEKIIOUEHUs TaKKe
AaKTUBUPYET yJaJeHHWe KOHIEHTpaTa U3 3arpy304HOM KaMmepbl TpU  OOHAapy>KEHHU
NpeABAPUTENBHO ONpeNeIeHHOro yMenblieHus s¢gdexrusroctu npouecca OO nnn H® BHyTpH
STOW KaMmepbl, U TOfa4dy CBEXeH NHUTATeNbHOM BOIbI Ha OOpaTHBIH OCMOC WU

HaHO(UIIBTPALIMIO U3 APYTOH 3arpy304HON KaMephl.

12. Cucrema 1o 1. 11, OTIMYarOIIasiCsl TEM, YTO MEXaHU3M MEPEKITIOYSHHs] aKTUBUPYET MOAaqy

CBEKEH MUTATEbHOM BOJBI B KaMepy MOCJe YAAJeHUsl U3 3TON KaMepbl IOTOKA KOHLIEHTPATA.

13. Cucrema no yrobomy u3 . 9 -12, oTnuyaromascs TeM, 9To yeTpoicTBo (20) yMeHbIIEHHS
KOHIIEHTPALUH NPEAYCMOTPEHO B OOOMX MHTATENbHBIX MOTOKAx (21, 41) MEXAY 3arpy304HOM
kamepoii (2, 4) u obpaTHBIM OCMOCOM W HaHO(uIbTpanuel (8) w/wiu B BO3BpaTHOU Tpyde

(2R, 4R) mexxay oOpaTHBIM OCMOCOM WJIM HAHO(DUIIBTPALIUEH 1 3arpy304HON KaMepo.

14. Cucrema o . 13, oTaHUArOIIAsACS TEM, UYTO YCTPOHCTBO (20) yMEHbIIEHHS KOHLIEHTPALIH
BBIOPAHO W3 TPYMIBI, COCTOALIEH H3: PEaKkTopa C IMCEBAOOKMKEHHBIM CIIOEM, YMSITYHTEINS,

WOHOOOMEHHUKA U MOTJIOTUTEJIS.
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15. Cucrema mo mobomy u3 mm. 9 - 14, BBINOJHEHHAs B BUAE CHCTEMBI C Pa3OMKHYTBHIM
KOHTYpPOM, B KOTOPOH Uil YMEHBIIEHUs aBJICHUS ITOTOKA KOHLIEHTPaTa B BO3BPATHBIX TpyOax

MCIIOJIB30BAHO MPOIYCKAHHE YKA3aHHOT'O ITOTOKA B KAMEpPbl, COOOIIAIOIIHNECs ¢ aTMOC(HEpPO.

16. Cucrema mo snrobomy u3 mm.9 -15, coneprkamas termooOMeHHUK (40), paboTaromuii mox
IaBJIEHUEM, BBITIOJHEHHBIN C BO3MOKHOCTHIO YMEHBIIEHHS NaBJIEHHUS TIOTOKA KOHILIEHTpaTa B

BO3BPATHBIX TPyOax MO CyIECTBY A0 aTMOC(HEPHOTO NaBICHUS.

17. Cucrema mo mobomy u3 mm.9 -16, HONMOMHHUTENBHO coaepxamas ycrpoiictBo (50)
npefBapuUTeNbHON 00paboTky, MpeaBapuTeNbHO 0OpadaThIBarollee MUTATENBHYI BOAY 10 €€

NOJIauy Ha OOPATHBIA OCMOC WJIH HAHO(PMIIBTPALIUIO.

18. Cucrema no . 17, oTiMyaroImascst TeM, 4to yerpoicTso (50) npenBapureabHOi 00paboTku

BBIITOJIHEHO B BUJIE (PHIIBTPOBAIILHOTO YCTPOICTBA.
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