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YCOBEPHIEHCTBOBAHHAA CXEMA OBPABOTKH BOJHbBIX PACTBOPOB
IMUINEBBIX NPEAINIPUATHUUN C UCITIOJIB3OBAHUEM TEXHOJIOT'MU AOPS

V. N. Shtepa, S. V. Tynovets, A. B. Shykunets

IMPROVED SCHEME FOR PROCESSING AQUEOUS SOLUTIONS AT FOOD
ENTERPRISES USING AOPS TECHNOLOGIES

AHHOTALUA

KomMmrmnekcHo paccMoTpeHa MpoOieMaTnka KOMOWHHPOBAHHOM JJIEKTPOTEXHOJOTHYECKOW 00pabOTKH
MHOT'OKOMITOHECHTHBIX BOJHBIX PACTBOPOB. "3 IMOJYUYCHHBIX aHaJIM30B KadeCTBa CTOYHOM BOJIbI YCTAHOBJICHbBI
KJIFOUEBBIE 3arps3HUTENIN N3yYaeMbIX MHIIEBBIX MPEIIPHUIATHH (ChIP3aBOJ U MSICOKOMOMHAT). Y CTAHOBJIEHO, YTO
KJIFOUEBBIC 3arpsS3HUTEIM UMCIOT OHOJIOIMYECKYI0 MPUPOAY M XOPOIIO MOJIaloTcsi okucieHuto. O0ocHOBaHA
KOMOMHAIMS pa3lIMuHBIX TEXHOJOIMH M TOATBEPKIeHA 3 PEKTUBHOCTD TAaKOTO IO/X0/a pe3yibTaTaMH Hcciie-
JIOBaHWH OYMCTKHM (PAKTHUECKMX CTOYHBIX BOJ| ChIp3aBOJia W MsicokoMOuHara. [IpemioxkeHa cxema JIOKaIbHBIX
COOPYXEHHUH OYMCTKU U OIpEeeieHa I0CIIeJ0BaTeIbHOCTh 00PabOTKH BOJHBIX PACTBOPOB MHUILEBBIX MTPEATIPHS-
TUH C €€ UCIIOJIb30BAHUEM.
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Abstract

The problems of combined electrotechnological processing of multicomponent aqueous solutions are
comprehensively considered. Based on the obtained analyses of wastewater quality, key pollutants of the food
enterprises under study (a cheese factory and a meat processing plant) were determined. It was found that the key
pollutants are of a biological nature and lend themselves well to oxidation. The combination of different technol-
ogies is substantiated and the effectiveness of this approach is confirmed by the studies of the processing of ac-
tual wastewater from the cheese factory and meat processing plant. A scheme for local processing facilities is
proposed, and based on its use, the sequence of aqueous solution processing at food enterprises is determined.
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Beeoenue

OanuM 13 Hambojee SKOJIOrMYecKd
OMAacHBIX MOJUTIOTAHTOB CTOYHBIX BOJ IH-
HIEBBIX MPEINPUATUN, TIPEKIE BCETO ChIP-
3aBOJIOB U MOJIOKO3aBOJIOB, SIBJISIETCSI MO-
noyHas ceiBopoTka. Ee kucnas cpena, Ha-
npUMEp, YTHETaeT  MHUKPOOPTaHU3MBI,
pPUMEHSEMbIE Ha KOMMYHAJIBHBIX COOpY-
XKeHusx ononorudeckoi ounctku [1]. [Ipu
9TOM OKHCIIEHHE OpPraHMYECKHX COeJMHE-
HUU BBI3BIBACT HEIPUATHBIN 3alax, Kpome
TOTO, €€ Haluyhue B TE€0IKOCHCTEMAaxX
OKa3bIBaeT KpallHe HETraTUBHOE BJIUSHUE
Ha OuopaszHooOpasue BOAOEMOB, TTOCKOJIb-
Ky momnajas B HUX 0€3 OYMCTKU OpraHuye-
CKHE€ BEILeCTBA CHIBOPOTKU MOTPEOIISIIOT
JUISE CBOGW HEWTpanu3anuu OOJbIIoe KO-
JMYECTBO KHUCJIOPOJa, BCIEACTBHE YEro
PE3KO YXYHIIAIOTCS YCJIOBHUSL Pa3BUTHS
dbaopel u ¢dayHbsl, B TOM uuciae peido [2].
Takke B CTOYHBIX BOJAaX CHIP3aBOJOB U
MOJIOKO3aBO/IOB  COJIEpPKATCA  PaCTBOPHI
COJIEH U KUCJIOT, KOTOPBIE UCTIOIB3YIOTCS B
TEXHOJOTHYECKHUX Tporeccax [3].

JpyruMu  3HAQYUMBIMH ~ TUIIEBBIMU
NPEANPUATHIMU, 3arps3HSIONIUMU  OKpY-
JKAIOLIYI0 Cpely, C CAHUTAPHO-3MHUIAEMHUO-
JIOTHYECKOW TOYKHU 3PEHUS SIBIISIOTCS CTOY-
HbIE BOJIBI MSICOKOMOMHATOB, IOCKOIBKY
coJiepat B CBOEM COCTaBe 0OJIbILIOE KOJIHU-
YECTBO OPraHMYECKUX U HEOPraHUYEeCKUX
3arpsi3HEHUI, B TOM 4YHCIIe OaKTepHii-BO3-
Oyaureneli MHPEKIMOHHBIX OOJE3HEH, UTo
TaKk)Ke HEraTUBHO BIUSET Ha MPUPOIHBIE
BOJIHBIE PECYPCHI M TUAPOOHOHTHI [ 3, 4].

Bwmecre ¢ Tem cpenu meTonoB oOpa-
OOTKM 3arps3HCHHBIX BOJHBIX PACTBOPOB
OTJICIbHBIM COBPEMEHHBIM U AMHAMHYHO
pa3BUBAIOIIUMCS  HAINPABICHUEM  BHI-
nensitoress  Advanced oxidation process
(AQOPs) [5], Kk KOTOPBIM OTHOCSITCS DS TIE-
PEIOBBIX TEXHOJOTMYECKUX PEHIeHUI: To-
MOTEHHBIE M TETEepPOTrcHHBIE (HOTOKATAIH-
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TUYECKUE TPOLECChl, O30HUPOBAHHE, Ba-
puaHThl Tporiecca GeHTOHA, YIBTPA3BYKO-
Bas 00pa0oOTKa, TUTa3MEHHBIE MPOIIECCHI,
deppatHbie U mnepcynbdaTHbIE TEXHOIO-
UM, HCIOJb30BaHWE HOHU3UPYIOIIETO
U3JTYYCHUsI 1 MUKPOBOJHOBOW 00PabOTKH.

Tak, ucnonp3oBanue peaktnBa den-
TOHa TpU OOJIyYEHHWH BOIHOTO pacTBOpa
ynbTpaduoseToM (AJIMHA BOJIHBI — 254 HM)
W ympaBJieHUH 3HaueHusMU pH mo3BomseT
obecreunTh riy0oKyI0 JAECTPYKIMIO Opra-
HUYECKUX 3arpsi3HuTeNnel ¢ 3¢ (eKTuBHOC-
ThIO O071ee 80 % [6].

KomOunupoBanue ynbTpaduosiero-
BOT'O 00JTydeHHs (IJTMHA BOJHBI — 254 HM)
u BHeceHwe mnepekucu Bogopoaa H20z,
KpOME OKHCJICHHsI 3arpsi3HUTENEH, yCUIu-
BaeT KOMIUICKCHBIN 3P eKT ae3uHpexnun
oOpabaTsiBaeMoOii cpensl [7].

OtnenbHO HEOOXOIUMO BBIICIIUTH
UCIOJIb30BaHNE TAKOTO CHUJIBHOTO OKHCIIH-
tens, kak ¢eppatel (VI) [5], koTopbie oT-
HOCSITCSI K OTHOMY M3 HauOoJyiee MOUIHBIX
CYUIECTBYIOIINX OKUCIUTENeH U Oiaroza-
ps cBOeMy JEHCTBHUIO pasjiaratoT O0Jib-
IIMHCTBO TOKCHYHBIX XUMHUYECKUX Be-
IIECTB B  MAaJOTOKCHYHBIE MPOAYKTHI,
a Takke, Omaromaps ne3uHGUIUPYIOMEMY
NEHCTBUIO, BBI3BIBAIOT THOENb BPEIHBIX

MHUKPOOPTaHU3MOB.
BmMmecTte ¢ TeM HEOOXOIMMO OTMETHUTh,
yTO JAaxke wucnoibdyemble  AOPs-tex-

HOJIOTUM SIBJISIFOTCSL MHTErpaleil AByX U
Oonee mporeccoB. MIMEHHO TO3TOMY TIpO-
OJeMaTUKy OYMCTKU CTOYHBIX BOJ HEOOXO-
MO paccMaTpuBaTh B KOMIUIEKCE, CO-
yerasi pa3jiMyHble TEXHOJIIOTUYECKUE pellie-
HUS ¢ KOMOWHAIMEW METOIOB OYHCTKU JIJIst
JOCTHKEHUSI HambOojee YCTOMYMBOW pa-
OOTBI OYUCTHBIX coopyxkeHwii [8—10].
COOTBETCTBEHHO, CO3JIaHUE pecyp-
cod(pPeKTUBHBIX cXeM 00paOOTKHU BOIAHBIX
pacTBOpPOB NPEINPUATHI MUIIEBON
MPOMBIIIJICHHOCTH TPU OYHCTKE MHOTO-
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KOMITIOHCHTHBIX CTOYHBLIX BOI I/I/ UIJIIN BOOO-
MOJIFOTOBKE SIBIISIETCS aKTyallbHOUM Hay4HO-
MPUKJIATHON 3a1aueid.

Mamepuanvt u memoowt

N3 momyyeHHBIX Ha MOJOKOMNEpepa-
0aThIBAIOIIEM MPEANPUATHH JIUCKPETHBIX
TOYEYHBIX aHAJIM30B KauecTBa BOJIHBIX pac-
TBOPOB MOXHO CJIEJaTh BBIBOABI KacaTellb-
HO KJTIOYEBBIX 3arpsi3HUTENEH CTOUYHBIX BOJ
ceIp3aBojia (corymacHO TpeOoBaHUIT TIpe-
JIETTbHO JTOMYCTHUMBIX KOHIICHTPAIU):

— «pocdarby (cucreMHOE KpaTHOE
HpEBbIIIEHHE BO BCeX MPoOooTOopax — co
3HaueHusMU B 5,4 paza Boie [1/1K);

— «pH» (cucremHOe KpaTHOE TIIpe-
BBIIIIEHHE BO Bcex MpobooTOopax (¢ apei-
oM B «KHUCITYIO CTOPOHY») — CO 3Haue-
Husimu 10 1,68 paza soiie [1/1K);

— «XJIOpUABD) (mepuoanyeckoe
IPEBBIIEHHE — CO 3HAYEHUSIMH B 6 pa3
Boimie [1J1K);

— «Cyxoil ocTaTok» (cTabuibHOE
KpaTHOE TPEBBHIINICHUE — CO 3HAYCHUSIMHU
1o 4 pas Bere [1/1K);

— «B3BCILIEHHBIE BeIIECTBa» (CTa-
OWJILHOE TPEBBIICHUE — CO 3HAYCHHUSIMH
Ha 6 %...79 % Boime [1JIK);

— «Kene3o ob1ee» (eIMHUYHBIC TIpe-
BhIlIeHUs — Ha 58 %...78 % pa3 Beie [1/1K).

Takxke MUMEIOT MECTO 3HAYHUTEIhHBIC
MIPEBBIMICHUS OMOJIOTHYECKOT0 ToTpedIie-
Hug kucnopoga (BIIK) u xumuueckoro mno-
tpebnenus kucnopona (XIIK). Yepennen-
HBIE 3apPETUCTPUPOBAHHBIC BEIUYHHBI IO-
kazareneit: BIIK — 2400 mrO2/n, XIIK —
3000 mrO2/m.

Uto kacaeTcs mokaszaTesieil KauecTBa
MIPOU3BOJCTBEHHBIX CTOUYHBIX BOJ MSICO-
KOMOHMHATa, TO KOHIICHTPAIIUU TMOJITFOTaH-
TOB TaKXe CYIIECTBEHHO MPEBBIIIAIOT
ITJK, KOoTOpBIE YCTaHOBIIEHBI JJII OTBEIE-
HUS HE TOJBKO B MPUPOJHBIC BOJOEMBI, HO
U B KOMMYHAJIbHBIC KaHAIM3AI[MOHHEIC
cucteMsl (Tab. 1).

Tabn. 1. Pesynprarel aHamm3a mpoO CTOYHOM BOABI MSCOKOMOWHATa TPH THMKOBBIX 3HAYEHHUSIX
3arpsi3HUTENEH
HopmatuBHOe TpeboBanue KauecTBO cTOYHOM BOJIBI HA BXOJE
HanmeHnoBanue mmokasaress
(ITAK) B JIOKaJIbHbIE OYHCTHBIE COOPYKEHUS
pH cpensr 6,5...8,5 7,49
dochop obmwmiA, Mr/i 10,7
A30T aMMOHMIAHBIHN, MI/J 35 13,1
XI0puasl, MI/I 700 253,05
BsBemennsle BemecTna, M/ 500 1260,9
Cyxol ocTaTok, Mr/i 1000 1650

B T0 %€ Bpemsl olleHKa COOTHOILICHHUS
BIIK u XIIK ans celp3aBona (Takoe 3Haue-
HHE SIBJISIETCS MHTETPAIbHBIM TOKa3aTesieM
OPraHUYeCKOr0 M HEOPraHMYECKOTO 3arpss-
HEHHUSI CTOYHBIX BOJ) YKa3bIBaeT Ha TO, YTO
KJTIOYEBbIE TOJUTIOTAHTHI B ATOM CETMEHTE
UMEIOT OMOJIOTHYECKYIO TIPUPOJTY U TOJKHBI
9pPEKTUBHO TIOABEPraThCs  OKUCICHUIO

Oxpana mpyoa. Oxpana okpyscaroueti cpeobi.
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(2400 MrO2/1 / 3000 MrO2/1 = 0,8).

B kauecTBe ¢uokynupyromei 106aB-
KA HCTIONb30BAJICS OMOIMIHBIA MPOIYKT C
nokazarensimu: pH = 10,47, OBII = 21 MB,
TDS = 2870. B crounyio Boxy 000uX
npennpustiii BHocwin 0,125 min/n Guo-
nugHoro ¢aokynsara (b®) konmeHTpa-
et 1 % (B manpHeiiem pabodas 103a).
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Jns  snextponusHod — 00pabOTKU
BOJIHBIX PACTBOPOB WCIOJIB30BAIH JIHa-
(dbparMeHHBINA AJIEKTPOJIU3EP C HEAKTHUBHOM
MeMOpaHO# (aHOI M KaToJ BHITIOJHEHBI U3
ANEKTPOAHOTO rpaduTa) 00beMOM 3 11 IpH
cuiie mnoctosHHoro Toka 10 A. Bpewms
AIIEKTPOJIM3HOTO BO3/ICHUCTBHUS Ha BOJHBIC
pactBopsl coctaBisio 120 c¢. [Ipomomku-
TELHOCTh O0OpabOTKH, COOTBETCTBEHHO,
KOJIMYECTBO BHOCHMOTO OKHCIUTENS U
HKCTIO3ULUS OOMyYeHHs B €IUMHUILY OObe-
Ma BOJABI PETYJIUPOBAINUCH CKOPOCTHIO
POTOKa pacTBopa uepe3 peakTop. imeHHO
B 3JIeKTpoJin3epe peannzoBanbl AOPs.

OCHOBHBIMH ~ pEaKIHSIMH  TaKOTO
AMEKTPONIN3a CTOYHBIX BOA U Pa3pyIICHUS
OpPraHUYECKUX 3arps3HUTENICH SBISIOTCS
oOpa3oBanue kuciopoga O2 U BOIOpO-
na Hz, a taxke rugpoxcua-uona OH :

— Ha anone 2H20 — 021 +4H" +4¢7;

—Ha karoxe 2H20 + 2e¢ — H2T +
+20H .

ITpu snexrponuse BOAbI Takxke oOpa-
3yrorest 030H O3 1 iepeknch Bogopona HoOx:

— na anozie 3H20 — 031 +6¢” + 6H';

—ua karoge 2HO + Ox+ 2¢ —
— H202+20H".

Kak panee 0603Hauanoce, B MpUCyT-
CTBHHM XJIOPHJIOB (HaXOIATCS B CTOYHOMH
BOJIC MPEINPUITHSI) TIPU IIEKTPOJIU3E BO-
bl 00pa3yeTcss pacTBOPEHHBIM XJIOp: Ha
anozne 2ClI" — Clz + 2¢.

PactBopennslii xiop Clz, pearupys ¢
BOJOM U THUIAPOKCUA-UOHOM, oOOpasyeT
xjnopHoBaTuctyo kucioty HCIO:

Cl, + H O - HCIO+H" + Cl ;

Co+OH — HCIO +CI .

PaznoxxeHne XJIOpPHOBATUCTOM KHUCIIO-
el HCIO B Bose nmpuBOaUT K 00pa30BaHUIO
runoxyioput-pona: HOCl < H™ + OCI .

N3 mnpuBeAeHHBIX BBINIE pEAKIUN
CJIeIyeT, YTO MPH 3JIEKTPOJIM3E BOJIBI 00-
pa3yeTtcs psii CHIIbHBIX OKHCITUTENeH: KUc-
nopoa Oz, o3oH O3, NEPEKUCh BOJIOPO-
na H20z2, runoxnoput-uon OCl , koTopsie
BBITIOJIHSIOT JIECTPYKIMIO OPTaHUYECKHUX
KOMIIOHEHTOB CTOYHBIX BOJI.

Oxpana mpyoa. Oxpana okpysicarowei cpeowl.
Oxonozus

87

[losiBieHHME TIpU BIIEKTPOIU3E BOIBI
OH-panukanos, H>O2u O3 mpuBogur k
00pa30oBaHMIO JAPYTUX CUIIBHBIX OKHCIUTE-
nel, Takux kak O3 , Oz , O , HO2, HO;3,
HO4 u np.

IIpu  ¢norokoarymsroHHoH 00pa-
0OTKE HCIONB30BAM  (PIIOTOKOATYIISTOP C
HAIOPHOM Mmojjaueld aTMOC(EPHOTO BO3TyXa.
Pexum drorokoarynsimonHol 00pabOTKH:
pacxon Bozmyxa — 200 n/4, mo3a peareHTa-
koaryssiata FeCls — 40 mr/n. Takxe npume-
HSUICSL O30HATOpP aBTOPCKOM pa3padOTKu
MPOU3BOIUTENFHOCTRIO 15 T O3/4.

3agaya QU3MYECKOTO MOJETUPOBAHUS
MIPOILIECCOB OYMCTKH CTOYHBIX BOJ MpEAIpu-
ST THIIEBOM MPOMBIIUIEHHOCTH — CO37a-
HUE U HWCCIEOBAHUS TOCIEAO0BATEIBHOCTH
9TAIlOB UCIOJIL30BAHUS PA3UYHBIX TEXHO-
norwuii [11], B ToM uncie b® u snexTporex-
HOJIOTUYECKO 00pabOTKH.

Pe3ynomamul u ux oocysyncoenue

[IpenBaputenbHas oOpaboTka CTOY-
HBIX BOJI CHIP3aBO/Ia Pa3HBIMHU CIIOCOOAMU
OYMCTKH HE obOecmedmyia TpeOyeMoro ka-
YecTBa BOJHOTO pacTBopa (Tabdun. 2).

Ha ocHoBe aHanm3a BblllIeyKa3aHHbBIX
TaHHBIX (CM. Tabm. 2) ObUla 0O0OCHOBaHA
KOMOUHAIMS CIOCOOOB OYUCTKH (puc. 1).
D¢ HeKTHBHOCTH HCIIOIB30BaHUS MIPEII0-
KEHHOW CXeMbl KOMOWHAIIUU Pa3HbIX CIIO-
coOOB OYHMCTKH OblTa MOATBEpXKICHA
WCCIIEIOBAaHUSIMU OYUCTKU CTOYHOM BOIBI
celp3aBofa (puc. 2) U MSICOKOMOWHATa
(Tabm. 3).

CooTBeTcTBeHHO,  A(h()EKTUBHOCTH
(penykuusi TMOJUTFOTAaHTOB) OYHCTKHA CTOY-
HBIX BOJI CBHIp3aBOJia IO 3arps3HUTENAM
cnenyromas: XIIK — 41 %, docdopy —
65 %, cyxomy ocratky — 28 %, Xxjopu-
nam — 25 %.

OcHOBBIBasCb Ha TMOJYYEHHBIX pe-
3yJibTaTax, IpeiokKeHa cXeMa JIOKaIbHbBIX
COOPYXKEHHH OYHUCTKM CTOYHBIX BOJ
CBIP3aBOJIOB U MSICOKOMOWHATOB (puc. 3).
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Tabu. 2. PedynabraTsl 00pabOTKH CTOUHOM BOJIBI CHIP3aBO/ia PA3HBIMHU CIIOCOOAMU OUUCTKH

1| ey | | e |

1 Hcxonnas Bona 6,2 9240 2,6 11730 1168

2 O3z0oHHEpOBaHNE 7 9500 33 11783 1179

3 DNIEKTPOIUZHOE OKUCICHHE 6,7 8160 5,3 10283 920
(Oe3 BHeceHUSs pearcHTOB)

4 BHecenne TOJBKO OHOLUTHOTO 10 9540 2,2 13246 1418
¢iokyssiHTa

5 ®drnoToKoarysIus 6,8 9940 4.8 11850 1254

Buecenne OMouUIHOIO N JJIeKTPOXUMHUYECKAS | ®uabTpanus

(paoxyasinTa AeCTPYKIUA

Puc. 1. CtpykTypa KOMOMHAITNH PA3JINYHBIX CIIOCOOOB OYMCTKH CTOYHBIX BOJI MUIIEBBIX MPEATPUATHN

Cyxoii octatok, mrfa

14000

12000

11730

10000

1

Xnopwugel, rarfn

1400

1168

1200

1000 -

;

:

;

z

Puc. 2. Pe3ynbrarhl OYHMCTKM CTOYHOW BOJBI ChIP3aBOAA: | — KOHIEHTpAIHs 3arpsA3HUTENS 10 OUHCTKH;

2- KOHILCHTPpAUA 3arpA3SHUATEIIA TTOCIIC OYUCTKH

Oxpana mpyoa. Oxpana okpysicarowei cpeowl.

DOkonoausn
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®ocdop obwmid, rar/a

24

35

25 -

OkoHYaHue puc. 2

Tab:. 3. Pe3ynbTaThl 00pabOTKK CTOYHOM BOABI MSICOKOMOHHATA

ok [ [ Ot | e |
0 (crouHas Boja) 9.9 6,8 2620 12,3 1700
1 (31eKTponHM3 COBMECTHO ¢ paboueii 10301 bD) 2,4 7,4 1812 5,1 804
2 (¢hoTOKOATY ALK 7,1 7,1 1944 2,6 1330
4 (’IIEeKTPOIIA3 COBMECTHO C TBOWHOM paboyei 0,58 7,7 1781 6,2 298
no3oi bd)

CrnenoBaTenbHO, KOMOWHHUPOBAHUE
pa3IMYHBIX CIIOCOOOB OYMCTKU YCHIIMBAET
3 PEKTUBHOCTh yIAICHUS KIIOYECBBIX 3a-
TpS3HUTENEH CTOYHBIX BOJ, YTO TMO-
TBEP)KACHO Ha NpuMepe o0pabOTKH CTOY-
HBIX BOJI MUILEBBIX MPEANPHUITHH: ChIp3a-
Boja W MscokomOunara [12]. Ilpencras-
JICHHAsl PENyKIUsl yAaleHUs 3arpsi3HUTe-
Jel JOCTUTHYTa B MPOMBIIIJIEHHBIX YCIIO-
BUSX, YTO TO3BOJUT 3HAYUTEIHHO MPOILE
MacIITaOupOBaTh AHAJIOTHYHBIE TEXHOIIO-
THYECKUE pEIIeHUs] Ha Jpyrue oObek-
ThI [13]: JOKanbHBIE OYUCTHBIE COOPYIKE-
HUS /WK BOJOMOJTOTOBKY.

QYHKIMOHAIBHOE ONUCAHUE IIOCIIE-
JIOBATEIILHOCTA OOPAaOOTKH CTOYHOU BOJIBI
(cm. puc. 3):

— CTOYHAas BOJA MOCTYHAaeT B €M-
KOCTh PETYIUPOBKH pacxoja, rAe TMpo-
UCXOMNT MpeIBapUTENbHAS (DUITBTPALIUS;

Oxpana mpyoa. Oxpana okpysicarowei cpeowl.
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— BOJIa MOJAETCS B DJIEKTPOJU3HBIN
MOJyJIb; B 3JIEKTPOJIM3HBIA MOAYJIb Mpea-
BapHUTEIbHO BHOCUTCS OHOLMAHBIA (io-
KYJISIHT; Jlajiee TPOUCXOAST KOMILICKCHBIE
MIPOLIECCHl OKUCIIEHUS OPraHUYeCKuX 3a-
rpsizHuTenet (AOPs), ux koaryiaupoBaHue
U QIIOKYJISIHS;

— Ha BBIXOZE JJIEKTPOJIM3HOTO MO-
IOyJsl C HCIIOJIb30BAaHHEM THIPOIMKIOHOB
MIPOUCXOUT pa3J/ieICHUE B3BEUICHHBIX Ya-
CTMIl W TIOTOKA OYMIIEHHOH BOJBI (s
MOBBITIEHUS YPPEKTUBHOCTH pabOTHI (Piro-
TaTopa);

— (oTaToOp BBINOJHSIET OTAEICHUE
MIOJyYEHHBIX B3BELICHHBIX 3arps3HUTENEH
OT CTOYHOM BOJIbI;

OKOHYATENIbHO JOOYMIIAIOTCS CTO-
YHBIE BOJIBI HA (QHIIBTPYIOLIUX AJIEMEHTAX;

— TPOAYKTHl OYUCTKH OTBOASATCS B

€MKOCTb OcajKa (Iuiama).
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Bopga Ha ounctky

Moy cTabunuzanuu pacxoja
U NPEIBApUTEIbHON MEXaHUYECKON OUUCTKU

y

DNEKTPOIU3HBIA MOYJTb C THIPOIIMKIOHOM

U JIO3UPOBKON OUOIMAHOTO (DIIOKYIISTHTA —
nporeccbl AOPs (pa3melienue, Hampumep,
B OBICTPOBO3BOJIMMOM 3aHUN)

[IInamocbopHUK

!

dnortaTop (pazMelieHue, Hapumep,
B OBICTPOBO3BOJIUMOM 3aHUN)

OunbTp(bl) JOOYUCTKH (pa3MelleHHE,
HaIrpuMmep, B OBICTPOBO3BOJIMMOM 3/1aHUH)

v

OunieHHas Boja

Puc. 3. VYcoepiieHCTBOBaHHAss CXeMa JIOKAJIbHBIX COOPYKEHHHM OUYMCTKH CTOYHBIX BOJ| IHIIEBBIX

IpeaIpUsSTHHA

3axnrwouenue

[Ipu mpoBeaeHun 0OpPabOTKH CTOU-
HBIX BOJ[ pPa3HBIMH CIIOCOOAMH OYHCTKH
OTJIENIFHO HE yJaloCh JAOCTHYbL Tpedyemo-
ro KauecTBa BOAHOIO pacTBopa. bruia 00o-
CHOBaHa KOMOMHAIUS TEXHOJIOTHYECKUX
pemeHnii W moxaTBepkAcHa A(PPeKTHB-
HOCTbh TaKOW CXEMbI pe3yJIbTaTaMU HCClle-
JIOBaHUSI OYMCTKHA CTOYHOH BOJBI ChIp3a-
BoIa u MsAcoxkomOmHara. Ha ocHoBe
UCCJICOBAHUM MPEIIOKEHHON CTPYKTYPBI
JOKaJIbHBIX COOPY’KEHHH OYHMCTKA CTOY-
HBIX BOJI NMHUIIEBHIX MpENEpPUATUI ompesie-
JIEHA TOCJIEA0BATEILHOCTh 00pabOTKH BO-

Oxpana mpyoa. Oxpana okpysicarowei cpeowl.
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JHBIX PAacTBOPOB, KOTopas oOecrednBaeT
MUHUMHU3AIWAI0  aHTPOIOTEHHOTO  BO3-
IEMCTBHUSA HA N€OPKOCHUCTEMBI U IT03BOJIIET
CTaBUTH 3aJIa4M BBITIOJIHEHUSI TPEOOBAHUI
pecypcodhPekTHBHOCTH.

[Tocnenyronme wuccnenoBaHus 000cC-
HOBAHO HAIEJINTh Ha CO3JaHHE TEXHOJIOTHI
WHTCHCU(UKAMU ~ OUOJIOTUYECKUX  TPO-
LIECCOB, KOTOPBIE TPOUCXOISAT B BOJHBIX pa-
CTBOpaXx Ha OCHOBE BO3JCHCTBUS (u3Mue-
CKUX (DaKTOPOB M TOCTPOSHHSI MaTeMaTHie-
CKUX MOJIeJIell TIPOTHO3UPOBAHUSI CHUHEpTe-
TUYECKUX PE3YJIbTATOB IPH HCIIOIH30BAHUH
Pa3HbBIX CIIOCOOOB BOJIOIIOATOTOBKH.
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