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XOnogunbHI TA CYNYTHI TEXHONOCI
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Tanasa obneryeHHasi nuTbeBas BoAa, COMu, Tshkenas Boga — U3 BbIMOpa-
XuBarwlulero onpecHuTtens-pasgenunrtens co «CBOEn» 3HeKTpOCTaHLWIel7I

JI. @. Cmupnos
Opecckast HAMOHAIBHAS aKaIeMUs TMHAIIEBEIX TexHoJorui, yin. Kanartras 112, r. Ogecca, 65039, Ykpanna

Ilpeonazaemcs npoexkm 8bIMOPANCUBAIOULE20 ONPECHUMENSA-PA30ETUMENS, 8 KOMOPOM UCXOOHBILL PACCOT ONPECHAE-
Csl HACYX0 — De3 8b1600a KOHYEeHmMpama, 3azpazusiowe2o okpysjicarouyio cpedy. Conu pazoensom nymem Ucnoib3o6d-
HUSL pA3IUYUSL NAPAMEMPO8 IBMEKMUYECKUX MOYEK (memMnepamyp u KOHYeHMpayull KpUCmaiiu3ayuu) u uleo0sam 6
cyxom uoe noKomnoHenmuo. Ommvimolii 0m paccona ied UCnOb3VIom Olsi NPOU3800CMEA MAlol 00Ae2UYeHHOU Om
MAACENBIX UZOMONOE B0OOPOOA NUMBEGOU B0ObI BLICOKO20 KAYECMBA U NONYMHO20 KOHYEHMPUPOBAHUS MAICEN0U B0~
Obl 8 PeKMUPUKAYUOHHOU KOLOHHE. DIeKMPOIHEPIUE bIMOPANCUSAIOWUL ONPECHUMEeNb-PA30eIumens obecneyusa-
em «C805» ABMOHOMHAS INEKMPOCANHYUSL, UCNOALIYIOWAsL CYMOYHYIO U CE30HHYIO PA3HOCHb MEeMNePamyp npupoo-
HbIX TeNJI08bIX UCHOYHUKOS (8030YXA, 800bL) U CONHEYHYIO IHEPUIO.

Knroueevie cnosa: Onpecnenue; Boimopaosicusanue, Conu,; Taocenas 6o0a; Dnekmpocmanyusl.

Tana nonerweHa NUTHa BoAa, COni, BaXka BoAa — i3 BUMOPOXYHYOro
onpicHBava-po3aiNbHNKa 3i «KCBOEK» €fIeKTPOCTaHUiIE

JI. @. Cmipnos

Opechka HamioOHaJIbHA aKaJeMis XapuoBUX TeXHONOTiH, By. Kanatrna 112, M. Ogeca, 65039, Ykpaina

IIpononyemucsa npoekm 8UMOPOIHCYIOH020 ONPICHIOBAUA-PO30INbHUKA, 8 AKOMY BUXIOHUL PO3CON ONPICHIOEMbCA HAC)-
X0 — 6e3 6uB00y KOHYeHmpamy, wo 3a0pyoutoc Hasroaumue cepedosuuge. Coni po30inioioms WIsIXOM GUKOPUCAHHSL
PI3HUYT napamempie eemeKmudHuUx Kpanox (memnepamyp i KOHyenmpayii Kpucmanizayii) i 6ueo0sams 6 cyxomy 6u-
2115101 NOKOMNOHEeHmHO. Biomumuil 6i0 po3cony i0 uKopucmosyoms 0jisi BUpOOHUYMEAa maioi noaeculenoi 6io 8asic-
KUX U30MONI8 800HI0 NUMHOI 800U BUCOKOT AKOCMI [ NONYMHO20 KOHYEHMPYBAHHS 8ANHCKOI 800U 8 peKmUiKayitiHil
KONIOHI. Enexmposnepzieto UMOPOJICYIOYULl ONPICHIOBAU-PO30LIbHUK 3a0e3Nneuye «C805» A8MOHOMHA el1eKmpOCmAaH-
Yisl, Wo BUKOPUCMOBYE 00D08Y MA CE30HHY PIHUYIO MeMRepamyp npupoOHUx meniosux odxicepeln (nogimps, 6oou) i

COHAUMY eHepailo.

Knrouosi cnosa: Onpicrnenns, Bumopoowcysanns; Coni; Basicka ooa, Enexmpocmanyis.
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1 BBepeHue

TexHONmOruM ONPECHEHUs, KOHLEHTPUPOBAHUSA U pa3-
JIeJICHHs BOAHBIX PACTBOPOB IIyTEM IIEPEBOJA BOABL Yepe3
Jel U ra3oBble THAPAThl MOT'YT MMETh MHOI'OYHCIICHHBIE
MPUMEHEHUS

1. Tlomyuenune 4mMCTOW Tamoil OONErYeHHOH OT TsIKe-
JIBIX M30TOIOB BOJIOPOJIa — JEUTEpUsl U TPUTUSA NMUTHEBOU
BOJZIbI BBICOKOT'O Ka4eCTBa.

2. KoHueHTpHupoBaHHE MHIIEBBIX XUAKOCTEH — IMOJy-
YeHHEe KOHLIEHTPATOB (PYKTOBBIX COKOB, BUHOIIPOAYKTOB,
MOJIOKA u Ip., IIPOU3BOJICTBO Kpacurenen-
apoMaTHU3aToOpPOB, PACTBOPUMBIX U HEPACTBOPUMBIX IMO-
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pPOLIKOB (HampuMep, M3 (QPYKTOBO-OBOIIHOTO CHIPHS —
BHUHOT'PaIHOTO, SI0JIOYHOTO U JIp.).

3. IlpousBoxcTBO caxapa B3aMEH JHEPropacToyu-
TENBHOI BBITTAPKH.

4. BwlueneHue coiei U3 pacTBOpPOB (Hanmpumep, U3 Ho-
JI0-OpOMHO# partbl, MOPCKO# BOJIBI U IP. ).

5. OmpecHeHne W KOHIEHTPHPOBAHUE MOPCKOM BOJBI
(HampuMep, ¢ IENbI0 WCHOJB30BAHUS KOHIIEHTpaTa MOp-
CKOM BOJBI TSI TOOBIYM MeTaHa W3 MOPCKHX Ta3oTHApaT-
HBIX 3aJIe)KeH, B KOTOPHIX 3alachkl METaHa B MUpPE NPEBHI-
AT PECYPCHI YIIIEBOJOPOIOB B CBOOOTHOM Ta3e, HeTH
U YIISIX BMECTE B3STHIX MPUMEpHO B 4 pa3a). B YepHom
Mope, HalpuMep, 3arachl MeTaHa B ra3orujaparax (riyou-
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HBI Bozel 200 + 2000 M) — oxono 100 TPHIITHOHOB M.

DTOT0 KOJNWYECTBAa Traza MpPH IOCTOSHHOM TIOTPeOJICHHH
VYxpaunoii mo 40 MiIp. Ta3a/To1 ¥ IPH YCIOBUH, YTO APY-
THe CTpaHbl He OyayT 3TOT ra3 JoObIBaTh, XBaTUT Ha
100-10%/40 -10° = 2,5-10° niet nmm 25 cTomeTHii.

6. IlomyTHOE C OMpEecHEeHWEM W3BJICUCHHE TSIKEIOi
BOJIBI M3 MOPCKOI1 BOJIBI.

7. KoHLEHTpHpOBaHHE TEXHOJOTMYECKUX PAaCTBOPOB B
MIPOMBIIINICHHOCTH, HalpUMEp, PaKeTHOTO TOIUIMBA (TH-
pasuHa) u 1p.

B Mupe mHMpOKO MCIIONB3YEeTCs ONPECHEHHE COJEHBIX
BOJl C TOMOUIBI0O MEMOpaHHOW TEXHOJOTUH OOpaTHOTOo
ocMoca, KOTOpas MpHIUIa Ha CMEHY IUCTHULIINU. B
CIIA, Apabckux Dmmparax, Karape, M3paumne, ABctpa-
mn, Adpuke U qpyrux crpaHax padoraroT okoiyo 19 TrIC.
ompecHUTeNeH OONpIMX mpom3BoAuTeNbHOCTEH. Ho ecTh
3 mpobIeMbl, KOTOpPEIE ITOKa He pa3pemeHbl, a MIMEHHO:

1. Bona xak muTheBast HE KA4ECTBEHHAS

2. Paccon cOpackiBaeTcs B OKPYXAloOIIyl0 cpefdy, 3a-
IpsI3HSIA ee.

3. Ha onpecnenne
AJIEKTPOIHEPTHH.

Hwke Ha KOHKPETHOM IpHUMepe NPHBOAUM BO3MOXK-
HBIE TYTH IPEOMOJICHUS 3THX IIPOOIEM.

pacxoayercst CIMIIKOM MHOTO

2 TexHonorus

1. Tlpemnaraercsi MPOEKT BHIMOPAKUBAIOIIETO OMPEC-
HUTEJNS-pa3ieuTeNs], HampuMep, 010-0pOMHOro paccosna
(5% coneit, 3 Hux (l,+Br;) oxono 500 mr/i) nmpousBoau-
tesibHOCTBIO 1000 T /CyT Tanoit o0neryeHHoN BOJbI, OKOJIO
52 1/cyT coneii u okono 74 T/Tox TSDKENOW BOABI B Iiepe-
cuere Ha J[,"°0 (BOP-1000-52-74) ¢ npuBOZOM sl HErO
3IIEKTPOCTAHIMH MOIHOCTEI0 I MBT (OC-1).

IMpeumymecrsa BOP-1000-50-70 + 3C-1 mnepen 00-
PATHOOCMOTHYECKUMHU OTIPECHUTEIIIMH:

1) KauecTBo Taoii 00j1er4eHHoN BOABI — BEICOKOE (IO
CPaBHEHHUIO C BOJAMH, MOJYYECHHBIMHU BBIMAPKOH U MeM-
OpaHHBIMH TexHOJMIOTHAMH). OTNpecHeHHWe BOJbI IMyTEM
00pa3oBaHust JbJia — 3TO IPUPOIHBINA MPOLIECC €€ OUUCTKH.
Tanast Bojia GaronpusiTHa Ui OpraHn3Ma 4ejioBeKa.

Tamast Boma (7moka3aHO!) TOBBINIAET YPOXKAHHOCTDH
CCIIbXO3KYJIbTYpP, MPUBEC U MPOAYKTUBHOCTL >KUBOTHBIX.
HpI/IFO}IHa 0e3 KHUIISTYECHUS JJId NIATbsT U TPUTOTOBJICHUA
cronoBeix Omog. CootBerctByeT I'OCTy Ha NUTHEBYIO
Boay. Owummena ot comeit (Munepammsamus 100+400
MI/J1), SAOXMMHUKATOB, XJIOpA, PAAMOHYKIHIOB, MECTHIU-
JI0B, MUKPOOPraHU3MOB, OPTraHUKU U Jp. IPUMECEH, Ipy-
OBIX M TOHKHX B3Beceil. OuucTKa — OT CBOICTBa BOIOPO.I-
HBIX CBSI3€H CTPOMTSH JIe] M3 MOJIEKYJ KHUCIOPOJAa U BOJO-
poxa, orTopras npyrue npumecu. Tanas BoJa — obiierdyena
(Ha 20+25% MeHbIe SITOBUTOW TSKEIOHW BOJBI, YeM B
UCXOJHOW Boje), o0e33apakeHa JbJ000pa30BaHUEM U
¢uHUIIHO — yibTpaduoneToM, OJIaronpusiTHa JUI 30pO-
Bbsl (YMCHBIICHHE XOJECTEPUHA B KPOBH, TOPMOXKCHHUE
CTapeHUI0, aHTHPAaKOBOE K aHTHUTPOMOOBOE JEUCTBHS,
YIYUYIICHUE TOTCHIUH, YCKOPCHHOC 3aXKMBJICHUC paH, U
Ip.).

Tanas BOJla ¢ YMCHBIICHHBIM COACPKAHHUEM TAKECIIBIX
n3oToroB Bojgopoaa — «BOJA BY IYVIIET'O».

IIpumeuanue: B CIIIA nmuTheBas Tanas Bojaa, MOJTYYCH-
Has U3 JbJa, BBICBEPJCHHOIO C apKTHYECKHX JICTHUKOB C
[IIyOUHBI HECKOJIBKHX AECSITKOB METPOB U 0OPa30BaHHOTO

MHJUIMOHBI JIET Haszaj (B 3M0XYy Me3030s), MMPOJAECTCS IO
LIEHE XOPOIIETO KOHBSKA.

2) TlpuromeH ISl ONPECHEHHs paccoyia JIFoOOoH KOH-
neHTpanuu. Paccos u3 ompecHHUTENs HE cOpachIBAacTCs B
OKpY’KaIOMIyIo cpeny (ero HeT, KpoMe, €CIIi He00X0AuMO,
CaCl, — xoropblif TpencTaBisieT COO0M KOMMEpUECCKHit
MPOJYKT — XJIaIOHOCUTEIb, He3aMep3alolnil 10 TeMIiepa-
Typ okoi0 —50°C), a conu 1o TpyIIam coJieid BEIBOJISATCS B
CYyXOM BHJE JUISl TOJyYEHUS MarHus, XJIOPHJOB Kaius,
HaTpus, KaJbLusl, OPOMHIOB, HOUIIOB.

3) U3 npaa, BRIpaOOTAHHOTO B OMPECHHUTETC M B HEM
K€ IPOMBITOT'O OT PaccoJia, BEIBOAUTCS TsDKeNast BOJA, PU
3TOM 3aTpaThl Ha €€ IOJNydEHHE OTHOCATCA K ONPECHHTE-
JI1O.

Tsxenas Boga — BaKHOE ChIPbE JIs1 aTOMHOM 3Hepre-
TUKH, 3QPEKTUBHBIA 3aMeUINTENh OBICTPBIX HEUTPOHOB.
[lepcnektuBHOE TOmIMBO. IlpuromHo [Isi reHepauuu
SHEPTHY PEaKINU SJCPHOTO cuHTe3a. IlepcriekTHBHO st
CO3/IaHUs BECbMa MOIIHOM TUTyTOHUEBOI OOMOBI.

4) DreKTpOIHEPTHUS HA ONPECHEHHE HE PACXOMyeTCs U3
rOCYJIapCTBCHHOM CETH, a BhIPaOaThIBACTCS «CBOCH» AJICK-
TPOCTAHIIUEH, HCHONB3YIOUIEH CYTOUYHYI0 M CE30HHYIO
Pa3HOCTh TEMIICPATYP MPUPOJHBIX TEIIJIOBBIX MCTOYHHUKOB
(Bo3myxa, BOJBI) M COJIHEYHYIO SHEPTHIO.

2. TIpoayKTBI, KOTOPBIC MPEIIAraeTCsi IPOU3BOAUTH HA
BOP-1000-52-74:

1) Bona uwmcras Tanasi MUTheBasi OOJIErICHHAs, PAaCXOJ
— 1000 t/cyT.

2) UsBnekaemble coiu cyxuwe, B cymme — 52 T/cyr,
IpHYeM:

e NaBr=0,11/cyr + KBr = 0,48 1/cyT. > O6pOoMHI0B
=211,7 1/ron.

. Nal = 0,27 t/cyt + Kl = 0,46 t/cyt. Y floaumos =
255,5 t/ron.

e  MgCl,= 1,35 t/cyrT.

e KCI-38,5 1/cyr., NaCl - 34,7 t/cyr.

3) Tsokenast Boma B mepecuere Ha 1,0 — 74,45 1/rog
(pextudukarms 100% nabaa).

3. Tlponeccsl — aHeprocOeperaronye, YKOHOMUUECKH
BBITOJTHBIE, SKOJIOTUIECKU YHUCTHIC!

1) Onpecuenue: VICX0OHYIO COJICHYIO BO/IY OUYHIIAIOT B
¢mIsTpe TpyOOl OYUCTKH OT B3BEIICHHBIX YaCTHUI], W3 Hee
BBIMOP@XHBAIOT JieJ| (B TpyOKax wcrapureneii — Jbjore-
HEpaTopoB).

WN-J1; 5 34 0Opa3yloT 3apoAbIIIN KPUCTAIUIOB JIb/A, B Oa-
Kax PELUMPKYIAUMH b ey 134 KPUCTAIIIBL BRIPALIMBAIOT JI0
200+300 MKM) ¢ yIajJeHreM pacTBOPEHHBIX COJIeH U Ap., a
TAK)KE TOKEIBIX M30TONOB Bojopoja (pucyHok 1). Jlen
MIPOMBIBAIOT OT Paccoia, IJIaBsAT M paciuiaB o0e33apaxu-
BalOT yIbTPa(UOICTOM M OKOHYATEIHFHO OYHIIAIOT OT
TOHKHX B3Becell (YKpPYIMHCHHBIX JIbI0OOpa30BaHUEM) B
¢bunpTpe TOHKO# ouncTku [2,8,9].

2) Beoinenenune coseit: VIcXoaHbIi paccolt mocieoBa-
TenbHO oxJiaxzaawT B U-JI; >U-JI,—»U-JI3—U-J1, (pucy-
HOK 1), KpUCTaIM3ys Jieo ¥ cold B 0akaxX bByeyi1234 MO
Mepe OXJIXKICHHS IMPH TEeMIIepaTypax W KOHIICHTPAIHIX
9BTEKTHYECKHX TOYeK (Tabiuma 1), npu KOTOPBIX COJIH
BBINIAIAIOT BMECTE CO JIbJOM [5].

Ha pucyske 2 BuiHO, 4TO TeMIepaTypbl U KOHIEHTpa-
IIUH PEXUMOB paboTel cryrneHedd BOP ordernuBo pasne-
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cenpl. CHavana npu KoHIeHTpanusx 10 20% MacCoBBIX U
TeMmreparypax He Hmwke  —5°C KpHUCTaJUTU3YIOTCS CYJIb-
¢arsr B crynenu 1 (1-p1it atam). OHH B OCHOBHOM Yaalis-
I0TCSA M Y)K€ HE MEIIAOT M HE 3arpA3HAIOT COJH CIEAYIO-
IIEro 3Tafa, B KOTOPOM B CTYIIEHHU 2 B TBepAyto (azy mpu
MOHIKCHUU TeMIeparypbl cHadama mo —13°C (2-oif
9Tam), a moToM u a0 —25°C B cTyneHH 3 M MOBBILICHUU
KOHIIEHTpAIMK pacTBopa 10 23% TepexoasiT XJIOPHIbI —
cuavana KCI, a moToM u mpH KOHIEHTPAIUH HECKOIBKO
6onee 25% NaCl (3-uit stam). 3arem B ctynenu 4 (4-blit
9Tall) NpU MOHMWXKEHHH Temneparypsl 1o ot —30°C 1o —
40°C u noBbIIEHUH KOHIEHTpauuu 10 25+35% xpucran-
JUTM3YIOTCS XJIOPHUABI MarHus. 3aTeM B 3TOI e CTYIICHH B
TOM K€ CaMOM TEMIIEpaTypHOM MHTEpBajie (HO B IOCIEIO-
BaTENBHBIX allllapaTax, Kak MOKa3aHO Ha PUCYHKE 2) U pU
MIOCJICIOBATEILHOM MOBBIIIEHUH KOHIIGHTPAIlMU PacTBO-
pa 1o 35 + 45% KpHUCTAINTU3YIOTCS CHadaja OpOMHIbI, a
JlaTbIlle ¥ B TOM XK€ CAMOM TeMIIEpaTypHOM HHTEpBaje, HO
IIpY IOBBILICHUM KOHLICHTpAalUU COJIEH B PacTBOpE [0
50+55% HacTymnaeT oyepep KpUCTaUIU3aui HOIUIOB.
JlBe TBepabic (as3bl (Jieq U COJIM) Pa3CAIOTCS BBULY
3HAYUTENIBHOM Pa3HOCTU IUIOTHOCTEH, COJIM BBIBOIAT W3
6aKoB, OCYIIAIOT B IIHEKOBHIX cenapaTopax coneit CCyo34
U B CyXOM BHJE BBIBOJST U3 YCTAHOBKH, a JI€J OTHCISIOT
OT paccosia ¥ MPOMBIBAIOT OT PACCOIBHOH IJICHKH B Cella-
pauuonHo-pombiBouHON kKoonue CITK (pucynok 3).

B stom xe camom BOP M0OHO BBIIENATE B TOM K€ MO-
CJIETIOBATEIILHOCTH U COJTM MOPCKOH (OKEaHCKO) BOJIBI.

3) BoiaeneHue TSDKEI0# BOBI OCHOBAaHO (yCTAHOBJICHO
B [1,4]) Ha KpHCTAIM3AIMH PACTBOPOB TSKEIOW BOJBI B
nen npu Temneparypax ot 0°C no +3,8°C npu koaddumm-
eare pazmenenus H,O u J[,0 1,15+1,25. Ha Brixome u3
CIIK B ee BepxHe#t yacTu yxe 9nucThiit ot couneii sien (0°C)
3aXBaTHIBACTCSl IIHEKOM PEKTU(HHUKALNOHHON KOJOHHEI
PK wu momHmMaeTcst BBEpX, MPOTHBOTOYHO KOHTAKTUPYS
CO CTeKaromeil BHU3 TSDKEIOBOXHOW (iermont (pucy-
HOK 1). TIpu ABIDKEHHH BBEPX MPH MOBBIIICHUH TEMIIEpa-
Typbl MoJiekyibl H,O Bo npay mnassitesi, a Mosekyist 1,0
IIPU CTOKE BHU3 (pIerMbl HA00OPOT — KPHCTAIUIN3YIOTCS U
3aXBaTHIBAIOTCSl MOAHUMAIOIIMMCS BBEPX JIBIOM. B Bepx-
Heil yactu PK (+3,80C) TSKEJIOBOAHBIN JIe IIaBAT B IUIA-
urene-konaeHcarope I[[-KOH/I, gacte Tskenoil Boabl
OTOHMpPArOT KaK MPOAYKT (KOHIICHTPAIUs ACUTepusl B BOJO-
pomHOM coctaBe He MeHee 99,5%), a OCHOBHas 4acTh CTe-
KaeT BHU3 Kak ¢uerma. 13 auza PK otOupator yxe ober-
YEHHYIO YHCTYIO Tallyl0 MUThEeBYIO Boay. PK — kononHa co
mrHeKoM  (3To 1-BIif BapuaHT, 2-01 BapHaHT — MPOIOIDKE-
mue CIIK u cTporo BepTHKambHOE IEpeMEIIEHHE BBEPX
JEJSTHOM Macchl TIPH €€ PEKTU(UKALUK), 3/IBUTaTeIeM U
KOHJIeHcaTopoM xJafareHta. OCHOBHBIE 3aTpaThl Ha Npo-

uzBoactBo ;O Oynyt obecrieueHbl  MOHTaXXOM
BOP-1000.

CxeMa BBIMOPAKHBAIIIEro ONpecHHTE TS - PAa3Ie/IHTe s iioX0-6poMHOT0 paccoia
¢ HONYTHBEIM MPOH3BOCTEOM TSLKeI0M BOJbI H ¢ IPHBMKOH K COOCTBeHHOI 2 1eKTPOCTAHIHH

74,45 T Towenof BogpLTOL

- g
K1 ’E
Fmpeun -
A 0AreHT| &
=3
=
a
=
=]
]
:
[ =
o

E

] e H5
Hyy BTy
e Ppertd MaCla 4;
CC4— C4 (1,35‘1"1’03?“1"

CaCls Cone., ;]
(pacTeop30%) a
13,9kfcyr.

[P Makr (0,1 Tey)+ %

K Br (0,43 /cyT), . SOCOHH E
. +
Nal (0,27 Tieym) + Nayioq 12 I 5
K046 feyr) + H H- K CaCOs )KHEI{OCT‘I: =
mpEMecH 10 2% 8  (35t/cyT). T {8,5TcyT),
MgCl + CaCly Crmamcom.  Comanconk. (v,
Ts iy} H1

{PROHLY
—1—@
©, VOI

[ e—{C—Encz}—— Hexomedt HoppOpomeedi pacear (5% comedl) 1052 ey,
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Pucynox 1 - Cxema BBIMOPAXHUBAIOLICTO OIMPECHUTECIIA-Pa3ACIUTCIIA ﬁOHO'6p0MHOFO paccotia nMporu3BOAUTCIBHOCTBIO

1000 T/cyT TO OIpEecHEeHHOW Tanon
14,89 T neitrepusi/ron (74,45 T TsKEIOU BOIBI/TO).
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obnerdenHorr Bome (BOP-1000), oxomo 1,31 T/cyr comeil #oma m Opoma u
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Ha pucynke 1 wucmonb3yroTcs ciemyroniue O0O03HYCHHUS:
b uck — 6ak ucxomHoro paccona. b tam — 6ak tanoi omnpec-
HeHHoIt Bogpl. b koHI — 6ak koHmeHTpaTa, H — Hacocsr, K —
KoMmmpeccopsl, b-6ak nmpnoBonsHoM cycnien3un, b per. 1.4 —
6aKu CTyIeHEH PeNMpPKYJISALNH JbIOBOJSHONW CYCIIEH3UH U
pocTa KpHUCTaJUIOB JIbAa U coleid, b pem.4 — MUHHCTYIICHH
JUISL BBIJIGTICHUSI XJIOPUCTOTO MarHusi, cojiei Opoma u Hopa.
U-JI — ncnapurenu-npaoreseparops!, Y®JI - ynbraduone-
ToBasi jnamna, @ — QUILTPBI IpyOOH M TOHKOH OYMCTKH
BoAbI OT B3Becel, CC — cemapaTopsl coueil nmHekoBsle, 111 —

BT

=1

ITHEK TPAHCIIOPTA JIbJIa U €r0 MPEIBAPUTEIILHON POMBIBKH
ot paccoua, CITIK — cemapaiimoHHO-TIPOMBIBOYHAS KOJIOHHA
UL TIPOMBIBKH JIbJJa M OYHCTKH OT paccoina, JI-KOHZ —
IUTAaBHUTENb JIbAA - KOHAeHcaTop XmanoareHTa, J-KOHJI —
JOTIOTHUTEIBHBIA KOHJCHCATOP BO3AYIIHBIHA, T — Temrooo-
meHHHKH, PK — pextudurkanmnonnas KoioHHa 11T GpaKIIu-

OHMpOBAaHMs TSKEIOW BOABI U3 J1baa, P-pecuseprl, Pb

perynupyromue BeHtund, I[IC — perymupyromuil BeHTHIb

«mocnue cedsa».

[MNapamMeTphl SETEHTUYSCKMK TodeK BMHapHLDE (CONk - BOAE) W
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Pucynok 2 — TemnepaTypa U KOHIICHTPAIIUS PABHOBECHS BOOCOJICBBIX CHCTEM PA3JIMUHBIX COJICH
B 3BTEKTHYECKUX TOUKaX U 001acTH pexuMoB padboThl cTyneneit BOP-1000.

Tabnuya 1 — [apaMeTpsl IBTEKTUIECKAX TOYSK HEKOTOPHIX OMHAPHBIX (COJIb-BOJA) U TPOUHBIX (IBE COIH - BOJA)
pacTBOpOB, pazjessieMbIX B cTyneHsax BOP

CTyne]-m BOP Coam T3BT! OC S:-)BT’ % macc. IlnorHoCTH P :_3
1 2 3 4
Crynens 1 MgSO, -12H,0 -4,8 18,6 2660 /?/
CaSO, - 2H,0 ~ -2 ~0,1 2960/CaSO./
Na,SO, - 10H,0 -1,2 4,0
Na,COs -2,05 6,06
NaF 5,6+ -3,5 3,7+3,92
Crynens 2 KCI - H,O -10,6+-11,4 19,7+20,03 1984 /KCIl/
Crynens 3 NaCl - 2H,0 -21,13 23,1 2165 /NaCl/
NacCl - 2H,0 + KCI -22,9 20,2% NaCl, 5,8% KCI
NaCl + Na,SO, -21,7 22,8% NaCl, 0,3% Na,SO,
NaCl - 2H,0 + NaF -21,19 23,69% NaCl, 0,24% NaF
Crynens 4 MgCl, - 12H,0 -33,6 20,8
MgCl,-12H,0+NaCl-2H,0 -35 22,7% MgCl,, 1,56% NaCl
-35 16,13% MgCl,, 1,7% NaCl
MqgCl,-12H,0 + KCI -34,5 20,9% MgCI2, 1,1% KCI,
KBr -25,1 30
NaBr -28 40,3 NaBr-5H,0 3210
Kl -23,1 52,2 3130
MgBr;-10H,0 -42,7 36,79 % MgBr,-10 H,0O 3720
CaCl, - 6 H,O -49,8 30,22 2150 /CaCl,/
CaCl, + NaCl -52 26,2% CaCl,, 3,1% NaCl
30% CaCl,, 1,6% NaCl
CaCl, + MgCl, -55 26% CaCl,, 5% MgCl,

Ipumeyanne: [oTHOCTH B KOJIOHKE 4 yKa3aHbl Ui 6e3BoHO# conn (Hanpumep, /KCl/), a He k ee kpucraioruapary KCI - Hy,O. J{nst KpucTamiornapaTos IOTHOCTh MEHBIIE.
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PH'S,E[EHEI-]]'IE paccolla B BRIMOPAARIBAKIITEM
OIpPeCHHTENC-pas IeTIHTEC
CooTaE HCEomHOro Hogo-bpomMEore paccona, %o Mace.
WaCl-3,2975, KCI-0,8075,CaCls -0,38593, cynedare-0,2644,
WeCly -0,1283, EBr-0,0454, MaBr -0,009% KI- 00043, Mal -0,0025,

CynbdaTe
g

Crynent 1

-5°¢C

Paccon

42 86 1.
| 115
ECl

CTyneH: 2

Crynesr 3

Paccon
13 8 w1,
Conei
ERE
19,7%.

Paccon 1,6 x
Conedt 0,65,
A%

k:i_/

MgClp
0,13

o
KBr-0,045 1, [ =727 [
NaBr-0,01 5, ’ '
KI‘0,004 KT, CT}?HEHB 4
Nal-0,0025

Paccon 1,4 g

Comu CaCly 0,37 ur,
29,8%

Conef 4,71 m,

Oocle CTYIEHH 4

Hexogueif pacteep 100 1T
Coneft 4,97 w1, 4,97 %

Jen
MOCIE CTYNEHE 1
57T

Jen

OCHE CTYIEHH &

22 KT

AN

.

Jen

OoCie CTYIEHH 3

0,038

Pucynok 3 —Maccosrsle motoku 1o crynersm BOP-1000-52-74

4) TIpoW3BOACTBO DJIEKTPOIHEPTUH IS OOECHEYEHUS
pabotsl BOP-1000-52-74 — ucnonb3yoT OOBIYHBIA TEIIO-
CHJIOBOW IIMKJI — KUIIEHUE OyTaHa B MCIApHUTeEle MPH MOJ-
BOJIE TEIlJIa TOPSYMM TEINIOBBIM UCTOYHUKOM, paclIMpEHHe
napa OyTaHa B TypOHHE C BBIPaOOTKOM 3JICKTPOIHEPTHH
W/WIN ee HAKOIUICHHs, KOHJICHCALUIo napa OyTaHa B KOH-
JICHCaTOpe NPH OTBOJE TeIUla XOJOIHOMY TEIUIOBOMY HC-
TOYHHKY, MEepeKauKy JXHIKOTO OyTaHa W3 KOHIEHCAaTopa B
TypOuHy [3,6]. B KauecTBe TEIIOBBIX HCTOYHUKOB HCIIOJIb-
3YIOT CYTOYHYIO H CE30HHYIO Pa3HOCTb TEMIIEPaTyp BO3IY-
xa. Temso u X0Jl0]] HAKAIUINBAIOT B MO/3EMHBIX aKKyMYJIsi-
Topax (ckBaxuHax H = 150+200 m) Teruta u xonoaa (pucy-
HOK 4).

IIpumedanue: B mupe 66110 octpoeHo okoyio 200 BbI-
MOpaXuBaronmx omnpecaureneit (ot 3 mo 600 1/cyT) B oc-
HOBHOM JUIS KOHLEHTPUPOBAHMUS IIMIIEBBIX JKHJKOCTEH
(ppyxToBBIX cokoB, Monoka u ap.) [10]. Haubonee kpyn-
HbI onpecHuTenb A. 3apxuna (1200 1/ cyt) OblI TOCTpOCH
u paboran B Uzpamse (. Dinar) — BBIMOpaXHBaHHE MOP-
CKOH BOZIBI B HEM IIPOU3BOJMIOCH B TPOWHOM TOYKE BOJIBI.

[IpennoxeHHOMY NIPOEKTY IOKa KOHKYPEHTOB HET.

4 Xapakrepuctuku BOP-1000-52-74:
. Mecto pasmenieHus: — reizep «lopsiunii Kirou»,
psagoM ¢ cenom OO6mnom Ha Gepery TeHAPOBCKOTO JTMMaHa
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XepcoHCKOM 001acTH.

e  ObecrneunBaer nuTheBod Bomoi 500 ThIC. dHedn.
(pacuer 2 11 BOABI/Y9ET CYT.).

e  ABTOHOMHAs YCTaHOBKA (HE MOTPEOISIET 3IEKTPO-
SHEPTUH U3 TOCCETH).

MOIIHOCTD 31E€KTPOOOOPYOBaHHS B PEXHMME OIpec-
HeHust — A0 400 kBT, B pexxume paziesneHus - BbLACICHUS
coJiel U TsKeNoi BoAbl — okoyio 718 xkBT; ynenbHbId pac-
XOJ JIEKTPOIHEPTHH B peXHMMe omnpecHeHus 9,6 kBr-u/t
(ompecHeHHOU BOJBI), B pexume pasfenenus — 17,24 kBt-
4/T (OmpecHeHHO# Taoil 06serdeHHON BOIBI + 52 KT CO-
JIeW/T OTPECHEHHOW BOBI, Pa3/IeIeHHBIX TOKOMIIOHEHTHO,
+ 0,2 xr Tspxenoit [1,0/T  onpecHeHHOI BOJIbI).

o XO0JIOAUIIBHBIM areHT — MpOIaH WIM a3e0TPOIHAs
CMech IIpoTaHa u OyTaHa.

° 3eMebHbIN Y4acTOK IUIOIIAABIO 4200 m?
(70 x60 M) wnu 0,4 rta. ITomemtenue (1 3Tax), miomams
HACOCHO—KOMIIpeccopHoro nexa 540 M2 (45x12m, H = 8 M).

e  Ilepconan 3aBoga — 20 uen. B caydae cBoeil no-
THCTHKH YHCJIEHHOCTH PaOOTHHKOB —TPaHCIIOPTHUKOB, pe-
MOHTHHUKOB, Bojiopactpezaenenust — 150 gen. (u3 pacuera 1
YeNl. peanu3yeT 3 TOHHBI BOJIBI/CYT, a 64% BOABI MOCTaB-
JSIFOTCA MPEAIPUATHSM 0 JoroBopaMm) B aTom ciydae Bech
nepconan — 170 gerr.
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5. Xapakrepuctuku 9C-1:

— OOBeMBbl TIOJ3EMHBIX €MKOCTEH IM0J KOHISHCATOp U
ucnapurens — 1o 3000 M.

— Pabounit arent —
OyTaH.

— ITnomanes comueynoro Oacceiina 21410 M2, JUIMHA
200 M, mmpuna 107 m.

— JluamMeTphl 3eMENbHBIX YYaCTKOB MO CKBaKHUHBI (H =
200 ™m): akkymynsaTopa xojdoma —126 M., akkymysstopa
teria — 90 m.

— 3apsanka xonogoMm AX u temiom AT — B TeueHue 3-x
3UMHUX U 3-X JICTHUX MECSIICB.

— Ilmomane 3eMenpHOTO yyacTka moja Bech JC-1 paBHa
He Goxee 50000 M (5 ra).

— KommgecTBo 00CTyXKMBaromero mepcoHaja Ha BeCh
3C-1 cocrasiser 8 ged.

HEA3€OTpOIHaAsA CMECh IIPOIIaH-

6. KamuranpHbie 3aTpaThl Ha 00opyaosanre BOP-1000-
52-74+3C-1- okono 8 MIH. 1071

[TepBoHauanbHbIe 3aTpaThl Ha Bech mpoekt BOP-1000-
52-74+5C-1- oxono 14,7 MaH. 1o:.

Joxon — 61, 8 MitH. 701/TOJ, B TOM YHUCIE OT peasu3a-
IUH:

— Comneii itoma, Opoma, XJIOpUIOB — OKOio 1 MurH.
IOJI/TOII.

— TlutseBoii BoabI O LieHE 2 TpH/I mipH Kypee aoit. 30
24,3 mun. pon/rox (B Kpeim, Ha Apabatckyro CTpesky,
eciu OyZIeT BO3MOJXKHO, a TAaKXKe HAcCelICHHIO XepCOHCKON
obnactw).

— DKOHOMHS OT HEMOTPEOJEHUS DIIEKTPOIHEPTHH W3
roccetd 1o 1ede 0,1 mon/kBr-u — 0,7 mun.gon/ron. Bos-
MOXEH [I0XOJ OT MPOAaXH KBOThI 32 HEBBIOPOIICHHBIH B
atmMochepy CO,, KOTOpbIii 0OBIYHO BHIOPACHIBACTCSI B BO3-
JIyX Ha TETJIOBBIX JIEKTPOCTAHIIHAX.

— Tspkenoit Boasl — 36,5 MITH. 10J/TOf,.

IIpumeyanue: Peanuzanus TsKeNIod BOJBI Kak cTpare-
THYECKOTO CHIPhS (B TOM YHCIIE U OPY>KEHHOT0) BO3MOXKHA
TONBKO Tpu paspemeHnu [IpaBurensctsa. [Ipu ero Hemo-
Jy4eHUH (ITO OKHAaeMo !) BO3MOXKHBI BAPHAHTHI:

1) TIpom3BOACTBO TSDKENIO# BOABI HE MPEKpaIiaTth U
HaKaruMBaTh (KOJIMYECTBO ee BCero okojo 74 1/ron), oHa
00s13aTeTbHO TOHAKOOUTCS (IIeHa Ha MUPOBOM pBIHKE 250 +
500 mon/kr).

2) Konuenrpauio aeiitepust B Boge mnocie BOP-1000
noHM3HUTH 10 70%, BBIATH 13 Tpadbl «opyXKelHHOe ChIPbE»,
npojate, oOOWHAA 3amper, W HAa TEPPUTOPHH TIOKYIATEeNs
OpPraHHM30BaTh IMOBBINIEHHE KOHLEHTpanuu 10 99,5% (Ha
yke HeOOJBbIIONH «HACTOJILHOI» YCTaHOBKE).
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BriMopakuBaHuE COJIEHOM BOABI MO3BOJIIET BBIBECTU
TEXHOJIOTHIO OMPECHEHHsI Ha TOMYTHOE M BBITOJHOE IOITY-
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Thawed Lightened Drinking Water, Salts, Heavy Water from the Freezing
Desalter-Separator with "Own" Power Station

L. F. Smirnov

Odesa National Academy of Food Technologies, Kanatna 112, Odesa, 65039, Ukraine

A draft freezing desalter-separator (FDS) is proposed, in which the initial brine (for example - iodine-bromine 5%) is
desalinated - without the removal of concentrate polluting the environment. The salts are separated by using the differ-
ence in the parameters of the eutectic points (temperatures and crystallization concentrations) and are taken out in dry
form componentwise. The ice washed from the brine is used for the production of high-quality, thawed lightened from
heavy hydrogen isotopes of hydrogen fresh water, and for the concomitant concentration of heavy water in the rectifi-
cation column. The FDS electric power is provided by its own autonomous power station that uses the daily and sea-
sonal temperature differences of natural thermal sources (air, water) and solar energy.

Keywords: Desalination; Freezing; Salts; Heavy water; Power station.
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