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3aBiqyBay kadenpu

I'omensa M. /.
«_» 20 p.
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Ha 3100yTTH CTylneHs 0akajaBpa
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cepeIoBHINA Ta 30a1aHCOBaHe NIPHUPOIOKOPUCTYBAHHS

HAa TeMY: «YCTAaHOBKAa KOMIUIEKCHOTO OYMIIEHHS IraJibBAHOCTOKIB Bi/l IOHIB
BaKKHX METAJiB»

BukoHas:
ctyneHt |V kypcey, rpynu JIE - 51
benos Irop BsiuecmaBoBuu

KepiBHuK:
KanauaaT 610J0r14YHUX HAYK, TOLIEHT
Bem6ep B.B.

KoHcynbTaHT 3 po3/IiTy «OXOpOHA Tparli»:
JIOIIEeHT, K.T.H., JOLICHT
Kostyn [.LM.

Penensenr:

3acBiuyto, 10 Y IbOMY JTUINIOMHOMY
MPOEKTI HEMAE 3aM03UYEHb 3 Mpallh THITHUX
aBTOPiB 0€3 BIJMOBIIHUX MMOCUJIAHb.
CryneHr (-ka)
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HauionajibHuil TeXHIYHMHA YHIBEPCUTET YKpaiHU
«KuiBcbkui mosirexHivHui iIHCTUTYT iMeHi Iropsa Cikopcbkoro»

InkeHepHO — XiMIYHMH (PaKyJIbTET

Kadeapa Exodorii Ta Texnosorii Pocananux Ioaimepis
PiBensb BuII0i OCBITH — nepinii (6akanaBpChbKUil)

Hanpsim migroroBku (mporpama mpodeciitHoro cnpsimyBanus) — 6.040106
«Exororis, 0XopoHa HaBKOJIMIIHBOTO CEPEeIOBHIIA Ta 30aIaHCOBaHE
POPOAOKOPUCTYBAHHS

3ATBEPIKYIO
3aBigyBau kadenpu

I'omens M. 1.
«_» 20 p.

3ABJIAHHSA
HA IMIUIOMHHUA MPOEKT CTYAEHTY

beaosy Iropro BssueciiapoBuuy

1. Tema npoekTy «YcCTaHOBKa KOMIUIEKCHOTO OYHINEHHS TaJbBAHOCTOKIB Bif
10HIB BaOXXKUX METaNIiB», KEPiBHUK NpoekTy BemOep Banepis BonomumupisHa,
KaHAuAaT O10JIOTIYHUX HAyK, JOILEHT, 3aTBEP/KCHI HAKa30M IO YHIBEPCHUTETY
BIT«  » 20 p. Ne

2. Tepmin mogaHHs cTyneHToM mpoekty: 10 gepBusa 2019 poky

3. Buxiznni faHi g0 npoekty : Butpara Boau — 200 M3 /no6y; Bmict Cré* - 3.64
/M3, Cré* - 1.63 r/m®, Zn?* - 0.52 /M3, Ni%* - 0.25 r/m®, Cu?* - 0.17 t/m®, Fe?* -
2.3 /M3, SO4% - 168 /M5

4. 3MICT MOSCHIOBAJIBHOT 3aITUCKH. BCTYII, TEXHIKO-€KOHOMIYHE OOTPYHTYBAaHHSI
MPOEKTY, TEXHOJOTIYHA YAaCTHHA, TEXHOJIOTIYHI Ta TIAPaBIiuHI PO3PAXYHKH
OYHMCHHUX CHOpyH, OyaiBelbHA YacTWHA, OXOpOHA IMpall, BUCHOBKH, CIHCOK
BUKOPUCTAHUX JKEPEIL.

5. [Ilepenik rpadiuHoro wmarepiady TEXHOJIOTIYHA CXeMa OYHIINEHHS
raJbBaHOCTOKIB BiJ 10HIB Ba)XKMX MeETaiiB, Muiad mexy Ha BigMmiTii + 0.000,
MOB3/I0BXKHIM po3pi3 OyAiBI, XapaKTEPUCTUKU BOJIU.
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ITosicHIOBaJILHA 3aNUCKA
10 JTUNJIOMHOIO MPOEKTY
HA TeMYy: «Y CTAHOBKA KOMILJIEKCHOT0 OYUIIeHHS
rajJibBaHOCTOKIB BiJ iOHIB Ba;KKHX MeTaJiB»
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AHOTANIA
Junnomuuii npoekt: 63 cT., 4 Tabxn., 8 puc., 10 mxepen, 4 kpecieHHs,

1 nnakar, 4 gomaTka.
Mera TIpOEKTy — pO3poOKa YCTAaHOBKM KOMIUIEKCHOTO  OYHIICHHS

raJIbBAaHOCTOKIB BiJ] 10HIB BaXXKUX MeETajiB. B NWUIJIOMHOMY TpOEKTI BHPpIIICHI
HACTYIHI TUTaHHSI — BUOIp 1 OOTPYHTYBaHHS TEXHOJOTIYHOI CXEMH OYHMCTKH
raJIbBAaHOCTOKIB, PO3PAXyHOK MarepiaJbHOr0 OanaHcy, OYHCHUX CHOpY,
NpOEKTyBaHHS OyAiBIIi, e OyIyTh PO3MIIILYBATUCS OUMCHI CIOPY/IH 1 00Ia{HAHHSI.

JIUTIIOMHUN MPOEKT MICTUTh MOSICHIOBAJILHY 3aIMCKY Ta rpadivyHi MaTepiay.
HaBenena xapakTepucTuka CTIYHOI BOJU Ta BUMOTH JIO CKUJY OUYMILIEHOT BOJIU B
MICBbKY KaHaji3amito. [IpuBeIeHO TEeXHIKO-€KOHOMIYHE OOrpYHTYBAHHS IPOEKTY,
BUOIp 1 OOIPYHTYBaHHS TEXHOJOTIYHOI CXEMH, PO3PaxXyHOK MaTepiaibHOTO
OanmaHCy, ouyucCHOro oOnaaHaHHs,. HaBeaeHi TeopeTWyH1 JaHI NPO MPOLECH.
BukoHaH1 KpeclieHHS PO3MILIEHHS OYMCHUX CHOpPYA B OYIIBI, po3pi3 OyMIiBiI,
TE3XHOJIOTIYHOI CXeMU Ha cTaHaapTHux Jnuctax Al y wmacmrabi 1:100, i

reHepaJIbHAM IJ1aH nianpueMctsa y mamradi 1:10000.

I'AJIbBAHIYHE BUPOBHULITBO, EJIEKTPOKOAI'VYJIATOP,
PEATEHTHA OUMCTKA, 3BOPOTHIM OCMOC, BAXKI METAJIH,
CVYJIb®ATHU

HITJIEST 02.019 113

3mH. | Jluct Ne oxym. [Tigmuc | [ara

Po3po6. Jbenos 1.B. Jlit. ApK. AxpyiB
Topon [povcer b5 [TosicHrOBasIbHA ] = =
Penens.

H. Korrp, 3amncKa IX®, JIE-51
3arBepa.




ANOTATION

Diploma project: 63 pages, 4 tables, 8 draws, 10 sources, 4 blueprints,
1 poster, 4 attachments.

The object of the project is to develop a complex cleaning plant for galvanic
waste water from heavy metal ions. The diploma project should address the
following issues - the choice and justification of a new purification scheme for
galvanic enterprise, the calculation of material balance, treatment facilities,
designing a building where wastewater treatment facilities and equipment will be

located.

The diploma project contains an explanatory note and graphic materials. The
description of waste water and requirements for discharged purified water into
municipal sewage is given. The feasibility study of the project, the choice and
justification of the technological scheme, the calculation of the material balance, and
the purification equipment are given. The theoretical data about processes are given.
A blueprints is made of the location of the treatment facilities in the building, the
section of the building, the schematic diagram on the standard sheets Al in scale 1:

100, and the master plan of the enterprise in the scale of 1: 10000.

GALVANIC PRODUCTION, ELECTROCOAGULATOR, REAGENT
CLEANING, REVERSE OSMOSIS, HEAVY METALS, SULPHATES

HITJIEST 02.019 113

3mH. | Jluct Ne oxym. [Tigmuc | [ara

Po3po6. Jbenos 1.B. Jlit. ApK. AxpyiB
Topon [povcer b5 [TosicHrOBasIbHA ] = =
Penens.

H. Korrp, 3amncKa IX®, JIE-51
3arBepa.




3 1172 0 10
1. TexHIKO-CKOHOMIYHE OOTPYHTYBAHHS TIPOCKTY ... uvvenereeninenreennrarnneenneenannns 11
PO G (W (0w ke 1 t: I ETe5 4 1 o F 12
2.1. XapaKTepUCTUKHU CTIYHOT, BAMOTH CKHIY B KAHATIBAIIO. ...\t vevevreeennnannnnnns 13

2.2.Bubip Ta oOrpyHTYBaHHS TEXHOJOTIYHOT CXEMH OYHUIICHHS BOJIH. ... ............... 13
2.3. Bxiani gani a1t po3paxyHKy MaTePIaIbHOTO OATAHCY .. .ovuvveeenieeanneeannnens 16
2.3.P03paxyHOK MATEPIATBHOTO OQTAHCY. ...\t nreeenereeanneeeinnineeanneeennnenannaesns 18

2.4.TeopetnyHi naHi Mpo XiMivHI Ta (I3UYHI TMPOLECH, IO PEaNi3ylOThCs B JaHIN

TEXHOJIOTTUHIA CXEM1 BOTOOUMIICHHSI . . ..« euvveneteeneeenteennnenneenninenneeennanananennnns 23
3. TeXHOJOr14YHI1 Ta T1IPaBIIYHI PO3PAXYHKU OUUCHUX CHOPYL. .. eenneennneaninennness 35
3.1. PO3paxyHOK MPUAMAIBHOT KAMEPH . . .. e nuteeenneeeennetenateeenneeeenineeanaeeannees 35
3.2. PO3paxyHOK MEPUIOTO PE3EPBYAPY OUUIIEHOT BOMIH . ... eneeeennneeennaneareaneanns 35
3.3. Po3paxyHOK Apyroro pe3epByapy OUUIIEHOT BOMM . ...uuueeeeeennnnneneernnnnnens. 36
3.4. [IpOEKTYBAHHS HITAMOCXOBHIIIA. . . . vt e ueteeenteeennaeeennteenneeeneeannaeeanneenns 37
3.5. IIpOCKTYBAHHS (DUIBTP TIPECY .t uvtvennneeennneeennaeeennteeaneeeennneeanneeennaneennes 37
3.6. IIpOEKTYBAHHS CIIEKTPOKOATYIIATOPA . v vvvveeeennnaeeeeennneeeeennnneeeeannnaaeeeenns 38
3.7. llpoextyBanns BuTpatHoro 6aky NaOH..................ooiii . 39
3.8. [IpoeKTYBaHHS HOPIITOBOTO 3MIIITYBAUA. ...t ueeneeeeenerinsaneeeneenneaneeneennenans 40
3.9. IlpoekTyBaHHs KaMepH TUIACTIBIICYTBOPEHHS 31 3MYJIICHUM OCAJIOM.............. 41
3.10. [IpoekTyBaHHSA TOHKOIIAPOBOTO BIICTIAHUMKA . ...\ uveensvuiereenneennnannneannss 42
3.11. [IpoeKTyBaHHS IIBUIKHX (DUIBTPIB. .. uvtnutenteenttenneenieeniteeteenneenneennnns 43
N1 00: 1500 8 2 T 7: 1o 17 0 o 46
4.1. O6’€MHO MJIaHYBAJIBHE BUPIIIECHHS OYIIBIIL. .. teueteeeneseenniiiienneeanneennnnss 46
4.2. Bubip KOHCTPYKTHBHUX €IIEMEHTIB OVIIBITI. .. uvteutteniteinieanieeineanneenneanan, 46
4.3. POBMITIICHHST OUMCHUX CTIOPY L.+« e vveveennneenneenneenneeeneenneeanseenneenneennnenns 49
R0 )07 070) = 210 1§02 )0 & S P 51
5.1, TTOBITPS POOOUOT BOHM. . ...ttt e et e et e e e e eeee e eeae e aaeeeanneens 52
ApkK.

IlosicHIOBaJIbHA 3aMMUCKa

3MmH. | Apk. Ne nokym. IMignuc | dara




5.2. 3axucT BiJy BAPOOHUYOTO IMIYMY 1 BIOPAIIIT. ... vveeeeitieeieeieviieeieenneennes 53

5.3. Po6oTa 3 KOHIIEHTPOBAHUM 1 PO3BEICHHIM JIYTOM. . .\vveeenereennreeeannneennneennns 54
5.4. BUPOOHMUE OCBITIICHHSI . . ... uvtenteenteennteenteente et enneenneeeaeenneenneeanneenns 54
5.5. TTOMKEHKHA OCBITEKA. . .. e .eeenetettette e et et e e e e e e et et e e e ee e 55
RO 2h) (5326 § o0 A1 ] 1 (5) ¥ FR 56
5.7. TPABMATHUHA OCBIICKA. ... vvvenneteeenneeenteeeeteeenteeeaneeennaeeeanaeeanneeeanneas 57
237003 5 0] 47 (5 PP 58
CHHCOK BUKOPUCTAHOT JHITEPATYPH. .. eenvventeeeneeenteenteeeneeaneenteennaneaneeeeeninenens 59
B0 F: s o) < 60
B (0)i F: 1 1 o) S U T 61
JIOTATOK 3.\ .ttt ittt ettt e e et et e e e e et e e e 62
JIOTATOK 4. .o e e e e e e e e e 63
ADK.

IlosicHIOBaJIbHA 3aMMUCKa

3MmH. | Apk. Ne nokym. IMignuc | dara




BCTYII

["anpBaHiyHE BUPOOHUIITBO - OJHE 3 BUPOOHHUIITB, SIKE HAUOULIBII CEPHO3HO
BIUIMBA€ Ha 3a0pyJHEHHS HABKOJIMIIHBOTO CEPEOBHUINA, 30KpEeMa 10HAMU Ba)KKUX
metamiB(Fe, Cd, Zn, Ni, Cu tomo), Bkpaiin Hebe3neunux i 6iochepu. I'ooBHIM
MOCTaYaJIbHUKOM TOKCHUKAHTIB Ha TajlbBaHIYHOMY BHUPOOHHUIITBI (B TOH ke dac 1
OCHOBHHUM CTOKMBA4YeM BOJIH 1 TOJJOBHUM JKEPEJIOM CTIYHHMX BOJI) € IPOMUBHI BOJIH.
OOcsar cTiuHUX JoCATaE BUCOKUX 3HAUCHb Yepe3 HeJTOCKOHAl COcOOM MPOMHUBAHHS
neranei.Yacto HeoOXiqHO BUTpadyaTH A0 2 M3 BOJU HA IPOMUBKY 1M2 meraii.

VY raneBaniuHoMy nexy BAT «Mepuaian» peasnizyroTbCsl MPOLECH XPOMYBaHHS,
MIJIHCHHS, IMHKYBaHHsI, HIKeTIOBaHH:. ["anpBaHIYH1 CTOKH, HACUYCH] LIMMU METaJIaMH,
IIaI0THCS OYUILCHHIO HA OYMCHUX CIOpyAaX IiJAMPUEMCTBA 1 MTOTIM CKUAAIOTHCS B
KaHami3aiito Micta KueBa. Ajie iCHyr0o4a TEXHOJIOTIUHA CXE€Ma OYMCTKH, pO3po0JieHa
e B 50-60X pokax MUHYJIOTO CTOPIvYsl, 3acTapiyia, a 00J1aiHaHHs 3HOCHII0Ch. [lepeboi
B pO0OOTI OUHCHHX CHOPY/I, CHPUUYMHEHI 1X 3HOCOM, MOKE€ BUKIIMKATH 11epedoi B poOOTI
MiIIPUEMCTBA, a TAKOK CIIPUYMHUTH BUKU] HEAOCTATHHO OUYHUIICHUX CTIYHUX BOJ B
MICBKY KaHaJI3allifo, MO0 CIHPUYHUTH JOJATKOBE HABAHTAXKCHHS HA MICHKI OYHCHI
copyau. Hapasi icHytoTh OUIbIII HOBITHI TEXHOJIOTIi, 32 JOMOMOTOI SIKMX MOXHa
MOKPAIIUTA HE TIIbKU TIOKAa3HUKHM SIKOCTI OYMIICHOI BOJAM, aje 1 BCIHO CHCTEMY
BOJIOCIIO>KMBAHHS I ITPUEMCTBA.

3aBgaHHSAM JAHOTO JUIJIOMHOTO TIPOCKTY € TIPOCKTYBaHHS HOBOI CHCTEMH
KOMIUIEKCHOT'O OYMILCHHS TajJbBaHIYHUX CTOKIB mianmuemMctBa BAT «Mepumiany.
Hogsa cuctema 103B0UTH €()eKTUBHO BIITYy4aTH 10HU BaXKKUX METAIIB 31 CTIYHUX BOJI,
110 JTO3BOJIMTH TIOBTOPHO BUKOPHCTOBYBATH OYHIIICHY BOAY HAa BUPOOHMIITRBI, a TAKOXK

3HAYHO 3MEHIINTH HAAXOUKEHHS BAXKKUX METAIIB B KaHari3ario micra Kuesa.

ApkK.

IlosicHIOBaJIbHA 3aMMUCKa
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1. TEXHIKO — EKOHOMIYHE OBI'PYHTYBAHHSI ITIPOEKTY
[[{o6 BU3HAUMTH AOLUIBHICTh 1 OOTPYHTOBAHICTh 3aMiHU OYHMCHUX criopya Ha BAT
«Mepuaiany», po3riTHEMO TEXHOJIOTIYHY CXEMY, IKa BAKOPUCTOBYETHCS Hapasi.
Ha nannii moment Ha BAT «Mepunian» (yHKIIOHYe Taka cUCTEMa OYUCTKHU

CTIYHHUX BOJ:

wy

Puc. 1.1. - IcHyroua cucrema o4uCTKH TaiabBaHOCTOKIB BAT «Mepumian. 1 -
pe3epByap-HaKOIMUYyBay CTIYHUX BOJI; 2 — 3MilllyBay; 3 - BEPTHUKAIBHHUN BIJCTIHHHUK;
4 - pesepByap OYMILIEHOI BOAM; 5 — IUIaMO-HakKomuuyBad; 6 - ¢uapTp-mpec; 7 —
pe3epByap-HaKOMUYyBad XPOMOBMICHHX CTIYHUX BOJ; 8 — enekTpokoarymistop; 9 -
BUTpaTHUM Oak rigpookcuay Hatpito; 10 - BuTpaTauii 6ak consiHoi kuciaoTH; | - mogava
CTOYHMX BOJI Ha 0uuCTKY; Il - ckun ounmenux Boj B kanamizauito; |1 - nogaua mumamy
Ha 3axopoHeHHs; [V - ckun pinpTpaty y KaHamizaimio; V — mojadya XpOMOBMICHUX

CTIYHHUX BOJI.

ApkK.

IlosicHIOBaJIbHA 3aMMUCKa

11

3MmH. | Apk. Ne nokym. Iignuc | dara




Omxe, mo-mepine, AOUUIBHICTh 3aMiHM JaHOI TEXHOJIOTIYHOI CXEMH Ha HOBY,
MOSICHIOETHCS 3aCTaPUIICTIO 1 3HOIICHICTIO HASBHUX OYUCHUX CIIOPY/I, PO IO MOKHA
OyJ10 TIepEeKOHATHUCH TTiJT Yac MPOXOHKCHHS MPEITUTIIIOMHOT TPAKTHUKH.

[To-nmpyre, BepTUKaNbHUN BIACTIHHUK HE 3abe3medye ITOCTaTHHOI CTyMeHi
BUJIAJICHHS TIJIPOOKCH/IIB METaliB, SKI yTBOPWJIMCH BHACHIJIOK B3aeMOJii 3
rigpookcuioM Hatpito. Came yepes 1€ B JaHil TeXHOJIOTIUHINA cxeMi nepeadadaeTbes
CKHJlT OYHMINECHOI BOAM B MIChKy KaHaJi3aIilo, IPH HAIBHOCTI MOXKJIMBOCTCH
BCTAHOBJICHHSI JOJAATKOBHX 3aC00IB OYMCTKH, 30KpeMa MEXaHIYHUX (QIIbTPiB, IO
JT03BOJIUTH TIOBTOPHO BUKOPHUCTOBYBATH CTIYHY BOJIY Y BUPOOHHMIITBI.

[To-TpeTe, 1aHa TEXHOJIOTIYHA cXeMa He 3a0e3Meuye JOCTaTHE OYUIICHHS CTIYHUX
BOJI BiJI Cynb(]atiB, 0 TaKOXK HE JO3BOJISIE TOBTOPHO BUKOPHCTOBYBAT OUHUIIEHY BOY

1 3MYIIye€ ii CKUJATH B KaHAJ3allilo.

ApkK.
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KaHajizanio HapeaeHi y Tabmumi 2.1, IlpogykTusHicTs ouncHux criopyn 200 M%/no0y.

2. TEXHOJIOI'TYHA YACTHUHA

2.1 XapaKTepUCTHKHU CTiYHOI BOAW, BUMOTH JI0 CKUAY BOJAH B

KaHaJli3alio

XapakTepuCTUKH TalbBAaHIYHUX CTOKIB Ta BHMOTH JI0 CKUAY B MICBKY

Tabmui 2.1 — XapakTepUCTUKH CTIYHOT, BAMOTH CKHJIY B KaHaJIi3aIll10

[Toka3zuuk Bwmict B cTiuHili BOl, Bumorwu no ckuny B
/M3 KaHaJi3alio, r/m°
Cré* 3,64 0,1
Cr¥ 1,63 2,3
Zn* 0,52 0,9
Ni2* 0,25 0,6
Cu? 0,17 0,3
SO,* 168 500
Fe2* 2,3 2,0

Buxomsuu

2.2 Bubip Ta 00IpyHTYBAHHS TE€XHOJIOTIYHOI CXeMH OYMIIEHHS BOIAU

13 TaKhX HEIONIKIB HUHIMIHBOI TEXHOJOriyHoi cxemMu Ha BAT

«Mepuaiany», sIK BIACTYTICTh MEXAHIYHMX (PUIBTPIB, CKUJ OYMILEHOT BOJU B MICBKY

KaHAII3a1[1}0,TAKOK 3arajlbHy 3HOUIEHICTh

1 3acTapulicTh OYHMCHHMX CIIOPY/,

BpPaxOBYIOUH JaH1 PO CKJIaJ CTIYHUX BOJ, HaBeAeHUM B Tabui 2.1, a TaKOK BUTPATH

Bomu B 200 M%/mo0y, mpu 1bOMy OYMCHI CIOpPYaW OyAyTh NpALIOBATH 8 TOIMH

MPOTATOM JI00H, POTIOHYETHCSI 0OPATH HOBY TEXHOJIOTIUHY CXEMY.

[lepuiuM eIeMEHTOM TEXHOJIOTIYHOT CXEeMHU MpHUiiMaeM IpuiiManbHy Kamepy. BoHa

HeoOXiHa 1Jis1 3a00py CTIYHMX BOJ Mepejd iX OYMCTKOK 1 yCepeaHEHHS iXHbOTO

cknany. [licns npuiiMallbHOT KaMepH BCTaHOBIIFOEMO HAcOC, 10 Oyze moIaBaTH BOAY

B CJICKTPOKOATYJSATOP 31 CTaJeBUMH ejleKTpoaamMu. HeoOXigHICTh BCTaHOBJIECHHS

3MH.
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EJIEKTPOKOATYJIATOPA TMOCSHIOETLCS TUM, IO CaMe€ EJIEKTPOKOATYIISIISA € HAHO1IbII
e(heKTUBHUM METOJIOM OYMCTKH CTIYHUX BOJI B1J] 10HIB IIIECTUBAJICHTHOTO XPOMY, aJIKe
YTBOPEHUI MpH pPoOOTiI EIEKTPOKOATryIATOpa IBOXBAJCHTHHA (DepyM BITHOBIIIOE
MIECTUBAJICHTHUHN XPOM JI0 OLTBIT O€3MEYHOTO 1 JIETKO BHISIIEMOTO TPhOXBAJICHTHOTO
XpoMYy:

Fe — Fe?*+2e

Fe?*+ Cré*—Fed*+Cr3*

OxpiM TOro BITHOBJICHHS IIECTUBAJEHTHOTO XPOMY JO TpPHhOXBaJCHTHOTO
npoxoauTh npu pH=6-7, oTke HemMae HeOOX1THOCTI MOMEPEAHBO M1 KUCIIOBATH BOY,
JI0 TOTO X MIAKUCICHHS BOAY MPU3BOIUTD JI0 MiABUIIICHHS PiBHS 3aCOJIEHOCTI BOJIU

JInst BUganeHHs: BAKKMX METaJlIB OOMPAaEMO peareHTHUI METOJI — OCa/PKEHHS 10H1B
BOKKHX METaTIB T1APOOKCHIOM HATPIIO, OCKUIBKHA B1JIOMO, 110 10HHU BaXKHUX METAJIIB
rigponizyrote npu PH=8.5-9.5. Jlna noBemenns pPH 10 [gaHOro 3HAYCHHS,
BCTAHOBJIIOEMO BUTpaTHUI Oak TIIPOOKCHAY HaTpito, A€ Oyzae BiaOyBaTuCh
po3unHenHs ynuctoro NaOH nmst #ioro mojayi B CTI4H1 BOJH.

HacTymHuM e1eMEeHTOM TeXHOJIOTIYHOT CXeMH JIOT1YHO MPUHHSITH 3MIITyBad, TaK SK
1. €EKTUBHOTO OCA/DKEHHS 10HIB BaXKKUX METaNliB, HEOOXiJAHE e(EKTUBHE
3MilIyBaHHS CTIYHMX BOJ 3 peareHToM. Tak K BUTpaTa Boau HeBucoka — 200 m*/100y,
abo x 25 m3/rox, mpuiiMaeMo HOpINOBMI 3MillyBad, Tak SK LEH TUI 3MilIyBada
BUKOPHCTOBYETHCS HA CTAHIIISX BOJIOOYHUIIIEHHS 3 HU3BKOIO MPOTYKTHUBHICTIO.

J171s1 MTOBHOT'O MPOXO/IKEHHS YCIX XIMIUHUX PEaKIIi 1 yTBOPEHHS IJIaCTIBLIB OCaLy,
HEOOXITHO BCTAaHOBHUTH KaMepy IUIACTIBIIEYyTBOPECHHS. BpaxoByrUr HU3LKY BUTpATy
BOJM, & TaKOX HEOOXIHICTh TepeOyBaHHsS BOJHOI cyMilli B kamepi He Ouibiie 20
XBUJIMH, MPUHMAEMO KaMepy IUIaCTiBIICYTBOPEHHS 31 3MYJICHHM OCa[OM.

Hanani HeoOXiJHO BCTAHOBUTH BiJICTIMHUK, JIJI BHIAJICHHS 13 BOJU T1IPOOKCH/IIB
BOXKUX MeTamiB. [IpuitMaeMo TOHKOIIApOBHMM BiACTIMHUK. /[aHMil THIT BiACTIHHUKA
0o0MpaEMO Ha OCHOBI OCHOBI BHUCOKOi €(DEKTUBHOCTI BUKOPHUCTAHHS BCHOTO 00’€MY

BiACTIItHUKA. Yepe3 BiACYTHICTH TypOymi3alii NOTOKY, €eKTUBHICTh BUKOPUCTAHHS
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00’emy mepepuirye /0%, y MOpIBHHSHHI 3 IHIIAMH THIIAMH BIJCTIHHUKIB, TaK 5K
BIJICTOIOBaHHS B1JIOYBAa€ThCS MDK IMapajieIbHUMH IUIaCTUHAMHM, PO3MIIICHUMH Mij
kyToM 45 — 60 rpanyciB. OcBiTienHst Oyzne BiqOyBaeTUCh Ha0arato epexTUBHIIIE 3a
KOpOTIIMiA iepiof yacy. Tak sk BicTaHb MiX MIacTuHaMu Bif 1 10 14 cwM, 110 3Ha4HO
MEHIIIE BUCOTH BIACTIHUKA, TAKOXK CKOPOUYETHCS Yac BiJICTOIOBAHHS.

Jns BimBomy ocanay 13 BiACTIHHMKAa BCTAaHOBIMIOEMO Iamocxosuimie. Ocan 31
[UIaMOCXOBHIIIA OyJie MoJaBaThUCh Ha QUIBTP-Npec, SKUM BCTAHOBICHUW 3371
3HEBOJHEHHS 0Cajy 1 Horo moaaspiioi mepepooku. OiapTpaT Oy/ae BiANpaBICHUN IS
OYHCTKH, Ha3a/l B MPUHAMaILHYy KaMepy.

Jns epeKTUBHOTO OCBITIICHHS BOJIM, JOIMIHLHO BCTAHOBHTH IIBHIKI MEXaHIYHI
GUIBTPH, 110 TI03BOJIUTH BUIIIUTH 3 BOJIU 3JTUIIKOB] KUIBKOCTI T1APOOKCHU/IIB BAXKKUX
metamniB. LlBuaki GinbTpu 06MparOThs Yepe3 EKOHOMIYHY HEBUTIAHICTh BUKOPUCTAHHS
noBinbHEX (inbTpiB. IXHBOIO OCOOIUBICTIO € BEJIMKE 3HAUEHHS MO (PilIbTPYBaHHS,
110 BUMAarae BUCOKHX 3aTparT, ajie€ TaK sIK BUTPAaTa BOAU CTaHOBUTH Jule 200 M3/)106y,
TO BUKOPUCTAHHS MOBUIHHUX (PUIBTPIB € AOCOTIOTHO HEBUT1THUM.

HactynmauM eneMeHTOM IpUMaeMo pe3epByap OYMINECHOI BOIH, Y HHOMY Oyjie
HAKOIMMYyBaTUCh, TIPOTATOM Yacy poOOTH CTaHIIii, OUnIIeHa BOAA.

AJie TaK SiK y CTI4HIM BOJIi, OKPIM 10HIB B&XKKUX METaJIIB, MICTSThC I1I€ 1 CyIb(daTH,
10HU HATPIIO, 1HIIN KaTIOHU 1 aHIOHU, TO HEOOX1THO MOIAJIbIIIEC OYUILEHHSI CTIYHOI BOIU
BiJl HUX, OCKIJIBKH TOTEPEHBO OOpaHi Copyau He 3a0e3MevyloTh MOBHY OYHCTKY
BOJIM BiJ] CyJIb(aTiB.

JImst 1IbOTO  BCTAHOBIIFOEMO HACOC, IO IOAA€ BOAY Ha 3BOPOTHHOCMOTHYHY
ycTaHoBKy. Ha Hiif Oyzae BinOyBaTUCh OYHMCTKA BOJHU BiJ CyJb(haTiB, OJHO3APATHUX
KaT10HIB, 30Kpe€Ma HATPit0, 10HIB KOPCTKOCTI, SIKl MepeiyTh B KOHLIEHTpaT. CTyIiHb
BiI0Opy mepmiaTy npuiiMeMo B 65%, 1e mo3Bonauth aorpumatuck ['JIC mo ckumy
cyibdaTiB B KaHamizauio. [ 3a00py Bke MOBHICTIO OYMILIEHOT BOAU BCTAHOBIIOEM
e OJIUH pe3epByap 3 OUHUIIEHOI BOJIOIO 1 HACOC, SKUH OyJie MOoJaBaTH MOBHICTIO

OUUIIEHY BOJIy Ha TIOBTOPHE BUKOPUCTAHHS HA BUPOOHUIITBI.
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YacTruHy KOHIIEHTpaTa MO>KHAa BUKOPUCTATHU IS IPOMHUBKU MEXaHIYHUX (PUIBTPIB,
1HITY YacTUy OyIyTh CKUIATH y KaHami3amito. s perymnsiii mogadi KOHIIEHTpATy Ha
MIPOMHBKY 1 HOTO CKUY B KaHATI3aIliF0 BCTAHOBIIOEMO JIBA BEHTHIII.

OTxe, 3anpOITOITHOBaHA TEXHOJIOTIYHA CXeMa Ma€ HACTYITHUIN BUTJIS

1 il HHHW}NM ' 11 L
4 el I -6 o~

Puc.2.1. - 3anporoHoBaHa TEXHOJOT1YHA cXema. | — mpuitManbHa kamepa; 2, 12, 15 —
Hacocu; 3 — eJEeKTPOKoaryisaTop; 4 — BUTpaTHU Oak TIAPOOKCHIY HATpIiio; 5

HOpIIOBUH 3MilllyBay; 6 — KaMmepa IUIaCTIBUEYTBOPEHHS 31 3MYJIEHHM OCajaoMm; 7 —
TOHKOIIAPOBUN BIACTIMHUK; 8 — muiamocxoBuile; 9 — ¢ueTp mpec; 10 — mBuaKi
MexaHiuHi ¢puieTpy; 11,14 — pesepByapu ounnieHoi Boau; 13 — 3BOPOTHLOOCMOTHYHA
YCTaHOBKa; 16 — BEHTWIb, IO PETYII0€ MOAa4y KOHLUEHTpaTy Ha MPOMHUBKY
MexaHIYHUX PUIbTPIB; 17 — BEHTHIIb, IO PETYJIIOE CKUJ KOHIICHTPATY B KaHAJI3AIllo;
18 — mxepeno mocTifHOTO CTpyMy. | — momaya cTiuHuX Box Ha ouncTKy; || — mogaua
ountieHoi Boau cnoxkubauesi; 111, IV — xxuBieHHs enektpokoarymnstopa; V — mnogada
KOHIIEHTpaTy Ha mpomuBKYy O¢uibTpiB; VI — mnomaya mmamy Ha mepepoOKy;
VIl — noBepHenHs ¢inpTpary Ha ouncTKy; VIII — moBepHEHHS KOHUEHTpATY MicCIis

IPOMUBKH Ha OUUCTKY; IX — CKU KOHLEHTpATy B KaHaJII3allilo.

2.3 BxiaHi gaHi 119 po3paxyHKy MaTepiajibHOro 0ajJaHcy

BuxinHi nani ayis po3paxyHKy MaTepiaibHOTo OanaHCy HaBeaeH1 B Tabmuil 2.2.
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Tabnu 2.2 — BuxinHi gaHi sl po3paxyHKy MaTepiajibHOTO OanaHcy

Ha3Ba noka3Huka Onuunid Yuciose
BUMIPIOBaHHS | 3HAYCHHS
I'ycruna NaOH /™3 1,11
Tepwmin 36epiranns NaOH no0a 30
Konuentpaiis NaOH y ButpatHoMy Oaky % 10
Yac nmepedyBanns NaOH y 3minryBaui XB 2
Yac npoMuBaHHs QIIBTPY roJt 0,1
Yac npocToro GuIbTpy Yepe3 MPOMUBAHHS roj 0,33
[HTEHCUBHICTh IPOMUBAHHA (PUIBTPY n/cm? 16
[IBuakicTh GUIBTpYBaHHS y (POPCOBAHOMY PEXUMI M/TOJT 8
UYac nepeOyBaHHs BOJU B pe3epByapi YUCTOI BOJIU rojt 1
KonnenTpartist TBepoi ¢a3u ocaay B MUIAMOCXOBHIII /™M 20 000
Bosoricte 3HEBOIHEHOTO LTAMY % 50
KoHueHtpaiiiss ocagy, 10 MOJAETHCS HA MEXaHIYHI /™M 8
b1pTpH
Crymiab BizOopy mepmiaTy % 65
Konuenrpanis Fe?*, mo HagxoamTs Ha OYMCHI r/m3 2.3
CHIOpYIH
Konuentpanis Cr®, mo HagXomauTh Ha OuMCHI /M3 3.64
CHIOpYIH
Konuenrpania Cr¥*, mo HagXoamTs Ha OYMCHI /M3 1.63
CHIOpYIH
Konuenrparis Zn?*, mo HaaXomuTh HAa OYMCHI /M3 0.52
CHIOpYIH
Konuentpanis Ni%*, mo HagXomauTh Ha OuMCHI /™3 0.25
CHIOpYIH
ADK.
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Konnentpanis CuU?*, 10 HaAXOOWTh HA OYMCHI /M3 0.17
CIIOpY/IH
Konuentpanis SO;%, 1m0 HAaAXOAUTh HAa OYMCHI r/me 168
CHIOpYIH
2.4 Po3paxyHOK MaTepiajJibHOI0 0ajiaHcy
Pucynox 2.2 — biok-cxema MatepiaabHOTO OamaHcy
200 w3
» 1 e
10,5 ma3
h
> Fe 2,28 wr
0,094 3 I J—
y
4,91 wr
3 e 1 “TaoH
.{_
0,0442ma3
I 200,0442m3
0,094 g
g € B -
™ 0,18
/3 199,86 w3
m 3 r
6
10,5 ma
h 4
7
59,4 m3
l 1299 m3
Kinskicts Fe?*. [1lo yTBOpUBCS B €JIE€KTPOKOArYISTOPI:
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_25-Cr**-Q
e =000k

2.1

ne 2.5 — nmutoMa BuTpara 1 mr 3amiza Ha 1 Mr xpomy, Q — BuTpara BoIU

Mm3/100y, K — Buxiz 3a ctpymom k=0.8;
2.5-3.64-200
Qfe = ;
1000-0.8

Konnenrpanis Fe*, mo yrBopuBscs B €1eKTPOKOAyTIATOPI:

= 2.28 kr/poby

Feat _ Q€
C = F (2.2)
cFe2+ = % =11.4r/m3
3aranbHa KoHLEHTpauis Fe?*:
cFe2+ =114 + 2.3 = 13.7r/m3
KoHieHTpartisi ri[pooKCUay HATPirO MO Fe?*:
13.7 r/m3
Fe?* + 2NaOH = Fe(OH); (2.1x)
559 80 89.9  r/monb
C(NaOH) = w = 19,6r/m3
55,9
Konnentpartis Fe(OH).:
C(Fe(OH), = 137-%99 = 22.08r/m3
55.9
KonuenTpauis rigpookcuny Harpiro mo Cr3*:
1.63 r/m3
Cr¥ + 3NaOH = Cr(OH);3 (2.2x)
52 120 103 r/momb
C(NaOH) = 120-1.63 = 3.76r/m3
52
Konuentpartiss Cr(OH)s:
C(Cr(OH); = % = 3.23r/m3
ADK.
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KoHnenTpanis ripookcuay HaTpiro no Zn?*;

0.52 r/m3
Zn?*+ 2NaOH = Zn(OH), (2.3x)
65.4 80 99.4  r/monn
C(NaOH) = 9.52-80 = 0.64r/m3
65.4
Konnentpariis Zn(OH),:
C(Zn(OH), = 952994 = 0.784r/m3
65.9
Konnenrpanis rizpookcuay Hatpiro no Cu?*:
0.17 r/m3
Cu?* +2NaOH = Cu(OH), (2.4x)
63.5 80 97.5 r/mMonB
C(NaOH) = 9.17-80 = 0.26r/m3
63.5
Konmnentparttis Cu(OH)a:
C(Cu(OH), = 9.17-97.5 = 0.26r/m3
63.5
Konnenrpamis rizpookcuay HaTpiro mo Ni?*:
0.25 X /M3
Ni%* +2NaOH = Ni(OH), (2.5%)
58.7 80 92.7 r/mMonB
C(NaOH) = 0.2>-80 = 0.34r/m3
58.7
Konnentpartis Ni(OH);:
C(Ni(OH), = 025927 = 22.08 r/m3

58.7

3aranbHa KOHIIEHTpAIIis TAPOOKCUIY HATPIIO, 10 HEOOX1IHA ISl OCAKEHHS YCIX
BAKKUX METaJIB:

C(NaOH) = 19,6 + 3,76 + 0,64 + 0,21 + 0,34 = 24,55 r/m?
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Maca 4#cTOro TipOOKCHUIy HATPII0, HEOOXITHOTO ISl OCAHKEHHS YCIX BaKKHUX
MeETaJiB:
m(NaOH) = C(NaOH) - Q (2.3)
m(NaOH) = 24.55-200 = 4910r = 4,91 kr
MacoBa JacTka TipOOKCHIYy HATPi0 B PO3UMHI, IO MOA€ThCs B 3MinryBad — 10%

KinbkicTs Boau, sika HEoOXiHA I PO3BEIACHHS:

m(NaOH) - 90
V(H,0) = ( ) (2.4)
10
4.91-90
V(H,0) = T 4419 gm3 = 0,04419 m3
3arajgpHa Maca po34uuHY:
m(NaOH) - 100
mpOB‘I = 10 (2'5)
4,91-100
M5y = 0 - 49,1 kr
O06’eM T1IPOOKCHUTY HATPIIO:
m
V(NaOH) = —=—, 2.6
(NaOH) > (NaOH) (2.6)
ne p(NaOH) — ryctuna 10% posuury NaOH, p(NaOH) = 1.11 t/m3
V(NaOH) = 91 0.0442 m3
=1 T e
3arajibHa KOHIIEHTpaIllisl Ocaay:
Caar = 22,08 + 3,23+ 0,78 + 0,26 + 0,4 = 26,75 r/m3
O06’em ocany, 10 HAAXOAUTH Ha (PiIBTpP-TIpEC:
Ciqr — M
Woe = it 3a8 ); (2.7)

e M — KOHIEHTpallig ocay, 0 HaJAX0IUTh Ha MeXaHiuHi GpiasTpu, M = 8 r/m>; § —
KOHIIEHTpalig TBepoi dasu B ocaxi, 20000 r/m>;

W — 200(26.75 — 8)
oc ™ 20000

= 0.1875 M3
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[Tpuitmaemo 3HEeBOAHEHHS ocany Ha GpiabTp-mipeci 10 50%

O06’eM 3HEBOJHEHOTO OCaNy:

W, ey = 0,1875- 0,5 = 0,94Mm3

O06’eM (inbTpaTy, 110 MOJAETHCS HA3al HA OYUCTKY:
V = 0.094m3
O0’eM BOJIM, 1110 ITOJIAETHLCS CIIOKHMBAYEBI:
Venon = 129,9 M3
O06’eM KOHLIEHTPATY, IO CKUJAETHCS B KaHAJI3all110:
Viony = 59,4M°
O06’eM KOHIIEHTpATYy, 110 MOJAETHCS HA IPOMUBKY (PiIbTPIB:

Vipos = 10,5m3

Tabmuis 2.2 — Tabnuid MaTepiaibHOTO OalaHCy

3HavYCHHS
MOTOKY
Ha3zBa notoky
KI/110
M3/100y
oy
YrBopenusa Fe?* na enekrpokoarynaropi 2,28
[Tomaua Boau y BUTpaTHUM OaK TiIPOOKCUAY HATPIIO 0,0442
[Togaya 9rCcTOrO T1APOOKCHUTY HATPitO ¥ Oak 4,91
' 0,044
[Tomaua po3unny NaOH y 3mimryBau 5
S 200,0
ITomaya cymiun y BIICTIMHUK
442
[Tomaua ocamy Ha GiaBTp Mpec 0,1875
ApkK.
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BinBenenus ¢ginbrpaty 3 QUIBTP-NPECY HA OUUCTKY 0,094
BinBeneHHsT 3HEBOAHEHOTO ocaay 3 (GimbTp mpecy Ha MOJaNbITy
nepepooxy 0,094
[Togaya cyminni Ha MexaHI4HI QUIBTPH 199,86
[Tomaua oumIeHOT BOIU CIIOKUBAYEBI 129.9
CKuJl KOHIICHTpATy B KaHAJ3a1li10 59,4
[Tonaya KOHIIEHTpATy Ha MPOMUBKY IIBUAKUX (PUIBTPIB 10,5
[ToBepHEHHS KOHIIEHTPATY IICJIsI MPOMUBKHY IIBUAKKX (UIBTPIB HA
MOBTOPHY OYUCTKY 10

2.5 TeoperuuHi gani npo ¢iznyHi i ximiuni npouecu, Mo peanizyroTbcs B JaHil
TEXHOJIOTIYHiNM cXeMi BOJ100YHILEHHSA
2.5.1 XapakTepucTHKA BOJHOI0 rOCHOIAPCTBA raJIbBaHIYHOI0 MiIMPUEMCTBA

Boane rocnoiapcTBo rajbBaHIYHUX BUPOOHHUIITB € 00'€KTOM MPHUCTAIBHOI yBaru
BUCHHUX 1 1H)XKeHEepiB. MOTHUBAII€I0 € HEOOXIHICTh 3a0€3MEeUNTU EKOJIOTTUHY O€3MeKy
rajbBaHiYHUX BUPOOHUITB. CTiUHI BOJAW TaJdbBaHIYHUX II€XIB TOKCHYHI, MICTITh
BUCOKOHEOE3MEeUH1 JJI1 HAaBKOJMUIHBOTO MPUPOJHOTO CepeloBUIIa 3a0pyAHEHHS -
10HU BOXXKHX METaJIiB — KaaMIiI0, HIKEII0, IIUHKY, MiJll, XpOMY TOIIIO.

3a ocTaHHI KUJIbKA JIECATKIB POKIB Y CBITOBIH MPAKTHUIIl B IUX BUPOOHUUHUX IMTPOIIecax
IIMPOKO BIPOBAKYIOTBCS BOJOOOOPOTHI 3aMKHYTI CUCTEMHU BOJOKOPHUCTYBAaHHS
raJIbBaHIYHUX BUPOOHUIITB, 10 3a0€3M€UyI0Th €EKOHOMIIO BOJHHX Ta 1HIIUX PECYPCIB
1 BUKJTIOYAIOTh 3a0pyAHEHHS Tiapocdepu.

CTBOpeHHSI TaKWX CHCTEM 3aCHOBAaHE Ha TEXHOJIOTISX, IO BUKOPHCTOBYIOTH
10HOOOMIHHI YCTaHOBKH, YJbTpa-(GiabTpariiiHi mojJiMepHi MeMOpaHH, CHeliaibHi
peareHTu, COpOEHTH, eJIEKTPOXIMIUHI MPOIIECH: €JIEKTPOJII3, EIEKTPOI1alli3, TEPMIUHE
PO3AUICHHSI, TAKOK BUKOPUCTOBYIOTHCS MTPOIIECH 3BOPOTHHOTO OCMOCY.

BopomocrauanHss rajbBaHIYHMX I[€XIB, 3a3BHYai, 3IIHCHIOETHLCI 3 MICBLKOTO

BOJIOTIPOBO/IY YM 13 BOAOINPOBOAY TEXHIUYHOI BoAW. Bona, siky BUKOPHCTOBYTH IS
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oreparliii MpOMUBKH, HOPMYIOTh 32 BMICTOM PO3YMHEHUX CIOJYK,3aBUCINX PEYOBHH,
pH, »opcTKOCTI, CyXOro 1 MpOKaJIeHHOTO 3aJIMINKIB PI3HUX aHIOHIB 1 KaT1OHIB.

Jy1s HafO1TbII BaXKIIMBUH ONepalliid, TAKUX K MPUTOTYBAaHHS TEXHIYHUX PO3YHHIB,
3aIIOBHCHHS BaHH-YJIOBIIIOBAYiB, BAKOPUCTOBYETHCS TUCTBOA 200 I€10HI30BaHa BOJIA.
3HIDKEHHS BMICTY PO3YMHEHUX COJIEM JOCSTa€TbCs JTUCTHIISIIEID, 3BOPOTHIM
OCMOCOM, EJIEKTPO/IiaIi30M, I0HHUM OOMIHOM TOIITO. 3aCTOCYBaHHS 00€3COJICHOT BOIU
JIOMOMAarae IiJABUIIUTA SKICTb TOKPUTTIB, 3HAYHO 30UIBIIYE CPOK CIIYXKOHU
CJICKTPOJIITIB, JJO3BOJISIE MPOBOJUTH PEreHEPaIlil0 BUHECECHUX €JICKTPOIiTiB. [1oBHMI
a00 dYacTKOBHU TMepexiqi Ha BUKOPUCTAHHS I TPOMHUBKHA 3HECOJCHOI BOIH,
€KOHOMIYHO JOUUILHUN MPU BIPOBAIKEHHI 3aXO0/[1B MI0JI0 CKOPOUCHHSI BUTPAT BOJIU
Ha MPOMUBAHHS 1 BUKOPUCTaHHS BOJIOOOOPOTHUX CHCTEM IMPOMMBAHHS 1 pereHepanii
B OKPEMUX TEXHOJIOTTYHHX IPOIIeCcax Ha TaIbBAHIYHOMY BUPOOHUIITBI.

VY 3B'SI3Ky 3 BIPOBAKEHHSM JOOYMIIECHHS CTIYHUX BOJI HAOYBAarOTh MOIIUPEHHS
3aMKHYTI CHCTEMM BOJIONIOCTa4aHHs TralbBaHIYHUX 1exiB, Ae 10 70% Boau
MOBEPTAETHCSI B TEXHOJIOTTUHUI mporiec. CBiTOBa MpakTUKa MOKa3zaja eKOHOMIYHY 1
TE€XHOJIOT1YHY JOLIIbHICTh BUKOPUCTAHHS JAHOTO TUIY CHUCTEM.

OcHOBHa KUIbKICTh FAJIbBAHOCTOKIB Ha TaJIbBAHIYHOMY BUPOOHUIITBI HAJIXOIUThH BiJl
NPOMHUBKM  JIeTajedl miciast 11X 3HEKUPEHHs, TMPOTPABIIOBAHHS, HAHECCHHS
AHTUKOPO31MHUX  ab00  JEKOPAaTMBHMX  MOKPUTTIB;  MEPIOAMYHOTO  CKUIY
BIIMPAaIibOBaHUX KOHIICHTPATIB.

3a3Buuai, B 1[eXax rajJbBaHIYHOTO BUPOOHUIITBA YTBOPIOKOTHCS TaKl TUIHA CTIYHHUX
BOJI: [IMAHOBMICHI; XpOMOBMICHI; MIAKUCIICHI CTOKH BiJl BaHH TpaBJICHHS BUPOOIB B
KHUCIIOTaX, [0 MICTSTh, OKPIM KHCIIOT, PO3YMHEHI KaTIOHH BaKKHUX METATIB 1 JyXKHI
CTOKHU BijJl BAaHH 00e3KuproBaHHs. [HKOJIM, KUCHI 1 Jy>KHI CTOKH 00'€IHYIOTh B OJHMH
MOTIK.

[TpomuBKa neTaneit MpoOBOAUTHCS Maike Ha BCIX CTAIAX HAHECCHHS TaJIbBaHIYHHIX

NOKpUTTIB. [IpoMHBKa HE BHUKOPHUCTOBYETHCS JIMIIE Y TOMY BHMIAAKY, SKIIO
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NEPEHECEHHSI TEXHOJOTIYHOTO PO3YMHY 3 OJHOI BaHHU Y JIPYTY JOIMYCKA€ThCS 3a
BUPOOHMYOIO TEXHOJIOT1€10, HATPUKIIAJ, 3 BAHHU JEKAMPYyBaHHAS Y BAHHY TTOKPUTTSL.

3a3BuYail MPOMHUBKA MPOBOJUTHCS MIAJIXOM 3aHYpPEHHSIM JeTaieil y BOAYy B
CTallloHapHUX BaHHaX. [[Isi CKOpoueHHS BUTpaTH BOJIM Ta MIABUINEHHS SKOCTI
MIPOMUBKHU, BUKOPUCTOBYIOTh OararokackajaHy MpOTUTOYY MPOMUBKY.

Jlyis BiAMHUBAHHS JTYXHUX PO3YHHIB 00€3KUPIOBAHHS 1 TPABJICHHS, 3aCTOCOBYIOTTh
rapsiay MpoMuBKY npu Temmepatypi B 50 - 60 © C.

[TepeBarkHa OLTBIIICTL 3a0pYAHUKIB HAIXOASATh Y CTIYHI BOAU B PE3yJIbTaTi BUHOCY
SJICKTPOJIITY 3 TOBEPXHI AeTasiel 1 ocHACTKH. [[eif BUHOC CTaHOBUTH B CEPEIHBOMY BiJl
0,25 10 0,75 nm® enekrponiTy Ha 1 M? 06pO6IIIOBAHOT TTOBEPXHI JETAll.

3MeHIlIeHHS! BUHOCY €JIEKTPOJIITIB 3 JeTaje Ta MPOMUBHUX BaHH, IOCATAETHCS B
OCHOBHOMY 3a PaxyHOK palliOHaJILHOTO PO3MIIIEHHS JIeTaliel Ha MiBICKaX, BUTPUMKHU
y)KeoOpoOIeHUX JeTaliel HaJl TajlbBaHIYHUMU BaHHAMH, MEXaH13MI1B JJI CTYIIYBaHHS
nerane, o0lyBaHHsS MOBITPsIM, Ta3oM 4yu napom. Lli 3axoau 103BOJIAIOTH 3MEHIITUTH
BUHOC €JIEKTpoiTy Ha 75- 90%.

3HaYHE 3HUKEHHSI BUHOCY BaXKKUX METaJIIB MOXe OyTH IOCATHYTO Ha CTafli BUOOPY
TEXHOJIOTIYHOTO €JEKTPOdiTy. PO3po0ieHl Ta 3aCTOCOBYIOThCS MalIOKOHIICHTPOBaH1
CJICKTPOJIITH HIKEIIOBaHHS, IIMHKYBAHHS, XpPOMYBaHHS 1 TOIIO.

Ha nmanuii vac mo 80% 00poOOBaHUX Ha TajdbBaHIYHOMY BHPOOHHUIITBI JeTayeh
MIPOMUBAETHCS IIUIAXOM iX 3aHYpPEHHS B CTAIllOHAPHUX BaHHAX, 4epe3 TEeXHIYHY
MPOCTOTY JTAHOTO TUITY TPOMUBKHU. SIKICTh MPOMHUBKH XapaKTEPHUIYEThCS KPATHICTIO
po30aBieHHs a00 K KpUTEpieEM MPOMHUBAHHS (BIITHOUIEHHS! KOHIIEHTpallli 3a0py/IHEHb
y BUHECEHOMY €JICKTPOJITI JO KOHIICHTpaIlii 3a0pyAHUKIB y BaHHI MPOMHUBKH TLICS
JTAHOTO TIPOLIECY ).

2.5.2 XapakTepucTuka 3a0pyIHIOBaviB

Camuii HeOe3meuyHnit KOMIOHEHT CTIYHUX BOJ — XpOM. 3 BAaHH XPOMYBaHHS B CTIUH1

BOJIM XPOM TIOMAJA€ y BUTIISAI MIECTUBAICHTHOTO XpOoMa.

[[lecTuBasieHTHUIT XPOM € BU3HAHUM KaHIIEPOTeHOM TpH BauxaHHi. Ha Gararbox
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poOOUYNX MICIISIX CTIIBPOOITHUKH CXUJIBHI A0 1T IECTUBAJIEHTHOTO XpPOMY, 30KpeMe af,
IIpU TaJIbBaHIYHOMY XpoMyBaHHI1 jetainei. [llecTuBanieHTHHI XpOM TPaHCTIOPTYETHCA
B KJIITUHU JIIOJICBKOTO OpraHi3My 3a JOIMOMOTOI0 CYiIh(aTHOTO TPAHCIIOPTHOTO
MEXaHI3My 3aBASKU CBOiN OM3BKOCTI 10 CyIb(aTiB 3a CTPYKTYPOIO 1 3apsIIOM.

VYceepenuni kinituau Cr (V) BITHOBIIOETHCS 10 METACTaOUIBHOTO MATUBAJICHTHOTO
xpomy (Cr (V)), a motim 1o TpuBasieHTHOTO XpoMmy (Cr (III)). TproxBanmeHTHUH XpoM,
MPUEIHYIOUUCH JI0 MPOTETHIB, CTBOPIOE TalTEHH, SIKI MOHUXKYIOTh IMYHHY PEaKIIIIo.
[Ticnst X MOSIBY Yy TJIMBICTB 10 XpOMY HE Ipomnajiae. Y bOMY BUIAJIKY HABITh KOHTAKT
3 TEKCTWJIBHMUMH BHpoOamu, nodapOOBaHUMH XpOMOBMICTHMUMH (apbamu abo 3
HIKIPOI0, 0OPOOICHOI0 XPOMOM, MOKE BUKJIMKATH po3apaTyBaHHs mkKipu. Bitamin C 1
1HIIl areHTH pearyroTh 3 XxpomaTtamu 1 yrBoprotoTs Cr (I1I) BcepenuHi KIiTHHH.

[TpoayKTH IIECTUBAJIEHTHOTO XpOMY € T'€HOTOKCUYHMMH KaHLEPOr€HAMHU.
XpOHIYHE BAWXaHHS CIIOJIYK IIECTUBAJICHTHOI'O XPOMY 301JIbLITY€ PU3HK 3aXBOPIOBAHD
HOCOTJIOTKH, PU3HK PaKy JIET€HIB.

VY Tomy BUMNAJKY, SKIIO JIOAUHA BXKUBAE BOAY, B K1 3HAXOAATHCA PO3YMHHI COJI
HIKEJII0, TO PO3BUBAIOTHCS CHUMIITOMH, IIO0 HaraAaylTh FOCTPl KMIIKOBI 1HQEKIli, -
BUHUKAE CIIA0KICTh, TPOHOC, HYJ0Ta 1 OJIFOBOTA - O3HAKU OTPYEHHs Hikenem. OJHak
IpU ypakeHH1 COJIIMH, PO3BUBAIOTHCA III€ 1 CrienU(IYHI TOPYIICHHS B JIETEHAX, SKi
MPOSIBIISIFOTHCS 3a/IMIIKOIO 1 KAIlJIEM, HE BJIACTUBUMM JIJIsl TOCTPOT KUIITKOBOI 1H(EKIII1.
[Ipy moOBHOMY MPUINMHEHHI HAAXO/KCHHS OTPYWHHX PEYOBHMH B OpraHi3M Taki
CUMIITOMH MOXYTh 30epiratucs Kijabka fio.

Jis Hikento cTae HaOUIbII HEOE3NEYHUM MpPH TPUBAJIOMY BIUIMBI Ha OPraHi3M.
Hanuiiok Hikero BIUTMUBAE HA HYKJICTHOBI KMCJIOTH, 1 KAHIIEPOT€HHA JIisl, YacTillIe 3a
BCE, MIPOSIBIISIETHCS UepPe3 Pak JIEreHiB Ta OpPOHXIB.

Takox y TpaIiBHUKIB, 110 3aJiiHI HA BUPOOHUIITBI 3 BUCOKMMH KOHIICHTPAIISIMHU
HIKEII0, BUHUKAE TIABUIIICHUI PU3UK PaKy HOCA, MPUIATKOBUX Ma3yX ueperna 1 1HIIHIX
oprasiB, 0€3MOCEPEIHbO PO3TAIIOBAHUX MOPYY 3 BEPXHIMH 1 HIXKHIMH JIUXATbHUMU

nuisixamu. Tak, ICTOPUYHO, 10 BBEJICHHS 3aXHCTY Ha BUPOOHMIITBI, Y TIPAITIOIOYNX 3
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HIKEJIEM YacTOTa BUHUKHEHHS 3JI0KICHMX HOBOYTBOPEHbB JIEreHb Oyjia B M'ATh pa3iB
BHUIIE, a HA paK MPUJIATKOBHX Ma3yX uepena - ouibil Hk B 100 pa3iB nepeBulyBaia
CEpEIHIO YaCTOTY BUHUKHEHHS MyXJIMH B MOMYJISIIII.

[Tpu mpoHMKHEHH1 MeTajdy B OpraHi3M 4Yepe3 pOT BUHUKAIOTH MATOJOTIYHI 3MIHHU B
HUPKaXx, a MPU 3HAYHIN 1031 - PO3BUBAETHCA >KOBTSHUIS. [Ipy TprBanoMy BILUIMBI BiH
BIUIMBAE HA PIBEHb KaJBIIIO B KPOBI, SIKHH 3HIKYETHCSI BHACTIOK aHTaroHi3My MixX
IMMU MeTajaMu.

[{uHK cripuisie BAMUBAHHIO KaJbIIiI0 3 KICTKOBO1 TKAHUHHU, IIOPYITYETHCS META00J113M
docdopy, 1 po3BUBAETLCA ocTeonopo3. [Ipu TpuBasioMy BIUIHBI IIeH MeTall MOXKE
CHPUATU PO3BUTKY 3JI0SIKICHUX HOBOYTBOPEHbD, @ TAKOXK BUKIIUKAE O€3ILII .

3acBOIOBAHICTh 3ajli3a HEBEJIMKA, ajl€ MPHU TPUBAJIIOMY BXKMBAHHI BOJOMPOBITHOT
BOJM, 3a0pyJAHEHOI KaTiOHAMHU 3ajli3a, BOHO MOXXE HAKOMUYYyBAaTHUCS B OpraHi3Mi.
Benuka KUIbKICTh KaTiOHIB 31132 B OpraHi3Mi MOXE IMOraHO MO3HAYUTHUCS Ha 37J0POB'T
-p13KO MIABUUIYETHCA PU3HK 1H(APKTIB, 3ryOHO /i€ HAa LIEHTPAJIbHY HEPBOBY CUCTEMY,
3HWXKY€ PENPOAYKTUBHY (DYHKIIIO, Ja€ 10AaTKOBE HABAHTA)KEHHS Ha MEYIHKY 1 HUPKH.

OTxe HaUIMIIKOBA KUTHKICTh BULIETIIIPUBEICHUX BaXKKUX METAJIIB B BOJI1 HE TUILKU
3ryOHO Jll€ HA €KOCHCTEMH, aji€ 1 CUJIBHO BILJIMBAE HA 3710POB’S JIIOJIEH, TOMY BKpai
BaXUJIMBO JIOCSITaTH MaKCUMAaJIbHO MOKJIMBOTO CTYIEHSI OUMCTKU BiJ BaXXKUX METAJIIB
Ile Ha eTaml OYHMIIEHHS CTIYHMX BOJ Ha MIANPUEMCTBI J€ L1 BaXKl MeTalu
YTBOPIOIOTHCA.

2.5.3 Enexkrpokoaryasiuis

Enextpokoarynsilis (raTbBaHOKOATYJIs1Iis) - TEXHOJIOT1YHI METOH, SIK1 Hapasi yacy
BUKOPUCTOBYIOTh PI3HM3 THUMAaX MMANPUEMCTB JUIsi OYUCTKH CTIYHHUX BOJ
raJIbBaHIYHOrO BUPOOHHUIITBA (B OCHOBHOMY ISl OUMILEHHS XPOMOBMICHHI CTIYHUX
Box Bix ioHiB xpomy Cr® *). V maHmx Meromgax mo elIeKTpOXiMi4HOMY MEXaHi3My
PO3YMHSIOTH 3aJ1i30, 3a[J1s yTBOpeHHd ioHiB Fe?*, saxi BimHoBmoroTs Cr®* 10 Cr¥* 3
MOJIaJIBIIIUM YTBOPEHHSM TiIPOKCHAY XPOMY 3a JOMOMOTOI0 JIOJIaBaHHS PEarcHry.

Pi3HMIISI MK €JIEKTPOKOAryJsli€l0 Ta TallbBAHOKOATYISIIEI0 MOJIAraE y Crocoodi
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pO3UMHEHHSI 3amiza. Y  METOMl EeNeKTPOKoaryismii  (gepyMm  pO3UHMHSAETHCS
CJICKTPOXIMIYHO, 3a JIOMOMOTOK HAKJaJeHHS Ha CTajeBl aHOAW TMOTEHINATy BiJ
JDKepena eJeKTpUYHOro CTpymy. B  ranbpBaHOKoaryssiiiHoMy MeETOZl 3ai30
PO3UMHSETHCS TAIBBAHOXIMIUHO, Y€pe3 PI3HMIIO MOTEHLIANIB, KA CHPUYUHIETHCS
KOHTAKTOM 3aJli3a i3 Mijaro abo K kKokcoMm. OTxe, 1 IBa MeTOAa BIIPI3ZHIIOTHCS MIXK
co00I0 PYIIIHOIO CHJIOI0 TMPOIIECY, 3a JOTIOMOTOI0 SKOTO BiIOYBAETHCS POZUYMEHHS
3ani3a.

OuncTKa CTIYHUX BOJI Ha E€JIEKTPOKOAryJsAaTOpi, 3aCHOBaHA Ha €JIEKTPOJIi3l BOJ 13
BUKOPUCTAHHSM CTQJICBUX UM  QIIOMIHIEBUX aHOMIB, SKI  PO3YHMHSIIOTHCS
CJIEKTPOTITUYHO. Po3rIisiHEM, sIK B1IOYBA€ETHCS 1IeH TPOIIeC JJIsl CTaJIeBUX aHO/IIB.

B pesynbTaTi iX po3uMHEHHs Boja 30aradyerbcsi 10HAMH JIBOXBaJIEHTHOIO

3aJ1i3a 3a PEeaKIEeroi:

Fe - 2e-=Fe?*

[ToTtim ipu pH> 5,5 yTBOPIOETHCS T1APOKCU]T ABOXBAJIEHTHOT'O 3aJ1134!

Fe?* + 20H- = Fe (OH) ,

Jami, yepe3 Jit0 pO3YMHEHOTO Y BOJI KHUCHIO, T1IPOOKCHJ 3ali3a MEpPeXOoauTh Y

T'1IPOOKCHUJ] TPHOXBAJICHTHOTO 3aJTi3a:

Fe2* + O, + 2H,0 = 4Fe3* + 40H

Po3unHeHHs amoMiHIEBUX aHOIIB MPOTIKAE TIO TAKUM PEAKITISIM:

Al - 3e- = AP*
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3 MOAAIBIIIOIO T1APATAITI€0 10HIB ATFOMIHIS:

AR+ 30H- = Al (OH) ;

OkpiM 116I0, TIPH KATOJHIN MOJISpU3AIlli aTIOMIHII0 MOXKE MPOTIKATH PEaAKIis

B3a€EMOJII1 AJTFOMIHIFO 1 BOJIH:

APR*+3H,0=Al (OH) 3+ 3H"

B pesynmpTari mpOro MPOXOAWTH TPOIEC KOATYJAIIi, SKHH aHaJOTIYHUN
BIJIITOBITHOMY MpOIIecy 0OpOOKHM CTIUHUX BOJ COJISIMH aTFOMiHisI 00 3aii3a. AJie sIKIo
NOPIBHIOBATH METOJl  €JEKTPOKOAryJysiiii 1 peareHTHE KOaryJloBaHHS, IpH
CJIEKTPOXIMIYHOMY PO3YMHEHHI METaliB, HE BiIOyBaThCa 3a0pyIHEHHS BOJU
PI3HOMAHITHUMHM aHIOHAMH, 30Kpema XJopujaMu 1 cyibdaTamu, [0 3MEHIIYE
HAaBAaHTA)XCHHA HAa OYHCHI CHOPYAd 1 [I03BOJISIE BHUKOPHUCTOBYBATH BOAY Y
BOJI0OOOPOTHIM CHCTEMI MOCTaYaHHS

[Ipu enexTpokoaryysLii CTIYHUX BOJ MPOTIKAIOTh JESK1 1HII €JIEKTPOXIMIYHI,
(b13MKO-XIMI4HI Ta XIMIYHI TPOLIECH, 30KpEMa’

1. enexktpodopes;

2. KaTOJHE BITHOBJICHHS PO3YMHEHUX Yy BOJI OPTraHIYHUX 1 HEOPTaHIYHUX
PEYOBHH a00 iX XIMIYHE BIJTHOBJICHHSI, YTBOPEHHS KaTOJHHUX OCAaJlIB METaJI1B;

3. ximiuni peakuii Mix iomamu AlI® * a6o Fe? *| mo yTBOpHOIOTECS mHpH
€JIEKTPOJITUYHOMY PO3UYMHEHHI METAJIEBUX aHO/IB, 1 IEIKUMHU aHIOHAMHU, 1110
MicTatees y Boai (S, PO4%) 3 yrBOpeHHAM Ba)KKOPO3UMHHUX CHOJNYK, IIO
BUTIAJAIOTh B OCa;

4. ¢notariisg TBEPAUX 1 eMYJIIOBAaHUX YACTHHOK OYyIhOAIIKaMU ra3ornoaioHOro
BOJHIO, 1[0 BUALISIETHCS HA KATOII;

5. copOIis 10HIB 1 MOJIEKYJl PO3YMHEHHX JIOMIIIOK, a TaKOX YacTOK

eMYJIbIOBAaHUX Y BOJ1 IOMIIIIOK Ha MIOBEPXHI T1IPOKCUJIIB 3aj1i3a 1 aTIOMIHIO,
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K1 MalOTh 3HA4YHY COPOLIHHOT 34aTHICTh, OCOOJIMBO B MOMEHT YTBOPEHHSI.

[lepeBaraMu METOJIB €JEKTPOKOATYJIAIIlY MOPIBHAHHI 3 PEareHTHUMH, €
KOMIAKTHICTh YCTAaHOBKH, MPOCTOTA €KCIUTyaTallii, 3Ha4He 3MEHIICHHS] PEareHTHOTO
rOCIIO/IapCTBAa, BIICYTHICTh HA/UIUIIKOBOTO 3a0py/THEHHS aHIOHAMHU.

Henonikom € BuTpara 3amiza abo aiqroMiHis, a TakK elekTpoeHeprii. B Teopii
JUTSL PO3YMHEHHS OJTHOTO TpaMmy 3aji3a 1 alfoMiHisg HEOOX1JHO BUTPATUTH BiAMOBITHO
3 1 12 Br/rog. ®akTtuyHe BUTpaTa €JIEKTPOCHEPrii 3a3BUuail BUSBISETHCSA JEIIO0
BUIL[OIO0 Yepe3 BUTpATH Ha HArpiBaHHsS BOAM, MOJIIPU3AIIIO €JIEKTPOAIB, MOJOJAHHS
OTOpPY OKCUAHMX ITIBOK Ha MeTajai, 0 YTBOPIOIOTHCS Ha MOBEPXHI JUCTOBUX aHO/IIB,
K1 B OCHOBHOMY 1 BUKOPUCTOBYIOTHCS B €JIEKTPOKOATyJIATOPaXx.

Enextpokoaryssiisi TaKOK MOXK€E 3aCTOCOBYBATHUCH JJIsl BUIAJIICHHS 31 CTIYHUX
BOJI AP1IOHOIUCTIEPCHUX OPTaHIYHUX JIOMIIIOK, HA(QTOMIPOAYKTIB TOIIIO.

3acTOCOCY€EThSI €EKTPOKOATYIISAIISE B OCHOBHOMY NpU 0OpoOIll CTIYHUX BOJ,
BHUTpAaTa sKHX € He 6inbmoro uuM 50-80 M3 / ron, B yMoBax OpaKy BUPOOHUYMX ILIOL,
a TaKOXX Ha MIJIMIPUEMCTBAX, sIKI PO3TAIIOBYIOThCS Y BiJIJaJICHUX palioHaXx.

binbmiicTh  €NEKTPOKOAryJiATOpiB €  OE€3HampHUMH  IJIACTUHYATHMHU
€JIEKTPOJII3epaMi  TOPU3OHTAIILHOTO abo  BepTHKajgbHOro TUNy. Enexrpoau
PO3TaIIOBYIOThCS Ha BifcTaHi 4-20 mimimeTpiB. [ 3amobiraHHsS MIDKEIEKTPOIHOIO
3aMHUKaHHA BUKOPUCTOBYIOThH CIIEILiaJIbHI 130JII0104l BCTaBKU. EJEKTpUYHUI CTpyMm
MIJIBOJIUTSTH J0 BCiX €JICKTPOIIB.

3a cxeMOI0 pyXy BHXIJTHOT BOAM Yepe3 eNEKTPOKOATYISTOPH IX PO3IIISIOTh HA
OJHOITIOTOKOBI, 0araTomoTOKOBI 1 3MilIaHl. 3a OJHOMOTOKOBOIO CXEMOIO BOJa
MPOXOJUTh 4Yepe3 JaOlpUHT, YTBOPECHUM €JEKTPOJIaMU 3aBASKA TOCIITOBHOMY
3’€JHYBaHHIO KaHaJIB, 10 3HAYHO 3MEHIIye TMacuBaliio enekTpodiB. Ilpu
0araTonmoToYHIN cXeMi pyXy, BOJA OJHOYACHO MPOXOJUTH Yepe3 MPOMDKKUA MIiX
eJIEKTpoIaMu (TIapasiebHe 3'€ JTHAaHHS KaHAJB).

HanpsiMok pyXy piJiuHu MOKe OYyTH SIK 1 TOPU30HTAIbHUM TaK 1 BEPTUKAIbHUM.

Beprukanbanii HanpsiM 3HU3Y Bropy, €(PEeKTUBHIMINIMA TaK SIK 13 TOTOKOM BUHOCSTHCS
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ra3u Ta IHTII MOOIYHI MPOAYKTH, IO YTBOPIOIOTHCS MPHU EIEKTPOKOATYIISIIINHIHI
00poOIIi CTIYHUX BOJ.

EnexTpoana cucrema eneKTpoKoaryisiTopa BUKOHAHA y BUTIIAI 3aMi3HUX a00
AIOMIHIEBUX IIWIIHAPIB, SIKI PO3TAIIOBYIOTHCS BEPTHKAIBHO 1 PO3MIIIYIOTHCA
HABKOJIO €KEKTOPHOI IUPKYJIAIIAHOI cucteMu. Bona uepe3 TpyOy moiadi HaXOAUTh
Ha €KEKTOP 1 B1I0OYBAETHCS IUPKYJIISILIS B MDKEIEKTPOIHOMY MTPOCTOPI.

KoHcTpykilis 1poro amapaty A03BOJISIE 3MEHILIUTH MOJSPU3ALII0 €JIEKTPO/IIB,
3HU3UTH BUTPATy €JIEKTPOSHEPrii, MOJIMIIMTH TiIpaBiiuHi 1 (i3UKO-XIMIYHI YMOBH
(dbopMyBaHHS IJIACTIBIIB TAPOKCUIY.

Kopnyc enekrpokoaryisitopa NOBHHEH OyTH o0OJagHaHWM 3CEepelruHU
AHTUKOPO31MHOIO 130JI5ILI€I0, a TaKO)XK B HbOMY Mae OOOB’A3KOBO OyTH MPHUCYTHIN
BEHTWISALIMHUN PUCTPIH.

CunbHUM HEJOJIKOM IIACTUHYATUX EJIEKTPOJII3EPIB € 3aCTOCYBaHHS aHO/IB 3
JUCTOBOrO Metrany. BiH Moxxe OyTH YCYHYTHH y KOHCTPYKLISIX 3 HACHUITHUMH
€JIEKTPOJIaMH, JI€ SIK aHOJU BUKOPHCTOBYIOTh METAJEBl CTPYXKKU uu oM. Ha manuii
4ac 3aMpoIrOHOBAHO UM psii KOHCTPYKIIN MOAI0OHUX €IEKTPOKOAryIsTOPiB, OJTHAK 1
BOHH MAalOTh y c00i s HEJOMIKiB. IXHE 3acTOCyBaHHS 0OMeKeHe TPYHOIIAMH, IO
BUHUKAIOTh NMpPU KEPYBAaHHI MPOIECOM, a TaKOXXM BEJIMKOIO BHUTPATOI aHOIHOIO
Martepiany 1 3a0MBaHHS MEXKEJIEKTPOAHOTO MPOCTOPY MNOOIYHUMH MPOAYKTaMH
CIEKTPOXIMIYHOTO PO3YNHCHHS aHO/IIB.

3anns iHTeHCcHdIKaIil Mmpolecy eIEeKTPOKOAryssiiii Mo)Ke 3acCTOCOBYBATHCH
KOHCTPYKI[iI ~ BiOpOEIEKTpOKOaryisaTopa.  3acTOCyBaHHS  BIOpDOKOJIMBaHb Y
CepeHbOMY/Iiana30Hl 4acTOT MPAKTUYHO HIBEIIOE IMACHUBAIlIO EJIEKTPOiB, 3HIMAE
nudy3iiiHi 0OMeXeHHS Yy BChOMY po00ouoMy 00’ €M, TOJIETIITYE BUAAICHHS MOOIYHUX
rasiB 1 0caJiiB, Kl BUBAHTAXKYIOThCS Uepe3 CelialIbHUH KilanaH 0e3 3yIMHKY arnapary.

EnektpokoarynsTopu 31 CTaJleBUMU €JIEKTPOJaMU BapTO BUKOPHUCTOBYBATHU IIs
OUMIIEHHS CTIYHUX BOJA MIANPUEMCTB PI3HUX Traidy3eil MPOMHUCIOBOCTI BiJl

MIECTUBAJICHTHOTO XPOMY Ta IHINIWX Ba)XKUX METATIB MPHU BHUTPATI CTIYHUX BOJ HE
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6inmpmre 50 M% rox;, KoHueHTpauii 3aBuciamx pedoBuH g0 100 mr/mm3, BuximHOMY
3arajlbHOMY 3MICTI 10HIB KOJIbOPOBUX MeETaliB (IIMHKY, MiJl , HIKEII0, KaJaMio,
TPUBAJICHTHOTO Xpomy) 10 100 Mr/mm3, mpy KOHIEHTpAaLlii KOKHOTO 3 i0HIB MeTasiB
110 30 Mr/nm3, MiHIMaTEHOMY 3aTalbHOMY COJIEBMICTI cTiaHoi Bogu 300 mr/mm3,

2.5.4 3BopoTHiii ocMoOC

3BOPOTHIN 0CMOC - TIPOXOKEHHS BOJIU 200 OyAb-IKUX 1HIIUX PO3UMHHUKIB Yepe3
HaIlBIPOHUKHY MeMOpaHy 13 OUIbII 3KOHIIEHTPOBAHOTO Y PO3YMH 3 MEHIIIOIO
KOHIIEHTpAIIEI0 Yep3 BIUIUB THCKY, IO € OUIBIIM 3a PI3HUII0 OCMOTUYHOTO THUCKY
000X pO3YMHIB.

["onoBHe, 0 IpU BCbOMY IIbOMY, MEMOpaHa MOKE MPOITYCKATH JIMIL PO3UYUHHUK, 1
HE MPONYyCKae OUIBIIICTh PO3YMHEHUX B HBOMY KOMIIOHEHTIB. ' paHUYHO MiHIMAaJIbHI
po3mipu mop MeMOpaHu 1 ii ocobinuBa Oyao0Ba, JO3BOJISAIOTH MPOHUKATH CKpi3b Hel
BUKJIFOYHO MOJIEKYJIaM BOJU. [HII TOMIIMIKY NPOUTH Yepe3 MEMOpaHy HE MOXKYTb.

3BOPOTHIN OCMOC BUKOPUCTOBYIOTh B CAMUX P13HUX TEXHOJIOTISIX OUUCTKU BOJ BiJl
JIOMIIIOK, 30KpeMa OINpPICHEHHSI MOPChKOI BOJH, MIITOTOBKA MUTHUX BOJ.

Y cucremax OYMCTKM BOJAM HalyacTilla 3acTOCOBYIOTHCSI ~ CHHTETHYHI
HaIIBIPOHUKHI MeMOpaHu. MemOpaHa 3aTpUMy€ BUCOKOMOJIEKYJISIPHI KOMIIOMHEHTH
1 3a0pyAHUKH, MIPU IbOMY TPOITYCKAIOYN HU3HKOMOJICKYJISIPHI PEYOBHHH, HATIPUKIIA]T
KHCEHb, XJIOP, BYTJICKUCIUHN ra3,JOMIIIKU K MOXYTh HAaJJaBaTH BOJ1 CMAKOBI SIKOCTI.
B pe3ynbTaTi OTpUMY€THCS MPAKTUYHO JUCTHIIbOBaHA BOJA HE 11030aBJIEHA CMaKYy.

BHacnigok npoxomkeHHS BOAM 4Yepe3 CUCTEMH 3BOPOTHHOOCMOTHMYHOI OYHUCTKU
BOJIa M030aBISAETHCA Maike BIJ yCIX JAOMIIIOK, PO3YMHEHUX y HiM: QepyM, amiax i
aMOHINHI coJi, HITpaTH, HITPUTH, (TOpUIU, CyIbdaTH, XJIOpUIH, OlKapOOHATH,
KaJIbLI1ii, MarHii, 3aIUIIKOBUI XJIOP, KPEMHIN, HATP1{ 3aJIMILIKOBOI'O AJIFOMIHIN . OKPIM
BCHOT'O TOTO, BHACHIIOK /i1 3BOPOTHROOCMOTHYHUX (DiJIBTPIB, CUIBHO 3MEHIIYEThCS
3arajibHa )KOPCTKICTb BOJIH.

YCTaHOBKM 3BOPOTHBOTO OCMOCY MOXYTh 3aCTOCOBYBAaTHUCH 1 HJisi MIATOTOBKU

TEXHOJIOTIYHOT BoAM Ha mignmpueMcTtBax. CHCTeMH 3BOPOTHBOTO OCMOCY 4YacTO
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BUKOPUCTOBYIOTh Ha TIPOMHUCIIOBUX BUPOOHUTBAX. 3BOPOTHHOOCMOTHYHA YCTAaHOBKA
Jla€ 3MOT'Y 3MEHIIIUTH BMICT y BOJIl HECOPTaHIYHUX eJIeMeHTIB 10 1%, 1 Maiike MOBHICTIO
BUJIAJIUTH TaKl PEUYOBHMHU SK (PEHOJHU, TePOIUAN Ta MECTULUIU, TaK SK iX po3Mip
MEPEBUIILyE PO3MIp TOpPH MeMOpaHHW. BaXamBOIO mepeBaror0 OYHIICHHS BOIH
3BOPOHIM OCMOCOM € 30€pEKEHHS Y HIli PO3UMHEHOT'0 KUCHIO.

['0OTOBHUM €JIE€MEHTOM CHCTEM 3BOPOTHBIO OCMOCY € MeMOpaHu. BoHM MOXyTh
MaTh cami pi3HI KOHCTpyKuii. Haluacriime B cuCTEMax 3BOPOTHOIO OCMOCY
BCTAHOBJIIOIOTHCSL PYJOHHI MeMmOpaHu. OJHMM 13 OCHOBHUX MaTepialliB JyIsl
BUTOTOBJICHHS MEMOpaH — TOHKOILJIIBKOBUI KOMITO3HT.

MeMOpaHu cucTeM 3BOPOHBOTO OCMOCY MAalOTh MOPUCTY CTPYKTYpPY, J1aMETp TOp
ckianae B cepeaabomy 0,0001 mikpon. Takuii po3Mip € JoCTaTHIM Jyisl TOro, 100
yepe3 MeMOpaHu MOTJIU MPOXOJAUTH MOJIEKYJIH BOJAH, B TOM K€ Yac 3aTPUMYBAINCH
PI3H1 IOMIIIKH 1 3a0pyTHUKH.

3BOPOTHI OCMOC TIOYMHAE BIJOYBaTUCS NPU IEBHOMY pIBHI THCKY, SKHU
HA3UBAETHCS OCMOTHUYHUM. TOOTO B I1ii1 TOUIll BOJIa TOYMHAE BIUIMBATH HA MEMOpaHy
3 HEOOX1THOIO CHJIOIO, IO JTO3BOJISIE MOJICKYJIaM MPOIITOBXYBATHCS Yepe3 mopu. Yum
BHUIIE TUCK BOJIH, KA IMOAAETHCSA HA MeMOpaHy, TUM BHUIIA MPOAYKTHBHICTh MEMOpaHH
1 Kpariie AKicTh ouutieHHs. PoOounii TUCK /1s1 HU3BKOHAIIIPHOTO OCMOCY KOJTMBAETHCS
B 6 10 12 atmocdep, s BUCOKOHAMIPHOTO ocMocy - Bij 12 1o 16 atmocdep. s
OYHMIIICHHS MOPCHKOi BOJIM HeoOX1iaHO THCK B 40 1o 70 atmocdep.

Bcepenuni memOpanu BoJa pO3IAUISETHCS HA JBa TMOTOKU: TEepMmiaT, TOOTO
B1/1(p1IbTpOBaHA 00€3C0JIEHA BO/IA, 1 KOHLIEHTPAT, TOOTO po3cisl. 30BHILIHIN TUCK (SIKHIA
MOBUHEH TMEPEBUINYBaTH OCMOTHUYHHII), BIUIMBAIOUYM Ha KOHIIEHTPAT, 3MYIIYy€E
MOJICKYJIM BOJM PyXaTHUCS Yepe3 MEMOpaHy B 3BOPOTHOMY HAIPSIMKY, 3araHsIOuH iX Yy
nepmiaT 1 MIBUIYIOYN TUM CaMUM PIBEHb PIIMHU. B mboMYy 1 mossirae mpUHIAT i1
CHUCTEMU 3BOPOTHOTO OCMOCY.

VY migcyMKy BcCi 3a0py/IHEHHS 3aJIMIIAIOTLCS HA 1HININ CTOPOHI MeMOpaHu, 3BIAKU

BOHH BiI[I[aJ'IHIOTBCH HIJIAXOM 3MHUBAHHA B APCHAXK.

ApkK.
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Jlnst  AOCSTHEHHS HOPMajbHOI TPOIYKTUBHOCTI MeMOpaHW, Ha Hei NOBHWHHA
HAJXOIUTH BOJA IiJl TUCKOM 3,5-4 arMocdepu. Takuii TUCK - 3BHYAiHA CIIpaBa IS
OUTBIIOCTI MYHIIMIIATBHUX BOJOMPOBOIIB Y BEMUKUX MicTaX. [Ipu THCKY BOIM MEHIIIE
2-2,5 atmocdep (y TOMy uncii 1 mpu 3a00pi BOJIU 3 EMHOCTI 0€3 THCKY) OTP1OeH HAacOC
i IBUIIICHHS THUCKY.

k1o ouunIieHa Bo/Ia CIIOKUBAETHLCS HEPIBHOMIPHO, 1 IEPIOAMYHO 11 BUTpaTa MOXKE
3pOCTaTH, TO CHCTEMa OYMIICHHS 3a3BUYail JOMOBHIOETHCSA EMHICTIO JUIS 30€piraHHs
9UCTO1 BOJM. [HO/II 3aCTOCOBYETHCS OLIBII IOPOTHUMA CIOCIO - CHCTEMH OCHAITYIOThCS

ICTOTHO OUTBII MOTY>KHUM HACOCOM 1 OUTBIIT MPOTYKTUBHOIO MEMOPAHOIO.

ApkK.
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3. TEXHOJIOTTYHI TA T'IIPABJITYHI PO3PAXYHKH OUMCHHX
CIIOPY ]

3.1. Po3paxyHok npuiiMajibHOI KaMepHu

O06’em kamepu:

q
W= - 3.1.1.
= (31.1)
Jle g — BuTpara Boau, M>/n00y, T — yac poGOTH CTaHIIi, TOJ;

200
W=—=25mMm
8
Bucory kamepu npuitmaemo H =2 m
Uucno kamep npuitmaem - 1

[1;moma kamepu :

F= w 3.1.2
- H ( " )

F= 25 _ 12,5 m?

= > = , O M

[[Iupuna kamepu:B =2 M
JloB:KuHaA KaMepH :

L= d 3.1.3

12,5
L=——=6,25mMm
2
3.2. Po3paxyHoOK nepuioro pe3epByapy OYMIleHOI BOIU
Yac nepebyBaHHs BOJIU B pe3epByapi OUUILEHOI Bou — 1 roj.
O06’eM pesepByapy:
q-t
W= — 3.2.1
. (32.1)
25-1
W=——=23,13m3
8
ApkK.
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[Ipuiimaemo BucoTy pezepByapy H=1 m.
[Tpuitmaemo mupuny peseppyapy B =1 m.

[1;moma pe3epByapy OUMIIEHOI BOIH :

F= hd 3.2.2
- H ( b )
3,13
F= — =313 M?
1
JloBxuHa pe3epByapy :
L= r 3.2.3
3,13
L=——=313mM
1
3.3. Po3paxyHok Apyroro pesepByapy O4MIileHOI BOIH
UYac nepeOyBaHHs BOJU B pe3epByapi OUMILECHOT BOAU — | Toj.
O06’em pe3epByapy:
q-t
W= — 3.3.1
- (33.1)
25-1
W=——=2,03m3
8
[Ipuiimaemo BucoTy pezepByapy H=1 m.
[Ipuiimaemo mmpuHy pezepByapy B =1 m.
[1moma pe3epByapy OUMIIEHOI BOJM :
F= hd 3.3.2
- H ( e )
2,03
F= —=2,03m?
1
JloBxxuHa pe3epByapy :
L= d 3.3.3
ApkK.
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2,03
L= T = 2,03 M

3.4. [IpoeKkTyBaHHSI IIAMOCXOBHIIA
O06’eM ocafy, 0 HAIXOIUTH O MIJTAMOCXOBHUINA MpoTsaroMm moom Woc = 0,1875.

O06’eM 1JIAaMOCXOBHIIA PO3PAXOBYIOTh Y BIAMOBIIHOCTI 3 YaCOM IepeOyBaHHS OCady

B HBOMY:
W =W, -t (3.4.1)
Wy 018758
T 22 M

[Ipuiimaemo Bucoty nmamocxosuma H =1 m.

[Imomra nuramocxoBHIIIA:

F = W 3.4.2
=5 (34.2)
0,063
= ——=0,063 Mm*
1
JiameTp 1mIIaMOCXOBHIIIA:
D=2 a 3.4.3
=2 | (34:3)
D=2 |22 _gg
4 31a
3.5. IIpoexTyBaHHs pinbp npeca
O6’eM (inbTp-TIpECy:
W=W,.-t, (3.5.1)

ne t —gac nepeOyBaHHs ocany y GuisTp mpeci, t = 2 rox;
W =0,1875-2 = 0,375 m>

[Tpuiimaemo mmpuny GinsTp npecy B = 0,5 m

ApkK.
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[Tpuiimaemo Bucoty ginbtp npecy H= 0,5 m

JloBxxrHa GiIBTP Mpecy:

w
F=178
0.375
F=m:1.5M

3.6 IIpoeKkTyBaHHS €J1eKTPOKOATYJIATOPA
Cuna ctpymy:
[=C(Cr)-g-3.1
[=3.64-25-3.1=2821A

[Timoma anoais:

I 2821
j 120"

Jle j — aHomHa TyCTHHA CTypMy, j — 120 A/m?
2821

f=——=2. 2
170 35m
[T1o1ma po6o4oi MOBEpXHI OJHOTO €IEKTPOIA:
fpa=2-b-h,

(3.5.2)

(3.6.1)

(3.6.2)

(3.6.3)

It b — mmpuna muactuam, b = 0.3 M; h — poboya Bucora mactuau, h = 0.6 M;

fpa=2-0.3-0.6 = 0.36 M?

3aranpHa KUIbKICTh €IEKTPOJHUX MIIACTHH:

f
Non = 2— 3.6.4
1) fpa ( )
NIt = 2 2.35 15
=036
3aFaHBHa Maca CICKTPOIHUX ITJIIACTHH:
M =Nmn -f-&-p, (3.6.5)
ApkK.
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/M

Jle 6 — ToBmmHA enekTpoaHoi mactuau, 6 = 0.006 M; p — ryctuHa 3aiiza, 7,67
3

M=03-03-15-0.006-7.87 = 0.119 ToHH

KinpkicTh enexkTpoaHux OJIOKIB:

M
0119
N6sa = 0.05 ~ 3

PoGounii 00’eM eneKkTpoKoarysiTopa:
W =fa -b°-b-Nmij, (3.6.7)
ne b°- BicTaHb MIXK €JIEKTPOJHUMU T1acTuHamMu, b® = 0.01 m
W=0.6-03-0.01-15=0.027 M3
[upuHa OAHOTO EIEKTPOIHOTO OJIOKY:

B—NH”8+001<NM+1) 3.6.8
"~ Nén ' N6 (3.68)

B =5-0.006-0.01(5+1) =0.09m
Bucora enexrpokoarynsitopa H=0.74 m
[[upuna enexrpokoaryisropa B3ar = 0.14 m

HoBxuHa enektpokoaryinstopa L = 0.44 m

3.7. IIpoexTyBaHHS BUTPATHOI0 0aKy IiIPOOKCHAY HATPist
O06’em Oaky:

_ _Q-Dp-t
~10000-C-p

(3.7.1)

ne Dp — no3a pearenty; t — yac pobotu crasiiii, roa; C — KOHIIEHTpaIlisl peareHry,%o;

p — I'yCTHHA PEarcHry;

W= 200-24.55-8
~10000-10-1.11

= 0.36 M3

ApkK.
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3.8. [IpoexkTyBaHHs HOPIIOBUX 3MilllyBa4iB
[TpuitmMaeM 4KCII0 TEPETOPOJOK — 12 mmIT.
Yac mepeOyBaHHS BOAM B 3MilTyBadi — 2 XB.

O06’eM HOPIIOBOTO 3MilTyBaya:

Q-t

W_8-60
W = 2—084 3
~8.60 oM

[TpuiiMaeMo mupuHy HopioBoro 3Mminrysada B = 1 m.
[Tpuitmaemo Bucoty HopioBoro 3minryBada H =1 m.

[11o1ma HopioBoro 3MinryBayva:

F_w
H
0,84
F= T=0,84M2

L_w
B
0,84
L=T=0,84M

(3.8.1)

(3.8.2)

(3.8.3)

3.9. IIpoexTyBaHHs KaMep MJIACTIBHEYTBOPEHHS i3 3MYJI€HUM 0CAJ0M

[Ipuiimaemo mmprny kamepu Bk= 1,5 m

JloB>KrHA KaMepy BU3HAYA€ETHCH 13 IUIOIII A3€pKaia BOJIU B KaMepi:

L= il 3.9.1
= B. (3.9.1)
097
~15 M
[Tnomra oxgHiel kamepu:
q
F.= 3.9.2
36" N - Vi ( )
ApkK.
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ne Ny — KUIbKICTh Kamep, npuitmaeMo 1 kamepy; V., — MIBUAKICTh MIAKOMYBOJIU B
kamepi, V, = 1.6 MM/
25

F =— 2> 14502
xT36.1-16 M

3.10. IIpoexkTyBaHHS TOHKOLIAPOBUX BiACTiliHMKIB

[TpuiiMaeMo BiACTIMHUK 13 MPOTUTOYHUM PYXOM BOJIH 1 OCady.

PoOouya noBxuHa BIACTIMHUKA:

L bV

p = m, (3.10.1)
Jie 0. — KyT Haxwmity miactus, o = 50% h,, — Bizcrane Mixk mnBoma muactunamu; K —
Koe(DIIlieHT, 0 BPAaxOBYE PyX BOAM, Tak sk pyx nporutounuit o K = 0.7; Uy —
rijipaBiiyHa KpymnHicth ocany, Uy = 0,5 Mm/c; V — mBUAKICTH pyXy MOTOKY, V = 5
MM/C
_0,012-5
P~0,7-0,5-0,64

3aranpHa JOBKMHA TOHKOIIAPOBOI'O BiIICTiI;’IHHKaI

=0,27m

[Tpuitmaemo uncio maactuH B cekmii n = 10, yuciaom cekriii N = 2,

L=1,-n-N, (3.10.2)
e n — yucno niacTuH B cekiii, mpuitmaemo 3a 10, N — gucio cekiiit, npuiiMmaemo
3a 2;
L=2027-10-2=54m

[[InprHa TOHKOIIAPOBOTO BIACTIHHUKA:

B = Uo_n_l\?_lp o (3.10.3)
B = 25 = 2,57 ™
0,5-10-2-0,27-3,6 ’
[1o111a TOHKOIIAPOBOTO BIJICTIMHUKA:
F=B-L (3.10.4)

F=257-54=138mMm?

ApkK.
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O06’eM 30HU HAKONTMYEHHS OCaly:

't'C—
wed (6 m),

ne t = 8 ToJ1 — 4ac HaKOMWYEHHSI 0Ccay.

_ 25-8-(26,75 — 8)

20000 =019
BI/ICOTa 30HHU HAKOITUYCHHA Ocaﬂy:
w
Hoe = —
0,19
oc = 138 = 0,014 m

[Tpuitmaemo Bucoty Bijctiinuka H=1 m.

3arajbpHa BHCOTA BIACTIMHUKA:
H=H; +H,.+0,3
H=1+0,014+03=132m

3.11. Po3paxyHok mBUAKHX PinbTpiB
Po3paxyHOK MIBUIKUX (PUIBTPIB:

Q
" T-V,—-36-w-n-t;—t,*V,n’

F

(3.10.5)

(3.10.6)

(3.10.7)

(3.11.1)

ne Vy = mBuAKICTh GiabTpyBaHHs, V= 6M/TOJ; N- YUCI0 TPOMHUBOK, TPHUIMAEMO

3a 2; t; — yac nmpoMuBKU GLIBTPY, t1 = 0.1 rox; t; — yac mpocToro GUIBTPY y 3B’ SA3KY 3

IPOMUBKOIO, t2 = 0.33 roz;

~ 200
~8:6-36-15-2-01-0,33-6-2

KinbkicTh GuIbTpiB:

F = 3,65 M?

VF
N=— (3.11.2)
2
v/ 3,65
N = =3,82=>4
2
[Tnoma oxHoro GUIBTPY:
ApkK.
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N
F=— (3.11.3)
2
F=22% 19w
= > =19mMm
BuakicTs GiTTpyBaHHS Yy (POPCOBAHOMY PEKUMI:
Vg = N V 3.11.4
¢ — N — N1 H» ( . . )

ne N—uucno dunbTpiB; N1—uncio GuIbTpiB BiAKIIOUYEHHX Ha peMOHT: N < 20,

Nq.=1;

4
V¢=4T-6=8M/ro,q

3arayibHa BUCOTa PUIBTPY:
H = Hy, + Hg,s + Hy + hg, (3.11.5)
ne Hy; — BucoTa mapy miarpuMyrodoro 3aBantaxeHHs (0,7 m);Hg ;. — Bucora mapy
¢inpTpyrodoro 3aBantaxenss (1,5 m); hs — OyniBenpHuii 3amac Bucotu (0,3 M); Hy, —

BHCOTAa BOJIHOTO mIapy (2 M);

H=07+15+2+03=45mM

300paxxyeMo QiabTpy NPSIMOKYTHUMU B IIJIaHI.
Butpara Boau B KOJIEKTOP1 IPU MPOMUBIIL:

qe=F -w-1073, (3.11.6)
Jie W —IHTEHCHBHICTh NPOMUBKH, w = 16aM3 /¢

3
M
4 =19-15-107 = 0,006 —

[Tino1ma nepepizy KoJieKTopa:

dx
f = —, 3.11.7
K VK ( )
ne Vi — MBUAKICTh PyXy BOJIM B KOJIEKTOP1 Mpu MpoMuBIi, Vi = 1,8 m/c;
ApkK.
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0,0285 ,
fo=—"5— = 0,0285m

JliaMeTp KOJIEKTOpa PO3PaXOBYIOTh:

Uwucno BiranykeHb IPH IBOCTOPOHHBOMY PO3MIIIICHHI:
_ 2L 103
= —
ne | — BimcTanp Mix Biaramy)xeHHsIMHA — 350 MM;
2-1,5-103
= — = 9
350

[Tpuitmaemo mupuny oaHiel cexuii puibTpiB B = 2,4M, a 1oBXUHY:

n

n

JliamMeTp BiAramymaKeHb:

[1no1a nepepizy BiAramyKeHHS:

(3.11.8)

(3.11.9)

(3.11.10)

(3.11.11)

(3.11.12)
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s

f, = 3.11.13
B VB ( )
ne V, — mBuUAKICTh pyXy BOAM y BiaramdyxenHi, V; = 1,5 m/c;
0,0032 )
f, = 15 = 0,002 m
ApkK.
ITosicHIOBasILHA 3ammMcKa 45
3MmH. | Apk. Ne nokym. Iignuc | dara




4 BYAIBEJIBHA YACTHUHA
4.1. O0’eMHO-IIIaHYBaJIbHE BUPillleHHs OyAiBJIi

OpnHomoBepxoBa OymiBIs KapKacCHOTO THUITY, JBOMPOJLOTHA (TMpomiT 18 M), Kpok
KoJIoH 12 M, BucoTa moBepxy 12,6 M, nosxuna Oyaismi 120 m. B copyzi BctaHoBiI€HO
MOCTOBUM KpaH BaHTaxomiauomHicTIO 10 T, BIAMITKA TOJIBKH KPAHOBOI'O PEIBCY
3HAXOJUTHCI Ha BIAMITIN 9,65 M.

Kosmonu B OyniBm 3a11300€TOHHI, IBOTLIKOBI, 3 KPOKOM 12 M; KOJIOHH (haxBepKy
cTayieBl 3 KpokoM 6 M. DyHJaMEHT KOJIOH 13 3aJi300€TOHY cTakaHHOro Tumy. Poib
HECYYMX KOHCTPYKILIM TOKPUTTS BHUKOHYIOTH JBOCKATHI 3aii300€TOHHI Oaiku
nBOTaBpoBoro mepepisy. Ilokputrsa 31 30ipHUX 3al1300€TOHHMX IIUT 12x1,5 M 3
pebpaMu xKopcTKocTi. BikHa cTpiukoBi, BUcoTa 7,2 M, IIMpHUHA pamMu 6 M; BOpOTa
CTaHOBJICHI po3mnaniHi 4x4,2 M.

Crina xpynHOOJ09HA TOBIIMHOIO 150 MM. IIpuB’s3ka KOJOH 10 MO3OBXKHIX
pPO30MBOYHUX Ocel CTaHOBUTH 250 MM, 10 MONEPEYHUX NpUB’A3Ka BcTaHoBiaeHa 500
MM. Y Mmicii gedopMaliiitHoro 1Ba MpuB’s3Ka KOJIOH JI0 MONEPEUHOI 0C1 BCTAHOBJICHA
500 mm.

AJMIHICTPATUBHO-TTOOYTOBI MPUMIILIEHHS] BUHECEHO 1O MPUOYIOBH, CITKA KOJOH

3x6 M, BUCOTa IPUOYIOBU CTAHOBUTH 3,6 M.

4.2. Bu6ip KOHCTPYKTUBHHUX eJIeMeHTIiB OyaiBJti
BpaxoByroun 3anani napametpu OyaiBii, Oyjgo oOpaHO 3a1i300€TOHHI JBOTIKOBI
kosonu cepii K3-01-52 (puc. 2.1) ayis oqHOMOBEPXOBUX MPOMUCIOBUX OyAiBENb B
SKUX BJIAIITOBAaHWNA MOCTOBHUH KpaH: mupuHa kojioHu b = 500 mm, h = 600 mm, hH

= 1300, het = 250, Bucotra H = 13950, BucoTa BepxHboi yacTunu Kojionu HB = 4500.

ApkK.
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HE
g
2=2
L ¢ |

| 30 H=1185
@
2

1050

Pucynok 4.1 — JIBoriikoBa KoJIoHa: a — KpakHBOTO PpsiAy; O — CEpeTHHOTO

pany

Jlns maHoi KOJIOHM OOpaHO MiAKOJOHHUK 3 PO3MIpaMH IONEPEYHOro Iepepiszy
2100x1200 mMm. Ilig xkonoHM BUOpaHHM CTOBMYACTHI ABOCTYIMIHYATUN (PYyHIaMEHT
(puc.2.2), mo Mae Taki po3MipH: CKISHKHU - anXba = 1500 x 700 MM, IiIKOJIHHUKA -
axb = 2100x1200 mm, mimomBa - alxbl = 2700x2100 MM, madm - a2xb2 =
3600%3000 mm. Cxoau mMT BCiX (GYyHAAMEHTIB MalOTh €IMHY YHI1()IKOBaHY BHCOTY

300 mMm.

| JR—
! \ g

1200
2100
3000

| ] g
- ]
| | &l
| | &l
{ 2100 [‘
2700
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Pucynok 4.2 - ®yHIaMeHT KOJIOH

BanTaxomnigiioMHICTh MOCTOBOTO KpaHy cTaHOBUTH 10 T, ToMy s HBOTO OyIio

oOpaHo MmiIKpaHoBY OanKky (puc.2.3.) ABOTABPOBOTO Mepepizy BUCOTOO 1,4 M.

§i ﬁ0'50=
T
S
= 3
= ™
1 '//" L
% Ea
- J40

Pucynox 4.3 — IlinkpaHoBa Oarnka

Ha xooHM BCTaHOBIIEHO JBOCKATHI 3aI11300€TOHH1 Oamku mOKpuTTs Mapku 158-18-

1 (puc.2.4), ki MaroTh JOBXKUHY 18 M, 110 BIAMOBIAAE JOBKUHI MPOIHOTY.

400

720

¥ 1780 .

1400

Pucynox 4.4 — banku nokpuTTs

[ToxkpuTTst OyAiBiAl 3p00JIEHO 13 3a1300€ TOHHUX KT (puc.2.5) po3mipom 12x1,5 m.

ApkK.
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Pucynox 4.5 — Inutu nokpuTTs

Bikna cTpiukoBi, miupuHa pamu 6 M, Bucota 7,2 M. Jlo Oy/1iBjI1 Ha BX1/1 BCTAHOBJICHO
CTaJIeBl JBOMIJIBHI PO3MAIIHi JIBepl BUCOTOI 2 M Ta mupuHoio 1,5 M. BrnamroBani
pPO3CYBH1 BOPOTa BUCOTOIO 4,2 M Ta IUPUHOIO 4 M. CTIHM KPYITHOOJIOUHI1, TOBIIMHOIO
150 MM BUKOHaHI.

[TokpuTTst OYIiBII YKJIATa€ThCsA HA 3a1i300eTOHHI MIuTH Ta MicTuTh 4 mapu ( 10
MM OiTymy, 100 minomomictuposy, 10 MM 1EeMEHTHOI CTsKKM Ta 20 MM rpaBiio 3
OITyMOM.

[Tigmora OyaiBiIl YKJIQJA€ThCS HA TPYHT, 1110 € OCHOBOIO Ta MICTUTH 4 mapu: 150 mm
mie6Hto, 30 MM pyOepoiny, 30 MM 6eTOHHOTO po3urHy Ta 30 MM OJIIMEPHOTO OETOHY.

VY anMiHICTpaTUBHO-TTOOYTOBOMY MpUMillleHH] BiamToBani kojonu (0,4x0,4 mm) 3
KpokoM 6x3 M. CTiHu HaBUCHI1, TOBIIMHOIO 0,2 M, 3p00JieH] 3 ra300€TOHHUX MaHeeH.
[1nuTH MOKPUTTS BKIAAAI0THCS HA puresb ToBimHO0 800 MM. JIBepi, 1110 BiallITOBaHI
y IPUMIIIEHH] — PO3MAIllHI IepeB’ TH1 OTHOMIBHI MUPUHOIO 0,8 M Ta BUCOTOIO 2 M.

[Tignora agMiHICTPATUBHO-IOOYTOBUX MPUMIIIEHb TAKOX YKJIAJA€ThCSl HA TPYHT,
0 € OCHOBOIO Ta MicTuTh 4 mapu: 150 mm mebHto, 30 MM pyGepoiny, 30 mm

MHOTOJIICTUPOITY BaTH Ta 5 MM KepaMidHa IJIUTKA.

ApkK.

IlosicHIOBaJIbHA 3aMMUCKa

49

3MmH. | Apk. Ne nokym. Iignuc | dara




4.3. PoMillleHHSI OYMCHUX CIIOPY/

BupobHuyde npuMillleHHs Y SKOMY BCTaHOBJICHO OYMCHE 00JIaHAHHS 3HAXOAUTHCS
Ha BigMmitii +0,000. [lepeman BUCOT 3a0e3medy€eThCs 32 paXyHOK HACOCIB.

Ha movatky TeXHOJIOTIYHOTO MPOIECY BCTAHOBIIEHO MpuiiMansHa kamepa (L=6,25
M; B=2 M), nani Ha BijcrTani 2 M enektpokoaryisatop (L=0,44 m; B=0,14 m), iopiioBwuii
smimryBad (L=0,84 m; B=1 M) Ta kamepa maacTiBIEYTBOPEHHS 31 3MYJIEHUM OCaJIOM,
amapary BJIAIITOBAHO HA BiACTaHi 1,5 M OAMH Bij OJTHOTO.

Ha Bijicani 3 M BcTaHOBJIEHO TOHKOIIAapoBui BiacTiitHuK (L=5,4 M; B=2,57 m). [ami
e Omoxk wmexadiituamx ¢ineTpie (L=1,5 m; B=2,4 M) Ta Ha Bigctani me 3 M
nutamocxosuiie (D=0,9 m) ta pinerp-npec (L=0,5 m; B=0,5 m).

OcTaHHIM TEXHOJOTTYHUM 00JIaJHAHHAM € pe3epByap uucToi Boau (L=2,03 m; B=1
M), 3BOPOTHbOOCMOTHYHA ycTaHoBKa (L=2 m; B=1,5 M) Ta 3HOBY pe3epByap 4uCTOi

Boau (L=2,03 m; B=1 m).

ApkK.
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5. OXOPOHA ITPALI

OxopoHa mpaili - 11e cucTeMa 30€peKCHHS KUTTA 1 3I0pPOB'S MpalliBHUKIB B

mporeci TPYIOBOI MisUTBHOCTI, IO BKIJIIOYA€E TIPaBOBI, COIIAJIbHO-EKOHOMIYHI,

OprasizaliifHo-TeXHIYHi, CaHITapHO-TIT1EHIYHI, JIKyBaJIbHO-TIPODITIaKTHYHI,

pealuTiTaliifH Ta 1HII 3aX0/IH.

BiamosigHo 10 TemMu «YCTaHOBKAa KOMILIEKCHOTO OYMILEHHS TaJIbBAHOCTOKIB

B1JI 10HIB BaXKKUX METAIIB» BC1 PIIIICHHS MPH pO3pOOIll TAHOTO TPOEKTY Po3poOIIeHi 3

ypaxyBaHHSM HOPM 1 BUMOT OXOPOHH ITpari.

B manomy po3ain po3po6iieHi i mpuBeAeHI BUMOTH IS TIEPCOHATY, IO 3a 1 THHMA

Ha OOCIIyTOBYBaHHI CHOpPYJ OYMCTKH CTOKIB TajbBaHIYHOTrO I1exy. llepconanm —

OomepaTopyd OYMCHUX CIOPYJ, MpalliBHUK JabapaTopii, 10 371HCHIOE BiaOip Mpoo,

MaﬁCTep, 1o 3aliMa€eThCs YCYHCHHAM HC3HpaBHOCT€ﬁ 1 IUIAHOBUM PEMOHTOM

€JIEMEHTIB OUYUCHUX criopy. J1o 000B’sI3KiB OMEpaToOpiB BXOIUTD:

1. CnigkyBatv 3a CHpPaBHICTIO 1 MPaBWIbHOK POOOTOI0 BCIX €JIEMEHTIB

OUMCHUX CIIOPYJ, y pa3l BUHUKHEHHS HE3MPABHOCTEH TEPMIHOBO
MOBIIOMJIATH MaicTpa.

CrnikyBaTy 3a HasBHICTIO 1 CIIPABHICTIO 00JIaIHAHHS, 3aXUCHUX 3aCO0IB,
HEOOX1THUX 711 OOCITYTrOBYBaHHS OYUCHUX CIIOPY/I.

CninkyBaTH 3a PIBHOMIPHUM PO3MOAIIOM MO OKPEMHUX CEKIISX CTIYHOI
BOJIM, Y Pa3i BUSBIICHHS HEPIBHOMIPHOCTEH, BIIPETYIIOBATH MOJa4y BOJIH.
[TomaBaTu Boay 1JIyT B BUTpATHHUI OaK TiIpOOKCHIY HATPIfO.
PerymoBatu po0OTYy €JIKTPOKOAryjsitopa, HacociB, QUIBTp Mpecy,
YCTaHOBCKHU 3BOPOTHHOOCMOTHYHOT OYMCTKY BOJIU, MEXaHIUYHUX (DUIBTPIB.
CBo€4acHO, NUISIXOM BIAKPUTTSA CIEIIaIbHUX BEHTWJIIB, 3a0€3MeuyBaTH
CKHJT KOHIIEHTPaTy 3BOPOTHLOOCMOTHYHOI YCTAHOBKH B KaHAJI3aIliIo 1 Ha

MIPOMHBKY MEXaHIYHHUX (DUIBTPIB.

[IpaniBauku  mabaparopii  3000B’s3aHi  OpaThd  MpoOM  KOHIIEHTPATY

3BOPOTHROOCMOTHYHOI YCTAaHOBKH TE€pe]] HOTO CKU0B B MICHKY KaHali3aIlito, 1 oparu

ApkK.
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npoOM OYHMIIEHOI BOAM, Meped 1l BIANPAaBKOIO HAa TOBTOPHE BHUKOPUCTAHHS.

Bia6ip npo6 Boau MpOBOIUTHCS TIIBKH B METAJIEBUM MOCY]] 00 MOPIIEISTHOBI KBapTH,

nocyA i 30epiranHs KUCIOTH ab0 JIyry MOBUHEH MaTH YiTKUN HAIKC PO CBiil BMICT.

B mepepBax Mix periaMeHTOBAHOI POOOUYOI0 MisUTbHICTIO, TPAIiBHUKHA 3MIHU

MPOBOAATH Yac B OKPEMOMY, CHEIIaJIbHO BHAUICHOMY JJIi HUX HPHUMIIICHHI, SKE

MOBHICTIO 130JIbOBaHE BiJ] HEOE3MEUYHUX UYWHHHUKIB POOOTH OounMcHUX cropyn. lle

npuMilIeHHs 3aiiMac mionty B 40 M2, Mae OJMH BXij, BKIIOYAE B ceOe KIMHATY s

BIJINOYMHKY, CAHBY30J1, TapJiepod 1 po3IarajibHIo.

OTxe, MO>KHA BUJIIJTUTH BC1 IIKIJIJIMBI Ta HeOe3meuHi GakTopH, IO MIFOTh HA

IICPCOHAI O6CJIerBYBaHH51 OYHCHHUX CIIOPYA:

o 0k~ wDd e

IToxxexua Oe3mneka

[ToBiTpst po6OUOi 30HU

Bupo6auui mrymu Ta BiOpairii

HeOe3neka magiHHA 3 BUCOTH

PobGora 3 KOHIOCHTPOBAHNM 1 PO3BCACHHUM JIYT'OM.

He6e3neka ypaxeHHs €1eKTPUIHUM CTPYMOM

5.1. IloBiTpst po6040i 30HU

PoGotra Ha ouMCHHX cCHOpyAax TalbBAHIYHOTO 1E€XYy BIIHOUTHCA 1O POOIT

cepeHboi cTymiHl TshKKocTi 116. s miei kaTeropii podit nependayeni, 3rigno JCH

3.3.6.042-99,Hopmu MiKpOKIIIMATy y pi3Hi opu poky. L{i HopMu HaBeaeH1 B TabauII

5.1:
Temmneparypa, °C BigHocHa IBuakicTs  pyXY,
BOJIOTICTb MOBITPS,% m/c
dakTuyHa
> < < <
g = = < = <
o = 4 = = = =
= = S |Hwkus |Bepxms s = s =
3 e = = 3) = 3)
.2 o = S > = >
o, = & Mexa MexXa E = = =
O < = = = = o
= 4 ©) ©) = o =
Xomomuuii | 116 17-19 |13-15 |21-23 40-60 75 0,2 <0,4
Termmuin |11 20-22 (16-17 |27-29 40-60 70 0,3 0,2-0,5
ApkK.
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[IpoexTom nependavyeHe TOTPUMAHHS BUIIIE MPUBEICHUX HOPM.

Temneparypa moBepxHi cTei, CTiH 1 IMIJIOTH, MA€ HE TIEPEBUIYBATH TOMTyCTHMI1
HOopMU OUhIN HIX Ha 2 °C(y Temnuit nepiox 29 °C, xonoauuii 24 °C).

ITo BchbOMy BUPOOHMYOMY MPUMIIIEHHI, MPOEKTOM IepeadadeHa HasBHICTD
CIUPTOBHUX TEPMOMETPIB JIJISI MOXKIMBOCTI BU3HAYCHHS 1 KOHTPOJIIO Temmeparypu. s
MOJTINIIICHHS MIKPOKJIIMaTy Ha BUPOOHMIITBI, Mepen0auyeHO BCTAHOBJICHHS CHCTEMU
KOHJIUI[IOHYBaHHSI.

[IpoektoM mnependaueHa NPUITUBHO-BUTSKHA BeHTWIALIS. BoHa mo3Bomsie
OJIHOYACHO I0JaBaTH B MPUMIIIECHHS YHCTE TMOBITPS 1 BUTATYBATH 3a0pyAHEHE.
[lepenbayenuii 1 KOHTPOJb TpaHUYHO AonycTuMoi koHueHTpamii (I'IK) mkiamuBux
pedyoBUH y MOBITpl. Takoxk, nependadyeHe 3aCTOCYBAHHS IMpalliHUKaMU 3aXHCHOIO
oOnaJiHaHHS — 3aXUCHUNM KOMOIHE30H, XaJlaT, OKYJISPH, pPyKaBUIll 1 pecipaTopu TUITY
PIIT-67-A.

Y BupoOHHYOMY TpHUMIIIECHHI mnependayeHo (YHKIIOHYBAHHA CHUCTEMHU
OTaJICHHsI, IO J03BOJISIE MIATPUMYBATH ONTHMAJIbHUN TEMIEPATypHUNH PEXUM B
XOJIOIHUH Yac POKY.

JIist  momepelKeHHsT 3acTyJAHMX 3aXBOPIOBaHb pPOOITHUKIB, a TaKOX iX
NEPEOXOJIOMKEHHSI, MPU BXOAl B BHUPOOHHMYE MPUMILIEHHS MepeadadeHl TersIoBl
MOBITPSHI 3aBICH.

B npumimenni, ae 30epiracTbCsi TBEpAUN TIAPOOKCHI HATPIIO MepeadoadeHa
MOTYXHA CUCTEMA BUTSKOK, JJIsI YHUKHEHHS /11 Ha MPaIiBHUKIB MAPIB JIYTY.

5.2. 3axucT Bii BUPOOHMYOT0 HIyMY Ta BiOpamii

JxepenamMu 1IyMy B HNPUMILIEHHI J€ pO3TAlIOBYIOTHCS OUYHMCHI CIOPYIU
raJIbBAHOCTOKIB — € O€3M0CepPEeTHHO CaMi OYUCHI CIIOPYIH, TTIOTOKH BOJU, BEHTHIIATOPH
Toio. PiBeHb 1mIymy 3anexuTh Bi poOOTH yCiX HOTO JKepes 01HOYacHo 1 focsrae 40

nbA, mo 3rigno JACH 3.3.6.037-99, Binnosinae HopMi B 801ba.
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3HIKEHHS  pIBHS IMIyMy B  JIOCATAEThCS  IUIAXOM  BUKOPHUCTAHHS
ITYMOTIOJIABJISIIOUMX 1 IIYMOI3OJIIOIOUMX MaTepialiB, a TaKoX apXITeKTypHUX 1
IUTAHYBAJIbHUX  PIIIEHb.  BCTaHOBMIOIOTHCA  IIYMOTJIYIIHMKH Ta  €KpaHH,
HIYMOI30JIALIIMHANA KOXKYX.

[TpuminieHHs 71 BiAMOYHUHKY MTOBHICTIO 130JIb0BAaHE B1JI JPKEPEIT IIIYMY IIJIIXOM
BUKOPHUCTAHHSA [TYMO130JIIOI0YHX MaTepiaiB.

[Ipy BUKOHaHHI MaWCTPOM IUTAHOBUX 1 TO3aIJIAHOBHX POOIT MO PEMOHTY
OUYMCHHUX CHOPY/I, 110 MOXKE CYyNpPOBOKYBATUCH 3HAYHO MIABUIIICHUM PIBHEM IIIyMY,
nependavae BUKOPUCTAHHS MaiiCTPOM 3aXHMCHUX HaBYIIIHHKIB.

[Tpuctpiit NUILIB-003, BUKOPUCTOBYETHCS 1JIsi KOHTPOJIIO 32 piHBHEM BiOpaiii 1
IIYMY Y BUpPOOHMYOMY MPHUMIILIECHHI.

[IpoexTom nepeadaueHo po3TanryBaHHs BCIX JKepell BiOpallii Ha crieliaJbHOMY
BiOpoizomoouomMy GyHaoMeHTI. Maca Takoro ¢yHIaMeHTY MiAOUpaeThCs Tak, abu
aMIUTITyJ1a KOJIMBaHb He niepeBulryBaia (0.2 MM.

5.3. Po6oTa 3 KOHIIEHTPOBAHUM i PO3BeIeHUM JIYTOM.

KomMmIuiekcHe ounIeHHs ralbBaHOCTOKIB Mepedadae 0CaIKeHHsI 10HIB BaKKUX
METaJIB rIPOOKCHIOM HATPit0. PO3UMH riIPOOKCUAY HATPIIO TOTYETHCS Y BUTPATHOMY
Oarri, a 10 OT'O CYXHUH T1IPOOKCH/T 30€pITaEThCA y CIIEIiaIbHO BiABEICHOMY JIJIS ITbIO
npuminieHHi. Jlyig 30epiraHHs BUKOPUCTOBYIOThCS CIE€LIalIbHI OakH, /€ I10AaTKOBO
nepeadoadeHuit map B 4 MM — 3arac KOpo3iiHO1 CTIHKOCTI.

ITepenbauena 3anac pearenra Ha 30 JTHIB.

[IpoekTom nepeadaueHo MeXaHIYHE TPAHCIIOPTYBAHHS PEareHTy 10 BUTPATHOTO
0aKy.

[IpaniBHuK, 110 6€3MocepeHbO KOHTAKTYE 3 JIYyroM, Mae OyTH €KINMIpOBaHUN B
MOBHUW KOMIUIEKT 3aXHCHOTO OJSTY — KOMOIHE30H, XajlaT, PYKaBWIll, OKYJISPH,
pecmipartop.

5.4. BupoOHu4e oCBiT/IeHHS

ApkK.
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3rigno 3 JABH B.2.5-28- ocitnennss 300 1k mpu 3arajJbHOMY LITYYHOMY
ocBiTiieHHl. Ilepen0adaeTbCcs BHKOPUCTAHHS CYMIIIEHOTO OCBITJICHHS, IPUPOJIHE
OCBITJIEHHS — O1YHE OJTHOCTOPOHHE, IITYyYHE — KOMOIHOBAHE.

[TpoekTom mepenbadeHi poOoda, aBapiifHa, €BakyalliiiHa 1 pEeMOHTa CHCTEMHU
OCBITJICHHSI.

Jlis OCBITIIEHHS BUPOOHUYOTO MPHUMIIICHHS TMepeadadeHi JIaMIu BHUCOKOTO
tucky (tumy JPJI). JInst oCBITIGHHS NPUMIIICHHS IEepOCHAIy TepeadadeHi jJaMIiu
JaMIi HU3bKoro Tucky (tumy JIb, JIZLL, JIT).

J171 BAKOHAHHSA PEMOHTHHUX POOIT Mepe10avaeThCsi BUKOPUCTAHHS MOPTATUBHUX
CJICKTPUYHUX OCBITIFOBAYiB.

JUIsl KOHTpOJIIO 3a JOTPUMaHHSAM YCIX HOPM OCBITIEHHS pa3 y 6 MiCSIIB
IPOBOAUTHCA MEPEBIPKa, sl LILOI'O BUKOPUCTOBYIOThCS JitokcomeTpu 10-117.

J1Jist cTBOpEHHS HalOUIBII CIPUSATIUBUAX YMOB Ipalll 3aCTOCOBAH1 TaKi 3aX0/H:

1. PiBHOMIpHICTH PIBHIB OCBITJICHHS.

2. Po3miiieHHs JlaMn TakuM YHMHOM, 300 YHUKHYTH SIKOMOTa HalOUIbIIOL
KUJIBKOCT1 pyXOMUX 1 HE pyXOMHUX TiHEH.

5.5. Ioxkexna 6e3nexa

[IpuunHOIO 3aliMaHb B JTaHOMY BUPOOHHYOMY MPHUMIIIEHHI MOXe OyTH, SK
KOPOTKE 3aMUKAaHHS, TNOIIKOJKEHHS 1 HecnpaBHa poOoTa, abo HempaBUIIbHA
eKCIUTyaTallisi eJeKTPONPUIIaiB, 30KpeMa EeJIEeKTPOKOoaryjiasTopa, Tak 1 Tpyoe
MOPYIISHHS TPABUJI TOKEXKHOT 0€31eKH poOOYHM TIEPCOHAIOM.

[lepenbauaeThecst peryispHa nepeBipka MOKEKHUMH 1HCIEKTOPAMU YCiX HOPM
MOKEKHO1 Oe31eKku B OyaiBIil.

bynisns, ne po3MilIeHHI OYHMCHI CHOpYAM, 3a0e3nedeHa  BEPTUKAIBbHO-
CTPWKHBOBHUM OJIMCKaBKOBIIBOJOM

[IpoekTom nependayeHe 3acToCyBaHHS yiabTa3ByKkoBux onosimryBauiB [IKOII-1
y OpUMIIIEHH] JJIs TONEPEeKEHHsST Ta 3armo0iraHHs BUHUKHEHHS TOXEX1, OCKUIbKU

1IeHTU(]PIKYIOTh KOJMBAHHS MOJTYyM S
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JIist  raciHHA TOTEHINANBHOI TOXKEXK] TMOXKEXK] mepeadadyeHa HasSBHICTh
BOJIOIIPOBIHOT MEpEeXi, HAsBHICTh BOTHETAaCHUKIB, IMOPOIIKOBI BOTHEraCHUKH. B
npuMinieHHi HasBHI BorHeracHuku Tumy OII-2(3), mopomkoBi BOTHETaCHUKU Ta
«CAM-9».

5.6. EnexTpote3nexa

OCHOBHHMM JKEPEJIOM €JEKTPOHEOe3NeKd y BUPOOHHYOMY MPHUMIIICHHI €
esieKTpokoarysarop. Oneparop, KUl KOHTPOJIOE poOOTY €IEKTPOKOAryIsiTopa Mae
000B’SI3KOBO HOCHUTU T'YMOBI 3aXHCHI PyKaBWIl 1 B3yTTsA. POOITHUK Mae OyTH YiITKO
O3HAMOMJICHHH 3 IHCTPYKIII€IO MO eKCIUTyaTallii, 1 1isMu B pa3i aBapiiiHoi cutyarii. Ha
BUIAJIOK BUHUKHEHHS TaKoi, MepeadavyeHa cucTemMa aBapiiiHOTO BIJIKIIIOUEHHS, SIKY
3000B’s13aHUI AKTHBYBAaTH TMpAlIBHUK, IpPU I1[bOMY NOBIJOMHMBIIM MaiicTpa 1
KEPIBHUIITBO ITiIMPUEMCTBA.

Orxe, s 3a0e3MedeHHs] €JIEKTPoOe3NeKdu B BUPOOHUYOMY MPUMIIIEHHI
nepea0ayeH1 HaCTYIHI TEXHIYHI 3aX0AH Ta 3aCO0u:

1. apapiiiHe BIIKJIIOUCHHS CUCTEM;
2. 130JISI1Iis1 CTPYMOBEyYUX YaCTHH;
3. 3HaAKM OC3MEKH;
4. OnmoxyBaHHs, MOTIEPEKyBaTbHA CUTHAJI3AIIIS;
5. momnepeaKyBabHI IJIaKaTH.
5.7. TpaBmaTu4Ha Ge3neKa

B BupoOHHMYOMY mpuMIIIEHH], TIiepea pOOITHHUKAMU CTOITh PU3UK 3a3HaHHS
pI3HOTO pOAYy TpaBM — XIMIYHI 1 TEpMIYHI OMNIKH, HaJIHHS 3 BUCOTH, YpPaKEHHS
SJIEKTPUYHUM CTPYMOM TOIIO. 3217151 MiHIMI3allli pU3HKY, 3 MPalliIBHUKAMH PETYIISIPHO
MPOBOAATHCS THCTPYKTAX1 3 TEXHIKK Oe3neku. Takox BCl MpaliBHUKU MalOTh MPOUTH
000B’SI3KOBUM 1HCTPYKTAX 3 HAJAHHS MEPIIOT METUYHO1 JOTIOMOTH.

Ha Ttepurtopii BUpOOHUIITBA PO3MINICHHI CTAaHAAPTI aNTEYKH ISl TIEPIIOi

MEJIUYHOI JOIIOMOTH.

ApkK.
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Ha mignpuemcTBi (yHKIIOHY€e BiIacHUM MeAnmyHKT. J{o OyaiBil 3 OYMCHUMU

CIIOPYJaMHM JTIOCTYITHUM IT11 1371 IIBUIKOI MEJIMYHOI IOTTIOMOTH.

NaJiHHS IEPCOHATY B pe3epByap BiACTIHHUKA.

bins BiacriiiHuka po3mimeHi psaryBanbHi koma KC-2.5 Solas, Ha Bumagok

3MH.

Apk.

Ne nokym.

ITignuc

Jlara

IlosicHIOBaJIbHA 3aMMUCKa

ApkK.

57




BUCHOBOK

1. lanpBaHIYHE BUPOOHMIITBO — OJHE 3 HAWOUIBIIHMX JKEPEN HAIXOKCHHS
10HIB BaXKUX METAJIB B HABKOJMIIHE cepemoBuiie. Ha migmpuemcTBax, Immo
3alMaOThCS ITUM THIIOM BHUPOOHHUIITBA — OYMCTKA CTIYHUX BOJ € OJHUM 13 HAHOUIBII
NPIOPUTETHUX 3aBAaHb MPU MPOCKTYBAHHI.

2. Icayroua cxema BogoouncTkd Ha BAT «Mepuaian», 3actapijia i Moxe OyTu
3aMiHEHa Ha OLIbIl e(PEeKTUBHY, 3MPOEKTOBAaHY B JAHOMY AMIUIOMHOMY IPOEKTI.
3anpornoHoBaHa CXeMa Ma€ ps] IMepeBar y MOPIBHHSIHHI 3 ICHYIOUOIO — TIOBHE
BUJIIJICHHSI 10HIB Ba)XKKUX METAJliB, MOBTOPHE BUKOPUCTAHHS OYHUIIEHOI BOAM Ha
nignpueMcTBl. Lle nocsiraeTbesl NUIIXOM BUKOPUCTAaHHS MEXaHIYHUX (QUIBTPIB, LIO
JTO3BOJISIE TIPAKTUYHO TMOBHICTIO BHJUIMTH IIJIJAMH BaXKUX METaNiB 13 BOJIH, 1
3BOPOTHROOCMOTHUYHOI YCTAHOBKH, SIKa BUJIAJISIE 13 BOAM Cylb(aTH, MICJIs 4OTO BOJA
MIO/TA€THCS HA TIOBTOPHE BUKOPUCTAHHS .

3. Bubpano 1 0GrpyHTOBaHO HOBY TEXHOJIOTIYHY CXEMY.

4. IlpoBeneHl po3paxyHKH MaTeplalbHOro OajlaHCy — BHU3HAYEHO HEOOXIIHY
JI03Y T1IPOOKCHUIY HATPisl IJI1 OCA/PKEHHS BAXKKUX METAIIB, KUTBKICTh BOJU JJIs OTO
pO3BENIEHHS, KUIBKICTh HUIAMIB, IO MOAAIOTHCS Ha (QiIBTP-TIpec 1 Ha MEpPepoOoKy.
Po3paxoBaHO BCi MOTOKK BOAM HA OYMCHUX CIIOPYIaX.

5. IlpoBeneHi po3paxyHKH OYHCHUX CIOPYJd — MNPUAMAIbHOI KaMepw,
EJIEKTPOKOATyJIATOPA, HOPIIOBOTO 3MilllyBaya, BATPATHOTO 0aKy riIpOOKCHUY HATPIIO,
KaMepH IUIACTIBIIEYTBOPEHHS 31 3MYJIEHHM OCaJIOM, TOHKOIIAPOBOTO BIiJICTIMHUKA,
[IJIAMOCXOBHIIA, (IIBTP-TIPECy, Pe3epByapiB OUHINECHOI BOJIU, MIBUAKUX MEXaHIYHUX
¢b1npTpiB. BU3HaUEHO X NPOEKTHI pO3MIpH 1 TEXHIUHI XapaKTEPUCTUKHU.

6. CnpoexTtoBaHo 1€X, J€¢ OYyIyTh pPO3MIIIYBAaTUCA OYWCHI CHOPYAH.
[IpoexTyBaHHs BIIOYBAJIOCH 3 ypaxyBaHHSIM BCiX HOPM OXOPOHHU Tpaili. BukoHaHo

KpPECJIEHHS TeHEPaJIbHOTO TUIaHy LeXYy, 1 HOro MOB30BXKHIN po3pi3.
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Mo3uuis Ha3sba 08nadHaHHS Tun | Mmapka Kinbkicmb Paamipu
TexHonozi4Ha cxema
1 [puUMansHa kamepa 1
21215 | Hacocu 1
3 Enekmpokoazynsmop 1
b BumpamHuu dax NaCH 1
5 Vopwobul 3Miwybay 1
‘ Kamepa nnacmibueymboperHs 31 3MyneHum )
ocadom
] ToHkowapobuu BidcmiuHuk 1
8 [inamocxobuwe 1
9 dinbmp-npec 1
10 IBudkuu pinbmp 1
1k Pesepbyap o4uweHol Bodu 2
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Homep HaiimenyBaHHs

1 [IpoxigHa

2 AnMiHICTparllis

3 Cxnan cupoBunam Nel

4 Cxnan cupoBuHH No2

5 MexaHIgHUH [eX

6 ["anpBaHIYHUH 1IEX

7 Ilex BOOOYHCTKH

8 Ckuazi roToBOT METaNIIYHOI MPOYKIIii

9 Ckiag MeTaalvHuX BIAXO/I1B

10 dapOyBanbHUIL 11EX

11 KorenbHs

12 Llex BUTrOTOBJICHHS J€TajeH 3 IjIacTMac

13 [nanbus

14 CkJiag TOTOBOT TJIACTMACOBOT MPOTYKITIT
I | /lucm N dokuym Manuc | Jama ﬂﬁ //[57 02 00079/73
Po3pod. benab 1B /lim. Apruyw Apryunt
Mepetip Bewdep BB , , [ | 60 63
:E[/\//EHJ [HEUUQWKUU/H ao K1l im. Jzap4 Cikopcekozo
Sonied ZEHNNaHY s
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