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AKT COTI'VIACOBAHUA

HA MeTOJUYeCKHe PEKOMEeHAALMHU 110 BbINOJHEHHUIO PAKTHYeCKUX pador
no IIM 01 Pa3paborka TeXHOJIOTHIi U IPOEKTHPOBAHHE 3JIEMEHTOB CHCTEeM BOAOCHAOKEHHUS U
BOJ00TBeIeHHS
Tema 1.4 BonocHat:keHue U BOI0OTBe/leHHEe IPOMBILJICHHBIX NPeINPUsATHIH

pa3padorannbie npenoaasareseM K Bogocuat:xxenune u BorooTBeaeHue
Hdxenuc FO.A., 1151 CTY/IEHTOB CIIEUAJIbHOCTH
Bonocnat:xenue u Bonoorseaenue 'BIIOY «IO:xHo0-Ypanbckuii rocyiapcTBeHHbIN TeXHH-
YEeCKHM il KOJLIeIAK»

Mertoandeckne PEKOMEHIAIMK 10 BBIMTOJHEHUIO MPAKTUYECKUX PAa0OT MpeaHa3HAYCHBI
it oOydaromuxcsi 6a3oBoit moaroroBku crierpansHoctr 08.02.04 BopocHabxeHue u BOAOOTBE-
TICHHE.

JlaHHBIE METOAMYECKHE DPEKOMEHIAIMM COOTBETCTBYET COBPEMEHHBIM TPEOOBAHHUAM K
YPOBHIO TIOJITOTOBKHU CTYJIEHTa CPeTHEr0o Mpo(ecCHOHATBHOr0 YIeOHOTO 3aBe/ICHUS B OBJIAJICHHUH
podecCHOHATEHBIMI KOMITETEHITUSMHU 110 CIeIMaTbHOCTH BogocHaOkeHne 1 BOJJOOTBEICHUE.

MeTtoaudeckne peKOMEHIAIMK COJIEPXKAT MOSCHUTEIBHYIO 3alMCKy, H 2 TPaKTHYECKUE
paboT ISt TPAKTUIECKOM pabOTHI CTYACHTOB paOOTHI CTY/ICHTOB.

Mertoandeckne PEKOMEHIAINHU TI0 BBIMOJHEHHIO MPAKTHYECKUX padOT MpeyiaraeTcst uc-
MOJTb30BATh JUTS IPOBEJICHUST MPAKTHYECKHUX 3aHATHIA CO CTYJIEHTAMH, a TaK K€ JUIsi CAMOCTOSITEIb-
HOT'O M3YYEHUS CTYICHTAMHU NMPAKTUYCCKON YaCTH JAUCIUTLTAHBI.

JlaHHBIE PEKOMEHAIMU MOTYT UCIIOJIB30BaTh CTYIEHTHI O0ydYaroImuecs Mo CHelHaIbHO-
ctu 270813 Bonocnabxenue u BojgooTBeaeHue (6a3oBas moaroropka) FOYpI'TK ounoii popmsr

oOy4eHHs.

«ApxuTekTypHas  Macrepckas
A.A. Mapkiirerep




IHosicHUTEJABLHAA 3aAIINMCKA

Meronnyeckre peKOMEHJAlUU MO BBIOJHEHUIO NpakTUYeckux padot 1IM
01 Pa3zpabGoTka TEXHOJOTUM M MPOCKTUPOBAHHUE AIEMEHTOB CUCTEM BOJOCHAOKEHUS
u BojooTBeneHusl Pa3gen 1. Yuacthe B MPOEKTUPOBAHUHU DSIEMEHTOB COOPYKEHUM
BOJIOCHA0KEHUSI U BOJAOOTBEACHUSI TPEAHA3HAUCHBI JJIsI O0yJaroNIuXcsl MO CIeIu-
anpHOCTH 270813 BonmocHa0xeHue v BOJIOOTBEICHHE.

[IpakTrueckue 3aHsATUS SABISIIOTCSA BaxHbIM 3nemMeHTtoM MJIK. B mponecce
BBITIOJIHCHUSI MPAKTUYECKUX PabOT 00ydYaronIuecs CUCTEMATU3UPYIOT U 3aKPETUISIIOT
MOJIYyYCHHBIE  TCOPETUYECKUE  3HAHUA, PA3BUBAIOT  HMHTEIUIEKTyaJlIbHbIE U
npodeccuoHanbHble yMEHHs, (HOPMUPYIOT JJIEMEHTHl KOMIETEHIUNU OyIyIux
CIIEUAIIUCTOB.

MeTonuueckue  pPEKOMEHJAIMKM  MOpeJAHa3HAYeHbl  JUIsl  OpraHu3alluu
BBITIOJIHEHUST TipakTudeckux pabdor mo MJIK 01.01. TlpoekTupoBaHus cuUCTEM
BOJIOCHA0KEHUS ¥ BOJIOOTBEACHUS

[Iporpammoil  mpenyCMOTPEHO BBHITIOJIHEHHE 2  MPaKTUYECKUX  pador,
HamnpaBJICHHBIX HA (GOpMHUPOBaHME

YMEHMU:

— obecneunBaTh 0€30TKa3HYI0 U 3(PGEKTUBHYIO pabOTy CHUCTEM BOJOCHAOXKCHHS H

BOJIOOTBE/ICHUS,

— BHEAPATH IEPENOBBIE TEXHOJOTHU IIPU CTPOUTENIBCTBE, SKCILUIyaTallMd U PEKOH-

CTPYKIIMH CHCTEM BOJOCHAOKEHUS U BOJOOTBEICHUS;

— OIpPENEIATh U AHAIU3UPOBATH OCHOBHBIE TEXHUKO-IKOHOMUYECKHUE ITOKA3aTEIIH;

3HAHUM:

— DKCIUTyaTalliI0 COOPYXEHUW U 000pYy/IOBaHUSI CUCTEM BOJOCHA0XEHUSI U BOJIOOTBE-
JCHUS;

— 3JIEMEHTBHl aBTOMATUYECKUX YCTPOMCTB, METOBI U3MEPEHUN, YCTPOUCTBO KOHTPOJI b-

HO- USMCPHUTCIBbHBIX HpI/I60p0B TCXHOJOIMYCCKOI'O KOHTPOJIA,



— OCHOBHBIEC ITPUHIIUIBI ABTOMATU3AIMHU SJIEMEHTOB CUCTEM BOJIOCHAOKEHHS U BOJIOOT-
BEJICHUS;
— METOJIMKY ONPEAETCHNUS] OCHOBHBIX TEXHHUKO-3KOHOMHYECKHUX MOKA3aTEeIEH;

— crocoObl MOBbIIEHUS 3P (HEKTUBHOCTH pabOTHI AJIEMEHTOB CUCTEM BOJOCHAOXKEHUS U
BOJIOOTBEJICHUS, IHEProcOeperarome TeXHOIOUH;
— TpeOOBaHUsI OXpaHbl TPy/Ja, TEXHUKU 0€30TACHOCTH M MPOTUBOIIOXKAPHOU Oe3omac-
HOCTH.
[Tepeuenb npakTUYeCcKuX paboT

IIM 02 DxkcniryaTanus ceTeil M COOPYKeHU i BOJIOCHAOKEHHUS M BOJT0OTBEIeHU S
Paznen 1. IkenuiyaTanus ¥ OEHKA TEXHUYECKOI0 COCTOSIHUSI CHCTEM M COOPYKeHUI BO/10-
CHA0KeHHsI M BOJOOTBEIEHHUA
cunerpanbHOCTh 270813 BomocHabkeHNE U BOTOOTBEIEHUE
Ne nmpakTrueckon Kou-Bo

HaunmenoBanue dopmar
paboThI JacoB

BOIIOCH&6)K€HI/IG N BOAOOTBCACHUC ITPOMBIIIJICHHBIX Hpe,IIHpI/I}ITI/Iﬁ
HpaKTI/I‘IGCKaH OuucTKa CTOYHBIX BOJ OT IIPOKATHBIX

pabota Nel LIEXOB A4 2
[Ipaktuyeckass | BomocHaGxeHre v BOIOOTBEIEHUE Tajlb- Ad 2

paboTa Ne2 BaHMYECKUX MTPOU3BOJICTB
Bcero: 4




Kpurepuu oueHMBaHusI NPAKTHYECKHUX padoT

5 bannos

1) BbmmosHUI paboTy B MOJTHOM O00BEME € COOJIIOIEHHEM HEOOXOIMMOM Moce-
JIOBATEJIbHOCTH IPOBEACHUS PACYETOB U UBMEPEHNUN;

2) caMOCTOSITEJILHO W pallMOHAJIBHO BHIOpAJl M MOATOTOBUII JIJISL OIbITa HEOO-
X0JIUMO€ 000pY/IOBaHUE, BCE OMBITHI MPOBEN B YCIOBUSIX U PEXKUMaX, oOecreumnBa-
IOIIHX TTOJTYYE€HHE Pe3yJIbTaTOB M BIBOJOB C HAMOOJIBIIIEH TOYHOCTHIO;

3) Hay4HO IpaMOTHO, JJOTUYHO ONHCaJl HAOJIOACHUS U CHOPMYIHMPOBAIT BHIBO-
Ikl M3 TIOCTaBJIEHHOW paboThl. B mpencraBieHHOM oTueTe MPaBUIILHO M aKKypaTHO
BBITIOJIHWJI BCE 3aIKMCH, TaOJIUIIBI, PUCYHKU, YEPTEKH, TpauKu, BHIYUCICHUSI U Clie-
J1aJ1 BBIBOJIBL;

4

) DKCIIEPUMEHT OCYIIECTBIIIET MO IUJIaHy C YYETOM TEXHHUKH O€30MacHOCTU U
npaBmI paboThI C MaTepuaIaMu U 000pyAOBAHUEM.

4 banna

1) paGoTy mpoOBOJUI B YCIOBUSX, HE 00€CIEUUBAIOIIUX JOCTATOYHOW TOYHO-
CTH U3MEPECHUN;

2) uny OBUIO JOMYIIEHO JBa-TPU HE0YETa;

3) unu He OoJiee OJHOM HerpyOoit OMMOKH M OJTHOTO HEeJI0UeTa,

4) unu paboTa MpoBeHEA HE TTOTHOCTBIO;

5) unu B ONIMCAaHMUM IOMYCTUII HETOYHOCTH, BBIBOJIBI CI€TIal HEMOJIHbIE.

3 banna

1) npaBuiaBHO OMpeAeNnu b PadoThl; pabOTy BHIMOIHIET NPABUILHO HE Me-
HEe YeM HaIlOJIOBUHY, OJTHAKO 00BEM BBIMOJIHEHHON YaCTU TaKOB, YTO MO3BOJISIET MO-
JYYUTh TPABUJIbHBIE PE3YJbTAThI U BHIBOJIBI 10 OCHOBHBIM, MPUHIMIHAIBHO Ba’KHBIM
3aja4aM padoThlI;

2) unu noadop o0opy0BaHuUsl, 00BEKTOB, MATEPHAIIOB, a TAKKe PabOTHI MO MO
pacy€Ty ¢ MOMOIIBIO MPENoIaBaTeNsl; UM B X0/€ Pacué€ToB U U3MEPEHUN ObUIH J10-

MyIIEHbl OIIMOKY B ONUCAaHWUU HAaO0IeHUH, (POPMYJIMPOBAHUH BBIBOJIOB;
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3) ONBIT MPOBOJUICSA B HEPAIMOHAIBHBIX YCIOBHSIX, YTO MPUBENO K IMOIyue-
HUIO PE3yJIbTATOB C OOJbIIEH MOTPEIIHOCTHIO; UM B OTYETE OBUIM JOMYLIEHBI B 00-
el CJII0KHOCTH He 0oJiee BYX OIIMOOK (B 3aIUCAX €AUHUIl, U3MEPEHUSIX, B BHIUYKC-
JeHusX, rpadukax, Tabiuiax, cxemax, aHaIu3e MOrperrHoCTe U T.1.) He TPUHIUIIH-
aJBHOTO IS JJAaHHOW paboThl XapakTepa, HO MOBJIMSABIIUX Ha PE3yJIbTaT BBIMOJIHE-
HUS, WIK HE BBITIOJIHEH COBCEM WJIU BBITIOJIHEH HEBEPHO aHAJIU3 MOTPEITHOCTEM;

4) nomyckaeT TpyOyr OIIMOKY B XOJ€ DJKCIepUMEHTa (B OOBSICHEHWHU, B
odopmiieHNH pabOThI, B COOJIFOJICHUU TTPaBUJI TEXHUKH O€30MAaCHOCTH TpHU padboTe ¢
MarepuagaMu U 000pyI0BaHUEM), KOTOpas UCHPABISIETCS O TPeOOBAHUIO MPEroia-
BaTeJsl.

2 oanna

1) HEe ompenennit cCaMOCTOSITENIFHO 1IEb PA0OThI; BBITTOIHII PabOTy HE TOJHO-
CTBIO, HE MOATOTOBUJI HY>KHOE 000pYy/I0BaHHE U 00BHEM BBIIIOJIHEHHOW YacTh paboTh
HE TI03BOJIAET CJIeaTh MPABUIIBHBIX BHIBOJIOB;

2) UM OTIBITHI, U3MEPEHUS, BHIYUCIICHUS, HAOIIO/IEHUS PON3BOIMUINCH HETpa-
BUJIBHO;

3) wiu B xoze paboOThl U B OTYETE OOHAPYKUINCh B COBOKYITHOCTH BCE HEJO-
CTaTKH, OTMECUCHHBIC B TpeOOBaHUAX K OIleHKe "3";

4) nomyckaet nBe (1 OoJiee) TpyOble OMMUOKH B XOJI€ AKCIIEPUMEHTA, B 00bsIC-
HEHUH, B 0POPMIICHUU PaOOTHI, B COOJIIO/ICHUN TIPABUJI TEXHUKH O€30MaCHOCTH TpHU
paboTre c BemecTBaMH U O0OpPYJAOBAaHHEM, KOTOPHIE HE MOXKET HCIPABUThH NaXKe IO

TpeOOBaHUIO MPETIOAaBATENS.



INPAKTHYECKAS PABOTA Ne 1
OYUCTKA CTOYHBIX BO/J OT ITPOKATHBIX IEXOB

Heab padorpi: OUnCcTKa CTOYHBIX BOJ IPOKATHBIX LIEXOB

yMeTh:

—  obOecrieunBath 0€30TKa3HYI0 U AP(DEKTUBHYIO pabOTy CHUCTEM BOJIO-
CHA0XKEHUS U BOJOOTBEICHUS.

3HATh:

—  DKCIUTyaTaluio COOPY>KEHUH U 000pyI0BaHUS CUCTEM BOJOCHAOKEHUS U
BOJIOOTBECHUS;

—  TpeOoBaHUS OXpaHbl TPyJa, TEXHUKH OE30MaCHOCTH W MPOTUBOIOXKAP-

HOI 0€30MacHOCTH;

Xoxa padoThbI:

1. 3apucoBaTh cxeMy 0OOPOTHOT'O BOJOCHAOKEHUSI MPOKATHOTO 1eXa

OT npoKaTHBIX U TPYOONPOKATHBIX IIEXOB, a TAKXKE HAa METU3HBIX 3aBOJaX OT-
XOJIAT CTOYHBIE BOJBI ABYX BUIOB: 1) He3arpsA3HEHHBIC BOABI OT OXJIAXKICHUS Harpe-
BaTEJIBHBIX MMEYEH M KOJOJIEB, BO3AYXO0- U MACIOOXJIAAUTENEH, OXJIKICHUS dIIEK-
TPUYECKOTO0 O0OpYAOBaHUSA; 2) BOJABI, 3arpsS3HEHHbIE OKAJIMHOW M MacjioM, OT Mpo-
KAaTHBIX CTAaHOB (OT OXJIaXKJE€HUSI MOAIIMIHUKOB U BAJIKOB M OT THUIPABINYECKOTO
CMBIBa OKQJIMHBI). 3arpsi3HEHHBIE BOJIBI, cojiepskamue okanuabl 6onee 300 me/n, mo-
CTyHaloT CHayaja B I[EXOBbIC MEPBUYHBIC OTCTOMHUKH (MBI JUIsl OKAJIUHBI) JJIsl OcCa-
KICHUS KPYITHOM OKAJUHBI, 3aT€M NEPEKAYNBAIOTCS (MJIM MOCTYNA0T CAMOTEKOM) Ha
BTOPUYHBIE OTCTOMHUKH, PACTIOJIOKEHHBIE BHE 1I€Xa U MpeIHa3HAuYCHHbIE IS BblJe-
JIEHUS U3 BOJBI MEJKOW OKallMHBI M Macia. B TpyOOmpOKaTHBIX M JAPYTHX IeXax,
CTOYHBIE BOJIbI KOTOPBIX cojaep:kaT okaauHbl MeHee 300 .me/1, MepBUYHBIX LIEXOBBIX
OTCTOMHHMKOB HE€ JI€NIAl0T, BOJIa MOCTYMAaeT HEMOCPEICTBEHHO BO BHEIIEXOBBIE OT-

CTOUHUKHU.



B crouHnsnle BOAbI OT IMPOKATHBIX CTAHOB MOI'YT IOCTYIIATh CTOKH OT MallWH
OTHEBOM 3a4MCTKHM MeTaja. KoanmdecTBo NX MOXKeET OBITh 3HA4YUTCIBHBIM, HO COCTAaB
HX WU KHMHCTUKA OCAXKIACHHA CIIC HECAOCTATOYHO H3YUYCHBI. HO'BI/II[I/IMOMy, HGJ’I@COO()-
pasHo 6YI[€T Oo4YnIIaThb 3T CTOKH Ha CaMOCTOATCIIbHBIX COOPYKCHUAX HUJIM COBMCCT-

HO CO CTOKaMH OT BEHTUJIALIMOHHBIX YCTAHOBOK.
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Pucynok 1. Cxema 060pOTHOTO BOJAOCHAOKEHUS MMPOKATHOTO I1eXa:
1 — HOXKHMUIIBL;, 2 — TPOKATHBIE KIIETH; 3 — NEPBUYHBINA OTCTOMHUK (IMa JJIs
OKaJuHbI); 4 — 00’)KMMHAs KJIETh; 5 — MaCIOOXJIaIUTENb; 6,7 — HarpeBaTeIIbHBIC
meyu; 8§ — BTOPUYHBINA OTCTOMHUK; 9 — HacOCHAas CTaHIUS 000pOoTHOM Bosl; 10 —

OXJIaUTETh 000POTHOM BOJIBI.



Bo Bcex HOBBIX M PEKOHCTPYUPOBAHHBIX MPOKATHBIX M TPYOONPOKATHBIX II€-
XaX yCTpauBalOT OTAEIbHbBIE CUCTEMBI OOOPOTHOI'O BOJIOCHAOXKEHUS ISl OXJIAXKICHUS
000pyJOBaHUsI HArpeBaTENIbHBIX KOJIOJLEB U MeUYel U JUIsl IPOKATHBIX CTAaHOB (pHC.
1). Ilpu >TOM He3arpsi3HEHHbIE BOJBI MOJBEPIatOT TOJBKO OXJIAXKIACHHUIO, a BOJIbI, 3a-
I'PSI3HEHHBIE OKAJIMHOM M MAaciioM, — OTCTAaMBAaHUIO U 3aTEM OXJAXKIECHHUIO. B Heko-
TOPBIX CIYy4asix 4acTh BOJIbI IOMOJHUTEIBHO OCBETIIACTCA (PUIBTPOBAHUEM.

VYcTpoicTBO NPSIMOTOYHBIX CUCTEM BOJOCHAO0KEHHUS MPOKATHBIX II€XOB HE J10-
IyCKaeTcs.

[Ipy ucmapuTeabHOM OXJIAXKICHUM HArpeBaTEIbHBIX Medel 1eaecoo0pa3Ho
UMETh OJIMH OOIIMN 3aMKHYTBINA IUKII BOJOCHAOKEHUS.

C 3ameHOl OpOH30BBIX MOIIUITHUKOB BaJKOB MPOKATHBIX CTAHOB C MACISHON
CMa3KOM TEKCTOJIMTOBBIMH MOJAIIMITHUKAMU C BOJASHON CMa3KOil KOJMYECTBO Macia B
CTOYHBIX BOAAX YMEHBUIMJIOCH, OJJHAKO HE HMCKIFOYEHO MOCTYIUIEHHE €r0 OT CMAa3KH
POJILI'aHTOB U JIPYroro 000pyA0BaHHUS.

Hanmnuue B BOJE OKalnMHBI BBI3BIBAET MEXAHMYECKUN H3HOC IIEEK BAJIKOB U
TEKCTOJIMTOBBIX BKJIAJIBIIICH MOIIIUITHUKOB M, CJIEIOBATEIbHO, 00Jiee YacThle OCTa-
HOBKHM CTAHOB JJISI 3aMEHbI BKJIAJBIIICH, MEPEBAJIKM BaJKOB M MPOTOYKU HUX HIECEK.
Hanuuue B Boje macna IOMyCTUMO JIMILIb B ONPEAEIICHHBIX Mpeaesiax BBUIY TOTO,
YTO B HEM BCEr/la COJAEPKATCS YaCTHUIbl METAJIJIA, Pa3IM4YHbIE BOJIOKHA, KOTOPBIE 3a-
OMBAIOT OTBEPCTHUS B OPOCUTEIBHBIX TPYOKax MPOKATHBIX CTAHOB; MACIO M BOJIOKHA,
npoIIeIne yepe3 TpyOKH, CropaioT Ha pacKaJleHHOM MeTaJlie.

Kunertuka BbllajieHHs1 0CaJKa U3 CTOUYHBIX BOJ OT IIPOKATHBIX U TPYOOIMpPOKAT-
HBIX CTaHOB 3aBUCHUT OT KOJMYECTBA U XapaKTepa B3BEUICHHBIX BEIIECTB (OKaJIHUHbI),
COZIEPIKAILUXCS B BOJAEC; KOJMYECTBO OKAJIMHBI B CBOKO OY€pEb HAXOANUTCSA B 3aBUCH-
MOCTH OT BEJIMYMHBI HATPEBAEMOT'0 CJIIMTKA, TUMA CTAHA, BUAA U PEKHUMA MPOKAThIBA-
eMou npoaykiuu. KnHeTrka BCIUIBIBAaHUSI Macliia TAK)KE 3aBUCUT OT €ro KOHIIEHTpA-

U B BOJIC.



HNPAKTHYECKAS PABOTA Ne2
BOJOCHABXEHHUE U BOOJOOTBEJAEHUE I'AJIbBBAHUYECKHUX
MMPOU3BOJACTB

Heab padoThbi: BOJOCHAOKEHHE W BOJOOTBEACHHE TallbBAHWYECKUX MPOU3-
BOJICTB
yMeTh:
—  o0OecrieunBath 0€30TKa3HYI0 U A(P(DHEKTUBHYIO pPabOTy CHUCTEM BOJO-
CHA0XXCHUS M BOJIOOTBE/ICHUS.
3HATh:
—  OKCIUTyaTaluio COOPYKEHUN 1 000pyIOBaHUS CHCTEM BOJIOCHAOKEHUS U
BOJIOOTBEICHHUS;
—  TpeOoBaHUS OXpaHbI TPyAa, TEXHUKH OE30MACHOCTH M MPOTHUBOIOKAP-
HOU 0€301MacCHOCTH;
Xoxa padoThbI:
1. 3apucoBaTh TEXHOJOTHYECKYIO CXEMY OYMUTCKH CTOYHBIX BOJ| TajlbBaHWYE-
CKOTO TIPOM3BOJICTBA

2. V3yuuth MaTepuan

Heo6xomuMocTh COBEPIICHCTBOBAHUS TEXHOJOTHHM IPOU3BOJCTBA, JICPUIIUAT
BOJIHBIX PECYpPCOB, IOBBIIIICHUE TPEOOBAHUM K CTEINICHHM OYHMCTKH CTOYHBIX BOJ ITO-
CTAaBWJIM TPEANPUITHS TEepea HEOOXOIMMOCThIO PeIIeHHs 3a7ad 10 CO3JaHuI0 Oec-
CTOYHBIX U O€30TXOJHBIX MPOU3BOACTB. JJIs pelieHus: 3TUX 3ajJa4 HEOOXOJAUMO CO-
OJIFOZIcHUE OTPECACHHBIX TPUHIIAIIOB TTOCTPOCHHS BOJHOTO XO3SIHCTBA, BHEIPEHUE
00OPOTHBIX ITUKJIOB BOJOCHAOKEHUS M pa3pabO0TKa MPUHIIUITHAIBHO HOBBIX TEXHOJIO-
TUYECKHUX MTPOIECCOB U CXEM.

CrenuanuctaMu POCCHICKOTO XUMHUKO-TEXHOJIOTHYECKOTO YHUBEPCUTETA WM.
1. U.MenneneeBa pa3paboTaHa M yCIICIIHO BHEJPSETCS COBpEMEHHas pecypcochepe-

ramomiasa CuCTeMa O4YUMCTKH CTOYHBIX BOJ U O60p0THOFO BOI[OCHa6)KeHI/I$I rajJJbBaHHU4YC-
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CKHX MPOU3BOJICTB, OCHOBaHHAs Ha MeToAax dekTpoduotanuu (OP), MexaHUUECKOM
dunpTpanuun (M®), copbuuu (CD) u npomeinuieHHOro obpatHoro ocMoca (OO)
(puc. 1). CoBepuieHCTBOBaHHE MEMOPAHHBIX U (PIOTALMOHHBIX TEXHOJIOTUH MO3BO-
JSeT CO3/1aBaTh KOMIIAKTHOE BBICOKOIIPOM3BOJUTENBHOE BOJOOYUCTHOE 00OpYI0Ba-
HUE C OTHOCUTEJIbHO HU3KMMHU 3KCIUTYyaTallHOHHBIMM 3aTpaTaMu, a Mpu HEOOXOAUMO-
CTH HapallMBaTh MPOU3BOAUTENIBHOCTh OYUCTHBIX coopyxeHuil (OC) 3a cuer mo-
AYABHOCTH MX UCHOJHEeHHS [3-5].

Texnuko-s3xkoHomuyeckue npeumyiiecrsa OC, MOCTPOCHHBIX Ha OCHOBE pa3-
pabOTaHHOM TEXHOJIOTHH:

. OTCYTCTBHE SKCIUTyaTallMOHHBIX 3aTpaT HA 3aMEHY PACTBOPUMBIX 3JIEK-
TPOJIOB MO CPABHEHUIO C AJNEKTPOKOATYJIATOPAMH, OTCYTCTBUE BTOPUYHOIO 3arpsi3He-
HUSl BOJbI MOHAMHM ’Kelie3a W/WJIM allOMUHMS OJiaroapsi MPUMEHEHUIO HEPACTBOPH-

MBIX 3JIEKTPOJI0B U3 TUTaHa 160 OPTA;

. OTCYTCTBHE OTCTOMHHMKOB M, COOTBETCTBEHHO, Mayible 3aHuMaeMbie OC
IJIOIIAN;
. OTCYTCTBHE OKCIUIyaTallMOHHBIX 3aTpaT Ha 3aMEHYy JIOPOTOCTOSIIINX

MOHOOOMEHHBIX CMOJI U PUOOPETEHUE PEAreHTOB JJI UX PEreHepalluu; JITUTEIbHBIN
CPOK CITY>ObI KOHCTPYKIIMOHHBIX MaTEPHAJIOB: ToJumnponuieH 10 50 neT, HepacTBo-
puMbIe 31eKTpo bl DD He MeHee S JIeT, KepaMruieckiue MEMOpPaHbI HE MeHee S JIeT;

. OTHOCUTEIHHO HU3KHE JHEProsarpaThl Oliaromapsi HU3KOMY SHEPToIo-
TpeOJECHUI0 OCHOBHOTO BOJIOOYHMCTHOTO OOOpPYAOBAaHMS, & TAKKE MPUMEHEHUIO BEK-
TOPHBIX MTpeoOpa3oBaTeseii YaCTOThI BPAIIEHUSI ACHHXPOHHBIX JIBUTATENIEH HACOCOB;

. BBICOKO€ KA4€CTBO OYMCTKM CTOYHBIX BOJI CJIOKHOTO COCTaBa W, CIIEIO-
BaTEJIbHO, CHWKCHUE KANMUTAIBHBIX 3aTpar Ha mpuodpereHne OO yCcTaHOBKH IS
oOecconmBaHMUs BOJBI MPU OpPraHU3alMA OOOPOTHOTO BOJOCHAOXKEHHS TajhBaHHUYE-
CKOI'0 MPOU3BOJCTBA.

B cootBeTcTBUM €O CXEMOW, KMCIOTHO-IIEIOYHBIE IMPOMBIBHBIE BOJbBI MOCTY-
narT B ycpeauutens El, oTpaboTaHHbIe KOHIIEHTPUPOBAHHBIE KUCIOTHO-IIEIOYHbIE
PacTBOPHI JIEKTPOJIIUTOB MOCTYNAIOT B ycpeauurens E2. OtpaboTaHHbIe KOHIIEHTPHU-
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pPOBaHHbBIE KHUCJIOTHO-IIENOUYHbIE pacTBOphl U3 E2 nosupyrorcs B E1 go3upyronum
Hacocom HJ[1. U3 ycpennurens El crounsie Boasl Hacocom H1 moparorcst B peak-
Top-piiokynsarop P1. B peakrtop-dnokynstop Pl nosupyromumu Hacocamu HJ[2 u
H/I3 no3upyrorcst paboure pacTBOpPHI peareHTOB: €AKUNA HATp I noaaepskanust pH-
TUAPOKCUA000pa30BAHUS TSDKEIIBIX METANIJIOB, aHUOHHBIA (PIOKYJISHT JJIsl YKPYITHE-
HUS JaucniepcHor (a3bl U UHTEHCUUKaUKM mporecca dekrpodaoranuu. Pl ycra-
HABJIMBAETCSl BBIIIE YPOBHS 3JekTpodioraropa DD mjisi opraHu3aluy camMoTeKa
xuakoctu. M3 P1 cTtounbie Bosbl OCTynarT B D@, /1€ IO OMMCAHHOMY HIKE MeXa-
HU3MY TPOUCXOJUT M3BJICUCHHE AUCIEpPCHBbIX BeriecTB. M3 Dd ocBeTiieHHas Boja
CaMOTEKOM MOCTYHaeT B MPOMEKYTOUHYIO0 eMKocTh E3. OcBernennas Boaa u3 E3
HacocoM H2 mojaeTrcs Ha KOMIUIEKC aBTOMAaTH3WPOBAHHBIX MEXaHUUECKUX (QUIbTPOB
M®, rae nmpoucxoauT (PUHUIITHAS OYUCTKA BOJBI OT OCTATOYHOTO COJCPKAHUS JUC-
nepcHbIX BeecTB. 13 M® ounineHHas BoAa 1MOJ OCTaTOYHBIM JIaBJIICHHEM MOCTyMa-
eT B HakonuTenb E4, cioga ke mosupyronum HacocomM HJI4 nmosupyercs pabouuit
pPacTBOp CEPHOM KUCIIOTHI 111 HOpManu3auu pH.

OcBeTtiieHHas BoJla ¢ HeUTpaibHbIM 3HaueHueM pH u3 E4 nacocom H3 nonaet-
cs1 Ha copOmoHHbI QuisTp CD ¢ 3arpy3koil akTuBHpoBaHHOTO yrisi BAY, rue
POUCXOIUT (PUHUIIIHASI OYMCTKA BOJABI OT OCTATOYHOTO COJEPKAHUS PACTBOPUMBIX
opranndeckux coequHeHuid. M3 CO ouuleHHas BOJa MOJ OCTATOYHBIM JaBJICHUEM
MOCTYIAE€T B HAKOMUTEh OUMIIIEHHON BOIbI E6.

OuwnineHHass BoJla, COOTBETCTBYIOMIAs TPEOOBAaHUSM K TOJlade Ha YCTAHOBKY
MPOMBITINIEHHOTO 00paTtHOoTro ocMoca OO, u3 E6 moctynaeTt mon naBieHUEM CTOJI0a
xuakoctn Ha yctaHoBky OO c menbto obecconmuBanus. [Ipu stom ot 50 mo 70?%
obOecconeHHOro (prIbTpaTa MOCTYMAET MO OCTATOYHBIM JABJICHHUEM B HAKOIHUTEIb
obecconernnorr Boabl E7, a ot 30 mo 50?% comnecomepkaimiero KOHIIEHTpaTa IO/
OCTaTOYHBIM JIaBIICHHUEM COpachIBae€TCAd B JPEHAX (CMEIIMUBAETCS C XO3SICTBEHHO-
OBITOBBIMU CTOYHBIMH BOJAAMU MPEINPUATHS JJIs1 HOPMATU3ALMKU COJIEBOTO COCTaBa B
cootBeTcTBUM ¢ TpeOoBanusmu I1JIK, 3arem cOpachiBaeTCsi B TOPOJCKYI0 KaHAIN3a-
1IHIO).
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ObecconenHas Boja, cootBercTBytomas 2-it kareropuu no 'OCT 9.314, u3 E7
HacocoM H4 nonaercs Ha MOBTOPHOE MCMOIb30BAHUE B FAJIbBAHMUYECKHUX 1I€X HA OIle-
panuu NPOMBIBKH JIeTaleil U MPUrOTOBIEHUS PACTBOPOB AJIEKTPOIUTOB.

dnorokoHieHTpat u3 D nocrymnaetr B coopHuk ocanka ES, orkyna nquadpar-
MEHHBIM MMHEBMATHUYECKUM HACOCOM IMOJAETCs Ha paMHbI (uUiIbTp-nipecc s 00e3-
BOKMBaHUsA. OO0E€3BOXKEHHBIN (IOTOKOHIIEHTPAT CHAETCS Ha YTUJIM3ALUIO PEruo-
HaJbHBIM MPEANPUATHIM 10 nepepaboTke TBEPABIX OTXO/IOB.

TexHonorusi mpeaycMaTpuBaeT MpeABAPUTENbHOE 00€3BPEKUBAHUE XPOMCO-
JIep’KaluX CTOYHBIX BOJ B CaMOCTOSITENIbHOM TexHosnorudeckoil nemnouke (E1.1,
E2.2, P2, ]14), rne B peakrope P2 mecTuBaneHTHBIN XpOM MOJHOCTHIO BOCCTAHABIIU-
BAETCs JI0 TPEXBAJEHTHOTO OMCYJIb()UTOM HATpus B KHUCIOHM cpene. 3ateM oOe3Bpe-
KEHHBIA XpoMmcoepxkamui ctok u3 P2 nmoctynaer B E1 s cMemenust ¢ o01mum mo-
TOKOM CTOYHBIX BOJ.

OcHoBHBIM TexHoJIorHuecKuM y310M OC sBisieTcs 351eKTpodoTaTop ¢ Hepac-
TBOPUMBIMH 3JIEKTpoAamu (puc. 2a). B O® npoucxoauT BblIe-I€HUE MUKPOITY3bIPb-
KOB JIEKTPOIUTHYECKUX ra3oB pazmMepoMm 20—70 MKkM. MUKpPOIy3bIpbKH 3aXBaThIBA-
IOT XJIONBS TUCHIEPCHOM (ha3bl U MOJHUMAIOT UX HA MOBEPXHOCTH BOJIbI, /1€ MOCIE]-
HHE HAKaIUIMBAIOTCS B IMIEHHOM cllo€ (UIOTOKOHIIEHTpaTa. DIOTOKOHLIEHTpAT yAass-
€TCsl ¢ MMOBEPXHOCTU BOJbl aBTOMATHUYECKUM MEHOCOOPHBIM YCTPOMCTBOM B HAKOIIH-
TeJIb JJIS TMocienytome nogaun Ha ¢uiabTp-npecc. D@ obecreynBaeT M3BICUECHUE

He MeHee 96% nucnepcHBIX BEIIECTB OT UX UCXOAHOTO COACPKaHUS.
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Pucynok 2 - Dnexrpoduiorarop (a) u MexaHu4ecKue GuiabTphI
®OB (0) Ha OYUCTHBIX COOPYKCHHUSIX TaTbBAHUIECKOT'O ITPOU3BO/I-

CTBa

BcnomorarenbHbIM TexHOJIOTHYeCKUM y3710M OC sIBII€TCS KOMIUIEKC aBTOMa-
TU3UPOBAHHBIX MexaHndeckux ¢punbTpoB @OB ¢ 3arpy3koit cMecu uabTpoMaTepu-
aNoB paznuyHbIX (pakuuii. Mexanndyeckue HamnopHsie GuibTpsl (M®P) npencrasis-
10T cOOOW BEpPTUKAIIBHBIA KOPIYC M3 METajula ¢ TYMMHUPOBAHHOW BHYTpPEHHEH MO-
BEPXHOCTBIO M JAPEHAKHO-PACIPEACIUTEIBHBIMU CUCTEMAaMHU U3 HEP)KABEIOLICH CTa-
1. M@ 3a-1oJIHeHBI TPaHYJIHUPOBAHHBIMY 3arpy3KaMu, KakK MPaBUIIO, 3TO APOOIICHBIN
aHTpanut, kepam3ut, puibrpomatepuan AC u/unu FC.

QOunpTpanus 3arps3HEHHOW BOJABI MPOU3BOAUTCA CBepXy BHH3. [Ipu 3TOM
KpPYITHBIE YaCTHUIbI AUCIEPCHBIX BEIIECTB 3aJ€PKUBAIOTCS B MOPAX MEXKIY I'paHyja-
MU 3arpy3KH, a MEJKHE YacTUIBl — 3a CYET Pa3IMYHBIX 3PPEKTOB, MPEXKIE BCETO
AIIEKTPOCTATUYECKOTO, MPUIMIAIOT K YaCTHIIAM 3arpy3ku. Yem OoJibliie 3arps3HeHHM
3a/lepKaHoO CI0EM 3arpy3KH, TEM y? )K€ CTAaHOBSTCS HMPOXOJbI JJI KUJIKOCTH U TEM
0osiee TOHKasi OCYIIECTBIACTCS OYMCTKAa BOJAbl. M® 000pyAoBaHBI MHEBMATHYECKH-
MU KJanaHaMu ¢ aBToMaTH4eckoil cuctemoit ynpasinenus (ACY). B coorBerctBuM ¢

Hactporikamu ACY mepuoanvecKu MPOM3BOIUTCS oOpaTHas mpombiBka M@ ouwm-
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IIEHHOM BOJI0M co cOpocom 3arpsisHeHuid B E1 u mocnenytomiei joounctkoit B DO.
@unptpar M® comepkuT pacTBOpHMBIe conu, Takue Kak NaySOs, NaCl u
NaNO3z (mpu ucxognom Hanuuuu HOHOB NOsz—), U cobupaercs B MPOMEKYTOUHOUN
€MKOCTH JJIsI KOppeKTUpOBKH pH mepen cOpocoM B TOpOJICKYIO KaHAIU3ALMIO JTHOO
nonaueit Ha OO-ycranoBky. s 3ammuTel OO-MeMOpaH OT pacTBOPUMBIX OpraHuye-

CKUX 3arpsi3HeHuid nepej ycranoBkoi OO ycraHoBieH copOunoHHbiid punstp CO.

Ta6nuna 1 - CpegHecTaTUCTUYECKHUE PE3YIbTaThl OUUCTKHU
CTOYHBIX BOJ| TAJIbBAHUYECKHUX MPOU3BOJICTB C IPUMECHEHHUEM DJICK-

TpodaoTaluy, MEXaHUYECKON (QUIbTpaIMU U COPOLIUU

Konuenrpanus, Mr/n
Ounmennas |OuunerHas | IIJIK

Crounbsie|Boga mociie/Boga nociiel MCK ITJIK
IMoka3artenn BOJIBI 20D Mo (EC) PX
Mens, Cu?* 2—20 0,5-1 0,1 0,5(0,5) 10,001*
Hukens, N2* 2—20 0,2-0,5 <0,08 0,5(0,5) |0,01*
[unk, Zn?* 2-20 0,1-0,4 <0,04 2(0,5) 0,01
Xpowm, Cr* 2-20 0,5-1,0 0,1 1(0,5) 0,07
Keneso, Fed* 5-20 0,1 0,01 3(2) 0,1
AnoMHUHUM,
AP 2-20 0,1 <0,04 1(2) 0,04
Csuner, Pb 1-10 0,5-1,0 <0,1 0,1(0,2) |0,006*
Kangmuii, Cd**  |1-10 0,5-1,0 0,1 0,01*(0,1)/0,005*
Cynbdatsl,
SO+ 300-500 |300-500 300-500 500 —
Xnopugsr, CI-  |100-250 |100-250  |100-250  |350 —
AIIAB 1-5 0,5-2,5 0,1-1 2,5 0,25
Hedrenpomykrer|2—15 0,5-1 <0,05 4(0,5) 10,05

* Tpe6osanust T1JIK, HemocTmwkumple C MPUMEHEHHWEM HAWITYY-
mux aoctynubix rexnonoruit (HAT) [1].

JIETaJIEN.
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[Ipunoxxenune A

MuHucTepcTBO 00pa3oBaHus U HayKu YenssOuHCKOM 00IacTu
INocynapctBenHoe Oro1keTHOE MPOdECCHOHAIBHOE 00Pa30BaTEIIBHOE YUPEKICHUE

«HO)HO-YpanbCkuil rocy1apCTBEHHBINA TEXHUYECKUN KOJIEIH)»

OTYET

IO BBIIMMOJIHCHUIO MPAKTHYCCKHUX pa60T

Tema 1.4 BonocHad:xeHue U BOJ0OOTBeAeHUE NMPOMBIILICHHBIX NPeANPUSTHI

Breimoaaun(a):

I'pynma:

[Tposepui(a):

Yensgouuck, 2016

Cnmcok Jurepatypbl
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