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PabGouass mporpamma IUCHUMIUIMHBI yTBEpKACHA Ha 3acelaHuu KadeIpbl MPOTOKOJI
Nel7 ot «15» urons 2018r.

N.o0.3aBeayronuii kadeapoit

gy / FOmunuoB W.I1.
JIOTIOJTHEHHUS. ¥ U3MEHEHUS, BHECEHHBIC B pa00UYI0 MPOrpaMMy JUCIIUILUIAHBL,
YTBEP)KJICHBI Ha 3acemaHud Kadeapel: OOHOBJIEHBI OWJIETHI M CIHCOK

MCIIOJIb3yEMOU JIUTEpaTypsl MPOTOKOJI Ne 28 ot «15» mast 2019 r.

HN.o.3aB. xadenpoit / borkun A.B./

JloToHEeH!sI ¥ U3BMEHEHUS, BHECEHHbIE B pab0UyI0 MporpaMmMy AUCIHUIUIMHBI,
YTBEPKJEHbl Ha 3acelaHud Kadenpsl: OOHOBIEHbl OWJIETBI U  CIHUCOK
ucronb3yeMoi aurepaTypsl MpoTokos Ne 10 ot «13» suBaps 2020 r.

N.o0.3aB. kadenpoit / CauroB P.1./




Crucok AOKYMCHTOB U MaTC€pHajioB

l.Tlepeuenb TMIAHUPYEMBIX pe3yJbTATOB OOYYEHHS 1O JIMCLUUILIMHE,

COOTHECEHHBIX C IUIAHUPYEMBIMU pe3yJbTaTaMU OCBOEHHUS 00pa30BaTENbHOMN

IPOrpaMMBbl

2. 1lenb ¥ MeCTO AUCHUILUIMHBI B CTPYKTYpE 00pa30BaTeIbHON MPOrpaMMbl

3. Comepkanuie paboueld mporpamMMbl (0ObEM TUCIUTIIIMHBI, THUIBI W BUJIBI

y4eOHBIX 3aHATHN, y4eOHO-METOINYECKOe OOeCIeueHrne CaMOCTOSTEIHHOU

paboThI OOYJAFOIIINXCS)

4. ®OoHJ OLICHOYHBIX CPEACTB MO AUCLUILIMHE
4.1. [lepeueHp KOMIIETEHIIMH C yKa3aHHEM 3TamnoB UX (POpMHpPOBaHUS B
IpoleccCe  OCBOEHHs  OoOpas3oBarenbHOW  mporpammbl.  OmnucaHue
nokKaszaTelied W KpUTEPUEB OLCHUBAHMUS KOMIETEHIMH Ha pPa3IUYHbIX
sTanax ux (OpMHUPOBAHUS, ONTUCAHUE KA OLIEHUBAHUS
4.2. TunoBble KOHTPOJIbHBIC 3aJJaHUSI UM UHBIE MaTepUalibl, HEOOXOUMBbIE
JUISL OUEHKM 3HAaHUM, YMEHUH, HABBIKOB U OIbITA JI€ATEIbHOCTH,
XapaKTepU3yIMUX dTanbl (GOPMHUPOBAHUA KOMIIETEHIIMH B Ipoliecce
OCBOEHMSI 00pa3oBaTesbHOM MporpamMMbl. MeToauYecKue MaTepuarbl,
OTpeNeNsIoNMe NPOoLEeaypbl OLICHUBAHUS 3HAHWM, YMEHUH, HABBIKOB H
OMbITAa  JEATEIbHOCTH, XapaKTEpHU3YIOIIUX 3Tanbl  (OpMHUpPOBAHUSA
KOMITETECHIAM
4.3. PedTUHT-TUTaH TUCITUTIIIMHEI (TP HEOOXOIUMOCTH )

5. Y4ebHno-meTonuueckoe 1 nHOOPMAITMOHHOE 00€CTIeUeHNE JUCITUTITMHBI
5.1. TlepeyeHb OCHOBHOM M JOMOJHUTENIBHON Yy4eOHOM JHUTEpaTyphl,
HEOOXOUMOM I OCBOCHUS JTUCITUTLINHBI
5.2. Tlepeuensb pecypcoB MHGOPMAIMOHHO-TEIICKOMMYHHUKAITMOHHOW CETH
«/IHTepHET» U MPOrpaMMHOTO OOecreyeHus, HEOOXOIMMBIX ISl OCBOEHUS
T CHUTITUHBI

6. MarepuanbHo-TexHUYECKass 0a3za, HeoOxoaumasl sl OCYIIECTBICHUS

00pa3oBaTeNpHOTO Npoliecca Mo AUCHUIIINHE
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1 IlepevyeHb IVIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO TUCIHHUIINHE,
COOTHECEHHBIX C IIJIAHMPYEMBbIMHU Pe3yIbTATAMH OCBOCHHS
00pa3oBaTeIbHOI MPOrPaMMBbI

B pe3ynbrare ocBOoeHHS 00pa30BaTEIBHOW MPOTpaMMbl OOYYAIOIIMICS JTOJDKEH OBIAACTh
CIIEIYIOUIMMH pe3yJIbTaTaMU O0YUEHHS TI0 TUCLUUILIIHHE:

dopmupyemast
PesynbTaThl 00ydeHus KOMIIETEHIIUS [Ipumeuanue
(c ykazaHueM Koja)
3HATE 1. coBpemMeHHbIE METO/TbI CnocoOHOCTh
TEXHUUYECKON TUarHOCTUKU U NpUHUMATh ydacThe B
HEpa3pylIaAoIIUX METOI0B pabotax Mo pacuery Hu
KOHTPOJISL. MIPOEKTUPOBAHUIO
2. KmaccuduKamms METOI0B neTajen u y3JI0B
HEpa3pyIlIaoIEro KOHTPOJI U MalIMHOCTPOUTEIBHBIX
MPUHIIMIIBI 1eHCTBUS TPUOOPOB IS | KOHCTPYKITUI B
UX peann3aiuu COOTBETCTBUU c
3. BBIOOp KOHTPOJS, OCHOBHBIE | TEXHUYECKUMU
MOHSITUS TeOpUu CIIy4aifHbIX | 3aJaHUSMHU u
IIPOLIECCOB METO/IBI aHaJlu3a, | UCIIOJIb30BAaHUEM
bunpTpamnuy, OOHapy)XeHHS W | CTAHJAPTHBIX  CPENCTB
OLICHKM TMapaMeTpPOB CHTHAJOB B | aBTOMAaTU3alUU
Pa3TMYHBIX TEXHUYECKUX cuctemMax | npoektupoBanus (I1K-5)
VMeTh 1. mpaBUIILHO BHIOPATH TOT WJIH CnocoOHOCTh
WHOU METOJT KOHTPOJISI ISt NpUHUMATh ydacThe B
JTUATHOCTUKHU COCTOSTHUS pabotax Mo pacuery H
Harpy>K€HHBIX JeTajeil U SJIeMEHTOB | IPOEKTHPOBAHUIO
KOHCTPYKIIUUA C YYETOM neranen u Y3JI0B
OTBETCTBEHHOCTH KOHCTPYKLIUU U MalIMHOCTPOUTEIBHBIX
SKOHOMMYECKHX aCTIEKTOB KOHCTPYKIUH B
MPOBEJICHUS TMarHOCTUKU COOTBETCTBUU c
2. BEIOMpATh KPUTEPUU OLIEHUBAHUS | TEXHUYECKUMU
00BbeKTa KOHTPOJIS, BEIOMPATH 3a/TaHUSIMU u
ONTUMAJIbHBIE AITOPUTMBI U HCIIOJIb30BaHUEM
pPaccUUTHIBATh XapaKTEPUCTUKU CTaHIApPTHBIX  CPEICTB
0OHapy>XeHHSI CUTHAJIOB U JIe()EeKTOB, | aBTOMAaTHU3aIuU
WX TIOPOXKIAOIIKX, Ha ¢oHe momex | mpoektupoBanus (I1K-5)
OLICHUBATh JIOCTI)KHUMYIO TOYHOCTh
U3MEpEHHS MapaMeTpOB CUTHAJIOB
Bunasets 1.ombITOM npoBeaeHus | CocoOHOCTh
(HaBBIKH / HEpa3pyIlIAOIEro KOHTpPOJIS | IPUHUMATh ydacTHUE B
MaTepuasoB MeToJaMH | paboTax MO pacyery U
OIBIT COBPEMEHHOM JTHATHOCTHKH MIPOCKTHPOBAHUIO
IEATeNbHOCTH) | 2.CIIOCOOHOCTRIO  y4acTBOBaTh B | JAeTajei u y3JI0B
paboTax MO JOBOJAKE W OCBOCHHUIO | MAITMHOCTPOUTEIHHBIX
TCXHOJIOTHYCCKUX MPOLCCCOB B XOAC KOHCprKI_[I/Iﬁ B
MOATOTOBKHU IMPOHU3BOACTBA HOBOU | COOTBETCTBUH C
MMpoaAYKIIUU TEXHUYCCKUMU
3alaHUsAMHAU 148
HUCITOJIB30BaHUEM
CTaHAAPTHBIX CpCACTB
aBTOMaTU3allun

npoektupoBanus (I1K-5)




2 Ilesb M MeCTO AMCHMILIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

[lenpro mpenogaBaHus MUCHIUIUIMHBI SIBISIETCS peanu3anus TpeOOBaHUH,
ycradoBieHHbIX B @I'OC BO. IlpenomaBanue CTpOUTCS UCXOIs U3 TPEOYEeMOro
YPOBHSI MOJTOTOBKH CTYAEHTOB, 00YYaIOIIUXCS MO TaHHOM CIEUATIbHOCTH.

[lenp w3ydyeHUs IUCUMIUIMHBI: W3YYEHHE OCHOB TEOPUHM M TOJYYEHUE
3HAHUN O BJIUSHUU KOHCTPYKTHUBHBIX (DaKTOPOB Ha pa3BUTHE KOPPO3HOHHBIX
pa3pyLICHUN.

VYyeOHast AUCUUILUIMHA « XHUMUYECKOE CONTPOTUBIIEHHE MATEPUAJIOB U 3alUTa
OT KOPPO3UU» OTHOCUTCS K JUCHUILIUHE 10 BeIOOPY — B2.JIB.5

J1J71s1 OYHOTO OTACIICHHUS:

JucuuminHa uzyvaercs Ha 4 Kypce B 7 ceMecTpe.

JI71d 3204HOTO OTACICHUS:

JlucuurvHa u3y4daercst Ha 5 Kypce B 5 ceMecTpe.

Jlns  ocBOeHHS IUCHMIUIMHBI HeoOxoamma KommeTreHiun OK-7,
chopMHUpPOBaHHBIC B PAMKaX U3YYCHUS CICTYIONTUX TACIATUINH:

N3 kypca « Pusuka»

3nanus: pU3MKo-MexaHUYECKUE CBOMCTBA TBEPABIX TEJl, Macca Tela, cuJia,
BEC U HEBECOMOCTD, CHJIa YIIPYT'OCTH, CUJIa TPEHUS, KHHETUYECKAs U
NOTeHIMaNIbHas paboThl, TEMIIEpATYpa.

Ymenus: npousBoAUTb pacyeThl U U3MEPEHUS] OCHOBHBIX (PU3UKO-
MEXaHUYECKUX CBOMCTB BELIECTB

Hasgviku: onpenenenne GU3NIECKUX U PU3NKO-MEXAHUIECKUX CBOMCTB
KOHCTPYKIIMOHHBIX MaT€pHaOB.

N3 kypca «Xumus»

3Hanusi: ATOMHO-MOJIEKYJISIPHOE YU€HHE. ArperaTHbIe COCTOSIHUS BEIIECTB.
CkopocTh XUMHUECKUX peakiuil. CTpoeHrne aToMOB U HOHOB. OKUCIUTENIBHO-
BOCCTAHOBUTEIbHBIE peaknK. KucioTel, MeTalIbl, HEMETAJIJIbI U KX OCHOBHBIE
CBOMCTBA.

Ymenus: coctaBiieHre ypaBHEHUN OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peaKiuu.

3Hanus: onpeaeneHne XuMUYECKUX CBOMCTB KOHCTPYKIMOHHBIX
MaTepuagoB

3 Copep:xkanue padoueii nporpaMmMsbl (00beM IMCUMIIMHBI, THIIBI U
BU/IbI YU4eOHBIX 3aHATHI, Y4e0OHO-MeTOoAuYeCKOe o0ecnevyeHune
CaAMOCTOAITEJILHOM Pa0OTHI 00yYAIOIIUXCH)

Copepxanue paboueit mnporpammbl  npenactaBieHo B [lpunoxenun No 1.



4 ®oHA OLEHOYHBIX CPEICTB 10 JMCUHUIINHE
4.1. IlepeyeHb KOMIETEHUMI ¢ YKa3aHHEM 3TanoB (YpPoBHeil) uX (pOpMHPOBaHUS B PoLecce OCBOCHUS

o0pa3oBaTeJbHON MporpaMmMbl. OnUcaHue NMOKAa3aTeIed 1 KpUTepUeB OLICHUBAHUS KOMIIETCHIMI HA PA3JIMYHbIX
dTanax ux (pOpMHUPOBAHUS, ONNMCAHUE LKA OLCHUBAHUS

IIK-15 - YMCHUCM MPUMCHATHL MCTOAbI CTAHAAPTHBIX HCIIBITAHUM T10 OIIPCACIICHUIO (I)I/IBI/IKO-MCXaHI/I‘IeCKI/IX CBOMCTB U
TEXHOJOTMYECKUX ITOKa3aTejeH HCIIOJBb3YCMBIX MAaTCpHUaJIOB U T'OTOBLIX I/IS,Z[CJII/Iﬁ

Orar,
YPOBCHB
OCBOEHHS
KOMIIETEHI[UU

[Imarnpyemble pe3yabTaThl
oOyueHms
(TokazaTeny TOCTHKCHUS
33JJAHHOTO YPOBHSI
OCBOEHUSI KOMIIETEHIIHI)

Kputepun oneHnBaHUS pe3yabTaTOB 00yUeHUS

2
(«He ynoBieTBOpUTEIBHOY)

3
(«Y IOBJIETBOPUTEIIHLHOY)

4
(«Xopomo»)

5 («OTIIaHO»)

IlepBbiii 5Tan | 3HATH: Hmeer (parmenrapueie | B 1IeJIOM 3HAET 0 | 3HaeT OCHOBBI O COBPEMEHHBIX | 3HAET OCHOBBI COBPEMEHHBIX
COBPEMEHHBIE METOJbl | 3HAHUS O COBPEMEHHBIX | COBPEMEHHBIX METOJIaX | MeToJax TEeXHUYECKOHW | METO/Iax TEXHUYECKOU
TloporoBeiii | TEXHUYECKOU MeToaax TEXHUYECKON | TEXHMYSCKOW JUArHOCTUKH | JUATrHOCTHUKHU U | TUaTHOCTHKHA u
YpOBEHB JIMarHOCTUKH W | JTHarHOCTUKH W | ¥ Hepa3pyIIaroInX METOIOB | HEPa3pyIIAOIIHX METOJIOB | Hepa3pyIIArOIIHX METOJI0B
HEepa3pyIIaoIuX METOJO0B | Hepa3pyIIaroIuX METOJIOB | KOHTPOJISL. [IpencTaBiasaTh | KOHTPOJISL. [IpencTaBiasaTh | KOHTPOJIA. IIpencraBnsaTs
KOHTpoJs. [IpeacTaBisaTh | KOHTPOJISL. IIpencraBnsaTh | KIaCCUPUKAIIMIO  METOJOB | KIACCHUPHKAIUIO METOJIOB | KJIaCCU(PUKAIIUIO METOJI0B
KJIaCCU(UKAIMIO METOJIOB | KIIACCU(UKAIIHIO METOJIOB | Hepa3pyIIarolIero KOHTPOJS | HEepa3pyIIaloImero KOHTPOJS M | Hepa3pymalomiero KOHTPOJA U
HepazpylLIarolero HEpa3pyLIANIEr0 KOHTPOJII M | 1 NPHHLIUIBL  JCUCTBUS | MPHHIMUIBI JEHCTBHUS NMPUOOPOB | MPUHIUIBI IECHCTBHS MPUOOPOB

KOHTPOJSI M NPUHUUMBI | IPUHIIMIIBI JeHcTBUS | IPUOOpPOB TS UX | A MX  peanM3alliM,  HO | JUIA UX peanu3aluu
JNEHCTBUS TPUOOPOB JUIsL | MPHOOPOB IS MX pealTU3alliyl | peaTu3aliu JIOITYCKaeT HE3HAYUTENbHbIE | U UX CPEACTBaX NPUMEHEHHE B

HX peanu3aiuu , HO JIOITYCKAeT | OIIUOKH poeCCHOHATBHOM

3HAYUTEbHBIE OMTHOKH JIeSITeIBHOCTH

Bropoii sTan | ymeTs: He MOKa3bIBaeT | YMeeT MIPUMEHSTH | YBEPEHHO TPUMEHSIET | YBEPEHHO MIPUMEHSIET
MPaBWJIBHO BBIOPATh TOT | chOpMHUpPOBAHHBIE YMEHHUS | HEKOTOPHIE TOTy9CHHBIE | OOJBIIMHCTBO MTOTyYCHHBIX | TOJXyYEeHHBIC 3HAHUS 110 BEIOOPY
BazoBeIii W MHOW METOJ KOHTPOJIS | BBIOpATh TOT WJIM WHOK METOJ| | 3HAHUS IO BEIOOPY TOTO WM | 3HAHUS 10 BBIOOPY TOrO WM | TOTO WM  HWHOTO  METoza
YpOBEHb TSt JIMATHOCTUKHU | KOHTPOJISL JJsl JAMArHOCTUKH | MHOTO METOJa KOHTPOJIS /Ul | MHOTO METO/Aa KOHTPOJIA JJsl | KOHTPOJs ISl  JAMarHOCTUKH
COCTOSIHUSI HAarpy>K€HHBIX | COCTOSHUS Harpy>KeHHbIX | TUArHOCTUKHU COCTOSIHUSL | JIMATHOCTUKH COCTOSIHUSL | COCTOSIHUS Harpy>XeHHbBIX
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Jerajeil W 3JIEMEHTOB | Jerajei u 3JIEMEHTOB | Harpy>XKeHHbIX JeTallel W | HarpyKeHHBIX neranen U | neranew u 3JIEMEHTOB
KOHCTPYKLIMH C YYETOM | KOHCTPYKLIMH € Y4E€TOM | DJIEMEHTOB KOHCTPYKLHH C | 3JIEMEHTOB  KOHCTPYKUMH € | KOHCTPYKLHH c Y4ETOM
OTBETCTBEHHOCTH OTBETCTBEHHOCTH Y9E€TOM  OTBETCTBEHHOCTH | YUETOM OTBETCTBEHHOCTH | OTBETCTBEHHOCTH KOHCTPYKIIHU
KOHCTPYKIIMH U | KOHCTPYKIHMH U | KOHCTPYKIHMH U | KOHCTPYKIMH U SKOHOMHYECKHX | U JKOHOMHYECKHX  AacleKTOB
SKOHOMHUYECKHX AaCIEKTOB | SKOHOMHYECKUX aCIEKTOB | PKOHOMUYECKUX  ACIHEKTOB | aCHEeKTOB MPOBEJICHUS | MPOB
MPOBEICHUS AUATHOCTUKYU | MPOBEIEHUS TUarHOCTUKH MPOBEICHUS AUATHOCTUKHI JIMarHOCTUKHU €JICHUs] TUarHOCTUKU

Tpetuii aTan | BIaAETh: He Brnameer mnepBuunbiMu | Brnageer MEPBUYHBIMU | YBEPEHHO ucnonsdyer | Brnageer MIePBUYHBIMU
OTIBITOM MIPOBEICHUS | HaBBIKAMH u OTIBITOM | HaBBIKAMH u OTIBITOM | TICPBHUYHBICE HABBIKH W OMBIT | HABBIKAMH u OTIBITOM

[ToBBIMIEHHB! | HEpa3pyIIAIOMIEro TIPOBEACHUS TIPOBEACHUS MPOBEACHUS HEPa3pYIIAIONIETO | MPOBEACHUS HEpa3pyLIafomero

il ypOBEHb KOHTPOJIS MaTepHaNIOB | HEpPa3pyIIAIOIIero KOHTPOJISA | Hepa3pyIIalomiero KOHTPOJS | KOHTPOJIS MaTepHaJIOB | KOHTPOJIS MaTepHaoB
METOJaMH  COBPEMECHHOM | MaTepHalioB METOZaMH | MaTepPHajoB METOJaMH | METOIaMH COBPEMEHHOH | METOmaMu COBPEMCHHON
JIarHOCTHKH, COBPEMEHHOW AMAarHOCTHKH, COBPEMEHHOW AMATHOCTHKH, | AMATHOCTHKH, JTHarHOCTHKH,
CIIOCOOHOCTB CIIOCOOHOCTH CaMOCTOSATENIBHO | CHOCOOHOCTh CIIOCOOHOCTh ~ CaMOCTOSITEJIBHO | CIIOCOOHOCTBH ~ CaMOCTOSITEIEHO
CaMOCTOSITEJILHO HCIIOJIb30BAaTh  TEXHUYECKUE | CAMOCTOSITEIBHO HCIIOJIb30BATh TEXHUYECKHE | UCIOJIb30BAThH TEXHUUYECKUE
HCIIOJIb30BATh CpelncTBa Ui M3MEPEHHs] M | UCIONb30BaTh TEXHUYECKHE | CpEACTBa [UIsl M3MEPEHHs U | CPelCTBa NSl HU3MEpPEHHs |
TEXHUUYECKHUE CPEJICTBA AJIs | KOHTPOJIS OCHOBHBIX | CpeACTBa JIi U3MEPEHUs] U | KOHTPOJIS OCHOBHBIX | KOHTPOJIS OCHOBHBIX
U3MEpPEHUsI U KOHTPOJIS | MapaMmeTpoB KOHTPOJISt OCHOBHBIX | MapaMETPOB TEXHOJOTMYECKHUX | MAapaMeTpPOB TEXHOJOTUYECKUX
OCHOBHBIX apaMeTpoB | TEXHOJOTHYECKUX IIPOLECCOB, | MapaMeTpoB MPOIECCOB,  CTPYKTYPHl U | IPOIECCOB, CTPYKTYpPBl |
TEXHOJIOTMYECKHUX CTPYKTYpBbI u CBOMCTB | TEXHOJIOTMYECKUX CBOICTB MaTEpHAJIOB U U3JEIUN | CBOWCTB MAaTEPUAJIOB U U3IEIUN
MPOIECCOB, CTPYKTYPHI M | MAaTepHAOB W W3ICIHHH M3 | MPOLECCOB, CTPYKTYPhl ¥ | U3 HUX, IUIAHUPOBAHWSA W | U3 HUX, IUIAHUPOBAHHUA U
CBOWCTB MAaTepHajoB W | HHX, TUTAHUPOBAHUS ¥ | CBOHCTB  MaTepuajioB ¥ | peajM3alliil HWCCICAOBAaHWHA W | pealn3allil HWCCIICAOBaHUA U
2631 (12078 u3 HUX, | peaju3alii HUCCJIEAOBAHUN U | U3IEIHM u3 HUX, | pa3paboToK pa3zpaboTok
TJIAaHUPOBAHUS U | pa3paboToK MJIaHUPOBAHUS u
peanuzanuu peanuzaluy  UCCleJOBaHUM
ucciae10BaHui u U pa3paboToOK
pa3paboTox

IIK-5 - cnocoOHOCTEIO [IpUHUMAaTh Yy4daCTuc B pa60TaX o pacyety MU MNOPOCKTHPOBAHUIO Jerajed U Y3J10B

MalllMHOCTPOUTEIbHBIX KOHCTpYKHI/Iﬁ B COOTBCTCTBHUH C TCXHUYCCKHMU 3aJaHUAMH W HCIIOJIb30BAHUCM CTAHAAPTHBLIX CPCIACTB
ABTOMATHU3alU IIPOCKTUPOBAHHA



Orar,
YPOBEHb
OCBOEHHS
KOMIICTEHI[UU

[Imarnpyemble pe3yabTaThl
oOyueHms
(TokazaTeny TOCTHKECHHUS
3aJJAHHOTO YPOBHS
OCBOEHUS KOMIIETEHIIHI)

Kputepun oneHnBaHuS pe3yIbTaTOB 00yIEHUS

2
(«He ynoBieTBOpUTEIHHOY)

3
(«Y IOBJIETBOPUTEIHLHOY)

4
(«Xopomo»)

5 («Otan4nO»)

IlepBeiiif 5Tan | 3HATH: HNmeer ¢parmenrapueie | B LenoM 3HAeT 0 | 3HaeT OCHOBBI O COBPEMEHHBIX | 3HAET OCHOBBI COBPEMEHHBIX
COBPEMEHHBIE METOJbI | 3HAHUSI O  COBPEMEHHBIX | COBPEMEHHBIX METO/ax | MeTolax TEXHUYECKOH | MeToJax TEXHUYECKOU
IToporoBeiii | TexHUYECKOU METO/ax TEXHUYECKOU | TEXHUYECKON JUArHOCTHKHU | JUArHOCTUKH U | JUAarHOCTHKHU u
YPOBEHb JTUAarHOCTHKHU U | IAAaTHOCTHUKU ¥ | ¥ Hepa3pyIalonX METOIOB | Hepa3pyIIaromnX METOJIOB | Hepa3pyIIAIOUIINX METOJIOB
HEpa3pyLIaoIUX METOJO0B | Hepa3pyIIaroIuX METOZIOB | KOHTpOJs.  IIpencTaBmaTe | KOHTPOJIA. [IpencTaBasTs | KOHTPOIS. [IpencraBnats
KoHTpoJs. IIpencraBnsaTh | KOHTPOJIS. [IpencraBnsaTh | KIaCCH(PUKANUIO  METOJOB | KIAaCCH()UKAITUIO METOJIOB | KJacCH(UKAIIIO METOJIOB
KITacCU(PUKAIMI0 METOJOB | KIACCH()UKAITUIO METOJOB | HEpa3pyIIAIONIET0 KOHTPOJS | Hepa3pylIalomlero KOHTPOJIS W | Hepa3pylIAlomero KOHTPOIS H
HEepa3pyIIaromero HEpa3pyLIAlomero KOHTPOJII U | 1 TPUHOWIBl  ACUCTBHS | MPHHLIWNBI IEHCTBHUS NMPUOOPOB | MPHHIUIBI IEHCTBHA MPHUOOPOB
KOHTPOJSI ¥ NPUHUUIBL | MPUHIIMIIBI JefcTBUs | IPUOOPOB JUTSE UX | A MX  peanM3alM, HO | JUIA UX peanu3aluu
JNEHCTBUS TPUOOPOB JUIsl | MPUOOPOB IS MX pealiU3alliyl | peaiu3aliu JIOITYCKaeT HE3HAYUTENIbHbIE | U UX CPEACTBaX NPUMEHEHHE B
HX peanu3aiuu , HO JIOMTYCKAET | OIIUOKH poheCCHOHATBHOM
3HAYUTEIBHBIC OIUOKH JIeSATEIbHOCTH
Bropoii aTan | ymers: He TOKa3bIBaeT | YMeeT MIPUMEHSTH | YBEPEHHO TIPUMEHSIET | YBEPEHHO MIPUMEHSIET
MPaBUIBHO BEIOpPAaTh TOT | chOPMUPOBAHHEIE YMEHHUS | HEKOTOPBIE MOJTy4eHHbIE | OOJBIIMHCTBO MTOTyYCHHBIX | TOJXy4YeHHBIE 3HAHUS 110 BEIOOPY
BazoBsrit WM WHOW METOJ KOHTPOJIS | BEIOpPAaTh TOT WJIM MHOM METOJ | 3HAHWSA IO BBIOOPY TOTO WJIM | 3HAHWS MO BBIOOPY TOTO WM | TOTO  WJIM  HHOTO  METoXa
YPOBEHB TUTs TUArHOCTHKHU | KOHTPOJIS IS JWAarHOCTUKH | MHOTO METO/a KOHTPOJSA IS | MHOTO METOAa KOHTPOJNS MU | KOHTPOJNS s JHAarHOCTHUKU
COCTOSIHUSI HAarpy>K€HHBIX | COCTOSHUS Harpy>KeHHbIX | TUArHOCTUKHU COCTOSIHUSL | TUArHOCTUKHU COCTOSIHUSL | COCTOSIHUS Harpy>XeHHbBIX
JeTajied U DJEMEHTOB | JeTaneit u JJIEMEHTOB | HATPY)KEHHBIX JeTajedl U | HarpYy>KeHHBIX  JeTaled U | Jerane u 3JIEMEHTOB
KOHCTPYKIIMH C Y4YeTOM | KOHCTPYKIMH €  Y4E€TOM | DJIEMEHTOB KOHCTPYKLUHH C | DIEMEHTOB  KOHCTPYKUMH € | KOHCTPYKLUH c y4eTOM
OTBETCTBEHHOCTH OTBETCTBEHHOCTH Y4€TOM  OTBETCTBEHHOCTH | YYE€TOM OTBETCTBEHHOCTH | OTBETCTBEHHOCTH KOHCTPYKIIMH
KOHCTPYKIIMH U | KOHCTPYKIHMH U | KOHCTPYKIHMH U | KOHCTPYKIMH U SKOHOMHYECKHX | U JKOHOMHYECKHX  AacIeKTOB
SKOHOMHYECKUX AaCIEKTOB | SKOHOMHYECKUX ACTIEKTOB | PKOHOMHUYECKHX  aCIIeKTOB | aCIEKTOB MPOBEACHUS | TIPOB
TIPOBEACHUS TUATHOCTUKN | MPOBEACHUS THArHOCTUKU MIPOBEACHUS THATHOCTUKU JINAaTHOCTHKHU €ICHUS THAaTHOCTUKA
Tperuit aTan | BIAJETh: He Bmameer mnepBuuHbiMu | Brageer TIEpPBUYHBIMU | YBEpPEHHO ucnoas3yer | Brnageer MePBUYHBIMU
ONBITOM [IPOBEJICHUS] | HABbIKAMU u ONBITOM | HAaBBIKAMHU u ONBITOM | MEPBUYHBIE HABBIKK U ONBIT | HABBIKAMU u OIIBITOM
IloBbllIEHHBI | HEpa3pyLIAIOLIETO MPOBEICHUS MPOBEICHUS MPOBEJICHUSI HEpa3pyILIAIOUIETO | IPOBEJACHUSI HEpa3pyIIaloIIero




1 ypOBEHb

KOHTPOJIS MaTepHaIoB
METOJIaMH  COBPEMEHHOM
JIarHOCTHKH,
CIOCOOHOCTh
CaMOCTOSITEILHO
HCIIOJIB30BaTh
TEXHUYECKUE CPEIICTBA IS
M3MEPEHUST U KOHTPOJIS
OCHOBHBIX apaMeTpoB
TEXHOJIOTHYECKUX

MPOIECCOB, CTPYKTYPHI H

CBOWMCTB MarepuajoB |
H3ICTIN u3 HUX,
IUTAHUPOBAHHS i
peanu3aiuu
HCCIICOBaHMUI u
pa3paboTox

HEpa3pyLIaomero  KOHTPOJIS
MaTepHasioB METOIaMH
COBpPEMEHHOM AMArHOCTHKH,
CIOCOOHOCTh CaMOCTOSITEIBHO
HCIIONIb30BaTh  TEXHUYECKUE
cpenctBa Uisl M3MEpEHUs U
KOHTPOJISt OCHOBHBIX
napameTpoB
TEXHOJIOTHYECKUX IIPOIIECCOB,
CTPYKTYPHI u
MaTepuajioB W W3JAEIUN U3
HUX, TUTAHUPOBAHHS u
peanu3aluy UCCIEeI0BaHUN U
pa3paboTox

CBOMCTB

HEpa3pyLIaromero KOHTPOIIS
MaTepHaioB MEeTOJaMH
COBpPEMEHHOM AMArHOCTHKH,
CHOCOOHOCTH
CaMOCTOSITEILHO
HCIIOJIb30BaTh TEXHUYECKUE
cpelncTBa Al U3MEPEHUS U

KOHTPOJISt OCHOBHBIX
apaMeTpoB
TEXHOJIOTHYECKUX
MPOIECCOB, CTPYKTYpHI H
CBOWMCTB  MaTepuaioB |
H3ICTUN u3 HUX,
TJIAaHUPOBAHUS u

peanu3anu  UCCIeI0BaHUI
U pa3paboTok

KOHTPOJIS MaTepHAIIOB
METOoJaMu COBpPEMEHHOU
JHArHOCTHKH,

CITIOCOOHOCTh  CaAMOCTOSITEIILHO
HCIIOJIB30BaTh TEXHUYECKHE
CpeicTBa JUIS WM3MEPEHHS |
KOHTPOJIS OCHOBHBIX

MapamMeTpoB TEXHOJOTMUECKHX
TIPOIIECCOB, CTPYKTYPBI u
CBOWCTB MaTepHasoB U U3EITUI
W3 HUX, IUITAHUPOBAaHUSA U
peanu3ali  UCCJIEAOBAHUN U
pa3paboTok

KOHTPOJIS MaTepUaIoB
METOJAMHU COBpPEMEHHOM
JIHATHOCTHKH,

CIIOCOOHOCTH  CAMOCTOSATEIBLHO
HCIIOJILE30BaTh TEXHUUECKHE
CpeicTBa IS M3MEPEHUs |
KOHTPOJIS OCHOBHBIX

[apamMeTpoB TEXHOJIOTHMYECKUX
MIPOIIECCOB, CTPYKTYPBI "
CBOMWCTB MaTepHajoB U U3JIETUH
W3 HHUX, IUIAHHPOBAHUS U
peanu3alny  UCCIEAOBAHUN U
pa3paboTok




4.2TunoBbie KOHTPOJIbHbIE 32/IaHUSI HJIM MHbIE MaTEPHAJIBI,
Heo0X0AMMBIe Il OLleHKH 3HAHUI, YMEHH I, HABBIKOB M ONbITA
AeATeTbHOCTH, XapPAKTEePHU3YIOIIMX ITaNbl GOPMHUPOBAHUS KOMIIETEHIUM
B IIpoLecce 0CBOeHHs 00pa3oBaTebHOM NporpaMmmsl. Metoanueckue
MaTepHaJibl, ONpele/somue Npoueaypsl OUeHUBAHUS 3HAHUM, YMEHHH,
HABBIKOB U ONBITA AeATEIbHOCTH, XapaKTePHU3YIOLIHMX ITANbI
(popmMupoBaHus KOMIIETEHIIUI

DTaIbl O11eHOYHBIE

PesynpTaTel YEeHUS Kommerenmus
OCBOCHUS 3y, obyue OMIICTCHIL cpeacTBa

1-i1 9Tamn 1. COBpPEMEHHbIE METO/IBI TEXHUYISCKOMN 1IK-15 YeTHEI onpoc,
3Hanus JIMaTHOCTUKA W HEpa3pylIaloUMX METOJ0B

TECTUPOBAHUC
KOHTPOJIA.

2. KIacCU(UKAIUIA METOJOB HEpa3pyIIaroIIero
KOHTPOJIS W MPHUHLUIBI JCHCTBUS MPHOOPOB s
UX peau3anuu

3. BBIOOP KOHTPOJISl, OCHOBHBIE HOHSITHSI TEOPUHU HK-5
CIIy4aHBIX ~ MPOLIECCOB  METOABI  aHaJM3a,
¢dbunpTpanmuy, 0o0HapyKEeHUS u OIICHKH
MapaMeTPOB CUTHAIOB B PA3IHYHBIX TEXHUYECKHUX
cUCTEeMax

2-i sTan 1. mpaBUIBHO BBIOPATH TOT WM HHOW METOJ IIK-15 YcTHbI onpoc,
VMeHms KOHTPOJSL ~ JUIL  JAMarHOCTHKA  COCTOSHMS
HArpyKCHHBIX JeTae u 3JIEMEHTOB
KOHCTPYKIIHA C  y4eTOM  OTBETCTBEHHOCTH
KOHCTPYKIIMK ¥  JKOHOMHYCCKHX  acCIEKTOB
MTPOBEACHUS THArHOCTHKH

2. BbIOMpATh KPUTEPUH OlEHUBAHHUS OOBEKTA 1IK-5
KOHTPOJISI, BHIOUPATh ONTUMAJIBHBIE AITOPUTMBI U
pacCUMTHIBAT XAPAKTEPUCTHKH  OOHAPYIKEHHS
CUTHAJIOB ¥ Ae(EKTOB, UX TMOPOXKMAIOIINX, HA
¢done omex

OIIEHHMBATh JIOCTHXKUMYIO) TOYHOCTH H3MEPEHHS
apaMeTpoB CHTHAIIOB

TECTUPOBAHUEC

3-if sTarn 1. ombiToM mpoBeneHust Hepazpymawomero | [IK-15 Y CTHBIH OIpoc

Bnagenue | KOHTPOJS MATepHANOB METOJAMH COBPEMEHHOM
JINarHOCTUKH

HABBIKAMHI 175 ™ 10COBHOCTBIO  ydacTBOBaTh B paboTax 1o | IIK-1

JIOBOAKE W  OCBOCHHIO  TEXHOJIOTHMYECKHX

MPOIIECCOB B XOJ€ TOATOTOBKH IPOM3BOJCTBA

HOBOW NPOJYKIHMH

4.3 PeHTHHI-IIJIaH JUCHUTILIHHBI
(1p HE0OXOIMMOCTH)

PelTuHr—1U1aH TUCHUIUIMHBI IPEJICTABICH B MIPUJIOKECHUH 2.
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4.3.1 ®opma 3K3aMeHAIUOHHOTO OWJIeTa

OK3amen: ouHoe u 3a04Hoe 0byueHue

Bompock! k 5k3aMeHy:

1. O6mmue cBeieHus 0 Koppo3uu MetauioB. IIpobdiiema koppo3uu. Llens u 3a-
a4yl Kypca « XMMHYECKOE COIPOTHUBIICHUE MATEPUAJIOB. 3alluTa OT KOPPO3HH).
TeXHUKO-3KOHOMHYECKHUH aCIICKT KOPPO3HH.

2. TepMoanHaMuka poIecca KOppo3uu METAILIOB.

3. Kunetunka npoiiecca KOppo3uu MeTaJIJIOB.

4. Kinaccuduxanysi Koppo3MOHHBIX MTPOIIECCOB IO YCIOBUSAM MPOTEKAHUS.

3. Kiaccudukaiys Koppo3HOHHBIX IIPOIIECCOB IT0 MEXaHU3MY MPOTCKAHUS

XapaKTepy KOPPO3UOHHBIX MOPAKECHUM.

XuMHUYeCKasi KOppo3usi METAJIJIOB. Y CJIOBUE CIUIOIIHOCTH IIJICHOK MPOJTYKTOB
KOPpPO3UH METAJJIOB.
7. TepmoauHaMuKa BHICOKOTEMIIEPATYPHOU KOPPO3UU METAILIOB.
8. AncopOrus KUCI0poaa Ha ITIOBEPXHOCTH METaJlIa.

KuneTrka ra3zoBoil KOppo3uu. Y paBHEHUE JIMHEWMHOTO POCTa OKCUIHOM
IIJICHKH.
10. KuHeTuka ra3oBoil KOppo3uH. Y paBHCHHE Mapad0INIECKOTO POCTa OKCHUIHOM
TJICHKH.
11. KuneTnka razoBoii KOppo3uH. Y paBHEHHE JIOTapu(PMHUIECKOT0 POCTa
OKCHUJIHOM IIJICHKH.
12. Bimsaue BHyTpeHHHX (PAKTOPOB Ha CKOPOCTh XUMUYECKON KOPPO3HH.
13. Bausgaue BHEMIHHX (aKTOPOB HA CKOPOCTh XUMHYCCKON KOPPO3HH.
14.  OcHOBHBIC METOJBI 3AIIUTHI OT TA30BOM KOPPO3HH.
15. MexaHu3M IICKTPOXUMHUICCKON KOPPO3HH.
16. TepmoauHaMuKa 3IEKTPOXUMHUUYECKOM KOPPO3UU METAILIOB. DJIEKTPOIHBIC
MOTEHIMAJIBl METAJJIOB.
17. Peakuus KaTOOHOM ACIIOISIPHU3ALMHU. Y CIIOBUE IIPOTCKAHUS AJICKTPO-
XHMHUYECKON KOPPO3HUHU.
18. HeoOpaTuMble NOTCHIIHAIBI METAJIIOB.
19. Kunetuka aHoJHOU peakiuu. [TokazaTeab CKOPOCTH NEKTPOXUMHUIECKOM
peaKIuu.
20. Kwunernka aHOTHOM peakIuy. DHEPTHs aKTHBAIIUH IIPSIMOTO U 0OpaTHOIO
nepexo1oB. CKOpOCTh aHOJHOW PEaAKIINH.
21. BopopoaHas Aemnoyspu3aims.
22.  KucnopojaHas aenoiaspu3aiys.
23.  JImarpamma DBanca. [loaspu3aninoHHBIC CONPOTUBICHHS. Y paBHCHHUC I
pacdeTa CKOpOCTH KOPPO3UH.
24. IlaccuBHOCTH MeTaiuiIoB. OCHOBHOM METO/1 UCCJIEOBAHMS TACCUBHOCTU
MeTasuioB. [IpakTHueckue CieACTBUS U3yUYeHHUS MAaCCUBHOCTH.
25. lloreHmuocTaTuyeckas KpuBas.
26. BumsHue BHyTpeHHHX (PAKTOPOB HA CKOPOCTH AICKTPOXUMUYSCKON KOPPO3HH.
27. BnusHUe aHUOHOB-aKTUBATOPOB M KATHOHOB-AKTHBATOPOB HA CKOPOCTH
AJIEKTPOXUMHUYECKON KOPPO3HUH.
28. BimsHue aHHOHOB-MHTHOMTOPOB M KATHOHOB-MHTHOMTOPOB Ha CKOPOCTh
AJIEKTPOXUMHUYECKON KOPPO3HUHU.
29. BausHHE KMCIOTHOCTH CpeJibl, TEMIEPATYpPHhI, JaBJICHUS HA CKOPOCTh
AJIEKTPOXUMHUYECKON KOPPO3HUHU.
30. BausHue nepemMenMBaHus, BO3ACHCTBUS BHEIIHETO JIEKTPUUECKOTO TOKA U
paavaly Ha CKOPOCTh JIEKTPOXUMHYECKON KOPPO3HH.
31. Mepsl 60pEOEI ¢ KOppO3UEH METaLI0B. Bo3ieiicTBHE HA METaJLIbL.
Bo3zaeiictBue Ha cpeny.
32.  Mepsl 60pb0OBI ¢ KOPPO3KEH MeTaIOB. Bo3meiicTBre HA KOHCTPYKIIMIO.
33. Meramuueckue 3alrdTHbIE TOKPhITUI. OOIHe CBEICHMUS.
34. MeTanauyecKkue 3alUTHbIE TOKPHITUS. |'alIbBAHMYECKUE TOKPBITHSL.
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35.  Meramudeckue 3auTHbIe TOKPBITUA. TepMoaudPpy3noHHbIE TOKPHITHS.
36. Hemeramumyeckue 3aluTHbIC MOKPBHITUA. Heoprannueckue mokpoITUs.
OxcuaupoBaHuUe.

37. Hemerammmueckue 3aniuTHBIC MOKPBITUA. DochaTtnpoBanue. JIakokpacodHbIC
MOKPBITHS.

38. HMuruburopsl. Buasr narnburopos. Benmnmunna 3anmtHoro 3ddekra.

39. UHrubuTopsl A1 pacTBOPOB. AHOIHBIC HHTHOUTOPHI.

40. Huarudburops! a1 pacTtBopoB. KaToaHble MHTHOUTOPEI.

41. Hurubutopsl aTMOChHEPHON KOPPO3HUH.

42.  DnekrpoxuMmuueckas 3amura. KatoiHas 3ammuTa BHEIITHUM TOKOM.

43.  DnexkTpoxuMuueckas 3ammuTa. [I[porekTopHas 3amura.

44,  DAeKTpOXHMHYECKAs 3alluTa. AHOIHAS 3aIUTA.

45. Knaccudukanus HeMeTaTTMIECKUX MaTEPHUAIOB.

46. Oco0eHHOCTH KOPPO3UOHHOTO Pa3pyIIeHUs] HEOPTaHUUECKUX MaTe-pUasIoB.
47. OcOOEHHOCTH KOPPO3HOHHOI'O Pa3pyIICHUS OPraHMYSCKUX MAaTEPHAIIOB.
48. Metoapl ucciieIoOBaHUM U OLIEHKHU XUMHYECKOW CTOMKOCTH HEMETAUTMYECKUX
MaTepuaioB.

49.  Koppo3HMOHHOCTOMKHE HEMETAININUECKUE MaTepUalibl HA HEOPTaHUYECKOM
OCHOBE.

50.  Koppo3nOHHOCTOMKHE HEMETATUIMYECKUE MaTEPUAJIbl HA OPraHUYECKOM
OCHOBE.

MunucrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit denepannn
®enepanbHOE rocy1apCcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BbIcHIero oOpa3oBanus «balIKupckuii TOCyAapCTBEHHBIH YHUBEPCUTETY
NrxeHnepHsIil pakynbpTeT
Kadenpa «Texnonornueckne MamHbl 1 000py10BaHUE

DK3AMEHAITMOHHbBIN BUJIET Ne 1
[To yueOHOI nucnuIuinae «XUMHUYECKOE COPOTUBICHHE MAaTEPHUAJIOB U 3alllUTa OT KOPPO3IUI»
Hanpasnenue: 15.03.02 — TexHonornueckrue MalliiHbl © 000PYyA0BaHNE
[Tpoduns: MHAKUHUPUHT TEXHOJIOTHYECKOTO 000py10BaHUs

1.00mue cBeneHus o Koppo3uu MeTtawioB. I[IpoGmema koppo3uu. llenmp w 3amaum  Kypca
«XUMUYECKOE COMPOTUBIEHNE MATEPUAJIOB U 3aIlIUTA OT KOPPOZUM

2. Jlnarpamma OBaHca. [lonspu3aniioHHBIE CONMPOTHUBIICHUS. YpaBHEHUE IJIA pacyera CKOPOCTH
KOPPO3HH.

YTBepKIeHO Ha 3aceqaHnH Kaeapsl , TPOTOKOJT Ne
(mara)

3aBenyromuii kadeapoit

(moamuck) (®.1.0.)
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MunucrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit denepannn
®enepanbHOE rocy1apCcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BbIcHIero oOpa3oBanus «balIKupckuii TOCyIapCTBEHHbIH YHUBEPCUTETY
NrxeHnepHsIil pakynbpTeT
Kadenpa «Texnonornueckne MaiHbl 1 000py10BaHUE)

DK3AMEHAITMOHHBIN BUJIET Ne 2
[To yueOHOM nucnuIuinae «XUMHUYECKOE COPOTUBICHUE MAaTEPHUAJIOB U 3alllUTa OT KOPPO3IUI»
Hanpasnenue: 15.03.02 — TexHonornueckrue MalliuHbl © 000PYA0BaHNE
[Tpoduns: MHAKUHUPUHT TEXHOJIOTHUYECKOTO 000py10BaHUS

1. TepMoauHaMuka npolecca KOppO3uru METAIIIOB.
2. ITaccuBHOCcTe MeTannoB. (OCHOBHOM METOA HCCICAOBaHUA IIaCCUBHOCTU MCTAJIJIOB.
[IpakTuueckue ciaeacTBUS U3YUSHHsI TACCUBHOCTH.

YTBepkaeHO Ha 3aceTaHuH KadeIpol , MpoTOoKOJI No
(mara)

3aBeayromuii kadenpoit

(moamucsk) (®.1.0.)

Kpurepun ouenku (B 0a/1ax) JJ1s1 0O4HOT0 OTAEeJTCHUSA:

25-30 6as10B BBICTABISAETCS CTYJEHTY, €CIM CTYAEHT Jajl IOJIHbIE, pa3BEPHYTHIE OTBETHI HA BCE
TEOpEeTUYECKHe BOMPOCH! OHIieTa, MPOAEMOHCTPUPOBAN 3HaHHE (DYHKIMOHAIBHBIX BO3MOXHOCTEH,
TEPMUHOJIOTUH, OCHOBHBIX JJIEMEHTOB, YMEHHE MPUMEHSITh TEOPETUYECKUE 3HAHUS TMpU
BBITIOJTHEHUH MPaKTUYeCKuX 3adaHuid. CTyeHT 6e3 3aTpyJHEeHUI OTBETHUII Ha BCE JIOTIOJIHUTENbHBIE
Bonpockl. [IpakTrdeckast 4acTh pabOTHI BBHITIONHEHA TIOJTHOCTHIO 0€3 HETOYHOCTEH U OIIHOO0K;

17-24 06a/u10B BBICTABISETCS CTYJIEHTY, €CIHM CTYJICHT PAacKpbUl B OCHOBHOM TEOPETUYECKHUE
BOIIPOCHI, OJHAKO JIOMYIIEHbl HETOYHOCTU B OIPENEICHUM OCHOBHBIX NOHATHH. [Ipu oTBeTe Ha
JIOTIOJTHUTEJIbHBIE BOMPOCHI IOMYIIEHBI HEOObIINEe HETOYHOCTHU. [Ipy BBIMOIHEHUU MPAKTUYECKOM
gacTu paboThI JOMYIIEHBI HECYIIECTBEHHBIC OIUOKH;

10-16 6a/110B BBICTABISIETCS CTYACHTY, €CJIM MIPU OTBETE HA TEOPETUUYECKUE BOMPOCHI CTYACHTOM
JOMYIIEHO HECKOJBKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAHMU OCHOBHBIX MOHATUH. Jlormka u
MOJIHOTa OTBETAa CTPAJaroT 3aMETHBIMH H3bSIHAMU. 3aMEeTHbI MpoOenbl B 3HAHUM OCHOBHBIX
MeToJ10B. TeopeTnueckre BOIPOCH B LIEJIOM H3JI0KEHBI JOCTATOYHO, HO C IIPOIIyCKaMHU MaTepuaa.
Nmerorcs npuHIMNUANbHBIE OIIMOKU B JIOTHKE MOCTPOEHHUS OTBETa Ha Bompoc. CTYAEHT He pelInl
3aJauy WIM MPU PELICHUH JOMYIIEHBI TpyOble OITHOKH;

1-10 0a/1s10B BBICTABISAETCS CTYJEHTY, €CJIM OTBET Ha TEOPETUUYECKHE BOMPOCH! CBUIAETEIBLCTBYET O
HEMIOHUMAaHUU M KpailHe HENOJIHOM 3HAaHUM OCHOBHBIX IMOHATUH M MeToa0oB. OOHapyX HBaeTcs
OTCYTCTBHE HAaBBIKOB NPUMEHEHHS TEOPETUYECKMX 3HAHUN TpU BBHIMOJIHEHUHM MPaKTHYECKUX
3anaHuil. CTyJE€HT HE CMOT OTBETUTh HU HA OAMH JOTIOJHUTEIbHBINA BOIPOC.

Kputepuu oneHku 11 3204HOT0 OT/IEJICHUSI:

OTJIMYHO - BBICTABIICTCS CTYICHTY, €CIU CTYIEHT Jall IOJIHbIe, pa3BEpPHYTHIE OTBETHI Ha BCE
TEOPETUYECKHE BOIPOCH! OUJIeTa, MPOJIEMOHCTPUPOBAN 3HaHNE (PYHKIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTHHM, OCHOBHBIX DJJIEMEHTOB, YMEHHE IPHUMEHSATh TEOPETHUYECKHE 3HAHUS IPH
BBITTOJIHEHUH NPaKTHUECKUX 3ajaHuid. CTyqeHT 0e3 3aTpyIHEHH OTBETHUII Ha BCE JOTOJIHUTEIbHbIC
Bompockl. [IpakTruyeckast 4yacTh pabOTHI BHIMOJHEHA MTOJTHOCTHIO 0€3 HETOUHOCTEH M OITHOOK;
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XOpomIo - BBICTABIACTCA CTYACHTY, €CIIU CTYACHT PACKPbLII B OCHOBHOM TCOPECTUYCCKHUE BOIIPOCHI,
OJTHAKO JIOMYIIEHbl HETOYHOCTH B ONpEACICHHH OCHOBHBIX TOHATHH. [lpm oTBere Ha
AONOJHHUTCIBHBIC BOIIPOCHI JOMYIICHLL HG6OHLH_II/IG HETOYHOCTH. HpI/I BBITIOJTHEHUHN HpaKTI/I‘{CCKOfI
4acTH paOOThI JOMYIIEHBI HECYIIIECTBEHHBIC OIIMOKY;

YIOBJIETBOPUTEJIBHO - BBICTABISICTCS CTYACHTY, €CIM MPH OTBETE HA TEOPETUYECKUE BOIMPOCHI
CTY/ZICHTOM JONYIICHO HECKOJBKO CYIIECTBEHHBIX OIMMOOK B TOJKOBAHWU OCHOBHBIX ITOHSTHU.
Jlormka ¥ IOJIHOTa OTBETa CTpaaar0T 3aMCTHBIMU H3bIAHAMMU. 3aMeTHEI HpO6CHBI B 3HAaHUU
OCHOBHBIX METO/IOB. TEOopeTHYecKre BOMPOCH B IEJIOM U3JI0KEHBI JOCTATOYHO, HO C MPOITyCKaMHU
Marcpurajia. HNmMmerores MNPUHOHUIIAATIBHBIC OLHI/I6KI/I B JIOTUKEC IIOCTPOCHHA OTBETA Ha BOIIPOC.
CTyneHT He pem 3a/1a9y WK MPH PEIISHHH JONYIICHbI TpyOble OIUOKH;
HEY/0BJIETBOPUTEJIBLHO - BBICTABISETCS CTYJACHTY, €CIH OTBET Ha TEOPETUYECKHE BOMPOCHI
CBHJICTEIILCTBYET O HEMOHMMAHWUU M KpailHe HEMOJIHOM 3HAaHUM OCHOBHBIX IMOHSTUH M METOOB.
OGHﬁpy)KHBaeTCSI OTCYTCTBUC HABBIKOB HNPUMCHCHUSA TCOPCTHYUYCCKUX 3HAaHUHU IIpHU BBIITOJHCHUHU
MpaKkTUYecKuX 3aaHuii. CTyIEeHT He CMOT OTBETUTh HH Ha OJIMH JIOTIOJHHUTEIILHBINA BOTIPOC.

4.3.2 OdopMireHHEe KOMILIEKTA TeCTOB (TECTOBBIX 3a/1aHUII)
TECT 1

1. Kakoii mporiecc Ha3bIBatOT KOPPO3UEd METAIIOB?

a) pa3pylIeHNe METaNIOB OT CTATHYECKUX MEXaHUYECKUX HATPY30K;

0) paspylieHre METAJLIOB TIPH [IUKINYECKUX HArpy3Kax;

B) pa3pylIeHUE METAJUIOB IIPU UX XUMHUUYECKOM U 3JIEKTPOXUMHUYECKOM B3aUMOJEHCTBUH C
arpecCUBHOM Cpeliou;

I') pa3pylLleHHe METAJUIOB MPU UX JUIMTEIbHON IKCILTyaTal|H.

2. XuMundeckasi KOppo3us MPOUCXOAUT IIPU B3aUMOJEHCTBUN METAJUIOB!
a) C pacTBOPAMHM JIEKTPOJIUTOB;
0) c cyXuMU razaMu IpH BBICOKHUX TEMIEpaTypax UM ¢ HEIJIEKTPOIUTAMU;
B) C IapaM¥ HU3KOKMITALIUX JKUAKOCTEH;
T') C paCTBOPaMM IMOJISIPHBIX KHJIKOCTEH.

3. IJacCUBHOCTb 3TO COCTOSIHME OTHOCHUTEIBHO BBICOKOH KOPPO3MOHHOW CTOMKOCTH MeTaja
BBI3BAHHOE!
a) JKUJIKOM Ccpesioif; 0) cpenoii ¢ CUITbHBIMU OKHCIIUTEISIMH,
B) HEHTPAIIBHOM CPEON; T) HMIETOYHOM Cpeoi.
4. Kakoii caMblil cTapblii METOJ] OJTYYEHHUS] METAJUIMUECKUX 3aLIUTHBIX TOKPBITUI?
a) tepmoauddy3nOHHBIN; ©0) METOJ TOTPY)KEHHUS B PACIUIABICHHBIH METAII-TIOKPHITHE;
B) IUIAKUPOBAHUE; T) METaJUIM3alMs HAMBUICHUEM.

5. ITo kakoMy ypaBHEHHUIO BEIYHCIISETCS TEOPETUUECKOE KOTUIECTBO OCAXKICHHOTO MeTasia?
MItMtMtMIt
a) m=——; 0) m=——; B)m=——; T)m=
zFFzFF

6. IIpuunHO KOppO3UN ABIAETC:
a) BHYTPEHHSISI CTPYKTYpa MeTalla WK CIUIABa,;
0) TepMOIMHAMUYECKast HEYCTOWYMBOCTh METAJIOB;
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B) HaM4ue Je()eKTOB B KPUCTAIUITMUECKON CTPYKTYpe METaslia;
T) coiep )KaHue B METaJIJIE HEMETAJUIMYECKUX MPUMECEH.

7. DNEKTpOXUMHUUECKas KOPPO3US MPOUCXOAUT MPHU B3aUMOJEHCTBUN METAIIJIOB:
a) C pacTBOpaMH HEIJEKTPOIUTOB; 0) C paCTBOPAMHU OPTaHMUYECKUX KUKOCTEH;
B) C paCTBOpaMHU 3JIEKTPOJIUTOB;  T) C paCTBOPAMU HEMOJSPHBIX KUAKOCTEH.

8. B kakux cpenax HPOUCXOAMT KOPPO3UsS METAIJIOB C BBIJEICHHEM BOAOPOJA, TO €CTh
MPOTEKAeT PeaKlrsl BOJOPOJIHOMN JACTONApU3aLUuU?
a) B KACIIBIX cpefax; 0) B HEUTPAIbHBIX U MIETOYHBIX CPEIax;
B) B OPraHUYECKUX JKUIKOCTSX; TI) B IIEJIOYHBIX Cpeaax.

9. Kakue craBbl 061a1ar0T 60iee BEICOKOH KOPPO3UOHHON CTORKOCTHIO?

a) TeTepOreHHEIE; 0) ¢ HEeMeTaUTMYECKUMHU TTPUMECSIMU;
B) C KATOAHBIMH BKJIFOUCHUSIMH; T') TOMOTEHHBIE.

10. Kakoe ypaBHEHHE UCIIONIB3YIOT JJI BBIYMCIIEHHS BBIXO/A 110 TOKY B % NpH

3JIEKTpoJIn3e?
m m ¢mi g

ajn=—; 0n=—; B)n=—100; 1)n=—100.
m gm M m-

11. Kakas Benmn4rHa U3MEHEHUS N300apHOTO MOoTeHIMana (dHepruu ['nb6ca) onpenenser
BO3MOXXHOCTb MIPOTEKAaHUS KOPPO3HUH:
a) AG<0; 0) AG>0; B)AG=AU-TAS; r)AG=0.

12. 3amuTHLEIMHA CBOMICTBAMH 00JIa{AI0T OKCUIHBIE [IIICHKH:
a) cpennue, TomuHoM 40...500 HM;  ©) CIUIONTHBIE TUICHKH;
B) TOJICTBIE, TONIIHHOM Oonee 500 HM; T') HECIUIONTHBIC TUICHKU OKCH/IA.

13. CnocoGHOCTh METAJIIOB COMPOTUBIATHCS KOPPOSHOHHOMY BO3/ICHCTBHUIO Ta30B MPH
BBICOKHX TEMIIEpPaTypax Ha3bIBACTCS:
a) )KapoIPOYHOCTHIO; 0) MexaHMYECKOM MPOYHOCTHIO;
B) ’KapOCTOMKOCTHIO; T') Ta30CTORKOCTHIO.

14. Kakoif MmeTasu1 o OTHOLICHUIO K CTAJIM SIBJISIETCSI aHOAHBIM MTOKPBITHEM?
a) mens (Cu);  0) omoBo (Sn);  B) umHK (Zn); 1) HUKENH (Ni).

15. Kakyto cucremy Ha3bIBaroT Kpackou?
a) pacTBOpP OPraHUYECKOTO BEILIECTBA B JIETYYEM PACTBOPUTEIIE;
0) pacTBOp TBEP/OTO BELIECTBA B )KUKOM PACTBOPHUTEIIE;
B) CYCII€H3Hs IUTMEHTA B OPIraHUYECKOM CBA3YIOIIEM;
') pacTBOP MEJIKOU3MEIBYEHHOIO BELIECTBA B JIETYYEM PaCTBOPUTEIIE.

16. Ilo MmexaHu3My IPOTEKAHUS PA3IUYAIOT:
a) KOPPO3HIO BHEIIHUM TOKOM U TO/J] HANPSKEHUEM;
0) XUMHUYECKYIO M SJIEKTPOXUMHUYECKYIO KOPPO3HIO;
B) OMOKOPPO3HUI0 U KOPPO3UOHHYIO IPO3HUI0;
T') CIUIONTHYIO WU OOIIYI0 M MECTHYIO KOPPO3HIO.
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17. IIpouiecc OKUCIEHUS MeTasia KUCIOPOJAOM HEBO3MOXKEH, €CIIM MEXY PABHOBECHBIM
JaBJICHUEM KHCIIOpOia Hajl OKCUIOM Ppap. U JaBiieHHeM Kuciopoja B cpene P cobmonaercs
COOTHOIIIEHUE:

a)P=Ppap.; O)P<Ppa.; B)P>Ppap.; T)P/Ppap.=1.

18. Kakoe coueTaHue JeTUpYOIMX METAJUIOB CHJIBHO 3aMEJISET MPOLIECC OKUCIICHUS CTalIn
MIPU BBICOKUX TEMIIEpaTypax:
a) Cr, Cu, Co; 0) Al, Mo, W; B)Cu, Co,Mo; r1)AlCr, Si.

19. Kakoit MeTasu1 110 OTHOLLIEHUIO K CTAJIN SBJISETCS KATOIHBIM ITOKPBITHEM ?
a) mens (Cu);  0) umHk (Zn);  B) xpoMm (Cr); 1) tutas (Ti).
20. JJakamM Ha3bIBAIOT:
a) pacTBOPHI BBICHIXAIOLINX Macei, CMOJ, 3(PUPOB LEIUIIOTIO036I B JIETYYUX PACTBOPUTEIIAX;
0) KOJUIOMAHBIE PACTBOPHI BBICBIXAIOLIMX MACEN CMOJ 3()UPOB LEITOJIO3bI B JIETYUUX
OpPraHUYECKUX PACTBOPUTEISIX;
B) TOMOT€HHBIE CMECH MAacCeJ, CMOJ B OPraHUYECKHX PACTBOPUTEIIX;

I‘) PACTBOPBI BHICBIXAKOIINUX CMOJI, HEJIJIKOJIO3bI B JICTYUUX OPTraHUYCCKUX PACTBOPUTCIIAX.

21.0TpunarenbHbIM MacCOBBIM I10KA3aTEIEM KOPPO3UHU HA3bIBAIOT BEIMYUHY, KOTOPYIO
BBIYHUCIISIIOT TIO (hOpMYyIIe:

AmAmMAh I1
a)K'n=——; 6Kn=—"—; B) Ki=—7}; 1) K,=—.
StSttt

22. JInHeNHHBIH POCT TOJIIMHBI OKCUHOW MJIEHKHU MPU OKUCIIEHUU METAJIa KUCIOPOAOM
BBIPAXKAETCS] YPABHECHUEM:

a) h=Krt; 6)h’=Krt; B h=Ih(K1); 1) h®=h+Kr

23. Kakue 0CHOBHBIE METOBI IPUMEHSIOT JUIsl 3aIUTHl METAJJIOB OT KOPPO3UuU?
a) MexaHu4deckas 00paboTKa; 0) 3aIUTHBIC TOKPBITHS, YIET KOHCTPYKIIHH;
B) MO/ATOTOBKA MMOBEPXHOCTH METAJIA;
r) 00pab0TKa B KUCJIBIX U IIEJTOYHBIX Cpeaax.

24. Kakue 3alluTHBIE MOKPBITUS OTHOCATCS K TUITY HEOPTraHUYECKUX OKPBITUIA:
a) MOKPBITHS CMOJIAMU; 0) TOKPBITHUS TJIACTMACCAMU;
B) JIAKO-KPACOYHBIE TIOKPBITHUS, r) pocdaTHBIC U OKCHUTHBIE TTOKPBITHSA.

25. Kakue BemecTBa Ha3pIBalOT MHTUOUTOPAMU KOPPO3UH?
a) BEILECTBA YCKOPSIOLIUE KOPPO3HIO;
0) BelecTBa, KOTOPhIE YMEHBIIIAIOT CKOPOCTh KOPPO3HH;
B) BEIIECTBA, CTAOMIM3UPYIONINE KOPPO3SHOHHBIH MPOIIECC;
T') BELIECTBA, KOTOPHIE MOJTHOCTHIO UCKITIOYAIOT KOPPO3HUIO METaJlIa.

26. [lns 3a1UThl MEHBIX U3JIENTUNA OT KOPPO3UH B Ka4€CTBE KATOJIHOTO MOKPBHITUS MOKHO
HCIIOJIBb30BaATh
A.Cr B. Ni B. Sn I'.Ag
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27. YpaBHeHHE npoliecca, MPOTEKAIIEro HAa HHEPTHOM aHOE TIPH AJIEKTPOJIM3€ BOJTHOTO
pactBopa CaCL?, nmeer Bu
A.40H - 4e=0, + 2H,0
B. Ca®" +2e =Ca’
B. 2CL" —2e=CL,
[.2H,0 —4e =0, + 4H"

28. Kakoii mporiecc Ha3pIBalOT KOppo3uel B Hanbosee o0miem ciydae?

A. CaMONpou3BOJIBLHOE pa3pylIeHUE METAUIOB B arpeCcCMBHOMN Cpeze, MepeMeEIalonencs ¢
OONBIION CKOPOCTBIO U COJep)Kalled BellecTBa B3aWMOJICHCTBYIOIIME C  Pa3IMYHBIMU
MaTepuaIamH.

b. Camonpoun3BoibHOE pa3pylleHHe METAJUIMYECKUX MaTepHalioB  BCIEICTBUE HX
XUMHUYECKOTO MJTU JIEKTPOXUMHUUYECKOTO B3aUMOJIEUCTBUS C OKPYXKAIOIIEH CPEIOH.

B. CamonpousBoibHOE pa3pylleHHe MaTepHaioB (MOJIMMEPHBIX, METAJUIOB U HEMETAIIJIOB) B
KUIKOCTSAX, DIEKTPOIUTAX U HEAIEKTPOIUTAX.

I'. Pa3pymieHne MeTayusioB B Ta30OBbIX Cpe€Aax, COJEP)KalIUX pa3IUYHbIE arpeccCHUBHBIC
KOMITOHEHTHI U TIPU BBICOKUX TEMIIEpaTypax.

29. Yto sBIsAETCS OCHOBHOW NMPUYMHOM KOPPO3UH U PA3PYLIECHUS METAJIOB U UX CILIABOB?

A. D10 TepMoAMHAMUYECKas HECTaOMIbHOCTH(HEYCTONYMBOCTh) METAJUIOB M CIUIaBOB B
Pa3IMYHBIX arpeCCUBHBIX CPeIax MPH JAHHBIX BHEUIHUX YCIOBUSX.

b. DTO HecoBepIIEHCTBO BHYTPEHHEHW KPUCTALIMYECKON CTPYKTYpPbl META/UIOB W CIUJIABOB,
IIOJIYYEHHBIX B IIPOLIECCE TPOU3BOJICTBA.

B. D10 Hanuuue Ha MOBEPXHOCTH MeETajla Pa3jIMYHbIX 3arps3HEHUM, €€ IIepOXOBAaTOCTh U
IIPUCYTCTBUE OKCHJIOB.

I'. Dto mpupoma MeTaIoB, MX BHYTPEHHEE CTPOCHHME, HaJW4yue MpUMECEH B CIUIaBax,
arpeCCUBHOCTh OKPYKAIOLIEH CpeIbl.

30. Kakast BenmumHa M3MEHEHHs W300apHOTO MOTeHLHMana (M3MeHeHus sHepruu I 'nbbca)
nporecca KOppO3UH ONpeIessieT BO3MOKHOCTh KOPPO3UH MEeTajlia B JaHHOH cpene?
A.AG>0; b.AG=0; B. AG=0; I'. AG<0.

31. Kakoil metain cuibHee KOpPpoAupyeT B cpefe, coaepsxkameid kuciopon (0;), ecnu
M3MEHEHNEe N300apHOTo MOTEHIIHAaa IPH 00pa30BaHUN OKCHUIOB UMEIOT BEIMUNHY:

A. FeOAG = —246,0 xJIx/Momb ; B. MgOAG® = - 520,6 «JI/MOJIB;

B. CuOAG" = — 145,5 x]Ix/Monb ; I. ZnOAG® = -336,0 xJIx/Mob;

32. CkopocTu AOCTaBKH K IOBEPXHOCTH MeTajljla KOPPO3MOHHO aKTUBHBIX YacTHUIl U OTBOJA
IPOAYKTOB pEaKIUH B YIPOIIEHHOM BMJE OINpeleNsercs 3aKOHaMH OJHOMEpHOW Iuddy3un
(3akoHOM DuKa):

dc dc ds dc
Aw=xk,s—; bw=x,s—,; Bw=xc—;TI. w=KXx—7.
07 T0%ax R % T

33. CkopocTh XMMHYECKOH WM DJIEKTPOXUMHUYECKOW pEaKLUUU pacCUUTBIBAECTCA 110
YPaHEHHUIO:

E C
A. Wp :KPCX{—R—;] 5 B Wp ZKPEeX{_ﬁJ ;

E E
B. W, :KpCexl{R—‘]’J ; r.w, :KpCex4—R—;j ;
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34. Kakoii KOppO3MOHHBIM Mpolecc pa3pylieHus (OKUCICHHUS) METaNIOB OTHOCAT K
XUMHYECKON KOpPO3UH?

A. — B3auMoO/IeiCTBHE METajlIa C KOPPO3ZMOHHOM Cpefoi, IPU KOTOPOM OKHCJIEHHE METajla U
BOCCTAHOBJIEHUE OKHCIIUTENSl KOPPO3MOHHOW Cpellbl, MPOUCXOAUT Ha ONPEIEICHHOM Y4YacTKe
IIOBEPXHOCTU METaJLIA;

b. — B3aumoeiicTBHEe MeTaJlJla C KOPPO3ZUOHHOM Cpesioi, MpyU KOTOPOM OKHCJIEHHE MeTajla U
BOCCTAHOBJICHUE OKUCIIUTEINS KOPPO3UOHHOM Cpe/ibl IPOTEKAIOT B OJIHY CTAIHIO;

B. — B3aumognelcTBHME MeTala € 3JEKTPOIUTAMH, MPU KOTOPOM HOHU3ALMS MeTauia U
BOCCTAQHOBJICHUE OKHUCIIUTENST KOPPO3UOHHOM Cpeipl IPOTEKAIOT B HECKOJIBKO CTaAui MU HX
CKOPOCTH 3aBUCAT OT 3JIEKTPOJHOT0 MOTEHIIMAJIa METAJIA;

I'. — B3aumozeiicTBUE MeTallIa ¢ KOPPO3UOHHOM CPENOH, IIPU KOTOPOM OKUCIICHHUE METAJIA U
BOCCTAaHOBJICHUE OKUCIUTEIS CPEbL, TPOUCXOAAT Ha Pa3HbIX ydyacTKaxX MOBEPXHOCTH METAJLa.

35. Kakoii KOppO3HOHHBIM MPOLECC OKUCIEHUS META/UIOB HAa3bIBAIOT J3JIEKTPOXUMHYECKON
Koppo3uein?

A. — B3aUMOJICHICTBHE METAJJIa ¢ KOPPO3HUOHHOM Cpe/io, B pe3yJbTaTe KOTOPOTrO OKUCICHHE
MeTaJula U BOCCTAHOBJIEHUE OKUCIUTENS IPUBOST K PABHOMEPHOMY CJIOIO MPOAYKTOB KOPPO3UH;

b. — B3aumoeiicTBHEe MeTaJlJla C KOPPO3ZUOHHOM Cpesioi, MpU KOTOPOM OKHCJIEHUE MeTajla U
BOCCTAQHOBJICHME OKHCJIMTENS BBI3BIBAIOT 00pa30BaHHWE HEPABHOMEPHOTO CIIOSI TPOAYKTOB
KOppO3UH;

B. — B3aumozelicTBUE MeTa/1a ¢ KOPPO3UOHHOM CpEoi, B pe3yibTaTe KOTOPOro OKHUCIEHHE
MeTaJljla U BOCCTAHOBJICHUE OKHCIIUTENS MPUBOJAT K MEKKPUCTAJIUTUTHON KOPPO3UU (KOPPO3HUHU TIO
IpaHuLlaM KPUCTAIIIIOB);

['. — B3auMopelicTBUE MeTajula C JJIEKTPOJIUTAMH, MPH KOTOPOM HOHHM3AIMS MeTaia u
BOCCTAQHOBJICHUE OKHUCIUTENS] KOPPO3UOHHOM Cpeapl MPOTEKAIOT B HECKOJNBKO CTaAMM U HUX
CKOPOCTH 3aBHUCST OT 3JIEKTPOJIHOTO MOTEHIIMANIa METaILa;

36. I1pu B3anMOICHCTBUM METAJIOB C CYXUMH Ta3aMH (B YaCTHOCTH C KUCJIOPOJOM) B Cpefie C
BBICOKOHM TEMIIEPATYPOU U B HEDJIEKTPOIUTAX IPOUCXOIUT:

A. — 3IIEKTpOXUMUYECKAsT KOPPO3US;

b. — Koppo3Hs NPOUCXOIUT MO CMEIIAHHOMY MEXAHU3MY;

B. — xumnueckasi Koppo3us;

I'. — koppo3wust ¢ 0O6pa3oBaHUEM IUIOTHOH TUIEHKH MPOTYKTOB KOPPO3HUHU.

37. B pactBopax 3JEKTPOJIUTOB (B KHUCIOTaX, IIEJI0Yax, UX PacTBOpax, pacruiaBax coJjiei)
paspylieHre MeTaia BbI3bIBACT:

A. — ToueqHast KOppo3usl (MIUTTHUHT);

b. — anexTpoxumMuueckas Koppo3us;

B. — uzbuparensHast KOppo3us;

I'. — xuMH4Yeckast KOppo3us.

38. ITo kako# ¢GopMyiie BEIYUCIACTCS TIIYOMHHBIM MOKA3aTellb KOPPO3UOHHOTO pPa3pyIICHHS
Merasuia (crjiaBa)?
A kyp-T, B.Ky;=mr; B.rky=-"; T. Ky=hr.
T T

39. HOKa?)aTeHB HU3MCHCHUA TOJIIIUHBI, O6pa3yIOHlefICﬂ Ha MCTaJJIC IIJICHKHU HpOI[yKTOB
KOPPO3HH ONPEENSIeTCs BHIPAKEHUEM:
Ah h
A. hahT, B. KthhT; B. Kh:T’ r. Khz;.
40. KaKOG ypaBHeHI/Ie I’ICHOHB3y}OT JJIA BBIYUCIICHU ST OTpHHaTeHBHOFO IT1oOKa3aTeIsi N3BMCHCHUA

MacChl KOPPOJUPYIOIIETO MeTasuia?
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AmAmAh 11
AKn=—:; BKpn=——; B.Ky=—17; T. K;=—
StSttt

41. JIng 3a1uThl METHBIX U3/I€JIUA OT KOPPO3HH B KQUECTBE aHOTHOTO MOKPBITHUS MOYKHO

HCIIOJIb30BaTh:
A. Ag b. AL B. Au TI. Pt

42. ]I 3a1UThI KEIE3HBIX U3AEJNI OT KOPPO3UHU B KAYECTBE AHOIHOTO TOKPHITUS MOKHO
HCIOJIb30BATh:
A. muax bB. onoBo B. cepedbpo I'. menp

43. Iyt 311U Tl OT KOPPO3HUH CTATLHOTO U3JICTUS B KQU€CTBE aHOTHOTO MTOKPBITHS MOKET
OBITh UCITOJIB30BATh:
A.menp b. Hukens B.cBunen . Xpom

44. CormacHo cxeme ranpBanmndeckoro snementa Cd | Cd*" || Cu®’ | Cu
A. 3JIEKTPOHBI IBKYTCS OT MEJTHOTO 3JIEKTPOJa K KaAMHEBOMY
b. MeaHBIi 25IeKTPO SBIAETCS KATOIOM
B. Ha METHOM DIIEKTPO/IE MPOMCXOIUT OKUCIICHUE
I". B mporiecce pabOThI dJIEMEHTA HA DIIEKTPOJIE OCAKIAETCS KaIMUI

45. Tlpu HapyILIEHUH OJIOBSIHHOTO MOKPBITHUS Ha KEJIE3HOM U3/ICJINH, HAXOIAIIEMCsl B KUCIIOTE, Ha
aHOJI€ IIPOTEKAET peaKIUs

A. Fe’—2e = Fe** B. Sn*" +2e= Sn’

B.2H +2e =H, I.Sn’—2e=Sn*"
46. Ilponykramu, BBIACISIONIMMUCS HA MHEPTHBIX JJIEKTPOAAX MPH JICKTPOJINU3E BOJHOTO pacTBOpa
cynb(ara MeIu, IBISIOTCS
A.HuO, b CumH,S B.CuuH,S T.Cu u O,
47. Ilpu »eKTpoIIn3e BOJHOTO pacTBOpa Cyib(ara HATPHs Ha KaTo/e MPOTEKAET PEeaKIIHs

A.2H" +2e=H, B. 40H — 4e = 0,+2H,0
B.Na'+e=Na’ . 2H,0 +2e = H, + 20H

48. I1pu 251eKTpOaM3€e BOJHOTO PacTBOpa Cylib(aTa HATPUsI HA KATOJIE MPOTEKAET PEAKITUS
A.2H,0 —4e = O0,+4H" b. 40H - 4e = 0,+2H,0
B. S04 —2e = S,0¢" . 2H,0 +2e =H, + 20H"

49. YcrmoBueM caMOMPOU3BOIBLHOTO MPOTEKAHUS TIPOIECCa SBIISICTCS:
a) AG=0; 6) AG<0; B) AG>0;r) AS> 0.
50. Katog—aTo...
a) JIEKTPO/, Ha KOTOPOM MTPOUCXOJUT BOCCTAHOBIICHUE;
0) DJIEKTPOJI, HA KOTOPOM MPOUCXOJAUT OKUCIICHUE;
B) BCEr/1a MOJOKUTENbHBIN 3JIEKTPO/I;
T') BCET/1a OTPHUIATENBHBIN dJIEKTPOJI;
51. Agog—oToO...
a) DJIEKTPO/I, HA KOTOPOM MTPOUCXOUT BOCCTAHOBIICHUE;
0) 2JIEKTPO/I, HA KOTOPOM ITPOUCXOAUT OKHCIICHHE;
B) BCET/Ia TIOJIOKUTENBHBIN 3JIEKTPO/;
I') BCEr/1a OTPULIATENbHBIN 3JIEKTPOJI;
52. DNeKTpoABMAKYIAs CUJIa TAIbBAHUYECKOTO JIEMEHTA:
a) paBHa 3JIEKTPUUECKON pa3HOCTU MOTEHIHAIOB B ABOMHOM 3JIEKTPHUUECKOM CIIOE;
0) MakcUMaibHas Pa3HOCTh MOTEHIIUAIOB JJIEKTPOJIOB, KOTOPAst MOXKET OBITh MOJTyUeHa;
B) paBHA MMOKA3aHUIO BOJBTMETPA, BKIIOYEHHOMY B 3JIEKTPOXMUMHUECKYIO IeNb Mpu padoTe
raJIbBAHUYECKOTO JIEMEHTA;
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r) Ha3eiBaeTcst D/]C aneMeHTa, COCTaBIEHHOTO U3 JAHHOTO JIEKTPOAa U CTaHIapTHOTO
BOJIOPOJTHOTO 3JIEKTPOAA, MOTEHIIMATI KOTOPOTO MPUHAT PaBHBIM HYJIIO;

53. 'anpBaHMYECKHUE AINEMEHTHI — 3TO. ..
a) YCTPOMCTBA ISl MPSMOTO MPe0Opa30BaHUS XUMUYECKOW SHEPTUH 3aKITIOUYEHHBIX B HIX
pPEareHToB B 3JIEKTPUUYECKYIO;
0) XMMHYECKHE UCTOYHUKHU TOKA, IPETHA3HAUYCHHBIC /TSI MHOTOKPATHOT'O UX UCIIOJIb30BAHUS 32
CYET pEereHepali AKTUBHBIX KOMIIOHEHTOB 3JIEKTPOJIOB B MPOLECCE 3aPSAIKH;
B) YCTpOICTBA /7151 HEMTOCPEICTBEHHOTO NMPe00pa30BaHMs TEINIOBON SHEPTUH CTOPAHUS B
ANEKTPUUECKYIO;
T') QJIEKTPOJIbI, 00OpaTUMbIE OTHOCUTEIHHO HOHOB B PacTBOPE;
54. DnexTponus — 3To...
a) mpoliecc npeoOpa30BaHUs XUMHUECKOM SHEPTUU B DJICKTPUIECKYIO;
0) peakuu TUCTIPOTIOPIIUOHUPOBAHUS;
B) pa3JI0KEHHE BEUIECTB MO/ IEHCTBUEM JIEKTPUUECKOIO TOKA;
') MEXMOJIEKYJIIPHbIE OKUCIUTEIbHO-BOCCTAHOBUTEIbHbBIE PEAKIINH;
55. MaremaTuyeckas 3anuch IIEpBOro 3aKoHa iekTponusa Papanes:
m(x)
ajn =——;
M(x)
0) m(x) = [M(x)/zF]- I - t;
B) M5(AB) = M»(4) + M»(B),
r) (nK=nFE"/RT.
56. JIro00i1 KOPPO3WOHHBIN MPOIIECC SBISETCS

A. oTHOCTaJUHHBIM b. MHOTOCTATMITHBIM
B. nByxcraauitHpiM I'. TpexcraanitHbIM
57. Koppo3us METAJUIOB ONMCHIBAETCS YPAaBHEHUEM

A. Me"+ ne = Me B. Me’ — ne = Me™"

B. Me” + ne = Me™ I'. O, + Me = MeO,

58. KapoCcTOUKOCThIO HAa3bIBAETCSA

A. CIOCOOHOCTB METaJIa COXPaHATh BRICOKME MEXaHUYECKUE CBOWCTBA MIPHU BBICOKHX
TeMIieparypax

b. cniocoGHOCTh METaJIIOB HE IJIABUTHCS MPU BBICOKHX TEMIIEpaTypax

B. criocoGHOCTH METANIOB COMPOTHUBIISITHCSI KOPPO3ZUOHHOMY BO3/I€HCTBUIO ra30B MPU BBICOKHX
TeMIiepaTypax

I'. cnocoGHOCTH METAIIIIOB MPH BBICOKUX TEMIIEpaTypax U3rudatbes

Kpurepun onenku (B 0asu1ax):

- 0-1- 6a/J10B BBICTABIISICTCS CTYJCHTY, €CJIM IPABUIBHO BBIMOTHEHO OT 0-25% 0T Bcero oobema
TeCTa;

-2-4 5aJ110B BBICTABIISIETCS CTYIEHTY, €CJIH MPaBUIIHLHO BBIMOJIHEHO 0T 25-50% oT Bcero o0bema
TECTa;

- 5-7 6a/1510B BBICTABIIAECTCS CTYJEHTY, €CIIU €CJIM MIPaBUIIBHO BBINOIHEHO OT 50-75% oT Beero
o0beMa TecTa;

- 8-10 0a/1710B BBICTABISAETCA CTYACHTY, €CJIHM €CIINA PABUIIBHO BBINOJIHEHO OT 75-100% oT Beero
o0bemMa TecTa.

Kpurtepun oueHkHu 111 32049HOT0 OT/IeJI€HHS:
- HEY/I0BJICTBOPHUTEIbHO BBICTABJISETCSA CTY/IEHTY, €CJIHM MPABWIBHO BBITOIHEHO OT 0-25% ot
BCEro 00beEMa TECTA;
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-Y/10BJIETBOPUTEJILHO BHICTABIISETCS CTYJEHTY, €CJIM IPAaBUIBHO BBIIOJIHEHO OT 25-50% OT Bcero
o0beMa TecTa;

- XOPO1IO BHICTABIIAETCA CTYJEHTY, €CJIA €CJIH MPaBUIbHO BhIMOIHEHO oT 50-75% ot Bcero o0bema
TECTa;

- OTJIMYHO BBICTABIISIETCS CTYJIEHTY, €CJIM €CJIH NPaBUIBHO BBINOIHEHO OT 75-100% oT Bcero
o0Bbema Tecra.

4.3.3. Opopmirenne 1a00paTOPHBIX padoOT

uﬂaGODaTODHaH pabora 1
BJIIMAHUE CTPYKTYPHOM HEOJHOPOJHOCTHU HA KOPPO3UIO METAJIJIOB
TP BOCCTAHOBJIEHUM MOHOB BOAJOPOJIA

1.1. ITens paGoThI

W3ydyeHue BIMSHUS KOJUYECTBA U KA4eCTBA CTPYKTYPHBIX HEOJHOPOIHOCTEH Ha CKOPOCTH
AIEKTPOXUMHUUYECKOW KOPPO3UM METAUIOB MpPH BOCCTAHOBIEHMM HAa HHUX KAaTHOHOB
BOJOpOJA.

1.2. Teopus Bompoca

Koppo3ueii MeTanioB Ha3bIBalOT pa3pylIeHHE METaIOB BCIEACTBUE XUMHUYECKOTO WU
AJIEKTPOXUMHYECKOTIO B3aUMOJICHUCTBHS UX C KOPPO3UOHHOM CPENOi.

[lepBonpuurHON  KOPpPO3UM  SIBISETCS TEPMOJMHAMUYECKAass HEYCTOMYMBOCTh HX
METaJUIMYECKOTO COCTOSIHUSI B OKpYyXarolmux ycinoBusix. llpu B3aumoneicTBum ¢
arpecCUBHOM CpeAol METalIbl CaMOIPOU3BOJIBHO CTPEMATCS MEPEUTH U3 METATIIMYECKOrO
COCTOSIHUS B OKHCIIEHHOE, KaK TEPMOJMHAMHYECKH 00Jiee YCTOWIMBOE B JAHHBIX yCIOBHSIX.
CreneHb TEPMOJUHAMUYECKOW YCTOMYMBOCTH METajlla 3aBHUCUT KaK OT CBOWMCTB CaMoOro
MeTajula, TaKk M OT COCTaBa KOPPO3HMOHHOW CpeAbl W XapaKTEpPU3YyeTCs H3MEHEHUEM
M300apHO-U30TEPMUUYECKOTO  TOTeHIMana  (dHepruss ['mbOca) mTpu  MPOTEKAaHUU
COOTBETCTBYIOIIETO KOPPO3UOHHOTO IMpoiecca. CamMONpou3BOJIbHO MPOTEKAIOT JHUIIb TE
MPOIIECCHI, B PE3YJIbTATE KOTOPBIX MIPOUCXOANT yYMeHbIeHrne sneprun [ moocea, T.e. AG<0.

[Ipu B3aUMOAEHCTBUM METAJJIOB W CIUIABOB C PAaCTBOpPaMHU 3JIEKTPOJIUTOB MPOLECC
KOppO3uu OOBIYHO TMPOTEKAeT IO DJIEKTPOXUMHUYECKOMY MEXaHU3My. XapaKTepHOU
0COOCHHOCTBIO DIIEKTPOXUMHUYECKONH KOPPO3UH SIBIISETCS TO, YTO B3aMMOJCHCTBHE METaylia
C arpeccUBHOM Cpeoil pa3/eseTcs Ha JIBa COMPSKEHHBIX Mpoliecca:

1) aHoaublii mponecc (OKUCIUTENbHBIN) - HENOCPEJACTBEHHBIM TNEPEeXo] HOH-aTOMOB
MeTajljla U3 KPUCTANIMYECKONW PEIIeTKH B PacTBOP B BUJAE TMAPATUPOBAHHBIX KATHOHOB,
€CIIM DJHEpTUs B3aUMOJICUCTBUS HMOH-aTOMOB C TMOJIAPHBIMH MOJIEKyJaMH BOZIBI OyIeT
00JIbI1Ie, YeM PHEPTHS CBSI3U KPUCTAIITMUYECKON PEIIETKH MeTallia

(Me"" + ne) + m-H,O — Me"" - mH,0 + ne (1.1

2) KaTOAHBIA TpoIecC (BOCCTAHOBUTEIBHBIN) - MPUCOCIUHEHNE M30BITOYHBIX JIEKTPOHOB,
00pa3yroIuXCcss B aHOJHOM TpoIiecce, K KaKOMYy-THOO OKHCIUTENI0 (aToMaM, MOJEKylaM
WJIM HOHAM pacTBOpa), KOTOPHIi Oy/eT B pe3ybTaTe 3TOr0 BOCCTaHABIMBATHCS
dOx+ne—rRed (1.2)

OpHako W30BITOYHBIC JJICKTPOHBI MOTYT MPHCOSAMHSITHCS HE TONBKO K OKHUCIUTEIHLHOMY
KOMITOHEHTY pacTBOpa, HO W K oOpa3oBaBmUMciS B aHojmHoM mporecce (1.1)
riApaTUPOBAHHBIM KaTHOHAM MeETaia, T.€.

Me"" mH,0 + ne — (Me"" - ne) + mH,O (1.3)
B pesynbrare KaTHOHBI METala M3 PAacTBOpa BHOBb BEPHYTCS B KPHUCTAIMYECKYIO
pEIETKY.
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[Ipu BbIpaBHMBaHMM CKOpOCTEN peakuui okuciaeHus Mmeramwia (1.1) u BoccraHOBIEHUH
ero HMoHOB (1.3) HacTymur CoOCTOSHHME JAMHAMHUYECKOTO paBHOBECUS, M KOPPO3Us
(MpenMyILEeCTBEHHO MEPEHOC MeTallla M3 KPUCTAUIMYECKOH PelIeTKH B pacTBOp) IpeKpa-
tutcs. CinenoBaTenabHO, Ul MPOTEKaHUsI ITpoliecca KOPPO3UN HEOOXOIUMO, UTOOBI CKOPOCTh
npsimoii peakuuu (1.1) O6puta Gonbie ckopocTd obpatHoil peakuuu (1.3), T.e. B peakuuu
BOCCTAQHOBJICHHSI Y4aCTBYET IIPEUMYILECTBEHHO OKHCIUTENIb PACTBOPA. DTO YCIOBUE MOKET
ObITh BBINIOJHEHO, €CJIH OKUCIHMTENb, WMEIOIIMNCA B pacTBOpe, o0sagaeT OOIbIIUM
CPOJCTBOM K DJIEKTPOHY, 4e€M KaTHOHBI pacTBopstouierocs Merauia. OKHCIUTEIbHbIE
CBOWCTBA BELIECTB OMNPEACTAIOT BEITUYMHOM WX OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
noteHuana. Yem MONOXKHUTENbHOE ATOT INOTEHLMAT, TeM OOJBIIMMH OKHCIUTEIbHBIMU
cBoiicTBaMH (OOJIBIIMM CPOACTBOM K 3JIEKTPOHY) 00JagaeT TO WJIM MHOE BemecTBo. Toraa
HE00X0AMMOE YCIIOBUE TEPMOJIMHAMUYECKON BO3ZMOYKHOCTHU 3JIEKTPOXUMHUYECKONH KOPPO3UU

meramna: ¢’ <@’ (1.4) rae ¢- paBHOBeCHEIH TNOTEHIMAN aHOJXHOPACTBOPSIOMIErOCS
MeTana;
(O} f))K - paBHOBeCHHﬁ IIOTCHIOHUAJI OKUCIUTCIIA, BOCCTAHABIMBAIOIICTOCA B KaTOJHOM

rpouecce.
Pa3zHoCcTh MEXIy paBHOBECHBIMU MOTEHIMATIAMHM KAaTOJHONW M aHOJHOW PEAKIUU SIBJISIETCS
HavYyaJIbHOW ABMKVILIEN CUJION KOPPO3UOHHOT'O IIpolecca:

E=(P£I<'(PZ (15)

AHO/IHAs ¥ KaToJHAas PEeaKIMH MOTYT MPOTEeKaTh OJHOBPEMEHHO MO BCel MOBEPXHOCTHU
Koppoaupymomero Meramuia. OaHako BO MHOTHX CIIydasiX 3JIEKTPOJHbIE pEaKLUN YCTONYUBO
JIOKQJIMU3YIOTCS Ha OMPEIENIEHHBIX Yy4YacTKax IMOBEPXHOCTH, a HMEHHO TaM, TIJleé OHHU
HauMEHee 3aTpyJHEHBL. B 3TOM cilydae y4acTKU MOBEPXHOCTH, Ha KOTOPBIX MPOTEKAIOT
anomnas (1.1) u karoguas (1.2) peakiuu, Ha3bIBAIOT COOTBETCTBEHHO aHOJIOM U KaTOJIOM.

CKkopocTh Tporiecca IEKTPOXUMHUYECKON KOPPO3UH, KaK U BCEX MPOIIECCOB B MPUPOJIE,
MPsIMO MPOTOPLHUOHANIbHA ABMXKYIIEH cujle U 0OpaTHO MPOIMOPLHUOHAIBHA CONPOTUBIECHUIO
(3aTpyIHEHHOCTH) TIpoliecca

P P
Pokc — P,
kz—OKZR -, (1.6)
i
rie R, - comnpoTuBieHHE (3aTPYyIHEHHOCTb) OTACJIBHOW CONPSDKEHHOW — CTaauu

KOPPO3HUOHHOTO TIpoIIecCca.

HeobxonmuMo OTMETUTBH, YTO B OOJBIIMHCTBE CIy4aeB HEBO3MOXXHO AHATUTHYECKU
peuTh 3aBUCUMOCTH (1.6), T.K. COMMPOTUBIICHHE KOPPO3ZHOHHOTO MPOIECCa B CBOIO OYEpe/lb
3aBHCHT OT CKOPOCTHU KOppo3uH, T.e. 2R;= f(K).

[Iponiecc AMEKTPOXUMHYECKOM KOPPO3UM, KaK YK€ YKa3bIBaJOCh, COCTOUT M3 JBYX
OCHOBHBIX COINPSKEHHBIX PEAKIUMN - aHOAHOM M KaTOJHOW, KaXkKaash U3 KOTOPBIX SIBJIAETCS
COBOKYITHOCTBIO TOCIEA0BATEIbHO-MAPAIIIEIBHBIX cTaaui. Kpome TOro, KOppO3MOHHBIN
MPOILIECC BKIIIOYAET B ce0s PSIJl CTAAUN, UMEIOIINX YHCTO PU3NYECKYIO MPUPOY (AOCTaBKA U
OTBOJI KOMITOHEHTOB PEAKIIMi, MEPEHOC JJICKTPUUECKHUX 3apsa0B BHYTPH OIHOU (a3l U
ap.). Bce compsbkeHHbIE CTaiud KOPPO3HMOHHOIO TIpoliecca MpH CBOEW pealih3aluu
WCTIBITBIBAIOT T€ WJIM WHBIE 3aTPyJHEHUS W O0OIee COMpPOTUBIECHHE BKIIOYAET B ceOs
COMPOTHUBIICHUS OTACNbHBIX cTaauid. Eciu 3aTpyJHEHHOCTb OJIHOH M3 MHOTOYHMCIEHHBIX
CTaJAMi KOPPO3MOHHOI'O IMpoliecca OVAET 3HAYMTEIBLHO IPEBOCXOAUTH 3aTPYIHEHHOCTH
OTHEIBHLIX CTAAHH, TO CKOPOCTE UMEHHO 3TOH, HanOoIee 3aTPYAHEHHON (IUMHUTHUPYIOIIEH)
CTaJMHU OYAEST ONPENENAITh CKOPOCTh BCETO KOPPO3MOHHOIO MPOIEcca B IEIOM.

KonudecTBeHHO OICHUTH CTEMEHb 3aTPYAHCHHOCTH KaKOW-TMOO CTaauM MOXKHO I10
BEJIIMUMHE €€ MepeHanpsbkeHus. llepeHanpshpKeHWeM TOW WM MHOW CTaauy Ha3bIBAIOT
CMEIICHUE MOTEHIHaNa 3JEKTPoJa OT PaBHOBECHOIO 3HAYEHHUS IPHU MPOTEKAHWU TOKa,
BBI3BAaHHOE 3aTPYIHEHHOCTHIO IAHHOM CTaJuH mpoiiecca. TakuM 00pa3om, mepeHanpsKeHne
XapaKTEepU3yeT CTeNEeHb 3aTPYITHEHHOCTH TOM WJIM UHOM CTaJuH Mpolecca.
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B kxuciapIx cpemax MHOTHE TEXHUYECKUE METAIIBI KOPPOAUPYIOT C BOCCTAHOBIICHHUEM Ha
KaTo/ie MOHOB BOJIOpoAa. B 3ToM ciiydae posib OKUCIUTENS BHIMOIHIIOT KaTHOHBI BOJOPO/A,
W KaTOJHBINA MPOIIECC 3aKITI0YACTCS B BOCCTAHOBICHUHM WX J0 HEUTPATBLHOTO COCTOSHUS U
UJIET B HECKOJIBKO CTaJUH IO CIEAYIONIEH CXEMe:

. TlonBon woHOB THapokconuss H' -H>O K TNOBEPXHOCTH KaToja 3a cueT auddy3num u
MUTpaluy (HapaBIeHHOT'O JABMKEHUS HOHOB MO/ ACHCTBUEM AJIEKTPUUYECKOTO MOJS).

. Pa3psa nona rugpokconus ¢ 06pazoBaHUEM aICOPOMPOBAHHOTO aTOMa BOJOPOIa

H' -H,0+e—H . +H,0 (1.7)

. PexoMmOuHanms (MoM3aIms) BOJOPOIHBIX aTOMOB C OJHOBPEMEHHOM uX fecopormeit H .

+ Hyppe— H (1.8)

. OTBOA MOJIEKYJISIPHOTO BOJOPOJIa U3 MPUKATOIHOM 30HHI 3a cdeT nuddy3un, odpazoBaHue
My3BIPHKOB Ta3000pa3HOrO BOJOPO/IA, UX OTPBIB OT MOBEPXHOCTH KAaTO/Aa U BBIJCICHUE U3
pactBopa.

Kax cnenyer u3 ycnosus (1.4) nporecc Koppo3uu METaIOB IIPU BOCCTAHOBJIEHUM Ha
KaTo/ie HOHOB BOAOPOJIa TEPMOJAMHAMUYECKH BO3MOKEH B TOM Cllydae, KOT/la paBHOBECHBIN
MOTEHIIUAJ aHOJHO PACTBOPSIOIIETOCS MeTajlia OTpUIlaTelIbHee PAaBHOBECHOTO TIOTEHIIMATA
BOCCTAHOBJICHHS] HOHOB BOJIOPO/Ia B JAHHOM ClIydae

P Yy (1.9)

Peanuzamust TepMOAMHAMUYECKOW BO3MOXKHOCTH Ipollecca KOPPO3WM MeTaia MpH
BOCCTAaHOBJIEHMM HOHOB BOJIOpPOJia CBsA3aHa, B OCHOBHOM, C IIPEOAOJEHHEM 3aTPyAHEHUN
KaTOJHOTO MpOIecca, KOTOpPble 3HAUUTENBHO MPEBOCXOISAT IMEepeHANpPsHKEHUE aHOIHOTO
nporecca. Hanbomnee 3aTpyTHEHHOH cTaiuelt mporecca BOCCTAHOBIEHHUSI HOHOB BOJIOPO/Ia, B
3aBHUCHUMOCTH OT MPHUPOABl MaTephaa, Ha IMOBEPXHOCTH KOTOPOTO MPOUCXOJUT STOT
mporecc, Moxker ObITh peakius (1.7) wmu (1.8). CnemoBarenbHO, 3aTPYyIHEHHOCTh JTHX
cTanuil U OyneT ompenessiTh CKOPOCTh KOPPO3UM MeTala MpU BOCCTAHOBJICHUM HOHOB
BOAOpPOJA.

[lepeHanpspkeHHEM BOJOPOJAa HA3bIBAIOT CMEIIEHHWE TOTEHIMaNla BOCCTAHOBJICHUS
HMOHOB BOJIOpPOJIa B OTPULATENILHYI0 CTOPOHY OT PaBHOBECHOI'O 3HAYEHMS MPU MPOTEKAHUU
TOKa, BBI3BAHHOE 3aTPyJHEHHOCTHIO pPa3pslla MOHOB THUIPOKCOHUS, WIM PEKOMOUHAIINH
BOJOPOJHBIX aTOMOB.

HeoOxomumMo  mopuepkHyTh, 4YTO caM  MaTepuan KaToja He  IMPUHUMAET
HEMOCPEACTBEHHOIO Yy4YacTHsl B KaTOJHOM pEeakUWHd BOCCTAHOBJIEHMSI OKUCIUTENS, HO
OKa3bIBaeT OoJplIOE BIMSHHE HA CKOPOCTh JTOro Impoiecca. Pa3nuuyHas creneHb
3aTpyJHEHHOCTH IIPOTEKAaHUsl PEaKLMU BOCCTAHOBJIEHHSI HOHOB THJIPOKCOHUS HA KAaTOAAX U3
pa3IMYHbIX MaTepUaloB MPUBOAUT K BO3ZHUKHOBEHHUIO OTJIMYHBIX JpYr OT JApyra Io
BEJIMYMHE NEPEHANPSDKEHUH BOJOPOAA HAa HUX M 3HAYMTEIBHOMY HM3MEHEHHUIO CKOPOCTH
BCEro KOPPO3MOHHOTO MpoIecca.

Bennunna nepeHanpsbkeHUs BoaopoAa (1) CYIIECTBEHHO 3aBHUCUT HE TOJBKO OT
MaTepuasa KaToJa, HO ¥ OT KaTOJIHOM MJIOTHOCTU TOKa COIIacHO ypaBHeHHIO Tadens

n =a+b-lg i, (1.10) rme a -

MIOCTOSIHHAS, 3aBUCSALIAsl OT MaTepralla KaTo/1a, COCTOSIHUS €ro IOBEPXHOCTH, COCTaBa

pacTBoOpa U TeMIEPATYPHI;
b - mocTosiHHAs, 3aBUCSIIAs OT TEMIIEPATypPhl U MPHUPOJIBI 3aTPYAHEHHON CTAaIMK KaTOTHON
peaxuuu;
Ix - INIOTHOCTH TOKA Ha KaTOJIE.

CkopocTb  KOPpPO3HMOHHOTO  Ipoliecca MOXKET ObITh  BbIpaKEHA  pa3IM4YHbIMU
IoKaszareiasiMu. B ciydae paBHOMEpHOro XapakTepa pa3pylIeHUs MeTaJIM4eCKOn
MOBEPXHOCTH pAlMOHAIBHO BBIpaXKaThb €€ 4Yepe3 MacCy MeTajula, PacTBOPSIOIIETOCS ¢
€IMHUILIBI IOBEPXHOCTH B €JUHUI]y BPEMEHM (MacCOBBIM IOKa3aTelb KOPpPO3UU, r/(M*-1)).
Jis sToro HEOoOXOAMMO ONpENeNHUTh IOTEPI0 Macchl o0paslia 3a BpeMs KOPPO3HH.
ITockonbKy XapakTep KOPpPO3MM B 3TOM ClIy4ya€ pPaBHOMEpHBIH, TO, 3Has IUIOLIA/b
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MOBEPXHOCTU 00pa3iia, MOXKHO PAaCCUUTATh CPEAHIOI TOIIIUHY MPOKOPPOIHPOBABIIETO
CJIOS MeTaJlIa 3a €AMHUILY BpeMEeHH (TTyOMHHBIN TTOKa3aTellb KOPPO3UH, MM/TOT).

Kpome maccoBoro mnokazateinsi CKOPOCTH KOPPO3UHU, HEPEIKO HCIONb3YIOT 0ObEMHBIH,
YTO BO3MOXKHO B CIIy4asiX, KOTJa KOppO3us MeTalljla COMPOBOKIAETCS PACXOJAOBaHUEM HIIN
BbIJIeJIeHUEM Ta3a. Tak mpu KOppO3WHM METAJUIOB C BOCCTAHOBJIEHHEM Ha KaTOJe HMOHOB
BOJIOpPOJIa Macca IMepelie/Iero B pacTBOp MeTaljla B CHIIy COIpPSKEHHOCTH aHOIHOTO U
KaTOJHOTO TIPOIecCOB OylIeT MpoNopLUuOHaNbHAa O0BEMY BBIACIUBIIETOCS BOJOPOIA
(0GBEMHBIH TTOKa3aTelIb KOPPO3HH, CM /(cM’ ).

[lepen npoBeneHreM pabOTHI CIIEAYET 3HATH CIEAYIOIINE Pa3JeNbl Kypca:

1. MexaHu3M 3IEKTPOXUMUYECKON KOPPO3UH METAJIIOB.

2. Koppo3us MeTaioB Mpu BOCCTAHOBJIEHUH Ha KaTOJIe KATHOHOB BOJIOPO/JIA.
3. IlepenanpsikeHre BOAOPOJIa U BIUSIHUE €r0 Ha KOPPO3UOHHBIN MPOIECC.
1.3. ITpoBenenue paboThl

Hacrosmas pabora uMeer 1Ba BapHaHTa, OAMHAKOBBIX [0 METOJIMKE, HO Pa3INYHbBIX IO
o0bekTaM uccnenoBanus. Kax /bl CTyJeHT POBOIUT MO YKAa3aHUIO MPEeroiaBaTels padoTy
110 OZJHOMY U3 BapUaHTOB.

Bapuant 1. HccnenyroT KOppO3MOHHOE TIOBEJCHHE CIUIABOB CHUCTEMBI 'Kele3o-
yriepoa”, coaepKalux pa3IuyHOe KOJUYECTBO yriieponaa, B 10%-HOM BOIHOM pacTBOpe
CepHON KHCJIOTHL. B 3aBUCUMOCTH OT T€pMOOOPAaOOTKH M COAEP)KAaHUS YIIEpo/a CIUIABBI
MOTYT UMETh Pa3IUYHYIO0 CTPYKTYpy. CTpPYKTypHBIE COCTaBISIOIIME OONaNaloT pa3HOU
TEPMOJIMHAMHUYECKONW YCTOHYNBOCTBIO, UMEIOT OTJIMYAIOIIUECS 110 BEIUYHHE SJIEKTPOTHBIC
MOTEHIIMAJIBI U PAa3INYHOE TIepeHanpsbKeHne BOI0poa.

[To naHHOMY BapuaHTy HCCIEIYIOT CIEAYIONIIEe METaUIbI:
1.Ceppriit uyryn (3,5% C) co cTpykTypoil deppur + nepaut + rpadur.
2. Yraepoauctas ctaib (0,3% C) co cTpykTypoit ¢heppHT + nepIiuT.
3. Kenezo (0,04% C) co ctpykTypoit ¢heppuT + HEOOIbIIOE KOJTUYECTBO MEPIUTA.

Bapuant 2. HccnenyroT KOppo3HOHHOE TIOBEICHUE CIIJIaBOB ITUHKA, COJIEPIKAIINX
pa3nyHbIe IPUMECH, B 2%-HOM BOJHOM PAacTBOPE CEPHOM KHUCIOTHL. B BYyX U3
UCTIBITBIBAEMBIX CIUIABOB KOJMYECTBO MPUMECEH 0IMHAKOBO, HO KAUECTBEHHO OHU
paznuuHbl. [IpumecHbIe 71IeMEHTHI UMEIOT Pa3InyHbIe JIEKTPOIHbIE TOTEHIINAIIBI U
nepeHanpsKeHne BoJopo/a.

[To naHHOMY BapMaHTy HCCIEAYIOT CIEIYIOIINE METAJLIbI:
1. [uuk Texanueckuii (cogepxkanue npumeceit 1o 0,1%: Fe, Sn, Pb u ap.).
2. CnnaB nuHKa c xxene3om (0,5% Fe).
3. CrunaB muHKa co cuHioM (0,5% Pb).

PaboTy HauMHAIOT ¢ MOATOTOBKM OOPA3I0B K MCIBITAHUAM. J[JIs1 3TOr0 WX 3a4MIIAIOT CO
Bcex CTOpoH (B TOM umcie OOKOBbIE MOBEPXHOCTH) HAXKJIAUHOM OyMaroil 10 MOsBICHUS
MeTamnieckoro Osiecka. Ha 3auniiaemoil moBepXHOCTH AOMYCTUMBI TTTyOOKHE PAKOBUHBI U
napanuHbl. [locme 3TOro IITaHTeHUMPKYJIEM OIpPENeNsioT BCe pa3Mepbl 00pasloB (c
TOYHOCTBIO 710 £ 0,1 MM), HEOOXOIUMBIE ISl TTOCJIEYIONTUX PAcueTOB MOJHOH (C ydeToM
OOKOBBIX TOBEPXHOCTEH) IUIOMAAM MX MoBepXHOCTU. IIpum 3ToM Hamuyme Ha oOpasuax
OTBEpCTHS ISl UX MOJABEIIMBAHUS HE YUUTHIBAIOT. 3aTeM 00pa3iibl 00€3)KUPUBAIOT BaTHBIM
TaMIIOHOM, XOPOIIIO CMOYEHHBIM B alleTOHE, M BBICYLIMBAIOT Ha Bo3ayxe. O0e3KupeHHbIe
oOpa3ipl B3BEUIMBAIOT HAa AHATUTHUYECKHX IOJyaBTOMAaTHYECKHX BeCaX C TOYHOCTHIO
40,0002 r. [IpaBuia paboThl HAa aHATUTUYECKUX Becax MPHUBEICHBI B IPUIIOKEHUH 1.

O6beM BOAOPOJA, BBIJCIMBILIEIOCS B MPOIECCE KOPPO3HH, OMPEAENSIOT C MOMOIIbIO
Koppo3umerpa (puc.l), KOTOpBI mpeacTaBiseT COOOH TpalyHpOBaHHYIO OIOPETKY,
MMEIOIIYI0 KpaH B BEpXHEH 4acTh M KOJIOKOJIOOOpa3HOE pacHIMpeHUe B HIKHEW 4YacTH.
[Tocne 3amonHeHUsT KOPPO3MMETPa pacTBOPOM KHUCIOTHI 0OOpas3el MeTala HadyMHAeT
KOppeIUpoBaTh ¢ BbIACIEHUEM ra3000pa3Horo Bojoposa. [TonHuMmaromuecs my3sIpbKy rasa
CKAIUIMBAIOTCS B BEPXHEH YaCTH KOPPO3MMETpPa W BBITECHSIOT W3 Hero kuciory. [lo
M3MEHEHUIO TOJIOXKEHUSI MEHHCKA KHIKOCTH MOXKHO OINpEeIeNuTh 00BeM MaporazoBoi
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CMECH, HaXOIAILIEICS B KOPPO3ZUMETPE.

[TonroroBieHHblE W B3BELICHHBbIE 00pa3lbl MOABEIIMBAIOT HA CTEKJISHHBIX KPIOYKax B
pacupeHHoN YacTu KoppozumeTpa (cM. puc.l). Ocnabnsist 3axuM MyQTHI, yaepKUBArOIIEH
JanKy ¢ KOPpO3WMETPOM Ha IITaThBe (HE PEKOMEHAYETCS OCJalNATh 3a)X UM JIalKH,
Kpersiieil KOppo3UMETp), OMyCKAIOT €ro pacIIMPEHHON YacThIO B CTaKaH TaK, YTOOBI MEXKIY
HIOKHUM KpaeM U JIHOM CTaKaHa OCTaBajcs 3a30p 2-5 MM, U (PUKCHPYIOT KOPPO3UMETpP B
3TOM MOJIOKEHHH.

[IpoBepuB moOJIOKEHHWE KpPAaHOB B BEpPXHEH YacTU KOPPO3UMETPOB (IOJDKHBI OBITh
3aKpBITHI), OTMEPSIIOT MEH3YpKOH 110 500 cM COOTBETCTBYIOIINN PACTBOP CEPHOM KUCIOTHI U
3QJIMBAIOT B KAKIBIM CTaKaH.

Jlyist 3amoNiHeHUsT KOPPO3UMETPOB PACTBOPOM KHUCIOTHI HEOOXOAMMO BOCIOJIb30BATHCS
BOJIOCTPYHHBIM HacocoM. BomocTpylHBIH HacoC HYXHO TOJTOTOBHTH K padoTe, I 4ero,
MEJIEHHO OTKPBIBasi BEHTHIIb BOJAOIPOBOAHON CETH, PETYIUPYIOT HAIOP BOJBI TAK, YTOOBI B
chepudeckoil yacTu HaOMIOMANOCH "KUTIEHHE" TPH 3allOJTHEHUH BOJOW NMpUMEpHO Ha 2/3
oowema. [lamee, 3akpbIBass W OTKpBIBas MalbIIEM OTBEPCTHE CTEKISHHOTO HAKOHEYHHMKA
JIMHUW BCACBIBAHMSI HACOCA, YOSKIAIOTCS B €r0 pabOTOCTIOCOOHOCTH.

[lonroToBUB BOAOCTPYHHBIM Hacoc K paboTe, TNPUCTYMAIOT K 3aMOJHEHHIO
KOPPO3UMETPOB KHCIOTOW. J[JIT 3TOro HEOOXOIMMO OTKPBHITh KpaH B BEpXHEH YacTu
KOPPO3UMETpPa U MOJCOCIUHHUTH €ro C MOMOIIbI0 PE3MHOBOTO IUIAHTA K TUHWUU BCAChIBAaHUS
Hacoca (cMm. puc. 1). Ilocine Toro kak KOppO3WMETP TMOJHOCTBHIO 3aIMOJHUTCS KHUCIOTON
(HMkKe KpaHa HeE JOJDKHO OCTaThCsl My3bIpbKa BO3AYyXa), KpaH IUIOTHO 3aKpbIBAIOT U
HEMEJIEHHO OTCOETUHSIOT Hacoc. JlomyckaeTcs mpeBblllieHue YPOBHS KUCIOTHI HaJl KPaHOM
He 6onee 0,5-1 cm. Koppo3uMeTpsl 3amoiHSIOT MOCIEI0BATENILHO, MTOCIE YEro MPOBEPSIOT
IUIOTHOCTh 3aKpBITUA KpaHa, TaK KaK I[IOJICOC BO3[AyXa 4Yepe3 HEro MOXKeT HCKa3UTh
pe3yabTaThl OMBITA.

Hauanom omblTa cienyeT cYuTaTh MOMEHT 3aIllOJHEHHS IOCJIETHEr0 KOppO3UMETpa
kucnoToi. O6beM BBLICTISIONIETOC Boopoaa pukcupyrot uepes 5, 10, 15, 20, 30 u 45 mun
OT HauaJja OIbITa U 3HAYEHHUS €ro 3aHOCAT B JJAOOPAaTOPHBIN KypHau (Tabdm. 1.1).

[Tocne okoHuYaHUs ONBITa OTKPBIBAIOT KPAaHbI KOPPO3SUMETPOB U CIYCKAIOT KUCIOTY B
CTaKaHbl, 3aT€M INPOMBIBAIOT BOJOW BMecTe C HaXOASIIMMHUCA B HUX oOpasliaMd B
CHEAYIOUIEH MMOCIE0BATEIIbHOCTH:

1) oTBepHYB BUHT MY(Thl Ha IITATUBE, MOJHUMAIOT KOPPO3UMETPHI ¢ 00pa3llaMu BHIIIE
Kpasi CTAKaHOB C KHCIOTON U (PUKCUPYIOT UX B TOM IOJIOKCHHH,

2) 3aMEHUB OJIMH CTaKaH C KUCJOTOM MOJ KOPPO3UMETPOM Ha MYCTYI0 MEH3YpPKY, CIIUBAIOT
13 CTaKaHa KUCIIOTY Yepe3 BOPOHKY B OYThLIb;

3) CHoJIOCHYB CTaKaH I0J] BOJIOH, 3alOJHSIOT €ro Ha 3/4 BOJOW M CTaBAT MOJ KOPPO3UMETP
BMECTO MEH3YPKH;

4) TOBTOPSIOT OMEpallMM 10 yKa3aHHOMY B TL.M. 2 W 3 CO BTOPBIM W TPETHbUM
KOpPPO3UMETpaMH;

5) MOIOT TI0/] BOJIOM BOPOHKY U MEH3YPKY;

6) TOTOBSAT K paboTe BOJOCTPYHHBIN HACOC;

7) MOICOEIMHAIOT KOPPOZUMETP C MOMOIIBIO PE3UHOBOTO NITAHTa K BOAOCTPYHHOMY Hacocy
(TIpu OTKPBITOM KpaHE CBEPXY);

8) MOHMMAIOT CTaKaH C BOJOW MOJ KOPPO3UMETPOM BBEPX TaK, YTOOBI B BOJLYy MOrPy3UIach
KOJIOKOJI00Opa3Hasi yacTb, M 3aMOJIHSIOT €ro MOJHOCTHIO BOJIOM;

9) kak TOJBKO BOJa JOCTUTHET KpaHa B BEPXHEH YacTH KOPPO3UMETpPa, OMYCKAIOT CTaKaH C
BOJION BHU3, JaB BOJIE U3 KOPPO3UMETPA CTeUb OOPATHO B CTAKaH;

10) emie nBa pasa ¢ TeM K€ KOPPO3UMETPOM MTOBTOPSIOT OTIEPAIMH KaK YKa3aHo B IL.II. 8 11 9;
11) mpomBbIB TakuM k€ 00pa30M OCTANBHBIE IBa KOPPO3ZUMETPA C 00pa3IamMu, CIUBAIOT BOIY
U3 CTAaKaHOB B PAKOBHMHY M BBIKJIIOUAIOT BOJOCTPYIHBIN HacoC.

[Tocne mpOMBIBKH BCEX KOPPO3UMETPOB M3BJICKAIOT U3 HUX OOpA3Ibl U yIAISIOT MPOTYKTHI
Koppo3uu. JIjis 3TOro Mx MOIOT BOJOW IOJ KPaHOM, MPOTHUPAIOT XOPOILIO HaMbIJICHHBIM
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EpIIUKOM H BHOBb TIIATEILHO TMPOMBIBAIOT BOJMOH. YwucThie 00pa3ibl TIIATETHHO
BBICYIIMBAIOT (PUIBTPOBATLHON Oymaroi, ynmanss Biary TakKe €3 OTBEPCTHH IS
noJBemuBanus obpasuos. Ilocie BbIepKKM Ha BO3JAyXe B TeueHHE 3-5 MHH 00pasibl
B3BEIIMBAIOT HA TEX K€ aHAJIMTUYECKUX Becax, 4TO W paHblle. PekomeHayeTcs HauMHATh
B3BEIIMBAHKE C 00PA3I[0B, UMEIOMINX 00Jiee TTAJAKYI0 TOBEPXHOCTD.
1 - O6ropeTka; 2 - ctakaH; 3 - pacTBOp KHCJIOTHI; 4 - KpaH; 5 - pe3uHOBas
TpyOKa K Hacocy, 6 - BOJOCTPYWHBIH Hacoc; 7 - BoJa W3 BOJO-
MPOBOJHOM CeTH; 8 - BoJa B KaHalu3auuw; 9 - kproyok; 10 - crek-
nsiHHAS ToaBecka; 11 - oOpasen

Pe3ynbTaThl B3BeMMBaHUS 3aHOCAT B TaOJ. 1.1 U mpencTaBisoOT ee
Ha BU3Y MPEIO0IaBaTeN0, BEAYIIEMY 3aHsATHE.

[Toce okoH4aHus1 pabOTHI HEOOXOAMMO TTPOBEPUTD, UTOOBI OYTHLITH
C KHCJIOTOW M CKJISHKa C aleTOHOM OBUIM 3aKpBITBl NpPOOKaMHu, U
MIPUBECTU CBOE pabouee MecTOo B MOpsmokK. OOpasibl OCTaBIAIOT HA
paboueM MecTe, a HCIOJb30BaHHYIO (UIBTPOBATIBHYIO Oymary
BBIOPACHIBAIOT.
Puc. 1. Cxema  yCTaHOBKM i  M3yYEHUS  KUHETHKHU
ANEKTPOXUMHUYECKON KOPPO3UH METAIIIOB 00bEMHBIM METOJ0OM
1.4. O6paboTKa ONBITHBIX JIAHHBIX

Pe3ynbTaThl ONBITOB M MPOU3BEACHHBIX HA UX OCHOBE BBIYHMCIICHHH 3aHOCAT B Ta0uI. 1.1.

PaccuutpiBatoT 00b€M BOJOPOA, BBIACTUBIIETOCS C €IUHUIBI MTOBEPXHOCTH KaXIOTO
o0Opa3ia U CpeAHIO CKOPOCTh KOPPO3HMHM JJISi KaKJOT0 MeTajlla 32 MaKCUMallbHOE BpeMs
UCIIBITAHUN TIO KOJUYECTBY BBIICIHUBIIETOCS BOJOpOa (00BEMHBIN MOKA3aTeNh KOPPO3HH )

o dhopmyIe
V-273-(P-P,
K, = ( o), (1.11)
S-7-T-760

rae V - 00beM BOJ0poaa, BEIJICIUBIIETOCS 32 BPEMs UCITBITAHHH, o’ ;
P - atmocdepHOe 1aBlieHre IpU MTPOBEICHUH UCIIBITAHUIA, MM PT. CT.

P H,0 - AABJICHUE HACBHIICHHOTO BOJSHOIO Iapa MpH TEeMIIEPAaType UCIHBITAHUH, MM PT. CT.

(cm. mpunoxenue 2);
S - mTonIaab MOBEPXHOCTH 00pa3Ia, CMZ;
7 - BpEMsI UCIIBITAaHUM, Y;
T - remniepatypa ucneitanuii, K.

PaccuuTthiBaroT A1l KQXKI0TO METajllla MacCOBBIM MOKa3aTelh KOPPO3HUH TI0 CIIeAYIome
dbopmyne

m,—m

Kue==g " (1.12)
r7ie My - Ha4alibHasi Macca oopasia, T;
my - KOHeYHas Macca oopasiia, T;
S - mTonIaak MOBEPXHOCTH 00pa3Ia, Mz;
T - BpEMS UCIIBITAHUH, Y.

3aTeM MNpOBEPSAIOT SKBUBAIEHTHOCTh 3HaueHUM Ko M Ky, 718 yero omnpenenstor
MAaCCOBBIM NTOKA3aTeNb KOPPO3HHU K’Mac u3 Ky mo hpopmyie
W _p 2-A-10000 i

vac 0 92429 (119

riae K, - 00beMHBIN TTOKa3aTellb KOPPO3UH, oM’ /CMZ;
A - aToMHas Macca MeTaia, T;
22429 - o6weMm 1 moib Bos0poa, oM’ :
71 - BAJIGHTHOCTb PacTBOPSIIOIIETOCS MeTaslia
U CPaBHHMBAIOT €T0 C MAacCOBBIM IOKa3aTejieM KOPPO3WH, PACCUYMTAHHBIM IO WU3MEHEHHIO
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Maccel oOpasma mo ¢opmyne (1.12). I'myOuHHBIN TOKa3aTenbh KOPPO3UM HAXOASAT TIO
dbopmyne
24-365

17=me, (1.14)
rae K. - MacCoBBIil TOKa3aTellb KOPPO3HH, F/(M2-‘l),

p - IUIOTHOCT METAILIA: YyTyHA - 7,2 T/CM; CTAIH 1 5Kenesa - 7,8 T/cM”; [IMHKA U er0
CIUIaBoOB - 7,1 /oM’

Kpome TOro, KOppO3MOHHYIO CTOMKOCTH HCCIEAYEMBbIX METANIOB OIICHUBAIOT 110
NecATHOAIIBHON ITKaJie KOPPO3ZHOHHON CTOMKOCTH (CM. TIpUIIOKEeHue 3).

PesynbpTarel paboThl MPENCTABISIIOT B BHUJE 3alOJIHEHHOW Tabn. 1.1, a Takxke B BUIe
rpaduka TUHAMUKA KOPPO3UHU HCCIEAYEMBIX METAJUIOB, OTKJIAJbIBasi 1O OCH OpAMHAT
VIeTbHBI 0OBEM BBIICIMBLIErOCS BOXOPOa (cM/cM’), a IO OCH abCIUce - BpeMs
Koppo3uu B MuHyTax. [Ipu mocTpoeHHH yka3aHHOW 3aBUCHMOCTH BCE TPH JUHAMHUYECKHE
KpPHUBBIE HAHOCST Ha OMH TpaduK B OJHOM MacIiTade.

1.5. Bonpocs! A cCaMOKOHTPOJIA

1. Hanumure ypaBHEHUs aHOAHOM U KaTOJIHOM peakuid, IPOTEKAIOUIUX MPU KOPPO3UHU
CIUTABOB jkKeJie3a W [IMHKA B pa30aBJIEHHON CEPHON KHUCIIOTE.

2. Paccuwnraiite Bennuuny 3.J[.C. mporiecca Koppo3uu xkene3a B pa30aBICHHON CEpHOIA
KHCIIOTE.

3. C KakuM KOHTPOJIEM MPOTEKAET KOPPO3HsI CILIABOB Kejle3a U [IMHKA B pa30aBICHHON
CepHOU KucnoTe?

4. YUto Ha3bIBaeTCS NEPEHANPSIKEHUEM BOJIOPO/IA, M OT KaKuX (haKTOPOB OHO 3aBUCHUT?

5. [Touemy 37EKTPOMOIOKUTETHHBIC IPUMECH B CIUIABaX MOTYT CYIIECTBEHHBIM 00pazoM
BJIUSITH HA CKOPOCTh KOPPO3UU MPHU KaTOJHOM BOCCTAHOBJIEHUU MOHOB BOjIopoAa?
bubnuorpaduueckuii cnmcok

1. ITaxomoB B.C. Koppo3usi u 3amura XMMHUYECKOW ammaparypbl. DJICKTPOXHUMHUYECKas
KOppo3ust MeTaJuIoB: YuebHnoe nocodbue. M.:MUXM, 1983.-76 c.

2. XKyk H.II. Kypc teopun Koppo3uu U 3amuThl MeTaioB. M.: Mertamnyprus, 1980. -
C.149-188, 341-369.

JlabopaTopHas padora 2
KOPPO3M$1 METAJIJIOB C KMCJIOPOJHOU JENOJIAPU3ALIMEN

2.1. Ilenp paGoThI

WN3ydyenne BIMAHMS NOCTyNa KHUCIOpOJAa K aHOAY M KaTOAy Ha CHUJIy TOKAa MOJEIN
KOPPO3WOHHOTO JJIEMEHTa, paboTaloUlero ¢ KHUCIOPOAHOM Jenoysipu3alveid, a Takxke
KaueCTBEHHOE OIPEACIICHUE MPOAYKTOB KaTOAHOW M aHOJHOM peakuui IPU KOPPO3HUU Ke-
Jie3a B HEUTPaJIbHOM PacTBOpE.
2.2. Teopus Bonpoca

DIIEKTPOXUMHUYECKNE KOPPO3HOHHBIE MPOLECCHI, Y KOTOPBIX KAaTOJHAS JEMOJISpU3aLns
OCYILIECTBIISIETCSI PACTBOPEHHBIM B 3JIEKTPOJIUTE KHUCIOPOAOM, Ha3bIBAIOT MPOLECCAMU C
KUCJIOPOJHOM  JenoJisipu3alneii. ITO caMblii pacnpOCTpaHEHHbIA BUJI KOPPO3UHU,
IpUMEpPaMHu KOTOPO SBIISIOTCS pa3pylIeHHUE JKele3a BO BIaXHON atMocdepe, HeHTpalbHBIX
U IIEJOYHBIX PACTBOPAX; KOPPO3US HEPKABEIOIINX CTAJIEH, MEIU B HEUTPAIBHBIX U KUCIIBIX
cpenax.

TepMoguHaMu4eckas: BO3MOXHOCTh JJIEKTPOXMMHUYECKOW KOPPO3MU B JIAHHOW cpene

OIPEACILICTCA PAaBHOBCCHBIMH IIOTCHIHAJIaAMKU IIpoHecCa HOHU3AlMU METallia gDAZe n

BOCCTaAHOBJICHHUS OKHUCIHUTECIIA §0£<
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P P
wMe < ¢0K (2 1)
CaMOHpOI/ISBOJIBHOG MMPOTCKAHUC KOPPO3UH METAJIIIOB C KPICJIOpOIIHOfI z[enonﬂpmauneﬁ
BO3MOXXHO ITpH YCIOBUH

P
wMe < (DII? (22)
rae ¢§ - paBHOBGCHHﬁ MNOTCHIMAJI KUCIIOPOAHOTO 3JICKTPOAa B IIaHHOI‘;I cpeace.

Koppo3unonHslif mporecc Mpu  KUCIOPOAHOM JAEMONspU3allMy  BKJIIOYaeT B ceds

CIIEYIOINE PEAKIINH:
1) aHoaHBIM nporiecc (OKUCIIEHUE MeTallIa)

Me + mH,O—Me"" - mH,0 + ne (2.3)
2) KaTOAHBIN MPOIECC (BOCCTAHOBIIEHUE KUCIOPO/A) B HEUTPAJIBHBIX M IIETOYHBIX Cpelax
npoTekaet no peakuu 0, + 2H,0 + 4e— 40H (2.4)
B KHCJIBIX Cpelax

02 + 4H, + 4e —)2H20 (25)

O6a mporecca (MOHM3AIMS MeETalla M BOCCTAHOBJICHUE KHCIIOPOJA) MPOTEKAIOT
OJTHOBPEMEHHO ¥ COMPSDKEHO (CBS3aHHO), HO MOMYMHSIOTCS Ka)IbIi CBOWCTBEHHBIM €MY
3aKOHOMEPHOCTSIM.

CKOpOCTB INMEKTPOXUMHUIECKON KOPPO3HUH B OOJBIIMHCTBE CITY4aeB OMPEICISICTCS:

1) TOpMOKEHHEM DJECKTPOXMUMHYECKUX CTAIUI AJIEKTPOJHBIX pPEakiuid (T.e. TMepexoaoM
3apsaa yepes TpaHuUIly METaJII-3JIEKTPOJIUT), KOTOpOE XapaKTepu3yeTcs
ANEKTPOXUMUYECKUM TIepeHanpsbkeHneM (MOHU3aluK MeTalljia, KUCIOpoaa U JIp.);

2) TpaHCTIOPTHBIMU 3aTPYAHEHUSIMH, CBI3aHHBIMU C OTPAHUYEHUEM TTOJIBO/Ia OKUCIUTENS
(kucnmopoga) K METauly WM OTBOJIOM IMPOAYKTOB peakuuu (aHOJHOW WIJIM KAaTOAHOW) U
XapaKTEPU3YEMBbIMH OOBIYHO TIEpeHanpsDKeHUuEM UG y3UH.

[MepenanpsikeHre MOHU3AIMH KUCIOPO/Ia 3aBUCHT OT CBOMCTB U CTPYKTYPHI METaslia, Ha
MOBEPXHOCTH KOTOPOTO BOCCTaHABIMBAETCA KUCIOPO, TemrepaTypsl, pH pacTBopa u 1ip.

[Mepenanpsixenne nuddy3nn KUCIOpOAa 3aBHCHT OT KOHIIGHTPAIUHU KHCIOpOJa B
pacTBope u ycioBuil 1uddy3un ero K MeTajlly.

B OonpmmHCTBE TPAKTHYECKHX CIy4yaeB KOPPO3MHM MeTaia C  KHUCIOPOTHOM
Jernojspusalel Mpu OTCYTCTBUM TAcCCHBAIlMM CKOPOCTh TIpollecca OMpeselisercs
CKOPOCTBIO KaTOJHOM peakiuu (T.e. BOCCTAHOBJIIGHMEM KHCJIOPOJa), a HJsl TOCIenHen
HauOosee 3aTPYAHEHHBIMU (JIUMUTHUPYIOLUIUMH) CTAAUSMU SIBISIFOTCS: B HETOABMKHBIX
pactBopax - auddy3us KUCIOpoAa, a MpU OONBIIUX CKOPOCTSIX ABMKECHHUS DIEKTPOIUTA -
nepexosa 3apsana (mepeHampsbKeHHe HWOHHM3alMU  KUCIOopoJa). OTO BBI3BAHO Majoi
pacTBOPUMOCTBIO W MEUICHHON auddy3ueil Kuciopoga B OSIEKTPOIUTAX, a TaKKe
JIOTIOIHUTEIBHBIMU  3aTpyIHEHUsAMU auddy3un kuciaopoga B ciiydae oOpa3oBaHUs Ha
MOBEPXHOCTU METaJlJIa IIEHOK TPYIHOPACTBOPUMBIX MPOTYKTOB KOPPO3HH.

CKOpOCTh KOPpPO3WU C KHUCIOPOIHOW AETOJsipu3anuel mpu 3amemiieHHou auddy3um

KHCJIOPO/1a ONPEAEIAETCS ypaBHEHUEM
0

B COZ +C02
I()uq,,—n-F-DOZ -S, -T, (2.6)

rae Jyup- CKOPOCTb BOCCTAHOBIICHUS KUCIIOPO/A, BBIPAXKEHHAS B TOKOBBIX €AMHUIIAX;
DO2 - ko3 dunmeHT nuddy3un KUcIopoa;

d - TonmmuHa AU HYy3HOHHOTO CIIOS;

C 32 - KOHIICHTPAIIUs KUCJIOPOJIa B pacCTBOPE;

CO2 - KOHIIEHTpAIHS KACIOpOoaa Y TOBEPXHOCTH MeTasuia (Karoza);

71 - YUCJIO AJIEKTPOHOB, YYACTBYIOIIMX B PEAKIIUH BOCCTAHOBJICHHS KUCIIOPO/IA;
F - qucno ®apanes;
S)- IUI0IIAIL KaToIA.
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0
C yBemnueHueM Iy, 3Ha4YCHUE CO2 YMEHBIIAETC H TIPH C'O2 << CO2 JIOCTUTAETCS

npeneiabHas CKOPOCTh BOCCTAHOBJICHHSI KHCIOpOJAa (M COOTBETCTBEHHO KOPPO3MOHHOTO
mporiecca)
0

=n-F-D, S, ;2 (2.7)

1

npeo

[ToBnHSATH HA CKOPOCTH ANMEKTPOXUMHUUYECKOTO MPOIIECCa JIerde BCEro MyTeM H3MEHEHUS
YCJIOBUM, ONPEAEISIONINX CKOPOCTh 3aMEJICHHOMN cTaanu. B yacTHOCTH, TIpU 3aMeIJIEHHOMN
mudy3un  KUCIOpoAa CKOPOCTh TPOIecca MOXKHO TIOBBICUTh 3a CUET YMEHBIICHUS
TOMMUHBI TU(PY3nOHHOTO CciIos (TyTeM MepeMelInBaHus pacTBOpa), 3a CUET YBEITUUYCHUS
KOHIIEHTPAIM PACTBOPEHHOTO KUCJIOPOJa, B MOJAEIH TaIbBAHMUYECKOTO JJIEMEHTa 3a CYeT
BO3pacTaHMs TUIOIIA/IM MMOBEPXHOCTH KaToja (yBennueHue Gpponta auddy3un Kuciopoaa).
2.3. IlpoBesnenue paboThl

[Tpu KOHTaKTe ABYX METAJIOB C Pa3HBIMH AJIEKTPOJHBIMH MOTEHLIMAIaMH 00pa3yercs
rajabBaHUYeCKUU 9JICMCHT, B KOTOpPOM aHOHHLIﬁ nmponecc MOHH3alru MCTaJlla OGBI‘-IHO
MpoTeKaeT ¢ 6oJjiee OTPUIATENbHBIM MOTEHIIMAIOM, a KaTOIHBIM MpOIlecC BOCCTAHOBJICHUS
OKHCJIINUTCIIA C 60.]166 IIOJIOKUTCIIbHBIM ITOTCHIINAJIOM. Buemmnunit I/ISMep}IeMBIﬁ TOK 2JIEMCHTAa
OyZeT COOTBETCTBOBATh CKOPOCTSM 3JIEKTPOJHBIX MPOIIECCOB, MPOTEKAIOIIUX HA AJIEKTPO-
JaX TAKOTO dJieMeHTa (0e3 yueTa CKOPOCTH IMPOIIECCOB CAMOPACTBOPEHUS AIEKTPOJIOB).

B paGote uccnenyror rampBanmueckuit snemeHT Zn/NaCl + H,O + O,/Cu, nns 4ero
UCIIONIL3YIOT MEIHBIE M IIMHKOBBIE 3JIEKTPOJBI Pa3HBIX pa3MepoB. Dopma 3IEKTPOaOB
TaKOBa, YTO C M3MEHEHHEM BEIMYMHBI HUX IOBEPXHOCTH YCIOBHS JOCTyHa KHCIOpOAa
BO3/lyXa MPU MOTPYKEHUH 00pa3IOB B AIEKTPOJIUT HE MEHSLITUCH.

DNEeKTpOABl C OJHOW CTOPOHBI OYHUINAIOT HAXKIAYHOW Oymaroil (apyras CTOpOHA
HU30JIUpOBaHa 3M3..HBIO), HU3MCPAIOT IJIOMAAb UX MOBCPXHOCTU U 0663)KI/IpI/IBaIOT aAllCTOHOM
3aUUIICHHYIO CTOPOHY.

lanbpBaHUYECKYIO IIETTh COOMPAIOT COTIIACHO CXEMe, MPEACTaBICHHON Ha pHC 2.

ITockonbKy paBHOBECHBIH MOTeHIMAN IMHKa @5, =-0,76 B, amenu @/, =+0,32 B, T0 B

rajJbBaHMYECKON Mape OHU OYIyT BBIMOJHATH COOTBETCTBEHHO POJIb aHO/IA M KaTo/1a.

OO6pa3ipl KeCTKO YKPEIUSIIOT B KJIEMMax TEKCTOJIMTOBOM IJIACTUHKH U TOTPYXKAlOT B
CTEKJIIHHYI0 BaHHOYKY ¢ 3%-HbIM pacTtBopoM NaCl. YpoBeHb pacTBOpa IOJKEH OBITH
MpUOIN3UTENBHO Ha 1 CM BbIlIE Kpast HIMPOKOI YacTH 3JIEKTPOIOB.
a) Biusinne nuomaaM nNoBePpXHOCTH AHOJA M KaToAa HA CHJIY TOKA rajbBaAaHUYECKOIro
3J1eMeHTAa

BHavane B KileMMax YKpEIUIAIOT CaMmble MaJ€HbKHE U3 HMEIOIIUXCSA ITMHKOBBIX H
MEIHBIX JIEKTPOAOB. 3HAUEHHE CHUJIBI TOKA AJIEMEHTA 3alKiChIBalOT B Ta0u. 2.1 moka TOK He
YCTAaHOBUTCSl TOCTOSIHHBIM. 3aMepbl BEAYyT uYepe3 KaxkJble 2 MHUH JI0 IOJyYEHUs Tpex
OJIMHAKOBEIX 3HAUECHUH.

3arem, OCTaBIISIsI OJUH U3 DJIEKTPOAOB MOCTOSHHBIM (HaIpUMep,
KaToJ) ApYyroi (aHOM) 3aMEHSIIOT Ha JJEKTPOJ CPEIHETO pasMepa u
3HAQUEHUE CWJIbl TOKa OJJIEMEHTA 3allMChIBAIOT AaHAJOTUYHO 10
YCTaHOBJICHHS IOCTOSIHHOTO 3HAYEHHS.

1 - MumamnepmeTp; 2 - KIeMMbl; 3 - IJIacTuHa; 4 -pacTBOp
NaCl; 5 - BanHa cTekisHHAs; 6 - MEIHBIN SJEKTPOM; 7 - TIOpUCTas
NEPEropoJika; 8 - HUHKOBBIHN 3JIEKTPO]

Puc.2. Cxema ycTaHOBKM JJi1 U3Y4EHMs] KHHETUKH KOPPO3HOHHOTO
MpoIecca ¢ KUCIOPOIHON IETOApr3alueit

[Tocie 3TOro MpHM TOM K€ KaToJe 3aMEHSIOT 3JEKTPOJ CPEAHEr0
pasMepa (aHOM) Ha TaKOW K€ DJEKTPOJa OOJBIIIOro pazMepa U OIsTh
BEIYT 3alKCh TOKA J0 YCTAHOBJICHUS MOCTOSHHOTO 3HAUEHUSI.
[TosryunB 3aBUCUMOCTH BJIMSHUS IUIOIIAIN TOBEPXHOCTH aHOJA HA CHIIY TOKa JIeMEHTa
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IpU TOCTOSIHHOM KaTojie, NMPHUCTYNAIOT K HW3YYEHHUIO BIMSHUS IUIOMAANA TOBEPXHOCTH
KaTo/ia Ha CHIIy TOKa [IPU MOCTOSHHOM aHOJIE.
0) Bansinue nepeMemmBaHUA YJIEKTPOJIUTA HA CHIIY TOKA 3JI€eMEHTA

W3mepeHunss MOXKHO MPOBOJIUTH C AJEKTPOAAMHU JTIOOBIX pa3MepoB, HO yAOOHEE B3STh TY
napy, ¢ KOTOpoi MPOBOJMIIN TOCIEAHUN OMBIT TPU ONPEIeICHUH 3aBUCUMOCTH CHJIBI TOKa
OT TUJIOUIa/IU TOBEPXHOCTHU AJIEKTPOJIOB.

B npuaHOgHYIO 30HY ClE€QyeT OCTOPOXKHO OIYCTUTh CTEKJSHHYIO TMajodyKy H
nepeMenaTh 3JIEKTPOIUT BOJU3U MOBEPXHOCTH aHOJA. 3HAYEHHs BEIMYMHBI CHIIBI TOKA 10
nepeMennBanms (yCTaHOBHBILASCS) U B MOMEHT NEpEeMEIIMBaHMUs B aHOAHOHM 30HE (TpH
MaKCUMaJIbHOM OTKJIOHEHHWH CTPENKH Tpubopa) 3amuckiBaioT B Tabm. 2.2. Ilocme storo
OCTOPOXKHO TMEPEHECTH CTEKISHHYI0 NaJOYKy B IPHUKATOAHYIO 30HY M IIepeMelaTh
ANEKTPOJIUT BOJIM3M KaTofa, CUIIYy TOKa B MOMEHT IepeMelINBaHNs B KaTOAHOW 30HE 3arma-
cath B Ta0m. 2.2.

[Ipy mnepememMBaHUM pacTBOpa pEKOMEHAYETCS He 3a/eBaTh IEPETOPOAKY U3
CTCKJISTHHOW TKaHU ¥ 00pasIibl.

[Toce mpoBenenus pabotsl pactBop NaCl n3 BaHHOUKH CIIMBAIOT B OYThUIb, U3 KOTOPOU
OH ObuT B3AT. ONBITHBIE OOPA3IBl CIIEYyeT MPOMBITh M BHICYHNIHTH (DUIBTPOBATHHON
Oymaroii.

B) OmnpenejieHHe aHOAHBIX M KaTOAHBIX YYacTKOB Ha :Keje3e, KOppejpywiieM B
HeHTPaJbHOM pacTBope

IIpy xoppo3uum B HEUTPAJIBHOM pacTBOpE, MPOTEKAKWEH C  KUCIOPOAHOU
Jenojspusalueif, pacmpelieieHue aHOJHBIX M KaTOJHBIX YYacTKOB Ha MOBEPXHOCTHU
MeTajuia OoJblIel 4acThi0 O0YCIOBJICHO HEPAaBHOMEPHOW a’palyeil M HeoJIHOPOJHOCTHIO
MTOBEPXHOCTH.

st TOoro, yToOBl OOHAPYKUTH AHOJHBIE M KaTOJIHBIE YYaCTKH MPHU KOPPO3HUHU KeJie3a B
HEUTpAIBLHOM pacTBOpE (PacTBOP XJOPUCTOTO HATPHsi) K HEMY JTOOABISIIOT MHIAMKATOP Ha
HOHEI Fe’ (kpacHast kpoBsiHasi colib K,Fe(CN)g), oOpasyrommii ¢ MoHAMU Fe’™ temHo-
CHUHIOI0 MaJIOPaCTBOPUMYIO COJIb, TaK Ha3bIBaeMYyI0 TypHOyIeByto cuHb Fes;[Fe(CH)s/> n
MH/IMKATOp Ha THIPOKCWIbHbIE rpynmbl ((peHondranenn), obpasyoumii ¢ nonamu OH
COETMHEHUS] MAJIMHOBOTO 1IBETA.

Jns BeimonHeHus ombita B yamky [letpm wamuBaior 1 %-ublii pactBop NaCl u
nobapisroT u3 KanenbHUILl 8-10 kamenb 1%-Horo pactBopa K3Fe(CN)s n 3 - 4 xamu
pactBopa (enondranenna. [lepemeniaB pacTBOp CTEKISIHHON MalOYKOM, OMENIAIOT B HErO
oOpas3elr, mpeIBapyuTEILHO 3aUUIEHHBIN U TIPOTEPTHI BaTOM, CMOUYEHHOH arieToHOM. Yepes
HECKOJIbKO MHMHYT OKOJIO 00pa3lia HauyMHAIOT MOSIBISATHCS CHHHE U MAJMHOBBIE YYaCTKU.
Yamky ¢ 00pa3iioM peKOMEHAYETCSl He BCTPSAXHUBaTh. B 111X 5KOHOMUU BPEMEHU OMBIT B)
PEKOMEHAYeTCs IPOBOIUTH MAPAJUIEIBHO C ONBITOM a).

[Tocne oxoHYaHus1 pabOTHI MOJYyYEHHBIE PE3YNIbTaThl HEOOXOAUMO MPEACTaBUTh HAa BU3Y
MIPEIo1aBaTelIo.

2.4. OGpaboTKa OMBITHBIX JIAHHBIX

PesynbraTel paboTsl o 1 1 2-# yacTsaM ohOpMIISIFOT B BUJIE 3aMIOJIHEHHBIX TaOIHIl U
rpaduka, MoKa3bIBaIOLIEr0 3aBUCUMOCTh YCTAHOBUBILICHCS CHIIBI TOKA UCCIIETyEMOTO
rajJbBAaHMYECKOTO AJIEMEHTA OT IUIOIIAN TOBEPXHOCTH aHOAA (TIPU MOCTOSHHOM KaToJIe) U
TIJIOIIAIA TTOBEPXHOCTHU KaToja (Mpy MOCTOSTHHOM aHOJIE).

PacnonoxeHne okpameHHBIX y4aCTKOB Ha 00pasiie He0OX0MMO 3apUCcOBaTh U HAITUCATh
peaxiuu, MpoTeKarolre Ha aHOJHBIX M KaTOJHBIX Y4acTKaX MPH KOPPO3UHU YTIIEPOIUCTON
ctanu B pactBope NaCl, n peakuuio o0pa3oBaHus TypHOYIIJIEBON CHHU.

2.5. Bopocsl A1 CaMOKOHTPOJISt

1. B uem 3akirodaeTcst HEOOXOAMMOE TEPMOIMHAMUYECKOE YCIOBUE MPOTEKAHUS
AJIEKTPOXUMHUYECKON KOPPO3HHM Kejie3a ¢ KUCIOPOJHOM Aenonspru3aiuen?

2. Ilepeuncnure OCHOBHBIE CTaJIMU KaTOAHOTO MPOLECCa BOCCTAHOBICHHSI KUCIOPOA.
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4.3.4 Odopmiaenue komiiekTa 3axanuii aiasa PIT'P
s 0uHo020 U 3a04H020 OMOeNeHUs]

MunucTtepcTBo o0pa3oBanus u Hayku Poccuiickoit Deneparuu
denepanabHOE rOCYJaPCTBEHHOE OIOI)KETHOE 00Pa30BATENBHOE YUPEIKICHUE
BBICIIET0 00pa3oBaHus «balkupckuii Tocy1apCTBEHHBIH YHUBEPCUTET
NnxeHepHslit GpakyabTeT
Kadenpa «Texnonornueckre MaiMHbl 1 000PYJOBAHHE)

Komvmmiaekr 3aganmii nys PI'P
M0 AUCHUIINHE « XUMUYECKOE COMTPOTUBIICHUE MATEPUATIOB U 3aIUTa OT KOPPO3UMY

(HaMEHOBaHME UCIUILIIHE)

SJIEKTPOAHBIE ITOTEHIIMAJIBI
3.1. Ilenp paboTh

OnpeneneHne BIEKTPOAHBIX IOTEHIMAIOB HEKOTOPBIX METAUIOB B  pacTBOpax
JNEKTPOJINTOB, 4 TAK)K€ MPOBEPKa BO3MOXKHOCTH IPUMEHEHHs ypaBHeHus HepHcra mis
pacuera BEJIMYMH PaBHOBECHBIX IOTEHIINAJIOB.

3.2. Teopus Bonpoca

[Ipu norpyxeHun mMetajiia B BOAHBIA PacTBOP 3JIEKTPOJIUTA HA MOBEPXHOCTU MeTalla
IIPOTEKAET MPOLECC B3aMMOACUCTBHS €TI0 MOH-aTOMOB C IOJISIPHBIMH MOJIEKYJIAMH BOJBI.
IIpouecc rugparaniuy HOH-aTOMOB METaJljla COITPOBOXAAETCS BBIIEIEHUEM SHEPTUH, 32 CUET
KOTOpPOM pa3pyllaloTCs CBA3M MOH-aTOMOB METalla B KPHCTAUIMYECKOW PEHIETKE U OHH
IIEPEXOIAT B PACTBOP B BMJIE€ TMAPATUPOBAHHBIX KaTHOHOB, a Ha IOBEPXHOCTH MeETasula
OCTaIOTCsI OCBOOOJUBILNECS 3IEKTPOHBI
(Me"" ne) + mH,O — Me"" - mH>O + ne (3.1)

CuJbl 3JIEKTPOCTATUYECKOTO B3aWMOJICHCTBHUS MEXKIY H30BITOYHBIMH DJIEKTPOHAMHU Ha
METAJNIMYECKOM IMOBEPXHOCTHM M MEpelleIUIMMM B PAcTBOpP KaTHOHAMM MeTajula
NPEMATCTBYIOT YOAJIEHUIO TOCIeTHUX B IIyOb pacTBopa. B pe3ynbrare MOBEpPXHOCTH
MeTaJljIa 3apsbKaeTCsl OTPULATENBHO, @ PACTBOP MIEKTPOJIATA - MOJOKHUTEIBHO U Ha TPAHULIE
"MeTamn-pacTBOp"  BO3HUKAET JIBOMHOW  DJJEKTPUUECKUHM  CIIOM, KOTOPBIM  MOXKET
(bopMHpoBaThCsA TaKKe NpU aAcOpOLMM Ha MOBEPXHOCTH METajula 3apsUKEHHBIX YacTHI]
pactBopa. [Ipu sToM Meramn nmpuoOpeTaeT 3apsii OJHOTO 3HAKa, a OKOJIO €r0 MOBEPXHOCTH
o0pasyeTcs CI0i U3 HOHOB JIEKTPOJIUTA C APYTUM 3HAKOM.

Mexny cinosMu 3apsioB YCTaHABIMBAETCS ONPEIEICHHAsI Pa3HOCTh MOTEHIIMANIOB, TaK
Ha3bIBa€MbI, "CKA4OK MOTEHIMada" Wik TpocTo "moTeHnuan". 3Ha4uTEeIbHOE KOJIMYECTBO
3apsOKEHHBIX YacTUll (HarmpuMmep, NepexoasiiuX B pacTBOp KaTHOHOB METaJljla) HAXOIUTCS B
HETIOCPEJACTBEHHOW OJM30CTH K METAJUTMYECKON MOBEPXHOCTH. DTH YaCTHUIIBI (POPMHUPYIOT
IUIOTHYIO YacThb JABOWHOIO JJIEKTpuueckoro cios (ciod I'enbmronsua), B KOTOpOM
peanu3yercss IpaKTHMYECKHM BeCh CKadoK moTeHuuana(p). Ilo wMepe ypaneHus ot
MIOBEPXHOCTU METaJljla B paCTBOP 3JIEKTPOJIUTA KOHIIEHTPALUS JaHHBIX 3apSPKEHHBIX YacTHIL
IIOCTENIEHHO MaJaeT, IOCTHras B KOHIE KOHIIOB 3HAYEHUS, COOTBETCTBYIOLIETO MX
KOHIIGHTpAaLlMd B 0O0beMe pacTBOpa. DTy YacTh Ha3bIBAIOT "pa3mbliToi" min 1uddy3HOi
4acTbIO JBOWHOIO JJIEKTPUYECKOro cios. Ee NpOTSKEHHOCTh 3HAYUTEIBHO IIPEBBIIIACT
TOJIIIMHY ¢J10s I'enbMrosbia, a peain3yeMslii B HEl CKa4OK IOTEHIMaIa (1//), Kak IIpaBUIIo,
MEHBIIE 110 BEJIMYUHE U TPAJUEHTY, YEM Ha Ie€JIbMIOJIbIIEBCKOM Y4aCTKE IBOMHOTO CIIOS.

PaBHOBecHBIEC (0OpaTUMBIC) IITEKTPOABI 00JATAOT OJTHOM, OOIIEH ATt BCEX AJIEKTPOJIOB,
0COOEHHOCTBIO: B HUX IPOTEKAET TOJBKO OJHA 3JIEKTPOXMMHUYECKas pEakLus C PaBHOM
CKOPOCTBIO B IBYX IPOTHBOMOJIOXKHBIX HANPaBICHUAX (TpsiMas 1 oOpaTHasi peakium).

Cy1ecTByeT HECKOIBKO TUIIOB PABHOBECHBIX JIEKTPOAOB:
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1. DraexTponasl MEPBOrO pojaa - HEKOTOpble METaUlbl B pacTBOpax CBOUX COJIEH,
HaXOJSIIMECS B COCTOSSHUU PaBHOBECHS IO OTHOIICHUIO K OJHOUMEHHBIM HOHAM:

(Me"" ne)+ mH,0 <> Me" - mH,0 + ne (3.2)

2. DIeKTpoAsl BTOPOTO poAa TMPEACTABISIIOT COO0OW MeTayul, TOKPBITBIA CJIOEM €ro
TPYAHOPACTBOPHUMOI'O COEJUHEHHUsI (COJHM, OKCHABI WM THIPOKCUABI) M TOTPYKEHHBIH B
pacTBop, cojaepKalmlMid TOT JK€ aHUOH, YTO U TPYAHOPACTBOPHUMOE COEIUHEHHUE
ANIEKTPOAHOro MeTayuta. CXeMaTHUeCKH 3JIEKTPOJ] BTOPOTO pPOJAa MOXKHO IPENCTaBISATh
cienyrommm odpasom: Me' || M'4, Me’

3.OKHCINTENBHO-BOCCTAHOBUTENIBHBIE JIEKTPOJIbI (PEAOKC-IEKTPOAbI), MPEACTABIISIOIINE
co0ol MHEPTHBIN MeTallI (HarpuMep, TJIaTHHY) B KOHTAKTE C DJICKTPOIUTOM, COJIEPKAIIIM

OHBI Pa3HBIX CTeleHell okucnenHoctn (Hanpumep, Fe /F°* || Pt SO; 1 S,0; ||Pt) Ilpn

AOCTHXXCHUHM PABHOBCCHS 3HAUCHHEC IOTCHIMAIAa MCETAlJIa CTAHOBUTCA IMOCTOAHHBIM, a €T0
BCJIIMYMHA 3aBUCHUT OT BHCIIHHX yCHOBI/Iﬁ (TGMHepaTprI, I[aBJIeHI/I}I) N aKTUBHOCTH HOHOB
METaJljla B paCTBOPE U OIMMUCBIBACTCA YPABHCHUEM HepHcTa

0 R 'T
0, =0, +ﬁlnaw , (3.3)

r7€ @y - PABHOBECHBIN MOTEHIIMAN MeTauia, B;
0 o
@, - CTaHJAPTHBIM MOTEHLIMAN MeTaia, B, T.e. ero moreHuan B 3J€KTPOJIUTE, aKTUBHOCTD

MOHOB JJaHHOTO MeTajljla B KOTOPOM paBHa €IUHUIIE;
R - razoBas nocrosinHasi, paBHas 8,314 J[x/ (Monb-Tpan);

T - remnepatypa 1o abcomoTHOH 1IKane, K;

7 - KOJIMYECTBO AJICKTPOHOB, IPHUHUMAIOIINUX YIaCTHE B AIEKTPOJTHON peaKIlnu;

F - nocrosunas ®apanes, papHas 96493 K;

@ - aKTUBHOCTh HOHOB METaJlIa B PACTBOPE, MOJIB/IT;

a=fC, (3.4)

rae f - KoahGHUIMEeHT aKTUBHOCTH (CM. TIPHIIOKEHHUE S);

C - aHanUTHYECKAass KOHIIEHTPAIIMS HOHOB METaJlJIa B pacTBOPE, MOJIB/I.

Jnst pa30aBiIeHHBIX PACTBOPOB KOA(D(HUIIMEHT aKTUBHOCTH ONM30K K €IWHUIE, U C
HEKOTOPOU OMIMOKONH MOYKHO CUUTATh, YTO AKTHUBHOCTh MOHOB METaJIa MPUOIU3UTEIHHO
paBHa X aHAIUTUYECKON KOHLIEHTPALIUU B PacTBOPE.

[ToncraBuB B ypaBHeHue (3.3) 3HaueHUsI MOCTOSIHHBIX Mg Temneparypsl 25°C u
nepeiis K JeCITUUHBIM Jorapudmam, moyduM ypaBHenue HepHera B crieqyronieM Buje:

s 0,059
¢M :Qw +Tlgaﬂl"+ (35)

N3 ypaBaenus (3.3) crmemayer, 4To MOTEHIIMAT METalllla U3MEHSAETCS B 3aBUCHUMOCTH OT
KOHIIEHTPAllMM COOCTBEHHBIX HOHOB MeTayla B OJyeKkTposute. [Ipu  yMeHbIICHUH
KOHIIEHTPAllMd HMOHOB MeTajyla B JJIEKTPOJIUTE (HampUMep, CBS3bIBaHHE HX B CJ1abo
JUCCOIIMUPYIOIINE KOMIUIEKCHI) TOTEHI[MA €r0 CMEIIAETCS] B OTPULIATEIbHYIO CTOPOHY.

Eciu B mpormecce B3auMoAeWCTBUS MeTajula U 3JEKTPOJIUTA YYacCTBYIOT HE TOJBKO
COOCTBEHHBIC HOHBI METajula, HO M JApPYyrd€ HOHBI WM aTOMbI, TO BO3HHUKHOBEHUE
PaBHOBECHOTO TMOTEHIIMalla HEBO3MOXXKHO U Torja oOpa3yeTcs HEpaBHOBECHBIA HIIN
HeoOpaTHMBIN MOTEHIANL. B 3TOM ciydae moteps u MpUOOpEeTeHHE 3IIEKTPOHOB METAIIOM
OCYILIECTBISIIOTCS C Yy4YacTHEM pas3MYHbIX BEIIeCTB, U MOTEHIMal MeTaljla He
XapakTEepU3yeT HACTYIUICHHE PABHOBECUS Ha TMOBEPXHOCTH OJJIEKTPOJAa W HA3bIBAETCS
HeoOpaTUMBbIM.

YcroiitunBoe 3HaueHWE HEOOpPaTMMOro TMOTEHIMAlla, YCTaHABIMBAIOMIEECS MPHU
PaBEHCTBE CYMM CKOpPOCTEH aHOJIHBIX M KaTOAHBIX MPOIECCOB, HA3bIBAETCS CTAIMOHAPHBIM
HeoOpaTHMbBIM TOTEHIIMATIOM. BenndnmHa ero 3aBHCHT OT MPUPOABl MeTallla, COCTaBa U
KOHIIEHTPALIUHU 3JIEKTPOJIUTA, & TAKKE OT BHEIIHUX YCIOBHA.

HeoOpatumple moOTeHHHMANbl HE TMOMYMHSIOTCS — ypaBHeHWI0o Hepucra  (3.3),
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CJIEZIOBATENbHO, UX HEJIBb3s PACCYMTATh, @ MOXKHO OTIPENIEIUTh TOJBKO OMBITHBIM IyTeM. J[is
pelIeHrs BOIpOca, SIBISIETCA JIM MOTEHI[Mal MeTaljia B JaHHOM pacTBOpe 0OpaTHUMBIM WIIH
HeoOpaTHMBIM, CIIEAYET COMOCTABUTH TEOPETUIECKOE, PACCUUTAaHHOE TI0 ypaBHEeHHUIO (3.3), 1
OTIBITHOE 3HAUEHUs MOTEHIIMANA U CPABHUTH 3aBUCUMOCTD €T0 OT aKTUBHOCTH COOCTBEHHBIX
MOHOB B pacTBOPE, MOIYYEHHYIO TEOPETUYECKH U OIBITHBIM ITyTEM.

[Ton BAusiHMEM pa3inMuHBbIX (AKTOPOB BEIMYMHA HEPABHOBECHOI'O MOTEHIMANa MeTalia
MOKET H3MEHATHCS, CMEINAsiCh B Ty WJIM HHYIO CTOpOHy. bonblioe BiMsHUE Ha €ro
BEJIMYMHY OKa3bIBAIOT OKUCIUTENH, HAXOASIINECS B 3JIEKTPOIUTE, MO IeHCTBUEM KOTOPBIX
Ha TIOBEPXHOCTH MeETa/Ula MOXKET 00pa30BaThCs 3allUTHAs IJICHKA, YTO TPHUBOJUT K
CMEILIEHUIO TMOTEeHIMala B TIOJOXKUTEIbHYIO CTOPOHY. 3allUTHbIE IUIGHKH MOTYT
00pa30BBIBATHCS TAKXKE 3@ CUET OTIOKEHHUS Ha MOBEPXHOCTH METaJlIa TPYJHOPACTBOPUMBIX
MPOAYKTOB Koppo3uu. [IpucyrcTtBue B pacTBOpe BELIECTB, pPACTBOPSIOLUIUX WU
paspylaloMX 3allUTHBIE [JICHKH (HAalpUMep, WOHOB-aKTHBATOPOB) MPHUBOIUT K
CMEILIEHHUIO MMOTEeHIIMAaa METaJIa B OTPULIATENIbHYIO CTOPOHY.

Heo06xoauMo OTMETHTh, YTO B HACTOSIIEE BpeMs HET JOCTaTOYHO HAJEKHBIX METOJIOB
HKCIIEPUMEHTAJILHOTO OMpPENEICHUs] MU TEOPETHUECKOTO BBIUMCICHHSI a0COIOTHBIX
3HAYeHUH MOTEHIMAJIOB (CKAYKOB 3aps70B B JBOMHOM JJIEKTPUYECKOM CIIOE), TIOITOMY HUX
OTIPEACIISIOT 110 OTHOUICHHIO K IPYTOMY 3JIEKTPOJY, Ha3bIBAEMOMY 3JIEKTPOJIOM CPAaBHEHHUSI.
Bennuuny noreHipana meramia, U3MEPEHHYIO MO OTHOIICHHIO K 3JIEKTPOJY CpaBHEHUS,
HA3bIBAIOT AJIEKTPOJIHBIM MMOTEHIINAIOM.

OObIYHO B KauecTBe OHIEKTPOAA CpPaBHEHUS TPUMEHSIOT BOJOPOJHBIN 3JIEKTPOI,
MOTEHIIMAJ KOTOpPOro MpH 000N TeMIleparype NPUHUMAIOT pPaBHBIM Hymo. OpHako
BOJIOPOJIHBIN 3JIEKTPOJ HE yHo0eH B paboTe M Ha IMpaKTHKE Yalle HCIOJB3YIOT IPyrue
ANEKTPO/bI CPAaBHEHUS, HApUMEpP, HACBIIIEHHBIA XJIOpCepeOpsiHBIA AJIEKTPO/I, MOTEHIUA
KOTOpPOT0 TOYHO U3MEPEH 110 OTHOIIEHHUIO K BOJOPOIHOMY 3JIeKTpoy U paBeH +200 MB npu
KOMHATHOW TeMIepaType.

Jns Toro, 4ytoOBI MepecuuTaTh MOTEHIMAl MeTajla, W3MEPEHHBIH OTHOCHUTENIBHO
XJIOpCcepeOPSHOTO 3JEKTPOAa, MO OTHOLIEHUIO K BOJOPOAHOMY 3JEKTPOIY, AOCTATOYHO K
MOTEHIMATy METaJjla, B3SITOMY CO CBOMM 3HAaKOM, anreOpanyeckd MpuOaBUTh MOTEHIIHAT
XJI0pcepeOpsiHOTO AIEeKTPoa, T.e. +200 MB:

(DM/Hz = ¢M/X.7Z.C€p + @xft.cep. (3 6)

T Py, - TOTEHIUAI METAILIA [0 BOJOPOAHOMY 31IEKTpoay, MB;

it/ xncep~ TIOTEHIUAT METAILIA TIO XJIOPCEPEOPSHOMY JIIEKTPOALY, MB;

?,1.cep~ TOTEHIIHAI XTIOPCEPEOPsIHOTO dMeKkTpOaa (+200 MB).

[Tepen mpoBeneHNEM pabOTHI CIEAYET 03HAKOMUTHLCS CO CIEAYIOIIIMME BOIIPOCAMHU:
1. I3MepeHune NoTeHIIMAIOB METAJUIOB (METOIbI U AJIEKTPOJIbI CPAaBHEHUS ).
2.PaBHOBeCHBIC nu HepaBHOBGCHBIe IIOTCHIUAJIBI, p}II[ CTaHl[apTHBIX BHGKTpOHHBIX
MMOTEHIHAJIOB.
3. V3mepeHue MOTCHIMAIOB METAJJIOB B 3aBUCHMOCTH OT COCTaBa M KOHIEHTpAIUU
AIIEKTPOJIUTA.
3.3.I1poBenieHne pabOThHI
DNEeKTPOAHBIE MOTEHIIMAIBI MEIH, Kejle3a W ATIOMUHHS OINPEACNISIOT B CISAYIOIINUX
ANEKTPOJIUTAX:
Mennr: CuS04- 1M; 0,1M; 0,01M; 0,001M,
H,S04- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
xkene3o: NaOH- 0,5M,
NaCl - 0,5M,
K>Cr,O7 - 0,5M,
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amromuauii: NaCl - 0,5M,
K,Cr,07 - 0,5M.

OneKkTpobl (KpoMe aTOMHHMS) OYHMINAIOT HaXJayHOM Oymaroi, mpoTUparoT BaTOMH,
CMOYEHHOW alleTOHOM, U 3aKpeIUIAI0T B KJIeMMaxX, YCTAaHOBJIEHHBIX B H3OJUPYIOIIUX
TUTACTUHKAX.

[ToTeHIManbl M3MEPAIOT C TMOMOINBI0 YHUBEPCAIBHOIO HOHOMepa Tumna OB-74.
[IpenBapuTensHO 03HAKOMMBIIHUCH C paboTON MOHOMepa (mpuiioxeHue 4), A U3MepeHust
MMOTEHITMAJIOB COOMPAIOT TalbBAHWYECKYIO Iemnb (pUC.3) M3 HCCIEAyeMOTro JJIEKTPOJa,
ONYIIEHHOTO B COOTBETCTBYIOUIMM 3JIEKTPOJMUT, M  XJOPCEPEOPSHOrO  3JIEKTPoja,
MTOMENIEHHOTO B HACHIEHHBIA pacTBop KCI, coenMHUB pacTBOPHI CU(HOHOM, 3aTIOTHEHHBIM
HaceleHHbIM pactBopoM KC/. Bemmumna 3.J[.C. cocTaBleHHOrO TalbBaHUYECKOTO
AJIEMEHTAa OJIHOBPEMEHHO SBIIETCS JIEKTPOAHBIM MMOTEHIIMAJIOM HCCIEAYEMOro MeTajlia Mo
OTHOIICHHIO K XJIOPCEPEOPSHOMY IJIEKTPOTY.

9.J1.C. cOCTaBJIEHHBIX TrajJbBaHUYECKUX AJIEMEHTOB HM3MEPSIOT, MOOYEPETHO OMyCKast
pabouue >eKTPOAbI B PaCTBOP U MOAKIOYAs MX K HOHOMEpY. [lopsiiok nu3Mepenus: onucaxn
B UHCTPYKIIUH (CM. TIPHIIOKEHUE 4).

1 - MUIIMBOJABTMETpP; 2 - KOHTaKkTHas Kiemma; 3 -
W30JIMpYIOIIAsl IUIaCTUHA; 4 -  DIIEKTPOJMTUYECKUHI

MOCTHK; 5 - XJOpCepeOpSHBIA 3JEKTPOa CpaBHEHHS; 6 -

pactBop KCIl; 7 - crexnsHHBIA cTakaH; § - pabouunii
anekTpon; 9 - pabouuii anektpon; /0 - KOAKCHIbHBIN
Kabenb

= Puc.3. CxemMa ycTaHOBKM U1 HU3MEPEHUS DIIEKTPOJIHBIX
4}“ J MOTEHIIMAIIOB
—— 10 Ilocne onpenenenys BEIUYUHBI IOTEHIMAIA IEKTPOA OT-
KITIOYAIOT OT U3MEPUTEIHHOM CXeMBbI (HO HE BBIHUMAIOT U3
pacTBopa), MOJIKIIOYAIOT CICAYIOMINNA IIEKTPO U BEAYT U3MEPEHUE TAKHM ke 00pa3oM.

[Ipu mepeHoce cudoHa M3 OJHOTO PACTBOpa B APYrod KOHEI[ €ro, MOrpyKaeMbIii B
pacTBop, HY’)KHO OOMBITH CTPYEH JUCTUILTUPOBAHHOM BOBI, MOJIB3YSICH TPOMBIBATIKOM.

s u3yyeHus: KUHETUKU W3MEHEHHUS MOTEHIIMAIOB MCCIEIyEeMbIX METaNIOB U3MEPSIOT
UX HavyaJlbHbIE MMOTEHIIMAIIBI (Cpa3y ke MOCIe MOTPYKEeHUs: 00pa3IoB B AJIEKTPOJINT), 3aTEM,
cinycta 30 MUH OT Hayajia ONbITa U BHOBb, cycTss 60 MUH OT Hadaja ombiTa. BenuuuHbl
M3MEPEHHBIX MOTEHIIMAIOB C YYE€TOM MX 3HAKOB 3aHOCST B Tabm. 3.1.

B 3, 4 u 5-it rpadax TaONMIBI 3aMHUCHIBAIOT W3MEPEHHBIC 3HAYEHUS TMOTCHIIMAIOB B
MWIIMBOJIBTAX MO XJopcepeOpsHoMy anekTpomy. B 6, 7 u 8-if rpadax - BbIUMCIEHHBIC
MOTEHIIMAJIbl METAIIJIOB OTHOCUTEIHHO BOJIOPOAHOTO AJIEKTPO/Ia.

3.4. OGpaboTKa OMBITHBIX JIAHHBIX

PesynpraThl paboThl mpeacTaBisioT B Tabm. 3.1, a Takke B BuAe rpaduka:
SKCIEpUMEHTaIbHAsA U TeopeTuyeckas (paccuntaHHas no ¢popmysie HepHcera) 3aBUCHMOCTD
BEJIMYMHBI TOTEHI[MANa MEJHOro 3JEKTpoJa B pacTBOpax cyibpara Meau OT jorapudma
aKTUBHOCTH MOHOB METaJlIa B JIEKTPOJIUTE.

3.5. Bonpock! A1 caMOKOHTPOJIA

1. Kakue cucteMsl B 3J1€KTPOXUMHH Ha3bIBalOT PABHOBECHBIMU?

2. B xakux yclOBHSX BO3HUKAIOT HEPABHOBECHBIE (HEOOPATHMBIC) TTOTCHITHAIBI?

3. Kak ompenenuTs 3HauY€HHWE CTaHAAPTHOIO  OKUCIMTEIBbHO-BOCCTAHOBU-TEIIBHOIO

a
MOTEHIMAIA CHCTEMBI 10 TPa(QHKy 3aBUCUMOCTH @, 5., = f (In—2-) 2

ARed
4. ITouemy 3JI€KTPOAHBIN MOTEHIMAN *keje3a B pacTBope NaOH co BpeMeHEM CTaHOBUTCS
0oJiee MOI0KUTENbHBIM, a TOTEHIUA ME/IU B PaCTBOPE MPAKTUYECKH HE MEHSETCS BO
BPEMEHH (CM. IKCIIEPUMEHTAJIbHBIE PE3YJIbTaThI)?
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5. Hanummre 31eKTpOXUMHYECKUE PEakIiy, TPOTEKAIOIIUE Ha )KeJIe3HOM IIEKTPO/IE B
pactBope Nad. Kakoit mpu 5TOM yCTaHABIMBAETCS MTOTEHITUA - PABHOBECHBIHN (0OpaTHMBII)
WM HEPaBHOBECHBIN (HEOOpaTUMBINA)?

bubnuorpaduyeckuii cuucok

1. XKyx H.II. Kypc Teopun koppo3uu ¥ 3amuThl MetamuioB. -M.:Metamnyprus, 1980. C. 149-
188, 341-369.

2. TTaxomoB B.C. Koppo3us u 3ammra XMMHUYECKOW ammaparypbl. DJIEKTPOXUMHUYECKas
KOppO3us MeTauioB: YueOHoe mocodue. -M.: MUXM, 1983.- 80 c.

KOHTAKTHAA KOPPO3UA U KATOJJHASA 3AIIUTA METAJIJIOB
4.1. Ilens paGoThI

W3ydeHue sBIIEHHWS KOHTAKTHOM KOPPO3WM METAJJIOB, O3HAKOMJIEHHME C METOJOM
KAaTOJAHON DJICKTPOXMMHYECKON 3alUThl C TIOMOIIBIO MPOTEKTOpa W TOJSPH3AIUH OT
BHEIIHETr0 UCTOYHHKA TOKA.

4.2. Teopus Bompoca

4.2.1. KoHTakTHast KOpPO3Usl.

KoHTakTHO! KOppo3uell Ha3pIBAlOT JIEKTPOXUMHYECKYI0 KOPPO3HIO METaJIOB,
MMEIOLIUX Pa3HbIE AJIEKTPOJIHbIE (KOPPO3UOHHBIE) MOTEHIIMAJbI U HaXOSAIINXCS B pacTBOpE
ANEKTPOJIUTA B KOHTAKTE JIPYT C JPYTOM.

Mertani, morpykeHHbIH B pacTBOp 3JEKTPOJIUTA, B KOTOPOM OH TEPMOJIMHAMUYECKH
HEYCTOMYMB (T.€., €CIM B PACTBOPE HUMEETCS OKHCIUTEIb, PABHOBECHBIH MOTEHIUAI
KOTOpOro 0oJjiee TMOJOKUTENbHBIM, 4YeM paBHOBECHBIM IMOTEHIMAl MeTaljla B JIaHHBIX
YCIIOBUSX), TMOABEPracTCs JICKTPOXUMHUYECKON Kopposuu. [Ipm 3TOM Ha MOBEPXHOCTH
MeTajljla MPOTEKal0T aHOJHAs peakius pacTBOPEHHUS MeTajsla U KaTodHAs peakius
BOCCTAHOBJICHHSI OKHCIUTeNs. Koppenupyromas MOBEpXHOCTh MPUOOpPETaeT HEKOTOPBIN
KOMITPOMUCCHBIN 3JIEKTPOAHBINA MOTEHIHAN (TOTEHIIMAT KOPPO3HH), IPH KOTOPOM CKOPOCTh
pacTBOopeHHs MeTauia (AaHOMHBIM TOK) paBHA CKOPOCTH BOCCTAaHOBIICHUS OKHCIIHATENS
(KaTOAHBIN TOK).

[Ipn 3aMbIKaHUK B pPAcTBOpPE JJICKTPOIHMTA JBYX METAUIOB, MMEKOIIUX B JIAHHBIX
YCIIOBHUSIX pa3HbIe MOTEHINANIBI KOPPO3UH, 00pa3yeTcs rajibBaHnyecKas napa.

JIyist mpaBUIILHOTO MOHUMAHMSI TIPOIIECCOB, TIPOTEKAIOIIUX B TAKOW Mape, meaecoo0pa3Ho
MPOBECTH aHAIM3 €€ PabOThl C MOMOIIBIO MOIPU3aANUOHHON nauarpammel (puc.4). IlycTts

Metaiutbl "1" 1 "2", uMeromKe B TaHHBIX YCJIOBUSAX PABHOBECHBIE MOTEHIUAIIBI (pj;l I/I(pj;z,
HOpr)KeHBI B paCTBOp, B KOTOpOM HpI/ICYTCTByeT OKHCIUTEIb C paBHOBeCHBIM
MOTEHIMAIIOM @fk. Ecam snexkTpuyeckoro KOHTaKTa MEXKIy MeTaulaMu HeT, TO TOUkHu (1 u

2) nepeceueHus! aHOAHBIX (JIMHUU a; U Ay) ¥ KaTOAHBIX (JiuHuU K; u K) nonsipu3aiiuoOHHBIX
KPUBBIX I KaXKJIOTO M3 METAJUIOB OTBEYAIOT YCJIOBHUIO CTAlMOHAPHOCTU KOPPO3HMOHHOIO
notenuana (I, = Iy) 1 moTomy ompeaensOT BEIUYUHBI UCXOAHBIX CKOPOCTEH KOPPO3UU
(Lcop1, Ixop2) M TIOTEHIIUATIOB KOPPO3UH (Popl, Propz) METAILIOB.

Ecimu metamner /" u "2" KOPOTKO 3aMKHYTh , T.€. IPUBECTH B KOHTAKT (DJEKTPUUECKU
COCIMHUTH), TO B Cllydae, KOrJla OMHUYECKOE COMPOTUBICHHE PACTBOpa MPEHEOPEKUMO
Majo, KOHTAKTHPYIOIIME METaUIbl JOJDKHBI MPUOOPECTH HEKOTOPHIA  OJMHAKOBBIN
KOMITPOMUCCHBIM TOTEHIHMAN ¢y BemudymHa STOro MOTEHIMANa MOXKET OBITh HaljeHa
rpaduyecKku U3 YCIOBHSI CTAllMOHAPHOCTH JJIEKTPOJHOIO TMOTEHIMalla - CymMMa BCeX
aHOJTHBIX TOKOB JIOJKHA OBITH PaBHA CyMME BCEX KaTOJHBIX TOKOB
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21, =21, 4.1

Jl51st 3T0r0 HEOOXOAMMO MPOBECTHU IpadUyecKOe CYMMUPOBAHNE MaPIHATBLHBIX aHOIHBIX
(uaMM a; W a;) W kKarogHelix (MuHMM Kiu K;) NONSpU3alMOHHBIX KpHUBBIX. Touka
nepecedyeHuss (X) CyMMapHOW aHOJHOW TMOJSIPU3AIMOHHOM KPHUBOM (ax) W CyMMapHOH
KaTOJHOW MOJNspU3alMOHHON KpuBoil (Ky) orBewaer paBeHCTBY (4.1), a ee abcuumcca
SIBIIIETCS. ICKOMBIM KOMITPOMHUCCHBIM MTOTEHIIHATIOM (.

YcTaHOBUBIIMICA B KOPOTKO3aMKHYTOM JBYXAJIEKTPOJHOM CUCTEME KOMIIPOMUCCHBIN
MOTEHIIUAN (y UMEET 3HAUYCHHUE, IPOMEKYTOUHOE MEXKIY MEPBOHAYAIBHBIMU MOTCHIIMATAMHA
KOPPO3UU METAIUIOB @cop; <Prop2. 1aKUM 00pa3oM, B pe3yibTaTe KOHTAKTA IPOUCXOIUT
CMEIeHUE MOTEHIIMala KOPPo3uu 0oJiee JIeKTpooTpuIarenbHoro metamia "1" (anogHoro
METaJlJia) B MOJOXKUTEIBHYIO CTOPOHY - aHOJHAS TMOJSPU3ANNS, U CMEIICHHE TOTEHI[aIa
KOppo3uu 0OoJjiee dSIEKTPOTOJOKHUTENIbHOTO MeTayma "2"  (KaTogHoro MeTauia) B
OTPHUIATEIILHYIO CTOPOHY - KaTOJHAs MOJIAPU3ANHUSA. DTO MPUBOJUT K COOTBETCTBYIOIIEMY
M3MEHEHUIO CKOPOCTEH aHOJHBIX M KAaTOJAHBIX AJIEKTPOAHBIX MPOILECCOB HAa KOHTAKTH-
pyroumx meramiax. /leficTBuTeNnsHO, TP HOBOM 001eM NoTeHnuane ¢y Metamt "1" Oyner
pacTBOPATHCS (KOPPETUPOBATH) CO CKOPOCTHIO I, Goubluei, yem CKOpPOCTb €r0 KOPpO3UHU
10 KOHTAKTa lpi- Mertamn "2", Ha000poT, NpU KOHTAKTE PACTBOPSIETCS CO CKOPOCTBIO I’az
MEHBILEH, YeEM CKOPOCTh €ro KOPPO3UM 10 KOHTAKTa Iiop>. Takum oOpazoM, pacTBopeHue
aHOJTHOTO MEeTajlla yBeJIMYMUBAETCS, a KATOJAHOTO - YMEHBIIIAETCS.

Ecnu o0ummii moTeHIuan Makpomapbl (szOyJeT MeHbIIEe pPaBHOBECHOT'O MOTEHIIMAja

KaTOJHOIO MeTajlla (DAZZ, TO pacTBOpeHHE (KOoppo3usi) 3Toro mertamia "2" mpexpaTurcs

BOBCE.

[Ipu  ycraHoBuBIIEMCS  TOTEHIMAjde MakKpomapbl (szHAa HW3HA4YalbHO  OoJsee
3NeKTpoOoTpUIaTEIbHOM MeTaiie "1" CKOpoCTh aHOJHOTO Ipoliecca Lal CYLIECTBEHHO
GONbIIe CKOPOCTH KATOAHOTrO mporiecca I , a Ha M3HAYAIBHO OONEE HIEKTPOMOTOKH-
TebHOM MeTaiie "2" CKOpOCTh KaTOAHOTO Ipoliecca I’kz 3HAYUTEIILHO OOJBINE CKOPOCTH
aHOJIHOTO IMpolecca I’az.

Pa3nuiia B CKOpPOCTSAX KaTOMHOIO W AHOJHOTO IMPOIECCOB JUIsl KaXXJOro MeTaia
SBIIAETCS BHEIIHUM TOKOM, KOTOPBIM JaHHBIM MeTallyl HampaBisfeT JApyroMmy (WiH
MPUHUMAET OT HETO), ¥ TPEACTABIISET COOOM, MO CYIIECTBY, IOTOK JIEKTPOHOB OT AaHOAHOTO
MeTaJuIa K KaTOAHOMY
1" =1, _Iaz’IGHem—Ikl_I (4.2)

Jns BYXAJIEKTPOJHOM CHCTEMBI BHEIIHHME TOKM KaXKJIOTO M3 METAUIOB PaBHBI IO
aOCOIOTHON BEJTMYMHE M IPOTUBOIOJIOKHBI IO HAIIPABICHHUIO. B TaHHOM ciyyae BHEITHHIMA
Tok Metayuia "[” Oymer aHomHBIM, a Merauia "2" - katrogHbIM. Takum o00pa3om, B
rajJpbBaHMUYECKOl Makponape merami "1" paboraer aHo0M, a MeTaylT "2" - KaTOJOM. 3a cueT
BHEIIIHETO TOKA M OCYILECTBIISIETCS] COOTBETCTBYIOIIAS MOISPU3ALINS dJIEKTPOIOB.

B caydae 3aMeTHOrO  OMHMYECKOTO  CONPOTHUBIICHUS  arpeCCUBHOM  Cpejbl
paccMaTpuBaeMasl  JIBYXJIEKTPOJHAs  CHUCTEMa YK€ HE  SBIIETCS  IOJHOCTBIO
3aMoJIipU30BaHHON - OOIIMH TOTEHLMANl HE YCTAaHABJIMBAETCS. MeTaJIJIBI MaKponapsl
HpI/IO6peTaIOT HOBBIE HHIMBU/IyallbHBIE JNIEKTPOIHEIE MOTEHIHAITBI (p wopl ¥ o) xop2-11pH 5TOM
Propl <@ opl <(p K0p2<(pmp2 PazHocts moreHunanos Ag = (p xop2 = @ kop! IPOIOPLIHOHAIILHA
OMHYECKOMY COIIPOTUBIICHUIO PACTBOPA U BEIUYMHE BHEUTHETO TOKA MAKpOIaphl.

Takum 06pazoM, KOppo3usl MeTaula B PaCTBOPE AJIEKTPOJIUTA MOXKET ObITh 3aMeJJIeHa C
MOMOIIBI0 KOHTAKTa C 00Jiee AIIEKTPOOTPHUIIATETFHBIM METAJUIOM (QHOIHBIM KOHTAKT) WM
YCKOpEHa BCJIEACTBHE KOHTAKTa C 0ojiee 3JIEKTPOIOJIOKHUTEIbHBIM METaUIOM (KaTOIHBIH
KOHTakT). CKa3aHHOE CHpPaBEAJMBO JUIsl CIIy4aeB KOPPO3UM METAUIOB B AaKTUBHOM
cOCTOsIHMM. Ecnn BO3MOXKHa naccuBanysi OCHOBHOTO METAJIIA, TO KATOJHBIA KOHTAKT MOYKET
CHocOOCTBOBATH HACTYILJICHUIO TACCUBHOTO COCTOSIHHSI OCHOBHOTO METajllIa U YMEHBIIICHUIO
€ro CKopocTtu Kopposuu. C Apyroil CTOpOHBI, JIJIsi MTACCUBHOTO METAJlJIa AaHOJHBIM KOHTAKT
OMaceH, TaK KaK MOXET MPUBECTH K MEPEeXO0ay U3 MACCHUBHOTO COCTOSHHS B aKTHBHOE M
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YBEJTMUEHUIO CKOPOCTH KOPPO3HH.

KoHTakTHasi KOppo3usi SIBISETCS NPUYMHON YCKOPEHHOTO pa3pylIeHUs KOHCTPYKIIUH,
CMOHTHPOBAHHBIX U3 PA3HOPOJHBIX METAJIOB.

O PeKTUBHOCTD YCKOPSAIOIIETO AEHCTBHS KaTOJHOTO KOHTAKTa HAa KOPPO3HIO OCHOBHOTO
MEeTaJlJla B YCJOBHSIX AaKTHMBHOTO PACTBOPEHHSI 3aBUCUT OT BEIMYMHBI PAaBHOBECHOTO
ANIEKTPOJHOIO TMOTEHIMAala KaTOJHOTO MeTallla B JAaHHBIX YCJIOBHSIX M 3aTPyJHEHHOCTU
(mepeHanpspKeHUs1) aHOJHOTO M KAaTOJHOTO IMPOIIECCOB Ha KAaTOMHOM METAllIe, a TaKXKe OT
COOTHOIIICHHUSI TOBEPXHOCTEH KATOJHOTO M OCHOBHOTO (aHOMHOTO) MeTauioB (S; : Sj).
KoHTakTHass KOppo3uWsi TE€M WHTCHCHUBHEH, ueM Ooliee TMOJOXKHUTEIIEH pPaBHOBECHBIN
MOTEHIIMAaJ KaTOJAHOTIO MeTajlla, YeM BBIIIE NepeHanpsHKEHUE ero aHOAHOIO PaCTBOPEHUS U
4eM MEHBIIEe TIEPEHAINPSHKCHHE BOCCTAHOBJICHUS OKUCIIUTENS HA €r0 TTOBEPXHOCTH, a TaKKe
4yeM OoJIblIIe OTHOLLIEHUE TTOBEPXHOCTEH KaTOJHOTO U OCHOBHOTO METAJUIOB.

4.2.2. KatoaHas 3JIEKTPOXUMHUYECKas 3allUTa

Ha u3MeHeHuMU CKOpPOCTHM pPAacTBOpPEHHsS MeTajula MpH €ro KaTOAHON MOJsSpHU3aLu
(cMmeleHue TMOTEHIMANa B OTPUIATENILHYI0 CTOPOHY) OCHOBAaHA JJIEKTPOXUMHYECKAs
KaTO/HAasl 3allliTa METaNIOB OT KOppo3uH. OCYyIIECTBUTh KaTOJHYIO 3aIIUTy MOKHO JIBYMS
crioco6amu.

OauH W3 HUX 3aKIIOYaeTcss B MPHUCOSAMHEHMHM K 3alIMIIAeMOMY METAIITUYECKOMY
W3JIEJINI0 KaKoro-mu0o JIpyroro Merajia, WMEIOMIer0 B JaHHOW arpecCHMBHOW cpele
MOTeHIMaa OoJjiee OTpULIATEIbHBIA, YeM IMOTEHIMaN 3amuiiaemoro Metamna. [Ipucoemu-
HSEMBI MeTaJT paboTaeT aHOJOM B TalbBaHWYECKOW Mape C 3alHWIIaeMbIM METAIOM U
YCKOPEHHO PacTBOpSIETCA. OTOT CMOCOO Ha3bIBAaeTCsA '"MPOTEKTOPHOM 3amuToi”, a
MPUCOSANHIEMBIA 3JEKTPOJ - MPOTEKTOpPOM. MartepuanoMm it MPOTEKTOPOB B cCllydae
3alIUThl KOHCTPYKUUN M3 HEJIETHPOBAHHOW CTaM YacTO CIY>KUT IMHK WM CIUIaBbl Ha
OCHOBE AIFOMHUHUS B MarHus. B mporiecce 3amuThl MPOTEKTOPBI TOCTEIIEHHO PACTBOPSIOTCS,
M03TOMY UX MEPUOINYECKU 3aMEHSIOT HOBBIMHU.

Bropoii crmoco® 3IeKTpOXUMHUYECKOW KAaTOAHOW 3allUThl COCTOMT B KAaTOAHOMH
MOJIAPU3aLMU  3alllMIIAEMOT0 U3JeNHsl OT IOCTOPOHHEro (BHEUIHEr0) HCTOYHHKA
MIOCTOSTHHOTO TOKa (BBIPSIMUTEINS, aKKYMYJISTOPHOM Oatapeu u T.I1.), TaK Ha3biBaeMasl, "Ka-
TOJIHASI 3alllUTa BHEIIHUM TOKOM' wim "anektpo3amura”. [Ipu 3TOM 3amumaeMsblii MeTaI
MOJICOSIUHSAIOT K OTPUIIATEIIHHOMY IOJIFOCY BHEIIHETO MCTOYHHKA, a4 K TOJOKUTEIBHOMY
MIOJIFOCY TPUCOETUHSIOT TIOTPYKEHHBIN B arpeCCUBHYIO CpeAly BCIIOMOTAaTENbHBIN IeKTPO
W3 DIEKTPOIPOBOJAIICTO Marepuasiia. B KadecTBe MarepualioB BCIIOMOTATENIbHBIX
ANEKTPOIOB MIPUMEHSIIOT TaKUE, KOTOPbIE WIM COBCEM HE PACTBOPSAIOTCS MPU aHOHOM MOJIs-
pU3aliy B JAHHBIX YCIOBHSIX (TpaduT), UM PACTBOPSIIOTCS C OYSHBb MAIILIMH CKOPOCTSIMH
u3-3a 00pa3oBaHWs 3alUTHBIX cioeB (Pb). Ha BcrmoMorarenbHBIX HEPACTBOPHUMBIX
ANIEKTPO/JAaX B BOJHBIX PACTBOpPAaX MPOTEKACT AHOAHAS PEAKIHS BBIICICHHUS W3 BOJBI
razo00pa3HoOro KUCIopoIa.

O PeKTUBHOCTh KATOMHON IIEKTPOXUMHUUYECKOW 3alIUTHl MPUHATO XapPaKTEPHU30BAThH
IBYMsI TOKa3aTeIsIMU: 3alUTHBIM 3G dEeKTOM

=55 100 4.3)

u KOBd)d)I/IHI/IeHTOM 3alIUTHOTO ASUCTBUS

k=280 (4.4)
l_?
TJie Z - 3amuTHBINA dddekr, %;
K, - MaccoBblil oKa3aTeinb KOPPO3UU MeTailia 6e3 3amuTsl, r/(M°-4);
K; - MaccoBblli IOKa3aTeslb KOPPO3UM MeTaula MPU HMPUMEHEHHHM KaTOJHOM 3alllUTHI,
rJIm" ),
k; - KO3 duIUEeHT 3aUTHOTO NEHCTBUS, T/A;
Ag( - MaccoBbI€ MIOTEPU MeTajIa €3 KaTOTHOM 3alUTHI, F/Mz;

Ag| - MAacCOBBIE OTEPH METalIa IPH KATOIHOI 3aIliTe, T/M;
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i, - IOTHOCTB 3aIIMTHOTO KATOXHOTO TOKa, A/M’.

KatogHo#t 2JIeKTpOXMMHUYECKON 3aIUTON MOXKHO JTOOWTHCS TOJIHOTO MPEKpaIeHUs
KOppO3UU MeTajlja. DTO IPOUCXOAUT, €CIM MPU NPUCOEINHEHUU NPOTEKTOpA K METaJITy
WM TPU TOPOIMYCKAHMM 4Yepe3 HEro MOCTOSHHOIO TOKa OT BHEIIHEr0 HCTOYHHMKA
ANEKTPOJHBIN MOTEHIMA METajula JOCTUTHET 3HAYeHHs ero oOpaTUMoro (paBHOBECHOTO)
MOTeHlIMaja (Uil crijlaBa - PaBHOBECHOI'O IMOTEHIIMajla Haubolsiee AJIeKTPOOTPHUIATEIbHOM
AQHOJIHOMW COCTaBJISIIOLIEH cIutaBa). [[is cTaiu TakuM MOTEHLMAIOM SIBJISIETCS PaBHOBECHBIM
MTOTEHIMAJ JKeJIe3a B IaHHBIX YCIOBUSAX.

DNEKTPOXUMHUUYECKYIO 3aIUTYy IPUMEHSIOT B CIy4ae KOPPO3UH METAJUIOB, HAXOASIINXCS
B XOpOIIO MNPOBOJAIIMX CpEJax - pPACTBOPAX HSIJIEKTPOIUTOB, IOCKOJBKY, 4YE€M BBIIIE
AJIEKTPOIIPOBOTHOCTh  CPEIbl, TeM OOJbIlle CMEIIaeTcsl MNOTEHIMal MeTaula B OT-
pULATEIBHYIO CTOPOHY IPHU €r0 KaTOJHOM MOJISIPU3ALINH.

B ciydae nmpoTEKTOpPHOM 3aILMTHI PAJAMYC AEUCTBUS IIPOTEKTOPA, T.€. HPOTSKEHHOCTD
METAJUIMYECKOM KOHCTPYKIMH, HAa KOTOPYIO PpACIPOCTPAHIETCS 3allUTHOE JACHCTBUE
MPUCOETUHEHHOTO MPOTEKTOpa, MPH MPOYUX PABHBIX YCIOBHAX TeM OOJbIE, YeM BBIIIE
3JEKTPONPOBOAHOCTh cpeapl. Hampumep, B MOpPCKOW BOAE OH JIOCTUTA€T HECKOIBKHUX
METPOB, a B BOJONPOBOIHOM OIrpaHUYEH HECKOJIBKUMU CAaHTUMETPAMH.

[Ipu kaTtogHOW 3amIUTe BHENTHUM TOKOM BBIOOP ONTHMAIBHOW IIOTHOCTH KaTOJHOTO
TOKa TPOU3BOIAT C YYETOM BBICOKOTO 3alIUTHOTO 3(dekra mpu JOCTATOUHO BBHICOKOM
KO3 (ULIMEHTE 3alMUTHOTO JEHCTBUS, T.€. 3HAUUTEIHLHOTO YMEHBIIEHHS] KOPPO3UOHHBIX
MIOTEPh Ha KAXK1YI0 €IMHULY IJIOTHOCTH 3aIUTHOTO KaTOJHOTO TOKA.

Ecnu mpu snekTpo3amuTe IIOTHOCTh 3alIMTHOTO TOKAa MOXHO PpEryJMpoBaTh B
LIIMPOKUX IpPEJeNax, TO MPU 3alIUTE C IMOMOIIBI0 IMPOTEKTOpPA CTENEHb €€ 3aBUCHUT OT €ro
ANEKTPOXUMHUUYECKUX XapaKTEPUCTUK: HAYAIBHOIO SJIEKTPOJHOTO MNOTEHIHMANIA, aHOJHOU
MOJIAPU3YEMOCTH (CTENEHN W3MEHEHHs MOTEHIUala NpU NPOTEKaHUM BHEIIHETO TOKA),
BEJINYMHBI IOBEPXHOCTH.

Karonnas snexkrpoxumudeckas 3amuTa - 3()(EKTUBHBIM M 3KOHOMHUYECKHU BBITOIHBIH
METOJ 3alUThl OT KOPPO3UM METAUIMYECKUX KOHCTPYKIIMH B MOPCKOW BOJE, MOYBE M
JPYTUX HEUTpaIbHBIX arpeCCUBHBIX cpefax. B KuCBIX cpenax MeTaulbl XapaKTepU3yTCs
Majioi KaTOJHOM MOJSPU3yeMOCThbIO (MajbiM CMEIICHHEM IMOTEHIIMAajla B OTPUILIATEIbHYIO
CTOPOHY MpU NIPOTEKAHWU KaTOJHOTO TOKa). B Takux yCIOBHSAX 3HAa4YMTENbHAs 4YacTh
3aIUTHOIO KaTOJHOTO TOKAa TPAaTHUTCS HENPOU3BOAUTEIBHO HA KATOJHOE BOCCTAHOBIICHUE
MOHOB BoJiopoJia. B pe3ynbprare KOAQGHUIMEHT 3aIUTHOTO AeUCTBUS HeBenuK. [Ipumenenune
KaTOJHOM 3alUThl B TAKUX CPEaX OTPaHUYEHO.

Karognas 3ammra HaxoQUT IIMPOKOE NMPUMEHEHHE B MPOMBIIUIEHHOCTH JUISl 3AILUTHI
MOJ3EMHBIX TpPYOONpPOBOJIOB, KOMMYHHUKAIIMMH U pe3epByapoB, MOPCKHUX CYAOB U
METAJJIOKOHCTPYKIIMM, SKCIITyaTUPYIOLIUXCSI B MOPCKOW BOJE, a TAKXKE TEXHOJIOTHYECKOIO
000py/IOBaHUs - KOHJIEHCATOPOB, TEIIONPOBOAHUKOB.

4.3. IIpoesenue paboThl

Pabota coctouT u3 Tpex yacTeit:

1. Onpenenenue ckopoctu koppo3uu cranu Ct3 B 5%-noM pactBope H,S04 mpu oTcyTcTBUN
KOHTaKTa M IMpU KOHTAKTE €€ C JPYrMMH MeTajlaMu (LMHK, MeZb), a TaKKe 3IJIEKTPO-
XUMHUYECKUX XapaKTEPUCTHK TalbBAHUYECKUX MAaKponap - 3JIEKTPOAHBIX HNOTEHLNAJIOB
METAJIJIOB B KOHTAKTe U 0€3 KOHTAKTa, CUJIbI TOKa paboTaroMuX map.

2. N3yuenue koppo3uu cranu Ct3 u onpeaeneHue ee 3IeKTPOJIHOI0 oTeHnuana B 5%-HoM
pacTBOpe CEpPHOM KHUCIIOTHI ITPU KATOAHOM 3aIMTE BHEIIIHUM TOKOM.

3. Ompenenenue paauyca AEHCTBUS LIMHKOBOIO NPOTEKTOpa Ipu Kopposuu ctaiu Ct3 B
cpeax € pa3HOM AJIEKTPOMPOBOIHOCTHIO (AMCTUIUIMPOBAaHHAs BoJa, 1%-HBIM pacTBOp
XJIOPUCTOTO HATPU).

Bropas dacte paGoThl TPOBOAUTCS OJHOBPEMEHHO C IEPBOM, a TPEThs - MOCJE TOro, Kak
OyZyT TOCTaBIIEHBl Ha HCHBITaHUS OOpa3lbl B MEPBOH M BTOPOM dYacTsIX pabOTHl - B
MepEPBIBAX MEXKIY 3aMEPAMH JIEKTPOIHBIX TOTEHIUAIOB.
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4.3.1. Koppo3us MeTaa10B B KOHTaKTe
a) OOBEKTHI UCCIEA0OBAHUS U anmaparypa:

1. O6pa3usl cranu Ct3 (3 wr.); meau (1 mr.); uuuka (1 mwr.).

2. 5%-nwr1it pactBop HyS04.

3. Craxkansl (500 CM3) Y KPBIIIKY C KJIEMMaMH IS KpeTUIeHus 00pa3noB (3 mirt.).
4. BeicokooMHBIN MUUTHBOSILTMETP OB - 74 (1 miT.).

5. Mumnmmamnepmerp Ha 75 mA (1 wr.).

6. CoemMHUTENbHBIE TTPOBOJIAa C KOHTAKTHBIMHU 3KUMaMH (2111T. ).

7. I0tanrenuupkyis (1 mr.).

8. Haxxnaunast Oymara, Bata, GuiIbTpoBajibHasi Oymara, areToH.

0) Meronuka mpoBeIeHUS SKCIIEPUMEHTOB

OnpenensitoT pa3Mmepbl CTaJbHBIX 00pa3lo0B M PAaCCUUTHIBAIOT MOJIHYIO IUIOHIAb HX
MOBEPXHOCTH 0€3 HOXKKH. 3a4yMIaroT 00paslbl HaXJayHOH Oymaroi; 00e3KupHUBaIOT,
MPOTHPAst BATHBIM TAMIIOHOM, CMOYEHHBIM all€TOHOM; BBICYIIMBAIOT 5 MUH Ha BO3J1yXE U
B3BEIIMBAIOT HA AaHAJTUTHUUECKUX Becax ¢ TouHOCThIO 10 0.0002 r. [IpaBuiia B3BemMBaHMs HA
AHATMTUYECKUX Becax MPHUBEICHBI B MPUIOKEHUN 1. MeaHbIi U TMHKOBBIA 00pasIbl 3a4u-
LIAI0T, IPOTUPAOT BATOM, CMOYEHHOM allETOHOM, HO HE B3BEILIMBAIOT.

[TonroroBneHHble 00pa3lbl 3aKPEIUISIIOT C MOMOIIBI0 KJIEMM B KPBIIIKaX CTaKaHOB: B
MIEPBBI CTaKaH MOMEMIAIOT TOJIBKO CTaJIbHOI 00pasell, BO BTOPOU - CTAIILHOW M IIMHKOBBIM,
B TPETHI - CTAIBHON U METHBIN.

Bo Bce cTakanbl HanuBarOT 5%-HbI pacTBOpP CEPHOMN KUCIIOTHI HA OJMHAKOBOM YPOBHE U
MOMEIIal0T 00pa3lbpl B CTakaHbl TakK, YTOOBI YPOBEHb pacTBOpa IMPOXOAWUJ IO HOXKKE
o0pa3noB. Bo BTOpOM U TpeTheM CTaKaHaX 3aMBIKAIOT KJIEMMBI C 00pa3llaMu MpOBOJIAMH,
co3naBas Makpomnapsl Fe - Zn u Fe - Cu, n GUKCUPYIOT BpeMs HadaJia UCIIBITAHHS, KOTOPbIE
IIPOBOJSAT B TEUEHUE Yaca, U3MEPsIsl JIEKTPOIHBIE TOTEHIMAIIBI BCEX MeTauioB yepes 10, 25
u 45 MuH Tociie Hayaya ombiTa. J[JIT 3TOr0 MOOYEPeTHO TMOIKIIOYAI0T 00pas3ibl K
MWIIHBOJIBTMETPY, MOMeEIIas KOHUMK DJIEKTPOJIMTHYECKOTO KII04a OT XJIOpcepeOpsHOro
AJIEKTPO/Ia CPAaBHEHUSI B COOTBETCTBYIOUIUI cTakaH ¢ oOpasuoM. [lopsaok m3mepeHus mo-
TEHIIMAJIOB OMKCAH B UHCTPYKIIMU O paboTe C MUJUTUBOJIBTMETPOM (CM. PHIIOKEHUE 4).

[lepen oxOH4YaHMEM OIBITA OTCOEAMHSIOT 3aKOPAYMBAIOIIMKA ITPOBOJHHUK, 3aMBIKAIOT
napsl Fe - Zn u Fe - Cu Ha MIUIMaMIEPMETP U U3MEPSIOT CHUIIY TOKa COOTBETCTBYIOLIEH
mapel. 3aTeM ONpPEAENAIOT JJIEKTPOJIHBIE MOTEHIMANbl BCEX METAIJIOB B OTCYTCTBHE
KOHTAaKTa U OLIEHUBAIOT MHTEHCUBHOCTb I'a30BBIJIEJICHUS HAa BCEX DJIEKTPOJaX MpU KOHTAKTE
C IpyruMu MeTaiiamu 1 0e3 Hero. OleHuBas ra30BbIICIIEHHE MOKHO MPUMEHSTh YCIOBHBIE
nmokasarenu: "orcyrcTByeT", "odeHb ciaboe", "cmaboe", "cpemnee", "cuibHOe", "OdeHBb
cuibHOe".

[Tocne okoHYaHUs ombITa (IO MUCTEUYEHUH Yaca) BCE CTAIbHbIE 00pa3ibl BHIHUMAIOT U3
pacTBoOpa, yAAIAIOT MPOAYKTHI KOPPO3MHM HAMBUIEHHBIM E€PIIMKOM, MPOMBIBAIOT BOJAOW,
IPOTHPAIOT (PUIBTPOBATILHON Oymaro, BHICYHIIMBAIOT 5 MUHYT Ha BO3yXE M B3BEIIUBAIOT
Ha aHAJIUTUYECKUX BECaX.

MenHblii ¥ IMHKOBBIA 00paslibl BBHIHUMAIOT M3 PacTBOpa, HPOMBIBAIOT BOJOH H
BBICYIIMBAIOT (PMIBTpOBaIbHON Oymaroil. Bce pacTBOpel, KpoMe TOro, B KOTOPOM
HAXo/AWJIach MeIb, CIMBAIOT Yepe3 BOPOHKY 0OpaTHO B OyThUIb. CTakaHbl OMOJACKUBAIOT
BOJIOH.

PesynpraThl HaOMOACHUI U M3MEpEHHI 3aHOCAT B Ta0u. 4.1. 1 4.2.
4.3.2. 3anmTa BHEITHUM KaTOJIHBIM TOKOM

a) OOBEKTHI HCCIIEI0BAHUS U alliapaTypa

1. O6pasusl ctanu Ct3 (1 mr.) 1 cBunna (1 mr.).

2. 5%-nb1it pactBop H"SO.f.

3. Craxas (500 cM’) ¥ KpBILIKa C KIEMMaMH Ui KperuieHust o0pasnos (1 mr.).
4. MunnmuBonsT™MeTp Tuna 9B - 74 (1 wt.).

5. Munmmamnepmetp Ha [A (1 mT.).
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6. IcTOYHUK MOCTOSTHHOTO TOKA (BBIIpsAMUTEND) (1 mIT.).

7. ABmwxkkoBbIi peoctar (1 mit.).

8. Kirtou-pyOmIIbHUK, COeIMHUTENBHBIE TIPOBO/IA.

9. llITaHreHIMPKYIIb.

10. Haxxnaunast 6ymara, Bara, puiabTpoBaibHasi Oymara, aleToH.

0) MeTtoauka nMpoBeeHUs YKCIIEPUMEHTOB

[MonroraBnuBaroT cTambHOW oOpasen Tak ke, Kak ykazaHo B 1. 4.3.1. 3naueHue
M3MEPEHHOM Macchl oOpasia 3aHocsaT B Tabm. 4,1. OOGpaboTka CBHHIIOBOTO o00pasiia
aHaJiornyHa o0paboTKe MEAHOTO M IMHKOBOTO. [IOATOTOBICHHBIE CTAILHON M CBUHIIOBBIN
o0pa3Iipl 3aKpeIUISIOT B KPBIIIKE CTakaHa W MOJCOETUHSIOT uepe3 JBUKKOBBIM peocTaT U
aMIepMeTp K MCTOYHUKY TOKA. 3allMIaeMbldi 00pasell MOAKIIOYAI0T K OTPUIATEILHOMY
nontocy (puc.4). PaccuuThIBaloT CHUIy TOKa, KOTOPYIHO HEOOXOIWMO YCTaHOBHTH JIJIst
TOCTIDKEHMS INIOTHOCTH 3aIl[UTHOTO TOKa 1, = 24 MA/cM?.

Hanusarot B crakan 5%-HbII pacTBOP CEPHOM KHUCIOTHI 10 YPOBHS, MPOXOISALIETO MO
HOXXKaM 00pasuoB. [Tomemniaror o0pa3mpl B pacTBOP, 3aMBIKAIOT KIFOUYOM 3JIEKTPHYECKYIO
L[eNb, JBWKKOBBIM PEOCTaTOM YCTAHABIMBAIOT HEOOXOJMMYIO CHIY TOKa U (PUKCUPYIOT
BpeMs Hayaia ucnblTaHUuU. [IpoBOJAT UCHBITAHUS B TEUEHHUE Yaca, U3MEpssl MOTECHIIMAIbI
ob6oux smekTpoaoB uepes 10, 25 u 45 MUH mociie Havyaia OTbITa.

[To ncreuennn yaca UCTOYHUK TOKA OTKIIOUYAIOT, U3MEPSIOT MOTEHIIMAIIBI METAJUIOB MPH
OTKJIFOUEHHOM HCTOYHUKE M OILIEHHBAIOT MHTEHCHBHOCTH Ta30BBIIEICHHSI Ha 3JIEKTPOAax
IIPU DJIEKTPO3ALIUTE U B OTCYTCTBHE €€.

[Tocne 3aBepiieHUs OmbITa CTadbHOW oOOpa3el] BBHIHUMAIOT W3 PAcTBOPA, YAAISAIOT
NPOAYKTHl KOPPO3MH, IPOMBIBAIOT BOJAOH, BBITHPAIOT (UIBTPOBAIBHON Oymaroi,
BBICYIIMBAIOT U B3BEILIMBAIOT;

CBUHIIOBBIM 3JIEKTPOJ MPOMBIBAIOT BOJOM M BBITHPAIOT (DUIBTPOBAIBHON OyMmaroii.
PactBop mepenmuBator B OyThUIb, CTakaH OIIOJACKUBAIOT BOJOW. Bce pesynbrarsl
HaOJII0ICHUH ¥ U3MEPEeHUH 3aHOCT B Ta0I. 4.1. u 4.2.

4.3.3. Paanyc neicTBUS IPOTEKTOPA

3amaua JaHHOM YacTu paboThI - ONMPENENUTh BIUSHHE 3JIEKTPONPOBOAHOCTH PACTBOpPA
Ha pajnyc ACHUCTBUS [IMHKOBOTO MPOTEKTOpa MpH 3amuTte ctainu CT3 B HEUTpaIbHOU Cpelie.
HccnenoBanuss npoBOAST B AMCTUIUIMPOBAHHON Boae M 1%-HOM pacTBOpE XJIOPUCTOIO
HaTpus. YJIEIbHYIO 3JIEKTPOIPOBOJHOCTh PACTBOPOB HEOOXOAUMO ONPENENIUTh IO
CIIpaBOYHUKAM.

a) OOBEKTHI HUCCIEOBAHUS U amnaparypa
1. O6pazusl cranu Ct3 (2 mT.) - mactuaka 40x20x3.

2. lluaKOBBIN IPOTEKTOP (2 IIT.) - MOJIOCKA, TPOBOJIOKA.

3. ArpeccuBHbBIE Cpe/ibl - AUCTUILIMPOBaHHAs Boaa, 1%-nelii pactBop NaCl.

4. Bannouku v varmku [lerpu (2 mT.),

5. 1%-HbIl1 pacTBOp KpaCHOW KPOBSHOM COJIH.

6. CTekysiHHAS MMajlovKa, HakaayHas Oymara, Bata, GuiIbTpoBaibHast Oymara, areToH.

0) Meronuka mpoBeeHUs SKCIIEPHUMEHTA

JIBe cTanpHBIC TIJIACTUHKHM 3aYMINAIOT HAXKIAYHOW Oymarod W TpOTHUPAIOT BaToOM,
CMOYEHHOW aleTOHOM. B oTBepcTusi, UMeroUMecs B CTaJbHBIX IJIACTUHKAX, BCTABIISIIOT
HeOOJbIINEe KYCOUYKH LIMHKOBOM MPOBOJIOKM W IUIOTHO 3aKpPY4YHBAIOT AJI CO3JAHUS XO-
pOILIETO KOHTaKTa IMHKA U CTAJIH.

B onny wamky Iletpyn HaIMBarOT JUCTUIUIMPOBAHHYIO BOAY, B APYryro 1%-HBbIil pacTBOp
NaCl. B 00e yalku U3 KarneabHHUIbI J0OABISIOT 10 5 Kamelb pacTBOpa KPacHOM KPOBSHOM
comn K3Fe(CN)s (MHAMKaTop Ha HOHBI enesa Fe’') W mepememmBaor. IL1acTHHKH
IIOMEIAIOT Ha JIHO Yallek.

Uepes 10-15 MuH ocMaTpUBaKOT CTaJbHBIE INIACTUHKH C MPOTEKTOPAMH, HE BEBIHUMASI UX
u3 pactBopa. M3MepsioT paccTosiHue OT MPOTEKTOpa /0 CUHMUX ISITEH, MOSBUBLIMXCS Ha
MOBEPXHOCTAX CTalbHBIX IUIACTHHOK, OIMHUCHIBAIOT MX KOJHWYECTBO M PACIOJIOKEHHE Ha
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oOpasiax (3apuCcOBHIBAIOT).

[TosiBneHne CUHUX IATEH BBI3BAHO OOpa3oBaHUEM "TypHOYJ-JIEBOW CHHH'" BCIECACTBUE
peaKIy KpacHOW KpPOBSIHOM CONM C JABYXBAJCHTHBIMH HMOHAMHU JKeJe3a, MOSIBUBIIUMUCS B
pacTBope B pe3ylibTaTe KOPPO3UMH TEX YYAaCTKOB CTaJbHOrO oOpasiia, Ha KOTOpble HE
pacrpocTpaHseTcs 3alUUTHOE JeCTBHE IIMHKOBOTO MPOTEKTOPA.

PesynpraTel HaOmtoneHuit 3aHocsaT B TaOm. 4.3. OOpasibl BBIHUMAKOT, MPOMBIBAIOT
BOJIOH, BBICYIIMBAIOT (PHIIBTPOBAIbHON Oymaroi. PacTBOpHI BEUIMBAIOT B PAaKOBHHY, YaIIKH
CIIOJIACKHUBAIOT BOJIOH.

4.4. OGpaboTKa OMBITHBIX JIAHHBIX

1. PaccuuteiBarot mo dopmynam (4.3) u (4.4) u 3aHocsT B Taba. 4.1 moka3aTenn KaTOIHON
3alIUThl M KOHTAKTHOM KOpPPO3UM - 3amUTHBIA 3ddexr (z), xoddpduuueHT 3ammTHOrO
nevicteus (k;), mus Bcex cimydaeB (mapbl  Fe-Zn, Fe-Cu, snextpo3samtuta). [Ipu sTom
CKOPOCTBh KOPPO3UH CTAIX B PA3IMYHBIX YCIOBHIX ONpenenstor no ¢popmysie (1.12).

2. CtposT rpaduk U3MEeHEHHs MOTEHIIUAJIOB 3JIEKTPOJOB BO BPEMEHH ISl BCEX CIy4aeB (¢ =
(1), mpenBapuTENbHO MEPECUUTAB U3MEPEHHBIE MOTEHIUAIBI OTHOCUTEIIEHO HOPMAaJIbHOTO
BOJIOPOJHOTO 3JieKTpoaa 1mo dpopmyre (3.5).

3. PaccuuThIBaloT paBHOBECHBbIE TMOTEHLIMAIBl IIMHKA, MEIH, JKelle3a M BOJOPOJHOTO
AJIEKTPOJIa, MPUHUMAST KOHIIEHTPALIMI0O MOHOB METANIOB B PacTBOpax [Zn2+] = [Fe2+]
[Cu*T] = 10° mMoms/1 1, YUUTBIBAsi, YTO KUCJIOTHBIN MOKa3arenb cpeasl S%-nou H>S04 pH
0,1. PaBHOBECHBIE TOTEHITHAIBI METAJUIOB ONPEAEsIOT 1o Gopmyie (3.6).

PaBHOBECHBIN OTEHIMAT BOAOPOAHOTO 3JIEKTPOJIa HAXOIAT 1Mo (popmyre

R'T a +
p = 0 +—2,31 4 ) 4.5
gDHZ ¢H2 l’lF g (PH2 )1/2 ( )

rae (p}_’,2 - PaBHOBECHBIN MOTEHIIUAJI BOJIOPOJIHOTO JIEKTpoaa. B;

0 o
@y, - CTAHAAPTHBIM NOTEHIIMAI HOPMAJIBHOTO BOJIOPOJIHOIO JJIEKTPO/A (mpu @,,. =1mn PH2
=1), B;

aH+ - aKTUBHOCTb HOHOB BOJIOpOaa B paCTBOPE, MOJ'IB/J'I;

PH2 - MapUUaIbHOE IaBJIEHUE BOJOPO/1a HaJl paCTBOPOM, aTM;

N - YUCJIO 3JICKTPOHOB, YUHACTBYIOIMIUX B PCAKIIMU BOCCTAHOBJICHUA MOHOB BOAOPO/Ia:
H' -H,0+ e—1/2H+H,0 (4.6)

[Tpu tremneparype 25°C u mapumaJbHOM JaBJICHUH BOJOpOAa B aTMocdepe Bo3ayxa PH2 =

5.10% atm PaBHOBECHBIN MOTEHIMAT BOJOPOIHOIO AIEKTPOIa
(p}f,2 =0,215 - 0,059 -pH, 4.7)

rie pH = -Iga,,. - KUCTOTHBIA (BOJOPO/IHBIN) IOKA3ATEND CPEIBL.

4. PaccuMTHIBAIOT M 3aHOCAT B TabJ. 4.2 TOKOBBIEC MOKA3aTEIN KOPPO3UU CTaimM (Kernesa) u
TOKHU PACTBOPEHHUS JKeJe3a sl BCEX CIIydaeB
. K-268-n

1 T, (48)

I=iS 49 rnei-
TOKOBBIW MTOKa3aTeNlb KOPPO3UH, AN,

K - MaccoBblii oKa3aTenb Koppo3ud, r/(Mq);

7 - BAJIGHTHOCTh MOHOB METAJLJIa, MEPEXO/SIINX B PACTBOD;

A - MOJIb pacTBOPAIOIIET0CsS METaa, 2,

26,8 - KOJIMYECTBO MEKTPUUYECTBA, HEOOXOIMMOE JTsl pacTBOpeHus: | Moyib/n MeTama, A- 4;
I - Tok pacTBOpeHus meTamia. A;

S - mJI01a1b MOBEPXHOCTH KOPPEIUPYIOIIETO METalIa, M.

5. CTpoAT NOJIHYI0 KOPPO3HUOHHYIO MOJAPU3ALUOHHYIO UarpaMMy HU3YYE€HHOU CHUCTEMBbI B
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koopauHatax Tok (I) - morenuuan (¢) aHaJIOrUYHO NMpEJACTaBICHHON Ha puc.4.

[Ipu 3TOM: a) IPUMEHSIOT pacyETHbIE 3HAYEHHS] PaBHOBECHBIX MOTEHIIMAJIOB LIMHKA, XKee3a,
MEIH M BOJIOPO/a B KQ4eCTBE MCXOTHBIX TOYEK IS MOCTPOSHHS COOTBETCTBYIOIIUX aHOJ-
HBIX ¥ KaTOJHBIX KPUBBIX;

0) Mg TOCTPOCHUS aAHOJIHOW KpPUBOM JKeJle3a WCIONb3YIOT OSKCIEPUMEHTAIBHBIC
3HAUEHUS! YCTAaHOBHBIIMXCS MOTEHIIMATOB Xeje3a U COOTBETCTBYIOIIMX UM TOKOB €ro pac-
TBOPEHHS B Pa3IMYHBIX yCIOBUAX (Tabm. 4.2):

- 6e3 KoHTaKTa (Pre-1;)

- KOHTAaKT C HUHKOM (QFe/zn-12)

- KOHTAKT € MEIbIO (Qre/cy-13)

- OJIEKTPO3aMHUTA (PFe 55.-14)

B) IpHU TMOCTPOCHUHM KATOJHBIX KPHUBBIX JJII BCEX METAUIOB MPUHUMAIOT, YTO
MepeHaINpsHKeHNe BOAOpoaa (ONpeaensioniee HAKJIOH KaTOJHBIX KPUBBIX) HA IIMHKE B JIBa
pa3sa, a Ha MeJIM B IIOJITOPA pas3a BhBIIIC, YEM Ha Kelle3e, T.€. Nzyn = ZT]Fe; Ncu = 1,5nFe;

T') IPY MIOCTPOSHUH aHOHBIX KPUBBIX [IMHKA U ME/IU UCIIONB3YIOT KaTOIHBIE KPUBBIC /IS
ATUX METAJJIOB U SKCIIEPUMEHTAIbHbIE 3HAUYEHUS MX MTOTEHIIMAJIOB KOPPO3UU 0e3 KOHTAaKTa
(cm. Tabm. 4.2).

6. [lenarot BBIBO/IBI 00 OCHOBHBIX 3aKOHOMEPHOCTSAX KOHTAKTHOW KOPPO3UH M KATOTHOU
3aIUTHI:

a) U3MEHEHHE AIEKTPOJIHBIX MOTEHIIUAJIOB U CKOPOCTEH KOPPO3UH METAIJIOB MPU KOHTAKTE;
0) 2P PeKTUBHOCTD MPOTEKTOPHOH 3aIUTHI M AJIEKTPO3ALIHTEI,

B) BIUSIHHUE DJIEKTPONPOBOIHOCTH Cpe/bl Ha () (-Th KaTOAHON 3aIIUTHI.

4.5. Boripochl AJisi CAMOKOHTPOJISt

1. Kak u nmouemy M3MEHSIOTCS MOTEHIIUAI U CKOPOCTh KOPPO3UH MEAU MPHU KOHTAKTE €€ CO
cTanblo (>kene3om)?

2. Kakuwe mpoayKThl BBIACISIOTCS Ha DJIEKTPOJAaX MpPH KOHTAKTHOM KOPpPO3UU U
AJIEKTPO3alIUTe B U3YUEHHOU cucteme?

3. Byayt nu u3meHsATbes (ecim OynyT, TO KaK U TIoOUYeMy) TTOTEHITMAT U CKOPOCTh KOPPO3UHU
CTaJIbHOM (PKEJIe3HOM) JETaly NPU YBEIMUEHUU pa3MEpPOB KOHTAKTUPYIOLIEH ¢ HEW MeqHOI
eTaiau?

4. Kak M3MEHUTCS MOTEHIIMAT U CKOPOCTh KOPPO3HHU JKeJie3a B YCIOBHSIX JJICKTPO3AIIUTHI
MIPH YBEIMUYEHUHU KaTOIHOTO TOKa, OJIBOJAUMOIO OT BHEUTHETO HCTOYHUKA?

5. C KakuM KOHTPOJIEM MPOTEKAET KOPPO3Ms IIMHKA, *Keje3a U MEAU B PacTBOPE CEpPHOI
KHCJIOTHI B OTCYTCTBHE KOHTaKTa (OMPEAEIUTD 10 pe3ysbTaTaM padoThI)?

6. MOXHO M TPUMEHUTh MEJIHBIE 3aKJIeNKH B amoMmuHHeBoM ammapate? (HaoGopot?).
Pemennie 00bICHUTS.

bubnuorpaduueckuii cnucok

1.ITaxomoB B.C. Koppo3us u 3ammTa XMMUYECKON anmaparypbl. DIEKTPOXUMUYECKas
KOppO3us MeTaJUIOB: YuebHoe nocodue. -M.: MUXM, 1983. -80 c.

2. Xyx H.II. Kypc Teopun koppo3uu u 3auThl MeTallioB. -M.:Mertamnyprus, 1980. -C.
270-277; 287-299; 357-364.

P . P
@y, 5 Py, -PABHOBECHBIC IIOTCHIHAIIBI IIEPBOTO
BTOPOr'0 METAJIJIOB;
@) - paBHOBECHBII TIOTEHIIHAT OKUCIUTEJIS;

Qropl; Prop2 - TOTEHIMANBI KOPPO3MM IIEPBOTO H
BTOPOT'0 METAJIIOB 0€3 KOHTAKTA;

Top1s Ikop2 - CKOPOCTH KOPPO3UU IIEPBOTO ¥ BTOPOI'O
METaJI0B 0€3 KOHTAKTa;

Puc. 4. IlonspuzanuonHas quarpaMmma
KOPOTKO3aMKHYTOH ABYXAJIEKTPOJHON CUCTEMBI
(ranbBaHMYECKON MaKpoIaphbl)
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(x- KOMIIPOMHUCCHBIN MOTEHIIUAM (OOIIUI MOTEHITNAI TIaphl),

I,;1,, -cxopocTi pacTBOpEHHs EPBOTO M BTOPOTO METAIUIOB IIPH KOHTAKTE;

]'.

Kkl

1 ;2 - CKOPOCTHU KaTOJHBIX MPOLIECCOB METAJIOB MTPU KOHTAKTE.

1 - MUJITTUBOJIBTMETD; 2 - KOHTAKTHas KjiemMMa; 3 - U30JIUPYIO-
mas IJIacTUHA; 4 - JJIEKTPOJUTHYECKUM MOCTHK; S - XJIOpCe-
PEOPSIHHBIN 3JIeKTpoa cpaBHEeHHS; 6 - pactBop KCI, 7 - cTek-
JSHHBIA cTakaH;, § - pabouue deKTponabl; 9 - pabouwmii pac-
TBOP; /0 - KOAaKCUIIbHBIN KaOeihb

Puc. 5. Cxema yCTaHOBKH 7151 U3MEPEHUS TOTEHIIUAJIOB MPU
KOHTAaKTHOM KOppO3UU

1 - 3amumaembrii obpaser; 2 -

4 -]

arpeccuBHbI pacTBOp; 3 -
BCIIOMOT'aTeJIbHbIN
BNEKTPON; 4 - HUCTOYHHUK
TOKa (BBIIPSIMUTENB); J -
K4, 6 - peocrar; 7 -
amMIepMeTp

Puc. 6. Cxema yCcTaHOBKH NpH 3JIEKTPOJIUTE.
Kpurepun ouenku (B 0a/11ax) /151 0O4HOI0 OTIEeJTCHUSA:
- 5 6aJs1a BBICTABIISAETCS CTYAECHTY, €CIIU CTYAECHT BBIIIOJHUI OAHO 3aJaHUE;

- 10 6a/110B BBICTaBIISIETCSI CTYIEHTY, €CJIM CTYICHT BBIIIOIHWI JBa 3aJaHMUsL.

KpnTepml OLCHKH 1JIf 3A04YHOI'0 OTACJICHUA:
= HE 3a4YTECHO BBICTABJISICTCA CTYACHTY, €CJIU CTYJACHT BBIIIOJHUII OJHO 3aJaHHC;

= 3Q4YTE€HO BBICTABIICTCA CTYACHTY, €CJIU CTYJACHT BBIIIOJIHUII ABA 3a1aHUs.
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5 YueOHo-MeTOAMYECKOE U MH(OPMAITUOHHOE O0ecniedeHre JUCHUILTUHbI

5.1 IlepevyeHb OCHOBHOM U JONOJIHUTEILHOM Y4e0HOI JIUTEPATYPHI,
HEe00X0AMMOii 1J151 OCBOCHUSA U CIUIJINHBI

OcHoBHas JuTEpaTypa

1.ITomoBa A. A. Metoasl 3amuThl OT Koppo3uu. Kypc nexuumii. — Jlaus,
2014. — 272 c.

2.Jlazytkuna O. P. Xumuuyeckoe CONPOTUBICHHE M 3allUTa OT KOPPO3HHU:
yueOHoe nmocobue. — ExarepunOypr: M3aaTenbcTBO YpallbCKOro YHUBEPCUTETA,
2014. — 141 c¢. — OBK, 9bC YBO

3.IlonmoBa A. A. Meroasl 3ammTel OT Koppo3uu. Kypc nexkuuit. — Jlans,

2014. — 272 ¢. — OBK, 9bC «Jlanp» .
4. Kapckuit 1. M., Hsanosa H. II., Kywuc /. B., CBuaynosuu H. A.

Koppo3us u 3ammra METALIMYECKUX KOHCTPYKLUHMI M 000opynoBaHus. — MHUHCK:
"Brimmiimasg mkona", 2012. — DBK, 95C YO
5.CemenoBa U. B. Koppos3usa u 3amura ot koppo3un. — M.: OuzMaTiur,

2010. — 9BK, 9bC YbO

JlonotHuTEILHAS JTUTEPATYPA

1. IleBueHko A. A.. XUMHYECKOE COINPOTUBICHUE HEMETAINIMUYECKUX
MaTepuaioB U 3aluTa oT koppo3uu. — M. 2006. — 248 c.

2.Maunun B. H., I'pomoB A. H. ®u3nko-xuMudeckasi CTOMKOCTh MOJIMMEPHBIX
MaTepuaioB B YCIOBUAX dkciutyaTanuu. — JI.: Xumus, 1980. — 248 c.

3.3apybuna JI. II. 3amura 37aHuil, COOPYXEHHH, KOHCTPYKUMHA U
o0opynoBaHusl OT KOppo3uu. buonormdeckas 3anmra: Marepuanbl, TEXHOJOIHH,
MHCTPYMEHTHI U 00opynoBanue. — MockBa-Bonorna: Madpa-Umxenepus, 2015. —
224 c. — 3BK, ObC YBO

4. Haymos C. B., Camyunos A. S. MarepuanoBeqeHnue. 3aiura OT KOPPO3HHU:

yuebHo-MeTonnyeckoe nocooue. — Kazanp: Uznatenscteo KHUTY, 2012. — 84 c.
— OBK, 9bC YBO

5. bana6an-Upmenun 0. B., Jlunosckux B. M., PyGamoB A. M. 3amura oT
BHYTPEHHEH KOPPO3UH TPYyOONPOBOJOB BOJSHBIX TEIJIOBBIX ceTed. — M.: HoBoctu

temtocHa0xenus, 2008. — DBK, 9bC YBO

5.2 IlepevyeHsb pecypcoB HH(OPMANUOHHO-TEJTEKOMMYHHKAIIMOHHOM CeTH
«HTEpHET» M MPOrPaAMMHOI0 OOecneyeHusi, He0OX0AUMBIX JIJIS OCBOCHUS
AUCHUIIMHBI

—http://biblioclub.ru/index.php?page=book&id=275812&sr=1
—https://e.lanbook.com/book/50169#book name
—http://biblioclub.ru/index.php?page=book&i1d=68857 &sr=1
—http://biblioclub.ru/index.php?page=book red&id=444185&sr=1
—http://biblioclub.ru/index.php?page=book red&id=259080&sr=1

uap
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1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. {oroop Ne 104 ot 17.06.2013 .
JIuuensuu GeccpoyHbie

2. Microsoft Office Standard 2013 Russian. JloroBop Ne 114 ot 12.11.2014 r. JIunen3uun 6eccpodHbie.
3. Cucrema nearpanuzoannoro tectupoanus bamly (Moodle). GNU General Public License.

6 MaTepuaibHO-TeXHHYECKas1 0232, HEOOX0AMMAs ISl OCYLIeCTBJICHUS
00pa3oBaTeIbLHOI0 MpoLecca MO AUCIHUIJINHE

HaunmenoBanue
CHEIHAIN3UPOBAHHBIX B o HaumenoBanue o60pynoBanus,
9 W1 3aHITUH
ayJIUTOpHil, KAOMHETOB, IPOrpaMMHOT0 0OecTieueHust
nmabopaTopuit
VYuebHas ayautopust Jlexnuu Jocka, men, mapThl, CTYJIbA.
AJId IIPOBCACHU A CeMI/IHapCKI/Ie

3aHATHI JEKIHMOHHOTO  3aHATHS
tuna: aygutopus Nel07  Bpmmonmenns — KypcoBbIX

(MH>)XEHEepHBIN pa6ort,PT'P
(akynpTeT) [TpoBEICHUS TPYIIOBBIX U

WH/IUBUTyaTbHBIX

KOHCYJbTallMi,  ydyeOHas

ayIUTOpHUsSl UISL TEKYIIETO

KOHTPOJIS u

IIPOMEKYTOUHOU

aTTecTaluu
IToMerieHus ais CamocrosTenbHas pabora PHei?tiumGZBO/ 416/ fl())OF6/ 21’% "{ Klﬂ/ M?Hftni

. B KOMILL. epMo

CaMOCTOSATENbHOM CTyACHTOB PentiumG2130/41“6/500[1)“6/21,513/%(31/MLEHCL
paborsi: bubimorexa, PentiumG2130/41'6/5001°6/21,5"/Kxn/Mbiub
ayIATOpHs N‘—: 201 50 mrr., [TK B xommi. depmo Intel. depmo
(MH)KCHEPHBIH Intel MonoOmok Nel depmo AMD A8
(hakynprer), 5500 50 mr.
OoubIMoTeKa,
aymutopust Ne 201

(TaBHBIN KOPITYC)
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ITpunoxxenne Ne 1

OEJEPAJIBHOE I'OCYAAPCTBEHHOE BIO/XKETHOE OBPA30OBATEJIBHOE
YUYPEXIEHUE BBICIHEI'O ObPASOBAHUA
«BAIIKNPCKHUU I'OCYJAPCTBEHHbBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

AU CITUITIINHBI «XHMMHYECKOE COIIPOTHUBJICHUC MAaTCPHUAJIOB U 3alllMTa OT KOPPO3UM»

oceHHui (7) cemectp
(Ha3BaHME TUCLUILTHHBI COTJIACHO paboueMy yaeOHOMY IUIaHY)

JTHEBHOM (popMBbI 00yUCHHS
(popma oOyqenns)

Pabouyro nporpammy oCyIIECTBIISIIOT:
Jlexunu: TOUEHT, KaHA. TeX. Hayk [laBnoBa Onbra BnagumupoBHa
(TOIDKHOCTD, yU. CTETeHb, ().1.0.)

HpaKTI/IIIGCKI/IC 3aHATHA: OJOLCHT, KaHI. TCX. HAYK ITaBmoBa Onbra BJ'IaI[I/IMI/IPOBHa
(TOIDKHOCTD, yU. CTETeHb, ().1.0.)

Ha60paTOpHBIe 3aHATHA: TOLUCHT, KaHI. TCX. HAYK ITaBooBa Oinbra BJIa,Z[I/IMI/IpOBHa
(OMKHOCTD, Y. CTETIeHb, ().1.0.)

Becennuti (6) O0bem
Bu paboter CEMECTp JTUCIUTUIAHBI

O6mmas TpynoemkocTs auctuiuiuabl (3ET / yacos) 6/216 6/216
Y4eOHBIX 4YacOB Ha KOHTaKTHYIO paldoOTy C 61,2 61,2
MTPETNO/IaBaATEIIEM:
JIEKIUN 24 24
J1a00paTOPHBIX 18 18
MPAKTUUECKUX/ CEMUHAPCKUX 18 18
OKP 1,2 1,2
KoHTpoab 54 54
Y4eOHBIX YacOB Ha CaMOCTOSTEIBHYIO padoTy 101 101
ooyuaromuxcst (CPC), Bkiarouas MHOATOTOBKY K
DK3aMEHY/3aUueTy

49



OEJEPAJIBHOE I'OCYJAPCTBEHHOE BIO/KETHOE OBPA30BATEJIBHOE

YUYPEXIEHHUE BBICIIEI'O ObPA3OBAHUA

«BAILIKMPCKU T'OCYJAPCTBEHHBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

AU CITUITIINHBI «XHMMHYECKOE COIMPOTUBJICHNUC MAaTCPHUAJIOB U 3allIUTA OT KOPPO3UKN»»

oceHHuii (7) cemecTp

(Ha3BaHWE NUCIUTUIMHBI COTJIACHO pabodyeMy yaeOHOMY TIaHYy)

3a04HON (OPMBI 0OYUECHHUS
(bopma oOyueHus)

Pabouyto nporpammy OCyIIECTBIISIOT:

Jlexunu: TOUEHT, KaHA. TeX. Hayk [laBnoBa Onbra BnagumupoBHa

(TOJDKHOCTD, yU. CTETEeHb, ().1.0.)
[TpakTyeckue 3aHITUS: TOIEHT, KaHa. TeX. Hayk [TaBinoBa Onbsra BnanumupoBHa
(TOJDKHOCTD, yU. CTETeHb, ().1.0.)

JIaGopartopHbie 3aHATHS: TOLCHT, KaH[. TeX. Hayk [laBnoBa Onbra BnagumuposHa
(TOIDKHOCTD, yU. CTETeHb, ().1.0.)

Bun pabots! > cemectp I[I/IC(I)Ig;?]I\IfIHLI
O6mrast pynoeMkocts quctuiiuabl (3ET / yacoB) 6/216 6/216
Y4eOHBIX YacOB Ha KOHTAaKTHYIO paldoTy ¢ 21,2 49,7
IPenoIaBaTeIeM:
JEeKIUn 8 8
J1a00paTOPHBIX 6 6
MPAKTUUECKUX/ CEMUHAPCKUX 6 6
OKP 1,2 1,2
KoHTposb 9 9
Y4eOHBIX YacOB Ha CaMOCTOSITEIbHYIO paboTy 186 186

obyuarormuxcst (CPC), Bkiroyasi MOATOTOBKY K
HK3aMeHy/3aueTy
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J1J1s1 O4HOTO OTHEIICHUS

dopma U3y4eHHs] MaTepUAJIOB: JICKIIHUH, dopma TEeKyIIEero
MPAKTUYECKHE 3aHITUSI, CEMUHAPCKHE OcHoBHas H KOHTPOJIA
3aHsTHS, Ja0opaTopHbIe paboThI, JOTIOJIHUTEIbHAS 3ananus 1o yCIIEBaeMOCTH
Ne camocrosTellbHas paboTa u JauTepaTypa, CaMOCTOSITENIbHOI (KOJUTOKBUYMBI,
/ Tema u conepxanue
n/m YI0EMKOCTb (B yacax) peKoMeHyemast pabote KOHTPOJIbHBIE
CTYJEHTaM CTYJICHTOB paboThl,
Bcero JIK IIP/CEM | CPC | (HOMepa u3 CIIUCKa) KOMITBIOTEPHBIC
TECTHI U T.II.)
Moayns 1
ITo mpuBeneHHOM
P Y BrimosauTh
CIIUCKY JIUTEpaTyphl .
| Jowa . Boenemne. | gy 4 4 10,4 Y JTATCpATyP saanme VeTHBIi ompoc
IAC MOJIOKCHMA. B COOTBETCTBUH C
. . npernoaaBaTens
U3y4aeMoi TeMoi
Tema 2. Xumundeckas ITo npuBeneHHOMY
BremoaHuTh y .
KOPpO3Us METAIIJIOB. CIIUCKY JTUTEPATYPHI CTHBIN OTIPOC
2 | OPP 18,4 4 4 10,4 Y TTEPATYP sananme PO,
B COOTBETCTBUHU C KOHTpOJIbHAs paboTa
. . mpernoaaBaTens
U3y4aeMoi TeMoi
Monyns 2
Tema3. [To npuBeneHHOMY
DIEKTPOXUMHUYECKAS R ena BemonHuTh
MUCKY JTIUTEPATYPHI .
3 | KOPpO3usd MCTAJLIOB. 18,4 4 4 10,4 Y patyp 3aaHue VeTHBIR ompoc
B COOTBETCTBUHU C
. . mpernoaaBaTens
M3y4aeMou TeMoi
Tema 4. Kopposus [To npuBeneHHOMY
OCHOBHBIX BremoaHuTE v .
CIIUCKY JIUTepaTyphl CTHBIN OTpOC
4 | KOHCTPYKUHOHHBIX 18.4 4 4 10,4 Y IHTEpaTyP saaHne Pos,
MaTepUajoB U CIUIABOB. B COOTBETCTBHUU C KOHTpOJIbHAs paboTa
. . npernoaaBaTens
U3y4aeMoi TeMoi
Monayns 3
Tema 5. Mepst 60pb0BI € ITo mpuBeneHHOMY BeimonnuTh .
N VYcTHBII onpoc
5 | Koppo3uen MeTauIoB. 18,4 4 4 10,4 | cnucky nureparypsl 3a1aHue
B COOTBETCTBUHU C npernojaBaTens
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M3y4aeMOu TEMOU
Temab. MeTtoibl ITo npuBeneHHOMY
BreimoaHuTh y .
KOPPO3HOHHBIX CIIUCKY JINTEPATYPHI CTHBIH oIIpoc
g | FOPPOSHOM 18,4 4 4 10,4 Y JTATEpatyp sananme poc,
HCIIBITAHMA. B COOTBETCTBHH C KOHTpOJIbHAs padoTa
. . IperoaaBaTess
M3y4aeMou TeMOM
OK3aMeH BBINOIHUTE
13,8 3a7JaHue
npernoaaBaTens
Bcero uyacos: 180 24 24 76,3
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I[JI}I 3a04YHOI'0 OTACICHUA

dopma U3ydeHHs] MaTepUAIIOB: JICKIUH, dopma TeKymiero
MPAKTUYECKHUE 3aHITHSI, CEMUHAPCKHE OcHoBHas KOHTPOJISI
3aHsTHS, 1a00paToOpHbIE PabOTHI, JIOTIOJTHUTETbHAS 3anmanus 1o yCTIEBAEMOCTH
. .
Ne Tema 1 cosiepKane camocTosTellbHas paboTa u JuTeparypa, CaMOCTOSITEIIbHOMN (KOJJIOKBUYMBI,
/1 TPYJIOEMKOCTbH (B Yacax) peKoMeHIyemast pabote KOHTPOJIbHbBIE
CTYICHTaM CTYJICHTOB paboThI,
Bceero JIK ITP/CEM | CPC (HOMeEpa U3 crHcKa) KOMIIBIOTEPHBIE
TECTHI U T.II.)
Moayns 1
[To npuBegeHHOM
P y BeimoaHuts
CIIUCKY JTUTEPATyPHI .
1 g)%Ma 1. Bsenenune. 18.4 4 4 10,4 Y patyp 3a7aHue YcrHbIN onpoc
HE MOJIOKCHUA. B COOTBETCTBHUH C
. . npernojaBaTens
U3y4aeMoi TeMoi
Tema 2. Xwumuueckas [To npuBegeHHOMY
BrimonHuTh v .
KOPpO3Usl METAIIJIOB. CIIUCKY JIUTEpaTyphl CTHBIN OTIpOC
2 | KPP 18,4 4 4 10,4 Y JITEPETYP sananue Pos,
B COOTBETCTBUHU C KOHTpOJIbHAs paboTa
. . npernoaaBaTens
M3y4aeMou TeMoi
Moayns 2
Tema3. [To npuBeneHHOMY
DNEKTPOXUMHUYECKAS CIIHCKY MHTEpATYpE! BemonHuth
3 | KOPpO3usd MCTAJLIOB. 18,4 4 4 10,4 3a71aHue VCeTHBIN ompoc
B COOTBETCTBUHU C
. . npernoaaBaTens
U3y4aeMoi TeMoi
Tema 4. Kopposus ITo npuBeneHHOMY
OCHOBHBIX BrinonHuTh v .
CIIUCKY JTUTEPATYPHI CTHBIN OTPOC
4 | KOHCTPYKLHOHHBIX 18.4 4 4 10.4 Y AHTEPALYP 3a1aHue Pos,
MaTepUasoB U CIUIABOB. B COOTBETCTBUHU C KOHTpOJIbHAs paboTa
. . npernoaaBaTens
M3y4aeMoi TeMoi
Mogynsb 3
Tema 5. Mepst 60pb0BI C [To npuBeneHHOMY BrimoauTh .
. YcrHbIi onpoc
5 | Koppo3uen MeTauIoB. 18,4 4 4 10,4 | cnucky nureparypsl 3a1aHue
B COOTBETCTBUHU C npernoaaBaTens
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M3y4aeMOu TEMOU
Temab. MeTtoibl ITo npuBeneHHOMY
BreimoaHuTh y .
KOPPO3HOHHBIX CIIUCKY JINTEPATYPHI CTHBIH oIIpoc
g | FOPPOSHOM 18,4 4 4 10,4 Y JTATEpatyp sananme poc,
HCIIBITAHMA. B COOTBETCTBHH C KOHTpOJIbHAs padoTa
. . IperoaaBaTess
M3y4aeMou TeMOM
OK3aMeH BBINOIHUTE
13,8 3a7JaHue
npernoaaBaTens
Bcero uyacos: 180 24 24 76,3
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[Tpunoxenue Ne 2
PeliTuHT — nu1aH AUCHUIIJINHBI JJI1 OYHOI'O OTACJICHUA

XHUMHUYECKOe COIIPOTHUBJICHUE MAaTCPHAIOB U 3aIIUTa OT KOPPO3HUH
(Ha3BaHWE AMCIUILINHBI COTJIACHO paboueMy yIeOHOMY TUTaHYy)

CrenmanbHOCTh — TEXHONIOrMYECKHE MAIIMHBI B 000pYI0BaHKE

Kypc — 4

KonnuectBo yacoB no yuebHomy miany — 216, B T.4.: KOHTakTHast pabota — 61,2

camocrosTenpHas padora — 101

IIpenonaarens: [1aBnoBa Onbiiia BraguMupoBHa, KaH[. TEXH. HAYK, TOLIEHT
(®.1.0., yueHas cteneHb, y4€HOE 3BaHUE)

Kadenpa — TexHonornueckue MalinHbl 1 000pyAOBaHNE

Buner yaeOHOIM nesTeIbHOCTH ban 3a Yucio bamer
CTYZCHTOB KOHKpETHOE | 3aJlaHuii 32 | min max
3alaHNe CEMECTP
Monayasb 1
Texkymmii KOHTPOJIb
1. JTabopaTopnast pabota 1,25 6 0 7,5
2. YCTHBIN ONTpOC 1,25 6 0 7,5
Py0exHblii KOHTPOJIb
1. TecTupoBaHue | 10 |1 |0 | 10
Mopayas 2
Texkyuuii KOHTPOJIb
1. JTaboparopHas paboTa 1,25 6 0 7,5
2. YcTHBIN onpoc 1,25 6 0 7.5
Py0exHbIii KOHTPOJIb
1. TectupoBaHue | 10 |1 [0 | 10
BoinosHenune pacueTHo-rpaguyeckoii padboTbl
1. 3amura PT'P | 10 |1 [0 | 10
IoompureabHbie 0AIbI
1. CryaeHyeckasi oIMMIana 4 1 0 4
2. [Ty6nukanus crareit 4 1 0 4
3. Pabota co mkoapHUKaMH (KPYKOK, 2 1 0 2
KOHKYPCBI, OJTUMITNA/IbI)
IMocemaemocTth (0a/J1b1 BBIYMTAIOTCHA U3 001El CyMMBI 0 -16
Ha0paHHBIX 02JIJIOB)
1. Ilocelenue JEKIIMOHHEBIX -0,8 8 0 -6,4
3aHSITUN
2. ITocenienre NpakTUYECKUX, -0,8 12 0 -9,6
CEeMHUHAPCKUX, Ta0OPaTOPHBIX 3aHATHH
HTOroBblii KOHTPOJIb
JK3aMeH 30 1 0 30
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