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CoctaButenb: [Tasiosa O.B.

Pa6oyas mporpamma AUCIHMILUIMHBI aKTyaJu3UpOBaHa Ha 3aceaHuu Kadeapbl
poTokoJ1 OT «13» uronst 2017 r. Ne 17

3asenyromuii kadeapoit i, / A6nees P.T.

JlomonHeHus 1 U3MEHEHHs], BHECEHHBIE B pa00UyIO IPOrpaMMy AUCIUILTAHBL,
YTBEPKJICHBI Ha 3aceaHuu Kadeapbl: 0OHOBIEHBI OMJIETHI U CIIMCOK HUCHOJIb3YEMOM

mutepatypsbl. [Iporokon Nel7 ot «15» utonst 2018 r.

W.o. 3aBenyromiero kageapoit 7 / FOmunoB W.I1.

JlomoTHeH!sI ¥ U3MEHEHUS, BHECEHHBIE B pa00UyI0 MPOrpaMMy AUCIUIUIMHBI,
YTBEPKIEHbBI Ha 3acelaHud Kadenpel: OOHOBIEHBI OWJIETBI M  CIHCOK
HCTIOJIb3yeMOM TuTepaTypsl MpoToko Ne 28 oT «15» mas 2019 r.

1.0.3aB. kadeapoii %&k% / Botkun A.B./

JlomoTHEeHNsI ¥ U3MEHEHUSs, BHECEHHBIE B pa00UyIO MPOrpaMMy AUCIUIUIMHEI,
YTBEPXKJCHb Ha 3acelaHnd KadeIpbl: OOHOBJIEHBI OWJIETHI M CIIHCOK
ucrnoiabzyeMoi nurepatypsl npoTokos Ne 10 ot «13» ssuBaps 2020 r.

/ Cauros P.11./

W.o.3aB. xadenpoii




Cnucok TOKyMEHTOB U MaTepUaioB

l1.[lepedyenp TUIAHUPYEMBIX pPE3yJIbTATOB OOY4YEHHs 1O AUCLHUILIMHE,
COOTHECEHHBIX C IJIAHUPYEMBIMU pPE3yJbTaTaMH OCBOEHHUSI 00pa30BaTeIbHON
IIPOTPaMMBI

2. MecTo TUCHUIUIMHBI B CTPYKTYpe 00pa3oBaTeIbHON IPOrpaMMBbI

3. Comepxanne pabodeil mporpaMMmbl (0OBEM AUCUMUIUIMHBI, TUIBI U BUIBI
yueOHBIX 3aHATHH, Y4eOHO-METOJAMYECKOE OOECIeueHHE CaMOCTOSTEIBHOM
PaboThI 0OYUYAKOIITUXCS)

4. ®oH OIICHOYHBIX CPEACTB IO TUCIUTUITHHE

4.1. TlepeueHb KOMIETEHIMH C yKa3aHHEM JTaloB HUX (OpMUpOBaHHUS B
mpolecce  OCBOCHHS  oOpa3oBaTeibHOW  mporpamMMmbl.  OmnmcaHue
MoKa3zaTeliel W KPUTEPUEB OICHUBAHUS KOMIIETCHIIMI Ha pPa3IMYHBIX
sTanax ux (OPMHUPOBAHUS, ONTUCAHUE TITKAJT OIICHUBAHUS

4.2. TunoBbIe KOHTPOJIBHBIC 3aJaHUS WU UHBIC MaTEPUAITbl, HEOOXOIUMBIC
JUISL  OIEHKW 3HAHWW, YMEHUI, HABBHIKOB U OIBITA JIEATEILHOCTH,
XapaKTEPHU3YIOMINX dTanbl (OPMHUPOBAHUS KOMIIETEHIIMH B IMpOIEcCe
OCBOEHMSI 00pa3oBaTebHOM MporpamMMmbl. MeToauYecKue Marepuarsl,
OTIpEJICIISAIONINE TPOLEyPhl OIICHUBAHUS 3HAHWHA, YMCHUH, HAaBBIKOB H
OTBITA  JICATCILHOCTH, XapaKTePU3YIOIIMX OTambl  (OPMHPOBAHHUS
KOMIIETEHITU I

4.3. PeliTuHT-TUIaH AUCITUTIIMHBI (TIPU HEOOXOAMMOCTH )

5. YueOGHo-MeToan4eckoe u HHPopMaImoOHHOE 00eCTIeUeHUE UCITUTIITUNHBI

5.1. TlepeueHb OCHOBHOMW M JOMOJHUTEIBbHON Yy4eOHOM JHUTEpaTyphl,
HEOOXOMMOM I OCBOCHUS JTUCITUTLINHBI
5.2. Tlepeuensb pecypcoB MHGOPMAIMOHHO-TEIICKOMMYHHUKAITMOHHOW CETH
«HTEpHET» M MPOrPaMMHOTO OOecreueHus, HeOOXOAUMBIX JJIsSi OCBOSHUS
JUCIUTIAHBI
6. MaTtepuanbHO-TeXHUYECKass ©0a3a, HeoOXoaumasi [UIsi OCYLIECTBIICHUS
00pa30BaTeNbHOTO MPOIlecca MO TUCIUIUINHE
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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 Y4eOHBIX 3aHATHI, Y4eOHO-MeTOAuYeCKOe o0ecnevyeHune
CaAMOCTOAITEJILHOM Pa0OTHI 00yYAIOIIUXCH)

Copeprkanue paboueit nporpamMmbl ipeactaBiieHo B [Ipunoxenun Ne 1.



Konuuecmseo uacoe/zem yxazvieaemcs 6 coomeemcmeuu ¢ y4eOHbIM HIAAHOM, 3ANOTHAEMCS
0mMOeNbHO NO KaAHCOOU opme 0byueHUs.



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 IIPUMCHATH MCTOIbI CTAHAAPTHBIX HCIIBITAHUN T10 OIIPCACIICHUIO @HSHKO-MGX&HI/I‘ICCKI/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 pe3yIbTaTOB 00yUSHUS

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 | KIaCCUPUKALIMIO  METOJOB | KIACCHU(PHUKAIUIO METOJIOB | KJIaCCU(PUKAIIUIO METOJI0B
KJIaCCU(UKAIMIO METOJIOB | KIIACCU(UKAIIHIO METOJIOB | Hepa3pyIIarolIero KOHTPOJS | HEepa3pyIIalolero KOHTPOJS M | Hepa3pymaloniero KOHTPOJA WU
HepazpylLIarolero HEpa3pyLIANIEro KOHTPOJII M | 1 NPHHLIUIBL  JCUCTBUS | MPHHIMUIBI JEHCTBHUS MPUOOPOB | MPUHIUIBI IECHCTBHS MPUOOPOB

KOHTPOJSI M NPUHUUMBI | IPUHIIMIIBI JeHcTBUS | IPUOOPOB 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 WHOW METOJ| | 3HAHUS MO BEIOOPY TOTO WM | 3HAHUS 10 BBIOOPY TOTO WJIM | 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 | KOHCTPYKLUMH € Y4€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 Ml U3MEpPEHHs |
TEXHUUYECKHUE CPEJICTBA AJIs | KOHTPOJIS OCHOBHBIX | CpeACTBa JI1 U3MEPEHUs] U | KOHTPOJIS OCHOBHBIX | KOHTPOJIS OCHOBHBIX
U3MEpPEHUs] U KOHTPOJIS | MapaMmeTpoB KOHTPOJISt OCHOBHBIX | MapaMETPOB TEXHOJOTMYECKHUX | MapaMeTpPOB TEXHOJOTUYECKUX
OCHOBHBIX apaMeTpoB | TEXHOJOTHYECKUX IIPOLECCOB, | MapaMeTpoB MPOIECCOB,  CTPYKTYPHl U | IPOIECCOB, CTPYKTYpPBl |
TEXHOJIOTMYECKHUX CTPYKTYpBbI u CBOMCTB | TEXHOJIOTMYECKUX CBOICTB MaTEpHAJIOB U U3JEIUI | CBOWCTB MAaTEPUAJIOB U U3IENUN
MPOIECCOB, CTPYKTYPHI M | MAaTepHAOB W W3ICTHI M3 | MPOLECCOB, CTPYKTYPbl ¥ | U3 HUX, IUIAHUPOBAHWSA W | U3 HUX, IUIAHUPOBAHHUA U
CBOWCTB MAaTepHajoB W | HHX, TUTAHUPOBAHUS ¥ | CBOHCTB  MaTepuajioB ¥ | peajM3alliii HWCCICAOBAaHWHA W | pealn3aliil WCCIICAOBAaHUA 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

I[IK-5 — cHmocoOHOCTBIO [IpUHUMATh Y4aCTHUC B pa60Tax 0 pacyery " IPOCKTUPOBAHUIO JIeTajed 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
33JJAHHOTO 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 ¥ | ¥ Hepa3pyIaoUX METOIOB | Hepa3pyIIaroInX 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 METOJIOB | HEpa3pyIIAIONMIET0 KOHTPOJS | Hepa3pyIIalolero KOHTPOJIS W | Hepa3pylIAlomero KOHTPOIS H
HEepa3pyIIaromero HEpa3pyLIAlomero KOHTPOJII U | 1 TPUHOWIBl  ACUCTBHS | MPHHLIWNBI IEHCTBHUS NMPUOOPOB | MPHHIUIBI IEHCTBHA MPHUOOPOB
KOHTPOJSI ¥ NPUHUUIBL | MPUHIIMIIBI JefcTBUS | IPUOOPOB JUTSt UX | A MX  peanM3aluM, 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 WJIM WHOW METOJ KOHTPOJIS | BEIOpPAaTh TOT WM MHOM METOJ | 3HAHWSA IO BBIOOPY TOTO WJIM | 3HAHWS MO BBIOOPY TOTO WM | TOTO  WJIM  HWHOTO  METoza
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 € | KOHCTPYKLHH 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 | MPOBEJACHUSI 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 METOZaMH
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,

CITOCOOHOCTh ~ CAMOCTOSITEIILHO
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, IUIAHAPOBAHUS |
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 IIpoLiecce 0CBOeHMS 00pa3oBaTeIbHOM NporpamMmmsl. Meroanueckue
MaTepHaJibl, ONpele/somue Npoueaypsl OUeHUBAHUS 3HAHUM, YMEHHH,
HABBIKOB U ONBITA AeATEIbHOCTH, XapaKTePHU3YIOLIHMX ITANbI
(popmupoBaHus KOMIIETEHIIUI

DTaIbl O11eHOYHBIE

PesynpTaTel YEeHUS Kommerenmus
OCBOCHUS 3y, obyue OMIICTCHIL cpeacTBa

1- STarm 1. COBpPEMEHHbIE METO/IbI TEXHUYECKOU TIK-15 Y CTHEI onpoc,

JMUATHOCTUKKA U HEPa3pyIIAIIIUX  METOJOB
3HaHMs KOHTpOIISL paspy TECTUPOBaHNE

2. KIacCU(UKAIHUI METOJOB HEpa3pyIIaroIIero
KOHTPOJIS W MPHUHLUIBI JCHCTBUS MPHOOPOB IS
UX peau3anuu

3. BBIOOP KOHTPOJISl, OCHOBHBIE OHITHSI TEOPUHU HK-5
CIIy4alHBIX ~ MPOLIECCOB  METOABI  aHaJH3a,
¢dbunpTpanuy, 0o0HapyKEeHUS u OIICHKH
MapamMeTpoB CHTHAJIOB B PA3JIMYHBIX TEXHUYECKUX
cucTeMax

2-i1 yran 1. mpaBWIBHO BHIOPAaTH TOT WJIM HHOU METOJ 1IK-15 YeTHEI onpoc,
KOHTPOJNS Ui JWArHOCTUKA  COCTOSHHS
Harpy>XKEHHBIX neTanen u JIIEMEHTOB
KOHCTPYKLHMA C  y4e€TOM  OTBETCTBEHHOCTH
KOHCTPYKIIMM ¥  SKOHOMHYECKHX  acIIeKTOB
MIPOBEACHUS THArHOCTHKH

2. BbIOMpaTh KpUTEpPUU OLEHHMBAaHHA OOBEKTa 1IK-5

Vmenus TECTUPOBAHUC

KOHTPOJIS, BRIOMPATh ONTHMAIBHBIC aITOPUTMBI U
pacCUMTHIBATH XAPAKTEPUCTHKUA OOHAPYKEHHUS
CUTHAJOB ¥ Ae(EKTOB, UX MOPOXKAAIOIINX, HA
(dhone momex

OLICHMBATh JIOCTHKUMYIO TOYHOCTbh H3MEpPEHHs
rapamMeTpoB CHTHAJIOB

3-if HTar 1. ombitom  npoBepenust  Hepaspyuraromero | ITK-15 YeTHEI onpoc
KOHTpPOJISI MaTepuajoB METOJaMH COBPEMEHHOM
JTHArHOCTUKHA

HaBLIKAMU | 2. CHOCOOHOCTBIO ydacTBoBaTh B paborax mo | I1K-1
JIOBOJIKE M OCBOEHHUIO  TEXHOJIOTUYECKUX
MPOIIECCOB B XOJ€ TOATOTOBKH IPOM3BOJICTBA
HOBOM ITPOJIYKIIMH

Bnanenne

4.3 PeUTHHI-TIJIaH JHCHUILIHHBI
(TIpn HEOOXOIUMOCTH)

PentuHr—iuian AUCHUILIINHBI IIPCACTABJICH B IIPUJIOKCHUHN 2.
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4.3.1 ®opma 3K3aMeHAIUOHHOTO OWJIeTa

OK3amen: ouHoe u 3a04Hoe 0byueHue

Bompock! k 5k3aMeHy:

1. OO6mue cBeeHus 0 KOppo3uu MeTauioB. [Ipobiaema koppo3uu. Llens u 3a-
a4yl Kypca « XMMHYECKOE COIPOTHUBIICHUE MATEPUAJIOB. 3allluTa 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 IO MEXaHU3MY MPOTCKAHUS

XapaKTepy KOPPO3UOHHBIX MOPAKECHUM.

XuMHUYeCKasi KOppo3usi METAJIJIOB. Y CJIOBUE CIUIOIIHOCTH IIJICHOK MPOJTYKTOB
KOPpPO3UH METAJJIOB.
7. TepmoauHaMuKka 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(PMHUIECKOT0O 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.

14



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.  DnexkTpoxuMmuueckas 3amuTa. [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 ucciieIoBaHUM U OLIEHKHU XUMHUYECKOW CTOMKOCTH HEMETAUTMYECKUX
MaTepuaioB.

49.  Koppo3HMOHHOCTOMKHE HEMETAININUECKUE MaTepUalibl HA HEOPTaHUYECKOM
OCHOBE.

50.  Koppo3nOHHOCTOMKHE HEMETATUIMYECKUE MaTEPUAJIbl HA OPraHUYECKOM
OCHOBE.

MunucrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit denepannn
denepanbHOE rocy1apCcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BbIcHIero oOpa3oBanus «balIKupckuii TOCyIapCTBEHHBIH YHUBEPCUTETY
NmxenepHsIil pakynbpTeT
Kadenpa «Texnonornueckne MaiHbl 1 000py10BaHUE

DK3AMEHAITMOHHbBIN BUJIET Ne 1
[To yueOHOI mucnuIuinae «XUMHUYECKOE COIPOTUBICHUE MAaTEPHUAJIOB U 3alllUTa OT KOPPO3IUI»
Hanpasnenue: 15.03.02 — TexHonornueckrue MalliiHbl B 000PYA0BaHKE
[Tpoduns: MHAKUHUPUHT TEXHOJIOTHYECKOTO 000py10BaHUs

1.06mue cBeneHus o Koppo3uu MeTtawioB. l[IpobGmema koppo3uu. llenmp u 3amaum  Kypca
«XUMUYECKOE COMPOTUBICHNE MATEPUAIIOB U 3aIlIUTA OT KOPPOZUM

2. Jlnarpamma OBaHca. [lonspu3aniioHHBIE CONMPOTHUBIICHUS. YpaBHEHUE IJIA pacuera CKOPOCTH
KOPPO3HUH.

YTBepKIeHO Ha 3aceqaHuH 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 «Texnonornuecknue MaliHbl 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, MPOJAEMOHCTPUPOBAN 3HaHHE (DYHKIMOHAIBHBIX BO3MOXHOCTEH,
TEPMUHOJIOTUH, OCHOBHBIX JJIEMEHTOB, YMEHHE MPUMEHSITh TEOPETUYECKUE 3HAHUS TMpU
BBITIOJTHEHUH MPaKTUYeCKuX 3adaHuid. CTyeHT 6e3 3aTpyJHEeHUI OTBETHUII Ha BCE JIOTIOJIHUTENbHBIE
Bonpockl. [TpakTrdeckast 4acTh pabOTHI BBHITIONHEHA TIOJTHOCTHIO 0€3 HETOYHOCTEH U OIIHO0K;

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 NpoOenbl 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 TEOPETUUECKHE BOMPOCHI CBUIAETEIBLCTBYET O
HEMIOHUMAaHUU M KpailHe HENOJIHOM 3HAaHUM OCHOBHBIX IMOHATUH M MeToa0oB. OOHapyX HBaeTcs
OTCYTCTBHE HAaBBIKOB NPUMEHEHHS TEOPETUYECKMX 3HAHUN TpU BBHIMOJIHEHUHM MPaKTHYECKUX
3anaHuil. CTyJEHT HE CMOT OTBETUTh HU HA OJAMH JOTIOJHUTEIbHBIN BOIPOC.

Kputepuu oneHku 11 3204HOT0 OT/IEJICHUSI:

OTJIMYHO — BBICTABISICTCS CTYIEHTY, €CIIM CTYIEHT Jajl MOJHbIE, Pa3BepHYThIE OTBETHI Ha BCE
TEOPETUYECKHE BOIPOCH! OUJIeTa, MPOJIEMOHCTPUPOBAN 3HaHNE (PYHKIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTHH, OCHOBHBIX DJJIEMEHTOB, yMEHHE IPHUMEHSATh TEOPETHUYECKHE 3HAHUS TIPH
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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XOpomo — BBICTABIACTCA CTYACHTY, €CJIIM CTYACHT PACKPbII B OCHOBHOM TCOPETUYCCKHUE 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 HECYIIECTBEHHBIC OIIMOKY;

YIOBJIETBOPUTEJIBHO — BBICTABISICTCS CTYJIEHTY, €CIHM TPU OTBETE HA TEOPETUUYECKHUE BOMPOCHI
CTY/ZICHTOM JONYIICHO HECKOJBKO CYIIECTBEHHBIX OIMMOOK B TOJKOBAHWU OCHOBHBIX ITOHSTHU.
Jlormka ¥ IOJIHOTa OTBETa CTpaaar0T 3aMCTHBIMU H3bIAHAMMU. 3aMeTHEI HpO6CHBI B 3HAaHUU
OCHOBHBIX METO/IOB. TEOpeTHYEeCKHe 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/0BJIETBOPUTEJBLHO — BBICTABISCTCS CTYJIEHTY, €CIM OTBET Ha TEOPETUYECKHE BOMPOCHI
CBHJICTEIILCTBYET O HEMOHMMAHWUU M KpailHe HEMOJIHOM 3HAaHUM OCHOBHBIX IMOHSTUH M METOOB.
OGHﬁpy)KHBaeTCSI OTCYTCTBUC HABBIKOB HNPUMCHCHUSA TCOPCTHYUYCCKUX 3HAaHUHU IIpHU BBIITOJHCHUHU
NMpaKkTUYecKuX 3aanuii. CTyIeHT He CMOT OTBETUTh HH Ha OJIMH JIOTIOJHHUTEIILHBINA BOTIPOC.

4.3.2 OdopMiieHHe KOMILIEKTA TeCTOB (TECTOBBIX 3a/1aHUI)
TECT 1

1. Kako¥ nporiecc Ha3pIBatOT KOPPO3UEH METAIIIIOB?

A) pa3pylieHue METAJUIOB OT CTATUYECKUX MEXaHUUECKUX HArpy30K;

0) paspylieHre METAILIOB IIPH [IUKINYECKUX HArpy3Kax;

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

I') pa3pylLlieHHe METAJIOB MPU UX JUIMTEIbHON IKCILTyaTal|H.

2. XuMundeckasi KOppo3us MPOUCXOAUT IIPHU B3aUMOJEHCTBUN METAJUIOB!
a) C pacTBOPaMHM JIEKTPOJIUTOB;
0) c cyXuMU razaMu IpH BBICOKHUX TEMIEepaTypax UK ¢ HEIJIEKTPOIUTAMU;
B) C IapaM¥ HU3KOKMITALIUX KUAKOCTEH;
T') C paCTBOPaMH IMOJISIPHBIX KHJIKOCTEH.

3. IJacCUBHOCTb 3TO COCTOSIHME OTHOCHUTEIBHO BBICOKOW KOPPO3MOHHOW CTOMKOCTH MeTaia
BbI3BaHHOE!
a) )KHJIKOW CpeJIoi; 0) cpenoii ¢ CUITLHBIMU OKUCTUTEISIMHU;
B) HEUTpaANbHOMN CPEON; T) IIETOUYHOU Ccpeoi.
4. Kakol camblif cTapblid METOJT MOJYYEHUSI METAJUIMYECKUX 3aIIUTHBIX MOKPBITHI?
A) tepmoaudy3noHHBI; 0) METOJ MOTPYXKEHHUS B PACIIaBICHHBIA METaI-TIOKPBITHUE;
B) IUJAKUPOBAHWE; T) METaJUIM3aIMs HAITBIIICHUEM.

5. Ilo kakoMy YpaBHEHHUIO BBIYUCIISETCS TEOPETHUECKOE KOJIUUECTBO OCAKICHHOTO MeTaylia?
MIrt M1 M1 MIrt
ay m=——; 6) m=——; B)m=——; T)m=
zF F zF F

6. IIpruurHOI KOPPO3UU SBISAETCS:
a) BHYTPEHHSISI CTPYKTYypa MeTajljla WX CIUIaBa,
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0) TepMOIMHAMUYECKast HEYCTOWYMBOCTh METAIJIOB;
B) Hasn4Ke 1e(eKTOB B KPUCTAIUIMUECKON CTPYKTYpe MeTaslia;
I') COZIep>)KaHUE B METAJIJIE HEMETAJUIMYECKUX IPUMECEH.

7. DIEeKTpOXUMHUYECKAst KOPPO3Us MPOUCXOAUT MPU B3aUMOACHCTBUN METAIIIOB:
a) C pacTBOpaMH HEIIEKTPOJUTOB; 0) C paCTBOPAMH OPTaHUUECKHUX JKUIKOCTEH;
B) C paCTBOpaMHU 3JIEKTPOJIUTOB;,  T) C paCTBOPAMHU HETOISPHBIX KUIKOCTEH.

8. B kakux cpenax IPOMCXOAMT KOPpPO3Us METAIOB C BBIJEIEHHEM BOAOPOJA, TO €CTb
MPOTEKAET PeaKivsi BOJOPOIHON IETIONApU3aALAN?
A) B KUCIIBIX Cpe/iax; 0) B HEUTpATBHBIX U ILEIOYHBIX Cpe/iax;
B) B OPraHUYECKHX )KUJKOCTAX; T) B IEJIOYHBIX Cpe/iax.

9. Kakue crmaBbl 001a1a10T 00J1€€ BEICOKOW KOPPO3UOHHON CTOMKOCTHIO?

A) reTeporeHHsbIE; 0) C HeMETAJUINYECKUMHU TIPUMECIMU;
B) C KATOJHBIMU BKJIIOYEHUSIMH; I') TOMOT€HHBIE.

10. Kakoe ypaBHEHHE UCIIONB3YIOT JJIS BBIYMCIEHUS BbIXOA MO TOKY B %0 IIpH

ANEKTpoJun3e?
M, my m m g,
amn= ; O)n=—; B)Nn=—100; r)n=—100.
Mq] my M mo

11. Kakas BenmnumHa M3MEHEHHS N300apHOTO MOTeHITMa a (dHepruu [ m66ca) onpenenser
BO3MOXXHOCTh TIPOTEKAHUS KOPPO3HUH:
a) AG<0; ©0) AG>0; B)AG=AU-TAS; 1)AG=0.

12. 3ammmTHEIMEU CBOIICTBaMHU 00/1a1aF0T OKCUAHBIE [IIIEHKH
a) cpennaue, Tommuuoi 40...500 HM;  0) CIUIONTHBIC TUICHKH;
B) TOJICTBIE, TONMIUHON Oosiee 500 HM; T) HECIUIONIHBIE TUICHKH OKCHJIA.

13. CmocoOHOCTh METAIIJIOB COMPOTHUBIIITHCS KOPPO3ZHOHHOMY BO3/ICHCTBUIO Ta30B MPH
BBICOKHMX TEMIIEPATYpax HA3bIBACTCS:
a) )KaponpOYHOCTHIO; 0) MEXaHUYECKOU MPOYHOCTHIO;
B) ’KapOCTOMKOCTHIO; I') ra30CTOMKOCTBIO.

14. Kakoil MeTasu1 110 OTHOLLIEHUIO K CTAJIU SIBISETCS] aHOAHBIM IOKPBITHEM?
A) mens (Cu); 6) onoBo (Sn);  B) muHK (Zn); 1) HUKENb (Ni).

15. Kakyro cuctemMy Ha3bIBalOT KpACKOM?
A) pacTBOp OpraHUYECKOro BEIIECTBA B JIETYYEM PACTBOPUTEIIE;
0) pacTBOp TBEPJIOTO BEIIECTBA B )KUJIKOM PAaCTBOPHUTEIIE;
B) CYCIIEH3US MUTMEHTA B OPTaHUYECKOM CBSI3YIOIIEM;
') pacTBOP MEJIKOM3MEIbYEHHOTO BELIECTBA B JIETYYEM pacTBOPHUTEIE.

16. I[To MexaHuU3My NPOTEKAHUS PA3TUYAIOT:
a) KOPPO3UIO BHEITHUM TOKOM U TO]T HAMIPSIKEHUEM;
0) XUMHUYECKYIO M JIEKTPOXHUMHYECKYIO KOPPO3HIO;
B) OMOKOPPO3UIO 1 KOPPO3HOHHYIO PO3HIO0;
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T') CIUIONTHYIO WU OOIIYI0 M MECTHYIO KOPPO3HIO.

17. IIpouiecc OKUCIIEHUS METAJLIa KUCIOPOAOM HEBO3MOXKEH, €CITU MEXAY PaBHOBECHBIM
JaBJIeHUEM KHCJIopoa Hajl okcuaoM Ppap. U naBnenuem kuciopona B cpene P cobmomaercs

COOTHOIIICHHUC:
a) P= PPAB. ) 6) P< PPAB. , B) P> PPAB. 5 F) P/PPAB =1.

18. Kakoe coueTanue Jerupyommnx METAIOB CUIILHO 3aMEJISIET MPOIECC OKUCIICHUS CTAIH

IIPH BBICOKUX TEMIIEpaTypax:
a) Cr, Cu, Co; 0) Al, Mo, W; B)Cu, Co,Mo; 1)AlCr, Si.

19. Kakoii MmeTasut o OTHOLIEHUIO K CTAJIM SIBJISIETCS KATOJIHBIM MOKPBHITHEM?
A)wmens (Cu);  0) umek (Zn);  B) xpom (Cr); 1) Ttutan (Ti).
20. JlJakaMu Ha3BIBAIOT:

a) pacTBOPHI BBICHIXAIOLIUX Macell, CMOJI, 3(HPOB 10036 B JIETYUYHUX PACTBOPUTEIISIX;

0) KOJUIOMIHBIE PACTBOPHI BHICBIXAIOIINX MACEN CMOJI A(UPOB IEJLTIONO03BI B JIETYIHX
OpPraHUYECKUX PaCTBOPUTEISIX;

B) TOMOT'€HHBIE CMECH Macell, CMOJI B OPTaHUYECKUX PACTBOPUTEISIX;

') pacTBOPHI BBICHIXAIOIINX CMOJI, LIEJUTFOJIO3BI B JIETYYUX OPTaHUYECKUX PACTBOPUTEIIAX.

21.01punarenbHBIM MAaCCOBBIM MOKa3aTeIeM KOPPO3UH HA3hIBAOT BETMYNHY, KOTOPYIO
BBIYUCIISIOT 0 hopmyIie:

Am Am Ah I1
a)K'n=——; 6)Kn=——; B)Ky=—17; 1) K= —.
St St T T

22. JIuHeNHbIN POCT TOIIMHBI OKCUIHOW MJICHKU MPU OKUCIEHUH METaJlJIa KUCIOPOI0M
BBIPAXKAETCS] YPAaBHEHUEM:

a) h=Krt; 6)h*=Krt; B h=In(K1); 1) h’=h+Kr

23. Kakue OCHOBHbBIE METO/IbI TPUMEHSIIOT JIJIs1 3aI[UThl METAJIOB OT KOPPO3UuU?
A) mexannyeckast 00paboTKa; 0) 3aIIUTHBIE TTOKPBITHS, Y4ET KOHCTPYKIIUH;
B) IMOJITOTOBKA MIOBEPXHOCTH METAJIA;
r') 00paboTKa B KHCIBIX U MIETOYHBIX CPEIax.

24. Kakue 3alUTHBIE TIOKPBITHS OTHOCATCS K TUITY HEOPTaHUYECKUX MOKPBITHI:
a) TIOKPBITUS CMOJIAMU; 0) MOKPHITHUS TIJIACTMACCaAMU;
B) JIJaKO-KpPACOYHbIE MOKPLITUS;  T) (hocdaTHbIe U OKCUIHBIE TOKPHITHS.

25. Kakue BeliecTBa Ha3bIBAlOT HHTHOUTOPAMU KOPPO3UHU?
A) BeliecTBa yCKOPAOIINE KOPPO3HIO;
0) BelecTBa, KOTOPhIE YMEHBIIAIOT CKOPOCTh KOPPO3HUH;
B) BEIECTBA, CTAOMIM3UPYIOIIHE KOPPO3UOHHBIN MPOIIECC;
T') BELIECTBA, KOTOPHIE MOTHOCTHIO UCKITIOYAIOT KOPPO3HIO METAJlIA.

26. J1ns 3a1MThl MEIHBIX U3JIEIMH OT KOPPO3HH B KAUECTBE KATOJHOTO MOKPBITHS MOKHO
HCIIO/Ib30BAaTh
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A.Cr b. Ni B. Sn I'. Ag

27. YpaBHeHuUE npolecca, IPOTEKAIOIEro Ha MHEPTHOM aHOJI€ IIPU AIEKTPOJIN3€E BOJHOTO
pactBopa CaCL? umeer BUZ
A. 40H —4e=0, + 2H,0
B. Ca®" +2e =Ca°
B. 2CL —2e=CL,
I.2H,0 —4e=0,+4H"

28. Kaxkoit mporiecc Ha3bIBarOT KOPpO3Kei B HanboJee odIem cirydae?

A. CaMonpoun3BOIbHOE pa3pyllIeHUE METAJUIOB B arpecCUBHON cpese, NnepeMelaroiiencs ¢
OOJBIIION  CKOPOCTBIO W COJEp)KAIleld BEIIECTBA B3aUMOJICHCTBYIONIME C  PA3IUYHBIMU
MaTepualaMH.

b. CamonpousBosibHOE pa3pylIeHHE METAUIMYECKUX MaTepuajoB  BCIEACTBHE HX
XUMHYECKOTO WIIH JIEKTPOXUMHUYECKOTO B3aUMOJEHCTBUS C OKPYKAIOIICH Cpeaoi.

B. CamonpousBoiibHOE pa3pyllieHHe MaTeprasioB (OJUMEPHBIX, METAJIJIOB U HEMETAJIOB) B
KHUJIKOCTAX, SJICKTPOIUTAX U HEIIEKTPOIUTAX.

I'. Pa3pymenue MeTauioB B Ta3oBBIX cpeAax, COJEP)KAIMX pa3MyHble arpecCHUBHbBIC
KOMITOHEHTHI U NIPH BBICOKUX TeMIIepaTypax.

29. YUto siBNsi€TCS OCHOBHOM NMPUYMHOW KOPPO3UH U Pa3pyIICHUSI METAIOB M UX CILIABOB?

A. DTo TepMoAMHAMHUYECKAash HECTaOMIbHOCTH(HEYCTOMYHMBOCTh) METAJUIOB M CIUIAaBOB B
Pa3IMYHBIX arpeCCUBHBIX CPENAX MPHU JAHHBIX BHEIIHUX YCIOBHSX.

b. D10 HecoBeplIEHCTBO BHYTPEHHEN KPUCTAIIIMYECKONW CTPYKTYPbl METAJNIOB U CIIJIABOB,
MTOJIyYEHHBIX B IPOLECCE MIPOU3BOACTBA.

B. D10 Hamuuue Ha NMOBEPXHOCTH META/UIA Pa3jIMYHBIX 3arps3HEHHM, €€ I1epoXOBaToCTh U
MIPUCYTCTBUE OKCUOB.

I Oto mpupona MeTalioB, UX BHYTPEHHEE CTPOEHHUE, HAIWYME IPUMECEW B CILIaBax,
arpecCUBHOCTh OKPYKarOLIEH Cpeibl.

30. Kakas BennunHa M3MEHEHHS W300apHOr0 TOTEHIHana (M3MeHeHus 3Hepruu ['u6bca)
nporecca KOppo3uu OnpeesnsieT BO3MOKHOCTh KOPPO3UHU MeTaljia B JaHHOH cpene?
A.AG>0; b.AG=0; B.AG#0; I AG<0.

31. Kakoil meTtaym cuibHEe KOpPpOAUpyeT B cpefe, coaepkamen kuciopon (0;), ecnu
M3MEHEHHEe N300apHOTO MOTEHIHAIIA TIPU 00Pa30BAHUN OKCH/IOB UMEIOT BEJTHUNHY:

A. FeO AG=-246,0 xJlx/Momb ; B. MgO AG°=— 520,6 x/x/Moib;

B. CuO AG°=-145,5 &J[x/Moub ; . ZnO AG®=-1336,0 &J[x/Moub;

32. CKOpOCTH JIOCTaBKH K TOBEPXHOCTH METaJljla KOPPO3UOHHO aKTUBHBIX YaCTHIl U OTBOJA
INPOAYKTOB pEAaKIMM B YIPOIIEHHOM BHJE OIpeNeNseTcs 3aKoHaMH OJHOMEpHOW Iuddy3un
(3akoHoM Duka):

dc dc ds T dc

A w,=K,8— ; b.w,=xK,5s— ; B.w,=k,c= ; W, =K,X— .
07T x 0T 07 O ax 0= 0% s

33. CkopoCTh XHUMHYECKOW WM DJIEKTPOXUMHUYECKOM pEaKIUU PaCCUUTHIBACTCS 10
YpaHEHHUIO:

E C
A. Wp :KPGX{—R—;] 5 B Wp :KPECX{—EJ ;
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E E
b. W, :KPCSX{R_;"J ; r.w, :KpCeXl{—R—;J ;

34. Kakoii KOppO3MOHHBIM MpolEecc pa3pylieHus (OKUCICHHUS) METaNIOB OTHOCAT K
XUMHYECKON KOpPO3UH?

A. — B3auMoO/IeiCTBHE METaJIa C KOPPO3ZMOHHOM Cpeaoi, IPU KOTOPOM OKHCJIEHHE METajla U
BOCCTAHOBJIEHUE OKHCIIUTENSl KOPPO3MOHHOM Cpellbl, MPOUCXOAUT Ha ONPEIEICHHOM Y4YacTKe
IIOBEPXHOCTU METaJLIA;

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

B. — B3aumopnelcTBHME MeTaula € 3JEKTPOIUTaMH, MPU KOTOPOM HOHU3ALMS MeTauia U
BOCCTAQHOBJICHUE OKHUCIIUTENST KOPPO3MOHHOM Cpeipl IPOTEKAIOT B HECKOJIBKO CTaAui M HX
CKOPOCTH 3aBUCAT OT JIEKTPOJHOTO MOTEHIIMAJIa METAJLIA;

I'. — B3aumozeiicTBUE MeTallIa ¢ KOPPO3UOHHOM CPENOH, IIPU KOTOPOM OKUCIIEHHUE METAJlIa U
BOCCTAaHOBJICHUE OKUCIIUTEIS CPEbL, TPOUCXOAAT Ha Pa3HbIX ydyacTKaxX MOBEPXHOCTH METAJLIa.

35. Kakoii KOppO3HOHHBIM MPOLECC OKUCIEHUS META/IOB HAa3bIBAIOT J3JIEKTPOXUMHYECKOU
Koppo3uein?

A. — B3aUMOJICHICTBME METAJJIa ¢ KOPPO3HMOHHOM Cpelioi, B pe3yJbTaTe KOTOPOrO OKUCICHHE
MeTaJula U BOCCTAHOBJIEHHUE OKUCIUTENS IPUBOST K PABHOMEPHOMY CJIOIO MPOAYKTOB KOPPO3UU;

b. — B3aumoeiicTBHEe MeTaJlJla C KOPPO3ZUOHHOM Cpesioi, MpU KOTOPOM OKHCJIEHHE MeTajla U
BOCCTAHOBJICHHE OKHCJHTENS BBI3BIBAIOT O00pa30BAaHUE HEPABHOMEPHOTO CJOS MPOIYKTOB
KOPpO3UH;

B. — B3aumozeiicTBue MeTaia ¢ KOPPO3UOHHOM Cpeliol, B pe3ysibTaTe KOTOPOTO OKHUCIICHHE
MeTaJula U BOCCTAHOBJICHHE OKUCIUTENS MPUBOJAT K MEKKPUCTANIUTHON KOPPO3UU (KOPPO3UU TIO
TpaHHIIAM KPUCTAIIIOB);

I'. — B3amMopeiicTBHE MeTajula C DJJIEKTPOJIMTAMM, IIPH KOTOPOM HOHU3ALMS MeTalla U
BOCCTAHOBJICHHE OKHCJIHUTENsl KOPPO3MOHHOM cpeibl MPOTEKAlOT B HECKOJIbKO CTaguil U uX
CKOPOCTH 3aBUCAT OT JIEKTPOJHOTO MOTEHIIMAJIa METaJLIa;

36. IIpu B3aMMOAEMCTBUM METAJUIOB C CYXMMHU I'a3aMH (B YACTHOCTH C KUCJIOPOJOM) B CpeJie C
BBICOKOW TEMIIEPATYPOU U B HEJIEKTPOJIUTAX MPOUCXOIUT:

A. — DIIEKTPOXUMHUYECKAsT KOPPO3HS;

b. — Koppo3us MPOUCXOIUT IO CMEIIAHHOMY MEXAHU3MY;

B. — xumunyeckas Kopposusi;

I'. — xoppo3ust ¢ 00pa3oBaHUEM TIJIOTHOM TJIEHKH MPOIYKTOB KOPPO3HUH.

37. B pactBOpax 3JEKTPOJIUTOB (B KHUCIOTaX, IEJI0oYax, UX PacTBOpPax, pacruiaBax CoJjiei)
paspylIieHre MeTalla BEI3bIBACT:

A. — TouedHast Koppo3ust (MUTTHUHT);

b. — anekTpoxuMuyeckast KOppo3us;

B. — uzbuparenpHas Koppo3us;

I'. — xumudeckas KOppo3usi.

38. Ilo kakoil ¢opmyse BBIYMCISETCSA TIYOWHHBIN MOKa3aTelb KOPPOZHMOHHOTO Pa3pyLICHUS
MeTasuia (criaBa)?
A kp=-L. B.ky;=mc; B.ky="; T. Kk,=h.
T T

39. IlokazaTenb W3MEHEHHS TOJIIMHBI, OOpa3yloleHcs Ha MeTaule IUICHKH IPOIYKTOB
KOPPO3UU OTNPEEISIETCS BEIPAXKEHUEM:
Ah
A. KhZhT; B Kh:AhT; B KhZ—; F

T

k=2
T
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40. Kaxoe YpaBHCHUEC UCIIOJIB3YIOT IJI BBIYUCICHUA OTPHULATCIIBHOT'O MOKA3aTCIId U3MCHCHU A

MacChl KOPPOAUPYIOLIEro MeTasia?
Am Am Ah II
AKn=—:; BKpn=——; B.Ky=—17; T. K;=—
St St T T

41. JIng 3a1uThl METHBIX U3/I€JIUA OT KOPPO3HH B KQUECTBE aHOTHOTO MOKPBHITHUS MOYKHO
HUCIOIb30BaTh:
A. Ag b. AL B. Au T. Pt

42. ]I 3a1UThI )KEIE3HBIX U3ACIUI OT KOPPO3UHU B KAYECTBE AHOIHOTO MOKPHITUS MOKHO
HCIIOJIb30BATh:
A. muax bB. onoBo B. Cepeopo I'. Mean

43. Iyt 311U Tl OT KOPPO3HH CTATLHOTO U3/IeTUS B KQU€CTBE aHOTHOTO MOKPBITHS MOKET
OBITH UCITOJIB30BATh:
A.menp b. Hukens B. CBuneny I'. Xpom

44. CornacHo cxeMe ranpeanmnueckoro snementa Cd | Cd*" || Cu®' | Cu
A. BIIEKTPOHBI ABUKYTCS OT MEHOTO JIEKTPOJa K KaIMHEBOMY
b. MeaHbIi 2JIeKTPO SBIAETCS KAaTOIOM
B. Ha me1HOM 351€KTpOIe IPOUCXOAUT OKUCIICHHE
I'. B nmporiecce paboThI 371eMEHTa Ha AJIEKTPOJIE OCAKIACTCS KaJIMHI

45. Tlpu HapyILIEHUH OJIOBIHHOTO MOKPBITHUS Ha KEJIE3HOM U3/ICIINH, 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, BBIACTSIONIMMUCS HA MHEPTHBIX JJIEKTPOAAX MPH JICKTPOJINU3E BOJHOTO pacTBOpa
cynbdara Mesu, SBISIOTCS
A.HunuO, Bb.CumH,S B.CuuH,S T.Cu u O,
47. T1pu 31€KTpOIN3€ BOJHOTO PAaCTBOPA CyIb(aTa HATPUSI HA KaTOJIE MPOTEKAET PEaKIIHs

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

48. I1pu 251eKTpoan3€e BOJHOTO PacTBOpa Cylib(aTa HATPUsI HA KATOJIE MPOTEKAET PEAKITUS
A.2H,0 —4e = O,+4H" B. 40H — 4e = 0,+2H,0
B. S04 —2e = S,05> . 2H,0 + 2e = H, + 20H

49. YcnoBueM caMOMpPOU3BOIBLHOTO MMPOTEKAHUS TIPOIECCa SBIISCTCS:
a) AG=0; 6) AG<0; B) AG>0;T)AS>0.
50. Katog—aTo...
a) JIEKTPO/, Ha KOTOPOM MPOUCXOJUT BOCCTAHOBIICHUE;
0) DJIEKTPOJI, HA KOTOPOM MPOUCXOJAUT OKUCIICHUE;
B) BCEr/la MOJOKUTENbHBIN 3JIEKTPO/I;
T') BCET/1a OTPHUIATENBHBIN SJIEKTPO/I;
51. AHog—oToO...
a) IEKTPO/I, Ha KOTOPOM MTPOUCXOUT BOCCTAHOBIICHUE;
0) 2JIeKTpO/I, HA KOTOPOM ITPOUCXOUT OKHCIICHHE;
B) BCET/Ia TIOJIOKUTENBHBIN 3JIEKTPO/T;
I') BCEr/1a OTPULATENbHBIN 3JIEKTPOJ;
52. DNeKTpoABMKYIAs CUJIA TAIbBAHUYECKOTO JIEMEHTA:
a) paBHA 3JIEKTPUUECKON pa3HOCTU MOTEHIHAIOB B ABOWHOM 3JIEKTPHUUECKOM CIIOE;
0) MakcUMaibHas Pa3HOCTh MOTEHIIUAIOB JJIEKTPOJIOB, KOTOPAst MOXKET OBITh MOJTyUeHa,;
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B) paBHA MMOKA3aHUIO BOJIBTMETPA, BKIIOYCHHOMY B JIEKTPOXHUMHUYECKYIO IeNb Mpu padoTe
raJIbBAHUYECKOTO JIEMEHTA;

r) Ha3eiBaeTcst D/]C aneMeHTa, COCTaBIEHHOTO U3 JAHHOTO JIEKTPOAa U CTaH/IapTHOTO
BOJIOPOJTHOTO 3JIEKTPOAA, MOTEHIIMAT KOTOPOTO MPUHAT PaBHBIM HYJIIO;

53. 'anbBaHMYECKHUE IEMEHTBI — 3TO. ..

a) yCTpOMCTBA ISl IPSIMOTO MPe0Opa30BaHUs XUMUYECKOM SHEPTHH 3aKIIFOYEHHBIX B HUX
pEareHToB B 3JIEKTPUYECKYIO;

0) XMMUYeCKHe UCTOYHUKH TOKA, NpeIHa3HAYEeHHbIE /1151 MHOTOKPAaTHOTO X MCIIOJIb30BaHUS 32
CYET pEereHepali AKTUBHBIX KOMIIOHEHTOB 3JIEKTPOJOB B MPOLECCE 3aPSAIKH;

B) YCTPOICTBA /17151 HEMTOCPEICTBEHHOTO NMPe00pa30BaHMs TEIIOBON SHEPTUH CTOPAHUS B
ANEKTPUUECKYIO;

T') BJIEKTPObI, 00paTUMbIe OTHOCUTEILHO HOHOB B PACTBOPE;
54. DnexTponus — 3To...

a) mpoliecc npeoOpa30BaHUs XUMHUECKOM SHEPTUHU B DJICKTPUIECKYIO;

0) peakuu TUCTIPOTIOPIIUOHUPOBAHUS;

B) Pa3JI0KEHUE BEUIECTB MO/ IEHCTBUEM JIEKTPUUECKOIO TOKA;

') MEXMOJIEKYJIIPHbIE OKUCIUTEIbHO-BOCCTAHOBUTEIbHbBIE PEAKIINH;
55. MaremaTuyeckas 3anuch IIepBOro 3aKoHa iekTponusa Papanes:

m(x)

M(x)

0) m(x) = [M(x)/zF]- I - t;

B) M5(AB) = M»(4) + M»(B),

r) én K=nFE’/RT.

56. JIro00i1 KOPPO3MOHHBIN MPOIIECC SBISETCS

a) n =

A. oTHOCTaJUHHBIM b. MHOTOCTATMAHBIM
B. JIByxcTaguitHbIM I'. TpexcranuitHpIM
57. Koppo3usi MeTasioB OMUCHIBAETCS YPABHEHUEM

A. Me" + ne = Me B. Me’ —ne =Me™"

B. Me” + ne = Me™ I'. O, + Me = MeO,

58. KapoCcTOUKOCThIO HAa3bIBAETCSA

A. CIOCOOHOCTB METaJlIa COXPaHATh BBICOKME MEXaHUYECKUE CBOWCTBA MIPH BHICOKHX
TeMIieparypax

b. ctocoGHOCTh METaJIIOB HE MJIABUTHCS MPU BBICOKHX TEMIIEpaTypax

B. CniocoOHOCTH METaIOB COMPOTUBIISATHCS KOPPOSMOHHOMY BO3JICHCTBHUIO T'a30B MPH BBICOKUX
TeMIepaTypax

I'. CnocoOHOCTh METaJNIOB MPU BBICOKHUX TeMIlepaTypax U3rudarbces

Kpurepun ouenku (B 0asu1ax):
- 0-1- 6a/J10B BBICTABIISICTCS CTYJCHTY, €CJIM IPABUIBHO BBIMOTHEHO OT 0-25% 0T Becero oobema
TEeCTa;

-2-4 5aJ110B BBICTABIISIETCS CTYJIEHTY, €CJIH MPaBUIIBHO BBIMOJIHEHO 0T 25-50% oT Bcero oobema
TECTa;

- 5-7 6aJ1510B BBICTABIIAECTCA CTYJEHTY, €CIIU €CJIM MTPaBUIIBHO BBINOIHEHO OT 50-75% oT Beero
o0beMa TecTa;

- 8-10 0a/1710B BBICTABISAETCA CTYAEHTY, €CJIM €CIIA IPABUIIBHO BBINOJIHEHO OT 75-100% oT Beero
o0beMa TecTa.

KpnTepml OLICHKH 1JId 3A04YHOI'0 OTACJICHUA:
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- HEY10BJIETBOPUTEIbHO BBICTABISETCS CTYACHTY, €CJIU MPAaBUIBHO BbINOIHEHO OT 0-25% ot
BCEro o0beMa TeCTa;

-yA0BJIETBOPHUTEJIBHO BBICTABIISIETCS CTYJAEHTY, €CIIM MPaBUIILHO BBIMOJIHEHO OT 25-50% OT Beero
o0beMa TecTa;

- XOPOILO BHICTABIISIETCS CTYACHTY, €CIIU €CIIH MPaBHIBHO BBINOIHEHO 0T 50-75% oT Bcero oobema
TeCTa;

- OTJIMYHO BBICTABIIAECTCS CTYACHTY, €CIIHM €CJIM MPABUIIBHO BBINOJIHEHO 0T 75-100% ot Bcero
o0bemMa TecTa.

4.3.3. OdopmiteHue Ja00PaATOPHBIX PadOT

JlaGoparopHas pabdora 1
BJIMSIHUE CTPYKTYPHOU HEOJHOPOJHOCTHU HA KOPPO3UIO METAJIJIOB
I1P11 BOCCTAHOBJIEHMM NOHOB BOJOPOJIA

1.1. ITenp paGoThl

W3ydyeHne BIMSHUSA KOJWYECTBA U KA4ECTBA CTPYKTYPHBIX HEOJHOPOIHOCTEW HAa CKOPOCTH
AJEKTPOXUMHUUYECKOW KOPPO3MM METAUIOB IIPU BOCCTAHOBIEHMM HAa HHUX KAaTHOHOB
BOAOpPOJA.

1.2. Teopus Bompoca

Koppo3zueli MeTanioB Ha3bIBalOT pa3pyLIEHHE METAJUIOB BCIEACTBHE XUMHUYECKOTO WIIH
BJIEKTPOXUMHYECKOTO B3AUMOICHCTBHS UX C KOPPO3ZUOHHOM CPEOil.

[lepBonpyunMHON KOPpPO3HM  SIBJISIETCA TEPMOJMHAMUYECKAs HEYCTOMYMBOCTD HMX
METaJUIMYECKOTO COCTOSIHUSL B OKpyXaromux yciaoBusix. Ilpm B3ammopeiictBum ¢
arpecCUBHOM CPENOM METaJUIbl CaMOIPOU3BOJIBHO CTPEMSTCA IEPEUTH U3 METaJUIMYECKOIro
COCTOSIHHMS B OKHCIIEHHOE, KaK TEPMOJAMHAMHUUYECKU OoJiee YCTOMYMBOE B JAHHBIX YCIOBHSX.
CreneHp TepMOJIMHAMUYECKON YCTOMUMBOCTH METaJljla 3aBUCUT KaK OT CBOMCTB CaMOIo
METaJula, TaK M OT COCTaBa KOPPO3MOHHOW CpeAbl M XapaKTEpPU3YyeTCs H3MEHEHUEM
M300apHO-M30TEPMHUYECKOTO  TMOTeHnuana (dHeprus [ ubbOca) mTpu  NpPOTEKAHHUH
COOTBETCTBYIOIIETO KOPPO3MOHHOrO Imporecca. CaMonpou3BOJbHO MPOTEKAIOT JHUIIb TE
IIPOIIECCHI, B pe3yJIbTaTe KOTOPBIX IPOMCXOUT YMEHbIIeHHe sHepruun [ udoca, 1.e. 4G <0.

[Ipn B3auMOAEMCTBMM METAUIOB M CIUIABOB C PACTBOPAMH 3JIEKTPOJIUTOB IPOLECC
KOppO3HM OOBIYHO TIPOTEKAET M0 DJICKTPOXUMHUECKOMY MEXaHHU3My. XapaKTepHOH
0COOCHHOCTBIO JIEKTPOXUMHUUECKON KOPPO3UH SABIISETCS TO, YTO B3aMMOJCICTBHE MeTaa
C arpecCUBHOM CPeON pa3/elgeTcs Ha J1Ba CONPSKEHHBIX poliecca:

1) aHOmHBIN Tiporecc (OKUCIUTENBHBIA) — HEMOCPEACTBEHHBIM TEepeX0]] HMOH-aTOMOB
MeTaJljla U3 KPUCTAJUNINYECKON PEIIETKM B pacTBOP B BUJAE TMAPATUPOBAHHBIX KaTHOHOB,
€CIIM DJHEeprus B3aUMOJICHUCTBUS HMOH-aTOMOB C IMOJIAPHBIMH MOJIEKyJaMU BOZAbI OyneT
OoubliIe, YeM PHEPTUsl CBSI3U KPUCTAIIIMUECKON PELIeTKH MeTaslia

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

2) KaTOAHBIN Tpolecc (BOCCTAHOBUTENBHBIN) — MPUCOSINHEHNE U30BITOYHBIX JJIEKTPOHOB,
0o0pa3yromuxcs B aHOJHOM IIpoIiecce, K KaKoMYy-TM0O OKHCIHUTEN0 (aToMaMm, MOJIEKYJIam
WJIM MOHAM pacTBOpPa), KOTOPBIN OyIeT B pe3yabTaTe 3TOr0 BOCCTAHABIMBATHCS

dOx+ne— rRed (1.2)

OpHako M30BITOYHBIE 3JEKTPOHBI MOTYT MPHUCOEAMHSITHCS HE TOJBKO K OKUCIUTEIHLHOMY
KOMIIOHEHTY pacTBOpa, HO M K o0Opa3zoBaBmMMcS B aHogHoM mporecce (1.1)
rUAPaTUPOBAHHBIM KaTHOHAM MeTaia, T.€.

Me"" - mH,0 + ne — (Me"" - ne) + mH,0 (1.3)
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B pesynbTare KaTHOHBI MeTajUla W3 pacTBOpa BHOBb BEPHYTCS B KPHCTALTUYECKYIO
pELIEeTKY.

[Ipu BbIpaBHMBaHMM CKOpOCTEN peakuui okuciaeHus Mmeramwia (1.1) u BoccraHoBIEHUH
ero HMoHOB (1.3) HacTymur CoOCTOSHHME JAMHAMHUYECKOTO paBHOBECUS, M KOPPO3Us
(MperMyILEeCTBEHHO MEPEHOC MeTallla U3 KPUCTAUIMYECKOH PelIeTKH B pacTBOp) IpeKpa-
tutcs. CinenoBarenabHO, Ul MPOTEKaHUsI ITpoliecca KOPPO3UU HEOOXOIUMO, UTOOBI CKOPOCTh
npsimMoii peakuuu (1.1) O6buta Gonbie ckopocTd obpatHoil peakuuu (1.3), T.e. B peakuuu
BOCCTAQHOBJICHHSI Y4aCTBYET IIPEUMYILIECTBEHHO OKHCIUTENIb PACTBOPA. DTO YCIOBUE MOKET
ObITh BBINIOJTHEHO, €CJIM OKUCIHMTENb, WMEIOIIMNCA B pacTBOpe, o0sagaeT OOIbIIUM
CPOJICTBOM K DHJIEKTPOHY, 4Ye€M KaTHOHBI pacTBopstouierocs Merauia. OKHCIUTEIbHbIE
CBOWCTBA BEILIECTB OMNPEACTAIOT BEIUYMHOM WX OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
noteHuana. Yem MONOXKUTENbHOE ATOT INOTEHLMAT, TeM OOJbIIMMHU OKHCIUTEIbHBIMU
cBoiicTBaMH (OOJIBLIMM CPOACTBOM K 3JIEKTPOHY) 00JagaeT TO WM MHOE BemecTBo. Toraa
HE00X0AMMOE YCJIOBUE TEPMOJIMHAMUYECKON BO3MOYKHOCTHU 3JIEKTPOXUMHUYECKONH KOPPO3UHU

metamia: @° <@’ (1.4) roe ¢’ - paBHOBECHBIH MOTEHIHAT AHOJHOPACTBOPSIOIIETOCH
MeTaa;
@, - paBHOBECHBI TMOTEHIHMAT OKMCIMTENS, BOCCTAHABJIMBAIOIIETOCS B KaTOIHOM

mporiecce.
Pa?)HOCTB Menc):[y paBHOBeCHBIMI/I IIOTCHIINAJIaMU KaTOI[HOfI nu aHOHHOﬁ peaKI_[I/II/I SABIISICTCS
HavyaJIbHOM IBWIKVIIIEW CUIONH KOPPO3HOHHOIO IIpollecca:

E= o0, (1.5)

AHOJHAs ¥ KaTOAHAsl peaKMu MOTYT MPOTEKATh OJJHOBPEMEHHO IO BCEW MOBEPXHOCTU
Koppoaupyomiero Meramia. OAHaKo BO MHOTHX CITydasix 3JIEKTPOJIHbIE pEeaKlUy YCTOHYUBO
JIOKAJTU3YIOTCSI Ha OMNPEENICHHBIX YyYacTKaX IIOBEPXHOCTH, a UMEHHO TaM, TIJie OHH
HauMeHee 3aTpyJHEHbl. B 3TOM cilydyae y4acTKH MOBEPXHOCTHU, Ha KOTOPBIX MPOTEKAIOT
anonHas (1.1) u karoguas (1.2) peakiuu, Ha3bIBalOT COOTBETCTBEHHO aHOJIOM U KAaTOJIOM.

CxopocTb mporiecca 3JIeKTPOXUMUYECKON KOPPO3UH, KaK U BCEX MPOLECCOB B MPUPO/IE,
MPSIMO MIPOTIOPIIMOHANIbHA ABMXKYIIECH CUJIe B OOpaTHO MPOIMOPIHOHAIBHA COMPOTUBICHUIO
(3aTpyIHEHHOCTH) TIpoliecca

P P
¢0K _¢Jri
kNT, (1.6)
i
rie R, — compoTuBiieHHE (3aTPyIHEHHOCTb) OTIEIbHOM CONpPSHKEHHOW — cTaauu

KOPPO3HUOHHOTO TIpoIIecca.

HeobxonmuMo OTMETUTBH, YTO B OOJBIIMHCTBE CIy4aeB HEBO3MOXXHO AHATHTHYECKU
pEeNuTh 3aBUCUMOCTH (1.6), T.K. COMMPOTHUBIICHHE KOPPO3ZHOHHOTO MPOIECCa B CBOIO 0Yepe/lb
3aBHUCUT OT CKOPOCTH KOppo3uH, T.e. 2R, = f(K).

[Iponiecc AMEKTPOXUMHYECKOM KOPPO3UM, KaK YK€ YKa3bIBaJOCh, COCTOUT M3 JBYX
OCHOBHBIX COINPSKEHHBIX PEaKLHM — aHOJHOM M KATOIHOW, Ka)KJ1as U3 KOTOPBIX SIBJIAECTCS
COBOKYITHOCTBIO TOCIEI0BATEIbHO-MAPAIIIEIBHBIX cTaaui. Kpome TOro, KOppO3MOHHBIN
MPOILIECC BKIIIOYAET B ce0s PSIJl CTAAUN, UMEIOIINX YHCTO PU3UUYECKYIO MPUPOY (AOCTaBKA U
OTBOJI KOMITOHEHTOB PEAKIIMi, MEPEHOC JJICKTPUUECKHUX 3apsI0B BHYTPH OIHOU (a3wbl U
ap.). Bce compsbkeHHblE CTaiud KOPPO3HMOHHOIO TIpoliecca MpH CBOEW pealih3aluu
WCTIBITBIBAIOT T€ WJIM WHBIE 3aTPyJHEHUS W 0OIee COMpPOTHUBICHHWE BKIIOYAET B ceOs
COMPOTHUBIICHUS OTAENbHBIX cTaauid. Eciu 3aTpyJHEHHOCTb OJIHOH M3 MHOTOYHUCIEHHBIX
CTaJAMi KOPPO3MOHHOI'O IMpoliecca OVAET 3HAYMTEIBLHO IPEBOCXOAUTH 3aTPYIHEHHOCTH
OTHEIBHLIX CTAAHH, TO CKOPOCTE UMEHHO 3TOH, HanOoIee 3aTPYAHEHHON (IUMHUTHPYIOIIEH)
CTaJIuHU OYAET ONPENENATh CKOPOCTh BCETO KOPPO3HMOHHOIO MPOIecca B IEIOM.

KonudecTBeHHO OICHUTH CTEMEHb 3aTPYAHCHHOCTH KaKOW-TMOO CTaauM MOXKHO I10
BEJIMUMHE €€ MepeHanpsbkeHus. llepeHanpshpkKeHWeM TOW WM MHOW CTaauy Ha3bIBAOT
CMEIICHUE MOTEHLHaNa 3JEKTPoJa OT PaBHOBECHOIO 3HAYEHUS NIPHU MPOTEKAHWU TOKa,
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BBI3BAHHOE 3aTPYAHEHHOCTHIO JJAHHOM cTaauu mnpoiecca. Takum o0pa3oM, epeHanpsbkeHne
XapaKTEePU3yeT CTETNEeHb 3aTPyTHEHHOCTH TOM WJIM MHOW CTaJuH Tpoliecca.

B KUCJIBbIX cpe;[ax MHOT'HC TCXHUYCCKUEC MCTAJIJIbI KOppOHI/Ip}IIOT C BOCCTAHOBJICHHUEM Ha
KaToJie MOHOB BOZIOpOAa. B 3TOM citydae posb OKUCIUTENS BBITIOJIHSIOT KAaTHOHBI BOJOPO/A,
148 KaTO,[[HBII\/'I npouecc 3aKJIFOYacTCA B BOCCTAHOBJICHUHU HUX OO0 HGfITpEL]IBHOI‘O COCTOAHUA U
UJIET B HECKOJIBKO CTaJUM IO CIEAYIONIEH CXEMeE:

. IlonBox MOHOB THIPOKCOHUS H' H0 x MOBEPXHOCTH Karoja 3a cueT auddysun u
MUTpAIUH (HapaBJICHHOTO JBMKEHUSI HOHOB TIOJ1 IEHCTBHEM DJIEKTPUUECKOTO TTOJIs).
. Pa3psa nona ruapokconus ¢ 06pazoBaHUEM aICOPOMPOBAHHOTO aTOMa BOJOPOIa H' -H,0

+e— Hyp.+ HO (1.7)
. PexoMmOuHanms (MoIM3aIms) BOJOPOIHBIX aTOMOB C OJHOBPEMEHHOM UX aecopormeit H .
+ Hyoe—> H (18)

. OTBOZ MOJIEKYISIPHOTO BOAOPO/AA U3 MPUKATOIHON 30HHI 3a cueT Auddy3uu, odpazoBaHue
My3BIPHKOB a3000pa3HOr0 BOJOPO/A, UX OTPBIB OT MOBEPXHOCTU KaTO/Aa U BbIACIICHUE U3
pactBopa.

Kak cnenyer u3 ycnous (1.4) mporecc KOppo3un METAJIOB NMPHU BOCCTAHOBJICHHH Ha
KaTo/ie MOHOB BOAOPOJa TEPMOJAMHAMUYECKH BO3MOXKEH B TOM CJllydae, KOI/la paBHOBECHBIN
MOTEHIIMAJ aHOJHO PACTBOPSIOLIETOCS MeTajlla OTpUIlaTelibHee paBHOBECHOIO MOTEHIHaNa
BOCCTAHOBJIEHHS] HOHOB BOJIOPO/ia B JAHHOM ClIydae

P <9, (1.9)

Peanuzamust TepMOAMHAMUYECKOM BO3MOXKHOCTH Ipollecca KOPPO3WH MeTaia MpH
BOCCTAHOBJIEHMM HOHOB BOJIOpPOJia CBA3aHa, B OCHOBHOM, C IIPEOAOJEHHEM 3aTPyAHEHUM
KaTOJHOTO MpOIEecca, KOTOpPbIE 3HAUUTENBHO MPEBOCXOISAT IMEepeHANpsHKEHUE aHOIHOIO
nporecca. Hanbomnee 3aTpyAHEHHOH cTaiueil poIriecca BOCCTAaHOBIICHUSI HOHOB BOJIOPO/Ia, B
3aBHCHUMOCTH OT MPUPOABl MaTepuaa, Ha IMOBEPXHOCTH KOTOPOTO MPOUCXOJUT STOT
mporecc, Moxker ObITh peakius (1.7) mwmu (1.8). CnemoBarenbHO, 3aTPYIHEHHOCTh JTHX
cTanuil U OyneT ompenessiTh CKOPOCTh KOPpPO3UM MeTaia MpU BOCCTAHOBJICHUM HOHOB
BOAOpPOJA.

[lepeHanpsbpkeHHEM BOJOPOJAa HA3bIBAIOT CMEIIEHHWE TOTEHIMala BOCCTAHOBJICHMUS
HMOHOB BOJIOpPOJIa B OTPULATENILHYI0 CTOPOHY OT PaBHOBECHOI'O 3HAYEHMS MPU MPOTEKAHNUU
TOKa, BBI3BAHHOE 3aTPyJHEHHOCTHIO pPa3pslla MOHOB THUIPOKCOHUS, WIM PEKOMOUHAINH
BOJOPOJHBIX aTOMOB.

HeoOxomumMo  moguepkHyTh, 4YTO caM  MaTepuan KaToja He  IMPUHUMAET
HEMOCPEACTBEHHOIO Yy4YacTHsl B KAaTOJHOM peakUWHd BOCCTAHOBJIEHMSI OKUCIUTENS, HO
OKa3bIBaeT OoJbIIOe BIMSHHE HA CKOPOCTh JTOro Ipolecca. Pa3nuuyHas creneHb
3aTpyJHEHHOCTH IIPOTEKAHUs PEaKMi BOCCTAHOBJIEHHSI HOHOB THJIPOKCOHUS HAa KAaTO/AaxX U3
pa3IMYHBIX MaTepUaloB MPUBOAUT K BO3ZHUKHOBEHHUIO OTJIMYHBIX JpPYr OT JApyra Io
BEJIMYHMHE TEPEHANPSDKEHUH BOJOPOAA HAa HUX M 3HAYMTEIBHOMY HM3MEHEHUIO 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) rne a —

MIOCTOSIHHAS, 3aBUCSALIAs OT MaTepHalla KaTo/ia, COCTOSIHUS €r0 IOBEPXHOCTH, COCTaBa

pacTBOpa U TeMIEPATYPHI;
b — mocrostHHAsA, 3aBHCAIIAs OT TEMIIEPATyPhl U MPUPOABI 3aTPYAHEHHON CTaIHH KAaTOJHON
peaxuuu;
Ix - INIOTHOCTH TOKA Ha KaTOJE.

CkopocTb  KOPpPO3HMOHHOTO  Ipoliecca MOXKET ObITh  BbIpaKE€HA  Pa3IM4YHBIMU
NoKazareiasiMu. B ciydae paBHOMEpHOro XapakTepa pas3pylIeHUs MeTaJIM4eCKon
MOBEPXHOCTH pAIMOHANIBHO BBIpAXAaTh €€ 4Yepe3 Maccy MeTajlia, pacTBOPSIONIErocs ¢
€MHUILIBI IOBEPXHOCTH B €JUHUI]y BPEMEHM (MacCOBBIN IOKa3aTelb KOPpPO3UU, )
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Jlist 3TOro HEoOXOAUMO OIpENeNUTh TOTEPI0 Macchl o0pas3la 3a BpeMs KOpPpPO3UH.
[TockonbKy XapakTep KOPpPO3HMH B O3TOM Cly4yae paBHOMEPHBIA, TO, 3Has IUIOLIA/b
MOBEPXHOCTU 00pa3iia, MOKHO PAaCCUUTATh CPEAHIOI TONIIUHY MPOKOPPOIHPOBABIIETO
CJIOS MeTaJlIa 3a €AMHUILY BpeMEeHH (TTyOMHHBIN TTOKa3aTellb KOPPO3UH, MM/TOT).

Kpome maccoBoro nokazateinsi CKOPOCTH KOPPO3UHU, HEPEIKO HCIONIb3YIOT 0ObEMHBIH,
YTO BO3MOXKHO B CIIy4asiX, KOTJa KOppO3us MeTajljla COMPOBOKIAETCS PACXOJAOBAHUEM HIIN
BBIIETICHHEM Ta3a. Tak mpu KOPpPO3UH METAUIOB C BOCCTAHOBJICHHEM Ha KaToJ€ MOHOB
BOJIOpPOJIa Macca IMepelie/ero B pacTBOp MeTaljia B CHIIy COIpPSKEHHOCTH aHOIHOTO U
KaTOJHOTO TIPOIecCOB OyIeT MpoNopHUuOHaNbHAa O0BEMY BBIACIUBIIETOCS BOJOPOIA
(06BEMHBIH TTOKa3aTelIb KOPPO3HH, CM /(cM’ ).

[lepen npoBeneHreM pabOTHI CIIEAYET 3HATH CIEAYIOIINE Pa3JieNbl Kypca:

1. MexaHu3M 3IEKTPOXUMUYECKON KOPPO3UH METAJIIOB.

2. Koppo3us MeTauioB Npu 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 Pa3INYHBIX IO
o0bekTaM uccnenoBanus. Kax bl CTyJeHT IPOBOIUT 10 YKAa3aHUIO MPEroiaBaTels padoTy
110 OZJHOMY U3 BapUaHTOB.

Bapuant 1. VccienyioT KOpPpO3MOHHOE IIOBEIEHHE CIUIABOB CHUCTEMBI <OKEJIe30-
YIJIEPO1», COAEPKAIIMX Pa3IMYHOE KOJIMYECTBO yriepoaa, B 10%-HOM BOIHOM pacTBOpe
CepHON KUCIOTHL. B 3aBUCUMOCTH OT T€pMOOOPAaOOTKH M COAEP)KAaHUS YIIIEpO/a CIUIABBI
MOTYT UMETh Pa3IUYHYIO0 CTPYKTYpy. CTpPYKTypHBIE COCTaBISIOIIME OONaNaloT pa3HOU
TEPMOJUHAMHUYECKONH YCTOWYMBOCTHIO, MMEIOT OTIMYAIONIUECS MO BEIMYUHE DIICKTPOJHBIC
MOTEHIIMAJIBI ¥ Pa3InYHOE TIepeHanpsbKeHne BOI0poa.

[To maHHOMY BapHaHTy HUCCIEAYIOT CIEIYIOIINE METAJLIBI:
1.Ceppriit uyryn (3,5% C) co cTpykTypoil deppur + nepaut + rpadur.
2. Yrnepoauctas craib (0,3% C) co cTpykTypoit heppuT + MepiuT.
3. Kenezo (0,04% C) co cTpykTypoit ¢heppuT + HEOOIbIIOE KOTUIECTBO MEPIUTA.

BapuanT 2. HccnenyroT KOppo3HOHHOE TIOBEICHHE CIIJIAaBOB ITUHKA, COJIEPIKAIINX
pa3nyHbIe IPUMECH, B 2%-HOM BOJHOM PacTBOPE CEPHOM KHUCIOTHL. B BYyX U3
UCIIBITHIBAEMBIX CIJIABOB KOJIMYECTBO MPUMECEH OJIMHAKOBO, HO KAYECTBEHHO OHH
paznuuHbl. [IpumecHbIe 71IeMEHTHI UMEIOT Pa3InYHbIe JIEKTPOIHbIE TOTEHIINAIBI U
nepeHanpsKeHne BoJopo/a.

[To naHHOMY BapHaHTy HCCIEAYIOT CIEIYIOIINE METAILIbL:
1. uuk Texanueckuii (coaepxkanue npumeceii 1o 0,1%: Fe, Sn, Pb u ap.).
2. CnnaB nuHKa c xxene3om (0,5% Fe).
3. CrunaB muaka co cunoM (0,5% Pb).

PaboTy HauMHAIOT ¢ MOATOTOBKU OOPA3I0B K MCIBITAHUSAM. J[JIs1 3TOr0 HMX 3a4MIIAOT CO
Bcex CTOpoH (B TOM umcie OOKOBBbIE MOBEPXHOCTH) HAXKIAUHOM OyMaroil 10 MOSBICHUS
MeTanueckoro Oiecka. Ha 3auniiaemoil moBepXHOCTH AOMYCTUMBI TTTyOOKHE PAKOBUHBI U
napanuHbl. [locme 3TOro IITaHTeHUMPKYJIEM OINpPENesioT BCe pa3Mepbl 00pasloB (c
TOYHOCTBIO 710 £ 0,1 MM), HEOOXOIUMBIE ISl TTOCJIEYIONTUX PAcueTOB MOJHOH (C yuyeToM
OOKOBBIX IMOBEPXHOCTEH) IUIOMIAM WX MOBEpXHOCTH. [Ipum 3TOM Hammuue Ha oOpasmax
OTBEPCTHS JUIsl UX MOJABEIINBAHUS HE YUUTHIBAIOT. 3aTeM 00pa3ibl 00€3KUPUBAIOT BAaTHBIM
TaMITIOHOM, XOpOIIIO CMOYEHHBIM B alleTOHE, W BBICYIIMBAIOT Ha Bo3ayxe. O0e3KUpEHHBIC
o0Opa3ipl B3BEUIMBAIOT HA AHATUTHUYECKHX IOJyaBTOMAaTHYECKHX BeCaX C TOYHOCTHIO
40,0002 r. [IpaBuia paboThl HAa AaHATUTUYECKUX Becax MPHUBEICHBI B IPUIOKEHUH 1.

O6beM BOAOPOJA, BBIJCIMBIIEIOCS B MPOIECCE KOPPO3HH, OMPEACNSIOT C MOMOIIbIO
Koppo3umerpa (puc.l), KOTOpBI mpejacTaBiseT COOOH TpalydpOBaHHYIO OIOPETKY,
MMEIOIIYI0 KpaH B BEpXHEH 4acTh M KOJIOKOJIOOOpa3HOE pacHIMpeHUEe B HIKHEW 4acTH.
[Tocrme 3amonHEHHS] KOPpPO3UMETpPa PACTBOPOM KHCIOTHI OOpa3el] MeTajia HaYMHAeT
KOppEeIUpoBaTh ¢ BbIACIEHUEM ra3000pa3Horo Bojoposa. [TonHuMmaromuecs my3pIpbKy rasa
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CKAIUIMBAIOTCS B BEPXHEM YacTU KOpPpPO3UMETpa U BBITECHSIOT M3 Hero kucnoty. Ilo
M3MEHEHUIO TOJIOXKEHUSI MEHHCKA KHIKOCTH MOXKHO OINpeIeNuTh 00BeM MaporazoBoi
CMECH, HaXOIAILECHCS B KOPPO3UMETPE.

[TonroroBieHHble W B3BELIEHHBbIE 00pa3lbl MOABEIINBAIOT HA CTEKJISHHBIX KPIOYKaxX B
pacupeHHoN 4acTu KoppozumeTpa (cM. puc.l). Ocnabnsist 3auM MyQTHI, yaepKUBArOIIEH
JanKy ¢ KOPpO3MMETPOM Ha IITaThBe (HE PEKOMEHAYETCS OCJalNATh 3a)XHM JIAlKH,
Kpersiieil KOppo3UMETp), OMyCKAIOT €ro pacIIMPEHHON YacThIO B CTaKaH TaK, YTOOBI MEXIY
HIOKHUM KpPaeM U JIHOM CTaKaHa OCTaBaycs 3a30p 2-5 MM, U (UKCHPYIOT KOPPO3UMETpP B
3TOM MOJIOKEHHH.

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

Jlyist 3amoJIHeHUsT KOPPO3HMMETPOB PACTBOPOM KHUCIOTHI HEOOXOAMMO BOCIOJIb30BATHCS
BOJIOCTPYHHBIM HacocoM. BomocTpylHBI HacOC HYXKHO TOJTOTOBHTH K padoTe, NI 4ero,
MEJIEHHO OTKPBIBasi BEHTHIIb BOJAOIPOBOAHON CETH, PETYIUPYIOT HAIOP BOJBI TaK, YTOOBI B
chepudeckoil 4acTu HaOII0JAIO0Ch «KUTICHHE» IPH 3allOJIHEHUHM BOJIOM MpuUMepHO Ha 2/3
oowvema. [lamee, 3akpbIBass W OTKpbIBash MalbIleM OTBEPCTHE CTEKISHHOTO HAKOHEYHHKA
JIMHUW BCACBIBAHMS HACOCA, YOKIAIOTCS B €r0 pabOTOCTIOCOOHOCTH.

[lonroToBUB BOAOCTPYHHBIM Hacoc K paboTe, TMNPUCTYMAIOT K 3aMOJHEHHIO
KOPPO3UMETPOB KHCJIOTOW. J[JI1 3TOro HEOOXOIMMO OTKPBHITH KpaH B BEpXHEH YacTu
KOPPO3UMETpPa U MOJCOCAUHHUTH €ro C MOMOIIbI0 PE3MHOBOTO IIUIAHTA K TUHUU BCAChIBAaHUS
Hacoca (cMm. puc. 1). Ilociae Toro kak KOppO3WMETP TOJHOCTBHIO 3aIMOJIHUTCS KHUCIOTON
(HMke KpaHa HeE JOJDKHO OCTaThCsl My3bIpbKa BO3AYyXa), KpaH IUIOTHO 3aKpbIBAIOT U
HEMEJIEHHO OTCOETUHSIOT Hacoc. JlomyckaeTcs mpeBbIllieHue YPOBHS KUCIOTHI HaJl KPaHOM
He 6onee 0,5-1 cm. Koppo3uMeTpsl 3amoiHSIOT MOCIEI0BATENILHO, MTOCE YEro MPOBEPSIOT
IUIOTHOCTh 3aKpBhITUA KpaHa, TaK KaK I[IOJCOC BO3[AyXa 4Yepe3 HEro MOXKeT HCKa3UTh
pe3yabTaThl OMBITA.

Hauanom omblTa cienyeT cYuTaTh MOMEHT 3allOJHEHHS IOCJIETHEr0 KOppO3UMETpa
kucnoToi. O6beM BBICTISIONIETOCS 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 okoHuUaHUs ONBITa OTKPBIBAIOT KPAaHbI KOPPO3SUMETPOB U CIYCKAIOT KUCIOTY B
CTaKaHbl, 3aT€M IMPOMBIBAIOT BOJOM BMecTe C HaXOASIIMMHUCA B HUX oOpasllaMu B
CHEAYIOUIEH MMOCIE0BATEIIbHOCTH:

1) oTBepHYB BUHT MY(Thl Ha IITATUBE, MOJHUMAIOT KOPPO3UMETPHI ¢ 00pa3llaMu BHIIIE
Kpasi CTAKaHOB C KHCIOTON ¥ (PUKCUPYIOT UX B 3TOM IOJIOKCHHH,

2) 3aMEHUB OJIMH CTAaKaH C KUCJOTOH MOJ KOPPO3UMETPOM Ha MYCTYI0 MEH3YPKY, CIIUBAIOT
13 CTaKaHa KUCIIOTY Yepe3 BOPOHKY B OYTHLIb;

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

4) TOBTOPSIOT OMEpallMK 10 yKa3aHHOMY B TL.I. 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
(Ipu OTKPBITOM KpaHE CBEPXY);

8) MOIHMMAIOT CTaKaH C BOJOW MOJ KOPPO3UMETPOM BBEPX TaK, YTOOBI B BOJLYy MOrPy3UIach
KOJIOKOJIOOOpa3Hasi yacTb, M 3aMOJIHSIOT €ro MOJTHOCTHIO BOJOM;

9) xak TOJBKO BOJa JOCTUTHET KpaHa B BEPXHEH 4acTH KOPPO3UMETpPa, OMYCKAIOT CTaKaH ¢
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 00pa3IamMmu, CIUBAIOT BOIY
U3 CTaKaHOB B PAKOBHMHY U BBIKJIFOUAIOT BOJOCTPYIHBIN HacoC.
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[Tocne mpOMBIBKH BCEX KOPPO3UMETPOB U3BJICKAIOT U3 HUX 0Opa3Ibl U yIAISIFOT MPOTYKTHI
Koppo3uu. [ljis 3TOro Ux MOIOT BOJOW IOJ KPaHOM, MPOTHPAIOT XOPOILO HAaMBLUICHHBIM
EpIIUKOM H BHOBb TIIATEIbHO MPOMBIBAIOT BOJMOH. YwucThie 00pa3ibl TIIATETHHO
BBICYIIMBAIOT (PUIBTPOBATLHON OyMmaroi, ypmanss Biary TakKe €3 OTBEPCTHH s
nojBemuMBanusl obpasuos. Ilocie BblepKKM Ha BO3JAyXe B TeueHHE 3-5 MHH 00pa3ibl
B3BEIIMBAIOT HA TEX K€ aHAIMTUYECKUX Becax, YTO W paHblle. PekomeHayeTcs HauMHATh
B3BEIIMBAHKE C 00PA3I[OB, UMEIOMINX 00Jiee TTIAJAKYI0 TOBEPXHOCTD.
1 — OropeTka; 2 — cTakaH; 3 — pacTBOp KHUCJIOTHI; 4 — KpaH; 5 — pe3uHO-
Basi TpyOKa K Hacocy, 6 — BOAOCTPYHHBINH Hacoc; 7 — BoJa U3 BOJO-
MPOBOJHOM CceTH; 8§ — BoJa B KaHalM3aluw; 9 — kprodok; 10 — crek-
nsiHHAS ToaBecka; 11 — oOpasenn

Pe3ynpTaThl B3BemMBaHUS 3aHOCAT B Ta0J. 1.1 U mpencTaBisoOT ee
Ha BHU3Y MpENoAaBaTeNio, BEAyIIEMY 3aHITHE.

[Toce okoH"aHus1 pabOTHI HEOOXOAMMO TTPOBEPUTD, YTOOBI OYTHIITH
C KHUCJIOTOW M CKJISHKa C aleTOHOM OBUIM 3aKpBIThl NpPOOKaMHu, U
MIPUBECTU CBOE pabouee MecTO B MOpsaoK. OOpasibl OCTaBIAIOT Ha
paboueM MecTe, a UCIOIb30BaHHYIO (UIBTPOBATIBHYIO Oymary
BBIOPACHIBAIOT.
Puc. 1. Cxema  yCTaHOBKM s  M3yYEHUS  KUHETHKHU
ANEKTPOXUMHUYECKON KOPPO3UH METAIIIOB 00BEMHBIM METOJ0OM
1.4. O6paboTKa ONBITHBIX JIAHHBIX

Pe3ynbTaThl ONBITOB M MPOW3BEACHHBIX HA UX OCHOBE BBIYMCIICHHH 3aHOCAT B TaOuI. 1.1.

PaccuntpiBatoT 00b€M BOJOPOA, BBIACTUBIIETOCS C €IUHUIBI MTOBEPXHOCTH KaXIOTO
o0pa3la U CpeAHIO CKOPOCTh KOPPO3HMHM JJIsi KaKJOT0 MeTajlla 32 MaKCUMallbHOE BpeMs
UCIIBITAHUN TIO KOJUYECTBY BBIICIMBIIETOCS BOJOpOa (00BEMHBIN MOKA3aTenh KOPPO3HH )
o dhopmyIe

B V-273-(P=P,,)

;=

? S-t-T-760
rae V — o0beM BOJ0poaa, BEIJICTUBIIETOCS 32 BpeMs UCTIBITAHUH, CM3;
P — atmocdepHoe 1aBneHne npy MpOBECHUH UCTIBITaHui, MM pT. CT.

: (1.11)

P 1,0 - JABJIEHHE HACHIIEHHOTO BOJSHOIO Mapa Npu TeMIeparype Ucnbitanuit, Mm pr. CT.

(cm. mpumnoxxenwue 2);
S — IIOMA b TOBEPXHOCTH 00pasia, CM*;
T — BpeMsl UCIIBITAaHUM, Y;
T — Temnepatypa ucnbiTanuii, K.
PaccunThIBaOT [IJ1s1 KaXKJA0T0 METallIa MAaCCOBBIM MOKa3aTellb KOPPO3UH IO CIECAYIOMIEH
bopmyie
m, —m,
= (1.12)
rJie My — HadajgbHas Macca 00pasia, T;
m, — KOHEYHasi Macca obpasia, T;
S — mTonraak MOBEPXHOCTH 00pasia, M2;
T — BpeMs UCIIBITAHUH, Y.
3aTeM MNpOBEPSAIOT SKBUBAIEHTHOCTh 3HaueHUM Ko M Ky, 718 4ero omnpenensror
MAaCCOBBIM NTOKA3aTeNb KOPPO3HHU K’Mac u3 Ky mo popmyie
, 2-A-10000

K, =K . ———, 1.13
Mo 0 224290 1

rie K,; — 00beMHBIH MOKa3aTeNb KOPPO3HH, CM°/cM™;
A — aToMHas Macca MeTajia, T

3
22429 — o6vem 1 Mob BoiOpoaa, CM”;
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1 — BaJICHTHOCTb PACTBOPSIOIIETOCS METajlia
U CPaBHMBAIOT €r0 C MAaCCOBBIM MOKa3aTelieM KOPPO3WH, PACCUUTAHHBIM IO HU3MCHEHHIO
Maccel oOpasma mo ¢opmyne (1.12). I'myOuHHBIN TOKa3aTenb KOPPO3UM HAXOAAT TIO

dbopmyne
24-365

=K, 571000° (1.14)
rae K. — MacCoBBIM MIOKa3aTelb KOPPO3HH, F/(Mz"-l),

P — IUIOTHOCTB METalIa: 4yryHa — 7,2 T/CM’; CTald | JKene3a — 7,8 T/CM’; IMHKA | ero
criaBoB — 7,1 r/eM’.

Kpome TOro, KOppO3MOHHYIO CTOHMKOCTb HCCIEIYEMBIX METANIOB OLEHUBAIOT IO
NecATHOATBHON 1ITKaJie KOPPO3ZHOHHON CTOMKOCTH (CM. TIpHIIOKeHue 3).

PesynbTarel paboThl MPENCTABISIIOT B BUJE 3alOJIHEHHOW Tabn. 1.1, a Takxke B BUIe
rpaduka TUHAMUKA KOPPO3UHU HCCIEAYEMBIX METAJUIOB, OTKJIAJbIBasi 1O OCH OpAMHAT
VIeTbHBI 00BEM BBIICIMBIIErOCsS BOZOPoxa (cM’/cM’), a IO OCH aOCHHCC — BpeMs
Koppo3uu B MuHyTax. [Ipu mocTpoeHnu yka3aHHOW 3aBUCHMOCTH BCE TPH JUHAMHUYECKHE
KpPHUBBIE HAHOCST Ha OHMH TpaduK B OJHOM MacIiTade.

1.5. Bonpoch! A CaMOKOHTPOJIA

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

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

3. C xakuM KOHTPOJIEM NPOTEKAET KOPPO3Hsl CIIABOB XKeJe3a M IMHKA B pa30aBIeHHON
CEepHOM KHcoTe?

4. Yo Ha3bIBAETCS MEPEHANPSIKEHUEM BOIOPO/Ia, M OT KaKUX (PaKTOPOB OHO 3aBHCHUT?

5. [Touemy 37€KTPONOIOKUTEIbHBIE IPUMECH B CIUIaBaX MOTYT CYIIECTBEHHBIM 00pazoM
BJIMSITH HA CKOPOCTh KOPPO3HMH IIPU KaTOJHOM BOCCTAHOBJIIEHUH HOHOB BOJIOpOJIa?
bubnuorpaduueckuii coucok

1. ITaxomoB B.C. Koppo3us u 3ammra XMMUYECKOH ammaparypbl. DJIEKTPOXUMHUYECKas
KOppo3ust MeTauioB: YueOHoe nmocodue. M.:MUXM, 1983.-76 c.

2. Kyx H.II. Kypc Teopum koppo3uu u 3amuthl mMetauioB. M.: Meramnyprus, 1980. —
C.149-188, 341-3609.

JlabopaTopHas padora 2
KOPPO3S METAJIJIOB C KUCJIOPOIHOM JIETIOJISIPUBALIMEN

2.1. Ilens paGoThI

N3yueHnue BIMSHUSA [OOCTyIa KUCIOPOAA K AHOAY M KAaTOAy Ha CHJIy TOKa MOJEIH
KOPPO3HOHHOTO 3JIeMEHTa, pPa0OTAIOMIET0 C KHCIOPOJHOW Jemojisipu3anueii, a Takxke
Ka4eCTBEHHOE OMpe/IeSICHUE MPOAYKTOB KaTOJAHOM W aHOJHOW peaKkIuid MpHU KOPPO3UHU Ke-
Jie3a B HEUTPAJIIbBHOM PAacTBOPE.
2.2. Teopus Bompoca

DIEKTPOXUMHUYECKHNE KOPPO3HUOHHBIE MPOLECCHl, Y KOTOPBIX KAaTOAHAS JEMOsIpU3alus
OCYUIIECTBJISIETCS PACTBOPEHHBIM B SJIEKTPOJIUTE KUCIOPOAOM, HAa3bIBAIOT IMPOLIECCAMH C
KHCJIOPOJIHOM  jenosisspu3anueil. OTO caMblii  paclpOCTPaHEHHBI BUJA  KOPPO3HH,
puMepaMu KOTOPOH SIBIITIOTCS pa3pylIeHne kKeje3a BO BIaXHOW atMocdepe, HeUTpanbHBIX
Y IIEJIOYHBIX PACTBOPAX; KOPPO3UsS HEPKABEIOWIUX CTallel, MEIM B HEUTPAIbHBIX U KUCIBIX
cpenax.

TepmonnHamMuueckasi BO3MOXKHOCTh 3JIEKTPOXUMHUUYECKOW KOPpPO3UU B JaHHOM cpeje

OIMPEACILICTCA PAaBHOBCCHBIMH IIOTCHIHAJIaMKU IIpoHecCa HNOHU3AIMK METalljia w]l}jle n
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BOCCTAHOBJICHUS OKHUCIIATEIIS (05(

p P
¢Me < ¢0K‘ (21)
CaMOHpOI/I3BOJIBHOG MMPOTCKAHUC KOPPO3UH METAJLIIOB C KHCJIOpOIIHOﬁ I[CHOJ'I}IpI/I?)aL[I/Ieﬁ
BO3MOXHO ITPpH YCIOBUH

P
Prie <Pk (2.2)
7€ ¢ - PABHOBECHBIN MMOTEHIIHAI KUCIOPOIHOTO SIEKTPO/Ia B JAHHOM Cpee.
Koppo3uonHslii mporiecc MpU  KUCIOPOIHOW JEMOJIIpU3aIlliid  BKIOYaeT B ce0s

CIICAYIOIINE PEAKIIUN:
1) aHOAHBII Mporiecc (OKUCIICHUE MeTalIa)

Me + mH,O—Me"" -mH,O + ne (2.3)
2) KaTOAHBINA MPOIECC (BOCCTAHOBIIEHUE KUCJIOPO/A) B HEUTPAJNBHBIX M IIETOYHBIX Cpelax
npoTtekaet no peakuu 0, + 2H,0 + 4e— 40H (2.4)
B KHUCJIBIX Cpeaax

0, + 4H, + 4e — 2H,0 (2.5)

O6a mporecca (MOHM3AIMS METalla M BOCCTAHOBJICHUE KHCIIOPOJA) TMPOTEKAIOT
OJTHOBPEMEHHO U COIPSDKEHO (CBSI3aHHO), HO MOTUMHSIOTCS KaKJblii CBOMCTBEHHBIM €My
3aKOHOMEPHOCTSIM.

CKOpPOCTB NMEKTPOXUMHUYECKON KOPPO3UHU B OOJBIINHCTBE CIIy4aeB ONpPEesIeTCs:

1) TOpMOXKEHHEM DJECKTPOXMUMHYECKUX CTAIUI IJIEKTPOJHBIX pPEaKuid (T.e. TMepexoaoM
3apsiia yepes rpaHuIly METaJUI-3JIEKTPOJINT), KOTOpO€e XapakTepu3yeTcs
ANEKTPOXUMUYECKUM TIepeHanpsbkeHneM (MOHU3aluK MeTalljia, KUCIOpoaa U JIp.);

2) TpaHCIIOPTHBIMU 3aTPYAHCHUSIMH, CBSI3aHHBIMU C OTPAHMYEHUEM TI0IBO/Ia OKUCITUTEIS
(kucmopoga) K METayuly WM OTBOJIOM IMPOAYKTOB peakiuu (aHOJHOW WIIM KaTOIHOW) M
XapakTepu3yeMbIMH OOBIYHO NepeHanpsikeHneM aupdy3un.

[lepenamnpsikeHre HOHU3ALUU KUCIOPO/a 3aBUCUT OT CBOMCTB U CTPYKTYpPBI MeTajlia, Ha
MOBEPXHOCTU KOTOPOTO BOCCTAHABJIMBAETCS KUCIOPO/, TeMrepatypsl, pH pactBopa u ap.

[lepenamnpspkenne aud¢y3un KUCIOpoJa 3aBUCHUT OT KOHIEHTpPAlMU KHUCIOpoJa B
pacTBope M YCIOBHM U QPYy3Un ero K MeTay.

B OonbmiMHCTBE MPaKTUYECKUX CJIy4aeB KOPPO3MM MeTala C  KHCIOPOIHOM
Jenoyispu3aleld NpU  OTCYTCTBUM IACCHUBAIIMM CKOPOCTh IIpOLIECCa  OIpeNeNseTcs
CKOPOCTBHIO KaTOJHOM peakiuu (T.e. BOCCTAHOBJIEHHEM KHCJIOPOJa), a HAJs MocienHen
HaumOoJee 3aTPYAHCHHBIMU (JIMMUTHUPYIONIUMHU) CTAAUSIMU SIBISIFOTCS: B HETOJBIKHBIX
pactBopax — nquddy3ust KUCIOPoIa, a MPU OOJBIINX CKOPOCTSX JBHXKCHUS DJICKTPOIUTA —
nepexoq 3apsjaa (MepeHanpssKeHWe HMOHM3ALUMU  KUCIOpOoAa). OTO  BBI3BAHO Maylon
pacTBOPUMOCTBIO M MEUICHHON auddy3ueil Kuciopoga B DSIEKTPOJIUTAX, a TaKxKe
JOTIOJTHUTEIBHBIME 3aTpyIHEHUAMU Tuddy3un KHCIopoga B ciaydae oOpa3oBaHUs Ha
MOBEPXHOCTH MeTalljIa MJIEHOK TPYIHOPACTBOPUMBIX MPOIYKTOB KOPPO3HH.

CKOpOCTh KOPpPO3UH C KHCIOPOTHON JAenoisipu3anueid nmpu 3aMeyieHHoN auddysuu
KHCIIOpO/1a OTIpeIeNieTCsl ypaBHEHHEM

C, +C,
Lyy=n-F-D, -S; -%, (2.6)

r1e Iyup— CKOPOCTH BOCCTAHOBJIEHUS KUCIIOPOJIa, BRIPDAXKEHHAs B TOKOBBIX €IMHMIAX;
DO2 - k03¢ dunment quddy3uu KUcIopoa;

0 - TonmmuHa AU HY3HOHHOTO CII0S;

C 82 - KOHIICHTpAIHXs KUCIOPOia B paCTBOPE;

CO2 - KOHIIEHTpAIUs KUCIOpoa Y TOBEPXHOCTH MeTasuta (KaToja);

1 — 9UCJIO AJIEKTPOHOB, YYaCTBYIOIIMX B PEAKIIMH BOCCTAHOBIICHUSI KUCIIOPO/Ia;
F —ygucno ®apanes;
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Sy — mIomaab KaToaa.
C e I C C, <<C°
yBEIUYeHUEM ;.4 3HAYCHUE 0, YMEHBIIIAETCA ¥ TIPH 0, 0, HOCTHraeTcs

npenenbHas CKOPOCTh BOCCTAaHOBJICHHS KHCIOpoJa (M COOTBETCTBEHHO KOPPO3HOHHOTO

npoiiecca)
0
02

I/

npet):n.F.DOz.Sk. (27)

[ToBnUATH HA CKOPOCTDH AIIEKTPOXUMHUYECKOTO IMPOoLIecca JIErye BCero MmyTeM U3MEHEHHUsI
YCJIOBUM, ONPEAENSIOMNX CKOPOCTh 3aMEVIEHHON cTaauu. B yacTHOCTH, ITpU 3aMEIJIEHHOMN
mud¢y3un  KUCIOpoAa CKOPOCTh TpoOIlecca MOXKHO TIOBBICUTh 3a CUET YMEHBIICHUS
TonuHbl TUdy3rnoHHOTO Clos (TyTeM MEepeMENInBaHUs PAacTBOPA), 32 CUET YBEITUYCHUS
KOHIIEHTPALlMU PAaCTBOPEHHOTO KUCJIOPOJa, B MOJENHU raJlbBAHMYECKOTO JJIEMEHTa 3a CYET
BO3pacTaHMsI IUIOMIAAN MOBEPXHOCTH KaToaa (yBenndenune GpporTa quddy3un KUCIopoa).
2.3. IlpoBesnenue paboThl

[Ipu KOHTaKTe IBYX METAJIOB C PAa3HBIMHU SJICKTPOIAHBIMHU MOTCHIIMATIAMU 00pa3yeTcs
raJlbBAHUYECKUN BJEMEHT, B KOTOPOM AaHOAHBIM MPOLECC MOHM3AIMH MeTaula OOBIYHO
MpoTeKaeT ¢ 0oJiee OTPUIATENLHBIM MOTEHIIMAIOM, a KaTOIHBIM MPOIECC BOCCTAHOBJICHUS
OKHUCIUTENS ¢ OoJiee MOJIOKUTETbHBIM MOTeHIINaIoM. BHeTHU n3MepseMblil TOK JIeMEHTa
OyZeT COOTBETCTBOBATH CKOPOCTSM JJIEKTPOJHBIX MPOIECCOB, MPOTEKAOIINX HA DIIEKTPO-
JaX TaKoTo 3JieMeHTa (0e3 ydeTra CKOPOCTH MPOIECCOB CaMOPACTBOPEHHUS SJIEKTPOJIOB).

B pabGore uccnenyroTr rampBanudeckuii anemeHt Zn/NaCl + H;O + O,/Cu, nns 4ero
UCIIONIb3YIOT MEAHbIE M ILIMHKOBBIE 3JIEKTPOJBI pa3HbIX pa3mepoB. dopma 351eKTpoaoB
TakoBa, YTO C M3MEHEHUEM BEJIUYMHBI WX TMOBEPXHOCTH YCJIOBHS JIOCTYyNa KHUCIOPOAA
BO3/lyXa MPU MOTPYKEHUH 00Pa3IOB B AIEKTPOIUT HE MEHSITUCH.

DNEKTPOJasl C OJIHOM CTOPOHBI OYHINAIOT HAXJayHOW Oymaroil (apyras cTopoHa
M30JIMPOBaHa 3MaJbI0), U3MEPSIOT IJIOMAAb X MOBEPXHOCTU U 00E3KHPUBAIOT alleTOHOM
3aUUILEHHYIO CTOPOHY.

["anbBaHUYECKYIO IETTb COOMPAIOT COTJIACHO CXeMe, MPEICTABIIEHHON Ha PHC 2.

TTocKoIbKY PaBHOBECHKIH MOTeHNIHAT IMEKA @5, = -0,76 B, a menn @;, = +0,32 B, T0 B

rajJbBaHMYECKOW Mape OHU OYIyT BBIMOJHATH COOTBETCTBEHHO POJIb aHO/Ia M KaTo/1a.

OO0pa3ibl KeCTKO YKPEIUIIOT B KJIEMMax TEKCTOJIMTOBOM IJIACTUHKH U TOTPYXKAlOT B
CTEKJIIHHYI0 BaHHOYKY ¢ 3%-HbIM pactBopoM NaCl. YpoBeHb pacTBOpa JOJKEH OBITH
MpUOIN3UTENBHO Ha 1 CM BbIlIE Kpast HIMPOKOI YacTH 3JIEKTPOIOB.
A) BansiHue mJ101AaAU MOBEPXHOCTH aHOAA M KATOJAa HA CHJIY TOKA rajibBAHUYeCKOIo
3J1eMeHTAa

BHavane B KieMMax YKpEIUIIOT CaMmble MaJeHbKHE U3 HMEIOIUXCSA ITMHKOBBIX H
MEIHBIX JIEKTPOAOB. 3HAUEHHE CHUJIBI TOKA AJIEMEHTA 3alHiChIBalOT B Ta0u. 2.1 moka TOK He
YCTAaHOBUTCSl MOCTOSIHHBIM. 3aMepbl BEAYyT uYepe3 KaxkJble 2 MHUH JIO0 IOJyYEHUs Tpex
OJIMHAKOBEIX 3HAUECHUH.

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

1 — MmumamnepMerp; 2 — KJIEMMbI; 3 — IIacTUHA; 4 —pacTBOP
NaCl; 5 — BaHHa CTEeKJIsHHAS, 6 — MEIHBIN AIEKTPOJI; 7 — MOpUCTAS
NEeperopo/ika; 8§ — HNHKOBBIHN 3JIEKTPOL

Puc.2. Cxema ycTaHOBKHM JJi1 U3Y4EHMs] KHHETUKU KOPPO3HOHHOTO
MpoIecca ¢ KUCIOPOIHON IETOApr3alueit

[Tocie 3TOro MpHU TOM K€ KaTOJE 3aMEHSIOT 3JIEKTPOJ CPEAHEr0
pasMepa (aHOM) Ha TaKOW K€ dJEKTPOJa OOJBIIIOro pa3Mepa U OIsTh
BEIYT 3alKCh TOKA 0 YCTAHOBJICHUS TIOCTOSHHOTO 3HAYEHUSI.
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[Toy4nB 3aBUCHUMOCTD BJIMSHHUS IUIONIA/IA TIOBEPXHOCTH aHOJIa Ha CHITY TOKA DJIEMEHTA
IOpU TOCTOSIHHOM KaToJie, MPUCTYMAIOT K HW3YYEHUIO BIWSHUS MJIOUIAIM MOBEPXHOCTU
KaTo/1a Ha CHJIy TOKA P IOCTOSIHHOM aHOJI€.

b) Buusinue nepeMemimBaHus 3JIEKTPOJMTA HA CHIIY TOKA 3JIEMEHTAa

W3mepennst MOXKHO MPOBOJUTH € 3JEKTPOIaMH JIOOBIX pa3MepoB, HO yJoOHEe B3ATh Ty
napy, ¢ KOTOpOil MPOBOJWIM MOCIEAHUHN OMBIT MPU ONpPEACICHUH 3aBUCUMOCTH CHIIBI TOKa
OT IJIOUIa/IM OBEPXHOCTHU AJIEKTPOJIOB.

B npuaHogHyio 30HY ClEIyeT OCTOPOXHO OIYCTHUTh CTEKISHHYIO TMaJouKy H
nepeMeniaTh dJIEKTPOIUT BOTU3H MOBEPXHOCTU aHOMA. 3HAYCHHS BEIMYMHBI CHIIBI TOKA JI0
nepeMennBanus (yCTaHOBUBIIAsICS) U B MOMEHT IEpEeMEIMBaHUs B aHOJHOW 30He (Ipu
MaKCUMaJIbHOM OTKJIOHEHHH CTpeJNKH INpubopa) 3amucbiBatoT B Tabn. 2.2. Ilocme storo
OCTOPO’XHO TEPEHECTH CTEKJISHHYIO Majo4yKy B MPUKATOAHYIO 30HY U IepeMellaTh
AJIEKTPOJIMUT BOJIU3M KaTO/Aa, CHIy TOKa B MOMEHT IMEPEMEIINBaHUs B KaTOJHOM 30HE 3ara-
catb B Tabu. 2.2.

[Ipn mnepememmBaHMM pacTBOpa PpEKOMEHAYETCS HE 3a7eBaTbh IEPETOPOAKY U3
CTEKJISTHHOW TKaHU M 00pasiibl.

[Tocne npoBenenus padotsl pactBop NaCl 13 BAaHHOUKH CIUBAIOT B OyThUIb, U3 KOTOPOI
OH Obul B3AT. OnNbITHBIE OOpPAa3lbl ClEAyeT MPOMBITh M BBICYHIHTH (DUIBTPOBATBHON
Oymaroi.

B) OmnpeneneHue aHOAHBIX W KATOAHBIX YYacCTKOB HAa jKeJjie3e, KOppeJpyolieM B
HEeHTPaJbLHOM pPacTBOpeE

I[Ipy xoppo3uu B HEUTpPaJbHOM pPACTBOpPE, MPOTEKAIIIEH C  KHCIOPOIHOMN
JEeNoIspU3alel, paclpeleleHue aHOAHBIX M KaTOJHBIX YYacTKOB Ha ITOBEPXHOCTHU
MeTauta OOJIBIIIeH YacThi0 OOYCIIOBJIEHO HEPaBHOMEPHOHW al’pamueil ¥ HEOTHOPOIHOCTHIO
MTOBEPXHOCTH.

s Toro, yToObl OOHAPYKUTH aHOJHBIE W KAaTOAHBIE YUaCTKH MPU KOPPO3UH Keje3a B
HEUTPaTBLHOM PacTBOpE (PacTBOP XJOPUCTOTO HATPHs) K HEMY JOOABISIFOT WHIUKATOP HA
nonbl Fe’™ (kpacHast kpossiHas coib K,Fe(CN)g), obpasyromuii ¢ noHamu Fe’ TeMHO-
CUHIOI0 MaJIOPACTBOPUMYIO COJIb, TaK Ha3bIBaGMYIO TYpHOyIUieByto cubb Fe;/Fe(CH)gl, n
WHJIMKATOp Ha THAPOKCUIbHBIE Tpynnbl ((peHondranenn), oOpasytoumii ¢ nonamu OH
COEMHEHUS MAJINHOBOTO 11BETA.

Jns BeimosnHeHus onbiTa B vamky Ilerpm wamuBatoT 1 %-Hblit pactBop NaCl u
no6aBisitoT U3 KanedabHULBI 8-10 kamens 1%-Horo pactBopa K3Fe(CN)s m 3 — 4 xamnu
pactBopa (denondranenna. [lepememniaB pacTBOp CTEKISHHOM MaIOUYKOM, TOMEIIAIOT B HETO
o0pasel, mpeaBapuTEeNIbHO 3aUMIIEHHBIA U MIPOTEPTHI BaTOW, CMOUYEHHOH alleToHOM. Yepes
HECKOJIbKO MHHYT OKOJIO OOpa3lla HauWHAIOT TMOSBISATHCS CHHUE M MAIWHOBBIE YYaCTKH.
Yamky ¢ 00pa3ioM peKOMEHAYETCSl He BCTPSAXUBATh. B IENsIX SKOHOMHUU BPEMEHHU OIBIT B)
PEKOMEHIYETCs MPOBOIUTH MapaslIeIbHO C OMBITOM a).

[Tocne okoH4aHUSs paOOTHI OMyYEHHBIC PE3YNIBTAThI HEOOXOAMMO MPEACTABUTH HA BU3Y
MpernoaBaTelio.

2.4. O6paboTKa ONBITHBIX JAHHBIX

PesynbraTel pabotsl 1o 1 1 2-# yacTsam oOpMIISIIOT B BHJIE 3aTIOJTHEHHBIX TaOIHUI] U
rpaduka, MoKa3bIBAIOIIEr0 3aBUCUMOCTb YCTAHOBUBILEHCS CHIIBI TOKA HCCIIETyeMOTO
raJIbBAHUYECKOTO 3JIEMEHTA OT IIOIIA U IOBEPXHOCTH aHO/AA (IIPU MOCTOSSHHOM KaToJe) U
IJIOLIA/IM OBEPXHOCTHU KaTo/1a (TIIpY IIOCTOSTHHOM aHO/JIE).

PacrnonoxeHre okpalmeHHbIX Y4acTKOB Ha 00pasiie He00X0MMO 3apUCcOBaTh U HAITUCATh
peaKkiny, MPOTEKAIOIINE Ha aHOAHBIX U KaTOAHBIX y4acTKaX MPU KOPPO3UH YIIIEPOIUCTON
ctanu B pactBope NaCl, u peakuuio 00pa3oBaHus TYpHOYUICBOW CHHM.

2.5. Bompochl AJisi CaMOKOHTPOJISt

1. B yem 3akitogaercs He0OX0IMMOE TEPMOJUHAMUYECKOE YCIOBHE MPOTEKAHUS
NMEKTPOXUMHUYECKON KOPPO3HUHU XKeJe3a ¢ KUCIOPOIHOM ienospu3anueii?
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4.3.4 Odopmiaenue komiiekTa 3axanuii aiasa PIT'P
s 0uHo020 U 3a04H020 OMOeNeHUs]

MunuctepcTBo o0pa3oBanus u Hayku Poccuiickoi 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 AUCHUIIINHE « XUMUYECKOE COTPOTUBICHUE MATEPUATIOB U 3aIUTa OT KOPPO3UM

(HaMEHOBaHME UCIUILIIHE)

SJIEKTPOAHBIE ITOTEHIIMAJIBI
3.1. Ilenp paboTh

OnpeneneHne 3NEKTPOAHBIX IOTEHIMAIOB HEKOTOPBIX METAUIOB B  pacTBOpax
JNEKTPOJINTOB, 4 TAK)Ke MPOBEPKa BO3MOXKHOCTH IIPUMEHEHHs ypaBHeHus HepHcra mis
pacuera BEJIMYMH PaBHOBECHBIX IOTEHIINAJIOB.

3.2. Teopus Bonpoca

[Ipu norpyxeHun mMetaiia B BOAHBIA PacTBOP 3JIEKTPOJIUTA HA MOBEPXHOCTU MeTaia
IIPOTEKAET MPOLECC B3aMMOACUCTBHS €TI0 MOH-aTOMOB C IOJISIPHBIMH MOJIEKYJIAMH BOJBI.
IIpouecc rugparaiuy 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 B3aWMOJICHCTBUS MEXIY H30BITOYHBIMH DJIEKTPOHAMHU Ha
METAJNIMYECKOM IMOBEPXHOCTHM M MEpelleIUIMMM B PAcTBOpP KaTHOHAMM MeTajula
NPEMATCTBYIOT YOAJIEHUIO TOCIeTHUX B IIyOb pacTBopa. B pe3ynbrare MOBEpPXHOCTH
MeTaJljla 3apshKacTCs OTPULATENIBHO, a PACTBOP DJIEKTPOJUTA — IIOJOKUTENBHO M HA
TPAHUIIE «METAJLI-PACTBOP» BO3HHUKAET JBOWHOW DIIEKTPUYECKUN CJIOM, KOTOPBIM MOXKET
(bopMHpoBaThCsA TaKKe NpU aAcOpOLMM Ha MOBEPXHOCTH METajula 3apsUKEHHBIX YacTHI]
pactBopa. [Ipu sToM Meramn nmpuoOpeTaeT 3apsii OJHOTO 3HAKa, a OKOJIO €r0 MOBEPXHOCTH
o0pa3yeTcs CJI0H U3 HOHOB JIEKTPOJIUTA C APYTUM 3HAKOM.

Mexny cinosMu 3apsioB YCTaHABIMBAETCS ONPEIEICHHAsI Pa3HOCTh MOTEHIIMANIOB, TaK
Ha3bIBAEMBIH, «CKaYOK MOTEHIIMAJIA» WU IIPOCTO IIOTCHIMAD». 3HAYUTEIBHOE KOJIMYECTBO
3apsOKEHHBIX YacTUll (HarmpuMmep, NepexoasiiuX B pacTBOp KaTHOHOB METaJljla) HAXOIUTCS B
HETIOCPEACTBEHHOW OJM30CTH K METAJUTMYECKON MOBEPXHOCTH. DTH YaCTHUIIBI (POPMHUPYIOT
IUIOTHYIO YacThb JABOWHOIO JJIEKTpuueckoro cios (ciod I'enbmronsua), B KOTOpOM
peanu3yercss MNpPAaKTUYECKH BeChb CKauok noreHnuana (¢). Ilo mepe ynanenus or
MIOBEPXHOCTU METaJljla B paCTBOP JIEKTPOJINTA KOHIEHTPALMS JaHHBIX 3apPSKEHHBIX YacTHIL
IIOCTENIEHHO MaJaeT, IOCTHras B KOHIE KOHIIOB 3HAYEHUS, COOTBETCTBYIOLIETO MX
KOHIICHTpaLlMu B 00BbeMe pacTBOpa. DTy 4acTh HA3bIBAIOT «Pa3MbITON» niau 1udy3HOH
4acThIO JBOWHOIO JJIEKTPUYECKOro cios. Ee NpOoTSKEHHOCTh 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,
O0COOEHHOCTBIO: 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. DnexkTpoasl NEepBOro poja — HEKOTOpble MeETaulbl B pPacTBOpax CBOHMX 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 COEJUHEHHUs (COJM, 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 3JIEKTPOJIbI (PEAOKC-IEKTPOAbI), MPEACTABIISIOIINE
co0ol MHEPTHBIN MeTallI (HarpuMep, TJIaTHHY) B KOHTAKTE C DJICKTPOIUTOM, COJIEPKAIIIM

HOHBI PasHbIX CTeleHeil okucnenHoctu (Hanpumep, Fe' /7 || Pt; SO, /8,07 ||Py). Tpu

JOCTH>KEHUHM PaBHOBECHsSI 3HAUEHUE MOTEHIIMAla METajjla CTAHOBUTCSA MOCTOSHHBIM, a €Tr0
BEJIMYMHA 3aBUCUT OT BHEIIHUX YCJIOBUI (TemmepaTyphl, aBJICHHS) U aKTUBHOCTH MOHOB
MeTajula B pacTBOPE M ONHUCHIBaeTcs ypaBHeHueMm HepHcra

_ 0 R * T 1
wM _¢M +I’ZF naMn+a (33)
I€ @y — PABHOBECHBIN NOTEHIHAI MeTaJlIa, B;

0 o
@M- CTaHAAPTHBIM IMOTCHIMAJI METaJlla, B, T.C. €ro NOTCHUOMAI B JJICKTPOJIUTE, aKTUBHOCTH

MOHOB JJaHHOTO MeTajljla B KOTOPOM paBHa €IUHUIIE;
R — ra3zoBas mocrosiHHas, paBHas 8,314 Jx/ (Monb-rpan);

T — TemmniepaTtypa o abcommoTHOM mKane, K;

1 — KOJIMYECTBO AJIEKTPOHOB, MPHHUMAOIINUX YIaCTHE B DJIEKTPOIHON peaKilnu;

F —nocrosunas ®@apanes, paBHas 96493 K;

@ — aKTUBHOCTHh HOHOB METaJlJIa B pacTBOPE, MOJIB/I;

a=fC, (3.4)

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

C — aHanuTHYECKasl KOHIICHTPAIMsI HOHOB METaJlJIa B PaCTBOPE, MOJIB/JI.

Jnst pa30aBiIeHHBIX PACTBOPOB KOA(D(HUIIMEHT aKTUBHOCTH ONM30K K €IWHHUIE, U C
HEKOTOPOHl OMIMOKONH MOXKHO CUUTATh, YTO AKTUBHOCTh HMOHOB METaJIa MPUOIU3UTEIHHO
paBHa X aHAIUTUYECKOW KOHLIEHTPALIUU B PacTBOPE.

IToncraBuB B ypaBHeHue (3.3) 3HaueHUsI MOCTOSIHHBIX Mg Temneparypsl 25°C u
nepei s K JeCITUUHBIM Jorapudmam, nmoyduM ypaBHenue HepHera B crieqyronieM Buje:

s 0,059
¢M = Qvt + n lgaMW+ (35)

N3 ypaBaenus (3.3) cimemayer, 4To MOTEHIIMAT METalljla U3MEHSAETCS B 3aBUCHUMOCTH OT
KOHIIEHTPAllMd COOCTBEHHBIX HOHOB MeTayla B OJyekTposiute. [Ipu yMeHbIICHUH
KOHIIEHTPAallMd HMOHOB MeTalyla B JJIEKTpOJIUTE (HampUMep, CBS3bIBaHHE HX B CJabo
JUCCOIIMUPYIOIINE KOMIUIEKCHI) TOTEHI[MA €r0 CMEIIAETCS] B OTPULIATEIbHYIO CTOPOHY.

Eciu B mpormecce B3auMoAeWCTBUS MeTajula U 3JEKTPOJIUTA YYacTBYIOT HE TOJBKO
COOCTBEHHBIC HOHBI METajula, HO M JAPYrd€ HOHBI WM aTOMbI, TO BO3HHUKHOBEHUE
PaBHOBECHOTO TMOTEHIIMalla HEBO3MOXXHO U Torjga oOpa3yeTcs HEpaBHOBECHBIH HIIN
HeoOpaTuMBIN MOTEHIANL. B 3TOM ciydae moteps v MpUOOpEeTeHHE IIEKTPOHOB METAIIOM
OCYILIECTBISIIOTCS C Yy4YacTHEM pas3IUYHbIX BEIIeCTB, W MOTEHIMal MeTajljla He
XapakTEepU3yeT HACTYIUICHHE PABHOBECUS Ha TMOBEPXHOCTH OHJIEKTPOJAa U HA3bIBAETCS
HeoOpaTHMBbIM.

YcroiiunBoe 3HaueHWE HEOOpPaTMMOro TMOTEHIMAlla, YCTaHABIMBAIOMIEECS MPHU
PaBEHCTBE CyMM CKOpPOCTEW aHOJTHBIX M KaTOAHBIX MPOIECCOB, HA3bIBAETCS CTAIIMOHAPHBIM
HeoOpaTHMbBIM TOTEHIIMATIOM. BenndnmHa ero 3aBHCHT OT MPUPOABl MeTallla, COCTaBa U
KOHIEHTPALIUHU 3JIEKTPOJIUTA, & TAKKE OT BHEIIHUX YCIOBHMA.

HeoOpatumple moOTeHHHMANsl HE TMOMYMHSIOTCS — ypaBHeHWI0 Hepucra (3.3),
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CJIEZIOBATENbHO, UX HEJIb3s PACCUMTATh, @ MOYKHO OTIPENIEIUTh TOJIBKO 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 3HAUYEHUs 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 WM HHYIO CTOpOHy. bonblioe BnusHUE 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 MMOBEPXHOCTH 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 OTHOUICHUIO 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 TeMiieparype NPUHUMAIOT pPaBHBIM Hymo. OaHako
BOJIOPOJIHBIN 3JIEKTPOJ HE yHo0eH B paboTe M Ha IMpaKTHKE Yalle HCIOJB3YIOT IPyrue
ANEKTPO/bI CPAaBHEHUS, HApUMEpP, HACBIIIEHHBIA XJIOpCepeOpsiHBIA AJIEKTPO/I, MOTEHIUA
KOTOpPOT0 TOYHO U3MEPEH 10 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
MOTEHIMAy METajjla, B3SITOMY CO CBOMM 3HAaKOM, anreOpanyeckd MpuOaBUTh MOTEHIIHAI
XJI0pcepeOpsiHOTO AIEeKTPoa, T.e. +200 MB:

¢M /H, = ¢M / xn.cep + ¢x,7.cep. (3 6)

rae Py p, - TOTCHIHMAT METaJLIa [0 BOAOPOAHOMY JIEKTPOAY, MB;

Drt/xncep -~ TOTEHIMAT METAILIA TIO XJIOPCEPEOPSHOMY BIIEKTPO.LY, MB;

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

[Tepen mpoBeneHNEM pabOTHI CIEAYET 03HAKOMUTHLCS CO CIEAYIOIIMME BOIIPOCAMHU:
1. I3MepeHune NoTeHIIMAIOB METAJUIOB (METOIBI U AJICKTPOJIbI CPAaBHEHHUS ).
2.PaBHOBeCHBIC nu HepaBHOBGCHBIe IIOTCHIHUAJIBI, p}II[ CTaHl[apTHBIX BHGKTpOHHBIX
MMOTEHIHAJIOB.
3. M3mepeHue MOTCHIMAIOB METAJJIOB B 3aBUCUMOCTH OT COCTaBa M KOHIIEHTpAIUU
AIIEKTPOJIUTA.
3.3.I1poBenieHne paboOThHI
DNEeKTPOAHBIC TMOTEHIIUAIBI MEIH, Kejle3a W ATIOMUHHS OINPEACNISIOT B CISAYIOIINX
ANEKTPOJIUTAX:
menns: 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, 07 - 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).

I — MWUIMBOJNBTMETP; 2 — KOHTAaKTHas KiemMma; 3 —
W30JIUPYIOIIAsl IUIACTUHA; 4 — DJJIEKTPOJIMTUYECKUHI

MOCTHK; 5 — XJIOpCepeOpsIHBIA AJEKTPOJI CPaBHEHUS, 6 —

pactBop KCl; 7 — crexnsHHBIA cTakaH; 8§ — pabounii
anekTpon; 9 — paboumii smekTpon; /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 IO XJIopcepeOpsiHoMy aiekTpony. B 6, 7 u 8-i rpadax — BbIUMCIIEHHBIE
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

g,
MOTEHIMAIA CHCTEMBI 10 TPA(QHKY 3aBUCUMOCTH @, p., = f (In—2-) 2
a
Red

4. IloueMy 37€KTpOJHBINM IOTEHLIMAN Keje3a B pacTBope NaOH co BpeMEHEM CTaHOBUTCS
OoJiee MON0XKUTENbHBIM, a TOTEHLIMAJI MEIU B paCTBOPE MPAKTUYECKH HE MEHSETCS BO
BPEMEHH (CM. IKCIIEPUMEHTAIIbHbBIE PE3YJIbTAThI)?
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5. Hanummre 31eKTpOXUMHYECKUE PEakIiy, TPOTEKAIOIIUE Ha )KeJIe3HOM IIEKTPO/IE B
pactBope Nad. Kakoii mpu 5TOM yCTaHABIMBAETCS MTOTSHITMAT — PABHOBECHBIN (0OpaTUMBIN)
WM HEPaBHOBECHBIN (HEOOpaTUMBIif)?

bubnuorpaduyeckuii cuucok

1. XKyx H.II. Kypc Teopun xoppo3uu M 3amuthl MeTaioB. —M.:Meramnyprus, 1980. C.
149-188, 341-369.

2. TTaxomoB B.C. Koppo3uss u 3ammra XMMHUYECKOW ammaparypbl. DIEKTPOXUMHUYECKas
KOppO3us MeTauioB: YueOHoe nmocodue. —M.: MUXM, 1983.- 80 c.

KOHTAKTHAA KOPPO3UA U KATOJJHASA 3AIIUTA METAJIJIOB
4.1. Ilens paGoThI

W3ydeHue sBIIEHHWS KOHTAKTHOM KOPPO3WM METAJJIOB, O3HAKOMJIEHHME C METOJOM
KAaTOAHON 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.

Mertaini, morpykeHHbIH B pacTBOp 3JEKTPOJIUTA, B KOTOPOM OH TEPMOJIMHAMUYECKH
HEYCTOMYMB (T.€., €CIM B PACTBOPE HUMEETCS OKHCIUTEIb, PABHOBECHBIH MOTEHIUAI
KOTOpOro 0oJjee TMOJOKUTENbHBIM, 4YeM paBHOBECHBIM IMOTEHIMAl MeTaljla B JIaHHBIX
YCIIOBUSX), TMOABEPracTcs JICKTPOXUMHUYECKON Kopposuu. [Ipum 3TOM Ha MOBEPXHOCTH
MeTajljla MPOTEKal0T aHOJHAs peakius pacTBOPEHHUS MeTajsla U KaTodHAs peakius
BOCCTAHOBJICHHSI OKHCIUTeNs. Koppenupyromas MOBEpXHOCTh MPUOOpPETaeT HEKOTOPBIN
KOMITPOMUCCHBIN 3JIEKTPOAHBINA MOTEHIMAN (TTOTEHIIMAT 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.

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

MeTaJuTbl «1» 1 ((2)), HMCIOIIUEC B JAaHHBIX YCIIOBUAX PABHOBCCHBIC IMOTCHIUAJIbI ¢1€[1 I/I(l)]{j[2 ,
NOrpy’XK€Hbl B pacCTBOpP, B KOTOPOM TMPUCYTCTBYCT OKHUCIUTCIb C PABHOBCCHBIM

noTeHnHanoM @) . Eciu oIeKTpudeckoro KOHTAaKTa MEXIy MeTalIaMH HeT, To Touku (1 u

2) mepecedeHns] aHOAHBIX (JTMHUU a) U ap) ¥ KaToAHBIX (uHuu K; u K) mossipu3aiimoHHBIX
KPUBBIX JJIs1 KaKJIOTO M3 METAJUIOB OTBEYAIOT YCJIOBHUIO CTAIlMOHAPHOCTU KOPPO3HMOHHOIO
noteHimana (I, = Iy) 1 moTomMy ompeaensoT BEIUYHMHBI MUCXOJHBIX CKOPOCTEH KOpPPO3WHU
(Ixop1, Ixop2) Y1 TIOTEHIIMATIOB KOPPO3UH (Piopl, Propz) METAILIOB.

Ecnu metamnsl «/» U «2» KOPOTKO 3aMKHYTH , T.€. IPUBECTH B KOHTAKT (DJEKTPUUECKU
COCIMHUTH), TO B cCllydae, KOrJla OMHUYECKOE COMPOTUBIICHHE PACTBOpa MPEHEOPEKUMO
Majo, KOHTAKTUPYIOIIHE METAJUIbl JOJDKHBI TPHOOPECTH HEKOTOPBIM OJWHAKOBBIN
KOMITPOMUCCHBIM TOTCHIHMAN ¢y BenuumHa STOro MOTEHIMAalla MOKET OBITh HaljeHa
rpadUyYecKd W3 YCIOBUS CTAIMOHAPHOCTH OJJIEKTPOJHOTO TMOTEHIMAla — CyMMa BCeX
AQHOJIHBIX TOKOB JIOJDKHA OBITh paBHA CYMME BCEX KaTOJIHBIX TOKOB
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Jl51st 3T0r0 HEOOXOAMMO MPOBECTHU IpadUyecKOe CYMMUPOBAHNE MaPIHATBLHBIX aHOIHBIX
(iuaMM a; W ay) ¥ KarogHbliXx (MuHUKM K; W K)) mNONsApU3allMOHHBIX KpUBBIX. 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 METAIIOB (op; < (Prop2. 1AKUM 00pa3oM, B pe3yibTaTe KOHTAKTa IPOUCXOAUT
CMellleHHe MOTeHIINaaa KOppo3uu Ooliee AJIeKTPOOTPHUIIATEIFHOTO0 MeTauia «1» (aHOAHOTO
MeTaJlJia) B MOJIOKUTETHLHYIO CTOPOHY — aHOJHAs MOJIAPU3allvs, U CMEIICHHE MOTEHIaa
KOppOo3uu 0ojiee DIICKTPOIONIOKHUTEIHPHOTO MeTaiia «2» (KarogHoro MeTaiia) B
OTPHUIATENILHYIO CTOPOHY — KaTOJHAs MOJIAPU3aIMs. DTO MPUBOJUT K COOTBETCTBYIOIIEMY
M3MEHEHUIO CKOPOCTEH aHOJHBIX M KAaTOJHBIX AJIEKTPOJHBIX MPOILECCOB HAa KOHTAKTH-
pyromux Meramiax. J{edCTBUTENBHO, TPH HOBOM O0IIEM MOTEHITHANIe Py MeTalll «1» Oynet
pacTBOPATHCS (KOPPETUPOBATH) CO CKOPOCTHIO I, Goubluei, yem CKOpPOCTb €r0 KOPpO3UHU
10 KOHTaKTa lp1 — MeTamn «2», Ha060poT, MPU KOHTAKTE PACTBOPSETCS CO CKOPOCTHIO I’az
MEHBILEH, YeM CKOPOCTh €r0 KOPPO3UM 10 KOHTAKTa Iiop>. Takum oOpazoM, pacTBopeHue
aHOJTHOTO MEeTasljla yBeJIMYMBAETCs, a KaTOJHOTO — YMEHbIIIAETCsl.

Eciu oOmuit moreHuan Makpomapbsl @y OyIeT MEHBIIE PaBHOBECHOTO MOTCHIIMAA

KaTOJAHOTO MeTajuia %Zz, TO pacTBOpeHHE (KOpPpO3Us) 3TOr0 MeTaijia «2» MPeKpaTUTcs

BOBCE.

I[Ipm ycraHoBHBHIIEMCsS TMOTEHIMAE MAaKpomapbl @y Ha H3HAYaIbHO Oolee
ANEKTPOOTPULIATEILHOM MeTallie «1» CKOpOCTh aHOJHOTO Ipoliecca Lai CYILIECTBEHHO
OOJIBIIIE CKOPOCTH KaTOAHOTO MpoIiecca [ , @ Ha W3HAYaJIbHO 0OJIee DIIEKTPOIOIOKH-
TEITbHOM METaJlIe «2» CKOPOCTh KAaTOJHOTO Ipoliecca [k 3HAYMTEIBHO GOJIBIIE CKOPOCTH
aHOJIHOTO IMpolecca I’az.

Pa3nuiia B CKOpPOCTSAX KaTOMHOIO W AHOJHOTO IMPOIECCOB JUIsl KaXXJOro MeTaiia
SBJSICTCS. BHEIIHMM TOKOM, KOTOPBIM JIaHHBI METalJl HampaBiseT ApyroMy (Wid
MPUHUMAET OT HETO), ¥ TPEACTABIISET COOOM, MO CYIIECTBY, IOTOK JIEKTPOHOB OT AaHOAHOTO
MeTajula K KaTOAHOMY
[gﬂem:[kz _Iazslmm—[kl —1, 4.2)

al

Jnst IBYXAJIEKTPOJHOM CHCTEMBbl BHEIIHHME TOKM KaXKJIOTO M3 METaUIOB PaBHBI 110
a0COIOTHON BEJIMYMHE M MPOTUBOIOJIOKHBI M0 HANpaBJIeHHI0. B 1aHHOM cilydyae BHEIIHUN
TOK MeTama «[» OyneT aHoAHBIM, a MeTamia «2» — KaTogHeiM. Takum oOpa3om, B
raJlbBAaHUYECKON Makpormape mMeTail «1» paboTaeT aHOIOM, a METall «2» — KaToJaoM. 3a
CYET BHEIIHETO TOKa M OCYIIECTBIISIETCS] COOTBETCTBYIOINIAS MOJSPU3ALIMS DJIEKTPOOB.

B cnmywae  3aMETHOrO  OMMYECKOrO  CONPOTHBIICHHMS  arpecCUBHOM  Cpenbl
paccMaTpuBaeMasl  JIBYXJIGKTPOJHAs  CHUCTEMa YK€ HE  SIBIIETCS  TMOJHOCTBIO
3aMoJsIpU30BaHHON — OOLIMM TMOTEHIMal He YyCTaHABIUBAETCS. MeTanm,I MaKponapsl
npnoGpeTaIOT HOBBIC MH/MBUIYaIbHBIC SJICKTPOIHBIC OTECHIHATIBI (p xopl X (p xop2- 1IpH 5TOM
Oxopl < P opl < (p xop2 <QProp2- Pa3HocThs moTeHIINAIOB Ap = (p xop2 = @ xopl IPOIIOPIITMOHATIbHA
OMHYECKOMY COIIPOTHUBIICHUIO PACTBOPA U BETUYMHE BHEUIHETO TOKA MAKpOIapBhl.

TakuMm 00pa3oM, KOPpO3Usi METAIIa B PACTBOPE AJIEKTPOJIUTA MOXKET OBITh 3aMeJIJICHA C
MOMOIIBI0 KOHTAKTa ¢ 0oJjiee AIEKTPOOTPHUIIATEIbHBIM METAUIOM (QHOIHBIM KOHTAaKT) WM
YCKOpEHa BCIEACTBHE KOHTAKTa C 00Jiee 3IEKTPOIOJIIOKHUTEILHBIM METAUIOM (KaTOIHBIHI
KOHTakT). CKa3aHHOE CHpaBeAJIMBO JJs CIIy4aeB KOPPO3UHM METAIOB B aKTHUBHOM
cocTtosiHMH. Eciii BO3MOXHa naccuBalysi OCHOBHOTO METAJIIa, TO KATOJIHBINA KOHTAKT MOYKET
CHOoCcOOCTBOBATH HACTYIIJICHUIO TACCUBHOTO COCTOSIHUSI OCHOBHOT'O METajljla U YMEHbILIEHUIO
ero ckopoctu kKopposuu. C apyroil CTOpOHBI, JJIsl TACCUBHOI'O METAJlJIa aHOAHBIM KOHTAKT
OMaceH, TaK KaK MOXET MPHUBECTH K IMEPEeXO0ay U3 MACCUBHOTO COCTOSHMS B AKTHUBHOE M
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YBEJTMUEHUIO CKOPOCTH KOPPO3HH.

KoHTakTHasi KOppo3usi SIBISETCS NPUYMHON YCKOPEHHOTO pa3pyIIeHUs KOHCTPYKIIUH,
CMOHTHPOBAHHBIX U3 PA3HOPOJHBIX METAJIOB.

O PeKTUBHOCTD YCKOPSAIOIIETO AEHCTBHS KaTOJHOTO KOHTAKTa HAa KOPPO3HIO OCHOBHOTO
METaJljla B YCJOBHSIX AaKTHMBHOTO PACTBOPECHHSI 3aBUCUT OT BEJIMYMHBI PAaBHOBECHOTO
ANIEKTPOJHOIO TMOTEHIMAala KaTOJHOTO MeTallla B JAaHHBIX YCJIOBHSX 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 METAJLIOB.

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 3aKII0YaeTcss B MPHUCOSAMHEHMHM K 3alIMIIAeMOMY METAITUYECKOMY
W3JIEJINI0 KaKoro-mu0o JIpyroro Merajia, WMEIOMIer0 B JaHHOW arpecCHMBHOW cpele
MOoTeHIMaa OoJjiee OTpULIATEIbHBIA, YeM IMOTEHIMal 3amuiiaemMoro Metamna. [Ipucoemu-
HSEMBI MeTaJT paboTaeT aHOJOM B TalbBaHWYECKOW Mape C 3alWIIaeMbIM METAIOM U
YCKOPEHHO pacTBOPSIETCSA. ITOT CMOCOO HAa3bIBACTCS <«IIPOTEKTOPHOW 3alllUTON», a
MPUCOSAMHIEMBIA DJIEKTPOJ — MPOTEKTOpOM. MatepuanaoM Il MPOTEKTOPOB B cCllydae
3alIUThl KOHCTPYKUUN M3 HEJIETHPOBAHHOW CTaM YacTO CIYKUT IMHK HWJIM CIUIaBbl Ha
OCHOBE AIFOMHUHUS B MarHus. B mporiecce 3amuThl MPOTEKTOPBI TOCTEIIEHHO PACTBOPSIOTCS,
M03TOMY UX MEPUOINYECKU 3aMEHSIOT HOBBIMHU.

Bropoii crmoco0® 3IeKTpOXUMHUYECKOW KAaTOAHOW 3allUThl COCTOMT B KAaTOAHOMN
MOJIAPU3alMK  3alllMIIAEMOT0 U3JeNHsl OT IOCTOPOHHEro (BHEUIHEr0) HCTOYHHKA
MTOCTOSIHHOTO TOKA (BBIMIPSIMHUTENS, aKKYMYIIITOPHON OaTtapeu U T.II.), TaK Ha3bIBacMasi, «Ka-
TO/HAS 3allUTa BHEITHUM TOKOM» WJIM «3JIeKTpo3amuTtay. [lpu aTom 3amuiaemMsiii MmeTasmi
MOJICOEIUHSAIOT K OTPUIIATEIFHOMY IOJIFOCY BHEIIHETO WCTOYHHKA, 4 K TOJOKUTEIBHOMY
MIOJIFOCY MPUCOETUHSIOT TIOTPYKEHHBIN B arpeCCUBHYIO CpeAy BCIIOMOTaTeNbHbIN IEKTPO]
W3 DIEKTPOIPOBOJAIICTO Marepuasiia. B KadecTBe MarepualioB BCIIOMOTATENIbHBIX
ANEKTPOIOB MIPUMEHSIOT TaKUE, KOTOPBIE WIM COBCEM HE PACTBOPSIOTCS MPU aHOIHOM MOJIs-
pU3aliy B JAHHBIX YCIOBHSIX (TpaduT), UM PACTBOPSIFOTCS C OYEHH MAIILIMH CKOPOCTSIMH
u3-3a 00pa3oBaHWs 3alUTHBIX cioeB (Pb). Ha BcrmoMorarenbHBIX HEPACTBOPHUMBIX
ANIEKTPO/JAaX B BOJHBIX PACTBOpPAaX MPOTEKACT AHOAHAS PEAKIHS BBIICICHHUS W3 BOJIBI
razo00pa3HoOro KUCIopoIa.

O PeKTUBHOCTh KATOMHON DIEKTPOXUMHUUYECKOW 3alIUTHI MPUHATO XapPaKTEPHU30BATH
IBYMsI TOKa3aTeIsIMU: 3alUTHBIM 3G dEeKTOM

z="5"1-100 4.3)

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

k=28 =88 (4.4)
l_?
e Z — 3alUTHBIN 3ddexT, %;
K, — MaccoBBIil [I0Ka3aTelb KOPPO3HH MeTallIa 63 3aIuThl, I/(M>-4);
K; — MaccoBblil NOKa3areiab KOPPO3UM MeTajula IIPU NPUMEHEHMM KaTOJHOM 3allUThI,
rJIm" ),
k; - KO3 duIUEHT 3aUTHOTO NEHCTBUS, T/A;
Ago — MaccoBBI€ MIOTEPH MeTaiIa 0€3 KaTOHOM 3aIUThI, F/Mz;

Ag) — MaccoBBI€ MIOTEPH METAIIA TIPU KATOHOU 3aIUTE, F/M2;
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1; — INIOTHOCTB 3aIlIUTHOTO KATOIHOT'O TOKA, A

KatogHo#t 2JIeKTpOXMMHUYECKON 3allUTOH MOXKHO JTOOWTHCS TOJIHOTO MPEKpaIeHUs
KOppO3UU MeTajlja. DTO IPOUCXOAUT, €CIM MPU NPUCOEINHEHUU NPOTEKTOpA K METaJITy
WO TPU TOPOIMYCKAHMM 4Yepe3 HEero MOCTOSHHOIO TOKa OT BHEIIHEr0 HCTOYHHMKA
ANEKTPOJHBIN MOTEHIIMA METajula JOCTUTHET 3HAYeHHs ero oOpaTUMoro (paBHOBECHOTO)
MoTeHlHaja (Ui CIUlaBa — PaBHOBECHOI'O MOTEHIMana Haubosee AIEeKTPOOTPHUIATeIbHOM
AQHOJIHOMW COCTaBJISIIOLIEH cIutaBa). [[is cTaiu TakuM MOTEHLMAIOM SIBJISIETCS PaBHOBECHBIM
MTOTEHIMAJ JKeJIe3a B IaHHBIX YCIOBUSAX.

DNEKTPOXUMHUUYECKYIO 3aIUTYy IPUMEHSIOT B CIy4ae KOPPO3UH METAUIOB, HAXOASIINXCS
B XOpOIIO MPOBOJAUIMX CPEAaX — pPacTBOpPax »>JEKTPOJMTOB, IMOCKOJIbKY, YE€M BBIIIE
AJIEKTPOIIPOBOTHOCTh  CPEIbl, TeM OOJbIlle CMEIIaeTcsl MNOTEHIMal MeTaula B OT-
pULATEIBHYIO CTOPOHY IPHU €r0 KaTOHOM MOJISIPU3ALINH.

B ciydae nmpoTEKTOpPHOM 3aILMTHI PAJAUYC ACUCTBUS IIPOTEKTOPA, T.€. HPOTSKEHHOCTD
METAJUIMYECKOM KOHCTPYKIMH, HAa KOTOPYIO PpACIPOCTPAHIETCS 3allUTHOE JACHCTBUE
MPUCOETUHEHHOTO MPOTEKTOpa, MPH MPOYUX PABHBIX YCIOBHUAX TeM OOJbIE, YeM BHIIIE
3JEKTPONPOBOAHOCTh cpeapl. Hampumep, B MOpPCKOW BOJAE OH JIOCTUTAaeT HECKOJIBKHUX
METPOB, a B BOJONPOBOIHOM OIrpaHUYEH HECKOJIBKUMU CAaHTUMETPAMH.

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

Ecnu mpu snekTpo3amuTe IIOTHOCTh 3alIMTHOTO TOKAa MOXHO PpEryJMpoBaTh B
LIIMPOKUX TIpEJeNax, TO MPU 3aIIUTE C IOMOIIBI0 IMPOTEKTOpPA CTENEHb €€ 3aBUCHUT OT €ro
ANEKTPOXUMHUUYECKUX XapaKTEPUCTUK: HAYAIBHOIO SJIEKTPOJHOTO MNOTEHIHMANIA, aHOJHOU
MOJIAPU3YEMOCTH (CTENEHN W3MEHEHHs MOTEHIUala NpU NPOTEKaHUM BHEIIHETO TOKA),
BEJINYMHBI IOBEPXHOCTH.

Karonnas snextpoxumuueckas 3ammra — 3()(EeKTUBHBIA U SKOHOMHYECKH BBITOHBIN
METOJ 3alUThl OT KOPPO3UM METAUIMYECKUX KOHCTPYKIIMH B MOPCKOW BOJE, MOYBE M
JPYTUX HEUTpaIbHBIX arpeCCUBHBIX cpefax. B KuCBIX cpenax MeTaulbl XapaKTepU3yTCs
Majioi KaTOJHOM MOJSPU3yeMOCThIO (MajbiM CMEIICHHEM IMOTEHIIHala B OTPUILIATEIbHYIO
CTOPOHY IpU NIPOTEKAHWU KaTOJHOTO TOKa). B Takux yCIOBHSAX 3HA4YMTENbHAs 4YacTh
3aIUTHOIO KaTOJHOTO TOKAa TPAaTHUTCS HENPOU3BOAUTEIBHO HA KATOJHOE BOCCTAHOBIICHUE
MOHOB BoJiopoJia. B pe3ynbprare KOApGHUIMEHT 3aIUTHOTO AeWCTBUS HeBenuK. [Ipumenenue
KAaTOJHOM 3alIUThl B TAKUX CPEaX OTPaHUYEHO.

Karognas 3ammra HaxoQUT IIMPOKOE NMPUMEHEHHE B MPOMBIIUIEHHOCTH JUISl 3AILUTHI
MOJ3EMHBIX TpPYOONpPOBOJIOB, KOMMYHHUKAIIMMH U pe3epByapoB, MOPCKHUX CYAOB U
METAIJIOKOHCTPYKIIMM, IKCIIITyaTUPYIOLIUXCSI B MOPCKOW BOJE, @ TAKXKE TEXHOJOTHYECKOIO
000pynOBaHUs — KOHJEHCATOPOB, TEILIONPOBOIHUKOB.

4.3. IIpoesenue paboThl

Pabota coctouT u3 Tpex yacTeit:

1. Onpenenenue ckopoctu koppo3uu cranu Ct3 B 5%-noM pactBope H,S04 mpu oTcyTcTBUN
KOHTaKkTa M IMpU KOHTAKTE €€ C JAPYrMMH MeTajjiaMu (LMHK, MeZb), a TaKKe JJIEKTPO-
XUMHUYECKUX XapaKTEPUCTHUK TalbBaHUYECKUX MaKpolap — 3JIEKTPOJIHBIX 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 LIMHKOBOTIO NPOTEKTOpa npu Kopposuu ctaiu Ct3 B
cpeax € pa3HOM AJIEKTPOMPOBOIHOCTHIO (AMCTUIUIMPOBAaHHAs BoJa, 1%-HBIM pacTBOp
XJIOPUCTOTO HATPU).

Bropas yacte paboThl MPOBOJUTCS OJHOBPEMEHHO C MEPBOM, a TPEThsl — MOCIE TOro, Kak
OyZyT TOCTaBlIeHbl Ha HCIBITAaHUS OOpaslbl B MEpPBOM M BTOPOW yacTax pabOThl — B
MepEPBIBAX MEXKIY 3aMEPAMH JIEKTPOIHBIX TOTEHIUAIOB.
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4.3.1. Koppo3us MeTaa10B B KOHTaKTe
a) OOBEKTHI UCCIE0OBAHUS 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 MuuUBOJIbT™METp OB — 74 (1 miT.).

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

6. CoemMHUTENbHBIE TTPOBOJIA C KOHTAKTHBIMU 3)KUMaMH (2111T. ).

7. I0tanrenuupkyis (1 mr.).

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

b) Meroauka npoBeieHUs1 SKCIIEPUMEHTOB

OnpenensitoT pa3Mmepbl CTaJbHBIX 00pa3lo0B M PAaCCUUTHIBAIOT MOJIHYIO IUIOHIAb HX
MOBEPXHOCTH 0€3 HOXKH. 3auyMIaroT 00paslbl HaXJauHOM Oymaroi; 00e3KHupHUBaIOT,
MPOTHPAst BATHBIM TAMIIOHOM, CMOYEHHBIM all€TOHOM; BBICYIIMBAIOT 5 MUH Ha BO3J1yX€ U
B3BEIIMBAIOT HA AaHAJTUTHUUECKUX Becax ¢ TouHOCThIO 10 0.0002 r. [IpaBuiia B3BemMBaHMs HA
AHATMTUYECKUX Becax MPHUBEJCHBI B MPUIOKEeHUH 1. MeaHbIi 1 MMHKOBBIA 00pasIbl 3a4u-
LIAI0T, IPOTUPAOT BATOM, CMOUYEHHOM all€TOHOM, HO HE B3BEILIHMBAIOT.

[TonroroBneHHble 00pa3lbl 3aKPEIUISIIOT C MOMOIIBI0 KJIEMM B KPBIIIKaX CTaKaHOB: B
MIEPBBI CTaKaH MOMEIIAIOT TOJILKO CTaJbHON 00pasell, BO BTOPO — CTIbHOMN M IIMHKOBBIH,
B TPETHI — CTAILHON U METHBIN.

Bo Bce cTakanbl HanuBarOT 5%-HbI pacTBOpP CEPHOIN KUCIIOTHI HA OJJMHAKOBOM 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 Makporapsl Fe — Zn u Fe — Cu, u GUKCUPYIOT BpeMsl Hadajla UCTIBITAaHUSI, 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
MWUIHBOJIBTMETPY, MOMeEIIass KOHUYMK DJIEKTPOJIUTHYECKOTO KI04Ya OT XJIOpcepeOpsHOro
AJIEKTPO/Ia CPAaBHEHUSI B COOTBETCTBYIOUINI cTakaH ¢ oOpasuoM. [lopsaok m3mepeHus mo-
TEHIIMAJIOB OMKCAH B UHCTPYKIIMU O paboTe C MUJUTUBOJIBTMETPOM (CM. PHIIOKEHUE 4).

[lepen oxOHYaHMEM OIBITA OTCOEAMHSIOT 3aKOPAYMBAIOIIUM ITPOBOJHHUK, 3aMBIKAIOT
napsl Fe — Zn n Fe — Cu Ha MAJUIMAMIIEPMETP U U3MEPSIIOT CHIIy TOKAa COOTBETCTBYIOLIEH
mapel. 3aTeM ONpPEAENAIOT JJIEKTPOJIHBIE MOTEHIMANbl BCEX METAIJIOB B OTCYTCTBHE
KOHTAaKTa U OLIEHUBAIOT MHTEHCUBHOCTb I'a30BBIJICJICHUS HAa BCEX JIEKTPOJaX MpU KOHTAKTE
C IpyruMu MeTaiiamu 1 0e3 Hero. OleHuBas ra30BbICIIEHHE MOKHO MPUMEHSTh YCIOBHBIE
MOKa3aTeN: «OTCYTCTBYET», «OUEHb cllaboey, «ciaaboe», «CpeaHeey», «CUIbHOEe», «OUeHb
CUJIBHOE.

[Tocne okoHYaHUs ombITa (IO MUCTEUYEHUH Yaca) BCE CTaJbHbIE 0Opa3ibl BHIHUMAIOT U3
pacTBoOpa, yAAIAIOT MPOAYKTHI KOPPO3MHM HAMBUIEHHBIM E€PIIMKOM, NPOMBIBAIOT 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 HCCIIEI0BAaHUS U alapaTypa

1. O6pasusl ctanu Ct3 (1 mr.) u 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. ABwxkoBbIi peoctar (1 mit.).

8. Kirtou-pyOmIIbHUK, COeIMHUTENBHBIE TIPOBO/IA.

9. llITaHreHIMPKYIIb.

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

b) Meroanka mpoBeeHHS YKCIIEPUMEHTOB

[MonroraBnuBaroT cTambHOW oOpaszen Tak ke, kKak ykazaHo B 1. 4.3.1. 3naueHue
M3MEPEHHOM Macchl oOpasia 3aHocsAT B Tabn. 4,1. OO6GpaboTka CBHHIIOBOTO 00pasiia
aHaJiornyHa o0paboTKe MEAHOTO M IMHKOBOTO. [IOATOTOBICHHBIE CTAILHON M CBUHIIOBBIN
00pa3ipl 3aKpeIUISIOT B KPBIIIKE CTakaHa W MOJCOEIUHSIOT uepe3 JBUXKKOBBIM peocTaT U
aMIepMeTp K MCTOYHUKY TOKA. 3allMIaeMblidi 00pasell MOAKIIOYA0T K OTPHUIATEILHOMY
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 KIIOUYOM 3JIEKTPHYECKYIO
L[eNb, JBWKKOBBIM PEOCTaTOM YCTAHABIMBAIOT HEOOXOJMMYIO CHIY TOKa U (PUKCUPYIOT
BpeMs Hayaia ucnblTaHuU. [IpoBOJAT UCHBITAHUS B TEUEHHUE Yaca, U3MEpss MOTECHIIHAIbI
ob6oux amekTpoaoB 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 DJIEKTPO3ALUTE 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 OIOJACKUBAIOT BOJOW. Bce pe3ynbrarsl
HaOJII0ICHUH ¥ U3MEPEeHUH 3aHOCT B Ta0I. 4.1. u 4.2.

4.3.3. Paanyc neicTBUS IPOTEKTOPA

3amaua JaHHOM YacTH paboTHl — ONMPENETUTh BIUSHUE HIIEKTPONPOBOJHOCTH PAacTBOPA
Ha paJnyc AEHUCTBUS [IMHKOBOTO MPOTEKTOpa MpH 3amuTte ctainu CT3 B HEUTpaIbHOU Cpelie.
UccnepoBanusi nmpoBOAST B JUCTWIIIMPOBAHHOW Bojae M 1%-HOM pacTBOpE XJIOPUCTOTO
HaTpus. YJIEIbHYIO 3JIEKTPOIPOBOJHOCTh PACTBOPOB HEOOXOAUMO ONPENENIUTh IO
CIIpaBOYHUKAM.

A) OOBEKTHI UCCIICIOBAHUS U allliapaTypa
1. O6pazusl cranu Ct3 (2 mT.) — mnactuaka 40x20x3.

2. lluHKOBBIN TTPOTEKTOP (2 IIT.) — MOJIOCKA, TPOBOJIOKA.

3. ArpeccuBHbBIE Cpe/ibl — IUCTHUIIMPOBaHHAs Boja, 1%-He1ii pactBop NaCl.

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

5. 1%-HbIl1 pacTBOp KpaCHOW KPOBSHOM COJIH.

6. CTekJsiHHAS MMajlovKa, HakaauyHas Oymara, Bata, GuIbTpoBaibHast Oymara, areToH.

b) Meroauka npoBeieHUs1 SKCIIEPUMEHTA

JIBe cTanpHBIC TIJIACTUHKHM 3aYMINAIOT HAXKIAYHOW Oymarod W TpOTHUPAIOT BaToOM,
CMOYEHHOW aleTOHOM. B oTBepcTusi, UMeroUMecs B CTaJbHBIX IJIACTUHKAX, BCTABIISIIOT
HeOOJbIINEe KYCOUYKH LIMHKOBOM MPOBOJIOKM W IUIOTHO 3aKpPY4YHMBAIOT AJI CO3JAHMS 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 mepememmBaior. ILIacTHHKH
MOMENIAIOT Ha JHO 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 WX KOJMYECTBO M PACIOJIOKEHHE Ha
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oOpasiax (3apuCcOBHIBAIOT).

[TosiBNeHHe CUHUX MATEH BBI3BAHO 0Opa30BaHUEM «TYPHOYI-I€BOW CHHM» BCIEACTBHE
pEeaKIuy KpacHOW KPOBSHOW COJM C JBYXBaJCHTHBIMH MOHAMH Kelie3a, MOSBUBIIUMUCS B
pacTBope B pe3ylbTaTe KOPPO3UM TEX YYAaCTKOB CTaJbHOrO oOpaslia, Ha KOTOpble HE
pacrpocTpaHseTcs 3alUUTHOE JeCTBHE IIMHKOBOTO MPOTEKTOPA.

PesynpraTel HaOmtoneHuit 3aHocsaT B TaOm. 4.3. OOpasibl BBIHUMAKOT, MPOMBIBAIOT
BOJIOM, BBICYIIMBAIOT (PHIIBTPOBAIbHONM 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 KOHTAaKTHOW KOPPO3MM — 3alMTHBIA 3dexT (z), kodpduuueHT 3ammTHOrO
nevictBus (k;), mus Bcex cimydaeB (mapbl  Fe-Zn, Fe-Cu, snextpo3amuta). [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 OTHOCUTEIIFHO HOPMAaJIbHOTO
BOJIOPOJHOTO 3JieKTpoaa 1mo dpopmyre (3.5).

3. PaccuuThIBaloT paBHOBECHBbIE TMOTEHLIMAIBl IIMHKA, MEIH, JKelle3a M BOJOPOJHOTO
3JIEKTPOJIa, MPUHUMASI KOHIEHTPALIMI0O MOHOB METANIOB B PacTBOpax [Zn2+] = [Fe2+] =
[ Cu2+] = 10° mon/n Y, YUUTBIBAs, YTO KMCJIOTHBIM TOKa3arelb cpeasl 5%-noit H,S0, pH ~
0,1. PaBHOBECHBIE TOTEHITHAIBI METAJUIOB ONPEAEsIOT 1o Gopmyie (3.6).

PaBHOBECHBIN OTEHIMAT BOAOPOAHOTO 3JIEKTPOJIa HAXOIAT 1Mo (popmyre

R-T a,.
P — 0 4+ 23 lg—2 4.5
¢H2 ¢HZ n‘F g(PHZ )1/2 ( )

rnae (0,’;2 - PaBHOBECHBII IOTEHLIMAJ BOJOPOIHOTO 3JIeKTpoa. B;

0 . _
¢y, - CTaHAAPTHBIN MOTCHIMAT HOPMAJIBHOTO BOJAOPOHOrO d5eKTpoza (npu @, =1 u PH2
= 1), B;

@,,. - aKTUBHOCTb HOHOB BOJIOPOJIA B PACTBOPE, MOJIB/JI;

P

', - TAPIUAIIBHOE JIABJIEHUE BOJOPO/IA HAJl PACTBOPOM, aTM;

N — YHUCJIO DJICKTPOHOB, YUACTBYIOIINX B p€aKIMH BOCCTAHOBJICHUS HOHOB BOAOPOAA:
H' -H,0+ e—1/2H,+H,0 (4.6)

[Tpu temnepatype 25°C 1 napuuaJbHOM JIaBJICHUU BOJOpPOJA B aTMOc(epe Bo3ayxa PH2 =

510" arm PaBHOBECHBIN IMOTEHI[MAT BOJOPOIHOIO JIEKTPOIA
(0,’_’[2 =0,215- 0,059 -pH, 4.7)

rie pH = -Ig 4, - KUCIOTHBIH (BOJOPOIHBIN) OKA3aTENb CPEJIBL.

4. PaccunTHIBAIOT M 3aHOCAT B TabOJ. 4.2 TOKOBBIEC MOKA3aTEIN KOPPO3UU CTaim (Kernesa) u

TOKH paCTBOPEHUS JKeJe3a JJIsl BCeX ClyyaeB

. K-268-n
A

I=1iS (49 rmei—

TOKOBBIIT ITOKa3aTeIb KOPPO3HH, A/M’;

K — MacCOBBIi I0Ka3aTelIb KOPPO3HH, T/(M 9);

1 — BaJICHTHOCTh HOHOB METaJlJIa, IEPEXOAAIINX B PacTBOD;

A — MOJIb pacTBOPSIOIIErOCS MeTala, 2,

26,8 — KOJIMYECTBO ANNEKTPHUUECTBA, HEOOXOIMMOE sl pacTBOpeHust 1 Moib/n mMeramia, A-

9;

I — Tok pacTBOpeHus metamna. A;

S — TLIONIA b MOBEPXHOCTH KOPPETHPYIOMIEro METallId, M.

) (4.8)
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5. CTposT NOTHYI0O KOPPO3HUOHHYIO MOJISPU3AMUOHHYIO TUArpaMMy H3y4E€HHOW CHCTEMBI B
koopauHaTax ToK (I) — moreHnman (¢) aHaTOTHIHO MPEACTABICHHOW Ha puc.4.

[Tpu 5TOM: a) IPUMEHSIOT PaCYETHBIC 3HAYSHHS PABHOBECHBIX MOTEHIINAJIOB IIMHKA, JKee3a,
MeIH U BOJIOPO/Aa B KaUeCTBE MCXOTHBIX TOYEK IS MOCTPOCHHUS] COOTBETCTBYIOLIUX aHOJ-
HBIX ¥ KaTOJHBIX KPUBBIX;

0) Mg TOCTPOCHUS aHOJHOM KpUBOM 3JKeje3a HCIONb3YIOT SKCIIepUMEHTAbHbIE
3HAUEHUS! YCTAHOBUBIIMXCS MOTEHIIMATIOB JKeJle3a U COOTBETCTBYIOIIMX UM TOKOB €T0 pac-
TBOPEHUS B Pa3IMYHBIX yCJIOBHsIX (Tadu. 4.2):

- 6e3 koHTakTa (Ppe-1;)

- KOHTAKT C MTUHKOM (QFe/zn-12)

- KOHTAaKT C MEBIO (Pre/cy-13)

- DJIEKTPO3AIHUTA (PFe 55.-14)

B) TpHU TMOCTPOCHUHM KATOJHBIX KPHUBBIX JJII BCEX METAUIOB MPUHUMAIOT, YTO
NepeHanpsiKeHre Boaopoa (onpeaensionee HakJIOH KaTOAHBIX KPUBBIX) Ha LIMHKE B JIBa
pasa, a Ha MeJU B IIOJITOPA pasa BBIIIE, YEM Ha JKeJe3e, T.€. Nzn = 2Nre; Ncu = 1,3MFe;

T') P MOCTPOSHUH aHOJHBIX KPUBBIX IMHKA U MEIU UCIOJB3YIOT KaTOIHbBIE KPUBBIE IS
3TUX METAJJIOB M SKCIIEPUMEHTAIILHBIC 3HAUECHUS MX MOTCHIIUAJIOB KOPPO3UU 0€3 KOHTAKTa
(cm. Tabm. 4.2).

6. JlenaroT BBIBOABI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX KOHTAKTHOM KOPPO3UH U KATOJHOMN
3aIUTHI:

a) U3MEHEHHE AJICKTPO/IHBIX MMOTCHIIUATIOB U CKOPOCTEH KOPPO3UH METAIJIOB MPU KOHTAKTE;
0) > PeKTUBHOCTD MPOTEKTOPHON 3AIIMUTHI U JICKTPO3AIIUTHI;

B) BIIHMSIHHE DJICKTPOMPOBOIHOCTH cpebl Ha 3P d-Th KATOAHOMN 3alTUTHI.

4.5. Boipocsl 1 CaMOKOHTPOJISt

1. Kak u moyemy M3MEHSIOTCS TIOTEHIIUAT U CKOPOCTh KOPPO3UH MEAH MPH KOHTAKTE €€ CO
cTanbio (kene3om)?

2. Kakue mnpoayKThl BBIACISAIOTCS Ha DJIIEKTPOJAX TMPU KOHTAKTHOH KOPPO3UH H
AJIEKTPO3AIIUTE B U3YUEHHOU cucTeme?

3. Bynyr nu uzmeHsThes (ecinu OyayT, TO Kak U 1Mo4eMy) MOTEHLIUAI U CKOPOCTh KOPPO3UH
CTABbHOM (FKEJIe3HOW) AeTaIM NIPH YBEIUYCHUH Pa3MEpOB KOHTAKTHUPYIOMIEH C HEW MeTHOM
neranu?

4. Kak M3MEHUTCS MOTEHLIMAT U CKOPOCTh KOPPO3UHU 3KeJie3a B YCIOBMSIX 3JIEKTPO3ALIUTHI
MIPY YBEIMYEHUHU KaTOIHOTO TOKA, IOJIBOJMMOIO OT BHEITHETO HCTOYHHUKA?

5. C KakuM KOHTpPOJIEM MPOTEKAET KOPPO3Hs IIMHKA, KEJIe3a U MEAW B PACTBOPE CEPHOIM
KHCIIOTHI B OTCYTCTBHE KOHTAaKTa (OMPEEIHUTh MO Pe3ysibTaTaM padoThl)?

6. MOXHO M TIPUMEHHUTHh MEJHBIE 3aKJeNKH B amoMuHHEeBOM ammapare? (Haobopot?).
Pemennie 0ObSICHUTS.

bubnuorpaduueckuii coucok

1.ITaxomoB B.C. Koppo3us u 3ammra XuMHU4eCcKol annaparypbl. DJI€KTPOXUMUYECKast
KOppO3us MeTauioB: YueOHoe nmocodue. —M.: MUXM, 1983. -80 c.

2. XKyx H.I1. Kypc Teopun koppo3uu u 3amuthl MetamioB. —M.:Meramnyprus, 1980. —C.
270-277; 287-299; 357-364.

@y, s Py, -PABHOBECHBIE TIOTEHIIMAIIBI [IEPBOTO U

BTOPOT'0 MCTAJIJIOB;

¢£< - paBHOBeCHBIfI NOTCHI KAl OKHUCIINTEIIA,

Qropl; Prop2 — TOTCHIHANBI KOPPO3UU IEPBOTO H
BTOPOT'0 METAJIIOB 0€3 KOHTAKTA;

Top1; Tkop2 — CKOPOCTH KOPPO3UH IIEPBOIO U BTOPOI'O
METaJI0B 0€3 KOHTAKTa;

Puc. 4. IlonspuzanuonHas quarpaMmma
KOPOTKO3aMKHYTOH ABYXAJIEKTPOIHON CUCTEMBI
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(ranbBaHMYECKON MaKpoIaphbl)
¢y - KOMIIPOMHUCCHBIN NOTeHIHA (00N TTOTEHITHAI ITaphI),

1,1, -ckopocTn pacTBOpPEHHs EPBOTO M BTOPOTO METAILIOB IIPH KOHTAKTE;

I;1,, - CKOPOCTH KaTOJHBIX IIPOLIECCOB METAJLIOB IIPU KOHTAKTE.

k1>

1 — MIJITUBONBTMETP; 2 — KOHTAKTHAs KJIIEMMa; 3 — U30JUPYIO-
mas 1iacTuHa; 4 — JIEKTPOJUTHYECKUM MOCTHK; 5 — XJIOpCe-
peOpsIHHBIN AeKTpoA cpaBHeHUs; 6 — pactBop KCI, 7 — cTek-
JSTHHBINA CcTakaH; 8§ — pabodue 31aeKkTpoabl; 9 — paboumii pac-
TBOp; /() — KOAKCUIILHBIN Kalenb

Puc. 5. Cxema yCcTaHOBKH /17151 U3MEPEHHUS IOTEHIIUAJIOB IIPU
KOHTaKTHOUW KOPPO3UHU

1 — 3ammmaemsiii obpazer; 2 —
arpecCUBHBIA pacTBOp; 3 —
BCIIOMOTaTEJIbHBIN
BIEKTPOS; 4 — HCTOYHUK
TOKa (BBIIPSMUTENB); 5 —
Kimo4; 6 — peocrar; 7 —
aMIepMeTp

Puc. 6. Cxema yCTaHOBKH MPHU JEKTPOJIUTE.
Kpurtepun onenkn (B 0aj1ax) 1J1st 0O4HOT0 OTAEICHHS:
- 5 0aJs1y1a BBICTABIISIETCS CTYIEHTY, €CJIHM CTYICHT BBIMOJIHII O/IHO 3aJIaHKE;

- 10 6a/510B BBICTABIISIETCS CTYJIEHTY, €CJIM CTYICHT BBITTOJTHII JIBA 3a/IaHMUS.

KpnTepnn OICHKH AJIsl 3A04YHOI'0 OTACJICHUA
- HE 3a4YTEHO BBICTABJIICTCA CTYACHTY, €CJIIM CTYACHT BBIIIOJIHUII OJTHO 3aJITaHUCE;

= 3a4YTE€HO BBICTABIACTCA CTYACHTY, €CJIN CTYJACHT BBIIIOJTHWUJI ABa 3a1aHUA.
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5 YueOHO-MeTOAUYecKoe U HHPOPMALIMOHHOE o0ecnevyeHne TUCIUININHBI

5.1 IlepeyeHb OCHOBHOI U JONOJHUTEIbHOI Y4eOHOM JIUTEPATYPHI,
HEe00X0AMMOii 1J151 OCBOCHHUS U CIUIJINHBI

OcHoBHasl IUTEpPaTypa

1. IlomoBa A. A. Mertoasl 3amuTsl 0T Koppo3uu. Kypc nexuuii. Jlans,
2014. 272c.

2. Jlazytkuna O. P. Xumuyeckoe COMpPOTHUBJICHUE U 3alIUTAa OT KOPPO3HHU:
yaebHoe mocobme. — ExarepunOypr: M3marenbcTBO YpambCKOTO YHUBEPCHUTETA,
2014. 14lc. DBK,DBC YBO

3. IlonoBa A. A. Metoabl 3amuTthl 0T Koppo3uu. Kypc nekiuid. JlaHb,

2014. — 272 ¢. — DBK, OBbC «Jlanby» .
4. Kapckuii 1. M., MHsanoa H. Il., Kyuc /I. B., CBunynosuu H. A.

Koppo3us u 3ammra MeTaIMYeCKUX KOHCTPYKUHUM U 000pYIOBaHUS. Munck:
«Brmmiimag mkonay, 2012. — 9BK, ObC YBO
5. CemenoBa 1. B. Koppo3us u 3amura ot koppo3un. — M.: OusMariur,

2010. DBK, 3BC VBO

JonoiHUTEIbLHAA JIMTEPATypPa

1. IleByenko A. A.. XuMHUECKOE CONPOTHUBIEHUE HEMETAUINYECKUX
MaTepHUaIoB U 3alluTa OT Koppo3uu. — M. 2006. — 248 c.

2. Manun B. H., I'pomoB A. H. ®u3nko-xuMudeckasi CTOMKOCTh MOJUMEPHBIX
MaTepuajoB B yCIOBUAX d3kcmutyaranuu. — JI.: Xumus, 1980. — 248 c.

3. 3apyouna JI. II. 3ammra 37aHHA, COOPYKEHHH, KOHCTPYKIIUHA |
o0opynoBaHusi OT KOppo3uu. buonormdeckas 3ammra: Marepuanbl, TEXHOJOTHH,
HHCTPYMEHTHI B o0opyaoBanue.  MockBa-Bonorga: Madpa-Umxenepus, 2015.
224 ¢.— 3BK, 9bC YBO

4. Haymos C. B., Camyuios A. S. MaTtepuanoBeqeHue. 3aiura 0T KOPPO3HH:

y4eOHO-METOINYECKOE TIocoOue. Kazanp: Usnarenscrso KHUTY, 2012. 84 c.
— DBK, OBC YBO

5. banabGan-Hpwmenun FO. B., Jlunoeckux B. M., Pybamos A. M. 3ammra ot
BHYTPEHHEH KOPPO3HUH TPyOONPOBOIOB BOASHBIX TCILIOBBIX ceTei.  M.: HoBoctH

terocHaOxenus, 2008.  OBK, O9bC YBO

5.2 Ilepeyennb pecypcoB HHGPOPMAIMOHHO-TEJIEKOMMYHUKANIMOHHON CeTH
«HTEepHET» M MPOrPAMMHOTIO0 00ecrevYeHusl, He00XOTUMBbIX JIJIsi 0CBOEHHUS
AUCIATIJTMHBI
— http://biblioclub.ru/index.php?page=book&i1d=275812&sr=1
—https://e.lanbook.com/book/50169#book name
http://biblioclub.ru/index.php?page=book&1d=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
U 1p

1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. JTorosop Ne 104 ot 17.06.2013 .
Jlutiensum 6eccpodnbie

2. MicrosoftOfficeStandard 2013 Russian. [Torosop Ne 114 ot 12.11.2014 r. JIutieH3un 6eCCpoUHBIE.
3. Cucrema nienTpaimzoBanHoro tectupoBanus baml'y (Moodle). GNUGenera PublicLicense.
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Ползователь
Пишущая машинка
1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. Договор № 104 от 17.06.2013 г. Лицензии бессрочные 
2. MicrosoftOfficeStandard 2013 Russian. Договор № 114 от 12.11.2014 г. Лицензии бессрочные. 
3. Система централизованного тестирования БашГУ (Moodle). GNUGeneralPublicLicense.




6 MarepuajnbHO-TeXHMYECKas 0a3a, HeoOXoauMast 1J1sl OCYIIeCTBJICHUS
00pa30BaTeIbHOIO NpoLecca Mo AUCHUIIINHE

HanmenoBanue
Cneuzgii%%(;ﬁ;HHHx B sansTuii HaumenoBanue o0opynoBaHus,
b
KAGHHETOB, IPOTPaMMHOTO 0OecrieueHUs
naboparopuii

ayn. 107 (uHXeHepHBIN
(dhakynbTeT)

Jlexun

CemuHapckue
3aHATUA

Brimonnenus
pa6ot, PI'P

KYPCOBBIX

[TpoBeneHuss TpyNNoOBLIX U
MH/IMBUyaIbHBIX
KOHCYJIbTAllMi,  yueOHas
ayauTopus Ul TEKYILEro
KOHTPOJIS "
IIPOMEKYTOUHOU
aTTecTalluu

Jlocka, Men, mapThl, CTYJbA.

OouobInoTexa,
aymutopus Ne 201
(MHXKEHEPHBIN
¢bakynbTeT),
OouobInoTexa,
aymutopus Ne 201
(TTIaBHBIN KOPITYC)

CamocrositenpHast paborta
CTYJICHTOB

PentiumG2130/41'6/5001'6/21,5»/Kn/MbIIb
[IK B xommi @epmo Intel, Intel
PentiumG2130/4I"6/500I'6/21,5”/Kn/MbIiib

PentiumG2130/41'6/5001'6/21,5»/Kn/MbIIb
-50 mrt., I1IK B xomru1. @epmo Intel. epmo
Intel MonoGnok Nel depmo AMD AS-
5500 — 50 mt.
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ITpunoxxenne Ne 1

OEJEPAJIBHOE I'OCYAAPCTBEHHOE BIO/XKETHOE OBPA30OBATEJIBHOE
YUYPEXEHUE BBICIHEI'O OBPASOBAHUA
«BAIIKNPCKHUU I'OCYJAPCTBEHHbBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

AU CIHUITIIMHBI «XHUMHUYECKOE COIIPOTHUBJIICHUC MAaTCPHUAJIOB U 3alllMTa OT KOPPO3UN»
oceHHui (7) cemectp
(Ha3BaHME TUCLUILTHHBI COTJIACHO paboueMy yaeOHOMY IUIaHY)

JTHEBHOM (popMBbI 00yUCHHS
(popma oOyqenns)

Pabouyro nporpammy oCyIIECTBIISIIOT:
Jlexunu: noneHT, kana. tex. Hayk IlaBnosa Onbra BnagumupoBHa
(momwkHOCTB, yu. CTeneHs, §.n.0.)

[IpakTuueckue 3aHsATUS: JOUEHT, KaHa. TeX. Hayk [TaBmosa Onbra BnagumupoBHa
(momxHOCTB, yu. CTeneHs, ¢.n.0.)

Ha60paTOpHBIe 3aHATHA: JOLICHT, KAHA. TEX. HaYK ITaBmoBa Onbra BJ'IaI[I/IMI/IpOBHa
(momxHOCTB, y4. CTenens, ¢.n.0.)

Becennnii (6) O0BeM
By paborer CEMECTp JIUCLUTIITUHBI

O6mmas TpynoemkocTs auctuiuiuabl (3ET / yacos) 5/180 5/180
Y4eOHBIX YacCOB Ha KOHTAaKTHYI0 paldoTy ¢ 67,7 67,7
MTPETNO/IaBaATEIIEM:
JIEKIUN 24 24
J1a00PaTOPHBIX 18 18
MPAKTUUECKUX/ CEMUHAPCKUX 24 24
OKP 1,7 1,7
KoHTpoab 54 54
Y4eOHBIX YacOB Ha CaMOCTOSTEIBHYIO padoTy 58,3 58,3
ooyuaromuxcst (CPC), Bkiarouas MHOATOTOBKY K
HK3aMEeHy/3aueTy
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OEJEPAJIBHOE I'OCYJAPCTBEHHOE BIO/DKETHOE OBPA30BATEJIBHOE
YUPEXEHUE BBICIHEI'O ObPASOBAHUA
«BAIIKNPCKHU I'OCY TAPCTBEHHBIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

JUCIUIIIIMHBI « XMMHAYECKOE COIIPOTHUBJICHUC MAaTCPHUAJIOB U 3alllMTa OT KOPPO3UN»

oceHHui (7) cemectp

(Ha3BaHWE TUCIMILIMHEI COTIIACHO pabodeMy yueOHOMY IUTaHy)

3a04HOM (POpMBI 0OyUEHUS
(dpopma oOyueHms)

Pabouyio nporpammy OCyIIECTBIISIOT:

Jlexuuu: no1eHT, kaua. Tex. Hayk [1aBnoBa Onbsra Bnagumuposna
(TOMKHOCTD, Y. CTETIEeHb, ().1.0.)

[IpakTrueckue 3aHATUSA: JOLIEHT, KaHa. TeX. Hayk [laBnosa Onbra BaagumupoBHa
(TOMKHOCTD, Y. CTETIeHb, ().1.0.)

JIaGopaTtopHbie 3aHATHS: TOLEHT, KaH[. TeX. Hayk [laBnoBa Onbra BnagumuposHa
(TOJDKHOCTD, yU. CTETIeHb, ().1.0.)

Bux paGote! P entoetp | awotutmmmis
O6mrast pynoeMkocts quctuiiuabl (3ET / vacoB) 5/180 5/180
Y4eOHBIX YacOB Ha KOHTaKTHYIO paldOTy C 19,2 19,2
npenojaBaTesieM:
JEeKIUn 6 6
71a00paTOPHBIX 6 6
MPAKTUYECKUX/ CEMUHAPCKUX 6 6
OKP 1,2 1,2
KoHTpoab 9 9
Y4eOHBIX YacOB Ha CaMOCTOSATEIbHYIO padoTy 116 116

ooyuaromuxcst (CPC), Bkiarouas MHOATOTOBKY K
JK3aMEHY/3a4eTy
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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, CaMOCTOSITENIbHOM (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 JTTEpATYP 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 TEPATYP 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, CaMOCTOATEIbHON (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 yaco no yuebnomy miany — 180, B T.4.: koHTakTHas paboTta — 67,7

camocTosTeNbHas padora — 58,3

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

Kadenpa — Texnonornueckne MalmHbl 1 000py10BaHUE

. bamn 3a Yucno bannsl
Bunp! yueGHOI nedTenbHOCTH o
CTYCHTOB KOHKpETHOE | ajamnitsa | . max
3aJjaHue ceMecTp
Moayas 1
Texynmii KOHTPOJIb
1. JJaboparopHas pabota 1,25 6 0 7,5
2. YcTHBIN onpoc 1,25 6 0 7.5
Py0e:xHbIll KOHTPOJIb
1. TectupoBanue | 10 |1 IE | 10
Monayasb 2
Texymmii KOHTPOJIb
1. JJabopaTopHnasi pabota 1,25 6 0 7,5
2. YCTHBIN onpocC 1,25 6 0 7,5
Py0e:xHbII KOHTPOJIb
1. TecTupoBaHHe | 10 |1 [0 | 10
BoinoJjiHeHHe pacueTHO-Tpaduyeckoii padoTol
1. 3amuta PI'P | 10 |1 [0 | 10
IoompurenbHbie 0aIbI
1. CryneHueckas oauMnuaaa 4 1 0 4
2. [TyO6nukanust crarei 4 1 0 4
3. Pabora co mKOoIbHUKAMU (KPY¥KOK, ) 1 0 )
KOHKYPCBI, OJINMIINA/IbI)
ITocemaemocTs (0271161 BHIYUTAIOTCS U3 001eH CYyMMBI 0 16
HaOpaHHBIX 02J1J10B)
1. HOCG“H.IGHI/IC JIEKIIUOHHBIX 0.8 2 0 6.4
3aHATHH
2. IlocenieHue NpaKTUYECKHUX, X 12 0 9.6
CEeMHMHAPCKHX, JJAOOPAaTOPHBIX 3aHATHH
HTOroBblii KOHTPOJIb
JK3aMeH | 30 1 |0 | 30
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