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1 IlepedyeHs MIaHUPYEMBIX Pe3yabTATOB 00y4eHH S 10 AUCLHHUIIHHE,
COOTHECEHHBIX C IVIAHUPYEMBIMH pe3yJibTaTaAMHU OCBOCHH S

o0pa3oBaTeJIbHOM NPOIPAMMBI

B pesynbrare ocBoeHUs1 00pa3oBaTeIbHOM MPOrPaMMbl OOYYAIONIUICS JOJKEH OBJIAJCTh
CIICTYIOIIUMHU pe3yabTaTaMH O0yICHHUS TI0 U CIUILIHHE:

Pe3ynbraTel 00ydeHus

®dopmupyemas
KOMITCTEHITHS
(c yka3aHHeM KoJa)

IIpumeuanue

3HaTh METOIUKH HPOBEAEHHUS paboT 1o
JIOBOJIKE u OCBOCHHIO
TEXHOJIIOTHYECKUX  MPOIIECCOB B
X01e MPOEKTUPOBAHHMS
000opyI0BaHUS

[IK-12 - cnocoOHOCTBIO y4acTBOBaTh B
paboTax IO JIIOBOJKE W OCBOCHUIO
TEXHOJIOTHYECKHX TIPOLIECCOB B XOjIe
MOATOTOBKM  TPOM3BOJICTBA  HOBOM
NPOAYKLUH,  TMPOBEPSATh  KauecTBO
MOHTa)Ka ¥ HaJaJKH MPU UCTILITAaHUAX U
criave B 9KCIUTyaTalllio HOBBIX 00pa3ioB
W3JIENHH, Y3JI0B u Jetanei
BBIITYCKAaeMOW TPOIYKIHH

YMeTb MPOBEPSATH KAUECTBO MOHTaXa U
HaJIaJIKH TIPH UCTIBITAHUAX U Cllaue B
9KCILTYaTalHio HOBBIX 00pa3ioB

[1K-12 - cnocoOHOCTBIO y4acTBOBAThH B
paboTax IO JOBOJKE U OCBOCHUIO
TEXHOJIOTHYECKUX TPOLIECCOB B XOfe
MOATOTOBKM  TPOMU3BOJCTBA  HOBOM
NPOAYKLHUM,  TPOBEPSTH  KauecTBO
MOHTaXa ¥ HalaJKU MIPU UCTIBITAHUAX U
cllaye B 3KCIUTyaTallMio HOBBIX 00pa3IoB
W3JICTIHI, Y3JI0B U neranen
BBIIIYCKAEMOM MPOAYKLUHU

00opynoBaHust
BraneTs HaBbIKAMH y4acTHsi B paborax Mo
OBOJIKE u OCBOEHUIO
HABBIKH / OMBIT | ~
( TEXHOJIOTMYECKUX TP OIIECCOB,

IEATENBHOCTH) | poBepKH KauecTBa MOHTAXa M
HaJaJK{d IPH HCIBITAHWSIX B XOZIE
pacdera M KOHCTPYHPOBaHHS
000pyIOBaHUS

IIK-12 - cnocoOHOCTBIO y4acTBOBaTh B
padoTax IO MJOBOIKE M OCBOEHHIO
TEXHOJIOTUYECKUX TMPOLECCOB B XO.IC
NONTOTOBKM  IPOHM3BOJCTBA  HOBOH
NPOAYKLUUH,  TPOBEPATH  KayecTBO
MOHTa)Ka ¥ HAJIAJIKH MPU UCTIBITAHUAX U
cllade B 3KCILTYaTalHio0 HOBBIX 00pa3IoB
W3JICIIHI, Y3JI0B " neranen
BBIIYCKaeMOU MPOIYKIHU




2 Ileab 1 MeCTO AMCUMILIMHBI B CTPYKTYpe 00pa3oBaTe/IbHONH POrpaMMbl

Lenpro mpenojaBanusi AUCUMIUIMHBI sBAsieTca peanuzanusi TpeOoBaHuid, ycranoBieHHbIXx B ®I'OC BO. IlpenonaBanue
CTPOUTCS UCXOJSl U3 TPEOYEMOT0 YPOBHS MOJATOTOBKH CTYAEHTOB, 00yYalOIMXCs O JaHHOM CHeMalbHOCTH.

Lenb u3ydyeHus: AUCHUILUIUHBI: U3yYEHUE OCHOB TEOPHUH M TOJyYEHUE 3HAHUN O BIMSHUM KOHCTPYKTHBHBIX (DAKTOPOB Ha
pPa3sBUTHE KOPPO3UOHHBIX pa3pyLICHUM.

VYyeOnass nucuurmiuuHa «Koppo3usi KOHCTPYKIMOHHBIX MAaTE€pHaloB)» OTHOCUTCS K JUCUUIUIMHE 1O BbIOOpY —
b1.B.1./1B.06.02.

JucuurirHa u3zydaercs Ha 4kypce, 3 ceccusl.

Jlist ocBoeHUsT IUCHMIUIMHBI HeoOxoauma kommereHiun OK-7, cpopMupoBaHHbIe B paMKax MU3y4YEeHUs CIEAYIOIMIHNX

JTUCLIUIUINH

N3 kypca « Pusuka»

3nanus: GU3NKO-MEXaHUYECKHE CBOMCTBA TBEP/BIX TEJl, Macca Tela, CUila, BEC 1 HEBECOMOCTh, CHJIa YIIPYTOCTH, CHJIa
TPEHUs, KHHETHYECKasi U MOTeHLIMaIbHasi padOoThl, TEMIIEpATypa.

YMmenus: mpon3BOIUTH pacyeThl U U3MEPEHUSI OCHOBHBIX (PM3UKO-MEXaHUUECKHUX CBOWCTB BELIECTB

Hasviku: onpenenenne Gpu3nUecKux U GU3NKO-MEXaHUYECKHX CBOMCTB KOHCTPYKIIMOHHBIX MaTEPHAIIOB.

N3 kypca «Xumusa»

3nanus: ATOMHO-MOJIEKYJIIPHOE YU€HUE. ATperaTHble COCTOSIHUA BenlecTB. CKOPOCTh XMMUYECKHUX peakiuil. CTpoeHue
aTOMOB ¥ MOHOB. OKHUCIHUTEIbHO-BOCCTAHOBUTEIbHBIE peaKkiMu. KucioTel, MeTasibl, HEMETAJUIbl U UX OCHOBHBIE CBOMCTBA.

Ymenus: coctaBiieHne ypaBHEHUN OKUCIATEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIUN.

3Hanus: onpeeeHNe XUMUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaTEpUAIIOB

3 Conep:xanue padoueid nporpaMMbl (00beM IMCHUIIMHBI, THIIBI M BUAbl Y4e€OHBIX 3aHATHI, y4eOHO-
MeTOoAuYecKoe oecredeHrue caMOCTOSITeIbHOI padoThl 00y4al0IIUXCH)

Conepxanue padboueil mporpaMmmsl npeactasieHo B [Ipunoxxennn Ne 1.
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4 (I)OH)I OLCHOYHBIX CPEACTB M0 IUCIHUILIHHE

4.1. IlepeyeHb KOMIIETEHIMI € YKa3aHMEM 3TANoB (YPOBHeH) MX (DOPMHPOBAHUS B NPoLecCce OCBOCHUS
o0pa3oBaTeJibHOM MporpaMmMbl. OnMcaHne MoKa3aTeae 1 KpUTEPUEB OLCHUBAHUS KOMIETEHIIUI HA Pa3JIMYHbIX
ranax ux GopMHpPOBaHHS, ONNMCAHME KA OLlCHUBAHUS

[1K-12 - crnocoOHOCTBIO y4acTBOBATh B pabOTax MO TOBOAKE U OCBOCHHMIO TEXHOJIOTMYECKUX MPOIIECCOB B X0J1€ MOATOTOBKU
IIPOM3BOJICTBA HOBOM MPOAYKIIMH, IIPOBEPTH KAYECTBO MOHTA)Ka U HAJIAJAKU IIPU UCIBITAHUAX U CAYE B IKCIUIyaTallUIO0 HOBBIX
00pa3LoB U3JIeNIul, y3JI0B U JeTalleld BBITyCKaeMON IPOAYKIIUU

Oran (YpoBeHb)

IInanupyemsle

Kpurepnu olieHuBaHUs pe3ynbTaToB 00y4YeHUsI

OCBOCHUS pe3yabTaThl O0yUCHUS
KOMIIETEHIIUN (mokazarenu 2
IOOCTHXXECHUSA 3 4
(«He 5 («OTnnaHOY)
3aJJaHHOTO YPOBHS («Y IOBIETBOPHUTEIHHOY) («Xoporo»)
OCBOCHIS YIIOBJIETBOPHUTEIILHO)
KOMIIETCHIIHIA)
Iepsblii 3Tan 3HaTb: Meroguku | PparMeHTapHbIe Henonuele npencrasnenus o | ChopMupoBaHHEIE, Ho | ChopmupoBaHHbIe
npoBeieHUsT paboT MO | MPeACTaBIICHUSA 0 | MeToauKe MPOBEACHUS | COIEpIKallue OT/EJIbHBIE | CUCTEMAaTHYECKHE
IoporoBsrii JIOBOJKE M OCBOCHHUIO | METOAMKE MPOBEICHUS | pabOT 1O  JOBOAKE M | MpoOenbl MpPEACTaBICHUS O | MPEACTABICHUS O  METOIUKE
YPOBeHb TEXHOJIOTHUECKUX paboT 1O [OBOAKE U | OCBOEHMIO METOIMKE NPOBENEHUs padoT | MpoBeIeHUS padoT MO JOBOIKE U
MIPOLIECCOB B XO/I€ | OCBOCHUIO TEXHOJIOTHUECKUX [0 JOBOJKE U OCBOCHHUIO | OCBOCHHUIO TEXHOJIOTUUECKUX
MIPOEKTUPOBAHUS TEXHOJIOTMUECKUX HPOLIECCOB B XOZie | TEXHOJOTHYECKUX TPOLIECCOB | MPOLECCOB B xoze
000py10BaHUs. NIPOLIECCOB B XOJE | MPOCKTHPOBAHUSA B XOI€  IPOEKTUPOBAHUS | IPOESKTUPOBAHUS 00OPYIOBAHUS
TIPOEKTUPOBAHUS 000pyi0BaHUs 000pynoBaHuUA
000pyI0BaHUS
Bropoii 3Tan Ymers: mpoBepsATh | DparMeHTapHOE B nenom ycnennoe, HO B umenom ycmemnoe, HO | ChopmupoBaHHOE
Ka4ecTBO MOHTaka MU | yMEHHE MIPOBEPSTH | HE CUCTEMAaTHUECKOE cozieprKariee OT/ENIbHBIE | YMEHHENPOBEPATh Ka4ecTBO
Ba3oBblrii HaJIaJKH IPY | KAYECTBO MOHTaXa U | YMCHHENPOBEPATh KAUECTBO | MPOOENbI yMEHHE IPOBEPATH | MOHTAXa WM HATAOKH  TIPH
YPOBEHb WCTIBITAHMAX U cHade B | HaJIagKH IIPY | MOHTaXa W HaJAIKW TP | KAYeCTBO MOHTaXXa M HAJAJKU | UCIBITAHUAX M cJade B
9KCIUTYaTallMi0 HOBBIX | MCTOBITAHMSX M CIade B | UCTIBITAHMSAX M ClJade B | IPH HCHBITAHUSAX M cAade B | KCIDIyaTaIlHIO HOBBIX 00pa3IioB
00pasioB IKCIUTYaTallMi0  HOBBIX | AKCIUTyaTaluio HOBBIX | 3KCIUTyaTaIHIO HOBBIX
000pyIOBaHUS 00pa3moB 00pa3moB 00pa3moB
Tperuii 3Tan Bnagers:  HaBblkamu | PparMeHTapHOE B nenom ycneninoe, HO B umenom ycmemHoe, HO | YCHEIIHOE M CUCTEMATHYECKOE
ydacTusi B paboOTax Io | BiIaJCHHEHABBIKAMH HE CHCTEMaTHYECKOe cozieprKaniee OT/ICNIbHBIC | TPUMEHEHNE HABBIKOBYYACTHS B

5




IMoBbIIeHHBIN | TOBOJAKE W OCBOCHHIO | yyacTHss B paboTax IO | MPUMEHEHHE npooeb IpUMEHEHNe | paboTax Io JIOBOJIKE U OCBOCHHIO
YPOBEHB TEXHOJOTHYECKUX JIOBOZIKE ¥ OCBOCHHIO | HABBIKOBYYACTHs B pa0oTax | HABBIKOBYYacTHs B paboTax | TEXHONOTMYECKHX  IMPOIIECCOB,
MPOIIECCOB, TPOBEPKU | TEXHOJIOTHYECKHX 1O JIOBOJAKE K OCBOCHHIO | O JOBOJKE M OCBOCHHIO | MPOBEPKH KadeCcTBa MOHTaxa WU
KauecTBa MOHTaXa M | MPOIECCOB,  MPOBEPKH | TEXHOIOTHUESCKUX TEXHOJIOTHUECKUX MPOIECCOB, | HANAJKHU MPH UCIIBITAHKUAX B XOIE
HaJIAJIKH NpU | Ka4ecTBa MOHTaka U | TPOLIECCOB, MPOBEPKH | TPOBEPKM KAayecTBa MOHTaXa | pacuera H  KOHCTPYHPOBAHUS
UCTIBITAHUAX B XOJI€ | HANAJIKH NpU | KAYecTBa ~ MOHT&XKa M | M HAJNAJIKH TPH HCTBITAHUAX B | 000pYIOBaHMS.
pacuera U | UCTIBITAHUSIX B XOJie | HaNajKd TPH HCTBITAHUIX B | X0 pacuera u
KOHCTPYHPOBaHUS pacuera u | xome pacuera U | KOHCTPYHPOBaHHS
000pyIOBaHuUsI. KOHCTPYHPOBaHHUS KOHCTPYHPOBaHHS 000pyI0BaHUS.
o0opyoBaHusl. o0opyioBaHusl.

IIxase!l orfeHUBaHUA I DK3aMeHa:

2 — «HEYJIOBJICTBOPHUTEIHLHOY;
3 — «YIIOBJICTBOPUTEILHOY;

4 — «xoporoy;

5— «oTIHYHOY.




4.2TunoBble KOHTPOJIbHBIE 3aJaHUS WIN HHbIE MATePHUAJIbI,

He00X0AuMBbIe [IVIsl OLIEHKHW 3HAHUI, YMEHUIl, HABBIKOB U ONbITA

AeATeJbHOCTH, XapPaKTePU3YIOLIHMX 3TANbI (POPMHUPOBAHUS KOMIIETEHIIHI
B IIpoluecce 0CBOCHHUs 00pa3oBaTe/IbHOM nNporpaMmMbl. Meroanyeckue
MaTepHaJbl, ONpeAedIoIue Npouelyphbl OHCHUBAHUSA 3HAHUHN, YMEHHH,
HABBIKOB M ONBITA AEATEJbHOCTH, XaPAKTEPHU3YIOLIUX ITANBI
¢GopMmupoBaHus KOMIETEHIUA

OCBB];)aerI[{I;/II o Pe3ynbTaThl 00yueHUs Kommnerennus Oé‘;gﬂoc‘ﬁlge
1-i sTan METO/IMKH TPOBEACHHs padoT 10 I0BOAKE | [TK-12 - ciocoGHOCTIO Y4acTBOBATh B | Y CTHBIIA
3uaHus 1 OCBOCHHIO TCXHONOIMICCKIX MPOUCCCOB | yaG567ax 10 s0BOZKE M OCBOGHHMIO | OMpOC,

B XOJI¢ MPOSKTUPOBAHUS 000PYIOBAHHUS

TEXHOJIOTHUECKUX TMPOIIECCOB B XONE | TECTUPOBAHUE
MOJrOTOBKM  TPOHM3BOJICTBA  HOBOIA

OPOAYKIIMK, MPOBEPSITh  KAadecTBO

MOHTa)Ka W HANAJKK TIPH HCTIBITAHUSIX

W crade B OKCIUTyaTal[MI0 HOBBIX

00pa3loB W3JeIud, y3JI0B U AeTalei

BBIIIYCKAEMOH MPOAYKLUHU

2-# oTan NPOBEPATH KAYECTBO MOHTAXA M HAJAKKH | [IK-12 - ctocOOHOCTBIO Y4acTBOBATh B | Y CTHBIH

VMenus TIpA MCTIBITAHUSAX M CAAYC B OKCIUTYATAUHIO | haGorax 1o 10BOAKE M OCBOGHHMIO | OIIPOC,
HOBBIX 00pa31oB 000pyJ0BaHHMS
TEXHOJIOTUYECKUX IIPOLIECCOB B XONE | TECTHPOBAHHE
HOJArOTOBKM  NPOU3BOJACTBA  HOBOM
OPOAYKLMH, IIPOBEPSITH  KadeCTBO
MOHTa)kKa W HAJAJIKH TIPU HUCIBITAHHSX
M CcHadye B OKCIUIyaTallMi0 HOBBIX
00pa3moB W3IeNnuil, y3JI0B U AeTaneit
BBITYCKAEMOHN MPOAYKIIMU
3-i1 aTan HABBIKAMH Y4YacCTHs B pa0OTax I0 IOBOAKE | [TK-12 - criocOGHOCTBIO yUaCTBOBATH B | Y CTHBII OMPOC
Buanenve u OCBOCHHUIO TEXHOIOTHICCKIX | yaGotax 1m0 MOBOMKE M OCBOCHHIO
MPOLIECCOB, MPOBEPKU KAauecTBa MOHTa)Ka
HABBIKAMH TEXHOJIOTUYECKUX IIPOLIECCOB B XOIE

U HalaAKd IIpU HCHBITaHUSAX B XOAE
pacuera u

KOHCTPYHUPOBaHHSA
000pyIOBaHUS

MOATOTOBKK  MPOM3BOJICTBA  HOBOM
NPOJYKLUH, TIPOBEPSATH  KadeCTBO
MOHTa)Ka W HAJNAQJIKU TPH UCIIBITAHUSIX
M cAade B OKCIUTyaTallMI0 HOBBIX
00pa3IoB W3IENUi, y3JI0B M AeTaieit
BBIITYCKAEMOM POTYKIHH

4.3 PediTMHT-TIIAH UCHUIIIHHBI

(npu neodxooumocmu)




4.3.1 Bonnpochl K 3K3aMeHY
Bormpocs! k 3k3ameny:
1. OOmmue cBeneHus o Koppo3uu MmetaiuioB. IIpob6mema koppo3un. Llens u 3a-
Jaun Kypca «XHMHUUYECKOE CONTPOTUBICHUE MAaTEpHUAIOB. 3alIUTa OT KOPPO3IUM.
TexXHUKO-?KOHOMHUYECKUU aCIIEKT KOPPO3UH.

2. TepMoanHamuKa mporecca KOppo3ur METaIoB.

3. Kunernka nmporecca Koppo3uu METaIOB.

4, Knaccudukaiys Koppo3rOHHBIX IMPOIIECCOB MO YCIOBUSIM MPOTEKAHMUS.

5. Knaccudukaiys Koppo3nOHHBIX IMPOIIECCOB IO MEXaHU3MY IIPOTEKaHHS 1

XapakTepy KOPPO3MOHHBIX MMOPAKCHUM.

XuMHYecKass KOppo3us METAJIJIOB. Y CIIOBHE CIUIOIIHOCTH TJICHOK MPOIYKTOB
KOPPO3UH METAJIIOB.
7. TepMoarHamMuKa BEICOKOTEMIIEPATYPHON KOPPO3HH METAILJIOB.
8. AJncopOI1Iusi KHCJIOpO/ia Ha TOBEPXHOCTH MeTaJlia.

KuneTrka razoBoit Koppo3uu. Y paBHEHUE JIMHEHHOTO POCTAa OKCUIHOM
IIJICHKH.
10. Kwunernka ra3oBoii KOppo3uu. Y paBHEHUE apabOIMIECKOTO pOCTa OKCUIHOMN
IIJICHKH.
11. Kwunernka ra3oBoii KOppo3uu. Y paBHEHHUE JIOrapu(MHUUIECKOTO pocTa
OKCHTHOM TIJICHKH.
12. Bausaue BHYTPESHHHUX (DAKTOPOB HA CKOPOCTH XMMHUYECKON KOPPO3HH.
13. BuusHue BHEemHUX (AKTOPOB HA CKOPOCTh XUMHYECKOM KOPPO3HUH.
14.  OcHOBHBIE METOJIBI 3AIIIUTHI OT T'a30BOM KOPPO3HH.
15.  MexaHHu3M 3JIEKTPOXUMHYECCKON KOPPO3UH.
16. TepmoauHamMuKa 3JIEKTPOXUMHUYECKON KOPPO3HH METAIIOB. DJICKTPOIHBIC
TOTEHIIHAIBI METAJIJIOB.
17. Peakums KaTOXHOU ACIOISpU3AIIUK. Y CJIOBHE MPOTEKAHMS 3JICKTPO-
XUMHAYECKOH KOPPO3UHU.
18. HeoOpaTumbie TOTEHIIMAILI METAJIJIOB.
19. Kwuneruka aHomHoM peakimuu. [TokazaTeab CKOPOCTH IJIEKTPOXUMHUICCKOM
pEeaKIInH.
20. Kunernka aHOTHOM peakIuu. DHEPrus aKTHBALMH IIPSIMOTO U 0OPaTHOIO
nepexoa0B. CKOPOCTh aHOTHOM peaKIIuu.
21. BogopojaHas aenoyisipu3anus.
22. KucnopomHas aemnoJisipu3aliiysi.
23. Jluarpamma DBanca. [lonspu3allioHHBIC COIPOTHBIICHHS. Y paBHCHHE IS
pacuera CKOPOCTH KOPPO3HHU.
24. TlaccuBHOCTH MeTauioB. OCHOBHOM METO/ UCCIEA0BAHUS ITACCUBHOCTH
MeTajaoB. [IpakTudeckue cleACTBUS H3YyUYCHHUS TaCCUBHOCTH.
25. TloTeHuocTaTHyecKas KpUBas.
26. BimsHue BHYTpeHHHUX (DaKTOPOB Ha CKOPOCTH YJICKTPOXHUMUUECKON KOPPO3HUHU.
27. BimsHne aHMOHOB-aKTHBATOPOB M KATHOHOB-aKTHBATOPOB HA CKOPOCTH
AJIEKTPOXUMHUYECKON KOPPO3UH.
28. BiusHue aHMOHOB-UHTHOMTOPOB M KATHOHOB-MHTHOUTOPOB HAa CKOPOCTH
AJIEKTPOXUMHUUYECKON KOPPO3UH.
29. BimsHHe KHCIIOTHOCTH CPEIbl, TEMIIEPATyPhl, JaBICHUS HAa CKOPOCTh
AJIEKTPOXUMHUUYECKON KOPPO3HUH.
30. BuusH#e nepeMeNInBaHUs, BO3ICHCTBHS BHEITHETO JICKTPHIECKOr0 TOKA U
paauany Ha CKOPOCTh JIEKTPOXUMUUYECKON KOPPO3HH.
31.  Mepsl 60pBOBI ¢ KOppO3UEH MeTaIoB. Bo3aelicTBre Ha METaJLTbI.
Bo3zaeiicTBue Ha cpeny.
32.  Mepsl 00pB0OBI ¢ KOppoO3UeH MeTaTOB. Bo3aelicTBHEe HAa KOHCTPYKIIHIO.
33. MeramumdecKue 3aliuTHbIC TOKPBITHSA. OOIHe CBEICHMS.
34. MeTamM4ecKUe 3allUTHBIC MOKPBITHSA. ['albBaHUUECKHE TTOKPHITHUS.
35. Merammueckue 3aUTHBIC TOKPBITHS. TepMoauddy3noHHBIC TOKPBITHSI.



36. Hewmeramnuueckue 3alIUTHBIC TOKPBITUI. Heopranuueckue moKphITHS.
OkcuaupoBaHuUE.

37. Hewmerammmyeckue 3amuTHBIC TOKPHITUS. DochaTtupoBanue. JIakokpacoOUHbIC
TTOKPBITHS.

38. Hurubutopsl. Bunpl uarnbutopoB. Bennuuna 3amutHoro 3¢ dekra.

39. HHrubuTopsl A1 pacCTBOPOB. AHOIHBIE HHTHOUTOPHI.

40. UWuarubutops! a1 pacTBOopoB. KaToaHbple HHTHOUTOPHI.

41. HHrudoutopsl aTMOC(HEPHOI KOPPO3UH.

42. Dnexktpoxumudeckas 3ammuTa. KaTomHas 3anura BHEITHUM TOKOM.

43. DnexrpoxuMHUecKas 3amura. IIpoTekTopHas 3ammura.

44,  DnexTpoxuMHUYECKas 3amuTa. AHOIHAS 3aIIuTa.

45. Knaccudukanus HeMETAUIMYCCKUX MaTepHAIOB.

46. OcoOCHHOCTH KOPPO3HOHHOI'O Pa3pyIIeHUsS HEOPraHHYCCKUX MaTe-pPHAjIOB.
47.  OcoOeHHOCTH KOPPO3UOHHOTO Pa3pyIICHUs OPraHnYeCKUX MaTePHaIOB.

48. MeToasl UCCAEIOBAaHUMN U OLICHKH XUMHUYECKON CTOMKOCTH HEMETAJITHUECKUX
MaTepHasoB.

49. Koppo3nOHHOCTOMKHE HEMETA/UIMYECKUE MaTepHabl HA HEOPraHUYeCKOM
OCHOBE.

50.  Koppo3noHHOCTOMKHE HEMETANIMYECKHE MaTepHaIbl HA OPraHUICCKOM
OCHOBE.

O06pa3er PK3aMeHAIMOHHOTO OWIIeTa:

MunucrepcTBo 06pazoBaHus U Hayku Poccuiickoit @eneparun
®denepalibHOE TOCYAapCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIEro 00pazoBaHus «bamKupckuii Tocy1apCTBEHHBI YHUBEPCUTET)
WNnxenepHsIil paxyabTeT
Kadenpa «Texnomornueckue MamuHbl 1 000PYIO0BaHUE)

DK3AMEHAIIMOHHBIN BUJIET Ne 1
[To yueGHo# nucrummne «Koppo3us KOHCTPYKIMOHHBIX MaTepHalIOB»
Hamnpasnenue: 15.03.02 — TexHomorn4eckue MaliMHbl 1 000PyI0BaHUE
[Ipoduis: MHKUHUPUHT TEXHOJIOTHYECKOTO 000pyI0BaHUS

1.00mue cBenenus o koppo3uu MetaioB. [Ipodnema kopposuu. Llens u 3agaun kypca «Kopposus
KOHCTPYKIIMOHHBIX MaT€pHAJIOB»

2.Jlnarpamma OBanca. [lonsipuzaliioHHBIE CONPOTHBIICHUS. YPaBHEHUE ISl pacyeTa CKOPOCTH
KOPPO3HH.

YTBepkIeHO Ha 3aceJaHuH Kadeapbl , IPOTOKOJT Ne
(mara)

3aBenyromuii kadeapoit

(moamuce) (®.1.0,)



MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanumn
DenepanbHOE rocy1apCTBEHHOE OI0UKETHOE 00pa30BaTEIbHOE YUPEKICHHUE
BbICIIEr0 00pa3oBanus «balKupCKuii TOCYIapCTBEHHBIH YHUBEPCUTET
Wmnxenepuslii pakynprer
Kadenpa «TexHonornueckue MamHbl 1 000PYAOBaHUE

SK3AMEHAIIMOHHBIN BUJIET Ne 2
[To yuebnoit mucuurrae «Koppo3ust KOHCTPYKIIMOHHBIX MaTepHAIOB»
Hanpasnenue: 15.03.02 — TexHosornueckre MallinHbl 1 000pyi0BaHKE
[Tpoduns: NTHXMHUPHUHT TEXHOJIOTHIECKOTO 000pyI0BaHUS

1. TepmoauHaMuka npouecca KOppO3UH METAILIOB.
2. ITaccuBHOCTh MeTaymoB. OCHOBHOW METOJ MCCIEJOBAHUSA IACCHUBHOCTH METaJlIOB.
[IpakTrueckue ciaencTBUs U3YyYEHUS TaCCUBHOCTH.

YTBepkIeHO Ha 3aceannu Kadeapbl , TpoToKoJT No
(mara)

3aBenyromuit kadenpoit

(monmuce) (®.1.0.)

Kpurepun oneHku:

OTJIMYHO - BBICTABIIAECTCS CTYIEHTY, €CJIM CTYIEHT Jajl IOJIHbIe, pa3BEpPHYTbIE OTBETHl Ha BCE
TEOPETUYECKUE BOMPOCH OMIieTa, MPOAEMOHCTPUPOBAN 3HaHUE (DYHKIIMOHAJIBHBIX BO3MOKHOCTEH,
TEPMHUHOJIOTUH, OCHOBHBIX JJIEMEHTOB, YMEHHE IMPUMEHATh TEOPETHUYECKUE 3HaHUA MpH
BBITIOJIHEHUH MpaKTUYecKuX 3aaanuid. CtyneHT 6e3 3aTpyAHEHUN OTBETUI Ha BCE JIOTIOTHUTEIbHbBIE
Bonpockl. [IpakTryeckas yactb pabOThI BBINIOJIHEHA MTOJTHOCTHIO 0€3 HETOYHOCTEH U OIIHOO0K;
XOPOLIO - BBICTABIISIETCSA CTYACHTY, €CIHM CTYACHT PACKpPbLI B OCHOBHOM TE€OPETUYECKHE BOMPOCHI,
OJIHAKO JIOMYIIEHbl HETOYHOCTH B OINpeAEIeHUH OCHOBHbIX mNoHATUH. Ilpm oTBeTe Ha
JIOTIOTHUTEIbHBIE BOIPOCHI JIOMYIIEHB HEOOIbIIue HETOUHOCTH. [Ipy BBINOJHEHUH MPAKTHUYECKON
gacTu paboThl JOMYIIEHBI HECYIIECTBEHHBIEC OIIMOKH;

YIOBJIE€TBOPHUTEIBLHO - BBICTABJISETCS CTYACHTY, €CJIM IpPU OTBETE HA TEOPETUYECKHE BOIPOCHI
CTYIACHTOM JOMYIIEHO HECKOJbKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAHUU OCHOBHBIX MOHSATHUH.
Jloruka M TOJTHOTAa OTBETa CTPAJAIOT 3aMETHBIMU H3bSHAMU. 3aMETHBI MPOOENbl B 3HAHUU
OCHOBHBIX METOJIOB. TeopeTnieckre BOMPOCH B IIEJIOM H3JI0KEHBI I0CTATOYHO, HO C MPOITyCKaMH1
Matepuana. VMeroTcs NpUHIMNHUATIbHBIE OMMOKM B JIOTHKE IOCTPOCHHMSI OTBETa Ha BOIPOC.
CTyneHT He pelr 3aa4y Ui Ipy PeleHUu  JTOMYIIEeHbI TPyOble OIHUOKY;
HEY/J0BJIETBOPUTEIbHO - BBICTABISICTCA CTYIEHTY, €CIU OTBET Ha TEOPETHUYECKHE BOMPOCHI
CBUJICTEIBCTBYET O HEMOHMMAHUM U KpailHE HEMOJHOM 3HAHMM OCHOBHBIX MOHSATUUA U METOJOB.
OOHapy»XuBaeTCsi OTCYTCTBHE HABBIKOB MPUMEHEHUS TEOPETUUYECKUX 3HAHWUN TPH BHITIOJTHEHUHN
MPaKTUYECKUX 33JJaHui. CTYJE€HT HE CMOT OTBETUTh HU HAa OJIUH JOTOJHUTEIbHBIN BOIIPOC.
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4.3.2 OgopmiieHHe KOMILJIEKTA TECTOB (TECTOBBIX 32/IaHMNH)

TECT 1
1. Kako# nmponecc Ha3bIBatOT KOPPO3UEN METAILIOB?

a) pa3pylIcHHE METaIOB OT CTATHYCCKUX MEXaHMYECKUX Harpy3o0K;

0) pa3pyllleHHe METAJIJIOB MPU HUKIMYECKUX HArPYy3Kax;

B) pa3pylleHHUEe METANIOB IIPU UX XUMUYECKOM U JIEKTPOXUMHUUECKOM B3aUMOJEHCTBUHU C
arpecCUBHOM Cpeou;

T') pa3pylieHre METAIOB TP MX JUIUTEILHON IKCILTyaTalluH.

2. XuMuyeckasi Koppo3us MPOUCXOIUT MPU B3aUMOAEHCTBUHM METAJLIOB!
a) C pacTBOPaMHU DJIEKTPOJIUTOB;
6) C CYXMMHU ra3aMu Mnpu BBEICOKHUX TEMIICpATypPaxX UJIU C HEIJICKTPOJIUTAMU,
B) C MTapaM¥ HU3KOKUIISAIINX JKUJIKOCTEH;
T') C pacCTBOpaMH MOJIIPHBIX JKUIKOCTEH.

3. [acCUBHOCTB 3TO COCTOSIHUE OTHOCHUTEIBHO BBICOKOW KOPPO3HMOHHOW CTOMKOCTH MeTasuia
BBI3BaHHOE:!
a) )KUJIKOW Cpesion; 0) cpenoii ¢ CUITLHBIMU OKUCTUTEIISIMH;
B) HENTpaiIbHOM Cpeoii; T) IIETOYHOU Cpeoil.
4. Kakoli caMblii CTapblil METO/I MOTYYEHHUS METAUIMYECKUX 3AIIATHBIX MOKPBITHI?
a) tepMoauGy3HOHHBIN; ©) METOJ MOTPYKECHHsI B PACIUIABICHHBIA METAJUI-TIOKPHITHE;
B) IUTAKUPOBAHUE; T) METAJUIU3AIMs HAITBLICHUEM.

5. Ilo kakOMy ypaBHEHHIO BBIYMCIISIETCSA TEOPETUUECKOE KOJIMYECTBO OCAKICHHOTO MeTasia’?
MItMtMtMIt
ay m=——; 6) M= ——; B)M=——; T1)M=
zZFFzFF

6. [IpyurHO# KOPPO3UU ABISAETCS:
a) BHYTPEHHSIS CTPYKTypa MeTajljia WU CIUIaBa;
0) TepMOJMHAMHUYECKAsi HEYCTONYHUBOCTh METAIJIOB;
B) HaMuKe 1e(eKTOB B KPUCTAIUIMUECKOI CTPYKTYpe MeTaslia;
T') coJiep>KaHKe B METaJlIe HEMETaJUIMYECKUX TPUMECEH.

7. DNEKTPOXUMHUYECKas KOPPO3Us MPOUCXOTUT MPU B3aUMOICHCTBUU METAIJIOB:
a) ¢ pacTBOpaMH HEINEKTPOJIUTOB; O) C pacTBOpAMHU OPraHUYECKUX KHUAKOCTEH;
B) C paCTBOPaMH 3JIEKTPOJIHUTOB;  T) C paCTBOPAMHU HEMOJSPHBIX KUAKOCTEH.

8. B kakux cpeaax IMPOUCXOAUT KOpPpO3usad MCTAJUIOB C BBIACICHHEM BOJOpPOJAd, TO €CTh
MPOTECKACT pCaKIUsA BOI[OpO,I[HOI\/’I z(enonﬂpmaunn?
a) B KHUCJIBIX Cpelax; 6) B HefITpaJ'ILHLIX H IICJIOYHBIX CpCaax;
B) B OPraHUYCCKUX KUAKOCTAX; 1") B IICJIOYHBIX Cpeaax.

9. Kakue crnaBsl 00s1aatoT 60s1ee BBICOKOH KOPPO3ZHMOHHOM CTOUKOCTBIO?

a) TCTCPOTCHHBIC, 6) C HCMCTAJINIMYCCKUMU ITPUMCECAMMU,
B) C KaTOAHBIMHU BKIIOUCHUAMMU, F) TOMOT'CHHBIC.
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10. Kakoe ypaBHEHHE HCIOIB3YIOT JUIsl BBIYMCIIEHUS BBIX01A 110 TOKY B % IpH

3NEKTpoan3e?
m-mgmm g

ayn=—; 0mn=—; BN=—100; 1)n=—100.
md)mT M mT

11. Kakas BenmnunHa n3MEHEHUsI U300apHOTo noTeHnuana (3ueprun ['ndoca) onpeaenser
BO3MOYHOCTB TIPOTCKAHUS KOPPO3HH:

a) AG<0; 6) AG>0; B)AG=AU-TAS; r)AG=0.

12. 3ammuTHREIMY CBOIMICTBAMHU 00J1a1af0T OKCHUIHBIE IUICHKHU:
a) cpenuue, TonmuHou 40...500 HM;  0) CIUIOIIHBIC TIJICHKH,
B) TOJICTBIE, TONIMHON 60see 500 HM; TI') HECIUIOIIHbBIE TUIEHKU OKCUA.

13. CriocoGHOCTh METAIIIIOB CONMPOTUBIIATHCS KOPPOZUOHHOMY BO3JICHCTBUIO T'a30B MPU
BBICOKHMX TEMIIEpaTypax Ha3bIBAETCH:
a) )KapoIpOYHOCTHIO; 0) MeXaHUYEeCKOM MPOYHOCTHIO;
B) ’KapOCTONKOCTBIO; T') Ta30CTONKOCTHIO.

14. Kako#l MeTajl1 10 OTHOIIEHUIO K CTaJIH SIBJISAETCS aHOAHBIM ITOKPBITHEM ?
a) meapb (Cu);  ©) omoBo (Sn);  B) muHK (ZN); 1) HEKEb (Ni).

15. Kakyro cuctemy Ha3bIBatOT KpacKou?
a) pacTBOp OPraHUYECKOTO BEIIECTBA B JIETYYEM PACTBOPUTEIIE;
0) pacTBOp TBEPJIOTO BEIIECTBA B KUJIKOM PACTBOPUTEIIE;
B) CYCII€H3Us MUTMEHTA B OPraHU4YeCKOM CBSI3YIOIIEM;
') pacTBOP MEJIKOU3MEIbYCHHOTO BEIIECTBA B JIETY4YE€M PACTBOPHUTEIIE.

16. ITo MmexaHU3My NPOTEKAHUS PA3INYALOT:
a) KOPPO3HIO BHELTHUM TOKOM U O] HANIPSHKEHHUEM;
0) XMMHUYECKYIO U 3JIEKTPOXUMHUECKYIO KOPPO3HUIO;
B) OMOKOPPO3UIO U KOPPO3ZHOHHYIO 3PO3HIO0;
T') CIUIOUIHYIO WJIH OOIYI0O U MECTHYIO KOPPO3HIO.

17. Hpouecc OKHCJICHU METaJlJIa KUCJIOPOJAOM HEBO3MOKCH, €CJIIN MEKAY PABHOBCCHBIM
JaBJICHUEM KHCIIOPOJia HaJl OKCHIOM Ppap. M maBieHreM kucioposa B cpene P cobmomaercs
COOTHOLLICHUC:

a) P="Ppras. ; 0) P<Ppap.; B)P>Ppap.; T)P/Ppas = 1.

18. Kakoe couetanue JISTUPYIOMIUX MCTAJUIOB CUJIBHO 3aMCIJIACT MPOUECC OKUCIICHUA CTAJIN
IIpH BBICOKHX TEMIICpATYypax:

a) Cr, Cu, Co; 6) Al, Mo, W; B) Cu, Co, Mo; 1) Al Cr, Si.
19. Kako¥ MeTan1 Mo OTHOIIEHHIO K CTAJIU SABIISIETCS KaTOAHbIM HOKpLITI/IeM?

a) menpb (Cu);  0) mmnuk (Zn);  B) xpom (Cr); 1) tutasn (Ti).

20. JJakaMu Ha3BIBAIOT:
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a) paCTBOPBI BBICBIXAIOIIMX Macell, CMOJI, 3()UPOB LEJUTIONIO3bI B IETYIUX PACTBOPHUTEIIAX;

0) KOJUTOMIHBIE PACTBOPHI BBICHIXAIOIIUX MACEN CMOJ 3(UPOB IEIUTIONO03HI B JIETYUIUX
OpPraHUYECKUX PACTBOPUTEIIAX;

B) TOMOT'E€HHBIE CMECH Macell, CMOJI B OPraHUYECKUX PACTBOPUTEIIAX;

') pacTBOPHI BBICHIXAIOIIUX CMOJI, LIEJUTIOJIO3bI B JIETYYUX OPraHUYECKUX PACTBOPHUTEIISIX.

21 .OTpI/IIIaTCJH)HI)IM MaCCOBBIM IMOKA3aTCJIEM KOPPO3UH HA3BIBAIOT BCJIIMYUHY, KOTOPYIO
BBIYHCIISIOT 10 hopmyie:

AMAMAh I1
a)K'm= ——; 0O Km=——; B) Kh=—; 1) Kn= —.
StSttt

22. JInHeHHBIN pOCT TOJIIMHBI OKCUTHOM TUIEHKH TIPU OKUCIIEHUU METaJlla KUCIOPOI0M
BBIPAYKACTCS YPABHEHHUEM:

a) h=Krt; 6)h*=Kzt; Bh=In(K1); 1) P=h+Kr.

23. Kakne 0CHOBHBIE METO/IbI IPUMEHSIIOT JJIS 3aIUTHl METAJUIOB OT KOPPO3HH?
a) MexaHuyeckasi oopaboTKa; 0) 3alIUTHBIE TOKPBITHS, Y4€T KOHCTPYKIIUH;
B) IIOJIFOTOBKA OBEPXHOCTH METAILNIA,
') 00pabOTKa B KUCIIBIX U MIETOYHBIX Cpeax.

24. Kakue 3aluTHbIE TOKPBITUS OTHOCATCS K TUIY HEOPTraHUYECKUX MOKPBITUH:
a) TIOKPBITHS CMOJIAMHU; 0) MOKPBITHS TIACTMACCaMU;
B) JJaKO-KPaCOYHBIE TIOKPBITUS;,  T) ocdaTHbIe U OKCUIHBIE TTOKPHITHL.

25. Kakue BemiecTBa Ha3pIBalOT MHTHOUTOPAMU KOPPO3UH?
a) BEILIECTBA YCKOPSIOIINE KOPPO3HUIO;
0) BellecTBa, KOTOPhIE YMEHbIIIAIOT CKOPOCTh KOPPO3UH;
B) BEIIECTBA, CTAOUIU3UPYIOIINE KOPPO3ZUOHHBIN MPOLIECC;
I') BEUIECTBA, KOTOPbIE MOJTHOCTHIO UCKITIOUAIOT KOPPO3UIO0 METAaJLIA.

26. ,HJ'IS[ 3alIUThI MEIHBIX I/ISI[CJ'II/II71 OT KOPpPO3HUH B KAYCCTBC KATOAHOI'O ITIOKPBITHUA MOKHO
HCITOJIB30BAaTh
A. Cr b. Ni B. Sn I'. Ag

27. YpaBHEHHUE TIpolecca, MPOTEKAIOIIEro Ha HHEPTHOM aHO/Ie TIPU JIEKTPOJIH3E BOIHOTO
pactsopa CaCL?, umeer Buz
A. 40H — 4e=0; + 2H20
B. Ca?* +2e =Ca°
B. 2CL™ —2e=CL>
I'. 2H20 — 4e = O, + 4H"

28. Kakoii mpo1riecc Ha3bIBAIOT KOppo3uel B Hanbosee ooiieM ciyyae?

A. CaMonpou3BOJIbHOE pa3pyllleHHEe METaJUIOB B arpecCUBHOM cpejie, NepeMelaromencs ¢
OONBIION CKOPOCTBIO U  COJEp)Kalled BellecTBa B3aWMOJCHCTBYIOIIME C  pa3IMYHBIMU
MaTepHagaMH.

b. CaMOHpOI/I3BOJIBHOC paspymicHue MCTAJNIMYCCKHUX  MATCpUaJIOB  BCICACTBHUEC  HUX
XUMHUYCCKOTO WJIN SJICKTPOXUMHUYCCKOI'O B3aHMMOJCHUCTBUS C oxpymaromeﬁ CpCHOﬁ.
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B. Camonpou3BosibHOE pa3pylleHHe MaTepuaioB (MOJUMEPHBIX, METANIOB U HEMETAJIJIOB) B
KUJKOCTAX, SJICKTPOIUTAX U HEIIEKTPOJIUTAX.

I'. PaspymieHne MeTajuloB B Ta30BbIX Cpelax, COACPKALIUX pa3IM4YHbIE arpecCUBHbIC
KOMIIOHCHTHI U IIPX BBICOKHUX TEMIICpATypax.

29. Yto sBNsieTCS OCHOBHOW MPUYUHON KOPPO3UHU M Pa3pyLICHUS METAJUIOB M UX CIUIaBOB?

A. Dro TepMoaMHaMUYecKas HeCTaOUIbHOCTh(HEYCTOMYMBOCTh) METAJUIOB U CILJIaBOB B
Pa3IMYHbIX arpECCUBHBIX Cpeax MpU JaHHBIX BHEIIHUX YCIOBUSX.

b. D10 HecoBeplIEHCTBO BHYTPEHHEW KPUCTAJUIMYECKON CTPYKTYphl METAJIOB M CIUIABOB,
MOJIy4EHHBIX B IPOLIECCE IPOU3BOACTBA.

B. D10 Hamumuue Ha MOBEPXHOCTH METajla PAa3IMYHBIX 3arpsA3HEHUH, €€ HMIepOXOBAaTOCTb U
MPUCYTCTBUE OKCHJIOB.

I OTto mpupoja MeTalioB, UX BHYTpEHHEE CTpOEHHE, Hajluuue IpuMeced B CIUlaBax,
arpeCcCUBHOCTb OKPY/KAIOILEN CPEJIBL.

30. Kakass BenmnuymHa W3MEHEHHs W300apHOTO TMOTeHNHMana (M3MEHEHUs »Hepruu | mbdOca)
polecca KOppo3uu ONpeaesIsieT BO3MOKHOCTb KOPPO3UU MeTallla B JaHHOH cpene?
A.AG>0; b.AG=0; B. AG#0; I'. AG<O.

31. Kako¥i Meraur cuibHEe KOPpOAHMPYeT B cpene, coaepxkaiied kuciaopon (0q), ecin
W3MEHEHHE N300apHOTO IMOTSHITHAJIA TP 00pPa30BaHUH OKCHJIOB HMCIOT BEIMUHHY:

A. FEOAG = - 246,0 x]Ix/MOIb ; B. MgOAG® = - 520,6 &/lx/MOB;

B. CUOAG® = —145,5 xJIx/MOTb ; . ZnOAG® =-336,0 x/x/MOJb;

32. CKopOCTH JOCTAaBKH K TOBEPXHOCTH METaJlJIa KOPPO3UOHHO AKTUBHBIX YaCTHIl U OTBOJA
MPOJYKTOB PpEaKIMK B YIPOIICHHOM BHJE OIpPEIENsIeTCs 3aKOHAMH OJHOMEpHOH muddy3uu
(3akoHOM DuKa):

ac dc as r dc

A wy=k,5—~; b w=£x,5—~; B.w=£Kk,c—; Wy =K, X— .
o o ax 0 0o dr 0o 0 dx 0 0 ds

33. CkKopocTh XUMHUYECKOW WM DJIEKTPOXUMHUYECKOW pEakuu pacCUUTHIBACTCS 10
YpaHEHHUIO:

E cY

AW, =erxp(—R—;j ; B.w, =KpEexp(—Ej X
E E

b. w, =KpCexp(R—;j ; r.w, =KpCexp(—R—;) :

34. Kakoif KOpPpO3HMOHHBIH MpOIECC pa3pylIeHUs (OKUCICHHUSI) METAUIOB OTHOCAT K
XUMHYECKON KOPPO3UH?

A. — B3auMoielicTBHE MeTaJlla ¢ KOPPO3ZUOHHOW Cpeioi, MpU KOTOPOM OKHCIIEHHE METaljia U
BOCCTaHOBJICHHUE OKHCIUTENSI KOPPO3HOHHOM Cpeibl, MPOUCXOTUT Ha OIpPEACICHHOM Y4acTKe
MOBEPXHOCTU METAJINIa;

b. — B3aumozelicTBue MeTaia ¢ KOppO3UOHHOM Cpesloi, TPU KOTOPOM OKHUCIIEHHE MeTajuia U
BOCCTAHOBJIEHUE OKUCIUTEINSI KOPPO3UOHHOM Cpe/ibl MPOTEKAIOT B OJJHY CTAHIO;

B. — B3aumogeiicTBue MeTalia C 3JIEKTPOIUTAMHU, MPU KOTOPOM HOHU3ALMS MeTaia U
BOCCTAHOBJICHUE OKHUCIUTENS] KOPPO3MOHHOM cCpeAbl MPOTEKAIOT B HECKOJIBKO CTaJuid U UX
CKOPOCTH 3aBUCAT OT 3JIEKTPOJHOTO MOTEHIIMANIa METaJlIa;

I'. — B3aumoelicTBiEe MeTalia ¢ KOPPO3MOHHOU Cpeioil, PU KOTOPOM OKHUCJIEHHE MeTajljla U
BOCCTAHOBJIEHUE OKUCIUTEINSI CPE/Ibl, MPOUCXOIAT Ha Pa3HBIX y4ACTKAaX MOBEPXHOCTU METaJLa.

35. Kakoil KOppO3MOHHBIN MPOIIECC OKHCIEHUS METAJUIOB HA3bIBAIOT JIEKTPOXUMHUYECKOMN
Koppo3uein?
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A. — B3aUMOJICHICTBUE METAJJIa ¢ KOPPO3UOHHOW CPENOH, B PE3YyIbTaTe KOTOPOrO OKUCIEHUE
MeTaJljla ¥ BOCCTAHOBJIEHUE OKHUCIIUTEIS IPUBOJAT K PABHOMEPHOMY CJIOIO MPOJAYKTOB KOPPO3HH;

b. — B3aumoaeiicTBHE MeTalIa ¢ KOPPO3UOHHOM CPENO, IPU KOTOPOM OKHCIIEHUE METajula U
BOCCTaHOBJICHUE OKHUCJIHTENS BBI3BIBAIOT 00pa30BaHHE HEPABHOMEPHOTO CJIOSI MPOIYKTOB
KOPpPO3HH;

B. — B3aumozeiicTBHE MeTauia ¢ KOPPO3UOHHOM CPEAOi, B PE3YNIbTATE KOTOPOTO OKUCIIEHUE
MeTajla U BOCCTAHOBJICHUE OKHMCIIUTENS MPUBOJIAT K MEKKPUCTAUIMTHON KOPPO3un (KOPpPO3UHU TO
TpaHUIlaM KPUCTAIIOB);

I'. — B3aumMojeiicTBUEe MeTaia C AJIEKTPOJUTAMH, TP KOTOPOM HOHHM3ALUS MeTaula U
BOCCTAHOBJICHUE OKHUCIUTENSI KOPPO3MOHHOM Cpeibl IMPOTEKAIOT B HECKOJIBKO CTagud U UX
CKOPOCTH 3aBHUCSAT OT AJIEKTPOIHOTO MOTEHIIMAIa METAILIA;

36. Ilpu B3aMMOJCHCTBUHM METAUIOB C CYXMMH Ta3aMHu (B YaCTHOCTH C KHCIIOPOJIOM) B cpelie C
BBICOKOHM TEMIIEPaTypOil U B HEAJIEKTPOJIUTAX TPOUCXOANT:

A. — BreKTpoXUMHUYECKasi KOPPO3Hs;

b. — Koppo3us MPOUCXOUT MO CMEIIAHHOMY MEXaHU3MY;

B. — xummnueckas Koppo3us;

I'. — xoppo3us ¢ 0O6pa3zoBaHHEM IUIOTHOM MIIEHKU MTPOJYKTOB KOPPO3UHU.

37. B pacTBOpax AJEKTPOJHMTOB (B KHCIOTaX, MIENOYaX, MX PAacTBOpaX, paciiiaBax COJIeH)
paspylieHre MeTalia BEI3bIBACT:

A. — ToueyHast KOppo3us (MUTTHHT);

b. — anekTpoxumMudeckast KOppo3us;

B. — uzbuparenpHas Koppo3us;

I'. — xumMHn4eckast KOppo3us.

38. Tlo kakoii ¢opMyIiie BEIYUCISICTCS TIIYOMHHBIM TOKa3aTelh KOPPO3UOHHOTO pa3pylIeHUs
MeTasia (criaBa)?
A ky=-. B.Ky=mr; B.r,-'; T. Ky=hr.
T T

39. Iloka3zarenp HM3MEHEHMS TOJIIIUHBI, 06pa3y101ueﬁc>1 Ha MCTAJUIC IUICHKHU IIPOAYKTOB

KOPPO3UH ONIPEACIACTCA BhIPAKCHUCM:

A_ Kh:hz'; B Kh:AhT; B Kh:A_h; r Kh:ﬁ'
T T

40. Kakoe YPpaBHCHUC UCIIOJIb3YIOT JJISI BBIYHUCICHUA OTPULATCIIBHOT'O ITOKA3aTCJIsI N3MCHCHUA
MacCChbl KOPPOAUPYIOLICTO MeTtama?

AmAmMAh IT
AKn=—; BKp=——:; B.Kh=—; T. Ky=—
StSttt

41. I[J'IH 3allMTHl MEIHBIX U3JSIUI OT KOppO3UH B KaUCCTBC aHOAHOT'O IOKPBITUS MOKHO

HCII0Jb30BaTh.
A. Ag b. AL B. Au T. Pt

42. JIns 3a01MTHI )KEJIE3HBIX U3JIEITUH OT KOPPO3HUHU B KAYECTBE aHOJHOTO MOKPBITHS MOXKHO
UCIIOJIb30BATH!
A.uunak  b.omoBo  B.cepebpo I'. menp

43, I[J'ISI 3alIUTEI OT KOPPO3HHU CTAJILHOTO U3ACTIUA B KAYECTBEC aHOAHOI'O TOKPBITHA MOKCT

OBITh UCHOJIB30BATH!
A.menp b. Hukens B.cBunen I'. Xpom
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44. CornacHo cxeMme ranbpBaHnueckoro snementa Cd | Cd?* || Cu?* | Cu
A. 9JIEKTPOHBI JABMKYTCSI OT METHOTO JIEKTPO/Ia K KaJIMHEBOMY
b. MenHBII MIEKTPOL ABISAETCA KATOIOM
B. Ha METHOM BIICKTPO/IE MPOUCXOIUT OKUCTICHHE
I'. B mporrecce paboThI AIIEMEHTA Ha JIEKTPO/IC OCAXKIACTCS KaJMHIA

45. Tlpu HapyIIEHUH OJIOBSIHHOTO TOKPBITUS Ha JKEJIC3HOM U3CINH, HAXOIAIIeMCs B KUCIIOTE, Ha
aHOJIC MMPOTEKACT PEAKIIUS

A. Fe®—2e = Fe?*b. Sn?" +2e= Sn°

B. 2H* +2e = H,T". Sn® — 2e = Sn?*
46. TIpoaykTaMu, BBIACISIOIIUMUCS Ha HHEPTHBIX 3JICKTPOAaX MPH JIEKTPOJIM3E BOAHOTO pacTBOpa
cynbdara Meu, SBISIIOTCS
A .HuO2 B.CuuH2S B.CuuHzS T'Cu u O
47. Tlpu 31eKTPOIU3e BOJHOTO pacTBOpa Cyiib(ara HATPHUS HA KAaTOJE MPOTEKAET PeaKIlns

A. 2H" +2e=H> b. 40H — 4e = O2+2H20
B. Na*+ e = Na° I. 2H20 + 2e = Hz + 20H
48. IIpu a5eKTpoau3e BOIHOTO pacTBOpa Cyab(ara HATpUS HA KaTOJIe TPOTEKACT PeaKITus
A. 2H20 — 4e = Ox+4H" b. 40H —4e = O.+2H20
B. S04 —2e = $208* I. 2H20 + 2e = Hz + 20H

49. YciioBrueM caMOITPOU3BOJIBLHOTO MTPOTEKAHUS TIPOIIeCcca SBIISICTCS:
a) AG=0; 0) AG<0; B) AG>0;r) AS> 0.
50. KaTon—aTo0...
a) AIIEKTPOJI, HA KOTOPOM MTPOUCXOTUT BOCCTAHOBIICHUE;
0) 2JIEKTPO/I, HA KOTOPOM MTPOUCXOUT OKHCIICHHUE;
B) BCET/a MOJIOKHUTEIBHBIHN IEKTPOI;
T') BCeria OTPUIIATEIBHBIN IEKTPO/I;
51. Aron—orT0...
a) AIIEKTPOJI, HA KOTOPOM MPOUCXOTUT BOCCTAHOBIICHHE;
0) PIEKTPO/I, HA KOTOPOM IPOUCXOJAUT OKHCIICHHE;
B) BCET/a MOJIOKUTEIBHBIN 3JICKTPO/I;
T') BCeria OTPUIATEIIBHBIN JIEKTPO/I;
52. DreKTpOABHKYIIAsK CUJIA TaIbBAHMYECKOTO DJICMEHTA!
a) paBHA AIEKTPUUYECKON Pa3HOCTH NOTEHIIMATIOB B JIBOHOM 3JICKTPUYECKOM CIIOC;
0) MakcHMaibHasi pa3HOCTh MMOTEHIIUAIIOB JIEKTPOJIOB, KOTOPAst MOXKET OBITh IOJIyYCHA;
B) paBHA IMOKa3aHUIO BOJIBTMETPA, BKJIFOUEHHOMY B AJIEKTPOXUMHUYECKYIO IIeTb TP padoTe
rajibBaHUYECKOTO JIEMEHTA;
r) Ha3biBaeTcs DJ]C aeMeHTa, COCTaBICHHOTO M3 JAHHOTO JIEKTPOJIa U CTAHIAPTHOTO
BOJIOPOJIHOTO AJIEKTPOIa, TOTEHIMAI KOTOPOTO IPUHST PABHBIM HYJIIO;

53. N'anpBaHUYECKHE DIEMEHTEI — 3TO. ..

a) YCTpOMCTBA JUIsl MPSMOTO MPeoOpa30BaHUs XUMUYECKOW SHEPTHH 3aKITFOYEHHBIX B HUX
pEareHToB B DNEKTPHUECKYIO;

0) XMMHUYECKHE UCTOUYHUKHU TOKa, MPeAHAa3HAUYCHHBIE JUII MHOTOKPATHOTO WX MCIIOJIH30BAHUS 32
CYET pereHepaluy akKTUBHBIX KOMIIOHEHTOB 3JIEKTPOJIOB B MPOIIECCE 3aPSIKH;

B) YCTPOMNCTBA I HEMOCPEACTBEHHOTO MpeoOpa30BaHusl TETIOBOM YHEPTHUHU CTOPAHUS B
ANEKTPUYECKYIO;

T') 9JEKTPObI, 00paTUMbIE OTHOCUTEIHHO HOHOB B PACTBOPE;
54. DnexTposu3 — 3T0. ..

a) mpoiiecc MpeoOpa3oBaHusl XUMHUECKON SJHEPTUU B ANIEKTPUIECKYIO;

0) peakIu AUCIPONOPIUOHUPOBAHHUS;

B) Pa3JI0KEHHE BEUIECTB MOJ] IEHCTBUEM dIEKTPHUECKOTO TOKA;
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F) MCKMOJICKYIIAPHBIC OKUCIUTCIIBHO-BOCCTAHOBUTCIIBHBIC PCAKIIUHU
55. MaremMarudeckas 3alIUCh IEPBOTO 3aKOHA 3eKTpoin3a Dapajes:
m(x)
ajn =——;
M(x)
0) m(x) = [M(X)/zF]- | - 7;
B)Ma(AB) = MQ(A) + MS(B);
r){nK=nFE%RT.
56. JIxo00#1 KOPPO3HOHHBIN TIPOIIECC SIBJISICTCS

A. 0THOCTaIMAHBIM b. MHOrOCTaIMITHBIM
B. nByxcraguitHeIM I'. TpexcraguitabIM
57. Koppo3usi METaIJIOB ONIUCHIBAETCS] YPABHEHUEM

A. Me™+ ne = Me® B. Me® — ne = Me™

B. Me? + ne = Me™ . 02 + Me = MeO>

58. XKapocToHKOCThIO Ha3bIBACTCS

A. c11ocoOOHOCTH MeTajllla COXPaHATh BHICOKHE MEXaHUUECKUE CBOMCTBA MPH BBICOKUX
TeMIiepaTrypax

b. crmocoGHOCTh METANITIOB HE TUIABUTHCS ITPH BHICOKUX TEMIIEpaTypax

B. criocoGHOCTE METANITIOB COMPOTUBIIATHCS KOPPO3UOHHOMY BO3JIEHCTBHUIO Ia30B MPU BHICOKUX
TeMIiepaTrypax

I'. cmocoGHOCTH METANIIIOB MPH BHICOKUX TEMIIEpATypax U3rudaThCst

Kpurtepuu oueHkmu:

- HEY/I0BJICTBOPHUTEJIbHO BBICTABIISETCS CTYEHTY, €CJIH MPABUIIBHO BBINOJHEHO OT 0-25% oT
BCEro 00beMa TECTa;

-yAOBJIETBOPUTEJIBHO BBICTABIISIETCS CTYACHTY, €CIM IPABUIIBHO BBIOIHEHO OT 25-50% oT Bcero
o0beEMa TecTa;

- XOPOIIIO BHICTABIIAETCS CTYJCHTY, €CIIU €CJIM MPABHIIbHO BBINOIHEHO OT 50-75% oT Bcero oobema
TeCTa;

- OTJIMYHO BBICTABJISIECTCS CTYJECHTY, €CJIU €CIU MPaBUILHO BhIIOIHEHO OT 75-100% oT Bcero
o0bema Tecra.
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4.3.3. Odopmiienne j1adopaTopHbIX padoT

JlabopartopHas padora 1
BJIUSIHUE CTPYKTYPHOM HEOJIHOPOJHOCTH HA KOPPO3UIO METAJIJIOB
ITPU BOCCTAHOBJIEHM NOHOB BOJOPOIA

1.1. Ilenb paboTHI

W3ydeHue BIMAHUS KOJMYECTBA M KAUe€CTBA CTPYKTYPHBIX HEOJHOPOJHOCTENW Ha CKOPOCTh
ANIEKTPOXUMHUYECKON KOPPO3UM METAJUIOB IPU BOCCTAHOBJIEHHMM HAa HHUX KaTHOHOB
BOJOPOJA.

1.2. Teopus Bonpoca

Koppo3zueli MeTanioB Ha3pIBalOT pa3pylleHWE METaNIOB BCIEACTBHE XUMUYECKOIO WIIU
ANMEKTPOXUMHUYECKOTO B3aUMOJIEHCTBHSI UX C KOPPO3ZHOHHOM CPEJION.

[TepBonprunHON KOpPpPO3UM  SIBJISIETCA TEPMOJMHAMUYECKAsT HEYCTOMYHMBOCTH HX
METAJNINYECKOTO COCTOSIHUSL B OKpyXaromux yciaoBusx. llpu B3auMoaelcTBuu c
arpeccUBHOM cpesioi MeTalljibl CaMOPOU3BOJIBHO CTPEMSTCS MEPEUTH U3 METaNINYECKOTO
COCTOSIHUSI B OKHCIIEHHOE, KaK TEPMOJMHAMHYECKU 00Jiee yCTOMYMBOE B JAHHBIX YCIOBUSX.
Crenenp TEpMOAMHAMUYECKON YCTOMYMBOCTH METaUla 3aBUCHUT KaK OT CBOMCTB Camoro
MeTajjla, TaKk M OT COCTaBa KOPPO3HOHHOM CpelIpl U XapaKTepHU3yeTcs H3MEHEHUEM
n300apHO-U30TEPMHUUECKOr0  MoTeHuuana  (sHeprusa [ubOca) mnpu  mpoTEeKaHHH
COOTBETCTBYIOIIET0 KOPPO3HMOHHOTO mporecca. CaMONnpou3BOIbHO MPOTEKAIOT JIUIIL TE
MIPOIIECCHI, B PE3YJIbTAaTe KOTOPBIX MTPOUCXOIUT YMEHbIIeHHe dHeprun [ mooca, T.e. 4G<0.

IIpn B3aMMOAEHCTBHM METAUIOB U CIUIABOB C PACTBOPAMM DJICKTPOJIUTOB IPOLECC
KOpPpO3MH OOBIYHO TIPOTEKAET MO 3JIEKTPOXMMHUYECKOMY MeEXaHU3My. XapaKTepHOI
0COOEHHOCTBIO JEKTPOXMMHUYECKOW KOPPO3UH SIBISETCS TO, YTO B3aUMOJEHCTBHE MeTaslla
C arpeCCUBHOM CPEOH pa3feiIaeTcs Ha 1BAa COMPSHKEHHBIX IPOLECCa:

1) anomHbIii mporece (OKUCIUTENBHBIN) - HEMOCPEACTBEHHBINH IEPEX0] HOH-aTOMOB
MeTaJla U3 KPHUCTAUIMYECKOHW PEIIETKH B PacTBOP B BUJAE T'MAPATUPOBAHHBIX KAaTHOHOB,
€ClIM HEprus B3aUMMOJAEHUCTBUS HOH-AaTOMOB C HOJSPHBIMHU MOJIEKYJaMH BOJbl OyzAer
OoJibllIe, YEM SHEPI U CBS3U KPUCTAIIMUECKON PEIIeTKH MeTallia

(Me"™* + ne) + mH0 — Me"™ -mH20 + ne (1.1)

2) KaToJHBIH mporecc (BOCCTAHOBUTENBHBIN) - MPUCOSTUHEHHE U30BITOUHBIX JICKTPOHOB,
oOpa3yroIuxcs B aHOJHOM IIpolecce, K KaKoMy-I1M00 OKUCIUTEN0 (aToMaM, MOJIEKYIaM
WA MOHAM PacTBOpa), KOTOPBIN OyJIET B pe3yabTaTe 3TOr0 BOCCTAHABIMBATHCSA
dOx+ne—rRed (1.2)

OnHako M30BITOYHBIE 3JIEKTPOHBI MOTYT MPHCOEIUHATHCS HE TOJBKO K OKHUCIMTEIBHOMY
KOMIIOHEHTY pacTBopa, HO M K oOpa3zoBaBmMMcs B aHogHoM nporecce (1.1)
riiIpaTUpPOBAaHHBIM KaTHOHAM METalIa, T.€.

Me™ - mH>0 + ne — (Me"™ - ne) + mH>0O (1.3)

B pesynprare KaTHOHBI METaula U3 PacTBOpPAa BHOBb BEPHYTCSA B KPUCTAIUIMYECKYIO
pELIETKY.

IIpu BeIpaBHMBAaHUU CKOpoOCTel peakiuii okuciaeHus Meramia (1.1) U BocCTaHOBIEHUH
ero uoHOB (1.3) HacTymuT COCTOSIHHE JUHAMUYECKOTO paBHOBECUS, M KOPpPO3Us
(MperMyIECTBEHHO MEPEeHOC MeTajla U3 KPUCTAUIMYECKON pelIeTKH B PacTBOp) HpeKkpa-
tutcs. CnenoBarenabHo, Ul IPOTeKaHUs poliecca KOPPO3UU HEOOX0IMMO, UTOOBI CKOPOCTh
npsimMoit peakuuu (1.1) O6buta Gosbiie ckopocTH oOpatHOW peakuuu (1.3), T.e. B peakuuu
BOCCTaHOBJIEHHUS y4acCTBYET MPEUMYLIECTBEHHO OKUCIUTEND PACTBOPA. DTO YCIOBUE MOKET
ObITH BBINIOJHEHO, €CIM OKUCIMTENb, UMEIOIIUIiCS B pacTBope, 00ianaer OOJIBIIUM
CPOACTBOM K DJJIEKTPOHY, YEM KaTHOHBI pacTBOpsIOIIErocss meramia. OKUCIUTEIbHbBIE
CBOJMCTBA BEIIECTB OIPENEISIIOT BEIMYMHOM MX OKHCIMTEIbHO-BOCCTAHOBUTEIHHOIO
noteHnyuana. Yem NOJOXKHUTENBHOE 3TOT MOTEHLHUAN, T€M OOJBIIUMHU OKHCIUTEIbHBIMU
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cBoiicTBaMH (OOJIBIINM CPOACTBOM K 3JIEKTPOHY) 00JagaeT TO WIM MHOE BemecTBo. Toraa
HE00X0IMMOE YCIOBHE TEPMOIMHAMHYECKONH BO3MOXKHOCTHU IEKTPOXUMHUIECCKONH KOPPO3HH

p p p o
Metamia: ¢, <@ ,.(1.4) roe ¢, - paBHOBECHBI MOTEHLHAT aHOJHOPACTBOPSIOIIETOCS
MeTaJa;

p <
Qo - PaBHOBCCHBIM IOTCHHHAJI OKHCIHUTCIIA, BOCCTAHABJIMBAIOMICTOCA B KAaTOJAHOM

npouecce.
Pa3HOCTI) MC)KIIy paBHOBGCHbIMI/I IIOTCHIHAJIaMHA KaTOHHOﬁ Hu aHOIIHOfI peaKLII/II/I SABJIIACTCA
HaYaJIbHOU ABMHKVIIEN CHJIOM KOPPO3MOHHOTO IIpoliecca:

E=0 5 (L5)

AHO/IHas M KaToJHas PEaKIUH MOTYT MPOTEKATh OJHOBPEMEHHO IO BCEW MOBEPXHOCTHU
Koppoaupyomiero Meramia. OQHako BO MHOTHX CIIy4dasiX 3J€KTPOJIHbIE peaklUu yCTONYNBO
JIOKANMU3YIOTCS HA ONPEJENIEHHBIX Yy4YacTKax IMOBEPXHOCTH, a HWMEHHO TaM, IJlé OHH
HauMeHee 3aTpyJHEeHbl. B 3TOM cilyyae ydacTKM MOBEPXHOCTH, Ha KOTOPBIX IPOTEKAIOT
aHonHas (1.1) u katonnas (1.2) peakuuu, Ha3bIBalOT COOTBETCTBEHHO aHOJIOM U KAaTOJ/I0M.

CkopocTb mporecca JIeKTPOXUMUYECKOW KOPPO3UH, KaK U BCEX MPOLIECCOB B IMPUPO/IE,
MPsIMO MPOTOPLIIMOHANIbHA JBMKYILEH cuie U 00paTHO MPOMOPLHUOHAIBHA CONPOTUBIECHUIO
(3aTpyIHEHHOCTH) TIpoliecca

P __ HP
k ~ ¢0K (p,n , (16)
>R,
raie Ri - comporuBieHue (3aTpyIHEHHOCTb) OTACITBHONW COTNPSHKEHHOW — CTaauu

KOPPO3MOHHOTO TpoIIecca.

Heo6xomuMMo OTMETHTh, YTO B OOJIBIIMHCTBE CIIy4aeB HEBO3MOYKHO aHAIMTHUCCKU
peImTh 3aBUCUMOCTS (1.6), T.K. COMPOTHBIIEHHE KOPPO3HOHHOTO MPOIIEcca B CBOIO OUepe/Ib
3aBHCHUT OT CKOpPOCTH KopposuH, T.e. 2Ri= f(K).

IMpomecc BIEKTPOXMMHUYECKON KOPPO3UM, KaK yXKe YKa3bIBaJOCh, COCTOMT H3 IBYX
OCHOBHBIX COTIPSDKCHHBIX PEAKIUil - aHOJHOW W KAaTOJHOM, KaKaas M3 KOTOPBIX SIBIISIETCS
COBOKYITHOCTBIO TIOCJIEIOBATEIbHO-TIApAIUIEIbHBIX CTaauii. Kpome TOro, KOppo3HOHHBIH
MPOIIECC BKITFOYAET B ceOs ST CTaHid, MMEIOMIMX YUCTO (DPU3MUYECKYIO IPUPOY (I0CTaBKa U
OTBOJI KOMITOHEHTOB PEaKIIWi, MEPEHOC DICKTPUUECKMX 3apsiIOB BHYTPH OJHOU (as3bl u
ap.). Bce compspbkeHHBIE CTagMu KOPPO3HOHHOTO TIpoIlecca IMPU CBOEH peai3alluu
UCIIBITHIBAIOT TE€ WM WMHBIC 3aTPyJHEHHsS WM OOIlee CONPOTHBIECHHE BKIIOYaeT B ceOst
CONPOTHMBJIEHHs OTIACIBHBIX CTaaWii. ECIW 3aTpyHEHHOCTh OJIHOW M3 MHOTOYHCICHHBIX
CTaJIMii KOPPO3MOHHOTO Mpollecca OyaeT 3HAYMTEIbHO MPEBOCXONTH 3aTPYAHCHHOCTH
OTJIENIBHBIX CTAJIMM, TO CKOPOCTh MMEHHO ITOM, HanboJiee 3aTPyJAHCHHON (JIMMUATHPYIOIIEH)
CTaJuK OYJIET OPEIENATh CKOPOCTh BCETO KOPPOZHOHHOTO MPOIIECCa B IIEIOM.

KonruecTBEHHO OIECHUTH CTENEHb 3aTPYAHEHHOCTH KAKOM-IMOO CTaaud MOKHO IO
BEJIMYMHE €€ MepeHANpsDKeHUs. llepeHanpsykeHHeM TOW WM WHOM CTaJuM Has3bIBalOT
CMEILEHHE TIOTEHIHAIa dJIEKTPOJa OT PAaBHOBECHOIO 3HAYEHHs NPU TNPOTEKAHHH TOKa,
BBI3BAHHOE 3aTPYIHEHHOCTBIO JAHHOM cTauu mpoiecca. Takum 06pa3om, riepeHanpskeHne
XapaKTepU3yeT CTENeHb 3aTPYAHEHHOCTH TOM MM MHOW CTaMHU MpoIecca.

B KHCIIBIX cpeiax MHOTHE TEXHHUYECKHE METaLTbl KOPPOIUPYIOT C BOCCTAHOBJICHHEM Ha
KaToJIe HOHOB BOJIOpO/Ia. B 3TOM cilydae pojib OKHUCIHMTENS BHITOJHIIOT KATHOHBI BOJOPO/Ia,
M KaTOJHBIA MPOIECC 3aKITI0YaeTCsl B BOCCTAHOBICHHUH HMX J0 HEUTPAIBbHOTO COCTOSIHUS H
UJIET B HECKOJIBKO CTaJWH MO CIIEAYIOMICH cXeMe:

. IlogBox wonoB ruapokconuss H'-H>O K TOBEPXHOCTH KaToja 3a cueT auddy3ud u
MUTpaIiK (HalPaBIEHHOTO IBMKECHHS HOHOB TTOJT ICHCTBUEM DIIEKTPUYECKOTO TIOJIA).

. Paspsin noHa rupoKkcoHus ¢ 00pa3oBaHHEM aJICOPOMPOBAHHOTO aTOMa BOJI0OPOIa

H* -H0+e—Haoc+H0 (1.7)

. PexomOuHaIwst (MOJTHU3aIHs) BOJOPOIHBIX aTOMOB C OJJHOBPEMEHHOM MX aecopouueit Haoo+
Haoe— H>2 (1.8)
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4. OTBOJ MOJIEKYJISIPHOTO BOJIOPOJIAa U3 MPHUKATOAHOM 30HBI 3a cueT nuddy3un, oOpazoBaHue
My3BIPHKOB ra3000pa3HOr0 BOJOPOAA, UX OTPBHIB OT MOBEPXHOCTH KAaTO/AA M BBIJICIICHUE W3
pactBopa.

Kax cnenyer u3 ycnous (1.4) nporecc KOppo3uu METAJIOB MPU BOCCTAHOBJIICHHM Ha
KaToJi¢ MOHOB BOJAOPOJa TEPMOAMHAMUYECKA BO3MOXKEH B TOM CIIydae, KOT/1a paBHOBECHBIN
MOTEHIMAJl aHOJTHO PACTBOPSIOIIErOCs METaJlla OTpULIATeNIbHEE PABHOBECHOTO MOTEHITHATIA
BOCCTAHOBJICHHSI HOHOB BOJIOPOJIa B JAHHOM CITydae

¢ W<, (1.9

Peanmzanus TepMoIMHAMUYECKOH BO3MOXKHOCTH IIpOIECCa KOPPO3HHM MeTallla IpH
BOCCTAHOBJICHH HOHOB BOJIOPOJa CBs3aHA, B OCHOBHOM, C TPEOJOJICHUEM 3aTPyIHEHHUU
KaTOJHOTO TIPOIlecca, KOTOPBIE 3HAYUTEIBHO TNPEBOCXOJAT MEPEeHANpPsHKEHUE aHOIHOTO
nporiecca. Hanbonee 3aTpyaHeHHOM cTauel mpoiecca BOCCTAHOBIEHUSI HOHOB BOIOPO/Ia, B
3aBHCUMOCTH OT TPUPOABI MaTepualia, Ha IOBEPXHOCTH KOTOPOTO MPOWCXOIUT ITOT
nporiecc, MoxeT ObITh peakmus (1.7) wmm (1.8). CrnemoBarenbHO, 3aTPYyJAHEHHOCTh JTHUX
craguii U OyJeT OmpeneNnsTh CKOPOCTh KOPPO3MM METajula MPH BOCCTAHOBICHHMH HOHOB
BOJIOpPOJIA.

[lepeHanpshkeHHEM BOJOpOAa HA3bIBAIOT CMEIICHHE MOTEHIHAa BOCCTAHOBIICHHS
MOHOB BOJIOPOJIa B OTPUIATEIBFHYIO CTOPOHY OT PaBHOBECHOTO 3HAYCHUS MPU MPOTEKaHUU
TOKa, BBI3BAHHOE 3aTPYJHEHHOCTHIO pa3psijia MOHOB THIPOKCOHHUS, WIH PEKOMOMHAINH
BOJIOPOIHBIX aTOMOB.

HeoOxomuMo  moOm4epkHYTh, YTO caM Marepwajd  KaroJa He  IPHHAMAeT
HETIOCPEJICTBEHHOTO y4YacTUsi B KaTOJHOW pEaKIMH BOCCTAHOBIICHHS OKHCIUTENS, HO
OKa3bpIBaeT OOJIBIIOC BIMSHUE Ha CKOPOCTh J3TOro Tmpolecca. Pa3nmudyHas cTeneHb
3aTPYAHEHHOCTH TPOTEKAHUS PEaKIMU BOCCTAHOBJICHUSI HOHOB TMAPOKCOHUS HA KaTO/IaX U3
pa3IMYHBIX MAaTEepHajoOB TMPHUBOJUT K BO3HUKHOBEHHIO OTIMYHBIX IPYyr OT Jpyra IO
BEJIMYMHE TIEPEHANpPSHKCHUH BOJOPOJAa HA HUX W 3HAYUTEIHLHOMY HM3MEHEHHIO CKOPOCTH
BCEro KOPPO3HOHHOTO IMPOIIecca.

Bennunna mnepeHanpsbkeHus BoJopojaa (1) CYIIECTBEHHO 3aBHCHUT HE TOJBKO OT
MaTepualia KaToJia, HO ¥ OT KaTOJIHOM IUIOTHOCTH TOKa COTJIACHO ypaBHEeHHIO Tadens

n =a+b-lg i, (1.10) rae a -
MOCTOSIHHAS, 3aBUCSIIAS OT MaTepUaia KaTo/a, COCTOSIHUS €r0 MOBEPXHOCTH, COCTAaBA
pacTBOpa U TEMIEPaTypHhI;
b - mocTosiHHAs, 3aBUCSIIAs OT TEMIIEPATYPbI U MPUPO/IbI 3aTPYAHECHHON CTaalK KaTOAHOU
peaKIuu;
ik - IUIOTHOCTH TOKA Ha KaToJIe.

CKOpOCTh ~ KOPPO3MOHHOIO  TPOIECCa MOXKET OBITh  BBIPAKEHA  Pa3IMYHBIMH
nokazaTelsiMd. B ciaydae paBHOMEpPHOTO XapakTepa paspylIeHHS METauTH4ecKOi
MOBEPXHOCTH PALMOHAIBHO BBIpaXKaTh €€ Yepe3 Maccy MeTaylla, PacTBOPSIONIETOCS C
eIMHMIIBI TIOBEPXHOCTH B €MHUIYY BPeMEHH (MAacCOBBIHA IOKa3aTelb KOPpo3uu, r/(mZu)).
Jlist 3TOro HEoOXOIUMO OIPENSIUTh MOTEPH Macchl oOpa3na 3a BpeMsi KOPPO3HH.
[Tockonbky XapakTep KOpPpPO3HMHM B 3TOM CIy4ae pPaBHOMEpHBIA, TO, 3Has IUIOIIATh
MOBEPXHOCTH 00pa3la, MOKHO PACCUUTATh CPEIHIOI TOJIIMHY HPOKOPPOAMPOBABIIETO
CJIOSl MeTalljia 3a €IMHUILY BpeMeHH (TJTyOMHHBIN MOKa3aTeslb KOPPO3Uuu, MM/TO).

Kpome maccoBoro mnokazaTensi CKOPOCTH KOPPO3UH, HEPEAKO MCIOJB3YIOT 00BEMHBIMH,
YTO BO3MOJKHO B CIy4asiX, KOTJa KOPpO3Hsi MeTajla COMPOBOXKIAETCS] PACXOAOBAHUEM HIIN
BBIZIETICHHEM Ta3a. Tak mpu KOPPO3UH METANIOB C BOCCTAHOBJICHHEM Ha KaToJe HOHOB
BOJIOPO/Ia Macca MepelIe/iero B pacTBOp MEeTajula B CHIIy CONPSIKEHHOCTH aHOTHOTO U
KaTOJIHOTO TMpPOIIECCOB OyJeT MNpoNnopLUUOHaibHa O00BEMY BBIJCIUBIIErOCS BOJOPOJA
(0OBeMHEBI MoKa3aTesb KOPposuH, chm/(cm? ).

Ilepen nmpoBeneHneM pabOTHI ClIeAYeT 3HATh CIEAYIOIINE pa3ielibl Kypea:

1. MexaHH3M 3JIeKTPOXUMHUYECKONH KOPPO3UU METAILIOB.
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2. Koppo3ust MeTamioB Mpu BOCCTAHOBJIEHUH Ha KaToJe KATHOHOB BOJIOPO/IA.
3. [lepenanpsikeHue BOJOPOIA U BIMSHUE €0 HAa KOPPO3HOHHBIN IPOIIECC.
1.3. IIpoBenenune paboThl

Hacrosimas pabota umeer /Ba BapuaHTa, OJMHAKOBBIX 110 METOJMKE, HO PA3IUYHBIX IO
o0beKTaM uccienoBanus. Kaxaplil cTyJeHT MPOBOIUT MO YKa3aHUIO IpenoiaBaTens padoTy
110 OJTHOMY M3 BapUAHTOB.

Bapuant 1. HccrnexyroT KOppO3HMOHHOE TMOBEICHHE CIUIABOB CHUCTEMBI 'Kele30-
yriepoa", colepKammux pa3IuyHoe KOJIM4eCTBO yrieponaa, B 10%-HOM BOIHOM pacTBOpe
CepHOM KHUCIOTHL. B 3aBUCHMOCTH OT TEpMOOOpPAOOTKH M COAEp)KaHHS Yriiepoja CILIaBbl
MOTYT HUMETh Pa3IM4YHylO0 CTPYKTypy. CTpYyKTypHbIE COCTaBisIOIIME O0O0JalalT pa3sHOU
TEPMOAMHAMHYECKON YCTONYNBOCTBIO, UMEIOT OTJIMYAIOLINECS 10 BEIMYMHE AJIEKTPOIHBIC
MOTEHINAIIBI ¥ Pa3IMYHOE TIEPEHATIPSKEHUE BOAOPOIA.

[To maHHOMY BapmaHTy HCCIIEAYIOT CIEAYIONINE METaJUIbI:
1.Ceppriit uyryn (3,5% C) co cTpykTypoil ¢epput + nepaut + rpadur.
2. Yranepoauctas craib (0,3% C) co cTpykTypoit peppHT + nepiur.
3. XKenezo (0,04% C) co cTpykTypoii GpeppuT + HEOOJIBIIIOE KOJTUIECTBO MEPIIUTA.

Bapuant 2. Vccrenyror KOppo3HOHHOE TIOBEJICHHE CIIJIABOB [TMHKA, COJIEPKAIINX
pasnuyHble npuMecH, B 2%-HOM BOJJHOM pacTBOpE CepHON KUCIOThL. B ByX U3
WCTIBITBIBAEMBIX CIUTABOB KOJMYECTBO MTPUMECEi OIMHAKOBO, HO KAYECTBEHHO OHU
paznmuyHbl. [IpuMecHbIe AIEMEHTHI UMEIOT Pa3IMYHbIE SJIEKTPOTHBIC TIOTCHIHAIBI 1
nepeHanpsHKeHne BOJ0POIa.

[To maHHOMY BapuaHTy HCCIEAYIOT CICAYIONINE METAJUTbI:
1. uuk Texanyeckuii (coaepskanue npumeceit 1o 0,1%: Fe, Sn, Pb u ap.).
2. CrunaB nuHKa ¢ xeneszom (0,5% Fe).
3. CrunaB nuHKa co csunioM (0,5% Pb).

PaGoty HaunMHaOT ¢ MOATOTOBKU OOPA3LOB K UCIBITAHUAM. J[JIs1 3TOr0 MX 3a4UIIAIOT CO
Bcex CtopoH (B TOM umcie OOKOBBIE MOBEPXHOCTH) HAXKIAYHOW OyMaroi 10 IOSIBJICHHS
MeTandyeckoro 6iecka. Ha 3auniaeMoii moBepXHOCTH AOMYCTUMBI TITyOOKHE PAaKOBUHBI U
uapanuubl. [locie 3TOro mITaHTeHLMPKYJIEM OIpeAessiioT Bce pa3Mepbl 00pasuoB (c
TOYHOCTBIO 710 £ 0,1 MM), HEOOXOAUMBIE AJISl MOCIEAYIOUIUX PACUETOB IMOJHON (C y4eToM
OOKOBBIX IMOBEPXHOCTEW) IUIOMIanM UX moBepxHocTH. [Ipu 3ToM Hanmmyme Ha oOpasuax
OTBEpCTHS JUIs UX MOJABEIIMBAHUS HE YUYUTHIBAIOT. 3aTeM 00pa3ibl 00E3KUPUBAIOT BATHBIM
TaMIIOHOM, XOpOILIO CMOYEHHBIM B alleTOHE, W BBICYLIMBAIOT Ha Bo3ayxe. OOe3xkupeHHbIE
o0Opa3ipl B3BEUIMBAIOT HA AHATUTHYECKUX IOJyaBTOMAaTHYECKHX BecaX C TOYHOCTHIO
+0,0002 r. [IpaBuna paboThl Ha aHATUTHYCCKUX BECaxX MPUBEICHBI B IPHIIOKEHUH 1.

O6beM BOJOpOJA, BBIACIMBIIEIOCS B MPOIECCE KOPPO3UHU, OMPEACTSIOT C MOMOIIBIO
Koppo3umetrpa (puc.l), KoTopblii mpenacTaBisieT coOOW TpagyupOBAHHYIO OIOPETKY,
MMEIOIYI0 KpaH B BEPXHEM 4acTH M KOJIOKOJIOOOpa3HOE pacIIMpeHHe B HIKHEH YacTH.
[Tocne 3amonmHEHUS KOPPO3UMETpPA PACTBOPOM KHUCIOTHI OOpas3el] MeTalja HayUHAeT
KOPpPEIUpOBaTh C BbIJEIEHUEM ra3000pa3Horo Bojopoaa. [logHumMaronuecs my3slpbKy raza
CKaIlUTMBAIOTCS B BEpPXHEH YacTH KOPPO3UMETpa U BBITECHSIOT M3 Hero Kucioty. Ilo
M3MEHEHHUIO TIOJIOKEHUS MEHHCKAa >KUAKOCTH MOYKHO OTMpeAeNuTh 00BbeM MaporasoBoi
CMecCH, HaXOIAIIEeNCs] B KOPPO3UMETPE.

[ToaroToBneHHbIe U B3BEIICHHBIE 00pa3lbl MOJBEIIMBAIOT HAa CTEKIISHHBIX KPIOYKax B
paciupeHHoN yacTu kopposumerpa (cM. puc.l). Ocnabnsst 3axum My(ThI, yIep>KUBaroIIen
JanKy C KOPPO3WMETPOM Ha INTaTUBE (HE PEKOMEHIYETCS OCHalNsTh 3aKHM JIAlKH,
Kpensie KOppo3UMETp), OMYCKAIOT €ro PacIMPEHHOM YacThIO B CTaKaH TaK, YTOOBI MEXKIY
HIOKHUM KpaeM M JIHOM CTaKaHa OCTaBajcs 3a30p 2-5 MM, U (PUKCHUPYIOT KOPPO3UMETP B
3TOM MOJIOKESHUH.

[IpoBepuB MONIOKEHHE KpPAaHOB B BEpPXHEH YacTU KOPPO3MMETPOB (IOJDKHBI OBITh
3aKPBITHI), OTMEPSIOT MEH3YpKOH 1o 500 cM COOTBETCTBYIOIIUI PACTBOP CEPHON KUCIOTHI U
3aJTUBAIOT B KK/l CTaKaH.
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Jlnist 3amosiHeHUsT KOPPO3UMETPOB PACTBOPOM KHCIOTHI HEOOXOIUMO BOCHOIB30BATHCS
BOJOCTPYHHBIM HacocoM. BomocTpyiiHbIli Hacoc HYXHO MOJATOTOBUTH K padoTe, JJs 4Yero,
MEIJICHHO OTKPBIBAasi BEHTHJIb BOJOIIPOBOIHON CETH, PEryJUPYIOT HAIIOP BOJBI TAaK, YTOOBI B
cdepuueckoil yactu HaOMIONANOCH "KUNeHHWE" MPH 3aloJIHEHUH BOJAOHM NpuMepHO Ha 2/3
oObema. Jlanee, 3akpbIBasi M OTKpPbHIBAs MalbIleM OTBEPCTHE CTEKISHHOTO HAKOHEYHHKA
JIMHUY BCAaCBhIBAHUS HACOCA, YOSIKIAIOTCS B €ro pabOTOCIIOCOOHOCTH.

[logroTroBUB BOJOCTPYHHBI Hacoc K pabore, MPUCTYHNAOT K  3allOJHEHUIO
KOPPO3UMETPOB KHUCIOTOW. [l 3TOro HEoO0XOAMMO OTKPBITH KpaH B BEPXHEW YacTu
KOPPO3UMETpPA U TOACOCTUHHUTD €r0 C TIOMOIIBI0 PE3HHOBOTO NUIAHTA K JJMHUU BCACBIBAHUS
Hacoca (cm. puc. 1). Ilocme Toro kak KOppO3UMETP MOJHOCTBHIO 3alOJHUTCA KHUCIOTOM
(HmKe KpaHa HE JOJDKHO OCTaThCs ITy3bIpbKa BO3JyXa), KpaH IUIOTHO 3aKpbIBAIOT U
HEMEJUIEHHO OTCOEIMHSIOT Hacoc. JloMmycKaeTcs MPEeBBIIIEHNE YPOBHS KHCIOTHI HAJI KPAHOM
He 6osiee 0,5-1 cm. Koppo3umeTpsl 3aNOJHSIOT MOCIEI0BATEIBHO, MTOCTE YeTO MPOBEPSIOT
TUIOTHOCTh 3aKpBITHS KpaHa, TaK KaK IOACOC BO3AyXa Yepe3 HEro MOXKET HCKa3UTh
pe3yIIbTaTHI OTIBITA.

HadvanoM ombiTa ciieyer cuMTaTh MOMEHT 3allOJHEHHUsSI IOCIEIHET0 KOppO3UMeETpa
kucioToi. O0beM BBIICISIONIETOCS Boopoaa pukcupytot uepes 5, 10, 15, 20, 30 u 45 mun
OT Hayaja OIbITa U 3HAUYEHHUS €r0 3aHOCST B JJa0OpaTOpHBINA KypHa (Tadm. 1.1).

[Tocne oxkoHUAHHSI OTBITa OTKPBIBAIOT KPAaHBI KOPPO3UMETPOB M CITYCKAIOT KHCIIOTY B
CTaKaHbBI, 3aTe€M TIPOMBIBAIOT BOJIOW BMECTE€ C HAaxXOISIUMKCI B HHX oOpaslamu B
CIEeAYIOUIEN MOCIIEI0BATEIIbHOCTH:

1) orBepHYB BHHT My(ThI Ha IITaTHUBE, MOJHUMAIOT KOPPO3UMETPHI C 0OpasamMu BHIIIE
Kpasi CTaKaHOB C KUCJIIOTOH M (PUKCHUPYIOT UX B 3TOM TOJIOKCHUU;

2) 3aMEHHUB OJIMH CTAaKaH C KUCJIOTOM MOJ KOPPO3UMETPOM Ha MYCTYIO0 MEH3YPKY, CIMBAIOT
U3 CTaKaHa KUCJIOTY Yepe3 BOPOHKY B OyThLIb;

3) CIoJIOCHYB CTaKaH I0J] BOJIOH, 3aIOTHSIOT €ro Ha 3/4 BOJOM M CTaBSAT MOJ KOPPOZUMETP
BMECTO MEH3YpPKHU;

4) TMOBTOPSIOT ONEpallMK 10 YKa3aHHOMY B T.I. 2 W 3 CO BTOPHIM U TPEThbUM
KOPPO3UMETPAMHU;

5) MOIOT 10/ BOJIOW BOPOHKY U MEH3YPKY;

6) TOTOBAT K paboTe BOJAOCTPYHHBIN HACOC;

7) MOACOEAUHSAIOT KOPPO3UMETP C MOMOIIBI0 PE3NHOBOTO IIUIAHTA K BOJOCTPYHHOMY HAcoCy
(TIp® OTKPBITOM KpaHE CBEPXY);

8) MoHMMAIOT CTaKaH C BOJOMW MOJ KOPPO3UMETPOM BBEPX TaK, YTOOBI B BOJY MOTPY3UIach
KOJIOKOJI0O0Opa3Has 4acTb, U 3aMOJIHAIOT €r0 MOJHOCThIO BOJION;

9) xak TOJBKO BOJa JOCTUTHET KpaHa B BEPXHEH 4acTH KOPPO3UMETPa, OMMYCKAIOT CTaKaH C
BOJIOW BHU3, JaB BOJIE U3 KOPPO3UMETPa CTEUb OOPaTHO B CTaKaH;

10) emre ABa pa3a ¢ TeM ke KOPPO3UMETPOM MOBTOPSIOT OMEpaluy Kak yka3aHo B ILIL 8 U 9;
11) mpombIB TakuM ke 00pa30M OCTaJbHBIE IBa KOPPO3UMETpa ¢ 00pa3liaMu, CIIMBAIOT BOIY
U3 CTaKaHOB B PAKOBHMHY U BBIKJIIOUAIOT BOJAOCTPYIHBIN HAcOC.

[Tociie mpoMBIBKH BCEX KOPPO3UMETPOB U3BJICKAIOT U3 HUX 00pa3ibl M YIAISIOT MPOTYKTHI
Koppo3uH. [lyis 3TOro MX MOIOT BOAOH MOJ KpaHOM, HMPOTHUPAIOT XOPOILIO HaMBIJICHHBIM
EpUIMKOM M BHOBb TIHIAaTE€JIbHO MPOMBIBAIOT BOAOH. UYucTble o00paslbl THIATEIBHO
BBICYIIMBAIOT (UIBTPOBAIbHONW OyMaroif, ynajissi BIary Takke H3 OTBEPCTUH s
no/iBemMBaHus o0pasuoB. [locne BbLAEPKKM Ha BO3JyXe B TedeHUE 3-5 MHUH 00pasiibl
B3BEILMBAIOT HA TEX K€ aHAJIUTHUYECKUX BECax, YTO M paHblle. PekoMeHyeTcss HauuHaTh
B3BEILIMBaHKE C 00pa310B, UMEIONUX 00JIee TIaIKyI0 TOBEPXHOCTb.

1 - Oropetka; 2 - crakaH; 3 - pacTBOp KUCIOTHI; 4 - KpaH; 5 - pe3uHoBas
TpyOka K Hacocy, 6 - BOJOCTpYHHBIM Hacoc; 7 - BOAa U3 BOJIO-
MIPOBOJIHOW ceTH; 8 - Boja B KaHanu3auuio; 9 - kproyok; 10 - crek-
nsHHas nojaBecka; 11 - oOpasen

Pe3ynbTaThl B3BEIIMBAaHUS 3aHOCAT B Ta0a. 1.1 W mpencTaBisioT ee
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Ha BU3Y IPEINOIaBaTENIO, BeIylIeMYy 3aHITHE.
Ilocne oxoH4anusi pabOThl HEOOXOAMUMO IPOBEPUTH, YTOOBI OYTHUIL C KHCIOTOW H
CKJIITHKAa C alleTOHOM OBbUIM 3aKpbITHl MPOOKaMH, W IMPHUBECTH CBOE paboyee MeECTO B
nopsiiok. OOpa3ipl OCTABISAIOT Ha pabodeM MeCTe, a WCIOJIb30BAaHHYIO (HIBTPOBAIBHYIO
Oymary BbIOpachIBAIOT.
Puc. 1. Cxema yCTAaHOBKHM /ISl HM3YYCHHUS KHUHETHKH DJICKTPOXUMHYECKOW KOPPO3UH
METAIUIOB 00BEMHBIM METOOM
1.4. O6paboTKa OMBITHBIX JIAHHBIX
Pe3ynbTaThl ONBITOB ¥ IPOU3BEACHHBIX HA MX OCHOBE BBIYUCIICHU 3aHOCAT B Tab. 1.1.
PaccunThiBatoT 00b€M BOJIOPOJIA, BBINEIUBIIETOCS C €IMHUIBI TIOBEPXHOCTH KAXKIOTO
o0pa3ma U CpeiHIO CKOPOCTh KOPPO3HHU JUI KKIOr0 METajula 32 MaKCHMaJbHOE BpeMs
UCIBITAHUN MO KOJIMYECTBY BBIJIEIMBIIETOCS BOJIOposa (00BEMHBIN MOKa3aTelb KOPPO3HHU)
o ¢hopmye
V273 (P—-Py,,)

.=

? S-z.T-760
rae V - 00beM BOJIOPO/Ia, BBIICTUBIIETOCS 32 BPEMs UCITBITAaHUM, oM
P - atMocdepHOe J1aBiieHHe NP TPOBEJICHNN UCTIBITAHUH, MM PT. CT.

, (1.11)

P 1,0 - JMABJICHUE HACHIIIEHHOTO BOJSHOTO Tapa NPH TEMIIEPAaTYpe MCIBITAaHUM, MM PT. CT.

(cM. mpuoxkenue 2);
S - ToIIak TOBEPXHOCTH 00pasia, cM;
T - BpeMs UCIIBITAHUM, U;
T - remneparypa ucnsiTanui, K.

PaccunThIBalOT A1 KaKJA0ro MeTaia MacCOBBIM MOKa3aTelb KOPPO3UHU MO CIICIYIOLIEH
dhopmyre

m, —m
ezt (112)

r7e My - HayalpHas Macca obpasua, T;
My - KOHeYHas Macca o0pasua, T;
S - oAk MOBEPXHOCTH 00pasIa, M
T - BpeMsl UCTIBITAaHUI, Y.

3areM OpPOBEPSIOT SKBUBAJICHTHOCTh 3HaueHUH Kog U Kyae, AN 4Wero ompenenstor
MacCOBBIil TIOKa3aTeNb Koppo3uH K wae 13 Ko 110 hopmyrte

- 2- A -10000
KMac = I<o6 T A0 - ! (1.13)
22429 -n
rie K, - 00beMHBII MoKa3aTelb KOPPO3HH, cM>/cM?;
A - aTOMHas Macca MeTalia, T;
22429 - o6veM 1 Moab BOAOPOA, CM
N - BAJIGHTHOCTh PAaCTBOPSIOLIETOCS MeTalia
U CpPaBHHUBAIOT €r0 C MACCOBBIM IMOKa3aTelleM KOPPO3WHU, PACCUYUTAHHBIM 10 W3MEHEHUIO
Maccel oOpasma mo dopmyne (1.12). ['myOuHHBIM TOKa3aTelb KOPPO3UU HAXOMAT IO
bopmyne
n=K,, 24365 (1.14)
£ -1000

e Kuae - MacCOBBIH MOKa3aTeNb KOPPO3UH, T/(M2-4),
p - IIIOTHOCTH MeTallIa: 4yryHa - 7,2 r/cM®; cTaiu u skenesa - 7,8 r/cM®; [IUHKA U ero
cruiaBos - 7,1 r/em®.
Kpome TOro, KOpPpO3MOHHYIO CTOWKOCTH HCCIEAYyEMBIX METaNIOB OILEHUBAIOT TIO
necsITUOATEHOM MIKalie KOPPO3HOHHOM CTOMKOCTH (CM. MIpHIIokeHue 3).

Pe3ynbratel paboThl MPENCTaBISIIOT B BUAE 3amoilHEHHOW Tabm. 1.1, a Takke B Buie
rpaduka TUHAMUKA KOPPO3UU HCCIEAYEMBIX METAIIOB, OTKJIAJbIBasl MO OCH OpAHHAT

2.
’

3.
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YIETbHBIA 00BEM BBIJEIUBIIErocs BOAOpoAa (cM/cM?), a To ocu abcuuce - Bpems
Koppo3uu B MuHyTax. Ilpu moctpoeHnn yka3aHHON 3aBUCUMOCTH BCE TPH JMHAMUYECKUE
KpHUBBIE HAHOCST Ha OJIMH I'padyK B OJHOM MaciiTade.

1.5. Bonpock! A1 caMOKOHTPOJIS

1. Hanumure ypaBHEHUs! aHOJIHOM U KaTOJHOM peaklui, IPOTEKAIOLUIUX IPU KOPPO3UHU
CIUTABOB jKeJie3a U [IMHKA B pa30aBIICHHON CEPHOM KHUCIIOTE.

2. Paccuwnraiite Benmmuuny 3.J1.C. mporiecca KOppo3uu xelie3a B pa30aBiIeHHON cepHO
KHCJIOTE.

3. C KakuM KOHTPOJIEM IPOTEKAET KOPPO3Hsl CIIABOB XKeJie3a M IMHKA B pa30aBIIeHHOM
CEpHOM KucioTe?

4. Yrto Ha3pIBAETCS MEPEHANPSHKEHUEM BOJIOPO/IA, U OT KaKuX (DaKTOPOB OHO 3aBHCHUT?

5. [loueMy 371€KTPOIOJIOKUTEIbHBIE TPUMECH B CIUIaBAX MOTYT CYHIECTBEHHBIM 00pa3oM
BIIUSTH HA CKOPOCTh KOPPO3UU MPHU KaTOJHOM BOCCTAHOBJIEHUU MOHOB Boj0poaa?
bubaunorpadguyuecknii Coucok

1. ITaxomoB B.C. Kopposust u 3ammra XHMHYECKOH ammaparypbl. DJIEKTPOXHUMHYECKas
KOppo3us MeTaiyioB: YuebHoe nocodue. M.:MUXM, 1983.-76 c.

2. Kyk H.II. Kypc teopun koppo3uu u 3amuThl mMetauioB. M.: Meramryprus, 1980. -
C.149-188, 341-3609.

JlaboparopHas padora 2
KOPPO3WS METAJIJIOB C KMCJIOPOHOM JIEIOJISIPU3ALIMEN

2.1. Ilenb paGoThI

W3ydyeHue BIMAHMS [OCTyMa KUCIOpPOJa K aHOAY M KaToAy Ha CHIIy TOKa MOJENH
KOPPO3HOHHOTO JJIEMEHTa, pabOTaIoOUIEr0o C KUCIOPOJHOW Jemnojspu3alueid, a Takke
KaueCTBEHHOE ONpPEACIICHUE MPOAYKTOB KATOJHOM M aHOJIHOM pEaKIUi MpU KOPPO3UHU HKe-
Jie3a B HEUTpaJIbHOM PacTBOpE.
2.2. Teopus Bompoca

DNEKTPOXUMHUYECKHE KOPPO3UOHHBIE MPOLECCHl, Y KOTOPBIX KAaTOAHAs ACTIONSIpU3ALIHS
OCYILIECTBIISICTCSI PACTBOPEHHBIM B JJIEKTPOJIUTE KHUCIOPOJOM, Ha3bIBAIOT MPOIECCAMU C
KUCJIOPOJHOM  JAemoJisipu3alnell. ITO caMblii pacHpOCTpaHEHHBIA BHI  KOPPO3UH,
IpuMepaMu KOTOPOH SIBIISIIOTCA pa3pyllieHue Xkelle3a BO BIaXHOH atMocdepe, HeHTpaabHbIX
U LIEJIOYHBIX PACTBOPAX; KOPPO3Usl HEPXKABEIOIIMX CTallel, MEIU B HEUTPAIbHBIX U KUCIIBIX
cpenax.

TepmoanHaMuyeckass BO3MOXKHOCTh AJIEKTPOXMMHUYECKOW KOPPO3UU B JAHHOW cpejne

p
OIIPCACIIACTCA PAaBHOBCCHBIMH IIOTCHHOUAIIAMH IIPpOHECCa HOHHM3AIMKU MCTaJllla (DMe u

p
BOCCTAHOBJICHHA OKHCIUTCIIA ¢0K

p p
(DMe < ¢0K (2 1)
CaMOHpOI/BBOHBHOC MMPOTCKAHUC KOPPO3UU MCTAJIOB C KHCHOpOHHOﬁ nenonﬂpmauneﬁ
BO3MOJKHO IIpH YCJIOBUH

P P
¢Me < (pK (22)
rae (011; - paBHOBeCHLIﬁ NMOTCHIMAJI KUCJIOPOAHOT'O JJICKTPO/Jia B HaHHOﬁ cpeac.

Koppo3HoHHBI Ipolece NpU  KHCIOPOIHOW JIETOJIAPU3AIMA  BKIKOYAET B  ceOs
CIIEIYIOIINE PEaKIHH:
1) aHOHBIN Mpoliece (OKKMCIIEHHE METALIA)
Me + mH,O—Me" mH>0 + ne (2.3)
2) KaToJHbIH Tporiecc (BOCCTAHOBIEHUE KHMCIIOPOJA) B HENTPAJIbHBIX M MIEJTOYHBIX Cpeaax
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npotekaet 1o peakiuu 02 + 2H20 + 4e— 40H (2.4)
B KHCJIBIX Cpefiax
02+ 4H2 + 4e — 2H20 (2.5)

Oba mpomecca (MOHHM3AIMSA METaljla M BOCCTAHOBJICHHE KHCIOPOJa) MPOTEKAIOT
OJIHOBPEMEHHO M COIPSDKEHO (CBS3aHHO), HO HMOJUUHSAIOTCS Ka)KIblii CBOMCTBEHHBIM E€MY
3aKOHOMEPHOCTSIM.

CKOpOCTb 3EKTPOXUMUYECKON KOPPO3UHU B OOJIBIIMHCTBE CIIy4aeB ONPEEIISIETC:

1) TopMOXKEHUEM DJIEKTPOXUMHUYECKUX CTAIAUI 3JIEKTPOIHBIX PEAKIHil (T.€. MepexooM
3apsaa yepes IpaHULLy METaJLI-3JIEKTPOJIUT), KOTOpOE XapaKkTepu3yercs
AJIEKTPOXUMHUYECKUM IEpEHAIpsLKEHUEM (MOHU3ALMK MeTalljia, KUCIopoaa U JIp.);

2) TpaHCHOPTHBIMU 3aTPYAHEHUSIMU, CBSI3aHHBIMU C OTPAaHUYEHHUEM I10/1BOJIa OKUCIUTEIS
(kucnopoja) K METauly WM OTBOJIOM IPOIYKTOB PEAKIUH (aHOJHOW MM KaTOJHOW) U
XapaKTepU3yeMbIMU OOBIUHO MepeHanpskeHneM tupdysuu.

[lepenanpskeHre HOHU3ALMU KUCIOPOJa 3aBUCUT OT CBOICTB U CTPYKTYphl MeTallja, Ha
MTOBEPXHOCTH KOTOPOTO BOCCTaHABJIMBAETCS KHUCIOPO, Temneparypsl, pH pactBopa u ap.

[lepenanpsixenne nuddy3sun KUCIOpoJa 3aBUCUT OT KOHLEHTpallMM KHCIOpoJa B
pacTBope u ycinoBuil 1uddy3uu ero K MeTajuIy.

B OonpmmMHCTBE TPAKTUYECKUX CIy4aeB KOPPO3WHM MeTaula ¢  KHUCIOPOIHOM
Jenoaspu3aniel Mpu OTCYTCTBUM IacCHBAllMM CKOPOCTh TIpoIlecca ONIpenesisercs
CKOPOCTBIO KaTOJHOM peakiuu (T.e. BOCCTAHOBJIEHHEM KHUCIOpOJa), a Ul MocienHei
Haubojee 3aTpyAHEHHBIMU (JIMMHUTHUPYIOLUIUMHU) CTaJUSMU SBISIFOTCS: B HEMOJABUKHBIX
pactBopax - muddy3ust KUCIOpoaa, a MPH OOJNBIINX CKOPOCTSAX IBWIKEHUS AJICKTPOJIUTA -
nepexosx 3apsana (MepeHanpsbKeHHe HOHM3alMM  KUCIopoJa). OTO BbI3BAaHO Majoi
pacTBOPUMOCTBIO M MeEIUICHHOM aud@y3ueid Kuciopoda B DJIEKTPOJIUTAX, a TaKKe
JOTIOTHUTEIBHBIMU  3aTpyaHeHUsIMU TudGdy3un KUCIopoda B ciaydae oOpa3oBaHUsA Ha
MOBEPXHOCTH MeTaJljIa MJIEHOK TPYTHOPACTBOPUMBIX MTPOIYKTOB KOPPO3HUHU.

CKopocTh KOPPO3WU C KUCIOPOAHOU Jemnojspu3aued mpu 3ameuIeHHOW auddy3um
KHCIIOPO/1a OTIPEIeIIIETCSl ypaBHEHUEM

ng +C,,
o

rac |()u4f CKOPOCTBb BOCCTAHOBJICHUSA KUCJIOPOAa, BEIPpAXCHHAA B TOKOBBIX CAWMHUIIAX,

I,y =N-F-Dg Sy : (2.6)

Do2 - ko3¢ dunuent nuddy3uu KucIopoa;
0 - TosmmuHa 1udHY3MOHHOTO CIIOS;

0
C 0, - KOHLICHTPALKs KHCIIOPO/Ia B PacTBOPE;

(jo2 - KOHLICHTpalug KUCJIOPpOJa Y ITOBEPXHOCTU METAJlJIa (KaTO,I[a);

N - YUCIIO AJIEKTPOHOB, YYACTBYIOIIUX B PEAKIIMA BOCCTAHOBIICHHS KHCIOPOa;
F - uucno dapanes;
Sk- IwIoLags KaToaa.

0
C yBenmnueHueM louy 3HaAUEHHE COz YMEHBIIACTCS U IIpH CO2 << CO2 JIOCTUTAETCS

npejenbHasl CKOPOCTh BOCCTAHOBJICHHS KHUCIIOpoJia (M COOTBETCTBEHHO KOPPO3HOHHOTO
mpoliecca)
0

C
|, =N-F Do, S, - ;’2 (2.7)

npeo

IloBnusaTes Ha CKOPOCTE JJICKTPOXUMUYCCKOTO IIPpOoHecCa JICr4Ye BCCro NyreM U3MCHCHUA
YCHOBHﬁ, ONpCACIIIOINX CKOPOCTH 3aMeIJIieHHOM cTaauu. B YaCTHOCTH, IIPpU 3aMeIJICHHOM
,Z[I/I(b(by3l/II/I KHCIIOpOJa CKOPOCTh IIpolecCa MOXHO TIIOBBICUTH 3a CYUHCT YMCHBIICHHA
TOJIITMHBI I[I/I(I)(I)y3I/IOHH01"O CJI04 (HYTCM NEepCMECIINBaHUA paCTBopa), 3a CUYCT YBCIMNYCHUSA
KOHICHTpalUU PAaCTBOPCHHOI'O KHCJIIOPOJad, B MOACIIN T'aJIbBAHUYCCKOTO 3JICMCHTA 3a CUCT
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BO3paCTaHMs IUIOMIAIN MOBEPXHOCTH Karoaa (yBenudeHue Gpponrta qud hy3uu Kucioposa).
2.3. [IpoBenenue paboThl

[Ipu KOHTaKTe JBYX METAUIOB C Pa3HBIMU 3JEKTPOJHBIMHU MOTEHLIHAIAMHU 00pasyeTcs
rajlbBaHUYECKUI DJIEMEHT, B KOTOPOM aHOIHBIM IMPOIECC MOHHU3AIMU MeTajula OOBIYHO
MpOTEeKaeT ¢ 0ojiee OTPUIATEIbHBIM IMOTSHIIMAIOM, a KaTOJHBIA MPOIECC BOCCTAHOBJICHUS
OKHUCJIUTENS ¢ O0Jiee MMOJI0KUTEIbHBIM TOTEHIIMAIOM. BHEIIHUI n3MepsieMblil TOK 2JIEMEHTa
Oy/leT COOTBETCTBOBATH CKOPOCTSIM DJIEKTPOJHBIX MPOIECCOB, MPOTEKAIONINX HA JIEKTPO-
Jax Takoro 3JieMeHTa (0e3 yuera CKOPOCTH MPOIECCOB CAaMOPACTBOPEHHUS SJIEKTPOIOB).

B pabote uccieayror ranpBanndeckuii nmemeHt Zn/NaCl + H>O + Oo/Cu, mist yero
WCTIOJB3YIOT MEIHBIE M LWHKOBBIC 3JIEKTPOABI pa3HbIX pa3mepoB. Dopma 3JIEKTPOI0B
TAaKOBa, YTO C WM3MEHEHHEM BEIWYHMHBI MX TOBEPXHOCTH YCIIOBHUS JIOCTYyIA KHCIOPOIa
BO3/IyXa IPU NOTPYKEHHH 00pa3I0B B IIEKTPOJIUT HE MEHSUTUCH.

DONeKTpoapl € OJHOM CTOPOHBI OYMIIAIOT HaXJAa4HOW Oymaroil (apyras cropoHa
M30JIMPOBaHa SMaJbi0), U3MEPSIOT IJIOMIAlh UX MOBEPXHOCTH U 00E3KUPHUBAIOT AllETOHOM
3aYHIIEHHYIO CTOPOHY.

["anpBaHMUYECKYIO IETIh COOMPAOT COTJIACHO CXeMe, TTPECTaBICHHOHN Ha puc 2.

[TockoabKy paBHOBECHBIN MOTEHIMAT IMHKA ¢§n =-0,76 B, a memm (0(1?u =+0,32 B, 0o

B raJJbBaHMYECKOM Mape OHMU OyyT BHITIOJHITH COOTBETCTBEHHO POJIb aHOJ/IAa U KaTo/Ia.

OO0pa31pl )KECTKO YKPETUISIFOT B KJIEMMaxX TEKCTOJHMTOBOW TJIACTHHKUA W TIOTPYXKAKOT B
CTEKISTHHYIO0 BaHHOYKY ¢ 3%-HbiM pactBopoM NaCl. YpoBeHs pacTBOpa I0/DKEH OBITH
MpUOIN3UTENBHO Ha 1 CM BBILIE Kpasi LIUPOKOM YacTH 3JIEKTPOJIOB.
a) Biausinue muionagu mMOBEePXHOCTH AHOAA M KATOAA HA CHJIY TOKAa IrajJbBaHUY€CKOI0
3JIeMEHTAa

Brauane B KieMmax YKpEIUIIOT camble MaJICHbKHE W3 HUMEIOLIMXCS LUHKOBBIX H
MEJHBIX AJIEKTPOIOB. 3HAUEHHE CHUJIbI TOKA AJIEMEHTA 3alKchIBaloT B Tabid. 2.1 moka Tok He
YCTAaHOBUTCA MOCTOSIHHBIM. 3aMepbl BEAYT 4epe3 KaxKJple 2 MHH JO0 IOJY4ECHHS Tpex
OJVMHAKOBEIX 3HAUCHUN.

3areM, OcCTaBjsisl OAMH U3 DJIEKTPOJOB MOCTOSHHBIM (HAIpUMep,
KaToMa) JIpyroi (aHOM) 3aMEHSIOT Ha 3JIEKTPOJl CPEAHEro pa3Mepa u
3HAQUEHHE CWJIBI TOKa »JJIEMEHTa 3alMChIBAIOT AHAJIOTUYHO JI0
YCTaHOBJIEHUS IIOCTOSIHHOTO 3HAYEHHSL.

1 - mwumamriepmerp; 2 - KJIEMMbl; 3 - IUIacTUHA; 4 -pacTBOP
NaCl; 5 - Banna crekisHHas; 6 - MEAHBIN AIEKTPOM; 7 - MOPHCTas
neperopoika; 8 - HIMHKOBBIN 3JIEKTPO/T

Puc.2. Cxema ycTaHOBKM JUIsl M3Y4YEHUS KUHETHKH KOPPO3UOHHOTO
npoliecca ¢ KUCIOPOJHOH Jienosipu3anuen

[Tocne 3TOro mpu TOM XK€ KaToJe 3aMEHSIIOT 3JIEKTPOJ CPEAHETO
pa3mepa (aHO[) Ha TaKOH ke AIEKTPoJ OOJIBIIOr0 pa3Mepa U OISTh
BEAYT 3allUCh TOKA J0 YCTAaHOBJIEHUS MOCTOSIHHOT'O 3HAYEHUS.

[TosryyunB 3aBUCHMOCTb BIMSHUS IUIOIIAIM OBEPXHOCTU aHOJa HAa CUJTy TOKA 3JI€MEHTa
IIpY_IMOCTOSHHOM KaTroJie, NPHUCTYNAIOT K HW3YYEHUIO BIMAHHA IIJIOUIAJN TIOBEPXHOCTHU
KaToJa Ha CUIIy TOKA IIPU MOCTOSIHHOM aHOJE.

0) Bansinne nepeMemiMBaHusi 3JEKTPOJIHTA HA CHJIY TOKA 3JIEMEHTA

W3MepeHns MOXKHO MPOBOJIUTH € 3JEKTPOJIaMH JTIOOBIX Pa3MepoB, HO yIOOHEe B3ATh Ty
napy, ¢ KOTOpoil MPOBOJWIM MOCIEAHUM ONBIT IIPU ONPEACIECHUN 3aBUCUMOCTH CHJIBI TOKa
OT IIJIOLAA TOBEPXHOCTH JIEKTPOJIOB.

B nmpuaHogHyr0 30HY ClEIyeT OCTOPOXKHO OIYCTHTh CTEKISHHYK HalO4Ky U
nepeMeIaTh IEKTPOJUT BOJIM3HM MOBEPXHOCTH aHOJA. 3HAYEHUS! BEJIMYMHBI CHIIBI TOKA JI0
nepeMelrBanus (YCTaHOBHUBILASCS) U B MOMEHT IepeMEIIMBaHMUs B aHOJHOW 30HE (IpH
MaKCUMAaJIbHOM OTKJIOHEHHM CTpeNKH npubopa) 3amuchiBaioT B Tabm. 2.2. Ilocnme 3toro
OCTOPOXHO IIEPEHECTH CTEKJIHHYIO MaJO4yKy B IPUKATOAHYKO 30HY U IepeMelaTh
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AIIEKTPOJIMT BOJIM3M KaTOJa, CHIIy TOKa B MOMEHT NEPEMEIINBAHUS B KaTOJHOM 30HE 3ara-
cath B Ta0. 2.2.

[Ipn mnepememmBaHuM pacTBOpa PEKOMEHAYETCSI HE 3a/eBaTh IEPErOPOAKY U3
CTEKJISIHHOW TKaHU U 00pa3Libl.

[Tocne npoBeneuus padotel pactBop NaCl U3 BaHHOYKH CIMBAIOT B OyThLIb, H3 KOTOPOI
oH Obu1 B3AT. OmBITHBIE 00pa3bl CIEAYeT NPOMBITH M BBICYIIUTH (DMIBTPOBATBHOM
Oymarofi.

B) OmpenejieHne aHOAHBIX M KaTOAHBIX YYaCTKOB HAa JKejie3e, KOppeJjpylolieM B
HelTpaJIbHOM pacTBope

[Ipp koppo3um B HEUTPAIBHOM pacTBOpE, IPOTEKAIOWEd C  KUCIOPOIAHOU
JEeTNoaspu3aieil, pacrpeieieHue aHOAHBIX M KaTOJHBIX YYaCTKOB Ha IOBEPXHOCTHU
MeTauia OOJIbIIe YacTbio OOYCIIOBIEHO HEPABHOMEPHOW al’pareil ¥ HEOHOPOTHOCTHIO
MTOBEPXHOCTH.

g Toro, yToOBl OOHAPYXUTH AHOJHBIE U KAaTOJHBIE YUYAaCTKU MPHU KOPPO3HHU XKelle3a B
HEHUTPaJIbHOM PAacTBOpE (PacTBOP XJIOPUCTOrO HATPHs) K HEMY J100aBIISAIOT MHAMKATOP Ha
nonsl Fe?* (kpacnas kpopsHas comb KoFe(CN)s), obpasyrommii ¢ moHamu Fe® TemHO-
CHHIOI0 MaJIOPAaCTBOPHMYIO COJIb, TaK Ha3biBaeMyro TypHOysuieByto cuub Fes[Fe(CH)el2 u
WHIUKATOp Ha TUAPOKCUJIbHBIE Tpymmnbl (peHondTanenH), obpasyromuii ¢ nonamu OH
COEJIMHEHUS] MAJINHOBOTO 1IBETA.

Jlns BeIMOJIHEHHST ombiTa B damiky Ilerpu wHamuBaror 1 %-ueiii pactBop NaCl wu
n00aBysIFOT U3 KanenbHUIbl 8-10 kamens 1%-noro pactBopa KsFe(CN)s u 3 - 4 karum
pactBopa ¢enondranenna. [lepememniaB pacTBOp CTEKISTHHOM MaJIOUKOM, TOMEIIAIOT B HETO
o0Opaserl, mpeIBapuTeIbHO 3aUUIEHHBIN U MPOTEPTHIN BAaTOM, CMOYEHHOU arieToHoM. Yepes
HECKOJIbKO MHHYT OKOJIO 00Opa3lia HauWHAaIOT MOSBJISATHCS CMHHE M MaJIMHOBBIE YYacCTKH.
Yamky ¢ 00pa3oM peKOMEHIYEeTCsl He BCTPAXUBaTh. B 11e/11X S5KOHOMUU BPEMEHHU OIBIT B)
pEKOMEHAYETCs MPOBOAUTH NapaslIETBHO C OMBITOM a).

[Tocne okoH4yaHust pabOThI MOJYYEHHBIE PE3YIbTAaThl HEOOXOUMO MPEACTaBUTh Ha BU3Y
MIpernoJaBaTeio.

2.4. O6paboTKa ONBITHBIX JTAHHBIX

Pesynbratel pabotsl o 1 u 2-i yactaM opOpMIISIIOT B BIJIE 3aMIOJTHEHHBIX TaOIHI U
rpaduka, Moka3bIBaIOLIET0 3aBUCUMOCTh YCTAHOBUBILEHCS CHIIBI TOKA UCCIIEAYEMOTO
raJIbBAHMYECKOTO 3JIEMEHTA OT IUIOIIA ! IOBEPXHOCTH aHoAa (IIpY MOCTOSHHOM KaToJIe) U
IJIOLIA/IM MTOBEPXHOCTHU KaTo/1a (MpU MOCTOSTHHOM aHO/IE).

Pacrniono)kenue okpalieHHbIX Y4aCTKOB Ha 00pa3iie He00X0IUMMO 3apucOBaTh U HAITUCATh
peaxiuu, IpoTeKaroIie Ha aHOIHBIX M KATOHBIX y4acTKaX MpU KOPPO3UHU YIIIEPOIUCTOM
cranu B pactBope NaCl, u peakiuio 06pa3oBaHus TypHOYIIICBON CHHH.

2.5. Bonpocel [uist CaMOKOHTPOJIS

1. B uem 3akitovyaercs HE0OX0IUMOE TEPMOJMHAMUYECKOE YCIIOBHE MPOTEKAHUS
AIIEKTPOXUMUYECKON KOPPO3HH Kelle3a ¢ KUCIOPOIHOM enosapu3anueii?

2. IlepeuncnuTe OCHOBHBIE CTa MU KATOTHOTO MPOLIecca BOCCTAHOBICHUS KUCIOPOIa.
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4.3.4 OpopmiieHne KOMILUICKTA 3aJaHUM Vi1 KOHTPOJIbHOM padoThI

MunucrepcTBo 00pa3oBaHus U Hayku Poccuiickoit denepanuu
denepalibHOE FOCYIapCTBEHHOE OIOIKETHOE 00pa30BATENIBHOE YUPEKICHUE
BbICILIETO 00pa3oBaHus «balIKUpPCKUil rOCYIapCTBEHHBIN YHUBEPCUTET»
WNnxenepusiii pakynbrer
Kadenpa «Texnonornueckue MamHbl 1 000pyI0BaHUE

KoMiuiekT 3aganuii )it KOHTPOJIbHOI padoThI
no aucuuiuinHe «Koppo3usi KOHCTPYKIIMOHHBIX MATEPUATIOB»

DJIEKTPOJHBIE ITOTEHIINAJIBI
3.1. Ilenp paGoThI

Ompenenenre dSIEKTPOAHBIX TIMOTEHIIMAIOB HEKOTOPHIX METAUIOB B  pacTBOpax
AJIEKTPOJIUTOB, a TaKXKe IMPOBEpPKa BO3MOXKHOCTH TpPHUMEHEHHs ypaBHeHHsS HepHcTa mms
pacyeTa BEJIMYUH PAaBHOBECHBIX TIOTCHIUAJIOB.

3.2. Teopus Bompoca

[Ipu morpyxeHUu MeTaia B BOJHBIA PAaCTBOP AJIEKTPOJIMTA HA MOBEPXHOCTH METaJlIa
MPOTEKAET IMPOLECC B3aMMOACHCTBHS €r0 HMOH-aTOMOB C MOJIAPHBIMU MOJIEKYJIAMH BO/IBI.
[Ipouecc ruaparaniiy HOH-aTOMOB MeTajljla COMTPOBOXK/IAETCS BbIIEJICHHUEM SHEPTUH, 32 CUET
KOTOpO#l pa3pylIaloTCsi CBS3M MOH-aTOMOB METallsla B KPUCTAJUIMYECKOM pemnieTke U OHU
MEepPexXo/IAT B PAcTBOP B BHUJAE TMAPATUPOBAHHBIX KATHOHOB, a Ha MOBEPXHOCTH MeTaija
OCTa0TCS 0CBOOOAUBIINECS AIIEKTPOHBI
(Me"* ne) + mH20 — Me"™ - mH>0 + ne (3.1)

Cunbl 3IEKTPOCTATHYECKOTO B3aUMOJICHCTBUSL MEXAY M30BITOUYHBIMU 3JIEKTPOHAMHU Ha
METAJUIMYECKOM TMOBEPXHOCTH M TepelleAIIMMU B pacTBOp KaTHOHAMH MeTalia
MPEMSATCTBYIOT YAAJCHUIO MOCIEeIHUX B TNyOb pacTBopa. B pesympraTe MOBEpXHOCTH
MeTaia 3apsiKaeTcs OTPULIATENIbHO, a PACTBOP IEKTPOJIUTA - TOJOKUTEIILHO U Ha TPaHULIe
"MeTajul-pacTBOp"  BO3HUKAET JBOMHOM  DJIEKTPUYECKUM  CJIOM, KOTOPBIM  MOKET
(dbopMHpOBaTbCS TaKKe MPH aaCcOpPOLMHM Ha MOBEPXHOCTH MeTalljia 3apsXKEHHBIX YaCTHI]
pactBopa. [Ipu 3ToM MeTamn npuoOpeTaeT 3apsii OJHOTO 3HaKa, a OKOJIO €r0 MOBEPXHOCTU
oOpa3zyercs CI0W U3 HOHOB AIEKTPOJIUTA C IPYTHUM 3HAKOM.

Mexny ciosMu 3apsiIoB YCTaHABIUBACTCS ONpEEIICeHHAs Pa3HOCTh MOTEHIUAIOB, TaK
Ha3bIBAEMBbIN, "CKa4OK MOTEeHIMaa" Wik IpocTo "moTeHuan". 3Ha4uTeIbHOE KOJIMYECTBO
3apsHKEHHBIX YacTHUIl (HarmpuMmep, MepexoadiuX B paCTBOP KAaTHOHOB METalljla) HAXOUTCS B
HEMOCPEJCTBEHHON ONMM30CTU K METAJUIMYECKON MOBEPXHOCTU. DTH YacTULBI (POPMHUPYIOT
IUIOTHYIO YacTh JABOWHOTO OJIIEKTpUYEcKoro cnos (crmoit [enmbmroinblia), B KOTOPOM
peanM3yeTcsi TMPaKTUYECKH Bech CKayok moTeHnuana(p). I[lo wMepe ynameHus oT
MMOBEPXHOCTU METAJIJIa B PACTBOP AJIEKTPOJIUTA KOHLIEHTPALIUS JAHHBIX 3aPSKEHHBIX YaCTHUIL
MOCTENEHHO TNaJaeT, JOCTUrass B KOHIIE KOHIIOB 3HAY€HHUs, COOTBETCTBYIOIIETO HUX
KOHIICHTpalluu B o0beMe pacTBopa. DTy 4acTh HasblBaroT "pasmblToi" wimu auddysHoi
YacThIO JIBOMHOIO AJIEKTPUUYECKOTO cJ0s. Ee MpOTsSEHHOCTh 3HAYUTENbHO MPEBBIIIAET
TOMIIMHY c10s ['enbMIobIia, a peanus3yeMblil B Heil ckauok moTeHImana (i ), Kak IpaBuIio,
MEHbIIIE 110 BEJIMYMHE U FPAJUCHTY, YEM Ha FeIbMIOJIbLIEBCKOM YYacTKe JBOMHOTO CIIOSI.

PaBHOBecHBIE (0OpaTUMBIE) AITEKTPOABI 00IAAA0T OHOM, OOIIel IS BCeX DIIEKTPOIOB,
OCOOCHHOCTBIO: B HUX MPOTEKAET TOJHKO OJHA DIIEKTPOXUMHUYECKas peakius C paBHOU
CKOPOCTBIO B JIBYX MPOTHBOIIOJIOKHBIX HAMIPABJICHUAX (MIpsMasi U 0OpaTHAs PEaKIum).
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CymiecTByeT HECKOJIbKO TUIIOB PaBHOBECHBIX AJIEKTPOJIOB:
1. DnexTponsl MEpPBOrO pojaa - HEKOTOpbIE METAIbl B PAacTBOpaX CBOMX COJICH,
Haxodmuecsa B COCTOSIHUN PABHOBCCHUSA 110 OTHOIICHHUIO K OJTHOMMCHHBIM HOHAM:
(Me"* ne)+ mH>0 <» Me"" - mH>0 + ne (3.2)
2. DIeKTpoAbl BTOPOTO pOJAa MPEACTABISIOT COOOH MeETajul, MOKPBITBIA CJIOEM €ro
TPYJHOPACTBOPUMOTO COEIMHEHUs (COJIM, OKCHJAbI WM THJIPOKCHU]BI) U MOIPYKEHHBIN B
pacTBOp, COAEpKalIMiA TOT JKE€ AaHWOH, YTO M TPYAHOPACTBOPHMOE COCIUHECHHE
AIIEKTPOAHOTO MeTaia. CXeMaTH4YecKH OSIIEKTPOJ BTOPOTO POJAa MOXKHO MPEICTABISATH
cnemyromumM obpaszom: Me' || M*A, Me?
3.OKHUCIUTENbHO-BOCCTAHOBUTENBHBIE AJIEKTPOJIbl (PEAOKC-3JIEKTPOIbl), MPEACTABIIAIONINE
co0Ol MHEPTHBIA MeTaII (HallpuMep, IJIATHHY) B KOHTAKTE C JIEKTPOJIMTOM, COACPKAIUM

MIOHBI Pa3HBIX CTeNeHeil okncienHocTn (Hanpumep, Fe2*/F3* || Pt; Soj_ / 32082 ~||Pt).IIpu

AOCTMIKCHUHU PABHOBCCHUA 3HAUCHHC MOTCHIMAa MCTAJIJIa CTAHOBHUTCS IOCTOSAHHBIM, a €T0
BCIIMYMHA 3aBUCUT OT BHCIIHUX YCJ'IOBI/H\/JI (TeMHepaTypBI, ,I[aBHeHI/Iﬂ) U aKTUBHOCTHU HMOHOB
MCTaJliia B paCTBOPE U OMUCHLIBACTCA YPABHCHUEM HeDHCTa

_ 0 R T
¢M - ¢M + n. F In a‘»,"* ' (33)

IJI€ (v - PABHOBECHBIM MOTEHIIMAN MeTasuia, B;

0 o
¢M - CTAaHAAPTHBIM MOTCHIUAI MCTAJljaA, B, T.C. €ro MOTCHUHUAI B 3JICKTPOJIUTE, aKTUBHOCTH

MOHOB JJAaHHOTO METaJljla B KOTOPOM PaBHA €MHHUIIE;
R - ra3oBas nocrosinHas, paBHas 8,314 J[x/ (Moab-Tpan);

T - remneparypa 1o abcosnoTHOH 1Kane, K;

N - KOJIMYECTBO AJIEKTPOHOB, IPUHUMAIOIIUX YYaCTUE B JIEKTPOJIHOMN peaklnu;

F - moctostanas ®apanest, papHas 96493 K;

@ - aKTUBHOCTh MOHOB METAaJlIa B PaCTBOPE, MOJIb/JI;

a=fC, (3.4)

rae f - koo dumenT akTHBHOCTH (CM. TIPUJIOKEHHUE 5);

C - aHanmUTHYECKask KOHLEHTPALMs HOHOB METaljla B paCTBOPE, MOJIb/JI.

Jlis pa30aBiieHHBIX PACTBOPOB KOX(PGUIMEHT aKTUBHOCTU OJIM30K K €AUHHULE, U C
HEKOTOpPOH OIMMOKONH MOKHO CUUTaTh, YTO AKTUBHOCTh MOHOB METajula MPHOIU3UTEIHHO
paBHA UX AHAIUTUYECKON KOHLIEHTPALIUU B PAaCTBOPE.

[ToncraBuB B ypaBHeHue (3.3) 3HAYCHHS MOCTOSHHBIX Ui TemrepaTypsl 25°C wu
Mepeiis K JeCITUUHBIM JIoraprudmam, MoxyduM ypaBHeHue HepHcera B cienyroiieM BUE:

0,059
¢M = (0?[ + ’T Ig a'MfH (3'5)

W3 ypaBuenwus (3.3) cienyer, 4To MOTCHIMAI METAJIa U3MEHSIETCS B 3aBUCHMOCTU OT
KOHIICHTpAallMu COOCTBEHHBIX HOHOB MeTaJla B Jjekrpoiurte. [lpu yMeHbIICHHH
KOHIICHTPAIIMd HMOHOB MeTajyla B JJIGKTPOJIMTE (HAlpUMEp, CBS3bIBAHHE HX B ClIado
JMCCOIIMUPYIOIINE KOMIUICKCHI) TIOTSHIIMAN €r0 CMEIIAETCS B OTPUIIATEIIbHYIO CTOPOHY.

Ecnmu B mporecce B3auMMOAEWCTBHSI MeTala M DIEKTPOJIUTA y4acTBYIOT HE TOJIBKO
cOOCTBEHHBIE HMOHBI METajla, HO M JApPYrU€ HOHBl WJIM aTOMbl, TO BO3HUKHOBEHUE
PaBHOBECHOTO TOTEHIMAla HEBO3MOXXHO U TOrJa oO0pa3yeTcss HEpPaBHOBECHBIM WU
HeoOpaTHMbIN TOoTeHIMaN. B 3ToM ciydae motepst 1 MpUoOOpeTeHrne dEKTPOHOB METAIIIOM
OCYILIECTBISIIOTCS C Yy4YacTHEM pa3IUYHBIX BEIIECTB, W TMOTEHIIMAN MeTaljaa He
XapaKTepu3yeT HACTYIUICHHE pPaBHOBECHS Ha TMOBEPXHOCTU OJIEKTPOJa M Ha3bIBAETCS
HEOOPATHUMBIM.

YcToiftunBoe 3HaueHHE HEOOPaTUMOTO TMOTEHIMAala, YyCTAaHABIWBAIOIIEECS MPHU
PaBEHCTBE CYMM CKOPOCTEH aHOJHBIX U KaTOIHBIX MPOIIECCOB, HA3BIBAETCS CTAIIMOHAPHBIM
HeoOpaTHMbBIM TOTEHIMATOM. BennunHa ero 3aBUCUT OT MPUPOIBl MeTallja, COCTaBa U
KOHIIEHTPAIIUHU AJIEKTPOJIUTA, & TAKXKE OT BHEIIHUX YCIOBHIA.
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HeoOpatumble MmOTeHHMANbl HE TMOMYUHSAIOTCS — ypaBHeHWio Heprcra  (3.3),
CJIEIOBATEIILHO, UX HEIb3sI PACCUUTATh, @ MOYKHO OTIPECIIUTh TOJIBKO OMBITHBIM myTeM. st
pElIeHUs BOMIPOCA, SIBJISETCS JTU MOTEHIIMAI MeTalljla B JIJAHHOM PAacTBOpE OOpaTHMBIM WIIH
HEOOpaTHMBIM, CIIEYET COMMOCTAaBUTh TEOPETUIECKOE, PACCUUTAHHOE 10 YpaBHEHUIO (3.3), u
OTIBITHOE 3HAYCHUS MOTCHIINANIA U CPABHUTH 3aBUCUMOCTH €r0 OT aKTHBHOCTU COOCTBEHHBIX
HMOHOB B PaCTBOPE, MOJIYICHHYIO TEOPETHUSCKU U OTBITHBIM ITYTEM.

[Tox BusHUEM pas3IUMYHBIX (AKTOPOB BEIMYMHA HEPABHOBECHOTO MOTEHIIMAIA METalia
MOXXET H3MEHSATHCS, CMEIIAasCh B Ty HWJIM HWHYK CTOpPOHY. Bojblnoe BIUsSHUE HA €ro
BEIIMYHMHY OKA3bIBAIOT OKUCIIMTEIN, HAXOASIIUECS B SJICKTPOJIMTE, IO JCUCTBUEM KOTOPBIX
Ha TOBEPXHOCTH MeETalla MOXET 00pa3oBaThCsl 3allUTHAs IUICHKA, YTO TIPUBOJHUT K
CMEIICHHUIO TMOTCHIMAA B TIOJOXUTEIBHYIO CTOPOHY. 3allUTHBIC IUICHKH MOTYT
00pa30BBIBATHCS TAKKE 33 CUCT OTIIOKEHUS HA MOBEPXHOCTH METaslia TPYAHOPACTBOPUMBIX
MPOJIYyKTOB KOppo3uu. [IpucyTcTBME B pacTBOpe BEIIECTB, PACTBOPSIONINX  HIIN
paspyliarommx 3allUTHBIE TUICHKH (HampuMep, WOHOB-aKTUBATOPOB) MPHBOJIUT K
CMEIIIEHUIO MTOTEHIIMAJIa METAJlIa B OTPULIATEIbHYIO CTOPOHY.

Heo0xommMo OTMETUTh, YTO B HACTOSIIEE BPEMsI HET JOCTATOYHO HAJCIKHBIX METOJIOB
IKCMEPUMEHTAIBLHOTO OMNPENCICHUS WM TEOPETUYSCKOTO BBIUYUCICHUS a0COTIOTHBIX
3HAYEHUH TMOTEHINAJIOB (CKAaYKOB 3apsJIOB B JIBOMHOM 3JICKTPHYECKOM CJIOE), TIOATOMY HX
OTIPEIEIISAIOT M0 OTHOIIEHUIO K IPYTOMY 3JIEKTPO.Ty, Ha3bIBAEMOMY DJIEKTPOJIOM CPaBHEHUS.
BenmuunHy moTeHIMAIa MeTallla, M3MEPEHHYIO TI0 OTHOIIEHHUIO K JJIEKTPOJy CpaBHEHUS,
HA3BIBAIOT DJICKTPOJIHBIM ITOTEHITUAIOM.

OOBIYHO B KadecTBE OJJIEKTPOJIAa CPABHEHHUS IPUMEHSIOT BOJOPOIHBIA 3JIEKTPOI,
MOTCHIIMATT KOTOPOTO TPH JIO00W TemIiepaType NPHUHUMAOT paBHBIM HYym0. OmHAKO
BOJIOPOJIHBIN 3JIEKTPOJl HEe yAoOeH B padoTe M Ha MPAKTUKE Yallle HCIOJIb3YIOT IpYyrue
AIIEKTPOJBI CPAaBHEHHUS, HApUMeEp, HACBIIIEHHBIA XJIOpCEpEeOpsSIHBINA AIIEKTPOJI, MOTEHIHAI
KOTOPOT'O TOYHO U3MEPEH MO OTHOLICHUIO K BOJOPOIHOMY IEKTpo 1y U paBeH +200 MB npu
KOMHATHOW TeMIepaType.

Jis Toro, utoObl MepecuuTarh MOTEHLMAA MeTalsla, U3MEPEHHBIH OTHOCUTEIHHO
XJI0pcepeOpsIHOrO 3IEKTPOJa, MO OTHOUIEHUIO K BOJAOPOJHOMY 3JIEKTPOAY, HOCTATOYHO K
MOTEHIIMATy MeTallla, B3STOMY CO CBOMM 3HAaKOM, ajareOpanyeckd mpuOaBUTH MOTEHIHAI
XJIOpCEpeOPSHOTO AMMEeKTpoa, T.e. +200 MB:

(DM/HZ = (DM/m.cep + @m.cep. (36)

rae @y p, - TOTEHIMAN METAJLIA TI0 BOJOPOAHOMY JIIEKTPOY, MB;

Ditx1.cep - TOTEHIMAT METAILIA 10 XJIOPCEPEOPAHOMY DIIEKTPOLY, MB;

?., cep - MOTEHLIMAT XJIOPCEPEOPsIHOTO 35eKTpoaa (+200 MB).

[lepen nmpoBeneHreM pabOTHI CIICAYET 03HAKOMUTBCS CO CIICIYIOIUMH BOITPOCAMH:
1. 3MepeHHre MOTSHIMAIOB METAJUIOB (METOBI U 3JICKTPOIbI CPABHEHUS).
2.PaBHOBECHBIC W HEPABHOBECHBIC IOTCHLHUAIbBI; PsAJ CTAHJAPTHBIX  3JCKTPOIHBIX
[TOTEHIIHAJIOB.
3. V3MepeHue MOTEHIMAIIOB META/NIOB B 3aBUCUMOCTH OT COCTaBa M KOHIIEHTpAIUU
AIIEKTPOJINTA.
3.3.I1poBeaeHne pabOThI
DNeKTpOoHbIe TOTEHIMATBl MEAM, JKelie3a U AOMUHUS OMPEIENSIIOT B CIEAYIONINX
ANEKTPOJIUTAX:
Menb: CuS0s- 1M; 0,1M; 0,01M; 0,001M,
H»S0s- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
xkene3o. NaOH- 0,5M,
NaCl- 0,5M,
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K>Cr207 - 0,5M,
amomunnii: NaCl - 0,5M,
K2Cr07 - 0,5M.

OnexTpoasl (KpoMe aJlOMUHUS) OYMILAIOT HAXJAa4HOW Oymaroil, mpoTuparoT BaToH,
CMOYEHHOW Aall€TOHOM, M 3aKpEIUIAI0OT B KJIEMMAaxX, YCTAaHOBJEHHBIX B H30JIMPYIOLIUX
IJIaCTUHKAX.

[loTeHnmanel M3MEPSIIOT € IOMOILIBIO YHUBEPCAIBHOIO HMOHOMepa Tumna OB-74.
[IpenBapuTenbHO 03HAKOMUBIINCH C pabOTOM HMOHOMEpa (IIpUiIoKeHue 4), sl U3MEpEeHus
MOTEHIIMAJIOB COOMPAIOT TaJbBAHUYECKYIO Ienb (puc.3) M3 HCCIEAYeMOTro JIIEKTPO/Ia,
ONYIIEHHOTO B COOTBETCTBYIOIIMH AJIEKTPOJHUT, M  XJIOPCEPEOPSHOTO 3JIEKTPOJa,
MOMEIIEHHOTO B HachImeHHbIH pacTBop KCl, coeanuuB pacTBopbl C)OHOM, 3aIOJTHEHHBIM
HackimeHHbIM  pacTBopoM KCl. Benmwumna D.J[.C. cOCTaBJIEHHOTO TallbBAHUYECKOTO
3JIEMEHTA OJHOBPEMEHHO SBJIAETCS JIEKTPOAHBIM MOTEHIIMAJIOM HCCIEAYeMOT0 MeTalja 1o
OTHOIICHHIO K XJIOPCEPEOPSIHOMY IEKTPOLY.

D.4.C. cocTaBleHHBIX TaJbBAHUYECKUX 3JIEMEHTOB H3MEPSAIOT, MOOYEPETHO OIyCKas
pabourie 3MeKTPO/Ibl B paCTBOP U MOJAKIIOUas UX K HOHOMepY. [Topsaok n3mepenus onucan
B MHCTPYKIIUHU (CM. TIpUIIOKEHUE 4).

1 - mwwumBOIRTMETP; 2 - KOHTAaKTHas KiemMMma;, 3 -

2 u30JMpylomas IulactuHa; 4 - 2JIEKTPOJIUTHUECKUN
4 = MOCTHK; 5 - XJOpCepeOpsSHBINA AIEKTPOJ CpaBHEHHS; 6 -
g LY, pactBop KCl; 7 - creknsHHbIA cTakaH; 8 - pabouwii
] anektpoa; 9 - paboumit snekTpod; 10 - KOaKCHIIBHBIHA

7 KaOeInb
- = —§ Puc.3. Cxema yCTaHOBKU [JIi U3MEPEHHUS DIIEKTPOIHBIX

4:.\\. ’ MOTEHITHAIOB

—— 10 [Tocne onpenenenus: BEMWYUHBI IOTEHIIMANA 3JIEKTPOJI OT-

KITFOYAIOT OT U3MEPUTEIHHOU CXEeMBI (HO HE BEIHUMAIOT U3
pacTBopa), MOJAKIOYAIOT CICAYIOMNN JECKTPOI U BEIYT H3MEPEHHE TAKUM e 00pa3oMm.

[Ipu mepenoce cudoHa M3 OJHOTO PACTBOpa B JAPYrod KOHEIl €ro, MOrpy)KacMbli B
pacTBOp, HY)KHO OOMBITh CTPYEH TUCTUITMPOBAHHOM BOJIBI, TIOJIB3YSICh MMPOMBIBAIIKOM.

JIst M3y4eHus] KWHETHKA MU3MEHEHHUS TMOTEHIIUAJIOB UCCIICAYEMbIX METANIOB U3MEPSIOT
WX HavdaJIbHBIC TIOTCHITHABI (Cpa3y ke MOCie MOTrPyKeHUsT 00pasIoB B 3JIEKTPOJINT), 3aTEM,
cinyctss 30 MUH OT Hayajia ONbITa U BHOBB, cycTss 60 MUH OT Havajia omnbITa. BeanyuHbl
M3MEpPEHHBIX MOTEHIHAIOB C YU€TOM MX 3HAKOB 3aHOCAT B Ta0x. 3.1.

B 3, 4 u 5-ii rpadax TaOnMIBI 3aMKMCHIBAIOT M3MEPCHHBIC 3HAYCHHS IOTCHIIMAIOB B
MUJUIMBOJIBTAX MO XJopcepeOpsiHoMmy anektpony. B 6, 7 u 8-t rpadax - BbIYMCICHHBIC
MTOTEHIINAJIBI METAJIJIOB OTHOCUTEIBHO BOJIOPOIHOTO JIEKTPOIA.

3.4. O0pabOTKa ONBITHBIX JaHHBIX

Pesynbrarel paboTel mpencTaBisioT B Tabm. 3.1, a Takke B BuAe Trpaduka:
SKCIIEPUMEHTaJIbHAs M TeopeTudeckas (paccuuTtaHHas no ¢opmyne HepHcTa) 3aBUCMMOCTD
BETMYMHBI TIOTEHIIMANa METHOTO 3JIEKTpPOoJia B pacTBOpax cynbhara mMeau OT jorapudma
AKTUBHOCTH MOHOB METAJUIA B 3JIEKTPOJIUTE.

3.5. Bonpocs! a1 caMOKOHTPOJIS

1. Kakue cuctemsl B 371€KTPOXMMHUH HA3bIBAIOT PABHOBECHBIMU?

2. B xakux ycloBUAX BO3HUKAIOT HEPABHOBECHBIE (HEOOPATUMBIE) TOTEHIIMABI?

3. Kak omnpenenuTh 3HAYE€HUE CTAHJAPTHOTO OKHUCIMTENIBHO-BOCCTAHOBU-TEIBHOTO

an
HOTEHIIMANA CUCTEMBI MO0 TPpadHKy 3aBUCUMOCTH @, jp.q = T (IN —2)?
Red

4, HOLICMy BHCKTPOI[HHﬁ MOTCHIHMAJ KCJIC3a B PaCTBOPC NaOH co BPEMCHCM CTAaHOBUTCSA
Ooee MOJIOKUTCIIBHBIM, a MIOTCHIUAI MEIHU B PACTBOPEC NPAKTHUICCKU HE MCHACTCA BO
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BpEMEHHU (CM. IKCIIEPUMEHTAJIbHBIE PE3YJIbTaThl)?

5. Hanumure 31eKTpoOXUMUYECKHE peaKLi, IPOTEKAIOIINE Ha )KEJIE3HOM 3JIEKTPOJIE B
pactBope Nad. Kakoii mpu 3TOM yCTaHABIMBACTCS MMOTSHIIUAN - PABHOBECHBIN (0OpaTHMBbIii)
WA HEPAaBHOBECHBIH (HEOOpATUMBIiA)?

bubnuorpaduyecknii coucok

1. XKyx H.II. Kypc Teopun koppo3uu u 3aiiuTel MeTaiioB. -M.:Metamnyprus, 1980. C. 149-
188, 341-369.

2. TTaxomoB B.C. Kopposust u 3ammra XHMHYECKOH ammaparypbl. DJIEKTPOXHUMHYECKAs
KOppO3usi MEeTaJUIOB: YuebHoe nocodue. -M.: MUXM, 1983.- 80 c.

JlabopaTropnasi padora 4
KOHTAKTHAS KOPPO3UA U KATOJJHAS 3AIIUTA METAJIJIOB
4.1. llens paboThI

N3yuenue sBICHUST KOHTAKTHOW KOPPO3WUM METAUIOB, O3HAKOMIIGHHE C METOJIOM
KaTOJTHOM DJEKTPOXUMHYECKOW 3alUThl C TIOMOIIBIO TPOTEKTOpa W TOJAPU3AMNH OT
BHEIITHETO MCTOYHUKA TOKA.

4.2. Teopus Bompoca

4.2.1. KonTaktHas KOppo3usl.

KoHTakTHON KOpPpO3WEl HAa3bIBAIOT JJIEKTPOXUMHUYECKYIO KOPPO3UIO0 METAJJIOB,
HMMEIOILIUX pa3HbIe AIIEKTPOIHBIE (KOPPO3UOHHBIE) MOTEHIIMAIBI U HaXOAIINXCS B pacTBOPE
AIIEKTPOJIUTA B KOHTAKTE JIPYT C APYTrOM.

Mertaini, morpyXeHHbIH B pacTBOP 3JIEKTPOJIUTA, B KOTOPOM OH TEPMOJIUHAMUYECKH
HEyCTONYMB (T.€., €CIIM B PAacTBOPE HUMEETCS OKHCIUTENb, PAaBHOBECHBIN MOTEHIHAI
KOTOpOTO 0o0Jiee TOJOKUTENbHBIN, YeM pPaBHOBECHBIM IMOTEHIMAT MeTaljla B JIaHHBIX
YCIIOBHUSAX), MOJBEpPraercsa 3JICKTPOXUMHUYECKON Koppo3uu. [Ipm 3ToM Ha MOBEPXHOCTH
MeTajjla MPOTEKAIOT aHOJHAS peakius PpacTBOPEHUS MeTaula M KaToJHas peaklus
BOCCTaHOBJNIeHUs! okucinutens. Koppenupyromas MoBepXHOCTh MNPUOOpETaeT HEKOTOPHIN
KOMITPOMHUCCHBIH 3JIEKTPOIHBINA MOTEHIMAN (TIOTEHIMAI KOPPO3HH), TP KOTOPOM CKOPOCTh
pacTBopeHusi MeTaula (QHOJIHBIM TOK) paBHA CKOPOCTH BOCCTAHOBICHHS OKHUCIUTENS
(KaToHBIN TOK).

[Ipyn 3aMbIkaHUU B PAcTBOpPE JJIEKTPOJIMTA [BYX METAIJIOB, HUMEIOUIMX B JaHHBIX
YCIOBUSX pa3Hble MOTEHIIMANIBI KOPPO3UHU, 00pa3yeTcs rajJbBaHuvecKas mapa.

JlJ1s mpaBUIBLHOTO MMOHUMAaHHUS MPOIIECCOB, MPOTEKAIOIINX B TAKOU Mape, 1eaecooopazHo
MPOBECTH aHAIMU3 €€ PaboThl C MOMOIIBIO MOJSPU3ALMOHHON Auarpammbl (puc.4). IlycTs

Metaibl "1" u "2", umerolue B TaHHBIX YCIOBUAX PABHOBECHbBIE MOTECHIUAIBI (Z)AZI qu,f;z ,
MOTPY)KEHbl B PACTBOpP, B KOTOPOM MPUCYTCTBYET OKHUCIHUTEIb C PAaBHOBECHBIM

p
OTCHIMAJIOM wox . Ecin QJICKTPUYCCKOTO KOHTAKTAa MCKAY METAJlllaMH HCT, TO TOUKHU (1 )51

2) mepeceyeHus aHOIHBIX (JIMHHUHM a1 M a2) U KaToAHbIX (JuHUK K1 U K2) HONsSpU3ainOHHBIX
KPHUBBIX Ul KaXJOrO M3 METAJUIOB OTBEYAIOT YCJIOBHIO CTAallMOHAPHOCTH KOPPO3HMOHHOTO
noteHiuana (la = lk) ¥ moTomMy ONpenensoT BEIWYMHBI MCXOJHBIX CKOPOCTEH KOPpO3UHU
(lkop1, lkop2) M IOTEHIIMATIOB KOPPO3UH ((Propl, Prop2) METAILIOB.

Ecmu meramner 1" n "2" KOPOTKO 3aMKHYTH , T.€. IPUBECTU B KOHTAKT (AJIEKTPUUYECKH
COEJMHUTH), TO B Cllyyae, KOIJla OMHMYECKOE CONpPOTHUBICHHE PacTBOpa IMPEeHEOPEKUMO
Majo, KOHTAKTUPYIOIIME METAJIbl JIOJDKHBI MPHOOPECTH HEKOTOPBIH OJWHAKOBBIN
KOMIIPOMHMCCHBIH TOTEHIMaN ¢s. BenuumHa 3TOro mOTEHIMala MOXKET ObITh HaiineHa
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rpadUUecKd M3 YCIOBHS CTAlMOHAPHOCTH 3JIEKTPOJAHOTO IMMOTEHIHAla - CymMMa BCEX
AHOJIHBIX TOKOB JIOJDKHA OBITh paBHA CyMME BCEX KaTOJHBIX TOKOB
21, =21 4.1)

Ji1st 3TOr0 HEOOXOJMMO MPOBECTU TpadHUECKOe CyMMUPOBAHNE aPIHATbHBIX aHOIHBIX
(muHMM a1 W a2) W KaroaHbix (muHUM Kin K>) TOJSIPU3AIMOHHBIX KPHUBBIX. Todka
nepecedeHus: (X) CyMMapHOW aHOJHOW TOJIIPU3AIMOHHON KPHBOW (ax) WM CyMMapHOMH
KaTOJHOHM moJsipu3annonHor KpuBoil (Kx) oTBewaeT paBeHCTBY (4.1), a ee aOcuucca
SBIISICTCSI UICKOMBIM KOMITPOMHICCHBIM MOTEHITHAIIOM 5.

Y CTaHOBHUBIIMICS B KOPOTKO3aMKHYTOM JBYX3JIEKTPOJHOW CHUCTEME KOMIIPOMHCCHBIN
MOTEHIMAJ (s IMEET 3HAUEHHE, TPOMEKYTOUHOE MEXKTy NTEPBOHAYATBHBIMH MTOTCHIIHAIAMH
KOPPO3UU METAIUIOB (kopl <@Pop2. 1AKUM 0Opa3oM, B pe3yibTaTe KOHTAKTa MPOMCXOJUT
CMEIIeHNE MOTEHIIUalIa KOPPO3uH 0oJiee IEeKTPOoOTpHIIaTesbHOTO MeTayma "1" (aHogHOTO
MeTajjla) B MOJIOKUTEJIbHYIO CTOPOHY - aHOJHas IMOJSpU3alusl, U CMEIIeHHe MOTeHIrala
KOppo3uu 0ojiee  DIEKTPOIOJIOKHUTEIbHOTO MeTawia 2"  (KaToMHOTO MeTauia) B
OTPHIIATEIIEHYIO CTOPOHY - KaTOAHAs MOJISIpHU3alusi. JDTO MPUBOIUT K COOTBETCTBYIOIIEMY
M3MEHEHHIO CKOPOCTEH aHOIHBIX M KaTOJIHBIX AIIEKTPOIHBIX IPOIECCOB HAa KOHTAKTHU-
pyromux Meramiax. JJedcTBUTENBHO, TP HOBOM O0IIeM moTeHmuane ¢s metamwt "1" Oyner
pacTBOPATHCS (KOPPENTHPOBATh) CO CKOPOCTHIO I a1, GOMBIIEH, YeM CKOPOCTh €ro KOppo3uH
10 KOHTAKTa lopi- MeTamn "2", Ha060pOT, IPH KOHTAKTe PacTBOPSETCA CO CKOPOCTHIO | a2
MEHbUIEH, YeM CKOPOCTh €ro KOPPO3UHU JI0 KOHTAaKTa lwop2. Takum 00pa3zom, pacTBOpeHHE
aHOJIHOTO METaJUla YBEJIMYMBAETCS, a KATOJAHOTO - YMEHbILIAeTCsl.

Ecnu o0t moteHnman makpomnapbl (sOyAeT MeHbIe PaBHOBECHOTO IOTEHIIHala

KaTOJIHOTO MeTajlia (0,{}2, TO pacTBOpeHHE (KOppo3usi) 3TOro MeTayuia 2" mpekpaTuTcs

BOBCE.

[Ipu  ycTaHoBHBIIEMCS TMOTEHLMAJIe MakKpomapbl (@sHa HM3HA4YaJbHO  OoJiee
3IEKTPOOTPULIATENLHOM MeTamae "1" CKOpOCTh aHOJHOTO mpolecca a1 CyIIeCTBEHHO
GoIbIlIe CKOPOCTH KAaTOAHOTO Mporecca lki , a Ha M3HAYalbHO 0OJee ANEKTPOMOJIOKH-
TeNnbHOM MeTaie "2" CKOpoCTh KaTOJHOTO Tporiecca I k2 3HAYNTENHHO OOJIbIIE CKOPOCTH
aHoHOTO nponecca I a.

Pa3uuma B CKOpOCTAX KaTOAHOTO M aHOJHOTO MPOIECCOB sl KaXKJIOro MeTaija
SBJIIETCS BHEIIHUM TOKOM, KOTOPBIM JaHHBIM MeTaJll HampaBiser Apyromy (WU
MIPUHUMAET OT HET0), ¥ MPECTaBISAET COOOI, MO CYIIECTBY, IOTOK 3JIEKTPOHOB OT aHOTHOTO
MeTaia K KaToJJHOMY

" =l =1 1™ =1 =1y (4.2)

Jlis ABYXdIEKTPOJHON CHUCTEMbl BHEIIHHE TOKH KaKJOTO W3 METAJUIOB PaBHBI I10
a0COTIOTHON BEJIMYMHE M MPOTUBOTIOJIOKHBI 110 HANIPaBlIeHUI0. B TaHHOM ciiydae BHEIIHHIA
Tok Mertamuia "I" Oyamer aHomHbiM, a Mertayuia "2" - kaTonHeIM. Takum oOpa3oM, B
raJibBaHM4YeCcKoil Mmakpomnape Metain "1" paboTaer aHomoM, a MeTasut "2" - kKatoAoM. 3a cUeT
BHEIITHET0 TOKA U OCYILECTBIISIETCS] COOTBETCTBYIOIAS MOSPU3AIIHS JIEKTPOIOB.

B cayyae 3aMeTHOrO  OMMYECKOTO  CONPOTHBIIEHHMS  arpeCCUBHOM  Cpelbl
paccMaTpuBaeMasl  JIBYXDJIEKTpOJHAs  CHUCTEMa YK€ He  SBIIAETCS  IOJHOCTHIO
3aMoJsipU30BaHHON - OOLIMI TMOTEHIMAl HE YCTaHaBIMBaeTCA. MeTalabl MaKpomapsl
NIPUOOPETAIOT HOBbIE MHAUBHIYalbHBIE JEKTPOIHBIE TIOTEHIUANBI O wopl U @ rop2. LIpH 3TOM
Propl <(p”Kop1 <(p”Kopz<(pKopz. PaznocTh moteHnumano Ag = (p”Kopz - (p”Kopl IponopUHOHAIbLHA
OMHYECKOMY COMPOTHUBIIEHUIO PACTBOPA U BEIMYMHE BHEUTHETO TOKA MaKpOMaph.

Takum 00pazom, KOppO3Us METajia B PaCTBOPE AIEKTPOIUTA MOXKET OBITh 3aMeJJICHa C
MOMOIIBI0 KOHTAKTa C 0OJiee AIEKTPOOTPHUIATETFHBIM METAIUIOM (QHOJIHBIM KOHTAKT) WA
yCKOpEHa BCIEACTBHE KOHTAaKTa C 0o0Jjiee 3JIEKTPOIOJIOKUTEIHHBIM METaNIOM (KaTOIHBIN
KoHTakT). Cka3aHHOE CHpaBeUIMBO I CIIy4aeB KOPPO3MH METANIOB B aKTHBHOM
cocTostHMM. Ecniu BO3MOKHA NaccuBalysi OCHOBHOT'O METalJIa, TO KaTOJHBIA KOHTAKT MOXKET
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CIOCOOCTBOBATh HACTYIUICHHIO TTACCHBHOTO COCTOSIHUSI OCHOBHOT'O METAJlIa U YMEHBIIICHUIO
ero ckopoctu koppos3uu. C apyroil CTOpoHsI, JiIsi TACCUBHOTO METaJIa aHOJHBIA KOHTAKT
OTaceH, TaK KaK MOXET MPHUBECTH K MEPEX0Jly U3 MAaCCUBHOTO COCTOSHUS B AKTUBHOE U
YBEJIMYEHHUIO CKOPOCTH KOPPO3UH.

KoHTtakTHas KOppo3us SABISAETCA NPUYMHOM YCKOPEHHOIO pa3pylleHUs KOHCTPYKIIMM,
CMOHTHUPOBAHHBIX U3 PA3HOPOIHBIX METAJIJIIOB.

D HeKTHBHOCTD YCKOPSIOMIETO ACHCTBHS KATOJHOT'O KOHTAKTa Ha KOPPO3UIO OCHOBHOTO
MeTajula B YCJIOBUSX AKTHMBHOTO pPACTBOPEHHS 3aBUCUT OT BEJIIMYHUHBI PaBHOBECHOTO
AJIEKTPOJIHOTO TOTEHIIMANa KAaTOJHOTO METaJlyla B JIAHHBIX YCIOBUSIX M 3aTPYAHEHHOCTH
(mepeHanpspKeHHs) aHOJHOTO M KaTOJHOTO MPOILIECCOB HA KaTOJHOM MeETajlie, a Takke OT
COOTHOIIICHUSI TIOBEPXHOCTEH KAaTOJHOTO M OCHOBHOTrO (aHomHOro) mertamuioB (Sz : Si).
KonTakTHas Koppo3usi TeM WHTEHCUBHEH, ueM OoJiee TIOJIOKHUTEIIEH paBHOBECHBIN
MOTEHITMAJ KaTOHOTO METaJlJIa, YeM BBIIIE TIePEHAIIPSKEHNE €r0 aHOHOTO PAaCTBOPEHHS U
YeM MEHBIIIE MepPEHAIPsHKEHNE BOCCTAHOBIICHHSI OKUCITUTENSI HA €r0 TTOBEPXHOCTH, a TaKkKe
4yeM 0O0JIbIIIE OTHOIIEHUE TTIOBEPXHOCTEN KaTOAHOTO U OCHOBHOTO METAJIJIOB.

4.2.2. KatoaHas dJIEKTPOXUMHUUECKAs 3allUTa

Ha wu3MeHeHMM CKOpPOCTH pacTBOPEHHUS MeTajjla MPH €ro KaTOAHOW MOJSpU3aluu
(cmerieHue TOTEHIIMANIA B OTPHUIATEIBHYIO CTOPOHY) OCHOBAHA AJIEKTPOXUMHUYECKAS
KaToJIHas 3alllUTa METAJUIOB OT KOppo3uu. OCYIIECTBUTH KATOJHYIO 3aIIUTY MOXKHO JBYMS
cIoco0aMH.

OmuH W3 HUX 3aKIIOYaeTCs B MPHUCOCIWHEHUHM K 3allANAEMOMY METaUTMYeCKOMY
M3JIETTUI0  KaKoro-imbo Jpyroro MeTajia, WMEIONIET0 B JIAHHOW arpecCUBHOU cpene
nmoTeHIan 0ojiee OTPUIIATENIBHBINA, YeM MOTEHIMAN 3amuiaeMoro meramia. [Ipucoenu-
HSAEMBIM MeTaJul paboTaeT aHOJOM B TaJbBAaHWYECKOW Mape ¢ 3allHIIaeMbIM METaIOM U
YCKOPEHHO PpacTBOpsETCS. OTOT Cmoco0 Ha3bIBaeTCs '"MPOTEKTOPHOUW 3amuToil”, a
MPUCOCIUHSAEMBIA AJIEKTPOJ - MPOTEKTOpoM. MarepuaaoM uisi NPOTEKTOPOB B Cllydae
3alIUThl KOHCTPYKLMI W3 HEJIETHPOBAHHOW CTajdd 4acTO CIYKUT LMHK WM CIUIaBbl Ha
OCHOBE JIIOMUHMS U MarHus. B mporecce 3auThl NPOTEKTOPHI MOCTENIEHHO PACTBOPSIOTCS,
MO3TOMY UX MEPUOJANYECKH 3aMEHSIOT HOBBIMHU.

Bropoit crmoco® 3IeKTpOXMMHYECKOW KaTOAHOW 3alluThl COCTOMT B KaTOJHOM
MOJISPU3AlMK  3aIMIIAEMOT0  HM3JIEJIUsl OT ITOCTOPOHHEro (BHEIIHEro) HCTOYHHKA
MTOCTOSTHHOTO TOKa (BBIPSAMHUTEIISA, AKKYMYJIATOPHOM OaTapew U T.I1.), TaK Ha3bIBaecMas, "ka-
TOJIHAs 3alllUTa BHEIHUM TOKOM'" mim "amekTpo3amurta’. [Ipu 3ToM 3amuiaeMblii MeTall
MOJICOEIMHAIOT K OTPULIATEIbHOMY MOJIFOCY BHEIIHET0 MCTOYHHKA, a K IMOJIOXKHUTEIHbHOMY
MOJIIOCY MIPUCOEIUHSIOT MOTPYKEHHBIM B arpeCCUBHYIO CPEly BCIIOMOTATENIbHBIN 3JIEKTPOI
M3 DJEKTPONpPOBOMSIIEr0 MaTepuaia. B kauecTBe MaTepuagoB BCIOMOTraTelbHBIX
3JIEKTPOJIOB MPUMEHSIOT TaKue, KOTOPBIE UM COBCEM HE PAaCTBOPSIIOTCS IIPU aHOHOM OIS -
pU3alliy B JaHHBIX YCJIOBUSX (TpaduT), UM PACTBOPSAIOTCS C OYCHb MAJbIMU CKOPOCTIMU
u3-3a 00pasoBaHMs 3alIMTHBIX cloeB (Pb). Ha BcmomoraTenbHBIX HEPAaCTBOPUMBIX
3JIEKTPOJIaX B BOJHBIX pAacCTBOpax IPOTEKAET aHOJHAs pPEaKIus BBIACICHUS U3 BOJbI
ra3z000pa3HOro KUCIOpoa.

D¢} dekTHBHOCTh KAaTOMHON AIEKTPOXUMUYECKON 3alllUThl MPUHATO XapaKTepHU30BaTh
JBYMsI TIOKa3aTeNsIMU: 3alUTHBIM b dheKkToM

z=%%.100 (4.3)

u KOBd)d)I/IHI/IeHTOM 3alIMTHOTO ACHCTBUS

K =29 ~A0%, (4.4)

3
rzie Z - 3amuTHbIi 3¢ dekT, %o;
Ko - MaccoBblii oka3aTesb KOPpO3HH MeTaslia 6e3 3aluThl, T/(M*-4);
K1 - MaccoBblil MmokazaTenb KOPpPO3MHM MeTajula NpU NPUMEHEHUH KaTOJHOM 3aIlMTHI,

rJiM"a);
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Ks - ko3 duineHT 3ammTHOTO ACHCTBUSA, I/A;

Ago - MacCoBBIE TIOTEPH MeTasIa 6e3 KaTOHOM! 3aIIHuTh, T/M2;
AQ1 - MaccoBble TIOTEPU MeTallIa P KaToIHOM 3aiuTe, r/m?;
i5 - TIOTHOCTB 3AIIUTHOTO KATOAHOTO TOKa, A/M2,

KarogHoll »51eKTpOXUMHUYECKOW 3allUTOW MOKHO JOOMTHCS IOJHOTO IPEKpaIeHUs
KOpPpO3UH MeTajlja. DTO INPOUCXOAMT, €CIH MPU MPUCOEAUHEHUH MPOTEKTOpa K MeETaJlIy
WIKM [pU MPONYCKAaHMM 4Yepe3 HEero IOCTOSHHOTO TOKa OT BHEIIHEr0 HCTOYHUKA
AJIEKTPOJHBIN MOTEHIMAI MeTajllla JOCTUIHET 3HA4eHMsI ero oOpaTUMOro (paBHOBECHOTO)
MOTeHIMana (Uil CcIijlaBa - paBHOBECHOTO IMOTEHIIMajda HauloJiee AIEKTPOOTPULIATEIbHON
aHOJIHOM cocTaBJAOIIEN cruiaBa). [[ist ctanyu TakuM MOTEHLMATIOM SIBJISIETCSl paBHOBECHBIN
MIOTEHIIMAJ JK€JI€3a B IaHHBIX YCIOBUSIX.

DNEKTPOXUMHUUYECKYIO 3alllUTy MPUMEHSIOT B CIydae KOPPO3UH METAJUIOB, HAXOASIIUXCS
B XOpOLIO HPOBOJSIIMX Cpelax - pPAacTBOpax 3JIEKTPOJIUTOB, MOCKOJIbKY, 4YE€M BBIIIE
AJIEKTPONIPOBOIHOCTh Cpenbl, TeM OoJiblle CMeIIaeTcs MOTEeHIual MeTala B OT-
pHULIATENIbHYIO CTOPOHY IIPH €r0 KaTOJHOM MOJISIpU3aLUH.

B cnyyae mpoTeKTOpHOW 3alUTHI pauyc AEHCTBUS MPOTEKTOpPa, T.€. MPOTSHKEHHOCTh
METAJNINYECKOW KOHCTPYKLIMHM, HAa KOTOPYIO paclpocCTpaHseTcs 3alluTHOE JelCTBHE
MIPUCOEMHEHHOTO MPOTEKTOPa, MPHU MPOYUX PABHBIX YCIOBUSAX TeM OoOJbllle, YEM BBILIE
ANIEKTPOTIPOBOIHOCTL cpelpl. Hamprumep, B MOpPCKOW BOJ€ OH JOCTHTaeT HECKOJbKHX
METPOB, a B BOJIOTIPOBOJIHOM OrpaHUYEH HECKOJIbKUMU CAaHTUMETPaMH.

[Ipu karomHO# 3amuTe BHENTHUM TOKOM BHIOOP ONTUMAIbHOW TUIOTHOCTH KaTOJHOTO
TOKa MPOU3BOJAT C yYETOM BBICOKOTO 3alIMTHOTO 3¢¢ekra Mpu JOCTATOYHO BBICOKOM
KO3 (UIIMEHTEe 3alUTHOTO JEHCTBUS, T.€. 3HAUUTEIBHOIO YMEHBIIEHHUS KOPPO3MOHHBIX
NOTEPh Ha KAXIYI0 €MHUILY INIOTHOCTH 3aIlIUTHOI'O KaTOJIHOTO TOKA.

Ecin mpu snekrposamure MIOTHOCTh 3alllUTHOTO TOKAa MOXHO pErylIHpoBaTh B
HIMPOKMX IpeJenax, TO MpH 3allMTe ¢ MOMOIIBIO MPOTEKTOpa CTENEHb €€ 3aBUCUT OT €ro
IEKTPOXUMUYECKUX XapaKTEPUCTHK: HAYaJIbHOIO HJIEKTPOJHOTO MNOTEHIMajla, aHOJHOMN
MOJIAPU3YEMOCTH (CTENEHM HM3MEHEHUs MOTEHIMajga IpU MPOTEKAaHMM BHEIIHEro TOKa),
BEJIMYUHBI TOBEPXHOCTH.

Karonnas snexTpoxumuyeckas 3amuTa - 3(p(EeKTUBHBIA M 3KOHOMUYECKH BBITOJHBIH
METOJI 3alUThl OT KOPPO3UH METAJUIMYECKUX KOHCTPYKLHMH B MOpPCKOH BOJE, NOYBE U
IPYruX HEUTpabHBIX arpeCCUBHBIX cpelaXx. B KUCIBIX cpenax MeTajulbl XapaKTepU3yrTCs
MaJIOM KaTOJHOW HOJSPU3YEMOCThbIO (MaJIbIM CMELIEHHEM IMOTEHIMajla B OTPULATEIbHYIO
CTOPOHY INpHU MNPOTEKAHUH KATOJAHOTO TOKa). B Takux ycCIOBHUSX 3HAUMTENIbHAs YacTb
3alIUTHOTO KAaTOJHOIO TOKAa TPATUTCS HEMPOU3BOJUTENILHO HAa KAaTOJHOE BOCCTAHOBIIEHUE
HOHOB BoJlopoJia. B pesynbrare ko3 uuneHT 3auTHOr0 AeCcTBUS HeBeIUK. [IpuMenenue
KaTOJIHOM 3aIlUThl B TAKUX CPeAax OIPaHUUYCHO.

Karonnas 3amuTa HaxOQUT HIMPOKOE NPUMEHEHHE B MPOMBIIUICHHOCTH Ul 3alMUThI
MOJI3EMHBIX TPYOOIIPOBOJIOB, KOMMYHHMKAallMi M pE3epByapoB, MOPCKHX CYAOB U
METAJUIOKOHCTPYKIHH, SKCIUTyaTUPYIOIIUXCS B MOPCKOM BOJE, a TaKXKe TEXHOJOIMYECKOIo
000pyZI0BaHUS - KOHAEHCATOPOB, TEIUIONPOBOAHUKOB.

4.3. IIpoBeneHue paboThbl

PaboTa cocTouT U3 Tpex yacTei:

1. Onpenenenne ckopoctu koppo3uu ctanu Ct3 B 5%-Hom pactBope H2S04 pu oTcyTcTBIM
KOHTAaKTa U INpPH KOHTAaKTE €€ C JIPYTMMHU MeTalllaMH (LIMHK, MEIb), a TaKXKe 3JIEeKTpO-
XMUMHMUYECKUX XapaKTEPUCTUK TaJbBAaHWYECKUX MAKpOIAp - 3JIEKTPOJHBIX INOTEHLMAJIOB
METaJUIOB B KOHTAKTe U 0€3 KOHTaKTa, CHJIbI TOKA PabOTAIOIMX Tap.

2. Uzyuenune koppo3uu cranu CT3 U onpeaencHue ee 3IeKTPOIHOTO oTeHnuana B 5%-HoM
pacTBOpE CEPHOM KUCIIOTHI IPU KaTOAHOM 3alIUTE BHEITHUM TOKOM.

3. Ompenenenue paanyca JIEHCTBUS LUHKOBOIO NMPOTEKTOpa mpu Koppos3uu cramu Ct3 B
cpelax ¢ pa3HOM AIIEKTPOIPOBOJHOCTBIO (AMCTHWILIMPOBaHHAs BoAa, 1%-HBI pacTBOp
XJIOPUCTOTO HATPHUSA).
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Bropast yacte paboTBl IPOBOIUTCS OJHOBPEMEHHO C IEPBOM, a TPEThs - MOCIE TOTO, KaK
OyZyT TOCTaBJIEHBl Ha MCHBITAaHUS OOpaslbl B IMEPBOM M BTOPOHM dYacTsIX paboOTHl - B
IepeppiBax MEX/1y 3aMEpaMU JIEKTPOJAHBIX TOTEHLIUAJIOB.
4.3.1. Koppo3us METAIII0B B KOHTaKTe
a) OOBEKTHI UCCIICIOBAHUS | allIapaTypa:
1. O6pazust ctanu Ct3 (3 wit.); meau (1 mt.); nuaka (1 mr.).
2. 5%-nprit pactBop H2S04.
3. Craxansl (500 cM®) U KpBIIIKH ¢ KIIEMMaMH 1Sl Kperenus oopasios (3 mrT.).
4. BICOKOOMHBIN MUJUTHBOJILTMETP DB - 74 (1 miT.).
5. Munnmamnepmerp Ha 75 mA (1 wr.).
6. CoeqMHUTEbHBIE TPOBO/IA C KOHTAKTHBIMU 3aKUMaMu (211T. ).
7. Wtanrenuupkyias (1 mrt.).
8. Haxxnaunas Oymara, Bata, (punbTpoBaibHasi Oymara, alleToH.

0) MeTtoauka npoBeaeHUsT YKCIIEPUMEHTOB

Onpenenstor pa3Mepbl CTadbHBIX OOPAa3lOB M PAcCCUMTHIBAIOT MOJHYIO IUIOIIAAb HUX
MOBEPXHOCTH 03 HOXKKU. 3auumiaroT oOpas3lpl HakJayHOW Oymaroif; o0e3KupHBaroT,
MpOTUpasl BaTHBIM TaMIIOHOM, CMOYEHHBIM alleTOHOM; BBICYIIMBAIOT 5 MHUH Ha BO3AYyXE U
B3BEIIMBAIOT HA AHAJIUTHYECKUX Becax ¢ TOUHOCTHIO /10 0.0002 r. [IpaBuiia B3BeIMBaHMS HA
AHATMTUYECKUX BecaxX MPHUBEJEHBI B MPUIOKEeHUH 1. MemHbIi 1 IMHKOBBIA 00pa3Ilsl 3a4n-
IAK0T, TPOTUPAIOT BATOW, CMOYEHHOM alleTOHOM, HO HE B3BEUINBAIOT.

[ToaroTtoBneHHsle 00pa3Ibl 3aKPEIISIOT C MOMOIIBIO KJIEMM B KPBIIIKAX CTaKaHOB: B
MEPBBIN CTaKaH MOMEMIAIOT TOJIBKO CTaJbHOM 00pasell, BO BTOPOH - CTAIbHON U IIMHKOBBIH,
B TPETUH - CTAIBHOW U MEHBIM.

Bo Bce cTakanbl HaMBarOT 5%-HbI pACTBOP CEPHON KMCIIOTHI HA OJJUHAKOBOM YPOBHE U
MOMeIaT o0pa3lpl B CTakaHbl TakK, 4YTOObI YpPOBEHb pacTBOpa MPOXOAUT IO HOXKKE
oOpa3ioB. Bo BTopoM U TpeThbeM CTakaHaX 3aMbIKalOT KJIEMMBI ¢ 00pa3lamu IpoBOJaMH,
co3naBas Makpomnapsl Fe - Zn u Fe - Cu, u uxcupyror Bpems Hadajia HCTIBITAHHS, KOTOPhIE
MPOBOJISAT B TEUCHHUE Yaca, U3MEPSsl AIEKTPOAHbIE TOTEHIIUAIBI BCEX MeTauioB yepe3 10, 25
u 45 MUH TOCiie Hayaia ombiTa. JIJIS 3TOr0 TMOOYEPEeTHO TMOJKIIOYAT o0pasibl K
MUJUIUBOJIBTMETPY, MOMEN[asi KOHUMK 3JIEKTPOJMTUYECKOTO KII0Ya OT XJIOpCepeOpsHOro
AJIEKTPO/Ia CPaBHEHUSI B COOTBETCTBYIOUINII cTakaH ¢ oOpasuom. I[lopsaok maMepenus mo-
TEHIMAJIOB OMKCAH B UHCTPYKIUHU O paboTe ¢ MUJUTUBOJIBTMETPOM (CM. MPUIIOKEHUE 4).

[lepen okOHYaHHEM OIbBITA OTCOEAMHSAIOT 3aKOPAYUBAIOLIUN TMPOBOJHHUK, 3aMBIKAIOT
napsl Fe - Zn u Fe - Cu Ha MuwuiMaMnepMeTp U U3MEPSIOT CUIYy TOKa COOTBETCTBYIOIIEH
napbl. 3aTeM ONPENENSIOT 3JEKTPOJHbIE IMOTEHLMAIbl BCEX METAUIOB B OTCYTCTBHE
KOHTAaKTa U OLIEHUBAIOT HHTEHCUBHOCTH T'a30BbIJCNICHUS] Ha BCEX AJIEKTPOAAaX MPU KOHTAKTE
C ApyruMu MeTaiamMu U 6e3 Hero. OlLieHuBas ra30BbICIIEHUE MOKHO MPUMEHSThH YCIOBHbBIE
nokasarenu: "orcyrctByer", "oueHb cmaboe", "crmaboe", "cpemnee", "cuibHoe", "oueHb
cuibHOe".

[Tocne okoH4aHus ombITa (10 UCTEUYEHUU Yaca) BCE CTallbHbIE 00pa3ibl BRIHUMAIOT W3
pacTBopa, YHAISIOT MPOAYKTHI KOPPO3UM HAMBUICHHBIM E€PIIMKOM, MPOMBIBAIOT BOJIOM,
MPOTHPAIOT (PUIBTPOBAIBLHON OyMaroi, BBICYIIMBAIOT 5 MUHYT Ha BO3JyX€ M B3BEUIMBAIOT
Ha aHAJIMTUYECKUX Becax.

MenHbpli ¥ LIMHKOBBIA 00pasllbl BBHIHMMAIOT M3 PacTBOpa, MHPOMBIBAIOT BOJOH H
BBICYIIMBAIOT (MIBTPOBAIbHOM Oymaroil. Bce pacTBopel, Kpome TOro, B KOTOPOM
HaXoJWIach MeJlb, CIMBAIOT Yepe3 BOPOHKY 0OpaTHO B OyThLIb. CTakaHbl ONOJACKUBAIOT
BOJIOM.

PesynpraThl HaOMIOACHUN U U3MEpPEHH 3aHOCAT B Ta0i. 4.1. u 4.2.
4.3.2. 3ammTa BHEITHUM KaTOJIHBIM TOKOM

a) OOBEKTHI UCCIIEOBAHUS U anmaparypa
1. O6pazist ctanu Ct3 (1 wt.) 1 cBuHNA (1 mT.).

2. 5%-npr1ii pactBop HSO.f.
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. Ctaxas (500 cM®) 1 KpBIIIKa ¢ KIeMMaMHM [T KperuieHus oopasuos (1 mT.).
. MunnuBosibT™eTp tuna 9B - 74 (1 wr.).
. Munnmamnepmerp Ha [A (1 wr.).
. UcTOuHMK OCTOSIHHOTO TOKA (BBIIpsAMUTENSD) (1 mmIT.).
. ABmxkkoBbiit peoctar (1 mr.).
. Kittou-pyOunsHUK, COeTUHUTEIBHBIEC IPOBO/IA.
. llITaHreHIMPKYIIb.
0. Haxxnaunas Oymara, BaTa, puibTpoBajibHas Oymara, alleToH.

0) Meroauka npoBeaeHUs SKCIIEPUMEHTOB

[loaroraBnmuBaroT cranpHOW oOOpasen Tak ke, Kak ykazaHo B 1. 4.3.1. 3HaueHue
M3MEpPEHHOW Macchl oOpasma 3aHocsaT B Tabn. 4,1. OOpaboTka CBHHIIOBOrO oOpasia
aHaJorMyHa 00pabOTKe MEIHOTO U IMHKOBOTO. [10ArOTOBICHHBIE CTAbHOW W CBUHIIOBBIM
00pa3Iibl 3aKPEIUIAIOT B KPBIIIKE CTaKaHa W TOJICOCAUHSIIOT Yepe3 IBMKKOBBIA PEOCTaT H
amMIepMeTp K MCTOYHHUKY TOKa. 3allMIaeMblii 0Opasell MOJKII0Yal0T K OTPHUIATEIbHOMY
nomtocy (puc.4). PaccumThiBaloT CUy TOKa, KOTOPYKO HEOOXOJMMO YCTaHOBUTH IS
JIOCTHKEHHUS TUIOTHOCTH 3allIUTHOTO TOKA is = 24 MA/cM2.

HanuBator B crakan 5%-HbIil pacTBOp CEpHON KHUCIOTHI /10 YPOBHS, MPOXOJAIIETO M0
HOXKKaM 00pa3uoB. [TomemniatoT oOpas3ibl B pacTBOpP, 3aMbIKAIOT KIIIOUOM 3JIEKTPUUYECKYIO
1IeTb, JIBIDKKOBBIM PEOCTATOM YCTAaHABIMBAIOT HEOOXOIMMYIO CHUJIYy TOKAa U (PUKCHPYIOT
BpeMsi Hauaja WCTbITaHui. [IpoBOMAT MCHBITAHHMS B TEUCHHE Yaca, U3Mepsis MOTCHITUAIBI
06oux smekTpoaoB uepe3 10, 25 u 45 MuH nocie Havaia OmbITa.

[To ucreuenun yaca KCTOYHUK TOKA OTKITFOYAIOT, U3MEPSIOT MOTEHIIUAIBI METAIUIOB MPHU
OTKJTIOYEHHOM HMCTOYHUKE W OIEHHWBAIOT MHTEHCHUBHOCTH TA30BBIJICIICHUS HA AJICKTPOJAX
MIPH 3JIEKTPO3ALIUTE U B OTCYTCTBHE €€.

[locne 3aBepiieHus OMbITa CTaJbHOM OOpa3el] BBIHUMAIOT W3 PAcTBOpa, YAAISAIOT
MPOAYKTHI KOPPO3WH, TPOMBIBAIOT BOJOW, BBITUPAIOT (QHIBTPOBAILHON Oymarowu,
BBICYIIMBAIOT U B3BEILINBAIOT;

CBHUHIIOBBIA AJICKTPOJ] TPOMBIBAIOT BOJIOM M BBITUPAIOT (UIBTPOBAIBLHOW Oymarow.
PactBop mepenmuBator B OyThLIb, CTakaH OIOJACKUBAIOT BOJOW. Bce pe3yabTaTh
HaONIOACHUI ¥ U3MEpPEHU 3aHOCAT B Ta0m. 4.1. n 4.2.

4.3.3. Pagnyc AeicTBUS NPOTEKTOPA

3amauya AaHHOW 4yacTH pabOTHl - ONPEAETUTh BIUSHHUE AJIEKTPOMPOBOAHOCTH PacTBOpa
Ha pajnyc ACHCTBUS [IMHKOBOTO MPOTEKTOPA MpH 3amure ctayii CT3 B HEUTpaIbHOU cpelie.
HccnenoBanusi mpoBOAST B AUCTUUIMPOBAHHOM BoAe U 1%-HOM pacTBOpe XJIOPUCTOTO
HaTpus. YIEIbHYIO DJEKTPONPOBOJHOCTh PAaCTBOPOB HEOOXOAUMO OMNPEICIUTh IO
CIPaBOYHHUKAM.

a) OOBEKTHI HCCIIEeIOBAHUS U alaparypa
1. O6pasusl cranu Ct3 (2 mT.) - mactuaka 40x20x3.

2. lluHKOBBIN POTEKTOP (2 LIT.) - MOJIOCKA, TPOBOJIOKA.

3. ArpeccuBHbBIE Cpelibl - TUCTHIUTUpOBaHHast Boja, 1%-Hbiit pactBop NaCl.

4, BanHouku wiy vamku [letpu (2 mr.),

5. 1%-HbIit pacTBOp KpacHON KPOBSHON COJIH.

6. CrexIisiHHas Majoyka, HaKJauHas Oymara, BaTa, QUIbTpOBalbHAs Oymara, aleToH.

0) MeToinka mpoBeIeHUS SKCIIEPUMEHTA

JIBe cranpHBIe TUIACTUHKM 3a4MINAIOT HAXKIAYHOM OyMmMaroil M MPOTHUPAIOT BaToii,
CMOYEHHOW aleToHOM. B oTBepcTHs, uMMeronuecss B CTadbHBIX IUJIACTHHKAX, BCTaBISIOT
HEOOMbIINE KYCOUKH IIMHKOBOW MPOBOJIOKM W TUIOTHO 3aKPYYMBAIOT JAJS CO3JAHUS XO-
poIIIero KOHTaKTa [IMHKA U CTaJIH.

B ogny wamky [leTpu HaMMBaOT TUCTUILTUPOBAHHYIO BOAY, B APYryi0 1%-HBbIi pacTBOp
NaCl. B o6e 4ariku u3 KaneiabHHIbI JOOABJISIOT IO 5 Kareiab pacTBOpa KPaCHON KPOBSIHOM
comu K3Fe(CN)s (unmukatop Ha HWOHHI kenesa Fe?') um mepememmBaior. IlnacTHHKH
MOMEUIAI0T Ha JHO Yalllek.

— O 0 IO DN W
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UYepes 10-15 MuH ocMaTpuBarOT CTaJIbHBIE IUIACTUHKU C IPOTEKTOPAMM, HE BBIHUMAs UX
u3 pactBopa. M3mepsoT paccTOsHUE OT MPOTEKTOpa 10 CHUHHX IISTEH, MOSBUBLIMXCS Ha
MOBEPXHOCTAX CTAJbHBIX IUIACTUHOK, OMKCHIBAIOT MX KOJMYECTBO U PACIOJIOKEHHE Ha
oOpa3siax (3apuCcOBBIBAIOT).

[TosiBneHre CHHUX TSATEH BBI3BAHO OOpa3oBaHHWEM "TYpHOYI-I€BOM CHHHU" BCICICTBUC
peaKknuy KpacHOW KpPOBSTHOM COJIM C JBYXBAJCHTHBIMH MOHAMH JKelle3a, MOSBUBIINMHUCS B
pacTBOope B pe3ysbTaTeé KOPPO3UM TEX YUYAaCTKOB CTaJIbHOrO oOpa3lia, Ha KOTOpbIE HeE
pacnpoCTpaHsaeTcs 3alIUTHOE AEHCTBHUE IUHKOBOTO MIPOTEKTOPA.

Pesyneratel HaOmogenuit 3aHocsaT B Tabn. 4.3. OOpas3ubl BBHIHUMAIOT, MPOMBIBAIOT
BOJIOM, BBICYIIMBAIOT (PUIBTPOBAJILHOM Oymaroi. PacTBOpsl BBUIMBAIOT B PAKOBUHY, YallIKU
CIIOJIACKUBAIOT BOJIOM.

4.4. O6paboTKa OMBITHBIX JJAHHBIX

1. PaccuutsiBaroT no dopmynam (4.3) u (4.4) u 3aHocaT B Ta0n. 4.1 mokaszaTtenu KaTogHOM
3alUThl M KOHTAaKTHOM KOPpPO3MHM - 3aIIUTHBIA 3PPexT (z), KodpPUIUEHT 3alUTHOTO
nevicteus (Ks), mms Bcex cmyuaeB (mapel  Fe-Zn, Fe-Cu, smexrtposammra). [Ipu sTom
CKOPOCTbh KOPPO3HMH CTaJIM B Pa3IMUHBIX YCIOBUSX ONpeaenstoT no gopmyrne (1.12).

2. CtposT rpaduK U3MEHEHHUS MOTCHIIMAJIOB AJIEKTPOJIOB BO BPEMEHH VISl BCEX CIy4aeB (¢ =
f(t), mpenBapUTENHHO TIEPECUUTAB W3MEPEHHBIC MOTEHIMATBI OTHOCHTEIILHO HOPMAIBHOTO
BOJIOPOJHOTO 3JieKTpoa mo dhopmyie (3.5).

3. PaccunThiBalOT paBHOBECHbIE MOTEHIMANbl LHWHKA, MEIH, >Kejle3a U BOJOPOJAHOTO
3JIEKTPOJIa, TIPUHUMAas KOHIEHTPAIMI0 MOHOB METaIoB B pacTBopax [Zn®*] = [Fe?'] =
[ Cu2+] = 10° momb/71 1, VYUTBIBAsI, YTO KUCJIOTHBIN TOKa3aTesb cpeabl 5%-Hou H2S0s pH™
0,1. PaBHOBECHBIE MTOTEHITMAIBI METAJUIOB OTMIPEAEISIOT o opmyie (3.6).

PaBHOBECHBIH MOTEHIUAN BOJOPOIHOIO SIEKTPOIA HAXOAAT 110 (hOpMyIie
R 'T a +
0 H
b =@, +——-23-Ig—"—, (4.5)
H, H, n-F (PH2)1/2

rae (Df,z - PaBHOBECHBIN MOTEHIIMAI BOJOPOIHOIO JIeKTpoaa. B;
0 . _
@7, - CTAHAAPTHBIA MOTEHIMAI HOPMAIBHOIO BOJAOPOJHOTO SIIEKTPOJA (ipm aH+ =1lmu
Pa,= 1), B;
aH + - aKTUBHOCTh HOHOB BOJIOPOJIa B PACTBOPE, MOJIB/ I,

F)H2 - HapoyuajbHOC JAaBJICHUE BOAOPOaa HAQ paCTBOPOM, aTM;

N - 91CJI0 SJICKTPOHOB, YHaCTBYIOHIUX B pEaKIMU BOCCTAHOBJICHUSI HOHOB BOAOpOAA:
H*-H,0+ e—>1/2H>+H>0 (4.6)

[Tpu Temneparype 25°C u napuuaibHOM JaBIE€HHH BOJIOPOJa B aTMOcdepe Bo3ayxa P, , =

5.10® atm PaBHOBECHBIN MOTEHIMAI BOJIOPOIHOTO JIEKTPOAA
@5, =0,215 - 0,059 -pH, (4.7)

rae pH = -lg@,,. - KucnoTHBII (BOJOPOHEIH) MOKA3aTeNb CPEIBI.

4. PaccuMTBIBAIOT M 3aHOCAT B TaOJI. 4.2 TOKOBBIC MOKA3aTCIU KOppO3uu CTajin ()Kene3a) 151
TOKH paCTBOPCHUA KEJIC3a JJId BCEX CIIYHacB

. K-268-n
|:—, 4.8
A (4.8)

I =1iS 49 rmei-
TOKOBBIii TIOKa3aTeNnb Koppo3uu, A/m?;

K - MaccoBBIii OKa3aTenb KOPPO3HH, I/(M24);

N - BAJICHTHOCTh HOHOB METAJIIA, IEPEXOIAIINX B PACTBOP;

A - MOJTb PaCTBOPSIIONIETOCS METAIIA, 2;
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26,8 - KOIMYECTBO IEKTPUIECTBA, HEOOX0AUMOE IS pacTBopeHus 1 Moisib/N Metana, A- d;
| - Tox pacTBOpeHus MeTaia. A;

S - mIomaak HOBEPXHOCTH KOPPEIUPYIONIEro MeTaa, M.

5. CTposT NOJHYI0 KOPPO3UOHHYIO TOJIIPU3AIMOHHYIO JUATPaMMy U3Y4E€HHOUN CUCTEMEBI B
koopanHaTax Tok (1) - moTeHman (¢) aHaJIOrHYHO MPEACTABICHHOM Ha puC.4.

[Tpu 3TOM: a) MPUMEHSIOT PaCYCTHBIC 3HAYCHHS PAaBHOBECHBIX TIOTCHIIMAIOB IIMHKA, KeJe3a,
MEIM ¥ BOJIOPOJIa B KQ4eCTBE MCXOJTHBIX TOUYEK JUIS IMMOCTPOSHUS COOTBETCTBYIOIIUX AHO]I-
HBIX ¥ KaTOJIHBIX KPUBBIX;

0) U1 TOCTPOCHHS aHOJHOW KpPUBOW JKeje3a WCIOIb3YIOT OKCIICPHUMCHTAIBHBIC
3HAUEHUS YCTAaHOBUBIIMXCS MOTCHIIMAJIOB JKeJie3a U COOTBETCTBYIOIIMX MM TOKOB €ro pac-
TBOPEHMSI B PA3JIMUHBIX yCIOBUSX (Tabi. 4.2):

- 6e3 xoHTakTa (Qre-11)

- KOHTaKT C ITHHKOM (QFe/zn-12)

- KOHTAKT ¢ MefbIo (Qre/cu-l3)

- AMEKTPO3AIIUTA (PFe - .5-14)

B) TIPH TIOCTPOCHUH KATOJHBIX KPHUBBIX JUIS BCEX METAJUIOB MPUHUMAIOT, YTO
MIePEeHAIPSHKCHIE BOJIOPOAa (OIpenensioniee HAKJIOH KaTOJHBIX KPHUBBIX) Ha IUHKE B JBA
pasa, a Ha MeJIU B MOJITOPA pas3a BBIIIE, YEM Ha KEJE3E, T.€. Nzn = 21Fe; Ncu = 1,5Mre;

I') TP IOCTPOCHUH aHOIHBIX KPUBBIX ITMHKA U MEJIH UCITOJIb3YIOT KAaTOHBIC KPUBBIC IS
3THX METALIOB M SKCIIEPUMEHTAIILHBIC 3HAUYCHUS MX MOTECHIINATIOB KOPPO3UH 0e3 KOHTaKTa
(cm. Tabm. 4.2).

6. [lenarot BBIBOJIBI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX KOHTAKTHON KOPPO3HMH U KAaTOIHOM
3aIUTHI:

a) U3MEHEHHE AIEKTPOAHBIX MOTEHIINAJIOB U CKOPOCTEH KOPPO3UHN METAUIOB IPU KOHTAKTE;
0) 90 PeKTUBHOCTH MPOTEKTOPHOM 3aIIUTHI M JIEKTPO3AITUTHI;

B) BIUSIHUE JICKTPOTIPOBOJHOCTH cpebl Ha 3 (-Th KaTOAHOM 3aIIUTHI.

4.5. Bonpocsl [uisl CaMOKOHTPOJIS

1. Kak 1 mouemy U3MEHSIOTCS MOTEHIMA U CKOPOCTh KOPPO3UU MEAU MPU KOHTAKTE €€ CO
cTanbio (kene3om)?

2. Kakume mnpoaykThl BBIACHSIOTCS HA DJEKTPOJaX MpPH KOHTAKTHOM KOPPO3UHM U
3JIEKTPO3aIIUTE B U3YYEHHOU cucreme?

3. bynyt nu usmensTbes (eciu OyayT, TO Kak U MOYeMy) MOTEHIMA U CKOPOCTh KOPPO3UHU
CTaNbHOM (PKEJIE3HOW) JAeTalld IIPH YBEIMYCHHH Pa3MEpPOB KOHTAKTUPYIOIICH ¢ HEH MeTHOU
neraiaun’?

4. Kak u3MEHUTCS MOTEHLIHAI U CKOPOCTh KOPPO3UU Kejle3a B YCIOBHUSIX DJIEKTPO3AIUTHI
MIPH YBEJIMYEHUHU KATOJHOTO TOKA, MOJIBOAMMOIO OT BHEITHETO HCTOYHHUKA?

5. C xakuM KOHTpOJIEM MPOTEKaeT KOPPO3Hs LIMHKA, Kelle3a U MEeIU B PacTBOpEe CEepHOMU
KHUCIIOTHI B OTCYTCTBHE KOHTAaKTa (OIPENEIUTh 10 pe3ylbTaTaM paboThl)?

6. MOXHO 1M TPUMEHUTh MEIHBbIE 3aKJIellKu B amtoMuHueBoM ammnapare? (Haobopot?).
Pemenne 0ObSICHUTS.

bubnunorpaduueckuii coucok

1.ITaxomoB B.C. Koppo3us u 3ammTa XuMHYeCKO# anmnaparypsl. IeKTpOXUMHUYECKast
KOppo3us MeTaiuioB: YuebHoe nocobue. -M.: MUXM, 1983. -80 c.

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

P . HP
Q)Ml y Q)Mz PaBHOBCCHBIC ITOTCHIUAJIBI IICPBOTO U
BTOpPOT'O MCTAJUJIOB;

p o
¢0K - PAaBHOBCCHBIN NOTCHIHAJI OKHUCIIUTECIIA,

(Propl; Pxop2 - TOTEHILHMANIBI KOPPO3UU TMEPBOrO M
BTOPOTO METAIJIOB 0€3 KOHTAKTa;
lkop1; lkop2 - CKOPOCTH KOPPO3HUH TIEPBOTO U BTOPOTO
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METAJIIIOB 0€3 KOHTAKTA;

Puc. 4. IlonsgpuzanuoHHas quarpaMmma KOpOTKO3aMKHYTOM JABYX3JIEKTPOIHONW CUCTEMBI
(raapBaHMYECKON MaKpoOIaphl)

(z- KOMIIPOMUCCHBIN MOTEHIMAN (OOIIXIA MOTEHIIUA Maphl),

|a1; |a2 -CKOPOCTH PaCTBOPEHHUSI TIEPBOTO U BTOPOTO METAIIJIOB IIPU KOHTAKTE;

I.,;1 , - CKOPOCTH KaTO/HBIX POLECCOB METAJLIOB TP KOHTAKTE.

1 - MUWUTUBOJIBTMETD; 2 - KOHTAKTHAS KJIEMMa; 3 - U30JIHPYIO-
masi miacTuHa; 4 - 3JIeKTPOJIMTUYECKU MOCTHK; 5 - XJopce-
peOpsHHBIN 37eKTpos cpaBHeHus; 6 - pactBop KCI, 7 - crek-
JSHHBIA cTakaH; 8 - pabouue 3mekTpoasl; 9 - pabouuit pac-
TBOP; 10 - KOaKCHITBHBIN Kabenb

Puc. 5. Cxema ycTaHOBKH AJ11 ©3MEPEHUSI TIOTEHIIMAIOB ITPU
KOHTAaKTHOM KOpPO3UH

1 - 3amumraemerii obpaserr; 2 -

. 4 -]
arpeccHBHbIH PacTBOP; 3- ¢l'|_ /
BCIIOMOTI'aTCJIbHBIN
AMEeKTPOoN; 4 - WCTOYHHK 6

TOKa (BBIIPSAMHUTENB); 5 -
kmoy; 6 - peocrar; 7 -
amMIepMeTp

Puc. 6. Cxema yCTaHOBKHU MPHU JEKTPOJIUTE.

Kpurepun oueHku:
- He 324YTEHO BbICTABIIAETCS CTYACHTY, €CJIHM CTYACHT BBIIIOJHIII OJIHO 33/1aHUE;

- 3Q4YTE€HO BBICTABJIACTCA CTYACHTY, €CJIIM CTYACHT BBIIIOJIHUII ABA 3aJJaHUA.

40



5 Y4ueOHO-MeTOAN4YecKOe U HH(POPMALITMOHHOE O0ecriedyeHHe TUCHUIIIMHBI

5.1 IlepeyeHb OCHOBHOM U JONOJTHUTEIbHOH Y4eOHOM JTUTEPaTyPBbI,
HEe00X0AMMOi1 1VIsl OCBOCHM S AUCIHMIIHHBI

OcHoBHas1 IuTEpaTypa

1.ITomoBa A. A. Metonbl 3amuThl 0T Koppo3uu. Kypc nekuuid. — JlaHb,
2014. — 272 c.

2.Jlazytkuna O. P. Xumudeckoe COMPOTUBICHUE U 3alIUTa OT KOPPO3HHU:
yueOHoe mnocobue. — ExarepunOypr: M3gaTenbcTBO YpalbcKOrO YHHBEPCUTETA,
2014. — 141 c. — 9BK, ObC YbO

3.IlomoBa A. A. Mertoasl 3amuThl 0T Koppo3uu. Kypc nexumit. — Jlans,

2014. — 272 ¢. — OBK, OBC «Jlaapy .
4 Kapckuit 1. M., MHeanosa H. II., Kywuc JI. B., Cunynosuu H. A.

Koppo3us u 3ammura MeTaqIndecKux KOHCTPYKUUM U oOopynoBanus. — MUHCK:
"Bemmaiimas mkojaa", 2012. — 9BK, O9bC YBO
5.CemenoBa U. B. Kopposust u 3amura ot koppo3un. — M.: OuzmMaTiur,

2010. — BBK, 9bC YBO

JlonosiHuTEBHAS JIUTEPATypa

1.llleryenko A. A.. XUMHUECKOE CONPOTUBICHUEC HEMETAJUIMUYCCKUX
MaTepuayioB U 3amuTa oT Koppo3uu. — M. 2006. — 248 c.

2.Manun B. H., I'pomoB A. H. ®usuko-xuMuueckass CTOUKOCTh MOJIMMEPHBIX
MaTepuasioB B yCIOBUX dKcrutyaTanuu. — JI.: Xumus, 1980. — 248 c.

3.3apyouna JI. II. 3amura 37aHUNA, COOPYKEHHMH, KOHCTPYKIIMH U
o0opyaoBaHusl OT KOppo3uu. buomoruueckas 3amura: Marepuasbl, TEXHOJOTHH,
MHCTPYMEHTHI U 0b6opynoBanue. — MockBa-Bonoraa: Uadpa-Unwxkenepus, 2015. —
224 ¢. — 9OBK, 9bC YbO

4. Haymog C. B., CamymiioB A. 5. MaTtepuanoBeaeHue. 3amura oT KOPPO3UU:

yaeOHo-MeToauueckoe rmocooue. — Kazanp: M3narensctBo KHUTY, 2012. — 84 c.
— 9BK, 9bC YO

5. bana6an-Hpmenun 1O. B., Jlunmosckux B. M., PybamoB A. M. 3amuta ot
BHYTPEHHEW KOPpO3UH TPyOONPOBOJOB BOASHBIX TEIUIOBBIX cereil. — M.: HoBocTu

terocHabxenus, 2008. — DBK, 9bC YBO

5.2 Tlepeyenn pecypcoB HHGPOPMALMOHHO-TEJIEKOMMYHNKALIMOHHOM CeTH
«/HTEpHET» M MPOrPaMMHOI0 odecreYeHu s, He0OXOAMMBIX /ISl OCBOCHMSI
AUCUMILTAHBI
1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. /Torosop Ne 104
ot 17.06.2013 r. JIunen3un 6eccpovHbie
2. MicrosoftOfficeStandard 2013 Russian. JloroBop Ne 114 ot 12.11.2014 .
JIutieH3umn 6eccpovHBIE.
3. Cucrema neHtpanu3oBanHoro tectupoanus baml'yY (Moodle). GNU General
Public License.
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6 MaTtepuaJIbHO-TeXHHYECKas 0a3a, HEOOX0AUMAS /ISl OCYLECTBJICHUS
00pa30BaTEJBbHOIO NIPOLECCA 0 JUCIHHUILINHE

HaumenoBanue
SRR | i | Hareome olopyionann,
nabopaTopuii
YueOHast ayTuTOpus IS Jlexknuu Aynutopus Ne 106
IPOBEICHUS 3AHATHI Hocka, men, napTsl, CTYJbS.
JIEKUMOHHOTO TUIIA: ayAUTOPUS Aynutopust Ne 107
Ne106, ayuropus Nel07 Jocka, men, mapTel, CTYJIbs.
(MH)KEeHEpHBIN (aKyJIbTeT)
VYueOHas ayquTopus s [IpakTrueckue Aynutopus Ne 107
MPOBEICHUS 3aHATUI 3QHSATUSA Jocka, Melt, mapTel, CTYJIbSI.
ceMHHapcKoro tuna: ayauropust | JlabopatopHsie Aynuropust Ne 001
Nel07 (wroxenepHsiit paGoThi Cronbl — 7 wt. Ctynbs, 14 mt. Hoyr6yku
(axynsTer), aymuropus Ne0O1, Packard Bell EN'I:F?lBI\/I-C36P c
VY4eOHbI KOMITBIOTEPHBIN KJ1acc 3aPAIHBIM YCTPOHCTBOM — 14 uiT.
Komnerorepnas ontnueckas USB-Mpib —
JULA IPOBCACHHA MPAKTHHUCCKUX 14 wr. Tenesuzop ¢ XKK aucnneem DEXP
(ceMMHAPCKUX) M J1a00paTOPHBIX SmartTV — 1 mt. HDMI kabens mist
SAHATHH (MHKEHEPHEIH MOJIKIIIOUEHUS] HOYTOYyKa K TeJIEBU30PY
baxymbrer) (npoekTtopy) — 1 .
[IpoBeaeHue rpynmnoBbIX U Texymunit Aynutopus Ne 107
WHIUBUTYaTbHBIX KOHTPOJIb U Jlocka, Melt, mapTel, CTYJIb.
KOHCYJIbTAINH, TEKYILIETOo IPOMEXKYTOUHAs
KOHTPOJISL U IPOMEKYTOUHOM aTTecTauus
arrectanuu: ayaguropus Nel(7
(mHXEeHEpHBIN (DaKyIbTET)
ITomewmenus s CamocTtosrtenbHas | PentiumG2130/41°6/500I'6/21,5" /Ki/MbIIb
CaMOCTOSITEIIBHON PabOTHI: pabora -50 wrr., TIK B KomIu1. ®epmo Intel. depmo

yuTanbHeIi 3a1 201 (pusmar.
KOPIYC)

Intel Mono6iok Nel ®epmo AMD AS-
5500 — 50 mT.
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[Tpunoxxenne Ne 1

OEJIEPAJIBHOE 'OCYIAPCTBEHHOE BIOJUUKETHOE OBPA3OBATEJIBHOE
YYPEXEHHME BBICIIETI'O OBPA3OBAHUA
«bAIIIKNPCKUU I'OCYIAPCTBEHHBIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOI'PAMMBbBI

TUCIUIUTHHBI «KOppo3ust KOHCTPYKIIMOHHBIX MaTEPHAIOB» 4 KypC
3aouHas Gpopma 0OydeHUS

Bun pabors! I[I/ICCL)Ig’;JeII\IfIHBI
O6m1as TpynoeMkocth auciuiuinibl (3ET / yacoB) 5/180
Y4eOHBIX YacOB HAa KOHTAKTHYIO pabOTy C MpenogaBaTelIeM: 12,2
JICKILIUM 4
71a060paTOPHBIX 2
PAKTUYECKUX/ CEMUHAPCKUX 4
Apyrux (TpynmnoBasi, MHANBUAYAIbHAS KOHCYJIBTAIIMS U 2,2
WHBIC BHJIBI YUEOHOU JIEATEILHOCTH, IMTPEAYCMATPUBAOIIINE
paboTty oOyuaromuxcs ¢ nmpenojgaatenem) (OKP)
Y4eOHbIX 4acOB Ha MOJITOTOBKY K 9
aK3aMeHy/3aueTy/nudpepeHInpoOBaHHOMY 3a4ETy
(KonTpoiinb)
VY4eOHbIX 4acOB Ha CAaMOCTOSITEIBHYIO PadOTy 158,8
ooyuaronuxcs (CP)
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dopma U3y4eHHS] MAaTEPUAIOB: JIEKLIUH,

®opma TeKyliero

MMPaAKTUYCCKUC 3aHATHUA, CCMHUHAPCKUC OcHoOBHAY U KOHTpPOJIA
3aHATHA, Ha60paT0pHH€6 paGoTs, JOIIOJTHUTEIIbHAS 3ajanus 1o YCIIEBAEMOCTH
) CaMOCTOATECIbHAA pad0Ta U UT T MOCTOSTEILHON K KBUVMBI
J\f Tema H conepiKatue p auTeparypa, CaMOCTOSTCILHO (KOJJIOKBHYMBI,
n/o TPYAOEMKOCTb (B 4Yacax) pEKOMEH TyeMast pabote KOHTPOJILHEIE
CTyJIeHTaM CTYJICHTOB paboTHI,
JIK JIb I[IP/CEM | CPC | (HOMepa U3 CIIUCKA) KOMIBIOTEPHBIC
TECTHI U T.I1.)
IToaroroBka x
1 | Tema 1. Bsenenme. 1 0,5 1 26.5 12345 JACKIHMOHHEIM H YCTHBIH 0mpoc
OO0I111E TOJIOKEHHUS. ! e MPAKTUYECKUM P
3aHATHIM
Tema 2. XuMmudeckas ITonroroBka K o
KOPPO3HS METAJLIOB 0,5 JIEKIIHOHHBIM H YcTHbli ompoc,
2 PP : 1 ' 1 26,5 1,2,3,4,5 KOHTPOJIGHAS
MIPAKTHICCKAM
paborta
3aHATHIM
geMa& ITonroroBka K
JIEKTPOXUMHUYECKAs 0.25
JICKIIMOHHBIM U .
3 | KOppO3us METAIOB. 0,5 ' 0,5 26,5 1,2,3,4,5 B VYcTHbI onpoc
MPaKTUYECKUM
3aHATUSIM
Tema 4. Koppo3sus [ToaroroBka k V CTHBL OMIPOC
OCHOBHBIX 0,25 JIEKIIMOHHBIM M poc,
4 | KOHCTPYKIIMOHHBIX 0,5 0,5 26,5 1,2,3,4,5 DAKTHYECKIM KOHTPOJIbHAS
MaTepHasoB H CILIABOB. p paGota
3aHATUIM
Tema 5. Mepsl 60pbOBI [ToaroroBka k
¢ KOppo3uel MEeTAIIOB. 0,25 JIEKIITHOHHBIM 1 VY CcTHEIN opoc
5 pp 0,5 ! 05 26,5 1,2,3,4,5 H p
MPaKTUYECKUM
3aHATUIM
Temab. Metonasl IToaroroBka k o
KOPPO3UOHHBIX 0,25 JIEKIIMOHHBIM U ¥ CTHbIH 01poc,
)
6 . 0,5 0,5 26,5 1,2,3,4,5 KOHTPOJIbHAS
HCIBITAHUH. MPAKTUYECKUM
pabota
3aHATUIM
Bcero uacos: 4 2 4 158,8
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