MHMHHUCTEPCTBO HAYKH U BBICHIET'O OBPA3OBAHUS
POCCHUHCKOH ®EJEPAIINU

®I'BOY BO «BAIIIKUPCKUI 'OCYJAPCTBEHHBINA YHUBEPCUTET»
WHXEHEPHBIA ®AKYJIBTET

YTBepxKIEHO: CornacoBaHo:
Ha 3aceganuu kadenpst TMO Hekan MnxeHnepHoro ¢axynbreTa
npotokon ot 30 aBrycta 2021 . Nel )
W.o. 3aB. kadenpoii

J/‘ } /CawntoB P.H.

. / TynbkyGaes P.3.

PABOYAS ITPOI'PAMMA IUCHUITJINHBI
Koppo3usi KOHCTPYKIIMOHHBIX MaTepUanoB

BapuaruBnas yacrts — b1.B.1./1B.02.02
nporpamMmma 6akajgaBpuara

HanpasJienue noaroToBKu
15.03.02 — TexHONOTHYECKUE MAIIIMHBI U 000PYyI0BaHUE

HanpasjeHHocTs (mpoduiib) NoAroToBKM
WNHXUHUPUHT TEXHOJIOTUYECKOT0 000PYAOBaHUS

KBanudpuxkanus - 6akaaaBp

®opma o0yueHust
QOuHas, 0YHO-320YHAasL, 3a04HAA

Hns mpuema: 2021

Vpa—2021 1.



CoctaButens: K.T.H., JoueHT kadeapsl «TexHomormueckue MaIIMHBI U
obopynosanue» I1aBnosa O.B.

Pabouast nmporpamma auciuiuinHbl « Koppos3usi KOHCTPYKIIMOHHBIX MaTepUaioB)
YTBEPKJIEHA Ha 3ace/lanuu Kadeapsbl:

npoTokos oT 30 utons 2021 r. Nel



Crucok AOKYMCHTOB U MaTC€pHaioB

1.llepevyeHb IUIAHUPYEMBIX PE3YJIbTATOB OOY4YEHUS 1O JUCHUIUIMHE,
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1 IlepevyeHb MJIAHUPYEMBIX Pe3YJIbTATOB 00yUEeHUS MO AUCIHHUILINHE,
COOTHECEHHBIX C MIJIAHMPYEMbIMHU Pe3yJIbTATAMH OCBOCHHS
o0pa3oBaTeIbHOI MPOrPaMMBbI

B pesynbrare ocBoeHHS 00pa30BaTEIIBHOW MPOrpaMMbl OOYYAIOIIMICS TOJDKEH OBJIAACTh
CJICAYIOIIUMHU PE3YJIbTaTaMU O6yq€HHH MO0 JUCHUILINHEC.

PesynbTarel 00ydeHus

dopmupyemas
KOMIICTCHIIHSI
(c yka3aHueM KoJa)

IIpumeuanue

3HaTh METOJMKH TPOBEICHUsT paboT 10 | [IK-12 - cnocoGHOCTHIO Y4acTBOBATH B
HOBOIKE u OCBOCHHIO | 350tax Mo MOBOJAKE M  OCBOCHHMIO
TEXHOJIOTMYECKMX  ITIPOLECCOB B
xoj1e npoekTHpoBanys | TEXHONOTHYECKHX TPOLECCOB B XOIe
0bopyoBaHus MOJrOTOBKM  TMPOHM3BOJACTBA  HOBOM

NPOAYKIUK,  MPOBEPATh  KadecTBO
MOHTa)Ka M HANAJKH MMPHU UCHBITAHUIX U
c/lade B 9KCILTyaTallio HOBBIX 00pa3iioB
H3JICIHH, y3JI0B " neTanen
BBIITyCKAeMOH MPOTYKIIUH

YMmers [IPOBEPATH KAYECTBO MOHTaXa 1 IMK-12 - crocoOHOCTBIO y4acTBOBaTh B
HaJlaJIKH P MCTILITAHMAX M CAAUC B | noGoray 1o 7OBOAKE H  OCBOCHHIO
9KCILTyaTal1i0 HOBBIX 00pa3IoB
060py10BaHUs TEXHOJIOTUYECKMX MPOLECCOB B XOje

MOJTOTOBKM  TIPOM3BOACTBA  HOBOM
NPOJXYKIMK,  IIPOBEPATH  KadyecTBO
MOHTa)a M HATAJKH NP UCIBITAHUIX U
caue B 9KCIUTyaTalnio HOBBIX 00pa31ioB
5631 (S 15128 Y3JI0B U Jeranen
BBINTYCKAEMO# MPOTYKIIUH

Buagets HABBIKAMH y4acTHsi B paboTax 1o | [IK-12 - cnocoGHOCTHIO y4acTBOBATH B

(uaBbiky / ompir | AOBOAKC u OCBOCHHIO | 1aG50tax mo  m0BOJKE M OCBOGHHMIO
TEXHOJIOTUYECKHX MPOILIECCOB,

JIeSITEIIbHOCTH) TEXHOJIOTMYECKMX MPOLECCOB B XOje

MPOBEPKM KAuyecTBA MOHTaXa W
HAlaJKA TPU UCTBITAHUAX B XOJ€
pacueta W KOHCTPYHPOBAHHUS
o0opymoBaHUs

MOATOTOBKHU MPOU3BOJCTBA  HOBOH
MIPOTYKIIUH, [IPOBEPSATH KauyeCcTBO
MOHTa)Ka M HaJAJKU MPU UCIBITAHUAX U
claye B SKCIUTyaTaIlui0 HOBBIX 00pa3IoB
H3JICIIHH, y3JI0B " neTanen
BBITTyCKaeMOW TIPOIYKITNH




2 llesb M MECTO TUCHHUILJIMHBI B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpaMMbl

[lenpro mpenogaBaHusi AUCIUILUIMHBI SBIETCS peanu3anus TpeboBanui, ycranoBiaeHHbIX B GI'OC BO. IlpenonaBanue
CTPOMTCS UCXOJISI U3 TPEOYEMOTO YPOBHS MOATOTOBKHU CTYACHTOB, O0YYaIOIIUXCSI O JAHHOU CIIEeIMaTIbHOCTH.

[enb U3ydeHUs] TUCUUILUIMHBI: U3yYE€HUE OCHOB TEOPUHU U IMOJYyUYCHHE 3HAHUN O BIUSHUM KOHCTPYKTUBHBIX (haKTOPOB Ha
Pa3BUTHE KOPPO3UOHHBIX Pa3pyLICHUM.

VYuebHas nqucuuIuimHa « XMMHYECKOE COMPOTUBIICHUE MATEPHUANIOB U 3aIllUTa OT KOPPO3UU» OTHOCUTCS K JUCHUILUIMHE 110
Be10OpY b1.B.1./1B.06.01.

Juciunnraa uzydaercs Ha 4 Kypce, 3 ceccusl.

Jlnst ocBoeHUsT mUCHUMIUIMHBI HeoOxoamma kommeTeHImu OK-7, chopmupoBaHHBIE B paMKaxX H3YYCHHS CIEIYIOIINX
U CIIMIIINH:

N3 kypca « Puszuka»

3nanus: GU3NKO-MEXaHUYECKHE CBOMCTBA TBEPABIX TEJI, Macca Teja, CUjla, BEC M HEBECOMOCTb, CHJIA YIIPYTOCTH, CHJIa
TpEHUs, KHHETUYECKas ¥ MOTEHIIMaIbHast paboThI, TEeMIIepaTypa.

Ymenus: mpou3BOIUTH PACUEThl M H3MEPECHHS OCHOBHBIX (PHU3HKO-MEXaHUUECKUX CBOMCTB BEIICCTB

Hasvixu: onpenenenue GU3NIecKux U PU3NKO-MEXaHUUECKUX CBONCTB KOHCTPYKIIMOHHBIX MaTEPHAJIOB.

N3 kypca «Xumus»

3Hanusa. ATOMHO-MOJIEKYJISIDHOE YYEHHE. ATperaTHble COCTOSIHUSA BelecTB. CKOPOCTh XUMUUECKUX peakuuil. CTpoeHue
aTOMOB U NOHOB. OKHCIUTEIbHO-BOCCTAHOBUTENBbHBIE peakn. KuCa0Thl, METaIIIbl, HEMETAJUIBI U KX OCHOBHBIE CBOMCTBA.

Ymenusa: coctaBneHue ypaBHEHUM OKMCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIUM.

3Hanus: ONPENEIICHNE XUMUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaTEPUATIOB

3 Conep:xanue padodei nporpaMmmbl (00beM TUCHMIITIMHBI, TUNBI U BU/AbI Y4e€0OHBIX 3aHATHIA, y4eOHO-
MeTOAUYEeCKoe o0ecrneyeHue CaMoCTOATEIbHOM padoThl 00y4Yarouxcst)

Conepxanue padoueil mporpammel npeacTaBieHo B [Ipunoxxenun Ne 1.
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4 @DoHJ OIIEHOYHBIX CpeacTB 10 JTUCHUIIJINHE

4.1. IlepevyeHb KOMIIETEHIUI ¢ YKa3aHHEM 3TanoB (YPOBHel) ux GopMupoBaHMs B IPoLecce OCBOCHUS
o0pa3oBaTeqbHOM MporpaMmmbl. OnucaHue MOKa3aTesieil 1 KpUTepHeB OLeHMBAHUS KOMIIETEHIMA Ha Pa3IHYHBIX
Tanax ux (pOpMHPOBAHUS, ONMMCAHUE IIKAJ OLCHUBAHUS

[1K-12 - crtocoOHOCTRIO y4acTBOBAThH B pabOTaX MO JOBOJKE U OCBOSCHUIO TEXHOJOTHUECKHUX MPOIIECCOB B XO/I€ MOATOTOBKH
MIPOU3BOICTBA HOBOW MPOMYKIINH, MPOBEPSITH KAYECTBO MOHTAXKA 1 HAJIA/IKU TIPH UCTIBITAHUAX U CIaue B AKCILTyaTaI[UIO0 HOBBIX
00pa3IoB U3ICIINM, Y3JIOB U JIeTallel BBITYyCKaeMOW MPOAYKIIUU

Orarn (ypoBeHb) [Tnanupyemsie Kpurepuu olieHHBaHMs pe3yIbTaTOB 00yUCHHS
OCBOCHHSA pe3yabpTaThl 00yUeHHS
KOMIIETCHIINN (mokazaTenu 2
JIOCTHIEHIT («He 3 4 5 («OTmraHOY)
3a/1aHHOTO YPOBHS («Y TOBIIETBOPUTEITHHO) («Xopom1o»)
YAOBJIETBOPUTEIHHOY)
OCBOCHHSA
KOMITETSHITHI)
MepsBorii 3Tan 3HaTh: Meronuku | ®parmeHTapHble Henonnele npencrasnenns o | ChopmMupoBaHHbIE, Ho | ChopmupoBaHHEIE
npoBeJeHusl paboT 1O | MpeacTaBlieHUs 0 | MeTomuKe NIPOBEJCHUS | colepKalue OTZAEJbHBIC | CUCTEMAaTHYECKHE
Iloporossrii JIOBOJIKE ¥ OCBOCHMIO | METOJMKE MpOBEJNECHHUs | pabOT 1O  JOBOJAKE M | NpoOenbl MpeACTaBlICHHS O | MPEACTaBICHUS O  METOJUKE
YPOBEHb TEXHOJIOTUYECKUX paboT 1O JOBOJKE U | OCBOCHUIO METOJUKE IPOBEJACHUS paboT | MpoBeleHus! padoT MO JOBOJKE U
IPOIECCOB B XOJ€ | OCBOCHUIO TEXHOJIOTUYECKUX 0 JOBOJKE U OCBOEHHUIO | OCBOCHUIO TEXHOJIOTHYECKHX
MIPOEKTUPOBAHUS TEXHOJIOTHYECKHUX MPOLIECCOB B XOJie | TeXHOJIOTHUECKUX TPOLECCOB | MPOLECCOB B xojae
0bopyaoBaHUS. MPOIIECCOB B XOJ€ | MPOEKTHPOBAHUS B XOJ€  TPOCKTHPOBAaHUS | MPOCKTUPOBAHHUA 000pPYIOBAaHUSA
MIPOEKTHPOBAHMUS obopymoBaHUs obopynoBaHus
o0opynoBaHuUs
Bropoii 3Ttan YMerh: poBepsATh | PparmeHTapHOE B nenom ycneuHoe, HO B memom ycmemnoe, Ho | ChopmupoBaHHOE YMEHHE
KayecTBO MOHTaXXa WU | yMEHHE MPOBEPATH | HE CHCTEMAaTHYECKOe coneprKamee OTJENbHBIC | TIPOBEPATH KadyecTBO MOHTaXa U
BazoBblii HalagKu IIpHU | Ka9YeCTBO MOHTaXa ¥ | YMEHHE IPOBEPATh Ka4eCTBO | MPOOETsl yMEHHE MPOBEpATH | HATAIKW TPH HUCHBITAHUAX U
YPOBEHb UCTBITAHUAX U ClIa4e B | HAJAJKH IpU | MOHTaXXa W HAIAJAKH IIPH | KA4eCTBO MOHTa)ka M HaJlaJIKU | clade B OSKCIUIyaTalnio0 HOBBIX
SKCIUTyaTallMi0 HOBBIX | MCHBITAaHMAX W CJaye B | UCIBITAaHMSAX M clade B | IPH HCHOBITAHUSAX M caade B | oOpasnoB
00pasios 9KCIUTyaTallMI0  HOBBIX | AKCILTyaTalHIo HOBBIX | SKCILTyaTalHio HOBBIX
00opyoBaHUs 00pasios 00pasIoB 00pasIoB
Tpernii yTan Brnagers:  HaBbikamu | dparmenrapHoe B nenom ycnemsoe, HO B menom ycmemHoe, HO | YcHEIIHOE U CHCTEMaTHYECKOE
y4dacTusi B paborax 1o | BiajgeHHe HaBBIKAMH | HE CHCTEMAaTH4eCcKOoe coJieprkaliee OTZAEJbHbIC | TPUMEHEHHE HABBIKOB Y4acTus B
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IoBbIlIeHHBbIN | JOBOJKE M OCBOCHHUIO | yyacTusi B paborax IO | IpUMEHEHHUE HaBBIKOB | IPOOEIBI INpUMeHeHne | paboTax 1Mo JOBOJKE U OCBOCHUIO
YPOBEHb TEXHOJIOTUYECKUX JOBOJKE ¥ OCBOGHMIO | ydacTHs B pa0OTax IO | HaBBIKOB Y4acTHs B Pa0OTax | TEXHOJNOIMYECKHX  IPOLECCOB,
MIPOLIECCOB, TPOBEPKU | TEXHOIOTMYECKHUX JIOBOJAKE M OCBOGHHIO | I0 JOBOJKE U OCBOEHHUIO | IPOBEPKU KauyecTBA MOHTaxka U
KayecTBa MOHTa)ka W | MPOIECCOB,  IPOBEPKH | TEXHOJIOTHYECKUX TEXHOJIOTHYECKUX HPOLECCOB, | HANAIKHM NPU HCIBITAHUIX B X0/
HallaKu IpU | KadecTBa MOHTa)Xka | | IPOILECCOB, MIPOBEPKH | MPOBEPKH KadyecTBa MOHTaXa | pacdeTa M  KOHCTPYHPOBAHUS
UCTIBITAaHUAX B XOJE | HaJNaAKH IpH | KadecTBa MOHTaXa U | ¥ HaJNaAKW NPH UCHBITAHUSIX B | 000pyJOBaHHMS.
pacuera U | NICTIBITAaHMAX B  XOJE | HalaJKW NPH WCIBITAaHHUAX B | XOJIE pacuera u
KOHCTPYHPOBAHUS pacdera u | xozme pacdera U | KOHCTPYHPOBaHHS
o0opynoBaHusL. KOHCTPYHPOBaHHUS KOHCTPYHPOBAHUS o0opyznoBaHusL.
o0opynoBanusl. o0opyoBaHusl.

[IIxasnbel orteHUBaHUA U1 DK3aMeHa.

2 — «HEYJIOBJIIETBOPUTEIHLHOY;
3 — «yIOBIETBOPUTEIBHOY;

4 — «xoporo;

99— «OTJINYHOY.




4.2TunoBbie KOHTPOJIbHbIE 32JaHUSI MU HHbIE MAaTePHAJIbI,

Heo0XoAMMBbIe JIJIsl OLleHKH 3HAHNH, YMEeHHUIi, HABBIKOB U ONbITA

AeATe1bHOCTH, XaPAKTEPHU3YIOIIMX ITaNbl GOPMUPOBAHUS KOMIICTEHIUM
B IIpoLecce 0CBOeHHs 00pa3oBaTebHOM NporpaMmmsl. Meroanueckue
MaTepHaJibl, ONpele/souue Npoueaypsl OUeHUBAHUSA 3HAHUM, YMEHMH,
HABBIKOB U ONBITA AeATEILHOCTH, XapaKTePHU3YIOLIHMX ITANbI
(popmupoBaHus KOMIIETEHIUI

Ortansl OueHo4HBIE
OCBOCHMS PesynbTaTel 00yueHuUs Kommnerenuus cup el1CTBa
1-i stan METOMKH IPOBEJCHUs PabOT 10 JOBOAKE | TIK-12 - cMOCOGHOCTHIO Y4aCTBOBATH B | Y CTHBII
3HaHus ¥ OCBOCHHUIO TCXHOJIOTMYCCKUX IHPOLCCCOB | yaGhrax 110 10BOAKE M OCBOEGHHIO | OIPOC,
B XOJI¢ MPOCKTUPOBAHHS 000PYI0BaHHS
TEXHOJOTHYECKUX IMPOLIECCOB B XOJC | TECTUPOBAHHUE
MOATOTOBKH  IIPOW3BOACTBA  HOBOM
NPOIYKIHY, TPOBEPATH  KadecTBO
MOHTa)Xa W HaJlaJKH TPH HCIBITaHUIX
W cHade B OKCIUIyaTalWIO HOBBIX
00pa3moB W3Jenuii, y3J0B U JaeTaneit
BBIITYCKaeMOM MPOIYKIIHN
2-i1 aTan NPOBEPATH Ka4CCTBO MOHTaXKa ¥ HAJAZAKK | TIK-12 - cnocOOHOCTBIO Y4acTBOBATh B | Y CTHBIN
VMenus TIpA UCTIBITAHMSX U CNIAYC B SKCIUTYATalHIO | ya50max 110 oBOZKE M OCBOGHHIO | OMPOC,
HOBBIX 00pa3IoB 000py10BaHHS
TEXHOJIOTUYECKUX IIPOLIECCOB B XOJE | TECTUPOBAHHUE
HOATOTOBKH  IPOM3BOJACTBA  HOBOIA
NPOAYKIUH, IPOBEPATH  KadeCTBO
MOHTa)Ka ¥ HaJaJK{ IPU HUCIIBITAHUAX
U clade B OKCIUTyaTal[MI0 HOBBIX
00pa3moB u3genuii, y3JIoB U JaeTaneit
BBIITYCKaeMOW MPOAYKLIHH
3-i1 aTan HABBIKAMH Y4acCTis B pabOTax 10 JOBOAKE | TTK-12 - cHOCOGHOCTBIO Y4acTBOBATH B | Y CTHBIH OMPOC
Buanenue a OCBOCHHIO TEXHONOTMICCKIX | haGotax 10 J0BOAKE H OCBOCHHIO
IPOLIECCOB, NPOBEPKH KauyecTBA MOHTaXa
HaBBIKAMH TEXHOJOTHYECKUX IMPOLIECCOB B XOJ€

W HaJIAAKH NPH HCOBITAHHAX B XOJI¢
pacdera u
o0opynoBaHuUs

KOHCTPYUPOBaHUS

MOJATOTOBKM  MPOU3BOJICTBA  HOBOM
MPOAYKIUH, TPOBEPITH  KayeCTBO
MOHTa)Xa ¥ HAJNAJK! TPH ACHBITAHUAX
W crade B OKCIUTyaTallMi0 HOBBIX
00pa3moB u3genuii, y3JI0B M JaeTaneit
BBIITYCKaeMOH TIPOAYKITHH

4.3 PeHTHHI-TIIJIaH JHCHUILINHBI

PentuHr—muian JAUCHUIIIIMHBI IPEACTABIICH B IIPUJIIOKCHHUN 2.
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4.3.1 Bonpochl K 3K3aMeHy
OK3amen: ouHoe U 3a04HOoe 0OyUeHUe
Bormpocsl k 5K3aMeny:
1. OO6mue cBeneHus o0 Koppo3uu metamuioB. [Ipobiaema koppo3uu. Llens u 3a-
Jayu Kypca «XUMHUYECKOE COMPOTUBICHUE MATEPUAJIOB. 3allUTa OT KOPPOZUM.
TeXHUKO-?KOHOMHUYECKUI aCIEKT KOPPO3HUH.

2. TepMmoanHaMuKa mpolecca KOppo3ur METaJIOB.

3. Kunetuka mporiecca Koppo3uu METaJIOB.

4, Knaccudukanuss Koppo3HOHHBIX ITPOIECCOB 10 YCIOBHUAM IIPOTEKAHUS.

5. Knaccudukanus KOppo3HOHHBIX IPOIECCOB MO0 MEXaHU3MY ITPOTEKAaHMS 1

XapaKTepy KOPPO3UOHHBIX MOPAKCHUM.
XuMudeckass KOppo3usl METaJIJIOB. Y CJIOBHE CIUIOIIHOCTH INICHOK MPOAYKTOB
KOPPO3UH METAJLIOB.

7. TepmoauHaMuKa BBICOKOTEMIIEPATYPHOU KOPPO3UU METAJIOB.

8. AnicopOrus Kuciaopoaa Ha IOBEPXHOCTH METaJjlia.

9. Kuneruka razoBoil KOppo3uu. Y paBHEHHUE JUHEHHOI0 pOCTa OKCUIHOMN
TUICHKH.

10. Kunernka ra3oBoi KOppO3UH. Y paBHEHUE ITapad0INIECKOr0 pOCTa OKCHIHOM
TIJICHKH.

11. KwuHernka ra3oBoi KOPpO3UH. Y paBHEHHUE JOTapHU(MUICCKOTO POCTa
OKCHUJIHOM IJICHKHU.

12. BausHue BHyTpeHHUX (haKTOPOB Ha CKOPOCTh XUMHUYECKOU KOPPO3UH.

13. Bausame BHemHUX ()aKTOPOB Ha CKOPOCTh XMMHUYCCKOU KOPPO3HH.

14.  OcHOBHBIE METO/IbI 3aLTUTHI OT Ta30BON KOPPO3HH.

15.  MexaHu3M 3JIeKTPOXUMHYECKONH KOPPO3HHU.

16. TepmoauHaMuKa 3JIEKTPOXUMHICCKON KOPPO3UU METAIIIOB. DJIEKTPOIHBIS
MOTEHIIMAJIBI METAJIOB.

17. Peakius KaTOJHOMU JETOSPU3AIMU. Y CJIOBUE TPOTEKAHUS DJIEKTPO-
XUMHYECKON KOPPO3HHU.

18. HeoOpartumeble MOTEHIIMAIBI METAJLIOB.

19. Kuneruka aHogHOM peakiuu. [loka3aTeab CKOPOCTH IEKTPOXUMHUIECKON
peaKIuu.

20. KuHeTuka aHOJIHOW peaKIuu. DHEPrys aKTUBAIIMU IIPSMOT0 U 00OPaTHOTO
nepexo1oB. CKOPOCTh aHOHOM peaKIInH.

21. BomopoaHas Iemosspr3aliusl.

22. Kucnopoanas menoysipu3aiius.

23. Jlmarpamma DOBanca. [lonspu3aiimoHHbIe CONMPOTUBIICHUS. Y paBHEHUE TS
pacyera CKOpOCTH KOPPO3HH.

24. TlaccuBHOCTH MeTaJI0OB. OCHOBHOM METO/]T CCIICIOBAHMS TTACCUBHOCTHU
MeTaioB. [IpakTuueckue cieacTBuUs U3y4eHUs TAaCCUBHOCTH.

25. IlorennumocraTuyeckas KpuBasi.

26. BnusHue BHYTpEeHHUX (DAKTOPOB HA CKOPOCTH JICKTPOXUMHUYECKON KOPPO3UH.
27. BrnusHue aHMOHOB-aKTHMBATOPOB M KATHOHOB-aKTHBATOPOB HAa CKOPOCTh
IICKTPOXUMUYECKON KOPPO3HH.

28. BnusHMEe aHMOHOB-UHTUOUTOPOB M KATUOHOB-UHTMOUTOPOB HA CKOPOCTH
IIEKTPOXUMUYECKOU KOPPO3HH.

29. BusHHE KHCIIOTHOCTH CPEIbl, TEMIIEPATyphl, TaBICHUS Ha CKOPOCTh
AIEKTPOXUMHUYECKON KOPPO3HH.

30. BuusHue nepeMenMBaHus, BO3ACHCTBUS BHEIIHETO YJICKTPUIECKOTO TOKA U
paguanyuy Ha CKOPOCTh AJICKTPOXUMHUICCKONM KOPPO3HH.

31. Mepsl 60pEOBI ¢ KOppO3UEH MeTalI0B. Bo3meicTBre Ha METaJIbL.
Bo3znelictBue Ha cpeny.

32.  Mepnl 60ps0BI ¢ KOpPpO3KEH MeTaI0B. Bo3meicTBrEe Ha KOHCTPYKITHIO.
33. Meramnueckue 3alUTHBIC TOKPBITHS. OOIMe CBEICHHS.

34. Meramudyeckue 3aluTHBIC TOKPHITHSA. ['aTbBaHMYECKHUE MTOKPHITHS.

35. Mertamnnueckue 3amuTHbIe TOKPHITHS. Tepmoandy3noHHbIE TOKPBITHS.
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36. Hemerammmueckue 3aluTHBIC MOKPBITHA. Heopranmdeckue moKphITHS.
OxcuupoBaHue.

37. Hemerammmueckue 3aniuTHBIe MOKPLITUA. DocharupoBanue. JIakokpacoUHbIC
MTOKPBITHSL.

38. Huruburopsl. Buasl muarnburopos. Benmmuunna 3ammutHOro 3¢ dekra.

39. HMHrubuTopsl Jj1s PaCTBOPOB. AHOTHBIC HHTHOUTOPBI.

40. Huruburtopsl 11 pacTBOpoB. KaToaHbIC HHTHOUTOPEL.

41. Harudburtopnl aTMOC(hHEPHOH KOPPO3HM.

42. DnekTpoxuMuYecKkas 3amura. KaTtomaHas 3ammuTa BHSITHUM TOKOM.

43. DnexkTpoxuMuueckas 3ammTa. [I[poTekTopHas 3ammura.

44,  DpekTpoXxMMHUECKas 3aluTa. AHOIHAS 3aluTa.

45. Knaccudukanus HeMETaAJUTMISCKIX MaTEPHAIIOB.

46. OcoOGEHHOCTH KOPPO3HOHHOTO pa3pylIeHNUsS HEOPTAaHUUYECKHUX MaTe-PHAJIOB.
47. OcoOGeHHOCTH KOPPO3HOHHOTO Pa3pyIIeHNs OpraHMYECKUX MaTepHUAIOB.

48. MeToabl UCCIIEIOBAaHUM M OIICHKU XUMHYECKOM CTOMKOCTH HEMETAIINYSCKUX
MaTepHajoB.

49. Koppo3HOHHOCTONKHE HEMETAININUYECKUE MaTepHUaIbl HA HEOPTaHUYECKOM
OCHOBE.

50.  Koppo3noHHOCTOMKHE HEMETAUINYSCKHUE MaTepHalIbl Ha OpraHUYeCKOM
OCHOBE.

O0pas3elr SK3aMEHAIIMOHHOTO OWIIeTa:

MunucrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit @enepannn
denepanbHOE rocy1apCcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BbIcIero oOpa3oBanus «balIKupckuii TOCy1apCTBEHHBIH YHUBEPCUTETY
NnxenepHsiii paxynbTeT
Kadenpa «Texnonmornueckue MauiHbl 1 000pyI10BaHUE)

DK3AMEHAITMOHHbBIN BUJIET Ne 1
[To yuebHo# nuciumummae «Koppo3usi KOHCTPYKITHOHHBIX MaTEPHAIOB
Hanpasnenue: 15.03.02 — TexHonornueckre MalliiHbI B 000PYAOBaHNE
[Tpoduns: MHAKUHUPUHT TEXHOJIOTHUYECKOTO 000py10BaHUs

1.06mue cBenenus o Koppo3uu MeramioB. [Ipodiema kopposun. Llenb u 3amaun kypca «Kopposust
KOHCTPYKIIMOHHEIX MaT€PUaIOB»

2. JIlnarpamma OBanca. [lomsipu3aniioHHBIE CONMPOTHUBIICHUS. YpPaBHEHHE IJIs pacdyeTa CKOPOCTH
KOPPO3HUH.

VYTBepkIeHO Ha 3aceJaHuU Kadeapsl , IpOTOKOJI Ne
(mara)

3aBenyroumii kapenpoit

(moamuck) (®.1.0.)

MunuctepcTBo oOpa3zoBanus U Hayku Poccuiickoit deneparun
denepanbHOE rocyIapCcTBEHHOE 010 KETHOE 00pa30BaTeIbHOE YUPEKICHHE
BBICIIETO 00pazoBaHus «bamKUPCKUil TOCYyIapCTBEHHBIN YHUBEPCUTETY
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WnxenepHslii hakynpTeT
Kadenpa «TexHomornueckre MammHbl 1 000PYI0BAHUE)

SK3AMEHAILIMOHHBIN BUJIET Ne 2
I[To yuebnoit nucuurrae «Koppo3ust KOHCTPYKIIMOHHBIX MaTepHaoB»
Hamnpasnenue: 15.03.02 — TexHoMOrMUECKHE MAIIMHBI 1 000PYyI0BaHKE
[Tpoduib: MTHXUHUPUHT TEXHOIOTHYECKOT0 000py10BaHUs

1. TepMmoMHaMKKa mpoliecca KOppo3ur METaJIOB.
2. ITaccuBHOCTE, MeTammoB. (OCHOBHOH METOX MCCIEIOBAHUSA IIACCUBHOCTU METAJUIOB.
HpaKTqucxne CJIICACTBUA I/I?)y‘IeHI/ISI IIACCUBHOCTU.

VYTBepkIeHO Ha 3aceJaHuU Kadeapsl , pOTOKOJI Ne
(mara)

3aBenyroumii kagenpoit

(moamuck) (®.1N.0.)

Kputepun onenkn (B 0aj1ax) 1J1st 0O4HOT0 OTAEJICHHS:

25-30 0aJUI0B BBICTABIISIETCS CTYICHTY, €CIM CTYAEHT Aajl IOJHbIC, pa3BEpHYThIC OTBETHI Ha BCE
TEOpPETUYECKHE BONPOCH! OUJIeTa, MPOJIEMOHCTPUPOBAN 3HAHNE (YHKIIMOHATBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTUM, OCHOBHBIX JJIEMEHTOB, YMEHHE IPUMEHATh TEOPETHUYECKHE 3HaHUS IpH
BBITTOJIHEHUH NPaKTHUECKUX 3agaHuid. CTyqeHT 0e3 3aTpyIHEHHI OTBETHII Ha BCE JONOIHUTENIbHbIC
BOIpochl. [IpakTryeckas yacTh pabOTHI BHIMOJHEHA MTOJHOCTHIO 0€3 HETOUYHOCTEH M OITHOOK;

17-24 GannoB BBHICTABIAETCA CTYIEHTY, €CIU CTYAEHT DPACKpbUI B OCHOBHOM TEOPETUYECKHE
BOIPOCHI, OJHAKO JOMYIIEHbl HETOYHOCTH B OINPENEIIEHUH OCHOBHBIX NMOHATHH. [Ipm oTBeTe Ha
JOTIOJTHUTEIbHBIE BOMPOCHI JIOMYIECHB HEOOIbIINE HETOYHOCTH. [Ipy BHINOIHEHNU NMPaKTHYECKON
4acTH paOOThI JOMYIIEHBI HECYIIECTBEHHBIC OIIMOKY;

10-16 6an10B BHICTABISIETCS CTYICHTY, €CJIM IIPU OTBETE HA TEOPETUYECKHE BOMPOCHI CTYICHTOM
JOMYIIEHO HECKOJBbKO CYIECTBEHHBIX OIIMOOK B TOJKOBAaHUU OCHOBHBIX MOHATHH. Jlormka u
MOJTHOTA OTBETA CTPAZal0T 3aMETHBIMHU H3bsIHAMHU. 3aMETHBI MpoOenasl B 3HAHUM OCHOBHBIX
MeTo0B. TeopeTndeckre BOMPOCH B LIEIOM U3JI0KEHBI JJOCTATOYHO, HO C MPOIyCKaMH MaTepuana.
VmeroTcs IpUHIMITHAIbHBIE OMIMOKY B JIOTHKE MOCTPOCHUS OTBETa Ha Bonpoc. CTYACHT HE PeLIr
3aJjady WIM IPU PELICHUH JOMYIIEHbl IpyOble OINOKHY;

1-10 6annoB BHICTABISAETCS CTYIEHTY, €CJIM OTBET HAa TEOPETUYECKUE BOIIPOCHI CBUIETEILCTBYET O
HEMIOHUMAaHUU M KpailHe HENOJIHOM 3HAaHUM OCHOBHBIX INMOHATUH M MeTonoB. OOHapyXuBaeTcs
OTCYTCTBHE HABBIKOB IPUMEHEHHMS TEOPETUUYECKUX 3HAHUN TPH BBIIOJIHEHUH MPAKTHYECKUX
3agaHuid. CTyIEHT HE CMOT OTBETUTh HU HA OJWH JOMOJHUTEIBHBIN BOIIPOC.

Kpurepuu oneHKH 1151 3209HOT0 OT/AeJIeHHUS:

OTJIMYHO - BBICTABISICTCS CTYACHTY, €CJIM CTYJEHT Jaj IOJIHBIE, Pa3BEpPHYThIE OTBETHI Ha BCE
TEOPETHYECKHE BOIPOCH! OMJIETa, TIPOJAEMOHCTPUPOBAN 3HAHNE (QYHKIIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMHUHOJIOTHH, OCHOBHBIX JJIEMEHTOB, YMEHHE WPUMEHSATh TEOPETHUECKUE 3HAHUS TIPH
BBITTOJIHEHUH MPAKTHUECKUX 3aMaHuid. CTyqeHT 0e3 3aTpyIHEHHI OTBETHII Ha BCE JOTIOJHHUTEIBHBIC
Bonpockl. [IpakTrdeckast 4acTh pabOTHI BBHITIOIHEHA MTOJTHOCTHI0 0€3 HETOYHOCTEH U OMIHOO0K;
XOPOIIO - BHICTABIISIETCSI CTYICHTY, €CIIH CTYIACHT PAaCKpPbUI B OCHOBHOM TEOPETHUYECKHE BOTIPOCHI,
OJTHAKO JIOMYIICHBl HETOYHOCTH B OINpEACICHUH OCHOBHBIX TOHATHH. [Ipu oTBeTe Ha
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AOMOJHHUTCIBHBIC BOIIPOCHI JOMYIICHLL HG6OJ'H>H_II/IG HETOYHOCTH. HpI/I BBITIOJTHEHUHN HpaKTquCKOﬁ
4acTH paOOThI JOMYIIEHBI HECYIIIECTBEHHBIC OIIMOKY;

YIOBJIETBOPUTEIBLHO - BBICTABISICTCS CTYIAEHTY, €CIM MPH OTBETE HA TEOPETUYECKUE BOIMPOCHI
CTYZICHTOM JOMYIICHO HECKOJBKO CYIIECTBEHHBIX OIMMOOK B TOJKOBAHWW OCHOBHBIX TOHSITHA.
Jloruka um IOJIHOTa OTBETA CTpagaroT 3aMCTHBIMU H3bIHAMMU. 3aMeTHEI HpO6CHBI B 3HAaHUU
OCHOBHBIX METOOB. TE€OpeTHYECKHE BOMPOCH B IEJIOM U3JI0KEHBI JOCTATOYHO, HO C MPOITYCKAMHU
Marcpuaia. HNmMmerores MNPUHIHUITAJIbHBIC OLHI/I6KI/I B JIOTUKC IIOCTPOCHHA OTBETA Ha BOIIPOC.
CTyneHT He pemm 3aa9y WK P PEIICHHH JOMYIICHbI IpyOble OMUOKH;
HEY/0BJIETBOPUTEJIBHO - BBICTABISETCS CTYACHTY, €CIM OTBET Ha TEOPETUYECKHE BOMPOCHI
CBHJICTEIILCTBYET O HEMOHMMAHWU M KpailHe HETOJIHOM 3HAHWUM OCHOBHBIX TOHSITHHA M METOJIOB.
OGH&py)KI/IBaeTCH OTCYTCTBUC HABBIKOB HNPUMCHCHUSA TCOPCTUYUYCCKUX 3HAHUHU IpHU BBITOJHCHUU
NpakTUYeCcKuX 3a1aHuii. CTyIEeHT He CMOT OTBETUTh HU Ha OJIWH JIOTIOJHUTEILHBINA BOIIPOC.

4.3.2 OdopMiieHHEe KOMILIEKTA TeCTOB (TECTOBBIX 3a/IaHMIl)
TECT 1

1. Kakoii mporiecc Ha3bIBalOT KOPPO3UEd METAIIOB?

a) pa3pylieHNe METaNIOB OT CTATHYECKUX MEXaHUYECKUX HArPy30K;

0) pa3pylieHrEe METAIIOB IIPH IIUKINYSCKUX HArpy3Kax;

B) pa3pyllI€HUE METAJUIOB IIPU UX XUMHUUYECKOM U 3JIEKTPOXUMHUYECKOM B3aUMOJEHCTBUH C
arpecCUBHON Cpeliou;

I') pa3pylLIeHHe METAJUIOB PU UX JUIMTEIbHON IKCILTyaTall|H.

2. XuMundeckasi KOppo3us MPOUCXOAUT IIPU B3aUMOJEHCTBUN METAJUIOB!
a) C pacTBOPaMHM IEKTPOJIUTOB;
0) c cyXuMH razaMu IpH BBICOKHUX TEMIEpaTypax UK ¢ HEIJIEKTPOIUTAMU;
B) C IapaM¥ HU3KOKMITALIUX >KUIKOCTEH;
T') C PaCTBOPAMM IMOJISIPHBIX XKHJIKOCTEMN.

3. IlacCUBHOCTb 3TO COCTOSIHUE OTHOCHUTEIBHO BBHICOKOW KOPPO3MOHHOW CTOMKOCTH MeTaia
BBI3BAHHOE!
a) JKUJIKOM cpesioif; 0) cpenoil ¢ CUITHbHBIMU OKHCITUTEISIMH,
B) HEHTPAIILHOM CPEION; T) MIETOYHOM Cpeoi.
4. Kakoii caMblil cTapblii METOJ] OJIYYEHHUS] METAJUIMUECKUX 3AIUTHBIX TOKPBITUI?
a) tepmoau(dy3nOHHBIN; ©) METOJ TOTPYKEHHUS B PACIUIABJICHHBIH METAI-TIOKPBITHE;
B) IUIAKUPOBAHUE; T) METAUIM3ALMs HAMIBUICHUEM.

5. ITo kakoMy ypaBHEHHUIO BEIYHCISETCS TEOPETUUECKOE KOTUIECTBO OCAXKICHHOTO MeTalia?
Mlirt M+ M~ Mlt
ay m=——; 6)mMm=——; B)M=——; 1)M=
zF F zF F

6. IIpuunHOI KOppO3UN ABIAETCS:
a) BHYTPEHHSISI CTPYKTYypa MeTajljla WIH CIUIaBa;
0) TepMOaMHAMUYECKas HEYCTOWYMBOCTh METAIIJIOB;
B) HaTM4KeE 1e(HEKTOB B KPUCTATUTMUECKOM CTPYKType METaslIa;
T') CoJiepKaHNEe B METAJlJIe HEMETAJUIMYECKUX TPUMECEH.
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7. DNEKTpOXUMHUYECKas KOPPO3Us MPOUCXOAUT MPHU B3aUMOJEHCTBUU METAJIJIOB:
a) C pacTBOpaMH HEIJIEKTPOIUTOB; 0) C paCTBOPAMHU OPTaHMUYECKUX KUKOCTEH;
B) C paCTBOpaMHU 3JI€KTPOJIUTOB;  T) C paCTBOPAMU HEMOJSPHBIX KUAKOCTEH.

8. B kakux cpenax HPOUCXOAMT KOPPO3UsS METAIIOB C BBIACIEHHEM BOAOPOJA, TO €CTh
MPOTEKAET PEAKIIHS BOJOPOIHON IETOIIpU3aiin’?
a) B KUCIIBIX cpefax; 0) B HEUTPAIBHBIX U MIEITOYHBIX CPEax;
B) B OPraHUYECKHX KUJKOCTSAX; T) B IIETOYHBIX Cpelax.

9. Kakue craBel 0651a1ar0T 60iee BEICOKOH KOPPO3UOHHON CTORKOCTHIO?

a) TeTepPOreHHBIE; 0) ¢ HEeMeTaJUTMYECKUMHU TTPUMECSIMU;
B) C KATOAHBIMH BKJIFOUEHUSIMH; T') TOMOTEHHBIE.

10. Kakoe ypaBHEHHE UCIIONIB3YIOT JJI1 BBIYMCIIEHHS BbIXO/A 110 TOKY B % NpH

3JIEKTpoJIn3e?
mi; mg m mg
ayin=—; ©06n=—; Bn=—100 1)n=—100.
m g m . M m

11. Kakas BenmnurHa U3MEHEHUs W300apHOTO MOoTeHIMaNa (Hepruu [ 'nb6ca) onpenenser
BO3MOKHOCTh TMPOTEKAHUSI KOPPO3UH:
a) AG<0; 06) AG>0; B)AG=AU-TAS; r1)AG=0.

12. 3amuTHLEIMA CBOMICTBAMH 00JIa{aI0T OKCUIHBIE [IIICHKHU:
a) cpenuue, TomuHo# 40...500 HM;  0) CIUTONTHBIC IUICHKH;
B) TOJICTHIE, TONIMHOM Oonee 500 HM; T') HECIUIONTHBIC TUICHKH OKCH/IA.

13. C1ocoOHOCTh METAJUIOB COMPOTUBIATHCA KOPPO3SHOHHOMY BO3/IEHCTBHUIO Ta30B MPH
BBICOKHMX TEMIIEpaTypax Ha3bIBAETCA:
a) J)KapoNpPOYHOCTHIO; 0) MEXaHMYECKOH MPOYHOCTHIO;
B) )KapOCTOMKOCTHIO; T') Ta30CTORKOCTHIO.

14. Kakoif MmeTasu1 o OTHOLIECHUIO K CTAJIM SIBJISIETCS aHOAHBIM MTOKPBITHEM?
a) menab (Cu);  0) omoo (Sn);  B) nuHk (Zn); 1) HEukenb (NIi).

15. Kakyto cucreMy Ha3bIBaroT Kpackou?
a) pacTBOpP OPraHUYECKOT0 BEILIECTBA B JIETYYEM PACTBOPUTEIIE;
0) pacTBOp TBEP/OTO BEILIECTBA B )KUJKOM PACTBOPUTEIIE;
B) CYCIIEH3Hs IUTMEHTA B OPTaHUYECKOM CBA3YIOIIEM;
') pacTBOP MEJIKOU3MEIBYEHHOTIO BELIECTBA B JIETYYEM PaCTBOPUTEIE.

16. Ilo MmexaHu3My IPOTEKAHUS PA3IUYAIOT:
a) KOPPO3HIO BHEIIHUM TOKOM U TO/J] HAMPSKEHUEM;
0) XUMHUYECKYIO M 3JIEKTPOXUMHUUYECKYIO KOPPO3HIO;
B) OMOKOPPO3HUI0 U KOPPO3UOHHYIO 3PO3HUI0;
T') CIUIONTHYIO WU OOIIYI0 M MECTHYIO KOPPO3HIO.
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17. IIpouiecc OKHUCIIEHUS METAJLJIa KUCIOPOAOM HEBO3MOXKEH, €CITU MEXAY PAaBHOBECHBIM
JaBJICHUEM KHCIIOPOJia HaJl OKCUAOM Ppap. 1 JaBiaeHuEM Kuciopoja B cpene P coomogaercs

COOTHOLIICHHC:
a) P= PPAB. 5 6) P< PPAB. ; B) P> PPAB. ; F) P/PPAB =1.

18. Kakoe coueTanue Jerupyommux METAVIOB CUIILHO 3aMEUISET MPOIECC OKUCICHUS CTAIIN
IIpYU BBEICOKUX TEMIIEpATYypax:

a) Cr, Cu, Co; 6) Al, Mo, W; B) Cu, Co, Mo; 1) Al Cr, Si.

19. Kakoii MmeTasut o OTHOLIEHUIO K CTAJIM SIBJISETCS KATOJIHBIM IMMOKPBHITHEM?
a) meapb (Cu);  0) mmuk (Zn);  B) xpom (Cr); 1) turan (Ti).

20. JlakamMu Ha3bIBAIOT:

a) pacTBOPHI BBICHIXAIOUIUX Macell, CMOJI, 3(HUPOB 1003 B JIETYUYHUX PACTBOPUTEISIX;

0) KOJUIOMIHBIE PACTBOPHI BHICBIXAIOIINX MACENl CMOJI A3(UPOB IEIUTIONO03BI B JIETYIHX
OpPraHUYECKUX PaCTBOPUTEISIX;

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

T') pacCTBOPHI BBICHIXAIOIINX CMOJI, LIEJUTIOJIO3bI B JIETYYUX OPraHUYECKUX PACTBOPUTEISAX.

21.01punarenbHBIM MaCCOBBIM MOKa3aTeIeM KOPPO3UH HA3bIBAIOT BEIMYMHY, KOTOPYIO
BBIUUCIISIOT TI0 hopmyIie:

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

22. JIuHEeNHbI! POCT TOIIMHBI OKCUIHOW MJICHKU MPU OKUCIECHUU METaJlJIa KUCIOPOIOM
BBIPAXKAETCS] YPAaBHEHUEM:

a) h= Kt; 6)h*=Krt; Bh=1In(K1); 1) h*=hy+Kr

23. Kakue OCHOBHbBIE METO/IbI TPUMEHSIOT JJIs1 3al[UThl METAIIJIOB OT KOPPO3Un?
a) MexaHuveckas o0paboTKa; 0) 3aIUTHBIC TOKPBITUS, YUET KOHCTPYKIIHUH;
B) IMOAITOTOBKA IMOBEPXHOCTH METAJLIA;
r') 00paboTKa B KHCIBIX U MIETOYHBIX CPEIaX.

24. Kakue 3aluTHbIE TIOKPBITHS OTHOCATCA K TUITY HEOPraHUYECKUX MOKPBITHI:
a) TIOKPBITUS CMOJIAMU; 0) MOKPHITHUS TIJIACTMACCaAMU;
B) JIJaKO-KpPACOYHbIE MOKPLITUSA;  T) (hocdaTHbIe U OKCUIHBIC TOKPHITHS.

25. Kakue BeniecTBa Ha3pIBalOT MHTUOUTOPAMU KOPPO3UU?
a) BEIIECTBA YCKOPSIONINE KOPPO3HIO;
0) BelecTBa, KOTOPhIE YMEHBIIAIOT CKOPOCTh KOPPO3HUH;
B) BEIIECTBA, CTAOMIM3UPYIOIINE KOPPO3UOHHBIN MPOIIECC;
T') BEUIECTBA, KOTOPHIE MOTHOCTHIO UCKITIOYAIOT KOPPO3HIO METAJLIA.

26. J1ns 3a1MTHl MEIHBIX U3JIEIUA OT KOPPO3HH B KAUECTBE KATOJHOTO MOKPBITHS MOKHO

HUCIIOJB30BAThH
A. Cr b. Ni B. Sn I'. Ag
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27. YpaBHeHueE npolecca, IpOTEKAIOIEro Ha MHEPTHOM aHOJIE IIPU AJIEKTPOJIN3€E BOAHOIO
pacTBopa CaCL?, umeer BHX
A. 40H - 4e=0, + 2H,0
B. Ca®" +2¢ =Ca°
B.2CL™ - 2e=CL,
I.2H,0 —4e=0, +4H"

28. Kakoit mporiecc Ha3bIBarOT KOPPO3KEH B Hanbosee odIem cirydae?

A. CaMonpou3BOJIBHOE pa3pyllIEHUE METAJUIOB B arpeCcCUBHON cpeze, NepeMeniaromiencs ¢
OOJBIIION  CKOPOCTBIO W COJEp)KAIIeld BEMIECTBA B3aWMOJICHCTBYIONIME C  PA3IUYHBIMU
Marepuaiamu.

b. CamonpousBoiabHOE pa3pylIeHHE METAIMYECKMX MAaTepUaloB  BCJIEACTBUE HX
XUMHYECKOTO WIIA 3JIEKTPOXUMHUYECKOTO B3aMMOAEHCTBHS C OKPYKAIOIIECH CpeIoid.

B. Camornpoun3BosibHOE pa3pylieHHe MaTepuaioB (ITOJUMEPHBIX, METAJUIOB M HEMETAJUIOB) B
KHUJKOCTAX, SJICKTPOIUTAX U HEINEKTPOIUTAX.

I'. Paspymenue MeTauloB B Ta3oBbIX CpeAax, COIAEPKAIMUX pa3IMYHbIE arpecCUBHBIC
KOMITOHEHTHI U IIPH BBICOKUX TEMIIEpaTypax.

29. YUto siBNsI€TCSI OCHOBHOM NMPUYMHOW KOPPO3HH U Pa3pyIICHUSI METAUIOB U X CILIABOB?

A. D10 TepMOoAMHAMUYECKash HECTaOMIbHOCTH(HEYCTOMYMBOCTh) METAJUIOB M CIUIAaBOB B
Pa3IMYHBIX arpeCCUBHBIX CPENAX MPHU JAHHBIX BHEIIHUX YCIOBHSIX.

b. D10 HecoBeplIEHCTBO BHYTPEHHEN KpPUCTAIIIMYECKONW CTPYKTYPbl METANIOB U CIIJIABOB,
MTOJIyYEHHBIX B IPOLECCE MPOU3BOACTBA.

B. D10 Hanmumuue Ha NMOBEPXHOCTU META/UIA Pa3IM4YHBIX 3arpsA3HEHHM, €€ I1epOXOBaTOCTh U
MIPUCYTCTBUE OKCUIOB.

I'. D10 mpupona MeTannoB, UX BHYTPEHHEE CTPOEHUE, HAJIWYME IPUMECEN B CIUIaBax,
arpecCUBHOCTh OKPYKarOLIEH Cpeibl.

30. Kakas BennunHa W3MEHEHHS W300apHOr0 TOTEHIMana (M3MeHeHus ’Hepruu ['udbca)
mpolecca KOPPO3UH OMpeeisieT BOZMOXKHOCTh KOPPO3UH MeTaslia B JaHHOU cpefe?
A.AG>0; b.AG=0; B.AG#0; . AG<O.

31. Kakoil Mmeramn cuibHEe KOPPOAMPYET B cpene, coaepkamei kuciopoa (02), ecnu
NU3MCHCHUC I/I306apHOFO MoTeHuuala npu 06pa30BaHI/II/I OKCHU OB UMCIOT BCJINYNHY:

A.FeO AG =—246,0 kJx/Mob ; B.MgO AG°=-520,6 xJlx/Mous;

B. CuO AG°=-145,5 x/lx/mMois ; I.ZnO AG°=-336,0 K LK/MOb;

32. CKOpOCTH JIOCTaBKH K TMOBEPXHOCTH METaJlJla KOPPO3UOHHO aKTWBHBIX YaCTHII U OTBOJA
IPOAYKTOB pEaKIMH B YIPOIIEHHOM BHJE OIpeNeNsieTcss 3aKoHaMH OJHOMEpHOW Iuddy3un
(3akoHOM DuKa):

A O'C . B O'C .

as . dac
- W= Ky S —; I

B. Mg:kﬂcdx M{,zKﬂXE :

N
N
QU

33. CkKoOpocTh XMMHMYECKOH WM DIIEKTPOXUMHUYECKOW pEaKLUUU pacCUUTBIBAECTCA 110
YpaHEHUIO:

E. c).
A W,= erxp(—R—‘;_j ; B. W,= KpEexp[—E_J :

E, E,
b. W,= KpCexp(R—‘;j ; r. w,= KpCexp(—R—‘;J X
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34. Kakoii KOppO3MOHHBIM MpolecC pa3pylieHus (OKUCICHHUS) METaNIOB OTHOCAT K
XUMHYECKON KOPPO3UH?

A. — B3auMOJEHCTBHE METaJIa C KOPPO3ZMOHHOM Cpefoi, IPU KOTOPOM OKUCIIEHHE METajla 1
BOCCTAHOBJICHUE OKHCINTENS KOPPO3MOHHOM Cpellbl, MPOUCXOAUT Ha ONPEIEICHHOM Yy4acTKe
MIOBEPXHOCTU METAILIA,

b. — B3aumoeiicTBrEe MeTaJlJla C KOPPO3ZUOHHOM Cpeoi, MpU KOTOPOM OKHUCJIEHHE METajla U
BOCCTAHOBJICHUE OKUCIIUTEIS KOPPO3UOHHOM Cpeibl IPOTEKAIOT B OJIHY CTAIUIO;

B. — B3aumopnelcTBHME MeTauia € 3JEKTPOIMTAMH, MPU KOTOPOM HOHU3ALMS MeTauia U
BOCCTAQHOBJICHUE OKUCIIUTENS KOPPO3UOHHOM Cpefpl IPOTEKAIOT B HECKOJIBKO CTaAMH MU HUX
CKOPOCTH 3aBUCAT OT JIEKTPOJHOT0 MOTEHIIMAJIa METAJIA;

I'. — B3aumozeiicTBUE MeTalIa ¢ KOPPO3UOHHOM CPENOH, IIPU KOTOPOM OKHUCIICHUE METaJlIa U
BOCCTAaHOBJICHUE OKUCIUTEISI CPEbL, TPOUCXOIAT HA PA3HBIX y4acTKaxX MOBEPXHOCTH METAILIA.

35. Kakoii KOppO3HOHHBIM MPOLECC OKUCIEHUS META/IOB HA3bIBAIOT BJIEKTPOXUMHYECKOU
Koppo3uein?

A. — B3aUMOJICHICTBME METAJJIa ¢ KOPPO3UOHHOM CPElio, B PE3yJIbTaTe KOTOPOrO OKUCICHHE
MeTaJljla U BOCCTAHOBJIEHUE OKHUCIUTEINS IPUBOAAT K PABHOMEPHOMY CJIOIO IIPOAYKTOB KOPPO3UH;

b. — B3aumoeiicTBHEe MeTaJlJla C KOPPO3ZUOHHOM Cpeioi, MpU KOTOPOM OKHCJIEHHE MEeTajla U
BOCCTAQHOBJICHME OKMCJIMTENS BBI3BIBAIOT 00pa30BaHHWE HEPABHOMEPHOTO CIIOSI TPOAYKTOB
KOppO3uHu;

B. — B3aumoznelicTBue MeTaJUIa ¢ KOPPO3UOHHOM CPENOM, B PE3YJbTaTe KOTOPOrO OKHUCIICHHE
MeTaJljla U BOCCTAHOBJICHHE OKHCIIUTENS MPUBOJAT K MEXKKPUCTAJUIMTHON KOPPO3UU (KOPPO3HUHU TIO
IpaHuLIaM KPUCTAILIOB);

I'. — B3auMozeicTBME MeTaJla C AJIEKTPOJUTAMH, IPU KOTOPOM HOHM3aLUs MeTaula U
BOCCTAHOBJIEHHE OKHUCJIMUTENS KOPPO3MOHHOM Cpenbl MPOTEKAlOT B HECKOJIBKO CTaguil U UX
CKOPOCTH 3aBUCAT OT JIEKTPOJHOT0 MOTEHIIMAJIa METAJIA;

36. I1pu B3anMOICHCTBIUM METAJIOB C CYXUMH Ta3aMU (B YaCTHOCTH C KUCJIOPOJOM) B Cpefie C
BBICOKOH TEMIIEPATYPOU U B HEDJIEKTPOIUTAX IPOUCXOIUT:

A. — 3IIEKTpOXUMUYECKasE KOPPO3US;

b. — Koppo3us NPOUCXOIUT MO CMEIIAHHOMY MEXAHU3MY;

B. — xumnueckast Kopposus;

I'. — koppo3us ¢ 00pazoBaHHEM IUIOTHOH MIEHKH MPOAYKTOB KOPPO3UH.

37. B pactBOpax 3JEKTPOIUTOB (B KUCIOTaX, MIEIOYaX, UX pPAaCTBOpaxX, pacIuiaBax CoJiei)
pa3pylleHNe METaJljla BbI3bIBAET:

A. — ToueyHas Koppo3us (MUTTUHT);

b. — anmekTpoxumMudeckas Koppo3usi;

B. — uzbuparensHast KOppo3us;

I'. — xuMH4Yeckast KOppo3us.

38. ITo kakoi ¢GopMyIie BEIUUCIACTCS TIYOMHHBIM MOKA3aTellb KOPPO3ZUOHHOTO Pa3pyIICHHS
Metasuia (crjiaBa)?
7 h
A K== b. K= 107 B. k;==; I Kgp=hr.
T T

39. IlokazaTenh W3MEHEHHS TOJIIMHBI, OOpa3yloleHcs Ha MeTaule IUICHKH IPOIYKTOB
KOPPO3UH OIIPEAETIACTCSA BEIPAKECHUEM
Ah h
A. Kp=hr; b. K,=Ahr ; B. Kh:T; I. K,,=?.
40. Kaxkoe YpaBHCHHUC UCITOJIB3YIOT IJIS BBIYUCICHUA OTPHULATCIIBHOI'O MOKA3aTCIId H3MCHCHU A

Macchl KOPPOAUPYIOIIETO MeTasuia?
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Am Am Ah TI
AKn=—3 BKp=——; B.Ky=—; TI. K;= —
St St T T

41. JIng 3a1uThl METHBIX U3/I€JIUA OT KOPPO3HH B KQUECTBE aHOTHOTO MOKPBITUS MOYKHO
HNCITIOJIb30BATh:

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

42. ]I 3a1UThl KENE3HBIX U3ACINI OT KOPPO3UU B KAYECTBE AHOIHOTO MOKPHITUS MOKHO
HUCITOJIb30BAaTh:
A. muax bB. omoBo B. cepedbpo I'. menp

43. Iyt 3a11UThl OT KOPPO3HH CTATLHOTO U3JICTHs B KAUECTBE aHOTHOTO MOKPBITHS MOXKET
OBITH UCIIOJIB30BATh:
A.menp b. Hukens B. cunenn [I'. Xpom

44. CornacHo cxeMe ranpBaHmueckoro saementa Cd | Cd?* || Cu®* | Cu
A. 3JIEKTPOHBI IBUKYTCSA OT METHOTO 3JIEKTPOJa K KaAMHUEBOMY
b. MeaHBIi 2JIEKTPOA SBIAETCS KAaTOIOM
B. Ha MeTHOM 37IEKTPO/IE TPOUCXOAUT OKUCIICHUE
I'. B mporiecce paGoThI A7IEMEHTA Ha DJICKTPOIE OCAKIACTCS KaIMUM

45. I1pu HapyIIeHUN OJIOBSTHHOTO TIOKPBITHS Ha KEJIE3HOM U3/ICTTUH, HAXOSAIIeMCS B KUCIIOTE, Ha
aHOIC HpOTeKaeT peaKLII/IH

A. Fe®—2e = Fe?* B. Sn%" +2e= Sn°

B.2H" +2e = H, I.Sn%-2¢=5Sn*
46. [IponykTamu, BRIJICISIOMUMHUCS HA HHEPTHBIX JIEKTPOIaX MPH JICKTPOJIH3E BOJHOTO pacTBOpa
cynbdara Menu, SBISIOTCS
A.H,uO;, Bb.CuuH,S B.CuuH,S I.Cu u Oy
47. T1pu 31€eKTpOIN3€ BOAHOTO paCTBOPA Cyab(aTa HATPUS HA KaTOJIE MPOTEKACT PEaKIIH

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

48. I1pu a5eKTpoan3e BOJHOTO PacTBOpa Cylib(aTa HATPUs HA KATOJIE MPOTEKAET PEAKITUS
A.2H,0 —4e = 0,+4H" b. 40H —4e = O,+2H,0
B. SO4* - 2e = S,05* I.2H,0 + 2e = H, + 20H

49. YcnoBueM caMOIIPOM3BOJIBHOTO MPOTEKAHHUSI TpOIIecca sBISETCS:
a) AG=0; 6) AG<0; B) AG>0;1)AS>0.
50. Katog—sTo...
a) JIEKTPO, Ha KOTOPOM MPOUCXOJUT BOCCTAHOBIICHUE;
0) 2IEKTPO/I, HA KOTOPOM MPOUCXOIUT OKHCICHUE;
B) BCEr/1a MOJOKUTENbHBIIN 3JIEKTPO/I;
I') BCeraa OTPUIATEIbHbIN IEKTPO/;
51. Arog—oro0...
a) DIIEKTPOJ, Ha KOTOPOM IIPOUCXOIUT BOCCTAHOBIICHHE;
0) 2JIEKTpO/I, HA KOTOPOM ITPOUCXOJAUT OKHCIICHHUE;
B) BCET/1a OJIOXKHUTEIbHBIHN 3JIEKTPO/I;
I') BCEr/ia OTPULATENIbHBIN 3JIEKTPOJI;
52. DNeKTpoABIIKYILAs CUjla FaIbBAHUYECKOTO 3JIEMEHTA:
a) paBHA 3JIEKTPUUECKON Pa3HOCTU MOTEHIIMAIOB B ABOMHOM 3JIEKTPHUUECKOM CIIOE;
0) MakcHUMaJbHAas Pa3HOCTH MOTEHIIMAIIOB JIEKTPOJOB, KOTOPAsk MOXKET OBITh IOJIyUCHa,
B) paBHA MMOKA3aHUIO BOJBTMETPA, BKIIOYEHHOMY B JIEKTPOXUMHUECKYIO IeNb Mpu padoTe
rajJbBaHMYECKOTO AIIEMEHTA;
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r) Ha3eiBaeTcst D/]C aneMeHTa, COCTaBIEHHOTO U3 JAHHOTO 3JIEKTPOAa U CTaAHIapTHOTO
BOJIOPOJIHOTO 3JIEKTPOAA, MOTEHIIMAI KOTOPOTO MPUHAT PaBHBIM HYJIIO;

53. 'anpBaHWYECKHUE AIEMEHTHI — 3TO. ..

a) yCTpOMCTBa 11l IPSIMOTO MPeoOpa3oBaHUs XUMUYECKOM SHEPTHH 3aKIIIOYSHHBIX B HUX
PEareHToB B 3JIEKTPUUYECKYIO;

0) XUMUYECKHEe UCTOUHUKH TOKA, NpeIHAa3HAYEHHBIE JIJIs1 MHOTOKPAaTHOTO X MCIIOJIb30BaHUS 32
CYET pEereHepali aKTUBHBIX KOMIIOHEHTOB 3JIEKTPOJOB B MPOLECCE 3aPAIKH;

B) YCTpOICTBA JIJIs1 HEMTOCPEICTBEHHOTO NPE0Opa30BaHMs TEIIOBON SHEPTUH CTOPAHUS B
AIEKTPUYECKYIO;

T') BJIEKTPOAbI, 00paTUMbIe OTHOCUTEIBHO HOHOB B PAaCTBOPE;
54. DnexTponaus — 3To...

a) mpoliecc MpeoOpa30BaHUs XUMHUECKOM SHEPTUHU B SICKTPUIECKYIO;

0) peakuu TUCTIPONIOPIIMOHUPOBAHUS;

B) pa3JIOKEHUE BELIECTB MOJ] IEHCTBUEM JIEKTPUUECKOIO TOKA;

') MEXKMOJIEKYJIIPHbIE OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIC PEAKIIHH;
55. MaremaTtuyeckas 3anuch IepBOro 3aKoHa ekTponusa Papanes:

m(x)

M(x)

0) m(x) = [M(X)/zF]- | - 7

B) M5(AB) = M5(A) + M»(B);

r) {n K=nFE%/RT.

56. JIro060i1 KOPPO3NOHHBIN MPOIIECC SBIAETCS

a) n =

A. oqHOCTagUITHBEIM b. MHOTOCTAAUIHBIM
B. nByxcraauitHpiM I'. TpexcranuitHbIM
57. Koppo3us METAJUIOB ONMCHIBAETCS] YPAaBHEHUEM

A. Me™+ ne = Me® B.Me’—ne=Me™

B. Me® + ne = Me™ I'. O, + Me = MeO>

58. KapoCcTOMKOCThIO HAa3bIBAETCSA

A. CHOCOGHOCTB MCTaJlJIa COXPAaHATb BBICOKHC MCXAHUYCCKUC CBOIICTBa ITPU BBICOKHUX
TeMIeparypax

b. ciocoGHOCTh METAJIIOB HE IJIABUTHCS MPU BHICOKHX TEMIIEpaTypax

B. ciocoOHOCTE METANIOB COMPOTHUBIISITHCS. KOPPO3ZUOHHOMY BO3/I€HCTBUIO ra30B MPU BHICOKHX
TeMIiepaTypax

I'. cnocoGHOCTH METAIIIIOB MPH BBICOKUX TEMIIEpAaTypax U3rudatbes

Kpurepun ouenku (B 0asiax):

- 0-1- 6an/10B BHICTABISETCA CTYACHTY, €CIIU MPABUIIBHO BBITIOIHEHO OT 0-25% oT Bcero oobema
TECTa;

-2-4 6aJJI0B BBICTABIIIECTCS CTYJEHTY, €CIIM MIPABUIIBHO BBINOIHEHO OT 25-50% oT Bcero oobema
TECTa;

- 5-7 6aJ1J1I0B BBICTABIISETCS CTYACHTY, €CIIU €CJIM IPAaBUIBHO BBINIOJIHEHO OT 50-75% oT Bcero
o0beMa TecTa;

- 8-10 6a1;10B BBICTABIISIETCSI CTYIEHTY, €CJIH €CIU MPaBUIBLHO BbIOIHEHO 0T 75-100% oT Bcero
o0bemMa TecTa.

Kpurtepun oneHku 111 32049HOT0 OT/IeJI€HHS:
- HEYI0BJIETBOPHUTEJIbHO BBICTABIISIETCS CTYEHTY, €CJIA MMPABUIIbHO BBINOJIHEHO OT 0-25% oT
BCET0 00bEMa TECTa;
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-YAOBJICTBOPHUTEJIBbHO BBICTABIISIETCS CTYJIEHTY, €CIIH IIPaBUIIBHO BBINOIHEHO OT 25-50% oT Bcero
o0beMa TecTa;

- XOPOIIO BHICTABISAETCS CTYACHTY, €CIIU €CIIM MPABUIIBHO BBINOIHEHO OT 50-75% OT Bcero oobema
TECTa;

- OTJIMYHO BBICTABIIETCS CTYJAEHTY, €CJIU €CJIA IPABUIIBHO BBINOIHEHO OT 75-100% oT Bcero
o0beMa TecTa.

4.3.3. Opopmirenne 1a00paTOPHBIX padoOT

uﬂa6opaTopHaﬂ pabora 1
BJIIMAHUE CTPYKTYPHOM HEOJHOPOJHOCTHU HA KOPPO3UMIKO METAJIJIOB
TP BOCCTAHOBJIEHNM NOHOB BOJOPOJIA

1.1. ITens paGoThI

W3ydyeHue BIMAHUSA KOJUYECTBA U KAUE€CTBA CTPYKTYPHBIX HEOJHOPOIHOCTEW HAa CKOPOCTH
ANEKTPOXUMUYECKON KOPPO3UM METAJUIOB TPU BOCCTAHOBJICHHM HAa HHX KaTHOHOB
BOJIOpO/IA.

1.2. Teopus Bompoca

Koppo3ueit MeTanioB Ha3bIBalOT pa3pylIeHHE METaNIOB BCIEACTBUE XUMUYECKOTO WU
AJIEKTPOXUMHYECKOTIO B3aUMOJICUCTBHS UX C KOPPO3UOHHOM CPENO.

[lepBonprunHO  KOPpPO3UM  SIBJISIETCS TEPMOJMHAMUYECKAs HEYCTOMYMBOCTh MX
METANTMYECKOTO COCTOSHUSL B OKpYXKalolmuxX yciuoBusix. [lpu B3aummoneicTBum ¢
arpeCCUBHOM CpPeAol METaJIbl CAaMOIPOU3BOJIBHO CTPEMATCS MEPEUTH U3 METAIIUYECKOTO
COCTOSIHUS B OKHCIIEHHOE, KaK TePMOAMHAMHYECKH 00Jiee YCTOWYMBOE B JAHHBIX yCIOBHSIX.
CreneHb TEPMOJMHAMUYECKOW YCTOMYMBOCTH METajla 3aBHUCUT KaK OT CBOWMCTB CaMoOro
MeTajla, TaKk U OT COCTaBa KOPPO3HOHHOW Cpelbl U XapaKTepU3yeTcs H3MEHEHHEM
n300apHO-U30TEPMUYECKOTO  TOTeHIMana  (dHepruss  ['mbOca) mTpw  MPOTEKAaHUU
COOTBETCTBYIOIIETO KOPPO3UOHHOTO IMpoiecca. CamMONpoOu3BOJIbHO MPOTEKAIOT JHUIIb TE
MPOIIECCHI, B PE3YJIbTATE KOTOPBIX MMPOUCXOAUT YMEHbIIeHue sueprun [ uoocea, t.e. 4G <O0.

[Ipn B3auMoAECTBMM METANIOB W CIUIABOB C PAcTBOPaMH D3JIEKTPOJIUTOB IMPOIIECC
KOppO3uu OOBIYHO TMPOTEKAEeT M0 DJIEKTPOXUMHUYECKOMY MEXaHU3My. XapaKTepHOU
0COOCHHOCTBIO IIIEKTPOXUMHUIECKON KOPPO3UH SBIISETCS TO, YTO B3aMMOJICHCTBHE METalia
C arpeccUBHOM Cpeoii pa3/ieliseTcs Ha JIBa COMPSKEHHBIX Mpoliecca:

1) aHomHbI mporiecc (OKUCIUTEIbHBINA) - HEMOCPEACTBEHHBIH MEpeXx0j] HOH-aTOMOB
MeTajljla U3 KPUCTAIUIMYECKONW PEIIeTKH B PacTBOP B BUJAE TMAPATUPOBAHHBIX KATHOHOB,
€CIIM DJHEprus B3aUMOJICUCTBUS HMOH-aTOMOB C TMOJIIPHBIMH MOJEKYJIaMd BOJbI Oynaer
00JIbI1Ie, YeM PHEPTHS CBS3U KPUCTAIIIMYECKON PEIIETKU MeTallia

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

2) KaTOIHBIN MpoIece (BOCCTAHOBUTENBHBIN) - MPUCOEAMHEHNUE U30BITOYHBIX JJIEKTPOHOB,
00pa3yrIUXCsl B aHOJAHOM TpoIiecce, K KaKOMYy-THOO OKHCIUTENI0 (aToMaM, MOJEKyJlaM
WJIM UOHAM pacTBOpa), KOTOPHIi OyleT B pe3ybTaTe 3TOr0 BOCCTaHABIMBATHCS

dOx+ne— rRed (1.2)

OpHako W30BITOYHBIC JIEKTPOHBI MOTYT MPHCOSAMHSITHCS HE TOJIBKO K OKHUCIUTEIHLHOMY
KOMITOHEHTY pacTBOpa, HO W K oOpa3oBaBmUMCA B aHomHoM mporecce (1.1)
riIpaTHpOBAaHHBIM KATHOHAM METAJlIa, T.C.

Me™ mH,0 + ne — (Me"" - ne) + mH,0 (1.3)
B pesynbTare KaTHOHBI METa/lla M3 PAacTBOPa BHOBb BEPHYTCS B KPHUCTATMYECKYIO
PEIIETKY.
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[Ipu BeIpaBHMBAaHUU CKOpOCTEH peakiuii okucineHus meramia (1.1) u BoccTaHOBICHUU
ero HMoHOB (1.3) HacTymur COCTOSHME JAMHAMHUYECKOTO paBHOBECUS, M KOPPO3Us
(MperMyIEeCTBEHHO MEPEHOC MeTallla M3 KPUCTAJUIMYECKOH pElIeTKH B pacTBOp) MpeKpa-
tutcs. CinenoBatenbHO, Ul MPOTEKaHUs ITpoliecca KOPPO3UU HEOOXOIUMO, UTOOBI CKOPOCTh
npsmoii peakuuu (1.1) O6buta Gonbie ckopocTu obpatHoil peakuuu (1.3), T.e. B peakuuu
BOCCTAQHOBJICHHSI Y4aCTBYET IIPEUMYILECTBEHHO OKHCIUTEIb PACTBOPA. DTO YCIOBUE MOKET
OBITh BBINIOJHEHO, €CIM OKUCIHUTENb, WMEIOIIMNCA B pacTBOpe, o0sagaeT OOIbIIUM
CPOJICTBOM K DJJIEKTPOHY, 4e€M KaTHOHBI pacTBopstouierocs Mertamuia. OKHCIUTEIbHbIE
CBOMCTBA BELIECTB OMNPEACTAIOT BEIUYMHOM WX OKUCIUTEIBHO-BOCCTAHOBUTEIBHOTO
noteHuana. Yem MONOXKHUTENbHOE ATOT NOTEHLMAT, TeM OOJBIIMMH OKHCIUTEIbHBIMU
cBoiicTBamMu (OOJIBIIUM CPOJCTBOM K 3JIEKTPOHY) 00JaaeT TO WM MHOE BEIIecTBO. Toraa
HE00X0AMMOE YCIIOBUE TEPMOJMHAMUYECKON BO3ZMOYKHOCTHU 3JIEKTPOXUMHUYECKONH KOPPO3UHU

metamia: ¢° <@’ (1.4) Tme ¢’ - paBHOBECHBIH IIOTEHIMAN AHOJHOPACTBOPSIOMIETOCS

MeTallia;
(pfk - PaBHOBECHBIM TOTEHI[MAT OKHUCIUTENS, BOCCTAHABJIMBAIOIIETOCS B KATOJAHOM

rpouecce.
Pa3zHocTh MEXIy paBHOBECHBIMU MOTEHIHUATIAMH KAaTOJHONW M AaHOJHOW PEAKIUU SIBIISIETCS
HaYyaJIbHOW JIBVDKVILEN CHJION KOPPO3UOHHOTO IIpoliecca:

E= ¢, ¢, (1.5)

AHOJHAsl M KaTOAHAsl PEaKIMU MOTYT MPOTEKATh OJHOBPEMEHHO IO BCEH MOBEPXHOCTU
Koppoaupyomiero Meraia. OQHaKo BO MHOTHX CITydasix 3JIEKTPOJIHbIE peaKlUy YCTOHYUBO
JIOKAJIU3YIOTCSI Ha OMNPEENICHHBIX YYacTKaX IIOBEPXHOCTH, a UMEHHO TaMm, TIJie OHH
HauMeHee 3aTpyJHEHbl. B 3TOM cilydyae y4acTKM MOBEPXHOCTH, Ha KOTOPBIX MPOTEKAIOT
anomHas (1.1) u katogHas (1.2) peakiuu, Ha3bIBAIOT COOTBETCTBEHHO aHOJIOM U KaTOIOM.

CxopocTb mporiecca 3JIeKTPOXUMUYECKOM KOPPO3UH, KaK U BCEX MPOLECCOB B MPUPO/IE,
MPSIMO MIPOTIOPIIMOHANIbHA ABMXKYIICH CUJIe © OOpaTHO MPOIMOPIHUOHAIBHA COMPOTUBICHUIO
(3aTpyIHEHHOCTH ) TIpoliecca

P _ P
k ~ ¢0K ¢,’H , (1.6)

2R,
rie Rj - comnporuBieHue (3aTPyJHEHHOCTh) OTIEIBHOM CONPSHDKEHHOM — CcTaauu

KOPPO3HUOHHOTO TIpoIIecca.

HeobxomuMo OTMETUTH, YTO B OOJBIIMHCTBE CIy4aeB HEBO3MOXXHO AHATUTHUYECKU
penuTh 3aBUCUMOCTS (1.6), T.K. COMPOTHUBIICHHE KOPPO3ZHOHHOTO MPOIECCa B CBOIO 0Yepe/lb
3aBHCHUT OT CKOPOCTH Kopposud, T.e. 2R = f(K).

[Iponiecc PNEKTPOXMMHYECKOM KOPPO3UM, KaK YK€ YKa3bIBaJOCh, COCTOUT M3 JBYX
OCHOBHBIX COIPSKEHHBIX PEAKIUMN - aHOJHOM M KaTOMHOM, KaXkJash U3 KOTOPBIX SIBIIAECTCS
COBOKYITHOCTBIO TOCTEA0BATEIbHO-MAPAIIIEIBHBIX cTaaui. Kpome TOro, KOppO3MOHHBIN
IpoIiecc BKIIOYAET B ce0sl psiJ] CTaANN, HMEIOLIUX YUCTO (PU3UYECKYIO IPUPOY (I0OCTaBKa U
OTBOJI KOMITOHEHTOB PEAKIIMi, EPEHOC JJICKTPUUECKHUX 3apsA0B BHYTPH OIHOU (a3l U
np.). Bce compsbkeHHbIE CTaaiud KOPPO3HMOHHOIO TIpoliecca MNpH CBOEU pealih3aluu
WCIIBITHIBAIOT T€ WJIM WHBIE 3aTPyJHEHUS W OOIee COMpPOTHUBIECHHWE BKIIOYAeT B ceOs
COMPOTHUBIICHUS OTAENbHBIX cTaauid. Eciy 3aTpyJHEHHOCTb OJIHOH M3 MHOTOYHMCICHHBIX
CTaJMi KOPPO3HMOHHOI'O IMpoliecca OVAET 3HAYMTEIBLHO IPEBOCXOAMTH 3aTPYIHECHHOCTH
OTIENbHBIX CTAIUN, TO CKOPOCTH UMEHHO 3TOM, Han0oIee 3aTPYAHECHHON (JTUMHTUPYIOIICH)
CTaIMH OYACT ONPEAENATE CKOPOCTh BCETO KOPPO3MOHHOIO MPoIecca B IIEIOM.

KonudecTBeHHO OIICHHUTH CTENEHb 3aTPYAHCHHOCTH KaKOW-TMOO CTaauu MOXKHO I10
BEJIIMUMHE €€ MepeHanpsbkeHus. [lepeHanpshpKeHWeM TOW WM MHOW CTaauy Ha3bIBAIOT
CMEIIeHUE MOTEHLHANa 3JEKTPoAa OT PaBHOBECHOIO 3HAYEHHUS IPU MPOTEKAHUU TOKa,
BBI3BAaHHOE 3aTPYTHEHHOCTBIO IAHHOMW CTaJuH mpoiiecca. Takum 00pa3om, mepeHanpsKeHne
XapaKTEepPU3YeT CTENEeHb 3aTPYIHEHHOCTH TOM WJIM UHOM CTaJuu Mpolecca.
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B kucibIX cpenax MHOTHME TEXHUYECKUE METAIIIBI KOPPOAUPYIOT C BOCCTAHOBICHUEM HA
KaToJIe MOHOB BOZIOpOaa. B 3TOM citydae posib OKUCIUTENS BBIOJIHSIOT KaTHOHBI BOJAOPO/A,
148 KaTO,Z[HI:II\/'I HpOL[@CC 3aKJIFOYacTCA B BOCCTAHOBJICHUHU HUX OO HGfITpEUII:HOI‘O COCTOAHUA U
UJIET B HECKOJIBKO CTaJuM IO CIEAYIONIEH CXEMeE:

. Monson wmoHoB rujpokconus H' -H,O X NoBepXHOCTH Karoda 3a cueT auddysuu u
MUTpAIUy (HapaBJICHHOTO JBWKEHUSI HOHOB TIO/I IEHCTBUEM SJIEKTPUUYECKOTO TTOJIS).
. Paspsiy1 MOHA TUIPOKCOHUS C 06pa30BaHUEM aJCOPOUPOBAHHOTO aToMa Bofopoaa H' -H,O

+e—>Hg .+ HO (1.7)
. PexoMOuHanus (Monu3aiiys) BOJOPOAHBIX aTOMOB C OJTHOBPEMEHHOU UX jaecopommeit H .
+ Huoe— H (18)

. OTBOJ MOJIEKYJISIPHOTO BOJIOPOJa M3 MPUKATOJHOM 30HKI 3a cueT nuddy3uu, odpazoBanue
MY3bIPHKOB Ta3000pa3HOr0 BOJOPOAA, UX OTPHIB OT MOBEPXHOCTH KaTOAA U BBIACICHHUE U3
pacTtBopa.

Kak crnenyer u3 ycnosus (1.4) mporecc KOppo3ur METAJIOB NP BOCCTAHOBJICHHH Ha
KaToJie MOHOB BOJIOPOJIa TEPMOJMHAMUYECKH BO3MOXKEH B TOM Clly4yae, KOI/ia paBHOBECHBII
MOTEHIIAJI aHOJJHO PACTBOPSAIOLIETOCS MeTaljla OTPUIAaTeIbHEe PABHOBECHOTO TOTEHIMAIA
BOCCTAaHOBJICHHUS MOHOB BOJIOPOia B JAHHOM CIIydae

®h <@, (1.9)

Peanuzanust TepMOIMHAMUYECKOH BO3MOXHOCTH IPOIECCa KOPPO3HH MeTallla IpH
BOCCTAHOBJICHMM MOHOB BOJIOpPOJla CBs3aHAa, B OCHOBHOM, C TIPEOAOJCHHEM 3aTPyAHECHUU
KaTOJHOTO TpOIlecca, KOTOPbIE 3HAYUTEIBHO TMPEBOCXOAT IMEPEHANPSHKCHUE aHOIHOTO
nporecca. Hanbomnee 3aTpyAHEHHOH cTaiuelt poriecca BOCCTAaHOBIICHUSI HOHOB BOJIOPOa, B
3aBHCUMOCTH OT TIPUPOJABI MaTepuaia, Ha MOBEPXHOCTH KOTOPOTO MPOHCXOTUT ITOT
mporecc, Moxker ObITh peakius (1.7) wmu (1.8). CnemoBarenbHO, 3aTPyIHEHHOCTh ITHX
cTaguii u OyJeT OompenensiTb CKOPOCTh KOPPO3MHM METajlla MPH BOCCTAHOBJICHHH HOHOB
BOJIOpOJIA.

[lepeHanpsHKeHHEM  BOJIOPOJIa HA3bIBAIOT CMEIICHUE MOTEHIMalla BOCCTAHOBIICHHSI
HMOHOB BOJIOPOJIa B OTPUIATEIILHYIO CTOPOHY OT PaBHOBECHOTO 3HAYCHHS MPU MPOTEKAHUU
TOKa, BBI3BAHHOE 3aTPYJHEHHOCTBIO pa3psijia MOHOB THIPOKCOHHWS, WIM PEKOMOWHAIINU
BOJIOPOJTHBIX aTOMOB.

HeoOxomuMo  MOMYEepKHYTh, YTO CcaM  Marepwajl Karoja He  PHHAMAET
HEMOCPEACTBEHHOTO Yy4YacTHsl B KATOJHOW pEaKlIUU BOCCTAHOBJICHHS OKHUCIUTEINs, HO
OKa3bIBaeT OOJBIIOE BIMSHUE HA CKOPOCTh JTOTO Iporecca. Pa3nmuyHas creneHb
3aTPyJHEHHOCTH MIPOTEKAHUS PEAKIIMU BOCCTAHOBJICHHSI HOHOB THIPOKCOHUS HAa KAaTO/AaxX U3
pPa3NIMYHBIX MAaTEpPHajoOB TMPHUBOJUT K BO3HUKHOBCHHIO OTJIMYHBIX JAPYr OT Jpyra Iio
BEIMYMHE TIEpEHANpPSHKEHUH BOJOPO/a Ha HUX W 3HAYUTEIHLHOMY H3MEHEHHIO CKOPOCTH
BCET0 KOPPO3UOHHOTO TpoIiecca.

BenuunHa mnepeHanpsbkeHus Bojgopona (1) CYIIECTBEHHO 3aBUCHT HE TOJBKO OT
MaTepuasa KaToJa, HO ¥ OT KaTOIHOU IJIOTHOCTH TOKa COTJIAaCHO ypaBHeHHI0 Tadens

n=a tb-lg iy, (1.10) roe a -

MIOCTOSTHHAS, 3aBHCAIIAsl OT MaTepralla KaTofa, COCTOSIHUS €ro MMOBEPXHOCTH, COCTaBa

pacTBOpa M TeMIIepaTyphl;
b - mocrosiHHAas, 3aBUCAIIAs OT TEMIEPATYPhl U TPUPOJIBI 3aTPYAHCHHOMN CTaMU KATOIHOU
peaxuuu;
ik - IUIOTHOCTH TOKA HAa KaTOJIE.

CKOpOoCTh  KOPpPO3HMOHHOTO  Ipollecca MOXET OBITh  BBIPAKEHA  Pa3TUYHBIMU
nmokaszaTtensiMi. B ciydae paBHOMEpPHOTO XapakTepa pa3pylICHHs METaInYecKOn
MMOBEPXHOCTH PAIMOHAIBHO BBIPAXKATH €€ Yepe3 MacCy MeTajuia, PacTBOPSIOMIETOCS C
€AVHUIBI TIOBEPXHOCTH B €IMHMIY BpEeMEHU (MacCOBBIN TOKa3aTellb KOPPO3UH, F/(MZ-‘I)).
Jnis 9TOr0 HEOOXOAMMO ONpPENeIUTh IMOTEPI0 Macchl o0pasiia 3a BpeMs KOPPO3HH.
[TockonbKy xapakTep KOPpPO3WHM B O3TOM Cllydyae pPaBHOMEPHBIH, TO, 3Has IUIONIAlb
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MOBEPXHOCTU 00pa3iia, MOXKHO DPaCCUUTaTh CPEAHIOI TOIIIUHY MPOKOPPOIHPOBABIIETO
CJIOS MeTaJIa 3a €AMHUILY BpEeMEHH (TTyOMHHBIN TTOKa3aTellb KOPPO3UHU, MM/TOT).

Kpome maccoBoro mokasateinsi CKOPOCTH KOPPO3HUH, HEPEIKO HCIOIb3YIOT 00bEMHBIH,
YTO BO3MOXKHO B CIIy4asiX, KOTJa KOPpO3Us MeTalljla COMPOBOKIACTCSI PACXOAOBaHUEM HIIN
BbIJIeJICHUEM Ta3a. Tak mpu KOpPpO3UHM METAJUIOB C BOCCTAHOBJIEHMEM Ha KaTOJE HMOHOB
BOJIOpPOJIa Macca IEepele/IIero B pacTBOp MeTaljia B CHIIy COINpPSKEHHOCTH aHOIAHOTO U
KaTOJHOTO TMPOIeccOB OyneT MpoNoplUuOHaNbHa O0BEMY BBIACIUBILEIOCS BOJOPOIA
(0OBEMHBII TTOKa3aTeslb KOPPO3UH, czu?’/(cm2 ),

[lepen npoBeneHneM pabOTHI CIIEAYET 3HATH CIEAYIOIINE pa3Jesbl Kypca:

1. MexaHu3M 3IEKTPOXUMUYECKON KOPPO3UH METAJIOB.

2. Koppo3us MeTayuioB Npu BOCCTAHOBJIEHUH HA KaTOJIe KATHOHOB BOJIOPOJIA.
3. IlepenanpsikeHre BOAOPOJA U BIUSIHUE €r0 HA KOPPO3UOHHBIN MPOIECC.
1.3. ITpoBesenue paboThl

Hacrosmas paboTta uMeer 1Ba BapHaHTa, OAMHAKOBBIX 10 METOJMKE, HO Pa3INYHbBIX IO
o0BeKTaM uccienoBanus. Kaxxaplid CTyIEHT IPOBOAUT IO YKA3aHHIO MPEToaaBareis padoTy
110 OZJHOMY U3 BapUaHTOB.

Bapuant 1. HccnenyroT KOppO3MOHHOE TIOBEJCHHE CIUIABOB CHUCTEMBI 'Kene3o-
yriepon", coaepKalux pa3IndyHOe KOJUYEeCTBO yriieponaa, B 10%-HOM BOIHOM pacTBOpe
CepHON KHUCIOTHL. B 3aBUCMMOCTH OT T€pMOOOPAaOOTKH M COAEP)KAaHUS YIIEpo/a CIUIABBI
MOTYT UMETh Pa3IUYHYIO0 CTPYKTypy. CTpPYKTypHBIE COCTaBISIOIINE OONaNaloT pa3HOU
TEPMOJIMHAMHYECKONW YCTOHYMBOCTBIO, UMEIOT OTJIMYAIOIIUECS 110 BEIUYHHE 3JIEKTPOTHBIC
MOTEHIIMAJIBI ¥ PA3IMYHOE TIepeHanpsbKeHne BOI0poa.

[To naHHOMY BapuaHTy HCCIEAYIOT CIEIYIONIIE METaUIbI:
1.Cepprit uyryn (3,5% C) co cTpykTypoil deppur + nepaut + rpadur.
2. Yraepoaucras ctaisb (0,3% C) co cTpykTypoit ¢heppHT + nepIiur.
3. Kenezo (0,04% C) co ctpyktypoit ¢heppuT + HEOOIbIIOE KOTUYECTBO MEPIIUTA.

Bapuant 2. MccnenyroT KOppo3HOHHOE TIOBECHUE CIIJIaBOB IIMHKA, COJEPIKAIIUX
pa3InyHbIE IPUMECH, B 2%-HOM BOJHOM PacTBOPE CEPHOM KHUCIOTHL. B BYyX U3
WCIBITHIBAEMBIX CIIABOB KOJIMYECTBO MPUMECEH OJIMHAKOBO, HO KAYECTBEHHO OHH
paznuuHbl. [IpumecHbIe 371IeMEHTHI UMEIOT Pa3InyHbIE JIEKTPOIHbIE TOTECHIIUAIBI U
nepeHanpsHKeHue Bo0poaa.

[To naHHOMY BapHaHTy HCCIEAYIOT CIEIYIOIINE METAILIBL:
1. Ik Texauyeckuii (coaepxkanue npumeceit o 0,1%: Fe, Sn, Pb u ap.).
2. CrunaB nuHKa c xene3zom (0,5% Fe).
3. CrutaB usKa co cBunioM (0,5% Pb).

PaboTy HauMHAIOT ¢ MOATOTOBKM OOPA3I0B K MCHBITAHUSAM. J[JIs1 3TOr0 WX 3a4MLIAIOT CO
Bcex CTOpoH (B TOM umcie OOKOBBIE MOBEPXHOCTH) HAXIAUHOM OymMaroil 10 MosBICHUS
MeTaimnieckoro Oiecka. Ha 3auniiaemoil moBepXHOCTH AOMYCTUMBI TTTyOOKHE PAaKOBUHBI U
napanuHsl. [locme 3TOro IITaHTeHUMPKYJIEM OIpPENeNsioT BCe pa3sMepbl 00pasloB (C
TOYHOCTHIO 710 £ 0,1 MM), HEOOXOMUMBIE ISl TTOCJIEYIONIUX PAcUeTOB MOJHOM (C ydyeToMm
OOKOBBIX TOBEPXHOCTEH) IUIOMAAM MX MoBepXHOCTU. IIpum 3ToM Hamuyme Ha oOpasuax
OTBEPCTHS ISl UX MOJABEIINBAHUS HE YUUTHIBAIOT. 3aTeM 00pa3ibl 00€3KUPUBAIOT BAaTHBIM
TaMIIOHOM, XOPOIIO CMOYEHHBIM B aIleTOHE, M BBHICYLIMBAIOT Ha Bo3ayxe. O0e3KupeHHbIe
oOpa3ipl B3BEUIMBAIOT HAa AHATUTHUYECKHX IOJyaBTOMAaTHYECKHX BeCaX C TOYHOCTHIO
40,0002 r. [IpaBuia paboThl HAa AaHATUTUYECKUX Becax MPHUBEICHBI B IPUIIOKEHUH 1.

O6beM BOAOPOJA, BBIACIMBIIEIOCS B MPOIECCE KOPPO3HH, OMPEAENAIOT C MOMOIIbIO
Koppo3umerpa (puc.l), KOTOpbI mpexacTaBiseT coOOH TIpaaydpOBaHHYIO OIOPETKY,
MMEIOIIYI0 KpaH B BEpXHEH YacTW M KOJIOKOJIOOOPAa3HOE pacIIMpeHHE B HIDKHEH YacTH.
[Tocne 3amonHeHUsT KOPPO3MMETPa pPacTBOPOM KHUCIOTHI OOpas3ell MeTala HaYMHAeT
KOppEIUpOBaTh C BbIACIEHUEM ra3000pa3Horo Bojopo/a. [lonHumMaromumecs my3slppbKy raza
CKAaIUIMBAIOTCS B BEPXHEH YaCTH KOPpPO3MMETpa W BBITECHSIOT W3 Hero kuciory. Ilo
M3MEHEHUIO TOJOXKEHUSI MEHHCKA KHIKOCTH MOXKHO OINpEAeNuTh 00BeM MaporazoBoi
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CMECH, HAXOIAILIEHCS B KOPPO3UMETPE.

[TonroroBieHHble W B3BEUICHHBbIE 00pa3lbl MOABEIINBAIOT HA CTEKJISHHBIX KPIOYKax B
pacumpeHHoN 4acTu KoppozumeTpa (cM. puc.l). Ocnabnss 3axuM MyQTHI, yISpKUBAIOIIEH
JanKy ¢ KOPpO3UMETPOM Ha IITaThBe (HE PEKOMEHAYETCS OCHalNiTh 3a)XHM JIAIKH,
Kpersie KOppo3UMETp), OMYCKAIOT €ro PaCIIUPEHHON YacThIO B CTAKaH TaK, YTOOBI MEXKIY
HIDKHUM KpaeM U JIHOM CTaKaHa OCTaBajcs 3a30p 2-5 MM, U (PUKCHPYIOT KOPPO3UMETpP B
3TOM IOJIOKEHUH.

[IpoBepuB moOJIOKEHHWE KpPAaHOB B BEpPXHEH YacTU KOPPO3UMETPOB (IOKHBI OBITh
3aKpBITHI), OTMEPSIIOT MEH3YPKOH 110 500 ¢M COOTBETCTBYIOIINN PAaCTBOP CEPHOM KUCIOTHI U
3QJIMBAIOT B KAKILIM CTaKaH.

Jnist 3amonHeHusT KOppPO3UMETPOB PACTBOPOM KHCIOTHI HEOOXOIMMO BOCHOJIB30BATHCS
BOJIOCTPYHHBIM HacocoM. BomocTpyiHbBI HacoC HY)XHO TMOJTOTOBUTh K padoTe, IS Yero,
MEJIEHHO OTKPBIBasi BEHTHIIb BOAOIPOBOAHON CETH, PETYIUPYIOT HAIOP BOJBI TAK, YTOOBI B
chepudeckoil yacTu HaOIIOMANOCh "KUTIEHHE" TPH 3allOJTHEHUH BOJOW NMpUMEpHO Ha 2/3
oowema. [lamee, 3akpbiBas W OTKpPBIBas MalbIIEM OTBEPCTHE CTEKISHHOTO HAKOHEYHHUKA
JIMHUW BCACBIBAHMSI HACOCA, YOSKIAIOTCS B €r0 PabOTOCTIOCOOHOCTH.

[lonroToBUB BOAOCTPYHHBIM Hacoc K paboTe, TMNPUCTYMAIOT K 3alOJHEHHIO
KOPPO3UMETPOB KHCIOTOW. J[JI1 3TOro HEOOXOIMMO OTKPBHITh KpaH B BEpXHEH YacTu
KOpPPO3UMETpa U MOJCOCAUHUTH €ro C MOMOIIbI0 PE3MHOBOIO IUIAHTA K IUHUU BCAChIBaHUS
Hacoca (cMm. puc. 1). Ilocne Toro kak KOppO3WMETP TOJHOCTBIO 3AIMOJIHUTCS KHUCIOTON
(HmKe KpaHa HE JOJDKHO OCTaThbCsl My3bIpbKa BO3AyXa), KpaH IUIOTHO 3aKpbIBAIOT U
HEMEJIEHHO OTCOEIUHSIOT Hacoc. JlomyckaeTcs npeBblllieHue YPOBHS KUCIOTHI HaJl KPaHOM
He 6omnee 0,5-1 cm. Koppo3uMeTpsl 3amoiHSIOT MOCIEeI0BATEILHO, MTOCIE YEr0 MPOBEPSIOT
IUIOTHOCTh 3aKpBITUA KpaHa, TaK KaK I[IOJICOC BO3AyXa 4Yepe3 HEro MOXKET HCKa3UTh
pe3yabTaThl ONBITA.

Hauanom omblTa cienyeT cYMTaTh MOMEHT 3aIllOJHEHHUS IOCIETHETO KOpPpO3UMETpa
kucnoToi. O0beM BBIICTISIONIETOCs Bogopoaa pukcupyrot uepes 5, 10, 15, 20, 30 u 45 mun
OT HauaJja OIbITa ¥ 3HAYEHHUS €ro 3aHOCST B JIAOOPATOPHBIN KypHal (Tadm. 1.1).

[Tocne okoHUYaHUs ONBITAa OTKPBIBAIOT KPAaHBI KOPPO3SUMETPOB U CIIYCKAIOT KUCIOTY B
CTaKaHbl, 3aT€M IMPOMBIBAIOT BOJOM BMEcCTE€ C HaXOASIIMMHUCA B HUX oOpasliamMu B
CHEAYIOLIEN MMOCIE0BATEIIbHOCTH:

1) oTBepHYB BUHT My(Thl Ha IITATUBE, MOJHUMAIOT KOPPO3UMETPHI ¢ oOpa3laMu BhIIIE
Kpasi CTAKaHOB C KHCIOTON ¥ (PMKCUPYIOT UX B 3TOM IOJIOKCHHH,

2) 3aMEHUB OJIMH CTAaKaH C KUCJIOTOM MO KOPPO3UMETPOM Ha MYCTYI0 MEH3YpPKY, CIMBAIOT
U3 CTaKaHa KUCIIOTY Yepe3 BOPOHKY B OyTHLIb;

3) CHoJIOCHYB CTaKaH I0J] BOJIOH, 3aMOHSIOT €ro Ha 3/4 BOJOM M CTaBSAT MOJ KOPPO3UMETP
BMECTO MEH3YpPKU;

4) TOBTOPSIOT ONEpallMM 10 yKa3aHHOMY B TL.M. 2 W 3 CO BTOPbIM W TPETHbUM
KOpPpO3UMETPaMH;

5) MOIOT 11071 BOJIOM BOPOHKY U MEH3YPKY;

6) roToBAT K paboTE BOJOCTPYHHBIN HACOC;,

7) NOICOEIMHAIOT KOPPOZUMETP C MOMOIIBIO PE3UHOBOTO IITAHTa K BOAOCTPYHHOMY Hacocy
(Ipu OTKPBITOM KpaHE CBEPXY);

8) MOIHMMAIOT CTaKaH C BOJOMW MOJ KOPPO3UMETPOM BBEPX TaK, YTOOBI B BOJLY MOrpy3UIach
KOJIOKOJIOOOpa3Hasi 4acTb, M 3aMOJIHSIOT €ro MOJHOCTHIO BOJIOM;

9) xak TOJBKO BOJA JOCTUTHET KpaHa B BEPXHEH 4aCTH KOPPO3UMETpPa, OMyCKAIOT CTaKaH C
BOJIOM BHHU3, 3B BOJIE U3 KOPPO3UMETpA CTE€4b 00OPATHO B CTAKaH;

10) emte nBa pasa ¢ TeM K€ KOPPO3UMETPOM MTOBTOPSIOT OTIEPAIMK KaK YKa3aHo B IL.II. 8 1 9;
11) mpoMBbIB TakuM ke 00pa3oM OCTaNIbHBIE JIBAa KOPPO3UMETpa C 00pa3iaMu, CIMBAIOT BOLY
U3 CTAaKaHOB B PAKOBHMHY M BBIKJIIOUAIOT BOJOCTPYHHBIN Hacoc.

[Tocne mpOMBIBKH BCEX KOPPO3UMETPOB U3BJICKAIOT U3 HUX OOpa3Ibl U YIAISIOT MPOTYKTHI
Koppo3uu. Jljis 3TOro ux MOIOT BOJOW MOJ KPaHOM, MPOTHPAIOT XOPOILIO HaMbIJICHHBIM
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EpIIMKOM H BHOBb TIIATENILHO MPOMBIBAIOT BOMOH. YwucThie 00pa3ibpl TIHIATEIHHO
BBICYIIMBAIOT (PUIBTPOBAILHON Oymaroi, ymaiass Bjary TakkKe €3 OTBEPCTUM s
noJBemrBanusl oOpasuoB. Ilocie BbIIEp)KKM Ha BO3AyXe B TedeHHE 3-5 MHH 00Opasiibl
B3BEIIMBAIOT HA TEX K€ aHAIMTUYECKUX Becax, 4TO W paHblle. PekomMeHnyeTcs HauuHaTh
B3BEIIMBAHKE C 00PA3I[0B, UMEIOMINX O0Jiee TTIAJAKYI0 IOBEPXHOCTD.
1 - Gropetka; 2 - cTakaH; 3 - pacTBOp KUCIOTHI; 4 - KpaH; 5 - pe3uHOBast
TpyOKa K Hacocy, 6 - BOJOCTPYHHBI Hacoc; 7 - Boga M3 BOJO-
MPOBOJIHOM ceTH; 8 - Boja B KaHaiu3amuio; 9 - kprodok; 10 - crek-
nsHHAS ToaBecka; 11 - obopasen

Pe3ynbTaThl B3BemMBaHUS 3aHOCAT B TaOJ. 1.1 U mpenacTaBisioT ee
Ha BU3Y MPEINO/IaBaTeN0, BEAYIIEMY 3aHsATHE.

[Toce okoH4aHust pabOTHI HEOOXOAMMO TIPOBEPUTH, UTOOBI OYTHLIHL
C KHCJIOTOW M CKJISHKa C aleTOHOM OBUIM 3aKpbIThl MpPOOKaMu, U
MIPUBECTU CBOE pabouee MecTO B MOpsmoK. OOpas3ilbl OCTaBISAIOT Ha
pabouemM MecTe, a HCIONb30BaHHYIO (UIBTPOBAIBHYIO Oymary
BBIOPACHIBAIOT.
Puc. 1. Cxema  yCTaHOBKM i  M3Y4YEHUS  KUHETHKH
ANEKTPOXUMUYECKON KOPPO3UH METAIIIOB 00bEMHBIM METO0M
1.4. OGpaboTKa OMBITHBIX JIAHHBIX

Pe3ynbTaThl ONBITOB ¥ MPOW3BEACHHBIX HA UX OCHOBE BBHIYHMCIICHHH 3aHOCIT B Tabi. 1.1.

PaccunteiBatoT 00beM BOJOPOAA, BBIICTUBIIETOCS C €IUHUIIBI TOBEPXHOCTH Ka)IOTO
oOpa3la U CpeAHIO0 CKOPOCTh KOPPO3HMH JJIsi KaKJOro MeTalljla 3a MaKCUMalbHOE BpeMs
UCIBITAHUN TIO KOJUYECTBY BBIICIUBIIETOCS BOJOpOa (00BEMHBIN MOKA3aTENbh KOPPO3HH)
o ¢hopmyIe

v :273-(P-Py,0)

o 1

’ S-z-T-760
rae V - 00beM BOJ0poa, BEIJICTUBIIETOCS 32 BPeMSs UCITBITAaHUH, CM3;
P - atmocepHoe naBieHne npyu NPOBEJCHUN UCTIBITAHUH, MM PT. CT.

(1.11)

P H,0 - AQBJICHHE HACBHIICHHOIO BOASHOIO Mapa IPH TEMIICPAType MCIBITAHUH, MM PT. CT.

(cm. mpumnoxenue 2);
S - moma e MOBEPXHOCTH 00pasiia, CMZ;
7 - BpEMsI UCIIBITAaHUM, Y;
T - remniepatypa ucnbeitanuii, K.

PaccunTthiBatoT Al KQXKIOTO METallla MAacCOBBIN MOKa3aTedh KOPPO3UHU 10 CIEAYIOIEi
dhopmyne

m,—m
e = kS—z' (1.12)

rjie My - Ha4aJbHAas Macca oopasia, T;
My - KOHeYHas Macca oOpaslia, T;
S - IUIoNIaAh MOBEPXHOCTH 00pasia, MZ;
T - BpEMS UCIIBITAHUM, Y.

3aTeM MpPOBEPSAIOT SKBHBAJICHTHOCTb 3HaueHU Ko U Kyae, 718 Wero ompenenstor
MaccoBbIi Toka3atenb koppos3u K y,. 13 Ko o popmyie

: 2-A-10000
K. =K """, (1.13)
22429 -n

rae K,; - 00beMHBIN MTOKa3aTeNlb KOPPO3HUH, CMS/CMZ;
A - aToMHas Macca MeTaia, T;
22429 - o6vem 1 Mo BOgopoa, CM3;
N - BAJIGHTHOCTh PACTBOPSIONIETOCS METaslia
YU CPaBHHMBAIOT €T0 C MAacCOBBIM IOKa3aTejeM KOPPO3WH, PACCUYMTAHHBIM 1O WU3MECHEHHIO
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Maccel obpasua mo ¢opmyne (1.12). I'myOMHHBIM MOKazaTelb KOPPO3UMH HAXOIAT II0
bopmyne
24-365

II=K,, -1000" (1.14)

rae K, - MacCOBBIN MTOKa3aTeb KOPPO3UH, F/(MZ-‘I),

p - IUIOTHOCT METAILIA: YyTyHA - 7,2 T/CM>; CTAIH U 5Kenesa - 7,8 T/cM>; [IMHKA U eT0
CILIaBoB - 7,1 /oM.

Kpome TOro, KOppO3MOHHYIO CTOMKOCTH MCCIEAYEMbIX METANIOB OIICHUBAIOT 110
NEeCATUOAITBHON ITKaJie KOPPO3ZHOHHON CTOMKOCTH (CM. TIpUIIOKeHue 3).

PesynbpTarel paboThl MPEINCTABISIIOT B BUJE 3alOJHEHHOW Tabn. 1.1, a Takxke B BUIE
rpaduka TUHAMUKA KOPPO3UHU HCCIEAYEMBIX METAJUIOB, OTKJIAaJbIBas 1O OCH OpAHHAT
VAETbHBI O0BEM BBIICIUBIIETOCS BOAOPOJA (em*/em?), a mo ocu abemmee - BpeMs
Koppo3uu B MuHyTax. [Ipu mocTpoeHMH yka3aHHOW 3aBUCHMOCTH BCE TPH JUHAMHUYECKUE
KpPHUBBIE HAHOCST Ha OAMH I'padyK B OJHOM MacIiTade.

1.5. Bonpoch! A caMOKOHTPOJIA

1. Hanummure ypaBHEHUsI aHOIHOM U KaTOAHOM peaklMii, IPOTEKAIOLIUX TP KOPPO3HH
CIUTABOB jKeJie3a W IIMHKA B pa30aBJIEHHON CEPHOU KHUCIIOTE.

2. Paccuwnraiite Bennuuny J.J[.C. mporiecca Koppo3uu xene3a B pa30aBICHHON CEpHOIMA
KHCIIOTE.

3. C KakuM KOHTPOJIEM IPOTEKAET KOPPO3HsI CIIABOB >Kejie3a U [IMHKA B pa30aBICHHON
CEepHOM KHUCIoTe?

4. Yro Ha3bIBaeTCS MEPEHANPSHKEHIEM BOJOPO/IA, i OT KaKUX (PaKTOPOB OHO 3aBUCHUT?

5. [Touemy 37EKTPOMOIIOKUTETHHBIC IPUMECH B CIUIABaX MOTYT CYIIECTBEHHBIM 00pazoM
BIIUSITH HA CKOPOCTh KOPPO3UU MPHU KaTOJHOM BOCCTAHOBJIEHUU MOHOB Bojiopoaa?
bubnmnorpaduuecknii coucok

1. TTaxomoB B.C. Koppo3us m 3ammra XUMHYECKON ammapaTypbl. DJIEKTPOXHMHUYECKAs
KOppo3ust MeTayuioB: YuebHoe nocodbue. M.:.MUXM, 1983.-76 c.

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

JlabopaTopHas padora 2
KOPPO3US METAJUIOB C KUCJIOPOJHOM AEMOJISIPU3AITMEN

2.1. Ilenp paGoThI

N3yuenue BnMsHUS [OCTYyNa KUCIOpOAa K aHOAY M KaToJly Ha CUJIy TOKa MOJENH
KOPPO3WOHHOI'O JJIEMEHTa, paboTaloulero ¢ KHCIOPOAHOM JAenoisipu3aluei, a Takxke
Ka4eCTBEHHOE OINPEEIICHUE MPOAYKTOB KaTOJAHOM M aHOJHOM peakUui MPU KOPPO3UU Ke-
Jie3a B HEUTPaJIbHOM PacTBOpE.
2.2. Teopus Bompoca

DIIEKTPOXUMUYECKHE KOPPO3HOHHBIE MPOLECCHI, Y KOTOPBIX KAaTOMHAS JEMOJSpU3aLUs
OCYUIECTBJISIETCS. PACTBOPEHHBIM B 3JIEKTPOJIUTE KUCIOPOAOM, HA3bIBAIOT MPOLIECCAMH C
KUCJIOPOJHOM  JemnoJisipu3alnueil. ITO caMblid PacHpOCTpPaHEHHBIM BHUI KOPPO3UH,
IIpUMEpPaMHU KOTOPOM SBIISIOTCS pa3pyllIeHHUE JKele3a BO BIXHON atMocdepe, HeHTpalbHBIX
U IIEJOYHBIX PACTBOPAX; KOPPO3US HEPHKABEIOIINUX CTAJIEH, MEIU B HEUTPAIBbHBIX U KUCIIBIX
cpenax.

TepMoguHaMuyeckas: BO3MOXKHOCTh JJIEKTPOXMMHUYECKOW KOPPO3MU B JIAHHOW cpene

OIPCACILICTCA PAaBHOBCCHBIMH IIOTCHIHAJIaAMKU IIpoHecCa HMOHHU3ALUMKW MCTaJlla Qﬂlj[e n

BOCCTAHOBJICHUSA OKHCIIUTCIIA (05(
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Pite < Po (2.1)

CaMonpou3BOJIbHOE POTEKAHUE KOPPO3UH METAILIOB ¢ KHCIOPOIHOM Jenospu3anueit
BO3MOKHO IIPU YCIIOBUH

Pre <P% (2.2)
r7e ¢F - PaBHOBECHBIN MMOTEHIIMAT KUCIOPOIHOTO AIEKTPOIa B TAHHOM Cpere.

Koppo3uonHslii mporecc MpU  KUCITOPOIHOW JEMOJISIpU3allii  BKIIOYaeT B ceOs
CIIETYIOIINE PEAKITIH:

1) aHOHBII MporiecC (OKUCICHUE MeTaslIa)
Me + mH,O—Me" - mH,0 + ne (2.3)
2) KaTOAHBIN MpoIecC (BOCCTAHOBIICHHE KHCIOPO/Aa) B HEUTPAIBHBIX M IMICIOYHBIX Cpeaax
npotekaet no peakuuu 0y + 2H,0 + 4e— 40H (2.4)
B KHCIIBIX Cpefax
0, +4H, + 4e — 2H50 (25)

Ob6a mporecca (MOHM3AIMS METAUIa W BOCCTAHOBIEHHE KHCIOPOJA) IMPOTEKAIOT
OJTHOBPEMEHHO M COMNPSDKEHO (CBA3aHHO), HO MOJYUHSIOTCS Ka)Ibli CBOWCTBEHHBIM €MY
3aKOHOMEPHOCTSIM.

CKOpOCTb 3MEKTPOXUMUYECKON KOPPO3UU B OOJIBIIMHCTBE CIIy4aeB ONPEAEIsIeTC:

1) TopMOKEHHEM DJIEKTPOXUMUYECKUX CTAIUN IIEKTPOAHBIX PEAKIH (T.e. MepexoaoM
3apsna yepes rpaHuLly METaJII-3JIEKTPOJIUT), KOTOpOE XapaKTepu3yeTcs
ANEKTPOXUMUYECKUM TIepeHANPsKeHUEM (MOHU3AlUK MeTalljia, KICIOpoaa U JIp.);

2) TpaHCTIOPTHBIMU 3aTPYAHEHUSIMH, CBI3aHHBIMU C OTPAHUYEHUEM T1OIBO/Ia OKUCITUTENS
(kucoposa) K METauly WM OTBOJOM MPOAYKTOB pEaKIuH (aHOAHOW WM KATOJHOW) U
XapaKTEPU3yEMBbIMH OOBIYHO TIepeHanpsHDKeHUEM AU y3UH.

[TepenanpsikeHre MOHU3AMMH KUCIOPO/Ia 3aBIUCHT OT CBOMCTB U CTPYKTYPHI MeTaslia, Ha
MOBEPXHOCTH KOTOPOTO BOCCTAaHABIMBAETCSA KUCIOPO, TemnepaTypsl, pH pacTBopa u 1ip.

[Mepenanpsixenne nuddy3nn KUCIOpOAa 3aBUCHT OT KOHIIGHTPALMHA KHCIOpOJAa B
pacTBope u ycinoBuil 1uddy3un ero K MeTalny.

B OonpmmHCTBE TPAKTHYECKHX CIy4yaeB KOPPO3MHM MeTalia C  KUCIOPOTHOM
Jernojspusanel Mpu OTCYTCTBUM TACCHBAIlMM CKOPOCTh IIpollecca Omperelsercs
CKOPOCTBIO KaTOMHOHM peakiuu (T.e. BOCCTAHOBJIIGHMEM KHCJIOPOJA), a HJs TOCIemHel
HaubOojee 3aTPyAHCHHBIMU (JIMMUTUPYIOLUIUMH) CTaIUsSMU SIBISIOTCS: B HEMOABH)KHBIX
pactBopax - auddy3us KUCIOpoaa, a Mpu OONBIIUX CKOPOCTSIX ABMXKECHHUS DIEKTPOIUTA -
nepexon 3apsana (mepeHanpsbKeHHe HOHHM3alMM  KUCIOopoJa). OTO BbI3BAHO Majoi
pacTBOPUMOCTBIO W MEUICHHON auddy3ueil Kuciopoga B DSIEKTPOIUTAX, a TaKKe
JOTIOIHUTEIBHBIMU  3aTpylHEHUsAMU auddy3un Kuciaopoga B ciiyyae oOpa3oBaHUsA Ha
MOBEPXHOCTH MeTaJljIa IJIEHOK TPYIHOPACTBOPUMBIX MPOTYKTOB KOPPO3HHU.

CKOpOCTh KOpPpPO3UHM C KHUCIOPOTHOW Aenoisspu3anueid npu 3aMemyieHHoN auddysun
KHCIIOpO/1a OTIpeIeIIieTCsl ypaBHEHUEM

Co +C,
:n.F.DO2 .Sk ——2 @ 2
)

rae lyugp - CKOPOCTh BOCCTAHOBIIEHHSI KUCIOPO/A, BBIPAXKEHHAs! B TOKOBBIX €IMHHIAX;

| , (2.6)

ough

Do2 - ko3 dunuent quddy3uu KUCIopoa;
0 - TonmmuHa AU HY3HOHHOTO CII0S;

0
Cp, - KOHIIEHTpAIA KHCIOPO/Ia B PACTBOPE;

COz - KOHIICHTpALKs KUCIOPO/ia Y TOBEPXHOCTH MeTala (KaToaa);

N - YUCJIO SNIEKTPOHOB, YYACTBYIOIIUX B PEAKIIMA BOCCTAHOBJICHUS KUCIOPOQ;
F - uncno ®apanes;
Sk - IIOMAaAb KaToAa.
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0
C yBemuuenuem |y, 3HaUCHHE COz YMEHbILIAETCS U MpHU COz << CO2 JIOCTUTAeTCs

npeneiabHas CKOPOCTh BOCCTAHOBJICHHSI KHCIOpOAa (M COOTBETCTBEHHO KOPPO3MOHHOTO
mpoiiecca)
0

C:O
=n-FD,, S, — 2.7)

npeo

IloBnusTe Ha CKOPOCTD JJICKTPOXUMHUYCCKOI'0 IIponecca JICTUC BCCro nNyTeM U3MCHCHUA
YCJIOBUM, ONPEAEISIONINX CKOPOCTh 3aMEJICHHOM cTaanu. B yacTHOCTH, IpU 3aMeIJIEHHOM
i dy3un  KUCIOpoAa CKOPOCTh TpOIlecca MOXHO TIOBBICUTh 3a CUET YMEHBIICHUS
TONMUHBI MU PY3nOHHOTO c1os (MyTeM MepeMelInBaHus pacTBOpa), 3a CUET YBEIUUCHUS
KOHIIEHTPALMKU PACTBOPEHHOTO KUCIOPOJa, B MOJAETHU TalbBAHUYECKOTO AJIEMEHTa 32 CUEeT
BO3pacTaHMs IO MOBEPXHOCTH KaToa (yBenuueHue Gpponta auddy3un Kuciopoaa).
2.3. IlpoBesnenue paboThl

[Tpu KOHTaKTe OBYX METAJUIOB C Pa3HBIMH AJIEKTPOJHBIMH MOTEHLIHAIaMH 0o0pa3yercs
rajabBaHU4YeCKUU 9JICMCHT, B KOTOpPOM aHOﬂHBIﬁ nmponecc MoHU3alru MCTaJlla OGBI‘IHO
MpoTEKaeT ¢ OoJjiee OTPUIATENBHBIM MOTEHIIMAIOM, a KaTOIHBIM MpOIlecC BOCCTAHOBJICHUS
OKHCJIIUTECIIA C 60.]166 IIOJIOKUTECIIbHBIM IIOTCHIMAJIOM. Buemmnunit H3MCp$ICMBIﬁ TOK 2JIEMCHTAa
OyZeT COOTBETCTBOBATH CKOPOCTSAM 3JIEKTPOJHBIX MPOILIECCOB, MPOTEKAIOIINUX HA JIEKTPO-
JlaX TaKoTo 3JieMeHTa (0e3 yueTa CKOPOCTH MPOIIECCOB CAMOPACTBOPEHUS AJIEKTPOJIOB).

B pabore uccaenyror rampBanuueckuii snement Zn/NaCl + H,O + O,/Cu, mist yero
UCIIOJB3YIOT MEIHBIE M IIUMHKOBBIE JJIEKTPOJbl pa3HBIX pa3MepoB. DopMa 3IIEKTPOIOB
TakoBa, YTO C M3MEHEHHEM BEIMYMHBI HUX IOBEPXHOCTH YCIOBHS JOCTyHa KHUCIOpOAa
BO3/lyXa MPHU MOTPYKEHUH 00Pa3IOB B ANEKTPOJIUT HE MEHSITUCH.

DNEeKTpOoAsl C OIHOW CTOPOHBI OYMINAIOT HAXIAAYHOW Oymaroi (mapyras CTOpoHa
HU30JIUpOBaHa 3MaJ'IBIO), HU3MCPAIOT IUIOMAAb MX IMOBCPXHOCTU U 0663)KI/IpI/IBaIOT All€CTOHOM
3aYUIICHHYIO CTOPOHY.

lanbBaHUYECKYIO IIETTh COOMPAIOT COTIIACHO CXeMe, MPEACTABICHHOM Ha puC 2.

T[ToCKONBKY PaBHOBECHBIH TIOTEHIMAN IHHKA P4, = -0,76 B, a menn @&, =+0,32 B, T0 B

rajJbBaHMYECKON Nape OHU OyIyT BBIMOJIHATH COOTBETCTBEHHO POJIb aHOJIA M KaTo/a.

OO0pa3ibl KeCTKO YKPEIUSIIOT B KJIEMMax TEKCTOJIMTOBOM IJIACTUHKH U TOTPYXKAlOT B
CTEKJSIHHYI0 BaHHOUKY ¢ 3%-HbiM pactBopom NaCl. YpoBeHs pacTBopa IODKEH OBITH
NpUOIM3UTENBHO Ha 1 CM BbIlIE Kpasi HIMPOKOI YaCTH 3JIEKTPO/IOB.
a) Biusinne nuomaam nNoBepXHOCTH AHOAA M KaToAa HA CHJIY TOKA rajbBaHHYeCKOro
3JeMeHTAa

BHavane B KiieMMax YKpEIUIAIOT cCaMble MaJCHbKHE U3 HMEIOIIUXCS ITMHKOBBIX H
MEIHBIX JIEKTPOAOB. 3HAUEHHE CUJIBI TOKA AJIEMEHTA 3alHiChIBalOT B Ta0u. 2.1 moka TOK He
YCTAHOBUTCSl IMOCTOSIHHBIM. 3aMephbl BEAYT 4Yepe3 Kaxable 2 MHUH 10 TOJYYEHHUS Tpex
OJIMHAKOBEIX 3HAUECHUH.

3arem, OCTaBIISsI OJUH U3 DJIEKTPOJIOB MOCTOSIHHBIM (HampuMep,
KaToJ) Apyroi (aHOM) 3aMEHSIIOT Ha JJEKTPOJ CPEIHErO pasMmepa u
3HaYeHHWE CHJIBl TOKAa »JJIEMEHTA 3alHUCHIBAIOT AHAJIOTUYHO [0
YCTaHOBJICHUS IIOCTOSIHHOTO 3HAYEHHUS.

1 - Mwummamnepmerp; 2 - KJI€MMBl; 3 - IUIACTHUHA; 4 -pacTBOp
NaCl; 5 - Banna crekiasHHast; 6 - MEIHBIA JIEKTPOM; 7 - MOpHCTas
Neperopo/ika; 8 - IMHKOBBIN ANEKTPO]

Puc.2. Cxema ycTaHOBKHM 1Ji1 U3Y4YEHMs] KHHETUKH KOPPO3HOHHOTO
Mpo1ecca ¢ KUCIOPOIHON IEOApr3aluei

[Tocne 3TOoro mpu TOM k€ KaToJe 3aMEHSIIOT 3JIEKTPOJ CPEIHETO
pa3mepa (aHOa) Ha TaKOW K€ DJIEKTPOJ OOJBIIOr0 pa3Mepa W OIsTh
BEJIyT 3aIlMCh TOKA JI0 YCTAHOBIICHUS TIOCTOSTHHOTO 3HAYCHUSI.
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[TomyynB 3aBHCHMOCTH BJIUSHUS IO OBEPXHOCTH aHOJIA HA CUJTY TOKa dJEMEHTa
IpU TOCTOSIHHOM KaToJie, MPUCTYMAIOT K HW3YYEHHUIO BIUSHUS IJIOUIA/IU MOBEPXHOCTU
KaTo/a Ha CHJIy TOKa P IOCTOSHHOM aHOJIE.

0) Biansinue nepeMemimBaHus IJIEKTPOJMTA HA CHJIY TOKA 3JIeMEHTAa

W3mepennst MOXKHO MPOBOJUTH € 3JIEKTPOIaMH JIOOBIX pa3MepoB, HO yJoOHEe B3ATh Ty
napy, ¢ KOTOpOil MPOBOJWIN MOCIEAHUM OMBIT MPU ONpPEACTICHUN 3aBUCUMOCTH CHJIBI TOKa
OT IJIOUIa/I NOBEPXHOCTHU JIEKTPOJIOB.

B npuaHogHyio 30HY ClEIyeT OCTOPOXHO OIYCTHUTh CTEKISHHYIO TMajJo4yKy H
nepeMeIaTh 3JICKTPOIUT BOIM3H MOBEPXHOCTH aHOJA. 3HAYCHUSI BEJIMYMHBI CUIIBI TOKA J10
nepeMennBanus (yCTaHOBUBIIAsCS) U B MOMEHT IEpEeMEIIMBaHUs B aHOAHOW 30HE (Ipu
MaKCHUMaJIbHOM OTKJIOHEHHH CTpeNlKH Npubopa) 3amucbiBaioT B Tabn. 2.2. Ilocme storo
OCTOPO’XKHO TEPEHECTH CTEKJISHHYIO Majo4yKy B TPUKATOAHYIO 30HY U IepeMelaTh
AJIEKTPOJIMT BOJIU3M KaTO/AA, CUIy TOKa B MOMEHT IME€pPEMEIINBAaHUS B KaTOJHOM 30HE 3ara-
caTb B Ta0m. 2.2.

IIpn mnepememmBaHMM pacTBOpa pPEKOMEHAYETCS HE 3aJeBaTh IEPETOPOAKY U3
CTEKJISITHHOW TKaHU M 00paslibl.

[Mocne nposenenus padotsl pactBop NaCl uz BanHOUKM ciMBarOT B OYTHUIb, M3 KOTOPOI
OH Obul B3AT. OnNbITHBIE OOpPA3lbl CIEAYEeT MPOMBITH M BBICYHIHTH (DUIBTPOBATBHON
Oymaroi.

B) OmnpenejieHne aHOAHBIX M KATOAHBIX YYaCTKOB HAa 3’Kejle3e, KoppeJpylouieM B
HeHTPaJbLHOM pacTBOpe

I[Ipy xoppo3unm B HEUTpPaJbHOM pPAcCTBOpPE, MPOTEKAIONMIEH C  KHCIOPOIHOMN
NEeNoIsApU3alel, paclpeleleHue aHOAHBIX M KaTOJHBIX YYacTKOB Ha ITOBEPXHOCTU
MeTauta OOJIBIIIEH YacThiO OOYCIIOBJIEHO HEPaBHOMEPHOW al’pamueil ¥ HEOTHOPOIHOCTHIO
IIOBEPXHOCTH.

Jlis Toro, yToObl OOHAPYKUTH AHOJHBIE W KAaTOAHbIE YYaCTKH MPU KOPPO3UH Keje3a B
HEHTpaJIbHOM pacTBOpe (PacTBOpP XJOPHCTOTO HATPHsI) K HEMY M00ABIAIOT MHAMKATOP HA
vonsl Fe”* (kpachas kpossiHas coins KoFe(CN)g), oGpasyrommii ¢ nonamu Fe* TemHo-
CHHIOIO MaJIOPaCTBOPUMYIO COJIb, TaK Ha3bIBaeMyIO TypHOy/uieByro cuib Fes[Fe(CH)g], u
WHIUKATOp Ha THAPOKCUIIBbHBIE Tpynnbl ((peHondranenn), oOpasytouuii ¢ nonamu OH
COEMHEHMS MAJINHOBOTO 1IBETA.

Jlns BeImoNHEHHUs ombita B vamky Ilerpu namuBaror 1 %-ubiit pactBop NaCl u
no6aBisioT U3 KanenbHUIBI 8-10 kamenb 1%-Horo pactBopa K3Fe(CN)g m 3 - 4 xammm
pactBopa (denondranenna. [lepemeniaB pacTBOp CTEKISHHOM MaOYKOM, TOMEIIAIOT B HETO
o0pasel, mpeaBapuTEIbHO 3aUUIIEHHBIA U MIPOTEPTHI BaTOM, CMOYCHHOH alleToHOM. Yepes
HECKOJIbKO MHHYT OKOJIO O0pa3lla HauWHAIOT MOSBISATHCS CHHUE M MAJMHOBBIE YYaCTKH.
Yamky ¢ 00pa3lioM peKOMEHIyeTCsl He BCTPAXUBATh. B 1e/IIX SKOHOMHH BPEMEHH OIIBIT B)
PEKOMEHIyeTCs MPOBOIUTH MapajllieIbHO C OMBITOM a).

[Tocne okoH4aHUsI pabOTHI MOTYYEHHBIE PE3YIbTATHl HEOOXOMMO MPEACTABUTH HA BU3Y
MpernoaBaTelio.

2.4. OGpaboTKa OMBITHBIX JIAHHBIX

Pesynbrarel pabotsl 1o 1 1 2-# yacTsam ohOpMIISIFOT B BHJIE 3aTIOJTHEHHBIX TaOIHI]
rpaduka, MoKa3bIBAIOIIEro 3aBUCUMOCTb YCTAHOBUBIIEHCS CHIIBI TOKA MCCIIEyEMOTO
rajlbBAHUYECKOT0 3JIEMEHTA OT IUIOIIAIU IOBEPXHOCTH aHOAA (IIPU MOCTOSHHOM KaToJe) U
IJIOIA I TOBEPXHOCTHU KaToza (Mpy MOCTOSITHHOM aHOJIE).

PacrnionoxkeHre okpaleHHBIX y4acTKOB Ha 00pa3iie He00X0MMO 3apUCcOBaTh U HAITUCATh
peaKIyy, MPOTEKAIOIMe HAa AHOAHBIX M KaTOIHBIX YU4acTKaX MPU KOPPO3UHU YIIIEPOAUCTON
cranu B pactBope NaCl, u peakiuio 06pa3oBaHus TypHOYIIJICBON CHHH.

2.5. Bompock! /1151 caMOKOHTPOJIS

1. B yem 3akmtogyaercs He0OX0IMMOE TEPMOJUHAMUYECKOE YCIOBHE MPOTEKAHUS
NEKTPOXUMHUYECKON KOPPO3HH XKeJle3a ¢ KUCIOPOIHOM enospu3anueii?

2. Ilepeuncnure OCHOBHBIE CTAAMH KaTOJHOTO MPOLIECCa BOCCTAHOBICHUSI KHCIOPO/a.
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4.3.4 Odopmiaenue komiuiekTa 3aganui s PI'P
s ounozo u 3a0uno2o omoenenus

MunuctepctBo 006pazoBanus u Hayku Poccuiickoit denepanuun
denepanbHOE rocy1apcTBEHHOE OOIKETHOE 00pa30BaTEIbHOE YUPEIKICHHUE
BbIcIIero oOpa3zoBanus «bamkupckuii rocy1apcTBEHHBIN YHUBEPCUTET)
WnxeHepHsIil pakyapTeT
Kadenpa «Texnonornueckrue MaiMHbl 1 000pPYJOBaHHUE)

KoMmmaekr 3aganunii njsa PI'P
no aucuuiinae «Koppo3us KOHCTPYKIIMOHHBIX MaTEPUATIOB»

(HaMMEHOBaHUE TUCIUILINHBI)

DJIEKTPOAHBIE ITOTEHIIMAJIBI
3.1. Ilenwb paGoThI

Onpenenenne SJEKTPOAHBIX TMOTEHIMATIOB HEKOTOPBHIX METAUIOB B  pacTBOpax
AJNIEKTPOJIUTOB, a TaK)Ke MPOBEPKa BO3MOXXHOCTU MPHUMEHEHHUs ypaBHeHus HepHcra ans
pacueTa BeJIMYUH PaBHOBECHBIX TOTEHIIUATIOB.

3.2. Teopus Bompoca

[Tpu morpyxeHuu MeTaia B BOJIHBIM pacTBOp 3JEKTPOJIUTA Ha MOBEPXHOCTH MeTalia
MPOTEKaeT MPOLECC B3aUMOACHCTBHS €r0 MOH-aTOMOB C TOJSPHBIMH MOJIEKYJIAMHU BOJIBI.
[Ipouecc ruaparany HOH-aTOMOB METaJljIa COMTPOBOXKAAETCS BbIIEJICHUEM SHEPTUHU, 32 CUET
KOTOPOU pa3pyIaloTcs CBS3M MOH-aTOMOB METalla B KPHCTANIMYECKOW PEIIeTKE U OHHU
MEepexoaT B PAacTBOP B BHJIE€ TMAPATUPOBAHHBIX KAaTHOHOB, a Ha MOBEPXHOCTHU MeTaslla
OCTal0TCs OCBOOOIMBIIINECS IIIEKTPOHBI
(Me"™ ne) + mH,0 — Me™ mH,0 + ne (3.1)

Cunpl >1€KTPOCTATHYECKOTO B3aUMOJIEUCTBUS MEXAY HM30BITOUYHBIMU 3JIEKTPOHAMHU Ha
METANTMYECKOW TMOBEPXHOCTH M TEpeHIeIIMMH B PAcTBOpP KaTHOHAMH MeTajuia
MPEMSATCTBYIOT YAAJEHUIO MOCIEeTHUX B TIyOb pacTBopa. B pe3ynbrare MOBEpXHOCTH
MeTaJljia 3apsHKaeTcsl OTPULIATENBHO, a PACTBOP AJEKTPOJIUTA - TIOJTOKHUTEILHO U HAa TPAHUIIC
"MeTaj-pacTBOp'  BO3HUKAET JIBOMHOM  DJIEKTPUYECKUH  CJIOM, KOTOPBIA  MOXET
(dbopMUpOBaTbCS TakKe TPH aaCcOpPOIMHM Ha MOBEPXHOCTH MeTallla 3apshKEHHBIX YaCTHIL
pactBopa. [Ipu 3TOoM MeTamn npuoOperaeT 3apsii OJHOTO 3HAKA, & OKOJIO €ro MOBEPXHOCTH
oOpa3yercs CI0i U3 MOHOB AIICKTPOIIUTA C IPYTHUM 3HAKOM.

Mexy closiMu 3aps0B yCTaHABIUBAETCS OMpE/esIeHHAas Pa3HOCTh MOTEHLHAJIOB, TaK
Ha3bIBAEMBIH, ""CKa4yOK MOTEHIMANA" WM NPOCTO "MoTeHHHan". 3HauuTENbHOE KOJIUYECTBO
3apsHKEHHBIX YacTUll (HarmpuMmep, MepexoAsiuX B pacCTBOp KaTHOHOB METaJljla) HAXOJIUTCS B
HEMOCPEACTBEHHON OJIM30CTH K METaNIMYECKOW MOBEPXHOCTU. DTU YaCTHUIBI (POPMUPYIOT
IJIOTHYIO YacTh JIBOWHOTO »JJeKTpuueckoro cios (ciod ['enmpmronbiia), B KOTOpOH
peaim3yeTcsi TMPaKTUYECKH BeCh CKa4yoK mnoreHnuana (). [lo Mepe ymameHus OT
MOBEPXHOCTH METallJla B paCTBOP JIEKTPOJIMTA KOHIIEHTPALUs JaHHBIX 3aPSKEHHBIX YacTHII
MOCTETICHHO TMaJlaeT, JOCTUrasi B KOHIIE KOHIIOB 3HAUEHHUS, COOTBETCTBYIOLIETO HX
KOHIIGHTpallud B O00BbEME pacTBOpa. DTy 4YacTh HaA3bIBAIOT "pasmbrToi" wim auddy3Hon
9acThIO JBOMHOTO JJIEKTPUYECKOro cliosi. Ee MpOTSHKEeHHOCTh 3HAYUTENHHO IPEBHIIIACT
TONMHY ci0s ['eapMrombla, a peaiu3yeMblid B HEMl CKaYOK MOTEHIMala (l/l’), Kak IpaBuJIo,
MEHBIIIE 110 BEJIMYUHE U TPATUEHTY, YeM Ha TeJIbMTOJIBIIEBCKOM YYacTKe TBOHHOTO CIIOS.

PaBHOBeCcHBIC (0OpATHMBIC) HAEKTPOJIABI 00JIaIAI0T OJHOU, OOIIEH /ISl BCEX AJIEKTPOJIOB,
OCOOCHHOCTBIO: B HUX MPOTEKAET TOJBKO OJHA JJIEKTPOXMMHYECKAs PEAKIHS C PaBHOU
CKOPOCTBIO B ABYX IMPOTHBOIIOJIOKHBIX HAMIPABICHUAX (TIpsiMasi M 00paTHasi peakiiH).

34



Cy1iecTByeT HECKOJIBKO TUIIOB PAaBHOBECHBIX 3JIEKTPOAOB:
1. DnexkTpoasl NEPBOro pojia - HEKOTOpPhIE METaUIbl B PAacTBOPAX CBOUX COJIEH,
HaxOoJsIIKECS B COCTOSSHUM PAaBHOBECHUS 110 OTHOLIEHUIO K OJTHOMMEHHBIM HOHAM:
(Me"™ ne)+ mH,0 <> Me™ -mH,0 + ne (3.2)
2. DIEKTpoAbl BTOPOTO poOJa MPEACTABISIIOT COOOM METallul, TMOKPBITHIA CIIOEM €ro
TPYJHOPACTBOPUMOTO COEIMHEHUS (COJM, OKCUABI WU THAPOKCHIBI) M MOTPYKEHHBIH B
pacTBop, coAep)Kalluidi TOT JK€ aHUOH, 4YTO U TPYAHOPACTBOPHUMOE COEIUHEHUE
ANEKTPOAHOro Merauia. CxeMaTHyecKd SJIEKTPOJ BTOPOrO pPoJa MOXKHO TPEACTaBIATH
crexyiouM obpasom: Me' || M*A, Me®
3.OKHCIUTENbHO-BOCCTAHOBUTENIBHBIE 3JIEKTPOJIbI (PEAOKC-3JIEKTPOAb), MPEACTaBIIAIONINE
co00if MHEPTHBIN MeTallT (HampuMep, TIATHHY) B KOHTAKTE C SJIEKTPOIUTOM, COACPIKAIIUM

HOHBI PasHBIX CTeleHeil oknciennoctu (Hanpumep, Fe?*/F* || Pt; SO /5,07 [|Pt). TIpu

JOCTH>KEHUHM PaBHOBECHUsI 3HAYEHUE MOTEHLMANa METajjla CTAHOBUTCS MOCTOSIHHBIM, a €0
BEJIMYMHA 3aBUCUT OT BHEIIHUX YCJIOBHUI (TemmepaTypsl, [aBJIeHHs) 1 aKTUBHOCTH MOHOB
MeTaJula B pacTBOPE U ONHUCHIBaeTcs ypaBHeHueM HepHcra

R-T
P, =P+ ——lna,., (3.3)

I€ @y - PABHOBECHBIM MTOTEHLIMA METaIa, B;

0 N
@, - CTaHAAPTHBIM MOTEHUMAN MeTaia, B, T.€. ero noTeHUHaN B 3JEKTPOJIUTE, AKTUBHOCTD

MOHOB JIaHHOT'O METaJlsla B KOTOPOM PaBHA €INHUIIC;
R - razoBas moctostHHas, paBHas 8,314 I/ (Moab-Tpan);

T - remnepatypa 1mo abconoTHOI mKkane, K;

N - KOJIMYECTBO JIEKTPOHOB, IPUHUMAIOIIMX Y4aCTUE B IEKTPOJHON peakuy;

F - nocrosnnaa ®@apanes, pasHasg 96493 K;

@ - AKTUBHOCTh HOHOB METaljla B pacTBOPE, MOJIb/JI;

a=fC, (3.4)

rae f - ko3 durmeHT akTHBHOCTH (CM. TIPUIIOKEHUE 5);

C - aHanmuTHYECKasi KOHLIEHTpAlUs HOHOB METalljla B pacCTBOPE, MOJIb/JI.

Jns pa3zbaBiieHHBIX PAacTBOPOB KOA(PUIMEHT aKTUBHOCTH OJHM30K K €IWHUIE, U C
HEKOTOPOH OIMOKOW MOXHO CUMUTaTh, YTO AKTUBHOCTh MOHOB METajlja NMPHOIM3UTEIBHO
paBHA UX aHAIUTHYECKOW KOHIICHTPALIUU B PaCTBOPE.

[ToncraBuB B ypaBHeHue (3.3) 3HA4YCHHWS MOCTOSHHBIX s Temmeparypsl 25°C u
nepeiast K JeCATUYHBIM Jorapudmam, NodyduM ypaBHeHne HepHcTa B crieyromieM Bue:
_ +_°’fr’]59 lga,,. (3.5)

M M

W3 ypaBHenus (3.3) cienyer, yTo MOTEHIMAI METAUIa U3MEHSAETCS B 3aBUCUMOCTH OT
KOHIIEHTpAallMd COOCTBEHHBIX MOHOB MeTalla B 3jekTponute. [Ipy yMeHbIIeHUH
KOHIICHTPALlMd HOHOB MeTajula B DJIIEKTPOIMTE (HAampUMep, CBs3bIBaHME HMX B ciabo
IMCCOLIMUPYIOIINE KOMIUIEKChI) TOTEHLIUAN €r0 CMEIIAETCs B OTPULATEIbHYIO CTOPOHY.

Ecin B mponecce B3aMMOAEHCTBUSA METajlla U 3JEKTPOJIUTA YYacTBYIOT HE TOJIBKO
COOCTBEHHBIE HOHBI Me€Taljla, HO M JpYrHe HOHbI WM aTOMbl, TO BO3HHUKHOBEHHE
PaBHOBECHOTO TMOTEHIMaja HEBO3MOXXHO U Torja oOpa3yeTcsi HEpaBHOBECHBIH WIIH
HeoOpaTuMBbIil oTeHuuan. B 3ToM ciyyae notepst U npuoOpeTeHue JEKTPOHOB METAIIOM
OCYILECTBISIIOTCA C YYaCTHUEM pa3IUYHbIX BEIIECTB, M MOTEHIMAl MeTalyla He
XapaKTepu3yeT HAaCTYIUICHUE paBHOBECHS HA IIOBEPXHOCTH 3JIEKTPOJa U Ha3bIBAETCS
HEOOPaTUMBbIM.

VYcroiiunBoe 3HaueHHWE HEOOpaTMMOro IOTEHLMaNa, YyCTaHaBJIMBAarOLIleecs MpH
PaBEHCTBE CyMM CKOpPOCTEW aHOJIHBIX M KaTOAHBIX MPOLECCOB, HA3bIBAETCS CTALlMOHAPHBIM
HEOOpaTUMBIM TOTEHUHUAIOM. BennynHa ero 3aBHCHUT OT NPHUPOJABI METajula, COCTaBa U
KOHIIEHTPALIUU JIEKTPOJIUTA, @ TAKKE OT BHELTHUX YCIOBUI.

35



HeoOpatumple mOTeHHMANbl HE TMOTYMHSIOTCS — ypaBHeHWio Hepucra  (3.3),
CJIEIOBATENbHO, X HEJb3sl pACCUUTATh, @ MOXKHO OMPEEIUTh TOJBKO ONMBITHBIM IyTeM. Jliist
pelIeHus BOMPOCa, SIBISIETCS JU MOTEHIIMAI MeTaJljla B JIJAHHOM PacTBOpe OOpaTHUMBIM WIIH
HEOOpaTUMBIM, CJIETYET COTIOCTaBUTh TEOPETUUECKOE, pACCUNTAHHOE TI0 ypaBHEeHHUIO (3.3),
OTIBITHOE 3HAUCHUS MMOTCHIIMAJIA U CPABHUTH 3aBUCUMOCTD €T0 OT aKTUBHOCTU COOCTBEHHBIX
HMOHOB B PacTBOPE, MOJIYYCHHYIO TEOPETHUECKU U OTBITHBIM MTyTEM.

[Tox BausHUEM pa3nUYHBIX ()AaKTOPOB BEIMYMHA HEPABHOBECHOI'O MOTEHIIMATA METalljIa
MOKET HU3MEHATHCA, CMEIIasch B Ty WJIM HHYIO CTOpOHYy. bosbiioe BiusHHE Ha €ro
BEJIMYMHY OKA3bIBAIOT OKUCIHUTENHN, HAXOSIINECS B SJICKTPOIHTE, MO/ IEHCTBUEM KOTOPBIX
Ha TOBEPXHOCTH MeETajllla MOXKET 00pa3oBaThCs 3alllUTHAs IUIEHKA, YTO MIPHUBOJUT K
CMCIIIEHUIO TOTCHIMAa B TOJOXKUTEIbHYIO CTOPOHY. 3allUTHBIE IUICHKH MOTYT
00pa30BBIBATHCA TAKXKE 3@ CUET OTJIONKEHHS HA MOBEPXHOCTU METajlla TPYIHOPACTBOPUMBIX
MPOAYKTOB Koppo3uu. [IpucyTcTBHE B pacTBOpe BELIECTB, PACTBOPSIONIUX WIH
pas3pylialonMx 3allUTHbIE IUIGHKH (HampuMep, HWOHOB-aKTUBATOPOB) MPHUBOJUT K
CMEIIIEHHUIO MOTSHIINAIAa METaJIa B OTPUIATENILHYIO CTOPOHY.

Heo0xoaumMo OTMETHTH, YTO B HACTOSIIEE BPEMs HET JOCTATOUYHO HAJIEXKHBIX METOJOB
AKCIIEPUMEHTAILHOTO OMPEIEICHUS] WU TEOPETHYECKOTO BBIUMCICHHSI aOCOMIOTHBIX
3HaYEHUH MOTEHIUANOB (CKaYKOB 3apsAJ0B B JBOMHOM 3JIEKTPUYECKOM CIIOE), MOITOMY HX
OIPEJIENIAIOT 10 OTHOILICHHUIO K IPYTOMY 3JIEKTPOJy, Ha3bIBAEMOMY JIEKTPOJIOM CPABHEHHUSI.
BenuunHy noteHnuana Merajuia, U3MEPEHHYIO MO OTHOIIEHUIO K AJIEKTPOJY CPaBHEHUS,
HA3BIBAIOT DJICKTPOJIHBIM MMOTEHIIHAIOM.

OOBIYHO B KayecTBE JHJIEKTPOJa CpPAaBHEHHUS MPUMEHSIOT BOAOPOIHBIA SIEKTPO/,
MOTEHIIMA KOTOPOTO TMpH 00N TeMIeparype NPUHUMAIOT paBHBIM Hymo. OmHaKo
BOJOPOJHBINA 3JIEKTPOJl HE yIA0OeH B padoTe M Ha MPaKTUKE Yalle HCIOJB3YIOT ApYyrue
ANEKTPOBI CPABHEHUS, HAPUMEP, HACBHIIIEHHBIA XJIOPCEPEOPSHBIA AIIEKTPOJ, TMOTEHIIUAT
KOTOPOT'0 TOYHO U3MEPEH IO OTHOIICHUIO K BOJOPOIHOMY AJIEKTpoay U paBeH +200 MB nipu
KOMHATHOW TeMIepaType.

s toro, uyToObl MepecuuTarh MOTEHLMAT METaula, W3MEPEHHBIH OTHOCUTEIBHO
XJIOpCepeOPSTHOTO BIIEKTPO/Ia, 10 OTHOMICHUIO K BOJOPOJHOMY 3JIEKTPOAY, JOCTATOYHO K
MOTEHLIMATy MeTalljia, B3SITOMY CO CBOMM 3HAaKOM, anre0panueckd MpuOaBUTh MOTEHIUAI
XJIopcepedpsIHOTO eKTpoaa, T.e. +200 MB:

(DM/HZ = ¢M/m.cep + (oxﬂ.cep. (36)

rie @y, - MOTEHIMAN METAILTA [0 BOJOPOHOMY JIEKTPO.Y, MB;

Prt1x1.cep = TIOTEHIMAI METAILIA 10 XJIOPCEPEOPSHOMY DIIEKTPOY, MB;

?,1.cp ~ NOTEHIIMAT XJIOpCEPEOPAHOTO dnekTpoaa (+200 MB).

[Tepen mpoBeneHNEM pabOTHI CIEAYET 03HAKOMUTBLCS CO CIESAYIOIIIMME BOIIPOCAMHU:
1. 3mMepenue MOTEHITMAIOB METAJUIOB (METOIBI M DJIEKTPOJIbI CPAaBHEHHUS ).
2.PaBHOBeCHBIe n HepaBHOBGCHBIe IIOTCHIUAJIBI, p}II[ CTaH,Z[apTHBIX BHGKTpO,Z[HBIX
ITOTEHIINAJIOB.
3. I/I3MepeHI/I€ IIOTCHIIMAJIOB MCTAJIJIOB B 3aBUCHUMOCTHU OT cCOoCTaBa U KOHL[GHTpaL[I/II/I
AIEKTPOJIHTA.
3.3.IIpoBenenue paboThl
DJNEKTPOHBIC TOTCHIUAIBI MEJH, JKelie3a W ATFOMHHHS ONPEICIISIOT B CISAYIONUX
ANEKTPOJIUTAX:
Menb: CuS04- 1M; 0,1M; 0,01M; 0,001M,
H,S04- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
xkene30. NaOH- 0,5M,
NaCl - 0,5M,
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K>Cr,07 - 0,5M,
amomuanii: NaCl - 0,5M,
K>Cr,07 - 0,5M.

OnekTpoasl (KpoMe aTIOMUHHKS) OYHUINAIOT HaXJAa4HOW Oymaroi, mpOoTHpaoT BaTOM,
CMOYEHHOW aleTOHOM, M 3aKpeIUIAI0T B KJIEMMAax, YCTAaHOBJICHHBIX B H3OJUPYIOIINX
MJIaCTUHKAX.

[loTeHumanel M3MEpSIIOT € TOMOIIBIO YHHUBEPCAIBHOIO HMOHOMepa Tuma OIB-74.
[IpeaBapuTeIbHO 03HAKOMHUBIIKCH C pabOTOW MOHOMepa (TpHIoKeHUe 4), NI U3MEPEHUS
MOTEHIMAJIOB COOMPAIOT TallbBaHUYECKYIO Iienb (puc.3) U3 HCCIeqyeMOro 3JEeKTpoJa,
OMYIIEHHOTO B COOTBETCTBYIOUIMI JJIEKTPOJIUT, M  XJOPCEPEOPSHOTO AJIEKTPOAa,
MOMEIIEHHOTO B HachIeHHBIH pacTBop KCl, coennHuB pacTBOpbl cC()OHOM, 3aIIOTHEHHBIM
HaceimeHasiM  pactBopom  KCl. Bemawuumna 5.J[.C. cocCTaBI€HHOrO TalbBAHUYECKOTO
3JIEMEHTA OJIHOBPEMEHHO SIBIISICTCS JIEKTPOIHBIM MOTEHIIMAIOM HCCIIEIYyEMOro MeTalia 1Mo
OTHOIICHHUIO K XJIOpCepeOpSIHOMY AIEKTPOIY.

3. J1.C. cocTaBleHHBIX TaJbBaHUYECKUX 3JIEMEHTOB H3MEPSAIOT, MOOUYEPEIHO OIycKas
pabouure >1eKTPOIbl B PACTBOP U MOJAKIIOUas UX K HoHOMepY. [Topsanok namepeHus onucan
B MHCTPYKLIHHU (CM. IPUIIOKEHHUE 4).

1 - mumBoOnbTMETP; 2 - KOHTAKTHass KieMMa; 3 -

2 M30JMpyIoIas IUlacThHa; 4 - BIEKTPONUTUYECKUN
4 = MOCTHK; 5 - XJIOpcepeOpsSHBIA 3JIEKTPOJ CpaBHEHUsS; 6 -
g LT pactBop KCIl; 7 - creknsHHblii cTakaH, 8 - pabouwmii
] anekTpod; 9 - paboumit snekrpon; 10 - KoakCHIIBHBIN
7 Kabesb

- —§ Puc.3. Cxema yCTaHOBKM Il U3MEPEHHUS SIIEKTPOIAHBIX

41\. . l MOTEHINAJIOB
—— 10 [Tocne onpeneneHust BEIMUNHBI TOTEHIIMANA AIEKTPOJL OT-

KITIOYAIOT OT U3MEPUTEIHLHON CXeMBI (HO HE BHIHUMAIOT U3
pacTBopa), MOAKIIOYAIOT CIEAYIOMINNA ANMEKTPOA U BEAYT U3MEPEHHUE TaKUM e 00pa3oM.

IIpu nepeHoce cudpoHa M3 OAHOTO PAacTBOpa B JAPYrod KOHEI €ro, MOrpyKaeMblii B
pacTBOp, HY’)KHO OOMBITH CTPYEN AUCTUIUTMPOBAHHOMN BOJIbI, MOJIb3YSCh TPOMBIBAJIKOM.

Jnis u3ydeHus] KHHETUKA W3MEHEHHS MOTEHIMAJIOB UCCIIEYEMbIX METAIJIOB U3MEPSIOT
WX HavdaJbHBIC TTOTCHIHAIBI (Cpa3y *Ke MOCie MOTPYKEHHST 00pa3IloB B DJICKTPOJIUT), 3aTEM,
cinycTs 30 MUH OT Hayaja OIbITa U BHOBB, ciycTsd 60 MUH OT Hadajga onblTa. Bennuunsl
M3MEpPEHHBIX MOTEHIHAIOB C YIETOM MX 3HAKOB 3aHOCAT B Tabm. 3.1.

B 3, 4 u 5-i rpadax TaONUIBI 3aMHUCHIBAIOT W3MEPEHHBIC 3HAYCHHS MOTEHIIMATIOB B
MUJUTMBOJIBTAX TO XJIOpcepeOpstHOMY 3JekTponay. B 6, 7 u 8-i1 rpadax - BBIYMCICHHBIC
MIOTEHLIMAJIbl METAJIJIOB OTHOCUTEIBHO BOJOPOIHOIO AIEKTPOAA.

3.4. OOpaboTKa ONBITHBIX JIAHHBIX

Pesynbratel pabGoThl mpencraBisAloT B Tabm. 3.1, a Takke B BuAe rpaduka:
IKCIICpUMEHTAIIbHASI M TeopeThyueckas (paccuutanHas 1o ¢opmysne HepHcra) 3aBUCUMOCTh
BEJIMYMHBI TIOTEHI[MAIAa METHOTO 3JIEKTpOoJa B pacTBOpax cynbhara Meau or jorapudma
aKTUBHOCTH HOHOB METaslla B 3JIEKTPOJIUTE.

3.5. Bonpoch! 1151 CaMOKOHTPOJIS

1. Kakue cuctemsbl B 3JIEKTPOXUMHUH Ha3bIBAIOT PABHOBECHBIMU?

2. B xakux yclOBHsIX BO3HHKAIOT HEPAaBHOBECHbIE (HEOOpAaTHMBbIE) TTOTECHIIMAIBI?

3. Kak ompenenuTh 3Hau€HHE CTaHAAPTHOIO OKUCIMTEIHbHO-BOCCTAHOBU-TEIHHOTO

a‘OX
HOTEHIMAJIa CUCTEMBI 10 TpapUKy 3aBUCUMOCTH @, jp.q = | (IN—2) ?

Red
4. Tlouemy 37eKTPOAHBIN MOTEHIIUAT kene3a B pactBope NaOH co BpemeHneM cTaHOBUTCS
60)166 MOJIOKUTCIIBHBIM, a TIOTCHI WA MCIU B paCTBOPC IMMPAKTUYCCKU HC MCHACTCA BO
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BpPEMEHHU (CM. SKCIIEPUMEHTAIIbHBIC Pe3yNIbTaThl)?

5. Hanummure 351eKTpOXUMUYECKHE peaklui, MPOTEeKaloIie Ha KeJIe3HOM 3JIEKTPOJIE B
pactBope Nad. Kakoii mpu 3TOM yCTaHaBIMBACTCS IIOTCHIMAN - PABHOBECHBIN (00OpaTHUMBIii)
WM HEPABHOBECHBIN (HEOOPATUMBINA)?

bubnunorpaduueckuii coucok

1. XKyx H.II. Kypc Teopun koppo3uu u 3auuThl MeTauioB. -M.:Mertamnyprus, 1980. C. 149-
188, 341-369.

2. TlaxomoB B.C. Koppo3us u 3ammura XUMHYECKOW ammapaTypbl. DJIECKTPOXHUMHUYECKas
KOppo3usi MeTaJuIoB: YuebHoe nocodue. -M.: MUXM, 1983.- 80 c.

KOHTAKTHAA KOPPO3USA U KATOJJHAS 3AIIUTA METAJIJIOB
4.1. Ilenp paGoThI

N3yueHnue sBiIEHUS KOHTAKTHOM KOPPO3UU METAJJIOB, O3HAKOMIIEHHE C METOAOM
KAaTOAHON BJIEKTPOXMMHMYECKOM 3alIUThl C TOMOIIBIO MPOTEKTOpa M MOJSPHU3ALUU OT
BHEIIIHETO UCTOYHUKA TOKA.

4.2. Teopus Bonpoca

4.2.1. KoHTakTHast KOppO3Usl.

KOHTakTHOW KOpPpO3UEH Ha3bIBAIOT DJJIEKTPOXMMHUYECKYI0 KOPPO3UIO METAJIOB,
HMMEIOIINX pa3HbIE 3JIEKTPOAHBIE (KOPPO3UOHHBIC) MOTEHLIUABI U HAXOSAIIUXCS B PACTBOPE
ANEKTPOJIUTA B KOHTAKTE IPYT C APYTOM.

Merami, MOrpy:KeHHBIH B PacTBOP AJIEKTPOJIUTA, B KOTOPOM OH TEPMOAMHAMUYECKU
HEyCTOMYMB (T.€., €CIM B pAcCTBOPE HMEETCS OKHCIUTENb, PaBHOBECHBIM MMOTEHIMAI
KOTOpOro 0oJiee TOJOKUTEIbHBIN, YeM paBHOBECHBIM IMOTEHIMAT METala B JIaHHBIX
YCIIOBUSIX), MOJABEpPraeTcs 3IEKTPOXUMHUUYECKO koppo3uu. [Ipm 3ToM Ha MOBEPXHOCTH
MeTajula MPOTEKAIOT AaHOJHAs peaklMs PACcTBOPEHHS MeETajyla M KaToAHas peakius
BOCCTaHOBJICHUsSI okuciautens. Koppenupyromas MOBEpXHOCTh NMPUOOpETaeT HEKOTOPBIN
KOMITPOMHUCCHBIN 3JIEKTPOAHBINA MOTEHIMAN (TIOTEHIIUAT KOPPO3HH ), IPH KOTOPOM CKOPOCTh
pacTBOpeHHs] MeTaula (aHOOHBIM TOK) paBHAa CKOPOCTH BOCCTAaHOBJIEHUS OKHCIIUTEINS
(KaTOHBIN TOK).

[Ipu 3aMbIKaHUM B pacTBOpPE OHJIEKTPOJIUTA JBYX METaVIOB, MMEIOUIUX B JaHHBIX
YCIIOBUSIX pa3HbIE MOTEHINAIIBI KOPPO3HUH, 00pa3yeTcs rallbBaHUYeCcKas mapa.

Jl1s mpaBUIILHOTO MMOHUMAaHMSI MPOLIECCOB, MPOTEKAIOIIUX B TAKOW Mape, 1eaecoo0pa3Ho
MIPOBECTH aHaNU3 ee paboThl ¢ MOMOIIBIO MOJIPU3AMUOHHON Auarpammbl (puc.4). IlycTsb

MeTtassl 1" u "2", nMeronue B JaHHBIX YCIOBUSX PABHOBECHBIE OTEHIIMAJIBI (oﬁl H(Dj}z :
IOTPYXEHBl B PACTBOP, B KOTOPOM IPUCYTCTBYET OKHUCIMTEIb C pPaBHOBECHBIM

noteHuuanoM ¢! . Eciu aleKTpHYecKoro KOHTAKTa MEXIy METAUIaMHi HeT, T0 Touku (1 u

2) mepeceveH s aHOHbIX (JIMHUU a1 M a2) U KaToaHbIX (uHud K1 1 K7) TOJSIPU3AIMOHHBIX
KPUBBIX I KaXKIOTO M3 METaJIOB OTBEYAIOT YCIOBUIO CTAIIHOHAPHOCTH KOPPO3UOHHOTO
noteHimana (l; = ly) ¥ MOTOMy ONpPEeneNsIOT BEJIMYUHBI UCXOTHBIX CKOPOCTEH KOPpPO3WHU
(Ixop1, lxop2) 11 IOTEHIINATIOB KOPPO3UH (Prop1, Prop2) METAILIOB.

Ecnmu metamst "1" u 2" KOpoTKO 3aMKHYTH , T.€. IPUBECTH B KOHTAKT (3JEKTPUUECKH
COEIMHUTH), TO B cllyyae, KOrja OMHYECKOE CONpPOTUBJICHHE pPacTBOpa MPEeHEOPEKUMO
Majo, KOHTAKTHPYIOIIHE METAUIbl JIOJDKHBI MPUOOPECTH HEKOTOPHIH  OJMHAKOBBIN
KOMITPOMHUCCHBI TOTEHIHAT ¢y. BemnymHa 3TOro MOTEHIMAla MOXET OBITh HalieHa
rpaduyecKd U3 YCIOBHS CTAllMOHAPHOCTH OJJIEKTPOJHOTO TOTEHIMAlla - CyMMa BCEX
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AHOJHBIX TOKOB JIOJDKHA OBITh paBHA CyMME BCEX KaTOJIHBIX TOKOB
21, =21, 4.1)

J1st 5TOro He0OX0IMMO POBECTH IpadUUecKOe CyMMHUPOBAHUE MAPIHUATBHBIX aHOIHBIX
(muHMM a; W ap) W KaToaHbXx (mHMM K; W K3) TOJSIPU3AIMOHHBIX KPHBBIX. ToYka
nepecedeHuss (L) CyMMapHOW aHOJHOH NOJSPU3ALMOHHONW KPUBOM (ax) M CYyMMAapHOI
KaTOMHOW MOJspu3aliionHoi kpuBoi (Ksy) oTBeuaer paBeHcTBY (4.1), a ee abcuumcca
SBJIIETCS UCKOMBIM KOMITPOMHUCCHBIM MTOTEHIIHATIOM (5.

Y CTaHOBUBIIMICSA B KOPOTKO3aMKHYTOM [BYX3JIEKTPOJHOM CHUCTEME KOMIIPOMMCCHBIN
MOTEHLIMAJ Py UMEET 3HaYCHHE, TPOMEKYTOUHOE MEK/Y MEPBOHAYAIBHBIMU MOTEHI[HAIaMU
KOPPO3UH METAIIOB (yopl < @Pugp2. TaKMM 00pa3oM, B pe3yibTaTe KOHTAKTa HMPOMCXOAUT
CMeIlleHNe MOTEeHIINANIa KOPPO3Uun OoJiee INMEeKTpooTpulaTenbHoro Metamia "1" (aHogHOTO
MeTalljia) B MOJOXKHUTEIbHYIO CTOPOHY - aHOJHAs MOJSpU3alMs, U CMEIICHUE MOTeHIraa
KOppo3uu Oojiee DIEKTPOIOJIOKHUTETbHOrO MeTauia 2"  (KaTogHOro MeTauia) B
OTPHULATENILHYIO CTOPOHY - KaTOJHAs MOJIApU3alusa. DTO MPUBOAUT K COOTBETCTBYIOIIEMY
U3MEHEHHIO CKOPOCTEH aHOJHBIX M KaTOAHBIX 3JIEKTPOAHBIX IPOLIECCOB HAa KOHTAKTH-
pyronmx Meramiax. JlelWcTBUTENBHO, MPU HOBOM 00IIeM MoTeHIuaie @y Metamt "1" Oyner
pacTBOPATHCS (KOPPETUPOBATh) CO CKOPOCTHIO [ a1, GOJbILICH, YeM CKOPOCTh €T0 KOPPO3HH
10 KOHTAKTA lyopi - MeTann "2", Hao60poT, IpU KOHTAKTE PACTBOPSIETCSA CO CKOPOCTHIO I a2
MEHBLIEH, YeM CKOPOCTh €r0 KOPPO3HMU 1O KOHTAaKTa lcop2. Takum oOpazoM, pacTBOpeHHE
aHOJHOT'O METaJlla yBEJINYMBAETCS, a KATOJAHOT'O - YMEHBIIIAETCSI.

Ecnu oOummii moTeHmuan makpomapbl @y OyAeT MEHbIIe paBHOBECHOIO MOTEHIIHMAaja

KaTOJHOTO MeTaylia %’}2, TO pacTBOpeHHE (KOppo3us) 3Toro mertamwia 2" mpekpaTturcs

BOBCE.

[Ipu ycraHoBuBHIEMCS TIOTEHIIMAJE MAakpomaphl @y Ha H3HAYANBHO Oolee
3JIEKTpOOTpULIATeIbHOM MeTaie 1" CKOpOCTh aHOJHOTO IpoIiecca I'al CYIIECTBEHHO
00JbIlIe CKOPOCTH KaTOMHOTO mporecca [y1 , a HA M3HAYANBHO Oo0Jiee SIEKTPOIOJIONKH-
TEILHOM MeETaJlIe "2:’ CKOpPOCTh KaTOJHOTO Ipolecca I'kz 3HAYUTEITLHO OOJIbIIIE CKOPOCTH
aHogHOTO npouecca I 4.

Pa3nuiia B CKOpPOCTSX KaTOMHOTO M aHOAHOTO IPOIECCOB JUIsl KaKIOro MeTajia
SIBJISIETCSl BHEIIHMM TOKOM, KOTOPBIM JIaHHBI METaJI HAampapiseT ApyroMmy (Wiu
MPUHUMAET OT HETO0), ¥ MPEJICTABIISIECT COOOM, MO CYIIECTBY, MTOTOK JIEKTPOHOB OT aHOIHOTO
MeTaJuia K KaTOAHOMY
Izmm = |k2 - Ia2; |18Hem = Ikl - Ial (4.2)

Jnst IBYXAJEKTPOJHON CHCTEMBbl BHEIIHHME TOKM KaXKJIOTO M3 METaUIOB PaBHBI 110
a0COJIIOTHOW BEJIMYMHE M MPOTUBOTIONOXKHBI 110 HAMPAaBJICHUIO. B MaHHOM cilyyae BHEITHUI
Tok meramia "l" Oymer anomHeiM, a Meramia "2" - karogHeIM. Takum oOpasom, B
raJlbBaHUYECKON Makpomnape metay "'1" padoTtaeT aHomoM, a MmeTaiut "2" - kaTogoM. 3a cuer
BHEIIIHETO TOKA U OCYILECTBIISIETCS] COOTBETCTBYIOIIAS MOSPU3ALIMS SJIEKTPOIOB.

B cmywae 3aMeTHOrO  OMMYECKOTO  COMNPOTHUBIICHHS  arpeCCHUBHOM  Cpebl
paccMaTpuBaeMasi  JIBYXAJIGKTPOJHAs  CHUCTEMa YK€ HE  SIBJIETCS  IMOJHOCTHIO
3arMoJIIPU30BAHHON - OOIIMK TOTEHIMAA HE YCTaHaBJIMBAEeTCSA. MeTauibl Makpomapbl
MpUOOPETAIOT HOBBIC WHAWBHIYAIBHBIC AJIEKTPOJHBIC MOTCHIHAIIBI (p"mpl u (p"mpg. [Ipu

ITOM Pyopl < @ kopl < @ kop2 <Prop2. PaA3HOCTL MOTEHIMATIOB AP = @ wop2 - P kopl
MPONOPIMOHATIEHA OMHYECKOMY COMPOTHBJIEHUIO PAcTBOpa M BEJIWYMHE BHEIIHETO TOKA
MAaKpOnapsl.

Takum 06pa3oM, KOppO3us METaIa B PaCTBOPE ANMEKTPOIUTA MOXKET OBITh 3aMeJIJIeHa C
MIOMOIIIbI0 KOHTAaKTa ¢ 00Jiee 3JIEKTPOOTPUIIATEIbHBIM METAUIOM (aHOIHBIA KOHTAKT) WIIU
YCKOpEHa BCJIEACTBHE KOHTAaKTa ¢ 0ojiee 3JEKTPOIOJIOKHUTEIbHBIM METaIOM (KaTOHBIH
KOHTakT). CKa3aHHOE CIpaBEeAJMBO Js CIy4aeB KOPPO3UHM METAIJIOB B aKTHMBHOM
cocrosiHuu. Ecnu Bo3MoXkHa maccruBaliisg OCHOBHOTO MeTalljla, TO KaTOJHBI KOHTAKT MOKET
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CHocOOCTBOBATH HACTYILJICHUIO TACCHBHOTO COCTOSIHHSI OCHOBHOTO METajllIa U YMEHbBIIICHUIO
€ro cKopocTtu kopposzuu. C Apyroil CTOpOHBI, Il MTACCUBHOTO METAJIJIa AHOJHBIM KOHTAKT
OMaceH, TaK KaK MOXKET MPUBECTH K MEPEXO0ay U3 MACCHUBHOTO COCTOSIHHMS B aKTHBHOE M
YBEJIMUEHUIO CKOPOCTH KOPPO3HH.

KonrtakTHass xoppo3us SIBIs€TCA NPUUYUHOW YCKOPEHHOTO pa3pyIICHUs KOHCTPYKIIHM,
CMOHTHPOBAHHBIX U3 PA3HOPOJHBIX METAJIIOB.

O PeKTUBHOCTD YCKOPSIOMIETO ASHCTBHS KATOJHOTO KOHTAKTa HAa KOPPO3HIO OCHOBHOTO
MeTajljla B YCJOBHMSIX AKTHUBHOI'O PACTBOPEHMsSI 3aBUCUT OT BEJIMYMHBI PaBHOBECHOIO
3JIEKTPOJIHOTO TMOTEHIMaa KaTOJHOTO METajlyla B JIAHHBIX YCJIOBMSIX W 3aTPyJHEHHOCTHU
(mepeHanpspKeHUs1) aHOJHOTO M KaTOAHOTO IMPOLIECCOB Ha KAaTOJHOM METalljIe, a TaKXkKe OT
COOTHOIIICHHUS TOBEPXHOCTEH KaTOJHOIO M OCHOBHOIO (aHOAHOT0) MmetaiwioB (S : Si).
KoHTakTHass Koppo3wsi TeM WHTCHCHBHEH, uYeM OoJjiee TOJIOKHUTEICH PaBHOBECHBIN
MOTEHIMAJ KaTOJHOTO METaJljla, YeM BBIIIE MEPEHAIPSKEHUE €r0 aHOAHOTO PAaCTBOPEHUS U
YeM MEHbIIIe NepEeHaIpsHKeHNE BOCCTAHOBIICHUS OKUCIIUTENS HA €ro IOBEPXHOCTH, a TaKKe
9geM OOJTbIIIe OTHOIIEHUE TIOBEPXHOCTEH KAaTOJJHOTO U OCHOBHOTO METAJLIOB.

4.2.2. KatonHas 3JIeKTPOXUMUYECKAs 3alUTA

Ha wu3MeHeHMHM CKOpPOCTH pacTBOPEHHUS METajjla MpH €ro KaTOAHOW MOJspHU3aluu
(cMmeleHue MOTEHIMaNa B OTPULATENbHYIO CTOPOHY) OCHOBAaHa AJIEKTPOXUMHYECKas
KaToJ(Has 3allluTa METAUIOB OT KOppo3uu. OCyIeCTBUTh KaTOAHYIO 3aIllIUTY MOXKHO JABYMS
crocobamu.

OnuH W3 HUX 3aKII0YaeTcs B NPHUCOCIMHEHMHM K 3alllUIaeMOMYy METaIMYEeCKOMY
U3JIEINI0 KaKoro-mubo Jpyroro Merajaia, HMEIOIIero B JAaHHOM arpeccCUBHOW cpene
MOTEeHIMAN OoJiee OTPUIIATEIbHBINA, YeM IMOTEHIHMAN 3armiiaeMoro Metamna. [Ipucoemu-
HSEMBIM MeTall paboTaeT aHOJOM B TajJbBaHWYECKOW Mape C 3allHUIIAeMbIM METAIJIOM U
YCKOPEHHO pacTBOPSETCSA. OITOT CMOCO0 Ha3bIBaeTCs '"MPOTEKTOPHOW 3amuToi, a
MPUCOEANHIEMBI 3JIEKTPOJ - MPOTEKTOpOM. MarepuaaoM Al MPOTEKTOPOB B cllyuyae
3aIUTHl KOHCTPYKIIUN M3 HEJIErMPOBAHHOM CTaJM YacTO CIY)KHUT LIMHK WM CIUIaBbl Ha
OCHOBE JIIOMHUHUS U MarHusi. B mporiecce 3aiuThl MPOTEKTOPBI OCTEIIEHHO PACTBOPSIOTCS,
MOATOMY UX MEPUOANYECKU 3AMEHSIOT HOBBIMHU.

Bropoit cnoco0 3IeKTPOXMMHUYECKOM KaTOAHOW 3allUThl COCTOMT B KaTOIHOU
MOJISIpU3AlMK  3AMIMIIAEMOr0 U3JEeUsl OT [OCTOPOHHEro (BHEIIHEr0) HCTOYHHKA
MTOCTOSIHHOTO TOKa (BBIMPSIMUTENS, aKKyMYJISITOPHOU OaTapeu U T.I1.), TaK Ha3bIBaeMasi, "'Ka-
TOAHAs 3allMTa BHEIIHUM TOKOM" win "anekrposamura". [Ipu 3TOM 3amuinaeMblii MeTamn
MOJICOEIUHSAIOT K OTPULIATEIHbHOMY IOJIIOCY BHEIIHETO HCTOYHHKA, a K MOJOXKUTEIbHOMY
MOJIFOCY MPUCOEAUHSIOT OTPYKEHHBIA B arpeCCUBHYIO CPEAy BCIIOMOTaTeNIbHBIA 3IEKTPOT
U3 DIEKTPOIPOBOAIIEr0 MaTepuana. B kadecTBe MarepHalioB BCIIOMOTaTeNbHBIX
3JIEKTPOJIOB MPUMEHSIOT TaKh€, KOTOPBIE MJIK COBCEM HE PACTBOPSIOTCS IIPHU aHOIHOM MOJISI-
pHU3aluy B JAaHHBIX YCIOBUSX (rpaduT), MU PACTBOPSIIOTCS C OYEHb MAJIbIMH CKOPOCTSIMH
u3-3a 00pa3oBaHUs 3alIMTHBIX cioeB (Pb). Ha BcmomorartenbHBIX HEPaCTBOPUMBIX
ANIEKTPOAAaX B BOJHBIX pAcTBOpaxX MPOTEKAeT AaHOAHAs pPEaKLMsl BBIIEICHHUS M3 BOIbI
ra3o00pa3HOro KUCIOpoIa.

O GhEeKTUBHOCTh KATOJAHOW DJICKTPOXUMHUYECKON 3aIUThl MPHHITO XapaKTEpHU30BaTh
JIBYMSI IOKA3aTeISIMU: 3aIIUTHBIM Y HEKTOM

z=%5.100 (4.3)

n KOBd)d)I/IHI/IeHTOM 3alIUTHOT'O ACHCTBUS

k3 _ Ago _Agl (44)

[
3
/e Z - 3amuTHBIN 3G deKT, %o;
Ko - MaccoBBIi OKa3aTel b KOPPO3UH METAIIa 6€3 3amHTh, I/(M>-1);

K1 - MaccoBblil MoOKa3arenb KOPPO3WHM METala MPU MPUMEHEHUH KaTOIHOW 3allUThI,
rJIm"a);
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K, - ko3 duiueHT 3aumUTHOTO NeiCTBHS, T/A;

AQo - MaccoBbI€ IOTEPU MeTa1a 6€3 KaTOTHOM 3allUThI, F/MZ'
AQ1 - MaccoBble TOTEPU METAJLIA TPU KATOJHOU 3au1HTe /M’
i, - IUIOTHOCTB 3aIIHTHOTO KATOJHOTO TOKa, A/M.

KaronHolt »1eKTpOXUMHUYECKON 3allUTOW MOXKHO JOOHUTHCSI IMOJHOTO MpPEKpalleHHs
KOppO3UU MeTajlja. DTO IPOUCXOAUT, €CIHM MPHU MPUCOEIUHEHUU MIPOTEKTOpA K METAILITy
WO TpPU TPOIMYCKAHMM 4Yepe3 HEro MOCTOSHHOIO TOKa OT BHEIIHEr0 HCTOYHMKA
AJIEKTPOIHBIN MOTEHIMA MeTajlla JOCTHTHET 3HAYeHUs ero o0paTuMoro (paBHOBECHOTO)
MoTeHIMaa (Uil crijlaBa - PaBHOBECHOI'O IMOTEHIMala HauboJsiee AJIeKTPOOTPHULATEIbHOM
aHOJHOM cocTaBisAOLIEH cruiaBa). /st ctanu TakuM MOTEHLMAIOM SIBISIETCSl pAaBHOBECHBIN
MMOTEHIMAJ JKeJIe3a B IaHHBIX YCIOBUSX.

DNEKTPOXUMHUUYECKYIO 3aIUTYy IPUMEHSIOT B CIy4ae KOPPO3UH METAUIOB, HAXOASIINUXCS
B XOpOIIO MPOBOJAIIMX CpeJax - pPACTBOPax 3SJIEKTPOIUTOB, IOCKOJbKY, 4YE€M BbIIIE
AJIEKTPOIIPOBOHOCTh CpEIbl, TEM OOJbllle CMEIaeTcss NOTEHIMad MeTaula B OT-
pHULIATETBHYIO CTOPOHY IPU €r0 KaTOJHOM MOJISIPU3ALINH.

B cimydyae nmpoTEeKTOpPHOM 3aILUTHI PALUYC AEUCTBUS IIPOTEKTOPA, T.€. HMPOTSKECHHOCTb
METaJUIMYECKOM KOHCTPYKLMH, HAa KOTOPYIO PpACIPOCTPAHSETCS 3allUTHOE JACHCTBUE
MPUCOETUHEHHOTO MPOTEKTOpa, MPH MPOYUX PABHBIX YCIOBHUAX TeM OOJbINE, YeM BBIIIE
3JEKTPONPOBOAHOCTh cpenpl. Hampumep, B MOPCKOMl BOAE OH JOCTUTAeT HECKOJIBKHX
METPOB, a B BOJONPOBOIHOM OIrpaHUYEH HECKOJIBKUMU CAaHTUMETPAMH.

[Ipy xaTtogHOW 3amIUTe BHEINTHUM TOKOM BBIOOP ONTHMAIBHOW IJIOTHOCTH KaTOJHOTO
TOKa TMPOU3BOIAT C YYETOM BBICOKOTO 3aLIUTHOTO 3(dekra mpu JOCTATOUHO BBHICOKOM
K03 dULIMEeHTE 3alUTHOTO JEHCTBUS, T.€. 3HAUUTEIHHOTO YMEHBIIEHHSI KOPPO3MOHHBIX
[IOTEPh Ha KAXKIYI0 €IMHULY IJIOTHOCTH 3aIIUTHOTO KaTOJHOTO TOKA.

Ecnu mpu snekTpo3amuTe IIOTHOCTh 3aIUTHOTO TOKAa MOXHO PpEryJMpoBaTh B
LIIMPOKUX IpPEJeNax, TO MPU 3aIIUTE C IOMOIIBI0 IMPOTEKTOpPA CTENEHb €€ 3aBUCHUT OT €ro
ANEKTPOXUMHUUYECKUX XapaKTEPUCTUK: HAYAIBHOIO HSJIEKTPOJHOTO MNOTEHLMANIa, aHOJHOMU
MOJIAPU3YEMOCTH (CTENEHU W3MEHEHHUs MOTEHIMala MpU NPOTEKaHUM BHEIIHETO TOKa),
BEJINYUHBI IOBEPXHOCTH.

Karonnas snexkrpoxumuueckas 3amuTa - 3()(EKTUBHBIM M 3KOHOMHUYECKHU BBITOIHBIH
METOJ 3alUThl OT KOPPO3UM METAUIMYECKUX KOHCTPYKIUMH B MOPCKOW BOJE, MOYBE M
JIPYTUX HEUTpaIbHBIX arpeCCUBHBIX cpefax. B KuCIbIX cpenax MeTaulbl XapakTepU3yTcs
Majiol KaTOJHOM MOJSpU3yeMOCThIO (MajbiM CMEIICHHEM MOTEHIIMajda B OTPULIATEIbHYIO
CTOPOHY IpU NIPOTEKAHWU KaTOJHOTO TOKa). B Takux yCIOBUSAX 3HA4YUTENbHAs 4YacTh
3aIIUTHOIO KaTOJHOTO TOKAa TPATUTCS HENPOU3BOAUTEIBHO HA KATOJHOE BOCCTAHOBJIICHUE
MOHOB BoJiopoJa. B pe3ynprare KO3 GHUIMEHT 3aIUTHOTO AeUCTBUS HeBenuK. [Ipumenenune
KaTOJHOM 3alIUThl B TAKUX CPEaX OTPaHUYEHO.

Karognast 3ammra HaxoOUT IIMPOKOE NMPUMEHEHHME B MPOMBIIUIEHHOCTH JUISl 3AILUTHI
MOJ3EMHBIX TpPYyOONpPOBOJIOB, KOMMYHHUKAIlM U pe3epByapoB, MOPCKHUX CYIOB U
METAIJIOKOHCTPYKIMM, SKCIITyaTUPYIOLUXCSI B MOPCKOW BOJE, a TaKXKE TEXHOJIOTHYECKOIO
000pynOBaHUs - KOHJIEHCATOPOB, TEIIONPOBOAHUKOB.

4.3. IIpoBesenue paboThl

Pabota coctouT u3 Tpex yacTeit:

1. Ompenenenue ckopoctu kKoppo3uu ctanmu Ct3 B 5%-HOM pactBope H»S04 mpu
OTCYTCTBMM KOHTaKTa M MPHU KOHTAKTE €€ C APYrMMU MeTalaMHu (LMHK, MEe/b), a TaKke
NEKTPOXUMHUUYECKUX  XAPAKTEPUCTUK TallbBAHWUYECKUX  MAaKpomap -  3JIEKTPOAHBIX
MOTEHIIMAJIOB METAJJIOB B KOHTAKTE U 0€3 KOHTAaKTa, CUJIbl TOKa pabOoTaIONINX Map.

2. N3yuenue koppo3uu cranu Ct3 u onpeaeneHue ee 3IEKTPOJAHOTO oTeHnuana B 5%-HoM
pacTBOpE CEpPHOM KHUCIOTHI ITPU KATOAHOM 3aIMTE BHEIIHUM TOKOM.

3. Ompenenenue paauyca AEHCTBUS LIMHKOBOTO NPOTEKTOpa Ipu Kopposuu ctaiu Cr3 B
cpelax € pa3HOM AJIEKTPONPOBOJHOCTHIO (AMCTUIUIMPOBAaHHAs BoJa, 1%-HBIM pacTBOp
XJIOPUCTOTO HATPHS).
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Bropas dacte paboThl TPOBOAMTCS OJHOBPEMEHHO C IMEPBOM, a TPEThs - MOCJIE TOrO, KaK
OyIyT TIOCTaBJIEHbI HAa HUCIBITAaHUS OOpasllbl B TIEPBOM W BTOPOM dacCTIX pPabOTHI - B
MepephIBax MEXy 3aMEPaMHU AJIEKTPOJIHBIX TOTSHIIUATIOB.
4.3.1. Koppo3us METAIIIOB B KOHTAKTE
a) OOBEKTHI UCCIIEIOBAHMS U amIaparypa:
1. O6pasusl ctammm Ct3 (3 mit.); meau (1 mt.); nuaka (1 mT.).
2. 5%-nb1it pactBop H2S04.
3. Craxkansl (500 CM3) Y KPBIIIKK ¢ KJIIEMMaMH ISl KperuieHus1 00pasmos (3 miT.).
4. BrICOKOOMHBI MUIUTUBOIBTMETP OB - 74 (1 miT.).
5. Munmmamnepmetp Ha 75 mA (1 mr.).
6. CoelMHUTENbHBIE TPOBOJIA C KOHTAKTHBIMU 3aKUMaMH (211IT. ).
7. WTaarennupkyas (1 mrT.).
8. Haxxnaunas Oymara, Bata, QuiIbTpoBaJibHAs Oymara, arieToH.

0) Meroauka npoBeeHUs IKCIIEPUMEHTOB

OnpenensitoT pa3Mepbl CTaTbHBIX 00pa3lOB M PACCUUTHIBAIOT MOJHYIO IUIOMIAb UX
MOBEPXHOCTH 0€3 HOXKKU. 3a4uIlaroT o0pa3ibl HaxAadHOW Oymaroi; 00e3KUpHBAIOT,
MPOTUpasi BaTHBIM TaMIIOHOM, CMOYCHHBIM all€TOHOM; BBICYIIMBAIOT 5 MHH Ha BO3JAyXe U
B3BEIIMBAIOT HA AHAIUTUYECKHUX Becax ¢ TOYHOCTHIO 10 0.0002 r. [TpaBusiia B3BeIIMBaHUS HA
AHAIMTUYECKUX BeCaxX MPHUBEACHBI B MPHIOKEHUU 1. MenHbIi U IMHKOBBIN 00pa3ilbl 3a4H-
IAI0T, TPOTUPAIOT BATOM, CMOYEHHOM alleTOHOM, HO HE B3BEIIIMBAIOT.

[ToaroroBneHHbIe 0OPA3IBI 3aKPEIIISIOT C TMOMOIIBIO KIEMM B KPBIINIKAX CTaKaHOB: B
MIEPBBII CTaKaH MOMENIAIOT TOJIBKO CTAIBHOW 00pa3ell, BO BTOPOH - CTAIbHOW M ITMHKOBBIH,
B TPETHM - CTAIBHON U MEHBIN.

Bo Bce crakanbl HaMUMBArOT 5%-HbIM paCTBOP CEPHOM KHUCIIOTHI HA OAMHAKOBOM YPOBHE U
MOMEIIAI0T O0pa3lbl B CTaKaHbl TaK, YTOOBI YPOBEHb pacTBOpa IMPOXOAWUI IO HOXKKE
o0pa3ioB. Bo BTOpoM U TpeTbeM CTakaHaX 3aMbIKAIOT KJIEMMBI ¢ 00pa3liaMu IPOBOJAMU,
cosnaBas Makponapsl Fe - Zn u Fe - Cu, 1 puxcupyrot Bpems Hadajia UCTIBITaHUs, KOTOpPbIE
MPOBOJAT B TEUECHHUE Yaca, U3MEePssl AIEKTPOJHbIE MOTEHIMAIbI BCeX MeTaiuioB uepe3 10, 25
u 45 MHUH Tocie Hayala ombiTa. J[Jas 3TOro MmoouyepenHo MOAKIIOYAIOT O0pas3Ibl K
MUJUIMBOJIBTMETPY, TMOMelIasi KOHYUK AJIEKTPOJMTUYECKOrO KItoYa OT XJIOpCepeOpsHOro
ANIEKTPO/Ia CPABHEHUSI B COOTBETCTBYIOIIUH cTakaH ¢ oOpasmoM. [lopsmok u3mepeHus mo-
TEHIIMAJIOB OTTMCAH B HHCTPYKITUU O pab0Te ¢ MUJUTMBOJIBTMETPOM (CM. IPUITOKECHHE 4).

[Tepen okoHYaHWEM OIBITA OTCOSAMHSIIOT 3aKOPAYMBAIOIIMKA TPOBOJHUK, 3aMBIKAIOT
napel Fe - Zn u Fe - Cu Ha MuuIMaMIiepMeTp U U3MEPSIOT CHIIY TOKa COOTBETCTBYIOIIEH
mappl. 3aTeM OMpEeACISIOT SJEKTPOJHBIE MOTEHIMAIbl BCEX METAUIOB B OTCYTCTBUE
KOHTAaKTa U OLIEHUBAIOT MHTEHCHBHOCTH T'a30BBIJCNICHUSI HA BCEX DJIEKTPOJaX MpU KOHTAKTE
C IpyrumMu MeTaiiamu u 6e3 Hero. OeHuBas Ta30BBIICIICHNE MOKHO MPUMEHSTh YCIIOBHBIC
nokazatenu: "orcyrcTByer", "oueHb cnaboe", "cmaboe", "cpemnee", "cumpHOoe", "O4YeHB
cuibHOe".

[Tocne oxoHYaHMs OMBITA (IO MCTEUEHUM Yaca) BCE CTaJbHbIE 00pa3ibl BEHIHUMAIOT U3
pacTBopa, yHANSIOT MPOAYKTHI KOPPO3WM HAMBUICHHBIM EPIIMKOM, MPOMBIBAIOT BOJIOM,
MPOTHPAIOT PUIBTPOBATLHON OyMaroi, BRICYIIIMBAIOT 5 MUHYT Ha BO3/yX€ U B3BEIINBAIOT
Ha aHATMTUYECKUX Becax.

Menublii ¥ IIMHKOBBIA 00pasibl BBIHUMAIOT W3 pPacTBOpa, MNPOMBIBAIOT BOJOW U
BBICYIIMBAIOT (MIBTPOBAIIbHOW Oymaroif. Bce pacTBopbl, Kpome TOro, B KOTOPOM
HaXOJWIach Mellb, CIIMBAIOT 4Yepe3 BOPOHKY 0O0paTHO B OyThUIb. CTakaHbl OMOJACKUBAIOT
BOJIOM.

Pe3ynbrarel HaOMOACHUI 1 I3MEPEHUI 3aHOCAT B Ta0. 4.1. n 4.2.
4.3.2. 3anmTa BHEITHUM KaTOJHBIM TOKOM

a) OOBEKTHI UCCTIEOBAHUS U amnmaparypa
1. O6pazus cranu Ct3 (1 mT.) 1 cBuHNA (1 mIT.).

2. 5%-wusrit pactBop HASO.f.

42



. Crakat (500 cm®) u KPBIIIKA C KJIEMMaMH JUTsI KperieHus: o0pasmos (1 mr.).
. MunmuBosneT™MeTp tuna OB - 74 (1 mit.).
. Mummmamnepmerp Ha [A (1 mr.).
. UcTouHMK TOCTOSITHHOTO TOKA (BBIIPSAMUTENB) (1 1IT.).
. JABmxkoBbIN peoctar (1 mT.).
. Kimtou-pyOusibHUK, COeIMHUTENbHBIE TPOBO/IA.
. [llTaHreHIUpPKYIIb.
0. Haxxnaunas 6ymara, Bata, GuiIbTpoBalibHas Oymara, aleToH.

0) Meronuka mpoBeIeHUs SKCIIEPUMEHTOB

[ToaroraBnuBaOT CcTadbHOM oOOpaszer Tak ke, kKak ykazaHo B m. 4.3.1. 3HaueHue
M3MEpEeHHOM Maccel oOpasna 3aHocsaT B Tabn. 4,1. OOGpaboTka CBHHIIOBOrO oOpasia
aHaJiornyHa oOpabOoTKe MEAHOrO U IMHKOBOrO. [1oAroTOBIEHHBIE CTATILHON M CBUHIIOBBIN
00pa3ibl 3aKPEIUIIOT B KPBIIIKE CTaKaHa M TOJCOEAMHSIOT Yepe3 JBHKKOBBIH peocTar H
amMIepMeTp K MCTOYHHUKY TOKa. 3allMIaeMblii 0Opasell MOAKIIOYAI0T K OTPUIATEIbHOMY
nomiocy (puc.4). PaccuuThIBaroT Ccuily TOKa, KOTOPYIO HEOOXOAMMO YCTaHOBHTbH ISt
IIOCTHYKEHM IUIOTHOCTH 3aIUTHOTO TOKA i, = 24 MA/cM?,

HanuBator B ctakaH 5%-HbI pacTBOp CEpPHOM KHUCIOTHI 10 YPOBHS, IPOXOJAILIETO I10
HOXKKaMm 00pa3uoB. [TomematoT o0pas3isl B pacTBOP, 3aMbIKAIOT KIIIOUOM 3JIEKTPHUYECKYIO
I[eNb, JBIKKOBBIM PEOCTATOM YCTAHABIMBAIOT HEOOXOMUMYIO CHIY TOKa U (PUKCUPYIOT
BpeMsl Hayana HUchbITaHUW. [IpoBOIAT MCHBITAaHUS B TEUYEHHME 4aca, U3Mepsis NOTEHIUANbI
o0owux aekTpoaoB uepe3 10, 25 u 45 MUH TIOCTIe HaYaIa OmbITA.

ITo ncreyennn yaca NCTOYHUK TOKA OTKJIKOYAIOT, U3MEPSIOT MOTEHIUAIBI METAIUIOB NIPU
OTKJIFOUEHHOM HCTOYHUKE M OLIEHMBAIOT MHTEHCUBHOCTH Ta30BBIIEICHMSI Ha 3JIEKTpoAax
IIPU JIEKTPO3AIINATE U B OTCYTCTBHE €€.

Ilocne 3aBepiieHHs ONBITa CTaJbHOW O0pasel] BBIHUMAIOT W3 PacTBOPA, YAAISIOT
MPOAYKTHl KOPPO3WH, TPOMBIBAIOT BOJOW, BBITUPAIOT (QUIBTPOBAIBLHON Oymarom,
BBICYIIIMBAIOT U B3BEUINBAIOT;

CBHUHIIOBBIA AJICKTPOJT TPOMBIBAIOT BOJIOM M BBITHPAIOT (PHIIBTPOBATBHON OyMmaromu.
PactBop mepenuBaioT B OyTbUIb, CTaKaH OIIOJACKMBAIOT BOAOH. Bce pe3ynbraThl
HaOII0JICHUH U M3MEPEHUH 3aHOCAT B Ta0m. 4.1. u 4.2.

4.3.3. Paanyc neicTBUS NMPOTEKTOPA

3amavya JaHHOM 4YacTH pabOTHI - OMpPENETUTh BIUSHUE 3JIEKTPONPOBOJAHOCTH pacTBOpa
Ha pajinyc ACUCTBUS LIMHKOBOIO MPOTEKTOpa NpH 3amure crainu Ct3 B HEUTpaIbHOU cpene.
HccnenoBanuss npoBOAAT B JUCTWIIMPOBAHHOW Boae M 1%-HOM pacTBOpe XJIOPUCTOIO
HaTpusi. YIENbHYIO BJIEKTPOIPOBOJHOCTH PACTBOPOB HEOOXOIUMO OMNPEACTUTH I10
CIIPaBOYHHKAM.

a) OOBEKTHI UCCIIEOBAHMS U amaparypa
1. O6paszusl ctamu Ct3 (2 mt.) - mmactuaka 40x20x3.

2. lluHKOBBIN TPOTEKTOP (2 WIT.) - MOJIOCKA, TPOBOJIOKA.

3. ArpeccuBHbIC Cpe/ibl - AUCTHIUTUPOBaHHas Boaa, 1%-ubrit pactBop NaCl.

4. Bannouku v vamku [letpu (2 mrt.),

5. 1%-HbI1i1 pacTBOp KpacHOM KPOBSHOM COJIH.

6. CtexisiHHAs MajloyKa, HaX1auHast Oymara, Bata, puiabTpoBaibHast Oymara, aleToH.

0) Meroauka nMpoBeeHUs YKCIIEPUMEHTA

JlBe cTanmbHBIC IUIACTUHKM 3aUUINAIOT HAXJA4HOM Oymaroi M MNpOTHpAIOT BaTOW,
CMOYEHHOW aleToHOM. B oTBepcTHs, MMerommecss B CTaJbHBIX IJIACTUHKAX, BCTABIISIIOT
HeOOoJIbIIINEe KYCOUYKM LIMHKOBOW MPOBOJIOKM W IUIOTHO 3aKPYYMBAIOT JAJS CO3JaHHUSA XO-
pOILIEro KOHTaKTa WHKA U CTAJIN.

B oany wamky Ilerpu HalMBaOT IUCTUILIMPOBAHHYIO BOLY, B ApYyryto 1%-Hblil pacTBOp
NaCl. B o0e yamku u3 KarejabHHIIBI JOOABISIOT MO 5 Kamelb pacTBOpa KPaCHOW KPOBSHOM
comu K3Fe(CN)g (MHIUKATOp HA HOHBI JKeie3a Fez+) U nepeMelmuBaroT. llnacTuHku
IIOMENIA0T Ha JHO Yallek.

— O 0 3N DN K~ W
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UYepes 10-15 MuH ocMaTpUBarOT CTAJIbHBIE IUIACTUHKH C IPOTEKTOPAaMH, HE BBIHUMAs UX
u3 pactBopa. M3MepsitoT paccTosiHue OT MPOTEKTOpa A0 CHUHUX ISTEH, MOSBUBIIUXCS Ha
MOBEPXHOCTAX CTANBHBIX TUIACTHHOK, OIMHUCHIBAIOT WX KOJMYECTBO M PACIOJIOKEHHE Ha
oOpasmax (3apuCcOBBIBAIOT).

[osiBeHNe CHMHMX MATEH BBI3BAHO OOpa3zoBaHHMEM "TypHOYI-JIEBOW CHHM" BCJIEICTBHE
peaKiuu KpacHOM KpPOBSHOW COJM C JABYXBaJCHTHBIMHU HOHAMH Kelie3a, MOSBUBIIUMUCS B
pacTBope B pe3yJbTaTeé KOPPO3UH TEX YYaCTKOB CTalIbHOTO oOpa3ia, Ha KOTOpbIE HE
pacrnpocTpaHseTcs 3alIUTHOE IeWCTBUE IUHKOBOTO MPOTEKTOPA.

Pesynbratel HaOmoaeHuit 3aHocAT B Tabn. 4.3. OOpasibl BBIHUMAIOT, MPOMBIBAIOT
BOJIOM, BBICYITMBAIOT (PHIIBTPOBAILHON Oymaroi. PacTBOpHI BRIIMBAIOT B PAKOBUHY, YaIlIKH
CITOJIaCKUBAIOT BOJOM.

4.4. OOpa0oTKa ONBITHBIX JIAHHBIX

1. PaccuuteiBator no dopmynam (4.3) u (4.4) u 3aHocsaT B Ta0u. 4.1 mokazarenu KaTOTHOM
3aIUTHl ¥ KOHTAKTHOW KOPPO3WH - 3amuTHBIA 3(dekT (Z), K0d3hUIHMEHT 3amUTHOTO
neiicteust (K,), st Bcex ciaydaeB (Tmapsl Fe-Zn, Fe-Cu, snexrposzammra). [lpu sTom
CKOPOCTh KOPPO3WH CTAIM B PA3JIMYHBIX YCIOBHUSIX ONpEAesitoT o ¢opmyse (1.12).

2. Ctpodr rpaduk U3MEHEHHSI IOTSHIIMAIOB AJIEKTPOJIOB BO BPEMEHH JIJIsl BCEX CIIy4aeB () =
f(t), mpeaBapUTENBbHO TMEPECYUTAB U3MEPCHHBIC MOTEHIMATIBI OTHOCHTEILHO HOPMAIBHOTO
BOJIOPOJTHOTO 3JIEKTpoa 1o ¢opmyie (3.5).

3. PaccuuThIBalOT paBHOBECHbIE MOTEHIUANbl IIMHKA, MEIW, >Kelie3a U BOJOPOIAHOIO
SIIEKTPOJIa, NPUHMMAsS KOHIIGHTPAIMIO HOHOB METANIOB B pacTBopax [Zn®*] = [Fe®']
[ Cu2+] = 10° mounb/1 1, YUUTBIBasl, YTO KUCIOTHBIN MOKa3arensb cpeabl 5S%-Hout H2S04 pH
0,1. PaBHOBECHBIEC MOTEHIMAIIBI METAIIOB ONpeaestoT mo Gopmyie (3.6).

PaBHOBecCHBII MOTEHIIMAT BOJIOPOJAHOIO AJIEKTPOJIa HAXOAST Mo popmyIie

R-T a..
L — 0 +_2,3'| H y 4'5
Pu, = Pu, n-E g (PHZ )1/2 ( )

rae (Dgz - paBHOBECHBIN NIOTEHLIMA BOJOPOIHOTO 3JIeKTpoAa. B;

0 . _
@y, - CTAHOAPTHBIN OTEHIIMAT HOPMATbHOTO BOJOPOIHOTO 3IIEKTPOAA (mpu & . =1mn PH2
=1), B;

a,,. - aKTUBHOCTbL MOHOB BOJIOPOJIa B PACTBOPE, MOJIB/II;

PH2 - HapUUaAJIBHOE JaBJIEHHE BOJOPO/Ia HAJl paCTBOPOM, aTM;

N - 9YMCII0 AJIEKTPOHOB, YYACTBYIOIIMX B PEAKIIMHA BOCCTAHOBJIEHHS HOHOB BOAOPOA:

H' -H,0+ e—1/2H>+H,0 (4.6)

[Tpu Temnepatype 25°C u napruaJbHOM JIaBICHUH BOJIOpOJa B aTMOcdepe Bo3ayXxa PH2 =

5.10°° atm PaBHOBECHBIN ITOTEHIMAJ BOJOPOJHOTO 3JIEKTPOa
(0,}_7,2 =0,215 - 0,059 -pH, 4.7)

rae pH =-lg @ . - KHCIOTHBIN (BOJOPOIHBIH) MOKA3aTEN b CPE/IBI.

4. PaccuMTHIBAIOT M 3aHOCAT B TabJ. 4.2 TOKOBBIC MOKA3aTEIM KOPPO3UU CTaIM (Kerne3a) u
TOKH PACTBOPEHHUSI JKeJIe3a JIIsl BCEX CIIyvacB
i K-26,8-n

A )
I1=iS 49 rmei-
TOKOBBIH IOKA3aTelb KOPpO3uH, A/M’;
K - MaccoBbIif MOKa3aTeab KOPPO3HH, F/(MZII);
N - BAJIGHTHOCTh MOHOB METAJJIa, IEPEXOSIINUX B PACTBOP;
A - MOJIb PacTBOPSIOIIECTOCS METaIa, 2,
26,8 - KOMMYeCTBO AIIEKTPUIECTBA, HEOOXOUMOE I pacTBOopeHus 1 Monk/N meramia, A- 4;

(4.8)
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| - TOk pacTBOpeHUs MeTallIa. A;

S - IUIOIA/Ib TTOBEPXHOCTH KOPPEITUPYIOLIET0 METAILIA, M.

5. CTposT MOTHYI0O KOPPO3UOHHYIO MOJISPU3ANUOHHYIO TUArpaMMy H3yYE€HHOW CHCTEMBI B
koopanHaTax Tok (I) - moTeHnman (¢p) aHaJIOrHYHO MPEACTABICHHON Ha pUC.4.

[Tpu 5TOM: a) IPUMEHSIOT PacYETHBIC 3HAYCHHS PABHOBECHBIX MOTCHIIMATIOB IIMHKA, JKeJe3a,
MeIHU U BOJIOPOJA B KAUeCTBE MCXOTHBIX TOYEK IS MOCTPOCHHUSI COOTBETCTBYIOLIUX aHOJ-
HBIX ¥ KaTOJIHBIX KPUBBIX;

0) Mg TOCTPOCHUS aHOJIHOM KpUBOM JKeje3a MCIONb3YIOT SKCIIepUMEHTAbHbIE
3HAUEHUS YCTAaHOBHBIIMXCS MOTEHIIMATIOB XKeJie3a U COOTBETCTBYIOIIMX UM TOKOB €ro pac-
TBOPEHUS B PA3IMYHBIX yCJIOBUsIX (Tadu. 4.2):

- 6e3 KoHTaKTa (Pre-11)

- KOHTAKT C IIMHKOM ((Pre/zn-12)

- KOHTAKT ¢ MeIbI0 (Pre/cu-13)

- JIEKTPO3aNIHTa (PFe 5.5.-14)

B) TpU TOCTPOCHHHM KATOJHBIX KPHUBBIX JJI BCEX METAUIOB MPUHUMAIOT, YTO
MepeHanpsiKeHre Boaopoa (orpeaensioiee HakjOH KaTOAHBIX KPUBBIX) Ha LIMHKE B JIBa
pa3a, a Ha MeJIM B MOJITOPA pa3a BBIIIE, YEM Ha KeNe3e, T.€. Nzn = 2Nre; Ncu = 1,9MFe;

I') P MOCTPOSHUH aHOAHBIX KPUBBIX IMHKA U MEIU UCIOJIB3YIOT KaTOJHbIE KPUBBIE IS
ATUX METAJJIOB M SKCIIEPUMEHTAILHBIC 3HAUYECHUS MX MTOTCHIIUAJIOB KOPPO3UHU 0€3 KOHTAKTa
(cm. Tabm. 4.2).

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

a) U3MEHEHHE AJICKTPOJIHBIX MMOTCHIIMATIOB U CKOPOCTEH KOPPO3UH METAIIOB MPU KOHTAKTE;
0) 3O PeKTUBHOCTD MPOTEKTOPHON 3AIIMMUTHI M JICKTPO3AIIUTHI;

B) BIIMSIHHE 3JICKTPOIPOBOAHOCTH cpebl Ha 3P d-Th KAaTOAHOMN 3aIUTHI.

4.5. Bopocsl il CaMOKOHTPOJIS

1. Kak u moyemy M3MEHSIOTCS MOTEHIIUA M CKOPOCTh KOPPO3HH MEAU NIPHU KOHTAKTE €€ CO
cTanbio (kerne3om)?

2. Kakue mnpoayKThl BBIACISAIOTCS Ha DJIIEKTPOJAX TMPH KOHTAKTHOH KOPPO3UH H
3JIEKTPO3alIUTE B U3YYECHHOU cucTeme?

3. Bynyt 1u usMeHsTbes (ecnu OynyT, TO Kak U Mo4eMy) MOTEHIIMAT U CKOPOCTh KOPPO3UHU
CTATBHOU (FKEJIe3HOW) ACTaIM NIPH YBEIUYCHUH Pa3MEPOB KOHTAKTUPYIOMIEH C HEW MeTHOM
neranu?

4. Kak M3MEHUTCS MOTEHLIMAT U CKOPOCTh KOPPO3UHU 3Keje3a B YCIOBHSIX 3JIEKTPO3ALIUTHI
MIPH YBEIMYEHUHU KaTOIHOTO TOKA, TIOJIBOJAMMOIO OT BHEITHETO HCTOYHHUKA?

5. C KakuM KOHTpPOJIEM MPOTEKAET KOPPO3HS IMHKA, KEJle3a U MEAW B PACTBOPE CEPHO
KHUCJIOTHI B OTCYTCTBHE KOHTAKTa (OMPEIETUTH 110 pe3yabTataM paboTsl)?

6. MOXHO JM TIPUMEHHUTH MEJHBIC 3aKJeNKH B amoMmuHHEeBOM ammapare? (Haobopot?).
Pemenne 0ObSICHUTS.

bubnnorpaduueckuii coucok

1.ITaxomoB B.C. Koppo3us 1 3amuTa XMMUYECKOH anmnaparypbl. DIeKTPOXUMHUYECKast
KOppO3ust MeTauioB: YueOHoe nmocodue. -M.: MUXM, 1983. -80 c.

2. XKyx H.II. Kypc Teopun koppo3uu u 3amiuthel MetauioB. -M.:Meramnyprus, 1980. -C.
270-277; 287-299; 357-364.

@1, + Py, “PABHOBECHBIE TIOTEHIMABI [IEPBOTO H

BTOPOI'0 MCTAJLJIIOB;

@! - paBHOBECHBII IOTEHINAT OKHCIUTEIS;

Qropl; Prop2 - TOTEHLHUATBI KOPPO3HM IEPBOTO U
BTOPOTO METAJUIOB 0€3 KOHTAKTa;

lopt; lkop2 = CKOPOCTH KOPPO3HH IIEPBOIO H BTOPOTO
METaJJIOB 0€3 KOHTAKTa,
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Puc. 4. IlonspuzanuoHnHas quarpaMma KOPOTKO3aMKHYTOH IBYX3JEKTPOJHON CUCTEMBI
(TraTbBaHMYECKOM MaKpOIIaphl)
(@3 - KOMIIPOMUCCHBINA MOTEHIIUAT (OOIINI MOTSHIINAI TapHhI),

| ,;1,, -cKOpoCcTH pacTBOpEHNS MEPBOTO U BTOPOTO METAJIIOB TIPH KOHTAKTE;

| ,;1,., - CKOPOCTH KaTOJHBIX MPOLIECCOB METAJUIOB IIPH KOHTAKTE.

1 - MUITMBONIBTMETP; 2 - KOHTAKTHAast KJIeMMa; 3 - U30JUPYIO-
masi TacTuHa; 4 - 3JIEeKTPONMTHYECKUN MOCTHK; 5 - XJIopce-
peOpsIHHBIN 371eKTpo] cpaBHeHus; 6 - pactBop KCI, 7 - cTek-
JSTHHBIA cTakaH; 8 - paboume 37eKTpoisl, 9 - pabouunii pac-
TBOP; 10 - KOaKCHIBHBIN Kabelb

Puc. 5. Cxema ycTaHOBKH 7151 U3MEPEHHUS TOTEHIIUAJIOB IIPU
KOHTaKTHOUW KOPPO3UHU

1 - 3ammmiaemsnii obpazer; 2

. 4 &
arpecCHBHBIN pacTBOp; 3- . l'I" /,
BCIIOMOTaTENIbHBII
AMEKTpoa; 4 - HWCTOYHHK ] l L. 6
TOKa (BBIIPSIMUTENbB); S - I
Kimoy; 6 - peocrar; 7 - E:g ?
amMIepMeTp Y

Puc. 6. Cxema yCTaHOBKH MPH 3JIEKTPOIIUTE.
Kputepun onenkn (B 0aj1ax) 1J1st 0O4HOT0 OTAEICHHS:
- 5 0aJu1a BBICTABIIAETCS CTYCHTY, €CJIM CTYACHT BBIIIOJHWI OJTHO 33JJaHUE;

- 10 6aJ1710B BBICTABIIICTCS CTYACHTY, €CJIM CTYACHT BBIIIOJTHUII ABA 3aJIaHUA.

KpnTepnn OICHKH AJIfl 3A0YHOI'0 OTACJICHUSA
- HE 3aYTEHO BLICTABJIACTCA CTYACHTY, €CJIU CTYACHT BBIIIOJIHUAII OJTHO 3a1aHUC,

- 3Q4YTEHO BBICTABIIACTCA CTYACHTY, €CJIM CTYACHT BBIIIOJHUII JIBa 3aJIaHUA.
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5 YueOHO-MeTOAMYeCKOe U HHPOPMAITMOHHOE 00ecrieuyeHre JUCHUIINHbI

5.1 IlepeyeHb OCHOBHOI U JONOJHUTEIbHOMH Y4eOHOM JTUTEPATYPBHI,
He00X0AUMOii 11l OCBOCHUS JUCHUIIIMHBI

OcHoBHas JuTEpaTypa

1. ITonoBa A. A. Metoasl 3amutsl OT Koppo3uu. Kypc nexuuit. — Jlans,
2014. — 272 c.

2. Jlazytkuna O. P. Xummnueckoe CONMPOTUBICHUE U 3alllUTa OT KOPPO3HUH:
yueOHoe nocobue. — ExarepunOypr: M3patenbcTBo YpanbCKOro yHUBEPCHUTETA,
2014. — 141 c. — OBK, 9bC YBO

3. I[Tomoa A. A. Meroasl 3anmuThl oT Koppo3uu. Kypc nexuuit. — JlaHp,

2014. — 272 c. — OBK, OBbC «Jlanp» .
4, XKapckut . M., Heanosa H. Il., Kyuc JI. B., CBuanynoruu H. A.

Koppo3ust 1 3anmra METaINIMYeCKUX KOHCTPYKLUMI U 00opynoBaHus. — MMUHCK:
"Beimimiag mkoiaa'”, 2012. — 9BK, ObC YBO
5. Cemenora M. B. Koppo3ust u 3amura ot koppo3uu. — M.: duzmariur,

2010. — 9BK, 9bC YBO

JlonoJIHUTE IbHAS JIUTepaTypa

1. IlleBuenko A. A.. XUMHYECKOE COINPOTHUBICHHE HEMETAJUIMUYECKUX
MaTepualioB U 3anuTa oT Koppozuu. — M. 2006. — 248 c.

2. Manun B. H., ['pomoB A. H. ®usuko-xumudeckasi CTOMKOCTh MOTMMEPHBIX
MaTepHualoB B yCIOBUAX 3kciuryaTtauuu. — JI.: Xumus, 1980. — 248 c.

3. 3apybuna JI. II. 3ammra 37aHUMI, COOpPYXEHHH, KOHCTPYKIHH U
o0opynoBaHusi OT Koppo3uu. buosnormueckass 3ammra: Matepuanbl, TEXHOJIOTHH,
MHCTPYMEHTHI U 00opyaoBanue. — MockBa-Bonorna: Uudpa-Unxenepus, 2015. —
224 ¢.— 3BK, ObC YBO

4. Haymos C. B., CamyunoB A. . MarepuanoBeneHue. 3ammra OT KOPPO3HHU:

yaeOHo-MeToiuueckoe nocoobue. — Kazanb: Uznarenscteo KHUTY, 2012. — 84 c.
— OBK, 9bC YBO

5. banaban-Upmenun FO. B., Jlunosckux B. M., Py6amos A. M. 3amura ot
BHYTPEHHEH KOppo3uu TpyOONpPOBOIOB BOASHBIX TEIJIOBBIX ceTeil. — M.: HoBocTh

terocHa0xkeHus, 2008. — DBK, ObC YBO

5.2 Ilepeyensb pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH
«/HTepHeT» ¥ MPOrpaMMHOI0 o0ecne4yeHusi, He00OX0AMMBbIX J1JI OCBOCHUS
AMCHUTIHHBI

1. Cucrema nucranimonnoro ooyuenus bamly (CJ1O baml'V) na 6aze
Moodle.

2. [1akeT opUCHBIX MPUIOKEHHI MTPO(HECCHOHATIBHOTO

yposus OfficeProfessionalPlus 2013 RussianOLPNLAcademicEdition Ne 030
1100003613000104-1 ot 17.06.2013 r.
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3. Cepsepnas onepanuonnas cucrema Windows Server Standard 2012
Russian OLP NL AcademicEdition 2Proc Ne 0301100003613000104-1 ot
17.06.2013 r.

4. OnepanMoHHas cucTeMa JJIs epcoHanbHoro kommsorepa Win SL &
Russian OLP NL AcademicEdition Legalization GetGemuine

Ne 0301100003613000104-1 ot 17.06.2013 T.

5. OO6HOBNIEHHNE ONIEPAIMOHHON CUCTEMBI JIJISl TIEPCOHAIBHOTO
kommbrorepa WindowsProfessional 8 RussianUpgradeOLPNLAcademicEditi
onNe 0301100003613000104-1 ot 17.06.2013 .

6. Desktop Education ALNG LicSAPK OLVS E 1Y Academic Enterprise
Ne 0301100003613000104-1 ot 17.06.2013r.
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6 MarepuajbHO-TeXHMYECKasA 0a3a, HeoOXxoauMast 1J1s1 OCyIIeCTBICHUS
00pa30BaTeIbHOIO NpoLecca Mo JUCHUIINHE

HanMeHOBaHHE CrICIIMAIH3UPOBAHHBIX ayTUTOPHUH,
KaOUHETOB, JJabopaTopui

Bun 3ansatuii

HaumeHnoBaHue 000pynoBaHus,
MIPOrpaMMHOI0 00ecIeueHUs

VYueOHast ayquTOpHs JUIS IPOBEICHUS 3aHATHI
JIeKIMOHHOTO THMa: aynuropus Nel06, aynuropust
Nel07 (vH>xeHEpHBIH (aKyIbTeT)

Jlekun

Aynuropus Ne 106
Jlocka, Men, TapThl, CTYIbSL.
Aynuropust Ne 107
Jlocka, Men, apThl, CTYIIbSL.

VYueOHast ayquTOpHs JUIS IPOBEICHUS 3aHATHI
ceMHHapcKoro Tuma: aynuropus Nel07
(vmxeHepHbIH Qakynbrer), ayautopust Ne001,
Y4aeOHbIH KOMITBIOTEPHBIH KIacc IS IPOBEACHUS
MPAaKTHYECKUX (CEMUHAPCKHUX) U JJAOOPATOPHBIX
3aHATHH (MH)KCHEPHBIH (aKyIbTeT)

IpakTHYecKue 3aHATHUS
JlaGopaTopHbie paboThI

Aynuropus Ne 107
Jocka, Mel, HapThl, CTYNb.
Aynuropus Ne 001
Cronet — 7 wr. Crynss, 14 mr. HoyrOykn
Packard Bell ENTF71BM-C36P ¢
3apsAHBIM YCTPOUCTBOM — 14 1mT.
KomnsiorepHas ontuueckass USB-Mpiis —
14 mr. TeneBuzop ¢ KK nucrmeem DEXP
SmartTV — 1 wr. HDMI ka6ens st
TIOJIKITFOYSHUSI HOYTOYKa K TeIIEBU30PY
(mpoekropy) — 1 mt.

IIpoBenenue rpynnoBbIx ¥ MHAUBUAYAIbHBIX
KOHCYNIBTAIUH, TEKYILIIEr0 KOHTPOJI U
MIPOMEKYTOYHOM aTTecTanuu: ayauropus NelQ7
(MHXXEHEPHBIN (QaKyIbTeT)

Texymuii KOHTPOIb U
MIPOMEKYTOUHAs aTTECTAIHS

Aynuropus Ne 107
Jocka, Mel, HapThl, CTYNb.

[TomerieHus as1si caMOCTOSTENIBHON PaOOTHI:
yuTanbHbii 3a1 201 (pusmar. xopiryc)

CamocrosTensHas paboTa

PentiumG2130/41°'6/5001°6/21,5"/Kn/Mbiiis

-50 mt., ITK B xomm1. @epmo Intel. Depmo

Intel Mono6iiok Nel ®depmo AMD A8-5500
=50 mr.
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ITpunoxxenne Ne 1

OEJIEPAJIBHOE I'OCYAAPCTBEHHOE BIO/XKETHOE OBPA30OBATEJIBHOE
YUYPEXEHUE BbICIHEI'O ObPASOBAHUA
«BAIIKNPCKHUU I'OCY TAPCTBEHHbBIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

JUCIHUIUTAHBI « XMMHUYECKOE COMMPOTUBIICHUE MaTEPHAIIOB U 3aIIUTa OT KOPPO3IUN»
oceHHui (7) cemectp

Ounas popma oOydeHust
Ocennutt (7) O0BeM

Bun pabdorsl CEMECTp JIUCITUTITUHBI
O6mmas TpynoemkocTs auctuiuiabl (3ET / yacos) 6/216 6/216
Y4eOHBIX 4acOB HA KOHTAKTHYIO padOTYy C 61,2 61,2
IPEroAaBaTeieM:
JeKIui 24 24
IPAKTHYECKUX/ CEMHUHAPCKUX 18 18
J1a00PATOPHBIX 18 18
Ipyrux (TpynmnoBasi, UHAUBUyaIbHas 1,2 1,2
KOHCYJIbTAIIVs ¥ UHBIC BUJIbI YI€OHOM
JeSITEIbHOCTH, TIPelyCMaTpUBaIOIIue padoTy
obyyvaroruxcs ¢ npenoaasatenem) (OKP)
Y4eOHBIX 4acOB Ha MOATOTOBKY K 54 54
sK3ameny/3aueTy/ muddhepeHITMPOBAHHOMY 3a4ETy
(KoHTpoJib)
Y4eOHBIX 4acOB Ha CAMOCTOATEIIbHYIO PaboTy 101 101

obyuaromuxcs (CP)
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OEJIEPAJIBHOE I'OCYAAPCTBEHHOE BIO/XKETHOE OBPA30OBATEJIBHOE

YUYPEXIEHHUE BBICILIEI'O ObPA3OBAHUNA

«BAILIKMPCKU T'OCY JAPCTBEHHBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

JUCITHUITIINHBI «XHUMHYECKOE COIIPOTUBJICHUC MAaTCPHUAJIOB U 3alllMTa OT KOPPO3UN»

(5) cemecTp

3aounas hopma 00yUdeHUs

5 cemecTp O0BeM
Bun pabots! JIUCITUTITUHBI
O6mas TpynoemkocTs auctuiuivabl (3ET / yacos) 6/216 6/216
Y4eOHBIX 4acOB HA KOHTAKTHYIO PadOTYy C 21,2 49,7
IPEnoAaBaTeieM:
JIEKIINN 8 8
IPAKTHYECKUX/ CEMHUHAPCKUX 6 6
J1a00pATOPHBIX 6 6
Ipyrux (TpynmnoBasi, UHANBUyaIbHas 1,2 1,2
KOHCYJIbTAIIVsI ¥ UHBIC BUJIbI YI€OHOM
JeSITEIbHOCTH, TIPelyCMaTpUBaIoIIue padoTy
obyyvaroruxcs ¢ npenoaasatenem) (OKP)
Y4eOHBIX 4acOB Ha MOATOTOBKY K 9 9
sK3ameny/3aueTy/ mudhepeHITMPOBAHHOMY 3a4ETy
(KoHTpoJib)
Y4eOHBIX 4acOB Ha CAMOCTOSATEIIbHYIO pPaboTy 186 186

obyuaromuxcs (CP)
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I[J'IH OYHOI'O OTACJICHUA

dopma U3y4eHHS] MaTEPUAIIOB: JICKIIHH, dopma TeKyIIEero
MPaKTUYECKUE 3aHATHS, CEMUHAPCKHUE OcHoBHas KOHTPOJIS
3aHATHUS, JTa0OpaTOpHBIE PAOOTHI, JIOTIOJTHUTEbHAS 3amanus 1o YCIIEBAEMOCTH
No CaMOCTOSITeIIbHAs paboTa 1 JauTepaTypa, CaMOCTOSITEIIbHOU (KOJIJIOKBUYMBEI,
Tema u conepxxanue
n/m TPYAOEMKOCTb (B yacax) peKoMeHayeMast pabote KOHTPOJIbHBIE
CTyJIEHTaM CTYJICHTOB paboTHI,
JIK JIb IIP/CEM | CP (HOMepa U3 CcrHCcKa) KOMITBIOTEPHBIC
TECTHI U T.II.)
Monyns 1
ITonroroBka K
Tema 1 BBenenue JICKIIUOHHBIM U o
1 : : 4 7
OO6muIe MOJIOKEHHS. 3 3 33, 1,2,34,5 HpAKTHECKIM YcrHbIi onpoc
3aHATUAM
Tema 2. Xwumuueckas [ToaroroBka k
JICKIITUOHHBIM U YCTHBIN 0npOC
2 | KOPpO3Hs METAILIOB. 4 3 3 33,7 12345 1 poc,
MPaKTUYECKUM KOHTpOJbHAs paboTa
3aHATUAM
Moayns 2
geMa& ITonroroBka k
JEKTPOXUMHYCCKAS
JIEKIIMOHHBIM U .
3 | KOppo3usi METAJLIOB. 4 3 3 33,7 1,2,3,45 1 VYcrHbIH ompoc
MPAKTUYECKUM
3aHATUSAM
Tema 4. KOppO?)I/IH HOI[FOTOBKa K
OCHOBHBIX v .
JIEKI[MOHHBIM U CTHBIM OIIPOC
4 | KOHCTPYKITHOHHBIX 4 3 3 33,7 1,2,3,4,5 1t pos,
MaTepHAIIOB U CILIABOB. MPAKTUIECKUM KOHTpOJIbHAs paboTa
3aHATUSAM
Mopynsb 3
Tema 5. Mepst 60ps0BI € [TonroroBka k
i JIEKIIMOHHBIM U YcTHBI ompoc
5 | KOpPpO3UEHU METAJIOB. 4 3 3 33,7 1,2,3,4,5 i1
MPAKTUYECKUM
3aHATUSAM
6 | Temab. Meroapl 4 3 3 33,7 1,2,3,4,5 [ToaroroBka k YcTHBIN ompoc,
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KOPPO3HOHHBIX
HUCIILITAaHUH.

JEKIIMOHHBIM U
PaKTUYECKUM
3aHATUSIM

KOHTpOJIbHAast paboTa

Bcero yacos:

24

18

18

101
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I[J'IH 3a0YHOI0 OTACICHUA

dopma U3ydeHHUs] MaTePUANIOB: JICKIUH, dopma TeKyliero
MPAKTUYECKHUE 3aHITHS, CEMUHAPCKHE OcHoBHas KOHTPOJIS
3aHsTHS, 1a00paToOpHbIE PabOTHI, JOTIOJTHUTETbHAS 3anmanus o yCTIIEBAEMOCTHU
. .
No Tema i cozepanme camocTosTelbHas paboTa u JTUTepaTypa, CaMOCTOSITCIIBHOU (KOJIJIOKBUYMBEI,
n/m TPYJIOEMKOCTH (B yacax) pEeKoOMeHTyemast pabote KOHTPOJIbHbBIE
CTYJCHTaM CTYJICHTOB paboThI,
JIK JIb I[TP/CEM CPp (HOMepa U3 crHcKa) KOMITbIOTEPHBIE
TECTHI U T.II.)
Monayns 1
ITonroroBka K
Tema 1 BBenenue JICKIUOHHBIM U o
1 : : 2 1 1 1
OO611Ke NOIOKEHHS. 3 12,345 S —— VcrHsIit onpoc
3aHATUAM
Tema 2. Xwumuueckas [ToaroroBka k
JIEKIIMOHHBIM U YcTHBIN onpoc
2 | KOppO3HUs METAILIOB. 2 1 1 31 12345 1 poc,
MPaKTUYECKUM KOHTpOJbHAs paboTa
3aHATUAM
Moayns 2
geMa& [ToaroroBka k
JEKTPOXUMHYCCKAS
JIEKIIMOHHBIM U .
3 | KOppo3usi METAJLIOB. 1 1 1 31 1,2,3,45 1 VYcTHbIH ompoc
MPAKTUYIECKUM
3aHATUSAM
Tema 4. KOppO?)I’IH HOI[FOTOBKa K
OCHOBHBIX v .
JIEKI[MOHHBIM U CTHBIM OIIPOC
4 | KOHCTPYKITHOHHBIX 1 1 1 31 1,2,3,45 1 pos,
MaTepHAIIOB U CILIABOB. MPAKTUIECKUM KOHTpOJIbHAs paboTa
3aHATUSAM
Mopynsb 3
Tema 5. Mepst 60pb0OBI C [ToaroroBka k
i JIEKIIMOHHBIM U YCTHBIH ompoc
5 | KOpPpO3UEHU METAJIOB. 1 1 1 31 1,2,3,4,5 i1
MPAKTUYECKUM
3aHATUSAM
Temab. Mertobt [Tonroroska x N
6 a 1 1 1 31 1,2,3,45 A VYeTHbli onpoc,
JIEKIIMOHHBIM U
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KOPPO3HOHHBIX
HUCIILITAaHUH.

IMPAKTUYICCKUM
3aHATHUAM

KOHTpOJIbHAast paboTa

Bcero yacos:

186
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[Tpunoxenue No 2

PelTHHI — UIaH JMCUUIIMHBI 1JI OYHOI'0 OTAeJICHU
Koppo3nst KOHCTPYKIIMOHHBIX MaTEPUAJIOB

CrnennaibHOCTh — TeXHOJIOTHYECKUE MAIIMHBI U 000PYI0BaHUE

Kypc — 4, cemectp - /

Bunpl yueOHOI nesiTenbHOCTH Bbann 3a Yucio Banier
CTYJCHTOB KOHKPETHOE | 3aJlaHuii 32 | mMin max
3aJjaHue CEMECTP
Moayas 1
Texkymmii KOHTPOJIb
1. JlabopatopHast pabora 1,25 6 0 7,5
2. YCTHBIN O1Ipoc 1,25 6 0 7,5
Py0exHbIi KOHTPOJIb
1. TectupoBanue | 10 |1 |0 | 10
MoayJnb 2
Texkymmii KOHTPOJIb
1. JIabopaTtopnast pabota 1,25 6 0 7,5
2. YCTHBIN onpoc 1,25 6 0 75
Py0e:xHbI KOHTPOJIb
1. TectupoBaHue | 10 |1 |0 | 10
BoinosiHeHHe pacueTHO-TpadguyecKoi padoThl
1. 3amura PI'P | 10 |1 |0 | 10
IoompuresbHbIe 0AJIIBI
1. Crynenyeckas onumnuazia 4 1 0 4
2. [lyOnukanus crarei 4 1 0 4
3. Pabota co mKkoiabHUKaMHU (KPYKOK, 2 1 0 2
KOHKYPCBI, OJIUMITNA/IbI)
IMocemaeMocTh (0a/151b1 BHIYMTAIOTCS U3 001EH CyMMBI 0 -16
HaOpaHHBIX 0aJ1JI0B)
1. [Tocemnienue TEKIMOHHBIX -0,8 8 0 -6,4
3aHATUN
2. IlocemieHne MpakKTUYECKHUX, -0,8 12 0 -9,6
CEMUHAPCKUX, Ja0OPaTOPHBIX 3aHATHH
HNTOroBbiii KOHTPOJIb
DK3aMen | 30 |1 |0 | 30
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