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1 IlepeyeHb NJIAHNPYEMBIX Pe3yJIbTATOB 00YUYEeHUsI M0 TUCHHUILJINHE,
COOTHECEHHBIX C IVIAHMPYEMBbIMHU Pe3yIbTATAMH OCBOECHHS
00pa3oBaTeIbHOI MPOTrPAMMBI

B pesynbraTe ocBoeHusi 00pa3oBaTEeNIbHON IpPOrpaMMbl OOYYaroIIMICsS JOJDKEH OBIAJETh
CIIEYIOIMMU pe3yIbTaTaMy OOYyUEHUS 10 NUCHUIUIHHE:

Karteropus Koa n
P dopmupyemasi Hﬁg}‘ﬁﬁgggg;‘e Pe3yabTaThl 00yueHus
(rpynmna) KOMIIeTeHIUA (¢ JOCTHIKEHHUA M0 JUCIHILINHE
KOMIIETeHIMH

KOMIIeTeHIIU i (mpu
Hagnunu OIIK)

yKa3aHueM Ko/Ja)

KonTpons
TEXHOJIOTMYECKUX
MPOLIECCOB
H3TOTOBJICHUSA
MAaIIMHOCTPOUTEIIBHBI
X U3EIIUA HU3KOH
CJIOKHOCTH 1
YIIPABJICHUE UMU;
Kontpoms 3a
3KCIUTyaTallue CpeaCcTB
aBTOMATH3AIMH U
MEXaHHu3aluu
TEXHOJIOTHYECKHX
onepauun
MEeXaHOCOOPOYIHOTO
MPOM3BO/ICTBA.

[1K-3 Cnocoben
KOHTPOJIUPOBATH
TEXHOJIOTUYECKHE TPOLECCHI
H3TOTOBJICHUS
MAIIMHOCTPOUTEIBHBIX
U3JeIMA HU3KOM CJI0XKHOCTHU

U yIIPABIIATh UMH;

I1K-6 Cnocoben
KOHTPOJIUPOBATH
IKCILTyaTaIHIO CPEICTB
aBTOMAaTHU3allun nu
MEXaHUu3alun
TEXHOJIOTUYCCKUX onepaunﬁ
MEXaHOCOOPOYHOTO
MIPOU3BO/ICTRA.

TTK-3.1 3HaeT nociIeI0BaTeILHOCTD
OICHKEMETO/IMKHU MPOBEJIEHUS PabOT

3HATE:

eNCTBUN npu
TEXHOJIOTUYHOCTH  KOHCTPYKIpHTOAOBOAKE I OCBOCHUIO
MAIIHHOCTPOUTENBHBIX  M3Aemuif] 1 OTOTHHECCKIX TIPOLECCoB
HHU3KOiI CII0KHOCTH; BXOJC IMPOCKTUPOBAHUA

[TK-6.1 3HaeT THIIBI u oGopyaoBartis

KOHCTPYKTHBHBIE ~ OCOOCHHOCTH

CpPeICTB  aBTOMATH3allMd  H

MEXaHW3allMd  OCHOBHBIX  H

BCIIOMOTATEJIbHBIX TIEPEXOJIOB.
IK-3.2  YMeeT  pacCUUTHIBATHY METh:
OCHOBHBIE Ioka3zarenIPOBEPAThL KaUCCTBO MOHTAKa
KOJIMYECTBECHHOU OHCHKI/IH HaJIaAKU IIPU UCIIBITAHUAX U
TCXHOJNOTHYHOCTH ~ KOHCTPYKIHH " 10 PIKCTULYATALIIO HOBBIX
MaIIHHOCTPOUTEIBHBIX I/IS,Z[GJ'IPIﬁO6pa3HOB obopynosanus:
HU3KOMN CJIOKHOCTH;

[IK-6.2 YwMmeer BBISIBIISITH

HPUEMBI, coziepKanye

HEpalIMOHAJILHBIE W HW3JIUIIHUC

JIBUKCHHUS ~ OOOpY/JIOBaHUS |

pabounx.

[IK-3.3 Brmameer HaBbIKaMu [BlajeTs:

Ka4yeCTBECHHOI 1 [HaBBIKAMH ydacTHs B paboTax
KOJIMYECTBEHHOM oLeHKy [0 AOBOIKE M OCBOCHMIO

TEXHOJIOTMYHOCTH KOHCTPYKIIUHN
MAaIIMHOCTPOUTCIIbHBIX PI3)Z[€HI/II>'I

HU3KOH CIIOKHOCTH;
[1K-6.3 Bnaneer HaBBIKAMH
00paboTku " aHaIm3a
pe3yIbTaTOB H3MEPEHMsS 3aTpaT
BPEMCHHU, OIpPEICICHUE y3KHX

[TeXHOJIOTUYECKUX TIPOLIECCOB,
MPOBEPKH KauecTBa MOHTaXa U
HaJIaJIK! TIPH UCIIBITAHUSX B
xoJepacyeTa u
KOHCTPYHPOBaHHS
00OpyIOBaHUSL

MECT TCXHOJOTIMYCCKHUX onepaunﬁ




2 Heab 1 MeCTO TMCUMILUIMHBI B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpaMmbl

[lenbto mpenojaBaHusi AMCLUUIUIMHBL SBJSETCS peanu3anus TpeOoBaHuil, ycraHoBieHHbIX B @I'OC BO. IIpenogaBanue
CTPOMUTCSI UCXOJI5 U3 TPEOYEMOT0 YPOBHSI MOATOTOBKH CTYAEHTOB, 00yYaIOUIMXCs 10 JaHHON CHEIMATIbHOCTH.

[enb n3ydeHUs! TUCLHUILUIMHBL: U3yYEHUE OCHOB TEOPUU M MOTYYEHHE 3HAHUW O BIMSHUU KOHCTPYKTHBHBIX (PaKTOpOB Ha
pPa3BUTHE KOPPO3HOHHBIX PA3PYLICHUM.

VYyebHas qucuuiimHa « XUMHYECKOE COMPOTUBIEHUE MAaTEPHUATIOB U 3alllUTa OT KOPPO3HHM» OTHOCUTCS K JUCLUMILIUHE TI0
Bb10OpY b1.B.J[B.02.01

Jucuunnuna usyyaercs Ha 4 kypce, 3 ceccusl.

Jlnis ocBoeHust nuctuiuinabl Heobxonuma kommereHuu [1K-3 u [1K-6, cpopmupoBanHbie B paMKax U3ydeHHUS
CHEAYIOIIUX AUCLUTIIVH:

N3 kypca « Puzuka»

3nanus: PU3NKO-MeXaHNYECKUE CBOWCTBA TBEP/IbIX TeJl, Macca Teja, Cuia, BEC U HEBECOMOCTb, CUjla YIPYTOCTH, cuja
TpPEeHMsI, KHHETUYeCKas ¥ MOTeHIMalIbHask pabOoThl, TEMIIEpaTypa.

Ymenus: nponu3BOAUTh pacyeThl 1 U3MEPEHUS] OCHOBHBIX (PU3MKO-MEXaHUYECKUX CBOMCTB BEIIECTB

Hasvixu: onpenenenue Gpu3nueckux U GU3NKO-MEeXaHMUECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaTEpUaJIOB.

N3 kypca «Xumusn»

3nanus. ATOMHO-MOJIEKYJISIPHOE yUeHHE. ATperaTHble COCTOAHUS BemecTB. CKOPOCTh XUMHYECKUX peakiui. CTpoeHue
aTOMOB M MOHOB. OKHCIIUTEIHLHO-BOCCTAHOBUTEBHBIEC peaknu. KUCI0ThI, METaJIbl, HEMETAJIJIBI MU UX OCHOBHBIE CBOMCTBA.

Ymenusa: coctaBiieHuE ypaBHEHUN OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIINM.

3HaHus. OTIpeieNICHNE XUMUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaTEPHUAJIOB

3 Conep:xkanue padoueii nporpamMmbl (00beM TUCHUNJIMHBI, TUNIHI U BU/IbI YUeOHBIX 3aHATHIA, y4eOHO-
MeToaAMYeCcKoe o0ecneyeHue CaMOCTOSTeIbHOI padoThl 00yYaroLIuXCst)

Coneprxanue paboueit mporpamMmmsl npecrapieHo B [Ipunoxernn Ne 1.



4 q)OHIl OLCHOYHbIX CPEACTB MO0 TUCHUIIJIUHE

4.1. [lepeyeHb KOMIIETEHUNH ¢ YKa3aHUeM 3TanoB (YpoBHeii) ux popMUpoBaHUs B NPollecce 0CBOCHUSA
o0pa3oBarebHOM NporpaMmmbl. Onucanne Mokasaresieil U KpuTepueB OLEHUBAHUS KOMIIETEHIUI HA Pa3JIMYHbIX
Tanax ux (OpMHPOBAHNS, ONIMCAHNE IKAJI OLCHNBAHUS

ITK-3 - Criocoben KOHTPOJIHUPOBATH TCXHOJIOTHYCCKHUC IIPOUCCCHI U3TOTOBJICHNA MAIIMHOCTPOUTCIIbHBIX I/ISIICJII/Iﬁ HU3KOU
CJIOKHOCTH U YIIPABJIATH NMU;

MaITHHOCTPOUTEIHHBIX
M3IeTINH HU3KOH|
CJIOKHOCTH,

Kon u HanmeHOBaHHe PesynpTathl Kpurepun orieHnBaHus pe3ynbTaToB 00ydeHHS
HHAWKATOpa 06y‘I€HI/I$I 110
JIOCTHKECHUS AUCHHIIINHE 2
KOMIICTEHITHA 3 4
H («He 5 («OtmaHOY)
(«Y 1OBIETBOPHUTETHHOY) («Xopormio»)
YIOBIIETBOPHUTEIILHOY)
MK-3.1 3HaeT| 3HaTH: Meroukn | PparMeHTapHbIe Hemnonneie npencrasnenns o | ChopMupoBaHHbIE, Ho | CdhopmupoBaHHbIE
OCJIeI0BATEIPHOCTD IIpOBeACHUS paboT M0 | MpeACTaBICHUS 0 | MeToauKe MIPOBENIEHHS | COeprKalne OTJICJIBHBIE | CHCTEMAaTH4eCKHe
NeHCTBHIT TIpH  OIeHKe| /OBO/IKE M OCBOCHUIO | METOJIMKE  MPOBE/ICHHS pabor TO  fmOBOAKE M | MpoOETBl TPEACTaBIEHUS O | MPEICTaBICHHUS O  METOJUKE
T eXHOTOMMYHOCTH TEXHOJIOTHYECKUX paboT mo J0BOJIKE U OCBOCHHIO METOJMKE IMPOBEACHUS DPAadOT | MPOBEACHUS PabOT MO JOBOJAKE U
KOHCTDYKITHH MIPOIIECCOB B XOJI€ | OCBOCHHIO TEXHOJIOTHYECKUX 0 JIOBOJKE W OCBOEHHUIO | OCBOCHHUIO TEXHOJIOTHYECKUX
a OCTPONTE MIPOEKTHPOBAHNUS TEXHOJIOTHYECKUX HPOIIECCOB B XO/le | TeXHOJIOTHUECKUX IIPOLECCOB | MPOILECCOB B xoze
MallHHOCTPOUTEIBHBIX
o p _| obopynoBanusi. IPOIIECCOB B XOJ€ | MPOEKTUPOBAHUS B XOA€  IPOEKTHPOBAHUS | MPOEKTHPOBAHUSA 00OPYHAOBAHUS
M3ICTNH HH3KOH MIPOEKTUPOBAHUS 000py10BaHUS obopynoBaHus
CJIOJKHOCTH; 0GopyI0BaHMs
I1K-3.2 VmMmeen YMmers: npoBepsaTh | OparmeHTapHoe B nenom ycnemsoe, HO B nmemom ycnemmoe, Ho | CopmupoBanHOe yMCHHE
PACCUMTHIBATH OCHOBHBIE| KAYECTBO MOHTaka M | yMEHHE MIPOBEPATH | HE CUCTEMATHYECKOE coJiepxKalee OTJENbHBIE | MPOBEPSATh Ka4eCTBO MOHTa)Xa U
TOKA3aTENH HaJaKu IpY | Ka4eCTBO MOHTaXa M | yMEHHE IPOBEPATH KAYeCTBO | MPOOETbl yMEHHE NPOBEPAThH | HallaJKM MPU UCIBITAaHUAX U
KOJIMYIECTBEHHOM orfenky| MCTPITAHAAX 1 cllade B | HAlajKn IIPYU | MOHT@XKa W HaJaJK{ MpU | KAYECTBO MOHTakKa M HAJNAJKHU | Cauy€ B DSKCIIYaTallUI0 HOBBIX
9KCIUTyaTAI[MI0 HOBBIX | MCIBITAHUSX M CAA4Y€ B | UCHBITAHUSIX MW Cla4e B | IPU HCIBITAHHUAX W clade B 00pasioB
TEXHOJIOTUYHOCTHU
00pasioB SKCIUTyaTall{I0  HOBBIX | 3KCIDIyaTalHIO HOBBIX | 9KCILTyaTallIo HOBBIX
KOHCTPYKLIUHU
00opynoBaHus 00pasios 00pa3oB 00pasioB




IIK-3.3
HaBBIKAMH
KAYECTBECHHO "
KOJINYECTBEHHO
OLICHKH
TEXHOJIOTUYHOCTH
KOHCTPYKLHHU
MAaIINHOCTPOUTEIIHHEBI
X W3OENUA HU3KOH
CJIOKHOCTH;

Bnaneer

Bnanerts: HaBBIKAMHU
yuacTus B paboTax o
JIOBOJIKEC M OCBOCHHIO
TEXHOJIOTHYECKUX
MIPOLIECCOB, IPOBEPKHU
KayecTBa MOHTaXKa U
HaJIaIKHA npu
HCHBITAHASIX B XOJE
pacueta 71
KOHCTPYUPOBAHUS
000pyI0BaHUS.

®parmeHTapHOE
BJIaJICHUE HaBBIKAMU
ydactust B paborax 1o

JOBOJKE ¥  OCBOCHHUIO
TEXHOJIOTHUECKUX
HPOIIECCOB,  HPOBEPKH
KauecTBa MOHTaxa W
HaJIaIKH opu
UCOBITAHUAX B XOZE
pacuera u
KOHCTPYHPOBaHUsA
o0opynoBaHusl.

B nenowm ycnenrsoe, HO
HE CUCTEMAaTHYECKOE

MpUMEHEHHE HABBIKOB
yuactust B paborax Mo
JOBOAKE W OCBOCHHIO
TEXHOJIOTHUECKHUX
MPOLIECCOB, MPOBEPKU
KauecTBa  MOHTaxa "
HaJaJKW TIPU WCTILITAHUSX B
Xo1e pacuera "
KOHCTPYUPOBaHUsA
00opyI0BaHUs.

B umenom ycnemsoe, HO
colepraimiee  OTACIbHEIC
po0esbl MPUMEHECHICHABBIKOB
y4acTHs B pabOTaXIo JOBOJKE
M OCBOEHHIOTEXHOJIOTHYECKHUX
MIPOIIECCOB,IPOBEPKHU KadecTBa
MOHTa)KaW HATAJKU MIPH
UCTIBITAHUAX BXOJIC pacyera
HUKOHCTPYUPOBAHHUS
00opynoBaHus.

VcremHoe M CHCTEMaTHYECKOE
MIpUMEHCHNE HAaBBIKOB yJacTHS B
paboTax mo JOBOJAKE U OCBOCHUIO
TEXHOJIOTUYECKHUX MPOLIECCOB,
MIPOBEPKH KadecTBAa MOHTaXKa U
HAJIAJKH [P UCTIBITAHUAX B X0
pacdeta ¥ KOHCTPYHPOBAHU
000pyI0BaHUS.

[Ikael orieHUBAHUS IS SK3aMeHa!
2 — HEYJIOBIIETBOPUTEIHHOY;
3 — «YIOBJICTBOPUTEIIBHOY;

4 — «xoporIioy;

5— «OTIUYHOY.




4.2 TunoBbie KOHTPOJIbHbIE 3aJAHUS UM HHbIE MATEPHAJIbI,
Heo0XoaMMBbIe VISl OLeHKHN 3HAHUM, YMEHHUI, HABBIKOB U ONBITA
AeSITeJIbHOCTH, XaPAKTEPHU3YIOLIUX ITaNbl (POPMHUPOBAHUS KOMIIETCHIMI
B Npolecce 0CBOeHUA 00pa3oBaTe/ibHOM porpaMmbl. MeToanueckue
MaTepuaJibl, ONpeaeJsouue NPoueIypbl OeHUBAHUS 3HAHUN, YMECHUH,
HABBIKOB U ONBITA AeATEJIbHOCTH, XaPAKTEPU3YOIUMX ITAIbI
¢hopmupoBaHus KOMIIETEeHIUN

Kon n HaumeHoBaHue PesynbTarsl 00yueHus mo Oél;é{;;i?e
HHIUKaTOpa JOCTHXKCHUA JUCHHUIIIINHE
KOMIICTCHIINH
[1IK-3.1 3HaeT nOCIENOBATENLHOCTD | 3HaTh: METOAMKU MPOBEACHUS PabOT MO JOBOAKE M | YCTHBIH OIpoc,
neiCTBHI npu OLIEHKe | OCBOEHMIO TEXHOJOTHYECKMX TIPOLECCOB B XOJ€ | TECTHPOBAHHE
TEXHOJIOTHYHOCTH KOHCTPYKIHH | MPOCKTHPOBAHNS 060pya0BaHHS
MAIIUMHOCTPOUTEIBHBIX n3enuin

HU3KOM CII0)KHOCTHU

[IK-6.1 3HaeT TUIBI U KOHCTPYKTUBHBIE
0COOEHHOCTH CPEACTB aBTOMAaTH3ALUH
W MEXaHW3allil  OCHOBHBIX W
BCIIOMOTaTEIbHBIX IEPEXOI0B

[IK-3.2 Ymeer pacCUMTHIBATL | YMETh: IPOBEPATh KAYECTBO MOHTaXa M HalaiKd HpH | YCTHBIHA ompoc,
OCHOBHBIC [HOKa3aTey | MCTBITAHUAX U Cllaue B OKCILTYaTAIMIO HOBBIX 0OPasIioB | TECTHPOBAHHE
KOJINYECTBEHHOM onenky | 000pynoBanus

TEXHOJIOTMYHOCTH KOHCTPYKIHH

MAaIITHHOCTPOUTEIBHBIX M3 e

HU3KOHU CII0)KHOCTH

[IK-6.2 VYwmeer BBIBISATH IPUEMBI,
coJiepKalllie  HepaloHalbHblE U
W3JMIIHAE JBIKEHUS 000pYIOBaHUS M

pabounx
T1IK-3.3 Bnaneer HaBbIKaMU | Biagers: HaBBIKaMH ydacTHs B paboTaxX MO AOBOJKE W | Y CTHBIN ompoc
KauyeCTBEHHOI U KOJUYECTBeHHO | OCBOCHHIO TEXHOJIOTHUECKHUX MPOIIECCOB,
OLIEHKH TEXHOJIOTMUHOCTH | TPOBEPKH  KadecTBa MOHTaXa M HANAJKH IpH
KOHCTPYKLMUMALIMHOCTPOUTENBHBIX HCIIBITAHUAX B XOJIC pacyeTa U KOHCTPYHPOBaHHS

00opynoBaHUs

H3JIETUHA HU3KOH CIIOKHOCTH

[1K-6.3 Bnaneer HaBbikamu 00pabOTKu
U aHagu3a pe3yibTaTOB HM3MEPEHUS
3aTpaT BpPEMEHH, OIpENeleHne Y3KUX
MECT TeXHOJIOTHYECKUX oneparuit

4.2.1 Bonipochl K 3K3aMeHY

Bompocsl k 3k3ameny:

1. O6mue cBeaenus o Koppo3uu MetamioB. [Ipodiaema kopposuu. Llens u 3a-
Jlayu Kypca «XMMHUYECKOE CONMPOTUBIIEHUE MATEPUAJIOB. 3AIUTA OT KOPPOZUM.
TeXHUKO-IKOHOMUYECKUN aCIIEKT KOPPO3UH.

2. TepMoanHaMuKa mpouecca KOppo3uu METAJIIOB.

3. Kunerunka npouecca Koppo3uu METaIOB.

4. Kiaccudukanust KoppO3MOHHBIX MTPOIIECCOB MO YCIOBUSIM MPOTEKAHUS.

S. Knaccudukanys KOppo3HOHHBIX MPOIIECCOB MO MEXaHU3MY ITPOTEKaHUS U

XapakTepy KOPPO3UOHHBIX MTOPAKEHUN.
XHAMHUYECKAS] KOPPO3US METAIIOB. Y CJIOBUE CILIOMIHOCTH TNIEHOK IPOIYKTOB
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KOPpPO3UHU METAJLIOB.
7. TepmoanHaMuKa BEICOKOTEMIIEPATYPHON KOPPO3UU METAJLIOB.
8. AncopOuus Kucaopo/ia Ha MOBEPXHOCTH MeTallja.
Kunernka razoBoit Koppo3uu. Y paBHEHUE JIMHEHHOTO POCTA OKCUTHOM
IJICHKH.
10. KwuneTtuka ra3oBoi KOppo3uH. Y paBHEHHE MapabOIMYECKOTO pOCTa OKCUIHON
IJIEHKH.
11. KunHeruka ra3oBoi KOppo3uH. Y paBHEHHE JOrapu(PpmMUUECKOro pocTa
OKCHJIHOU IIJICHKH.
12. BawusHHe BHYTpEeHHUX (PAKTOPOB HA CKOPOCTh XUMHUUECKON KOPPO3HH.
13. BawusHue BHEIIHUX ()aKTOPOB HA CKOPOCTh XMMHUYECKON KOPPO3HH.
14.  OcHOBHbIE METO/IBI 3AIIMUTHI OT Ia30BOIl KOPPO3HH.
15.  MexaHu3M 31EKTPOXUMUYECKON KOPPO3HUHU.
16. TepmonuHaMuKa MEKTPOXUMUYECKON KOPPO3UU METAIIIOB. DIEKTPOTHBIC
NOTEHUUAJbl METAJIJIOB.
17. Peakuus KaToAHOH nenoisipu3aluu. Y CJI0BUE IPOTEKAHUS SIEKTPO-
XUMHUYECKON KOPPO3UH.
18. HeoOpaTruMble MOTEHIIUATIBI METAIIIOB.
19. Kuneruka aHogHoi peakiuu. [loka3arens CKOPOCTH 3IEKTPOXUMUYECKOM
CaKLIUH.
0. Kuneruka aHogHOHM peakiuu. DHEPTUs aKTUBALUU IPSIMOTO U 0OPaTHOTO
nepexoaoB. CKOPOCTh aHOJHOW PEaKLUU.
21. BopopoaHas aenospu3aliusl.
22. KucnoponHas aenossipu3aius.
23. Jlmarpamma DBanca. [lonspuzanimoHHbie COMPOTUBIICHUS. Y paBHEHHUE JIS
acyeTa CKOpOCTH KOPPO3UHU.
54. [TaccuBHOCTH MeTaI0B. OCHOBHOM METOJI MCCIEA0BaHMS TACCUBHOCTH
MeTauioB. [IpakTuyueckue cneAcTBUS U3y4EHUs] TACCUBHOCTH.
25. TloTeHnuocraTuueckas KpuBas.
26. BnusHMe BHYTPEHHUX (PAKTOPOB HA CKOPOCTH INEKTPOXUMHUYECKON KOPPO3HH.
27. BnusHNEe aHHOHOB-aKTHBATOPOB U KATHOHOB-aKTHBATOPOB Ha CKOPOCTH
IIEKTPOXUMHUYECKON KOPPO3HH.
28. BiusHME aHHOHOB-UHTHOUTOPOB M KATHOHOB-MHTHOUTOPOB HAa CKOPOCTH
IIEKTPOXUMHUYECKON KOPPO3HH.
29. BrnusHUE KUCIOTHOCTHU CPEIbl, TEMIEPATyphI, JaBICHUS HA CKOPOCTh
IIEKTPOXUMHUYECKON KOPPO3HH.
30. BrusHue nepemernBaHus, BO3CHCTBHUS BHEIIHETO AIEKTPUUECKOTO TOKA U
paguanuy Ha CKOPOCTh JIEKTPOXUMUYECKON KOPPO3HUH.
31. Mepsl 6opbOBI ¢ KOppO3UEH MeTaIoB. Bo3aeiicTBre Ha METAILIBI.
Bo3znelicTBue Ha cpeny.
32.  Mepnl 6opb(p)bl C KOppo3uel MeTalioB. Bo3eiicTBre Ha KOHCTPYKIIMIO.
33. Merammueckue 3anIuTHBIC TOKPBITHS. OOIIHe CBEICHMUS.
34. Mertanmnnueckue 3alUTHBIE TOKPHITUA. | aTbBaHUYECKHE TOKPBITHSI.



35. Meraminueckue 3aMTHbIe TOKPBITUA. TepMoaudPy3noHHbIE TOKPHITHUS.
36. Hewmetammuyeckue 3amuTHBIE TOKPBITHS. Heopranndeckrue moKpPhITHS.
OKcuupoBaHue.

37. Hewmetamnuyeckue 3amuTHbIE MOKpbITUS. DochaTupoBanue. JlakokpacodHbIE
OKPBITHS.

38. UWurubutopsl. Buasl uaru6utopos. Bennunna 3amutHoro s¢gdexra.

39. MHrubuTOopsl 17151 paCTBOPOB. AHOJIHBIE HHTHOUTOPHI.

40. HMHruburtops 175 pacTBOPOB. KaTogHbIC HHTHOUTOPHI.

41. HuruOurtopsl aTMOC(PEPHOI KOPPO3HUH.

42. DnexTpoxuMuyeckas 3ammurta. KatogHas 3anmTa BHEITHIM TOKOM.

43. DnexTpoxuMuyeckas 3amura. [IporekropHas 3ammura.

44.  DneKTpoXMMHUYECKas 3alluTa. AHOJAHAS 3aIIUTa.

45. Knaccudukaiys HEMETAJUIMYECKUX MaTEPHAIIOB.

46. OcoOEHHOCTH KOPPO3UOHHOTO Pa3pyIICHHs] HEOPTAHUYECKUX MaTe-pHAaJIOB.
47.  OcoOeHHOCTH KOPPO3UOHHOTO Pa3pyIlIeHHs] OPraHUYECKUX MaTEPHAIOB.
48. Metoasl uccne0BaHUH M OIEHKN XUMHUYECKOW CTOMKOCTH HEMETALITUICCKUX
MaTepHaJIOB.

49.  Koppo3nOHHOCTONKHE HEMETALTUYECKHE MaTepHalibl HA HEOPTaHUYECKOM
OCHOBE.

50.  Koppo3uoHHOCTOMKHE HEMETAUIMUYECKUE MaTEPUAIIbl HA OPTaHUYECKON
OCHOBE.

O0pa3ser1 53K3aMeHaIIOHHOT 0 Ouiera:

DenepanbHOE TOCYAAPCTBEHHOE OFOKETHOE 00PAa30BaTEIbHOE YUPEKACHUE
BBICIIETO 00pa3oBanus «balkKupCcKuii TOCY1apCTBEHHBIN YHUBEPCUTET
WmxenepHslii (hakyabTeT
Kagenpa «TexHonornueckre MaIuHbl ¥ 000pyI0BaHHE)

SK3AMEHAITMOHHBIN BUJIET Ne 1
[To yueOHOM nucuuruMHe «XMMHUYECKOE CONTPOTHBIEHUE MAaTEPUAIIOB U 3aLIUTa OT KOPPO3UU»
Hanpasnenue: 15.03.02 — TexHoornyeckre MalimHbl ¥ 000pyI0OBaHHE
[Tpoduns: HedrerazompomeicioBoe 000pyaoBaHue U o0opyaoBaHue HedrerazonepepaboTKu

1.00mme cBegeHusi o Koppo3uu wmetaioB. [Ipobrmema kopposunm. llens u 3amaum Kypca
«XHUMHUYECKOE COMPOTUBICHUE MAaTEPUAJIOB U 3aIUTa OT KOPPO3HI»

2. lmarpamma DBanca. [Tonsipu3aniioHHBIC CONPOTHRIICHUS. Y paBHEHHE JIJIST pacueTa CKOPOCTH
KOPPO3HUHU.

VYTBepxIeHO Ha 3aceJaHuU Kadeapsl , IpoToKOJI Ne

(maTa)
3aBenyroumii kadenpoit

(moxmucek) (®.1.0.)



denepanbHOE TOCYAAPCTBEHHOE OFOKETHOE 00Pa30BaTENbHOE YUPEKIACHUE
BBICIIETO 00pa3oBaHus «bamKupCcKkuii TOCy1apCTBEHHBI YHUBEPCUTET
WmxenepHslii (hakyabTeT
Kadenpa «TexHnonmornueckue MamHbl 1 000PYAOBaHUE

DK3AMEHAIIMOHHBIN BUJIET Ne 2
[To yuebHoi muctMIIMHE «XUMHUECKOE COITPOTHUBICHUE MATEPUAIIOB H 3aLIUTa OT KOPPO3UNY
Hampasnenue: 15.03.02 — TexHomornueckre MalimHbl 1 000py10BaHNE
[Ipoduns: HedrerasomnpomeicioBoe 060pyaoBanue U 000pynoBaHue HedTerazonepepadoTku

1. TepmonnHaMuKa rpouecca KOppo3uu METaLIOB.
2. [TaccuBHocTh MeTayuioB. OCHOBHOM METOJ HCCIIEOBaHMS TMACCUBHOCTH METaJUIOB.
[IpakTrueckue ciieCTBUS U3YYECHHS TACCUBHOCTH.

YTBepKIeHO Ha 3aceqaHnH Kaeapsbl , IpOTOKOJ Ne
(mara)

3aBenyromnuii kadeapoit
(moamuck) (®.1.0.)

Kputepun onenku:

OTJIMYHO - BHICTABIISICTCS CTYACHTY, €CJIU CTYJIEHT Jlajl MOJHBIE, Pa3BEPHYTHIC OTBETHI HA BCE
TEOPETUYECKHE BOIMPOCHI OUJIeTa, MPOJEMOHCTPUPOBAN 3HAHUE (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTUH, OCHOBHBIX JJIEMEHTOB, YMEHHME MPUMEHSITh TEOPETUYECKHE 3HAHUA MpHU
BBIMIOJTHEHUH MPAKTUUYECKUX 3a1anuil. CTyneHT 0e3 3aTpyAHEeHUN OTBETHUII Ha BCE JOTIOJHUTEIbHBIC
BONpOCHI. [IpakTrueckas 4acTh pabOTHI BEITIOTHEHA ITOJTHOCTHIO 0€3 HETOYHOCTEH M OIIHOOK;
XOPOIIO - BBICTABJISAETCS CTYACHTY, €CJIM CTYJEHT PACKPBLII B OCHOBHOM T€OPETHYECKHE BOIIPOCHI,
OJIHAKO JIOMYIIEHBl HETOYHOCTH B OIpPEACIICHUH OCHOBHBIX TOHATUH. Ilpu oTBere Ha
JIOTIOTHUTEIbHBIE BOMIPOCHI TOMYIIIEHBI HEOObIITNE HETOYHOCTU. [Ipy BBHIMOTHEHUN MPAKTUYECKOM
4acTH paOOThI JOMYIIEHBI HECYIIIECTBEHHBIE OIIHUOKH;

YAOBJIETBOPUTEIbHO - BBICTABIISICTCS CTYAEHTY, €CIU MPU OTBETE HAa TEOPETHUUECKHE BOIPOCHI
CTYJICHTOM JIOTMYIIEHO HECKOJBKO CYIIECTBEHHBIX OMMOOK B TOJKOBAHUM OCHOBHBIX TIOHSITHIA.
Jloruka U MOJIHOTa OTBETa CTPAAAIOT 3aMETHBHIMHU HM3bsIHAMH. 3aMETHBI MPOOENbl B 3HAHUU
OCHOBHBIX METOJIOB. TeopeTHyecKue BOMPOCH! B IEJIOM H3JIOKEHBI JJOCTATOYHO, HO C MPOITYCKaMH
MmaTepuana. MIMeroTcs nmpuHIUNHAIbHbIE OMIMOKK B JOTHKE MOCTPOSHHUS OTBETa Ha BOMPOC.
CryneHT He pelni 3aa4y Wik IPU PelIeHUr JOMYIEeHbI TpyOble OMUOKHY;
HEY/J0BJECTBOPUTEIBHO - BBICTABISETCA CTYIEHTY, €CJIM OTBET Ha TEOPETHYECKUE BOMPOCHI
CBUJICTEJILCTBYET O HEMOHMMAHMM U KpailHE HEMOJHOM 3HAaHUU OCHOBHBIX TOHSTHH M METOJOB.
OO0HapyXuBaeTcs OTCYTCTBUE HABBIKOB MMPUMEHEHUS TEOPETUUECKUX 3HAHUN TIPU BBIMOJIHEHUU
npakTUYecKuX 3aanuid. CTyJEHT HE CMOT OTBETHTh HU Ha OJIMH JOTIOJHUTEIBHBIA BOIIPOC.
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4.2.2 OdopMieHne KOMILJIEKTA TeCTOB (TECTOBBIX 3aJaHNH)

TECT 1
1. Kakoii poiiecc Ha3bIBalOT KOPPO3UEH METAIIIIOB?

a) pa3pyluieHre METaIOB OT CTATHYECKUX MEXaHUYECKHX HArpy3o0K;

0) pa3pylIeHre METAIIJIOB MPH IUKIHYECKUX HArpy3Kax;

B) pa3pyll€HNE METAJIJIOB IIPU UX XUMHUYECKOM U IEKTPOXUMUYECKOM B3aUMOJIEHCTBUU C
arpecCUBHOM CPENO;

I') pa3pylIeHHe METAJJIOB P UX JJIUTENbHOM SKCILTyaTaluu.

2. XuMH4ecKasi KOppo3usl MPOUCXOIUT TPU B3aUMOACHCTBUH METAIIIOB!
a) C paCTBOPAMH DJICKTPOIUTOB;
0) C CyXuMH ra3amMu IpH BEICOKUX TEMIIEpaTypax Wi C HEIJICKTPOIUTAMU;
B) C MapaMH HU3KOKHUIISIIUX JKUJIKOCTEH;
T) C pacTBOPaMH IOJIIPHBIX KHUIKOCTEH.

3. IlaccMBHOCTB 3TO COCTOSIHUE OTHOCUTEIBHO BBICOKOW KOPPO3MOHHOM CTOMKOCTH MeTaiia
BBI3BaHHOE:
a) )KUJKOM cpenoi; 0) cpenoil ¢ CUIIBHBIMU OKHCIIUTEISIMH;
B) HEUTpaNbHOM CpeIoi; T') IIETOUYHOU cpeloi.
4. Kakoil camblii cTapblii METOJ] MOTYYEHHs] METAIUTMYECKUX 3aIlIUTHBIX MTOKPHITHIA?
a) tepmoan(Py3nOHHBII; 6) METOJI MOTPYKEHUSI B PACILIABICHHBIA METAJUI-TIOKPHITHE;
B) IUIAKUPOBAHUE; ') METAJUIN3ALUS HAIIBJICHUEM.

5. [1o kakoMy ypaBHEHHIO BBIUUCIISIETCS TEOPETUUECKOE KOJIMYECTBO OCAKIEHHOTO MeTaa?
Mirt Mt Mt MIiz
a m=——; 6)M=——; B)M=——; T)M=
zF F zZF F

6. IIpuunHOI KOPpPO3UHU SABISETCS:
a) BHYTPEHHSS CTPYKTypa MeTaJljla UJu CIIaBa;
0) TepMOAMHAMHUYECKasi HEYCTOHYNBOCTh METAJIIOB;
B) HaJM4Ke 1e(PEKTOB B KPUCTATUTMUECKOM CTPYKTYpe METaslIa;
I') cofiep’KaHue B MeTaJlJle HeMEeTANINYECKUX IpUMeceH.

7. DNeKTPOXUMHUYECKast KOPPO3Us MPOUCXOIUT MPH B3aUMOJICHCTBUU METAJLIOB:
a) C pacTBOpPaMH HERJIEKTPOIUTOB; 0) C paCTBOPAMH OPTraHUYECKUX JKUJIKOCTEH;
B) C paCTBOpaMH 3J€KTPOJIUTOB;  T) C pACTBOPAMHU HEMOJSPHBIX KUIKOCTEH.

8. B kakux cpemax mpoUCXOJIUT KOPPO3Usi METAJUIOB C BBIJICIEHUEM BOAOPOAA, TO €CTh
IIPOTEKAET PEAKIUS BOJOPOAHON JIEMOISIpU3an?
a) B KUCIIBIX Cpeax; 0) B HEUTpaJIbHBIX U IIEIOYHBIX Cpelax;
B) B OPraHUYECKHUX JKUJKOCTSX; T) B IIETOYHBIX Cpeaax.

9. Kakue crnaBbl 061a0ar0T 600Jiee BEICOKOH KOPPO3HOHHOM CTOMKOCTHIO?
a) TeTepOreHHBIE; 0) ¢ HeMeTaJUIMYECKUMU TPUMECIMU;

B) C KaTOAHBIMHU BKIIFOUCHHAMU 1") TOMOI'CHHBIC.

10. Kakoe ypaBHEHHE UCIIOIB3YIOT JJIsl BEIYKCIICHHS BBIX0/Ia 110 TOKY B % 1pu diiekTposun3se?
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m mg m m g
an= ;7 0)n=—; B)Nn=—100; r)n = — 100.
mq) mT M mT

11. Kakas BenwurHa U3MEHEHUs N300apHOTro MoTeHnuana (dHepruu ['nodca) onpenenser
BO3MOXXHOCTH IMPOTEKAHHSI KOPPO3HH:
a) AG<0; 0) AG>0; B)AG=AU-TAS; 1r)AG=0.

12. 3ammTHBIMA CBOMCTBAMHU O0JIAJA0T OKCUIHBIE IIEHKH:
a) cpeanue, TonmuuHou 40...500 HM;  0) CIUIOUIHBIC [JICHKH;
B) TOJICThIE, ToNmMHON 6osiee 500 HM; T) HECILIONIHBIE TUICHKH OKCH/IA.

13. CriocoOHOCTh METAJUIOB COMPOTHBIISATHCS KOPPO3HOHHOMY BO3CHCTBHUIO Ta30B PU
BBICOKMX TEMIIEpaTypax Ha3bIBACTCS:
a) KapoIPOYHOCTHIO; 0) MEXaHUYECKOH MTPOYHOCTHIO;
B) ’KapOCTONKOCTbIO; I') Ta30CTOMKOCTHIO.

14. Kakoiif MeTaJj1 M0 OTHOIICHUIO K CTAJIH SIBJISIETCSI aHOHBIM MTOKPBITHEM?
a) meab (Cu);  6) omoBo (Sn);  B) umHK (Zn); 1) HuKenb (Ni).

15. Kakyro cucteMy Ha3bIBalOT KpacKon?
a) pacCTBOpP OPraHUYECKOTO BEIECTBA B JIETY4YEM PaCTBOPHUTEIIE;
0) pacTBOp TBEPJOro BELIECTBA B )KUIKOM PACTBOPHTEIIE;
B) CYCIICH3HS MUTMEHTA B OPraHMYECKOM CBSI3YIOIIEM;
I') pacTBOp MEJIKOM3MEIbUECHHOTO BEIIECTBA B JIETy4eM PAaCTBOPHUTEIIE.

16. ITo MmexaHu3My NPOTEKAHUS PA3TUYAIOT:
a) KOPPO3UIO BHEITHUM TOKOM M TIOJT HATIPSIKEHUEM;
0) XUMHYECKYIO U AJIEKTPOXUMUYECKYIO KOPPO3HUIO;
B) OMOKOPPO3HUI0 U KOPPO3IUOHHYIO IPO3HUI0;
T') CILIONIHYIO UK OOIIYIO U MECTHYIO KOPPO3HIO.

17. Tpornecc OKUCIIEHHs METAILIA KUCIOPOJIOM HEBO3MOKEH, ECIIU MEKTY PABHOBECHBIM
JaBJIEHMEM KHCJIOPOJIA HaJl OKCUIOM PpaB. M IaBJIEHUEM KUCIOPOa B cpejie P cobimomaercs
COOTHOLIEHHE:

a)P=Ppa.; 0)P<Ppap.; B)P>Ppas ; 1)P/Prap =1

18. Kakoe codeTanue JIETHPYIOIMUX METAJUIOB CHIIBHO 3aMeUISIET TIPOIIECC OKUCICHUS CTaJIH
IIPYU BBICOKUX TEMIIEPATypaX:
a) Cr, Cu, Co; 0) Al, Mo, W; B) Cu, Co, Mo; r1)Al Cr, Si.
19. Kakoii MeTaI 1o OTHOIIEHHUIO K CTAJH SBIISIETCS KaTOTHBIM MOKPHITHEM?
a) menp (Cu);  0) umuk (Zn);  B) xpom (Cr); 1) tutan (Ti).
20. Jlakamu Ha3BIBAIOT:
a) pacTBOPHI BBICHIXAIOIINX Macell, CMOJI, 3(UPOB LIEJUTIOJIO3bI B JIETYYUX PACTBOPHUTEISAX;
0) KOJUTOM/IHBIE PACTBOPHI BHICHIXAIOIIUX MAcesl CMOJI 3(UPOB LEUTIONO03bI B JIETYUHUX
OpPraHMYECKUX PACTBOPUTEISX;

B) TOMOT'CHHBIC CMECH MACCJI, CMOJI B OPTaHUYCCKUX PACTBOPUTCIIAX,
F) PaACTBOPELI BEICKIXAIOIINUX CMOJI, HEJUIFOJIO3bI B JICTYYUX OPraHUYCCKUX PACTBOPUTCIIAX.
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21. OTpunarenbHbBIM MacCOBBIM I0OKA3aTEIEM KOPPO3UHU HA3bIBAIOT BEINYUHY, KOTOPYIO
BBIYHUCIISIOT 110 opMyJIe:

Am Am Ah IT
a)K'm=——; O)Km=——; BEKh=—; 1) Ki=—.
St St T T

22. JInHeWHbI# POCT TOJIIMHBI OKCUIHON IVICHKH IPU OKUCIIEHUH METallla KUCIOPOAOM
BBIPAXKAETCsl ypPaBHEHUEM:

a) h=Krt; 6)h*=Krt; Bh=In(K1); nh’=hi+Knr.

23. Kakue 0CHOBHBIE METOIbI PUMEHSIFOT JJIsl 3alIUTHl METAJUIOB OT KOPPO3UH?
a) MexaHu4ecKkas 00paboTKa; 0) 3aIIMUTHBIC TTOKPBITHS, yYET KOHCTPYKIIUH;
B) [TOJIrOTOBKA IMOBEPXHOCTH METAIIA;
r) 00paboTKa B KHCIBIX U MIETOYHBIX Cpeaax.

24. Kakwie 3aluTHRIC TIOKPBITUSI OTHOCSTCS K TUIY HEOPTaHMYECKUX MOKPBHITHI:
a) IOKPBITUS CMOJIAMU; 0) HOKPBITHUS MJIACTMACCAMU;
B) JIAKO-KpPacOYHbIE IOKPHITHS; r) pochaTHbIC U OKCHIHBIC TIOKPBITHSI.

25. Kakue BeniecTBa Ha3pIBAlOT HHTHOUTOPAMU KOPPO3UH?
a) BEIIECTBA YCKOPSIOUINE KOPPO3HIO;
0) BeliecTBa, KOTOPhIE YMEHBIIAKT CKOPOCTh KOPPO3UH;
B) BELIECTBA, CTAOMIN3UPYIOIINE KOPPOZUOHHBIN TPOIIECC;
T') BEIIECTBA, KOTOPHIE MOJHOCTHIO HCKITIOYAIOT KOPPO3HIO METAJlIA.

26. 1y 3a1yThl MEAHBIX U3AETHI OT KOPPO3HH B KAYECTBE KATOAHOTO IMOKPHITHS MOKHO
HCIIOJIB30BAaTh
A.Cr b. Ni B. Sn I'. Ag

27. YpaBHeHHE Mpolecca, MPOTEKAIIET0 Ha MHEPTHOM aHOJIe TIPH JICKTPOIIU3E BOJHOTO
pactBopa CaCL?, umeeT BuA
A. 40H —4e=0; + 2H20
B. Ca** +2¢ =Ca’
B. 2CL" - 2e=CL>
. 2H20 — 4e = Oz + 4H"

28. Kakoii nmpoliecc Ha3bIBalOT KOppo3uei B Hanbosee o01eM ciryyae?

A. CamMonpou3BOJIbHOE pa3pyllieHuE METAJJIOB B arpeCcCUBHOI cpeze, nmepeMenaronieics c
OONBIIOW CKOPOCTBIO M COJepiKalledl BellecTBa B3aMMOJEHCTBYIOLIME C  Pa3JIMYHBIMU
MaTepuaIamH.

b. Camonpou3BoJibHOE pa3pylIeHUE METAUIMYECKUX MaTepUajoB  BCIEACTBHE  HUX
XUMHUYECKOTO UJTU IJIEKTPOXUMHUYECKOTO B3aUMOJICUCTBUS C OKPYKAIOILEH CPEoi.

B. Camonpou3BoibHOE pa3pylIeHHe MaTepuaaoB (MTOJIMMEPHBIX, METAIIOB M HEMETAJJIOB) B
KUJKOCTSAX, DJIEKTPOIUTAX U HEAJNEKTPOIUTAX.

I'. Pa3pymienne MeTaquioB B ra3oBBIX Cpelax, COJEPKalNX pa3nyHbIE arpecCHUBHBIC
KOMITOHEHTHI U TPU BBICOKUX TeMIEparypax.

29. Yro sBNSETCA OCHOBHOM MPUYUHONW KOPPO3UHU U pa3pyLIEHHs] METAJIIOB M UX CILJIaBOB?
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A. DTO TepMOaMHAMUYECKasi HECTAOMIbHOCTH(HEYCTOMYMBOCTh) METANIOB M CIUJIAaBOB B
PA3JINYHBIX Arp€CCUBHLBIX CPpCAaX IMPU JaHHBIX BHCIIHUX YCIIOBUAX.

b. DTo HecoBepIIEHCTBO BHYTPEHHEH KPHUCTAUTUMYECKOW CTPYKTYpPhl METAJJIOB U CIUIABOB,
MOJIY4YESHHBIX B MPOLIECCE MPOU3BOICTBA.

B. DT0 Hanmuume Ha TOBEPXHOCTH METaJIa PA3JIMYHBIX 3arps3HEHHH, e€ MIepOXOBaTOCTh U
MPUCYTCTBHE OKCHUIIOB.

I'. Dro mpupona MeTamioB, X BHYTPEHHEE CTPOCHHUE, HAIMYKE MPUMECEH B CIIaBax,
arpecCUBHOCTH OKPYIKAIOIIEH Cpebl.

30. Kakas BenuumHAa W3MEHEHUs HM300apHOTO TMOTEHIMana (M3MeHeHusi >Hepruu [ mbdOca)
nporiecca KOppo3uH ONpeessieT BO3MOKHOCTh KOPPO3UHU METallia B JaHHOM cpene?
A.AG>0; b.AG=0; B.AG=#0,; I'. AG <0.

31. Kakoii merain cujbHEe KOPpPOAMPYET B cpele, conepxkariei kuciopon (02), eciu
WU3MEHEHHEe N300apHOro MOTECHIIMAA ITPH 00Pa30BaHUN OKCHIOB UMCIOT BEIIMYUHY:

A.FeO AG =-246,0 x/>x/moub B. MgO AG 0=_5206 kJI>x/MOJIB;

B. CuO AG®=-1455 xJx/MOb ; . ZnO AG ° = — 336,0 x/I)x/MOJIb;

32. CKOpOCTH AOCTAaBKH K INTOBCPXHOCTH MCTaJlZIa KOPPO3WMOHHO AKTHBHBIX 4YaCTUI U OTBOAA
IMPOAYKTOB pE€akuu B YIIPOIICHHOM BHIAC OIPECACIACTCA 3aKOHAMHU OI[HOMCpHOﬁ I[I/I(l)(by?l/ll/l

(3akoHOM DuKa):

AW, stc; b. w, stc; B.WﬂzKﬂcd_S;r, Wﬂ:Kﬂxd_C.

dX dt dx ds

33. CkopocTh XHMHYECKOH WM DIIEKTPOXUMHUYECKOH pEeaKIuh pPacCUUTHIBACTCS 10

YPaHCHUIO: E

/L exp _J !
B. W, = KCexp|ERY T W, =K,C (_Bé}ﬁ
expk ;

34. Kakoit KOppO3I/IOHHBII71 MpOLECC pa3pylleHus (OKUCICHHS) METaNIOB OTHOCAT K
XUMUYECKON KOPPO3UH?

A. — B3aUMOJICHCTBUE METaJIa ¢ KOPPO3UOHHOMN CPEoi, MPU KOTOPOM OKHUCIICHHE METaJlla U
BOCCTAHOBJICHUE OKHUCIUTENS KOPPO3UOHHOW CpEellbl, MPOUCXOAUT Ha OMNPEIEIEHHOM YYacTKe
MOBEPXHOCTH METaJIa;

b. — B3aumozeiicTBiEe MeTaIa ¢ KOPPO3UOHHOM Cpeoi, MPU KOTOPOM OKHUCIIEHHE MEeTasula U
BOCCTAaHOBJICHUE OKUCIIMTEIISI KOPPO3UOHHOM CPEJIbl MPOTEKAIOT B OJIHY CTAIHIO;

B. — B3aumojeiicTBue MeTayia C AJIEKTPOJIUTAMHU, MPU KOTOPOM HOHM3AIMA MeTaia U
BOCCTAHOBJICHUE OKHCIIUTENS KOPPO3HMOHHOM Cpeabl MPOTEKAOT B HECKOIBKO CTaAMMd M HX
CKOPOCTH 3aBUCAT OT AJIEKTPOTHOTO MOTEHIINAJIa METaJlIa;

I'. — B3aumozeiicTBUE MeTalIa ¢ KOPPO3UOHHOM Cpeioi, MpU KOTOPOM OKUCIEHUE METallIa U
BOCCTAHOBJICHUE OKUCIIMTEIIS CPEbI, TPOUCXO/IST Ha Pa3HBIX YYaCTKaxX MOBEPXHOCTH METasla.

35. Kakoil KOppO3HOHHBIA TPOIECC OKUCICHHS] METAUIOB HA3BIBAIOT AJIEKTPOXUMHUYECKOM
KOppOo3ueit?

A. — B3aUMO/ICIICTBME MeTalla ¢ KOPPO3UOHHON Cpellol, B pe3yJbTaTe KOTOPOro OKHUCIECHUE
MeTajlla ¥ BOCCTAHOBJICHUE OKUCIIUTEIS MPUBOIST K PABHOMEPHOMY CJIOIO TIPOAYKTOB KOPPO3UH;

b. — B3aumozeiicTBie MeTalia ¢ KOPPO3UOHHOM Cpeoi, MPU KOTOPOM OKHCIIEHHE MeTasia U
BOCCTAHOBJIEHME OKHCIUTENS BBI3BIBAIOT OOpa3oBaHHE HEPAaBHOMEPHOTO CJOS  IMPOJIYKTOB
KOppO3uH;
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B. — B3aumozeiicTBHE MeTaia ¢ KOPPO3MOHHOW CPENoi, B PE3yJIbTaTe KOTOPOTO OKUCICHHUE
METaslla U BOCCTAHOBJICHHE OKHUCIUTENS MPUBOJAT K MEKKPUCTAIUIMTHOU KOPPO3UH (KOPPO3HUH IO
rpaHULlaM KPUCTAIIIOB);

I'. — B3aumMojeiicTBUE MeTa/ia C S3JEKTPOJMTAMH, MPU KOTOPOM HMOHHU3AIMUS MeTaia U
BOCCTAHOBJICHHE OKHCIIUTENIS] KOPPO3MOHHON Cpeabl MPOTEKAal0T B HECKOJIBKO CTaauil U HUX
CKOPOCTH 3aBUCSAT OT JIEKTPOJIHOTO MOTEHIMAIa METAILIA;

36. IIpu B3aMOEHCTBIHM METAJUIOB C CYXHMH ra3aMu (B YaCTHOCTH C KHCIIOPOJIOM) B CpeJie C
BBICOKOM TeMIIepaTypoil U B HEAJIEKTPOJIUTAX IPOUCXOTUT:

A. — 2JIEKTPOXUMHUECKAsT KOPPO3USI;

b. — Koppo3ust MPOUCXOTUT MO CMEIIAHHOMY MEXaHU3MY;

B. — xummnueckas Koppo3sus;

I'. — xoppo3ust ¢ 0Opa3zoBaHHEM IJIOTHOM MIEHKU TPOAYKTOB KOPPO3UH.

37. B pactBOpax 3JEKTPOJIUTOB (B KHCIIOTaxX, IEIOYaX, UX PacTBOpax, pacIuiaBax CoJiei)
pa3pylieHre MeTalia BI3bIBACT:

A. — TOue4Has KOppo3us (MMUTTHHT);

b. — anexTpoxummueckas KOppo3us;

B. — u3zbuparensHast KOppo3usi;

I'. — xumMu4eckas Koppo3us.

38. Ilo xakoi (opmyse BbIUUCISAETCS TTyOMHHBIN MOKa3aTellb KOPPOZUOHHOTO pa3pylIeHUs
MeTasuia (criaBa)?
II h
A'KH:_; b. Ky =1It ; B.KH:_; I Kg=hr.

T T

39. Ilokazartenp W3MEHEHHs TOJIIMHBI, 00pa3yoIeiics Ha MeTayule IJICHKH MPOIyKTOB
KOPPO3HUH OIIPEEISCTCS BRIPAKECHHEM:
A. Ky=ht; Bb. Ky=Aht ; B. Kh:A—h ; I. Kh:h
T T
40. Kakoe ypaBHEHHE UCIIOIb3YIOT [UI BHIUMCIEHUS OTPULIATEIILHOTO MOKAa3aTessl U3MEHEHUS
Macchl KOPPOAUPYIOLIEro MeTaia?
Am Am Ah I
A Kn=——; BKm=——; B.Kh=—; T Ky=—
St St T T

41. I[J'ISI 3aIlUTHl MEIHBIX U3JEIUN OT KOppO31H B KAUCCTBC aHOAHOTI'O IOKPBITUSA MOKHO
HCIIOJB30BAaTh.

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

42. I[J'ISI 3alIUTHhI KCIIC3HBIX PI3I[€J'IPII71 OT KOPpPO3HHU B KAUCCTBC aHOAHOTO ITOKPLITUA MOYXKHO
UCIIOJIb30BATh:
A. ek b. omoBo  B.cepebpo I. menp

43. JInst 3a11UTHI OT KOPPO3UH CTAIILHOTO U3/IENINS B KAUECTBE aHOIHOTO MOKPBITUS MOXKET
OBITH UCMOJIB30BATh:
A.menp b. Hukens B. cBunen . Xpom

44, CornacHo cxeMe ranpBaHndeckoro snementa Cd | Cd?* || Cu?* | Cu
A. BJIEKTPOHBI ABUKYTCA OT MEAHOTO JIEKTPOa K KaIMUEBOMY
b. MeaHbIi 5eKTpo ABIAETCS KaTOIOM
B. Ha MeHOM 3J7IEKTPOIE TPOUCXOIUT OKUCIIEHUE
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I'. B mporiecce pabOThI AJIEMEHTA Ha JICKTPOJIC OCAKIACTCS KaIMHMA

45. TIpu HapyIIEHUH OJOBSIHHOIO IMOKPBITHS Ha )KEJIC3HOM U3EIHH, HaXOIAIIEMCs B KUCIIOTE, Ha
aHOJIE MPOTEKAET PEaKIIHs

A. Fe®—2e = Fe?* B. Sn?* +2e=Sn°

B.2H" +2e = H; I'.Sn%—2e = Sn*
46. TIpoayKTaMu, BBIAEISIONIMMUCS Ha HHEPTHBIX AJIEKTPOAAX MPH JIEKTPOIU3E BOAHOIO pacTBOpa
cynbara Meu, IBISIOTCS
A HuO2 b CuuHS B.CuuHS TI'"Cu u O2
47. Tlpu 3JEKTPOJIM3€E BOTHOTO PacTBOpa Cyib(daTa HATPHst Ha KaTO/Ie MPOTEKAET PEAKIIUs

A. 2H* +2e= H> B. 40H" — 4e = 0,+2H20
B. Na*+e =Na° I'. 2H,0 + 2e = Hy + 20H"
48. TIpu s1eKTpoJiM3e BOJHOTO PacTBOpa CysibdaTa HATPHs Ha KATOJIE MPOTEKAET PEaKIIUS
A. 2H20 — 4e = O+4H* B. 40H — 4e = 02+2H,0
B. SO — 2e = S,08% . 2H20 + 2e = Hy + 20H"

49. YcnoBrueM caMONPOU3BOIBHOTO MPOTEKAHUS TPOLIECCa SBISETCS:
a) AG=0; 6) AG<0; B)AG>0;r)AS>0.
50. Karog—aTo...
a) AJIEKTPO, Ha KOTOPOM MTPOUCXOTUT BOCCTAHOBIICHUE;
0) 27eKTPO/I, HA KOTOPOM IPOUCXOANUT OKHCIICHNUE;
B) BCEr/1a MOJIOKUTENIbHBIN 3JIEKTPO/;
I') BCerja OTpULaTeNIbHbIN 3JEKTPO/I;
51. A"oxn—orToO...
a) JIEKTPOJ, Ha KOTOPOM IIPOUCXOJUT BOCCTAHOBIICHUE;
0) 2JIeKTPOJI, HA KOTOPOM MPOUCXOAUT OKUCIICHUE;
B) BCEr/la MOJIOKUTENIbHBIN 3JIEKTPO/;
T') BCer/ia OTpUIaTeNbHBIN SIEKTPO;
52. DneKTpoABMKYIIAs CHJIA TATbBAHUYECKOTO 3JIEMEHTA!
a) paBHa AJIEKTPUUYECKOIN PA3HOCTH MOTEHIMAIOB B JIBOWHOM JJIEKTPUUYECKOM CIIOE;
0) MakCUMasbHasl Pa3HOCTh MOTEHIIMAJIOB AJIEKTPOIOB, KOTOPAsi MOKET OBITh MOJYUCHA;
B) paBHA MOKA3aHUIO BOJIBTMETPA, BKIFOUEHHOMY B AJIEKTPOXUMUUYECKYIO IIeTh MPU paboTe
raJlbBAHUYECKOTO 3JIEMEHTA,
r) Ha3biBaeTcs DJIC aneMeHTa, COCTaBIEHHOTO M3 TaHHOTO JIEKTPO/ia U CTAaHAApTHOTO
BOJIOPOJHOTO 3JIEKTPOAA, HOTEHIIMAI KOTOPOTO MPUHSAT PaBHBIM HYIIIO;

53. T'abBaHUYECKHE AIIEMEHTHI — 3TO. ..

a) YCTpOICTBa JIIs MPSIMOTO MpeoOpa30BaHUS XUMUYECKOM SHEPTUH 3aKIIOYCHHBIX B HUX
PEareHTOB B JICKTPHUECKYIO;

0) XMMHYECKHE UCTOYHUKHU TOKa, IIPeIHa3HauCHHbIE JJI1 MHOTOKPATHOTO UX MCIOJIL30BaHNUS 32
CYeT pereHepany akKTHBHBIX KOMITOHEHTOB AJICKTPOJIOB B TIPOIECCE 3aPSIKH;

B) YCTPOMCTBA JJIsl HEMOCPEACTBEHHOTO MpeoOpa3oBaHus TEILIOBOM YHEPTUH CTOPAHUS B
ANEKTPHUYECKYIO;

T') DJIEKTPOJIbI, 0OpaTUMBbIe OTHOCUTEILHO HOHOB B PaCTBOPE;
54. DnexTponus — 3T0...

a) mpoiiecc Mpeodpa3oBaHus XUMUUYECKON SHEPTUHU B DIIEKTPUUECKYIO;

0) peakuuu TUCTIPOTIOPIIMOHUPOBAHUS;

B) pa3Nio’KeHUE BEIIECTB MO/ JEHCTBUEM JICKTPUUYECKOTO TOKA;

T') MEKMOJICKYJIIPHBIC OKUCIIUTETbHO-BOCCTAHOBUTEIILHBIC PEAKITUH;
55. MaremaTtuyeckas 3alIUCh IEPBOTO 3aKoHa dnekTponu3a dapanaes:

m(x)

a)n= ;
M(X)
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6) m(xX) = [M(x)/zF]- I -z,

B) M»5(AB) = M5(A) + M»(B);

r) £n K=nFE%RT.

56. JIr000i1 KOPPO3UOHHBIN TPOIIECC SIBIISICTCS

A. oqHOCTaAUHHBIM b. MHOrOCTAIMITHEIM
B. nByxcraauitHeIM I'. TpexcraguitHbIM
57. Koppo3ust MeTauioB ONUCHIBAETCS YPaBHEHUEM

A. Me"+ ne = Me® B. Me® —ne=Me"

B. Me? + ne = Me"™ I'. Oz + Me = MeO;

58. XKapocToitkoCThIO Ha3bIBACTCS

A. c1I0COOHOCTH MeTaJlla COXPaHATh BBICOKME MEXaHUUECKUE CBOMCTBA IIPU BBICOKUX
TeMIEpaTypax

b. ciocoGHOCTh METAIUIOB HE TIABUTHCS ITPHU BBICOKUX TEMIIepaTypax

B. ciocoGHOCTh METAIITIOB CONMPOTHUBIATHCS KOPPO3UOHHOMY BO3JICHCTBHIO I'a30B MPHU BHICOKUX
TemIeparypax

I'. cmocoGHOCTh METAIIIIOB IPU BBICOKUX TEMITEpaTypax U3rHOaThCs

Kpurtepuu ounenku:

- HEY/10BJICTBOPUTEIbHO BBICTABIISIETCS CTYIEHTY, €CJIM MIPaBUIIbHO BINOIHEHO OT 0-25% oT
BCEro oobema TecTa;

-y/10BJ1€TBOPHUTEIbHO BbICTABIISIETCS CTYACHTY, €CIIU MPABUIIBHO BBIMOIHEHO 0T 25-50% OT Bcero
o0beMa TecTa;

- XOPOIIO BBICTABIISIETCS CTY/ICHTY, €CIIM €CIIH MIPAaBUIILHO BBITOTHEHO OT 50-75% oT Bcero oobema
TECTa;

- OTJIMYHO BBICTABJISIETCS CTYIEHTY, €CJIM €CJIM MPAaBUIbHO BBINOJIHEHO OT 75-100% oT Bcero
o0Bbema TecTa.
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4.3.3. Odopmiienne J1adbopaTOpHLIX padoT

V.Ha60DaTODHaSI pabora 1
BJIMAHUE CTPYKTYPHOU HEOJIHOPOJHOCTHU HA KOPPO3UIO METAJIJIOB
I[TP BOCCTAHOBJIEHM NOHOB BOJAOPOA

1.1. Ilens paGoThI

W3ydyeHue BIMAHUS KOJMYECTBA U KAYECTBA CTPYKTYPHBIX HEOJHOPOIHOCTENW HAa CKOPOCTh
ANEKTPOXUMUYECKON KOPpPO3UU METAIOB MpPH BOCCTAHOBJICHMM HAa HUX KaTHOHOB
BOAOpPOJA.

1.2. Teopus Bomnpoca

Koppo3ueii MeTannoB Ha3bIBalOT pa3pylLIEHHE METAJUIOB BCIEACTBHE XMUMUYECKOTO WM
ANEKTPOXUMUYECKOTO B3aUMOJICUCTBHUS UX C KOPPO3UOHHON CPEIOM.

[IepBonprurHON KOPpPO3UM  SABJISIETCA TEPMOJAMHAMHYECKAss HEYCTOMYMBOCTh HUX
METAJJIMYECKOTO0 COCTOSIHUS B OKpY)XalIIUX YycioBusx. llpu B3aumopeicTBum ¢
arpeccCUBHON cpeliod MeTaJljibl CaMONPOU3BOJIBHO CTPEMATCS MEPEHTH U3 METATIMYECKOIO
COCTOSIHUS B OKHCIIEHHOE, KaK TEPMOANHAMHUYECKU Oo0Jiee YCTOWYMBOE B JAHHBIX YCIOBHSIX.
CreneHb TEpMOJMHAMUYECKOW YCTOMYMBOCTH METajla 3aBUCUT KaK OT CBOMCTB caMoro
MeTaijga, Tak U OT COCTaBa KOPPO3HOHHOHM Cpeibl M XapaKTepus3yeTcss H3MEHEHUEM
n300apHO-M30TEPMUYECKOTO  ToTeHnuana  (dHepruss  ['mbbca) mpu  mpoTeKaHWH
COOTBETCTBYIOIIETO KOPPO3UOHHOTO Ipoiiecca. CaMOMpOU3BOIBLHO NPOTEKAIOT UMb TE
MIPOLIECCHI, B PE3y/IbTaTe KOTOPHIX IPOUCXOANT YMEHbIIeHNe dHeprun [ mb0oca, T.e. 4G <O0.

[Ipyn B3auMoOAEWCTBUM METANIOB U CIUIABOB C PAacTBOpPaMHU AIIEKTPOJIUTOB MPOIECC
KOppOo3uu OOBIYHO TPOTEKAET MO AJIEKTPOXUMUYECKOMY MEXaHM3MY. XapaKTepHOUI
O0COOCHHOCTBIO AJIEKTPOXUMHUYECKON KOPPO3UU SBISIETCS TO, YTO B3aMMOJEHCTBUE MeTallia
C arpecCUBHOM CpeIol pa3/ieligeTcsl Ha JIBa CONPSKEHHBIX Mpoliecca:

1) aHomHbIi Tponecc (OKHCIAMTENbHBIA) - HEMOCPEACTBEHHBIA MEPEX0]l HOH-aTOMOB
MeTajljla U3 KPUCTAIJIMYECKONW PEIIeTKH B PacTBOP B BUJAE TMAPATUPOBAHHBIX KaTHOHOB,
€CIIM PHEpPrus B3aMMOJEHCTBHS HOH-aTOMOB C IOJISIPHBIMM MOJIEKYJIAaMU BOJbI OyneT
00JIbIIe, YEM PHEPTHS CBSI3U KPUCTAIIIMUYECKON PEIIETKH MeTalia

(Me™ + ne) + m-H.0 — Me""-mH20 + ne (1.2)

2) KaTOJHBINA MpOIEecC (BOCCTAHOBHUTENILHBIN) - MPUCOCAUHCHNUE U30BITOUHBIX JJIEKTPOHOB,
00pa3yIoIIMXCsl B @aHOJHOM Ipolecce, K KaKOMY-THOO OKHCIIUTEN0 (aroMaMm, MOJIEKyJIam
WM HOHAM pacTBOpa), KOTOPBIM OyJIeT B pe3yibTaTe TOr0 BOCCTAHABINBATHCS

dOx+ne— rRed (1.2)

OnHako M30BITOYHBIE 3JEKTPOHBI MOTYT MPUCOEAMHATHCA HE TOJNBKO K OKHUCIUTEIbHOMY
KOMIIOHEHTY pacTBOpa, HO ¥ K oOpasoBaBmmmMcs B aHomHoM mporecce (1.1)
TApaTUPOBAHHBIM KaTHOHAM MeETaia, T.€.

Me" -mH20 + ne — (Me™ ne) + mH>0 (1.3)

B pesynbrare KaTMOHBI MeTajla U3 PAacTBOpa BHOBb BEPHYTCS B KPUCTALIMYECKYIO
pELIETKY.

[Ipu BbIpaBHMBaHHM CKOpOCTEH peakuuil okuciaeHus Mmeramia (1.1) u BoccTaHOBIEHUH
ero woHoB (1.3) HacTymuT COCTOSIHME JMHAMHYECKOTO pABHOBECHS, M KOPPO3US
(mpeuMyIeCTBEHHO MEePEeHOC MeTalljla U3 KPUCTAJUIMUECKON pelIeTKH B pacTBOp) MpeKpa-
tuTcsa. CienoBarenbHO, U MPOTeKaHUs Mpoliecca KOppO3uu HEOOX0JMMO, YTOOBI CKOPOCTh
npsimoit peakiuu (1.1) 6pu1a G607BIIE CKOpOCTH OOpaTHOW peakumu (1.3), T.e. B peakiuu
BOCCTAHOBJIEHHS YYaCTBYET MPEUMYILIECTBEHHO OKUCIIUTEND PACTBOPA. DTO YCIOBUE MOXKET
ObITh BBINIOJHEHO, €CIM OKHCIMTENIb, HMEIOUIMIiCS B pacTBope, o0jaaaer OoJbLIINM
CPOACTBOM K OJJIEKTPOHY, 4Y€M KaTHOHBI pacTBoOpstouierocss Meramia. OKHCIUTEIbHbBIE
CBOMCTBA BEIIECTB ONPENEISIOT BEIMYMHON MX OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOTO
noTeHIHana. Yem moaoKUTeabHOe 3TOT MOTeHIUAN, TeM OOJBIIMMU OKHUCIUTEIbHBIMU
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cBolcTBaMH (OOJIBIIUM CPOJICTBOM K 3JIEKTPOHY) 00JIajaeT TO WM MHOE BeliecTBo. Toraa
HE00X0IMMOE YCIOBHE TEPMOJAMHAMUYCCKON BO3MOYKHOCTH AJIEKTPOXUMUYIECKOU KOPPO3UU

merayuia: @2 <@”  (1.4) rme @7 - paBHOBECHBIH MOTEHIMAN aHOJHOPACTBOPSIOILETOCS
MeTaa;
¢@? - paBHOBECHBI IIOTEHLIMA]A OKUCIIMTENA, BOCCTAaHABIMBAIOIIEIOCS B KATOIHOM

nporiecce.
Pa3HOCTD MeX/y paBHOBECHBIMHU IOTCHIIMAJIAMH KAaTOIHOW M aHOJHOW PEaKIUH SIBISCTCS
Ha4YaJIbHOW JIBWXKYILEHW CUIOW KOPPO3UOHHOIO MPOoLecca:
E=¢"-¢” (1.5)
OK M

AHOJHAsI ¥ KaTOJHAs PEaKIUU MOTYT MPOTEKATh OJIHOBPEMEHHO I10 BCEH MOBEPXHOCTH
Koppoaupymomero Merauia. OHaKO BO MHOTHX CITy4asiX JIEKTPOTHBIC PEaKIUU YCTOHYHBO
JIOKAQJIM3YIOTCS Ha OINpPEICICHHBIX YYacTKaX IIOBEPXHOCTH, a HMMEHHO TaM, TIJIe OHH
HaMMEHEe 3aTpyAHEHBL. B 3TOM cilydae yd4acTKW MOBEPXHOCTH, Ha KOTOPBIX MPOTEKAIOT
anoanas (1.1) u karoxuas (1.2) peakinu, Ha3bIBAIOT COOTBETCTBEHHO aHOJIOM M KaTOJIOM.

CKopocTh Tporiecca MEKTPOXUMHUYECKONH KOPPO3HMH, KaK M BCEX MPOIECCOB B MPHUPO/IC,
MPSIMO TIPOTIOPIIMOHAIbHA JBIKYIICH CHJIe U OOpAaTHO MPOMOPIHUOHATIBHA COMPOTHUBIICHUIO
(3an};I[HeHHOCTI/I) nporiecca

or —¢”
k ~— 0K M ’ (16)
SR,
rae Ri - COIPOTHUBIICHHUC (3any,HHeHHOCTb) OT,I[eJ’ILHOfI COHpFDKeHHOﬁ cTaauu

KOpPPO3UOHHOTIO IIpoIieCCa.

HeoOxomuMo OTMETHTH, YTO B OOJBIIMHCTBE CIIy4aeB HEBO3MOXHO aHAIUTHYECKU
pemuTh 3aBUCUMOCTD (1.6), T.K. COIPOTUBIIEHHE KOPPO3ZUOHHOTO IPOILECCA B CBOKO OYEPEb
3aBHCHUT OT CKOPOCTH Koppo3uu, T.e. ZR;i = f(K).

[Ipouecc AMEKTPOXUMHUYECKONW KOPPO3HMHM, KaK YK€ YKa3bIBAIOCh, COCTOUT H3 JABYX
OCHOBHBIX COIPSKEHHBIX PEAKUUH - aHOJHOM M KAaTOAHOM, Ka)Kaash U3 KOTOPBIX SIBISETCS
COBOKYIHOCTBIO TIOCIIEOBATEIbHO-TIApAILIEIbHBIX cTaguil. KpoMe TOro, KOppO3MOHHBIN
IpoIiecC BKIIOYAET B ce0s1 psAJl CTaMi, UMEIOIUX YUCTO (PU3NUECKYIO IPUPOAY (JI0oCTaBKa U
OTBOJ] KOMIIOHEHTOB DPEAaKIIHil, EPEeHOC IMEKTPUUYECKUX 3apsioB BHYTPU OAHOU (a3l M
ap.). Bce conpsbkeHHble cTaguM KOPPO3MOHHOTO THpolecca MpHU CBOEH peanusanuu
UCHBITHIBAIOT T€ WM HHBIE 3aTPyJHEHHS M O0OIIee COMPOTHBICHHE BKIIOYAeT B ceOs
COIIPOTHBIIEHUSI OTHEJBHBIX cTaaui. Eciii 3aTpyAHEHHOCTb OJHOW W3 MHOTOYMCIEHHBIX
CTaJiuii KOPPO3MOHHOIO Tmpoliecca OyaeT 3HAYMTEIbHO NPEBOCXOIUTH 3aTPYAHEHHOCTH
OTIEJbHBIX CTAJNI, TO CKOPOCTh UMEHHO 3TOH, Hanbosee 3aTPYTHEHHON (IMMUTUPYIOIIEH )
cTajiuu OYAET ONpeaeNsaTh CKOPOCTh BCErO KOPPO3UOHHOTO MPOIIecca B IIEJIOM.

KonnyecTBeHHO OLEHUTH CTENEHb 3aTPYIHEHHOCTH KaKOH-THOO CTaJuu MOXKHO IO
BEJIIMYMHE €€ NepeHanpsbkeHus. llepeHanpskeHHMeM TOW WM MHOW CTaJIuM Ha3bIBAKOT
CMEILEHUE TOTEHIMAa 3JEKTPoJa OT PABHOBECHOTO 3HAYEHHUs NPU NPOTEKAaHUM TOKa,
BBI3BAHHOE 3aTPYAHEHHOCTHIO JAHHOM cTaauu nporecca. Takum oOpa3om, epeHanpsKeHue
XapaKTepU3yeT CTENEHb 3aTPYAHEHHOCTH TOM WJIM MHOW CTaJHuHU IIpoLecca.

B xucnpIx cpeax MHOTME TEXHUYECKHE METAIIIBI KOPPOAUPYIOT C BOCCTAHOBJIEHUEM HA
KaTo/ie MOHOB BOJIOpOAa. B 3TOM cilydae poiib OKUCIMTENS BBINOIHAIOT KaTHOHBI BOAOPO/A,
Y KaTOJHBIA MPOLECC 3aKII0YAaeTCd B BOCCTAHOBIICHHHM UX O HEUTPAIBHOI'O COCTOSHHS U
UJIET B HECKOJIBKO CTaJUM 10 CIEAYIOIIEH CXeMe:

. IMomsox woHoB Tuapokconus H™ -H>O K NOBepXHOCTH Katoja 3a cyeT auddy3uu u
MUTpaluy (HarpaBIeHHOTO JIBUKEHUSI HOHOB IOJT IEHCTBUEM DIIEKTPUUYECKOTO TOJIS).
. Paspsi noHa THIPOKCOHUS ¢ 0Opa30BaHUEM aJICOPOUPOBAHHOrO aTroMa Bogopoaa H -H>O

+e—> Hyoc+ H20 (1.7)
. PexomOunanus (Monu3aiius) BOJOPOJAHBIX aTOMOB C OJJHOBpEMEHHOM UX aecopormeit Huoc
+ Ha@c_) HZ (18)
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4. OTBOJA MOJIEKYJSIPHOTO BOJIOPOJa M3 MPUKATOTHON 30HBI 3a cueT nuddys3uu, oOpazoBanme
My3BIPbKOB Ta3000pa3HOr0 BOAOPO/A, UX OTPBIB OT MOBEPXHOCTH KaTOAA U BBIIEICHUE M3
pactBopa.

Kaxk cnenyer u3 ycnosus (1.4) npouecc KOppo3uud METaNIOB IIPU BOCCTAHOBJICHUU Ha
KaToJle MOHOB BOJIOPOJIa TEPMOTUHAMUYCCKH BO3MOXKEH B TOM CITydae, KOT/Ia paBHOBECHBIN
MOTEHIMAJl aHOJTHO PACTBOPSIOIIECTOCS METaJljla OTPHUIIATEIbHEE PABHOBECHOTO MOTEHIINANA
BOCCTaHOBJICHHSI MOHOB BOZIOPO/Ia B JJAHHOM CITydae

¢l <0, (1.9)

Peanmzanus TepMOIMHAMHYECKOW BO3MOXKHOCTH TIpoOIlecca KOPPO3WU MeTalia Tpu
BOCCTAQHOBJICHMHM HMOHOB BOJIOpOJia CBSI3aHA, B OCHOBHOM, C IPEOJOJICHHEM 3aTpyAHEHUH
KaTOJTHOTO TpOIecca, KOTOPBIC 3HAYUTEIIBHO IPEBOCXOMAAT IEpEHANPSHKEHUE aHOIHOTO
nporecca. Hanbomnee 3aTpyaHEHHOH cTaueil mporiecca BOCCTAaHOBIICHUSI HOHOB BOJIOPO/Ia, B
3aBHCUMOCTH OT MPHUPOIBl MaTepuaya, Ha TOBEPXHOCTH KOTOPOTO IPOUCXOAMT 3TOT
nporece, MokeT ObiTh peakiust (1.7) wam (1.8). CnemoBarenbHO, 3aTPYAHEHHOCTh 3THX
craguii U OyJmeT ompenesisiTh CKOPOCTh KOPPO3WH METallla NPU BOCCTAHOBJIICHUM HOHOB
BOJIOpPOJIA.

[lepeHanpskKeHUEM BOJIOPOJIa HA3bIBAIOT CMEIIECHHE IMOTCHIMAIA BOCCTAHOBJICHUS
MOHOB BOJIOPOJIa B OTPUIIATEIHHYIO CTOPOHY OT PaBHOBECHOTO 3HAYEHUS NPU NMPOTEKAHUU
TOKA, BBI3BAHHOE 3aTPYIHCHHOCTBHIO pa3psiia MOHOB THUAPOKCOHHS, WM PEKOMOHMHAIUH
BOJIOPOJIHBIX aTOMOB.

HeoOxomuMo  mom4yepkHyTh, YTO caM  MaTepuall  Karoja HE IPUHUMAET
HETOCPEJCTBEHHOTO0 YYacTHs B KAaTOJHOW pPEaKIWHd BOCCTAHOBJICHUS OKHCIHUTENS, HO
OKa3bIBaeT OOJBIIOE BIMSHUE Ha CKOPOCTh JTOrO IMpolecca. Pa3nuuyHas CTerneHb
3aTPyJHEHHOCTH MTPOTEKAHUS PEaKIIMH BOCCTAHOBJICHHSI HOHOB THIPOKCOHUS HA KaTOAax U3
pa3IMYHBIX MaTEepPHaJOB TPUBOJUT K BO3HHUKHOBEHHIO OTJIMYHBIX JPYyr OT Jpyra IIo
BEIIMYMHE TIEPCHAINPSDKCHUN BOJOPOJA HAa HUX M 3HAYUTEIHPHOMY W3MEHEHHIO CKOPOCTH
BCETr0 KOPPO3UOHHOTO TpoIiecca.

Bennunna mnepeHanpsbkeHuss Bojopoaa (M) CYIIECTBEHHO 3aBHCHUT HE TOJBKO OT
MaTepHalia Kato/ia, HO ¥ OT KaTOJIHOW TUIOTHOCTH TOKA COTJIACHO ypaBHeHuUto Tadens

n = a +b-1g i, (1.10) rme a -

MIOCTOSTHHAS, 3aBUCSIIAS OT MaTepraia KaTo/a, COCTOSIHHS €ro TTOBEPXHOCTH, COCTaBa

pacTBopa M TeMIepaTyphl;
b - mocrostHHas1, 3aBHCAIIAs OT TEMIIEPATYPbl U MPUPOIBI 3aTPYAHEHHOM CTaJUU KaTOIHOM
peaKiuu;
ik - IUNIOTHOCTH TOKA HA KATOJIE.

CkopocTh  KOpPpPO3HMOHHOTO  Ipollecca MOXKET OBITh BBIPRKEHA  PAa3IUYHBIMU
mokazatensiMi. B ciaydae paBHOMEpHOTO XapakTepa pa3pymIeHHS MEeTaJUTHYECKOU
MOBEPXHOCTH PAIMOHAIBHO BBIpaXaTh €€ Yepe3 MacCy MeTaula, PacTBOPSIOUIETOCS C
eIMHUIIB TIOBEPXHOCTH B €MHHUILY BPEMEHM (MacCOBBIH MOKa3aTelb KOPPO3MH, T/(M2-1)).
Jliss 3TOro HeoOXOIUMMO ONpeAeIuTh IOTEePI Macchl obOpasla 3a BpeMs KOppO3UH.
[TockonbKy XapakTep KOPpPO3WHM B O3TOM Cllydae pPaBHOMEpHBIH, TO, 3HAas IUIOMIANb
MOBEPXHOCTH 00pasiia, MOKHO PACCUUTATh CPEIHIOK TOJIIIHUHY MPOKOPPOAHPOBABIIETO
CJIOS MeTaJlIa 3a €AMHUITY BpeMeHH (TJIyOMHHBIN MOKa3aTeab KOPPO3UH, MM/TOJ).

Kpome maccoBoro mokasareiniss CKOPOCTH KOPPO3UH, HEPEIKO HCIOJIB3YIOT 00BEMHBIMH,
YTO BO3MOXKHO B CIy4asiX, KOTJla KOPPO3Hs METalsia COMPOBOXKIAETCS PACXOJOBAaHHEM WIIH
BBIIETICHUEM Ta3a. Tak MpH KOPPO3UM METAJUIOB C BOCCTAaHOBIEHHMEM HA KaTo/le HOHOB
BOJIOpOJIa Macca Tepelie/ero B pacTBOp MeTalla B CHIy COINPSDKEHHOCTH aHOMHOTO U
KaTOJTHOTO TIPOIECCOB OyAeT NpPOMOPIHOHATIbHA O0BEMY BBIIEIUBIIETOCS BOAOPOA
(06BEMHBIH OKa3aTeNh KOPPO3UH, CMY/(cm?-u).

[epen mpoBepeHneM paboTHI ceIyeT 3HATh CICIYIONIUe pa3aeibl Kypca:

1. MexaHu3M DIIEKTPOXUMUYECKON KOPPO3UU METAIIJIOB.
2. Koppo3ust MeTaioB Ipu BOCCTAHOBIICHUH Ha KaTo/ie KAaTHOHOB BOJIOPO/IA.

20



3. [lepenamnpspkeHne BOAOPOA U BIMSHUE €r0 Ha KOPPO3UOHHBIN IIpOIIECC.
1.3. IIpoBeneHue paboThI

Hacrosmas pabora umeer aBa BapuaHTa, OJUHAKOBBIX 110 METOAMKE, HO PA3IMYHBIX 10
o0BbeKTaM ucciepoBanus. Kaxaplil cTyIeHT MPOBOAUT 1O YKa3aHMIO MPEroaaBatelis padboTy
10 OJJTHOMY U3 BapUaHTOB.

Bapuant 1. UccrneayloT KOppO3HOHHOE IIOBEJIEHHE CIUIaBOB CHCTEMBI '“KeJe30-
yriiepoa", coaepKallux pa3jauyHOe KOJWYECTBO yrieponaa, B 10%-HOM BOJHOM pacTBOpe
CepHON KHUCIOTHL. B 3aBUCMMOCTH OT TepMOOOPAaOOTKM M COIEpIKAHUS YIIIEPO/Aa CIUIABBI
MOTYT UMETh Pa3u4YHYyI0 CTPYKTYypy. CTpPYKTypHBIE COCTaBISIOLIUE OO0JIAal0T pa3HOM
TEPMOAMHAMHYECKON yCTONYMBOCTHIO, UMEIOT OTIMYAIONIUECS TI0 BEIIMYMHE IICKTPOIHBIC
MOTEHIIMAJIBI ¥ PA3IMYHOE TIepeHanpsbKeHne BOJA0Poaa.

[To naHHOMY BapMaHTy UCCIEAYIOT CIEIYIOIINE METAILIbL:
1.Ceppriit uyryn (3,5% C) co cTpykTypoil deppur + nepaut + rpadur.
2. Yraepoaucras craib (0,3% C) co cTtpykTypoit pepput + mepiurt.
3. XKenezo (0,04% C) co ctpykTypoii GheppuT + HEOOIBIIOE KOTHMYECTBO MEPIIUTA.

Bapuanr 2. MccnenytoT KOppo3MOHHOE MTOBEAECHNE CIUIABOB LIUHKA, COJAEPKAIINX
pasnuyHble puMecH, B 2%-HOM BOJAHOM PacTBOPE CEPHOM KUCIOTHL. B nBYyX U3
HCIBITHIBAEMBIX CILIABOB KOJIMYECTBO MIPUMECEH OJIMHAKOBO, HO KAYECTBEHHO OHU
paznuusbl. [IpumecHbIe 2IeMEHTHI UMEIOT Pa3InYHbIE AJIEKTPOIHbIC TOTECHIINAIBI U
IepeHaIpsKEHNE BOAOPOIa.

[lo naHHOMY BapHaHTy UCCIEIYIOT CIEAYIOIINE METAIIIbL:
1. Ilunak Texanyeckuit (comepkanne npumeceit 10 0,1%: Fe, Sn, Pb u ap.).
2. CrutaB muHKa ¢ xenesom (0,5% Fe).
3. CrunaB ruHKa co ceunioM (0,5% Pb).

PaGoTy HauMHAIOT ¢ MOATOTOBKM 00pa30B K UCHBITAHUAM. J[JI 3TOro MX 3a4MILIAIOT CO
Bcex CTOpoH (B TOM uucie OOKOBBIE NMOBEPXHOCTH) HAXKIAYHOW Oymaroil 10 MOSIBJICHUS
MeTamuieckoro Onecka. Ha 3auninaeMoil moBepXHOCTH AOMYCTUMBI TTTyOOKHE PAaKOBUHBI U
uapanusbl. [locie 3TOro IMITaHrEeHIUPKYJIEM ONPENENSIIOT BCE pa3Mepbl 00pas3loB (C
TOYHOCTBIO 710 + 0,1 MM), HEOOXOAUMBIE AJIA MOCIEAYIOIIUX PACYETOB MOJTHOU (C yueToM
OOKOBBIX TTOBEPXHOCTEH) TUIOMAAN WX TMOBepXHOCTU. llpum 3TOM Hammume Ha oOpasmax
OTBEPCTHS ISl UX MOABEIIMBAHUS HE YUUTHIBAIOT. 3aTeM 00pa3iibl 00€3:KUPUBAIOT BaTHHIM
TaMIIOHOM, XOPOIIO CMOYEHHBIM B alleTOHE, M BBICYIIUBAIOT Ha Bo3ayxe. OOe3KupeHHbIe
o0pa3ipl B3BEUIMBAIOT HA AHAIMTHYECKUX IMOTYaBTOMATUYECKUX BECaxX C TOYHOCTHIO
+0,0002 1. IIpaBuna paboThl Ha aHAIMTUYECKUX BECaX MPUBEJICHBI B IPUIIOKEHUH 1.

O0BvemM BOAOPOAA, BBIACIMBLIETOCS B MPOILECCE KOPPO3UH, OMPEAETSIOT C MOMOILBIO
Koppo3umeTrpa (puc.l), KOTOpBI MpeacTaBisieT co00W TpagyupOBAHHYIO OIOPETKY,
MMEIOIYI0 KpaH B BEpXHEH YacTU M KOJOKOJI00Opa3HOE pacUIMpeHHe B HIDKHEW 4YacTH.
[Tocne 3amonHeHHs KOpPpO3UMETpa pPacTBOPOM KHCIOTHI 00pasell MeTaula HauuHaeT
KOppEeIUpoBaTh C BhIIENTEHUEM Ta3000pa3Horo Bogopoaa. [logHumMarommecs: my3bIpbKH ra3a
CKalUTMBAIOTCS. B BEPXHEW YacTH KOPPO3MMETpa M BBITECHSIOT W3 HEro Kucioty. Ilo
W3MEHEHUIO TOJIOKEHHUSI MEHHCKA KUJAKOCTH MOKHO OIpeNeiInTh 00beM Mapora3oBoi
CMECH, HaXOJISIeHCs B KOPPO3UMETPE.

[ToaroTroBieHHBIE U B3BEIIEHHBIE OOpa3Ibl MOJBEIIMBAIOT HA CTEKJISTHHBIX KPIOYKaX B
pacIMpeHHoN YacTu Koppo3umerpa (cM. puc.l). Ocnabmisst 3axumM MyQThI, yaIepKUBAIOIICH
JanKy C KOPPO3UMETPOM Ha INTaTUBE (HE PEKOMEHIYeTCS OCHabisATh 3aKUM JIAIKH,
KpETISIIIed KOpPO3UMETP), OMTyCKAIOT €0 PACITUPEHHOMN YacThIO B CTAKaH TakK, YTOOBI MEXIY
HIOKHUM KpaeM U JIHOM CTaKaHa OCTaBajcs 3a30p 2-5 MM, U (UKCHUPYIOT KOPPO3UMETP B
ATOM TIOJIOKEHUH.

[IpoBepuB TMONIOKEHHE KpPaHOB B BEPXHEH YaCTH KOPPOSUMETPOB (IOJDKHBI OBITH
3aKpBITHI), OTMEPSIIOT MEH3YpKOH 1o 500 cM COOTBETCTBYIOIINUNA PACTBOP CEPHOM KUCIOTHI U
3aJTUBAIOT B KXKIBINA CTaKaH.

Jlis 3amojiHEHUs KOPPO3UMETPOB PAaCTBOPOM KHUCIOTHI HEOOXOIUMO BOCIIOJIb30BATHCS
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BOJIOCTPYHHBIM HacocoM. BomocTpyiHBI HacOC HYXHO TOJTOTOBHUTH K paboTe, IJIs 4ero,
MEJIEHHO OTKPBIBasi BEHTHIIb BOAOIPOBOAHON CETH, PETYIUPYIOT HAMIOP BOJBI TaK, YTOOBI B
chepudeckoil yacTu HaOIIOMAOCh "KUIIEHHE" TPH 3allOTHEHUH BOAOW NMpUMEpHO Ha 2/3
obwema. [lamee, 3akpbiBas W OTKPBIBAs MAajbIleM OTBEPCTHE CTEKISIHHOTO HAKOHEYHUKA
JIUHUY BCAchIBaHUS Hacoca, yOexk1alTcs B ero paboToCcnocoOHOCTH.

[TonroToBUB BOJOCTPYHHBI Hacoc K paboTe, MPHUCTYNAIOT K 3aNOJIHEHHUIO
KOPPO3UMETPOB KHUCIOTOU. [lnst 3TOro HeoOXOIMMO OTKpBITH KpaH B BEpXHEH dacTu
KOPPO3UMETpa ¥ MOJICOCIMHUTE €r0 C TIOMOIIBIO PE3NHOBOTO IIIJIAHTA K JIMHUH BCACHIBAHUS
Hacoca (cMm. puc. 1). Tlocime TOro kKak KOPPO3UMETP MOJHOCTHIO 3AIOJHHUTCS KHUCIOTON
(HmKe KpaHa HE JOJDKHO OCTaThCsl My3bIphbKa BO3JyXa), KpaH IUIOTHO 3aKPBIBAIOT U
HEMEJIEHHO OTCOEIUHSIOT Hacoc. JlomyckaeTcsl MpeBbIIeHNEe YPOBHS KUCIOThI HaJl KPaHOM
He 6onee 0,5-1 cM. Koppo3uMeTpsl 3amoyHsI0T TOCIE0BATENBHO, MTOCTE YET0 MPOBEPSIOT
IUIOTHOCTh 3aKphITHSI KpaHa, TaK KakK IOACOC BO3JyXa 4epe3 HEro MOKET MCKa3uTh
PE3yJIbTAThI OTIBITA.

Havanom ombiTa cieayeT cuyuTaTb MOMEHT 3allOJIHEHHS IOCIEAHET0 KOppO3UMeETpa
kuciotoi. O0beM BBLICTSIONIETOCs Bogopoaa ¢pukcupyrot uepe3 5, 10, 15, 20, 30 u 45 mun
OT HayaJa OIbITa U 3HAYCHHsI €T0 3aHOCAT B JIaDOpaTOpHbBIN XypHan (Tabm. 1.1).

[Tocrie OKOHYaHMS OIBITA OTKPHIBAIOT KPaHBI KOPPO3UMETPOB U CITYCKAIOT KHCIOTY B
CTaKaHbl, 3aT€M MPOMBIBAIOT BOJIOM BMECTE€ C HAXOASIMIMMUCA B HUX OOpa3laMu B
CHEAYIOUIEN MOCIE0BATEIIBHOCTH:

1) oTBepHYB BHHT MYy(Thl Ha HITATUBE, IMOAHUMAIOT KOPPO3UMETPHI C 00pa3liaMu BBIIIC
Kpasi CTAKQHOB C KHCIIOTOH ¥ (PUKCUPYIOT UX B TOM IOJIOKCHHUU;

2) 3aMEHMB OJIMH CTaKaH ¢ KUCIOTOM IO KOPPO3UMETPOM Ha MYCTYI0 MEH3YPKY, CIHBAIOT
W3 CTaKaHa KHCIIOTY Yepe3 BOPOHKY B OYTHLIb;

3) CroJIOCHYB CTakKaH MO/ BOJOH, 3aMOMHSIOT ero Ha 3/4 BOIO# M CTaBAT MO KOPPO3IUMETP
BMECTO MEH3YPKH;

4) TMOBTOPSIOT OMEPAIUH [0 YKA3aHHOMY B ILIL. 2 U 3 CO BTOPBIM U TPETHUM
KOPPO3UMETPAMH;

5) MOFOT 10T BOJIOW BOPOHKY M MEH3YPKY;

6) roToBAT K paboTe BOIOCTPYHHBIN HACOC;

7) MOACOEAUHSIOT KOPPO3UMETP C TIOMOIIIBIO PE3UHOBOTO IIJIAHTa K BOJOCTPYHHOMY HAcoOCy
(Ipu OTKPBITOM KpaHe CBEPXY);

8) MOAHUMAIOT CTaKaH C BOJIOMW MO KOPPO3MMETPOM BBEPX TakK, YTOOBI B BOAY MOTPY3HIaCh
KOJIOKOJI000pa3Has 4acTb, U 3aIlOJIHAIOT €ro MOJHOCThIO BOJIOM;

9) kaKk TOJIBKO BOJa TOCTHTHET KpaHa B BEPXHEH 4aCTH KOPPO3UMETPA, OMYCKAIOT CTAKaH C
BOJION BHU3, JIaB BOJIE U3 KOPPO3UMETPaA CT€Yh OOpaTHO B CTAKaH;

10) erre Ba pasa ¢ TEM K€ KOPPO3UMETPOM MOBTOPSIOT OMEPAIIMK KaK yKa3aHo B IL.I. 8 U 9;
11) npoMBIB TaKKM K€ 00pa30M OCTaIbHBIC IBa KOPPO3UMETPa ¢ 00pa3iiaMu, CIIMBAIOT BOAY
13 CTAaKaHOB B PAKOBHMHY M BBIKIIOYAIOT BOJIOCTPYHHBIN HAacoOC.

[Tociie MPOMBIBKH BCEX KOPPO3UMETPOB M3BJICKAIOT M3 HUX OOpA3Ibl U yIAISIOT MPOTYKTHI
Koppo3uu. Jljis 3TOro ux MOIOT BOJOW TOJ KpaHOM, MPOTHUPAIOT XOPOIIO HaMBLUIEHHBIM
EpITUKOM H BHOBb TIIATCIIFHO IPOMBIBAIOT BOJOH. YmWCThIe 00pasmbl TIIATEIHHO
BBICYIIMBAIOT (DUIBTpOBaNbHONW OyMmaroid, ymansis BIAary TakKe U3 OTBEPCTHH IS
moJIBeMBaHus 00pa3oB. [locie BBIACPKKH Ha BO3AyXe B TeueHHE 3-5 MHH 00pasiibl
B3BEIIMBAIOT HA TEX K€ aHAJIUTHUYECKUX Becax, 4TO U paHblle. PekoMeHayeTcss HauMHATh
B3BEIIIMBAHKE C 00PA3II0B, UMEIONUX OO0JIee IIaJKYI0 TTOBEPXHOCTb.

1 - Gropetka; 2 - cTakaH; 3 - pacTBOp KHUCIOTHI; 4 - KpaH; 5 - pe3uHOBas
TpyOKa K Hacocy, 6 - BOJOCTpYWHBIH Hacoc; 7 - BOJa W3 BOJO-
MPOBOJIHOM ceTHu; § - BoJa B KaHaiu3auuwoo; 9 - kprodok; 10 - crTek-
JsSTHHAS TTofiBecka; 11 - oOpazery

Pe3ynbrarhl B3BemMBaHUS 3aHOCAT B Ta0u. 1.1 U mpeacTaBisoT ee
Ha BU3Y IIPETI0/IaBaTEIt0, BEAYIIEMY 3aHSITHE.
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ITocne oxoHwaHusi paboThl HEOOXOJAMMO MPOBEPUTH, YTOOBI OYTHUIb C KHUCIOTOH H
CKJIISIHKa C alleTOHOM OBUIM 3aKpBITHl MPOOKaMH, M TPUBECTH CBOE pabouee MecTo B
nopsiiok. OOpa3ibl OCTABISIFOT Ha paboueM MeCTe, a MCIOJIb30BaHHYI (HIBTPOBAIBHYIO
Oymary BbIOpacChIBAIOT.

Puc. 1. Cxema yCTaHOBKHM I W3Yy4YCHHsS] KUHETUKH DJICKTPOXUMHYECKOH KOPPO3HH
METAUIOB 00BEMHBIM METOL0M
1.4. O6paboTKa OMBITHBIX JTaHHBIX

Pe3ynbTaThl ONBITOB M MPOW3BECHHBIX HA UX OCHOBE BBIYHMCIICHU 3aHOCAT B Ta0m. 1.1.

PaccunThiBaloT 00beM BOJOPOJA, BBIICIUBIIETOCS C CIUHHIIBI MIOBEPXHOCTH Ka)IOTO
oOpasia U CpeHIOI CKOPOCTh KOPPO3HH JJI KAXKJIOTO METaJlla 32 MaKCHMalIbHOE BpeMs
UCTIBITAHUN TIO KOJMYECTBY BBIJCIUBIICTOCS BOJIOPOJa (0OBbEMHBIN MOKa3aTelb KOPPO3HH)
o gopmyie
K - V-273:(P-Py,)

©~  S..T-760
rae V - 00beM BOI0PO/ia, BBIACIUBIIETOCS 32 BpEMsI UCTIBITAHUM, oM
P - atmocdepHoe naBicHHE TP MPOBEICHUN UCTIBITAHUH, MM PT. CT.

(1.11)

PHZO - JAaBJICHUC HACBIIICHHOI'O BOJSHOIO IMapa MpH TEMIICpAaTypC UCIBITAHUU, MM PT. CT.

(cM. mpuokenue 2);
S - momaas MOBEPXHOCTH 00pasia, cM
7 - BpEMs HCIbITAaHUU, Y;
T - remniepaTtypa ucneitanui, K.
PaccunThIBarOT I KaK10r0 METajljla MacCOBBIM MOKa3aTelb KOPPO3UHU IO CIETYIOLIEN
dbopmyie
m,—m
K. = kS—’E (1.12)
rae My - HayanbHas Macca o0pasia, T;
My - KOHEYHas Macca o0pasia, T;
S - mTOMIAIb TOBEPXHOCTH 00pasna, M2,
T - BpeMs1 UCIIBITAaHUH, Y.
3aTeM MPOBEPSIOT YKBUBAICHTHOCTh 3HAUCHUH Ko U Kyac, 11 Yero ompenensior
MaccoBbIif MoKaszaTedb Kopposuu K yac u3 Kos 10 hopmyrne

2 - A -10000
22429 -n

e Ko - 00beMHBIi TTIOKa3aTenb KOPPO3NH, CM°/CM?;
A - aToMHas Macca MeTajlia, T
22429 - o6vem 1 Mmons BOIOpOAa, CM
N - BAJICHTHOCTh PACTBOPSFOIIECTOCS METaIIa
U CPaBHHUBAIOT €0 C MAaCcCOBBIM TOKa3aTelieM KOPPO3HMU, PACCUMTAHHBIM MO W3MEHEHUIO
Maccel obpasima mo ¢opmyie (1.12). I'myOMHHBIN TOKa3aTelb KOPPO3WU HAXOMIAT IO
bopmyie
n=k 3% (1.14)
mac p .1000

r71e Kiuae - MACCOBBIH MOKA3aTeNb KOPPO3HH, T/(M>-4),
p - TUIOTHOCTH MeTaJlIa: uyryHa - 7,2 T/cM; cTanu | xenesa - 7,8 r/cM; IMHKA 1 ero
cruaBoB - 7,1 r/em’.
Kpome TOro, KOpPpO3MOHHYIO CTOHKOCTh HCCIEIYeMBIX METAJIOB OIEHUBAIOT TIO
JeCATHOAUTLHOM IIKaJle KOPPO3UOHHOM CTOWKOCTH (CM. TIpHIIOKeHHE 3).

Pe3ynbratel paGoThl MpeACTaBIAIOT B BUIE 3amoiHEHHOW Tabm. 1.1, a Takxke B Buie
rpaduka JTUHAMUKA KOPPO3WU HCCIEAYEMBIX METAJIOB, OTKJIAJbIBas 1O OCH OpPJIUHAT
yIeNbHEI 06BeM BBIIEIMBIIErocs Bogopoaa (cM>/cM?), a mo ocu abemuce - BpeMs

2.

K . =K (1.13)

3.
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Koppo3uu B MuHyTax. [Ipu mocTpoeHun ykazaHHOI 3aBUCHUMOCTH BCE TPU TUHAMHUYECKHE
KpPHUBBIE HAHOCST Ha OJMH TpaduK B OAHOM MacIiTade.

1.5. Bonpocsl /Ui caMOKOHTPOJIS

1. Hanumnre ypaBHEHUS aHOJHON U KaTOJIHOM peaklui, NpOTEKAIOUIMX IPU KOPPO3UHU
CILIaBOB KeJie3a U IIMHKa B pa30aBIeHHON CEPHOM KUCIIOTE.

2. Paccunraiite Benmmuuny 2O./[.C. mporecca KOppo3uu xele3a B pa30aBICHHON CepHO
KHCIIOTE.

3. C xakuM KOHTPOJIEM IPOTEKAET KOPPO3Usl CILIABOB XKeJie3a M IMHKA B pa30aBIeHHOMN
CepHOM KucioTe?

4. Yo Ha3bIBACTCS MEPEHANPSHKEHUEM BOJIOPOJIA, U OT KaKuX (DAaKTOPOB OHO 3aBUCHUT?

5. [Touemy 37€KTPONOIIOKUTEIbHBIE TPUMECH B CIUIABAX MOTYT CYIIECTBEHHBIM 00pa3oM
BJIMSITH HA CKOPOCTHh KOPPO3HMH MIPU KaTOJHOM BOCCTAHOBJIEHUH HOHOB BOJIOpOJ1a?
bubnnorpaduueckuii coucok

1. ITaxomon B.C. Koppo3us u 3amuTa XUMHUECKON armapaTypsl. DIEKTPOXUMHUECKAs
KOppo3us MeTauioB: YueOHoe nocodue. M.:MUXM, 1983.-76 c.

2. Kyk H.II. Kypc teopum xoppos3uu u 3amurthl MetamwioB. M.: Meramryprus, 1980. -
C.149-188, 341-369.

JlaGopaTopHasn paﬁoTaVZ 5
KOPPO3UA METAJIJIOB C KUCJIOPOJAHOU AEIIOJISIPU3ALIMEN

2.1. Ilens paboTEL

W3yuenune BIMSHUS JOCTya KHUCIOpPOJAa K aHOJAY M KaToly Ha CWIy TOKAa MOJEIH
KOPPO3WOHHOTO JJIEMEHTa, pPa0OTaIoMmEro C KHUCIOPOJHOW JETOSpH3aINed, a TaKKe
Ka4eCTBEHHOE OIPEJICIICHNUE MPOIYKTOB KAaTOJHOW M aHOJHOW pPeaKIMidi PU KOPPO3UH IKe-
Jie3a B HEUTPaIbHOM PacTBOPE.
2.2. Teopus Bompoca

DIEKTPOXUMHYECKHE KOPPO3UOHHBIE MPOIECCHI, Y KOTOPBIX KAaTOAHAS JCTIOISPHU3AIIHs
OCYIIIECTBISIETCSI PACTBOPEHHBIM B JJIEKTPOJIUTE KHUCIOPOJOM, HA3BIBAIOT MPOIECCAaMH C
KHCIIOPOJHOM  Jlenofiipu3aeii. IJTO caMblii  paclpOCTpAaHEHHBIM BHUJ  KOPPO3WH,
prUMepaMu KOTOPOU SBIISIIOTCA pa3pyIIeHHE Keje3a BO BIaXHON aTMocdepe, HeUTpanbHbBIX
Y IIEJIOYHBIX PAaCcTBOPAX; KOPPO3HUs HEPIKABCIOIIUX CTAJICH, MU B HEUTPAIBHBIX M KUCIIBIX
cpenax.

TepMonnHaMuyeckasi BOSMOKHOCTh AJIEKTPOXUMHUYECKOW KOPPO3MHM B JTAHHOW cpeje

OMpCaACIEICTCA PABHOBCCHBIMH IIOTCHOHAJIAMKU IIPOLHECCa HOHM3AIMKU MCETallia (Pﬁe u

BOCCTAHOBJICHUS OKHCIUTEIS (P IZK

4 P
(PMe $ oK (21)
CaMOHpOI/IBBOHBHOC MNPOTCKAHUC KOPPO3UH METAJIJIOB C KPICJ'IOpO,Z[HOﬁ ﬂCHOHHpHBaHHCﬁ
BO3MOJXKHO IIpU YCIIOBUH

4 p
(pMe <(p K (22)
rac (Pi - paBHOBCCHBIﬁ MOTCHIHUAJI KUCIIOPOJHOIO JJICKTPOaa B I[aHHOﬁ cpeac.
KOppOSHOHHBIﬁ mnmponecc Ipu KI/ICJIOpO,Z[HOI‘;I ACTIOJIIpU3aliu  BKJIIKOYAaCT B cebst

CIIENYIOINE PEAKIINH:
1) aHOTHBIN TIpolIecc (OKUCICHUE METalia)

Me + mH20—Me" - mH>0 + ne (2.3)
2) KaTOJHBIN Mporiecc (BOCCTAHOBJICHHWE KHCIIOPO/a) B HEHTPAJIbHBIX U IIEIOYHBIX Cpeaax
nporekaet o peakuuu 02 + 2H0 + 4e— 40H (2.4)

B KHCJIBIX CpCaax
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02+ 4H> + 4e — 2H0 (2.5)

O6a mporecca (MOHM3AIMS MeETala W BOCCTAHOBJIEHHWE KHCIOPOAA) TPOTEKAIOT
OJIHOBPEMEHHO U COMNPSHKEHO (CBA3aHHO), HO MOAYUHSIIOTCA KaXKIbli CBOMCTBEHHBIM €MY
3aKOHOMEPHOCTSIM.

CKOpPOCTb AJIEKTPOXUMUYECKOH KOPPO3UH B OOJIBIIMHCTBE CIIy4aeB ONPEACIISCTC:

1) TOpMOXKEHUEM 3JCKTPOXUMHUCCKHX CTAMH SJIEKTPOIHBIX peakiuil (T.e. Mepexoaom
3apsia gyepe3 IpaHuILy METaJUT-3JIEKTPOJINT), KOTOpOe XapaKTepu3yeTcs
IEKTPOXUMUYECCKHM TIepeHAnpsHKeHUEM (MOHU3AIUN MeTalljia, KUCIOpoaa | Jp.);

2) TPaHCHOPTHBIMH 3aTPYIHCHHUSMU, CBSI3aHHBIMH C OTPAaHUYCHUEM OJIBOJA OKHCIUTEIIS
(kucmoposa) K METAUTy WJIM OTBOJIOM IPOJYKTOB PEAKIMH (aHOIHOW WM KaTOJHOW) U
XapaKTepU3yeMbIMH OOBIYHO TIEpeHaNpsHKeHuEM UG y3HuH.

[TepenanpsikeHre NOHU3AIMUH KUCIOPO/Ia 3aBIUCHT OT CBOMCTB U CTPYKTYPBI METaJlIa, HA
MOBEPXHOCTH KOTOPOTO BOCCTaHABJIMBACTCS KUCIOPOI, TeMIepaTypbl, pH pactBopa u 1p.

[Tepenanpsikenne muddy3nn KHCIOPOAa 3aBUCHT OT KOHIIGHTPAIMHM KHUCIOpOAa B
pacTBope u YCIOBHH TU(PPY3UH €ro K METaLTy.

B OonpmmHCTBE TPAKTHYECKHX CIydaeB KOPPO3UM MeETalla C  KHCIOPOJHOM
Jeroyisspu3aleld TpU  OTCYTCTBUM IIaCCHUBAIlMM CKOPOCTh TIpoIlecca ONpeaesseTcs
CKOpPOCTBIO KaTOJHOM peakiuu (T.e. BOCCTAHOBIIEHHMEM KHCJIOPOAa), a JJs TOCIeaHEeH
HauOoJiee 3aTpyIHECHHBIMH (JIMMUTHUPYIOIIMMHU) CTAaIUSIMH SIBJISIFOTCS: B HETOJBHIKHBIX
pactBopax - AudQy3us KUCIOpoaa, a MPH OOJBIIAX CKOPOCTSAX IBHKCHHS DICKTPOIUTA -
nepexoj 3apsnaa (MepeHanpsHKCHHE HWOHU3AlUMU  KUCIIOpoJa). DTO BBI3BAHO Mol
pPacTBOPUMOCTBIO M MEIUICHHOW JudQy3ueii Kucaopoga B IJIEKTPOJIMTAX, a Takke
JOTIOJTHUTEIbHBIME  3aTpyTHCHUSAMU TUGPY3UH KUCIOpoJa B ciydyae oOpa3oBaHHs Ha
IMOBCPXHOCTU METAJlJIA IIJICHOK TPYAHOPACTBOPUMBIX IIPOAYKTOB KOPPO3HHU.

CKOpOCTh KOPpPO3UHM C KHUCIOPOTHOW JEToysipu3alueld MpHu 3aMeUIeHHOW Tuddy3un
KHCIIOPO/Ia ONPEAENASTCA YpaBHEHHEM

C’'+C

l,., =N-F Dy, S, -—026—92 , (2.6)

ough

rae Iau(j) - CKOPOCTb BOCCTAHOBJICHHA KHCJIOPOJa, BEIPAKCHHAA B TOKOBBIX CIMHHULAX
Doz' kodpurnmeHt nuddy3nun Kucaoposa;

d - TommuHa U y3HOHHOTO CIIOS;
0 .
C 0, KOHIICHTpAIMs KHCJIOpoJa B pacTBOPE;

C,, - KOHIEHTpAIs KUCIOPO/Ia Y HOBEPXHOCTH MeTallIa (Karozia);
2

N - YKACTI0 PJIEKTPOHOB, YYACTBYIOIIUX B PEAKIIMUA BOCCTAHOBJICHUS KUCIOPO/A;
F - uucno ®dapanes;

Sk - IuIoImaab KaTtoaa.
C ysemuuenneM loup 3Hauenme C ymempmaercs um mpu C <<C° pgocTuraercs
02 02 02

npeeiabHasi CKOPOCTh BOCCTAHOBIICHHS KUCIOPOa (M COOTBETCTBEHHO KOPPO3UOHHOTO
rporiecca)

0
Co,

o

[ToBNMHSTE HA CKOPOCTH AIEKTPOXUMHUIECKOTO TPOIecca Jerde BCero myTeM W3MEHCHUS
YCIIOBUH, ONPEAETSAIONUX CKOPOCTh 3aMeJJICHHOM cTajauu. B yacTHOCTH, TIpH 3aMeJIEHHOM
TG Gy3UU KUCIOpOoJa CKOPOCTh IMPOIEcCa MOXHO TMOBBICUTH 3a CYET YMEHBIIICHHUS
TONMIUHBI TUPGY3UOHHOTO cI0s (ITyTeM MepPEeMENIMBAHUs PAcTBOPA), 32 CUET YBEITUUCHUS
KOHIIEHTPAIU PACTBOPEHHOTO KUCIIOPOJa, B MOJICIH TaJIbBaHUYECKOTO 3JIEMEHTA 3a CYET
BO3pacTaHUsI IJIOMIAH MOBEPXHOCTH Karoa (yBenuuenue Gpponta audy3uu KUCIOpoaa).
2.3. IIpoBenenne paboTsl

[Ipu KOHTaKTe ABYX METAJUIOB C Pa3HBIMHU SJEKTPOIHBIMU MOTEHIMATAMU 00pa3zyeTcs

| 2.7)

npeo

:n.F.DOZ,Sk .
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rajJbBaHUUYECKUI 3JIEMEHT, B KOTOPOM aHOJHBIA MHpPOIECC MOHM3ALMU MeTauia OOBIYHO
IMPOTCKACT C Ooiee OTpULATCIIbHBIM IMOTCHIIMAIOM, a KaTOI[Hblﬁ nmponecc BOCCTAHOBJICHUS
OKHCIUTENS ¢ 00Jiee MON0KUTEIbHBIM TOTEHIIMAIOM. BHeIIHNI n3MepseMblii TOK 3JIeMEeHTa
Oy/IeT COOTBETCTBOBATh CKOPOCTSAM 3JIEKTPOJIHBIX IMPOIECCOB, MPOTEKAIOIINX Ha 3JIEKTPO-
Jlax TaKoro 3JeMeHTa (6e3 yuera CKOPOCTH ITPOLECCOB CAMOPACTBOPEHHUS HIIEKTPOIOB).

B pabote uccneayror rampBanuueckuii 3aement Zn/NaCl + H>O + O./Cu, mns gero
UCHOJb3YIOT MEJHbIE M LHMHKOBBIE 3JIEKTPOJAbI pa3HbIX pa3mMepoB. Popma 3IEKTPOJOB
TakoBa, 4YTO € HU3MCHCHHCM BCIIMYMHBI HX ITOBCPXHOCTH YCJIOBHUA AOOCTYIIAa KHUCIIOpOJa
BO3/yXa IpU MOrPyKEHUH 00pa310B B JIEKTPOJIUT HE MEHSITUCH.

DNeKTpoasl € OJHOM CTOPOHBI OYHMINAIOT HaXAa4HOH Oymaroi (nmpyras cTopoHa
M30JIMPOBaHA 3MAalb0), U3MEPSIOT IJIOLIAb UX MOBEPXHOCTU U 00€3KUPUBAIOT alleTOHOM
3QUUIICHHYIO CTOPOHY.

["anpBaHMYECKYIO LIENb COOMPAIOT COIIACHO CXEME, IPECTAaBIEHHOM Ha puc 2.

[TockonbKy paBHOBECHBIN MoTeHIMaN nuaka P4 =-0,76 B, a memn @&, = +0,32 B, T0 B

rajJbBaHUUYECKON Iape OHU OyIyT BBITOJHATH COOTBETCTBEHHO POJIb aHOJA U KaTO/a.

OOpa3s1pbl )KECTKO YKPEIUIAIOT B KJI€MMaX TEKCTOJIMTOBOM IJIACTUHKU M IOIPYKalOT B
CTEKJSIHHYI0 BaHHOUKY ¢ 3%-ubiM pactBopoM NaCl. YpoBenp pacTBopa IODKEH OBITH
IpUOIN3UTENBHO Ha 1 CM BbIIIE Kpasi IIUPOKOI YacTH 3JIEKTPOIOB.
a) BiusiHne nuomaa M NoOBEPXHOCTH AHOAA M KaTOoAa HA CHJIY TOKA rajJibBAHHYEeCKOro
3J1eMeHTa

BHavane B KiIeMMax YKpEIUISIOT CaMble MaJICHBKME W3 WMEIOIIMXCS ITMHKOBBIX U
MEJIHBIX 3JIEKTPOJIOB. 3HAUE€HUE CHJIbI TOKA 3JIEMEHTA 3alUChIBAOT B Ta01. 2.1 Moka TOK He
YCTaHOBHTCSl TOCTOSHHBIM. 3aMepbl BEAyT dYepe3 KakIple 2 MHUH J0 TOJNy4eHHs Tpex
OJIMHAKOBBIX 3HAUYEHU.

3arem, OCTaBJIsIsl OMH U3 DJIEKTPOJIOB MOCTOSHHBIM (Hampumep,

! Karon) Apyroil (aHon) 3aMEHSIOT Ha 3JIEKTPOJ CPEIHEro pasMmepa u
3HAYCHHWE CHJIBI TOKa OJJIEMEHTa 3alHCHIBAIOT AHAJIOTMYHO 0
YCTAQHOBJICHHSI TOCTOSIHHOTO 3HAYEHHUS.

1 - mMumamnepmerp; 2 - KI€MMbl; 3 - IUIACTHHA; 4 -pacTBOP

== NaCl; 5 - BaHHa CTeKJIsAHHAsA; 6 - MEIHBINA SJIEKTPO; 7 - MOPHCTAs
. ‘ﬁﬁ( MIepPeropoJika; 8 - MUHKOBBIN YJICKTPOJT
)% /‘, Puc.2. CxemMa ycTaHOBKM UIsl U3YYEHHUS KMHETUKH KOPPO3UOHHOTO
,'\g .. Tporecca ¢ KHUCIOPOAHOU Jenosipu3anuen
i ITocne 3TOro mpu TOM K€ KaToA€ 3aMEHSIOT 3JIEKTPOJ CPEIHErO

-~ pa3Mmepa (aHOM) Ha TaKOH e IJIEKTpoJ OOJIBIIOro pazMepa U OIATh
BEJYT 3aIlUCh TOKA JI0 YCTAHOBJIEHUS IOCTOSIHHOTO 3HAYEHUSI.

ITosy4nB 3aBUCHMOCTH BJIMSHHA IUIONIA/IA TIOBEPXHOCTH aHOJIa HA CUJIY TOKA DJIEMEHTa
IpU TOCTOSHHOM KaToJe, MPHUCTYHAalT K HM3YyYEHHUIO BIMSHMS MJIOLIAJAM TOBEPXHOCTH
KaTo/1a Ha CHJIy TOKAa IPU NOCTOSIHHOM aHOJIE.

0) Biiusinue nepeMelIMBaHMS JJIEKTPOJIMTA HA CHJIY TOKA 3JIEMEHTA

N3mepenust MOXKHO IPOBOAUTH C 3JIEKTPOAAMHU JIOOBIX pa3MepoB, HO y0OHEe B3ATh TY
napy, ¢ KOTOpoil MPOBOJWIIM MOCIEIHUI ONBIT IPU ONPEIEIIEHUN 3aBUCUMOCTH CHJIBI TOKA
OT IUJIOUIa/IM TOBEPXHOCTH JIEKTPOJIOB.

B nmpuaHogHyr0 30HY CIEAYeT OCTOPOKHO OIYCTUTh CTEKJISIHHYIO NaJI04YKy U
nepeMenaTh 3JIEKTPOIUT BOIU3M MOBEPXHOCTH aHOJA. 3HAYEHMS BEIMYMHBI CHIIBI TOKA JI0
nepeMennBanmsl (yCTaHOBHMBILASCS) U B MOMEHT NEpeMEIIMBaHMUs B aHOAHOM 30HE (TpHu
MaKCUMaJIbHOM OTKJIOHEHHH CTpEJNKH IMpuOopa) 3amuchiBaloT B Tabn. 2.2. [locme sToro
OCTOPO’KHO TIEPEHECTH CTEKJISHHYIO MaJOYKy B IPUKAaTOAHYIO 30HY M IepeMellaTh
ANEKTPOJIUT BOJIM3H KaToja, CUIy TOKa B MOMEHT MepeMelINBaHMs B KaTOJHOW 30HE 3ama-
catb B Ta01. 2.2.

[Ipn nepememmMBaHUM pacTBOpa pPEKOMEHAYETCS He 3a/JeBaTh IEPEropoaky U3
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CTEKJISTHHOW TKaHU M 00pa3libl.

[Mocne npoBenenus padotsl pactBop NaCl u3 BanHOUKH cMBaIOT B OyThUIb, U3 KOTOPOH
oH Obul B34T. OmbITHBIE OOpa3lbl CIEAYeT MPOMBITH U BBICYIIMTH (PHIBTPOBAIBLHOM
Oymaroii.

B) OmnpenejieHHe aHOAHBIX M KATOAHBIX Y4YACTKOB Ha :Kejle3e, KOpPpeJpylolieM B
HeHTpaJibHOM pacTBoOpe

[Ipy koppo3ur B HEUTPAJIBHOM pacTBOpe, MPOTEKAKOUEH C  KUCIOPOJAHOU
JeToNApu3alel, pacupeiesieHue aHOAHBIX M KAaTOMHBIX YYacTKOB Ha IOBEPXHOCTHU
MeTaiia OoJiblliel 4acThio OOYCIIOBJICHO HEPaBHOMEPHOW al’paluedl U HEOJHOPOIHOCTHIO
MIOBEPXHOCTH.

Jiis Toro, yToObl OOHAPYKUTH AHOJHBIE U KATOAHBIC YYaCTKH MPU KOPPO3UU KeJe3a B
HEUTPAJILHOM PACTBOPE (PacTBOP XJOPUCTOrO HATpUs) K HEMY JOOABJISAIOT MHIMKATOP Ha
noHbl Fe?* (xpacHas kpossiHas comb K2Fe(CN)g), obpasyrommii ¢ monamm Fe? TemHo-
CHHIOI0 MaJIOpaCTBOPUMYIO COJIb, TaK Ha3biBacMyto TypHOyiuieByto cudb Fes[Fe(CH)s]2 u
WHJIUKATOP Ha THAPOKCUIbHBIE Tpynnsl (peHondranenn), obpasyromuii ¢ nonamu OH
COEMHEHUS] MAJIMHOBOTO I[BETA.

Jlns BeImosiHeHHs ombita B yamiky [letpu HamuBaioT 1 %-weiii pactBop NaCl u
no0aBisioT U3 KanenpHHIbl 8-10 kamens 1%-Horo pactBopa KsFe(CN)e u 3 - 4 karum
pactBopa enondranenna. [lepememniaB pacTBOp CTEKISIHHOMN Mal04YKOM, TOMEIIAIOT B HETO
o0paser, MpeaBapuTEeIIbHO 3aUUIIICHHBIA U MPOTEPTHIA BaTOi, CMOYEHHOH areToHOM. Yepes
HECKOJIbKO MHHYT OKOJIO O0pa3lla HauWHAIOT MOSBISATHCS CUHUE M MAIMHOBBIE YYAaCTKH.
Yamky ¢ 00pa3iioM peKOMEHIYeTCsl He BCTPSIXUBATh. B 1esiX S5KOHOMUM BPEMEHH OTIBIT B)
PEKOMEHIyeTCsI MPOBOIUTH MAPAILIEIBHO C OIMBITOM a).

[Tocne okoH4aHUST PabOTHI MOTYYEHHBIE PE3YIBTATHI HEOOXOIMMO MPEICTABUTH HA BH3Y
MIpernoaaBaTelio.

2.4. O06Pa0OTKA OUBITHBIX JAHHBIX

Pesynbratel paboTel 110 1 1 2-if 4acTsaM 0QOPMIISIFOT B BHJIE 3aMIOJIHEHHBIX TaOIuUI] U
rpaduKa, MOKa3bIBAIOIIETO 3aBUCUMOCTh YCTAaHOBUBIIECHCS CHIIBI TOKA UCCIIEAYEMOTO
rajJbBaHMUYECKOTO JIEMEHTA OT IUIOIIAAN MOBEPXHOCTH aHOa (IpU MOCTOSSHHOM KaTole) U
TUTOIIAIM TTOBEPXHOCTH KaToza (TPpU TTOCTOSTHHOM aHO/IE).

PacnionoxeHne okpaleHHbIX y4acTKOB Ha 00pa3iie He0OXO0JMMO 3apHUcoBaTh U HAIUCATh
peaKIyy, MPOTEKAIOIINe HAa AHOAHBIX M KaTOJIHBIX YUaCTKaX MPU KOPPO3UHU YIIEPOIUCTON
cranu B pactBope NaCl, u peakiuro o0pa3oBanus TYpHOYIIICBOI CHHHU.

2.5. Bompock! Jutst caMOKOHTPOJIS

1. B uem 3akirouaeTcs HEOOX0AUMOE TEPMOIUHAMUYECKOE YCIIOBUE MTPOTEKAHHS
AIEKTPOXUMHUUYECKOU KOPPO3UH Kelie3a C KUCIOPOHON JETOIIpr3aIiueii?

2. HepeLII/ICJ'[I/ITC OCHOBHBIC CTaAWHU KaTOAHOI'O IIpoHecCa BOCCTAHOBJICHUA KHUCJIOPOJaA.

Kpurepuu ouenku:

OTJIMYHO BBICTABIISICTCA CTYACHTY, €CJIM CTYACHT MPABUIILHO BBITIOIHUI
nabopaTopHyo paboTy, Jaj MOJTHBIC, Pa3BEPHYTHIC OTBETHI HA BCE TEOPETHUECKHE
BOTPOCHI.

XOPOIIO BBICTABISIETCS CTYACHTY, €CIIH CTYICHT MPABUIIBHO BBITOJIHUI
Ja00paTOpHYIO padOoTy, OJHAKO JOMYCTHII OITMOKH MPU OTBETE HA TEOPETUUECKUE
BOTIPOCHI.

YI0BJIETBOPHUTEILHO BBICTABIIACTCS CTYJACHTY, €CITU CTYACHT JOMYCTHII OIUOKY TIPH
BBITIOJTHEHUH J1a00paTOPHOI pabOTHI ¥ IPU OTBETE HA TEOPETHUECKHUE BOTIPOCHI.
Hey/10BJIeTBOPHUTEIbLHO BHICTABIISICTCS CTYIACHTY, €CITM OH BBITIOJIHIII J1a00paTOPHYIO
paboTy, 0OJTHAKO HE OTBETHII HA TEOPETUUYECKHE BOTIPOCHI.

27



4.3.4 OdopMiieHHe KOMILJIEKTA 3aJaHUM /151 KOHTPOJIbHOI padoThI
s ounozo u 3ao0uno2o omoenenus

MusnucTepcTBo oOpazoBanus u Hayku Poccuiickoit deneparuu
denepanbHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BbICIIIEro 00pa3oBaHus «balkupckuii rocy1TapCcTBEHHbBIN YHUBEPCUTET
WNnxenepHslil pakyabTeT
Kadenpa «Texnonornueckrue MaliviHbl 1 000pYI0BaHUE)

KoMiuiekT 3agaHui 1JIs KOHTPOJIbHOM padoThl
[0 JUCLUIIIMHE «XUMHYECKOE CONIPOTUBIICHNE MAaTEPUAJIOB U 3aIIUTa OT KOPPO3HID)

OJIEKTPOAHBIE IIOTEHIINAJIbI
3.1. Ilesnb paboThI

OnpeneneHue 3IEKTPOAHBIX TMOTEHIMAIOB HEKOTOPBIX METAJJIOB B  PacTBOpPAX
JIEKTPOJIMTOB, @ TAKXKE MPOBEPKAa BO3MOXKHOCTH HpUMEHEHMs ypaBHeHus Hepucra mis
pacuera BeJIMYMH PaBHOBECHBIX MTOTEHIIUAJIOB.

3.2. Teopus Bonpoca

[Ipu norpy:xeHuu MeTajuia B BOJAHBIN PacTBOP 3JIEKTPOJUTA HAa MOBEPXHOCTH MeTaljia
IIPOTEKAET IMPOLEeCcC B3aMMOJAEHCTBHS €ro MOH-aTOMOB C IOJIAPHBIMH MOJIEKYJIaMHU BOJIBI.
[Ipouecc rugparaiuu HOH-aTOMOB METallJIa CONIPOBOXKAAETCS BbIACIEHUEM SHEPTUHU, 3 CUET
KOTOPOHM pa3pylIaloTcs CBA3M MOH-aTOMOB METajula B KPUCTAUIMYECKOH pelleTke U OHHU
MIEpPEXO/IAT B PacTBOP B BHUJE T'MIPATHPOBAHHBIX KAaTHOHOB, @ Ha IOBEPXHOCTH MeETajlia
OCTaIOTCsI OCBOOOMBILUECS 3IEKTPOHBI
(Me"*-ne) + mH>0 — Me"™ -mH>0 + ne (3.1)

Cuibl 3JIEKTPOCTATUYECKOTO B3aWMOJICHCTBUS MEX1Y H30BITOYHBIMH DJIEKTPOHAMHU Ha
METAIJIMYECKOH TOBEPXHOCTHM M NEpelIeflIMMU B PpacTBOp KaTMOHAMU MeTaija
IPEMATCTBYIOT YJNAJIEHUIO MOCIEeIHUX B TIyOb pacTBopa. B pesynbTare MOBEpXHOCTb
MeTaJljia 3apsHKaeTcs OTPULIATENbHO, @ PACTBOP 3JIEKTPOJIMTA - MOJIOKUTEIBHO U HA TPAHULIE
"MeTajI-pacTBOp"  BO3HHMKAeT JBOWHOM  DJIEKTPUYECKUI  CJIOH, KOTOPBIM  MOXET
(dbopMupoBaTbCS TaKXKe MPH aICOpOIUU Ha MOBEPXHOCTH METajula 3apsyKEHHBIX YaCTHUI]
pactBopa. [Ipu sToM MeTamut npuoOpeTaeT 3apsa OJHOTO 3HAKa, a OKOJIO €ro MOBEPXHOCTH
oOpa3yercs CJI0M U3 NOHOB AJIEKTPOJIUTA C IPYTUM 3HAKOM.

Mexny cnosMu 3apsiIoB YCTaHABIIMBAETCS ONPENEICHHAs Pa3sHOCTh IOTEHIMAIIOB, TaK
Ha3bIBa€MbIH, ""CKauoOK MOTEHIMAaNA" WM MPOCTO "MOoTeHHHaNn". 3HAYUTEIbHOE KOJIUYECTBO
3apsHKEHHBIX YacTUl (HampuMmep, NepeXoAsuX B PaCTBOP KATHOHOB METaJlJIa) HAXOAUTCS B
HEMOCPEACTBEHHON OJM30CTU K METaUINYECKOM MOBEPXHOCTU. DTHU YaCTHUIBI (POPMUPYIOT
IUIOTHYIO YacTh JIBOMHOTO 3JEeKTpuueckoro cios (cimoi ['enpmrosbiia), B KOTOpOH
peain3yeTcsi TMpaKkTUYeCKH Bech CKadoK IMoTeHuuana (¢). Ilo wmepe ymameHus oOT
MIOBEPXHOCTU METAJlJIa B PaCTBOP AJIEKTPOJINTA KOHLIEHTPALUs JaHHBIX 3apSDKEHHBIX YaCTHIL
MOCTETIEHHO TaJlaeT, JOCTHras B KOHLE KOHIIOB 3HAYEHHs, COOTBETCTBYIOIIETO HX
KOHIIGHTpaLlMd B oO0beMe pacTBopa. DTy yacTb Ha3blBalOT "pasMbIToil" mmu auddysHoi
4acTbI0 JBOMHOIO 3JEKTpUYECKOro ciosi. Ee mpoTsKeHHOCTh 3HAUMTENBbHO MPEBBIIIACT
TONIUHY c10s [elbMrosblia, a peanusyeMblil B Heil ckauok moTeHuuana (i ), Kak IpaBmio,
MEHBIIIE 110 BEJINYMHE U TPAJUEHTY, UEM Ha FeJIbMIOJIbLIEBCKOM y4acTKe ABOMHOIO CJIOSI.

PaBHOBecHBIEC (0OpaTUMBIE) SITCKTPOIBI 00JIATAI0T OAHOM, OOIIEH A BCeX IEKTPOIOB,
OCOOCHHOCTBIO: B HUX IPOTEKAET TOJBKO OJHA 3JEKTPOXUMHYECKAs peakius C paBHOM
CKOPOCTBIO B JIBYX IMPOTHUBOIOJIOKHBIX HapaBIeHUAX (psAMasi 1 oOpaTHasi peakium).
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CylIecTBYeT HECKOJILKO TUIIOB PABHOBECHBIX JJIEKTPO/IOB:
1. DieKTposl MepBOro pojia - HEKOTOPBIE METAUILI B PACTBOPAX CBOMX COJIEIA,
HaXOJsIIMecs B COCTOSHUU PAaBHOBECHS 110 OTHOLICHUIO K OJJHOMMEHHBIM HOHAM:
(Me""-ne)+ mH>0 <> Me" -mH>0 + ne (3.2)
2. DIekTpoasl BTOPOrO poja HPEACTABISAIOT COOOM METalll, HOKPBITBHIA CIOEM €ro
TPY/IHOPACTBOPHMOI'O COEAMHEHUs (COJIM, OKCHABI WM THIPOKCHIBI) M MOTPYKEHHBIH B
pacTBoOp, coiepiKalqMii TOT K€ AaHHMOH, YTO M TPYJAHOPACTBOPUMOE COEIUHEHHE
3IEKTPOHOro MeTamaa. CXeMaTH4eckd 3J1eKTPOJl BTOPOrO Poja MOKHO IIPEJICTABIAThH
cnenyromuM obpaszom: Me® || M4, Me?
3.OKHCIIUTENFHO-BOCCTAHOBUTENBHBIE JIEKTPOJbI (PEIOKC-3IEKTPO/IB), MPEICTABISAIONINE
co00li MHEPTHBIN MeTaILI (HAIpUMep, IUIATHHY) B KOHTAKTE C SIEKTPOIMTOM, COAEPIKAIIUM

VIOHBI Pa3HBIX CTeleHeil okuciaenHocty (Hanpumep, Fe?*/F3* || Pt; SO f’ 1'S,02 ||Pt). Ilpu

JOCTHUKXCHHUN paBHOBeCI/ISI 3HAa4YCHUC IIOTCHIHMAJIa MCTalllla CTAHOBUTCA IIOCTOSAHHBIM, a4 €I0
BCJIMYMHA 3aBHUCUT OT BHCHIHUX yCJ'IOBI/Iﬁ (TeMHepaTypBI, ,I[aBJ'IeHI/IH) U aKTUBHOCTH HOHOB
McETaJljiia B ]&aﬁIBOpe U OIINUCBIBACTCS YPABHCHUCM He‘pHCTa

—_ 0 ’
¢ =0°+__ Ina (3.3)

M “ n.F M

II€ @m - PABHOBECHBIN MOTEHIMA MeTaJLIa, B;

(PS - CTaHI[apTHHﬁ noTéHuual METaia, B, T.C. €TI0 MMOTCHIHUAJI B 3JICKTPOJINTC, AKTUBHOCTb

HMOHOB JJAHHOT'O METaJljla B KOTOPOM paBHA EAHHHUIIE;
R - razoBas nocrosinHas, paBHas 8,314 [/ (Monb-Tpan);

T - Temniepatypa o abconroTHoi mkaine, K;

N - KOJIMYECTBO JICKTPOHOB, MPUHUMAIOIINX YYACTHE B AJICKTPOIHON PEaKIIHH;

F - nocrosinnas ®apanes, papHas 96493 K

@ - aKTUBHOCTh HOHOB METaJlJia B pacTBOPE, MOJIb/JI;

a=fC, (3.4

rae f - ko dunueHT akTHBHOCTH (CM. TIPUITOKEHHUE 5);

C - aHanuTUYECKask KOHIICHTPAIUsl HOHOB METaJlIa B PaCTBOPE, MOJIb/I.

st pa30aBieHHBIX PACTBOPOB KOADPHUIIMEHT AKTUBHOCTH OJM30K K EIUHHIE, U C
HEKOTOpPO OMIMOKOW MOKHO CUUTaTh, YTO AKTHBHOCTh MOHOB METayjia MPUOIH3UTENHHO
paBHA MX aHATUTUYCCKOW KOHIIEHTPAIIMH B PACTBOPE.

IToacraBuB B ypaBHeHue (3.3) 3HaueHHWs MOCTOSHHBIX Uit Temmneparypsl 25°C u
Tepeu s K 6%?&1/11{HHM norapudmam, moryauM ypaBHeHue HepHcTa B ciieayromeM BUje:
¢ =¢°+ """lga (3.5)

w o o e
W3 ypaBuenus (3.3) creayer, 4TO MOTEHIMAN MeTajlsla U3MEHSETCS B 3aBUCUMOCTH OT
KOHIIEHTPAllUM COOCTBEHHBIX HMOHOB MeTayula B 3JekTpoiute. [lpum yMeHbIIEHUH
KOHIIEHTPAllMM HMOHOB MeTajsla B DJJEKTPOJHUTE (HAampuMep, CBS3bIBAHME HX B clIabo
JTUCCOIUUPYIONTNE KOMIUIEKCHI) TOTCHIIHAJ €T0 CMEIIAeTCS B OTPUIIATSIIEHYIO CTOPOHY.

Ecim B mporiecce B3aMMOICHCTBHSI MeTallla M DJIGKTPOJIUTA YYACTBYIOT HE TOJIBKO
COOCTBEHHBIC HMOHBI METAJUIa, HO W JPYr'HE€ WOHBI WJIH aTOMBI, TO BO3HUKHOBECHHUE
PaBHOBECHOTO TMOTEHI[MAla HEBO3MOXXHO M TOrjaa oOpa3zyeTcsi HEpaBHOBECHBIM WK
HeoOpaTHMBIH TIOTEHITMAL. B 3TOM citydae motepss M mMpruoOpPETeHHE MIEKTPOHOB METAJIOM
OCYIIECTBISIOTCS C YyYacTHEM pa3lUYHBIX BEIIECTB, W TOTEHIMAl MeTajuia He
XapaKTepu3yeT HACTYIUICHHE pPaBHOBECHS Ha TIOBEPXHOCTH DJJIEKTPOJa W HAa3BIBACTCS
HeoOpaTHMBIM.

YcToliunBoe 3HAYeHHWE HEOOpPaTHMMOro TOTCHIMANa, YCTAHABIWBAIOIIEECS  IIPU
PaBEHCTBE CYMM CKOpPOCTEW aHOJHBIX M KaTOAHBIX MPOIECCOB, HA3BIBAETCS CTAIIMOHAPHBIM
HeoOpaTHMbBIM TOTEHITHAIIOM. BennduHa ero 3aBUCHUT OT HPUPOJLI METaylla, COCTaBa H
KOHIIEHTPAIIUHU IJIEKTPOIIUTA, & TAKXKE OT BHEIIHUX YCIOBHIA.
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HeoOpatumble  MOTCHHMANBI HE  MOAYHHSIOTCS — ypaBHeHuio Hepucra  (3.3),
CJICAOBATCIIbHO, UX HCJIB3A paCCUUTATh, 4 MOXKHO ONPCACIUTH TOJIBKO OIBITHBIM ITYTCM. I[JISI
pelIeHrs BOIpoca, SIBJISIeTCS JM MOTEHIIMal MeTaljla B JAHHOM PacTBOpE OOpaTUMBIM WIIH
HeoOpaTHMBIM, CIIEAYET COMOCTABUTH TEOPETUUECKOE, PACCUUTAHHOE 10 YpaBHEHHUIO (3.3), u
OTIBITHOE 3HAUEHUS MMOTEHIIMAA U CPABHUTH 3aBUCUMOCTb €r0 OT aKTUBHOCTU COOCTBEHHBIX
HOHOB B paCTBOPC, MOJTYYCHHYIO TCOPECTUYCCKU U ONBITHLIM ITYTCM.

[Ton BaMsiHUEM pa3nUYHBIX (HAaKTOPOB BEIMYKMHA HEPABHOBECHOTO MOTEHIIMAjIa MeTaia
MOKCT HU3MCHATHCA, CMCIIAACHL B Ty HWJIM HHYIO CTOPOHY. bonpioe BimsHue Ha €ro
BEJIMYMHY OKa3bIBAIOT OKUCIUTENHN, HAXOISAIINECs B DJIEKTPOIIUTE, MO IEHCTBHEM KOTOPBIX
Ha MOBEPXHOCTH MeETaJlyla MOXET 00pa3oBaTbCs 3allMTHAs IUIEHKA, YTO HPUBOAUT K
CMEILIEHUIO TOTEHIMalla B IMOJIOKUTEIbHYIO CTOPOHY. 3alllUTHbIE TIUIEHKH MOTYT
00pa30BBIBATHCS TAKXKE 32 CUET OTIIOKEHUS Ha MOBEPXHOCTH METAJJIa TPYIHOPACTBOPUMBIX
MPOAYKTOB Koppo3uu. [IpucyrcTtBue B pacTBOpe BEIIECTB, PAaCTBOPSIOMIUX WU
pa3pylIalONINX 3alUTHBIE IUICHKU (HAaNpuUMep, HOHOB-aKTUBATOPOB) MPHUBOAUT K
CMEILIEHUIO MMOTeHIINAajIa MeTajlla B OTPUIIATENIbHYIO CTOPOHY.

HGO6XO[[I/IMO OTMCTUTDH, YTO B HACTOAIICC BPEMA HCET AOCTATOYHO HAACKHBIX MCTOI0B
AKCIIEPUMEHTAJILHOTO OIpPENeiICHUs] WM TEOPETHYECKOrO BBIYMCICHUS aOCOTIOTHBIX
3HAYEHUI NOTEHUHUANOB (CKAaYKOB 3apsA0B B JIBOMHOM 3JIEKTPUUYECKOM CJIOE), IIOITOMY UX
OTIPECIISIOT 10 OTHOUICHHUIO K IPYTOMY JIEKTPOY, HA3bIBAEMOMY JJIEKTPOJOM CPaBHEHUS.
BGJII/I‘-II/IHy noTeHuaIa Merajljia, USMCPCHHYIO IO OTHOIICHHIO K J3JICKTPOAY CpPaBHCHUA,
HA3bIBAIOT AJIEKTPOJHBIM OTCHIIMAIOM.

OOBIYHO B KayecTBE OHJIEKTPOJA CpPAaBHEHUS MPHUMEHSIOT BOJOPOJHBIM AJIEKTPO,
MOTEHIIMA KOTOPOTO IMpH JI0O0W TemrepaType MPUHUMAIOT paBHBIM HYyI0. OgHAKO
BOJIOPOJIHBIN 3JIEKTPOJ HE yH0OE€H B paboTe W HA MPAKTHKE Yalle HCIONB3YIOT Ipyrue
ANEKTPO/ABI CPABHEHUS, HANpPUMeEp, HACBHIIEHHBIA XJIOpCEpeOPSHBINA ANEKTPOA, MOTCHIUAT
KOTOpPOT0 TOYHO U3MEPEH 110 OTHOIIEHUIO K BOJOPOJIHOMY 3JIeKTpoay U paBeH +200 MB npu
KOMHATHOM TemrepaType.

I[JI?I TOro, I-ITO6I)I nepeCYnTaTh IOTCHOHAJI MCTAJA, H3MCpCHHBII7[ OTHOCHUTCJIBHO
XJIOpCEpeOPSHOrO 3JIEKTPO/Ia, 10 OTHOLIEHUIO K BOJOPOJHOMY 3JIEKTPOAY, JOCTATOYHO K
MOTEHIMATy METajlla, B3SITOMY CO CBOMM 3HAKOM, aireOpamyecKd MprOaBUTH MOTEHIHAI
XJIopcepeOpsIHOTO AeKTpoa, T.e. +200 MB:

(pM/HZ =0y | x1.cep + (Px,v.cep. (36)

rac (PM/[% - [MIOTCHIHAJI METAJlJIa 110 BOAOPOAHOMY 3JICKTPOAY, MB;

Qpf/x1cey - TOTCHLMAT METAJLIA TIO XJIOPCEPEOPSHOMY DIIEKTPOLY, MB;

(Pxr.cep - TIOTEHIHAT XJT0pcepedpsiHoro anekrpoaa (+200 mB).

[Tepen mpoBeaeHreM paboTHI CleyeT 03HAKOMHUTHCS CO CIEAYIONUMHU BOTIPOCAMU:
1. 3mepenne MOTEHIIUAI0B METAIIOB (METOIBI U SJIEKTPO/IBI CPABHEHU).
2.PaBHOBeCHBIC ¥ HEPAaBHOBECHBIC TIOTCHIIMANBI; PSA  CTAHIAPTHBIX  DJIEKTPOTHBIX
MOTEHIMAJIOB.
3. H3mepeHre MOTEHITMAIIOB METANIOB B 3aBHCHMOCTH OT COCTaBa M KOHIICHTPAIMH
AIEKTPOJIUTA.
3.3.IIpoBenenne paboThl

DNEeKTpOAHbIEC MOTEHIIUATIBI MEJIU, KeJe3a U aJTIOMUHUS ONPEEISIOT B CIEIYIOLIUX
AIIEKTPOJIUTAX:
Menn: CuS0s4- 1M; 0,1M; 0,01M; 0,001M,
H2S04- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
)kene3o: NaOH- 0,5M,
NaCl - 0,5M,
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K2Cr207 - 0,5M,
amromunuii: NaCl - 0,5M,
K2Cr207 - 0,5M.

OnexkTpoasl (KpoMe aTOMHHMSA) OYHMINAIOT HAXAA4HOH Oymaroi, mpoTUparoT BaTOH,
CMOYEHHOW alleTOHOM, W 3aKpeIUIIIOT B KJIE€MMaX, YCTAHOBJICEHHBIX B H30JUPYIOLIUX
IJIaCTUHKAX.

[loTeHunansl M3MEPSIIOT € TMOMOINBIO YHHMBEpPCAJIbHOIO HOHOMepa THuma OB-74.
[IpeaBapuTebHO 03HAKOMUBIIUCH C pabOTOM MOHOMepa (mpuiiokeHue 4), s u3MepeHust
MOTEHIIMAJIOB COOMPAIOT TalbBaHWYECKYI0 Ienb (puc.3) U3 HCCIeAyeMOro 3IIEKTpOJa,
ONYIIEHHOTO B COOTBETCTBYIOLIUI 3JEKTPOJIUT, U XJOPCEPEOPSHOro  3IIEKTPOAa,
MIOMEILIEHHOTO B HachlIeHHbIN pacTBop KCl, coeMHUB pacTBOPbI CU(POHOM, 3aOTHEHHBIM
HaceleHHbIM  pactBopoM KCI  Benumumna D.J1.C. COCTaBICHHOTO TIajbBaHHYECKOTO
AJIEMEHTAa OJIHOBPEMEHHO SBIISETCS IEKTPOAHBIM MMOTEHIIMAIOM HCCIEAYEMOro MeTallia 1o
OTHOIIECHHUIO K XJIOPCEPEOPSHOMY JIEKTPOLY.

D..C. coCTaBIEHHBIX TaJIbBAHUYECKUX 3JIEMEHTOB M3MEPAIOT, MOOYEPETHO OIMycKas
paboune 3IEeKTPOABI B PACTBOP M MOAKIIOUYAs UX K HOHOMepY. [lopsaok u3mepeHust onvcan
B MHCTPYKIUH (CM. TIPUIIOKEHUE 4).

1 - MWUIMBOJBTMETP; 2 - KOHTAaKTHas KiIeMma, 3 -
W30JMPYIOIIas IJIacTHHA, 4 - 3JIEeKTPOJIUTHICCKHIMA

MOCTHK; 5 - XJIOpCcepeOpsHBIM 3JEKTPO] CpaBHEHUs; 6 -

pactBop KCl; 7 - crexisiHHBIN crakaH; 8 - pabouuit

anektpox; 9 - paboumit amekTpon; 10 - KOaKCHIIBHBIN
ka0enb

- —§ Puc.3. Cxema yCTaHOBKHM JUIsl U3MEPEHHUS SICKTPOJIHBIX
423 MTOTCHIIMAJIOB
—— 10 [Tocne onpeneneHusi BEIMYUHBI IIOTSHIIMANA IEKTPO] OT-
KIIIOYAIOT OT U3MEPUTEIBbHOM CXeMbl (HO He BBIHUMAIOT U3
pacTBopa), MOJIKITIOYAOT CIEAYIOIINN dJIEKTPO/I U BEIyT U3MEPEHUE TAKUM K€ 00pa3oM.

IIpu mepenoce cudoHa M3 OAHOTO pacTBOpa B APYrod KOHEI €ro, MorpykaeMblii B
pacTBOp, HY’)KHO OOMBITH CTPYEH JUCTUILTUPOBAHHOMN BOJIBI, ITOJIB3YSICH TPOMBIBATIKOM.

JUis n3ydeHHsi KUHETUKU U3MEHEHUs MOTEHIMAJIOB UCCIEAYEMBIX METaNIOB MU3MEPSIOT
UX HadaJIbHBIC TMMOTEHITUAIIBI (Cpa3y XkKe TOCIe MOTPYKEHUsT 00pa3IoB B AIEKTPOJIHT), 3aTEM,
cnyctst 30 MUH OT Hayajla ONbITa M BHOBb, ciiycTs 60 MHH OT Hayaja omnblTa. BeanuuHbl
M3MEPEHHBIX MMOTSHIIMAIOB C YYE€TOM MX 3HAKOB 3aHOCST B Tab. 3.1.

B 3, 4 u 5-it rpadax TaOmuIBl 3aMMCHIBAIOT M3MEPEHHbIE 3HAUYEHUS MOTEHIMAJIOB B
MUJUIMBOJIBTAX IO XJIopcepeOpsiHoMYy 3nekTpoay. B 6, 7 u 8-ii rpadax - BbIUMCIECHHbBIE
MOTEHIMAJIbl METAIJIOB OTHOCUTEIBHO BOJOPOJHOIO 3IEKTPOa.

3.4. OOpa0oTKa ONBITHBIX JTAHHBIX

Pesynpratel pabGoThl mpencraBistoT B Tabn. 3.1, a Takke B BuAe TIpaduka:
SKCIIEpUMEHTaIbHAs M TeopeTudeckas (paccuntanHas no ¢opmyne HepHera) 3aBucumMocThb
BEJIMYMHBI TOTEHIIMANa MEAHOTO 3JIeKTpoJia B pacTBopax cyiabdaTa MeAau OT Jorapupma
AKTUBHOCTH MOHOB METaJlJIa B AJIEKTPOJIUTE.

3.5. Bonpock! Juis caMOKOHTPOJIS

1. Kakue cucTeMbl B DJIEKTPOXHMHUH HA3bIBAIOT PAaBHOBECHBIMU?

2. B Kakux ycIOBHSAX BO3HHKAIOT HEpAaBHOBECHBIE (HEOOPAaTUMBbIE) MOTEHIHAIIBI?

3. Kak ompenmenuts 3HauYe€HWE CTAHIAPTHOTO OKHCIUTEIHLHO-BOCCTAHOBU-TEIHHOTO

an
IIOTCHIIMAaJIa CUCTEMBI 110 r*pa(bm(y 3aBUCUMOCTH (pOx/Red = f (In a—) ?
Red
4, HO‘ICMY 3HCKTpO,Z[HBIfI IMOTCHIIMAJI KCJIC3a B PaCTBOPC NaOH co BpPCMCHCM CTAaHOBUTCA
Ooiee MMOJIOKUTCJIBHBIM, a IIOTCHIUAII MCIHU B PACTBOPEC NPAKTUYICCKH HC MCHSCTCS BO
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BpEMEHH (CM. SKCTIEPUMEHTATIBHBIC PE3YIbTATHI)?

5. Hanmummre 351eKTpOXUMUYECKIE PEaKIIuu, MPOTEKAIOIIHE Ha )KEeIIE3HOM IIEKTPOJIE B
pactBope Nad. Kakoii mpu 3TOM yCTaHABJIMBACTCS MOTECHIMAN - PABHOBECHBIN (0OPaTHUMBbIi)
WM HEPaBHOBECHBIHN (HEOOpaTUMBIiA)?

bubnnorpaduueckuii coucok

1. XKyk H.II. Kypc Teopun koppo3uu u 3amuTsl MeTaiuios. -M.:Meramnyprus, 1980. C. 149-
188, 341-369.

2. ITaxomoB B.C. Koppo3us u 3amura XHMHYECKON anmaparypbl. DIEKTPOXUMHUYECKAs
KOppO3us MeTauioB: YueOHoe mocodue. -M.: MUXM, 1983.- 80 c.

JlaGopaTopHas padora 4
KOHTAKTHAA KOPPO3U 1 KATOAHAA 3AILLIMTA METAJIJIOB

4.1. Ilens paboTHI

N3ydyeHne sBICHHS KOHTAKTHOW KOPPO3MH METAUIOB, O3HAKOMIICHHE C METOIOM
KaTOJHON SJEKTPOXMMHYECKOM 3allUTHl C IOMOIIBID IMPOTEKTOpPA W TMOJSPU3ALMH OT
BHEIIHEr0 HCTOYHHMKA TOKA.

4.2. Teopus Bompoca

4.2.1. KoHTakTHasi KOpPO3Hsl.

KoHTakTHOW KOppo3uell Ha3bIBAlOT JIIEKTPOXMMHUYECKYIO KOPPO3UIO METAJUIOB,
MMEIOIIUX Pa3HbIC AJICKTPOIHBIC (KOPPO3ZHOHHBIC) TOTCHIIUAIBI U HAXOSIIMXCS B PACTBOPE
ANEKTPOJIUTA B KOHTAKTE JPYT C APYTOM.

MeTain, TOTpYKEHHBIH B PAacTBOP 3JIEKTPOJIUTA, B KOTOPOM OH TEPMOJIMHAMHYECKU
HEyCTOMYMB (T.€., €CIM B pPAacCTBOpPE HMEETCS OKHUCIHUTEIb, PABHOBECHBIM MOTECHIIMAT
KOTOpOTO 0oJiee TOJOKUTEIBHBINA, YeM pPABHOBECHBIM MOTEHIIMAT MeTala B JIAHHBIX
YCIOBUSX), TOJIBEPraeTcs JIEKTPOXUMHUUYECKON Kopposuu. [Ipm 3TOM Ha HOBEPXHOCTH
MeTaJla TPOTEKAOT aHOJHAS pEakKlUs pPACTBOPECHUS MeTaula M KAaTOAHAs PEaKITHs
BOCCTaHOBJIEHHUS okuciuTens. Koppenupyromas MOBEpXHOCTh MPHOOPETAaeT HEKOTOPBIN
KOMITPOMUCCHBIN 3JICKTPOIHBINA MOTSHIMAN (TIOTEHIIHAT KOPPO3HH ), TPH KOTOPOM CKOPOCTh
pacTBOopeHHs MeTa/uia (AHOJIHBIM TOK) paBHAa CKOPOCTH BOCCTAHOBJICHUS OKHCIHTENS
(KaTOAHBIN TOK).

[Ipy 3aMbIKaHUW B PACTBOpPE JJICKTPOJIMTA JIBYX METAJUIOB, HMMCIOIIUX B JIAHHBIX
YCIIOBUSX pa3HbIE MOTEHITHAIBI KOPPO3HH, 00pa3yeTcs rallbBaHUYECKas mapa.

J171s IpaBUIIBHOTO MMOHMMAHHUS MPOIIECCOB, MPOTEKAIOIINX B TaKOU Mape, 1eaecoo0pa3Ho
MIPOBECTU aHAJIN3 €€ paboThl C MOMOUIBI0 MOJSPU3AMOHHON nuarpammel (puc.4). Ilycts

metamsl 1" u "2", uMeromue B TaHHBIX YCIOBHSAX PABHOBECHBIC MOTEHIUAIBI (O A’; I/I(Pﬁ )
1 2
MOTPY)XKeHBI B PAcCTBOP, B KOTOPOM TIPHCYTCTBYET OKHCIHUTEIb C PaBHOBECHBIM

noteHnuanoM @,7 . Eciu a1ekTpruueckoro KOHTakTa MEXIy MeTalaMu HeT, TO Toukd (1 u
2) mepeceyeHus: aHOAHBIX (JIMHUM a1 M a2) M KaToaHbIX (uHuK K1 1 K?2) MONspu3almoOHHBIX
KPUBBIX ISl KKJAOTO U3 METAIJIOB OTBEYAIOT YCIOBHUIO CTAI[MOHAPHOCTH KOPPO3HOHHOTO
norernuana (la = lk) ¥ MOTOMY ONpeNENsIOT BETUYMHBI UCXOIHBIX CKOPOCTEH KOPPO3HU
(lkop1, lxop2) ¥ TIOTEHIIMATIOB KOPPO3HH (Propl, Prop2) METAILIOB.

Ecmu meramnst "1" u "'2" KOPOTKO 3aMKHYTH , T.€. IPHBECTH B KOHTAKT (AJIEKTPHUECKU
COEJMHUTH), TO B CiIydae, KOIJla OMHUYECKOE COINpPOTHBIIEHHE pacTBOpa INPEeHEOPe MO
MaJIo, KOHTAaKTUPYIOIIME METaUTbl JIOJDKHBI TPUOOPECTH HEKOTOPHIA  OJUHAKOBBIN
KOMIIPOMUCCHBIN MOTEHIMAN @s. BenndyuHa 3TOro moTeHIMaga MOXeT ObITh HaiieHa
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rpadUyecKy U3 YCIIOBUSl CTAllMOHAPHOCTH 3JIEKTPOJHOTO MOTEHIMAala - CymMMa BCeX
AHOJTHBIX TOKOB JIOJDKHA OBITH PaBHA CYMME BCEX KAaTOJHBIX TOKOB
21, =21k 4.1)

J1st 3TOr0 HEOOXOIMMO MPOBECTU IpadUUIecKOe CYMMHUPOBAHUE MAPIHATBHBIX aHOIHBIX
(muHMM a1 ¥ a2) W KaromHbiX (MuHMM K1 W K2) TONSApU3alMOHHBIX KpHBBIX. Touka
nepecedeHus: (X) CyMMapHOW aHOJHOW TOJSAPU3ALUMOHHON KPUBOM (@x) M CyMMapHOH
KaTOJHOW moJsipu3aliMoHHON KpuBoil (Kz) oTBeuaer paBeHcTBY (4.1), a ee abcuucca
SIBJIAETCS UCKOMBIM KOMIIPOMUCCHBIM MTOTEHIIUATIOM (5.

VY CTaHOBUBIIMICS B KOPOTKO3aMKHYTOM JBYXJJIEKTPOJHOM CHCTEME KOMIIPOMHUCCHBIN
MOTEHIIMAJ @z UMEET 3HaUeHUE, TPOMEKYTOUHOE MEXy IepBOHAYATbHBIMU MTOTEHIIMATIaAMU
KOPPO3UU METAIIOB Props < Prop2. TakuM 00pa3om, B pe3ysbTaTe KOHTAKTAa MPOUCXOIUT
CMEINICHUE MOTEHIIMajIa KOppo3uu 0oJiee AIEKTpoOoTpHIaTeibHoro Metamia "1" (aHomHOTO
METaJljla) B MOJOXKUTEIBbHYI0 CTOPOHY - aHOJHAs IOJSpHU3alMs, U CMELICHUE MOTEHLHala
KOppo3uu 0oJiee d3JIEKTPOINOJIOKHUTEIbHOrO MeTauia 2"  (KaToJAHOro MeTaia) B
OTPULATENIbHYIO CTOPOHY - KaTOJHAs IMOJIIpU3alUsi. DTO MPUBOAUT K COOTBETCTBYIOLIEMY
W3MEHEHUIO CKOPOCTEH AaHOAHBIX M KATOJHBIX JJIEKTPOJHBIX MPOIECCOB HAa KOHTAKTHU-
pyroux Meramiax. JlecTBUTeIpHO, IPH HOBOM 0O0IIeM MoTeHIuane ¢z metamt "1" oyner
pacTBOPATBCS (KOPPENTUPOBATH) CO CKOPOCTHIO I a1, 6OMIbINEil, YeM CKOPOCTh €ro KOPPO3HH
710 KOHTAKTa lxop1 - MeTasmn "2", Hao60poT, MpK KOHTAKTE PacTBOPSETCS CO CKOPOCTBIO I a2
MEHBIIIEH, YeM CKOPOCTh €ro KOpPpO3WH A0 KOHTakTa lxop2. Takum oOpa3zom, pacTBopeHue
aHOJTHOTO METaslla yBeIMYMBAETCS, & KATOJHOTO - YMEHbBIIIAETCSI.

Ecnu o6muii moreHnuman Makponapbl @z OyAeT MEHbIIE PaBHOBECHOI'O IOTEHIMasa
KaTOJHOrO MeTajuia 52, TO pacTBOpeHHE (KOppo3us) 3Toro meramwia "'2" mpekpaTurcs

BOBCE.

[Ipu ycraHoBUBIIEMCS TIOTEHIMAJIEC MakKpomapbl (s Ha H3HAYaJIbHO OoJee
AJICKTPOOTPHUIIATEIHHOM MeTaie 1" CKOpoCcTh aHOJHOIO Tpolecca a1 CYILIECTBEHHO
GONbIIEe CKOPOCTH KAaTOJHOTO mporecca lki , a HA M3HAYAIBHO 6OJiee HIEKTPOIONOMKH-
TebHOM MeTaiie "2" CKOpoCTh KaTOAHOTO Tpolecca Ik, 3HAUMTENLHO GO0JIblIE CKOPOCTH
aHoHOTrO TIporecca I a2,

Pa3Huiia B CKOpPOCTSIX KaTOZHOTO M aHOAHOTO IMPOILIECCOB MM KaXIOTOo MeTaiia
SIBJIICTCS BHEITHUM TOKOM, KOTOPBIM JaHHBIA METaUl HAMpaBisIeT JpyroMy (HMiIu
MPUHUMAET OT HET0), M MPEACTABISAET COOOM, MO CYIIECTBY, MOTOK AJIEKTPOHOB OT aHOJHOTO
MeTajlla K KaToHOMY .

Ieuemzl' —I .Ignem:I' —I (42)
2 1

k2 a2’ k1 al

JUIss  IBYXDJIEKTPOJHON CHUCTEMBI BHENTHHE TOKM Ka)XJIOTO M3 METAUIOB PAaBHBI TIO
a0COTFOTHOW BEJIMYMHE M MTPOTHUBOTIOJIOKHBI TI0 HANPABJICHHUIO. B JTAHHOM ciTydae BHEITHHMA
Tok Mmertamia "lI" Oymer aHomHBIM, a Merauta 2" - kaTogHeIM. Takum oOpa3om, B
rajJibBaHU4YecKoi Makponape metayn "1" paboTtaetr anoaoM, a metasut "2" - KaToJoM. 3a cyeT
BHEITHETO TOKa U OCYIIECTBISAETCS] COOTBETCTBYIOMIAS MOISPU3AIIHS dIIEKTPOOB.

B cmydgae 3aMETHOrO  OMHYECKOTO  CONPOTUBICHHUS  arpeCCUBHOM  CpEIbI
paccmarpuBaeMmasi  JBYXDJIEKTPOJIHAsT  CHCTeMa YyXe€ He  SBISETCS  MOJHOCTHIO
3aMoJSIPU30BAHHON - OONIMI TOTEHIMAJ HE YyCTaHaBIMBAeTCsI. MeTaulbl MakKpomapbl
NPUOOPETAIOT HOBbIE MHAMBHIYalIbHBIE DJIEKTPOJAHBIE MOTEHIHANBl ¢ xopl M @ xop2. IIpH
STOM Qropl < @ xopl < @ xop2 <Qrop2. PA3HOCTh MOTEHIHMATOB AP = @ xop2 - @ ropl
MPOITOPIIMOHAIEHA OMHYECKOMY COINPOTHBIICHUIO PACTBOpPA W BEJIIMYUHE BHEIIHETO TOKA
MaKpOIaphbl.

Takum 00pazoM, KOPpO3Us METa/UIa B PACTBOPE AJIEKTPOJINTA MOXKET OBITh 3aMeJIJIcHa C
MOMOIIBI0 KOHTAKTa C 0OJiee AIEKTPOOTPHUIATETFHBIM METAJUIOM (2HOAHBIM KOHTAKT) WIH
YCKOpEHa BCIIEACTBHE KOHTAKTa C 0OJiee DIICKTPOIOIOXKHUTECIEHBIM METAUIOM (KaTO HBIN
koHTakT). Cka3aHHOE CHpaBeVIUBO JJIs CIy4aeB KOPPO3HHM METalIOB B aKTUBHOM
cocTosiHuH. Eciti BO3MOYKHA IMacCHBaIMsl OCHOBHOI'O METAslIa, TO KaTOAHBIM KOHTAKT MOYKET
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CHOCOOCTBOBATH HACTYIJICHUIO TACCUBHOTO COCTOSIHUSI OCHOBHOT'O METajllla U YMEHbILIEHUIO
ero ckopoctu kKoppos3uu. C apyroil CTOpOHBI, /Il MACCUBHOIO METAJlJIa aHOAHBIM KOHTAaKT
OIaceH, TaK KaK MOXKET MPUBECTU K IMEpPexXoay M3 MAacCHUBHOTO COCTOSHHUSA B aKTHUBHOE U
YBEJIMUEHUIO CKOPOCTH KOPPO3HH.

KonTaktHas koppo3us sBIsieTcs MPUYUHONW YCKOPEHHOIO pa3pylLIeHHs] KOHCTPYKIUH,
CMOHTUPOBAHHBIX U3 PA3HOPOJIHBIX METAJLJIOB.

O PeKTUBHOCTD YCKOPAIOIIETO AEHCTBHS KATOJHOTO KOHTAKTa Ha KOPPO3HI0 OCHOBHOTO
MeTajula B YCIIOBUSIX AKTUBHOI'O PACTBOPEHHUS 3aBUCUT OT BEJIUYMHBI PABHOBECHOIO
AJNEKTPOJHOIO MOTEHIMAlla KaTOJHOTO MeTaljla B JAHHBIX YCJIOBUSAX M 3aTPYJHEHHOCTH
(mepeHanpsKeHUs1) aHOJHOTO M KaTOJHOI'O IPOLIECCOB Ha KAaTOJHOM METAaJlIE, a TaKkKe OT
COOTHOIIICHHUSI TMOBEPXHOCTEH KATOAHOTO W OCHOBHOTrO (aHomHOro) meramwioB (S : Si).
KoHTakTHas Koppo3Wsi TEeM WHTCHCHUBHEW, dYeM Oojiee TOJIOKUTEICH PaBHOBECHBIN
MOTEHIIMAJ KaTOJAHOIO METajlla, YeM BbIIlIe epEeHANPsKEHUE ero aHOAHOIO PACTBOPEHUS U
YeM MEHbIIE NIEPEHAIPSKEHNE BOCCTAHOBJIEHMSI OKUCIIUTENS HAa €r0 MOBEPXHOCTH, a TAKKe
4yeM 0oJiblile OTHOILIEHHE MOBEPXHOCTEH KaTOJAHOTO 1 OCHOBHOI'O METAJLJIOB.

4.2.2. KaroHas 2JIeKTPOXUMUICCKAs 3aIHUTa

Ha u3meHeHHMH CKOpOCTM pacTBOpPEHHS MeTallla MpU €ro KaTOJHOW MOJSpU3alud
(cMmeleHne NOTEHLUaJla B OTPULATENIBHYIO CTOPOHY) OCHOBaHa 3JIEKTPOXMMHYECKAs
KaTOJHas 3allluTa METAJUIOB OT KOppo3uu. OCylIeCTBUTh KaTOAHYIO 3alIUTy MOXXHO JABYMS
CIIOCO0aMH.

OavH M3 HUX 3aK/IIYaeTcs B IMPUCOECAUHEHUM K 3alUIIAEMOMY METaUINYECKOMY
U3JIEJMI0 KaKoro-nubo JApyroro MeTajula, HMMEIOLIEro B JaHHOW arpecCUBHON cpene
MoTeHunuan Oojiee OTPHUIATEIbHBIA, YeM MOTEHIHWaN 3aluinaeMoro meramia. I[lpucoenu-
HSE€MBIM MeTa/yl paboTaeT aHOJOM B raJIbBAHMUYECKOM Mape C 3alllMIIaeMbIM METAJUIOM U
YCKOPEHHO pacTBOpSIETCS. OTOT CMOCOO Has3biBaeTca '"HMPOTEKTOPHOM 3ammrToi”, a
MIPUCOEAUHIEMBIN 3JIEKTPOJ, - MPOTEKTOPOM. MarepuanoMm Juisi MPOTEKTOPOB B CIy4yae
3alUThl KOHCTPYKIUN M3 HEJETUPOBAHHOM CTalIM 4YacTO CIY)KUT LUHK WIH CIUIaBbl Ha
OCHOBE AJIIOMHHMS U MarHus. B mporecce 3amuThl IpOTEKTOPHI IOCTENEHHO PaCTBOPSIOTCS,
MOATOMY MX MEPUOJANYECKH 3aMEHSIOT HOBBIMH.

Bropoit cnoco0 3IeKTpOXMMHYECKOW KaTOJHOM 3alllUThl COCTOUT B KaTOJHOM
MOJIAPU3AlMU  3alUIIAeMOT0 W3JeJNsl OT TIOCTOPOHHETO (BHEIIHETr0) HCTOYHHKA
MIOCTOSIHHOTO TOKa (BBIPSAMUTENS, aKKyMYJISITOPHOU OaTapeu M T.II.), TaK Ha3biBaeMas, "Ka-
TOAHAs 3alllUTa BHEIIHUM TOKOM" mim "snekrpo3auuta’. [Ipu 3ToM 3ammmiaemMblii MeTal
MOJICOEIUHAIOT K OTPULIATEIbHOMY IOJIIOCY BHEIIHETO0 WCTOYHHUKA, a K TOJOKUTEIbHOMY
MOJIFOCY MPUCOEIUHSIOT NMOTPYKEHHBIM B arpeCCUBHYIO CPEly BCIIOMOTATEIbHBIN 3JIEKTPO.T
U3 DIJEKTPOINPOBOJAIIEr0o Marepuasia. B  kadecTBe MaTepuanoB BCHOMOIAaTEIbHBIX
3JIEKTPOJIOB MMPUMEHSIOT TaKHE, KOTOPBIE I COBCEM HE PACTBOPSIOTCS IIPH aHOJIHOM MOJISI -
pHU3ali B JAHHBIX YCIOBUSX (TpaduT), UM PACTBOPSAIOTCS C OYCHb MAJIBIMH CKOPOCTSIMHU
u3-3a o0pa3oBaHMs 3allUTHBIX cioeB (Pb). Ha BcmomorarenbHBIX HEPaCTBOPHUMBIX
9JIEKTPOJIaX B BOJHBIX pACTBOpax NPOTEKAET aHOAHAs PEaKIHs BBIICICHUS M3 BOJIBI
ra3o00pa3HOro Kucioposa.

O PexTUBHOCTh KAaTOMHON 3IEKTPOXMMHUYECKON 3allluThl MPUHATO XapaKTepU30BaTh
JIBYMsI IOKA3aTesIMU: 3aIUTHBIM Y hEKTOM

oKy
7= KTO 100 (4.3
u KOSd)d)I/IHI/ICHTOM 3allIUTHOI'O ﬂeﬁCTBHH
K, =% 00, (4.4)

|
3
/1€ Z - 3auuTHEIN 3 dekt, %;
Ko - MaccoBBlif TIOKa3aTelh KOPPO3UU MeTasuia 6€3 3amluThl, I/(M2-4);

K1 - MaccoBblii MoKa3aTeab KOPPO3UU MeTaljia MpH NMPUMEHEHHH KaTOJIHOW 3aIlMTHI,
rJIm"a);
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Ks - K03 GUIHEHT 3aIUTHOTO AeHCTBHS, I/A;

AQo - MaccoBbIe TTOTEpH MeTaja 0€3 KaTOHOU 3aIlUTHI, /Mm%
AQ1 - MaccoBBIe TIOTEPH METalIa PU KaTOAHOH 3amuTe, T/M2,
is - ITIOTHOCTB 3aIIUTHOTO KATOJHOTO TOKa, A/M2,

KaroaHoil »51eKTpOXMMUYECKONM 3aIlUTON MOXKHO JOOUTHCS MOJHOTO MpPEKpaIeHUS
KOpPPO3UH MeTajia. ITO MPOUCXOJUT, €CIU MPHU MPUCOCAMHEHUU MPOTEKTOpa K METauly
WIM TpU MPOMYCKaHUM dYepe3 HEero IOCTOSHHOIO TOKAa OT BHEIIHEr0 HWCTOYHHKA
ANIEKTPOJHBIN MOTEHIMAN METallla JOCTUTHET 3HAUeHUsl €ro o0paTuMoro (paBHOBECHOTO)
MoTeHIMa a (ISl CIlaBa - PaBHOBECHOTO MOTEHIMANa Haubojee 3JIeKTPOOTPULIATEIbHON
aHOJHOM cocTaBisAoIEeH cruiaBa). st ctany TakuM MOTEHLMAJIOM SIBJISIETCSl pAaBHOBECHBIN
MOTEHIIMAJ JKeJe3a B IaHHBIX YCIOBHSIX.

DIEKTPOXUMHUYECKYIO 3alIUTY IPUMEHSIOT B CIy4yae KOPPO3UU METAJUIOB, HAXOASAIIMXCS
B XOpOILIO MPOBOSIIMX CpEeAax - pacTBOpax O3JIEKTPOJIUTOB, IMOCKOJbKY, YEM BBIIIE
AJIEKTPOIIPOBOJIHOCTh  CPEIbl, TEM OOJbIle CMEIIAeTCsl MOTEHIMad MeTaula B OT-
pHULIATENIbHYIO CTOPOHY IIPH €0 KaTOAHOW MOJISPU3AIIH.

B cnydae nmpoTeKTOpHON 3aIUTHI PalyC ACUCTBUS MPOTEKTOPA, T.€. MPOTSHKEHHOCTD
METAININYECKOH KOHCTPYKIIMHM, Ha KOTOPYIO pAcCIpOCTpaHseTcs 3allUTHOE JIeHCTBUE
MPUCOCIMHEHHOTO TPOTEKTOpa, MPH MPOUYUX PABHBIX YCIOBHUSX TEM OOJIbIIE, YE€M BBIIIEC
ANEKTPONPOBOJHOCTh cpedbl. Hampumep, B MOpPCKOW BOAE OH JOCTUTAeT HECKOJIbKUX
METpPOB, a B BOJIOITPOBOITHOM OTpaHMYEH HECKOJIBKUMU CAHTUMETPAMU.

[Ipu xaToaHOI 3alIMTE BHEMIHUM TOKOM BBIOOpP ONTHUMANbHOW IUIOTHOCTH KaTOJHOTO
TOKa IMPOU3BOJIAT C YYETOM BBICOKOTO 3amUTHOrO 3(dexTa mpu T0CTATOYHO BHICOKOM
K03 (ULIMEHTE 3alUTHOTO AEWUCTBUA, T.€. 3HAYUTEIHHOTO YMEHBILIEHUS KOPPO3HMOHHBIX
MOTEPh HA KAXKAYIO €MHUILY INIOTHOCTH 3aI[UTHOTO KaTOJAHOTO TOKA.

Ecnu mnpu snekrpos3amure IIOTHOCTH 3allUTHOTO TOKA MOXHO pPErylupoBaTh B
HIUPOKUX TpeesiaX, TO MPH 3alIUTe C MOMOIIBI0 MPOTEKTOPa CTENEHb €€ 3aBUCHUT OT €ro
ANEKTPOXUMUYECKUX XaPAKTEPUCTUK: HAYAIBLHOTO SJEKTPOJHOrO MOTEHIIMAala, aHOJHOMN
MOJISIPU3YeMOCTU (CTENEHW HM3MEHEHHMs TOTEHIMaja MPU MPOTEKAaHWU BHEIIHETO TOKa),
BEJTMYHUHBI TTOBEPXHOCTH.

Karonnas snektpoxumudeckas 3amura - 3OQPEKTUBHBIA U SKOHOMUYECKH BBITOIHBIN
METOJ 3alUThl OT KOPPO3UHM METANIMYECKUX KOHCTPYKLUHMHA B MOPCKOH BOJE, MOYBE U
JIPYTUX HEUTpaJIbHBIX arpeCCUBHBIX Cpelax. B KHUCIBIX cpefax MeTaulbl XapaKTEePU3YIOTCS
Majol KaTOJHOM MOJSIpU3yeMOCThIO (MajblM CMEIICHHEM MOTEHIMaia B OTPUIIATEIbHYIO
CTOPOHY TMpU TMPOTEKAHUM KATOJAHOTO TOKa). B Takux ycloBUAX 3HAUMUTENbHAs YacTh
3aIIUTHOTO KaTOJHOTO TOKA TPATUTCS HENPOU3BOJUTEIBHO HAa KaTOJHOE BOCCTAHOBJIICHUE
MOHOB BoJ0opo/ia. B pe3ynbrare ko3 HUIHMEHT 3alUTHOTO AeiicTBUS HeBesnuK. [Ipumenenue
KaTOJIHOM 3alIUThl B TAKMUX CPEJaX OrPaHUYEHO.

Kartonnas 3ammura HaXOMUT IIUPOKOE MPUMEHEHHE B MPOMBIIIJICHHOCTH ISl 3alUTHI
MOJ3EMHBIX TPYOONPOBOJOB, KOMMYHUKAIIMM ¥ pe3epByapoB, MOPCKUX CYIOB H
METaJUIOKOHCTPYKIIUN, IKCIUTYaTUPYIOIIUXCS B MOPCKOM BOJIE, a TAKKE TEXHOJIOTHYECKOTO
000pyIOBaHUs - KOHJIEHCATOPOB, TEMIONPOBOIHUKOB.

4.3. TlpoBeieHne paboThI

PaGora cocTout U3 Tpex yacTeii:

1. Ompenenenne ckopoctrn Kopposuu cramum Ct3 B 5%-HoM pactBope H>S0s mpm
OTCYTCTBHHM KOHTaKTa M MPU KOHTAKTE €€ C APYTMMU MeTaamMH (IIUHK, MENb), a TakkKe
JJIEKTPOXUMHUUYECKUX  XAPAaKTEPUCTHK TaJbBAaHUYECKUX  MAKpomap -  AJIEKTPOJHBIX
MOTEHIINAJIOB METAJIOB B KOHTAKTE U 0€3 KOHTAKTa, CHUJIBI TOKa paboTaromx mnap.

2. Nzyuenue xopposuu ctamu Ct3 ¥ onpeeneHne ee IeKTPOJHOTO MOTeHIana B 5%-HoM
pacTBOpE CEpHOM KUCIOTHI ITPU KATOAHOM 3aIUTE BHEIIHUM TOKOM.

3. Ompenernenre pajnyca JEWCTBHAS IIMHKOBOTO MPOTEKTOpa Npu kKopposuu ctaym Ct3 B
cpelax ¢ pasHOM AIEKTPONPOBOAHOCTHIO (AMCTUIUIMPOBaHHAS Boja, 1%-HbBIH pacTBOp
XJIOPUCTOTO HATPHUS).
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Bropas gacte pa®oThl IPOBOIUTCS OJHOBPEMEHHO C IEPBOI, a TPeThs - MOCIE TOrO, Kak
OyZyT TOCTaBJIEHBl Ha HCHBITAaHHS OOpaslbl B IMEPBOM M BTOPOH dYacTAX pabOTHI - B
nepepbIBax MEX/y 3aMepaMu JIEKTPOIHBIX TOTEHLUAJIOB.
4.3.1. Koppo3usi METaJJIOB B KOHTAKTE
a) OOBEeKTHI UCCIIeI0BaHUS U aliapaTrypa:
1. O6pasupl cranu Ct3 (3 wt.); meau (1 wt.); uaka (1 mr.).
2. 5%-nsr1it pactBop H2S04.
3. Crakansl (500 cM®) 1 KPBIIIKH ¢ KIIEMMaMH JJIs KperuIeHus oopasios (3 mrT.).
4. BeicokoOMHBIH MHUTHBONIETMETP OB - 74 (1 mit.).
5. Munamnepmerp Ha 75 mA (1 wr.).
6. CoequHMTENbHBIE IPOBOJIA C KOHTAKTHBIMU 3a)KUMaMH (211T. ).
7. ltanrenuupkyis (1 wr.).
8. Haxxnaunas 6ymara, Bata, GuiIbTpoBalibHasi Oymara, aleToH.

6) Meroauka npoBeIeHHsI SKCIEPUMEHTOB

OmnpenenstoT pa3Mepbl CTalbHBIX O00pa3lOB U PACCUUTHIBAIOT MOJHYIO IUIOMIAJh HMX
MOBEPXHOCTH 0€3 HOXKKU. 3a4HIIaloT O00paslbl HAXKAAYHOH Oymaroif; 00e3KUPHBAIOT,
IIPOTHpasi BaTHBIM TaMIIOHOM, CMOYEHHBIM alleTOHOM; BBICYILMBAIOT 5 MUH Ha BO3JyXe U
B3BEIIMBAIOT Ha aHAJTMTHUYECKUX Becax ¢ TouHOCThIO 10 0.0002 r. IIpaBuia B3BeHIMBaHUS Ha
aHAJIMTUYECKUX Becax MPUBEJCHBI B NPUIOKEHUU 1. MenHbIi 1 HUHKOBBIN 00pa3iibl 3auu-
AT, TPOTUPAIOT BATOM, CMOYEHHOM all€TOHOM, HO HE B3BEILIMBAIOT.

[ToxroroBnenHple 00pa3Ibl 3aKPEIUISIOT C MOMOINBIO KIEMM B KPBIIIKaX CTaKaHOB: B
IIEepBBIN CTaKaH MMOMEIIAIOT TOJIBKO CTaJIbHOM 00pa3el, BO BTOPOM - CTaJbHOW U IIUHKOBBIH,
B TPETUM - CTAIBHON U METHBIN.

Bo Bce crakanbl HanuBaroT 5%-HbII pacTBOP CEPHOM KUCIOTHI HA OIMHAKOBOM YPOBHE U
MIOMENIA0T 00pa3lbl B CTakaHbl TaK, 4TOObI YPOBEHb PACTBOpa IMPOXOIMI IO HOXKE
00pa3noB. Bo BTOPOM U TpeTheM CTaKaHaxX 3aMBIKAIOT KJIEMMBI ¢ 00pa3lamMu IMpOBOIAMH,
co3naBas Makponapsl Fe - Zn u Fe - Cu, u pukcupyroT BpeMs Hayana UCHbITaHUsl, KOTOpbIE
IIPOBOJSAT B TEUEHUE Yaca, U3MEPssl JIEKTPOIHBIE TOTEHIMAIIBI BceX MeTaioB uepe3 10, 25
u 45 MMH mocie Hayaia onbiTa. I 3TOro mooyepefHo MOJKIIYA0T 00paslbl K
MUJUIMBOJIBTMETPY, HMOMEIasi KOHYMK 3JIEKTPOJIMTHUECKOTO KJ4a OT XJIOopcepeOpsHOro
9JIEKTPOJia CPaBHEHUs B COOTBETCTBYIOUIMM cTakaH ¢ oOpasuom. Ilopsiok u3Mepenus mo-
TEHIIMAJIOB OMMCAH B MHCTPYKIIUH O PabOTe ¢ MIJLTHBOJIBTMETPOM (CM. TIPHIIOKEHHUE 4).

Ilepen OkOHYaHMEM OMbITA OTCOEAMHSIIOT 3aKOPAYMBAIOIIMM IPOBOAHMK, 3aMBIKAIOT
napsl Fe - Zn u Fe - Cu Ha MuuIMaMIiepMeTp U U3MEPSAIOT CUITy TOKa COOTBETCTBYIOIIEH
napsl. 3aT€M ONPENENSIIOT JJIEKTPOJIHBIE IMOTEHLMAAbl BCEX METAUIOB B OTCYTCTBHUE
KOHTAaKTa U OLIEHWBAIOT MHTEHCUBHOCTh Ia30BBIJICICHNS Ha BCEX AJIEKTPO/ax MPU KOHTAKTE
C IpyrMMHU MeTajuiaMu 1 6e3 Hero. OleHnBast ra30BbIIETICHNE MOXHO IPUMEHSATh YCIIOBHBIE
nokazatenu: "orcyrcTByer”, "oueHp cmaboe", "cmaboe", "cpeanee", "cuibHOE", "OueHb
cHIIbHOE".

[Tocne oxoHYaHus ombiTa (IO UCTEUEHUHU Yaca) BCE CTaJIbHblEe 0Opa3Ibl BBIHUMAIOT W3
pacTBopa, YAAISIOT HPOAYKTHI KOPPO3UM HAMBUIEHHBIM €pIIMKOM, MPOMBIBAIOT BOJAOMH,
MPOTHPAOT PUIBTPOBATLHON OyMaroi, BBICYIIMBAIOT 5 MUHYT Ha BO3JyX€ M B3BEIIUBAIOT
Ha aHAIUTUYECKUX BECax.

Menaublii ¥ IUHKOBBIA 00pa3ilbl BBIHUMAIOT W3 pacTBOpa, MPOMBIBAIOT BOJOM H
BBICYIIMBAIOT (WIBTPOBAIBbHOM Oymaroil. Bce pacTBopel, KpoMe TOro, B KOTOPOM
HaxoJWIach Me/b, CIMBAIOT Yepe3 BOPOHKY 0OpaTHO B OyThulb. CTaKaHbI OMOJIACKUBAIOT
BOJIOM.

Pesynbrarel HaOMIOACHUI U U3MEpPEHU 3aHOoCAT B Tabm. 4.1. u 4.2.
4.3.2. 3anmTa BHENIHUM KaTOJIHBIM TOKOM

a) OOBEKTHI UCCIIEZIOBAHMS U annaparypa
1. O6pasupl ctamu Ct3 (1 wt.) u ceunna (1 mrT.).

2. 5%-nprii pactBop HSO.f.
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3. Crakas (500 cm®) 1 kphIIKa ¢ KIeMMaMu 71 KperieHus o6pasnos (1 mr.).
4. MumuBonbT™MeTp Trmna OB - 74 (1 mir.).

5. Munmmmamnepmetp Ha [A (1 mmT.).

6. MIcTOYHUK OCTOSIHHOTO TOKA (BhIpsiMUTENh) (1 mit.).

7. JIBmxkoBbIi peoctar (1 mr.).

8. Kirou-pyOniibHUK, COeAMHUTENBHBIE IIPOBOA.

9. lllTaHT€HLIUPKYJIb.

10. Haxxgaunast ymara, BaTa, GUIbTpOBaIbHAsE Oymara, aleToH.

6) MeToauka npoBeeHHs SKCIIEPUMEHTOB

[TonroraBnuBaioT cTambHOW oOpaszen Tak jke, Kak ykazaHo B m. 4.3.1. 3nauyenue
M3MEPEHHOM Macchl oOpasna 3aHocat B Tabn. 4,1. OOpaboTka CBHHIIOBOrO 00pasia
aHaJIoTHYHa 00pabOTKE MEAHOrO M MUHKOBOTO. [T0OATOTOBICHHBIE CTAILHON U CBUHIIOBBIN
00pasipl 3aKpeIUISIOT B KPBIIIKE CTaKaHa U MOJCOCTUHSIOT Yepe3 JIBHXKKOBBIM peocTaT U
amMIepMeTp K MCTOYHHKY TOKa. 3alMIaeMblii oOpaser] MOJKII0YalOT K OTPUIATEIbHOMY
nositocy (puc.4). PaccuuThiBalOT cuy TOKa, KOTOPYIO HEOOXOAMMO YCTAaHOBHUTH JIJIsS
JIOCTHKEHHUS TUIOTHOCTH 3alIUTHOTO TOKA i5 = 24 MA/cM2.

HanuBarot B ctakan 5%-HbIil pacTBOp CEPHON KHUCIOTHI J0 YPOBHS, MPOXOMSILIEro MO
HOKKaM 00pa3uoB. [Tomemator oOpa3ipl B pacTBOp, 3aMBIKAIOT KJIHOYOM AIEKTPUUYECKYIO
L[eMb, JBIXKOBBIM PEOCTATOM YCTaHABJIMBAIOT HEOOXOAMMYIO CHIIy TOKa U (DUKCHPYIOT
BpeMs Hayana ucnblTaHui. [IpoBOJAT HcHbITaHUS B TEYEHHE Yaca, U3MEpsisl MOTEHIMAIIBI
00oux anekTpoaoB uepes 10, 25 u 45 MuH noclie Hayaia OmbITa.

[To ucteuenun yaca UICTOYHHUK TOKA OTKJIIOYAIOT, U3MEPSAIOT MOTEHIHANIBI METAJUIOB MPU
OTKJIFOUEHHOM HMCTOYHHMKE M OLICHWBAIOT MHTEHCHUBHOCTH T'a30BBIACNICHUS HA DIIEKTPOJaX
IIPH 3JIEKTPO3ALUTE U B OTCYTCTBHE €€.

[Tocne 3aBepieHusi OMbITa CTAadbHOM OOpa3el BBIHUMAIOT W3 PacTBOpa, YIAJSIOT
MPOAYKTHl KOPPO3HWH, TIPOMBIBAIOT BOJIOM, BBITHPAIOT (QHIBTPOBATBHONW Oymaroi,
BBICYIIMBAIOT U B3BEIIMBAIOT;

CBUHIIOBBI DJIEKTPOJ TPOMBIBAIOT BOJOH W BBITHPAIOT (PHIBTPOBAIBHON OyMaroii.
PactBop mepenuBaioT B OyTbUIb, CTakaH OMOJAcCKUBAIOT BOAOH. Bce pe3ynbTarhl
HaO0JII0ICHUH ¥ U3MEPEHUH 3aHOCAT B Ta0. 4.1. u 4.2.

4.3.3. Pagnyc nelicTBUS MPOTEKTOpa

3anaya JaHHOW 4YacTU pabOThl - ONPEAENUTh BIUSHHUE 3JIEKTPONPOBOJHOCTH PacTBOpa
Ha pajuyc ASUCTBUS IMHKOBOTO NPOTEKTOpa npHu 3amuTe cranu CT3 B HEHTpanbHOI cpeje.
WccnenoBanus mpoBOAST B JUCTWIIMPOBAHHOW Boje W 1%-HOM pacTBOpe XJIOPHCTOTO
HaTpusi. YIENbHYIO 3JIEKTPOIIPOBOJHOCTh PACTBOPOB HEOOXOAMMO ONpPENETUTh IO
CIIPaBOYHHKAM.

a) OOBEKTHI UCCIIEJIOBAHMS U anmaparypa
1. O6pazupb! cranu Ct3 (2 mrt.) - mactuaka 40x20x3.

2. [TuHKOBBIH TPOTEKTOP (2 MIT.) - MOJIOCKA, MTPOBOJIOKA.

3. ArpeccuBHbBIE Cpelibl - AUCTHIUTUpOBaHHast Bona, 1%-uerit pactBop NaCl.

4. Bannouku wiu yamku [letpu (2 mr.),

5. 1%-HbI#1 pacTBOpP KpaCHOW KPOBSHOM COJIH.

6. CrekisiHHAs ANOYKa, HAKAauHas Oymara, BaTa, QUIbTpoBalibHast Oymara, aleToH.

0) Meroanka mpoBeACHUS IKCIIEPUMEHTA

JIBe cranbHBIE TMIACTUHKHM 3a4MINAIOT HAXJa4yHOW OymMaroil W MpOTUPAIOT BaToM,
CMOYEHHOW aneToHoM. B oTBepcTHs, nMeromuecss B CTaJbHBIX IJIACTUHKAX, BCTABIISIIOT
HeOOoJIbIIINEe KYCOYKH IIMHKOBOM IMPOBOJIOKM M IUIOTHO 3aKPY4YMBAIOT JUIS CO3/JaHUS XO-
pOILIEro KOHTAaKTa IMHKA U CTaJIH.

B oany wamky IleTpu HaIMBaOT AUCTUILTUPOBAHHYIO BOMY, B APYryto 1%-HbIi pacTBOp
NaCl. B o6e uaiku U3 KanenbHHUIIBI J00ABJISIOT M0 5 Kareib pacTBOpa KPacHOW KPOBSIHOW
comu K3Fe(CN)e (MHAMKATOp Ha HOHBI JKeje3a Fe?*) u nepeMemnBaroT. [lnacTuHku
MOMEIIAIOT Ha JIHO YaIllek.
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Uepes 10-15 MuH ocMaTpuBaIOT CTaJdbHbIE IUIACTUHKH C MPOTEKTOPAMU, HE BBIHUMAs MX
U3 pactBopa. M3MepstoT paccTosiHUE OT MPOTEKTOpa A0 CHHUX TSTEH, MOSBUBIIUXCS Ha
MOBEPXHOCTAX CTAJbHBIX IUIACTUHOK, OMMCHIBAIOT HUX KOJMYECTBO W PACIOJIOXKEHHE Ha
oOpasiax (3apucoBBIBAIOT).

[TosiBeHrWe CHHUX TATEH BBI3BAHO 00pa3oBaHHWEM '"TypHOYII-IEBOW CHUHHU" BCIIC/ICTBHE
peaKIu KpacHOW KpPOBSIHOM COJIM C JABYXBAJCHTHBIMH MOHAMH JKEJe3a, MOSIBUBIIUMUCS B
pacTBope B pe3ysibTare KOPpPO3UU TEX YYAacTKOB CTalbHOro oOpas3lia, Ha KOTOphIE HE
pacrpocTpaHsieTcs 3alUIUTHOE JeCTBHE IIMHKOBOTO MIPOTEKTOPA.

Pesynbrarel HaOmoneHuit 3aHocaT B Tabn. 4.3. OOpa3ipl BEIHUMAIOT, IPOMBIBAIOT
BOJIOH, BHICYIIMBAIOT (PMIIBTPOBAIBHONM Oymaroil. PacTBOpHI BEUIMBAIOT B PAaKOBUHY, YaIIKH
CIIOJIACKUBAIOT BOJOH.

4.4. O6paboTKa ONBITHBIX JAHHBIX

1. PaccuuteiBator o ¢opmysam (4.3) u (4.4) u 3aHocat B Ta0i. 4.1 mokazarenu KaToHOM
3alIUThl U KOHTAaKTHOH KOppo3uM - 3amuTHBIA 3ddext (), KodpPULMEHT 3anMTHOrO
neictust (Ks), mas Bcex cimydaeB (mapel Fe-Zn, Fe-Cu, snekrtposamura). Ilpu sToMm
CKOPOCTh KOPPO3HMH CTAIH B PA3JIMYHBIX YCIOBHUAX ONMpeaessitoT o ¢popmyie (1.12).

2. CtposT rpaduK U3MEHEHHs TOTEHIUAIOB 3JIEKTPOIOB BO BPEMEHH ISl BCEX CIy4aeB ¢ =
f(t), mpeaBapUTEIBHO NEPECYUTAB U3MEPEHHBIC MOTCHIMATIbl OTHOCUTEIBHO HOPMAJILHOTO
BOJIOPOHOTO 3JIeKTpoa o dpopmyie (3.5).

3. PaccumThIBaroT paBHOBECHBIC TOTEHIMAJBI IIMHKA, MEIHW, JKejie3a W BOJOPOJHOTO
3MEKTPO/ia, NPUHUMAs KOHIIEHTPAIMIO HOHOB METalioB B pacTBopax [Zn?'] = [Fe?'] =
[Cu?*] = 10° Momb/n 1, y4UTHIBAS, YTO KMCIOTHBIH TOKa3aTenb cpeabl 5%-Hoit H2S04 pH =
0,1. PaBHOBECHBIE MOTEHIIMAIBI METAJIIOB OMPeNestoT 1o hopmyrie (3.6).

PaBHOBecHBII TOTEHIIMAT BOJIOPOJAHOTO IIEKTPOIa HAXOAAT 1o hopmyie

R-T .
(024 :(po + -2,3-1g H ) (4.5)
H, H, n- F (F)H2 )1/2

rae ¢ ,’jz - PaBHOBECHBII MOTEHIIMA BOJOPOTHOTO IeKTpoa. B;

(pg - CTaHJAPTHBIN NOTEHI[MaJl HOPMAJIBLHOTO BOJIOPOJAHOIO IEKTpoaa (IIpu a, = lu P,
2 2

=1),B;

a, - aKTHBHOCTb HOHOB BOJI0PO/Ia B PACTBOPE, MOJIB/II;

F’H2 - MapUUaJIBbHOE JIABJICHHE BOJOPOA HAJl paCTBOPOM, aTM;

N - 9ucio OJICKTPOHOB, YUYAaCTBYIOIIUX B PCAKIIMU BOCCTAHOBJICHUA HOHOB BOAOPOJAA:
H*-H0+ e~ 1/2Ho+Ho0 (4.6)

ITpu Temnepatype 25°C u mapuuanbHOM JaBICHUU BOJOPOAA B aTMoc(epe Bo3Iyxa F’H2 =

5.10® aT™M paBHOBECHEII TOTEHIMAN BOIOPOIHOTO HIEKTPOA
¢h =0,215-0,059 -pH, 4.7)

rae pH = -Ig a,,. - KHCIIOTHBIA (BOJIOpOIHBIIT) TTOKA3aTENb CPEIBI.

4. PaccumMTHIBAIOT U 3aHOCAT B TaOJ. 4.2 TOKOBBIE IMOKA3aTeld KOPPO3MH cTaimu (kee3a) u
TOKHU PaCTBOPEHUS Kelle3a IS BCeX CIydaeB

. K-26,8:n
l=——-, 4.8
. #8)

I=1iS 49 rmei-
TOKOBEIH MOKa3aTenb Koppo3un, A/M?;

K - MaccoBBIif TIOKa3aTenb KOPPo3uH, I/(M2u);

N - BaJICHTHOCTh MOHOB METaJlIa, IEPEXOSAIIUX B PACTBOD;

A - MOJIb paCTBOPSIOIIETOCS METAIIIA, 2,

26,8 - KoTU4ecTBO IEKTPUUECTBA, HEOOXOAMMOE ISl pacTBOpeHus 1 Moib/n MeTania, A- 4;
| - Tok pacTBopeHUs MeTauia. A;
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ETsL1,

S - moMmAb TTOBEPXHOCTH KOPPENTHPYIONIEro MeTalla, M-,

5. CTposAT NOJHYI0 KOPPO3HOHHYIO MOJSPU3ALMOHHYIO JAMAarpaMMy U3Y4YE€HHOU CHUCTEMBI B
koopauHatax Tok (I) - moTeHnuan (¢p) aHaIOTHYHO MPEICTaBICHHON Ha pUC.4.

[Tpu 5TOM: a) IPUMEHSIOT PacYETHBIC 3HAYCHUSI PABHOBECHBIX MTOTEHIMAJIOB LIMHKA, JKEe3a,
MeIH U BOJIOPO/a B KAU€CTBE MCXOJHBIX TOUEK ISl TTOCTPOEHUSI COOTBETCTBYIOIIUX aHOJ-
HBIX U KaTOJIHBIX KPUBBIX;

0) Mg TOCTPOCHUS aHOJIHOM KpHUBOM jKelle3a HCHOJB3YIOT JKCIEPUMEHTAIbHbIC
3HAYEeHUsl YCTAaHOBUBIUIMXCS MOTEHIMAIOB jKeJIe3a U COOTBETCTBYIOIIMX UM TOKOB €r0 pac-
TBOPEHUS B PA3JIMYHBIX YCIOBHAX (Ta0d. 4.2):

- 0e3 koHTakTa (Qre-l1)

- KOHTAKT C IIMHKOM (QFe/zn-12)

- KOHTaKT ¢ MebI0 (Qre/cu-13)

- 31eKTpo3amuTa (Qre 55-14)

B) NpU TIOCTPOCHUM KATOIAHBIX KPHUBBIX JJIsI BCEX METAIJIOB MPHUHUMAIOT, YTO
NepeHanpsiKeHre Boaopoaa (orpeaessioniee HAKJIOH KaTOAHBIX KPUBBIX) HA LIMHKE B JIBa
pasa, a Ha MEIM B MOJITOPA pa3a BHIIIE, €M Ha XKele3e, T.€. Nzn = 2NFe; Ncu = 1,5MFe;

T') P MOCTPOSHUH aHOJAHBIX KPUBBIX IMHKA U MEIU UCIOJIB3YIOT KaTOIHbIE KPUBBIE /IS
3THX METAJJIOB U SKCIIEPHUMEHTAIIbHBIC 3HAUEHUS UX IMOTCHIINAIOB KOPPO3UH 0€3 KOHTAKTa
(cm. Tabm. 4.2).

6. JlenaroT BBIBOABI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX KOHTAKTHOM KOPPO3HH U KaTOAHOM
3aIUTHI:

a) U3MEHEHHE HICKTPOJAHBIX TTOTECHIIMAIOB M CKOPOCTEH KOPPO3UH METAJLIOB MTPH KOHTAKTE;
0) 3 PEeKTUBHOCTD MPOTEKTOPHOM 3AIUTHI M JICKTPO3AIIUTHI;

B) BIIMSTHUE SJIEKTPOIIPOBOTHOCTH Cpebl Ha 3(p-Th KaTOJHOM 3aIIUTHI.

4.5. Bonpochk! il CaMOKOHTPOJIS

1. Kak u mouemy M3MEHSIOTCS TOTEHIHAT U CKOPOCTh KOPPO3UU MEAH MPU KOHTAKTE €€ CO
cTanbio (kerne3om)?

2. Kakme TmpOAYKTHI BBIIENAIOTCS Ha OJIIEKTPOAAX TPH KOHTAKTHOH KOPpPO3MH U
JIEKTPO3ALIUTE B U3yUEHHOM cucteme?

3. Bynyr nu uzmensiTees (eciam OyayT, TO Kak ¥ IOYEMY) TIOTEHIIMAT U CKOPOCTh KOPPO3UHU
CTaJbHOM (KeJIe3HON) JieTaly Npu YBEJIMYEHUN pa3MepoB KOHTAKTHPYIOLIeH ¢ Hell MeaHOi
neranu?

4. Kak n3MeHUTCs MOTEHLUAI U CKOPOCTh KOPPO3UHU XKele3a B YCIOBHIX 3JIEKTPO3ALIUThI
IIPU YBEITMYEHUH KaTOJAHOTO TOKA, TOJBOJAUMOTO OT BHEIIHETO UCTOYHHKA?

5. C KakuM KOHTpPOJIEM IMPOTEKAET KOPpO3Us IIMHKA, Xejle3a U MEIU B PacTBOpPE CEpPHOM
KHCJIOTHI B OTCYTCTBHE KOHTAKTa (OMPEAETUTh IO pe3ysibTaTaM padoThl)?

6. MOXHO M TPUMEHHUTh MEJIHBIC 3aKJICNKu B amromMuHHeBoM ammapare? (HaoGopot?).
Perienue 0ObACHUTD.

bubnunorpaduuecknii coucok

1.ITaxomoB B.C. Koppo3us 1 3amura XuMHYECKON anmnaparypbl. DJIeKTPOXUMHUECKas
KOppO3us MeTaJuIoB: YuebHoe mocodue. -M.: MUXM, 1983. -80 c.

2..Kyx H.II. Kypc Teopun koppo3uu u 3amiuTel MeTauios. -M.:Metamnyprus, 1980. -C.
270-277; 287-299; 357-364.

(Pﬂll !(P 1(3/2 -paBHOBeCHLIe IIOTCHIMAJIbI HepBOFO u
BTOpPOT'O MCTAJIJIOB,

£< = paBHOBeCHLIﬁ IIOTCHIIMAJI OKHUCIIUTEIIA,
(PK()p]; (PK()p2 - IOTCHIIMAJIbI KOppO3I/H/I HepBOFO n
BTOPOIro0 MCTAJUIOB 6e3 KOHTAaKTa,
lcop1; lxop2 - CKOPOCTH KOPPO3UH MIEPBOTO M BTOPOT'O

METAII0B 0€3 KOHTAKTa;
Puc. 4. [TonspuzannonHas quarpamMma
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KOPOTKO3aMKHYTOH JABYX3JIEKTPOTHON CUCTEMBI (TaIbBAaHMUECKOW MAaKPOIIaphl)
@z - KOMIIPOMHUCCHBIH MOTEHIMal (0OLIHii MOTEHINAT Maphl),

l,,:1,, -ckopocTH pacTBOpEHHS IIEPBOTO M BTOPOT'O METAIIIOB IIPU KOHTAKTE;

| ,;l,, - CKOPOCTH KaTOAHBIX IIPOLIECCOB METAJLIOB IIPU KOHTAKTE.

1 - MIUTMBOJIBTMETP; 2 - KOHTAKTHAs KIeMMa; 3 - H30JIUPYIO-
mas IUIacTHHA; 4 - 3JIEKTPONUTHYECKUH MOCTHK; 5 - XJopce-
peOpstHHBIN 371eKTpo cpaBHeHus; 6 - pactBop KCI, 7 - cTek-
JSTHHBIA cTakaH; 8 - paboume 3mekTponsl; 9 - pabouuii pac-
TBOp; 10 - KOaKcUIIbHBII Kabenb

Puc. 5. Cxema ycTaHOBKH /17151 U3MEPEHHUS [TOTEHLIUAJIOB IIPU
KOHTAKTHOH KOppO31H

- 4 s 1 - 3ammmaemsiii oOpazer; 2 -
arpecCUBHbIH PacTBOp; 3- .lll- -
BCIIOMOTATENIbHBIN
JIEKTPO; 4 - UCTOYHHUK
TOKa (BBIIPSAMUTEND); D -
K4, 6 - peocrar; 7 -
amIepMerp

)

Puc. 6. Cxema yCTaHOBKH MPH DIEKTPOITIUTE.

Kpurepum ouenkmu:
- He 324TeHO BBICTABJISETCS CTYACHTY, €CIH CTYACHT BBIMOJIHIII OJTHO 3a/IaHUE;

- 3a4YTCEHO BBICTABJIACTCA CTYACHTY, CCJIIM CTYACHT BBLIIIOJHHII JIBa 3aaHUs.
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5 YueOHo-MeTOoaM4YecKOe U MH(POPMAIIMOHHOE o0ecievyeHne TN CIUIIMHBI

5.1 IlepeyeHb OCHOBHO U JONOJHUTEIbHOH Y4eOHOM JTUTEPATYPBHI,
HEe00X0AMMOI1 VIS OCBOCHHS M CHHUIIHHBI

OcHoBHas 1uTEpaTypa

1. ITormoBa A. A. Metoapl 3amuThl oT Koppo3uu. Kypc nekuuit. — JlaHb,
2014. — 272 c.

2. Jlazytknaa O. P. Xummueckoe CONMPOTHMBICHHWE W 3allUTa OT KOPPO3HUHU:
yaeOHoe mocobme. — ExatepunOypr: M3matenscTBO YpaabCKOTO YHHBEPCHTETA,
2014. — 141 c. — BBK, ObC YO

3. IlomoBa A. A. Metonsl 3ammuTsl OT kopposud. Kypc nexuuit. — Jlans,

2014, — 272 ¢. — OBK, OBC «Jlanpy .
4. Kapckuit 1. M., Usanosa H. II., Kyuc [I. B., CBugynoBuu H. A.

Koppo3ust u 3ammura MeTalIM4ecKUX KOHCTPYKUMH M 00OpyaoBaHUs. — MUHCK:
"Bemmimag mkona", 2012. — 9BK, 5bC YBO
5. CemenoBa M. B. Koppo3us u 3ammura oT Koppo3un. — M.: @uU3MaTur,

2010. — 9BK, 9BC YBO

JlonoTHUTE IbHAS JJUTEpaTypa

1. I[leBuenko A. A.. XHUMHUYECKOE COINPOTHUBIECHUE HEMETAIIMYECKUX
MaTepHuasioB U 3amura oT koppo3uu. — M. 2006. — 248 c.

2. Manun B. H., ['pomoB A. H. ®usnuko-xumudeckasi CTOMKOCTb TMOTUMEPHBIX
MaTEpUajoB B yCIOBUAX dkcmuryaranuu. — JI.: Xumus, 1980. — 248 c.

3. 3apyomna JI. II. 3amurta 3maHUN, COOpPYKEHUH, KOHCTPYKUUUA H
o0opynoBaHusl OT KOppo3ud. buonormyeckas 3amura: Matepuainbl, TEXHOJIOTHUH,
WHCTPYMEHTHI U 00opyaoBanue. — MockBa-Bonorna: Undpa-Uuxenepus, 2015. —
224 c.— 9BK, 3bC YO

4. Haymos C. B., CamyunoB A. . MarepuanioBenenue. 3anura oOT KOPPO3UU:
yaeOHO-MeTonuueckoe nocooue. — Kazanb: U3narenscteo KHUTY, 2012. — 84 c.
— OBK, 3bC YBO

5. bamaban-Upmenun 0. B., Jlunosckux B. M., Py6amos A. M. 3ammura ot
BHYTPEHHEH KOppo3uu TpyOONpOBOIOB BOASHBIX TEIIOBBIX ceTeil. — M.: HoBoctu
tenocHaOxenus, 2008. — DBK, ObC YBO

5.2 Ilepeuennb pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHUKALIMOHHOM CeTH
«/HTEepHeT» U MPOrpaMMHOI0 odecnevyeHusi, He00OX0AMMBIX JJIs1 OCBOCHHUSA
AMCIUTITAHBI

1. Cucrema nucrannrontoro odydenus baml'y (CIIO baml'V) na 6aze
Moodle.

2. [1akeT 0(UCHBIX TPUIIOKEHUHN NPOdHEeCCHOHATBHOTO

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

4. OrepariioHHast CUCTeMa JUTsl IepcoHaabHoro koMmbrorepa Win SL &
Russian OLP NL AcademicEdition Legalization GetGemuine

Ne 0301100003613000104-1 ot 17.06.2013 r.

5. OOHOBJIEHHUE ONEPALMOHHON CUCTEMBI JIJISl IEPCOHATBHOTO
kommbrorepa WindowsProfessional 8 RussianUpgradeOLPNLAcademicEditi
onNe 0301100003613000104-1 o1 17.06.2013 1.

6. Desktop Education ALNG LicSAPk OLVS E 1Y Academic Enterprise
Ne 0301100003613000104-1 ot 17.06.2013r.
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6 MarepuajbHO-TEXHMYECKas 0a3a, He0OX0oaMMasi J1Jisl OCYlIeCTBICHUS
00pa3oBaTeJIbHOT0 MpoLecca Mo AMCHUILIHHE

HanmeHoBaHue criennanu3npoBaHHBIX ayIUTOPHH,
KaOHMHETOB, TabopaTopuit

Bup 3ansTuii

HanmeHoBaHue 060pynoBaHus,
MIPOrPaMMHOT0 0OecTiedeHust

Y4eOHas ayAUTOpHs AT IPOBEICHUS 3aHATUI
JIEKIIMOHHOTO TUna: ayautopusa Nel06, aynuropus
Nel07 (umxenepHsiii haKyibTeT)

Jlekun

Aynutopus Ne 106
Jlocka, Men, TapThl, CTYJIbS.
Aynuropus Ne 107
Jlocka, Men, TapThl, CTYJIbs.

VYueOHast ayquTOpHs JUIs IPOBEACHHS 3aHATHI
ceMHHapCcKoro Tuma: ayauropus Nel07
(umxeHepHbI akynsTeT), ayautopus Ne001,
Y4eOHBIH KOMITBIOTEPHBIH KIacc IS IPOBEICHUS
MPAaKTHYECKUX (CEMUHAPCKHX) U JJAOOPATOPHBIX
3aHATHH (MH)KCHEPHBIHA (aKyIbTeT)

IIpakTryeckue 3aHATHSL
JlaGoparopHble pabOTHI

Aynuropus Ne 107
Jocka, men, mapThl, CTYJIbsI.
Aynutopwust Ne 001
Cronsl — 7 wit. Ctynba, 14 mrt. HoyrOyku
Packard Bell ENTF71BM-C36P ¢
3apsIIHBIM yCTpOicTBOM — 14 miT.
Kommbrorepras onrtudeckas USB-MbIms —
14 mwrt. TeneBuzop ¢ KK gucmneem DEXP
SmartTV — 1 wr. HDMI xabenp st
MOAKIIIOYECHHS HOYTOYKA K TeIEeBU30pY
(npoektopy) — 1 mr.

TIpoBeneHKe IPYNIOBBIX H HHANBUYATbHBIX
KOHCYJIBTAINH, TEKYIIETO KOHTPOJISL U
MPOMEXYTOUHOU arTecTanuu: ayauropus Nel07
(MHXeHepHBIH (paKyIbpTeT)

Texymuit KOHTPOJIb U
NIPOMEKYTOUHAs aTTEeCTALUs

Aymuropus Ne 107
Jlocka, Mei, mapThl, CTYJIbsI.

[lomemmeHns A1t cCaMOCTOSTETBHOM PaOOTHI:
yutanbHbIi 321 201 (GusMat. kopryc)

CamocTtosTenpHas padbora

PentiumG2130/4I'6/500I'6/21,5"/Kn/mbitmb

-50 mr., I1K B xomm1. depmo Intel. Depmo

Intel MouoGok Nel ®epmo AMD A8-5500
— 50 mr.
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[Tpunoxxenne Ne 1

OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/DKETHOE OGPA30OBATEJIBHOE
YYPEXJIEHUE BbICIIEI'O OBPA3OBAHMA
«BAIIKNPCKUU I'OCY JAPCTBEHHbBIM YHUBEPCUTET»

COJIEP)KAHUE PABOYEN ITPOT'PAMMBI

JTUCIIMIUTMHBI « XMMHUYECKOE COITPOTHUBIICHUE MaTEPHAJIOB | 3aIIUTa OT KOPPO3IUN»
9 cemecTp
3aouHas hopma 00yueHUs

Bun paboTsr Obnem
AP JUCIUTUTUHBI
Oomas TpymroeMkocTh quciuiumnel (3ET / gacoB) 5/180
19,2
Y4eOHBIX 4acOB Ha KOHTAKTHYIO paboTy ¢ TIPEroaaBaTeneM:
JCKIIAN 6
1a00paTOPHBIX 6
MPAKTHUECKUX/ CEMHHAPCKUX 6
apyrux (TpynmnoBasi, MHANBUAYaIbHAS KOHCYJIBTAIHS U 1,2
WHBIC BUJIBI YU4EOHOU JAeSTEIBHOCTH, IPENyCMaTPUBAIOIINE
paboty obyuaronuxcs ¢ npenojasarenem) (OKP)
Y4eOHBIX 4acOB Ha MOATOTOBKY K 9
3K3aMeHy/3aquy/nHI(<b(bepeHquOBaHHOMy 3a4eTy
(KonTpois)
Y4eOHBIX 4aCOB Ha CAMOCTOATEIIBbHYIO Pad0OTy 151,8
obyuatormuxcst (CP)
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dopMa n3yueHus MaTeprasoB: JICKIUH, dopma TeKyIero
MPAKTUYECKHUE 3aHATHS, CECMUHAPCKHE OCHOBHAS U KOHTPOJIS
3aHATHA, na60paToprl% paboThI, JIOTIOTHHUTEIIbHAS 3agaHust Mo yCIIEBaEMOCTH
o caMoCTOsITeIbHas padoTa U i
Ne Tema i conepkane p JaUTEepaTypa, CaMOCTOSITENBLHOM (KOJUTOKBUYMBHI,
/i TPYIOEMKOCTb (B Yacax) pPEKOMEHTyeMast padore KOHTPOJIbHBIE
CTyJICHTaM CTYJICHTOB paboTHI,
JIK JIb I[IP/CEM | CPC (HOMeEpa U3 CIHCKA) KOMITbIOTEPHBIE
TECTHI | T.II.)
IToaroroBka k
Tema 1. Bsenenue. 1 JICKIITMOHHBIM U o
1 OBLIHE TOT0KEHHUS. 1 1 25,3 1,2,3,45 IN— VYcTHBIN onpoc
3aHATUAM
Tema 2. XumMnueckas IToaroroBka k o
KOPPO3HUs METAJIJIOB 1 JIEKIIUOHHBIM U ¥ CTHbIi onpoc,
2 pp ) 1 1 25,3 1,2,3,45 11 KOHTPOJIbHAS
MPaKTUYECKUM
pabora
3aHATUAM
geMa& IloaroroBka k
JEKTPOXUMHUYECKas 1
JIEKIIMOHHBIM 1 .
3 | KOppo3us METaIIOB. 1 1 25,3 1,2,3,4,5 8 VYerHbll onpoc
MPAKTUYECKUM
3aHATUAM
Tema 4. Kopposus IToaroroBka k VCTHBLH OIDOC
OCHOBHBIX 1 JIeKLIHOHHBIM 1 poc,
4 | KOHCTPYKIMOHHBIX 1 1 25,3 1,2,3,4,5 KOHTpPOJIbHAA
MaTepHuayoB U CIJIaBOB. TTPAKTHHCCKUM paborta
3aHATASIM
Tema 5. Mepbl 60psOBI [ToaroroBka k
C KOppo3ueil MeTaJlJIOB. 1 JIEKIUOHHBIM U YcTHBIM onpoc
5 PP 1 1 25,3 1,2,3,4,5 il p
MPaKTUYECKUM
3aHATASAM
Temab. Metonabl IToaroroBka k o
KOPPO3UOHHBIX 1 JIEKIITMOHHBIM 1 Y CTHbIi onpoc,
6 pp . 1 1 25,3 1,2,3,4,5 1t KOHTPOJIbHAs
HACIIBITAHUIA. MPAKTUYECKUM
pabota
3aHATASAM
Bcero yacos: 6 6 6 151,8
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OEJIEPAJIBHOE I'OCYAAPCTBEHHOE BIO/IDKETHOE OBPA30OBATEJIbBHOEYYPEX/IEHUE BBICIIEI'O
5 OBPA3OBAHMA
«BAIIKNPCKUU I'OCYJAPCTBEHHBIM YHUBEPCUTET»

COJIEP)KAHUE PABOYEM ITPOI'PAMMBI

TUCITUTUTMHBI « XUMUYECKOE COMPOTUBIICHUE MAaTEPHUAIIOB U 3aIlTUTa OT KOPPO3HH» 7 CEMECTP
Ounas popma 00yueHus

Bug paGoTsl Obnem
Ap TUCITATITAHBI
Oo6mast Tpynoemkocts aucturuiaibl (3ET / yacoB) 5/180
55,2
VY4eOHBIX 4acOB HA KOHTAKTHYIO PabOTy ¢ MPEMNo/iaBaTeieM:
JEKIUN 18
71a60paTOPHBIX 18
MPAKTUYECKUX/ CEMUHAPCKUX 18
OpyTHX (TPyNIoBasi, UHIUBUAYaTbHAS KOHCYJIBTAIUS U 1,2
WHBIC BUJIBI Y4€OHOM JAeATEILHOCTH, TIPETYCMATPUBAIOIIINE
paboty oOyuatomuxcs ¢ npenogaBatenem) (OKP)
Y4eOHBIX YacOB Ha TTOJITOTOBKY K 63
SKSaMCHy/Saquy/)II/I'?(1)CpeHI_II/IpOBaHHOMy 3a4eTy
(KoHTpoJib)
Y4eOHBIX 4aCOB Ha CAMOCTOSITEIBHYIO padoTy 61,8
obOyuaroruxcst (CP)
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dopMa n3ydeHus: MaTepUasoB: JICKIUH, dopma TeKyIero
MPAKTUYCCKUC 3aHATUA, CCMUHAPCKUC OCHOBHAY U KOHTPOJIA
3aHATHA, Ha60paTOpHBIe6 pabdoTHl, JIOMOIHHATEIbHAS 3amanus no YCIIEBaEMOCTH
0 CaMOCTOSTEIbHAs padoTa 1 5| K KBUYMBI
J\/f Tema 1 cozep anue p JuTEpaTypa, CaMOCTOSITENBLHOM (KOJJTOKBUYMBHI,
/i TPYJIOEMKOCTb (B Yacax) pPEKOMEHIyeMast pabore KOHTPOJIbHBIE
CTyJICHTaM CTYJICHTOB paboThI,
JIK JIb I[IP/CEM | CPC (HOMepa U3 cIucKa) KOMIIBIOTEPHbIE
TECTHI U T.II.)
IToaroroBka k
Tema 1. Bsenenue. JICKITMOHHBIM 1 "
1 OG6He TONOKEHHA. 3 ; 3 10 1,2,3,45 RO—— VYcTHBIN onpoc
3aHATUAM
Tema 2. Xumuueckas IToaroroBka k o
KOPPO3HUs METAJIJIOB JIEKIIMOHHBIM U Y CTHELd onpoc,
2 pp : 3 3 10 1,2,3,4,5 1t KOHTPOJIbHAS
3 MIPaKTUYECKUM
pabora
3aHATUAM
geMa& IloaroroBka k
JIEKTPOXUMHYECKAs
JIEKIIMOHHBIM 1 .
3 | KOppo3us METaJIOB. 3 3 10 1,2,3,4,5 Tt YCTHBIN ompoc
3 MPAKTUYECKUM
3aHATUAM
Tema 4. Kopposus IMoAroToBKa K ———
OCHOBHBIX JICKIIAOHHBIM 1 poc,
4 | KOHCTPYKIIMOHHBIX 3 3 3 10 1,2,3,4,5 KOHTPOJIbHAS
MaTepHaoB U CILIABOB. TpaKTIHICCKIM pa6ota
3aHATUAM
Tema 5. Mepbl 60pbOBI [ToaroToBka k
C KOppo3uei MeTaJlJIOB. JIEKITMOHHBIM 1 YcTHBI onpoc
5 pp 3 3 10 1,2,3,4,5 5 P
3 MPAKTUIECKUM
3aHATUAM
Tema6. MeTtobl IToaroroBka k o
KOPPO3MOHHBIX JIEKIINOHHBIM U ¥ CTHELE onpoc,
6 pp . 3 3 11,8 1,2,3,4,5 1l KOHTpPOJIbHAS
HMCIBITaHHUH. 3 MPAKTUYECKUM
paborta
3aHATUIM
Bcero yacos: 18 18 18 61,8




OEJIEPAJIBHOE I'OCYAAPCTBEHHOE BIO/IDKETHOE OBPA30OBATEJIbBHOEYYPEX/IEHUE BBICIIEI'O
5 OBPA3OBAHMA
«BAIIKNPCKUU I'OCYJAPCTBEHHBIM YHUBEPCUTET»

COJIEP)KAHUE PABOYEM ITPOI'PAMMBI

TUCIUILTUHBI « XUMHUECKOE COMPOTUBIICHHE MaTEPHAIOB U 3alllUTa OT KOPPO3Uu» 9 cemectp
OuHo-3a04yHas popma 00yueHus

Bug paGoTsl Obnem
Ap TUCITATITAHBI
Oo6mast Tpynoemkocts aucturuiaibl (3ET / yacoB) 5/180
37,2
VY4eOHBIX 4acOB HA KOHTAKTHYIO PabOTy ¢ MPEMNo/iaBaTeieM:
JEKIUN 12
71a60paTOPHBIX 12
MPAKTUYECKUX/ CEMUHAPCKUX 12
OpyTHX (TPyNIoBasi, UHIUBUAYaTbHAS KOHCYJIBTAIUS U 1,2
WHBIC BUJIBI Y4€OHOM JAeATEILHOCTH, TIPETYCMATPUBAIOIIINE
paboty oOyuatomuxcs ¢ npenogaBatenem) (OKP)
Y4eOHBIX YacOB Ha TTOJITOTOBKY K 36
SKSaMCHy/Saquy/)II/I'?(1)CpeHI_II/IpOBaHHOMy 3a4eTy
(KoHTpoJib)
Y4eOHBIX 4aCOB Ha CAMOCTOSATEILHYI0 padoTy 106,8
obOyuaroruxcst (CP)
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dopMa n3ydeHus: MaTepUasoB: JICKIUH, dopma TeKyIero
MPAKTUYCCKUC 3aHATUA, CCMUHAPCKUC OCHOBHAY U KOHTPOJIA
3aHATHA, JIa60paTOprIe6 pabdoTHl, JIOMOIHHATEIbHAS 3amanus no YCIIEBaEMOCTH
0 CaMOCTOSTEIbHAs padoTa 1 5| K KBUYMBI
J\/f Tema 1 cozep anue p JuTEpaTypa, CaMOCTOSITENBLHOM (KOJJTOKBUYMBHI,
/i TPYJIOEMKOCTb (B Yacax) pPEKOMEHIyeMast pabore KOHTPOJIbHBIE
CTyJICHTaM CTYJICHTOB paboThI,
JIK JIb I[IP/CEM | CPC (HOMepa U3 cIucKa) KOMIIBIOTEPHbIE
TECTHI U T.II.)
IToaroroBka k
Tema 1. Bsenenue. JICKITMOHHBIM 1 "
1 OG6He TONOKEHHA. 2 , 2 18 1,2,3,45 RO—— VYcTHBIN onpoc
3aHATUAM
Tema 2. Xumuueckas IToaroroBka k o
KOPPO3HUs METAJIJIOB JIEKIIMOHHBIM U Y CTHELd onpoc,
2 pp ' 2 2 18 1,2,3,4,5 1t KOHTPOJIbHAS
2 MIPaKTUYECKUM
pabora
3aHATUAM
geMa& IloaroroBka k
JIEKTPOXUMHYECKAs
JIEKIIMOHHBIM 1 .
3 | KOppo3us METaIOB. 2 2 18 1,2,3,4,5 Tt VYcTHbI onpoc
2 MPAKTUYECKUM
3aHATUIM
Tema 4. Kopposus IMoAroToBKa K ———
OCHOBHBIX JICKIIAOHHBIM 1 poc,
4 | KOHCTPYKIITMOHHBIX 2 2 2 18 1,2,3,4,5 KOHTPOJIbHAS
MaTepHaoB U CILIABOB. TpaKTIHICCKIM pa6ota
3aHATUIM
Tema 5. Mepbl 60pbOBI [ToaroToBka k
C KOppo3uei MeTaJlJIOB. JIEKITMOHHBIM 1 YcTHBI onpoc
5 PP 2 2 18 1,2,3,4,5 5 P
2 MPAKTUIECKUM
3aHATHIM
Tema6. MeTtobl IToaroroBka k o
KOPPO3UOHHBIX JIEKIINOHHBIM U ¥ CTHELE onpoc,
6 pp . 2 2 16,8 1,2,3,4,5 1l KOHTpPOJIbHAS
HMCIBITaHHUH. 2 MPAKTUYECKUM
paborta
3aHATUIM
Bcero yacos: 12 12 12 106,8




