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Pabouas mporpamma IUCIUIUIMHBI aKTyalIM3UpOBaHa Ha 3acelaHnuu Kadeapbl
poTokoa oT «13» uroHst 2017 r. Ne 17

3aBenyromuii kKadeapon < 5 _ / A6nees P.I'.

JlomoTHeHUs! 1 U3MEHEHMsI, BHECEHHBIE B pa00UyI0 TPOrpaMMy JUCHUTIIUHBL,
YTBEPKJICHBI Ha 3aceaHny KadeIpbl: OOHOBIECHBI OMIIETHI U CIIMCOK HCIOIb3YEeMOM
nutepatypsl. [IpoTtokon Nel7 ot «15» urons 2018 r.

N.o. 3aBeayroniero kadenpoit \ / FOmunoB WU.I1.

JlomoHeHUsT ¥ U3MEHEHUs, BHECEHHbBIE B pa004yI0 MPOTrpaMMy AUCITUTUIHHBI,
yTBEpPXKICHb Ha 3acelaHn Kadenpel: OOHOBJICHBI OWJIETBI M CIHCOK
UCIIOJIb3yeMOM JIuTepaTypbl MpoToko Ne 28 ot «15» mast 2019 1.

N.o0.3aB. kadenpoit / borkun A.B./

JlomoHeHNs ¥ U3MEHEHUs, BHECEHHbBIE B pa004yI0 MPOTrpaMMy JUCITUTUIHHBI,
YTBEPXKIACHB Ha 3acelaHuu Kadeapbl: OOHOBJICHBI OWJIETHI M CITHCOK
ucroib3zyeMoi nurepatypsl potokost Ne 10 ot «13» ssuBapst 2020 r.

H.o.3aB. xadenpoii / CautoB P.11./
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1 IlepeyeHb NJIAHMPYEMBIX Pe3yJbTATOB 00y4eHHsI 110 AUCHUILIHHE,
COOTHECEHHBIX C IVIAHMPYEMBbIMHU Pe3yJIbTATAMHU OCBOCHHUSA
o0pa3oBaTeJIbHOM NPOIPAMMBI

B pesynbrare ocBoeHUs1 00pa3oBaTEIbHOM MPOrpPaMMbl OOYYAIONIUICS JOJHKEH OBJIAJCTh
CIICIYIOIIUMHU pe3yabTaTaMH O0yICHHUS TI0 JUCIUILITNHE:

®dopmupyemas
Pe3ynbraTel 00ydeHust KOMITETEHIIHS [Mpumeuanue
(c yka3aHHEeM K0J1a)
3HaTh COBpPEMEHHEIE METO/IbI texunueckoii | [TK-5 - CriocobHocTh
MPUHUMATH ydacTue B
MarHOCTUKU ¥ HEepa3pyIIAIoNMX METO0B
A PaspyLIaiort A paborax TO pacuery U
KoHTpoist. IlpencraBnarh  KiaccHdUKaImio IPOCKTUPOBAHUIO JeTaiell u
METOJIOB  HEpa3pyLIAIOUIET0 KOHTPOIS M | y3JI0B MAIIMHOCTPOUTEIBHBIX
TPUHIMIB  SHCTBUSA TPUOOPOB il uX | KOHCTPYKIMH B COOTBETCTBHU
peanmarm C TEXHUYECKHMU 33aJJaHUSIMH U
UCIIOJIb30BaHUEM
CTaH/IapTHBIX CpencTB
aBTOMAaTHU3ALNH
MPOEKTHPOBAHMSI.
CBOMCTBA M XapaKTEPUCTUKU MaTepUaloB U IIK-15 - ymeHueM npumeHsTs
JJIEMEHTOB KOHCTPYKLUMM M  COOPYXEHUH, METOABL CTaH/IapTHBIX
. WCIIBITAHUH TIO OIPE/EICHUIO
MPpOCTEUIINX n 60.]'[66 CJIOXKHBIX BUAax (l)H:’:HKO-MeXaHI/I‘{eCKPIX
nedopmanuy  3JIEMEHTOB U KOHCTPYKIHMHHU | CBOWCTB M TEXHOJOIMYECKUX
COOpY>KEeHHUI,METO/Ibl pacyeTa 3JIeMEHTOB U | II0Ka3aTeJIen  HCIOJb3YCMbIX
3 MaTepuaioB n T'OTOBBIX
KOHCTPYKIIHUH. <
TPYKI U3AETUN
YMmers IPABMILHO BHIOpaTh TOT MM mHOi Meron | 1IK-5 - CrocobHOCTE
MPUHIMATh y4Jactue B
KOHTPOJIA s JIUAarHOCTUKH  COCTOSHHSA
P s A N paborax 1o pacuery U
HArPYKEHHBIX  JICTAlleH M OJEMEHTOB | ypoekTHpoBaHUIO AcTaneil u
KOHCTPYKIMH C Y4eTOM OTBETCTBEHHOCTH | Y3JI0B MAIIMHOCTPOUTEIHHBIX
KOHCTPYKLUMU U OKOHOMHUYECKUX acrekrop | KOHCTPYKIHHM B COOTBCTCTBHUH
HPOBE/ICHHUS! AT HOCTHKH C TEXHHYECKUMH 33aJaHUAMU U
HCIIOJIb30BaHIEM
CTaHIAPTHBIX CpeZCTB
aBTOMaTHU3aINU
MIPOCKTHPOBAHUSI.
MIPUMEHSTH MoNydeHHble 3HaHuA 1mo Mmexanuke | [IK-15 - ymenmem npumMeHSTH
nedhopmupyeMoro TBepJOro Teia (TEOpUil | METOMBI CTaHJAPTHBIX
IUTACTUYHOCTH, MOJI3y4ECTH, MEXaHUKHU | MCIBITAaHUHI TI0 OMpeNereHUI0
paspyllieHus) TNpd U3YyYCHUH JUCHUIUIMH | (PH3HKO-MEXaHUIECKUX
poeCCHOHANBHOTO IUKIIA. CBOWCTB M TEXHOJIOTHYECKUX
MoKa3aTened  HCIONb3yeMBIX
MaTepHaioB U  TOTOBBIX
U3 0ETUI
Bnangers ONBITOM  TpoBedeHHWs  Hepaspymaromero | 11IK-5 - Cnoco0HOCTh
(saBbixit / omprr | KOHTPOIA  MaTepHaop METOAaMH | MPUHIMATH y4dactue B
COBPEMEHHOU AMAaTHOCTUKH, paborax 1o pacuery u
JEATENBHOCTH) | ¢r10cOGHOCTh CAMOCTOSITEIBHO HCIIONB30BATh | [POCKTHPOBAHHMIO ACTAiell u

TEXHUYCCKUE CpEACTBA 11 UIMEPECHUA U

Y3JIOB MalIMHOCTPOUTEIBHBIX

KOHTPOJIS OCHOBHBIX MapaMeTpoB | KOHCTPYKIHKA B COOTBETCTBUHU
TEXHOJIOTHIECKUX MPOIECCOB, CTPYKTYPHl W | C TEXHUYCCKUMU 3aJaHUAMU U
CBOMCTB MaTepuajloB W M3LAECIUMH W3 HHUX, | UCIOIb30BAHHEM
IUTAHUPOBAHUSA ¥ PEATHM3AIdN WCCIESNOBAHUN | CTaHIAPTHBIX CpeZCTB
1 pa3paboToK aBTOMATH3AINN
MIPOSKTHPOBAHMS.
MepBUYHBIMA ~ HaBhIKamMu ©  ocHOBHBIMHU | IIK-15 - ymeHmem mpumMeHSTH
METOAaMH  KOPPEKTHOH  MaTeMaTHYECKOW | METOMBI CTaHJAPTHBIX

MOCTAHOBKM M pEIICHHA 337ad MEXaHWKH
neopMHpYeMOro TBEpAOro Tela; HaBBIKAMU
pacdera  SJIEMEHTOB  KOHCTPYKIHMH  H
COOPYKEHHH C y4ETOM SIBIICHUN MOI3Yy4ECTH U
IUTACTUYHOCTH A€ OPMHUPYEMBIX TBEPBIX TEIN

WCTIBITAHUH TI0 OTpPEACIICHHIIO
(hM3UKO-MEXaHUIECKUX
CBOMCTB M TEXHOJOTHYCCKHUX
MoKazarene  MCIONb3yeMbIX
MaTepHuaioB " TOTOBBIX
H3JIeINH




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

Lenbro mpenojaBanusi IUCUUIUIMHBI SBIsETCA peanu3auus TpeboBanuid, yctaHoBieHHbIx B GI'OC BO. IlpenonaBanue
CTPOUTCS UCXOJSl U3 TPEOYEMOT0 YPOBHS MOJATOTOBKH CTYAEHTOB, 00yYalOIMXCs O JaHHOM CHeMalbHOCTH.

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

VYyeOnas nucuuiinHa «Koppo3usi KOHCTPYKIMOHHBIX MAaTEPUAIOB» OTHOCUTCS K TUcUUIIIMHE 1o BeiOopy — b1.B.1./IB.5

JI1 04HOTO OTAEIICHUS:

JucuuiinHa u3ydaeTcst Ha 4 Kypce B 7 ceMecTpe.

JI71s1 3a04HOTO OTAEIICHHUS:

JlucuurimHa u3ydaeTcsi Ha SKypce B 5 CEMECTpE.

Jl7ist ocBOeHUsT TUCHMIUIMHBI HeoOxoauma komnereHiuu OK-7, cpopMupoBaHHbIe B paMKax HU3y4YEeHUs CIEAYIOIMINX

JVCLUATLINH

N3 kypca « Pusuka»

3nanua: GU3NKO-MEXaHUUECKHE CBOMCTBA TBEPIBIX TEJ, Macca Tella, Cuja, BEC U HEBECOMOCTh, CHJIA YIIPYTOCTH, CHIIa
TPEHHUsI, KHHETUYECKasl U MOTeHIMAIbHAS pa0O0ThI, TEMIIEpATypa.

Ymenusa: mpon3BOAUTH pacyeThl U U3MEPEHUS OCHOBHBIX (PU3UKO-MEXaHUYECKUX CBOWCTB BEIIECTB

Hasvixu: onpenenenue Gpu3nueckux U GU3NKO-MEXaHUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaT€PUATIOB.

N3 kypca «Xumus»

3Hanus: ATOMHO-MOJIEKYIISIPHOE YUEHUE. ATrperaTHble COCTOSIHHS BemecTB. CKOPOCTh XUMUYECKUX peakuuid. CTpoeHue
aTOMOB ¥ MOHOB. OKHUCIHUTEIbHO-BOCCTAHOBUTEIbHBIE peaKkiMu. KucinoTel, MeTasibl, HEMETaJUIbl U UX OCHOBHBIE CBOICTBA.

Ymenus: coctaBiieHue ypaBHEHUN OKUCIATEIBHO-BOCCTAHOBUTEIBHBIX PEAKIUN.

3Hanus: onpeaeieHue XUMUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX MaTepUaIOB



3 Conep:xxanue padoueid nporpaMmbl (00beM IMCHUILIMHBI, THUIILI M BUAbI YUeOHbIX 3AHATHI, y4eOHO-

MeTOAUYeCKOoe 00ecreYeHue CaMOCTOSTeIbHON padoThl 00y4al0IIMXCH)

Conep:xanue paboueii mporpamMmsl npenctasieHo B [Ipunoxxkenun Ne 1.

4 ®oH/ OLICHOYHBIX CPEJACTB M0 JUCHHUILIUHE
4.1. IlepeyeHb KOMIIETEHIMI ¢ YKa3aHMEM ITANnoB (YPOBHeH) MX ()OPMHPOBAHUS B NPoLecce OCBOCHUS

o0pa3oBaTeJibHOM MporpaMmMbl. OnMcaHne MoKa3aTeae 1 KpUTEPUEeB OLCHUBAHUS KOMIETEHIIUI HA Pa3JIMYHbIX
ranax ux GopMHpPOBaHNS, ONMCAHNE IKAJ OLlCHUBAHUS

IIK-15 - YMCHUCM IIPUMCHATL MCTOAbI CTAHIAPTHBIX WCHBITAHUN 10 OIIPCACIICHUTIO @HSHKO-MGX&HI/I‘ICCKI/IX CBOICTB U

TEXHOJIOTHYECKHUX IT0Ka3aTenei HCITIOJIB3YCMBIX MAaTCPHUAJIOB U I'OTOBBIX I/IBJICJ'II/Iﬁ

Oramn, ypoBeHb
OCBOCHUS
KOMIIETCHIIUH

IInanupyemslie
pe3yNbTaThl 00y4YeHUst
(mokazarenu
JOCTIDKEHHS 3a1aHHOTO
YPOBHS OCBOCHHS

Kputepuu onieHHBaHHs pe3yabTaToOB 00YUCHUS

2
(«He
YIIOBJIETBOPHUTEIHHO))

3

(«Y IOBIETBOPHUTEIHHOY)

4
(«Xoporio»)

5 («OTnaHOY)

KOMIIETEHITHH)
[IepBrlii 3Tan 3HaTh: ®parMeHTapHble Henonneie npexacrapnenue | ChopmupoBaHHbIE, HOo | CdopmupoBaHHbIE
cBOifcTBa U | IPeACTaBICHUS O BHUIAX | OBUIAX nedopManuy | cogepiKaliie OTHENbHBIE | CHCTEMAaTHYECKHe MPeNCTaBIICHUS
IToporossrit XapaKTEPUCTUKH neopMaluy IEMEHTOB U | AJIEMEHTOB M KOHCTPYKLMH, | MpoOenbl B 3HAHUM OBHIAX | OBHAAaX AeOpMaluH >JIEMEHTOB U
YpOBEHb MaTepHaJIoB U | KOHCTPYKILHUI, CBONCTBA M | CBOWCTBA M XAapaKTEPUCTHKU | AeOpPMAIK AJIEMEHTOB M | KOHCTPYKIHIA, CBOIICTBa u
3JIEMEHTOB KOHCTPYKIHUH | XapaKTEPUCTHKH MaTepUalioB M  JJIEMEHTOB | KOHCTPYKLHMH, CBOWCTBAa M | XapaKTEPUCTUKHM MAaTEpPHANIOB U
u COOPY)KEHHH, | MaTepHaIOB M 3JIEMEHTOB | KOHCTPYKIIMH U | XapaKTepUCTUKU 3JIEMEHTOB KOHCTPYKIIUH "
mpocTedmmx ©  Oolee | KOHCTPYKIIHIA U | COOPYKEHUH,METOABl pacueTa | MaTepUAJIOB U 3JIEMEHTOB | COOPYKEHHI,METOIbI pacuera
CIIOKHBIX BUJAX | COOPYKEHHA,METOBI 3JIEMEHTOB U KOHCTPYKIIM. KOHCTPYKL U U | 3JEMEHTOB U KOHCTPYKIIMM.

JeopManuy 3JIEMEHTOB | pacuera  3JIEMEHTOB U COOPY’KEHHUH,METObI
u KOHCTPYKLUMUU | KOHCTPYKLHUH. pacdyera  JJIEMEHTOB U
COOPYKEHHI,METOIBI KOHCTPYKLHH.
pacyera DBJIEMEHTOB H
KOHCTPYKLIHH.
Bropoii stan YMETb: He nokasbiBaeT | OparMeHTapHOe B nenom ycnenrHoe, Ho He | ChopMupoBaHHOE

5




TIPUMEHSATH TOJy4YEeHHbIE | CPOPMHUPOBAHHBIE YMEHUS | YMEHHEIPUMEHSTH CHCTEMAaTHYECKOE YMEHHEIPUMEHSET  TOJIydCHHBIE
ba3oBbIif ypoBeHb | 3HAHMA 10 MEXaHUKE | IPUMEHATh IONYYEHHBIE | HEKOTOpHIE MOJTy4eHHBIE | YMEHHUE MIPUMEHSET | 3HAHUA o MEXaHUKe
nedopMupyeMoro 3HaHMA [0  MEXAaHUKE | 3HAHUA o MeXaHHKe | OOJIBIIMHCTBO JnehopMUpYeMOro TBEpIOro Tena
TBepIOro Tena (Teopuit | nedopMupyeMoro JnehopMUpyeMOro  TBEpAOro | MONYYSHHBIX 3HaHMSA IO | (Teopuii IUTACTHYHOCTH,
IUTACTUYHOCTH, TBEpPIOro Tenma (Teopuil | Tena (TeOpUH IUIACTUYHOCTH, | MEXaHUKE HON3Y4ECTH, MeXaHUKU
MON3Y4eCTH, MEXAaHUKH | MIIACTHYHOCTH, HOJI3YYECTH, MEXaHUKU | nehopMUpYeMOro paspylieHus) TpH  U3Y4EHUH
paspyLeHus) IIPU | TON3Y4ECTH, MEXaHUKU | paspyllieHus) HOpd HU3Y4eHUM | TBEpAOro Tejna (TeopHid | QUCHUIUIMH  NPO(ECCHOHANBHOTO
U3y4eHUH  JUCUMIUIMH | pa3pyLieHus) IpU | JUCHUILUINH IUIACTUYHOCTH, LUKJIA.
npodeccCHOHaIBHOIO U3y4EeHUH JUCLUIUIMH | Mpo(h)eCCHOHAIBHOIO LUKIIA. MOJI3Y4ECTH, MEXaHHUKU
LUKJTIA. npodecCUOHATBHOTO pa3pymeHus) npu
LMK, U3Yy4eHHH JUCLUIUIMH
npoheccroHaNIBHOTO
IIUKJIA.
Tperuii aTan BIAJCTh:  INEepBUYHBIMU | PparmeHTapHOE B nenom ycnensoe, Ho B nenom ycmemHoe, HO | YCHEIIHOE M CHCTEMATHUYECKOE
HaBbIKaMH U OCHOBHBIMU BJIAACHUCTICPBUYHBIMH HC CUCTCMAaTHUYCCKOC coacpIKaliee OTACIIBHBIC MMPUMEHCHUEC HABBIKOB WU OCHOBHBIX
IToBBIIIEHHBIN METOJaMH KOppeKTHOﬁ HaBblIKaAMH H OCHOBHBIMU MMPUMEHCHUE HaBBIKOB nu np06em)1 IMPUMEHCHUE METOJ0B KOppeKTHOﬁ
YPOBEHb MaTeMaTHYECKOMN METOJaMH KOppeKTHOﬁ OCHOBHBIX METOJ0B HaBBIKOB u OCHOBHBIX MaTeMaTHYeCKOM IIOCTaHOBKH )41
IIOCTAHOBKHM M PELIEHUs | MAaTEMaTHYECKOU KOPPEKTHOM MaTeMaTUYECKOM | METOAOB KOPPEKTHOM | peleHust 3a7a4 MEXaHUKHU
3aj1a4 MEXaHUKU | IOCTAHOBKM W DEIICHUS | MOCTAHOBKH M PELICHUs 3a7ad | MaTeMaTHUECKOH nehopMUpyeMOro TBEpIOro Tena;
aedopMupyeMoro 3a1a4 MEXaHUKU | MEXaHUKH JAe(GOPMUPYEMOro | MOCTAHOBKM M PEIICHHS | HABBIKAMH  pacyeTa  3JIEMEHTOB
TBEPAOTO Tena; | nedopMupyemMoro TBEpAOro TeNla; HaBBIKAMH | 3a71ad MEXaHHUKU | KOHCTPYKLUH M COOpYXKEHUH ¢
HaBbIKAMHU pacdera | TBEpIOTrO Tejla; HAaBBIKAMHU | pacdeTa 3JIEMEHTOB | nehOpMHUPYEMOro YUETOM SIBJICHMH TON3Yy4eCTH U
3JIEMEHTOB KOHCTPYKIMH | pacuera JJIEMEHTOB | KOHCTPYKLIUI M COOPYXEHHH | TBEpAOrO Tejla; HAaBBIKAMHU | IUIACTHYHOCTH  Ae(OPMHPYEMBIX
U COOPYXEHHUM C YUETOM | KOHCTPYKLIHH ujc Y4ETOM SBJIICHUH | pacueTa 3JIEMEHTOB | TBEPABIX TEN
SIBICHUM TMOJN3Y4eCTH M | COOPY)KEHHMH € Y4eTOM | MOJ3Yy4ECTH M IUIACTUYHOCTH | KOHCTPYKIMH u
IUTACTUYHOCTH SBJICHHH TON3y4ecTd U | neOpMHUPYEMBIX TBEPABIX | COOPYXKEHUH C  ydeToM
nedhOpMHUpYEMBIX IUTACTUYHOCTH Ten ABICHUH TION3ydecTH U
TBEPABIX Tell nehOpMHUPYEMBIX TBEPABIX | , HO JOIMYCKAeT 3HAYUTENbHbIE | MIACTUYHOCTH
Tel OmoOKH IepOPMHUPYEMBIX TBEPIBIX
Ten
[IK-5 - cmocoOHOCThIO TPUHMMATH ydacThe B paboTax MO pacdeTy W NPOSKTHUPOBAHUIO JETaled U  Y3IJIOB

MAIIHMHOCTPOUTCIIbHBIX KOHCT];)YKLH(H?I B COOTBCTCTBHH C TCXHUYCCKHMMHU 3adaHUAMU W HCIIOJIIB30BAHHUCM CTAHAAPTHBLIX CPCACTB
ABTOMATHU3allH ITPOCKTUPOBAHNA

Oran,

| IInanupyemble pe3yabTaThl |

Kpurepun oneHMBaHuS pe3yabTaTOB 00yUSHNUS
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YPOBEHb 00y4deHust
OCBOEHHUS (TIoKa3aTenyu TOCTHKEHUS 2 3 4 5 («OmHHOY)
KOMITETEHIIMM | 3a/IaHHOTO YpOBHs ocBoeHust | («He ymoBieTBopuTensHOY) («Y 1OBIETBOPUTEIHHON ) («Xopom1o»)
KOMITETEHIIHH)
[lepBsIit oTan | 3HATEH: Nmeer ¢parmentapusie | B 1eJI0M 3HaeT 0 | 3HaeT OCHOBBI O COBPEMEHHBIX | 3HAE€T OCHOBBI COBPEMEHHBIX
COBpEMEHHbIE METOJBI | 3HAHUSI O  COBPEMEHHBIX | COBPEMEHHBIX MeToJax | MeTonmax TEXHHYECKOH | MeTomax TEXHHYECKOH
[ToporoBeiii | TEeXHMYECKOW JUAarHOCTHUKH | METOJax TEXHUYECKOW | TEXHUYECKOW JMarHOCTHKH | TUarHOCTUKHU W | TMarHOCTHKH u
YPOBEHb Y Hepa3pyLIaroX METOJOB | TMarHOCTHKH U | ¥ Hepa3pyLIAoMuX METOA0B | Hepa3pyIlaroLuX METO0B | HEepas3pyLIAOIIIX METOZI0B
KOHTpoist.  [IpeacTaBnsTh | Hepa3pylIaroIMX METOAOB | KOHTposis.  IlpencraBisaTh | KOHTPOJI. [pencraBiste | KOHTPOIS. [pencraBisite
K1accupuKanuio  METOHOB | KOHTpons.  IIpeacTtaBmarh | kiacCH(UKALMIO  METOAOB | KJIACCH(HUKAIUIO METOZIOB | KJIACCH(DUKALIIO METOZIOB
Hepa3pyLIAOIIEro KOHTPOMs | KIAaCCU(HUKALMI0O  METOAOB | Hepa3pylIaloLero KOHTPOJS | Hepa3pyLIAloUlero KOHTPOIS U | Hepas3pyLIAloero KOHTPOIS U

M T[PUHIMOBL  JIGWCTBUS | HEpa3pyLIAIOMEro KOHTPOJIs | ¥ NPUHIMIBI  ACHCTBHUS | MPUHLUIBI JEHCTBUS MPUOOPOB | MPUHIMUIIBI JEHCTBUS ITPUOOPOB
npudopoB JIuE UX | M TIPUHIMIIBL  JIefcTBHS | MpUOOpOB T UX | IS WX  pealM3alyM, HO | I UX peanu3anuu
peanu3anuu npudopoB JUIs UX | peaju3aiuu JIOITyCKAeT HEe3HAUUTEIbHbIE | M UX CPEACTBAaxX NpHMEHEHHE B
peanuzanuu , HO JIOMYCKAeT | OIMOKH npoeccroHABLHOM
3HAYMTENbHBIC OIIMOKH JACATCIBHOCTH
Bropoii atann | ymers: He MIOKa3bIBACT | YMeeT IPUMEHATh | YBEPEHHO [IPUMEHSET | YBEPEHHO NIPUMEHSET
NpPaBUIBHO BbIOpaTh TOT | CHOPMUPOBAHHBIE YMEHHUS | HEKOTOpBIE HONy4eHHbIE | OOJBLIMHCTBO MOJIyYCHHBIX | MOJYY€HHbIE 3HAHUS 10 BBIOOpPY
bazoBbrit WIM WHOM METOJ KOHTpOJIA | BBIOpaTh TOT WM MHOHM | 3HAHUS 110 BBIOOPY TOrO WJIM | 3HAHMS MO BBIOOPY TOrO WM | TOTO WIM  HHOTO  METoZa
YPOBEHb JUISL AUATHOCTUKHU COCTOSIHUSI | METOJ KOHTPOJIS JUISL | MHOTO METOJa KOHTPOJIS [UIsl | MHOTO METOAa KOHTPOJsSl Ul | KOHTPOIs Al JMAarHOCTHKH
HAarpyXeHHbIX JeTallel U | IMarHOCTHKH COCTOSIHUS | AWArHOCTUKHU COCTOSIHUS | JUAarHOCTHKH COCTOSIHUS | COCTOSIHUS HarpyKeHHBIX
3JIEMEHTOB KOHCTPYKLUMM C | HAarpY)KEHHBIX J€TAJIEd U | HAIPYKEHHbIX JeTaJled M | HarpyXKEeHHbIX  JeTaleil U | neranen u 3JIEMEHTOB
Y4ETOM  OTBETCTBEHHOCTH | 3JIEMEHTOB KOHCTPYKIHMH C | 3JIEMEHTOB KOHCTPYKIMH C | 3JIEMEHTOB  KOHCTPYKIMH  C | KOHCTPYKLHH c y4eTOM
KOHCTPYKLIUH U | yUISTOM  OTBETCTBECHHOCTH | YUYETOM  OTBETCTBEHHOCTH | y4E€TOM OTBETCTBEHHOCTH | OTBETCTBEHHOCTU KOHCTPYKIHMHU
SKOHOMHUYECKHX  aCIEKTOB | KOHCTPYKIUH U | KOHCTPYKIMU U | KOHCTPYKLIUHM U SKOHOMHYECKHUX | U IKOHOMHMYECKHUX  aCIEKTOB
IIPOBEICHUS TUarHOCTHKH SKOHOMHYECKHX  aCIIEKTOB | SKOHOMHYECKHX  aCIEKTOB | acleKTOB MPOBECHUS | IIPOB
MIPOBECHUS TUarHOCTHKH MPOBEAEHUSI TUaTHOCTUKH JIMarHOCTHKH €/IeHHs] AUaTHOCTUKU
Tperuii sTan | BIaAETh: He Bnameer nepBuunbiMu | Brnageer MEPBUYHBIMU | YBEPEHHO ucnone3yer | Brnageer [IEPBUYHBIMU
OIIBITOM MIPOBEACHUS | HAaBBIKAMH u OIIBITOM | HaBBIKAMU u OIBITOM | MEPBUYHbIC HABBIKM W OIBIT | HABBIKAMH " OITBITOM
[loBeIIIEHHB! | HEpa3pyMIAIONMIETO KOHTPOIS | MPOBEACHHS MPOBEACHUS MPOBEACHHS HEPa3pYIIAIONMIET0 | MPOBEACHHS HEPa3PYIIAIONIETO
i ypOBEHB MaTepHaIoB METOJaMH | Hepa3pyLIAIOUIero KOHTPONIS | Hepa3pylIAIoIero KOHTPOIS | KOHTPOIA MaTepHasioB | KOHTPOISI MaTepHasoB
COBPEMEHHOM TMAarHOCTUKH, | MaTepHaioB METOJlaMH | MaTepHaoB METOaMH | METOaMH COBPEMEHHOH | METO#aMH COBPEMEHHOU
CIIOCOOHOCTB COBPEMEHHOH TMAarHOCTUKH, | COBPEMEHHOM ITMATHOCTHKH, | JTHarHOCTHKH, JIMarHOCTHKH,
CaMOCTOSITETTHHO CIIOCOOHOCTB CIIOCOOHOCTB CIOCOOHOCTh ~ CaMOCTOSITENBHO | CIIOCOOHOCTh ~ CaMOCTOSITENBHO
WCTIONIB30BaTh TEXHUYECKHE | CAMOCTOSITEIHHO CaMOCTOSITETHHO WCIIONIb30BATh TEXHUIECKHE | UCIIOIB30BATh TEXHUIECKNE
CpeICTBa Ul M3MEPEHHs W | WCHOJIB30BATh TEXHHYECKUE | MCTONB30BATh TEXHWUYECCKHE | CPEACTBA IS M3MEPEHHS W | CPeACTBa Al HU3MEPEHHI W
KOHTPOJIS OCHOBHBIX | CPEICTBA JUIS M3MEPEHMs M | CPENCTBA JUIl M3MEPEHHs M | KOHTPOJ OCHOBHBIX | KOHTPOJIS OCHOBHBIX
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napaMeTpoB

TEXHOJIOTMYECKUX
MPOLIECCOB, CTPYKTYphl U
CBOMCTB  MaTepuajlioB H
1731 (12474 u3 HUX,
MJIAaHUPOBAHUS u

peanusaiuu  UCCIeOBaHUM
U pa3paboToK

KOHTPOJIS OCHOBHBIX
napameTpoB
TEXHOJIOTUMYECKUX
MPOLIECCOB, CTPYKTYpHl U
CBOMCTB  MaTepuajoB U
1231 (S 17474 u3 HUX,
TUTAHUPOBAHUS u

peanusaliuu  UCCIe0BaHHI
U pa3paboTOK

KOHTPOJIS OCHOBHBIX
napameTpoB
TEXHOJIOTHYECKUX
MPOIIECCOB, CTPYKTYpPHl U
CBOMCTB  MaTepualioB U
15163 (S105171 u3 HUX,
TUTAaHUPOBAHUS u

peanu3anil  KCCIeA0BaHHN
U pa3pabOTOK

MapamMeTpoB TEXHOJOTMYECKUX
MPOIIECCOB, CTPYKTYPBI u
CBOICTB MaTepHalioB U U3JETHi
W3 HUX, IUIAHUPOBAaHUSI |
peanuzanuu  UCCIENOBaHUN U
pa3paboTok

MapamMeTpoB TEXHOJOTUYECKUX
MIPOIIECCOB, CTPYKTYPBI "
CBOICTB MaTepHalioB U U3AETHI
U3 HUX, IUIAHHUPOBAaHUSI U
peanuzanuu  UCCIENIOBaHUN U
pa3paboTok

[IIxanel orleHUBaHUA I DK3aMeHa:
oT 45 10 59 6a/I0B — «YJOBICTBOPUTEIHLHOY;

ot 60 10 79 6aIIOB — «XOPOIIIOY;
ot 80 6aJITOB — OTIUIHO.




4.2TunoBble KOHTPOJIbHBIE 32/IaHUS WIN MHbIE MATEPUAJIbI,
He00X0AuMBbIe [IVIsl OLIEHKHW 3HAHUI, YMEHUIl, HABBIKOB U ONbITA
AeSITeJIbHOCTH, XaPpAKTePHU3YIIMX 3TaNbl GOPMHUPOBAHUSA KOMIIETCHIUM
B Mpouecce 0CBOeHHUs 00pa3oBaTe/ibHOM NporpaMMbl. MeToan4eckue
MaTepHaJbl, ONpeAedIoIue Npouelyphbl OHCHUBAHUSA 3HAHUHN, YMEHHH,

HaBbIKOB U OIIbITA J€ATCIBHOCTH, XaPAKTCPU3YIOIIIHNX ITAIIbI

¢GopMmupoBaHus KOMIETEHIUA

DTanbl OLeHOYHbIE
P BTaThI HUS Kommnerenus
OCBOCHUS e3ybTaTH 06y4e OMIICTCHIL cpeJicTBa
1-ii oTan COBPEMEHHBIE METO/IbI texunueckoii | [TK-5 - CrocobHOCTD | VerHBbIit onpoc,
3uaHus JMArHOCTMKM M HEPa3pYMIAIONMX METOJ0B gggg;’g‘f{an’no y;zg?{ggy ; TECTHPOBaHHE
koHTpois.  [lpeacraBisaTe  KinaccupUKanuio IPOCKTUPOBAHUIO JeTaneil u
METOJIOB  HEPa3pyIIAIOIIEro  KOHTPOJIS U | Y3JI0B MAalIMHOCTPOHMTENHHBIX
NPUHIMIBL  JeHCTBUA TmpuOOpPOB i ux | KOHCTPYKIIMH B COOTBETCTBUU
peanmarmm C TEXHUYCCKHMHU 3aJaHUSIMU
" HCIIOJIb30BaHUEM
CTaHJAPTHBIX Cpe/CTB
aBTOMaTU3alnu
MIPOCKTHPOBAHHUSL.
CBOMCTBA M XapaKTEPUCTUKU MAaTEpPUAIOB U T1K-15 - ymeHueM NpuMeHsTh
o ~ METObI CTaHJApTHBIX
9JIEMEHTOB  KOHC Ui U COOpYXeHUui .
. TpyKIL PYyXK ’ | UCHBITAHUM II0 OIPEIAEIICHUIO
MPOCTEUIINX n 60.]'[66 CJIOXKHBIX BUAax (l)PI?:PIKO'MeXaHI/I‘{eCKPIX
nedhopmanMi  2JEMEHTOB M KOHCTPYKLHUIM | CBOMCTB M TEXHOJIOTHYECKHX
COOpPYKEHHI,METO/IbI pacueTa »JJIEMEHTOB U | MMOKa3aTejeh MCIOIb3YyeMbIX
A MaTepuraioB n T'OTOBBIX
KOHCTPYKITUH. <
TPYKIL U3JeNnuit
2-1i aTan NpaBWIBHO BBIOpaTh TOT WM HWHOH METO[ 1IK-5 - CriocoOHOCTE | VerHBII ornpoc,
YMenus KOHTPOISL  JUI  JMATHOCTHKM  cocTosHus | DPAHMMATH yuacrie B | recrupopanue
. paborax 1o pacuery W
Harpy>KEHHBIX neraien u DIIEMEHTOB | [1poeKTHPOBAHUIO JeTaneil K
KOHCTPYKIMM C y4eTOM OTBETCTBEHHOCTH | Y3JIOB MAaIIMHOCTPOHTENILHBIX
KOHCTPYKLUMM W 3KOHOMHUYECKMX acrnekrop | KOHCTPYKIMH B COOTBETCTBHH
C TEXHHYECKMMHU 3aJaHUSIMU
HPOBEICHUS JUATHOCTUKH
POBCA A u HCTIONTb30BaHIEM
CTaHIAPTHHIX CpeZCTB
aBTOMATH3AIUN
MIPOCKTHPOBAHUSI.
MPUMEHSATh MONydeHHble 3HaHu mo MmexaHuke | 1IK-15 - ymenunem mpumeHsTh
nedhopmupyeMoro TBepAOro Tena  (TEOPHH | METOIbI CTaHIAPTHBIX
IUTACTUYHOCTH, MOJI3Y4YECTH, MEXaHUKH | UCIIBITAaHUI MO OMpenerIeHUI0
paspylieHus) TP  H3YYEHHH JUCHUIUIUH | (PU3UKO-MEXaHHMYECKUX
poeCcCHOHANBHOrO IUKIIA. CBOWCTB M TEXHOJIOTHYECKUX
MOKa3aTenell HMCIONIb3YeMBIX
MaTepualioB H  TOTOBBIX
W30
3-i1 oTan OIBITOM TIPOBEICHHS Hepaspymwatouero | [1K-5 - CriocoGHOCTE | Y eTHBII ompoc
Bruajenne | KOHTPOI MAaTepHaiOB METOIAMM COBPEMEHHOH | MPUHUMATH ydactue B
JIarHOCTHKH, paborax mo pacdery U
HaBBIKAMH

CIIOCOOHOCTh  CaMOCTOSATEIBHO HCIOJIb30BATh

TEXHHYECKHE CpeJICTBAa ISl W3MEPEHHs |
KOHTPOJIS OCHOBHBIX rapamMeTpoB
TEXHOJIOTHYECKUX MPOLECCOB, CTPYKTYPHl H

MIPOEKTUPOBAHUIO JETaNel U
Y37I0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIIUI B COOTBETCTBUHI
C TEXHWYECKUMH 3aJaHUSIMU

CBOMCTB MAaTepuajoB U U3JAEIMA W3 HUX, | U HCIIOJTE30BaHUEM
IUTAHUPOBAHUSA W PEANHM3alldl WCCIEIOBAHUN M | CTAaHAAPTHBIX CpezCTB
pa3paborok aBTOMATH3AINN
MIPOSKTHPOBAHMS.
MepBUYHBIMA ~ HaBbIKaMu W OCHOBHBIMH | IIK-15 - ymeHnem mpumeHsTh
METOIAMHU KOPPEKTHOM MaTEMATUYECKON | METOIBI CTaHIAPTHBIX

MOCTAHOBKM W PEIICHUS 3aJad MEXaHUKH
neopMHpyeMOro TBEPAOTO Teja; HABBIKAMH
pacuera 3JIEMEHTOB KOHCTPYKITHH u
COOpPYKEHHH C y4eTOM SIBJICHHH MOI3Y4ECTH H
IUTACTUYHOCTH Je() OPMHUPYEMBIX TBEPABIX TEI

WCIIBITAHUH TI0 OIPEAEICHUIO
(hM3UKO-MEXaHUIECKUX
CBOICTB M TEXHOJOTHYECKHUX
MOKa3aTenell  MCHONb3YeMbIX
MaTepHalioB ¥  TOTOBBIX
5691 () 15071
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4.3 PeliTHHI-IIAaH TUCHUILINHBI

Pelituar—uian

JAUCITUITIINHBI

peCTaBlICH

14
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4.3.1 Bonnpochl K 3K3aMeHY

IK3amen. ouHoe U 3a04Hoe 00yueHue

Bormpocs! k 3k3ameny:

1. OOmmue cBeneHus o Koppo3uu MmetaiuioB. IIpo6iaema koppo3uu. Llens u 3a-
Ja4n Kypca «XHMMHUUYECKOE COITPOTUBICHUE MAaTEpHUAIOB. 3alluTa OT KOPPO3UN.
TeXHUKO-3KOHOMUYECKUHN ACIIEKT KOPPO3UH.

2. TepMoanHamuKa mporecca KOppo3ur METaJIIOB.

3. Kunernka nporecca Koppo3uu METaIOB.

4, Knaccudukaiys Koppo3nOHHBIX IMPOIIECCOB MO YCIOBUSIM MPOTEKAHMUS.

5. Knaccudukaiys Koppo3uOHHBIX MPOLIECCOB IO MEXAaHU3MY IIPOTEKAHUS U

XapaKTepy KOPPO3HOHHBIX MOPAKCHUM.

XHUMHUYECKass KOpPOo3us METAIIJIOB. Y CIIOBHE CIUIOIIHOCTH IIJICHOK IPOIYKTOB
KOPPO3UH METAJIIOB.
7. TepMoanHaMUKaA BEICOKOTEMIIEPATYPHOH KOPPO3HH METAJIIOB.
8. AJncopOI1usi KHCJIOpO/ia Ha TOBEPXHOCTH MeTaJlia.

KuneTrka razoBoit Koppo3uu. Y paBHEHUE JIMHEWHOTO pOCTa OKCUIHOM
TIJICHKH.
10. Kwunernka razoBoii KOppo3Huu. Y paBHEHHE NapabOINISCKOTO POCTa OKCHUIHOM
TIJICHKH.
11. Kwunernka ra3oBoii KOppo3uH. Y paBHEHHUE JIOrapu(MHUUECKOTO pocTa
OKCHJIHOM IIJICHKH.
12. Bausaue BHYTPEHHHUX (DAKTOPOB HA CKOPOCTh XUMUYECKOM KOPPO3UH.
13. Bausuue BHEHIHHX (haKTOPOB HA CKOPOCTh XUMUUECKOM KOPPO3UH.
14.  OcHOBHBIE METOJIBI 3AIUTHI OT T'a30BOM KOPPO3HH.
15.  MexaHH3M 3JIEKTPOXUMHIECCKON KOPPO3UH.
16. TepmoauHamMuKa 3JIEKTPOXUMHUYECKON KOPPO3HH METAIIOB. DJICKTPOIHBIC
MOTEHIIMAIbI METAJIJIOB.
17. Peakums kKaTOXHOU ACIOISApU3AIIUK. Y CJIOBHE MPOTEKAHUS DIICKTPO-
XUMHAYECKOH KOPPO3UHU.
18. HeoOGpaTumbie TOTEHIIMAILI METAJIJIOB.
19. Kwunernka anogHou peakiuu. IToka3arens CKOPOCTH 3JIEKTPOXUMHUYCCKOM
pEaKIINH.
20. Kunernka aHOTHOM peakIuu. DHEPrus aKTHBALMH IIPSIMOT0 U 00PaTHOTO
nepexoa0B. CKOPOCTh aHOTHOM peaKIIuu.
21. BogopojaHas aenossipu3arus.
22. KuciaopomHas aemnoJisipu3aiiysi.
23. Jluarpamma DBanca. [lonspu3alliOHHBIC COIPOTHBIICHHS. Y paBHCHHE IS
pacuera CKOpOCTH KOPPO3UH.
24. IlaccuBHOCTH MeTaIOB. OCHOBHOM METOJI MCCJICIOBAHHUS TACCUBHOCTHU
MeTajoB. [IpakTudeckue clieACTBUS U3yUYCHHS TAaCCHBHOCTH.
25. TloTeHmuocTaTHyecKas KpUBas.
26. BimsHue BHYTpeHHHUX (DaKTOPOB Ha CKOPOCTH JICKTPOXHMMUUECCKON KOPPO3HUHU.
27. BimsHne aHMOHOB-aKTHBATOPOB M KATHOHOB-aKTHBATOPOB HA CKOPOCTH
AJIEKTPOXUMHUUYECKON KOPPO3HUH.
28. BimsHHe aHHOHOB-MHTUOUTOPOB M KATHOHOB-UHTHOMTOPOB HA CKOPOCTh
AJIEKTPOXUMHUUYECKON KOPPO3HUH.
29. BimsHHe KHCIIOTHOCTH CPEIbl, TEMIIEPATyPhl, JaBICHUS HAa CKOPOCTh
AJIEKTPOXUMHUUYECKON KOPPO3UH.
30. BuusH#e nepeMenInBaHUs, BO3ICHCTBHS BHEIITHETO JICKTPHUECKOr0 TOKA H
paauanri Ha CKOPOCTh 3JICKTPOXUMUYECKON KOPPO3UH.
31. Mepsl 00pEOEI ¢ KOppo3uei MeTa/uIoB. Bo3aelicTBre Ha METAJLIE.
BoszaeiicTBue Ha cpeny.
32.  Mepsl 60pBOBI ¢ KOppO3UEH MeTaTOB. Bo3aelicTBHEe Ha KOHCTPYKIIHIO.
33. Meramyeckue 3alluTHBIC MOKPBITU. OOIIHue CBEACHHS.
34. MeramuMdecKue 3alluTHBIC TTOKPBITHS. [ aIbBaHUYECKUE TTOKPBITHS.
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35.  Mertamnuyeckue 3aluTHBIC MOKPBITUA. TepMoandPpy3rnoHHBIE TOKPHITHS.
36. Hewmeramnuueckue 3allUTHBIC TOKPBITUI. Heopranuueckue moKphITHS.
OkcuaupoBaHuUE.

37. Hewmerammmdeckue 3amuTHBIC TOKPBITHA. DochaTtupoBanue. JIakokpacodHbBIC
TTOKPBITHS.

38. Huruburopsl. Bunpl uarnoutopoB. Bennuuna 3anutHoro agdekra.

39. HHrubuTopsl A1 pacTBOPOB. AHOIHBIC HHTHOUTOPHI.

40. HWuarubutops! a1 pacTBOopoB. KaToaHble HHTHOUTOPHI.

41. HMuErudoutopsl aTMOC(HEPHOI KOPPO3UH.

42. Dnexktpoxumudeckas 3amurta. KatomHas 3amura BHEITHUM TOKOM.

43. DnexrpoxuMmuecKas 3amura. [IpoTekTopHas 3ammura.

44,  DnekTpoXUMHUYECKas 3amuTa. AHOIHAS 3aIlUTa.

45. Knaccudukamnus HeMETaIINYECKUX MaTepHaoB.

46. OcoOCHHOCTH KOPPO3HOHHOI'O Pa3pyIIeHUsS HEOPraHMYCCKUX MaTe-pPHAJIOB.
47.  OcoOEHHOCTH KOPPO3UOHHOTO Pa3pyIlICHUS OPraHMYeCKHUX MaTepHalioB.
48. MeToasl UCCAEIOBAHUIN U OLICHKH XUMHUYECKON CTOMKOCTH HEMETAITHUECKUX
MaTepHaoB.

49.  Koppo3nOHHOCTOMKHE HEMETA/UIMYECKUE MaTepHabl HA HEOPraHUYECKOM
OCHOBE.

50.  Koppo3noHHOCTOWKHE HEMETAINIMYECKHE MaTepHaIbl HA OPraHUICCKOM
OCHOBE.

O06pa3er PK3aMeHAIMOHHOTO OWIIeTa:

MunuctepcTBo 06pazoBaHus U Hayku Poccuiickoit @eneparun
®denepalibHOE rOCYAapCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIIEro 00pazoBaHus «balIKupCcKkuii rOCyIapCTBEHHBIN YHUBEPCUTET»
NnxenepHsiil paxyabTeT
Kadenpa «Texnomornueckue MalmmHbl 1 000PyTI0BaHUEC)

DK3AMEHAIIMOHHBIN BUJIET Ne 1
[To yueGHo nucrummne «Koppo3us KOHCTPYKIMOHHBIX MaTepHalIOB»
Hamnpasnenue: 15.03.02 — TexHomorn4eckue MaliMHbl 1 000PyI0BaHNE
[Ipoduis: MHKUHUPUHT TEXHOJIOTHYECKOTO 000pyI0BaHUS

1.00mue cBenenus o koppo3uu MeramioB. [Ipobnema koppo3uu. Llens u 3agaun kypca «Kopposus
KOHCTPYKIIMOHHBIX MaT€pPHAIIOB»

2.Jlnarpamma OBanca. [lomsipuzaliioHHBIE COMPOTHBIICHUS. YPaBHEHUE ISl pacyeTa CKOPOCTU
KOPPO3HUH.

YTBepkIeHO Ha 3aceaHuu Kadeapbl , IPOTOKOJT Ne
(mara)

3aBenyrouuii kapeapoit

(moamuce) (®.1.0.)
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MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanumn
DenepanbHOE rocy1apCTBEHHOE OI0UKETHOE 00pa30BaTEIbHOE YUPEKICHHUE
BhICIIEr0o 00pa3oBanus «bamKupcKkuii TOCYAapCTBEHHBIH YHUBEPCUTETY
Wmnxenepuslii pakynprer
Kadenpa «TexHonornueckue MamHbl 1 000PYAOBaHUE

SK3AMEHAIIMOHHBIN BUJIET Ne 2
[To yuebnoit mucuurrae «Koppo3ust KOHCTPYKIIMOHHBIX MaTepPHaIOB»
Hanpasnenue: 15.03.02 — TexHosornueckre MallinHbl 1 000pyi0BaHKE
[Tpodumnb: UHXUHUPHUHT TEXHOJIOTUIECKOTO 000PYI0BaHHS

1. TepmoauHaMuka npouecca KOppO3UH METAILIOB.
2. ITaccuBHOCTH MeTayioB. OCHOBHOW METOJ] MCCIEJOBAHUS IACCHUBHOCTU METAJUIOB.
[IpakTrueckue ciaencTBUs U3YyYEHUS TaCCUBHOCTH.

YTBepkIeHO Ha 3aceannu Kadeapbl , TpoToKoJT No
(mara)

3aBenyromuit kadenpoit

(monmuce) (®.1.0.)

Kpurepun ouenku (B 0a/1ax) /151 0O4HOI0 OTAeJICHHS:

25-30 6ayy10B BBICTABISIETCS CTYACHTY, €CIIM CTYACHT JaJl MOJHbIE, pa3BEpHYThie OTBETHI Ha BCE
TEOPETUYECKUE BOMPOCH OHIIeTa, MPOAEMOHCTPUPOBAI 3HaHUE (DYHKIIMOHAJIBHBIX BO3MOKHOCTEMH,
TEPMHUHOJIOTUH, OCHOBHBIX JJIEMEHTOB, YMEHHE TMPUMEHATh TEOPETHUUYECKUE 3HaHUA MpH
BBITIOJIHEHUH MpaKTUYeCcKuX 3ananuil. CTyneHT 6e3 3aTpyAHEHUN OTBETHII Ha BCE JOMOJHUTEIbHbBIE
Bonpockl. [IpakTryeckas yacTb pabOTHI BHIIIOJIHEHA TOJTHOCTHIO 0€3 HETOYHOCTEH U OIIHO0K;

17-24 06anoB BbBICTaBISIETCS CTYACHTY, €CIU CTYAEHT PAcCKpbUl B OCHOBHOM TEOPETUYECKHE
BOIIPOCHI, OJJHAKO JIOMYIIEHbl HETOYHOCTU B OIpENEICHUH OCHOBHBIX MoHsATHUM. [Ipn oTBere Ha
JIOTIOTHUTEIbHBIE BOMPOCHI JIOMYIIEHbI HEOOIbIINE HETOYHOCTHU. [Ipy BBINIOJIHEHUU MPAKTUYECKOM
gacTu paboThl JOMYIIEHbI HECYILIECTBEHHBIE OIIMOKH;

10-16 6an/10B BBICTABISETCS CTYACHTY, €CJIH MPU OTBETE HAa TEOPETHUYECKHE BOMPOCHI CTYIECHTOM
JIOTIYILIEHO HECKOJIbKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAaHUM OCHOBHBIX MOHATHH. Jloruka u
MOJIHOTa OTBETa CTPAJAlOT 3aMETHBIMH H3bSHAMU. 3aMETHBI MpoOeibl B 3HAHMM OCHOBHBIX
MeTo/10B. TeopeTrueckre BOMPOCH B LIEJIOM H3JI0KEHBI J0CTATOYHO, HO C MPOIYCKaMU MaTepuana.
NmeroTcs mpuHIUMITHAIBHBIE OIIMOKYU B JIOTUKE TIOCTPOEHUS OTBeTa Ha Bompoc. CTyIEHT HE perni
3a/lauy WK [P PElIeHUH JOMYIIEHbI rpyOble OIOKH;

1-10 6a110B BHICTABIAETCS CTYJEHTY, €CJIM OTBET HA TEOPETUUYECKHE BOTIPOCH CBHJIETEILCTBYET O
HEMOHMMAHUKA W KpailHe HENMOJHOM 3HAaHWM OCHOBHBIX TMOHATHNW M MeToA0B. OOHapyKHUBaeTCs
OTCYTCTBUE HABBIKOB IPUMEHEHHUS TEOPETHUUECKHX 3HAHUW MpPU BBINOJHEHHH TPAKTHYECKUX
3agaHuii. CTyJ€HT HE CMOT OTBETUTh HU Ha OJIMH JOTIOJHUTEIBHBIN BOIIPOC.

KpnTepIm OLCHKMU AJIA 32A04YHOT0 OTACJICHUA

OTJIMYHO - BBICTABJIACTCA CTYIACHTY, €CJIM CTYACHT Oal IOJIHBIC, Pa3BEPHYTHIC OTBETHI Ha BCE
TCOPCTUYCCKHUEC BOIIPOCHI 6I/IJ'ICTa, MpOACMOHCTPHUPOBAJI 3HAHUC (I)yHKI_[I/IOHaJIBHBIX BOSMOH(HOCTCP'I,
TCPMHUHOJIOTUH, OCHOBHBIX DJJICMCHTOB, YMCHHUC TIPUMCHATHL TCOPCTUYCCKUC 3HAHUA IIPU
BBIIIOJIHCHHUU MMPAKTUYCCKUX 3aJaHUil. CTYJIGHT 0e3 3any,Z[HeHHﬁ OTBCTHUJII HA BCC JOIIOJITHUTCIBHBIC
BOITPOCHI. HpaKTI/I‘-IeCKaH 4acTb pa60TBI BBITIOJIHEHA MOJIHOCTBIO 0€3 HETOYHOCTEH U OIJ_II/IGOK;

17



XOpOIIO - BBICTABIISCTCSA CTYJIEHTY, €CIIU CTYAECHT PacKpbll B OCHOBHOM TE€OPETHUYECKHE BOMPOCHI,
OJIHAKO JIOMYIIEHbl HETOYHOCTH B ONpPEIEJICHUUM OCHOBHBIX moHATUi. Ilpm oTBere Ha
JIOTIOTHATEIHHBIC BOIIPOCHI JIOMYIICHBI HEOOIbITNEe HETOYHOCTH. [IpH BBITIOJIHEHUU MPAKTUIESCKOM
gacTu paboThI JOMYIIEHBI HECYIECTBEHHBIC OIIMOKH;

YIOBJIETBOPUTEJIbHO - BBICTABIISICTCS CTYICHTY, €CJIM MPU OTBETE HAa TEOPETUUYECKUE BOMPOCHI
CTYACHTOM JOIYIIEHO HECKOJBKO CYIIECTBEHHBIX OIMMOOK B TOJKOBAaHWUU OCHOBHBIX TOHSTHH.
Jloruka ¥ TOJHOTa OTBETA CTPAJAIOT 3aMETHBIMM H3bSHAMHU. 3aMETHbI TpoOeiabl B 3HAHUU
OCHOBHBIX METOJI0B. TeopeTnyeckue BOMPOCH B IEIOM HU3JIOKEHBI IOCTATOYHO, HO C MPOIyCKaMu
Marepuana. VIMeTcs NpuHUMIIUAIBHBIE OMIMOKM B JIOTHKE IOCTPOEHHUS OTBETa Ha BOIIPOC.
CrymeHT He penI 3aa9y Wid IPH PEIICHUN AOMYIICHBI TPyObIe ONINOKH;
HEY/J0BJIETBOPUTEJIbLHO - BBICTABIISCTCA CTYIEHTY, €CIU OTBET Ha TEOPETHUYECKHE BOMPOCHI
CBUJICTEIILCTBYET O HETMIOHUMAHWHM M KpailHE HETOJHOM 3HAHUM OCHOBHBIX MOHSATHUA W METOJOB.
OO6HapyXuBaeTcsd OTCYTCTBHE HABBHIKOB NMPUMEHEHUSI TEOPETHUYECKUX 3HAHHUM MPU BHITTOJTHEHUH
MpaKkTUYecKuX 3a1aHuid. CTyJeHT HEe CMOT OTBETUTh HU Ha OJIUH JIOTIOJHUTEIHHBIN BOIIPOC.

4.3.2 OdopmiieHre KOMILJIEKTA TECTOB (TECTOBBIX 32IaAHM)

TECT 1
1. Kaxkoii mporiecc Ha3bIBalOT KOPPO3UEl METAIIIIOB?

a) pa3pylleHHe METaNIOB OT CTATHUECKUX MEXaHMYECKUX Harpy3oK;

0) pa3pyleHne METAJIJIOB MPU MUKIMYECKUX Harpy3Kax;

B) pa3pyllieHHe METAJUIOB IIPU UX XUMUYECKOM U JIEKTPOXHUMHUYECKOM B3aUMOJECHCTBUHU C
arpecCUBHOM CpeIou;

T') pa3pyllieHre METaJJIOB MPU UX JUIUTEIbHOMN 3KCIUTyaTalllu.

2. XuMHYecKasi Koppo3us MPOUCXOIUT MPU B3aUMOACHCTBUHM METAJLIOB:
a) C pacTBOpPaMH AJIEKTPOJIUTOB;
0) ¢ CyXMMHM razaMu IpH BBICOKMX TeMIIepaTypax Ui ¢ HEIJIEKTPOIUTAMH;
B) C MapaM¥ HU3KOKHUIISALIUX KHUJIKOCTEH;
T') C paCTBOpPaMHU MOJIIPHBIX JKUIKOCTEH.

3. ITaccMBHOCTH 3TO COCTOSIHWE OTHOCHUTENIBHO BBICOKOM KOPPO3MOHHON CTOMKOCTH MeTajula
BbI3BaHHOE!
a) *KHUJIKOH cpelloif; 0) cpenoil ¢ CUIIbHBIMU OKUCIUTEISIMU;
B) HEUTPAIBHOU CPEZOH; T) HMIEIOYHOM CPEaOi.
4. Kakoil caMblii CTapblif METO/1 OJTYYEHUS] METANIMUYECKUX 3alIUTHBIX MOKPBITHI?
a) Tepmoau(y3nOHHBIN; ©) METOJ MOrPYXEHHs B paclljlaBIE€HHbIH METaJUI-IOKPHITHE;
B) IUTAKUPOBAHKE; TI') METAJUIN3ALUS HAMBIJICHUEM.

5. Ilo kakoMy YpaBHEHHIO BBIUUCISIETCS TEOPETHUECKOE KOTUYECTBO OCAKIEHHOTO MeTaa?
MitMtMtMI<
ay m=——; 6) M= ——; B)M=——; T)M=
ZFFzFF

6. [IpyunHOM KOppO3UN ABIAETC:
a) BHYTPEHHSs CTPYKTypa MeTajljla WX CIUIaBa;
0) TepMOIMHAMUYECKasi HEYCTOHYMBOCTh METAIIOB;
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B) HAIMUHE IePEKTOB B KPUCTALIMICCKON CTPYKTypE METaIlIa;
I') COJIEP’)KaHNE B METAJlJIE HEMETAJUINYECKUX TPUMECEH.

7. DIEeKTPOXUMUYECKas KOPPO3Us IPOUCXOAUT MPU B3aUMOICUCTBUU METAIIOB:
a) C pacTBOpaMu HERJIEKTPOJIUTOB; 0) C paCTBOPAMHU OPraHUYECKUX KUIKOCTEH;
B) C paCTBOPaMH 3JICKTPOJIMTOB;  T) C paCTBOPaMH HETOJSPHBIX KHUIKOCTEH.

8. B kakux cpegax HpPOMCXOJUT KOPPO3Ms METAJUIOB C BBIACICHHEM BOJIOpPOJA, TO €CTh
IIPOTEKAET PEAKLIMs BOJIOPOIHON ACHOApU3ALUN?
a) B KUCJIBIX Cpeliax; 0) B HENTpaIbHBIX U LIEJIIOYHBIX CPEIaxX;
B) B OPraHMYECKUX KUJKOCTSX; T) B IIEIOYHBIX CPENIAX.

9. Kakue crimaBbl 001a1a10T 60J1€€ BHICOKOM KOPPO3UOHHOM CTOHKOCTHIO?

a) FreTepOr€HHBIE; 0) ¢ HEeMETAJUIMYECKUMU TPUMECIMU;
B) C KaTOJHBIMHU BKIIFOUCHUAMMU, F) TOMOI'CHHBIC.

10. Kakoe ypaBHEHHE UCTIOAB3YIOT JUIsl BBIYMCIIEHUS BBIX0/1A 110 TOKY B % IIpH

3JeKTpou3e?
m M emm g

yn=-—; On=—; pn=-—100; rn=—100
mgm; M mi

11. Kakas BenmnumHa U3MEHEHHS M300apHOTO NoTeHIana (sueprun [ m66¢ca) onpenenser
BO3MO>KHOCTh IMPOTEKAHUS KOPPO3UH:
a) AG<0; 06) AG>0; B)AG=AU-TAS; r)AG=0.

12. 3ammuTHEIMY CBOYMICTBaMHU 00J1a1ar0T OKCHUIHBIE IIEHKU
a) cpenuue, ToamuHou 40...500 HM;  0) CIUTOIIHBIC TIJICHKH;
B) TOJICTBIE, TOJIIMHON OoJiee 500 HM; T) HECILIONIHBIE TUICHKU OKCHJIA.

13. CnocoOHOCTh METAJIIOB COMPOTUBIISATHCS KOPPO3SHOHHOMY BO3CHCTBHIO ra30B MPH
BBICOKHMX TEeMIIEpaTypax Ha3bIBAETCH:
a) )KapoIMpPOYHOCTHIO; 0) MeXxaHUYEeCKOU MPOYHOCTHIO;
B) ’KapOCTONKOCTBIO; T') Ta30CTONKOCTHIO.

14. Kakoif MeTau1 o OTHOIIEHHUIO K CTAJIU SIBJISICTCS aHOAHBIM MOKPBITHEM ?
a) meapb (Cu);  0) omoBo (Sn);  B) muHK (ZN); 1) HEKeTs (Ni).

15. Kakyto cucremy Ha3bIBarOT Kpackoi?
a) pacTBOP OPraHMYECKOTO BEIIECTBA B JIETYUYEM PacTBOPUTEIIE;
0) pacTBOp TBEP/IOTO BELIECTBA B )KUKOM PACTBOPHUTEIIE;
B) CYCII€H3Us TUTMEHTA B OPraHU4YECKOM CBSA3YIOILEM;
I') PaCTBOP MEIKOM3MEIbYEHHOI'O BEIIECTBA B JIETy4EM PacTBOPUTEIIE.

16. ITo MexaHNU3MY MTPOTEKAHUS Pa3IUYaIOT:
a) KOPPO3HIO BHEIIHUM TOKOM U TIOJ] HANPSKEHUEM;
0) XUMHYECKYIO U AIIEKTPOXUMHUUECKYIO KOPPO3HUIO;
B) OMOKOPPO3HIO U KOPPOZHOHHYIO 3PO3HIO;
I') CIUIOIIHYIO HJIM OOIIYIO U MECTHYIO KOPPO3HIO.
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17. TIporecc OKUCIIEHUS METAILIA KUCIOPOIOM HEBO3MOKEH, ECIIU MEKLY PABHOBECHBIM
AABJICHUCM KHCJIOPOAa HAd OKCUIOM Ppap. 1 AAaBJICHUCM KHCJIOPOda B CPeaAc P CO6.HIOI[3.CTC51
COOTHOIIICHHUC:

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

18. Kakoe coueTanue Jerupyrommux MeTaJlJIOB CUIIbHO 3aMEIISIET MPOLIECC OKUCIIEHUS CTaJIU
MIPY BBICOKUX TEMIIEpaTypax:

a) Cr, Cu, Co; 0) Al, Mo, W; B) Cu, Co, Mo; 1) Al Cr, Si.
19. Kakoii MmeTaJij1 10 OTHOILIEHUIO K CTaJIM SBJISETCS KaTOIHBIM IOKPBITHEM ?

a) menb (Cu);  0) umuk (Zn);  B) xpoMm (Cr); 1) turan (Ti).

20. Jlakamu Ha3bIBaIOT:

a) pacTBOPHI BBICHIXAIOIIUX Macesl, CMOJI, 3(UPOB LEJUTIOJIO3bI B JIETYUUX PACTBOPHUTENSX;

0) KOJJIOMIHBIE PACTBOPHI BBICHIXAIOIIKUX Macesl CMOJI 3(pUPOB IEJITIOI03bI B JIETYIHX
OpraHMYECKUX PACTBOPUTEIISIX;

B) TOMOTE€HHBIE CMECH Macesl, CMOJI B OPraHMYECKUX PaCTBOPUTENSX;

l") PaCTBOPLI BBICBIXAIOIIUX CMOJI, HEJIJIKOJIO3bI B JICTYYHUX OPraHUYCCKHUX paCTBOPUTEIIAX.

21.0TpunarenbHbIM MAaCCOBBIM MOKA3aTEJIEM KOPPO3UHU HA3BIBAIOT BEJIUUHHY, KOTOPYIO
BBIYHUCIISIOT TI0 hopMyIie:

AmAmMAh IT
a)K'm= ——; 06 Km=——; B) Kh=—; 1) K= —.
StSttt

22. JIuHeNHbIN POCT TOJIIUHBI OKCUIHOW IJIEHKHU MTPY OKUCIICHUU METaJlJIa KUCIOPOJI0M
BBIpAKACTCsl ypaBHCHHUEM:

a) h=Kt; 6)h’=Krt; B h=In(K1); 1) h¥=h+Kr.

23. Kakue OCHOBHBIC METO/IbI IIPUMEHSIIOT JIJIS 3aIIUTHl METAJIOB OT KOPpO3Huu?
a) MexaHuueckas o0paboTka; 0) 3alUTHBIE TOKPBITHS, Y4€T KOHCTPYKIIUH;
B) MOATOTOBKA MIOBEPXHOCTH METAIIA;
r') 00pabOTKa B KUCIIBIX M IIEJIOYHBIX Cpeax.

24. Kakue 3aluTHbIC TOKPBITHS OTHOCATCA K TUITY HEOPTaHUUECKUX MOKPBITHIA:
a) TIOKPBITUS CMOJIAMU; 0) MOKPBITHS TIACTMACCAMHU;
B) JIaKO-KpPACOYHBIE MOKPBITUS;  T) ochaTHbIC U OKCUAHBIE TIOKPHITHSL.

25. Kakue BeliecTBa Ha3bIBalOT MHTMOUTOpPaMU KOPpO3uu?
a) BEIIECTBA YCKOPSIOIINE KOPPO3HUIO;
0) BelecTBa, KOTOPbIE YMEHBIIAIOT CKOPOCTh KOPPO3UH;
B) BEILIECTBA, CTAOMIIN3UPYIOIIME KOPPO3UOHHBIH Mpoliecc;
I') BELIECTBA, KOTOPBIE MOJTHOCTHIO UCKIIOYAIOT KOPPO3HIO METaslIa.

26. I[J'IH 3allUTHl MEJIHBIX U3JSIUN OT KOPpPO3UH B KaUCCTBC KaTOAHOI'O IMOKPBITHUA MOKHO

HUCITOJI30BaTh
A. Cr B. Ni B. Sn I'. Ag
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27. YpaBHeHHME Ipoliecca, MPOTEKAIONIEro Ha HHEPTHOM aHOIE TIPH IEKTPOIIH3E BOJIHOTO
pacteopa CaCL? umeer Buz
A. 40H — 4¢=07 + 2H20
B. Ca?" +2e =Ca°
B. 2CL™ —2e=CL,
I'. 2H20 —4e =0, + 4H"

28. Kakoii mpo1iecc Ha3pIBalOT KOppo3uel B Hanbosee obiem ciuyqac?

A. Camonpou3BOJIbHOE pa3pylICHHE METAUIOB B arpecCHUBHON cpeje, NepeMeniaromiencs ¢
OOJNBIION  CKOPOCTBIO W COJAEp)Kalled BEHIeCTBA B3aWMOJCHCTBYIOIIME C  Pa3IHYHBIMU
MaTepuagamu.

b. Camompon3BoiibHOE paspylieHHe METAJUIMYECKUX MAaTepHAIOB  BCIEACTBHE X
XUMHYECKOTO WM 3JIEKTPOXUMHUYECKOTO B3aUMOACHCTBUS C OKPYKAIOLIEH CPEIOM.

B. Camormnpoun3BojiipHOE pa3pyllieHre MaTepuaioB (IIOJMMEPHBIX, METANIOB M HEMETAJJIOB) B
KHUJIKOCTSIX, SJEKTPOIUTAX U HEDJICKTPOJIUTAX.

I'. PaspymieHue MeTaysioB B Ta30BBIX Cpe/lax, COJCPKAIINX pPa3IUYHbIE arpecCHBHBIC
KOMIIOHCHTEI U IIPH BBICOKHUX TEMIIEpaTypax.

29. Yro sBNIsieTCSI OCHOBHOW MPUYHWHON KOPPO3UH M Pa3pyIICHHS] METAIUIOB M UX CIUTaBOB?

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

b. DTO HecoBepIIEHCTBO BHYTPEHHEN KPUCTAIIIMYECKON CTPYKTYpPhl METAJUIOB U CIIJIABOB,
MTOJIYYEHHBIX B MPOIIECCE MPOU3BOJICTBA.

B. D10 Hamuuume Ha MOBEPXHOCTH MeETajula Pa3fiMYHbIX 3arpsi3HEHUN, €€ MIEepOXOBAaTOCTh U
MPUCYTCTBUE OKCUJIOB.

I'. D10 mpupona MeTtayioB, WX BHYTPEHHEE CTPOCHHE, HAJIMYME MPUMECEl B CIUIaBax,
arpecCUBHOCTh OKPYXKAIOIIEH CpeJIbl.

30. Kakas BenuumHa W3MEHEHHS W300apHOT0 TOTEHIMaNa (M3MeHeHus >Hepruu [ ubdoca)
nporiecca KOPpPO3HH OIMpeelieT BO3MOKHOCTh KOPPO3UU METallia B TAHHOH cpene?
A.AG>0; b.AG=0; B.AG#0; I'. AG<O.

31. Kakoit meTtamn cuiabHee KOPPOAUPYET B cpeie, coaepskamed kuciopon (O2), ecinu
M3MEHEeHHEe N300apHOTO MOTEHIMAJIA PU 00Pa30BaHUU OKCHUJIOB UMCIOT BEJTHUUHY:

A. FeOAG = -246,0 xIx/MO0mb ; B. MgOAG® = — 520,6 kJ[>x/Momb;

b. CUOAG® =—145,5 kJ[x/Moub ; I. ZnOAG® =-336,0 xJIx/MOIb;

32. CKOpOCTI/I JOCTAaBKH K IIOBCPXHOCTHU MCTAJlJIa KOPPO3HMOHHO AKTUBHBLIX YAdCTHI U OTBOJA
MNPOAYKTOB pC€akKnuu B YIPOUICHHOM BHIAC OIPCACIIACTCd 3aKOHAMU OHHOMepHOﬁ I[H(i)Q)YSI/II/I

(3akoHOM DuKa):

dcC ds dc
A w =xk5S—; bw=xs—; Bw-=xc—=;TI. w=KXxX—.
o o d o o dr 0 0o dx 0 0 ds

33. CkopocTh XHMHUYECKOH WM 3JIEKTPOXUMHUYECKOM peaklMH pacCUUTHIBAETCS IO
YpPaHEHHUIO:

E c.
A m=Kpen-g]s B =Ko

E E
v =scon(gz] s T =Kcen|- ).
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34. Kakoii KOpPpO3HMOHHBIH TPOIECC pa3pymieHus: (OKUCICHHS) METAIOB OTHOCAT K
XUMUYECKON KOPPO3UHU?

A. — B3aUMOJENCTBUE METAJIA C KOPPO3UOHHOM CPENO, TPU KOTOPOM OKHUCJIIEHUE METajla U
BOCCTAHOBJICHUE OKHCIIUTENS KOPPO3MOHHOW Cpelbl, MPOUCXOJUT HA OINPEIACICHHOM YYacTKe
IIOBEPXHOCTU METaJlNIa;

b. — B3aumoeiicTBHE MeTaJIa ¢ KOPPO3HUOHHOM CPEAOil, MPH KOTOPOM OKHUCJIEHUE METallIa U
BOCCTaHOBJIEHUE OKHUCIIUTEISI KOPPO3UOHHOM Cpelibl IPOTEKAIOT B OJIHY CTa/INI0;

B. — B3aumojeiicTBue MeTalla C JJEKTPOJIMTAMH, MPU KOTOPOM HOHHM3ALMsS MeETauia u
BOCCTAHOBJICHUE OKHCIUTENSI KOPPO3MOHHOM CpeAbl IMPOTEKAIOT B HECKOJIBKO CTaJUM M HUX
CKOPOCTH 3aBUCSAT OT AJIEKTPOIHOrO MOTEHIIMAIa METAILIA;

I'. — B3aumoaeicTBrE MeTaJlIa ¢ KOPPO3UOHHOM CPENO, MPU KOTOPOM OKHCIICHUE METAIa U
BOCCTAHOBJICHUE OKUCIUTEISI CPEIbI, MPOUCXOAT Ha Pa3HBIX y4aCTKaX MOBEPXHOCTH METaJLIa.

35. Kakoit KOppO3MOHHBIN MPOIECC OKHCICHUS METAJUIOB HA3bIBAIOT 3JICKTPOXHUMHUYSCKOMN
Koppo3uei?

A. — B3aUMO/JICHICTBME METAJJIa ¢ KOPPO3UOHHOW CPENIOH, B PE3YNIHTATE KOTOPOTO OKHUCIIEHUE
MeTajla ¥ BOCCTAHOBIICHUE OKUCITUTENS IPUBOJIAT K PABHOMEPHOMY CJIOIO TIPOIYKTOB KOPPO3HUH;

b. — B3aumoeiicTBHE MeTalIa ¢ KOPPO3HUOHHOM CPENoi, MPpU KOTOPOM OKHCIICHUE MeTasla U
BOCCTaHOBJIEHHE OKHUCJIUTENs BBI3BIBAIOT 00pa3oBaHME HEPABHOMEPHOTO CJIOA MPOAYKTOB
KOPpPO3UH;

B. — B3aumojeiicTBHE MeTauia ¢ KOPPO3MOHHOM CPENOil, B PE3YJIbTaTe KOTOPOTO OKUCIICHUE
MeTajljla U BOCCTAHOBJICHUE OKUCIUTENSI IPUBOJIAT K MEXKKPUCTAJUIMTHON KOPpO3UHU (KOPPO3UU 110
TpaHUIIAM KPUCTAIIOB);

I'. — B3aumopeiicTBHEe MeTajula C AJIEKTPOJIIMTAMH, MPH KOTOPOM HOHM3ALMS MeTaljia U
BOCCTaHOBJICHHUE OKUCIHUTENS KOPPO3HMOHHOM cpeibl MpPOTEKAlOT B HECKOJbKO CTaAui U HX
CKOPOCTH 3aBHUCSAT OT AJIEKTPOJIHOTO MOTEHIIMANIa METaJlIa;

36. [Ipu B3aMMOJCHCTBUM METAUIOB C CyXMMHU razamMu (B YaCTHOCTH C KHCJIOPOJIOM) B Cpele ¢
BBICOKOI TEMIIEPATYPOIl U B HEIJIEKTPOJIUTAX MTPOUCXOIUT:

A. — BreKTpoXUMHUYECKasi KOPPO3HS;

b. — Koppo3us NPOUCXOUT MO CMEIIAHHOMY MEXaHU3MY;

B. — xumuueckast Koppo3us;

I'. — xoppo3us ¢ oO6pa3zoBaHHEM ILUIOTHOH IJIEHKU MPOIAYKTOB KOPPO3HUH.

37. B pacTBOpax JEKTPOJIMTOB (B KHUCIOTaX, IIEJOYaX, UX PAcTBOPAxX, paciuiaBaX COJICH)
paspylleHre MeTalla BbI3bIBACT:

A. — ToueqHas KOppo3usl (MUTTHUHT);

b. — anekTpoxumMuieckas KOpposus;

B. — uzbuparensHast KOppo3us;

I'. — xuMu4eckass KOppo3usl.

38. Ilo xakoii Gopmyre BeIUUCISIETCS TIyOMHHBIN MOKa3aTedb KOPPO3UOHHOTO pa3pyIICHUS
MeTana (criasa)?
A. anﬂ; b. Ky =17 B. anﬁ; I Kp=hr.

T T

39. TlokazaTenb HM3MEHEHMs TOJNIIUHBI, OOpa3yrollelics Ha MeTajle IUICHKH MPOAYKTOB
KOPPO3UU ONPEEISIETCS BEIPAKEHUEM:
Ah h
A. K,=ht; b. K, =AMz ; B. k,=—; I k,=—".
T T
40. Kakoe ypaBHEHHE UCIOJIB3YIOT I BBIYUCIICHUS OTPULIATETHHOTO MTOKA3aTeNsl N3MEHEHUS

Macchl KOPPOAUPYIOLIEro MeTaia?
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AMAMAh I1
A Kn=——; B Km=——; B.Kh=—/; T. K,
StSt1t

41 I[JI?I 3allIUTBI MCIHBIX I/IBILGJH/Iﬁ oT KOppO?;I/II/I B KAQYECTBC aHOJIHOT'O HOKprTI/ISI MO>KHO
HUCIIOJIB30BaTh.
A. Ag B. AL B. Au T. Pt

42. I[JI?I 3alIUTHhI KCIIC3HBIX I/I3I[€JII/II71 OT KOPpPO3HH B KAUCCTBC aHOAHOTO IMOKPBLITHUA MOKHO
HCII0JIb30BATh:
A.muak  b.omoBo  B.cepebpo I. menp

43. Jlns 3aiuThl OT KOPPO3UH CTATBHOIO U3/IENINS B KAUECTBE aHOIHOTO MOKPBITUS MOKET
OBITh UCTIOJIB30BATh:
A.menp b. Hukens B.cBuren I Xpom

44. CornacHo cxeMe ranpBaHndeckoro snementa Cd | Cd?* || Cu?* | Cu
A. DIIEKTPOHBI JBUXKYTCSA OT MEIHOTO AIEKTPOJIa K KaIMUEBOMY
b. MenHbIl BeKTpo g ABIISETCS KaTOI0M
B. Ha MEeTHOM AJIEKTPO/Ie TPOUCXOIUT OKUCTICHUE
I'. B mporniecce paboThI 271eMEHTa Ha JJIEKTPOJIE OCAKIACTCS KaIMUM

45. ITpu HapylI€HUH OJIOBSIHHOTO MOKPBITHS Ha KEJIE3HOM U3JIEIINH, HAXOIAIEMCS B KUCIIOTE, Ha
aHO/IE MMPOTEKAET PeaKIMs

A. Fe®—2e = Fe?*B. Sn?* +2e=Sn°

B. 2H* +2e = H,T. Sn° — 2¢ = Sn?*
46. ITponykramu, BBIACISIONIMMUCS HA MHEPTHBIX 3JIEKTPOIaX MPHU AIEKTPOIU3E BOAHOTO PacTBOpa
cynbdara Meu, SBISIIOTCS
A HuO, Bb.CuuH,S B.CumH,S T'Cu u O
47. Ilpu 35IeKTpOIn3€e BOJIHOTO PacTBOpa Cyiab(ara HATpUS HA KaTOJIe TPOTEKACT PeaKIIus

A. 2H* +2e= H> B. 40H — 4e = 02+2H20
B. Na*+ ¢ = Na° . 2H20 + 2e = H2 + 20H"
48. IIpu a5eKTpoan3e BOIHOTO pacTBOpa Cyiab(ara HATpUS HA KaTOJIe TPOTEKACT PeaKIIus
A. 2H20 — 4e = Ox+4H* B. 40H" — 4e = 02+2H20
B. SO4* —2¢ = S$208* . 2H,0 +2e = H2 + 20H"

49. YcnoBueM caMOTIPOU3BOJIBHOTO MPOTEKAHMSI TMTPOIIecca SIBISETCS:
a) AG=0; 0) AG<0; B) AG>0;r)AS> 0.
50. Karog—sro...
a) JICKTPOJI, Ha KOTOPOM IPOUCXOIUT BOCCTAHOBIICHUE;
0) 2JIEKTPOJI, Ha KOTOPOM IPOUCXOJIUT OKUCIICHHUE;
B) BCEI/Ia MOJIOXKUTEIBHBIN 3JIEKTPO/I;
T') BCer/a OTPULIATENbHBIN 3JEKTPO/I;
51. Anoa—sTo...
a) 9JIEKTPOJ], Ha KOTOPOM MPOUCXOTUT BOCCTAHOBIICHUE;
0) AIIeKTPO/1, HA KOTOPOM MPOUCXOJAUT OKUCIICHUE;
B) BCEr/ia MOJIOKUTEIbHBIN IIEKTPO/I;
T') BCerJa OTPULIATEIbHBIN dIIEKTPO/I;
52. DAEKTPOABIIKYIIAsI CUJIA TATbBAHUYECKOTO DJIEMEHTA:
a) paBHA DIIEKTPUYECKON Pa3HOCTU MOTEHIIUAIOB B ABOMHOM DJIEKTPHUECKOM CIIOE;
0) MakcUManbHas Pa3HOCTh MOTEHIIUAIOB AIEKTPOJOB, KOTOPAs MOKET OBITh MOTYYCHA;
B) paBHA MMOKa3aHUIO BOJIBTMETPA, BKIIOYCHHOMY B AIEKTPOXUMUYECKYIO IIEb MpU padoTe
rajJbBaHUYECKOrO AJIEMEHTA,
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r) Ha3eiBaeTcs D/]C aneMenTa, COCTaBJICHHOTO U3 IAHHOTO 3JIEKTPOJa U CTaHaPTHOTO
BOJIOPOJTHOTO 3JIEKTPOa, MOTSHIIUAT KOTOPOTO MPUHST PABHBIM HYIIIO;

53. T'anpBaHMYECKHUE ITEMEHTHI — 3TO. ..
a) yCTpOHCTBA ISl MPSIMOTO MPE0Opa30BaHUsl XUMUUECKOH SHEPTHH 3aKIIOYEHHBIX B HUX
peareHToB B 2JIEKTPUIECKYIO;
0) XUMUYECKHE HCTOYHUKH TOKA, MPEHA3HAYCHHBIE JIJIsl MHOTOKPAaTHOTO UX UCIIOJIb30BaHUS 32
CUET pereHepaui aKTUBHBIX KOMIIOHEHTOB AJIEKTPOIOB B IPOLIECCE 3aPSIKH;
B) YCTPOICTBA ISl HEMIOCPEICTBEHHOTO MPE0Opa30BaHUs TETJIOBOIM SHEPTHH CTOPAHUS B
AIIEKTPUUYECKYIO;
T') JJIEKTPObI, 00paTUMbIE OTHOCUTEIEHO HOHOB B PAaCTBOPE;
54. DneKTpoIn3 — 3TO. ..
a) rpoliecc Mpeodpa3oBaHusl XUMUYECKON SHEPTUU B AJIEKTPUUECKYIO;
0) peakuu AUCTIPOTIOPIIMOHUPOBAHUS;
B) pa3NIOKEHHE BEIIECTB IMOJI ACHCTBUEM IIEKTPHUECKOTO TOKA;
T') MEXMOJICKYJISIPHBIE OKUCIINTEIBHO-BOCCTAHOBHUTEIBHBIE PEAKIINN;
55. MaTtemaruyveckas 3aIIiCh MEPBOTO 3aKOHA AeKTpon3a Papayest:
m(x)
an =——;
M(X)
0) m(x) = [M(X)/zF]- | - 7;
B)MQ(AB) = Mg(A) + MQ(B);
r)(nK=nFE%RT.
56. JIroO60¥ KOPPO3UOHHBIN MTPOIIECC SIBIISICTCS

A. omHOCTaIUHHBIM b. MHOrOCTAIMNHEIM
B. aByxcraauitHpim I'. TpexcranuitHpIM
57. Koppo3usi METaJIOB ONTUMCHIBAETCS YPABHEHUEM

A. Me™+ ne = Me® B. Me® — ne = Me™

B. Me® + ne = Me™ I'. Oz + Me = MeO,

58. 7KapocToHMKOCThIO Ha3bIBACTCS

A. ciocoOHOCTh MeTajllla COXPaHATh BHICOKHE MEXaHUUECKUE CBOMCTBA MPH BBICOKUX
TeMIieparypax

b. crmocoGHOCTh METAIIIIOB HE TUIABUTHCS IIPH BHICOKUX TEMIIEpaTypax

B. criocoGHOCTh METAIIJIOB CONPOTUBIISITHCS KOPPO3UOHHOMY BO3ICMCTBHIO T'a30B MPU BHICOKUX
TeMIiepaTrypax

I'. cmocoGHOCTH METAIIOB MPH BBICOKUX TEMIIEpAaTypax U3ru0aThCs

Kpurepun ouenku (B 0a/1ax):

- 0-1- 0aJsI0B BBICTABIISAETCS CTYACHTY, €CJIU MPABUIIBHO BBINOJIHEHO OT 0-25% OT Bcero oobema
TeCTa;

-2-4 6aJ1J10B BBICTABJISIETCS CTY/ACHTY, €CJIM IIPABUIBHO BBINOJIHEHO OT 25-50% 0T Becero oobema
TECTa;

- 5-7 6a,1710B BBICTaBIISIETCS CTYJICHTY, €CJIM €CJIU MPABUIIBHO BBINOIHEHO OoT 50-75% oT Bcero
o0beMa TecTa;

- 8-10 6a/1710B BBICTABISETCS CTYAEHTY, €CIIM €CIIM MPABUIIBHO BBINOJIHEHO OT 75-100% oT Bcero
o0beMa TecTa.

Kpurtepuu oneHKH U151 3209HOT0 OT/AeIeHUsI:
- HEY/IOBJIETBOPHUTEIbHO BBICTABIISAETCS CTYACHTY, €CIIU MPABUIBHO BBIMOIHEHO 0T 0-25% ot
BCEro 00ObeMa TecTa;
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-YAOBJIETBOPHUTEIbHO BBICTABIISETCS CTYJIEHTY, €CJIN MIPaBUIIbHO BBINOIHEHO OT 25-50% oT Bcero
o0BeMa TecTa;

- XOPOLIO BBHICTABIIAECTCS CTYAECHTY, €CIIU €CJIU IPAaBUIBHO BBINOJHEHO OT 50-75% oT Bcero o0bema
TECTa,

- OTJIMYHO BBICTABIISIETCS CTYJEHTY, €CJIU €CJIM IPABWIBHO BBINOJIHEHO OT 75-100% oT Bcero
o0bema TecTa.

4.3.3. Odopmiienne J1adopaToOpHbIX padoT

JlabopartopHas padora 1
BJUSHUE CTPYKTYPHOM HEOJIHOPOJHOCTH HA KOPPO3UIO METAJIJIOB
TP BOCCTAHOBJIEHMM NOHOB BOJIOPOIA

1.1. [Teap paGoThI

N3yuenue BIMSHUSA KOJMYECTBA M KAa4eCTBA CTPYKTYPHBIX HEOJHOPOIHOCTEN HAa CKOPOCTh
INEKTPOXUMUUYECKOW KOPPO3UM METALUIOB TP BOCCTAHOBJIICHWM Ha HUX KAaTHOHOB
BOJIOPO/IaA.

1.2. Teopus Bonpoca

Koppo3zueli MeTanyioB Ha3pIBalOT pa3pyllieHHE METaNIOB BCIEACTBHE XUMHUYECKOTO WIIU
ANEKTPOXUMHUYECKOTO B3aUMOJICHCTBHSI UX C KOPPO3HOHHOM CPEJION.

[TepBonpunHON  KOPpPO3UM  SIBJISIETCA TEPMOJMHAMHUYECKAass HEYCTOMYMBOCTH HX
METAJNINYECKOTO0 COCTOSIHUSL B OKpyXKaroummx ycioBusix. Ilpu B3aumoneictBum ¢
arpecCUBHOM CpeAoil MeTallIbl CAMOIIPOU3BOJIBHO CTPEMSTCS NMEPEUTH U3 METAJUIMYECKOTO
COCTOSIHUS B OKHCIIEHHOE, KaK TePMOJUHAMHYECKU 00Jiee YCTOMYMBOE B JAHHBIX YCIOBHSIX.
CreneHb TEPMOJMHAMUYECKOW YCTOWYMBOCTH METajllla 3aBHCUT KaK OT CBOMCTB CaMOro
MeTaljla, TaK U OT COCTaBa KOPPO3HOHHOM CpelIbl U XapaKTepU3yeTcs H3MEHEHHEM
n300apHO-M30TEpPMUUECKOTO  ToTeHIuana  (dHeprusi [mwbbca) mnpu  TpoOTEKaHUU
COOTBETCTBYIOIIETO KOPPO3HMOHHOTO mporecca. CaMOnpou3BOIbHO MPOTEKAIOT JIUIIL TE
MIPOLIECCHI, B Pe3yJIbTaTe KOTOPHIX MPOUCXOIUT yMeHbllleHue snepruu ['modoea, T.e. 4G<0.

[Ipn B3auMopelcTBUM METANIOB U CIUIABOB C PACTBOpPAMH 3JIEKTPOJIUTOB IPOLIECC
KOppO3UM OOBIYHO TMPOTEKAET IO DSIEKTPOXUMUYECKOMY MeXaHU3My. XapaKTepHOU
O0COOEHHOCTBIO AIIEKTPOXUMHUYECKON KOPPO3UU SIBIIETCS TO, YTO B3aUMO/ICHCTBUE MeTasia
C arpeccUBHOM Cpeoi pa3iesnsieTcs Ha JIBa COMPSHKEHHBIX MpoIlecca:

1) aHomHBIi mpolecC (OKHCIMTENBHBIN) - HEMOCPEACTBEHHBIN TMEepPex0] HOH-aTOMOB
MeTajljla U3 KPUCTAJNIMYECKOW pelIeTKH B PacTBOP B BHUJAE TMAPATHPOBAHHBIX KAaTHOHOB,
€CIIM DJHEprus B3aWMOJCWUCTBHUS HOH-aTOMOB C IMOJIAPHBIMH MOJIEKYJaMH BOJAbI OyaeT
00JIbIIIe, YeM SHEPTUS CBS3U KPUCTAIITUNYECKON PELISTKH MeTallia

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

2) KaTOHBIH MpoIecc (BOCCTAHOBHUTENILHBIN) - MPUCOCANHCHNUE M30BITOYHBIX SJICKTPOHOB,
00pa3ymIuxcsi B aHOJAHOM Tpoliecce, K KaKoMy-THOO OKHCIUTENI0 (aToMaM, MOJEKyaam
WJIM HOHAM PacTBOPA), KOTOPBI OyJET B pe3ybTaTe TOTO BOCCTAHABIUBATHCS
dOx+ne—rRed (1.2)

OpHako HM30BITOYHBIE DJEKTPOHBI MOTYT MPUCOEAWHATHCA HE TOJBKO K OKUCIHTEIHLHOMY
KOMIIOHEHTY pacTBOpa, HO © K oOpa3oBaBmumcs B aHoaHoM mpouecce (1.1)
THAPaTUPOBAHHBIM KaTHOHAM METaslia, T.€.

Me"™ - mH>0 + ne — (Me"™ - ne) + mH>O (1.3)
B pesynbrare KaTHOHBI METalla U3 PACTBOPA BHOBb BEPHYTCH B KPUCTAUIMYECKYIO
PEIIETKY.

[Ipu BBIpaBHUBaHUM CKOPOCTEH peakiuii okucieHus metamia (1.1) u BoccTaHOBIEHUU
ero uoHOB (1.3) HacTymWT COCTOSIHHE JWHAMUYECKOTO pPAaBHOBECHS, U KOPpPO3Us
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(MpenMyIIECTBEHHO MEPEeHOC MEeTalla U3 KPUCTAUTMYECKON PEIIeTKH B PacTBOp) MpeKpa-
tuTcsa. CienoBarenbHo, Uil MPOTEKaHUs Ipoliecca KOPPO3UH HEOOX0IMMO, YTOOBI CKOPOCTh
npsmoii peakiuu (1.1) Opima Gomnbie ckopoctu oOpaTHOi peakiuu (1.3), T.e. B peakuuu
BOCCTAHOBJICHHSI Y4aCTBYET MTPEUMYIIECTBEHHO OKHUCIUTENb PACTBOPA. DTO YCIOBHE MOXKET
ObITH BBINIOJHEHO, €CIM OKUCIHUTENb, WMEIOIIUICS B pacTBope, 00jamaer OOJIBIIUM
CpOACTBOM K DOJICKTPOHY, Y€M KATHOHBI PACTBOPAIOLICTOCA MCETaJlIa. OKHCIUTEIBHEIE
CBOIiCcTBa BCUICCTB OIPCACIIAIOT BEJIMUYMHON WX OKHUCIHUTEIHFHO-BOCCTAHOBUTEIIHLHOTO
IIOTCHIIMAJIa. YeM IIOJIOKHATEIILHOE 3TOT IIOTCHIMaJI, TEM OOJIBIIIMMH OKHUCJIUTEIbHBIMA
cBoiicTBaMH (OOJIBIIMUM CPOJICTBOM K DJIEKTPOHY) 00Ja/aeT TO WIM MHOE BelecTBo. Toraa
HE00X0IMMOE YCIIOBUE TEPMOJMHAMUYECKON BO3BMOYKHOCTHU 3JEKTPOXUMHUECKON KOPPO3UU

meramia: ¢ <@’ (1.4) roe ¢’ - paBHOBECHBIH MOTEHIMAN AHOJHOPACTBOPSIOMIECTOCS
MeTaJia;

P o
Q,c - PaBHOBCCHBIM TIIOTCHHMUA OKUCIIUTECIA, BOCCTAHABJIMBAIOUICTOCA B KAaTOJAHOM

npouecce.
Pa3HOCTB MC)K)Iy paBHOBGCHI)IMI/I IIOTCHOHAJIaMU KaTO)IHOI\/'I nu aHOI[HOﬁ peaKHI/II/I ABIISICTCA
HaYaJIbHOUM ABWHKVIIEN CHIONM KOPPO3MOHHOTO IIpoliecca:

E=¢ .-, (1.5)

AHO}]HafI 1 KaToaHas peaKHI/II/I MOFYT HpOTeKaTB O)IHOBpeMeHHO 110 BCeﬁ HOBerHOCTI/I
Koppoaupyromero Meramuia. OaHako BO MHOTHX CITydasX 3JEKTPOJIHBIC PEaKIUU YCTOWYINBO
J'IOKaJ'II/I?)YIOTCf{ Ha OHpeHeHeHHBIX y‘—IaCTKaX HOBerHOCTI/I, a HMMEHHO TaM, TIJ€ OHH
HauMEHee 3aTpyJHEHBl. B ATOM cilydae y9acTKH MOBEPXHOCTH, Ha KOTOPBIX IMPOTEKAIOT
anoxanas (1.1) u karoguas (1.2) peakiuu, Ha3bIBAIOT COOTBETCTBEHHO aHOIOM M KAaTOJIOM.

CKopocCTh TpoIiecca IEKTPOXUMUYCCKOW KOPPO3HMH, KaK U BCEX MPOIIECCOB B MPHUPOJIE,
MPSIMO MTPOTTOPIIMOHANIbHA JBMKYIIEH CHJIEe W 0OpaTHO MPOIMOPIHUOHAIBHA COMPOTHBICHUIO
(3aTpyaHEHHOCTH) Mpolecca

P _ 5P
k ~ ¢0K ¢,‘W , (1.6)
>R,
rae Ri - compotuBieHue (3aTpyJHEHHOCTh) OTACIBHOM  COMPSDKEHHOM — cTaauu

KOPPO3MOHHOTO IpoIecca.

HeoOxouMM0 OTMETHTh, YTO B OOJIBIIMHCTBE CIydaeB HEBO3MOYKHO aHAIMTHYCCKU
peImTh 3aBUCUMOCTS (1.6), T.K. CONPOTHBIIEHHE KOPPO3HOHHOTO MPOIIEcca B CBOKO OUYepe/Ib
3aBHCHUT OT CKOPOCTH Koppo3suu, T.e. 2Ri= f(K).

IMpomecc BIEKTPOXUMUYECKON KOPPO3UH, KaK yXKe YKa3bIBaJlOCh, COCTOMT H3 JBYX
OCHOBHBIX COTIPSDKEHHBIX PEAKIUi - aHOIHOW W KAaTOJHOM, KaKaas U3 KOTOPBIX SBISETCS
COBOKYITHOCTBIO TIOCJIEI0BATEILHO-TIApAIUIEbHBIX CTaauii. Kpome TOro, KOppo3HOHHBIH
IPOIIECC BKIIFOYAET B ceOs PSIT CTaHii, MMEIOLIMX YUCTO (DU3MUYECKYIO IPUPOY (I0CTaBKa U
OTBOJI KOMITOHEHTOB PEAKIIMi, MMEPEHOC DICKTPUYECKUX 3aps0B BHYTPH OJHOU (as3bl H
ap.). Bce compsbkeHHBIE CTagMu KOPPO3MOHHOTO TIpollecca IPHU CBOEH pealr3aluu
UCIIBITHIBAIOT TE€ WM WHBIE 3aTPyJHEHHsS W OOIlee CONMPOTHBJIEHHE BKIHOYaeT B ceOs
COIPOTHUBIICHUS] OTACTbHBIX CTaauii. Ecin 3aTpyIHEHHOCTh OJHOW W3 MHOTOYHMCICHHBIX
CTaJuii KOPPO3MOHHOTO Mpollecca OyaeT 3HAYUTEIbHO TMPEBOCXOUTH 3aTPYAHEHHOCTH
OTIEJbHBIX CTANN, TO CKOPOCTh HMEHHO 3TOH, HanboJiee 3aTPYTHEHHOW (JIMMHUTHPYIOIIEH)
CTaJuu OyJIeT ONPEICTATh CKOPOCTh BCETO KOPPO3UOHHOTO MPOIIECCa B IETOM.

Ko/M4ecTBEeHHO OIIEHHTh CTEMEHb 3aTPYAHEHHOCTH KaKOW-THOO CTaJud MOYKHO TIO
BEJIMYMHE €€ MepeHanpsvkeHus. llepeHanpsbKeHWeM TOW WM WHOW CTaJiiM HA3bIBAIOT
CMeEIIIeHHE TOTEHIMada 3JIEKTPOJa OT PAaBHOBECHOTO 3HAYCHHsS IPH IMPOTEKAHHH TOKa,
BBI3BAHHOE 3aTPYAHCHHOCTBIO JaHHOM cTaguu mporecca. Takum 00pa3om, epeHanpsKeHHe
XapaKTepU3yeT CTENeHb 3aTPYAHEHHOCTH TOM MM MHOW CTauH MpoIecca.

B KHCIIBIX cpeiax MHOTHE TEXHHUYECKUE METAJIBl KOPPOAUPYIOT C BOCCTAHOBJICHHEM Ha
KaToJIe HOHOB BOJIOPO/Ia. B 3TOM citydae posib OKHCIHUTENS BBIOJIHIIOT KATHOHBI BOJIOPO/IA,
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Y KaTOJHBIA MPOLIECC 3aKIIOYAETCs B BOCCTAHOBJICHUU MX J0 HEUTPATIbHOTO COCTOSIHHS U
UJIET B HECKOJIBKO CTaJUi IO CIEAYIOUIEN CXEME:

. IMogBox wonHoB ruapokconus H'-H>O K NOBEpXHOCTH KaToja 3a cueT auddy3ud u
MUTpALUH (HAPABICHHOTO JABM)KCHUS MOHOB TIOJT ICHCTBUEM AJIEKTPUIECCKOTO TTOJIS).

. Pa3psig nona rugpokconus ¢ 06pazoBaHrueM aIcOPOMPOBAHHOTO aTOMa BOAOPOAA
HHFHZO'I'EﬁHaOc“'HZO (17)

. PexomOuHanus (MoIu3aIus) BOJOPOIHBIX aTOMOB C OJHOBPEMEHHOM UX Jecopommeit Hyoc
+ Huoe— H> (1.8)

. OTBOJI MOJIEKYJISIPHOTO BOJOPOJia U3 MPHUKATOTHON 30HBI 3a cder nuddy3uu, oOpa3oBaHue
My3bIPHKOB Ta3000pa3HOr0 BOJOPOJAA, UX OTPHIB OT MOBEPXHOCTH KAaTOJa U BBIJCICHHE U3
pacTBopa.

Kax cnenyer u3 ycnous (1.4) mporiecc KOppo3uu METAIOB MPU BOCCTAHOBJICHHH Ha
KaToJie MOHOB BOJIOPOJIa TEPMOJIUHAMHUYECKH BO3MOXKEH B TOM Cllydae, KOTJla paBHOBECHBIN
MOTEHIIMAJT aHOJHO PACTBOPSIOLIETOCS METaula OTpHUIlaTeIbHEE PAaBHOBECHOTO MOTEHIIMaja
BOCCTaHOBJIEHUS] HOHOB BOJIOPO/Ia B JAHHOM Cllydae

®u<Q, (1.9)

Peanu3arus TepMoOIMHAMHUYECKOH BO3MOXKHOCTH TpOIecca KOPPO3HH MeTallia Tpu
BOCCTAHOBJICHH HOHOB BOJIOPOJia CBsI3aHA, B OCHOBHOM, C TIPEOJIOJICHUEM 3aTpyTHEHHU
KaTOJHOTO TPOIlecca, KOTOPBhIC 3HAYUTEIBHO MPEBOCXOJIAT IEpEHANPSHKECHUE AHOIHOTO
nporecca. Hanbonee 3aTpyaHeHHON cTauei mporiecca BOCCTAHOBJICHUS HOHOB BOIOPO/Ia, B
3aBUCHMOCTH OT TIPUPOJIBI MaTephaia, Ha IOBEPXHOCTH KOTOPOTO MPOUCXOJHUT ITOT
nporecc, MoxeT ObITh peakmus (1.7) wmm (1.8). CrnemoBarenbHO, 3aTPYyJAHEHHOCTh JTHUX
craguii U OyIeT ONpeneNiaTh CKOPOCTh KOPPO3HH METajla MPH BOCCTAHOBJICHUU HOHOB
BOJIOPOJIA.

[lepenanpshkeHHEM BOJOPOJa HA3bIBAIOT CMEIICHUE MOTEHIHAa BOCCTAHOBIICHHS
HMOHOB BOJIOPOJIa B OTPUIATEIBHYIO CTOPOHY OT PaBHOBECHOTO 3HAYCHUS MPU MPOTEKAHUHU
TOKa, BBI3BAHHOE 3aTPYJHEHHOCTHIO paspsijia MOHOB THIPOKCOHHUS, WIH PEKOMOMHAIMH
BOJIOPOJIHBIX aTOMOB.

HeoOxomuMo  MOTYepKHYTh, YTO caM  Marepual  Karoja HE  I[PHHUMAeT
HETOCPEJICTBCHHOTO Yy4YacTUsi B KaTOJHOH pEakIMM BOCCTAHOBIICHHS OKHCIUTENS, HO
OKa3bpIBaeT OOJBIIOEC BIMSHUE HA CKOPOCTh J3TOro mpolecca. PasnuyHas creneHb
3aTPYAHEHHOCTH MPOTEKAHUS PEAKIIMU BOCCTAHOBJICHUS! HOHOB TMAPOKCOHUS HA KaTOJIaX U3
pa3IMYHBIX MAaTEepPHajoOB MPHUBOJUT K BO3HUKHOBEHHIO OTJIMYHBIX JPYyr OT Jpyra IO
BEJIMYMHE TIEPEHANPSHKCHUI BOJOPOJIa Ha HUX W 3HAYMTEIHBHOMY HM3MEHEHHIO CKOPOCTH
BCEro KOPPO3UOHHOTO IMPOIIEcca.

Bennunna mnepeHanpsbkeHus Bojopoaa (1) CYIIECTBEHHO 3aBHCHUT HE TOJBKO OT
MaTepualia KaToJia, HO ¥ OT KaTOJAHOM IJIOTHOCTH TOKa COTJIACHO ypaBHEHHIO Taders

n=a+tb-g i, (1.10) rae a -

MOCTOSIHHAS, 3aBUCSIIAS OT MaTepuaa KaTojia, COCTOSIHUS €r0 MOBEPXHOCTH, COCTaBa

pacTBOpa ¥ TeMIEPaTyphl;
b - mocTosiHHAs, 3aBUCSIIAs OT TEMIIEPATYPHI U TPUPOIBI 3aTPYAHEHHON CTaIiK KaTOAHON
peaxiuu;
ik - TUIOTHOCTH TOKA Ha KaToJIe.

CKOpoCTh  KOPpPO3HMOHHOTO  MpoOllecca MOXKET OBbITh  BBIpKEHA  Pa3IMYHBIMH
nmokaszatrensiMu. B ciydae paBHOMEPHOTO XapakTepa paspylIeHUS MeETaTHYeCKOn
MOBEPXHOCTH pAIMOHAIBHO BBIpaXKaTh €€ Yepe3 Maccy MeTaia, pPacTBOPSIOIIETOCS ¢
eIMHMIIB TIOBEPXHOCTH B €MHHUIYY BPEeMEHH (MAacCOBBIHA TOKa3aTelb KOPpO3uu, r/(mZu)).
Jiis 9Toro HEoOXOOUMO ONpPENENUTh TMOTEPI0 Macchl o0pasma 3a BpeMsl KOPpPO3UH.
[Tockonbky XapakTep KOpPpPO3HMH B 3TOM CIy4ae pPaBHOMEPHBIA, TO, 3Has IUIOIIATh
MOBEPXHOCTU 00pa3ia, MOXHO PACCUUTATh CPEAHIOK TOJIIMHY MPOKOPPOIUPOBABIIETO
CJIOsI MeTalljIa 3a €AMHUILY BpeMeHH (TJTyOMHHBIN MOKa3aTenb KOPPO3UH, MM/TO).
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Kpome maccoBoro mokazaTesnsi CKOPOCTH KOPPO3WH, HEPEAKO HCIOJIB3YIOT 00BEMHBIH,
YTO BO3MOJKHO B CIy4asiX, KOT/Ia KOPPO3Usl METaJIa COMPOBOXKIAAETCS PACXOJOBAHUEM WIIH
BbIJIeICHHEM Ta3a. Tak mpu KOpPpO3WMHM METaUIOB C BOCCTAHOBJICHHMEM Ha KaToAe HOHOB
BOJIOPO/Ia Macca MEepelIe/iero B pacTBOp METaula B CHUJIY CONPSDKEHHOCTH aHOTHOTO U
KaTOJHOTO TMPOIECCOB OyIeT MNpomnopUUOHaibHa O00BEMY BBIJICIUBIIErOCS BOJIOPOJA
(0OBEMHEI MOKa3aTeNTh KOPPO3HH, ch>/(cm? ).

[epen mpoBeneHneM pabOTHI CIIEAYET 3HATH CIEAYIOIINE pa3elbl Kypca:

1. MexaHu3M 3JIeKTPOXUMUYECKON KOPPO3UH METAIIJIOB.

2. Koppo3ust MeTayuioB Mpu BOCCTAHOBJICHUH Ha KaToJie KATHOHOB BOJIOPO/IA.
3. [lepenanpsikeHne BOJOPOAA U BIMSHUE €T0 HAa KOPPO3HOHHBIN IIPOIIECC.
1.3. TIpoBesneHne paboThI

Hacrosimas paboTta uMmeer 1Ba BapuaHTa, OJIMHAKOBBIX 110 METOJMKE, HO Pa3IHYHBIX 110
o0beKTaM nccieoBanus. Kaaplil cTyIeHT MPOBOUT 110 YKa3aHUIO MPEoiaBaTelisi padoTy
10 OJTHOMY M3 BapUAHTOB.

Bapuant 1. HccrnexyroT KOppO3HMOHHOE TMOBEJCHHE CIUIABOB CHUCTEMBI 'Kele30-
yriepoa", colepKalmmux pa3InyHoe KOJIMYeCTBO yriepojna, B 10%-HoM BOIHOM pacTBOpe
CepHOI KHCIOTHL. B 3aBUCUMOCTH OT TEpPMOOOPAOOTKM M COAEp)KaHUS yriepojia CILIaBbI
MOTYT HMMETh Pa3IMYHyI0 CTPYKTypy. CTPYKTYpHBIE COCTaBIISIONIME OONAIar0T pPa3HOM
TEPMOAMHAMHYECKOW YCTOHYNBOCTHIO, UMEIOT OTJIMYAONINECS 110 BEITHMYHHE AJIEKTPOIHBIE
MOTEHINAJBI ¥ Pa3IMYHOE TIEPEHAIPSKEHUE BOAOPO/IA.

[To maHHOMY BapuaHTy HCCIEAYIOT CIEAYIONINE METAJUIbI:
1.Cepprit uyryn (3,5% C) co cTpykTypoil depput + nepaut + rpadur.
2. Yrnepoauctas craib (0,3% C) co cTpykTypoit peppHT + mepiur.
3. Kenezo (0,04% C) co crpykrypoit heppuT + HEOOIbIIOE KOJTUYECTBO MEPIUTA.

Bapmanr 2. VMccieaytoT Koppo3HOHHOE MOBEACHUE CIIJIABOB IIUHKA, COJIEPHKAIIAX
pasnyHbIe NpUMECH, B 2%-HOM BOJJHOM pacTBOpPE CEPHOM KHUCIIOTHL. B ByX n3
HCIBITHIBAEMBIX CIJIABOB KOJIMUECTBO MPUMECEH 0OJIMHAKOBO, HO KaYeCTBEHHO OHU
paznuuHbl. [IpumecHbIe 31eMeHThI UMEIOT Pa3JInYHbIE 3JIEKTPOIHBIE MOTCHIHAIBI U
MepeHanpsiKeHre BOA0PO/Ia.

[To nanHOMY BapHaHTy UCCIEAYIOT CJIETYIOIINE METAIIbI:
1. uuk Texanyeckuii (coaep:kanue npumecei 1o 0,1%: Fe, Sn, Pb u ap.).
2. CrunaB nuHKa ¢ xeneszoMm (0,5% Fe).
3. CrunaB nuHKa co csunioM (0,5% Pb).

PaGoty HaunMHAIOT ¢ MOATOTOBKU OOPA3LOB K HUCIBITAHUAM. J[JIs1 3TOr0 UX 3a4UIIAIOT CO
Bcex CTopoH (B TOM uucie OOKOBbIE MOBEPXHOCTH) HAXKJauHOM Oymaroil 10 MOsBIIEHUS
MeTanyeckoro 6iecka. Ha 3auninaeMoii mOBEpXHOCTH JAOMYCTUMBI TIIyOOKHE PAKOBUHBI U
uapanunbl. [locie 3TOro IMmITaHTeHIUPKYJIEM OIpPEeAesioT Bce pa3Mepbl 00pasloB (c
TOYHOCTBIO 710 £ 0,1 MM), HEOOXOAUMBIE AJISl MOCIEAYIOUIUX PACUYETOB IMOJHOHN (C y4eToM
OOKOBBIX TMOBEPXHOCTEH) IUIOMIAAM WX MoBepxHOCTH. [Ipm 3TOM Hanmmume Ha oOpasmax
OTBEpCTHS IS UX MOABEIIMBAHUS HE YUYUTHIBAIOT. 3aTeM 00pa3ilbl 00E3KUPUBAIOT BaTHBIM
TaMIIOHOM, XOpOILIO CMOYEHHBIM B alleTOHE, W BBICYIIMBAIOT Ha Bo3ayxe. OOe3kupeHHbIC
o0pa3ibl B3BEHIMBAIOT HA AHATUTHYECKUX TOJyaBTOMATHYECKHX BecaX C TOYHOCTHIO
+0,0002 r. [IpaBuna paGoThl Ha AaHATUTUYECKUX BecaxX MPUBEICHBI B IPHIIOKEHHUH 1.

OO0beM BOJOPOJA, BBIJCIUBIIEIOCS B MPOLIECCE KOPPO3HUM, OMPENENSIOT C MOMOILBIO
Koppo3umetrpa (puc.l), KoTopblii TpenacTaBisieT coOO0W TpagyupOBAHHYIO OIOPETKY,
MMEIOIYI0 KpaH B BEPXHEW 4acTH M KOJIOKOJIOOOpa3HOE pacIIMpeHHe B HIDKHEH YacTH.
[Tocne 3amomHEHWS KOPPO3UMETpPA PACTBOPOM KHUCIOTHI OOpas3el] MeTaisla HayuHAeT
KOppEeTUpoBaTh C BBIJCIEHUEM Ta3000pa3Horo Bojopoaa. [logHumMarommecs my3sIpbKy raza
CKalUTMBAIOTCS B BEpPXHEH 4YacTH KOPPO3UMETpa U BBITECHSIOT M3 HEro Kucioty. Ilo
W3MEHEHHUIO TIOJIOKEHHUS MEHHCKa KXUAKOCTH MOYKHO OMpeAeNuTh O00BEM Mapora3oBoi
CMeCH, HaXOIAIIEHCs B KOPPO3UMETPE.

[ToaroToBneHHbIE U B3BEIICHHBIE 00pa3llbl MOJBEIIMBAIOT HA CTEKIISIHHBIX KPIOYKaxX B

28



paciupeHHoN yacTu Koppo3umerpa (cm. puc.l). Ocmabisst 3axumM My(ThI, yIep>KUBarOIIEH
JanKy ¢ KOPpPO3MMETPOM Ha INTaTHBE (HE PEKOMEHIYeTCsl OCHalNATh 3aKUM JIANKH,
Kpersie KOppo3uMeTp), ONYyCKAIOT €ro pacIMpPeHHON YacThIO B CTAKaH TaK, YTOOBI MEXY
HIDKHAM KpaeM M JTHOM CTakaHa OCTaBajcs 3a30p 2-5 MM, U (PUKCHPYIOT KOPPO3HMETP B
3TOM I10JIOKEHHUU.

[IpoBepuB MoOJIOKEHHE KpPAaHOB B BEpPXHEH YacTU KOPPO3UMETPOB (IOJDKHBI ObITh
3aKpbITHI), OTMEPSIIOT MEH3YpKOH 10 500 cM COOTBETCTBYIOLIUN PACTBOP CEPHOI KUCIOTHI U
3aJIMBAIOT B KaX /bl CTAaKaH.

JUia 3amoJiHeHUs: KOPPO3UMETPOB PAaCTBOPOM KHCIOTHI HEOOXOAMMO BOCIIOJB30BATHCS
BOJIOCTPYIHBIM HacocoM. BogocTpyiiHblil HacoCc HY)KHO HOJArOTOBUTH K paboTe, JUIs 4ero,
ME/UIEHHO OTKpbIBasi BEHTHJIb BOJAOIIPOBOAHOM CETH, PETYIUPYIOT HAIIOP BOJABI TaK, 4YTOObI B
cepuueckoil yactu HaOdrOAanoch "KureHue" MpHU 3alloJIHEHUH BOJOM mpuMmepHO Ha 2/3
oOwvema. [lanee, 3akpbIBas W OTKpbIBas MajlblleM OTBEPCTHE CTEKJISHHOTO HAKOHEYHHMKA
JIMHUU BCACBIBAHUS HAcOCa, YOEXKIAIOTCSA B €r0 pabOTOCTIOCOOHOCTH.

[logroTroBUB BOJOCTPYHHBI Hacoc K pabore, MPUCTYHNAOT K  3allOJHEHUIO
KOPPO3UMETPOB KHUCIOTOW. [l 3TOro HEoO0XOAMMO OTKPBITH KpaH B BEpXHEW YacTu
KOPpPO3UMETpPa U MOJICOETMHUTD €r0 C IOMOIIbIO PE3MHOBOIO IIJIAaHra K JIMHUN BCAChIBAaHUS
Hacoca (cMm. puc. 1). Tlocie Toro kak KOpPpO3UMETP MOJHOCTHIO 3aMOJHUTCS KHCIOTOU
(HIKe KpaHa He JOJDKHO OCTaTbCs Iy3bIpbKa BO3/yXa), KpaH IUJIOTHO 3aKpbIBAlOT U
HEMEJIEHHO OTCOEIUHSIOT Hacoc. JlomyckaeTcs MpeBbIllIeHne YPOBHS KUCIOThI HaJl KpaHOM
He 6osiee 0,5-1 cm. Koppo3umeTpsl 3aNOJHSIOT MOCIEIOBATEIBHO, MTOCTE YeTO MPOBEPSIOT
IUIOTHOCTh 3aKpBITHSI KpaHa, TaK KaK IMOJICOC BO3JyXa 4Yepe3 HEero MOXKeT HCKa3UTh
pe3yNbTaThl ONBITA.

Havanom ompiTa criegyeT cuMTaTh MOMEHT 3allOJIHEHHUS IMOCJIEIHEro KOppO3UMeTpa
kucioToi. O0beM BBIICISIONIETOCS Boopoaa pukcupytot uepes 5, 10, 15, 20, 30 u 45 mun
OT HayaJja OIbITa U 3HAUYCHHUS €r0 3aHOCST B JTa0OpaTOpHBIN KypHad (Tadm. 1.1).

[Tocne oxoHuYaHUS OMBITA OTKPHIBAIOT KpaHbl KOPPO3UMETPOB U CIYCKAIOT KUCIOTY B
CTakaHbl, 3aT€M MPOMBIBAIOT BOJOW BMECTE€ C HaXOAAIIUMHUCS B HHX oOpa3uamu B
ClIeyIolIel MOClIeI0BaTeIbHOCTH:

1) oTBepHYB BUHT MY(Thl Ha LITAaTHBE, MOJHUMAIOT KOPPO3UMETPHI C 0Opa3llaMH BbILIE
Kpasi CTAKaHOB C KHCJIOTON M (PUKCUPYIOT UX B 3TOM IOJIOKEHUH;

2) 3aMEHHUB OJIMH CTaKaH C KUCJIOTOH MOJ KOPPO3UMETPOM Ha MYCTYIO MEH3YPKY, CIHBAIOT
U3 CTaKaHa KUCJIOTY Yepe3 BOPOHKY B OyThLIb;

3) CIoJIOCHYB CTaKaH IO/ BOJIOH, 3aIOJIHSIOT €ro Ha 3/4 BOJOM M CTaBSAT O] KOPPOZUMETP
BMECTO MEH3YpPKHU;

4) TOBTOPSIOT OMNEpalMd MO YKa3aHHOMY B ILI. 2 W 3 CO BTOPHIM U TPETHUM
KOPPO3UMETPaAMHU;

5) MOIOT 1O/ BOJIOY BOPOHKY U MEH3YPKY;

6) TOTOBST K paboTe BOJOCTPYHHBIN HAcoC;

7) MOACOEAUHSAIOT KOPPO3UMETP C MOMOIIBI0 PE3WHOBOTO IIUIAHTA K BOJOCTPYHHOMY Hacocy
(TIpu OTKPBITOM KpaHE CBEPXY);

8) MOJHMMAIOT CTaKaH ¢ BOJAOH MOJ KOPPO3UMETPOM BBEpX TaK, YTOOBI B BOJY NOTPY3UIIaCh
KOJIOKOJIOOOpa3Hasi 4acTb, M 3aIOJIHSAIOT €ro MOJHOCTBIO BOJIOM;

9) Kak TOJIbKO BOJIa IOCTUTHET KpaHa B BEpXHEH 4acTH KOPPO3UMETpa, OMYCKAIOT CTAKAH C
BOJIOH BHHU3, 1aB BOJIE U3 KOPPO3UMETpa CTedb 0OPATHO B CTaKaH;

10) emte 1Ba pa3a ¢ TEM K€ KOPPO3UMETPOM MOBTOPSIOT ONEPALlUH KaK YKa3aHo B I.I. 8 U 9;
11) npoMBbIB TakuM ke 00pa3oM OCTalbHbIE JIBA KOPPO3UMETpa ¢ 00pa3laMu, CIUBAIOT BOLY
U3 CTAaKaHOB B PAKOBHMHY M BBIKJIIOUAIOT BOJOCTPYHHBINA HAcOC.

ITocne mpoMBIBKHM BCEX KOPPO3UMETPOB U3BJIECKAIOT U3 HUX 00pa3ibl U yIAISIOT MPOIYKTHI
Koppo3uu. [[yist 3T0ro Mx MOIOT BOJOW MOJ KpPaHOM, NMPOTHPAIOT XOPOLIO HaMbIJIECHHBIM
epUIMKOM M BHOBb TIIATE€JIbHO MPOMBIBAIOT BOAOH. UYucThie 00paslbl THIATETHHO
BBICYIIMBAIOT (UIBTPOBANbHONW OyMaroid, ynajsisi BIary TakKe €3 OTBEpCTUH s
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nojBemMBanus o0pasuoB. [locne BBLAGPIKKM Ha BO3IyXe B TeUeHHE 3-5 MHUH 00pasiibl
B3BEIMBAIOT HA TEX K€ aHAJIUTHYECKUX BECaxX, YTO M paHblle. PekoMeHIyeTcss HauuHaTh
B3BEIIMBAaHHUE C 00PA3LOB, UMEIOIHUX 00JIee TIIaAKyI0 TTOBEPXHOCTb.
1 - Oropetka; 2 - crakaH; 3 - pacTBOp KUCIOTHI; 4 - KpaH; 5 - pe3uHoBas
TpyOKa K Hacocy, 6 - BOJOCTPYWHHBIM Hacoc; 7 - BoJa U3 BOJO-
POBOJHON ceTH; 8 - Bojga B KaHanmm3amuioo; 9 - kprouok; 10 - crek-
JsiHHAA 1ojBecka; 11 - oOpazenn

Pe3ynbTatsl B3BeIIMBaHuUS 3aHOCAT B Ta0n. 1.1 u npeacTaBisiioT ee
Ha BU3Y MIPEI0/IaBaTeNI0, BEAYILEMY 3aHATHE.

[Tocne okoH4aHus pabOTHI HEOOXOAUMO TTPOBEPHUTH, YTOOBI OYTHLITH
C KHCJIOTOW ¥ CKJISHKa C aleTOHOM OBUIM 3aKphITHl NMPOOKaMu, U
MPUBECTU CBOE pabouee MecTo B MOpAMOK. OOpasibl OCTaBISIOT Ha
paboueM MecTe, a UCIOJIb30BaHHYIO (GUIBTPOBAIBHYIO OyMmary
BBIOpPACHIBAIOT.
Puc. I. CxemMa  yCTaHOBKM  JUISI  U3y4€HUS  KUHETUKHU
AIIEKTPOXUMHUYECKON KOPPO3UH METAIIOB 00BEMHBIM METOIOM
1.4. O6paboTKa OTBITHBIX JIAHHBIX

PesynbTaThl ONIBITOB M IPOW3BEACHHBIX HA HX OCHOBE BBIYMCIICHUI 3aHOCST B Tab. 1.1.

PaccunThiBatoT 00beM BOJIOPOJIA, BBINEIUBIIETOCS C €AWHUIBI TIOBEPXHOCTH KaXKIOTO
oOpa3lia U CpefHIO CKOPOCTh KOPPO3UH JIs KaKJOro MeTajljia 3a MaKCUMaJlbHOE BpeMs
WCIBITAHUN MO KOJMYECTBY BBIJIEIMBIIETOCS BOJIOposa (00BEeMHBIN MOKa3aTelb KOPPO3HHU)

o dhopmyiie
V.273-(P-P,
S-z-T-760

rae V - 00beM BOJIOPO/ia, BBIICTUBIIETOCS 32 BPEMs UCITBITAHHM, oM,

P - atmocdepHoe gaBiieHue npu NpoBEACHUH UCIIBITAHUN, MM PT. CT.
P H,0 - JABJIEHUE HACHIIICHHOTO BOJSHOIO Tapa MPH TEMIEPATYPE MCIIBITAHUA, MM PT. CT.

(cm. mpustoxxenwue 2);
S - oAb MOBEPXHOCTH 00pasia, cM
7 - BpeMs UCIIBITAHUH, U;
T - Temnieparypa ucneiTanuii, K.

PaccumThIBaIOT I KaXKJIOr0 MeTajllla MacCOBBIM MOKa3aTe) b KOPPO3UH IO CJICAYIOIICH
bopmyie

L L (112)
S-7

rjae My - HayajbHas Macca o0pasia, r;
My - KOHeYHas Macca oOpasiia, T;
S - oAk MOBEPXHOCTH 00pa3ia, M
T - BpEMsl HCIIBITAaHHH, Y.

3areM MPOBEPSIOT 3KBUBAJICHTHOCTh 3HaueHUH Kos M Kyac, JIS Yero ompenensror
MaccoBbIi MokaszaTeb Koppo3uH K yvae 13 Kog o popmyme

- 2-A-10000
Kmac = I<06 T An A -~ ! (1'13)
22429 -n

rie K, - 00beMHBII MoKa3aTelb KOPPO3HH, CM>/cM?;
A - aToMHasg Macca MeTaia, T
22429 - o6wem 1 Mostb Bogoposa, cMS;
N - BAJIGHTHOCTH PaCTBOPSIOIIETOCS MeTalia
U CPaBHHUBAIOT €r0 C MAacCOBBIM TOKa3aTelleM KOPPO3WH, PACCUUTAHHBIM 10 W3MEHEHUIO
Maccel oOpazma mo dopmyne (1.12). I'myOuHHBIN TOKa3aTenb KOPPO3UHM HAXOAAT TIO

bopmyne

2.
’

2.
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24-365
" p-1000"

e Kuae - MAcCOBBIH MOKA3aTeIb KOPPO3KH, T/(M2-1),

p - IWIOTHOCTH METaJlIa: YyryHa - 7,2 r/cM; cTanu u xenesa - 7,8 r/cM>; IMHKa U ero
cruiaBos - 7,1 r/em®.

Kpome TOro, KOppO3HOHHYIO CTOMKOCTh MCCIEAYEMBIX METAJUIOB OILEHUBAIOT 10
necsITHOALTEHOM MIKaJie KOPPO3SUOHHOW CTOMKOCTH (CM. MPHIIOKEeHHUE 3).

PesynbTaThl paboOTHI MPENCTAaBISIOT B BUAE 3aloMHEHHON Tabm. 1.1, a Takke B BHIE
rpaduKa JUHAMHKH KOPPO3HH HCCIEAYEMBIX METaIOB, OTKJIAJAbIBasi 1O OCH OpAWHAT
yeTbHBIH 00BEM BBIIEIMBIIErOCS BOJOpOAa (cMP/cM?), a MO ocH abCuuce - BpeMs
KOppo3uu B MUHYTaX. [Ipu mocTpoeHUH yka3aHHOW 3aBUCHMOCTH BCE TPU JUHAMUYECKHE
KpUBBIE HAHOCAT Ha OJWH rpaduK B OJTHOM MacITaoe.

1.5. Bonpochl U1l CaMOKOHTPOJIA

1. Hannmure ypaBHEHUS AaHOIHOW U KaTOJAHOM PEAKIHM, MPOTEKAIOIIUX IPU KOPPO3UHU
CIUTAaBOB KeJie3a U [IUHKA B pa30aBIICHHON CEPHOM KHUCIIOTE.

2. Paccuwnraitte Benmmuuny 3.J1.C. mporiecca KOppo3uu kele3a B pa30aBIeHHOM CepHOM
KHCIIOTE.

3. C xaKuM KOHTPOJIEM IPOTEKAET KOPPO3Hs CIIABOB XKeje3a U IMHKA B pa30aBICHHON
CEpHOM KHUCIOoTE?

4. Yro Ha3bpIBaeTCs MEpEeHANPSKEHUEM BOJOPO/Ia, U OT KaKuX (pakTOpOB OHO 3aBUCUT?

5. [louemy 351€KTPOTIOJIOKUTENBHBIE IPUMECH B CIUIaBaX MOTYT CYIIECTBEHHBIM 00pa3oM
BIIUSATH HA CKOPOCTh KOPPO3UH MPHU KaTOJHOM BOCCTAHOBJIEHUU MOHOB Boj0opoaa?
bubanorpaduyueckuii coucok

1. ITaxomoB B.C. Koppo3us um 3ammura XUMHUYECKOH ammapaTypbl. DJIEKTPOXHMHUYECKAs
KOppo3us MeTauioB: YueoHoe mocobue. M.:MUXM, 1983.-76 c.

2. Kyx H.II. Kypc Tteopun Koppo3uu W 3amuThl MeTauioB. M.: Meramnyprus, 1980. -
C.149-188, 341-369.

=K (1.14)

JladbopaTopHas pa6ora 2
KOPPO3MSI METAJIJIOB C KMCJIOPOIHOU JEIOJISIPUBALIUEN

2.1. Ilenb paGOTEI

N3yuenne BIHMSHUSA OCTYNa KUCIOpOAA K aHOMY M KAaTOJy Ha CHIy TOKa MOJICIH
KOPPO3UOHHOTO 3JIEMEHTa, pPabOTaOIIEero C KUCIOPOAHOW JEenoJisipu3alued, a Takke
KauyeCTBEHHOE OMpEe/eIeHUEe MPOIYKTOB KaTOJHON M aHOJHOW peakiuil Mpu KOPPO3UH Ke-
Jie3a B HEUTPaJIbHOM PacTBOPE.
2.2. Teopus Bompoca

DNEKTPOXUMHYECKHE KOPPO3UOHHBIE MPOLECCH, Y KOTOPHIX KaTOAHAs ACTONSpU3ALIUS
OCYILIECTBIISIETCSI PACTBOPEHHBIM B JJIEKTPOJIUTE KHUCIOPOAOM, Ha3bIBAIOT MPOIECCAMU C
KHCIIOPOJIHOM  JienoJispu3anueil. OTO caMblii  pacnpOCTpaHEHHBIM BUJ  KOPPO3UH,
puUMepaMu KOTOPOH SIBIISIIOTCA pa3pyllIeHUe *Kelle3a BO BIAXKHOU aTMocdepe, HeUTpaIbHbBIX
U IIEJIOYHBIX PACTBOPAX; KOPPO3UsSl HEPKABEIOIIMX CTajel, MEIM B HEUTPAIbHBIX U KUCIBIX
cpenax.

TepmonHaMuueckass BO3MOYKHOCTh 3JIEKTPOXMMHUYECKONW KOPPO3UM B JIAHHOM cpene

P
ONpCACIIICTCA PABHOBCCHBIMHU TIOTCHIHAJIAMU MTpOoHECCa HOHU3ALUHU MCTaJlIa (DMe u

BOCCTAaHOBJICHUSA OKHCIIUTCIIA (0;;

P 14
(DMe < (Dmc (2 1)
CaMOHpOI/BBOHBHOC MMPOTCKAHUC KOPPO3UH MCTAJJIIOB C KPICJ'IOpOI(HOfI nenonﬁpmauneﬁ
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BO3MOXKHO IIpU yCIIOBUU
p p
(DMe < (01( (22)
rae (01[() - paBHOBeCHBIfI IIOTCHIIUAJI KUCIOPOAHOTO 3JICKTPOaa B JaHHOU cpene.
KOppOBI/IOHHHﬁ IIponuecc Ipu KHCJIOpOI[HOfI ACTIOJIIpHU3allid  BKIIIOYAE€T B cebs

CIIEIyIOINE PeaKIHu:
1) aHO/HBIH NpoLiece (OKUCTIEHUE METalIa)

Me + mH.O—Me"™ mH>0 + ne (2.3
2) KaTOAHBINA MpoIecC (BOCCTAHOBJICHHE KUCJIOPO/a) B HEUTPAIBbHBIX M IMICJIOYHBIX Cpenax
npotekaet 1o peakiuu 02 + 2H20 + 4e— 40H (2.4)
B KHUCJIBIX Cpeliax

02+ 4H> + 4e — 2H20 (2.5)

Ob6a mnporecca (MOHM3aLMs MeTaljla M BOCCTAHOBJIEHHME KHCIOpOJa) HPOTEKAIOT
OJTHOBPEMEHHO M COTPSDKEHO (CBSI3aHHO), HO TIOAYUHSIOTCS KaXKIbIii CBONCTBEHHBIM €MY
3aKOHOMEPHOCTSIM.

CKOpOCTb 3EKTPOXUMUYECKON KOPPO3UN B OOJIBIIMHCTBE CIIy4aeB ONPEEISIEeTC:

1) TOpMOXKEHUEM AIIEKTPOXUMUYECKUX CTAUI AJIEKTPOJHBIX peakuui (T.e. IepexoIoM
3apsza qepes IpaHUIly METaJI-3JIEKTPOJIUT), KOTOpOE€ XapakTepu3yercs
AIIEKTPOXMMHUYECKUM TepeHanpsbkeHneM (MOHU3alMK MeTaia, KUCIopoda U Ap.);

2) TpaHCHOPTHBIMH 3aTPYAHEHUSIMH, CBSI3aHHBIMU C OTPaHUYCHUEM TTOBOA OKUCIIUTEIS
(kucnopoja) K METauly WM OTBOJOM IPOIYKTOB PEAKIUH (aHOJHOW MM KaTOJHOW) U
XapaKTepU3yeMbIMU OOBIUHO MepeHanpskeHnem tuddysuu.

[lepenanpsixeHre HOHU3AIMK KUCIOPO/Ia 3aBUCUT OT CBOMCTB U CTPYKTYpbl MeTaja, Ha
IIOBEPXHOCTH KOTOPOT0 BOCCTaHABJIMBAETCS KUCIOPO, TeMnepaTypsl, pH pactBopa u nip.

[lepenanpsikenne auddy3sun KUCIOpPOAa 3aBUCUT OT KOHLEHTpAMM KUCIOpoJa B
pacTBope u ycinoBuit 1uddy3uu ero K MeTajnIy.

B OosbmIMHCTBE MpPAKTHYECKMX CIIy4aeB KOPpPO3MM MeTaula €  KHUCIOPOIHOM
Jenoysgpu3aedl Mpu OTCYTCTBUM IAaCCHBALlMM CKOPOCTh IpOLECCa  OINpenensercs
CKOpPOCTBIO KaTOJHON peakuuu (T.e. BOCCTAHOBICHHMEM KHUCIIOpOJA), a Uil IOCIeqHEH
HauOoJiee 3aTPyIHEHHBIMH (JUMHUTUPYIOIIMMHU) CTAJUSAMM SBJISIOTCS: B HEMOIBH)KHBIX
pactBopax - auddysus kucnopoaa, a mpu OOIBLUIMX CKOPOCTIX IBMXKEHUS IEKTPOJIUTA -
nepexoa 3apsaia (IepeHanpspKeHMEe HWOHU3ALUM  KHCIopoJa). OTO BbI3BAHO Masoi
pacTBOPUMOCTBIO U MeuleHHOH auddys3ueil Kuciaopoga B UIEKTPOIMTAX, a TaKkKe
JONOJIHUTEIbHBIMU  3aTpyJHEHUsAMU IU(dy3un kuciopoga B ciydyae oOpa3oBaHUs Ha
MOBEPXHOCTH METajlla MIIEHOK TPYIHOPACTBOPUMBIX IIPOAYKTOB KOPPO3HH.

CKOpOoCTb KOPpPO3UHM C KHCIOPOJHOHM JAenojisipuzalueil mpu 3ameuIeHHOW auddy3uu
KHCJIOPOJa ONpENIeNsIeTcsl ypaBHEHUEM

Co, +Co,
o

rac Idu(j)‘ CKOPOCTb BOCCTAHOBJICHHA KUCJIOPOJdd, BBIPpAXKCHHAA B TOKOBBLIX CIMHUIIAX

l,,p=N-F-Dg -S,- , (2.6)

ough

D02 - Ko3ppuuueHT 1updy3un KUCI0poaa;
d - TonmHa AU y3MOHHOTO CI10s;

0
C02 - KOHILICHTpalugd KUCJIOpOJa B paCTBOPE;

COZ - KOHICHTpalud KUCJIOpO/Ja Y ITIOBEPXHOCTU METAJIIIa (KaTO,I[a);

N - YHUCTIO AIIEKTPOHOB, YYACTBYIONIUX B PEAKIIMH BOCCTAHOBIICHHS KUCIOPOa;
F - uucno ®apanes;
Sk- mIoIaas KaToaa.

0
C YBCIIMYCHUECM Iduqb 3HA4YCHHUC COZ YMCHBIIACTCA W TIpH COZ << C02 JOCTHUIaCTCs

npeaciibHass CKOPOCTb BOCCTAHOBJICHUSA KHCJIOPOIa (I/I COOTBCTCTBCHHO KOPPO3HMOHHOI'O
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rpoiiecca)
0

CO
=n-F-Do, S~ 2.7)

npeo

[ToBnuATH HA CKOPOCTH AIIEKTPOXUMHUYECKOTO IpOIiecca JIerde BCero myTeM M3MEHEHHS
YCIIOBHIA, OIPEACIISIIOIINX CKOPOCTh 3aMEJICHHOH CTaauu. B 4acTHOCTH, IpU 3aMeITICHHO M
maddy3un  KucIopoga CKOPOCTh MpPOIEcCa MOXKHO TMOBBICHTH 3a CUET YMEHbBIICHUS
TOMIUHBL 1M PYy3nOHHOTO cIlosl (IyTeM IEepEeMEIMBaHUs pacTBOpa), 3a CUET YBEIMUEHUS
KOHIICHTPAIIMU PACTBOPEHHOTO KUCIOPOJAA, B MOJICNIM TAIIbBAHUYECKOTO AIIEMEHTA 33 CYET
BO3paCTaHMsI IUIOMIAIH IOBEPXHOCTH Karoa (yBenndeHue Gpporta quddy3uu KUcioposa).
2.3. IlpoBenenue paboThbl

[Ipu xoHTaKTe NBYX METAJUIOB C Pa3HBIMH 3JEKTPOJHBIMU MOTEHIUAIAMHU 00pa3yeTcs
ralbBaHUYECKUI DIIEMEHT, B KOTOPOM aHOIHBIA IPOIECC MOHHU3AIMHA MeTajula OOBIYHO
MpOTEKaeT ¢ 0ojiee OTPUIATEIBHBIM IMOTEHIINATIOM, a KaTOIHBIH MPOIECC BOCCTAHOBJICHUS
OKHUCJINTENS ¢ OoJiee MOJI0KUTEIbHBIM TOTEHIIMAIOM. BHeIHUN n3MepsieMblil TOK 2JIEMEHTa
Oy/leT COOTBETCTBOBATH CKOPOCTSM DJIEKTPOJHBIX MPOIECCOB, MPOTEKAIONINX Ha DJIEKTPO-
JaX TaKoro 3JieMeHTa (0e3 yuera CKOPOCTH MPOIECCOB CAaMOPACTBOPEHHUS DJIEKTPOIOB).

B pabote uccrneayror ranpBanndeckuii snmement Zn/NaCl + H>O + Oo/Cu, mis gero
WCTIONB3YIOT MEIHBIE M IWHKOBBIE 3JIEKTPOABI pa3HBIX pa3mepoB. dopma 3IEKTPOIOB
TAaKOBa, YTO C W3MEHEHHEM BEIMYHHBI MX IMOBEPXHOCTH YCIIOBHUS JIOCTYyIA KHCIOPOIa
BO3/IyXa IPU MOTPYKEHUH 00pa3IOB B IIEKTPOJIUT HE MEHSUTUCH.

DONeKTpoapl € OJHOM CTOPOHBI OYMIIAIOT HaXJadHOW Oymaroil (apyras cropoHa
M30JIMPOBaHa SMaNbI0), U3MEPSIOT TUIONIAh UX TOBEPXHOCTH W 00E3KUPHBAIOT alleTOHOM
3aYUIICHHYIO CTOPOHY.

lManpBaHWMYECKYIO TIETTb COOMPAIOT COTIIACHO CXEMe, MPEACTABICHHOM Ha puC 2.

[10CKOJIBKY PABHOBECHBIH MOTEHIHAN IMHKA P7, = -0,76 B, a mequ @, = +0,32 B, 10 B

rajlbBaHUYECKOM Mape OHU OYIyT BBITIOJIHATH COOTBETCTBEHHO POJIb aHO/Ia M KaToa.

OO0pasIpl JKECTKO YKPEIUISIOT B KJIEMMaX TEKCTOJUTOBOM TUTACTHHKH W MOTPYKAIOT B
CTEKJISIHHYI0 BaHHOYKY ¢ 3%-HbiM pactBopoM NaCl. YpoBens pactBopa MO/DKEH OBITH
NpUOJIM3UTENBHO Ha | CM BBIIIE Kpasi HIMPOKOHN YacTH AIIEKTPOIOB.
a) Biusinue nuomaau mMoBEePXHOCTH aHOAA M KATOAAa HA CHIIY TOKA rajJibBaHUYE€CKOI0
JJIeMeHTa

BHavane B KieMMax YKPEIUISIOT CaMble MAJICHBKAE M3 HMMEIONIMXCS IMHKOBBIX H
MEJIHBIX JIEKTPOJIOB. 3HAUCHHUE CHIIBI TOKA JIEMEHTA 3allUCHIBAIOT B Ta0J. 2.1 Moka TOK He
YCTAHOBHUTCSl MOCTOSIHHBIM. 3aMepbl BEIyT Yepe3 KakIple 2 MUH J0 MOJYYCHHS TpeX
OJIMHAKOBBIX 3HAYCHUIA.

3areM, OCTaBisisl OAMH U3 DJIEKTPOJIOB MOCTOSHHBIM (HAmpumep,
KaToJ) APYrou (aHO) 3aMCHSIIOT Ha 3JICKTPOJ CPEIHEro pazMepa H
3HaYCHHUE CHJIBI TOKa JJIEMCHTA 3alHMCHIBAIOT AHAJIOTUYHO [0
YCTaHOBJICHHSI TOCTOSIHHOTO 3HAYCHUSI.

1 - mwumaMnepMmeTp; 2 - KJIEMMbI; 3 - IUlacTuHa; 4 -pacTBOp
NaCl; 5 - BanHa crekisHHast, 6 - MEAHBINA JJIEKTPO; 7 - MOpHCTAs
Neperopoika; 8 - IMHKOBBIN dIEKTPO/T

Puc.2. Cxema ycTaHOBKM JUIsl M3YYE€HUsS] KUHETHKH KOPPO3MOHHOTO
IIpoLECCa ¢ KUCIOPOIHOM AENospu3anuen

[Tocnie 3TOrO MpU TOM KE KATOJE 3aMEHSIOT IEKTPOL CPEIHETO
pa3Mepa (aHOM) Ha TaKOW ke DIMEKTPO]l OOIBIIOr0 pazMepa U OISATh
BEAYT 3allMCh TOKA JI0 YCTAHOBJIEHUS MOCTOSIHHOTO 3HAYEHMUS.

[TosryunB 3aBUCHUMOCTD BJIMAHUS IJIOLIA/IA IIOBEPXHOCTH aHOJIA HA CUJIY TOKA JIEMEHTA
IpU _MOCTOSIHHOM KaTOJAE, MPUCTYNAOT K HM3YyYECHHUIO BJIWSHMS IUIOIIAJAN IOBEPXHOCTH
KaToJa Ha CUJIy TOKa IIPU OCTOSHHOM aHOJIE.
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0) Bausinne nepeMemmBaHusi 3JIEKTPOJIUTA HA CHJIY TOKA JIeMeHTAa

W3MepeHnst MO>KHO MPOBOJUTH C JIEKTPOJIAMH JIIOOBIX Pa3MepoB, HO yIOOHEE B3ATh Ty
napy, ¢ KOTOpOi IPOBOJIMIIN TTOCIIEAHUNA OTBIT MIPU ONMpPEACTICHIH 3aBUCUMOCTH CHUJIBI TOKa
OT IUIOIAX OBEPXHOCTH JIEKTPOJIOB.

B npuaHOgHYIO 30HY CIEAYET OCTOPOKHO OIYCTUTh CTCKISHHYIO Mal04Ky H
nepeMeIaTh IEKTPOIUT BOIHM3H MOBEPXHOCTH aHOAA. 3HAYCHUS BEIMYMHBI CHIIBI TOKA 10
nepeMeIrBanus (YCTAaHOBHMBILASCS) U B MOMEHT IEpEMEIIMBAaHM B aHOJHOHM 30HE (TpU
MaKCUMaJIbHOM OTKJIOHEHHH CTpeNKH npubopa) 3ammceiBaroT B Tabm. 2.2. Ilocme 3toro
OCTOpPOKHO TEPEHECTH CTEKSIHHYI0 NalOYKy B MPHUKATOAHYIO 30HY M IIepeMelaTh
AIIEKTPOJIMT BOJIM3M KaTOJa, CHIIy TOKa B MOMEHT NEPEMEIINBAHUS B KaTOJHOW 30HE 3aria-
catb B Ta0MI. 2.2.

[Ipy mnepememmBaHUM pacTBOpa PEKOMEHIYEeTCS HE 3aleBaTh IEPETOPOIKY U3
CTEKJISIHHOU TKaHU U 00pa3libl.

[Tocne npoBenenus padotel pactBop NaCl U3 BaHHOYKH CIMBAIOT B OyThLIb, H3 KOTOPOI
OH ObU1 B3AT. OnbITHBIE OOpa3lbl CIEAYyEeT HPOMBITH U BBICYHIIUTH (PUIBTPOBAIBHON
Oymaroii.

B) Omnpenejienne aHOAHBIX M KaTOAHBIX YYacTKOB Ha :Keje3e, KOppeJpyiolieM B
HeHTpPaJbHOM pacTBope

[Ipy koppo3um B HEUTpPAJIBHOM pacTBOpE, NPOTEKAUWEd C  KUCIOPOAHOU
JETIoNIpU3aIield, pacrpe/eliecHie aHOJHBIX W KAaTOIHBIX YYaCTKOB Ha MOBEPXHOCTH
MeTaiia OOJIbIIe YacThio OOYCIIOBIIEHO HEPABHOMEPHOW al’pareil ¥ HEOTHOPOTHOCTHIO
MTOBEPXHOCTH.

Jiist Toro, 9TOOBl OOHAPYKUTH aHOTHBIC M KAaTOJHBIE YIACTKH IPU KOPPO3UH Keye3a B
HEUTpATBLHOM pacTBOpPE (PacTBOpP XJIOPUCTOTO HATpusi) K HEMY A0OaBISIOT MHIWKATOp Ha
nonel Fe?* (kpachas kpopsHas conb K2Fe(CN)s), obpasyrommii ¢ moHamu Fe? TemHO-
CHHIOI0 MaJIOpaCTBOPHMYIO COJIb, TaK Ha3biBaeMyro TypHOysuieByio cuub Fes[Fe(CH)e]2 u
WHIUKATOp Ha THAPOKCUIbHBIE Tpynmbl ((peHondranenn), obpasyromuit ¢ nonamu OH
COEIMHEHUS] MAJINHOBOTO 1IBETA.

Jlns BeINoNHEHHs: ombiTa B vamky Ilerpu namuBaror 1 %-ubiit pactBop NaCl wu
n06aBysIIoT U3 KanenbHuUibl 8-10 kamenb 1%-noro pactBopa KsFe(CN)s u 3 - 4 karuim
pactBopa Qenondranenna. [lepememniaB pacTBOp CTEKISHHOM MaJIOUKOM, TOMEIIAIOT B HETO
oOpasell, IpeaIBapuTeIbHO 3aUUIICHHBIN U MPOTEPTHIA BaTOM, CMOYEHHOU areToHoM. Yepes
HECKOJIbKO MHHYT OKOJIO 00pa3lla HauyMHAIOT MOSBISATHCS CHHHE M MaJIMHOBBIE YYacCTKHU.
Yamky ¢ 00pa3oM peKOMEHIYeTCsl He BCTPAXUBaTh. B 1eN1X S5KOHOMHUU BPEMEHHU OIBIT B)
PEKOMEHAYETCs POBOAUTH ApalIEIBHO C OMBITOM a).

[Tocne okoH4yaHus pabOTHI MOTYyYEHHBIEC PE3YNIbTaThl HEOOXOJUMO MPEACTABUTH HA BU3Y
MIPeroaBaTeNo.

2.4. O6paboTKa OMBITHBIX JIAHHBIX

Pe3synbratel pabotsl o 1 u 2-i yactaM oOpMIISIIOT B BIJIE 3aMIOJTHEHHBIX TaOIHI U
rpaduka, MoKa3bIBAIOLIETO 3aBUCUMOCTh YCTAHOBUBILEHCS CHIIBI TOKA UCCIEAYEMOTO
raJIbBAHMYECKOTO 3JIEMEHTA OT IUIOIIA U MOBEPXHOCTH aHo1a (TIpY MOCTOSTHHOM KaTo/€e) U
IUTOIIAJIM TOBEPXHOCTH KaToa (IpU MOCTOSHHOM aHOJE).

PacrnionoxeHne okpalieHHbIX Y4acTKOB Ha 00pa3iie He00X0IUMMO 3aprCcOBaTh U HAITUCATh
peaxiuu, MpoTEeKAIOIINe Ha aHOIHBIX M KaTOHBIX yU4acTKaX MPH KOPPO3UHU YIIIEPOIUCTOM
cranu B pactBope NaCl, u peakuunto 00pa3zoBaHus TypHOYIUICBON CHHH.

2.5. Bonpocsl Juist CaMOKOHTPOJIS

1. B ueM 3akirouaeTcs He00X0AUMOE TEPMOIMHAMUYECKOE YCIOBUE MTPOTEKAHUS
AIIEKTPOXUMHUYECKON KOPPO3UH KeJle3a ¢ KUCIOPOTHON Aeroisspu3anueii?

2. IlepeuncnyuTe OCHOBHBIE CTAIMU KATOJHOTO MPOLIECCa BOCCTAHOBJIEHUS KUCIOPO/Ia.
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4.3.4 Opopmienue komiiekTa 3aganuii s PI'P
s ounozo u 3a0uno2o omoeneHus

MunuctepcTBo 00pa3oBaHus U Hayku Poccuiickoit denepauun
denepalibHOE FOCYIapCTBEHHOE OIOIKETHOE 00pa30BATENIBHOE YUPEKICHUE
BhICILIETO 00pa3oBaHus «balIKupCKUii roCy1apCTBEHHBI YHUBEPCUTET
WNnxenepusiii pakynbrer
Kadenpa «Texnonornueckue MaHbl 1 000pyI0BaHUE

Kovmmuekr 3aganuii nias PI'P
no auctuiuinHe «Koppo3usi KOHCTPYKIITMOHHBIX MaTepUAJIOB»

DJIEKTPOJHBIE ITOTEHIINAJIBI
3.1. Ilenp paboThI

Ompenenenre dSIEKTPOAHBIX TMOTEHIIMAJIOB HEKOTOPHIX METAUIOB B  pacTBOpax
AJIEKTPOJIUTOB, a TaKXKe IMPOBEpPKa BO3MOXKHOCTH TpPHUMEHEHHWs ypaBHeHHsS HepHcra mms
pacdeTa BEJIMYUH PABHOBECHBIX TIOTCHIIUAJIOB.

3.2. Teopus Bompoca

[Ipu morpyxeHuu MeTajja B BOJHBIA PACTBOP AIEKTPOJIUTA HA MOBEPXHOCTH METaylIa
MPOTEKAET MPOIECC B3aMMOJICHCTBHS €r0 MOH-aTOMOB C TOJIIPHBIMH MOJICKYJIAaMH BOJIBI.
[Ipouecc ruaparaniiy HOH-aTOMOB METajljla COMTPOBOXK/IAETCS BbIIEJICHHUEM SHEPTUH, 32 CUET
KOTOpO#l pa3pylIaloTCsi CBS3M MOH-aTOMOB METalllla B KPUCTAJUIMYECKOM perieTke M OHU
MEepPexXo/IAT B PAcTBOP B BHUJE THAPATUPOBAHHBIX KATHOHOB, a HA MOBEPXHOCTU MeTajia
OCTa0TCs 0CBOOOAUBIINECS AIIEKTPOHBI
(Me"* ne) + mH>0 — Me"™ mH>0 + ne (3.1)

Cunbl 3IEKTPOCTATHYECKOTO B3aUMOJICHCTBUS MEXAY M30BITOUYHBIMU 3JIEKTPOHAMHU Ha
METAJUNIMYECKOM TMOBEPXHOCTH M TepelleAlIMMU B pacTBOp KaTHOHAMH MeTalia
MPEMATCTBYIOT YAAJCHHUIO MOCIEeIHUX B TIyOb pacTBopa. B pesympraTe MOBEpXHOCTH
MeTaia 3apsiKaeTcs OTPULIATEIbHO, a PACTBOP IEKTPOJINTA - TOJOKUTEIILHO U Ha TPaHULIe
"MeTajul-pacTBOp"  BO3HUKAET JBOMHOM  SJIEKTPUYECKUM  CJIOHM, KOTOPBIA  MOKET
(dbopMHpOBaTbCS TaKKe MPH aaCcOpPOLMHM Ha MOBEPXHOCTH MeTalljia 3apsXKEHHBIX YaCTHI]
pactBopa. [Ipu 3ToM Metamn npuoOpeTaer 3apsi OJHOTO 3HAKA, & OKOJIO €ro MOBEPXHOCTH
oOpa3zyercs CIOW U3 HOHOB ANIEKTPOJIUTA C IPYTHUM 3HAKOM.

Mexny closMu 3apsiIOB YCTaHABIUBACTCS ONpEE/ICHHAs PAa3HOCTh MOTEHLUATIOB, TaK
Ha3bIBAEMBbIN, "CKa4OK MOTEeHIMa A" Wik IpocTo "moTeHIHal". 3HaYUTEIbHOE KOJIMYECTBO
3apsHKEHHBIX YacTUll (HarmpuMmep, MepexoadiuX B paCTBOP KAaTHOHOB MeTalljla) HaXOIUTCS B
HEMOCPEJCTBEHHON ONM30CTH K METaJUIMYECKOW MOBEPXHOCTU. DTH YacTULBI (GOPMHUPYIOT
IUIOTHYIO YacTh JABOWHOTO OJIIEKTpUYecKoro cnos (crmoit [enbmroisblia), B KOTOPOM
peanm3yeTcss TMPaKTUYECKH BeCch CKauyoK moTeHnuana(p). I[lo wMepe ynameHus oT
MOBEPXHOCTU METAJIJIa B PaCTBOP JIEKTPOJIUTA KOHUEHTPALMs TaHHBIX 3apsKEHHBIX YaCTHI]
MOCTENEHHO TAaJaeT, JOCTUrass B KOHIIE KOHIIOB 3HAY€HHUs, COOTBETCTBYIOIIETO HUX
KOHIICHTpalluu B o0beMe pacTBopa. DTy 4acTh Ha3bIBalOT "pa3MbITO" mim 1uddy3Hoi
YacThIO JBOMHOIO AJIEKTPUUECKOTO cJosl. Ee NpOTsKEHHOCTh 3HAYMTENIbHO MPEBBIIIAET
TONIIMHY 105 [ ebMroIblia, a peanu3yeMblii B Helf cKauok MoTeHuana (), Kak mpaBuio,
MEHbIIIE 110 BEJIMYMHE U FPAJUCHTY, YEM Ha FeJIbMIOJIbLIEBCKOM YYacTKe JBOMHOTO CIIOSI.

PaBHOBecHBIE (0OpaTUMBIE) AIEKTPOABI 00IAAA0T OJHOM, OOIIel IS BCeX DIIEKTPOJIOB,
OCOOCHHOCTBIO: B HUX MPOTEKAET TOJBKO OJHA DIIEKTPOXUMHUYECKas pPEeakius C paBHOM
CKOPOCTBIO B JIBYX MPOTHBOIIOJIOKHBIX HAMIPABJICHUAX (MIpsAMasi U 0OpaTHAs PEaKIuu).

Cy1iecTByeT HECKOIbKO TUIIOB PABHOBECHBIX 3JIEKTPOIOB:
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1. DnexTponxsl MEpPBOrO pojaa - HEKOTOpblE METAIbl B PAacTBOpaX CBOMX COJICH,
Haxodmuecsa B COCTOSIHUN PABHOBCCHUSA 110 OTHOIICHHUIO K OJTHOMMCHHBIM HOHAM:

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

2. DIeKTpoAbl BTOPOTO pOJAa MPEACTABISAIOT COOOH MeTayul, MOKPBITBIA CJIOEM €ro
TPYAHOPACTBOPUMOTO COEIMHEHUS (COJIM, OKCHJbI MM TUJIPOKCHU[IBI) U MOIPYKEHHBIM B
pacTBOp, COAEpKalIMA TOT JKE€ AaHHWOH, YTO M TPYIHOPACTBOPHMOE COCIWHEHHE
ANIEKTPOAHOTO MeTaia. CXeMaTHYeCKH 3JIEKTPOJl BTOPOTO POJAa MOXKHO IPENCTABISATH
cnemyrommm obpaszom: Me' || M*A, Me?

3.OKHCIUTENbHO-BOCCTAHOBUTENBHBIE AJIEKTPOJIbl (PEAOKC-3IEKTPOIbl), MPEACTABIIAIONINE
co0Oi MHEPTHBIA METAII (HallpuMep, IJIATHHY) B KOHTAKTE C JIEKTPOJIMTOM, COACPKAIIUM

MIOHBI Pa3HBIX CTeleHeil okncienHoctn (Hanpumep, Fe2*/F* || Pt; SOf_ / 32082 | |Pt).I1Ipu

JOCTH>)KEHUM PaBHOBECHUS 3HAYEHWE MOTEHLHANA METajjla CTAaHOBUTCS NOCTOSHHBIM, 4 €0
BEJIMYMHA 3aBUCUT OT BHEIIHUX YCIOBHH (TemmepaTypbl, JaBJI€HHs) U aKTUBHOCTH HMOHOB
MeTajula B pacTBOpE U ONMCHIBAETCs ypaBHeHneM HepHera

R-T
(DM = (0?4 + ﬁln aMN ' (33)

TJI€ (v - PABHOBECHBIM MOTEHIIMAN MeTasuia, B;

0 .
@, - CTaHJApPTHBIM MOTEHIUAJI MeTaJlIa, B, T.€. €ro moTeHIHal B 3JIEKTPOJIUTE, AKTUBHOCTD

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

T - remneparypa 1o abcomoTHOM 1IKane, K;

N - KOJIMYECTBO AJIEKTPOHOB, IPUHUMAIOIIUX Y4aCTUE B 3JIEKTPOJIHON peaklnu;

F - moctostanas ®apanes, paHas 96493 K;

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

a=fC, (3.4)

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

C - aHanmUTHYECKasl KOHLEHTPALKs HOHOB METalljIa B pacTBOPE, MOJIb/JI.

Jlis pa30aBiieHHBIX PAcTBOPOB KOA(PGUIMEHT aKTHUBHOCTU OJIM30K K E€AMHHULE, U C
HEKOTOpPOU OIMMOKONH MOKHO CUUTaTh, YTO AKTUBHOCTh MOHOB METaJUla MPHOIU3UTEIHHO
paBHA UX AHAIUTUYECKON KOHLIEHTPALIUU B PacTBOpE.

[ToncraBuB B ypaBHeHue (3.3) 3HAYCHHS MOCTOSHHBIX Ui TemrepaTypsl 25°C wu
Mepeiis K JeCSITUUHBIM Jioraprdmam, MoxyduM ypaBHeHue HepHcera B cienyromieM BUIE:

0,059
@, =0+ - lga . (3.5

W3 ypaBuenwus (3.3) cienyer, 4To MOTCHIMAI METAJIa U3MEHSIECTCS B 3aBUCHMOCTU OT
KOHIICHTpAIlMM COOCTBEHHBIX MOHOB MeTajula B djekrpoiurte. [Ilpu yMeHbIICHHH
KOHIICHTPAIIMd HMOHOB MeTajyla B JJIGKTPOJIMTE (HAlpUMEp, CBS3bIBAHHE HX B ClIado
JMCCOIIMUPYIOIINE KOMIUICKCHI) TIOTSHIIMAN €r0 CMEIIAETCS B OTPUIIATEIIbHYIO CTOPOHY.

Ecin B mporecce B3aMMOJEHCTBHSI METaJllla M JIEKTPOJIUTA YYACTBYIOT HE TOJBKO
cOOCTBEHHBIE HMOHBI METajla, HO M JAPYyrU€ HOHBl WJIM aTOMbl, TO BO3HUKHOBEHUE
PaBHOBECHOTO TOTEHIMAla HEBO3MOXXHO U TOrJa oO0pa3yeTcss HEpPaBHOBECHBIM WU
HeoOpaTHMbIN TOoTeHIMaN. B 3TOM ciiydae motepst U MpuoOpeTeHre dEKTPOHOB METAIJIOM
OCYILIECTBISIIOTCS C y4acTHEM pa3NUYHBIX BEIIeCTB, W TMOTEHIMAl MeTaljaa He
XapaKTepu3yeT HACTYIUICHHE pPaBHOBECHS Ha TMOBEPXHOCTU JJIEKTPOJa M Ha3bIBAETCS
HEOOPATHUMBIM.

YcToitunBoe 3HaueHHE HEOOpPaTUMOTO TMOTEHIMAala, YyCTAaHABIWBAIOIIEECS MPHU
PaBEHCTBE CYMM CKOPOCTEH aHOJHBIX M KaTOJIHBIX MPOIIECCOB, HA3BIBAETCS CTAIIMOHAPHBIM
HeoOpaTHMbBIM TOTEHIMATOM. BennunHa ero 3aBUCUT OT MPUPOIBl MeTallja, COCTaBa U
KOHIIEHTPAIIUHU AJIEKTPOJIUTA, & TAKXKE OT BHEIIHUX YCIOBHIA.

HeobOpatumble moTeHHHMansl HE MOMUUHAIOTCS  ypaBHeHWio Heprcra  (3.3),
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CJIEIOBATEIILHO, UX HEIb3sl PACCUUTATh, @ MOXKHO OTIPECIIUTh TOJIBKO OMBITHBIM ITyTeM. J[is
pEIIeHUs BOIIPOCA, SIBJISETCS JTU MOTEHIIMAT MeTalljla B JJAHHOM PAacTBOpe OOpaTHMBIM WIIH
HEOOpaTHMBIM, CIIEYET COMMOCTABUTh TEOPETUUECKOE, PACCUUTAHHOE 110 YpaBHEHUIO (3.3), u
OTIBITHOE 3HAYCHUS MMOTCHIIMAIA U CPABHUTH 3aBUCUMOCTD €T0 OT aKTUBHOCTH COOCTBEHHBIX
HMOHOB B PaCTBOpPE, MOJYYCHHYIO TEOPETHUECKU U OTBITHBIM ITYTEM.

[Tox BusHUEM pas3IUYHBIX (AKTOPOB BEIMYMHA HEPABHOBECHOTO MOTEHIIMAIA METalia
MOXXET H3MEHSATHCS, CMEIIAasCh B Ty WJIM HWHYK CTOpPOHY. BoJjblIoe BiIHMsSHHE Ha €ro
BEIIMYHMHY OKA3bIBAIOT OKUCIIMTEIN, HAXOISIIUECS B SJICKTPOJIMTE, IO JCUCTBUEM KOTOPBIX
Ha TOBEPXHOCTH MeETallla MOXET 00pa3oBaThCsl 3alllUTHAs IUICHKA, YTO TIPUBOJHUT K
CMEIICHHUIO TMOTCHIMAAa B TIOJOXUTEIBHYIO CTOPOHY. 3allUTHBIC IUICHKH MOTYT
00pa30BBIBATHCS TAKXKE 3@ CUET OTIIOKEHHUS HA MOBEPXHOCTH METaJlIa TPYAHOPACTBOPUMBIX
MPOAYKTOB KOppo3uu. IlpucyrcTBue B pacTBOpe BEIIECTB, pPACTBOPSIONIUX WIIU
paspyliaromux 3allUTHBIE TUICHKH (HampuMep, WOHOB-aKTUBATOPOB) MPHBOJIUT K
CMEIIIEHUIO MTOTEHIIMAJIa METAJlIa B OTPULIATEIbHYIO CTOPOHY.

Heo0xommMo OTMETHTh, 9TO B HACTOSIIEE BPEMsI HET JIOCTATOYHO HAJCIKHBIX METOJIOB
IKCMIEPUMEHTAIBLHOTO OMNPENCICHUS WM TEOPETUYSCKOTO BBIUYUCICHUS a0COTIOTHBIX
3HAQYEHUM TOTEHIIMAIOB (CKAYKOB 3apsiIOB B TBOMHOM JJIEKTPHUYECKOM CJIO€), TTIOATOMY UX
OTIPEIEIISAIOT M0 OTHOIIEHUIO K IPYTOMY 3JIEKTPO/Ty, Ha3bIBAEMOMY DJIEKTPOJIOM CPABHEHUS.
Benuuuny moTeHImanza merajmia, U3MEPEHHYIO MO OTHOIICHHUIO K JJIEKTPOIY CpaBHEHHS,
HA3BIBAIOT DJICKTPOJIHBIM ITOTESHITUAIOM.

OOBIYHO B KadecTBE OJIEKTPOJIAa CPABHEHHUS IPUMEHSIOT BOJOPOIHBIA 3JIEKTPO]I,
MOTCHIIMATT KOTOPOTO TP JIO00W TeMIiepaType NPHUHUMAOT paBHBIM Hym0. OmHAKO
BOJIOPOJIHBIM 3JIEKTPOJl HEe yAoOeH B padoTe M Ha MPAKTHUKE Yallle HCIOJIb3YIOT JIpYyrue
AIIEKTPOJbI CPAaBHEHHUS, HApPUMeEp, HACBIIIEHHBIH XJIOpPCEPEeOpSIHBINA AIIEKTPOJI, MOTEHIHAI
KOTOPOT'O TOYHO U3MEPEH MO OTHOLICHUIO K BOJOPOIHOMY IEKTpoay U paBeH +200 mMB npu
KOMHATHOW TeMIepaType.

s Toro, utoObl mepecuuTarh MOTEHLMAA MeTalsla, U3MEPEHHBIH OTHOCUTEIHHO
XJI0pcepeOpsIHOTO 3IEKTPOJa, MO OTHOUICHUIO K BOJAOPOJHOMY 3JIEKTPOAY, HOCTATOYHO K
MOTEHIIMATy MeTallla, B35 TOMY CO CBOMM 3HAKOM, anreOpanyeckud MpuOaBUTh MOTEHLHUAI
XJIOpCEpeOpSHOTO AMMEeKTpoa, T.e. +200 MB:

(DM/HZ = (DM/m.cep + ¢m.cep. (36)

rae Py, - HOTEHIMAI METAILIA 110 BOJOPOJAHOMY 3JIEKTPOY, MB;

Dot/ x1.cep - TOTEHIMAT METAILIA 10 XJIOPCEPEOPSAHOMY DIIEKTPOLY, MB;

? 1 cep - TOTEHIIUAT XJIOPCEPEOPAHOrO 37eKTpoaa (+200 MB).

[lepen nmpoBeneHreM pabOTHI CIIEAYET 03HAKOMHUTBCS CO CIICIYIOIUMH BOITPOCAMH:
1. 3MepeHure MOTEHIMAIOB METAJLIOB (METObI U 3JICKTPO bl CPABHEHU).
2.PaBHOBECHBIC W HEPABHOBECHBIC IOTCHLHUAIbBI; PsAJ CTAHJAPTHBIX  3JCKTPOIHBIX
[TOTEHIIHAJIOB.
3. H3MepeHHe MOTCHIIMAIIOB METAJVIOB B 3aBUCMMOCTH OT COCTaBa M KOHIICHTPAIIUH
AIIEKTPOJINTA.
3.3.IIpoBeaeHne pabOThI
DNeKTpOoHbIe TOTEHIUAIBl MEAM, JKelle3a W AIOMUHHUS OMPENENSIIOT B CIEAYIONINX
ANEKTPOJIUTAX:
Menb: CuS0s- 1M; 0,1M; 0,01M; 0,001M,
H2S0s- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
xkene3o. NaOH- 0,5M,
NaCl- 0,5M,
K2Cr207 - 0,5M,
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amomunnii: NaCl - 0,5M,
K2Cr07 - 0,5M.

OnexTpoapl (KpoMe aJlOMUHUS) OYMILAIOT HaXJa4yHOW Oymaroil, mpoTuparoT BaToH,
CMOYEHHOW Aall€TOHOM, M 3aKpeIUIAI0OT B KJIEMMAaxX, YCTAaHOBJEHHBIX B H30JIMPYIOLIUX
IJIACTUHKAX.

[loTeHnmanel M3MEPSIIOT € IOMOILBIO YHUBEPCAIBHOIO HMOHOMepa Tuma OB-74.
[IpeaBapuTelbHO 03HAKOMUBIIUCH C pabOTON HMOHOMEpa (TmpuiioxeHue 4), Aisd U3MEpeHus
MOTEHIIMAJIOB COOMPAIOT TaJbBAHUYECKYIO Ienb (pucC.3) M3 HCCIEAYeMOTro JIIEKTPO/Ia,
ONYIIEHHOTO B COOTBETCTBYIOIIMHA 3JIEKTPOJHMT, M  XJIOPCEPEOPSHOTO  3JIEKTPOJa,
MOMEIIIEHHOTO B HachleHHbIH pacTBop KCl, coeanuuB pacTBOpbl C(OHOM, 3aMOTHEHHBIM
HackimeHHbIM  pacTBopoM KCl. Bemuumna D.J[.C. cOCTaBJIEHHOTO TallbBAHUYECKOTO
3JIEMEHTA OJHOBPEMEHHO SBJIAETCS IEKTPOAHBIM MOTEHIIMAJIOM HCCIEAYeMOTO MeTalja 1o
OTHOIICHHUIO K XJIOpCEPEOPSIHOMY IEKTPOLY.

D.4.C. cocTaBleHHbIX TaJIbBAHUYECKUX 3JIEMEHTOB H3MEPSIOT, MOOYEPETHO OIyCKas
pabourie 3MeKTPO/Ibl B pacTBOP U MOJAKIIOUas UX K HOHOMepY. [Topsaiok n3mepenus onucan
B MHCTPYKIIUHU (CM. TIPUIIOKEHUE 4).

1 - mwwumBOIRTMETP; 2 - KOHTAaKTHas KiemMMma;, 3 -
M30JIMpYIONIasl IUIacThHA, 4 -  DIEKTPOJUTHYCCKUI

MOCTHK; 5 - XJIOpCEpeOpSHBIN 3JeKTpOJ| CpaBHEHUS; 6 -

pactBop KCl; 7 - creknsuublii crakan; 8 - pabounii
anektpoa; 9 - paboumit snektpoa; 10 - KOaKCHIIBHBIH

Ka0eb

- —§ Puc.3. Cxema ycTaHOBKHM Uil MU3MEPEHUS AIIEKTPOJHBIX

N MMOTEHITUAJIOB

— 10 [Tocne onpenenenHust BEIUYUHBI MOTEHIMANA SJIEKTPOT OT-
KITFOYAIOT OT U3MEPUTEIHHOU CXeMBI (HO HE BEHIHUMAIOT W3

pacTBopa), MOAKIIOYAIOT CISAYIOMINN AJIEKTPOI U BEIYT H3MEPEHNE TAKUM e 00pa3oM.

[Ipu mepenoce cudoHa M3 OJHOTO PACTBOpa B JAPYrod KOHEIl €ro, MOrpyKaeMblii B
pacTBOp, HY)KHO OOMBITh CTPYEH TUCTUIUTMPOBAHHOM BOJIBI, TIOJIB3YSICh MTPOMBIBAIIKOM.

Jns u3ydeHus: KHHETUKA U3MEHEHUsI TOTEHIIUAJIOB MCCIIEYEMbIX METAIOB U3MEPSIOT
WX HavdaJIbHBIC TIOTCHITHABI (Cpa3y ke MOCie MOTrPyKEeHUs 00pasIoB B 3JEKTPOJINT), 3aTEM,
cinyctss 30 MUH OT Hayajia OIbITa U BHOBb, CIycTss 60 MUH OT Hadajia omnbiTa. BeaumduHbl
M3MEPEHHBIX MOTCHIIMAJIOB C YY€TOM HMX 3HAKOB 3aHOCST B TaoOi. 3.1.

B 3, 4 u 5-ii rpadax TaOnMIBl 3aMKMCHIBAIOT M3MEPCHHBIC 3HAYCHHS IOTCHIIMAIOB B
MUJUIMBOJIBTAX MO XJopcepeOpsiHoMmy anekTpoxy. B 6, 7 u 8-if rpadax - BbIYMCICHHBIC
MOTEHIMAJIbl METAJUIOB OTHOCUTEIHHO BOJAOPOHOTO 3JIEKTPO/IA.

3.4. O0paboTKa ONBITHBLIX JaHHBIX

Pesynbrarel paboTel mpencTaBisoT B Tabm. 3.1, a Takke B BuAe Trpaduka:
SKCIIEPUMEHTaJIbHAs U TeopeTudeckas (paccuutanHas no ¢opmyne HepHcTa) 3aBUCMMOCTD
BEITMYMHBI TIOTEHIIMANa METHOTO 3JIEKTpOJa B pacTBOpax cyibdaTa Menud OT Jorapupma
AKTUBHOCTH MOHOB METAaJUIa B 3JIEKTPOJIUTE.

3.5. Bonpocsl 118 caMOKOHTPOJISI

1. Kakue cuctemsl B 371€KTPOXMMUH HA3bIBAIOT PABHOBECHBIMU ?

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

3. Kak omnpenenuth 3HaY€HUE CTAHJAPTHOIO OKHUCIHMTENIBHO-BOCCTAHOBU-TEIBHOTO

an
HOTEHIIMANA CUCTEMBI M0 TPadHKy 3aBUCUMOCTH @, jpoq = | (IN —2)?

Red
4. HOLICMy 3JICKTp0I[HBII71 MOTCHIMAJ KCJIC3a B PaCTBOPC NaOH co BPEMCHCM CTAaHOBUTCSA
Ooitee IMMOJIOKUTCIIBHBIM, a IOTCHIUAI MEIU B PACTBOPEC NPAKTUUCCKU HC MCHICTCA BO
BpCMCHU (CM. SKCIICPUMCHTAJILHLBIC peL’»y.TIBTaTLI)?
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5. Hanumure 351eKTpoOXUMUYECKHE peakLui, IPOTEKAIOIINE Ha XKEJIE3HOM 3JIEKTPOJIE B
pactBope Nad. Kakoii mpu 3TOM yCTaHaBIMBACTCS MOTSHIIUAN - PABHOBECHBIN (0OpaTHMBbIii)
WJIA HEPAaBHOBECHBIH (HEOOpaTUMBIiA)?

bubnuorpaduyecknii coucok

1. XKyx H.II. Kypc Teopun koppo3uu u 3amiuTsl MetamuioB. -M.:Metannyprus, 1980. C. 149-
188, 341-369.

2. TTaxomoB B.C. Kopposust u 3ammra XHMHYECKOH ammaparypbl. DJIEKTPOXHUMHYECKAas
KOppo3us MeTajioB: YuebHoe nocodue. -M.: MUXM, 1983.- 80 c.

JlabopaTropnasi padora 4
KOHTAKTHAS KOPPO3UA U KATOIAHAS 3AILLIMTA METAJIJIOB
4.1. llens paGoThI

N3yuenue sBICHUS KOHTAKTHOW KOPPO3WM METAUIOB, O3HAKOMIIGHHE C METOJIOM
KaTOJTHOM DJEKTPOXMMHYECKOW 3allUThl C TIOMOIIBIO TPOTEKTOpa W TOJAPU3AMUH OT
BHEIIIHETO UCTOYHUKA TOKA.

4.2. Teopus Bompoca

4.2.1. KoHTaKTHAasi KOPPO3U.

KoHTakTHON KOpPpO3WEH HAa3bIBAIOT JJIEKTPOXUMHUYECKYIO KOPPO3UIO METAJJIOB,
HMMEIOLIUX Pa3HbIe AIIEKTPOIHBIE (KOPPO3UOHHBIE) MOTEHIMATIBI U HAXOSAIINXCS B pacTBOPE
AIIEKTPOJIUTA B KOHTAKTE JIPYT C APYTrOM.

Mertaini, morpyKeHHbIH B pacTBOP DJEKTPOJIUTA, B KOTOPOM OH TEPMOIUHAMHYECKU
HEyCTONYMB (T.€., €CIM B pacTBOPE HUMEETCS OKHCIUTENb, PABHOBECHBIN MOTEHIMAI
KOTOpOTO 0o0Jiee TOJOKUTENbHBIN, YeM pPaBHOBECHBIM IMOTEHIMAl MeTaljla B JIaHHBIX
YCIIOBHUSAX), MOJBEpPraercs 3JICKTPOXUMUYECKOH Koppos3uu. [Ipu 3TOM Ha MOBEpXHOCTHU
MeTaljla MPOTEKAIOT AaHOJHAS peaklus pPacTBOPEHUS MeTaula M KaToJHas peaklus
BOCCTaHOBJIeHUsI okucinutens. Koppenupyromas MoBepXHOCTh NPUOOpETaeT HEKOTOPHIN
KOMITPOMUCCHBIH 3JIEKTPOIHBINA MOTEHIMAN (TOTEHIMAl KOPPO3HH), TPH KOTOPOM CKOPOCTh
pacTBopeHuss MeTala (QHOJIHBIM TOK) paBHAa CKOPOCTH BOCCTAHOBJIGHUS OKHCIHUTENS
(KaTOHBIN TOK).

[Ipyn 3aMbIkaHUU B PAcTBOpPE JJIEKTPOJIMTA JBYX METAIJIOB, HUMEIOUIMX B JaHHBIX
YCIOBUSX pa3Hble MOTEHIINANIBI KOPPO3UHU, 00pa3yeTcs rajJbBaHUYecKas mapa.

JlJ1s IpaBUIIBLHOTO MOHUMAaHHUS MPOIIECCOB, MPOTEKAIOIINX B TAKOU Mape, 1eaecoodpaszHo
MPOBECTH aHAIMU3 €€ PaboThl C MOMOIIBIO MOJSPU3ALMOHHON auarpammbl (puc.4). IlycTsb

Metauibl 1" u "2", nMeromKe B JaHHBIX YCIOBUSX PAaBHOBECHbBIE MOTEHIUAIbI qoj}l H(DA’}Z ,
MOTPYKEHbl B PAacTBOpP, B KOTOPOM TMPHUCYTCTBYET OKHUCIUTEIb C PaBHOBECHBIM

p
OTCHIMAJIOM (DOK . Ecin QJICKTPUYCCKOT'O KOHTAKTa MCKIAY METAJllIaMH HCT, TO TOYKHU (1 151

2) mepeceyeHus aHOIHBIX (JIMHHUHU a1 M a2) U KaToAHbIX (JuHUK K1 U K2) HONsSpU3alnOHHBIX
KPHUBBIX UI KaXJOrO M3 METAJUIOB OTBEYAIOT YCJIOBHUIO CTAl[MOHAPHOCTH KOPPO3HOHHOIO
noteHiuana (la = lk) ¥ moTomMy ONpenensoT BEIWYMHBI MCXOJHBIX CKOPOCTEH KOPpO3UHU
(lcop1, lxop2) ¥ TOTEHIIMATIOB KOPPO3UH ((PDiopl, Prop2) METAILIOB.

Ecmu meramner 1" n "2" KOPOTKO 3aMKHYTH , T.€. IPUBECTU B KOHTAKT (AJIEKTPUUYECKH
COEJIMHUTH), TO B Cllyyae, KOTJa OMHYECKOE CONpPOTHUBIEHHE PacTBOpa IMPEHEOPEKUMO
Majo, KOHTAKTUPYIOIIME METAJIbl JIOJDKHBI MPHOOPECTH HEKOTOPBIH OJWHAKOBBIN
KOMIIPOMMCCHBIH TOTEHIHaN ¢s. BenuumHa 3TOro mMOTEHIMajda MOXKET ObITh HaiileHa
rpadUuecKd M3 YCIOBHS CTAlMOHAPHOCTH 3JIEKTPOJHOTO IMOTEHIMala - CymMMa BCEX
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aHOJIHBIX TOKOB JIOJDKHA OBITh paBHA CyMME BCEX KaTOJHBIX TOKOB
21, =21 4.1)

Ji1st 5TOr0 HEOOXOJMMO MPOBECTU TpadHUECKOe CyMMUPOBAHNE aPIHATbHBIX aHOIHBIX
(muHMM a1 W a2) W KaroaHbix (muHUU Kin K>) TOJSIPU3AIMOHHBIX KPHBBIX. Todka
nepecedeHus: (X) CyMMapHOW aHOJHOW TOJIIPU3AIMOHHON KPHBOHM (ax) M CyMMapHOMH
KaTOJHOM moJsipu3annonHor Kpuoil (Kx) oTBewaeT paBeHcTBY (4.1), a ee aOcuucca
SIBIISICTCSI NICKOMBIM KOMITPOMHCCHBIM MOTEHIIHAIIOM Q5.

YCTaHOBUBIIMICS B KOPOTKO3aMKHYTOM JBYXJJIEKTPOJHOM CHUCTEME KOMIIPOMMCCHBIN
MOTEHIMAJ (s IMEET 3HAUEHHE, TPOMEKYTOUHOE MEXKTy NTEPBOHAYATBHBIMH MTOTCHIIHAIAMH
KOPPO3HH METAIOB (ropl <Prop2. 1AKUM 00pa3oM, B pe3yJbTaTe KOHTAKTa MPOUCXOIUT
CMEIIeHNE MOTEHIINala KOPPO3uH 0oJiee IEKTPOoOTpHIIaTesbHOTO MeTaya "1" (aHogHOTO
MeTaJjula) B TIOJIOXKHUTEIbHYIO CTOPOHY - aHOJHAs IOJIAPH3AIMs, U CMEIICHHE MOTEHIHaIa
KOppo3uu 0ojiee  DIEKTPOIOJIOKHUTEIbHOTO MeTawia "2"  (KaToMHOTO MeTauia) B
OTPHIIATEIIEHYIO CTOPOHY - KaTOJHAs TMOJISIpHU3alusi. DTO MPUBOJIUT K COOTBETCTBYIOIIEMY
M3MEHEHHIO CKOPOCTEH aHOIHBIX M KAaTOIHBIX JJIEKTPOTHBIX IPOIECCOB HA KOHTAKTH-
pyromX MeTauiax. J[edcTBUTENbHO, TP HOBOM 00IIeM moTeHnuane ¢s metamwt "1" oyner
pacTBOPATLCS (KOPPENTHPOBATh) CO CKOPOCTHIO I a1, GOMBIIEH, YeM CKOPOCTh €ro KOppo3uH
10 KOHTAKTa lopi- MeTamn "2", Ha060pOT, IPH KOHTAKTe PacTBOPSETCA CO CKOPOCThIO | a2
MEHBIIIEH, YeM CKOPOCTh €ro KOPpPO3WH J0 KOHTaKkTa lkp2. Takum oOpa3om, pacTBopeHHe
aHOJIHOTO METaJUla YBEJIMYMBAETCS, a KATOJAHOTO - YMEHbILIAETCsl.

Ecnu oOummit moTeHmman makpomapbl (sOyAeT MeHbIe PaBHOBECHOTO IOTEHIIHala

KaTOJIHOTO MeTajlia (01{742, TO pacTBOpeHHE (KOppO3Ws) 3TOro Meramuia ''2" mpekpaTturcs

BOBCE.

[Ipu  ycTaHoBHBIIEMCS TMOTEHLMAJIe MaKpomapbl (@sHa HM3HA4YaJbHO  OoJiee
3IEKTPOOTPULIATENLHOM MeTamae "1" CKOpOCTh aHOJHOTO mpolecca a1 CyIIECTBEHHO
GoIbIlIe CKOPOCTH KAaTOAHOTO Mporecca lki , a Ha M3HAYaIbHO 00Jiee DIEKTPOHOJIOKH-
TeNbHOM MeTaie "2" CKOpoCTh KaTOJHOTO Tporiecca I k2 3HAYNTENHHO OOJIbIIE CKOPOCTH
aHoHOTO TIporiecca I a2,

PasHuna B CKOpOCTSAX KAaTOJHOTO M aHOJHOTO IIPOLIECCOB JUISl KaXXJOro MeTajlia
SBJIIETCS BHEIIHUM TOKOM, KOTOpBIM JaHHBIM MeTajUl HampaBiseT apyromy (wid
MIPUHUMAET OT HET0), ¥ MPECTaBIsAET COOOI, MO CYIIECTBY, IOTOK 3JIEKTPOHOB OT aHOITHOTO
MeTaJlIa K KaToJHOMY
I 6Hew — I I I eHew __ Ik1 _ Ia:L (4.2)

JInst IBYX3JIEKTPOJHOM CHCTEMbl BHEIIHHWE TOKM Ka)XOTO M3 METaJVIOB PaBHBI 110
a0COTIOTHON BEJIMYMHE M MTPOTUBOTIOJIOKHBI 110 HANIPaBlIeHUIO. B TaHHOM ciiydae BHEIIHHIA
Tok Mmertamuia "I" Oyamer aHomHbiM, a Mertayuia "2" - katonHeIM. Takum oOpasom, B
raJibBaHM4YeCcKoil Mmakpomnape Metain "1" paboTaer aHomoM, a MeTasut "2" - kKatoAoM. 3a cUeT
BHEIIIHETO TOKa U OCYILLECTBIIAETCS COOTBETCTBYIOIIAS MOJISPU3ALIUS SJIEKTPOIOB.

B caywae 3aMeTHOrO  OMMYECKOTO  COINPOTHBIIEHHMS  arpeCCUBHOM  Cpelbl
paccMaTpuBaeMasl  JIBYXJJIGKTpOJHAsi  CUCTEMa YK€ He  SBIIETCS  MOJHOCTBIO
3aMojsipU30BaHHON - OOLIMII MOTEHIMAl HE YCTaHABIMBAETCA. MeTaJ‘IJ‘IBI MaKponapsbl
l'IpI/IO6peTaIOT HOBBIE HH/IMBUTYTTbHBIC SJIEKTPO/IHBIC OTEHIMAIbI (p opl B (9 xop2.IIpH 3TOM
Propl <(p Kxopl <(p Kopz<(pmpz PaznocTh moteHnumano Ag = (p Kopz (p Kopl IponopUHOHAIbLHA
OMHYECKOMY COMPOTHUBIIEHUIO PACTBOPA U BEIMYMHE BHEUTHETO TOKA MaKpOMaph.

Takum 006pazom, KOppo3Us MeTala B PaCTBOPE ANEKTPOJIUTA MOXKET OBITh 3aMeJJIeHA C
MOMOIIBI0 KOHTAKTa C 0OJiee ANEKTPOOTPHUIATETFHBIM METAJUIOM (QHOAHBIN KOHTAKT) WIIH
yCKOpEHa BCIEACTBHE KOHTaKTa C 0oJyiee 3JIEKTPOIOJIOKUTEIHHBIM METaNIOM (KaTOIHBIN
KoHTakT). Cka3aHHOE CHpaBeAJIMBO s CIIydaeB KOPPO3MH METANIOB B aKTHBHOM
cocTostHMM. Ecniu BO3MOKHA NaccuBalysi OCHOBHOT'O METalJIa, TO KaTOJHBIA KOHTAKT MOXKET
CIOCOOCTBOBATh HACTYIJICHHIO TACCHBHOTO COCTOSIHUSI OCHOBHOTO METaJlIa U YMEHBIIIEHUIO

a2’
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ero ckopoctu kopposuu. C apyroil CTOpOHBI, JIsi TACCUBHOIO METAJJIa aHOJAHBIA KOHTAKT
OTaceH, TaK KaK MOXET MPHUBECTH K MEPEXOJly U3 MAaCCUBHOTO COCTOSIHUS B AKTUBHOE U
YBEIMYEHHUIO CKOPOCTH KOPPO3UH.

KoHTakTHas KOppo3us SABISAETCA NPUYMHOM YCKOPEHHOIO pa3pylleHUs KOHCTPYKIIUM,
CMOHTUPOBAHHBIX U3 PA3HOPOIHBIX METAJIIOB.

D HeKTHBHOCTD YCKOPSIOMIETO ACHCTBHS KATOTHOT'O KOHTAKTa Ha KOPPO3UIO OCHOBHOTO
MeTajula B YCJIOBUSX AKTHBHOTO PACTBOPEHHS 3aBUCUT OT BEJIMYMHBI PABHOBECHOTO
AJIEKTPOJIHOTO TOTEHIMAa KAaTOJHOTO METa/lyla B JIAHHBIX YCIOBUSIX M 3aTPYAHEHHOCTH
(mepeHanpspKeHHs) aHOJIHOTO M KaTOJAHOTO MPOIECCOB HA KaTOAHOM METajlie, a TaKXKe OT
COOTHOIIICHUSI TIOBEPXHOCTEH KAaTOJHOTO M OCHOBHOTO (aHoaHOro) MetaymuioB (Sz @ Si).
KonrtakTHas KoOppo3usi TeM MHTCHCHBHEH, ueM OoJiee TOJIOKUTEIICH PaBHOBECHBIN
MOTEHITMAJ KaTOJHOTO METaJlJia, YeM BBIIIE TIePEHANPSI)KEHNE €r0 aHOHOTO PAaCTBOPEHHS U
YeM MEHBIIE MEepPEHAIPSHKEHNE BOCCTAHOBIICHHSI OKUCIUTENSI HA €r0 TTOBEPXHOCTH, a TaKkKe
4yeM 0O0JIbIIIE OTHOIIEHUE TTOBEPXHOCTEN KaTOJHOTO M OCHOBHOTO METAJIIOB.

4.2.2. KatoaHas dJIEKTPOXUMHUYECKAs 3allUTa

Ha wu3MeHeHMM CKOpPOCTH pacTBOPEHHUs METayla NPH €ro KaTOAHOW MOJSpU3alUuU
(cmerieHue TOTEHIMANA B OTPHUIATEIBHYIO CTOPOHY) OCHOBAHA AJIEKTPOXUMHUYECKAS
KaToJIHas 3allUTa METAJUIOB OT KOppo3uu. OCyleCTBUTh KaTOAHYIO 3aIIUTy MOXKHO JABYMSI
cIoco0aMH.

OmuH W3 HUX 3aKIIOYaeTCs B MPHUCOCIWHEHHHM K 3alUIAEMOMY METaUTMYEeCKOMY
M3JICTTUI0  KaKoro-imbo Jpyroro MeTajia, WMEIONMIET0 B JIAHHOW arpecCUBHOU cpene
moTeHIan 0ojiee OTPUIIATENIBHBINA, YeM MOTEHIMAN 3ammuiaeMoro meramia. [Ipucoenn-
HSEMBI MeTaJI paboTaeT aHOJOM B TaJbBAaHWYECKOW Tape ¢ 3allHIaeMbIM METaUIOM U
YCKOPEHHO PpacTBOpsETCA. OTOT CrmocoO Ha3pIBaeTCs '"MPOTEKTOPHOUM 3amuToil”, a
MPUCOCIUHSAEMBIA AJIEKTPOJ - MPOTEKTOpoM. MaTepuasoM uisi NPOTEKTOPOB B Cllydae
3alIUThl KOHCTPYKIMH W3 HEJIETMPOBAHHOW CTalld 4YacTO CIYXWUT LIMHK WJIM CIUIaBbl Ha
OCHOBE AJIIOMUHMS U MarHus. B mporecce 3auThl MPOTEKTOPHI TOCTENEHHO PACTBOPSIIOTCS,
MO3TOMY UX MEPUOJANYECKH 3aMEHSIOT HOBBIMHU.

Btopoit crmoco® 3IeKTpOXMMHYECKOW KaTOAHOW 3alluThl COCTOMT B KaTOJHOM
MOJISIPU3AllMKA  3aIUIIAeMOr0 HU3JEIUs OT IOCTOPOHHEro (BHEIIHEro) HCTOYHHKA
MTOCTOSTHHOTO TOKa (BBIIPSAMHUTEIIS, AKKYMYJIATOPHOM OaTapeu M T.II.), TaK Ha3bIBacMasi, '"'ka-
TOJIHAs 3alllMTa BHEIIHUM TOKOM'" mim "amekTpo3amurta’. [Ipu 3ToM 3amuiaeMblii MeTall
MOJICOEIMHSAIOT K OTPULIATEIbHOMY MOJIIOCY BHEIIHErO0 MCTOYHMKA, & K IMOJOKUTEILHOMY
MOJIIOCY MIPUCOEIUHSIOT MOTPYKEHHBIM B arpeCCUBHYIO CPEly BCIIOMOTATENIbHBIN 3JIEKTPOT
W3 DJEKTPONpPOBOMSIIEr0 Marepuaia. B kauecTBe wmaTepuagoB BCIOMOTraTelbHBIX
3JIEKTPOJIOB MPUMEHSIOT TaKUe, KOTOPBIE UM COBCEM HE PACTBOPSIIOTCS MPU aHOIHOM IMOJIs-
pU3alliy B JaHHBIX YCJIOBUSX (TpaduT), UM PACTBOPSAIOTCS C OYCHb MAJbIMU CKOPOCTAMU
u3-3a 00pa3oBaHHs 3alIMTHBIX cloeB (Pb). Ha BcmomoraTenbHBIX HEPAaCTBOPUMBIX
3JIEKTPOJIaX B BOJHBIX pAacCTBOpax IPOTEKAET aHOJHAs pPEaKIus BBIACICHUS U3 BOJbI
ra3z000pa3HOro KUCaopoaa.

D} PEeKTUBHOCTh KATOJHON 3JIEKTPOXMMHYECKON 3aIMTHl MPUHITO XapaKTEepPU30BaTh
JBYMsI TIOKa3aTeNsIMU: 3alUTHBIM b dekToM

z=22.100 (4.3)

u KOBd)d)I/IHI/IeHTOM 3allIMTHOTO ACHCTBUSA

K =29 ~A0%, (4.4)

5
rzie Z - 3amuTHbIi 3¢ dekT, %o;

Ko - MaccoBblii oka3aTesb KOPpO3HH MeTaslia 6e3 3aluThl, T/(M*-4);

K1 - MaccoBblil MokazaTenb KOPpO3MHM MeTajula NpU NPUMEHEHUH KaTOJHOM 3aIlMTHI,
rJiM"a);

ks - ko3 durmenT 3ammTHOTO NEHcTBUS, T/A;
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Ago - MacCoBBIE TIOTEPH MeTasIa 6e3 KaTOHOM! 3aIIuThI, T/M2;
AQ1 - MaccoBble TIOTEPU MeTallIa P KaToIHOM 3aIuTe, r/m?;
i5 - TIOTHOCTB 3AIIUTHOTO KATOIHOTO TOKa, A/M2,

KatonHol »1IeKTpOXUMHUYECKOH 3alUTOil MOXKHO JOOHMTHCS MOJHOTO MPEKPALICHUS
KOPpO3UH MeTajlja. DTO INPOUCXOAMT, €CIU MPU MPUCOEAUHEHUH HPOTEKTOpa K MeETaJlIy
WIM [pU NPONYCKAHMM 4Yepe3 HEero IOCTOSHHONO TOKa OT BHEIIHETr0 HCTOYHUKA
AIIEKTPOIHBIN MOTEHIMA MeTajla JOCTHTHET 3HA4YeHUs ero o0paTumMoro (paBHOBECHOTO)
MOoTeHIMana (Uil CIijlaBa - PaBHOBECHOTO IMOTEHIIMajda HauboJiee AIEKTPOOTPULIATEIbHON
aHOJIHOM cocTaBJAOIIEN cruiaBa). [[iist ctanyu TakuM MOTEHLMATIOM SIBJISIETCSI paBHOBECHBIN
MIOTEHIIMAJI JKEJI€3a B JAHHBIX YCIOBUSIX.

DNEKTPOXUMHUUECKYIO 3alllUTy MPUMEHSIOT B CIy4ae KOPPO3UH METAJUIOB, HAXOASIIUXCS
B XOpOLIO HPOBOASIIMX Cpelax - pPAacTBOpax »3JEKTPOJIUTOB, MOCKOJIbKY, 4YE€M BBIIIE
AJIEKTPONIPOBOHOCTh Cpe/bl, TeM OoJblle CMEIIaeTcs MOTEeHIual MeTala B OT-
pHULIATENbHYIO CTOPOHY IIPH €r0 KaTOJHOW MOJIIpU3aLUH.

B cnydyae mpoTeKTOpHOW 3aIlUTHI paguyc AEHCTBUS MPOTEKTOpPa, T.€. MPOTSHKEHHOCTh
METAJNINYECKOW KOHCTPYKLIMH, HAa KOTOPYIO paclpoCTpaHseTcs 3alluTHOE JeWCTBHE
MIPUCOEMHEHHOTO MPOTEKTOPa, MPHU MPOYUX PABHBIX YCIOBHUSAX TEM OOJIbIIE, YEM BBIIIE
ANIEKTPOTIPOBOJIHOCTD cpelbl. Hampumep, B MOpPCKOIl BOJi€ OH JOCTHraeT HECKOJBKHX
METPOB, a B BOJIOTIPOBOJIHOM OrpaHUYEH HECKOJIBKUMU CAaHTUMETPaMHU.

[Ipu karomHO# 3amUTe BHENTHUM TOKOM BHIOOP ONTUMAIBbHOW TUIOTHOCTH KAaTOJIHOTO
TOKa MPOU3BOJAT C yYETOM BBICOKOTO 3alIUTHOrO 3¢ (deKkTa Nnpu JOCTATOYHO BBICOKOM
KO3 (UIIMEHTEe 3alUTHOTO JEHCTBUS, T.€. 3HAUUTEIBHOIO YMEHBIIEHHUS KOPPO3MOHHBIX
MOTEePh Ha KaXkAYI0 €IUHUIY IIIOTHOCTH 3alllUTHOTO KATOJJHOTO TOKA.

Ecnu npm 2nexTpo3aniuTe IUIOTHOCTH 3allUTHOTO TOKAa MOXKHO PpErylIMpOBaTh B
LIIMPOKUX IpeleNax, TO IPU 3aIlHUTe C MOMOIUBIO IPOTEKTOpPA CTENEHb €€ 3aBUCHUT OT €ro
NIEKTPOXUMUYECKUX XAPAKTEPUCTHK: HAYaJIbHOIO HIEKTPOJHOTO MOTEHIMANa, AHOIHOU
MOJIAPU3YEMOCTH (CTENEHM HM3MEHEHHUs MOTEHIMajga IpU MPOTEKaHHMM BHEIIHEro TOKa),
BEJIMYHMHBI [IOBEPXHOCTH.

Karonnas snexTpoxumudeckas 3amura - 3(p(EeKTUBHBIA M 3KOHOMUYECKH BBITOJHBIHI
METOJ 3aIUThl OT KOPPO3MM METAUIMYECKUX KOHCTPYKIMH B MOPCKOM BOJE, IIOYBE U
JIPYTUX HEUTpaJIbHBIX arpEeCCUBHBIX CpeAax. B KUCIBIX cpelax MeTaulbl XapaKTepU3yITCs
MaJIOM KaTOJHOW HOJSAPU3YEMOCTbIO (MalIbIM CMEIEHHEM IMOTEHIHajla B OTPHULATEIbHYIO
CTOPOHY MpHU MNPOTEKAHUM KATOJAHOTO TOKa). B Takux yCIOBHUSX 3HAUMTENIbHAs YacTb
3aIUTHOTO KATOJAHOIO TOKA TPATUTCS HENPOU3BOAUTEIBHO HA KATOJAHOE BOCCTAHOBIICHHE
HOHOB BoJlopoJia. B pesynbrare ko3 duuneHT 3amuTHoro AeicTeus Hepenuk. Ilpumenenune
KaTOJHOM 3allUTHl B TAKUX CPElaX OrPaHUYEHO.

Karognas 3ammra HaxOOUT IIMPOKOE NMPUMEHEHUE B NPOMBINUIEHHOCTH JUISl 3alllUThI
MOJI3EMHBIX TPYOOIIPOBOJIOB, KOMMYHHMKAallMi M pE3epByapoB, MOPCKHX CYAOB U
METAJUNIOKOHCTPYKIIUH, SKCIUTYaTUPYIOLIMXCS B MOPCKOW BOJE, a TAKXKE TEXHOJIOIMYECKOTO
000pyZI0BaHUs - KOHAEHCATOPOB, TEIUIONPOBOAHUKOB.

4.3. IlpoBenenue paboThbl

PaboTa cocTouT u3 Tpex yacTei:

1. Onpenenenne ckopoctu koppo3uu ctanu Ct3 B 5%-Hom pactBope H2S04 pu oTcyTcTBUM
KOHTAaKTa U INpPH KOHTAaKTE €€ C JIPYTUMHU MeTalaMHM (LMHK, Melb), a TaKXe 3JIEeKTPO-
XMUMHMUYECKUX XapaKTEPUCTUK TaJbBaHWYECKUX MAKpOIAp - JJIEKTPOJHBIX INOTEHLMAJIOB
METaJUIOB B KOHTAKTe U 0€3 KOHTaKTa, CHJIbI TOKA Pa0OTAIOIIMX Tap.

2. Uzyuenune koppo3uu cranu CT3 U onpenencHue ee IeKTPOIHOTO MoTeHnuana B 5%-HoM
pacTBOpE CEPHOM KUCIIOTHI IPY KATOJAHOM 3aIUTE BHEIIHUM TOKOM.

3. Ompenenenue paanyca JIEHCTBUS LUHKOBOIO NMPOTEKTOpa mpu Koppos3uu cramu Ct3 B
cpelax ¢ pa3HOM AIIEKTPOIPOBOJHOCTBIO (AMCTHWILIMPOBaHHAs BoAa, 1%-HBI pacTBOp
XJIOPUCTOTO HATPHUSA).

Bropast yacte paboTHI MPOBOJUTCS OJHOBPEMEHHO C MEPBOM, a TPEThs - MOCIE TOrO, Kak
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OyZyT TOCTaBJICHBl Ha MCHBITAaHUS OOpaslbl B IMEPBOM M BTOPOHM dYacTsIX paboTHl - B
IepeppiBax MEX/1y 3aMEpaMHU AIEKTPOAHBIX TOTEHLIUAJIOB.

4.3.1. Koppo3us METaII0B B KOHTaKTe

a) OOBEKTHI UCCIICIOBAHUS U alapaTypa:

1. O6pazmst ctanu Ct3 (3 mT.); meau (1 mT.); nuaka (1 mr.).

2. 5%-nprit pactBop H2S04.

3. Craxansl (500 cM®) U KpBIIIKH ¢ KIIEMMaMH JJis Kperienus oopasios (3 mrT.).
4. BbICOKOOMHBIN MUJUTHBOJILTMETP DB - 74 (1 mT.).

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

6. CoeqMHUTENTHLHBIC TTPOBOJIA C KOHTAKTHBIMU 32)KUMaMHU (211IT. ).

7. ltanrenuupkyias (1 mr.).

8. Haxxnaunas Oymara, Bata, (punbTpoBaibHasi Oymara, alleToH.

0) MeTtoauka npoBeaeHUs YKCIIEPUMEHTOB

Omnpenenstor pa3Mepbl CTadbHBIX OOPA3LOB M PACCUUTHIBAIOT MOJHYIO IUIOIIAAb HUX
MOBEPXHOCTH 0€3 HOXKKU. 3auuiiaroT oOpas3lbpl HaXJauHOW Oymaroil; 00e3:KHpHBaIoT,
MpOTUpasl BaTHBIM TaMIIOHOM, CMOYEHHBIM all€TOHOM; BBICYIIMBAIOT 5 MHUH Ha BO3AYyXE U
B3BELIMBAIOT HA AaHAJTUTUUYECKUX Becax ¢ ToyHOcThIo 70 0.0002 r. [TpaBuiia B3BemIMBaHUS Ha
AHAJIMTUYECKUX Becax MPHUBEACHBI B MPUWIOKeHUH 1. MenHbIil ¥ MHKOBBINA 00pa3iibl 3a4n-
[IAI0T, TPOTUPAIOT BATOM, CMOYEHHOM alleTOHOM, HO HE B3BEUINBAIOT.

[ToarotoBneHHsle 00pa3lbl 3aKPEIISIOT C MOMOIIBIO KJIEMM B KPBIIIKAaX CTaKaHOB: B
MEpBBINA CTaKaH MOMEUIAIOT TOJIbKO CTalbHOW 00pasell, BO BTOPOU - CTAJIbHOM U LIMHKOBBIH,
B TPETUH - CTAIBHOW U METHBIM.

Bo Bce cTakanbl HanuBaroT 5%-HbIi pacTBOp CEPHOI KUCIOTHI HA OJUHAKOBOM YPOBHE U
MOMeIlaT o0pa3lpl B CTakaHbl TakK, 4YTOObI YpPOBEHb pacTBOpa MPOXOAUIT IO HOXKKE
oOpa3ioB. Bo BTopoM U TpeThbeM CTakaHaX 3aMbIKalOT KJIEMMBI ¢ 00pa3laMu IpOBOJAMH,
co3naBas Makpomnapsl Fe - Zn u Fe - Cu, u uxcupyror Bpems Hadajia HCTIBITAHHS, KOTOPhIE
MPOBOJISAT B TEUCHHUE Yaca, U3MEPSsl AIEKTPOAHbIE TOTEHIIUAIBI BCEX MeTauioB yepes 10, 25
u 45 MUH TIOCiie Hayaia ombiTa. JIJIS 3TOr0 MOOYEPEeTHO TMOJKII0YAT o0pasibl K
MUJUIUBOJIBTMETPY, MOMEIasi KOHYUK 3JIEKTPOJUMTHUYECKOTO KItoya OT XJIOpCcepeOpsiHOro
AJIEKTPO/Ia CPaBHEHUSI B COOTBETCTBYIOUINII cTakaH ¢ oOpasuom. Ilopsaok mamepenus mo-
TEHIMAJIOB OMKCAH B HHCTPYKIUHU O paboTe ¢ MUJUTUBOJIBTMETPOM (CM. MPUIIOKEHUE 4).

[lepen okoHYaHHEM OIMbITA OTCOCAMHAIOT 3aKOPAUMBAIOIIUNA MPOBOJHUK, 3aMBIKAIOT
napsl Fe - Zn u Fe - Cu Ha MuwuinaMnepMeTp U U3MEpSIOT CUIYy TOKa COOTBETCTBYIOIIEH
napbl. 3aTeM ONPENENSIOT 3JEKTPOJHbIE MMOTEHLMAIbl BCEX METAUIOB B OTCYTCTBHE
KOHTAaKTa U OLIEHUBAIOT MHTEHCUBHOCTH I'a30BbIICIICHUS Ha BCEX AIEKTPOIaX MPU KOHTAKTE
C ApyrumMu MeTaiamu u 6e3 Hero. OneHuBas ra30BbIACICHUE MOYKHO IPUMEHSITH YCIOBHbIE
nokaszarenu: "orcyrctByer', "oueHb cmaboe", "cmaboe", "cpemnee", "cuibHoe", "oueHb
cuibHOE".

[Tocne okoH4aHus ombITa (10 UCTEUYEHUHU Yaca) BCEe CTallbHbIE 00pa3libl BEBIHUMAIOT U3
pacTBopa, YHAISIOT MPOAYKTHl KOPPO3UM HAMBUICHHBIM E€PIIMKOM, MPOMBIBAIOT BOJOM,
MPOTUPAIOT (PHIBTPOBAILHON OyMaroii, BHICYIIMBAIOT 5 MUHYT Ha BO3JyXE U B3BEUIMBAIOT
Ha aHAJIMTUYECKUX Becax.

MenHbpli ¥ LIMHKOBBIA 00pasllbl BBHIHMMAIOT M3 PacTBOpa, HPOMBIBAIOT BOJOH H
BBICYIIMBAIOT (WIBTpPOBaNbHOM Oymaroil. Bce pacTBOphl, Kpome TOro, B KOTOPOM
HaXO/JWJIach MeJlb, CIMBAIOT Yepe3 BOPOHKY 0OpaTHO B OyThLIb. CTakaHbl ONOJACKUBAIOT
BOJIOM.

Pe3ynpraThl HaOMIOICHUN U M3MEpeHHi 3aHoCAT B Ta0i. 4.1. n 4.2.
4.3.2. 3ammTa BHEITHUM KaTOJIHBIM TOKOM

a) OOBEKTHI UCCIIEOBAHUS U anmnaparypa

1. O6pazmst ctanu Ct3 (1 wT.) 1 cBuHNA (1 mrT.).
2. 5%-npr1ii pactBop HSO.f.
3. Crakan (500 cm®) u kpbIIIKa ¢ KIeMMaMu s KperieHns o6pasnos (1 mr.).

43



4. MumuBonsT™MeTp THna OB - 74 (1 mt.).

5. Munnmamnepmerp Ha [A (1 wr.).

6. McTouHUK MOCTOSTHHOTO TOKA (BBITpSAMUTENH) (1 miT.).

7. ABuxkoBslii peoctat (1 mit.).

8. Kimtou-pyOunbHHK, COSMHUTEILHBIC TPOBO/IA.

9. lllTaHreHUUPKYJIb.

10. Haxxmaunas 6ymara, Bata, GuibTpoBajibHas Oymara, aieToH.

0) Meroauka npoBeaeHUs YKCIIEPUMEHTOB

[MoxroraBnmmBaroT cTanbHOW oOOpaszen Tak e, Kak ykasano B 1. 4.3.1. 3HaueHue
M3MEpPEeHHOW Macchl oOpasma 3aHocsaT B Tabn. 4,1. OOpaboTka CBHHIIOBOrO oOpasia
aHaJIorMyHa 00pabOTKE MEIHOTO U IIMHKOBOTO. [10ArOTOBICHHBIE CTATLHONW W CBUHIIOBBIM
00pa3Ilbl 3aKPEIUIIIOT B KPBIIIKE CTaKaHa W TOJICOSAMHSIOT Yepe3 JBIKKOBBIM peocTar u
aMIiepMeTp K MCTOYHUKY TOKa. 3allUIIaeMblii oOpa3zell MOJKI0Yal0T K OTPHUIATEIHbHOMY
nomtocy (puc.4). PaccumThiBaloT CUy TOKa, KOTOPYKO HEOOXOJMMO YCTaHOBUTH IS
JIOCTHKEHHUS TUIOTHOCTH 3allIUTHOTO TOKA is = 24 MA/cM2.

HanuBator B crakan 5%-HbIl pacTBOp CEpHOM KHCIOTHI JI0 YPOBHS, MPOXOJSIIETO IO
HOXKKaM 00pa3uoB. [TomematoT oOpas3ibl B pacTBOpP, 3aMbIKAIOT KIIIOUOM 3JIEKTPUUYECKYIO
1IeTh, JIBIDKKOBBIM PEOCTATOM YCTAHABIMBAIOT HEOOXOIMMYIO CHUJIy TOKa U (PHUKCHPYIOT
BpeMsi Hauaja WCTIbITaHui. [IpoBOMAT MCHBITAHWS B TEUCHHE Yaca, U3MEpsis MOTCHITUAIBI
06oux smekTpoaoB uepes 10, 25 u 45 MuH mocie Havasa OTmbITa.

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

[locne 3aBepiieHHs OMBITa CTAJbHOM OOpa3el] BBIHUMAIOT W3 PAacTBOpa, YAAISIOT
MPOAYKTHI KOPPO3WH, TPOMBIBAIOT BOJOW, BBITUPAIOT (QHIBTPOBAILHON Oymaromu,
BBICYIIMBAIOT U B3BEILINBAIOT;

CBHUHIIOBBIA AJICKTPOJ] TPOMBIBAIOT BOJIOM M BBITUPAIOT (UIBTPOBAIBLHOW Oymarom.
PactBop mepenmuBator B OyThLIb, CTakaH OIOJACKMBAIOT BOJOW. Bce pe3ynbTaTh
HaOIOACHUI ¥ U3MEpPEHU 3aHOCAT B Ta0m. 4.1. n 4.2.

4.3.3. Pagnyc AeicTBUS NPOTEKTOPA

3amava AaHHOW 4yacTH pabOTHl - ONPEAETUTh BIUSHUE AJIEKTPONPOBOAHOCTH PacTBOpa
Ha pajnyc ACHCTBUS [IMHKOBOTO MPOTEKTOPA MpH 3amure ctayii CT3 B HEUTpaIbHOU cpere.
HccnenoBanusi mpoBOAST B AUCTUUIMPOBAHHOM BoAe U 1%-HOM pacTBOpe XJIOPUCTOTO
HaTpus. YIENIbHYIO DJEKTPONPOBOJHOCTh PAaCTBOPOB HEOOXOAUMO OMNPENCIUTh IO
CIPaBOYHHUKAM.

a) OOBEKTHI HCCIIeIOBAHUS U almapaTypa
1. O6pasusl cranu Ct3 (2 mrT.) - mactuHka 40x20x3.

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

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

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

5. 1%-HbIit pacTBOp KpacHOM KPOBSHOM COJIH.

6. CrexsissHHas Majoyka, HaKIauHas Oymara, Bata, QUIbTpOBalIbHAs Oymara, aleToH.

0) MeToinka mpoBeIeHUS SKCIIEPUMEHTA

JIBe cranpHBIe TUIACTUHKM 3a4MINAIOT HAXKIAYHOM OyMaroil M MpOTUPAIOT BaToM,
CMOYEHHOW aleToHOM. B oTBepcTHs, uMMeronuecss B CTaJbHBIX IUJIACTHHKAX, BCTaBISIOT
HEOOMBIINE KYCOUKH IIMHKOBOW MPOBOJIOKM W TUIOTHO 3aKPYyYMBAIOT ISl CO3JIaHUS XO-
poIIIero KOHTaKTa [IMHKA U CTaJIH.

B ogny wamky [leTpu HaMMBaOT TUCTUILTUPOBAHHYIO BOAY, B APYryi0 1%-HBbIi pacTBOp
NaCl. B 06e yariku u3 KanejabHHIBI JOOABISIOT MO 5 Karelb pacTBOpa KPaCHON KPOBSTHOM
comu K3Fe(CN)s (unmukatop Ha HWOHHI kenesa Fe?*) m mepememmBaior. IlnacTHHKH
MOMEUIAI0T Ha JHO Yalllek.

UYepes 10-15 MuH ocMaTpUBAIOT CTAJbHBIE TUIACTUHKU C MMPOTEKTOPAMH, HE BBIHUMAS UX
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n3 pactBopa. VM3MepsoT paccTosiHME OT MPOTEKTOpa J0 CUHUX IATEH, NOSIBUBLIMXCS Ha
MIOBEPXHOCTSAX CTAJbHBIX IJJACTMHOK, OINMCBHIBAIOT MX KOJUYECTBO M PACIOJIOKEHHE HaA
oOpa3siax (3apuCcoBBIBAIOT).

[TosiBneHre CHHUX TSATEH BBI3BAHO OOpa3oBaHHWEM "TYpHOYI-I€BOM CHHHU" BCICICTBUC
peakiuy KpacHOM KpOBSIHOW COJIM C JBYXBAJICHTHBIMU MOHAMM JKEJI€3a, MOSIBUBLIMMUCS B
pacTBope B pe3yibTareé KOPPO3WH TEX YYaCTKOB CTaJIbHOTO 00pas3na, Ha KOTOpHIE HE
pacnpoCTpaHsaeTcs 3alIUTHOE AeHCTBHUE IUHKOBOTO MIPOTEKTOPA.

Pesyneratel HaOmogeHuit 3aHocsaT B Tabn. 4.3. OOpas3ubl BBIHUMAIOT, MPOMBIBAIOT
BOJIOM, BBICYHIMBAIOT (PUJIBTPOBAJIbHOM Oymaroil. PacTBOpbI BBIIMBAIOT B PAKOBUHY, YalIKU
CIIOJIACKUBAIOT BOJIOM.

4.4. O6paboTKa OIBITHBIX JIAHHBIX
1. PaccuutsiBaroT no dopmynam (4.3) u (4.4) u 3aHocsT B Ta0n. 4.1 mokaszaTenu KaTogHOM
3alUThl M KOHTAaKTHOM KOPpPO3MHM - 3aIIUTHBIA 3PPexT (z), KodpPUIUEHT 3alUTHOTO
nevicteust (Ks), mms Bcex cimydaeB (mapel  Fe-Zn, Fe-Cu, smexrtposammra). Ilpu stom
CKOPOCTbh KOPPO3HMH CTaJIM B Pa3IMUHBIX YCIOBUSIX ONpeaenstoT no gopmyne (1.12).
2. CtposT rpaduK U3MEHEHHUS MOTSHIIMAJIOB AJIEKTPOJIOB BO BPEMEHH VISl BCEX CITy4aeB (¢ =
f(1), mpenBapUTENHHO TIEpECYUTAB W3MEPEHHBIC MOTEHIMAIBI OTHOCHTEIILHO HOPMAIBLHOTO
BOJIOPOJHOTO 3JieKTpoa mo dopmyie (3.5).
3. PaccunThiBal0OT paBHOBECHbIE MOTEHIHMANbl LHWHKA, MEIH, >Kejle3a U BOJOPOIAHOTO
3JIEKTPOJIa, TIPUHUMAs KOHIEHTPAIMI0 MOHOB METaIoB B pacTBopax [Zn®*] = [Fe?'] =
[ Cu2+] = 10° momb/71 1, VYUTBIBAsI, YTO KUCJIIOTHBIN TOKa3aTesb cpeabl 5%-Hoi H2S0s pH™
0,1. PaBHOBECHBIE TOTEHITMAIBI METAJUIOB OMIPEAEISIOT o popmyie (3.6).
PaBHOBeCHBII MOTEHIIMAI BOJIOPOAHOTO AJIEKTPO/Ia HAXOAAT 1o GpopmyIie

R-T a,.

ACRLATLIN ¥ 1 . L
@Hz @Hz n-F g (I:)H2 )1/2

(4.5)

rae ¢flz - PaBHOBECHBIN MOTEHIIMAI BOJOPOIHOIO JIeKTpoaa. B;

0 o
@y, - CTaHIAPTHBIN NOTEHIMAT HOPMAIbHOTO BOJIOPOAHOTO 3IEKTPOJa (mpu &, =1u PH )
=1),B;

aH + = AaKTUBHOCTb HOHOB BOJOpPO/Ja B paCTBOPE, MOJ'IB/J'I;

PH2 - HapoyuajbHOC JAaBJICHUE BOAOPOaa HAQ paCTBOPOM, aTM;

N - 9MCJI0 3JICKTPOHOB, YYACTBYIOIIUX B pE€aKIIMU BOCCTAHOBJICHHS HOHOB BOJAOPOaAA:
H* -H,0+ e—1/2H>+H>0 (4.6)

[Tpu temneparype 25°C u napuuaibHOM AaBIEHUU BOJOPOJa B aTMocdepe Bo3ayXxa PH2 =

5-10® aT™ paBHOBeCHSBIIf MOTEHIIHAN BOJAOPOIHOTO 3IEKTPOIA
gof,z =0,215 - 0,059 -pH, 4.7)

rae pH =-1g@,,. - xucnoTHeli (BOJOPOIHEI) IOKa3aTeNb CPEJIbL.

4. PaccunMTBIBAIOT U 3aHOCAT B TaOJ. 4.2 TOKOBBIC IOKa3aTeIn KOppo3uu CTajinu (menesa) n
TOKH paCTBOPCHUA KEJIC3a JJId BCEX CIIYHacB

. K-268-n
|:—, 4.8
A (4.8)

I=iS 4.9 rnei-
TOKOBBIH OKa3aTeIb KOPPo3uH, A/M?;

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

N - BAJIGHTHOCTh HOHOB METAJJIa, MEPEXOSIINUX B PACTBOP;

A - MOJIb PacTBOPSIOIIETOCS METAJIA, 2;

26,8 - KOJIMYeCcTBO ANMEKTPUIECTBA, HEOOXOUMOE sl pacTBOpeHus 1 Monb/N MeTama, A+ u;
| - Tox pacTBOpeHus: MeTaia. A;
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Els=L1,

S - MIoIIa b MOBEPXHOCTH KOPPEJIMPYIOIIEro MeTailia, M,

5. CTposT NOJIHYI0 KOPPO3UOHHYIO MOJISIPU3AMOHHYIO AHArpaMMy HU3Y4€HHOW CUCTEMBbI B
koopanHaTax Tok (1) - moTeHman (¢) aHaJIOrMYHO MPEACTABICHHOM Ha puC.4.

[Ipu 3TOM: a) NPUMEHSIOT pacueTHbIC 3HAUCHUsI PABHOBECHBIX MOTCHIIMAJIOB IIMHKA, KEJe3a,
MEJIM U BOJIOPOJa B KaUe€CTBE MCXOJHBIX TOYEK JUIsl TOCTPOEHUSI COOTBETCTBYIOIIUX aHOJ-
HBIX ¥ KaTOJIHBIX KPUBBIX;

0) I TOCTPOEHUS AHOJHOW KpPUBOM Keje3a HCIOJIB3YIOT JKCIEPUMEHTaIbHbIE
3HAQYEHMS] YCTAHOBUBIIMXCS MOTEHIIMAJIOB KEJIe3a U COOTBETCTBYIOIIUX UM TOKOB €ro pac-
TBOPEHMSI B PA3JIMUHBIX yCIOBUSX (Tabdi. 4.2):

- 6e3 xoHTakTa (Qre-11)

- KOHTaKT C IUHKOM (QFe/zn-12)

- KOHTAKT ¢ MefbIo (Qre/cu-l3)

- AMEKTPO3AIIUTA (PFe - .5-14)

B) TIPH TIOCTPOCHUH KATOJHBIX KPHUBBIX JUISI BCEX METAJUIOB MPUHUMAIOT, YTO
MepeHanpsHkKeHue BoJ0poa (OMpeesisaioNiee HakJIOH KaTOAHBIX KPUBBIX) HA IIMHKE B JIBa
pasza, a Ha MeJM B TIOJITOPA pa3a BhIIIE, UM Ha JKeNe3e, T.€. Nzn = 2NFe; Ncu = 1,5MFe;

I') IPH IIOCTPOCHUH aHOIHBIX KPUBBIX ITMHKA U MEJIU UCITOJIb3YIOT KaTOHBIC KPUBBIC IS
ATUX METAJIJIOB ¥ AKCIIEPUMEHTAIbHBIC 3HAYCHUS UX MTOTEHIINAJIOB KOPPO3Un 0€3 KOHTAKTa
(cm. Tabm. 4.2).

6. JlenmaroT BEIBOII 00 OCHOBHBIX 3aKOHOMEPHOCTSIX KOHTAKTHOW KOPPO3HH M KATOTHON
3aIUTHI:

a) I3MEHEHHE JIEKTPOAHBIX MTOTEHIIMAJIOB U CKOPOCTEH KOPPO3UU METAJUIOB MPH KOHTAKTE;
0) 20 PeKTUBHOCTH MPOTEKTOPHOMN 3AIIUTHI M JIEKTPO3AITUTHI;

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

4.5. Bonpocsl uisl CaMOKOHTPOJIS

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

2. Kakuwe mnpoayKTbl BBIACIAIOTCS HaA DJJIEKTPOJaX IMpPU KOHTAKTHOM KOpPpPO3UH U
AJIEKTPO3aIIUTE B U3YYEHHOU cucreme?

3. bynyt nu usmensTbes (ecinu OyayT, TO Kak U MOYeMy) NOTEHIMAT U CKOPOCTh KOPPO3UU
CTaNbHOM (FKEJICE3HOW) JAeTalld IIPH YBEIMYCHHH Pa3MEepPOB KOHTAKTUPYIOIICH ¢ HEH METHOU
neraiaun’?

4. Kak u3MEHUTCS MOTEHLIHAT U CKOPOCTh KOPPO3UU Kejle3a B YCIOBHUSIX DJIEKTPO3ALIUTHI
MIPH YBEJIMYEHUH KATOJIHOTO TOKA, MOJIBOAMMOIO OT BHEITHET0 HCTOUHUKA?

5. C xakuM KOHTpOJIEM IMpPOTEKaeT KOPPO3Ms LIMHKA, Kelle3a U MEeIU B pacTBOpEe CEepHOM
KHUCIIOTHI B OTCYTCTBHE KOHTAaKTa (OIPEIEINUTh 10 pe3ylbTaTaM paboThl)?

6. MOXHO 1M TPUMEHUTh MEJIHBIE 3aKJIeNKu B amoMuHueBoM anmnaparte? (HaoGopot?).
Pemenne 0ObSICHUTE.

bubnunorpaduueckuii coucok

1.ITaxomoB B.C. Koppo3us u 3amura XuMHUYECKOH anmaparypbl. DJIeKTPOXUMHUUYECKast
KOppO3us MeTauioB: YueOHoe nmocobue. -M.: MUXM, 1983. -80 c.

2..Kyx H.II. Kypc Teopun koppo3uu u 3aiiuTel MeTauioB. -M.:Meramnyprus, 1980. -C.
270-277; 287-299; 357-364.

P . 5P
@Ml y (DMZ PaBHOBCCHBIC ITOTCHIUAJIBI IICPBOTO U
BTOPOT'O MCTAJUJIOB;

p o
(DOK - PAaBHOBCCHBIN NOTCHIHAJI OKHUCIIUTECIISA

Qropl; Propz - TOTEHIMAIBI KOPPO3UH IEPBOTO M
BTOPOTO METAJIOB 0€3 KOHTAKTa;

lkop1; lkop2 - CKOPOCTH KOPPO3UU MEPBOTO M BTOPOTO
METaJUIOB 0€3 KOHTAKTa;

Puc. 4. IlongpuzanuonHas quarpamma
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KOPOTKO3aMKHYTOM JBYX3JIEKTPOJHOU CUCTEMBI (TalbBAaHUUECKOM MAKPOIIAPhI)
(z- KOMITPOMHUCCHBIN MOTEHIIMAN (OOMIUI MOTEHIMAI TIaphl),

| ;;1,, -cKopocTH pacTBOpeHHs MEpBOro U BTOPOTO METAJLIOB TIPH KOHTAKTE;

| .,;;], - CKOPOCTH KAaTOIHBIX TIPOIIECCOB METAILIOB MPH KOHTAKTeE.

1 - MUWUTUBOJIBTMETD; 2 - KOHTAKTHAS KIIEMMa; 3 - U30JIHPYIO-
nasi miacTuHa; 4 - 3JIeKTPOJIMTUYECKUM MOCTHK; 5 - XJopce-
peOpsHHBIN 37eKTpos cpaBHeHus; 6 - pactBop KCI, 7 - crek-
JSHHBIA cTakaH; 8 - pabouue 3ekTpoasl; 9 - pabouuit pac-
TBOp; 10 - KOaKcHIIBHBIN Kabenb

Puc. 5. Cxema ycTaHOBKH /J151 U3MEPEHUSI IOTEHLIMAIOB PU
KOHTAaKTHOM KOpPO3UHU

1 - 3amumraemerii obpaserr; 2 -

. 4 -]
arpeccHBHbIH PacTBOP; 3- ¢l'|_ /
BCIIOMOTIaTc€JIbHbIN
ANEeKTPOoN; 4 - WCTOYHHK 6

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

.
7

Puc. 6. Cxema yCTaHOBKHU MPHU SJIEKTPOJIUTE.

Kpurepun ouenku (B 0a/u1ax) /151 0O4HOI0 OTAeJICHHS:
- 5 6aJu1a BBICTABISETCS CTYICHTY, €CJIM CTYIEHT BBIIIOJIHUI OJTHO 3a/IaHUE;

- 10 6a/1710B BBICTABIISICTCS CTYACHTY, €CJIM CTYJCHT BBITIOJIHUJ JBA 3aJaHUSI.

KpuTtepuu oneHKH /151 32049HOT0 OT/IeJIeHUSI:
- He 3a4TeHO BBICTABIIACTCS CTYICHTY, €CJIM CTYACHT BBITIOJHUI OJTHO 3aJaHHE;

- 3Q4YTE€HO BBICTABJIACTCA CTYACHTY, €CJIIM CTYACHT BBIIIOJIHUII ABA 3aJJaHUA.
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5 Y4ueOHO-MeTOAM4YecKOe U HHPOPMALITMOHHOE O0ecriedyeHHe TUCHMIIIMHBI

5.1 IlepeyeHb OCHOBHOM U JOIOJTHUTEIbHOH Y4eOHOM JTUTEPaATyPBbI,
HE00X0AMMOi1 1VIsl OCBOCHM S AUCIMIIHHBI

OcHoBHas1 1uTEpaTYypa

[JITonnoBa A. A. Metonsl 3amuThl 0T Koppo3uu. Kypc nekuuid. — JlaHs,
00 =272 c.

[JJlazytkuna O. P. XuMH4ecKoe CONPOTHUBICHUE W 3aIUTa OT KOPPO3HHU:
yuebHoe nocobue. — ExarepunOypr: M3matenbcTBO YpaabCKOro YHHUBEPCHUTETA,
[0 [+141 c. — OBK, ObC YBO

[ITonnoBa A. A. Metonsl 3amuThl 0T Koppo3uu. Kypc nekuuii. — JlaHs,

0 272 ¢. — 9BK, 9bC «JIagp»y [
[Kapckuit 1. M., HWsanosa H. II., Kyuc 1. B., CBuaynosuu H. A.

Koppo3us u 3ammura MeTamIndecKux KOHCTPYKUUM U o0opynoBanus. — MUHCK:
"Bemmaiimas mkojaa", 2012. — 9BK, O9bC YBO
[JCeémenoBa U. B. Koppo3us u 3ammura ot xkoppo3un. — M.: duzmariur,

[ [=DBK, 5bC YBO

JlonmosiHuTEBHAS JIUTEPATYpPa

[IlleBuenko A. A.. XHUMHYECKOE COMPOTUBICHHE HEMETAUTUMYCCKUX
MaTepuasioB U 3amuTa oT Kopposuu. — M. 2006. — 248 c.

[/Manun B. H., I'pomoB A. H. ®u3uko/ Xumuyeckas CTOMKOCTh MOJIMMEPHbBIX
MaTepuasioB B yCIOBUX dKcIutyaTanuu. — JI.: Xumus, 1980. — 248 c.

[13apyouna JI. II. 3ammura 37aHUNA, COOPY)KEHHMH, KOHCTPYKIMH U
o0opyaoBaHusi OT KOppo3uu. buonmoruueckas 3ammura: Marepuanbl, TEXHOJOTHH,
UHCTPYMEHTHI U 0b6opynoBanue. — MockBalBonoraa: Madpa Muxenepus, 2015. —
224 ¢. — 9OBK, 9bC YbO

4. Haymog C. B., CamymiioB A. 5. MaTtepuanoBeaeHue. 3amura oT KOPPO3UU:
yaeOHo [MeToauueckoe mocooue. — Kazanp: M3narensctBo KHUTY, 2012. — 84 c.
— OBK, 9bC YBO

5. bana6aunMpmennn 1O. B., Jlunosckux B. M., PybamoB A. M. 3amuta ot
BHYTPEHHEW KOPpO3UM TPyOONPOBOJOB BOASHBIX TEIUIOBBIX cereil. — M.: HoBocTu
ternocHaOxenus, 2008. — DBK, O9bC Y5O

5.2 IlepeyeHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIUOHHOH CeTH
«/HTEepHET» M MPOrPaAaMMHOI0 odecreyeHusl, He0OXOAMMBIX [IJIsl OCBOCHMSI
AMCIUTITIMHBI

1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. /loroBop Ne
104 ot 17.06.2013 r. JInuensuu 6eccpoyHbie

2. Microsoft Office Standard 2013 Russian. foroBop Ne 114 ot 12.11.2014 r.
JIuueH3uu 6eccpoyHbIe.

3. Cucrema neHTpanuzoBanHoro tectupoBanus bamly (Moodle). GNU
General Public License.
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6 MaTtepuaJIbHO-TeXHHYECKas 0a3a, HEOOX0AUMAS /ISl OCYLECTBJICHUS
00pa30BaTEJBHOI0 NIPOLECCA N0 JUCHHUILTHHE

HaumeHnoBaHue crierann3upoBaHHBIX ayIUTOPHUH,
KaOHMHETOB, JabopaTopuit

Bun 3anaruit

Hanmenosanue obopynoBanus,
IpOrpaMMHOr0 00eCTIeUeHHUS

VYuebOHast ayquTOpust U1 IPOBEACHHUS 3aHATHI
JIeKIMOHHOT O THMa: ayautopus Nel06, aynuropus
Nel07 (umxeHepHbIH GaKyIbTeT)

Jlexupm

Aynutopust Ne 106
Jlocka, MeJ1, mapThl, CTYJIbSI.
Aynuropus Ne 107
Jlocka, MeJ1, mapThl, CTYJIbSI.

VYuebOHast ayquTOpust U1 IPOBEACHHUS 3aHATHI
ceMHHapcKoro Tumna: ayauropus Nel07
(vmxeHepHbIH pakynbTet), aymuropus Ne001,
Y4aeOHbI KOMIIBIOTEPHBIN KITacC IS TPOBEACHHUS
MIPAaKTHYECKHX (CEMHHAPCKUX) U 1a00paTOPHBIX
3aHATHI (MH)KEHEpHBIH (aKyIbTeT)

TIpakTHYecKre 3aHsTHS
JlabopatopHbie paboTHI

Aynuropus Ne 107
Jlocka, MeJ1, mapThl, CTYJIbSI.
Aynuropust Ne 001
Cronbl — 7 wr. Crynes, 14 mr. HoyrOykn
Packard Bell ENTF71BM-C36P ¢
3apsITHBIM YCTPOHCTBOM — 14 1T,
Komnerorepnas ontuyeckast USB-MpImib —
14 mrr. Tenesuzop ¢ KK nucrineem DEXP
SmartTV — 1 mrr. HDMI xabens mis
MOJIKITIOYEHHST HOYTOYKa K TeJIeBU30pY
(mpoexTopy) — 1 mr.

IpoBeneHue rpyIIOBBIX U HHAWBHAYAIbHBIX
KOHCYINIBTAIMH, TEKYIIETO KOHTPOJIS U
MIPOMEKYTOUHOM aTTectanuu: ayquropust Nel07
(uHKXeHepHbIH (akyabTeT)

Texymuii KOHTPONB U
TIPOMEKYTOUHAsS ATTECTALUS

Aynutopus Ne 107
Jlocka, Men, mapThl, CTYIbS.

IMomenieHust U1si CAMOCTOSITEIBHOM PaboThI:
yuraneHeld 31 201 (pusmar. kopmyc)

CamocrosTenbHas pa60Ta

PentiumG2130/4I"6/500I'6/21,5"/K1/MbI1iib

-50 ., [TIK B kommn. ®epmo Intel. depmo

Intel Mono610k Nel depmo AMD A8-5500
— 50 .
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[Tpunoxxenne Ne 1

OEJIEPAJIBHOE 'OCYIAPCTBEHHOE BIOJUUKETHOE OBPA3OBATEJIBHOE
YUYPEXEHUME BBICIIETI'O OBPA3OBAHUA
«bAIIKNPCKUU I'OCYJAPCTBEHHbBIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOI'PAMMBbBI

JucIUIUIMHBL «Koppo3us KOHCTPYKIIMOHHBIX MaTEpUaioB» OceHHUH (7) cemecTp
Ounas gopma oOydeHUs

Ocennuii (7) O0beM

Bun pabotsr
CEMECTD JTUCITUTLTHHBI
Oo6mas tpynoemkocth auciuiuinibl (3ET / yacoB) 5/180 5/180
Y4eOHBIX 4aCOB Ha KOHTAKTHYIO padoTy ¢ 49,7 49,7
IperoIaBaTesieM:
JIEKIIAH 24 24
NPAKTUYECKUX/ CEMUHAPCKUX 24 24
npyrux (rpynmnoBasi, UHANBUAYaJIbHas 1,7 1,7
KOHCYJIbTAIIUS U UHBIC BUBI yUeOHON
IeSTeNLHOCTH, TpeyCMaTpHBArOIIne padboTy
oOyyaromuxcs ¢ npenojasaresem) (ODKP)
Y4eOHbIX 4acOB Ha MOJITOTOBKY K 54 54
sK3aMeHy/3aueTy/aud pepeHImpoOBaHHOMY 3a4ETy
(KonTpoiin)
VY4eOHBIX YaCOB Ha CAaMOCTOSITEIbHYIO pPadOTy 76,3 76,3
ooyuaronuxcs (CP)
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OEJIEPAJIBHOE 'OCYIAPCTBEHHOE BIOJDKETHOE OBPA30OBATEJIBHOE
YUPEXJIEHME BbICIIEI'O ObPA3OBAHNMA
«bAIIIKNPCKUU I'OCYJAPCTBEHHbBIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOI'PAMMBbBI

TUCIUIUTHHBI «KOppo3ust KOHCTPYKITMOHHBIX MAaTEPHAIIOB» 5 CEMECTP
3aouHas Gpopma oOydeHUS

S O0bem
Bun paborsr ceMecTp JUCIUTUTAHBI
Oo6mas tpynoemkocTh auciuiuinibl (3ET / gacoB) 5/180 5/180
Y4eOHBIX 4aCOB Ha KOHTAKTHYIO padoTy ¢ 21,7 21,7
IperoIaBaTesIeM:
JIEKIIAH 10 10
NPAKTUYECKUX/ CEMUHAPCKUX 10 10
apyrux (rpynmnoBasi, UHANBUAYaJIbHas 1,7 1,7
KOHCYJIbTAIIUS U UHBIC BUBI yUeOHON
JeSTeLHOCTH, TIPelyCMaTpUBaroIIne padboTy
oOyyaromuxcs ¢ npenojaparesem) (DKP)
Y4eOHBIX 4aCcOB HA MOATOTOBKY K 9 9
aK3aMeHy/3adeTy/aud epeHIIupoOBaHHOMY 3a4eTy
(KonTpoiin)
VY4eOHBIX YacOB Ha CAaMOCTOSITEIbHYIO PadOTy 149 149
ooyuaronuxcs (CP)
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JJIst O4HOTO OTAEICHUS

®dopma usyyeHus
MaTepHAaJIOB: JIEKIUH,

dopma TeKyliero

MPaKTUYECKUE 3aHATHUSA, OcnosHas n KOHTPOJLI
CeMUHapCKHe OIIOJTHUTEILHAS 3agaHus 1Mo yCIIEBaEMOCTH
Ne auTeparypa CaMOCTOSITEIIbHOU (KOJITIOKBUYMBI
- HATHS TOPHEI ’ ’
/1 Tema u conepranne 3a ﬁggggga OpHBIC peKoMeHIyemast pabote KOHTPOJIbHBIE
b
camocTosTeNbHas paboTa u (HOMCeT};HI?IgTCaHI\I/fICKa) CryeHoD KOM%?)?(())ITGI; I’Hme
TPYAOEMKOCTH (B Yacax) p TECTH I Tpn )
JIK I1IP/CEM b
IToaroroBka x
Tema 1. Bseneunue. JIEK[TUOHHBIM U .
1 OGIIIHE MTOTOIKEHIS. 4 4 10,4 1,2,3,4,5 HpAKTHYECKIM YcTHBIH onpoc
3aHATASAM
Tema 2. Xwummueckas ITonroroBka K
KOPPO3Us METAJJIOB. JISKIIMOHHBIM U YceTHEIN onpoc
2 pp 4 4 10,4 1,2,3,4,5 poc,
MPaKTUYECKUM KOHTpPOJIbHAs paboTa
3aHSATUAM
geMa& [ToAroTOBKA K
JIEKTPOXUMHUYECKAs
JIEKIIMOHHBIM U .
3 | KOppO3HUsi METAIIOB. 4 4 10,4 1,2,3,4,5 B VYcTHbli onpoc
MIPaKTUYECKUM
3aHATUAM
Tema 4. KOppO?)I/IH HOI[FOTOBKa K
OCHOBHBIX 9
JIEKIIMOHHBIM U VYcTHBII ompoc
4 | KOHCTPYKIIMOHHBIX 4 4 10,4 1,2,3,4,5 5 p 6’
MATEPHAIIOB H CILIABOB. MIPaKTUYECKUM KOHTpPOJIbHAs paboTa
3aHATUAM
Tema 5. Mepst 60pbOBI € [Toarororka k
KOPPO3UEil METAILIOB. JIEKIIMOHHBIM U VY CTHBII 0mpoc
5 PP 4 4 10,4 1,2,3,4,5 1 p
MPaKTUYECKUM
3aHATUAM
Temab. Metoasl IToaroroBka x
KOPPO3UOHHBIX JIEKIITMOHHBIM U Y CTHEIR opoc
6 PPOSHOH] 4 4 10,4 1,2,3,4,5 H poc,
WCHOBITAaHUH. MPaKTUYECKUM KOHTpOJbHAs paboTa
3aHATUAM
Bcero yacos: 24 24 76,3
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JI1st 3a04HOTO OTJICIACHUS

dopma usyyeHus
MaTepHAaJIOB: JIEKIUH,

dopma TeKyliero

MPaKTUYECKUE 3aHATHUSA, OcnosHas u KOHTPOJIA
CeMUHapCKHe JOTIOJIHUTEIIHHAS 3amanus no yCIIEBaEMOCTH
Ne auTeparypa CaMOCTOSITEIIbHOU (KOJITIOKBUYMBI
- HATHS TOPHEI ’ ’
/1 Tema u coneprkanue 3a ﬁggggga OpHEBIC peKoMeHIyemast pabote KOHTPOJIbHbBIE
b
camocTosTeNbHas paboTa u (HOMCeT};HI?IgTCaHI\I/fICKa) CryeHoD KOM%?)?(())ITGI; I’Hme
TPYAOEMKOCTH (B Yacax) p TECTH I Tpn )
JIK 1IP/CEM | CPC o
IToaroroBka x
Tema 1. Bsenenne. JIEKITMOHHBIM 1 .
1 OGIIHE MTOTOIKEHIS., 4 4 10,4 1,2,3,4,5 HpAKTHYECKHM YcTHBIH onpoc
3aHSATUAM
Tema 2. Xwummueckas ITonroroBka K
KOPPO3Us METAJJIOB. JICKITUOHHBIM U Y CTHEIN onpoc
2 | ¥OPP 4 4 10,4 1,2,3,4,5 poc,
MPaKTUYECKUM KOHTpPOJIbHAsI paboTa
3aHATUAM
geMa& [ToAroToBKA K
JIEKTPOXUMHUYECKAs
JIEKIIMOHHBIM U .
3 | KOppO3HUsi METAIIOB. 4 4 10,4 1,2,3,4,5 B VYcTHbli onpoc
MIPaKTUYECKUM
3aHATUAM
Tema 4. KOppO?)I/IH HOI[FOTOBKa K
OCHOBHBIX 9
JIEKIIMOHHBIM U YcTHBII ompoc
4 | KOHCTPYKIIMOHHBIX 4 4 10,4 1,2,3,4,5 5 p 6’
MATEPHAJIOB H CILIABOB. MIPaKTUYECKUM KOHTpPOJIbHAsI paboTa
3aHATUAM
Tema 5. Mepst 60pbOBI € [Toarororka k
KOPPO3UEil METAILIOB. JIEKIIMOHHBIM U VY CTHBII 0mpoc
5 PP 4 4 10,4 1,2,3,4,5 1 p
MPaKTHUYECKUM
3aHATUAM
Temab. Metoasl IToaroroBka x
KOPPO3UOHHBIX JIEKITMOHHBIM U VYCTHBIHN onpoc
6 pposHom 4 4 10,4 1,2,3,4,5 8 pos,
WCHOBITAaHUH. MPaKTUYECKUM KOHTpOJbHAs paboTa
3aHATUAM
Bcero yacos: 24 24 76,3
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[Tpunoxxenue Ne 2

PelTHHI — U1aH AUCHUIIVIMHBI JJI1 OYHOI'0 OTACJICHUHA

Koppo3ust KOHCTpYKIMOHHBIX MaTEPUAIIOB

CrneunanbHOCTh — T€XHOIOTMYECKHE MAIIMHBI U 000pYyJ0BaHUE

Kypc — 4, cemectp -7

. bamn 3a Yucio banbl
Bubr yuebHoOI gesTenbHOCTH .
CTYIEHTOB KOHKPETHOE | 3ajiamii 3a | . max
3a/laHue ceMecCTp
Moayas 1
Texkymmii KOHTPOJIb
1. JTaboparopHas pabora 1,25 6 0 7,5
2. YCTHBIN 0o1IpocC 1,25 6 0 7,5
Py0e:kHbIii KOHTPOJIb
1. TectupoBanune | 10 |1 |0 | 10
Moayas 2
Texkymmii KOHTPOJIb
1. JlaboparopHas pabora 1,25 6 0 7,5
2. YCTHBIN 0o1Ipoc 1,25 6 0 7,5
Py0exHblii KOHTPOJIb
1. TecTHpoOBaHHe | 10 |1 0 | 10
BoinosHenne pacueTHo-rpaduyeckoil padoTbl
1. 3ammTa PI'P | 10 |1 0 | 10
IHoompurenbHbie 0AITBI
1. Ctynenveckas oaumIuaga 4 1 0 4
2. [TyOnukanus crarei 4 1 0 4
3. PaboTta co mkoapHUKaMu (KPYKOK, 2 1 0 5
KOHKYPCBI, OJTUMIIHA/IbI)
IMocemaemocTh (0a/1JIbI BBIYMTAIOTCS U3 001E CyMMBbI 0 16
HaOpaHHBIX 0AJ1JI0B)
1. HOCCUI_I_ICHI/IC JIEKIIUOHHBIX 08 8 0 6.4
3aHITHI
2. llocemnienne NpakTUYECKUX, . |-08 12 0 96
CEMHUHAPCKUX, JAOOPATOPHBIX 3aHATUI
HUTOroBblii KOHTPOJIb
DK3aMeH | 30 1 |0 | 30
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