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CocraBuTenb: [Tasnosa O.B.

Pabouas mporpaMMa qUCHUTIIMHBI aKTYaJIU3UPOBaHA Ha 3aceaHUU Kadeaphl
poTokoJ1 OT «13» urons 2017 r. Ne 17

3aBenyromuii kadenpoit < g / Abnees P.I'.

JlonoaHeHus: 1 U3BMEHEHUs], BHECEHHBIE B pad0UyI0 MporpaMmy JTUCHUILIMHBI,
YTBEPKJICHbI Ha 3aceaHuu Kadeapbl: OOHOBIEHBI OMJIETHI U CIIMCOK MCHOIb3YEMOM
muteparypsl. IIporokon Nel7 ot «15» urons 2018 r.

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

JlomonHeHus: ¥ U3MEHEHUs, BHECEHHbIE B pa00UyI0 MPOrpaMMy AUCIUIUIHHBI,
yTBEpPXKIEHbl Ha 3acelaHu Kadenpbl: OOHOBJIEHBI OWJIETHI UM CHHUCOK
MCMOJIb3yeMOM JIuTepaTypbl NpoTOKOJI Ne 28 ot «15» mas 2019 r.

W.o.3aB. kadenpoii V%/»@ / borkun A.B./

JlomonHeHUs] ¥ U3MEHEHUs, BHECEHHbIE B pa004yI0 MPOrpaMMy AUCIUIUIHHBI,
YTBEPXKJIECHbl Ha 3acelaHuu Kadelapbl: OOHOBIEHBI OWJIETBI U  CIIMCOK
UCIoiab3yeMoi urepatypsl npoTokos Ne 10 ot «13» suBaps 2020 r.

N.o.3aB. kadeapoii / CautoB P.1./




CrH1COK JOKyMeHTOB U MaTepuasioB

1.TlepeueHb TUIAaHUPYEMBIX Ppe3y/lbTaTOB OOyueHHs TI0 AWCLUATIIMHE,

COOTHECEeHHBIX C TUIAHHPYeMBbIMU pe3y/bTaTaMi 0CBOeHHsI 00pa3oBaTebHOMN

MpOrpaMMbl

2. MeCTO AMCIUIIMHBI B CTPYKTYpe 00pa30BaTeIbHON MPOTrpamMMBbl

3. Coziepkanre paboueii mporpaMmbl (00beM AUCHMIVIMHBI, TUMbl U BU/bI

yueOHBIX 3aHATHH, yueOHO-MeTOoAWYeCcKoe obecrieueHHe CAMOCTOSITeTbHOM

paboThI 00yJarOITMXCS)

4. ®oHJ, OL[EHOYHBIX CPE/CTB 10 AUCLIUTIINHE
4.1. TlepeueHb KOMIIETEHLMM C yKa3aHWeM 3TaroB uX (OpPMUpPOBaHUS B
mpoijecce  ocBoeHWs:  oOpa3oBarenbHOM  TporpamMmbl.  OmmcaHue
roKas3aTeslell W KPUTepPUEeB OLIeHWBaHWS KOMIETEeHLMM Ha pas3/InuHbIX
3Tanax ux (OpMUPOBaHUS, OTMCAHUE 11IKaJl OL|eHUBaHUs
4.2. TuroBble KOHTPO/bHBIE 3a/IJaHUST UK WHbIE MaTepUasIbl, He0OX0[UMbIe
/11 OLIEHKW 3HaHWM, YMEHWM, HaBbIKOB M ONbITa [1eSTeIbHOCTH,
XapaKTepU3yolIUX STanbl (OPMUPOBAHUSI KOMIIETEHI[MM B TpoLjecce
oCcBOeHMs 00pa3oBaTe/bHOM TporpamMMbl. MeToauueckrie Marepuasbl,
onpejie/iAIOIIMe TIPOLielyphl OLIeHUBAaHWS 3HAHWM, YMEHWM, HaBBIKOB U
onbITa  JeATe/NIbHOCTH, XapaKTepU3yHIIUX 3Tambl  (OPMUPOBaHUS
KOMIeTeHLUM1
4.3. PeHTHHT-TI/IaH AUCIUTUIMHBI (TIPY HeOOXOANUMOCTH)

5. YuebHo-MeToANUeCKOe U MH(MOpMaI[MOHHOe obecrieueHre TUCIUTUIAHEI
5.1. TlepeueHb OCHOBHOW U [OTIOJIHUTE/NBLHOW Y4yeOHOW JIUTepaTyphl,
HeoOXoAMMOM /i 0CBOEHUST TUCIUTIAHEI
5.2. [lepeueHb pecypcoB HWH(POPMALIMOHHO-TE/IEKOMMYHHUKAIL[MOHHOM CEeTU
«/IHTepHeT» M MPOrpaMMHOTO o0ecrieueHus, HEOOXOJUMBIX /11 OCBOEHHS
JUCLIUTIIUHBI

6. MarepuanbHO-TeXHUUecKasi 0a3a, HeobxomuMasi [/ OCYI[eCTBJIeHHUS

obpa3oBaTe/IbHOTO TIpoliecca Mo JUCIUTIIMHE
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1 ITepeyeHb MUIAHUPYEMBIX Pe3y/IbTAaTOB 00yUeHHs M0 AUCIUILINHE,
COOTHECEHHBIX C IVIAHUPYEMBIMH Pe3y/IbTaTaMH 0CBOEHHSA
o0pa3oBare/IbHOU NPOrpaMMbI

B pe3ynbrare ocBoeHMsi 0Opa3oBaTenbHOM MPOTrpaMMbl OOYYaOLIMIACS [O/DKEH OBJafeTh
CJIeYIOLVMH pe3y/ibTaTaMy 00y4eHus 10 JUCLUTIIHE:

®dopmupyemast
Pe3ynbrarsl 00yueHus KOMIIeTeHLUs [pumeuaHue
(c yka3aHueM Koja)
3HaTh COBpeMeHHbIe MeTO/IbI texunueckoit | 1IK-5 - CnocobHocTb
TIPUHUMATh YaCTH B
JUarHOCTUKA U Hepa3pyLIAIUX MeTOZ0B pg60Taxa o yp‘:lccqeiy "
KOHTPOJIA. HpeACTaB]IHTb K]I&CCI/ICDI/IKEILII/HO MPOEKTUPOBAHUIO ,EI;ETaJIeﬁ u
METOZIOB ~ Hepa3pyILIalliero KOHTPOAS ¥ | Y3/710B MAaLIMHOCTPOUTE/BHBIX
NPUHIOUITEL  AeHCTBUsS TpHOOpoB st mx | KOHCTPYKOWKU B COOTBETCTBHH
e A T3aI TN C TEXHUUYECKUMH 3a/IaHUSIMUA U
p 0 HUCTIO/Tb30BaHKEM
CTaHJAPTHBIX CpeZCTB
aBTOMAaTHU3aLix
TIPOEKTUPOBAHMUSL.
cBOiicTBa M xapakTepucTuku MatepuanoB u | HK-15 - ymeHueM mpuMeHsTh
N | MeTofbI CTaH/IapPTHBIX
37IEMEHTOB ~ KOHCTPYKLMH M COOPYXKeHHH, | -0 o OHpe,ELe}l'IJEHI/I}O
NpOCTeHIMX ¥ Oosee  CHIOKHBIX  BUAAX | (hy3iKO-MeXaHHUECKHX
neopMaliii 37IEMEHTOB M KOHCTPYKIMM W | CBOMCTB U TEXHOTOTHUECKHX
COODY)KeHHH, MeTOAbI pacueTa 31eMeHTOB u | MOKA3aTe/en  HCIIO/b3yeMBIX
M MaTepuaJoB U TOTOBBIX
KOHCTPYKLVIH. W3 eTHiA
YMeThb NpaBU/IBHO BBIOpaTh TOT WM MHOW Metop | 1IK-5 - Crioco0HOCTh
KOHTPOMS ~ [Ji1  JMarHOCTHKM  COCTOSTHUS ggglgg}:{(ﬂb o y;‘:g{l’égy 3
Harpy>XeHHbIX ,B;ETaJIef/i n 3/IeMEeHTOB MPOEKTUPOBaHHIO ,ELETaJTEI‘/'I u
KOHCTPYKIMM C YYeTOM OTBETCTBEHHOCTH | Y37I0B MAIIMHOCTPOUTE/BHBIX
KOHCTPYKLJMM W 9KOHOMHUECKMX acriekTop | KOHCTPYKIMM B COOTBETCTBMM
C TEXHUUYECKUMHU 3a/laHUsIMU U
TIPOBe/IeHUs] TUAarHOCTUKHU HCTIONb30BAHIEM
CTaH/IapTHBIX CpeJCTB
aBTOMaTHU3aLvu
TPOEKTUPOBAHHUSI.
TIPYMEHSITh 10/Ty4eHHbIe 3HaHus 1o MexaHuke | IIK-15 - ymMeHHeM NpUMeHSTh
nedopMHUpyeMOro TBepZOro Tena (Teopuil | MeToZbl CTaH/IapTHBIX
[7IaCTUUHOCTH,  TION3yUeCTH,  MeXaHUKHU | UCIMBbITAaHUN IO OmpefeseHrto
pa3pylLlieHus)) TPU W3y4YeHWH JUCLUIUIMH | (DU3UKO-MeXaHUdeCKUX
npod)eCCUOHAIBHOTO [UKJIA. CBOMCTB M TEXHOJIOTUYeCKHX
rokKasaresnielf  MCIOJIb3yeMbIX
MaTepuajoB W  TOTOBBIX
u3emi
Bragetsb ONBbITOM  MpoBeAeHusi  Hepaspyuarouiero | I1K-5 - CriocobHOCTD
KOHTPOJIS MarepHuasoB MeTOJaMH | TIPUHUMAThb yuacTtue B
(HaBBIKY / OMIBIT COBpEMeHHOM JNarHO CTUKH, paboTax Mo  pacuety U
AesITeIbHOCTH) CIOCOOHOCTh CaMOCTOSITE/TBHO KCIIO/b30BaTh | NIPOEKTUPOBAHUIO JleTaneld U

TeXHUUeCKre CpeacTtBa [Aj1d HW3MEpeHUuda U

Y3/10B MalllMHOCTPOUWTE/IbHBIX

KOHTPOJIS OCHOBHBIX rapamMeTpoB | KOHCTPYKLMH B COOTBETCTBUH
TEeXHOJIOTUUeCKUX IIPOLIeCCOB, CTPYKTYPbl U | C TeXHUYECKUMHU 3a[jaHUSIMU U
CBOWCTB MaTepuajoB M WU3feNdd U3 HUX, | UCIIOIb30BaHHUEM
I/IaHUPOBaHUsl U peanu3aliuy UCCAe[0BaHUM | CTaH[ApTHBIX CpeAiCTB
1 pa3paboTok aBTOMAaTHU3aLu1
[IPOEKTUPOBAHUSL.
MEPBUUHBIMY ~ HaBbIKaMH ¥ OCHOBHbIMH | IIK-15 - ymeHueM NpUMeHSITh
MeTOJaMH  KODPEeKTHOM  MareMaTUu4eCKOWU | MeTOZbl CTaH/apTHBIX

TOCTAHOBKM U pellleHus] 3aJad MeXaHUKU
nedopMUpyeMOro TBEPZOro Teja; HaBbIKaMU
pacuera  3/IEMEHTOB KOHCTPYKIMA U
COOPY’>KEHHUH C yueToM sIB/IeHW M0JI3y4eCTH U
T/IACTUYHOCTH 1e)OPMHUPYEMBIX TBEPABIX TeJl

WCIIBITAHUH TI0 ONpefiesleHHIo
(hu13MKo-MexaHUYe CKIX
CBOMCTB M TEXHOJIOTUYeCKHX

rokasaresnefi  MCI0J/Ib3yeMbIX
MaTepuasoB U TOTOBBIX
H3[e/ui




2 Iles1b ¥ MeCTO AMCHMILIMHBI B CTPYKType 00pa3oBaTe/IbHOM MPOrpaMMbI

Llenbio mperiofiaBaHus AUCIUTUIMHBI SB/ISETCA peanu3anust TpeboBaHui, ycraHosieHHBIXx B @T'OC BO. IlpenogaBaHie
CTPOMTCS UCXO/Is U3 TpebyeMOoro ypoBHS ITOJTOTOBKU CTYIE€HTOB, 00yUarol[HuXCsi 110 JJaHHOMW CTIeIMa/IbHOCTH.

Lenb n3yueHUs: AUCLUIIIMHBI: U3yUyeHWe OCHOB T€OPUM U TOJyueHHe 3HaHUM O BIAUSTHUM KOHCTPYKTHMBHBIX (PAaKTOPOB Ha
pa3BUTHeE KOPPO3UOHHBIX Pa3pyIlIeHUM.

YueOHasi IUCLUTIMHA «XUMUUeCKOe COTIPOTUB/IEHHEe MaTepUasioB U 3allfuTa OT KOPPO3UM» OTHOCUTCS K AUCLIMTIIMHE T10
BbIOOpPY — b1.B.1./1B.5

[1711 OUHOTO OTAEeIeHUs:

HucuunuivHa ulydaeTcs Ha 4 Kypce B 7 cemecTpe.

17151 3a04UHOT0 OT/Je/IeHUs:

JucryruiiHa u3ydaeTcsd Ha 5 Kypce B 5 cemecTpe.

711 0CBOEHMSI TUCIUMTUTMHBI HeobxonruMa KomreTeHIu OK-7, copMupoBaHHbIe B paMKaX W3yueHHs C/IeAYIOL[UX

NUACLUILIVH:

N3 Kypca « PusukKa»

3HaHUs: PU3MKO-MexaHuueCKye CBOKWCTBA TBeP/bIX TeJl, Macca Teja, CU/a, BeC U HeBeCOMOCTb, CUJIa YIIPYrOCTH, CUJIa
TpeHUsl, KUHeTHYeCKasi ¥ MoTeHLUa/ibHasi paboThl, TeMIieparypa.

YMeHusi: MpOM3BOAUTH pacyeTbl U U3MepPEeHUsI 0CHOBHBIX (PU3MKO-MeXaHUUeCKHUX CBOWCTB BEILeCTB

Hasbiku: onpefenenve ¢py3nyecKux U (PU3MKO-MeXaHUYeCKUX CBOMCTB KOHCTPYKLIMOHHBIX MaTeprasioB.

N3 kypca «Xummsa»

3HaHusi: ATOMHO-MOJIEKY/ISIDHOE yueHHe. ArperaTHble COCTOSIHUS BeljeCcTB. CKOPOCTb XUMUYeCKUX peakuy. CTpoeHue
aTOMOB U MOHOB. OKHUC/TUTeTbHO-BOCCTAHOBUTE/IbHBIE PeakLiK. KHUC/I0ThI, MeTaslibl, HeMeTaJlJIbl U UX OCHOBHbIE CBOMCTBA.

YMeHusi: cocTaB/ieHre YpaBHEHUM OKUC/IUTe/TbHO-BOCCTAHOBUTETBbHBIX PeaKLUNn.

3HaHusi: onpefieJieHUe XUMUYEeCKUX CBOUCTB KOHCTPYKLIMOHHBIX MaTepuaioB



3 Copep:xaHue paboueil mporpamMmal (00beM JUCHMIUIUHBI, TUNBI U BUABI y4eOHbBIX 3aHATHI, yUeOHO-MeToJuYecKoe
o0ecrneyeHne CaMOCTOSATE/IbHON PabOTHI 00yUAKOIIUXCSH)

Conep>kanue paboueii iporpamMmmsl rpezicTaBiaeHo B [Tpunoxerun Ne 1.

4 ®oHJ OLeHOYHBIX CPeACTB M0 JUCLUIIMHE

4.1. ITepeyeHb KOMINeTeHLUM C yKa3aHUEM 3TanoB (ypoBHel) ux ¢opMHUPOBaHUA B MpoLecce 0CBOCHUA
od0pa3oBare/IbHOM NMporpaMmbl. OnMcaHue NMOKa3aTe/leld H KPUTePUEeB OLleHUBAaHHUs KOMIIETeHIMI Ha Pa3/THYHbIX
jTanax ux ()OpMHUPOBAHUSA, ONIUCAHHE KA/ Ol[eHUBaHUSA

[TK-15 - yMeHHeM NpUMEHSTb METO/bl CTaHAAPTHBIX WCIBITAHWUM IO ONpefeeHUI0 (U3MKO-MeXaHUUeCKHUX CBOMCTB U
TEeXHOJIOTMYECKUX BbIHOC/IMBOCTb C YYETOM SIBJIEHWU IJIACTUYHOCTU U M0JI3y4YeCTH; MeTOAbl pacueTa 371eMeHTOB U KOHCTPYKLIUU
Ha TPeLMHOCTOUKOCTh C IPUMEHEHUEM JIMHEMHOU MeXaHWKM pa3pylleHus. IoKa3aTresen UCI0/b3yeMbIX MaTepraioB U TOTOBBIX

y3zemimn

Jrar, ypoBeHb [Tnanupyemsblie Kputepuu olleHMBaHYs pe3y/IbTaToB 00yueHust
OCBOEHUS pe3y/bTaThl 00yueHus
KOMITeTeHL[H (mokazarenu 2 3 4
JOCTM)XeHUs 3a/laHHOTro («He 5 («OtmuHO»)
(«YnoBneTBOPUTETHEHO») («Xopor110»)
YPOBHSI OCBOEHUSI YZOB/IETBOPUTE/ILHON )
KOMIIeTeHI[1H)
ITepBblii 3Tan 3HaThb! dparmeHTapHbIe Henonxele npezcrasnenue o | CchopMupoBaHHbIe, Ho | CdhopmupoBaHHbIe
CBOMCTBa Y | mpeAcTaB/ieHHdsT O BUJAxX | BUjax JedopMaliuy | cofepskalljie OTZAe/bHbIE | CHCTeMaTHuecke IIpe[CTaB/eHus
IMoporossii XapaKTepUCTUKH nedopManyy 371eMeHTOB U | 3/IeMEHTOB UM KOHCTPYKUWH, | mpobenbl B 3HaHMM O | O BUZAx JedopMaLiy 57IeMeHTOB U
YPOBEHb MarepHasioB Y | KOHCTPYKLMM, CBOWCTBA M | CBOWCTBA M XapaKTepHCTHKH | BHAAX JedopMaLuy | KOHCTPYKLWH, CBOICTBa "
3/1eMEHTOB XapaKTepUCTUKU MarepuajoB W  3JIeMeHTOB | 3/IeMEeHTOB Y | XapakTepUCTUKHA MaTepuasoB W
KOHCTPYKLMH U | MaTepyaloB U 3/eMeHTOB | KOHCTPYKLMI U COOPY)KeHHUH, | KOHCTPYKLUH, CBOMCTBA U | 571€eMEeHTOB KOHCTPYKLUI "
COOPY>KeHHH, KOHCTPYKLMH Y | MeTozbI pacueTa /1eMeHTOB U | XapaKTepUCTUKU COOpY)KeHHH, MeToAbl pacueTa
npocTediMx U 0Oosee | COOPY>KeHUH, MeTO/bl | KOHCTPYKLMI. MaTepuasoB U 371eMEHTOB | 3JIEMEHTOB U KOHCTPYKLIMHA.
CJIOXKHBIX BUZIaX | pacueTa 3JeMeHTOB U KOHCTPYKLMH u
JedopMaLiuy 371IeMeHTOB | KOHCTPYKLMH. COOpY>KeHHH, MeTO/bI
W KOHCTPYKIMH U pacueTa 37eMeHTOB U
COOPY>KeHHH,  MeTOZbl KOHCTPYKLH.




pacueTa 3/IEMEHTOB U

KOHCTDPYKLMIA.
Bropoii sTan YMeTb: He rokaseiBaeT | dparmMeHTapHOe ymenue | B menom ycremHoe, Ho | ChopmypoBaHHOe ymeHue
NIPUMeHsTh | c(OPMUPOBaHHbIE YMEHHS | TIPUMEHSITh HEKOTOpbIe | He CUCTeMaTu4ecKoe NpUMeHsIeT TIOy4YeHHble 3HaHUS
bazoBbii TO/IyYeHHble 3HAHMS M0 | IPUMEHATh T[O/yuyeHHble | MOMydyeHHble  3HaHWA 10 | YMeHHe TIPUMEHSIeT | TI0 MeXaHuKe /le)OpMUPYeMOro
YPOBEHb MeXaHHKe 3HaHUS TI0 MeXaHuKe | MeXaHuKe [JedopMupyeMoro | GOBIIMHCTBO TBepZ0ro Tesa (Teopuit
ZedopmMupyeMoro JedopMupyemMoro TBepioro  Tena  (Teopuil | MOyYeHHBIX 3HAHUS M0 | MJIACTUYHOCTH, T0/I3y4eCTH,
TBepZloro Teja (Teopuil | TBepAoro Tena (TeOpuil | MJIACTUUHOCTH, TIOA3YYeCTH, | MeXaHHKe MeXaHUKU  paspylleHus)  IpH
MJIACTUYHOCTH, IJIACTUYHOCTH, MeXaHUKH paspylleHusi) Nnpu | gedopmupyeMoro H3y4eHUU JUCLIATIIMH
MO/A3y4YeCT, MeXaHWKU | MO/I3y4ecTH,  MeXaHUKU | U3y4YeHUU JUCLMIVIVH | TBepforo Tesna (Teopud | mpogeccMoHaIbHOTO LIMKIIA.
paspylLLeHus) TIpY | paspylleHus) 1py | npodeccroHaNBHOTO LKA, IJIACTUYHOCTY,
V3yYeHWH [JUCLUIUVIMH | U3y4YeHUU JOUCLIATIIVH MOJI3yUeCTH,  MeXaHUKU
nipodeCcCHOHAIBLHOTO ripod)eCCHOHATBHOTO paspylLLeHUs) npu
LIMKJIA. LIMKJIA. H3y4eHUH JUCLIATIIAH
npogeCCUOHAIBHOTO
LUKJ/IA.
Tpetuii sTan B/afleTb: IepBUYHBIMU | PparmeHTapHOe B nesioMm ycrersoe, HO B unemom ycnemHoe, HO | YcrmemHoe W CcUCTeMaTH4yeckKoe
HaBbIKAMU U | BlaJleHWe TIepBUYHBIMU | He CUCTeMaTUyecKoe cofiepkalliee  OTZe/IbHbIe | NPUMeHeHHe HaBBIKOB U OCHOBHBIX
INoBbIIIeHHBIN OCHOBHBIMM ~METOZIaM{ | HaBBIKAMM W OCHOBHBEIMH | IDUMEHEHWe  HAaBBIKOB U | MpoGesibI NIpUMeHeHHe | MeTOZ0B KOPPEKTHOU
YPOBEHb KODPeKTHO¥H MEeTOJaMH  KODPEeKTHOW | OCHOBHBIX METOZIOB | HABBIKOB W OCHOBHBIX | MareMaTH4eCKOH II0CTaHOBKU M
MaTeMaTuyeckou MareMaruyeckon KOPPEKTHOM MaTeMaThyecKol | MeTOoZ0B KOPPEKTHOH | pelleHus 3aja4 MeXaHUKU
TIOCTAHOBKM U pellleHUs | MOCTAaHOBKW U pelleHMs | OCTaHOBKA W pellleHus | MareMaTHuuecKon neopMHUpyeMOTo TBepJOro Tena;
3aja4 MeXaHWKH | 3ajau MeXaHWKM | 3ajau MeXaHWKU | ITIOCTAHOBKU U pellleHHs | HaBbIKAMU  pacyeTa 3/1eMEHTOB
ZedopmMupyeMoro JedopMupyemMoro JepopMUpyeMoro TBeporo | 3ajad MeXaHUKM | KOHCTPYKIIMA U COOpY)KeHuil c
TBEpZ0ro Tesa; | TBEPZAOIO Tesa; HaBbIKAMM | Tejla; HaBbIKaMM  pacueTa | AedopmupyeMoro yUeToM SIBJIeHMHM TIO/I3y4ecTH |
HaBbIKAMU pacuera | pacuera 3/IeMEHTOB | 3/IeMEHTOB KOHCTPYKLIMM U | TBepzoro Tesja; HaBbIKaMH | IJIaCTUYHOCTH  Jle()OpPMHUPYEMBbIX
3/1eMEHTOB KOHCTPYKLUA U | COOpY>KeHUH C  yd4eTOM | pacyera 3/IEMEHTOB | TBepPZbIX TeJsl
KOHCTDPYKIAH U | COODYKeHH{ C y4eToM | sIBJIeHMH  TION3yYeCTH U | KOHCTPYKIMA u
COODY)KEHHM C YyueTOM | SIBleHMH T0/3yuyecT U | IJIACTUYHOCTU COOpDY)KeHHH C y4eToM
SBJIEHUM TI0/I3yuyecT M | TUIaCTUYHOCTH JedopMHUpyeMbIX — TBEpPABIX | SIBIEHWM II0/3y4ecTH |
M/IaCTUYHOCTH e opMUpyeMbIX TeJl TJIACTUYHOCTHU
Ze(opMUpyeMbIX TBepP/bIX Tell , HO JomnyckaeT | fehopMUpyeMbIX

TBEpAbIX TeJl

3HAUUTE/ILHBIE OIIMOKU

TBepAbIX Tesl




[MTK-5 - crmocobGHOCTBbIO TIPUHMMAaTh ydacThe B paboTax 110 pacueTy U TIPOEKTHPOBAaHHWIO JeTajel W  y37I0B
MAaIlIMHOCTPOUTE/IbHBIX KOHCTPYKIIMM B COOTBETCTBUM C TeXHWUYECKHMMH 3a/IaHUSIMA Y MCI0J/Ib30BaHHWEM CTaH/ApTHBIX CpPe/CTB
aBTOMAaTU3aLUu TIPOEKTUPOBaHUSA

Orar, [Tna"vpyemMble pe3y/bTarhl KpuTepuu oLleHMBaHHUsI Pe3y/IbTaToB 00y4eHuUs
YPOBEHb obyueHwst
OCBOEHHUs (mokaszarenu J0CTHKeHUS 2 3 4 5
KOMITeTeHL[UM | 3aJaHHOIO ypOBHs ocBoeHUs | («He y/0B/I€TBOPUTEIBEHO») («YnoBneTBOpUTE/IBEHO») («Xopor110») («OTmuHO»)
KOMIeTeHI1H)
[TepBblii 3Tan | 3HaTH: Nmeet ¢parmenTapHble | B L|eJIOM 3HaeT 0 | 3HaeT OCHOBBI O COBPEMeHHbIX | 3HaeT OCHOBbI COBpPEMEHHBIX
COBpeMeHHbIe METObl | 3HAHUSI O COBPEMEHHBIX | COBPeMEeHHBIX MeToZiax | MeTojax TeXHUYEeCKO! | MeTozax TeXHUYeCKON
[ToporoBelii | TEXHWYECKOH /[UarHOCTHUKU | MeTozax TeXHUYEeCKON | TeXHUUECKOM [UarHOCTMKM | JUarHOCTUKHU Y | AUarHOCTUKU u
yPOBEHb ¥ Hepas3pyLIalIIX MeTOJ0B | AUarHOCTHKH U | ¥ Hepa3pyLIalwluX MeTO/I0B | Hepa3pylUaroliux MeTOZI0B | Hepa3pyllaroIruX MeTOZI0B
KOHTposi.  IlpescTaBniATh | HepaspylIalOLMX MeTOJOB | KOHTpond.  IlpeAcTaBnATh | KOHTPOJSL. [pexncTaBasTe | KOHTPOIS. IpexcraBnsTs
KJIaCCU(UKAIMI0  MeTOJ0B | KOHTpons.  [IpeAcTaBnsaTh | KnacCUGUKALMIO  METOZOB | K/IaCCU(PUKALIIO MeTO/I0B | K/IacCU(UKALUIO MeTO/0B
HepaspyLIarolllero KOHTPOJIs | KJacCU(UKALMI0 — MeTOZOB | Hepaspyllalolljero KOHTPO/s | HepaspylIaroliero KOHTPOJs W | HepaspylLAollero KOHTPOIs U
W TIpUHOUNObI  [eliCTBUs | Hepas3pylIaloIero KOHTPO/sS | M1 TNpPUHLMNBl  JelCTBUs | TIPUHLMIIBLI JeliCTBUsSI IPUOOPOB | MIPUHLMIIEI AefcTBUs NMPpHUOOPOB
npubopos Jib) 61 X | 1 TOpUHUMIBL  fleiicTBUs | pubopoB st WX | AJI1 WX  peajusalldd, HO | AJIS MX peanusaliuu
peanu3anyu nipubopos ISt VX | peanu3anu JOTyCKaeT He3HauuTe/bHble | U UX CPeJCcTBaxX NpUMeHeHHe B
peanu3anyu s HO [IOTMyCKaeT | OIIMOKU ripodeccroHaNBEHON
3HaUYUTeNbHbIEe OIIHOKH JleSITeIbHOCTH
Bropoli sTan | ymeTs: He MOKasblBaeT | Ymeer [IPUMEHSTh | YBepeHHO IIpUMeHsieT | YBepeHHO [IpUMEHseT
NpaBU/IBHO BBIOpaTh TOT | C)OPMUpPOBAHHBIE YMEHUs | HEKOTOpbIe ToJIy4YeHHble | OOJBLIMHCTBO TIO/Iy4YeHHBIX | IOJIy4YeHHble 3HaHUS 110 BbIOOpY
Ba3zoBbiii WIM WHOW MeTOf KOHTPOJsl | BbIOpaTb TOT WM WHOMW | 3HaHWS 10 BBIOODPY TOTO WM | 3HAaHWs MO BBIOODY TOrO WM | TOTO W/IM  HMHOTO  MeTofa
yPOBEeHb JJist [JMarHOCTUKYU | MeToj, KOHTPOJIS [ | MHOTO MeToJia KOHTPOJISl /Il | MHOTO MeTofa KOHTPO/st /sl | KOHTpOJs /Il JMarHOCTHKH
COCTOSIHUSI ~ Harpy’keHHbIX | JUarHOCTUKU COCTOSIHUS | IMarHOCTUKU COCTOSIHUS | JUarHOCTUKU COCTOSIHUSI | COCTOSIHMS Harpy’keHHbIX
JeTajeli U 37eMEHTOB | HaTPY)KeHHBIX [leTa/llell ¥ | HarpyKeHHbIX JeTajed U | Harpy)KeHHBIX  [leTajiell W | JeTaneit u 3/IeMEeHTOB
KOHCTPYKIIMA C  y4eToM | 3/IeMeHTOB KOHCTPYKLUWN C | 371eMeHTOB KOHCTPYKL[MM C | /IeMEHTOB  KOHCTPYKUMH  C | KOHCTPYKLMA d y4eToMm
OTBETCTBEHHOCTH YUeTOM  OTBETCTBEHHOCTH | yUeTOM  OTBETCTBEHHOCTU | yYeTOM OTBETCTBEHHOCTH | OTBETCTBEHHOCTH KOHCTPYKLUH
KOHCTPYKLMIN Y | KOHCTPYKLWH Y | KOHCTPYKLIUH Y | KOHCTPYKLUWH ¥ S5KOHOMHUECKUX | © SKOHOMHMYECKHX aCIleKTOB
5KOHOMMUYECKMX  acleKTOB | SKOHOMMUYECKHX  acleKTOB | 5)KOHOMUYeCKHUX  acCleKTOB | acleKTOB TIPOBe/leHNs] | TIPOB
TIPOBeZIeHUs] IMarHOCTHKH TIPOBEZIEHUSI IMAarHOCTUKH TIPOBeZIeHUs] IMarHOCTHKH JMarHOCTUKHU e/leHUsl IUarHOCTUKU
Tpetuii sTan | BazeTs: He Bnageer mnepBuuHbiMM | Brazgeer MepBUYHBIMU | YBEDEHHO ucrnosne3yer | Bnageer [1epBUYHBIMU
OITTBITOM TIPOBeZleHNs] | HaBBIKAMHU u OTTBITOM | HaBBIKAMHU u OTBITOM | TIePBUYHBIE HABBIKM W OIBIT | HaBBIKAMH u OTTBITOM
[ToBbIIIeHHBI | Hepa3pYLIAOIero KOHTPOJsl | TIPOBefieHUs TIPOBe/IeHUsI TIPOBeJieHusT Hepa3pyLIAloIIero | MpoBefeHHs] Hepas3pyllaroliero
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1 ypoBeHb

MarepHasoB MeToJaMu
COBpPEMeHHOM! ANarHOCTUKH,
CrOCOOHOCTh
CaMOCTOSATENTBHO
WCIIO/B30BaTh TeXHUUYECKHe
cpefcTBa I/l M3MepeHus: U

Hepas3pyIIaroIero KOHTPosIs
MarepuaioB MeToZaMH1
COBPEMEHHOM /IMarHOCTHKH,
CII0COOHOCTD
CaMOCTOAATE/ILHO
HCIIONBL30BaTh TeXHUUeCKHe

KOHTPOJIS OCHOBHBIX | CPeZCTBA JjIsI U3MepeHusi U
rapameTpoB KOHTPOJIA OCHOBHBIX
TeXHOJIOTHUe CKUX rapamMeTpOB

MPOLIECCOB, CTPYKTYPbl ¥ | TEXHOTOTMYeCKUX

CBOMCTB  MaTepHasioB M | TIPOLIECCOB, CTPYKTYphl H
W3eni u3 HUX, | CBOMCTB  MarepuajioB U
TJIAHUPOBaHUS U | u3genuit u3 HUX,
peanu3alUy HKCC/Ief0BaHUM | IJIaHUPOBAHUS u

1 pa3paboTok

peanu3aluM  UCCJe0BaHU
1 pa3paboTok

Hepa3pyIIaoIiero KOHTPOJIs
Marepuaios MeToJaMu
COBPEMEHHOM [JUarHOCTHKH,
CriocobHOCTh
CaMOCTOATE/ILHO
HCII0/IL30BaTh TeXHUYECKHe
Cpe/iCTBA /i1 U3MEpPEeHusi U

KOHTPOJIs OCHOBHBIX
rapameTpOB
TEXHOJIOTUUeCKUX
NIPOLIECCOB,  CTPYKTYPbl |
CBOWCTB  MarepuajioB |
W3eii u3 HUX,
TJIaHUPOBAHUS u

peanu3alui  UCC/e0BaHUM
Y pa3paboTok

KOHTPOJIS MarepuaoB
MeToJaMu COBpEMeHHOM
[MarHOCTHKH,

CIOCOOHOCTE  CaMOCTOSITENTBHO
WCIIONTb30BaTh TeXHUUeCKHe
cpeicTBa Uil U3MEpeHUs U
KOHTPOJISt OCHOBHBIX
I1apaMeTpoB  TeXHOJIOTHUEeCKUX
MpOLIeCCOB,  CTPYKTYpbl |
CBOMCTB MaTepuasoB U U3zenuit
U3 HUX, IUIAHUPOBaHUS W
peanv3alii  UCC/IEIOBAaHUN U
pa3paboTok

KOHTPOJIS MaTepraoB
MeToaMu COBpEMEeHHOM
[MarHOCTHKH,

CroCOOHOCTE  CaMOCTOSTENTBHO
WCIIOTb30BaTh TeXHUUeCKHe
cpefcTBa Uil U3MEpPEeHUsT U
KOHTPOJIA OCHOBHBIX
rapaMeTpoB  TeXHOJIOTHUECKUX
MpOLIECCOB,  CTPYKTYpbl |
CBOMCTB MaTepuasoB U U3fenui
W3 HHUX, IUIaHWPOBaHUS MU
peanu3alii  UCC/IEIOBAaHUN U
pa3paboTok

[ITkanbl OLleHUBaHUSA /11 SK3aMeHa:

oT 45 10 59 6aIoB — «yIOBIETBOPUTETHHOY;
oT 60 10 79 6anioB — «XOpOLIO»;

ot 80 6an/IoB — «OTTUUHO».




4.2TunoBblie KOHTPOJ/IbHbIE 3d/1ldHUA UJIN HUHbIE€ MdTepHUdJlbl, HEOﬁXOﬁ[l/leIe

JJ/IF OIJ€HKH BHBHHﬁ, YMEHHﬁ, HaBBbIKOB " OIIbITA AeATe/IBHOCTH,

XapaKTepu3yH InMX 3Tanbl ()OpMHUPOBaHUS KOMIIeTEeHI[MH B MpoLecce
0CBOeHHsI 00pa3oBaTe/IbHOI NMporpaMMbl. MeTojuueCcKre MaTepuasibl,
onpeje/silolye NMpoLesypbl OLleHHBaHUS 3HAHUH, YMeHU, HABbIKOB 1
ONbITa AeATEe/TbHOCTH, XapaKTepPU3yIIIMX 3Tanbl ()OpMUPOBAHUSA

KOMIIeTeHI{UU
JTalbl PesynbTarel 00yueHust KomneTen1jus OueHouHble
OCBOEHHUS Y- y 5 cpezncTBa
1-# aTan COBpeMeHHble MeTofjbl TexHHueckoii auarHoctuku | [IK-5 - CrocoOHOCTb | YeTHblii
TIPUHUMATh ydJacTve B
3HaHus u Hepa3pyLIarLX MeTO/|0B KOHTPOMA. | yaGoray 1o ~ pacuery u | OMPOC
l_[pe/:[CTaBJISITL Kf[aCCI/I(l)HKaLII/H'O MeTO/10B [IPOEKTUPOBAHUIO Ae'raf[ei;l u TeCTUPpOBaHKE
Hepa3pyllalwlero  KOHTPOJIsS U TIPUHLUIBI | y3/I0B MAlIMHOCTPOUTEIBHBIX
JeiicTBYS IPUOOPOB AMIA UX peanu3alin KOHCTPYKLIMI B COOTBETCTBHHU
C TeXHUUeCKWMH 3aJaHHsMHU
u WCTIO/Tb30BaHUEM
CTaHJApTHBIX CpeJCTB
aBTOMaTHU3aLu
TTPOEKTUPOBAHHUSI.
= TIK-12 - criocobHOCTBI0 yuacTBOBaThb
CBOMCTBA M  XapaKTEPUCTHKH MATepUanoB M | ypaGorax mo qosojke i ockoermio
3/IeMEHTOB ~ KOHCTPYKLIMA UM COOPY)KEHHH, | TEeXHONIOrMyecKHX NpOLECCOB B Xoze
v TIOATrOTOBKH ITPOM3BOJACTBA HOBOU
npocTefiiMx U Oomee  CIOKHBIX  BUZAX | npoayKLuu, NpOBEpSITH KAUECTBO
= MOHTa)Xa 1 HaJIaJIKW TPH UCTIbITAHUAX
,ELECI)OpMElL[I/IZI S/IEMEHTOB M KOHCTPYKUMH ¥ | jeraue's sxcnnyarawpmio HoBbx
COODY)KeHMH, MeTOfbl pacueTa 37€MEHTOB U | OOpasLoB W3je/nii, y3/I0B 1 feTasel
o BBIITYyCKaeMOH NPpOAYKIIUA
KOHCTDPYKIWI.
2-i sTan TPaBH/ILHO BBIGPATH TOT WK MHOM MeTog Kontpons | 1IK-5 - CHOCOBHOCTB | YerHbiii
Ymenust JIsT MarHOCTHKA ~ COCTOSHHSL ~ HArpyXKeHHbIx | LPAHMMATh yuacrie B ompoc
A A larpy; pabotax TO pacuety U poc,
AeTaneil ¥ O5/IEMEHTOB KOHCTPYKLMH C yYeTOM | rpoeKTHpOBAHMIO feTajieil u | TECTHPOBaHHe
OTBETCTBEHHOCTH KOHCTPYKLIMM M SKOHOMHYECKUX | y3/I0B MAIIMHOCTPOUTE/IBHBIX
aCreKTOB MPOBe/IeHUsT JUarHOCTHUKU KOHCTPYKIJMM B COOTBETCTBHH
C TeXHUUeCKWMH 3aJaHHsMU
u HCTIO/Tb30BaHUeM
CTaHJapTHBIX CpeJCTB
aBTOMaTHU3aLu
TIPOEKTHUPOBAHHUSI.
TIDUMEHSITh TIOlyueHHble 3HAHUS 10 MeXaHUKe Eg;ég{a )C(Hl?g%%}égzg%}gg%g);}%ﬂ
fiehopmupyemoro TBEPAOTo Tena (reopuii TeXHOJIOTMYECKHUX MPOLIeCCOB B X0/ie
IJIaCTUYHOCTH, To/a3yyuecTH, MeXaHUKHU MOArOTOBKH MPOM3BO/ICTBA HOBOM
pa3pylieHus)  TpA  W3yUeHWM  JUCLIATUIAH | TPOAYKLMH, IPOBEPSITH KAUECTBO
1poheCcCHOHANMBLHOTO HHK/IA MOHTa)Xa 1 HIaZikH TIpU
* HCIBITAHUAX U CAaue B
3KCHHy§TaL[I/I}O HOBBIX o6pa3uo13
nu3aennu, y3]'lpB " aeranen
BBIITyCKaeMOH NPOJAYKIINNA
3-if sTan ONBITOM IIpOBefleHUs1 Hepaspyluaromjero koHrposns | IIK-5 - CrnocobHOCTh | YerHbri ompoc
Biazerme MaTepuasoB MeTozaMHu COBpEMEHHO! | NMpUHUMATh yuacTtue B
an JIMarHOCTHKHY, paboTax TO pacuery u
HaBbIKaMH CMOCOOHOCTD  CAMOCTOSITE/IBHO ~ WCII0JIb30BaTh | TIPOEKTHPOBAHHUIO JeTajed U
TeXHUYeCKUe CpeJiCTBa /JIs1 U3MepeHUs] U KOHTPOJISl | Y3710B MallIMHOCTPOMUTE/IbHBIX
OCHOBHBIX rapamMeTpoB TeXHOJOTMYeCKUX | KOHCTPYKLMM B COOTBETCTBUHU
TIPOIIECCOB, CTPYKTYPhI M CBOWMCTB MaTepHasioB U | C TeXHUUECKUMH 3aJaHUSIMHU
W3[leMi U3 HUX, [UIaHUPOBaHWS M peanv3aluu | U HCIIOb30BaHUEM
WCCe[JOBaHUH 1 pa3paboTok CTaHJAPTHBIX CpeJCcTB
aBTOMAaTHU3aLix
TIPOEKTHPOBAHUSI.

TIePBUYHBIMU HAaBBIKAMU M OCHOBHBIMM METOaMU
KODpPEeKTHOM  MareMaTH4ecKOM TIOCTaHOBKHM U
pellleHUsT  3aZad  MeXaHUKH JedopmupyeMoro
TBEpPJOro Teja; HaBbIKAMH pacyeTa 3/eMeHTOB
KOHCTPYKJM ¥ COOPY)KEHHHM C yueToM SIB/I€HUH
MOM3yuecTd U TJIACTUYHOCTH  /le()OPMHUPYEMbIX
TBepZbIX Tel

TIK-12 - criocoOBHOCTBIO yUaCTBOBATh
B paboTax Io J0BOZIKE 1 OCBOEHHIO
TeXHOJIOTMUeCKUX TPOLIeCCOB B X0/1e
TIOZIrOTOBKH IIPOM3BO/ICTBA HOBOM
TIPOAYKL{MH, TIPOBEPSITH KAYeCTBO
MOHTa’Ka ¥ Ha/laJiKU TIpH
WCIIBITAHUSIX U cflaue B
3KCTITyaTallii0 HOBBIX 06pasiioB
W3/ie/nH, Y3/10B U fieTajlel
BBIIyCKaeMOU MPOAYKLUN
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4.3 PeMTUHT-TVIAH JUCIUTIMHBI

PelTUHr—TI/1aH JUCLIUTUIMHBI TIpe/iCTaB/ieH B IPUIOKEeHUH 2.
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4.3.1 BonipochlI K 3K3aMeHy

OK3aMmeH: OuHOe U 3a0uHoe obyyeHue

Bomnpocs! K 3k3ameHy:

1. OO61re cBefieHUs 0 KOppo3uu MetasioB. [1pobiema koppo3uu. Lens 1 3a-faun
Kypca «X¥MUUYeCKoe COIPOTHB/IeHHe MaTeprasioB. 3aljuTa OT KOppo3uu». TexHUKo-
9KOHOMMWYeCKUH acIieKT KOPpO3UHU.

2. TepMogrHaMUKa 1poLiecca KOppo3uu MeTaslJioB.

3. KuneTuKa rnporiecca KOppo3uu MeTaJljIoB.

4. Kraccudukaimsi KOppo3MOHHBIX MPOLECCOB TI0 YC/I0BUSIM TTPOTEKaHUS.

5. Knaccugukaiiysi KOppo3UMOHHBIX TIPOLIeCCOB 110 MeXaHW3MYy MMPOTeKaHUs U

XapakTepy KOPPO3UOHHBIX TOPaKeHUH.
XuMuyeckasi KOppo3usl MeTalyIoB. YC/I0BHe CIUIOIIHOCTH [JIEHOK MPOJyKTOB
KOPPO3UUY MeTaJslJIOB.

7. TepmoarHaMUKaA BbICOKOTEMITEPAaTyPHOU KOPPO3UH METaJIIoB.
8. AcopO1iyst KMC/IOpPoZia Ha IIOBEPXHOCTH MeTaslja.
9. KuHeTuKa ra3oBou KOppo3vu. YpaBHeHUe JIMHeHOI0 POCTa OKCUAHOU TJIeHKU.

10. KuHeTuka ra3oBoii KOppO3uH. YpaBHeHMe 11apadoIHyecKoro pocTa OKCHIHOMN
TIJIEHKU.

11. KuHeTuHKa ra3oBoM KOppO3uH. YpaBHeHHe JIOrapu(pMUUeCKOro poCcTa OKCULHOU
TIJIEHKHU.

12. BnwusiHve BHYTpPeHHUX (PaKTOPOB Ha CKOPOCTh XUMHYECKOM KOPPO3UH.

13. BnusiHve BHellIHUX ()aKTOPOB HAa CKOPOCTh XMMUYeCKOW KOPPO3UH.

14.  OcCHOBHBIE METO/IbI 3al[UTHI OT ra30BOM KOPPO3UHU.

15.  MexaHu3M 3/1eKTPOXUMHUUECKON KOPPO3UHU.

16. TepmoguHaMKKa 371€KTPOXUMHYECKOW KOPPO3WUH METa/VIOB. DJIEKTPOJHBIE
TIOTeHLMa/Ibl MeTaslyIoB.

17.  Peakijuisi KaTOJHOM JIETIONAPU3AIIUM. YC/IOBHE TIPOTEKAHHs 3/IeKTPO-
XMMUYeCKOH KOPPO3UH.

18. HeobpaTtumble TOTeHIMAIbI META/IOB.

19. KwuHeTuka aHOmHOM peakiuu. [Toka3aTesb CKOPOCTU 371€KTPOXUMUYECKON
peakLuu.

20. KuHeTHKa aHO[HOM peakIi[uu. JHePrus aKTUBaI[UX TIPSIMOTO U 06paTHOTO
riepexo/joB. CKOPOCTb aHOTHOU peaKLuHu.

21. BogopopHas gerosisipyusarys.

22. KucsiopopaHas ferossipusaiiys.

23. [Iuarpamma OBaHca. [losisipy3aliioHHbIe COTIPOTUB/IEHUS. YpaBHEHHUe /1S
pacyeTa CKOPOCTU KOPPO3UHU.

24. TlaccuBHOCTb MeTamn0B. OCHOBHOW MeTOZ, MCC/IeN0BaHUs IaCCUBHOCTHU
MeTasuIoB. [IpakTUueckre CieCTBUS U3yUeHUs TTaCCUBHOCTH.

25. TloreHuuocTraTuyeckass KpyBasi.

26. BnusiHue BHYTpeHHUX (DaKTOPOB Ha CKOPOCTb 3/IeKTPOXUMUYECKON KOPPO3UH.
27.  BnusiHMe aHMOHOB-aKTUBAaTOPOB M KATUOHOB-aKTUBAaTOPOB Ha CKOPOCTH
3JIEKTPOXUMHUUECKOU KOPPO3UH.

28.  BimAHKe aHMOHOB-WHIMOMTOPOB M KaTHOHOB-UHIMOUTOPOB Ha CKOPOCTh
3JIEKTPOXUMHUUECKOU KOPPO3UHU.

29.  BnusiHue KUC/IOTHOCTU CPe/ibl, TeMITepPaTyphbl, JABI€HUsI HA CKOPOCTh
3JIEKTPOXUMHUUECKOU KOPPO3UHU.

30. BimmsiHMe niepeMeIIBaHusl, BO3AeHCTBUS BHEIIHETO 3/IEKTPUUECKOTO TOKA U
paZjaliii Ha CKOPOCTh JIEKTPOXUMHUUECKOU KOPPO3UHU.

31. Mepnl 60ps0BI ¢ KOppo3uelt MeTanoB. Bo3aeiicTBre Ha MeTaslIbI.
Bo3speiicTBre Ha cpeny.

32.  Mepnl 60ps0BI C KOppo3ueli MeTanioB. Bo3geiicTBre Ha KOHCTPYKIHIO.

33. Merannmueckye 3aljydTHBIE MOKPbITHSA. OOIIMe CBe/jeHusl.

34. Meranmueckye 3allUTHbIE TTOKPLITUS. ['ajibBaHUUeCKUe TTIOKPBITUSI.

35. MeTtannuueckue 3allldTHbIe MTOKPLITHS. TepMoarddy3ruoHHbIe TOKPBITUS.

15



36. Hemerta/uMueckue 3aljuTHbIe TTOKPBITUS. HeopraHuyeckue NOKpbITUS.
OkcugvpoBaHue.

37. Hemetannuueckue 3amUTHbIe TOKPbITHA. PocdarrvpoBaHue. JlakoKpacouHble
TIOKPBITUS.

38. Uurubutopsl. Buabl nHrubutopos. BennuunHa 3aiuTHOro s dekxTa.

39. WHrubuTOpHI A/ PACTBOPOB. AHO/HbIE MHTHOUTODBI.

40. Wurubutopsl Ajist pactBopoB. KaTofiHble MHTHOUTODBI.

41. Vuruburtopsl aTMOC(epHOUM KOPPO3UH.

42.  DnekTpoxUMuueckas 3aiiura. KarogHas 3amjyra BHEIlIHUM TOKOM.

43. DnekrpoxuMudeckas 3aujura. [IporekropHas 3aiura.

44,  DneKTpoxUMUuecKas 3aiura. AHOAHas 3alura.

45. Knaccudukaiys HemeTal/InueCKUX MaTepuasoB.

46. OcobeHHOCTU KOPPO3UOHHOTO pa3pyllleHrsI HeopraHuueCKUX MaTe-pUasioB.
47.  OcobeHHOCTH KOPPO3UOHHOTO pPa3pyIlleHUsI OpraHuUeCcKUX MaTepHasoB.

48. MeTtoabl UCC/IeIOBaHUN U OLIEHKM XMMHWUECKOM CTOMKOCTH HeMeTa/lTnue CKUX
Marepuasos.

49. Koppo3WOHHOCTOMKKEe HeMeTa/l/TnuecKre MaTeprasibl Ha HeopraHudeCcKon
OCHOBe.

50.  Koppo3uMOHHOCTOMKHWE HeMeTa/l/TnyeCKrue MaTepuasbl Ha OpraHudeCcKou
OCHOBe.

OO6pa3er| 53K3aMeHaIMOHHOTO OusieTa:

MunKCcTepcTBO 00pa3oBaHus U HaykKu Poccuiickoit denepariyu
depepanbHOE TOCYZApCTBEHHOE OFOPKeTHOe 00pa3oBaTesibHOe yupex/jeHre
BhICIIIEro 00pa3oBaHUst «BallIKUPCKUM rOCy/lapCTBeHHbIN YHUBEPCUTET»
WnxeHepHbI (haKyabTeT
Kadenpa «TexHosornueckye MallliHbl U1 000PYJOBaHKE»

BK3AMEHAIIMOHHEIN BUJIET Ne 1
ITo yuebHOM aucLunMHe « XMMHAYeCKOe COTIPOTHUB/IEHHEe MaTeprasioB U 3alljiTa OT KOPPO3UK»
Hamnpagnenue: 15.03.02 — TexHo/ornueckyie MallliHbl ¥ 000pyJOBaHMe
[Tpodunb: HXUHUPUHT TEXHOIOTMYECKOT0 000pY0BaHUS

1.06mue cBefeHuss O Koppo3ud MeTa/uioB. IIpobGnema kopposuu. Lless u 3agaum  Kypca
«XUMHYeCcKoe COINPOTHB/IEHWe MaTepUasioB U 3alliiTa OT KOPPO3UM»

2.Juarpamma OBaHca. [losigpu3aliiOHHbIe COIPOTUB/IEHWS. YpPaBHeHUe [Jis pacyeTa CKOPOCTH
KOpPpO3UH.

YTBepXKeHO Ha 3acelaHuU Kadeapbl , IpOTOKOJT Ne

(mara)
3aBeayroiuii kKadeapoi

(mogmuce) (®.1.0.)
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MuHucTepcTBO 00pa3oBaHus U Hayku Poccutickoit depepatiiu
depepanbHOE rOCyapCTBEHHOE OFOpKeTHOe 00pa3oBaTesbHOe yupexjeHre
BhICIIero o0pa3oBaHUsl «ballIKUPCKUM roCy/lapCTBeHHbIN YHUBEPCUTET
WnxeHepHbi (akyabTeT
Kadenpa «TexHonoruueckre MalivHbl 1 000py0BaHuE»

BK3AMEHAIIMOHHEIN BUJIET Ne 2
[To yueGHOM auCLUTIIMHE « XUMHUECKOe COTIPOTUB/IEHe MaTepHaioB | 3all[UTa OT KOPPO3UM»
Hanpaenenue: 15.03.02 — TexHo/iornueckye MallliHbl U 000pyJoBaHue
[Tpoduinb: UHXUHUPUHT TEXHOJIOTMYECKOTO 000PY/10BaHUS

1. TepMmoarHaMuKa Ipoliecca KOppo3uu MeTaslloB.
2. ITaccuBHOCTE MeTanioB. OCHOBHOM MeTOZ, HCC/IeflOBaHUs IaCCUBHOCTU MeTallloB.
IIpakTHUueckue c1efCTBUS U3yUeHUs TaCCUBHOCTHU.

YTBeprkJeHo Ha 3acelaHuy Kadeapbl , mpoTokos Ne __
(mara)

3aBenyrouii Kadeapoit

(moamuch) (®.1.0.)

Kpurtepuu oneHku (B 6a/1ax) A/ O4HOTO OT/ie/IEHHA:

25-30 0a/I0B BBLICTAB/ISIETCS CTYAEHTY, €C/IU CTYAEHT Jaj TIoJIHble, pa3BepHYThie OTBETHI Ha BCe
TeopeTHUeCcKHe BOMPOCHI OusieTa, MPOJeMOHCTPUPOBA/ 3HaHKE (YHKLMOHATbHBIX BO3MOKHOCTEH,
TePMUHOJIOTUH, OCHOBHBIX 3J/IEMEHTOB, YMeHHUe [IpUMeHSTb TeOopeTUYeCKue 3HaHWs [IpU
BBITIOJTHEHUHY TIPAKTHUeCKUX 3afaHuil. CTyzeHT 6e3 3aTpyAHeHH OTBETU/ Ha BCe JOTIO/IHUTEe/IbHbIe
BOIPOCHI. [IpakTHUecKasi YacTh pabOTHI BBITIO/IHEHA TIOJTHOCTBIO Oe3 HETOUHOCTel U OLIMOO0K;

17-24 6a/I0B BBICTAB/ISETCS CTYAEHTY, €CJH CTYAeHT pacKpbUl B OCHOBHOM TeOpeTHUeCKHe
BOMNPOCHI, OHAKO JOMYyLeHbl HETOUHOCTU B OMpe/e/leHUH OCHOBHBIX MOHATHM. Ilpyu oTBeTe Ha
JIOTIONTHUTE IbHBIE BOMIPOCHI [OMYyIIeHbl HeOo/bIlre HeTOUHOCTH. [1py BBITTO/THEHUH TIPaKTUYeCKOn
YacTu paboThI JOMYIIeHbl HeCY1[eCTBEHHbIE OLIMOKY;

10-16 6a/I/I0B BHICTAB/SIETCS CTYZEHTY, eC/Id TIPU OTBeTe Ha TeOPeTUUeCKHe BOTIPOCHI CTYIE€HTOM
JIOTYIIIEHO HEeCKOJIbKO CYIIeCTBEHHBIX OIIMOOK B TOJKOBAHWM OCHOBHBIX TIOHATHH. JIorMka u
MIOJIHOTA OTBEeTa CTPAZfalOT 3aMeTHbIMH M3bsSHAMH. 3aMeTHbl Tpo0esibl B 3HAHWM OCHOBHBIX
MeTo[0B. TeopeTrueckue BOIIPOCHI B LIeJIOM M3J/I0KeHbI JOCTaTOYHO, HO C IPOIyCKaMHu Marepuaiia.
VmetoTcsi MpUHLUIMANBHBIE OIMOKY B JIOTHKE TIOCTPOeHUs OTBeTa Ha Bompoc. CTy/[eHT He Pern
3a/lauy W MpU pelleHuH JoIylieHbl rpyOble olnOKY;

1-10 6ansI0B BHICTAB/ISETCS CTYAEHTY, €C/IM OTBEeT Ha TeOpPeTHUeCKHe BOMPOCHI CBH/ETEbCTBYET O
HErNOHMMAaHWU U KpaiiHe HeroJIHOM 3HaHWM OCHOBHBIX TOHATHN U MeTozoB. OOGHapy)KUBaeTcs
OTCYTCTBHE HaBBIKOB IIPUMEHEHUsI TeOPeTUYeCKUX 3HAHWKW IIPU BbINIOJIHEHUM IPaKTUYeCKUX
3afanuii. CTyjeHT He CMOT OTBETUTh HU Ha OJWH [IONIO/THUTE/IbHBIA BOIPOC.

KpnTeplm OIl€HKH /I 3d0YHOro OT/ie/IeHuA:

OT/IMYHO - BBICTABJ/JIAETCA CTYyAEHTY, eC/IrM CTYAEHT [OaJ/1 IOJ/JIHbIe, pa3BepHYThbie OTBETHI Hd BCe
TeopeTruYeCKre BOIIPOCHI 61/IJ'IETa, MpoAeMOHCTPHUPOBAJI 3HAHHE Q)YHKL[I/IOH&UIBHBIX BO3MO)KHOCTEﬁ,
TEPMHHOJIOTMY, OCHOBHBLIX 3JJIEMEHTOB, YyM€HHE TIIpUMEHATb TeOpeTUuUeCKre 3HAHWA TIpUu
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BBITIOJTHEHUHU TTPAKTHUeCKUX 3afaHuil. CTyzeHT 0e3 3aTpyAHEHH OTBETU/I Ha BCe JOTIO/THUTEeTbHbIe
Borpockl. [IpakTryeckast yacTb pabOThI BBITIOTHEHA TIOTHOCTHIO Oe3 HeTOUHOCTe! 1 OIMO0K;
XOPOLLO - BLICTAB/SETCS CTY[EHTY, eC/Id CTY[eHT PacKpbll B OCHOBHOM TeOpeTH4YeCcKue BOMNPOCHI,
O[JHAKO [JIOMyLleHbl HETOUHOCTU B OIpe/le/IeHUM OCHOBHbIX TOHATUWA. Ilpu oTBeTe Ha
JIOTIOTHUTE/TbHBIE BOTIPOCHI JOMYyIeHbl HeOosbIe HeTOUHOCTH. [IpH BBITIOJTHEHUH TIPAaKTU4eCKOH
yacTu paboThl 10MyIleHbl HeCyllleCTBeHHbIe OIINOKY;

YAOBJ/IETBOPUTE/IBHO - BBICTAB/ISIETCS CTY[€HTY, €C/Id MPU OTBeTe Ha TeopeThYyecKhe BOIPOCHI
CTYyJeHTOM JIOMYII[eHO HEeCKOJIbKO CYIeCTBEHHBbIX OLIMOOK B TOJKOBAaHUM OCHOBHBIX TIOHSITHM.
Jloruka ¥ TOHOTA OTBeTa CTPAJAIOT 3aMEeTHBIMH H3bsSHAMWU. 3aMeTHhI TMpo0Oenbl B 3HAHWUU
OCHOBHBIX MeTOZIOB. TeopeTrnyeckre BOMPOCH] B L[€JIOM U3/I0XKEHbI JOCTAaTOYHO, HO C IPOIyCKaMH
Marepuasa. VIMelTCs TpPHUHLUMNUANbHBIe OMMOKM B JIOTWKE TIOCTPOEHWs] OTBeTa Ha BOIIPOC.
CTy[eHT He pellu 3a[jauy Wiv MpPH pellieHuH JoIylieHbl rpyOble olnOKy;

HeY/l0B/IeTBOPUTE/IbHO - BbICTAaB/SETCS CTY[EHTy, eC/d OTBeT Ha TeopeTHYeCKHe BOIPOCHI
CBUZIETE/IbCTBYET O HEMIOHMMaHUM M KpaliHe HeIOJHOM 3HaHHWM OCHOBHBIX TMOHSITUM U METO/OB.
OOHapy>KrBaeTCs OTCYTCTBHE HABLIKOB IPUMEHEHHS TeOPeTHUYeCKMX 3HAaHWM TPU BBITOJHEHUH
MpaKTUUeCKUX 3afaHuil. CTy[leHT He CMOT OTBETUTb HU Ha OZJVH [|OTIO/IHATEe bHbIN BOMPOC.

4.3.2 OdopmiieHne KOMIN/IEKTa TeCTOB (TeCTOBbIX 3afilaHUI)

TECT 1
1. Kakoy riporjecc Ha3bIBalOT KOPPO3Uer MeTalyioB?

a) paspylieHre MeTasyIOB OT CTaTUYeCKHUX MexXxaHUueCKUX Harpys3okK;

0) pa3pylieHre MeTaslJIOB MPU LUKINUeCKUX Harpy3Kax;

B) pa3pyllieHre MeTaJl/IOB MPY UX XUMUUECKOM U 37IeKTPOXHMHUUYeCKOM B3aUMO/IeHCTBUY C
arpecCUBHOM Cpefow;

r) pa3pylileHre MeTaslJIOB MPY UX JJIUTeIbHON JKCITyaTal[iu.

2. XyuMuyeckasi KOppo3usi IPOUCXOUT MPU B3aUMO/IeMCTBUU MeTasljioB:
a) C paCTBOpPaMH 3/1eKTPOJIUTOB;
0) C CyxvMH ra3aMu MPH BBICOKHUX TeMITepPaTypax Wiu C HeJIeKTPOIUTaMH;
B) C TTapaM¥ HU3KOKUTISIIIIUX YKUAKOCTel;
T') C PaCTBOPaMH IOJIIPHBIX KUJKOCTEH.

3. [TacCMBHOCTB 3TO COCTOSIHWE OTHOCUTE/ILHO BBICOKOW KOPPO3WOHHOM CTOMKOCTU MeTasljia
BbI3BaHHOE:
a) >KUJIKOM Cpefou; 0) cpeoi C CUJTbHBIMU OKHUC/TUTEJISIMU;
B) HeWTpa/bHOW Cpeioi; T) I[eJIOUHOU Cpefioi.
4. Kakoil camblid CTapblii METOZ, MOTy4YeHUs] MeTa/l/TMUeCKUX 3al[UTHBIX TOKPBITUMA?
a) TepMmorhdy3uOHHbIN; 0) MeTof, TTOrPy>KeHUsI B pacTlaB/ieHHbINA MeTaslI-TIOKPHITHE;
B) TUVIaKUPOBaHUe; T) MeTa/l/in3al[ysi HalblJIeHUeM.

5. ITo KaKOMy YpPaBHEHUIO BBIUMC/ISIETCS TEOPETUUECKOE KOJTMUECTBO OCAXKIAEHHOTO MeTaslia?
MIz M~ M~ MIz
a) m=———; 6) m=——; B)m=——; T)m=
zF F zF F
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6. [IpyurHOU KOPPO3MHU SBJISETCS:
a) BHYTPEHHsIs CTPYKTypa MeTaJljla Wiy CI1aBa;
0) TepMoIHAMHUECKasi HEyCTOMYMBOCTh METaJlJIOB;
B) Ha/iMuue /le()eKTOB B KPHUCTA/I/IMUeCKOM CTPYKTYpe MeTaslia;
I') COZlepKaHue B MeTasljle HeMeTa/UIMYeCKHUX IpUMeCen.

7. ONneKTpoOXuMHYecKasi KOppo3usl IPOMCXOAUT IPU B3aUMO/IeMICTBUM MeTallIoB:
a) C pacTBOpaMH He3JIeKTPO/IUTOB; 0) C pacTBOpaMy OpPraHWYeCcKUX XKUJKOCTel;
B) C paCTBOpaMHU 3/IeKTPOJINTOB;  T') C paCTBOPaMH HEIOJISIPHBIX KAJKOCTEH.

8. B Kakux cpezax MpOUCXOJUT KOPpPO3Usi MeTa/lZIOB C Bbifie/ieHHeM BOZAOPOZA, TO eCThb
TIPOTEKaeT peakiiysi BOAOPOAHOM /IeTI0/IpU3al[uu?

a) B KMCJIBIX Cpefax; 0) B HEUTpAJTbHBIX U IIE€/IOUHBIX Cpe/aX;

B) B OPraHUUeCKUX >KUJKOCTSX; T) B I[€JIOYHBIX CpejjaX.

9. Kakue crijiaBbl 06/1a1at0T 6071€€ BHICOKOM KOPPO3MOHHOM CTOMKOCTBIO?

a) reTeporeHHbIe; 0) c HemMeTa/UTMUe CKUMU TIPUME CSIMU;
B) C KaTOJHbIMU BK/IFOUEHUSIMH; T) TOMOT€HHBbIE.

10. Kakoe ypaBHeHHe UCMHOJIB3YIOT [/ BBIUKMC/IEHUS BbIXO/Ia 110 TOKY B % Ipu

3/1eKTpoJIn3e?
m. mg m mg
an=——; 6n=—; BMNn=—100; r)n=—100.
mg m; M m;

11. Kakasi BeluurHa W3MeHeHUsI M300apHOro ToTeHIMana (3Hepruu ['nb6ca) onpesesnser
BO3MO)KHOCTb TTPOTEKAHHUST KOPPO3UH:
a) AG<0; 6) AG>0; B)AG=AU-TAS; r)AG =0.

12. 3amyTHBIMU CBOMCTBaMU 00/1a/1at0T OKCH/IHBIE TUIEHKU:
a) cpeanue, TomiuHoN 40...500 HM;  6) CIUIOIIHBIE TI/IEHKY;
B) TOJICTBIE, TOMIMHON Oosiee 500 HM; T') HECIUIOIIHBIE MJIEHKH OKCH/A.

13. CriocoOHOCTh MeTalJIoB COTIPOTUBISATHCS KOPPO3UOHHOMY BO3[€MCTBHIO T'a30B MU
BBICOKMX TemIlepaTypax Ha3blBaeTcCs:
a) ’KapoIpOYHOCThIO; 0) MexaHUYeCKOW TIPOYHOCTHIO;
B) ’KapOCTOWKOCThIO; I') ra30CTOMKOCTHIO.

14. Kakoii MeTaJsi1 M0 OTHOIIIEHUIO K CTa/IU SIB/ISIETCSI aHOJHBIM MOKPbITHEM?
a) mezib (Cu);  6) ooBo (Sn);  B) MHK (Zn); 1) HUKenb (Ni).

15. Kakyto cucteMy Ha3bIBatOT KpaCKOU?
a) pacCTBOp OpPraHUYeCKoro BelljeCTBa B JieTyueM pacTBOpHUTEJIe;
0) pacTBOp TBEpZOTO BellleCTBa B )KHUAKOM PaCTBOpHTeJIE;
B) CyCIIeH3Usl TMTMeHTa B OPraHu4eCKOM CBSI3YIOLLEeM;
I') PaCTBOP MeJIKOM3MeJ/IbUeHHOIO BellleCTBa B JIeTy4eM pacTBOPUTeJIe.

16. ITo mexaHM3My MPOTEKAHUS pa3/InyaroT:
a) KOpPpPO3UI0 BHEIIIHUM TOKOM U T0J, HarpshKeHUeM;
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0) XMMUYeCKYIO U 37IeKTPOXUMUYECKYIO KOPPO3HIO;
B) OMOKOPPO3HI0 U KOPPO3UOHHYIO 3PO3HUI0;
I') CIIOMIHYIO WK OOIIYI0 U MECTHYIO KOPPO3HIO.

17. IIpoyecc okucaeHus: MeTajjia KUCI0POLOM HeBO3MOJKEeH, eC/IU MeXX/y paBHOBECHBIM
JlaB/ieHeM KHUCI0po/ia HaJl OKCHIOM Ppap. M laBNieHHeM KUC/Iopofa B cpefie P cobstoaetcs
COOTHOLLIeHHE:

a)P=Ppp; 6)P<Pps; B)P>Ppmp; T)P/Pes =1

18. Kakoe couetaHue JIETUDYIOIUX META/1IJIOB CWU/IBHO 3aMeJIAeT ITpoLeCcC OKHMC/I€EHHA CTa/IU

TIPU BBICOKMX TeMIlepaTypax:
a) Cr, Cu, Co; 6) Al, Mo, W; B)Cu, Co,Mo; r1)AlCr, Si.

19. Kakoi1 MeTasl/1 110 OTHOILIEHUIO K CTa/IH SIBISIETCsI KaTOHBIM TIOKPBITHEM?
a) mezib (Cu);  6) umnk (Zn);  B) xpoMm (Cr); 1) tutaH (Ti).
20. Jlakamy Ha3bIBarOT:

a) pPacTBOPHI BBICHIXAIOIIUX Macesl, CMOJI, 3(UPOB 1ieJI/TH0JI03bI B JIETYUUX PACTBOPUTEISIX;

0) Ko/I/IOMIHbIE PACTBOPKI BBICHIXAIOIIUX Mace CMOJ 3(UPOB 1Ie/UTIOI03bI B JIETYUUX
OpraHUuYeCcKUX paCcTBOPUTEJISIX;

B) TOMOTeHHbIe CMeCH MaceJl, CMOJI B OPTaHUYeCKUX PaCTBOPUTEISX;

I') PAaCTBOPHI BHICHIXAIOIIMX CMOJI, LIeJIJTF0/I03bI B JIETYYMX OPraHUUeCKHUX PaCTBOPHUTEISIX.

21.0T1puLiaTesibHBIM MacCOBBIM TIOKa3aTe/ieM KOPPO3WH Ha3bIBalOT BeJIMUMHY, KOTOPYIO
BBIUMCJISIIOT 110 (pOpMyrie:

Am Am Ah I1
aKn=——; 0Kn,=——; B Ky=—; 1)K, =—.
St St T T

22. JINHeNHBIA POCT TOMIIUHBI OKCUAHOW TJIEHKU MPY OKUCJIEHWH MeTaJsljia KUCI0POOM
BbID@)KaeTCsl ypaBHEHUEM:

a) h=Kt; 0)h*=Krt; B)h=In(K7); r) h®=h+KT.

23. Kakuie 0CHOBHbBIE METO/Ibl IPUMEHSIIOT ZIJ1s1 3aIlUThl METAJIJIOB OT KOPPO3UH?
a) MexaHuueckast 00paboTKa; 0) 3aIUTHBIE TIOKPBITHS, yUeT KOHCTPYKLIUY;
B) MOJATOTOBKA MOBEPXHOCTH MeTaslla;
r) 00paboTKa B KUC/IBIX U ITIeJIOUHBIX Cpe/iax.

24. Kakue 3alUTHbIe TOKPBITHSI OTHOCSATCS K TUITY HeOpraHUUeCKUX MOKPbITHIA:
a) MOKPBITHSI CMOJIaMU; 0) MOKPBITHS T/IaCTMAacCamy;
B) JIaKO-KPaCOUHbIe MOKPbITHS; r) hocdarHbie ¥ OKCHU/IHbIE TTIOKPBITHSI.

25. Kakue BelriecTBa Ha3bIBalOT MHTHOMTOPAMU KOPPO3HUH?
a) Bell[eCTBa YCKOPSIIOLL[1ie KOPPO3HIO;
0) BeljeCcTBa, KOTOPbIe YMEHBIIAIOT CKOPOCTh KOPPO3UH;
B) Bell[eCTBa, CTabM/IM3UPYIOLLie KOPPO3UOHHBIN MpoLiecc;
T') Bell|eCTBa, KOTOPbIe TIOTHOCTBIO MCK/TIOYal0T KOPPO3UI0 MeTara.

20



26. [17151 3a1UThl Me/IHBIX U3[e/IUi OT KOPPO3UH B KaueCTBe KaTOJHOTO MOKPBITHSI MOYKHO
WCTI0/Ib30BaTh
A.Cr b. Ni B. Sn I'.Ag

27. YpaBHeHue IpoLiecca, poTeKarollero Ha MTHepTHOM aHo/e IPU 3/IeKTPOJIU3e BOLHOIO
pacteopa CaCL?, umeer Buj
A.40H —4e=0; + 2H,0
B. Ca®* +2e =Ca°
B. 2CL" - 2e=CL,
IT. 2H20 — 4e = 02 + 4HJr

28. Kakoii mpoljecc Ha3bIBalOT KOPpO3uel B Haubosiee obIieM ciyyae?
A. Camonpou3BO/IbHOE pa3pyllieHHe MeTa/l/IOB B arpeCCUBHOMW Cpejie, MepeMelato[ecst ¢
OOMBIION CKOPOCTBIO M COZEp’Kallled BellecTBa B3aUMOJEHCTBYIOIIME C  Pa3/TUUHBIMU
MarepuaaMu.

b. Camonpou3sBo/iibHOe pa3pyllieHue MeTa/UIMueCKUX MaTepuasioB BC/Ie[CTBUE UX
XUMHYEeCKOTO WX 37IeKTPOXUMHYECKOTO B3aUMO/IeUCTBUS C OKPY>Karollel cpejoi.
B. Camoripou3Bo/ibHOe pa3pyliieHre MaTeprasoB (T0JIMMepHbIX, MeTa/l/IOB U HeMeTaJlJIOB) B
YKUAKOCTSIX, 3/IEKTPO/TUTAX U HENIeKTPOJIUTAX.
I. PaspylieHre MeTa/yIOB B Ta30BbIX CpejiaX, COAEpXKAlllMX pa3/dyHble arpecCUBHbIE
KOMITOHEHTHI U TIPU BBICOKHX TeMIlepaTypax.

29. UTo siBAsieTCs] OCHOBHOW NMPUUMHOW KOPPO3UM U Pa3pylleHrs MeTaslyIoB M UX CI1/IaBOB?
A. JT0 TepMopvHaMHYecKasi HeCTaOM/IBHOCTh(HEyCTOMYMBOCTE) METaslJIOB M CIIJIABOB B
pa3/IMYHbIX arpecCUBHBIX CPeZiax MPU JaHHbIX BHEIIHUX yCIOBUSIX.
b. 3TO HecoBeplIEHCTBO BHYTPEHHEN KPUCTA//IMUeCKOH CTPYKTYPbl METAJ/IJIOB U CIIJIaBOB,
TO/TyUeHHBIX B MpoLjecce MPOU3BO/CTBA.
B. DTo HanMure Ha NOBEPXHOCTH MeTasula Pa3/IMUHbIX 3arpsisHeHUH, eé 111epoXoBaToCTh U
MIPUCYTCTBUE OKCUJIOB.
[. OTo mpupoja MeTasioB, UX BHyTpeHHee CTpPOeHHe, Hajuuve MNpuMecel B CIlIaBax,
arpecCHMBHOCTb OKPY’KaloLeil Cpe/ibl.

30. Kakas BenMuMHa M3MeHeHUsI M300apHOro roTeHIMana (M3MeHeHus: 3Hepruu ['mb66ca)
nporiecca KOppo3uM onpe/iensieT BO3MOXXHOCTb KOPPO3MM MeTasljia B JaHHOU cpefie?
A.AG>0; b.AG=0; B.AG#0; I AG <0.

31. Kakoii MeTa/1 culbHee KOppOAMpYeT B cpefe, cofepxamiedi kuciaopog (O,), ecmu
M3MeHeHHe W306apHOro MoTeHLKaa py 00pa3’0BaHMU OKCH0B UMEIOT BeJIMUUHY:
A. FeO AG =-246,0 k/I>x/mMmonb ; B. MgO AG°=-520,6 KIX/MOJb;
B. CuO AG°=-145,5 kII/Mob ; I. ZnO AG°=-1336,0 kII/Mob;

32. CKOpOCTH I0CTaBKU K TTIOBEPXHOCTH MeTajlyla KOpPO3MOHHO aKTMBHBIX UaCTHL] U OTBOJA
TIPOAYKTOB peakliyd B YMPOILIEHHOM BHJe ONpe/esiseTcs 3akKoHaMU OfHOMepHo# auddysuun

(3akoHOM DuiKa):
dc dc ds dc
W.=K,S— W,=K,S— W.,=K,C— W.,=K,X—
A. 0 TTdx . g o T%dr . B O 0T dY . 1 R

b

33. CKOpOCTh XMMHYECKOW WU 3/eKTPOXMMHUUECKOW peakKlMM PaCCUMTHIBAETCS T10
YpaHeHUIo:
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E C
W =K exp|l—-—= W =K Eexp|——
A. RT) . B " RT

szKpCexp % szKpCeXp —%

b. ; I. ;

34. Kakoii KOppO3WOHHBIM TIpoliecC pa3pylileHusi (OKMC/IeHUs])) MeTa/lJIOB OTHOCAT K
XUMHYECKOM KOPPO3um?

A. — B3auMo/IelicTBUe MeTaslyla C KODPO3UOHHOM Cpe/ioi, TP KOTOPOM OKUCJ/IeHHe MeTasljla U
BOCCTAHOBJIEHHE OKHWC/IWTeNsE KOPPO3WOHHOM Cpefibl, MPOWCXOAUT Ha OIpe/ie/IeHHOM YyuacTKe
MOBEPXHOCTH MeTasla;

b. — B3auMogeicTBue MeTaslsia C KOPPO3UOHHOU CpeJjoi, MPU KOTOPOM OKHC/IeHUe MeTaslia U
BOCCTaHOBJ/IEHUE OKUC/IUTE/ISi KODPO3UOHHOMW Cpe/ibl TPOTEKAIOT B OAHY CTa/IUIO;

B. — B3auMogeiicTBUe MeTasjia C 3/IeKTPO/IMTaMU, TIPU KOTOPOM HOHM3al[usi MeTasjia U
BOCCTaHOBJIEHME OKUC/IUTE/ISI KOPPO3UOHHOW Cpe/ibl MPOTeKatoT B HECKOJIbKO CTaZMi U UX CKOPOCTH
3aBUCAT OT /1eKTPOZHOTO TOTeHLMaaa MeTasna;

I'. — B3auMozieiicTBMe MeTasljla C KOPPO3UOHHOM Cpe/iol, TP KOTOPOM OKHC/IeHWe MeTaslia 1
BOCCTaHOBJIEHUE OKUCUTEISI CPe/ibl, TPOMCXOAST Ha Pa3HbIX yyacTKaxX MOBEPXHOCTH MeTaslja.

35. Kakoli KOppO3HWOHHBIN TPOLIECC OKUCIEHUs] MeTa/lJIOB Ha3bIBAlOT 3/1€KTPOXMMHUYECKOMN
KOoppo3ueii?

A. — B3aUMOJeMCTBHEe MeTajlyla C KOPPO3MOHHOM Cpe/ioH, B pe3yJibTaTe KOTOPOrO OKHC/IeHUe
MeTasljla U BOCCTaHOBJ/IEHHEe OKUCJ/IUTES IPUBOJSAT K PABHOMEPHOMY CJIOKO TIPOYKTOB KOPPO3UH;

b. — B3auMogeicTBue MeTaslsia C KOPPO3MOHHOU CpeJioi, PU KOTOPOM OKHC/IeHUe MeTaslla U
BOCCTAHOBJIEHWE OKWC/JUTe/s] BbI3bIBAIOT 00pa3oBaHWe HepaBHOMEDHOTO CJIoS TIPOJYKTOB
KOppO3uH;

B. — B3aumojelicTBUe MeTasizia C KOpPO3MOHHOM CpeJiol, B pe3y/bTaTe KOTOPOIO OKUC/IeHUe
MeTaJsljla U BOCCTaHOBJ/IEHUe OKWC/IUTEIsI IPUBOJAT K MEeKKPUCTA/NTUTHON KOPPO3WH (KOPPO3UH T10
rpaHULIAM KPUCTA/IOB);

. — B3auMogelCcTBUe MeTa/la C 37eKTPOIUTaMH, MPU KOTOPOM HOHM3aLUs MeTaina U
BOCCTaHOBJIEHME OKUC/IUTE/ISI KODPO3UOHHOW Cpe/ibl MPOTeKatoT B HECKOJIbKO CTaZiMi U UX CKOPOCTH
3aBUCAT OT /1eKTPOZIHOTO TIOTeHLIMana MeTasna;

36. I1pu B3aMO/eiiCTBUM MeTa/IJIOB C CYXUMU ra3aMu (B UaCTHOCTH C KHUCJIOPOZIOM) B cpefie C
BBICOKOW TeMIlepaTypou U B He3/IeKTPOJIUTaX MIPOUCXO/IUT:

A. — 371eKTpoXrMHUYeCcKasi KOppo3us;

b. — KOppo3us NpOMCXOAUT I10 CMEeLIaHHOMY MeXaHU3MYy;

B. — xiMHueckast Kopposus;

I". — Koppo3us ¢ 0bpa3oBaHKeM IJIOTHOM T/IEHKHU MPOAYKTOB KOPPO3UH.

37. B pactBopax 3/1eKTpO/IMTOB (B KHC/IOTax, IIiejiouax, UX pacTBopax, pacrijiaBax CoJiei)
paspylleHue MeTaslla BbI3bIBaeT:
A. — ToueuHasi KOppo3usi (TTUTTUHT);
B. — snekTpoxrMuyeckasi KOppo3usi;
B. — n3buparenbHasi KOppO3HuS;
I'. — xuMHueckas Koppo3us.

38. Ilo kakoii hopmysie BBIUKMC/ISIETCS TTyOMHHBIN TTOKa3are/ib KOPPO3WMOHHOTO pa3pylleHus

MeTaJsina (criiaBa)?

_I _h
A. KH_T . p. Kg=It . g KH_? : r. Kp=ht
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39. Tloka3aresnr W3MeHeHHs! TOMIMHBI, 00pa3yroleiics Ha MeTasule TJIeHKH TPOAYKTOB

KOpPPO3UH OTIpe/iesisieTCsl BbIpaXKeHHeM:

Kh:A—h Kh:ﬁ

A, Kp=ht p. Ky=4ht . p T, T T

)

40. Kakoe ypaBHeHHe UCMOJIb3YIOT /151 BBIUMC/IEHUS] OTPULIATe/IbHOTO MOKa3aTe/isi U3MeHeHUs
MacChl KOppPOAUPYHOLLero MeTasa?
Am Am Ah I1
AKn=—:; B Kp=——; B Kh=—; I K,=—
St St T T

41. Ins1 3aIUThl MeJHBIX M3/le/IMi OT KOPPO3WH B KaueCTBe aHOJHOTO TTOKPLITUSI MOXXKHO
VICTI0/Tb30BaTh:
A. Ag b. AL B. Au T. Pt

42. 15151 3a1UThI )Ke/e3HbIX U3/IeJIMHA OT KOPPO3WU B KQUeCTBE aHO/AHOTO MOKPBITHS MOXKHO
WCII0/Th30BaTh:
A.mmHK bB.omoBo  B.cepebpo I menn

43. J151s1 3a11ThI OT KOPPO3WH CTA/IbHOTO U3/leNusl B KaueCTBe aHOAHOTO TTOKPBITHS MOXKET
OBITh MCII0/Ib30BaTh:
A.wmene b.Hukens B. cBunery I Xpom

44. CornacHo cxeme rajabaHuueckoro snemenra Cd | Cd* || Cu* | Cu
A. 9/IeKTPOHBI JBIKYTCS OT MEIHOTO 3JIEKTPO/ia K KaJMUEBOMY
B. Me/IHbIH 3/7IeKTPO/| AB/ISETCS KaToZ0M
B. Ha Me/IHOM 3JIEKTPO/[e TIPOUCXO/UT OKUC/IEHHE
I. B mporiecce paboThI 37IeMeHTa Ha JIeKTPO/Ie OCAKAATC KaJMuUii

45. TIpu HapyIlIeHUH OJIOBSTHHOTO TIOKPBITHS Ha JKeJie3HOM M3/e/T1, HaxO/AIIeMCsl B KUC/IOoTe, Ha
aHoJIe TIPOTEKAEeT peaKI[usi

A. Fe’—2e = Fe* B. Sn** +2e= Sn’

B.2H" +2e = H, . Sn’ - 2e = Sn*
46. TIpopyKTamu, BIJIe/ISIOLNMMUCS Ha MHEPTHBIX I€KTPO/IaX MPU /IEKTPOJIHM3€e BOZHOTO PacTBOpa
cynbdara Meu, IBISIFOTCS
A .H,u0O, Bb.CuuH,S B.CuuH,S I.Cu u O,
47. TIpu 3/1eKTpOo/M3e BOJHOTO pacTBOpa Cy/b(haTa HaTPHs Ha KaTo/ie TPOTeKaeT pPeaklys

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

48. TIpu 371eKTposr3e BOJHOTO pacTBoOpa Cy/ib(hara HaTpHsl Ha KaTo/ie MPOoTeKaeT peakLys
A. 2H,0 — 4e = O,+4H" b. 40H - 4e = O,+2H,0
B. SO, —2e = S,04* I. 2H,0 + 2e = H, + 20H"

49. YcnoBueM CaMOTIPOM3BOJILHOTO MPOTeKaHWsl TIPOLecca siBsIeTCs:
a) AG =0; 6) AG<0; B)AG >0;1)AS>0.

50. Karoa—sTo...
a) 9MeKTpo/i, Ha KOTOPOM MPOUCXOUT BOCCTAHOBJIEHUE;
0) 21eKTpoji, Ha KOTOPOM TIPOUCXOJUT OKUC/IEHHE;
B) BCer/ia MoI0XKUTeIbHbIN 37eKTPOJ;
T') BCerjla OTpULiaTeTbHbIN 3/1eKTPO/;

51. AHOI—73TO...
a) 37eKTPo/l, HA KOTOPOM MPOUCXOUT BOCCTAHOB/IEHUE;
0) ameKTpoA, Ha KOTOPOM TIPOUCXOJUT OKUC/IEHUE;
B) BCeT/ia MOJIOKUTEeTbHBIN 3/IeKTPOJ;
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T') BCerJa OTPULaTe/IbHbIN 3/IeKTPOJ;
52. DneKTpoABYKYylllas CUla raJlbBAHUYEeCKOro 3/IeMeHTa:

a) paBHa 3/IeKTPUUECKOUW Pa3HOCTH MOTEHLIUAJIOB B IBOMHOM 3/IEKTPUUECKOM CJI0€;

6) MakcuMasibHast Pa3HOCTh MTOTEHIIMAJIOB 37IeKTPO/IOB, KOTOPAsi MOXKET ObITh MOTyUeHa;

B) paBHa [MOKa3aHHWIO BOJILTMETPA, BKJIFOUEHHOMY B 3/IEKTPOXUMUYECKYIO 1ieTlb Ipu pabore
rajibBaHUYeCKOro 371eMeHTa;

r) Ha3biBaeTcst I C smemMeHTa, COCTaB/I€HHOTO U3 JAHHOTO 371eKTPO/,a U CTaHAapTHOTO
BOZIOPOHOTO 3JIEKTPO/a, MTOTEHL[Ma/l KOTOPOT'O NPUHAT PaBHBIM HYJIIO;

53. ['anbBaHMYECKUE 3/1IEMEHTHI — 3TO...

a) yCTPOMCTRBA Jjis TIPSIMOTO TIpeobpa30BaHUs XUMUUECKOH SHEPTUH 3aK/TIOUeHHBIX B HUX
peareHTOB B 3/IeKTPUYECKY1O;

0) XuMHUeCKre UCTOYHUKH TOKa, TIPe/IHa3HaueHHbIe JI7isT MHOTOKPAaTHOTO MX MCITO/Ib30BaHUS 3a
CUeT pereHepaljii aKTUBHbIX KOMIIOHEHTOB /IeKTPO/IOB B MPOLieCcCe 3apsiJKUy;

B) YCTPOMCTBA /I/Is1 HETIOCPe/ICTBEHHOTO MTPeoOpa30BaHus TETJIOBOM YHEPTHUU CrOPAHUS B
3/1eKTPUYUECKYIO;

T') 3JIEKTPO/Ibl, 0OpaTUMble OTHOCUTETbHO UOHOB B PaCTBOPE;
54. Dy1eKTpo/r3 — 3TO. ..

a) Tpo1jecc rpeobpa30BaHUsi XUMHUUECKOW YHEPTHU B 3MIEKTPUUECKYHO;

0) peakiuu JUCTIPOTIOPLMOHHUPOBAHMS;

B) pas3/ioJKeHe BeleCTB MOJ, JeHCTBUEM 5/IeKTPUUYECKOr0 TOKa;

') MEe)XMOJIEKY/ISIPHbIE OKUC/IUTE/IbHO-BOCCTaHOBUTE/IbHBIE PeaKL1Y;
55. Maremaruueckas 3anuch IepBoro 3akoHa snekrposusa dapazes:

m(x)
a) n = ———;
M(x)

0) m(x) = [M(x)/zF]- I - T;
B) M5(AB) = M5(A) + Ms(B);
r) én K=nFE’/RT.
56. JIt060i1 KOPPO3MOHHBIM TMPOLIECC SIB/ISIETCS

A. ofHOCTaUIHBIM b. MHOrOCTaIUHBIM
B. gByXcTaguiiHbIiM I". TpexcTaguiHBIM
57. Koppo3us MeTa/uioB OIUCHIBAETCS ypaBHEHHEM

A. Me™+ ne = Me®° B. Me° — ne = Me™

B. Me° + ne = Me™ I. O; + Me = MeO;

58. KapoCTOMKOCTbIO Ha3bIBAaeTCs

A. cr1ioco6HOCTh MeTaslyla COXPaHATh BBICOKHE MeXaHWueCKHe CBOWCTBA MTPU BHICOKUX
TemIieparypax

b. cmoco6HOCTE MeTasIOB He TUIaBUTHCS TP BLICOKUX TeMIlepaTypax

B. crioco6HOCTb MeTasIoB COTPOTHUBSATHCS KOPPO3UOHHOMY BO3/IeMCTBUIO ra30B TIPY BHICOKUX
Temreparypax

I". ctoco6HOCTL MeTaJIJIOB MPH BLICOKUX TeMITepaTypax U3rubarbCs

Kpurepuu onenku (B 6a/1ax):

- 0-1- 0a//I0B BHICTAB/ISIETCS CTYJEHTY, eC/IA TIPaBUIBHO BBITIONMHEHO oT 0-25% oT Bcero oObeMa
TecTa;

-2-4 6a/IJIOB BBICTABJISIETCS CTY/IEHTY, eC/IM MTPaBUILHO BBITIOMHEHO OT 25-50% oT Bcero oobema
TeCTa;

- 5-7 6a/10B BBICTABJISIETCS CTY/IEHTY, €C/TM eC/IM TIPaBUIBHO BBITIOHEHO OT 50-75% OT Bcero
obnemMa TecTa;
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- 8-10 6a/1/10B BBICTAB/ISIETCS CTYZ|EHTY, €C/IM eCJTM TMPABU/IBHO BBINOMHEHO oT 75-100% ot Bcero
obbema TecTa.

KpuTepuu o1jeHKH /1/11 3a04HOI0 OT/\e/IeHUS:

- HeyA0B/IETBOPUTE/IBHO BLICTaB/IsIeTCS CTY/EHTY, eC/I MPaBUIbHO BbINO/IHEHO OT 0-25% oT Bcero
obnemMa TecTa;

-YAOB/IETBOPUTE/IbHO BbICTaB/IIeTCs CTYLEHTY, eC/IY IIPaBU/IbHO BBINOIHEHO OT 25-50% OoT Bcero
o0beMa TecTa;

- XOPOIIIO BBLICTAB/ISIETCS CTY/IEHTY, eC/IU eCJIM MPAaBUIBbHO BhINOMHeHO oT 50-75% oT Bcero o6bema
TecTa;

- OTJIMYHO BBICTABJISAETCS CTY/AEHTY, eC/IM eC/Id IPaBU/ILHO BBINOAHEHO 0T 75-100% ot Bcero
obbema TecTa.

4.3.3. OdopmsieHne 1a00paTOPHBIX padoT

JlaboparopHas pabora 1
B/IMSAHUE CTPYKTYPHOM HEOOJHOPOIHOCTU HA KOPPO3MIO METAJIJIOB
TP BOCCTAHOBJIEHMM NOHOB BOJOPOIA

1.1. lTesib paboThI

W3yueHre BIWSIHUSI KOIMYECTBA M KayecTBa CTPYKTYPHBIX HEOJHOPOJHOCTE Ha CKOPOCTb
5/1eKTPOXMMUYECKOM KOPPO3WUM MeTasl/IOB IPU BOCCTAHOB/IEHUM Ha HUX KaTUOHOB BOZIOPOJA.
1.2. Teopusd Bonipoca

Koppo3ueli MeTanloB Ha3bIBalOT pa3pylleHre MeTal0B BCAeJCTBUEe XUMHUECKOro WU
3/IEKTPOXUMHUUECKOTO B3aUMOZENCTBUS UX C KOPPO3UOHHOM Cpefioi.

[TepBonpuurHON KOPpPO3MM SIBASIETCS  TepMOAMHaMMuUecKas HeyCTOMUMBOCTb UX
MeTaJ/JINYeCcKoro COCTOSIHAS B OKPY)KAlOIIMX yCloBUsX. [Ipy  B3auMOJENCTBUM C
arpeccUBHOM Cpefjol MeTasllbl CaMOMPOU3BO/ILHO CTPEMSTCSl TIepeNTU M3 MeTa/l/IMuecKoro
COCTOSTHUSI B OKHCJ/IEHHOE, KaK TepMOJUHaMHUUeCcku Oosiee yCTOMUYMBOE B JaHHBIX YCIOBUSIX.
CreneHb TepMOJUMHAMUYECKOM YCTOMUMBOCTM MeTajsa 3aBUCHT KaK OT CBOMCTB CaMOro
MeTasyla, TaK M OT COCTaBa KOPPO3WOHHOW Cpefibl U XapaKTepu3yeTcsl M3MeHeHUeM
1300apHO-U30TePMUUECKOTO  TOoTeHI[Masa  (3Hepruss [mb6ca) mpw  mpoTekaHUM
COOTBETCTBYIOLEr0 KOPPO3WOHHOrO mporecca. CaMOnpor3BOABHO TPOTEKAKOT JIUIIb Te
TIPOLIeCCHI, B Pe3y/IbTaTe KOTOPIX MPOMCXOJUT yMeHblleHre sHepruu ['mb6ca, T.e. AG <O0.

[lpy B3aMMOJENCTBUM META/N/IOB U CIIABOB C pPacTBOpPaMH 3JIEKTPOJIMTOB IpOLiecC
KOpDpPO3UM OOBIYHO TIPOTEKaeT 110 3IeKTPOXMMHUYEeCKOMY MeXaHH3My. XapaKTepHOU
0COOEHHOCTBIO 3/IEKTPOXUMHUECKOW KOPPO3UH SIB/ISIETCS TO, UTO B3aMMO/|eHCTBUe MeTasia
C arpecCUBHOM Cpe/ioN pa3ziensieTcsl Ha [jBa COMPsDKEeHHbIX MpoLecca:

1) aHogHBIM Mpoljecc (OKUCIUTe/NbHbBIN) - HEIOCPeCTBeHHBIM TMepexofi MOH-aTOMOB MeTaJljia
13 KPUCTa/UIMYeCKOW pelleTKM B pacTBOp B BHUJe TW/JpPaTUPOBaHHbIX KAaTHMOHOB, €C/Id
JHeprusi B3aMMO/IeCTBHUSI MOH-aTOMOB C TOJISIPHBIMUA MOJIeKy/laMu BoZbl OyzieT 6osibiiie, ueM
SHEpPrysi CBS3M KPUCTa/I/IMUeCKOl pellieTKy MeTasia

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

2) KaTofHBIN Tporecc (BOCCTaHOBUTEJIbHBIN) - TIPUCOeAUHEeHNe W30bITOYHBIX 37€KTPOHOB,
00pa3sylomyxcsi B aHOAHOM TIpoLjecce, K KaKOMYy-TM0O OKUC/IWTEIO (aToMaM, MOJIeKy/Iam
W/ MOHaM pacTBOpa), KOTOPKIX Oy/ieT B pe3y/ibTare 3TOr0 BOCCTaHAB/IUBATbCS

dOx+ne— rRed (1.2)

OpHako W30BITOYHBbIE 37IEKTPOHBI MOTYT TPUCOEJUHSTHCS He TOJMBKO K OKUCIUTETbHOMY
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KOMIIOHEHTY pacTBopa, HO ¥ K oOpa3oBaBumMcsi B aHogHoM riporecce (1.1)
ri/ipaTpPOBaHHBIM KaTHOHAM MeTaJjlia, T.e.
Me""-mH,0 + ne — (Me""- ne) + mH,O (1.3)

B pe3ynbrare KaTMOHBI MeTa/lja M3 pacTBOpa BHOBb BEPHYTCS B KPUCTa/UTUUECKYIO
peLleTKy.

[Tpu BbIpaBHMBaHMM CKOPOCTEM peakLui oKucaeHUs MeTasia (1.1) U BoCCTaHOBIEHUU
ero HOHOB (1.3) HAacTynmuT COCTOsHME [WHAaMUYeCKOTO paBHOBeCUs, U KOpPpO3Hs
(MpeuMyl[eCTBEHHO MEePeHOC MeTasla U3 KPUCTA//IMYeCKOM pelleTKd B PacTBOP) MpeKpa-
tutcsi. CriejoBaTenbHO, /151 IPOTEKaHKs TIPOL{ecca KOPppo3ur HeoOXoAuMO, YTOObI CKOPOCTh
nipsiMmoii peaktuu (1.1) 6bi1a Gosibiie ckopocTy obparHoi peakuuu (1.3), T.e. B peakuuu
BOCCTaHOBJIEHUS] YYaCTBYeT NIPeMMYIeCTBEHHO OKUC/IUTeb pacTBopa. DTO YCIOBHE MOXeT
ObITb BBITIOJITHEHO, €C/AM OKWC/IWUTeNb, WMEIOIIUHCS B pacTBope, obOsazaeT Oo0/bIIMM
CPOACTBOM K 5/IeKTPOHY, YeM KaTHOHBbI pacTBopsitollerocsi Metasna. OKUC/IUTe/TbHbIE
CBOMCTBA BeLeCTB OMNpEeJE/ 0T BeJIWYMHOM HX OKHUC/IUTENIbHO-BOCCTAHOBUTEIBHOIO
noTeHpasa. UeM TMOOKUTETbHOE STOT TOTEHLMaA, TeM OOJBIIMMH OKHCIUTETEHBIMU
cBoiicTBamu (OOJBLLIMM CPOJCTBOM K 3/IEKTPOHY) 00sialaeT To WM MHOe BelrjecTBO. Torza
Heo0xo¥MOe YC/I0BHe TepMOAMHAMUYeCKOW BO3MOXXHOCTHU 3/1EKTPOXUMHUECKON KOPPO3UU

4 p P
MeTasia: @ M <@ o (14) r1me @ M - paBHOBECHBbIM  TMOTEHLUAJ

dHOZIHOPACTBODAOLIEroCd MeTaJljla,;
p
@ - paBHOBECHbIﬁ MOTeHLKMa/I OKMCJ/INTEeJ/Id, BOCCTdHAB/IMBAIOIIEIOCA B KdTOAHOM

riporjecce.
Pa3HOCTb MeXXZly paBHOBeCHBIMH TOTeHI[HMa/laMi KaTOJHOW U aHOJHOW peakL[UH SIBISIeTCs
Hauva/IbHOM ABWDKYILEW CAI0W KODPO3UOHHOTO Ipoliecca:
P p
E=¢ % -¢@ ¥ (1.5)

AHopHas ¥ KaTofHasi peaklMd MOTYT TIPOTeKaTh OJHOBPEMEHHO TI0 BCeM MOBEpXHOCTH
Koppoaupytoiero Metasia. OfHaKO BO MHOTHX C/Ty4asiX 37IeKTPO/iHbIe PeaKiMU YCTOUUHBO
JIOKaM3yIOTCSl Ha OMpe/le/IeHHbIX ydYacTKaX ITOBepXHOCTH, a WMEHHO TaM, T[e OHHU
HauMeHee 3aTpy/HeHbl. B 3TOM ciyuyae y4acTKU TOBEPXHOCTH, Ha KOTODBIX TPOTEKaroT
aHogHas (1.1) u katozaHas (1.2) peakiiM, Ha3bIBalOT COOTBETCTBEHHO aHO/IOM M KaTOZOM.

CkopocCTh mpotiecca 371eKTPOXUMUYeCKOl KOppO3uH, KakK U BCeX TMPOLieCCOB B MPUPOJe,
TNIPSIMO TTPOTIOPIIMOHA/IbHA JIBWKYIIe Ccuie M 00paTHO MPOTOpPIMOHa/IbHA COTIPOTUB/IEHUIO
(3aTpyHeHHOCTH) TIpoLiecca
~ ¢gx_ ¢f4

5

2R, (1.6)
rge R - compoTuBiaeHWe (3aTPYAHEHHOCTb) OTAE/NbHOW  COTPSDKEHHOM — CTafiuu
KOPPO3UOHHOTO TIpoijecca.

HeobxoquMO OTMETHTb, YTO B OOJIBIIMHCTBE CAy4yaeB HEBO3MOXKHO aHa/IMTHUeCKU
pelnTh 3aBUCUMOCTSG (1.6), T.K. COMPOTUB/IEHe KOPPO3UOHHOTO TPOoIiecca B CBOKO o4yepelib
3aBHCHUT OT CKOPOCTH KOppo3uH, T.e. XR; = f(K).

[Tporjecc 31€KTPOXUMUUECKOM KOPPO3UM, KaK y>Ke YKa3biBajioCh, COCTOUT M3 JBYX
OCHOBHBIX COTIPSDKEHHBIX peaki[iil - aHOAHOM W KaTOJHOW, KaKZAas M3 KOTOPBIX SIBISIETCS
COBOKYITHOCTBIO TIOC/Ie[JOBaTeIbHO-TIapasuie/ibHbIX cTaguii. Kpome TOro, KOppo3uOHHbIM
TIpOIiecC BK/IFOUaeT B ceOst psifi CTaiui, UMEFOIIUX YHUCTO GU3NUeCKY0 MPUPOAY (0CTaBKa U
OTBO/l KOMIIOHEHTOB PeaKIUii, IePeHOC 3/IeKTPUUeCKUX 3apsi/ioB BHYTPU OZIHOM ¢a3bl U Ap.).
Bce conpsbkeHHbIe CTaZiii KOPPO3UMOHHOTO TIPOIiecca NPy CBOeM peanv3aliii UCTIBITHIBAIOT
Te WM WHbIe 3aTPyAHEHUs U 00Illee COMpPOTUB/IEHUWE BK/IOUAeT B CeOsl COTIPOTHBJIEHMUS
OTJeNbHBIX CTagui. Ec/iy 3aTpyJHEeHHOCTh OJIHOV W3 MHOTOQUMC/IeHHBLIX CTaJMii KOppPO-
3MOHHOTO _Tipolecca Oy/ieT 3HAYMTENbHO TPEBOCXOAWTb _3aTPYAHEHHOCTH _OTIEIbHBIX
CTa[luii, TO CKOPOCTb MMEHHO 3TOW, Hanbosee 3aTpyAHeHHOW (IMMWUTHUDYIOIIEH) CTaguu

k
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OyzeT orpeJensTb CKOPOCTh BCEr0 KOPPO3MOHHOTO MPOLIECCa B I1eJI0M.

KonvuecTBeHHO OLIEHUTh CTereHb 3aTPY/HEHHOCTH KakoW-1Mb0 CTagjuu MOKHO T10
Be/IMUMHEe ee TepeHanpspkeHus. llepeHarnpspkeHVWeM TOW WM WHOM CTaJWY Ha3bIBalOT
CMellleHVe TOTeHIMana 3/eKTpPOofa OT DAaBHOBECHOTO 3HAyeHWs TpU TPOTeKaHWU TOKa,
BbI3BaHHOE 3aTPYAHEHHOCTHIO JJAHHOMW CTazuu rporecca. Takum 06pa3oM, repeHarnpspkeHre
XapaKTepu3yeT CTeleHb 3aTPYyIHEHHOCTU TOW WM UHOM CTaJiuu mpoLiecca.

B KMC/BIX Cpeflax MHOTHMe TeXHHWYeCKHe MeTasllbl KOpPOAWPYIOT C BOCCTaHOB/IEHWEM Ha
KaToZle MOHOB BOZlopozia. B 3ToM ciyuae posib OKMC/IWTENS BBIMOMHSIOT KaTUOHBI BOJOPO/A,
Y KaTOJHBIW TPOLeCC 3aK/IF0UaeTcsl B BOCCTAHOB/IEHUM UX [0 HEWTPaJbHOTO COCTOSIHUS U
WJeT B HECKOJIbKO CTaZiuii 10 C/e/lytolileld cCxeMe:

IMTopBoa noHOB ruzpokconus H' -H,O K MOBepXHOCTH KaToja 3a
cueT u@y3ud ¥ MuUrpauuu (HampaB/IeHHOIO [BW)XEHHWs HWOHOB 107 JeUCTBUEM
3JIEKTPUUYECKOTO T0JIST).

Pa3psizi noHa rUPOKCOHMS ¢ 00pa3oBaHHeM a/icOPOUPOBaHHOTO

aroma Bogiopoga H™ -H,O +e— Hu+ H2O (1.7)
PekomOuHarust (MoM3aLysi) BOJOPOAHBIX aTOMOB C OJJHO-
BpeMeHHoM uX fgecopbimeit Hoo + Hooc— Ho (1.8)

OTBOJ, MOJIEKY/ISIPHOTO BOZIOPO/ia U3 MIPUKATOJHOW 30HBI 3a CUeT
mddy3un, obpa3oBaHre My3bIPLKOB T'a3000pa3HOTO BO/IOPOAA, UX OTPBIB OT IMOBEPXHOCTH
KaTozia v BbljleJieHre U3 pacTBopa.

Kak cnenyet u3 ycnoBus (1.4) riporjecc KOppo3uM MeTasuIOB TIPU BOCCTAaHOB/IEHUHM Ha
KaToZie MOHOB BOJ0pO/ja TEPMOAMHAMUUYECKHA BO3MOXKEH B TOM CJlyuyae, KOTZla paBHOBeCHBIN
TMOTeHLIMa A aHOAHO PacTBOPSIOLIEroCs MeTaslla OTpUljaTe/lbHee paBHOBECHOTO TOTeHL{Masa
BOCCTaHOBJIEHMSI MOHOB BOZIOPO/iA B JaHHOM C/Ty4ae

p p

¢ M <o (1.9)

Peanu3aiusi TepMoAMHAMHUeCKOW BO3MO)KHOCTU TIpoLjecca KOppO3WM MeTajia Tpu
BOCCTaHOBJIEHMM WOHOB BOJOpOJA CBsi3aHa, B OCHOBHOM, C TpPeOJoJieHUeM 3aTpyJHeHU
KaTOJHOTO TIpolLiecca, KOTOpble 3HAUUTE/JbHO TPeBOCXOJSAT TepeHarpsbkeHHe aHOAHOTO
niporiecca. Hanbosee 3aTpyaHeHHOW CTa/ilel rpoljecca BOCCTaHOBJIEHHUSI MIOHOB BOAOPO/Ia, B
3aBUCUMOCTH OT TIPUPOJBI MaTepuasa, Ha TIOBEPXHOCTU KOTOPOTO TPOMCXOAUT 3TOT
niporiecc, MokeT ObITh peakiys (1.7) wm (1.8). CremoBaresibHO, 3aTPYHEHHOCTH 3THX
craguii U OyzeT onpesensTb CKOPOCTb KOPPO3WM MeTajjia TMPU BOCCTAHOBJIEHUA HOHOB
BOZIOpPO/IA.

[epeHanpspkeHWEM BOJOPOZIa HAa3bIBAalOT CMellleHHWe TI0TeHLMana BOCCTAHOBJIEHUS
HMOHOB BOZOPOZA B OTPULAaTe/bHYI0 CTOPOHY OT PaBHOBECHOTO 3HayeHUs TMpPU MPOTeKaHWUH
TOKa, BbI3BaHHOE 3aTPYJHEHHOCTbIO pa3psiZia MOHOB TH/POKCOHHS, WIA PEKOMOWHAIUH
BO/JIOPO/JHBIX aTOMOB.

HeoOXoguMO  TOAUYEpKHYTh, UTO CaM MaTepuaJ  Karoja He  T[pPUHUMaeT
HEeTOCPeJICTBEHHOTO Yy4yacTUsi B KaTOJHOW peakKUWHd BOCCTAaHOBJEHUS] OKUC/IUTENs, HO
OKa3biBaeT Oosibllloe BMSIHME HA CKOPOCTh JTOr0 Tipolecca. Pa3nuuHasi CTereHb
3aTPy/JHEHHOCTH MPOTeKaHWsl peakliii BOCCTAaHOB/IeHHsI HOHOB TU/IPOKCOHMS Ha KaToZax U3
Pa3/IMUHBIX MaTepUajioB TPUBOAUT K BO3HUKHOBEHHIO OT/IMUHBIX JAPYr OT Jpyra Iio
Be/IMUMHe TepeHanpsykeHui BOZOpOAAa Ha HUX W 3HAUMTEbHOMY H3MEHEHHI0 CKOPOCTU
BCEro KOPpO3WOHHOT0O MpOLiecca.

BenuuvHa mnepeHanpsbkeHUsi Bozopoga (1) CYLeCTBEHHO 3aBHUCUT He TOMbKO OT
MaTepuasa KaTofia, HO U OT KaTOAHOM TVIOTHOCTH TOKa COIVIaCHO ypaBHeHHI0 Tadesis

N = a +b-lg i, (1.10) rpe a -
MOCTOsIHHAsI, 3aBUCSIIIasi OT MaTepuasa KaTto/ja, COCTOSIHUSL er0 TIOBePXHOCTH, COCTaBa
pacTBopa U TemrepaTyphl;
b - mocTosiHHAasA, 3aBUCSALAsi OT TeMIepaTypbl U TIPUPO/bI 3aTPYAHEHHON CTaJuK KaTOAHOU
peaxiuy;
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Ix - IVIOTHOCTb TOKA Ha KaTo/e.

CKopoCTb  KOPPO3MOHHOTO Tpollecca MOKeT ObITb  BbIpa)KeHa  pa3IMuHbIMU
rnokasaTensiMd. B ©lyyae paBHOMepHOTO XapakTepa paspylleHUs MeTalTudyecKoi
MOBEPXHOCTH PpaL[MOHATbHO BbIpa)kaThb ee Yepe3 MacCy MeTaslia, pacTBOPSIOLLETrocsi C
e[JMHULIbI TIOBEPXHOCTH B €JUHMI]y BpeMeHd (MacCOBBIA IOKa3aTe/b KOPpO3uM, r/(M>-u)).
Onst sToro HeoOXOAWMO OMpeJe/UTh TOTepr0 Macchl oOpa3lia 3a BpeMsi KOPpO3WH.
[TockonbKy xapakTep KOpPpPO3UM B 3TOM Cjyuyae paBHOMEpHbIM, TO, 3Has IUIOL[aZb
TOBEPXHOCTHA 00pasiia, MO)KHO pacCUMTaTh CPeJHIOI0 TOJIIUHY TPOKOPPOAUPOBABIIErO
CJ10s1 MeTasl/Ia 3a eIUHUIlY BpeMeHH (T/TyOWHHBIH ITOKa3aTe/lb KOpPO3Ur, MM/TOJ).

Kpome MaccoBoro rokasaressi CKOpOCTH KODpPO3UM, HepeiKO UCIO/b3YIOT 00beMHbIH,
YTO BO3MOXKHO B C/IyuasiX, KOrjla KOppO3usi MeTasljia COMPOBOXKAAeTCs pacXof0BaHHWEM WU
Bbl/le/ieHHeM Tra3a. Tak TNpu KOPpPO3WM MeTa/JioB C BOCCTAaHOB/IEHMEM Ha KaTole MOHOB
BOJIOpO/la Macca Tiepelle/illlero B PacTBOP MeTasa B CUIy COMPSI)KeHHOCTH aHOJHOTO U
KaTOZHOTO TIpoIieccoB OyaeT TMpOMOpLMOHa/TbHA 00BbeMY BBII€NMBIIETOCS BOAOPOAA
(06LeMHbII [T0Ka3aTe/ib KOPPO3UH, CM>/(cm’u).

I[Mepen nipoBeieHreM pabOTHI C/IeAyeT 3HaTh CeAYIOLe pa3zebl Kypca:

1. MexaHu3M 3/1eKTPOXUMHUUECKON KOPPO3UX METaJI/IOB.

2. Koppo3us MeTasjioB NPy BOCCTAaHOB/IEHMM Ha KaTofle KaTHOHOB BOZIOPO/a.
3. [epeHaripsi>keHHe BOJOPO/A U B/IMsTHUE er0 Ha KOPPO3UOHHBIH MpoLiecc.
1.3. ITpoBegeHue paboThI

Hacrosiiijast pabota MMeeT jBa BapyaHTa, OJUHAKOBBIX 110 METOJMKe, HO Pa3/MUHBIX I10
obbekTam ucciieoBaHus. Kakbli CTyIeHT TIPOBOAMT T0 YKa3aHHIO MperojaBaress padoTy
110 OJHOMY K3 BapHUaHTOB.

Bapuanur 1. lccnenyroT KOPpPO3HMOHHOe II0BeJeHue CIUIABOB CUCTeMbl 'JKejle30-
yriepos', Ccofep)Kalux pas3/iuuHOe KOJM4ecTBO yryieposa, B 10%-HOM BOAZHOM pacTBOpe
CepHOM KUCIOThl. B 3aBUCUMOCTH OT TepMooOpabOTKH U COfiep)KaHUs YIiepofa CIiIaBbl
MOTYT MMeTb Ppa3/lMuHyl CTPYKTypy. CTPYKTypHble cCOCTaB/sitollye 00saaloT pas3HOU
TepPMOJIMHAMUYeCKON yCTOWUYMBOCTBIO, UMEIOT OT/IMUAIOLUecs 10 BeJUUMHEe 371eKTPOJHbIe
TMOTeHLIMa/bl U pa3/IMyHoe TepeHarpsbkeHre BoJoposa.

[To jaHHOMY BapuaHTy UCC/IeAYIOT CeAYIollIre MeTaslbl:
1.Cepoii uyryH (3,5% C) co CcTpyKTypoi (eppuT + nepaut + rpapur.
2. Yrnepogucras ctains (0,3% C) co cTpyKTypoi (eppuT + MepiuT.
3. JKene3o (0,04% C) co cTpyKTypoii (heppHUT + HEOOJIBIIIOe KOJTUUECTBO MEP/IUTA.

Bapmuanr 2. VccienyroT KOppO3UOHHOe T0Be/leHHe CIIaBOB LIMHKA, COZeprKallux
pas/inuHble puMecH, B 2%-HOM BOJJHOM pacTBOpe CepHOM KUCIOThI. B fBYX 13
WCTIBITBIBAEMBbIX CIJIABOB KOJIMUECTBO MpUMeceli OAMHAKOBO, HO KaueCTBEHHO OHU
pa3nnuHbl. [IprMecHbIe 3/1leMeHThbl UMEIOT Pa3/inuHble 3/1eKTPO/iHbIe TIOTeHLUabl U
riepeHarpsbkeHre BoJopoJa.

[To ;aHHOMY BapMaHTY UCC/IelyIOT CIeAyIoIIe MeTaslbl:
1. IluHk TexHuueckuii (cogeprxkanue npumeceii 1o 0,1%: Fe, Sn, Pb u ap.).
2. CriaB LuHKa c xxese3oM (0,5% Fe).
3. CriniaB yuHKa co ceuHioM (0,5% Pb).

PaboTy HauMHAIOT C TIOATOTOBKM 00pPAa3l[OB K UCIBITaHUsM. [Iji1 3TOr0 MX 3auMILal0T CO
Bcex CTopoH (B TOM uumc/ie OOKOBbIE TIOBEDXHOCTH) Ha)KAauHOW Oymaroi A0 TOsIBJIeHHs
MeTasuTueckKoro 6Osecka. Ha 3auminjaemMoii MoBepXHOCTH AOMYCTUMBI ITyOOKKMe PAKOBUHBI U
1japanuHbl. [Tocsie 3TOro IITAHTeHLMPKYJIEM OTNpeZesiioT BCe pa3Mepbl 00pasijoB (cC
TOYHOCTBIO 710 + 0,1 MM), HeoOXoAuMBIe /IS TIOC/IeAYIOL[HUX PacyeToOB TOJHOM (C yueTom
OOKOBBIX TIOBEDXHOCTEH) TJIOMIaAN UX TMOBepXHOCTH. [Ipy 3TOM Hanuuue Ha oOpasiax
OTBEpCTHS [/Isi UX TIOJBEIIMBAHUS HE YUMUTHIBAIOT. 3aTeM 00pa3ilibl 00e3KUPHUBAIOT BaTHBIM
TaMIIOHOM, XOpOIIIO CMOUYEHHBIM B arleTOHe, U BBICYIIHMBAIOT Ha Bo3ayxe. OOe3KUpeHHbIe
oOpa3ibl B3BeIIMBAlOT Ha aHA/JUTUUECKWUX I[10/lyaBTOMaTHYeCKUX BecaXx C TOUHOCTBIO
40,0002 r. [IpaBria paboThI Ha aHATUTUYECKUX BecaxX NPUBeJeHbI B IPU/IOKEeHUH 1.
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ObbeM BOZOpOZiA, BBIIENMBIIETOCS B MPOLIECCe KOPPO3HWM, OMPEEeNSIOT C IOMOIIBI0
Koppo3umeTtpa (puc.l), KOTopwlii mpejcTaBiseT cobOoi TrpaJydpoBaHHYI OrOpeTKY,
MMEIOIIyI0 KPaH B BepXHel YacTH M KOJIOKOJI000pasHOe paciivMpeHHe B HIDKHEH YacTu.
[Tocne 3armonHeHWsi KOppO3WMeTpa pAacTBOPOM KHC/IOThI obOpa3el] MeTajijla HaylHaeT
KODpeJIMpoBaTh C BbliesieHHeM ra3oobpasHoro Bogopoza. IlogHumMaromyecs my3bIpbKH Tasa
CKarvlMBalOTCs B BepXHEM 4YacTh KOPpPO3MMeETpa W BBITECHSIIOT M3 Hero kKucaorty. Ilo
V3MEHEHUIO TI0JIO’KeHWsT MEeHMCKA J>KAAKOCTH MOXKHO OTpefe/iuTb 00beM Mapora3oBoi
CMeCH, HaxoZsLLeCsl B KODpO3UMeTpe.

[ToAroTroBneHHble W B3BelleHHbIe 00pasl[bl TO/BEIIMBAIOT Ha CTEK/ISTHHBIX KPIOUKaxX B
paciIMpeHHOM YacTu Koppo3uMeTpa (cM. puc.1). Ocabnsisi 3aKuM My ThI, yep>KrUBarolei
JIarKy C KOpPPO3WMETPOM Ha INTaruBe (HE PEKOMeHAyeTCs OcC/ab/isiTh 3aKUM JIAlKH,
Kpersiiieil KOppO3KUMeTp), OMyCKalOT ero paciliipeHHON YacThIO B CTaKaH Tak, UTOObI MeXXY
HIDKHUM KpaeM M [JHOM CTaKaHa OCTaBascs 3a30p 2-5 MM, U (PUKCHDYHOT KOPpO3UMeTp B
3TOM T0JIO’KEHUH.

[lpoBepuB TONOKEHHE KpPaHOB B BepXHEM YaCTH KOPPO3WMETPOB (JO/DKHBI OBITH
3aKpbIThl), OTMEPSIOT MeH3ypKo# 1o 500 cM COOTBETCTBYIOIIMI pacTBOP CEPHOM KUCJIOThI U
3Q/IMBAKOT B K&XK/bIM CTAKaH.

[yis 3amonHeHusi KOPPO3WMETPOB PAacTBOPOM KHC/IOTHI He0OXOJUMO BOCIIOJ/Ib30BaThCS
BOZOCTPYHHBIM HacOCOM. BofoCTpy#HBIN HacOC HY)KHO TIOATOTOBUTH K paboTe, AJs uero,
Me/I/IeHHO OTKDbIBasi BEHTH/Ib BOZIOTIPOBO/IHOM CETH, Pery/IUpYIOT Harlop BOAbI TakK, UTOObI B
cdheprueckoid yacti Habmopanoch "KumneHue" TIPW 3ario/HeHWH BOJOW TIPUMEPHO Ha 2/3
obbema. [lanee, 3aKpbiBasi M OTKpbIBasi Tajbl[eM OTBEPCTHe CTeKISTHHOTO HaKOHEeYHHKa
JIMHUM BCAChIBAHUS HACcoCa, yOesKaarTcst B ero paboTocriocoOHOCTH.

[ToAaroToBMB  BOAOCTPYWMHBIM Hacoc K paboTe, TIPUCTYMawT K  3arllOJHEHUI0
KODPO3UMETPOB KUCIOTOW. [Ist 3TOoro HeoOXOAWMO OTKPHITH KpaH B BepXHEM uacTh
KOppO3UMeTpa Y MO/COeIUHUTD ero C MOMOIIbI0 PEe3WHOBOIO 1lIJIaHra K JIMHUU BCaChIBaHUS
Hacoca (cM. puc. 1). ITocne TOro kak KOppoO3MMeTP MOJTHOCTBEO 3alIOJTHUTCS KUCJIOTOM (HIDKe
KpaHa He [JOJDKHO OCTaThCsl My3bIpbKa BO3/yXa), KpaH IJIOTHO 3aKpPbIBAIOT U HEMEeJJIEHHO
OTCOeIMHSIOT Hacoc. [lomycKaeTcsi TIpeBbIllIeHre YPOBHSI KHMC/IOTHI Haj KpaHOM He Oosiee
0,5-1 cm. Koppo3umeTpsl 3ano/iHsIOT 10C/Ae0BaTelbHO, [10C/Ie Yero MpoBepsitoT MJIOTHOCTh
3aKpBITHS KpaHa, TaK Kak IOZ,COC BO3/lyXa uepe3 Hero Mo)KeT MCKa3uTh Pe3y/IbTaThl OIbITa.

Hauanom ombiTa ciefyer cuvTaTh MOMEHT 3ario/IHEHWs MOC/eJHero KOoppo3uMeTpa
kucsiotold. O6beM BbIZieNsIoLerocst Bogopoga Gukcupytot uepes 5, 10, 15, 20, 30 u 45 muH
OT HauaJia OTbITa ¥ 3HaUeHUs ero 3aHOCAT B TabopaTopHbIi >KypHasl (Tabsm. 1.1).

[Tocne OKOHYaHUS OMbITa OTKPHIBAKOT KpaHbl KOPPO3MMETPOB M CITyCKAlOT KWC/IOTY B
CTakaHbl, 3aTeM T[IPOMBIBAIOT BOJOW BMeCTe C HaXOASALIUMUCA B HHUX oOpa3lamMu B
c/leflytollleld oce0BaTe/IbHOCTH:

1) oTBepHYB BUHT My(ThI Ha ILITAaTHBE, MIOJHUMAIOT KOPPO3UMeTpPhl C 0Opa3ijamMu BhIllle Kpast
CTaKaHOB C KHC/I0TOM U (PUKCUPYIOT UX B 3TOM I0JIOXKEHUH;

2) 3aMeHMB OJIJMH CTakKaH C KHCJIOTOM I0J, KOPPO3MMETPOM Ha MYCTYI0 MEH3YDKY, C/IMBalOT
13 CTaKaHa KMCJIOTY Yepe3 BOPOHKY B OyThI/b;

3) CroJIOCHYB CTaKaH T0J, BOJOMU, 3alo/HSIOT ero Ha 3/4 BOJOM U CTaBAT 110/, KOpPO3UMeTP
BMECTO MeH3ypKUY;

4) TIOBTOpSAIOT OMepalMy [0 YKa3aHHOMY B T.0. 2 U 3 CO BTOPbIM U TPETbUM
KOppO3UMeTpaMy;

5) MOIOT 10/ BOZIOM BOPOHKY U MEH3YyPKY;

6) roToBAT K paboTe BOJOCTPYHHBINA HACOC;

7) IOACOeAUHSIIOT KOPPO3UMETP C TIOMOLLBI0 Pe3UHOBOIO 11IJIaHTa K BOJOCTPYMHOMY Hacocy
(TIpy OTKPBITOM KpaHe CBepXy);

8) moHMMaIOT CTaKaH C BOZOM T07, KOPPO3UMeTPOM BBepPX TakK, UT0ObI B BOAY IMOTPYy3uIach
KOJIOKO/I000pa3Hasi yacTh, 1 3arl0JTHSIOT ero TIO/THOCTBIO BOJOH;

9) KaK TOMBbKO BOZA JOCTUrHET KpaHa B BepXHel 4acTHh KOPPO3UMETPa, OIyCKAalOT CTakKaH C
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BOJIOM BHU3, [laB BOZie U3 KOPPO3UMeTpa CTeub 0OpaTHO B CTaKaH;

10) emte gBa pasa € TeM ke KOPPO3MMEeTPOM MOBTOPSIIOT Ollepaljiy Kak yKas3aHo B I.11. 8 u 9;
11) mpoMbIB TakuM ke 00pa3oM OCTasIbHBIE /IBa KOPPO3UMeTpa C 00pasijaMH, C/TMBAOT BOAY
13 CTaKaHOB B PaKOBMHY U BBIK/IFOUAOT BOJOCTPYMHBIN HAaCcOC.

ITocsie IPOMBIBKM BCEX KOPPO3UMETPOB W3B/IEKAIOT M3 HUX 00pasiibl U YIA/SIOT MPOAYKThI
KOppo3uu. [Isi 9TOro MXx MOKOT BOZOM MOJ KPaHOM, MPOTHMPAIOT XOPOIIO HaMbLIEHHBIM
epIIMKOM ¥ BHOBb TIIATeJIbHO TIPOMBIBAIOT BOAOH. YucThle 00pasipl TiaTeabHO
BBICYILIMBAIOT (U/IBTPOBa/bHON OyMaroi, yaansisi Bfary Takke U3 OTBEPCTUN [ist
roZiBelliiBaHusl 00pa3nioB. Ilocie BbIEP)KKKA Ha BO3Ayxe B TedeHue 3-5 MUH 00pasifbl
B3BeLLIMBAIOT Ha TeX JKe aHa/JIMTUYeCKUX BecaX, YTO U paHblie. PeKoMeHJyeTCs HauMHaThb
B3BellIMBaHKe C 00pa3LoB, IMEIOIIMX Ooslee IMafKylo IOBePXHOCTb.

1 - 6ropeTkKa; 2 - cTakaH; 3 - pacTBOp KUC/IOTHI; 4 - KpaH; 5 - pe3uHoBasi TpyOKa K Hacocy, 6 -
BOJIOCTPYMHBIM HacocC; 7 - BOZAA U3 BOAOIMPOBOAHOM ceTH; 8 - BoJa B KaHaiu3aluio; 9 -
Kprouok; 10 - crek/isiHHas moziBecka; 11 - obpasers

Pesy/nbTaThl B3BelIMBaHWsA 3aHOCAT B Tabn. 1.1 W TIpeACTaB/sIIOT ee Ha BU3Y
TIperiofiaBaresito, BeAyIeMy 3aHsTHe.

[Tocne okoHuaHWsT paboThl HEOOXOAMMO TPOBEpUThH, UYTOObI OyTbUIb C KHCIOTOM U
CK/ISIHKA C alleTOHOM OB 3aKphiThl MPOOKaMH, U TIPDUBECTH CBOe pabouee MecTo B
nopsiiok. O6pasiipl OCTaB/sIOT Ha paboueM MecTe, a MCIIO/b30BaHHYI (M/IBTPOBA/IbHYIO
Oymary BbIOpachIBatOT.

Puc. 1. Cxema yCTaHOBKM il HW3yueHUs] KWHETUKU SJeKTPOXUMHUYEeCKOM KOppo3uu
MeTasyIoB 00beMHBIM METOZIOM
1.4. O6paboTKa OMbITHBIX JJAHHBIX

Pe3ysibTaThl OMBITOB M ITPOM3BEIeHHBIX HAa UX OCHOBE BBIUMC/IEHHH 3aHOCAT B Tabm. 1.1.

PaccuntbiBatloT 006beM BOJOPOZA, BBIJIE/IMBIIErOCs C eJUHUIIbI TTIOBEPXHOCTH KaXK[Oro
oOpasija ¥ CpejHIOI0 CKOPOCTb KOPPO3WHU [Isi K&KJ0r0 MeTasula 3a MaKCHMa/lbHoe BpeMsi
WCTIBITAaHUM T10 KOJIMYeCTBY BBIJe/IUBIIErocsi BoJopofa (00beMHbINM MoKasaTe/lb KOPPO3UM)

o opmyrne
V:273:(P=Py )
K= ,
o6 S-1-T-760 (1.11)

e V - 06beM BOZIOPO/Ia, BbIE/TUBIIIETOCs 38 BPEMsI HCTIBITAHUH, CM;
P - atmocdepHoe JjaByieHue TIpU MPOBe/IeHUU UCTTbITaHUM, MM PT. CT.

PHzo - laB/IeHUe HaCBIIIEHHOT0 BOASHOIO Mapa Mpy TeMIiepaTtype UCIbITaHWH, MM PT. CT.
(cM. ipusnioxkeHue 2);

S - oAb MOBEPXHOCTH 0bpasiia, CM?;

T - BpeMsi UCTIbITaHUM, U;

T - Temnieparypa UcrnbiTanui, K.

PaccuMTBhIBAIOT AJIs1 K&XKAOTO MeTasljla MaCCOBBIMA TIOKa3aTe/lb KOPPO3UH TI0 CJleyroleit
dbopmysne
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_ k_mH

Me S (1.12)
I7le m, - Haua/ibHast Macca obpasta, T;
M, - KOHeuHast Macca obpasiia, T;
S - muIoIIak IOBEPXHOCTH 06pastia, M’;
T - BpeMs UCITbITaHUH, Y.
3aTeM TIpPOBEpSIIOT 3KBUBAZeHTHOCTh 3HaueHUU Ko U Ky, [/ U€ro ompefesnsitoT
MaccoBbIi MoKa3zaresib KOpposuu Ky, 13 Ko 10 hopmyiie

« —x 2A10000
b
mac0692429-n (1.13)
rze Kos - 00beMHBIH TI0Ka3aTe/lb KOppO3uH, CM>/cM?;
A - aToMHas1 Macca MeTasna, T;
22429 - 06weM 1 Mosib Bofopoza, cm>;
N - BaJIeHTHOCTb PACTBOPSIIOIIEroCs MeTasuia
Y CPaBHMBAIOT €ro C MaCcCOBBIM TOKa3arejieM KOPPO3WH, PaCCUYMTaHHBIM 10 HW3MeHEeHUIO
Maccel obpasia ro ¢popmyre (1.12). ['myOUHHBIN 110Ka3aTelb KOPPO3UX HAXOZAST TI0 popMmysie
24-365
Mac 5.1000 ° (1.14)

r71e Kuc - MaCCOBBIN ITOKa3aTe/b KOPpPo3uu, I/(M*u),

p - IJIOTHOCTh MeTa/Ula: uyryHa - 7,2 T/cM®; cTaii v keJesa - 7,8 r/cM®; [jHKa 1 ero
cru1aBos - 7,1 r/em®.

Kpome TOro, KOpDpO3HMOHHYI CTOWMKOCTb WCC/AeyeMbIX MeTaljioB OLEHUBAKOT 10
JecaTrOaIbHOM 11Kaie KOPPO3UOHHOW CTOMKOCTH (CM. TIpUTIOXKEHHE 3).

Pe3ynbTarhl paboThl TPe/ICTaB/ISIOT B BUje 3ariofHeHHOW Tabm. 1.1, a Takke B BUe
rpadvka JUHAMUKKA KOPPO3WM HCC/Ie/lyeMbIX MeTasuIOB, OTK/aZbiBasi MO0 OCH OpJAUHAT
yIeabHBIM 00beM BbIeIMBIIErocst Bogopoza (cM*/cm?), a 1o ocu abCIMCC - BpeMsi KOPPO3UH
B MUHyTaX. [Ipy MOCTPOEHWH YKa3aHHOM 3aBUCUMOCTH BCe TpU JUHaAMHUeCKue KpPHUBBIe
HAHOCST Ha OZIVH rpadMK B OIHOM MaciiTabe.

1.5. BOnpockl A1 CaMOKOHTDOJIS

1. HanuimTe ypaBHeHWsI aHOJHOW 1 KaTOZHOM peakLid, MPOTeKaroUX MpU KOPPO3UU
CIJIaBOB JKeJie3a U IUHKa B pa30aB/IeHHON CePHOM KUC/IOTe.

2. Paccuuraiite Bemmuuny 3J./].C. mpoliecca KOppo3uu >kese3a B pa30aBieHHOM CepHOM
KUCJIOTe.

3. C KaKuM KOHTPOJIeM TIPOTeKaeT KOPPO3Usl CTJIaBOB JKeJie3a U LIMHKa B pa30aB/ieHHOM
CepHoU KucioTe?

4. Uto Ha3biBaeTCs repeHarpsbkeHueM BOIOpoZia, U OT KaKUX (hakTOPOB OHO 3aBUCHUT?

5. TTouemy 3/1eKTPOTMO/IOKUTE/TbHBIE IPUMECH B CIJIaBaX MOTYT CYIIleCTBEHHBIM 00pa3oM
B/IUSITh HA CKOPOCTb KOPPO3UM MPU KaTOAHOM BOCCTAaHOB/IEHUH MOHOB BOZIOpo/ia?
bubnurorpadbuyeckuii Cicok

1. TTaxomoB B.C. Koppo3usi ¥ 3aildTa XUMHUYECKOW ammaparypbl. JeKTpOXHMUUecKast
KOppO3usi MeTa/lyIoB: YueOHoe rocobue. M.:MUXM, 1983.-76 c.

2. Xyk H.II. Kypc Teopun koppo3uu M 3amjuTbl MeTa/uioB. M.: Mertamnyprus, 1980. -
C.149-188, 341-369.

JlabopaTopHas pabora 2
KOPPO31Ad METAJIJIOB C KI/ICJ'IOPO,Z[HOPI ,Z[EHOJ'IHPI/IBAL[I/IE?I
2.1. ITens paboTel
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V3yueHue BAMSIHUS [OCTyNa KHUCAOPOZAA K aHOAy M KaTroAy Ha CUIy TOKa MOJe/u
KODPO3HMOHHOI'O 3/1eMeHTa, paboTarolero C KHC/IOPOAHOW Jlenonspu3aliiei, a Takxke
KaueCTBEHHOe Orpejie/ieHre MPOAYKTOB KaTOAHOW U aHOJHOM peakLUid MPU KOPPO3UU Ke-
Jie3a B HeUTpalbHOM pacTBoOpe.

2.2. Teopusa Bompoca

ONeKTpOXMMUYEeCKHEe KODPO3HMOHHbIE MPOLIeCChl, Y KOTOPbIX KaToAHAas [emno/sipu3alus
OCYIL[eCTB/ISIETCS] PAaCTBOPEHHBIM B 3/1€KTPOJIMTE KHUC/IOPOZOM, Has3bIBAlOT IpOLeCcCcaMH C
KHUC/IOPOJHOU Jierionsipy3alield. 3To caMbli paclipOCTPaHeHHbIN BUJ, KOPPO3UH, TIpPUMepamMu
KOTOpPOM SIB/IIIOTCS  pa3pyllleHWe jkejie3a BO BaKHOM armocdepe, HeWUTpaSbHBIX U
11]eJIOUHBIX PacTBOpaX; KOPpPO3usl Hep)KaBelIUX CTasnei, MeJu B HeUTpalbHbIX U KUC/IbIX
cpefax.

TepmognHamMuueckass BO3MOXKHOCTb 3/IEKTPOXMMUUECKOM KOPpO3WM B [JaHHOW cCpefie

p
onpeeasaeTcd paBHOBECHBIMHM TIOTE€HLHA/IaMHK IIpoLeCCa HWMOHH3dlMKM MeTajljld ¢Me u

p
BOCCTAHOBJIEHHA OKHUC/IHUTEIA oK

S 0
Me < 0K (2.1)
CaMOHPOI/IBBOJIbHoe IMpOTeKaHne KOPpPO3uH MeTa/ljIoB C KI/ICJIOPO/ILHOﬁ AEHOHHPI/IB&HI/IGﬁ

BO3MO>XHO TIIpH yC/IOBUA

W < 0k 2.2)

e b . PaBHOBECHBIH MOTeHL[1a/l KHCIOPOJHOT0 37IeKTPOo/ia B ZIAHHOU cpefie.
Koppo3uoHHBIN TpoLjecC TIpU KUACIOPOJHOW [IeTo/sipyu3aliii  BK/IIOUaeT B cebst

Clefiytolye peakLyu:

1) aHoHBIN Mporjecc (OKHCIeHre MeTaria)

Me + mH,O—Me" -mH,0 + ne (2.3)
2) KaToAHbIN Tporiecc (BOCCTaHOBIeHUE KUC/IOPOZA) B HeUTpalbHBIX U I1IeJIOUHBIX Cpefiax
nporekaet no peakuuu 0, + 2H.0 + 4e— 40H (2.4)
B KUCJIBIX Cpefiax

0.+ 4H, + 4e — 2H-0 (2.5)

Oba mporecca (MOHM3aIMsI MeTa/yla W BOCCTaHOB/IEHWE KHCJIOPOZA) TIPOTEKAroT
OJHOBPEMEHHO M COTpsDKeHO (CBSI3aHHO), HO TIOAUMHSIIOTCS KaXK/blli CBOMCTBEHHBIM €My
3aKOHOMEPHOCTSIM.

CKOpOCTb 371eKTPOXUMUYECKOM KOPPO31H B OOJIBILIMHCTBE CTydyaeB OTpe/iesisieTCs:

1) TopMOXXKeHHeM 3/IeKTPOXUMUUECKUX CTaui 37eKTPOAHBIX peakUuid (T.e. mepexofoM
3apsza yepes rpaHuLly MeTasll-3/1eKTPOJIUT), KOTOpOe XapaKTepUu3yeTcsi
3/IEKTPOXUMUUECKUM TlepeHarpsbkeHreM (MOHW3aliy MeTaslia, KUC/Iopo/a u Jip.);

2) TPaHCIIOPTHLIMU 3aTPYAHEHUSIMH, CBSI3aHHBIMU C OTPaHUUEHUEeM T0JBO/ja OKUCIUTEIS
(kMcnopoza) K MeTa/uly WM OTBOAOM TPOAYKTOB peaklUM (aHOAHOM WM KaTOLHOM) U
XapaKTepu3yeMbIMU 00BIYHO TepeHanpsbkeHreM auddy3uu.

[TepeHaripsi>keHre MOHU3AL[UM KUCIOPO/ja 3aBUCUT OT CBOMCTB U CTPYKTYPhl MeTasljla, Ha
MOBEPXHOCTH KOTOPOTO BOCCTaHaB/IMBAeTCsl KUC/IOPO/, TeMIiepatypsl, pH pacTBopa u fp.

[MepeHarnipsbkenve Auddy3Un KUCIOPOAA 3aBUCUT OT KOHLIEHTpAl[UM KWUCIOpoZa B
pacTBOpe U yc/10BUM nud@y3um ero K MeTasmty.

B Oo/MbIIMHCTBE TIPaKTMUYECKWX (C/lydyaeB KOPPO3WMM MeTa/uyla C KHC/IOPOAHOU
Jernonsipu3aleid TMpU OTCYTCTBUMM MacCHUBalMM CKOPOCThb TIpoliecca OMpefesiseTcs
CKOPOCTBIO KaTOAHOW peakluu (T.e. BOCCTAHOBJIEHWEM KWCJIOPOAA), a [J/si TOCelHel
Haubosiee 3aTPyAHEHHBIMH (JIUMUTUPYIOLIUMU) CTafUsSIMU SIBISIFOTCS: B HETIOZBU)KHBIX
pactBopax - aAuddy3ust KACa0poa, a MpU OOJBIIUX CKOPOCTSIX ABVKEHHS 3/IeKTPOJIUTA -
repexoj; 3apsifia (TepeHanpsbkeHWe HOHHU3alMM KMCJIOpoZa). OTO BbI3BAHO Masioi
pPacTBOPUMOCTBI0 M MeJjieHHOM auddys3ueil Kucaopoja B 37A€KTPOIMTAX, a TaKxke
JIOTIOJTHUTeTbHBIMU  3aTpyZiHeHUssMA  Auddy3und Kuciopofa B ciayuae oOpa3oBaHMsS Ha
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MOBEPXHOCTU MeTasljla TJIeHOK TPYJHOPaCTBOPUMBIX MPOAYKTOB KOPPO3UH.
CKOpOCTh KOPpPO3MH C KMCJIODOAHOW Jerosisipu3aliel TMpu 3amefjieHHOW Auddys3uun
KUCJIOPOJia OTipe/iefisieTCsl ypaBHeHHeM

COOZ +Co,
5 (2.6)

rae Iauqb- CKOPOCTBb BOCCTAHOBJIEHWA KUC/IOPO/id, BbIPDA>)KEHHAA B TOKOBBIX €JWMHHIAX;

Ly =n"F-Dg S,

oug

D
O - kosddumpenT auddysun KUCI0posa;

0 - TommHa guddy3HOHHOTO CI1os;
CO
0

C

2 - KOHLIEHTpALKs KMCI0poJa B PaCTBOPE;

Y - KOHILleHTpALMs KHCIOPOAA Y TIOBEPXHOCTH MeTasla (KaTofa);

N - YAC/IO 3/IeKTPOHOB, YYaCTBYIOLMX B PeaKL[M1 BOCCTAHOB/IEHUS] KUC/IOPO/a;
F - yucno ®apages;
Sk- mnomaae Karoga.

Co Co, < Co
C yBenuueHueM Iy,g 3HaueHue 2 yMeHbILAeTCsl U TpHU 2 << % pocTuraeTcs
ripefiesibHasi CKOPOCTh BOCCTaHOB/IEHUST KUC/IOPOAA (M COOTBETCTBEHHO KOPPO3MOHHOIO MPO-
Lecca)

Co,
=n-F-DOZ-Sko 5
(2.7)

[ToBUATE Ha CKOPOCTh 3/1IEKTPOXUMUUECKOTO TIpoLiecca jierue BCero myTemM U3MeHeHUs
YCJIOBUM, OTIpeZiesIIIOIIUX CKOPOCTh 3aMe/ljIeHHOW CTafuu. B 4acTHOCTH, pU 3aMe/j/IeHHOU
mubdysun KUcopoJa CKOPOCTh Tpoliecca MOXHO TOBBICUTH 3a CUeT YMeHbIIIeHHUs
TOMIUHBI AUGY3MOHHOTO /oS (TIyTeM repeMelllBaHHs PacTBOpa), 3a CUeT yBeJIUYeHUs
KOHLIEHTPALIUX PacTBOPEHHOT0 KHUC/IOpPO/ia, B MOJied T'a/IbBaHUUYECKOTO 37ieMeHTa 3a CueT
BO3pacTaHUs I/IOL[aIU TIOBEPXHOCTU KaTtofa (yBesueHue GpoHTa quddy3uu KUCI0poza).
2.3. IIpoBeneHrie paboThI

[Tpy KOHTaKTe [ABYX METa/JIOB C pa3HbIMHU 3/I€KTPOAHBIMU MOTEHIMaTaMH 00pa3yeTcs
raJibBaHUUECKU 3/1eMEeHT, B KOTOPOM AaHOJHBIMA TPOI[eCC MOHHU3al[UM MeTaj/ula OObIUHO
rpoTeKkaeT ¢ Oojee oTpuliaTebHBIM TMOTEHIIMAIOM, a KaTOAHbBIN TMPOLiecC BOCCTAHOBJIEHUS
okucuTess ¢ 6osee TOMOKUTETBHBIM TIOTEHLIMA/IOM. BHeITHWIA u3MepsieMbIi TOK 3/1leMeHTa
OyZieT COOTBETCTBOBaTb CKOPOCTSIM 3/IEKTPOJHBIX TIPOL[€CCOB, TPOTEKAIOIIUX Ha JIeKTPOAaxX
TaKoro 7eMeHTa (6e3 yueTa CKOPOCTH MPOLIECCOB CaMOPaCTBOPEHHSI 3/IEKTPO/IOB).

B pabore uccnenyor ranbBaHuueckuit snemeHT Zn/NaCl + H,O + O»/Cu, ansi yuero
WCTOMb3yIOT Me[Hble U LIMHKOBBbIE S571eKTPOAblI pa3HbIX pa3mepoB. dopma 371eKTPojoB
TakOBa, UTO C H3MeHeHHWeM BeJWUYMHbl WX TOBEPXHOCTH YC/IOBHUSI AOCTyIa KHUCI0pOAa
BO3/lyXa MPH MOTPY>KeHUH 00pa3Ii0B B 3/IEKTPOJTUT HE MEHS/TUCh.

OJNeKTpOAbl C OJHOM CTOPOHBI OYMINAIOT HaXKJayHOW Oymaroil (apyras CTOpOHa
M30/TUPOBAHA 3MaJibl0), U3MepSIIOT TUION[a/Ib UX TIOBEPXHOCTH U 00e3KUPUBAIOT alleTOHOM
3aUMILIeHHYI0 CTOPOHY.

[asibBaHMUECKYTO 1IeTlh COOMPArOT COTVIaCHO CXeMe, Tpe/ICTaBIeHHOW Ha PUC 2.

I

nped

P p

[TockosibKy paBHOBeCHBIV MOTEHLMa/ LIMHKA ¢Z” =-0,76 B, a memu ¢Cu = +0,32 B,
TO B Ta/IbBaHUUYECKOM T1ape OHU Oy/[yT BBITIOJHSATH COOTBETCTBEHHO POJIb aHO/A U KaTofa.

OO6pa3ipl >KeCTKO YKPEIUISIOT B KieMMaX TeKCTOJMTOBOW TUIACTUHKUA W TIOTPYXKAlT B
CTeK/ISIHHYI0 BaHHOUKY C 3%-HbIM pacTBopoM NaCl. YpoBeHb pacTBoOpa [J0/bKeH OBITh
NIPUOTM3UTETBHO Ha 1 CM BBIllIe Kpasi ITUPOKON UaCTH 3/IeKTPO/IOB.
a) BausiHue muiomjaii MOBEPXHOCTH aHOAQA M KaToja Ha CW/Iy TOKA rajibBaHMUeCKOro
3/IeMeHTa

BHauasie B KjeMMax YKpeIUISIFOT CaMble MaJleHbKHe W3 HMEIOLIMXCS LMHKOBBIX U
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Me/IHbIX /IEKTPOZIOB. 3HaUeHHe CUJIbI TOKA 37IeMeHTa 3alvChiBaloT B Tabm. 2.1 MoKa TOK He
YCTaHOBUTCSI TIOCTOSIHHBIM. 3aMephbl BeJyT uepe3 KaX/ble 2 MHH [0 TOIyueHHusl Tpex
O[JMHAKOBBIX 3HAUEHUH.

3areM, OCTaBJisisi OJJUH U3 37IeKTPOZOB TMOCTOSSHHBIM (HarpyuMep, Karoj) Apyroi (aHom)
3aMeHSIIOT Ha /IeKTPOJ, CPe/JHero pasMepa M 3HaueHHe CUJ/Ibl TOKa 3/IeMeHTa 3alMChIBaloT
aHaJIOTUYHO JJ0 YCTAaHOB/IEHUS ITOCTOSIHHOTO 3HAYEeHMUS.

1 - MuuMamriepmeTp; 2 - Kjiemmbl; 3 - TiactuHa; 4 -pactBop NaCl; 5 - BaHHa
CTeK/IsIHHas; 6 - MeZiHbIN 3/1eKTPOJ; 7 - TOPUCTasi Meperopofka; 8 - LIMHKOBBIN 3/1eKTPO/,

Puc.2. CxemMa YCTaHOBKM /i1 U3y4YeHUs] KUHETHKM KOPPO3HOHHOTO TMpoljecca C
KUCJIODOAHOU Jlenosisipru3aruen

[Tocie 3TOTO TIpU TOM JKe KaTo[e 3aMeHSFOT 3/IeKTPOJ, CpeJHero pasmepa (aHop) Ha
TAaKOW >Ke 371eKTpoj OO/bIIOro pa3Mepa M OMSATb BeAYT 3allMCh TOKA [0 YCTaHOBJIEHUS
TIOCTOSTHHOTO 3HAYEHHUS.

T[To/ryyrB 3aBUCHMOCTDb BIMSHUS MJIOIIAJW TOBEPXHOCTH aHOJA Ha CH/Iy TOKA 37IeMeHTa
DU TIOCTOSIHHOM KaTozie, MPUCTYTAIOT K U3yUeHHIO BAMSHUSA M/I0MIAAY TTOBEPXHOCTH Karosia
Ha CHJTy TOKa [IPY IOCTOSTHHOM aHOJIe.

0) BinsaHMe nepeMelIMBaHUA YIEKTPO/IMTA HA CHJIY TOKA /1eMeHTa

3MepeHusi MOXKHO TIPOBOZIUTD C 3/IEKTPOAAaMU JFOOBIX pa3MepoB, HO ynoOHee B3ATh Ty
Tiapy, C KOTOPOW TIPOBOJWIH TOC/IEHUM OTILIT TIPH OTPEe/Ie/IEHNH 3aBUCUMOCTH CHJIbI TOKa
OT II/IOIA/I TIOBEPXHOCTH /I€KTPOZIOB.

B mMpuaHOAHYIO 30HY CJiefyeT OCTOPOXKHO OMNYCTUTh CTEKJISHHYIO TaJiouky U
TiepeMelaTh JIeKTPOIUT BOIU3K MOBEPXHOCTU aHO/A. 3HAUEHUsS] BeJTMUMHBI CHJIbI TOKA JI0
riepeMenMBaHusl (YCTAaHOBMBIIASACS) U B MOMEHT TiepeMeIlMBaHusl B aHOAHOW 30He (TIpu
MaKCHMaJIbHOM OTK/IOHEHHM CTpe/KHd Mpubopa) 3amuchiBaioT B Tabm. 2.2. ITocne 3Toro
OCTODOXKHO TIEPEHECTH CTEK/ISSHHYIO TaJiouKy B TPHUKATOJHYIO 30HY W TepeMellaTh
571eKTPOJIUT BOJIM3M KaToZa, CUIy TOKa B MOMEHT TlepeMellrBaHusl B KaTOAHOW 30He 3ara-
carb B Tab. 2.2.

[lpy mepemelIMBaHUM pAacTBOpPAa PEKOMEHAYeTCsi He 3a/leBaTb TIePeropojky U3
CTEK/ISTHHOW TKaHU U 00pas3Iibl.

[Tocne npoBesenust paboTsl pactBop NaCl U3 BaHHOUKU CJIUBAIOT B OyThbLIb, U3 KOTOPOM
OoH ObuT B3sT. ONBITHBIE 00pa3slpl C/IeLyeT TPOMBITH W BBICYIIUTh (HUIBTPOBAIBLHOMN
OyMaroi.

B) Omnpeje/ieHHe aHOAHBIX M KAaTOJHBIX YUYAaCTKOB Ha jKejie3e, KOpPpe/IpyHlIleM B
HelTpPa/IbLHOM pacTBoOpe

[lpy koppo3uM B HEUTpPaJbLHOM pPACTBOpE, TMPOTEKarollel C  KUC/IOPOAHOMN
Jiernoisipyu3aliyeii, pacrpe/esieHde aHOJHbIX U KaTOAHBIX YYaCTKOB Ha TIOBEPXHOCTU MeTaslia
OostbILIe YacTbIO 00YC/IOBIEHO HEpAaBHOMEDHOM alspalriell ¥ HeofHOPOAHOCTBHIO TIOBEpX-
HOCTH.

Inst Toro, uToObI 0OHAPY)KUTH AHO/JHbIE M KaTOZHBbIE YYACTKH MPU KOPPO3UH >Kejle3a B
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HeUTpa/ibHOM pacTBoOpe (PacTBOp XJIOPUCTOTO HATPUs) K HeMY J00aB/ISIFOT WHUKATOp Ha
voHbl Fe’* (kpacHas KpoesiHas conb KoFe(CN)s), oGpasyroluii ¢ voHamu Fe” TeMHO-CHHIO
MaJIopaCTBOPUMYIO COJIb, TaK Ha3biBaeMylo TypHOy/uieByto cuHb Fes;[Fe(CH)s]. w
WHAWKATOp Ha THAPOKCUIbHBIe Trpymibl (dheHosdTranenH), obpasywommii ¢ noHamu OH
COeJJMHeHHs] MaJIMHOBOIO LIBeTa.

[ns BeinonHeHusi onbiTa B vamiky [letpu HamuBaroT 1 %-Heid pactBop NaCl u
nobapsisitoT 13 KarenapHMIBI 8-10 kamenb 1%-Horo pactBopa Ks;Fe(CN)s w 3 - 4 karuu
pactBopa ¢eHosn¢ranenHa. [lepemeriaB pacTBOp CTEKJISIHHOM Ias0UKOM, TTIOMELIal0T B HETO
o0Opa3zerl, MpeZiBapUTE/ILHO 3aUMIIIeHHbIN 1 TIPOTEPTHIN BaTOM, CMOYEeHHOH arjeToHOM. Yepes
HECKOJIbKO MMHYT OKOJI0 0oOpa3lja HauMHAIOT TOSIB/SITHCS CUHHE W MaJMHOBbIE yUaCTKH.
Yamky ¢ o6pasijoM peKOMeHJyeTCsl He BCTPSIXUBaTh. B 11e/sIX SKOHOMUY BPeMeHH OITbIT B)
peKOMeH/1yeTCsl IPOBOAUTD Napasi/iesibHO C OMBITOM a).

[Tocne okoHuUaHUs1 paboTHI TTO/TyYeHHbIe pe3y/bTaThl He0OX0AMMO TIPe/ICTABUTh Ha BU3Y
Tipero/iaBaTe’to.

2.4. O6pab0oTKa OMBITHBIX JaHHBIX

Pe3ysnbTarhl paboTh 110 1 1 2-i1 yacTsM oopMIISIIOT B BH/Ie 3arll0/THeHHbBIX TabuLl U
rpaduka, MokasbIBaroIllero 3aBUCMMOCTb YCTAaHOBUBILIEHCS CUJIbI TOKA UCCIeAyeMOro
raJibBaHAYeCKOro 3/IeMeHTa OT MJIOLLa/iy TOBEPXHOCTH aHo/ia (TIpY MOCTOSIHHOM KaTto/ie) U
T/I0LLai¥ TIOBEPXHOCTH KaTo/a (Mpy MOCTOSIHHOM aHo/ie).

PacnionokeHre oKpallleHHbIX Y4aCTKOB Ha 0Opas3ije HeoOX0JUMO 3apHCOBaTh U HAIKUCaTh
peak1iuy, NpoTeKaroljye Ha aHOJHBIX M KaTOJHBIX yYaCTKax IPU KOPPO3UH YITIepOLUCTON
cranu B pactBope NaCl, u peakuyto o6pa3oBaHust TypHOy/I/IeBOM CUHH.

2.5. Bompocsl /19 CaMOKOHTDO/IA

1. B yem 3akstouaeTcst He0OX0AUMOe TepMOZMHaMUUeCKoe yC/IOBHe TIPOTeKaHus
3JIEKTPOXUMHUUYECKOW KOPPO3UH JKeJle3a C KUC/IOPOLHOU Jierno/sipu3ariuei?

2. Ilepeunciivute OCHOBHBIE CTaJUU KaTOLHOI'O NPOL{eCCa BOCCTAHOB/IEHUS KUC/IOPO/a.
4.3.4 Odopmienue KomnieKra 3ajanuu ajas PI'P
s ouHo20 U 3a0UHO20 omoeneHus

MunucTepcTBO 00pa3oBaHMs U HayKu Poccuiickoit ®eaeparyu
defepasibHOE rOCYAAapCTBEHHOe OrofikeTHOe 0Opa3oBaTe/ibHOE yUpeXKjeHue
BBICIIIET0 00pa3oBaHusl «BallIKUPCKUM roCyAapCTBeHHBIA YHUBEPCHUTET»
WHkeHepHbIN (DaKyIbTET
Kadeapa «TexHomornyueckre MalivHbl U 060py0oBaHNe»

KommiekT 3aganui gas PI'P
T0 AUCLIATIIHHE « XMMHUUYeCKoe COTIPOTHB/IeHHe MaTepraslioB M 3allfiTa OT KOPPO3HH»

SJIEKTPOAHBIE ITOTEHLNAJIBI

3.1. ITesib paboThI

OrnpegeneHve 3/7€KTPOAHBIX TOTEHL[MAJOB HEKOTOPbIX METa//IoB B  PacTBOpax
5JIEKTPOJIUTOB, a TakXKe IMPOBEPKa BO3MOXXHOCTU MpPHMeHeHWs ypaBHeHUsi HepHcra asis
pacyeTa BeJIMUMH PaBHOBECHbBIX TTOTEHLIUAJIOB.
3.2. Teopus Bompoca

[Ipu morpy>keHMM MeTajyla B BOAHBIM pacTBOD 3JIEKTPOJIUTA Ha MOBEPXHOCTU MeTasuia
MpOTeKaeT TpoLleCcC B3aUMOJEWCTBUSI €er0 MOH-aTOMOB C TOJIIPHBIMU MOJIEKY/IaMH BOJBI.
[Ipoujecc rupparali KOH-aTOMOB MeTasljla COIPOBOXK/AETCS Bbl/le/IeHUEM SHEPIruu, 3a CYeT
KOTOPOW pa3pylIarOTCsl CBSI3U HMOH-aTOMOB MeTajl/la B KPUCTA//IMUYECKOW peLleTKe U OHU
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repexofiiT B pacTBOpP B BH/e T'M/IPaTHPOBAHHBIX KaTWOHOB, a Ha MOBEPXHOCTH MeTaslia
OCTaroTCs1 0CBOOOUBIIIMECS 3/IEKTPOHbI
(Me"" -ne) + mH,O — Me""-mH,O + ne 3.1

Cusbl 3/1eKTPOCTaTUUeCKOrO B3aUMOJeHCTBUsS MeXAy W30bITOUHBIMU 3/1eKTPOHAMU Ha
MeTas//Inyeckol TOBEePXHOCTU U TMepelleflIMMU B pacTBOp KaTMOHaMU MeTasia
TIPENSITCTBYIOT YAAJeHUI0 TOCAeJHUX B TIyOb pacTBopa. B pe3y/ibTarte TOBEPXHOCThb
MeTaslsia 3apsbKaeTcsi OTPULIATe/IbHO, @ PaCTBOP 3/IeKTPO/IUTA - MOJIOXKUTETbHO U Ha FPaHuLie
"MeTas-pacTBOp’”  BO3HUKAeT J[IBOMHOW  3/eEKTPUUECKUM  CJIOM, KOTOpPBIM  MOXKeT
dbopMHpOBaThCS TaKKe TPU aACOPOIMM Ha MOBEPXHOCTH MeTajjla 3apsDKeHHBIX YaCTHI]
pactBopa. [Ipu 3TOM MeTasn npuobpeTaeT 3apsifi OJHOTO 3HaKa, a OKOJIO ero TOBePXHOCTH
o0pa3yeTcsi /IO U3 MOHOB 3/IEKTPOJIUTA C JPYTHUM 3HAKOM.

Mexxy cnosiMd 3apsiZiloB yCTaHABIMBAeTCs OTpeiesieHHasi pa3HOCTb MOTeHL[Ma/IOB, TaK
Ha3blBaeMbll, "CKa4OK MOTeHLMana" WM MpOoCTO "MoTeHUMan". 3HauuTebHOEe KOJTMYeCTBO
3apsKeHHBIX UacTul] (HarpuMep, MepexoAsinX B pacTBOP KaTUOHOB MeTasia) HaXOAWUTCS B
HeToCpeJCTBeHHOW OM30CTH K MeTa/UTHUueCKOW MOBEPXHOCTH. DTH YaCTHUIbI (OPMHUDPYIOT
IJIOTHYI0 4YacTb [JIBOMHOTO 3/eKTpyuyeckoro cjosi (cinod Ienbmrosbiia), B KOTOPOM
peanu3yeTcsi TIpaKTUUeCKU BeChb CKauoK rmoTeHMana (¢). I[lo mepe ypaneHuss OT
TOBEPXHOCTH MeTaJljla B paCTBOD 3/7IeKTPO/IUTA KOHL[eHTPaLUsl JaHHbIX 3apsDKeHHBIX YaCTHL]
MOCTelIeHHO TiaflaeT, [OCTUrasi B KOHLIe KOHLIOB 3HAaueHWs, COOTBETCTBYIHOIEro UX
KOHI[eHTpallui B 00beMe pacTBopa. DTy 4acThb Ha3bIBalOT "pasMbIToi" wiu auddysHoi
YacTbI0 JBOWHOIO 3/1eKTPUYECKOro cjosi. Ee MpOTsHKeHHOCTb 3HAuWTE/bHO T[pPeBbILLIAeT
TO/IIMHY C/10st [elbMrosiblia, a peanusyemblii B Hel CKauok ToTeHIana (), Kak Ipasuiio,
MeHblIIe 10 BeJIMUYMHEe U TPaZiueHTy, YeM Ha reJIbMIro/ibLIeBCKOM y4acTKe JBOMHOTO CJIOS.

PaBHOBecHbIe (00paTMbIe) 3M€KTPOIbI 00/1aJat0T OJHOM, 00LIel /it BCeX 37eKTPO/IOB,
0COOEHHOCTBIO: B HHMX TPOTEKaeT TOMbKO OfHA 37eKTPOXUMHUYecKas peaklus C paBHOU
CKOPOCTBIO B IBYX TIPOTHBOTIO/IOXKHBIX HampaB/ieHusIX (TipsiMast M oOpaTHasi peakiyn).

CyliiecTByeT HECKO/TbKO TUTIOB PaBHOBECHbIX 37IeKTPO/I0B:

1. DmnekTpojsl TepBOro poJa - HEKOTOpble MeTa/yibl B pacTBOpaXx CBOMX COJe,
HaxOJsIIUecs: B COCTOSSHUM PABHOBECHUSI 110 OTHOLLEHUIO K OJHOUMEHHBIM UOHaM:

(Me"" -ne)+ mH,O ¢«» Me" -mH>O + ne 3.2)

2. DneKTpoAbsl BTOPOTO poja TIPEeJCTAB/SIOT COOOM MeTasll, TOKPBITHIA CJI0€M ero
TPYZHOPaCTBOPUMOTO COeJuHEeHUs] (CO/MM, OKCUbI WM TUAPOKCU/BI) U TOTPYKEHHbIN B
pacTBOp, cofep)Kall[uii TOT ’Ke aHWOH, UTO U TPYAHOPAaCTBOPUMOE COe[UHeHHe
3/IEKTPOAHOr0 MeTaina. CxeMaTUueCKU S7eKTPoJ, BTOPOTO poja MOXKHO Tpe/CTaB/sSTh
cienyromum obpasom: Me' || M'A, Meé?

3.0KUC/TUTe/IbHO-BOCCTAHOBUTE/IbHBIE 371eKTPO/bl (PeJoKC-3/1eKTPO/bl), TMpe/CTaB/IsIOIIIe
coboii uHepTHBIN MeTaslyl (HarpuMep, TUIaTUHY) B KOHTAKTe C 37IeKTPOIMTOM, COJiep KalliiM

2- 2-
WOHBI pasHbIX CTereHel OKWC/IeHHOCTH (Hanpumep, Fe’'/F** || Pt; 50y 18,04 ||Pt).
[Tpu focTHKeHWM paBHOBeCHs 3HaUeHHe MOTeHIMana MeTasijla CTAHOBUTCS TOCTOSTHHBIM, a
ero BeJIMYMHA 3aBHCUT OT BHEIIHUX YCJIOBUM (TeMrepaTyphl, /AaBieHHs)) U aKTUBHOCTH
HMOHOB MeTajl/la B paCTBOPe M OMMCHIBaeTCsl ypaBHeHreM HepHcTta

¢¢0RT

rJie ¢, - paBHOBEeCHbIM MOTeHLMaa MeTasa, B;

Ina

Tl+)

(3.3)

O . CTaH[apTHbIM MOTeHMal MeTajla, B, Te. ero ImoTeHLuan B 3J1EKTPOJIUTE,
aKTMBHOCTbh MUOHOB [JaHHOI'0 MeTaJl/la B KOTOPDOM paBHa e[juHULIE;
R - ra3oBas noctosiHHasA, paBHas 8,314 [[x/ (Mosib-Tpaj);
T - Temrieparypa 1o abcostoTHOH 1iKarne, K;
N - KOJIMYeCTBO 371eKTPOHOB, TPUHUMAIOLLMX y4YacTHe B 3/IeKTPOJHOU peakLvy;
F - nnoctosinHas Papazes, paBHas 96493 K;
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a - aKTUBHOCTb MOHOB MeTaJjljia B paCcTBOpe, MOJIb/JI;
a=fcC, (3.4)
rae [ - k03hdULMeHT aKTUBHOCTH (CM. IPUJIOXKEHUE 5);
C - aHa/IMTUUeCKast KOHLIeHTpaLUs HOHOB MeTajlla B pacTBOpe, MOJIb/JL.

st pa3baBrieHHBIX PAacTBOPOB KO3(M(UIMEHT aKTHBHOCTH O/M30K K eQUHUIle, U C
HEKOTOPOM OIIMOKON MOXKHO CUMTaTh, UTO aKTUBHOCTb MOHOB MeTasula NMpUOIHU3UTE/EHO
paBHa UX aHA/IMTUYEeCKOM KOHLIeHTPAalLluX B pacTBope.

ITogctaBuB B ypaBHeHue (3.3) 3HaueHWs] TMOCTOSIHHBIX JJig Temreparypbl 25°C u
nepei/ig K JeCITUYHBIM JiorapyugMam, IoayyuM ypaBHeHre HepHcTa B ciefyroieM Bue:

¢M:¢;+O,059 lga .
n M (3.5)

W3 ypaBHeHus (3.3) ciefyeT, UTO MOTeHLMaA MeTasla U3MeHSIeTCsl B 3aBUCMMOCTHU OT
KOHIIeHTpalui COOCTBEHHBIX HOHOB MeTaljaa B 3aekTponuTe. [IpU  ymeHblleHUN
KOHL[EHTpallUd HMOHOB MeTaj/ula B 3JIeKTPOJIUTe (HampuMep, CBs3biBaHWe HMX B 1abo
JUCCOLMMPYIOLLMEe KOMIUIEKChI) MTOTeHL[Mall ero CMelljaeTCsl B OTPULIATeIbHYH0 CTOPOHY.

Eciv B mporecce B3auMOZEMCTBUS MeTayla UM 37eKTPOJIMTa y4acTBYHOT He TOJBbKO
coOCTBeHHbIe HMOHBI MeTajaa, HO M [Jpyrde HOHbl WIM aToMbl, TO BO3HUKHOBEHHE
PaBHOBECHOTO TIOTeHLMara HeBO3MOXXHO M Torja obpa3yeTcss HepaBHOBECHBIM WU
HeoOpaTUMbI TOTeHIMaA. B aToM ciydae rotepsi 1 iproOpeTeHue 3/1IeEKTPOHOB METalIoM
OCYLL[eCTBJIIIOTC C y4yaCTHeM Ppas/iuyHbIX BellleCcTB, U IIOTeHLMa/l MeTa/ula He
XapakTepusyeT HACTyIUIeHHe paBHOBECHsl Ha IIOBEDXHOCTU 3/1eKTpoja U Ha3bIBaeTCs
HeoOpATHMBIM.

YcToitunBoe 3HaUeHHe HeoOpaTUMOTO TIOTeHI[1asla, yCTaHaB/IMBAIOLeecs: TIPH paBeHCTBe
CyMM CKOpDOCTeld aHOJHBIX U KaTOAHBIX TIpPOLIECCOB, Ha3bIBAETCS CTAlMOHAPHBIM
HeoOpaTUMbIM TOTeHIMaJoM. BenvurHa ero 3aBUCUT OT TIPUPOJbI MeTasla, COCTaBa U
KOHLIEHTPALUU /1eKTPOJINTA, & TAK)KEe OT BHEIIHHUX YCIOBUH.

HeoOpatvMble TOTeHIMA/Mbl He TIOAUMHSIOTCA  ypaBHeHMIO HepHcra  (3.3),
C/1e[j0BaTe/IbHO, UX Hejlb3s paCCYMTaTh, @ MOKHO OIPeZe/IUTh TObKO OINBITHBIM IyTeM. [1s
peleHus BOTIPOCA, sIBJSIETCS JIM MOTeHLMa/l MeTalla B IaHHOM pacTBOpe 0OpaTUMbIM WIH
HeoOpaTUMBIM, C/ielyeT COTIOCTaBUTh TeOPeTUYEeCKOe, paCCUMTAaHHOE T0 ypaBHeHuo (3.3), u
OTBITHOE 3HaYeHUs MOTeHIMana ¥ CPaBHUTh 3aBUCHMOCTh €ro OT aKTUBHOCTH COOCTBEHHBIX
VIOHOB B PacTBOpe, I0JlyYeHHYI0 TeOPeTUUYeCKH U ONbITHLIM IIyTeM.

[Top BAMsiHYMEM pa3nUuHbIX (PaKTOPOB BeJIMYMHA HepaBHOBECHOIO MOTeHLMana MeTasuia
MOXKeT U3MeHATbCs, CMeLasiCh B Ty WM UHYHO CTOPOHY. bosbllioe B/MsiHYeE Ha ero BeJIMUUHY
OKa3bIBalOT OKHUCJIMTEIM, HaXoAsluecs B S5/7eKTPONTe, 0[] [elCTBUeM KOTOPBbIX Ha
TIOBEPXHOCTU MeTaJjlyla MO>KeT 00pa30BaThCsl 3alliUTHAsI TJIEHKA, YTO MPUBOJUT K CMEIL[eHUI0
TIOTeHI[1asia B TIOIOKUTEIbHYI0 CTOPOHY. 3alllMTHbIE TJIEeHKW MOT'YT 00pa30BbIBAThCsl TaKkKe
3a CYeT OTVIOXKeHUsI Ha MOBEPXHOCTU MeTa/l/la TPYAHOPaCTBOPUMBIX IPOAYKTOB KOPPO3UH.
[IpucyTcTBHE B pacTBOpe BelleCTB, PACTBOPSIIOLIMX WM pa3pylLIArOLIUX 3alljUTHbIE I/IeHKU
(HaripyMep, MWOHOB-aKTMBAaTOPOB) TIPUBOAUT K CMeLeHWI0 IIOTeHLMasa MeTaula B
OTPULIaTe/IbHYIO0 CTOPOHY.

HeoOxoiuMO OTMETHTb, UTO B HACTOsII[ee BpeMsi HET JOCTaTOYHO HAaJIe)KHBIX METO/I0B
9KCIIEPUMEHTA/IbHOTO  OTpeZie/ieHHs] WM TeOpPeTHUeCKOTrOo BBbIYMCIEeHUS abCOFOTHBIX
3HaYeHWU MOTEHLMA/IOB (CKAauKOB 3aps/0B B JBOWHOM 3JIEKTPUYECKOM C/I0€), TT03TOMY UX
OIpezie/IsitoT 110 OTHOLLIEHUIO K IPYrOMYy 3JIeKTPOZY, Ha3blBaeéMOMY 3JIEKTDOLOM CDaBHEHUS.
BenmvuuHy mnoTeHIMasia MeTasula, U3MEPEHHYIO I10 OTHOLLEHUIO K 3/IeKTPOLYy CpaBHEeHUs,
Ha3bIBalOT 2/IEKTPO/IHBIM MOTEHIIHAIOM.

OOBbIYHO B KayecTBe 3/IEKTPOZIAa CPABHEHWs TIPUMEHSIFOT BO/IOPOJHBINA 3/I€KTPO/,
TIOTEeHI[a/ KOTOPOro TpH /000l TemriepaType NPUHMMAIOT paBHbIM Hymo. OfHako
BOZIOPOJHBIN 371eKTPO, He yhobeH B paboTe M Ha MpPAKTHKe Yallle WCIONb3YHOT [pyrHe
571eKTPO/ibl CPaBHEHUsl, HallpuMep, HacbhIleHHbIM X0pcepeOpsiHbIi 3/1eKTPOZ, TOTeHIUal
KOTOPOI'O TOUYHO M3MepeH I10 OTHOLLIEeHUIO K BOLOPOAHOMY 3JIeKTpoAy U paseH +200 MB nipu
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KOMHAaTHOM Temreparype.

[nst Toro, 4yToObI MepecyuTaTh TOTEeHLMa/ MeTasa, W3MepeHHBbIM OTHOCUTEeIbHO
XJIOpCepeOpsIHOTO 37eKTPO/a, M0 OTHOLIEHHIO K BOJOPOJHOMY 37IeKTPOZY, AOCTAaTOUHO K
NIOTeHLMaly MeTasla, B3sITOMy CO CBOMM 3HAKOM, anrebpanuecku nmprubaBUTh MOTeHLMasl
XJI0pcepeOpsTHOTO 71eKTpoAa, T.e. +200 MB:

¢M/H2:¢M/mAcep+¢m.cep. (36)

¢M/H2

i (3 - TIOTEHIIMAJT MeTasljla 10 BOAOPOJHOMY 3/IeKTpoJy, MB;

¢M/ X.Cp - IOTeHLIMaJ MeTasljia 1o XjiopcepeOpsiIHOMY /1eKTpoAYy, MB;

¢X/!-C€P - MIOTeHIMas XjopcepebpsiHoro sekTpoza (+200 mB).
I[Tepen nipoBeieHreM PabOTHI CieAyeT 03HAKOMUTLCS CO CIeAYIOIIMMI BOTIPOCAaMHU:

1. VIamepeHvie NOTeHLMa/I0B METa/JIOB (METO/bI Y 3/IEKTPO/bI CPaBHEHUS).
2.PaBHOBeCHble U HEpPaBHOBECHbIe T[OTEHLMAsbl; P CTaHAApPTHBIX 3/€KTPOJHBIX
MOTeHL{aIOoB.
3. V3MepeHve mNOTeHLMAJOB MeTA/VIOB B 3aBUCHMMOCTHM OT COCTaBa W KOHLIEHTpaLUy
3/IeKTPO/IUTA.
3.3.1TpoBeeHre pabOTEI

ONeKTpoJHble TOTeHLMaAbl MeH, ’Kejle3a U aJlOMUHUS ONpeJessioT B CJIeAYIOLUX
5JIEKTPOJIUTAX:

Mmenb: CuS04- 1M; 0,1M; 0,01M; 0,001M,
H,S04- 0,5M,

NaOH- 0,5M,

NH,OH - 0,5M,

>kene3o: NaOH- 0,5M,

NaCl - 0,5M,

KzCFzO7 - O,SM,

amomunuii: NaCl - 0,5M,

KzCFzO7 - 0,5M

OnekTpozbl (KpOMe aFOMMHMS) OUMIIAIOT Ha)KAAuHOM OyMaroi, MpoTHparoT BaToM,
CMOUEHHOM alleTOHOM, M 3aKpeIUIsiloT B KjeMMaX, yCTaHOB/IEHHbIX B W30/IUPYHOIIUX
M/IaCTUHKAX.

[ToTeHUManbl W3MEPSIOT C TIOMOLLBIO YHUBEpPCAJbHOIO HWOHOMepa Tuna OB-74.
[TpeaBapuTeTbHO 03HAKOMMBILHKCH C paboTol MOHOMepa (TpuioykeHue 4), I7si U3MepeHuUs
TIOTEHI[MA/IOB COOMpArOT rasbBaHUYECKYH0 Memnb (puc.3) W3 HUCCAeJyeMoro 3/eKTpPoAa,
OMYI[EHHOTO B COOTBETCTBYIOLIWM 37€eKTPO/IMT, U XJIOpPCepPeOpSHOro  37eKTPoja,
TOMeEII[eHHOTO B HachIllleHHbIM pactBop KCI, coeiMHHUB pacTBOPbI CU(OHOM, 3arioTHEHHBIM
HackillleHHbIM pacTBopoM KCI. Bemuuuua O3.[1.C. cocTaBleHHOro TrajlbBaHUUYeCKOTO
3/IeMeHTa OJHOBPEMEHHO SIB/SIeTCS 3/IeKTPOJAHBIM MMOTEHLIMaI0M UCC/IelyeMOro MeTasa Io
OTHOIIIEHHUIO K XJIOPCepeOpSTHOMY 3J/IEKTPOY.

3.0.C. cocTaB/ieHHBIX rajbBaHUUECKUX 3JIEMEHTOB W3MepSIOT, I1004YepefHO OIlyCKas
pabourie 3/1eKTPO/ibl B PAaCTBOP U TIOAK/IIOUAst UX K HOHOMepy. [1opsioK n3MepeHus OITMCaH B
VHCTPYKLMY (CM. TIpPUIO)KeHUE 4).
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1 - MWUIMBO/IBTMETP; 2 - KOHTaKTHasg KieMMa; 3 - M30/JUpyrollas IulaCcTUHa; 4 -
9JIEKTPOTTMTUUECKUA MOCTHK; 5 - XJIopcepeOpsiHbIN 3/1eKTpof, cpaBHeHUs; 6 - pactBop KCI; 7
- CTEK/ISTHHBIN CTakaH; 8 - pabouuii s/mekTpos; 9 - pabouwnii 3nekrpos; 10 - KOAKCHUIbHBIN
Kabesb

Puc.3. Cxema yCTaHOBKH /i1 USMEPEHUST 3/IEKTPOHBIX TTOTEHI[AAI0B

[Tocne ompenesneHyss BeJIMUMHBI TOTEHLMA/NA 3/IEKTPOJ OTK/IHOYAKOT OT W3MEpUTEeTbHOM
cxembl (HO He BBIHMMAalwOT W3 DPACTBOpPA), TMOJK/IOYAIOT CJIeAYIOLIUI 3/1eKTPOf, U BeAyT
M3MepeHre TaKuM ke 00pa3om.

[Tpu mepeHoce cudoHa M3 OJHOTO PAacTBOpa B JPYrod KOHeL| ero, Morpy)Xaembld B
PacTBOP, HY>KHO 0OMBITh CTPYEH TUCTU/UTMPOBAHHOHN BO/IbI, TIO/Ib3YSICh IIPOMBIBATKOM.

s u3ydyeHUs] KUHETUKU HM3MeHeHUs MOTeHLMaloB MCCIelyeMbIX MeTa/uIOB U3MepSOT
WX HauajibHbIe TIOTeHIIMabI (Cpa3y ke Mocjie TOrPY>KeHHsI 00pas3lioB B 37IEKTPOJIUT), 3aTeM,
cryctd 30 MMH OT Hayasa OmnbITa U BHOBb, CiycTss 60 MMH OT Hauvasa OrbITa. BesnurHbI
M3MepEeHHbBIX MMOTEHIMAJIOB C YUYETOM MX 3HAKOB 3aHOCAT B Tabm. 3.1.

B 3, 4 u 5-i rpadax TabMUIBI 3alMCHIBAlOT M3MEpeHHbIe 3HAaueHHUsl MOTeHIMAJOB B
MUWIJTMBO/IbTaX T0 XJIopcepeOpsiHoMy 37ekTpony. B 6, 7 u 8-if rpadax - BbIUMC/IEHHBIE
MOTeHLMaIbl MeTa/lZIOB OTHOCUTEIbHO BOZOPOLHOTO 3/1eKTPO/a.

3.4. O6pab0oTKAa OMBITHBIX JAHHBIX

PesynbTarel paboThl TipeAcTaBisstoT B Tabnm. 3.1, a Takke B BuAe TpaduKa:
JKCTiepuMeHTa/lbHas ¥ TeopeTUuecKast (paccurTaHHas 1o ¢gopmysie HepHcTa) 3aBUCUMOCTD
Be/IMUMHBI TOTEHI[Masia MeJHOrO 37eKTpojila B pacTBopax Cyab(ara MeAu OT Jorapudma
aKTUBHOCTU UOHOB MeTasljla B 3/IeEKTPOJIUTE.

3.5. Bonpocel /19 caMOKOHTDPONA

1. Kakuve cucTeMsbl B 3/IEKTPOXUMUY Ha3bIBalOT pABHOBECHBIMU?

2. B KaKuX yC/I0BUSIX BO3HUKAIOT HePaBHOBEeCHbIE (HeoOpaThMble) TIOTeHLIAabI?

3. Kak omnpegendrs 3HaueHWe CTaHZAPTHOTO OKUC/IMTEIbHO-BOCCTAHOBU-TE/BHOIO

a
_ Ox
¢O}</Red_f(ln a )
TIOTEeHI[1aia CUCTEeMBI T10 rpaduKy 3aBUCUMOCTH Red  ?

4. [Touemy 371eKTpOJHBIN NTOTeHLMAN Kese3a B pactBope NaOH co BpemeHeM CTaHOBUTCS
GoJsiee MOIOKUTENBHBIM, a TIOTeHL[Ma/l Me/ld B paCTBOPe TIPaKTUUeCKU He MeHsIeTCs BO
BpeMeHHU (CM. 3KCIiepUMeHTa/IbHble pe3y/bTarhl)?

5. HanmimTe aneKTpoXxMMuyecKye peakLivy, IIpOTeKarole Ha XKe/le3HOM 3/1eKTpojie B
pactBope Nad. Kakoii ripy 3TOM yCTaHaB/IMBAETCS MOTEHL{MA/T - PABHOBECHBIH (00paTuMbIif)
WA HepaBHOBeCHBIN (HeoOpaTUMbIii)?

Bubnuorpaduueckuii corcok

1. XKyk H.II. Kypc Teopuu koppo3uu u 3aiursl MeTas/uioB. -M.:Metamnyprus, 1980. C. 149-
188, 341-369.

2. TlaxomoB B.C. Koppos3usi u 3ampmra XMMHYECKOM ammaparypbl. JJIeKTPOXUMHUecKas
KOppO3usi MeTa/lyioB: YueOHoe rocobue. -M.: MUXM, 1983.- 80 c.
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JlabopaTopHas pa6ora 4
KOHTAKTHAS{ KOPPO3UA N KATOAHASA 3ALLIMTA METAJIJIOB
4.1. lTenb paboThI

V3yueHve sB/eHHSI KOHTAaKTHOW KOPPO3UM METa/lI0B, O3HAKOMJIEHHME C MeTO[OM
KaTOJHOM 5/IeKTPOXMMHYECKOM 3alluThl C TIOMOLIbI0 MPOTEKTOpa M MO/AspU3alyd OT
BHEIIIHEero NCTOYHUKA TOKa.

4.2. Teopud Bompoca

4.2.1. KoHTaKTHasg KOppO3us.

KOHTaKTHOM _KOppO3Wer Ha3bIBalOT 3JIEKTPOXMMUUECKYH) KOPPO3UI0  MEeTasljIoB,
VMMEIOLMX pa3Hble 31eKTPOJHble (KOPPO3MOHHBIE) TIOTEHLMabl U HAXOASIIMXCS B pacTBOpe
5JIEKTPOJIUTA B KOHTAKTe JIPYT C APYTOM.

Mertasnn, MorpykeHHbI1 B pacTBOp 3/€KTPOJIUTA, B KOTOPOM OH TepMOJMHaMUYeCKu
HeyCcToWuuB (T.e., €CIM B PACTBOpPe HMeeTCs OKWC/IUTe/b, PaBHOBECHBIM TMOTeHIMasl
KOoToporo 0osiee TIO/IOXKUTE/bHBIM, UeM pPaBHOBECHBIM TOTeHLMan MeTa/ula B JlJaHHBIX
YCJIOBUSIX), TIOJIBEPraeTcsl >31eKTPOXMMHUYECKOW Koppo3uu. [Ipy 3TOM Ha MOBEPXHOCTU
MeTasyla TpOTeKalT aHOAHas peakLusi pacTBOPeHUsl MeTajla M KarofHas peakLusi
BOCCTAHOBJIEHHS] OKUC/IWTeNsA. Koppenupyrolasi TOBepXHOCTh TPHUOOpeTaeT HEKOTOPBIM
KOMITDOMUCCHBIW 3/1eKTPOZAHBIN MOTeHLMas (MOTeHLMaa KOPpo3Un), MPU KOTOPOM CKOPOCThb
pacTBOpeHUs] MeTasuia (aHOJHBIM TOK) paBHa CKOPOCTHM BOCCTAaHOBJIEHUS] OKUC/IUTE IS
(kxaToAHbBIN TOK).

[Ipy 3amblKaHMM B pacTBOpe 3/€KTPOJIMTA J[BYX MeTa//IOB, MMEILIUX B JaHHBIX
YCJIOBUSIX pa3Hble TIOTeHLMabl KOppPO3WH, 00pa3yeTcs rajbBaHUuUecKasi Tapa.

J17151 IpaBUIBHOTO TIOHUMAHUS TPOLIeCCOB, MTPOTEKAOIUX B TaKOH Tape, 1eecoobpa3Ho
MPOBECTU aHa/MU3 ee pabOThI C TIOMOINIBIO MOMSIPU3aALMOHHON Auarpammbl (puc.4). ITyctsb

O,

Meta/uibl 1" u "2", uMeronMe B JaHHBIX YC/IOBUSIX paBHOBeCHbIE MOTeHLUasbl u

p
¢M2 , TIOTPY>XeHbl B PacTBOpP, B KOTOPOM IIPUCYTCTBYeT OKHC/IUTeb C PaBHOBECHBIM
p

MOTeHL[1a/IOM Oox . Ecii anekTprueckoro KOHTakTa MeXy MeTaljlaMu HeT, TO TOUKH (1 1
2) nepeceyeHus aHOAHBIX (JIMHUU a; U a;) U KaTogHbIX (muHuM K; 1 K») nonsipr3aloHHbIX
KPUBBIX /Il KaXJ0r0 M3 MeTasyIOB OTBEYAT YC/IOBHIO CTalMOHAPHOCTH KOPPO3WOHHOIO
noreHimana (I, = Iy) U motomy onpefensitOT BeJIMUMHBI UCXOJHBIX CKOPOCTEN KOPpPO3UU
(Liop1, Txop2) Y TIOTEHLIUAIOB KOPPO3UHU (Propi, Prop2) METAIIIOB.

Ecmm metamer "1" 1 "2" KOPOTKO 3aMKHYTb , T.e. IPUBECTU B KOHTAKT (IEKTpPUYECKU
COeIMHUTh), TO B C/Iyuae, KOTJjJa OMUUeCKoe COTIPOTHUBJIEHHe PacTBOpa MpeHeOpeXuMo maiio,
KOHTaKTHDYIOL[e  MeTas/ulbl  [JO/DKHbI ~ TPUOODECTH  HEKOTOPBI  OIMHAKOBBIM
KOMITDOMUCCHBIM TIOTeHIMan @y BelMunMHa 3TOrO TIOTEeHI[Majsa MOXKeT ObITb HaiijjeHa
rpaguueckd W13 YCJOBUSI CTAlMOHAPHOCTM S/€KTPOJHOIO IOTeHLMasa - CyMMa BCeX
aHO/ZIHBIX TOKOB /I0JDKHA ObITh PaBHA CyMMe BCEX KaTOHBIX TOKOB
2, =Xy 4.1)

51t 3TOr0 HEOOXOAMMO TIPOBECTH rpadrueckoe CyMMHPOBaHUE MapLaIbHbIX aHOHbBIX
(lvHUM a; ¥ a») U KaroAHbIX (HMM K; U K;) mnonspu3alMoHHBIX KpUBBIX. Touka
repeceyeHusi (X) CyMMapHOM aHOJHOM TMOJISIPU3AL[MOHHOW KPUBOM (dyx) W CyMMapHOM
KaTOHOW To/isipu3aliioHHON KpuBo# (K;) oTBeuaeT paBeHCTBY (4.1), a ee abcicca
SIBJISIETCS] UCKOMBIM KOMIIPOMHCCHBIM MOTEHLIMAIOM (Ps.
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YcTaHOBUBLIMMCSA B KOPOTKO3aMKHYTOM [BYX3JIEKTPOJAHOW CHUCTEME KOMIPOMMCCHBIN
TOTeHLMa/l Py UMeeT 3HaueHue, IPOMeXKyTOUHOe MeXX/y TlepBOHaya/lbHbIMU TTOTeHLMalaMU
KODPO3UM METANIOB (hopi < @Phop. TaKUM 00pa3oMm, B pe3ynbraTe KOHTAKTa TPOUCXOJUT
CMellleHHe TIOTeHI[Maia KOoppo3ur 0Oojiee 3/1eKTPOOTpULiaTe/IbHOTO MeTa/ia "1" (aHOmHOTO
MeTasyla) B TIOJIOXKUTE/IbHYH0 CTOPOHY - aHOJHas MoJispu3aLusi, U CMelleHue MoTeHLrasna
Koppo3uu 0osiee  37IEKTPOIIO/IOKUTEIBHOTO MeTa/sia "2" (KaTogHOro MeTaiia) B
oTpuLiaTe/IbHYI0 CTOPOHY - KaTofHasl IoJsisgpy3alus. JTO MPUBOAUT K COOTBETCTBYIOLLEMY
VM3MEHEHUI0 CKOPOCTeW aHOAHBIX M KaTOAHBIX 3JIEKTPOAHBIX TMPOLIECCOB HAa KOHTAKTH-
pYIOIIMX MeTasnax. [JefcTBUTe/NLHO, TIPU HOBOM 0011jeM ToTeHLuane @y Metasan "1" OygeT
PacTBOPATLCsE (KOPPEIMPOBATH) CO CKOPOCTHIO I 51, OOJIbIIIEH, UEM CKOPOCTB €r0 KOPPO3HH /10
KOHTAKTa lp - MeTamn "2", Ha0OOPOT, TIPY KOHTaKTe PacTBOPSETCS CO CKOPOCTHIO I,
MeHbIlIeH, YeM CKOPOCTb €ro KOPPO3WH /10 KOHTAKTa lwp. TakuM oOpa3oM, pacTBOpeHHe
aHOJHOI'0 MeTaJl/la yBe/IMUUBAETCs, @ KaTOAHOIO - YMeHbIIIaeTCs.

Ecnu obuuii moTeHLMan Makporiapbl @z OyZeT MeHbIlle PaBHOBECHOTO TOTeHLMana

p
KaTOAHOIO MeTaa O,
BOBCe.

[lpy ycCTaHOBUBIIEMCS TIOTeHLMajie Makpomapbl (s Ha W3HauaJbHO Oosee
5/IEKTPOOTPULIATE/ILHOM MeTamae "1" CKOpOCTb aHOgHOro mpoiecca I, CyLecTBeHHO
GosbIlle CKOPOCTH KaTOQHOrO Tiporiecca Iy , a Ha W3HauaabHO Gosiee 3/IeKTPOITOIOKH-
TeJIbHOM MeTajie "2" CKOpPOCTh KaTOQHOrO Tmporecca Iy, 3HauuTensHO OO/IbIne CKOPOCTH
aHofHoOro rporecca I,

Pa3nuija B CKOpPOCTAX KaTOLHOTO U aHOJHOIO IPOLeCCOB [JIs KaX0ro MeTajula
SIBJISIETCS] BHELITHUM TOKOM, KOTODPbIM [IJaHHbIN MeTasl/l Harpas/seT JpyroMy (Uivd pUHUMaeT
OT Hero), W TIpeJiCTaB/sieT CO0OH, TI0 CyII[eCTBY, TIOTOK /IEKTPOHOB OT aHOAHOTO MeTasia K
KaToJHOMY

gHew __ 1’ toLpeew _ ' 1
12 _Ik2_102’11 _Ikl Ial

, TO pacTBopeHHe (KOppO3usi) 3TOro MeTasa "2" MpeKpaTUTCs

(4.2)

[nis AByX37eKTPOJHON CHUCTeMbl BHeIHWe TOKW KaKJOro K3 MeTa/UIOB paBHbI T10
abCOTFOTHOM Be/TMUMHE W TIPOTHUBOIIOJ/IOXKHBI 10 HalpaB/eHWI0. B JTaHHOM c/Tyuae BHEIITHUH
TOK MeTa/via "I" OygeT aHOAHBIM, a MeTa/ia "2" - KarogHbiM. Takum oOpa3oMm, B
rajbBaHMUECKOM Makporape Metast "1" paboraeT aHozoM, a MeTann "2" - KarofoM. 3a cyeT
BHeIIIHeT0 TOKa M OCYIL[eCTB/ISIeTCS] COOTBETCTBYIOL[Ast MOJISIPU3aLivsi 3/1eKTPO/IOB.

B  coyyae 3aMeTHOrO  OMHUYECKOTO  COTIPOTHBJIEHWSI ~ arpeCCHBHOM  Cpe[bl
paccMaTtpuBaeMasi  [IByX3/IeKTPOZIHasi  CHACTeMa  y)Ke He  SIBsSeTCS  TOJIHOCTBIO
3aro/IIpU30BaHHOM - OOLWM TIOTEHIMa/A He YCTaHaB/IWBaeTCs. MeTalabl MaKpOTMaphbl
NpUOOPETarOT HOBbIE MH/VBU/YA/IbHbIE 3/I€KTPOJHbIE TIOTEHLIUAMBI O op1 U @ wop2. IIPU 3TOM
Cropt < Qxopt < @ xop2 <Qrop2. PA3HOCTL MOTEHLMANOB AP = @ xop2 - ¢ vop1 TPONOPLMOHANBHA
OMHYeCKOMY COTIPOTHBJIEHHIO PAaCTBOPA U BeIMUMHE BHEILHETO0 TOKAa MaKpOTaphl.

Takum 00pa3oM, KOPpO3usi MeTa/ljia B paCTBOPE 3JIeKTPOIUTA MOXKeT OBbITh 3amMe[jieHa C
TIOMOII[B0 KOHTaKTa C Oosiee 3/1eKTPOOTPUIIATEIbHBIM MeTa/UIOM (aHOJHBIN KOHTAaKT) WU
yCKOpeHa BC/Ie[CTBHE KOHTaKTa C 0Oosiee 3/1eKTPOMOIOKUTE/bHBIM MeTasyioM (KaTOAHBIN
koHTakT). CKa3aHHOe CTpaBe/IMBO /il C/lydyaeB KOPPO3WM META/NJIOB B aAKTUBHOM
cocrosinuu. Eciv Bo3MO)KHA MaccUBaliysi OCHOBHOTO MeTaJslia, TO KaTO/HbI KOHTAaKT MOXeT
crocoOCTBOBaTh HACTYTUIEHUIO TTACCUBHOTO COCTOSIHUSI OCHOBHOTO MeTasljla M YMeHbIIIeHHIO
ero Ckopocty kopposuu. C Apyroil CTOpOHBI, JJifi TACCUBHOTO MeTasljla aHO/AHBIMA KOHTaKT
oraceH, TakK KaKk MOXKeT TPUBECTH K Tepexofly W3 TMacCUBHOTO COCTOSIHUSI B aKTUBHOE U
yBeJIMUeHUI0 CKOPOCTU KOPPO3UH.

KoHTakTHasi KOppo3usi SIBsSieTCs TIPUYMHOM YCKOPEHHOTO pa3pylleHuss KOHCTPYKIIWH,
CMOHTUPOBAHHbBIX U3 Pa3HOPO/HBIX MeTasl/IoB.

I deKTUBHOCTb YCKOPSIIOIIEro AelCTBUsL KaTOJHOTO KOHTaKTa Ha KOPPO3M0 OCHOBHOTO
MeTa/i/la B YC/AOBUSIX AaKTMBHOTO paCTBOPEeHHsI 3aBUCUT OT BeJMYMHbI PaBHOBECHOTO
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5JIEKTPOZHOTO TIOTeHLMasia KaTOJHOTO MeTas/ula B JIaHHBIX YC/IOBUSIX W 3aTPYJHEHHOCTH
(mepeHanpspKeHUs1) aHOAHOTO U KaTOJHOTO TMPOLIeCCOB Ha KaTOJHOM MeTasljie, a TakkKe OT
COOTHOILIEHUsS] TIOBEPXHOCTeM KaTOJHOTO W OCHOBHOrO (aHogHOro) metamuioB (S, : Si).
KoHTakTHasi KOppo3usi TeM WHTeHCHBHel, 4eM 0ojiee TOJIOXKUTENIeH paBHOBECHBIM
MOTeHLMa/l KaTOAHOT0 MeTasljla, UeM BbIIlle TlepeHanpsykeHre ero aHoJHOI0 paCTBOPEHUS U
yeM MeHbllle TiepeHanpsykeHe BOCCTaHOB/IeHUSI OKUC/IUTEISI Ha ero NMOBEePXHOCTH, a TaKxkKe
yeM OO0JIbIIIe OTHOLIIEHHE TTIOBEPXHOCTEeH KaTOHOTO U OCHOBHOTO METaJlJIoB.

4.2.2. KarogHas 31eKTDOXUMHYEeCKas 3allinuTa

Ha wu3MeHeHHMM CKOPOCTM pacTBOPeHMs] MeTajla TMPU €ero KaTOJHOM MO/sipyu3aluu
(cMmeleHMe mMOTeHLMasa B OTPULATEbHYH) CTOPOHY) OCHOBaHa 3/IeKTPOXUMMUECKas
KaToJHasl 3alljUTa MeTa/uUIOB OT KOppPOo3uu. OCyIeCTBUTh KaTOAHYHO 3alUTy MOKHO ABYMSI
criocobamm.

OpauH W3 HUX 3aK/IHUaeTCs B TIPUCOEJWHEHWM K 3allUIlaeMOMy MeTa/l/TnyeCcKOMY
W3/IeJIMI0  Kakoro-nmbo Jpyroro MeTasla, HMeEROIIero B [aHHOW arpeccUMBHON cpefie
roTeHIMan Oosiee OTpUIATeNbHBIN, UeM IOTEHI[Hasl 3alluiliaeMoro Metasa. [Ipucoenu-
HsieMbIii MeTa/s1 paboTaeT aHOJOM B rajibBaHMUeCKOW Tape C 3allulljaeMbIM MeTasyioM U
YCKOPEHHO pacTBOpsieTCs. OJTOT crocob Has3biBaeTcss "TMPOTEKTOPHOM 3amuToi’, a
MPUCOeVHSEMbIN 371eKTPOZ, - MPOTEeKTOpoM. Marepuanom [jsi MPOTEKTOPOB B Cjyuyae
3alUTBl KOHCTPYKLIMKA K3 HeJIerMPOBAHHOW CTaly 4acTO CAYXKUT LMHK WM CIUIaBbl Ha
OCHOBe aJIlOMUHUS U Maruus. B npotiecce 3aiiyThl MPOTEKTOPHI TOCTENIEHHO PACTBOPSIFOTCS,
MO3TOMY UX MEePUOJUYECKU 3aMEeHSIOT HOBBIMHU.

Bropo#i crocob 27eKTpOXMMHYeCcKOM KaTOAHOM 3allluThl COCTOMT B KaTOJHOU
MOJIIpY3aluM  3alUIllaeMOro Uu3Jenusi OT TIOCTOPOHHero (BHELIHero) WCTOYHUKA
TIOCTOSIHHOTO TOKa (BBITIPSIMUTEISI, aKKYMYJ/IITOPHOM Oaraped U T.I1.), TaK Ha3biBaeMasi, "'Ka-
TOJHAas 3allUTa BHELIHMM TOKOM'" WX "snektpo3awura’. IIpu 5Tom 3aluiaeMelii MeTasul
MOJCOEeUHSIIOT K OTPHULIATe/IbHOMY ITOJIFOCY BHEIIHEr0 MCTOYHHKA, a K MOJI0KUTeTbHOMY
TOJIFOCY TIPUCOEIUHSIOT TOTPY>KEHHBIM B arpeCCUBHYHO CpeJly BCIIOMOTaTebHbIU 371€KTPO/,
Y3 J/IeKTPOIPOBOJSIIEr0 Marepyana. B KauecTBe MaTepyajioB BCIIOMOTaTe/IbHbIX
5JIeKTPOZIOB PUMEHSIFOT TaKue, KOTOPble WM COBCEM He PAaCTBOPSFOTCS MPH aHOAHOM OIS -
pU3aLvU B JI@aHHBIX yCIO0BUSIX (rpaduT), WIA PAaCTBOPSIIOTCS C OYeHb MajbIMM CKOPOCTSIMU
u3-3a obpa3oBaHuWs 3amUTHBIX cyoeB (Pb). Ha BcriomorarenbHBIX HEPACTBOPHUMBIX
3/IEKTPOiAaX B BOJHBIX pacTBOpax IIPOTEKaeT aHOAHAs peakLusl BblJe/JeHUsT U3 BOJbI
ra3000pa3HOro KKCI0poza.

OdPeKkTUBHOCTb KaTOAHOW 3/1€KTPOXMMHUUYECKOM 3all[UThl TPUHSTO XapaKTepU30BaTh
JIByMsI TIOKa3aTe/sIMU: 3alUTHBIM 3hhexTom

Ko—K, |
z=——7+—¢(100
K, (4.3)

Y KO3(QQULIMEeHTOM 3alUTHOIO JelCTBUS
Ag,—Ag,

L 4.4)

r7ie z - 3alUTHBIN 3 dekT, %;

K - MaccoBbIii TIOKa3areib KOppPO3KUU MeTasuia 0e3 3aIuThl, I/(M>-4);

K; - maccoBblii moOKaszaTenb KOPpPO3WM MeTasula INPU NPUMEHEHUM KaTOJHOM 3allUThl,
r/IM/\g);

Kk, - KO3 pULIMeHT 3alUTHOTO JielCTBuS, I/A;

Ag - MacCoBLIe MOTepU MeTaslia 6e3 KaToqHOM 3aIUThL, I/M?;

Ag; - MaccoBbIe MOTePY MeTasljia IPY KaTOAHOM 3aluTe, I/M?;

i, - IVIOTHOCTB 3AIUTHOIO KaTOAHOIO TOKa, A/M?.

KaTtomHo# 3/1eKTPOXMMHUECKOM 3all[UTOH MOXKHO JOOUTHCS TIOJTHOTO IpeKpallleHus
KOpPpO3UH MeTasula. JTO NPOXCXOUT, eC/I NIPU NPUCOeSUHEHUH [TPOTEKTOpa K MeTally Uiu
MIpYU TIPOTyCKaHUM uepe3 Hero MOCTOSIHHOTO TOKAa OT BHELIHEro WCTOYHWKA 3/1eKTPOJHBIN
TIOTEHI[a/T MeTa/Ula JOCTUTHeT 3HaueHWsi ero obpaTuMoro (paBHOBECHOTO) TMOTeHIMana

k,=
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(o crylaBa - paBHOBECHOTO TIOTeHI[Masa Haubosee 3/1eKTPOOTPULATeIbHON aHOAHOM
cocTaBjsiOllel criaBa). [Ins craauM TakuM  MOTEHLIMA/JIOM  SIBJISIETCSl paBHOBECHBIN
TIOTEeHLIa )Kejle3a B IaHHbIX YC/IOBUSIX.

ONeKTPOXMMUYECKYIO 3allJUTy NIPUMEHSIOT B C/lyyae KOPPO3UM MeTasl/IoB, HaXOASLLUXCS
B XOpOLIO TPOBOASIMX Cpefax - pacTBOpax 3/1eKTPOJIMTOB, TMOCKO/bKY, uUeM BbIllle
3/IeKTPOTIPOBOJHOCTb  Cpefibl, TeM Oofbllie CMellaeTcss TIOTeHLMaa MeTalia B OT-
pULIaTe/IbHY0 CTOPOHY MPY ero KaTOLHOM MO/spU3aLi.

B cnyuae mpoTeKTOpHOM 3alUThl pajuyC JeMCTBUSI MPOTEKTOPA, T.e. MPOTS’KEHHOCTb
MeTa/l/IMYeCcKoll KOHCTPYKLIMM, Ha KOTOPYIO paclpoCTpaHseTCsl 3allUTHOe JlefiCTBUe
MIPUCOEJUHEHHOTO TIPOTEeKTOpa, TMPU TPOUMX PaBHBIX YCJIOBUSIX TeM Oosibllle, YeM BbIllle
5/1eKTPONPOBOJHOCTb Cpefbl. Hampumep, B MOpCKOM BOfle OH JOCTUraeT HeCKOIbKMX
METpOB, a B BOZOIPOBO/IHOM OrpaHUYeH HeCKOJIbKUMU CaHTUMETPaMHU.

[Ipy KarofHOW 3alIyTe BHEIIHMM TOKOM BBIOOD ONTHUMAaabHOM TJIOTHOCTH KaTOZHOTO
TOKa TPOM3BOJAT C YUYeTOM BBICOKOTO 3al{UTHOrO 3(deKTa MpU JAOCTaTOUHO BHICOKOM
ko3¢ ¢uLeHTe 3alUTHOTO [elCTBUS, T.e. 3HAUUTESbHOIO YMeHbIIeHHsI KOPPO3MOHHBIX
MOTepb Ha KKAYI0 eJUHUL]Y TJIOTHOCTH 3allJUTHOTO KaTOAHOIO TOKa.

Eciu npu anekTpo3aiyre mI0THOCTb 3allJUTHOTO TOKA MO>KHO PeryIrpoBaTh B IIMPOKUX
npejenax, TO TpPU 3aljdTe C ITIOMOLIbI0 TPOTEKTOpa CTeleHb ee 3aBHUCUT OT €ero
5/1eKTPOXUMUYECKUX XapaKTepUCTHK: HauaJbHOIO 3/1eKTPOJHOrO TMOTeHLMana, aHOLHOU
MO0JISIPU3yeMOCTH (CTerleHW W3MeHEeHUsl MOTeHLMana NPy NPOTeKaHWW BHEIIHEro TOKa),
Be/IMUMHBI [T0BEPXHOCTH.

KartopHast snekTpoxumuueckas 3aluTa - 3(QQeKTUBHbIA U SKOHOMUYECKU BBITOJHBIN
MeTO/, 3alUThl OT KOPPO3MM MeTa/yIMYeCKMX KOHCTPYKLMM B MOPCKOM BOfe, IOYBe U
JPyTUX HeUTpalbHbIX arpeCCUBHBIX Ccpefjax. B KHUCbIX cpelax MeTaslibl XapaKTe pU3yoTCs
MaJIoll KaTOHOM MOJIsIpU3yeMOCTbI0 (MaslbIM CMellleHHWeM TMOTeHLMana B OTpULIaTe/bHYI0
CTOPOHY MpH TMpPOTeKaHWM KaTOAHOrO TOKa). B TakuxX ycC/lOBUSIX 3HAuuTe/bHas 4acTb
3alUTHOTO KaTOJHOTO TOKA TPaTUTCSl HEpPOW3BOAWTE/ILHO Ha KaTOJHOe BOCCTAHOBJ/IEHUE
VMOHOB BOZI0poZa. B pe3ynbrare ko3(p@ULIMEHT 3allUTHOTO AeliCTBUs HeBelvK. [IpruMeHeHue
KaTOJHOM 3allUThl B TAKKX CpeZiaX OrpaHUUeHo.

KaropHas 3amira HaXoAWT LIMPOKOe MpPUMEHEHWe B TMPOMBILUIEHHOCTH /ISl 3allWThI
MOZI3eMHBIX  TPYOOIIPOBOZIOB, KOMMYHHKAaLIMii ¥ pe3epByapoB, MODCKHX CyZ0OB U
MeTaslJIOKOHCTPYKLIMH, KCIUTyaTUPYIOLMXCSI B MOPCKOW BOJie, a TaKXKe TeXHOJ0TMYecKoro
000pyz0BaHus - KOHJIEHCAaTOPOB, TETIONPOBOAHUKOB.
4.3. TIpoBesieHre paboTEI
Pabora cocTouT U3 Tpex yacTe:
1. Ornpepienienyie ckopocty Koppo3uu cranu Ct3 B 5%-HoM pactBope H,S04 ipu orcyTcTBrM
KOHTaKTa U TpU KOHTaKTe ee C JAPyrMMH MeTa/ylaMM (LJMHK, Me/lb), a TaKXXe >5/eKTpo-
XUMUUECKUX XapaKTePUCTUK TajbBaHUUYECKUX MakKporap - 3571eKTPOJHBbIX IOTEeHLUas0B
MeTaJyIOB B KOHTaKTe 1 0e3 KOHTaKTa, CH/Ibl TOKa PabOTaIOIIHX T1ap.
2. N3yuenue koppo3uu ctaau CT3 1 onpejesieHre ee 371eKTPOJHOrO MoTeHMana B 5%-Hom
pacTBOpe CepHOI KMC/IOThI NTPU KaTOJHOM 3alliTe BHELLIHUM TOKOM.
3. OnpefienieHrie pazuyca JeMCTBUS LIMHKOBOIO MpOTeKTOpa Mpu Kopposuu ctamu CT3 B
cpeflax C pasHOM 3/1eKTPONPOBOJHOCTBIO (AWCTW/IMMPOBaHHasi BOZAQ, 1%-HbI pacTBOp
XJIOPUCTOTO HATpUs).
Bropast yacte paboThl IPOBOJUTCS OJHOBPEMEHHO C TIEPBOM, a TPeThbsl - TOC/e TOro, Kak
OyZyT TIOCTaBleHbl Ha HWCMbITaHUS 0Opa3lbl B TEpBOM W BTOPOM uacTax paboTel - B
repepbIBaxX MeXX/y 3aMepaMH 3/1eKTPO/IHBIX MOTEeHL{Ma/IO0B.
4.3.1. Koppo3us mMeTaioB B KOHTaKTe
a) OObeKTHI CC/IeI0BaHMs 1 arraparypa:

1. O6pa3ip! ctamu Cr3 (3 wt.); meau (1 mwrt.); quHKa (1 mT.).

2. 5%-nb11 pactBop H,S0s4.
3. Crakanbi (500 cM®) ¥ KpBILIKK C KJIEMMaMM i1 KperjieHust 00pasiios (3 mit.).
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4. BbICOKOOMHBIN MWITUBOBTMETD OB - 74 (1 mit.).

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

6. CoeivHUTe TbHBIE TIPOBO/]A C KOHTAKTHBIMHU 3a)KUMaMH (211IT. ).
7. lllTanreHUUpKy/b (1 mWT.).

8. Haxxyjaunas Oymara, Bara, ¢unbTpoBanbHas Oymara, aljeToH.

6) MeTozMKa TipoBe/ieHHsT SKCTIepUMEHTOB

OnpezenstoT pa3mepbl CTa/JbHBIX O0OpPAa3lOB M PAaCCUMTHIBAIOT TOJIHYHO TIOMIAb WX
NoBepxXHOCTH 0e3 HOXKM. 3auuiliaroT o0pasibl HaX[auHOM Oymaroii; 006e3KUpHBaIoT,
MpoTHpasi BaTHbIM TaMIIOHOM, CMOUYEHHbIM al[eTOHOM; BBICYLLIMBAKOT 5 MUH Ha BO3JyXe U
B3BeLLUBAIOT Ha aHAJIMTUYEeCKUX Becax ¢ TOYHOCThO 70 0.0002 r. [IpaBusia B3BellIMBaHUsI Ha
aHAJTMTUYECKUX BecaxX TPUBeZIeHbI B TIPUIOXKeHNU 1. Me/IHbIM U LIMHKOBBIM 00pa3iibl 3a4u-
111at0T, MPOTUPAIOT BaTOM, CMOYEHHOM alleTOHOM, HO He B3BeLlIMBAOT.

[ToaroToBneHHbIe 00pa3Iibl 3aKPEIVISIOT C TIOMOIIBIO0 K/IeMM B KpBIIIKAX CTaKaHOB: B
TepBbIM CTaKaH TIOMEIIA0T TOMBKO CTaJbHOM 00Opa3el], BO BTOPOM - CTa/JIbHOM U IIUHKOBBIM,
B TPETUH - CTAJIbHOU U Me/IHBIN.

Bo Bce cTakaHbl HanMBalOT 5%-HbIl paCTBOP CEPHOM KMCIOThHI HA OJMHAKOBOM YDOBHE U
TOMeIalT 00pasilbl B CTakaHbl TakK, 4YTOObI ypOBEHb pAacTBOpa MPOXOJWI TI0 HOXKe
o6pa3ioB. Bo BTOpOM UM TpeTheM CTaKaHaX 3aMbIKalOT KJeMMbl C obpa3liaMu TPOBO/IaMH,
co3naBas Makpormnapsl Fe - Zn u Fe - Cu, ¥ (pUKCUpPYIOT BpeMsi Hauasa UCTbITaHUsl, KOTOpble
MIPOBOJSAAT B TeUEHUE yaca, U3Mepsisi 3/1eKTPO/HbIe NOTeHLMabl BCcex MeTanioB yepe3 10, 25
M 45 MuH TIoCcle Hauvasa ombita. [yt 3TOTO TOOuYepefHO TIOAKIIOYArOT 00pasibl K
MWITMBOJIETMETDPY, TIOMelljasi KOHYMK 3/IeKTPOJIMTHUeCKOTO KJIfoua OT XJIopcepeOpsiHOTo
9/IeKTPOJla CPaBHEHMsI B COOTBETCTBYIOIIHMI CcTakaH ¢ obpa3rjom. TTopsiiok n3MepeHus To-
TEeHLIMAaJI0B OIKCaH B MHCTPYKLIMK 0 paboTe C MUJIJTMBOILTMETPOM (CM. TpU/Io)KeHue 4).

[Tepen OKOHUaHHWEM OIbITa OTCOEAUHSIIOT 3aKOpPauMBAKOLIMM TPOBOAHUK, 3aMbIKAHOT
napsl Fe - Zn u Fe - Cu Ha MWIMaMIiepMeTp U U3MEPSIOT CUIy TOKAa COOTBETCTBYHOLLEH
rnapbl. 3areM OIpeJesisiioT 3/eKTPOJHbIe TOTeHLMalbl BCeX METa/uIoB B OTCYTCTBHE
KOHTAaKTa Y OL|eHUBAlOT MHTEHCUBHOCTDH T'a30Bbl/ie/IeHUs] Ha BCEX 3/IeKTPOAAX MPU KOHTAKTe
C IpyruMU MeTajulaMu U 6e3 Hero. OtieHHBasi Ta30BbI/je/IeHHe MOXKHO TIPUMEHSITh YCJIOBHBIE
nokasatenu: "OTcyTcTByeT", "oueHb cmaboe", "cmaboe", "cpemHee", "cuibHoe", "OueHb
CUIbHOE".

[Tocne okoHYaHUs OMbITa (110 UCTEUEHUM uYaca) BCe CTajbHble 00pa3iibl BLIHUMAIOT U3
pacTBOpa, YAAISIOT MPOAYKTbl KOPPO3MM HaMbIJIEHHBIM €pIIMKOM, MNPOMBIBAKOT BOJOH,
MPOTUPAOT (PUIBLTPOBATLHON Oymaroi, BHICYIIIMBAIOT 5 MUHYT Ha BO3/yXe U B3BeIIMBaIOT
Ha aHa/IMTUYeCKUX Becax.

MeHbli U LMHKOBBIM 00pasiibl BBIHUMAKOT W3 PpacTBOpPa, IIPOMBIBAIOT BOAOH U
BBICYIIMBAIOT (UIBTPOBa/bHOM Oymaroil. Bce pacTBOpbl, KpOMe TOro, B KOTOPOM
HaxXoAWuaach Me/lb, CJIMBAIOT uepe3 BOPOHKY 00paTHO B OyThbiib. CTakaHbl OIOJACKUBAIOT
BOJIOMN.

Pe3ynbrarsl Hab/roeHUM U U3MepeHui 3aHOCAT B Tabm. 4.1. u 4.2.
4.3.2. 3amuTa BHEIIHWUM KaTOAHBbIM TOKOM
a) OOBeKTHI UCCIeJOBaHUS U ammaparypa
. O6pa3sier cramu Ct3 (1 wT.) ¥ cBunna (1 mIT.).
. 5%-nbIii pactBop HASO.f.
. Crakan (500 cM?) ¥ KphbIIlIKa ¢ KIeMMaMu /1 KperuieHust o6pasiios (1 mmirt.).
. MunnuBossT™MeTp TUNa 9B - 74 (1 wrT.).
. Munnvamnepmertp Ha A (1 ).
. IcCTOUHMK MOCTOSIHHOTO TOKa (BBINPsIMUTETB) (1 IT.).
. ABWXKKOBBIM peocTar (1 wmT.).
. Kimtou-pyOunbHUK, coefuHUTE bHBIE TTPOBO/A.
. [llTaHreHLIUPKY/Ib.
10. Haxxmaunas 6ymara, Bata, huibTpoBaibHasi Oymara, arjeToH.

OO UTHA, WN -
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6) MeToa¥Ka poBeZieHHsI FKCIIEPUMEHTOB

[TogrorapivuBalOT CTaabHOM oOpa3er] Tak >ke, Kak yka3aHo B 1. 4.3.1. 3HaueHue
M3MepeHHOW Macchl obpasma 3aHocsaT B Tabnm. 4,1. Ob6paborka CBHHI[OBOTO oOpasia
aHasioruuHa 00paboTKe Me[HOro U LIMHKOBOTO. [10ArOTOB/IeHHbIe CTaJlbHOW U CBUHLIOBBIN
00pasibl 3aKpervIsiioT B KPBIIIKe CTaKaHa M TOZACOEJVHSIIOT Yepe3 ABIKKOBBIN peocTar H
amriepMeTp K HMCTOUHHMKY TOKa. 3alllvillaeMblii obpasel] MOAK/IIOYAIOT K OTPULIATeTbHOMY
nomocy (puc.4). PaccumThIBalOT CHIy TOKa, KOTOPYHO HeOOXOJWMO YCTaHOBUTH [ist
JOCTI)KEHUsI TJIOTHOCTH 3aLlJUTHOIO TOKA i, = 24 MA/cM?.

HanuBaroT B cTakaH 5%-HbI pacTBOP CEPHOM KUCJIOTHI 10 YPOBHS, MPOXOAALLETo I10
HOXXKKaM o0pa3iioB. [TomeriaroT oOpa3iibl B pacTBOp, 3aMbIKAlOT KJTHOUOM 3J/1eKTPUYECKYHO
1lelb, /IBM)KKOBBIM DEOCTAaTOM yCTaHAB/IMBAIOT HEOOXOAVMYH0 CHTy TOKA U (UKCHUPYIOT
BpeMsl Hayasa uchblTaHuil. [IpoBOAAT MCHBbITaHMSI B TeueHWe 4aca, U3Mepsisi MOTeHLMabl
oboux snekTpogoB yepe3 10, 25 1 45 MyH Moc/ie Hayasa OMbITa.

[To ucTeueHnM yaca MCTOUHKK TOKA OTK/IOYAIOT, U3MEPSIOT MOTeHL1abl MeTas/VIoB MpU
OTKJIFOUeHHOM MCTOYHMKE U OL|eHUBAKOT UHTEHCHMBHOCTh ra30Bbl/le/IeHHs Ha IeKTPOJax NpU
3/IeKTPO3allMTe U B OTCYTCTBUE €ee.

[Tocne 3aBepiiieHusi OMbITAa CTaAbHOW o0Opa3el] BBIHMMAIOT W3 PACTBODPA, YAAMSIOT
MPOJYKTbIl KOPPO3WH, TIPOMBIBAIOT BOJOM, BBITUPAIOT (QUIBTPOBA/bHOM  Oymaroi,
BBICYLLIMBAIOT U B3BeIlNBaIOT;

CBUHI[OBBIM 3JIEKTPO/] TIPOMBIBAIOT BOJOM M BBITUPAIOT (PUIBTPOBAILHOW Oymaroi.
PactBop mepermmBaroT B OyThIIb, CTAaKaH OIMOJIACKMBAIOT BOJOW. Bce pe3ynbTarbl
HabJ/roleHr U U3MepeHui 3aHOCAT B Ta0i. 4.1. u 4.2.

4.3.3. Pagnyc 1elicTBUA NPOTEKTOPa

3alaua AHHOM YacTy paboThI - OTpe/ie/IUTh BIKSHUE /1eKTPOTPOBOJHOCTH PacTBOpa Ha
pafivyC [eMCTBUSI LIMHKOBOIO IIPOTeKTopa mnpu 3ammre ctand CT3 B HEWTpa/JbHOMU cpefie.
WccnenoBanvs NpoBOJAT B JIUCTW/VIMPOBaHHOW Bofe U 1%-HOM pacTBOpe XJIOPUCTOrO
HaTpusl. Y[e/NbHYI0 3/IeKTPONPOBOAHOCTH PacTBOPOB HEOOXOAWMO OMpeenvTh 10
CrMpaBOYHHMKaM.

a) OOBbeKTHI MICCIeI0BAHMS U allaparypa
1. O6pa3iel ctamu Ct3 (2 mrt.) - nnactuHka 40x20x3.

2. ITuHKOBBIM NPOTEKTOP (2 IT.) - TOI0CKA, IPOBOJIOKA.

3. ArpeccuBHbIe Cpe/ibl - JUCTU/UTUPOBaHHast Boza, 1%-HbIii pactBop NaCl.

4. BanHouku vy vaiky [etpu (2 mt.),

5. 1%-HbIi1 pacTBOp KPacHOM KPOBSIHOM COJH.

6. Crek/siHHas Masioyka, HaKjauHast Oymara, Bata, punbTpoBasbHas Oymara, aleToH.

6) MeTozuKa rpoBe/ieHust KCIIepuMeHTa

IlBe cTa/sbHBIE TUIACTMHKM 3aUMIAOT HAXKAAUHOM Oymaroil M TIPOTHMPAIOT BaToW,
CMOYEHHOH arleToHOM. B oTBepcTUs, MMelolMecss B CTajbHBIX IJIACTUHKAX, BCTaB/ISFOT
HeOoJbIIIe KyCOYKH LTHKOBOM TIPOBOJIOKU U TIJIOTHO 3aKPYUMBAIOT /ISl CO3[AHKS XOPOILIETO
KOHTAaKTa LIMHKa Y CTaJlu.

B opHy uawiky [leTpu HanmMBarOT AUCTU/VIMPOBAaHHYIO BOAY, B APYryr0 1%-HbIA pacTBOp
NaCl. B obe ualliku U3 KarelbHHUL[bI 100aB/SIOT TI0 5 Karenb pacTBOpa KpacHOM KPOBSIHOM
comu K;3;Fe(CN)s (MHOMKaTop Ha MOHBI kejne3a Fe’) u mepeMemyBaroT. [I1acTHHKH
MOMELA0T Ha JHO YallleK.

Uepes 10-15 MHH 0CMaTpUBarOT CTa/lbHbIe TJIACTUHKU C IPOTEKTOPaMH, He BbIHUMasi UX
13 pactBopa. V3MepsitOT paccTOsiHMe OT IMPOTeKTopa [0 CUHUX MATeH, MOSBUBIIMXCS Ha
MOBEPXHOCTSX CTaJbHBIX IUIACTUHOK, OINWCBHIBAIOT UX KOJIMYECTBO U PAClOJIOKeHWe Ha
oOpa3iiax (3apuCOBBIBAIOT).

[MTosiBeHre CUHUX TISITEH BbI3BaHO 0Opa3oBaHWEM 'TypHOY/I-€BOM CHHH'" BC/IACTBHE
peakiuu KpaCcHOW KPOBSIHOM COJM C /IByXBaJIEHTHbIMHM MOHAaMU >Kejie3a, MOSIBUBLLUMMUCS B
pacTBope B pe3ysbTaTe KOPPO3WHM TeX YYaCTKOB CTajibHOrO oOpasila, Ha KOTOpbIe He
pacrpoCTpaHsIeTCsl 3aljUTHOe JelCTBUe LIMHKOBOIO MPOTEKTOpa.
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Pe3ynbrarel HabmoeHnid 3aHOCAT B Tabs. 4.3. O6pasipl BEBIHUMAOT, TPOMBIBAIOT BOJOH,
BBICYILIMBAlOT (UIBTPOBa/NbHOM Oymaroil. PacTBOphl BBIIMBAIOT B PAKOBUHY, YalllKW
CIMOJIAaCKUBAIOT BOZIOM.

4.4. O6paboTKa OMBITHLIX JaHHBIX

1. PaccuutsiBatoT 110 opmynam (4.3) u (4.4) u 3aHOCAT B Tabm. 4.1 moKa3arenm KaTo[HOU
3alUThl M KOHTAaKTHOM KODpPO3MH - 3alUTHbIA 3(Q@ekT (z), KO3IQPULMEeHT 3alUTHOro
nevictBust (ks), ans Bcex ciydaeB (mapsl  Fe-Zn, Fe-Cu, snektposaiiurta). Ilpu 3Tom
CKOPOCTb KOPPO3UHM CTajii B Pa3/MYHbIX YCJIOBUSIX OMPefesstoT 1o gopmye (1.12).

2. CtposT rpaduk u3MeHeHUs TIOTeHLIMaIoB 3/1eKTPOZI0B BO BpeMeHHU /IJIsl BceX CIy4aeB @ =
f(1), peABapuTenLHO MepecyrTaB M3MepeHHbIe TMOTeHIMa bl OTHOCUTETbHO HOPMabHOTO
BOJJOPOZIHOTO 3/1eKTpozia o gopmyre (3.5).

3. PaccuMThIBarOT paBHOBeCHble TMOTEHLMAAbl LMHKA, Me[u, >Xejae3a U BOAOPOAHOIO
5/I€KTPO/a, TPMHKMMAsl KOHL[EHTPAL[MI0 MOHOB MeTa/IoB B pactBopax [Zn’'] = [Fe*] =
[Cu?*] = 10° MO/IL/ ¥, YUUTBIBAs, UTO KMC/IOTHBIA TOKa3aresb cpeabl 5%-Hoi H,S0, pH ~
0,1. PaBHOBeCHBIe TIOTeHLIMa/bl MeTas/IOB OMpeie/stoT 1o ¢gopmysie (3.6).

PaBHOBeCHBbI MOTeHLIMa/ BOZOPOAHOI0 3/1€KTPO/ia HaXxo AT 1o (hopMmyiie

a
p _,0 ,RT H*
Pr, =P, * nF 2,3-1g (p, )™
,)
2 (4.5)
¢P
rae 't - paBHOBeCHBIH MOTeHIMaA BOAOPOJHOTO 3/1eKTpoja. B;
0
o a
¢H2 - CTaHJApPTHBIN TIOTEHLMA HOPMA/ILHOIO BOZOPOLHOrO 37eKkTpoga (mpu  H° =1wu
P
. =1),B;
a.,
H' - aKTMBHOCTbL MOHOB BOJOPO/ia B PaCTBOPE, MOJIb/JT;
P
H

2 - napuyajbHOe AaBjieHHe BOAOPOo/Ja HaZl paCTBOPOM, aTM;
n - Yrucjo 3/IeKTPOHOB, yllaCTBy}OH_[I/IX B peaklji1 BOCCTaHOBJ/IEHHs HOHOB BOAOPOAA:
H+'H20+ e%1/2H2+H20 (46)

p

H

[pu Temniepatype 25°C 1 napLyaJbHOM [jaB/ieHUM BOZOpPO/a B aTMocdepe Bo3zAyxa 2

=5.10® atm paBHOBeCHBIM TTOTeHIMa BOAOPOJHOTO 3/1eKTPo/ia
p
O, =0,215 - 0,059 -pH, (4.7)

a
rqe pH = -lg H - KMC/IOTHBIN (BOZOPOJHBII) MOKA3aTe b CPe/bl.
4. PaccuMThIBaIOT M 3aHOCAT B Tab/l. 4.2 TOKOBbIe IMOKAa3aTeJ i KOPPO3WM CTaau (Keses3a) U
TOKY PaCTBOPEHUs Kejle3a [JjIs BCeX C/lydaeB

_K-26,8n

)

A (4.8)
[=iS 49 rmei-
TOKOBBIH [TOKa3aTe/ib KOppo3uu, A/M?;
K - MaCcCoBbI# MOKa3sare/ib KOPpPo3uH, r/(M*u);
N - BaJIEGHTHOCTh MOHOB MeTasljla, MepexosiiuxX B pacTBOD;
A - MOJIb PaCcTBOPSAIOILIErOCS MeTasa, 2;
26,8 - KOMMUECTBO 3/IeKTPUYECTBa, HeoOX0oAUMOe /i pacTBOpeHUs 1 MoJb/n MeTasa, A u;
I - Tok pacTBOpeHUs MeTasa. A;
S - mIoLa/b TOBEPXHOCTH KOPPEIUPYIOLEro MeTasiia, M.
5. CTpoAAT MOMHYIO0 KOPPO3MOHHYIO TOJISIPU3aLMOHHYI0 MarpaMMy HM3y4YeHHOM CUCTEMBI B
koopauHarax Tok (1) - moteHuMan (¢) aHaIOTUYHO MpeACTaBAeHHOW Ha pUC.4.
[1pu 5TOM: @) IPUMEHSIIOT pacyeTHbIe 3HaUeHUs] PABHOBECHBIX IMOTEHIMA/IOB LIMHKA, JKeJie3a,
MeJu U BOJOpOJAa B KaueCTBe MCXOJHBIX TOYEK [/Is1 MOCTPOEHUsI COOTBETCTBYIOIIUX aHO/-
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HBIX U KaTOJJHbIX KPUBBIX;

0) i TIOCTpPOEHWsS] AHOAHOM KpUBOM >Kejie3a MCIOMb3YIOT 3SKCIepUMeHTabHbIe
3HaUyeHUsl YCTaHOBUBILMXCS TOTEHIMA/IOB »Kejie3a U COOTBETCTBYIOIIUX MM TOKOB €ro pac-
TBOPEHUsI B Pa3/IMUHBIX YCI0BUsX (Tabs. 4.2):

- 6e3 KoHTaKTa (QPre-11)

- KOHTAKT C LIAHKOM (Qrerzn-12)

- KOHTAKT C MeZb0 (Qre/cu-13)

- 3/1eKTPO3aIUTa (Qre»5-14)

B) MpU TOCTPOEHUU KAaTOAHBIX KPUBBIX [Jis BCEX MeTa/UIOB TMPUHUMAIOT, UTO
repeHarnpsbkeHue BoJopofa (ompezeisitolliee HAK/IOH KaTOJHBIX KPUBBIX) Ha LMHKe B /iBa
pasa, a Ha Me/I4 B [10/ITOpa pasa BbIllIe, YeM Ha Jkejie3e, T.e. MNzn = 2Nre; Ncu = 1,5Mke;

T') TIPU MOCTPOEHUY aHOAHBIX KPHBBIX LIUHKA U Me/[d UCTIONb3YIOT KaTo/[Hbie KPUBBIE IS
9THUX MEeTaJIJIOB U 3KCIIePUMeHTa/IbHbIe 3HaUeHUsI WX TIOTEeHIMAI0B KOPPO3uM 0e3 KOHTAKTa
(cMm. Tabm. 4.2).

6. lenaroT BbIBO/bI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX KOHTAKTHOW KOPPO3UX M KaTOAHOM
3aIlUThI:

a) U3MeHeHHe 3/1eKTPOAHbIX MOTeHLIMAaI0B U CKOPOCTel KOPPO3UM MeTaslioB IIPU KOHTAKTE;
0) 3¢ deKTUBHOCTE MPOTEKTOPHOM 3aIlUTHI U 3/IEKTPO3allUThI;

B) B/IMSIHUE 3/IEKTPOIIPOBOJHOCTH Cpe/ibl Ha 3(pd-Th KaTOAHOM 3allUTHI.

4.5. Bornpocel 1151 CAaMOKOHTDOJIS

1. Kak u rnouemMy M3MeHSIIOTCS MOTeHLMaa U CKOPOCTb KOPPO3UM Me/IU TIPU KOHTAKTe ee CO
cTanbio (kesie3oM)?

2. Kakue mnpoAyKThl BBbIJESIIOTCS Ha 3/€KTPOAAX TIIPU KOHTAaKTHOW KOpPPO3UM U
5/1eKTPO3all{iTe B M3yueHHOH cucTeme?

3. Byayt mu usmeHsThest (ecv OyAyT, TO Kak M TIoUeMy) TIOTeHLIMal U CKOPOCTh KOPPO3Ur
CTa/JIbHOM (>KeJle3HOM) ZieTany NPy YBeJWYeHWH pa3MepoB KOHTAaKTUPYHOIeH C Hel MeJHOU
Jetanu?

4. Kak M3MEeHUTCs MOTeHLMal U CKOPOCTb KOPPO3UH ’Kejle3a B YCJIOBUSIX 3/1eKTPO3allUThI
MIpU yBeIMUEHUM KaToJHOTO TOKa, OJBOJMUMOr0 OT BHEIIHEr0 NCTOYHUKA?

5. C KakUM KOHTpOJIEM TpOTeKaeT KOpPpO3us LIMHKA, )Kejie3a U MeJd B pacTBOpe CepHOM
KHCJIOTHI B OTCYTCTBUE KOHTAKTa (OTIpe/ieIUTh 10 pe3y/braraM paboThl)?

6. MOXHO /i TIDUMEHUTh Me/IHble 3aK/ernKu B amoMuHueBoMm amrmapare? (HaobGopot?).
Perienue 00BSICHUTB.

bubnunorpadbuyeckuii Cicok

1.ITaxomoB B.C. Koppo3us U 3aiuTa XMuMHU4eCKO# arraparypbl. D/1eKTpOXUMUUecKast
KOppO3usi MeTa/lyIoB: YueOHoe rocobue. -M.: MUXM, 1983. -80 c.

2..Kyk H.I1. Kypc Teopum KOppo3uu U 3aijuTel MeTauioB. -M.:Metannyprus, 1980. -C.
270-277; 287-299; 357-364.
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2 -PABHOBECHBIE IMTOTEHLIMAJ/IBI ITEPBOI'0 M BTOPOT'O METAJIJIOB;

¢g’< - paBHOBECHbIV MOTeHLal OKUCUTEJIS;
Qrop1; Prop2 - TIOTEHIIMATIBI KOPPO3UHY TIEPBOTO M BTOPOTO METa/UIOB Oe3 KOHTaKTa;
Liop1; Lop2 - CKOPOCTH KOPpPO3UH MEPBOTO M BTOPOTO MeTaslJIoB 0e3 KOHTAKTa;
Puc. 4. TTonsipu3aliuoHHas AuarpaMMa KOpOTKO3aMKHYTOM /1By X3/1IeKTPOJHOU CUCTEMBbI
(rampBaHMUECKOU MaKponaphbl)

@5 - KOMIIPOMUCCHBIN MOTeHLMa (00111l MoTeH11al Naphl),
01’102

IKI;IKZ

-CKOPOCTH PaCTBOPEHUA I1IEPBOT'0 1 BTOPOI'O METAaJIJIOB IIPU KOHTAKTE;

- CKOPOCTH KdTOAHBIX IMPOLIECCOB METAJ/IJIOB IIPHU KOHTAKTeE.

1 - MWwuUIMBOABTMETP; 2 - KOHTaKTHasg KjaemMMa; 3 - HW30/upyloljas IUlaCTUHa; 4 -
9/IEKTPOJIUTUYECKUI MOCTHK; 5 - XJsiopce-peOpsiHHBIM 371eKTpOJi CpaBHeHUs; 6 - pacTBOp
KC1, 7 - creknsHHbIM cTakaH; 8 - pabouwe 3mekTpoabl; 9 - pabouuii pactBop; 10 -
KOAKCW/IbHBIN Kabesb

Puc. 5. Cxema YCTaHOBKHU [JI1 U3MEPEeHHs MOTEHIIMa/I0B IMMPrU KOHTaKTHOM KOpPpPO3uHn

4 -]

..._._......*.ll

1 - 3amuiaeMblii oOpa3serr; 2 - arpecCUBHBIN pacTBOp; 3 -BCIIOMOTaTe/IbHBINA 3/1eKTPOA; 4 -
HCTOYHUK TOKa (BBITIPSIMUTE/Ib); 5 - K/It0Y; 6 - peocTar; 7 - amrepMeTp

Puc. 6. Cxema yCTaHOBKHU IIPU 3JIEKTPOJIUTE.
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Kpurepuu onenku (B 6a/y1ax) /i1 04HOTO OT/AE/IeHUS:
- 5 0as171a BBICTaB/ISIETCS CTY/IEHTY, eC/IN CTY[EHT BBITIOIHUII O/JHO 3a/laHue;

- 10 6a/I0B BLICTAB/ISIETCS CTY/IEHTY, €C/TIU CTYAEHT BBITIOHU /IBa 3a/JaHUSI.
KpuTepuu o11eHKH /I/1f1 3A04HOI0 OT/ie/IeHUsI:

- HE€ 3d4TE€HO BLICTAB/IACTCA CTYAEHTY, €C/IN CTYJEHT BBIIIO/JIHW/I O4HO 3aJldHUE,
- 3d4TE€HO BBLICTaB/IAE€TCA CTYyAE€HTY, €C/IU CTYAEHT BBITIO/IHWI [IBd 3a1dHUA.

5 YueOHOo-MeTOAMUECKOE M HH(OPMAI[HOHHOE o0ecrieueHre JUCIIUTLTMHbBI

5.1 IlepeueHb OCHOBHOM M /IOTIO/THUTE/TbHOM Y4eOHOM JIUTEPaTyPhl,
He00X0AUMOM /I/Isl 0CBOEHUS JUCLUIUITUHBI

OcHoBHas JiMTEeparypa

1. TTonoBa A. A. Metoabl 3aujuThl OT KOppo3uu. Kypc nekuuii. — JlaHsb,
2014. — 272 c.

2. JlasytkrHa O. P. XuMHuueckoe COMPOTUBJ/IEHWE U 3alliuTa OT KOPPO3UM:
yuebHOe mocobue. — ExatepuHOypr: M3gaTenbCTBO YpanbCKOTO YHUBEPCHTETA,
2014. — 141 c. — 3BK, ObC YbO

3. TlomoBa A. A. Metogpl 3aljuThl OT KOppo3uu. Kypc nekuuu. — JlaHb,

2014. — 272 c. — 3BK, ObC «JIanb» .
4. Xapcknt . M., WeanoBa H. Il., Kyuc . B., CBugyHosuu H. A.

Koppo3ust u 3aijuTa MeTa/sTMuecKuX KOHCTPYKLUN U oOopynoBaHusi. — MMUHCK:
"Brimsimas mkona', 2012. — 3BK, 3bC YBO
5. CemenoBa M. B. Kopposus u 3amura oT Kopposuu. — M.: @uUsMatiur,

2010. — BBK, OBC YBO
JlonosiHUTe/ILHAA IUTeparypa
1. IIeBuenko A. A.. XuWMHUUeCKOe COIPOTHMB/IEHUE HeMeTa/l/InueCKUX
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MarepuasioB U 3aiura ot Kopposuu. — M. 2006. — 248 c.

2. ManuH B. H., I'pomoB A. H. ®usnko-xumuueckasi CTOMKOCTb MOJIMMEPHBIX
MaTrepuasioB B yYCJIOBUSX dKCIutyaratmu. — JI.: Xumus, 1980. — 248 c.

3. 3apybuna JI. II. 3ammra 3#aHul, COOpPY)KeHWM, KOHCTPYKLUM U
obopyfioBaHUsI OT KOppo3uu. buosormueckasi 3amumra: Marepuasibl, TeXHOJIOTHH,
WHCTPYMeHTHI U obopyaoBaHue. — MockBa-Bonoraa: MHdpa-Nuxenepus, 2015. —
224 c. — 3BK, 3bC YBO

4. Haymos C. B., Camywios A. {I. MarepuanosezeHye. 3aljdra OT KOPPO3UU:

yuebHO-MeToAMUecKoe rmocobue. — Kazanb: M3gatenscteo KHUTY, 2012. — 84 c.
— OBK, 3BC YBO

5. banabau-Mpmenun HO. B., JlunoBckux B. M., PybaiioB A. M. 3amura ot
BHYTPEHHEHN KOpPPO3WH TPYOOITPOBOJOB BOASHBIX TEIUIOBLIX ceTerl. — M.: HoBocTtu

teriocHabxkenus, 2008. — 3BK, 35C YBO

5.2 Ilepeuenb pecypcoB HH()OPMALIHOHHO-Te/IEKOMMYHUKALIMOHHOM CeTH
«/IHTEpHeT» U MPOrPaMMHOI0 o0ecreueHusl, He0OXO0AMMBIX /I/Is1 0CBOEHHS
AUCHUILITUHBI

1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. JoroBop
Ne 104 ot 17.06.2013 r. JIutieH3un 6eccpouHbie

2. Microsoft Office Standard 2013 Russian. /JoroBop Ne 114 ot 12.11.2014 1.
JIntien3uu 6eccpoyuHsble.

3. CucrteMa LieHTpain30BaHHOTO TectupoBaHus baml'y (Moodle). GNU
General Public License.

50



6 Marepua/ibHO-TeXHHYecKasi 0a3a, HeoOXoguMasi JI/isl OCYIeCTB/IeHHS

o00pa3oBaTe/IbHOTO MPOIeCcca Mo AUCHUIUTHHE

HanMeHnoBaHue Crieljanr3MpOBaHHbIX ayJAUTODHUH,
kabuHeTOB, 1aboparopuii
YuebHast ayAuTOpHS A1 IPOBEJeHUs 3aHATHI
JIEKLJMOHHOTO TUna: ayauropust Nel06, ayauropus
Nel07 (urykeHepHBIH (aKy/IbTeT)

Bu 3aHsTHI

Jlekuuu

HarimenoBaHve 0bopyz0BaHNs,
MPOrpamMMHOTO 0becrieueH st

Aynutopus Ne 106
Jocka, Mes1, apTel, CTY/Ibs.
Ayputopus Ne 107
Jocka, Mes1, apTel, CTy/Ibsl.

YuebHasi ayaUTOpHS A1 IPOBEJeHUs 3aHATHI
ceMMHapCKoro Turma: ayguropus Nel07
(vr>KeHepHBIH ¢akynbreT), ayauropust Ne001,
YueOHbII KOMITbIOTEPHBIH K/1acc /715 TPOBeJeHNs
MPaKTUYeCKUX (CeMMHAPCKKX) U 1abopaToOpHBIX
3aHATHH (MH)KeHepHBIH (aKysIbTeT)

ITpoBefieHe TPYNIOBBIX U MHAUBU/YaTbHbIX
KOHCY/IBTallWH, TeKYILIero KOHTPOIS 1
TIPOMEeXXYTOUHOH aTTecTaluu: ayauropus Nel07
(MH>XeHepHbIH (haKy/bTeT)
[TomerrjeHust 4J1s1 CAMOCTOSITE/TBHOU paboThI:
uynTanbHeIi 3a1 201 (¢pusmat. Kopriyc)

TTpaKTHYeCKHUe 3aHATHS
JIaboparopHble paboThl

Teky1uii KOHTPO/b U
MPOMEXXYyTOUHasl aTTeCTaLysl

CamocTosiTeTbHast pa60Ta

Ayputopus Ne 107
Jocka, Mes1, IapThl, CTYJIbsl.
Ayputopus Ne 001
Cronel — 7 wt. Crynes, 14 mt. HoytOyku
Packard Bell ENTF71BM-C36P ¢
3apsiiHbIM YCTPONCTBOM — 14 miT.
KomnerorepHas onrtruyeckass USB-Mbiiib —
14 wt. Tenesusop c XKK pucrieem DEXP
SmartTV — 1 . HDMI kabesns pjist
TIOJK/TFOUeHHsT HOyTOYKa K TeleBU30py
(mpoekTopy) — 1 mmT.

Aypuropus Ne 107
Jocka, Mern, apThl, CTY/IbS.

PentiumG2130/4T'6/5001'6/21,5"/Kn/Mbiiib

-50 mrt., ITK B kommu1. @epmo Intel. depmo

Intel MoHo610k Nel ®epmo AMD A8-5500
—50 wt.
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[Tpunoxenue Ne 1

OEJEPAJIBHOE 'OCYIAPCTBEHHOE BO/DKETHOE OBPA3OBATEJIBHOE
YUYPEXIEHWE BBICHIEI'O OEPA3BOBAHNA
«BAIIIKVPCKUY I'OCYIAPCTBEHHEIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEW ITPOT PAMMBI

JTUCIIUTIIMHBI « XUMHUYeCKOe COTIPOTUBJIEHe MaTepUasioB U 3allliTa OT KOPPO3Uk»
oceHHUM (7) ceMecTp
OuHas dopMa obyueHus

Ocennuti (7) O0beM
Bup pabore! cemMecTp JUCIUTITUHBI
OO6mast TpysoeMkocTh auciunanabl (3ET / yacoB) 5/180 5/180
YueOHbIX YaCOB Ha KOHTaKTHYIO paboTy 49,7 49,7
TIpenofiaBaTesieM:
JIEKIAU 24 24
NPaKTUYeCKUX/ CeMUHAPCKUX 24 24
Ipyrux (rpymnmoBasi, UHAUBUAYaIbHast 1,7 1,7
KOHCY/bTalMsl ¥ UHbIe BUbl yueOHON
JesiTeJIbHOCTH, TIpelycMaTpUBatoiire paboTy
obyuaroiuxcs ¢ rpenogaBaresneM) (PKP)
YueOHBIX UaCOB Ha MOATOTOBKY K 54 54
9K3amMeHy/3aueTy/audpepeHI[MPOBaHHOMY 3aueTy
(KoHTposib)
Y4eOHBIX UaCOB HAa CAMOCTOSITe/TbHYIO paboTy 76,3 76,3
obyuaromuxcs (CP)
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OEJEPAJIBHOE 'OCYIAPCTBEHHOE BHO/DKETHOE OBPA3OBATEJIBHOE
YUPEXIEHWE BBICHIEI'O OEPA3BOBAHNUA
«BAIIIKVPCKUM I'OCYIAPCTBEHHEIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEW ITPOT PAMMBI

JVCLIATITMHBI « XUMUUeCKOe COTPOTUB/IEHUe MaTepuasioB U 3allliTa OT Koppo3uu» (5)
cemecTp
3aouHast popma obOyueHust

5 cemecTp O0beM
Bup pabore! JUCLIUTIUHBI
OO6mast TpysoeMKocTh auciumnanabl (3ET / yacos) 5/180 5/180
YueOHbIX YaCOB Ha KOHTaKTHYIO paboTy ¢ 21,7 21,7
TIpeno/iaBaTesieM:
JIeKLIMH 10 10
NPaKTUYeCKUX/ CeMUHAPCKUX 10 10
Ipyrux (rpymnmnoBasi, UHAUBUAYaIbHast 1,7 1,7
KOHCY/bTaLMsl ¥ UHbIe BUbl yueOHOU
JesiTeJIbHOCTH, TIpe/lycMaTpUBatoiire paboTy
obyuaroiuxcs ¢ rpemnogaBareneM) (PKP)
YueOHBIX UaCOB Ha TIOATOTOBKY K ) 9
9K3amMeHy/3aueTy/audpepeHIMPOBaHHOMY 3aueTy
(KoHTposib)
Y4eOHBIX YaCOB HAa CAMOCTOSITe/TbHYIO PaboTy 149 149
obyuaromuxcs (CP)
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[HOI'O OTAe/IeHUd

IO OT/AE/1eHus
°Ma U COoZeprKaHue @0pMa nsyydeHus OcHOBHaa 1 JagaHud 110 %O%Te& ero
MmaTepuasios; fAeKLuy, JlOflOIHUTe b Hast CaMOCTOSITe/ILHOM 0 ?BM ero
MIpaKTUYecKue 3aHATHS, mATENH _’ ] abore cleBde8ern
CeMHUHapCKye Ui camo HTe%{)Hofzi w%&\%ﬁ’
°Ma U cofiep)kaHue 38HATHUS, /1400paTOPHBIE 1Bl ’
padors GRS | e | g
camocTosTe/ibHas paboTa U ( KOM bIe
HOMeEepa r3 CHI/ICKa) K%}p H e
T gg@@MK@CTE B Yacax P T.Hg‘
a 1. DBaenerne. 4 4 10,4 1,2,3,4,5 ToAroToBKa K YerHsilt orpoe
%I/Ie 1110]'10)K§HI/I$I.
i Be/IeHMe. 4 4 104 12345 AEKLOHHBIM U
1€ T10/I0’KEHUA. 4 2T ﬂPaKTquCKHM
3AHATUAM
a 2. Xumuueckas 4 4 10,4 1,2,3,4,5 [TefroToBka k YcrHbli ompoc,
0315 MeTa/l/ioB. 4 4 104 19345 AEKLMOHHBIM U KOIkp@/BpHasipaepTa
’ T fipaKTUyecKkum KOHTpOJIbHasi paboTa
3AHATUAM
igéoxzmzqecxaﬁ 4 4 10,4 1,2,3,4,5 ToAroToBKa K Yetusiit orpoe
Y031 META/I/IOB, /IEKLHOHHBIM U
' fpaKTUYeCKUM
3AHATUAM
a 4. Kopposus 4 4 10,4 1,2,3,4,5 TloroToBKa K YCTHBI ompoc,
OBHBIX
TPYKLMOHHBIX 4 4 10,4 1,2,3,4,5 AICKLHORHBIM 1 KOOI PAROTa
2p1ia/ioB U Cri/iaBoB. HpaKTuHe kM KOHTpPOJIbHAas1 pa60Ta
3AHATUAM
a 5. Mepsi 60ps6si € 4 4 10,4 1,2,3,4,5 [loarotoBka k YCTHBIH onpoc
)o3uel MeTasioB. AEKLAOHHBIM U YCTHBI 01poc
4 4 10,4 1,2,3,4,5 ApaKTHYeCKUM
3AHATUAM
a6. MeTtojsi 4 4 10,4 1,2,3,4,5 ToAroToBKa K YcTHBIN onpoc,
)O3UOHHBIX 4 4 104 19345 AKLAOHHBIM U KORAp@ibHaipaeyTa
SITaHuMN, ’ R fApaKTUYeCKUM KOHTpOJTbHasi paboTa
3AHATUAM
Beero yacosn: 24 24 76,3
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ITpunoxenue Ne 2

PeWTHHT — IVIaH AMCIUIUIMHBI [I/Isl OUHOT0 OT/Ae/IeHMs

X1MHUUeCKOe COMPOTHB/IEHHE MaTePHaIOB U 3all[iTa OT KOPPO3UU

CrierjuanbHOCTb — TexHOOTMYeCKHe MallliHbI 1 000pyZioBaHKe

Kypc — 4, cemecTp -7

o banin 3a Yucno basnibl
Buzibl yueOHOM /1esITeTbHOCTH o
CTy/IeHTOB KOHKpeTHO® | 3ajaHniisa | .. max
3ajlaHue ceMecTp
Mopayas 1
TeKyluui KOHTPOJ/Ib
1. JTabopatopHasi paboTta 1,25 6 0 7,5
2. YCTHBIN ompoc 1,25 6 0 7,5
PyGe)xHbIH KOHTPOJIb
1. TectupoBanue | 10 1 [0 | 10
Moayab 2
Tekylui KOHTPOJ/Ib
1. JTaboparopHasi pabora 1,25 6 0 7,5
2. YCTHBIU OTMIPOC 1,25 6 0 7,5
Py6e)xHbIil KOHTPOJIb
1. TecTupoBaHUue ‘ 10 ‘ 1 ‘ 0 ‘ 10
BbInosiHeHHe pacyeTHO-rpaduuecko padoThI
1. 3awura PI'P | 10 |1 [0 | 10
IToowmpuTe/bHBIE 0a/I/IbI
1. CryneHueckast OIMMIIMA/1A 4 1 0 4
2. Iybnukauusi cratei 4 1 0 4
3. Pabora co mKkombHUKaMH (KPY>KOK, 7 1 0 9
KOHKYPCbI, OJTUMITHA/Ib])
ITocemaemocTh (0a//1bI BHIYMTAIOTCS U3 001eld CyMMBI 0 16
HaOpaHHBIX 0a/1/10B)
1. HOCtiLueHI/Ie JIeKLIMOHHBIX 0.8 3 0 6.4
3aHATUN
2. IlocelljeHre rpakTUYeCKUX, Y 12 0 96
CeMMHAPCKUX, J1Jab0paTOpHBIX 3aHATUN
HToroBblii KOHTPOJIb
JK3aMeH | 30 1 |0 | 30
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