MHWHOBPHAYKH POCCHH
PI'bOY BO «bAIIKUPCKHU T'OCYJAPCTBEHHBIN YHUBEPCUTET»
NHXEHEPHBIU ®AKYJIBTET

AKTyanu3upoBaHo: CornacoBaHo:

Ha 3acenanuu kadgeapsr TMO [Ipencenarens YMK

npoTokoJi oT 13 uronb 2017 1. Nol7 o HKEHEPHOTO (paKybTeTa

3aB. Kaeapon of el o //I/ /MenbHuKoBa A. 5.
il \7[ /AGnees P.I'. % /

PABOYAA ITPOT'PAMMA IUCIUITJINHBI
Koppo3us KOHCTPYKIIMOHHBIX MATEpUAJIOB

(HaMMEHOBaHUE JUCLUILINHBI)

Jucunnmiauna no Beidoopy b1.B.JIB.5

(LIMKJI JUCLMIUIMHBI U €ro 4acThb (0a30Bast, BApUATUBHAS, JUCLUILUIMHA 110 BEIOOPY)

nporpamma 0akaJjiaBpuara

HanpaBJIeHne NOAT0OTOBKH

15.03.02 — TexHONMOTHYECKNE MAITUHBI 1 000PYIOBaHUE
(yKaSLIBaeTCH KOA 1 HAMMCHOBAHHNC HAIIPAaBJICHUA HOI[FOTOBKI/I)

Hanpasiaennocts (mpo¢uib) NOArOTOBKH

HH)KI/IHHpHHF TECXHOJIOTHYCCKOI'O O60py,[[0BaHI/I${
(Yxa3pIBaeTcs HAUMEHOBAaHHUE HAPABICHHOCTH (IIPOGIIIS) MOATOTOBKH)

KBanudukauus — 6akanasp
(ykaspIBaeTcst KBaTH(DUKAIHS)

Pa3zpaboTunk (cocTaBUTEINb) LA i

JOLICHT, KaHJI. TEXH. HAYK, JOLICHT ol [TTaBnosa O.B.
(IOMKHOCTD, yU€Has CTETIEHb, YIEHOE 3BaHNUE) (noamnucek, @amunus 1.0.)

g npuema: 2016 r.

Vpa 2017 r.



CocraBurenb: [laBnoa O.B.

PaGouast mporpaMMa JUCITUTUIMHBI aKTYaIU3UPOBaHA Ha 3aceqaHuu Kadeaphl
poToko oT «13» mrons 2017 r. Ne 17

3asenyromuii kKadeapoit < g / Abnees P.I'.

——

JlomoTHeHUST ¥ N3MEHEHMsI, BHECEHHBIC B pa00UyI0 TPOrPaMMy JTUCITUTIINHBI,
YTBEPKJICHBI Ha 3aceaHuu Kadeapbl: OOHOBIEHBI OMIJIETHI M CIIMCOK HUCIOIb3YEeMOM
mutepatypsbl. [Ipotokon Nel7 ot «15» urons 2018 T.

W.o. 3aBeayromiero kadempoit 7 / FOmunoB W.II.

JlomoTHEeHUsI ¥ U3MEHEHUs1, BHECEHHBIE B pa00uyI0 MporpaMmy TUCIUIUINHBL,
YTBEPKJIEHbl Ha 3acelaHud Kadenpel: OOHOBIEHb OWJIETBI U  CIHUCOK
UCIIOIb3yeMOM uTepaTypbl MpoTokos Ne 28 ot «15» masg 2019 r.

W.o.3aB. xadenpoii %%% / borkun A.B./

JlomoHeHUsI ¥ U3MEHEHUs, BHECEHHbIE B pa00UyI0 MPOrpaMMy AUCIUIUIHHBI,
YTBEPXKJCHb Ha 3acelaHnn Kadeapbhl: OOHOBJIEHBI OWJIETHI M CIIMCOK
UCTIOJIb3yeMoi utepatypbl NpoToko Ne 10 ot «13» ssuBapst 2020 r.

W.o.3aB. xadenpoii / CantoB P.I./




Crmcok JOKYMCHTOB U MAaTCpUAIIOB

1.TlepeueHb MIAHUPYEMBIX PpPE3yJAbTATOB OOY4YEHHS IO JAUCHUILIUHE,
COOTHECEHHBIX C TUIAHUPYEMBIMU PE3YJIbTaTaMH OCBOCHHS 00pa3oBaTeIbHOU
IPOrPaMMBbI

2.MecTo TUCIMIUIMHBI B CTPYKTYpe 00pa3oBaTebHON TPOrpaMMbl

3. Conepxkanue paboueit mporpaMmbl (00BEM TUCIUTIIMHBI, THUIIBI U BHJIBI
y4eOHBIX 3aHATUH, y4eOHO-METOAUYECKOe OOeCleYeHUuEe CaMOCTOATEIbLHOMN
paboThl 00 yUAKOIIINXCS)
4. DoHJT OIIEHOYHBIX CPEACTB MO AUCITUTIIIUHE
4.1. TlepedyeHb KOMIIETCHIIMN C yKa3aHUEM OTaroB UX (popMUpOBaHUS B
mpolecce  OCBOEHHS  oOpa3zoBaTenbHOM — mporpamMmbl.  OmmcaHue
MoKa3aTeJeil W KPUTEPHUEB OIEHHWBAHUS KOMIIETEHLHMI Ha pa3Iu4yHbIX
sTanax ux GopMUPOBAHUS, OMMCAHUE IIKAJI OLICHUBAHUS
4.2. TunioBBIC KOHTPOJILHBIE 3aJIJaHUS WM WHBIC MaTEePHAIIbI, HEOOXOIUMBIE
JJIs  OLICHKM 3HAaHWM, YMEHMI, HaBBIKOB U OIbITAa JESATEIbHOCTH,
XapaKTepU3YIOIMX ATanbl (QOPMUPOBAHUS KOMIIETEHLIUH B MpoIecce
OCBOEHHs 00pa3oBaTEIbHOM NPOrpaMMmbl. METOOUYECKHE MAaTEpHAIbI,
OIPENEIAOIINE MPOUEAYPhl OLICHUBAHUS 3HAHUM, YMEHHI, HAaBBIKOB H
ONbITAa  JACSATEIBHOCTH, XapaKTEPU3YIOMIMX  dTanbl  (POPMUPOBAHUS
KOMITETCHIIUI
4.3. PeiTuHr-1J1aH JUCIUTUIMHBI (ITPU HEOOXOAMMOCTH )

5. YueOHo-MeToan4YecKoe U MHPOPMAIIMOHHOE 00ECIIEUeHUE TUCITUTUTMHBI

5.1. TlepedyeHb OCHOBHOW U JOIOJHUTEIBHOW Y4eOHOM JUTEpaTypHl,
HEOOXOAUMOM ISl OCBOCHUS JTUCIMILIHHBI
5.2. Tlepedennr pecypcoB HMHPOPMAIUMOHHO-TEIEKOMMYHUKAIIMOHHONW CETH
«/HTEpHET» M MPOrPaMMHOTO OOCCIICUCHHS, HEOOXOAUMBIX JJIST OCBOCHHUS
JVCLMILIMHBI
6. MarepuasibHO-TEXHUYECKass 0a3a, HeoOXoauMmas [UIsl OCYIIECTBICHUS
00pa3oBaTeIbHOrO MpoIiecca Mo AUCIUTIIINHE

13

13
47
47

47

48



1 llepeyennb NIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHS 10 JMCUMILINHE,
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTaTaAMH OCBOCHUS
o0pa3oBaTeJIbHON MPOrPaMMbl

B pe3ynbrare ocBOeHHs 00pa30BaTEIbHON MPOrpaMMbl OOYYAFOIIMKICS AODKEH OBJIAACTh
CIIEIYIOIIMMU Pe3yJIbTaTaMu OOyUeHHsI IO JUCIUTLITHHE:

dopmupyemas
Pesynbrarer o0ydeHus KOMIIETEHIUS [Ipumeuanue
(c ykazaHHMeM K0J1a)
3Hate COBPEMEHHBIE METOJIbI texangeckoii | 11K-9 B CriocobHoCTh
MIPUHUMATD yJacTue B
HWAarHoCTUKMU W HEpa3s arnIux METOA0B
A I PaspyILAromL 5 pabotax 1o  pacdyery W
KoHTpousisi. [lpencraBnare  KiaccupHKaiuio NPOEKTUPOBAHUIO JeTaneil 1
METOZOB  HEpa3pyLIAlOLIero KOHTPOJS U | Y3JI0OB MAalIMHOCTPOMTEIBHBIX
NPUHIMIOBL ACHCTBUA MpHOOPOB [uis uXx | KOHCTPYKUUH B COOTBCTCTBHH
peanuzanyu C TEXHUYCCKUMHU 3aJlaHUSAMHU U
UCIIOJIb30BaHUEM
CTaH/IapTHBIX CpencTB
ABTOMATH3ALUH
MIPOEKTHPOBAHUSI.
cBoiictBa M xapaktepuctukn Marepuano m | IK-15 - ymennem npumensits
NIEMEHTOB KOHCTPYKIHE M COopyxkeHmit, | MOrOABL CTaHNAPTHDIX
N WCIIBITAaHUN TI0 OIIPEIEIICHHIO
mpocredmux u  Oojiee CIOXKHBIX — BHIAX (PUBHKO-MEXaHHYECKIX
nedopManui  3IEMEHTOB M KOHCTPYKIMHHU | CBOMCTB M TEXHOJOIMYECKUX
COOPYXKEHUI,METOIBI pacdyeTa 3JIEMEHTOB u | II0Ka3aTeien  UCHOJb3YCMbIX
M MaTepuaJioB M TOTOBBIX
KOH nii. "
OHCTPYKI U3IENni
VMeTsb NpaBHIBHO BBIOpaTh TOT mam wmHoM Merton | [IK-5 - CrniocobHocTh
KOHTPOISL [T JMATHOCTHKH  COCTOsHus | NPAHAMATH yaacrue B
. paborax ToO pacuery u
HAIPYKCHHBIX  JIeTaleii M SIEMEHTOB | [poeKTHPOBAHHMIO IeTaieil 1
KOHCTPYKIIMH C YYE€TOM OTBETCTBEHHOCTH | Y3JIOB MAIIHHOCTPOUTENbHBIX
KOHCTPYKIIMA W SKOHOMHYECKHX acrekTop | KOHCTPYKIHMH B COOTBCTCTBHHU
NPOBE/ICHHS THATHOCTHKH C TEXHUYECKUMH 33IaHUSAMHU U
HCIIOJIb30BaHUEM
CTaH/IapTHBIX cpencTB
ABTOMATH3aLUH
MIPOEKTHPOBAHUSI.
MPUMEHSTh MOJy4eHHbIe 3HaHus 1o Mexanuke | [IK-15 - ymeHueM npuMeHsTh
nedopmupyeMoro TBepAOro Teia (TEOpUH | METOABI CTaH/IapTHBIX
IUTACTUYHOCTH,  TIOJI3YYECTH,  MEXaHUKHU | MCIBITAHUH TI0 OINpPEIEIEeHHIO
paspylieHus) TNpW W3y4eHWH JUCHHUIUIMH | (U3MKO-MEXaHHYECKUX
npodeccnoHaNBLHOTO NUKJIA. CBOMCTB M TEXHOJOTUYECKHX
MOKa3aTeneld  HCIOIb3yEeMBIX
MaTepuaJioB M TOTOBBIX
HU3ICIUHA
Bnapets ONBITOM  MpoBefeHMs  Hepaspymatomero | IIK-5 - CrocobHOCTh
(naBbikn / omprr | KOHTPOISA - MaTepHaos METO/laMM | MIPUHUMATh ydacTue B
COBPEMEHHOM JINarHOCTHKH, paborax mo pacuery H
JIATENBHOCTH) | CrocOGHOCTD CAMOCTOSITENBHO HCIONB30BATH | IIPOSKTHPOBAHMIO JeTaneil

TEXHUYCCKUE CpEACTBA MJId U3MEPEHHUSA U

Y3JI0B MalIuHOCTPOUTEIIbHBIX

KOHTPOJIS OCHOBHBIX [apaMeTpoB | KOHCTPYKLUUI B COOTBETCTBHH
TEXHOJIOTUYECKUX MPOIECCOB, CTPYKTYPHI M | C TEXHHUYECKUMH 3aJaHUSIMH U
CBOMCTB MarepuajioB W HU3JCIMH W3 HUX, | UCIIOJIb30BaHUEM
TUIAHUPOBAHUSl W pealn3allii WCCIEAOBAHUI | CTaHAApTHBIX cpencTB
1 pa3paboToK aBTOMaTH3alHN
MIPOEKTHPOBAHHSI.
NEepBUYHBIMM ~ HaBblIKaMu U ocHOBHbIMH | IIK-15 - ymeHueM mpuMeHsTH
METOJaMH  KOPPEKTHOH  MareMaTHYecKOW | METOABI CTaHJAPTHBIX

MTOCTAHOBKM W pEIIeHUs 3aJad MEXaHWKH
nedopMUpyeMOro TBEpPOTO Tella; HaBBIKAMHU
pacdera  DJIEMEHTOB  KOHCTPYKLMH U
COOPY)KEHHH C y4ETOM SIBICHUH TOJI3Y4ECTH 1
TUTACTUYHOCTH A€()OPMHUPYEMBIX TBEPABIX TEI

HCIBITAHUNA 1O OMNPEHETIEHUIO
(hU3UKO-MEXaHUYECKIX
CBOMCTB M TEXHOJIOTUYECKUX
MoKa3areiael MCHOJIb3YEMBIX
MarepuagoB u TOTOBBIX
56691 (S 170




2 Ilesib M MeCTO IUCUMILIMHBI B CTPYKTYpe 00pa3oBaTeIbHOI MPOrpaMMbl

lenpro mpenopaBaHusi JUCHMIUIMHBI SIBIIIETCS pean3anus TpeOOBaHUM,
yctanoBiaeHHbIX B ®I'OC BO. IlpenongaBanue CTpOUTCS HCXOAS U3 TPeOyeMoro
YPOBHS MOATOTOBKHU CTY/IEHTOB, 00YJarONINXCs 10 JaHHOW CIIeHAIbHOCTH.

[lenp wW3ydyeHUsT AUCUMUIUIMHBL. HM3YYEHUE OCHOB TEOPUHM W TIOIYYEHHUE
3HAHMK O BIMSHUU KOHCTPYKTUBHBIX (DAKTOpPOB Ha pa3BUTHE KOPPO3HMOHHBIX
pa3pyLICHUHN.

VYuebHas mucuuiuinHa «Koppo3usi KOHCTPYKIIMOHHBIX — MaTepUaioB»
OTHOCHUTCS K JTUCIUTITHHE 110 BeIOOpY — B2.JIB.5

J1J1s1 O4HOTO OTACTICHUS:

JuciuriiHa uzydaercs Ha 4 Kypce B 7 ceMecTpe.

J1J1s1 3a04HOr0 OTACTICHUS:

JucuuniavHa u3ydaercs Ha 5 Kypce B 5 ceMecTpe.

Jnst  ocBoeHMs AMCHUIUIMHBL HeoOxoauMma kommereHuun OK-7,
c(hopMUpOBaHHBIE B paMKax U3Y4YEHUS CIICAYIOMMNX JUCIUILINH:

N3 kypca « Puszuka»

3nanus’ GU3NKO-MEXaHNYECKHE CBOMCTBA TBEPBIX TeJl, Macca Teja, CUa,
BEC U HEBECOMOCTD, CHJIa YIIPYTOCTH, CHJIA TPEHMSI, KHHETUYECKAs U
MOTEHIIUAJIbHAs PabOThI, TEMIIEpaTypa.

Ymenus: mpou3BOaUTh pacueTbl U U3MEPEHUSI OCHOBHBIX (PU3HKO-
MEXaHUYECKUX CBOMCTB BEILIECTB

Hasvixu: onpenenenrie Gpu3ndeckux U PU3NKo-MEXaHUIECKUX CBOMCTB
KOHCTPYKIIMOHHBIX MAaTE€pUasoB.

N3 kypca «Xumus»

3nanusa: ATOMHO-MOJIEKYJIIPHOE yY€HUE. ATpEraTHble COCTOSIHUS BEIIECTB.
CkopocTh xuMHUeCKUX peakiunuii. CTpoeHrne aTOMOB U HOHOB. OKUCIUTENBHO-
BOCCTaHOBMTEJIbHBIE peakuu. KHCIIOTHI, METaJlIIbl, HEMETAJUIBI U UX OCHOBHBIC
CBOMCTBA.

Ymenus: cocraBieHre ypaBHEHUN OKHACIUTEIBHO-BOCCTAHOBUTEIIBHBIX
pEaKIINK.

3Hanus: onpeneieHne XUMUYECKUX CBOMCTB KOHCTPYKIIMOHHBIX
MaTEpHAIIOB

3 Conep:xanue padoyeid nporpamMmMbl (00beM TUCHUATUIMHBI, TUNIBI U
BH/IbI YUYCOHBIX 3aHATHH, Y4eOHO-MeToAMUYeCKOe o0ecreyeHue
CaAMOCTOSITEJIbHOU PA00ThI 00y4arOIUXCS)

Conepxxanue pabouedt mporpamMmbl mpenacraBieHo B [lpunmoxenun Ne 1.



4 ®OoH/ OLIEHOYHBIX CPEACTB MO AUCHMILIMHE

4.1. IlepeyeHb KOMIETEHUMI ¢ YKa3aHMEM 3TANOB (YPOBHeH) MX (pOpMHPOBAHUS B IIpoLecce OCBOCHHUS
o0pa3oBareJibHON MporpaMmmbl. Onucanne nNoKasarejaed 1 KpUTEPUEB OLEHNBAHUS KOMIIETEHIIHA HA PAa3JINYHBIX
ranax ux ()OpMHpPOBAHMS, ONMCAHME KA OLlCHUBAHUS

[1K-15 - ymeHueM mpuMEHSATh METOJbl CTAHIAAPTHBIX HCIBITAHUN MO OMPEACNICHUIO (DU3MKO-MEXaHUYECKUX CBOMCTB U
TEXHOJIOTUYECKUX BBIHOCIMBOCTD C YYETOM SIBJICHUH IUIACTUYHOCTU U ITOJI3YYECTH; METOBI pacyeTa 3JIEMEHTOB U KOHCTPYKLIHUM
Ha TPEIIUHOCTOMKOCTh C IPUMEHEHUEM JIMHEMHOM MEXAHUKH PA3PYLICHMS.ITI0KA3aTEIeH UCIIONIb3YEMBIX MATEPUAIIOB U TOTOBBIX

U3IEINN

Ortan, ypoBeHb [Tnanupyemsbie Kputepuu onieHUBaHUs Pe3yIbTATOB 00YUCHHUSI
OCBOEHHUS pe3yabTaThl 00yUCHUS
KOMIIETEHIIUU (mokazarenu 2 3 4
JOCTHYKEHHS 33/IaHHOTO («He 5 («OTMaHO»)

YPOBHS OCBOECHUS

YIOBJIETBOPUTEIHLHOY)

(«Y IOBIIETBOPHUTEIBHO»)

(«Xoporioy)

KOMITETEHITHIN)
IlepBsrii sTan 3HATh: ®parMeHTapHbIE Henonmneie  mpexncrasnenne | CdopmupoBaHHBIE, Ho | CchopmupoBaHHBIE
CBOWCTBa U | MPEICTAaBICHUS O BHUAAX | OBUAAX nedopmanmu | comepKampe  OTACTBbHBIE | CHCTEMATHYeCKHEe IPEICTaBIICHUS
Ioporossrii XapaKTEePUCTHKU nedopmanuy 3€MEHTOB M | 3JIEMEHTOB M KOHCTPYKIMH, | IpoOeNbl B 3HAHWH OBU/IAX | OBHAAX AedopManuyl 3IEMEHTOB H
YPOBEHb MaTepHaIoB W | KOHCTPYKIIMH, CBOMCTBA M | CBOMCTBA M XapaKTEPHUCTHKH | JAeQOpMaIMy 3JIEMEHTOB M | KOHCTPYKIIHUH, CBOWCTBA u
2JIEMEHTOB KOHCTPYKLUIl | XapaKTEepUCTHKHU MaTepualioB U  DJIEMEHTOB | KOHCTPYKLMH, CBOMCTBA M | XapaKTEPUCTHKH MAaTEpUAIOB U
u COOPYXEHUH, | MAaTepUaIOB U DJIEMEHTOB | KOHCTPYKLUH U | XapaKTEepUCTUKHU 3JIEMEHTOB KOHCTPYKLIMH u
npocredmux W OoJjiee | KOHCTPYKLHiA U | COOPYKEHUI,METOJIbl pacyeTa | MaTepUaJOB U DJIEMEHTOB | COOPYXEHHUI,METOMIbI pacuera
CJIOKHBIX BUJIAX | COOPYXEHUI,METOABI 3JIEMEHTOB U KOHCTPYKLUH. KOHCTPYKLIMH U | 3JEMEHTOB U KOHCTPYKIIM.

gedopManuy 3JIEMEHTOB | pacuera  JJIEMEHTOB | COOPYKEHHUI,METOIbI
u KOHCTPYKLIMIM | KOHCTPYKLUH. pacdera  3JE€MEHTOB U
COOPYKEHUH,METO b KOHCTPYKLIUH.
pacdyera 3JEMEHTOB H
KOHCTPYKLIUH.
Btopoii atan YMETh: He nokasbiBaeT | dparMeHTapHOe ymenue | B nenom ycnemrHoe, Ho He | ChopMUpOBaHHOE YMEHUE
NPUMEHSTH TOJy4eHHbIE | COPMUPOBAHHBIE YMEHUS | MPHUMEHSThH HEKOTOpbIE | CUCTEMaTHYECKOe MPUMEHSET MOy4YeHHbIE 3HaHUA 110
ba3oBeIif ypoBeHb | 3HaHUS 10 MEXaHUKE | MPUMEHATh IMOJyYEHHBIE | MONyYeHHbIE  3HaHMA [0 | YMEHue MIPUMEHSET | MEXaHHUKe nedopmupyemoro
nedopmupyemMoro 3HaHWSg 10  MEXaHWKe | MeXaHuKe JiepopMUpyeMOro | OOJIBIINHCTBO TBEPJIOTO Tena (Teopuit
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TBEpIOro Tena (Teopuil | medopMUpyeMOro TBEPIIOTO Tela (Teopuil | MONy4EHHBIX 3HAHUS 10 | IIACTUYHOCTH, MTOJI3Y4YECTH,
IJIACTUYHOCTH, TBEpIOTO Tena (TCOpWi | IJIACTUYHOCTH, TOJN3YUECTH, | MEXAHUKE MEXaHUKHU paspyuieHus) pu
MOJI3y4eCTH, MEXAHWKHU | MIACTUYHOCTH, MEXaHUKH pPa3pylieHUs) Tpu | AehopMupyemMoro W3Y4EeHUU TUCLMITIAH
pa3pyIeHus) IpH | TIOJ3YUYECTH, MEXaHHUKHU | U3Y4YEeHUU JTUCHUIUIMH | TBEPIOTO Tena (TeopHuil | mMpodecCHOHATBLHOTO IUKJIA.
H3YYCHUU JUCITUTUIMH | pa3pyIIeHUs) npu | TpoeCCHOHATBHOTO IUKIIA. IJIACTUYHOCTH,
poheCCHOHATBLHOTO U3Yy4YeHUU MCITUTIMH MOJI3y4eCTH, MEXaHUKHU
LMKJIA. poheCCUOHATBHOTO paspyeHus) npu
UKIA. U3y4YeHUHU IUCLUITINH
podecCHOHAILHOTO
LUKJIA.
Tpetuii atan BNIQJIETh:  MEpPBUYHBIMU | DparMeHTapHOE B nenom ycnemnoe, HO B uwenoMm ycnemHoe, HO | YcCHemHOe H  CHUCTEMAaTUYECKOE
HaBbIKAMU U OCHOBHBIMHM | BIIaJICHUETIEPBUYHBIMU HE CHCTEMaTHYECKOE colepkaliee  OTHENbHbIE | MPUMEHEHHE HABBIKOB M OCHOBHBIX
TToBEIIIEHHEBIH METOJaMHA  KOPPEKTHOU | HaBHIKAMH W OCHOBHBIMH | TIPUMEHEHHE  HABHIKOB W | TPOOEITBI MIPUMEHEHHE | METOOB KOPPEKTHOU
YpOBEHb MaTeMaTHYSCKON METOJIaMH KOPPEKTHOM | OCHOBHBIX METOJIOB | HABBIKOB W OCHOBHBIX | MaTeMaTHYECKOH IIOCTAaHOBKH H
MIOCTAHOBKM W pEIICHHs | MaTeMaTH4YeCKON KOPPEKTHOM MaTeMaTHYeCKOH | METOJOB KOPPEKTHOM | pelieHus 3a1a9 MEXaHHUKH
3a1au MEXaHHUKHU | MOCTAHOBKM W PEIIeHUs | MOCTAHOBKH U PEUISHUS 3a7ay | MareMaTU4ecKou JIeOpMHUPYEMOro TBEPIOTO Tela,
Je(OPMHUPYEMOTO 3a7a4 MEXaHUKH | MEXaHUKH JehOpPMUPYEMOTO | IOCTAHOBKA W PCIICHUS | HaBBIKAMH  pacueTa  3JICMCHTOB
TBEPAOTO Tena; | IeopMHPYEMOro TBEPJOrO Tena; HaBBIKAMU | 3a1a4 MEXaHUKU | KOHCTPYKIIMA W COOpPYKEHUH ¢
HaBBIKAMHU pacudera | TBEpAOTO Teja; HABBIKAMHU | pacuera 3JIEMEHTOB | J1e(hOPMUPYEMOTO YU4ETOM SIBJICHHMH TMON3y4ecTd U
3JIEMEHTOB KOHCTPYKILIUN | pacuera 9JIEMEHTOB | KOHCTPYKIIMM W COOPYXEHHM | TBEpJOro Tella; HaBbIKAMH | TUIACTUYHOCTH JIepOPMHUPYEMBIX
U COOPYXEHHM C YUETOM | KOHCTPYKIIMIA H|C Y4ETOM SIBJICHUN | pacyera 9JIEMEHTOB | TBEPABIX TEJ
SBJICHUH TON3Yy4ECTH U | COOPY)KEHHM ¢ y4eTOM | MON3Y4eCTH U IJIACTUYHOCTH | KOHCTPYKITHH u
IUTACTUYHOCTH SBJICHUI TON3y4ecTH U | JAepOpMUPYEMBIX TBEPJBIX | COOPY)KEHMH C  y4eToM
nedopmMupyembIx IUTACTUYHOCTH TeNn ABJICHUHA TON3y4eCTH U

TBEPABIX TEJI

neopMUpyeMbIX TBEpABIX
Tl

, HO llOHyCKaeT 3HAYUTCIIbHBIC
OILIMOKH

IUTaCTUYHOCTH
nehOpMUPYEMBIX TBEPABIX
Tel

[1K-5

- CIHOCOOHOCTBIO IIpUHUMATb Y4YaCTHUC B pa60Tax IO pacucrty U IPOCKTUPOBAHHIO ﬂeTaneﬁ h Y3JI0B

MAITMHOCTPOUTCIIbHBIX KOHCTpYKIIHﬁ B COOTBCTCTBHU C TCXHUYCCKHMHU 3aJaHUAMHN H HCIIOJIb30BAHHCM CTAHIAPTHBIX CPCIACTB
ABTOMATU3alH ITPOCKTUPOBAHUS

Orar,

\ IInanupyemblie pe3yabTaThl |

Kpurepun oneHMBaHuUs pe3yabTaTOB 00yUEHUS
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YpOBEHB o0ydeHus
OCBOEHUA (moxazarenu TOCTHKEHHS 2 3 4 5
KOMITETCHITUHN | 3aJaHHOTO YPOBHsS OCBOCHUA | («He ymOBIETBOPUTEIHLHOY) («Y MOBIIETBOPHUTEIIEHOY) («Xoporioy) («OTuHOY)
KOMITETEHITHUH )
IlepBsIii 3Tan | 3HaTH: Nmeer ¢parmenTapusie | B LIEJIOM 3HAeT 0 | 3HaeT OCHOBBI O COBPEMEHHBIX | 3Ha€T OCHOBBI COBPEMEHHBIX
COBPEMCHHBIC METOAbI | 3HAHUA (0] COBPEMEHHBIX | COBPEMCHHBIX MeToaax MeToaax TEXHUYECKOUN MeToaax TEXHUYECKOU
[Toporossiit TEXHUYECKOW JUArHOCTHUKHM | METOoJax TEXHUYECKOW | TEXHUYECKON JUAarHOCTUKU | JTUArHOCTUKHU U | JUAarHOCTUKHU 51
YpOBEHB U Hepa3pyLIaoNINX METOJ0B | THArHOCTHKHU U | ¥ Hepa3pyLIaloIUX METO/IOB | Hepa3pyLIaroInX METO/IOB | Hepa3pyLIaroIIUX METOJIOB
KoHTpons.  llpencraBnsaTh | HepazpyllalOLMX METOIOB | KOHTPOJIA. IIpencraBnsTe | KOHTpPOJISL. IIpencraBiaste | KOHTPOJISL. IIpencraBnsats
KJIacCH(PUKAMIO  METOJOB | KOHTponsA.  [IpencTaBisaTh | kiaccHpUKAUIO  METONOB | KITAaCCH()HUKAIIUIO METOJIOB | KJIaCCU(UKAITUIO METO/IOB
HEpa3pyIIAIONIEr0 KOHTPONIS | KIAacCH(UKAIIMI0  METOAOB | HEpPa3pyIIArOIIero KOHTPOJIS | Hepa3pyIIaromero KOHTPOJS U | Hepa3pyIIAoIIero KOHTPOIS U

W TPUHOUIBL  JEHCTBUS | HEpa3pyIIAIOIIero KOHTPOJIS | ¥ NPUHOWNBI  JEWCTBUS | MPHHLUIIBI ACHCTBUS MPUOOPOB | MPHHIUIIBI ACHCTBHUS NMPUOOPOB
prOOpoB ULt WX | ¥ TPUHOWNBI  JEUCTBUS | MPUOOPOB ULt UX | I WX pealu3aldd, HO | JUIS UX peau3alnuy
peanu3anuu pudopoB Ui UX | pealu3anuu JIOITyCKaeT HE3HAYMUTENbHBIE | U MX CPEACTBAX NMPUMEHEHHE B
peanu3anuu , HO JIOITYCKAeT | OIINOKH npodeccrnoHaIEHON
3HAYNTEIbHbIE OUTHOKH JIeSITENbHOCTH
Bropoii atan | ymeTs: He MOKa3bIBAET | YMeEET NPUMEHATH | YBEPEHHO TIPUMEHSET | YBEPEHHO MPUMEHSET
MPaBUJIBHO BBIOpaTh TOT | COPMUPOBAHHBIE YMEHHS | HEKOTOpHIE MIOJy4eHHBIE | OOJIBIINHCTBO MOTYYEHHBIX | MOJyYEHHbIE 3HAHHS IO BHIOOPY
bazoBbrif WIA MHOM MeTOoJ KOHTPOJII | BBIOpaTh TOT WM HMHOW | 3HAHUS IO BHIOOPY TOTO WUIM | 3HAHUS IO BHIOOPY TOTO WJIM | TOTO WJIM  HHOTO  METoxa
YPOBEHb JUISL TUarHOCTUKH COCTOSTHHSI | METOJ KOHTPOJIA JUIS | MHOTO METOJ[a KOHTPOJISA Ul | MHOTO METOJa KOHTPONSA Ui | KOHTPONS JUIs  AWArHOCTUKH
Harpy’>KeHHBIX JleTaJiell W | AWarHOCTUKH COCTOSIHHS | TMarHOCTHKH COCTOSIHHS | AMArHOCTUKH COCTOSIHHS | COCTOSTHUS Harpy>XeHHbBIX
9JIEMEHTOB KOHCTPYKIMH C | HarpyXXEHHBIX JeTajled ¢ | Harpy)KeHHBIX JeTaled ¥ | Harpy)KeHHBIX  JeTaledl | | Jetaner u JJIEMEHTOB
Y4E€TOM  OTBETCTBEHHOCTH | JJIEMEHTOB KOHCTPYKLHMH C | JIEMEHTOB KOHCTPYKIUH C | JIEMEHTOB  KOHCTPYKIMH  C | KOHCTPYKLUI c y4eTOM
KOHCTPYKIIMH U | yY4€TOM  OTBETCTBEHHOCTH | yYETOM  OTBETCTBEHHOCTH | y4ETOM OTBETCTBEHHOCTH | OTBETCTBEHHOCTH KOHCTPYKIUH
SKOHOMHYECKHUX  aCHEeKTOB | KOHCTPYKIUH U | KOHCTPYKIINH W | KOHCTPYKIIMU M SKOHOMHYECKMX | I OKOHOMHUYECKHMX AacleKTOB
TIPOBECHUS TNarHOCTHKH SKOHOMHYECKHUX  AaCHEKTOB | IKOHOMHMUYECKMX  acCIEKTOB | acHeKTOB MPOBEACHUS | IPOB
MIPOBEICHUS TUarHOCTHKH MIPOBEICHUS JUArHOCTHKH JIMarHOCTHKH €/ICHHS] ANArHOCTUKN
Tperuii 3Tann | BiIaxeTh: He Bnageer mnepBuunbiMu | Biageer NEPBUYHBIMHU | YBEPEHHO ucnose3yer | Biageer [IEPBUYHBIMU
OIIBITOM MIPOBEJCHUS | HaBbIKAMHU u OIIBITOM | HaBBIKAMHU u ONBITOM | NMEPBUYHBIE HABBIKM M OIBIT | HAaBBIKAMHU u OIIBITOM
IoBBIIEHHB! | HEpa3pyLIAIOLIETO KOHTPOJS | MPOBENCHUS MIPOBEJCHUS MPOBEICHUST HEPa3pyLIAIOLIETo | MPOBEACHHUS HEpa3pyILIaoLIeTo
i ypoBEHb MaTepHaioB METOJlaMH | Hepa3pyLIAIONEro KOHTPOJIS | Hepa3pyIIAIOIero KOHTPOJs | KOHTPOJIS MaTepuagoB | KOHTPOJISI MaTepuanoB
COBPEMEHHOM TMarHOCTUKH, | MaTepHAIOB METOJlaMH | MaTepHajoB METO/aMH | METOJaMH COBPEMEHHOU | METOIaMH COBPEMEHHOU
CIIOCOOHOCTB COBPEMECHHOM TMarHOCTUKH, | COBPEMEHHOH JUAarHOCTHKH, | JMarHOCTHKH, JIMAarHOCTHKH,
CaMOCTOSITEIBHO CIIOCOOHOCTH CIIOCOOHOCTD CIIOCOOHOCTh ~ CaMOCTOSITENIBHO | CIIOCOOHOCTh ~ CaMOCTOSITENIBHO
HCIIONIb30BAaTh TEXHWYECKUE | CAMOCTOSTEIHHO CaMOCTOSITETTHHO HCIIOJIb30BATh TEXHUUYECKHE | HCIIOJIb30BATh TEXHIUYECKHE
CpencTBa Ul M3MEPEHHS W | MCHONb30BaTh TEXHWUYECKHE | MUCIONB30BATh TEXHWYECKHE | CPEACTBA JUIA M3MEPEHHs M | CPeACTBa JUIA W3MEPEHHS W
KOHTPOJIA OCHOBHBIX | CPEACTBA JUII M3MEPEHHs] M | CPENCTBA Ul M3MEPEHHS W | KOHTPOJIS OCHOBHBIX | KOHTPOJISI OCHOBHBIX
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mapaMmeTpoB KOHTPOJISI OCHOBHBIX | KOHTPOJIS OCHOBHBIX | MMAPaMETPOB TEXHOJOTHYECKHX | MMApaMeTpOB TEXHOJOTHIECKHX
TEXHOJIOTHYECKUX apameTpoB mapameTpoB MPOIECCOB,  CTPYKTYPHI M | TPOIIECCOB,  CTPYKTYPHI |
OpOIECCOB, CTPYKTYPhI ¥ | TEXHOJOTHYECKHUX TEXHOJIOTHYECKUX CBOWCTB MaTeprajoB M U3JICIHIA | CBOWCTB MaTepPHATIOB U U3JICITHIA
CBOWCTB  MaTepHalioOB ¥ | TMPOIECCOB, CTPYKTYPhl H | MPOIECCOB, CTPYKTYPHl H | M3 HHX, IUIAHUPOBAHUS W | U3 HUX, IUIAHUPOBAHUS W
U3IeNTHi u3 HHX, | CBOMCTB  MaTepHaJOB ¥ | CBOWCTB  MaTepHAIOB M | peaju3allid HWCCICIOBAHUA W | pealn3aldil WMCCICIOBAHUNA U
TUTAHUPOBAHHS U | u3menui u3 HUX, | W3ACIHN u3 HUX, | pa3pabOTOK pa3paboTok

peainsanu HCCJ’IC}IOB&HHIZ IJIaHUPOBAHU A u IIJIaHUPOBAHU A u

U pa3paboToK peann3anyd UCCIEMOBAaHHUN | peaqu3allid  HCCIIEI0BaHuU

1 pa3paboToK 1 pa3paboTok

[ITxajbl OLlEHUBAHMS JIs1 DK3aMEHa:

oT 45 10 59 6anmnoB — «yAOBIETBOPUTEIBHOY;
oT 60 10 79 6aJIOB — «XOPOIIIOY;

oT 80 0amI0B — «OTIUUHOY.



4.2TunoBbie KOHTPOJBbHBLIC 3a/IaHU WJIN UHBIC MaTEpHaJIbl,

HCOﬁXOI[I/IMI)Ie AJIFd OHCHKH 3H21HHI71, YMCHHﬁ, HAaBBIKOB U OIIbITA

AeSITeJIbHOCTH, XaPAKTEePU3YIOUIUX 3TANbl (POPMHUPOBAHUA KOMIIETECHIIHH
B Ipoiecce 0CBOCHUsI 00pa3oBaTebHOM MporpaMmmbl. MeToauvyeckue
MaTepHaJIbl, ONpeae/AIIue NPoueAyPbl OeHUBAHUS 3HAHUN, YMEHHH,
HaBbIKOB M OIIbITA J€CATCIBbHOCTHU, XaPAKTCPUIYIOIIUX I TAIIbI
(¢GopMupoBaHUsA KOMIIETEHIUM

DTarsl O11€eHOYHEIE
OCBOCHIIS Pe3ynbTaTsl 00y4eHus Komnerentus cpencTBa
1-ii stan COBpEMEHHbIE METO/Ibl TeXHHUeckol auarsoctukm | 1IK-5 - Croco0HOCTb | Y crHEII
3HaHUA u Hepa3pyIIAIoINnX METOJIOB KouTpons, | TPHHAMATE yuacrue B ompoc,

pabotax TO pacuery W
[pencraBnare KJIaCCH(PHKAIHIO METOMIOB | poexTHpoBaHMIO feTateil n | TECTHPOBAHHE
HEpa3pyLIAOIIero  KOHTPOAs M I[PUHLUIBL | y3J0B MAIIMHOCTPOUTEIBHBIX
JICHCTBUS IPUOOPOB [T UX PeaH3aIun KOHCTPYKIIMH B COOTBETCTBUH
C TEXHHYECKUMH 3aTaHHUSIMU
u HCIIONIb30BaHIEM
CTaH/IapTHBIX CpEICTB
aBTOMAaTH3aLUH
MIPOCKTUPOBAHUSL.
CBOWCTBA M XapakTepucTMku MarepmanoB wu | 1IK-15 - ymenmem mpumensTs
o .+ | MeToAbl CTaH/IapTHBIX
SNEMEHTOB  KOHCTPYKUMH M COOPYWEHMH, | poninowi 1o omp ez[eEeHmo
npocTeHMX M Oojee  CHOXKHBIX — BHAAX | (huspko-MEXaHHYECKUX
JebpopManuy  JMEMEHTOB W KOHCTPYKLUIM | CBOMCTB M TEXHOJOTHUECKUX
COOPYKEHHII,METOJBI ~ pacueTa  OJIEMEHTOB U | [OKa3areleil HCIOJIb3yeMbIX
o MaTepuaioB M TOTOBBIX
KOHCTPYKIIHH. mﬂe};ﬂﬁ
2-it 5Tan NpaBUIBLHO BBIOpAaTH TOT WM uHOM Merox | [IK-3 - CrocobHOCTb | Y cTHbIIT
VMeHust KOHTPOJIS 15 JIMArHOCTHKH cocTosps | IPUHHMATL ~— yHACTHC B | e
N . | pabotax mo pacdery U
HArPYKEHHBIX JICTACH M JIEMEHTOB KOHCTPYKIMH | npoexnpoannio aeraneii u | TCCTHPOBaHHE
C y4YeTOM OTBETCTBEHHOCTH KOHCTPYKIIMHM H | y3JIOB MaIlMHOCTPOUTETBHBIX
3KOHOMHYECKHX aCIIEKTOB nposeneHus | KOHCTPYKIIMU B COOTBCTCTBUU
MATHOCTHKE C TEXHHYECKUMH 33TaHHUSIMHU
u HCTIONIb30BAHIEM
CTaH/IapTHBIX CpelcTB
aBTOMaTu3aluu
POEKTUPOBAHMUSL.
IPUMEHATh MOJlydeHHble 3HaHMs Mo MexaHuke | I1K-15 - ymMeHneM npumeHsaTh
nedopmupyemMoro  TBepmoro  Tena  (TEOPHH | METOJbI CTaH/IapTHBIX
IJIAaCTUYHOCTH, IOJIBYyUECTH, MCXaHUKH HCTIBITAHUW TI0 ONPCACICHUIO
paspylieHus)  TpH  M3YyYEHWH  JUCHUIUIMH | (PU3MKO-MEXaHWIECKUX
MIPOeCCHOHATEHOTO IUKJIA. CBOMCTB M TEXHOJOTHYECKHX
MoKa3aTteael HCMOIb3yeMbIX
MarepuaioB M TOTOBBIX
n3JeIud

3-if 5Tamn OTIBITOM TPOBEJACHUA Hepaspymiarouiero KoHtponsa | I11IK-5 - Crnoco0HOCTh | YerhpIii ompoc

Briazenue MaTepuaIoB METOJlaMU COBPEMEHHON | MPUHUMATh y4dacTtue B
JIMarHOCTHKH, pabotax TO pacuery W
HaBBIKAMH CIIOCOOHOCTH ~ CaMOCTOSITENIbHO ~ HCHOJIB30BaTh | IPOEKTHPOBAHUIO JIETAICH H
TEXHUYECKUE CPECTBA 1T U3MEPEHUS] M KOHTPOJISI | y3JI0B MAIIMHOCTPOUTEIbHBIX
OCHOBHBIX apamMeTpoB TEXHOJIOTUYECKUX | KOHCTPYKIMI B COOTBETCTBUU

MIPOIIECCOB, CTPYKTYPHl M CBOWCTB MaTepHalioB U

C TCXHUYCCKHMMH 3aTaHUAMH

W3JEIN W3 HHX, IUIAHUPOBAaHMS W pealH3alliH | U UCIIONIb30BaHIEM
HCCIEe0BaHNH U pa3paboToK CTaH/IapTHBIX CpeIcTB
aBTOMAaTH3aLUuN
MIPOCKTUPOBAHUSL.
TIEpBUYHBIMU HaBBIKaMH M OCHOBHBIMH Metoiamu | I1K-15 - ymeHneM npuMeHsTh
KOPPEKTHOH  MAaTeMaTHYeCKOW IIOCTAHOBKH W | METOJBI CTaH/IapTHBIX
pemieHnss 3ajad  MEXaHWKH Ae(OPMUPYEMOTO | HCTBITAHHNA 1O OMPENECTICHUIO

TBEpJOrO TeNa, HaBbIKAMM pacdeTa 3JIEMEHTOB
KOHCTPYKLUH M COOPY)KEHHH C y4yeToM SIBICHUH
MOJ3YY4eCTH W IUIACTUYHOCTH Ae(opMHUpyeMbIX
TBEPABIX TEI

(U3UKO-MEXaHUICCKHUX
CBOMCTB U TEXHOJOTHMYECKUX
MoKazarejel HCIOoJb3yeMBIX
MaTepuaJoB ¥  TOTOBBHIX
U3AETINN
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4.3 PedTHHI-IIaH TUCHUTLIHHBI
(Ipr HEOOXOIUMOCTH)

PeiTrHr—IUIaH TUCUUIUIMHEI TPEACTABIICH B MPUJIOKEHNUH 2.
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4.3.1 Bonnpochl K 3K3aMeHy

DKzamen: ounoe u 3a0uroe obyyerue

Bompocsl k 2K3aMeHy:

1. OO6mue cBegenus o koppo3uu MetaioB. IIpodaema kopposun. Llens u 3a-
JlauM Kypca «XHUMHUYECKOE COIMPOTHUBIICHNE MaTePHAIOB. 3aIIUTa OT KOPPO3UI.
TeXHUKO-?KOHOMHYECKUM aCIeKT KOPPO3HUH.

2. TepMoauHaMUKa Ipolecca KOPppPo3uu METAILIOB.

3. Kunernka nporecca KOppo3un METaIOB.

4. Knaccudukamus Koppo3nOHHBIX IIPOIIECCOB IO YCIOBUSIM IIPOTECKAHMS.

5. Knaccudukamnus Kkoppo3uOHHBIX IIPOIECCOB II0 MEXAHU3MY IIPOTCKAHUS U

XapakTepy KOPPO3HOHHBIX MOPAKCHUIA.
XuMuueckass KOppo3us METa/UI0B. Y CJIOBHE CIUIOIIHOCTH IJICHOK IIPOIYKTOB
KOPPO3UH METAJIJIOB.

7. TepMoarHaMUKa BRICOKOTEMIIEPATYPHON KOPPO3UKM METAJIJIOB.

8. AncopOuus KUCI0po/ia Ha TOBEPXHOCTH MeTaJlia.

9. Kuneruka razoBoii Koppo3uu. Y paBHEHHE TUHEHHOI'O POCTA OKCUIHOM
TJICHKH.

10. Kwunernka ra3oBoi KOppo3uu. Y paBHEHHE Napad0JINIECKOr0 pOCTa OKCUIHOM
TJICHKH.

11. Kwunernka ra3oBoi KOppo3uH. Y paBHEHHE JIOrapru(pMHUUECKOr0 POCTa
OKCHUJIHOM IJICHKH.

12. BimsHue BHYTpEHHHX (PaKTOPOB HA CKOPOCTh XUMHYCCKON KOPPO3HUH.

13. BimsHue BHEMHUX (aKTOPOB HA CKOPOCTh XUMUYECKON KOPPO3HH.

14.  OcCHOBHBIC METOJIBI 3AIIUTHI OT TA30BOM KOPPO3UH.

15.  MexaHHu3M 3JIEKTPOXUMHUYECKON KOPPO3HH.

16. TepmoaumHaMuKa 3JICKTPOXUMHUYECKOH KOPPO3HH METAIIIOB. DJICKTPOIHBIC
MTOTCHIIHAIBI METAJJIOB.

17. Peakuus KaTOmHOHN JCHONSIPU3AIIMH. Y CIIOBHE IPOTCKAHUS DJICKTPO-
XUMHYECKOM KOPPO3HHU.

18. HeoOpaTuMble TOTCHIIUAIBI METAJLIOB.

19. Kwunernka anogHou peakiuu. ITokazaTeilb CKOPOCTH DJIEKTPOXUMHYESCKOM
peaKIu.

20. KwuHeTnka aHOZHOM peaKIUK. DHEPIHUs aKTUBAIUH IIPSIMOT0 U OOPAaTHOIO
repexo1oB. CKOPOCTh aHOTHOM PEaKIHH.

21. BopopoaHas aenonaspyu3aius.

22. KucmopogHas OemoJisspu3aliusi.

23. wmarpamma DBanca. [lonspuzaiiioHHbIe CONPOTUBIICHHS. Y paBHEHHUE IS
pacyera CKOPOCTH KOPPO3HH.

24. IlaccuBHOCTH MeTaI0B. OCHOBHOM METO MCCIEIOBAHUS TAaCCUBHOCTHU
MeTaoB. [IpakTudeckue clIeICTBUS N3YyUCHHS TACCHBHOCTH.

25. IloreHmuocraTHyeckas KpuBas.

26. BimsHHe BHYTpeHHUX (DAKTOPOB HA CKOPOCTH YJICKTPOXHUMHUUECKOM KOPPO3HH.
27. BiusHHE aHHOHOB-aKTUBATOPOB U KaTHOHOB-aKTHBATOPOB HA CKOPOCTH
DICKTPOXUMHUYECKON KOPPO3HH.

28. BiusHHe aHHOHOB-MHTHOUTOPOB M KATHOHOB-UHTHOUTOPOB HA CKOPOCTh
AJIEKTPOXUMHUUYECKOU KOPPO3HH.

29. BimsHHE KMCIOTHOCTH CPEAbl, TEMIICPATYPHI, JaBJICHUS HAa CKOPOCTh
AJIEKTPOXUMHUYECKOU KOPPO3HH.

30. BausHHe mepeMenInBaHus, BO3CHCTBUS BHEIIHETO YJIEKTPUUECKOr0 TOKA U
pagraIy Ha CKOPOCTh DJCKTPOXUMHUYECCKON KOPPO3UH.

31.  Mepsl 60pb0OBI ¢ KOppO3HUeH MeTalI0B. Bo3aeiicTBre Ha METaILIBL.
Bo3zaelicTBue Ha cpeny.

32. Mepsl 00pEOBI ¢ KOppo3uel MeTalioB. Bo3nelicTBre Ha KOHCTPYKIIHIO.
33. Meramum4ecKkue 3alUTHEIC TOKPBITH. OOIIKe CBEICHUS.

34. MeraumMuecKre 3allUuTHBIC MOKPBITHS. | albBaHUYECKUE TTOKPBITHUS.
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35. MeTamumM4ecKue 3alUuTHEIC MTOKPBITHS. TepMoauddy3noHHbIE TOKPBITHS.
36. Hemerammmueckure 3alUTHBIE TOKPBITHSI. Heopranudeckrue mOKpEITHS.
OkcuaupoBaHue.

37. Hemerammueckue 3amuTHBIE TOKPBITHA. DPochaTupoBanue. JJakokpacodHbIE
TTOKPBITHSL.

38. Huruburopsl. Buasl nHrHONTOpOB. Benmmumnua 3ammuTHoro g dekra.

39. HHruOuTopsl IJI pacTBOPOB. AHOIHBIC HHTHOUTOPHI.

40. HMaruburtopsl ajs pacTBOpoB. KaTogHble MHTHOUTOPEL.

41. HWarudbutopsl arMochepHOIt KOPPO3UH.

42. DnexkTpoxumuueckas 3amuTa. KaTomHas 3anura BHSITHHM TOKOM.

43. DnexrpoxuMudeckas 3ammra. IIpoTekropHas 3anura.

44. DnexTpoxmMHYEcKas 3amuTa. AHOIHAs 3alllHTa.

45. Knaccudukanus HeMETaUTMISCKUX MaTePHANIOB.

46. Oco0eHHOCTH KOPPO3HOHHOIO pa3pyIlIECHHUs] HEOPraHMUYECKHUX MaTe-pPHajIoB.
47. OcobeHHOCTH KOPPO3UOHHOI'0 Pa3pyIISHHUS OPraHHYECKHX MaTEPUAJIOB.
48. MeToanl UCCACAOBAHUI U OLICHKH XMMHYECKON CTOMKOCTH HEMETAIINYECKUX
MaTEepHAaJIOB.

49.  Koppo3nOHHOCTOMKHE HEMETALIMYCCKUE MaTepHabl HA HEOPraHUYECKOM
OCHOBE.

50. Koppo3noHHOCTOMKNE HEMETAININYECKUE MaTepraibl Ha OPraHNYCCKOM
OCHOBE.

OO0pa3err 3K3aMEHAIIMOHHOT0 OMJIeTa:

MusnuctepcTBO 00pa3oBanus U Hayku Poccuiickoit deneparuu
denepanbHOE roCcy1apCTBEHHOE OI0IKETHOE 00pa30BaTEIbHOE YUPEXKIEHUE
BbICILIEro o0pa3oBanus «bamKupckuii rocyjapcTBEHHBIH YHUBEPCUTET
WnxeHepHblil pakynbTeT
Kadenpa «Texnomornyeckue MalimHbl 1 000PYI0BAHHE)

BK3AMEHAIIMOHHBIN BUJIET Ne 1
[To yuebnol aucuumnauHe « Koppo3usi KOHCTPYKIIMOHHBIX MaTEPHAJIOB »
Hanpasnenue: 15.03.02 — TexHonmornyeckre MaIimHbel 1 000py10BaHUE
[Tpodunb: MHKUHUPUHT TEXHOIOTUYECKOTO 000PYI0BAHUS

1.061mue cBeneHus o koppo3uu metaioB. [Ipobiema kopposuu. Llens u 3agaun kypca «Kopposus
KOHCTPYKLMOHHBIX MATEPHUAIIOB»

2. /lnarpamma OBanca. llonspusaliioHHBIE CONMpPOTHBIICHUSA. YpPaBHEHHE MJIsl pacdyeTa CKOpPOCTU
KOPpO3HH.

YTBepKACHO Ha 3acelaHuu Kadeapbl , TPOTOKOJT Ne
(mata)

3aBemyromuii kadeapoun

(moamuce) (®.1.0.)

MunucrepctBo oOpa3zoBaHus U Hayku Poccuiickoit @enepanuu
denepanbHOE TOCYNAPCTBEHHOE OIOIKETHOE 00Pa30BATENBHOE YUPEKICHUE
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BbIcIIero o0pa3oBaHus «balKupcKuil rocyaapCTBEHHBIN YHUBEPCUTET»
WNnxenepHsiit pakynbTeT
Kadenpa «Texnonornueckre MaimHbl 1 000py10BaHUE»

SK3AMEHAILIMOHHBIN BUJIET Ne 2
[To yueOHoM quctunanHe «Koppo3us KOHCTPYKIIMOHHBIX MaTEpUAJIOB »
Hamnpasnenue: 15.03.02 — TexHomornueckre ManiiuHbl 1 000py10BaHNE
[Tpodunb: MHXUHUPUHT TEXHOIOTHYECKOTr0 000PYJOBAHUS

1. TepmonnHaMuka mporecca KOppo3uu MeTaljIoB.
2. [TaccuBHocTs MeTamwmoB. (OCHOBHOM METOJl HCCIENOBAaHUS MACCUBHOCTH METaJUIOB.
[IpakTuueckue cneaCcTBUS U3YUEHUSI TACCUBHOCTH.

YTBepKIeHO Ha 3aceannuy Kadenpbl , IpoTOKOIT No
(mata)

3aBemyromuii kadeapoun

(moamuce) (®.1.0.)

Kputepuu ouenkn (B 0aa/1ax) 1jsi 0O4HOTO OTAeJIeHHSI:

25-30 6a/J10B BBICTABIISIETCS CTYJEHTY, €CIM CTYJIEHT JAall MOJIHbIE, pa3BepHYThIE OTBETHI Ha BCE
TEOpPETUYECKHE BOMPOCHI OMiieTa, MPOAEMOHCTPUPOBAI 3HAaHUE (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTMH, OCHOBHBIX 3JIEMEHTOB, YMEHHUE NPUMEHATH TEOPETUUYECKHE 3HAHUA IIpH
BBINOJTHEHUN MTPAKTHUECKUX 3a1aHuil. CTyeHT 0e3 3aTpyAHEHH OTBETHII Ha BCE JOMOIHUTEIIFHBIC
Bomnpockl. [IpakTrdeckas 4acTh pabOTHI BBHITTOJIHEHA MMOTHOCTHIO 0€3 HETOYHOCTEH M OITHOOK;

17-24 6annoB BBICTABISETCS CTYACHTY, €CIM CTYJIEHT PAcKpbll B OCHOBHOM TEOpPETHYECKHE
BOMPOCHI, OJHAKO JOIMYIIEHbl HETOYHOCTH B OMpEEIEHUU OCHOBHBIX MoHATHH. [Ipu oTBeTe Ha
JIOTIOJIHUTENBHBIE BOIIPOCH! JOMYIIEHBl HEOONbIINE HETOUHOCTH. [Ipy BBIMOIHEHUH MPAKTUYECKOM
gacTH paboThI JOMYIIEHB HECYIIECTBEHHbIE OINOKH;

10-16 6an10B BBICTABIACTCS CTYAEHTY, €CIH IIPH OTBETE Ha TEOPETUUECKUE BOMPOCHI CTYIEHTOM
JIONYIIEHO HECKOJbKO CYIIECTBEHHBIX OMIMOOK B TOJKOBAaHMM OCHOBHBIX MOHATHH. Jloruka u
IOJHOTa OTBETa CTPAjalOT 3aMETHBIMM H3bSHAMU. 3aMETHbl NpoOenbl B 3HAHUU OCHOBHBIX
MeTOoz0B. TeopeTnueckre BONPOCH! B LIEJIOM U3JI0KEHBI JOCTATOYHO, HO € IIPOIyCKaMH MaTepuaa.
HmeroTcs npUHIMIMAIBHBIE OIIMOKH B JIOTMKE IOCTPOEHUs OTBETa Ha Bolpoc. CTYJEHT HE pelu i
3a/1ayy WIK IPU PEIIEHUH T0MYLIeHbl I'pyOble OMNOKY;

1-10 6annoB BhICTaBISIETCS CTYJEHTY, €CIM OTBET Ha TEOPETUUYECKUE BOIIPOCHI CBUJETEILCTBYET O
HEMOHMMAHUM U KpaliHe HEMOJHOM 3HAaHUU OCHOBHBIX MOHATUH M MeTonoB. OOHapyXHUBaeTcs
OTCYTCTBHE HaBBIKOB INPUMEHEHHUS TEOPETUUECKUX 3HAHUN IpU BBIIOJIHEHUU IPAKTUYECKUX
3agaHuil. CTyIeHT HE CMOI OTBETUTb HU HA OJMH JOMOJHUTEIbHBINA BOIIPOC.

Kputepun oueHKH AJ1s1 3204HOT0 OT/AeJIeHUsI:

OTJIMYHO - BBICTABJSIETCS CTYJEHTY, €CIU CTYJIEHT JaJl TOJIHBIE, Pa3BEPHYThIE OTBETHI HA BCE
TEOPETHYECKHE BOIPOCHI OUIIETa, MPOAEMOHCTPHPOBAJ 3HaAHUE (YHKIIHMOHAIBHBIX BO3MOKHOCTEH,
TEPMHUHOJIOTMH, OCHOBHBIX JJIEMEHTOB, YMEHHME MPHUMEHSITh TEOPETUUECKUE 3HaHUs MpHU
BBHITMIOJIHCHUH MTPAKTHYECKUX 3a1aHuil. CTyaeHT 0e3 3aTpyIHEeHUI OTBETHII Ha BCE JOMOTHUTEIbHBIC
Bonpockl. [IpakTideckast 4acTh pabOTHI BHITTOJHEHA MTOTHOCTHIO 0€3 HETOYHOCTEH U OO OK;
XOPOIIO - BBICTABIISICTCS CTYJEHTY, €CJIM CTYJEHT PAacKPbLI B OCHOBHOM TEOPETUYECKUE BOIPOCHI,
OJIHAKO JIOMYIIEHbl HETOYHOCTH B OIPEICICHUH OCHOBHBIX TOHATUH. [lpm oTBeTre Ha
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JIONIOJTHUTENbHBIE BOIIPOCH! TOMYLIEHbl HeOoblIMe HETOYHOCTH. [Ipy BHIIOIHEHNN NPaKTUYeCKOn
4acTH paOOTHI JOMYIIEHBI HECYIIECTBEHHBIE OMNOKH,

YAOBJIETBOPUTEJIBHO - BBICTABIISIETCA CTYACHTY, €CIIM NPU OTBETE Ha TEOPETUYECKUE BOIPOCHI
CTYZEHTOM JONYIIEHO HECKOJbKO CYLIECTBEHHBIX OIIMOOK B TOJIKOBAHMM OCHOBHBIX IHOHSATHH.
Jlornka M MOJNHOTAa OTBETA CTPAJAOT 3aMETHBIMU M3bSHAMH. 3aMETHbI NpPoOeNbl B 3HAHUU
OCHOBHBIX MeTO/10B. TeopeTnuecknue BOIPOCH B LEJIOM HU3JI0KEHBI JOCTaTOYHO, HO C MPOIYCKaMHU
MaTtepuana. VIMeloTcs NMpUHLUIUAIBHBIE OIIMOKM B JIOTMKE IOCTPOEHUS OTBETa Ha BOIPOC.
CryaeHT He pemuni 3aauy WM MpH PeLIeHUH JOMYyIIeHbl TpyOble OMUOKY;
HEYI0BJIETBOPUTEIbHO - BBICTABJSIETCS CTYACHTY, €CIM OTBET Ha TEOPETUYECKHE BOMPOCHI
CBUJCTEIHCTBYET O HEMOHMMAHUM U KpaliHEe HENOJHOM 3HAHMM OCHOBHBIX TMOHSATUN M METOOB.
OO6HapykuBaeTcsi OTCYTCTBHE HAaBBIKOB NPUMEHEHHS TEOPETUYECKMX 3HAHMM IMpPU BBIIOJIHEHUU
IPaKTUYECKUX 3aaHuil. CTyIeHT HE CMOT OTBETUTH HU HA OJIMH JOIOJIHUTEIbHBII BOIPOC.

4.3.2 OdopmiieHHE KOMILIEKTA TECTOB (TECTOBbIX 3a1aHUI)
TECT 1

1. Kakoli nmporiecc Ha3bIBalOT KOPPO3UEH METAIOB?

a) pa3pylleHle METaNIOB OT CTATUYECKUX MEXaHUUECKUX HArpy3o0K;

0) paspylleHHe METaJIJIOB TP LUKJINYECKUX HAarpy3Kax;

B) pa3pylIeHHE METAJJIOB IIPU UX XUMUYECKOM U JIEKTPOXUMUYECKOM B3aUMOJIEH CTBUU C
arpecCUBHON CpENOH;

I') pa3pylIeHnEe METAJUIOB MPH UX JUIUTEIBHON AKCIUTyaTaluH.

2. Xumn4eckas KOppo3Hsi IPOUCXOANUT IPH B3aUMOJEH CTBUA METAJIJIOB:
a) ¢ paCTBOPaMH 3JIEKTPOJIUTOB;
0) ¢ CyXMMH razaMy Ipy BBICOKHX TeMIIepaTypax UM C HEINEKTPOIUTaAMU;
B) C MapaMy HU3KOKHUITALIUX XKHUIKOCTEH;
I') C PaCTBOPaMHU MOJIIPHBIX JKUIKOCTEH.

3. ITaccMBHOCTB 3TO COCTOSIHME OTHOCHUTENIBHO BBICOKOW KOPPO3MOHHOM CTOMKOCTH MeETaJljaa
BBI3BAHHOE:
a) KHUIKOU cpesoi; 0) cpenoil ¢ CUIIBHBIMU OKHCIUTEISIMU;
B) HEUTPAIBHOU CPEON; T) IIETOYHON CPEIOi.
4. Kakoli caMblil CTapblii METOJ ITOJIYYEHUS METAIIMYECKUX AU THBIX IIOKPBITHI?
a) TepMoaAu(PY3UOHHBINH; ©) METOJ MOIrPYKEHUS B PACIJIaBICHHBIA METaI-IOKPHITHE;
B) IUTAKMPOBAHUE; T) METAJIJIM3ALINsI HATIBIJICHUEM.

5. I1o kaKkOMy ypaBHEHUIO BBIUUCIIETCS] TEOPETHIECKOE KOTMYECTBO OCAKISHHOT0 MeTaa?
MiItMtMtMIr
aj m=——:; 6)m=——; B)M=——; T1)M=
zFFzFF

6. [IpnunHON KOPPO3UH SABIIAETCA:
a) BHYTPEHHSS CTPYKTypa MeTaJljla Ui CILJIaBa;
0) TepMOAMHAMHUYECKasi HEYCTOHUHNBOCTh METAJIIOB;
B) HaJM4ue Ne(eKTOB B KPHUCTAUTMIECKOH CTPYKType METalIa;
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F) COACPIKAHNEC B MCTAJIJIC HEMCTAJUIMICCKHUX HpHMeCCﬁ.

7. DNEKTPpOXUMUY €CKast KOPPO3UsI TPOUCXOIUT MPU B3aUMOICHCTBUU METAIIIOB:
a) C paCTBOpPaMHU HEIJIEKTPOIUTOB; 0) C paCTBOPaMH OPraHUYECKUX >KUKOCTEH;
B) C PACTBOpPAMHU 3JIEKTPOJIUTOB;  T) C paCTBOPAMHU HEMOJISIPHBIX KUAKOCTEH.

8. B Kkakux cpenax NpPOMCXOAUT KOPPO3US METAJIOB C BBIIEIEHHMEM BOJOpPOJAA, TO €CTh
IIPOTEKAET PeaKIMs BOJOPOAHOMN IeNoasIpu3annun’?
a) B KUCJIBIX Cpeax; 0) B HEUTpaJbHBIX U IIEJIOYHBIX CPEax;
B) B OPraHMYECKUX KUAKOCTAX; T) B LIEJIOYHBIX Cpeax.

9. Kakue cnnaBbl 00:1a/1a10T 60J1€€ BRICOKOW KOPPO3MOHHOM CTOMKOCTBIO?

a) FeTepOreHHBIE; 0) ¢ HEeMETaJUIMYECKUMU ITPUMECSIMU;
B) C KATOAHBIMU BKIIIOYEHUSIMU; T) TOMOT'€HHBIE.

10. Kakoe ypaBHEHHE HCMOIb3YIOT JUIsl BBIYUCIEHUS BBIXO/A MO TOKY B % IIpH

ANeKTposn3e?
m.mgmm g

ayn=——; 06mn=—; B)n=—100; r)n = —100.
mem ¢ M Mo

11. Kakas BenmunuHa U3MEHEHHS H300apHOro noreHmuana (sueprun ['m66ca) onpenenser
BO3MO)KHOCTb ITPOTEKAHUSI KOPPO3HHU:

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

12. 3alMUTHBEIMHU CBOMCTBAMHU 00/1a1aI0T OKCUIHBIE IICHKH:
a) cpenuue, TommuHON 40...500 HM;  0) CIUIOIIHBIE IICHKH;
B) TOJICTHIE, TONIIMHON Oonee 500 HM; T') HECHJIOLIHBIE TNIEHKH OKCHJA.

13. C1ocoOHOCTh METAJJIOB COMPOTHUBIATHCS KOPPOZUOHHOMY BO3EHCTBUIO Fa30B IIPU
BBICOKHMX TeMIIepaTypax Ha3bIBaeTCs:
a) >KaporpoOYHOCTHIO; 0) MexaHU4eCKO! MPOYHOCTHIO;
B) ’KapOCTOMKOCTHIO; T') ra30CTONKOCTHIO.

14. Kakoii MeTasu1 o OTHOIIEHHIO K CTAJIH SBJISIETCS aHOIHBIM MTOKPBITHEM?
a) mean (Cu);  0) omoso (Sn);  B) umHk (ZN); 1) Hukens (Ni).

15. Kakyro cucremy Ha3bpIBarOT KPacKOW?
a) pacTBOpP OPraHUYECKOTr0 BEIIECTBA B JICTYYEM PAaCTBOPUTEIE;
0) pacTBOp TBEPIOrO BEIIECTBA B KUIKOM PACTBOPUTEIIE;
B) CYCIICH3UsI TUTMEHTA B OPraHUYE€CKOM CBSI3YIOIIEM;
') PaCTBOP MEJIKOM3MEILYEHHOI'0 BEIIECTBA B JIETy4eM PaCTBOPHUTEIIE.

16. ITo MexaHM3My IPOTEKAHUS PA3IUYALOT:
a) KOPPO3HUIO BHEIIHUM TOKOM U TTOJ] HAPSKECHUEM;
0) XMMHYECKYIO U 3JIEKTPOXUMHUYECKYIO KOPPO3HIO;
B) OMOKOPPO3HIO U KOPPO3HOHHYIO 3PO3HIO;
T') CIUTONTHYIO UJIH OOIIYI0 H MECTHYIO KOPPO3HIO.
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17. Hpouecc OKHCJICHHUA METaJlJIa KUCIIOPOAOM HEBO3MOKCH, €CJIM MCIKAY PABHOBCCHBIM
JIaBJICHUEM KHCIIOPOJIa HaJl OKCHIIOM Ppap. M JaBJjeHHEM KUCIOpojaa B cpere P cobmromaercs
COOTHOLICHUEC:

a) P = Ppas. ; 6) P < Ppas. ; B) P > Ppas. ; F) P/Ppag. = 1.

18. Kakoe couetanue JErupyrommx METalIOB CUJIBHO 3aMEJIJIET MPOIIECC OKUCIECHUS CTaIu
IIPU BBICOKUX TEMIEpaTypax:

a) Cr, Cu, Co; 6) Al, Mo, W; B)Cu, Co, Mo; 1) Al, Cr, Si.
19. Kakoii MeTa1 Mo OTHOIIEHHUIO K CTaJM SBJSETCS KATOAHBIM ITOKPBITHEM ?

a) menb (Cu);  0) muuk (Zn);  B) xpom (Cr); 1) tutan (Ti).

20. JlTakamu Ha3bIBAIOT:

a) pacTBOPHI BBICHIXAIOMIMX Macell, CMOJI, 3()UPOB LIEJUTIOIO3bI B JIETYUHX PACTBOPUTEISIX;

0) KOJUTOUIHBIE PaCTBOPBI BBICHIXAIOIINX MACeNl CMOJI 3(HUPOB LIEIIIOJIO03b] B JIETYIHX
OpPraHUYEeCKUX PACTBOPUTEIIAX;

B) TOMOT'€HHBIE CMECH Macell, CMOJI B OPraHU4E€CKUX PaCTBOPUTENSX;

F) PacTBOPLI BBICBIXAOIUX CMOJI, HCJIJIFOJIO3bI B JICTYUUX OPraHUYCCKUX PACTBOPUTCIIAX.

21.01pHnaTenbHbIM MaCCOBBIM TIOKa3aTeeM KOPPO3UU HAa3bIBAIOT BEIUYHHY, KOTOPYIO
BBIYHUCIIIIOT 11O popmyiie:

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

22. JInHeiHbIA pOCT TOJIIIMHBI OKCUHOM MJIEHKH MPU OKUCIIEHUU METalIa KUCIOPOIOM
BBIPAKAETCS YpPAaBHEHUEM

a) h=Krt; 06)h’=Krt; B)h=1In(K1); 1) h=h+Kr.

23. Kakue 0OCHOBHBIE METOJIbl MPUMEHSIOT JJIsI 3alIUThl METAJJIOB OT KOPPO3Uu?
a) MexaHn4eckas o0paboTka; 0) 3alUTHBIC TOKPHITHS, YI€T KOHCTPYKIUU;
B) MOJTOTOBKA MTOBEPXHOCTH METaJlIa;
') 00paboTKa B KMCIIBIX ¥ MIEJTOYHBIX Cpeaax.

24. Kakue 3aIUTHBIE IOKPBITHSI OTHOCATCS K TUITY HEOPraHUYECKUX MMOKPBITUI:
a) MOKPBITUS CMOJIAMH; 0) MOKPBITHS TIIACTMACCAMU;
B) JIAKO-KpPaCOYHBIE OKPHITHS; r) ocdaTHbIe U OKCHJIHBIE TOKPBITHUS.

25. Kakue BelecTBa Ha3bIBalOT HHTHOUTOPAMH KOPPO3UHU?
a) BEILECTBA YCKOPSIOLINE KOPPO3UIO;
0) BelecTBa, KOTOPhIE YMEHBILAIOT CKOPOCTh KOPPO3HH;
B) BEIIECTBA, CTAOMIM3UPYIOIIHE KOPPO3UOHHBIH MPOIIECC;
I') BEIIECTBA, KOTOPHIE MOJIHOCTHIO HCKIIIOYAIOT KOPPO3UIO MeTaslIa.

26. Jlns 3ammThl MEIHBIX U3AEIUN OT KOPPO3UHU B KAUECTBE KATOAHOTO MTOKPHITHSI MOKHO

HUCIIOJIB30BAaTh
A. Cr b. Ni B. Sn I'. Ag
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27. VpaBHeHME pOIlecca, TPOTEKAIOIIEr0 Ha MHEPTHOM aHOJE TP SJIEKTPOIIM3E BOIHOIO
pactBopa CaCL?, umeer Bun
A. 40H —4e=0; + 2H0
B. Ca?* +2e =Ca°
B.2CL - 2e=CL,
I'.2H20 —4e=0, + 4H*

28. Kaxoii mporiecc Ha3pIBalOT KOppo3uel B Hanbosee ob1eM ciydae?

A. CaMOInpou3BOJIbHOE pa3pyIllIeHHUE METAJJIOB B arpecCHUBHOM cpeze, MepeMelaronieiics ¢
OONBIION CKOPOCTBIO M COJEpiKalleil BellecTBa B3aUMOACHCTBYIOIIME C  Pa3IMYHBIMU
MaTepHaIaMH.

b. CamonpousBosibHOE pa3pylleHHE METAIIIMYECKUX MaTepualioB  BCIEACTBHE UX
XUMHUYECKOTO UJIU 3JIEKTPOXUMHUYECKOT O B3AUMOJEUCTBHS C OKPYKAIOIIENH CPEION.

B. Camonpou3BoibHOE pa3pylIeHHe MaTepuaaoB (ITOJIMMEPHBIX, METANIOB U HEMETAJJIOB) B
KUIKOCTSX, IJIEKTPOIUTAX U HEITEKTPOJIUTAX.

I'. Pazpymenue MeTamaoB B Ta3oBBIX CpeAax, COAEPKAIIUX pa3IMYHbIE arpeCCHUBHbBIE
KOMIIOHEHTHI U ITPH BBICOKHUX TEMIIEPATypax.

29. Yto sABIIsAETCSA OCHOBHON IPUUMHOW KOPPO3UU M Pa3pyILIEHU METAJUIOB U UX CIUIABOB?

A. D10 TepMoaMHaMuYecKas HeCTaOMJIbHOCTh(HEYCTOMUYMBOCTh) METaJIOB U CIUIABOB B
Pa3INYHBIX ArPECCUBHBIX CPEAAX IIPU JAHHBIX BHEIIHUX yCJIOBUSIX.

b. DT0 HecoBepUIEHCTBO BHYTPEHHEH KPUCTAJUIMYECKOW CTPYKTYpPBHl METAUIOB U CIUIABOB,
IIOJy4YEHHBIX B IIPOLIECCE IIPOM3BOACTBA.

B. OT0 Hammuue Ha MOBEPXHOCTH METAJIA PA3JIMYHBIX 3arpsA3HEHUH, €€ IIEepOXOBAaTOCTh U
IPUCYTCTBUE OKCUIOB.

I'. Oto mpupojga MeETalIOB, MX BHYTPEHHEE CTpOEHME, HaJIW4yue IpUMeceil B CIUIaBax,
arpecCUBHOCTb OKPY’KAIOLIEH Cpebl.

30. Kakas BenmuunHa HM3MEHEHHs] M300apHOro MOTeHIMana (MU3MeHeHHs sHepruu ['ud0ca)
npolecca KOppo3uH ONpeesieT BO3MOXKHOCTh KOPPO3UH MeTalla B JaHHOMU cpene?
A.AG>0; B.AG=0; B. AG=0; I'. AG< 0.

31. Kakoil Meramn cuibHee KOPpOAMpPYeT B cpefe, coaepxkamiei kuciopon (Oz), ecnu
M3MeHeHHe H300apHOro MoTeHIMaa pu 00pa30BaHUK OKCUJIOB UMEIOT BEIMUUHY:

A. FEOAG = —246,0 xJIx/MoIb ; B. MgOAG % =-520,6 kJIx/Moub;

Bb. CUOAG®=-1455 /I:)x/M07b ; I'. ZnOAG?=-336,0 kJI/MOJb;

32. CkopoCcTH JOCTaBKH K ITOBEPXHOCTH METaJla KOPPO3UOHHO AKTHUBHBIX YACTHIl U OTBOJA
IPOAYKTOB pPEAKIUU B YIPOLICHHOM BHJE ONPEAENAETCS 3aKOHAMM OJHOMEpHOW nuddysun
(3akonom duka):

dc dc ds dcC

A wy=Kk,5—; b.wy=k,5—; B.w=k,c—; I. WwW=KXxX—.
0 adX 0 o dr 0 0 dx o] 0 ds

33. CKOpoCTh XMMHMYECKOW WM DJJIEKTPOXMMHUYECKOM pEeaKkIMH pPACCUUTHIBAECTCS IO
YPaHEHUIO:

E C
G pr(ﬁj B ZK”EGXP(_EJ ’

E E
sy =gcen(ga] s mmecen(-
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34. Kakoll KOpPpO3MOHHBIM TIpoliecc pa3pylieHUuss (OKUCIEHHUS) METaJJIOB OTHOCAT K
XUMHUYECKON KOppO3un?

A. — B3auMOJI€iICTBHE METaJJIa C KOPPO3UOHHOM CPEIOH, IPU KOTOPOM OKHUCJIEHHE MeTalla U
BOCCTaHOBJICHHE OKHUCIMTEN KOPPO3MOHHOM Cpelbl, IPOMCXOAUT HAa OIPENEICHHOM Yy4YacTKe
MOBEPXHOCTH METAIa;

b. — B3aumozelicTBre MeTalaa ¢ KOPPO3UMOHHOM Cpeoi, MPU KOTOPOM OKHUCIIEHHE METaljla U
BOCCTaHOBJICHHE OKHCIIUTENS KOPPO3UOHHOM Cpelibl MPOTEKAIOT B OJHY CTaAMIO;

B. — B3amMopelcTBME MeTajila C 3JIEKTPOJIMTAMM, IPU KOTOPOM HOHM3aLMs MeTauia U
BOCCTaHOBJICHHE OKHUCIHTENS KOPPO3MOHHOM Cpelnbl MPOTEKAOT B HECKONBKO CTaJUA U HUX
CKOPOCTH 3aBUCAT OT 3JIEKTPOJHOI0 MOTEHIMAIAa METAJLIA;

I'. — B3auMozelicTBHE MeTaj1a ¢ KOPPO3MOHHOM CPEN0i, IPU KOTOPOM OKHMCIICHHE METaJlIa U
BOCCTaHOBJICHHE OKHCIIUTEIS CPEMIbl, IPOUCXOJIAT HA Pa3HbIX YUaCTKaX MOBEPXHOCTH METalIa.

35. Kakoli KOppO3HOHHBIA MPOIECC OKUCICHUS METAJVIOB HA3bIBAIOT JIEKTPOXUMHUYECKOMN
KOppo3ueit?

A. — B3auMOJIeHICTBHE MeTaslla ¢ KOPPO3UOHHOM CpEeNol, B pe3ynbTaTe KOTOPOro OKHCIEHHE
MeTaJula U BOCCTAHOBJICHUE OKHCIIUTEIIS IPUBOAAT K PABHOMEPHOMY CJIOKO MPOAYKTOB KOPPO3HH;

b. — B3aumoJelicTBHE MeTau1a ¢ KOPPO3MOHHOM CPENOil, TP KOTOPOM OKHMCIIEHHE METAJIA U
BOCCTAHOBJIEHHE OKMCIUTENSI BbI3bIBAIOT OOpa30BaHHE HEPABHOMEPHOIO CJ0 IPOAYKTOB
KOppO3UH;

B. — B3aumojelicTBie MeTalljla ¢ KOPPO3UOHHOM Cpeoif, B pe3yjbTaTe KOTOPOrO OKHCICHUE
MeTajyla 1 BOCCTAHOBJIEHUE OKHCIIUTEIISI IPUBOIIT K MEKKPUCTAJUIMTHOM KOPPO3UH (KOPPO3UU IO
rpaHULIaM KPUCTAJIOB);

I'. — B3amMozeiicTBME MeTaJIa C JJIEKTPOJMTAaMHU, IPU KOTOPOM HOHM3aLUs MeTaula U
BOCCTaHOBJICHHE OKHCIIATENS KOPPO3MOHHOM Cpelbl IPOTEKalOT B HECKOJIBKO CTaguil M HX
CKOPOCTH 3aBUCAT OT 3JIEKTPOJIHOIO MOTEHIMAIa METAJLIA;

36. I1pu B3auMoO1eiCTBHHM METAJNIOB C CYXMMHU ra3aMu (B YaCTHOCTH C KHCIIOPOAOM) B CpeJie C
BBICOKOW TEMIIEPATyPON U B HEIJIEKTPOJIUTAX MPOUCXOIUT:

A. — 3JIEeKTpOXUMHUYECKasT KOPPO3HUS;

b. — Koppo3us MPOMCXOAUT MO CMEIMIAHHOMY MEXaHU3MY;

B. — xummnueckas KOppo3us;

I'. — xoppo3us ¢ 06pa3oBaHMEM IIJIOTHOW MJIEHKU MPOAYKTOB KOPPO3HH.

37. B pacTBOpax 3JIEKTPOJHUTOB (B KHCIIOTaX, LIEJOYax, UX pacTBOpax, pacijiaBax CoJeil)
pa3pylIeHre MeTaljia BhI3bIBAET:

A. — TouedHast Koppo3us (TUTTHHT);

b. — anexTpoxuMuyeckas Koppo3us;

B. — u3bupatenpHas Koppo3us;

I'. — xumMu4eckas KOppo3usi.

38. Ilo xakoi opmyne BeIMUCIAECTCS TITyOMHHBIA MOKa3aTelh KOPPO3UOHHOTO pPa3pyLICHHS
Metasia (craBa)?
Vi h
A K;=—; b. K;;=1Ir; B. k;==; I' Kp=hr.
T T

39. Tloka3zaTenb WU3MEHEHHUS TOJIIIHWHBI, O6pa3y}01uel71051 Ha MCTAJUIC IIJICHKHW MIPOAYKTOB
KOPPO3UHU OIIPCACIIACTCS BBIPAKCHUCM
Ah h
A. KhZhT; b. KhZAhT; B. Kh:T; T. Khz?.
40. Kaxkoe YPaBHCHHUC HUCIIOJB3YIOT AJId BBIYUCICHUA OTPULATCIIBHOI' O MMOKA3aTCIId N3MCHCHU A

Macchl KOPPOIUPYIOLIEro MeTasia?

22



AmMAmMAh I1
A.K'm=—; B.Kp=——:; B.Kn=—; T. Ky= —
StSttT

41. [Ins 3a1uThl MEIHBIX U3AEIIUNA OT KOPPO3UH B KAYE€CTBE AHOJHOI' O IMTOKPBITUS MOYXKHO

HCIIOJIB30BATh.
A. Ag B. AL B. Au T. Pt

42. J1ns 31U Thl )KEIE3HbIX U3/IEIUA OT KOPPO3UHU B KA4ECTBE AHOJHOI'O TOKPBITHSI MOXKHO
HCII0JIb30BaTh:
A. uuHk b. o10BO B. cepebpo TI'. menp

43. JIns 3a1UThl OT KOPPO3UHU CTAJIBHOTO U3/ETHS B KAU€CTBE aHOAHOTO MOKPBITUS MOXKET
OBITH UCIIOIb30BATh:
A.Menp b. Hukens B. cunenr I'. Xpom

44. CornacHo cxeMe rajgpBanudeckoro snementa Cd | Cd?* || Cu?* | Cu
A. 3JIGKTPOHBI ABMXKYTCS OT MEIHOTO 3JIEKTPOA K KaIMHEBOMY
b. MenHbIii 3JIEKTPOJ ABISAETCS KATOAOM
B. Ha MeTHOM 3JIEKTPO/IEC TPOUCXOIUT OKHCICHHE
I". B mporecce paboThI AJIEMEHTa Ha AJIEKTPOIE OCaXKIACTCsI KaIMUit

45. Ilpu Hapy1I€eHUH OJIOBSIHHOTO MOKPBITUSI HA JKEJIE3HOM H3/EINHU, HAXOAIIEMCs B KUCIIOTE, Ha
aHOJIe TPOTEKALT PEaAKITUs

A. Fe®-2e = Fe?* B. Sn?* +2e= Sn°

B.2H" +2e = H» . Sn%—2e=Sn*
46. [IpoaykTamMu, BEIACISIOIIMMUCS Ha HHEPTHBIX AJIEKTPOAAX MPHU AJIEKTPOJIU3E BOJHOTO PaCTBOpa
Cy.]'H)(baTa MCOU, ABJIAKOTCA
A.HouO, Bb.CuuHS B.CuuHS T'Cu u O
47. Ilpu s51ekTponn3e BOAHOT'O pacTBOpa CyJb(aTa HATPHs Ha KAaTO/E MPOTEKAET PeaKIus

A.2H* +2e=H» b. 40H — 4e = O>,+2H>0
B. Na*+ e = Na° I'.2H>0 + 2e=H> + 20H"
48. Tlpu a5eKkTpoM3e BOJAHOTO pacTBOpa Cyib(ara HATPUS HA KATO/E MPOTEKAET PEaKIHsI
A. 2H20 — 4e = O +4H* b. 40H — 4¢ = O2+2H20
B. SO4% —2e = S;08% I'. 2H,0 + 2e =Hz + 20H"

49. YcnoBueM caMONpON3BOJIBHOIO TPOTEKAaHUsl MpoIiecca SBIsSETCS:
a) AG=0; 6) AG<0; B) AG>0;1) AS> 0.
50. Katog—»To0...
a) BTEKTPOJI, HA KOTOPOM MPOUCXOJAUT BOCCTAHOBIICHUE;
0) AIEKTPOJ, HA KOTOPOM MPOUCXOJUT OKHCIICHUE;
B) BCEI/Ia MOJOKUTEIBHBIN 3JIEKTPO/I;
T') BCErJla OTPHUIATENLHBINA IEKTPOLI;
51. Agon—nro...
a) AJIEKTPOJI, HA KOTOPOM MPOUCXOAUT BOCCTAHOBIICHUE;
0) AJIEKTPOJ, HA KOTOPOM MPOUCXOTUT OKUCIICHHE;
B) BCEI/Ia MOJIOKUTEIBHBIN 3JIEKTPO/I;
T') BCerJa OTPUIATEIbHBINA AJIEKTPOI,
52. DAeKTpOABIKYIIAs CHJIa FaIbBAHUUYECKOI0 AJIEMEHTa!
a) paBHa dJEKTPUUECKOI pa3HOCTH MOTESHIIUATIOB B TBOMHOM JJIEKTPUYECKOM CJIOE;
0) MakcUMaJbHAasI pa3HOCTH MOTEHIIMATIOB YJIEKTPOIO0B, KOTOPAsk MOXKET OBITH MOJTyUEHA;
B) paBHA MOKa3aHHUIO BOJIBTMETPA, BKIFOYCHHOMY B AJIEKTPOXUMHYECKYIO IIEIb ITPH padoTe
rajJbBaHUYECKOTO JIEMEHTA,
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F) Ha3bIBACTCsA 9HC 9JICMCHTA, COCTABJICHHOI'O U3 JJAHHOI'O 3JICKTpOda U CTaHAAPTHOI' O
BOJOPOAHOTO JICKTPOAA, HOTCHI WA KOTOPOT'O IIPUHAT PaBHBIM HYJIIO,

53. 'anbBaHMYECKHE DIIEMEHTHI — 3TO. ..
a) yCTpOMCTBA JUIsI IPSMOTO MPeoOPa30BaAHMS XUMHUYECKON YJHEPT UM 3aKIFOUCHHBIX B HUX
pPEareHToB B 3JIEKTPUUYECKYIO;
0) XUMHUYECKUE HCTOYHUKH TOKA, TIPeIHA3HAYCHHBIE JIJIS MHOTOKPATHOT'O WX MCIIOJIb30BAHUS 32
CUET pereHepaly aKTUBHBIX KOMIIOHEHTOB 3JIEKTPO/IOB B IIPOI[ECCE 3apsIIKY;
B) YCTpOMCTBA JJIs1 HEOCPEICTBEHHOT 0 peo0pa30BaHMsl TENIOBOM SHEPIUH CTOPAHUS B
AIIEKTPUUECKYIO;
T') BIIEKTPOJIbI, 00paTUMBbIE OTHOCUTEIHLHO HOHOB B PacTBOPE;
54. DnexTponus — 3T0...
a) rmporecc npeo0pa3oBaHUsl XUMUYECKOW SHEPTUH B 3JIEKTPUYECKYIO;
0) peakuuu JUCIPONIOPIITUOHUPOBAHNS,
B) pa3jo)KE€HHUE BEIIECTB MO/l 1eHCTBUEM AJIEKTPUUYECKOT0 TOKA;
') M&KMOJIEKYJIIpPHbIE OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIE PEaKIUu;
55. MaremaTtuueckas 3allich IIEPBOrO 3aKOHa 3JIeKTpoaun3a Papaes:
m(x)
an =———
M(x)
6) m(x) = [M(X)/zF]- 1 - 1;
B) M5(AB) = M»5(A) + M»(B);
r) (nK=nFE'/RT.
56. JIro60#1 KOPPO3UOHHBIN MPOIECC SBISAETCS

A. omHOCTaIUITHBIM b. MHOT OCTAIMIAHEIM
B. aByxcraauiinbiMm I'. TpexcraguitHpiM
57. Koppo3us METAIOB ONKCHIBAETCS] YPAaBHEHUEM

A. Me™+ ne = Me® B. Me® — ne = Me™

b. Me® + ne = Me™ I'. Oz + Me = MeO3

58. XKapocToiKOCThIO HAa3bIBAECTCS

A. crmocoOHOCTh MeTaa COXPaHATb BBICOKHUEC MCXaHUYCCKHUC CBOMCTBA IIPpHU BBICOKHUX
TeMIepaTypax

b. ciocoOHOCTH METAJUIOB HE MJIABUTHCS MPU BBICOKUX TEMIIEpATypax

B. criocoOHOCTE METAJUIOB CONPOTUBIIATHCA KOPPO3MOHHOMY BO3JIEHCTBHUIO T'a30B IIPU BBICOKHUX
TeMIepaTypax

I'. cnocoOHOCTH METaJIOB MPU BBHICOKUX TeMIlepaTypax U3rudarbcs

Kpurtepuu ounenku (B 0anaax):

- 0-1- 6a/110B BBICTABJISIETCS CTYIEHTY, €CJIM MPAaBHIBHO BbIOMHEHO OT 0-25% OT Bcero oobema
TECTa;

-2-4 §aJJI0B BBICTABIISICTCS CTYACHTY, €CIIH MPABUIBLHO BHIMOIHEHO OT 25-50% oT Bcero oobema
TecTa;

- 5-7 0aJ1710B BBICTABJISIETCS CTYJIEHTY, €CIIM €CJIM MPaBHIbHO BbINOIHEHO OT 50-75% oT Bcero
o0beMa TeCTa;

- 8-10 6a/1710B BBICTABIISIETCS CTYACHTY, €CJIM €CJIM MPaBUIILHO BBIMOIHEHO oT 75-100% ot Bcero
o0bema TecrTa.

Kpurtepum oueHKH AJ1s1 3204HOT0 OTAeJIEHUS:
- HEY/10BJICTBOPUTEIbHO BBICTABIISIETCS CTYJEHTY, €CJIM IIPABHIIBHO BBIIOJIHEHO OT 0-25% oT
BCcero o0beMa TeCTa;
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-YAOBJIETBOPUTEIBHO BBICTABISETCS CTYIEHTY, €CJIM MIPAaBUIIbHO BBINOJHEHO OT 25-50% ot Bcero
o0beMa TecTa;

- XOPOIIO BBICTABIISETCS CTYACHTY, €CIIH €CIH MPAaBUIBHO BBIMOIHEHO 0T 50-75% OT Bcero oobema
TecTa;

- OTJIMYHO BBICTABJISIETCS CTYJEHTY, €CJIM €CJM MPaBUIbHO BbINOIHEHO OT 75-100% oT Bcero
o0bema Tecrta.

4.3.3. Opopmiienne 1a00paTOpHBIX padoOT

JlabopaTopHas pabora 1
BJIMAHUE CTPYKTYPHOU HEO/JJHOPO/JHOCTHU HA KOPPO3U1IO METAJIJIOB
I[TPU BOCCTAHOBJIEHMHN MOHOB BOJOPOA

1.1. Ienb paboTHhI

N3yuyenune BIMSAHMS KOJMYECTBA U KAa4€CTBA CTPYKTYPHBIX HEOJHOPOJHOCTEH HA CKOPOCTb
ANEKTPOXUMHUYECKON KOPPO3WM METAJUIOB TPU BOCCTAHOBJICHHMHM HA HUX KaTHOHOB
BOZOpOJA.

1.2. Teopus Bonpoca

Koppo3zueil meTamioB Ha3bplBalOT pa3pylleHHE METaUIOB BCIEICTBUE XUMUYECKOTO WM
3JIEKTPOXUMHUYECKOT O B3aUMOEH CTBUSI X C KOPPO3UOHHOM Cpe/iou.

[lepBonpuyurHON KOPPO3UM  SIBIISIETCA TEPMOJMHAMHUYECKAs HEYCTOMYMBOCTh HX
METAJUIMYECKOrO0 COCTOSIHMSL B OKpyXammux ycioBusx. Ilpu B3aumonmenWcTBuUM C
arpecCUBHON CpPeAON METAJIbl CAMOIIPOU3BOJBHO CTPEMSTCS NMEPEUTH U3 METAIIIMYECKOro
COCTOSIHUS B OKHCJICHHOE, KaK TEPMOJIMHAMHYECKU 00Jiee yCTOMYMBOE B TAHHBIX yCIOBHUSAX.
CrerneHp TEpMOJMHAMHYECKOW YCTOMYMBOCTH MeTalljla 3aBHCUT KaK OT CBOMCTB Camoro
MeTajla, Tak M OT COCTaBa KOPPO3HMOHHOW Cpenbl U XapaKTepU3yeTcs H3MEHEHHEM
M300apHO-U30TEPMUUECKOr0  moTeHuuana (Heprusi [ubbca) mnpu  TpOTEKaHUU
COOTBETCTBYIOIIETO KOPPO3HMOHHOro mpouecca. CaMONpOM3BOIBHO MPOTEKAIOT JMIIb TE
MPOIIECCHI, B PE3YJIbTATe KOTOPHIX MPOUCXOIUT YMEHbIIIEHUE 3Hepruu [ nooca, 1.e. 4G<0.

IIpn B3aMMOIENWCTBMM META/UVIOB U CIUIABOB C PAaCTBOPAMHU 3JIEKTPOJIUTOB IPOILECC
KOppO3UHM OOBIYHO TPOTEKAET IO DJIEKTPOXUMHUYECKOMY MEXaHU3My. XapaKTepHOUH
0COOEHHOCTBIO AIIEKTPOXUMHUUYECKON KOPPO3UH SIBJIETCS TO, YTO B3aUMOAEHCTBHE MeTajia
C arpeCCUBHOM CPENOM pa3liesIsIeTCs Ha ABA CONPSKEHHBIX MpoLiecca:

1) aHomHbIi mporecc (OKUCIUTENBHBIM) - HEMOCPEICTBEHHBIA IIEpEX0]] HWOH-aTOMOB
MeTajyla U3 KPUCTAJUIMYECKOW PEUIeTKH B PacTBOpP B BUJE T'MAPATUPOBAHHBIX KATHOHOB,
€CITM HSHEprusi B3aUMOJEHCTBUS HMOH-aTOMOB C TOJISIPHBIMH MOJIEKYJIaMH BOIbI OyIeT
OosbliIe, YeM IHEPIUsl CBSI3U KPUCTAJIIMYECKOM pelIeTKl MeTajuia

(Me™ + ne) + m-H20 — Me"™ - mH,0 + ne (1.1)

2) KaToJHbBIN mpolecc (BOCCTAHOBUTEIIbHBII) - MPUCOCAUHEHUE H30BITOYHBIX IJIEKTPOHOB,
00pa3yommMXxcsi B aHOIHOM Mpoliecce, K KaKOMY-THOO OKHUCIHUTENO (aToMaM, MOJIEKyJam
WM MOHAM pacTBOpa), KOTOPBINA OYJET B pe3ysbTaTe 3TOr0 BOCCTaHABIMBATHCS
dOx+ne—rRed (1.2)

OpHako M30BITOYHBIE AIEKTPOHBI MOTYT MPUCOEAUHATHCS HE TOJBKO K OKUCIUTEIHbHOMY
KOMIIOHEHTY pPacTBOpa, HO M K oOpa3zoBaBmIMMCS B aHogHoMm mporecce (1.1)
THApaTUPOBAaHHBIM KaTHOHAM MeTala, T.e.

Me" -mH>0 + ne — (Me"™ - ne) + mH>0 (1.3)
B pesynbraTe KaTHOHBI MeTajula M3 PAacTBOPa BHOBb BEPHYTCS B KPUCTAJUIMYCCKYIO
peLIeTKY.
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[Tpu BeIpaBHHUBAHHH CKOpPOCTEW peakuuii okucieHus merauia (1.1) u BoccTaHOBIEHUU
ero uoHOB (1.3) HacTymuT COCTOSHHE JMHAMHYECKOTO pPABHOBECHS, U KOPPO3UA
(TpeuMyIIECTBEHHO MEPEHOC MeTalljla U3 KPUCTAIIIMYECKON PEIIETKH B PACTBOP) MpeKpa-
tuTcs. Clle10BaTeIbHO, AJIs MPOTEKAaHUs MTPOLecca KOPPO3un Heo0X0AUMO, YUTOOBI CKOPOCTh
npsamoit peaknuu (1.1) Oputa Gosbiie ckopoctd oOpaTHOM peakmuu (1.3), T.e. B peakmuu
BOCCTAHOBJICHHUS YYaCTBYET MPEUMYIIECTBEHHO OKHCIUTENb PACTBOPA. DTO yCIOBHE MOXKET
OBITb BBINIOJHEHO, €CJIM OKHUCJIMTENb, HMMEIONMHCI B pacTBOpe, o0jagacT OOJbIIHM
CPOACTBOM K DJJIEKTPOHY, Ye€M KAaTHOHBI pacTBopsromierocs metamia. OKUCTUTENbHBIC
CBOMCTBA BEIIECTB OMNPEACISAIOT BEIMUYUHON WX OKUCIUTEIHHO-BOCCTAHOBUTEIHHOTO
MoTeHIMana. YeM TMOJIOKHUTENbHOE JTOT MOTEHIHAN, TeM OOJBIIUMH OKHCIUTEIHbHBIMU
cBoiicTBaMH (OOJIBIIMM CPOJICTBOM K 3JIEKTPOHY) 00JIaaeT TO MM MHOE BemecTBo. Tornma
HEOOXOIMMOE YCIOBHE TEPMOJIUHAMUYECKON BO3MOKHOCTH SIIEKTPOXUMHUYECKON KOPPO3UU

meramna: @' <@’ (1.4) tme ¢’- paBHOBeCHBI NOTEHIMAN aHOIHOPACTBOPSIOIIEIOCS
MeTala;
@’ - pAaBHOBECHBI IIOTEHLMA] OKHCIHTENS, BOCCTAHABIMBAIOUIEIOCS B KAaTOIHOM

rporecce.
Pa3HOCTB MC)KI[y paBHOBGCHbIMI/I IIOTCHOAJIaMH KaTOHHOﬁ nu aHOHHOﬁ pCaKI_II/II/I SABIISICTCA
HaYaJIbHOW JBMKYIIEH CHJIOW KOPPO3UOHHOI'O MPOIlecca:

E=¢,- 9, (1.5)

AHONHas U KaToJHAs peakluu MOTYT MPOTEKaTh OJHOBPEMEHHO IO BCEH MOBEPXHOCTH
Kopponupytoiero Metauna. OqHAKO BO MHOTHX CIy4asiX 3JEKTPOAHBIE PEAKIIUH YCTOWIHBO
JIOKAJM3YIOTCS Ha OIpPEACICHHBIX YydYacTKaX ITOBEPXHOCTH, a WMEHHO TaM, TJ€ OHH
HauMEHee 3aTpyIHEHbl. B 3TOM ciydae y4yacTKM MOBEPXHOCTH, HA KOTOPBIX MPOTEKAIOT
anonnas (1.1) u katonnas (1.2) peakuuu, Ha3pIBAIOT COOTBETCTBEHHO aHOOM M KaTOJIOM.

CkopocTb mpoIriecca 3JeKTPOXUMHUECKONH KOPPO3HH, KaK U BCEX MPOLECCOB B MPUPOJIE,
MPSIMO TTPOMOPIIMOHANIbHA JIBIDKYIIEH CHJIe U 00paTHO MPOMOPIIMOHATIFHA COMPOTHBICHUIO
(3aTpyIHEHHOCTH ) Ipolecca

p p
k ~ Lox ~ P (1.6)
ZR;
rie Ri - comporuBieHue (3aTPyIHEHHOCTh) OTICIBHOW COMPSDKCHHOW — CTauu

KOPPO3MOHHOI0 Mpoliecca.

HeobxomumMo OTMETHTH, YTO B OOJBIIMHCTBE CIy4aeB HEBO3MOXKHO AaHAJTUTHYECCKH
pemmTh 3aBUCUMOCTH (1.6), T.K. COMPOTUBIIEHUE KOPPO3UOHHOTO TIPOLIecca B CBOIO OYepeIb
3aBHCHUT OT CKOPOCTH Koppo3uH, T.¢. ZRi= f(K).

[Ipouecc 3MEKTPOXMMHUYECKON KOPPO3UHU, KAK YKE YKa3bIBajJOCh, COCTOUT H3 JBYX
OCHOBHBIX CONPSKEHHBIX PEAKIHUN - aHOJIHOW M KAaTOIHOM, Ka)KJas U3 KOTOPBIX SIBJISETCS
COBOKYITHOCTBIO TOCJI€I0BaTEIbHO-IapalIebHBIX cTaauil. KpoMme Toro, koppo3uOHHBIM
IpOIeCC BKIIIOYAET B €O psAl CTAIUH, UMEIOIIMX YUCTO (PU3UIECKYIO MPUPOY (IOCTaBKA H
OTBOJI KOMITOHEHTOB PEAKIUN, MEPEHOC SIEKTPUUYCCKUX 3apsAa0B BHYTPU OIHON (a3bl u
ap.). Bce compstkeHHBIE CTaguu KOPPO3MOHHOTO TMpoIecca MpPU CBOCH peanm3anuu
WCIBITHIBAIOT T€ WM HMHBIC 3aTPYAHEHUS M OO0IIee CONPOTHBJICHUE BKIIIOYAECT B ceOs
COIPOTUBJICHUSI OTAEIbHBIX CTaaui. EciiM 3aTpyJHEHHOCTh OJHOW M3 MHOTOYMCIIECHHBIX
CTaJIMii KOPPO3HMOHHOI'O Mpollecca OVJIEeT 3HAYMTEILHO MNPEBOCXOAWUTH 3aTPYAHEHHOCTH
OTIEJbHBIX CTAJIUN, TO CKOPOCTH UMEHHO ATOM, Haubosee 3aTpyaHEHHON (JIMMUTUPYIONIE)
CTaJUM OYAET ONPEAENSITE CKOPOCTh BCEr0 KOPPO3HOHHOI0O MPOLIECCA B I[ETIOM.

KonnmdecTBeHHO OIIEHUTH CTEMEHb 3aTPYAHEHHOCTH KaKOH-TMOO CTaAud MOXXHO IO
BEJIMYMHE €€ TNepeHanpsikeHus. llepeHanmpsbkeHueM TOW WM WMHOW CTaaud Ha3bIBaIOT
CMeEIllEHHE MOTEHIMalia 3JEKTPoJa OT PAaBHOBECHOIO 3HAUCHHUSA MPU MNPOTEKAHUU TOKa,
BBI3BAaHHOE 3aTPYAHEHHOCTHIO JaHHOW CTauu Mpoiecca. Takum 00pa3om, epeHarnpsKeHme
XapaKTepU3yeT CTENEHb 3aTPYAHEHHOCTH TOM WJIM MHOM CTAIMH MpolLiecca.
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B kucibIX cpenax MHOrue TEXHUYECKUE METalIbl KOPPOAUPYIOT ¢ BOCCTAHOBJIEHUEM Ha
KaToJle HOHOB BOZI0pOJia. B aTOM ciiyyae posib OKHMCIUTENS BBIIOJHSAIOT KATHOHBI BOAOPO/A,
U KaTOAHBIN MPOLIECC 3aK/II0YaeTcss B BOCCTAHOBJICHUU MX JI0 HEUTPAJIbHOTO COCTOSIHUS U
UJIET B HECKOJIBKO CTAJIMI MO CIEIYIOIIEH cXeme:

. HomBon wmonoB ruapokconuss H'-H>O x moBepxHOCTHM Karoma 3a cueT auddy3um u
MUTpaluy (HallpaBJI€HHOr O JBUKEHHSI HOHOB 101 ICHCTBUEM JIEKTPUYECKOIO MOJs).

. Pa3psn mona ruipokcoHus ¢ o6pa3oBaHUEM aIcCOPOMPOBAHHOI0 aTOMa BOAOPOAA
H"-H,O+e >Huo.+H20 1.7)

. PexoMmOuHarms (Monu3aius) BOTOPOAHBIX aTOMOB C OJIHOBPEMEHHOU UX fgecopounein Hyoc
+ Huoe—> H> (1.8)

. OTBOA MOJEKYJSIPHOTO BOJOPOAA U3 MPUKATOIHOM 30HHI 32 cueT Auddys3uu, odpazoBaHue
y3BIPHKOB I'a3000pa3HOro BOJOPO/A, UX OTPHIB OT MOBEPXHOCTH KaTo[a W BBIIEICHUE U3
pacTBopa.

Kak cnenyer u3 ycnosus (1.4) mpolecc KOppo3uu METauIOB IPU BOCCTAHOBJIECHUM Ha
KaToJl€¢ HOHOB BOJ0pPOJIa TEPMOAMHAMHYECKH BO3MOKEH B TOM CIIy4ae, KOrla PaBHOBECHBII
NOTEHIMaJI AHOJHO PaCTBOPSIOILErocs MeTalljla OTpULATENIbHEE PABHOBECHOIO ITOTEHIIMAIIA
BOCCTAHOBJICHUSI HOHOB BOZOPOZA B JAHHOM CIIy4yae

0,<0, (1.9)

Peanmzanmst TepMoaMHAMHUYECKOW BO3MOXKHOCTH TMpOIEecca KOPPO3HHM MeTajuia Mpu
BOCCTAaHOBJICHMM WMOHOB BOJOpPOJA CBS3aHA, B OCHOBHOM, C MPEOIOJICHUEM 3aTPy/IHECHHM
KaTOJHOr0 IMpolecca, KOTOpble 3HAYUTEIHHO MPEBOCXOIAT MEpeHANpsDKEHUE aHOJHOTO
nporecca. Hanbosee 3aTpyJHEHHOM cTauel mpoiecca BOCCTAaHOBJICHHS HOHOB BOJIOpO/Ia, B
3aBUCHUMOCTH OT MpPUPOABI MaTepHala, Ha IOBEPXHOCTH KOTOPOrO IMPOHCXOAUT ITOT
nporecc, Moxker ObiTh peakuus (1.7) wimm (1.8). CienoBarenbHO, 3aTPyJHEHHOCTb ITHX
cTanuii U OyJIeT OompeneNnsaTh CKOPOCTh KOPPO3MHM METajula MPU BOCCTAHOBJICHUHM HOHOB
BOJIOPOJA.

[lepeHanpspkeHHEM BOAOPOAA HA3bIBAIOT CMEIICHHE IMOTEHLHAalla BOCCTaHOBJICHUS
HMOHOB BOJIOPOJia B OTPHUIIATEIbHYIO CTOPOHY OT PaBHOBECHOI'O 3HAYEHUS MPU MPOTEKAHUU
TOKa, BBI3BAHHOE 3aTPYAHEHHOCTBIO pa3ps/ia MOHOB THAPOKCOHUS, WM PEKOMOMHAIUU
BOJIOPOJTHBIX aTOMOB.

Heobxomumo  mom4yepkHyTh, YTO caM  MaTepuall Karoja HE MPUHUMAET
HEMOCPECTBEHHOT0 YYacTHsl B KAaTOJHOW pEaKIMd BOCCTAHOBJICHUS OKHUCIUTENS, HO
OKa3bIBaeT OOJNbIIOE BIMSHHUE Ha CKOPOCTh JTOro Iporecca. Pa3znuuyHas creneHb
3aTPYAHEHHOCTH MPOTEKAHUS PEAKIIMN BOCCTAHOBJICHHSI MOHOB THIPOKCOHHS Ha KaTOJaxX U3
pa3sIUYHBIX MATEPUANIOB IMPUBOJUT K BO3HHKHOBEHUIO OTJIMYHBIX JPYr OT JApyra Io
BEIMYUHE TMEpeHaNpsHDKeHU BOJOPOAAa HAa HUX W 3HAYUTEIbHOMY HM3MEHEHHIO CKOPOCTH
BCEr0 KOPPO3HMOHHOTO MpoIiecca.

Bennuuna nepenanpspkeHuss Bozopoaa (1) CYHMIECTBEHHO 3aBUCHT HE TOJBKO OT
MaTtepHaia KaTo/ia, HO U OT KaTOJAHOW IJIOTHOCTH TOKa COTJIACHO ypaBHeHHIO Tademns

n=a+b-1g ik, (1.10) roe a -

MOCTOSIHHAS, 3aBHUCSIIIIAsl OT MaTepHala KaToJa, COCTOSHUS ero MOBEpXHOCTH, COCTaBa

pacTBOpa U TEMIIEPATYPHI;
b - mocrosiHHas, 3aBUCAIIAS OT TEMIEPATYPBI M MIPUPOJIBI 3a TPYAHCHHONW CTaIUU KaTOTIHOU
peaxkuuu;
ik - IJIOTHOCTH TOKA HA KATOE.

CKOpOCTb ~ KOPpPO3MOHHOIO  Ipolecca MOXKET ObITh BbIpaXXE€Ha  pa3IMYHbIMU
nokaszatenssMu. B cilydae paBHOMEpHOro XapakTepa pa3pylIeHHs MeTaJInYyecKon
MMOBEPXHOCTH PAIMOHAJIBHO BBIpaXKaTh €€ 4Yepe3 MacCy MeTajlla, PacTBOPSIOIIETOCS C
¢IMHUIIBI OBEPXHOCTH B EGIMHHUILy BPEMEHHU (MAacCOBBIA MMOKa3aTeldb KOPPO3UH, I/(M?-1)).
Jiss 3TOro HEOOXOAMMO OINPEACIUTh TOTEPI0 MacChl o0pasia 3a BpeMs KOPPO3HUHU.
[TockonbKy XapakTep KOpPpO3UM B 3TOM CJy4yae paBHOMEpHBIM, TO, 3Has IUIOMIAb
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MOBEPXHOCTH 00pa3la, MOXKHO PAacCYUTaTh CPETHIOI TOJIIMHY HPOKOPPOIUPOBABILETO
CJIOSl METaJUIa 3a €IMHUILY BpeMEHH (TIIyOHMHHBIN MOKa3aTelb KOP PO3UH, MM/TO).

Kpome maccoBoro mokasaTenst CKOPOCTH KOPPO3UH, HEPEAKO MCHONB3YIOT 00BEMHBIH,
YTO BO3MOXHO B ClIydasX, KOrla KOppO3usl MeTajula COIPOBOXKAAETCA PACXOAO0BaHUEM WU
BblJIEJIEHHEeM Ta3a. Tak mpu KOppO3UM METaJJIOB C BOCCTAHOBJIEHMEM Ha KaTOA€ HOHOB
BOZIOpOJIa Macca MEpEeIeAIero B pacTBOp METajlla B CUJIy COIpPSI)KEHHOCTH aHOAHOTO U
KaTOTHOTO TIPOIIECCOB OyaeT MpOomopIuoHaNbHa 00BEeMYy BBIIEIHUBIIETOCS BOAOPOIA
(0OBEMHBIH TOKa3aTeIb KOPPO3UH, CM>/(cm?-u).

[Tepen mpoBeneHreM pabOTHI CIEAYET 3HATH CIEAYIOIINE pa3Ielbl Kypcea:

1. MexaHu3M 3JeKTPOXUMHUECKOW KOPPO3UU METAIIOB.

2. Koppo3ust MeTauioB Mpu BOCCTAaHOBJIEHUHU Ha KAaTO/€ KATHOHOB BOJIOPO/IA.
3. IlepenanpspkeHue BOOpO/ia U BIMSHHUE €ro Ha KOPPO3HOH HBIH Mpoliecc.
1.3. TIpoBeaeHue paboThI

Hacrosimias paboTta umeeT JBa BapuaHTa, OJMHAKOBBIX MO0 METOAMKE, HO PA3INYHBIX IO
o0BbekTaM uccienoBanus. Kaxxaplil CTyIeHT MPOBOAUT MO YKa3aHUIO MpenoaBareis padboTy
110 OIHOMY W3 BapHaHTOB.

Bapuant 1. lccrenyioT KOppO3MOHHOE IIOBEACHUE CIUIABOB CHUCTEMBI 'KeJe30-
yraepoA", coaepXallux pa3IuyHOe KOJMYECTBO yriepoaa, B 10%-HOM BOJHOM pacTBOpe
CEpHOM KHUCIOTHL. B 3aBHCHUMOCTH OT T€pMOOOPaOOTKM U COAEp)KaHUs yTiepoja CIIIaBbl
MOTYT MMETh Pa3IMYHYI CTPYKTYpYy. CTpYKTypHBIE COCTaBISIOIIME O0IaJal0T pPa3HOM
TEPMOJAMHAMUYECKOW YCTOWYMBOCTHIO, UMEIOT OTJIMYAIOIIMECS MO0 BEIMYUHE 3JIEKTPOJIHBIE
MOTEHIMAJbI ¥ pa3JIMYHOE NTepeHanpsKeHue BOJOpoa.

[To naHHOMY BapuaHTy UCCIENYIOT CIEAYIOIUE MeTalJIbl:
1.Cepsrii uyryn (3,5% C) co crpykTypoii (eppuT + nepaut + rpadur.
2. Yraepoaucras ctanb (0,3% C) co cTpyKTypoit ¢pepput + mnepiur.
3. XKemneso (0,04% C) co ctpyktypoit ¢heppuT + HEOOIBIIIOE KOTUYECTBO MEPIUTA.

Bapuanr 2. HccnenytoT KOppO3MOHHOE MOBEAECHUE CIJIABOB IIUHKA, COACPKAIINX
pa3nu4HbIe IpUMeECH, B 2%-HOM BOJHOM PaCTBOPE CEPHOM KUCIOTHL. B nBYyX 13
UCIBITHIBAEMBIX CIIJIABOB KOJMYECTBO IPUMECEN OJJTMHAKOBO, HO KAU€CTBEHHO OHU
paznuuHbl. [IpMecHbIe 31eMEeHTHI UMEIOT PA3IMYHbIC AIEKTPOIHbIC TOTEHIIUABI 1
NIepeHaIpsHKEHU e BOLOPOAA.

[To nanHOMY BapHaHTy UCCIEAYIOT CIEAYIOLINE METalIbI:
1. Ilunk Texaudeckuii (cogepxanue mpumeceit 1o 0,1%: Fe, Sn, Pb u np.).
2. CrutaB 1uHKa ¢ xenesom (0,5% Fe).
3. CrutaB nmHKa co ceuHIoM (0,5% Pb).

PaGoTy HauMHAIOT C MOATOTOBKU OOPA3I[0B K UCHOBITAHUAM. [[JIs1 3TOro WX 3a4UIIAIOT CO
Bcex CTOpoH (B TOM uuciie OOKOBbIE MOBEPXHOCTH) HaXJayHOW OymMaroil o0 MOSIBIECHUS
MeTajumueckoro 6secka. Ha 3auniaeMoi moBepXHOCTH JOMYCTUMBI TTyOOKHE PAaKOBUHBI U
napanuuel. Ilociae 3TOro IMTaHTEHIHMPKYJIEM OMpPEAEISIOT BCe pa3Mephl 00pas3ioB (c
ToyHOCThIO 10 = 0,1 MM), HEOOXOaUMBIE IS TIOCIEAYIOMIUX PACcUueTOB MOJHOU (C yuyeToM
OOKOBBIX TMOBEPXHOCTEH) Miomagu MX MoBepxHOCTH. [Ipu 3TOM Hamuuue Ha oOpasmax
OTBEPCTHSI JJI MX MOJBEIIMBAHUSA HE YUUTHIBAIOT. 3aTeM 00pa3libl 00€3KUPUBAIOT BATHBIM
TaMIIOHOM, XOPOIIIO CMOYEHHBIM B alleTOHE, U BHICYLIMBAIOT Ha Bo3ayXxe. O0e3KUpEeHHbIE
o0pa3upbl B3BEIIMBAIOT HAa AHAJIUTUYECKUX I10JyaBTOMATUYECKHMX BECaX C TOYHOCTBIO
+0,0002 r. [TpaBuiaa pabOThI Ha AaHAIUTUYECKUX BECaX MPUBEACHBI B IPUJIOKECHUH 1.

O0beM BOJIOPOZA, BBIIEIUBILIErOCs B IPOLIECCE KOPPO3UH, ONPEAENSIOT C MOMOILBIO
Kopposumerpa (puc.l), KOTOpwIi TmpencraBiser co0Oi TpagyMpoOBaHHYI OIOPETKY,
MMEIOIIYI0 KpaH B BEpXHEW 4YacTH U KOJOKOJI000pa3HOe pacIIMpeHHE B HIDKHEH YacTH.
[locne 3amonHeHUst KOPPO3MMETpa pPAacTBOPOM KHCIIOTHI oOpaszel] MeTalia HayMHAeT
KOppeIupoBaTh C BIEICHUEM ra3000pa3Horo Bogoposa. [logHumarommecs my3bIpbKy ra3a
CKaIlJIMBAIOTCSI B BEPXHEH 4YacTH KOPPO3UMETpa W BBITECHAIOT U3 Hero kucioty. [lo
W3MEHEHUIO TOJIOKCHUST MEHHCKA JKHUJKOCTH MOXHO ONPENeIUTh O0BEeM Iapora3zoBoi
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CMECH, HaXOAs LI Csl B KOPPO3UMETPE.

[TonroroBiieHHbIE W B3BELICHHbIE O0pPA3Lbl MOJBEIIMBAIOT HA CTEKISHHBIX KpIOUKax B
pacmmpeHHoN YyacTu Kopposumerpa (cm. puc.l). Ocnabmuss 3axum My(ThI, yAepKUBAIOIICH
JanKy ¢ KOPpPO3UMETPOM Ha MITaTHBE (HE PEKOMEHIYEeTCsl OciabisiTh 3a)KUM JalKH,
Kpensieil KOppo3UMETp), OMyCKAIOT €ro pacHIMPEeHHON YacThiO B CTAKaH TaK, YTOOBI MEXIY
HIUOKHUM KpaeM U THOM CTakaHa OCTaBajyics 3a30p 2-5 MM, U (PUKCHPYIOT KOPPO3UMETP B
3TOM MOJIO0KEHUH.

[IpoBepHB MOJOXKEHUE KPAHOB B BEpXHEW 4YacTH KOPPO3UMETPOB (IJOHKHBI OBITH
3aKpBITHI), OTMEPSIOT MEH3ypKoi 10 500 cM COOTBETCTBYIOIINN PACTBOP CEPHOM KHUCIOTHI U
3aJIMBAIOT B KAXKJIbIA CTaKaH.

Jlis 3amoyHeHHsT KOPPO3UMETPOB PACTBOPOM KHCIOTHI HEOOXOAMMO BOCIONB30BATHCS
BOJIOCTPYHHBIM HacocoM. BomocTpyiiHblii HacoC HY)KHO IMOATOTOBUTH K paboTe, /I 4ero,
ME/UICHHO OTKPBIBasi BEHTUJIb BOJOIIPOBOAHOM CETH, PETYJIMPYIOT HAIOP BOJIBI TaK, YTOOBI B
chepuueckoil yactu HaOMIOgan0Ch "KUIeHUe" TpU 3arojJHEHUH BOJOW NMpUMEpHO Ha 2/3
oobema. Jlanee, 3akpbiBasi M OTKpBIBasl MaJibl[eM OTBEPCTHE CTEKJISHHOTO HAKOHEYHUKa
JIMHUH BCAChIBAaHUS Hacoca, yOeXKIal0TCs B €ro paboTOCIOCOOHOCTH.

[TonroroBuB  BOAOCTPYHHBIH Hacoc K padoTe, NPUCTYNAIOT K  3aMOJHEHHUIO
KOPpPO3UMETPOB KHUCIOTOM. [l7s1 3TOro HEOOXOIMMO OTKpBITH KpaH B BEpXHEH 4YacTu
KOPpPO3UMETPa U MOACOECAUHUTD €ro ¢ MOMOIIBI0 PE3UNHOBOr0 NIJIAHTa K JMHUU BCACBIBAHUS
Hacoca (cM. puc. 1). Ilocne Toro kak KOpPpO3UMETP IMOJHOCTBIO 3aMOJHUTCA KHCIOTOH
(Hmxke KpaHa HE JOJDKHO OCTaThCsl My3bIphbKa BO31yXa), KpaH IUIOTHO 3aKpHIBAIOT U
HEMEVIEHHO OTCOEIUHSAIOT Hacoc. JlomycKkaeTcsi HpeBbILIEHUE YPOBHS KUCIOThI HAJl KPAaHOM
He 6oiiee 0,5-1 cm. Koppo3umeTpsl 3amoigHsI0T TOCIE0BATEIbHO, MTOCE Y€r0 MPOBEPSIOT
IUIOTHOCTh 3aKpbITUS KpaHa, TaK Kak IIOJCOC BO3JyXa Yepe3 HEero MOXKeT MCKa3uTh
pe3yJIbTaThl OIbITA.

Hayanom ombiTa ciieqyeT CYMTaTh MOMEHT 3alOJHEHUS IOCIEAHEro KOppo3uMerpa
kuciotoii. O0BeM BBIICISIONIErocst BoJopoaa Gpukcupyrot yepes 5, 10, 15, 20, 30 u 45 mun
OT HayaJja OnbITa ¥ 3HAaUEHUs €ro 3aHOCAT B JIAOOpaTOpHbIN XypHat (Tadm. 1.1).

[Tocne oxkOHYaHMS OMbITA OTKPBHIBAIOT KPaHbl KOPPO3UMETPOB U CIIYCKAaIOT KHCIIOTY B
CTaKaHbl, 3aTEM IPOMBIBAIOT BOJOM BMECTE C HAXOASIIMMHUCA B HUX oOpa3namu B
CIIEYIOLIEH MOCIIE0BATEIbHOCTH:

1) orBepHYB BHHT My(THl Ha MITATUBE, MOJAHUMAIOT KOPPO3UMETPHI ¢ 00pa3liaMu BEHIIIIE
Kpasi CTAKQHOB C KUCIOTOW U (PUKCHPYIOT UX B 3TOM TOJIOKEHUH;

2) 3aMEHMB OJMH CTaKaH C KMCJIOTOMU I10J] KOPPO3UMETPOM Ha MYCTYI0 MEH3YpKY, CIMBAIOT
U3 CTaKaHa KUCJIOTY 4epe3 BOPOHKY B OYThLIIb;

3) CIIOJIOCHYB CTakaH IMOJl BOJIOW, 3aMOJIHAIOT ero Ha 3/4 BOIOM M CTaBAT MOJ KOPPO3UMETP
BMECTO MEH3YPKHU;

4) TOBTOPSIOT OINEpaluyd MO YKa3aHHOMY B IL.II. 2 W 3 CO BTOPBIM MU TPETHUM
KOppO3UMETpaMu;

5) MOIOT IOJ1 BOJIOM BOPOHKY U MEH3YPKY;

6) roToBsAT K paboTe BOJOCTPYIHBII HACOC;

7) NOACOEAUHSIOT KOPPO3UMETP € MOMOILBIO PE3UHOBOI0 LUIAHTA K BOJOCTPYHHOMY Hacocy
(TIpu OTKPBITOM KpaHe CBEPXY);

8) mogHUMAIOT CTaKaH ¢ BOJOH MOJ] KOPPO3UMETPOM BBEPX TaK, UTOOBI B BOAY IOIPY3HIIACh
KOJIOK0J1000pa3Hasi 4acTh, U 3aIOJHSIOT €ro MOJHOCThIO BOJIOH;

9) KaKk TOJBKO BOJA JOCTUTHET KpaHa B BEpPXHEW 4aCTU KOPPO3UMETPA, OMYCKAIOT CTaKaH ¢
BOJIOW BHM3, J1aB BOJI€ U3 KOPPO3UMETPA CT€Yh OOPATHO B CTAKaH;

10) emie aBa pa3a ¢ TeM K€ KOPPO3UMETPOM IMOBTOPSIOT ONEPALMU KaK YKa3aHO B IL.II. 8 U 9;
11) mpoMBIB TaKUM ke 00pa30oM OCTAJbHBIE JBa KOPPO3UMETpa ¢ 0Opa3aMu, CIIMBAIOT BOAY
U3 CTAaKaHOB B PAaKOBUHY U BBIKJIIOYAIOT BOJOCTPYHHBII HacoOC.

[Tocne mpoMBIBKH BceX KOPPO3UMETPOB M3BJIEKAIOT U3 HUX 00Pa3Ibl U yIAJSIOT MPOTYKTHI
Koppo3uH. s 3TOro ux MOIOT BOJOHM IMOA KPaHOM, MPOTHUPAIOT XOPOILIO HAMBUIEHHBIM
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epIIMKOM ¥ BHOBb TIIATEIbHO IPOMBIBAIOT BOAOW. UYMcThle 00pa3lbl THIATEIbHO
BBICYHIIMBAIOT (UIBTPOBAJIbBHOM OyMmaroi, ynanss Biary TakkKe W3 OTBEPCTHH UL
nojBemMBanus oopasnos. Ilociie BeIIEp)KKM Ha BO3AyXe B TeueHUe 3-5 MUH 00pasiibl
B3BEIIMBAIOT Ha TEX )K€ aHAJIUTUYECKUX BecaxX, YTO M paHblle. PekomeHayeTcs HauyuHAThH
B3BEIIMBaHHUE ¢ 00pa3IOB, UMEIONIMX 00JIee TJIAKYIO IIOBEPXHOCTD.
1 - GropeTka; 2 - crakaH; 3 - pacTBOp KHCJIOTHI; 4 - KpaH; 5 - pe3uHOBas
TpyOKa K Hacocy, 6 - BOOOCTPYWHBIM Hacoc; 7 - BoAa U3 BOJO-
MPOBOJHON ceTH; 8 - Bojga B KaHanmzanuio; 9 - kprouok; 10 - crek-
nsiHHAS ToiBecka; 11 - obpazer

Pe3ynbTathl B3BEMIMBaHUS 3aHOCAT B Ta0u. 1.1 W mpeacTaBisioT ee
Ha BU3Y NPENoAaBaTeNto, BEAYIIEMY 3aHIATHE.

ITocne okoHuaHus pabOTHI HEOOXOIUMO IPOBEPUTH, YTOOBI OYTHUIb
C KHCIOTOM M CKISHKa C alleTOHOM OBIIM 3aKpbIThl NpoOKaMu, H
MpUBECTU CBOe pabouee MecTo B mopsiiok. OOpas3ibl OCTaBIAIOT Ha
paboueM MecTe, a MCHOJIb30BAHHYIO (MIbTPOBAIBHYIO OyMmary
BBIOPACHIBAIOT.
Puc. 1. Cxema  yCTaHOBKM  JUIi  U3Y4YEHHUS  KHUHETUKHU
UIEKTPOXUMHUYECKONH KOPPO3UU METAIIIOB 00ObEMHBIM METOJIOM
1.4. O6paboTKa OMBITHBIX JAHHBIX

Pe3ynbTaThl ONBITOB M IPOU3BEICHHBIX HA UX OCHOBE BBIUMCIIEHUH 3aHOCAT B Tadu. 1.1.

PaccuntbiBatoT 00beM BOAOpPOA, BBIACIMBILErOCS C €IUHHIBI TOBEPXHOCTH Ka)KIOIro
o0pa3sla U CpeJHIO CKOPOCTh KOPPO3UH IS Ka)X10ro Merajula 3a MaKCHUMajbHOE BPEMs
UCIBITAHUH MO KOJIWYECTBY BBIJCIMBILIErocs BoAopoaa (00bEeMHBIN MMOKa3aTeab KOPPO3HUH)
o Gpopmyne

_V.273. (P-Pio)

6 ’
¢ S-7-T-760
rae V - 06beM BOIOPO/Ia, BHIEIMBIIETOCS 3a BPEMs MCIBITAHHUMN, CM°;
P - atmocdepHOe naBieHUe TPU TPOBEICHUY HCIIBITAHUIA, MM PT. CT.

(1.11)

P H,0 - JABJICHUE HACBIIIIEHHOTO BOJISHOTO Mapa MpU TEMIEPATYPE UCIBITAHHUMA, MM PT. CT.

(cM. mpunoxenue 2);
S - oL MOBEPXHOCTH 00pasLa, cM?;
7 - BpeMsl HCIIBITAHHH, U,
T - remnepatypa ucneitanmii, K.

PaccuuThIBaroT 1Sl KaXKA0ro MeTalljla MacCOBBII MOKa3aTellb KOPPO3UHU MO CIIEAYIOIIei
¢dopmyie

m -
o= (1.12)
S-r

rae My - HavajabHas Macca obpasia, T;
M, - KOHEYHast Macca 00pasia, T;
S - oAk MOBEPXHOCTH 00pasna, M2;
T - BpeMsI UCIIBITAHUIH, Y.

3aTeM TPOBEPSIIOT SKBUBAIEHTHOCTh 3HAaueHUH Kos U Kyac, AN Yero ompenensroT
MAaCCOBBIH TOKa3aTenb KOppo3uu K yae 13 Kog 10 popmyite
K = K06 M , (1.13)
22429 -n
rae K,s - 00beMHBIN OKa3aTeab KOPPO3KH, CM/cM;
A - aToMHas Macca MeTaiia, T,
22429 - 06beM 1 Mosb Bogopoaa, cm>;
N - BAJIGHTHOCTh PACTBOPSIOMIETOCS METalIa
U CPaBHHUBAIOT €r0 C MACCOBBIM IIOKa3aTelIeM KOPPO3HH, PACCYMTAHHBIM I10 M3MEHECHUIO
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Maccel obOpasna mo Gopmyne (1.12). I'myOMHHBIA MMOKa3aTelb KOPPO3UH HAXOMST IO
bopmyie

m-k, 2436
" p-1000

rae K - MaccoBblil TOKa3aTelb KOPpo3uu, I/(M2-4),

P - INIOTHOCTh METAJlIa: 9yryHa - 7,2 r/cM°; cTanM | xelesa - 7,8 r/cM®; inHKa 1 ero
cruiaBoB - 7,1 r/em®.

Kpome TOro, KOppO3HMOHHYIO CTOMKOCTh HWCCIEAYEMBIX METAJIOB OLIEHUBAIOT IO
JeCATHOAITFHOM IIKaIe KOPPO3UOHHOW CTOWKOCTH (CM. MPUJIOKEHHE 3).

Pe3ynbTaTel paboThl MPEACTABISIOT B BUJAE 3alOiHEHHON Tabn. 1.1, a Takke B BHIE
rpaduka IUHAMHKA KOPPO3UH HCCIENYyEeMbIX METaJulOB, OTKJIaAblBasg MO OCH OpJAWHAT
yIeIbHBIH 00beM BbLIeAUBLIErocs Boxopoda (cM3/cM?), a mo ocu abecuucc - Bpems
KOppo3u# B MuHyTax. [Ipu mocTpoeHnu yka3aHHON 3aBHCHUMOCTU BCE TPH JUHAMUYECKUE
KpHUBBIE HAHOCAT Ha OJUH rpadukK B OJJHOM MaciuTade.

1.5. Bonpock! [u1sl caMOKOHTPOJIS

1. Hanummute ypaBHEHUS aHOAHOW U KaTOJHOM peakIuii, MpOTEeKaIOIMX IPH KOPPO3UU
CIJIaBOB jkKeJie3a M IIMHKA B pa30aBICHHON CEPHOM KUCIIOTE.

2. Paccumnraiite Benmmuuny 2./].C. mporecca Koppo3uu xene3a B pa30aBIeHHON CEpPHOI
KHCIIOTE.

3. C KakuM KOHTPOJIEM MPOTEKAET KOPPO3HsI CILIABOB KeJie3a U IMHKA B pa30aBIeHHOMN
CepHOil Kucnore?

4. Yrto Ha3bIBAaETCs MEpEHANPSIKEHUEM BOIOPOAA, M OT KaKUX (aKTOPOB OHO 3aBUCHUT?

5. Ilouemy 3JIEKTPOMOJIOKHUTENbHBIC IPUMECH B CIIaBaX MOTYT CYIIECTBEHHBIM 00pazom
BIIUSTH HA CKOPOCTh KOPPO3HUHU MPH KATOJHOM BOCCTAaHOBIIEHUH HOHOB BOJIOpoaa?
bubmuorpaduyecknii cnucok

1. MaxomoB B.C. Koppo3us u 3ammura XMUMHUYECKOW ammapaTypbl. DJIEKTPOXHUMHUYECKas
KOppOo3Hs MeTaJuIoB: YueOHoe nocodue. M.:.MUXM, 1983.-76 c.

2. Kyx H.II. Kypc Tteopun koppo3uu M 3ammThl mertamuioB. M.: Meramnyprus, 1980. -
C.149-188, 341-369.

(1.14)

JlabopatopHas padora 2
KOPPO3U I METAJIJIOB C KUCJIOPOJTHOU JEITOJISIPU3ALIMEN

2.1. [leab paGoThl

N3yyenne BAMAHMS JOCTyNa KHCIOpPOJAa K aHOAY M KAaTOLy Ha CUJy TOKa MOZAENU
KOPPO3MOHHOTO 3JIEMEHTa, pPa0OTAIOIIEro C KUCIOPOAHOW JAemojspu3aliiei, a Takke
KaueCTBEHHOE ONpe/esieHue MPOIyKTOB KaTOAHOM U aHOJHON peakuuid Mpu KOPPO3UH Ke-
Je3a B HEUTpajJbHOM pacTBOPE.
2.2. Teopus Bonpoca

DJIEKTPOXUMHYECKUE KOPPO3ZUOHHBIE MPOLECCHI, Y KOTOPBIX KaTOAHAs ACHOJSIPU3ALMS
OCYLIECTBIISICTCS PACTBOPEHHBIM B 3JIEKTPOJIMTE KHUCJIOPOAOM, Ha3bIBAIOT MPOLIECCAMU C
KUCJIIOPOJHOM  Jenojisipu3anueid. ITO caMblii  paclpOCTpaHEHHBIM BHUJ KOPPO3UH,
MIPUMEPAMH KOTOPOH SIBJISIOTCS pa3pylIeHHUE jKelie3a BO BIKHON aTMocdepe, HeUWTpaabHbIX
U IIEJIOYHBIX PACTBOPAX; KOPPO3HUS HEPIKABEIOUIUX CTaJeH, MEIN B HEUTPAJIbHBIX U KUCIIBIX
cpenax.

TepmoanHaMuyecKkasi BO3MOKHOCTb JJIEKTPOXHUMHUYECKON KOPpO3WHM B JTAHHOW cpene

OnpeJieNsieTcss PAaBHOBECHBIMH MOTEHIMANAMH Mpollecca MOHM3ALMM MeTamma (@, o

p
BOCCTAaHOBJICHUS OKUCIUTEIS @,
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p P
(oMe < ¢0K (21)
Camonpou3BOJIbHOE MTPOTEKAHUE KOPPO3UU METAILIOB C KU CJIOPOJHON JIEMOISApU3ALUEeH
BO3MOXKHO IIpHA YCIIOBUH

p p
(DMe < ¢I( (22)
rac (0]12 - paBHOBeCHbIﬁ MMOTCHIHAII KUCIIOPOJAHOI'O JICKTpOaa B ,HaHHOﬁ cpenc.

Koppo3uoHHbIii mporecc mOpH  KHUCIOPOAHOM JEnojsipu3aldyd BKIOYAaeT B ceds
CIIEYIOLINE PEAKIIUH:
1) aHoHBIN TpoIecc (OKUCICHNE MEeTaa)

Me + mH,O—>Me"™ - mH>0 + ne (2.3)
2) KaToJHBIN mpolecc (BOCCTAHOBJIEHUE KHUCIOPOJa) B HEUTPAJIbHBIX M IIETOUYHBIX Cpeax
npotekaet mo peakuuu 02 + 2Ho0 + 4e—> 40H (2.4)
B KHCJIBIX cpefax

02+ 4H> + 4e — 2H0 (2.5)

Oba mpouecca (MOHM3aLMA MeETaula U BOCCTAHOBJIEHHE KHCJIOPOAA) IPOTEKAIOT
OJTHOBPEMEHHO U COMNPSHKEHO (CBSA3aHHO), HO MOMYUHSIOTCA KaXKIbli CBONCTBEHHBIM €MY
3aKOHOMEPHOCTSIM.

CKOpOCTh 2NEKTPOXUMHUYECKON KOPPO3HH B OOJBIIMHCTBE CIy4YaeB OMpelesaeTcs:

1) TopMO)KEHHEM 3JIEKTPOXUMHUYECKUX CTaJUN 3JIEKTPOJHBIX PEeaKIHil (T.e. mepexonoM
3apsja yepes IpaHULly METaJI-3JIEKTPOJIUT), KOTOpO€ XapakTepusyercs
EKTPOXUMHUYECKUM IepeHanpsKeHeM (MOHU3alMU MeTajlla, KUCIOpoAa U 1p.);

2) TpaHCHOPTHBIMU 3aTPYIHEHUSIMU, CBS3aHHBIMH C OT'PAaHUYEHUEM ITOJIBO/IA OKUCIUTEIS
(kuciopona) K METajuly MM OTBOJOM HPOIYKTOB pPEaKlMH (aHOJHOW WM KaTOAHOW) U
XapaKTepU3yeMbIMU OOBIYHO MEpeHanpsKeHueM U dys3uu.

[TepenanpspkeHre HOHU3AIUMN KUCIIOPO/Ia 3aBUCUT OT CBOMCTB U CTPYKTYpPBI METajlsia, Ha
MTOBEPXHOCTH KOTOPOTr0 BOCCTaHABIMBAETCS KU CIOPO, TeMmepaTypsl, pH pactBopa u ap.

[Tepenanpsokenne AuQQy3uu KUCIOPOAAa 3aBUCUT OT KOHLIEHTPAalMU KHUCIOpOAa B
pacTtBope 1 ycrnoBuil nudPy3uun ero Kk MeTay.

B OonbIIMHCTBE MPAaKTUYECKUX CIIydyaeB KOPpPO3MM MeTajlla C KHUCIOPOAHOMU
JEnoysipu3alliel NpU OTCYTCTBMM IacCCUBALlMM CKOPOCTh Ipolecca ONpeAensercs
CKOPOCTBbIO KAaTOJHOW peakiuu (T.e. BOCCTAaHOBJIEHHMEM KHCIOpOJa), a IJis TMocienHei
Haubosee 3aTPyAHEHHBIMH (JIMMUTHPYIOUIMMH) CTaAUSIMHU SBISIOTCSA: B HEMOJBH)KHBIX
pacTtBopax - Auddy3us Kucaopoaa, a Npu OOJBIIMX CKOPOCTSIX IBHXKEHHS 3JEKTPOJIUTA -
nepexoa 3apsana (mepeHanpspKeHHe MOHU3AIMU  KUCIopoAa). OTO  BBI3BAHO Majou
pacTBOPUMOCTBIO U MeMJIEHHOW au¢¢y3uel Kuciopoga B IJIEKTPOIUTAX, a TaKKe
JIONIOJIHUTENIBHBIMU  3aTPyJHEHUSIMU AU(Qy3UH Kuciaopoga B ciyyae oOpa3oBaHHUS Ha
MIOBEPXHOCTH METAJUIA IUIEHOK TPYAHOPACTBOPHUMBIX IPOAYKTOB KOPPO3UH.

CKOpOCTh KOPpPO3UH C KHUCIOPOJHOW Jenoispu3anueil mpu 3ameniieHHoW auddy3uu
KHCJIOPOAA ONpeaessieTcsl ypaBHEHU EM
Co, +Co,

Loy =N-F +Dg, 8=, (2.6)

ough
rzie loug- CKOPOCTh BOCCTAHOBIICHUS KMCIIOPO/Ia, BBIPAXKEHHASI B TOKOBBIX CAMHHIIAX;
Do2 - ko3 punment auddy3un KUCI0poaa;

0 - TonmuHa 1udPy3u0HHOTO €05,

0
C), - KOHIIEHTpALMs KHCIOPOJa B PACTBOPE;

COz - KOHIIEHTpALUsI KUCJIOPO/1a Y TOBEPXHOCTH MeTaia (KaToza);

N - 9UCTI0 YJIEKTPOHOB, YYACTBYIOIIUX B PEAKIIUU BOCCTAHOBJICHUS KHCIIOPO/Ia;
F - uucno ®apanes;
Sk- momane Karoa.
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0
C ysemuuenueM lo,p 3HaUEHUE C02 YMEHBLIAETCS U IpHU CO2 << CO2 JIOCTHTaeTCst

npeesbHasi CKOPOCTh BOCCTAHOBIICHHS KHCIOpPOAa (M COOTBETCTBEHHO KOPPO3HOHHOI'O
mporiecca)
0

C
|y =N-F-Dg -S, - ;z (2.7)

nped

[ToBAMATH HA CKOPOCTH JIEKTPOXUMHUYECKOTO MpOIecca Jerue BCero myTeM U3MEHEHUs
YCIIOBUH, ONPEESIONMX CKOPOCTh 3aMEAJIEHHONW CTaJuu. B 4acTHOCTH, MpU 3aMeIJICHHON
muddy3un  KHCIOpoJa CKOPOCTh IMpollecca MOXKHO TMOBBICUTH 32 CYET YMEHBIICHUs
TOJMUHBI TU(GY3MOHHOTO CIos (TyTeM TepeMeIIMBaHUs PacTBOpa), 3a CUET YBEJIMYCHHS
KOHIIEHTPAI[UU PACTBOPEHHOT'O KHCJIOPOJa, B MOJIENIM TaJbBAaHUYECKOT'O 3JIEMEHTA 3a CUeT
BO3pacCTaHUs IJIOMIAIU TTOBEPXHOCTH KaTojaa (yBenuueHue ¢pponta 1udhy3un KUCIOpoaa).
2.3. IlpoBeneHue paboThl

[Ipn KOHTaKTE JBYX METAJJIOB C PAa3HBIMH 3JEKTPOJHBIMHU MOTEHIMAJIaMHU 00pa3yercs
rajbBaHUYECKUN D3JIEMEHT, B KOTOPOM AHOAHBIA MPOIECC MOHU3AIMU METajula OOBIYHO
npoTeKkaeT ¢ 0ojee OTpUIATEIbHBIM MOTEHIIMAJIOM, a KaTOIHBIM MpPOIeCC BOCCTAHOBJIIEHUS
OKHCIUTENS ¢ OoJiee MOJIOKUTEIbHBIM MOTEHIIMANIOM. BHenHMii u3mMepseMblil TOK 3JieMeHTa
OyZeT COOTBETCTBOBATh CKOPOCTSM 3JIEKTPOAHBIX IPOLECCOB, MPOTEKAIOUIMX Ha AJIEKTPO-
JlaX Takoro sJyieMeHTa (0e3 yuera CKOPOCTH MPOIIECCOB CAaMOPACTBOPEHUS IJIEKTPOJIOB).

B pa6ore uccnenyroT ramsBanudeckuii anmement Zn/NaCl + H.O + O,/Cu, ams dero
WCIOJIB3YIOT MEAHBIE M IIMHKOBBIE SJIEKTPOABI pa3HbIX pazmepoB. dopma 351eKTpoaoB
TaKoOBa, YTO C M3MEHEHHWEM BEJIMYMHBI MX MOBEPXHOCTH YCJIOBUS JOCTYyINa KHCIOPOAa
BO3/yXa MPH MOTPYKEHUH 00Pa3I[0B B JIEKTPOIUT HE MEHSUIINCh.

DNEKTPOAbl C OJHOH CTOPOHBI OYMIIAKOT HAXKIAYHOW Oymaroi (mpyras CTOpOHA
M30JIMPOBAaHA dMAJIBIO), U3MEPSIOT TJIOMAAh UX TTOBEPXHOCTH U 00E3KUPUBAIOT allETOHOM
3aUUILIEHHYIO CTOPOHY.

["anpBaHMYECKYIO TIEMb COOUPAIOT COTJIACHO CXEeMe, MPECTaBICHHON Ha pHC 2.

TToCKONBEKY PaBHOBECHBIH TTOTEHINAN IMHKa P, = -0,76 B, a Memu @&, = +0,32 B, 10 B

raJIbBAHUYECKOW Mape OHU OYAyT BBITIONHITH COOTBETCTBEHHO POJIb AaHOJIA U KaTO/a.

OO6pasipl KECTKO YKPEIUISIIOT B KJIEMMax TEKCTOJMTOBOM IUIACTUHKU M MOTPYXaioT B
CTEKJIIHHYI0 BaHHOYKY € 3%-HbiM pactBopoM NaCl. YpoBens pactBOopa H0KEH OBITH
MpuOIM3UTENHFHO Ha | cM BbIIIe Kpasi MIUPOKON YacTH AJIEKTPOJIOB.
a) Biausinue nmuiomaau nMOBepPXHOCTH aHOAA U KATOa HA CHJIY TOKA rajbBaHUY€CKOI0
3JIeMeHTa

Brauane B kieMMax YyKpEIUISIOT CaMble MaJIeHbKHE HM3 HMEIOIIMXCSA IMHKOBBIX U
MEHBIX 3JIEKTPOAOB. 3HAUEHHUE CUJIBI TOKA 3JIEMEHTA 3aMUCHIBAIOT B TabOJ1. 2.1 1oKa TOK He
YCTAHOBUTCSI INOCTOSTHHBIM. 3aMmepbl BEAYT 4Yepe3 Kax/able 2 MUH [0 MOJIy4YeHHUs Tpex
OJIMHAKOBBIX 3HAYEHUI.

3aTeM, OCTaBJIsSIsl OJUH M3 DJIEKTPOAOB MOCTOSIHHBIM (Hampumep,
KaTo/a) Apyrod (aHOM) 3aMEHSIOT Ha 3JIEKTPOJ CPEIHEro pa3Mepa u
3HaUEHUE CHUJIbBl TOKa DJEMEHTa 3alMChIBAIOT aHAJIOIMYHO [0
YCTAHOBJIEHUS TOCTOSIHHOTO 3HAYEHUSI.

1 - munnmamnepmerp; 2 - KJIeMMbl; 3 - TiactuHa; 4 -pacTtBop
NaCl; 5 - BannHa cTek/ssHHAs, 6 - MEIHBIN DJIEKTPOI; 7 - MOpHUCTas
NEeperopoaka; 8 - MUHKOBBIN IEKTPO.L

Puc.2. Cxema yCTaHOBKM Il M3y4EHUs KUHETUKH KOPPO3HOHHOI'O
rpoiiecca ¢ KUCIOPOAHOM Aemosipru3aiuneit

ITocne aTOrO NMpU TOM kK€ KaToAe 3aMEHSIOT DIEKTPOJ CPEIHEro
pa3Mepa (aHOI) Ha TAKOW ke PIEKTPOJ OOJBIIOro pa3Mepa U OIsATh
BEJYT 3aIIMCh TOKA 0 YCTAHOBJICHUS IIOCTOSSHHOI O 3HAYCHMUSL.

33



[Toiy4uB 3aBUCHMMOCTb BIMSHMS IJIOIAAN TOBEPXHOCTH aHOJa Ha CUJIy TOKa 3JIEMEHTa
IpU IOCTOSHHOM KaToJe, MPUCTYMAOT K M3YyYEHUIO BJMSHUS NJOLIAJM I[OBEPXHOCTU
KaToJla Ha CUJTy TOKA IPU OCTOSHHOM aHOJIe.

0) Bausinue nepeMeIMBaHMsA 3JEKTPOJIUTA HA CHJIY TOKA 3JIeMEHTa

M3mepeHust MOXKHO MPOBOAMTH C 3JIEKTPOAAMH JIFOOBIX pa3MepoB, HO yl0OHEE B3SATh Ty
napy, ¢ KOTOpoi MPOBOAUIIM MOCIEIHUIN ONBIT MPH OMPEAEICHUN 3aBUCUMOCTU CHJIBI TOKA
OT IUIOIIAU IOBEPXHOCTH JIEKTPOAOB.

B npuaHomHyro 30HY ClEQyeT OCTOPOKHO OINYCTUTh CTEKJISHHYIO Malloyky U
nepeMenaTh 3JeKTPOIUT BOIU3H MOBEPXHOCTH aHOAA. 3HAUEHUS BEJIMYUHBI CHUIIBI TOKA JI0
nepeMenBanus (YCTAaHOBUBIIASICS) U B MOMEHT I€peMEIIMBaHUs B aHOAHON 30HE (IpU
MaKCHMaJbHOM OTKJIOHEHHWH CTpenku npubopa) 3amuceiBaioT B Tadn. 2.2. Ilocie 3toro
OCTOPO’KHO IIEPEHECTH CTEKJISHHYI0 NaJO4YKy B MPUKATOJHYIO 30HY M IIepeMellaTh
UIEKTPOJIUT BOJIM3M KaTO/a, CHIIy TOKa B MOMEHT II€pEMEIINBAaHUs B KaTOHOW 30HE 3ama-
catb B TabOJ. 2.2.

[Ipy nepeMemMBaHMM pacTBOpa pPEKOMEHIYETCs HE 3aeBaTh IIEPEropojiKy H3
CTEKJITHHOHM TKaHU U 00pasiibl.

[Mocne npoBenenus padotsl pactBop NaCl U3 BaHHOYKY CIMBAIOT B OyThLIb, U3 KOTOPOU
OH Obul B34T. OmnbITHBIE 00pa3lbl CIEAyeT NPOMBITH U BBICYHIUTH (DUIBTPOBAIBHOM
OyMmaroi.

B) OmnpeneneHne aHOJHBIX M KATOAHBIX YYAaCTKOB Ha j’Keje3e, KOppe/JpyKollieM B
HeHTpaJbHOM pacTBOpe

I[Ipy koppo3un B HEWUTPAJIBHOM pACTBOpPE, IMPOTEKAIIEH C KHUCIOPOAHOU
JeToNspu3aliei, pacnpeiesieHue aHOIHBIX M KAaTOJHBIX YYAacTKOB Ha IOBEPXHOCTH
MeTajuta OoJbIIel 4acThl0 OOYCIIOBJIEHO HEPaBHOMEPHOM a’panueidl U HEOAHOPOIHOCTHIO
ITOBEPXHOCTH.

Jis Toro, 4To0bI OOHAPYXKUTH AHOAHBIEC U KAaTOJHBIC YYAaCTKU IPU KOPPO3UU Kenes3a B
HEUTpambHOM pacTBOpe (PacTBOP XJIOPUCTOrO HATPUSA) K HEMY J00aBISAIOT MHIMKATOp Ha
nonsl Fe?* (kpacHas xpossHas coib KFe(CN)e), obpasyrommii ¢ monamu Fe? TemHO-
CHHIOI0 MaJIOpacTBOPUMYIO COJIb, TaK Ha3siBaeMyio TypHOyuieByro cuib Fes[Fe(CH)e]2 u
WHIMKATOp Ha THAPOKCHIIbHBIE Ipynmbl (peHonadTanenH), oOpasytoumii ¢ nonamu OH
COEAMHEHHSI MAJIMHOBOT O IIBETA.

Jns BeimonHeHUs: onbiTa B 4damky Ilerpu HammuBatotr 1 %-mbnii pactBop NaCl u
no0aBisit0T U3 KanenbHUIBl 8-10 kamenb 1%-Horo pactBopa KsFe(CN)s m 3 - 4 xammm
pactBOopa ¢eHondranenna. [lepememniaB pacTBOp CTEKISHHOM NaJOYKOM, TOMELIAIOT B HETO
obOpa3er, MpeiBapuTEIbHO 3aUUILEHHbIN U IPOTEPTHIH BaTOM, CMOYEHHOH aneToHoM. Yepes
HECKOJIBKO MHHYT OKOJIO 00pa3lia HauMHAIOT MOSABIATHCS CHUHUE U MAJMHOBBIE YYaCTKH.
Yamky ¢ o6pa3oM peKOMEHIYeTCsl He BCTPAXUBATh. B LeIsX S5KOHOMHM BPEMEHH OIBIT B)
PEKOMEHyEeTCS IPOBOAUTD [TAPAJIIEIBHO C OIBITOM a).

[Tocne okoHuaHuUs pabOTHI MOJIYyYEHHBIE PE3YJIbTaThl HEOOX0IMMO MIPEICTABUTh HA BU3Y
IIPET01aBaTelIIo.

2.4. O0paboTKa ONBITHLIX JAHHBIX

PesynbTatel pabothl 1o 1 1 2-i yacTsaM 0(OpMIIIOT B BUJI€ 3aII0JHEHHBIX TaOIuUI] U
rpaduka, HOKa3bIBAIOLIET0 3aBUCUMOCTh YCTAHOBHUBILIEHCS CUIIBI TOKA UCCIIETyeMOr 0
raJlbBAaHMYECKOTro 3JIEMEHTa OT IIJIOIAaA1 OBEPXHOCTH aHoAA (IIPHU MOCTOSHHOM KaToJIe) U
IIJIOIIAIM TIOBEPXHOCTH KaToa (IIpU MOCTOSIHHOM aHO/E).

Pacnonokenue okpallleHHbIX Y4aCTKOB Ha 00pasilie Heo0X0AMMO 3apHCOBaTh U HANUCATh
peaKIyy, MPOTEKAIOIINE HAa AHOAHBIX U KaTOJHBIX y4aCTKaX IPU KOPPO3UH YIIIEPOANCTON
cramu B pactBope NaCl, u peakiuto o0pa3oBanus TypHOYJICBOM CHHH.

2.5. Borpochl A1 CaMOKOHTPOJIS

1. B uem 3axirodaercs HE0OXOAMMOE TEPMOJANHAMUYECKOE YCIOBHE MPOTEKaHUS
AIEKTPOXUMHUYECKON KOPPO3UH KeJie3a C KM CIOPOJHON Aenoispu3anneii?

4.3.3 Odopmiienue koMIIeKkTa 3agannii ajasa PI'P
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,ZZJZ}Z OYHO20 U 3A0YHO20 OMOENEeHUs

MuHuctepcTBO 00pa3oBaHus U Hayku Poccuiickoi denepanuu
®denepanbHOE rOCYIapCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIETO 00pa3oBaHusl «balIKUPCKHU rOCYJapCTBEHHBIN YHUBEPCUTET
WmxenepHsiit hakyabTeT
Kadenpa «TexHnonornueckue MamvHbl 1 000pYyJOBaHUE

Komnaexr 3aganui ajasa PI'P
no aucruimHe «Koppos3usi KOHCTPYKIIMOHHBIX MaTEpPUATIOB»

(HaMMeHOBaHUE TUCIUIUIAHEI )

OJIEKTPO/IHBIE ITOTEHII AJIbI
3.1. Ilens paboThI

Onpenenenue dJIEKTPOIHBIX TOTEHIIMAIOB HEKOTOPBHIX METAJUIOB B  pacTBOpax
ANIEKTPOJIMTOB, a TAKKE MPOBEPKAa BO3MOXKHOCTH TNPUMEHEHHUs ypaBHeHUs HepHcra mns
pacuera BEJIMYMH PAaBHOBECHBIX MTOTEHIIUATIOB.

3.2. Teopus Bompoca

[Ipu morpyxeHun meTamia B BOAHBIA PAacTBOP 3JEKTPOJUTA HA MOBEPXHOCTH METaJlIa
MPOTEKAET MPOIECC B3aUMOJCHCTBUS €r0 MOH-aTOMOB C TOJIIPHBIMH MOJIEKYJIaMH BOJBI.
[Tporuecc ruapaTaiiu HOH-aTOMOB METajlla COITPOBOXKIACTCS BBIICIICHUEM SHEPI'HH, 3a CUCT
KOTOPO# pa3pyIlIaloTcs CBSI3M MOH-aTOMOB METajula B KPUCTAJUIMYECKOW PEIIETKE M OHH
MepPeXoasiT B PACTBOP B BHJIC TMJPATHPOBAHHBIX KATHOHOB, a HAa IMOBEPXHOCTH MeETajlia
OCTAIOTCSl OCBOOOAMBIIINECS AIEKTPOHBI
(Me™ ne) + mHO — Me™ -mH>0 + ne (3.1)

CuJtbl AJIEKTPOCTATHYECKOI'0 B3aWMOJCUCTBUSA MEXKIY HU30BITOYHBIMU JJIEKTPOHAMHU Ha
METAJUIMYECKOM TOBEPXHOCTU U TMEpelIe/IIMMH B pacTBOp KaTHOHAMU MeTajuia
MPEMSTCTBYIOT YAAJICHHUIO MOCIEAHMX B TJIyOb pacTBOpa. B pesynbpTaTe MOBEPXHOCTH
MeTaJjuIa 3apspKaeTcsi OTPUIATEIILHO, a PACTBOP JICKTPOIHUTA - TTOJIOKHUTEIBHO U HAa TPAHUIIS
"MeTajul-pacTBOp"  BO3HHUKAeT JABOMHOM  ANEKTPUUECKUM  CIOM, KOTOPBIA  MOXET
(hopMHUPOBATHCS TaKXKEe MPH aacOpPOIMM Ha TOBEPXHOCTH MeTajula 3apsiKCHHBIX YaCTHII
pactBopa. [Ipu 3TOM Merasmun npuoOpeTraer 3apsi OJTHOTO 3HAKA, & OKOJIO €Tr0 MOBEPXHOCTH
o0pasyercs CIIOi U3 HOHOB DIIEKTPOJIUTA C IPYTHM 3HAKOM.

Mexny crosiMu 3apsiioB YCTaHABIMBAETCS OMpPEACIICHHAs] Pa3HOCTh MOTEHIIMAJIOB, TaK
Ha3bIBa€MbIH, "CKauOK MOTEHIIMANa" WM MPOCTO "MOTeHIMan". 3HAUUTEIbHOE KOJIMYECTBO
3apsHKEHHBIX YacTull (HampuMep, MEPEXOISIIIMX B PACTBOP KATHOHOB METaJlIa) HAXOAUTCS B
HEMOCPEACTBEHHON OJM30CTH K METAJUTMYECKON MOBEPXHOCTH. DTU YACTHIBI ()OPMUPYIOT
IJIOTHYIO 4YacTh JBOWHOTO JJIEKTpUUEecKOro ciosi (cioit ['enmpmronbiia), B KOTOpOM
peanu3yeTcss MPAKTHYECKH BeCh CKadyok mnoreHnuana(p). [lo wmepe ypmamenus oOT
MMOBEPXHOCTH METaJjIa B PACTBOP DJEKTPOIUTA KOHIICHTPALMS JAHHBIX 3aPsyKEHHBIX YaCTHUII
MOCTCIICHHO TaJaeT, JOCTUras B KOHIIC KOHIIOB 3HAYCHHS, COOTBETCTBYIOIIETO HX
KOHIICHTpaIlMK B O00bEeMe pacTBOpa. DTy 4acTh Ha3bIBalOT "pasmbliToi" wiu muddy3Hou
YacThIO JIBOWHOT'O DJIEKTPUYECKOro ciios. Ee MpoTsSHKEHHOCTh 3HAYMTENIBHO IPEBBIIIACT
TomMHy cios ['elpMronbua, a peatu3yeMblil B Hell CKa4oK moTeHnuana (y ), Kak IpaBuilo,
MEHBIIIE TIO BEJIMYUHE U TPAJIUEHTY, YEM Ha T'eIbMIOJIbIIEBCKOM YYaCTKE JBOMHOTO CIIOS.

PaBHOBecHbBIE (00paTUMBbIE) AIAEKTPOILI 00JIAA0T OIHOM, OOIIEH I BCEX AJIEKTPOIOB,
OCOOCGHHOCTBIO: B HUX MPOTEKAET TOJHKO OJIHA JJEKTPOXHMMHYECKAs peakius C paBHOU
CKOPOCTBIO B JIByX IIPOTHBOITOJIOXKHBIX HAMpaBJICHUIX (TIpsiMast U oOpaTHask PEaKIliH).

Cy1iecTByeT HECKOJIbKO TUIIOB PaBHOBECHBIX 3JIEKTPOJIOB:

1. DnexkTpoasl MEpBOro poaa - HEKOTOPhIE METAIJIbl B pacTBOpPaX CBOMX COJIEH,
HaxOJSIIUECs B COCTOSTHUU PaBHOBECHS 11O OTHOIICHHUIO K OTHOUMEHHBIM HOHAM:
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(Me"™ -ne)+ mH>0 <» Me™ -mH>0 + ne (3.2)

2. DJeKTpoABsl BTOPOr0 pOAa TPENCTABIAIOT COOOW METalll, MOKPBITHI CIIOEM ero
TPYIHOPACTBOPUMOTO COCIUHEHHs (COJIM, OKCHABI WM THAPOKCHUIBI) M IOTPY>KEHHBIH B
pacTBOp, coIepXaliuii TOT JK€ aHHWOH, 4YTO U TPYAHOPACTBOPUMOE COEIUHEHUE
3JIEKTPOAHOro MeTamia. CXeMaTH4ecKH 3JICKTPOJ BTOPOrO pPOJa MOXKHO MPEICTABIATH
crenyromum obpasom: Me! || M4, Me?

3.OKHCIUTENBbHO-BOCCTAHOBUTENBHBIE 3JEKTPOABI (PEIOKC-3JIEKTPOJIbI), MPEICTABISAIONINE
co0oif MHEPTHBIN MeTaJul (HalpuMep, MJIaTUHY) B KOHTAKTE C 3JIEKTPOIUTOM, CO/AEp KALIIM

HOHBI PasHBIX CTeleHeil okuctentoctn (Hanpumep, Fe2*/F3* || Pt; SOZ /5,07 ||Pt).Ipu

AOCTUKCHUHN PABHOBCCH 3HAYCHUC IMOTCHIMAJIA MCTAJlJla CTAHOBUTCA MMOCTOAHHBIM, a €ro
BCIMYHMHA 3aBUCUT OT BHCHIHUX YCJIOBI/Iﬁ (TeMﬂepaTprI, IIaBJ'IeHI/ISI) N aKTUBHOCTH HMOHOB
MCTaJlJIa B paCTBOPC U OIMMHCHIBACTCA YPABHCHUCM Hepncta

R-T
9, =, + F Ina ., (3.3)

Trae O - paBHOBeCHBIfI IIoTCHIMAaJI METajljia, B;
0 o
(DM - CTaHJAApTHBIKM NOTCHI WA MCTAaJlIa, B, T.C. €ro NOTCHIHAJI B 3JICKTPOJIIUTEC, aKTUBHOCTDH

MOHOB JIaHHOT'O METaJlla B KOTOPOM paBHA €IUHUIIE;
R - razoBas nocrosinHas, paBHas 8,314 JIx/ (Monb-Tpan);

T - Temnepatypa no abconoTHOI mikane, K;

N - KOJIMYECTBO JIEKTPOHOB, IPUHUMAIOUINX YYaCTHE B AJICKTPOJHON PEAKIUU;

F - nocrosinnas ®apazes, paBuas 96493 K;

@ - aKTUBHOCTb HOHOB M€TaJlJla B paCTBOpPE, MOJIb/JT;

a=fC, (3.4)

raef - koadduimeHT akTHBHOCTH (CM. IIPUIOKEHHUE 5);

C - aHaIMTHYECKask KOHLIEHTPAIU HOHOB METajlla B pacTBOPE, MOJb/JI.

Jns pa30aBIeHHBIX pPAacTBOPOB KOI(PPHUIIMEHT aKTUBHOCTH OJIM30K K EIWHUIE, U C
HEKOTOpOH OIIMOKOW MOXHO CUYMTaTh, YTO AKTMBHOCTh MOHOB MeTajia MpUOIU3UTENEHO
paBHA MX aHAJIMTHYECKON KOHIEHTPAIlUU B PaCTBOPE.

[TonctaBuB B ypaBHeHue (3.3) 3HaueHUS NOCTOSHHBIX Ay Temmepatypbl 25°C u
nepeis K 1eCITHYHBIM JIorapugmMamM, MoIyduM ypaBHeHne HepHcTa B cienyromieM Buje:

R T 35)
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W3 ypaBHenus (3.3) cienyer, 4TO MOTEHLMAT METallla U3MEHSIETCSd B 3aBUCUMOCTH OT
KOHIIEHTpallMM COOCTBEHHBIX MOHOB MeTayula B 3jekrpoiute. [lpu ymeHblIeHun
KOHIIGHTpAallMM HOHOB MeTajljla B 3JIEKTPOJUTE (HampuMmep, CBSI3bIBAHHE UX B €i1abo
JTUCCOILMHUPYIOIINE KOMIJIEKChI) ITOTEHI[HAN €r0 CMEIIAETCs B OTPUIATEIHHYIO CTOPOHY.

Ecimu B mporiecce B3auMOJEHCTBUS MeTalljla M AJIEKTPOJIUTa Y4YacCTBYIOT HE TOJBKO
COOCTBEHHbIE HOHBI MeTajla, HO M JpPYyrde HOHbI MM aTOMbl, TO BO3HHKHOBEHHE
PaBHOBECHOI'O IIOTEHLMAJa HEBO3MOXHO M TOrja oOpa3yercsi HEpaBHOBECHBIH HIIU
HeoOpaTuMbIil noTeHuuan. B aTom ciayuyae nmoreps U npuoOpeTeHHne IEKTPOHOB METAIIOM
OCYIIECTBJISIOTCS C YYacTUEM pa3jM4YHbIX BEIIECTB, W MOTEHUMAJ MeTalyla He
XapaKkTepu3yeT HACTYIJICHHE pPAaBHOBECHUS Ha TIOBEPXHOCTH JJIEKTPOJa W HA3BIBACTCA
He0o0pATUMBIM.

YcTollunBoe 3HaYeHHE HEOOpAaTUMOro TMOTEHIMaja, YCTaHABJIMBAIOIIEECS IPH
pPaBEHCTBE CYMM CKOPOCTEl aHOAHBIX M KaTOJHBIX MPOIECCOB, HA3bIBAETCSA CTAI[MOHAPHBIM
HEOOpaTUMBIM TMOTeHIMaroM. BennumHa ero 3aBHUCUT OT HPUPOJBI MeTajula, cocTaBa M
KOHIICHTpAIIMH 3JIEKTPOJINTA, a TAK)KE OT BHEITHUX yCIOBHIA.

HeoOpatumble moTeHIManbl HE NOMYUHSIOTCS ypaBHeHuto Hepaera (3.3),
CIIEZI0BATEIBHO, UX HEJb35 PACCUUTATh, @ MOYKHO OIPEIENIUTh TOJIbKO ONBITHBIM ITyTeM. [
pelLIeHNs BOMpPOca, SIBISIETCS JIM MOTEHIIMAT METajula B JaHHOM PacTBOpE OOpaTHMBIM WIIH
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HeoOpaTUMBIM, CJIEAYET COMOCTAaBUTh TEOPETHUECKOE, pACCUNTaHHOE 110 ypaBHeHuU!o (3.3), u
OIBITHOE 3HAYEHUS MOTEHIMala U CPAaBHUTh 3aBUCUMOCTb €r0 OT aKTUBHOCTH COOCTBEHHBIX
HOHOB B PacTBOPE, INOJYYEHHYIO TEOPETUYECKH U OIIBITHBIM ITYTEM.

[Ton BiMsHMEM pa3iIWYHBIX (PAKTOPOB BEJIMYKMHA HEPABHOBECHOI'O MOTEHIIMAIA MeTaslla
MOJKET M3MEHATBHCS, CMEILAsAch B Ty MWJM HMHYIO CTOpPOHY. bosblioe BiusHUE Ha €ro
BEJIMUYMHY OKa3bIBAIOT OKMCIUTEIN, HAXOIAIIMECS B AIEKTPOJIUTE, 10 JEUCTBUEM KOTOPBIX
Ha TOBEPXHOCTH MeTajula MOXET 00pa3oBaThCs 3allMTHAsl IUICHKA, YTO TPUBOIUT K
CMEIICHUI IOTEHIMajda B IOJIOXKUTEIbHYK) CTOPOHY. 3alllUTHbIE IIJIEHKH MOTYT
00pa30BBIBATHCS TAKXKE 33 CUET OTJIOXKEHUS Ha MOBEPXHOCTH METaJlJIa TPYIHOPACTBOPHUMBIX
MPOAYKTOB Koppo3uu. IlpucyTcTBMe B pacTBOpe BEIIECTB, PAaCTBOPSIOIMUX HWIIU
paspylIalolMX 3alllUTHblE IUIEHKH (HAalpUMeEp, HOHOB-AKTUBATOPOB) IPHUBOAUT K
CMEIICHHIO ITOTEHIMAIa METaJlIa B OTPULATEIbHYIO CTOPOHY.

Heo0xoaumMo OTMETHTb, UTO B HACTOAIIEE BPEMsI HET JOCTATOYHO HaJEKHBIX METOIOB
SKCHEPUMEHTATbHOIO ONpEACNEeHUs] WIM TEOPETUUYECKOro BBIUMUCICHHUS aOCONIOTHBIX
3HAa4YeHUH MOTEHLUAJIOB (CKauKOB 3aps/0OB B JABOIHHOM 3JIEKTPUYECKOM CJIOE), IOITOMY HUX
OIPENENIAIOT M0 OTHOILEHUIO K IPYTrOMY 3JIEKTPOAY, Ha3bIBAEMOMY DJIEKTPOJIOM CPaBHEHUS.
BenmmunHy noreHnuMana Meraiia, U3MEPEHHYIO IO OTHOLIEHHIO K 3JIEKTPOLY CpaBHEHUS,
Ha3bIBAIOT JJICKTPOAHBIM IMOTEHIHUAJIOM.

OOBIYHO B KauecTBE »JJIEKTPOJa CPABHEHMsI IPHUMEHSIOT BOJOPOAHBIA 3JIEKTPOJ,
IOTEHLMAI KOTOpOro MpH 000N TemiepaType NPUHUMAIOT paBHBIM Hymo. OgHaKo
BOJIOPOAHBIN 3JIEKTPOA HE yA0O0eH B paboTe M Ha NpaKTHKE 4Yalle HCIONb3YIOT Jpyrue
3JIEKTPO/bI CPABHEHUS, HAIIPUMEP, HACBHILIEHHBIH XJIOpcepeOpsHBbIN 3J1eKTPO, MOTEHIUa
KOTOPOT'0 TOYHO U3MEPEH 110 OTHOLIEHUIO K BOJLOPOJHOMY 31eKTpony U paBeH +200 MB npu
KOMHaTHOM TeMIIepaType.

Jna Ttoro, 4yToOBl IepecuuTaTh MNOTEHIMA] MeETalsla, HU3MEpPEHHBIH OTHOCHUTENILHO
XJIOpCepeOpsIHOTrO 3JIEKTPOAa, MO OTHOLIEHUIO K BOAOPOIHOMY 3JIEKTPOIY, 1OCTATOYHO K
MOTEHIIMATy MeTajljla, B3ATOMY CO CBOMM 3HAKOM, aareOpandyecku MpuOaBUTH MOTEHIIHAN
XJIopcepedpsIHOTO AIEKTpoaa, T.e. +200 MB:

¢MIH2 = (DM/m.cep + q)xﬂ.cep. (36)

rie Py y, - TOTCHIMA METAJIA 10 BOAOPOAHOMY 3JICKTPOAY, MB;

Dt 1x1.cep - TOTEHIIUAT METAJLIIA TTO XJIOPCEPEOPSHOMY IIEKTPOLY, MB;

? .1 cep - MOTEHIHAI XJIOPCEPEOPAHOro dnekTpoaa (+200 mB).

[Tepen mpoBeneHreM pabOTHI CIIEAyeT 03HAKOMHTHCS CO CJICYIOIIMMU BOIIPOCAMH:
1. VI3MepeHue MOTSHIIMAIOB METAIOB (METOBI M 3JICKTPOIBI CPABHEHU).
2.PaBHOBeCHbIC ¥ HEPABHOBECHBIC TIOTEHIMANbI, PSJI CTAHIAPTHBIX SJEKTPOIHBIX
MTOTEHI[AAJIOB.
3. U3mepeHue MOTCHIMAIOB METAJUIOB B 3aBHCHMOCTH OT COCTaBa W KOHIICHTPAIUU
AIIEKTPOJIUTA.
3.3.1IpoBeneHue paboOTHI
DJIEKTPOAHBIC MOTEHIMAIBI MEIH, JKejie3a M ATOMUHHUSA ONPEACIISIIOT B CIACIYIOIIMX
AIIEKTPOJIUTAX
menb: CuS04-1M; 0,1M; 0,01M; 0,001M,
H2S04- 0,5M,
NaOH- 0,5M,
NH4OH - 0,5M,
xkene3o. NaOH- 0,5M,
NaCl - 0,5M,
K2Cr207 - 0,5M,
amomunnii: NaCl - 0,5M,
K2Cr207 - 0,5M.
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OnekTpoapl (KpoMe alIOMUHUS) OUMINAIOT HAXKAAYHOM Oymaroi, mpoTuparoT BaTOH,
CMOYECHHOI alleTOHOM, M 3aKpelISIOT B KJIEMMAax, YCTaHOBJIEHHBIX B H30JUPYIOLIUX
IIJJACTUHKAX.

[ToreHnumansl W3MEpSAIOT C TOMOUIbIO YHUBEpCaJbHOTO HOHOMepa Tuma OB-74.
[IpenBapuTenbHO 03HAKOMMBIIKMCH ¢ pabOTON MOHOMepa (NMpriiokeHue 4), I U3MEpeHUs
MOTCHIIMAJIOB COOMPAIOT TalbBAHUYECKYIO Ienb (puc.3) W3 HMCCISAYEMOro 3JIeKTPoa,
ONYIIEHHOTO B COOTBETCTBYIOIIMH AIIEKTPOJIUT, U XJOPCEpeOPsIHOTO BIEKTPOJa,
MOMEIIEHHOT'0 B HachIlIeHHbIH pacTBop KCl, coenuHuB pacTBOPBI CH(OHOM, 3aTI0OJTHESHHBIM
HackiieHHbIM  pactBopoM KCl. Bemmumna 3.J[.C. cOCTaBIIeHHOTO TallbBAHUYECKOTO
JJIEMEHTA OJTHOBPEMEHHO SIBJIIETCS MIEKTPOAHBIM MOTEHIIMAIOM HCCIEAyEMOTr0 MeTajla o
OTHOILEHUIO K XJIOpCEPEOPSHOMY 3JIEKTPOLY.

9. A.C. coCTaBIE€HHBIX TaJlbBAHUYECKUX 3JIEMEHTOB H3MEPSIOT, IOOYEPETHO OIlyCcKas
paboune 37IeKTpOoAbl B pacTBOP U MOAKJIIOUAsl UX K HOHOMeEpY. [lopsaaok u3MepeHus onucan
B MHCTPYKIUU (CM. TPUTIOKEHUE 4).

1 - MuUMBOJIBTMETP; 2 - KOHTAaKTHas Kiemma; 3 -
M30JMpYyIOIas IJlacTuHa; 4 -  3JIEKTPOJIMTUYECKHM

MOCTHUK; 5 - xylopcepeOpsiHbIN 3J€KTpOJA CpaBHEHHUS; 6 -

pactBop KCI; 7 - creknsuublii cTakan, 8 - pabouwmii
anekTpon; 9 - paboumit amekTpom; 10 - KOaKCHUIIBHBIM

Kabenb

—§ Puc.3. Cxema ycTaHOBKM I M3MEPEHUS IEKTPOIHBIX

e MOTEHL[MAJIOB

— 10 [Tocne onpenenenus: BEIUYUHBI TOTEHLMAIA JIEKTPO] OT-
KIII0YalOT OT U3MEPUTEIBHON CXEMBI (HO HE BBIHUMAIOT U3

pacTBOpa), HOJKJIIOYAIOT CIEAYIOIUI IEKTPOJ U BELYT U3MEPEHUE TAKUM K€ 00pa3oM.

[Tpu mepenoce cudoHa U3 OMHOTO pacTBOpa B APYroil KOHEI[ €ro, Morpyxaemblii B
pacTBOp, HY’)KHO OOMBITH CTPYEHN TUCTHIIIIMPOBAHHOM BOJIBI, OJIB3YSACh ITPOMBIBAJIKOIA.

Jnsa u3ydeHus: KHHETUKU U3MEHEHHS MOTEHIIMAIOB UCCIeAYEMbIX METAJJIOB U3MEPSIOT
UX HayaJbHbIE MOTEHLIMAJbI (Cpa3y JKe MOCe MOrpy>KEeHUs: 00paslioB B AJIEKTPOJIHUT), 3aTEM,
cnycts 30 MUH OT Haydaja ONbITa U BHOBb, criycTst 60 MMH OT Hauazna onbITa. BeanunHel
M3MEPEHHBIX TOTEHLIMAJIOB C YYETOM MX 3HAKOB 3aHOCAT B Tabu. 3.1.

B 3, 4 u 5-i1 rpadgax TabmuIbl 3aMUCHIBAIOT M3MEPEHHbIE 3HAUYEHUS MOTEHIMAJIOB B
MHJUIMBOJIbTaX MO XJopcepeOpsHoMy amekTpony. B 6, 7 u 8-if rpadax - BbIUMCIEHHBIE
IOTEHIMaJIbl METAJUIOB OTHOCUTEIBHO BOAOPOAHOIO JIEKTPOA.

3.4. O6paboTKa ONBITHBIX JAHHBIX

Pesynbratel paGoThl mnpexacraBisor B Tabn. 3.1, a Takke B Buue rpaduka:
SKCIEpPUMEHTaIbHAs U TeopeTnyeckas (paccuutaHHas 1o gopmyine HepHcra) 3aBHCHMOCTD
BEJIMYMHBI MOTEHIMAIla MEIHOI0 3JIEKTpoJia B pacTBopax cyibdaTa Menu oT Jorapudma
AKTUBHOCTH MOHOB METaJljla B 2JIEKTPOJIUTE.

3.5. Bopocs! i caMOKOHTPOJISI

1. Kakue cucreMsl B 2JIEKTPOXUMHUHU Ha3bIBalOT PABHOBECHBIMU ?

2. B kakux yclIOBUSX BOSHUKAIOT HEPAaBHOBECHbBIE (HEOOPATUMbIE) MOTEHIHANbI?

3. Kak onpenenuts 3HayeHHE CTAHAAPTHOLO OKHCIUTEIBbHO-BOCCTAHOBU-TEJILHOIO

an
HOTEHIHANa CHCTEMBI 110 TPadHKy 3aBUCHMOCTH (@, /geq = 1 (IN—2)?
Red

4. TTouemy >7eKTPOAHBIN TOTEHITHANT Kene3a B pactBope NaOH co BpemeHeM cTaHOBUTCS
6oJiee MOMOKUTEIbHBIM, a TOTEHIIMAJ MEIU B PACTBOPE MPAKTHUECKH HE MEHSETCS BO
BpeMeHHU (CM. 3KCIepUMeEeHTaIbHbIE PE3yIbTaThl)?

5. HanummTe 371eKTpOXUMHUUYECKUE PEAKLIMU, ITPOTEKAIOLINE Ha XKEIE3HOM IIEKTPOJIE B
pactBope Nad. Kakoii mpy 3TOM ycTaHaBJIMBAETCs MOTEHIIUA - PABHOBECHBIN (00 PAaTUMBIIT)
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WM HEPAaBHOBECHBIN (HEOOpaTUMBIiA)?

bubmuorpaduyecknii cnucok

1. Kyx H.II. Kypc Teopun koppo3uu 1 3anuTsl MeTaiioB. -M.:Meramnyprus, 1980. C. 149-
188, 341-369.

2. TTaxomoB B.C. Koppo3ussi u 3ammra XMMHYECKOW ammapatypbl. DJICKTPOXUMHUYECCKAs
KOppOo3usi METAJIOB: YueOHoe nocodue. -M.: MUXM, 1983.- 80 c.

JlabopaTopHas padora 4
KOHTAKTHAS KOPPO3US 1 KATOAHAS 3AILIMTA METAJIJIOB
4.1. Ileas paboThI

W3ydyenne sBieHHs KOHTAKTHOW KOPPO3WM METAJIOB, O3HAKOMJIEHHE C METOJ0M
KaTOAHOM AJIEKTPOXUMHUYECKON 3alIMThl C TMOMOIIBIO TMPOTEKTOpa U MOJSAPH3ALUU OT
BHEIIHETO NCTOYHHKA TOKA.

4.2. Teopus Bompoca

4.2.1. KoHTakTHasI KOPPO3HUSL.

KoHTakTHOW _KOppO3Wel Ha3bIBAIOT JJICKTPOXMMHYECKYI0 KOPPO3HUIO METaJJIOB,
HMMEIOIIMX pa3HbIe IEKTPOIHbIE (KOPPO3UMOHHBIE) MOTEHIINAIBI U HAXOASIINXCS B PACTBOPE
ANEKTPOJIUTA B KOHTAKTE JPYT C IPYTOM.

Mertami, mOrpyXeHHBI B pacTBOP dJEKTPOJIMTA, B KOTOPOM OH TEPMOIWHAMHYECKU
HEyCTOWYUB (T.€., €CIIM B pPAaCTBOPE HMEETCS OKHUCIUTEIb, PABHOBECHBIM ITOTEHIIHAAI
KOTOpOro 0o0Jjiee TOJIOKUTEIbHBIM, YeM pPAaBHOBECHBIM MOTEHIIMAT MeETaula B JaHHBIX
YCJIOBUSIX), TOABEPraeTcs 3JICKTPOXUMHYECKOW KOppo3uu. IIpm 3TOM Ha MOBEPXHOCTU
MeTajula TPOTEKAIOT aHOJHAsl PEaKIUs pPACTBOPEHHsI MeTajula W KaTOIHAsl PeaKIus
BOCCTaHOBJICHHSI OKucauTens. Koppenupyromas MOBEpXHOCTh MPUOOPETACT HEKOTOPBIHA
KOMITPOMHMCCHBIN AJIEKTPOAHBIA TOTEHIIHAN (TTOTEHITHAT KOPPO3HUH), TIPU KOTOPOM CKOPOCTh
pacTBOpeHHs] MeTayia (aHOAHBIM TOK) paBHa CKOPOCTH BOCCTAHOBJIEHMSI OKHUCIUTENS
(KaTOAHBIN TOK).

[Ipn 3aMbIKaHUM B PACTBOPE DIEKTPOJIUTA JBYX METAJJIOB, UMEIOUIMX B JaHHBIX
YCIIOBUSIX Pa3HbIE MOTEHIIMAIBI KOPPO3UH, 00pa3yeTcs rajibBaHMYECKas mapa.

J171s1 mpaBHIIBHOT'O ITOHUMAHUS TIPOIIECCOB, MTPOTEKAIONIUX B TAKOH IMape, 1eJIeco00pa3Ho
MPOBECTH aHAJM3 €€ padOThl C TOMOIIBIO MOJAPU3ANMOHHON AuarpaMmsbl (puc.4). Ilycts

MetaJuiel "1" u "2", uMeronMe B JaHHBIX YCIOBHUSX PABHOBECHbBIE MOTEH I[MAJIbI (0151 5 (DAZZ ,

MOTPY’KEHBl B PAacTBOpP, B KOTOPOM TPUCYTCTBYET OKHUCIUTEIh C PaBHOBECHBIM
P

noTeHIHaIoM @, . ECii 3IeKTPUYeCKOro KOHTaKTa MEXKIy METa/llaMUd HeT, TO Touku (1 u

2) mepeceyeHuss aHOAHBIX (JIMHUM a1 U a2) U KaTOAHBIX (UHUU K1 ¥ K?2) MOJIIpU3aIMOHHBIX
KPUBBIX JJISl KaXJO0r0 M3 METaJJIOB OTBEUYAIOT YCJIOBHMIO CTAllMOHAPHOCTH KOPPO3HMOHHOI'O
noternuana (la = lk) ¥ moTOMy OmpenenstoT BEIMYMHBI UCXOAHBIX CKOPOCTEH KOPpO3UU
(Ixop1, lxop2) ¥ IOTEHIIUAIIOB KOPPO3UH (Propl, Prop2) METAILIOB.

Ecimu meramner "1" 1 "2" KOpOTKO 3aMKHYTH , T.€. IPUBECTH B KOHTAKT (JICKTPUUCCKH
COCIMHHTH), TO B Ciy4ae, KOTJa OMHUYECKOE COMPOTHBIICHHWE pacTBOpa MPEHEOPEKUMO
Majio, KOHTaKTHPYIOIIME MeTaulbl JODKHBI TMPUOOPECTH HEKOTOPHIA  OJMHAKOBBIN
KOMIIPOMHMCCHBIM MOTEHLHal ¢s. BenuuunHa 3TOro moTeHIMajda MOXKET ObITh HaljaeHa
rpaduYecKk W3 YCIOBUS CTal[MOHAPHOCTH SIEKTPOAHOrO MOTEHIMaNa - CymMMa BCEX

AHOAHBIX TOKOB JIOJI’)KHA 6BITB paBHa CYMMG BCEX KaTOAHBIX TOKOB
I, =21, 4.1)

39



s sToro HE0O6XOIMMO MPOBECTH rpaduuecKkoe CYMMUPOBAHUE MAPIUATIHHBIX AHOAHBIX
(muHMM a1 W a2) W KatomHbIX (MuHEM Kim K?) MONSApH3AlMOHHBIX KPHUBBIX. ToOukKa
nepeceueHus (X) CyMMapHOW aHOJHOHM MOJISIPU3AIMOHHON KPUBOW (ax) M CyMMapHOM
KaTOMHOW TOJISApU3aLMOHHON KpHuBO#l (Kx) orBewaer paBeHCTBY (4.1), a ee abciucca
SIBJISIETCS] HCKOMBIM KOMITPOMU CCHBIM ITOTEHIIUATIOM (s.

YCTaHOBUBIINNCSA B KOPOTKO3aMKHYTOM JBYXJJIEKTPOJHOW CHUCTEME KOMIIPOMUCCHBIN
MOTEHIUAN (Px UMEET 3HaYeHHe, TPOMEKYTOUHOE MEX /1y IepBOHAYAILHBIMY MOTEHIIMATIaMU
KOPPO3UU METAIIOB (ropl <Puop2. TaKUM 00pa3oM, B pe3ysbTaTe KOHTAKTA MPOUCXOAMUT
CMeIlleHNe TOTEHI[MaTa KOppo3uu Oosee dIeKTpooTpUuliaTeabHoro meramia "1" (aHogHOro
MeTaJljla) B MOJIOKUTEIBHYIO CTOPOHY - aHOJHAs IOJISIpU3allus, U CMEIIEHHE MOTeHIHaaa
KOppo3uHM 0ojiee dIIEKTPOMONOKHUTEIBHOrO MeTaiwia '"2" (KaTogHOro MeTainia) B
OTPHIIATEIBHYIO CTOPOHY - KaTOAHAs MOJIipH3anusi. DTO IPUBOJUT K COOTBETCTBYIOIIEMY
M3MEHEHHUIO CKOPOCTe aHOMHBIX M KaTOIHBIX DJIEKTPOIAHBIX IPOLIECCOB HAa KOHTAKTH-
pyrolux MeTtaax. JledcTBUTENbHO, IpY HOBOM 00IIeM NoTeHIuane @z Meramt "1" Oyzaer
PacTBOPATHECH (KOPPEIMPOBATE) CO CKOPOCTBIO a1, GOMIBIIEH, YeM CKOPOCTH €0 KOPPO3UH
J10 KOHTAKTa lxopi- MeTasun "2", Hao60pOT, MPH KOHTAKTE PACTBOPSETCS CO CKOPOCTHIO | a2
MEHbIIIEH, YeM CKOpPOCTb €ro KOPpPO3WU A0 KOHTaKTa lkop2. Takum obpazom, pacTBopeHHE
aQHOJHOT'O METaJlJIa YBEJIMYHBAETCA, @ KATOJHOTO - YMEHbIIIAETCS.

Ecim o6mumii moteHuuan Makpomnapbl (zOyAeT MeEHbIIE PaBHOBECHOIO MOTEHIMaa

KaTOJHOI0 MeTajia (0/{]42, TO pacTBOpeHHE (KOppo3us) ATOro meramia 2" mpeKkpaTHTCS

BOBCE.

[Ipu  ycraHoBuBIIEMCS TOTEHI[MAJE MaKpOmapbl  (zHAa HW3HAYaJIbHO OoJee
3IEKTPOOTPHIATENFHOM MeTamne "1" cKOpocTh aHOmHOro mpomecca a1 CyHIECTBEHHO
OOJIBIIE CKOPOCTH KATOXHOIO Ipouecca lx1 , a Ha M3HAYaIbHO OOJIEE DIEKTPOMOIONKH -
TeALHOM MeTauie "2" CKOpOCTh KaTOAHOro Impoimecca I'k2 3HaYMTENbHO OONbIIe CKOPOCTH
anoaHOro mporecca Iz,

PasHuiia B CKOpOCTSIX KaTOJHOTO M aHOIHOTO IMPOIECCOB Ui Ka)XJO0ro MeTaja
SIBJIICTCS BHCIIHUM TOKOM, KOTOPBIH JaHHBIA METaul HampaBJisseT Japyromy (wim
MPUHUMAET OT HET0), U MIPEACTABIISIET COOOM, IO CYHIECTBY, MOTOK AJIEKTPOHOB OT aHOTHOTO
MeTajia K KaTOTHOMY
1 =l =1 1 =1 = 1y (4.2)

Jis MBYXAIEKTPOJHOW CHCTEMBl BHEIIHHWE TOKH KaXKIOr0 M3 METANJIOB PaBHBI I10
a0COJIIOTHON BETMYHMHE W TIPOTHBOIOJIOKHEI TT0 HANIPaBIIEHUIO. B TaHHOM ciydae BHENIHUN
Tok Metayma "l Oymer aHomHBIM, a MeTama "2" - karogHeIM. Takum oOpa3oM, B
rajbBaHUYECKON Makporape Meraiut "1" paboTaer aHoa0M, a MeTasut "2" - kaTomoM. 3a cuer
BHEIIIHEr0 TOKAa M OCYIIECTBIISIETCS COOTBETCTBYIOMIAS MOJIIPU3ALUS IIEKTPOIOB.

B cmywae 3amMeTHOrO  OMHYECKOrO  CONPOTHBJIIEHUS  arpeCCHUBHOM  Cpelbl
paccmaTpuBaemMasi  JIBYXDJIEKTPOAHAS  CHCTEMa  YX€ He  SBISETCA  MOJIHOCTBIO
3amosIpU30BAaHHON - OOIIWMM TOTEHIIMAN HE YCTaHAaBIWBAeTCsS. MeTajjasl MakpoIapsl
IPUOOPETAIOT HOBBIE HHIMBUIYAIBHBIE JIEKTPOIHBIE MOTEHIMANBI () opl U @ xop2.11pH 3TOM
Propl <P xopl <P xop2<Prop2. PA3HOCTH MOTEHIHUANOB AQ = @ xop2 = @ xopl TPOHOPLIHOHATBHA
OMHYECKOMY COITPOTUBIICHUIO PACTBOPA M BEIMUYUHE BHEIIHET O TOKA MaKpOTMaphI.

Takum 00pazoMm, KOppO3uUsi MeTajla B paCTBOPE DIEKTPOIUTA MOXKET ObITh 3aME/JIeHa C
MOMOIIBI0 KOHTaKTa C 0ojiee IEKTPOOTPULIATEIbHBIM METaUIOM (aHOAHBIM KOHTAKT) WIIH
yCKOpEHa BCJECTBHE KOHTAKTa C OOJiee DJIEKTPOMOJIOKUTEIbHBIM METalioM (KaTOMHBII
KOHTakT). CKa3aHHOE CIpaBEIIMBO MJIsi CIy4yaeB KOPPO3UHM METANIOB B aKTUBHOM
cocrosinud. Ecim BO3MO)KHA mMaccuBaIysi OCHOBHOT'O METaJljla, TO KATOJAHBIA KOHTAKT MOXKET
CMOCOOCTBOBATh HACTYIJICHUIO MTACCHBHOT'O COCTOSTHUSI OCHOBHOTO METasllIa U YMEHBIIICHUIO
ero ckopoctu koppo3uu. C Ipyroil CTOpOHBI, AJis MACCUBHOTO METajula aHOAHBIM KOHTaKT
OlaceH, TaK KaK MOXKET MPHUBECTH K MEPEeXOAy U3 MAaCCUBHOTO COCTOSIHHS B aKTUBHOE U
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YBEJIMYEHUIO CKOPOCTU KOPPO3HH.

KoHTakTHass KOppo3us ABJISETCS NPUYMHONW YCKOPEHHOI'O pPa3pyllICHUs KOHCTPYKIIUH,
CMOHTHUPOBAHHBIX U3 Pa3HOPOIAHBIX METAJLIOB.

O} PeKTUBHOCTD YCKOPSIOLIEr O 1eHCTBUS KATOAHOIO KOHTAKTa Ha KOPPO3HIO OCHOBHOTO
MeTajla B YCIOBHUSX AaKTUBHOIO PACTBOPEHUS 3aBUCUT OT BEIMYMHBI PaBHOBECHOTO
AJMEKTPOJHOrO MOTEHLMANa KaTOJHOI'0 METa/la B JIaHHBIX YCIOBUAX U 3aTPYAHEHHOCTH
(mepeHanpskeHus1) aHOJAHOTO M KaTOJHOI'O MPOILIECCOB HAa KaTOJHOM MeETalUle, a TakKe OT
COOTHOIIICHHS TOBEPXHOCTEH KAaTOJHOrO M OCHOBHOrO (aHOAHOro) mertaioB (Sz @ Si).
KoHTakTHass Koppo3uss TeM UWHTEHCHBHEH, udeM Oojee TMOJOKUTEIeH pPaBHOBECHBIN
MOTEHIaJ KaTOJHOT O MeTaJljla, YeM BBIIIE TIEPEHANPSIKEHUE €ro aHOITHOTO PACTBOPEHUS U
4eM MEHbIIIE NEePEHANPSKEHNE BOCCTAHOBIIEHUS OKUCIMTENS HAa €r0 MOBEPXHOCTH, a TaKXKe
4yeM 00JIbIIIE OTHOLIEHHUE TOBEPXHOCTEN KaTOIHOIO U OCHOBHOI'O METAJIIOB.

4.2.2. KatogHas dJIeKTpOXUMHUYecKasl 3aIUTa

Ha u3MeHeHuMU CKOPOCTH pacTBOpEHHS MeTaljia MpU €ro KaTOAHOM NoJspu3aluu
(cMmelieHMe MOTEHUMala B OTPULIATENIBHYIO CTOPOHY) OCHOBAaHA 3JIEKTPOXUMMUECKAs
KaTO/IHAsl 3alUTa METAJUIOB OT KOppo3uH. OCyHIECTBUTh KaTOAHYIO 3aLIUTY MOXXHO JBYMS
Croco0aMu.

OauH M3 HUX 3aKJII0YaeTCsl B INPUCOEIMHEHHM K 3alUIIaeMOMY METAJUIMYECKOMY
U3JIENINI0 KaKoro-imbo Jpyroro MeTajia, HMEIOIIEro B JIaHHOM arpeccuBHOM cpene
noreHIan 0ojee OTPUIATENBHBIM, YeM MOTEHIMal 3aluiaemMoro merasia. [Ipucoenu-
HSEMBIH MeTasl paboTaeT aHOIOM B raJbBaHMYECKOM Mape C 3allUINaeMbIM METAIJIOM U
YCKOPEHHO pPacTBOpPSIETCS. ODTOT CMOCOO Ha3bIBaeTCs "MPOTEKTOPHOM 3amuToit”, a
MIPUCOEIUHSIEMbII AJIEKTPOA - HPOTEKTOpoM. MaTepuanaoM [Jjsi NPOTEKTOPOB B Cilydae
3alUThl KOHCTPYKIMI W3 HEJIErHpOBAHHON CTajaM 4acTO CIIY)KUT LIMHK WM CILUIaBbl Ha
OCHOBE AJIIOMUHUS U MarHus. B mporuecce 3auThl NPOTEKTOPBI TOCTETIEHHO PACTBOPSIOTCS,
MIO3TOMY M X [EPUOAUYECKH 3aMEHSAIOT HOBBIMH.

Bropoli crmocod 2JIEKTPOXMMHUYECKONH KAaTOJHOM 3allUThl COCTOMT B KATOJIHOM
MOJIAPU3AIMY  3AIMIIAEMOr0 M3JeNUs OT TOCTOPOHHEro (BHEIIHEro) HWCTOYHUKA
MTOCTOSTHHOT'O TOKa (BBIMPSIMUTENS, aKKYMYJIITOPHOM OaTapeu u T.I1.), TAK Ha3bIBaeMas, "Ka-
TOJHAs 3alliTa BHEIIHUM TOKOM" mim "»anektpo3amura'. [Ipyn 3TOM 3anmiaeMsblid MeTasl
MOJICOCTMHAIOT K OTPHUIIATEIbHOMY IIOJIIOCY BHEIIHEro MCTOYHHKA, a K MOJOXKHUTEIbHOMY
MOJIIOCY MPUCOEIUHSIOT MOTPY>KEHHBIH B arpeCCUBHYIO CpPEly BCIIOMOTaTENbHBINA AJIEKTPO]
U3 DJIEKTPONpPOBOASAILErO0 MaTepuaga. B KkauecTBe MaTepHalloB BCIIOMOIAaTEIbHBIX
JIEKTPOJIOB IIPUMEHSIOT TAKHE, KOTOPBIE UIIM COBCEM HE PaCTBOPSIOTCSA IPU aHOJHOMU MO -
pHU3alUU B JaHHBIX YCIOBUAX (IpaduT), UM PACTBOPSAIOTCS C OYEHb MajbIMU CKOPOCTSIMHU
u3-3a 00pa3oBaHMs 3allUTHBIX cioeB (Ph). Ha BcrmomorarenbHBIX HEpacTBOPHMBIX
JNEKTPOJaX B BOJHBIX pacTBOpax IPOTEKAaeT aHOJHAs pEeaKLUMs BbIIEICHHUS W3 BObI
razo00pa3HOro Kuciaopoza.

O} PeKTUBHOCT KATOJHOW 3JIEKTPOXUMHUYECKON 3allUThl MPUHATO XapaKTEpU30BaTh
JBYMSI TTIOKA3aTEJISIMU: 3aIIUTHBIM 3¢ hekToM

z="4".100 (4.3)

1 KOO PUIIMEHTOM 3aI[UTHOIO JEHCTBUS

K =29 ~A0, (4.4)

IS
rje Z - 3amuTHbIA 3PdekT, %;
Ko - MaccoBbIi MoKa3aTeNb KOPPO3UHU MeTa/LIa 63 3aImmThl, I/(M?-4);
K1 - MaccoBwlii TOKa3aTreilhb KOPPO3WM MeTajla NMPU MPUMEHCHUU KaTOIHOW 3aIlUThI,
r/Im"a);
K; - KO3(h(UIUEHT 3aIUTHOrO AeHCTBUS, I/A;
AQo - MaccoBbIe TOTEPH MeTajlIa 6e3 KaTOAHOMN 3aIluThl, I/M?;

Ag1 - MaccoBbIE TOTEPH METAJIIA IIPY KaTOAHOM 3amuTe, I/M2;
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is - IIIOTHOCTH 3aIUTHOTO KATOAHOIO TOKa, A/M2.

KaronHoil 371eKTpOXMMHMUYECKON 3alMTON MOXHO JOOUTHCS IMOJIHOIO IpPEeKpalleHHs
KOpPpO3MHM MeTaJla. DTO MPOUCXOAUT, €CJIM IPU NMPHUCOCIUHEHUN NPOTEKTOpa K METaJLTy
WO TP TPONYCKAaHMM 4Yepe3 HEro IIOCTOSHHOIO TOKA OT BHENIHEr0 MCTOYHUKA
AIIEKTPOJHBIA MOTEHIIMA MEeTalsla JTOCTHTHET 3HA4EHHUs ero oO0paTUMOro (paBHOBECHOTO)
MoTeHIuana (AJis1 CIulaBa - PaBHOBECHOI'O MOTEHIMANa HauOoJee 3IEKTPOOTPULIATENbHOM
AHOIHOM COCTaBJISAIONICH criiaBa). JIJis cTajiu TaKMM MOTEHIIMAJIOM SIBJISIETCS PaBHOBECHBIM
MTOTEHIIMAJ XKeJIe3a B JaHHBIX YCIOBHIX.

DIIEKTPOXUMHUUECKYIO 3aIIUTY IPUMEHSIOT B CiIy4ae KOPPO3UH METAJIOB, HaXOAA LU XCS
B XOpOIIO MPOBOASALIMX Cpelax - pacTBOpPax »JJIEKTPOJINUTOB, IOCKOJIBKY, YEM BBIIIE
AIIEKTPONPOBOAHOCTh CPEABl, TeM OOJbIIe CMeNmaeTcs IMOTeHIHaJl MeTajyla B OT-
pHULIATEIbHYIO CTOPOHY IIPU €0 KaTOAHOM MOJSPU3ALIHH.

B cimyyae mpOTEKTOpHOM 3alMTBI paanyC ACHUCTBUSA MPOTEKTOpA, T.€. MPOTKEHHOCTb
METaJUIMYECKOW KOHCTPYKIIMH, Ha KOTOPYK paclpOCTPaHSETCs 3allUTHOE JeiCTBUE
IPUCOEIMHEHHOT'0 MPOTEKTOpa, MPU MPOYHX PABHBIX YCIOBHUSX T€M OOIbIIe, YeM BBIIIE
3NEKTPOIPOBOHOCTh cpeAbl. Hampumep, B MOpPCKOH BOJ€ OH JOCTUIaeT HECKOJIbKHUX
METPOB, a B BOJAOIPOBOAHON OrpaHMYEH HECKOJIBKUMU CAHTUMETPAMHU.

[Tpu xaTomHOM 3alMTE BHEUIHMM TOKOM BBIOOp ONTHMMAaJbHOW IJIOTHOCTH KaTOZHOIO
TOKa TMPOU3BOAAT C YYETOM BBICOKOI'O 3aIUTHOrO 3(@exTa Impu JOCTATOUHO BBICOKOM
KO3 QHUIMEHTE 3alIUTHOTO ACUCTBUS, T.€. 3HAYUTEIHFHOTO YMEHBILICHHS KOPPO3UOHHBIX
NOTEph Ha KXY €AMHUIY IJIOTHOCTH 3aILMTHOI'O KATOJAHOIO TOKA.

Ecnu npu snekTpo3amure IUIOTHOCTh 3alMTHOIO TOKAa MOXHO peryjiupoBaTth B
HIMPOKHUX INpeaenax, TO MPU 3alUTe ¢ MOMOIIBIO IIPOTEKTOpA CTENEHb €€ 3aBUCUT OT €ro
INEKTPOXUMHUYECKUX XAPAKTEPUCTHK: HAYaJIBbHOI'O 3JIEKTPOJHOIO ITOTEHIMaaa, aHOAHOU
MOJISIPU3YEMOCTH (CTENEHH HM3MEHEHMsI MOTEHLManda MpU MPOTEKAaHUU BHEUIHErO TOKa),
BEJIMYMHBI TOBEPXHOCTH.

Karomnast snexkTpoxumuueckast 3ammTa - 3GGEeKTUBHBI U SKOHOMHUYECKU BBITOJHBIN
METOJl 3alIUThl OT KOPPO3MH METAUIMYECKHMX KOHCTPYKIMI B MOPCKOH BOJE, MOYBE U
JIPYTUX HEUTpalbHBIX arpPECCUBHBIX cpefax. B KMCIBIX cpenax MeTajulbl XapaKTepU3yrTCs
MaJjoil KaTOAHOW MOJIIPU3YEMOCTBIO (MaJIbIM CMEILIEHHEM IOTEHIMala B OTPHUIATEIbHYIO
CTOPOHY MpH MNPOTEKaHHUH KAaTOJHOIO TOKa). B TakuxX ycCHOBHSX 3HaYMUTENbHAs 4YacTb
3alIMTHOIO KAaTOJHOTO TOKA TPAaTUTCS HENPOU3BOJUTEIBHO HA KAaTOJHOE BOCCTAHOBJIIEHHE
MOHOB Boopoza. B pesynprare kodddumment 3anmrHoro neiictBus Hepenuk. [Ipumenenne
KaTOJIHOH 3aIlMThl B TAKUX CPeJax OrpaHUYEHO.

Karonnas 3ammra HaxoAWUT IMIMPOKOE NPUMEHEHUE B NMPOMBIIUIEHHOCTH JUJIsl 3aILUTHI
MOJ3€MHBIX TpPYyOOIPOBOAOB, KOMMYHHUKAallUid U pe3epByapoB, MOPCKUX CYIOB H
METAJIOKOHCTPYKIUH, 3KCIIIYyaTUPYIOIIMXCSI B MOPCKOU BOJIE, a TAK)KE TEXHOJIOTHMYECKOT O
000py10BaHUS - KOHAEHCATOPOB, TEIJIONPOBOAHUKOB.

4.3. TIpoBenieHue paboThl

PaGoTa cocrouT u3 Tpex vacrei:

1. Onpenenenue ckopoctu kKopposuu ctanu Ct3 B 5%-nom pactBope H2S04 npu oTcyTerBun
KOHTaKTa W TIpU KOHTAKTE €€ C IPYrMMH MeTajulaMu (LMHK, MEAb), a TaKXKe AJIEKTPO-
XUMHUYECKUX XapaKTEPUCTUK TajbBaHUYECKUX MAKPOINap - 3JIEKTPOAHBIX IOTEHLHAJIOB
METaJIJIOB B KOHTAKTe U 0€3 KOHTaKTa, CUJIbl TOKa padOoTaIoLIMX Hap.

2. U3yuenne xoppos3uu ctanu Ct3 U onpeneneHue ee dIeKTPOIHOro noTeHnuana B 5%-Hom
pacTBOPE CEPHOM KUCIOTHI IPU KATOJHOM 3aIIUTE BHEIIHUM TOKOM.

3. Omnpenenenue paauyca JEUCTBUS IIMHKOBOrO MPOTEKTOpa mpu kKoppo3uu ctamu Ct3 B
cpenax ¢ pa3HOM 3JIEKTPONPOBOJHOCTHIO (JUCTHILIMpOBaHHAs Boja, 1%-HbI pacTBOp
XJIOPUCTOI'O HATPUs).

Bropas yacth paboThl MPOBOIUTCS OJAHOBPEMEHHO C MEPBOM, a TPEThsl - MOCJE TOro, Kak
OyAyT MOCTaBJIEHbl Ha HCIBITaHUA OOpaslbl B MEpBOW M BTOPOM dYacTaX paboOTHl - B
IepephIBax MEXIY 3aMEepaMHU 3JIEKTPOIHBIX TOTEHIIUAJIOB.
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4.3.1. Koppo3usi MeTaJUI0B B KOHTAKTE
a) OOBEKTHI UCCIIEIOBAHNS U alllapaTypa:

1. O6pa3upl cramu C13 (3 wt.); meau (1 mr.); nuska (1 mwr.).

2. 5%-nprii pactBop H2S04.

3. Crakansl (500 cm®) 1 KpBILIKH ¢ KIIeMMaMU I KperuieHus: 00pasios (3 mr.).
4. BeicokooMHBIN MIJLTMBOJBTMETP OB - 74 (1 miT.).

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

6. CoequHUTEIBHBIC TPOBO/IA ¢ KOHTAKTHBIMU 30KUMaMU (21I1T. ).

7. tanrenuupkys (1 mr.).

8. Haxxmaunast 6ymara, Bata, GuiIbTpoBasibHas Oymara, alile TOH.

0) Meroauka npoBeaeHNs FIKCIIEPUMEHTOB

OrnpenenstioT pa3Mepbl CTAJbHBIX O0pa3lloB U PACCUYMTHIBAIOT MOJHYIO IUIOMIAb HMX
MIOBEPXHOCTH 0€3 HOXKHM. 3auyuInaroT o00pas3lbl HaXJadyHOW Oymaroi; 00€3KUpHUBAIOT,
MpOTHpasi BATHBIM TaMIIOHOM, CMOYCHHBIM alleTOHOM; BBICYIIMBAIOT 5 MUH Ha BO3IyXe U
B3BELIMBAIOT HA aHAIMTUYECKUX Becax ¢ ToYHOCThIO 70 0.0002 r. [IpaBuna B3BelIMBaHMS HA
aQHAJIMTUYECKUX BecaX MPUBEIEHBI B MPUI0KeHUHU 1. MeaHbIil U IIMHKOBBIN 00pa3Ibl 3a4u-
LIAI0T, IPOTUPAIOT BATOM, CMOYEHHOM alleTOHOM, HO HE B3BEILINBAIOT.

[ToaroToByieHHble 00pa3lbl 3aKPEIUIIOT C MOMOIIBI0 KIEMM B KPBIIIKaX CTaKaHOB: B
NIEpBbIIl CTaKaH IOMEUIAIOT TOJbKO CTaJbHOM 00pasel, BO BTOPOH - CTaJbHON U IIMHKOBBIH,
B TPETUH - CTAJIbHOW U MEJTHBINU.

Bo Bce crakanbl HaIMBaKOT 5%-HbIH PACTBOP CEPHON KUCIOTHI HA OJIUHAKOBOM YPOBHE U
NOMENIaloT 00pa3lbl B CTAKaHbl TaK, YTOOBI ypOBEHb pPACTBOpA MPOXOAMI MO HOXKKE
o6pa3uoB. Bo BTOpoM M TpeTbeM cTakaHax 3aMbIKAIOT KJIEMMbI ¢ 0oOpa3laMu MPOBOJaMH,
co3naBast Mmakponapsl Fe - Zn u Fe - Cu, u ¢pukcupyroT BpeMsi Hayajia UCIBbITaHUs, KOTOpbIE
IIPOBOJAT B TEUEHHUE Yaca, U3MEPSA AIEKTPOJHbIE TOTEHIMANIBI BCeX MeTayloB yepe3 10, 25
u 45 MuH mocie Haudana omnbiTa. [[Is 5TOro mooYepeaHoO MOJKIIYAIOT 00pasibl K
MUJUIMBOJILTMETPY, MOMEasi KOHYMK AJIEKTPOJMTUUYECKOr0 KIIoYa OT XJIOpcepeOpsHOro
3JIEKTPOJa CPAaBHEHUsI B COOTBETCTBYIOIIMU cTakaH ¢ oOpaszuom. [lopsiok usmepenus mo-
TEHI[UAJIOB OIKUCAaH B MHCTPYKIUU O pabOTe ¢ MIJIJTMBOJBETMETPOM (CM. IPHIIOKEHHE 4).

[lepen oxoHUaHHWEM ONBITA OTCOEAUHSIOT 3aKOPAYMBAIOLIMM MPOBOIHUK, 3aMBIKAIOT
napel Fe - Zn u Fe - Cu Ha MminmmamMnepMerp U U3MEpSIOT CHIIy TOKa COOTBETCTBYIOIICH
nmapel. 3aTeM ONPENeNsiOT 3JIGKTPOAHBbIE IMOTEHLIHANBl BCEX METalIOB B OTCYTCTBHUE
KOHTaKTa U OIEHHWBAIOT MHTEHCHUBHOCTh T'a30BBIICIICHUSI HA BCEX DJIEKTPOIaX MPU KOHTAKTE
C IpYTUMH MeTajmiaMu 1 6e3 Hero. OlieHrBas ra30BbIIEICHHE MOYKHO MPUMEHSTh YCIOBHBIE
nokasarenu: "orcyrctByer", "oueHp crmaboe", "cmaboe", "cpemnee", "cuipHoe", "O4YeHB
cuiIbHOE".

[Tocne oxoHuyaHus ombITa (MO UCTEUEHHH Yaca) BCe CTajbHble 00pa3lbl BBIHUMAIOT U3
pacTBOpa, YyIaJsAIOT MPOMYKTHl KOPPO3UM HAMBUICHHBIM E€PIIMKOM, MPOMBIBAIOT BOJIOM,
MPOTUPAIOT (PHIILTPOBATBHONW Oymaroi, BBICYIIMBAIOT 5 MUHYT Ha BO3[yXE U B3BEIIMBAIOT
Ha aHAJIMTHYECKUX BECaXx.

MenHblii ¥ UUHKOBBIM 00pa3lbl BBIHUMAIOT W3 pacTBOpa, MPOMBIBAIOT BOAOH H
BBICYIIMBAIOT (UIBTPOBaNbHOM Oymaroii. Bce pacTBOpel, Kpome TOro, B KOTOpPOM
HAXOAMUJIACh MeJb, CIIMBAIOT Yepe3 BOPOHKY 0OpaTHO B OyThlIb. CTaKaHBI OMOJIACKHBAIOT
BOJIOH.

Pe3ynbTatel HaOmoieHUN U U3MepeHuit 3aHocAT B Ta0a. 4.1. u 4.2.
4.3.2. 3anyTa BHEIIHUM KaTOAHbBIM TOKOM

a) OOBEKTHI UCCIIEIOBAaHUS U alllapaTypa

1. O6pasusl cramu C13 (1 mT.) u cBunna (1 mr.).

2. 5%-nprit pactBop HASO.f.

3. Crakan (500 cM®) ¥ KphIlIKa ¢ KIEMMaMH IS KperuleHus o6pasios (1 m.).
4. MunnuBosnbT™MeTp Tua OB - 74 (1 mt.).

5. Munnuamnepmetp Ha [A (1 mrt.).
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6. cTOYHHMK MOCTOSIHHOTO TOKa (BBIIpSAMUTENb) (1 mIT.).

7. ABuwxkoBbIi peoctat (1 mT.).

8. Kimtou-pyOuIbHUK, COEIMHUTENbHBIE IPOBO/JIA.

9. lllTaHreHUUpKYIb.

10. Haxxnaunas Oymara, BaTa, (puJIbTpoBasibHasi Oymara, aleToH.

0) Meroarka NpoBeIeHHS YKCIIEPUMEHTOB

[ToaroraBnuBarOT CTajdbHOM oOpasel Tak ke, Kak ykazaHo B 1. 4.3.1. 3HayeHue
M3MEPEHHONM Macchl oOpasma 3aHociaT B Tabm. 4,1. OOGpabGoTka CBUHIIOBOTO 0Opasiia
aHaJoruyHa oOpaboTKe METHOTO M IMHKOBOTO. [10/IrOTOBIIEHHBIE CTATbHOW W CBUHIIOBBIN
00pa3ibl 3aKpEIUIAIOT B KPBIIIKE CTaKaHa M MOJCOENUHSAIOT Yepe3 IBHKKOBBIM peocTaT U
aMIepMeTp K MCTOYHMKY TOKa. 3alllMIIaeMblii oOpa3el] MOJAKIYAlOT K OTPULIATEIbHOMY
nomocy (puc.4). PaccuumThIBalOT CHIly TOKa, KOTOPYIO HEOOXOAMMO YCTAaHOBUTH IS
JOCTHIKEHHMS TIIOTHOCTH 3aIMTHOrO TOKa i5 = 24 MA/cM?,

HamuBaroT B ctakaH 5%-HBIl pacTBOp CEPHON KUCIOTHI 10 YPOBHS, MPOXOIAIIETO IO
HOXKaM 00pasioB. [TomemaioT obpa3ubl B pacTBOpP, 3aMBIKAIOT KIIOUYOM AJIEKTPHUECKYIO
eMb, JABM)KKOBBIM PEOCTATOM YCTAHABIMBAIOT HEOOXOAMMYIO CHIIY TOKa U (UKCHPYIOT
BpeMs Hadasa ucnblTaHui. [IpoBoasT ucnbiTaHus B T€UEHUE yaca, U3MEPSAsS MOTEHLUAJbI
o0oux 3nekTpoioB yepe3 10, 25 u 45 MuH nocie Hayaja OnbITa.

ITo ucreueHnn yaca UCTOYHUK TOKA OTKJIIOYAIOT, U3MEPAIOT MOTEHIHAJIbI METAJIOB IIPU
OTKJIFOYEHHOM HCTOYHHMKE U OLIEHMBAIOT MHTEHCHUBHOCTb T'a30BBIACIECHUSI HA BIIEKTPOAaxX
IPU 3JIEKTPO3ALIUTE U B OTCYTCTBHUE €€.

[Tocne 3aBepuieHHs] OMbITa CTaNbHOH o0Opa3el] BBIHUMAIOT W3 PAcCTBOpa, YAAJSIOT
MPOAYKTHI KOPPO3WH, TMPOMBIBAIOT BOJOH, BBITHPAIOT (PUIBTPOBAIBHON Oymaroi,
BBICYIIMBAIOT U B3BEILIMBAIOT;

CBUHIIOBBIN JJIEKTPOJA TMPOMBIBAIOT BOJOW W BBITHPAIOT (UIHTPOBAIBHOW OyMaroii.
PactBop mepenmBaroT B OyThUIb, CTaKaH ONOJIACKMBAIOT BOJOH. Bce pesyibTaThl
HaAOJIOICHUH U U3MEpeHHid 3aHOoCAT B Ta0m. 4.1. u 4.2.

4.3.3. Pannyc 1eiicTBUSL HPOTEKTOpa

3ajaya JaHHOW 4YacTH pabOThl - ONMPENEIUTh BIUSHHE AJIEKTPONPOBOIHOCTH PacTBOpPa
Ha paauyc JeHCTBHUS HUHKOBOI'O MPOTEKTOpa npu 3aumre ctand Ct3 B HEMTpaJIbHOM cperne.
WccnenoBanusi mpoBOJsAT B JUCTHUILUIMPOBAHHOM Bozxe M 1%-HOM pacTBOpe XJIOPHCTOrO
HaTpus. YJeNbHYH 3JEKTPOIPOBOAHOCTh pAcTBOPOB HEOOXOAMMO ONPEAEIUTh [0
CIIPaBOYHHUKAM.

a) OOBEKTHI UCCIIEIOBAHUS U amnapaTypa
1. O6pa3iupl ctamm Ct3 (2 mT.) - mmactuaka 40x20x3.

2. lluHKOBBII TPOTEKTOP (2 IIT.) - MOJOCKA, TPOBOJIOKA.

3. ArpeccuBHBIE Cpellbl - IMCTHIIMPOBaHHAas Boja, 1%-Hebiii pactBop NaCl.

4. Bannouku wim yamku [lerpu (2 mr.),

5. 1%-HbIif pacTBOp KpacHO! KPOBSIHOW COJIH.

6. CrexnsiHHAs MMajloyka, HaXxaayHas Oymara, BaTa, (puiabTpoBajbHas Oymara, alieToH.

6) Meroauka npoBeaeHUs SKCIIEPUMEHTA

JIBe cranpHbIE TJIACTHMHKH 3a4WIIAIOT HaxJayHoOW Oymaroil W NOpOTHpPAIOT BaTOH,
CMOUYEHHOH aneroHoM. B oTBepcThs, UMEOUIMECS B CTalbHBIX IUIACTUHKAX, BCTABISIOT
HeOOoJIbIIMe KYCOUYKM IMHKOBOM IMPOBOJOKM M IJIOTHO 3aKPyYMBAIOT JJISI CO3JaHUS XO-
pOILIIEro KOHTAaKTa IUHKA U CTAJIH.

B ogny vamky [lerpu HanuMBarOT AMCTHILUIMPOBAHHYIO BOAY, B APYryto 1%-HbII pacTBOp
NaCl. B o0e yamiku U3 KamneabHHUI[BI J00ABIIIOT M0 5 Kameilb pacTBOpa KPacHOUW KPOBSIHOMN
comu K3Fe(CN)s (uHmukatop Ha HMOHBI kene3a Fe?*) m nepememmBaror. IlnacTuHku
MIOMEIIAIOT Ha JHO YaIlleK.

Yepes 10-15 MuH ocMaTpHUBaIOT CTAJIBHBIE MIJIACTUHKU C IPOTEKTOPAMH, HE BEIHMMAs UX
u3 pactBopa. M3MepsIoT paccTossHHEe OT MPOTEKTOpa OO0 CHHHUX ISTEH, MOSBMBIIMXCS Ha
MOBEPXHOCTAX CTAJBHBIX MJIACTUHOK, OMHMCHIBAIOT MX KOJMYECTBO M PACIOJIOKEHUE Ha
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oOpa3iax (3apucOBBIBAIOT).

[TosiBieHME CMHHMX TSATEH BBI3BAaHO 00pa3oBaHWeM "TypHOYII-JI€BOM CHHHU" BCIEICTBHE
peaky KpacHOW KPOBSHOM COJIM C JIByXBaJIGHTHBIMM HMOHAaMU JKeje3a, MOSBUBIINMUCS B
pacTBOpe B pe3ylbTaTe KOpPPO3UU TE€X Y4YacTKOB CTajlbHOro oOpa3la, Ha KOTOpble HE
pacripoCTpaHsIeTCs 3alUTHOE JEHCTBUE IMHKOBOT'O IPOTEKTOPA.

Pesynbratel HaOmoneHuit 3aHocat B Tabn. 4.3. OOpa3mbl BBHIHUMAIOT, HTPOMBIBAIOT
BOJIOH, BBICYIIIMBAIOT (PUIHTPOBATBHON Oymaroil. PacTBOpBI BBUIMBAIOT B PAKOBHHY, YaIlIKU
CIOJIACKMBAIOT BOAOM.

4.4. O6pabOoTKa OMBITHBIX TAHHBIX
1. PaccuuteBator o gopmynam (4.3) u (4.4) u 3aHocsT B Tab. 4.1 mokazarenan KaTOIHON
3alIUTBl M KOHTAaKTHOW KOPPO3MM - 3alIUTHBIA 3P ¢exT (Z), KodP(UIHEHT 3alMTHOrO
nevictBust (Ks), mist Bcex ciydaeB (mapsl Fe-Zn, Fe-Cu, snekrpo3zammura). [Ipu 3TOom
CKOPOCTB KOPPO3UH CTAJIU B PA3IMYHBIX YCIOBHSIX OMpPENeNstoT o ¢popmyne (1.12).
2. CtposT rpaduK U3MEHEHUs MOTEHIUAIOB IEKTPOIOB BO BPEMEHH ISl BCEX CIIyYaeB @ =
f(t), mpenBapUTENBHO MEpEeCYUTAaB M3MEPEHHBIC TOTEHIUAIBI OTHOCHTEIBHO HOPMAJILHOTO
BOJIOPOJIHOTO AIeKTpoza mo gopmyie (3.5).
3. PaccunThIBaloT paBHOBECHbIE IOTEHLMANIbl IMHKA, MEAH, Kele3a U BOJOPOAHOIO
3JIEKTPO/Ia, MPMHUAMAs KOHIEHTPAIMI0 MOHOB METAJLIOB B pacTBopax [Zn?*] = [Fe?*] =
[Cu?*] = 10° Mosb/11 1, yUUTBIBAsA, YTO KMCIOTHBIN TOKasatesb cpeabl 5%-noi HaS04 pH-
0,1. PaBHOBeCHBIE TOTEHIIMAJIBI METAJIIOB ONPEAEISIIOT 1o Gopmyiie (3.6).
PaBHOBecHBII MOTEHITMAT BOAOPOTHOTO JIEKTPOAA HAXOIAT 1Mo popMmyIie

R-T a,.

P o—p® .23 g—H
gDHZ ¢H2 n-F g (PH2)1/2

(4.5)

rie (p,’_’,2 - PAaBHOBECHBIN MOTEHIIMAI BOJIOPOJHOTO 3JIeKTpoa. B;

0 o
@y, - CTAHIAPTHBIN MOTEHIMAT HOPMAJILHOI'O BOJIOPOIHOTO 3JIEKTPO/A (npu aH +=1mn PH
=1),B;

d,,. - aKTHBHOCTb HOHOB BOJIOPOZIa B PACTBOPE, MOJIB/JI;

2

PH2 - HapIuaJIbHOC IAaBJICHUEC BOAOPOaa HAA paCTBOPOM, aTM;

N - YKCII0 3JIEKTPOHOB, YYACTBYIOIIUX B PEAKIIUH BOCCTAHOBJICHUS HOHOB BOAOPO/IA:
H"-H0+ e—>1/2H>+H>0 (4.6)

[Ipu Temmnepatype 25°C u nmapuuajibHOM JTaBICHUH BOJOpOJia B atTMoc(epe Bo3ayxa F’H2 =

5-10" aTM paBHOBECHBII OTEHLUAT BOJAOPOIHOTO 3JIEKTPOIA
(0,’_),2 =0,215 - 0,059 -pH, 4.7)

rae pH = -lg @ . - KHCIOTHBIN (BOLOPOAHEI) TOKA3aTEIb CPEMEL.
H

4. PaccunThIBAIOT U 3aHOCAT B Ta0J. 4.2 TOKOBBIE MMOKA3aTENU KOPPO3UU CTaimm (xKemne3a) 1

TOKH pacTBOPEHUS JKeJie3a /I BCeX CIIyyaeB

iz K-26,8-n 48
== (48)

I=iS 49 rmei -

TOKOBBII1 II0Ka3aTelb KOPPo3uu, A/M?;

K - MaccoBBblif OKa3aTeb KOppo3uH, r/(M%4);

N - BaJICHTHOCTh HOHOB METaJlIa, MEPEXOSIINX B PACTBOP;

A - MOJIb PaCTBOPSAIOIIETOCs MeTaa, 2,

26,8 - KOIM4eCcTBO 3JIEKTPUY ECTBA, HEOOXOAUMOE JIJIsl pacTBOpeHus | Moib/N MeTaia, A- 4;

| - Tok pacTBOpeHust Meraiia. A,

S - IIoIab MOBEPXHOCTH KOPPEIMPYIOIEr0 METAIIIA, M2,

5. CTposIT MOJIHYI0 KOPPO3UOHHYIO MOJIIPU3ALMOHHYIO TUATPaMMYy M3YYEHHOW CHCTEMBI B
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koopauHatax Tok (1) - moTeHnman (@) aHaJIOTUYHO MPENICTaBICHHOM Ha puc.4.

[Ipu aTOM: a) MPUMEHSAIOT pacyETHBIC 3HAUYCHUS PABHOBECHBIX MOTCHIIMAJIOB IIMHKA, JKEJe3a,
MY U BOAOPO/A B Ka4e€CTBE MCXOAHBIX TOUEK ISl IOCTPOCHUSI COOTBETCTBYIOIIUX aHOI-
HBIX U KaTOAHBIX KPUBBIX;

0) Ul MOCTPOEGHUS] AHOAHOM KPHUBOHM »Kejle3a MCHOJB3YIOT 3KCIEPUMEHTAIbHbIC
3HAYEHUsI YCTAHOBUBILMXCS MOTEHIMAJIOB JKeJjle3a U COOTBETCTBYIOIIMX UM TOKOB €ro pac-
TBOPEHHUSI B Pa3IMUHBIX YCIOBUX (Tadd. 4.2):

- 0e3 koHTaKTa (Qre-11)

- KOHTaKT C IIUHKOM (QFe/zn-12)

- KOHTaKT ¢ MeIbI0 ((Qre/cu-13)

- DIEKTPO3aLIUTA (QFe 5.5.-14)

B) MpU TMOCTPOEHUU KATOAHBIX KPHUBBIX [JII BCEX METAJIOB MPUHUMAIOT, YTO
MepeHanpspkeHne Bojopoia (onpenensioniee HakJIOH KaTOJHBIX KPUBBIX) Ha ITUHKE B JIBa
pa3a, a Ha MeIM B TIOJITOpA pa3a BEIMIE, YeM Ha JKelle3e, T.€. Mzn = 2NFe; Ncu = 1,5MFe;

T') IPU IOCTPOEHUH aHOJIHBIX KPUBBIX IIUHKA U MEJI UCTIOJIb3YIOT KaTOJAHbIE KPUBBIE IS
3THX METAJUIOB U SKCIIEPUMEHTAIbHBIC 3HAYEHUS X TTOTEHIIMAJIOB KOPPO3UH 0€3 KOHTaKTa
(cm. Tabm. 4.2).

6. JlenaroT BBIBOJbI 00 OCHOBHBIX 3aKOHOMEPHOCTIX KOHTAKTHOI KOPPO3UU U KaTOHOM
3aIUTHI:

a) U3MEHEHUE EKTPOAHBIX TOTEHIIMAIOB U CKOPOCTEW KOPPO3UH METAJIJIOB MPU KOHTAKTE;
0) 3¢ PEeKTUBHOCTH TPOTEKTOPHOM 3aLTUTHI U DJIEKTPO3AIIUTHI;

B) BJIMSIHUE JIEKTPONPOBOJHOCTH Cpebl Ha 3 -Th KaTOIHOM 3aIIUTHI.

4.5. Bonpocs! i caMOKOHTPOJIA

1. Kak 1 nouemy M3MEHSIOTCS OTEHIIMAI U CKOPOCTh KOPPO3UU MEIU MPU KOHTAKTE €€ CO
CTajbio (Keye30M)?

2. Kakue mnpoayKTbl BBIACHAIOTCA HaA OJJIEKTPOJAX IMpPU KOHTAKTHOW KOPPO3UHM U
AIEKTPO3AIUTE B U3YUEHHOU cucteme?

3. Bynyt nmu u3MensatTees (ecnu OyAyT, TO KaKk M OYEMY) MOTEHIM AT U CKOPOCTh KOPPO3HH
CTaJIbHOW (PKEJIE3HOM) J1eTaiy IMpH yBEJIMYEHUH Pa3MEepOB KOHTAKTUPYIOIIEH ¢ Hell MeqHOi
neranun’?

4. Kak U3MEHUTCS MOTEHLIUAN U CKOPOCTh KOPPO3HMH XKeje3a B YCIOBHUSIX AJIEKTPO3AIIUTHI
MPH YBETUYEHUU KaTOAHOTO TOKA, MOABOJAMMOrO OT BHEIIHEr 0 HCTOYHUKA?

5. C xakuM KOHTpOJIEM MPOTEeKaeT KOpPpo3us IIMHKA, YKele3a U MEeIU B PacTBOpE CEpHOIi
KHUCJIOTHI B OTCYTCTBHE KOHTaKTa (ONMPEAENIUTh IO pe3yabTataM padoThl)?

6. MOXXHO JIM MPUMEHUTh MEIHbIEC 3aKJENKd B amomMuHueBoM amnmapate? (HaobGopot?).
Pemenue o0bsCHUTS.

bubnuorpaduyecknii cnucok

1.ITaxomoB B.C. Koppo3us u 3ammra XuMHUYECKOH anmnaparypbl. DJIeKTPOXUMHYECKasT
KOppO3Hus METAJLIOB: YueOHoe nocodue. -M.: MUXM, 1983. -80 c.

2. Kyx H.IT. Kypc Teopun Koppo3uu 1 3a1uThl MeTauioB. -M.:Metamnyprus, 1980. -C.
270-277; 287-299; 357-364.

P . P
@1, s Py, “PABHOBECHDIC OTCHIUABI IIEPBOIO U
BTOpPOr'0 METAJIJIOB;

p w
@, - PABHOBECHBIN MOTEHIMAJI OKUCIUTES;

Qropl; Qxop2 - MOTEHLHMAJBl KOPPO3UU MEPBOIO H
BTOPOT'O METAJUIOB 06€3 KOHTAKTa;

lkop1; lkop2 = CKOPOCTH KOPPO3UU NEPBOIO U BTOPOTO
METAJUIOB 0€3 KOHTAKTa;

Puc. 4. Ilonspuzanmonnas quarpaMma
KOPOTKO3aMKHYTOH JABYX3JIEKTPOIHON CUCTEMBI
(ranpbBaHMYECKON MaKpomnapbl)
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(z- KOMIIPOMMCCHBIN MOTeHIMa (00U MOTEHIIUA [1aphl),

| .1;1,, -ckopocTH pacTBOpeHHSs IEPBOTO M BTOPOTO METAILIOB TIPU KOHTAKTE;

I.,;1, - CKOPOCTH KATOIHBIX TIPOLIECCOB METAILIOB MPH KOHTAKTE.

1 - MUJUTMBOJIBTMETD; 2 - KOHTAKTHAs KJIEMMa; 3 - U30JIUPYIO-
masi mjaacTuHa; 4 - AJIEKTPOJUTUYECKUI MOCTHK; S - XJiopce-
peOpsIHHBIN AIeKTpon cpaBHeHHs; 6 - pactBop KCI, 7 - crek-
JSHHBIA cTakaH; 8 - pabouue snekTponbl; 9 - paboumii pac-
TBOD; 10 - KOaKCHIIBbHBIN KaOenb

L BT 3

1

Puc. 5. Cxema ycTaHOBKHM JJ1s1 U3MEPEHUS TOTEHIIMAJIOB IIPU
KOHTaKTHOM KOPPO3HH

a o
- A 5 1 - zammmaemsbrii obpaszer; 2 -
arpecCHBHEIH pacTsop; 3- 'l"_ /,
BCIIOMOTATEIIbH blid
AMEKTpoa; 4 - HCTOYHHUK b

TOKa (BBIIPSAMUTEND); S -
kmou; 6 - peocrar; 7 -
amIepMmerp

Puc. 6. Cxema yCTaHOBKU IIPH 3JIEKTPOJIHUTE.

Kpurtepuu ouenku (B 0aj/1ax) 1Jisi 04HOI0 OTACJICHUS:
- 5 0as11a BBICTABIIACTCS CTYIEHTY, €CIIH CTYEHT BBIITOJHUI OAHO 3aJaHUCE;

- 10 62.1J10B BBICTaBJISIETCS CTY/ACHTY, €CJIM CTYACHT BBIITOJIHUII J1BA 3a/1aHMUSI.

KpnTepml OICHKH IJIA 3A09YHOI0 OTACJCHUA:
- HE 3a4YTECHO BBICTABJIIACTCA CTYACHTY, €CJIIM CTYACHT BBIITOJHUII OJHO 3aaHUEC,

- 3a4YTEHO BBICTABJIACTCA CTYACHTY, €CJIM CTYACHT BBIIIOJIHUJI ABA 3adaHUS.
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5 Y4eOHO-MeTOAMYECKOEe U MHPOPMALMOHHOE o0ecTiedeHUe TUCIHIITIMHBI

5.1 IlepeyeHb OCHOBHOM M 1ONMOJIHUTEIbHOH Y4eOHOM JIUTEPATYPHI,
HE00X0AMMOM VI OCBOCHMS JMCHHIIUHBI

OcHoBHas JiuTEepaTypa

1.ITonoBa A. A. Metonbl 3amuTthl oT Koppo3uu. Kypc nekmuii. — Jlans,
2014. — 272 c.

2. Jlazytkuna O. P. XuMudeckoe COMPOTHBIICHHE U 3alllUTa OT KOPPO3UH:
yaebnoe mocobue. — ExarepunOypr: M3maTenbcTBO Y paiabCKOro yHHUBEPCUTETA,
2014. — 141 c¢. — 9BK, O3bC YBO

3.IlomoBa A. A. Meroasl 3amuthel OT Koppo3uu. Kypc nexumit. — Jlansb,

2014. — 272 c. — OBK, DBC «Jlaapy .
4 Kapckuii . M., Heanosa H. Il., Kyuc /. B., Ceuaynosuu H. A.

Koppo3us u 3ammra MeTamaIM4ecKuX KOHCTPYKUUM U o0opynoBaHus. — MHUHCK:
"Brimmitmas mkona", 2012. — 9BK, 95C YO
5.CemenoBa U. B. Kopposus u 3ammra oT koppo3un. — M.: OusmMaTiur,

2010. — BBK, 9bC YO

JlonmoiHUTEJIbHAA JTUTEepaTypa

1. IlleBuenxko A. A.. XUMHYECKOE CONPOTHUBIICHUE HEMETATMNYECKUX
MAaTepHUaoB U 3alIuTa OT Koppo3uu. — M. 2006. — 248 c.

2.Manun B. H., I'pomoB A. H. ®u3uko-xumudeckasi CTOWKOCTh MOJIMMEPHBIX
MaTepuasoB B yCIOBUsAX dKciuryaTauuu. — JI.: Xumus, 1980. — 248 c.

3.3apyouna JI. II. 3ammurta 3maHMiA, COOPYKEHWH, KOHCTPYKIMH W
0o0OpynoBaHMs OT KOppo3uu. buomornueckas 3amura: MaTtepuanbl, TEXHOJOTHUH,
WHCTPYMEHTHI U o0opynoBanue. — MockBa-Bonorga: Mndpa-Nuxenepus, 2015. —
224 c. — 3OBK, ObC YBO

4. Haymos C. B., CamymiioB A. fI. MarepuasioBeieHue. 3aliuTa OT KOPPO3UHU:

yuebHo-MeToauyeckoe nocobue. — Kazanb: M3narensctBo KHUTY, 2012. — 84 c.
— 3OBK, ObC YBO

5. bana6an-Mpmenun 1O. B., Jlunosckux B. M., Pybamos A. M. 3ammra ot
BHYTPEHHEW KOPPO3UU TPYOONPOBOAOB BOJSHBIX TEIUIOBBIX cereil. — M.: HoBoctu

temrocHaoxenus, 2008. — DBK, O5C YBO

5.2 Ilepeyenn pecypcoB HHPOPMAIMOHHO-TEJIEKOMMYHUKANMOHHOM CEeTH
«/HTepHEeT» M MPOrPaMMHOro0 odecrnevdeHusi, He0OXOTUMbIX /IJIsl OCBOEHUS
AMCUMILINHBI

1. Windows 8 Russian. Windows Professional 8 Russian Upgrade. /forosop
Ne 104 ot 17.06.2013 1. JIuniensuu 6eccpouHbie

2. Microsoft Office Standard 2013 Russian. [loroBop Ne 114 ot 12.11.2014 r.
Jluuen3uu GeccpovHbIe.

3. Cucrema nienTpanuzoBaHHoro tectupoBanus baml'y (Moodle). GNU
General Public License.
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6 MarepuajbHO-TeXHUYeCKas 0a3a, He00X0AMMAas IJIfl OCYIIeCTBICHUSA
o0pa3oBaTeJIbHOI0 Mpolecca Mo JUCHUILUIUHE

HanmeHnoBanue crnenuanu3upoBaHHBIX ay IUTOPHH,
kaOHHETOB, JlabopaTopuit

Bun zauartuii

HaumeHoBaHue 000pynoBaHus,
MPOrpPaMMHOTO 00€eCIICUeHusI

Y4eOHas ay IUTOPUS IS IPOBEACHUS 3aHATUI
JIEKIIMOHHOTO THHa: ayauropus Nel06, ay muropust
Nel07 (umxeHepHBIN (akynbTeT)

Jlexumn

Aynuropmst Ne 106
Jlocka, Me, mapThl, CTYJIbSI.
Aynuropus Ne 107
Jlocka, Me, mapThl, CTYJIbSI.

Y4eOHas ay JUTOPUS IS TIPOBEICHUS 3aHATUI
ceMHMHapCKoro Tuma: ayauropust Nel07
(nmxenepHsIH dakynsTeT), ayauropust Ne001,
V4eOHbIit KOMIBIOTEPHBIN KJ1acc Il IPOBEACHNUS
MPAKTUYECKUX (CEMUHAPCKUX) U TA0OPaTOPHBIX
3aHATHH (MHKEHEePHBIN (aKyIbTeT)

[IpakTrueckue 3aHATUSA
JlaGopaTopHbie pabOThI

Aynutopus Ne 107
Jlocka, Me, mapThl, CTYJIbSI.
Aynutopus Ne 001
Croubl — 7 wit. Cryiest, 14 mt. HoytOyku
Packard Bell ENTF71BM-C36P ¢
3apsAHBIM YCTPOHCTBOM — 14 mIT.
Kommsrorepnas ontnaeckas USB-mprmis —
14 wt. Tenesusop ¢ KK gucnneem DEXP
SmartTV — 1 mr. HDMI ka6ens mist
MOKIIOUEHUs] HOYTOYKa K TENIEBU30PY
(mpoexrtopy) — 1 mir.

ITpoBeneHue IPyNNOBBIX ¥ HHAUBUIYaTbHBIX
KOHCYJIBTAIUH{, TEKYIIIero KOHTPOJIS 1
MIPOMEKYTOYHOI aTTectarmu: aynuropus Nel07
(nmKeHepHBIH QaKyIbTeT)

Texymuit KOHTPOJIb U
MPOMEKYTOYHAs aTTeCTalUs]

Aynutopus Ne 107
Jlocka, Men, mapThl, CTYJIbSL.

[Tomemenust U1t cCaMOCTOSTENIBHON PaboTHI:
gutaneHeIi 3a1 201 (pu3Mar. Kopiryc)

CamocTosTenpHas pa60Ta

PentiumG2130/41°6/5001°6/21,5"/Kn/MbItb

-50 mr., ITK B kommt. @epmo Intel. depmo

Intel MoHO610K Nel depmo AMD A8-5500
— 50 m.
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[Tpunoxenue Ne 1

OE/IEPAJIBHOE 'OCYIAPCTBEHHOE BIOJ/IUKETHOE OBPA30OBATEJIbBHOE
YUPEXXJIEHUE BbICHIET'O ObPASOBAHUA
«BAILIKNPCKHUU I'OCY HAPCTBEHHbLIN YHUBEPCUTET»

COJIEP)KAHUE PABOYEM ITPOI'PAMMBI

JUCHMIUTUHBI « XUMHUYECKOE COMPOTUBIICHUE MAaTEPUAJIOB U 3aIllUTa OT KOPPO3UN»
oceHHui (7) cemectp
Ounas popma oOyueHus

Ocennnii (7) O6beM
Bup paborer ceMecTp JIUCITUTITUHBI
Oo6mras TpynoemkocTh auciuiuinabl (3ET / gacoB) 5/180 5/180
Y4eOHBIX YacOB Ha KOHTAKTHYIO palboTy C 63,7 63,7
IPEIo/1aBaTeIIeM
JIEKIINH 20 20
MPAKTUIECKUX/ CEMUHAPCKUX 24 24
71ab0PaTOPHBIX 18 18
npyrux (TpynmnoBasi, THANBUyabHas 1,7 1,7
KOHCYJIbTAIIAS ¥ WHBIC BUJIBI YICOHOM
NesITeNbHOCTH, TIpelycMaTpuBaloiue padboTy
oOyuaromumxcs ¢ npenojaparesieM) (OKP)
Y4eOHBIX 4acOB Ha MOATOTOBKY K 54 54
sK3aMeHy/3aueTy/nudepeHIIMPOBaHHOMY 3a4EeTy
(KoHTpob)
Y4eOHBIX 4acOB Ha CAaMOCTOSATEIIbHYIO PaboTy 62,3 62,3
obyuaromuxcs (CP)
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OEIEPAJIBHOE I'OCY JAPCTBEHHOE BIO/PKETHOE OGPA30OBATEJIBHOE

YUPEXJIEHUE BBICHIEI'O OBPA3OBAHUA

«BAILIKUPCKU T'OCYJIAPCTBEHHbBI VHUBEPCUTET»

COJIEPXKAHUE PABOYEM ITPOT'PAMMBI

JUCITHUITIIMHBI «XUMHUYECKOE COIIPOTHUBJIICHUC MAaTCPHUAJTIOB H 3alllUTa OT KOPPO3HUH»

S cemectp
Ounas gopma 00yueHust
Bux paboter ceM?ECTp ﬂnc?lg;?ﬁfmm
Oo6rmras TpynoemkocTh auciumuinibl (3ET / uacos) 5/180 5/180
Y4eOHBIX YacOB Ha KOHTAKTHYIO paboTy € 23,7 23,7
IIPETo/1aBaTeIeM:
JICKIIAM 8 8
NPaKTUYECKUX/ CEeMUHAPCKUX 6 6
Opyrux (rpynmnoBasi, THAUBUIYaJbHas 8 8
KOHCYJbTALlMS U UHBIE BUBI yUEOHOM
NeATENLHOCTH, TIPEeIyCMaTpHUBAIOIIHE paboTy
oOyyaromuxcs ¢ npenogaparesiem) (OKP)
VY4eOHbIX YacoB Ha MOATOTOBKY K 1,7 1,7
sK3aMeHy/3a4eTy/mudPpepeHIpoBaHHOMY 3a4ETy
(KoHTpOIIB)
VY4eOHBIX YacOB Ha CAMOCTOSITENIbHYIO PaboTy 9 9
ooyuaromuxcs (CP)
Ob6mas Tpynoemkocts nucturunabl (3ET / wacos) 147 147
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HJI}I OYHOI'O OTACIICHUA

dopma U3ydeHHUsI MaTEPUAJIOB: JIEKIUH, dopma TeKyIero
MPAKTUYECKUE 3aHATHS, CECMUHAPCKUE OcHoBHas 1 KOHTPOJIS
3aHATHS, TAOOpaTOPHBIE PaOOTHI, JTOTIOJTHUTETbHAS 3agaHus 1o yCIIEBaEMOCTH
. .
Ne Tema 1 coneprarme camMocCTosATeNIbHas padoTa 1 JTUTEpaTypa, CaMOCTOSATEIIbHOM (KOJIJTIOKBUYMBI,
n/n TPYAOEMKOCTb (B yacax) peKomMeHayemas pabote KOHTPOJIbHBIE
CTyJeHTaM CTYJICHTOB paboTHI,
JIK JIb ITP/CEM Cp (HOMepa U3 CIucKa) KOMITBIOTEPHBIE
TECTHI M T.I1.)
Monyns 1
IloaroroBka k
Tema 1 Brenenne JIEKLIUOHHBIM U N
1 : : 3 3 4 10,4
OOLLIHE TTOTOKEHIA. 0, 1,2,3,45 R—— YcTHBIH ompoc
3aHATHIM
Tema 2. Xumuueckas [Toaroroska k
YcerHbIl onpoc
2 | KOppO3Hs METAJIOB. 3 3 4 10,4 12345 JICKIIMOHHBIM U poc,
MPaKTUYECKUM KOHTpOJBbHas pabora
3aHATHIM
Mopyns 2
geMa& ITonroroBka K
JICKTPOXUMUYECKAS
JIEKIIMOHHBIM U .
3 | KOppO3HsI METAJLJIOB. 3 3 4 10,4 12345 1 YcTHBIN onpoc
MPAKTUIECKUM
3aHSTUSIM
Tema 4. KOppO?;I/IH HOI[FOTOBKa K
OCHOBHBIX v .
JIEKIIUOHHBIM U CTHBIH OIIPOC
4 | KOHCTPYKIIMOHHBIX 3 3 4 10,4 1,2,345 1t ’
MaTepUaJIOB U CILIABOB. HPAKTUYECKUM KOHTPOJIbHAs paboTa
3aHATHIM
Mopyis 3
Tema 5. Mepst 60pb0BI € [ToaroroBka k
> JIeK YcTHEINA onpoc
5 | KOppO3H€H METalIoB. 16 3 4 10,4 12345 LUOHHBIM U p
MPaKTUYECKUM
3aHATHIM
Temab. Metobl [Toaroroska k .
6 A 20 3 4 10,4 1,2,3,45 A VYcTHbIl onpoc,
JICKIIMOHHBIM U
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KOPPO3UOHHBIX
HUCHOBITAaHUM.

MPAKTUYECKUM
3aHATUSAM

KOHTpOJIbHas paboTa

Bcero yacos:

20

18

20

62,3
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J1J1s1 3a04HOTO0 OTACTICHUS

dopma U3ydeHHs] MaTEPHAJIOB: JICKIIHH, dopma TeKymiero
MPAKTUYECKUE 3aHSATUS, CCMHHAPCKUE OcHoOBHas u KOHTPOIIS
3aHATHS, JJA0OPATOPHBIEC PAOOTHI, JIOTIOJTHUTEbHAS 3amanus o yCIIEeBAEMOCTH
No T caMmocTosITeNbHast paboTa U JUTEPATypa, CaMOCTOSITEIIbHOM (KOJIJTIOKBUYMBI,
eMa U CoJepKaHue
n/n yII0EMKOCTb (B Hacax) peKoMeHayemas pabote KOHTPOJIbHBIE
CTy/ICHTaM CTYZICHTOB paboTsl,
JIK JIb ITP/CEM CP (HOMEpa U3 CIucKa) KOMITBIOTEPHBIE
TECThI H T.I1.)
Monyns 1
[ToaroroBka k
. . JICKITUOHHBIM 1 .
1 Tema 1 BBenenue 18.4 4
OO61He TOI0XKEHHS. ’ 4 104 12,345 HpAKTIECKIM VCTHBIH onpoc
3aHITUSIM
Tema 2. Xwumudeckas ITonroroBka k
e VYCTHBIN o1Ipoc
9 | KOPpO3Hs METANIOB. 18.4 4 4 10,4 12345 KIMOHHBIM H poc,
MPAKTUYECKUM KOHTpOIIbHAs paboTa
3aHITUSIM
Mopyis 2
geMa& IToaroroBka k
JICKTPOXUMHUYECKAs
JICKITUOHHBIM U .
3 | KOppO3Hs METAILIIOB. 18,4 4 4 10,4 12,345 1o VYeTHbIit onpoc
MPAKTHYECKUM
3aHSTUSIM
Tema 4. Kopposus IToAroTOBKA K
OCHOBHBIX \Y i
JIEKIIUOHHBIM U CTHBIX OIPOC
4 | KOHCTPYKIIMOHHBIX 18,4 4 4 10,4 1,2,3,4,5 1 PO%
MaTepHaJIOB 1 CILIABOB. MPAKTUYECKUM KOHTpOJIbHAs paboTa
3aHITUSIM
Monayns 3
Tema 5. Mepsl 60pbOBI C [ToaroroBka k
& KIIMOHHBIM U VeTHBIT ompoc
5 | Koppo3ueil MeTasios. 18,4 4 4 10,4 12345 JEKIHO p
MPAKTHYECKUM
3aHATUSM
Temab. MeTonbl [ToaroroBka k .
6 a 18,4 4 4 10,4 12,345 A a YcTHbIl onpoc,
JICKITUOHHBIM 1
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KOPPO3UOHHBIX
HUCHOBITAaHUM.

MPAKTUYECKUM
3aHATUSAM

KOHTpOJIbHas paboTa

Bcero yacos:

147
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ITpriioxenue Ne 2

PeliTUHT — IVIaH JUCHMIIIMHBI JISI OYHOI'0 OTAeJIeHHUS
Koppo3usi KOHCTPYKIIMOHHBIX MaTe€pHUaioB
CrnenuanbHOCTh — TEXHOTOTMYECKHE MAIIMHBI U 000pY0BaHUE

Kypc — 4, cemectp - /

. bamnn 3a Yucno bamel
Bunel yue6HOI nesTeNbHOCTH .
CTyIeHTOB KOHKPETHO® | 3ajlannitsa | . max
3aJlaHue ceMecTp
Moayas 1
Tekymmii KOHTPOJIb
1. JlaGopatopHas paboTa 1,25 6 0 7,5
2. YCTHBIN onpoc 1,25 6 0 7,5
Py6e:xHblii KOHTPOJIb
1. TectupoBanue | 10 1 0 | 10
MoayJb 2
Texyummii KOHTPOJIb
1. JJaboparopuas pabota 1,25 6 0 7,5
2. YCTHBIN onpoc 1,25 6 0 7,5
Py0exHblil KOHTPOJIb
1. TectupoBanue | 10 1 0 | 10
BoinoJiHeHHe pacueTHO-Tpadgpuueckoi padoThbl
1. 3amwra PI'P | 10 1 [0 | 10
HoompuTesibHbIe 0AJJIBI
1. Crynenueckas onumnuanga 4 1 0 4
2. IlyGnukanus crateit 4 1 0 4
3. Pabora co mKoJpHUKaMU (KPYXKOK, 5 1 0 5
KOHKYPCBI, OJIMMIIHA/IbI)
ITocemaemocTs (0a/1/1b1 BBIMUTAIOTCS U3 00111eii CyMMBI 0 16
HAOpPaHHBIX 0AJJIOB)
1. HOCCVIHCHI/IC JIEKITUOHHBIX 08 8 0 6.4
3aHITUN
2. ITocemenne MpakTHYECKHUX, Y 12 0 96
CEMHHAPCKHUX, TJAOOPATOPHBIX 3aHATUN
HTOroBsiii KOHTPOJIb
Jk3amen | 30 1 0 1 30
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