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Pabouas mporpaMma JUCLUUIIMHBI pa3paboTaHa B COOTBETCTBUHU C CAMOCTOSITENbHO yCTa-
HOBJIeHHbIM MI'Y o6pa3oBaTesbHbIM cTaHgapToM (OC MIY) pnsa peannsyeMbIX OCHOBHBIX
npodeccruoHaIbHbIX 06pa30BaTebHbIX MPOTPaMM BhICLIET0 0Opa30BaHUs MO HAMPABJIEHUIO
noarotoBku / cnenuanbHocTd 04.05.01 «DyHjgaMeHTasbHass U NpPUKJIAJHAs —XU-
MUs» (MporpaMMa creLuaJnTeTa), yTBep>KaeHHoro npukasom MI'Y ot 29 nekabpsa 2018 ro-

naNe 1770 (c usmeHenusiMu no npukasy N2 1109 ot 11.09.2019).

['ox (roabl) npueMa Ha o6ydeHue 2019/2020



1. Mecto aucuunauubl (MoayJis) B ctpykType OOIl: BapuaTuBHas yactb OOII, 6710k [1/1.

2. [lnaHupyeMble pe3yJbTaTbl 00YYeHUS MO JAUCLHUILJIMHE, COOTHECEHHbIE C MJIAHUPYEMbIMHU pe3yJbTaTaMU OCBOEHHUs] 06pa3oBaTe/IbHOU MPO-
rpaMMbl (KOMIIETEHIIMSIMHU BbIMYCKHUKOB). COOTBETCTBUE Pe3yJIbTAaTOB 06y4eHHs 1o faHHoMy ajieMeHTy OIIOII pesysnbTaTam ocBoeHust OIOII
(B popMe koMIleTeHUA — UHAUKATOD - 3YB) ykazaHo B O61eit xapaktepuctrke OIIOII.

KoMnereHnusa UHAUKaTOp AOCTHXKEHUA [I1anupyemMsbie pe3y/ibTaThl O0y4YeHUS MO JAUCIUI-
JuHe (MoAyJI10)
CIIK-3.C.4.Pemaer npakTu4yeckKue 3aJadyu | 3HATh: CoBpeMeHHbIe MEeTO/bI MOJIYYEeHUd
CIIK-3.C: CnocobeH mJaHUPOBATh p A P A ya
N0 3al[UTEe METAJJIOB U CIJIABOB OT KOPPO- | META/JINYECKUX CILJIABOB u KOMIIO3HUI[MOHHBIX
CUHTe3 MeTa/UIMYeCKUX CILUIaBOB U .
3UOHHBIX pa3pylIeHUH MaTepuasoB

KOMIIO3BMIJUOHHBIX MATe€pHUaJIOB C OII-
peaejeHHbIMHU 3KCIJIyaTallHOHHBIMHA
XapaKTePUCTUKAMHW Ha OCHOBE HH-
(1)0pM8LlPIPI 0 AUarpamMmax COCTOAHHA,

Biagetb: MeTogaMu XMMHUYeCKOT0 MOAUDUIUPOBAHUS
TBepPAOTEJIbHbIX MaTEPHUAJIOB C LieJIbI0 ONTUMHU3ALUU UX
bOYHKIIMOHA/NIBHBIX CBOMCTB W 3allMTbl OT KOPPO3UOH-
HbIX pa3pyLIeHUH.

IPUMEHATb Ha NpaKTHUKe COBpEMeH-
Hble MeTOJbl IOJIy4eHUA CIJIAaBOB U
KOMIIO3UTOB, IPOrHO3UPOBAaTh UX IO-
BeJleHue IpU BO3JEWCTBUU pas/ivy-
HBbIX 3KCIJIyaTallMOHHBIX (QaKTOpPOB,

CIIK-3.C.2. 06BbsicHAeT MOBeJeHUe MeTas- | 3HAThb: JJIeKTPOXUMHUYECKHE MexXaHU3Mbl
JINYECKUX CIJIaBOB U KOMIIO3UIJMOHHBIX Ma- | KOPPO3UOHHBIX pa3pylleHUH; 00111Me 3aKOHOMEPHOCTHU
TepuaJioB MpPHU BO3J4EeHUCTBUU PA3JAYHBIX | XUMAYECKOU U 3JIEKTPOXUMHUUYECKOU KOPPO3UH.

3KCIJIyaTalMOHHBIX GaKTOPOB

NPUMEHSTh Pa3/IMyHble CMOCOGH 3a- | CMK-3.C.3. rpaMoTHO BbLIGMpaeT MeTojbl | YMeThb: I[loA6upaTh CIOCOGBI 3al[UThl MeTAaNNI0B U
IIUThl META/IJIOB U CIVIABOB OT KOPPO- | XUMUYECKOTO MOJUQPUIIMPOBAHUS TBEPJO- | CIJIABOB OT KOPPO3UOHHBIX pas3pylleHud NyTeM

3UMOHHBIX paspylIeHNH TeJIbHbIX MaTepUaJiOB C LieJbl0 ONTUMU3a- | MOAUPULIMPOBAHMUA HMX COCTaBa U  CTPYKTYPHI,
MU UX QYHKIMOHAJIbHBIX CBOWCTB Y 3ally- | IPUMEHEHUs1  CHelHaJbHbIX METOZ0B 06pabOTKHU
ThI OT KOPPO3UOHHBIX pa3pylLIeHUN NOBEPXHOCTH, a TaKXe 3JEeKTPOXUMUYECKHUX METOJI0B

3alIUThI OT KOPPO3HUHU

3. 06'beM AUCHUILIMHBI (MOJYJIS1) B 3a4€THBIX eJJMHUIIAX C YKa3aHHUEM KOJIMUYEeCTBa aKaIeMUYeCKUX WJIM aCTPOHOMHUYECKHX YaCOB, Bbl/ieJIEeHHBIX
Ha KOHTAKTHYI0 paboTy oby4daroLyxcs ¢ npenojaBaTteseM (1o BUJaM y4eOHbIX 3aHSITHUI) U Ha CAMOCTOSITE/IbHYI0 Pa60Ty 00y4YaroUXCs:




O6wsem ducyunauHsl (Modyss) cocmasasiem 3 3auemHubix eduHuybl, ece2o 108 uacos, uz komopuix 62 yacos cocmasisiem KOHMAKMHass paboma
cmydenma c npenodasamesiem (36 yacos 3aHsamusi 1eKYUoHHo20 muna, 18 uacos 3aHssmusi ceMuHapcko2o muna, 4 yaca - meponpusimusi mexkyuje-
20 KOHMpOoJ1 ychesaemocmu, 2 4aca - 2pynnogble KOHCy/bmayuu, 2 4aca — MPOMEeXYTOYHbIM KOHTPOJIb ycrieBaeMocTH), 46 uacos cocmasisiem
camocmosimeabHas paboma y4aue2ocsi.

4. Bxo/iHble Tpeb6OBaHHS /11 OCBOEHUS AUCHHUIIMHBI (MOAYJIsA), IpeABapUTe/bHbIE YCI0BUS.

O6yyarouuncsa JoKeH

3HaTh: OCHOBHbIE ONpe/leJIeHHs], TEOPEMbI U MEeTO/[bl MAaTEMAaTHYECKOTO aHAIM3a; OCHOBHbIE MOHSATHS, MOJIOXKEHHUS U 3aKOHbI MEXaHUKH, y4e-
HUS 0 3JIEKTPUUYECTBE; 0O1H1e NOJI0KEHUS], 3aKOHbI U TEOPUU HEOPTaHUYECKOW XUMUH, PU3UIECKON XUMUHU, KPUCTALJIOXUMUH, XUMHUU TBEP-
Jloro Tesa, PU3NKO-XUMUYECKOT0 aHaJIU3a.

YMeThb: XapaKTepu3oBaTh PU3UKO-XUMUUECKHE MPOLECCHI, OCYLECTBJSATH MOUCK HAYyYHO-TEXHUUECKON HHPOPMaLMH, aHAJIM3UPOBATh HAy4YHO-
TEXHUYEeCKY10 HHOpMaLHUIO.

BiiajgeTb: HaBbIKaMU aHa/IM3a AUArpaMM COCTOSIHUS JIBYXKOMIIOHEHTHBIX CUCTEM M AuarpaMM (a30BbIX PAaBHOBECUH TPEXKOMIIOHEHTHBIX
CUCTEM.

5. CopepkaHue AUCHHUIIMHBI (MOAYJIs), CTPYKTYPUPOBaHHOE 110 TeMaM

HauMeHoBaHHe U KpaTkoe cojgep- | Bcero B ToM uucie
»)KaHUe pas3/jieJioB U TeM AUcCHUN- | (4achbl)
JINHBI (MOAY.IfA), KoHTakTHas pa6oTa (pa6oTa Bo B3auMoaeicTBUU Cc npe- | CamocTosiTesbHasA pa6oTa
nojaBarteJsieM), 4achbl o0y4amwIiuerocs, 4achbl
dopma mpomMexkyTO4YHOM aTTecTa- 13 HUX 13 HUX
MY N0 AMCUMILIUHe (MOAYJII0)
T ' . YueGHble 3aHf- | Bcero ] ~ Bcero
X = = © ~ PR )
L = s E = é S THS, Hamnpas- o M
S B L E v S 5 JIeHHbIE Ha Mpo- = s S n
o o L = BeJleHHe  TeKy- o= m o
= 5 R 5 m g = 2 T T o K
= SN o g m iero KOHTPOJIA = ]
I E = E 5 = = 3 28| &
& 4 ) = O Bt o S| YycmeBaeMOCTH, SRR = O
T Q T o > o = = o ==z | 5 2
c = © Q. o T 8 | IPOMEXYTOYHOH A O o o ~
M = M = X = T B aTTecTaIK MmN E e




Tema 1.1. 12 2 2 4 8
Tema 2.1.. 3 2 1 3

Tema 2.2. 5 2 1 3 2
Tema 2.3. 5 2 1 3 2
Tema 2.4. 7 2 1 5 2
Tema 3.1. 5 2 1 3 2
Tema 3.2. 5 2 1 3 2
Tema 3.3. 5 2 1 3 2
Tema 4.1. 5 2 1 3 2
Tema 4.2. 4 2 2 2
Tema 5.1. 14 4 2 6 8
Tema 6.1. 5 2 1 3 2
Tema 6.2. 9 4 1 7 2
Tema 6.3. 8 4 2 6 2
Tema 6.4. 6 2 2 4 2
[IpoMexxyTo4yHad aTtTectauud 3ayem | 10 2 2 4 6 6
HToro 108 36 18 2 6 62 30 16 46

* — TEKYIIMUA KOHTPOJIb B GOpMe KOHTPOJIbHOM paboThI OCYIIECTBISETCS 10 BCEM TeEMaM pa3/iena;
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** — TeKyIIUH KOHTPOJIb B popMe HanMcaHUs pedepaTa U ero 3alMThl OCYLIeCTBIsAETCs 10 BCeM TeMaM pasJeJa.
CozepxxaHue TeM:

Tema 1.1. OCHOBHbIE COBpEeMEHHbIe TEOPUM KaTa/IUTUYECKUX MPOoLeccoB. [[poMeKyTOUYHbIN aKTUBHBIA KOMIIJIEKC B KaTasin3e. [OMOTreHHbIN
Y TeTepOreHHbIN KaTalu3, X 00LKe U OTJIUYUTebHble YepThbl. MeTas/ibl IaTUHOBOM IPYNIbI KaK KaTaJu3aToOpbl B reTePOTeHHOM KaTaJlIH3e.
Tunbl reTeporeHHbIX KATAJIUTUYECKUX CUCTEM. UHPOPMATHUBHOCTD 3/IEKTPOXUMUYECKHUX METO/I0B B TeTEPOreHHOM KaTaJ/IH3e.

Tema 2.1. OCHOBHbIE NIOHATUSA TEPMOJUHAMMUKHU 3JIEKTPOXUMHUYECKHUX NMPOLECCOB. [[pOBOJHUKU MTIEPBOTO U BTOPOTO POAA, 3JIEKTPOXUMHUYE-
ckasa sfderka. [lonsipusanus. [anpBaHUYECKHE U 3JIEKTPOJUTHYECKUEe suelikd. PapajieeBckre U HedapaJieeBCKUe Mpolecchbl. MUaeanbHOo mossi-
pU3yeMble U HEMOJISIpU3yeMble 3J1eKTPobl. BoccTaHOBUTe/IbHBIE OTeHIUaJbl. YpaBHeHHe HepHcTa. PopMasibHble MOTEHIUAJBL. JJIEKTPOXU-
MHUYEeCKUH NOTEeHLHaJl; ero abCoI0THOE 3HaYeHHe ¢ No3uLUi GU3rKu TBepAoro Tesa. AudPpy3noHHbIN noTeHHal. Teopruu CTpoeHUs1 IBOMHO-
ro 3JIEKTPHUUYECKOTO CJI051; UX IBOJIIOLUS.

Tema 2.2. MexaHM3M BO3HMKHOBEHUA NOTEHIMA/Ia Ha 'PaHULe MeTa//I-pacTBOP. MexaHM3M BOSHUKHOBEHHUSA MOTEHI[MAJIa HA TPaHULIe Me-
TaJLJI-pacTBOP, a/ICOPOIMOHHAs ¥ ABOMHOC/IONHAsA carawinue, cnenududeckas agcopobuus BoAopoaa U Kucaopoja. ToukU HyJieBOro 3apsja.
KpuBast 3aBUCUMOCTH a/iCOPOLIMOHHBIX 3P PEKTOB OT MOTEHIKaa U ee UHGOPMATUBHOCTb. [[BOMHOM 3JIEKTPUYECKUH CJIOW HA TPaHUILIE MeTaJll-
pactBop. EMKOCTB /iBOHOI0 3/1eKTpHUYecKoro cios. [lceBgoeMkocTb. [lockuit U [udPpy3HbIN JBONHOMN 3/1eKTpUUecKUil c10H. OCHOBHOE ypaB-
HEHUE JJBOMHOTO 3JIEKTPUYECKOTO CJIOS.

Tema 2.3. KpuBble 3apsKeHUsI META/JIOB IVIATUHOBOM rpynnbl. KprBas 3aBUCMMOCTU NMOTEHI[MA/A OT KOJIMYECTBA NPONMYILEHHOTO 3JIEK-
TpUYeCcTBa KaK aHaJIOT a/[cCOPOIMOHHOM KpUBOM. ['abBaHOCTaTHYecKasi (MHTerpasibHasi) ¥ NoTeHMoJuHaMuyeckas (auddepeHnmanbHas)
KpHUBbIe 3apsi>)keHUs1. KpuBble 3apsikeHUs MeTaJlJIOB IJIATUHOBOU rpynnbl. KprBble 3apsi>KeHUs1 KaK METO/, ONlpe/ie/IeHUs] UICTUHHOU MOBEPXHO-
CTH KaTa/IN3aTOPOB Ha OCHOBE MEeTaJIJIOB IIJIaTUHOBOU rpynmnsl. KpuBble 3apsxxeHus u metog, b3T.

Tema 2.4. Axcopouus. U3otepmbl agcoponuu. Ancopouus. U3oTepmbl afcopbuun. Aicopbuus Kak npeaBapuTeabHas cCTagus KaTanusa. Pu-
3UuecKas aZicopbuus u xeMocopo1ys. AccolMaTUBHAs U IUCCOLMATUBHASA XeMOCOpO1Ms. A/ICOPOLIMOHHBIE CIBUTY NOTEHIMA/IOB U HECTALUO-
HapHble TOKU KaK METO/bl UCCIeL0BAHUS AUCCOLUATUBHOM XeMocopo1uu. KpuBble 3aps>keHUs U peaKLiuU B CJI0€e aZ,cCOPOMPOBAaHHOTO BellecT-
Ba.

Tema 3.1. OCHOBBI XMMHUYE€CKOM KUHETUKHU. OCHOBbI XUMHUYECKOU KUHETHUKH. 3aBUCUMOCTb CKOPOCTH PEAKIUU OT KOHI|eHTPALUU U TeMIlepa-
Typbl. MexaHU3M peaKL UK.

Tema 3.2. dnekTpojHble peaknyu. 0011as XapaKTepUCTHKA 3JIEKTPOXMMUYECKUX MpolieccoB. [IpefcTaByieHuss 06 OCHOBHBIX MeXaHU3Max
3JIEKTPOXUMHUYECKUX peakuid. CTaiuy, onpeessiolide CKOpOCTh 3JIEKTPOHOTO npolecca (cTajus nepeHoca 3JIeKTPpOHa, MacCONepeHocC 3JeK-
TPOAKTHBHOTO KOMIIOHEHTAa, pOpMUpPOBaHHUE HOBOU $a3bl U [p.), CMelllaHHas KUHeTHKa. [locsieoBaTe/bHble, TapaJijie/ibHble U CONPSKEHHbIE
peakLUHu.

Tema 3.3. Peaknuu )kuaKo(pa3HOro KaTaJIMTUYECKOr0 rUAPUPOBaHHS U OKUC/IEHUS B aiICOPOLIMOHHOM CJI0e U B 06beMe. KoHIlenuus ak-
THUBHBIX LIEHTPOB B reTEpPOreHHOM KaTaJ/ihu3e. AKTHBHbIE LIEHTPhI B IJIaHe MYJbTUIJIETHOM TEOPUHU KaTaiu3a. AKTUBHbIE LEHTPHI B [IJIaHE TEO-
pUM aKTUBHBIX aHcaMbJiel. Peakiinu B cjioe aficopb6upoBaHHOro Bojopoja. XKugkopasHoe KaTaIUTUYECKOe THAPUPOBAHUE NTPU KOHTPOJIUPYe-
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MOM NOTeHLhaJle; IPU peryJaupyeMoM MoTeHnuasle. Peakliuy B aiIcOpOLIMOHHOM CJ10€ KUCI0PO/ia, )KUAKOPa3HOe reTeporeHHo-KaTaTuTHYeCKoe
OKMCJIEHHE IIPA KOHTPOJIMPYEMOM NOTeHLHaJle; IPU peryJaupyeMoM NOTeHLHale.

Tema 4.1. [IpyuroroB/jieHHe MeTa/lJIMYECKUX KaTaJIU3aTOPOB XUMHUYECKUMHM U 3JIeKTPOXMMUYECKUMH MeTOAAaMHU. BiusHUe noTeHnuana
OCaX/JeHUA Ha aJICOPOLMOHHBbIe U KHHEeTUYEeCKUe XapaKTepUCTUKU KaTaJlu3aTopoB. KaTasn3aTopbsl HA HOCUTEJIAX U POJIb NOJJI0KKHU. DJIEKTPO-
XMMHYECKHe MeTO/bl N0JIy4eHUs aZ,COPOLMOHHBIX KaTaau3aTopoB. 06paboTKa 3JIeKTPO0B-KaTaJInu3aTopoB. HekoTopble cBeleHHUA 0 CTaOU/Ib-
HOCTH KaTa/JIM3aTOPOB B 3JIEKTPOXUMHUUYECKUX Npoleccax. buHapHble MeTalJiM4ecKue CUCTEMBbI B 3JleKTpoKaTanu3e. HeMeTanivyeckrue KaTa-
JIN3aTOPBI B 3JIEKTPOXUMHUYECKUX NPOLieccax.

Tema 4.2. OTpaB/ieHHe KaTaJu3aTOPOB U 3JIEKTPOAOB-KAaTa/IM3aTOpPoB. OTpaB/jieHHe KAaTa/lW3aTOPOB, OJIOKUPOBKA U MOAUGULUPOBAHUE
aKTUBHBIX LleHTPOB. Kitaccupukanusa ai0B. KpuBble 3apsokeHUs Kak MeTOJ, UHAUKAL MU OTPaBJIeHUs 3JIeKTPO/I0B-KaTaJIu3aTOPOB.

Tema 5.1. CoBpeMeHHBIe MEeTO/AbI NNOJIYYE€HUA U UCCAeJ0BaHMA 3JIEKTPOAOB-KaTa/IM3aTOPOB. JJIEKTPOXUMHUYECKHEe MeTO/ bl IPUTOTOBJIE-
HUSI 3JIEKTPOJOB C pa3BUTOM noBepxHOCThI0. OP asekTpoapb! (ordered porous structure electrodes). OcaxeHre HaHOYACTUL, KaTaJKU3aTopa Ha
3JIEKTPOINPOBOJSAIILYIO NMOJJI0XKKY. TUIIBI KaTaJIUTUYECKUX /0B U 0COOEHHOCTH UX JAelcTBuUsA. KaTasinuTnyeckue GyHKIMH 3/71€KTPOJOB B 3JEK-
TPOXMMHUYECKUX CUCTeMax: JeruJpupoBaHHUe, [JeOKCHUAMPOBAaHHE U JeCTPYKTHUBHBIM pacnaj. CTpoeHHMe XeMOCOpPOMPOBAHHBIX YACTHUI, U UX
BJIMSIHUE HAa KUHETUKY M MeXaHHU3M 3JIEKTPOXMMMHYECKUX NpeBpallleHUH. JJIeKTpOXUMHUYeCcKre (QYHKIMU KaTaJu3aTOpPOB B TeTepPOTeHHO-
KaTaJIMTUYEeCKUX cucTeMax. [JIBOMHOM 3JIeKTPUYECKUHM CJIOM Ha KaTa/M3aTOpax U ero BJUSHHWE Ha KHHETHUKY U MeXaHU3M reTepOreHHbIX KaTa-
JIMTUYECKUX MpeBpalleHUH.

Tema 6.1. dy1IeKTpOKaTaJIUTUYECKHE CUCTEeMb] U NPUHIUIBI UX KJIAaCCUPUKALMM. JJIeKTPOKaTaTMTHYECKHEe CUCTEMBI, paboTaIlHe B yCJI0-
BUSAX pa3oMKHyToH Lenu (IKC-1). daekTpokaTaIuTUYECKHE CUCTEMbl U MPUHLMIBI UX K1aCCUPUKALUU. JIeKTPOKATaIUTHYEeCKHUEe CUCTEMBI,
paboTatoue B ycaoBusax 3aMkHyTol nenu (IKC-2). Kom6uHrupoBaHHbIe 3jieKTpoKaTajauTudeckue cucteMbl. (IKC-3). dnekTpokaTanuTuue-
CKHe CUCTEeMBbI B CHHTE3€ BellleCTB

Tema 6.2. J1eKTpOKaTa/IMTUYECKHUEe CUCTEMbI M TOIJIMBHbIE 3JIEMEHTbI. JJIEKTPOXMMUYECKUE 3JIEMEHThl U I4YeUKHU. JJIEKTPOXUMHUYECKaAs
reHepanus s3Hepruu B T3 (TONJMBHBIX 371eMeHTax). OCHOBHble 3aKOHOMEPHOCTH TpeX KJII0YeBbIX TOKOOOPA3YOIUX peaKLMi: 3J1eKTPOBOCCTA-
HOBJIEHME KHCJIOPO/a, 3/IeKTPOOKUCTIEHWEe BOJOPO/ia, IPSIMOe OKUCIeHHEe HU3KOMOJIEKYISIPHBIX aludaTUYeCKUX cnupToB. KaTaauTudecku ak-
TUBHble MaTepuasbl A1 3QPEeKTUBHBIX U CEJEKTUBHBIX KOMMepPYECKH Ba)KHBIX peaKIMi 3JIeKTPOXUMHUYEeCKOW 3HepreTUKU. OnTUMHU3aLUA
3JIeKTPOKATaJUTUYECKUX U TPAHCIOPTHBIX NMPOLECCOB B TOMJIMBHBIX 3JIeMEHTaX, MCTOYHMKAX TOKa U ceHcopax. OCHOBHbIe paKTOpHI, onpeje-
JIAIOLHE 3/1eKTPOKATATMTUYECKYI0 aKTUBHOCTD U CEJIEKTUBHOCTb KaTa/IMTUYECKHUX MaTepyuasioB. MeTo BpalaoIerocs JUCKOBOIO 3JIeKTpo/a
C KOJIBLIOM B U3yY€HUU KUHETUKHU U IYTH MHOTOCTaAUUHBIX 3JIEKTPOJHBIX peaKIUi.

Tema 6.3. d1eKTpOKaTa/IMTUYECKHEe CUCTEMbI B pellieHUH 3K0JIorn4eckux npoosiem. JKC-1 B 04YUCTKe CTOUYHBIX BOJ, MOJIEKYJISIPHBIM KH-
cnopozioM. IKC-1 B 04MCTKe CTOYHBIX, 0OTPAb0OTaHHBIX U IPOMBIBHBIX BOJ, IEPOKCHI0M BoZopoaa. [lepokcuj BoopoJa Kak 3KOJIOTMYeCKH YHC-
TBhIA OKUCAUTEb. OUUCTKA CTOYHBIX BOJ, IPOAYKTAMHU reTepOreHHO-KaTaJIMTUYeCKOTo pacnaza NepoKcy/ia BoAopoJia Ha IpUMepe MeTaHoJ1a,
bopmanbaerusia, MypaBbMHOM KHUCJIOTHI, CAXapUCThIX BellleCTB, aMMHUaKa, CEpPHUCTOro rasa u cepoBogopoza. JKC-2 B 04MCTKe CTOYHBIX U OTpa-



O60TaHHBIX BOJ, Ha NpuMepe eHoJIa, KpacuTesel, 6MoJIoruiecku xKecTkux [1AB, MeTa/siopraHM4ecKUx coeJUHEHUH, XJIOPOPraHUYECKUX COeJU-
HEHUU U TsDKeJbIX MeTan0B. IKC-2 B yC10BUSAX 3/1EKTPOXUMHUYECKOW reHepalMd akTUBHOTO xJ10pa. JleCTpyKIMsl apoOMaTHYECKUX CTPYKTYP.
JKC-3 B miaHe uHTeHCUPUKALIMU OYMCTKH CTOYHbIX BOJ. KoMOUHUpPOBaHHAsS 3/IeKTPOKATAJUTUUYECKAs: OYUCTKA CTOYHBIX BOJI, COZEpPKalIux
MeTaHoJ1, popMasnbaerus, GeHoJibl, KpacuTead, 6uosorudecku xxectkue [1AB. CpaBHUTeibHAsA 3)PEKTUBHOCTD 3JIEKTPOKATAJTUTHIECKUX CHUC-
TEM B OYUCTKe MO/IeJIbHbIX PACTBOPOB M peasibHbIX CTOYHBIX BOJI, PA3JIMYHBIX MPOU3BOACTB. O6LUI 0630p COBpeMeHHbIX PU3UKO-XUMHUYECKUX
METO/I0B OUHUCTKH CTOYHBIX BO/I.

Tema 6.4. KaTa/iu3 U 3JIEKTPOKATAJ/IM3 B «3€JIEHOU XMMUHU». «3eJieHass XUMUSI» KaK HOBbIM c10C00 MblllJieHUs1. CBA3b «3eJIeHOU XUMUU» U
akoJsioruu. KoHyenyus yctoiuuBoro pa3sBuTus. OCHOBHbIE IPUHIUIIBI «3€JIEHON XUMUM»: IPpeJ0TBpallleHre 06pa3oBaHus BbIOPOCOB U NOO0Y-
HbIX MPOJYKTOB; UCMOJIb30BaHUE BEIECTB C MAKCMMaJIbHO HU3KOW TOKCUYHOCTBIO; COXpaHeHHs1 QYHKIMOHATbHOU 3)pPEKTUBHOCTHU PU CHU-
»KEHUU TOKCUYHOCTHU; MUHUMH3ALMS UCI0JIb30BaHUS BCIIOMOTraTe/IbHbIX BELECTB; CHUKEHUE 3IHEPTreTUYEeCKUX PACX040B C TOUYKHU 3pEeHUs KO-
HOMMU 3HEPTOPECYPCOB; UCKJIIOUEHHE BCIOMOTATE/bHbBIX CTa[AWU; UCII0JIb30BAHUE CEeJIEKTUBHBIX KaTaJIUTUYECKUX POLIECCOB; MUHUMU3ALUS
HAaKOIJIEHUSI MPOJAYKTOB U OTXOZ0B.

6. O6pa3oBaTe/ibHbl€ TEXHOJIOTUMN.
Bk/toyeHue CTyZileHTOB B IPOEKTHYIO JiesATeJbHOCTD, IUCKYCCHH, ITpeno/jaBaHue AUCLUILIMHBI B TOM YKciie B GopMe aBTOPCKUX KYpPCOB 110 MPO-
rpaMMe, COCTaBJIEHHOM HAa OCHOBe pe3yJIbTaTOB UCCAeJ0BAHUM Hay4YHbIX 1Ko MI'Y.

7. Y4yeGHO-MeTOAUYECKHE MaTepHaJIbl JJisl CAMOCTOATEIbHOM Pa6oThI MO AMCHUITIMHE (MOAYJII0):

CTyneHTaM npejoCcTaB/sieTCs MporpaMMa Kypca, IJlaH 3aHATUU Y epedyeHb 3aZlaHui JJIsl CaMOCTOSTeIbHOM paboThl. [lo ka0l TeMe yKasbl-
BaeTCs MaTepuas B UCTOYHHKAX M3 CIMCKOB OCHOBHOW M BCIIOMOTATEJNbHOU JIMTEPATYPhI, a TaKXKe U3 UHTEepPHeT-pecypcoB. /lono/HUTE/NbHbIE
MaTepHaJibl pa3MellalTcs Ha caiTe Kadeapbl 061ed XuMUK: www.chem.msu.ru/rus/teaching/general-spec.html

8. PecypcHoe obecnieueHue:
e [lepeyeHb OCHOBHOM M BCIIOMOTaTeJbHON yueOHOU JIUTEepaTyphbl KO BCEMY KypCy

OcHoOBHas JiuTEpaTypa

1. Bb.b.Jlamackun, O.A.Iletpui, I'.A. Hupauna, daektpoxumus, -M.: Xumus, 2001.

2. H.B.KopoBuH, Jd1eKTpoxMMUYeCcKasl IHepreTyka, —-M.: JHeproaromuszar, 1991.

3. Ilpo6saemsl anekTpokaTanusa. [log pea. B.C.baronkoro, —:M.: Hayka, 1980

4. Bb.bB.JlamackuH, O.A.Iletpuii, B.B.baTpakoB. Afcopb1iysi opraHMYecKUX COeIMHEHUH Ha aJieKTpoJax, -M.: Hayka, 1968
5. .A.BorgaHoBckuii, XuMuueckas skoJsiorusi. M. Uaa-so MI'Y,1994



6.

Anastas P., Warner ]. Green chemistry: Theory and Practice, London. Oxford University Press, 1998

Jono/IHUTE/IbHAA JINTEPATypPa

=

v W

B. Kinkead, ]. van Drunen ,M.T. Y. Paul , K. Dowling ,G. Jerkiewicz , Byron D. Gates Platinum Ordered Porous Electrodes: Developing a Plat-
form for Fundamental Electrochemical Characterization, Electrocatalysis, 2013, 7

3esneHasa xumus B Poccuy, Pen.B.B.JIlynuH, -MockBa, U3a-Bo MI'Y, 2004

Lipshutz B., Greener organic synthesis, Washington. ACS, 2013, C&EN, v.91, N15 p.22.

. B.M. BairipamoB, OCHOBbI KHHETHUKH U KaTasu3a. -M.: Akagemus. 2003

Bb.B. PomaHoBcKkui1, OCHOBBI XUMHYECKON KUHETUKHU. —M.: Jk3ameH. 2006

OnucaHue MaTepUaJbHO-TEXHUUECKOHN Oa3bl.
3aHATHUSA IPOBOJATCA B Ay AMTOPUH, OCHALEHHOM MYyJIbTUMEUMHBIM 3KPAaHOM U NI€pCOHAJBHBIMUA KOMIIbIOTEPAMH.

9. fI3bIK npenojaBaHus — pyCCKUHU

10. [IpenogaBaTtenu:

1.
2.

KyctoB Jleonug MoaectoBuy, A.X.H., mpodeccop, 8(495) 939-18-92.
JlebeneBa Osnbra KoHCTaHTHHOBHA, K.X.H., 01[eHT, 8 (495) 939-18-92.

®oHBbI OLIEHOYHBIX CpeAacCTB, Heo06XoAuMble AJISl O eHKH pe3yjbTaToB Oﬁy‘{eﬂﬂﬂ

O6pa3yubl OLEHOYHBIX CPEJACTB [JJ TEKYLlero KOHTPOJI YCBOEHMs MaTepuasa M IMPOMEXYyTOYHOW aTTecTalUu - 3adeTa. Ha 3ayete
poBepsAeTCA AOCTHXKEHHEe IPOMeXKYTOYHbIX UHAMKATOPOB KOMIIETEeHLMH, Iepe4YUC/IeHHBIX B II. 2.

Temsbl pedepaToB:

G W e

o

«My/npTUIIIETHAA TEOPUSA KaTalnu3a».

OcHoBbl MeToza B3T u ero npuMeHeHue AJ15 onpe/ie/IeHUsI IOBEPXHOCTH KaTaJlUu3aTOPOB.

«MeTozbl U3y4YeHU MeXaHU3Ma XUMUYeCKON peaKLuu»

HUccnenoBaHue cocTaBa M CTPYKTYpPbl IOBEPXHOCTHU KaTa/IM3aTOPOB GU3NKO-XUMUYECKUMU METOLaMU

BuHapHble kaTanusaTtopsl PtM (M=Co, Fe) u PAM B kucinopognoi peaknuu. (M=Ru, Mo, Au) B okucJieHUH BOAOPOJA, METAHOJIA, 3TAHOJIA,
IJIMLIepUHA U IPYTUX CIUPTOB.

JKC-2 B yc/10BUAX 3/1IEKTPOXUMHUYECKOW reHepal i akTUBHOTO XJ10pa

9



7.

HoHHBIE KUJKOCTHU KaK aJIbT€PHATHUBA 3JIEKTPOJIUTAM B JIUTHEBbLIX UCTOYHHKAX TOKA.

JlocTHXKeHHe MPOMEeXYTOUYHbIH MHAUKATOPOB KOMIETEHL[UMH, IEpeYrCIeHHBIX B II. 2, OCYIIeCTBJISETCS Ha 3aUeTe
[Mo/1HBIN NepeYyeHb BOMPOCOB K 3a4€eTy

1.

3JIEKTpOKaTaJII/I3 " ero CYIIHOCTb. BJIEKTpOﬂbI-KaTaJH/BaTOpr. KaTtanuTtudeckue (l)YHKLlI/II/I 3JIEKTPOAOB B 3JIEKTPOXUMHUYECKUX CUCTEMAX:
AerniprupoBaHue, J€OKCUAUPOBAHHNE U I,ELECTp}IKTI/IBHI:)II‘/JI pacmoagn.

. HeogHOpOAHBIM cOCcTaB aicOpOUPOBAHHOIO €105l HA 3JIeKTpoJax-KaTaausaropax. CTpoeHre XeMOCOPOUpPOBaHHBIX YAaCTUI U UX BJIMSHUE

Ha KWHETUKY U ME€XaHU3M 3JIEKTPOXUMHUYECKHUX HPEBpaMEHHﬁ.

. dJIeKTpoxuMHUUYecKkue QYHKIUU KaTaJlu3aTOPOB B reTePOreHHO-KaTaIUTUYeCKUX CUCTEMaX. [IBOMHOM 3JIEKTPUYECKUH CJIOW HA KaTaJU-

3aTOpPaxXx U €ro BJUAHHNE Ha KHHETUKY U ME€XaHHU3M IeTEPOTreHHbIX KaTAJIMTUYECKHUX HpeBpaLLIGHI/II‘/’I.

. MexaHU3Mbl 3JIEKTPOKATAJUTUYECKUX NTPEBPalleHUH. fIB/IeHue nepeHanpshkeHUs UM amnupudeckas popmyna Tadens. TadeneBckue Ha-

KJIOHBEI.

. PeKOM6I/IHaLU/IOHHaH TeopHuda U €€ OCHOBHO€E YpABHEHHE. TeopI/IH 3aMelJIEHHOTI'0O pa3pd4a U €e OCHOBHO€ YpaBHEHHE.
. B3aaumooTHo1eHue MeXAy BEeJIMYUHAMHU ITepeHallpA>KeHUA U KaTaJMTUYECKON aKTUBHOCTbI0. OCHOBHbIE YPaBHEHHA XHUMHYECKOU U

3JIEKTPOXUMHYECKOM KUHETUKU. OCHOBHBIe GaKTOPBI, ONpeiessAlie XapaKkTep JUMATHUPYIOLeN CTauU.

. 3HeKTpOKaTaJH/ITI/IquKI/Ie CUCTEMbI U IPUHIUIIBI UX KJIaCCI/I(l)I/IKaLU/II/I. O630p COBpPEMEHHBIX (1)I/I3I/IKO-XI/IMI/I‘16CKI/IX MEeTOA0B OYHUCTKH

CTOYHBIX BO/. OT/IMYUTEJIbHBIE 0COOEHHOCTH JJIEKTPOKATAJINTUYIECCKUX METOL0B.

. HpI/IHI_[I/Il'I HCII0JIb30BAHHUA CEJIEKTUBHBIX KATAJIUTHIE€CKHUX ITPOLECCOB. HpeI/IMYH_[eCTBa FTOMOTE€HHOTO U TeTEPOTr€HHOr'o KaTaJini3a B MMMO-

OHUIM30BaHHBIX METAJIJIOKOMIIJIEKCHBIX U OMOKATaJTUTHYECKHUX CHCTEMAX.

. [IpoMexXyTO4YHBI aKTHBHbBIN KOMIIJIEKC B KaTau3e. [OMOTeHHbIM U reTeporeHHbIN KaTalu3, UX 001 He U OTIUYHTebHble YepThl. Me-

TaJlJIbl IJIATUHOBOU FpynInbl KaK KaTaJIU3aTOPLI B reTEpOreHHOM KaTaJin3e.

10. [IpoBOAHUKH IEPBOTO U BTOPOTO POJA, 3JIEKTPOXUMHUYecKasa d4yerKa. [lepBbii 3ak0oH TepMoAMHaMUKHU. [losispusanusd. [anbBaHUYecKkue

Y 3JIEKTPOJIMTUYECKHE TYEUKH.

11. ®apaneeBckue u HedapaseeBcKUe IpolLecchl. MeanbHO MoisipU3yeMble U HeNoJisipu3yeMble 3/1eKTpoAbl. TepMoAMHaMUKa 3JIEKTPO/-

HOM peakuuu. BocctaHoBHTe/IbHBIE TOTeHMA/bL. YpaBHeHUe HepHcTa. PopMasibHbIE TOTEHIAABI.

12. ®opMasibHble MOTEHIMAJbL. DJIEKTPOXUMUYECKUN NOTEHLMAJ; ero abCoITHOE 3HaUYeHUe ¢ Mo3uLuil dusnku TBepgoro tena. Judpdy-

3UOHHbBIN InmoTeHgraJl.

13. Teopuu cTpoeHUs ABOMHOTO 3JIEKTPUYECKOT0 C/104; UX 3BoironuAa. Koopayuuara peakuuu. YpasHeHue bpeHcrea.
14. Tok kak GyHKI YA IOTeHLMa/a. YpaBHeHUe pa3psaja A/ obpaTuMoin peakuu. Tok o6MeHa. [IpesesibHble ciydau; ypaBHeHUe Tadens.
15. /IBOIHOM 3/IeKTPUYECKHH CJI0UM HA FpaHUlle MeTa/LI-pacTBop. JIBOMHOM 3J/1IeKTpUYeCKUH CJ10M KaK MUKPOKOHieHcaTop. EMKoCTb ABOM-

HOTO0 3JIeKTpUudeckoro cyos. [IceBgoeMkocTsb. [Linockuit u Audy3HbIN [BOMHON 3/1IeKTpUUYeCKU c/10h. OCHOBHOE ypaBHEHUE JIBOUHOTO
3JIEKTPUYECKOIO CJIOS.

10



16. KpuBas 3aBUCMMOCTHU NOTEHLMAIA OT KOJIMYeCTBA NPONYLIEHHOTO 3JIEKTPUYeCTBa KaK aHaJIOT a/icOpOLIMOHHOM KpUBOM. ['aibBaHOCTa-
TU4YecKas (MHTerpa/jbHasi) ¥ NoTeHIMoAuHaMu4ecKas (auddepeHnanbHas) KpUBble 3apsKeHUs

17. KpuBble 3aps>KeHHs MEeTaJIJIOB IJIATUHOBOM rpynnbl. KpuBble 3aps:KkeHUsA KaK MeTO/, onpe/eeHUs UICTUHHOM TOBEPXHOCTH KaTau3a-
TOPOB Ha OCHOBE MeTaJlJIOB IJIATUHOBOM rpymnnbl. Kpusele 3apskeHus u Mmeton bIT.

18. Axcop6buus. U3oTepMbl afcopobuuu. ALCOpOLHSA KaK NpeABapUTe/bHasA CTausa KaTaansa. Pusndeckas afacopbuusa u xemocopouus. Ac-
COLlMAaTHMBHAsA U JUCCOLMaTUBHAsA XeMOCOpoO1 1.

19. AxcopObuMOHHBIE CABUTH NIOTEHLMAJIOB U HeCTALlMOHAPHBIe TOKM KaK MeTO/bl UCCIeJ0BAHUA AUCCOLMAaTUBHON XeMocopouuu. Kpuselie
3apsKeHUs U peaKL UM B CJIOe aJICOPOMPOBAHHOTO BellleCTBa.

20. 3aBUCHUMOCTb CKOPOCTH peaKl|uy OT KOHLEHTPALlMU U TeMrepaTypbl. MexaHu3M peakuu. KnHeTH4YecKoe ypaBHeHUe. MeTo/ibl onpee-
JIeHUA NIOPAJIKA peaK MU U 3HEPrUU aKTUBALUHU

21. OcHOBHbIEe ypaBHEHHUS TEOPUHU 3aMe/JIEHHOI0 pa3psaAa. MeTo bl U3y4yeHHUs CTaIUM pa3psaja-uOHU3aLuU. BivsaHue cTpyKTyphl IBOMHO-
r0 3JIEKTPHUYECKOr0 CJI0S1 ¥ IPUPObl MeTaJl/la Ha NlepeHanpsKeHue BblJeJIeHUS BOLOPO/a.

22. Peakuuu B cJi0e aficop6upoBaHHOro Bogopo/a. KruakodpasHoe KaTaIUTUUeCKOE THAPUPOBaHHE IPU KOHTPOJIMPYEMOM NOTEHLAAJIE.
KupkodasHoe kaTauTUYECKOE THAPUPOBAaHUE IPU PeryJIMpyeMoM NOTeHLHaJIe.

23. Peakuiuu B aiCOPOIIMOHHOM CJIO€ KUCI0POAa, }KUAKODa3sHOe reTeporeHHO-KaTaJlUTHYeCKoe OKUCIeHre P KOHTPOJIMPYeMOM OTEH-
nuase. JKuzakodasHoe reTeporeHHO-KaTaJIMTUYECKOE OKHCJIeHHEe NIPU peryJIMpyeMoM NoTeHane

24. [IpuroToB/ieHMe MeTaNIMYECKHX KaTaJIUu3aTOPOB XMMUYECKUMHU U 3JIEKTPOXUMHUYECKUMHU MeTOJaMU. BiiMsiHHMe noTeHMana ocaxXjeHrs
Ha aJICOPOLMOHHbIe U KHHETHYeCKHe XapaKTepPUCTUKHU KaTa/1Mu3aTopoB. KaTasu3aTopbl HA HOCUTEJIAX U POJIb IOAJIOXKKHU. JJIeKTPOXUMHU-
YyeCcKre MeTO/ibl N0JIy4YeHHUs aZCOPOLMOHHBIX KaTa/l1n3aTopoB. McciesoBaHne cocTaBa U CTPYKTYPbl IOBEPXHOCTHU KaTalu3aTOpPOB GU3U-
KO-XMMHUYEeCKUMHU MeTOJaMH

25. OTpaBJieHMe KaTaJIUu3aTOPOB, 6JIOKUPOBKA U MOAUPHIIMPOBAaHUE aKTUBHBIX 11eHTPOoB. Knaccudukauus sa08. KpuBble 3apskeHNs Kak
MeTOo/J, UH/UKaLU1 OTPaBJIeHUs 3JIEKTPOL0B-KaTalu3aTOPOB.

26. J1IeKTPO/ibl-KaTaJIUu3aTOPbl. JJIeKTPOXUMHUYECKHEe MeTO/ bl IPUTOTOBJIEHUS 3JIEKTPOJIOB C pa3BUTOU NOBepXHOCThI0. OP as1eKkTpoasl
(ordered porous structure electrodes). OcaxkeHre HAHOYACTUL, KaTaJu3aTOpPa Ha 3JIEKTPONPOBOASAILYIO MO/JIOXKKY.

27. Katanutudeckue QyHKLHUU 3JIeKTPO0OB B 3JIEKTPOXMMUYECKUX CUCTEMAX: leTMpUpOBaHue, IeOKCUMPOBaHKe U 1eCTPYKTUBHBIN
pacnag,

28. HeogHOpOHBIM cOCTaB aZicOpOUPOBaHHOIO €/1051. CTpoeHUe XeMOCOPOHMPOBAHHBIX YAaCTUL, U UX BJIHUSHME HA KUHETHUKY U MeXaHU3M
3JIEKTPOXUMHUYECKHUX NIpeBpalleHUH.

29. ds1eKTpoKaTa/JIUTUYECKHUE CUCTEMBI, paboTaroliue B ycaoBUsaX pa3oMkHyTou nenu (IKC-1). IKC-1 B ouncTKe CTOYHBIX BOJ, MOJIEKYJISIP-
HbIM KucaopooM. JKC-1 B 0UMCTKe CTOYHbBIX, OTPA60TAHHbBIX U MPOMBIBHBIX BOJ, IEPOKCHU,0M BOAOPOAA..
30. ds1eKTpoKaTaIUTUYECKHE CUCTEMbI, paboTalolue B yca0BUsaX 3aMKHYToH 1ienu (IKC-2). IKC-2 B 04MCTKe CTOYHBIX U OTPAOOTAHHBIX
BOJ Ha NpuMepe ¢peHosa U KpacuTesen. IJKC-2 B yC/I0BUSAX 37IEKTPOXUMUYECKON reHepalid akTUBHOTO XJI0Pa.
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31. Kom6uHUpOBaHHbIE 3/IeKTpOKaTaauTUIecKUe cucTeMbl. (DKC-3). JneKTpokaTaJluTHYeCKUe CUCTeMbI B CMHTe3e BeljecTB. JKC-3 B mia-
He MHTeHCHPUKALUU OYUCTKHU CTOYHBIX BOJ. KOMOMHMpPOBaHHas 3/1eKTpOKaTa/IMTUUeCKask 0YMCTKA CTOYHBIX BOJ, COZleprKalliMX MeTa-
HoJI, popMasnbaeruji, GeHoJibl, KPaCUTEH.

32. J1eKTpOXUMHUYEeCKHe 31EMEHTHI U S4elKU. JJIeKTPOXUMHUYecKas reHepanus 3Hepruu B T (TONJIMBHBIX 3JleMeHTax). OCHOBHBIE 3aKO-
HOMEPHOCTH TpeXx K/I4YeBbIX TOKOOOPAa3yIILUX PeaKLUMi: 3J1eKTPOBOCCTAHOBJIIEHHE KUCI0PO/ia, 3JIEKTPOOKHCIeHHe BOAOPOa, psAMoe
OKHUCJIeHUEe HU3KOMOJIEKYJIIPHBIX alupaTUYeCKUX CIUPTOB.

33. OnTrMHU3anud 371eKTPOKATATUTUYECKUX U TPAHCIIOPTHBIX MTPOLECCOB B TOIVIMBHBIX 3JIeMeHTaX, UCTOYHUKAX TOKA U CEHCOpax. JJekK-
TpOXUMHUUeCKHe npeBpauieHus Mmosiekya Oz, H202, H20, SO2, CO, CO2, Hz, H2S.

34. CBA3b «3eJIeHOM XUMUU» U 3KOJIOTUU. KoHLlenusa ycTOMYMBOro pa3sBUTHA. OCHOBHbIE IPUHIUIIBI «3eJIeHOW XUMUW». [IpuHIKUD npe-
JOTBpallleHUsl 00pa30BaHMsA BbIOPOCOB Y NOOOYHBIX MPOAYKTOB KaK aJIbTepHAaTUBA yTU/IM3ALMH UJIH OYUCTKH.

35. [IpuHun coxpaHeHUs GyHKLIMOHAJbHONW 3P PEKTUBHOCTHU IPU CHUXKEHUU TOKCUYHOCTH. 3aMeHa MOpaJIbHO YCTapeBLIMX POJYKTOB Ha
COBpeMeHHble, UMeKIlYe MEHbUIYI0 TOKCUYHOCTD. [IpUHIIMII MUHUMU3AL MU UCII0JIb30BaHUA BCIIOMOTraTeIbHBIX BelllecTB. Mcnosib3oBa-

HUE UOHHBIX XKUAKOCTEN, PTOPUPOBAHHBIX PACTBOPUTEEN, CYTIEPKPUTHUYECKOTO YTJIEKUCJIOTO rasa,

MeToau4eckue MaTepuaJssbl A/ NIPOBeJeHNs NPoLeAyp OlleHUBAHUA pe3y/IbTaTOB 00y4eHUs
[llkasa orleHUBaHMA 3HAaHWH, yMEHUH U HaBbIKOB NIPUBeZieHa B TabJIMIe HUXKe:

IIKAJIA U KPUTEPUHU OLUEHUBAHUA PE3YJIbTATA OBYYEHUA no agucuunivide (MoAyJii0)

OneHka 2 3 4 5
Pe3sysibTaT
3HaHusA O6pbIBOYHBIE B 1iesioM cucteMaTH4YeCcKHE, CucremaTH4yecKue, 0611IMe, HO He- CdopmupoBaHHbIEe CUCTeEMaTHYe-
3HaHUS WU UX HO HerJiyboKue 3HaHUS CO JlOCTaTOYHO CTPYKTYPUPOBAHHbIE CKHe 3HaHUs
OTCYTCTBUE 3HAYMUTEJbHBIMU IpO6ETaMU 3HaHUS
YMeHus OTaenbHbIE B 1esioM cucTeMaTHUYeCKOE, B nesioM ycneurHoe, Ho coZiepxa- YcnemHoe u cucteMaTH4eCKoOe

YMeHHUs UJIU UX
OTCYTCTBHUE

HO OFpaHUYEeHHOe YMEHHe,
yCreuiHoe TOJIbKO B IIpo-
CTEUIINX CUTYaLUAX

llee OT/le/IbHble NPO6esbl yMeHHe
(ZomyckaeT HETOYHOCTH HEMPUH-
UIIMAJIbHOTO XapaKTepa)

yMeHHe

HaBbiku (Ba1age-
HUS)

OTaenbHBbIE Ha-
BBIKH UJIM UX

[[la6yioHHBIE HABBIKH, IPU-
ro/iHble JJIsl pellleHUus Ipo-

B nesioM chopMrpoBaHHbIe HaBblI-
KU, HO He BCe B aKTUBHOU popMe

ChopmMupoBaHHbIE HaBbIKH, IPU-
MeHsieMble NPU pellleHUH pasJiny-
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OTCYTCTBHUE CTEeNIIUNX 3aa4d

HBbIX 3a/1a4

PE3YJIbTAT OBYYEHUA
N0 AUCHUIIMHE (MOAYJII0)

®OPMA OLEHUBAHHUA

3HaTb: CoBpeMeHHble MeTO/bl OJIyYeHUS MeTaJlJIMYeCKUX CIJIaBOB U KOMIIO3ULMOHHBIX MaTepHaJoB
3HaTb: JJIEKTPOXMMHUUYECKHE MEeXaHU3Mbl KOPPO3UOHHBIX pa3pylleHUH; 00IlyMe 3aKOHOMEpPHOCTH
XUMHUYECKOU U 3JIEKTPOXUMHUYECKON KOPPO3UH.

Bnagets: MeTomaMM XHMMHUYeCKOTO MOAUQUIMPOBAHUS TBEPAOTEJNbHbIX MaTepHUaOB C LieJblo
ONTHMU3ALMU UX QYHKIMOHAJIbHbBIX CBOMCTB U 3aLIMThl OT KOPPO3UOHHBIX pa3pylleHHUH.

MepONpUSATUS TEKYLIETr0 KOHTPOJIS yC-
MeBaeMOCTH, YCTHBIN OMPOC Ha 3a4yeTe

YMeTh: [loabupaTh cnoco6bl 3alUThl META/JIOB U CIJIABOB OT KOPPO3HWOHHBIX pa3pylleHUH NMyTeM
MOAUPHUIIMPOBAHUS UX COCTaBa U CTPYKTYPbl, IPUMeHEHHsI CHelHaJbHbIX METOZ0B 06pabOTKHU IO-
BEPXHOCTH, a TAKXKe 3JIEKTPOXHUMHUYECKHUX METO/I0B 3aLUThl OT KOPPO3HUH.

MepOoNpUATUSA TEKYLLEro KOHTPOJIA yC-
NIeBaeMOCTH, YCTHBIN ONPOC Ha 3a4eTe

Bnanets: MeToaMy XUMUYECKOT0 MOAMPHUIIMPOBAHUSI TBEP/AOTENbHbBIX MAaTEPUAJIOB C L[€JIbI0 ONTH-
MU3aL MU UX QYHKIIMOHANbHBIX CBOMCTB U 3aL[UThl OT KOPPO3UOHHBIX Pa3pylIEHUH.

MepOonpUATUSA TEKYLLEro KOHTPOJIA yC-
11eBaeMOCTH, YCTHBIM ONPOC Ha 3a4yeTe
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