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Paboyas nmporpaMMa JUCLMILJIMHBI pa3dpaboTaHa B COOTBETCTBHUU C CaMOCTOSITENIBHO yCTa-
HOBJIeHHbIM MI'Y o6pa3oBaTesbHbIM cTaHgapToM (OC MIY) pisa peannsyeMbIX OCHOBHBIX
npodeccruoHaIbHbIX 06pa30BaTebHbIX POTPaMM BhICLIET0 0Opa30BaHUS MO HAMPaBJIEHUIO
noarotoBku 04.06.01 «XuMuyeckue Hayku» Ha ocHoBe O6pa3oBaTe/IbHOIO CTaHAApPTa, CaMo-
CTOAATEJNIbHO ycTaHOBJeHHOro MI'Y numenu M.B.JlomoHocoBa (manee - OC MI'Y), yTBepxJeH-
Horo [Ipukazom N2 552 ot 23.06.2014 r. no MI'Y ¢ yyeTom usmeHenuit B OC MI'Y, BHeceHHBIX

[Iprkaszom Ne831 mo MI'Y ot 31.08.2015 r..

['ox (roabl) npueMa Ha o6ydeHue 2014/2015, 2015/2016, 2016/2017,2017/2018,
2018/2019, 2019/ 2020



1. KpaTkasa aHHOTaLus:

[IporpamMma Kypca «MaTepuasbl A0 3JeKTPOXUMHUYECKON IHEPTETUKU» MpeJHa3HAuYeHa [JIJIsl aCIUPAHTOB, CIEUATU3UPYIOIIUXCS B 00J1aCTH
XUMHUU HEOpPraHUWYEeCKUX BeIlleCTB U MaTepuasioB. [JaHHBIM Kypc HampaBJieH Ha yriaybJeHHOe u3ydeHue COBPEMEHHBIX MaTepuasoB JAJs pas-
JINYHBIX 3JIEKTPOXUMHUYECKUX YCTPOUCTB — XUMUYECKHUX UCTOYHUKOB ToKa (XUT), BKtoUas akKyMyJIsITOPBI, CYIEPKOHAEHCATOPbI, @ TAKXKe TOII-
JIUBHbIE 3jieMeHThbl. Kypc cOCTOUT U3 ABYX pa3/iesioB: MepPBbIM pa3jesi MOCBsleH BTOPUYHBIM UCTOYHUKAM TOKA, 2 UMEHHO CylepKOH/IEHCATO-
paM M aKKyMyJIITOpaM, BTOPOM pa3zeJsl — TONJIMBHBIM 3JIeMeHTaM.

B paMkax nepBoro pasjiesia Kypca KpaTKo paccMaTpuBawTcs GU3UKO-xUMU4eckue ocHOBbI XUT, TepMOAMHAMHUKU U KUHETUKU 3JI€KTPOJHBIX
IpOLLeCCOB, MPOTEeKAWILUX B HUX. PaccMoTpenbl ocHoBHbIe BU/bI XUT, a Takke 0CHOBHbIE 00J1aCTU UX NpUMeHeHUd. Pa3zes cocTouT U3 AByX
CBSI3aHHBIX YacTel. [lepBas 4yacTb NOCBsALIEHAa COBpeMeHHBbIM MaTepuaJsiaM /il CyllepKOHAEHCaTOPOB, TOrla Kak BTopas - akKyMyJaaTopaM. Bo
BTOPOU YacTH NOAPOOHO pacCMaTPUBAIOTCS JIUTUU-UOHHBIE aKKYMYJISTOPBI, MEXaHWU3M JIMTUU-UOHHOTO TPAHCIOPTA B HUX, @ TAKXKe 3JIEKTPO-
JIUTBl W 3JIeKTpOJHble MaTepuasbl. /lajee pacCMOTpeHbl MaTepuasbl A aJbTEPHATHBHBIX CUCTEM, BKJKOYasd JUTUW-CEpHble U JIMTHM-
BO3/YILLIHbIE aKKyMYyJITOPHIL. B 3ak/0ueHUHN paszesia pacCMaTPUBAOTCS MaTepHaJibl JPYrux MeTall-uoHHbIX cucTeM (Na, Mg, Al).

Bo BTOpoM pa3jesie paccCMOTpeHbl MaTepHuasibl TOMJIMBHBIX 3JIEMEHTOB. B mepBoil yacTu pasjesia NpUBOAUTCSA KaaccupuKalus TOMIUBHBIX
3JIEMEHTOB, pacCMaTpUBaeTCd MPEUMYIeCTBA U HEJJOCTATKM Pa3JIMYHbIX TUNIOB TOIJIMBHBIX 3J1eMeHTOB. Ha nprMepe 11e/104HbIX U TBEP00K-
CUJIHBIX TOMJMBHBIX 371eMeHTOB (TOT3J) KpaTKo pacCMOTpPeHbl MEXaHU3MbI 3JIEKTPO/HBIX MIPOLECCOB U OCHOBHbIE UCTOYHUKH MaJleHUsI OTEH-
1MaJa Ha aznektpogax. OCHOBHas 4acTbh JaHHOTO pasfeJsa nocsuieHa MatepuasaM TOTI. [logpobHO paccMaTpyBarOTCA COBpeMeHHbIe MaTe-
pUasibl 3JIEKTPOJIUTA, aHOJla U KOMMyTaluoHHOTO ajieMeHTa TOTI. PaccMoTpeH MexaHHM3M peaKLMM BOCCTAHOBJIEHUS KHCJIOPOJA Ha KaTo/e
TOT3. B 3ak/t04YUTENBHON YaCTH paszesia 00CY>KAATCs KaTOJAHble MaTepraJibl BbBICOKOTEMIIEPATYPHOro U cpeaHeTeMmnepatypHoro TOTI, ux
OCHOBHbIE XapaKTEPUCTUKHU. PaccMOTpeHbI Cl10COObI BO3AEUCTBUS HA BBICOKOTEMIIEPATYPHYIO 3JIEKTPONPOBOJHOCTb, TEPMUYECKOE pacliupe-
HUE U KHUCJIOPOJ-UOHHYI0 NPOBOAMMOCTb Pa3/IMYHbIX KaTOAHBIX MaTepHUa/ioB Ha OCHOBE NEPOBCKUTONOA00HBIX OKCU/0B MEePeX0JHbIX MeTaJl-
JIOB.

2. YpOBeHb BbICIIEIro 06pa30BaHI/IH — IIOAT0OTOBKA HAYYHO-IT€eAarorut4eCKmux KalpoB B aCITUPAHTYype

3. Hanpassienue nogroroBku: 04.06.01 XuMuyeckre HayKy, HallpaBJeHHOCTb: HeopraHndeckas XuMusl.



4. MecTo AuMCUMIUIMHBI (MoayJis) B cTpykType OOIl: BapuaTtuBHas yacTb OOIl, 6710k 1 «/lucuUNmIMHBI (MOAYJIH)», KOTOPYIO YYaIlUKCA MOXET

OCBOUTDb Ha BbIOOP M3 CNIMCKA MPE/JIOKEHHBIX B IEPUO, 00y4eHHs], OTMeUYEHHbIN B 6a30BOM Y4eOHOM IJIaHe, B TeueHUe 1 uiu 2 rojja ooydyeHus,

BO BTOPOM UJIK YeTBEPTOM ceMecTpe ([0 BbIOOPY acIMpaHTa).

5. [lnanupyeMble pe3yibTaTbl 00y4YeHHUs M0 AUCHUIIMHE (MOZYJI0), COOTHECEHHBIE C IIJIAHUPYEMbIMU pe3yJibTaTaMU OCBOEHUsI 0O6pa3oBaTeib-

HOW NporpaMMmbl (KOMIETEHLUSMU BbIYCKHUKOB)

KoMmnereHuus

Ils1aHupyeMble pe3y/ibTaThl 00y4YeHHs 0 AUCHUILIMHE (MOAYJII0)

CIIK-2. Cnoco6HOCTb NJIaHUPOBATh U IPOBOAWUTDb MCCJIe[0Ba-

HHE CBOWCTB HeopraHn4eCKHUx BelleCTB KOMIIJIEKCOM (l)I/IBI/IKO- XHUMHNYECKHX YCTpOﬁCTB

XUMHUYECKUX METO/I0B, UHTEPIPETUPOBATh U 06001aTh pe-

3yJIbTAaThI I/ICCJIe,ELOBaHI/Iﬁ

JINYHBIX 3JIEKTPOXMMHUYECKUX YCTPOUCTBAX

3HaTh COBpEMEHHO€E COCTOAHHME HAYKHU B 06J1acTH MaTepHruaJioB AJid 3JIEKTPO-

3HaTh QpyH/IaMeHTaJbHble MOAXO0/Ibl K CO3/JaHUI0 MaTepUaJIOB C 3a/laHHbIMU
OU3UKO-XMMHUYECKUMH CBOWMCTBAaMH, BaXKHBIMU IPH MCIOJIb30BAaHHWU B pas-

6. 06'beM AUCUUIIMHBI (MOAYJis1) B 3a4eTHBIX €JUHUIAX C yKa3aHUEM KOJIMYeCTBa aKaJleMUUEeCKUX UK aCTPOHOMUYECKUX YacOB, BblJl€JIEHHbBIX

Ha KOHTAKTHYI0 paboTy oby4daroLyxcs ¢ npenojaBaTteseM (1Mo BUJaM y4eOHbIX 3aHSATHUI) U Ha CAMOCTOSITE/IbHYI0 Pa60Ty 00y4YarIIUXCs:

06sem ducyunauHbel (Modyss) cocmasasiem 3 3a4uemHule eQuHUYybl, 8ce2o 108 yacos, uz komopuix 36 yacoe cocmas.isiem KOHMakmHas paboma ac-

nupaHma c npenodaeame/lem [24 uaca 3aHssmus JIEKUUOHHO20 munda, 4 yaca - 3aHaIMUSA CeMUHAPCKO20 muna, 4 vaca KOHCYy/s1ibmayuu, 4 vaca Mepo-

npusamus mekKyuje2co KOHmpoJ/is ycneeaemocmu u npomeafcymquoﬁ ammecmauuu], 72 yaca cocmas/siem camocmosimeAbHas pa6omayllau4620cg.

7. BxoaHble TpeboBaHUs [IJ1sl OCBOEHUS JUCLUIIJIMHBI (MOAYJ1s1), Ipe/iBApUTEbHbBIE YCIOBUS.

3HaTb: TEPMUHBI U IOHATHSA, U3BECTHbIE U3 KYPCOB HEOPraHUYeCKOM, PU3UYeCKON XMMHUH, 3JIEKTPOXUMHUU U KPUCTAIJIOXUMUH.
YMeTb: aHA/IM3UPOBATh JAaHHbIE JUTEPATyPhI.

BiageTs: ocHOBaMu MaTeMaTU4eCKOW 00pab0TKH pe3y/IbTaTOB 3KCIIePUMEHTOB
8. Cozep:kaHUe AUCHUIIMHBI (MOAYJISA), CTPYKTYPUPOBAHHOE 110 TEMAM.

HaunmeHoBaHHe U KpaTKoe
coJep>KaHue pa3jesioB U
TeM JAUCHUIUIMHBI (MOAY-

Bcero
(4acsi)

B ToMm uucie

KoHTakTHas pa6oTa (pa6oTa Bo B3aMMO/€iCTBUH C IpenojaBa-

CaMmocTosATe/IbHas

pa6oTa
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TeMma 1. 56 16 2 2 2 34

JJIeKTpoXMMH4YeCKHe Ha-
KOIUTEJ/IU JHEepPruu

Busibl 3/71€KTPOXUMHUYECKUX
HaKOMNHUTesJ el U 06/1acTH UX
npuMeHeHus. KoHcTpykuu
Y OCHOBHbIE XapaKTePUCTHU-
KM  CyNepKOHJEeHCaTOpOB.
[lepBuyHble U BTOpPUYHBbIE
XUT. KartogHble, aHOJHbIE
MaTepHaJsibl U 3JIEKTPOJIUTHI
B XUT. YcTpoycTBO U NpUH-
110500 paboThl JIUTUI-
VOHHOTO  aKKyMyJIITOPOB
(JIMA). Marepuansl s
JIMA. HaTpuii-MOHHBIE aK-
kymysaATopbl. XUT Ha ocHO-
B€ MYJIbTUBAJIEHTHBIX Ka-
TUOHOB MeTaJlJIOB.




Tema 2 48 8 2 2 2 34
Ton/iMBHbIE 3/IEMEHTHI

Tunbl TONJIMBHBIX 3J1€MeH-
ToB (T3) u ux kaaccuduka-
uud. MaTtepuanbl KOMIIO-
HEHTOB pAa3/JIMYHbIX TUIIOB
T3. TBepAOOKCUAHBIA TOI-
JuBHbIM 3seMmeHT (TOTI).
Katonnsble MaTepuaja
TOT3. KaTtogHuble MaTepua-
Jbl JJI  CpeJHeTeMIlepa-
TypHbIX TOTD Ha ocHOBe Fe,
Co, Ni u Cu-copepxawmux

IIepOBCKUTOB.

[IpoMexxyTOoyHasa arTtecTa- | 4 4

1y 3a4em

UToro 108 24 4 4 4 36 4 72

8. O6pa3oBaTe/ibHble TEXHOJIOTUU
[IpenojaBanue JUCHUIIMH B GOopMe aBTOPCKUX KYPCOB IO MpOrpaMMaM, COCTaBJAe€HHbIM Ha OCHOBE Pe3yJIbTaTOB UCCJAeJOBAHUIN HAaYyYHbBIX
mkos MI'Y.

9. YyebHO-MeTOLHYECKHE MAaTepUaJibl [JIs CAMOCTOATENbHOW paboThl 110 AUCLHUIIMHE (MOAYJIIO):
AcnupaHTaM NpeoCTaBJsgeTcsa NporpaMMa Kypca, IJIaH 3aHATUH U NlepedyeHb JOMAlIHUX 3aaHui. [1o TeMe KaK/10¥ JIeKLIMM YKa3blBaeTCsA Ma-
TepHuaJl B UCTOUHUKAX U3 CIMCKOB OCHOBHOM U BCIIOMOTATEe/bHON JIUTEPATYPHI.

10. PecypcHoe obecrnieyeHue:
e [lepeueHb OCHOBHOM 1 BCLIOMOTraTeJbHOW yUeOHOU JIUTEPATYPhl KO BCEMY KypCy
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OcHoOBHas JiIuTEpaTypa

1. B.E.Conway. Electrochemical Supercapacitors: Scientific Fundamentals and Technological Applications. Springer, 1999
2. Advanced batteries. Edited by R.Huggins. Springer, 2009

3. Lithium Batteries: Advanced Technologies and Applications. Edited by B. Scrosati, K.M. Abraham, W. Van Schalkwijk, J. Hassoun.
JohnWiley&Sons, 2013

. V.S. Bagotsky, A.M. Skundin, Y.M. Volfkovich. Electrochemical Power Sources: Batteries, Fuel Cells, and Supercapacitors. Wiley, 2015
. AlJ.Bard, L.R. Faulkner. Electrochemical methods: Fundamentals and Applications. John Wiley & Sons, 2000.
. A.K. UBanos-llluy, U.B. Mypun. Monuka TBepgoro Tena. Tom [. Usa-Bo CII6 yHuBepcuTeTa, 2000.
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6
7. J. C.Larminie, A. Dicks. Fuel Cell Systems Explained, John Wiley and Sons Ltd, New York, 2nd edn, 2003
8. 3.10ctu, A. BunseJib. ToninBHbIE asieMeHThI. Mup, MockBa, 1964
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. B.C. baroukui, A.M. CKyHAUH. XUMUYeCKHe UCTOYHUKHU TOKa. JHeprouszaat, Mocksa, 1981

0. High Temperature Solid Oxide Fuel Cells: Fundamentals, Design and Applications. (Eds. S.C. Singhal, K. Kendall). Elsevier, Oxford, U.K,,
2003.

11. T.Ishihara (Ed.), Perovskite Oxide For Solid Oxide Fuel Cells, Springer, 2009.

Jlono/IHMTEe/IbHAS JIUTEPATYPa

1. Linden's Handbook of Batteries, 4th Edition. Edited by T.B.Reddy. McGraw-Hill, 2010

2. C.4.HUctomun, E.B. AuTunoB, KatogHbsle MaTepraJ/ibl HA OCHOBE IEPOBCKHUTONOAO0OHBIX OKCUJ 0B MEePEX0IHbIX METAJIJIOB JIJIsI
cpefHeTeMIlepaTYPHBIX TBEPJOOKCHUAHBIX TOMJIMBHBIX 3JIeMeHTOB, Ycnexu xuMuu 82 (7) 686-700 (2013).

L4 Hepequb HNCIIOJIb3YEMBbIX I/IHCl)OpMaLU/IOHHbIX TeXHOJIOFHI;'I, HUCIIOJIb3YEMBIX IIPHU OCYLIECTBJI€EHHNHU 06paBOBaTeJIbH01"0 Imponecca, BKJiro4ad

nporpaMMHoOe obecneyeHre, MHGOpPMalMOHHbIE CIPAaBOYHbIE CUCTEMBI (IPHU HEOOXOJUMOCTH ):
Het

MaTepuraibHO-TeXHHUYeCKOe obecrieyeHre: 3aHATHUSA IPOBOAATCA B 0ObIYHON ayZJUTOPUHU C BO3MOXKHOCTBIO NMOJKJII0YEHNUS TEXHUKHU /1S [IeMOH-
CTpaLyu Npe3eHTauuu

11. fI3bIk npenojaBaHus — pyCCKUU

12. [IpennogaBaTenu:



JIOKTOp XHM. HayK, podeccop AHTHUNOB EBrenuit BuktopoBuy, antipov@icr.chem.msu.ru, 8-495-939-33-75

KaH/. XUM. HayK, CTapIIU{ Hay4YHbIX cOTPyAHUK [ poxokuH Osier AHApeeBuy, rapuque@gmail.com, 8-495-939-34-90
KaH/,. XUM. HayK, CTapIIU{ Hay4yHbId coTpyAHUK UTkuc Jlanuna MuxaiaoBuy, daniil.itkis@gmail.com, 8-495-939-34-90
KaH/l. XMM. HayK, goueHT UctomuH Ceprent AkoBsieBuY, istomin@icr.chem.msu.ru, 8-495-939-34-90

KaHJ. XUM. HayK, BeAyLUI Hay4HbIH cOTPpYyAHUK XacaHoBa Hesnu PakunoBHa, nelliemsu@gmail.com, 8-495-939-34-90

®OoHABI OLIEHOYHBIX CPEACTB, HE06X0AUMBIE /Jisl OLLeHKH Pe3y/IbTATOB 00y4eHus

1. IlnaHnupyeMble pe3ysbTaTbl 00y4YeHUs NPUBEJEHBI B I1.5.

2. O6pasibl OLeHOYHBIX CPeJCTB AJ15 TEKYLEero KOHTPOJIS yCBOEHUs MaTepraJsla U IPpOMeXXyTOYHOM aTTeCcTalluu

1.

1.
2.

v

No

TeopeTnyeckue BONpPoOCkI

[IpyuHUMT paboThI CyIepKOHAEHCATOPA, 3JIEKTPOJIUTHI U 3JIEKTPOHble MaTepHaJibl A5 CyIepKOH/EeHCAaTOPOB.

MexaHM3M BOCCTAaHOBJIEHUS KUCI0PO/JA C yYaCTUEM IEPOBCKUTOB MEPEXOJHBIX MeTa/LI0B, coaepxkaiux Fe, Co, Ni u Cu. Tpe6oBaHus k
KaTOAHOMY MaTepuaJsly cpefHeTeMnepatypHoro TOTD.

PaBHOBeCHBIN NOTEHMA/I U MeTO/bI ero onpegeseHus. CBA3b 3JIeKTPOHHOMN CTPYKTYPhI 3JIEKTPOJAHBIX MaTEepPHUAJIOB U NOTEeHMa/Ia
aJiekTpoza. [[puMepbl OTpULIATEIbHBIX Y NIOJIOKUTEIbHBIX 3JIeKTPOJHBIX MaTeprasioB a4 JIMA.

AKTHBalLMOHHAA U KOHLeHTPaLMOHHadA NoJidpusanud. Bauanue noadgpyusalnuy Ha Xxapaktepuctuku JIMA.

[[lesiouHO¥ TONJIMBHBIN 3/1eMeHT. Bb160p MaTepuasioB koMnoHeHTOB L[T3. JleckpunTopbl KATATUTHUYECKON aKTUBHOCTU peaKLMU BOC-
CTAHOBJIEHHS KMCJIOPO/aA B ILIeJIOYHOH Ccpefie.

dnekTposnuTbl TOTI Ha OCHOBE OKCHUAO0B CO CTPYKTypoi ¢puitoopuTa. TpeboBaHUs K MaTepuasy ajekTposauta TOT3I.

OcHOBHbIE KaTO/Hble MaTepHaJ/ibl HA OCHOBE MEPOBCKUTOMNO/JOOHBIX OKCU/IOB, COEPKalMX KATUOHbI KOOa/IbTa, HUKeS U MeJu. Bius-
HHUE KPUCTAJINYEeCKON CTPYKTYPbI CJI0KHBIX C10MCThIX KynpaToB R2Cu04 Ha MX BBICOKOTEMIIEPATYPHYIO KUCJIOPOA-UOHHYIO IPOBOAU-
MOCTb.

PacueTHble 3aga4u wau Tecthl (IIK3)

Ha mukpodoTorpaduu nusobparkeHa MUKpocTpyKTypa nopoiuka LiCoOz. PaccuuTaiiTe ero TeopeTHYECKYI0 yeJIbHY EMKOCTh U MaKCH-
MaJIbHbIH TOK, IPU KOTOPOM BO3MOHO JJOCTHKEHHUE TAKOW eMKOCTH Ha IPaKTHKe, cuuTas KoappuuueHTt guddysuu Li* paBHbiM 10-°



2. Ha PHUCYHKE I/1306pa)KeHbI 3apAAHO-pa3pAaHble KPUBbI€ CUMMETPHUYIHOTO CYIIEPKOHAEHCATOPA HA PA3JIMYHBIX TOKAX. OHeHHTe E€MKOCTb

JIAHHOTO CyNepKOH/JeHCaTopa U Y eJbHYI0 EMKOCTb €ro 3JIEKTPOJHOI0 MaTepHuasia. Macca MaTepuraJsia Ha KaXKJ0M 3JIEKTPOe COCTaBJIS-
Ja 4 mr.
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3. PaccuuTaliTe TEOPETUYECKYIO V/I€JbHYI0 IHEPTUI0 AaKKYMYJISITOPA C OTPULIATENbHBIM 3JIEKTPO/IOM Ha OCHOBE TpaduTa U MOJIOXKUTE b-
HBIM 3JIeEKTpoZ0M Ha ocHOBe LiFePO4. OuieHuTe ero npakTU4eCKyo YA eJIbHY0 SHEPTHIO.




4. Ha pucyHke n306pakeHbl pa3psiiHble U 3aps/iHble KPUBbIe I4YEeMKH, COCTOALeN U3 MeTalJINYeCKOT0 INTUEBOTO OTPULLATEJIbHOTO 3JIEK-
TPOJa U MOJIOXKUTEJbHOI0 3JIEKTPO/,Aa U3 OKCUAHOI0 MaTepHasla, UHTepKaIupyouero JUTUN. 00 bACHUTE HAbJII0JaeMyI0 Pa3HULY B
KPUBBIX /Il pa3JIMYHbIX TOKOB. i306pa3uTe yyacTok $pa30BOM AuarpaMMbl B KOOpAMHATaX «TeMIlepaTypa — COCTaB» /Il JAHHOT'O OKCH-
Jla B 00/1aCTH KOMHATHOM TeMIlepaTyphl, IPU KOTOPOM U ObLIM IPOBe/eHbl U3MepeHHs.
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MeToan4yecKkue MaTepHuasbl AJid IPOBeJeHUs NPOoLeAyp OLleHUBAaHUA pe3y/IbTaTOB 00y4YeHUs

3a4yeT NMPOBOJUTCA MO OHUJIeTaM, KXKAbIM M3 KOTOPBIX BKJIOYAaeT TeOpeTHUYeCKHe BONPOChl U NMpaKTH4YeCKOe KOHTPOJIbHOe 3a/laHue
(ITK3). YpoBeHb 3HaHUM acMpaHTa OLEHMBAETCS HAa «3a4TEHO», «He3auyTeHo». OLleHKa «3a4TeHO» BbICTABJISIETCS, €C/IM IO IIKaJe ole-
HUBaHUA y4YalUICA IeMOHCTPUpPYeT 3HAaHUSl YMEHUs U BJIaJIeHNs], COOTBETCTBYIOIMe KaTeropusaM 3, 4 u 5. B xozie 3aueTa, npoBOUMOTO
B popMe MHAUBUAYAIBHOIO cobece/j0BaHus, OLleHUBAeTCsl cTelleHb CGOPMUPOBAHHOCTU «3HAaHUEBOM» KOMIIOHEHThI koMneTeHUH YK-
1, YK-2, [IK-1 u [IK-16 (3HaHHe COBpeMEHHOT0 COCTOSIHUSA HAayKU B 006J1aCTU MaTepHUaJioB /Jif 3JIeKTPOXUMUUYECKUX YCTPOUCTB). YacThy-
HO cHOPMHUPOBAHHOCTb YMEHMUsl BbIOMpATb M NPUMEHATb B NMpPOdeCcCUOHAJbHON JeATeJbHOCTH 3KCIIepUMeHTa/lbHble U pacyeTHO-
TeopeTHyeckue MeToAbl uccaenoBanusa (OIIK-1) nposepsieTcsa npu BeinosHeHuM [1K3, UX olleHKa y4yUTBIBaeTCA KakK OJjHA M3 COCTaB-

JIAIOIIUX IIPHU BICTABJIEHUH 3a49€Ta.
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[lIkasa olleHMBaHUS 3HAHUM, yMEHUW U HABBIKOB SIBJISI€TCS €JUHOM [1J1S1 BCEX AUCLUIIMH (IpUBeJieHa B TabJiulie HUXKeE)

IIIKAJIA U KPUTEPUH OLEHUBAHUSA PE3YJIBTATA OBYYEHHUA no aucuuniauHe (MOAyJI10)
OneHka 2 3 4 5
PesysibTaT
3HaHuA OTtcyTcTBUE ®parMeHTapHble 3HAHUSA O61uire, HO He CTPYKTYPHUPOBaHHbIE CdopmupoBaHHbIEe cCUCTEMATUYE-
3HAHUU 3HaHUA CKHe 3HaHUdA
YMmenusa OTcyTcTBHE B nesioM ycrnemHoe, Ho He | B mesioM ycnelHoe, HO cofepakaliee YcnenrHoe ¥ cucteMaTudeckoe
yMEHUM

HaBbiku (Bi1age-

CUCTEMATUYECKOE YMEHHUE

OT/ZeJibHble IP0o6esbl yMeHUe (J10-
NyCcKaeT HETOYHOCTHU HENPUHIIUIIU-
aJIbHOTO XapaKTepa)

yMeHue

HUSA)

OTtcyTcTBUE Ha-
BbIKOB

Hanuune OTAEJ/IbHBIX Ha-
BbIKOB

B 1jesioM, cdopMupoBaHHbIE HABbI-
KM, HO He B aKTUBHOHU dpopMe

ChopmMupoBaHHbIe HAaBBbIKY, IPU-
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