degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: DU3NKO-XUMHUYECKHE OCHOBBI QJICKTPOXUMHUYICCKUX HaKOIIUTEICH OHCPIrun
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa HAaHOMETPOJIOTUHN U HAHOMATEPHAJIOB

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

J.M. Utkuc, kKaHa. XuM. HayK
B.A. Busranos, kaHa. X¥UM. HayK
B.B. KpuBenukuii, kKanj. XuM. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl HAHOMETPOJIOrHK U HaHoMaTepuaiioB 12.02.2024



AHHOTANMA
HucuuiuinHa «®U3HKO-XMMUYECKUE OCHOBBI JIEKTPOXMMUYECKUX HAKONUTEJIEH SHEpruuM» HalpaBllieHa Ha
pa3BuTHe TPOPMIBHBIX KOMIETCHUWH W MPEACTABICHHH 00 OCHOBHBIX JJIEKTPOXMMHUYECKHX TEOPHSIX H
KOHLIEILMSIX, OIIUCHIBAIOLIUX IIPOLIECCH], IPOTEKAOIINE B METAJUI-MOHHBIX U MOCT-TUTUEBBIX aKKYMYJISITOpax
BCJICACTBHE YDIYyOJIEHUS M CHCTEMaTWU3alud 3HAHWKA O KiIacCU(UKALHMH, WCIONB3YEMBIX MaTepuaiax H
OCHOBax TEXHOJOTUMH MPOU3BOACTBA BTOpHYHBIX XMWT ¢ LEnp0 OCYIIECTBICHUS IUIAHUPOBAHMS,
MIPOEKTUPOBAHUS, pacuyeTa U aHAJIN3a Pe3yJIbTaToOB UCIBITAHUN aKKyMYJISTOPHBIX SYE€EK

1. leau u 3apauun

eap AUCUMNIMHBI
- (opmupoBaHre y OOYYAIONIMXCS CIECIUATU3UPOBAHHBIX MPEICTABICHUI O BUJAX, MPUHITUATIAX
paboThl, OCHOBHBIX (DM3MKO-XMMHUYECKUX MPHUHIUIAX (DYHKIIMOHUPOBAHUS U TEXHOJOTUH BTOPUYHBIX
XUMHYECKUX WCTOYHWUKOB TOKA, BKIIOYAas JINTUH- W  HATPUH-WOHHBIE aKKyMYJISATOPBl U
MOCT-METAIJI-MOHHBIE CCTEMBI, a TaKKe 00 OCHOBHBIX KJIACCAX MATEPUANIOB JUIA SJICKTPOXUMHUYECKUX
HaKOTHTEJICH YHEPTHH.

33]13‘[1/[ JAUCHUIIINHBI

- yoiyOnenue 0a30BbIX (yHAAMEHTAIBHBIX M (OPMHUPOBAHUE CIECHUAIM3UPOBAHHBIX 3HAHUH U
NPE/ACTaBICHUN O NMPHUHIMNAX pabOThl, OCHOBHBIX IpOLECCaX M MX MEXaHU3Max M TEOPETUYECKOM
ONMCAHMM, JEKANUX B OCHOBE COBPEMEHHBIX OJJIEKTPOXMMHYECKHUX HAKOMMUTENIAX DSHEPIHH, O
MaTepHalaX UCIONb3YEMbIX Ul UX U3TOTOBJICHUS.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

YK-1.1 Ananu3upyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEKIY HUMH

VYK-1.2 OcymecTBisier TMOWCK BapUaHTOB  PELICHUSA
. |mocraBmeHHOW — HpPOONEMHOM  CHUTyalluM Ha  OCHOBE
YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
. JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh

CTpATernio HeﬁCTBHﬁ IOCTABJICHHOMW IHCJIM KaK II0CJICAO0BATCIIbHOCTL IIIAros,

MpenBUIA pe3ylbTaT KakIOT0 W3 HHUX W OILEHHWBas HX

BIIMAHHUC Ha BHCIIHECC OKPYKCHUC HHaHpreMOﬁ
ACATCIIBHOCTU WM Ha B3aMMOOTHOLICHHUA Y4YadCTHHUKOB 3TOM
JACATCIIBHOCTHU

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

JACATCIIbHOCTHU

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U TPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAThb:



YMETb:

- OCHOBHBIC BUJIbI UCIIOJIb3yEMBIX COBPEMEHHBIX BTOpHYHbIX XM T, X mpenMyIecTBa U HEIOCTATKH,
(UBHMKO-XMMUYECKUE IPUHIIUIBI UX PabOTHI;

- MarepuaJibl, UCIIOIb3YeMbIe B Kau€CTBE DJICKTPOAOB M DIIEKTPOJIUTOB B COBPEMEHHBIX BTOPHYHBIX
XUT;

- OCHOBBI TeXHOJIOTUU coBpeMeHHBbIX X T, BKITtouasi MeTaur-uOHHEIE.

- BBINOJNHATH pacueTsl HampspkeHuss XWUT ©3 TepMOAMHAMUYECKMX AaHHBIX, YAEIHHOH €MKOCTH H
SHEPIUHU HIEKTPOXUMHUUECKUX I1ap;

- 0OBSICHATH NPUHIMIIBI PpabOThl Pa3NUYHBIX AIEKTPOXUMHUUECKUX HAKOIUTENICH SHEPTrUH, KUHETHKY H
TEPMOAMHAMUKY IIPOIIECCOB Ha AEKTPOAxX, BEIOMPATh METOABI X XapaKTEePUCTUKY;

- aHAJIM3UPOBATH PE3YIBTATHI NEKTPOXUMUYECKUX UCTIBITAHUA;

- aHAJIN3UPOBATh HAYYHYIO JIUTEPATypy C LEJIbI0 BbIOOpa MHpOpManmuum o pabdoTe, MepCHEeKTUBaX U
XapaKTepUCTHKAX pa3IUYHbIX MaTepuanoB ajst XUT;

- TOTOBUTHb DJEKTPOIBl M3 HCXOOHBIX OJIEKTPOAHBIX MaTepHaloB, CcOOMpaTh U MPOBOAUTH
3NIEKTPOXUMHUYECKHE UCTIBITAHUS TECTOBBIX SYEEK.

BJIAJIETh:

- OCHOBHBIMHM IEKTPOXUMHUYECKHMH TEOPUSMU M KOHLENIUSAMH, OINUCHIBAIOIIMMM IPOLIECCH Ha
SMEKTPOAAX M B JIIEKTPOIMTE, a TAKKe HPUHIMIBI PaObOThl METAII-HOHHBIX W HOCT-JTMUTHUEBBIX
aKKyMYJISTOPOB;

- OCHOBHBIMHU JJIEKTPOXUMHUYECKMMH METOJAMM XapaKTEPUCTUKU PA3IMYHBIX 3JIEKTPOXUMHUYECKUX
CHCTEM, HCIIOJIb3YEMBIX BO BTOpHUYHBIX XUT;

- KJIIOYEBBIMM TEXHOJOIMUECKUMHU I[PUEMAMHU, MCIOIb3YEMBIMH B IPOM3BOACTBE METAJUI-MOHHBIX
XUT;

- HaBbIKAMH K UHTEpIpeTanuu U OOCYKIEHHS pe3yJbTaroB IPOBEIECHHOTO HCCIIeOBaHMUS,
OCHOBBIBAsACh Ha COBPEMEHHOM JINTEpAType.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Obmas xmaccudpukarust XUT u ponb
1 UIEKTPOXUMUYECKAX  HAKONMTENEH B 2 3
HOBOM 3HEPIoIepexoe
) TepMOL[I/IHaNUMKa JNIEKTPOXUMHUYECKHUX ) 3
HaKoIUTeNeH SHEprun
BivsiHue KHHETUYECKHX OrpaHUYEHUM
3 Ha paboty JIEKTPOXUMHUYECKUX 2 3
HAaKOIIUTEJIEH DHEPTUH
4 Onexrponutsl aisg XUT 4 4
[Ipoueccsr WHTEPKAJSILIAN B
5 ANEKTPOJIHBIE MaTepUabl. 4 4
JInTHi-nOHHBIE aKKyMYJIATOPBI
OcobeHHOCTH KOHBEPCHOHHBIX
6 3NIEKTPOAHBIX MPOLECCOB M 00pa30BaHUA 4 4
CIUIAaBOB. MeTauIMYeCKUi  JTUTUEBBIN
IEKTPOLT
7 Texnonmoruss mpoussBoactsa JIMA n mx 6 3
KU3HEHHBIHN LUK




] AcIeKTbl 0€30I1aCHOCTH MeTalI-HOHHBIX ) 3
AKKyMYJISTOPOB

9 ITocT-MeTauI-UOHHEIE CUCTEMEI 4 3

Htoro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. O6mas xnaccudukaumus XUT u posib 3MEKTPOXUMHUUECKUX HAKOIIUTENICH B HOBOM HEPTOIIEPEX0/ie

Oo6mas xnaccudukaryst XUT. Buabl a1eKTpOXUMHUECKAX HAKOIMUTENEH U 00JIACTH MX TIPUMEHECHUS.
Ponb snexTpoxuMuuecKux HaKonurtened B HoBoM sHepronepexose. Ilepsuunsie u Bropuunbie XUT,
KIaccu(UKalus W OCHOBHBIE XapaKTePUCTUKH, oONuchBaromue (QyHknuoHupoBanne XUT
(paspsiiHOE M 3apAOHOE HANPSIKEHHSA, BBIXOA IO TOKY M IO JHEPrHH, €MKOCTh, BHYTPEHHEE
CONPOTUBIICHHE, MaKCHMaJbHasi TeOpeTHYecKas yJaelnbHas OJHEprus, MOHHOCTh). O0630p
UIEKTPOXUMUYECKAX CHUCTEM JJIsl NEPBUYHBIX W BTOPUYHBIX HMCTOYHHUKOB TOKa. YeTBepTsIit
SHEProNepexos U poilb IEKTPOXUMHUUECKUX HAKOIIUTEIIEH B HEM.

2. TepMomMHAMUKa IIEKTPOXUMHUYECKUX HAKOTTUTENEH SHEPTHH

[IpyHIMOBL, oOmpenensromye €MKOCTh W HamnpsbkeHue, ypaBHeHue HepHera. TepmonnHamuka
ANIEKTPOXUMHUYECKUX Hakomureien sHepruu. CTpyKTypa ABOWHOTO BIIEKTPUYECKOTrO ciios (MOAeIH
lenemronbna, ['yu-Usnmoana u llltepra). DnekTpoXxuMuueckuid OoTeHHUal. PaspsiiHble KpUBbIE U
npasuiio (a3 I'mb6ca. PaBHoBecHbi moreHuman. Karomguele u anomneie matepuansl B XUT.
[IpenmymectBa ucnons3oBanus mutus B XUT

3. BimsiHMe KHHETHUECKUX OrpaHMYEeHUI Ha paboTy AIEKTPOXUMHUYECKUX HAKOMUTEIEeH SHEeprun

OcHOBHBIE TOHSTHA KHHETHKU OJJIEKTPOAHBIX MpoleccoB. YpaBHeHue batiepa-Donbmepa,
aKTHBAIlMOHHAs nonapu3anus. Juddys3ust 31eKTpoaKTUBHBIX YaCTHUI] B PACTBOPAX 3JIEKTPOJIUTOB U B
TBepaoM Teine. Konuentpaunonnas nonsapuzanus. Auddys3us B mopucteix cpenax.

4. Dnexrponutsl st XUT

DNeKTpoaUTHYECKasl TUCCOUAns U conbBatanus. VloHHas IpOBOAMMOCTb U HMOABM)KHOCTH MOHOB.
VYpasuenne Heprcra-Oitamreiina. XXuakue, reqb-MOJTUMEPHBIE U TOIUMEPHBIE 3IEKTPOIUTHI IS
JIUTUEBBIX U JINTUH-UOHHBIX aKKyMYJIATOPOB. MexXaHH3Mbl MOHHOTO TPaHCIOpPTa B IMOJUMEPHBIX
ANEKTPONINTaX, He-HepHCTOBCKas MOABMKHOCTH MOHOB. IIpencraBienHne 00 SIEKTPOXUMHUYECKOM
OKHE 3JeKkTponuTa. Uucia mepeHoca W METOAbl MX ONpeneseHHd. TBepible JUTHH-IIPOBOASILNE
IEKTPOJIUTEL. MeXaHNU3Mbl TPaHCIIOPTa MOHOB B TBEPIIOM TeJle. DHEPIHsl aKTUBALMY IIPOBOIUMOCTH.
B-rmunozem, NASICON, LISICON, rpanatsi, Lil0GeP2S12, aprupoautsl. AMopdHbIE HOHHBIC
IpOBOJHUKH. VIOHHBINM TpaHCIIOPT B HAHOCTPYKTYPUPOBAHHBIX cUCTEMaX

5. IIpoueccsl MHTEPKAJSLMY B 3JIEKTPOAHBIE MaTepuaibl. JINTUH-NOHHBIE AKKYMYJISITOPBI




Untepkansuuonnsle mpomeccsl Ha anekrpopax XUT, ycrpoiictBO W OpuHOUI — pabOTHI
JTUTHNH-UOHHOTO akkymyssitopoB (JIMA). OtpunarensHeie snektpoasl it JIMA. Brenpenue
KaTHOHOB JIUTHA B rpaduT, U3MEHEHUE KPUCTAIUTUUYECKOH CTPYKTYyphl rpadura. XKectkue u msrkue
Moaudukanuu ymiepoza. Ilonoxurtensusie anexkrponst anst JIMA. Karoguble marepuansl mepBoro
MOKOJIEHUSI: OCOOEHHOCTH KPUCTAJUIMYECKON CTPYKTYPBI, UX 3JIEKTPOXUMHUECKHE XapaKTEPUCTHKH.
@akTopbl, OnpeneNAoNe MOTCHINAIbl BHEAPCHUSA/U3BICUCHHUS KATHOHOB JHUTHUSA. MeXaHHU3MBl U
KMHETUKA WHTEPKASIIUU/IKCTPAKUMK JuTHA. KarogHele wMarepuanbl BTOPOrO  IOKOJCHUS:
O0COOCHHOCTH CTPOEHHMsSI U  3JIEKTPOXMMHYECKHE CBOMCTBA COCIMHEHUH C aHWOHHBIMHU
rpynnupoBkamMu  (ocdarbl, cynbdaTsl, CHIMKAaThl U T.J.). l[lepcreKTHBBI COBEPIICHCTBOBAHUS
JIUTUNA-UOHHBIX aKKYMYJISITOPOB, HOBbIE MHTEPKAJIALIMOHHBIE KaTOHblE MaTepHualibl. MeTozbl CUHTE3a
3IIEKTPOAHBIX MAaTEPUAIOB, POJIb HAHOCTPYKTYPUPOBAHHUSL.

6. OcoOeHHOCTH KOHBEPCHOHHBIX OJIEKTPOAHBIX IPOLECCOB M  00pa3oBaHMs  CILJIABOB.
MeTtannu4yecKkuil IMTUEBBIN 3JIEKTPOLL

KonBepcuonHnble peakiuu B MONOXKUTENbHBIX 3iekTpomax JIMA. KoHBepcHOHHBIE peakuuu B
orpunarensHeix  3nekrpomax JIMA. CyOokcuabl mepexoaHblx  MeTaiioB.  OOpa3oBaHue
uHaTepMeTauaoB LixSiy. JlutueBbie cmnaBbl. Jlutuii-meramumdeckue nepBuuHble XUT u
aKKyMyisATOpbl.  [IpoOnmembl mepeocaxIeHHs METAUIMYeCKOro JIMTHA | 0opbda C HUMH.
HennpuroobpazoBanue (Mojenu ¢ orpaHudeHHor  jguddy3meld ©W ¢ OrpaHHYEHHOH
anexrpomurpanue, Bpems Conna). Pons SEI u tBeprorensHO# auddy3nn B MeTaiuie B HapyIIeHUN
MOp(hoNIOTHYECKOW CTaOMIBHOCTH (PPOHTA JIEKTPOKpHUCTAIU3AMK JuTHA. [lyTH OOprOBI C
JICHAPUTOOOpa30BaHHEM (mobaBku K ANEKTPOIHUTAM, HOJIMMEPHBIE AIEKTPOIHTHI,
ANEKTPOCTATUYECKOE IKPAHUPOBAHNE, HCIIOJIb30BAHUE MEXaHUYECKUX HATrPy30K).

7. TexHomnorus npoussoacTsa JIMA u ux >xu3HEHHBIN ITUKIT

TexHonOrM4YeCcKUe acreKThl N3TOTOBJICHUS IEKTPOIOB ISl IUTUH-UOHHBIX aKKyMyIsTopoB. O630p
000pYZIOBaHUS U METOJIOB, UCIOIB3YEMBIX MPH MPUTOTOBJICHUHA W MPUMEHEHHUHU BJICKTPOIHBIX MACT.
BnusHue cocraBa M MHUKpPOCTPYKTYpBl 3JEKTPOIHBIX IIOKPBITUH Ha yIeJbHbIE I10Ka3aTeiu
aKKyMyJISITOPOB. Pa3nuuHble THIBI TMOJUMEPHBIX CBs3yloIMX. OCHOBHBIE TEXHOJIOTHYECKUE
OIIEpaIMH I10 TTOJTOTOBKE IEKTPOIOB U COOPKE NIEKTPOIHBIX OJOKOB. 3alpaBKa U KOPILyCHUPOBaHHE
akkymynsitopoB. dopMmoBanne u cocrapuanue. CrapeHue M gerpananusi xapakrepuctuk JIMA.
OcHoBHbIe MexaHU3MBbI Aerpanauvu. Kuzuennsdt nukn JIMA u ycroitunBoe passutue. «Bropas
KU3HBY» aKKyMynaTopoB. OcHoBHbIE TexHoioruu nepepadorku JIMA. Ilpakruueckuit ceMuHap Iuist
O3HAKOMJICHUSI C TEXHOJIOTMYECKHMMM AaCIIEKTaMH HM3TOTOBJICHUS 3JIEKTPONOB sl JIMTUH-MOHHBIX
AKKyMYJISITOPOB, COOPKH 3JIEKTPOIHBIX OJOKOB M TOJNyYEHHs OIBITa CaMOCTOSTEIBHOTO CO3JaHHS
JUTHH-UOHHBIX aKKyMYJSITOpOB B Qopm-paktope coin-cell u pouch-cell. M3mepenue kiodeBbIX
(YHKIMOHATBHBIX XapaKTEePUCTHK U3TOTOBJICHHBIX 00PAa3IOB.

8. AcnekThl 0€30I1aCHOCTH METaI-HOHHBIX AKKYMYIISITOPOB

HcTouHuky oOnacHOCTM B METAJUI-MOHHBIX aKKyMyssTopax. ba3oBele mpeacraBieHus O Teopuu
TEIJIOBOrO B3pbIBa. lIpomeccel TemnoBoro pasroHa METAUI-MOHHOTO akkymysstopa. I[Ipomeccsr
pasznoxenus: SEI. Tepmuueckas cTaOMIBHOCTh KAaTOAHBIX MaTepUaIOB. MeETOJbl IOBBIICHUS
0€30MaCHOCTH METaJUI-MOHHBIX aKKyMyJsiTopoB. KaromHeie Marepuanbl HOBOTO IOKOJCHHS.
CnennansHble cenaparopsl. OyHKIMOHANIBHBIE U IIaMATacAIINE 100aBKU B 2IEKTPOIUTHL. BHem e
yCTpoiicTBa s MOBBIIEHHs Oe3onacHocTy (kinananbl, PTC, iiaBkue BCTaBKU U Ip.)

9. IlocT-MeTaII-HOHHEBIE CUCTEMBI



Kraccel kaTogHbIX MaTepuanoB JUIsi MHTEPKAIALUN HAaTpUs. AHOJHBIC YIIIEPOAHBIE M HEYIJIEPOAHbIC
MaTepuaiabl JUIl UHTEPKASIUMKM  Harpus. MexaHu3Mbl HAkOIUICHMsI HAaTpusi B YIIEPOIHBIX
Marepuanax. DJIEKTPOIUTHl Ui HATPUH-MOHHBIX aKKyMyJsTOpOB. JIUTHH-CepHBIE aKKyMYISATOPHI:
OpUHOMI paboThl M OCHOBHBIE XapakTepucTHku. OOpa3oBaHue MOMUCYIb(UAOB JHUTUS H
MONUCYAbGUAHBIA POMEKYTOUHBIA KOMILIEKC. JIMTHI-BO3AYIIHbIE AKKYMYJISTOPBI: HPUHIMII
paboThl,  KiIacCUPUKAMS M XapaKTEPUCTUKH.  MeXaHHW3MBbl  JJIEKTPOKATAIUTHYECKOTO
BOCCTAHOBJICHUSI KHUCIOpOJa B BOJOHBIX M alpOTOHHBIX cpefax. Marepuasibl MOJIOKHUTEIbHBIX
IEKTPONOB M HX YCTOHYMBOCTb. TBEpHOTEIbHBIE JUTUEBBIE M JIMTUNH-HUOHHBIE AKKYMYJISATOPBI.
[lpunuuner pa®oThl M OCHOBHBIE TPoOIEMbl pa3pabOTKH TBEPHOTEIBHBIX aKKYMYJISATOPOB.
Wutepdeiics! TBeproe-TBEpIOE U NX MOAU(UKAIHS KaK OCHOBHON aCMEKT CO3JJaHUs TBEPIOTEIIbHBIX
AKKyMYJISITOPOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS! MYJIETHMEIHA IPOEKTOPOM, MEJIOBOW WIIM MapKEPHOM TOCKOH.
6.IlepeyeHnb pexoMeHYeMOM JIMTEPATYPHI

OcHoBHas nuTeparypa
Jluteparypa Boiaercst Ha 6a30BoOH Kadenpe:

1. b. b. lamackun, O. A. Ilerpuit, I. A. Hupnuna. Onexrpoxumusd. — 3-€ U31., UCIp. —
Canxkr-IlerepOypr : Jlans, 2022.

2. A.K. Usanos-1llun, N.B. Mypun. Nonuka teepaoro tena. Tom 1. M3a-Bo CI16 ynusepcureta, 2000.
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W. Van Schalkwijk, J. Hassoun. JohnWiley&Sons, 2013
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5. Allen J. Bard, Larry R. Faulkner, Henry S. White. Electrochemical methods: Fundamentals and
Applications. John Wiley & Sons, 2022.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npexnycmorpenbl
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJI5)

CTyneHT, W3ydYarolmui JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.



B pe3yabTaTe U3YyUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAaThb OCHOBHBIC ONPEACIICHUSA NUCHUIIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCIICHUS PA3JIMYHBIX 3a/a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcs 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)
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CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH
PazpaGoTunkm:

J.M. Utkuc, kKaHa. XuM. HayK
B.A. Busranos, kaHa. X¥UM. HayK
B.B. KpuBenkuii, kKanj. XuM. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAUECTBO pa3padoTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC HU3YUCHUA OUCHHUILIJIMHBI «DU3NKO-XUMHUYCCKIUE OCHOBEI QJICKTPOXUMHUYICCKUX HAKOIIUTEJICH

SHEPTU» 00yUarONHICS TOIDKEH:

3HATb:

- OCHOBHBIC BUJIbI UCIIOJIb3yEMbIX COBPEMEHHBIX BTOpHYHbIX XM T, X mpenMyIecTBa U HEIOCTATKH,
(U3HMKO-XMMUYECKUE IPUHIIUIBI UX PabOTHI;
- MarepuaJbl, UCIIOIb3YeMbIe B KaueCTBE DJICKTPOJOB M DIIEKTPOJIMTOB B COBPEMEHHBIX BTOPHUYHBIX

XUT;

- OCHOBBI TCXHOJIOTUH COBPECMCHHBIX XI/IT, BKJIrO4ass METaJIlI-HOHHBIC.

yMeThb:

- BBIIOJIHATE PACUYCThI HANPSAKCHUSA XUT u3 TCPMOANMHAMUYCCKUX NAaHHBIX, yILeJILHOﬁ CMKOCTH H

SHEPTUH MEKTPOXUMHUUECKUX Tap;

- 0OBSICHATH NPUHIMIIBI PabOThl Pa3IUYHBIX AIEKTPOXUMHUUYECKUX HAKOIUTENICH SHEPTrUH, KUHETHKY H
TEPMOAMHAMUKY IIPOIIECCOB Ha AEKTPOAxX, BEIOMPATh METOABI X XapaKTEePUCTUKY;

- aHAJIM3UPOBATH PE3YIBTATHI NEKTPOXUMUYECKUX UCTIBITAHUA;

- aHAJIN3UPOBATh HAYYHYIO JIUTEPATypy C LEJIbI0 BbIOOpa MHpOpManmuum o padoTe, MEpCHEeKTUBaX U
XapaKTePUCTHKAX pa3INuHbIX MaTepuanoB ajst XUT;

- TOTOBUTBH IJICKTPOAbI U3

HUCXOAHBIX JJICKTPOAHBIX MATCpPHUAJIOB,

coOupaTh W TMPOBOIUTH

QJICKTPOXUMHUYCCKUC UCIIBITAHUSA TCCTOBBIX STYCCK.

BJIA1€Th:




- OCHOBHBIMHM IEKTPOXUMHUYECKHMH TEOPUSMU M KOHLENIUSAMH, ONUCHIBAIOIIMMM IPOLIECCH Ha
JMEKTPOAAX M B JNIEKTPOIMTE, a TAKKe HPUHIUIBI PaOOThl METAII-UOHHBIX W HOCT-THUTHUEBBIX
aKKyMYJISTOPOB;

- OCHOBHBIMHU 3JIEKTPOXUMHUYECKMMH METOJAMM XapaKTEPUCTUKU PA3IMYHBIX 3JIEKTPOXUMHUYECKUX
CHCTEM, HCIIOJIb3YEMBIX BO BTOpHUYHBIX XUT;

- KJIIOYEBBIMM TEXHOJOIMUECKHMHU I[PUEMAMHU, MCIIOIb3YEMBIMH B IPOM3BOACTBE METAJUI-MOHHBIX
XUT;

- HaBbIKAMH K UHTEpIpeTanuu u OOCYKIEHHS pe3yJbTaroB IPOBEIECHHOTO HCCIIEOBAHMUS,
OCHOBBIBAsACh Ha COBPEMEHHOM JINTEpAType.

3. IlepeyeHb THNOBBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0
B Havase ka)xJ0ro 3aHATHS HPOBOIUTCSA KPATKUH ONPOC 10 TeME NPEAbIIYIIEro 3aHATHS.

4. llepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

BOHpOCLI K 3K3aMCHY:

1. O6was xnaccudurauusa XUT. IlepBuunbie u Bropuunsle XUT, kmaccuduranys U OCHOBHBIE
XapaKTepUCTHKH, ONHChIBaromue ¢GyHkiuuonnposanue XUT (paspsgHoe W 3apsaHOE HampsKEHUs,
BBIXOJl IT0 TOKY W IO 3HEPIHH, EMKOCTh, BHYTPEHHEE CONPOTHUBIICHNE, MAaKCUMaJIbHas TEOPETHUECKAs
yAeIbHas SHEPTUsl, MOITHOCTD).

2. IlpuHnunsl, ompenensionre eMKOCTh W HampshkeHue, ypaBHeHune Hepucra. TepMmonnHamuka
UIEKTPOXUMUYECKUX HAKOIUTENIEH SHEPTUH.

3. CTpyKTypa ABOWHOTO 3EKTpUIecKoro cios (Mmoaenu I'enpmronsua, I'yu-Usnmsna u LltepHa).

4. DnexrpoxuMudeckuil moreHuuan. Paspsanpie kpuBbie u mnpaBuio ¢a3z [ubbca. PaBHOBecHBIN
MOTEHIHAI.

5. ¥paBHenue barnepa-Poapmepa, akTUBALMOHHAS ITOJISIPUZALINSL.

6. Juddy3us >neKTPOaKTHBHBIX YacTHII B PACTBOPAX JJIEKTPOJUTOB M B TBEPAOM Telle.
KonneHnTpannonHas nosisipu3anus.

7. KonnenrpanuonHas nonsipuzauus. Jnddysust B mOpUCTHIX cpeaax.

8. DneKkTponMTHYecKas AUccouuanys U coapBarauusi. oHHas NpOBOAMMOCTD U MOJBMKHOCTH MOHOB.
VYpasuenue Hepucra-Oiinimreitna. Yncia nepeHoca U METOJIbI UX OIpeAeTIeHHS.

9. MexaHM3Mbl MIOHHOI'O TPaHCIIOPTa B MOJUMEPHBIX 3JIEKTpoauTax, He-HepHCTOBCKas MOABUXKHOCTD
HOHOB.

10. Tepaple TUTHI-NIPOBOAAIINE AIICKTPOIUTHL. MeXaHM3MBl TpaHCIOpPTa MOHOB B TBEPAOM TEIE.
OHeprus akTUBALUK IIPOBOJUMOCTH.

11. HHTepkamsauumoHHble Tpolrecchl Ha onekrporgax XMWUT, ycTpoiicTBO W NPUHIHUI PpabOTHI
JUTHA-UOHHOTO aKKyMyJsiTopoB (JIMA).

12. Otpumnarenpaple amektponsl ist JIMA. BHenpeHune KaTHOHOB JUTHS B TpaduT, U3MEHEHUE
KPHCTAJIIMYECKOH CTPYKTYpbI rpadura. JKecTkne u MiIrkne MoauQuKauy yriepoaa.

13. Ilomoxxurensuble anekTponsl ans JIMA. KatonHele marepuansl MEpBOTO M BTOPOTO IOKOJIEHHS:
0COOCHHOCTH KPUCTAJUINYECKONH CTPYKTYpbl, MX 3JIEKTPOXUMHUYECKHE XapaKTepUCTUKU. DaKTopBhl,
OTIpEIeNAIONINE TIOTCHIUANIbI BHEAPEHUS/U3BICUCHNSI KATHOHOB JINTHSI.

14. MexaHu3MBbl 1 KHHETUKA HHTEPKAJISUHI/3KCTPAKIIMN JIUTHSI.

15. KoHBEpCHOHHBIE PEAKIIMHU B MOJTOKUTEIBHBIX U OTPULIATENbHBIX dNeKkTponax JIMA.

16. JlutueBwle cruiaBbl. Jlutuit-metannuueckue mnepBuunbie XUT wu akkymynsaropsl. [IpoGrnembl
MepeoCcaXaACHUsI MEeTaNIn4eckoro nutus u 6opsda ¢ Humu. Pons SEI u TBepnorensHoil nuddys3uu B
MeTaJule B HapyIIEeHUH MOP(OIOTHIeCKOi cTabMIbHOCTH (PPOHTA AMEKTPOKPUCTAIITN3ALNY JTUTHS.

17. TexHONOrMYECKHE ACMEKTHl H3TOTOBIEHHS 3JEKTPOAOB I JUTHH-HOHHBIX AKKyMYJIATOPOB.
OCHOBHBIE TEXHOJOTHYECKHE ONEPAlH 10 MOATOTOBKE IEKTPOJOB U COOPKE EKTPOIHBIX OJIOKOB.
3anpaBka 1 KOPIYCUPOBaHHUE aKKyMyJsiTopoB. DopMoBaHue U COCTapUBaHHUE.

18. Crapenue u nerpagauus xapakrepuctuk JIMA. OcHOBHBIE MEXaHU3MBI JIeTpaJalluyl.

19. Kiacchl KaTOAHBIX MarepualoB [Js WHTEPKASIUM HATpus. AHOIHBIE YIIEpPOAHbIE U
HEYIJIEPOAHBIE MaTrepuanbl Ui HMHTEpPKAUM HAaTpus. MexXaHu3Mbl HAaKOIUIGHHWS HaTpus B
YIJIEPOAHBIX MaTepuanax. DIEKTPOIUTHI sl HATPUNH-MOHHBIX aKKYMYJISATOPOB.



20. ba3oBele mpeACTaBICHHS O TEOPUH TEIUIOBOIO B3pbIBa. IIpomecchl TEMmIoBOro pasroHa
METAJUI-MOHHOTO  aKKyMyssiTopa.  MeToisl  HOBBIIIEHHS — O€30MAacCHOCTHM  METaJI-MOHHBIX
AKKyMYJISITOPOB.

21. Jlutuii-cepHble aKKyMYJISTOPbI: NPUHIUN PaOOThl M OCHOBHBIE XapakTepucTuku. OOpazoBaHHe
HOJTUCYIB(GHUIOB JUTHUS U TOIUCYIb(YUIHBIA TPOMEXKYTOUHbIH KOMILIEKC.

22. JIuTUi-BO3AYIIHbIE AKKYMYJISITOPBI: NPUHOMII PaOOThl, KIAaCCH(PHUKALKS W XapaKTEPUCTHKH.
MexaHu3MBbl J1EKTPOKATAIUTUYECKOTO BOCCTAHOBIIEHHS KHCIOPOAA B BOJHBIX U allpOTOHHBIX Cpelax.
XuMHuecKast yCTOWYUBOCTh KOMIIOHEHTOB JINTUH-BO3AYIITHOTO aKKyMYJISTOpa U €ro Aerpatanusl.

23. TeepmoTenbHbBIE JHUTUEBBIC W JMTHUH-MOHHBIC AKKyMYIATOPHI: HPUHIMI paboThl. OCHOBHBIE
mpobaeMbl pa3pabOTKH TBEPAOTEIBHBIX aKKyMyJsTopoB. MHTepdeiicl TBepmoe-TBeproe U IMyTH HX
ONTUMM3ALMHU ISl CO3JaHUsI TBEPAOTEIIbHBIX aKKyMYJISTOPOB.

JlonoIHUTEIbHBIE BOIIPOCHL:

1. PaccunraiiTe TEOPETUUECKYIO YIEIbHYIO SHEPIHIO aKKyMYJISITOpa C OTPULATEIbHBIM 3JEKTPOJOM Ha
OCHOBE TrpaduTa W MOJIOKUTEIBHBIM 37eKTpoaoM Ha ocHoBe LiFePO4. Onennre ero mpakTHYECKyrO
VAENBHYI0 SHEPTHIO

2. Ha wmukpodororpadun wu3o0paxkeHa Mukpoctpykrypa mopomka LiCoO2. Paccumraiite ero
TEOPETHUYECKYIO YACIbHYIO €eMKOCTh U MAaKCHMAJIBbHBIM TOK, TPU KOTOPOM BO3MOKHO JOCTHIKEHUE TAKOU
E€MKOCTH Ha TIpaKkTuKe, cunutas kodpdurment nuddysun Li+ paBabiMv 10-9 cm2/c.

3. Ha pucynke n3o0paxeHsl pa3psaHble U 3apsHble KPUBbIC SUCHKH, COCTOSIIEH U3 METANINYECKOTO
JUTHEBOTO OTPHULATEIFHOIO 3JIEKTPOAAa M MOJOXHUTEIBHOTO BJIIEKTPONAa M3 OKCHIHOIO MaTepHana,
UHTepKanupytomero Jutuii. OObsAcHUTE HAOMIOJAEMYI0 pa3HHIy B KPUBBIX JJISI Pa3lIWYHBIX TOKOB.
U3o6pa3ute yuyactok (a3oBoil AuarpamMMmbl B KOOpIAMHATaX «TeMIIEparypa — COCTaB» JUIsl JAaHHOTO
OKcHia B 001aCTH KOMHATHOM TeMIIepaTyphl, IpU KOTOPOH M OBLIN MPOBEAEHBI H3MEPEHUSL.

4. Ha pucyHke mokaszaHbl pa3psIHble KpHUBbIC, 3apETUCTPUPOBAaHHBIE B SUEHKE C OTPULATEIILHBIM
3NIEKTPOIOM U3 MeTajuimyeckoro Jutus. [Ipeamnonoxure, 4To SBIAIOCH MaTepHUajIoM MOJOKHUTEIHHOTO
anexrpona. Kakyio MuUkpocTpykTypy umen 3ToT marepuan? [loctpoiite auarpammy Parone s nanHoi
SITYCUKU.

5. Ha pucyHke nokas3aHa 3aBUCHMOCTB Pa3psiAHONM €MKOCTH JINTUH-KUCIOPOAHON SYEHKH OT pa3Mmepa
mop B e€ ymiepogHoM Karoje. Kakwe mpollecchl MPOTEKAlOT NpH paspsanae dTod suedku? Yem
OOBSCHSIETCSl TOKa3aHHas Ha PUCYHKE 3aBUCUMOCTB? Kakoil »1IeKTpOoNMT WCHONb30BaIH  JJIs
MMOKa3aHHBIX U3MEpPEHU?

6. CpaBHUTE 2JIEKTPOXMMHUYECKUE CBOICTBa JABYX KaTOJHBIX MaTepHajioB, KpPHUBBIE 3apsla-paspsia
KOTOPBIX MPEJICTaBICHbl Ha PUCYHKE.

[TpumMepsl 3K3aMEHIMOHHBIX OUIIETOB.

[Ipumep 1:

1. VoHHast mpoBOAMMOCTh B PacTBOpax M paciulaBax 3JIEKTPOIUTOB. MOH-TpOBOISIINE TOINMEPHBIE
CHUCTEMBl — MEXaHU3Mbl POBOAMMOCTH U NpuMepbl. CyNeprHOHUKHA — MEXaHHU3MbI [IPOBOJUMOCTH H
MPUMEPBHI.

2. CBA3b 2JEKTPOHHOM CTPYKTYpBI MEKTPOAHBIX MaTepHalioB M IMOTEHUIHMasia sjekTpoaa. Ilpumeps
OTPHLATENBFHBIX U MOJIOKUTEIBHBIX 3JEKTPOJHBIX Marepuanos s JIMA.

[Ipumep 2:

1. [epeuncnure 0OcHOBHBIE TPOOIIEMBI Oe30macHOCTH TpH ucnonb3oBanun JIMA. Uem oHM BBI3BaHBI?
[Ipennonoxure, Kakas 3IEKTPOXMMHUYECKas CHCTEMa IIO3BOJIIET CO3laBarh HanOosee Oe30macHbIe
JINA.

2. Ha pucyHkax [OKa3aHbl  pe3yibTaTbl  XPOHONOTEHIMOMETPUYECKUX  M3MEpPEeHUH B
UIEKTPOXUMUYECKON SUEHMKE, OJHUM M3 DJJIEKTPOAOB B KOTOPOW SBISUICS METAJUIMUECKHM JIUTHM.
KakoBa snexTpoxumuueckas eMKOCTh AaHHBIX stueek? IIpenmnonoxure, Kakod mMarepuasn BbICTYNAl B
ponu Broporo osnekTpona. Kak mnpumensror mnomoOHble Marepualisl B akkymyisitopax? Kakosa
KyJnoHOBCcKast ¢ ekTuBHOCTH siueek? [Touemy?

Kpurepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHO 8§ OamioB - BBICTaBJIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 0Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIN,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[lo pesynbraramMm OCBOCHHSI Kypca NpPEAYCMOTPEH YCTHBIM SK3aMeH, HMPOBOAMMBIN 1o Owuieram. B
9K3aMEHAIIMOHHOM Omiere JBa Borpoca. Onpoc nmo O6miery He AOJDKeH npeBblmars 40 MUHYT, BpeMs
Ha IOATOTOBKY y OTBETY 60 MHUHYT.



