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1. Ileau ocBOeHMS JUCHMIIIMHBI

Ilenpt0o OCBOCHMSI AMCHUIUIMHBI «Teopuss W METONIBI AIEKTPOXUMHUUYECKOW WMIIETaHC-
CIIEKTPOCKOIIUNY» SIBJISICTCSI TTOATOTOBKA CIEIHAIIMCTOB C IIMPOKHM HAOOPOM KOMIIETCHIIMH B

00J1aCTH 3JEKTPOXUMHUECKONW UMIIETAHCHOM CIIEKTPOCKOIINH.
2. Mecrto nucuuniauHbl B cTpykType OII marucTpatypsl

Hucuumnuna «Teopus ©  MeTOIbl DIEKTPOXMMHYECKONW HMIEAAHC-CIEKTPOCKOUN
aBisieTcsl  (paKkyJIbTaTUBHOM JUCHIMILUIMHONW OCHOBHOM 00II€00pa30oBaTEIbHOM MPOTPaMMBI
11.04.04 «DOnexTpoHUKa U HAHOZJIEKTPOHUKAY.

OcBoeHHe TaHHOW IMCUMILIUHBI 0a3UpPyeTCcs HA 3HAHUSIX, MOJYYEHHBIX B pe3yJbTare
M3YYECHUs] TUCUUIUIMH €CTECTBEHHO-HAYYHOrO LIMKJIA M B TOM 4YHciie 0a30BBIX KypcOB OOIIeH
(bU3HUKYM, XUMUU U 3JIEKTPUYECTBA, a TAK)KE TUCIUIUIMH MPO(ECCHOHAIBHOTO MOIYJISL, TAKMX KaK
«Kpucramiorpadus U KpUCTALIOXUMUSD», « DU3NYECKUE OCHOBBI SJEKTPOHUKHY, «Duznueckue
METO/Ibl UCCIEIOBAHUS MUKPO- U HAHOCTPYKTYp», « DU3HKa MOTYIIPOBOIHUKOBY.

HucuunnuHa «Teopuss U METOABl ANEKTPOXMMHYECKON HMIIeIaHC-CIIEKTPOCKOIHID)
SABJISICTCSL  CIICIMAIbHOM  TUCHMIUIMHON — mpodeccnoHanpbHOoro nukima. Ona  Qopmupyer
KOMIIETCHIIMH B O00JIACTH UMIIEAAHCHON CHEKTPOCKOMUH, chOPMUPOBAHHBIC C UCIOIB30BAHUEM
MOHITUIMHOTO anmapata (U3WKH TBEPAOrO Teina W (U3UKH TMOTYNPOBOAHUKOB. JlucruruimHa
NpEJCTaBIsieT Cco0OW M3J0XKEHHE pa3/ielioB CTaHJAPTHOIO Kypca 3JIEeKTPOXUMHUYECKON
UMIIEIAHC-CIIEKTPOCKOIIMY, HANMUCaHHOE Ha s3blke (usmueckoi kuHetuku. I[lpu 3TOM
JTUCITUIIIMHA OCHOBAaHA HA OPUTHHAJIBHOM JKCIIEPUMEHTAILHOM MaTepuaje M Ha COOCTBEHHBIX
TEOPETUYECKNX pa3paboTkax aBTOpoB. [locTaHOBKA KpaeBhIX 3a7ad IMepeHoca 3apsjaa, HX
pelleHre W UHTepIpeTalus pe3yJlbTaToB SBISIIOTCS OPUTMHAJIBHBIMU W JAalOTCS  C

UCIOJIb30BaHUEM (U3NYECKON TEPMUHOJIOTHH U MOHATUIHOrO anmnapara.

3. Ilnmanupyemble pe3yJbTaTbl O00y4YeHUs] 1O JUCHUIUVIAHE, COOTHECEHHbIe ¢

IUIAHUPYeMbIMH pe3yJbTaTamu ocBoeHusi OIl marucTpatypsbl

[Iporiecc u3yyeHHs NUCHMIUIMHBI HANpaBiIeH Ha (OpMUPOBaHHE CIEAYIOMIUX AJIEMEHTOB
komrnereHmii B coorBerctBuu ¢ ®I'OC BO, OIl BO u npuobpeTeHus Cleayloux 3HAHHM,

YMEHH, HaBBIKOB U (WJIHM) OTIbITA E€ATEIbHOCTH:

dopMmupyemast NHaukaTop J0CTHKEHUSA Ilepeuenn
KOMIIeTeHI U KOMIICTeHIIH IVIAHUPYEMBIX  Pe3yJIbTATOB
(xoa u popmyanpoBka) | (koa u popmyTUpPOBKA)




o0yueHust

[IpodeccronanbHbIe KOMITIETEHITUU

[IK-4 Coocoben «

OpraHu3aIu u
MIPOBEACHUIO
3KCH€pI/IMeHTaJIBHI>IX
HCCIEeOBaHUN C
MpUMEHEHUEM

COBpPCMCHHBIX CPCACTB

n MCTOO0B

NJI_TIK-4.1. 3naer criocoObl
OpraHu3aIuy U IPOBEICHUS

SKCIICPUMCHTAJIbHBIX HCCHGHOBaHHﬁ.

NJI_TIK-4.2. Ciocoben
CaMOCTOSITEIILHO MTPOBOJIUTH

SKCHICPUMCHTAJIbHBIC UCCIICAOBAHUS.

N _TIK-4.3. JleMOHCTpUpYET HABbIKU
MIPOBEJICHUS UCCIIEIOBAHMI C
MIPUMEHEHUEM COBPEMEHHBIX CPEJICTB

1 MCTOOOB.

3HaTh:

* OCHOBBl TEOPUH (PYHKIIHIA
KOMILJIEKCHOTO IEPEMEHHOT0;
* Ipe/ICTaBlICHUE
KOMIUICKCHBIX ~ (YHKIMH Ha
($ha30BOM MIIOCKOCTH;

* OCHOBBI MOHHOU
MPOBOJAMMOCTH TBEPJBIX TEI;

* KOMIUIEKCHOE

CONPOTHUBIICHHE u
KOMIUIEKCHAs IPOBOJIUMOCTb;
* METOJIbI MOJIEJINPOBAHUS
MMIIE/IaHCA, CTPYKTypHas
MOJIEIb;

* UJlcaNIbHBIE M HEUJCAJIbHbIC
3JIEMEHTBI CTPYKTYpHOH
MO/JIENH;

* pazpaboTka ¥ MOCTPOCHHE
CTPYKTYPHBIX Mozenen

OJICKTPOXUMHUYCCKUX CUCTEM;
¢ IIOCTaAaHOBKA n PCIICHHUC

KPaeBBIX 3a1aq
AIIEKTPOIPOBOTHOCTH "
MaccoNepeHoca;

* QHAJIOTOBBIE U  IU(POBBIC
METO]IbI U3MEpPEHHS
UMIIeIaHCA.

Ymern:

¢ BBIIIOJIHATE HU3MEPCHHA Ha

CTaHJAPTHBIX UMIIeIaHC-
CIIEKTPOMETpAx;
* 0TOOpaxaTh pE3yJIbTaThI

U3MEpEHUIl B BUJAE JUarpamm
bone u HatikBucra
* pa3pabaTbiBaTh Ha OCHOBE

JuarpaMm CTPYKTYpHBIE
MOJeNn HCCIIEAYEMBIX
00pa3sIoB;

* pacCcUuThHIBaTh MMITIEJAaHC
CTPYKTYPHOH MOJIEJIU 51
CONOCTABIIATH ero c

pe3yJibTaTaMH 3KCIIEPUMEHTA;
* CTaBUTh U peElIaTh KpaeBbIE
3a7a4M  BJIEKTPONPOBOIHOCTH
Y MaccolepeHoca.

Baagernb:




* METOJAMHU paboThI Ha

CTaHJAPTHBIX UMIIeJaHC-
CIEKTPOMETpax u
rajbBaHOCTAaTaX-
HOTEHLINOCTATAX;

*METOlaMH  00pabOTKH U
rpau4ecKoro MmpeacTaBICHHs
pe3yJIbTaTOB  HM3MEPEHHH ¢
UCTIOJIb30BaHUEM
MPUKIAIHBIX TPOrpaMM.




4. OOBeM, CTPYKTYpa U CO/iepPKAHME TN CHUNITHHBI

OO61mast TpyA0€MKOCTh JUCIUTIIMHBI COCTABIISAET 2 3a4ETHBIX SUHUII, 72 aKaJl. 4acoB.

Buapl yueOHBIX 3aHATHIA,

@opMBI TEKYIIETr0

Tembl (pa3meJibl) =" KOHTPOJISl YCIIEBAEMOCTH
o BKJIKOYast CaMOCTOHTeJIbHle
Ne AMCUMILIMHBI, 9
S padoTy CTyAeHTOB, N
n/n HX colep:KaHue = dopmMa MPOMEKYTOTHOIH
3 U UX TPYI0EeMKOCTh
aTTrecTanuu
(B akaileMUYeCKHX Yacax)
(no cemecmpam)
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Kpartkuii ouepk uctopun
1 |pa3BuTus UMIIEAHC- 1 1
CIIEKTPOCKOIIHH.
KommniekcHsie uncia u
2 |KOMIUIEKCHO3HAYHBIC 1 2
byHKUIHN.
HMmnenanc uaeaabHBIX
CTPYKTYPHBIX DJIEMEHTOB
PYKTYpH! 3amanus s
U UX IICTIEH. o
3 1 3 2 CaMOCTOSITEIbHOMN
[IpencraBnenue
. paboThI
uMIeaanca Ha pa3oBoi
IIIIOCKOCTH.
. 3agaHus s
DIIEKTPOXUMUYECKU I N
4 1 3 4 1 CaMOCTOSITEIbHOMN
WMIIEIAHC.
paboThI
Saganusa i
5 [Umnenanc BapOypra. 1 312 2 1 CaMOCTOSTEIIbHOMN
paboThI
3agaHus s
6 |Wmnenanc I'epuiepa. 1142 1 CaMOCTOATEJIbHOM
paboThI
5 . Saganusa i
7 JIEMCHT MOCTOMHHON 1 4 2 CaMOCTOSITEIBHOM
(basbi. paboThHI
0606 . 3agaHus s
8 B 0 5 INCHHBIHM SICMCHT 1 4 1 2 CaMOCTOSITEIbHOMN
apoypra. paboThI
0606 . Saganusa i
9 I OOILCHHBIM SJICMCHT 1 4 1 2 CaMOCTOSITEIBHOM
epuuiepa. pPaGOTHI
Saganuda i
10 1 4 4 2 2 .
Onpenenenre napaMmeTpoB CAMOCTOSTETEHOM




TBEP/BIX AIEKTPOIUTOB paboThI
metonoM DUC.
MeTtoapl u3mMepeHust 3agaHus s

11 DJIEKTPOXUMUYECKOTO 4 2 2 CaMOCTOSITEIILHOU
AMIIEIaHCA. paboThI
Bcero 3a 1 cemectp 36 | 16 4 10,3157
3augeTr 3auger
Bceero 36 | 16 4 103|157

Conep:xanue pa3ie/ioB IUCHUIIHHBI:
4.1 Kparkuii o4epK UCTOPUM PA3BUTHS UMIIEJAHC-CIIEKTPOCKONMH.

Dranbl pa3BUTHUS UMIICAHC-CIIEKTPOCKONUU. TepMHUHOJIOTHUS, TIEPBUYHbBIC MOHITHS 00
uMIeaance. 3HauMMble UIMEHa B UCTOPUH PAa3BUTHUS UMIeAaHCc-criekTpockonuu: Morann Bukrop
Burnucbax, Xesucaiin, Kennemnu, Jxon AMOpo3 ®nemunr, lllreitnmern, BapOypr, Koyn u
Koyi.

4.2 KoMIuleKCHbIE YHCJIAa U KOMILIEKCHO3HAYHbIE QYHKIIUM.

OnpeneneHne KOMIUIEKCHOTO 4YHCHA, MPEJICTABICHUE HAa KOMIUJIEKCHOM ILJIOCKOCTH.
[IpencraBnenne >AEKTPUUYECKOTO CONMPOTUBIICHUS B KOMIUIEKCHON ¢opme. Mmmenanc menu
CTPYKTYPHBIX 3JIEMEHTOB C COCPEAOTOYEHHBIMH MapaMeTpaMHu.

4.3 Umnenanc uaeaJbHbIX CTPYKTYPHBIX 3JJjeMeHTOB M wux menei. IlpeacraBienue
HMIIeAaHCa HA (Pa30BOM MJIOCKOCTH
Bripaxkenne s umnenaHca sieMeHTOB ajekTpuyeckoid nenu RLC. Brruucienue
MMIIEJIaHCA JJIEKTPUUECKUX LENel COCTaBICHHBIX M3 HUICAIbHBIX CTPYKTYPHBIX 3JIEMEHTOB.
Onucanne MTMHAMHYECKUX CHCTEM MeETOoJoM ¢a3zoBoro moprpera. I padudeckoe npeacraBieHue
MMIIEAaHC-CIIEKTPOB, Auarpamma HaiikBucra n nuarpamma bozae

4.4 DieKTpPOXMMHUYECKUI UMITEJAHC.

CpaBHEHHE KJIACCUYECKOI'0 U CTPYKTYPHOTO MOJIXOJAa B M3YUEHHH IEKTPOXUMHUYECKUX
cucteM. [loHATHE SKBMBAJIEHTHOM CXEMBI M IOCTPOCHHE MAaTEMaTHYECKOW MOJECIN B PaMKax
CTPYKTypHOro noaxozna. Jluarpammsl HalikBucra u boae it Moenu uaeanbHO MOJISIPU3YEMOTO
NIEKTpoJa. DIAEKTPOJ € (papaieeBCKUM MPOLIECCOM.

4.5 Umnenanc Bapoypra

[TonyGeckoneunsrii mudPy3nOHHBINA AIEMEHT. DIEKTPOXUMHYECKUE MPOIECCHI, KOTOPHIE
monenupyer wummnenanc BapOypra. Koneunslii mud¢y3umoHHBIH HMIETaHC IPH  YCIOBHUSIX
HENPOHUI[AEMOCTHU U MPO3PAUYHOCTH IPAHUIIBI.

4.6 Umnenanc I'epumepa.
Otnuune nuddy3nonusix moaeneir BapOypra u I'epumepa. Umnenanc ['epumiepa aist:
® TIOJYNPOCTPAHCTBA;
® KOHEYHOTo AU(PPY3MOHHOTO JIEMEHTA MIPU YCIOBUU HEMPOHUIIAEMOCTH TPaHUIIbI;
® KOHEYHOro AU(PPY3MOHHOTO JIEMEHTA MPH YCIOBUU MTPO3PAYHOCTH TPAHUIIBI.

4.7 DiieMeHT NOCTOSIHHOM (pa3bl.

Ompenenenue 3aeMEHTa MOCTOSHHOW (aspl. DakTop HeuaeanbHOCTH. CBS3b AJIEMEHTa
NOCTOSIHHOM (pa3bl ¢ MACANbHBIMH CTPYKTYpHBIMHU 3yieMeHTaMu. Jlnarpammbl HaiikBucra s
dJIEMEHTa TMOCTOSTHHOM (a3pl. Ponb smeMeHTa TOCTOSHHOW (a3bl MpU  WHTEPHPETALUH
AKCIEPUMEHTAJIbHBIX 1aHHBIX.

4.8 O000meHHbIH 31eMeHT BapOypra




[Tonsitue 00600MIEHHOTO 3JIeMEeHTa BapOypra m ero CBs3b C DJIEMEHTOM ITOCTOSHHOMN
¢a3pl. Dusnueckuit cmpicn 0000meHHOro aneMeHTa BapOypra. OOOOIIEHHBIH 3JIEeMEHT
BapOypra nns momynpoctpancTBa. KoHeuHsiii 00001eHHbIN 351eMeHT BapOypra s ycnoBuid
HETPOHUIIAEMOCTH U TPO3PAYHOCTH T'PAHHIIBI.

4.9 O000meHHbIH 31eMeHT ['epumepa

[Tonatue 06o0OUmIEHHOTO 3yieMeHTa [epuiepa U €ro CBsI3b C 3JEMEHTOM IOCTOSHHOU
da3zpl. Pusmueckuii cmbicn 0000meHHOro sjeMeHta ['epumepa. OOOOICHHBIA SJIEMEHT
I'epuepa ans noxynpocrpancTBa. Koneunslit 00001meHHbIH 35eMeHT ['epuiepa 11t yCIOBHiA
HENPOHUI[AEMOCTH U MPO3PAYHOCTH I'PAHULLBI.

4.10 OnpenesieHne NapaMeTpPoOB TBEPAbIX 3JIeKTPOIuTOB MeToaoM JUC.

TecroBas cTpykTypa Al M3MEPEHHUs HMMIIEJaHCa TBEPAOTO 3JIEKTposuTa. JlmarpaMmbl
HaiikBucra TectoBoil cTpykTyphl. CTpyKTypHas MOJE€Nb TECTOBOH CTPYKTYpbl. AMIUIMTYAA
BapOypra u ee cBs3b ¢ mapaMeTpamu si1ekTposnnta. [Ipumep s3kcrepruMeHTalIbHOTO ONpeAeIeHUs
ko3P unrenta 1uQPy3un HOHOB JTUTHUS.

4.11 MeTtoabl u3MepeHUs IJTEKTPOXUMHYECKOT0 UMIIEJaHCa

MocroBoii meron. Moctel Yurcrona U Buna. YcimoBusi paBHOBECUS MOCTOB U BBIBOJ
dbopMya UTsl BEIYHCIICHUS UMIIeaHca. Vcrmonp3oBanrue aHAIoro-1u(poBbIX METOI0B 00pabOTKH
CUTHAJIOB ISl BBIYUCIICHUS CABUTA (Da3bl KOJICOAHUI HAMPSKEHUS U TOKA.

5. O0pa3oBaTe/bHbIE TeXHOJIOTHH, HCNOJIb3yeMble npu OCYylIeCTBJIEHUH
o0pa3oBaTe/IbHOIO MpoLecca 1o JUCHUIINHE

B nporiecce o0ydeHust HCTIONB3YIOTCS CIEAYIONINE 00pa3oBaTeIbHBIC TEXHOJIOTHU:

BBoaHasi 1eKUsA — 1a€T MEPBOE LETOCTHOE MPEACTABICHNE O TUCHUIIIIMHE U OPUEHTUPYET
CTY/ICHTA B CHUCTEME M3yUEHHs JAHHOW TUCHUILIIUHBI. CTYyJIEHTHl 3HAKOMSTCS C Ha3HAYEHUEM U
3aJjauaMy Kypca, €ro pojblo U MECTOM B CUCTEME Y4eOHBIX AUCLMIUIMH U B CUCTEME MOJITOTOBKU
B 1eioM. Jlaercs kpaTkuii 0030p Kypca, UCTOPHUS Pa3BUTHS HAYKU U MPAKTUKH, TOCTHKECHUS B
9TOM cdepe, HMEHAa M3BECTHBIX YYEHbIX, H3JAraloTcs TMEepCleKTUBHbIE HaIlpaBJICHUS
uccinenoBanui. Ha 53ToMl JeKUMM BBICKA3bIBAKOTCS METOJMYECKHE M OPraHU3alMOHHBIE
0COOEHHOCTH pabOThl B paMKaX JaHHOM TUCIUIUIMHBI, a TAK)KE AAETCs aHallu3 PEKOMEHIyeMOn
y4e0HO-METOINYECKON TUTEPATYPHI.

AkanemMudeckasi JeKuusi (WM JIEKIHUS OOIIEro Kypca) — IMOCJIEI0BATEILHOE H3JI0KEHUE
Marepuana, OCYILIECTBIAEMOE NPEUMYIIECTBEHHO B BHJE€ MOHOJIOTa IPENnoJaBaTelis.
TpeOoBanusi K aKaaeMHUYECKOW JICKIIMH: COBPEMEHHBIN HAy4HBIH YPOBEHb W HACBHIIICHHAS
WH(OPMATUBHOCTh, yOETUTENIbHAs apryMEHTalus, JOCTYIHAas W TIOHSATHAs pedb, YeTKas
CTPYKTypa W JIOTMKa, HAJIW4YUE SPKUX TMPUMEPOB, HAYUYHBIX JOKA3aTeNbCTB, OOOCHOBAHUM,
(axToB.

IIpakTHYeckoe 3aHsiTHE — 3aHATHE, IMOCBAIICHHOE OCBOCHHUIO KOHKPETHBIX YMEHHMH U
HAaBBIKOB U 3aKPEIJICHUIO MMOTYUYEHHBIX Ha JIEKIIUHA 3HAaHUH.

B npornecce 00yueHus: UCMONB3YIOTCA CAEAYIONIME TEXHOIOTHH 3JIEKTPOHHOTO 00y4YeHHUS
U IUCTaHI[MOHHBIE 00Pa30BaTEIbHBIC TEXHOIOTHH:

DJIeKTPOHHOE Yy4eOHO-MeToAuuYecKoe mocodue «MeToabl HCCIEeI0BAHUS MATEPHATOB
aas TtBepaoreabHbix JIMA» B LMS DJiektponHsblii yHuBepcuter Moodle ApI'Y n
oOpa3oBarte/ibHas miaaTgopma onjaiiH-00ydenusi DemidOnline (OpenEDX), B KOTOpBIX:

- IPEACTABIICHBI 3aJIJaHUS JJII CAMOCTOSITENILHON pabOThI CTYIEHTOB 110 TEMaM TUCIUTUINHEI;

- IPEJICTABIIEH CIUCOK JUTEPATYPBL, PEKOMEHYEMOU JIJIs1 OCBOCHHMSI TUCLIMILINHBL;

- mpeAcTaBieHa wHpopMmanus o (opMe U BpEeMEHH MPOBEACHHUS KOHCYJbTAlUH TIO

JTUCIUIUIMHE B CIyyae X MPOBEIEHUS B AUCTAHUMOHHOM (hopMaTe B peKUME OHJIAMH.



Ilepeyenb HH(POPMALIMOHHBIX TEXHOJIOTHIi, MCNIOJIb3YeMbIX IIPH OCYIIeCTBJICHUHU
00pa3oBaTeILHOIO NpPoIecca N0 JMCUUILIHHE, BKJIOYasi epevyeHb JULEeH3HOHHOT0
MPOrpamMMHOro odecrneyeHusi 1 MHPOPMALMOHHBIX CIIPABOYHBIX cHcTeM (MIpHU
HEe00X0UMOCTH)

B mporiecce ocymiecTBieHus 00pa3oBaTEIbHOTO MPOIECCa UCTIONB3YIOTCS:

— i GOPMUPOBAHUS TEKCTOBBIX U rpaUYeCKUX MaTEpHAIOB IPOMEKYTOUHOU M TeKyIIeH
aTrectanuu — nporpamMmbl Microsoft Office, rpadudaeckuii penaktop Inkscape;

— JUId TIOMCKa YyueOHOW nutepaTypsl Oubmmorexku Spl'Y — ABTOMaTH3UpOBaHHAsS
ouomoteuynas nadopmarmonHas cuctema "BYKU-NEXT" (ABUC "byku-Next").

6. IlepeyeHb OCHOBHOW W [IONOJHUTEJbLHOH Y4YeOHOW JIMTEPATYpPbl, PeCcypcoB
HHG(POPMAIIMOHHO-TEJIEKOMMYHUKAUMOHHOI ceTn «VHTepHeT», HEOOXOAUMBIX sl
OCBOEHMS THCIUIIUHBI

a) OCHOBHA JIUTEepaTypa

1. E.C. bysHoBa. MmnenaHcHas CHEKTPOCKOMUS 3JIEKTPOXMMHUYECKHMX MaTepUasioB: YueOHOe
nocobue / E.C. bysinoa, Emenssaora FO.B. - Exarepun0ypr, Ypl'Y, 2008. 70 c.

2. T. Kulova. All Solid State Thin-Film Lithium-lon Batteries. Materials, Technology, and
Diagnostics: monography / T. Kulova, A. Mironenko, A.Rudy, A. Skundin. CRC Press. Taylor
& Frencis Group, Boca Raton, London, New York. 2021. 200 p.

0) 10MOJTHUTEJIbHAS JIUTEepaTypa

1. Andrzej Lasia. 2014. Electrochemical Impedance Spectroscopy and Its Applications. Springer
New York, Heidelberg, Dordrecht, London, 367 p.

2. Dnexrpoxumuuecknii umnenanc/ 3.b. CroitnoB, b.M. I'pados, b.C. CaBoBa, CroiiHoBa,
B.B. Enxun. - M.: «Haykay, 1991. — 336 c.

3. Evgenij Barsoukov, Ross, J. Macdonald (eds). 2005. Impedance Spectroscopy Theory,
Experiment, and Applications. Second Edition. John Wiley & Sons, Inc. Publication. 595 pp.

B) pecypcnbl ceTn «AHTEepHET»
1. Dnextponnslii yauBepcutrer Moodle SIpl'Y — DnekrpoHHoe yueOHO-METOIUYEcKoe mocodue
«Merozpl Ucciea0BaHus MaTEPUATIOB ISl TBEPAOTEIbHBIX JIA»

7. MartepHuajbHO-TeXHUYeCKas 0a3a, Heo0XoaAuMAas A OCYyIIeCTBJICHUSA
00pa3oBaTeIbHOIO Mpolecca Mo JMCHUIINHE
Aymutopun, 0OOpyIOBaHHBIE ISl TMPOBEIACHUS JICKIUW, JIaOOpaTOpHBIX  padoT,
NPaKTUYECKUX, 3aHATUI U KOHCYJIbTAIMi, (OH] OMOIMOTEKH, KOMIIBIOTEpHAs TEXHUKA.

ABTOD:

3aBeayromuii 6a30Boi kKadeapoit

HAHOTEXHOJIOTUH B 3JIEKTPOHUKE

B SI® ®I'BYH ®TUAH um. K. A. Banuesa PAH

npocdeccop, a.d.-M.H.

A.C. Pynprit

(moamcs)




IMpuaoxenne Nel k padoyeil nporpamMme I CHUTIIAHbBI
«Teopusi 1 MeTOABI JIEKTPOXMMHUYECKON MMIIETAHC-CIEKTPOCKOMHUI»

@DoH/1 OLIEHOYHBIX CPEICTB
JJIS1 TPOBe/IeHNUS TEKYIIeld U MPOMeKYTOUHOM aTTeCTALMU CTYIeHTOB
Mo JUCIHUILJINHE

1. TunoBble KOHTPOJIbHBbIE 32IaHUSI UJIH HHbIE MATEPHAJIbI,
Heo0X0AUMBbIe J1JISl OLeHKH 3HAHUI, YMEHU i, HABBIKOB M (WJIH) ONbITA 1eSATeJIbHOCTH,
XapaKTepu3yLMX 3Tanbl (popMHPOBAHUA KOMIIETEH U

1.1 KoHTpoJ/ibHBIE 321aHUS M HHBIE MaTepHaJIbl,
HCNOJIb3yeMble B Ipolecce TeKylleil arrecTauuu

3aganus 151 CAaMOCTOATEIbLHON padoThI:

1. Tlonstme ummnenaHca, agMuTTaHca. COOTHOIIECHMS, CBA3BIBAIOIINE UMIIEAAHC U aIMUTTAHC
ANEKTPOXUMHYECKON CUCTEMBI.

3. CnocoObl mpenacTaBieHUs WMIEAaHCA MW aAMUTTaHca Ha (Pa30BOM  IJIOCKOCTH.
[Tapamerpudeckas 3anucey ypaBHeHUH, nuarpammel Haliksucra u bone.

4. HMmnemanc W aAMHUTTAHC MOCIEAOBATEIBHOTO COCAUHEHHs CONPOTHUBICHUS U E€MKOCTH,
napajuieIbHOTO COSAMHEHUSI COMTPOTUBIICHHS] U EMKOCTH, MOCIEA0BATEIbBHOTO COCIMHEHUS
CONPOTHUBIICHUN U NTAPAJLIEIBbHOTO COEIMHEHNS] EMKOCTH.

5. Crpykrypa 1 MOJEIH IBOMHOIO 3IEKTPUUYECKOTO CJIOS.

6. Jlubdy3noHHBIE BJIEMEHTHI, HCIOJb3yeMble B  DJIIEKTPOXUMUYECKOW  HMMIICTaHC-
CIEKTPOCKOIHH.

7. DOneMeHT NOCTOSTHHOU (ha3bl U ero CBs3b C UAeaIbHBIMU CTPYKTYPHBIMH 3JIEMEHTAMHU.

8. O6o6uenHbIe TP PY3MOHHBIE STTEMEHTHI.

9. CnocoObl U3MEpEeHUsT UMITEIaHCa, JOCTOMHCTBA, HEJIOCTATKH.

10. HenuHeliHas MMIEIaHC-CIEKTPOCKOIUS.

Cnucox BONPOCOB K 3a4eTy:

1. 3akoH Oma. IlocTOSIHHBIN U MEpEeMEHHBIA 3JEKTPUUECKUM TOK. OCHOBHBIE XapaKTEPUCTHKHU
MOCTOSIHHOTO U IIEPEMEHHOI0 TOKa.
Komnnekcusle uncina. [IpeacrapneHne KOMIIIEKCHOTO YHCIIa HA KOMIIJIEKCHOM IIJIOCKOCTH.
[IpencraBneHue JIEKTPUYECKOTO COMTPOTUBIIEHHUS B KOMIUIEKCHOM (hopme
[IpencraBnenue umnenanca Ha Gpa3oBoil MIOCKOCTH.
MmnenaHc nenu CTpyKTYpPHBIX 3JIEMEHTOB € COCPEAOTOUYECHHBIMH ITapaMeTpaMHu.
BriBoa ypaBHenus 1yt umnenanca RLC-nenouxu.
Kiaccuueckuil M cTpyKTYpHBIN HOAXOAbI K U3YUEHUIO 3JIEKTPOXUMHUECKHUX CHCTEM.
Monens ueanbHO NOIAPU3YEMOTO IIEKTPOA.
OnexkTpon ¢ (apageeBCKUM IPOLECCOM. OKBHBAJCHTHAS CXE€Ma JJIEKTPOJIMTA C ABYMS
IUTATUHOBBIMHU JIEKTPOAAMU TPU HAJTMUUH (papasieeBCKOro mpoliecca.
10. IlpuHmun  MeToga  CHEKTPOCKONMHM  MMIIEaHca.  JTamnbl  Pa3BUTUS  TEOPUH
IIEKTPOXUMHUYECKOTO UMIIEaHCA.
11. Onpenenenue 3KBUBaJICHTHON 3JIEKTPUUECKON CXEMBI.
12. OcHOBHBIE KOMIIOHEHTHI CTPYKTYPHOU Moaenu. [I[pumepsl CTpyKTYpHBIX MOJEIEH.
14. Umnenanc BapOypra
15. Umnenanc ['epumepa
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16. DneMeHT MOCTOSTHHOM (ha3bl.

17. O6061meHHbIH 31eMeHT BapOypra

18. O600meHHbI# 251eMeHT [ epumiepa

19. MeTo1bl U3MepEeHUs FIEKTPOXUMHUECKOTO UMIIEIaHCA.

20. Kakue nudpy3rnoHHbBIE 2JIEMEHTHI BB 3HaeTe?

21. Yem ornnuaercs snemMeHT BapOypra ot snemenra ['epumiepa.

22. Kak y4uThIBaeTCsI OOBEMHAsi €MKOCTh DSJEKTPOXHMMHYECKON SUYEHKH B SKBUBAJCHTHOMN
cxeme?

23. ®usnueckuit cmpica Benuund R, C, L, W, BW, CPE, BCP.

l'[paBm]a BbICTABJICHHUSA 3a4eTa.

[Ipu cnade 3auera CTyAEHT OTBEYAET HA OAMH TEOPETUUYECKHI Bompoc. Ha moaAroToBky kK oTBETY
naercst He MeHee luaca. OneHka «3a4TeH0» BBICTABIIAETCS CTYIAEHTY, KOTOPBIH JAaeT MOJIHbIE U
MIOCJIEIOBATEIbHBIE OTBETHI HAa BOIIPOCHI IO TEMaM, IIPH 3TOM JEMOHCTPUPYET YMEHHE BBIIECTUTh
CYLLIECTBEHHBIE U HECYIIECTBEHHBIE NPU3HAKU U YCTAHOBUTH NPUYMHHO-CIIEACTBEHHBIE CBS3U.
[Tpu 5TOM AomycKarTcs OMMOKH B ONPEAEIEHUN U PACKPBITHH HEKOTOPBIX OCHOBHBIX MOHSTHIA,
(opMyIHpOBKE MOJIOXKEHUN, KOTOPBIE CTYJIEHT 3aTPyAHSAETCS UCIIPABUTh CaMOCTOsATeNbHO. [Ipn
apryMeHTally OTBETa CTYJEHT He OOOCHOBBIBAET CBOU CYyKJeHHsS. Ha yacTh TOMOJHUTENbHBIX
BOIIPOCOB CTYJEHT 3aTPYJHAETCS 1aTh OTBET WM JAET HEBEPHBIE OTBETHI.

Onenka «He3auTeHO» BBICTABIAETCS CTYNEHTY, KOTOPBIH JEMOHCTPUPYET pa3pO3HEHHBIE,
OeccrucTeMHbIe 3HaHM; OECIOPAIOUHO M HEYBEPEHHO H3JlaraeT MaTepual; HE YMEET BbLIETSATh
[JIaBHOE U BTOPOCTENEHHOE, HE YMEET COEAMHSTH TEOPETUUYECKUE MOJIOKEHUS C NMPAKTUKOH, HE
YCTaHABIMBAET MEXKIIPEIMETHBIE CBSI3M; JOMYCKAaeT TIpyOble OIIMOKKM MpHU ONpeaeTeHUn
CYIIHOCTU PACKpPBIBAEMbIX MOHSTHUH, SBICHUMN, BCIEACTBUE HETIOHMMAHUS WX CYIIECTBEHHBIX U
HECYIIIECTBEHHBIX MIPU3HAKOB U CBSI3€H; 1a€T HEMOJHbIE OTBETHI, JIOTUKA U MOCIIE0BATEILHOCTh
U3JI0KEHUSI KOTOPBIX HUMEIOT CYIIECTBEHHBIE W NPUHIMIUAIbHBIE HApYILIEHHUS, B OTBETax
OTCYTCTBYIOT BbIBOJIbI. JIOTIOJIHUTENbHBIE U YTOUHSIONINE BOIPOCHI IK3aMEHATOpa HE MPUBOJIAT
K KOpPpEKIMH OTBETOB CTyJeHTa. Ha OCHOBHyIO 4YacTh JONOJHUTENIBHBIX BOIPOCOB CTYAEHT
3aTPYJHSETCS 1aTh OTBET WJIM J1a€T HEBEPHbIE OTBETHI.
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IIpunoxkenne Ne2 k padoueil nporpaMme AUCHUILINHBI

«Teopml H METObI 3ﬂeKTp0XI/IMI/I‘leCKOﬁ HMICIAHC-CIICKTPOCKOIIUHA »
(HaumeHo8aHUe OUCYUNTIUHBL)

MeToandyecKue YKazaHud 1J1d CTYACHTOB 10 OCBOCHHIO TUCIHUIIJIMHBI

OcHoBHOW (QopMOIl HU3NOKEHUST MaTepuasna Mo AucuuIuinHe «Teopuss M METOAbI
AJIEKTPOXUMHYECKON HMMIIETAHC-CIIEKTPOCKOIMIY SBISIFOTCS JIEKIIMH B 00beMe 36 dacoB. DTO
CBSI3aHO C HEOOXOJIMMOCTHIO M3YYCHHs pPa3/Ie]iOB CTaHJAPTHOTO Kypca SIEKTPOXUMHUYECKON
HMMITICJITAHC-CIIEKTPOCKOIIMY, HAIMCAaHHOE Ha s3bIke (QU3MKKM TBEpAOro Telna u  (PUBHKH
MOJIYITPOBOJIHUKOB.

Jns ycnemHoro OCBOEHHMS JMCHUIUIMHBI Ba)KHO BBITIOJHEHHE MPAKTUYECKUX 3aJaHHI
CTyJEHTaMH, a TaKXe HX caMocCTosTeNnbHas paboTa goma. PekoMeHayercs peryispHoe
MMOBTOPEHHE MPOUICHHOTO MaTepralia U YTEHUE PEKOMEHI0BAaHHOM JTUTEPATYPHI.

B koHIle ceMecTpa CTYACHTHI CHAIOT 3a4eT, KOTOPBIA MPOBOAUTCA B (popme ompoca 1o
CIIHCKY BOIIPOCOB.

YyedoHo-MeToaHYECKOE 00ecreueHne
CaMOCTOSITe/IbHOI Pa0dOThI CTYIEHTOB 10 JUCIHUIJIMHE

a) OCHOBHasI JIUTepaTypa

1. E.C. bysHoBa. MmnenaHcHas CHEKTPOCKOMUS 3JIEKTPOXMMHUYECKUX MaTepUasioB: YueOHoe
nocobue / E.C. bysinoa, Emenssnora FO.B. - Exarepunoypr, Ypl'Y, 2008. 70 c.

2. T. Kulova. All Solid State Thin-Film Lithium-lon Batteries. Materials, Technology, and
Diagnostics: monography / T. Kulova, A. Mironenko, A.Rudy, A. Skundin. CRC Press. Taylor
& Frencis Group, Boca Raton, London, New York. 2021. 200 p.

0) 10MOJTHUTEJIbHAS JIUTEepaTypa

1. Andrzej Lasia. 2014. Electrochemical Impedance Spectroscopy and Its Applications. Springer
New York, Heidelberg, Dordrecht, London, 367 p.

2. DOmnexrpoxumuyeckuii mmrenanc/ 3.b. CroitnoB, b.M. I'pados, b.C. CaBopa, CtoiiHOBa,
B.B. Enxun. - M.: «Hayxka», 1991. —336 c.

3. Evgenij Barsoukov, Ross, J. Macdonald (eds). 2005. Impedance Spectroscopy Theory,
Experiment, and Applications. Second Edition. John Wiley & Sons, Inc. Publication. 595 pp.

B) pecypcbl ceTn «AHTEepHET»

1. Dnexrponnsiii yausepcuter Moodle Spl'Y — DnekrpoHHoe yueOHO-METOJUUECKOe mocodue
«Merozpl Ucciea0BaHus MaTEPUATIOB ISl TBEpAOTENbHBIX JITA»
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