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1 He.]'ll/l 1 3aJa491 U3YYCHUSA TUCHUITINHBI

1.1. Heab AMCHUIUIMHBI. (OPMHUPOBAHUE Y CTYAEHTOB TEOPETUYECKHX 3HAHUHA M
HaBBIKOB MIPAKTHYECKOI'O NMPUMEHEHHsS] COBPEMEHHBIX METOAOB UCCIIEIOBAHUS B 3JIEKTPOXH-
MUH.

1.2. 3agauyu TUCIHUILINHEBI:

— chOpMHUPOBATh Y CTYACHTOB 3HAHMS TCOPETUUYECKUX OCHOB COBPEMEHHBIX METOJIOB
MCCJIEIOBAHUS B JIEKTPOXUMUU;

— pa3BUTh YMEHUS CTYJIEHTOB B HMCIOJb30BAaHUM 3HAHUS COBPEMEHHBIX METOJIOB HC-
CJICIOBAHMS B DJICKTPOXUMUU JUIsl IPOBEJICHUS SJIEKTPOXUMHUECKOTO SKCIIEPUMEHTA.

1.3. Mecto aucuuminnsl B ctpykrype OOII BO

Hucuumnnuna «CoBpeMeHHbIE METO/IbI UCCIIE0BAHUS B AIEKTPOXUMUU» OTHOCHUTCS K
JTUCITUIUIMHAM BapuaTUBHOW dYacth bnoka 1. Jlucturumebel (MOIynu) ydeOHOro IUTaHa
HanpasieHus 04.04.01 Xumus.

N3ydyenuto aucuuniauabl «COBpEMEHHbIE METOJIbI MCCIEAOBAHUSA B 3JIEKTPOXUMHUN»
JIOJKHO mpeamecTBoBarh u3ydenue aucuumiud: b1.B.01 «TepmoauHamMuka M KHHETHKA
ANIEKTPOAHBIX TporeccoB», b1.B.02 «MemOpanHasi 31eKTpoXuMusi 1 MeMOpaHHbBIE MaTepHa-
76l HOBBIX MokoseHui», b1.B.03 «Ctpykrypa u pusnko-xuMudeckiue CBONCTBA HOHOOOMEH-
HBIX U COpOIMOHHBIX MarepuaiioB», b1.B.04 «fIBnenus Ha Mex(dazHbIX rpaHUIax». 3HAHUS,
NpUOOpPETEHHbIE TPU OCBOCHUHM TUCIHUIUIMHBI, MOTYT OBITh MCIOJB30BaHbl MPU H3Y4YECHUU
mucimuina b1.B.JIB.02.01 «OnekrpomemOpanHble ¥ THOPUAHBIE TEXHOJOTHUM CHHTE3a,
ouncTtku u paznencHus», b1.B.J[B.02.02 «IIpumeHnenue snekTpoauanu3a ¢ OUIOJIPHBIMHU
MOHOOOMEHHBIMM MeMOpaHaMU B 3JIEKTPOXUMHUECKOH TEXHOJOTHUW», MPU MPOXOKACHUU
y4eOHOH, NpeIIUIUIOMHON TPaKTHKH, BBIMOJIHEHUH Hay4HO-HCCIEI0BaTeIbCKONW paboThl,
KYpCOBOM U BBITYCKHON KBaJIM()UKAIIMOHHOW pabOTHl.

1.4 Ilepeyenb MJIAHMPYeMBbIX pe3yJIbTATOB 00y4eHHMs MO JUCHUILINHE (MOAYJIIO),
COOTHECCHHBIX ¢ IVIAHMPYEMBIMHU pe3yJibTaTaMH 0CBOCHUsI 00pa30BaTe/IbHON NMPOrpam-
MBI

[Tporiecc n3yueHus: MUCLUILIMHBI HAMpaBlieH Ha (OpMUPOBAHHE CIETYIOIUX KOMIIe-
reunmit: OIIK-4, TIK-1, T1IK-3.

Ne WNunexkc | CopepskaHue KoMIie- B pe3ynbTare nzydeHus: y4eOHOM TUCITUILTUHBI 00y4aro-
- KOMIIE- TeHmu (Win e€ ya- IIMecs JOMKHBI

AL TEHLIUH CTH) 3HATH YMeThb BJIA/IeTh

1 OIIK-4 | rOTOBHOCTBIO K KOM- | TEOPETHYECKHE NIPUMEHATh TEOpe- | YCTHOM U MHCh-
MYHUKAIIH B YCTHOM | OCHOBBI ~ COBpe- | THYECKHE OCHOBBI | MEHHOH  (op-
Y TUCBMEHHOH ()Op- | MEHHBIX METOJOB | COBPEMEHHBIX Me€- | MAMH  KOMMY-
Max Ha rocyzaap- HCCIEAOBAHUS B | TOJOB HCCIENOBA- | HUKAIUU  TPU
CTBEHHOM SI3BIKE 3IEKTPOXUMUU HUA B OJJIGKTPOXU- | PEUICHUHU 3a7ad
Poccuiickoii @ene- MHH B JJICKTPOXH- | B 00JacTH Co-
paluy 1 UHOCTPaH- MHUYECKOM  JKCIIe- | BPEMEHHBIX Me-
HOM SI3BIKE JUIS pe- pUMEHTE TO/IOB HUCCIIEIO-
IIeHHs 33719 Mpo- BaHUSA B DJJIEK-
(heccroHanbHOM Jes- TPOXUMHH
TEJIbHOCTH

2 [K-1 CIOCOOHOCTBIO IPO- | COBPEMEHHBIE Me- | IIaHupoBaTh  Uc- | CocoOHOCTHIO
BOAWTDH HAYYHBIE FIC- | TOHBI WCCIIEIOBA- | CIIEJIOBAaHHSA B 00- | COCTaBIATH
CJIeIOBaHUS 10 HUS B DJJIEKTPO- | JIACTH DJIEKTPOXM- | IUITaH HCCIENO-
chOpMYyJIUPOBAaHHOW | XMMHUHU MHHU BaHMsI, TPOBO-




Wunekc | ConepikaHue KoMIie-

B pesynbraTe u3ydueHus yueOHON AUCIUTUIUHBI 00ydaro-

an[ Komme- | TeHnuH (Wiu e€ Ja- IMECS JOJDKHBI
" | TeHuMu CTH) 3HATh YMeETh BJIaJeTh

TeMaTHKe, CaMOCTOSI- IUTh HAyYHBIE
TEIBHO COCTaBISTh HCCTIEAOBAHUS
TJIaH UCCIIEOBAHUS ¥ TOJTy4aTh HO-
Y TIOJTy4aTh HOBBIC BBl HaydHBIC U
Hay4HbIC U TIPU- MIPUKJIATHBIC
KJIaJIHbIE Pe3yIbTaThl pe3ynbTaThl

3 I1K-3 TOTOBHOCTBIO UC- obJyacTu npu- MCIIOJIb30BaTh CO- | COBPEMEHHOMU
I10JIb30BaTh COBPE- | MEHEHHUA CO- BPEMEHHYIO all- arraparypoiu

MEHHYIO amnmnapa-

Typy IIpH IpOBeJie- | IapaTypsl Ipu

HUU Hay4HbIX UC- MPOBEICHU U
CJIEI0BaHUN HAYyYHBIX UC-
CclIeJOBaHUN

BpPEMEHHOM ari-

naparypy npu
IIPOBEACHUN
HAYYHBIX UCCIIC-
OBaHUH B 00J1a-
CTH 3JICKTPOXH-

MHNH

MpHY MpOBeJIe-
HUU HAYYHBIX
HCCIIeJOBaHUHN
B 00acTu
BIIEKTPOXUMUHI

2. CTpyKkTypa U coaep:KaHue TUCHUILINHBI

2.1 PacnpeaesieHue TPyA0EMKOCTH JUCHUILJIMHBI 10 BUIaM padoT
OO6mas TpyA0€MKOCTb TUCHMIUIMHBI cOCTaBsIET 4 3a4.el. (144 yacoB), ux
pacripefiejieHue Mo BUJaM padOT MPENCTaBICHO B TaOMULE (011 CcmyOeHmos

0DO).
Bun yuebnoit paboTsl Bcero Cemectpsbl

4acoB 10

KonrakTHasi paboTa, B TOM 4HCIe 88,5 88,5

AyIuTOpHBIE 3aHATHS (BCEro) 72 72

3aHsTHS JEKIMOHHOTO THIa 18 18

JlaGopaTopHbIe 3aHATHS 54 54

3aHATHS CEMUHAPCKOTO TUTA (CEMHHAPBI, IPAKTHYE-

CKHE 3aHSTHS)

HNnas koHTakTHasA padora:

KonTpons camocrositensHoi pabotsl (KCP)

[Tpomexxyrounast artecranus (MKP) 0,5 0,5

Kypcosas pabora 16 16

CamocTosiTe/IbHAsi paboTa, B TOM YHCiIe 28,8 28,8

[TpopaboTka y4eOHOro (TEeOpeTUIeCcKOro) MaTepuana 20 20

BeimonHeHre WHANBHTYaTbHBIX 33aHUH (ITOATOTOBKA

cOOOLIeHUH, Tpe3eHTaluil)

Pedepar




[ToaroToBka K TEKyIieMy KOHTPOJIIO 8,8 8,8
KonTpoJn:
[ToaroToBKa K 3K3aMeHY 26,7 26,7
O01mas Tpy10eMKOCTh 4ac. 144 144
B TOM YK CJIe KOHTaKT- 885 885
Hasi paboTa
3a4. e]] 4 4

2.2 CTpyKTYypa QM CHUIIMHBI:
Pacripenenenvie BUIOB y4eOHOM paOOTHI U UX TPYTOEMKOCTH TIO pa3/iesiaM AUCIUILIN-

HBI.
Paznensl guciuminnel, nzydaemsie B 10 cemectpe (m1st ctyaeHToB ODPO)
KonmuaectBo yacos
Ne Bueaynu-
AynuropHas YA
pas- HaumenoBanue pasienoB (Tem) TOpHas
Bcero pabota
neiaa pabora
J | II3 | JP CPC
Beenenue. MccienoBanue 31eKTPOXUMHYCCKIX
1 | cucreM B yCIOBUSX TEPMOJIMHAMHYECKOTO paBHO- | 26 4 0 12 10
BECHsI, CTAIIMOHAPHOTO COCTOSIHHS
HccaenoBanne 3IIEKTPOXUMHAYECKUX CHCTEM B
2 A P 49 |10 | 0 | 30 9
HEPaBHOBECHBIX YCIOBHIX
HccaenoBanne CTPYKTYPHI DIIEKTPOIHBIX MaTEPH-
3 8 PYKTYP poA PH= 1258 | 4 | 0 | 12 9,8
aJI0B M1 HOHOOOMEHHHKOB
Hmozo no oucuyunnune: 18 54 28,8
2.3 Copaep:xanue pa3/ieioB TUCHUILINHBI:
2.3.1 3ansTHS JEKIIMOHHOI0 THIIA
HanmMeHnoBaHue dopma TeKyIIero
Ne Coneprxanue pasjena p ym
paszena KOHTPOJISI
1 2 3 4
1. Brenenue. Uccneno- |Turmsbl siueek u 351eKTpoAaoB, npuMensembix (KP, JIP

BaHHE 3JIEKTPOXUMHU-
YECKHUX CHUCTEM B
YCIIOBHSIX TEPMOJU-
HaMHUYECKOTO PaBHO-
BECHUsI, CTAllHOHAPHO-
IO COCTOSTHUS

MIPU DJIEKTPOXUMUYECKUX U3MEPEHUSIX.
[ToaroToBka 3J€KTPOIOB JI SJIEKTPOXHU-
MHYECKHUX U3MEpPEHU. MeToIbl n3Mepe-
HUSI Pa3HOCTH PaBHOBECHBIX IMMOTEHIINATIOB
B 3JIEKTPOXUMHYECKUX crcTemMax (IOTEeH-
[HaJIa 3JIEKTPO/1a OTHOCUTEIIBHO JIEKTPO-
Jla cpaBHEHUS 06€3 TOKa U MPU ero mpoTe-
KaHWH, pa3HOCTH MOTEHITMATIOB HA MEM-
Opane 06e3 TOKa U IPH ero NPOTEeKaHUH.
HcknmroueHne MOTEHIHANIOB JKUIKOCTHBIX
COEIMHEHUH MPU FJIEKTPOXUMHUUECKUX
U3MEPCHUSX.

Meroabl U3MEpEeHHs] TOBEPXHOCTHOTO
HaTsOKEHUS Ha TPAHUIIE PTYTh-PacTBOP:
METO/ KallUJUISIPHOTO 3JIEKTPOMETpa, M0-

Kosiercs Kariau pTytu. M3mepenue no-




BEPXHOCTHOTO IOTEHIIMAIa HOHOOOMEH-
HOH MeMOpaHbl. MI3MepeHne KpaeBoro yr-
Jla CMauMBaHUs HA TPaHHULIE HOHOOOMEH-
Hasi MeMOpaHa—pacTBoOp.

N3mepenue BOJIbT-aMIIEPHON XapaKTepH-
CTHKU MEMOpaHHOM CUCTEMBI B CTaTHYe-
CKUX ycnoBusx. OnpeneneHue npeaeib-
Horo nuddy3rnoHHOTr0 U MeKTpoAUP Y-
3MOHHOrO0 ToKa. [[puMeHeHune Bpamaronie-
rocsi JUCKOBOTO 3JIEKTPOa U Bpallarolie-
rocsi MeMOpaHHOTO AUCKA JJISl HCCIIEeI0Ba-
HUS IPOLIECCOB HA TPAHUIIE IJICKTPOI—
pacTBop U MeMOpaHa—pacTBOP.

HccnenoBanue 3JeK-
TPOXUMHYECKUX CH-

CTEM B HEpaBHOBEC-

HBIX YCIOBHSX

JvHaMu4yeckuil METO C JIMHENHO U3Me-
HSIOIIMM BO BPEMEHU TOKOM U3MEPEHUs
BOJIbT-aMIIEPHOU XapaKTEPUCTUKH DJIEK-
TPOJHOU CUCTEMBI, MEeMOPaHHON CUCTEMBI.
N3mepenue BOJIbT-aMIIEPHON XapaKTEPH-
CTUKH 3JIEKTPOJHON CUCTEMBI METOJIOM
JIMHEHHOM pa3BEePTKU MTOTEHIMANA.
[IpuMeHeHne MeToa HUKINYECKON BOJIBT-
aMIIEPOMETPHUH ISl UCCIIEIOBAHHUS DIICK-
TPOXMMHUUYECKHUX MPOLIECCOB HA 3JEKTPOJE.
XPpOHOMOTEHIUOMETPUYECKUI METOJT HC-
CJIEIOBAHHUS IIEPEXOAHBIX MPOLECCOB B
MeMOpaHOU cUCTeME, dTIEKTPOIHOM CH-
creMe. XpOHOaMIIEPOMETPUUECKUI METO
HCCIIEA0BAHUS NIEPEXOIHBIX IIPOLIECCOB B
MeMOpaHoil cucteme, JIEKTPOIHON CH-
cTeMeE.

IIpuMeHeHHnEe MeTOja YaCTOTHOTO CIIEKTpa
3IEKTPOXUMHUYECKOTO UMIIEIAHCA JIsl C-
clIeZIOBaHUs 00J1aCTH IPOCTPAHCTBEHHOTO
3aps/ia B CHCTEME JJIEKTPOA—PacTBOD, B
MeMOpaHa—pacTBOP.

N3mepenue uncen nepeHoca HOHOB B pac-
TBOpe MeTosioM ['uTTopda. U3mepenue

3¢ PEeKTUBHBIX YHUCEI IEPEHOCA HOHOB Ye-
pe3 HOHOOOMEHHYIO0 MeMOpaHy METOJIOM
I'urropda. U3mepenue Boixo/1a BeliecTa
10 TOKY B CUCTEME DIIEKTPOI—PacTBOP.

KP, JIP

Hccnenosanue
CTPYKTYPHI dJIeK-
TPOJIHBIX MaTepUATIOB
1 HOHOOOMEHHHKOB

[IpumeHeHne ONTUYECKON MUKPOCKOITUH
JUIS KCCIIeIOBaHUSI HOHOOOMEHHBIX MaTe-
pHaJoB.

HccnenoBanue 371€KTPOJHBIX MaTepUAIOB
1 MeMOpaH METOJIOM CKaHUPYIOILEH 3JIeK-
TPOHHOW MUKPOCKOIIMH B COUYETaHHUH C JIO-
KaJIbHBIM PEHTT€HOCIIEKTPAIbHBIM MUKPO-

KP, JIP




AHAJIM30M U METOJIOM TYHHEJIbHOW CKaHU-
pyIOLLIEl MUKPOCKOIIHH.

IIpumenenne MK-cniekrpockonuu norio-
LIEHUs AJIs1 U3YyYEeHUsl CTPOEHUSI HOHO00-
MEHHBIX MaTEPHUAJIOB.

[Ipumeuanue: KP — konTposibHas padota, JIP — maGoparopnas padora

2.3.2 3aHATHSA CEMHUHAPCKOI0 TUIIA
He npenycMoTpeHbl y4eOHBIM TIAHOM.

2.3.3 JIaGopaTopHbIe 3aHATHS

HaumenoBanue nabopaTopHbIX paboT

®dopma TeKyIIero
KOHTPOJIS

3

4

.| Tumnel QJICKTPOXUMHUYCCKHX SAYCCK U DJICKTPOAOB, IIPUMCHACMbBIX

1Ipu u3MepeHusax. Iloaroroska a51ekTpooB A u3mepeHui. Mzme-
pEeHuE pa3HOCTH PAaBHOBECHBIX MOTEHIMAJIOB B 3JIEKTPOXUMHUYE-
CKUX cUcTeMax (IOTEHIMAN IEKTPOoJa OTHOCUTEIBHO JIEKTPOIa
CpaBHEHHUsI 0€3 TOKa U IPH €ro MPOTEKaHUH, Pa3HOCTh NOTEHLUA-
JIOB Ha MeMOpaHe 0e3 TOKa U IPH €ro NpOoTeKaHuu, noteHuuan pH-
YYBCTBUTEIBHOIO AJIEKTPO/a, HOHCEJIEKTUBHOIO 3JIEKTPO1a IIPU
OIIpeIeIEHUU MOHA XJIOpa ApT€HTOMETPUUYECKUM TUTPOBAHUEM).

JIP

. I/I3MepeHHe IMOBEPXHOCTHOT'O HATAXKCHUS HA I'PAHULIC PTYTh-

pactBop. M3Mepenne KpaeBoro yriia CMa4uBaHHs Ha FPaHULE
MOHOOOMEHHasi MeMOpaHa—pacTBop.

JIP

.|I3Mepenne BonbT-aMIEpHON XapaKTePUCTUKH MEMOPAHHOM CH-

CTEMBI B CTATUYECKUX YCIOBUAX U TUHAMUYECKUM METOJIOM C JIH-
HEHMHO U3MEHSIOIUM BO BPEMEHU TOKOM. [3Mepenune BObT-
aMIIEpHOM XapaKTEPUCTUKU DIIEKTPOAHONU CUCTEMBI METOIOM JIU-
HEHMHOM Pa3BEPTKH NMOTEHIMANA.

JIP

.MccnegoBanue QJICKTPOXUMHUYCCKUX IMPOLECCOB HA JJICKTPOJAC ME-

TOJOM III/IKJII/I‘-ICCKOﬁ BOJIBT-aMIICPOMCTPHH.

JIP

.MccnegoBanue MEPEXOJHBIX IMPOLICCCOB B MeM6paHHOI71, DJICKTPOd-

HOM crucTeMe METOI0M XpOHOIIOTeHIIMoMeTpun. Mcenenosanue
HEepeXOAHbIX MPOLIECCOB B MEMOPAHHOM, 3NIEKTPOAHON cucteme
METOJIOM XPOHOAMIIEPOMETPHH.

JIP

.AccrnegoBanue o0iactu IMPOCTPAHCTBCHHOI'O 3apsia B MCM6paH-

HO CHCTEME MCTOOOM BJICKTPOXMUMHNYCCKOTI'O MMIICAaHCA.

JIP

.| I3mepenne 3 peKTUBHBIX YHCEN MEPEHOCa HOHOB Yepe3 HOHO00-

MEeHHYI0 MeMOpaHy MeTtojioM ['utropda.

JIP

.AccrnegoBanue HOHOOOMEHHOI'O Marepuajia MCTOAOM OITHUYECKOM

MHKPOCKOIIHH.

JIP

.|AccnenoBanme 3MeKTPOAHOTO MaTepraia 1 MEMOPAHBI METOI0M

CKaHI/IPYIOH_[Cﬁ BHCKTPOHHOﬁ MHUKPOCKOIIMHU B COYCTAHUH C JIO-
KaJIbHBIM PCHTTCHOCIICKTPAJIbHBIM MUKPOAHAIN30M.

JIP

[Tpumeuanue: JIP — naboparopnas pabota

2.3.4 IlpumepHasi TeMaTHKa KYPCOBBIX PadoT (IIPOEKTOB)

1. IlepexomgHoe BpeMsi XpOHOIIOTEHIIHOMETPUIECKUX KPUBBIX T€TEPOr€HHBIX MEMOpaH
2. Pa3paboTka moaxo/a K NOJTYYEHUIO KOMIIO3UTOB HAa OCHOBE Mep(TOPHUPOBAHHBIX




MeMOpaH ¢ U3BECTHBIM COJICPKAHUEM TOTHAHUIINHA.
3. CpaBHUTENIBHOE UCCIIEI0BAaHHE KOMIIO3UTOB Ha OCHOBE ITOJIMAaHWINHA U HOHOO0-
MEHHBIX MEMOpPaH Pa3IU4HOrO TUIIA.

B

. I/I3yquI/Ie mponecca OYUCTKH CTOYHBIX BOA XUMUUYCCKUX IIPOU3BOJACTB.

5. 3JI€KTpOXI/IMI/I‘-IeCKOC IMMOJIy4YCHHEC BOJbI C BEBICOKUM OTPULATCIIbHBIM OKUCIIUTCIIb-
HO-BOCCTAHOBUTCIBHBIM IIOTCHIHXAJIOM.

(o)

. I/I3MepeHHe SJICKTPOXUMHNYCCKUX XAPAKTCPUCTUK B BOOAHOOPIraHNMYCCKUX CUCTEMAX

7. BrnusiHue XxapakTepUCTUK MOBEPXHOCTH HOHOOOMEHHOI MeMOpaHbl Ha pa3BUTHE
AJIIEKTPOKOHBEKIIMHM B MHTEHCUBHBIX TOKOBBIX PEKHUMAX

2.4 IlepeyeHb y4eOHO-MeTOAUYECKOI0 0O0ecreyeHHs /IJIs CAaMOCTOATEIbLHOH pado-
Thl 00Y4aIOUIUXCS MO0 AUCHUILVIHHE (MOTYJII0)

@

Bun CPC

[lepeuenp yueOHO-METOAMUECKOTO 00eCIeYeHNs JUCIIUIINHBI 10 BBIIIOIHE-
HUIO CAMOCTOSITETIbHON pabOThI

1 2

3

1 |IIpopabotka
yaeOHoro (Teope-
TUYECKOT0) Ma-
Tepuaa

1. Jlykomckuii FO. 4., 'amOypr 1O./]. ®u3nKo-XUMUYECKHE OCHOBBI 3JIEKTPO-
xumud. Jlonronpyauerii: Uatemnext. — 2008. 423 c.

2. NamackuH b.B., [Terpuii O.A., Hupnunaa . A. DnexkTpoxumus: yaeOHOe
ocoOue AJIs CTYACHTOB, 00YUYAIOIIUXCS 110 HAPABJICHUIO OATOTOBKH «XH-
must». Cr6.: Jlans. 2015. https://e.lanbook.com/book/58166#authors

3. Mokpoycos .M., 3apyouna O.H., beke3zuna T.I1. Mexdasubie npe-
BpalieHus u GopMUpOBaHUE MOBEPXHOCTH MHOTOKOMITOHEHTHBIX T10-
JyNPOBOJHUKOB B )XUAKUX cpenax. M.: Jlans, 2015.
http://www.lanbook.com/books/element.php?pll_cid=32&pll_id=1281
4. MemOpaHHast 2JIEKTPOXUMUS: yueOHOe mocodue Jisi 00yUyaromuxcs
10 OCHOBHBIM 00pa30BaTeIbHBIM MTPOTPaMMaM BBICIIETO 00pa30BaHUs
yYpOBHsI OaKajaBpHaT U MarucTpaTypa Mo HarpaBJICHUSM OJITOTOBKU
04.03.01 m 04.04.01 / [H. A. Kononenko, O. A. /lemuna, H. B. Jlo3a u
ap.] ; M-Bo obpaszoBanus u Hayku Poc. @enepanuu, Kybanckuii roc.
VH-T. - [2-¢ u3n., ucnip. u jgon.]. - KpacHomap : [Kybanckwuii rocynap-
CTBEeHHbIN yHUBepcurer], 2017. - 290 c.

5. Meroandeckue peKOMEHJaluU K OpraHu3aluy ayJUTOPHON U BHEAY U~
TOPHOM (CaMOCTOSITEIbHON) PaOOTHI CTYJICHTOB: METOIMYECKHE YKa3aHuUs /
coct. T.I1. Cropoxenko, T.b. [Tounnok, A.B. becnanos, H.B. Jlo3a. — Kpac-
Honap: Kybaunckuii roc. yH-T, 2018. 89 c.

2 |BemmosiHeHue Ja-
OopaTopHBIX pa-
oot

Metoanueckre peKOMEHJAlMU K OpTaHU3allMK ayIUTOPHON U BHEAyJUTOP-
HOM (caMOCTOSATENbHON) pabOTHI CTYJEHTOB: METOIUYECKHE YKa3aHUs / COCT.
T.I1. Cropoxenko, T.b. [Tounnok, A.B. becnanos, H.B. Jlo3a. — Kpacnonap:
Ky6anckuii roc. yu-1, 2018. 89 c.

Y4eOHo-MeToIuYECKHE MaTepUabl UIsl CAMOCTOSTEIbHOW paboThl 00Y4arOIIUXCS U3
YuCcIa MHBAJIUAOB U JIMI C OTPAaHMYEHHBIMH BO3MOXKHOCTAMHU 3710poBbst (OB3) mpenocranis-
10TCs B (hopMax, aJlaliTUPOBAHHBIX K OTPaHMYEHUSIM UX 3[0POBBS U BOCHPUITHUS MHPOpMa-

OHUH:

JI71st TUTT ¢ HApYIICHUSIMH 3PEHHS:
— B [1€4aTHON (hopMe YBEIMYECHHBIM HIPUPTOM,
— B (hopMe PIEKTPOHHOTO JOKYMEHTA.



https://e.lanbook.com/book/58166#authors
http://www.lanbook.com/books/element.php?pl1_cid=32&pl1_id=1281

J1Jis U1 ¢ HApYIICHUSIMH CITyXa:

— B IIeYaTHOM ¢opme,

— B popMe IEKTPOHHOTO IOKYMEHTA.

J1J1s1 JIUT C HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

— B mieyaTHo opme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TIepeYeHb MOXKET OBITh KOHKPETH3UPOBAH B 3aBUCHMOCTH OT KOHTHHTEHTA
oOyJaronuxcs.

3. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

st hopmupoBanus MpoeCCHOHATLHBIX KOMITETCHIIMH B TPOIlecCe OCBOCHHUS Kypca
UCTIONIBE3YETCSI TEXHOJIOTHS MPOJeCcCHOHATBHO-PA3BUBAIONICTO O0YUYCHHUS, TIPEIyCMaTPHBAIO-
1asi He TOJILKO IMepeady TeOPETHYECKOro MaTrepralia, HO U CTUMYJIUPOBAHHE TTO3HABATEb-
HBIX JICHCTBHI CTYIACHTOB. YacTh JIGKIIMOHHBIX 3aHSATHIA MPOBOAUTCS B POpME MPOOIEMHBIX
neKiui. B paMkax j1abopaTOpHBIX 3aHATHH MPUMEHSIOTCS METOJBI MPOCKTHOTO OOYYCHUS,
UCCIIEIOBATEIILCKUE METOJIbI, METOJI KOHKPETHBIX CUTYallMii. B mporecce caMOCTOSATEIbHOM
JESTSIIBHOCTH CTYJACHTHI YIITyOJISIOT H PACIIUPSIOT TEOPETUICCKUE 3HAHUS, PEIIAIOT PacyET-
HBIC 3aJ[a4d, a TAKXKE 3aJlaHus, HEe TPeOyIolMe pacuéroB, HO IS BBINOJHCHHUS KOTOPBIX
HEOOXO0MMO TIYOOKOE 3HaHHUE COOTBETCTBYIOIIETO TEOPETHUYECKOrOo pasnena. [ljis WHBaIM-
JIOB ¥ JIMII C OTPaHUICHHBIMU BO3MOXKHOCTSIMH 3JIOPOBBS PEATU3YIOTCSI MHIUBUIYATbHBIE 00-
pa30BaTeNIbHBIC TEXHOJOIHH, KOTOPBIC MO3BOJISIOT TOJHOCTBIO WHAWBUAYAIM3UPOBATH CO-
JiepKaHUe, METOJIbI M TEMITbl YUCOHOH JEATEIIbHOCTH WHBAJIMIA, BHOCUTHh BOBpPEeMs HE00XO-
JTUMYI0 KOPPEKIINIO, KaK B JIEATCIILHOCTh CTYICHTA-UHBAIN/IA, TAK U B JIEATEIHHOCTD TPEIOo-
JlaBaTesl.

Komu-
Bun 3anarus Vcnonb3yeMble HHTEpaKTHBHBIE 00pa3oBa- qe-
Cemectp
(JI, TP, JIP) TEJIbHBIE TEXHOJIOTHH CTBO
4acoB
10 JIP Becenpl 4
Paz6op cutyarmit 6
PaboTa B MaJIbIX Tpymnmax 6
Hmoeo: 16

4. OueHo4HbIe CPeICTBA JJISl TEKYIIEro KOHTPOJIA YCIEeBAEMOCTH W HMPOMeEKY-
TOYHOM aTTecTaluu
4.1 ®oHa OLIEHOYHBIX CPEACTB ISl IPOBEAeHNs TeKYyIeH aTTecTaluu

KOHTPOJIBHAS PABOTA Ne 1

1o aucuurmuinHe “ CoOBpeMEeHHbIE METO/IbI UCCIEIOBAHMS B AJIEKTPOXUMUH
Hanpasnenue noarorosku 04.04.01 Xumus,
Hanpasnennocts (mpouib) DIeKTpoXuMus

Bapnanr 1

Pa3nen paboueit nmporpammsl «/ccnenoBanne 3IEKTPOXUMUYECKUX CUCTEM B YCIOBUAX Tep-
MOJIMHAaMUYECKOTO PaBHOBECHSI, CTALIMOHAPHOTO COCTOSTHUS

1. OObsicHUTE YCTPOMCTBO SUEEK U ANEKTPOJOB, HA30BUTE 00JACTU MCCIEI0BaHMI, B KOTO-
PBIX HAXOIST MPUMEHEHNE 3TH SYCHKU U IICKTPOIbI
2. Kakue TpeOOBaHUS MPEIBIBIAIOTCA K U3MEPUTEIBHBIM IPUOOPaM, KOTOPBIE UCTIOIB3YIOT-



el N

=

Cs IJIs1 UBMCPCHUSA PA3HOCTH IMTOTCHIIMAJIOB B 3JICKTPOXUMHUUCCKHUX cucremax?

[osicaute MeTon M3MepeHus: MeX(}a3HOTO HATSHKEHUS C TIOMOIIBIO KaMLIIPHOTO DJIeK-
TpOMeTpa.

[osicauTe METO M3MEPEHHUS TTOBEPXHOCTHOT'O IMOTEHIINAIAa HOHOOOMEHHOI MeMOpaHBI.

KOHTPOJIBbHAS PABOTA Ne 2
1o gucuuriuiiHe “ CoBpeMeHHbIE METO/IbI UCCIIEIO0BAHUS B AJIEKTPOXUMUH
Hamnpasnenue noarorosku 04.04.01 Xumusi,

HamnpaBnennocTs (mpoduiis) DIeKTPOXUMHUS

Pa3,I[CJ'I pa6oqel71 IMporpaMmbl ((HCCJ'IGI[OBaHI/Ie OJICKTPOXUMHUYECCKUX CUCTEM
B HCPABHOBCCHBIX YCJIOBUAXY

Bapuant 1

. Kak usmeps1oT BoiabT-aMIiepHble XapaKTEpUCTUKH MeMOpaHHO# cucteMbl? Kakue xapak-

TEPUCTHUKU MEMOpaHbl MOXXHO PAaCCUUTATh U3 BOJIbT-AMIIEPHOM XapaKTEPUCTHKH MEM-
OpaHHOM CUCTEMBI?

B 1yeM npeumytiecTBa METO/1a «BPAIAIOIICTOCS IUCKOBOTO AJIEKTPOIa» U «BPAIAIOIIECTO-
Cs1 MEMOPaHHOTO IUCKay Mepe]] METOIaMH UCCIICAOBAaHUS C HEMOABIKHOTO AJIEKTPOA,
WM MEMOpaHbI?

K kakom ciydae HEOOXOIUMO PUMEHSATh U3MEPCHHE BOJIBT-aMIIEPHON XapaKTEPUCTUKH
AJIEKTPOTHON CHCTEMBI METOJIOM JIMHEHHOW pa3BepTKH noTeHnuana? [loscHure cBOW OT-
BET.

Kakue MeToabl n3MepeHust Yucell IepeHoca HOHOB Uepe3 OTACIbHYI0 MEMOpaHy U3BECT-
HbI? B yeM uX mpenMyIiecTBa u HeIOCTaTKu?

KOHTPOJIBHAS PABOTA Ne 3

no pucuuiuinie “ CoBpeMeHHbIE METO/Ibl UCCIIEI0BAHNUS B AJIEKTPOXUMHUH ~
Hanpasnenue noarorosku 04.04.01 Xumus,
HanpasnenHocTs (mpo¢uiib) DIeKTpOXUMUSL

Paznen paboueit nporpammsl «ccnenoBanue CTpyKTYyphl
AJIEKTPOAHBIX MaTepPHaIOB U HOHOOOMEHHHKOBY

Bapmuanr 1

C 4eM CBSI3aHO OTpaHUYEHUE HA pa3Mep OOBEKTOB MPH ONTUYECKONH MUKPOCKOITUH?
[Tosicuute mpuHLIUI PabOTHI CKAHUPYIOLIETO 3JIEKTPOHHOTO MUKPOCKOIA.

OOBscHUTE YCTPOICTBO TYHHEIBHOI'O CKAaHUPYIOLIETO MUKPOCKOTIA.

Kakyto nndopmannro MoxHo nonyduts MmetogoM MK-criekTpockonuu noriaomeHust HoHo-
0OMEHHBIX MaTepHanoB?

4.2 ®oHJ OLIEHOYHBIX CPEACTB /ISl IPOBEACHUS MIPOMEKYTOYHOM ATTECTALMHU

Bormpocs! k 3auery
[IpuBenuTe npuMepsl SYEEK U AIEKTPOIOB, IPUMEHAEMBIX MPU dJIEKTPOXUMHUECKUX U3-
MepeHusx. OOBSICHUTE YCTPOUCTBO SUYEEK M DIIEKTPOJIOB, HA30BUTE 00JIACTH MCCIIEIOBA-
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

HUU, B KOTOPBIX HAXOAAT IPUMEHEHUE 3T TYEUKHU U DJICKTPOBI.

OOBscHUTE MOPAAOK MOATOTOBKH 3JIEKTPOJIOB MEpe]] IEKTPOXUMUYECKUMU U3MEPEHU-
amu. [l yero HeoOxoMMa Takasi HOAroToBKa?

Kakue TpeGoBaHuUs NPEABABISAIOTCS K U3MEPUTENbHBIM IIPUOOpaM, KOTOPbIE HCIIOJIb3Y-
I0TCS JUI U3MEPEHUS Pa3HOCTH MOTEHIUAJIOB B 3JIEKTPOXUMHUYECKUX CUCTEMAX ?

B uem npuunHa BOZHUKHOBEHUS PA3HOCTU ITOTEHLIMAIOB HA KUIKOCTHBIX COCIUHEHUSIX?
MosxHo 5 ux paccuutarh Teopetnuecku? Kak mx m3mepsior Ha npaktuke? B xakux
Cllydasix OHM BHOCAT OLIMOKY B M3MepsieMble BelnurHbl? Kak uX MOXXKHO YCTpaHHUTb NPH
U3MepeHusx?

Yro Ha3bpIBaIOT NMOBEPXHOCTHBIM, MeX(a3HbIM HaTsDKeHueM? OT Kakux TepMOJUHAMMU-
YEeCKHUX [1apaMETPOB CUCTEMBI OHO 3aBUCUT?

[TosicHuTe MeTon n3MepeHns MeX(PazHOro HATSHKEHUS C IOMOILBIO KAIMJUIIPHOTO 3JIEK-
TpOMETpA.

[TosicHuTe MeTo] U3MEpeHHs MEX(PA3HOrO HATSHKEHUS C MOMOLIbIO ITOKOSIIEHCS Karlld
PTYyTH.

OOBbscHUTE, TOYEMY Ha IPaHUIE HOHOOOMEHHUK PacTBOP BO3HHMKAET Pa3HOCTh MOTEH-
L[AAJIOB.

[TosicHuTe MeTO U3MEPEHUS TOBEPXHOCTHOT'O MOTEHI[Malla HOHOOOMEHHOM MeMOpaHsbI.
Uro Ha3bIBalOT KpaeBbIM yIiioM cMadyuBaHusA? Kak M3MepstoT KpaeBble YIJIbl CMayuBa-
HUS Ha MeK(a3HbIX TpaHuLax?

Kak u3MepsioT BonbT-aMIIEpHbIE XapaKTEPUCTUKU MeMOpaHHOW cucreMbl? Kakue xa-
PAKTEpUCTUKU MEMOpaHbl MOYKHO pPACCUMTATh M3 BOJIBT-aMIIEPHON XapaKTEPUCTUKU
MeMOpaHHOH cucTemMbl?

Yro Ha3bBatOT IUGQY3MOHHBIM U 3IeKTPoaAu(P(GY3HOHHBIM TOKOM B 3JIEKTPOXUMHYE-
CKOM cucreme?

B 4yem npeumyiiecTsa METOa «BPAIAOLIErOCs JUCKOBOIO IEKTPOJa» U «Bpallarolle-
rocs MEMOpPAaHHOTO AMCKa» NEepe]l METOJaMHU MCCIIEAOBAHUS C HEMOABM)KHOIO JIEKTPO-
na, Win MeMOpaHbl?

Kakue tpeboBaHus MPenbsABISAIOTCS K CKOPOCTH U3MEHEHHUS TOKa B TUHAMHUYECKOM Me-
TOZE C JIMHEHHO U3MEHSIOIIUM BO BPEMEHH TOKOM, KOTOPBIM IPUMEHAETCS Il U3Mepe-
HUS BOJIBT-aMIIEPHON XapaKTEPUCTUKH JIEKTPOTHONW CUCTEMBI, MEMOPaHHOW CHCTEMBI?
K kakoMm ciaydyae He0OOXOAMMO NPUMEHATh U3MEPEHHUE BOJIbT-aMIIEPHON XapaKTEPUCTHKH
AJIEKTPOIHOM CHCTEMbI METOJIOM JIMHEIHON pa3BepTKu noreHuuania? Iloscuure cBoit o1-
BET.

IIpuBenure mpuMep LHUKINYECKON BOJIBT-aMIIEPOMETPUYECKON KpuBOH. IlosicHuTe Mpo-
LIECCHI, MMPOTEKAIOIINE B pa3iInuHbIX €€ obmactax. Kakyio mHpopManuo MOXHO MONy-
YUTh U3 IUKJINYECKON BOJIBT-aMIIEPOTPAMMBI 3JIEKTPOA?

Kak u3MepsroT XpOHOMOTEHIIMOIPAMMBI M XPOHOAMIIEPOTPaMMBbl AJIEKTPOXUMHAYECKHUX
cuctem? Kakumu npoueccaMu onpenenseTcsl BU XpOHOIIOTEHIIMOTPaMM U XpOHOaMIIe-
porpamm? Kakyro nHpopManno MOXHO MOITYYUTh U3 XPOHOMOTEHLHUOTPAMM M XPOHO-
amneporpamm?

Kakyro BenmmumHy Ha3bpIBAIOT 3JIEKTPOXMMHUYECKUM uMIienaHcom? Kak ero m3mepstor?
IIpuBenuTe NpUMeEpsl YaCTOTHBIX CIIEKTPOB UMIIEAAHCA OCHOBHBIX 3JIEMEHTOB U UX KOM-
OMHAIM, KOTOPbIE UCTIOIB3YIOTCS JIJISl ONUCAHUS JIEKTPOXUMUYECKUX CUCTEM.
HazoBure Buabl uncen nepeHoca MOHOB. OT 4ero 3aBUCAT UYMCIA [EPEHOCA MOHOB B
ANEKTPOXUMHUUYECKUX CHCTEMaX?

Kakumu MeTonaMu U3MepsIoT 4Kciia IEPEHOCa HOHOB B pacTBopax”?

B dem 3axmrodaercsi TpyIHOCTb M3MEPEHUS YHCEN NMEPEHOCAa MOHOB 4e€pe3 OTACIBHYIO
mMeMmOpany?

Kakue MeTopl n3MepeHus yrcen MepeHoca HOHOB uepe3 OTAEIbHYI0 MEMOpaHy U3BeCT-
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23.

24.

25.

26.

217.

28.

N

10.

11.

12.

13.

14.

15.

16.

Hbl? B uem ux npeuMyinecTsa u HEIOCTaTKHU?

Yro Ha3bIBAIOT BBIXOJOM BEILECTBA IO TOKY B cHcTeMe 3eKkTpoa—pactBop? Kak ero usz-
MEPSIIOT?

Kakyto nnpopmanuo gaét onTudeckas MUKPOCKOINHUS MPU UCCIEI0BAaHUM 3IICKTPOIHBIX
¥ MOHOOOMEeHHBIX MarepuanoB? C 4eM CBS3aHO OrpaHMUYCHHE Ha pa3Mep OOBEKTOB IPH
ONTHUYECKON MUKPOCKOINU?

[TosicHuTe pUHIUI PabOTHl CKAaHUPYIOLIETO MIEKTPOHHOTO MHUKpockomna. Kakue Tpe6o-
BaHUs MNPEABABISIIOTCA K HCCIEAyeMbIM 00pa3liaM IpU CKaHUPYIOILEH 3JIEKTPOHHOM
MUKpOCKOINN?

[TosicHuTe mporueccsl, NPOTEKAIOUIME MPHU JIOKAIbHOM PEHTI€HOCIEKTPAIbHOM MHUKPO-
aHaymze oopasia.

OOBscHUTE YCTPONCTBO TYHHEJIBHOI'O CKAaHUPYHOIIEro MHUKpockomna. C uem CBSI3aHO
OrpaHMuYEHUE Ha pa3Mep 0ObEKTOB MIPU TYHHEJIbHON CKaHUPYIOIIEH MUKPOCKOIIUU?

Kak n3mepsitor UK-cniektpel nHoHoOOMeHHbIX MaTepuanoB? Kakyro nHpopMaiuo MOXXHO
nosyuuts MetogoM MK-crekrpockonuu noriaoueHus HFOHOOOMEHHBIX MaTepHaIoB?

Bormpocs! k 3x3ameny
Turel s;ueeK U 3JIEKTPOIOB, IPUMEHSIEMBIX IIPH JEKTPOXUMHUECKUX U3MEPEHUSX.
[TonroroBKa 3MEKTPOAOB AJis NEKTPOXUMUYECKUX U3MEPEHUH.
Metoabl U3MEpeHUs] Pa3HOCTH PAaBHOBECHBIX MOTEHLUHAIOB B 3JIEKTPOXMUMHYECKUX CH-
cTeMax (IOTEHIIMAaJa AIEKTPOJa OTHOCUTEIBHO 3JIEKTPO/Ia CPABHEHHUs 0€3 TOKa U IIPU €T0
MPOTEKAaHUH, PA3HOCTH MOTEHIMATIOB Ha MeMOpaHe 6e3 TOKa U MPH €ro MPOTEKaHUU.
HckmroueHne MoTeHIMANIOB KUJIKOCTHBIX COEIMHEHUN IPU AJIEKTPOXUMUYECKUX H3Me-
pEHUSIX.
MeTto1b1 N13MEpEeHHsI TOBEPXHOCTHOTO HATSKEHUSI Ha TPaHUIIE PTYTh-PacTBOP: METOJI Ka-
NUUIIPHOTO AIEKTPOMETPA, MOKOSAIIEHCS KalllIi PTYTH.
W3mepeHne noBepXHOCTHOTIO OTEHIIMala HOHOOOMEHHON MeMOpaHsbl.
M3MepeHue KpaeBoro yria CMauMBaHHs Ha TpaHULle HOHOOOMEHHast MeMOpaHa—pacTBOp.
N3mepenne BONBT-aMIEPHON XapaKTEPUCTUKU MEMOpPAHHOW CHCTEMBI B CTAaTHYECKUX
YCIOBUSX.
Ornpenenenne npeaenbHoro 1u@Gy3noHHOTO U AEeKTPoaudPy3HOHHOTO TOKA.
[TpuMeHeHre BpalIaoLErocs AMCKOBOTO 3JIEKTPOJa M BPALIAIOLIETOcs MEMOPaHHOTO
JUCKa JJIs MCCIEJAOBAHUS IPOLECCOB Ha TpaHMIE 3IEKTPOA—pPacTBOp U MeMOpaHa—
pacTBop.
JluHamMy4eckuii METOJ ¢ JIMHEWMHO M3MEHSIOIIMM BO BPEMEHH TOKOM M3MEPEHHS BOJIBT-
aMIIEpPHON XapaKTEPUCTUKH 3JIEKTPOJHON cHCTEMbl, MEeMOpaHHOH cucTteMbl. M3mepenue
BOJIBT-aMIIEPHOM XapaKTEPUCTUKH JIEKTPOJIHON CUCTEMBI METO/IOM JINHEWHOM pa3BepTKU
MOTeHILIMazNa.
[TpumeHeHne MeTofa LUKINYECKOW BOJIBT-aMIIEPOMETPUM JI1 UCCIEAOBAHMS AJIEKTPO-
XUMHYECKHX MIPOIECCOB Ha AJIEKTPO/IE.
XPOHOIMOTEHIIUOMETPUIECKUN METOJI UCCIIEIOBAHUS MIEPEXOIHBIX MPOIIECCOB B MeMOpa-
HOU CHUCTEME, DJIEKTPOAHON CUCTEME.
XpoHOAMIIEPOMETPUUYECKUI METOJT MCCIIEOBAHMS IEPEXOIHBIX MPOILIECCOB B MEMOpaHOH
CUCTEME, AJIEKTPOJIHOIN CHCTEME.
[TpuMmeHeHne MeToga YaCTOTHOTO CIIEKTpa 3JIEKTPOXMMHUUYECKOT0 UMIIEIaHca JUIsl CCIle-
JIOBaHMsI 00JIaCTH MPOCTPAHCTBEHHOI'O 3apsijia B CUCTEME 3JIEKTPOI—pacTBOpP, B MeMOpa-
Ha—pacTBop.
N3mepenne gncen nepeHoca HOHOB B pacTBope metoqioM ['urropda. M3mepenne r¢dex-
TUBHBIX YHCEN MEpEeHOCca MOHOB uepe3 MOHOOOMEHHYI0 MeMOpaHy meronoMm [urropda.
N3mepeHne BbIX0/a BEIIECTBA 110 TOKY B CUCTEME AIIEKTPOI—PACTBOP.
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17. IlpuMeHeHHE ONTHUYECKOM MUKPOCKOMHMM Ui MCCIEIOBaHUS MOHOOOMEHHBIX MarepHa-
JIOB.

18. HccrnenoBaHue 31eKTPOIHBIX MaTepualoB M MEMOpaH METOAOM CKaHUPYIOLIEH 3JIeK-
TPOHHOM MHMKPOCKOIIMM B COYETAHHUHU C JIOKAJIBHBIM PEHTTC€HOCHEKTPAIBbHBIM MHUKpOaHa-
JIM30M U METOJOM TYHHEJIbHOW CKaHUPYIOIIEH MUKPOCKOIIUH.

19. Ilpumenenune MK-cnexTpockonuyu NOMIOMEHHs Al U3Y4EHHsI CTPOEHUSI HOHOOOMEHHBIX
MaTEpPUAIIOB.

[Tpumep Ounera K 3K3aMeHy

®OI'BOY BO «KybaHckuit TOCy1apCTBEHHBI YHUBEPCUTETY
@aKyJnbTET XUMUU U BBICOKUX TEXHOJIOTUI
Kadenpa pusnueckoit xumun
Hamnpasnenue noarorosku 04.04.01 Xumusi,
HamnpaBnenHnocTs (mpouiib) DIeKTPOXUMHUS

Jucuumninuna “ CoBpeMEHHbBIE METO/Ibl UCCIICIOBAHUS B JIEKTPOXUMUH ~

DK3AMEHAIIMOHHBII BUJIET Ne 1.

1. Tumsb! si9€eK U ANEKTPOIOB, MPUMEHSIEMBIX IIPU AIEKTPOXUMUYECKUX U3MEPEHUSX.

2. XpOHOIIOTSHIITMOMETPHYSCKUNA METO] MCCIEAOBAaHUS MEPEXOIHBIX TPOIECCOB B MeMOpa-
HOM cucTeme, SIEKTPOAHON CUCTEME.

3. HccnenoBaHue 3JIEKTPOIHBIX MaTepUajIoB U MeMOpaH METOJOM CKAaHUPYIOUIEH 3IeKTPOH-
HOM MUKPOCKOIIUHU B COUYETAHHH C JIOKAJTLHBIM PEHTT€HOCTIEKTPATFHBIM MUKPOAHAITM30M

3aBeayromuii kadenpoit
buznyeckoil XuMum, 1.X.H., Mpod. B.U. 3a6onouxuit

OneHouHble cpesicTBa JUIsl MHBAINUIOB U JIULL C OTPAaHUYEHHBIMU BO3MOKHOCTSMH 3710-
POBBS BEIOMPAIOTCS C YUETOM MX UHAMBHUAYAJIbHBIX NCUXO(U3NUECKUX OCOOCHHOCTEM.

— IIpU HEOOXOJMMOCTH MHBAJIMJIAM U JIMIIaM C OTPaHUYEHHBIMH BO3MOXXHOCTSAMU 3]10-
POBBS IPEOCTABIISAETCS TONOJHUTENIBHOE BpeMs Ul MOATOTOBKH OTBETAa HA SK3aMEHE;

— MpU TPOBEJICHUH MPOLETYPhl OLIEHUBAHUS PE3yJIbTaTOB 00yYeHHs HHBAINU/IOB U JIMIL
C OrpaHUYEHHBIMH BO3MOKHOCTSIMU 3/10POBbsI IPEyCMaTPUBAETCS MCIIOJB30BaHNE TEXHUYE-
CKUX CPEJCTB, HEOOXOJAUMBIX UM B CBSI3U C X UHAMBHUYaTbHBIMU OCOOEHHOCTSMU,

— MpU HEOOXOIUMOCTHU ISl 00y4YaroIUXCsl ¢ OTPAaHUYEHHBIMH BO3MOXKHOCTSIMHU 3]10-
POBbSI M MHBAIMJIOB MPOIielypa OLIEHUBAHUS PE3yIbTaTOB O0YYEHHUS MO JAUCHUILINHE MOXKET
IIPOBOAMTHCS B HECKOJIBKO 3TAIOB.

[Tponetypa onieHMBaHMS pe3yabTaToOB 00yUEHHsI HHBAJIHMJIOB U JIUL C OTPAaHUYEHHBIMU
BO3MOXXHOCTSIMU 370POBbsI [0 JUCUUIUIMHE (MOAYJIO) MpeaycMaTpuBaeT MpenoCTaBlIeHUE
uHpopManuu B popMmax, aJanTUPOBAHHBIX K OIPAaHUYEHUSM HX 3]I0POBbSI U BOCTIPUSTHS WH-
dbopmaruu:

JUid U1 ¢ HapyIIEHUSIMH 3pEHUS:

— B MieyaTHOM popme yBeIHMUEHHBIM HIpUPTOM,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA.

JInst an ¢ HapyIeHUs MM CITyXa:

— B Ie4aTHo (opme,

— B (hopMe 2IIEKTPOHHOT O IOKYMEHTA.
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Jist 11 ¢ HapyIICHUSIMA ONIOPHO-BUTATEIILHOTO ammapara:
— B IIeYaTHOM ¢opme,
— B (hopMe 2IEKTPOHHOTO TOKYMEHTA.

5. IlepeyeHb OCHOBHON M /IONOJHUTEJIbHON y4eOHOH JUTEpaTypbl, HEOOX0AUMOI1
JJISE OCBOEHM Sl JUCUMILIMHBI (MOXYJIs)

5.1 OcHoBHast IUTEpaTypa:

1. JTykomcknii 10 5., 'amOypr FO.J[. ®U3HKO-XUMHUECKHE OCHOBHI DJICKTPOXUMUH.
Honronpyausiii: Uatemnekt. — 2008. 423 c.

2. Jamackun b.b., [Terpuit O.A., Hupnuna ['.A. DiekTpoxumus: yaeOHOe mocooue
JUISL CTYAICHTOB, 00 YYAIOIIMXCs [0 HANIPABICHUIO MOATOTOBKH «XuMus». Co.: Jlanb. 2015.

https://e.lanbook.com/book/58166#authors

5.2 JlononHuTeNIbHAs IUTEpATypa:

1. MoxkpoycoB I'"M., 3apyouna O.H., bekesuna T.I1. MexdazHbie npespaiie-
HUSL 1 (OpMHUpPOBaHUE MTOBEPXHOCTH MHOTOKOMITOHEHTHBIX MOJTYIPOBOJIHUKOB B HKH/I-
KHX cpenax. M.: Jlans, 2015.
http://www.lanbook.com/books/element.php?pll_cid=32&pll_id=1281

2. MemOpaHHas 3JEKTpOXHMUS: ydeOHOe TocoOue I 0O0ydJaronuxcs Mo oc-
HOBHBIM 00pPa30BaTENbHBIM MIPOrPaMMaM BBICIIIETO 00pa30BaHMs yPOBHS OakalaBpuaT
U Marucrpatrypa no HampasieHusMm noaroroBku 04.03.01 u 04.04.01 / [H. A. Kono-
HeHko, O. A. Jlemuna, H. B. Jlo3za u np.] ; M-Bo oOpa3oBanus u Hayku Poc. @enepa-
1uu, KyOaHckuii roc. yH-T. - [2-e u3., ucnp. u jnomn.]. - Kpacnonap : [Kybanckuii roc-
yaapcTBeHHbIN yHuBepcuTeT], 2017. - 290 c.

5.3. Ilepuoauyeckue U3AaHU:
1. XKypnan "Onexrpoxumus’".
2. Kypnan "®duznueckast xumus'".

6. Ilepeyenb pecypcoB MH(OPMANHMOHHO-TEJEKOMMYHMKANUOHHON ceTn «UH-
TepHeT», HeOOXOMMBbIX /IJIsl 0CBOEHUS THCIUTIJIMHBI (MOTYJI51)

1. eLIBRARY - HayuHnas snextponHas 6ubnunoreka (Mocka) http://wwwe.elibrary.ru/

2. DJNEeKTPOHHAs KOJUIEKIIWS HAYIHOW U TEXHHUYECKOW MOJTHOTEKCTOBOM U Onbimorpa-
puyeckoit napopmanuu ScienseDirect — http://www.sciencedirect.com

7. MeToauueckue yKa3aHusl Ui O0OYYAIOIIUXCS MO OCBOEHUIO JUCIHUIIMHBI
(Mmomyuis)

VYcnemHoe OCBOGHHE IUCHUIUIMHBI MPEIoJiaraeT aKTHUBHOE, TBOPUECKOE YydacTHe
CTYJIEHTA MyTeM IJIAHOMEPHOM, TOBCETHEBHOM paOOTHI.

OO61mure peKoOMeHIaIuu
W3ydyeHrne AUCHMIUIMHBI CJlEeNyeT HayuHaTh C MpopaboTKu pabouell IporpaMmbl,
0co00e BHUMaHHUE, yJeIss IeIIM U 33J1auaM, CTPYKTYPE U COJCPKAHUIO Kypca.

CamocrodrenbHas paboTa MPOBOJUTCS € LEbI0 YIIAyOJeHUs 3HAHUHM 10 JUCLHUIUIMHE
Y IIPEyCMaTPUBAET:

- YTEHUE CTYACHTAMH PEKOMEHIOBAHHOW JINTEPATypbl U YCBOCHHUE TEOPETUYECKOIO
MaTepuana JUCLUILIAHEI,

- MOJITOTOBKY K JIAOOPATOPHBIM 3aHATHSIM;
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- paboty ¢ lHTepHET-UCTOUHUKAMU;

- IOAATOTOBKA K 3a4eTy.

[InaHnpoBaHNe BpEMEHH Ha CaMOCTOSITENbHYIO paboTy, HEOOXOAMMOro Ha M3YyYCHHUE
HACTOSIIIECH JUCHUIUIMHBI, CTYICHTaM JIy4llle BCEr0 OCYIIECTBIATh HA BECh CEMECTp, IPEIy-
CMaTpUBasi PU TOM PEryJSIPHOE MMOBTOPEHHE IMPOIICHHOr0 Marepuaiia. MaTtepual, moiy-
YEHHBIH Ha JICKIUAX, HEOOXOJUMO PETrYIISIPHO JOMOHSITh CBEICHUSMH M3 JIUTEPATYPHBIX UC-
TOYHHUKOB, IPUBE/ICHHBIX B pabo4ell mporpaMme JAUCIUIUIAHBI.

Pabora ¢ koHCIEKTOM JEKIUI

[IpocMOTpUTE KOHCIEKT Cpa3y MOCIE 3aHSATUHA, OTMETbTE MAaTepHal KOHCIEKTA
JIEKLMM, KOTOPBIA BBI3BIBAECT 3aTPyJHEHHUs s MoHUMaHuA. [lonpiTaiitech HAUTH OTBETHI Ha
3aTPYyIHUTEIBHBIE BOIIPOCHI, HCIOJIb3YSl PEKOMEHAYEMYIO JUTeparypy. Eciin camoCcTosTENBHO
HE yJanock pa3oOpaThcs B MaTepuaie, cQopMyIupyiTe BOMPOCH U 00paTUTECh 3a TOMOIIbIO
K TIPEToJaBaTel0 Ha KOHCYJIbTAIlMU WM OJbKalined JeKuuu. PeryiasipHo OTBOIUTE BpeMs
JUIsl TIOBTOPEHUSI MPOMJAECHHOTO MaTepuaia, MpOBEpsisi CBOU 3HAHUSA, YMEHHUs M HAaBBIKU IO
KOHTPOJIbHBIM BOIIPOCAM.

Brinonnenue madbopatopHbix padboT
Ha 3ansTun momy4ure y mnpenonaBaresns rpaduK BBIIOJIHEHHS J1a00paTOpHBIX padoT.
[Tonyuute Bce HEoOxoanMoe MeTorueckoe odbecneuenue. [lepen mocemennem nadopaTopun
U3y4UTE€ TEOPHUIO BOMPOCA, NPEANONIaraéMoro K HCCICIOBAHUIO, O3HAKOMBTECh C
PYKOBOJICTBOM IO COOTBETCTBYIOIIEH pabOTe M MOATOTOBBTE MPOTOKOJ MPOBEICHHS pabOoThI,
B KOTOPBIN 3aHECUTE:
Ha3zBaHHE pabOThI;
3arOTOBKH TAOJUI] UTSI 3aITOJTHEHHS SKCIIEPUMEHTATBHBIMH JJAHHBIMUA HaOJFOICHU;
YpaBHEHHS] XMMUYECKHX PEAKIHMNA TPEBPAIICHNUH, KOTOphIE OYIYT OCYIIECTBICHBI
IIPU BBINOJIHEHUH SKCIIEPUMEHTA;
pacueTHble (HPOPMYJIBL.
OdopmieHne OTYETOB JIOJDKHO TPOBOJUTHCSA IOCIE OKOHYaHUs paboOThl B
nabopatopun. Jlns TOATOTOBKM K  3alUTe OT4YeTa CleAyeT MpOoaHaIU3UpOBaTh
OKCTIEPUMEHTAIBHBIE PE3yNbTAaThl, COMOCTABUTh WX C W3BECTHBIMH TEOPETUYECKUMHU
MOJIOKEHUSMHU, CHPAaBOYHBIMU WM JIMTEPATYPHBIMHU JIaHHBIMH, OOOOIIUTH pPE3yIbTaThl
WCCIIIOBAaHMIA B BUJIE BHIBOJIOB 11O paboTe, OJrOTOBUTH OTBETHI Ha BOIPOCHI, TPUBOANMEIC B
METOAMYECKHX YKAa3aHUAX K BBIIOIHEHHUIO JJAOOPATOPHBIX padoT.

Meroauueckue peKOMEHAALMH IIPENOJAaBaTENAM 10 METOAUKE IIPOBENCHNS OCHOBHBIX
BUJIOB Y4€OHBIX 3aHATUN

Jlexuun
MeToauka 4TeHUs JEKIUN
Jlexuu SBISIOTCS OJHUM U3 OCHOBHBIX METOJIOB 00OYUEHHS 10 AUCLUIUIMHE, KOTOPBIE
JIOJIKHBI peIIaTh CIEAYIOIINE 3a1a4Uu:
— HW3JIOKUTh BAXHEHIIMN MaTepHuall NIPOrpaMMbl Kypca, OCBEIIAIOIMIMI OCHOBHBIE
MOMEHTHI;
— Ppa3BUTh y CTYJICHTOB IOTPEOHOCTh K CaMOCTOSTENbHON paboTe Haj y4uyeOHOH u
HAay4YHOU JIUTEPATYpPOU.
I'maBHOM 3aa4eil KaKI0M JIEKIUU ABJISIETCS PACKPBITUE CYIHOCTU TEMBI U aHAJIU3 €€
TJIABHBIX ITOJIOKEHUN. PEKOMEHIyeTCsl Ha EPBOM JIEKIIUU JTOBECTH 10 BHUMAHHUs CTYACHTOB
CTPYKTYpPY Kypca U €ro pa3Jensl, a B JaJbHEUIIEM yKa3blBaTh HAYaJIO KaKJI0r0 pa3jena, CyTh
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" €ro 3aJaydu, a, 3aKOHYMB HU3JIOKCHHC, IIOABOAUTL UTOT 11O 3TOMY pa3acily, ‘ITO6BI CBA3aTh
€ro CO CJIeIYIOIINM.

Coneprxanue JeKIui

CogepxaHuie JICKIMI ompexaensercs pabodueil mporpammoii kKypca. Heobxommumo,
yTOOBl Ka)KJas JIEKIMs OXBaThlBajla M HCYEpIbIBAJIa OINpEACNIEHHYI0 TeMy Kypca u
npeCTaBisia COO0M TOTUYECKH BIOJHE 3aKOHYEHHYIO padoty. Jlydine coKpaTuTh TeMy, HO
HE JOIycKaTh IepepblBa €e B TaKOM MeCTe, KOTJa OCHOBHAsi Hes ellle IOJIHOCTbIO He
packpbITa.

JlaGopaTopHble 3aHATHS

Mertoarka mpoBeICHHS JJA0OPATOPHBIX 3aHATHI

Llenssmu mpoBeeHust 1a00PAaTOPHBIX PAOOT SBISAIOTCS:

— YCTAaHOBJICHUE CBSI3€M TEOPHH C TPAKTHKOW B (OpME IKCICPUMEHTAILHOTO

MOJATBEPIKICHUS TTOJIOKEHU TEOPUH;

— 00y4eHHe CTy/IEHTOB YMEHUIO aHAIM3UPOBATh MOTYYCHHbBIE PE3Y/IbTAThI;
— KOHTPOJIb CAMOCTOSTEIHHOM paboThl CTYJEHTOB [0 OCBOSHHIO KypCa;
— 0o0y4eHue HaBbIKaM PO(eCCUOHATLHOM e TEIbHOCTH

[enn maGopaTOpHOTrO MPAKTUKYMa JIOCTUTAIOTCS HAWIYYIIMM 00pa3oM B TOM Ciiydae,
€CIIM  BBIIIOJIHEHUIO JKCIIEPUMEHTa MPEIUIECTBYET OMNpEAeJeHHAas MOATOTOBUTENbHAS
BHeayauTopHas pabota. [loaToMy mpenonmaBaTenp 00s3aH JOBECTH /O BCEX CTYIEHTOB
rpaduK BBINOJHEHUS JIA0OPATOPHBIX pabOT C TeM, YTOOBl OHHM MOIJIM 3aHUMAThCS
[eJICHAIPABICHHOMN JIOMAIITHEN TOATOTOBKOM.

[lepen HayasoM ouepeAHOTO 3aHATHUS MPENOJABATENb JIOJDKEH YIOCTOBEPHUTHCS B
TOTOBHOCTU CTYJIEHTOB K BBHINOJHEHUIO J1a00OpaTOpHOl paboThl MyTeM KOPOTKOIO
cobecenoBaHUs U TPOBEPKU HAIMYHUS y CTYIEHTOB 3arOTOBJICHHBIX MPOTOKOJIOB TTPOBEICHHUS
paboTHI.

8. Ilepeyenb  MH(POPMALMOHHBLIX  TEXHOJOIHH, HMCHOJB3YyeMbIX  IPH
OCYLeCTBJIEHMH 00pa30BaTeJLHOI0 Ipouecca MO AUCHUIVIMHE (MoayJ0) (mpu
HEe00XO0AUMOCTH)

8.1 llepeyenb HHPOPMALMOHHBIX TEXHOJIOTHIi

8.2 llepeyennb HEOOX0AMMOI0 MPOrPAMMHOI0 o0ecredeHust

1. MS Office (Word, Excel, PowerPoint).

2. IlporpamMMHOe oOecTiedyeHre K BUPTYaJIbHBIM H3MEPUTEIHLHBIM IPHOOpaM.

3. IIporpamMmMHoe obecrieueHue 715 CTA0OBUISIIHX.

8.3 lepeyennb HEOOXOAMMBIX HH(OPMAIMOHHBIX CIIPABOYHBIX CHCTEM

1. eLIBRARY - Hayunas snekrponnas oudianorexa (Mocksa) — http://elibrary.ru/
2. ScienseDirect — http://www.sciencedirect.com

9. MarepuajibHO-TeXHHYECKas 0a3a, He00OXoaUMAasi ISl OCYyLeCTBJIeHUsA 00pa3o0-
BaTEJbHOI0 MPoLecca Mo JUCHUIINHE (MOAYJII0)

MarepuanbHO-TEXHUYECKOE 00€CTIeYeHNE U CIIUTUTMHBI

Ne Bun pabor
(MOJysIs) M OCHAILIEHHOCTh

1. JlexumoHHble 3aHATHS | Ayautopus — aya. 332, kopn. C (ynuua CtaBponoibckas,
149). KomruiekT y4eOHOWH Mebesu, MeloBasi J0CKa, mepe-
HOCHO€ MYJIbTHUMENIHOE 000pyI0BaHUE.

2. JlaGopatopHbie 3aHs- | YueOHas ayIUTOPHS JJIs TPOBEACHUS 3aHIATHI J1aOopaTop-
THUSI Horo tuna aya. 330, kopmn. C (yauna CtaBponoibckas,
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149), ykOMIUIEKTOBaHHas CHEIHATU3UPOBAHHON MeOeIbIO
Y KOMILUIEKTaMH JJa0OpaTOPHBIX padOT, BKIIOYAIOIIHMH:
- moreHnuocrar-raisBanocrat I1-301,

- umnemaancmetp Z-1000P,

- MOTEHIMOCTAT-TaJIbBaHOCTAT-UMITeqaHcMeTp Autolab
100N,

- aBTOoMaru4eckuii Turparop Titroline 6000,

- pH-meTp Okcnept-001,

- BOJIbTMETp YHUBEpcanbHblii B7-78-1,

- koHaykroMeTp Jkcnept-002 -2 miT.,

- repmoctaT xuakoctHbii TXK-TC-01/26,

- TYCUKH AJIEKTPOXUMUYECKHE,

- TYCUKH KOHAYKTOMETPUYECKHE - 2 IIT.,

- IEPCOHAJIbHBIE KOMITBIOTEPHI -5 TIT.

['pynnoBele (MHAUBU-
NyajabHble) KOHCYJIbTa-
TUN

VYyeOHast aynutopus JUIsl IPOBEACHUS 3aHATUN CEMHHAap-
ckoro tuna — ayna. 332, kopn. C (ynuna CtaBporobekas,
149). IlepeHocHOe MyJapTUMEANIHOE 000pYI0BAaHUE.

Tekymuid  KOHTPOJIb,
MPOMEXKYTOUHAsi aTTe-
cTanus

YueOHast aynuTopusl Ui MPOBEACHUS 3aHATHI CeMUHAp-
ckoro tuna — aya. 332, kopn. C (ynuna CTtaBpornoiabckas,
149). IlepeHocHOE MYJIbTUMEIMHHOE 000PYJOBaHHE.

CamocrosiTenpHast  pa-
6ota

KaOuHeTsl 1 caMOCTOSTENBHONW padOThI, OCHAIICHHBIE
KOMIIbIOTEPHON TEXHUKON C BO3MOYKHOCTBIO HOKITIOUEHHS
K cetn «HTEpHET», IPOrpaMMoON 3KPaHHOTO YBEIMYECHHS
U obOecrieueHHbIe JOCTYIIOM B 3JIEKTPOHHYIO MH(pOpMALU-
OHHO-00Pa30BaTENBHYIO Cpely YHUBepcuTeTa — ayn. 329
kopn. C, ayn. 140 (ynuna CraBponosibckas, 149)

KypcoBoe npoektupo-
BaHUE (BBINOJIHEHHE
KYPCOBBIX paboT):

JlabopaTopuy, yKOMIIEKTOBaHHBIE CIIELUATN3UPOBAHHOMN
MeOenbl0 U 000pYAOBAaHMEM JUISI KypCOBOTO MPOEKTHUPO-
BaHUs (BBIOJIHEHHE KYPCOBBIX padoT):

- 1abOpaTopHs ANIEKTPOMEMOPAHHBIX SBICHUNA — ayn. 326
kopr. C,

- 1abopaTopus ANIEKTPOMEMOpPaHHOTO CHHTe3a — aya. 330
kopr. C,

- 1abopaTopusi MPOEKTUPOBAHMS U OMTUMHU3ALUH HIIEKTPO-
MeMOpaHHBIX TporieccoB — aya. 337 kop. C,

- n1abopaTopus pecypco- U 3HeprocOeperarommx TeXHOI0-
ruit —ayn. 341 xopn. C,

- naboparopusi MEMOPaHHOTO MaTepHaJOBEIACHUS — ayi.
345 kopr. C.
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