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AHHOTANMA

Kypc "Ousnko-xuMH4ecKHME OCHOBBI JHEPreTHUECKHX yCTaHOBOK Ha TOIUIMBHBIX  3ieMeHTax"
IpeayCcMaTpuBaeT O3HAKOMIIGHHE OOydYaloIIMXCsl C OCHOBHBIMH MPUHIMIIAMH  (YHKIMOHMPOBAHHUS
TBEPIOOKCUIHBIX TOILIMBHBIX 31eMeHTOB (TOTD), MTMTHI-MOHHBIX aKKYMYJISITOPOB, a TAKXKE SHEPreTUICCKUX
YCTaHOBOK Ha UX OCHOBE U CUCTEMaMU aBTOHOMHOM 3HEPreTUKU.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- O3HaKOMJICHHE OOYyYaroIIMXCs C OCHOBHBIMH NpPHUHUUNAMHA (DYHKIMOHHUPOBAHHS  TOIJIMBHBIX
sneMeHToB (TD), INTUH-MOHHBIX aKKyMYJISTOPOB, a TAKXKE YHEPIeTUYECKUX YCTAaHOBOK Ha X OCHOBE U
CHUCTEMaMH aBTOHOMHOM dHEPIreTUKH.

33]13‘[1/[ JAUCHUIIINHBI

- (hopmupoBaHre 0a30BbIX 3HAHUI U MPEICTABICHUH 0 pabOTe TOIUIMBHBIX JIEMEHTOB, JINTUH-MOHHBIX
AKKyMyJSTOPOB, TOCTPOCHHUM CHUCTEM KOHTPOJIA, YIpPABICHUS M 3allUTBI, a TaKXe O CO3JaHUU
JHEPreTU4eCKUX YCTAaHOBOK Ha UX OCHOBE U aBTOHOMHBIX CCTEM aBTOHOMHOI SHEPreTHUKH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pelarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([TK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (WIH)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




YMETb:

- 0o0Iue NPUHLUNBI TOCTPOCHUS IHEPTeTHUECKOW CHUCTEMbI B PaMKax APKTHYECKOM MPOrpaMMBbI
M®TUY;

- COBPEMEHHOE COCTOSHHE HayKHM W TEXHHKH B 00JACTH TBEPAOOKCHUAHBIX TOIUIMBHBIX SJIEMEHTOB H
9HEPrOyCTAaHOBOK Ha UX OCHOBE;

- nmpuunHbl Bo3HUKHOBeHUs DJIC B TOIUIMBHOM 3JIeMEHTE, (DaKTOphI, BIUSIOIMIME HA €€ 3HaueHUe, U
TepMOAMHAMHUYECKUE OCHOBBI Beruucienus JJ(C;

- 3HaK 3aBucuMocTu DJ{C oT Temmeparypsl, 1aBICHUS, 10U HEIPOPEArHPOBABILINX KOMIIOHEHTOB;

- BUJ BOJBT-aMIIEPHON XapaKTEPUCTUKHU HAeanbHOTO TO M e€ M3MeHeHHe NMpU y4uETe BHYTPEHHETO
COIIPOTHBIICHHUS,;

- BHYTPEHHIOIO CTPYKTYPY TBEPAOOKCHUIHOTO TOIUIMBHOIO AJIEMEHTA;

- OCHOBHBI€ JIEKTPOXUMHUYECKHE MTPOLECCHI, JAIONINE BKIaA B otepu Ha TI;

- CTPYKTYpY BHYTPEHHEr0 conpotusieHus T3;

- METOABI HCCIIEOBAHMUS U aHAIN3a CTPYKTYPbl BHYTPEHHET0 conpoTusienus 13;

- cTaOMIIBHOCTH JIEKTPOXUMHUYECKHX XapaKTepHUCTUK TO 1 CBsI3b ¢ (Pa30BBIMH U MUKPOCTPYKTYPHBIMHU
u3MeHeHussMu B T3;

- BHUJ pacHpeneseHUss HOHHOIO M 3JEKTPOHHOIO TOKOB B IIOPUCTOM 3JIEKTPOIE, IapaMeTphl,
OTIPEICNAIONINE COMPOTHBIEHUE TIOPUCTOTO 3JIEKTPOAa, BHJI Tromorpada HMIIEZaHca IOPUCTOTO
JIEKTPOAA;

- KOHLICTIHIO XUMHUYECKOH EMKOCTH U EMKOCTH JIBOMHOTO 3aps’KEHHOTO CIIOS;

- COBpPEMEHHOE COCTOSIHHME O0JIaCTH HAayKH, MOCBSIICHHONW pa3paboTke (PyHKIIMOHAIBHBIX MaTepruajioB
JUIS X UCTIONB30BaHUS B KaYeCTBE KOMIOHEHTOB T03;

- OCHOBHBIE METO/IbI HCCIIEOBaHUSA T3, 2JIEKTPOJHBIX MPOLECCOB M (DYHKIIMOHAIBHBIX MaTEPHAIIOB;

- OCHOBHBIE METOAbl MarepuajioB 13D C HCHOJb30BAHMEM PACTPOBBIX H MPOCBEYUBAIOIINX
JIEKTPOHHBIX MUKPOCKOIIOB;

- KJIACCHU(PHKALMI0 MEMOPAHHO-3IEKTPOIHBIX OJIOKOB 110 TEOMETPUH U HECYILIIEMY 3JIEMEHTY;

- OCHOBHBIE METOIbl M3TOTOBICHMS CTPYKTYpHBIX 3J1eMeHTOB TD, MX 001acTh HPUMEHEHHS |
XapaKTEPUCTHKH MTOJyYaeMbIX CIIOEB;

- OCHOBHbIE TEXHHYECKHE 3a/1a4H, perraeMble pu pa3padorke 6arapen TI;

- 00macTe NPUMEHEHHUS KOMIIBIOTEPHOTO MOJIETUPOBaHMUA MJis 3aAa4 13, OCHOBHBIE METOBI
MOZEIMPOBAHUS M IPUHIIMIIBI BBIOOPA TOTO MJIM HHOTO METO/1A;

- cxeMbl cHaOxeHus O6atapeit TO TomnuBoMm;

- xapakTtep 3aBucumocty npenensHoro KIIJ[ cuctemMsl 0T MOIIHOCTH MU MOCTOSHHOM K03 duireHTe
WCIIOJIb30BaHUS TOILTUBA,

- CYLIHOCTb ¥ 3aKOHOMEPHOCTH COBPEMEHHOI'O F€TEPOr€HHOTO KaTaju3a;

- 3aKOHOMEPHOCTH BJIMSIHUSI CBOWCTB PEarcHTOB M MPOIYKTOB PEAKLM Ha COCTOSHHE TeTEPOr€HHBIX
KaTaJIn3aToOpOB B XOZE IKCILTyaTalluH;

- IPUHLIUT pabOTHI ¥ KJIACCH(PUKALNS XUMUYECKIX UCTOUHUKOB TOKA;

- TEXHOJIOTUYECKHE aCIEKThI IPOU3BOICTBA JIUTUH-UOHHBIX aKKYMYJISITOPOB;

- OCHOBHBIE MaTepHabl JJis1 U3rOTOBIICHUS coBpeMeHHbIX JIMA;

- IPUHIIUT paObOThl CHCTEMBI KOHTPOJIS, yipaBienus u 3amutsl JINAD;

- METO/BI aHAJIM3a SKCIEPUMEHTAIBHBIX JAaHHBIX IPU pa3paboTke u npousBoactse JIMA;

- IIPUHIIMII TIOCTPOEHUS U QYHKIIMOHUPOBAHUS CUCTEMBI HAKOIIJICHUS SHEPTUU U MUKPOCETEil.



- KPUTHYECKH aHAIM3UPOBaTh HH(OpPMALUIO MO pa3paboTkaM B 00JIaCTH TBEPAOOKCUIHBIX TOIIIMBHBIX
3JIEMEHTOB;
- paccuntbiBaTh JJIC TOIIMBHOIO 3JI€MEHTA IIPHU JIAHHBIX YCIOBUIX;
- paccuMThIBaTh HANpsDKEHUE HA WACATBHOM TOIIMBHOM JJIEMEHTE NMPH JAHHOM TOKE M BHEIIHHUX
YCIIOBUSIX;
- aHaANU3UPOBATh CTPYKTYPY BHYTPEHHETO CONpOTHBICHHA T3 mo HabOpy 3KCIEepUMEHTATbHBIX
JAHHBIX;
- CONOCTAaBJIATh JAHHBIC JJICKTPOXUMHYECKUX HCCIIECAOBAHUH, MOMYYCHHBIX B Pa3IMYHBIX YCIOBHUSX
pabotel T, 1 onpeensTh Ha UX OCHOBE MPOLIECC, TUMUTUPYIONIHNA d3PPEKTHBHOCTH paboThl TOI;
- MHTEPIPETHPOBATh CIEKTPHl MMIIEAAHCA 3JIEKTPOAOB M OINPENEIATh HANPABICHUE ONTHMM3ALUU
3JIEKTPO/IOB HAa UX OCHOBE;
- IPOTHO3UPOBATH MOBeJIcHNE (PUINKO-XUMHUUECKUX CBOMCTB MAaTEpUaoOB B YCIOBUAX M3TOTOBICHUS U
aKCIUTyaTauu TO;
- KpUTHYECKU aHAJM3UPOBATh JINTEPATypHBIC JaHHBIC, TOCBSIICHHBIC UCIIBITAHUSAM MOJCIBHBIX SUYEeK
TDO Ha ocHOBE HETPaJAULIMOHHBIX MATEPUATIOB;
- ONMCaTh OCHOBHBIE METOABI HCCiIeAOBaHUS T3, 3JMEKTPOAHBIX HPOLECCOB M (DYHKIHMOHAIBHBIX
MaTepHalios;
- omMcaThb OCHOBHBIE METOIbl aHalu3a MarepuaioB 1O ¢ HCIONB30BAaHUEM PpACTPOBBIX U
MPOCBEYMBAIOIINX AIEKTPOHHBIX MHUKPOCKOIIOB, OITUCATh OCHOBHBIE Y3JIbl U paboTy AETEKTOPOB;
- TIPOU3BOAMTH MOAOOP ONTHUMAJIbHONH METOAWKHU M3TOTOBJICHHS MO TPEOOBAHUSIM, MPEIBSIBIIEMBIM K
MOP(OJIOTHUH U COCTABY CTPYKTYPHOTO 31eMeHTa T3;
- paccuuTHIBaTh BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY HEHAeaNIbHOro TOD ¢ JMHEWHBIM OMHYECKHUM
COIIPOTHUBIIEHUEM;
- BBIOMpAaTh MOAETH VISl pelIeHHs 3a/1a4, BCTpeyaromuxcs npu paspadorke TI;
- BBIUHCISITH nipeenbHbiii KITJI cucTeMbl mpy JaHHBIX TOTUIMBE U pabodnx ycIoBHsx O6atapen TO;
- pa30uparbCsi B OCHOBHBIX BHAAX KaTAINTHUYECKUX CHUCTEM, HMMEIOLIMX OOJbIIOE 3HAUYCHHE IS
TOIJIUBHBIX YJIEMEHTOB;
- TpPUMEHSATb OCHOBHBIC 3aKOHBl XUMHHM [l OOCYKAEHHS CBOHCTB M  XapaKTEPUCTHK
reTepOreHHO-KaTaIMTHYECKUX CUCTEM;
- OPUEHTHPOBATHLCS B BEIOOPE AIIEKTPOIHBIX MATEPHAIIOB VISl PA3IMYHBIX AIEKTPOXUMUUYECKUX CHCTEM;
- OPHEHTHPOBATHCS B OCOOCHHOCTSAX TEXHOJOTMYECKHX IpPOLEcCOB (POPMUPOBAHUS JUTHH-MOHHBIX
aKKyMYJISITOPOB;
- paccuuTaTh IpeesbHbIe 1 HOMUHAIBHBIX XapaktepucTuku JIMA u JIMAD.

BJIaJIETh:

- TEOPETUUYECKUMU 3HAHUAMU 10 COBPEMEHHOMY YPOBHIO Pa3BUTHUs TeXHOI0ruu T3;

- croco0amMy MHTEPIIPETALUHU JTaHHBIX, TOJYYCHHBIX IEKTPOXUMHUYECKUMH METOAaMHU UCCIIEIOBAHUS
T9;

- METOAOJIOTHEH COBPEMEHHBIX METOAOB UCCIIEIOBaHNUS BHYTPEHHEH CTPYKTYpbI conpoTusienus 1T3;

- TEOPETUYECKUMH 3HAHUSAMH, HEOOXOOUMBIMU Ul IIPOTHO3UPOBAHUSA BO3MOXKHOCTH HCIIOJIb30BaHUS
Pa3IMYHBIX TPYINI COCAUHEHUH B Ka4eCTBE KOMIIOHEHTOB T3;

- o0muM TIOHWMaHueM 0a30BOr0 Habopa TOAXOIOB M METOJOB HCCieoBaHUS T, 3JIEKTPOIHBIX
MPOLIECCOB B HUX, a TaKkKe (PyHKIIMOHAJIBHBIX MaTepHAIIOB;

- 3HAHWAMH IO TMPUHIMIIAM pabOThl MHMKPOCKOIIOB, HMCIIOJb3YeMbIX NPH aHalM3e MarepuaynoB 103
(pacTpoBBIX U IPOCBEUNBAIOIINX IEKTPOHHBIX);

- TEOPETUYECKUMH 3HaHUSIMU O KJIacCHU(PUKAIKI MeMOPaHHO-3IEKTPOIHBIX 0J10K0B T 1o reomerpun
U HECYLIEMY JJIEMEHTY;

- TEOPETUUYECKUMU 3HAHUSMU 110 OCHOBHBIM METO/IaM U3TOTOBJICHUSI CTPYKTYPHBIX 3J1eMeHTOB TO;

- METOAaMHU OAHOMEPHOIO MOJAEIHPOBAHUS JIEKTPOJOB, Ha ypoBHE TJ;

- OCHOBHBIMM IIPUHIUIIAMH METO0JIOTUHU COCTABJICHUS! KOMIIBIOTEPHOI MOJIENH;

- OCHOBHBIMH MOJXOAaMU pOeKTHpoBaHus Oatapeit TO;

- JEJIOCTHOM CUCTEMOU 3HaHUM O FETEPOr€HHOM KaTalu3€ U MEXaHNU3MaX, JIEKAIIUX B OCHOBE PEaKIIUi
KOHBEPCHH TOIUIMBA B BOAOPOACOACP AU ra3 AJsl TOITUBHBIX SJIEMEHTOB;

- HaBbIKAMU aHAJIM3a METOIOJOTMYECKHUX MPOOIeM, BOSHUKAIOIINX MPH PELICHUH HCCIIE0BaTeIbCKUX
U TIPAaKTUYECKHX 33/1a4, B TOM YHCIIE B MEXANCIUILTMHAPHBIX 00J1acTsX;

- aKTyadpHOH unHGOpMamMel O COBPEMEHHBIX MarepuagaXx M TEXHOJIOTHSIX IPOU3BOACTBA
JIUTHHA-UOHHBIX aKKYMYJISITOPOB;

- METOJJaMH aHaJIN3a KCIIEPUMEHTANIBHBIX JaHHBIX P pa3padoTke u nmpoussoxacTse JIMA;

- MeTogaMu MoaenupoBanus padotsl JIMA u JIMAB.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJCHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI



4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUIaM yUEOHBIX 3aHSATHIA

TPYZ[OGMKOCTB 110 BUAAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora

1 Apktrnueckag nporpamma MOTHU B 2 5
Y4aCTH YHEPTeTUKU

) TBepIOOKCHIHBIE TOIIMBHBIE AJIEMEHTHI ) 5
(TOTD) n ux npuMeHeHne

3 Tepmonunamuka TOTD 2 5

4 CrpyKTypa BHYTPEHHETO CONPOTUBICHUS 4 5
TOTD

5 OnnomepHas MOJIeINb HOPHUCTOTO ) 5
anekrpona TOTD

6 OOmuuit MOIXOI K BBIOODY ) 5
¢dbyHkMoHANBHBIX MaTepuanoB TOTD

7 ®yukruoHansHble MaTepuaisl TOTO 2 5

8 Herpaganus komnonentoB TOTD 2 5

9 Mertonel uccienosanust TOTO 2 5

10 Mukpockonuueckue METO/BI ) 5
rccienoBanus B npuMenennu k TOTO

1 [IpakTuyeckas peanuzauus ) 5
MeMOpaHHO-3J1eKTPOAHbIX O5okoB TOTD
OnmHoMepHass  MOAENb  HEHJealbHOIOo

12 |TOTD. [Ilpaktuyeckass  peanuzaunus 2 5
Oarapeit TOTD
[Ipumenenue KOMITBIOTEPHOTO

13 2 5
MonenrpoBaHus K 3agadam TOTD

14 Wurerpanus Oarapeii TOTD B ) 10
SHEPreTUYeCKUe YCTAaHOBKU

Hroro yacos 30 75

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.ex.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemecrtp: 2 (Becennuit)

1. Apktrueckas nporpamma M®OTH B yacTn sHEPreTHKN

OCHOBHBIE aCTEKThl KOHLENINUU CO3AaHUSI SHEPreTUYECKON CHUCTEMbI ONMOPHOTO IyHKTAa CBS3M IS
Apxkrudeckoro peruona Poccuiickoit @eneparuu.

brox mepBUYHON TeHepaluu SIEKTPUYECKOW SHeprud. Bo300HOBIsSEMble HCTOUYHHUKH DHEPTHH.
BerpoBble reneparopsl B apKTHYECKOM UCHIOTHEHNUHU. CONHEYHbIE MTaHEel!.

bnok renepanuu Bogopoza. DJIeKTPOIU3EPhl, UX OCHOBHBIE TUIIBI U COBPEMEHHBIN yPOBEHb Pa3BUTHS
texHoioruu. lllemounsie anekTponuseprl. TBepAONMOIUMEPHBIE DIEKTPOIU3Ephl. TBEPIOOKCHIHBIE

ANEKTPOIHU3EPHI.




bnok xpaneHus Bopopona. XpaHeHHE BOJOPOAA B CXKaroM (KOMIPHMUPOBAHHOM BHUJIE), OCHOBHBIE
XapaKTepUCTUKH. XPpaHEHHE BOJOPOAAa B METAJUI-TUAPUAHBIX OajulOHaX, OCHOBHBIC MapaMeTpbl
TEXHOJIOTUH. XpaHEHUE BOJOPO/A B KUAKUX OPraHU4YECKUX HOCUTENSIX, OCHOBHbBIE XapaKTEPUCTHUKHU,
pEeaKToOpbl THAPUPOBAHMS M JETUAPUPOBAHMSA, THIIBI KHIKUX OpPraHMYECKUX HOcuTened (map
IUIpUPOBaHUs-Ierupuposanus). KaranuzaTopsl ruipupoBaHus U 1erHIpUPOBAHUSL.

biox BTOpHYHON reHepaluy JIEKTPOIHEPTHUN U TEIUIOBOM 3HEPIHH. THUIBI TOIUIMBHBIX 3JIEMEHTOB.
TBeprOOKCUAHbIE TOIUIMBHBIE 3JEMEHThI, JHEPrOyCTAHOBKM Ha HUX OCHOBE, OCHOBHbIE
XapaKTepUCTHKH. MeMOpaHHO-3JeKTpoaHbIe OyokHM, Oarapeu. TBepaomonuMepHbIE TOIUIMBHBIC
3NIEMEHTBI, YHEPTOYCTAHOBKH HA UX OCHOBE, OCHOBHBIE XapaKTepUCTUKU. MUKPOTYpOUHBI, OCHOBHbIE
xapakTepucTuk. MynsTHMOC — MHOropeXuMHash MOOWJIbHAS 3JIEKTPOCTAHLUS C MEPEeMEHHBIMU
000pOTaMU JAM3ENBHOTO JABMIarTelsi M 3JICKTPOHHO-MAIIMHHBIM TEHEPATOpPOM Ha IOCTOSHHBIX
MarHuTax.

brox HakoruieHHs OJNeKTpUYecKoW dSHepruu. JIMTHH-MOHHBIE AaKKyMYJSTOPBI, WX OCHOBHEIC
XapakTepucTuku. [lepcnekTuBHbIE peneHns B 001acTH XpaHEeHHs MIEKTPHUUECKOM SHEPTUH.

brnox ympaBneHHss TOTOKAMH MOIMHOCTH. ODHEPreTUYECKUe TOPTHL. JHEpreTHYecKuii xal.
DOHepreTuyeckue poyTepsl. lIpiMeHeHne MCKYCCTBEHHOTO MHTEIUIEKTa K 3ajade OajJaHCHpPOBAHUS
ANEKTPUUECKOI SHEPTUN B MUKPOTPHUJIC.

brox nmogkiTtodeHre TI0NIe3HON HArpy3KU. DJNEKTPONPUEMHNKH. TemiocHa0KeHue.
2. Teepmookcuaabie TOIUBHEIE AneMeHTHl (TOTJ) u ux npuMeHeHue

[TpuHnun pa®oTel TOIUIMBHBIX 371eMeHTOB. Kiaccudukaius TOIUIMBHBIX DJIEMEHTOB IO paboueit
temneparype. Kiaccupukauus TOIUIMBHBIX 3JIEMEHTOB IO MEPEHOCHMOMY 4Yepe3 MeMOpaHy HOHY.
OcCHOBHBIE JOCTOMHCTBA U HEJOCTATKU PA3JIMYHBIX TUIIOB TOIIMBHBIX JJIEMEHTOB.

[TpuHIMI paGoThl TBEPAOOKCHAHBIX TOIUIMBHBIX 3JIEMEHTOB, NMPUHIMNUAIbHAs cxeMa. OCHOBHbIC
JOCTOMHCTBA M HENOCTATKH TEXHOJOTWU TI0 CPAaBHEHHUIO C JPYTUMH TEXHOJOTUSMH TeHEPaLlUH
ANIEKTPUUYECKON U TETUIOBOM 3HEPTUU U3 MEPBUYHBIX UCTOYHUKOB 3HEpruH (Torumsa). Mecto TOTO
cpeaM JOpyrux TEXHONOruil reHepauuu. EanHuunble MeMOpaHHO-3nekTponHble Omoku TOTO,
Oarapeu (coopku, crekn) TOTD, sHEpreTHYECKUE YCTAHOBKY.

PBIHOK TOIIMBHBIX IEMEHTOB B pa3pe3€ pa3jIMUHBbIX PEIMOHOB MHUPA, XapaKTEPHBIX IUala30HOB
MOIIIHOCTH, XapaKTEPHBIX 00JacTel MpUMEHEHHUS.

3. Tepmogunamuka TOTD

[lepBoe Hauano TEpMOAMHAMUKM B cly4dae OOpaTHMMOU d3JieKTpoxumuueckod peakmmu. KIIJ]
mpouecca TreHepaluy 3JIEKTPOIHEPTrul Ha TOILIMBHOM 3ieMeHTe. KoaduiueHT ucrnonb30BaHUs
toruBa/okucutest. CBa3b DJIC  oOpaTUMON INEKTPOXMMHUYECKON peakiuu ¢ H3MEHEHHEM
TEpMOIMHAMHYECKUX MOTeHIHaIoB. YpasHenue Hepucra. 9JIC oOparumoit peakunu okucineHust H2,
CO u CH4 B 3aBUCMMOCTH OT TEMIEpaTyphl M JAaBiieHUs. BonbT-ammepHas XapaKTepUCTHKA
U7CaTbHOTO TOIUIMBHOTO 3JIEMEHTA.

4. CtpykTypa BHyTpeHHeTO conpotunieaus TOTO

D¢ dexruBHOCTS padoTel TOTD HapAMyI0 3aBUCHUT OT BEJIMUUHBI €0 BHYTPEHHETO CONPOTHUBIICHUS.
TpeboBanue OecnepeboitHON uuTenbHOM padoTel DY Ha TOTD npuBOOUT K JOMOIHUTEIHLHOMY
TpeboBanuto cTabuiabHOCTH XapakrepucTuk TOTD Bo Bpemenu. CoBpemennsbiii TOTD nmpencrasisieT
u3 ce0s MHOTOCTIONHHBIN (0KOJIO0 10 ci10eB) KepaMO-METaUTUUECKHUNA MAaKeT, KaXAblil U3 CTPYKTYPHBIX
3JIEMEHTOB KOTOPOIO BHOCUT BKJIaJ B IIOJIHOE€ BHYTpEHHee colporuBieHue. OCHOBHBbIE IIOTEpU B
TOTD cBs3aHBl ¢ NPOTEKAHHUEM OKHCIUTEIbHO-BOCCTAHOBHUTENBHBIX PEaKUUil U TPaHCIOPTOM
SNIEKTPOHHOTO M HMOHHOTO TOKOB. B mporecce M3roroneHuss U pabOThl CTPYKTYypHBIC 3JIEMEHTHI
TOTD wucneiThiBaloT (ha3oBbie U MOPGOJOTMUECKHE W3MEHEHMS, BIMSIOIIME Ha WX BKJIaI BO
BHYTPEHHEE COIPOTHUBIIEHHE 3JIEMEHTAa. B JeKUusAX O CTPYyKType BHYTPEHHEIO COIPOTUBIICHUS
TOTD O6ynyT ocBewieHbl Kak BOMPOCH BHyTpeHHEW cTpykTypsl TOTO u BnusiHUS ee Ha BHYTpEHHEE
COIIPOTHBIIEHHE, TaK U BOIPOCHI IBOJIIOIMH CONPOTUBIIEHUS BO BPEMEHHU.



Jleknuu o cTpykType BHyTpeHHero compotuBieHuss TOTD cogepxar B cebe cieayronue
temarndeckue Onoku; crpykrypa TOTD u ocHOBHBIE (yHKIMH CTPYKTYpHBIX 3eMeHToB TOTD;
ANMEKTPOXUMHUUECKUE MPOIIECCHI, MMPOTEKAIOLINE B OTACIBHBIX CTPYKTYPHBIX teMeHTax TOTD u ux
BKJIaJ, B TNOJHOE BHyTpeHHee comnporuBieHue TOTD; momxomel M MeToApl aHaIM3a CTPYKTYPHI
BHyTpeHHero comnpotupieHns TOTD; crabunbHOCTh BHyTpeHHero compotuBieHuss TOTD wu
OCHOBHBIC (aKTOPBI, BIMAIOLIME HA CTAOMIBLHOCTh XapaKTEpUCTHK; (a3oBble W Mopdosornueckue
U3MEHEHHs CTPYKTYpHbIX 31eMeHToB TOTD M cBs3aHHOE C HUMHM HW3MEHEHHE BHYTPEHHETO
comporusienus TOTD.

5. OgHoMepHas Mozels opucToro sekrpoga TOTD

Pacnipenenénnas snekTpoXMMHUYECKas peaknys B IMOPHCTOM JNeKTpone. Mopens snekTpoia Ha
OCHOBE LIENIU pacHpeeéHHbIX IEMEHTOB. BO3MOKHOCTD BbIpa)KEHUSI XUMUYECKOIO IOTEHIIMAja B
NIEKTPUYECKUX €IMHMIAX. EMKOCTH JBOMHOIO 3apsKeHHOTo clos. XuUMudeckas EMKOCTh. Pacuér
COIIPOTHUBJIEHUS] MOJEIM IIOCTOSIHHOMY U IIepeMEHHOMY TOKy. YacTHele ciyuyau. BnwusHue
HEJIMHEHHOCTH, ra30au(Py3uOHHBIX OTEPb.

6. O6uwmit moaxox K BeIOOPY (PyHKIMOHANBHEIX MaTepuanoB TOTD

OcHoBHBIE TpeOOBaHUS K MarepuajaM >JIEKTPOJINTA, 3JIEKTPOAOB, MHTEPKOHHEKTOpA, T'epPMETHKA.
DneKTpoHHas, HMOHHAs, 0o0m@as MpPoBOAUMOCTb. CrocoObl HM3MEpEeHUs MPOBOAMMOCTH U YHCEN
nepeHoca. TepMuueckoe, XHMHUYECKOE pPACHIMPEHHE OKCHUIHBIX MAaTepUaioB, CIOCOOBI HX
U3MepeHus. DJIEKTPOXMMHYECKas MONApHU3aLUs, €€ BUAbI, NPUYMHBI BO3HHUKHOBEHHS, CHOCOOBI
HM3MEpPEHUSI.

7. OyHKIIMOHANBEHEIE MaTepuaisl TOTD

OnexTponuThl. BakaHCHOHHBIM, MEXY3eIbHBI MEXaHU3M  KHCJIOPOA-HOHHOTO  IepeHoca.
ONEeKTPOJAUTHI HAa OCHOBE JMOKCHIA LUPKOHHS, OCHOBHBIC MOAXOABI K VYAYYIIEHUIO HX
(byHKIIMOHATIBHBIX CBOWCTB. IIpobnema crapeHHs >JIeKTPOJIMTHBIX MAaTepUalioB, IyTH €€ pPeIleHHS.
DNEeKTPOJIUTHl Ha OCHOBE OKCHIA LEpHs, WX NPEUMYIIECTBA M OrPaHUYCHUS. DJIEKTPOIUTHI Ha
OCHOBE rajjara JIaHTaHa, MX IpeuMylLlecTBa U orpaHuueHus. Jlpyrue rIpyIIbsl MarepuaioB C
JOMHUHHUPYIOLIEH KHCIOPOA-NOHHOHN MPOBOJUMOCTHIO.

Karonpl. OCHOBHbIE 3aKOHOMEPHOCTH M3MEHEHHUS (DYHKIMOHAJIBHBIX CBOMCTB CIOKHOOKCHIHBIX
MaTepHaioB B 3aBUCHMOCTH OT IOJIOKEHHSI COCTaBIIIOLINX 3IIeMEeHTOB B llepuoanueckoii cucreme
XMMHYECKUX 3IeMeHTOB. KaTonHble MaTeprasibl Ha OCHOBE MaHIaHUTA JaHTaHa, UX CTPYKTYPHbIE U
¢uznko-xuMuyeckue 0coOeHHOCTH. CrocoObl M3rOTOBJICHUS W HAaHECEHHUS] KaTONHBIX CJIOEB Ha
OCHOBE MaHraHuToB. HuskoremmeparypHble KaTolpl, HMX IPEUMYILIECTBA U OIPAaHUYEHUS.
KommosutHbie KaTonbl.

AHonpl. MeTann-kepaMHUuecKue KOMIO3UTHBIE aHoabl (kepMeTsl). [IpenMyluecTBa U orpaHUYeHUS
UCTIONB30BAaHUsI  HUKEJIbCOAEpKammXx  aHomoB.  CrmocoObl  M3rOTOBIEHUS M HAHECCHHS
HUKEJIbCOACPXKAIMX aHOAOB. bumerammnuyeckue, Oe3HUKEIEBbIE KEpPMEThl. AHOABI Ha OCHOBE
KEpaMHUYECKUX MaTepHallOB CO CMEIIAaHHON IPOBOAMMOCTBIO, UX IPEUMYLIECTBA, OTPAHUYEHUS U
MPUMEPBI UCTIOB30BaHHUA.

WnTeprkonHekTopbl. Kepamudeckue M MeTaUIMYECKUE WHTEPKOHHEKTOPBI, UX IPEUMYILECTBA U
orpannuenusi. [Ipobnema 3arps3Henust komnoHeHTOoB TOTD XxpomMoMm, OCHOBHBIE MEXaHU3MBI H
CIIOCOOBI €e pelICHHUSI.

I'epmernkn. CnocoOwsl repmernzanuu  suelikn TOTD. CrekiokepamMuueckue TEepPMETHKH, HX
OCHOBHBIE XapaKTepucTUKU. CriocoObl M3rOTOBJICHHS 1 HAHECEHUSI TEPMETHKOB.

8. llerpamanus kommonentos TOTD

OcHoBHBIE TpUUYMHBL Aerpaganuu  KomMrnoHeHTOB TOTD. MukpocTpykTypHas nerpajgauusi, ee
NpPUYUHBl M crOcoObl ycTpaneHus. dazoBas crabmibHOCTh KoMmoHeHTOB TOTD. erpamarst
aHO/IOB B YINIEBOJOPOAHOM M CEpOCOAEprKalleM TOIUTUBE. B3zanmozeiicTBue Mexay KOMIIOHEHTaMHU
TOTD. 3amuTHEIE HOACION, HX Ha3HAYEHHE, CIIOCOOBI HAHECEHU M HENOCTATKH.

9. Metoxas!l uccinenosanus TOTD



OcHOBHBIE METOIbl HCCIIEJOBAHUS TBEPIOOKCUIHBIX TOIUIMBHBIX 3jeMeHTOB. lMccienoBanue
BOJIETaMITEPHBIX 51 MOIIIHOCTHBIX XapaKTEPUCTHK. NmnenancHas CHEKTPOCKOIHS.
XpOHOMIOTEHITUOMETPHSI. MUKPOCKOIMYECKHUE METOJbl HCCIeIOBaHUs. XpoMmarorpadus W aHaau3
COCTaBa ra3oBbIX CMECEH.

OCHOBHBIE METO/IbI UCCIIEOBAaHHS IEKTPOIHBIX TpoueccoB B TOTD. KomOnHanmonHoe paccesHue
cBeTa. MUKpPOCKOIIMYECKHUE METO/IBI UCcaen0Banus. ccnenoBanye 3JeKTPOIHOM OJISIpU3aLUU.
OCHOBHBIE METO/BI HCCIICAOBaHUS (DYHKIMOHAIBHBIX MaTepHaioB. TepMOrpaBHMETPUYECKUN
anHanmu3. Juddepennmanbupiii Tepmudeckuii ananm3 (JITA) u auddepeHnmanbHas cKaHUpYyOIIast
kanopumerpus ([CK). JlmmaromeTpusi, TepMHYECKOE M XHMHYECKOE PACHIMPEHUE MaTephalioB.
BeicokoTemneparypHasi 3JIEKTPOHHAasi M HOHHAas HPOBOIMMOCTH. VI3ydeHuwe umcen mepeHoca.
W3mepenne koddpduuuenra 3eedeka. BpemsnposeTHas BTOPHYHO-HOHHAS MacC-CIIEKTPOCKONHS U
M30TOIHBII 0OMEH.

10. Mukpockonu4ecKkrue METOAbI UcciieoBaHus B npumeHeHu k TOTD

Lenbto JEeKIUH SBISETCS TEOPETHYECKOE OCBOCHHUE CIYIIATENISIMH HanOosiee pactpoCTpaHEHHBIX
MeTooB aHanmm3a MartepuanoB TOTD ¢ wucmomb30BaHWEM pACTPOBBIX M MPOCBEYMBAIOIIUX
AIIEKTPOHHBIX MHKPOCKONOB. B jekumu OyayT paccMOTpEHbI YCTPOWCTBA OCHOBHBIX Y3JI0B
ANIEKTPOHHBIX MHKPOCKOTIOB, OMKCaHa paboTa JETEKTOPOB U PACCMOTPEHBI MPUMEPHI UCCIICIOBAHUS
HEKOTOPBIX MaTepHajoB.

B3aumopeiicTBHE YCKOPEHHBIX AJIEKTPOHOB € BEIIECTBOM. YCTPOMCTBO 3JIEKTPOHHBIX MUKPOCKOIIOB.
PactpoBas snekrtponHas Mukpockormus (POM). KonmudecTBeHHBIH M TONMYKOJIHYECTBEHHBIN
PEHTreHOCTIeKTpabHBIN MukpoaHanmu3 Ha POM. TlogroroBka o0pasios aiis uccieaoBanus Ha POM.
[IpocBeunBatomiasi dIEKTpoOHHAs MHUKpockonus. Jludpakiuss YCKOPEHHBIX 3JCKTPOHOB TIpU
B3aUMOACHCTBUA C  KPUCTAJUIMYECKMMHM  MarepuanaMu. lIpocBeunBaromias  3JIEKTPOHHAS
MHUKPOCKOIIHSI BBICOKOTO pa3pelieHusl.

OneMeHTHBIN aHanu3 ¢ ucnoib3oBanuem [19M. [ToaroroBka 06pa3noBs s uccienopanus Ha [IDM.
11. IIpakTuyeckas peannsanus MeMOPaHHO-3IIEKTPOAHbIX O110koB TOTD

MeMOpaHHO-3JIEKTPOAHBIM  OJOK  siBiIsieTcss 0a30BBIM  3BEHOM TEXHOJIOTMM  TBEPIOOKCHIHBIX
TOILIMBHBIX 371eMeHTOB. CyllecTByeT MHOXECTBO MOAX0n0B K peanuzauuu TOTO, koTopbsie MOXKHO
KJaccu(pULIMPOBaTh MO TaKUM IapamMeTpaM, KaKk reoMeTpus, HECYUIHi 3JEMEHT, TUI TOKOCheMa U
1.1. Kaxaprit u3 nonxonos k peanuzauud TOTD nMeer cBOM MpeUMYIIECTBA U HEIOCTATKH, KOTOPBIE
OyayT ocBeleHbl Ha jJekuu. K npumepy, aneMeHTsl TpyO4yaTol KOHCTPYKIUHN HanOoJiee yCTOWYHUBEI
K TEPMUYECKHUM CTpeccaM, OJIHAKO, CheM TOKa C HUX CYLIECTBEHHO 3aTpyAHeH. B To ke Bpems, Ui
JJIEMEHTOB IUIAHAPHOW KOHCTPYKLMH, r1e obecrnedeHne 3H(PQPEKTUBHOTO KOHTAKTa JIIEKTPOX |
TOKOCHhEM HE TPEJICTABISET TaKUX CIOKHOCTEH, CYNIECTBEHHOW MpPOOIEMO sIBISIETCS pasJielieHue
OKHCIUTEIBFHOTO W TOIUIMBHOTO 0O0bEeMOB. BpIOOp 3nmemMeHTa MeMOpaHHO-3IEKTPOTHOro OJoka,
HECYILEr0 OCHOBHBbIE MEXaHUUYECKHUE Harpy3KH, BO MHOIO OIIPEIEIsieT BO3MOXKHBIE HCIIOJIb3yEMbIE
METO/ABl M3TOTOBIEHHUS OCTalbHbIX cjoeB TOTD u [momycTHMble TEXHOJIOTHYECKHE PEKHUMBI
o0paboTrku. Tak »IeMEHTHI Ha OCHOBE HECYIIEro MeTaljga He JIOMyCKAIOT MPUMEHEHHS
BBICOKOTEMIIEPATypHBIX 00pabOTOK B OKHUCIUTENbHOW armocdepe. OTaeiabHOE BHUMaHHE OyneT
YIOEJIEHO METOJaM M3rOTOBJIEHMS KaK HECYIIUX IIO[UIOKEK, TaK M  OCTaJbHBIX CIIOEB
MeMOpaHHO-31eKTpoAHbIX 0510k0B TOTD. MOXHO BBIIENHTH YETHIPE OCHOBHBIX TI'PYIIIBI METOAOB
M3rOTOBJICHUS CTPYKTYpHbIX 3yeMeHToB TOTD: KomtouaHble, a’po30ibHBIE, (U3UUECKOTO H
XUMHYECKOTO OCaKACHHUSA. byayT ocBemieHbl OOJIACTH NPUMEHEHHUS KaXJO0T0 M3 METOIOB M
BO3MOXKHBIE XapaKTEPUCTUKH 110JIy4aeMblX CIOEB.

12. Onnomepnas moxenb HeupeanbHoro TOTD. [paktrueckas peanu3zanus 6arapeit TOTI

BbiBon ypaBHEHHS OTHOCHTENBHO KOX((QUIMEHTa HCIONB30BaHUS TOIUIMBA BJOJNb KaHaja.
OddexktnBHOE BHYTpeHHee comnpoTusieHue wuaeanbHoro TOTD. Pemenne MeTomoM KOHEYHBIX
pa3zHocTell. 3aBHCHUMOCTb BOJBT-aMIepHOi xapakrepuctuku TOTD or ero comporusieHus. Y4ér
HEJMHEHHON MONSpU3alMU  IEKTPOAOB U IU(PQY3HOHHBIX TOTeph — pacdéT C MOMOUIBIO
cneruanusupoBanHoro I10.

3anaum, Bo3HUKaroImuMe pu npoekTupoBannu Oarapern TOTI. CriocoObl TepMeTH3AINH, CO3aHUs
ANIEKTPUUYECKOTO KOHTaKTa. [ eomeTpuueckue BapuaHThl. [Ipumep nepsoit 6atapen UDTT PAH.



13. IlpuMeHeHrne KOMITbIOTEpHOTO MOJIETHpoBaHus K 3amadaM TOTD

OO0nacth TpUMEHEHHsI KOMITBIOTEPHOTO MoaenupoBanus st 3amgad TOTD. Ilpumepst 3amad,
pelaeMbIX MOJICITUPOBAHUEM.

OCHOBEI MCTOJAa KOHCYHBIX 3JICMCHTOB. MO,I[GJ'II/IpOBaHI/Ie MeM6paHHO—3J'IeKTpOI[HOFO OJIOKa.
MO)IGJ'H/IpOBaHI/Ie TOILUTMBHOTO 31eMeHTa. OCHOBHEIC MCTO/bI YIIPOIICHUA MOJICIIN.

Beibop pasmepHoctH 3ajgaun. Mcmonb3oBaHue —cUMMeETpHiA. MeTOa  TOCIeNOBATENbHBIX
npubnmxennii. Meron s>¢¢exTUBHBIX cpea. BviieneHue CymecTBEHHBIX CTelEeHEH CBOOOIBI.
MonenupoBanue 6arapey TOIUIMBHBIX HIEMEHTOB.

MoenpoBaHrue HEProyCTaHOBKH. biiok-cxema MmojenbHOW 3amaun. KpaTkuii 0030p HEKOTOPBIX
MIPOTrPAMMHBIX ITAKETOB IO MOJEIHPOBAHUIO.

14. Unterpauus 6arapeit TOTD B 3HEpreTryeckre yCTaHOBKH

OcHoBHBIE cxeMbl cHaOxeHHs Oarapeit TOTD TtomnmuBOM: mpocTas, C PEIUKIOM BOIOpPOJA, C
PELMKIIOM BOJIBI, C KOHBepcueil aHomHbiMu razamu. Pacuér mpenensnHoro KIIJ cuctemsl Ha Gasze
TOTD. 3aBucumocts KII/] 1 TermIoBbIAEIEHUS OT CHUIMAeMOM MOIITHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHas aymuTopusi, OCHAIICHHAST MYJIBTUMEIHUHBIM IIPOSKTOPOM M SKPAHOM.
CamocrosiTenbHas paboTa CTyJieHTa 00eCeYMBaeTCs JIOCTYTHOCTRI0 OMOINOTedHOro (hOHA.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
Jlureparypa BbliaeTcs Ha Kadeape:

1. HBanor-lun K.U., Mypun U.B, Monuka tBepaoro tena. T. 2, C.-I16., M3narensctBo CII6IY, 2000
2. Yebotun B.H., [lepdpunres M.B., DnekTpoxumusi TBEpIABIX 3ICKTPOIUTOB, M., «Xumus», 1978

3. Yopkernopd U., HaiimantcBenpaiit X. COBpeMEHHBIN KaTallu3 U XUMUYECKast KUHETHKA.
Honronpynnstit: «HTEemIexT, 2010. - 504 C.

4. bopecxkos I'.K. I'ereporennsrii karanuz. M.: Hayxka, 1986. - 304 c.

5. KpouioB O.B. I'ereporennsiii karanu3. M.: UKL «Akagemknuray, 2004. - 679 c.

JomnonHutenbsHas auTeparypa
Jluteparypa Bolgaercs Ha kadenpe:

1. Kupumnos B.A., Ky3un H.A. Amocos F0.U. Kupeenkos B.B. Co0sinun B.A. Karanuzaropst
KOHBEPCHHM YITIEBOJOPOIHBIX M CHHTETHUECKUX TOILIUB Il OOPTOBBIX T'€HEPATOPOB CUHTE3 ras3a//
Karanms B npombimennocty, 2011., Nel. C. 60 - 67.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. [lepedens pecypcoB HHGOPMAIIMOHHO-TEICKOMMYHHUKAIIMOHHOH ceTh "UHTepHeT", HeOOXOAMMBIX
JUISL OCBOCHUS! TUCLUILTUHBI (MOIYJIS)

http://www.issp.ac.ru/sofc-school2017/program.html
http://www.issp.ac.ru/sofc-school2017/dir/Presentation.pdf
http://www.issp.ac.ru/fuelcell2018/dir/Proceedings.pdf

ScienceDirect [Electronic resource] / Elsevier B.V. — URL: http://www.sciencedirect.com/

baza mannapix HanimoHanpHOTO MHCTHTYTA CTaHApTOB U TexHomoruit NIST — URL:
http://www.nist.gov/



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

ITpu MOATOTOBKE M YTEHHUHM JICKIMIH MOXET OTPEOOBATRLCS CICIYIOIEE MPOrPaMMHOE 00eCTICUCHHE:
MS Word, MS Power Point.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrmaparoM, a ¢ Apyroil CTOpOHbI, JOJIKEH HAyYUThCS IPUMEHATh TEOPETUUECKHUE 3HAHUS Ha [IPAKTUKE.
B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT TOJDKEH 3HAaTh OCHOBHBIC ONPEIEICHMS AWCLIMIINHBL,
YMETb IPUMEHSTH [10JIyUYCHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— pelueHue 3a1ay, NpeaaraéMplX CTyAeHTaM Ha 3aHITHSIX.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpenoAaBaTesio.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU OPraHM30BaHHBIX CTPYKTYP U XUMHUYECKUX MPOLECCOB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: J.A. Arapkos, kaH[. Qpu3.-Mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pesynprare usydeHus: JUCHUILIUHBI «DUBNKO-XUMUYECKHE OCHOBBI JHEPreTUYECKUX YCTAHOBOK Ha
TOTUTUBHBIX AJIEMEHTAX» 00yUYarONIUHCS JTOJIKEH:

3HATb:




- 0o0Iue NPUHLUNBI TOCTPOCHUS IHEPTeTHUECKOW CHUCTEMbI B PaMKax APKTHYECKOM MPOrpaMMBbI
M®TUY;
- COBPEMEHHOE COCTOSHHE HayKHM W TEXHHKH B 00JACTH TBEPAOOKCHUAHBIX TOIUIMBHBIX SJIEMEHTOB H
9HEPrOyCTAaHOBOK Ha UX OCHOBE;
- nmpuunHbl Bo3HUKHOBeHUs DJIC B TOIUIMBHOM 3JIeMEHTE, (DaKTOphI, BIUSIOIMIME HA €€ 3HaueHUe, U
TepMOAMHAMHUYECKUE OCHOBBI Beruucienus JJ(C;
- 3HaK 3aBucuMocTu DJ{C oT Temmeparypsl, 1aBICHUS, 10U HEIPOPEArHPOBABILINX KOMIIOHEHTOB;
- BUJ BOJBT-aMIIEPHON XapaKTEPUCTUKHU HAeanbHOTO TO M e€ M3MeHeHHe NMpU y4uETe BHYTPEHHETO
COIIPOTHBIICHHUS,;
- BHYTPEHHIOIO CTPYKTYPY TBEPAOOKCHUIHOTO TOIUIMBHOIO AJIEMEHTA;
- OCHOBHBI€ JIEKTPOXUMHUYECKHE MTPOLECCHI, JAIONINE BKIaA B otepu Ha TI;
- CTPYKTYpY BHYTPEHHEr0 conpotusieHus T3;
- METOABI HCCIIEOBAHMUS U aHAIN3a CTPYKTYPbl BHYTPEHHET0 conpoTusienus 13;
- cTaOMIIBHOCTH JIEKTPOXUMHUYECKHX XapaKTepHUCTUK TO 1 CBsI3b ¢ (Pa30BBIMH U MUKPOCTPYKTYPHBIMHU
u3MeHeHussMu B T3;
- BHUJ pacHpeneseHUss HOHHOIO M 3JEKTPOHHOIO TOKOB B IIOPUCTOM 3JIEKTPOIE, IapaMeTphl,
OTIPEICNAIONINE COMPOTHBIEHUE TIOPUCTOTO 3JIEKTPOAa, BHJI Tromorpada HMIIEZaHca IOPUCTOTO
JIEKTPOAA;
- KOHLICTIHIO XUMHUYECKOH EMKOCTH U EMKOCTH JIBOMHOTO 3aps’KEHHOTO CIIOS;
- COBpPEMEHHOE COCTOSIHHME O0JIaCTH HAayKH, MOCBSIICHHONW pa3paboTke (PyHKIIMOHAIBHBIX MaTepruajioB
JUIS X UCTIONB30BaHUS B KaYeCTBE KOMIOHEHTOB T03;
- OCHOBHBIE METO/IbI HCCIIEOBaHUSA T3, 2JIEKTPOJHBIX MPOLECCOB M (DYHKIIMOHAIBHBIX MaTEPHAIIOB;
- OCHOBHBIE METOAbl MarepuajioB 13D C HCHOJb30BAHMEM PACTPOBBIX H MPOCBEYUBAIOIINX
JIEKTPOHHBIX MUKPOCKOIIOB;
- KJIACCHU(PHKALMI0 MEMOPAHHO-3IEKTPOIHBIX OJIOKOB 110 TEOMETPUH U HECYILIIEMY 3JIEMEHTY;
- OCHOBHBIE METOIbl M3TOTOBICHMS CTPYKTYpHBIX 3J1eMeHTOB TD, MX 001acTh HPUMEHEHHS |
XapaKTEPUCTHKH MTOJyYaeMbIX CIIOEB;
- OCHOBHbIE TEXHHYECKHE 3a/1a4H, perraeMble pu pa3padorke 6arapen TI;
- 00macTe NPUMEHEHHUS KOMIIBIOTEPHOTO MOJIETUPOBaHMUA MJis 3aAa4 13, OCHOBHBIE METOBI
MOZEIMPOBAHUS M IPUHIIMIIBI BBIOOPA TOTO MJIM HHOTO METO/1A;
- cxeMbl cHaOxeHus O6atapeit TO TomnuBoMm;
- xapakTtep 3aBucumocty npenensHoro KIIJ[ cuctemMsl 0T MOIIHOCTH MU MOCTOSHHOM K03 duireHTe
WCIIOJIb30BaHUS TOILTUBA,
- CYLIHOCTb ¥ 3aKOHOMEPHOCTH COBPEMEHHOI'O F€TEPOr€HHOTO KaTaju3a;
- 3aKOHOMEPHOCTH BJIMSIHUSI CBOWCTB PEarcHTOB M MPOIYKTOB PEAKLM Ha COCTOSHHE TeTEPOr€HHBIX
KaTaJIn3aToOpOB B XOZE IKCILTyaTalluH;
- IPUHLIUT pabOTHI ¥ KJIACCH(PUKALNS XUMUYECKIX UCTOUHUKOB TOKA;
- TEXHOJIOTUYECKHE aCIEKThI IPOU3BOICTBA JIUTUH-UOHHBIX aKKYMYJISITOPOB;
- OCHOBHBIE MaTepHabl JJis1 U3rOTOBIICHUS coBpeMeHHbIX JIMA;
- IPUHIIUT paObOThl CHCTEMBI KOHTPOJIS, yipaBienus u 3amutsl JINAD;
- METO/BI aHAJIM3a SKCIEPUMEHTAIBHBIX JAaHHBIX IPU pa3paboTke u npousBoactse JIMA;
- IIPUHIIMII TIOCTPOEHUS U QYHKIIMOHUPOBAHUS CUCTEMBI HAKOIIJICHUS SHEPTUU U MUKPOCETEil.

YMeThb:



- KPUTHYECKH aHAIM3UPOBaTh HH(OpPMALUIO MO pa3paboTkaM B 00JIaCTH TBEPAOOKCUIHBIX TOIIIMBHBIX
3JIEMEHTOB;
- paccuntbiBaTh JJIC TOIIMBHOIO 3JI€MEHTA IIPHU JIAHHBIX YCIOBUIX;
- paccuMThIBaTh HANpsDKEHUE HA WACATBHOM TOIIMBHOM JJIEMEHTE NMPH JAHHOM TOKE M BHEIIHHUX
YCIIOBUSIX;
- aHaANU3UPOBATh CTPYKTYPY BHYTPEHHETO CONpOTHBICHHA T3 mo HabOpy 3KCIEepUMEHTATbHBIX
JAHHBIX;
- CONOCTAaBJIATh JAHHBIC JJICKTPOXUMHYECKUX HCCIIECAOBAHUH, MOMYYCHHBIX B Pa3IMYHBIX YCIOBHUSX
pabotel T, 1 onpeensTh Ha UX OCHOBE MPOLIECC, TUMUTUPYIONIHNA d3PPEKTHBHOCTH paboThl TOI;
- MHTEPIPETHPOBATh CIEKTPBHl MMIEJAHCa 3JIEKTPOAOB U ONPENESATh HANpPaBICHUE ONTUMHU3ALUH
3JIEKTPO/IOB HAa UX OCHOBE;
- IPOTHO3UPOBATH MOBeJIcHNE (PUINKO-XUMHUUECKUX CBOMCTB MAaTEpUaoOB B YCIOBUAX M3TOTOBICHUS U
aKCIUTyaTauu TO;
- KpUTHYECKU aHAJM3UPOBATh JINTEPATypHBIC JaHHBIC, TOCBSIICHHBIC UCIIBITAHUSAM MOJCIBHBIX SUYEeK
TDO Ha ocHOBE HETPaJAULIMOHHBIX MATEPUATIOB;
- ONMCaTh OCHOBHBIE METOABI HCCiIeAOBaHUS T3, 3JMEKTPOAHBIX HPOLECCOB M (DYHKIHMOHAIBHBIX
MaTepHalios;
- omMcaThb OCHOBHBIE METOIbl aHalu3a MarepuaioB 1O ¢ HCIONB30BAaHUEM PpACTPOBBIX U
MPOCBEYMBAIOIINX AIEKTPOHHBIX MHUKPOCKOIIOB, OITUCATh OCHOBHBIE Y3JIbl U paboTy AETEKTOPOB;
- TIPOU3BOAMTH MOAOOP ONTHUMAJIbHONH METOAWKHU M3TOTOBJICHHS MO TPEOOBAHUSIM, MPEIBSIBIIEMBIM K
MOP(OJIOTHUH U COCTABY CTPYKTYPHOTO 31eMeHTa T3;
- paccuuTHIBaTh BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY HEHAeaNIbHOro TOD ¢ JMHEWHBIM OMHYECKHUM
COIIPOTHUBIIEHUEM;
- BBIOMpAaTh MOAETH VISl pelIeHHs 3a/1a4, BCTpeyaromuxcs npu paspadorke TI;
- BBIUHCISITH nipeenbHbiii KITJI cucTeMbl mpy JaHHBIX TOTUIMBE U pabodnx ycIoBHsx O6atapen TO;
- pa30uparbCsi B OCHOBHBIX BHAAX KaTAINTHUYECKUX CHUCTEM, HMMEIOLIMX OOJbIIOE 3HAUYCHHE IS
TOIJIUBHBIX YJIEMEHTOB;
- TpPUMEHSATb OCHOBHBIC 3aKOHBl XUMHHM [l OOCYKAEHHS CBOHCTB M  XapaKTEPUCTHK
reTepOreHHO-KaTaIMTHYECKUX CUCTEM;
- OPUEHTHPOBATHLCS B BEIOOPE AIIEKTPOIHBIX MATEPHAIIOB VISl PA3IMYHBIX AIEKTPOXUMUUYECKUX CHCTEM;
- OPHEHTHPOBATHCS B OCOOCHHOCTSAX TEXHOJOTMYECKHX IpPOLEcCOB (POPMUPOBAHUS JUTHH-MOHHBIX
aKKyMYJISITOPOB;
- paccuuTaTh IpeesbHbIe 1 HOMUHAIBHBIX XapaktepucTuku JIMA u JIMAD.

BJIaJeTh:
- TEOPETUUYECKUMU 3HAHUAMU 10 COBPEMEHHOMY YPOBHIO Pa3BUTHUs TeXHOI0ruu T3;
- croco0amMy MHTEPIIPETALUHU JTaHHBIX, TOJYYCHHBIX IEKTPOXUMHUYECKUMH METOAaMHU UCCIIEIOBAHUS
T9;
- METOAOJIOTHEH COBPEMEHHBIX METOAOB UCCIIEIOBaHNUS BHYTPEHHEH CTPYKTYpbI conpoTusienus 1T3;
- TEOPETUYECKUMH 3HAHUSAMH, HEOOXOOUMBIMU Ul IIPOTHO3UPOBAHUSA BO3MOXKHOCTH HCIIOJIb30BaHUS
Pa3IMYHBIX TPYINI COCAUHEHUH B Ka4eCTBE KOMIIOHEHTOB T3;
- o0muM TIOHWMaHueM 0a30BOr0 Habopa TOAXOIOB M METOJOB HCCieoBaHUS T, 3JIEKTPOIHBIX
MPOLIECCOB B HUX, a TaKkKe (PyHKIIMOHAJIBHBIX MaTepHAIIOB;
- 3HAHWAMH IO TMPUHIMIIAM pabOThl MHMKPOCKOIIOB, HMCIIOJb3YeMbIX NPH aHalM3e MarepuaynoB 103
(pacTpoBBIX U IPOCBEUNBAIOIINX IEKTPOHHBIX);
- TEOPETUYECKUMH 3HaHUSIMU O KJIacCHU(PUKAIKI MeMOPaHHO-3IEKTPOIHBIX 0J10K0B T 1o reomerpun
U HECYILIEMY JJIEMEHTY;
- TEOPETUUYECKUMU 3HAHUSMU 110 OCHOBHBIM METO/IaM U3TOTOBJICHUSI CTPYKTYPHBIX 3J1eMeHTOB TO;
- METOAaMHU OAHOMEPHOIO MOJAEIHPOBAHUS JIEKTPOJOB, Ha ypoBHE TJ;
- OCHOBHBIMM IIPUHIUIIAMH METO0JIOTUHU COCTABJICHUS! KOMIIBIOTEPHOI MOJIENH;
- OCHOBHBIMH MOJXOAaMU pOeKTHpoBaHus Oatapeit TO;
- JEJIOCTHOM CUCTEMOU 3HaHUM O FETEPOr€HHOM KaTalu3€ U MEXaHNU3MaX, JIEKAIIUX B OCHOBE PEaKIIUi
KOHBEPCHH TOIUIMBA B BOAOPOACOACP AU ra3 AJsl TOITUBHBIX SJIEMEHTOB;
- HaBbIKAMU aHAJIM3a METOIOJOTMYECKHUX MPOOIeM, BOSHUKAIOIINX MPH PELICHUH HCCIIE0BaTeIbCKUX
U TIPAaKTUYECKHX 33/1a4, B TOM YHCIIE B MEXANCIUILTMHAPHBIX 00J1acTsX;
- aKTyadpHOH unHGOpMamMel O COBPEMEHHBIX MarepuagaXx M TEXHOJIOTHSIX IPOU3BOACTBA
JIUTHHA-UOHHBIX aKKYMYJISITOPOB;
- METOJJaMH aHaJIN3a KCIIEPUMEHTANIBHBIX JaHHBIX P pa3padoTke u nmpoussoxacTse JIMA;
- MeTogaMu MoaenupoBanus padotsl JIMA u JIMAB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



C nenpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOUICHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bomnpocs! k 3k3aMeHy:

1. Onwucarps 6a30BbI€ MPUHLIHUIIBI IOCTPOCHUS YJHEPTETUUECKOTO KOMIIEKCA /1715l aBTOHOMHBIX 00BbEKTOB
(HampuMep, HaXOAAMMXCS B ApKTHUECKOM pernone). Ha3Barb OCHOBHbIE OJIOKM HEPCIEKTUBHOIO
SHEPreTUYEeCKOr0 KOMILIEKCa.

2. Ha3BaTb OCHOBHBIE TEXHOJIOTHH MEPBUYHON T'€HEPALIUH IEKTPOSHEPTHH B YCIOBHIX MOCTPOCHUS
aBTOHOMHOH SHEPreTHYECKOM CUCTEMBI, ONUCATh OCHOBHBIE MPOOIEMbI UX TPUMEHEHHUS.

3. HasBarb OCHOBHBIE METO/IbI XPaHEHUS BOJOPOAA C YKa3aHUEM IOCTOMHCTB M HEAOCTATKOB, a TAKKE
XapaKTepHBIX 3HAUYCHHUH COAep KaHUs BOJOPOJA IO OTHOLICHUIO K 001eMy 00beMy M Macce CHCTEMbI
XpaHEeHHUS.

4. Omnwucarb NPUHIMIT PaOOTHl TOIUIMBHBIX 31€MEHTOB. OmnHcaTb OCHOBHBIE THUIIBI TOIUTMBHBIX
SJIEMEHTOB M TpoBeCcTH HX 0a30Byro kiaccudukauuio. Ha3zpaTh XapakTepHble TOCTOMHCTBA U
HEIOCTaTKU PA3JInYHbIX THIIOB TOIUIUBHBIX 3JIEMEHTOB.

5. Omnucarp HpUHUMI pabOTHl TBEPAOOKCHIHBIX TOIUIMBHBIX 3JeMeHTOB. Ha3BaTh OCHOBHBIE
JOCTOMHCTBA U HEJOCTAaTKU TEXHOJOTMM C YKa3aHUEM XapakTepHbIX mapaMerpoB. Omnucarsb
XapakTepHbIe YPOBHHU IOCTPOEHUS dHEpreTuyecko yctanoBku Ha TOTD.

6.

7. Crpykrypa BHyTpeHHero conpotusienus TOTI: oMudeckuil v noIsipu3alluOHHBIA BKIIA/IbI.

8. Metonpl aHanu3a CTPYKTYpbl BHyTpeHHero conporusieHus TOTO.

9. [lonp3ysack cHpaBOYHBIMM U JIMTEPATypHbIMU JAaHHBIMU, CIPOIHO3UPOBaTh IOBEJCHUE
(cTabmiIbHOCTD, MapUHUalIbHBIC BJIEKTPOHHAS W HOHHAs MPOBOIMMOCTDH) 3aJaHHOTO Marepuaja WM
IpyMNIIbl MATEPUAJIOB B OKUCIIUTEIIBHBIX U BOCCTAHOBUTEIBHBIX YCIOBUIX.

10. Ha3Bare OCHOBHBIE METO/IBI HCCIICAOBAHMS TBEPIOOKCHIHBIX TOIUIMBHBIX 3JIEMEHTOB, JIEKTPOIHBIX
IPOLIECCOB B HUX, a Takke (PyHKuMOHANbHBIX MartepuanoB anst TOTD. Onwucars n3Mepsemble UL
Ka)X/I0TO METO/Ia BEJIMYUHBI.

11. Ha3zoBuTe ocHOBHble MeToAbpl aHamu3a MartepuaioB TOTD c HCMONB30BaHHWEM paCTPOBBIX U
MPOCBEUMBAIOLINX AEKTPOHHBIX MUKPOCKONOB. OMUILNTE YCTPOHCTBO OCHOBHBIX Y3JIOB 3JIEKTPOHHBIX
MHKPOCKOIIOB U PabOTy JETEKTOPOB.

12. IIpuBecTtn npumMepsl uccieaoBanus MarepruanoB TOTD mpu MOMOITN MUKPOCKOITUYECKUX METO/IOB
uccienoBanus. Onucars IOATOTOBKY 00pa3IoB.

13. Knaccudukaunn MmeMmOpaHnHO-311eKTpoAHBIX O10k0B TOTD.

14. OcHOBHBIE METOHIBI HM3TOTOBJICHHUS CTPYKTYPHBIX 3JIE€MEHTOB MEMOpPaHHO-3JICKTPOIAHBIX OJIOKOB
TOTD u obnacTh UX MPUMEHEHUSI.

15. OcHOBHBIC TPUHIUIBI MOI00Pa KOMIBIOTEpHBIX Mojeneid i 3aaad TOTD. OcHOBHBIE METObBI
YIOPOILEHUs MOZied. MeToa KOHEUHBIX dJieMeHToB. Meton 3¢ (peKTUBHBIX cpe.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1:
1. OcHoBHBIE 351eMeHTHI cTPYKTYpbl TOTD 1 ux QyHKIMH.

2. Onwucarp IIPUHIUIT pa60TBI TOIUIUBHBIX 3jeMeHTOB. Omnucarh OCHOBHBIC THITBI TOIUIMBHBIX
OJICMCHTOB W TIPOBCCTHU UX 633OBYIO KJ'IaCCI/I(i)I/IKaL[I/IIO. Hassars XapPaKTCPHbIC JOCTOMHCTBA U
HEAOCTATKH PA3JIMYHBIX TUIIOB TOIIJIMBHBIX 2JICMCHTOB.

[Ipumep 2:

1. OcHOBHBIE METO/BI HM3TOTOBJIECHHUS CTPYKTYPHBIX 3JIEMEHTOB MEMOPaHHO-3JIEKTPOIHBIX OJIOKOB
TOTD u ob6nacTb UX NIPUMEHEHUS.

2. Ha3BaTb OCHOBHBIE METO/IbI XPAaHEHHUS BOJOPO/IA C YKa3aHUEM JOCTOMHCTB M HEIOCTATKOB, a TaKXkKe
XapaKTepHBIX 3HAYCHUN COAEPIKaHUS BOAOPOIA IO OTHOLICHHIO K 00I1IeMy 00beMy U Macce CHCTEMBbI
XpaHEHUs.



Kpurepun onennBanus
Onenka ommyHo 10 OadioB -  BBICTABISIETCSl  CTYJEHTY, [IOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENIbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IMOKazaBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oaluia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oanm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNINe MPoueIyPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[IpomexyTouHass arrectanmus IO JUCIUIUIMHE TPOBOAUTCA B (OpMe YCTHOTO »JK3ameHa. B
9K3aMEHAIIMOHHOM OWIIETE JIBa TEOPETUYECKUX BOMpoca. Bpems Ha MOATOTOBKY K OTBeTy 60 MHHYT.
Bpewms onpoca Ha 3x3ameHe He Ooiiee 60 MUHYT.



