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Pabouas nporpamma TUCHUTUIMHBI «XUMUS U SJHEPreTUKa»
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[Iporpamma cootBercTByeT DegepanbHOMy TrOCYJapCTBEHHOMY 00pa3oBaTEIbHOMY
CTaHJApPTy BBICHIETO MPOPECCHOHAIBHOTO oOOpa3oBaHus W  [IpuMepHOH  OCHOBHOU
00pa3oBaTeNbHOI MporpamMmme.

Pabouas mporpamMma mpenHazHaueHa JiIi CTYAEHTOB OYHOH (opMbl oOydeHHsS O
HarpaBjeHuto moaAroToBku MaructpoB 04.04.01 - Xumus o npopuinro «IIEKTPOXUMHUSI» B 3-M
ceMecTpe.

PaGouass mnporpamma coctaBieHa c yderom DenepanbHOr0 rocyAapcTBEHHOTO
00pa30BaTeNLHOTO CTAaHIApTa BHICHIETO MPO(ECCHOHATBFHOTO O0pa30BaHMs MO HANpaBJICHUIO
04.04.01 «Xumusi», YTBEPKICHHOTO TPHKAa30oM MUHHUCTEPCTBA O0Opa3oBaHUs M HAyKH
Poccuiickoit @enepanuu ot 17 uronsg 2017 r Ne 670 no ®I'OC 3-ro nokoseHusl.
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1. Ileau 4 3a7a41 OCBOEHHS AUCHUILIHHBI

HeasiMu 0CBOSHUS AUCITUTUTHHBI « XUMUS U YHEPTETUKAY SBIISICTCS:
dbopMHpOBaHWEe HAYYHOTO 3HAHUS W TOHUMaHUA (UBHYECKOW CYyTH
MPOIIECCOB MONYYCHHUS, IEPEIaun U IPeoOpa30BaHus YHEPTHH;

BBIpAa0OTKAa TMOHMMAaHHUS TMPOOJIEeM PpalMOHAIBHOTO W A()PEKTUBHOIO
UCTIONb30BAaHUSl  DHEPTreTHYECKUX W MaTEpHabHBIX  PECYpPCOB, Pa3BHUTHUSA
IKOJIOTHYECKH OE30IMaCHBIX CIIOCOOOB MOTyUEHHUST YHEPTHH.

N3yuenne AUCHUIUIMHBI «XHMHS U DHEPTETHKa» CIOCOOCTBYET PEIICHHUIO

CIEAYIOIINX 3a0ay.

npuoOpeTeHrue 3HAHMK (U3MYECKUX 3aKOHOB TMOJY4YEHHUS, Mepefadyu H
npeoOpa3oBaHUs SHEPTUU;

TEOPETHUECKOC W  TPAKTHYCCKOE M3YYCHHE  YCTPOWCTB  IMOJTyYCHUS,
npeo0pa3oBaHus, XpaHEHUs U Tepejauu SHEPIHH;

npUOOpETEeHNE HABBIKOB pabOThl HA COBPEMEHHOM HAy4yHOU ammaparype Npu

IMPOBCACHUN HAYUYHBIX HCCHCI[OB&HHﬁ.

2. Mecro pucuuniaunnsl B crpykrype OIIOII BO
HuciuminHa «XuUMUS W DHEPreTHKa» OTHOCUTCS K (PaKyJIbTaTHUBHBIM

JTHUCUUTIIMHAM BapUATUBHOMW YACTH.

I[O HU3yUCHUA OUCHHUIIIMHBI «XuMHs U OHCPICTUKA», CTYACHTHI OOJIZKHBI

IMOJIy4aTb 3HAaHHA 11O OCHOBHBIM pas3jicjiaM XUMHUH.

3HaHUs, YMEHUS U HAaBBIKH, MNPUOOPETEHHBIE B TMPOIECCE H3YUYCHUS

JUCIHHITIIINHBI «XumMusa u OHCPICTUKA» H€O6XOI[I/IMBI JJIA FJ'IY6OKOFO OCBOCHMHA

APYTrux XUMHUYCCKHUX AJUCHUINIMH, a TakKXC IUCHUILIMHBI MAaTCMAaTHYCCKOI'O H

CCTCCTBCHHOHAYYHOI'O ITUKJIA.

3. TpeGoBaHusI K yPOBHIO OCBOEHUSI TUCHUILIHHBI

3.1. Inemenmut npogpeccuonanvnvix (IN1K) komnemenyuii, hopmupyemuix

OAHHOU OUCUUNIUHOU



[Tportecc w3y4deHHWsS ITUCIMIUIMHBI HamNpaBlieH Ha (OPMUPOBAHUE CIICAYIOMICH
npodecCHOHATEHON KOMITETEHITUH:

- 3HAHHWE OCHOBHBIX JTAallOB W 3aKOHOMEPHOCTEH pa3BUTHS XHMHYECKOM
HayKH, ITIOHUMaHHe OOBEKTUBHONH HEOOXOJWMOCTH BO3HHKHOBEHHS HOBBIX
HANpaBJICHUH, HAJIM4YUE TPEIACTaBICHUS O cuUcTeMe (yHIaMEHTaJIbHBIX
XUMHUYECKUX MOHATUH M METOJOJIOTMYCCKHX aCIEKTOB XMMHUHU, (POPM M METOJOB
HAy4YHOTO IIO3HAHWS, WX pOJM B 00meoOpa3oBarenbHON TpodeccHoHaIbHOM

noaroroBke XumMukoB (I1K-2).

3.2. Pe3ynomamul 00pazosanus, popmupyemozo 0aGHHOU OUCUUNTAUHO

B pesynbrare u3ydeHHs NUCIUIUIMHBI «XHMHS W DHEPreTUKa» CTYJCHT
JTOJDKEH:

® UMETh NMPEACTaBICHUE 00 OCHOBHBIX MOHATHSX YHEPTCTUKH,

® UMETh TpEeACTaBlieHHME O Haubolee  akKTyaJdbHbIX  MpolieMax
COBPEMEHHOW TEOPETUYECKON U IKCIIEPUMEHTATIBHON XUMUU;

® 3HATh NOPUHIMIBI TMOCTPOCHHS W METOJNOJOTHI0O  XHMHUYECKHX
HCCIEI0BaHUM;

® UMETh TPEACTABICHHEC O BAXHEUIIUX OTKPBITUSAX OTECYECTBEHHBIX M
3apyOEKHBIX YUCHBIX B 00JIACTH YHEPTETUKH;
— TPAKTUYECKU OBJIAJETH PSAIOM METOJOB HCCIIECIOBAHNS YHEPTETUKHU

XUMHUYCCKHUX CHUCTCM.

4. Conepskanue U CTPYKTYpa JUCHUIIMHBI

Tabauya 1.ConeprkaHue TUCIUILIMHBI

DopmbI
HaunmeHoBanue
Ne Coaepxxanue pasnena TeKYyIIero
pasjaena
KOHTPOJIA
1 | Ipunnmunsl npsimoro | Baxueitmume — xapakrepuctukun  XUT. | KomnokBuym
npeodpazoBaHus TepmoanHamuka XUT. Kuneruka
IHEPrUM XMMHUYECKHUX | FHEProoOpa3yromux IIPOLIECCOB u
peaxkuuii B | MaTepuabl 3JIEKTPOJIOB XUT.
3JIEKTPUYECKYI0 DNEeKTPOXUMHYECKass KOHBEPCHUS TOILJIMBA.
JHEPIuI0 B | OcHoBuble Tunbl  XUT: mnepBuuHbIe




XHUMHYECKHX (rampBaHUYECKUE) AJIEMEHTBI,

HCTOYHHKAX TOKA | aKKyMYJIATOPBI, TOIUIMBHBIE 3JIEMEHTBHI.
(XHT). IIpuHnuner  koHcTpyupoBanus — XUT.
[Topucteie cucteMbl. Dnektponautbl XUT
(BoIHBIE, HEBOJIHBIE, TBEPJbIE,
pacruiaBiICHHBIC). Kpynnomacmrabnoe
NEKTPOXUMUYECKOE  AKKYMYJIMPOBAaHUE
SHEPIUH. DNEeKTPOXUMHUYECKUE
SHEProyCTAHOBKH M 3JIEKTPOCTAHIIMH.
2 | Bonpocobl MopenupoBaHue W IyTH ONTHUMHU3ALMM | 3allUTa
skcmiyatanuu  XUT | XUT. Camopa3spsin u Japyrue | 1abopaTtopHO
u 00J1acTH | 1E€TrPaJalliOHHBIE SIBJICHHU. i paboThI
NPaKTHYeCKOI 0
NPUMEHEHHUs
3 | DJeKTpoXuMHYeCKHe | DIEKTPOXMMUYECKHE KOHAEHcAaTopbl Kak | KoiokBuym
KOH/IeHCATOPbI CUCTEMBbl  JUI1  XpaHEHUsT  SHEPIUH.
Marepuansl s ABOMHOCIOMHBIX U
MHTEPKAALMOHHBIX KOHJIEHCATOPHBIX
CHUCTEM.

4 doTOXMMHYECKOE u HpI/IHHI/IHH HCIIOJB30BaHUA XHUMHUYCCKHUX KOJIJIOKBI/IYM

(doTor1ekTPOXMMHUYEC | DHEPTOHOCUTEIIEH B cucTemMax
KOoe mpeodpa3oBaHue | IpeoOpa3oBaHUs U AKKYMYJIMPOBAHUS
COJTHEYHOM JHEPruu SIIEPHOM, COJTHEYHOU U JIp. BUJOB SHEPTHUN.

TepMoaeKTpoXuMHUYECKHE LIUKJTBI.
OcHOBHBIE THUIIBI n MMPUHIUIIBI
(yHKIIMOHUPOBHUS. Konuenuus
BOJOPOIAHOU SHEPIeTHKMU.

BO,Z[OpOI[aKKy'My.]'II/Ipy}OH_II/IC MaTepHrajibl U
IMPUHIOHWIIBI UX ONITUMHU3AIINH.

Tabnuya 2. OOmas TpymAOoEMKOCTh TUCIMIUIMHBI COCTaBISICT 3 3a4€THBIC
enuuuipl (108 gacos)

Bun pabotst Tp yﬂgizﬁocn,
O0mas TpynoéMKOCTh (B 4Yacax) 108
Konmaxkmmnuasa paboma (6 uacax) 34
Jlexmonnsble 3ausaTHs (JI) 17
[Tpaktuueckue 3ansatus (I113) 17
Camocmosmenshoie pabomul (8 yacax) 74
Buja npoMexyToYHOM aTTecTanuu 3auér

Tabauya 3. JISKIMOHHBIC 3aHATUS

Ne i/t

Tema

1

BBeneHue B 2JIEKTPOXUMUYECKYIO SHEPTETUKY




Xumnueckue uctouHuku Toka (XUT)

Bomnpocsl akcrmyaranun XUT n obnactu npakTH4eCKOro MpUMEHEHHUS

TepMO,I[I/IHaMI/IKa OJICKTPOXUMHYECCKUX JJIEMCHTOB U SAYECK

DIIEKTPOXUMUYECKasi KHHETHUKA

[IpoOnema XxpaHeHHs U aKKYMYJIMPOBAHUS BOJIOPOJA

~N| o O B WO DN

DNEKTPOXUMHUYECKHUE CYNePKOHICHCATOPbI

Tabauya 4. IlpakTH4eCKUE 3aHATHS

Ne i/t

Tema

BBenenue B 2EKTPOXMMHUYECKYIO JHEPTETUKY

Xumudeckue ucTouHuku Toka (XUT)

Bonpocs skcryatanuu XUT u o61acT mpakTH4ECKOro MPUMEHEHUS

TepMOIlI/IHaMI/IKa QJICKTPOXUMHNYCCKUX JJICMCHTOB U SIYCCK

SJIGKTpOXI/IMI/I‘leCKaH KHHCTHKAa

[Tpo6iema xpaHeHUs: U aKKyMYJIHPOBAHUS BOJIOPOAA

~N| O O B W N

DNEKTPOXUMHUUECKHUE CYNIEPKOHIEHCATOPbI

Tabauya 5. CaMOCTOATENBLHOE U3YUYECHHE PA3I€TI0B TUCIHUILINHBI

Ne n/nm Bonpockl, BEIHOCUMBIE Ha CAMOCTOSITEIBHOE U3yUEHHE

1 Onepreruka u xu3Hb. Mcropus otkpeitus XUT. CoBpemMeHHOE COCTOsSHUE
XUT.

2 TBEpnble MOIUMEPHBIE ANEKTPONUTHI. TBEPIbIE MOIMMEPHBIE IIEKTPOJIUTHI
Ha OCHOBE MOJMATWIEHOKcHAa. IIpoBogumocTe TBEPABIX MOJIMMEPHBIX
IIEKTpOoIUTOB. ['eneoOpa3Hble NOIMMEPHBIE IEKTPOIUTHI.

3 [Tporieccl B MOJYNPOBOJHUKOBBIX (DOTORIEKTPOXMMUYECKUX 3SJIEMEHTAX.

CDOTO:)J'IGKTPOJ'H/I3, OJICKTPOXUMUYCCKHUE U KOM6I/IHI/IpOBaHHBIe CHUCTEMBI OJIsA
npeoOpa3oBaHMsl COJHEYHOW HHEPrMM B XUMHYECKYIO U D3JICKTPHUYECKYIO.
B3anmocBs3p nporpecca B XMMHUYECKOH HEPreTHKE ¢ Pa3pabOTKOM HOBBIX
(YHKIIMOHAJIBHBIX MaTEPUAJIOB: KApOIMPOUYHBIX MaTEPHAIOB, KaTalIn3aTOPOB,
JNIEKTPOJHBIX ~ MaTepPHAJOB,  DICKTPOJIMTOB, MEMOpaH, CEICKTHBHBIX
a/1cOpOEHTOB U aOCOPOESHTOB U AP

5. OueHo4YHbIe MAaTEePHUAJIbI VIl TEKYIIEro U py0esKHOr0 KOHTPOJIA
yCIIEBa€MOCTH M NPOMEKYTOYHOM ATTeCTAUMHU

— 3aodanus 0ns mekywe2o KOHmpoJis

1) Bonpocoi, gblHOCUMbIE HA KOLLOKEUYM




[TepBuunbie xumuueckue ucTouHuku Toka (XUT). XUT ¢ BoaHBIMH pacTBOpaMu
anekTposutoB. [lepBuunbie smtueBsie XUT. Pacuer KIIJl smexTpoxumMuueckux
AJEMEHTOB M SYeeK. XHUMHUYECKass U DJICKTPOXUMHUYECKAsl IOJspU3alUs.
Onektpoaubie moTeHIUanbl U JJ[C 3JIeKTPOXUMHYECKUX JJIEMEHTOB U SUYEEK.
DJIEKTPOKATAIN3aTOPhl. IJIEKTPOXUMUUYECKHNE SHEPTrOoyCTaHOBKU. OCHOBHBIEC THUIIBI
TOIUIMBHBIX 3JIEMEHTOB UM HHEProyCTaHOBOK. IIpuMHIMI AEHCTBUSA TOIIUBHBIX
AJIEMEHTOB. XAapAKTEPUCTUKHU TOIUIMBHBIX 3JIEMEHTOB. [loHATHE «BOZOPOIHOM
sHepreTuku». [Ipobiiema XpaHeHHS W TPAHCHIOPTHUPOBKH BOJOpoja. DU3HUECKUE
METOJBl XPAaHEHHS BOAOPOJA. XHMHUYECKHE METOAbl XPAaHCHUS BOJOPOJA.
['mopuaHeii METO/ XpaHEHU BOJOpOJA. DIIEKTPOXUMHYECKUE

cynepkonaeHcaropsl (OCK).

2) Baodanus 015t nNPaAKMUYECKux 3ansamull
Pacuer D/IC u KIIJ] 3/1€KTpOXUMHUYECKUX AJIEMEHTOB U sA4yeek. IlepBuuHble M
BropuuyHble XUT. XapakTepUCTUKH JUTUW-UOHHBIX AKKyMyJSITOpOB. Marepuain
IIOJIOKUTEIIBHOTO  3JIEKTPOJAa  JIMTUM-MOHHBIX  aKKyMyJISITOpOB.  Marepuan
ANEKTPOJUTA JUTUH-UOHHBIX aKKymyJsaTopoB. IIpobGnema oTpuLIaTENTBLHOTO
JJEKTPOJA  JIMTUU-UOHHBIX  AKKyMYJIATOPOB. YraepogHbli  3JIEKTPOA.

Kuciiopo1HO-BOIOPOAHBIN TOTIJIMBHBINA 3JIEMEHT C IIEJIOYHBIM 3JICKTPOJIATOM.

3) Cnucoxk 6onpocos k 3auémy:
1. Xumuueckue UCTOUYHUKH TOKa. ICTOpHS OTKPBITHS.

2. XHUMHYECKHE UCTOUYHHUKHU TOKa. COBpEMEHHOE COCTOSHHE.

w

[lepBryHbIE XMMHYECKHE MCTOYHHMKM TOKa C BOAHBIMH pacTBOpaMu
JJIEKTPOJIUTOB.

Pa3pabarbiBaeMbie nepe3apsskaeMble XUMHUUECKUE HCTOYHUKY TOKa.
TepMoauHaMUKa 3JIEKTPOXUMUYECKUX SJIEMEHTOB U SUEEK.

Pacuer D/IC 2neKTPOXUMUYECKUX STUEEK.

DnexTpoaubie moTeHuanbl U DJIC 3JeKTPOXMMHUUYECKUX DJIEMEHTOB U sTYCEK.

©© N o g B~

Pacuer KII/] 21€KTpOXMMHUYECKHUX PJIEMEHTOB U STYEEK.



9. CKOpOCTh NEKTPOXUMHYECKUX PEAKIIMIA U TTOJSPHU3AIUS HIEKTPOIOB.

10. Xwumwudgeckast moJsspy3arius.

11. DnexkTpoxuMHUYecKas MoJsipu3alius.

12. DnexTpokaTaan3aTOphl.

13. [lpuHuun AeiCTBUS TOTUIMBHBIX JIEMEHTOB.

14. OcHoBHBIE ITPOOJIEMBI TOIJIUBHBIX JIEMEHTOB.

15. OcHOBHBbIE THIIBI TOTUTUBHBIX 3JIEMEHTOB U SHEPIOYCTAHOBOK.

16. DneKTpOXMMHUYECKHE YHEPTOYCTAHOBKHU.

17. Tlonatne  «BOAOpPONHOM  »HepreTukw».  IIpoOnema  XpaHeHus U
TPAHCIIOPTUPOBKH BOJIOPOJIA.

18. ®usuyeckue METOJIbI XpaHEHUs BOJOPO/IA.

19. AncopOnnoOHHBIE METOIBI XPAHCHHS BOIOPOIA

20. Xumudeckre MeTO/Ibl XpaHEHHUs BOJOPOa.

21. TwapunHbii METON XpaHEeHHs Bojopoja. Kiaccel ruipuoB.

22. Dnextpoxumuueckue cynepkonaeHcatopsl (ICK). Uctopus cozmanus DCK.

23. Tlpunnumnsl paboThI u yCTpOMCTBA ANEKTPOXUMHUYECKUX
CYNEPKOHJIEHCATOPOB.

24. ]IBOWHOCIOWHBIE KOHACHCATOPHI U UX OCHOBHBIE COCTABJISIOIIHE.

25. Tumbl 57eKTPOIHBIX MATEPHAIOB M THUIIBI DJIEKTPOJIMUTOB JIEKTPOXUMHUYECKUX
CYNEPKOHIEHCATOPOB.

26. XapakTepuCTUKH PabOTHI JIEKTPOXUMHUUECKOTO cyrepkonaeHcaTopa (DCK).

[IpakTueckoe nmpumenenue ICK.

6. MeToanueckue MaTepuaJbl, ONpeaesoiiue npoueaypbl olleHHBaHUS
3HAHMIi, yMEeHN, HABBIKOB M ONbITA /IEATEJIHLHOCTH

Pe3yabTaTsl OcHOBHBIE MOKA3aTeJIM OLEHKH Pe3yJIbTATOB Bun
o0y4eHust o0y4eHust OLICHOYHOTO
(KoMIIeTEeHIIUM) Marepuajia




3HAHMEe OCHOBHBIX 3TallOB U 3aKOHOMEPHOCTEH
pa3sBUTHS XMMUUYECKON HAYKH;

ymenue aZlaliITUPOBATh 3HaHUA n HaBBIKU,
IOJIy4EeHHBIE B Kypce, K PELIEHUIO KOHKPETHBIX 33/1a4,
CBSI3aHHBIX C NPOPECCHOHATBHON JEATETHHOCTHIO;
UCIIOJIb30BaTh TEOpPETUYECKHE 3HAHUS npu
00BSICHEHUH PE3yIbTATOB HCCIIEOBAHUM;

BJIajJleHHe  COBPEMEHHBIMH  KOMIIbIOTEPHBIMU
TEXHOJIOTUSIMU, TIPUMEHSEMBIMH TIpUu  00paboTKe
pe3yabTaTOB HAy4YHBIX SKCIIEPUMEHTOB U CcOOpE,
00paboTKe, XpaHEHUH U Tepenade WHPOpMAUU TPU
IIPOBEICHUU CaMOCTOSITENIbHBIX Hay4YHbIX
UCCIIE0OBAHUN

IK-2 KomnoxkBuym

Cemunap

10.

11.

12,
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8. MaTepHaJILHO-TeXHI/I‘IeCKOG o0ecrneueHue AUCHUIIIMHBI

Ne | HaumenoBanue o0OpyAOBaHHBIX YYEOHBIX
n/n | KaOMHETOB, JIAOOPATOPHit

[lepeyeHp 0OOpYyJIOBaHUS W
TEXHUYCCKHUX CpEe/ACTB
oOyJeHMS

1. | JIekiimoHHBIE Ay TUTOPUU

NeNe 203, 211, 319;
WHTEpPAKTUBHASA JOCKA, 3
KOMIUIEKTa BHJIEO-
MPE3eHTAIIMOHHOTO
obopynoBaHus ( IPOEKTOP,
HKpaH, HOYTOYK)

JIucT u3MeHeHu (10MOTHEHUIH)
B paboueii mporpaMMe JUCHUIVIHHBI «XHMHUSI H JHEPreTHKA»
o HarnpasieHuro moaArotoBku 04.04.01 — Xumust Ha 2022-2023 yueOHbIH TOA

Ne [IepeyeHp BHOCUMBIX
W3MEHEHUH (JIOTTOJTHCHHMIA)

i OnemeHT (nyHkT) PIIJ]

[Ipumeuanue

OO6cyx1eHa U peKOMEHI0BaHa Ha 3aceIaHuU KadeIpbl HEOPraHUYECKON U PU3NUecKOl XUMUN

poTokoJ Ne OT « » 20

3apenyrouuii kadeapoit

JIMYHaA MOAIHCH

12

pacimdpoBKa HOIINCH Jara




	Кафедра неорганической и физической химии
	РАБОЧАЯ ПРОГРАММА ДИСЦИПЛИНЫ
	«Химия и энергетика»
	1.  Цели и задачи освоения дисциплины
	2. Место дисциплины в структуре ОПОП ВО
	3. Требования к уровню освоения дисциплины
	3.1. Элементы профессиональных (ПК) компетенций, формируемых данной дисциплиной
	3.2. Результаты образования, формируемого данной дисциплиной

	4. Содержание и структура дисциплины
	5. Оценочные материалы для текущего и рубежного контроля
	успеваемости и промежуточной аттестации
	Расчет ЭДС и КПД электрохимических элементов и ячеек. Первичные м вторичные ХИТ. Характеристики литий-ионных аккумуляторов. Материал положительного электрода литий-ионных аккумуляторов. Материал электролита литий-ионных аккумуляторов. Проблема отрицат...
	6. Методические материалы, определяющие процедуры оценивания
	знаний, умений, навыков и опыта деятельности

	7. Учебно-методическое обеспечение дисциплины
	7.1. Основная литература
	7.3. Интернет-ресурсы

	8. Материально-техническое обеспечение дисциплины
	в рабочей программе дисциплины  «Химия и энергетика»
	по направлению подготовки 04.04.01 – Химия на 2022-2023 учебный год
	Заведующий кафедрой__________________________________________________________


