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PABOYASA NMPOrPAMMA YYEBHOM OUCLUUNIUHDbI
B51.B.[1B.01.02 Xumuyeckme UCTOMHUKM TOKa

. Kog n HaumeHoBaHuMe HanpaBneHus nogrotoBku/cneumnanbHocTu: 04.03.01. Xumus

. Mpodmnb noaroroBku/cneymnanmsauma: Xvummus

. Ksanudmkaums (cteneHb) BbinyckHuKa: bakanasp

. ®opma obyyeHUA: o4Hasa

. Kadbeppa, oTBeualowasn 3a peanmsauuio AMCUUNINHBI: PU3NYECKON XMMUM

. CoctaButenu nporpammsbl: KpbicaHoB Bsuyecnas AnekcaHgpoBumY, K.X.H., 4oL,

. PekomeHpgoBaHa: HMC xumunyeckoro ¢akynbTteTa oT 11.04.24, npoTtokon Ne 4

. Y4yeOHbIN roa: 2026-2027 CemecTtp(bl): 5




9. Llenn 1 3apaym y4e6HON ANCLUUNIIUHDI:
Llenb nsyyeHns aucumnimnHbl 03HaKOMUTBLCS C PU3UKO-XMMNYECKMMU OCHOBaMU NMPOLLECCOB
npeobpasoBaHNd 3HEPTUN.
OcHoBHble 3agaym Kypca:
- AaTb OCHOBbI pabOoTbl COBPEMEHHBLIX MCTOYHUKOB 3HEPTUM, Npeobpa3oBaHNs U akKyMyMpPOBaHWS
pasnu4YHbIX BUOOB SHEPTUN.

10. MecTo yye6HOM ancumnnunHbl B cTpykType OOI: YacTtb, hopmmnpyemas y4actHMKamm
obpasoBaTenbHbIX OTHOLLEHWI

TpeboBaHusi K BXOOAHLIM 3HAHWSIM, YMEHWUAM U HaBblkaM: BriafieTb OCHOBaMU TEOPUN PyHAAMEHTaNbHbIX
pa3fenoB XMMWUK; CMOCOBGHOCTLIO MPUMEHSITb OCHOBHbBIE 3aKOHbI XMMUU NPU 0BCY>KAEHUN NOMYYEHHbIX
pe3ynbTaToB, UMETb HaBbLIKM CAMOCTOSITENbHOM 06PaboTky pe3ynbTaToB U3MEPEHWIA, HeobxoanMble
AN YyCTAHOBINEHNS NPUPOAbI SIBNIEHNS U ONpeaeneHunst ero KONMMYECTBEHHbIX XapaKkTepPUCTUK.

11. MnaHupyemble pe3ynbTaTbl OOYy4YeHUsI NO AUCLMMNIIUHE (3HAHUSA, YMEHUA, HaBbIKK),
COOTHECEHHble C MraHupyeMbiMu pe3ynbTaTaMu OCBOEHUA obpa3oBaTenbHOMU

nporpamMmmvbl (KOMneTeHLIVIFlMVI) n MHONKaTopaMun NX OCTUNXKEHUA.

KomneTteHuuns MHamnkaTopbl MnaHupyemble pesynbTaTtbl 06y4YeHus
Kog HasBaHue
MK-1. MK- | O6ecneunBaet cbop | 3HaTh: TeopeTndeckune OCHOBbI
CnocobeH 1.1 | Hay4yHO-TEXHNYECKON 3KCnepuMeHTarnbHbIX MeTO/0B n3yyeHns
NnpoBOANTL cbop, (HayuHOM) wMHdOpMaumK, | NpoLeccos 3NEKTPOXNMUNYECKON
aHanus n obpaboTtky HeobxoanMmown ONSA | SHeprokoHBepcum
Hay4HO-TEXHNYECKON peLleHus 3ajay | ymeTb: uMcCnomnb3oBaTb TEOPETUYECKUE OCHOBBbI
(Hay4HoW) uccreoBaHus, 3MNEKTPOXMMUYECKON  3HEpProKoHBEpPCUM npu
nHdopmaumm, NocTaBMEHHbIX peLleHnmn NpakTuyeckmx 3agad
Heobxogmmon  Ans crneumanucTom bonee | BnageTb: OCHOBHbIMU MeTogamu
peLueHuns 3agav BbICOKOM KBanudmkaumm 3MNEKTPOXNMUYECKON 3HEeprokoHBepcumn "
XUMUYECKON aKKyMynnpoBaHWs SHeprum
HanpaBneHHOCTH, MK- | CocraBnset 3HaTb: OCHOBHbIe NCTOYHMKN Hay4HOW
NnocTaBreHHbIX 1.2 | aHanuMTU4ecKkui 0630p | MHpopMaumMm O  MpuHUMNAX W MeToAdax
cneumnanmcTom nuTepaTypHbIX 3MNEKTPOXMMUYECKON SHEPrOKOHBEPCUM
Gonee BbICOKOM WCTOYHWKOB MO 3afaHHOW | yMEeTb: aHanuavMpoBaTb pe3ynbTaTbl pPeELIeHUs
KBanudukaumm TemaTuke, opopMnseT | npakTudyecknx 3agad
OT4eTbl O BbINOMIHEHHBLIX | UMETL HaBbIKW: (POPMYNMPOBAHMSA BbLIBOAOB MO
Hay4Ho- NCMNOnb30BaHMIO 3MNEKTPOXUMUYECKMX
uccrnenoBaTenbCKnX 3HEProKOHBEPCUOHHbIX YCTaHOBOK
pabotax no 3agaHHOM
dopme
MK-2. CnocobeH | MNMK- | 3Haet n MOXET | 3HaTb: MeToAbl YCTaHOBMNEHUS CTPYKTYpbl W
ncnonb3oBaTb 2.1 | npyMeHATb Ha MpakTuMKe | CUHTe3a maTepuarnos, UCNOMb3yeMbIX B poLlecce
COBpPEMEHHbIE COBpPEMEHHbIE 3MNEKTPOXMMUYECKON 3HEProkoHBepcun (B TOM
aKCnepvMeHTanbHble 3KCnepuMeHTanbHble yncne HaHomaTepuarnos)
n pacyeTHo- MeToabl ANns | ymeTb: UCMnonb3oBaTb MeToAdbl YCTaHOBMEHMS
TeopeTuyeckue YCTaHOBMEHUS CTPYKTYPbl | CTPYKTYPbl M CUHTE3a MaTtepuarnos AN peLleHus
mMeToabl ans XUMUYECKUX COEAMHEHUN npakTuyecknx 3agav
yCTaHOBMNEHUS BnageTb: OCHOBHbIMU mMeTodaMu
CTPYKTYpbI " SMNEKTPOXMMUYECKON  3HEProKOHBEPCUMM  Ans
nccrnegoBaHns CVHTE3a HOBbIX MaTepuanos
peakuMoHHOM MK- | CnocobeH n3dy4yaTb | 3HaTb: NCTOYHUKM nonyyeHus Hay4HOW
cnocobHocTH 2.2 | peaKkuMOHHYIO WHoOpMaUMM O MpUHLUMNaX N MeTofdax U3yveHus
XUMUYECKNX CMOCOBHOCTb XMMWYECKUX | PeaKLMOHHYIO CMOCOBHOCTb XUMUYECKNX
coeanHEeHnn nog CoeaNHEeHnNn C | coegunHeHun B XOOe  3eKTPOXMMMUYECKOMN
PYKOBOACTBOM NPMMEHEHNEM  TUMOBbIX | 9HEPrOKOHBEPCUM
cneunanucta 6onee 3KCNepuMeHTanbHbIX W | ymMeTb: aHanuMsmpoBaTb 3HaHMA And Bblbopa
BbICOKOM pacyeTHO-TEOPETUYECKMX | AKCMEPUMEHTASbHBIX U pPacYETHO-TEOPETUYECKMX
KBanudukaumm MEeTOA0B MEeTOAOB MPU peLleHnn NpakTMyeckmx 3agad
UMeTb HaBblkn: DOPMYNUPOBAHWUA MOAXOAOB MO
UCMNOMb30BaHWIO  HayyHOW WHGOpMaumMnM  ans
peLleHns KOHKpeTHbIX NpodyeccMoHarnbHbIX 3agau




12. O6beM AucUUNuHbI B 3a4eTHbIX eanHuuax/vyac. 4 / 144

CDopma I'IpOMG)KYTO'-IHOVI aTTecTaumn. 3a4deT

13. TpyAOEMKOCTb N0 BUAAM y4eO6HOW paboTbl

TpynoemMkocTb
Bug yuebHon paboTbl Bcero - [lo cemecTtpam

& row awene 144 144

nekuum 36 36

nabopaTtopHble 36 36

npakTnyeckue 36 36

CamocTtoaTenbHas pabota 36 36
dopma NpoMEXYTOYHOM aTTecTaumm - 3a4yet

Wroro: 144 144

13.1. CopepxaHue AUCLUUNIUHbI

n/n Peanusauus
pasgena
ANCUMNINHBI
HanmeHoBaHve pasgena
MCLIUNSMHbI CopgepxaHve pasgena AUCLMNInHbI C NOMOLLbIO
OHNawnH-
Kypca, QYMK
*
1. Jlekuum
1.1 TeopeTnyeckme OCHOBbI ONEeKTPOXMMMNYECKME TEXHONOMNN ANs 9KONOrMYeCcKu MOOK
3NEKTPOXUMUYECKOTO ynucToro npeobpasoBaHnsa aHeprum. MNprHUmnbl npsamoro | «CoBpemeHH
npeobpasoBaHWsa 3HePrum npeobpasoBaHNst IHEPTUM XMMUYECKMNX peaKL i B ble
3MNEKTPUYECKYIO SHEPTUIO B XMMNYECKUX UCTOYHMKAX XUMUYECKne
TOoKa. OCHOBHbIE TUMbl XUMUYECKNX UCTOYHNKOB TOKa NCTOYHUKN
(XUT): nepBrYHbIe (ranbBaHUYECKME) ANEMEHTHI, TOoKa»
aKKyMynsTopbl, TONMMBHbIE 3NemMeHTbl. TepmoauHamuka | https://mooc.
XUT. BnekTpoaHbIn noTeHuman. MakcumansHoe vsu.ru/course
HanpspkeHne. HanpskeHne pasoMKHYTOWN Lenu. [view.php?id
Pabouyee HanpsixeHue. Monapusauus 8 XUT =2
(oMunyeckas, aNnekTpoXMMmnyeckas, KOHLEHTPaLUNOHHAs).
BonbtamnepHas xapakrtepuctuka XUT.

1.2 "anbBaHW4Yeckne aneMeHTbl [MepBuYHbIE CcONEBble W LUEMNOYHbIE MCTOYHUKM TOKa.
OnekTpoxuMuyeckue  u gpyrue uanko-xummdeckue | YOMK
npoueccel. MapraHueBO-LMHKOBLIA CONEBOW 3MeMeHT. | «XUMUYECKM
MapraHueBO-UMHKOBbLIA ~ 3fIleMeHT € LUENOYHbIM | € UCTOYHUKM
3MNEeKTPONUTOM. "anbBaHW4eckue 3N1EMEHTHI C | Toka»
UMHKOBbIM  aHogoM. JluTuesBble  ranbBaHu4eckue | https://edu.vs
3MNeMEHTbI C TBEpAbIM U XUAKUM KaTodoM. PesepBHble | U.ru/course/vi
XNT. MeTtann-so3gyLiHble anekTpoxummyeckne | ew.php?id=9
TEeXHONormm. JnekTpoxuMmuyeckme npouecchbl. LuHk- | 903
BO3QYLUHbIE 3MIEMEHTbl C LUEMOYHbIM JNIEKTPOSIUTOM.
ANIOMUHUA-BO3QYLIHbIE  9MNEeMEeHTbl C COMeBbIM U
LLLEeSTOYHbBIM 3EKTPONNTOM. MarHuii-Bo3ayLHbIN
3NemMeHTbl C  CONneBblM  3nekTponuToM.  Jlutun-

BO3yLUHas TEXHOMOMMs.
13 AKKYMYnaTopbI CBUWHLIOBO-KMCINOTHLIA  akKyMynaTop. TepmoauHamuka

ANEKTPOXNMUNYECKNX MPOLIECCOB. MobouyHble npoueccsobl.

Monsipusaums. KoMMoHeHTbI aKkKkymynsitopa.
OcobeHHoCTH obcnyxneaHus. MepepaboTka
aKKyMYynsITOPHOro fioma.

Hukenb-meTtannrugpuaHblie aKKyMynsiTopbl.

OnekTpoxnMmmnyeckme npoueccol. Nepesapsg n rmybokun
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paspsa. TepmoauHamuka rmgpuaa mMeTanna Ha aHoge.
Kpusble 3apsapa/paspsga. OcobeHHOCTM TBepaoda3HbIX
NpOoLEeCCOB Ha Katoge. DNeKTponuT.

JINTUA-NOHHBIE  aKKyMYMATOPbI.  ONEKTPOXUMUYECKME
npouecchbl. WHTepkansaums. AKTVBHble MaTepuanbl
aHoga u katoga. BombTamnepHble XxapakTepucTuKu.
OcobeHHOCTHM 3apsga u paspsaa.

AKKYMYnATOpbl - ANst  KpynHoMaclwTabHoOro xpaHeHus
3HEeprun. KupkomeTtannuueckue aKKYMYNsTOpb.
Cuctema HaTpun-cepa. SNeKTpoXMMmnyeckne npoLeccehbi.
MpoTouHble akkymynsiTopbl. BaHagueBble pepokc-
GaTapen. INeKTpoXxMMmnyeckme npouecchbl. OneKkTpoabl.
MoHOOBMEHHbIE MeMBpaHbl. ANEKTPONUT.

1.4 OnekTpoxmMmmnyeckue MpuHUMN OencTBUSA  3NEKTPUYECKOro KoHAeHcaTopa.
CynepkoHOeHcaTopbl EmkoCTb. OnekTpoxuMmmnyeckme KoHOeHcaTopbl
(noHucTopbl). VpeanbHble MOHUCTOPLI. [MOpUAHbIE
noHunctopbl. [NcesgokoHaeHcaTopbl.  [1BOMHOCMONMHbIE

CynepKoHAEHCaTopbl M aKKyMYyNsiTOPbl: CPaBHEHWE.
1.5 BogopoaHas aHepreTuka. Mpomssoacteo Bogopoda. Pudopmunr. [Maposas

TonnuBHbIE 9NEMEHTbI

KoHBepcusl. YacTnyHoe okucreHne. ABTOTEPMUYECKUI
pucpopmuHr. asndumkaums. AHaspobHoe pasnoxeHue.
OnekTponus BoAbl. TepMoAMHaMMKa W  KUHETUKa.
LLlenoyHOM anekTponu3 MemMbpaHHbIN 3NeKTPonuna.
Cxatue, ouncTka M XpaHeHwe BOOOPOAA. INEKTPonu3
BOAbl MOA4 [AaBfeHueMm. OJNEeKTPOXUMUYECKOe CxaTue
BOAOpOAA. JNEKTPOXUMUYEcKasi SKCTpakumsa BOAOpoaa.
Ounctka Bogopoga OT oOkucu yrnepoga. XpaHeHue
Bogopoaa B hopmMe rmapvaoB.
POTOINEKTPOXNMNYECKNI cnocob nony4yeHns
Bogopoaa. [lpeobpasoBaHuMe COMHEYHOW 3Heprum B
3MNEKTPO3HEPTUIO. doToxmmmnyeckoe "
$OTO3MNEKTPOXMMMYECKOE Npeobpa3oBaHNe COMNHEYHON
3HEepru. Mpouecchl B NonyrnpoBOAHNKOBbIX
HOTOINEKTPOXMMUYECKMX ArieMeHTax. POTOINEeKTPOonm3.
OHeprokoHBepcusi B buokaTanuTMyecknx cucteMax.
TepmoguHamMuka M KUHETUKA TOMMMBHbLIX SMEMEHTOB
(T3). MpuHuunbl pabotel T3. T[lpeumywectea w
HeJoCTaTKW.  HampshkeHue TOMMMBHOIO  dfeMeHTa.
AKTUBaUUNOHHOE nepeHanpsxeHne. Omuyeckne noTepu.
KoHueHTpaumnoHHass nonspu3aums. BonbTamnepHas
XapaKkTepucTuka.

TBepgononMmepHblie TOMNSMMBHbIE 3M1EMEHTBI.
OnekTpoxMMmnyeckne  npoueccbl.  OnekTpokaTanua.
Onektpoabl. MembpaHa. NMpon3BoanTENbHOCTD.
TonnueHblE 3NEMEHTbl NPSAMOro OKUCHEHMS XKUOKOro

Tonnvea. MeTaHOoMbHbLIN TOMMANBHbIN 3reMeHT.
OcobeHHoCTHM 3MEKTPOOKUCTIEHUS MeTaHona.
MeMOpaHHbIN anekTpoaHbIi y3en. [longpusaumnoHHas
KpuBasi.

TBepAoOKCHMAHbIE TOMMMBHbIE 3NEMEHTBDI.
OnekTpoxnuMuyeckme peakumn. TBepable 3MNeKTPONUThI.
MexaHn3mbl 3NEeKTPONPOBOAHOCTN.DNEKTPObI.
Mpon3BoAUTENBHOCTD.

PacnnaBHble kapboHaTHble TOMMMBHbIE 3NEMEHThI.
SnekTpoxummnyeckne npoueccol. Matepuansl aHoga u
katoga. dnekTponut. MeTtannokepammdeckad matpuua.
Pacnnasbl. BonbtamnepHas XapaxkTepucTtuka.
MpenmyLiecTBa U HeJoCTaTKN.

Knaccuyeckue " HecTaHOapTHble TONSIMBHbIE

SMEeMEHTBI. dochopHO-KUCTOTHBIE TONNUBHbIE
anemeHTbl.  LllenoyHble  TONMUBHbIE  3NEMEHTbI.
Buonoruyeckue TOMMMUBHbIE 3M1EMEHTDI.
BeamembpaHHble TOMSMBHbIE 3M1EMEHTbI.

OD,HOKaMeprIe TBEpPAOOKCcHaHbIe TONMJNMBHbIE

MOOK
«CoBpeMeHH
ble
XUMUYeckme
NCTOYHUKN
TOKa»
https://mooc.
vsu.ru/course
[view.php?id
=2

YOMK
«XUMHYEcKU
€ VCTOYHUKM
TOKa»
https://edu.vs
u.ru/courselvi
ew.php?id=9
903



https://mooc.vsu.ru/course/view.php?id=2
https://mooc.vsu.ru/course/view.php?id=2
https://mooc.vsu.ru/course/view.php?id=2
https://mooc.vsu.ru/course/view.php?id=2
https://edu.vsu.ru/course/view.php?id=9903
https://edu.vsu.ru/course/view.php?id=9903
https://edu.vsu.ru/course/view.php?id=9903
https://edu.vsu.ru/course/view.php?id=9903

ANEeMEHTbI. EeCKameprle TBEPAOOKCUAHbIE TOMJIMBHbIE
ANeMEeHTbI. TBepﬂ,OOKCI/ILI,HbIe TOMJNIMBHbIE 3NEMEHTbl C
XNOKUM OJTOBAHHbIM aHOOM.

OKOMOrMYHOCTb  TOMJIMBHBLIX 3N1EMEHTOB. Bo,qopop, n
rnobanbHoe notensnieHne. Ponb TONMMBHBLIX 31EMEHTOB
B N3MEHEHUN Knnmarta. SJ'IeKTpOXVIMVI‘-IeCKVIe
TEXHOJ1I0TMN N 3arpa3HeHune Opr)KaI'OLU,eﬂ cpenbl.

2.Nn

PakKTU4eCKue 3aHATUA

11

TeopeTnyeckne OCHOBbI
3NEKTPOXMMUYECKOTO
npeobpasoBaHUs SHEPrun

ONeKTPOXMMUYECKME TEXHOMOTUN ANst 9KONOrMYEeCKM
4ynucToro npeobpasoBaHns aHepruun. MNMprUHLUMBLI NTPSMOro
npeobpasoBaHnst IHEPrMM XUMUYECKUX PeaKkLuin B
ANEKTPUYECKYIO SHEPTUI0 B XMMUYECKUX NCTOYHUKAX
TepmoguHammnka XUT. QnekTpoaHbii noTeHumnan.
MakcnmanbsHoe HanpsbkeHue. HanpspkeHune
pa3omMmkHyTOM Lienu. Pabovee HanpskeHue.
Monsipusaumsa B XUT (oMmyeckasi, aneKkTpoxmmmyeckas,
KOHUeEeHTpaunoHHas). BonbTamnepHas xapaktepuctumka
XUT.

1.2

["anbBaHN4eCKNE 3rEMEHTHI

[MepBUYHbIE COMEBble W LUEMOYHble WCTOMHWUKU TOKa.
OnekTpoxvMmuyeckne u gpyrme pusmko-xummnyeckmne
npouecchbl. MapraHueBO-LUMHKOBbIA CONEBOV 3f1EMEHT.
MapraHueBO-LUMHKOBbIA ~ 3MeMEHT  C  LenoYHbIM
3NEKTPONNTOM. ManbBaHnyeckne 3NeMeHTbI c
UMHKOBbIM  aHogoM. JluTueBble  ranbBaHU4eckue
3NeMeHTbl C TBEpPAbIM 1 XMOKMM KaTtogom. PesepsHble
XUT. MeTann-so3ayLuHble 3NEeKTPOXMMNYecKue
TEeXHOMormn. JnekTpoxumuyeckne npouecchbl. LMHkK-
BO3QYLUHbIE 3MEMEHTbl C LUEMNOYHbIM 3NIEKTPONIUTOM.
ANOMUHMN-BO3OYLUHbIE  3NIEMEHTbl C  COMeBblM WU
LLENOYHbIM 3ANEeKTPONUTOM. MarHuii-Bo3ayLWHbIN
3M1eMeHTbl C  COMEeBbIM  3NEKTponuToM.  JluTnii-
BO34YLLUHas TEeXHOMOorus.

13

AKKyMynaTopsbl

CBWHLOBO-KNCMOTHBIA  akKyMynaTop. TepmoauMHamuka
3MNeKTPOXMMMYECKMX npoueccoB. MoboyHble npoLecchl.
Monspusaums. KoMNoHeHTHI akkymynaropa.
OcobeHHocTH o6cnyxmBaHus. MepepaboTka
aKKyMYMNSTOPHOro fioma.

Hukenb-metannrmgpungHble aKKyMYnsiTopbl.
OnekTpoxumMmuyeckme npouecchl. Mepesapsag n rnybokun
pa3psag. TepmoguHamuka rmgpvaga MeTtanna Ha aHoge.
Kpueble 3apsiga/paspsga. OcobeHHocTu TBepAodasHbIxX
NpoLEeccoB Ha KaTofe. SNEKTPOoNuT.

JINTUA-NOHHBbIE  aKKYMYNSATOPbLl.  DNEKTPOXUMUYECKME
npouecchl. WHTepkanauusa. AKTUMBHblIE MaTepuansl
aHoda u kaToda. BonbTamnepHble XapakTepucTUKW.
OcobeHHocTU 3apsiga 1 paspsaa.

AKKYyMynATOpbl  ANS KpynHOMacwTabHOro XpaHeHusi
HEpruu. YKngkomeTtannuyeckune aKKyMYynSATOpbI.
Cwnctema HaTpun-cepa. QnekTpoXMMmnyeckme npoLecchbl.
lMpoToyHble akkymynaTopbl. BaHagveBble  pefokc-
BGaTapeun. NEeKTPoOXUMUYECKUE NpPoLEecChl. ONeKTpoabl.
MoHoOBMeHHble MeMBpaHbl. ONeKTPOnuT.

14

C')J'IeKTpOXVI Mu4yeckune
cynepkoHageHcaTopbl

MpuvHUMN [OencTBUS  3MEKTPUYECKOro KoHAeHcaTtopa.
EmMkocTb. OneKkTpoxnummyeckmne KoHAeHcaTopbl
(voHncTopbl). MpoeanbHble uMoHUCTOPBLL.  MBpUaHbIE
noHuctopbl. [NceBgokoHaeHcaTopbl. [BOMHOCNONHbIE
CynepKOHOEHCATOPbI M aKKyMYMATOPbI: CPaBHEHNE.

15

BOLI,OpO,D,HaFl QHEepreTuka.
TonnuBHbIE 9NEMEHTbI

Mponssogcteo Bogopoga. Pudopmunr.  [Maposas
KOHBepcus. YacTuuHoe okucrneHue. ABTOTEPMUYECKUI
pudopmuHr. Masndukaumsa. AHaapobHoe pasnoXeHwue.
OnekTponv3 BoAbl. TepMoguHamuMka W KUMHeTuKa.
LLlenoyHom anekTponn3 membpaHHbIN 3NeKTponm3.

CxaTtune, ouncTka M XxpaHeHue Bogopoda. JneKTporu3
BOAbl Mo AaBneHueM. JNeKTPOXMMUYECKOe cxaTue

MOOK
«CoBpeMeHH
ble
XUMUYeckmne
WCTOYHUKN
TOKa»
https://mooc.
vsu.ru/course
/view.php?id
=2

YOMK
«XUMUYECKU
€ UCTOYHUKHU
ToKa»
https://edu.vs
u.ru/course/vi
ew.php?id=9
903
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BOOOpOAA. JNEKTPOXMMMYECKast IKCTpakLUmsa Bogopoaa.
Ouuctka BOgoOpoda OT OKMCKM Yyrmepoda. XpaHeHue
BogopoAda B oopme rmapuaos.

TepmoguHamMmKka M KMHETMKA TOMIIMBHBIX 31EMEHTOB

(T3). TMMpuHuunel pabotel T3O. T[lpenmywectea wu
HeJOCTaTKW.  HanpsbkeHWe  TOMMIMBHOIO  dMEMEeHTa.
AKTMBaUUWOHHOE NepeHanpsikeHne. OMmnyeckme noTepu.
KoHueHTpaumoHHas nongpusauus. BonbTamnepHas
XapakTepucTuka.

TBepgononMmepHble TOMNSBHbIE 3N1EMEHTbI.
OneKTpoXnmMmuyeckme  Mpouecchbl.  JnekTpokaTtanua.

Onektpoabl. MembpaHa. Npon3sBoanTensHOCTb.
TonnueBHble 3NeMEeHTbl MPSMOr0 OKUCNEHUST KUOKOro

Tonnmea. MeTaHOoMbHbLIN TOMMMBHbIN 3MIEMEHT.
OcobeHHocTH 3NEKTPOOKUCTIEHNS MeTaHona.
MembpaHHbIA 3neKkTpoaHbIn y3en. [lonspusaunoHHas
KpuBasi.

TBepOookcuaHble TONNMBHbIE 3NIEMEHTDI.

OneKkTpoxMMu4eckne peakuumn. TBepable 3NeKTPONUThI.
MexaHuawmbl 3NeKTPONPOBOAHOCTUN.ONEKTPOAbI.
MpounssoanTenbHOCTb.

OKOMOrMYHOCTL TOMMMBHLIX 3nemMeHToB. Bogopog wu
rnobanbHoe notenneHve. Ponb TONMMBHbBIX 3NEMEHTOB
B N3MEeHeHUN Knumara. OnekTpoxnMmnyeckme
TEXHOMOIMMMN 1 3arpsi3HEHME OKpY>KatoLLen cpeapbl.

3. llabopaTopHble 3aHATUSA

3.1 TeopeTnyeckne OCHOBbI OnpepeneHue TEPMOANHAMUYECKUX KOHCTaHT
3ANEKTPOXNUMUYECKOTo paBHOBeCUs MOOK
npeobpa3oBaHus aHeprum OKMCINUTENbHO-BOCCTAHOBUTENBHBIX peakumi B TBepabix | «CoBpeMeHH

anekTponurax ble
OnpepeneHue npegensHoun MOJSAPHON | XMMUYecKme
3NEeKTPONPOBOAHOCTU CUMBHOMO 3feKTponuTa NCTOYHUKU
OnpepeneHne u4ucen nepeHoca WOHOB METOAOM | TOKa»
OBWKYLLIEACS rpaHuLbl https://mooc.
OnpepeneHne u4ucen nepeHoca WMOHOB METOAOM | Vsu.ru/course
'mTTOopda /view.php?id

3.2 ["anbBaHW4ecKne anemMeHThbI Peanusaumsa oanektpoga | poga wu onpepeneHve | =2
CTaHAapTHOro nNoTeHumana
Peanusauua anektpoga Il poga n onpegenexHue ero | YOMK
CTaHOapTHOro noTeHumana «XUMUYECKM
Peanusauwns OKUCIIUTENbHO-BOCCTAHOBUTENBHOMO | € WUCTOYHUKN
anekTpoga W onpegeneHve  ero  CTaHOapTHOro | TOKay
noteHuunana https://edu.vs
HanpsikeHne XMMmndeckux Lenemn u.ru/course/vi
NamepeHre HanpsKeHus KOHLeHTpauuoHHoW uenu u | ew.php?id=9
onpegeneHne AMdpysnoHHoro noteHymana 903

3.3 AKKYMynaTopbl McnblTaHWe LWenoYHoro akkymynsitopa
WccnepoBaHue ANEKTPUYECKUX XapaKTepUCTUK
CBMHL0BbIX aKKyMynsTOPOB

3.4 OneKkTpoxmMmnyeckue M3mepeHne eMKOCTU JBONHOIO 3IEKTPUYECKOrO Crosi Ha

CynepKoHAeHcaTopbl TBEPOOM 3r1eKTpoAe Mpv MOMOLLM MOCTa NMepemMeHHOro
TOKa
[MonyyeHne ranbBaHOCTATUYECKON KPUBOW 3apsiKeHus
Pt(Pt)-anekTpoaa B cepHON KUcnoTe
M3yueHne BnusHWSA cocTaBa pacTBopa Ha KpuBble
3apsKeHnst NaTUHUPOBAHHOMO NNATUHOBOIO ANeKTpoaa

3.5 BogopogHas aHepreTuka. ["a30BbIi BOAOPOOHbIN 3NEKTPoa

TonnuBHbIE 9NEMEHTbI

3ﬂeKTp0]’IM3 BOOHbIX PACTBOPOB 3JIEKTPOJINTOB
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13.2. Tembl (pasaenbl) AUCLUNIIUHBI U BUAbI 3aHATUNA

Buabl 3aHsATUN (4acoB)
Ne HanmeHoBaHue TemMbl
CamocTtosaTenbHas
n/n (pasgena) oucumnnmHbl Jlekumn | MNpaktudeckne | JNlabopaTopHbie paBorta Bcero
TeopeTnyeckme OCHOBBbI
1 ANEKTPOXMMUNYECKOTO 8 8 4 8 28
npeobpasoBaHUs SHEPrnn
2 ["anbBaHWYeckue SNeMeHThI 8 8 12 10 38
3 AKKyMynsaTopbl 8 8 32
OnekTpoxmMmmnyeckue > 4 4 14
cynepkoHaeHcaTopbl
5 BopopoaHas aHepreTuka. 8 10 8 6 32
TonnueHbIE 3NEMEHTDI
Utoro: 36 36 36 36 144

14. MeTogM4yeckne yKkasaHus Ans o6y4aroLWwmxcs No 0OCBOEHUI0O AUCLUMNIINHDI

PaboTa ¢ koHCneKkTaMu feKuui, Npe3eHTauMoHHbIM MaTepuarnom, BbinofiHeHne nabopaTopHbIX

3aaHun, 3aaHnn TeKkyLlen atTecTaumm.

Mpn peanusaumm ANCUUNIINHBI C UCMOMb30BaHMEM OUCTAHLMOHHbIX 06pa3oBaTesnbHbIX
TEXHOMNOMMNM UCMONb3YTCH MHCTPYMEHTbI 3NIEKTPOHHOM MHPOPMaLMOHHO-06pa3oBaTenbHON
cpeapbl BI'Y «9nektpoHHbIn yHuBepcuteT BIY» (https://edu.vsu.ru) n/unm “MOOK BI'Y”
(https://mooc.vsu.ru), cepuchl BUaeokoHdepeHunin (BigBlueButton, Zoom, Discord v gp.),

SNIeKTpPOHHAaA rno4rta, mecceHgKxepbl 1 COLICETU.

15. lNepeyeHb OCHOBHOW WU [OOMOJSIHUTENLHOW nUTEpPaTypbl,

HeobXoAUMBIX AN OCBOEHUA AUCLUNIIUHDI

a) OCHOBHas nutepartypa:

pecypcoB MHTEpHeT,

Ne n/n

McToYHMK

1

KozagepoB O.A. CoBpeMEHHbIE XMMUYECKME UCTOUYHMKM TOKa : y4ebHoe nocobue / O. A.
Kosagepos, A. B. BeegeHckun.— Cankr-leTtepbypr ; Mocksa : JlaHb, 2016.— 132 c.

6) nononHUTeNnbLHasA nNUTepaTypa:

Ne n/n MICTOYHNMK
HamackuH B.b. 3nekTpoxmmus : [yuebHoe nocobue ans ctyq., obyy. N0 HanpaBAEeHUO NOAroT.

2 "Xumusa"] / b.b. OamackuH, O. A. MNeTtpun, I'. A. Unpnuna .— U3g. 3-e, ncnp. — CaHkT-
MeTtepbypr [v gp.] : NNaHb, 2015 .— 670 ¢

3 HamackuH B.5. OcHoBbI TeopeTnyeckon anekTpoxnumumy : y4eb. nocobue ans CTyq. Xumuy.
cneu. BysoB / b.6. lamackuH, O.A. NeTtpun .— M. : Beicliag wkona, 1978 .— 238 c.

4 HamackuH B.5. BBegeHne B aneKTpOXMMUYECKYIO KUHETUKY : y4eb. nocobure Ans ctyq. XuMm.
cneu. yH-ToB / B.5. JlamackuH, O.A. MNetpuin .— M. : Beicwas wkona, 1983 .— 399 c.
Baroukun B.C. OcHoBbl anektpoxumum / B.C Baroukun. — M. : Xumus, 1988 .— 399 c.

6 PoTtuHsaH A.J1. TeopeTtuyeckas anektpoxmmus / A. J1. PotnHaH, K. W. TuxoHos, W. A. LlLowwnHa.
— J1. : Xumus, 1981 .— 422 c.

7 Mamannos H.A. Onektpoxumus pactesopos / H.A. amannos .— 3-e uag., ncnpas .— M. :
Xumug, 1976 .— 488c.

8 Hukonbckuin B.IN. MoHocenekTuBHble anektpoapl / b.IN. Hukonbckuin, E.A. Matepoa .— J1. :
Xumms. JleHnHrp. ota-Hue, 1980 .— 239 c.

9 WaTanos A.A. MpakTukym no dpusnyeckon xummm : y4eb. nocobue ans cTya. XMMuY. ¥ XUMUKO-
TexHon. cneu. By3oB / A.A. WWaTanos, N.K. Mapwakos .— M. : Beiclwas wkona, 1975 .— 284 c.

10 MpakTUKym Mo anekTpoxmmuu : y4eb. nocobue ans xmmud. cney. By3os / b.b. [lamackuH [n
ap.]. — M. : Beicw.wk., 1991 .— 287 c.

11 MoTteHunomeTpus. Y.4: MNpaktmukym no cneymanbHocTn 011000- Xumus / cocT.: A.B.
BeegeHckun [n gp.]. — 2003 .— 79 c. (Ne 720).

C6opHMK 3agay N0 TEOPETMYECKOW INEKTPOXUMUK : y4eb. mnocobume ans cTyq. By3oB, 00y4y. no

12 crey. "TexHOnorns anekTpoxmnMmmyeckmx npomssoacts” / nog pea. .M. Kykosa .— M. :
Bobicwas wkona, 1982 .— 159 c.

13 C60opHMK NpUMeEPOB 1 3agad Mo MnekTpoxmmum : y4ebHoe nocobue / cocT.: A.B. BBeaeHckuii [m
ap.] .— BopoHex : ML BI'Y, 2010. - Y. 3: PaBHoBeCHbIE 9NeKTpoAHble cucTembl .— 66 C.

14 Kpatknii cnpaBovHUK hu3mko-xmuMmmyeckmx BenvunH / nog peg. A.A. Pasgens, A.N.
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MoHomapesor . — M. : Bepbym-M, 2008 .— 230 c.
[o6ow [1. QnekTpoXnmMmyeckme KOHCTaHTbI : cnpae.. Ans anekTpoxmmukos / 1. Jo6ow. — M. :

15| Mup, 1980 — 364 c.
CnpaBoyHuk no anektpoxumun / noa pea. A.M. CyxotuHa .— J1. : Xumug . JIeHuHrp. oTa-Hue,
16
1981 .— 486 c.
17 XnMU4eckme UCTOYHMKN TOKa : cnpaBoYHuK / nog pea. H.B. KoposuHa, A.M. CkyHanHa .— M. :
M3p-Bo MO, 2003 .— 739 c.
KopoBuH H.B. Qnektpoxmummnyeckas sHepreTtuka / H.B. KopoBuH .— M. : QHeproatommagar,
18
1991.— 263 c.
19 Mneckos KO.B. ®oToanekTpoxnmmnyeckoe npeobpasoBaHne conHevHon sHeprum / HO.B.

Mneckos. — M. : Xumug, 1990. — 174 c.

HaBtsH O.K. MNpobnema HenocpeaCcTBEHHOIO NPEBPALLEHNS XMMUYECKON 3HEepPrun Tonnuesa B
20 anektpudeckyto / O.K. aBTaH ; AH CCCP. QHepreTuueckunin nH-T um. .M. KpxxmkaHOBCKOro
— M. ; . : N3g-Bo AH CCCP, 1947 .— 142 c.

MeToaunyeckune ykasaHus K Kypcy "OKONOrmyeckn YNCTble MCTOYHWUKM SHepruun” no pasgeny
21 "TonnueHble anemeHTbl" / cocT. O.A. Kozagepos. — Boporex : ML BI'Y, 2009.

URL :http://www.lib.vsu.ru/elib/texts/method/vsu/m09-76.pdf

B) MH(POPMALMOHHBIE 3NEKTPOHHO-06pa3oBaTenbHble pecypchl (oduumnanbHble peCYpPChl UHTEPHET):

22 www.lib.vsu.ru — 3HB Bl'Y

23 MOOK «CoBpeMeHHble XMMUYECKNE NCTOYHUKM ToKa» https://mooc.vsu.ru/courselview.php?id=2
24 YIOMK «Xummnyeckne MCToYHMKM Toka» https://edu.vsu.ru/course/view.php?id=9903

16. MNepeyeHb y4eOHO-MeTOAUYECKOro obecnevyeHus Ansi CaMOCTOATENIbHOW paboTbl
(y4ebHo-memoduyeckue pekomeHdayuu, rocobus, 3adaqyHuKku, Memoou4vyecKue yKa3aHusi MO 8bIMOSTHEHUIO
rnpakmu4eckux (KOHMpOosibHbIX) pabom u 9p.)

Ne n/n McTouHUK

KnHeTuka XMMMUYeCKUX 1 3NEKTPOXUMUYECKNX MPOLECCOB. DNEKTPONPOBOAHOCTD : MPAKTMKYM MO
1 criey. 011000- Xumus / Coct.: A.B. BBeaeHckuii [u ap.] — Bopowex : JIOI BI'Y, 2003. -

Y.2.— 82 c.(Ne 648). — URL:http://www.lib.vsu.ru/elib/texts/method/vsu/jan04053.pdf>.
PaBHOBeCHbIEe aMekTpoAHbIe cucTeMbl. [paHvua pasgena 3apskeHHbIX a3 : npakTMKym no cnew.
011000- Xumus / coct.: A.B. BeegeHckuin [u ap.]. — BopoHex, 2003-.

Y. 3/ Cocr.: A.B. BeegeHckun, E.B. bobpuHckas, W.B. MNpoTtacosa, H.B. Coukaa. — 79 c. : (Ne
719) — <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/jan04059.pdf>.

C6opHuMK NprMepoB 1 3aday No ANekTpoxmmMum : y4eb. nocobue / coct.: A.B. BeegeHckun [n ap.]
3 .— BopoHnex : UIML BI'Y, 2010. - Y. 1: PaBHOBeCHbIe NpOLECChl B pacTBOPax 3NEKTPONnToB .—
39 c. <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m10-03.pdf>.

CO60opHUK NpMMepPOB 1 3aady No 3rekTpoxmmum : y4eb. nocobue / coct.: A.B. BegeHckuii, C.A.

4 KanyxwuHa, T.A. KpaBueHko [u ap.] . — BopoHex : UIML, BI'Y, 2010. - Y. 2: oHHbIN TpaHchopT.
KynoHomeTpus .— 60 c. <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m10-04.pdf>.

EpemuH B.B. 3agayHuk no dumsndeckon xumum / B.B. EpemuH [n gp.] — M. : Sk3ameH, 2003. — 318

5

C.

JNTaboewuu, J1. 3agaun no uanyeckor xumnn ¢ peweHunsimm / nog pea. 0. B. dununnosa .— M. :
6

Mwup, 1972 .— 442 c.
7 dusnyeckasn xumusi B Bonpocax u oreetax: KnHetuka. Anektpoxumus : y4eb. nocobue ans crya.

XuM. cney. yH-ToB / E.M. KysHeuoBa [u gap.]. — M. : N3g-s8o MI'Y, 1981 .— 264 c.

17. UHdbopmaLmnOHHbIe TEXHONOMUN, UCNosNb3yeMble ANA peanu3aumm y4ebHomn
AUCLUMNNUHBI, BKIOYasa nporpaMmmMHoe obecneyeHme u MHOpMaLUMOHHO-CNpaBOYHbIe
cucteMbl (NMpy Heo6Xxo0AUMOCTH)

Mpn peanusaumm y4ebHOM ANCUMNAMHBI WUCNOMB3YKOTCA 3MIEMEHTbI  3MNEKTPOHHOro 0bydeHuss U
pasnuyHble  OUCTaHUMOHHble  obpasoBaTenbHble  TexHonormu, nossonswowme obecneynBatb
onocpenoBaHHOE B3aMMOAENcTBME (Ha paccTodHun) npenogasaTenen u obyyarowmnxcd, BKIYas
WHCTPYMEHTbI  3NIEKTPOHHOW  MH(pOpMauMOHHO-OBpa3oBaTenbHon  cpedbl  BIY  «3nekTpoHHbIN
yHuBepcutet BlY» (https://edu.vsu.ru) w/vnn “MOOK BIY” (https://mooc.vsu.ru), npoBeaeHve
BeOvHapoB, BMAEOKOH(EepeHUMn (B TOM 4ucne C npumeHeHvem cepsucoB Zoom, Discord n gp.),
B3aUMOJENCTBMNE B COLICETAX, MOCPEACTBOM 3M1EKTPOHHOM NOYTbI, MECCEHAXXEPOB.
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18. MaTepnanbHoO-TeXHU4YeCKoe obecneyeHme AUCUUNIINHDI:

YcTaHoBKU ana onpegeneHna  3J1EKTPonpoBOOHOCTHU, y‘-le6HbIl7I KOMIMJ1EeKC «XI/IMI/IFl»; MOHOMEDPHI,
TepMocTaTbl, MNOTEHUMOCTaThbl, 9NEeKTPoAdbl, 3NEKTPOXMMUYECKME  SYEWNKN,  MYSbTUMEOUNHOE
obopygoBaHue.

19. OueHo4Hble cpeacTBa Ans nposeneHusA TeKyI.I.l,eVI n HpOMe)KyTO'-IHOI;I aTtTecTtauum

HanmeHoBaHue WHankaTop(bl)
Ne KomneTeH
a/n pasgena QuCuUMnivHbI unsi(n) OOCTUXEHNs OueHouyHble cpeacTBa
(mogyns) KoMneTeHumn
TeopeTunyeckne OCHOBbI
3NEKTPOXUMNYECKOTo : KoHTponbHas
1. NpeobpazoBaHys MK-1.1 paGorta KoHTponbHasi paboTa
3Hepruu
ranbBaHM4yeckne KoHTponbHas
3MemMeHTHl MNK-1.1 paboTa,
2. nK-1.2 NaGopaTopHas KoHTponbHas pabota, NabopatopHasa paboTa
paboTta
AKKYMYynaTopsbl KoHTponbHas
3 MK-1.1 pabora, KoHTponbHas pabota, JllabopatopHas pabota
' MnK-1.2 Na6opaTopHas '
paboTta
OnekTpoxuMmnyeckme K KoHTponbHas
CynepKoHAEHCaTopbI -1.1 pa6ota,
4. nK-1.2 NaGopaTopHas KoHTponbHas paborta, JlabopatopHas pabota
paboTta
BopopogHas K KoHTponbHas
aHepreTuka. TonnmeHble -1.1 pabora,
5. SEMEHTbI MK-1.2 NaGopaTopHas KoHTponbHag pabota, llabopatopHas paboTa
paboTta
lMpomexyToyHas aTTecTauns I'I
epeyeHb BOMPOCOB K 3a4eTy
dopma KOHTpons —

20. TunoBble OLEHOYHble cpeacTBa U MeToAMYECKMe MaTepuanbl, onpegensilowume
npoueaypbl OLleHUBaHUA

TeKkywmMin KOHTPOSb yCneBaeMoCTH

BapuaHT 1

3apaHve 1. BcraBbTe nponylieHHble cnoBa: «AKKYMYNATOP — XMMUYECKMN WMCTOYHMK TOKa
(oaHOpPa3oBOro, MHOropa3oBOro) AENCTBUSA, COAEPXKUT (HEOrpaHUYEHHOE, OrpaHNYEeHHOE) KOMMYeCcTBO
peareHToB, KoTopble (0bpaTnmo, HeobpaTnumo) NnoTpebnstTes B xoae (3apsga, nepesapsga, paspsaa),
NO3TOMY YCTPOMCTBO (HE MOXET BbITb, MOXET BbITb) MCMOSIL30BAHO MOBTOPHOY.

3apaHve 2. BctaBbTe nponylleHHble crioBa: «PaBHOBECHOE HanpsbkeHWe 3NeKTPOXMMUYECKOro
3neMeHTa paBHO (CymMMe, NPOU3BEAEHWUIO, Pa3HOCTH) KaToOHOr0O W aHOOHOro pPaBHOBECHBIX
NnoTeHLManoBy.

3apganne 3. BcraBbTe nponyuleHHble cnoBa: «3OnekTpod  HasbiBaeTcs  (MaeanbHO
Aenonapm3oBaHHbIM, naeansHO Nonspu3dyemMbiM), eCrim ero noTeHuuan octaeTcs paBHbIM 6eCTOKOBOMY
noTeHuuany, gaxe ecnv Yepes Hero NpoTeKkaeT 3NeKTPUYECKNA TOK».

3agaHve 4. Kakomy Tuny 9nekTpogHOW nonspusaumm oTeBevaeT dopma nonsipusaunoHHON
KpVBOW, NpMBEOEHHON HA PUCYHKE?




3agaHue 5. MNycTb 9NeKTpoAHbIA NoTeHuuan MegHoro anektpoga paseH 500 mB. Yemy paBHO
pPaBHOBECHOE HarnpshKeHWe 3feMeHTa, COCTaBfIEHHOr0 M3 MEeOHOro M CTaHO4ApPTHOro BOOOPOOHOrO
anekrtpoaa?

3apgaHne 6. CocTaBbTe CXEeMy  3IEeKTPOXMMWYECKOW  LEenM  MapraHueBO-lIMTUEBOro
ranbBaHNYECKOro anemMeHTa.

3apaHve 7. BctaBbTe nponylieHHble crnoBa: «B LwenoyHbiXx MapraHueBO-LMHKOBbBIX 3reMeHTax
KaTtogHas nonypeakums npotekaeT NpenMmyLleCTBEHHO C yyacTveM (MPOTOHOB, MOMEKyN BOAbl, MOHOB
rmgpokcuna), npu atom obpasyetcas  (MnOOH, MnQO), a pH oanektponuta B nopax katoga
(ymMeHbLUaeTCs, He U3MEHSIETCS, YBENUYMBAETCA)».

3apaHve 8. BcrtaBbTe nponyuweHHble crnosa: «Moama nutva B NUTUA-MOOHOM 3fEMEHTE
aBnAeTcad (KOMMOHEHTOM BOAHOrO pacTBOpa 9JreKTponuTa; KOMMOHEHTOM HEeBOAHOro pacteBopa
3NEKTPONMTa; TBEPAbIM 3NEKTPOSINTOM)».

3agaHve 9. YTO CnyXuT akTMBHbIM MaTepuanomMm aHoda B LIENOYHOM MapraHLueBO-LMHKOBOM
ranbBaHNYEeCKOM drieMeHTe?

BapwuaHT 2

3apaHve 1. BcTtaBbTe nponylleHHble crnoBa: «AHOL B XMMWYECKOM WCTOYHUKE TOKa 3apsbKeH
(monoXxuTenbHO, OTpULUAaTENbHO), 1 HA HEM NPOTEKAET NPOLECC (BOCCTAHOBMNEHUS, OKUCIIEHMNST)».

3apaHue 2. BcTtaBbTe nponylwieHHble cnoBa: «[anbBaHUYECKUA 3MEMEHT — XUMUYECKUIN
WCTOYHMK TOKa (MHOropasoBOro, OOHOPAa30BOr0) OEencTBusl, coOoepXut (HeorpaHn4yeHHoe,
OrpaHMYEHHOE) KONMMYECTBO peareHToB, KOTopble (0OpaTMmo, HeobGpaTumMo) noTpednAwTca B Xoae
(3apsiga, nepesapsiga, paspsga), No3TOMy MNEPBUYHLIA 3NIEMEHT (HE MOXET ObiTb, MOXET ObITb)
NCNONb30BaH NOBTOPHOY.

3apaHne 3. BcraBbTe nponyweHHble cnoBa: «W3-3a nonapusaumm anekTpoda pearnbHoe
HanpsPKeHNne XMMMUYECKOro MCTOYHUKA TOKa NpakTu4ecku Bceraa (bonblue, Yem; Takoe e, Kak; MeHbLUe,
4yeM) npeackasaHHoe TEPMOANHAMUYECKNY.

3apgaHue 4. Kakomy Tuny SfeKkTpogHoW nonspusauumn oTteedvaeT dopma nonspusaumoHHON
KpMBOW, NPMBELOEHHON HA PUCYHKE?

Ni

\.j&
v

3apaHue 5. MNycTb anekTpoaHbIN NOTEeHUMan LMHKOBOro anekTpoga paseH -600 mB. Yemy paBHO
pPaBHOBECHOE HanpshKEHNEe 3MEMEHTa, COCTaBMEHHOrO U3 LMHKOBOrO W CTaHOAPTHOrO BOOOPOAHOrO
anekrtpoaa?

3apaHne 6. CocTaBbTe CXeMy 3NEKTPOXMMUYECKOW LIEMM COMEBOr0 MapraHueBO-LMHKOBOro
ranbBaHM4YEeCKOro anemMeHTa.

3apaHve 7. BcTtaBbTe nponyleHHble cnoBa: «B katogHom nonypeakuun B MapraHueBo-
nuTMeBoM anemeHTe obpasyetca Li:Mn.Os — npoaykT npouecca (MHTepkanauuwn, OenHTepKansaumm)
MOHOB (NUTKSA, MapraHua) B KpUCTannu4yeckylo pelleTky (Quokcuaa mapraHua, okcuaa nutus), B xoge
KOTOPOro MpoMCXOAUT MOCTEMEHHOEe (YMEHbLUEHMEe, YBENUYEHMEe)  CTEMNeHUM OKUCIEeHUsA (nuTus,
MapraHua)».

3apgaHne 8. YTtO BXOAUT B COCTaB 9nekTponmMta B COMEBOM  MapraHueBO-LIMHKOBOM
ranbBaHM4YeCKOM 3riemMeHTe?

3apaHve 9. YTO CnyXuT akTMBHbIM BELWECTBOM KaTtoda B COMIEBOM MapraHueBO-LMHKOBOM
ranbBaHN4YEeCKOM 3rieMeHTe?

BapuaHT 3
3apaHve 1. BctaBbTe nponylleHHble cnoBa: «KaTtog B XMMMYECKOM UCTOYHMKE TOKa 3apsiKeH
(oTpuuaTtensbHo, NOMOXUTENBHO), U HA HEM NPOTeKaeT NPoLecc (BOCCTAHOBMEHWS, OKUCTIEHNS)».



3agaHve 2. BctaBbTe MponylleHHble crnoBa: «XUMUYeCKMe UCTOYHUKM ToKa (MHOrocTyneH4aro,
HanpsAMy) MNpeobpasyroT (XMMUYECKYHD, SNEKTPUYECKYHD, KNHETUYECKYID, MOTEHUNANbHY) 3HEPIUIO B
(3NEeKTpMYECKYI0, KUHETUYECKYIO, MOTEHLMATbHYI, XUMUYECKYIO) SHEPruioy.

3apaHve 3. BcrtaBbTe nponylleHHble crnoBa: «Yepes (naeanbHO nonsipusyembld, naeanbHO
AENONSIPU30BaHHbIN) ANEKTPOA ANEKTPUYECKUIA TOK HE MPOTEKaeT Npu nobom noTeHunaney.

3apaHue 4. Kakomy Tuny 9nekTpoaHOW nonspusauun oTeevaeT opma nonspusaLmMoHHON
KpMBOW, NPMBELEHHON HA PUCYHKE?

seezicd

3apaHune 5. MNoTeHumnan megHoro anekTpoaa paseH 500 MB, a noTeHUMan LMHKOBOrO anekTpoaa
paBeH -0.6 B. Yemy paBHO paBHOBECHOE HaMps)KEHWE JfleMEHTa, COCTaBfIEHHOrO W3 LIMHKOBOMO W
MELHOro 3r1IeKTPOa4OB?

3apaHue 6. CocTaBbTe CXEMY 3NEKTPOXUMUYECKOM Lenu LEeNOYHOro MapraHueBo-LUHKOBOro
ranbBaHM4YE€CKOro anemMeHTa.

3apaHue 7. BcTaBbTe nponylleHHble cnoBa: «Hanbonee BeposATHO, YTO KaToAHAs Nosypeakumsi
B CONIEBOM MapraHUeBO-UMHKOBOM 3flEMEHTe nMpoTekaeT no (TBepaodasHoMy, XuakodasHomy,
rasopasHomy) mMmexaHusmy nytem Anddysnm 3nekTpoHoB M (MPOTOHOB, MOMEKyn BOAbl, WOHOB
rmgpokcuna) ¢ noBepxHoOCTM B MMybb (3epHa Auokcuga mapradHua, dasbl MeTaniMdecKkoro LMHKA,
AMEKTPONMTa)».

3agaHne 8. YTo BXOOWUT B COCTaB 9nekTponuta B LWENOYHOM MapraHueBO-LUMHKOBOM
ranbBaHM4YE€CKOM 3riemMeHTe?

3agaHue 9. YTo cnykuT akTMBHbLIM MaTepuarioMm kKatoda B LIENTOYHOM MapraHueBO-LMHKOBOM
ranbBaHM4YE€CKOM 3rieMeHTe?

BapuaHT 4
3apaHne 1. Bbibepute npaBunbHbi OTBET: «Uudpamm 1 u 4 Ha cxeme TOMNMIMBHOIO 3SNeMeHTa
obo3Ha4yeHbl cTagun (dnekTpoaHas peakuusi OKUCINEHWs TOMNNuBa; MacCoMepeHOC BOCCTaHOBUTENS
(Tonnuea); anekTpogHasa peakumsi BOCCTAHOBMEHWUS OKUCIUTENS; WOHHbIA NEPEHOC B OMEKTPONnuTe;
MacconepeHoC OKUCNNTENS; MacCoNepeHoC C y4acTMeM NPoaYyKTOB peakumm).

AHoA 3neKTponuT Katon
3apgaHue 2. Kakon Tun nonapusauumn otsevaeT ctaguam 1, 2 n 6 (cm. puc. B 3agaHum 1)?
3apaHue 3.
YKaxunTte BCe CNOCOObI CHMXXEHNS aKTUBALMOHHbBIX NOTEPbL MpK pabdoTe TONNIMBHOMO 3fieMeHTa:
1. npuHyguTenbHas KOHBEKLMS
2. yBENUYEHME LLEPOXOBATOCTM NOBEPXHOCTUN areKTpoaa
3. yBENUYEHNE KOHLEHTPaLMM peareHToB
4. yBenu4yeHne temnepaTtypsbl
5. yBennyeHue anekTponpoBOAHOCTU dreKTponuTa



6. MCMONb30BaHNE 3MNEKTPOKATaANM3aTopoB
7. yMeHbLUEeHME TOMLWLMHbI 3NEeKTPOA0B U 3NeKTponuTa
3apaHue 4.
YUto o3HavaeT napameTp "n" B ypaBHeHun AGp 1 = —nFE ?
1. aHeprusa M'b66ca peakunn
2. 4MCno MOrb ANEKTPOHOB, YY4aCTBYIOLNX B peakunm
3. paBHOBECHOE HanpshKeHne ariemMeHTa
4. yncno dapages
3apaHue 5.
Mcnonb3ysa anarpammy 3aBUCMMOCTU CTaHOAPTHOINO PaBHOBECHOIO HAMPSPKEHUST TOMSIMBHBIX 911EMEHTOB
OT TemnepaTypbl, OnpefenuTe, Kak W3MEeHsieTCs 3HTponua B YCTponcTBe, paboTawlem Ha
okucneHuu Bogopoaa H, ao xuakom soabl H.O( 1)
Temnepartypa (K)
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3agaHue 6.

YKaXute opraHuyeckne BeLecTBa, WCNOoNb3yeMble B HU3KOTEMNEpaTypPHbIX TBEpPAONONMMEpPHbIX
TONSIMBHbIX 3NIEMEHTax

. anbMUTUHOBAs KMUCMoTa

. MeTaHoBag KucnoTa

. METWUIOBbLIN CNNPT

. 9TUNOBbLIN CANPT

. aMWUNOBbIN CNNPT

3apaHue 7.

3anuwunTte ypaBHeHMe nonypeakummn, npoTekarwen Ha KaToae MeTaHONbHOro TOMMMBHOMO 3fiEMEHTa C
membpaHon Nafion.

3apaHue 8.

Bbibepute npaBunbHbI OTBET: «B TBEpAOOKCMAHOM TOMMAMBHOM 3fIEMEHTE C >XMOKUM OfIOBAHHbLIM
aHOOOM TOMNMBOM OObIYHO ABASIETCA (XKMAKOE ONOBO; YrNepoAcoAepXallee BeWwecTBo; KUCNoposa).
3apaHue 9.

CxeMa Kakoro TONSIMBHOMO ariemMeHTa nsobpaxkeHa Ha PUCYHKe?
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BapuaHTt 5
3apaHve 1. Bblbepute npaBunbHbii OTBET: «LmMdpamm 2 m 5 Ha cxeme TONMMBHOIO 3fnemMeHTa
obo3HayveHbl cTagun (anekTpodHas peakuusi OKUCINEHWs TOMNNUBA; MacCcoMepeHOC BOCCTaHOBUTENS
(Tonnuea); anekTpogHas peakumsi BOCCTAHOBMEHUS OKUCIIUTEMNS; WOHHbBIA MEPEHOC B 3MEKTPONuTE;
MaccornepeHoC OKUCINTENS; MacCoNepeHocC C y4acTmeM NpPoayKTOB peakumm).

AHoa 3neKkTponuT Katon
3apaHue 2. Kakon Tun nonapusauumn otsevaet ctagnam 3 u 5 (cm. puc. B 3agaHum 1)?
3apaHue 3.
YKaxunTte BCce Cnocobbl CHMXXEHNS TPAHCMOPTHBLIX MOTEPL NP paboTe TONNMMBHOIO 3fIEMEHTA:
. MPUHYAMTENbHAA KOHBEKLMS
. YBENUYEHME LLIEPOXOBATOCTUN MOBEPXHOCTU aneKkTpoaa
. YBENIMYEHNE KOHLIEHTPaLMN peareHToB
. YBENUYEHNE TEMMNepaTypbl
. YBENMYEHME 3NEKTPONPOBOAHOCTM ANeKTponuTa
. UICNOSb30BaHME 3IEKTPOKATann3aTopoB
. YMEHbLUEHNE TOMLLMHBI 3NTEKTPOAOB U 3fieKTponnTa
3apaHue 4.
Uto o3HavaeT napameTp "E" B ypaBHeHun AGp 1 = —nFE ?
1. sHeprus 'M66ca peakumm
2. 4MCNO MOJb ANEKTPOHOB, YY4aCTBYIOLLNX B peakumnm
3. paBHOBECHOE HanpsiKeHne anemMeHTa
4. yncno Papages
3agaHue 5.
Mcnonbaya gnarpammy 3aBUCUMOCTU CTaHA4APTHOrO PaBHOBECHOIO HaNPsSXKeHUS TOMSIMBHbBIX 3NIEMEHTOB
OT TemnepaTypbl, OMNpedenuTe, KakKk WU3MEHAeTCA J3HTponust B YCTponcTee, paboTalliem Ha
okucneHuu Bogopoaa H. no sBoasaHoro napa H.O( )
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3apaHue 6.

Kak HasbiBaeTcs sBreHne NpOHUKHOBEHUS MeTaHona B MeMOBPaHHbIN 3MEeKTPONNUT MU ero nepemeLleHne
13 aHOAHOW B KAaTOOHYO Kamepy?

3apaHue 7.



3anuwnte ypaBHeHWe Monypeakuun, NpoTekalLwen Ha aHoAe MEeTaHOMbHOro TOMMMBHOMO 3f1IEMEeHTa C
mMembpaHon Nafion.

3agaHue 8.

MOXHO N B KayecTBe 3MEKTPOAHOro maTtepuana B OAHOKaMEpPHOM TBEPAOOKCUAHOM TOMSMBHOM
3MEMEHTE MUCMOoNb30BaThb NATUHY Kak BbICOKOAKTUBHbIM 3MeKTpokaTanutTuieckuin matepuan? MNoyemy?
3agaHue 9.

Kakol anekTpo TBEpAOOKCUAHOIO TOMNMIMBHOIO 3fieMeHTa ykasaH Ha PUCYHKe?

BapuaHT 6
3apaHvne 1. Bbibepute npaBunbHbin oTBeT: «Lncdpamm 3 M 6 Ha cxeme TONMMBHOIO 3reMeHTa
0603HayeHbl cTagun (dnNeKkTpogHas peakumsi OKUCIEHWS TOMMMBA; MacCOMEpPeHOC BOCCTaHOBUTENS
(TonnuBa); aneKkTpogHas peakuusi BOCCTAHOBMEHWS OKUCIUTENS; WMOHHbIA MEPEHOC B 3MeKTPonuTe;
MacconepeHoC OKUCNNTENS; MacCoMNepeHOC C y4acTueM NpOAYKTOB peakuum).

AHoA SnekTponuT Katop
3apaHue 2. Kakon Tun nonspusauum otBeyaeT ctagum 4 (cm. puc. B 3agaHum 1)?
3agaHue 3.
YKaxute Bce cnocodbl CHUKEHNS OMUYECKNX NOTEPb Npu paboTe TONNMBHOMO 3reMeHTa:
. IPUHYAMTENbHAas KOHBEKUMS
. YBENMYEHME LLEPOXOBATOCTN NMOBEPXHOCTU 3neKTpoaa
. YBENMYEHNE KOHLIEHTPaLUKN peareHToB
. YBENUYEHNe TemnepaTtypsbl
. YBENMYEHME INEKTPONPOBOSHOCTUN 3NEKTPONnTa
. UICNOSb30BaHME ANEKTpPOKaTann3aTopoB
. YMEHbLUEHME TOMLLNHbI 3NEKTPOAOB W 3neKkTponuta
3apaHue 4.
YTo 0o3HavaeT napameTp " AGp 1" B ypaBHeHun AGp 1t = —nFE ?
1. aHeprusa N'mbb6ca peakumm
2. YACNO MOSb ANEKTPOHOB, YHaCTBYHOLLNX B peakuum
3. paBHOBECHOE HanpshKeHNe ariemMeHTa
4. yncno dapages
3apaHue 5.
Mcnonb3ya anarpammy 3aBUCUMOCTU CTaHOAPTHOrO paBHOBECHOIO HanNpPsXXeHUs1 TONSIMBHbIX 3NIEMEHTOB
OT TemnepaTypbl, OMNpedenuTe, Kak WU3MEHAeTCsA 3HTponust B YCTponcTee, paboTalliem Ha
OKWUCIEeHNU MeTaHona
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3agaHue 6.
BepHo 5 yTBEpXOeHue: "AKTMBaALIMOHHbIE notepu kKaToga BOLOPOAHO-KUCNOPOAHOro
TBEPAOMNONMMEPHOrO TONIMBHOIO 3fIEMEHTa HAMHOIO MeHbLUE, YeM aHoaa"?
3apaHue 7.
UTO CNyXuT 3NeKTponMToM B TBEPAONONIMMEPHOM TOMMMBHOM 3reMeHTe?
3agaHue 8.

Bbibepute npaBunbHble OTBETbl: «B  TBEPAOOKCMAHOM TOMIMBHOM  3fIEMEHTE  MCMOSb3yeTcH
(TBEPAONONUMEPHLIN; pacnnaBHbIA; KepamMUYeCcKUin)  INEKTPONUT, 3SMeKTPONPOBOOHOCTb KOTOPOro
obecneunBaloT (rMOPOKCUA-UOHbI; MOHbI TMAPOKCOHUS; MOHbI KUCOPOAAa)».

3apaHue 9.

Kakon anekTtpoa TBepA00KCUOHOro TONSIMBHOMO 3fieMeHTa yKasaH Ha puUcyHke?

OnucaHue KpuTepueB M LIKanbl OLEHMBAHUSA KOMMETeHUWN (pe3ynbTaToB OOy4deHUs) npu
TeKyLlen atrectauum

Tekylwas aTTecTtauuss nNpoBOAUTCSA B COOTBETCTBMM C [lonoxeHwem O Tekywewn aTtrectauum
obyyaromxca No  nporpaMmamMm  Bbicllero  obpasoBaHuMA  BopoHexckoro - rocygapCTBEHHOro
yHuBepcuteTa. Tekywaa atTectaunsd npoBognTcs B hopMe NUCbMEHHLIX paboT (KOHTporbHasa paboTa).
Kputepum oueHnBaHus npuBeaeHbl HUXE.

YpoBeHb
Kputepun oLieHMBaHNSA KOMNeTeHLNI cchopmumpoBaH Llkana oueHok
HOCTMU
KOMMEeTeHLNN

Ob6yvarowutics npasunibHO ebinonHun 6onee 50 % 3adaHul lNopoeosnbili BaumeHo
KOHMpObHOU pabomai. ypo8eHb
Obyvarowutics npasunbHO 8binonHUn MeHee 50 % 3adaHull - He 3aumeHo
KOHmMposbHoU pabomai.




20.2. NMpomMmexyTo4yHas aTrecTaums

lMepeyeHb BONpPOCOB K 3a4eTy:
1. OCHOBHbIE TUMbI XUMUYECKNX UCTOYHMKOB TOKa
2. TepmoguHaMuKa XMMUYECKNX MCTOYHUKOB TOKa
3. MapraHueBo-LUMHKOBbIA CONEBOMN 3NIEMEHT
4. MapraHueBo-LUNHKOBbLIN 3NEMEHT C LLENOYHbLIM SMNEKTPONTMTOM
5. lanbBaHuYeckne snemMeHTbl C ULMHKOBbIM aHOLOM
6. JluTueBble ranbBaHUYECKNE ANIEMEHTbLI C TBEPAbIM U XKUAKUM KaTOAOM
7. UnHK-BO3OYyLUHbIE 3NEMEHTHI C LWESTOYHbIM 3MEKTPONNTOM
8. AnOMWHUN-BO3OYLIHbIE 3NEMEHTbI C COJIEBLIM U LLENOYHbLIM 3NEKTPOTMTOM
9. MarHnin-so3gyLUHbIN 3NeMEHTbI C COSEBbIM 3MNEKTPONNTOM
10. Jlntnir-Bo3ayLLHasa TEXHOMNOIUSI.
11. CBMHLOBO-KMCNOTHbIN akKyMymnsiTop
12. Hukenb-meTannrngpuaHble akkymynsiTopbl
13. JINTNA-NOHHBbIE aKKyMYynATOpPbI
14. J)KngkomeTannumyeckme akkyMynsitopbl
15. MNMpOoTOYHbIE aKKYyMYNATOPLI
16. SnekTpoXMMn4eckne KoHAeHcaTopbl (MOHUCTOPbI)
17. lNpounssoacTeo Bogopoaa
18. CxxaTtue, ouncTka u XxpaHeHne Bogopoaa
19. PoTOINEKTPOXUMUYECKUI CNOCOD Nony4eHns Bogopoaa
20. MNpeobpasoBaHne CONMHEYHOWM SHEPTUN B SNEKTPOIHEPTUIO
21. TepmogmMHaMuKa U KUHETUKA TOMMUBHbBIX 31EMEHTOB
22. TBepoononuMepHble TOMMNBHbBIE 3NIEMEHTDI.
23. TonnmBHbIE 3NEeMEHTbI NPAMOro OKUCIEHUS XXUOKOro TOnnmMea
24. TBepOoOKCUAHbIE TOMNSIMBHbLIE 3NIEMEHTDI
25. PacnnaBHble kapboHaTHbIE TONSIMBHbBIE 3fIEMEHTbI
26. ®ochOPHO-KNCAOTHLIE TOMNSIMBHbLIE 3NIEMEHTbI
27. WlenoyHble TONNMBHbIE 9NEMEHTDI
28. bruonormnyeckne ToNNBHbIE 351IEMEHTbI
29. beamembpaHHble TOMMNNBHbIE NIEMEHTDI
30. OgHoKaMepHble TBEPLOOKCUAHbBIE TOMMNBHBLIE 3NIEMEHTDI
31. beckamepHble TBepOOOKCUAHbIE TONSIUBHbLIE 3MEMEHTbI
32. TBepoooKCcUaHbIE TOMMUBHBLIE SNEMEHTbI C XUOKUM ONTOBAHHBbIM aHOA0M
33. DNeKTpoOXUMMYECKME TEXHOMNOMMN N 3arps3HEHME OKpYXKatoLLen cpeabl

OnucaHme KpuTepyveB W LIKaNbl OLEHUMBAHMA KOMMNeTeHUuW (pe3ynbTaToB o0Oy4YeHus) npu
NPOMEXYTOYHOM aTTecTauum

OueHka 3HaHWA, YMEHWIA U HaBbIKOB, XapaKTepusyollasi aTanbl OPMUMPOBaHMA KOMMNETEHLMIA B
paMKax U3y4yeHust UCUUMITMHBI OCYLLECTBISAETCS B XOA4E TEKYLLEN M MPOMEXYTOYHOM aTTECTaLNNA.

TpeboBaHusA No TeKyLLen aTTecTaunm N KPUTEPUM OLEHNBAHUSA NPUBEOEHbDI BbILLE.

lMpomMexyToyHast aTTecTauns npoBOAUTCA B COOTBETCTBMM C [lONOXEHMEM O MNPOMEXKYTOYHOMN
aTTecTauum oby4yarLmMxcsa no nporpaMMam BbicLLero obpasoBaHus.

KOHTpOnbHO-M3mMeputeneHble MaTepuanbl  NPOMEXYTOYHOW aTTecTaummM BKNOYalT B cebs
TEopeTnYeckne BOMPOCHI, MO3BONSIOLINE OLEHUTb YPOBEHb MOMYYEHHbIX 3HAHWUA W  CTeneHb
chOpMMPOBAHHOCTN YMEHUIN N HABbLIKOB B 0611aCTM 3KONOrMYECKM YNCTbIX MICTOYHUKOB SHEPTUN.

BuneTt dopmupyeTca u3 ABYX yKasaHHbIX Bbile BOMPOCOB, HE CTOALWMX PSAOOM.

YpoBeHb
KpuTepum oueHnBaHnsa KomneTeHuunin ccopmmpoBaH LLikana oueHokK
HOCTU
KOMMNEeTeHUNN

Obyyvarowuticsa enadeem meopemu4yecKkumu ocHoeamu | BbinonHeHb! ¢ 3aumeHo
3/1eKMpPOoXuUMuYecKol 3HEepP20KOHBepPCUU, crocobeH oueHkoul
unlocmpuposame omeem fpuMepamu, akmamu unu  0aHHbIMU 3a4YmeHo
Hay4HbIX uccrnedoeaHull, MPUMEHSIMb meopemuyeckue 3HaHusi Orns 3adaHus
peweHus1 npakmu4yeckux 3aday 8 obrnacmu XUMUYECKUX UCMOYHUKO8 mekyuiel
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ammecmauuu.
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Obyuvarowutica OeMoOHCcmMpupyem OmpbI8OYHbIE, hpacMeHmapHbie
3HaHUs meopemuyecKkux OCHO8 hu3u4YecKoUl, KOmIoudHoU Xxumuu u
anekmpoxumuu, donyckaem epybbie owubku npu MpUMEeHeHUU
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obnacmu xumudeckol mepMoOUHaMUKU U XUMUYECKOU KUHEMUKU
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3apaHusa, pekomeHayemble K

ANarHoCTn4yeckKkux

04.03.01 Xumusa

MNepuop okoHYaHUA (hOpMUPOBAHUA KOMMNETeHLUU: 5 ceMecTp

pa6otr ¢

nmcnonb3oBaHUIO npu

uenbro

OLIeHKMN

npoBeaeHUNn

chopMNpPOBaAHHOCTH
KOMNeTeHUMUN No pe3ynbTaTtaM OCBOEHUA JaHHOMN AUCLUNIIUHDI

1. O603naubTe obmactu A,B,C,D,E Ha kprBOil COOTBETCTBYIOIIMMU MapKEepaMHU:
1) Kunetndeckas moysipuzarius

2) KoniieHTpaninoHHasi oJisipu3aIius
3) OMuueckas nmosasipu3anus

4) PaBHOBECHOE HaIPSIKEHUE

5) Hanpsbkenue pa3oMKHYTOM LienH

Hanpaxcerue
4

" [T1omrocmb
moxa

1. Ileperamute Mapkepsl B coorBeTcTBYIOIIHME 30HB A,B,C,D,E Ha cxeme TunmuyHOTO
raJIbBAaHUYECKOTO JJIEMEHTA:

1) Avog  2) Karop
4) Okcua MeTaia

3) Merann
5) DneKkTpoaut
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3. CocraBbTe CXCMY CBHHIOBO-KHCJIIOTHOT'O AKKYMYJIATOpA

Al |B|/|lc|,|D]| |E

HUCIIOJIBb3Ys 3JICMCHTBI:

1) (-) 2) Pb 3)H,.SO;, 4)PbSO; 5)PbO,  6) (+)

4. Ilpu pa3daBiIeHUU IEKTPOIUTA BOJON HANIPSIKEHNUE CBUHIIOBO-KUCIOTHOTO
AKKyMYJISITOpA:

1) ymensbIaercs

2) yBeIUYMBACTCS

5. C pocTOM aKTHBHOCTH CEPHOM KMUCIIOTHI HANIPSDKEHUE CBUHIIOBO-KUCIOTHOTO
aKKyMYJISITOpA:

1) ymensbIaercs

2) yBeTUYMBACTCS

6. Hanbonee BeposiTHO, YTO KaTO/IHAS MOIypeaKLHs B COJIEBOM MapraHleBO-LIMHKOBOM
AJIEeMEHTE MPOTEKAET MO

1) TBepnodaznomy 2) xkuakopazHomy 3) razodazHomy
MEXaHu3My nyTeM IudQy3un 3IeKTPOHOB U
4) npoTOHOB 5) MosiekyJ BoAbl 6) MOHOB TMAPOKCHTIA

C TIOBEPXHOCTH BIIyOb

7) 3epHa TMOKCHJIa MapraHiia

8) (basbl MeTAIIMIECKOTO [MHKA
9) anekTponuTa

7.B IICJIOYHBIX MAPTAaHICBO-IIMHKOBBIX 3JICMCHTAX KAaTOJAHAs IMOJIYPCAKIUS IPOTCKACT C

y4acTHEM
1) MoneKyI BOJbI 2) MPOTOHOB 3) MOHOB T'UPOKCHIIA,
IIpU ATOM o0pazyeTcs

4) MnO 5) MnOOH,

a pH anexTponuTa B mopax kKatoza



6) yMEeHbIIIaeTCs 7) yBeIM4YMBaeTCs 8) HE U3MEHseTCs.

8. [Ipu mepe3apsiie CBUHIIOBO-KHCIOTHOTO aKKyMYJIITOpa Ha OTPUIIATEILHOM 3JIEKTPO/IC
MPOTEKaeT MPOIIeCC:

1) BBIACIISIETCS] BOJIOPOJT 2) obpasyercs cynbdar ceunna (1V)
3) pazyoxeHne BOIbI 4) BBIIETISICTCS] KUCIOPOS

5) cynbdaraius 31eKTPOIOB,

a Ha MOJIOKUTEITLHOM JJIEKTPOJIC -

6) BBIIICTIACTCS BOAOPO/T 7) obpasyercs cyabdar cunia (1V)
8) pasnokeHue BOJIbI 9) BBIIETSACTCS] KUCIOPOS

10) cynbdaraius 31eKTPOIOB,

YTO MPUBOIUT K MPOTEKAHMIO MPOIIeCca:

11) BbIAEHSIETCS BOIOPO 12) o6pasyercs cynbdat ceurma (1V)
13) paznoxeHue BOJIbI 14) BbIIESICTCS KUCTOPO/T

15) cynparanus 3neKTpoI0B.

9. B kaToIHOM TOJTypEaKIIy B MapraHIeBO-IMTHEBOM dieMeHTe oopasyetcs LiMn,O4 —
IIPOJYKT IIpolLecca

1) uHTEpKANIAIUN 2) neuHTEepKAISAIUU
HMOHOB

3) mutus  4) maprasia

B KPUCTAJUTMYECKYIO PEIIETKY

5) auokcuaa Maprasia 6) OKCUJa JIUTHUS,
B X0J1€ KOTOPOI'O MMPOUCXOAMT ITOCTENEHHOE

7) yMeHbLIEHUE 8) yBennueHue
CTENIEHU OKUCJICHUS

9) nutus 10) mapranua.

10. PaBHOBECHOE HANPsIKEHUE DTEKTPOXUMHUECKOTO dJIEMEHTa PABHO
1) cymme  2) pazHoctu 3) mpou3BEAEHUIO
KAaTOJHOT'O ¥ AaHOJHOT'O TIOTEHIIUAJIOB.

11. Craguu 3 B cXeMe TOTUTMBHOIO JIEMEHTa (CM. pPUCYHOK) OTBEUYAET
1) omuueckas 2) KOHIICHTpAIlMOHHAsT ~ 3) aKTUBAIMOHHAs
TOJISIpU3AITHSL.



AHOA 3nekTponuTt Katon

12. CBUHIIOBO-KUCJIOTHBIN aKKYMYJISITOP CJIEYET XPAaHUTh B

1) 3apsbkeHHOM  2) pa3psKEHHOM

COCTOSIHUH, YTOOBI H30€KaTh

3) cynbdataruu 351eKTpoaAoB 4) 3pdekTa naMsTH 5) B3pbIBa aKKYMYJISTOpa

13.YcranoBuTE COOTBETCTBUE MEXKIY TUIIOM JIEKTPOIHOM MOISPU3ALUA U
COOTBETCTBYIOIIUM €MY ONPEIEIECHUEM.
AKTHBaIIMOHHAS MOJISIPU3ALUA:
1) Bo3HUKAET U3-3a 3aMEIFICHHOCTH MUTPALIUU 3aPSKEHHBIX YACTHI] B 3JIEMEHTE
2) nosIBIIsIETCA U3-3a 3aMEIJICHHOCTH 3JIEKTPOJHON peaKIuu
3) BO3HUKAET U3-3a 3aME/YICHHOCTH B JOCTABKE PEAreHTOB K JIEKTPOY W/WUIH YAaJIEHUU
IIPOJYKTOB OT 3JIEKTPOJA.
OMuueckas nospusanus:
4) BO3HUKAET M3-3a 3aMEJIJICHHOCTH MUTPALIMU 3apSKEHHBIX YACTHI] B 3JIEMEHTE
5) mosiBsieTCS U3-3a 3aMEJICHHOCTH AJIEKTPOTHOM peaKInu
6) BO3HHMKAET U3-3a 3aMEJICHHOCTHU B JJOCTABKE PEAreHTOB K 3JIEKTPOY W/WIH yAAJIEHUU
MPOJIYKTOB OT 3JEKTPOJA.
KoHueHnTpanmoHHas nojspu3aiusi:
7) BO3HHMKAET U3-3a 3aMEJJICHHOCTH MUTPALIMH 3apsHKEHHBIX YAaCTHUIL B 3JIEMEHTE
8 ) mosIBiIsIeTCs U3-3a 3aMEJICHHOCTH AJIEKTPOJHON peaKinu
9) BO3HMKAET U3-3a 3aMEJICHHOCTH B JJOCTABKE PEAreHTOB K 3JIEKTPOY W/WIH yAAJICHUU
IIPOJIYKTOB OT 3JIEKTPOJIa

14. YxaxxuTte criocoObl CHIPKEHUS aKTUBAIIMOHHBIX MOTEPH MPU PabOTE TOTLUTUBHOTO
aneMeHTa. BeiOepuTe 01MH MM HECKOJIBKO OTBETOB:

1) ucrop30BaHME AIEKTPOKATAIU3ATOPOB

2) YBEIIMUECHUE IICKTPONPOBOTHOCTHU 3IEKTPOIUTA

3) yBeJIMUYEHHE KOHIEHTPALUN PEareHTOB

4) yBeJIMUCHHE IIEPOXOBATOCTH MTOBEPXHOCTH DJICKTPOIa

5) yMeHbIIIeHUE TOJIIIHUHBI AJIEKTPOJIOB U DJICKTPOJIUTA

6) NpUHYIUTEIbHAS] KOHBEKIIUS

7) yBEIMUYEHHE TEMIIEPATYPHI.



15. YkaxuTte cnocoObl CHIPKEHUSI OMUYECKHUX TTOTEPh MPHU padOTe TOIIIMBHOTO DJIEMEHTA,
BBIOPAB OJIMH WJIM HECKOJIBKO OTBETOB:

1) yBenuueHue mepoxoBaTOCTH MOBEPXHOCTH JIEKTPOIa

2) NpUHYIUTEIIbHAST KOHBEKIIMS

3) yBeMUYEHHE KOHIICHTPALUU PEareHTOB

4) yBeIM4eHUE TeMIEepaTyphbl

5) yMeHbIIEHHE TOJIIHUHBI AJIEKTPOJOB U SJIEKTPOJIUTA

6) UCIIOJIB30BAHUE AIEKTPOKATAIU3ATOPOB

7) yBEIMUYEHHE SIECKTPONPOBOAHOCTH IIEKTPOIUTA

16. HaHpH)KGHI/Ie CBUHIOOBO-KHUCJIIOTHOI'O aKKYMYJIATOPA 3aBUCUT OT aKTHBHOCTH:

Br10epuTe 0a1H WM HECKOJIBKO OTBETOB:
1) PbO, 2) H,0 3) Pb 4) H, SO, 5) PbSO4

17. YxaxkuTe TUI 3JIEKTPOAOB B MPOTOYHOM BaHAIMEBOM AKKYMYJISTOPE:
1) OKMCAUTENHHO-BOCCTAHOBUTEIIbHbBIC
2) anextponsl Il pona 3) snektponsl | pona

18. Micnionib3yst tuarpaMmy 3aBUCMMOCTH CTaHAAPTHOTO PABHOBECHOTO HAMPSIKEHHUS
TOIUTMBHBIX AJIEMEHTOB OT TEMIEPATYPHI (CM. IMarpamMmy), OIpeIeTTUTe, Kak H3MEHSIETCS
SHTPOIUS B YCTPOUCTBE, pabOTaOIIEeM Ha OKUCIEHUU BoAopoaa Hy 10 KuaKoi Boabl
HZO:

1) ymensbIaercs 2) yBeIMYHUBACTCS

19. Ucnonp3yst nmarpaMmy 3aBUCUMOCTH CTaHIAPTHOTO PABHOBECHOTO HAIIPSKEHUS
TOIUIMBHBIX AJIEMEHTOB OT TEMIEPATYPHI (CM. AMArpamMmy), OIpeIeTUTe, Kak U3MEHSETCS
SHTPOMHS B YCTPOUCTBE, paboTatoieM Ha okuciaennn Mmetanoina CH3OH:

1) ymensbiiaercs 2) yBenu4YMBaeTCA 3) HE u3MeHseTcs

Temnepartypa (K

300 400 S00 600 700 800 900 1000 1100 120

CraHpapTHoe
HanpAxeHne
anemenTa, B

100 200 300 4

Temneparypa (°C)

50K



OTKpBbITBIE

20. 3armmumute GopMysTy BelecTBa, 00pa3yroIIerocs: B X0/1¢ KaTOAHOW PEaKIny Kak B
COJICBOM, TaK U B IIEJIOYHOM MapraHIIeBO-IIHHKOBOM JJICMEHTE.

KJIFOYU mist HK-1

Bonpochi 1 2 3 4 5 6

Otetbl | A-4, B-5, C-1, | A-1,B-2,C- |A-1,B-2,C- |1 2 1,4,7
D-3, E-2 3,D-5, E-4 3, D-5, E-6

Bonpocsl 7 8 9 10 11 12

Oteetel [ 157 1,9,13 1,3,5,7,10 2 3 1,3

Bonpocbl 13 14 15 16 | 17 |18 |19

OtBetbl | 2,49 1,3,4,7 57 4 1 1 |2

OTKpBbITHIE:

20 - orBeT: MNOOH

MnK-2
1. CocraBbTE CXCMY MApraHicBO-JIUTUCBOI'O 3JICMCHTA

D (B,

(A)B C

HCIIOJIBb3Ys 3JICMCHTBI:
1) () 2) (+) 3) Li 4) MnOOH 5) H,SOs  6) CuO
7)HgO  8)KOH  9)LiCIO, 10)Zn  11) MnO;

2. CocTaBbTE CXEMY MapraHIEBO-IIMHKOBOIO 2JIEMEHTA

(A)B|C|D(E)’

HUCIIOJIB3YS 3JICMCHTDBI:
1) (+) 2) () 3)HgO  4)NH.Cl 5)MnO, 6)ZnCl,
7)Cu0  8)KOH 9)ZnO0  10)H,SO, 11)MnOOH  12)Zn

3. YSZ-37eKTpoJIUT MPEACTABIIIECT COOOM TBEPIBIA OKCH/T
1) urtpus (1)  2) mupkonus (1V),
CTaOMIIM3UPOBAHHBIA OKCHIOM

3) urtpus (I11)  4) nupkonus (1V).

4. AKKyMyJISITOp — XUMUYECKUIT UCTOYHUK TOKA
1) oqHOpa30BOrOo  2) MHOTOPa30BOIO
JNEUCTBHUSI, COINEPIKUT

3) HeorpaHUYEHHOE 4) orpaHUYEHHOE
KOJIMYECTBO PEAreHTOB, KOTOPbHIE

5) obpatumo 6) HeoOpaTUMO
MOTPEOJISIFOTCS B XOJIe



7) nepesapsiia 8) 3apsima  9) paspsna,
II0ATOMY YCTPOMCTBO

10) HE MOXKeET OBITH 11) moxeT OBITH
OBITH UCTOIH30BAHO MTOBTOPHO.

5. Koria nuTuii-uoHHBIA aKKyMYJISITOP pa3psKaeTcs, MaTepral MoJI0KUTEIBLHOTO
AIEKTPO/JIa, HAIIPUMED,

1) UHTEpKAJAT JUTHS B YIIIEPOAHOU MATPUIIE

2) cMeIlIaHHbIN OKCUJ JIMTUS U UHOTO MeTaiia M,

BOCCTaHABJIMBAETCA, a MATEpPHAIl OTPULIATETLHOTO AJIEKTPOa, OOBIYHO

3) UHTEPKAJIAT JUTHS B YIIIEPOAHOU MATPUIIE

4) cMellaHHbIN OKCHUJ JIMTUS U UHOTO MeTaia M,

OKHUCIISETCS.

6. Ha anoze BoopoIHO-KUCIOPOAHOTO TOTUTUBHOTO 3JIEMEHTA C MEMOPaHO
Nafion okucnsercs

1) meTanon 2) KUCTIOPOJ] BO3/1yXa

3) nonoobmeHHast MemOpaHa 4) razoo0pa3Hblil BOJIOPO/I

7. [lepBuuHBIi (raTbBaHUYECKUI) AIEMEHT — XUMUYECKUNA UCTOUHUK TOKA
1) onHOpa30BOrO0  2) MHOTOPA30BOTO

NEUCTBUS, COIEPIKUT

3) HeorpaHUYEHHOE 4) orpaHu4eHHOE
KOJINYECTBO PEAr€HTOB, KOTOPBIE

5) obpaTumo 6) HeoOpaTuMo
MOTPEOJISIFOTCS B XOJI€

7)3apsga  8) mepe3apsiia 9) paspsina,
IIOATOMY YCTPOMCTBO

10) He MOXeT ObITh 11) MoxeT OBITH

OBITH UCIIOJIb30BAHO MTOBTOPHO

8. OcHoBHast 00J1aCTh TPUMEHEHUS PACTIIABKAPOOHATHBIX TOTUTMBHBIX JIEMEHTOB -
1) anekTpoMoOHIN

2) nopTaTUBHAs JIEKTPOHUKA

3) 2JIEKTPOCTAHIUHU

9. OcHoBHas 00JaCTh MPUMEHECHHS TBEPIOOKCHIHBIX TOIIMBHBIX DJIEMEHTOB -
1) saeKTPOMOOHIH

2) mopraTuBHAs DJIEKTPOHMKA

3) aNeKTPOCTAHIINU

10. CocTaBbTe CXeMy HUKEIb-METAITUAPUIHOTO AKKYMYJISITOPA!

(A)BlClD(E)’




HCIIOJIB3YS 3JICMCHTBI:

1) NiOOH 2) (-) 3) MH 4) Ni
5) Cd 6) KOH 7) (+)

11. Xumuyeckre UICTOUHUKU TOKA

1) HanpsiMytO 2) MHOTOCTYTIEHYATO
npeoOpaszyroT

3) SIEKTPUUECKYIO 4) XUMHUYECKYIO

5) KUHETUYECKYIO 6) MOTEHIHATHHYIO
SHEPTHUIO B

7) XUMUYECKYTO 8) PIEKTPUUYECKYIO
9) KHHETUYECKYIO 10) moTeHIIUAIbHYIO
DHEPTHUIO

12. AKTHBHBIM BEIIECTBOM aHOJA B COJIEBOM MapraHI€BO-IIMHKOBOM I'aJIbBAHMYECKOM
AJIIEMEHTE CITY>KHT:

1) xgopu aMMOHHST 2) METALTMYECKUHN ITUHK 3) XJIOPUJ ITUHKA

4) rpagut 5) MMOKCHI Maprasua

13. AKTUBHBIM MaTE€pUaIOM aHOJA B IICJIOYHOM MapraHIIEBO-IIMHKOBOM T'aJIbBAHHYECKOM
AIIEMEHTE CITY>KUT:

BriGepute ouH OTBET:

1) muokcua maprannia  2) rpadut  3) MMHKOBAs TJIaCTHHA

4) naTyHHas TUIaCTUHA 5) IIMHKOBBIM MOPOILIOK

14. KakoMy TuIly 2JIEKTPOJAHON MOJsIpU3aIiuy OTBeYaeT (popMa nosaspu3aliuoHHON
KpHUBOM, NPUBEIECHHON HA PUCYHKE?

1) omuyeckas nonsipuzanusi  2) KUHETUYECKas MOJSpU3aLus

3) TpaHCTOpTHAS MOJSPU3AIUS

15. KakoMy TuIly 2JIeKTpOAHOM MOJIsIpU3aIiuy oTBeuaeT (popMa noaspuzaiiuoHHON
KpHBOM, NPUBEIECHHON HA PUCYHKE?

1) TpaHcniOpTHAs MOASIpU3AIUs 2) oMHuecKas Mojsipuzanus

3) KUHETHUYEeCKasl MOJISIpU3aIUs



16. Kaxomy THITy 37I€KTPOIHOM MOJIPU3ALIMU OTBEUYAET PopMa MOISIprU3allMOHHON
KpUBOW, IPUBEACHHOW HAa PUCYHKE?

1) omuyeckas nosnsipuzanust  2) TpPAaHCHOPTHAS NOJIIPU3ALIMS

3) KuHeTH4YeCcKas NoJIApU3aLs

17. Ha xakoM 3JIeKTpo/ie TUTUH-MOHHOTO aKKyMYJIITOpa UOHBI JINTHS BCTPAUBAIOTCS B
rpaUTOBBIN ANEKTPO IPH 3apsiie, 00pa3ys UHTEPKATAIUOHHBIE coequHenus LixC ?
1) oTpuniarenbHOM 2) NOJIOKUTETLHOM

18. AKTUBHBIM BEIIECTBOM KaTOJla B COJIEBOM MApPTraHIEBO-IIMHKOBOM T'aJIbBAHUYECKOM
AIIEMEHTE CITY>KUT:

1) xnopua aMMOHHUS 2) rpadut 3) IMOKCHU]I Maprasia

4) xopu1 IMHKA 5) METaJUTMYECKUN [IMHK

19. AXTUBHBIM MaTepUaAJIOM KaTo/Ia B MIEJIOYHOM MapTraHIEBO-ITMHKOBOM TaJIbBAHUYECKOM
AIIEMEHTE CITY>KUT:

1) naTyHHas miacTiHa  2) IIMHKOBAs TJIaCTHHA

3) nuokcua mapraniia  4) MUHKOBBINA MOPOIIOK

20. YkaxnTe, Ha KaKOM 3JIEKTPOJI€ TUTUH-UOHHOTIO aKKyMYJIITOpa MPOTEKAET CIEAYOIIast
MOJIypEaKLUs:

charge
LMO; —/———= L1j1_.MO; + xL1™ + xe

discharge
1) monoxxutenpHOM 2) OTpHUIIaTEeILHOM

21. YkaxuTe BCce OPraHMYECKHUE BEIIECTBA, HCIOJIb3YEMBbIE B HU3KOTEMIIEPATYPHBIX
TBEPAOIOJIUMEPHBIX TOIUIMBHBIX 3JIEMEHTAX



Bri6epute oauH WM HECKOJIBKO OTBETOB:
1) meTaHOBas KUCI0Ta 2) METUJIOBBIN COUPT
4) nanbMUTHUHOBAS KACIOTA

3) aMUJIOBBIN CIIUPT
5) 3TUIJIOBBII CIUPT

22. K BBICOKOTEMIIEPATYPHBIM TOIUIMBHBIM 3JIEMEHTAM OTHOCATCS
Br16epuTe 01H UM HECKOJIBKO OTBETOB:

1) TBEpIOOKCHIHBIC 2) buojoruyeckue

3) TBEpIONOJIMMEPHBIE 4) pacmnaBHbIE

23. YKaXuTe OCHOBHYIO 00J1aCTh MPUMEHEHUS METAaHOJIBHBIX TOTUITMBHBIX 3JIEMEHTOB:
1) anekTpoMoOHIN 2) mopTaTUBHAs AICKTPOHUKA
3) cTanmoHapHbBIE SHEPTOYCTAHOBKHU (IHEPTOCTAHIINH)

24. B xadecTBe IEKTPOAHOIO MaTepuaja B OJHOKaAMEPHOM TBEPAOOKCUIHOM TOILUIMBHOM
AJIEMEHTE MOKHO MCIOJIb30BATh IUIATUHY KaK BHICOKOAKTHUBHBIN 3JIE€KTPOKATATUTHUYECKUI
Marepual.
1) BepHO  2) HEBEpHO

OTKpbITHIE

25. BMecTO METaIUINYECKOTO JIUTHS B JIMTUH-UOHHBIX AKKYMYJIATOPax UCIIOJIB3YIOTCA
HHTHﬁCOHep)KaHIHe scmasbme nponywennoe cinoso, IIPHU (1)OpMHpOBaHI/II/I KOTOPBIX MCTAJUIMICCKAA
daza Li He oOpazyercs.

KJIFOYM nuist K2
Bonpockl 1 2 3 4 5 6 7 8
Oteetbl | A-1,B-3, | A-2,B- |2,3 2,459,111 2,3 4 1,4,6,9,10
C-9,D- |12,C-8,
11, E-2 D-5, E-1
Bonpocsl 9 10 11 12 13 14 15 16
OteeTbl | 3 A-2B- (148 |2 5 1 3
4, C-6,
D-4, E-7
Bonpochl 17 18 19 20 21 22 23 24
Oteetbl | 1 3 3 1 1,25 | 1,4 2

25 - OTBET: UHTEPKAJISATHI




	11. Планируемые результаты обучения по дисциплине (знания, умения, навыки), соотнесенные с планируемыми результатами освоения образовательной программы (компетенциями) и индикаторами их достижения:

