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HEJb U 3AJAYN OCBOEHUA JUCIHUITJINHBI

eab ocBOeHMA TMCIUIIJIMHBI:
3aKIII04aeTCsl B U3yYEHUU TEOPETUYECKUX OCHOB SJICKTPOKPUCTAIM3ALNU
METAJJIOB U CILJIABOB B 3aBUCMMOCTH OT YCJIOBUI U pEKHUMa Ipoliecca.

33[[3‘-11/] H3YYCHUA NUCHUIIJIUHBI:

- UI3YYHUTb OCHOBHLIC 3aKOHOMCPHOCTH OJICKTPOKPUCTAIIIN3AIUU METAJIJIOB U
COGI[I/IHGHI/Iﬁ M3 MOHHBIX pPaCIlJIaBOB,

- O6y‘II/ITB HaBbIKaM HUCITOJIb30BaHUA TCOPCTUUCCKHUX MOJIOKCHU N JJIA
MPAKTUYICCKOI'O MPOBCACHUA SJICKTPOBBIACIICHUA MCTAJIJIOB U3 PACIIABJICHHBIX
3JICKTPOJINTOB,

- OCBOUTH (l)yHI[aMeHTaJIBHBIC S3HAHUA O MCXAHU3ME JJICKTPOBBIACIICHUA
MCTAJIJIOB U COCI[I/IHCHI/Iﬁ N3 MOHHBIX PACILIIaBOB.

2. MECTO JUCIHUIIJIMHBI MOAYJIs1) B CTPYKTYPE OOII BO

Huctummraa  b.1.B.JIB.03.02  «DnekTpokpucTauin3ainms METaiIoB U
COCIMHEHUN U3 MOHHBIX PACIJIaBOB» OTHOCHUTCS K OJIoKy 1 pazaena JIuCIUIUIMHbBI
no BbiOOpy B1.B.JIB.03.02 myst u3yuenus B 3 cemMecTpe MarucTpaHTamu 2 roja
0Oy4eHHMsI IO MarucTEPCKOM mporpamme «IJIEKTPOXUMUS.

JUist  yCHEeNIHOTO OCBOEHHUS JUCHMIUIMHBI HEOOXOAMMBI HadalbHbIE
(BXOQHBIE) 3HAHUS, YMEHHUS M KOMIIETEHIIMM CTYIEHTa MO CIeIYIIIUM
IUCHMIJIMHAM: MaTeMaTHKa, o0Ilas ¥ HeopraHudeckas xumusi, (usmdeckas
XUMHSI, TEOPETHUECKas AIEKTPOXUMHUSI, BHICOKOTEMIIEpAaTypHasl JJIIEKTPOXUMHUSL.

VKa3aHHblE CBSI3M JIaHHOM JUCHMIUIMHBI JAalOT CTYJEHTY CHCTEMHOE
NpPE/ICTaBICHNE O KOMIUIEKCE M3Y4aeMbIX JUCIHUIUIMH B COOTBETCTBUU C
oOpa3oBaTelbHBIMH  CTaHJIAPTAaMHU, YTO  OOECIEYMBAET COOTBETCTBYIOIIMI
TEOPETUYECKUN YPOBEHb U MPAKTUUECKYIO HAMPABICHHOCTh B CUCTEME O0YUCHHUSI.

3HaHus, YMEHMS M HaBBIKM, NPUOOPETEHHbIE B MPOLECCE HU3YUYECHUS
JUCLHUIUIMHBl «NEKTPOKPUCTAIUIM3ALNA METAUIOB M COEJUHEHUN W3 HOHHBIX
pacijiaBoB» HEOOXOAUMBI JJii TJIyOOKOrO OCBOGHMSI JAPYTUX JHUCHUUIUIMH
po¢eCCHOHATILHOTO IHKJIA.

3. TPEBOBAHUSA K PE3YJIbTATAM OCBOEHUS TUCHMUILTAHBI
(MOJYJIS)

B pe3ynbTate 0CBOEHUSI TUCHUILUIMHBI « DNEKTPOKPUCTATUIM3AIMIS METAILIIOB
Y COCIMHEHUW U3 HOHHBIX PAaCIUIaBOB» MAaruCTPaHT JIOJKEH

obnadamo credyIouwuMu nPopeccuoHarbHbIMU KOMNEMEHYUAMU:

- BJIaJIETh TEOPUEH U HABBIKAMH MPAKTUUYECKON pabOThl B M30paHHON
obnactu xumuu (I1K-3);

B npouecce n3yyeHnst AMCUUIUIMHBI CTYJCHT JOJIKEH:

3HATh. OCHOBHBIE 3aKOHOMEPHOCTH SJICKTPOKPUCTAIUIM3ALUNA METAIJIOB U
COCIMHEHUN U3 MOHHBIX PACIUIaBOB; OTIMYME MPOLIECCA EKTPOKPUCTATINZALUN



OT JPYTUX IPOLECCOB; OCOOCHHOCTH 3NIEKTPOKPUCTAIUIM3ALUU MO CPaBHEHUIO C
APYTUMU BJIEKTPOAHBIMHU TPOIECCAaMH; TEPMOAMHAMHUKY M KHHETHKY MPOIIECCOB
ANIEKTPOKPHUCTAIIIN3AIMY METAIJIOB U CIUIAaBOB; MOP(OIOIHI0O U CKOPOCTh POCTa
MOBEPXHOCTU METaJljia MPH AIEKTPOKPUCTATUIN3ALNH; TEOPHIO 3JIEKTPOOCAKICHUS
CIUIaBOB, COOCXACHHUS MPHUMECEH; OMPEACNATh CTPYKTYPY SIEKTPOXUMHYECKHUX
OCaJIKOB U CILJIaBOB.

yMeTh. Ha TMpPaKTUKE MPOBOAUTH DSJIEKTPOBBLACICHHE METAIJIOB W3
pacIIaBJICHHBIX JJCKTPOJIUTOB; C HAYYHON TOYKH 3pPEHHS OMUCATh MEXaHU3M H
KHHETHUKY Ipoliecca 3MEKTPOKPUCTAIUIN3ALNN METAJUIOB U CIUIaBOB, PacCUUTATh
HmapamMeTpsl 3TOTO Ipoliecca, MPEINoJOXKHUTh Kakas CTPYKTypa I0JIy4aeMoro
TIOKPBITHS U OTIPEJICIIUTh CBOMCTBA IEKTPOXUMUYECKOTO MTOKPBITHSI.

BJIA/IeTh. MPAKTUICCKIMH METOIaMHU MOJIYYCHUS COSTUHEHUHN M3 MOHHBIX
pacIjiaBoB.

4. COAEPKAHHUE U CTPYKTYPA JIMCHUIIVIMHBI (MO Y JIA)

Taonuya 1. Codeprcanue oucyuniunl

Ne HaumeHnoBaHue Conep:xkanue pasjaesia dopma
pazaeJ pasnena TeKYyIle
a ro

KOHTPO
JIAl
1 OCHOBHBIE OcCHOBHBIE CBEICHUS 00 DIIEKTPOJIN3E K, T
cBezieHust 00 pacIIaBI€HHbBIX cpen u ero
AIEKTPOJIN3E 0COOEHHOCTSIX.
pacIlIaBoB
2 [TIpon3BoacTBO [IpousBoactBo  Hatpus.  llomyuyeHue KT
HaTpUs HAaTpUsl U3  THUAPOKCHIA  HATpUS.
Teopernueckne OCHOBBI.  TexHomoOrus
MIPOU3BOCTBA. Anmnapartypa,
UCIIOJIb3yEMasi B IPOU3BOJICTBE HATPHUS U3
ruapokcuaa Hatpus. [lonydenue HaTpus
U3 Xxjopujaa HaTpus. TexHoJorus u
TEXHOJIOTUYECKAsl CXeMa IPOU3BOJICTBA.
Anmnaparypa, HCIOJIb3yeMast B
MIPOM3BOJACTBE  HATpusd M3  XJIOpUIA
HaTtpusi.  HoBble ~ HampaBieHuss B
TEXHOJIOTUM  TOJYYEHHUS]  HIEJIOYHBIX
METaJJIOB.
3 [IpownsBoacTBo Anmnaparypa, HcTIoab3yeMas B K, T
KaJIHst MIPOU3BOJICTBE KaJIUs.
4 [Tonyuenue [Tonyyenne TpOMHOro CcCriaBa CBUHEI- K, T
CILIaBOB HaTpUN-KaJlAi. O6uue CBEJCHUS.
TeopeTnueckue OCHOBBI npouecca




IMOJIYyUCHUA QJICKTPOJIUTHYICCKOTO

TPOUHOTO CILIaBA. TexHosorus
IIPOM3BOJICTBA. Anmnapartypa,
UCIIONb3yeMast B MPOU3BOJICTBE
AJEKTPOJIUTUYECKOTO TPOMHOTO CILIABA.
Y COBEpILIEHCTBOBAHUE TEXHOJIOTUH
npoiiecca MOJTy4YECHUS
3JIEKTPOJIUTUYECKOTO U TEPMUUYECKOTO
TPOMUHOTO CILIaBA. Cucremsl
ABTOMAaTHUYECKOTO peryJInupoBaHus,

CUTHAJIM3AlMM M aBTOMAaTUYECKOIO
KOHTpPOJII B NPOU3BOJACTBAX HATpUs U
kanusi. Bonpockl TexHuKH 6€30MacHOCTH,
OXpaHbl TPyJa U OXpaHbl OKPYKAIOILIEU
cpeabl B IPOM3BOJACTBAX HATPUsI, KallUsl U
TPOMHOTIO CIJIaBa.

[TIpon3BoacTBO
KaJIBIIUS

[Tonyuenne kanebius. OOmmMe CBEACHUS.
Teoperudeckue  OCHOBBI  TMOJYYCHHS
KaJIBIIHSL. Texnonmorus mpoiiecca
NOJIyYEHUsI KaJIbLUS DJIEKTPOJIU30M C
KUJTKUM KaTOJOM. Amnmaparypa,
MCIIOJIb3YEMasl B TPOU3BOJICTBE KaJIbLIUSL.

KT

[TIpon3BoacTBO
dbropa

[IpousBoscTBo dropa. OOUIME CBEACHUS.
Teopernueckue  OCHOBBI  IPOIIECCOB
nonydeHus  gropa. TexHoiorus u
TEXHOJIOTHYECKAsT CXeMa IIPOU3BOICTBA.
Kontpons mpousBojcTBa. Amnmapartypa,
UCIIONIb3yeMasi B TPOHU3BOJCTBE (Topa.
Texnuka O€30macHOCTH, OXpaHa TpPY.a,
NPOMBIIIJICHHAST CaHWUTaApUs H OXpaHa
OKPY’KAIOIIEH CPEBI.

K, T

[IpownsBoacTBo
AJFOMUHHUS

[IpouzBoacTBO amomuHus.  Obmue
cBeneHus.  TeopeTmdyeckue  OCHOBBI
nponecca. TexXHONIOruss MPOU3BOJCTBA
aTIOMHUHMS. AnnapaTypa, HCIOJIb3yeMast
B [IPOM3BOJICTBE AJTIOMUHMUSI.

K, T

[IpownsBoacTBo
MarHusl.

[IpousBoACTBO MarHusl. O6uue
CBEJICHMUSI. Teopernueckue  OCHOBBI
nmporecca  3JIEKTpoin3a. TexHomorus
NpPOU3BOJCTBA MarHus. Amnmapartypa,
UCIIOJIb3yeMasl B TPOU3BOJICTBE MarHusl.

K, T

DJIEKTPOBBIJCICH
YsI METaJIJIOB U3
HMOHHBIX
pacIuiaBoB

DIJIEKTPOBBIACICHUS TYTOILUIAaBKUX
METaUIOB W3  HOHHBIX  PACIUIaBOB.
DJeKTpoXUMHUYEeCKoe BblziesieHus P3M u3
MOHHBIX PacIUIaBOB.

K, T
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10 DNeKTpoXuMUYeC | DIEKTPOXUMHUYECKUN cuHTe3 Kapouaos, | K, T
KUl CUHTE3 OOpUIIOB M CWIHIMIOB TYTOIJIABKUX
COCMHEHUN METAJUIOB. JIEKTPOXHUMHUYECKHA CHHTE3
TYTOILJIAaBKUX KapOu0B, 60pua0B ¥ cunuua0B P3M.

MeTaiuioB 1 P3M.
Tabauya 2. O61mas TpyJ0EMKOCTh TUCIUIUIMHBI COCTABIISIET 3 3a4ETHBIC
eauHullbl (108 yacoB)
Bt paboThi TpynoeMKOCTh, 4aCOB / 3aYETHBIX €IMHUIL
3 cemecTp BCEro
O0uas Tpy10eMKOCTh (B Yyacax) 108 108
KonTakTHas pa6ora (B yacax): 51 51
Jlexyuonnuvle 3anamus (/1) 17 17
IIpaxmuueckue 3auamus (113) 34 34
Jlabopamopnwvie pabomut (JIP)
CamocrosiTeibHass padora (B 57 57
yacax):
CamocrosiTenbHOE M3y4YEeHUE 24 24
pa3zeson
Camomnonrotopka (mpopaboTka W
IOBTOPEHUE JEKIIMOHHOTO
Martepuaia " Marepuana
y4eOHUKOB M YYEOHBIX IOCOOUH, 33 33
NOJITOTOBKAa K  J1TaOOpaTOPHBIM
3aHATHUAM, KOJUIOKBUYMaM,
pyOEe)KHOMY KOHTPOJIIO U T.1.),
IlogroroBka u MIPOXO0XKICHHUE
IIPOMEKYTOYHOW aTTECTAIUUN
Buna NPOMEKYTOYHOH
arrecTalinu P ! ater
4.1. Jleknuu
Tabruya 3. Jlekyuonnvle 3anamus
Ne ni/m Tema
1 TepMmoanHamuka o0pa3oBaHud KPHUCTAJUTMYECKUX 3apOJIBILLIEH.
Onpenenenue ANEKTPOKPUCTATIIU3ALIHH. [Tpumepsr
aneKkTpokpuctaminzaiuu. (OCOOEHHOCTH AJIEKTPOKPUCTAIIU3ALUU [0
CPaBHEHHMIO C JIPyTUMH DJIEKTPOJHbIMU mpoueccamu. (OOpazoBaHue
KpUcTaUIMYecKuXx 3apoabiiei. [loHaTrue qokpuTHyeckas, 3aKpuTUYECKast
CTaJuu.
2 I'omorennass Hykieanusi. BbIBOJbI ypaBHEHUSI W3MEHEHHsI CBOOOHOM
SHEPI'uM Mpu 00pa30BaHUM KPUTHUUECKOTO 3apoisiiia. ['paduk namMeHeHus
CBOOO/IHOW PHEPrUU B 3aBUCHUMOCTH OT pa3Mepa 3apo/ibliia.




I'ereporennass Hykjeanusi. BbIBoJ ypaBHEHHsSI W3MEHEHHUS CBOOOIHOU
SHepruu  oOpa3oBaHUs  TPEXMEPHOrOo  CHEpPUUECKOr0  3apOJbIIlIa.
I'paduueckass  3aBUCHUMOCTH  (pakTOpa TE€TEPOr€HHOCTH OT  YIJIa
CMa4yuBaHMUSL.

JlBymepnass wykineanusa. Onpenenenue. IlapaMerpbl KpUTHYECKOTO
KpPYTJIOTO 3apOJpbIlIa, BBICOTOM d, BO3HUKAIOLIETO HAa 4YYKEPOIHOMN
nomiioxkke. Mexanusm nykieannu donasMepa-Bedepa; Opanke-Ban-nep-
Mepse;  Crpanckoro-KpactaHoBa.  ATOMHCTHYECKHMA  TOAXOJ K
TEPMOJIMHAMUKE HYKJICAIINH.

Oco0OEHHOCTH  TEPMOJIMHAMUKHM  DJIEKTPOKpUCTAUIM3auu. DyHKUUA
pacupeneneHus 3apoAbllIei 0 pasMePaM.

Kuneruka nykneanuu. CKOpocTh mepexoia B 3aKpUTUYECKYIO 00JacTb.
CraumonapHas Hykneauusa. [loToxk 3apoppliieil, mNEepexondlinX B
3aKpUTHYECKYI0  00JacTh.  BbluMcneHnMe  cTalMOHApPHOIO  TOKAa.
Hecraunonapnas Hykiieanus. Bpemst oxuganusi I€pBOTroO 3apoablla; poCcT
M30JIMPOBAHHOTO 3apOJIbIIIa; POCT aHCaMOJiel HE3aBUCUMBIX 3apO/IbIIIECH,
yUYET NEPEKPBITHS 3apOAbIIICH

Mopdonorus ¥ CKOpOCTh poCTa TMOBEPXHOCTH MeTajuila IMpu
aneKkTpokpucTauiuzanuu. CTyneHu U U3JIOMbI. XapakTep CTPOCHUS TpaHu
c OonpmMMHU UWHAEKCaMH. BakHeine 0COOEHHOCTH TOBEPXHOCTU
kpuctayia. HopManbeHblil 1 ciioeBoit poct. CKOpOCTh HOPMAIBHOTO POCTA.

Mopdomnoruyeckue  XapakTepUCTUKM  TMOBEPXHOCTH  KOMIAKTHBIX
ANEKTPOIUTHYECKUX 0caakoB. (OCHOBHbIE MOP()OJIOTHYECKUE THIIBI
ocanakoB. Ilupamuael m conupanu. CIOUCTBIM, MJACTUHYATBIA POCT.
[Ipupona makpoctynenen. Kpucramnmueckas mepoxoBaToCTh

Pacnpenenenne moteHmanza mo o0bEMY 3JIEKTPOJIUTA U paclpe/ielieHue
TOKa I10 TTOBEPXHOCTH AIEKTPOJ0B. KpaeBwie 3amauu /sl CTAIlMOHAPHOTO
AJIEKTPUUECKOTO TIOJISI.

10

IlepBruHOE W mpenesbHOE TOJIe; BTOPUYHOE IMOJ€; MOJEe MOJIApU3aluu;
TPETUYHOE TMOJE€ U TPETHYHOE pachpeneneHue Toka. (OCHOBHbIE
OPUHIUIIBL pacyeTa AIEKTPUUYECKUX TMoJied B anekrponusepax. Ciydyau
pacnpeneneHus TOKa.

11

Pacnpenenenne Toka nmo mepoxoBaTou MOBEPXHOCTH.

DBodIONKA MUKPOTPODUIIss B pe3yinbTaTe HEPAaBHOMEPHOTO TEPBHUYHOTO
pacnpeneneHus ToOKa. [3MeHeHMe mEepoXOBaTOCTM NOBEPXHOCTH B
YCJIOBHUSX BTOPUYHOT'O U TPETUYHOT'O pACIPEICICHUS TOKA.

12

DIEKTpOOCaAXKICHUE CILJIABOB. YcnoBus CI1aBO0Opa30BaHUA.
[TaprmanpHbIe TONSIPU3AIIMOHHBIE KPUBBIE JJIsI KOMIIOHEHTOB CIUIABA.

13

PaBHOBecHbIE U CTallMOHApHbIE MOTEHIMAbLl CIUIABOB. YYET SHEpPruu
CIUTABOOOpPA30BaHUSI TPH pacyeTe IOTCHIIMATIOB BBIJCICHHS CIUIABOB.
Bnusinue paznuunbix  (pakTopoB (cocTaB  pacTBOp, TeMmmeparypa,
MOTEHIMAJ, TUIOTHOCTh TOKAa, MEpPEMEIIUBAHUE, IIEKTPUUECKUN PEHKUM)
Ha COCTaB CIuIaBoB. [I0BepXHOCTHBIE CILIaBbI

14

Coocaxnenue npuMmeceil. ICTOUHUKY mpuMecei B ocajiKax.




15

TeopeTnuecknidi  aHAIU3  KUHETUKU  COOCAXKACHUA.  3aBHCUMOCTH
KOHLIEHTPALMM BKJIKYEHUN OT YCIOBUM JJIEKTPOOCAKICHUSA XMMHUUYECKOE
COCTOSIHAE COOCAKIECHHOU ITPUMECH.

16 | HaBopopaxuBaHue mnpu 3aeKkTpoocaxaeHnu. HaBogopaxuBanue 0caakos,
OCHOBBI B TMpOLECCE BJIEKTPOOCAKACHUS, BOJOPOJOINPOHUIIAEMOCTD
MeMOpaH

17 | CtpykTypa 31eKTPOXUMUYECKUX OCAIKOB METAJJIOB U CILIABOB.
OO6pa3oBaHue MOJUKPUCTATIINYECKOTO ocaaka. ['paHulbl 3epeH, ne(eKTs
YIIAKOBKH KPUCTAIUIMYECKON peleTKH, TOUeUHble 1eQEeKThI, IBOMHUKOBBIE
IpaHULIbl, JAHUCIOKaUuu. V3MeHeHHe CTPYKTyphl TMOCJI€ OKOHYaHUs
AIEKTPOIN3A.

4.2 IlpakTHyeckne 3aHATUS (CEMUHAPCKUE 3aAHATHSA)
Tabnuya 4. [lpakmuueckue 3auamus (cemuHapcKue 3aHamus)
Ne i/t Tema
1 BrnusiHue cocTaBa 3J€KTPOJIMTA U PEKUMA BJIEKTPOJIN3a HA CTPYKTYPY U
CBOICTBA AJIEKTPOXUMHUYECKUX OCATKOB.

2 Omnpenenenne BbIX0a METaJlJia o0 TOKY U DHEPTUH.

3 OkcuIupoBaHUE ATIOMUHUS U OIICHKA Ka4yeCTBAa OKCUIHBIX MJICHOK.

4 DIEKTPOXUMHUYECKOE TIOJIYYEHNE METHOTO MOPOIIIKA.

5 DIEKTPOXUMHUYECKOE MOJIMPOBAHUE MEIHBIX, JIATYHHBIX WM CTalbHBIX
1763 (S050%8

6 KaamupoBaHue cTaabHBIX JeTaJIEH.

VYyeOHo-UCCenoBaTENbCKAs TMpaKkTUyeckas paboTa g TPOBEICHUS
JEJI0BOM UT'PhI BKIIOYAET U3YUEHUE:

a) IOJATOTOBKH MOBEPXHOCTHU W3/EJIHIA;

0) BaMsAHUS cocTaBa »JJjekTponuTa, Hamuuus I[IAB Ha kadecTBO

7 0CaX/1a€MOTO MTOKPBITHS, BBIXO/I IO TOKY;

B) BIMSHUE pekuMa anekTpoiusa (i, t, °C) Ha KauecTBO OCaKIAEMOTO
MOKPBITHS, BBIXO/I [10 TOKY;

) aHalW3  KayecTBa  IMOKPBITUA:  aAre3usi, PaBHOMEPHOCT,
IEPOXOBATOCTh, IOPUCTOCTb, 3AIUTHAS] CTIOCOOHOCTb.

AHanu3 NoJIy4eHHBIX KCIIEPUMEHTAIbHBIX PE3YJIbTaTOB, COITOCTABIICHHUE

3 C HMEIOLIMMHUCS JIUTEPATypHBIMU JaHHBIMH, PEKOMEHAAIUU IO
pa3pabatreiBaeMoii  TexHosoruu. COMOCTaBICHHE TEXHOJOTHYECKON
KapThl Ipolecca.

9 Pemienue 3agay no remam

4.3. JlaGopaTopHble padoThI
(He npedycmompeHro no yuebHoMy Niamy)

4.4, llpuMepHasi TeMAaTHKAa KypPCOBbIX padoT
(He npedycmompeHro no yuebHoMy Niamy)
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4.5. CamocTosiTe/IbHOE H3y4YEHHUE Pa3/ie10B JUCIHUILIHHbI

Taonuya 5. Camocmoamenvnoe usyuenue pazoenos OUCUUnIuHsl

No

BOHpOCBI, BBIHOCHMBIC Ha CAMOCTOATCIIBHOC N3YyYCHHUC

[IpuMeHeHnE HECTAIMOHAPHBIX PEXUMOB MIPU U3YUEHUN MEXaHU3Ma U
KMHETUKH MPOLECCA DJIEKTPOKPUCTAIUIN3ALUHA METAIIOB U CILIABOB!

a) HAJIO)KEHHE CUHYCOMAAIbHOTO TOKA HA TOCTOSHHbIN;

0) UMITYJILCHBIE PEXKUMBI; IPSAMOYTOJIbHBIE UMITYJIbChI TOKA;

B) UCIOJIb30BAHHUE MPHUEMA MAy3bl TOKA WM AaHOJHOTO NEPHUOA;

I') IPOLECC C MEPUOJNYECKH MEHSIOIIMMCS OTEHIIMAIIOM.

BHeKTpOJII/ITI/I‘ICCKI/IC MMOKPbITHUA Oxar OpOAHBIMH MCTAJUIAMH.

Hanecenue raibBaHUUECKUX HOKpBITI/Iﬁ Ha aJIJlIOMHMHUCBBIC 1 TUHKOBLIC
CITITARKI

DIIEKTPOITUTUYECKOE TTOTYUEHUE TalIbBAHUYECKUX KOTUM.

Bnusiaue CTPYKTYPBI QJICKTPOJIUTUICCKHUX OCAAKOB Ha UX (1)H31/I‘IGCKI/IC
1 MEXaHMYECKHE CBOMCTRA.

9H€KTpO(1)OpGTI/I‘I€CKOG HaHCCCHUC KPACOK U JIAKOB.

QHGKTPOXI/IMI/I‘IGCKI/IIZ CUHTC3 HCOPTAHNYCCKUX BCIICCTB

BHGKTPOXI/IMI/I‘IGCKI/IIZ CHUHTC3 OPraHNYCCKUX BCIICCTB

© | 00 | N | O

9H€KTpOJ'IPI3 B IIPOU3BOACTBEC CBUHIIA U OJIOBA

5. OOHEHOYHBIE MATEPHAJIbI VIS TEKYILEI'O U PYBEKHOI'O
KOHTPOJISI YCIIEBAEMOCTH M TIPOMEXXYTOYHON

Ne

1

2

ATTECTAIINAN
Tabnuya 6. Ilepeuens oyeHounwvix cpedcmes
HaumenoBanue KparTkas xapakrepucTuka IIpeacrasiienue
OLICHOYHOI'0 OLICHOYHOI'0 CpeacTBa OLICHOYHOI'0
cpeacrsa cpeacrsa B poHjae
KomnokBuym CpenctBo KOHTPOJIA, ycBoeHus1 Bompocsl o
yueOHOrO MaTepuajna TEeMbI, paszliesia Temam/pasjenam
JUCUUIUIMHBI, OPraHW30BaHHOE KaK JUCUUILIUHBI,
yaeOHOe 3aHsATHE MIPE/ICTaBICHHEIC B
MPUBSA3KE K
KOMIIETEHIUSM,
MPEyCMOTPEHHBIM
PTL/]
Tectsl Cucrema CTaHIApTU3UpOBaHHBIX DOHA  TECTOBBIX

3aJaHuH, MO3BOJIAIONIAST 3aJaHuU
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aBTOMAaTHU3UPOBATH poLEnYPY
U3MEpPEHUs YPOBHA 3HAHUM U YMEHUU
oOyyJaromuxcs

3 IIpomexyrouHas Bompocsl, no3soistonue ouneHuBars POHA  BOIPOCOB

aTTeCTalus U JIUAarHOCTUPOBATh 3HaHHUE JUId 3a4eTa

(dakTuyeckoro marepuana (6a3oBbIe
noHATHs,  (GaKkTbl)) W yMEHHE
IpaBUIIBHO YICII0JIB30BaTh
CIIEHUAJIBHBIE TEPMHUHBI U TOHATHS,
0060011aTh (baxkTuyeckuit u
TEOPETUUYECKUA MaTepHaIl

6.3. 3aueTHBIEe BONPOCHI
1. OcHoBHBIE cCBeJeHUsI 00 DOJIEKTPOJIU3E paCIUIaBJICHHBIX CpeJl H  €ro
OCOOCHHOCTSIX.
2. IIpousBoactBo HaTpusi. TeopeTuueckrue OCHOBBI UM TEXHOJIOTHSI MPOU3BOJICTBA
HATpPUS W3 TUIPOKCUJA HATpHUs. Ammaparypa, HCIOIb3yeMas B IPOU3BOJICTBE
HATPHS U3 TUJIPOKCHU]IA HATPUS.
3. [lomy4yeHue HaTpus U3 XJIOpUJa HATPUA. TEeXHONIOTHS M TEXHOJOTHYECKas cXxema
IPOU3BOJACTBA. AMMaparypa, UCHOJb3yeMas B IMPOU3BOJACTBE HATPHUS U3 XJIOpUAA
HaTpus. HoBbIE HanpaBieHNs B TEXHOJIOTUHU MTOJTYYEHHUS MIEIOYHBIX METAJIIOB.
4. TlpoumsBonctBo Kanua. CrnocoObl MOMy4EeHHS Kajdusl. DJIEKTPOXUMHUYECKUU
CIoco0 MOJyYeHUs Kayusl.
5. Teopernueckre OCHOBBI TOJIYYEHHUs 3JIEKTPOJM30M CIUIaBa CBUHEL-KaIUN U
BaKyyMHOM €ro pa3roHKH. TEXHOJIOTMS U TEXHOJOTHMYECKas cXema MPOU3BOJICTBA
KaJIns.
6. [lomyueHue TPOWHOro CIUTaBa CBHUHEI-HATPUH-KaIWN. TeopeTHYecKne OCHOBBI
npoliecca MOJIyYEHUs dJIEKTPOIUTUYECKOTO.
/. TexHonorus MpPOU3BOJCTBA TPOMHOIO CIUIaBa. AmnmapaTypa, UCIOIb3yeMas B
IPOU3BOJACTBE 3JIEKTPOJIUTUYECKOIO TPOMHOrO CIUIaBa. Y COBEPILICHCTBOBAHUE
TEXHOJIOTMM TIpOLlecCa TMOJYYEHUS DIEKTPOJIUTUYECKOTO U  TEPMHUYECKOTO
TPOMHOIO CIIaBa.
8. CuctemMbl ~ aBTOMATHYECKOIO  PETYJIMPOBAHMUS, CUTHaIM3allMk U
aBTOMAaTHYECKOr0 KOHTPOJISI B TPOU3BOJICTBAX HATPUS U KAJIUSL.
9. Bonpocel TexHHKH O€30MacCHOCTH, OXPaHbl TPyJla M OXpaHbl OKPYKAIOIIEH
Cpeabl B MPOU3BOACTBAX HATPUS, KaJIKs U TPOMHOIO CIIABA.
10. Teopernueckne OCHOBBI TONYYCHHUS Kalbllusi. TEeXHONOTHS TIpolecca
MOJYYEHUsS KaJdbLUsl DJIEKTPOJIM30M C OKHAKAM KaToAoM. Ammaparypa,
UCIIOJIb3yeMasi B MPOU3BOJICTBE KAJIBLIMSI.
11. IIpousBoacTBo (propa. TeopeTnueckre OCHOBBI MPOIECCOB MOMydeHUs (propa.
TexHonmorust U TEXHOJOTUYECKas cxema Mpou3BojicTBa. KoHTpoib mMpou3BoOJICTBA.
12. Anmaparypa, ucrnons3yemasi B Mpou3BocTBe GTopa. TexHnka 6€30macHOCTH,
oXpaHa Tpy/ia U OXpaHa OKPYKaroleh cpebl.
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13. IIpousBoACTBO adtOMHHHS. TeopeThdecKue OCHOBBHI mpoiiecca. TexHomorus
MPOU3BOJICTBA  AJTIOMHMHMS. AIMNaparypa, UCHOJb3yeMass B  IPOU3BOJICTBE
AJTIOMUHHUS.

14. Tlpou3BoacTtBo MarHus. TeopeTHUecKHME OCHOBBI MpOLEcca AJIEKTPOIU3a.
TexHomorust Mpou3BOJICTBA MarHusl. Anmnaparypa, UCIoIb3yeMas B MPOU3BOJICTBE
MarHus.

15. DnekTpoBbIieIeHUE TYTOIJIABKUX METAJIJIOB U3 MOHHBIX PACIIaBOB.

16. DnexkTpoxumMuueckoe Boiiesienrne P3M 13 MOHHBIX pacIjiaBoB.

17. DneKTpOXUMHUUECKUN CUHTE3 KapOuI0B, OOPUIOB U CUIIUIIUJIOB TYTOTUIABKUX
METaJIJIOB.

18. DeKTpOXUMHYECKHI CHHTE3 KapOr0B, OOpUIOB M CHIUIINI0B P3M.

19. DeKTpOIUTHYECKOE MOTYyYeHHUE TTOPOIIKA IIMHKA, MEIH.

20. TlomyueHme MeTaIOB  DJJEKTPOJHM30M B  pACIUIAaBICHHBIX  Cpejlax,
TEOPETUUYECKHUE OCHOBBI (CTPOCHHE PACILIABIICHHBIX COJICH, JIEKTPOIPOBOIUMOCTD
pacIIaBJICHHBIX COJICH, BIUSAHUE (DU3UKO-XMMHYECKUX CBOMCTB JJEKTPOJIUTA HA
IIPOIIECC DJICKTPOJIN3A).

21. DIEKTPOXUMHUYECKUN CHHTE3 HEOPTAaHUYECKUX COSTMHCHUM.

22. DIEeKTPOXUMUYECKUH CUHTE3 OPraHUYCCKUX COCTUHCHUM.

23. DIEKTPOOCAXJECHHE XPOMOBOTO ITOKPBITHS M3 D3JEKTPOJUTOB Ha ocHoBe Cr
(IT1). CtpykTypa u CBOHCTBA DJIEKTPOIUTUUCCKUX XPOMOBBIX IIOKPBITHIA.

24. DIEeKTPOIUTHIECKOE OCAKISHHUE OJIarOpOHBIX METAIIJIOB.

25. Dnekrpoocaxaenue ciiaBoB Sn — Pb, Sn — Bi B mpou3BojacTBe meyaTHBIX
TIaT.

6.4. KomnbloTepHoe TeCTUPOBaHUE — He TMPEAyCMOTPEHO

IIpumepsl 3aJaHNH 1JI IPOBEPKH UTOTOBbIX 3HAHUM

[Ipumepsl pemenns 3ana4d

[Tpumep 1. Cepust u3 n - 150 HempepbIBHO pabOTaBIINX ATFOMHUHUEBBIX
ANEKTpou3epoB Harpyskoit I = 65 kA Beimana 3a mecsl (t = 30 cyTok) paboThI
gaxt = 2090 T metamna, comepxaimiero pAl = 99,5%. Cpennee HampsiKeHUE Ha
cepuu (C yde- TOM MEPUOIUUYECKUX «aHOJHBIX BCIBIIIEK») cocTaBuio V= 718 B.
KakoBbI BBIXOJ MO TOKY M YAENBHBIA pacXoi 3IEKTPOIHEPTUH ISl MOTYUYEHHOIO
amtoMunus (B pacuete Ha 100%-Hb1il meTann)?

Pemenue

1) CymmapHbIii 3aeKTpoxuMudecknii mpomecc B Banae 2A1203 + 3C — 4
Al + 3CO2 (uactuuno oOpasyercst u CO). 2) DIEKTPOXUMUYECKUI 3KBUBAJICHT
amomunus qAl = 0,3355 r/A4. 3) KomnyecTBO amOMHHHS KOTOPOE MOKHO
MOJIYYUTh TEOPETHUECKHU C cepun 3a Mecsn greop = [ Tt qAl n = 2355 1. 4) Brixoa
mo Toky Ha cepun BT = gdakt pAl / greop - 100 = 88,3%. 5) YaenbHbIl pacxon
anektposneprun Wg =1V 1t/ ghakr pAl= 16150 kBT-u/T AL

[Tpumep 2. MaruueBsiil snekTponusep Harpy3koit I = 70 kA pabortaer co
cpeaHUM BBIXOAOM MO TOKy BT = 90% (mpuHSATH paBHBIM [JIs KaTOAHOTO H
aHOJHOTO TMPOLECCOB); coAepkaHue Mg B MOIydYaeMOM MeTaJlie-ChIple
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coctaBiusier pMg = 99,0%. Kakoe KommyecTBO MarHus-chlpla U XJIOpa MOXKET
ObITh monydeHo 3a wmecdan (30 CyTok) ¢ Takoro JJIEKTpOJU3epa MpU €ro
HernpepbIBHOM padoTe? KakoB ynenbHbII pacxoa 3JeKTpodHepruu: a) Ha It Mg; 0)
Ha It Cl2, ecnu HanpsbxkeHue Ha BaHHe V = 6,4 B?

Pemenne

1) OcHoBHOM 3nekTpoxumMuyeckuid nporecc B Banue MgCI2 — Mg + CI2 2)
DIEKTPOXUMHUYECKNE DKBUBAJICHTHI Uil KOMIIOHEHTOB mponecca: qMg = 0,454
r/A-a; qCI12 = 1,325 1/A 4. 3) MecsiuHas IpOU3BOJIUTENLHOCTh BAHHBI HO MarHuio-
ceipy gMg = I 1 qMg Bt / pMg = 20,8 1. 4) MecsiuHOE€ KOIMYECTBO XJIOpa,
npousBogumoe oHoi BanHou gClI2 =11 qCI2 Bt = 60,1 1. 5) Y nenwsHblil pacxoa
anektpodHeprun: W =V /qBra)na 1 T Mg — WMg = 15650 kBT'w/T; 6) HA 1 T
Cl12 - WCI2 = 5370 kBT-4/T.

ITpumep 3. B exe METAJUINYECKOTO HaTpUs roJ10BOM
npousBoguTenbHOCThI0O 8000 T Na ycTaHOBIIEHBI BaHHBI, paloTarolUe Ha
XJIOpUCTOM dJekTposnute. KakoBa rojmoBas MOTpeOHOCTh I1€Xa B TEXHUYECKOM
noBapenHo# comu (pNaCl = 99,7% NaCl), ecnu nmorepu conu coctaBisaoT 5% (K
= 1,05) ot ee pacxona Ha cOO- CTBEHHO AJIEKTPOIHU3?

Pemenue IN'ogoBas motpe6Hocts B NaCl gNaCl = gNa MNaCl ANa - K
pNaCl = 21500 t/rox.

3aauu AJi1 CaMOCTOSITEIBHOTO PEIICHHUS

1. ATIOMHUHUEBBIN JIEKTPOJIU3EP HArpy3Koi 65 KA paboTaeT ¢ BBIXOJOM I10
TOKy 89% mipu cpegHepacyeTHOM HalpsbKeHHH Ha BaHHE Vep = 4,8 B (¢ yuetom
[O- BBIIICHHS HAMNPSHKEHUS 3a CYET MEePUOAUYECKUX «AHOJHBIX BCIIBIIIEK).
MamunHoe  Bpemst  paboTel  anektpoiuszepa  0,96.  KakoBel  romonas
IPOU3BOAUTEIBLHOCTD 10 AJTIOMHUHUIO OJHOTO 3JIEKTPOJIM3Epa U YAEIbHBINA Pacxo.
3JIEKTPOdHEPTrUM Ha 1 T moydyaemoro merasa?

2. BbIxoa Mo TOKY MpH 3JEKTPOJIUTUYECKOM PAaPUHUPOBAHUN ATIOMUHUSA (C
IPUMEHEHHEM TPEXCIONHOTO METOa) paBeH 96%, a HampsKEeHUE HAa BaHHE VB =
6,5 B. KakoBa BenuuuMHa yJEIbHBIX 3aTpaT »dJEKTpodHepruu Ha 1 T
padUHUPOBAHHOTO ATIOMUHUSA?

3. 3a cyTku paboThl MarHMe€BOIrO »BJEKTpoiu3epa Harpy3skoi 50 kA
nmonyyeHo 475 kr wmeramra, coxaepxkamero 98,5% Mg. Cpennee pabouee
HampsbkeHre Ha BaHHe paBHO 7,0 BO. PaccumTtaTh BBIXOJ 1O TOKY U yIEIbHBIN
pacxon annektposneprun 1t 100%-Horo maruus.

4. MarHueBbIil AIEKTpOIU3ep paboTaeT MpHU KATOIHOM IUIOTHOCTH Toka Dk
= 0,70 A/cM2 n anomHOM TIOoTHOCTH TokKa Da = 0,50 A/cM2 ; MEXIIEKTPOIHOE
pacCcTosiHME B BaHHE PABHO 7 CM; YAEJIBHOE COINPOTHUBIIEHHUE JIIEKTPOJIHUTA IPHU
temreparype mnpo- mecca p = 0,46 Om'cM (MpPOXOJHYIO IUIOTHOCTh TOKa B
ANEKTPOJIUTE PACCUUTATh, KaK CpeHIO reoMerpuyeckyro ot Dk u Da). Kakoso
OyJeT maicHne HAMPSHKEHUS B AJIEKTPOIUTE BAaHHBI?

5. C narpueBoro snekrposmsepa Harpyskor 8000 A, 3anuToro pacriaBoM
€JKOT0 HaTpa, 3a CYTKH IMOJIY4eHO 85 KI' METAIJIMYECKOrO HATpHsl MPU CPEIHEM
HanpsbkeHun Ha BaHHe 5,0 B. PaccumTarhs BBIXOJ MO TOKY W YAEIbHBIA PAaCX0O]
ANEKTPOIHEPTUHU JUIsl TOJTYUYEHHOTO MEeTalIa.



6. Hanpsixenue pasnokeHus Uil paciiiaBa €Koro HaTpa, UCIOJIb3yEMOTO B
Kaue- CTBE BJIEKTPOJIMTA MPU MPOU3BOACTBE METAINIMYECKOTO HATpus, paBHO 2,25
B. Yemy paBeH TEOpPETUYECKMH pacXOJ DIEKTPOIHEPIUM IIPU IIOJIYyYECHUU
MeTaJlTn4e- CKOro HaTpUsl B BaHHAX C TaKUM 3JEKTpoauToM? C KaKUM BBIXOJOM
0 DJHEepruu pa- OOTaeT HATPUEBBIM AIIEKTPONM3EP, HMEIOUMH pabdoyee
Hanpspkenre VB = 5,0 B u Boixon o Toky Bt = 52%7?

7. LUex metamnuyeckoro HaTpus umeeT 50 paOoTaromuX 3JEKTPOJIU3EPOB,
kaxablid Harpy3koit 8000 A; BeIX0A MO TOKY ISl IOdydaeMoro Hatpus Bt = 52%;
MOTEPH DJIEKTPOJIUTA - €KOTO HATpa - COCTABISAIOT HA BCeX omnepanusax 5% oT ero
pacxoia Ha coOCTBEHHO 3jekTposn3. KakoBa cyTouHas moOTpeOHOCTh Iiexa B
€JIKOM Hatpe?

8. DIEKTpOIMTOM B HAaTPUEBOM HJIEKTponu3epe Harpy3kor 30 KA CiyKut
pacIuiaB XJIOPUIOB HATPUS M KaJIbIUs. BBIXO/bI IO TOKY JJIsl TIOJIy4aeMbIX HATPUs
U xjopa paBHbl 75%; HampsbkeHne Ha BanHe VB = 7,0 B; mammHHOE Bpems
pabotel anekTpo- nuzepa f = 0,95. Paccuutarh romoByr0 NmpOU3BOAUTEIBHOCTH
ANEKTpOIM3epa MO METANIMYECKOMY HATpUI0 U XJjopy. Uemy paBeH yIenbHBIH
pacxo JIEKTPOIHEPTUH JJIS MOTYy4aeMOro HaTpHsi?

9. Ilpu snekTpoau3e COAO0BO-XJIOPUIHOTO PACIUIaBA C KUIKUM CBHHIIOBBIM
KaTo- IoM o0Opasyercsi TpoiHO# cmuiaB cieaytomiero coctara: 90%Ph; 9,25%Na u
0,75% xanus. KakoBa cyTouHas MpOWU3BOJUTEIBLHOCTh MO TPOHHOMY KAaTOJHOMY
CIUIaBy (B pacyeTe Ha HEMPEPBHIBHYIO paboOTy) AJEKTpoju3epa Harpy3kou 18 kA,
eciu BeIXoJ 1o TOoKy paBeH 90%? KakoB yaenbHBIN pacxon 3JEKTpOIHEpruu Ha |
T TPOMHOTO CIUJIaBa MPH CPEHEM HAIIPSHKEHWHW HA BaHHY 5,5 B

10. Jlns momy4eHHs CBHHIIOBO-KAQJIBIIMEBOM JIMTaTypbl MOXET OBITh
UCIIOJIB30BAH DJIEKTPOJIM3 pACIUIaBa XJIOPUIAOB KaJIbLUS U HATPUS C KUIAKAM
CBHUHIIOBBIM KaToJioM. KakoBa cyTo4yHas NIpPOU3BOAUTEIBHOCTH 3JIEKTPOJIM3EPA
Harpy3koi 2000 A: a) mo KaibIuio B 0) MO MOJTYyYEeHHOW JUTraType, coaepKariei
3,4% Kanblys, €CJIU BBIXOJ IO TOKY ISl Kaiblys paBeH 75%?

DIEKTPOXUMHUUYECKOE TTOKPHITHE METAJUIAMU U CILIABAMU

[Ipumepsl pemenns 3ana4d

[Tpumep 1. [locnenoBarensHO C J1aOOPaTOPHOM BAaHHOW ITMHKOBAHMS, 3aJU-
TOM LMAHUCTBIM BJIEKTPOJUTOM, BKIIOYEH MEAHBIM KyloHoMeTp. 3a 20 MHH
mpoliec- ca IWHKyeMas JeTainb C pabodeld moBepxHocThio S = 1,4 om2
yBenuuuiaachk B Macce Ha gZn = 1,82 r, 3a 3TO ke BpeMsi Ha KaToJI€ MEIHOIO
KyJIOHOMETpa Bbicaimiioch 2,10 r Mmenu. PaccunTaTh: a) BBIX0/1 MO TOKY JJISI IIMHKA;
0) CpeaHIO TONIIUHY ITUHKOBOTO MOKPBITHS; B) CPEIHIOI KATOAHYIO TUIOTHOCTH
TOKa B BaHHE IUHKOBAHMSI.

Pemenue

1) KonnuecTBo 351eKTpUYECTBA, MPOTEKIIIEE Yepe3 ANEKTPUUECKYIO Lenb Q =
gCu/ qCu = 1,77 A-u. 2) Beixox mo ToKy ajsi mpoliecca IMHKOBaHusA BT = gdakt
greop 100 = gdakr QgZn 100 = 84,2% 3) Cpennss TONIIMHA ITMHKOBOTO
MOKPBITUS (TIOTHOCTh IMHKa 7,14 1/cM3 ) 8 = gZn / S dZn = 18,2 Mk 4) Cpennsis
KaTo/JHas IJIOTHOCTh TOKa mporiecca nmuHkoBaHus Dk = Q / © S = 3,79 A/am2 .
[Ipumep 2. B KOJIOKOJIbHYIO BaHHY LIMHKOBaHHs HAarpy3kou 80 A OJHOBpPEMEHHO
3arpyxkeHo g = 15,0 kr geraneit ¢ yaenabHOM moBepXxHOCThIO Syn = 19,2 am2 /kr.



KakoBa HeoOxonumasi UIMTENBHOCTh MpoOllecCa MOKPBITUS IS  TOJYyYECHHS
TOJIIUHBI IMHKOBOTO ocajgka & = 15 MK, ecld BBIXOJ IO TOKY B TakoM
ANIEKTPOJIUTE B CTAllMOHAPHBIX BaHHaX paBeH 90% M HEOOXOAMMOE YBEIHMUYECHUE
BPEMEHHM DJJIGKTPO- JiM3a B  KOJOKOJBHBIX BaHHaX (MJIsI KOMIICHCAIUU
MEXaHWYECKOTO WCTUpaHUS U HE- PABHOMEPHOCTU TIE€pPEChIaHUs JIeTalieil)
coctaBut 15% (K =1,15)?

Pemenne 1) IloBepxHOCTh AeTaneit oaHoM 3arpy3ku S = g Sya = 288 am2 2)
Macca kaToIHOTO OcajKa IIMHKa Js JieTalnel Bceu 3arpy3ku gZn = S & dZn = 308
r. 3) [IponomxkurensHOCTh Mpouecca mokpeitus T = gZn / 1 qZn Bt - K = 4,044.
[Mpumep 5.3. Jlns raJibBaHUYECKOTO MEIHEHHS JeTajeid B CEPHOKUCIIOM 3JIEK-
TPOJIUTE UCIOJIb30BaH TOK MEPEMEHHOM MOJSPHOCTH C JVIUTEIHHOCTHIO KATOHOTO
nepuojia Tk = 8 CeK W aHOJHOTO Mepuojiata = 2 CeK; IJIOTHOCTh TOKa KaTOJIHOTO
ne- puona Dk = 10 A/amM2 , mIoTHOCTH TOKa aHojHOrO mepuoja Da = 5 A/nm2 .
Boixon mo ¢akthuueckoMy KaToAHOMY TOKYy miua meau Bt = 99%. Kakosa
HeoOXoauMas MPOJOJDKUTEIIBHOCTh Mpoliecca MEIHEHUS MPH TOJIIUHE MEIHOTO
nokpeiTusi & = 20 Mk? Pemenue 1) CpegnepacueTHoe 3HaueHUE (DAKTUUECKOM
KaToaHOM TIIOTHOCTH Toka Dk c¢p = Dxtk—Dara tkt+ta = 7,0 A/mMm2 2)
[IponomxurenbHOCTH Mpoliecca Mmeauenus T = §dCu Dx cp qCuBT =13 muH.

3ajaun 711 CaMOCTOATEIILHOTO PEICHHUSI

1. DAEKTPONMTUYECKOE OCAXKJICHHUE Ha JIETANIAX IMHKOBOT'O MOKPBITHS TOJ-
muHOM 18 MK Mpou3BOAUTCA B CYIb(ATHOM DIIEKTPOIUTE TMPU KATOTHOM
mIoTHOCTH Toka Dk = = 2,0 A/mm2 u Bt = 98%. KakoBa HeoOXxomumas
IPOJIOJKUTENIBHOCTh IIPOLECCa HUHKOBAHUS?

2. DNEKTPOJIUTHYECKOE IMHKOBAHUE JIETaJIel OCYIIECTBISIOCH B TeUeHUE 22
MUH B IIHAHUCTOM 3JIEKTPOJIUTE MPH IIIOTHOCTU Toka Dk = 3,0 A/nM2 co cpenHum
BBIXOJIOM IO TOKY JJisi IIMHKa, paBHbIM 85%. CKOJIbKO IIMHKA OCa)XJaeTcsl Ha
JeTalld TIOBEPXHOCTHIO 2,7 nM2 3a Bpems Mpo- necca? KakoBa mpu 3ToM cpeaHsis
TOJIIIMHA [IUTHKOBOT'O MOKPBITHS ?

3. IIpu 31EKTPOTUTUUECKOM KaIMUPOBAHUM JIETAIM MOBEPXHOCTHIO 1,4 nm2
3a 32 MUH IpoIiecca MOJIY4YEeHO KaJIMUEBOE MOKPbITHE TONIIMHON 18 MK. [Ipu s3TOM
Ha KaToJie Beimenwiock 37,8 mia H2 (06beM mpuBeeH K HOPMAJbHBIM YCIOBHSM).
KakoBa BenmuumHa BBIXOJIa 1O TOKY i kaamus? Kakoil cuiabl TOK OBLT HC-
MOJIb30BAH MPH KaJMUPOBAHHUU IETAIH?

4. KakoBa HOpOJOJKUTEIBHOCTh AJIEKTPOJIUTHYECKOTO OCAXKICHHS CJO0s
MEJI1 TOJIIIUHON 25 MK: a) U3 MEIHO-IIMAHUCTBIX BaHH IPH IJIOTHOCTU TokKa Dk =
3,0 A/mM2 u BeIxome mo TOKy Bt = 75% u 0) W3 CEpPHOKHCIBIX MEIHBIX
anexTponuToB npu Dk = 3,0 A/am2 u Bt = 99%?

5. KakoBa npoAoKUTENbHOCTD JIEKTPOJIUTHYECKOTO OCAXKIACHUS CIIOSL OJI0-
Ba TOJIIMHOW 15 MK B CTallMOHApHBIX BaHHAX: a) U3 CTAHHATHBIX AJIEKTPOJIUTOB
IIPU KaTOAHOM MmIoTHOCTH Toka Dk = 3,0 A/nM2 u BeIXojie 10 TOKy BT =~ 65%; 0)
U3 Cep- HOKUCIBIX AeKTpoauToB npu Dk = 4,0 A/am2 u Bt = 90%?

6. Ilocne 1u 10MuH KaTOIHOTO OCaXAEHUs CBUHIA M3 O0OP(TOPHCTOBOIO-
poaHoro snekrposuta (cosb cBuHua Bujga Pb(BF4)2) npu mnotHoctn Toka Dk =
3,0 A/aM2 Ha petanmd moBepxHOCThIO 1,2 nMm2 ocaguiock 14,7 T CBUHIA.
PaccuuTath: a) BBIXOJ MO TOKY; 0) 00beM BBIACIUBIIETOCS Ha JIETAIM BOJOPO- 14,



MPUBEJICHHBIA K HOPMAJIbHBIM YCIOBUSIM; B) CPEHIOIO TOJIIMHY CBHUHIIOBOTO TO-
KPBITHSL.

7. HaHecenue Ha JeTany Cios 30J0Ta TOJIIMHOW 3 MK IMPOU3BOJIUTCS B
uaHnucToM sJekTponaure Ha ocHoBe KAu(CN)2 mpu katogHOM MIOTHOCTH TOKa
Dk = 0,3 A/am2 ¢ BeixozioM 110 TOKy BT = 70%. Paccunraiite mpoaoKuTeIbHOCTD
mpoIriecca 30J0UY€HHs U YIEIbHBIN pacxoj 3070Ta Ha 1 nM2 mokpeiTus (6e3 ydyeTa
€ro MnoTeph).

8. [Tpu WHIUPOBAHUU JeTanu ITIOBEPXHOCTHIO 32cm2 B
60p(hTOPHUCTOBOTOPOTHOM DIIEKTPOJIUTE, coaepkamuM uuanii B sujae In(BF4)3 3a
35,5 mun npouecca npu Dk = 2,0 A/AM2 nonyyeHO MHAMEBOE MOKPBITHE OOIIeH
maccoi 0,165 r. KakoBbl BBIXO/ MO TOKY JUISl MHIWS M €r0 CPEIHsIS TOJIIMHA Ha
neranu?

9. Inst SAEKTPOTUTHIYECKOTO TOJYUYEHUS TOKPHITUS U3 BBICOKOMEIUCTOTO
MEJIHO- IIMHKOBOTO cruiaBa - Tommaka (90 % menu u 10% nuHKA) UCMONB30BaH
IIUAHUCTBINA 2JIeKTposauT. KarogHas TMiIOTHOCTH TOKa mpu mporecce Dk = 3,0
A/nM2 , BeIXOA IO TOKY 118 ciiaBa Bt = 80%. InotHOCTh monyuaemoro criiaBa d
= 8,6 r/cm3 . KakoBa mpoI0/KUTENIBHOCTh OCKICHHUS Ha JETajsAX CJIOS TOMIIaKa
ToauHon 150 Mk?

10. DnexTpoan3omM 60pPTOPUCTOBOIOPOIHOTO AIEKTPOJIUTA, COJIECPIKAIIETO
Pb(BF4)2, Sn(BF4)2 u HexoTophle Ipyrue KOMIIOHEHTHI, Ha JETaJsAX MOJIYyYEHO
M0- KPBITHE TOJIIUHON § MK U3 CBHUHIIOBO-OJOBsiHUCTOTO ciaBa (50% Pb, 50%
Sn). Ka- Tognas mioTHOCT ToKa npu ocaxaeHun Dk = 1,0 A/amM2 , BBIXOJ IO TOKY
st criaBa 6530k K 100%. KakoBa mpo10KUTEIRHOCTD MpoIiecca dIEKTPoIin3a
(rutoTHOCTB KaToaHOTO crutaBa d = 8,7 r/cm3 )?

6.5. DKk3aMeHallHOHHbIE BONPOCHI
(3K3aMmeH He npedyCMOmpeH,)

7. YHEBHO-METOANYECKOE OBECIIEYEHUE JNCIUIIJINHBI
7.1 OcHoBHas JUTEepaTypa
1. KymxoB X.b., Ilypo H.W., Bunmmxea M.K. ®OyHKIUOHaIbHBIE
MIOKPBITHS U3 pacIjIaBICHHBIX cojiel, yuedHnoe mocooue, 2016. — 100 c.
2. CrenanoB B.I1. OcHOBHBIEC BOTIPOCHI JIEKTPOXUMHUH PACTLIABICHHBIX COJICH.
ExarepunOypr: PUO YpO PAH [Om. pec.]
3. DIeKTpOXUMHS PACIUIABICHHBIX COJICH [DIeKTpOHHBIN pecypc]: ydeOHO-

meroandeckoe mocoome/ HO.I1. 3aiikoB [m ap.].— DACKTPOH. TEKCTOBBIC
nanubsie.— ExarepunOypr: Ypamsckuili ¢enepanbHbiii yHUBEpcUTET, IbC
ACB, 2014.— 88 c.— Pexum JIOCTyTIA:

http://www.iprbookshop.ru/68317.html.— 5BC «IPRbooks»

4. KoHTpoJibHBIE 3aJIJaHUsI U TECTHI MO Kypcy «TeopeTnueckas 3JeKTPOXUMHUS
[DMEeKTPOHHBIN pecypc]|: METOAMYECKHE YKa3aHUs/ — DJIEKTPOH. TEKCTOBBIC
nmanHele.— Kaszanp: KazaHCckuii HanMOHAJIBHBIM  HCCIIEIOBATECILCKUU

TexHoJiornyeckut ynusepcutetT, 2015.— 44 c.— Pexum pgocrymna:
http://www.iprbookshop.ru/63690.html.— 5BC «IPRbooks»



7.2. JlonoJIHUTEILHAS JTUTEPATypa
1. DnexTpoxuMuyeckas KpUCTAIIM3alMs METAIJIOB U CIUIaBoB. — M.: SHycC
- K, 199 c.
2. Metannosenenne nokpsituid. — M.: CII Mutepmer Unxunupunr, 1999. -
296c.
3. 3aiixoB IO.I1., llypos H.M., Cy3nansueB A.B. BeicokoTemneparypHas
anekTpoxumus kanblus. — EkarepunOypr: PUO YpO PAH, 2013. — 200 c. [Omn.

pec.]

7.3. AaTepHeT-pecypesbl
1. CnpaBounast npaBoBas cucrema «["apant». URL: http://www.garant.ru.
2. CnpaBoyHan npasoBaa cucrema «KoHcynbtaHtMaoc». URL: http://www. con-
sultant.ru

npogeccuoHasibHble NMOUCKO8blE CUCMEMBI:
3. NonHoTekcToBas 6a3a AaHHbIX ScienceDirect: URL: http://www. sciencedi-
rect.com.

Bupryanbnbsie npubops (virtual instruments) - KOMIIbIOTEpHBIE TPOrPAMMBI,
UCIIOJTHSIONINE, C TIOMOIIbIO KOMIBIOTEPA W OTHOCHUTEIBHO HECJIOXKHOTO
obopynoBaHus (aHaNIOro-mU@pPOBBEIX U HHUQPPOAHAIOTOBRIX IpeoOpa3oBaTeseH,
JATYMKOB W WCIOJHUTEIBHBIX YCTPOUCTB), (YHKIMH pPa3IUYHBIX TPUOOPOB.
BuptyanbHbie TpruOOphl HCTIONB3YIOT KaK sl 3aMEHBI OOBIYHBIX TPUOOPOB, TaK U
JUTSL peasT3allii YHUKAIbHBIX H3MEPEHUM, JIJI1 KOTOPBIX HET OOBIYHBIX MPHOOPOB.

Buprtyanbapie npubopsl B (DU3UKO-XUMHUYECKOM DSKCIIEPUMEHTE MOXKHO
HaiTh Ha caiire: http://pdeis.at.tut.by/

ba3zvi oannwvix
JIns caMOCTOSITEIbHOM, HHINBHIYATbHON pabOThI, MTOATOTOBKH MPOCKTHBIX U
HCCJIEIOBATEIbCKUX paboT TO TEJaroruyeckod MPaKTHKE PEKOMEHIYeTCs
HCIIOJIb30BaTh JCKTPOHHO-OMOIMOTEUHYIO CHCTEMY (pecypchl HHPOPMAITMOHHOTO

uentpa ®I'bOY BO KBI'Y obecneunBaromuii J1o0CTyn K psay MEXIyHApOIHBIX
U3/1aTeNIbCTB U 0a3 TaHHBIX:

1. SciVerse Scopus(http://www.scopus.com)

2. OBC IPR BOOKS (http://iprbookshop.ru/)

3. OBC «KoncyabTanT cryaenTa» (http://www.studentlibrary.ru)
4. Web of Science (WOS) (http://webofknowledge.com).

7.4. MeToauveckue yKa3aHus K JJa00PATOPHBIM 3aHATUAM


http://www.garant.ru/
http://pdeis.at.tut.by/adcdac.htm
http://pdeis.at.tut.by/actuator.htm
http://pdeis.at.tut.by/
http://www.scopus.com/
http://iprbookshop.ru/
http://www.studentlibrary.ru/
http://webofknowledge.com/

(He npedycmompeno no yuebHoMy NiaHy)

7.5. MeToauyeckue yKasaHus 110 POBEJACHUIO PA3JIHYHBIX YUYeOHBIX
3aHATHH, K KypCOBOMY NPOCKTHPOBAHMIO M APYIMM BHIAM CaAMOCTOATEIbHOM
padoThI

Memoouueckue ykazanusa K npAKmMu4ecKum 3aHAmMuIm

[IpakTuueckue 3aHATHs MPEACTABISIIOT cO00i 0co0yI0 (opMy OpraHu3aLUuu
y4eOHOro mpoiecca, B XOJ€ KOTOPOrOo CTYAEHT JOJDKEH NPUOOpPEeCTH yMEHHs
nojay4yaTh HOBBIE Yy4YeOHBIE 3HaHHWS, WX CHCTEMaTU3WPOBATH, ONEPUPOBATH
0a30BBIMM  TIOHATHSIMH W TCOPETUYECKHUMHM  KOHCTPYKIHMSIMH  y4eOHOM
JTUCIMIUINHBI; PeliaTh MO3HABATEIbHBIC 33/1a4H; JIOTUYHO BBICTPAaWBaTh YCTHHIC U
NUCHbMEHHBIE TEKCTHI. L[epl0 MpaKkTUYECKUX 3aHATHI SBISETCS MPHOOpETeHHE
CTyJICHTAMW HOBBIX 3HAHWUH, YMEHUH W HAaBBIKOB, HEOOXOIUMBIX IS
po¢eCCUOHATBHON NIEATETHPHOCTH, PA3BUTHE Yy HUX TYMAHUTAPHOTO MBIIIUICHUS H
MHTEJJIEKTYalIbHBIX CIIOCOOHOCTEN KaK CpeiCTBAa WHIWBUIYAIBHOTO OCBOCHUS
yueOHOW muciumuimHbel. Bce 93T0  TpeOyer TmIATENbHOW TOATOTOBKH K
NPaKTUYECKUM 3aHATUSAM. [IpH MOATOTOBKE K TMPAKTUYECKUM 3aHATHSM CIIECIyeT
UCIIOJIb30BaTh BCIO PEKOMEHJOBAHHYIO JINTEPATYpy, Pa3MEIICHHYIO Ha OyMa)KHBIX
U 2JICKTPOHHBIX HOCUTENIX. BHavae oOydaromumcsi He0OX0AMMO O3HAKOMUTHCS
C TUIAHOM TPAKTHUYECKOTO 3aHSATHS, 3aT€M IMPOYUTATh TEKCThl PEKOMEHOBAaHHOM
JUTEPaTypbl U HATH MHPOPMALINIO, HEOOXOIUMYIO JJI MUCBMEHHOTO OTBETa Ha
MIOCTaBJIEHHBIE BOTIPOCHI.

Oco0oe MecTo B CTPYKType MPaKTUUYECKOTO (CEMUHAPCKOTO) 3aHATHS UMEIOT
yuyeOHble  JOKJaAbl WiM  pedepaTbl, KOTOpPhIE IMO3BOJSIOT  CTYACHTaM
OPOJEMOHCTPUPOBATh  3HAHUS W YMEHHUA, CBSI3aHHBIE C  TBOPYECKOM
CaMOCTOSITEIILHOCTBIO, U B MEPBYIO OYepe/lb, yMEHHUS YUTATh U TIOHUMATh Y4eOHbBIE
Y Hay4YHbIE€ TEKCThI, CHCTEMATU3UPOBATh U KOHIENTYAIU3UPOBATH, COJIEPKAIIUECS
B HHUX 3HaHHA B COOTBETCTBUHM C OIPEACICHHBIM alropuTMoM. ['O0TOBSCH K
JIOKJIaly, HaJa0 TMPOYUTATh PEKOMEHJIOBAHHYIO JINTEPATypy U COCTABHUTH IJIAHBI
MPOYUTAHHBIX TEKCTOB, YTO TO3BOJIMT COCTaBUTh IUTAH JoKiana. Ha ocHoBe
noknana numrytes pedepartsl. O0sS3aTeNbHBIM YCIOBHEM TOJATOTOBKH pedepaToB
SBJISIETCS KCTIOJIb30BaHUE JOTIOJHUTEIBHON JINTEPATYPHI.

Memoouueckue yKazanusa K camocmoamenbHoil pabome.

CamocrosiTenbHas paboTa CTYJEHTOB, IPEAYCMOTPEHHAS] YUYEOHBIM TIAHOM
B 00beMe 57 4acoB OT 00ILEero KOJIMYECTBa YacoB, TOJKHA COOTBETCTBOBAThH OoJjiee
rmyOOKOMY  YCBOGHHIO  H3Y4aeMoro  Kypca,  (GOpMUPOBaTh  HaBBIKH
MCCJIeIOBATEeILCKONW padOThl U OPUEHTUPOBATH CTYICHTOB HA YMEHUE MPUMECHSTH
TEOPETUYECKHE 3HAHWUA HA TPAKTHKE. 3aJaHus JIA CaMOCTOSATEIBHOW pabOThI
COCTaBJISIIOTCS MO pas3ienaM M TemaM, [0 KOTOPhIM HE TMPEayCMOTPEHBI
ayIUTOpHBIE 3aHATUA, JKUOO TpedyeTrcss JOMOJHUTENbHO MpopadoTaTh U
MPOAHATM3UPOBATh PACCMATPUBACMBIN TIPEMOJaBaTeIeM MaTepual B 00beMe
3aITaHUPOBAHHBIX YaCOB.

Opranu3zanusi cCaMOCTOATEIbHOW pPabOThl CTYIEHTOB OCYIIECTBISETCA IO
TpPEeM HaTpaBIICHUSM:



* OIpe/ieJIEHNE LEIH, MPOTPaMMBbl, IJIaHa 33JIaHus UK paOOThI;

* CO CTOPOHBI MPENOAABATENs CTYJEHTY OKa3bIBA€TCS MOMOIIb B TEXHHUKE
M3y4YeHHUsl maTepuaina, 1oa00pe JUTepaTypbl A O3HAKOMJIEHHS M HaIllUCaHUA
KypcoBoii paboThl, pedepara;

KOHTPOJIb YCBOCHMS 3HAHUN, NPUOOPETEHUs] HABBIKOB MO IUCLHUILIMHE,
OLICHKA BBIMOJHEHHON KOHTPOJIBHOU U KYpCOBOM pabOTHI.

@DopMbI CaMOCTOSTENBHONW PabOThl CTYAEHTOB - 3TO MUCHbMEHHbIE PAOOTHI,
U3YyYEeHHE JINTEPaTyphl U MPAKTUYECKASI 1€ITEIbHOCTb.

CaMocTosTeIbHOE HM3YyYEHUE JIUTEpaTypbl MOXKHO MOJpa3feiuTh Ha
OTJeJIbHBIE BUIBI CAMOCTOSATEIBHON pabOoTHI:

o u3ydeHre 0a30BOM JUTEPATYPHI - yUEOHUKOB U MOHOTpaduii;
U3yYEeHHE JIONOJHUTEIBHON TUTEPATYPHI;

NEPUOJUYECKUX U3TaHUM,
CTHEIMATU3UPOBAHHBIX KHHT, TPAKTUKYMOB;
KOHCTICKTHPOBAaHUE M3yYECHHBIX HCTOYHUKOB.

Camocmoamenvuas paboma SBISETCS OJHUM W3 BHUIOB y4eOHOI
JESATENBHOCTH OOYYAIOMIMXCS, CHOCOOCTBYET Pa3BUTHIO CaMOCTOSITEIIBHOCTH,
OTBETCTBEHHOCTH M OPraHW30BAHHOCTH, TBOPYECKOr'O0 TMOJXOAa K PEIICHUIO
npoOjeM yd4eOHOro u MpodeCCHOHAIBHOTO YPOBHSI.

CamocrosiTenbHas paboTa MPOBOJAUTCS C LIETBIO:

O O O O

o CUCTEMATHU3allUU U 3aKPEIUICHUS MOJYYeHHBIX TEOPETUUYECKUX 3HAHUM
U TIPAKTUYECKUX YMEHUN 00y4aronuuxcs;

o yrayOJaeHus U pacliupeHus] TEOPETUUECKUX 3HAHUI;

o dbopMHpOBaHUS YMEHUI UCTIOJIB30BaTh CHEIIUAIBHYIO TUTEPATYPY;

o pa3BUTHS  TIO3HABATENIbHBIX  CIOCOOHOCTEM W aKTUBHOCTH
00y4JaromuXxcs: TBOPUECKON MHUIIMATHUBbI, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH;

o dbopMHUpOBaHUS CaMOCTOSITEIBHOCTH MBIIUICHUS, CIIOCOOHOCTEN K
CaMOPa3BUTHIO, CAMOCOBEPIIIEHCTBOBAHUIO U CaMOpeaIn3alliu;

o Pa3BUTHS UCCIEIOBATEIHCKUX YMEHHIA.

AynutopHas caMmocTOsiTeNbHas paboTa MO Y4YeOHOW JUCIUIUIMHE Ha
y4eOHBIX 3aHATUAX O] HEMTOCPEICTBEHHBIM PYKOBOJACTBOM TpENoAaBaTessl | IO
ero 3ajaHuio. BHeaynuTopHas caMOCTOsITeNbHAas paboTa BBIMOMTHSIETCS 10
3aJIaHUIO TperoaaBaTels 0e3 ero HemoCPEACTBEHHOTO YYacTHsI.

Buner 3amanuii 18 BHEAyJUTOPHOM CaMOCTOSITENBHOW PabOThI, UX
collepKaHMe U XapaKTep MOTYT WMETh BapUaTUBHBIN U TudepeHIpoBaHHbIN
XapakTep, YYHATHIBaTh COCNU(PUKY H3y4aeMOWl  ydeOHOW  JHMCIMIUIAHEI,
WHJMBHUIYyalIbHbIE 0COOEHHOCTH 00y4aroerocs.

Kontpons camocTosiTenbHOM pabOTBl M OLEHKAa €€ Pe3ylbTaToB
OpraHu3yeTcs Kak eIMHCTBO ABYX (hopm:

- CAMOKOHTPOJIb U CaMOOIIEHKa 00y4arolierocs;

- KOHTPOJIb ¥ OLIEHKA CO CTOPOHBI MTPEINOIaBaTENIs.

Opranusyss cCaMOCTOSITEIbHYIO PabOTy, HEOOXOIMMO MOCTOSIHHO 00ydath
CTYJIEHTOB MeToAaM Takoi pabotel. [lakeT 3aanuii Ajisi cCaMOCTOSITENBHOM pabOThI
CIENyeT BbIAABATH B HAYale CEMECTPA, OIPEICIUB MPEACIbHBIE CPOKH UX



BBITIOJIHEHUSA M CAaud. 3aJaHus JJi CaMOCTOSITEIbHOM paboThl IKEJATEIbHO
COCTaBIIATh U3 00s3aTeNIbHON U (PaKyIbTaTUBHOM YaCTEM.

Opranuzanys ¥ OCYLIECTBICHHE KOHTPOJS 3HAHUM CTYIEHTOB IO Pa3feiny
«CamocrodarenpHas paboTa» MPOBOAMUTCA BO BHEYPOUHOHl (QopMe o cucrteMme
ompoca, Oecel, OpraHM3alud W MPOBEACHUM  KOHTPOJBHBIX paboT U
KOJUIOKBUYMOB, @  TaKXe  JIONOJHUTEIBHOMY  H3YYEHHUIO  COAECPIKAHUS
NEePUOJNYECKUX U3JaHUH O MpoOIeMaM U3yUYeHUsl JaHHOU TUCUUIIIINHBL.

Oobpa3oBaTesibHbIEC TEXHOJIOTHU

JIist peayi3aiiuy MO3HABATEIBHONH M TBOPUYECKOW aKTUBHOCTH CTYJEHTOB B
y4eOHOM TpoIiecce HCIONB3YITCS COBPEMEHHBIE 00pa30BaTeIbHBIE TEXHOJIOTHH,
JAIOUIMe BO3MOXKHOCTH IMOBBIIIATH KayecTBO oOpa3zoBaHus, Oozee 3((HEKTUBHO
UCIIOJIb30BaTh YYeOHOE BPEMS M CHUXATh JIOJNIO PEMPOTYKTUBHOHN NEATCIHLHOCTH
yUalIuxcsl 3a CUYeT CHIDKCHHMS BpPEMCHH, OTBEIACHHOTO HA  BBIMOJHEHUE
CaMOCTOSITETTLHOU PabOTHI.

Bonpimoe  BHUMaHWe — YHENSETCS  WMCMOJIL30BAHMIO  COBPEMEHHBIX
NearorMueCKuX TEXHOJIOTHH, OCHOBAaHHBIX Ha WCIIOJIB30BAaHUU TEPEIOBBIX
WHHOBAITMOHHBIX  TEXHOJOTMH B TPENOJAaBaHWKM  JUCHUILIMHBL  [lox
WHHOBAIITMOHHBIMH METOJaMH B BBICIIEM TPOo(eCCHOHAIBPHOM O00pa30BaHUU
NOHMMAIOTCS  METOJBI, OCHOBAaHHBIE HA  HCIOJIb30BAaHMM  COBPEMCHHBIX
JOCTIKEHUH HayKu W WHGOPMAIMOHHBIX TEXHOJOTH B oOpasoBaHuu. OHH
HAIPaBJICHbI Ha TMOBBIIIEHWE KaueCcTBa MOJATOTOBKU ITYTEM Pa3BUTHS y CTYACHTOB
TBOPUYECKHX CIOCOOHOCTEH M CaMOCTOSITENIBHOCTH (METOABl TPOOJIEMHOrO0 U
IPOEKTUBHOTO OOYYEHUS, MCCIEOBATEIbCKUE METOJbl, TPEHUHIOBBIE (HOPMBI U
T.1.).

Hcnonb3oBaHue COBPEMEHHBIX WHHOBAIMOHHBIX TEXHOJIOTHH B y4eOHOM
nporecce Mo3BOJISIET:

- COYeTaTh BBICOKYIO DKOHOMHUYECKYI J((PEKTUBHOCTh HM THOKOCTH
y4eOHOTr0 Tpoliecca;

- IIUPOKO MCIOJIH30BaTh HH(GOPMAIIMOHHBIE PECYPCHI B YYEOHOM IPOIIECCE;

- CYIIECTBEHHO PACIIMPUTH BO3MOKHOCTH TPATUITMOHHBIX (hOPM O0yUEHUS;

- O3BOJISIET PeaTn30BaTh HOBBIE AP (HEKTUBHBIE (POPMBI OOyUCHUS.

PaGoThl MO BHEAPEHHUIO W MCIOJIB30BAHUIO COBPEMEHHBIX WHHOBAIIMOHHBIX
TEXHOJIOTUN 00Y4YEeHUS TIPOBOASATCS B HECKOJIBKUX HAIIPABICHUSIX

- CO3JIaHHE COBPEMEHHOT'0 y4eOHO-METOIUYECKOro oOecIeueHrus y4eOHOro
mpoiecca M COBEPIICHCTBOBAHWE OpPraHU3AlMM ydeOHOro TMporecca MyTeM
BHEJI[PEHUE HOBBIX TEXHOJIOTMA OOy4YeHHs, B TOM YHCJIE€ JUCTAHIIMOHHBIX
oOpazoBarenbHbIX TexHomorui (JJOT);

- [pOrpaMMHO-TEXHHUYECKOe o0ecmedeHune y4yeOHOro mporecca ¢
MCITOJIb30BAaHUEM COBPEMEHHBIX TEXHOJIOTUN 00yUCHHS;

- nosbimieHue kBanupukanuu IIIIC u VYBII B obnactu pa3zpaboTku
COBPEMEHHOTO y4eOHO-METOUYCCKOTO OOECIeYeHUs] W HMCIOJb30BaHUS HOBBIX
TEXHOJIOTUU 00yUYCHUS;

NuHOBaIMOHHBIE METOIBI, UCIIOJIB3yeMbIe B 00pa30BaTEIILHOM IPOIIecce:

1. Mcnonb3oBanue HHPOPMAIMOHHBIX PECYPCOB U 0a3 3HAHUIA.



2. IlpuMeHeHHEe SJICKTPOHHBIX MYJIbTUMEIUWHBIX YYCOHHMKOB W YUEeOHBIX
ocoOui.

3. OpueHTalusi coiepKaHusi Ha JIy4lIU€ OTEYECTBEHHBIE U 3apyOeiKHbIC
aHaJIoru 00pa30BaTEIbHBIX IPOrPAMM.

4. IlpumeHeHue NpeNPUHUMATEIbCKUX UJIeH B COJIEPKAHUU KYPCOB.

5. Hcnonw3oBanue mpoOIeMHO-OPUEHTUPOBAHHOTO MEXKIUCIUILIMHAPHOTO
MO/IX0/1a K U3YUEHHUIO HAYK.

6. [IpuMeHeHNE aKTUBHBIX METOJIOB OO YUCHHS, KKOHTEKCTHOTO O0yYCHUS» U
«00y4YeHHUs Ha OCHOBE OIIbITa.

7. Wcnonb3oBaHWE METOAOB, OCHOBAaHHBIX HAa W3YYEHHHM NPAKTUKU (case
studies).

8. MHcnonb3oBaHME NPOEKTHO-OPTraHU30BAHHBIX TEXHOJOTUH OOy4eHHs
paboTre B KOMaH/Ie HaJl KOMIUIEKCHBIM pelIEHUEM MPaKTUYECKUX 3a/1a4.

Bce 3TO mO3BOJNSET CTyAeHTaM ~— OpPraHu3oBaTh M IMPOBOJUTH HAy4YHO-
UCCJIEIOBATEIbCKYIO JEATENBHOCTh W TMPEANojaraeT BbIIOJHEHHE paboT 1o
U3YYCHHBIM pa3fellaM W HMHTepecaM, a TaKXKe TMPOSBICHUIO TBOPUYECKUX
CIIOCOOHOCTEN U CAMOCTOSTENILHOCTH CTY€HTOB.

Ilenaroruveckne JocTuraembie pe3yJibTaThl
TeXHOJOTHH
[IpoGremHoe 0OyueHue Cozmanne B y4yeOHOUM  JesATEIbHOCTU

NpOOJEeMHBIX  CHUTYaIlUid U OpraHu3anus
AKTUBHOW  CaMOCTOSITENIBHOM  JeSTEIbHOCTU
CTYJIEHTOB TI0O WX pa3pelieHuio, B pPe3yJbTare
Yero IPOUCXOJUT  TBOPUECKOE  OBJIAJICHHE
3HAHHMSIMU, YMEHUSMH, HaBbIKAMH, Pa3BUBAIOTCS
MBICIIUTEIIbHBIE CTIOCOOHOCTH.

Pa3znoypoBHEBOE 00yUeHUE Y MpenoaaBaTes MTOSABJISACTCA
BO3MOXHOCTh ~[OMOTaTh Ciabomy, yAeNIATb
BHUMAHHE CWIBHOMY, PEAIU3yeTCsA IKEJaHUE
CWJIBHBIX  ydYaluXcs ObICTpee H  TIIyOxke
npoaBuraThCsi B oOpaszoBanuu.  CuibHBIC
yJammecs YTBEPKIAKOTCA B CBOHUX
CIIOCOOHOCTSIX, ClTa0ble TOTYy4Yat0T BO3MOYKHOCTh
UCIIBITHIBATh  YYCOHBIA  YCIEX, MOBBINMIACTCS
YPOBEHb MOTUBALIH YUCHBSI.

[IpoekTHBIE METOIBI OOYUYECHUS Pabota 1m0 JaHHOW METOOMKE JaeT
BO3MOXHOCTh  Pa3BUBaThb  WHJWBUYaJIbHBIC
TBOPYECKUE CIIOCOOHOCTH CTYACHTOB, Ooiee
OCO3HAHHO MOAXOJIUTH K MPOQPECCUOHATEHOMY U
COLMAIBHOMY CaMOOIPEICIICHUIO.

I/ICCHCI[OBaTeHBCKI/Ie MCTOAbI B I[aeT BO3MOXXHOCTb CTyacHTaM
O6y‘—IeHI/II/I CAMOCTOATCIIBHO IIOITIOJIHATD CBOH 3HaHMH:,




rIyOOKO BHUKATh B H3Y4aeMyro MpoOJeMy u
[peanoiarath MyTU €€ peleHus, YTO BaXHO Mpu
(OopMHpPOBAaHUU MHUPOBO33PEHHS. DTO BAXKHO JJIs

ONPEAECICHNUS]  WHIMBUIAYAJIbHOW  TPACKTOPUHU
Pa3BUTHUSA KaXXIOI'O CTYJICHTA.
TEeXHOIOrUs HCIOJIb30BaHUs B Pacmupennue Kpyrosopa, pa3BuUTHE
0Oy4eHMH WIPOBBIX METOJIOB: [IO3HABATEIBHON NEATENBbHOCTH, (POPMUPOBAHUE
POJIEBBIX, IEJOBBIX, U JPYTUX [ONPEAEICHHBIX YMEHUH u HAaBBIKOB,

BUJIOB 00 y4aOIINX UTP

HEOOXOAUMBIX B TPAKTUUYECKON JESTEIHLHOCTH,
pa3BUTHE 00IICyUYeOHbIX YMEHUI U HABBIKOB.

OOyyeHue B COTPYIHUYECTBE
(koMaHHas, TpyIImoBas
paboTa)

CoTpyIHUUECTBO TpAKTyeTCS Kak WUaes
COBMECTHOW  pa3BHUBAIOLIEH  JAEATEIbHOCTH
B3POCJIBIX u MOJPOCTKOB, CyTtb
WHMBUIYaJBLHOTO MOJIX0/Aa B TOM, YTOOBI UJTH
HE OT y4eOHOro mpeaMera, a OT JUYHOCTH K
npeaMeTy, HUATH OT TeX BO3MOXHOCTEH,
KOTOPBIMHM pacriojiaraeT CTYACHT, NPUMEHSThH
MCUXOJIOTO-TIEAArOTMYE€CKUE JTUAarHOCTUKH
TUYHOCTH.

,HI/ICTaHLII/IOHHBIG
O6p&30BaT€JILHLIG TCXHOJIOTHH

[Ipumenenune UH(GOPMAITMOHHBIX "
TE€JIEKOMMYHHKAIIMOHHBIX ~ TEXHOJOTHH  Ipu
OMOCPEIOBAHHOM (Ha pAacCTOSHUU) WIM HE
MOJIHOCTBIO OIOCPEJOBAHHOM B3aMMOJECHCTBUU
oOydaromierocs MTO3BOJISIIOT pa3BUBaThH
WHANBUAYalbHbIE  TBOPYECKHME  CIOCOOHOCTU
CTYJIEHTOB, Hay4yuTh HUX 0Ooliee OCO3HaHHO
MOJXOAUTh K npodeccuoHaIbHOMY
CaMOOIPEICIICHHIO.

310poBBECcOEperaroIme
TEXHOJIOTUHT

HMcnonp3oBaHne  JaHHBIX  TEXHOJIOTHUM
MO3BOJISIIOT PAaBHOMEPHO BO BpeMs 3aHATHUS
pacnpeaensaTh  pa3judyHble  BUABI  3aJlaHUU,
yepes0BaTh MBICIUTEIBHYIO JACATEIBHOCTh C
dbu3udYecKor, OmpenensTb  BpeMs  IOJa4yu
CIO)KHOTO  y4eOHOTO Marepuaja, BBIACIATH
BpeMs Ha MPOBEJICHUE CaMOCTOSTEIBHBIX padoT,
HOpMaTUBHO npuMmeHarb TCO, 4yrto naer
MOJIOKUTEIbHBIC PE3YJILTAThl B O0YUECHUH.

Cuctemy VHHOBAIlHOHHOW
OLICHKU «TIOPTHOITHON

dopmupoBaHNe MEPCOHUPUITUTPOBAHHOTO
ydyeTa JOCTHXKEHUH CTYJEHTa KaK MHCTPYMEHTa
MEJarornuyecKo  MOJJEPKKA  COLMAIBHOTO
CaMOONPE/ICIICHUS, OINPEIEICHUs TPACKTOPUHU

NMHAWB. Pa3BUTHUA JIMYHOCTH.




B yueOHOM mponecce HCHOIAB3YIOTCS AKTHBHbIE W HMHTEPAKTHBHbIE
(¢opmbl npoBencHUs 3aHATUM: JOKJIAAbl C MPE3CHTALUUEN, aHAIU3 IPE3CHTALUU
COBMECTHO €O CTyJIEHTaMH, 3allIUTa AaBTOPCKUX IMPOEKTOB, PEIICHUE
CUTYallUOHHBIX 3aJay, pa300p KOHKPETHBIX CHUTyallud MO TeMaM, BCTPEYd CO
CrieUaIuCTaMu B 00J1acTh (PU3NUECKON KYJIbTYPhI U CIIOPTA.

KoMmnbloTepHas cuMyasinusi: B KOMIIBIOTEDHOM Cpele € IOMOIIBIO
MMEIOIIUXCS  MPOTPAaMMHBIX  CpPEICTB  MOJEIHMPYETCS Ta  WIM  HHAsS
npodeccruoHanpHasl (TEXHUYECKas, DSKOHOMHYECKas WM HWHasg) CUTyalus,
npobiema WM 3aaada, mMojaeinb. Ha »3Toli ocHoBe oTpabarbiBaeTcs MNPUHATHE
TEXHUYECKUX WU  yhpaBieHuyeckux pemeHuil. Ilpu sTtom  TpebyroTcs
CaMOCTOSTEIbHBIN MOUCK U MpopaboTka MHPOPMALMK MO OTIAEIBHBIM BOIPOCAM
TEOPETHYECKOTO Kypca, KOHCYJIbTAllMM NPENOJaBaTENs], B3aUMOJEUCTBUE C
COKYpPCHUKAaMH, CO3/IaHH€ TBOPUECKUX IPYIII € pacnpeneaeHueM QyHKUUN U Ip.

NutepakTuBHBIE BHAeoJeKIUM C cuHXpoHHbIMU crnainamu (MBCC)
npeHa3Ha4YeHbl JIJIs TOBBIMICHHUs] KauecTBa U 3(PGEKTUBHOCTH OOyYEHHUS 3a CUET
00ecreynBaeMoro MMM BBICOKOTO KO3((duIMeHTa Mepeaadyud MeIarorunyeckoro
BO3JICMCTBUS, OKa3bIBAEMOT'0 Ha CTYIEHTOB MPEMNO1aBaTENIEM.

WNuTepaktuBHOE 00y4eHHME OCHOBAaHO Ha MPSIMOM  B3aUMOJICHCTBUU
CTYJIGHTOB CO CBOMM OIIBITOM U OIBITOM CBOUX ApPY3€H, TaKk Kak OOJIBIIMHCTBO
MHTEPAKTUBHBIX YIPAKHEHUI 00paIllaeTcsi K OMBITY CAMOTO y4Yallerocs.

AKTHBHBIEe (opMBbI O0y4YeHHUSsI: TJIC YydYalluecs SBISIOTCS ‘‘CyObeKTOM”
oOydeHHMsl, BBIMOJIHSIIOT TBOPYECKHME 3aJaHUs, BCTYMAlOT B JUHAIOT C
npenonasBateneM. OCHOBHBIE METONBI 3TO TBOPYECKUE 3aJaHHUsI, BOIPOCHI OT
CTYZEHTA K IIPENoaBaTelt0, U OT IPENOAABATENS K CTYACHTY.

IMaccuBHble ¢QopMbl 00y4YeHHUsI: TJ€ CTYJICHThl BBICTYNIAIOT B POJIH
“00bekTa” 00yueHusi, KOTOpbIE IOJKHBI YCBOUTHh M BOCIPOM3BECTH MaTepual,
KOTOpBIA MEpefaeTcss UM MPernojiaBaTeleM - HCTOYHMKOM 3HaHUU. OCHOBHBIE
METO/IbI ATO JIEKLUS, YTEHHE, OMPOC.

8. MarepuajibHO-TeXHUYECKOE OOecneyeHne JUCUUIINHBI.

8.1. JIeKIMOHHBIE 3aHATHUSA:

* AyauTopuM, OCHAIllEHHbIE MYJIbTUMEIUUHOW ammapatypoil (IIpoeKTop, IKpaH,
KOJIOHKH, KOMIIBIOTEP/HOYTOYK).
* JIeKMOHHbIE ayTUTOPUU (JOCKA, MEJI, YKa3Ka)

8.2. [IlpakTtnyeckue/ceMUHApCKUE 3aHATHUS: AYIUTOPWUH, OCHAIEHHBIC
MYJIbTUMEIUWHON arnrmaparypou (mpoekTop, JKpaH, KOJIOHKH,
KOMITbIOTep/HOYTOYK). OO0opynoBanne Ha Oa3e mabopatopuii MHCTUTYTA. Y4eOHO-
METOJIMYECKHE MaTephalibl B  DJEKTPOHHOHW  (opMe, TPeTyCMOTPEHHBIC
WH(OPMAITMOHHO-TIONCKOBOM  cucTeMol  yHuBepcutera «MuHpopManus s
CTYAEHTOBY.

[Mpoxykrer MICROCOFT (Desktop Education ALNG LicSaPk OLVS Aca-

demic Edition Enterprise); moamucka (Open Value Subscription) Ne V 2123829
Kaspersky Endpoint Security Cranmaptubiii Russian Edition Ne munensun 17EO-



180427-050836-287-197; AltLinux (Anbstr O6pa3oBanue 8) Ne AAA.0252.00; Ac-
ademic MathCAD License; Ipoaykret AUTODESK, apxuBatop 7z, ¢aiinoBsbiii
menekep Far Manager, Adobe Reader (cBob6oHOE pactipocTpaHeHHE).

JIIsi CTYACHTOB C OTPAaHMYECHHBIMH BO3MOYKHOCTSIMU 37I0POBBSI CO3/IaHBI
CIeIMaNbHBIC YCJIOBHS JUIsI TIOJIy4eHHS oOpa3oBaHHs. B Iensx JOCTYIMHOCTH
MOJIYYCHHsI  BhICIIETO oOpa3oBaHHMS TIO 00pa30BaTEeIbHBIM  IpOrpaMMaM
WHBATUJAAMH ¥ JIMIIAMH C OTPAHUYCHHBIMH  BO3MOKHOCTSIMU  3JIOPOBBSI
YHUBEPCHUTETOM oOOecrednBaeTcs: 1. AJIbTEpHATUBHOW BEpCHEH OQUITNATBLHOTO
caiita B cetn «MHTepHEeT» mns cmaboBumsanux; 2. IIpucyTcTBHE acCUCTEHTA,
OKa3bIBAIONIETO 00yUYaOIEMyCss HEOOXOAMMYI0 TIOMOIIb; 3. /1711 MHBAJIUIOB U JIHII
C OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JIOPOBbSI 10 CIYXY — JYOJMPOBAaHUE BCIYX
CIIpaBOYHON WH(}OpPMAIMU O pacluCaHud YYCOHBIX 3aHATHH; OOCCICUYCHHE
HaJIC)KAITUMU 3BYKOBBIMHU CPEJICTBAMH BOCIpou3BeeHus nHopmarmu; 4. J{ns
WHBAJIUJIOB W JIMI[ C OTrPAaHUYCHHBIMH BO3MOXKHOCTSMHU 370POBbsS, HMEIOLIUX
HApyIICHUS  OMOPHO-ABUTATECILHOIO  ammapara,  CO3JaHbl  MaTepPHAJIbHO-
TEXHHYECKUE YCIOBUS OOCCICYMBAIONINE BO3MOXKHOCTh OCCIPEISITCTBEHHOTO
JocTyna oOyJaronuxcs B y4eOHbIC TIOMEIICHHS, OOBEKTY MUTAHUS, TyaJlCTHBIC U
Apyrue TIOMEIICHHS YHHBEPCUTETa, a Takke TNpeOblBaHUSA B YyKa3aHHBIX
MOMENICHUSIX (HAIMYWE PACIIMPEHHBIX JBEPHBIX MPOEMOB, MOPYYHEH WU JPYTUX
IPUCTIOCOOJICHU ).



JUCT UBSMEHEHUWH (Jlononnennii)
B pabouyl0 MpOrpaMmy MO JUCIUILIUHE
«DNEKTPOKPUCTAIIIN3ALUS METAIIIIOB U COCIMHEHNUI U3 HOHHBIX PACILIABOB»
o HanpasieHuto noarotoBku 04.04.01. « XUUMUA»

Ha 2023/ 2023 y4eOHbIit ro

Ne dnemeHT (NyHKT) PN lNepeyeHb BHOCUMbIX MNpumeyaHune
N3MEeHeHW (A,oNoNHEHMI)

OOcyxeHa 1 peKOMEH/I0BaHa Ha 3aceIaHni Kadeapbl HEOPTaHHIECKON U
bu3UIeCKON XUMUHN

npoTOKOJ Ne OT « » 2023 r.

3aBeayronuii kadeapoi X.b. Kymixos
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