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Mporpammy ovcumnnuHbl paspabotan(a)(1) AOUeHT, K.H. (oueHT) JlncnubiH KO.A. Kadenpa
oM3NYHECKON XMUU XUMUYECKUA MHCTUTYT uMm. A.M. ByTtneposa , Yuri.Lisitsyn@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Llenamn ocsBoeHms ancumnnunnbl "OpraHmnyeckas anekTpoxumMmns” SBnsaoTCs 3HaKOMCTBO CTyAEHTOB
CO cneumduyecknm peareHToMm - aNeKTPOO0M, oLeHKa cTyaeHTamm ponun n mecta 9XOC B
XUMUNYECKUX HayKax, ee BO3MOXHOCTEN B PELLEHMM 3a4ay TEOPETUYECKON N NPUKNALHON XUMUN,
MOAroTOBKa CTYEHTOB K HAy4YHO-UCCen0BaTeNbCKOM U Neaarormyeckon oesTenbHocT B obnactu
9NEKTPOXMMUUN N INEKTPOXMMUN OPraHNYECKNX COeAMHEHWIA, B HACTHOCTWN. 3HaHNEe 3aKOHOMEPHOCTEN
9NEKTPOHHOro NepeHoca 1 MexaHW3MOB Psiia 3NeKTPOXMMUYECKUX NPOoLLeccoB 0bnerynT ctyaeHTam
NOHUMAHWE MEXaHNU3MOB XUMUYECKNX PeakLNi C y4aCTUEM OPraHNYeCKMX N HeopraHN4eCcKmx
COEeLMHEHWI, MOCKOMNbKY BO MHOMMX U3 HUX MEPEHOC 31EKTPOHA SABNSAETCS O4HOM N3 KITHOYEBbIX
3NieMeHTapHbIX CTagun.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbHOro o6pasoBaHus

JaHHas yyebHas oncumnnnHa BkodeHa B pasnen " 53.B.6 MNpodgeccmnoHanbHbIi" OCHOBHOM
obpaszoBartenbHoit nporpamMmbl 020100.62 Xumust n 0THOCUTCA K BapuatmeHoi YyacTtn. OcBanBaeTcs
Ha 4 Kypce, 8 cemecTp.

OucumnnuHa "OpraHnyeckas anekTpoxmmMms" 0THOCUTCSA K BapuaTUBHOM Yactu y4ebHoro umkna b3
("MpodbeccroHanbHbIi unkn") npodpuns "duamyeckas xumns". Ee ycsoeHme Tpebyet
npeaBapuTENbHOro MPOXoXAeHMs oblweobpasoBaTenbHbIX AMCUMNIUH "HeopraHnyeckas xummus",
"AHanuTtnyeckasa xumns", "OpraHuyeckas xumMms" n "®dumsnyeckas xmmmsa". 3HaHUSA N HaBbIKW,
Nony4YeHHbIE NPU NPOXOXAEHUN ANCUMNAUHDBI "OpraHmnyeckas anekTpoxXmmMmns", noBbICAT
TEOPETUYECKMIA 1 NPAKTUYECKNIA YPOBEHb CTYEHTOB B 06/1aCTV 9NEKTPOXUMUN, NO3BONST
obyyatowwmMcs ¢ HOBbIX MO3ULMIA B3rNSIHYTb HA MEXaHU3Mbl XMMNYECKMX NPOoLLeccoB, obneryat
YCBOEHME BapuaTUBHbIX AUcumnniuH "["'eteporeHHbin katanna" n "Katanutunyeckme Metonbl B
OpraHM4eckoM CUHTE3€e" 1 NOCNyXaTt OCHOBOW Ans NpoxoxaeHus crneukypca "CoBpeMeHHble
NpobnemMbl OpraHNYecKoro aneKTpocMHTe3a".

3. KomneTteHuumn obyuatowerocsi, popMupyemble B pe3ynbTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

Pacwuucposka
LLinchp komneTeHumu npuobpeTaemMon KOMMNeTeHL U

MK-6 o -

B T HaBblKaMm Tbl H BPEMEHHOW y4ebHO-Hay4H
(pobeconoramssse [ e emockr Sxcnepmenos
KOoMreTeHuun) patype npn np P
MK-7 MMEEeT OnbIT paboTbl HA CePUIHON annapaTtype, NPUMEHSEMOI B
(MPOCPECCHOHANBHBIG aHanMquecfmx n QZ)VI3I/IKOB(I/IMVI‘-IeCKVIX Eccxg,ﬂ,,OBng/lﬂx
KoMneTeHuunn)
[K-8 BnageeTt Metodamu permctpaumm n obpaboTtkm pe3ynbtaTtoB
(MPocheccHoHanbHbie XMIMUYECKM 3KCne I/I?/IeHTOBp ' i
KOMreTeHuun) P

B pe3ynbtaTe 0CBOEHUS OUCUUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

3HaTb npo6nemaTV|Ky SNEKTPOXMINKN OpraHn4ecKmnx COeOMNHEHNn, OCHOBHble MEXaHN3Mbl
ANEKTPOXNMNYECKUX NpoLeCcCoB N METOObl X N3YHEHUA,

2. IONXeH yMeTb:
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yMETb TBOPYECKM MCMOMb30BaTb MOMy4eHHbIE 3HaHWS B MPenoaasaTenbckom, NPUKNanHon m
Hay4HO-MCCneaoBaTenbcko pabore;

3. OONXEeH BnageTb:

Bnagetb pAaOooM 3N1IEKTPOXNMNHECKNX METOOOB N3YyHEHNA XUMNHECKNX N ANEKTPOXNMNYECKUX
npoueccos, MMETb HABbIK/ 3NEKTPOXMUMKKA - SKCNepunMeHTaTopa.

4. nONXeH OJEMOHCTpUMpoOBaTb CMOCOBHOCTb 1 FTOTOBHOCTb:
OEMOHCTPUPOBATb HABbIKN 3NEKTPOXNMUKA-SKCNepnMmeHTaTopa.

4. CTpyKTypa u cogepxaHve AUCLUMNINHbI/ Moayns
Obwas TpyooemMKOCTb AMCLUMNANHBI COCTABASET 7 3a4eTHbIX(ble) eanHuu(bl) 252 yaca(os).
dopma NPOMEXYTOYHOro KOHTPONSA OAUCLIUMINHBI 3a4eT 1 9K3aMeH B 8 ceMecTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANs OoMnycka K 3adeTy
28 6annos.

86 bannos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHO" (yaoo0B.);

54 6anna n MeHee - "HeynoBNEeTBOPUTENLHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunamHe/ MOAynto
TemaTtnyeckuu nnaH gucUUNAUHbI/MOAYNS

Buabl v yachbl
Pasgen ayauTopHow paborbl,
Hepens WX TPy A0EMKOCTb Tekywue copmbl
N p‘"fnl:)'g;,'}:;"b'/ Ce""echcemecha (B yacax) KOHTpoOnsi
Nexumn MpakTnueckumelllaboparopHble
3aHATUSA pabortbl

Tema 1. MexaHU3MbI
1.|anekTpoXmMMmyeckmnx 8 1-4 8 0 27 Tectposanne

NpPOoLECCOB.

Tema 2.

BonbTamnepometpuyeckpe oTyer
2.|MeTobl N3y4yeHns 8 5-7 6 0 20

9NEeKTPOXUMNYECKNX

NnpoLEeCCOB.

Tema 3.

BoccTtaHoBneHne n

OKUCNEHNE HEKOTOPbIX oTyer
3.|opraHunyeckmx 8 8-10 6 0 19

coeauHeHnn n obwme

acnekTbl

9NEeKTPOCUHTE3A.

Tema 4. KOHTPONbHas
4.|BonbTamnepomeTpus un 8 11-17 0 0 43 paboTta

9NEeKTPOCUHTES.

Tema . Itorosas 8 0 0 0 2;3@;4%
" |dopma KoHTpOnNA

Wtoro 20 0 109
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4.2 CopepXxaHume ONCLUMIUHDI
Tema 1. MexaHU3Mbl 31€KTPOXUMUYECKUX NPOLLECCOB.
NeKLuMoHHoe 3aHsiThe (8 yaca(os)):

VicTopusa passutns anekTpoxmmmm opraHndeckmnx coeamnHeHnin (9XOC), 0CHOBHbIE HanpaBneHUs
nccnenoBaHuUii, Wwkonbl, Mecto 1 3HadeHne 9XOC B Prn3n4eckor OpraHn4eckom XMmMnn.
onekTpoxmmunydeckue (E, Erom) n xummnyeckne (C) ctagmm anekTpoxXMMnU4ecKoro npolecca.
CraHpapTHbI pefokc-notTeHuunan, wkana noteHumanos. TepMoanHaMnyeckmnim 1 KNHeTUYECKUn
hakTopbl, ONpeaensowme peakLmMoHHyo CnocoOHOCTb MONEKYN N MHTEPMEANATOB. Y HKANbHOCTb
9neKkTpoa Kak peareHTa, cneumduka ctagum reTeporeHHoOro nepeHoca anekTpoHa. InekTPoaHbIN
noTeHuman, nonspmnsaunoHHbIe KpMBble, nepeHanpsxeHue. Temneparypa, npupona anekTpoaa,
aneKkTponuTa, pacTeoputens n paboyas obnactb NoTeHUManos. Macco- 1 aneKTPOHHbIN NepeHoC.
JlBorHOM anekTpuyecknii cnon. Teopusa 3aMennieHHOro nepeHoca 3apsaa, MHorogoakTopHas
3aBVICUMOCTb BENIMYMHbI KaXyLencs KOHCTaHTbl CKOPOCTW nepeHoca anekTpoHa. Knaccunyeckme n
KBaHTOBbIE CBOWCTBA anekTpoHa. KoadochuumeHT nepeHoca, 0bblyHbIv, 6e36apbepHbliii 1
6e3aKkTMBaUMOHHbBIV NepeHoc anekTpoHa. MpubnuxeHne BopHa-OnneHreimepa, aNeKTPOHHbIE
TepMbl, agnabatnyecknini n HeaamabaTnyeckmin MPOLLECCHl ANEKTPOHHOroO nepeHoca. Knaccuueckuia
anekTpokaranus. YpasHeHne HepHcTa, COOTHOWEHNE CKOPOCTEN MAcCO- U 9NEKTPOHHOMO NepeHoca,
OTHOCMTENbHOCTb MOHATMIA HEOOPATUMbIV (MEANEHHbI), KBa3nobpaTMblii 1 06paTuMbIii (BbICTPbIN)
nepeHoc anekTpoHa. E, EE, Erom, EErom, CE, EC, ECE, EEC n gpyrue npouecch,
noTeHumnanonpegensaowas cragus. 3tanbl yCTAHOBNEHNS MEXaHNU3Ma 3N1EKTPOXMMUYECKOro
npouecca. KsagparHas cxema.

naboparopHas pabora (27 4yaca(oB)):

10ueHKa BIMAHUSA NPUPOLbl 9NEKTPONNTA U KaTtoaa Ha nepeHanpsXxeHne peakumm BblaeneHns
Bofopoa. lNMoteHumoanHammyeckme Kpmeble. MexaHnU3Mbl 3N1EKTPOXNMMMYECKOrO BblAENEHUS
Bogopoaa Ha d- (Pt) n s-, p- (Pb, Hg) meTannax.B BOAHbIX pacTBOpax KUCAOT 1 WeNoYen. 2.
3y4yeHne MexaHn3MOoB 3NEKTPOXMMUYECKMX MPOLIECCOB METO4AMM BpaLLlaoWerocs AUCKOBOro
anekTpoa (M ANCKOBOro anekTpoaa C KonbLoM). Teopus METOL0B. DNEKTPOXMMUYECKOE NOBEAEHNE
penokc-napsbl Ti(IV)/Ti(lll) Ha nnatnHoBoM anekTpoae B 4 n 9 M H2SO4. BocctaHoBneHme
HUTpobeH3ona B BOAHO-CNpPTOBOM pacTeope H2SO4. MexaHnambl npoueccos. 3. M3yyeHune
9NEKTPOXMMUYECKUX NPOLLECCOB METO4AMW KNACCUYECKOM 1 KOMMYTaTOPHOW nonsporpacoun.
Teopus MeTog0B. AnekTpoxmmmyeckoe noseneHne pegokc-napb Ti(IV)/Ti(lll) 8 1 1 9 M H2SOA4.
BoccraHoBneHne HUTpobeH3ona B BOAHO-CcNpToBoM pacTteope 1 M H2SO4. MexaHn3amel
NpOLLeCCOoB.

Tema 2. BonbtamnepomeTpuyeckme MeToabl M3y4eHUs 3/IEKTPOXMMNYECKUX NPOLLeCCOB.
JNIeKLMOHHOoe 3aHsiTune (6 4yaca(oB)):

BonbtamnepomeTtpuyeckne Metoabl U3y4yeHus dneKTpoxmmmnyeckmx npoueccos. Knaccuyeckas
nongaporpagus, nMHenHasa n umKnnyeckas BofibTaMnepoMeTpuns, KOMMyTaTtopHas
BO/MIbTAMMNEPOMETPUSA, METOAbI Bpallatolwerocs AMCKOBOro afekTpoaa v BpallarLlerocs McKoBoro
9N1eKTPoAa C KOMbLIOM, OCHOBHbIE NMPUHLMIMbI METOLOB, MHPOPMATMBHOCTb. [ndy3noHHbIe,
KMHEeTNYeckne, ancopbLUMOHHbIE TOKW, OLeHKa NPUpoabl Toka. Katanmtnieckne Toku, CKpbITbie
npenenbHble Toku |, Il n 11l pona. Cnocobbl OLEHKN Yncna 3NeKTPOHOB, y4aCTBYOWMNX B
9NEKTPOXMMUYECKOM npoLiecce. Kpntepumn 06patmmMocT 3aneKTPOHHOro NepeHoca B
9NeKTPOXMMUYeckux metodax. Pernctpaums nitepmeguartos. [locnenoBaTefibHOCTb N3y4eHUs
9N1EeKTPOXMMNYECKOro npoLiecca, Noaxoabl K Bbl4IEHEHWNIO OTAENbHbIX CTaANA, coveTaHue
BOJIbT-aMMNEPHbIX 1 APYrnX METON0B YCTaHOB/IEHNSI MEXaHN3MA.

naboparopHas pabora (20 4aca(oB)):

1. NI3y4eHne anekTpoxnMmyeckmx npoLeccoB METOLOM LMKINYECKON BONbTamnepomeTpumn. Teopus
mMeTona. AnekTpoxummyeckoe noseneHue pegokc-napbl Ti(IV)/Ti(lll) Ha nhatnHoBOM anekTpoae B 4
n 9 M H2SO4. BocctaHoBneHne HUTpobeH3ona B BOAHO-CNUPTOBOM pacteope H2SO4. MexaHn3mbl
npoueccoB. ConoctaBneHne pesynbTaTtoB C AaHHbIMK, NOTy4YeHHbIMK B paboTtax 2 un 3. 2.
NHrmbutopbl KNCNOTHOM KOppo3uu. MonHbIe 1 YacTHbIE NONSPU3aLNOHHbIE KpuBble. BnnsHue
XenaTuHbl U OEeKCTPMHA Ha NONSpU3auUnoHHbIe KpuBble cTann B 2 M H2S04.

Tema 3. BoccTtaHOBNEeHMe N oKUcneHue HEeKOTOpbIX opraHn4eckux coenouHeHun u obime
acnekTbl AN1eKTPOCUHTEe3a.

JNeKLMoHHoe 3aHsiTne (6 4yaca(os)):
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BoccTaHoBneHNEe 1 OKUCNEHNe HEKOTOPbIX OPraHUYECKNX COeONHEHM 1 0bLwme acnekTbl
9NeKTPOCMHTE3a. [[anbBaHOCTATUYECKUE KPVIBbIE 3APSXEHUS METANIOB rPyNMbl MAATUHbBI B BOOHbIX
cpelnax, BOAOpoaHasl, OBOMHOCMOMHAS U KucnopoaHas obnactu, noHsatue o Er,
NoTeHUMoauHaMmnyeckne kpuebie. MNMpsMbie, HENPSAMbIE N CMEWAaHHbIE 3NIEKTPOXMMNYECKNE
npouecchl. Henpsimoe rmopupoBaHue 1 okucneHne. MexaHnambl BOCCTaHOBIEHNS apOMaTNYeCKmX
HUTPOCOEONHEHWIA B BOOHbIX HEATPANbHbIX, KUC/bIX 1 WENOYHbIX pacTBopax, pPoib Npupoab
9NeKTPoaa N MEONATOPHOWN CUCTEMbI, BOCCTAHOBNEHME B aNPOTOHHbBIX Cpeaax. ONeKTpoXnMn4eckoe
aMVHUPOBaHME HenpenebHbIX 1 apPOMaTUYECKNX COEAVNHEHUI B KUCTbIX BOLHO-OPraHnyeCcKunx
cpenax. Peakuuun aHogHoro 3amelleHns. 3akoHol @apanes. CooTHOWEHNE MeXay MUKPO- 1
MaKpO3MeKTPONM30M, Creumngrka NCronb30BaHNs AaHHbIX BONIbTaMNepoMEeTpUn nNpu Boibope
YCNOBWIA MPOBEAEHMSA NPEenapaTMBHOro cnHTe3a. MeonaTopHbIi 9NEKTPOCMHTES, UCMONb30BaHNE
MeONaToPHbIX CUCTEM B YTUIM3ALMUN OTXOO0B XMMUYECKNX MPON3BOACTB.

naboparopHas pabora (19 yaca(oB)):

1. N3yyeHne banaHca HanpsiXXeHUst U ra30HanoNHEHUS MOHOMONSIPHON BaHHbI 3N1EKTPONM3a BOAbI.
OueHka BNSHUSA MAOTHOCTM TOKA Ha KO3GGMLIMEHT ra3oHanonHeHns BOOHOro pacteopa 4.7 M
NaOH v 6anaHc HanpsixXeHus B anagoparMeHHOM aNeKkTPONn3épe ¢ HUKENEBLIMU anekTpoaamu. 2.
MpenapaTuBHbIA 3NEKTPOCMHTE3 aHUNUHA U3 HUTPobeH3ona unu 6eHsona. OCHOBbI
9NEKTPOCMHTE3A, PEXMUMbI 9NIEKTPONN3A U Er0 KONMYECTBEHHbIE XapakTepUCTkn. MexaHn3mel
BOCCTAHOB/IEHMS apOMaTNYECKNX HUTpocoeanHeHun Ha Pt, Cu n Pb B kmcnbix BOOHbIX cpenax.
MenmaTopHble CUCTEMBI. DNEKTPOXMMNYECKOE paaukanbHOE aMMHUPOBaHME.

Tema 4. BonbTaMnepomeTpusi U 3NeKTPOCUHTES3.
naboparopHas pabora (43 yaca(oB)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbii Homep 75814 5AE
il YHH

Ctpanuua 6 us 14. — o

A



Mporpamma aucumnnuubl "OpraHuyeckas anekTpoxumms”; 020100.62 XuMnst; BOLEHT, K.H. (goueHT) JincnubiH FO.A.

1. CuHTe3 HaHeceHHoro Pd-Cu-Al203 katanmsartopa 1 U3y4yeHune ero katanmTu4yeckmx CBOMCTB B
npouecce CeneKTMBHOIro rmopupoBaHns aueTuneHa B 3TaH-aTUNeHoBon cMecn. HasHavyeHne
npouecca CenekKTMBHOro rmapupoBaHns aueTuneHa B 3TaH-aTUNEHOBOW CMecu. Tunbl
MPOMBbILWIEHHBIX KATaNM3aTOpPOB CENEKTUBHOIO rmapupoBaHns auetuneHa. MexaHmsm
rMApUpoBaHMa auetuneHa Ha nosepxHoctn Pd-Al203 katanusartopa. BropuyHbie npoueccsl
rMOpUPOBaHMS 3TUNEHa 1 onvromMepusaunmn onedmHoB. Ponb NpoMoTopoB - anemMeHToB rpynnbl IB.
CuHTes kaTanusatopa. [poBeneHune ncnbiTaHWii katanuaaTopa Ha nabopaTtopHOol KaTanuTUYeCcKom
ycTaHoBke. [1poBeneHve xpomaTorpagomyeckoro aHannaa yrnesoaopogHoro cocrasa MCX04HOro
Cblpbs 1 NPOAYKTOB peakuun. PacyeTbl akTMBHOCTY Kartannuaartopa, CeNeKTUBHOCTU MO STUNEHY U
9TaHy, KoHBepcum auetuneHa. 2. CuHTe3 HaHeceHHoro Pd-Co-Al203 katanmsaTtopa 1 UsyyYeHue ero
KaTanuTU4ecKux CBOMNCTB B NPOLIECCE CENEKTUBHOrO rmapupoBaHns BUHUNAUETUIEHa B
byTaaneHcoaepxalleit cmecn. HasHaveHme npouecca CenekTMBHOro rmaprpoBaaLeTmneHa B
byTaaneHcoaepXallmx cMecsx. Tunbl NPOMbIWIEHHbIX KATannM3aTopoB CENEKTUBHOIO rMapupoBaHms
BUHUNavueTuneHa. MexaHnam rugpupoBaHns BuHunaueTuneHa Ha nosepxHoctu Pd-Al203
KatannsaTtopa. BtopuyHble npouecchl rmapupoBaHns bytagmeHa n onMroMmepmsaumm gNeHoBbIX
yrnesogoponos. Ponb npomotopos. CuHTe3 katanmaaTtopa. [posefeHne ncnoliTaHuii katanmsaropa
Ha nabopaTopHOW KaTanMTNYecKo yctaHoBKe. [poBeaeHne xpomaTorpaunyeckoro aHanmaa
yrneesoopoaHOro coctaBa MCXOLHOrO Chipbs U NPOOYKTOB peakumn. PacyeTbl akTUBHOCTH
KatanusaTtopa, CenekTMBHOCTM No ByTaamneHy, KoHBepcumn BuHunauetuneHa. 3. CuHTes
HaHeceHHoro Ag-Al203 katanuaaTtopa n n3yyeHne ero CBOMCTB B peakuumn napumanbHoro
OKUCNEHNS 3TUNEHA B 3TUNEHOKCUA,. DTUNEHOKCUA Kak NPOAYKT OpraHn4eckoro cuHtesa. MexaHuam
peakunm OKUCNEHUS STUNEHA B MPUCYTCTBMM cepebpsiHbIX kaTanm3aTtopos. CocTae kaTanM3aTopos
napumanbHOro okucneHns atuneHa. Metoabl 3akpenneHns cepebpa Ha KOPYHOOBOM HOCUTENE.
Ponb npomMoTOpOB 1 CONPOMOTOPOB. BrivsiHne ycnosuin peakunm Ha CENEKTUBHOCTbL npoLecca.
CuHTes kaTanusatopa. [poBeneHune ncnbiTaHWii katanuaaTopa Ha nabopaTopHOt KaTanuTUYeCcKow
ycTaHoBke. [1poBeneHve xpomaTorpagomyeckoro aHannaa yrnesoaopogHoro cocrasa MCX04HOro
Cblpbs 1 NPOAYKTOB peakuun. PacyeTbl akTMUBHOCTY KatannaaTopa, CeNeKTMBHOCTM MO oKcuay
9TUNEeHa, KoHBepcun atuneHa. 4. CUHTE3 CMECEBOro Xene3ooKCMaHOro katanmaartopa 1
NpoBEOEHNE Ero UCMbITaHWIA B peakuun dernapuposaHns atunbeHsona B ctmpon. CTupon kak
NPOAYKT OpraHNYeckoro cuHTe3a. MexaHuam peakuun oernapupoBaHns aTunbeHsona Ha
MOBEPXHOCTM OKCUO0B Xeneaa, pepputos kanus. Coctas kaTannmaaTopoB AernapmpoBaHms
atunbeHsona. CuHTe3 katannsatopa. [poBeaeHne ncnbiTaHUiA kaTanmaaTopa Ha nabopaTopHoOi
KaTanuTu4eckon yctaHoske. [poBeneHne xpomarorpapuyeckoro aHanmsa yrneso40p0oaHOro
CcOoCTaBa MCXOOHOro Cbipbs 1 NPOAYKTOB peakuun. PacyeTbl akTMBHOCTY Kartannaaropa,
CEeNeKTUBHOCTY Nno ctupony. 5. CnHTe3 MMKkpocdepmnyeckoro antoMOXpPOMOBOro Katannaaropa u
N3y4yeHne ero CBOMCTB B peakumun AernapupoBaHnst naobytaHa B n3obytuneH. Mpouecc
nernapuposarms Hu3wmnx C3-C5 napadgouHos. MNMpouecc oernapupoBaHns n3obytaHa B KUMSLWEM
cnoe karanusaropa. Coctas 1 aKCnayaTaumoHHbIe XapakTEPUCTUKN KaTann3aTtopoB KMNALWEero Cnos.
Cnocobbl Nony4yeHns MUKPOCHEPUYECKIMX aNtoMOXPOMOBbIX KaTanmna3aTopoB - pacnbiieHne-cylKa
KaTanmsaTtopHOM CyCrneH3nn, NponnTka antoMOOKCUOHbIX HocuTenen. MexaHnam gernopupoBaHus
napadovHOB Ha NOBEPXHOCTM Okcnaos xpoma. CnHTea kaTanuaatopa. [1poseaeHmne ncnbliTaHum
KaTannsaTopa Ha nabopaTopHOI KaTanuTuyeckol yctaHoBke. [MpoBeneHne xpomaTorpacguiyeckoro
aHanusa yrneBofLopOOHOro cocTaBa UCXOOHOro Chipbs U MPOOYKTOB peakunn. PacyeTtbl akTMBHOCTM
KatannsaTtopa, CEeNnekTUBHOCTM MO N300yTUNEHY.

4.3 CTpyKTypa 1 comepXaHue camocTosiTesibHoM paboTbl AUCLUNINHBI (MOOYNS)

Bupbl
N Paspen Cemect Hepensi | camoctositensHon [TpynoemMKOCTb g;?«%%:lol;g:;g:g;
AucumnnuHbl pcemecrpa pabotbl (B yacax) 260TbI
CTyOEeHTOB P
NoAroToBka K
TECTUPOBAHUIO
BOEHU
Tema 1. MexaHn3mbl }'IIZKT.)I;OHiOFO
1.|aneKTpoXnMmyeckunx 8 1-4
NPOLIECCOB marepuana,
' TEeoOpeTN4eCKmx n
MPakTN4eCKnx
PernctpausoxHsLI HoMep 75814 SAEKTPOHHBH
Bil YHHBEPCHTET

CtpaHnua 7 ns 14. SR 3100 HALWO O AHAMTI-E CHAR CHETEMA Ko
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:L:?:;Eﬂg;
AducumnnuHbl pcemecha paborthbl (B wacax) 260TbI
CTYLEHTOB P
NnoAroToBka K
casee
BonbTamnepometpuyeckpe MaTebuana
2.|MeToabl U3y4eHns 8 5-7 160 g}mqeéKMXIﬂ 19 oTyet
9NEKTPOXUMUYECKNX P
POLECCOB npakTuyecknx
P : BOMPOCOB
nabopatop
noaroToBka K
Tema 3. o?tfe? OCB?)eHme
BoccraHoBneHuve u ﬂeKudngOFO
OKNCNEHNE HEKOTOPbIX MaTebuana
3.|opraHnyeckunx 8 8-10 160 gTMHeéKMXIA 18 otyer
coenvHeHuin n obwune P
ACHEKTh: npakTUYeCcKnx
BOMPOCOB
9N1EKTPOCUHTE3A.
P sa nabopart
NnoAroToBKa K
KOHTPONbHOW
paboTte
Tema 4. yCBOEHue
4.|BonbTamnepomeTtpus un 8 11-17 |nexumoHHOro 24 ng;ggﬁbHaﬂ
9N1EeKTPOCUHTES. marepwuana, P
TeopeTnyecknx u
npakTu4ecknx
BOMpoOC
WNtoro 87

5. O6bpa3oBartenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

B npouecce ocBoeHns aucumnavHbl NpeaycMaTprBaloTCS UHTEPAKTMBHbBIE ONPOCHI, TECTUPOBAHKE Y
npoBeneHune psaa nabopatopHbix paboT, BoINONHEHNE, OCPOPMIIEHNE N cAadYa KOTOPbIX NOTPEObYOT
NOCTOSIHHOrO OOpaLleHNs CTYLEHTOB K NEKLMOHHOMY Matepuany u nutepartype no TeopeTnyeckon u
NPUKNAAHON 3NEKTPOXUMUM

[ns pacwmpeHns Kpyrosopa CTyAeHTOB NnaHMpyeTcsl opraHM3aums BCTPeY ¢
3NEKTPOXUMUKAMU-OpraHnkamm n3 VNIHCTUTyTa opraHM4eckom n domamdeckon xummm mm. A. E.
Apby3osa KHL| PAH.

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOWN paboThbl CTYAEHTOB

Tema 1. MexaHU3MbI ANEeKTPOXNMU4YeCKux npoLeccos.
TecTnpoeaHue , npmMMepHbIie BOMpOChl:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbii Homep 75814 5AE
il YHH

Crpanunua 9 us 14. — o
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MpuMmepsbl TecToB. 1. OKNCANTENBHO-BOCCTAHOBUTENBHOE YACNO atoMa a3oTta B MOneKyne
HUTPo306eH30na coctasnsieT: 1)-2; 2) 0; 3)+1; 4)+2; 5)+3. 2. Ons npespaueHns RCH20H 8 RCOOH
TpebyeTcs cnenylolee KONMYECTBO aNekTpoHoB: 1)2; 2)3; 3)4; 4)5; 5)6. 3. BoccTaHOBNEHME XUMHOHA
[0 rMOpOXMHOHA B YMEPEHHO KUCOW BOAHOM cpee npoTtekaet no mexaHnamy: 1)CCEE; 2)CECE;
3)ECEC; 4)EECC; 5)CEEC. 4. B xaTogHOM npouecce CKpbITbIA NpeaenbHblil TOK BTOPOro poaa
obycnosneH B3anmonerictenem: 1)Red2 ¢ Ox1; 2)Red1 ¢ Ox2; 3)Red1 ¢ Ox1; 4)Red1 ¢ Red2;
5)Red2 ¢ Ox2.

Tema 2. BonbTamnepomeTpuyeckue MeToabl U3yuyeHus 3NeKTPOXMMUYECKUX MPOLLECCOB.
OT4YeT , NPUMEpPHbIe BOMPOCHI:

OtyeTbl N0 pabotam: 1. OueHka BINSHNS NPMpPOabl ANEKTPONNTA 1 KaToAa Ha NepeHanpsxeHme
peakuun BbloeneHms sogopona. lNoreHunognHammyeckme kpmeble. MexaHn3mbl
9NEeKTPOXMMNYECKOro BblgeneHns sogopoga Ha d- (Pt) n s-, p- (Pb, Hg) MeTtannax.s BOL4HbIX
pacTBopax KMCNOT U weno4yen. 2. IaydeHne MexaHM3MoB 3N1eKTPOXUMUYECKMX NPOLLECCOB METOAaMN
BpaLlaroLlwerocs GUCKOBOro anekTpoaa (M AMCKOBOro anekTpoa ¢ Konbuom). Teopnsi MeTOL0B.
InekTpoxmmmnyeckoe nosegerHvne pegokc-napsl Ti(IV)/Ti(lll) Ha nnaTnHoBOM anekTpone 8 4 u9 M
H2S04. BocctaHoBneHve HUTpobeH3ona B BOAHO-CNPTOBOM pacTeope H2SO4. MexaHn3mbl
npoueccos. 3. VI3ydeHne anekTpoxnMmn4eckmx npoLeccoBs Metogamm Knaccuyeckom un
KOMMYTaTOpPHOM nonsporpacguun. Teopust METOO0B. DNEKTPOXMMMYECKOE NoBeAeHne penokc-napbl
Ti(IV)/Ti(lll) 81 1 9 M H2SO4. BoccTaHoBneHne HUTpobeH3ona B BOLHO-CNMPTOBOM pacteope 1 M
H2S04. MexaHu3mbl npoueccos. 4. IaydeHne anekTpoXmMm4yecknx npoLeccos MeTo40M
LMKIMYECKOW BoNbTamnepomMeTpumn. Teopus Mmetona. nekKTpoXnMm4eckoe noseaeHne penokc-napbl
Ti(IV)/Ti(lll) ha nnatuHoBOM anekTpone B 4 1 9 M H2SO4. BoccTaHoBneHne HUTpobeH3ona B
BOAHO-CNNPTOBOM pacTteope H2SO4. MexaHunambl npoueccos. ConocTtasneHne pesynbtaTos C
LaHHbIMK, NONyYeHHbIMK B pabotax 2 1 3. 5. VIHrMbutopbl KUCNOTHOR KOPPO3uK. MNoHbIE N YacTHble
nonsipn3aumnoHHbIe KprBble. BnuaHne xenatuHbl n ekCcTpyHa Ha NoNsipu3aunoHHbIe KpUBble CTanu B
2 M H2SO4. 6. N3y4eHne banaHca HaNpPsXXeHNs 1 ra3oHanoNHEHNS MOHOMONSIPHON BaHHbI
anekTponuaa soabl. OueHka BAMAHUS MIOTHOCTU TOKa Ha KO3GDMULUMEHT ra3oHanonHeHNs BOAHOMO
pacteopa 4.7 M NaOH n 6anaHc HanpsixeHus B aMacpparMeHHOM 3NeKTPONM3EpPe C HUKENEBbLIMY
anekTpogamm.

Tema 3. BoccTtaHOBNeHMe N OKUCNEeHUe HEKOTOPbIX OpraHN4YeCcKnx coeanHeHUun v obwume
acrneKkTbl IJIeKTPOCUHTEe3a.

OTHET , NPUMEPHbIE BOMPOCHI:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbii Homep 75814 5AE
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OTyeTbl Mo paboTam: 1. MNpenapaTnBHbIA 3NEKTPOCMHTE3 aHUINHA U3 HUTPobeH3ona unm 6eHsona.
OCHOBbI 9NEKTPOCUHTESA, PEXUMbI INEKTPONN3A U €ro KONMMYECTBEHHbIE XapaKTEPUCTUKN.
MexaHn3mbl BOCCTAHOBNEHNS apoMaTUYECKUX HUTpocoeanHeHnin Ha Pt, Cu n Pb B KMCnbIX BOAHbIX
cpenax. MeomaTopHble CUCTEMbI. DNEKTPOXMMMYECKOE panKanbHOe aMuHupoBaHue. 2. CnHtea
HaHeceHHoro Pd-Cu-Al203 katanuaartopa u n3yyYeHune ero katanamTu4eckux CBOMCTB B npoLecce
CENeKTUBHOro rmapunpoBaHns aueTuneHa B aTaH-aTUNEHOBOM cMecu. HasHaveHue npouecca
CENeKTUBHOro rmapunpoBaHns aueTuneHa B 3TaH-aTUNEHOBOM CMEeCU. TuMbl NPOMbIWNEHHbIX
KaTanmsatopoB CENeKTUBHOro ruapuposaHns auetuneHa. MexaHusm rugpvpoBaHns auetuneHa Ha
nosepxHoctn Pd-Al203 katanusatopa. BTropuyHble npouecchl rmapupoBaHns aTuneHa u
onvromepmsaumnm oneuHos. Ponb NpoMoTopoB - aneMeHToB rpynnbl IB. CnHTes katanuaaropa.
MpoBeneHne NcnblTaHUin kKatanuaatopa Ha nabopaTopHO KaTanuTnyeckoi yctaHoske. MNpoeeneHne
XpomaTorpagomyeckoro aHannaa yrnesonopoaHoro coctasa MCX0OHOro Cbipbs Y NPOAYKTOB
peakuuun. PacyeTbl akTUBHOCTW KaTanmsaropa, CENEeKTUBHOCTM MO 3TUNEHY U 3TaHy, KOHBEPCUN
auetunneHa. 3. CnHTe3 HaHeceHHoro Pd-Co-Al203 katanusartopa v nsy4yeHune ero Katanmtnyeckumx
CBOICTB B MPOLIECCE CENEKTMBHOMO rMAapUpPOBaHnNs BUHMNaueTuneHa B bytagmeHconepxauein CMecu.
HasHauyeHune npouecca cenekTMBHOro rmapupoBaHns BUHUNaueTnneHa B bytagueHcoaepxatmx
cMecsXx. Tunbl NPOMbIWAEHHbIX KaTannu3aTtopoB CENEKTUBHOMO rmapupoBaHns BUHUNALETUNEHA.
MexaHnam rmgpupoBaHmnsa BuHunaueTuneHa Ha nosepxHoctn Pd-Al203 katannsatopa. BropnyHbie
npoLuecchl rmapupoBaHust byTaaneHa n onnuromepusaummn ANeHoBbIX yrnesonopoaos. Ponb
npomoTopoB. CnHTE3 Katanuaartopa. [poBeneHne ncnbiTaHuii katannaatopa Ha nabopaTopHO
KaTanuTu4eckon yctaHoske. [poBeneHne xpomarorpapuyeckoro aHanmsa yrneso40p0oaHOro
coCTaBa MCXOOHOro Cbipbs 1 NPOAYKTOB peakuun. PacyeTbl akTMBHOCTY Kartanuaaropa,
CenekTMBHOCTM Mo ByTanneHy, KoHBepcun BuHUnaueTuneHa. 4. CnHtes HaHeceHHoro Ag-Al203
KaTanusaropa v U3y4yeHue ero CBOWCTB B peakLuy napumnanbHOro OKUCEHNS 3TUNeHa B
9TMNEHOKCUA. DTUNEHOKCUA Kak NpoayKT OpraHnyeckoro cuHTesa. MexaHnam peakumm oKUCNeHns
3TUNEeHa B MPUCYTCTBMM cepebpsiHbIX kaTanmaaTtopos. CocTas kaTanM3aTopoB napumanbHOro
okucneHust atuneHa. Metoapl 3akpenneHust cepebpa Ha KOpyHLOBOM HocuTene. Ponb MpoMoTopoB U
COnpoMOTOpPOB. BnngHue ycnoeuii peakumm Ha CenekTMBHOCTb npouecca. CuHTe3 katanuaaropa.
MpoBeneHVe NcnblTaHUin kKatanuaatopa Ha nabopaTopHO KaTanuTuyeckoi yctaHoske. MNpoeeneHne
XpomaTorpagomyeckoro aHannaa yrnesonopoaHoro coctasa MCX04HOMo Cbipbs Y NPOAYKTOB
peakuuun. PacyeTbl akTUBHOCTW KaTanmsaropa, CENEeKTUBHOCTM MO OKCKAy aTuUneHa, KOHBepcum
aTuneHa. 5. CMHTE3 CMeCceBoro Xene3ooKCMAHOro katanmaaTopa v NpoBeLeHne ero UCnblTaHui B
peakumm gernapuposaHust atunbeHsona B ctmpon. CTMpon kak NpoayKT OpraHNYecKoro CUHTe3a.
MexaHu3M peakuunn oernapupoBaHms aTunbeH3ona Ha NOBEPXHOCTM OKCUOOB Xenesa, heppuTos
kanus. CocTaB KatannaaTopoB AernapvpoBaHust atunbeHsona. CMHTes katannsaTopa. [NposeaeHne
MCnblTaHU KaTtanuaartopa Ha nabopaTopHO KaTanuTuyeckoi yctaHoske. MNpoeeneHne
XpomaTorpagomyeckoro aHannaa yrnesonopoaHoro coctasa MCX0OHOMo Cbipbs Y NPOAYKTOB
peakumn. PacyeTbl akTUBHOCTM KaTanuaaTopa, CENEKTUBHOCTM Mo cTmpony. 6. CnHtes
MUKPOCEepPNYECKOoro atoMOXpPOMOBOro Katanmaaropa 1 N3y4yeHune ero CBOMCTB B peakumnm
nernapvposaHus n3obytaHa B n3obytuneH. MNpouecc nernapuposanns Hu3wmx C3-C5 napadomHoB.
Mpouecc nermapupoBaHns n3obytaHa B KMMsWeM crnoe katanuaatopa. CocTaB 1 aKcnyaTaunoHHbIe
XapakTepuUCTKM Katannma3atopos kunsawero cnosi. Cnocobbl Nony4eHnst MUKPOCEePUHECKNX
aItOMOXPOMOBbIX KaTannm3aTtopoB - pacrblfieHne-Cyllka Katann3aTopHOM CyCrneH3um, nponuTka
antoMOOKCUIHbIX HocuTenen. MexaHn3m oernapupoBaHus napagouHOB Ha NMOBEPXHOCTU OKCUO0B
xpoma. CnHTe3 katanusatopa. lNpoBeneHne ncnbiTaHWin katanuaaTopa Ha nabopaTopHO
KaTanuTu4eckon yctaHoske. [poBeneHne xpomatorpapuyeckoro aHanmsa yrneso40p0oaHOro
coCTaBa MCXOOHOro Cbipbs 1 NPOAYKTOB peakuun. PacyeTbl akTMBHOCTY Kartannaaropa,
CENeKTMBHOCTM MO N300yTUNEHY.

Tema 4. BonbTaMmnepomeTpusi U 3NeKTPOCUHTE3.
KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

Mpumepbl BonpocoB. 1. KoMMyTaTopHbIA BApUaHT BonbTamnepomeTpum. 2. MNMoHsTre 06
ancopbumnoHHoM Toke. 3. CBS3b MeXay MUKPO- U MAKPO3NekTponmaamm. 4. 3akoHbl anekTponusa. 5.
BoccraHoBneHne HUTpobeH30na Ha PTYTHOM KaToe B anpOTOHHOW cpeae.

Tema . UToroBasi oopma KOHTpOns

MpuMepHbIe BONPOCHI K 3a4€Ty 1 9K3aMEHY:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbii Homep 75814 5AE
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MpumMepbl BUNETOB K 3a4eTy.

Bunert 1.

1. Wkana ctaHOapTHBIX pefoKC-NOTEHLMANOoB.

2. Cneumndomka anekTpoa kak peareHra.

Buner 2.

1. Pabouyas obnactb NOTEHUMANOB, BIMSHWE HA HEE YCNOBWIA 9KCNEPUMEHTA.
2. KBagpartHas cxema.

Buner 3.

1. TpeboBaHus, NpenbSBNSEMbIE K METOAAM BONIbTAMEPOMETPUN.

2. OTHOCUTENBHOCTb NOHATUS ObICTPbIV NEPEHOC SNEKTPOHA.

Mpumepbl BUNETOB K 3K3aMEHY.

Bunet 1.CE, EC, EErom n ECE - npouecchbl B LMKNNYECKON BONIbTAMNEPOMETPUN.

Bunet 2. ObpaTuMblin E-npouecc 1 ero nposiBfieHne B MeTogax BofbTaMnepoMeTpum.

Bunert 3. Heobpatmmbiii E-npouecc 1 ero nposiBneHne B METoAax BONIbTaMnepoMeTpumn.

bunet 4. Tvnbl cnoes, BO3HMKAOWWE B 3NEKTPONUTE.

Bunet 5. BnusaHne cpenbl HA MEXaHM3M 3/1IEKTPOXMMNYECKOr0 BOCCTAHOBNEHUS apOMaTNyeCcKmx
HUTPOCOEANHEHWIA.

CAMOCTOATEJIbHAA PABOTA cTyneHTOB BKNtO4aeT YCBOEHMNE NEKUMOHHOro Marepuana,
TEOPETUYECKMX N NPAKTUYECKMX BOMPOCOB NabopaTtopHbix paboT C NpMBREYEHNEM OCHOBHOMN 1
LOMONHUTENBHOW NUTEPATypPbl, @ TakXe opopmneHne nabopatopHbix paboT ¢ NOCTPOEHNEM
rpagouKoB 1 NPOBEeAEHNEM HEOOXOANMbIX PACYETOB.

7.1. OcHOBHas nuTeparypa:

1. DamackuH B. B., lMNMeTtpuin O. A., Unpnuna I'. A. Onektpoxumms. - M.: Xumus. - KonocC, 2008. - 672
C.

2.AdpaHacbeB b.H. ®uamnyeckas xumns: yiebHoe nocobure ons cTyAeHTOB By30B, 0OyHatowmxcs no
HanpaeneHunsm "Xumumdyeckas texHonorms", "buotexHonorus" n "9Hepro- n pecypcocbeperatowme
MPOLIECChI B XMMUYECKOW TEXHONOIMK, HedpTexmmmm n buotexHonorumn” / b. H. AdpaHacbes, 0. I1.
Akynosa. CaHkT-lNeTtepbypr [v aop.]: NlaHb, 2012. - 463 c.

3. AdbaHacbeB B.H. Akynosa HO.I1. ®uaunyeckas xumns. [OnekTpoHHbIn pecypc]. - CaHkT-lMeTepbypr.:
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CTyOeHTOB XMMMYeCcKoro nH-Ta. - Kasaub. : K(M)®PY, 2012. - 74 c.
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1. MeToauyeckne paspaboTky Kk cneunpakTukyMmy no reteporeHHomy katanuay. [Ins ctyaeHToB
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2. bynHukos IM.K., MarictpeHko B.H., Bacenes M.P. OCHOBbI COBPEMEHHOMO 3N1EKTPOXUMUYECKOTO
aHanusa. M.: Mup-buHom J13, 2003. - 592 c.

3. dnekTpoaHanuTuyeckme metoabl: Teopus n npaktuka / [A.M. bong, O. NHuenbaX. Kanept v ap.J;
pen. ®@. Wonbu; nep. ¢ aHrn. noa pen. B.H. Maictperko.?Mocksa: BMUHOM. 1a6. 3HaHuiA,
2006.7326 c.
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7.3. UHTepHeT-pecypcChbl:

AkTyanbHble Npobnembl dNeKTPOXMMUM OpraHnyYecknx coeagmnHeHmnin. Matepmansl VIl Bcepoccuinckon
C MeXayHapOoaHbIM YHaCTUEM WWKONbI MO SNEKTPOXMMUN OPraHNYeckmx coeamnHeHunin. Tambos, 2012. -
http://www.ehos.tstu.ru/index3.html

JocTnxeHnsa anekTpoxumMmm opraHmdeckmnx coegnHerHmin. PXX. 2005.Tom XLIX. € 5. -
http://www.chem.msu.su/rus/jvho/2005-5/welcome.html

INMncnupin KO.A. SnekTpoHHasa bubnunoteka. - http:/elibrary.ru/defaultx.asp
cantbl BY30B P®. - www.google.ru.
caritbl BY30B P®. - www.yandex.ru

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUNIUHbI(MOAYNS)

OcBoeHMe ONCUMNInHbI "OpraHI/I'-IGCKaFI SJ'IeKTpOXI/IMI/IFI" npeanonaraeT UCrnoib3oBaHUe crieayouero
MartepunanbHO-TEXHNYECKOro obecneyeHuns:

ObopynoBaHue:

NcToYHUKM nutaHus noctositHHoro toka b5-43A, b5-44A, AKAM-1113 n AKAIM-1114, noteHumocTaTthbl
IPC-Pro MF n IPC-Pro 3A, nonsporpad 9koTecT-BA, ycTaHoBKa Bpaulatowerocs oMckoBoro
anekTpona BI39-06, Bonbtamnepommetpbl LW 4313 n GDM-8145, marHutHble mewankn RH basik 2
IKAMAG, tepmocTtaTbl U2c n BT5, poTtopHbii ucnaputens LABTEX, annapaTHO-NnporpamMMHbIi
KoMnnekc Ha 6a3e xpomaTorpadgoa "XpomaTtak-Kpuctann 5000", cywmnbHblii wkad Snol,
9NEKTPOHHbIE aHanuTnyeckue secbl A&D.

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpebosaHnsmm ®rOC BIMO n y4ebHbIM nnaHoM no
HanpasneHutio 020100.62 "Xumusa" n npodpunio noarotoskn dPusmyeckas Xumns .
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