MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpasienune noaroroBku/cnenuaibHocts: 11.05.01 PagnosneKTpoHHbIE CHCTEMBI M KOMILIEKCHI
HaumenoBanue o0pa3zoBare/ibHON NPorpaMmbl: PaanosjieKTpoHHbIe CHCTEMbI H KOMILIEKChI
YpoBeHnb 00pa3oBaHus: BbiclIee 00pa3oBaHMe - CIIELUATUTET

®opma o0yuenusi: Ounas

OueHovyHbIe MATEPHUAJIbI
0 JUCHHUILIHHE
XumMusa

MockBa
2023



A3PABOTAUJI:

OINEHOYHBIE MATEPHAJIBI P

MoanucaHo aNeKTPOHHO| noagnucbio $TEOY BO «HUY «M3U»

= CeegeHua o snagensbue L3N M3 K.l—‘.
i - Bnageney XaTMynnuHa K.I'.
IIpenonaBarenb * Mol Waermgmarop __HdaB5afdb-KhatmullinaKG-623290( XaTMyJuiiHa
(IOJKHOCTD) (moamnucek) (pacudpoBka
MOJIITHCH)
COI'JTIACOBAHO:
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
P%]KOBOI[HTGHB w Ceepenua o Bnagensue L3N M3 A.IO.
00pPa3oBaTCIIbHOU Bnageney Cu3ssikoBa A.1O.
pOorpaMMel Waervbmratop  |RA€b30863-SiziakovaAY-83831ea CussgxkoBa
(IOJDKHOCTD, YUeHas CTEHCHb, YICHOE (mozucs) (pacuudpoBka
3BaHHE) TIO/ITUCH)
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
w CeepeHuna o snagensue U3MN M3K
3aBeHyIOH-IHH . Bnageney Kynukos P.C.
BBINYCKAIOIIEH Kadeapbl Waenmnbnatop R7ef0b374-KulikovRS-e851162¢ P.C. KynukoB
(IOJDKHOCTD, YUeHas CTENeHb, YICHOe (mozrucs) (pacmudpoBka
3BaHHE) TIO/ITUCH)



OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. OIIK-1 criocobeH nmpeacTaBuTh aIcKBaTHYI0 COBPEMEHHOMY YPOBHIO 3HAHHH HAYIHYIO
KapTUHY MUpPa HAa OCHOBE 3HAHUSI OCHOBHBIX II0OJIOKEHUH, 3aKOHOB U METOJIOB €CTECTBEHHBIX HAyK
Y MaTE€MaTUKH
NJI-1 3naeT pyHaaMeHTaIbHbIE 3aKOHBI IPUPOJIBI U OCHOBHBIE (PM3NYECKHE U
MaTE€MaTUYECKHE 3aKOHBI
NJI-2 [TpumeHsieT ecTecTBEHHOHAYYHbIC 3HAHUS, (PU3UUECKUE 3aKOHBI 1 MAaTEMaTHYECKHE
METO/bI JUIsSl pEUICHUs 3a/1a4 TEOPETUYECKOIO U MPUKJIIAJHOTO XapaKTepa

1 BKIIFOYACT:
IJIA TEKYIIEro KOHTPOJIA YCIIEBA€MOCTH:

Popma peanusanuu: ITncemenHas pabora
1. PactBopsI anektponutoB. (KoHTposbHAs paboTa)
2. Crpoenue atoma. (TectupoBanue)
3. Xumudeckas TepMoiuHamMuKa U paBHoBecue (KonTponbsHas padota)
4. DnexTpoxummuueckue npoueccol (KonrponsHas padora)

BPC aucuuniavHbl

I cemectp
Beca KOHTPOJIIBHBIX MEpOTIPHUSITUH, %o
Nupekc KM-1 KM-2 KM-3 KM-4
Pa3nen nucruminHb

KM:

Cpox KM: 4 8 12 16
Crtpoenue aToma
Crtpoenue aToma +

OO6111e 3aKOHOMEPHOCTH XMMHUECKUX MPOIIECCOB

OO0111e 3aKOHOMEPHOCTH XMMUYECKHX ITPOLIECCOB. +

Pacts OPBI DJICKTPOJIUTOB

Pacts OPBI DJICKTPOJIUTOB +

SJICKTpOXI/IMI/I‘-ICCKI/IC IpOLCCCHI.

SHCKTpOXI/IMI/I‘-ICCKI/Ie IPpOLECCCHI. +

Bec KM: 25 25 25 25




$O61mas yacte/J{j1st IPOMEKYTOUHOM arTecTanund



COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETCHITHH pe3ysbTaTel  00y4eHMsI IO

JUCIUILINHE
OIlK-1 NA-1lonk 3uaer | 3HaTh: Crpoenue atoma. (TecTupoBanue)

(dyHIaMEHTAIbHBIC 3aKOHBI
OPUPOABI W OCHOBHBIC
buznvecKue u
MaTEeMAaTHYECKUE 3aKOHBI

OCHOBHBIE 3aKOHBI XUMHH,
KJIaCCU(PUKALIMIO ¥ CBOMCTBA
XAMHUYECKHUX DJIEMEHTOB U
HX COCIMHCHUM,
B3aUMOCBSI3b CTPOCHUS U
CBOICTB BCIIICCTB

00111e 3aKOHOMEPHOCTH
XAMHYECKUX SBJICHUN U
MPOLIECCOB, OCHOBBI
XUMHYECKOH
TEPMOANHAMUKY, IPUHITUIIBI
TEPMOIMHAMHYECKUX
pacyeToB, OCHOBHbBIE
KHHETUYECKUE 3aKOHBI,
MPUHIIUITBI KWHETHYECKUX
pacyeToB

CBOICTBA PaCTBOPOB U UX
OCHOBHBIC XapaKTEPUCTHKH,
METO/IbI OIIPEICICHUS U
OIICHKH 3THUX XapaKTEPUCTHK
OCHOBHBIE XapaKTePUCTUKU
OKHCJIUTENHHO-
BOCCTaHOBUTEIIBHBIX CHCTEM,
KJIaCCU(DUKAITHIO

Xumuueckas TepMoinHaMuKka u papHoBecre (KoHTponbHas pabora)
PactBops! anekrponutoB. (KonTposbHas padora)
DnexTpoxumuueckue mpoueccol (KontponbHas padoTa)




QJICKTPOXUMHUYCCKUX
CHUCTEM, UX IIPAKTUYCCKOC

WCTIOJIH30BAHUE

OIIK-1 NI-20mnk-1 [Ipumensier | YMeTh: PactBops1 anekrponntoB. (KonTponbHas paboTta)
€CTECTBCHHOHAYYHbBIC MIPOBOJUTH XUMUYECKHE, Dnexrpoxumudeckue mporeccsl (KontponbHas paboTa)
3HaHWUS, ¢busnveckue | TePMOJMHAMUYECKHUE,
3aKOHBI M MAaTEMaTHYECKHE | JEKTPOXUMHYCCKHE

MCTOJBI IOJid PCUICHUA 3aaa4d
TCOPCTUUCCKOT'O )51
MMPUKIAAHOI'0 XapaKTepa

pacuerTsl, Jenarth
0000111eHMS], CPAaBHUBAT,
aHAJIM3UPOBATH PE3YNIbTATHI
pacyeToB

MIPOBOAUTH XUMUYECKHI
SKCIEPUMEHT MO 33JaHHOU
METOJIMKE C COOIOICHUEM
MIPaBWJI TEXHUKHU
0€e301IacHOCTH,
OCYIIECTBISITH 00PAOOTKY 1
aHaJIU3 MOJTYYEHHBIX
pe3yIbTaTOB C
MIPUBJICYCHUEM
COOTBETCTBYIOIIETO
MaTeMaTHYeCKOro anmnapara




1I. Cooepicanue oyenounvix cpeocme. Illkana u kKpumepuu oyenusanus

KM-1. Ctpoenue aToma.

®opmbl peasuzanun: [TuceMennas padora

Tun KOHTPOJIBLHOT0 MeponpusaTHs: TecTupoBaHue

Bec konTpoabHoro meponpusitusi B BPC: 25

IIpouenypa mpoBeaeHUsi KOHTPOJIbHOIO MepomnpusTusi: Padora BBINONHSIETCS O BapHaHTaM

OMJIETOB Ha J'Ia60paTOpHOM 3aHATHHN

KpaTlcoe CoA€cpiKaHuE 3alaHUA:

PaboTa opueHTHpoBaHa Ha 3HaHUE OOLIMX 3aKOHOMEPHOCTEH XMMHUYECKUX SIBJICHUH, 3aKOHOB
XUMHYECKON TEPMOIMHAMUKH, SHEPreTHIeCKUX 3()(PEKTOB XUMUUECKUX PEAKIIUH, YCIOBHIA 1
3aKOHOMEPHOCTEW XMMHUYECKOIO PABHOBECHS, MEXAHU3MOB U 3aKOHOB IIPOTEKAHUS

XAMHYECKUX PEaKUi

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3HaTh: OCHOBHBIC 3aKOHBI XUMUH,
KIacCU(pUKALMI0O U  CBOMCTBA
XAMHYECKUX JJIEMEHTOB U HX
COEIMHEHUH, B3alMOCBSI3b
CTPOEHUS U CBOMCTB BEUIECTB

1.Kpatkas snexkTpoHHast KOH(pUrypanus dJIeMeHTa cepa
S

1)...3s13p4

2)...3s13p5

3) ...3s23p4

4) ...3s23p6

Otser 3

2.Bo3MoKHBIE BaJIEHTHOCTH 31ieMeHTa (ocdop P
1) B=1; B*=5

2) B=3; B*=5

3) B=3;B*=4,5

4) B=0; B*=5

OtBeT 2

3.Kpatkas snexTpoHHast KOHPHUTypaIus dJIeMeHTa
Maprasen Mn

1) ...4s24d5

2) ...4d54s2

3) ...3s23d5

4) ...3d54s2

Ortser 4

4 ITpoctpancTBeHHas: KoHMUTypanus mosekyast MnCl2
1) yraoBas

2) JuHelHast

3) Terpasrap

4) MI0CKUM TPEYrOIbHUK

Ortser 2

5.IIpocTpancTBeHHas KoHpHUrypaius Mojekyibl SiCl2
1) yraoBas

2) nuHeWHas

3) TeTpasrap

4) TpuroHajibHas NUpaMuIa

Ortser 1

6.I1poctpancTBeHHas koHpUrypanus Mosekyasl ShH3




1) yrimoBas

2) TUIOCKHI TPEYTOJIbHHK

3) TeTpadap

4) TpUroHaIbHAS MUPAMH/AA

Otser 4

7.I1pu obpazoBanuu mosiekyiabl SiCl4  mpoucxomur
TUOpUI3AIIIS

1) sp3

2) s2p2

3) dsp2

4) rubpuan3anuy HeT

Otser 1

8.Ipu obpazoBanmnu Mojiekyasl ASCI3 mpoucxomut
rudpuIM3aIus

1) sp3

2) s2p2

3) dsp2

4) rudpuan3anum HeT

Otger 4

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku blnonenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CJIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBIIIOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHKa "XopoIo" BBICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu 6vinoaneHus snanus: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHITIOJIHEHO

KM-2. XumMnueckasi TepMOAMHAMUKA U PaBHOBecHe

®opmbl peaausanun: [lucemennas padbora

Tun kouTpoabHoro Mmeponpusitusi: KontponsHas padora

Bec konTposbHoro meponpusitusi B BPC: 25

IIpoueaypa npoBeaeHHs] KOHTPOJIbHOIO Meponpusitusi: PaboTa BBINONHSAETCS MO BapuaHTaM
OuieToB Ha 1a0OPATOPHOM 3aHATUHI

Kpartkoe coagep:xkanue 3a1aHuA:
PaboTa opueHTHpOBaHA Ha 3HAHKME 3aKOHOB U OOIMX 3aKOHOMEPHOCTEH XUMUYECKUX SBICHHIA
U TPOLIECCOB, OCHOB XMMUYECKON TE€PMOAMHAMUKY, IPUHLIUIIOB TEPMOINHAMUYECKIX
pacyeToB; OCHOB KMHETHUYECKHX 3aKOHOB M 3aKOHOMEPHOCTEH MPOIECCOB, MPHHIIATIOB
KUHETHUYECKUX PAaCUETOB.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: 0OImME 3aKOHOMEPHOCTH 1.0npenenute 00aacTh TEMIIEPATYP, IPH KOTOPBIX
XUMHYECKHX SIBJICHUI U BO3MOKHO CaMOIIPOU3BOJILHOE MPOTEKaHUE PEaKINI




MPOIIECCOB, OCHOBBI XHUMHYECKOMH C2H4(r)+H2(1)«C2H6(T) B mpsiMOM HarpaBieHUHU TIPU

TEPMOJUHAMHUKH, MIPUHIUIIBI CTaHJApPTHOM COCTOSIHUM BCEX pearceHToB 0e3 yueTa
TEPMOJIMHAMUYECKUX  PaCyeTOB, 3aBucumoctu DrHO u DrSO ot temnepatypsl. [TocTpoiite
OCHOBHBbIE KHHETHYECKHE 3aKOHBI, rpaduk 3aBucumoct DrGOT={{(T).

MIPUHIIMIIBI KUHETUYECKHUX 2.C TOYKM 3peHHs] METO/1a MOJICKYJISIPHBIX OpOUTasIeH,
pacueToB 1300pa3uTe YHEPTeTUUECKYIO TUarpaMMy MOJICKYJIbI WITH

noHa Ne2+, npuBenuTe CBS3bIBAIOLINE U PA3PBIXJIAIONINE
opOUTaNU M 3aM0JIHUTE UX dJIeKTpoHamMu. OOOCHYHTE
BO3MOKHOCTb MJIM HEBO3MOXHOCTb CYILIECTBOBAHUS
MOJICKYJIbI WJIM MOHA, YKAKUTE TMOPAIOK CBSI3H. YKAKUTE
MarHuTHbIE CBOICTBA (IMaMarHeTu3M, napaMarHeTus3M)
MOJIEKYJIbI WJIM MOHA, €CJIN CYIIECTBOBAHUE YACTHIIBI
BO3MOXHO C TOukH 3peHust MMO.

3.Bribepurte mo0yro Temreparypy u3 odiaactu
CaMOIPOM3BOJILHOIO IIPOTEKAHUS PeaKUU

CO(r) + H2 (1) « C(x) + H20(1) B npssMOM HanpaBieHUU
U paccuuTaiTe paBHOBECHBIE KOHIIEHTPALIUH
ra3000pa3HbIX PEareHTOB, €CIIM UX UCXOIHBIC
koHneHTpanuu oputH paBHbl C(CO(T))=0,6 MOJIB/1,
C(H2(r))=1 mons/1 u C(H20(r))=0,2 monb/1.
[Ipennoxute cnocoObl yBEIMUEHHUS BHIXOAA TPOIYKTOB
MPUBEICHHON XMMHUYECKON peakLMi B COOTBETCTBUU C
npuHuunom Jle larense.

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinonneHus snanua: OueHkKa "Xopoo" BbICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIN 3aJJaHUE NIPEUMYILIECTBEHHO BBITIOJIHEHO

KM-3. PacTBOpPBI 2JICKTPOJIUTOB.

®opmbl peaausanun: [lucpmennas padbora

Tun kouTpoabHOro Meponpusitusi: KontponsHas padora

Bec konTposbHOro meponpusitusi B BPC: 25

IIpoueaypa npoBeleHHs] KOHTPOJIBHOI0 Meponpusitusi: PaboTa BBINONHSAETCS MO BapHaHTaM
OmieToB Ha 1a0OPATOPHOM 3aHATUU

Kpartkoe cogep:xkanue 3a1aHuA:
PaboTa opueHTHpOBaHA HAa N3yYEHHE CBOWCTB PACTBOPOB M X OCHOBHBIX XapaKTEPHUCTHUK,

MCETOHOB OIPCACIICHUA U OLCHKHU 3TUX XAPAKTCPUCTUK.

KoHTpoJibHbIe BONIpochl/3aJaHUA:




3HaTh: CBOMCTBa PacTBOPOB U HX
OCHOBHBIE XapaKTEePUCTHUKH,
METOJIbl OMpENeICHUs] U OLEHKU
ATUX XaPaKTEPUCTHUK

1.I1pu yBenuueHun TeMiiepaTypsl peakiuu (nA—mB) ot
T1=298 K no T2=350 K xoHCcTaHTa CKOpOCTH
yBeaumumiiach ot kT1=4,3.10-4 c-1 no kT2=5,7.10-4 c-1.
PaccuuraliiTe SHEPIrUIO aKTUBALIMK 3TON PEAKLIUN.
VYKaKuTe NOpsI0K Peakiiu 10 BElecTBY A.
Paccunraiite KOHIIEHTpaLMIO BeulecTBa A 1pu
temnepatype T2=350 K yepe3 10 MuHyT nocsne Hayana
peaxkuuu, eciiu HadyajabHasi KOHLIEHTpalKsl BelecTsa A
coctaBisuia CO(A) = 0,4 Momb/1.

YMeTb: NpOBOAUTH XUMHUYECKUHN

IKCIIEPUMEHT o 3aJTaHHOH
METOJIUKE C COOJIIOJICHUEM TIPABHLII
TEXHUKU 0e301acHOCTH,
OCYWIECTBIISATH  00paboTKy U
aHaJIU3 TOJIYYCHHBIX PE3yJIbTaTOB
C IMPHUBJICYCHHUEM
COOTBETCTBYIOIIETO

MaTCMAaTHUYCCKOr'o alapara

1.Kak uzmenutcs pH pactBopa HNO3 ¢ maccoBoil noseit
wB=0,04 % u motHOoCcThIO 1=1,1 T/MJI TIpU OOABIEHUH K
nemy NaCl no konnentpanuu (NaCl) 0,05 mons/n?
2.Paccuuraiite BogopoHbIN Moka3aresb pH pactBopa
NH40H, ecnu maccoBas nosist paBua wB=0,15 %, a
IUIOTHOCTE I = 1,08 r/MiI.

Onucanne MKAJbI OIIEHUBAHHS:

Ouyenka: 5

Huorcnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu eblnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISIETCS €CIIM 3aJaHIe
BBIIOJIHEHO B TIOJTHOM 0O'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3

Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu evinoaneHus shanus: OueHka "y10BIeTBOPUTENIBHO" BHICTABIISAETCS
€CJIN 3aJJaHU€E NIPEUMYILIECTBEHHO BBITIOJIHEHO

KM-4. JjieKkTpoxuMu4ecKHe mpouecchl

®opmbl peanuzanuu: [luceMenHas padora

Tun koHTpoabHOro MeponpusTus: KourponsHas pabota

Bec koHTpOIbHOrO Meponpusitusi B BPC: 25

IIpouenypa npoBeaeHHUsi KOHTPOJIbHOIO MeponpusTusa: Pabora BhINONHsSETCS MO BapUaHTaM

OUIETOB HA MMPAKTUYCCKOM 3aHATUU

KpaTlcoe CoA€cpKaHME 3alaHUA:

PaGora OpPUCHTHPOBAaHAa HA OCHOBHBLIC XaPAKTCPUCTHUKU OKHUCIIUTCIIbHO-BOCCTAHOBUTCIIbHBIX
CHCTEM, Knaccmbnxaumo SJICKTPOXUMHUYCCKUX CUCTEM, UX NPAKTUICCKOC UCITIOJIb30BAHHUE,
OCHOBHBIC 3aKOHOMCPHOCTHU MPOLECCOB KOPPO3UU MCTAJUIOB U 3aIMUTHI KOHCTPYKIIHUOHHBIX

MaTepUalioB OT KOPPO3HH.

KoHTpoJibHbIC BONIPOCHI/3aJaHUA:

3HaTh: OCHOBHBIE XapaKTEPUCTUKU
OKHUCIIUTEIBHO-

BOCCTaAaHOBHUTCIIbHBIX CUCTEM,

1.Paccunraiire pH pactBopa NiCI2 ¢ maccoBoii noneit
wB=0,02 % u m1oTHOCThIO I=1,2 I/MIL.
2.MoxHo 11 pacTBopHTb B 2 rpamma CaSO4 B 1n

10




KJ1acCu(PUKAIHIO
SJICKTPOXUMHUYCCKUX CUCTCM, HUX
NPaKTUYECKOE HCITOJIb30BAHHE

pactBopa, coaepkamiero KCl ¢ konnentparnueit 0,05
MOJIb/T?

3.«Qnektpoxal» — kucnopoansiii ¢ pH=4 (naBnenue O2
paBHO 1 at™), «D1€KTpOA2» — MEIHBIN C KOHLIEHTpaLUei
noHoB Cu2+ pasnoii 0,04 monb/n. Paccunraiite
PaBHOBECHBIE MMOTEHIIMAJBI 3THX JIEKTPOo10B. Kakoi
ANEKTPOJ ABIISETCS KaTOIOM, a KaKoi aHO/10M?
Hanumure ypaBHeHUS MTONypeakuuii 1
TokooOpasyromyto peaknuio (TOP). Hanmummre cxemy
rajibBaHn4ecKkoro aemenTa (I'2), cocraBiieHHOro U3
3TUX AIEKTPoJ0B. Paccunraiite paBHoBecHyto IDJ1C
nanHoro I'3. 3a 4 yaca pabotsl I'D Ha «OnekTpoael»
MpeTepriesio XuMuueckoe npespamienue 5,6 mia 02
(YKaxkuTe, MOrJIOTUIOCH WK BBIACIUIOCH, HA OCHOBAHUU
pacuera paBHOBECHBIX MTOTEHLIUAJIOB). YBEJIUYMIACH UIH
YMEHBIIUIACH MIPU 3TOM, M Ha CKOJIBKO, Macca
«Qnektpona2»? Kakoe KOJIUYECTBO 3JIEKTPUUYECTBA
3aTpayeHo Ha 3TO npeBpaiienue. Paccuunraiite Tox ['D u
MOKAKUTE XOJI MOJISIPU3AIIUOHHBIX KPUBBIX.
4.«QnexTponal» ralbBaHUYECKOIO AEMEHTA —
HUKEJEBbIN ¢ KoHeHTparued Ni2+=0,01 mois/m,
«Qnektpon2» - Bogopoansiit ¢ pH=8 u p(H2)=1 A1m.
Kaxko# u3 31eKTpo10B ABIIAETCS KaTOIOM, a KAKOU
aHosoM? 3anuIInuTe MOJypPeaKuy Ha SJIEKTPoAax
TOKOOOpa3yromyto peakuuo ganHoro I'D. Paccuunraiite
paBHoBecHyro DJIC. Kakoii ra3 u B kKakoM o0beme
BbIIETIUTCS (WM MOIIOTUTCA) 3a 1 yac, eciau macca
«Qnektponal » uaMeHunach (yKaxuTe, yBeIUIUIach WIH
yMeHbIINIach) Ha 29 rpamm. [IpuBeaute cxemy 3Toro
I'D u nokaxure X0 NOJIPU3ALMOHHBIX KPUBBIX.
[Touemy Hanpsixenue ['D ke DJ1C?

YMeTh: MMpOBOAWUTE XHMHUUCCKHC,

TEPMOJUHAMHYECKHE,
IIEKTPOXUMUYICCKUE pacuersi,
nenatb O00OOIIeHHs, CpPaBHHUBATD,
aHATU3UPOBATh pe3yabTaThl
pacderoB

1.PaccuuTtaiite 3/1C Mn/Cu ragpsBaHMueCKOro dJIeMEHTa
nipu 298 K 1 akTUBHOCTH NMOTEHIUATIONPEAEISIOIIUX
nounoB katoaa 10-4 moiabs/n, anoga 10-2 MONIB/II.
CocraBbTe ypaBHEHHUS 3JIEKTPOJIHBIX MPOLECCOB U
TOKOOOPa3yIoIIeil peakiuu.

2.PaccuuTaiite Bpems, HeoOxoaumoe Jyist moiaydenus 10
r Ni- MeTasTHYeCKOTro MOKPHITHS Ha JKEJIE3HON eTaln
ANEKTPOIN30M BoHOTO pactBopa NiSO4 npu Toke,
paBHOM 5 A U KaTOAHOM BBIXOJIOM IO TOKY, PABHOM
65%. IIpemmoxuTe MOAXOASIINN MaTepral aHO 1A,
Hanummre ypaBHEHUS 3JIEKTPOIHBIX MTPOIECCOB.
Omeem. 168,6 MUHYT, aHOJ — HUKEJIEBBI. .

Onucanue MKaJbl OLICHUBAHUA:

Ouyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu ebinonnenus snanus: OueHka "oTIMYHO" BBICTABIISETCS €CIIU 3aJjaHNe
BBITIOJTHEHO B MOJTHOM 00BEME HJIH BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
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OnucaHnue xapakmepucmuxu eblnoinenus 3Hanus: OLeHKa "X0opouio" BICTaBISETCs €CIU
OOJIBITMHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HANIPABIICHHE JIJISl PEIICHUS 3a/1a9

Oyenka: 3
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 50
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHka "yI0BIeTBOPUTEIHLHO" BBICTABIISACTCS
€CITH 3aJIaHUE MPEUMYIIECTBEHHO BBITIOJTHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
1 cemectp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

DK3aMEHAIlMOHHBIN OUJIET

1. 3anummuTe GopMyIiTy FJIEKTPOHHONM KOH(PUTYpaIluu aToMa dJieMeHTa ¢ KoopauHaramu B [1CD
(3, VII A) B ocHOBHOM cocTostHUH B popmarte ([...|nsx wid [...]|nsxnpy win

[...](n-1)dnsx). YkaxuTe kBaHTOBBIC YKca (n, 1, ml, ms) ayis popmMupyroiero 3yekTpoHa.
VYKaxuTe 3JIeMEHThI-aHAJIOTH. 3aUIINTe TpaguuecKyto GopMyny KpaTKon 3JIEKTPOHHON
KOH(UTYypally aToMa 3J€MEHTa B OCHOBHOM U BO30YKJIE€HHOM COCTOSIHUU (BO30YKIE€HHBIX
COCTOSIHUSIX) U HA 3TOM OCHOBAHHUU YKQ)KUTE BO3MOXKHbBIE BAJIEGHTHOCTU. 3aIUILIUTE KPATKYIO
AIEKTPOHHYIO KOH(PUTYpaIUIO0 OTHOATOMHOTO HOHA 3TOTO 3JIeMeHTa ¢ (hOpMaIbHBIM 3apsSI0M
+5.

2. C TOUYKH 3pEeHUS METOJIa MOJIEKYIIAPHBIX OpOUTase, n300pa3uTe IHEPreTHIECKYIO
Jarpammy MoJieKydibl Wi noHa O2, IpUBEIUTE CBA3BIBAIOIINE U PAa3PhIXJIAIONINE OpOUTAIN U
3aIMoJIHATE UX AMeKTpoHaMu. OOOCHYTe BOZBMOKHOCTh MJIM HEBO3MOXKHOCTH CYIIECTBOBAHUS
MOJIEKYJIbI WJIM MOHA, YKAXKUTE OPAJOK CBSI3U. YKaXKUTE€ MarHUTHbIE CBOMCTBA
(ImamMarHeTusM, mapamMarHeTU3M) MOJIEKYJIbI UM UOHA, €CIIH CYIIECTBOBAHUE YaCTHUIIBI
BO3MOKHO C TO4kH 3peHust MMO.

3. Bpems nonynpeBpanieHus HeKoTopoi anemenTapHoit peakuun A—B+C cocraBuser 15
MUHYT. PaccunraiiTe Bpemsl, 3a KOTOpOE€ KOHLIEHTPALIHUS HCXOJHOTO BEIIECTBA YMEHBIIUTCS B
20 pa3 1Mo CpaBHEHHUIO ¢ IEPBOHAYANLHOM. BO CKOJIBKO pa3 yBeTUUUTCSA CKOPOCTh ITOM
peakuuu npu ysennueHuu temmeparypsl ¢ 300K no 360K, ecnu sHeprus aktuBauuu pasHa 90
KJIx.

4. Paccunraiite pH pactBopa NaOH u pacrBopa NH4OH (1Byx pa3zHbIX pacTBOPOB), €CIIU AJIs
o06oux pactBopoB wB=0,12 %, a mnotHOCTh I = 1,14 /M7

5. «OnexTpoal» raapBaHNYECKOTO 3JIEMEHTA — IIMHKOBBIN ¢ KOHIleHTparuen Zn2+=0,001
MOJIB/J1, «AneKTpo2» - Bopopoanblid ¢ pH=6 u p(H2)=1 Atm. Kakoit u3 31eKTpo/10B SBIsSETCA
KaToJI0M, a Kakoi aHo0M? 3alUIINTe MOJypeakiui Ha 3JIEKTPOAaX TOKOOOPa3yIOIIyIO
peakuuto nanHoro I'D. [IpuBeaure cxemy JaHHOTO TaJbBaHUYECKOTO AeMeHTa. Paccunraiite
paBHoBecHyto DJIC. Kak n3menutcs macca «nekrpoaal» (yBeIUUUTCS UM YMEHBUIUTCS),
€CJIA Ha «QJIEKTpoJIe2» PETEPIEIIO NPEBPAILEHUE (YKaXKUTE, BBIACINIOCH WIH MTOTJIOTUIIOCH)
5,6 1 raza. [lokaxure xo1 MoASpU3aLMOHHBIX KpUBBIX. [louemy Hanpsxkenue I'D nuxe DC?

IIpouenypa nposeaenus
DK3aMeH NPOBOJUTCS B MUCbMEHHOHU (opMe.

L Ilepeuens komnemenyuii/uHOUKAMOPO8 u KOHMPOIbHBIX 60NPOCOE NPOGEPKU PE3YTbM AN 08
0C60EeHUA OUCUUNIUHDL

1. Komnerennus/Muaukarop: N/1-1lonk-1 3HaeT pyHIaMeHTaNbHbIE 3aKOHBI IPUPOJIBI U
OCHOBHbIE (pU3NYECKHEe U MaTEMaTHUYECKHUE 3aKOHbI

Bonpocsl, 3aganus
1.Paccunraiite sHEpPIrHIO akTUBAIMU peakuuu nA—mB, ecii KOHCTaHThI CKOPOCTH pEeaKIuu
kT1=1,6.10-2 . momb-1. c-1 (mpu T1=667 K) u kT2=6,7.10-2 1. monb-1. c-1 (mpu T2=699K).
VYkaxuTe MOpsAI0K PeakIuy Mo BemecTBy A. PaccunTaiite KOHIICHTPALIUIO BEMIECTBA A TIpH
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temrepatype T1=667 K yepe3 30 MuUHyT nocie Havajna peakluu, eciau HaualbHast
KoHIIeHTpanus BemectBa A coctasisiia CO(A) =0.05 moms/m.

2.MoxHo 11 pactBopuTh B 2 rpamma CaSO4 B 111 pactBopa, conepxkaiero KCl ¢
koHueHtpanuei 0,05 monb/n?

3.«QnexTpoal» raJpBaHMUYECKOTO AJIEMEHTA — HUKENEBbIH ¢ KoHIeHTpanuei Ni2+=0,01
MOJIB/J1, «IeKTpoa2» - Bogopoausiii ¢ pH=8 u p(H2)=1 ATtm. Kakoii u3 351eKTpoa0B SIBISETCS
KaToJI0M, a Kakoi aHo10M? 3aluIINTe MOJypeaKIMu Ha 3JIEKTPOAaX TOKOOOPa3YIOIIyIO
peaknuio ganHoro ['D. Paccuunraiite pasHoBecHyto DJIC. Kakoii ra3 u B kakoM o0beme
BBIZICJIUTCS (MM TIOTTIOTUTCS ) 3a | yac, eciiu Macca «nekTpoaal» uaMeHunach (yKaxure,
YBEJIUYIIIACh WJIM YMEHBIIMIACH) Ha 29 rpamm. [IpuBeaute cxemy 3toro ['D u mokaxure Xo.
NOJIIPU3aMOHHBIX KpuBbIX. [louemy Hanpsbxkenue I'D Huxe DC?

MarepuaJbl 1Jisl IPOBEPKH OCTATOYHBIX 3HAHU I

1.Paccuuraiite pH pactopa 0,03M H2SO4 . bynet iu npoTeKath Mpolecc ruApoan3a Cou,
obpazoBanHoii B3aumojeiicteueM NH40OH u H2SO4 ? Hanummure ypaBHEeHUE mpolriecca
THIPOIIN3A, JaiTe KaueCTBEeHHYIO OlleHKY pH pacTBopa comu. Kak Oyner usmensatecs pH
pacTBoOpa COJIM MPH YBEIMUYECHUN KOHIICHTPAIH?

OTBeTHI:
Hcnons30BaTh TEOPUIO CHIIBHBIX U CJIA0BIX 3JIEKTPOIUTOB ISl PACUETOB BOJIOPOJAHOTO
MOKAa3aTeNN CPeJibl.

Bepusiii otBet: pH=1,3; NH4+ + H20 <> NH4OH + H+; pH <7, cpena kucnas; npu

YBEJIMUCHUHU KOHIICHTPA-IIMH COJIM CpeJia CTaHeT Oosiee Kucioi, pH ymeHbImmTCS.
2.Kuneruka peakuuu nepBoro nopsaka A(r) — 2B(r) usydanack MaHOMETPHYECKUM
MeroaoM. HauanbHoe cocTosinue cuctemMsl — BemectBo A ¢ pasienuem 40 klla. Yepes 11,5
MUH o0I1iee JaBieHue B cucteme yBenuumiock A0 60 klla. PaccunTaliTe KOHCTaHTY CKOPOCTH
peakuuu.

OTtBeTsI:
OO0m11e 3aKOHBI XMMHUYECKON KHHETUKH, 3aBUCUMOCTh CKOPOCTH PEAKIIMH OT KOHIIEHTPAIUU
pEareHToB, 3aBUCUMOCTb CKOPOCTH PEAKIIMU OT TEMIIEPATYpHI.

Bepusriit otet: 0,001 c-1

2. Komnerenmuss/Muaukarop: M/1-2onk-1 [Ipumensier ectecTBeHHOHAayYHbIE 3HAHUA, GU3NUECKUE
3aKOHBI 1 MATEMAaTUUYECKHE METO/IbI 11l pELIeHMs 33/1a4 TEOPETUYECKOTO U MPUKIIAJTHOTO
Xapakrepa

Bonpocsl, 3aganus
1.3anummre GpopmyIy 371eKTPOHHOM KOH(GUTypalK aToMa 3JIeMeHTa ¢ KoopanHaTamu B I[1CD
(4, IV A) B ocHOBHOM cocTostHUH B hopmare ([...|nsx wid [...|nsxnpy uiu
[...](n-1)dnsx). Ykaxure kBaHTOBBIE unciaa (n, 1, ml, ms) 11 GopMUpyOIIEro 3JIeKTPOHA.
VYkaxxuTe 351IeMEHTbI-aHAJIOTH. 3anuInTe rpadguueckyro GopMyily KpaTKon 3JIeKTpOHHON
KOH(Urypamnuy aTomMa 3J1€MeHTa B OCHOBHOM M BO30YX/IEHHOM COCTOSIHUH (BO30YKICHHBIX
COCTOSIHUSIX ) M Ha 3TOM OCHOBAaHHMH YKKUTE BO3MOKHBIC BAICHTHOCTH. 3alTUIIATE KPATKYIO
AIIEKTPOHHYIO KOH(PUTYpaIMio 0THOATOMHOTO HOHA 3TOT0 3JIEMEHTa ¢ (POpMaJIbHBIM 3apsiIOM
+5.

2.C TOUYKM 3peHUsI METO/1a MOJICKYJIIPHBIX OpOHUTaNIel, N300pa3uTe YHEPTETUUECKYIO
JUarpaMmy MOJIEKYJIbl WIH HoHa Ne2+, MPUBEIUTE CBI3BIBAIOIINE U PA3PHIXIISIONINE OpOUTaIH
¥ 3aII0JIHUTE UX 3JIeKTpoHaMU. OOOCHYHTE BO3MOKHOCTh MJIM HEBO3MOKHOCTD CYIIECTBOBAHUS
MOJIEKYJIBI WJIM UOHA, YKAXKUTE MOPSAJOK CBA3U. Y KAKUTE MarHUTHBIE CBOKCTBA
(ImamMarHeTusMm, mapamMarHeTU3M) MOJIEKYJIbl UM MOHA, €CIIU CYIIECTBOBAHNE YaCTUILIbI
BO3MOXKHO C TO4KH 3peHust MMO.
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MarepuaJsl 1JI1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1 .Hanumure sekTpoHHbie GOpMyIibl aToMOB, oOpa3yronux mojekyiasl Cl2 , GeCl2 , CoCI2 .
[Tokaxxute MexaHu3M 00pa30BaHMsI YKa3aHHBIX MOJIEKYJI, OMPEACIUTE HOIPHOCTD KaX /10
MOJICKYJIbI
OTBeTHI:
Hcnonws3oBatek Tabnuily Menaeneena /11 HAIMCAHUS SJIEKTPOHHBIX (OPMYJT JIEMEHTOB,
IIpaBUJIa ONPEAEICHUS BAJICHTHOCTH 3JIEMEHTOB, OIIPENEISITh IPOCTPAHCTBEHHYIO CTPYKTYPY
MOJIEKYJI [10 METOY BaJICHTHBIX CBSI3€H, MOJISIPHOCTD CBA3EH M MOJIEKYII, TpaBuIIa
ONPEAEIIEHUS CTPYKTYPbI U CBOMCTB KOMIUIEKCHBIX COEUHEHHUI
Bepunsriii otet: Cl...3S23p5; Ge...4S24p2; Co...3d74S2; monekyna CI2—iuHeiinas,
HenossipHast; moiie-kyna Gel2—yrnosas, nonsipHas; mosekyina Col2 --- nuneiinas,
HenoJsipHast

II. Onucanue wkKanvl oueHUBAHUA

Oyenka: 5
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 0
Onucanue xapakxmepucmuxu 8vinoiHeHus sHanus: PaboTa BbIIONHEHA B paMKaX "MPOJABUHYTOrO"
ypoBHsi. OTBETHI JJaHbI BEPHO, YETKO CHOPMYITUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUMA

Oyenka: 4
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu 8blnoaHeHus 3nanus: PaboTa BeimojgHeHa B paMKax ""0a30Boro"
ypOBHs. BOJIBIIMHCTBO OTBETOB JAaHbl BEpHO. B yacTu maTtepuana ecTh He3HAUYUTEIbHBIE
HEJO0CTaTK!

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 50
OnucaHnue xapaxmepucmuxu evlnoineHus 3Hanus: PaboTa BeINOIHEHA B paMKax "Moporosoro”
ypoBHsi. OCHOBHAs 4acTh 3a/IaHUs BHITIOJHEHA BEPHO. HA BOMPOCHI YIITyOJIEHHOTO YPOBHS

1I1. Ilpasuna évicmasienusn umozo80i OyeHKu no Kypcy
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