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KonraktHas pabora 60,25 60,25
CamocTosiTenbHas paboTa 83,75 83,75
KonTtpouns
Hroro 144 144




Pabouyto mporpammy coctaBui(u):
JIOLIEHT, K.T.H. Tpommua M.A.

(OondxcHocmy, yuernoe 36anue, cmenensb, Pamunus 1.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Penienzent

(OondcHocmy, yuernoe 36anue, cmenensb, Pamunus 1.0.)

Pabouas mporpamma qucHMIUIMHBI cocTaBiena Ha ocHoBaHuu ®I'OC BO u yuebHOro niana
HAaIpaBJICHUS TOATOTOBKU
15.03.05 KOoHCTPYKTOPCKO-TEXHOJIOTHUECKOE 00ECTIeYeHnEe MAIIMHOCTPOUTEIBHBIX TPOU3BO/ICTB

Cpoxk aeiicTBusi paGoyeii mporpaMMsbl JMCHUILIMHBI 10 «31» aBrycra 2025 r.

COI'NTACOBAHO

3apenyrommii  kadenpoit  «OOopygoBaHME M TEXHOJOTMH  MAIIMHOCTPOUTEIHHOTO
MIPOU3BOJICTBAY»

« _» 20 T H.I1O. Jlorunos
(noonucy) (H.0. Damunus)

YTBEPXIEHO
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(mpotokon 3acemxanust Ne 1 ot «31» aBrycra 2020 r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

Lenp ocBOEHHS IUCHHMILIMHBI — C(OPMHUPOBATH CUCTEMY XMMHUYECKUX 3HAHUHU (TIOHATHH,
3aKOHOB, (DAaKTOB, XMMHUYECKOTO S$3bIKa) KaK KOMIIOHEHTa €CTECTBEHHOHAYYHBIX 3HAaHUU 00
OKpY)KalOIleM MHpE M ero 3aKOHax, a Takke C(HOPMHUPOBATH COBPEMEHHOE IPEICTABICHHE O
BEIIECTBAX, X CTPYKTYpe, CBOMCTBAX U B3aUMHBIX MPEBPAIICHUSIX.

2. Mecro nucuumiuabl B ctpykrype OIIOITI BO

HI/ICHI/IHHI/IHBI U IIpaKTUKH, Ha OCBOCHHH KOTOPBIX 6aSI/IpyeTC${ JaHHass AUCLHHIIJINHA:

«BprIcIasg MaTeMaTUKa).

JIMCUMIUTMHBI U TIPAKTUKH, JUISI KOTOPBIX OCBOSHUE JaHHOUW TUCIUILUIMHBI HEOOXOIUMO KaK
npeamectpyroniee: «Marepuanosenenne 1 TKM», «9komorus», «TeXHOIOTUS KOHCTPYKIIMOHHBIX

MaTCpHaJIOB».

3. Iliianupyembie pe3yJibTAThl 00y4eHUs

dopmMupyemsbie U
KOHTPOJINpPYeMble
KOMIIEeTeHI[HHI
(Koa 1 HAMMEHOBaHUE)

HNuagukaropbl
JOCTHKEHHUA
KOMIIeTEeHIIMii
(K01 1 HAMMEHOBAHUE)

IInanupyemble pe3yJibTaThl
o0yueHust

CIOCOOEH MPUMEHSATh
COBpPEMEHHBIC
9KOJIOTUYHBIE U
0e30MacHbIe METO b
panroHaIbLHOTO
WCTIOJIH30BAHUS CHIPHEBBIX
U HEPreTHYECKUX
pECypCcoB B
MmamuHocTpoenuu (OIIK-
1)

OIIK-1.1. IIpoBoaut
9KOJIOTUYECKYIO OI[EHKY
MIPOCKTHBIX PEIICHUH U

WHXXEHEPHBIX 3aJ1a4

3HAaTh: OCHOBHBIE MOHATHS U 3aKOHBI
XUMHH, OCHOBHBIC 3aKOHBbI
B3aMMOCBSI3H MEXKIY CTPOCHUEM U
XUMHUYCCKUMHU CBOfICTBaMH BCIICCTB,
OCHOBHBIE 3aKOHOMEPHOCTH,
CONPOBOXKAAIOIINE B3AUMOACHCTBUS
BEIIIECTB, YKOJIOTHUYECKYIO
0€30I1aCHOCTh XMMUYECKHUX BEIIECTB

YMeTh: aHAIN3UPOBATH MTOTYYEHHBIE
pE3yJIbTaThl; IPUMEHSITD
TEOPETUYECKHE aCIEKThl XUMUU JJIS
aHaJIM3a CBOMCTB BEILIECTB U
MEXAHU3MOB XUMHYECKHUX
MIPOLIECCOB, MMPOTEKAIOIINX B
OKpYy’Karoliel nIpupoe; moaonpaTh
COBpPEMEHHBIE HKOJIOTMYHBIE U
0e30MacHbIe METO/Ibl PAIIMOHATBHOTO
HCIIOJIb30BAaHHUS ChIPHEBBIX PECYPCOB
B MallIMHOCTPOEHUH

Bnaners: crienmnanbHONM XUMHUYECKOH
TEPMHUHOJIOTHUEN, METO/IAMH aHaJIn3a
paboThl 00BEKTOB
npo¢eCCUOHATBHON EATETLHOCTH 1
ONpeJIeJICHUsI CBOMCTB BEILIECTB U
MEXaHH3Ma X Y9acTHsl B TIpoIieccax
XUMHUYECKOT0 XapaKTepa
OKpY>KaroIlero Mupa, MeTOIMKON
110J100pa COBPEMEHHBIX




®opmMupyembie U
KOHTPOJINpYeMble
KOMIIEeTeHI[HH
(Ko 1 HAUMEHOBAHME)

Nuauxkaropsl
AOCTHKEHU S
KOMIIeTeHIU
(K01 1 HAMMEHOBAHUE)

I[InannpyemMble pe3y/ibTaThl
o0yueHust

DKOJIOTMYHEIX 1 0€30I1aCHBIX
MCTOAOB palfMOHAJILHOTO
HCITIOJIB30BaHUs CHIPHEBBIX PECYPCOB
B MAallIMHOCTPOCHN U




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

DopMBbI TEKYLLET0

. KOHTPOJIA
Mopyas (pa3aen) BUPIII Ha"MeHOBamfe TeM 3ansThH CemecTtp Obnem, banabl | UnTepakTB, 4.| (HauMeHOBaHHeE
y4eOHoii padoThI (yuedHoli padoThI) u,
OLIEHOYHOI0
cpeacrsa)
Monyib 1. Jlexrust (JIek1)  |OcCHOBHBIC MOHATHS U 3aKOHBI XUMHHU 1 2 - -
CtpoeHue u [Ipaktuyeckoe  |Pacyersl mo GopmMynam u ypaBHEHHUSIM 1 2 ) - KoHnTposabHas padboTa)
cBoiicTBa BeuiecTBa |3anstue (I1pl) Nel
Jlexuus (JIek2)  |OcHOBHBIE KJIACChl HEOPTAHUUECKUX 1 2 - -
BEIICCTB
Camocrositenshas | /(31 1 4 - -
pabota (Cpl)
JlabopaTtoproe  |OCHOBHBIE KJIaCChl HEOPTAHUYECKUX 1 2 10 - OTtyeT mo
3austue (JIabl)  |BemiecTs lmabopaTopHOU
pabote Nel
Jlexuus (JIek3) |Crpoenue atomoB. [lepuoanueckas 1 2 - -
cucrema 3nmeMeHToB .M. MeHaeneeBa
[TpakTueckoe  |CTpoeHne aTOMOB 1 2 5 - KonTposabHas padbota)
3ansrue (I[1p2) No2
Jlexuus (Jlek4) | Xumuyeckas CBSI3b. 1 2 - -
[TpocTpaHCTBEHHOE CTPOSHUE MOJIEKYIT
[IpakTtuueckoe | XuUMHUYECKas CBS3b. 1 2 5 - KontponbHas paboTta)
sanstue (IIp3) IIpocTpaHCTBEHHOE CTPOEHUE MOJIEKYJT Ne3
Monyisb 2. Jlexuus (JIekS) |TepmoanHamMuKa XUMHUYECKUX 1 2 - -
TepmonHaMuKa u nporeccoB. DyHKIIMYM COCTOSTHUSA:
KIHETHKA BHYTPEHHSS SHEPIUsl, SHTAIbIINS
XUMHUYECKHUX Jlexuus (JIek6) |DyHKIMM COCTOSIHUSA: SHTPOIUS, 1 2 - -
[IPOLIECCOB sueprus [ m66ca. HampaBnenue
IPOTEKaHMsI XMMUYECKHUX PeaKIii
CamocrositensHas | 1]132 1 4 - -

pabota (Cp2)




DopMBbI TEKYLLET0

. KOHTPOJIA
Mopnyas (pa3aen) BUPIII Ha"MeHOBamfe TEM 3aHITHH CemecTtp Obnem, banabl | UnTepakTB, 4.| (HauMeHOBaHHeE
y4eOHoii padoThI (yuedHoli padoThI) u,
OLIEHOYHOI0
cpeacrsa)
JlabopaTopHoe OmnpeeneHne SHTAIbIUN PEAKITUN 1 2 10 - OTyeT mo
3anstue (J1a62) lmabopaTopHOi
padote No2
[Ipaktnueckoe  |TepMogmHAMUKA XUMHUYECKHX 1 2 5 - KonTtponpHas paboTtal
sanstue (I1p4) peaKIui No4
Jlexumsa (JIek7) |Xumuueckas KnHeTHKa. BnusiHue Ha 1 2 - -
CKOpPOCTh XUMUYECKUX PEAKIIUN
KOHIIEHTPAIIUH, 1aBICHU
Jlexuus (JIek8) |BnusiHMe Ha CKOPOCTh XMMHYECKUX 1 2 - -
peakuuii TeMrnepaTypsl,
KaTaJIN3aTOPOB. XUMUYECKOE
Camocrositenbhas | /33 1 4 - -
pabora (Cp3)
JlabopaTtopHoe  |CKOpPOCTh XMMHYECKUX PEAKITHH. 1 2 10 - OTtyeT o
3anstue (JIab3) |Xumuueckoe paBHOBECHE mabopaTtopHoi
pabote No3
[TpakTueckoe  |KHHeTHMKAa XMMHUYECKHUX peaKkLUn 1 2 5 - KonTponbHas pabota
sansitue (I1p5) Ne5
Mogyns 3. Jlexuus (JIek9)  |PactBopbl. CriocoObI BhIpaxeHHs 1 2 - -
PactBops! 1 KOHIICHTPAILlM! PaCTBOPOB.
PIIEKTPOXHUMHUYECKHE KonnuratuBHble CBOMCTBAa PaCTBOPOB
[MTPOLECCHI [IpakTueckoe CriocoObI BEIpaKEHHS] KOHIIEHTPAITIH 1 2 5 - KonTtponpHas padoTta)
zanstue (I1p6) pacTBOpOB INe6
Jlexuus (JIek10) |CBoiicTBa pacTBOPOB AJIEKTPOIHUTOB: 1 2 - -

JTUCCOTTHAITMS. MOHHOE TTPOU3BEICHNE
BOJIbI, MPOU3BEJICHNE PACTBOPUMOCTH,
TUIPOJIU3 COJICH, HAITPABJICHUE
OOMEHHBIX PEaKIIHii




DopMBbI TEKYLLET0

. KOHTPOJIA
Bun HanMeHoBanue TeM 3aHATHH Oo0nemMm,
Mopnyas (pa3aen) . . CemecTtp banabl | UnTepakTB, 4.| (HauMeHOBaHHeE
y4eOHoii padoThI (yuedHoli padoThI) u,
OLIEHOYHOI0
cpeacrsa)
CamocrostenbHas | 134 1 4 - -
pabota (Cp4)
JlaGopaTopHoe PacTBOpBI 371€KTPOIUTOB 1 2 10 - OTyeT mo
3anstue (J1a64) lmabopaTopHOi
abote N4
[IpakTnueckoe  |CBolicTBa pacTBOPOB 1 2 ) - Kontponbnas
3ausrtue (I1p7) pabota No7
Jlexrmst (JIek11) |OKUCIUTEIBHO-BOCCTAHOBUTEIILHBIC 1 2 - -
peakuuu
CamocTosTenbHas 1 4 - -
pabota (Cp5) U35
JlaGopaTopHoe o 1 2 10 - OTtyeT mo
KHCJIUTEITbHO-BOCCTAHOBHUTEIHHEIC .
3ansTHe (J1ab5) A — imabopaTopHOi
pabdote Ne5
Jlexuus (JIek12) |DAEKTPOXUMHUUECKHE CHCTEMBI. 1 2 - -
["anpBaHMYECKHE HIIEMEHTHI
Jlexrust (JIek13) |DiekTposu3 paciyiaBoB U BOHBIX 1 2 - -
pactBopoB. 3akonsl Papajes
Jlexuus (JIek14) |Koppo3usi MeTamioB. XuMuueckas u 1 2 - -
ANEKTPOXUMUYECKAS KOPPO3USL.
Crioco0bl 3a1IMThl METAJJIOB OT
CamocrositenbHas | /136 1 4 - -
pabora (Cpb6)
JlaboparopHoe Koppo3sus metannos 1 2 10 - OTtyeT no
3anstue (J1ab6) lmabopaTtopHoit
padote Neb
IIpakTrueckoe DIIEKTPOXUMUS 1 2 5 - KoHntponbHas
3austue (I[1p8) padota Ne§




DopMBbI TEKYLLET0
. KOHTPOJIA
Mopnyas (pa3aen) BUPIII Ha"MeHOBamfe TEM 3aHITHH CemecTtp Obnem, banabl | UnTepakTB, 4.| (HauMeHOBaHHeE
y4eOHoii padoThI (yuedHoli padoThI) u,
OLIEHOYHOI0
cpeacrsa)
[TpakTHueckoe HroroBoe 3ansTHE 1 2 - -
zansitue (I[1p9)
CamocrosrenbHasi | I3ydeHne TeopeTuueckoro Marepuaina 1 59,75 - -
pabota (Cp7) 10 KypCy JIEKUUH, TOATOTOBKA K
UTOTOBOMY TECTHPOBAHUIO (3aUETy)
[Tpomexyrounas |[Ipomexyrounas aTrectanus (3a4eT) 1 0,25 - - Bormpocsl k 3a4eTy
arrectanus (ITA) Ne 1-50
Tect utoroBeiii | ITOroBoe TeCTUpOBAaHKE 1 2 100 - TecTtoBbIe 3a1aHUS
(TH) Ne 1-2092
Hroro:] 144 200

Cxema pacuera utorosoro 6asia «(Cymma + Tep)/2» - cyMMa 0asioB 1o BceM yueOHBIM MEPONPUATUSAM, PEAYCMOTPEHHBIM B Kypce + cpeliHee
apudmeTryecKoe 1o BCeM MPOMEKYTOUHBIM TeCTaM, MpoBoAUMbIM dyepe3 OT.




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

[lpu peanu3anyy JUCHUTUIMHBL HCIOJB3YIOTCS TEXHOJIOTHS JAMCTAHIIMOHHOTO OOYyYeHUs,
TEXHOJIOTUS TPAIUIMOHHOTO O0yYEeHHUsI — OpraHu3alus yueOHOTo Ipoliecca B By3e, OCHOBaHHAsI Ha
JICKITMOHHO-CEMUHAPCKO-3a4eTHON (opmax oOyueHus. K ¢opmam oOyueHHs] OTHOCSATCS JICKIUH,
MPAKTUYEeCKHEe W JTA0OpaTOpHBIE 3aHATHS, a TaKXKe caMmocTosTenbHas pabora. Ha nexnmsx
UCTIONIB3YIOTCSl HATIISJHBIC W CIIOBECHBIC METOJIbI OOYYCHHs, Ha MPAKTUYCCKUX M J1a0OpaTOPHBIX
3aHATUAX — HaArJMAHBIC, CIIOBCCHBIC W HNPAKTUYCCKHUEC MCTOJBI. OI.[CHI/IBaHI/Ie 3HAHUN CTYACHTOB
IPOM3BOJIUTCS 110 OAJIIBHO-PEHTHHTOBOM CUCTEME.

6. Meronuyeckue yKa3aHus M0 OCBOECHHIO U CIUTIIHHbBI

Moayasb 1. CTpoeHue U CBOiiCTBA BellecTBA

Tembl JIEKUMOHHBIX 3aHATHIA:

OCHOBHBIE ITOHSATHS U 3aKOHBI XHMHH.

OCHOBHBIE KJIaCChl HEOPTAHMYECKUX BEIIECTB.

Crpoenue atomoB. [lepuoanueckas cuctema snemenTon J[.1. Menneneena.
Xumudeckas cBA3b. [IpocTpaHCTBEHHOE CTPOCHHUE MOJIEKYIL.

TeMbI NPaKTUYECKUX 3aHATHIL:

Pacuertsl o ¢hopMynaMm u ypaBHEHUSIM.

Crpoenue aToMma.

Xumnueckas cBa3b. [IpocTpaHCTBEHHOE CTPOCHHUE MOJIEKYII.

Tema 1a00paTOPHOTO 3aHATHS:
OcCHOBHbBIE KJIaCChl HEOPTAHUYECKUX BEIICCTB.

H3y4nB faHHBIA MOAYJIb, CTYAEHT JOJIKEH:

UMETh Mpe/ICTaBIeHUue 00 OCHOBHBIX MOHATHAX U 3aKOHAX XMMHUH; KIIaCCU(UKALMU BEIIECTB;
CTPOEHHUH aTOMa; THIAaX XUMUYECKOU CBSI3U.

3HATh:
OCHOBHBIE TOHATUS XMMHUH (MOJIEKYJa, aTOM, XHMHUYECKHH 3JIEMEHT, MOJb, MOJSpHas Macca,
XMMHYECKUI IKBUBAJICHT, MOJIIPHAS. Macca XMMHYECKOTO SKBUBAJICHTA);
OCHOBHBIE 3aKOHBI XMMHH (COXpaHEHHUS MAacChl, IOCTOSHCTBA COCTaBa, OOBEMHBIX OTHOIICHUH,
ABorazpo, ypaBHeHne MenaeneeBa-Knaneiipona, o00beIuHEHHBIIN Ta30BbIiA 3aK0H);
COBPEMEHHYIO KOPIYCKYJISIPHO-BOJIHOBYIO TEOPHUIO CTPOEHHS aToMa; KBAaHTOBbIE YKCIIa, IPaBUiIa U
MPUHIIMIIBI COCTABJICHUS ANEKTPOHHON KOH(PUTYPALIMM XMMHYECKOT O 3JIEMEHTA;
TUIIBI XUMMUYECKOU CBS3H (MOHHYIO, KOBAJIEHTHYIO, METAJUINYECKYIO, BOJOPOIHYIO), UX CBOMCTBA U
XapaKTepUCTUKU;

MMPOCTPAHCTBECHHOC CTPOCHUC MOJICKYIL.

yMeTb:

IIPOBOAMTH XMMUYECKHUH SKCIIEPUMEHT U aHAJIN3 NTOJIYYEHHBIX PE3YJIbTaTOB;

IIPOBOAMTH KOJIMYECTBEHHBIE PACUETHI IO YPABHEHUSIM XUMUYECKUX PEAKIIM;

COCTABJIATH DJIEKTPOHHYIO KOH(PUTYPALIUI0 XUMUYECKHUX 3JIEMEHTOB;

OIPEAEIIATh TUIl XUMUYECKON CBSA3H B BEILIECTBE U €0 IPOCTPAHCTBEHHOE CTPOCHUE; COCTABIISATH
CTPYKTYpPHYIO (pOpMYITy BElIeCTBA.

MeToan4yeckue peKOMEHAAIUN 110 U3YYEHUE0 MOTYJIA
[Ipu ocBOCHMH MO HEOOXOUMO:



U3y4UTh Yy4eOHBI MaTepuad MO COOTBETCTBYIOUIEMY MOAYJIO JUCHUIUIUHBI, HCIOIb3Ys
JICKIIMOHHBIN MaTepuall ¥ JINTEPaTypy MO JAHHON TEMATHKE;

aKIEHTUPOBATh BHUMAHUE HA: OCHOBHBIX MOHATHAX M 3aKOHAX XUMHHM; KJIACCU(UKALUU BEILECTB;
O0LIMX XMMHUYECKHX CBOMCTBaX BEILECTB OJHOIO KJlacca; CTPOCHMM aToMa; KBAaHTOBBIX YHUCIIAX;
COCTaBJICHUM HJIEKTPOHHOM KOHGUIypalMM XHMHYECKUX 3JIEMEHTOB; THIIaX XMMHYECKOH CBS3H;
IIPOCTPAHCTBEHHOM CTPOEHUHU MOJIEKYIL.

OTBETUTH HAa KOHTPOJIBHBIE BOIIPOCHI:

1. Yro Takoe oTHOCHTENIBbHAs aTOMHas Macca? PaccunraiiTe OTHOCUTENBHYIO ATOMHYIO Maccy Cepbl,
ecau M(S)=5,3-102, am(C)=2,0-10% r.

2. PaccuuTaiiTe aOCONIOTHYIO MacCy MOJEKYJIbl CEpHOM KHUCIOTBI, €CIM €€ OTHOCUTEIbHas
MOJIEKYJIsIpHasi Macca paBHa 98.

3. OrtHocuTenbHas IJIOTHOCTH Ta3a IO BOAOpoay, coaepkamero 27,27% yriepoma u 72,73%
KHuciaopona, paBHa 22. Omnpenenute OTHOCUTEIBHYIO MOJEKYJISPHYIO Maccy Tra3a M €ro
XUMHYECKYIO (OpMyITy.

4. OTHOCHUTENBHBIC IIOTHOCTH Ta30B MO BO3AyXy paBHbl: a) 0,9; 6) 3,17. Onpenenure maccy 1 1
KaXJ10T0 rasa.

5. Omnpenenure, Kakoil 3TO MeTawl, ecinu 1,6 T Kanblus ¥ 2,615 r© ABYXBaJEHTHOTO MeTaylia
BBITECHSIOT U3 KMCIIOThI OJMHAKOBBII 00BEM BOAOPOAA IPU OJTHUX U TEX KeE YCIOBUSX.

6. Xmopun meraiuia cogepxkut 69% xiopa. OTHOCHTENbHAs aTOMHAsi Macca MeTayuia paBHa 47,9.
Onpeznenure CTeNeHb OKUCICHUS METaJla B 3TOM COEMHEHUU.

7. Ilpu temmepatype 100°C u maBnenun 50 atm. ras saaumaer o6bem 10 M3, Ipusenure oObem
9TOrO Ia3a K H.y.

8. HanwmmuTe mosiHbIe 31€KTPOHHBIC KOH(PHUTYpAIIMHA aTOMOB AJIEMEHTOB C OPSAKOBEIMH HOMEPaMH
15 u 23. YkaxuTe BaJCHTHBIE 3JIEKTPOHBI 3TUX JIEMEHTOB.

9. Hanmmmre >/1eKTpOHHBIE KOH(GHUIYpaIlui aTOMOB Cephl U XpoMa U nonoB S% u Cré*. Cpasnute
paguychl aTOMOB U MOHOB.

10. V kaxkux W3 HWXKE MPUBEACHHBIX MOJIEKYJI XUMHUECKUE CBSI3U UMEIOT MOJAPHBIN XapakTep: Oz,
CO, HF, N2, NHs.

11. Onpenenurte BaJE€HTHOCTh AJIFOMUHUS B OCHOBHOM U BO30Y)KJIEHHOM COCTOSIHUSIX.

12. Yemy paBHa Macca | MOJIb SKBUBAJIEHTOB 0JI0BA B PEAKIUAX €0 BOCCTAHOBIEHUS: a) SN** +2e =
Sn?*; 6) Sn** +4e = Sn°

13. PaccuuraiiTe MOJSpHYIO MacCy SKBUBAJIEHTA JKejl€3a B COEAMHEHUSAX €ro C KHUCIOPOJIOM,
conepxanux a) 70 u 6) 77,8% xenesa.

14. Omnpenenure SKBUBAJEHT U MOJSIPHYIO MacCy SKBHBAJIEHTa HMOHOB )ejie3a B NPHUBEIECHHBIX
peaknusx: a) Fe®" +1e = Fe?*; 6) Fe®* + 30H" = Fe(OH)3

15. PaccuuraiiTe MOJSIpHYIO Maccy SKBUBajeHTa MeTaiuia, eciu 0,029 r ero BBITECHSIOT U3 KUCIOTHI
30 M Bomopoja (H.y.).

Moayasb 2. TepMoaguHAMHKA U KHHETHKA XMMH4YEeCKHX NPOLECCOB
TeMbl JeKIIMOHHBIX 3aHSITHH:
TepMoauHaMuKa XHUMHYECKHX TporeccoB. DYHKIMH COCTOSIHHSA: BHYTPEHHSS DSHEPIHS,

SHTAJIBIHA.

OyHKIIMU COCTOSIHHS: PHTpOMUs, sHeprus ['mb0Oca. HampaBineHne mpoTekaHus XMMHUYECKUX
peaKkuuu.
XuMHudeckass KWHETHKAa. BIusHHE Ha CKOPOCTh XHUMHYECKMX pPEaKIWid KOHIICHTPAIWH,

JTaBJICHUSL.

BriusiHre Ha CKOpPOCTh XMMHYECKHX pPEaKIUil TeMIlepaTyphl, KaTalu3aTOpoB. XHMHUYECKOE
paBHOBECHE.

Tembl IPaKTHYECKUX 3aHATHHA:



TepMoauHaMHKa XUMUYECKUX PEAKIUM.
Kunetnka XuMHUECKUX peaKiuil.

TeMbl 1a00pATOPHBIX 3aHATHIA:
OnpeneneHye SHTAIBINN PEAKIUH.
CKopOoCTh XMMHUYECKUX peaklnii. XUMHYEeCKOe paBHOBECHE.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:

HMCTb MPCACTABJICHUC 00 OHCPICTUYCCKUX U3MCHCHUAX B CUCTEMAX, B KOTOPLIX IMMPOUCXOAUT
B3aUMOJICIICTBHE MEXAY BEIECTBAMM; CKOPOCTH XMMHUYECKMX peakuuil U Merojax ee
peryJIMpOBaHU.

3HATh:

TEpMOIMHAMHYECKHE (DYHKIIMH COCTOSIHUSA, CIIOCO0 U3 pacuera (3akoH ['ecca u ero ciencrue);

BIIMSIHUE TEMIIEpaTypbl Ha BO3MOYKHOCTb IPOTEKAHMsI PEAaKLUMU B 3aBUCHUMOCTH OT YMCIEHHBIX
3HAUEHUH SHTAJIBIINU U SHTPOIUH PEaKLUU;

BJIMSIHAE HAa CKOPOCTh XUMHUYECKOM peakMy KOHLIEHTPAUH (3aKOH JIeHCTBYIOIUX Macc);

BJIMSIHME Ha CKOPOCTb PeakLuu TeMuepaTypsl (pasuiio Bant-I'odda u ypaBuenue Appenuyca);
BJIMSTHUE HA CKOPOCTh PEAKIIMU KaTaJu3aTOpPOB;

XUMHYECKOe paBHOBecHE H criocoObI ero cMernenus (mpunmui Jle [larense)

YMeTh:
IIPOBOJAUTH XUMUYECKHUM SKCIIEPUMEHT U aHAJIU3 NIOJIYYEHHBIX PE3YJIbTATOB;
OIPEEATh BO3MOKHOCTb IIPOTEKAHUS PEAKLIH;
peryaupoBaTh CKOPOCTb XUMUYECKON PEAKIIUN.

MeTtoauyeckue peKOMeHAAIMHU 110 U3YyYeHUI0 MOTYJIs
[Tpu ocBoeHMM MOAYIISI HEOOXOAUMO:

U3y4yuTh Yy4YeOHBIH MaTepual IO COOTBETCTBYIOUIEMY MOJYJIIO JTUCHMIUIMHBI, HCIIOJIB3YS

JEKIIMOHHBIN MaTepua U JINTepaTypy MO TaHHONU TEMaTHKE;

aKLIEHTUPOBATh BHUMAHUE Ha: SHTAIBIIMKA 00pa30BaHus, CTOPaHMs M PEaKIMK; SHTPOIIUU BEILLECTBA

U peakuuu; sHeprun ['mbOca; KMHETMUECKUX YpPaBHEHUSX ISl TOMO- M T€TEpPOreHHBIX pPEeaKlUid;

SHEPIUU AaKTUBAIlMM; OCOOEHHOCTSX MPOTEKAaHUS TEeTEePOreHHBIX MPOIECCOB; XMMHUYECKOM

PaBHOBECHH U CIIOCOOAX €ro CMEIEHUSI.

OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI:

1. Ilpu coenunenuu 3,2 r xene3a ¢ kuciaopogoMm Beiaenuwioch 40 xJlx Temna. Paccuuraiite
SHTAIBIINIO 00pa3oBanus okcua xkenesa (I1).

2. PaccuuTaiiTe TEMI0TBOPHYIO CIOCOOHOCTh METaHA.

3. PaccunraiiTe KOMMYECTBO TEIIa, KOTOPOE BBIACIUTCSA TIpH cropanuu 50 M3 cMecH, cocTosmeit u3
50% xucnopona, 25% Bonopoaa u 25% yriaekucioro rasa.

4. CpenaiiTe BBIBOJ O BO3MOXHOCTH CaMOIPOU3BOJIBHOIO MPOTEKAHUS PEaKLUU B CTaHIAPTHBIX

YCJIOBUSAX, €CIIA U3BECTHO, YTO AHpo =-293 xJIx, ASpo =27 Ix/K.

Paccunraiite srTansnuio peakiun: 2NaOH ) + H2SO400) = Na2SOus(rs) + 2H20 ).

6. OmnpenenuTe 3HaKU U3MEHEHHUS SHTAIBIIMN U SHTPOIIHUHU JJIS CIEIYIOIIEro TEPMOAMHAMUYECKOTO
nporecca: 2Ha ) + Oz = 2H20.

7. B Kakux ciydasx SHTalbIMs CrOpPaHUS MPOCTOTO BELIECTBA paBHA SHTAJIBIIUU OO0pa3OBaHMSA
CJII0)KHOTO?

8. Kak BbIpakaeTcsi CKOPOCTb XUMHUYECKOM PEaKIINH 110 3aKOHY AEUCTBYIOIIUX MacC B TOMOTE€HHBIX
Y TETEPOreHHBIX peaKlusix?

9. Omnpenenute OOIMI U YaCTHBIE MOPSAIAKU MO KOMIIOHEHTaM CIIEAYIOIIEeH XUMHUYECKON peaKIiu:
2CoHg + 702 = 4CO2 + 6H20.

o



10. Bo cKOIBKO pa3 M3MEHHTCS CKOPOCTh PEaKIUH IIPU M3MEHEeHHH TemmepaTyphl Ha 30°C, eciu y =
3,0?

11. Kaxk u3meHHTCS Lp razodasznoit peakiun 2A + 3B = 2C npu yBenuyeHuu AaBieHus B 2 pasza?

12. Tlouemy vyp peakuuu Na + H,O — otnuvaercs ot vy peakuuu Ca + H,O —?

13. Hanummre MaTemMaTH4eCKOe BhIpaxkeHue JUIsi ckopocTu mpsMoit peakuuu CaOmy + CO2p) —
CaCO3(s).

14. V3meHeHue kakux (hakKTOPOB BBI3OBET CMEIIEHHE paBHOBecHs 0Opatumon peakiuu N2 + 3Hz <>

2NHs; AH% = -92 x/Ix B cTOpOHY NMpsAMOHN peakiuu?

15. BbIYHCIMTE UCXOIHBIC KOHIIEHTPAIIUK BELIECTB, €CJIH PABHOBECHBIE KOHIICHTPAI[MH M3BECTHBI:
2NO + Cl; <> 2NOCI, [NO]J=1,5 mons/1n, [Cl2]=1 mons/n, [NOCI]=0,5 mo:b/m.

MO)Iy.]'Ib 3. PaCTBOPLI H IJTCKTPOXUMHUYECCKHUE NMPOUECCHI

TeMbl JeKIMOHHBIX 3aHATHM:

PactBopel. CrocoObl BBIpa)KEHHS KOHIIGHTpallMd pPAacTBOpoB. KoyumuratuBHBIE CBOWCTBA
pacTBOPOB.

CBolicTBa pacTBOPOB  3JIEKTPOJUTOB: JUCCOLMAIMSA. HOHHOE TMPOW3BEIICHUE BOJBbI,
MIPOU3BEJICHNE PACTBOPUMOCTH, THAPOJIU3 COJICH, HAIIPABJICHHE OOMEHHBIX PEaKIIHil.

OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIE PEAKIIUH.

DJIEKTPOXUMHUYECKUE CUCTEMBI. ['albBAHMYECKHE DIIEMEHTHI.

DJIEKTPOJIN3 PACILJIABOB U BOJHBIX pacTBOPOB. 3akoHbI Dapajes.

Koppo3ust mMeramioB. Xumudeckas W 3JIEKTpoxuMuueckas kKopposusi. CrocoObl 3aiiuThl
METAJJIOB OT KOPPO3UH.

TeMbl NPaKTUYECKUX 3aHATHIA:

Cnioco0ObI BEIpaKCHHS KOHIIEHTPAIUU PACTBOPOB.
CaolicTBa pacTBOpPOB.

DNEKTPOXUMHUSL.

Tema 1a00paTOPHBIX 3aAHATH

PacTBOpBI 351€KTPOIUTOB.
OKHCIUTENBHO-BOCCTAHOBUTEIIBHBIE PEAKIIMH.
Koppo3sus meranios.

HN3yuyuB JaHHBIA MOAYJIb, CTYACHT J0JIKEH:

MMETh TMPEJCTaBIEHHUE O PAcTBOpPAX; O CIOco0ax BBIPAKEHHUS KOHIICHTPAIIUM PAaCTBOPOB;
CBOMCTBaxX pacTBOPOB; 00 OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIUAK; DIIEKTPOXUMUUIECKHIX
MpOLECCax: raJbBaHUYECKHUX, JIEKTPOJIN3a, KOPPO3UH.

3HaATb:
COCTaBHBIC YaCTHU PACTBOPOB;

KOJTMYECTBEHHOE BRIPAKEHHE COCTaBa PaCTBOPOB;

CBOMCTBA PaCTBOPOB HEIJIEKTPOJIHUTOB U IJIEKTPOJIUTOB;

HampaBlieHue OOMEHHBIX MPOIIECCOB B PACTBOPAX IIEKTPOIUTOB;

METO/Ibl YPAaBHUBAHUS OKHCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKIUi (METO/I AIEKTPOHHOTO OanaHca
U TIOJTYpEaKIUii);

rajqbBaHUYECKHE MPOIIECCHI U PaOOTY raJbBaHMUECKUX JIEMEHTOB;

AJIEKTPOJIU3 PACIIIIABOB M BOJHBIX PACTBOPOB AJICKTPOJIUTOB;

3aKOHBI JIEKTPOJIN3a;

BHUJIbI KOPPO3HHU U MCXAaHU3MBI UX IIPOTCKAHMA,



CHOCOOBI 3aIUTHI METAJUIOB OT KOPPO3HUHU.

yMeThb:
IPOBOAMTH XMMUUYECKHUM SKCIIEPUMEHT U aHAJIN3 NTOJIYYEHHBIX PE3YJIbTaTOB;
OIPEAEIATh KOHLIEHTPALIUIO PACTBOPOB;
OTIpEIeIIATh CBOICTBA PACTBOPOB;
paccTaBisATh KOAPGUIUEHTH B OKUCIUTEIHHO-BOCCTAHOBUTENIBHBIX PEAKIHIX;
COCTaBJISITh TaJIbBAHUYECKHUE MPOLIECCHI, ONPEENIATH ANEKTPOABIKYILYIO CHITY ralbBaHUYECKHX
3JIEMEHTOB;
COCTaBJIATh IPOLECCHI AJIEKTPOJIN3A PACIIABOB U BOJHBIX PACTBOPOB AJIEKTPOJIUTOB;
OTIpEeNIeNIATh KOJIMYEeCTBA 00pa3yIOIIUXCS Ha 3JIEKTPOIaX BEIIECTB IPH JIEKTPOIIU3E;
COCTaBJIATh MPOLECCHl XUMUUYECKOM U ANEKTPOXUMUYECKON KOPPO3UH;
no0UPAaTh COCOOBI 3aIIUTHI METAJUIOB OT KOPPO3HUHU.

MeTtoauyeckue peKOMeHAMHU 10 U3YyYeHUI0 MOTYJIs

[Tpu ocBOeHUM MO HEOOXOAUMO:
U3YYUTh Yy4eOHBIH MaTepuall 1O COOTBETCTBYIOIIEMY MOIYIIO JUCIUIUIMHBI, HWCIOJIbB3YS
JICKITMOHHBIN MaTepUall U JINTEPATYPy 1O JAaHHOW TEMATHKE;
aKIIEHTUPOBATh BHUMAHKE HA: COCTaB PAaCTBOPOB; CIIOCOOBI BHIPAXKEHHUSI KOHILIEHTPALIUU PACTBOPOB;
JNEKTPONUTHI W HEDJEKTPOJIUTHI; CBOWCTBA HEDJIEKTPOJIUTOB U AJEKTPOJIMTOB; METOIBI
AJIGKTPOHHOTO OajlaHCa W TIOJIYPEaKIUi; TalbBaHMYECKHE MPOIECCHl; padOTy TalbBAHHYECKUX
aneMeHToB; pacdyeT D/]C; aHOAHbBIE U KaTOAHbBIE PEAKLIUU MPU AJIEKTPOIIN3e; 3aKOHbI Dapajies; THUIIbI
¥ MEXaHU3MBI PA3JINYHBIX BHIOB KOPPO3UH; CIIOCOOBI 3aIIUTHI METAIOB OT KOPPO3UH.
OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI:
1. KakoB Tum XUMHUYECKOW CBS3M B dnekTponurtax? Kakue dSIeKTpOIUTHl HA3bIBAIOT

noTeHnuanbHbIMU? UcTHHHBIMU?

2. Hanummre auccornmaiyio a) cyabpurta HaTpus U 0) ruapodocdara kanus Mo nMepBoil U BTOpoit
CTYIICHSIM.
Bripazute KOHCTaHTY AMCCcOIUAN OPTO(HOChHOPHOM KHUCIOTHI IO TIEPBOM CTYIICHHU.
Onpenenure crenens auccormaiuu 0,001 M pactBopa ykcycHOM KucioThl, eciu ee K= 1,74-10
5

~ow

5. Uro moka3zbiBaeT u30TOHMUYECKH kod(Pduiment? Kakas CBs3b CYIIECTBYET MEXKIY CTEMEHBIO
JIMCCOIMALIMY JIEKTPOJIUTA U U30TOHNYECKUM K03 punmeHTOM?

6. Omnpenenute Temreparypsl kuneHus u 3amep3anus 0,01 m pactBopa cynbdara HaTpus, eciu
CTETEeHb IUCCOLUAINU cocTaBisieT 54%.

7. Uto Ha3bIBaIOT MOHHBIM ITPOU3BEACHNEM BO/IbI? UemMy OHO paBHO?

8. Ompenenute pH a) 0,1 M pactsopa KOH 1 6) 0,1 M pactBopa NH4OH (Kx=1,74-107).

9. Ompenenute pacTBOPUMOCTb THAPOKCHIA ATFOMHUHHS, eciu ero 1P = 5,7-1072,

10. Paccunraiite ocmotnueckoe aapienne 0,002 M pactsopa Gensona npu Temmeparype 17°C.

11. Hamumwre THAPONINA3 CIEAYIOMNX COJIeH U onpenenuTe cpeay ux Bogubix pactBopoB: NaNOs,
ZnCl,, Na2S, CH3COONHa.

12. TlokaxuTe CTPOCHHE MHUIICIUIBI MPH TPWIMBAHUHM HM30BITKA PAacTBOpa THIPOKCHAA HATpUS K
pacTBOpy XJIOpUA IIUHKA.

13. TlokaxuTe CTPOCHHE MHIEIUIBI TMPH TPWIMBAHUM W30BITKA XJIOpHAAa IUHKA K PacTBOPH
THJIPOKCHIA HATPUSI.

14. Kakyto cucteMy Ha3bIBAIOT 3JEKTPOXUMHUECKOM?

15. CoctaBbTe cXeMy IBYX rajibBAaHMUECKUX 3JIEMEHTOB, B OJJHOM M3 KOTOPBIX KOOAIBT CIYKHUJI ObI
KaToJIOM, a B JPYroM — aHOJ0M. Hamuimmire ypaBHEHHS peakinid, MPOUCXOASAIIHNX TpU padoTe
ATHUX JIEMEHTOB.

16. latbBaHWYECKUH DJIEMEHT COCTOMT M3 XPOMOBOTO 3JIEKTPo/ia, morpykenHoro B 0,01 M pactBop
CrSO4, W cTaHzapTHOrO BOJOPOAHOTO HNIEKTpoAa. HamummTe ypaBHEHUS 3JIEKTPOJHBIX
npoueccos. Yemy paBHa ero 3.1.c.?



17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

27.
28.

Kakum ypaBHEHHEM KOJIHMYECTBEHHO OMUCHIBACTCS AIIEKTPOIN3?

UTto paccuuThIBaIOT ¢ MOMOIIbIO ypaBHeHUs HepHcTa?

CocTaBbTe cXeMy AJIEKTPOIH3a BOIHOTO PACTBOPA XJIOPUIA HUKEIS HA MHEPTHBIX 3JIEKTPOJIaX.
CocraBbTe CXEMBbI 3JIEKTPOJIM3a BOJHOTO pacTBopa xyopuaa sxkeneza (ll), ecom: a) aHox
JKEJNe3HBI; 0) aHO YTOJbHBIN.

PactBop comepxut moHel Zn?*, Ni?*, Fe3*, Cu?®" B omuHaKoBO#i KOHIEHTpanuu. B kakoii
MOCJIEOBATEIPHOCTH ITH METAJUTBl OYAYT BBIACISATHCSA MPH JJIEKTPOIU3E, €CIIM HaIpPsHKCHUE
JIOCTATOYHO ISl BBIEJICHUS JH000r0 MeTaa?

Brruncnure Maccy HUKels, BBIICTUBIIETOCS Ha KaTO/Ie MPU MPOIMYCKaHUU ToKa cuiioit 20 A uepes
pacTBOp HUTpATa HUKENS B TEUEHUU 22 4acoB.

IIpu snexTponuse pactBopa cosu onosa (I1) macca karona yBenuuunach Ha 4 1. YTo Ipou3011I0
IIPU STOM Ha OJIOBSIHHOM aHojie?

Paccuuraiite 00beM KUCIOPOA, KOTOPBIM MOKET OBITH IIOJyYEH MPHU AIEKTPOJIU3€E TOKOM 5 A B
TE€YEHUE 2 4acoB, €CJIM BBIXOJ 110 TOKY cocTaBisieT 85%.

[Ipu npoxokaeHNH Yepe3 pacTBOP COJIM TPEXBAIEHTHOIO MeTajljla ToKa cuiioil 1,5 A B TeueHun
30 muH Ha Katoze Beiaenmiocs 0,18 r Metanna. Beruncnure MOISIpHYIO Maccy MeTaia U pacxol
AJIEKTPOIHEPTHHU, €CIIM U3BECTHO, YTO HANIPSDKEHUE B CETH paBHO 6 B, a BbIxo 1mo Toky 72%.

Kakoii KOHTaKT sIBiIsseTCs Hauboiee KOPPO3NOHHOOACHBIM s Jkene3a: Fe/Cu, Fe/Sn, Fe/Ag?

B KOHTaKTe ¢ KaKUM W3 METAJJIOB MEJIb SIBJISICTCSI aHOJOM: XPOM, 30JI0TO, HUKEITb.

Hanummre 31eKTpoXuMHUYECKre MPOLEcchl (AHOIHBIN U KaTOIHBIN), MPOTEKAIOIINE B KOHTAKTE
Al/Cu B pacTBOpe XJI0OpHIa HATPHSI.



7. OueHOYHBIE CPEACTBA

7.1. IIacopT OLIeHOYHBIX CPEACTB

Cemectp Koxa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue
(11 ee yacTu) OLIECHOYHOI'0 CpPe/ICTBa
1 OIIK-1 Kontposbabie padoTsr Ne 1-8
Ortuetsl o nabopaTtopHbIM padoTam Nel-
6

TecroBbie 3amanus Ne 1-2092
Bormpocs! k 3auety Ne 1-50

7.2. TunoBble 3a1aHUsI MJIM HHbIE MATEePHAJIbl, HEOOX0AMMBbIE 1JIs1 TEKYIIero KOHTPOJIsI

7.2.1. KouTpoJjbHas padora

Tunosbie npuMepsbI 3aaHUH
Tema «Pacuetsl Mo popmys1amM U ypaBHeHHUSIM» (IPaKTH4YeCKoe 3aHsTHE 1)

BapuanTt 1
3amanue 1

HazoBuTe mo MexayHapoaHOW HOMEHKJIAType cieayromue BemiectBa: Oz, Fe20s, Ca(OH)y,
H2SO4.

3ananue 2

[IpousBenuTe pacyeTsl MO YPaBHEHUIO PEAKINH (H.Y.):

7r 121 X, T y, 1

Zng) + HClp-p) — ZnClap-p) + Ha.
3ananue 3

Omnpenenurte MPOIEHTHOE Cojiepkanue Kanus B ManraHate kamus KoMnOa.
3ananue 4

Onpenenure 06bem 40 T merana CHa npu Temneparype 18°C u nanenuu 1,2 atm.
3ananue 5

Hamummre ypaBHEHUS peakIuii, XapaKTePU3YIOIIHNE CIICTYIONINE TPEBPALCHUS:

Ca —%— Ca(OH); Ca —2CaCl,

Ca —® > CaCOs3 Ca —“%Ca0

Tema «CTpoeHue aTomMa» (MPpaKTHYECKOe 3aHATHE 2)

Bapmuanr 1
st snementoB 37 u 79 Ilepuoandeckoii TaOIUIIBI
3amanue 1
Ornpenenurte cocTaB aToMa: KOJIMYECTBO MPOTOHOB, JIEKTPOHOB, HEUTPOHOB.
3amanue 2
CocTaBbTe AJEKTPOHHYIO M Tpadudeckyto (OpMyIy dJIEMEHTa, OMNpPENeIUTe CEMEHCTBO
AJIEMEHTA M BAJICHTHBIE DJIEKTPOHHI.
3aganue 3
CocraBbTe (OpMYITY BBICIIETO OKCH/IA M OTIPEIETUTE €T0 XapaKTep.
3amanue 4
Onpenennute HAOOp KBAHTOBBIX YHCEN JIJISl TTOCIICTHETO AJIEKTPOHA DJIEMEHTA.



3aganue 5
Onpenennure MOJOKCHUE AJIEMEHTa B TEPUOJUYCCKON TaONHIIC W CPABHUTE €T0 Paguyc H
ANEKTPOOTPHUIATEIIBHOCTD C PAJANYCAMU U 3JEKTPOOTPUIATEIIHLHOCTSIMHI COCETHUX aTOMOB.

Tema «XuMH4YeCKasa CBSI3b) (HpaRTH'{eCKoe 3aHATHE 3)

Bapmuanr 1

Jns Bemects LiF, PH3, BeCly, monb3ysach 3HaueHUSIME 3JICKTPOOTPULIATEILHOCTEH 3JIEMEHTOB:
3ananue 1

Onpenenure TUN CBSI3U B MOJICKYJIaX.
3ananue 2

PaccmotpuTe 00pazoBaHne XUMUYECKOM CBSI3U B MOJIEKYJIaX 110 METOY BaJCHTHBIX CBSI3EH.
3ananue 3

Jlnst TpeTbeil MOJIeKyYIbl PACCMOTPUTE THOPUIN3ALIUIO LIEHTPAILHOTO aToMa.
3ananue 4

Omnpenenure MPOCTPAHCTBEHHOE CTPOCHUE MOJIEKYIL.
3ananue 5

CocraBbTe CTPYKTYpHBIE (DOPMYIIbI BEIIECTB.

Tema «TepMoagnHAMHKA XHMHYECKHX PeaKIHii» (MpaKTHYecKoe 3aHsTHe 4)

BapuanTt 1
3ananue 1
[Tpu B3aumoneiictBuu 10 1 azora ¢ 20 n Bomopoaa (H.y.) BblAenuioch 29 kJx Temna.
Paccuurath sHTaIBNINIO 00pa30BaHUSI AaMMHUAKA.
3aganue 2
OnpeenuTh BO3MOKHOCTh BOCCTAHOBJIEHHS Okcnaa TutaHa Ti0aq amomurueM mpu 1500°C
o peakiuu: TiOxw) + Al = Tig) + Al203).
3aganue 3
OmnpenenuTh BO3MOXKHOCTH BOCCTAHOBJIEHHsT OKcuaa TuTaHa 1102w allOMHHHEM MpU
CTaHIAPTHBIX yCIOBUsX 10 peakiuu: T102a) + Algy = Tiw + Al2030.
3aganue 4
PaccuuTaTh KOMMYECTBO TETIOBON SHEPIHH, BhIAENSIOMIEiica pyu cropanun 20 M° ra3oBoii
cmecw, copepkameit 20 06. % srana C2He 1 80 00. % nponana CsHs.
3ananue 5
Paccuurath TermnoTBopHyto criocoonocts 0yrana C4Hio.

Tema «KuHeTHKa XMMUYECKUX peaKknuii» (MpakTHiecKoe 3aHsATHE 5)

Bapmuanr 1
3ananue 1
Hauanenas konuentpamus PCls B peakuuu: PCls < PCls + Cl2 cocrasnser 0,2 monb/a. K
MOMEHTY HAacTyIUIeHHsl paBHOBecusi ImpopearupoBano 50% wucxogHoro BemiecTBa. Haiitu
PaBHOBECHBIE KOHIIEHTPAIIMH BEIIECTB U KOHCTAHTY PAaBHOBECHSI.
3anauue 2
Kak m3mennrcst ckopocts peaknuu N2 + 3Hz <> 2NHs3, eciin 00beM ra30Boii cMecH YBEINIHTD
B 2 paza?
3ananue 3
B0 CKOJIBKO pa3 yBETHUHTCS CKOPOCTh PEaKINK TPH MOBBIMIEHHH Temnepatyps Ha 30°C, ecim
=47
3ananue 4



CMmech ra30B HaJ yIJIEM B COCTOSSHUM XMMUYECKOI0 paBHOBecHs Npu AasyieHuu 1,2 atm u 1100
K umeer cocras % (00.): W, =48,96, WHZO =2,07, WHZ =48,96. Paccuutath Kp, Kc u AG peakuuu:

Cw)+ H20 << CO + Ha.
3ananue 5
Oneprus aktuBaiuu paBHa 10 k/[>x/Moab. Bo CkobKO pa3 M3MEHUTCSI CKOPOCTh PEAKIMH TPH
TIOBBIIIEHUH TeMIepaTyphl ot 27 1o 37°C?

Tema «Crioco6bI BbIpa:keHHsI KOHIEHTPAIMU PACTBOPOB)» (MPaKTHYECKoe 3aHsTHe 6)

Bapuanr 1
3amaunue 1
605,09 r cynbpara xeneza Fex(SOs)z pactBopuiu B 907,67 T Boabl u noiyumian 1044 mi
pacTtBopa, Uisi KOTOPOTO PacCUMUTaTh: MOJIIPHOCTh, HOPMAIBHOCTh, MOJISUIIBHOCTb, MPOLIEHTHYIO
KOHIIEHTPALUIO, MOJIBbHYIO 101110 Fe2(SO4)s.
3amanue 2
Onpenenutb MIOTHOCTH 12,7%-r0 pacTBOpa MEIHOrO KyNoOpoca, MCIOJIb3ysl CIPaBOYHbIE
JTaHHBIE.
3ananue 3
Onpenenutb 00beMbl 8%-T0 U 26%-r0 pacTBOPOB a30THOM KHCIIOTHI, HEOOXOAMMBIC IS
npurorosieHust 500 vt 20%-10 pacTBOpa a30THON KHUCIIOTHI.
3aganue 4
Kakoii o0bem Bomel Hyx)HO mpwmth K 300 T 16%-ro pactBopa cyibdara HATpus IS
nostydeHus: 6%-ro pacTBopa 3Toil conau?
3ananue 5
YeMy paBHa MOJSIPHOCTh PAcTBOpa CEPHOM KUCIIOTHI, €clu Ha TUuTpoBaHue 50 mi pactBopa
cepHoll kucnoTsl 3arpadyeHo 30 mi 0,5 H. pacTBOpa rUAPOKCUAA HATpUs?

Tema «CBoiicTBa pacTBOPOB» (IPAKTHYECKOE 3aHsITHE 7)

Bapmuanr 1
3ananue 1
Omnpenenuth cpeny BogHOro pactBopa cynbduta kams KoSOz. O00CHOBATH OTBET.
3ananue 2
Paccunrars Temneparypy KUNeHHUs U KpUCTAIIM3aUU 8% BOJAHOIO pacTBOpa XJIOpUIa KaJns,
CTENEHb TUCCOLMALNN KOTOPOTro 85%.
3aganue 3
PaccunTarh NpOLEHTHYIO KOHIEHTPALHMIO HACBHIIEHHOI'O pacTBOpa Cyiab(puaa KaaMus, eciu
IIP s = 7,9-107%.
3ananue 4
Paccuutate pH 0,5% pactBopa HCN. [InoTHOCTE pacTBOpa cuuTaTh paBHOM 1 /M.
3aganue 5
B kakux o0beMax HyXHO cMemath TiwieHrmukons CoHeO, (p=1,1088 r/cm®) u Bozy, uTOGH!
TIONYYHTH 2 11 aHTH(PH3a, TEMIIEpaTypa 3aMep3anus koToporo -5°C. IToTHOCTs aHTHGPU3a IPHHATH

paBHoit 1 T/cM®.,

Tema «iiekTpoxumMus» (MpaKkTH4ecKoe 3aHsTue 6)

Bapuanr 1
3amanue 1
Borurcauts 3JIC raapbBaHUYECKOTO DJIEMEHTa, Hamucarh MPOIECCH, MPOUCXOIAIINE Ha
anextpoaax: Cr/ CrClz, 0,01 moas/n // 0,001 mons/n, CrCl2/ Cr.
3amanue 2



Hanwucare 35eKTpoaHbIe MPOLECCH U PACCYUTATh KOJIMYECTBA 00pa3yIOIUXCsS HA MHEPTHBIX

9JIEKTPOJaX BEIIECTB MPH JJIEKTPOIHM3e BOAHOro pactBopa MNCly mpu mpomyckanmm 25A-4
AIIEKTPUYECTBA.

3amanue 3
Paccuntarh pacxoj 3JIEKTPOIHEPTUU U BpeMs, HeoOXoauMoe JUIsl ofydeHus: | T mapraHma

anexkTponu3oM paciiaBa MNSOq, ipu cue Toka 10 A, Beixoze no Toky 75% u Hanpsbxkenuu 12 B.

3amaune 4
Hanucare ypaBHEHHUS JIEKTPOJHBIX IPOIECCOB, MPOTEKAIOIMIUX MPU IJICKTPOXHUMHUYCCKON

Koppo3uu KoHTtakra Fe/Cr B menouHoit cpeze.

oo
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3amanue 5
Kakoii u3 kontaktoB — Fe/Cd wnu Fe/Ni — siBnsiercst 6051ee KOppO3HOHHOOACHBIM?

Kpurtepun onenku:
KoHTposbHas paboTa cocTouT U3 S 3aaHui. 3a KaK10€ BEPHO BHITIOJHEHHOE 3a/1aHKe - 1 Gai.

7.2.2. OT4er o JIA00OPATOPHOI padoTe

Jlaboparopnasi padora Nel «OcCHOBHBIE KJIaCChl HCOPTAHMYECKUX BELECTB)»

LeJsb: 3aKperieHre 3HaHU 00 OCHOBHBIX KJIaccaX HEOPTaHMYECKUX COCTMHEHUH.

Omnpit 1. IlosryyeHHe OKCHAA OKUCIEHHEM 3JIEeMEHTA
OMNBIT TPOBOAMTCS B BRITSHKHOM IIKady!
B xumnueckuii crakan Ha 50-100 mn naneiite 10-15 mu nuctunnupoBanHoi Boabl. [lonocky
CUHEH JJaKMyCOBOM OyMaru OKyHUTE B BOAY U OTMETHTE €€ OKPAcKy.
B meTaminueckyro J10KeUKy IOMECTUTE HEMHOT'O CEpbl M HarpeuTe ee B IJIAMEHU CIIUPTOBKU B
teueHue 30 cexyHI.
Jloxkeuky ¢ ropsiiei cepoii BHECUTE B CTAKAH C JUCTUIUIMPOBAHHOM BOJIOH, ITOCJE YETO JIOKEUKY
yIaJIuTe.
B nosiy4yenHslit pacTBOp BHOBb OKYHHUTE MOJOCKY HHIUKATOPHOM OyMaru 1 OTMETHTE €€ OKPAcKYy.
CocraBbTe ypaBHEHUsI IPOBEICHHBIX PEAKIUI U CAETaNTe BHIBO.
OmnsIT 2. B3anmoaeiicTBHe 0KCHIA METAJLJIA C BOAOH
[Tomecture B mpobupky 1 1mmarens oxcuga Kaimpuus u  npuieidite 10-15  xamens
JUCTUJUIMPOBAHHOM BOJBI, IEPEMEILIANTE.
K nonyuennomy pactBopy nobasbre 1-2 kamnu ¢QeHondranenHa, oOpature BHUMAaHHME Ha
OKpacKy MHAUKATOPA.
CocraBbTe ypaBHEHHE PEaKIUU U CIENANTE BBIBO/I.
OmnsIT 3. B3anmoaeiicTBHe OCHOBHOI'0 OKCH/AA ¢ KHCJIOTOM
Bnecute B mpobupky mmarens okcuaa menu (II) m gobGaBpTe 4-5 kamenb pacTBopa cepHOM
KHCIIOTBI.
Ecnu B3anMozeiicTBYs BellecTB B IPOOMpPKe HE HAOJII0IaeTCsl, TO €€ COIEPKUMOE Harpeire.
OTMeThTe OKpacKy pacTBOpa U OOBSICHUTE €€ TOsIBICHHE.
CocraBbTe ypaBHEHHE PEaKUU U CIIETalTe BBIBOJI K OTIBITY.
OnbIT 4. B3anmoaeiicTBUe KHCJIOTHOIO OKCH/A C OCHOBaHHEM
Hanelite B mpo6upky 2-3 M1 U3BECTKOBOM BOJIbI (pacTBOpa r’UAPOKCUIA KAJIBbLINSA).
ITponycture uepe3 M3BECTKOBYIO BOJYy YIVIEKHCIBIM Ta3 (CaenaiiTe HECKOJIBKO BBIJOXOB B
pacTBOp uepe3 TpyOouKy).
OtmerbTe 0OpazoBaHHe OENIOr0 OCajlKka W €ro pPacTBOPEHHE IPH JANbHEHIIeM NpOIyCKaHUH
YIJIEKUCIIOTO Ta3a.
CocTaBbTe ypaBHEHHE PEAKLIUU U CIIENANTE BBIBO.
OmnbiT 5. B3anMojaeiicTBHE COJIH € LIEJI0YbI0
Buecure B aBe nmpobupku no 10 xanens pactBopa cyibdara meau (II).
B onny npobupky n1006aBbTe OJIHY KaIlIl0 THIAPOKCHIA HATpus, a BO BTopylo — 10 kamenb
TUAPOKCHUIA HATPUSL.
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OOpaTtuTe BHUMaHKE HA PA3INYUE OKPACKH MOIYUCHHBIX OCAIKOB.

Harpeiite cogepxumoe mpoOupok. OTMeThTe, B KaKO MpOOUpPKE MTPOU30IILTH H3MECHEHHUS.
CocraBbpTe ypaBHEHMS peakLUi U clieJaiTe BBIBOJL HA OCHOBAHUH OIIBITA.

OnbIT 6. B3aumMoaelicTBre COJIM ¢ METAJLIIOM

Breiite B mpobupky 20 kanens pactBopa cynbdara meau (II).

[TomectuTe B IpoOUPKY C pAaCTBOPOM HKEJIE3HYIO CKPEIIKY.

UYepes 2-3 MUHYTBI 00paTUTE HA U3MEHEHUE OKPACKH MTOBEPXHOCTU CKPEIIKH.
OObsicHUTE TPOUCXOJISIIEE IBJICHHE, COCTaBbTE YPAaBHEHUE PEAKIIMH U CACTIANTE BHIBOJ.
OmnsIT 7. CBoiicTBa aM(OTEPHOI0 rHAPOKCHAA

Haneiite B ABe mpoOUpKH 1O 5 Kameslb pacTBOpa HUTpaTa aJlOMUHUS.

Jlo6aBbTe B 00€ MPOOHPKHU MO KATUIAM THAPOKCH/I HATPHS JI0 MOSIBIICHHS OCaIKa.

K ocanky B nepBoii mpobupke 100aBbTe PaCTBOP CEPHON KUCIOTHI, K OCaJKy BO BTOPOH
npobupke 100aBbTE PacTBOP TUAPOKCHIA HATPHSL.

OtmeTbTe HaOMIOAeHNS B 00erX MpoOUpKax, HAMUIINTE YPAaBHEHUS PEaKIIUil U cenanTe
BBIBO/I.

Jladoparopnas padoraNe2 «Onpenenenne JHTAIBIUU PeaAKIIHN»
Heasn: ompenenenue TermioBoro 3ddekra cucTtemMpl, B KOTOPOH MPOUCXOIUT XHUMHUYECKAs

pCaKkuyi, U SHTAJILINU PCAKIUH B HCCTAHAAPTHBIX YCIIOBUMAX.

OmnpiT 1. HeliTpanu3anus cepHOil KMCJI0THI THAPOKCHAOM HATPHUS B OJHY CTAHIO

I[JI?I HeﬁTpaHHSaIII/II/I cepHoﬁ KHCJIOTBI TUAPOKCHUIOM HATpHd B OAHY CTAaAWIO CMCHIMBAIOT

3KBHBAJICHTHBIC KOJIHMYCCTBA KMCJIOTHI U IICJIOYH A0 O6paSOBaHI/IH chIbcbaTa HaTpu-i:

4.

H2SO4 + 2NaOH = NaSO4 + 2H20; AH:

OTMephTe HMWJIMHIPOM 3aJaHHBIN IpernoiaBaresieM 00beM pacTBOpa KHCIOTHI, BBUICHTE €ro B
TEPMOCTATHPOBAHHBIN cTakaH. OMyCTUTE B CTAKaH TEPMOMETP, 3aMEPHTE U 3AMUIIUTE B TAOTHUILY
1 remneparypy pactBopa. TepMomeTp He BBIHUMANTE U3 CTaKaHa /10 OKOHYAHHUS OIBITA.
OtMmepbTe OpyruM LWJIMHIAPOM Takoil ke 00beM pacTBOpa LIEIIOYM U OCTOPOKHO, HO OBICTPO
BBUICHTE B CTAaKaH C PacCTBOPOM KHUCJIOTHI. OCTOPOXKHO TEepeMeriaiTe, OTMEThTE HAnOOJbIIIEe
M3MEHEHHUeE TeMIepaTyphl Ipu 00pa3oBaHuU Cyib(aTa HaTPHS.

BrinbTe TEpMOMETp, BBUICHTE PacTBOpP M3 TEPMOCTATUPOBAHHOTO CTaKaHa, (PUIBTPOBAIBLHOM
OyMaroi THIATENBHO BBICYIIUTE CTEHKU U JHO CTaKaHa, IOMECTHTE B HETO TEPMOMETP U JaiiTe
OCTBITB JI0 TIPEKHEN TeMITepaTyphl.

3anonaute Tabnuiy 1 (BEMMYMHBI TEMJIOEMKOCTEH M TIIOTHOCTH PACTBOPOB BBHIMHINUTE W3
Tabnuuel 3). BeimonHuTe pacyersl.

Tabnuna 1-Pe3ynbratel onbita 1

Bemtectso | V, t, Dy C, n, Q, AH,
MJT °C r/em® JIx/r-°C | mons | JI>x/n MoJIb kJ>K/MOIB
H>SO4
NaOH
Na>SO4

OmnpiT 2. HeliTpanu3auus CepHOM KMCI0ThHI THAPOKCUAOM HATPHSA B IBE€ CTaAUH

HpI/I HCﬁTpaHHBaHHH CepHOf/'I KHCJIOTBI TUAPOKCUIOM HAaTpus B ABC CTAAUN SKBHBaJICHTHBIN

00BeM IICJI0YU BHOCAT B [IBa IpHreMa:

H.SO4+ NaOH = NaHSO4 + H20:; AH>1
NaHSO4 + NaOH = Na,S04 + H20; AH>,



. OTMepbTe HUIMHAPOM 3aJaHHBIH B ombiTe 1 00BEM pacTBOpa KHUCIOTHI, BBUICHTE B
TEPMOCTAaTHPOBAHHBIA CTaKaH, U3MEpPhTE TeMIEpaTypy pacTBopa. Temmeparypsl pacTBOPOB
CEpHOM KUCIIOTHI B OMNbITaX 1 ¥ 2 MOJKHBI OBITH OJIMHAKOBBI.

. M3mepbTe ApyruM MWIMHIPOM IIOJOBHHY HKBUBAJECHTHOTO OOBEMa pacTBOpa INEJIOYH U
OCTOPOXHO, HO OBICTPO BBUICHTE B CTakaH C PAaCTBOPOM KHCIOTHL. OTMEThTE TeMIepaTypy
00pa3zoBaHus pacTBOpa THAPOCYIb(}aTa HATPHSI.

3. OTmepbTe UWIMHIPOM €Ile TAaKoH ke 00BbeM pacTBOpa IIEIOYM M BBUICHTE €ro B CTakKaH.
[lepemernaiiTe moxy4eHHbIN pacTBOp Cyab(haTa HATPUS U 3AMUIIUTE €r0 TEMIIEPaTypy.
4. BbIHBTE TEPMOMETP W BBUICHTE COIEPKUMOE CTakaHa, (PUIBTPOBATHHONW Oymaroil BBICYIINTE
CTEHKH M JIHO CTakaHa. 3amojHuTe Tadimiy 2. CrenaiTe pacueThl.
Tabmuna 2.
Pe3ynbTaThl onbiTa 2
Bemectso | V, t, D, C, n, Q, AH,
MJI °C r/em® JIx/r-°C | monb | JIox/n MoJIb kJ>K/MOJIb
H2SO4
NaOH
NaHSO4
Na2SO4
Tabnuna 3
TennoeMKoCTh U IIIOTHOCTh PACTBOPOB
PacTBOp t, °C p, r/em® C, Ix/r-°C
H2S04, | M 12 1,061 2,75
14 1,060 2,81
16 1,060 2,87
18 1,059 2,93
20 1,059 2,99
22 1,059 3,04
24 1,058 3,10
26 1,058 3,15
NaOH, 2 M 12 1,079 3,41
14 1,078 3,44
16 1,077 3,47
18 1,076 3,50
20 1,075 3,53
22 1,074 3,56
24 1,073 3,59
26 1,072 3,62
NaHSO4, | M 20 1,050 3,73
22 1,046 3,74
24 1,042 3,75
26 1,038 3,76
28 1,034 3,77
30 1,030 3,78
32 1,026 3,79
34 1,022 3,80
Na2SO4, | M 24 1,074 3,74
26 1,066 3,76
28 1,058 3,78
30 1,050 3,80




32 1,042 3,82
34 1,034 3,84
36 1,026 3,86
38 1,018 3,88

JlabopaTopnasi pab6ora Ne3 «CKopocTh XUMHYECKUX peaknuii. XHMHYeCKoe PAaBHOBeCHEe»
Hesab: n3ydyeHue BIMSHHUA PaA3IUYHBIX (DAKTOPOB HA CKOPOCTh XUMHUYECKUX pPEaKLud u

COCTOSAHUC XUMUYCCKOT'O paBHOBCCHA B TOMOI'CHHBIX CUCTCMAX.

OnbiT 1. BausinMe KOHUEHTPAUM PearMpyromux BellecTB HA CKOPOCTb XHMHMYECKHX

peaxuuit

>

PeaKHI/IH H_[aBeHeBOI\;I KHCJIOTHI C HepMaHFaHaTOM KaJIvA IIPOTCKACT I10 ypaBHeHI/IIO:
4H2C204 + 2KMNO4 — K2C204 + 2MnO2 + 4H20 + 6CO2
KuHeTHueckoe ypaBHEHHUE PEaKLUH:

b 2
d=x CH2C204 CKMnQ,

3a X010M peakIu ClIeIIT 10 U3MEHEHUIO OKPAcKH pacTBOpa MepMaHraHaTa Kajus.
B nare npobupox BHecute mno 10 kamenb pacTBOPOB LIABENEBOM KHCIOTHI Pa3IMYHON
koHuenrpanuu (0,2; 0,3; 0,4; 0,5; 0,6 M).
[TocnenoBarenbHO BO BCe MPOOUPKHU ¢ MHTEpBAIOM 1-2 cekyHpl JoOaBbTe 10 1 Karuie pacTBopa
HepMaHraHaTa Kajius U BKJIIOUYHUTE CEKYHIOMeEp.
He BBIKIIOUas cexkyHaoMepa, OTMETbTE BPEMsI MU3MEHEHMsI OKpacKu MepMaHIraHara Kajaus B
KaXJI0M IpoOupKe.
PesynbTats! onbiTa 3aHecure B Tadbauny 1.
Onpeznenure yCIOBHYIO CKOPOCTb PEAKLUU KAaK BEJIMYMHY, OOpaTHYIO BPEMEHU NPOTEKAHUS
peakuuu.
[Toctpoiite rpaduk 3aBUCUMOCTH CKOPOCTH pEaKIUH OT KOHIEHTPALMU I1aBEIEBOM KHUCIOTHI,
[IPOAHAIU3UPYHUTE MTOIYUEHHYIO 3aBUCUMOCTb. 3alIUIINTE HAOIIOAEHHUS U CeJIaliTe BBIBO/L.
Tabnuna 1.
PesynbTaTe! onbiTa 1
Ne KoHuenTpanus Bpewms, CkopocTb peakuu
poOUpPKU KHCJIOTHI, C, 7, C B YCJIOBHBIX €UHUIIAX, V
MOJIB/II =100/z, ¢t
0,2
0,3
0,4
0,5
0,6
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OnsIT 2. BansiHue TeMnepaTypbl HA CKOPOCTh XUMHYECKHX PeaKIui
Jlns onbiTa HEOOXOAUM CTaKaH—-TEPMOCTAT, HAIMOJIHEHHBIM BOAOW M 3aKpBITHIA KPBILIIKOHN ¢

OTBCPCTUAMU I HpO6I/IpOK " TCPMOMCTpA.

1.

o

B Tpu npobupku, BcTaBIeHHBIE B KPBIIIKY TepMocTaTa, HajeiiTe no 10 kanens 0,5 M pactBopa
I1aBeJIeBOM KUCIOTHI. B ueTBépTyto nmpobupky Ha 2/3 e€ 0ObEMa BiIeiiTe pacTBOp MEepMaHTraHaTa
Kanus (MUATIETKY OCTaBbTE B MPOOHPKE).

3anumure Temneparypy. B oaHy u3 mpoOupok no0aBbTe 1 Kamiio mepMaHraHara Kajaus U
BKJIFOUUTE CEKYHIOMED.

W3mepbTe BpeMs OT MOMEHTa J00aBlIeHHMS NEepMaHTraHaTa Kaius 10 W3MEHEHUS OKpPACKH
pacTBopa.

Harpeiite Bony B ctakane Ha 10° Bbliie npeasLayiiel temneparypbl. CHUMHUTE CTakaH ¢ IUIUTKU
Y TIOBTOPUTE OTIBIT B IPYToi MPoOUpKeE.

[TpoBenuTe onbITH pu 4 TEMIiepaTypax, oTinyaromuxcs Ha 10°.

[TonryueHHble TaHHBIE 3aHECUTE B TAOIHILY 2.



7. PaccuuTaiite mecTb 3Ha4eHUH TeMnepaTypHoro kosddunuenra (y). Haiiaure cpennee 3HaueHue

7.
8. CnemnaiiTe BBIBOJ O 3aBUCIMOCTH CKOPOCTHU JaHHOW XMUMHUYECKOH pEaKkIMy OT TeMIIEPaTypHl.

Tabnuua 2.
PesynbTaTe! onbiTa 2
No Temmnep Bpe Koncranra TemneparypHbiii
npo0 | arypa ombiTa, | Ms, 7,C | CKOpOCTH K B yCIOBHBIX K02 umenT y
UPKH t, °C enuannax, K =100/z, Y Yep
-1

C
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9. MW cnonp3ys ypaBHeHHE AppeHHyca ¥ BEJIMYMHBI KOHCTAHT CKOPOCTH TMPH Pa3THYHBIX
TEMIIepaTypax, ONMPEACINTe SHEPTHIO aKTUBAIMK JaHHON peakuuu. YpaBHEHHE AppeHuyca B
gorapupmuueckom Buae: Ink = Ink, — Ea/RT M0oxHO paccMaTpuBaTh Kak JTHHEHHOE ypaBHEHHE Y
=b-—ax (y=1Ink, b =1Ink, a = Ea/R, x = L/T). I'padmuecku Takoe ypaBHCHUE OIMUCHIBACTCS
npsimoii B koopaunarax Ink — 1/T. TaHreHc yriia HakJiOHa NPSIMOW K OCH aOCIMCC paBeH
BennunHe Ea/R.

10. Hus moctpoenus rpaduka In k = f(1000/T) 3anonuute Tabnuiy 3.

Tabnuia 3.
Jannbie 1is rpadiaecKoro Onpe/esICHNs YHEPTUN AKTHBAIIH
Ne /it Ink 1000/T
1
2
3
4

11. Toctpoiite rpaduk B koopaunarax In k — 1000/T.
12. OmnpenenuTe TaHTeHC yIia HAKJIOHA TPSMOM K ocu abciucc.
13. BpruncnuTe SHEPTHIO aKTHBAIIMH PEAKIHH:

Ea=tgo-R, rone R=8,314 Ix/(monb-K)

OnbIT 3. BiusiHue M3MeHeHMs] KOHIEHTPALMHU Pearupyrolux BellecTB HA paBHOBecHe
XHMHUYECKOH peakuuu
Peakuus mexnay xmopuaoM xenesa (111) u pomanuaoM aMMOHNSI OTUCHIBAETCS yPAaBHEHUEM:
FeCls + 3NH4CNS <> Fe(CNS)3z + 3NH4CI
1. Buecure B mpobupky Ha 1/3 ee o0bema NHUCTHIUTMPOBAHHOM BOJBI, A00aBbTE MO 2 Karljau
pactBopoB xyiopuaa xxenesa (1) u poganuna ammonus. Pa3nenure nomyueHHbIH pacTBOp HAa TPU
POOUPKH.
2. OpaHy mpoOMpKY COXpaHHUTE JJIsl CPaBHEHUs pe3ysbTaToB OMbITa (3TajioH). B npyryto noGaBbTe
4-5 xanens pactBopa FeCls, B Tpethio — Heckonbko kpuctauinkoB NH4Cl u Berpsixaute e€.
3. Kak u3meHMIach MHTEHCHBHOCTh OKpPAaCKM pPacTBOpa M B KaKOM HAaIpaBlI€HHUH CMECTUIIOCH
paBHOBecue AanHOM cuctemsl pu godasnennn FeCls u NH4CI? O0bsicHuTe ciBUT paBHOBECHS.
4. HanumuTe BhIpaKeHWE KOHCTAHTHI paBHOBECHUS M3y4aeMoil 00paTUMOil peakimu.

JlabopaTopnasi paGora Ne4 «PacTBOpPBI 3JIEKTPOJTUTOB)



Henb: n3ydeHre HEKOTOPBIX CBOMCTB BOJHBIX PACTBOPOB DJIEKTPOJIMTOB.
OnpIT 1. DJ1eKTPONPOBOAHOCTH BOJHBIX PACTBOPOB
N3yueHne 37IeKTPONpPOBOJHOCTH MPOBOIAT C TMOMOIIbIO NMPHOOpPA, COCTOSIIETO W3 JIAMIIBI

HaKaJIMBaHUs, CTaKaHa C paCTBOpPOM, Fpa(bI/ITOBBIX QJICKTPOJOB. 006 SJICKTPOIIPOBOAHOCTHU CYISAT I10
HaJIMYHUIO U MHTCHCUBHOCTHU CBCUCHMS JIaMIIbl HaKaJIMBaHH .

1.
2.

10.

11.

12.

=

Crakan émkocTbio 50 M1 HanoJHUTE Ha 1/2 ero 00bEMa TUCTUIITMPOBAHHOM BOJIOM.
Brutounte mpubop B cers. 3anumurte Habmogenus. OOnanaeT AUCTHIUIMPOBAHHAs BOJA
3JEKTPOIPOBOAHOCTBIO?
Otxmounte npubop. [IpUMmoAHAB KPBHIMIKY C 3JIEKTPOJaMH, BHECUTE B CTakaH ¢ BOAOH 1-2
LINATess U3MENbUYEHHOIO caxapa U IepeMelIanTe.
OnycTtute >7MeKTpoAbl B pacTBOp. Bximrounte npubop. 3anmmure HaOmroaeHus. SBisercs
pacTBOp caxapa IPOBOAHUKOM?
OTtxmounte mpudop. B crakan émxoctrio 50 Mt HaseliTe Ha 1/2 ero oObema 6€3BOJHOI YKCYCHOM
KHCJIOTBI.
Onyctute 37€KTPO/Ibl, BKJIIOUNUTE IPUOOp. 3anuIINTE HAOII0ICHUS.
Otxmrounte npudop. OTnelTe U3 crakana npumMepHo 1/4 o6beMa yKCyCHON KUCIIOTHI, J0OaBbTE
JTUCTUJUTMPOBAHHOM BOBI JI0 MPEKHEr0 00bEMa, pa3MeIIanTe pacTBop.
Onycture snexrpoabl. Bxitounre npubop. HabmropailiTe M3MEHEHHE 3JIEKTPOIPOBOJHOCTH
pacTBopa.
[ToBTOpUTE pazbaBiieHHE pacTBOpa U OINpPEJEIEHUE IEKTPONPOBOAUMOCTH emé pa3. B kakyro
CTOPOHY CMEUIAEeTCsl PaBHOBECHE AMCCOLMALIMM YKCYCHOM KHMCIOTHI Npu paszbaBieHun? Kak
3aBUCHUT CTENEHb JUCCOLMAIMM YKCYCHON KUCIIOTHI OT pa30aBiieHHs pacTBopa’?
Otkmounte npubop. B crakane emkocthio 50 MJI IPUTOTOBHTE PACTBOP MOBAPEHHOM COMH,
pa3Menias B 25 MJI JUCTUJUIMPOBAHHOM BOABI 1-2 mimaresns XJopuaa HaTpusl.
OmnycTute 311eKTpoAb! B pacTBop. Brirounte mpubdop. [IpoBoauT 1 pacTBOp MOBapEHHON COITU
JNEKTPUYECKUH TOK?
Cnenaiite BbIBOJ K ONBITY (0OpaTuTe BHUMaHHE Ha TUIbl XMMHUYECKOH CBSI3U B BEIIECTBAX,
3JIEKTPOIIPOBOIHOCTh BOJHBIX PACTBOPOB KOTOPBIX M3Y4aH B JJAHHOM OIIBITE).
OnpIT 2. CMenIeHHe pAaBHOBECHS 1M CCOLUALMH €J1a00r0 3J1eKTPOJINTA
Haneiite B aBe nmpobupku no 5-7 kanens 0,1 H. pacTBOpa yKCYCHON KHUCIIOTHI.
B xaxnayro npoOupky mobaBbTe IO OJHOW Kalule METUIIOBOrO opaHkeBoro. Kak oxpacuics
MHIMKATOP MO BIUssHUEM HOHOB H?
Opnny npoOUpKy OCTaBbTE B KaueCTBE KOHTPOJIbHOM, B Apyryto npubaBbTe 1 mimarens aneraTta
Hatpus CH3COONa.
[lepememaiite pacTBOp M CpaBHHUTE LIBET MOJIYYEHHOI'O PAacTBOpA C LIBETOM B KOHTPOJBHOM
npoOupke.
Hanumure ypaBHeHME [uCCOLMAlMM YKCYCHOM KHCJIOTHI W BBIPQ)KEHHE KOHCTAHTHI €€
JUCCOLUALINY.
OO0bsicHUTE, KaK CMEILIAeTCsl paBHOBECHE JIMCCOLMALIMY CJIA00r0 3JIEKTPOJIUTA MIPU YBETUYEHUH
KOHIEHTPAallUl OJHOI0 M3 BHJIOB MOHOB 3TOro 3jiekrponurta? Kak MeHsercs mpu 3TOM €ro
CTEIEHb AUCCOLUAINN?
OnsbiT 3. HanpasJieHne 00MeHHBbIX MOHHBIX NPOLIECCOB B PACTBOPAaX  JJIEKTPOJIUTOB
a) B CTOPOHY 00pPa30BaHUsA CJ1a00r0 JIEKTPOJIUTA
HaneiiTe B 1Be npoOupku mo 5-7 karmesnb 2 H. pacTBOpa FMAPOKCHA HATPUSI.
B xkaxnayro mobGaBpre mo oxHOW Kamie (deHondTanenHa. llox BIHMSHHMEM KakuX HOHOB
(denondrazenH oKpacuiICcs B MaTMHOBBIN 1BET?
B onny mpobupky no6asnsiite Mo KarisiM 2 H. pacTBOpa COJISIHOM KUCJIOTBI, BO BTOPYIO — 2 H.
pacTBOpa YKCYCHOM KHCIOTHI J0 OOECIBEYMBAHMS pacTBOpa (KOJUYECTBO H3PACXOJIOBAHHBIX
KareJab KUCJIOT OTCUUTATBH!).
Yem oObscHSETCA HMCUe3HOBEHHE OKpacku? B kakom ciyuae oOeciiBeunBaHHE pacTBOpa
HacTynuwio Osictpee? Iloyemy paBHOBecHE MOHHOTO TIpollecca CMEIIAETCS B CTOPOHY
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0o0pa3oBaHUs BOJBI MPU HAJTUYUU B JICBOW YaCTH PABEHCTBA MAaJIOMCCOIMUPOBAHHBIX MOJIEKYII
YKCYCHOM KHUCIIOTHI?

0) B cTOPOHY 00pa30BaHMs MAJIOPACTBOPUMOr0 BellecTBA
B onny npo6upky BHecute 10 karenb pacTBopa XJjaopua Kaiablus, B Ipyryro 10 kanens xiaopuaa
CTPOHIIUS.
Jo6aBbpTe 10 5-6 Kamenb pacTBOpa CEpHOM KUCIOTHI. B 00enx s nmpoOupkax BhINal OCAI0K?
OObsicHUTE pa3nuuus, MONb3ysich BenuauHamu [P mist cynb(aTtoB KanbIvs U CTPOHIIHS.
Jo6aBpTe B MPOOMPKY C PacTBOPOM CONHM Kajblus 3-4 Kariv KOHIEHTPUPOBAHHOM CEpHOMU
kucinoTel. Habmonaiite o6pazoBanue ocaaka U 00BbSICHUTE IPUUNHY €0 BBIIAICHUSL.
Bpruncnure KOHIICHTpAIIMK HOHOB S04%, HeobxoauMBIe uIsi ocaxaeHns HoHoB CaZ* u Sr** u3
pactBopoB paHo¥i (1 M) konuenTpauuy, ecimu /1P, = 6,1:10°, I1Pgq, = 2,8-107.

OnpbIT 4. I'uaposaus codieit

a) Onpenenenne pH pacTBopoB coueid
Hanecure kammto pactBopa NaNO3 Ha moi0cKy yHUBEpCaIbHON MHAWKATOPHOHN Oymaru.
CpaBHuTE OKpacky ¢ 3TajoHoM. 3anuiuTe BeanuuHy pH pactsopa.
[TpoBeaute ananorunynbie onbIThl ¢ pactBopamu NaxCO3, NaHCO3, Al(NO3)s.
Kaxas cpena B kaxaom u3 B3sSThIX pacTBopoB? [louemy?

0) Bausinue Temneparypbl Ha CTelleHb TMAPOJINA3A COJIN
Hanetite B mpobupky 15-20 kanenb TUCTHIUTMPOBAHHOMN BOIBI.
Buecute B He€ 1-2 mmarers amerata HaTpUsi U BCTPAXHUTE IPOOUPKY.
Job6asbre 1-2 kamm dhenondranenna. OOpaTuTe BHUMaHHE HA OKPACKy HHIUKATOPA.
Harpeiite cogepxumoe npoOUpKU B TIaMeHU cOUPTOBKHU. JlaliTe oObsicHEHHE HAOIIOAaEMOMY
aBJieHUI0. Hanuiure ypaBHEHUE peakLuu.
Oxuagute NpoOUpPKy B X0J01HOM Boje. [IporcxoauT v CHOBa CMeEIlIeHHe paBHOBECHS?
Crenaiite BbIBOJI O BIMSIHUU TEMIIEPATYpPhl HA CTENIEHb FMIPOJIU3aA.

B) Biausinue usmenenusi pH cpeabl Ha cTeneHb IHAPOJIN3A COJIH
Buecute B npobupky 10 xamnens IMCTHIUIMPOBAHHON BOJIBI.
JHob6asbre 1-2 kpuctamia xinopuaa onosa (I1I) u Berpsixaute npobupky. Obpazyromuiics: 6embiit
0CaJIOK MpeacTaBIsgeT coboii ocHOBHYIO coutb ostoBa (IT) Sn(OH)CI.
Hanumure nonHoe ypaBHEHUE COOTBETCTBYIOLIEH peakluy THIPOIH3a.
JloGaBbTe 5-10 kamenb pacTBOpa CONSIHOW KHUCIIOTHI, YBEIUYUB STUM KOHIIEHTPALIMIO HOHOB
Bojiopona. PactBopuiica nu ocanok? Kak moenusuio ymenslieHue pH pacTBopa Ha cTemneHb
THJIPOJIN3a COTH?

r) HeoGpaTtumslii rugposius coJei
B mpo6upky Hanelite 6-8 kamnenb pacTBopa HUTpaTa aTlOMUHUS.
JloGaBbTe Takoil ke 00beM pacTBopa KapOOHaTa HaTPHUSL.
OtmerbTe 00pa3oBaHUE OCaJKa THUAPOKCHJA ATIOMHMHHUS M BBIJICJIIEHUE Iy3bIPHKOB OKCHJIA
yraepona (IV).
Hanumure ypaBHeHus peakuuid. Crenaite BbIBO.

JlaboparopHasi padora NeS «OkucIMTEIbHO-BOCCTAHOBUTEIbHbIE PEeaKIIUI)
Hean: mnpoBeAcHUE OKUCIUTEILHO-BOCCTAHOBHUTEIBHBIX PEAKIIMA ¢ COCTABIICHHE UX

YpaBHEHUM.

ook wdE

OmnpiT 1. Peakuuu AUCIpoOnopuuOHMPOBAHUS
a) Peaknusi AMCNponoOpuOHUPOBAHUSA CYIb(PUTA HATPUSA
B onny npobupky nomectute 1-2 Kpuctayimka cyiabhuTa HaTpusl.
Bo BTOpyto npoOupky nomecture 1-2 KpucTasIuKa MPOKaJICHHOTO CyJb(uTa HaTpHUs.
B 06e npobupku BHEcHUTE 110 5-6 Karenb JUCTHLUTUPOBAHHON BOJIBI.
PacTtBopuTe conm, HaxoxsAIIMecs B MPOOUpPKaX.
JloGaBbTe B Kaxayro MpoOupKy o 2-3 kariau pactBopa cyiabgara menu (11).
OTMeThTe OKpacKy OCaJIKOB B 00erX MpoOUpKax (YepHBIH 0caoK NpeAcTaBiIsieT co00i cynbhua
meau (II)).
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OOBscHUTE Pa3TUYHBIE OKPACKU OCA/IKOB.
Hanumure ypaBHeHHE peakIUU pa3lioKEeHUs Cylb(uTa HATpHsl, YYUTHIBAs, 4TO OJHUM U3
MPOJYKTOB IPOKAIMBAHUS SIBIACTCS CyNlb(haT HATPUSL.
CocTaBbTe HOHHBIE U MOJICKYJIIPHBIE YPaBHEHUS PeaKIiii oOOMeHa.
0) Peakuusi nucnponopuuoHupoBaHus xJjaopuaa oaosa (II)
B npobupky HaneiiTe 6-8 karens pactBopa xsopuaa oiosa (II).
JloGaBbTe 1O KarisiM pacTBOP LIEJIOUU J0 MOSIBICHUS OCa/lKa U JAJIbHEHIIET0 €ro PaCTBOPEHMS.
[Tpuneiite k pactBopy 10-12 kamenb TUCTHUTMPOBAHHOMN BOJIBI.
Harpeilite pacTBOp 10 NOSIBIEHUS YEPHOTO OCAKa METAJUIMUECKOTO OJI0BA.
Hanumure ypaBHeHus peakuuid oopazoBanus: ruapokcua ojosa (II); rerparugpokcoctannara
(IT) maTpus; onoBa u rekcarugpokcocrannara (IV) narpusi.
OnbIT 2. BHyTpUMOJIEKY/JISAPHbIE OKUCJIUTEIbHO-BOCCTAHOBUTEIbHbIE PEAKINH
B npobupky nomectute 2-3 kpucrayumka ouxpomara ammonus (NHs4)2Cr207.
Cogepxumoe npoOUpKU HarperTe HaJ| IJIaMEHEM CIIUPTOBKHU JI0 TeX IMOp, MOKa He IPOU30ii1eT
OypHOE pa3yioKEHUE COJIU.
Hanummre ypaBHeHHE peaklUy, YUUTHIBAs, YTO 3elieHasi OKpacKa MPUHAAJICKUT OKCUIYy XpoMa
(III). Kpome Toro, B peakiiuu 00pa3yroTcs a30T U Mapbl BOJBI.
OnbiT 3. Binsinue cpeabl HA MPOTeKAHUE OKUCINTEIbHO-BOCCTAHOBUTEIbHBIX pPeaKkuuii
a) Bausinue pH cpeabl Ha XapakTep BOCCTAHOBJIEHHMS NIEPMAHTAHATA KU
B Tpu npoOupku BHECUTE 10 2 KaIlJll pacTBOpa IepMaHTaHaTa Kajusl.
B oany npobupky modaBeTe 2-3 Kariy 2 H. pacTBOpa CEPHOM KUCTOTHI
Bo BTOpy!o npoOupKy BHecUTe 2-3 KaIlIk BOJBI.
B Tpetsio mpoOupky npuienTe 2-3 Karm pacTBOpa HIETOYH.
Bo Bce Tpu mpoOupku BHECUTE MO 2 MUKPOILITIATeNs CyIb(QUTa HATPUS U IIEpEMEIIaiiTe pacTBOPHI
JI0 [IOJIHOTO PaCTBOPEHUSI KPUCTAILIIOB.
HabmroaliTe 3a ©13MEHEHHEM OKPACKH PACTBOPOB BO BCEX TPEX CIIydasiX.
Hanwmure ypaBHeHHs peakiuii BOCCTaHOBIICHHS NEpMaHTaHaTa Kalus CYIb(UTOM HATpUsS B
pa3HBIX CpelaxX, YUUTHIBAs, YTO B COCIMHEHHUS MapraHiia B pa3InYHbIX CTEMIECHAX €r0 OKUCICHUS
MMEIOT XapaKTepHble OKpacku: MoH MnO, - duoneroBslii, moH MnO: - 3eneHsrii, Mn?' -
GecIBETHBIH, a OKCH U THAPOKcHA Mn*" - ManopacTBOpHMBIe BelecTBa KOPHIHEBOTO I[BETA.
K xakoMy THIy OKHUCIIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKLIUN OTHOCSTCS POBEIECHHBIE B OIIBITE
3a peakuuu?
0) Bansinne pH cpeabl Ha cMellleHHe PABHOBECHSI B OKHCJIMTEIbHO-BOCCTAHOBUTE/IBLHBIX

peaKIusix

1.

2.
3.
4

[TomecTuTe B mpoOUpPKY HEOOIBIION KPUCTAIUIUK Hoa.
JloGaBbTe 8-10 Karenb pacTBOpa ILIEI0YH.
[Tepememaiite coaepx’umMoe MPOOUPKH JI0 TIOJTHOTO pacTBOPEHUs Hoza.
K oOpazoBaBmiemycsi OecuiBeTHOMY pacTBOpy mpubaBbre 10-14 kamenb pacTtBopa cepHOM
KHCJIOTHI /10 TOSIBJIEHUS! Oypoi OKpacKu pacTBoOpa.
[Tonb3ysick pacTBOPOM Kpaxmalia, TOKaXXHUTe, 4To Oypast OKpacka BbI3BaHa OOPATHBIM MTPOLIECCOM
o0Opa3oBaHus CBOOOIHOTO HOa.
Harnnmure ypaBHEHHsI peaklMii, y4UThIBas, 4TO MPHU PACTBOPEHHWH HOJA B PacTBOPE IIEIOUYU
o0pa3yroTcs conu HomoBoaopoaHoii HJ u fiomnoBatucroit HJO xucnor.

OnbIT 4. OKUCIUTEIBHO-BOCCTAHOBUTEIbHAS ABOMCTBEHHOCTD 3JIEMEHTOB, BXOASIIIUX B

COCIMHCHUA B HpOMe)KYTOqHOﬁ CTCIICHHU OKHUCJICHUSA

b

a) BzanmoaeiicTBre MepoOKCUIA BOAOPOIA C IEPMAHTAHATOM KaJIus
K 1-2 kamsim pacTBopa niepMaHraHara Kanus 100aBbTe 2-3 Karjiu pacTBOpa CEPHOM KUCIIOTHI.
JloGaBbTe K mosyueHHOMY pacTBOpy 2-3 karuin 3%-HOro pacTBopa MepoKcHia BOA0poa.
Kak n3smenmiace okpacka pactBopa? Kakoii ra3 Beaensercs?
Hanumuire ypaBHeHue peakiuu. Kakue cBOMCTBa IPOSBISIET B HEM MEPOKCH]T BO0poaa?
0) BzanmopneiicTBue nepokcuaa BOAOPOAA C HOAUAOM KaIusl
K 3-4 xamism pacTBopa noauaa Kajus npuiente 3-4 Kariaum pacTBopa CEpHOU KUCIIOTHI.
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[TpubaBbTe K MOTyd4eHHOMY pacTBOpy 1-2 karmu 3%-HOTo pacTBOpa NEPOKCHIa BOJOPOA.
s kakoro BelIecTBa XapakTepHa MOsIBUBIIAsCS OKpacka pactBopa? llonb3ysich pacTBOpom
Kpaxmaiia, IOKaXuTe, 4To Oypasi OKpacka BbI3BaHa 00pa3oBaHHEM CBOOOJHOTO Hofa.
Hanummure ypaBHeHue peakunu. Kakue cBOMCTBa MPOSBIISIET B HEM MEPOKCU BoJaopoia?

OnsIT 5. Oprannyeckne BenecTBa B Ka4ecTBe BOCCTAHOBUTe el

a) BoccranoB/ieHHe OMXpoMaTa Kajaus
B npoGupky momecture 5-6 kamnenb pacTBopa Ouxpomara HaTpHsl.
Bnecure B Hee 2-3 Kamiu KOHIIEHTPUPOBAHHON CEPHOM KUCIIOTHI.
JloGaBbTe 4-5 kanens aTriioBoro crnupra C2HsOH.
OTmeThTe M3MEHEHHUE I[BETa PACTBOpA M MOSBIIEHUE CIEHU(PUYECKOrO «sI0JIOYHOrO» 3araxa,
npucyiero ykcycaomy anpaerungy CH3CHO.
Hanummre ypaBHEHHE peakIuu, yYuThIBasi, oopasyercs coyib xpoma (I1I).

0) BoccTaHoB/1eHMe IepMAHTaHATA KAJIUSA
Brecute B mpoOupKy mo 5-6 Kameib pacTBOPOB IIABEJICBOM KUCIOTHI M 2 H. pacTBOpa CEPHOU
KHCJIOTBI.
JoGaBbTe 2-3 KamiM MepMaHraHaTa Kaius W HaOmogaiiTe uyepe3 HEKOTOpoe BpeMs 3a
oOecrBeYBaHUEM IT€pMaHIraHaTa Kajusl.
CocTaBbTe ypaBHEHUE PEAKIUU, YIUTHIBAs, YTO IEpPMaHTaHAT-UOH BOCCTAHABIMBACTCS J0 HOHA
mapranma (II). B peaknuu taxke Beimensiercs okcun yraepoaa (IV), mo xortoporo oxkucisiercs
1IaBesieBas KUCIOTA.

JlaboparopHasi padora Ne6 «Koppo3usi MeTa/L10B»
Heab: o3HaKOMJIEHHE C DJIEKTPOXUMHUYECKON Koppo3uew; ¢dakTopamu, BIHSIONIUMU Ha

KOPPO3UI0; MECTOAAaMH 3alIUThI OT KOPPO3HUH.

1.
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OmnbIT 1. BinsiHMe AKTHBHOCTH KOHTAKTHPYIOLIEr0 MeTAJ1JIa HA KOPPO3HI0
Bosbmute Tpu ckpenku ans Oymar. B onHy BCTaBbTE€ TOHEHBKHI KYCOYEK METAILTUYECKOIO
0JI0Ba, BO BTOPYIO — ME/IH, TPEThIO OCTABbTE B KAYECTBE KOHTPOJISL.
Jlo6aBbTe B Tpu MPOOUPKH C BOJIOM IO OJTHOM Karuie pacTBOpa COJITHOW KUCJIOTHI, 1O 2-3 Karuiu
pactBopa kpacHoi kposiHO# coiu K3[Fe(CN)s] 1 omycTHTE B HUX CKPETIKH.
OTMeThTe MHTEHCUBHOCTb OKPACKU BO BCeX TPEX MPOOHpPKaX.
Crenaiite BBIBOABI O CKOPOCTH KOPPO3UH B KAXKJOM CITy4yae M HAMUIIUTE KaTOJIHbIE U aHOJHbIE
peaKkiIuu.

OnbiT 2. Biausinue cpeabl HA CKOPOCTh KOPPO3HH
Bosemute Tpu npoOupku. B nepByro HanelTe pacTBOp XJIOpUIa MarHus, BO BTOPYIO — PacTBOP
COJISTHOM KHUCJIOTBI, B TPETHIO — TUCTHUINIUPOBAHHYIO BOJY.
OHOBPEMEHHO OITyCTUTE BO BCE MIPOOMPKU 1O OJJHOM CKpEIKe.
JloGaBbTe yepes 5-10 MUHYT B KaXX1yt0 IPOOUPKY MO 3 Kariu pacTBOpa KpacHON KPOBSIHOM COJIH.
OObsicCHUTe HMHTEHCHUBHOCTh OKpacku (BO BceX I MpoOupkax?), HANMUIIUTE YPaBHEHUS
MIPOTEKAIOIINX PEAKIUH, CIETAUTE BBIBO.

OnbIT 3. DJIEKTPOKOPPO3HA MeTalIa
Haneiite B U-06pa3nyro TpyOKy pacTBOp XJIOpHJIa HATPHSI.
Jlo6aBbTe B KaXJ10€ KOJIEHO IO 2 KalljIi pacTBOpa KPacHOM KpOBSIHOM coyin U GpeHosdranenHa.
[Torpy3utre B pacTBOp KeNE3HbIE OJJIEKTPOIbI (CKpPENMKH) W TMOJKIIOYUTE K DJIEKTPOJaM
MOCTOSIHHBIN TOK.
OO0BsicHUTe HAOIOJCHUS U 3aMUIINTE aHOHBIA U KaTOIHBIN MPOIIECCHI.

OnbIT 4. AHOIHBIE M KATOAHbIC MOKPBLITHS
Haneiite B 1Be mpobupku no 15-20 kamenb pacTBopa CEpHON KUCIOTHI M J00ABHTE 1O 2 Karllu
pacTBOpa KPaCHOU KPOBSIHOM COJIH.
Onyctute B OJHY NpOOMPKY MOJOCKY OIMHKOBAHHOTO >KeJe3a, B JIPYI'yl0 — JIYKEHOTO,
IpeBapUTENBbHO C/IeaB Ha MX MOBEPXHOCTH ITyOOKHE aparnuHbl HOKOM.
OtMmetbTe yepe3 5-10 MUHYT TOSIBJICHHE CHHEH OKPAaCKU B MECTE IapanuH (B Kakoi mpooupke?).
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OObsicHuTe HAOMIOJEHUS W 3alWIIUTE AaHOAHBIA M KATOMHBIA MPOIECCHl s  KaKAOU
raJibBaHOIapshI.

OmnsIt S. IIpoTekTopHas 3a1UTA
JloGaBbTe B 1Be MPOOMPKH C AUCTUIUTMPOBAHHON BOJIOH 10 OJJHOM Karljie COJITHON KUCIIOTHI U 110
JIBE KaIUIM pacTBOPa KPaCHOU KPOBSIHOM COJIH.
Onyctute B 0JJHY POOUPKY CKPEIKY, B IPYT'yI0 — CKPENKY B KOHTAKTE C AJIFOMUHHEM.
OTMeTbhTe MOsIBICHUE NHTEHCUBHOM CUHEH OKpacKH (B Kakou mpoOupke?).
OO0BbsicHuTe HAOMIOICHHS. 3aUIIMTE KATOIHBIN U aHOIHBIN mporiecchl. Crnenaiite BeiBo. Kakyto
POJIb BBITIOHSET AIFOMUHUNA?

OnpbIT 6. [IpuMeHeHne HHTHOMTOPOB
HaneiiTe B 1Be poOupku 1%-Hbli pacTBOP CEPHOM KUCIOTHI U 0OABBTE 1O 2-3 Karii pacTBopa
KpacHOM KPOBSIHOM COJIH.
PactBopuTe B 0HO# npoOupke yporponuH (1 mimarens).
Onyctute B 00e mpoOupku mo oxHou ckpenke. Kakoit nabmomaercs sddexr? Kakyro posb
BBITOJIHAET YPOTPOIIUH?

Kputepun onenkn:
- 9-10 GanoB BBICTABISETCS CTYACHTY, €CIIM OTYET BBIMOJIHEH 0€3 3aMeUYaHmii;
- 7-8 6aJUTOB BBICTABIISICTCS CTYJCHTY, €CIIA B OTYETE COACPKATCS HEOOBIINE HEJOUETHI;
- 3-6 OaJJIOB BBICTABIISIETCS CTY/ICHTY, €CIIH B OTUETE COJIEPIKATCS CYIICCTBEHHBIC OITHOKH;
- 2 Gajuta BBICTABIISICTCS CTYACHTY, €CITU OTYET HEe 0OPMIICH, HO paboTa BBITIOJHEHA.



7.3. OueHo4YHbIe cpeICcTBAa [Jisl MPOMEKYTOYHONH aTTeCTAMM MO HUTOraM OCBOEHMA
AUCHMILTHHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTaluu

Cemectp 1

Ne i/m Bonpocsl k 3auery

1 OCHOBHBIE IIOHATHS XMMHUHU: aTOM, HOH, MOJIEKYJ1a, JIEMEHT, BEIIECTBO

2 CHMBOJIBI XMMUYECKHX 3JIEMEHTOB

3 MoJb - KaK eIMHUIIAa U3MEPEHNUs KOJIMYECTBA BELECTBA

4 3aKOH COXpaHEHHsI MAacChl, MOCTOSHCTBA cOcTaBa. [IpMMeHEHHEe ero B XMMHUYECKHX
pacuerax

S) 3aKoH IIOCTOSIHCTBA cocTaBa. [IpyuMeHeHue ero B XuMHYECKUX pacueTax

6 ['a30BbI1 3aKOH KPATHBIX OTHOIICHUM U IPUMEHEHHE €0 B TEXHUYECKUX pacyerax

7 ["a30BbIii 3aKOH ABOragpo ¥ NPUMEHEHHE ero B TEXHUYECKUX pacyeTax

8 I"a30Bb111 3ak0H MeHeneeBa-Kialineposa ¥ NIPUMEHEHHE €0 B TEXHHYECKHUX pacderax

9 XUMHUYECKUI SKBUBAJICHT IPOCTBIX M CIOXKHbIX BEILECTB

10 MouisipHasi Macca U MOJISIPHBIN 00bEM SKBUBAJIEHTA

11 3aKOH 9KBHBAJIEHTOB

12 [lonsitre 06 sHTanbnuu. IlepBolil 3aKOH TEPMOIMHAMUKH.

13 DHTanbnus 00pa30BaHUs BEIICCTBA

14 DHTaNBIWS peakiuu. 3akoH ['ecca

15 DOHTANBNNS CTOPAHUS U TEIUIOTBOPHASI CIIOCOOHOCTH TOTUTUB

16 OHTponus - Kak TepMOJMHAMUYECKass (PYHKIUS COCTOSIHUA cucTeMbl. Pacuer sHTponuu
peaxknuu

17 Hanpasnennocts xumuueckux peakiuii. Jueprus ['n66ca

18 CKOpOCTh XMMHUYECKHX peakiiii. ' OMOTeHHbIE U TreTepOreHHBIE MTPOIECCHI

19 3akoH AeicTByronmx Macc. KoHcTaHnTa CKOpOCTH peakiuu

20 3aBUCUMOCTh CKOpPOCTH OT TeMmmepaTypsl. TemmnepaTypHblil ko3¢ ¢uinuent. IIpaBuio
Bant-T'odda

21 VYpaBHeHne AppeHuyca. 3aBUCUMOCTb KOHCTaHTbI CKOPOCTH OT TemImeparypbl. Pacuer
SHEPIUU aKTHBAIHU

22 3aBHCUMOCTh CKOPOCTH PEAKIMH OT NaplUaIbHOIO AABJICHUS

23 Xumnyeckoe paBHoBecue. KoHcTaHTa paBHOBECHS.

24 CwMmemenue xumuueckoro papHoBecus. [punmun Jle-laTense

25 PactBopbl. CriocoOb! BeIpaKeHHsI KOHIIEHTPALIUK PACTBOPOB

26 Mexanusm pactBopeHus. TepmMonHaMuKa pacTBOPEHHSL.

27 KonnuratuBHble cBoiicTBa pacTBOpOB: 3akoHbI Paynst u Bant-T'odda

28 VicTuHHBIE W TOTEHIMAJBHBIE SJIEKTPOJUTHI. Jluccommarnus SIeKTPOIUTOB (KHUCIOT,
OCHOBaHHUH, cosieit). KoHcTaHTa quicconManny MOTeHIMANbHBIX 3JIEKTPOJIUTOB

29 3akoH pazbasnenust Octanpna. M3otonndecknii koddduiment.

30 3akonsl Payns u Bant-I'odda 11 pacTBOPOB JIEKTPOIUTOB

31 Jucconmanus Bonbl. Bogopoausii mokasarens (pH)

32 ITpou3BeneHNe paCTBOPHMOCTH.

33 OOMeHHBIE peakIH B pacTBOPaX JEKTPOIUTOB

34 IM'uaponms. pH BogHBIX pacTBOPOB coeit

35 JlucniepcHble cucreMbl. Koutonineie pacTBOPHI

36 [Tomy4yeHne KOJUIOMIHBIX paCTBOPOB

37 CBoiicTBa KOJUIOUAHBIX PACTBOPOB

38 DIEKTPOXUMHYECKUE CUCTEMBI




39 DNEeKTPOAHBINA MTOTEHITUAI.

40 Ypasaenne Hepucra. CtaHgapTHBIN 31€KTPOAHBIN MOTEHIMAI

41 XUMUYECKUE UCTOYHUKH ToKa. ["anbBanmdeckuii semenT. [punuun u pacuer 3/1C

42 DneKTpoian3 pacniaaBoB. PacTBopuMBIN aHOJ

43 DneKTpoan3 BOJHBIX pacTBOpoB. KaTo1HbIe M aHOIHBIE IPOLIECCHI

44 3akonbl Dapages.

45 IIpuMeHeHHe 2IeKTPoIIn3a B IPOMBIIUICHHOCTH

16 Koppo3sus 'METAJIIOB U CIIABOB. ITpuunnbl koppo3uu. Tunsl U BUABI KOPPO3UOHHBIX
IOpaXKEHUM

47 Xumuueckass KOppo3us MeTayuioB. ['a3oBas koppo3us. XapaKTepHCTHKAa OKCHIHBIX
IIJIEHOK

DnexTpoxumuueckas Koppo3us. Koppos3uss Ha KoHTakTe AByX MeTawioB. OlieHka
CKOPOCTH KOPPO3HOHHBIX IPOLIECCOB.

48

49 Brnusinue pa3nuyabix GakTOpoB HA AIEKTPOXUMUYECKYIO KOPPO3HIO

MeTtoanl 3alllUThl METAIOB OT KOppO3UH. Meraninueckue u HEMETaUIMYECKHE

50
nokpbITUs. [IpoTekTopHas u katogHas 3amura. THruOUTOpsl KOPPO3UU
7.3.2. Kputepuu u HOPMbI OLlEHKH
®opma
NnpoBeeHust
Cemectp . Kpurepun u HOpMbI OLEHKH
NPOMEKYTOYHOI
arTecTaumu
1 3ayer (1o Texyuuit pedtunr cocrasiser 40-
«3a4TEHO»
HaKOIUTEIbHOMY 100 GanyoB
€UTUHT Tekymuii pedTuHr cocrtapiseT 0-
P y) «HE 3aYTEHO» YIUIH P
39 6amioB




8. YueOHo-MeTOoqHYecKOe H HH(OPMAIIMOHHOE 00ecneyeHne JUCITUTNINHBI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

KosmuectBo B
Tun (yueOHuk, yueoHoe HAVIHOI
Ne nocooue, yueOHO- y
ABTOpBI, COCTABUTEJIHN 3arsiaBue (3aroJjioBoK) I'ox m3panus ouoaunortexe /
n/n MeTOoHYEeCKoe mocodue,
OPAKTHKYM, 1p.) HaumenoBanue
P > AP- 3BC
1 | H.C. AxmetoB OO011as ¥ HeOpraHUYecKasi XUMHUs: YUeOHUK Y4eOHuk 2020 9BbC
/ H. C. AxmetoB. — 11-e u3n., crep. —
Canxrt-Ilerepoypr: Jlanb, 2020. — 744 ¢. —
ISBN 978-5-8114-4698-8.
2 | H. B. KoposwuH [u ap.]; mox | Ob0mas xumus. [ IIeKTpOHHBIN pecypc]: Y4ebHoe mocobue 2017 OBC
pen. H. B. Koposuna, H. B. | Teopus u 3agauu: yue6. nocobue / H. B.
Kynemosa. Koposwun [u np.]; mox pen. H. B. Koposuna,
H. B. Kynemosa. - U3a. 2-e, crep. - CaHkT-
[TetepOypr: Jlansp, 2017. - 492 c.: un. -
(Yuebnuku ams By3oB. CrieninanbHas
muteparypa). - ISBN 978-5-8114-1736-0.
8.2. JlonosinuTebHAS JIUTEpPATypa
Tun (yueOHuk, yueoHoe Ko::ql(:}clzl;lo B
Ne nocooue, yueOHo- y
ABTOpBI, COCTABUTEIN 3arsiaBue (3aroJi0BoK) I'ox u3panus ondauorexe /
n/n MeTOoHYeCKoe mocodue,
NpAKTHEYM, Ap.) HanmeHoBanue
P » AP- 3BC
1 | JI. . bop3oBa OcHOBBI  00mIeH XUMHH [ DIIEKTPOHHBIN VYyebHnoe mocobue 2014 ObC

pecypc]: yue6. mocobue / JI.JI. bopsosa,
H.}O. Yepnukona, B.B. fxymeB. - CaHKT-
[TetepOypr: Jlanw, 2014. - 469 c.: un. -
(YueOnukm st By3oB. CrenmanbHas
auteparypa). - ISBN 978-5-8114-1608-0.




Tun (yueOHuk, yueoHoe

KoaunuecTBO B

HAY4YHOH
Ne nocooue, yueOHO-
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK) I'ox n3nanus oudamMoTeke /
n/n MeTOoHYeCKoe mocodue,
HaumeHoBanue
NMPaKTHUKYM, IP.) 3EC
2 | H. ®@. Cracp Pemenne 3agau  mo  oOmed  Xxumuu 2016 9bC
[DnexTponHEbIi pecypc]: yueb. mocodbue / H.
®. Cracs, A. B. Kopmynos. - U3a. 3-e, crep.
- Cankr-IletepOypr: Jlanp, 2016. - 168 c.: ni. Yuetuoe nocobue
- (Yuebnuku pans By3oB. CneunanbHas
autepatypa). - ISBN 978-5-8114-2274-6.
3 | JI. H. baunoB [u ap.]; mox Xumust [DneKTpoHHBIH pecypc]: yueb. ais Y4eOHuk 2016 OBC

Hayy. pex. U. JL.
[Tepduiosoii, T. B.
COKOIIOBOIA.

By30B / JI. H. biunoB [u ap.]; nox Hayd.
pen. W. JI. Ilepdumnoroii, T. B. CokoioBoii. -
Cankr-IlerepOypr: Jlans, 2016. - 272 c.: u.
- (YueOnuku i By3oB. CrienuanbHas
autepatypa). - ISBN 978-5-8114-2038-4




8.3. Ilepeuennr mpodeccHOHATBLHBIX 0a3 JaAHHBIX M MH(POPMANMOHHBIX CHPABOYHBIX
cucTemM
byTtnepoBckue cooOmeHus [ DIeKTpOHHBIN pecypc]| : MHOTOIIpeAMET. Hay4. )KypH. / OO0
«HHOBaLlMOHHO-U3ATENBCKUM 1OM «ByTIepOBCKOE HacIeque»». — DIEKTPOH. KypHal. —
Kazanb : OO0 «MHHOBAaIMOHHO-U3/IaTENIbCKUM 10M «byTiepoBckoe Haciaeaue»y», 1999- .
Pexxum noctyna k xkypH.: http://butlerov.com/stat/reports/view.asp?lang=ru

XuUMUS B UHTEpPECaX YCTOMYMBOIO pa3BUTHS [ DJIEKTPOHHBIN pecypc] : MeKIyHap. Hayd.
xKypH. / Cubupckoe otaeneaue PAH. — DnekTpoHn. xxypHair. — HoBocubupck :
MznarensctBo CO PAH, 1999- . PexxuMm noctyma K KypH.

http://www.sibran.ru/journals/Hviur/

8.4. [lepeueHb MPOrpaMMHOro odecneyeHust

Ne Hanmenopanue IO PexBU3NTHI zlorosi)pa
n/n (1aTa, HOMep, CPOK JAeHCTBUS)
1 | Windows JHorosop Ne 690 ot 19.05.2015r., cpok
JeCTBHS - OECCPOUHO
2 | Office Standart JHorosop Ne 690 ot 19.05.2015r., cpok

nerctBus - 6eccpouno; Jorosop Ne 727 ot
20.07.2016r., cpok ACHCTBUSA - OECCPOUHO

8.5. Onucanne MaTepHaJbLHO-TEXHHUYECKOH 0a3bl, HEOOXOAMMOM AJs OCylIleCTBJIEHUsI
00pa3oBaTeILHOIO MPoIecca Mo JUCHUILINHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, J1a00PATOPHIi, MACTEPCKUX U

3aHITHI CEMUHAPCKOTO TUTA. YueOHas
ayIUTOPHS JJII POBEJCHUS J1a00PaTOPHBIX

Ne ApP. 00bEKTOB ISl IPOBEACHUS
N Ilepeuenb 0CHOBHOTO 000pPYAOBAHMSA
/I | NPaKTHYeCKHUX U JJa00PaTOPHBIX 3aHATHI,
NMOMELIECHHU VISl CAMOCTOATEIbLHOMN
padoThI 0fyuaroumxcsi (HoMep ayTUTOPHH)
VYyeOHas ayauropust AJis npoBeeHus 3aHATHil | CToJIbl yUeHUUYECKUEe TPEXMECTHBIE U
JEKIIMOHHOTO THMA. YueOHas ayJuTopus I | ABYXMECTHbIE MOHOOJIOKH, CTOJ
NPOBEJCHUS 3aHSATUA CEMHUHApPCKOTO THUMA. | MPENoJaBaTeIbCKUM, CTYI
VYuyebHast  ayauTopus UL KypCOBOIO | IpemojaBaTelbCckuil, kadeapa, 1ocka
IPOEKTUPOBaHUS  (BBIMOJIHEHMSI KYPCOBBIX | MEJIOBas . SKpaH HaBECHOM, IIPOEKTOP.,
1 | pabot). YueOHas ayauropus JUisl IPOBEIEHHS | IPOLIECCOP. MBIIIb KOMIIL., MYJbT.
TPYIITOBBIX 17§ WH/IMBHyaTbHBIX
KOHCYNIbTallMid. YueOHas ayauTopus Jjs
NPOBEJCHUS 3aHATUN TEKYIIEro KOHTPOJIS U
IIPOMEXYTOUYHOM aTTecTaluy.
(A-125)
JlaGopatopus "OO1eit 1 HeopraHUIECKOM Cron nabopaTopHbIi, CTOI
xumun" YueOHas ayJUTOpHs 171 MPOBEACHUS | TPUOOPHBIN,BHITSHKHOM 1IKad , mkad 1is
2 | nabopaToHbIX padoT. peaKkTHBOB , mIKad s MOCYAbI, apTa
(A-310) y4eHHUYECKasi, CTOJ MMChMEHHBIH., TYMOBI,
MOWKH, TaOypeThI, TOCKAa MEJIOBAsL.
Komnrerotepnsiit knacc. YueOHas aynutopusi | CTobl ydeHUYECKHUE, CTOI
JUISL IPOBENICHUS 3aHATUH JIEKIIMOHHOTO THIA. | IIPENOAABATENbCKUMN, CTYNIbsl YYEHUUECKUE,
3 | YuebOHas ayquTOpus IS TIPOBEICHHS nocka ayautopHas (mapkepHas), [1K ¢

BBIXOJOM B CCTh I/IHTCpHeT



http://butlerov.com/stat/reports/view.asp?lang=ru
http://www.sibran.ru/journals/Hviur/

n/n

HaumeHoBaHue 000PYI0BAHHBIX Y4EOHBIX
Ka0MHeToB, 1a0opaTopuii, MACTEPCKUX U
Ap. 00bEKTOB /1J1sl IPOBe/IeHUs!
NMPAKTUYECKUX U JIA00PATOPHBIX 3aHATHH,
NOMeleHUuH JJISI CAMOCTOATEILHOMI
pa6oThl obyvarumxcsi (HoMep ayTUTOPHH)

Ilepeyenb 0CHOBHOTO 000pPYAOBaHMS

pabot. YueOHast ayAuTOpHs ISl KypCOBOTO
MIPOSKTUPOBAHUS (BBITIOJTHEHHS KyPCOBBIX
pabot). YueOHas ayquTopus sl IPOBEICHUS
TPYIIOBBIX U WHIWBUIYAIbHBIX
KOHCYJIbTAIMi Y4eOHast ay JUTOPHUs st
MIPOBEJICHUS 3aHSATUN TEKYIIETO KOHTPOJIS U
POMEKYTOYHOW aTTEeCTAIIHH.

(YJIK-812)

Komnerorepusiii  kiacc. Ilomemenue mis
CaMOCTOSITEIIbHOU paboTHI. VYuebnas
ayouTopusi Il TPOBEICHUS  3aHATHIA
CEMHUHAPCKOT0 TUIA. Y4ueOHas ayIuTOpHs s
KypPCOBOTO MPOEKTUPOBAHUS (BBIMOIHEHUS
KypcOBBbIX paboT). YueOHas ayauTopus JUis
MPOBEJCHUS TPYNIOBBIX U WHIAUBUAYAIbHBIX
KOHCYJIbTallMi. YdueOHas ayauTopust s
MPOBEJCHUS 3aHATUNA TEKYIIEro KOHTPOJIS U
npoMexxyrouHoi arrecraimu. (I'-401)

Cron yuenmueckuit, ctyn, IIK ¢
BBIXOJIOM B CETh HHTEPHET




