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Cpok neiicTBus padoueii mporpaMMsbl AMCUMILIMHBI 10 «31» aBrycra 2024 r.

COI''TACOBAHO

3aBenyromuii  kadenpoi«Cpapka, o0paboTKa MaTepualiOB JaBICHHUEM H POJCTBCHHBIC
HPOLIECCHI»

« _» 20 T. B.B. EnblioB
(noonucv) (U.0. Damunus)
VTBEPXJIEHO

Ha 3aceganun LHEHTpa MEIUIIUHCKON XMMMHU

(mpotokou 3acenanus Ne 3 ot «19» centsiops 2019 r.).



1. Ileaib 0cBOEHUA TUCHUILIHHBI

Llenp ocBoeHUS! AMCUMILIUHBI — COPMUPOBATH CUCTEMY XMMHUYECKUX 3HAHUM (MOHATHH,
3aKOHOB, ()aKTOB, XMMHYECKOTO $3bIKa) KAaK KOMIIOHEHTa €CTECTBEHHOHAYUYHBIX 3HAHHUK 00
OKpYXKalollleM MHpe M €ro 3aKOHax, a Takxke c()opMHpOBaTH COBPEMEHHOE MpPEICTaBICHUE O
BELIECTBAX, UX CTPYKTYpE, CBOMCTBAX U B3aUMHBIX IPEBPAILICHUSX.

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

I[I/ICI_[I/IHJII/IHLI U IpPaKTUKHU, Ha OCBOCHHH KOTOPBIX 6a31/1pyeTcs1 JaHHasg JUCHHUIIIIMHA:
«Bricmas mareMaTHKa.

HI/ICHI/IHHI/IHBI " IpaKTHUKH, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHHUITIIMHBI HeO6XO,I[I/IMO Kak

npeamectpytomiee: «MartepuanoBenenue 1 TKM», «Okonorus», «TeXHOIOTUsT KOHCTPYKIIMOHHBIX
MaTepHUaioBy.

3. Ilinanupyembie pe3yJbTaThl 00y4YeHUs1

dDopmupyeMbie U HNuauxaropsl
KOHTpPOJIUpYyeMble AOCTUKEHH S I[Inanupyemble pe3yJbTaThl
KOMIeTeHIUH KOMIeTeH Ui 00y4eHus
(KO ¥ HAMMEHOBAHUE) (Ko ¥ HAMMEHOBAHUE)

YMEHHUE UCIOJIB30BaTh - 3HaTh: MpaBUIIa TIOBEJCHUS U
OCHOBHBIE 3aKOHBI TEXHHUKY 0€30MacHOCTH B
€CTeCTBEHHOHAYYHBIX XUMUYECKOH J1TaO0paTOPHH; METOIbI
JTUCIUILIAH B MPOBEJICHUS IKCIIEPUMEHTAIbHBIX
npodeccuOHaTHLHON UCCIICIOBAaHHA, TIOATOTOBKU
NEeSTeIbHOCTH, IPUMEHSTh pabouero mMecra; mpaBuia
METO/IB MATEMAaTHYECKOTO 0(pOpMIICHHS OTYETOB K
aHanu3a u n1abopaTOpHBIM paboTaM MO XUMUH,
MOJICITUPOBAHMUS, MOCTPOCHHS TPa)MKOB, COCTABICHUS
TEOPETUYECKOT0 U BBIBOJIOB; OCHOBHBIE MTOHATUS U
HKCTIEPUMEHTATBHOTO 3aKOHBI XUMHUH, OCHOBHBIE 3aKOHBI
uccinenobanus (OITK-1) B3aMMOCBSI3U MEX/1y CTPOCHHEM U

XUMHYECKIMH CBOMCTBAMH BEIECTB;
OCHOBHBIE 3aKOHOMEPHOCTH,
COIPOBOXKAAIOIINE B3aUMOAECHCTBUS
BEIIIECTB

YMeTh:caMOCTOSITETHHO paboTaTh ¢
METOAMYECKUMH PEKOMEHIAIUSIMH,
CIpaBOYHBIMU MaTEpUATAMH,
IPUMEHATh TEOPETUYECKHE 3HAHUS
JUTS IPOBE/ICHUS KCIIEPUMEHTA U
00paboTKH ero pe3yabTaToB
0OPMIIATH OTUETHI K JTAOOPATOPHBIM
paboTaM 1Mo XUMHUH, CTPOUTH
rpaduku, GopMynupoBaTh BHIBOJbI,
aHAJIM3UPOBATh MOJyYCHHbIE
pe3yJIbTaThl, OCBAUBATH HOBEIC
TEXHOJIOTHYECKHUE MPOLIECCHl M HOBBIE




DopmupyeMbIe H
KOHTPOJIUpyeMble
KOMIIeTeHIUH
(KO 1 HAMMEHOBAHUE)

HNuauxkaropsl
JOCTHKEHUS
KOMIIeTeHIIM it
(Ko ¥ HAMMEHOBAHUE)

[lnanupyemble pe3yJibTaThI
o0yueHust

BH/JIbI TEXHOJIOTUYECKOTO
000py0OBaHusl, IPUMEHATD
TEOPETHUYECKUE aCIEKThl XUMHH JIJIst
aHaJlM3a CBOMCTB BEIECTB U
MEXaHU3MOB XUMHUYECKHUX MPOIECCOB

Brnanerh:MeTonamMu opraHu3amnuu
CaMOCTOSITENIbHOW Pa0bOThI, aHATIH3a
MOJTyYCHHOU NH(pOpMAIIHH,
0(pOpPMIICHHS OTYETOB K
1abopaTOpHBIM paboTaM MO XUMHH,
MOCTPOCHHS IPpauKOB, COCTABICHUS
BBIBOJIOB; CIICIIMATBHON XUMHUYECKOU
TEPMHUHOJIOTUEN, METOIaMH aHAIN3a
paboThl OOBEKTOB

PO ECCUOHAIBHON JEATETHHOCTH U
OIIPEJICIICHUS] CBOMCTB BEIIECTB U
MEXaHU3Ma MX Y9aCTHs B IMPOLECCAX
XHUMHUYECKOTO XapaKTepa




4. CTpyKTYypa M coJepKaHue TUCHUILIMHBI

®opMbI TEKYLIET0

. KOHTPOJIA
Monayasb (pa3aea) BMHH HaHMeHOBaHIfe TEM 3atiTHH Cemectp Odnem, banabl | UHTEepakTuB, 4. (HAMMeHOBaHMe
y4eOHOoii padoThI (yueoHoli paGoThI) q,
OLIEHOYHOT 0
cpeacrsa)
Monyns 1. Jlexrust (JIek1) |OcHOBHBIC MOHSTHS U 3aKOHBI XUMHHU 1 2 - -
CtpoeHue u [TpakTueckoe  |PacueTsl o ¢popmynam U ypaBHEHHSIM 1 2 5 - KonTposibHas pabota
coiicTea Beniectsa |3ansitue (IIpl) Nel
Jlexuus (JIek2) |OcHOBHBIE KacChl HEOPTaHUYECKUX 1 2 - -
BEIIECTB
Camocrositensna (MJ[31 1 4 - -
s pabora (Cpl)
JlaboparopHoe |OCHOBHBIE KJIacChl HEOPraHUYECKUX 1 2 10 - OtyeT no
3anstue (JIabl) |BemiecT nmabopaTopHoipadboTe
Nel
Jlexuus (JIek3) |Ctpoenue aromoB. [lepuoanueckas 1 2 - -
cuctema anemeHToB [[.1. MennaeneeBa
[TpakTueckoe  |CTpoeHue aTOMOB 1 2 5 - KonTponbHas pabota
saustue (IIp2) No2
Jlexuus (Jlek4) |Xumuueckasi CBs3b. 1 2 - -
[TpocTpaHCTBEHHOE CTPOEHUE MOJIEKYJI
[TpakTueckoe | XumHUUecKas CBA3b. 1 2 5 - KonTponbHas pabota
sanstue ([Ip3)  |[IpocTpaHCTBEHHOE CTPOCHUE MOJICKYIT Ne3
Moy 2. Jlexuus (JIek5) |TepmoanHaMyka XUMHUYECKHX 1 2 - -
TepmoauHamuka u nporeccoB.DyHKIIMU COCTOSHUSA:
KHHETHKA BHYTPEHHSISI DHEPT UL, SHTAITBITUS
XUMHYECKHUX Jlexuus (JIek6) |DyHKIMHM COCTOSHUA: SHTPOMHS, 1 2 - -
[IPOLIECCOB sHeprus [ m606ca. Hanpasnenue
NPOTEKAHHS XUMUYECKHUX PEaKIHi
Camocrositensha |MJ132 1 4 - -

st pabora (Cp2)




®DopMbI TEKYLIETO

. KOHTPOJIA
Monayasb (pa3aea) B“I/Ill HaHMeHOBaHIfe TeM satTun Cemectp Obnem, banabl | UHTEepakTuB, 4. (HAMMEHOBaHHe
y4eOHOoii padoThI (yueOHoli paGoThI) q,
OLIEHOYHOT 0
cpeacrsa)
JlaboparopHoe |OmpenencHue YHTAIBINN PEAKIIHH 1 2 10 - OTyeT 1no
3ansaTue (J1a62) mabopaTopHOI
pabote No2
[Tpaktnueckoe | TepMoaMHaMUKa XUMHUYECKHX 1 2 5 - KoHnTposibHas padora
sanstue (I1p4) peakuui No4
Jlexums (JIek7) |Xumuueckas kuHetuka. BiusHue Ha 1 2 - -
CKOPOCTh XUMHUYECKUX PEAKIIHIA
KOHIICHTPAIINH, TaBJICHUS
Jlexums (JIek8)  |BiusiHue Ha CKOPOCTh XUMHUUYECKHUX 1 2 - -
peaKkui TeEMIEPATypBl,
KaTaJIn3aTOPOB. XUMHUECKOE
Camocrositenbaa | MJ133 1 4 - -
s pabora (Cp3)
JlaGopatopHoe  |CKOpPOCTh XUMHYECKUX PEAKIIUH. 1 2 10 - OTtuer 1o
3anstue (JIab3) |Xumuueckoe paBHOBecHE nmabopaTopHOi
pabote Ne3
[TpakTnueckoe |KnHeTMKa XMMHUYECKUX peakLuid 1 2 5 - KoHnTposibHas pabora
sansitue (I1p5) Ne5
Monyns 3. Jlexums (JIek9)  |PactBopsl. CriocoObl BEIpaKEHHS 1 2 - -
PactBoph! 1 KOHIIEHTPAIIUU PaCTBOPOB.
DIIEKTPOXHUMHUYECKHE KonnuraTuBHbBIE CBOCTBA paCTBOPOB
MMPOLICCChI [IpakTuueckoe CriocoObI BeIpaKEHUST KOHIICHTPAIIUT 1 2 5 - KonTpomipHas pabota
3austue (I[Ip6)  |pacTBopoB Ne6
Jlexmms (JIek10) |CBoiicTBa pacTBOPOB JEKTPOJIUTOB: 1 2 - -

JIMCCOIMALIUS. HIOHHOE NTPOU3BEICHHE
BO/JIbI, IPOM3BEICHNE PACTBOPUMOCTH,
THJIPOJIM3 COJIel, HalpaBJIeHe
OOMEHHBIX peaKIHil




®DopMbI TEKYLIETO

. KOHTPOJIA
Monayasb (pa3aea) B“I/Ill HaHMeHOBaHIfe TeM sansTiH Cemectp Obm.em, banabl | UHTEepakTuB, 4. (HAMMEHOBaHHe
y4eOHOoii padoThI (yueOHoli paGoThI) q,
OLIEHOYHOT 0
cpeacrsa)
Camocrositenbaa | 134 1 4 - -
s pabota (Cp4)
JlabopaTopHoe | PacTBOpHI 371€KTPOJIUTOB 1 2 10 - OTyeT 1o
3ansaTue (J1a64) mabopaTopHOI
abote N4
[Ipaktuueckoe |CBOMCTBa paCTBOPOB 1 2 5 - KontponbHas padota
3austue ([1p7) Ne7
Jlexkuus (JIek11) |OKUCIUTENBHO-BOCCTAHOBUTEIIBHBIC 1 2 - -
peaxun
CamocrosiTenpHa 1 4 - -
s1 pabora (Cp5) 135
JlaGopaTopHoe 1 2 10 - OTyeT no
OKHUCITUTEIIEHO-BOCCTAHOBUTEIILHBIC .
3anstue (J1ab5) S— mabopaTopHOii
pabote Ne5
Jlexuus (JIek12) |I1eKTpOXUMHUECKHE CHCTEMBI. 1 2 - -
["anpBaHMYECKHUE DJIEMEHTHI
Jlexuus (JIek13) |DnekTponu3 paciiiaBoB U BOJHBIX 1 2 - -
pactBopoB. 3akoHbl Dapajes
Jlexuus (JIek14) |Kopposust MetayuioB. Xumudeckas u 1 2 - -
AIIEKTPOXUMHUYECKAsT KOPPO3HSI.
CniocoO0bI 3alUThl METAJIOB OT
Camocrostensaa | /136 1 4 - -
g pabora (Cp6)
Jlabopatopuoe | Kopposus meTayioB 1 2 10 - OTyeT Mo
3ansTue (J1abob) mabopaTopHOii
padote Neb
[TpakTueckoe | DIEKTPOXUMHUS 1 2 5 - KonTponbnas pabora

3anstue ([1p8)

Ne8




®DopMbI TEKYLIETO
Bun HanmeHoBaHMe TeM 3aHATHI Oo0mbem, KORTPOJI
Monayasb (pa3aea) . . Cemectp banabl | UHTEepakTuB, 4. (HAMMEHOBaHHe
y4eOHOoii padoThI (yueOHoli paGoThI) q,
OLIEHOYHOT 0
cpeacTsa)
IIpaktnueckoe  |MTorosoe 3aHsATHE 1 2 - -
3anstue (I1p9)
CamocrosiTenbHa | MI3ydeHne TeOpeTHIeCKOTo MaTepraia 1 59,75 - -
s padora (Cp7) |mo Kypcey JIEKIIMH, TOATOTOBKA K
UTOTOBOMY T€CTUPOBAHHUIO (3aUETy)
[Tpomexyrounas |[Ipomexyrounas aTrrectanus (3a4eT) 1 0,25 - - Bormpocs k 3auery
arrectaus (ITA) Nel-50
Tect uroroseiii | UTorosoe TectupoBaHue 1 2 100 - TecroBble 3ananus Ne
(TW) 1-2092
Hroro: 144 200

Cxema pacuera utorooro 6amaa«(Cymma + Tep)/2» - cymma OauioB 1O BCEM YYEOHBIM MEPOTIPHUSATHSM,

cp€aHee apI/I(bMCTI/I‘IGCKOC 110 BCEM IIPOMCIKYTOUHBIM TE€CTAM, ITPOBOANMBIM 4YCPE3 OT.

MIPELYCMOTPEHHBIM B Kypce +




5. O0pa3oBaTebHbIE TEXHOJIOTHU

[Ipu peanu3anuy AUCHUILIMHBI HUCHOJB3YETCS TEXHOJIOTHUS TPAJAUIIMOHHOTO OOYYCHHS —
opraHuzaisi y4eOHOTO mpolecca B By3€, OCHOBAaHHAs Ha JICKI[MOHHO-CEMHHAPCKO-3a4€THOU
dopmax oOyueHus. K dopmam 00ydeHHs] OTHOCSTCS JIEKIIUH, MPAKTHYECKHE U JTabOpaTOpHBIE
3aHATHS, & TAKKE CAMOCTOSTEeNbHas paboTa. Ha neKknusx MCroib3yrTCs HATJISIHBIC U CIIOBECHBIC
METOJIbI OOYYCHHsI, Ha MPAKTUYCCKHX U JIA0OPATOPHBIX 3aHATUSX — HATJsIHBIC, CIIOBECHBIC U
npakTudeckue MeToabl. OleHUBaHUE 3HAHWH CTYACHTOB MPOU3BOAMTCS 1O 0aNTbHO-PEHTUHTOBOM
cucTeme.

6. MeToauuyecKue YKa3aHUusA 110 OCBOCHUIO TUCIHUIIJINHBI

Moayas 1. CTpoeHne U CBOHCTBA BellleCTBA

TeMbl JIEKIUOHHBIX 3aHATHM:

OCHOBHBIE TIOHATHUS U 3aKOHBI XUMHH.

OCHOBHBIE KJIACChl HEOPTAHUYECKUX BEIIECTB.

Crpoenue atomoB. [lepuoanueckas cuctema snemenTon J[.1. Menneneena.
Xumnueckas cBa3b. [IpocTpaHCTBEHHOE CTPOCHHUE MOJIEKYII.

Tembl NPAKTHYECKHUX 3AHATHIL:

Pacuets! o hopmynam u ypaBHEHHSM.

Crpoenue aToma.

Xumnueckas cBA3b.IIpocTpaHCTBEHHOE CTPOCHHUE MOJIEKYII.

Tema 1a60paTOpPHOTO 3aHATHA:
OCHOBHBIE KJIaCChl HEOPTAHUYECKUX BEIICCTB.

N3y4nB 1aHHBbI MOY b, CTYAEHT JA0JIKEH:

HMCETDb MPCACTABICHUC 00 OCHOBHBIX MOHSTHIX U 3aKOHAX XUMHUU, KJIaCCI/I(I)I/IKaLII/II/I BCIICCTB,
CTPOCHUU aTOMa; TUIaX XUMHUUECKOH CBS3H.

3HATh:
OCHOBHBIC IIOHATHUA XHMHHU (MOHGK}U’I&, aToM, XUMHYECKHH OJICMCHT, MOJIb, MOJIApHasA Macca,
XMMHYECKUI IKBUBAJICHT, MOJISIPHAS Macca XMMHYECKOTO SKBHUBAJICHTA);
OCHOBHBIC 3aKOHBbI XHMMHUH (COXpaHCHI/ISI MacCcChbl, ITOCTOAHCTBaA COCTaBa, 00BEMHBIX OTHOHIGHI/IfI,
ABorajipo, ypaBHeHue MeneneeBa-Kianelipona, 00beIMHEHHBIN Ira30BbIN 3aKOH);
COBPEMEHHYIO KOPIYCKYJISIPHO-BOJIHOBYIO TEOPHUIO CTPOCHHUS aTOMa; KBAHTOBBIE YMCIIA, IIPABUIIA U
MPUHIUIIBEI COCTABJICHUA SHCKTPOHHOﬁ KOH(l)I/IpraHI/II/I XUMHNYECKOI'O 3JIEMCHTA,
TUIIBI XUMMUYECKON CBSA3H (MOHHYIO, KOBAJIEHTHYIO, METAJUIMYECKYIO, BOJIOPO/IHYIO), UX CBOWCTBA U
XapaKTEePUCTHKY,

MMPOCTPAHCTBECHHOC CTPOCHUEC MOJICKYJL.

yMeTb:
IIPOBOAMTH XMMHYECKHM SKCIIEPUMEHT U aHAJINU3 MOTYYEHHBIX PE3YJIbTATOB;
IIPOBOAMTH KOJIMYECTBEHHBIE PACUETHI IO YPABHEHUSIM XUMUYECKUX PEAKIIM;
COCTABJIATH YJEKTPOHHYIO KOH(PUTYPALINIO XUMUYECKUX JIEMEHTOB;
ONPEAEIIATh TUIl XUMUYECKON CBSA3H B BEILIECTBE U €0 POCTPAHCTBEHHOE CTPOEHUE; COCTABIISITh

CTPYKTYPHYIO (hOpMYJTy BEIIECTBA.

MeTtoauyeckue peKOMeHAALMHU 110 U3YyYEHUIO MO
[Tpu ocBOeHMM MOYIISI HEOOXOAMMO:



U3y4UTh Yy4eOHBIH MaTepual MO COOTBETCTBYIOIIEMY MOJIYJIIO TUCIHMIUIMHBI, HCIIOJB3YS
JIEKLIMOHHBIN MaTepHUall U JIUTEPATYPY 110 TaHHOU TEMATHUKE;

aKIEHTUPOBATh BHUMAHNE HA: OCHOBHBIX MOHATHAX M 3aKOHAX XMMHHM; KJIacCHU(UKAIUU BEIIECTB;
O0IIMX XMMHYECKUX CBOMCTBAX BEILECTB OJHOIO Kjacca; CTPOCHUM aToOMa; KBAHTOBBIX YMCIAX;
COCTABJICHUH DJICKTPOHHON KOH(UTypalMi XUMHUYECKUX DJIEMEHTOB; THIIAX XMMHYECKOH CBS3W;
IIPOCTPAHCTBEHHOM CTPOCHUHU MOJIEKYIL.

OTBETUTH HAa KOHTPOJIBHBIE BOIIPOCHI:

1. Yto takoe oTHOcuTeNbHas aToMmHas macca? PaccuuTaiiTe OTHOCUTENBHYIO aTOMHYIO Maccy
cepsl, ect M(S)=5,3-102%r, a m(C)=2,0- 102 r.

2. PaccuunTaiiTe aOCOJIOTHYIO MacCy MOJIEKYJIbl CEpHOW KHCIIOTBI, €CIM €€ OTHOCUTENbHas
MOJIEKYJIsIpHAasi Macca paBHa 98.

3. OtHOcHuTeNbHAas IJIOTHOCTH Ta3a 1Mo BOAOPOMY, conepxkamiero 27,27% yriuepoma u 72,73%
Kuciaopona, paBHa 22. Omnpenenutre OTHOCUTENIBHYIO MOJEKYISAPHYIO Maccy Tra3a M €ro
XUMHUYECKYI0 (hopmyIy.

4. OtHOCUTENBHBIC IFIOTHOCTH Ta30B 1O BO3Ayxy paBHbL: a) 0,9; 6) 3,17. Onpenenute maccy 1 1
Ka)KJ0ro rasa.

5. Ompenenure, Kakoil »To merami, ecad 1,6 T kampius u 2,615 r© ABYXBaJIGHTHOrO MeTaija
BBITECHSIOT U3 KUCIOTHI OJIMHAKOBBIN 00BEM BOAOPO/Ia IIPU OJIHUX U TEX KE YCIOBUSX.

6. Xmopun meramna conaepkut 69% xmopa. OTHocUTeIbHAS aTOMHAsi Macca MeTallia paBHa 47,9.
Ornpenenure CTereHb OKUCICHUS METAJlJIa B TOM COSAMHEHUH.

7. Tlpu temmepatype 100°C u naBnenun 50 atm. ras 3aaumaer oovem 10 M3, ITpuBenute 06beM
3TOro ra3a K H.y.

8. HamummTe mnonHbIe SJEKTPOHHBIE KOH(Urypaluu aTOMOB »JJIEMEHTOB C MOPSIAKOBBIMU
HOoMepamu 15 u 23. YkaxxuTe BaJIEHTHBIE AJIEKTPOHBI 3TUX 3JIEMEHTOB.

9. Hanmmmre >71eKTpOHHBIE KOH(GHUTYpAIH aTOMOB Cephl B XpoMa U noHoB S?” u Cré*. CpaBaute
paauychl aTOMOB M HOHOB.

10. V kakux U3 HUKE MPUBEICHHBIX MOJIEKYJ XUMUYECKHE CBSI3U UMEIOT MOJSIPHBIN XapakTtep: Oz,
CO, HF, N2, NHs.

11. Onpenenurte BaJ€HTHOCTh AIFOMUHUS B OCHOBHOM M BO30Y)K/IEHHOM COCTOSIHUSX.

12. Yemy paBHa Macca | MOJIb PKBHBAJIGHTOB OJIOBA B PEAaKIHAX €ro BOCCTAHOBIEHH:: a) Sn*" +2e
= Sn?*; 6) Sn** +4e = Sn°

13. PaccumraiiTe MOJSIpHYIO MacCy SKBHBAJICHTa eJie3a B COCJAMHCHUSX €ro C KHCIOPOJIOM,
conepsxkamux a) 70 u 6) 77,8% xenesa.

14. Omnpenenute SKBUBAJIEHT M MOJISIPHYIO MAacCy SKBHUBAJICHTa MOHOB JKe€Je3a B IMPUBEICHHBIX
peakmsx: a) Fe3* +1e = Fe?*; 6) Fe** + 30H = Fe(OH)3

15. Paccuuraiite MOISpHYIO Maccy fKBUBajeHTa MmeTaywia, eciu 0,029 r ero BBITECHSIOT U3
kucnotsl 30 M Bojiopoaa (H.y.).

Moayab 2. TepMoauHAMHKA M KHHETHKA XUMHUYECKHUX MPOLIECCOB
TeMbl JIeKUMOHHBIX 3aHATHIA:
TepmoauHaMuka XUMUYECKUX IporeccoB. (DYyHKIMM COCTOSHHUS: BHYTPEHHSA DSHEprus,

SHTAJIBITHUS.

OYHKIMKM COCTOSHUS: dHTpomws, YHeprusi [ mb0Oca. HampaBinenue nmpoTekaHus XUMHUYECKUX
peaKkui.
XumHuueckass KUHETUMKa. BriusHMe Ha CKOPOCTh XUMHYECKHMX pEaklMi KOHLEHTpaluu,

JTABJICHUSI.

BiustHue Ha CKOpPOCTh XMMHUYECKUX PEAKIMI TeMIlepaTyphl, KaTajlnu3aTOpoB. XUMHUYECKOE
paBHOBeCHE.

Tembl NPaKTHYECKUX 3aHATHIA:



TepMoauHaMrKa XUMUYECKUX PEAKIUM.
KuneTnka XMuMUYECKUX peaKIuil.

Tembl J1a00PATOPHBIX 3aAHATHIA:
OnpeneneHue SHTAJIBINN PEAKLUH.
CKOpOCTh XMMHUYECKUX pEeaKLMi. XMMHUYECKOE PaBHOBECHUE.

H3y4uB faHHBIA MOAYJIb, CTYJIEHT JOJIKEH:

UMETh Mpe/CTaBIeHUE 00 IHEPreTUYECKUX U3MEHEHUAX B CUCTEMAaX, B KOTOPBIX MPOUCXOAUT
B3aMMOJICHCTBHE MEXAY BELIECTBAMHM; CKOPOCTHM XHUMHYECKMX peakuuid U MeTojax ee
peryaupoBaHus.

3HATh:

TEpMOIMHAMHUYECKUE (DYHKIIMH COCTOSIHUSA, CIIOCO0 U3 pacueTa (3akoH ['ecca u ero crneacraue);

BIIMSIHME TEMIIEPATypbl Ha BO3MOXKHOCTb IMPOTEKAHUS PEAKIIMU B 3aBUCUMOCTH OT YHCIEHHBIX
3HAYCHUI SHTAJIBIIUUA U SHTPOIIUU PEAKIINH;

BJIMSTHUE HA CKOPOCTh XUMUYECKOW PEaKIIUU KOHIIEHTPAIMH (3aKOH JEHCTBYIOLINX Macc);

BJIMSTHUE HA CKOPOCTh peakluu Temmeparypsl (mpasuio Baut-I'opda u ypaBHenue Appenunyca);
BJIMSTHUE HA CKOPOCTh PEAKIIMU KaTaJu3aTOpPOB;

XUMHYECKOEe paBHOBeCHUE U criocoOkbl ero cmerenus (mpunuuin Jle [arenne)

YMeTh:
IIPOBOJAUTH XUMUYECKHUM SKCIIEPUMEHT U aHAJIU3 NIOJIYYEHHBIX PE3YJIbTATOB;
OIPEENATh BO3MOKHOCTh IIPOTEKAHUS PEAKLIUU;
peryaupoBaTh CKOPOCTb XUMUYECKON PEAKIIUN.

MeTtoauyeckue peKOMeHAALMHU 110 U3YyYeHUI0 MOLYJIs
[Tpu ocBOeHUM MO HEOOXOAUMO:
U3Y4YUTh Yy4eOHBIH MaTepual IO COOTBETCTBYIOLIEMY MOJYIIO TUCIHUIUIMHBI, HUCIHOJIb3Ys
JIEKIMOHHBIN MaTepuall U JINTepaTypy Mo JaHHOW TEMaTHKE;
aKLIEHTUPOBATh BHUMAHUE Ha: SHTAIBIIMKA 00pa30BaHus, CTOPaHMs M PEaKIMK; SHTPOIIUU BEILLECTBA
U peakuuu; sHepruu ['m606ca; KHHETHMUECKUX YpPaBHEHHUSAX Ui FOMO- U TE€TEPOTeHHBIX PEaKIIMA;
SHEPruM aKTUBALlUM; OCOOEHHOCTSX MPOTEKaHUs TETEPOreHHBIX IPOIECCOB; XUMHUYECKOM
PaBHOBECHHU U CIIOCOOAX €0 CMELCHHMS.
OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI:
1. llpu coemunenuu 3,2 r xene3a c¢ kuciopogoMm Bwienuiochk 40 xJlx rteruta. Paccuuraiite
SHTANBITHIO 00pa3oBaHus okcuaa xenesa (I1).
2. PaccuuTaiiTe TEIIOTBOPHYIO CIOCOOHOCTH METaHA.
3. PaccumTaiiTe KOTHMYECTBO TelIa, KOTOPOE BHIAEIUTCS MpHu cropanuu 50 M3 cMecu, cocrosmeit
u3 50% kucnopona, 25% Bogopoaa u 25% yriaekucioro rasa.
4. CpnenaiiTe BBIBOJ O BO3MOXKHOCTH CaMOITPOM3BOJILHOTO MPOTEKAHUS PEAKIMM B CTAHAAPTHBIX
ycioBusx, eciu u3BecTHo, uto AH,? = - 293 xJIx, AS,’ = 27 JIx/K.
Paccunraiite snTanbnuio peakiun: 2NaOH ) + H2SO40x) = Na2SOurs) + 2H20x).
Omnpenenute 3HAKM U3MEHEHUSI SHTAIBIIMK U SHTPOIIMHU IS CIEIYIOIIETO0 TEPMOIMHAMUYECKOTO
npouecca: 2Hzr) + Oz = 2H20(.
7. B xakux ciyyasx SHTaJbIUS CrOpPaHHs IPOCTOrO BEIIECTBA paBHA SHTAIBIUU 00pa3oBaHUS
CJIOKHOI0?
8. Kak BwIpakaeTcss CKOpPOCTh XHUMHUYECKOW pPEAKIMHA 10 3aKOHY JEHCTBYIONIMX Macc B
TOMOT€HHBIX U T€TEPOreHHBIX PEaKLUAX?
9. Omnpenenute OOIMI U YaCTHBIC MOPSIAKU MO KOMIIOHEHTAM CIIEAYIOIIeH XUMHUECKONW PEaKIIHH:
2C2Hg + 702 — 4CO2 + 6H20.

oo



10. Bo CKONBKO pa3 M3MEHUTCS CKOPOCTh PEAKINHN MPH M3MEHeHnH TeMrepaTypsl Ha 30°C, eciu y
=3,0?

11. Kak uzmeHuTcs vyp razodasnoii peakuuu 2A + 3B = 2C npu yBenudeHUH JaBjieHus B 2 paza?

12. Tlouemy vgp peakuuu Na + H2O — otnmuaercs ot vnp peakiun Ca + H2O —?

13. Hanumwure MaTemaTHueckoe BblpaxkeHue sl ckopocTu npsMoil peakuuu CaOgsy + CO2p) —
CaCO3(TB).

14. VI3ameHeHne kakuxX (DaKTOpOB BBI3OBET CMEIICHHE paBHOBECHs oOpaTumoil peakumu N +

A = o
3H2<> 2NHs; AH |, =-92 k][x B cTOpOHY NpsAMO# peakiuu?

15. BbIUMCIMTE UCXOIHBIE KOHLEHTPALUK BELIECTB, €CIM PABHOBECHBIE KOHIEHTPAL[MH M3BECTHEIL:
2NO + Cl2«»> 2NOCI, [NOJ=1,5 moms/m, [Cl2]=1 mons/a, [NOCI]=0,5 moss/m.

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

TeMbl JIEKIMOHHBIX 3AHATHIL:

PactBopsl. CriocoObl BbIpa)keHHUS! KOHIIGHTpAalMU pacTBOpoB. KosumratuBHbIe CBOMCTBa
pacTBOpPOB.

CBolicTBa pacTBOpPOB  3JEKTPOJIUTOB: JHUCCOLMALMA. HOHHOE IPOU3BENECHUE BOJBI,
IPOM3BEACHUE PACTBOPUMOCTH, TUAPOIIN3 COJIEH, HallpaBJIeHHEe OOMEHHBIX PEaKLUi.

OKHCIUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIIUH.

DNEKTPOXUMHUYECKHE CUCTEMBI. | albBaHMYECKHUE IIIEMEHTHI.

DJEKTPOIN3 PACIIIaBOB U BOJHBIX pacTBOPOB. 3akoHbI Dapajes.

Kopposus meramioB. XuMudeckass M 3JIEKTpOXHUMHYecKass Koppos3us. CrocoObl 3aIiuThI
METAJIJIOB OT KOPPO3HH.

TeMbl NPaKTUYECKUX 3aHATHIL:

Cnioco0ObI BeIpaKCHHS KOHIIEHTPAIUU PACTBOPOB.
CaolicTBa pacTBOpPOB.

DIIEKTPOXUMUSL.

Tema 1a00paTOPHBIX 3aAHATH

PactBOpBI 351€KTPOIHUTOB.
OKHCIUTENBHO-BOCCTAHOBUTEIIBHBIE PEAKIIUH.
Koppo3us meranios.

HN3yuyuB JaHHBIA MOAYJIb, CTYACHT J0JIKEH:

MMETh TMPEJCTAaBICHUE O PACTBOPAX;0 CIOCO0aX BBIPAXKEHUS KOHIICHTPAIIUU PACTBOPOB;
CBOMCTBaxX pacTBOPOB; 00 OKHCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIUAK; DIIEKTPOXUMHUUECKIX
MpOLECcCax: raJbBaHUYECKHUX, JIEKTPOJIN3a, KOPPO3UH.

3HaATb:
COCTaBHBIC YaCTH PaCTBOPOB;

KOJIMYECTBEHHOE BBIPAKEHUE COCTaBa PaCTBOPOB;
CBOMCTBA paCTBOPOB HEDJIEKTPOJIUTOB U IIEKTPOIUTOB;

HalpaBJIeHUE OOMEHHBIX ITPOLIECCOB B PACTBOPAX IEKTPOJIUTOB;

METO/Ibl YPaBHHUBAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUI (METOI 2JIEKTPOHHOI0 OanaHca
U TIOJTypeaKkuuil);

rajibBaHMUECKHUE MPOLECCHl U padOTy rajlbBAHUYECKUX JIEMEHTOB;

3JIEKTPOJIN3 PACIIIIABOB U BOJHBIX PACTBOPOB JIEKTPOIUTOB,;

3aKOHBI JJIEKTPOJIN3A;

BU/Ibl KOPPO3UU U MEXAHU3MBI UX IIPOTEKAHUS;



CIIOCOOBI 3aIUTHl METAJUIOB OT KOPPO3HUHU.

yMeTb:

IPOBOAMTH XMMUYECKHUH SKCIIEPUMEHT U aHAJIN3 MTOJIYYEHHBIX PE3YJIbTaTOB;
OIPEAEIATh KOHLIEHTPALIUIO PACTBOPOB;

OIpeieNIATh CBOWCTBA PaCTBOPOB;

paccTaBiATh K03()(PULMEHTHI B OKUCINTEIbHO-BOCCTAHOBUTEIIBHBIX PEaKLHIX;
COCTaBJIATh TaIbBAHUYECKHE MTPOLIECCHI, ONPENENIATh JIEKTPOABHKYIIYIO CHITY aJIbBAHUUECKUX
AJIEMEHTOB;

COCTaBJIATh IPOLECCHI AJIEKTPOJIN3A PACINIABOB U BOJHBIX PACTBOPOB IEKTPOJIUTOB;
OTIpEeNIeNIATh KOJIMYEeCTBA 00pa3yIOIIMXCs Ha 3JIEKTPOJaxX BEIIECTB MPH JIEKTPOIIH3E;
COCTaBJIATh MPOLECCHl XUMUUYECKOM U ANEKTPOXUMUYECKON KOPPO3UH;

noaoMpaTh CrocoObl 3alIUThl METAJUIOB OT KOPPO3UH.

MeToanyeckue peKOMeHIALMH 110 U3YYEeHHIO MOLYJIsA
[Tpu ocBOeHMU MOyt HEOOXOAMMO:

U3Y4YUTh Y4YeOHBI MaTepuall MO COOTBETCTBYIOLIEMY MOJYJIO JUCLUIUIMHBI, HUCHOJb3Ys

JIEKLIMOHHBIN MaTepua U JINTepaTypy Mo JaHHON TEeMaTHKE;

aKLEHTUPOBATh BHUMAHME Ha: COCTaB PACTBOPOB; CIIOCOOBI BHIPAXKEHUS KOHLEHTPAIMKU PacTBOPOB;

ANIEKTPOJIUTBI M HEJJIEKTPOJIMTHI; CBOWCTBA HEDJIEKTPOIUTOB M  AJIEKTPOJIMUTOB; METOJbI

3JIEKTPOHHOro OajaHca M MONypeakUuil; rajJbBaHHMYECKHE IPOLECChl; padoTy TIajlbBaHMYECKHX

aneMeHToB; pacuerT DJIC; aHOIHBIE M KaTOAHBIE PEAKLUU IPHU IEKTPoJin3e; 3akoHbl PDapanes;

THUIIBI 1 MEXAHU3MBbI Pa3IMYHbIX BUAOB KOPPO3UH; CIIOCOOBI 3aILUTHl METAIIIOB OT KOPPO3HH.

OTBETUTH HAa KOHTPOJIbHBIE BOIPOCHI:

1. KakoB Tunm XuMHuYecKOM CBs3U B  d3iekTpoiuTax?Kakue 3JIeKTpOJUThl  Ha3bIBAIOT
noreHuuanbHeIMU? UcTUHHBIME?

2. Hamummmre aucconuaruio a) cyiabpurta HaTpus U 0) ruapodocdara Kaius Mo MepBOil U BTOPOit

CTYHEHSIM.

BripasuTe KOHCTaHTY qucconanuu opTopochopHON KUCIOTHI 110 IIEPBOU CTYIICHH.

Onpenenure crenenp aucconnannu 0,001 M pactBopa ykcycHOM KHCHOTHI, eciau ee Kp =

1,74-10°.

5. Uro noka3biBaeT M30TOHMUYECKUH KodpduuueHT? Kakas cBs3b CyLIECTBYET MEXIY CTEHEHbIO
JUCCOLIMAIIMY 3JIEKTPOJIUTA U N30TOHUYECKUM KOAPPUIIEHTOM?

6. Omnpenenute Temieparypsl kuneHus u 3amep3anus 0,01 m pactBopa cynbdara HaTpusi, eciu
CTENEeHb TUCCOLMALUU cocTaBisieT 54%.

7. Yro Ha3bIBaIOT MOHHBIM IIPOM3BEAEHUEM BO/IbI? UeMy OHO paBHO?

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

9. OmpezenuTe pacTBOPUMOCTh THAPOKCHIA AMIOMHUHHSA, eciu ero [P = 5,7-107%2,

10. PaccunTaiite ocMotrueckoe napienue 0,002 M pactBopa 6eH3omna npu Temneparype 17°C.

11. Hamummute THAPOIN3 CIEAYIONIUX COJIeH M OMpeeNnuTe cpeay ux BoaHbIX pacTBopoB: NaNOs,
ZnCl,, NazS, CH3COONHa.

12. TlokaxuTte CTpOCHHE MHULEIIbI MPH MPWIMBAHUHM H30bITKA PacTBOpa TMIAPOKCHAA HATpus K
pacTBOpy XJIOpH/Ia IIUHKA.

13. TlokaxuTte CTpOCHME MHULEIIBl MPH NPWIMBAHUM H30BITKA XJOpHAA LUHKA K PacTBOPH
TUAPOKCUA HATPHSL.

14. Kakyro cucteMy Ha3bIBalOT 3JIEKTPOXUMHUYECKOM?

15. CocraBbTe cxeMy JBYX raJlbBaHHUYECKHUX IJIEMEHTOB, B OJJHOM U3 KOTOPBIX KOOAJIBT CIIYKUJT OBl
KaToJIOM, a B JPyroM — aHojoM. Hanummre ypaBHEeHHs peaklUuid, MPOUCXOA[IIMX Mpu padboTe
3THX AJIEMEHTOB.

16. I'anbBaHUYECKHIA FIIEMEHT COCTOMT U3 XPOMOBOTO 3JIEKTpoa, morpyxenHoro B 0,01 M pactsop
CrSO4, W craHmapTHOTO BOJOPOAHOTO OAIIEKTpoAa. HamummTe ypaBHEHHS AIEKTPOIHBIX
npoueccos. YeMy paBHa ero 3.1.c.?

How



17.
18.
19.
20.

21.

22.

23.

24.

25.

26.
27.
28.

Kakum ypaBHEeHHEM KOJIMYECTBEHHO OMUCHIBAETCS AIIEKTPOIN3?

YTo paccuMTHIBAIOT C MOMOILBIO YpaBHeHUs HepHera?

CocTaBbTe cXeMy IEKTPOIM3a BOJHOTO pacTBOPA XJIOpUIa HUKEI Ha MHEPTHBIX 3JIEKTPOJIaX.
CocraBbTe CXEeMbl 3JIEKTPOJIM3a BOJHOTO pacTBopa xiyopuaa sxeneza (ll), ecnam: a) anoxg
JKEJIE3HBIN; 0) aHO| YTOJIbHBIH.

PactBop comepxut monsl Zn?*, Ni?*, Fe**, Cu** B omuHakoBoii KoHmeHTpanuu. B kakoii
MOCIIEA0BATEIBbHOCTH TH METAJUIbl OYIyT BBIACNATHCA MPH DIIEKTPOJIU3E, €CJIU HAIpPSKEHHUE
JIOCTATOYHO ISl BBIICIICHUS JTF0O0T0 MeTaia?

Brruncnure maccy HUKeENs, BBIACIMBUIEIOCS HA KaToOJl€ MPU MPONYCKAaHUU ToKa cuion 20 A
Yyepe3 pacTBOP HUTPATA HUKEJS B TEUCHHUH 22 YacoB.

[Ipu osnextponuze pactBopa conu osioBa (1) macca karoma yBenmumnach Ha 4 r. Yto
MIPOU3OIILIO MPU FTOM Ha OJIOBIHHOM aHoj1e?

Paccunraiite 00beM KHCIOpOAa, KOTOPBIA MOYKET OBITh MOJIYYCH MPHU JICKTPOIU3E TOKOM 5 A
B T€UEHUE 2 YaCOB, €CJIU BBIXOJI [10 TOKY coCcTaBisieT 85%.

[Ipu mpoxoxaeHuu 4yepe3 pacTBOP COJM TPEXBAJICHTHOTO MeTajuia Toka cwiod 1,5 A B
teyeHun 30 MuH Ha Katojae Bbyaenuioch 0,18 r merama. Beluumciure MOJSPHYIO Maccy
MeTalljla U pacxof dJIEKTPOIHEPTUH, €CU M3BECTHO, YTO HAmNpsbKeHHWEe B ceTh paBHO 6 B, a
BBIXO/I IO TOKY 72%.

Kakoii KOHTaKT sIBJII€TCsS HanboIee KOPPO3NOHHOOIACHBIM Juts kene3a: Fe/Cu, Fe/Sn, Fe/Ag?
B xoHTaKkTe ¢ KaKuM U3 METAJUIOB MEJIb SBJISICTCS aHOJIOM: XPOM, 30JI0TO, HUKEITb.

Hanummre 31eKTpoXuMHUYecKre Mpoecchl (AaHOIHBIN U KaTOJHBIN), MPOTEKAIOIINE B KOHTAKTE
Al/Cu B pacTBOpe XJI0OpH1a HATPHSI.



7. OueHOYHbIE CpeIcTBA

7.1. I1aciopT OLEHOYHBIX CPEICTB

Koa koHTpO/IMpYyeMOil KOMIIETeH MU HaumenoBanmue

Cemect
p (UJIM ee 4YacTH) OLIEHOYHOI'0 CPeJACTBA

1 OIIK-1 KonTponpabie pabotsr Ne 1-8

OtyeTsl 110 J1abopaTopHbIM padotam Nel -
6

TecroBeie 3amanus Ne 1-2092

Bomnpocs! k 3auety Nel-50

7.2. TunoBble 3aJaHUSA WU MHbIE MATEPHAJIbI, HEO0OX0AUMBbIE JJIfl TEKYIEero KOHTPOJIst

7.2.1. KoHTpoJbHas padora

Tunosbie npuMepsbI 3aaHUH
Tema«Pacuersl o popmysiaM ¥ ypaBHeHUsIM» (MPaKTHYeCcKoe 3aHsiTHe 1)

BapuanTt 1
3amanue 1

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

3ananue 2

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

7rl2r X, T y, 1

Znw + HClpp) = ZnCla-p) + Ha.
3ananue 3

Omnpenenurte MPOIEHTHOE CoJiepkanue Kanus B ManraHate kamus KoMnQOa.
3ananue 4

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

Hamummre ypaBHEHUS peakInii, XapaKTePU3YIOIIHNE CIICIYIOIIHE TPEBPALCHUS:

Ca —2 5 Ca(OH). Ca —2CaCl,

Ca —2 > CaCOs Ca —%Ca0

Tema«CTpoeHue aToMa» (MIPAKTHYECKOE 3aHsITHE 2)

Bapuanr 1

Jnst snementoB 37 u 79 Ilepuoaundeckoii TaOIUIIBI
3aganue 1

Ornpenenurte cocTaB aToMa: KOJIMYECTBO MPOTOHOB, JIEKTPOHOB, HEUTPOHOB.
3amanue 2

CocTaBbTe AJIEKTPOHHYIO M Tpadudeckyo (OpMyIy 3JIEMEHTa, OMNpPENeIUTe CEMEHCTBO

AJIEMEHTA U BAJICHTHBIE JIEKTPOHBI.

3aganue 3

CocraBbTe (OpMYITY BBICIIETO OKCH/IA M OTIPEIETUTE €T0 XapaKTep.
3aganue 4

Onpenennute HAOOp KBAHTOBBIX YHCEN JIJISl TTOCIICTHETO AJIEKTPOHA DJIEMEHTA.
3aganue 5



Onpenenure MoJI0XKEHUE dJIEMEHTa B MEPUOJUYECKON TaOJIMIe U CPaBHUTE €ro pajauyc H
ANEKTPOOTPHUIATEIBHOCTD C PAJANYCAMHU U 3JEKTPOOTPULATEIHHOCTSIMHI COCETHUX aTOMOB.

Tema«Xumndeckas CB3b» (l'[paKTI/I‘leCKOQ 3aHATHC 3)

Bapmuanr 1
Jus Bemecte LiF, PHs, BeCly, mome3ysach 3HaYCHHSIMH 3JICKTPOOTPUIATEIBLHOCTEH
3JIEMEHTOB:
3amaunue 1
Onpenenurte TUM CBSI3U B MOJICKYJIAX.
3amanue 2
PaccmoTtpuTe 00pa3oBaHne XMMHYECKOHN CBSI3U B MOJICKYJIaX IO METO/Ty BaJICHTHBIX CBSI3CH.
3amanue 3
Jlyist TpeTheil MOJIEKYIBl PACCMOTPUTE TUOPHUIN3ALIUIO IEHTPAILHOTO aTOMa.
3amanue 4
Onpenennute MPOCTPAHCTBEHHOE CTPOCHUE MOJIEKYIL.
3amanue 5
CocraBbTe CTPYKTYpHBIC (DOPMYIIBI BEIIECCTB.

Tema«TepmoanHaMuKa XMMUYECKUX PeaKknminy (MpakTudeckoe 3aHsTue 4)

Bapuanr 1
3aganue 1
[Ipu B3ammoneiicteuu 10 1 azora ¢ 20 1 Bomopona (H.y.) Bbyaenuioch 29 kJ[x Tera.
Paccunrtath sHTaNBINIO 00pa30BaHUS aMMHAKA.
3ananue 2
OnpenenuTh BO3MOKHOCTh BOCCTAHOBIIEHHs okcuaa THTaHa TiOx ) amomunueM npu 1500°C
o peaknuu: TiO2w) + Alw— Tiw) + Al2O3).
3ananue 3
OmnpenenuTh BO3MOXKHOCTh BOCCTAaHOBJICHHMsST Okcuaa TUTaHa T102k) allOMUHHEM MpU
CTaHIAPTHBIX yCIoBUsX MO peakiuu: 1102 + Al — Tiw + Al2030).
3aganue 4
PaccunTaTh KOJNHMYECTBO TETUIOBOM SHEPTHH, BhIAEIAIOmEiics npu cropanun 20 M° Ta30BOM
cMmecH, coaeprkarien 20 06. % stana C2Hs 1 80 00. % mponana CsHs.
3aganue 5
Paccuutath TemnorBopHyto cnocoOHocTh OyTana C4Hio.

Tema«KuHeTHKa XHMHYECKHX peakiuii» (IpaKTHvecKoe 3aHATHE 5)

Bapmuanr 1
3aganue 1
Havanenas xouuentpauust PCls B peakiuu: PCls<> PCls + Clz cocrasmsier 0,2 monb/ma. K
MOMEHTY HAacTyIUIeHHsl paBHOBecusi mpopearupoBano 50% wucxomHoro BemiecTBa. Haiitu
PaBHOBECHBIE KOHIIEHTPAIMH BEIIECTB U KOHCTAHTY PaBHOBECHS.
3ananue 2
Kak m3mennrcsi ckopoctb peakin N2 + 3H2< 2NH3, ecnmu 00bemM Ta3oBoii cMecu yBe-
JUYUTH B 2 paza?
3amanue 3
Bo CKOJBKO pa3 yBEIHMUUTCS CKOPOCTh PEAKIHH TPH MOBBIEHHH TemmepaTypsl Ha 30°C,
eciu y=4?
3aganue 4



CMech Ta30B HaJ YIJeM B COCTOSHHHM XMMHYECKOTO PAaBHOBECHS NpPH JaBiCHWH 1,2 aTM U
1100 K umeer coctaB % (00.): W, =48,96, WHzo =2,07, WH2=48,96. Paccuurare Kp, Ke u AG

peakuun: Cr) + H2O < CO + Ho.
3aganue 5
Oneprus aktuBauuu paBHa 10 k/[x/mMonb. Bo CKONBKO pa3 U3MEHUTCSI CKOPOCTh PEAKIMU IPU
TIOBBIIICHUH TeMIeparypsl ot 27 1o 37°C?

Tema«Cnoco0bl BhIpaKeHHs] KOHIEHTPAIMH PACTBOPOB)» (MPaKTHYeCKoe 3aHsATHE 6)

Bapuanrt 1
3ananue 1
605,09 r cynbpara xenesza Fea(SOs)z pactBopunm B 907,67 r Boabl u moayumian 1044 mi
pacTBOpa, UIsi KOTOPOTO PACCUYUTATh: MOJSPHOCTb, HOPMAJIbHOCTb, MOJISUIBHOCTB,ITPOLICHTHYIO
KOHIICHTPAIIUIO, MOJIbHYIO 01110 Fe2(S04)s.
3ananue 2
Onpenenutbs MWIOTHOCTh 12,7%-TO pacTBOpa MEIHOrO KyIopoca, MCHOJb3ys CIIPaBOYHBIE
JTaHHBIE.
3ananue 3
Onpenenutb 00beMbl 8%-10 U 26%-r0 pacTBOPOB a30THOM KHCIIOTHI, HEOOXOAUMBIC IS
npuroroBieHus 500 mu 20%-ro pacTBOpa a30THOM KHCIIOTHI.
3ananue 4
Kakoii o6bem Boasl HyxHO npuwiuth Kk 300 r 16%-ro pactBopa cyibbharta HATpus s
nostydeHust 6%-ro pacTBopa 3Toil conu?
3ananue 5
Uemy paBHaA MOJIIPHOCTb pacTBOpa CEPHOM KUCJIOTHI, €ciu Ha TUTpoBaHue 50 Ml pacTBopa
cepHoOM kucaoThl 3aTpadeHo 30 mi 0,5 H. pacTBopa rUAPOKCUIA HATPUS?

Tema«CBoiicTBa pacTBOPOB» (IPaKTHYECKOE 3aHATHE 7)

Bapmuanr 1
3aganue 1
Omnpenenuts cpeny BogHoro pactBopa cynbduta kamus KoSOz. O60cHOBATH OTBET.
3aganue 2
Paccuntates TemmepaTypy KHIEHHS U KpUCTaUTM3alMu 8% BOJHOTO pacTBOpa XJIOpUIa
KaJIns, CTENIeHb TUCCOIHAIIUU KOTOporo 85%.
3ananue 3
Paccuntarh NpOIEHTHYIO KOHIICHTPAIIMIO HACKHIIIEHHOTO pacTBopa CyJb(uaa KajaMusi, eclid
[P 4= 7,9-10%.

3aganue 4
Paccuurats pH 0,5% pactBopa HCN. IlnoTHOCTE pacTBOpa cuutath paBHOU 1 r/mi.
3ananue 5
B kakmx o6beMax HYKHO cMemath dTiinenrukons CoHeO2 (p=1,1088 r/cM®) 1 Boxy, 4TOOHI
monyunth 2 N aHTH(pHU3a, Temmeparypa 3amep3aHus kortoporo -5°C. IImoTHocTs amTH(pH3a

TIPHHATH paBHOH 1 r/cMe,

Tema«iiekTpoxuMus» (IpaKTHYECKOE 3aHATHE 6)

Bapmuanr 1
3aganue 1
Borauciute DJIC raibBaHHYECKOrO 3JIEMEHTa, HAMUCaTh MPOIECCHI, MPOUCXOASIINE Ha
anektpoaax: Cr/ CrClz, 0,01 mons/n // 0,001 mons/n, CrCl2/ Cr.
3aganue 2



Hamnucars 37eKTpOIHBIC MPOIECCH M PACCUUTATh KOJMUYESCTBA 0OPa3yIOMIUXCs HAa WHEPTHBIX
SIICKTPOJAX BEHICCTB TPH 3JIEKTposm3e BogHoro pactBopa MnCly mpu mpomyckanuu 25A-4
JJIEKTPUIECTBA.

3ananue 3

PaccunTtaTh pacxom 3JIEKTPOIHEPIHU U BpeMsi, HEOOXOMMOE I MOTydeHHst | T Maprasia

anektposnzoM paciiaBa MnSOgs, mpu cuite Toka 10 A, Beixoze 1o Toky 75% u Hanpsbkenuu 12 B.
3amanue 4

Hammcath ypaBHEHHs 3JIEKTPOIHBIX IMPOIECCOB, MPOTEKAIOIIUX IPH 3JIEKTPOXUMHUUECKON

Koppo3un KoHtakTa Fe/Cr B 1mienouHo# cpene.
3ananue 5
Kakoii u3 kontakToB — Fe/Cd wiu Fe/Ni — sBisiercs 6051ee KOppO3HOHHOOACHBIM?

Kpurepun oneHku:
KonrtponbHas paboTa cocTOUT M3 5 3aiaHuil. 3a KaKJA0€ BEPHO BBHINMOJHEHHOE 3a1aHue - 1

Oan.

7.2.2. OT4er 0 JIA00PATOPHOI padoTe

Jladoparopnasi padora Nel «OCHOBHBIE KJIaCChl HCOPTAHMYECKHUX BELECTB)»
LeJsb: 3aKperieHre 3HaHU 00 OCHOBHBIX KJIaccaX HEOPTaHMYECKUX COCTMHECHUH.
Omnpit 1. IlosryyeHHe OKCHAA OKUCIEHHEM 3JIEeMEHTA
OMNBIT TPOBOAMTCS B BHITSHKHOM IIKady!
2. B xummnueckuii crakan Ha 50-100 mu naneiite 10-15 mn auctumnupoBanHoi Bojsl. [lomocky
CUHEH JJaKMyCOBOM OyMaru OKyHUTE B BOAY U OTMETHTE €€ OKPAcKy.
3. B mertanmnuueckyro J10KeUKy IOMECTUTE HEMHOI'O CEpbl U Harpeure ee B IJaMEHU CHUPTOBKHU B
teueHue 30 cexyHI.
4. Jloxeuky c ropsueil cepoil BHECHUTE B CTaKaH C JAUCTHJUIMPOBAHHOW BOJAOH, IOCIE 4Yero
JIOKEUKY y/IaJIuTe.
5. B mnonydeHHBI pacTBOp BHOBb OKYHHMTE IOJIOCKY MHIMKAaTOPHOM Oymard M OTMEThTE ee
OKpACKY.
6. CocraBbTe ypaBHEHUs IPOBEJICHHBIX PEAKIIUI U cJienaiiTe BBIBO/.
OnbIT 2. B3aumoaeiicTBUe OKCHIAa MeTAJLJIA € BOAOH
1. Tlomecture B mnpoOupky 1 mmarens okcuaa Kauelus W mpuieiire 10-15  kamens
JUCTUITTMPOBAHHOM BOJIbI, IEpEMEIIANTE.
2. K nomyuenHoMy pacTtBOpy no0aBbTe 1-2 kamm ¢deHondTanenHa, obparute BHUMaHHME Ha
OKpacKy MHIMKATOpa.
3. CocTaBbTe ypaBHEHHE PEAKLIUU U CAETIaiTe BBIBOI.
OnbIT 3. B3aumoaeiicTBHe OCHOBHOI'0 OKCH/AA ¢ KHCJIOTOM
1. Buecure B mpobupky mmarenb okcuaa meau (II) u noGaBeTe 4-5 Kamenb pacTBOpa CEpHOM
KHUCIIOTBI.
Ecnu B3aumozeicTBUS BelECTB B POOUpPKE HE HAOII0AAETCs, TO €€ COAEP)KUMOE Harpenre.
OTMeThTE OKpacKy pacTBOpa U OOBSICHUTE €€ MOsIBJICHUE.
CocraBbpTe ypaBHEHHE PEAKLIUU U CIIENANTE BBIBOJ K OIIBITY.
OmnbiT 4. B3anMoaeiicTBHE KHCJIOTHOTO OKCH/IA ¢ OCHOBAHHUEM
1. Haneiite B mpoOupKy 2-3 MJI U3BECTKOBOM BO/IBI (pacTBOpA TUAPOKCH A KAJIBIUS).
2. Ilponmyctute uepe3 HM3BECTKOBYIO BOIY YIJIEKHCIBIA Tra3 (CAeiaiTe HECKOJIHKO BBIZIOXOB B
pacTBop uepe3 TpyOouKy).
3. OrmerpTe 00Opa3oBaHWe O€NOro OcaJka W €ro PacTBOPEHHUE TPH JaJbHEUIIeM IMPOMyCKaHUU
YIJIEKUCIIOTO Ta3a.
4. CocraBbTe ypaBHEHHUE PEAKIUU U CAETANTe BHIBOJ.
OmnsIT S. B3anmoaeiicTBue COJIH € HIET0YbI0
1. Bmuecure B 18e mpoOupku mo 10 kamnenb pactBopa cynbdara meau (11).
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B omny mpoOupky no6aBbTe OJHY KaruTIO THAPOKCHIA HATpHsi, a BO BTopyr — 10 kamenb
TUAPOKCHIA HATPUSL.

OOpaTtuTe BHUMaHKUE Ha PA3JINYUE OKPACKU MOJYUEHHBIX OCAIKOB.

Harpeiite cogepxumoe mpooupok. OTMEThTE, B KaKOW MPOOUPKE MPOU30IILTH U3MEHEHUS.
CocraBbTe ypaBHEHHUSI pEAKIMI U ClIeTalTe BBIBOJ HA OCHOBAHUU OIIBITA.

OneIT 6. B3anmoaeiicTBHe COJTH ¢ METAJVIOM

Bretite B mpobupky 20 kanenb pactBopa cyibpara menu (II).

[TomectuTe B IpoOUPKY C paCTBOPOM XKEJIE3HYIO CKPEIIKY.

Yepes 2-3 MUHYTHI 00paTUTE Ha U3MEHEHUE OKPACKH MOBEPXHOCTU CKPEIKHU.

OO0BsicHUTE TPOUCXOSIIEE SABJICHHE, COCTABbTE YPaBHEHUE PEAKIIMU U CJIETaTe BBIBO/I.
OmnpIT 7. CBoOlicTBa aM(OTEPHOr0 THAPOKCHIA

Haneiite B 1Be npoOupkH 10 5 Karenb pacTBOpa HUTPATa alFOMUHUS.

JloGaBbTe B 00€ MpOOUPKHU IO KATUIIM FHAPOKCHU HATPUSL 10 MOSBICHUSI OCaIKa.

K ocanxy B nepBoii mpobupke 100aBbTE paCTBOP CEPHOM KHCIOTHI, K OCAJKY BO BTOPOM
npobupke 100aBbTE PaCTBOP TUAPOKCUIA HATPHUSL.

OtmMmeThTe HAOMIOICHUS B 00eUX MPOOUpPKaX, HAMUIIINTE YPABHEHUS PEAKIINI U CeNanTe
BBIBOJI.

Jladoparopnasi padoraNe2 «Onpenesenne 3HTAIBINA PeAKIIHN»
Henawb: ompenencHue TEIUIOBOTO 3(QeKkTa CHCTEMBbI, B KOTOPOW MPOUCXOAUT XHUMHUCCKAS

pCaKknus, U SHTAJIBIINKU PEaKIUU B HECTAHAAPTHBIX YCJIIOBUAX.

Onpit 1. HeﬁTpaJ’[H3aHHﬂ cepnoifl KHUCJIOTHI THAPOKCHI0M HATPUS B OAHY CTAaAHUIO

HJ'ISI HeﬁTpaHHL’»aHHH CepHOﬁ KHCJIOTBI TUAPOKCUAOM HATpUAd B OJHY CTAAHWIO CMCHIMBAKOT

SKBHBAJICHTHBIC KOJIMYECTBA KUCJIOTHI U IIETIOYH JI0 00pa30BaHus Cylb(ara HATPHUS:

4.

H2S04+2NaOH=Na>S04+2H:0; AH1

OTMepbTe HMIMHIPOM 33/IaHHBIN IMperofaBaTesieM 00beM pacTBOpa KHUCIOTHI, BBUICHTE €ro B
TEpPMOCTATUPOBAaHHbIM cTakaH. OIycTUTe B CTakaH TEPMOMETp, 3aMepbTe M 3alUIINTE B
tabiuny 1 Temmepatypy pactBopa. TepmMoMmerp He BBIHUMAWTE M3 CTakaHa /10 OKOHYaHMS
OTIBITA.

OTMepbTe OpYyrUM IUIMHAPOM TaKOH ke 00beM pacTBOpa HIETOYM M OCTOPOXKHO, HO OBICTPO
BbUIEHTE B CTaKaH C pacTBOPOM KHCIOTHl. OCTOPOKHO INepeMelnaiiTe, OTMEThTE HauOoJbIlIee
U3MEHEHHE TeMIIepaTyphl IpU 00pa30BaHUM CyIb(aTa HATpUsl.

BoiHbTE TEpMOMETp, BBUIEHTE PacTBOpP M3 TEPMOCTATUPOBAHHOIO CTakaHa, (UIbTPOBAIBHOMN
OyMmaroif TIIATENBHO BBICYIINTE CTEHKH U JTHO CTaKaHa, IOMECTUTE B HETO TEPMOMETP U JlaiiTe
OCTBITH J10 MPEXKHEN TeMIepaTypsl.

3anonaure Tabmuuy 1 (BeIMYMHBI TEMJIOEMKOCTEH M IUIOTHOCTH PACTBOPOB BBIMHIINUTE W3
Tabmuipl 3). BeimonHuTe pacueTsl.

Tabnuna 1-Pe3ynbrate! onbita 1

Bemtectso | V, t, Dy C, n, Q, AH,
MJT °C r/em® Jx/r-°C | mons | JIok/n MoIib kJ>x/MoB
H>SO4
NaOH
NaSO4

OmnpiT 2. HeliTpanu3auus CEpHOM KMCI0THI THAPOKCHAOM HATPHSA B IBE€ CTaAUH

HpI/I HCﬁTpaHH3aHHH CCpHOfI KHUCJIOTBI THAPOKCHUIOM HATpUusd B ABC CTaAUN SKBHUBAJICHTHBIN

00BeM IICJI0YM BHOCAT B [IBa IpHeEMa:

H2S04+NaOH=NaHSO4 + H:0; AH>1



NaHSO4 + NaOH = NaxSO4 + H20; AH>»

. OTMeppTe HUIMHAPOM 3aJaHHBIA B ombiTe 1 00BEM pacTBOpa KHUCIOTHI, BBUICHTE B
TEPMOCTATUPOBAHHBIA CTaKaH, U3MEpPhTE TEMIEpaTypy pacTtBopa. Temmeparypsl pacTBOPOB
CEPHOU KUCIIOTHI B ONbITaX | ¥ 2 JIOJKHBI OBITH OJIMHAKOBEI.

. M3mepbTe aApyruM LUIUHAPOM IMOJIOBUHY OSKBUBAJEHTHOIO oOOBbEMa pacTBOpa WLICIOYHU U
OCTOPOXHO, HO OBICTPO BBUICHTE B CTaKaH C PacTBOPOM KHUCIOTHL. OTMEThTE TemmepaTypy
o0pa3oBaHus pacTBOpa TUIpOCYb(hara HATPUS.

. OTMeppTe LMIMHAPOM €lI€ TaKOH k€ 00BbEM pacTBOpa IIEIOYM U BBUICHTE €ro B CTaKaH.
[TepememnaiiTe nmoy4eHHbIN pacTBOp Cylb(dara HATPUS U 3alUIIUTE €ro TeMIEepPaTypy.

. BbIHBTE TEpMOMETp W BBUICHTE COJEPKUMOE CTaKaHa, (QUIBTPOBAILHON OyMaroil BBICYIIUTE
CTEHKH M JIHO CTakaHa. 3anojHuTe Tadimiy 2. CrenainTe pacueThl.

Tabmuna 2.
Pe3ynbTaThl onbiTa 2
Bemectso | V, t, Dy C, n, Q, AH,
MJI °C r/em® JIx/r-°C | monb | JIok/Nn MoJIb kJ>x/MOIb
H>SO4
NaOH
NaHSO4
Na2SO4
Ta6muma 3
TenmoeMKoCTh U IIOTHOCTh PACTBOPOB
PacTtBOp t, °C p, T/em® C, JIx/r-°C
H2S04, 1 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
Na2S04, 1| 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

JlabopaTtopnas paGora Ne3 «CkopocTh XMMHYECKHX Ppeakuuid. XuMHYecKoe

paBHOBecHE»

Hesb: n3ydyeHue BIMSHHUA PA3IUYHBIX (DAKTOPOB HA CKOPOCTh XUMHUYECKUX pPEaKUUd

COCTOSAHUEC XUMHNYECKOT'O PaBHOBECHA B TOMOI'CHHBIX CUCTEMAX.

OneiT 1. Bausaue KOHICHTPAIUU pearupyroummx BE€IIECTB Ha CKOPOCTbh XUMHUYECCKHUX

peaxuuii

&

PeaKHI/Iﬂ H.[aBeﬂeBOﬁ KHCJIOTHEI C HepMaHFaHaTOM KaJIusa HpOTeKaeT 10 ypaBHeHI/IIO:
4H,C204 + 2KMNO4 — K2C204 + 2Mn0O2 + 4H20 + 6CO2
KuHeTHueckoe ypaBHEHUE PEAKLIUH:

4 2
d=x CH2C204 CKMnO4

3a X010M peakIu CIeIAT 10 U3MEHEHUIO OKPACKH pacTBOpa MepMaHraHata Kajus.
B mate mpobupox BHecute mo 10 Kameiab pacTBOPOB MIABENIEBOW KHCIOTHI Pa3IHMYHON
koHuenrpanuu (0,2; 0,3; 0,4; 0,5; 0,6 M).
[TocnenoBarenbHO BO BCe MPOOUPKHU € UHTEpBAIOM 1-2 cekyHpl JoOaBbTe 10 1 Karuie pacTBopa
IepMaHraHaTa Kajaus U BKJIIOUYHUTE CEKYHIOMeEp.
He BbIkirOUasi cexkyHIOMepa, OTMETbTE BpeMs M3MEHEHHUS OKpAacKH IepMaHraHaTta Kaiuus B
KaXJI0i IpoOupKe.
PesynbTats! onbiTa 3aHecure B Tadauny 1.
Omnpeznenute yCIOBHYIO CKOPOCTb PEAKLUU KAaK BEJIMYMHY, OOpaTHYIO BPEMEHU NPOTEKAHUS
peakuuu.
[Toctpoiite rpaduk 3aBUCUMOCTH CKOPOCTH pEaKLUH OT KOHLEHTpalMU LIaBEeJICBOW KHCIOTHI,
POAHATM3UPYNUTE TOIYICHHYIO 3aBUCUMOCTD. 3alHUIINTE HAOIIOACHUS U CACTIANTEe BBIBOI.
Tabnuna 1.
PesynbTaTe! onbiTa 1
Ne Konnentpa Bpe CkopocTb peakuuu B
poOUPKHU U] KUCIIOTHI, M, T,C YCIIOBHBIX €IMHUIAX, V =
C, MOIB/1 100/z, ¢t
0,2
0,3
0,4
0,5
0,6

P WINF-

OnbIT 2. Bansinue TeMnepaTypbl HA CKOPOCTh XUMHYECKHX PeaKIui
Jlns onbiTa HEOOXOAUM CTaKaH—TEPMOCTAT, HAIMlOJIHEHHBIN BOJAOW M 3aKpPBITHIA KPBILIIKOH ¢

OTBCPCTHUAMU JIA HpO6I/IpOK U TCPMOMCTpA.

1.

B Tpu npobupku, BcTaBieHHBIE B KPBIIIKY TepMocTaTa, HaneiTe no 10 kanens 0,5 M pactBopa
I1aBeJIeBOM KUCIOTHI. B ueTBépTyto mpobupky Ha 2/3 e€ oObEMa BiieiiTe pacTBOp MEepMaHTraHaTa
Kanus (MUATIETKY OCTaBbTE B MPOOHPKE).

3anumure Temneparypy. B oaHy u3 mpoOupok no0aBbTe 1 Kamiio mepMaHraHara Kajaus U
BKJIFOUMTE CEKYHJIOMED.

W3mepbTe BpeMs OT MOMEHTa J00aBJIeHHMsS NEpMaHTaHaTa Kajius 10 U3MEHEHHS OKpPACKU
pacTBopa.



4. Harpeiite Bony B ctakade Ha 10° BbImie npeasiayiieii temneparypbl. CHUMUTE CTaKaH C IUNIATKH

Y TIOBTOPUTE OTIBIT B IPYTOM MMPOOUPKE.

[TpoBeauTe ONBITHI ITpHU 4 TeMIiepaTypax, oTandaromuxcs Ha 10°.

[TomrydeHHbIC TaHHBIC 3aHECUTE B TAOIHITY 2.

7. PaccuumtaiiTe mIecCTh 3HAYCHHWH TemmepaTypHoro kodddurmenta (y). Haiigure cpennee
3HAUYCHHUE ).

8. CpaenaiiTe BBIBOJ O 3aBUCUMOCTU CKOPOCTH JIaHHOM XUMUYECKON PEaKIMK OT TeMIIepaTyphl.

oo

Tabnuna 2.
Pe3ynbratel onbita 2
Ne Temnep Bpe Koncranra TemnepaTypHbIi
npo0 | aTypa ombita, | Ms, 7,C | CKOPOCTU K B yCIIOBHBIX K03 ument y
VKU t, °C eIMHUIIAX, . k =100/z, Y Yep

C

AlWINEF

9. Hcmonp3yst ypaBHEHHE AppCHHUYCAa M BEIMYWHBI KOHCTAHT CKOPOCTH TMPU Pa3IMYHBIX
TeMITEpaTypax, OMPEACINTe SHEPIHI0 aKTUBAIMK JaHHOW peakuuu. Y paBHEHHE AppeHuyca B
aorapupmuueckom Buje: Ink = Ink, — Ea/RT MoxkHO paccmarpuBaTh Kak JIMHEHHOE ypaBHEHHE Y
=b-ax (y = Inkb = Ink, a =E4/R, x =I/T). I'padudeckn Takoe ypaBHEHHE OIMUCHIBACTCS
npsimoii B koopaunarax Ink — 1/T. TaHreHc yriia HakJiOHa NPSIMOW K OCH a0CLUCC paBEeH
BennunHe Ea/R.

10. [lnst moctpoenus rpaduka Ink = f(1000/T) 3anmonuute Tadmiy 3.

Tabnmna 3.
Jlannble s rpadudeckoro onpeaeeHrs YHEPTUN aKTHBAIIH
Ne i/ Ink 1000/T
1
2
3
4

11. Toctpoiite rpaduk B koopaunarax Ink —1000/T.
12. OmnpenenuTe TaHTeHC yIila HAKJIOHA TPSMOM K ocu abcIucc.
13. BpIuncauTe SHEPTHIO AKTHBAIIMH PEAKIHH:

Ea=tgaR, rone R=8,314 I/(monb-K)

OnbiT 3. Biusinne n3MeHeHUsl KOHIEHTPALMU pearupylolMX BellecTB HA paBHOBecHe
XHMHMYECKOH peaKkunu
Peakuus mexnay xiaopuaom xenesa (111) 1 pogannaoM aMMOHHS ONMCHIBAETCS YPABHEHUEM:
FeCls + 3NH4CNS « Fe(CNS)s + 3NH4CI
1. Buecure B mpoOupky Ha 1/3 ee oObeMa JUCTHJUIMPOBAHHOW BOJBI, J100aBbTE MO 2 Karlu
pactBopoB xsopuaa xene3a (1) u pomannna ammonwns. Pa3genure momydeHHBIM pacTBOp Ha
TPU IPOOUPKH.
2. OpHy IpoOHMpPKY COXpaHUTE JJIsl CPaBHEHUS PE3yJIbTaTOB OMbITa (3TalloH). B mpyryro mobGaBeTe
4-5 xanens pactBopa FeCls, B Tpetsio — Heckonmbko kpuctauinkoB NH4Cl u BeTpsixauTe €.



3.

4.

Kak m3MeHmIach MHTEHCHBHOCTh OKPAaCKHM pacTBOpa M B KaKOM HAIPaBICHHUH CMECTHIIOCH
paBHOBecue nanHOU cucteMsl ipu nodasnennu FeCls u NH4CI? O0bsicHuTe ciBur paBHOBECHS.
HanummTe BeIpaykeHne KOHCTAHTHI PABHOBECHUS H3y4aeMOil 00paTUMOil peakiuy.

JlaGopaTropHasi padora Ne4 «PacTBOpPBI 3J1€eKTPOJIUTOB)

Heanb: n3yyeHne HEKOTOPHIX CBOMCTB BOJIHBIX PACTBOPOB 3JIEKTPOJIUTOB.

OnbIT 1.2/1eKTPONPOBOAHOCTH BOAHBIX PACTBOPOB

N3yueHne 37IeKTPONpPOBOJHOCTH MPOBOIAT C TOMOIIbIO NMPHOOpPA, COCTOSIIETO W3 JIaMIIBI

HaKaJIMBaHUs, CTaKaHa C paCTBOpPOM, Fpa(bI/ITOBBIX QJICKTPOJOB. 006 SJICKTPOIIPOBOAHOCTHU CYIST I10
HaJIMYHUIO U MHTCHCUBHOCTHU CBCUCHMUS JIaMIIbl HaKaJIMBaHHA.

1.
2.

10.

11.

12.

=

Crakan émkocTbio 50 M1 HaroJHUTE Ha 1/2 ero 00bEMa TUCTUIITMPOBAHHOM BOJIOM.
Brutounte mpubop B cers. 3anumurte HabmrogeHus. OOnamaeT AUCTHIUIMPOBAHHAs BOJA
3JEKTPOIPOBOAHOCTBIO?
Otxmounte npubop. [IpUMmoAHAB KPBHIMIKY C 3JIEKTPOJaMH, BHECHUTE B CTakaH ¢ BOaoH 1-2
LINATess U3MENbUYEHHOIO caxapa U IepeMelIanTe.
OnycTtute >7MeKTpoAbl B pacTBop. Biimrounte npubop. 3anmmure HaOmroaeHus. SBisercs
pacTBOp caxapa IPOBOAHUKOM?
Otxmrounte mpubop. B crakan émkoctero 50 M Haneiite Ha 1/2 ero oObema Oe3BOAHOM
YKCYCHOM KUCJIOTBI.
OnyctuTe 37€KTPO/Ibl, BKIIIOUNUTE IpUOOp. 3anuIInTe HabII0ICHUS.
Otxmounte npubop. OTneiire n3 crakaHa npumepHo 1/4 o6bema yKCyCHOM KUCIIOTBI, 100aBbTEe
JTUCTUJUTMPOBAHHOM BOBI JI0 MPEKHEr0 00bEMa, pa3MelIanTe pacTBop.
Onycture snextpoabl. Bxitounre npubop. HabmromailiTe M3MEHEHHE 3JIEKTPOIPOBOJHOCTH
pacTBopa.
[ToBTOpUTE pazbaBiieHHE pacTBOpa U OIpPEJEIEHUE IEKTPONPOBOAMMOCTH emmé pa3. B kakyro
CTOPOHY CMELIAEeTCsl PaBHOBECHE JAMCCOLMALIMM YKCYCHOM KHMCIOTHI Npu paszbaBieHun? Kak
3aBUCHUT CTENEHb JUCCOLMAIMM YKCYCHON KUCIIOTHI OT pa30aBiieHus pacTBopa’?
Otkmounte npubop. B crakane emkocthio 50 MJI IPUTOTOBBTE PACTBOP MOBAPEHHOM COMH,
pa3Menias B 25 MJI JUCTUUIMPOBAHHOM BOABI 1-2 mimarens XJopuaa HaTpHs.
OmnycTute 311eKTpoAbl B pacTBop. Brirounte mpubdop. [IpoBoauT 1 pacTBOp MOBAapEHHON COTU
AIIEKTPUYECKUI TOK?
Cnenaiite BbIBOJ K OMBITY (0OpaTuTe BHUMaHHE Ha TUIBI XMMHUYECKOH CBSI3U B BEIIECTBAX,
3JIEKTPONPOBOTHOCTH BOJHBIX PACTBOPOB KOTOPBIX U3YyYalH B JAHHOM OIIBITE).

OnpiT 2.CMelleHHEe PABHOBECHUSI ANCCOIUALMY €J1a00r0 3J1eKTPOJIUTA
Haneiite B aBe nmpobupku no 5-7 kanens 0,1 H. pacTBOpa YKCYCHON KHUCIIOTHI.
B xaxnayro npoOupky nobaBpTe IO OJHOW Kalule METUIIOBOrO opaHkeBoro. Kak oxpacuics
MHIMKATOP MO BIMssHEEM HOHOB H?
Opnny npoOupKy OCTaBbTE B KaueCTBE KOHTPOJIbHOM, B Apyryto npubasbTe 1 mimarens aneraTta
Hatpus CH3COONa.
[lepememaiite pacTBOp M CpaBHHUTE LIBET MOJIYYEHHOI'O pPAacTBOpPA C LIBETOM B KOHTPOJBHOM
npoOupke.
Hanumure ypaBHeHHME [uCCOLMAlMU YKCYCHOW KHCJIOTHI W BBIPA)KEHHWE KOHCTAHTHI €&
JUCCOLMALINY.
OObsicHUTE, KaK CMELIaeTCsl paBHOBECHE JIMCCOLMALIMY CIIA00T0 3JIEKTPOJIUTA MPHU YBETUYEHUH
KOHIIEHTPAllUl OJHOI0 M3 BHJOB MOHOB 3TOro 3iyiekrponauta? Kak MeHsercs mpu 3TOM €ro
CTEIIEHL JUCCOLAIN?

OnbiT 3.HanpaByieHue 00MeHHBIX HOHHBIX NPOLIECCOB B PaCTBOPax  3JIEKTPOJIUTOB

a) B CTOPOHY 00pPa30BaHUsA CJ1a00r0 JIEKTPOJIUTA
Haneiite B 1Be npoOupku mo 5-7 karmesnb 2 H. pacTBOpa FMAPOKCHA HATPUSI.
B xkaxnayro mobGaBpre mo omHOW Kamie (deHondTanenHa. llox BIUSHHMEM KaKuX HOHOB
(denondrazenH oKpacuiICcs B MaTMHOBBIN 1BET?
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B oany npoOupky mo6aBisiiTe Mo KamisM 2 H. pacTBOpa COJISHOM KUCJIOTHI, BO BTOPYIO — 2 H.
pacTBopa yYKCYCHOUM KHCIOTBHI 10 OOECIIBEYMBAHHS PacTBOpa (KOJIHMUYECTBO H3PACXOJIOBAHHBIX
KareJab KUCIOT OTCUUTATH!).
Uem 00OBsCHsETCS HMCUE3HOBEHHE OKpacku? B kakom ciydae oOecliBEUMBaHUE pacTBOpa
HacTynuio Osictpee? Iloyemy paBHOBecHME€ MOHHOTO TIpoIlecca CMEIIAeTCs B CTOPOHY
00pa3oBaHus BOJbI PU HAJIMYUU B JIEBOM YaCTHU PABEHCTBA MAJIOJUCCOIIMUPOBAHHBIX MOJIEKYI
YKCYCHOM KHUCIIOTHI?

0)B CTOPOHY 00pa30BaHMs MAJIOPACTBOPUMOr0 BellecTBa
B omny mpoOupky BHecuTe 10 Kamenb pacTBopa XJIOpHAa Kaiblus, B apyryro 10 kamenb
XJIOpHUAa CTPOHIIHS.
Jo6aBbpTe 10 5-6 Kamenb pacTBOpa CEpHOM KUCIOTHI. B 00enx s nmpoOupkax BhINal OCaI0K?
OObsicHUTE pa3uuus, MONb3ysich BenuauHamu [P mist cynbdaTtoB Kamblvs U CTPOHIIHS.
Jo6aBbTe B MPOOMPKY C PacTBOPOM COIHM Kajblus 3-4 Kariv KOHIEHTPUPOBAHHOM CEpHOM
kucinoTel. Habmonaiite o6pazoBanue ocaaka 1 00BbSICHUTE IPUUNHY €0 BBITIAICHUSL.
Bpruncnure KOHIICHTpAIIMK HOHOB S04%, HeobxoauMBIe UTs ocaxaeHus HoHoB CaZ* u Sr** u3

pactBopos pasHo# (1 M) koHueHTpatmy, eciu [1Pq 5 = 6,1:10°°, 1P = 2,8:107.

rsQ,
OnpIT 4.I'uaposaus coJiei
a) Onpenesenue pH pacTBopoB coJeit
Hanecure kammto pactBopa NaNO3 Ha moi0cKy yHUBEpCaIbHON MHAWKATOPHON Oymaru.
CpaBHHTE OKpACKy € ATAJIOHOM. 3anuiuTte Beanuuny pH pactsopa.
ITpoBeaute ananorunynbie onbIThl ¢ pactBopamu NaxCO3, NaHCO3, Al(NO3)s.
Kaxas cpena B kaxaom u3 B3sSThIX pacTBopoB? [louemy?
0)Bimsinne TemMnepaTypbl HA CTelleHb IMPOJIN3A COJIN
Hanetite B mpobupky 15-20 kanenp TUCTUIUIMPOBAHHOHN BOIBI.
Buecute B He€ 1-2 mimarers amerata HaTpUsi U BCTPAXHUTE IPOOUPKY.
Jlo6asbre 1-2 kammm dhenondranenna. OOpaTuTe BHUMaHHE HA OKPACKy HHIUKATOPA.
Harpeiite conepxumoe nmpoOMpKH B TUIaMeHH cUpPTOBKH. JlaiiTe 0ObscHEHHE HAOIIOAaEMOMY
sBIeHUI0. Hanuimre ypaBHEHUE peaklUu.
Oxnanurte npoOUPKyY B XOJIOAHOU Bojie. [IpoucxonuT 1 CHOBa CMEIlEHHE PAaBHOBECHSI?
CnenaiiTe BBIBOJ] O BIIMSHUYU TEMIEpaTyphbl Ha CTETIEHb THAPOIIU3A.
B)Binsinune usmenenusi pH cpeasl Ha cTeneHb rUAPOJIM3A COIH
Buecure B npoOupky 10 kanenab TUCTUIUIMPOBAHHON BOJIBL.
JoGaBbTe 1-2 xpucramia xiaopuaa onosa (II) u Berpsaxuure npodupky. Odpazyromuiics: 6enblit
0CaJIOK MpeacTaBIsgeT coboii ocHOBHYIO coutb ostoBa (IT) Sn(OH)CI.
Hanumure noHHoe ypaBHEHHE COOTBETCTBYIOIIEH peakluy THIPOIH3a.
Jlo6aBbTe 5-10 Kamenb pacTBOpa COJISIHOM KHCIIOTBHI, YBEIMYHMB 3TUM KOHIIEHTPALMIO HOHOB
Bojiopoaa. PactBopumiica nu ocanok? Kak moenusuio ymenslieHue pH pactBopa Ha cTeneHb
THJIPOJIN3a COTH?
r) HeoGpaTtumslii rugposius coJeid
B npoOupky Haneiite 6-8 kanenab pacTBOpa HUTpaTa alFOMUHUS.
JloGaBbTe Takoil e 00beM pacTBopa KapOoHaTa HaTpHsL.
OtmerbTe 00Opa3oBaHUE OCaJKa THUAPOKCHJA ATIOMHMHUS M BBIJEJIIEHUE Iy3bIPHKOB OKCHJIA
yraepona (IV).
Hanummre ypaBHeHus peakuuil. Crenaiite BHIBOL.

Jlaboparopnasi padora NeS «OkucIMTEIbHO-BOCCTAHOBUTEIbHbIE PEeAKIIUID)
Hean: mnpoBeAcHUE OKUCIUTEIHLHO-BOCCTAHOBHUTEIBHBIX PEAKIIMA H COCTABIICHHE UX

YpaBHEHUM.

1.
2.

OmnpiT 1. Peakuuu AUCIponopuuOHMPOBAHUS
a) Peaknusi AMCNponopuOHUPOBAHUSA CYIb(PUTA HATPUSA
B onny npobupky nomectute 1-2 kpuctayinka cyiabpuTa HaTpusl.
Bo BTOpyto npoOupky nomecture 1-2 KpucTamiuKa NpoKaJIeHHOT O Cylb(uTa HaTpHUs.
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B 06e npobupku BHecHuTe 10 5-6 Karnenb JUCTUILUTHPOBAHHOMN BOJIBI.
PacTtBopuTe conm, HaxoasAIIMEcs B MPOOUPKAX.
Jo6aBbTe B KKy TPOOUPKY 1o 2-3 Karumm pactBopa cyiabdara meau (I1).
OTMeThTE OKpacKy OCaJKOB B OOEMX MpOoOHMpKax (YEpHBIM OCaJOK MPEACTaBISET COOOM
cynbdua meau (II)).
OO0bsicHUTE pa3IMUHbIE OKPACKH OCAJKOB.
Hanummre ypaBHeHHME peakLMU pPa3oKeHHUs Cyab(UTa HATpUs, YUUTHIBAs, 4TO OJHUM U3
MPOJYKTOB MIPOKAIMBAHUS SIBIAETCS CyNb(}aT HATPUSL.
CocTtaBbTe HOHHBIE U MOJICKYJISIPHBIE YPAaBHEHMSI peakliuii 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 JAJIbHEHIIETO €ro PaCTBOPEHMS.
[Ipuneiite k pactBopy 10-12 kanenb TUCTUIUIUPOBAHHOM BOBI.
HarpeiliTe pacTBOp 10 NOSIBIEHUS YEPHOTO OCAJKa METAJUIMUECKOTO OJI0BA.
Hanummre ypaBHeHMs peakiuii oOpazoBanus: ruapokcua onosa (I1I); TerparuapokcoctanHaTa
(IT) HaTpus; onoBa u rekcarugpokcocrannara (IV) narpusi.
OmnbIT 2. BHyTpHMO/1eKyJIsIPHbIE OKHCIUTEILHO-BOCCTAHOBHTEIbHbIE PeaKIIuU
B npobupky nomectute 2-3 kpucrayuimka ouxpomara ammonus (NHs4)2Cr207.
Copnepxumoe MpoOMPKU HarpeiTe HaJ| IIaMeHeM CIIUPTOBKHU JI0 T€X IOp, MOKa He MPOU30HIeT
OypHOE pa3yioKEHUE COJIH.
Hanummre ypaBHeHHe peakluy, YUUThIBAs, YTO 3eJIeHasi OKpacka MPUHAAJISKUT OKCHILy XpoMa
(III). Kpome Toro, B peakiuu 00pa3yroTcs a30T U Mapbl BOJBI.
OmnbiT 3. BinsiHue cpeabl HA NPOTeKAHUE OKMCJINTEIbHO-BOCCTAHOBUTEIBLHBIX peaKkumii
a) Bausinue pH cpeanl Ha XapakTep BOCCTAHOBJIECHHMSA NIEPMAHTIAHATA KU
B Tpu npoOupku BHecUTE 10 2 Karjiy pacTBOpa epMaHraHata Kajius.
B oany npobupky mo6aBeTe 2-3 Karmiy 2 H. pacTBOpa CEPHOM KUCTIOTHI
Bo Bropyro npobupky BHecUTe 2-3 Karuid BOJIBI.
B Tpethio mpoOupky npuienTe 2-3 Karm pacTBOpa HIETOYH.
Bo Bce Tpu mpoOupku BHecuTe MO 2 MMKpOIINATenas Cylb(uTa HATpUs U IepeMellaiTe
PacTBOPHI J10 MTOJIHOTO PaCTBOPEHUSI KPUCTAIIIIOB.
HaGnronaiiTe 3a 13MeHEHHEM OKPAacCKU pacTBOPOB BO BCEX TPEX CIydasX.
Hanumure ypaBHeHus peakuMii BOCCTAHOBJIEHMs N€pMaHraHaTa Kajlus CyJIb(UTOM HaTpUs B
pa3HBIX Cpelax, yUUThIBasl, YTO B COCIMHEHNS MapraHia B pa3JInYHbIX CTENIECHSAX €r0 OKUCICHUS
UMEIOT XapakTepHble OKpacku: HOH MnO, - ¢uonerossii, 1oH MnO i" - 3enmeHsIii, Mn?* -
GecIBETHBIH, a OKCH U THAPOKcHA Mn*" - ManopacTBOpHMBIe BelecTBa KOPHIHEBOTO [BETA.
K xakoMy THIy OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKLIUN OTHOCSTCS POBEIECHHBIE B OIIBITE
3a peakuuu?
0) Bansinne pH cpenbl Ha cMelleHHe PABHOBECHSI B OKHCJIMTEIbHO-BOCCTAHOBUTEIBHBIX

peaKIusix

1.

2.
3.
4

[TomecTuTe B mpoOUpPKY HEOOIBIION KPUCTAIUIUK Hoa.
JloGaBbTe 8-10 kamenb pacTBOpa ILIEIOUH.
[Tepememaiite coaepx’umMoe MPOOUPKH JI0 TOJTHOTO pacTBOPEHUS Hoza.
K oOpazoBaBmiemycsi OecuiBeTHOMY pacTBOpy mpubaBbre 10-14 kamenb pacTtBopa cepHOM
KHCJIOTHI /10 TOSIBJIEHUS! Oypoi OKpacKu pacTBoOpa.
[Tonp3ysick pacTBOpOM Kpaxmalsia, ITOKaXHUTe, YTo Oypas OKpacka BbI3BaHa OOpaTHBIM
nporeccoM 00pa3oBaHUs CBOOOAHOTO Hoa.
Harnnmure ypaBHEHHsI peaklMii, y4UThIBas, YTO NMPHU PACTBOPEHHWH HOJA B PacTBOPE IIEIOUYU
o0pa3yroTcs conu HomoBoaopoaHoii HJ u fiomnoBatucroit HJO xucnor.

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

COCIMHCHUA B HpOMe)KYTOqHOﬁ CTCIICHHU OKHUCJICHUSA

1.

a) BzanmoaeiicTBre MePpoOKCUIA BOAOPO/IA C IEPMAHTAHATOM KaJIHUs
K 1-2 xarmisim pacTBOpa nepMaHraHarta Kanus 100aBbTe 2-3 KAl pacTBOpa CEPHOM KUCIIOTHI.
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JloGaBbTe K moJyueHHOMY pacTBOpy 2-3 karuiu 3%-HOro pacTBopa MepoKcHa BOAOpoa.
Kak n3smenmiace okpacka pactBopa? Kakoil ra3 Beiensercs’?
Hanummure ypaBHeHue peakunu. Kakue cBoMCTBa MPOSBIISIET B HEM MEPOKCU BoJopoia?

0) BzanmopneiicTBHe nepoKcuaa BOAOPOAA C MOAUI0M KAJIHSA
K 3-4 xamsm pacTBopa noauaa Kaius npuieite 3-4 Kariym pacTBopa CEpHOM KUCIIOTHI.
ITpubaBbTe K MostyueHHOMY pacTBOpy 1-2 xamm 3%-Horo pacTBopa NepoKcuaa BOAOPOA.
Jlns xakoro BelecTBa XapakTepHa IMOsBHUBIIAsCS OKpacka pactBopa? Ilonb3ysce pacTBOpoM
Kpaxmaiia, IOKaXuTe, 4To Oypasi OKpacka BbI3BaHa 00pa3oBaHHEM CBOOOHOTO Hofa.
Hanummure ypaBHeHue peakunu. Kakue cBoMCTBa MPOSBIISIET B HEM MEPOKCU Bogopoia?

OnsIT 5. Oprannyeckne BenecTBa B Ka4ecTBe BOCCTAHOBUTe el

a) BoccranoB/ieHHe OMXpoMaTa Kajaus
B npoGupky momecture 5-6 xamnenb pacTBopa Ouxpomara HaTpHsl.
Bnecure B Hee 2-3 Kamiu KOHIIEHTPUPOBAHHON CEPHOM KUCIIOTHI.
JloGaBbTe 4-5 kanens sTriioBoro crnupra C2HsOH.
OTmeThTe M3MEHEHHUE I[BETa PACTBOpA M MOSBICHUE CIEHU(PUYECKOro «sI0JOYHOrO» 3araxa,
npucyiero ykcycaomy anpaerngy CH3CHO.
Hanumure ypaBHeHue peakiuu, yauTbiBas, ooOpasyercs coib xpoma (II1).

0) BoccTanoB/1eHMe IepMaHTaHATA KAJIUSA
Baecute B mpobupky mo 5-6 kamesib pacTBOPOB IABENEBOW KHUCIOTHI U 2 H. PacTBOpa CEpHOMU
KHUCJIOTBI.
JoGaBbTe 2-3 KamiM MepMaHraHata Kaiusg W HaOmoJaiTe uepe3 HEKOTOpoe BpeMs 3a
oOecrBeUBaHUEM II€pMaHIraHaTa Kajusl.
CocraBbTe ypaBHEHHE PEaKLUM, YUUTHIBAsI, YTO IEPMAHTAHAT-NOH BOCCTAHABIMBAETCS JO MOHA
mapranma (II). B peakuuu taxke Beiaensiercs okcun yriaepona (IV), mo koroporo okucisercs
niaBeseBas 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
Bo3pmute Tpu ckpenku ans Oymar. B ogHy BcTaBbT€ TOHEHBKHMH KyCOYEK METaNTMYECKOTO
0JI0Ba, BO BTOPYIO — ME/IH, TPETHhIO OCTaBbTE B KAYECTBE KOHTPOJISL.
Jlo6aBbTe B TpU MPOOUPKHU C BOJOW MO OJHOM Karjie pacTBOpa COJMTHOW KUCIOTHI, MO 2-3 Karuiu
pactBopa kpacHoi kposiHO# coin K3[Fe(CN)s] 1 omycTHTE B HUX CKPETKH.
OTMeThTe MHTEHCUBHOCTb OKPACKU BO BCEX TPEX MPOOHpPKaX.
Crenaiite BBIBOABI O CKOPOCTH KOPPO3UH B KAXKJOM CITy4ae M HAMUIIUTE KaTOJIHbIE U aHOJHBIE
pEaKINH.

OnbiT 2. Biausinue cpeabl HA CKOPOCTh KOPPO3HH
Bosemute Tpu npoOupku. B nepByro HaneiTe pacTBOp XJIOpUIa MarHus, BO BTOPYIO — PacTBOP
COJISTHOM KHUCJIOTBI, B TPETHIO — TUCTHUINIUPOBAHHYIO BOJY.
OHOBPEMEHHO OITyCTUTE BO BCE MIPOOMPKU 1O OJJHOM CKpEIKe.
JloGaBbTe uepe3 5-10 MUHYT B Kaxaylo MNpoOMpKY MO 3 Kalid pacTBOpa KPacHOM KpOBSHOI
COJIN.
OOBbsicCHUTE HMHTEHCUBHOCTh OKpacKH (BO BceX JIM MpoOupkax?), HANUIIUTE YPABHEHUS
IIPOTEKAIOIINX PEaKLUid, CIETalTe BHIBOI.

OnpIT 3. DJIeKTPOKOPPO3UA MeTALIA
Hanetite B U-006pa3nyto TpyOKy pacTBOp XJIOpHIa HATPHSL.
JloGaBbTe B Kax10€ KOJIEHO 10 2 KaIljld pacTBOpa KpacHOU KPOBSHOW cosii U peHo( TarenHa.
[Torpy3utre B pacTBOp JKEJNE3HBIE JJIEKTPOJbl (CKPENKH) M MOJAKIIOYUTE K 3JIEKTPOAaM
MTOCTOSIHHBIN TOK.
OOBscHUTE HAOIIOACHUS U 3aMUIINTE AaHOJHBIA U KaTOAHBIN MPOIECCHI.

OnbIT 4. AHOAHBIEC H KATOJAHbIE MOKPBITHA
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Haneiite B 186 mpoOupku no 15-20 karmenb pacTBopa CEpHON KUCIOTHI M J00ABHTE MO 2 KaruIu
pacTBOpa KPaCHOU KPOBSIHOM COJIH.
Onyctute B OQHY NPOOUPKY MOJOCKY OIMHKOBAHHOTO 3Keje3a, B JPYIyl0 — JIYKEHOTO,
MpEABAPUTEIILHO C/EJIaB Ha UX MTOBEPXHOCTHU TIYOOKHE IapaMHbI HOXKOM.
OtMerbTe uepe3 5-10 MHHYT TMOSBIICHHE CHHEH OKpacKM B MecTe IapanvH (B Kakoi
npoOupke?).
OObsicHuTe HAOMIOJEHUS M 3alMIIUTE AaHOAHBIA M KATOMHBIM MPOLECCHl s  KaXAOU
rajbBaHONaPBHI.

OnpbIt 5. [IpoTrekTopHas 3ammMTa
JloGaBbTe B JBE MPOOHUPKU C AMCTUJUIMPOBAHHON BOJIOH MO OJTHOM Karlie COJSTHOM KHCIOTHI U
0 JIBE KaIlJIM pacTBOpPa KPaCHOU KPOBSHOM COJIH.
Onyctute B 0JJHY IPOOUPKY CKPEMKY, B IPYT'YIO — CKPENKY B KOHTAKTE C AJTFOMIUHHIEM.
OTMeThTe MOSIBIICHUE NHTCHCUBHOM CHHEH OKpacKH (B Kakou mpooupke?).
OObsicuuTe HAOMIOJEHUS. 3aNmUIINTEe KAaTOMHBIM M aHOMHBIA mporecchl. CremaiiTe BBIBOJ.
Kakyto posb BBINOTHAECT aTFOMUHUN?

OnsIT 6. IIppMeHeHne HHTHOUTOPOB
Haneiite B aBe mpoOupku 1%-HbII pacTBOp CepHOl KUCIOTHI M A00aBbTe MO 2-3 Karu
pacTBOpa KpaCHOM KPOBSIHOM COJIH.
PactBopute B oHOM npoOupke ypoTpornuH (1 mmarens).
Onycrute B 00e mpoOupku 1o oxHou ckpenke. Kakoir HaOmomaercs s dexr? Kakyro ponb
BBITIOJHSET YPOTPOIHH?

Kpurepum ouenku:
- 9-10 GanoB BBICTABISETCS CTYACHTY, €CIIM OTYET BBIIIOJHEH 03 3aMEeUaHMid;
- 7-8 6aIoB BBICTABIIAETCS CTYJEHTY, €CIIM B OTYETE COAEepPKATCS HEOObIINE HeOUETHI;
- 3-6 GaJJIOB BHICTABIISIETCS CTYICHTY, €CIIM B OTUETE COJCPKATCS CYIIECTBEHHBIE OIIMOKH;
- 2 Gasuia BBICTABIISIETCS CTYACHTY, €CITU OTYET He 0OpMIICH, HO paboTa BBIMIOJIHEHA.



7.3.011eHOYHbIE CpeACTBA JIANPOMEKYTOYHOH AaTTeCTAMH IO HMTOramM OCBOEHUS
AUCHHUILINHBI

7.3.1. Bonpochl K NpOMeKyTOYHOM aTTecTaluu

Cemectp 1

Ne i/ Bonpocsl k 3a4ety

1 OCHOBHbIE IOHSTHUSI XUMUU: aTOM, HOH, MOJIEKYJIa, DJIEMEHT, BEIIECTBO

2 CHMBOJIBI XMMUYECKHX 3JIEMEHTOB

3 Modb - KaK eIMHUIA U3MEPEHHUs KOJIMYECTBA BEIIECTBA

4 3aKOH COXpaHEHMsI Macchl, IOCTOSHCTBA cocTaBa. [IpuMeHeHHEe ero B XMMHUYECKHX
pacyerax

5 3aKOH NMOCTOSIHCTBA cocTana. [IpuMeHeHNe ero B XMuMHUYECKUX pacyerax

6 ["a30BbIii 3aKOH KpaTHBIX OTHOIIEHHUH U IPUMEHEHHUE €r0 B TEXHUUECKUX pacyerax

7 ["a30BbIii 3aKOH ABOTapo ¥ NPUMEHEHHE er0 B TEXHUYECKUX pacueTax

8 I"a30Bblii 3ak0H MenpeneeBa-KiaiinepoHa 1 NpUMEHEHUE €ro B TEXHUUECKUX pacyeTax

9 XUMHUYECKUH SKBHUBAJICHT MPOCTHIX U CJIOXKHBIX BEIIECTB

10 MoutsipHast Macca ¥ MOJISIPHBIM 00bEM SKBHUBAJICHTA

11 3aKOH SKBUBAJIEHTOB

12 [TonsiTue 06 sHTaNbNUHU. [IepBblil 32KOH TEPMOJAUHAMUKH.

13 DHTaAIBIK 00pa30BaHUs BEIIECTBA

14 OHranbnus peakuuu. 3akoH ['ecca

15 OHTaJIBIIUS CTOPAHUS U TEIUIOTBOPHASL CIOCOOHOCTh TOILIUB

16 DOHTponHs - KaKk TePMOJUHAMUYECKass (PYHKIUS COCTOSIHHSI CUCTEMBI. Pacder sHTponuu
peakuuu

17 HanpaieHHOCTh XUMUYECKUX peakiuii. JHeprusi [ md6ca

18 CKOpOCTh XMMHYECKHX peakluil. [ OMOreHHble U reTepOoreHHbIe MPOLECCh

19 3aKoH sieicTByIOmMX Macc. KoHCTaHTa CKOPOCTH peakiu

20 3aBUCHUMOCTh CKOPOCTH OT TemmepaTypsl. TemmneparypHbiii kodddumuent. [Ipasuio
Bant-T'opda

21 VYpaBHeHue AppeHuyca. 3aBUCHMOCTb KOHCTAHTBI CKOPOCTH OT TemmepaTypsl. Pacuer
SHEPIUU aKTHBALIUU

22 3aBHCHMOCTH CKOPOCTH PEAKIIMH OT NapIHAILHOTO JABIICHHS

23 Xumnueckoe paBHoBecre. KoHcTaHTa paBHOBECHS.

24 Cwmemenne xumuyeckoro pasHoBecus. [Tpunuun Jle-Illarense

25 PactBopbl. Cioco0b! BbIpaykeHHsI KOHIIEHTPAIUK pacTBOPOB

26 MexaHu3M pacTBopeHusi. TepMonHaMHKa pacTBOPEHHUSI.

27 Konnurarusasie cBoiicTBa pacTBOPOB: 3akoHbI Payns u Bant-TI'odda

28 VcTuHHBIE M MOTEHUHMAIbHBIE 3JEKTPOJUTHI. JlMccouuanusi 3MeKTPOIMTOB (KUCIOT,
OCHOBaHuM, cozei). KoHcTanTa auicconuaniy NoTeHIMAIbHBIX JIEKTPOJIUTOB

29 3akoH pazbasienust OctBanbaa. M3oTonnueckuit ko3 huimeHr.

30 3akons! Paysst u Bant-I'odda aiist pacTBOpoB 2i1eKTpoIuToB

31 Jucconmarnus Boabl. Bogoponusiii mokasarens (pH)

32 ITpounsBeneHne pacTBOPUMOCTH.

33 OOMeHHBIE peakIIii B PaCTBOPAX JIEKTPOIUTOB

34 ['naponus. pH BoAHBIX pacTBOPOB coJie

35 JucniepcHbie cucteMbl. KomutonaHbeie pacTBOPHI

36 [Tony4yeHne KOJUIOUIHBIX paCTBOPOB

37 CBoIiCTBa KOJJIOWIAHBIX PACTBOPOB

38 DNIEKTPOXUMHUICCKHE CHCTEMBI




39 DJEeKTPOIHBIN MOTEHIIHAIL.

40 Ypasnenue Hepacra. CrangapTHBIN JIEKTPOAHBIN NOTEHIIAAI

41 XUMHYECKUE UCTOUYHUKH TOKa. ["anpBannueckuit anement. [Tpunnun u pacuer 3/1C

42 DJIEKTPOJIN3 PaCIIaBOB. PacTBOpUMBII aHO/

43 DNEeKTpoN3 BOAHBIX pacTBOpoB. KaTonHble U aHOIHBIE TPOLIECCHI

44 3akonsl Dapazes.

45 [TprMeHeHue AJIeKTPOoIIn3a B IPOMBIIIJICHHOCTH

16 Koppo3sus 'METaIlIOB U CIIABOB. [IpuunnHbl KOppo3uu. THUIBI U BUJIBI KOPPO3HOHHBIX
MOpaXKEHHH

47 XuMuyeckass Koppo3us MeTauioB. ['azoBast koppo3us. XapakTEpUCTUKAa OKCHIHBIX
MJICHOK

DnekTpoxumudeckas Koppos3usi. Kopposuss Ha KoHTakTe ABYX MerauioB. OlleHKa
CKOPOCTH KOPPO3HOHHBIX MPOIIECCOB.

48

49 Brusinue pa3nyHbIx GaKTOPOB HA AIEKTPOXUMHUUYECKYIO KOPPO3HIO

MeTOI[BI 3alllUTel METAJJIOB OT KOPPO3HH. MeTtaummyeckue M HEMETaJNIMYSCKHE

50
nokpeitus. [IporexkTopHas u KaToHas 3aumrTa. IHrHOUTOPBI KOPPO3UHU
7.3.2. Kputepuu 4 HOPMbI OLEHKH
dopma
NpoBeeHUs!
Cemectp . Kpurtepuu u HOpMbI OLleHKH
MPOMEKYTOYHOMH
aTTecTaluu
1 3ayer (1o Texkymui peuTUHI  COCTABIISIET
«3aYTEHO»
HAKOMUTEILHOMY 40-100 GannoB
eUTHHT Texymuii pedTuHr coctasisier 0-
P y) «HE 324TEHO» YHUI b
39 6amnoB




8. YuebHo-MeToaMUYecKoe M HH(POPMALMOHHOE 0O0ecieuyeHue TUCIHILIMHBI

8.1. O6s13aTesbHAs JIUTEpPATypa

Tun (yueOHMK, yueOHOe

KoanuecTBO B
HAY4YHOM

Ne nocooue, yue0Ho-
ABTOpPBI, COCTABUTEJIH 3arsiiaBue (3aroJji0BoK) I'ox u3panus oudamoTexe /
n/n MeToAnYecKoe mocooue,
npaKTHKYM, 1p.) HaumenoBanmue
IBC
1 H.C. AxmeToB OO01mas ¥ HeopraHuveckasi XuMusi: y4eOHHUK YyeOHuk 2020 SBbC
/ H. C. AxmeroB. — 11-e u3n., crep. —
Cankr-IlerepOypr: Jlanp, 2020. — 744 c. —
ISBN 978-5-8114-4698-8.
2 | H. B. KopoBuH [u ap.]; mog | O6mas xumus.[ DIEeKTPOHHBIN pecypc]: YyeOHoe nmocodue 2017 9BC
pen. H. B. KopoBuna, H. B. | Teopus u 3agaun: yue6. mocooue / H. B.
Kynemosa. Koposun [u ap.]; nox pea. H. B. KoposuHa,
H. B. Kynemoga. - U3a. 2-e, crep. - CaHkt-
[lerepOypr: Jlans, 2017. - 492 c.: un. -
(YueOnuku miisa By3oB. CrienuaibHast
auteparypa). - ISBN 978-5-8114-1736-0.
3 | JI. H. bounoB [u ap.]; mox Xumust [DaeKTpOoHHBIH pecypc]: yued. as Y4eOHUK 2016 OBC
Hayd. pen. . JL. By30B / JI. H. biuHoB [u 1p.]; mox Hayd.
[Tepdunosoii, T. B. pen. . JI. Ilepdunosoii, T. B. CokomoBoii. -
CoxkoioBoil. Cankr-IlerepOypr: Jlans, 2016. - 272 c.: u.
- (Yuebnuku 15 By30B. CriennanbHas
auteparypa). - ISBN 978-5-8114-2038-4
8.2. lonotHuTEIBHAS IUTEPATYPA
Tun (yueOHHK, yueOHOE KOﬂ"quTEO B
Ne nocodoue, yueoOHo- Hay-nou
ABTOpPBI, COCTABUTEH 3ar/iaBue (3aroJjioBoK) I'oa u3nanus oudamnorexe /
n/n MeTOAuYECKOe mocodue,
HaumeHoBaHue

NPaKTHKYM, AP.)

IBC




Tun (yueOHuK, yueOHOe

KoJsinmuecTBO B

HAYYHOI
Ne nocooue, yuedHo-
ABTOPBI, COCTABUTEJIH 3ar;iiaBue (3aroJji0BoK) I'ox u3panus oudamoTexe /
n/n MeToAnYecKoe mocooue,
HaumenoBanmue
NPaKTHKYM, AP.) 3EC
1 | JI. I.bop3oBa OcHOBBI 00mICH XUMHHU [ DJIEKTPOHHBII YuebHoe nmocobue 2014 9BbC
pecypc]: yueb. mocodue / JI.JI. bop3osa,
H.1IO. Yepnukona, B.B. fkymeB. - CaHKT-
[letepOypr: Jlamp, 2014. - 469 c.: wn -
(Yuebuuku ansa  By3oB. CneuuanbHas
muteparypa). - ISBN 978-5-8114-1608-0.
2 H. ®.Cracse Pemenne 3amau  mo  oOIIed  XUMHH 2016 SBbC

[DnmexTpoHHEIH pecype]: yueb. mocobue / H.
®. Cracp, A. B. Kopmynos. - Uzn. 3-e,
crep. - Cankr-IletepOypr: Jlans, 2016. - 168
c. wml - (YueOHUKM a1 BY30B.
CrennanpHast smreparypa). - ISBN 978-5-
8114-2274-6.

YuebHoe mocodue




8.3. Ilepeuyenb mnpodeccCHOHANBHBIX 0a3 JAHHBIX U HMH(OPMANMUOHHBIX CIHPABOYHbBIX
CHCTEM
ByTtnepoBckue coolmieHus [ DneKTpoHHBIN pecypc| : MHOTONIpeaAMET. Hayd. )kypH. / OO0
«HHOBaIIMOHHO-U3ATENbCKUM oM «byTiepoBcKoe Hacieque»». — IEKTPOH. KypHal. —
Kazanb : OOO «MHHOBanmoHHO-U3aTenbckuil 1oM «bytiepoBckoe Hacaeaue»», 1999- .
Pexxum nmoctyna k xkypH.: http://butlerov.com/stat/reports/view.asp?lang=ru

XUMUA B MHTEpPECaX YCTOMYMBOIO Pa3BUTHS [ DIEKTPOHHBIN pecypc] : MeXIyHap. Hay.
KypH. / Cubupckoe otaenenune PAH. — DnekTpoHn. xypHai. — HoBocubupcek :
NznarensctBo CO PAH, 1999- . Pexxum nocryma K KypH.

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

8.4. [lepeuenb mporpaMMHOro odecrneyeHust

Ne Hanmenosamme IO PexkBU3UTHI )IOFOB?pa
n/n (mata, HOMep, CPOK JAeHCTBHUA)
1 Windows: moroBop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JeHCTBUS — OECCPOUHO;
KOHTpakT Ne 1653 ot 14.12.2018, cpox
JICUCTBHSI — OECCPOUHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL koHTpakT Ne 690 ot 19.05.2015, cpok
AcademicEdition JeUCTBHS — OECCPOYHO
Office Stdandard 2016 Russian OLP NL norosop Ne 757 or 04.07.2018, cpok
AcademicEdition JEHCTBUS — OECCPOUHO
Office Stdandard 2016 Russian OLP NL koHTpakT Ne 727 ot 20.07.2016, cpok
AcademicEdition JeUCTBHS — OECCPOYHO
3 Mirapolis Human Capital Management JMIEH3UOHHBIH 1oroBop Ne 42/02/22-K ot

02.02.2022, cpok aeiicTBus — 10
31.08.2022

8.5. Onucanne MarepHaJbHO-TEXHMYECKON 0a3bl, HEOOXOAMMOM AJI OCylLIeCTBJICHUSI
00pa3oBaTeIbHOIO NMpoLEcca M0 JUCIUIIIHHE

HaumenoBanue 000py10BaHHBIX Y4eOHBIX
Ka0MHeTOB, J1adopaTopuii, MACTEPCKUX H

Ne Ap. 00BEKTOB /1JIsl NPOBECHUS
. ITepeyenb 0CHOBHOTO 000pYyAOBAHMA
n/m | NpPaKkTHYeCKUX U Ja00paTOPHbIX 3aHATHIA,
MOMELIEHUH VI CAMOCTOATEILHOMN
padoThl o0yyaromuxcs (HoMep ayiuTOPHH)
Jlexunonnas ayauropus (A-125) CroJ1 yueHN4eCKHUI TPEXMECTHBIN
MOHOOJIOK — 521MIT., CTOJI
IpenoaaBaTelbCKuid — 1mT., cTyn
1 npenoaaBaTenbCckuil — 1mr., kadenpa-
L., nocka menoBas — 1 wIT., 5KpaH
HaBeCHOM — 1mT., mpoekrop — lmr.,
npoueccop — 11mT., Mplb KoMl — 1.,
yJIbT — lmT.
2 | JJaboparopus obuieil 1 HeopraHuyecKou Cron nabopaTopHblii - 14 mrT., cTON



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

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
KaOMHETOB, JJa00paTOpuil, MACTEPCKUX U

Ne AP. 00bEKTOB /151 IPOBeIeHUs
N IlepeyeHb 0OCHOBHOIO 000PY10BAHMS
n/m | NpakTU4YeCKUX U Ja00paTOPHbIX 3aHATHM,
MOMeIeHUH JJI51 CAMOCTOATENbHOM
padoThl 00yYarOIMXcs (HOMep ayJAUuTOPH)
xumu (A-310) IIPENnoAaBaTeNbCKUN - 2 IIT., BBITSYKHOU
mkad - 1 mr., mkad mis mocyast - 1 mir.,
mkad A TOCyabl - 1 mIT., cToI
YYCHHYECKUH JBYXMECTHBIN (MOHOOJIOK) -
5 T, Mo#iKa - 4 T, T0CKa ayAUTOPHAs
(menoBas) - 1 mrT., SAEKTPOIUIMTKA - 4 IIT.,
CIIUPTOBKH, TEPMOMETPHI, XUMUIECKAS
nocyza.
Kommnbrotepusiit kinace (YJIK-812) Cron yyeHu4ecKkui-26 mr., CTo
3 MpernoaBarebCKkuii-1 mir., cTyn-26 mr.,
JI0CcKa ayAuTOpHast (MapkepHas)-1mrT.,
KOMIBIOTED - 1911T.
4 [Tomemenue st camocTosATenbHOU paboThl | CTOJBI, CTYIbS, KOMIIBIOTEPHI
obyuarormxcs (I'-401)
[Tomemenue mns camoctosiTeibHOU paboTel | Jlocka ayauTopHas (MenoBas), CTOJIBI
5 | obyuaromuxcs (C-508) YYEHUUYECKHUE, CTOJI MPEernoaaBaTeIbCKUM,

CTYJbsI, CTCH]IbI, IIKa(bI.




