MMHUCTEPCTBO HAYKHU U BBICIHIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPAIIN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUHN TOCYIapCTBEHHBI YHUBEPCUTET

b51.0.09

(uHOexc OucyuniuHot)

PABOYASA ITPOI'PAMMA JTUCHUIIJIMHBI

Xumus

(Haumenosanue OUCYUNIUHbL)

110 HalIpaBJICHUIO IOATOTOBKHU
13.03.03 DHepreTryueckoe MaIMHOCTPOCHHE

HaIpaBJIEHHOCTH (TIPOdUIIB)
AJbTepHATUBHBIC HICTOYHUKHU SHEPTUH TPAHCIIOPTHBIX CPEICTB

dopma 00ydeHus: ouHast
I'on Habopa: 2020
O6mas tpynoemkocts: 4 3E

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpaM

Cemectp 1

dopmMa KOHTPOJIA 3a4eT Hroro
Buj 3ansiTuit
Jlexum 30 30
JlaGopartopHbie 12 12
[IpakTnueckue 18 18
PykoBOJCTBO: KypcoBbie paboThl (poekThi) / PT'P
IIpoMexyTouHas aTTecTalus 0,25 0,25
KonraktHas pabora 60,25 60,25
CamocrosiTenbHas paboTa 83,75 83,75
KonTposnb
Hroro 144 144




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

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

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Penienzent

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

Pabouas mporpamma qucuMIUIMHEEI coctaBieHa Ha ocHoBaHuU ®I'OC BO u yuebHOTrO miiana
HAarpaBJIeHUs TOATOTOBKU
13.03.03 DHepreruyeckoe MAIMHOCTPOSCHUE

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

COI''TACOBAHO

3aBeayroniuii Kadenpoit « JHEPreTUIeCKre MalTUHbI B CUCTEMBI YIIPABIICHUS

«30» centsiops 2019 1. JILA. TlaByioB
(noonucy) (U.0. ©amunus)
YTBEPXIEHO

Ha 3acemanunu nueHTpa MEIUIIMHCKON XUMUHN

(mpoTokon 3acexanust Ne2 ot «2» centsiopst 2019 r.)



1. Ilean ocBOEHUN TUCIUILIHHDI

Llenb ocBOEHHS ITUCHMILIMHBI — C(OPMHUPOBATH CUCTEMY XMMHUYECKUX 3HAHUHU (TIOHATHH,
3aKOHOB, (DaKTOB, XMMHUYECKOTO S$3bIKa) KaK KOMIIOHEHTa €CTECTBEHHOHAYYHBIX 3HAHUI 00
OKpY)KalOIleM MHpE M ero 3aKoHax, a Takke Cc(HOpMUPOBATH COBPEMEHHOE IPENICTABICHHE O
BEIIECTBAX, X CTPYKTYpe, CBOMCTBAX U B3aUMHBIX MPEBPAIICHUSIX.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

Jannas nucuumuiiHa (yd4eOHBIH Kypc) OTHOCHUTCA K ONOKYy «JlucuurmiauHbl (MOIYIH)»
(Obs3arenbHast 4acTh).

JIMCUMIUTMHBL M TMPAKTUKA, HA OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«BpIcIIasg MaTeMaTHKay.

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM MUCIUILUIMHBI HEOOXOIMMO Kak
npeamectBytomee: «MatepuanoBenenue u TKM», «9konorus», «TexXHOIOTHS KOHCTPYKIIMOHHBIX
MaTepuanoBy, «OCHOBBI TEOPUU TOPEHUSY.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

(Ko 1 HAMMEHOBAHUE)

(K01 1 HAMMEHOBAHUE)

dopmMupyemsbie U HNuagukaropbl
KOHTPOJINpyeMble JOCTHKEHUA Ilnannpyemble pe3y/ibTaThl
KOMIIeTeHIINH KOMIIeTeHIIU I o0yueHust

OIIK-2. Cnocoben

TECOPECTUICCKOTO U

npodeccnoHanbHbIX 3a7a4

OIIK-2.6. lemoHcTpHpyeT

3HaTh:

IIPUMEHSTH IMIOHUMAaHNE XUMHYECKUX — IpaBuja [MOBEICHUSA U TEXHUKY
COOTBETCTBYIOIINH MIPOLCCCOB U 3HAHUEC 0€30MacHOCTH B XUMHYECKOMH
(bu3MKO-MaTEMATHUECKUN | OCHOBHBIX 3aKOHOB XMMHHU. nabopaTopuu;

anmapar, METObI aHalIn3a — METOJIBI IPOBEACHUS

1 MOAEIIUPOBaHUA, SKCIIEPUMEHTANbHBIX

HCCIICIOBAaHUM, IIOITOTOBKU

9KCIEPUMEHTAIBHOTO pabodero MecTa;
HCCIICIOBAHUS IPU — npasuiia 0(pOPMIIEHUS OTYETOB K
pelieHnn 71a0b0paTOpHBIM paboTaM 1o

XUMHH, TOCTPOCHUS TpaUKOB,
COCTaBIJICHUS BLIBOJOB;
OCHOBHBIC TOHATHUS U 3aKOHBI
XHUMHH, OCHOBHBIC 3aKOHBI
B3aMMOCBSI3U MEXK]ly CTPOCHUEM
1 XUMHYECKUMU CBOMCTBAMHU
BCIIIECTB;

OCHOBHBIE 3aKOHOMEPHOCTH,
COITPOBOXKIAIOIINE
B3aMOJICHCTBHUS BEIIECTB

YMmeTs:

CaMOCTOSITENIbHO paboTaTh C
METOAMYECKUMHU
PEKOMEHIAIUSIMH, CIIPABOYHBIMU
MaTepHaJaMu;

HNPUMEHSATh TEOPETHUECKHE
3HAHMSA JJIS1 TPOBENICHUS
HKCIIEpUMEHTa U 00pabOTKH ero
PE3YNIBTaTOB,




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIeTEeHI[UH
(Koa 1 HAMMEHOBaHUE)

Nuauxkaropsl
AOCTUKEHUS
KOMIIeTeHIU
(K0J1 1 HAMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0yueHust

0OPMIISITH OTUETHI K
JabopaTOpHBIM paboTaM 1o
XMMUH, CTPOUTH IpaduKH,
(bopMyITHPOBAThH BHIBOJIBI;
aHAJM3UPOBAThH MOTyYCHHBIC
pe3yibTaThI;

OCBanBaTh HOBBIC
TEXHOJIOTUIECKUE TPOIIECCHI U
HOBBIE BUJIbI TEXHOJIOTHYECKOTO
000pyI0BaHUs, IPUMEHSTh
TEOPETUYECKHE ACTIEKTHI XUMHH
JUIS aHAJIN3a CBOMCTB BELIECTB U
MEXaHU3MOB XMMHYECKHIX
MPOIIECCOB;

NPUMEHSITh OCHOBHBIC TIOHATHS U
3aKOHBI XUMUH,

OCHOBHBIE 3aKOHBI B3aMOCBSI3U
MEXy CTPOCHUEM U
XUMUYECKHUMHU CBOWCTBAMH
BCIIICCTR;

OCHOBHBIE 3aKOHOMEPHOCTH,
COITPOBOKJAIOIINE
B3aWMO/ICHCTBHS BEIIECTB MPU
peleHny npopecCHOHATBHBIX
3amad

Bnaners:

OCHOBHBIMH MOHATHSIMU U
3aKOHaMU XMMHH,
CIELUAIILHON XUMUYECKOU
TEPMHUHOJIOTUEN,

METOJIaMH aHan3a paboThl
00BbeKTOB MpohecCuoHaTBLHOM
JIESITEIIBHOCTH U ONPEEIICHUS
CBOICTB BEIIECTB U MEXaHU3Ma
UX y4acTus B IIpoLeccax
XUMHYECKOT0 XapaKTepa,
METOJIaMHU OpTraHU3alNH
CaMOCTOSITENIbHON PabOTHI,
aHajM3a MOJy4YEHHOU
uHpopmanuu, ohpopMICHUS
OTYETOB K JIAOOpaTOPHBIM
paboTaMm 1Mo XUMUH,
MOCTPOEHUS rpauKoB,
COCTaBJICHUS BHIBOJIOB;




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyas (pa3aen) | yueOHOM Hanmenonamvae TEM SAHITHH CemecTtp Obnem, banabl | UHTepakTuB, 4.| (HaMMeHOBaHHe
(yuedoHoOl padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 1. Jlex OCHOBHEIE IIOHATHSA U 3aKOHEI XUMUU 1 2 - -
CtpoeHue u Ip Pacuets! o opmynam u ypaBHEHUSIM 1 2 ) - KoHnTponbHas padota
CBOICTBA BEIECTBA Nel
Jlex OcHOBHBIE KJIacChl HEOPTraHUYECKUX 1 2 - -
BEIICCTB
Cp na3i 1 4 - -
Jla6 OCHOBHBIE KJIaCChl HEOPTAHUYECKUX 1 2 10 - OTtyer 1o
BEILIECTB nmabopaTopHOl padboTe
Nel
Jlex Crtpoenue atomoB. [lepuoandeckas 1 2 - -
cucrema snneMeHToB .M. MeHaeneeBa
Ip CrpoeHue aToMOB 1 2 5) - KonTponbHas padota
No2
Jlex Xumuueckas cBa3b. IIpocTpancTBeHHOe 1 2 - -
CTPOEHHE MOJIEKYJI
Ip Xumnyeckas cBs3b. [IpocTpaHncTBeHHOE 1 2 5) - KonTponbHas padota
CTPOEHUE MOJIEKYJI No3
Monyns 2. Jlex TepMonrHaMuKa XUMUYECKUX ITPOLIECCOB. 1 2 - -
TepmonHaMuKa u @YHKINN COCTOSIHUSA: BHYTPEHHSA
KIUHETHKA SHEPTHUsl, SHTAIBIINSA
XUMHUYECKHUX Jlex OYHKIUU COCTOSIHUS: SHTPOIHUS, SHEPT U 1 2 - -
[IPOLIECCOB I'n66ca. Hampasnenue npoTexanus
XUMHUYECKUX PEaKui
Cp NA32 1 4 - -




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab (pa3aen) | yueOHOM Hanmenonamvae TEM SAHITHH CemecTtp Obnem, banabl | UHTepakTuB, 4.| (HamMeHOBaHHe
(yuedoHOI padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
JIa0 OmnpeneneHne SHTAIbIUN PEAKITUN 1 2 10 - OTueT 110
mabopaTropHoit pabote
No2
IIp TepMoauHaMHUKa XUMHUYECKUX PEAKITHI 1 2 5 - KontposbHas pabota
No4
Jlex Xumuyeckass KHHETHKa. BinsiHue Ha 1 2 - -
CKOPOCTh XUMHUYIECKUX PEAKITUI
KOHIIEHTPAIIUH, 1aBICHU
Jlex BinsiHne Ha CKOPOCTh XMMUYECKUX 1 2 - -
peaxkuuii TemrnepaTyphbl, KaTaau3aTOPOB.
XHUMUYECKOE PABHOBECHE
Cp N33 1 4 - -
Jla6 CKOpOCTh XMMHUYECKUX PEaAKITHH. 1 2 10 - OTtyer o
XUMUYECKOE paBHOBECHE mabopaTtopHoit paboTe
Ne3
Ip KuneTnka XMMHUYECKUX PEeaKIUii 1 2 5 - KonTtponbHas pabota
No5
Monyis 3. Jlex PactBopbl. CiocoOB! BbIpaskeHUs 1 2 - -
PactBops! 1 KOHIIEHTPAIIUU PACTBOPOB.
PIEKTPOXUMHUUYECKUE KonnuratuBHbie CBOMCTBAa PaCTBOPOB
[MPOLICCCHI IIp CriocoObI BEIpaKEHHS] KOHIIEHTPAITIH 1 2 5 - KontponbHas padota
pacTBOpOB No6
Jlex CBoiicTBa pacTBOPOB IIIEKTPOIUTOB: 1 2 - -

aucconranyvs. MOHHOC NPOU3BEACHHUC
BOJBI, IPOU3BCACHUC paCTBOPHUMOCTH,

TUAPOJIN3 COJICH, HaIlpaBJIeHUE OOMEHHBIX

peakuui




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab (pa3aen) | yueOHOM Hanmenonamvae TeM 3ansTiu CemecTtp Obn.em, banabl | UHTepakTuB, 4.| (HamMeHOBaHHe
(yuedoHOI padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
Cp N34 1 4 - -
Jlab PacTBOpBI 371€KTPOIUTOB 1 2 10 - OTtyer mo
mabopaTtopHO# paboTe
No4
Ip CaoiicTBa pacTBOpOB 1 2 ) - KonTpoabnas padora
No7
Jlex OKHCIUTENTEHO-BOCCTAHOBUTEIIHHBIC 1 2 - -
peakiuu
Cp WJ135 1 4 ) )
JIab 1 2 10 - OTt4er 1o
OKHCIUTENTEHO-BOCCTAHOBUTEIHHBIC .
P — nmabopaTopHoii padote
No5
Jlex DAEKTPOXUMHUECKHUE CUCTEMBI. 1 2 - -
["ampBaHUYECKUE SIIEMEHTHI
Jlex DNEeKTPOJIN3 PACINIaBOB U BOJTHBIX 1 2 - -
pactBopoB. 3akoHsl Dapajes
Jlex Koppo3sus meramioB. Xumuueckasi u 1 2 - -
ANEeKTpoXUMUYecKasi Kopposus. CrnocoObl
3aIUTHI METAJJIOB OT KOPPO3HH
Cp NJ36 1 4 - -
Jla6 Koppo3sus metanios 1 2 10 - OTtyer 1o
nmabopaTopHO paboTe
No6
Ip DNEKTPOXUMHUS 1 2 ) - KonTposabnas pabora

Ne&




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
. HauMeHnoBaHnue TeM 3aHSITHH Oo0nemMm,
Monyab (pa3aen) | yueOHOM N CemecTtp banabl | UHTepakTuB, 4.| (HamMeHOBaHHe
(yuedoHOI padoTHI) u.
padoTbl OLICHOYHOI'0
Cpe/cTBa)
Ip HroroBoe 3ansTHE 1 2 - -
Cp W3ydeHne TEOpETUUECKOro MaTepuaa o 1 59,75 - -
KYpCY JIEKIIH, TOATOTOBKA K UTOTOBOMY
TECTUPOBAHUIO (3a4ETY)
ITA [TpomexyTouHas aTTecTanus (3a4eT) 1 0,25 - - Bonpoce! k 3auery Ne
1-50
Ip HroroBoe TecTupoBaHue 1 2 100 - TecTtoBble 3ananus Ne
1-2092
Hroro: 144 200

Cxema pacuera uTorosoro 6asia «(Cymma + Tep)/2» - cyMMma 0asioB 1o BceM yueOHBIM MEPONIPUATUSAM, PEAYCMOTPEHHBIM B Kypce + cpeliHee

apudmeTryecKoe 1o BCeM MPOMEKYTOUHBIM TeCTaM, MpoBOAUMBIM uepe3 OT.




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

[Ipu peanu3anuy JAUCHUIUIMHBI WUCHOIB3YETCSI TEXHOJOTHS TPAAWIIMOHHOTO OOY4YEHHS —
opranu3zais y4eOHOTO Ipolecca B By3e, OCHOBaHHAsI Ha JICKIIMOHHO-CEMUHAPCKO-3a4eTHON (hopMax
oOydenus. K ¢opmam oOydeHHsS] OTHOCATCS JICKIMH, TMPAKTHUECKHUE W JTa0OpaTOpHBIC 3aHATHUS, a
TaKXe CaMOCTOsITelbHass pabora. Ha JIeKIMAX HMCIONB3YIOTCS HATJISTHBIC M CIOBECHBIC METOIbI
00ydeHusI, Ha PAKTHYECKHUX U JTA0OPATOPHBIX 3aHATUSX — HATJISIIHBIC, CIOBECHBIE U TIPAKTHUECKUE
meTobl. OlleHHBaHNUE 3HAHHUH CTYJACHTOB MMPOU3BOIUTCS 110 OaTbHO-PEUTHHIOBOM CHCTEME.

6. Meronuyeckue yKa3aHus M0 OCBOECHHIO U CIUTIIHHbBI

Moayasb 1. CTpoeHue U CBOiiCTBA BellecTBA

Tembl JIEKUMOHHBIX 3aHATHIA:

OCHOBHBIE ITOHSATHSA U 3aKOHBI XUMHH.

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:
OcHOBHBIE KJIacChl HEOPTAHUYECKUX BEIICCTB.

H3y4uB JaHHBII MOAYJIb, CTYACHT JOJIKEH:

UMETh Mpe/CcTaBIeHue 00 OCHOBHBIX MOHATHAX M 3aKOHAX XMMHUH; KJIACCU(UKALMU BEIIECTB;
CTPOEHHUH aTOMa; THIAaX XUMUYECKOU CBSI3U.

3HATh:
OCHOBHBIE TOHATUS XMMHUH (MOJIEKYJa, aTOM, XHMHUYECKHH 3JIEMEHT, MOJb, MOJSpHas Macca,
XMMHYECKHUI IKBUBAJICHT, MOJIIPHAS. Macca XMMHYECKOTO SKBUBAJICHTA);
OCHOBHBIE 3aKOHBI XMMHH (COXpaHEHHUS MAacChl, IOCTOSHCTBA COCTaBa, OOBEMHBIX OTHOIICHUH,
ABorazpo, ypaBHenne MenaeneeBa-Knaneiipona, o0 IuHEHHBIIN Ta30BbIiA 3aK0H);
COBPEMEHHYIO KOPIYCKYJISIPHO-BOJIHOBYIO TEOPHUIO CTPOEHHS aToMa; KBAaHTOBbIE YKCIIa, IPaBUiIa U
MPUHIIMIIBI COCTABJICHUS AIEKTPOHHONU KOH(PUTYpALIMM XMMHYECKOTO 3JIEMEHTA;
TUIBI XUMHUYECKOU CBSA3H (MOHHYIO, KOBAJIEHTHYIO, METAJUINYECKYIO, BOJIOPO/IHYIO), UX CBOWCTBA U
XapaKTepUCTUKU;

MMPOCTPAHCTBECHHOC CTPOCHUC MOJICKYIL.

yMeTb:

IIPOBOAMTH XMMHYECKHUH SKCIIEPUMEHT U aHAJIN3 MOJTYYEHHBIX PE3YJIbTaTOB;

IIPOBOAMTH KOJIMYECTBEHHBIE PACUETHI IO YPABHEHUSIM XUMUYECKUX PEAKIIM;

COCTABJIATH YJEKTPOHHYIO KOH(PUTYPALINIO XUMUYECKUX JIEMEHTOB;

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

MeToan4yeckue peKOMeHIANHUN 110 U3YYEHUI0 MOTYJIS
[Tpu ocBOCHMH MO HEOOXOIUMO:



U3y4UTh Yy4eOHBIH MaTepual MO COOTBETCTBYIOIIEMY MOJIYJIIO TUCIHMIUIMHBI, HCIIOJB3YS
JICKLIIMOHHBIN MaTepuall U JINTEPaTypy MO JAHHON TEMATHKE;

aKIEHTUPOBATh BHUMAHUE HA: OCHOBHBIX MOHATHIX M 3aKOHAX XUMUH; KJIACCH(PHUKAIIMK BEIIECTB;
O0LIMX XMMHUYECKHX CBOMCTBAX BEILECTB OJHOIO KJlacca; CTPOEHMM aToMa; KBAaHTOBBIX YHUCIIAX;
COCTABJICHUM 3JIEKTPOHHON KOH(PUIypalMM XUMHUYECKUX 3JIEMEHTOB; THIIAaX XMMHYECKOH CBS3H;
IIPOCTPAHCTBEHHOM CTPOCHHUH MOJIEKYJI.

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. OtHocuTenbHas IJIOTHOCTH ra3za Mo BOAOPONy, conepskauiero 27,27% yrnepona u 72,73%
KHCIIopoJa, paBHa 22. Ormnpenenute OTHOCUTEIbHYIO MOJEKYJISPHYI0 MacCcy Tra3a U €ro
XUMHUYECKYIO (hOpMYyITy.

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 OJJMHAKOBBII 00BEM BOAOPOAA IPU OJTHUX M TEX XKE YCIOBUSAX.

6. Xmopun merainia cogepxut 69% xnopa. OTHOCHUTENIbHAS aTOMHAsl Macca MeTaiia 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 BaJ€HTHBIE 3JICKTPOHBI 3TUX JIEMEHTOB.

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

10. V kakux W3 HWXKE MPUBEICHHBIX 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 jkKeje3a B COCJUHEHUSAX €ro C KUCIOPOOM,
conepxanux a) 70 u 6) 77,8% xenesa.

14. Omnpenenure SKBUBAJEHT U MOJISIPHYIO MacCy SKBHUBAJIEHTa MOHOB Kejie3a B INPHUBEIECHHBIX
peaknusx: a) Fe®" +1e = Fe?*; 6) Fe®* + 30H" = Fe(OH)3

15. PaccuuraiiTe MOJSIpHYIO Maccy SKBHBajeHTa MeTaiuia, eciu 0,029 1 ero BBITECHSIOT U3 KUCIIOTHI
30 M Bomopoja (H.y.).

Moayasb 2. TepMoaAuHAMHKA U KMHETHKA XHMUYECKHX MPOIECCOB
TeMbl JeKIIMOHHBIX 3aHSITHH:
TepMoauHaMuKa XHUMHYECKHX TporeccoB. DYHKIMH COCTOSIHHSA: BHYTPEHHSS DSHEPIHS,

SHTAJIBIHA.

OyHKIIMU COCTOSIHHS: PHTpomus, sHeprus ['m66ca. HanpaBieHne mpoTrekaHus: XUMHUECKUX
peaKkuuu.
Xumudeckass KWHETHKAa. BIusSHHE Ha CKOPOCTh XHMHUYECKHX pEaKIUH KOHIICHTPAIUH,

JTaBJICHUSL.

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

TeMbl IPaKTHYECKUX 3aHATHIA:



TepMoauHaMHKa XUMUYECKUX PEAKLUN.
Kunetnka XuMHUECKUX peaKiuil.

TeMbl 12a00pPaTOPHBIX 3aHATHIA:
OnpeneneHye SHTAIBINN PEAKIUH.
CKopOoCTh XMMHUYECKUX peaklnii. XUMHYEeCKOe paBHOBECHE.

N3y4yuB 1aHHBIA MOXYJIb, CTYAEHT J0JIKEH:

HMCTb MPCACTABJICHUC 00 OHCPICTUYCCKUX U3MCHCHUAX B CUCTEMAX, B KOTOPBIX MPOUCXOJUT
B3aUMOJICIICTBHE MEXAY BEILECTBAMU; CKOPOCTH XHMHYECKHUX pEeakUMid U MeTojgax ee
peryJIMpOBaHU.

3HATh:

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

BJIMSIHUE TEMIIEpaTypbl Ha BO3MOKHOCTb MPOTEKaHHUsS PEAaKLMU B 3aBUCHUMOCTH OT YHCIEHHBIX
3HAUEHUH SHTAJIBIIUU U SHTPOIUU PEaKLUu;

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

BJIMSIHHE HA CKOPOCTh peakiiu Temiepatypsl (npasuio Bant-I'odda u ypaBHeHne Appenuyca);
BJIMSTHUE HA CKOPOCTh PEAKIIMU KaTaJu3aTOpPOB;

XUMHYECKOEe paBHOBECHE U criocoObI ero cMmenienus (mpunmui Jle larense)

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

MeTtoauyeckue peKOMEHAALMHU 110 H3YyYCHUI0 MOLYJIs
[Tpu ocBOeHUM MOYJIE HEOOXOIUMO:

U3y4yuTh Yy4YeOHBIH MaTepual IO COOTBETCTBYIOUIEMY MOJYJIIO JTUCHMIUIMHBI, HCIIOJIB3YS

JIEKLIMOHHBIN MaTepuall ¥ JINTEPATypy MO AJAHHON TEMATHKE;

aKIIEHTUPOBATh BHUMAHUE Ha: SHTAIBIIMKU 00Pa30BaHUS, CTOPAHUS U PEAKIMH; SHTPOIHH BEIIECTBA

U peakiuu; 3Heprun ['mO0ca; KMHETMUECKUX YpaBHEHUSX JUIsl TOMO- U T'€T€POTeHHBIX PEaKIMi;

SHEPIUU AaKTUBAIlMM; OCOOEHHOCTSX MPOTEKAaHUS TEeTEePOreHHBIX MPOIECCOB; XMMHUYECKOM

PaBHOBECHH U CIIOCOOAX €ro CMEIEHUSI.

OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI:

1. Ilpu coenunenuun 3,2 r »xene3a ¢ kuciaopogoM Belienuioch 40 xJx Temna. Paccuwuraiite
SHTAIBIINIO 00pa3oBanus okcua xkenesa (I1).

2. PaccuuTaiiTe TEMI0TBOPHYIO CIOCOOHOCTh METaHA.

3. PaccunTaiiTe KONMYECTBO TEILIa, KOTOPOE BBIICIHUTCS MPH cropanuy 50 M° cMecH, cocTose 13
50% kucnopona, 25% Boaopoa u 25% yriekuciaoro rasa.

4. CpenaiiTe BBIBOJ O BO3MOXHOCTH CaMONPOU3BOJIBHOIO MPOTEKAHUSI PEaKLMU B CTaHAAPTHBIX

YCIOBHSAX, ecu m3BecTHO, uTo AH,Y = - 293 k]I, AS,? = 27 JIx/K.

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

6. OmnpenenuTe 3HAKU U3MEHEHUS SHTAIBIIUN M SHTPOIIUHU JIJIS CIEIYIOIEro TEPMOAMHAMUYECKOTO
nporecca: 2Ho ) + Oz = 2H20.

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

8. Kak BbIpakaeTcsi CKOpOCTb XUMHUYECKOM PeakInu 10 3aKOHY AEUCTBYIOIIUX MacCc B TOMOTE€HHBIX
Y TeTEPOreHHBIX peaKlusix?

9. Omnpenenute OOIMI U YaCTHBIC MOPSAIAKU MO KOMIIOHEHTAM CIIEAYIOIIEH XUMHUYCCKON PEaKIIiu:
2C2He + 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 peakun 2A + 3B = 2C npu yBenuyeHuu AaBieHus B 2 paza?

12. Tlouemy vyp peakuuu Na + H,O — otnuyaercs ot vyp peakuuu Ca + HoO —?

13. Hanummre MaTemMaTH4eCKOoe BhIpaxeHue ISl ckopocTu mpsiMoil peakuuu CaOmy + CO2r) —
CaCO3(s).

14. V3meHeHue kakux (haKTOPOB BBI3OBET CMEIIIEHNE paBHOBeCHs 0Opatumoii peakiuu N2 + 3H, <>
2NHs3; AH% = -92 x>k B CTOpOHY NpsAIMOi1 peakuuu?

15. BelunciauTe UCXOIHBIE KOHIIEHTPALMK BEIIECTB, €CJM PABHOBECHBIE KOHIICHTPAIIMH U3BECTHBI
2NO + Cl; <> 2NOCI, [NO]J=1,5 mons/1, [Cl2]=1 moas/1, [NOCI]=0,5 monb/m.

Moayab 3. PacTBOpbI M 3JIEKTPOXUMHYECKHE MPOLECCHI

Tembl JIEKUMOHHBIX 3aHATHIA:

PactBopsl. CriocoObl BBIpa)KeHHUSI KOHIICHTpAalMM pacTBOpoB. KoyumratuBHbIE CBOMCTBa
pacTBOpPOB.

CBolicTBa pacTBOpPOB  3JIEKTPOJIUTOB: JHUCCOLMALIMA. HOHHOE IPOU3BENECHUE BOJBI,
MIPOU3BEICHNE PACTBOPUMOCTH, THAPOIIU3 COJIeH, HaNpaBiIeHHe OOMEHHBIX PEaKIIHil.

OKHCIUTENIbHO-BOCCTAHOBUTEIBHBIE PEAKIIUH.

DNIEKTPOXUMHUYECKHE CUCTEMBI. | albBaHMUECKHUE FIIEMEHTHI.

DNEKTPOIN3 PACIIIaBOB U BOJHBIX pacTBOPOB. 3akoHbI Dapajes.

Koppo3uss mertannoB. Xumuyeckas U 3JIEKTpoxuMHuueckas kopposusi. CrocoObl 3aluThl
METAJIJIOB OT KOPPO3HH.

TeMbl IPAKTHYECKUX 3aHATHMA:

CniocoObI BbIpa)ke€HUsI KOHIIEHTPALMU PacTBOPOB.
CBolicTBa pacTBOpPOB.

DIEKTPOXUMHUSL.

Tema J1a00paTOPHBIX 3aHATHIA

PacTBOpBI 27IEKTPOJIUTOB.
OKHCIUTENIbHO-BOCCTAHOBUTEBHBIE PEAKIUH.
Koppo3sus meramios.

H3y4uB JaHHBIA MOAYJIb, CTYACHT JOJIKEH:

UMETh MpPEJCTABICHHE O PacTBOPax; O CHoco0axX BBIPAKEHUS KOHIIEHTPALUU PACTBOPOB;
CBOICTBax pacTBOpPOB; 00 OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIUAXK; 3IIEKTPOXUMHUUYECKUX
Ipoleccax: rajlbBaHUYECKUX, IEKTPOIN3a, KOPPO3HUH.

3HATb:
COCTaBHBIC YaCTH PaCTBOPOB;

KOJINYECTBEHHOE BBIPAYKEHHE COCTaBa PACTBOPOB;

CBOICTBa paCTBOPOB HEAJIEKTPOIUTOB U DJIEKTPOIUTOB;

HalpaBJIeHUE OOMEHHBIX ITPOLIECCOB B PACTBOPAX JIEKTPOJIUTOB;

METO/Ibl YPaBHUBAHUS OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUil (METO/I AIEKTPOHHOTO OanaHca
U TIOJTypeaKkuuil);

rajibBaHMUECKHUE MPOLECCHl U padOTy raJlbBaHUYECKUX JIE€MEHTOB;

AJIEKTPOJIN3 PACIVIABOB M BOJHBIX PACTBOPOB AIEKTPOJIUTOB;

3aKOHBI HJIEKTPOJIN3A;

BUJIbI KOPPO3UHU U MEXAHU3MBI UX IIPOTEKAHHUS;



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 AIEKTPOJIUTOB;
OTIpEeNIeNIATh KOJIMYEeCTBA 00pa3yIOIIMXCs Ha 3JIEKTPOJaxX BEIIECTB MPH JIEKTPOIIH3E;
COCTaBJIATh MPOLECCHl XUMUUYECKOM U ANEKTPOXUMUYECKON KOPPO3UH;
no0UPAaTh COCOOBI 3aIIUTHI METAJUIOB OT KOPPO3HUHU.

MeToanyeckue peKOMeHAAUMH M0 U3Yy4YEeHHI0 MOTYJIA

[Tpu ocBOeHMH MOyl HEOOXOAUMO:
U3y4UTh Yy4eOHBI Marepual MO COOTBETCTBYIONIEMY MOJYJIIO TUCIHMIUIMHBI, HCIIOJIB3YS
JEKIIMOHHBIN MaTepua U JINTepaTypy Mo TaHHON TEeMaTHKE;
aKLEHTUPOBATh BHUMAHME HA: COCTaB PACTBOPOB; CIIOCOOBI BHIPAKEHUS KOHLIEHTPAL[MH PACTBOPOB;
JIEKTPOJMUTBI U HEDJIEKTPOJUTBI; CBOICTBA HEINEKTPOJIMTOB U  3JIEKTPOJIUTOB; METOJIbI
AIIEKTPOHHOTO OanaHca W TMOJIypeaKIHi, TajJbBaHMYECKHE IPOIECCH; pabOTy TralbBaHUYECKUX
aneMeHTOoB; pacueT DJ{C; aHOHbIE U KaTOHbIE PEaKLH IIPU AJIEKTPOIIN3e; 3aKOHbI Dapajiesi; TUIIBI
¥ MEXaHHM3MBI Pa3JIMYHBIX BUJIOB KOPPO3HUHU; CIIOCOOBI 3aIIMTHI METAJUIOB OT KOPPO3UH.
OTBETUTH HAa KOHTPOJIbHBIE BOIPOCHI:
1. KakoB Tunm XxuMH4YecKOH CBs3M B 3jeKkTpoiauTax? Kakue 5>IeKTpOSUTHl Ha3bIBAIOT

MOTEHIMATBHBIMU? ICTUHHBIME?

2. Hanummute nucconumanuio a) cyabpuTa Hatpus U 0) ruapodocdata Kanus 1o nepBoil 1 BTOpoi
CTYIICHSIM.
Beipa3zuTe KOHCTaHTY AMcCOIMALUU OPTOPOCHOPHON KUCIOTHI 110 MEPBON CTYIEHH.
Onpenenure crenens auccormaiuu 0,001 M pactBopa ykcycHOM KucioThl, eciu ee K= 1,74-10
5

~ow

5. Uro moka3zbiBaeT u3oTOoHMUYECKHi kodpduiniment? Kakas cBA3b CYHIECTBYET MEX]Y CTEIECHBIO
JIMCCOIMALIMY JIEKTPOJIUTA U U30TOHUYECKUM K0d(ppuiineHTOM?

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

7. Uto Ha3bIBAIOT MOHHBIM IIPOU3BEACHUEM BO/bI? UeMy OHO paBHO?

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

9. Ompenenute pacTBOPUMOCTh THAPOKCHIA ANTFOMHUHHS, eciu ero 1P = 5,7-1072,

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

11. Hamumwre THAPOIH3 CIEAYIOMNX COJeH U ompenenuTe cpeay ux BoaHbix pactBopoB: NaNOs,
ZnCl,, Na2S, CH3COONHa.

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

13. TlokaxuTe CTpPOCHHE MHUIEIUIBl TMPH TPWIMBAHUM H30BITKA XJOpHIA [WHKA K pPacTBOPH
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
3THUX 3JIEMEHTOB.

16. 'axpBaHMYECKHI JIEMEHT COCTOUT M3 XPOMOBOTO 3JIeKTpoia, morpykerroro B 0,01 M pactBop
CrSO4, W craHmapTHOrO BOJOPOAHOTO HNeKTpoAa. HamummTe ypaBHEHHS 3JIEKTPOJHBIX
nponeccoB. Uemy 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?

CocrtaBbTe cxeMy 3JIEKTPOJIN3a BOJHOTO PACTBOPA XJIOPUIA HUKEISI HA HHEPTHBIX dJIEKTPOAaX.
CocraBbTe CXEMBbI 3JIEKTPOJIM3a BOJHOTO pacTBopa xyopuaa sxkeneza (ll), ecom: a) aHox
JKEJNe3HBI; 0) aHO YTOJbHBIN.

PactBop comepxut moHel Zn?*, Ni?*, Fe3*, Cu?" B omuHaKoBO#l KOHIEHTpauuu. B kakoii
MOCJIEIOBATEIBHOCTA 3TH METAIIBl OYAYT BBIACIATHCS MPH DICKTPOJIU3E, €CIH HAIpsDKEHUE
JIOCTATOYHO ISl BBIEJICHUS JH000r0 MeTaa?

Brruucnure maccy HUKeIs, BBIICIUBILIETOCS Ha KaTOE IPH MPOITYyCKaHUH Toka cuiioit 20 A depes
pacTBOp HUTpATa HUKENS B TEUEHUU 22 4acoB.

IIpu snextponuse pactBopa cosu onosa (I1) macca karona yBenuuuiaach Ha 4 1. YTo pou3011I0
IIPU STOM Ha OJIOBSIHHOM aHojie?

Paccuuraiite 00beM KUCIOPOA, KOTOPBIM MOXKET OBITH IIOJIYYEH IPU JIEKTPOJIN3E TOKOM 5 A B
TE€4YEeHHE 2 YacoOB, €CJIM BBIXO/ M0 TOKY cocTaBisieT 85%.

[Ipu npoxoxaeHnu yepes pacTBOP COJIM TPEXBAIEHTHOIO MeTajula ToKa cwion 1,5 A B TedeHun
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 BIxo 1mo Toky 72%.

Kakoii KOHTaKT sIBJIsIeTCs HanboJIee KOPPO3MOHHOONACHBIM s Jkene3a: Fe/Cu, Fe/Sn, Fe/Ag?

B KOHTaKTe C KaKUM U3 METAJUIOB ME/Ib SIBJISIETCS] aHOJIOM: XPOM, 30JI0TO, HUKEJIb.

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



7. OueHOYHBIE CPEACTBA

7.1. IIacopT OLIeHOYHBIX CPEACTB

Koxa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue

Cemect
P (MM ee 4acTH) OI[€HOYHOT0 CpeICTBA

1 OIIK-2.6 Kontposbabie padoTsr Ne 1-8

Ortuetsl o nabopaTtopHbIM padoTam Nel-
6

TecroBbie 3amanus Ne 1-2092

Bormpocs! k 3auety Ne 1-50

7.2. TunoBblie 3alaHusl WJIM MHBIC MaTEepUalibl, H606X0}1HMBIC AJIA TEKYLIECT0 KOHTPOJIsA

7.2.1. KonTpoJjbHas padora

Tunossle npuMepsl 3aJaHU
Tema «Pacuersl o popmy1amM M ypaBHeHHUAM» (IPaKTH4YeCKoe 3aHsTHe 1)

Bapuanr 1
3amanue 1

HazoBute mo MexayHapoAaHON HOMeHKJIaType cienyromue BemecTBa: Oz, Fe.0O3, Ca(OH)2,
H2SOs..

3aganue 2

[TpousBenuTe pacyeTsl MO YPAaBHEHUIO PEAKIUU (H.Y.):

7r 121 X, T y, 1

Zn(x) + HClp-p) — ZnCla-p) + Ha.
3aganue 3

Omnpenenurte MpoLEHTHOE cofiep>kanue Kanus B ManraHate kanus KoMnQOa.
3aganue 4

Onpenenute 06bem 40 r metana CHs npu temnepatype 18°C u naBnenuu 1,2 atm.
3aganue 5

Hanummre ypaBHEHUs peakilyii, XapaKTepU3yIOIIHe CIeIYIONINE TPEeBPAICHUS:

Ca —% 5 Ca(OH) Ca —2CaCl,

Ca —& 5 CaCOs Ca —2Ca0

Tema «CTpoenune aTomMa» (MpaKTHYECKOe 3aHATHE 2)

Bapmuanr 1

st snementoB 37 u 79 Ilepuoaudeckoii TaOIUIIBI
3amanue 1

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

CocTaBbTe AJIEKTPOHHYIO M Tpadudeckyto (OpMyIly 3JIEMEHTa, OMpPENeIUTe CEeMEHCTBO

AJIEMEHTA M BAJICHTHBIE DJIEKTPOHBI.

3aganue 3

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

Onpenennute HAOOp KBAHTOBBIX YUCEIN JIJISl TTOCIICTHETO AJICKTPOHA SJIEMEHTA.
3aganue 5



Omnpeznenure MOJIOKEHHE 3JEMEHTa B NMEPUOTUYECKON TaOJMIe M CPAaBHUTE €ro paguyc U
3JEKTPOOTPULATENBHOCTD C PaANyCaMH U DJIEKTPOOTPULIATEIBHOCTIMU COCEIHUX aTOMOB.

Tema «XuMuuecKkas CBs3b» (MpaKTHYECKOe 3aHATHE 3)

Bapuant 1

s Bemects LiF, PH3, BeCly, mosb3ysich 3Ha4eHUSIME 3JICKTPOOTPULIATEILHOCTEH 3JICMEHTOB:
3amaunue 1

Ornpenenure TUI CBSI3U B MOJICKYJIAX.
3amanue 2

PaccmotpuTe 00pazoBaHre XUMUUYECKOW CBSI3M B MOJIEKYJIaX MO METOJYy BaJICHTHBIX CBS3EHl.
3amanue 3

Jlyist TpeTheil MOJICKYIIBl PACCMOTPUTE THOPHUIN3ALIUIO IEHTPAILHOTO aTOMa.
3ananue 4

Ornpenenurte NpOCTPAaHCTBEHHOE CTPOCHUE MOJICKYI.
3anganue 5

CocTaBbTe CTPYKTYpHBIC (DOPMYJIBI BEIIECTB.

Tema «TepMoamHaMuKa XHMHYECKHX peaKkuii» (MpaKTHYecKoe 3aHsaTHe 4)

Bapuanr 1
3ananue 1
[Ipu B3ammoneiicteuu 10 1 azora ¢ 20 1 Bomopona (H.y.) Bbyaenuioch 29 kJ[x Tera.
PaccuuTath 3HTaIBNNI0 O0PA30BaHUS AMMHUAKA.
3ananue 2
OnpeieuTh BO3MOKHOCTh BOCCTAHOBJIEHHUs okcuaa Tutana TiOxw) amomuaueM mpu 1500°C
1o peakin: Ti02) + Algy —> Tig + Al203).
3ananue 3
OmnpenenuTh BO3MOXKHOCTh BOCCTAHOBJICHHs oOkcuaa TUTaHa T102k) allOMUHHEM MpU
CTaHAAPTHBIX YCIOBUSIX 10 peakuuu: T102x) + Al —> Tiw) + Al2O3).
3ananue 4
PaccunTaTh KONMYECTBO TEIIOBOM DHEPTHH, BLIENIOMEiics pu cropadun 20 M° ra3oBoi
cMmecH, coaeprkarien 20 06. % stana C2Hs 1 80 00. % mponana CsHs.
3aganue 5
Paccuutath TemnoTrBopHyto crnocoOHocTh OyTana C4Hio.

Tema «KnHeTnKka XHMHYECKHX peaKnuii» (MpaKTHYeCKoe 3aHsTHE 5)

Bapuanr 1
3amanue 1
Hauanbnas konuentpanusi PCls B peakunuu: PCls < PCls + Clz cocranser 0,2 mons/n. K
MOMEHTY HacTyIUIEHHsI paBHOBecusi mpopearupoBano 50% wucxomHoro BemiecTBa. Haiitu
PaBHOBECHBIE KOHIICHTPAIIMH BEIIECTB M KOHCTAHTY PABHOBECHSI.
3ananue 2
Kak uzmenurcs ckopocts peakuuu N2 + 3Hz2 < 2NHs, eciiu 06beM razoBoii cMecH yBEJINYHUTh
B 2 paza?
3amanue 3
B0 CKONBKO pa3 yBEITHUHMTCSA CKOPOCTh PEAKIMH MPH MOBBIEHHH TeMmepaTypsl Ha 30°C, ecrn
v=4?
3ananue 4



CMmech ra30B HaJ yIJIeEM B COCTOSTHUM XMMHUYECKOI0 paBHOBecHs Npu AasieHuu 1,2 atm u 1100
K nmeer cocra % (00.): W, =48,96, W, ,=2,07, W, =48,96. Paccuutars K, Ke 1 AG peaxiun:

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 «Cnoco0bl BBIPAKCHUS KOHICHTPAIIUN PACTBOPOB» (l'IpaKTI/I‘leCKOQ 3aHATHE 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
KOHIICHTPAIIMIO, MOJIbHYIO 101110 Fe2(S04)s.
3aganue 2
Onpenenutb MIOTHOCTH 12,7%-r0 pacTBOpa MEIHOTO KYyNoOpoca, MCHOJb3ysl CIPaBOYHbIE
JTaHHBIE.
3ananue 3
Onpenenutb 00beMbl 8%-T0 U 26%-r0 pacTBOPOB a30THOM KHCIIOTHI, HEOOXOIUMBIC 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 KUCIOTHI, €CiM Ha TUTpoBaHHe 50 mi pacTBOpa
cepHoil kucnotsl 3arpadyeHo 30 mi 0,5 H. pacTBOpa rMAPOKCUAA 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 KOHIEHTPAIMIO HACBHIIIEHHOTO pacTBOpa Cyab(puaa KajMus, eciu
[P ,s=7,9-10%.
3ananue 4
Paccuurats pH 0,5% pactBopa HCN. IInoTHOCTE pacTBOpa cYMTaTh paBHOU 1 1/mil.
3aganue 5
B kakux o0beMax HyXHO cMemath TiwieHrmukons CoHeO, (p=1,1088 r/cm®) u Bozy, uTOGH!
TIOYYHTH 2 11 aHTH(PI3a, TEMITEpaTypa 3aMep3anus koToporo -5°C. IToTHOCTS aHTHGPU3a IPHHATE

paBHoit 1 T/cM®.,

Tema «iiekTpoxumMus» (MpaKkTH4ecKoe 3aHsTue 6)

Bapuanr 1
3amanue 1
Boruucauts DJIC raapbBaHUYECKOrO DJIEMEHTa, HAlucarh IMPOIECCH, MPOUCXOIAIINE Ha
anekrpoaax: Cr/ CrClz, 0,01 mons/n // 0,001 moas/i, CrClz/ Cr.
3amanue 2



Hanwucare 35eKTpoaHbIe MPOLECCH U PACCYUTATh KOJIMYECTBA 00pa3yIOIUXCsS HA MHEPTHBIX

9JIEKTPOJaX BEIIECTB MPH AIIEKTPOIHM3e BOAHOrO pactBopa MNCly mpu mpomyckanmm 25A-4
AIIEKTPUYECTBA.

3amanue 3
Paccuntarh pacxoj 3JIEKTPOIHEPTUU U BpeMs, He0OXoIuMoe NI ToJydeHus 1 T mMaprasia

anexkTponuzoM pacmiaBa MnNSOq, ipu cuie Toka 10 A, Beixoze 1o Toky 75% u Hanpsbxenuu 12 B.

3amaune 4
Hanucare ypaBHEHHUS JIEKTPOJHBIX IPOIECCOB, MPOTEKAIOIMIUX MPU IJICKTPOXHUMHUYCCKON

Koppo3uu KoHTtakra Fe/Cr B menouHoit cpeze.

oo

»own

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

Kpurtepun onenkmn:
KonrtponbHas paboTa cocTouT u3 5 3a1anuil. 3a Kax10e BEpHO BBIIIOJIHEHHOE 3a/1aHue - 1 Gain.

7.2.2. OT4er o JIA00OPATOPHOI padoTe

JladboparopHasi padora Nel «OcHOBHBIE KJIaCChl HCOPTAHMYECKUX BelIeCTB)

Heab: 3akperieHre 3HaHUH 00 OCHOBHBIX KJIACCAX HEOPTaHMYCCKUX COCTUHCHHM.

Omnpit 1. IlosryyeHHe OKCHAA OKUCJIEHHEM 3JIEMEHTA
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 Meramnnueckyro 105Ke4Ky NOMECTUTE HEMHOTO CEPhl U HarpelTe ee B IUIAMEHU CIIUPTOBKU B
teueHue 30 cexyHI.
Jloxkeuky ¢ ropsiiei cepoid BHECUTE B CTAKAH C JUCTUIUIMPOBAHHOMN BOJIOH, ITOCIE YETO JIOKEUKY
yAQIIUTe.
B nony4yeHHslit pacTBOp BHOBb OKYHHUTE MOJOCKY HHIUKATOPHON OyMaru 1 OTMETHTE €€ OKPAcKy.
CocraBbTe ypaBHEHUSI MPOBEJCHHBIX PEAKIINA U CIIETaNTe BHIBO/I.
OmnbiT 2. B3anMoaeiicTBHe OKCHIA MeTaJlJIa ¢ BOAOH
[Tomecture B mpobupky 1 1mmarens oxcuga Kaimpuus u  npuieidite 10-15  xamens
JUCTUJUIMPOBAHHOM BOJBI, IEPEMEILIANTE.
K nonyuenHomy pactBopy nob6asbre 1-2 kamnu QenondranenHa, oOparure BHUMaHHE Ha
OKpacKy MHAUKATOPA.
CocTraBbTe YypaBHEHUE PEAKIIMH U CIIETANTEe BBIBOJI.
OmnbiT 3. B3anMoaeiicTBHe OCHOBHOI0 OKCH/AA C KHUCJIOTOM
Bnecute B mpobupky mmarens okcuaa menu (II) m gobGaBpTe 4-5 kamenb pacTBopa cepHOM
KHCIIOTBI.
Ecnu B3aumoeicTBYsI BEMIECTB B MPOOUPKE HE HAOIIOAACTCS, TO €€ COJIEPKUMOE HarpenTe.
OTMEThTE OKpPaCcKy pacTBOpa M OOBSICHUTE €€ TOsBICHUE.
CocTraBbTe ypaBHEHUE PEAKIIMH U CJIETANTE BBIBOJI K OTIBITY.
OnbiT 4. B3anMoaeiicTBHe KHCJIOTHOTO OKCH/IA ¢ OCHOBAHUEM
Hanelite B mpo6upky 2-3 MJ1 U3BECTKOBOM BOJIbI (pacTBOpa FMAPOKCUAA KAJIbLIUsA).
[IponycTuTe uepe3 M3BECTKOBYIO BOJAY YIJIEKUCIBIM Ta3 (caenailTe HECKOJbKO BBIIOXOB B
pacTBOp uepe3 TpyOouKy).
OtmeThTe 00Opa3oBaHME OENOro Ocajika M €ro pacTBOpPEHHE MPHU AallbHEHIIeM MPOITYCKaHUU
YIJIEKUCIIOTO Ta3a.
CocraBbTe ypaBHEHUE PEAKLIUU U CAEIANTE BBIBO/I.
OmnpIT 5. B3aumoaeicreue coJim ¢ eJa104b10
Buecure B aBe nmpobupku no 10 xanens pactBopa cyibdara meau (II).
B omny mpoOupky no6aBbTe OJHY KaruIIO THAPOKCHIA HATpHsi, a BO BTOopyr — 10 kamenb
TUAPOKCH/IA HATPUSL.
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OOpaTtuTe BHUMaHKE HA PA3JINYNE OKPACKU MOTyUYEHHBIX OCAIKOB.

Harpeiite cogepxumoe mpoOupok. OTMeTbTe, B KaKOil TPOOUPKE TPOU30IILITH U3MECHECHHS.
CocraBbpTe ypaBHEHMS peakLUi U clieJaiTe BBIBOJL HA OCHOBAHUH OIIBITA.

OnbIT 6. B3aumMoaelicTBre COJIM ¢ METAJLIIOM

Breiite B mpobupky 20 kanenb 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 Kamesb pacTBOpa HUTpaTa aTlOMUHUS.

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.

OtmeThTe HaOMOAeHNS B 00enX MpoOUpKax, HAMUIIUTE YPAaBHEHUS PEeaKIii U cAenanTe
BBIBO/I.

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

pCaKknysi, U SHTAJIBIHWU PCAKIUH B HCCTAHAAPTHBIX YCIIOBUAX.

OmnpiT 1. HeliTpanu3auus cepHOM KMCJI0THI THAPOKCHAOM HATPHSA 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:

OTmMmepbTe HUIUHAPOM 33JaHHBIN MpernoaaBaTeeM o0beM pacTBOpa KHUCIOTHI, BBUICHTE €ro B
TEPMOCTATHPOBAHHBIN cTakaH. OMyCTUTE B CTAaKaH TEPMOMETP, 3aMEPhTE U 3aMUIIUTE B TAOJIHILY
1 remneparypy pactBopa. TepMomeTp He BHIHUMANTE U3 CTaKaHa 10 OKOHYAHUS OTIbITA.
OTMepbTe IPYTUM MIJIMHIPOM TaKOH ke 00BbEeM pacTBOpa MICIIOYM M OCTOPOKHO, HO OBICTPO
BBUICHTE B CTakaH C PacTBOPOM KHCIOTHI. OCTOPOKHO TMEpeMemaiTe, OTMEThTe HanOOJbIIIee
M3MEHEHHUeE TeMIepaTyphl Ipu 00pa3oBaHuU Cyib(aTa HaTPHS.

BreiHBTE TEpMOMETp, BBUICHTE PacTBOP U3 TEPMOCTATUPOBAHHOTO CTaKaHa, (PYIIBTPOBATHLHOM
OyMaroi THIATENBHO BBICYIIUTE CTEHKU M JHO CTaKaHa, IOMECTUTE B HETO TEPMOMETP U JaiiTe
OCTBITH JIO MIPEKHEH TEMIIEPATYPHI.

3anonaute Tabnuiy 1 (BEMMYMHBI TEMJIOEMKOCTEH M TIIOTHOCTH PACTBOPOB BBHIMHINUTE W3
Tabnuiel 3). BeimomHuTe pacyersl.

Tabnuna 1-Pe3ynbratel onbita 1

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

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

HpI/I HCﬁTpaHH3aHHH CCpHOfI KHCJIOTBI TUAPOKCUIOM HATpusA B ABC CTAAUU SKBHBaJICHTHBIN

00BeM IICJI0YU BHOCAT B [IBa IpHreMa:

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



. OTMeppTe HWIMHAPOM 3aJaHHBIA B ombiTe | 00BEM pacTBOpa KHUCIOTHI, BBUICHTE B
TEPMOCTAaTHPOBAHHBIA CTaKaH, U3MEpPhTE TEMIIEpaTypy 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 PacTBOPOM KHUCIOTHL. OTMEThTE TemmepaTypy
00pa3zoBaHus pacTBOpa THAPOCYIb(dara 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, Dy C, n, Q, AH,
MJI °C r/cm® JIx/r-°C | Mmonb | JI>x/Nn MOJIB kJ>K/MOJIb
H2SO4
NaOH
NaHSO4
Na2SO4
Tabnuna 3
TennoeMKoCTh M MIIOTHOCTh 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, 1 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 KHCJIOTBI C IICPMAaHTI'aHATOM KaJIUuA IIPOTCKACT I10 ypaBHeHI/IIO:
4H2C204 + 2KMNO4 — K2C204 + 2MnO2 + 4H20 + 6CO2
KuHeTHueckoe ypaBHEHHUE PEaKLUH:

4 2
d=x CH2C204 CKMno4

3a X0JI0M peakLuu CIEIAT 10 U3MEHEHUIO0 OKPACKH pacTBOpa IIEpMaHIraHaTa Kajusl.
B mate mpobupok BHecuTe mo 10 kamenb pacTBOPOB IIABENIEBOM KUCIOTHI Pa3IUYHOMN
konuenrtpanuu (0,2; 0,3; 0,4; 0,5; 0,6 M).
[TocnenoBarenbHO BO BCe MPOOUPKHU € HHTEpBAIOM 1-2 cekyHpI JoOaBbTe 1o 1 Karuie pacTBopa
IIEpMaHra”ara Kajaus U BKIIIOYATE CEKYHJIOMED.
He BbIKIIOUast cekyHIoMepa, OTMEThTE€ BpeMs M3MEHEHHUsI OKPAaCKM MEepMaHraHara Kajlius B
K101 IpoOupKe.
Pe3ynbrathl onbiTa 3aHecuTe B Ta0NHIY 1.
Onpenennure YCIOBHYIO CKOPOCTh PEaKIMHM KaK BEIIMYHHY, OOpaTHYIO BPEMEHH IMPOTEKAHUS
peakiuu.
[Toctpoiite rpaduk 3aBUCKIMOCTH CKOPOCTH PEAKIIMU OT KOHIICHTPAIUH IIaBEJIEBON KHUCIIOTHI,
MPOAHATU3UPYITE MOTYICHHYIO 3aBUCUMOCTbD. 3aITUIINTE HAOMIOIEHHUS U CIeNIaliTe BBIBO/.
Tabnuna 1.
Pesynbprate! onbiTa |
Ne Konuenrpanus Bpewms, CkopocTb peakuu
pOOUPKH KHUCJIOTBHI, C, 7,C B YCJIOBHBIX €IMHMIIAX, V
MOJTB/TT =100/z, ¢t
0,2
0,3
0,4
0,5
0,6

OB WN -

OmnpiT 2. BiansiHue TeMIepaTypbl HA CKOPOCTh XUMHYECKUX peaKkiuil
s onblTa HEOOXOAMM CTaKaH—TEPMOCTAT, HAMOJIHEHHBIN BOJON M 3aKpPBITHIM KPBIIIKOW C

OTBEPCTHUSIMU JJIs1 IPOOUPOK U TEPMOMETPA.

1.

o

B tpu mpoOupku, BCTaBlIeHHBIE B KPBIIIKY TepMocTara, HaneiTe o 10 kanens 0,5 M pactBopa
aBeseBoOi KUCIOTHL. B ueTBEpTYIO nMpobupky Ha 2/3 e€ 00béMa BiIeTEe pacTBOp NIEpMaHTaHATa
Kanus (MUIETKY OCTaBbTE B IPOOHPKE).

3anummTe Temrepatypy. B ogHy u3 mpoOupok mobaBbTe | Kamo nepMaHraHaTa Kaidus |
BKJIIOUUTE CEKYHJIOMEP.

W3meppTe BpeMs OT MOMEHTa J00aBlieHUs NEpMaHraHaTta Kajlus J0 W3MEHEHHUS OKpacKu
pacTBopa.

Harpeiite Bony B crakane Ha 10° Bbliie mpenpiaymiei remneparypbl. CHUMUTE CTaKaH C IUIUTKU
¥ TIOBTOPHTE OIIBIT B APYroi MpoOupKe.

[IpoBeauTe ONBITHI NTpHU 4 TeMIiepaTypax, oTaudaronmxcs Ha 10°.

[Tony4yeHHble JaHHBIE 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 TemnepaTtypHblii
npoO | arypa ombITa, | Ms, 7,C | CKOPOCTH K B yCIIOBHBIX K03 puumeHT y
UPKH t, °C equaunax, k= 100/r, Y Yep
-1

C

AWIN|F

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.

Tabnuua 3.
Jlannble 1515 rpaduyecKoro onpeeseHrs SHEPrul aKTUBAIUH
Ne n/m 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=tga'R, rne R=8,314 Jx/(momnb-K)

OnpiT 3. Biansinue u3MeHeHNs] KOHUEHTPAMM peardpyloiux BellecTB HA PpaBHOBecHe
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 xanenb pactBopa FeCls, B Tpethio — Heckonbko kpuctauinkoB NH4Cl u Berpsixaute e€.
3. Kak u3meHMIach MHTEHCHBHOCTh OKpPAaCKM pPacTBOpa M B KaKOM HAaIpaBlI€HHUH CMECTUIIOCH
paBHOBecHe AanHoM cucteMsl pu godasnennu FeCls u NH4Cl? O0bsicauTe cIBUT paBHOBECHS.
4. HanumuTe BhIpaKCHUE KOHCTAHTHI pAaBHOBECHUS M3y4aeMOil 00paTUMOil peaKiyu.

JlabopaTopnasi paGora Ne4 «PacTBOpPHI 3JIEKTPOJIUTOB)



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 371€KTPO/Ibl, BKIIIOUNUTE IpUOOp. 3anuIInTe HaOJII0ICHUS.
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 mmarens XJopuaa HaTpusl.
OmnycTute 311eKTpoAb! B pacTBop. Brirounte mpubdop. [IpoBoauT 1 pacTBOp MOBapEHHON COITU
AIIEKTPUYECKUI TOK?
Cnenaiite BbIBOJ K ONBITY (0OpaTuTe BHUMaHHE Ha THUIBI XMMHUYECKOHl CBSI3U B BEIIECTBAX,
3JIEKTPOIPOBOTHOCTh BOJHBIX PACTBOPOB KOTOPBIX U3YYalH B JAHHOM OIBITE).
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 €€
JUCCOLIMAIINY.
OObsicHUTE, KaK CMELIAeTCsl paBHOBECHE JIMCCOLMALIMY CIIA00T0 3JIEKTPOJIUTA MPHU YBETUYEHUH
KOHIIEHTPAllUd OJHOI0 M3 BHJOB MOHOB 3TOro 3iyekrponurta? Kak MeHsercs mpu 3TOM €ro
CTEIIEHL JUCCOLAINN?
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 o0OBsCHSETCA HMCUE3HOBEHHE OKpacku? B kakom ciyuae oOeciiBeuMBaHUE pacTBOpa
HacTynuio ObicTpee? Iloduemy paBHOBeCcHME MOHHOIO TIpoOlLlECcCa CMEIIAeTCsl 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 paBHoU (1 M) koHuenrpanuu, ecnu 1P =6,1-10°, 1P =2,8107,
casq, s

rso,
OnpbIT 4. I'uaposaus codieit
a) Onpenenenne pH pacTBopoB coueid
Hanecure kammo pactBopa NaNO3 Ha nosiocky yHUBEpCaIbHON MHIMKATOPHOM Oymary.
CpaBHHTE OKpACKy € ATAJTOHOM. 3anuiuTte Beanuuny pH pactsopa.
[TpoBeaute ananorunynbie onbIThl ¢ pactBopamu NaxCO3, NaHCO3, Al(NO3)s.
Kaxas cpena B kaxaom u3 B3sSThIX pacTBopoB? [louemy?
0) Bausinue TeMneparypbl Ha CTelleHb THAPOJINA3a COJIM
Hanetite B mpobupky 15-20 kanenb TUCTHIUITMPOBAHHOMN BOIBI.
Bhecure B He€ 1-2 mmarens anerara HaTpUs U BCTPAXHUTE IPOOUPKY.
Jo6asbre 1-2 kamm dhenondranenna. OOpaTuTe BHUMaHHE HA OKPACKy HHIUKATOPA.
Harpeiite copepxumoe mpoOUpKU B IJIaMEHU CMPTOBKH. JlaiiTe 0ObsicHeHHe Haln01aeMoOMy
sBIeHNI0. Hanmimmre ypaBHEHNE peaKIi.
OxnanuTe npoOUpKY B X010AHOH Boje. [Iporcxoaut au cHOBa cMelleHne paBHOBeCHs?
CrenaiiTe BBIBOJ] O BIMSIHUYM TEMIIEPATYPhl Ha CTETIEHb THAPOIIU3a.
B) Bimsinue uamenenusi pH cpeabl Ha cTeneHb rHAPOJIN3A COTH
Buecure B mpobupky 10 xanenb TUCTHIIITUPOBAHHONW BOBI.
Ho6asbre 1-2 kpuctamia xnopuaa onosa (II) u Berpsxuute npoOupky. Obpa3zyromuiics 6emnbiit
0CaJIOK MpeJcTaBiseT coboii ocHOBHYIO couib ooBa (IT) Sn(OH)CI.
Hanummre nonHoe ypaBHEHHE COOTBETCTBYIOLIEH peakiMu THAPOIIU3A.
JloGaBbTe 5-10 kamenb pacTBOpa CONSIHOW KHUCIIOTHI, YBEJIWYUB STUM KOHLEHTPALUIO HOHOB
Bostoposia. PactBopuics nu ocanok? Kak nosnusuio ymensineHue pH pacTtBopa Ha CTeneHb
TUApOIIN3a conun?
r) HeoOpaTumslii ruapoJms coJieit
B npoOupky Haneiite 6-8 kamnenb pacTBOpa HUTpaTa alllOMUHHUSL.
Jlo6aBbTe Takol xe 00beM pacTBOpa KapOOHATa HATPUS.
OtmerbTe 00pa3oBaHWE OCaaKa THUAPOKCHIA ATIOMHHHUS W BBIJEIIEHUE ITy3BIPHKOB OKCHIA
yraepoaa (IV).
Hanummure ypaBHenus peakuuii. Crenaiite BHIBOJ.

Jladoparopnasi padora NeS «OkucauTEeIbHO-BOCCTAHOBUTEIbHbIE PeaKIIUN)
Heab: mnpoBeAeHUE OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKUUA M COCTABICHHE UX

YpaBHEHUM.

ook wndE

OmnsIT 1. Peaknun 1ucnponopuuoHMpoOBaHNus
a) Peakuusi AMCNIpONOPIHOHMPOBAHNS CYJIb(PUTA HATPHUS
B oy nmpobupky nomecture 1-2 KpucTayuiMka cyiab(puTa HaTpHsl.
Bo BTopyto npoOupky nomecture 1-2 KpUCTaJUIMKa MPOKAJIEHHOIO CyIb(GuTa HATPUSI.
B 00e npoOupku BHecuTe 1o 5-6 Karneiab JTUCTUIUTUPOBAHHOMN BOIBI.
PacTBopuTe conm, HaxosIIMecs B MPOOUpPKax.
Jlo6aBbTe B KaXIyt0 MPOOHPKY 10 2-3 Karum pactBopa cyiabdpata meau (II).
OTMeTbTE OKpPacCKy OCaJIKOB B 00enX Mpoodupkax (YepHbIN 0CaT0K MPEICTABIIET COO0U Cyab(ua
meau (11)).
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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 HarpenTe HaJ IJIaMEHEM CIIUPTOBKHU JI0 T€X MOp, MOKa HEe MPOU30ii1eT
OypHOE pa3yioKEHUE COJIH.
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.
HaGnromaiiTe 3a 13MeHEHHEM OKPAaCKU pacTBOPOB BO BCEX TPEX CIydasX.
Hanumure ypaBHeHUs peakiMii BOCCTAHOBJIEHMs I€pMaHraHaTa Kajus CyJIb(UTOM HaTpUs B
pa3HBIX CpellaX, yUUThIBasl, YTO B COCIMHEHNUS MapraHia B pa3JInYHbIX CTEIIEHSAX €r0 OKUCICHUS
MMEIOT XapaKTepHble OKpacku: MOH MnO, - duoneToBbiif, HoH MnO; - 3enensiif, 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/IBHBIX

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 mnpubaBbre 10-14 kamenbp pacTBopa CepHOM
KHCJIOTHI JI0 TOSIBJIEHUS! Oypoi OKpacKu pacTBOpa.
[Tonb3ysick pacTBOPOM Kpaxmaiia, TOKaXXHUTe, 4To Oypasi 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

A

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?
Hanummure ypaBHeHue peakunu. Kakue cBOMCTBa MPOSBIISIET B HEW MEPOKCU Boaopoa?
0) BzanmopneiicTBHe nepoKcuAa BOAOPOAA C MOAUAOM KaIusl
K 3-4 xarmsMm pacTBopa noauaa Kanus npuieite 3-4 Kariu pacTBopa CEpHOM 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
Baecute B nmpobupky mo 5-6 xamenib pacTBOPOB IABENIEBOW KHUCIOTHI U 2 H. PacTBOpa CEpHOMU
KHUCIIOTBI.
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 oiHYy BCTaBbTE€ TOHEHBKHI KYCOYEK METAILTHYECKOTO
0JI0Ba, BO BTOPYIO — ME/IH, TPEThIO OCTaBbTE B KAYECTBE KOHTPOJISL.
JloGaBbTe B TpH MPOOUPKHU C BOAOH MO OJHON Karjie pacTBOpPa COJNSTHON KUCIIOTHI, 1O 2-3 Kariu
pactBopa kpacHoi kposiHO# coiu K3[Fe(CN)s] 1 omycTHTE B HUX CKPEIKH.
OTMeThTE UHTEHCUBHOCTH OKPACKHU BO BCEX TPEX MPOOUpPKaX.
Crenaiite BBIBOABI O CKOPOCTH KOPPO3UH B KAXKJOM CITy4yae M HAMUIIUTE KaTOJIHbIE U aHOJHbIE
peaKkiIuu.

OnbiT 2. Biausinue cpeabl HA CKOPOCTh KOPPO3HH
Bosbmute Tpu npoOupku. B mepByro HaneiiTe pacTBOp XJIopua MarHus, BO BTOPYIO — pacCTBOP
COJISTHOM KHUCJIOTBI, B TPETHIO — TUCTHUINIUPOBAHHYIO BOJY.
OHOBPEMEHHO OITyCTUTE BO BCE MIPOOMPKU 1O OJJHOM CKpEIKe.
Jo6aBbTe yepe3 5-10 MUHYT B KOXIYI0 IPOOUPKY 10 3 KaIId pacTBOpa KPaCHOM KPOBSTHOM COJIH.
OObsSICHUTe HMHTEHCUBHOCTH OKpacku (BO BcCeX I MpoOupkax?), HANMUIINTE YPaBHEHUS
MPOTEKAIOIINX PEAKIUMN, CAETANTEe BHIBO/I.

OnbIT 3. DJIEKTPOKOPPO3HA MeTa/lIa
Haneiite B U-00pa3Hyto TpyOKy pacTBOp XJIOpHa HATPHS.
JloGaBbTe B Ka)10€ KOJICHO IO 2 KaIlli pacTBOpa KpaCHOU KPOBSHOM conu U deHondTarenHa.
[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,
MPEBAPUTENHLHO CIIEIaB HAa UX MOBEPXHOCTH IIyOOKHE [apaUHBI HOXKOM.
OtMetbTe 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 ofHou ckpenke. Kakoit nabmromaercsa sddexr? Kakyro ponb
BBITOJIHSET YPOTPOIUH?

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 MOCTOSIHCTBA cocTaBa. [IpruMeHeHune ero B XuMHYEeCKUX pacueTax

6 ['a30BbI1 3aKOH KPATHBIX OTHOIIEHUI U IPUMEHEHHE €0 B TEXHHYECKUX pacdeTax

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
peaknuu

17 HanpaBieHHOCTh XUMUUECKUX peakimid. DHeprus 'm66ca

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! BeIpakKeHHsI KOHIIEHTPALIUK PACTBOPOB

26 Mexanusm pactBopeHusi. TepmonHaMuKa pacTBOPEHHS.

27 KonnuratuBHble cBOicTBa pacTBOPOB: 3akoHbI Paynst u Bant-T'odda

28 VicTuHHBIE W TOTEHIMAIBHBIC SJCKTPOJIUTHI. JlHccommarust 3IeKTPOIUTOB (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 JucniepcHble cucreMbl. Koutoninele pacTBOPHI

36 [TonyyeHnne KOUIOMTHBIX PACTBOPOB

37 CBoJiCTBa KOJIJIOWIHBIX PAaCTBOPOB

38 DNEKTPOXUMHYECKHUE CUCTEMBI




39 DNEeKTPOAHBINA MTOTEHITUAI.

40 Ypasuenune Hepucra. CtaHgapTHBIN 31€KTPOAHBIN OTEHIMAI

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 Kopposus. XapaKTepHCTHKAa OKCHIHBIX
IIJIEHOK

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

48

49 Brnusinue pa3nuyabix GakTOpOB HA ANEKTPOXUMUYECKYIO KOPPO3HIO

MGTOI[I)I 3al0UThl MCETAJJIOB OT KOPPO3UH. Merannuueckue u HEMETAIUIMYCCKHE

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




8. YueOHo-MeTOoMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHHne AUCIUNIHHbI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

Tun (yueOHuk, yueoHoe

KoauuecTBO B
HAY4YHOI

Ne nocooue, yueOHO-
ABTOpBI, COCTABUTEJIHN 3arsiaBue (3aroJjioBoK) T'ox m3panus ouoaunortexe /
n/n MeTOoHYEeCKoe mocodue,
HaumenoBanue
NPAKTHUKYM, JP.) 3EC
1 | H.C. AxmetoB OO0111ast 1 HEOPraHUYECKask XUMHUS Y4eOHuK 2020 9bC
2 | H. B. KoposuH [u ap.]; mog | Ob6mas xumus. Teopus u 3anaun Y4eOHoe nmocodue 2017 9bC
pex. H. B. Koposuna, H. B.
Kynemoga.
3 | JI. H. baunoB [u ap.]; mox Xumust VueOHuk 2016 2ObC
Hayy. pex. U. JL.
[Tepduiosoii, T. B.
CoOKO0JIOBOI.

8.2. lonotHuTEIBHAS JIATEPATYPA

Tun (yueOHuk, yuedHoe

KoaunuecTBo B

Hay4YHOH
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIN 3arsiaBue (3aroJi0BoK) I'ox u3nanus ondauorexe /
n/n MeTOoanYecKoe mocoomne,
HaumenoBanue
NPAaKTHKYM, AP.) 3EC
1 | JI. A. Bop3oBa OcHOBBI 0011eH XUMHUU VYuebHoe nocobue 2014 9BC
2 H. ®. Cracse Perenue 3a1a4d mo o0Iell XuMun Y4ye6Hoe rocodue 2016 9BC




8.3. IlepeueHb mpogeccHOHATBHBIX 0a3 JaHHBIX U MH(POPMANMOHHBIX CHPABOYHBIX

CHUCTEM

byTtnepoBckue cooOmeHus [ DIeKTpOHHBIN pecypc]| : MHOTOIIpeAMET. Hay4. )KypH. / OO0
«HHOBaLlMOHHO-U3ATENBCKUM TOM «BbyTIepOBCKOE HacIeque»». — DIEKTPOH. KypHal. —
Kazanb : OO0 «MHHOBAaLIMOHHO-U3/IaTENIbCKUM 10M «byTiepoBckoe Haciaeaue»», 1999- .
Pexxum moctyna x xypH.: http://butlerov.com/stat/reports/view.asp?lang=ru

XuUMUS B UHTEpPECAX YCTOMYMBOIO pa3BUTHS [ DJIEKTPOHHBIN pecypc] : MeKIyHap. Hay.
xkypH. / Cubupckoe otaeneaue PAH. — DnekTpoHn. xxypHair. — HoBocubupck :

MznarensctBo CO PAH, 1999- . PexxuMm noctyma K KypH.
http://www.sibran.ru/journals/Hviur/

WebofScience[DnexkTpoHHBI pecype]| : MyIbTHAUCIUIUIMHApHAs pedepartuBHas Oa3a
nanabix. — Philadelphia:  ClarivateAnalitics, 2016— . — Pexum gocryma
apps.webofknowledge.com. — 3aru. ¢ skpana. — S3. pyc., aHrd.

Scopus[DnexkTponusiii pecypc] : pedeparuBHas 0aza manabix. — Netherlands: Elsevier,

2004— . — Pexxum gocTyma : scopus.com. — 3ari. ¢ 3kpana. — SI3. pyc., aHri.

Elibrary[ OnexkTpoHHBII pecypc] : HaydHas 3JeKTpoHHas Oubnuortexa. — MockBa : HOB,
2000- . — Pexxum noctyna : elibrary.ru. — 3ari. ¢ skpana. — 3. pyc., aHII.
SpringerLink[DnexktpoHubiii pecype] : [0a3a mammbix]. — Switzerland: SpringerNature,
1842— . — Pexxum noctyna : link.springer.com. — 3aru. ¢ skpana. — S3. aHri.

8.4. [lepeueHb MPOrPaMMHOI0 o0ecneyeHu st

Ne Haumenosanne IO PexBU3HUTHI norongpa
n/n (naTa, HOMep, CPOK /1eliCTBHUS)
1 | Windows Horosop Ne 690 ot 19.05.2015r., cpok
JecTBHS - GECCPOUHO
2 | Office Standart Horosop Ne 690 ot 19.05.2015r., cpok
nerctBus - 6eccpouno; Joroop Ne 727 ot
20.07.2016r., cpok ieicTBHs - O€CCPOYHO

8.5. Onucanne MaTepHaIbHO-TeXHHYECKOH 0a3bl, HEOOXOAMMOI A5 OCYyLIeCTBJIEHHA

06pa30BaTeJII)HOF0 npoumecca mo TMCUMIJIMHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHETOB, 1a0opaTopuii, MACTEPCKUX U
Ne AIp- 00HEKTOB L5t NPOBEICHHS . IlepeyeHb OCHOBHOTO 000PY/10BAHMS
/I | NPaKTHYeCKHUX U JJa00pPaTOPHBIX 3aHATHIA,
MOMeIIeHU /151 CAMOCTOATEIbHOMI
pa6oThl obydyarumxcsi (HoMep ayJTUTOPHH)
Jlextmonnas ayautopus (A-125) CTOJ1 yY4EHUYECKUN TPEXMECTHBIN
MOHOOJIOK — 52 11T, cTONI
MpenoaaBaTeIbckuii — 1 mT., cTyn
1 npernonaBatTensckuit — 1 mr., kadenpa -1
IIT., JOCKa MeJIoBast — 1 WT., 3KpaH
HaBecHOH — 1 mt., mpoektop — 1 mir.,
nporieccop — 1 mIT., MbIIs KOMTI. — 1 1mIT.,
nyasT — 1 .
JlaGopaTopust 001IeH 1 HEOPTaHUUECKOU Cron maGopatopHslii - 14 mrT., cToNI
o | XuMHH (A-310) MPEnoaBaTeIbCKUM - 2 MIT., BBITSHKHOU
mkad - 1 mr., mkad a1 nocyas - 1 mr.,
mkad 11 mocyasl - 1 mT., cTon



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

HaumeHoBaHue 000PYI0BAHHBIX Y4EOHBIX
Ka0MHEeTOB, J1a00paTOPHii, MACTEPCKHUX H

Ne Ap. 00bEKTOB /ISl NIPOBEAeHUsS
. Ilepeyenb 0CHOBHOTO 000pPYAOBaHMS
/0 | NPaKTHYECKHUX U J1a00paTOPHBIX 3aHATHIA,
NOMeleHUuH JJISI CAMOCTOATEILHOMI
pa6oThl obyvarumxcsi (HoMep ayTUTOPHH)
YYCHHYECKUH ABYXMECTHBIN (MOHOOJIOK) -
5 wT, MO#iKa - 4 T, T0CKa ayAUTOpHAs
(menoBas) - 1 mT., 3AEKTPOIUIUTKA - 4 IIT.,
CIIUPTOBKHU, TEPMOMETPHI, XUMUUYECKASI
nocyja.
Kommnbrotepusiit kinace (VJIK-812) Cron yueHu4eckui - 26 mrT., CTo
3 MpEenoaaBaTesIbCKuil -1 mWT., CTyI - 26 MIT.,
J0CKa ayAuTOpHas (MapkepHas) - 1.,
KOMITbrOTED - 19 1mT.
Aynuropus JUisl CaMOCTOSTENbHON pabOThI Crous yueHnueckuii - 26 wr., cTyi - 26 wrT.,
4 | (I'-401)

KOMITBIOTEP C BBIXOJIOM B CETh MHTEPHET -
16 1.




