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1. I_Ie.]'ll/l, 3a/lavYi U IVIAaHUPYEMBbIC PE3yJabTaThbl oﬁyqunﬂ o AMCIOMIIJIMHE

K 0CHOBHBIM LeISIM OCBOEHUS TUCHUILUIMHBI «DU3nuecKkast XUMHsD» CIIEIyeT OTHECTH:

— (GopMHpOBaHHE Yy CTYJICHTOB IIEJIOCTHOTO MPEJICTABICHHUS O B3aUMOCBS3H U B3aWMHBIX
Nepexoaax XUMHUECKUX U PU3NUECKuX (HOpM JBHKEHHUS MAaTEPHH,

— HOAroTOBKa CTYACHTOB K JCATCIBHOCTH B COOTBCTCTBUU C KBaHH(bHKaHHOHHOﬁ
XapakTepuCTHKOW OakanaBpa 1o HampaBieHuto 22.03.02 "Meramtyprua" B TOM 4HCIe
(dbopMHpOBaHUE YMEHUI 10 YCOBEPIICHCTBOBAHUIO U Pa3padOTKE MPOIECCOB TOITYYCHUS METAIUIOB,
CIIAaBOB M METAJUIMYECKHX M3JIeNUi TpeOyeMoro KayecTBa, a TaKkKe MpOIeccoB 00pabOTKH, MpH
KOTOPBIX HU3MCHAIOTCA HX XUMHYECKUH COCTaB M CTPYKTypa A OJOCTUIKCHHA OIPCACIICHHBIX
CBONCTB.

K ocHOBHBIM 3a/1a4aM OCBOCHUS AUCHUILTUHBI « DU3UUECKast XUMUSD CIIEAYET OTHECTH:

— U3yYeHHE TEPMHMHOJIOTUH, OIPEICIICHU M OCHOBOIOJAraromMX (U3NYECKUX U
XUMHNYECKHX 3aKOHOB U SaKOHOMCpHOCTeﬁ;

— T1npuoOpeTeHHE HAaBBIKOB HCCIIEIOBATENbCKOM pabOThl M HAy4YHOM JI€ATENbHOCTH,
UCIOJIb3YEMBIX JUIs TOJrOTOBKH IIPE3EHTALMH, JOKIa10B U pedeparos.

ILlianupyemble pe3yabTaThl O0Y4YEHHUS 3aKJIIOYAIOTCS (OPMHUPOBAHUHU y OOYYarOLIErocs
CIOCOOHOCTH K TMPOBEACHUIO M3MepeHHd u HaOmoneHuid B chepe mnpodeccuoHanbHOMI
NesTeIbHOCTH, 0OpPaOOTKU U MPEICTABICHUS HIKCIIEPUMEHTAIbHBIX TaHHBIX.

OOyuenue no mgucuuiuinHe «®Pu3nyeckas XUMUS»  HampaBleHO Ha (opMupoBaHHE
y 00y4aroLMXCs CIEAYIOMNX KOMIETSHIUI:

Koa n nHauMeHoBaHHe KOMIIETEHIINH NHankaTopbl 10CTHKEHU S
KOMIIETEHIINH
TIK-1. Cnocoben BBEIOMPATH meronsl | UITIK-1.1 - 3Haer MeTOmpl HCCICHOBAaHUM,
IJIAHUPOBAHUS, MOATOTOBKU M TPOBEACHUS | POBEIACHUS, 00paboTku H aHajan3a

WCCICAOBaHUM, HAONIOMCHUN, WCIBITAHUN, | pe3yJIbTaTOB  WCIBITAHUH W HU3MEPCHHI.
U3MEpPEHU U TPHUMEHATh MX Ha mpaktuke, | Kpurepun BbIOOpa METOAOB W  METOIUK
aHAJIM3UPOBATh, o0pabaThIBaTh H | UcclieJOBaHU

MPEACTABISTH PE3YyJIbTAThI
HIIK-1.2 VYMeer mnpoBOAUTH UCHBITAHUSA,

M3MepeHuss u  o0pabOTKy  pe3yJIbTaToB.
PeructpupoBaTh  mMOKazaHusi ~ MPUOOPOB.
[IpoBomuT  pacyérsl u KPUTHYECCKH
aHAJIM3HUPYET PEe3yNIbTAThl, AETACT BHIBOIBI

NIIK-1.3 Bnaneer BBIOOpOM
WCIBITATEIHHOTO u U3MEPUTEILHOTO
obopyoBaHus, HEO0OXOIMMOTO TUTST

IIPOBEJIEHUSI  UCCIIENOBaHWi.  BreimonHser
OLICHKH U 00paboTKH  pe3ysbTaToB
HCCIIEI0OBaHUS

YK-1. Cnocoben ocymectBisate mouck, | UYK-1.1. Arammsupyer 3amady, BBIACISS €€
KPUTHYECKHI aHANIU3 U CUHTe3 uHpopmanmu, | 6a30BbIe COCTABISIONINE

MPUMEHSTh CUCTEMHBIN MOIXO AJIs pelICHUs
MOCTaBIICHHBIX 33724

NVYK-1.2. OcymiecTBasieT NOUCK, KpUTHUECKH
OLICHMBAeT, 0000IIAeT, CHUCTEMAaTH3UPYET M
pamkupyeTr HHpOpMAIHIO, TpPeOyeMyro s
peLIeHNUs TOCTaBICHHOH 3aJauu

NVYK-1.3. PaccmatpuBaer u mpearaet
panroHaIbEHbIE BapUaHTHI peuIeHus




MOCTaBJICHHOM 3aga4u, HCIIOJIb3YyA
CHCTEMHBII moaxoa, KPUTHYCCKH OLCHUBACT
X JOCTOMHCTBA N HCJOCTATKU

2. MecTOo AUCHMILIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

Huctunnuaa oTtHOcUTCs «@Pu3nueckas XUMHs» K 00sS3aTelbHOM 4YacTH, (hopmMupyemon
yYaCTHHKaMHU 00pa3oBaTeIbHBIX OTHOIIEHHH O0stoka b1 «/lucuumimnel (MoIysm)».
Hucuumnimna "®uzndeckas XumMusa' B3aUMOCBs3aHa JJOTHUECKU U COJIEPAKATEITBHO-

METOAMYECKH CO cleAyrommuMu nucuurmummaaMu u npaktukamu OITOIT 6akanaBpuara
— Metoabl aHaJIM3a U KOHTPOJIS BEILECTB;
— DOU3HKO-XUMHYECKUE METO/IBI aHATTN3a BEIECTB;
— 3anuTa MeTamioB OT KOPPO3UH;
— Meramtyprudeckas TEIJIOTEXHUKA;
—MeTannyprus xenes3a u 4yryHa
—MeTannyprus UBETHBIX METAIIJIOB.
3. CrpykTypa u cogepkaHue IUCUMILIMHBI

OO0mass TpyAOEMKOCTh JUCHUIUIMHBI cocTaBiseT 3 3adeTHbix(e) enuuuiy(sl) (108
aKaJeMHYeCKHX YacoB, U3 HUX 74 4ac —caMOCTOsATeNIbHas paboTa CTYyIEHTOB).

3.1 Buabl yueOHO# padoThbl H TPYA0EMKOCTH
(mo ¢popmam oOyueHus)

3.1.1.04H0-3204Has hopMa 00yUeHUs

Ne . KoanuectBo | CeMecTphbl
Buj yueoHoii padoThl
n/n 4acoB 5
1 AyIUTOpPHBbIE 3aAHATHS 34 34
1
B ToMm unce:
1| Jleknum 26 26
1| CemMuHapckue/mpakTHUYECKUE 3aHITHS - -
1| JTabopaTopHbIe 3aHATHS 8 8
2 CamocrosiTeibHass padora 74 74
2
B ToMm unce:
1| IToaroToBKa K JOMYCKY M 3alTuTe JJa0OPaTOPHBIX paboT 26 26
N3ydeHue TeopeTnyeckoro Marepuaia, 22 22
IPETyCMOTPEHHOTO IPOTPaMMOiA
[IpoMeKyTOUHOE TECTUPOBAHUE 26 26
3 IIpomexyToUuHAst aTTeCTAMA
3
3auet/nud.3a4eT/IK3aMeH JK3aMEH HK3aMEH
HTtoro 108 108




3.1.2.3a04Has ¢popma 0OyueHus

Ne . KoianuectBo | CemecTpbl
Buj yueOHoii padoThl
n/n 4acoB 5
1 AyIMTOpHBIEC 3aHATHS 8 8
1
B ToM uucne:
Jlexnn 4 4
CeMuHapcKue/IPaKTUYECKUE 3aHATUS
JlaGopaTopHble 3aHATHUS 4 4
2 CamocrosiTeibHas padora 100 100
3
B ToMm unce:
1| IToaroToBKa K TOMyCKY M 3alTUTE JIAOOPATOPHBIX pabOT 16 16
N3yuyeHne TeopeTuyecKkoro Marepuaa, 34 34
IPELyCMOTPEHHOI'0 IPOTrpaMMoii
2 [IpoMexyToUuHOE TECTUPOBAHUE 50 50
3 IIpomeskyTouHas1 aTTeCTAIIUSA
3
3auet/aud.3a4er/FK3aMeH HK3aMEH JK3aMEH
Hroro 108 108
3.2 Temaruyeckuii IJIaH U3y4YeHUS TUCIUTIINHbBI
3.2.1.04yH0-3a04Has popMa 00yUeHHUs
TpyroemkocTs, yac
AyauTopHasi pa6ora &
5| = |§ g EE|E| B
Ne TeMbl 9 =1 S i o & iz =
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= 53 v
1| Tema 1. Beenenwue. I1epBblii 3aK0H 6 2 4
1.1 TEPMOJINHAMUKH.
TepMoaMHAMHYECKUE CUCTEMBI U
ITPOLIECCHI.
| Tema 2.Tepmoxumus. 3akoH ['ecca. 6 2 4
1.2 TepMOXUMUYECKUE PACUETHI
| Tema 3. OCHOBBI XMMHYECKOM 6 2 4
1.3 TepMOJUHaMHUKU. BTopoii u Tpetuit
3aKOHBI TEPMOJIMHAMUKH.
1| Tema 4.TepmoauHamuka 6 2 4
1.4 XUMHYECKOTO PAaBHOBECHS. 3aKOH




neictByromux macc. Koncranra
XUMHUYECKOTO PABHOBECHS.

1.5

Tema 5.dDa30BbIe paBHOBECHS B
reTeporeHHeIX cucreMax. [Ipasuino
(a3 I'nb6ca.

1.6

Tema 6. ®a3oBbie paBHOBECHS B
ABYXKOMITIOHCHTHBIX CUCTCMaAX.
TepMHUUECKUd aHAJIHN3.

1.7

Tema 7. PactBopsl. Knaccugukarus
pacTBOpOB. PacTBOpEI
HE3JIEKTPOJIUTOB.

1.8

Tema 8. PacTBOpPBI 3JE€KTPOTUTOB.
[IpnuuHBl 1 MEXaHU3M
ANEKTPOJIUTUYECKON JUCCOLMALINH.

1.9

Tema 9.@opmanbHas KUHETUKA.
Kunernyeckas xkinaccuduxaius
XUMHUYECKUX peakiui. Peakuun
MEPBOT0 U BTOPOTO TOPSAKA.

1.10

Tema 10.TeopeTnueckre OCHOBBI
XMMHYECKOM KUHETUKU. BiausHue
TeMIepaTypbl Ha CKOPOCTh
XUMHUYECKUX PEaKIuu.

1.11

Tema 11 DnekTpogHBIE pAaBHOBECHS.
Bo3HukHOBEHHE CKadKa
3JIEKTPOJHOTO MOTEHIMaNa 1
JIBOMHOM AJICKTPUUECKUH CIIOH.

1.12

Tema 12 Kunetuka s1eKTpOgHBIX
npoueccos. [lonspusanus
AIEKTPO/IA.

1.13

Tema 13 HepaBHoBecHbIE
AJIEKTPOHBIC MTPOIECCHI.
OcoOEHHOCTH IEKTPOIHBIX
MIPOIIECCOB MPH AIEKTPOJIIH3E.

1.14

Jlaboparopuas pabota Nel.
OmnpeneneHre KOHCTAHThI
JMCCOIMAIIMH CJIA00T0 AICKTPOJIHUTA.

1.15

JlaGopaTopnas pabora Ne2.
KuHeTrka roMOTeHHBIX XHMUYECKHX
pEaKIuu.

1.16

JlaGopaTtopnast pabota Ne3.
PacTBOpeHue TBEpIbIX TEN B
KHUJIKOCTH.

1.17

JlaGopaTopHnas pabota
Ne4.HabyxaHue nmoarMepHbIX
MaTepHaJIOB.

HToro

108

26

74

3.2.2. 3aounas popma oOydeHUs




TpynoeMKOCTb, 4ac
AyauTopHas padora g
S ~ & 9| 8§35 | E E 5
Ne Tembl S = = Sl & = > S 'S
n/n AUCHHUILTHHBI a s 55 § G g | z S
o B L ! =
= & v
| Tema 3. OCHOBBI XMMHYECKOM 27 2 25
1.1 TepMOAMHAMUKH. BTOpoii u Tpetuit
3aKOHBI TEPMOJIMHAMUKH.
1| Tema 4.TepmoauHamuka 27 2 25
1.2 XMMHUYECKOTO PaBHOBECHUS. 3aKOH
nercTByromux Macc. Koncranra
XHUMHUYECKOTO PABHOBECHSI.
1| Jlabopatopnas pabora Nel. 27 2 25
1.3 OrnpeneneHre KOHCTAHTbI
JMCCOLMAIIMH CJ1a00r0 JIEKTPOJIUTA.
1| JTaboparopHas padota Ne2. 27 2 25
1.4 KuneTtnka roMOreHHbIX XUMHUYECKUX
pEaKIuu.
Hroro | 108 4 4 100

3.3 Conpep:xkanue JTUCUMILIMHBI

Tema 1. BBenenue

[Ipenmer, nenu m 3agauv AUCHUIUIMHBL [lepBblii 3akOH TepMOAMHAMUKHU. M30XOpHBIN,
M300apHBIi W M30TEpPMHYECKH Tporecchl. Pacuer paboThl pacliupeHHus HTHX MPOIIECCOB.
TepmoarHaMu4ecKkue CUCTEMBI U MPOIEecChl. 3HaYeHne (pu3nyeckord XUMHUH sl d3PPEKTHBHOCTH
MPOTEKAaHUs METATYPTHYECKUX IMPOLIECCOB OOecreueHus M HKOJIOTMYecKoil 0e30macHOCTH
OKpY>KaroIlEH Cpeibl.

Tema 2. Tepmoxumus

Tepmoxumuueckue peaknuu. 3akoH ['ecca. TemmoBoid 3PeKT XUMUIECKUX PEAKITHA, ero
CBsI3b C dHTaNbNMeN peakuuu. CTaHAapTHAS SHTAIBIUS 00pa3oBaHUs BemiecTB. CBS3b SHTANBINUU
peakiuu ¢ BHYTpEHHEH sHeprueil. BrusiHue Temmeparypbl Ha TerioBod 3¢ddexr xummuyeckon
peakuuu. Ypasuenue Kupxroda.

Tema 3. OcHOBBI XUMHYECKOH TEPMOAUHAMUKH.

Bropoil 3akOH TEpMOJMHAMHMKUA. OHTPONUS, BEPOSTHOCTHBIA XapakTep SHTPONUHU.
OHTponus B 00paTUMbIX U HEOOpaTUMBIX Ipoueccax. CTaHgapTHBIE 3HAUEHUS SHTponuu. TemnoBas
teopema HepHcTta, e€ mpumeHeHue Juisi pacu€ra MU3MEHEHHs SHTPONUU XUMHUYECKHUX PEaKIMM.
TepMmonnHamuyeckue mnoTteHuuandbl. CBOOOIHBIE HHEPrMM B H30TEPMHUECKOM U H30XOPHOM
nporneccax. CraHmapTHoe 3HaueHHWe CBOOOMHOW »dHeprum [uOOca. VYpaBHenue [nb6ca-
I'ensMrosbia. XuMHUYECKH NOTEHIMAI UAEATBHOIO U PEAJIBHOTO Ta3a.

Tema 4. TepMOAMHAMNKA XMMUYECKOT0 PABHOBECHUS

3aKOH JEHCTBYIOIIMX Macc, KOHCTAHTa XHUMHUYECKOro paBHOBecHs. CBs3b KOHCTaHTHI
paBHOBeCcHs] C HW3MEHEHHEM CBOOOAHON HHeprum ['nbbca. YpaBHeHHs H30TepMbl M H300aphl
XUMHUYECKUX peakUuil M UX MPUMEHEHHE JJIs pacd€TOB XMMHUYECKOTO PaBHOBECHS. 3aBHCHUMOCTh
M300apHOTO U XMMHUYECKOTO MOTEHIINAJIOB HIeajbHOrO raza OT JAaBieHus. PaBHOBecHe B pealbHBIX
ra3oBbIX cHCTeMax. JIeTy4ecTs U aKTUBHOCTb.




Tema S.Da30Bble paBHOBeCHs B IeTepoOreHHbIX cucremax. Pa3oBble paBHOBECUS B
reTeporeHHsIx cucremax. l[lpaBwino a3 ['mO0ca. JlaBneHume mapa TBEpABIX M KHUIKHX TEIL
VYpasuenue Knaysuyca-Knanelipona. ®a3oBble paBHOBECHS B OJHOKOMIIOHEHTHBIX CHCTEMaXx.
JlnarpamMma COCTOSIHUSL YUCTOT'O BELIECTBA.

Tema 6. ®a30Bble pABHOBECHSA B IBYXKOMIIOHEHTHBIX CHCTEMAaX

Tepmuueckuit ananu3. IlocTpoeHne pauarpaMMm cOCTaB-TeMIIEpaTypa KpPUCTAJLIU3ALUU
(mnaBnenus). OcHOBHbIE TUMBI quarpaMM. [IpaBuiio peruara. PaBHoBecHe «OKMIKUNA pacTBOp-Map».
3aBUCUMOCTb JIaBJIEHUS HACBHIIIEHHOTO Mapa OT COCTaBa >XUJIKOIO pacTBopa. 3akoH Payms.
PacTBOpBI ¢ MONOKUTEIBHBIMA U OTPULIATENILHBIMU OTKJIOHEHUSAMU OT 3akoHa Payns. CocraB mapa
Hajg pacTtBopoM. 3akoHbl KonoBanoBa. /lmarpamMMmbl «cocTaB - JaBJ€HHME Iapa» M «COCTaB-
Temneparypa kuneHus». [leperonka u pekTuukarus.

Tema 7. PacTBOpHBI.

Knaccugukanus pactBopoB. Pa3baBieHHble pacTBOpbI HENIEKTPOIUTOB. JlaBieHue
HACBIIICHHOTO I1apa pacTBOPUTENST HAJ pacTBOPOM. TemmepaTypbl 3amep3aHus W KUIICHUs
pa36aBieHHbIX pacTBOpoB. Kprockonus u 30ymnuockonust. OCMOC 1 OCMOTHUYECKOE aBJICHHE.

Tema 8. PacTBOpBI 2/1€KTPOJIMTOB

[TpyumHEl 1 MEXaHU3M JIEKTPOIUTUYECKON aucconnanuu. CBs3b CTENEHU IUCCOLMALAN C
n30ToHNYecKuM Kod(p¢unuentom Bant-I'odda. DmekrpornpoBomuMocTs pacTBOpOB. YIeNbHAS H
SKBHUBAJICHTHAs AIIEKTPONPOBOAUMOCTH pacTBOpOB JJIEKTPOJIUTOB. 3aBUCUMOCTh
AJIEKTPONIPOBOJAMMOCTH OT MPUPOABI 3JIEKTPOJIUTA, KOHLEHTPAIMM M TEMIIEpaTypbl PacTBOpA.
Konaykromerpus n ee npuMeHeHue. PacTBOpBI CHUIIBHBIX 2JIEKTPOIUTOB. AKTUBHOCTb MU MOHHAs
cwiia pactBopa. CpefHsisi aKTUBHOCTh PAacTBOPA U €€ CBSI3b C aKTUBHOCTBIO OT/IEJIbHBIX HOHOB.

Tema 9.@opMajibHAs KMHETHKA.

OcHOBHBIE TIOJIOKEHHS M TMOHATHA. KuHeTnueckas kiaccuuKamus XUMUYIECKAX PEaKIuil.
MonekyIsipHOCTh M MOPSINOK peakunu. KnHeTH4ecKkue ypaBHEHHUS PEAKLUil MEPBOrO U BTOPOIO
nopsiAKoB. Pacué€THble U rpaguuecKkue METOIbI ONIPEICIICHUS TTOPSIKA PEaKIIUH.

Tema 10.TeopeTudyeckne 0CHOBbI XMMHYECKOIl KMHETHKH.

BnusHue TtemmepaTypel Ha CKOPOCTb XUMHYECKHX pEaKIUi. OHeprusi axTUBALUH.
VYpaBHeHue AppeHuyca. MeTonpl ONpenesieHus PHEPrMM aKTUBALMHU. OHTPOIUS aKTHUBALUU.
Knaccudukanus KaTtaaUTUYECKUX MpoueccoB. ['OMOreHHbII M TeTepOreHHBI  KaTaius.
OcobeHHOCTH IeHCTBHSI KaTAIU3aTOPOB B FETEPOr€HHOM KaTalln3e.

Tema 11 DekTpoaHbIEe pABHOBECHS

BO3HHUKHOBEHHE CKauKa IEKTPOJHOTO MOTEHIMAlIa U ABOMHOTO 3JIEKTPUYECKOIO CJI0s Ha
IPAHMIIE «METALI-PACTBOP JJEKTPOJIUTA». TEpMOIMHAMMYECKOE BBIPAKEHHE I CKadka
NIEKTPOIHOTO NOTEHLIHANA. VYpaBHeHue Hepscra. Knaccudukanus NIEKTPOJIOB.
OnekTpoxumuueckue 1enu. CBA3b  DIEKTPOIABMKYILIEH CHJIBI €  TEPMOJMHAMHUYECKHUMHU
xapaktepucTukamu. [loTeHIMOMETpHA U €€ IPUMEHEHHUE.

Tema 12 Knnerunka 3/1eKTpoaHbIX npoueccoB. [Tonspuzanus snekrpona. [InotHocTs ToKa
KaK XapaKTEepHCTHKA 3JEKTPOJHOro mnpouecca. KMHeTHKa M MeXaHM3M BBIACIEHHUS BOAOPOAA W3
BOJHBIX PAacTBOPOB  AJIEKTPOJIUTOB. Teopusi 3amemyieHHOro paspsiaa. Tok oOMmeHa U
nepeHanpsbkeHus. ud@y3noHHas KUHETHKA MPHU NEKTPOXMMUYECKOM IPEBPAIIEHUN BEIIECTB.
3aBUCHUMOCTb TOK OT MoTeHIana. ¥Ypasuenue MnbpkoBuya. [lonsporpaduieckuii MeTo1 aHaM3a u
€ro IIPUMEHEHHUE.

Tema 13 HepaBHoBecHbIE 3JIEKTPOAHBbIE Mpouecchl. OCOOEHHOCTH JIEKTPOAHBIX PEAKITUN
pu 2aeKTpoaunse. 3akoH Papanes u ero npuMeHeHne. HanpspkeHne pasinokeHus Ipu AJIEKTPOIIn3e
BOJHBIX PacTBOpPOB. IIpuMeHeHHe 3neKTposn3a I MOJy4eHUs METaUIOB U B JIPYTMX OTPacCisiX
IIPOMBIIIJIEHHOCTH.

34 Temaruka ceMMHAPCKUX/NIPAKTHYECKUX U JTA00OPATOPHBIX 3AHATHI

3.4.2.JIaGopaTopHbIE 3aHATHU



10

JlaboparopHas pabota Nel. OnpeneneHre KOHCTAHTBI AUCCOIMAIIMH CI1a00TO NEKTPOTIUTA.
JlabopaTtopHnast pabota No2. KuneTrnka roMOT€HHBIX XUMUUYECKUX PEAKIIUMA.

JlaboparopHas pabota Ne3. PacTBopeHue TBEpAbIX TN B )KUIKOCTH.

JlabopaTtopHnast pabota Ne4.HabyxaHue moJIMMEepHBIX MaTepUasoB.

3.5 Temaruka KypcOBbIX IPOEKTOB (KyYPCOBBIX padoT)

KypcoBbie paboThl HE IPETyCMOTPEHBI
4. Y4eOHO-MeTOAMYECKOE M MH(POPMALIMOHHOE 00ecIIeYeHue

4.1 HopmatuBHblie 10KyMeHTHI 1 I'OCThI

1. ®I'OC BIIO no nanpanenuto nmoArotoBku 22.03.02 «Metautyprusi», YTBEpKICHHBIMH,
Muno6pnayku Poccun 25.05.2020

2.Ilpukaz MwunHoOpHayku Poccum ot 05.04.2017 Ne310 «OO yTBEep)KICHUW TMOPSIIKA
OpraHu3alli ¥ OCYUIECTBJICHUS OOpPa30BaTENbHON JEATENBHOCTH IO IPOrpaMMaM BBICIIETO
npoheccHoHaIbHOTO o0Opa3oBaHus- nmporpaMMam OakanaBpuara, nporpaMmmam
CIEeIMAIUTETa ,IpOrpaMMaM MarucTparypbi»

3. Ilpuka3z MunoOpraayku oT 25.08.2017 Ne§16 «O0 yTBepkIeHHUU TOPsIKA MTPUMEHEHUS
OpraHu3alMsIMM  ,OCYIIECTBISIONIMMU  OOpa30BaTEIbHYIO  JICATEIBHOCTH  DJIEKTPOHHOTO
00y4YeHUs, AUCTAlMOHHBIX 00pa30BaTENbHBIX TEXHOJOTHI MpH peaau3aluud IMpU  peanu3aluu
00pa3oBaTENbHBIX TPOrPAMM»

4. HopMaTHBHO-METOUYECKHE TOKYyMEHThl MuHoOpHayku Poccun

5.JIoxanpHble HOPMATUBHBIE aKThl Y HUBEPCUTETA

4.2  OcHoBHasi JMTEpaTYpa

1. l'opuikos, B.H. OcuoBbl pusnueckoit xumuu / B.W. 'opuikos, . A. Ky3ueuos. — M.:
BMHOM, 2006. —407c

2. Metoauueckoe nocodue 1no Gu3ndecko XMuMuK: ArperaTHble COCTOSIHUS BEIIECTBA.
OcnoBel xumuyeckoit repmoaunamuku / T.J] Kazapunosa, JI.A. McaitueBa. — Caparos, 2009. - 40 ¢

4.3 JlomosHMTEJbHAA JUTEPATypa

1. ®usnyeckas U KOJUTOUAHAS XUMHUS (B OOIIIECTBEHHOM NMUTaHUM): yueOHoe mocooue / C.B.
I'opOyHn1oBa, 3.A. Mymnosposa, E.C. Opo6eiiko, E.B. ®enopenko. — M.: Anspa-M; UHOPA-M,
2006. - 270 c.

2. Kpyrnsikos, [1.M. @usnueckas u komonanas xumus / ILM. Kpyrnsakos, T.H. XackoBa. —
M.:Bercm. mk., 2005. — 319 ¢

3.Kpatkuii cipaBouHHUK Pu3nKo-xuMudeckux Benuuut. [Tox pen. K.I1.Mumenko u
A.A PaBnensa. Xumus, J1.,1976 ,c.182

4.4 DaexkTpoHHBIE 00pa30BaTebHbIE PECypPChI

[IpoBeneHue 3aHATUI U aTTECTAIM BO3MOKHO B AUCTAHIIMOHHOM (popMaTe ¢ mpUMEHEHUEM
CHUCTEMBI TUCTaHIIMOHHOTO 00yueHus1 yHuBepcuteta (C1O-LMS) Ha ocHOBe pa3zpaboTaHHBIX
Kaeapoii AIeKTpOHHBIX 00pa3oBaTenbHBIX pecypcoB (DOP) o Bcem pazaenam mporpamMmmel:.
Pazpaboranubie DOP BKIIOYAIOT TPEHUPOBOYHBIE M UTOTOBBIC TECTHI.
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1.®usnueckas xumus https://online.mospolytech.ru/course/view.php?id=6930

[Nopsimok mpoBeneHust paboT B JUCTAaHIIMOHHOM (opMaTe YCTAaHABIUBACTCS OTACITbHBIMU
pacropsHKeHUsIMHU IPOPEKTOpa Mo yueOHoll paboTe u/mim HEeHTPOM y4eOHO-METOANYECKOM paboThl.
Kaxnp1ii cTyeHT o0ecreyeH WHANBUIYTbHBIM HEOTPaHUYEHHBIM JIOCTYTIOM K

ANEeKTPOHHBIM OHOIMOTEeKaM yHHBepcuTeTa (elib.mgup; lib.mami.ru/lib/content/elektronyy-
katalog) k 37eKTpOHHO-OMOIMOTEYHBIM CHCTEMaM (3JIEKTPOHHBIM OUOIHOTEKaM )

2.ANChem.ru —IIpodeccroHanbHbIil HHTEPHET pecypc , MOCBSILEHHbBIN aHATUTHYECKOI
XUMHMH U XMMHYECKOMY aHaJIM3y U MeTpoJioruu http:/www.anchem.ru

3.2nekrponHo-6ubHoTeuHas cucrema [IPRbooks http://www.iprbookshop.ru

4.Katasor ccpl1oK Ha (paifiibl ¢ 3JIeKTPOHHBIMU KHUTaMu http:/www.y10k.ru/books

5.Poccwuiickuit XuMuko-aHanuTH4eCcKuii moprtan http://www.anchem.ru/literature

6.ITopran Xumuueckoro gaxkynprera MI'Y http://www.chem.msu.su/rus

7.2neKTpoHHBIE XUMHUUeckue oubnuoreku http://djvu-infinarod.ru/nclib.htm

4.5 JIuueH3MOHHOe ¢  CBOOOJHO  pACHpPOCTpPaHsieMOe  TNPOrpaMMHOE
odecreueHue

JL'HanMeHOBa}me Pa3pabGorunk HoctynHoc Ccbuika Ha Equnbiii
Imo Th peecTp poccHiiCKUX
(mpaBooOJagaTe | (iMueH3UOHHOe, | mporpamm 1 IBM u b/{
b) ¢B00OIHO (nmpu HAIMYMH)
pacnpocTpansieMm
oe)
] Astra Linux 000 JlunieH3noHHoe https:/
Common Edition| "PYCBUTEX- reestr.digital.gov.ru/reestr/
ACTPA" 305783/?sphrase_1d=954036
y MoitOduc OO0 "HOBBLIE JInuen3sunonHoe https://
OBJIAYHBIE reestr.digital.gov.ru/reestr/
TEXHOJIOT' " 301558/?sphrase_1d=943375

4.6 CoBpemenHble npodeccuoHaIbHbIEe 0a3bl JAHHBIX U HH(pOPMalUOHHbIE
CIIPaBOYHbIE CHCTEMBI

Ilepeuenn pecypcoB cetu UHTepHET, JOCTYNHBIX AJIsl OCBOCHHUSI TUCIHUILINHBI:

Cceblika Ha
] HaumenoBanue JocTynHocTh
pecypc
HNupopManmoHHO-CIIPABOYHbIE CHCTEMbI
NudopmanmonHsie pecypcehbl http://
JoctynHo
Cetu Koncynprantllntoc www.consultant.ru
DJIEeKTPOHHO-0M0/INOTEeYHbIe CHCTEMbI
Jlanp https://e.Janbook.com JlocTymnHa B ceTH
HNHuTtepuer 6e3
OTpaHUYCHUM



https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
http://djvu-inf.narod.ru/nclib.htm
http://www.chem.msu.su/rus
http://www.anchem.ru/literature
http://www.y10k.ru/books
http://www.iprbookshop.ru/
http://www.anchem.ru/
https://online.mospolytech.ru/course/view.php?id=6930

IPR Books https:// JloctymHa B ceTn
www.iprbookshop.ru WuTepuer 6e3
OTpaHUYCHUHN
[TpodeccnonanbHbIN http://www.anchem.ru HocTtyrHa B cetn
MHTEPHET PECypc , MOCBALLEHHBIN HNurepuer
AQHAIUTUYECKON XUMUH U
XUMHYECKOMY aHaJIN3y U
METPOJIOTHH
IpodeccuonanbHbie 6a3bl JAHHBIX
baza  mamHBIX  HayuHOU | http://www.elibrary.ru HoctymnHo
ANEKTPOHHOU OMOIMOTEKH
(eLIBRARY.RU)
Web of Science Core| http://webofscience.com JloctymHo
Collection — momuTeMaTHYeCcKas
pedepaTuBHO-OHOIHMOTpaduuecKas
" HayKOMETpHYECKas

(6bubmmomeTpuueckas) 0a3a TaHHBIX

5. MarepuajibHO-TEXHHUYECKOE O0ecliedeHue

dusnyeckas XUMus

IIK 433,I1K 529.
129626, r. Mockaa,

.22, cTp. 2

JlekumoHHas ay 1uropus

ya. Ilana Kopuaruna,

Crombl  y4eOHBIE CO  CKaMbsIMH,
aynuTopHas ~ JOCKa,  IEPEeHOCHOMH
MYJIBTUMEIUNHBIN
(mpoektop, HOYTOYK). Pabodee mecto

KOMIIJICKC

npenoaaBaTesrst

526,529
129626, r. Mockaa,

n.22, ctp. 1

Jlaboparopuu  xadenpsl
«Xumbnorex» IIK 510,

yia. Ilana Kopuaruna,

JlaGopaTopusi ocHallleHa: BBITSKHBIMHU
mkadpamu; TEPMOMETPAMHU ;
TEPMOCTATaMU,; OJICKTPOHHBIMHA
AHAJIUTHYCCKUMU BECaMH, BE€CaMHu
71a00paTOPHBIMHU 3JIEKTPOHHBIMU; pH-
MCTpaMu, AKBAJUCTUIIIATOPAMU,
(OTOKOJIOpUMETPAMH;

KOHIYKTOMETPaMHU, KYJIOHOMETPOM.
[Tpu npoBeneHn# 1a00paTOPHBIX PadOT
CTYACHTBI HCIOJB3YIOT CIICHUAIBHYIO

XUMHYECKYIO IOCYy: MEpPHbIE
HWIMHIPBIL, KOJIObI KOHMYECKHE U
MEPHBIE; IIUIIETKH, OropeTky,
POOHUPKH.

JlaGopaTopHbIii MPAKTUKYM
BKJIFOYAET paboTsl o
KOHJyKTOMETPUYECKOMY 51

MOTCHIUOMETPHUICCKOMY TUTPOBAHUIO.
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6. MeToauyeckue peKoOMeH AU

6.1 MeroguuecKkue peKOMEHIAIMUHU AJIS PENnoJaBaTe/is 0 OPraHu3anuu
00y4eHus

MeTOIII/IKa npenoaaBaHus  OUCHUIIIMHBL «DPusuueckass XUMHUSI» H pcaim3anusa
KOMIIETEHTHOCTHOTO TOJXOJa B U3JIOKEHWU M BOCHPUATUM MaTepualia TMpeaycMaTpUBaeT
UCTOJb30BaHUE CIENYIOINX AaKTUBHBIX M WHTEPAKTUBHBIX (OpPM TpOBENEHUS TPYHIOBBIX,
MHAUBUAYAIbHBIX, ayTMTOPHBIX 1 BHEAYIUTOPHBIX 3aHITHIA:

- YTCHUC JIGKI_II/II\/'I C UCIIOJIb30BAHUECM HMHTCPAKTUBHBIX CPCACTB HAITIAAHOCTU (HpGBGHTaL{I/II/I,
BUJCO(PHUIBMBI C IEMOHCTpAIMEe XMMHUECKOT0 SKCIIEPUMEHTA);

- BBIIIOJIHCHUEC CTYACHTAMU HWHAUBUAYAJIIBHBIX CaMOCTOATCIbHBIX pa60T n pa60T
71a00paTOPHOTO MPAKTUKyMa.

HpeIIYCMOTpeHa BO3MOXHOCTb HCIIOJIb30BaHHA 3JICKTPOHHOT'O 06yquI/1;1, AUCTAHIIUOHHBIX
oOpasoBarenbHbIX TexHONorui. Bece marepuansl pasmemniatorcs B CIO MockoBckoro Ilommrexa

(https://online.mospolytech.ru).

6.2 Meroguueckue yKazaHus AJ5 00y4alONMIMXCS 10 OCBOEHHUIO TN CIIUTIIHHBI

B mporecce o0ydeHHs] HCTIOIB3YIOTCS CICAYIONIHME OIEHOYHBIE (POPMBI CaMOCTOSATEIBLHOM
paboThI CTY/CHTOB, OLICHOYHBIC CPEJCTBA TEKYIIErO KOHTPOJS YCIIEBAEMOCTH M MPOMEXKYTOUHBIX
aTTeCTalU:

1) KOHTPOJIbHBIE BOIIPOCHI,

2) UHIWBHUIYaIbHBIC 3a1aHUS,

3) mOArOTOBKA M 3alIUTa JIAOOPATOPHBIX padoT,

4) TecToBbIe 3a7aHus B cucteme LMS.

7. DoHI OLICHOYHBIX CPEACTB

7.1  MeToabl KOHTPOJISI M OLICHUBAHUS Pe3yJIbTATOB 00yUYeHUs

[IpomexxyTounass arrecranusi oOyJaromuxcs B (QOpMe DdK3aMeHa MPOBOIUTCS IO
pe3yJabTaTaM BBIIIOJIHEHUS BCEX BUJOB yUeOHOM paboOThl, MPEeTyCMOTPEHHBIX YUYEOHBIM IJIAHOM I10
mucuuminHe «Pu3nyeckas XUMHUS», NP 3TOM YUUTHIBAIOTCS PE3YyJIbTAaThl TEKYIIETrO0 KOHTPOJIS
yCIIEBa€MOCTH B TEUEHUE CEMECTPA.

K sk3ameHy nomyckaroTCsl TOJIBKO CTYAEHTBI, BHIIIOJHUBIIME BCE BUABI y4eOHOU paloTHhI,
NpeIyCMOTpEeHHble  paOouedl  HporpaMMoil MO  AUCHUILIUHE «Pusnyeckas  XUMHDY
(mMpoMeXyTOUYHbIE TECTHPOBAHMS, BBIIIOJHEHUE M 3alluTa J1a0OpaTOPHBIX PAOOT, BHIIOJHEHHUE
VH/IMBU/YalIbHBIX 33/1aHUH).

7.2 1llkana u KpUTEepHU OLICHUBAHMUSA Pe3yJbTATOB 00y4eHuUs!

O0s13aTeIbHBIMH  YCJIOBHSIMM TOATOTOBKH CTY/IEeHTA K NPOMEKYTOYHOWH aTTecTaluu
SIBIIICTCSL BBITIOJTHEHHUE U 3alllUTa CTYACHTOM JIa0OpaTOpHBIX paboT, MPeayCMOTPEHHBIX paboueit
[IPOrpaMMoOi U MPOXOXKIAEHUE BCEX MPOMEKYTOUHBIX TECTOB HE HMXKE, yeM Ha 60% IpaBHUIBHBIX
oTBeTOB. IIpOMeEKyTOUHBIE TECTUPOBAHUSA MOI'YT IIPOBOJUTCS KaK B ayJAUTOPUU Y HUBEPCUTETA IO
KOHTpOJIEM IpernoaBaTelis, TaK U JUCTAaHIIMOHHOM (popMaTe Ha YCMOTpPEHHE IpernoaaBaTers.

MIkana oueHNBaHUA Onucanue
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OTJIINYHO

Brinonnens! Bce BUbl yueOHOU pabOoThI, IPEAYyCMOTPEHHbBIE
y4eOHbIM M1aHoM. CTyIeHT JEMOHCTPUPYET COOTBETCTBUE 3HAHUH,
YMEHH, HaBBIKOB MPUBEICHHBIM B TaOIUIaX [TOKa3aTesei,
ornepupyeT NpuoOPETEHHBIMU 3HAHUSIMU, YMEHUSIMU, HABBIKAMH,
MIPUMEHSET UX B CUTYALMSIX MMOBBIIEHHON Ccl0KHOCTHU. [Tpu 3TOM
MOTYT OBITh JOMYIIICHBI HE3HAYUTEIbHbIE OIIMOKH, HETOYHOCTH,
3aTpyAHEHUS IPH AHATUTUYECKUX ONEPALMsIX, IEPEHOCE 3HAHUN U
YMEHHUH Ha HOBBIE, HECTAHJAPTHBIE CUTYALIUH.

Xopo1io

BrinonHens! Bce BUIbI yueOHOM pabOThI, TPeyCMOTPEHHbBIE
y4eOHBIM MIaHOM. CTYJIEHT IEMOHCTPUPYET YaCTUIHOE
COOTBETCTBUE 3HAHWM, YMEHUM, HABBIKOB MIPUBEICHHBIM B Ta0JIUIIaX
roKa3aTeseil, onepupyeT NpuoOPEeTEeHHBIMHI 3HAHUSMH, HO
JIOTTYCKAIOTCS He3HAYUTEIIbHBIC OMIMOKH, HETOYHOCTH TIPH
AQHAJIMTUYECKUX OIepalusX, 3aTPYIHAETCS PU IEPEHOCE YMEHUN Ha
HOBBIC, HECTAHIAPTHBIE CUTYAIIUU.

Y 10BII€TBOPUTEIIBHO

BoinonHeHs! Bce BUbl yueOHON paboThl, IPEeAyCMOTPEHHbBIE
y4eOHbIM MIaHOM. CTyIeHT JEMOHCTPUPYET HEMOIHOE
COOTBETCTBUE 3HAHUI, yMEHUI, HABBIKOB MPUBEIEHHBIM B TaOIUIAX
rokasareJsei, ornepupyeT NpuoOpeTeHHBIMU 3HAHUSIMH,
JIOTIYCKal0TCS 3HAYUTENIbHbIE OIIMOKH, HETOYHOCTHU IpU
AQHAIUTUYECKUX ONEPALIUAX, UCIIBITHIBAET 3HAUUTEIIbHBIC
3aTpyHSAETCS MPU NPUMEHEHUHU HaBBIKOB B HOBBIX CUTYaLUAX

HeynosnersopurensHo

He BbinosnHeH oguH win 6osee BUAOB yueOHOW paboThI,
IPEIYyCMOTPEHHBIX Y4eOHBIM TIaHOM. CTYACHT IEMOHCTPUPYET
HETOJIHOE COOTBETCTBUE 3HAHUN, YMEHHI, HABBIKOB MIPUBEICHHBIM B
TabnuIax Mmoka3aTesie, T0MyCKalTCs 3HAYUTEIbHBIC OIIHOKH,
HPOSIBIISAETCS OTCYTCTBHE 3HAHUM, yMEHUI, HABBIKOB 10 PSIY
MOKa3aTese, CTy/ICHT HCIBITHIBACT 3HAUNTEIILHBIC 3aTPy THEHHS
[IpY ONIEPUPOBAHUY 3HAHUSAMHU U YMEHUSIMH IIPH UX MIEPEHOCE Ha
HOBBIEC CUTYAIIH.

7.3

OueHo4yHbIE CpeaACTBA

7.3.1. Tekymuii KOHTPOJIb
Hepequb OLHCHOYHBIX CPEACTB 10 TUCIHUIIJIMHE «Pusnueckass XUMHS

Haumenos [Ipencrasne

Ne KpaTkas xapakrepucTuka OleHOYHOTO

aHue OLEHOYHOIO HHE OLIEHOYHOT'O
oC cpencTaa

CpeCTBa cpeactea B POC

1 Pa3znoypoBHeBbIE PaznmuaroT 3amaun ¥ 3agaHus: Kommnekr

3aJ1a4yd U 3aJaHUs a) penpoaYKTUBHOTO YPOBHS, Pa3HOYPOBHEBBIX

(P33) ms MO3BOJISIOININE OLICHUBATH U AMArHOCTUPOBATh | 3a/1ay U 3aJaHui

CaMOCTOSITENIbHOE | 3HaHWE (aKTUIECKOro Marepuaia (0a3oBbie

paboThl TIOHSATHS, AITOPUTMBI, (DAKThI) U

YMEHHUE MMPaBUILHO UCIIOJIb30BaTh
CrelHaNbHble TEPMHUHBI U TOHATHS, Y3HaBaHUE
00BEKTOB M3yUEHUS B paAMKaX OMPEACIICHHOTO
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paszena JUCUUIUINHBL

0) pEKOHCTPYKTHUBHOTO YPOBHS,
MO3BOJISIOIIMEOIEHUBATE U
JIMarHOCTHPOBATh YMEHUS CHHTE3UPOBATb,
aHaJIM3UPOBaTh, 0000IIAaTh PaKTUUECKUI U
TEOPETUYECKUI MaTepHall ¢
(bopMyIMpOBaHUEM KOHKPETHBIX BHIBOJIOB,
YCTaHOBIIEHHEM MPUIHHHO-CIIEICTBEHHBIX
CBs3€I;

B) TBOPYECKOT'O YPOBHSI, TIO3BOJISIOIINE
OLIEHUBATh U IUArHOCTUPOBATh YMEHHUS,
WHTETPUPOBATh 3HAHUS PA3ITUIHBIX 00JIaCTeH,
apryMEHTHPOBaTh COOCTBEHHYIO TOUKY 3PEHHSL.

YeTHBI onpoc,

CpeacTBo KOHTPOJIS, OPraHU30BaHHOE
KaK CIielragbHas Oece/ia mpernoiaBaTels ¢
00y4aroIuMCs Ha TEMBbI, CBA3aHHBIE C

Bormpocsr
o
TeMaM

2 cobecenoBaHue, M3y4aeMoi NUCHUIUIMHON, M PACCUUTAHHOE HA | JUCIUILTAHBI JUIS
(YO) BBISICHEHHE 00beMa 3HaHU, 00YJaIOMEerocs mo | JI0MycKa 1 3ailyuThl
oTpeieIeHHOMY pa3ielly, Teme, mpodieme 1 1abopaTOPHBIX
T.I1. pabot
[Iepeuenp TECTOBBIX 3aJaHU ISt
3 Tect MPOMEKYTOYHOTO U UTOTOBOTO KOHTPOJIS, donHp
(T) MO3BOJISIFOIIU T aBTOMAaTU3UPOBATh TECTOBBIX 3aJJaHUN

MPOLEAYPY U3MEPEHUs YPOBHSI 3HAHUM U

7.3.2. IIpoMekyTOYHAA aTTECTAIUS

IIpumepsl pa3HOYpOBHEBBIX 3a/1a4 U 3a/1aHNi 110 TeMme «PacyeT Ten10BbIX 3PPeKTOB H
BJIMSIHUE TEMIIEPATYPbl HA BeJIMYHHY TeNJI0BbIX 3Q(PeKTOB XMMHYECKUX PeaKIuii»

3aa4u JUIsl CaMOCTOSATEIBHOIO PELLIEHUS C UCIIOJIb30BAHUEM CTaHAAPTHBIX

3HAYCHUI U3MEHEHHSI SHTAIBIINN

CornacHo BapHaHTy, BBIJAHHOMY IpEojiaBaTesieM, BEIYUCIUTE TEIIOBOM 3 dexT

XAMHYECKOH PEaKUuM IO CTaHJAPTHBIM TemoTaM oOpaszoBanus npu 298°K:a) mpu p =
const; 6) npu V = const. CTaHapHbl€ TEIIOTH 00pa30BaHMsI Y4aCTHUKOB PEAKLIMU BO3BMUTE U3

ClipaBoOYHHUKA [4]

Bapuant YpaBHeHue peakuuu

O 0 1N DN B W —

.4NH; (1) + 50, (1) =4NO (1) + 6H>0 (1)
.4HCI (1) + O (r) = 2H,0 (1) + 2Cl, (1)

. CaCOs; (1) = CaO (1) + CO; (1)

. Fe;04 (1) + H> (1) = 3FeO (1) H,O (1)

. Ca(OH); (1) + CO; (1) = CaCO:s (1) + H20 (1)
.2CO (1) + SO: (1) = S(pomb6) + 2CO (1)

. 2N02 (F) + 03 (F) = 02 (r) + N205 (F)

. CH4 (1) + 20, (r) = CO; (1) + 2H,0 (k)

. 2AgNO; (1) =2Ag (1) + 2NO> (1) + O, (T)

10. H, (1) + CO; (r) = H,O(r) + CO (1)
3amauu no 3akony Kupxrodda
CornacHo cBOeMYy BapHaHTy BBIYHMCIUTE TEIIOBOHM A((EKT XUMHUUECKON PEaKIIUU TPU
yKa3zaHHOHM Temnepatype. CTaHaapTHbIE TEIIOThl 00pa30BaHUs YYaCTHUKOB PEAKIIMU U
K03(ppULIMEHTHI ypaBHEHUS U3 CIIPABOYHBIX JaHHBIX [4]

Bapuant YpaBuenue peakiuu T, K
1. CaCOs (1) =CaO (1) + CO, (r) T=550K
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2. Fe;04 (1) + Ha (1) =3 FeO (1) + H,O (r) T=480 K

3. Ca(OH); (1) + CO; (1) = CaCO; (1) + H.O (1) T=830 K
4.2CO (1) + SO, (1) = S(pombd) + 2CO, (1) T=740K
5.2NO; (r) + O3 (1) = 02 (1) + NLOs (1) T=530 K

6. 4NH; (1) + 50, (r) =4NO (1) + 6H,O (r) T=700 K

7. 4HCI (r) + O, (1) =2H,0 (1) + 2CL> (r) T=600 K

8. CaCOs; (1) =CaO (1) + CO, (r) T=550K

9. Fe;04 (1) + H2(T) =3 FeO (1) + H,O (r) T=480 K

10. Ca(OH), (1) + CO; (r) = CaCOs (1) + H,O (r) T=830 K

IIpumep TecTOBBIX 3a1aHMIl 10 TeMe «XHMMHUYeCKOe PABHOBECHE »

1.Cucrema, cnocoOHasi 00MEeHHUBATBLCS € OKPYJKAIONIeH cpeaoii JHeprue U BemecTBOM
Ha3bIBaeTcs

a.3aKpbITON

b.m30MMpPOBAHHOM

C.OTKPBITOMN

2.B u30/1MpoOBaHHOI1 cHCTeMe Mepexo/l CAMONPOU3BOJIbHOI0 MPOLECCa 0T HAYAIBHOIO K
KOHEYHOMY COCTOSTHHIO CONPOBOKIACTCH:

a.CTPEMJIEHUEM SHTPOIHNHU K MUHUMYMY

b.yMeHbILIIEHHEM 3HTPOIHNH

C.BO3paCTaHUEM SHTPOIUU

3. TepmoannamMuyeckasi PyHKIHsA COCTOSIHUA ABJIAsACTCH PyHKIMEH KOTOpas

a.0MpeIeNAeTCs TOJNBKO HaYaJIbHBIM U KOHEYHBIM COCTOSIHUEM

b.onpezaenseTcs TOAbKO Ha4yaIbHBIM COCTOSTHUEM

C.3aBHMCHT OT ITyTH IIpoLecca

4.BcTraBbTe NMPONMYLIEHHOE CJ0BO: «DHEPIUs HE BO3ZHUKAET U3 HUYETO U HE UCYE3AET, OHA
MO>KET TOJIbKO MEPEXOAUTh U3 OJHON (POPMBI B IPYTYIO B

KOJIMYECTBAX»:

5.3akoHunTe onpenenenue: «CTeneHb HArpeTOCTU Teja, ONpeAesseMas paclpeleleHueM
MOJIEKYJI 110 SHEPT€TUYECKUM YPOBHSM, Ha3bIBACTCS

6.3axkonunTe ompenejenue: «V300apHbBIM Ha3bIBaeTCS MPOLECC, NPOTEKAIOUIMHA IpH
ITOCTOSTHHOM

7.3akoHunTe (OPMYJHMPOBKY: «B U30IMpOBaHHON cHuCTEeME CcyMMa BCEX BHUJOB
SHEPIUH

8.3akonuute ompenenenue: «OTHOIIEHWE KOJMYECTBA TOTJIOMEHHON TEIOM TEIUIOTHI K
W3MEHEHHIO TEMIIEPaTypPhl, BEI3BAHHOMY 3THM MOTJIOIIEHUEM, Ha3bIBACTCS

9.BcraBbTeE NMPONMYIHICHHOE CJI0BO: «KonnuectBo TCIJIOTHI, 3anan/1BaeM0171 Ha Harpe€BaHue
OAHOI'0 MOJI BEIICCTBA HA OJUH I'padyC, Ha3bIBACTCA TEILIOEMKOCTBIOY

10.BcraBbTe mponyiieHHoe cI0BO: «TepMOIUHAMUYECKOE PABHOBECHE — 3TO COCTOSTHHE
CHCTEMbI, KOTOPOE XapaKTEePU3yeTCs 3HAQYEHHEM BCEX IIapaMeTPOB B
JIF000U YACTU CUCTEMBIY:
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I[IpumepHble BapuaHTbI OMJIETOB /151 IK3aMeHa

MMHUCTEPCTBO HAYKM 1 BBICILIEI'O OBPA30BAHI S POCCUMCKOM ®EJIEPALINN
®EJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJILHOE
YYPEXJIEHME BBICIIEI'O OBPA3OBAHMS
«MOCKOBCKHWM MNOJUTEXHUUYECKHAIN YHUBEPCUTET»
(MOCKOBCKHM MOJIUTEX)

®DakyIbTET XUMHUECKOM TEXHOJIOTHH B OMOTEXHOJI0THH, Kadeapa «Xumbuorex»
Juctumnuna @uzndeckas XUMUst

3K3AMEHAIIMOHHBIN BUJIET Ne 1 .
1. IlepBblif 3akOH TEpMOAMHAMUKH. MaTeMaTH4YeCKOe BbIpaKEHHE TMEPBOrO 3aKOHa
TEPMOJIMHAMUKH U €r0 3HAYCHHE.
2. JlaBnenue napa TBEpAbIX U KUJAKUX Tell. YpaBHeHue Knaysuyca-Knanelipona.
3.3anaqa
YTBepxkaeHO Ha 3acenanuu kadeapsl «  » 2023 1., mpoTokos Ne

3aB. xadenpoii / / /

MUHUCTEPCTBO HAYKHU U BBICIIET'O OBPA30BAHUS POCCUINCKON ®EAEPALIAU
®EJIEPAJIBHOE T'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJILHOE
VYPEJX/IEHUE BBICILIETO OBPA3OBAHUS
«MOCKOBCKHI NOJTUTEXHUYECKHAI YHUBEPCUTET»
(MOCKOBCKHI1 MMOJINTEX)

®DakyIbTET XUMHUECKOW TEXHOJIOTHH B OMOTEXHOJIO0THH, Kadeapa «Xumbuorex»
Jucumunnmna Pusnyeckas XuMus
3K3AMEHAIIMOHHBIN BUJIET Ne 2 .
1. TepMoxumus, TepMOXUMHUUYECKHE ypaBHeHUs. CTaHAapTHAsl SHTANBIHS OOpa3oBaHUS U
pPacTBOPEHHUS BEIIECTB.
2. IlpaBuno ¢a3 'nd0oca.
3. 3amaua

YTBepxkaeHO Ha 3aceTaHuM KadeIphl «  » 2023 1., npoTokoa Ne

3aB. xadenpoii / / /




10.

11

12.
13.

14.

15.

16.

17.
18.

19.
20.

21.

22.

23.
24.

25

28.
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Bomnpocs! 1J1s1 NOATOTOBKHU K K3aMeHY

[Ipenmer M OCHOBHBIE MOHATHS TepMoAMHAMMKH. Temnora u paborta. 3akpbITble U
M30JIMPOBaHHbIE ITpoleccsl. [lapameTpsl cOCTOAHMS.

KpyroBoii mpornecc. PaBHOBecHbIE 1 HepaBHOBECHBIE ITporiecchl. OOpaTUMBbIE MIPOLECCHI.
OKCTEHCHUBHbIE M WHTEHCUBHBIE CBOMCTBA UYHCTBIX BEIIECTB. BIMSHUE OTHOCHUTEIBHOIO
KOJINYECTBO KOMITOHEHTOB (OTHOCHMTENBHOTO COCTaBa) HAa WHTEHCUBHBIE CBOWMCTBA
pactBopOB. [laprnanbHble MOJIBHBIE BEJTMYHHBI.

IlepBblli 3akOH TepMOAMHAMHUKU. MaremaTHuecKoe BBIPDAKEHHE IIEPBOTO  3aKOHA
TEPMOJIVHAMUKH U €r0 3HA4YCHHUE.

N30xopHbIil 1 n300apHbIi nponecchl. CBs3b MEXy BHYTPEHHEH 3Heprueil u cBoOOJHOM
SHTAJIBIIUEN.

TemnoémMKocTb. 3aBUCHMOCTD TEIUIOEMKOCTH OT TEMIIEPATYPBI [UIsl HTEpBajla TEMIEPATYP
ot 273 mo 1500 K.

3aBUCHMOCTb BHYTPEHHEW SHEPIUU U SHTAJIBIINU OT TEMIIEPATYPHI.

Tepmoxumus, TepMOXUMHUYECKHe ypaBHeHHs. CTaHIapTHas SHTANbIUS O0Opa3oBaHUS WU
pacTBOPEHMS BEILIECTB.

3axoH ['ecca. Pacuer TerioTsl 00pa3oBaHusl, paCTBOPEHUS U SHEPTUU XUMHUUYECKOH CBSI3U.
3aBUCUMOCTb 3HTAJIBIIUY PEAKIMH OT TeMIeparypsl. YpaBHeHre Kupxroda.

. Bropoit 3akoH TepmomuHamuku. Ero ¢opmynupoBka M INpUMEHEHHE K HM30JUPOBAHHOU

CHCTEME.
Tpetuii 3aKOH TEPMOIMHAMMKH, SHTPOINS U BEPOSTHOCTD.

Tepmoaunamuyeckue mnoreHmansl. CBoOonHas s>Heprus [m60ca u cBoOOAHAs SHEPTUs
I'enpMrombia.

H3meHeHne TepMOAMHAMUYECKUX MOTEHIIUATIOB B U30TEPMUUYECKUX YCIOBUAX. Y paBHEHHE
I'u66ca-I ensmrosia.

MaxkcuMmanbHast paboTa U BO3MOXKHOCTh MPOTEKaHUs XUMUYeCKor peakiuu. CTaHgapTHBIE
MOTEHIINAIBI 00pPa30BaHMSI BEIIIECTB.

TepMoarHaMHUKa XWMHUYECKOTO PaBHOBECHS. 3aKOH JCHCTBYIOIIMX MacC U KOHCTaHTa
XUMHUYECKOTO PABHOBECHS.

XUMHUYECKOE PAaBHOBECHE B TOMOT€HHBIX U T€TEPOTeHHBIX CHUCTEMAaX.

CooTHolleHHE MEXIy W3MEHEHHEeM CBOOOAHOW »JHeprum [mOOca ©W KOHCTaHTOU
paBHOBecHs. Y paBHEHHE U30TEPMBI PEAKIIHH.

3aBUCHMOCTh KOHCTAHTHI PABHOBECHS OT TEMIIEpaTyphl. Y paBHEHHE U300aphl PEaKIiy.
TepMoanHaMHUYECKOE pPAaBHOBECHE B pealbHBIX Ta30BBIX cucTemax. Jlerydects
AKTUBHOCTb.

BrnusiHue pa3nuyHbiXx (QaKkTOpOB HA CKOPOCTh XMMHYECKUX peakuuid. IlpaBumo Bant-
Todda.

Tepmuueckuit ananus. [locTpoeHue aMarpamMM cOCTaB-TeMIIEpaTypa KpPUCTAIITU3AIUU.
OCHOBHBIC THIIBI JHATPAMM.

PaBHOBecue «xkuaAKuil pacTBOp-napy». JluarpamMmma coCTOSIHUSI YUCTOTO BELIECTBA.

[TpaBuio ¢a3 'n606ca.

. JlaBneHue napa TBepAbIX U KUAKHUX Tel. YpaBHeHue Knaysuyca-Knaneiipona.
26.
27.

JlaBieHne HaCBIIIEHHOT O ITapa pacTBOPUTEN Hal pacTBopoM. [lepBblii 3akoH Payus.
Temmneparypsl 3aMep3aHusi U KHUIIEHUS paz0aBiIeHHBIX pacTBOpoB. Kpuockomnudeckas u
30yJUTHOCKONINYECKas! TOCTOSHHBIE.

Ocmoc 1 ocMoTHueckoe AaBieHue. 3akoH Bant-I'odda.



29
30

31.
32.
33.
34.
35.
36.
37.

38.

39.

40.

41.

42.
43.

19

. PactBopsI anexTponutoB. KoHCTaHTa U CTENEHb AUCCOLUALIMM U CBA3b MEKIY HUMMU.
. PacTBOpBI CWIIBHBIX 3JIEKTPOJIMTOB. AKTUBHOCTh M MOHHAS CHJIA PACTBOPA.
DJEKTpPONPOBOAUMOCTh  PAacTBOPOB  AJIEKTPOJINTOB.  YIE€NbHAasT M  JKBUBAJICHTHAs
AJEKTPONPOBOJAUMOCTH PACTBOPOB AJIEKTPOJIUTOB, UX 3aBUCUMOCTb OT KOHLEHTPALUH.
[ToaBM>XHOCTH HMOHOB M HSKBUBAJECHTHAs 3JIEKTPOIPOBOAUMOCTh TNpU OECKOHEYHOM
paz0aBnennn. KoHIyKTOMETpHUUECKUN METO/1 aHaIn3a.
@opmanbHas kuHeTHKa. OCHOBHBIE TOJNIOKEHMsT M NOHATH. Omnpenensroomas cragus ,
CKOPOCTh MOJIEKYJISIPHOCTh XUMUYECKON PEAKIIUU.
BbIBOA KNHETHYECKOTO YpaBHEHHS NIEPBOrO MOPSIIKA.
BBIBOJ KHHETHYECKOTO YPaBHEHHsT BTOPOTO MOPSAIAKA.
YacTuuHblil 1 001Mi OpsAA0K peakuuu. CrocoOb! ONpeIeIeHus MOPsIKa PeaKIUy.
Bnusinue temnepaTypbl Ha CKOPOCTh XUMUUECKON peaKIMKU. DHEPIUs aKTUBALIUU, €€ CMbICI
U rpaduyeckoe ornpeaeseHue.
Kartammz. OcoOeHHOCTH U KJIacCU(PUKAIMA KaTaTUTUIECKUX IMPOIEeccoB. [ OMOreHHBIN U
rereporeHHslid karanu3. Karamusatopsl u npomotopsl.  CTapeHne Karaiau3aTopoB,
KATAIUTUYECKHE SIJIBI.
Bo3HuKHOBEHHE cKkauka MOTEHIMana Ha TpaHule pasaena ¢a3. [[BoiHON sieKkTpudecKuit
CJIOW U ero ctpoeHue. Y pasHeHue HepHera.

ONEKTPOXUMHUUYECKHAE DJIEMEHTHI. ['aJlbBAHMYECKUN 3JIEMEHT. 3JIEKTPOJBIXKYINAs CHIIA
raJIbBAHUYECKOTO AIeMeHTa. KOHIIEHTpallMOHHBIN raJlbBAHUYECKUI 3JIEMEHT
N3mepenue aeKTpOAHBIX NoTeHIuanoB. CTaHIapTHBIA BOJOPOIHBIM 3JIEKTpOX. XIIOpUA-
cepeOpsiHBIN U CTEKJIIHHBIN 31€KTPOAbl CPABHEHHUS U MX IPUMEHEHUE.
ITorenunomerpuyeckoe TutpoBanue. Msmepenne pH pacTBopoB. AKTUBHOCTb HOHOB.
TepmoanHaMuka oOpaTUMOroO raJlbBAHUYECKOT0 1eMEHTa. PacyeT KOHCTaHThl paBHOBECHUS
IEKTPOXUMHUYECKON PEAKIIUU TaIbBaHUYECKOIO MJIEMEHTA.

3agaum K 3k3aMeHy Mo AucHMIINHe «DPU3nyecKkass XUMHD)

Paccuurare Maccy Meau, BBIACJIMBILIEHCS HpPU AJIEKTPoJIM3e pacTBopa Xxjopuaa meau (1)
npu nponyckaHuu toka cuioil 10 A B teuenue 30 muH. Bpixoa mo TOKy menu paBeH
85%.Hamucats ypaBHeHMsI peakIiii Ha KaTo/Ie U aHOJIE.

PaccuuTath 00Bb€M BO10PO/Ia, BHLACIUBILETOCS MPH IEKTPOIN3E PACTBOPA CEPHOM KUCIOTHI
MIPHU MPOTYCKaHUU TOKA CHJIon 5 A B TeueHue 1,5 yac YcioBus IEKTpOIU3a: TeMIepaTypa
273 K n paBnenne p=101325 Ila; Beixon no Toky cocrasiser 90%. Hanucars ypaBHeHHs
peakuuii Ha KaToJe U aHOJIE.

BBIYUCINTL CTENEHb JUCCOLMANMM  BOAbl Tpu Temmeparype 25°C, ecinm ymenbHas
3IEKTPONPOBOAUMOCTE YHCTOM Boabl 5,5 -10° Om™ - cM™ u mogmxHOCTH MOoHOB H' 1 OH
npu OECKOHEYHOM pa30aBIIEHUU COOTBETCTBEHHO paBHbI A w:=349.8 u A oy=198,0
(pa3MepHOCTH PaBHBI ¢M - MOJIL' OM™)

Crenenp nuccouuauuu ruapokcuna ammonus NH;OH=0,01 paccuurtaTh €ro KOHCTAaHTY
JMCCOIMALINH, €CITH MTOABIKHOCTH HOHOB NH, 1 OH- cOOTBETCTBEHHO paBHBI

A ma=73,4 u X oy=198,0 (pasmepHOCTH paBHbI cM 2 - MOJIL" OMm™ ).

CKoJIbKO BpeMEHU HEOOXOIUMO 3aTpaTUTh IS BhIIeNIeHus snekrponn3om 0,75 T cepebpa
u3 pactBopa AgNO; npu cuite Toka 1,3 A.

[Ipu kaxoif Temneparype 3amep3HeT pacTBop xjopuaa maraus MgCl, conepxamuii 2,6 r
xnopuaa maraug B 100 r Boasl. Kpuockonuyeckas mocTosiHHAsE BOJbI K=1,86°

Crenenr  auccormamuu o, 0,001 M pacrsopa xnopuna kanmus KCl npu 25°C cocrasnsiet
0,99. PaccunTaTh KOHCTAHTY IMCCOLMALIMU XJIOpHUIA KaJusl.

Bo ckosbKO pa3 U3MEHUTCS] CKOPOCTh peakuu noixydeHus xiaopuaa Bogopoaa HCl

H2+ Clzz 2HC1
€CJIM MOJIAPHBIC KOHLICHTPAIUU BOAOPOJa YBCIIMIUTDL B 2 pas3a u xXjiopa B 3 pasa.
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9. MO>HO 11 OJTHOCTBIO BBIAECTUTH Me/lb U3 pacTBopa cyibpaTta Meau CuSOy
Cu*+FeS Cut Fe**

CranpiapTHble 3HaYEHUS 3JIEKTPOIHBIX TOTEHLUAIOB PaBHBI
E’ ciovc=10,34 B 1 E° perre=-0,44 B

10. Beruncaute MakCUMaJbHYIO pa0OTy PEaKLUU B FalbBAHUYECKOM 3JIEMEHTE

Cu*+Ni SCu+ Ni*
Cu[ CuSO4H Ni 804’ Ni
ecnu MossipHble KoHIeHTparmu dkBuBaeHTa C (CuSO,) = Cuw (Ni SO4)=1 Mob KB/

11. B peakuuu BTOpOro nopsiika
A+B—II (mponykTsr)
koH1eHTpanus BemectB coctaBuT C (A) = 0,3 mons/n1 u C(B)= 0,2 monb/n. Kak u3mMeHUTHCS

CKOPOCTh PEAKIIMH, €CITM KOHIICHTPAIUIO BEleCTBa yBEIWIUTh 10 0,2 MOJIB/J, a KOHICHTPAIHUIO
BemectBa C(B) yBenmuuts 10 0,6 MOJB/II.

12. Beruucnuth Ttemneparypy kurneHuss Tk u 3amepsanus T3 pacTBopa, conepxamiero 138 r
rmuepuHa B 816 1 Bompl. MomsgpHas wMacca mmnepuHa C;HsO;  paBma 92,
30yIMOCKONIMYECKAs U KPHOCKOIUYECKAsH MOCTOSHHBIE BOIBI COOTBETCTBEHHO paBHbI 1,86 °
u 0,32°.

13. Ilepuon nmonypacnana nojgonust Po cocrasisier 140 queit. BeuncauTh KOHCTAHTY CKOPOCTH
peaKIMy pacnaja NoJOHUs, KOTOpast OTHOCUTCS K peakIUsM IepBOro MopsiIKa.

14. Tlepuon monypacnana crponuust Sr’° pasen 27,7 roma. CKOOBKO MOTpeOyeTcs BPEMEHH,
4yT1o0bl pacnanock 70% B3sATOH Macchl cTpoHIMs? Peakius paaMoakTHUBHOIO pacmaja
OTHOCHTCSI K peakLUsM NEPBOro MopsIKa.

15. Koncranta ckopocTh XUMHUeckol peakuuu 1-ro mopsaka npu 293 u 393 K
COOTBETCTBEHHO paBHbI 3:107 1 4-107 ¢ "' . BBIYMCIUTEL SHEPTHIO aKTUBALIMK 3TOM PEAKIIMH U
NepuoJ Nodypacnaaa

16. PaccunrtaTh TeruioBoi 3P QeKT peakuun
CO+H20.5 CO;,: +Ha:
€CIM CTaHaapTHas sHTanbnuu o0pazosanus AH s kJlk/Monb Bemect paBusl C0=-110,5;

H,0=-241,8; CO,=-335,5.
B kxakoM HampaBlIEHUM CMECTHTCS PaBHOBECHE DPEAKIMH MpPU IMOBBILIEHUU AABJICHUS U
YMEHBIICHUHU TeMIepaTypbl?

17. Paccuntath 00bEM, 3aHuMaeMblii 96 r kucinopona npu 17 °C m pgaBnenun 1.5 arwm,
yHHBepcajbHas razoBas noctosiuHas pasHa 0,082 - atm/monsK

18. Beruncnurs Maccy 1 m® Bosmyxa mpu 20 °C u manenumu 0.9 atM, cuurtas CpeaHIO
MOJIEKYJISIPHYIO MacCy BO3AyXa paBHOM 29 r/mMoiib

19. OcmoTtnueckoe naBieHne pacTBopa rioko3sl (M=312 r/momns) npu 20 °C paBHO 2.46 aTMm.
PaccunTath Maccy 1 MacCOBYIO JIOJIIO TJIFOKO3bI B pPaCTBOPE.

20. Paccunrath TeruioBoit 3¢dext peaknuu Znt2AgCl S ZnCl, +2Ag , ecmu DJIC Takoro
ragbBaHnyeckoro snneMenta mpu 0 °C pasna 1,015 B u Temneparyphsiit koadduuuent 9/1C
(OE/0T)p = - 4.02-10*

21. Haiitu aktuBHoctd umoHoB K" wu Cl B pactBope KCl ¢ MomspHOW KOHIIEHTpaIen
0,01moms/1

22. BelYMCAUTh MaKCUMAJIbHYIO TIOJIE3HYIO PadOTy peakuuu npu temmeparype 1227 °C
2H2 +02 S 2H20 +484 KI[)K B

eCIlM KOHCTaHTHI paBHOBecus Kp npu temneparypax 1227 °C u1278 °C pasubl 6.16:10'" u
2.63-10"' coOTBETCTBEHHO.

23. 1ns peakuuun
COtH,0,.5 CO, +Hor
koHcTtaHTa paBHOBecus 1000K paBua 1,36, a mpu temmneparype 1200 K pasna 0,68.

Omnpenenuth TEIUIOBOM 3(PQEKT peakiuu B JaHHOM TEMIEpaTypHOM HWHTEpBAJIE W KOHCTAHTY
paBHoBecus npu 1100 K.
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24. BpIUNCIUTDh DHEPIUI0 AKTUBALMM U KOHCTAHTY CKOpOCTH xumuueckoi npu t=30 °C, ecnu
KOHCTaHTBI CKOPOCTH 3T0# peakuuu npu Temneparypax 20 °C, u 40 °C cOOTBETCTBEHHO
paBubl 9,91-10"" Mun "1 43,9-10* mMun .
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