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1. I_Ie.]'ll/l, 3a/laYi U IVIAaHUPYEMbIC PE3YJbTAaThl oﬁyqunﬂ o AMCIOMIIJINHE

K 0CHOBHBIM LeIIM OCBOEHUS TUCHUIUIMHBI «DU3nyeckast XUMHs» CIETyeT OTHECTH:

— (GOopMHpOBaHHE Yy CTYJCHTOB IIEJIOCTHOTO MPEICTABICHHUS O B3aUMOCBS3H W B3aMMHBIX
HEepexoAax XUMHUECKUX U PU3NUecKuX (HOpM JABHKEHUS MaTEPUH;

— TOATOTOBKAa CTYJCHTOB K JEATEIbHOCTM B COOTBETCTBUM C KBaJU(PHUKAIIMOHHON
XapakTepUCTUKON OakanaBpa 1o HampaieHuto 22.03.02 "Merautypruss" B TOM 4HCle
(dbopMHpOBaHUE YMEHUI MO YCOBEPLUICHCTBOBAHUIO U pa3padOTKe MPOLECCOB NOIYUYECHUSI METAILIOB,
CIUIaBOB M METAINIMYECKUX H3eNui TpeOyeMoro KauecTBa, a TAaKKe IpoleccoB 00pabOTKH, MpHU
KOTOPBIX M3MEHSIOTCS MX XUMMYECKHH COCTaB M CTPYKTypa s JOCTHXKEHMs OIpeesIeHHBIX
CBOMCTB.

K ocHOBHBIM 3a1a4aM OCBOEHUS TUCHMILIMHBI « DU3HUECKast XUMUSD) CIIEyeT OTHECTH:

— W3yYeHHE TEPMHUHOJIOTUH, OIPEISICHU ¥ OCHOBOIOJAralomMX (U3NYECKUX U
XMMUYECKHUX 3aKOHOB M 3aKOHOMEPHOCTEH;

— IpUOOpEeTeHHE HaBBIKOB MCCIEOBATENIbCKOM pPabOThl M HAy4dHOH JesTeNbHOCTH,
UCTIOJIb3YEMBIX JUIS MTOJITOTOBKU MPE3EHTAIMM, TOKIaI0B U pedepaToB.

IL1anupyemMble pe3yJabTaThl OOYYEHHUS 3aKIIOYAIOTCA (OPMHUPOBAHUHM y OOYYaIOLIETrocs
CIIOCOOHOCTM K TIPOBEACHMIO H3MepeHud U HaOmoneHudl B cdepe mnpodeccruoHaIbHON
JesTeIbHOCTH, 00OpaOOTKH U MPEICTABICHUS HIKCIIEPUMEHTAIBHBIX JTaHHBIX.

OO6yuenne mno nucnuiuinHe «®usnyeckas XUMUS»)  HalpaBlieHO Ha (opMupOBaHHE
y 00y4aromuxcst CIeAyOMNX KOMIIETESHITHIA:

Koa v HanmeHoBaHHe KOMIIeTEHIINH NHankaTopbl 10CTHKEHUS
KOMIIETEHIINH
IIK-1. CrocobeH BBIOMpAThH meronsl | UIIK-1.1 - 3Haer MeTompl HCCIEIOBaHUM,
IJIAHUPOBAHMS, TMOATOTOBKU W TPOBEJEHUS | MPOBEICHUSA, 00paboTKu u aHaIu3a

UCCIICIOBaHMM, HAONIOIEHUN, WCIBITAHWM, | pE3yJIbTaTOB  HCIBITAHUA U W3MEPEHUIl.
U3MEpPEHU W TPUMEHATh WX Ha mnpaktuke, | Kpurepun BbIOOpa METOAOB U METOJIUK
aHaJM3UPOBATh, o0pabaTsIBaTh " | uccnexoBanuit

MIPEACTABIISTH PE3YJIbTATHI
UIIK-1.2 VYMeer mnpoBOAWUTH HCIBITAHUSA,

U3MepeHuss U 00paboTKy  pe3yJbTaToB.
PeructpupoBaTh  MOKazaHUs ~ IPUOOPOB.
[IpoBoaut pacuéTnl u KPUTHYECKHU
AQHAJIM3UPYET PE3yJIbTaThl, J€1acT BbIBOIbI

HIIK-1.3 Bianeer BBIOOpOM
HCIIBITATCJIBHOTI'O 58 I/IBMCpI/ITeHBHOI‘ (0]
o0opyI0BaHUs, HE00XO0IUMOTO TUTS

MPOBEICHUS  UCCIEAOBaHM.  BplmonHser
OIICHKHU " 00paboTku pe3yabTaToOB
WCCIIEAOBaHUS

YK-1. Cnocoben ocymectBiasaTe mouck, | UYK-1.1. Anammsupyer 3amady, BBIACISS €€
KPUTHYECKHI aHAIU3 U CUHTe3 MH(popMmammu, | 6a30BbIe COCTABIISAIONINE

MPUMEHATh CUCTEMHBIM NOAXO/ IJIsl pelICHUs

NVYK-1.2. OcymecTBisieT MOUCK, KPUTHIECKH
OlLleHHBaeT, 0000IIaeT, CUCTEeMAaTU3UPYET H
pamwxupyer uH(popmanuio, TpedyeMyro Uis
peLIeHNs TOCTABJIEHHON 3a1auu

NVYK-1.3. PaccmarpuBaer u mnpenjaraet
paloHaIbHbIE BapHaHThI peleHus

IIOCTaBJICHHBIX 3aJa4




MOCTaBJICHHOM 3aga4u, HCIIOJIb3Y
CHCTEMHBIM nmoaAxod, KPUTUYCCKHU OLCHUBACT
X JOCTOMHCTBA N HCJOCTATKU

2. MecTO JUCHMILVIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

HuctuninmHa oTHOCUTC «@Pu3nueckass XUMHs» K 00s3aTelbHOM 4YacTth, (hopmMupyemon
y4acTHUKaMU 00pa30oBaTeNbHbIX OTHOIIEHUH O6510Ka b1 «lucuuninasl (MOIyIIN)».
Huctunnuna "dusndeckas XxuMus' B3aMMOCBsI3aHA JIOTHUECKH U COJIEPKATEIbHO-

METOAMYECKH CO CheAyrommMH qucuuiuinaamMu u npaktukamu OITOIT 6akanaBpuara
— Mertop1 aHaNTM3a ¥ KOHTPOJIS BEILIECTB;
— DOU3HKO-XUMHYECKUE METO/IBI aHATN3a BEIECTB;
— 3amuTa MEeTaJJIOB OT KOPPO3HUH;
— Meramtyprudeckas TETJIOTEXHHUKA;
—Meramnyprus skesnes3a u 9yryHa
—MerTannyprus UBETHBIX METAIIJIOB.
3. Crpykrypa u cogepxkaHue IUCUMILIHMHBI

OOmass TpyJAOEMKOCTh JUCHMIUIMHBI cocTaBisieT 3 3audeTHbix(e) eauHurysl) (108
aKaJIeMUYECKUX YacOB, U3 HUX 74 4ac —CaMOCTOSITENIbHAsI paboTa CTYJCHTOB).

3.1 Buabl yueOHO# padoThbI M TPYA0EMKOCTH
(mo popmam 0OydeHus)

3.1.1.04H0-3a04Hast popma 00yUeHUs

Ne . KonuuectBo | CemecTpbl
Bun yueOHoii padoThl
n/n 4acoB 5
1 AyIuTOpHBbIE 3aHATHS 34 34
1
B ToM uucne:
1| JTexnuu 26 26
1| CemuHapcKue/mpakTHUECKUE 3aHITHS - -
1| JIabopaTopHbI€ 3aHsTHS 8 8
2 CamocrosiTesbHasi padora 74 74
2
B ToM uucne:
1| IToaroToBKa K JOMYCKY M 3aIIUTE JJA00OPATOPHBIX padboOT 26 26
N3ydeHune TeopeTHYecKoro Marepuana, 22 22
IPElyCMOTPEHHOTO TPOrpaMMOii
IIpoMeKyTOUHOE TECTUPOBAHUE 26 26
3 IIpoMe:kyTO4yHAasi aTTECTALUSA
3
3auet/aud.3auer/FK3aMeH 9K3aMeH HK3aMEH
Hroro 108 108




3.1.2.3a04Has popma 0OyueHus

Ne . KoanuectBo | CemecTpbl
Buj yueOHoii padoThl
n/n 4acoB 5
1 AyIuTOpHBbIE 3aHATHS 8 8
1
B ToM uucne:
Jlexuun 4 4
CeMuHapcKue/IpakTUYECKUe 3aHATHS
JlaGopaTopHbIe 3aHATHUS 4 4
2 CamocrosiTesbHas padoTa 100 100
3
B ToMm unce:
1| ITogroToBka K IOMyCKYy M 3alIuTe JJAOOPATOPHBIX PaboT 16 16
N3yueHue TeopeTnueckoro Marepuana, 34 34
IIPEAYCMOTPEHHOTO MPOrPaMMON
2 [IpomexyToUHOE TECTUPOBAHUE 50 50
3 IIpomeskyTouHas1 aTTecTAIIUSA
3
3auet/aud.3auer/FK3aMeH HK3aMEH JK3aMEH
Hroro 108 108
3.2 Temaruyeckuii VIaH U3Yy4YeHUS TN CIUATIINHbBI
3.2.1.04H0-3a04Hast popmMa 00yUeHUs
TpyaoemkocTs, yac
AyauTopHas pa6ora &
Ne TeMBI 9 =t S i o & iz ]
n/n JUCUUILIMHBI a 5 2o § ‘8 = g ! § -
= OEE| =R |Ei| ©F
° g 3 ! 2
gl K 2
= 53 v
1| Tema 1. Beenenue. [lepBblii 3aKOH 6 2 4
1.1 TEPMOJIUHAMUKH.
TepMoarHaMUYECKUE CUCTEMBI U
ITPOLIECCHI.
| Tema 2.Tepmoxumus. 3akoH ['ecca. 6 2 4
1.2 TepMOXUMUYECKUE PACYETHI
1| Tema 3. OCHOBBI XMMHYECKOU 6 2 4
1.3 TepMOJUHAMMKHU. BTopoii u Tpetuit
3aKOHBI TEPMOJIMHAMUKH.
1| Tema 4.TepmoauHamuka 6 2 4
1.4 XUMHYECKOTO paBHOBECHS. 3aKOH




neucTBytomux macc. Koncranra
XUMHUYECKOTO PAaBHOBECHSI.

1.5

Tema 5.dDa30BbIe paBHOBECHS B
reTeporeHHsIx cucreMax. [Ipasuio
(a3 I'n66c¢a.

1.6

Tema 6. @a3oBbIe paBHOBECHS B
ABYXKOMITIOHCHTHBIX CUCTCMaAX.
TepMuueckuii aHAIN3.

1.7

Tema 7. PactBopsl. Knaccugukarus
pacTBOpOB. PacTBOpEI
HE3JIEKTPOJIUTOB.

1.8

Tema 8. PacTBOpPBI 3JE€KTPOTUTOB.
[IpnunHBI 1 MEXaHU3M
ANEKTPOIUTUUECKON AUCCOLNALINH.

1.9

Tema 9.dopmanbHas KUHETHKA.
Kunernueckas kinaccuduxarms
XUMHUYECKUX peakiuil. Peakunn
MEPBOT0 U BTOPOTO MOPSAKA.

1.10

Tema 10.TeopeTudeckre OCHOBBI
XMMHUYECKOM KUHETUKU. BianusHue
TeMIepaTypbl Ha CKOPOCTh
XUMHUYECKUX PEaKIIU.

1.11

Tema 11 DnekTpoaHBIE pABHOBECHS.
Bo3HukHOBEHNE CKayKa
3JIEKTPOAHOTO MOTEHINAIA U
JIBOMHOW AJICKTPUYECKUM CIIOM.

1.12

Tema 12 Kunetuka s1eKTpoaHBIX
npoueccos. [Tonspuzanus
AIEKTPO/IA.

1.13

Tema 13 HepaBHoBecHbIe
AJIEKTPOHBIC MTPOIECCHI.
OCOOEHHOCTH IEKTPOTHBIX
MIPOIIECCOB MPH AIEKTPOIIH3E.

1.14

JlaboparopHuas pabota Nel.
OmnpeneneHne KOHCTAHTbI
JMCCOIMAIINH CJIA00T0 ICKTPOJIUTA.

1.15

JlaGopatopHnas pabora Ne2.
KuneTrka roMOT€HHBIX XHMUYECKHX
pEeaKIUi.

1.16

JlaGopaTtopHnast pabota Ne3.
PacTBOopeHue TBEpIbIX TEI B
KHUJIKOCTH.

1.17

JlaGoparopHas pabota
Ne4 .HabyxaHue nonuMepHbIX
MaTepHaloB.

HToro

108

26

74

3.2.2. 3aouHas ¢opma o0yueHUs




TpynoeMKOCTb, 4ac
AyauTtopHas padora E <
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1| Tema 3. OCHOBBI XMMHYECKOU 27 2 25
1.1 TepMOJAUHAMUKU. BTOpOi 1 TpeTuit
3aKOHBI TEPMOJIUHAMUKH.
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 OrnpesenieHne KOHCTAHThI
JMCCOLIMAIIMY CJ1a00T0 JIEKTPOJIUTA.
1| JTaboparopHast pabota Ne2. 27 2 25
1.4 KuneTnka roMOreHHbIX XUMHYECKUX
pEaKIni.
Hroro | 108 4 4 100

3.3 Conep:xkanue JTUCUMILIMHBI

Tema 1. BBenenue

[Ipenmer, nenu m 3agaun gUCHUIUIMHBL. [lepBwIii 3akOH TepMoauHaMUKHU. M30XOpHBIN,
M300apHBIi W M30TEPMHUECKHMI Tporecchl. Pacuer paboThl pacliupeHus HSTHX MPOIECCOB.
TepmoarHaMuUecKue CUCTEMBI W TMPOLECChl. 3HaueHue (pu3nyeckoil XuMHuM 171 S3PPEKTHBHOCTH
MPOTEKaHUsl METAJUTYPTUYECKUX IMPOILIECCOB OOecTeyeHns M HKOJIOTMYecKoil 0e30macHOCTH
OKpY>KaroIlIEe Cpebl.

Tema 2. Tepmoxumus

TepMmoxumuyeckue peaknuu. 3akoH ['ecca. TermoBoi 3GGeKkT XUMUISCKUX PEAKITHHA, ero
CBsI3b C dHTaNbIMEN peakuuu. CTaHAapTHas HHTaNbNUS o0Opa3oBaHUs BemiecTB. CBS3b SHTAIBIIHNU
peaknMy ¢ BHYTpEHHEH SHeprueil. BnusiHue Temmeparypsl Ha TermioBod 3ddekT XxuMmudeckoi
peakuuu. Ypasuenue Kupxroda.

Tema 3. OcHOBBI XUMHY€CKOH TEPMOAUHAMUKH.

Bropoil 3akOH TEpMOJMHAMHMKU. OHTPONUS, BEPOSTHOCTHBIM XapakTep HSHTPONUHU.
OHTponus B 00paTUMbIX U HEOOpaTUMBIX Ipoueccax. CTaHAapTHBIE 3HaYEHUS SHTponuu. TennoBas
teopema HepHcTta, e€ mpumeHeHue Uil pacu€ra M3MEHEHHs SHTPONUU XUMUYECKHUX PEaKLIMM.
TepMmonnnamuyeckue mnoreHuuanbl. CBOOOIHBIE 3HEPIMM B H30TEPMUYECKOM U H30XOPHOM
nmporneccax. CraHmapTHOe 3HaueHHWe CBOOOMHOW »dHeprum [uO6ca. VYpaBHenue ['nb6ca-
I'enpMrosbia. XuMU4EeCKAN NOTEHIMAI UEATBHOTO U PEAIBHOTO Tra3a.

Tema 4. TepMOAUHAMUKA XMMUYECKOT0 PABHOBECHUS

3aKOH JEHCTBYIOIIMX MaccC, KOHCTAHTAa XHWMHUYECKOro paBHOBecHs. CBS3b KOHCTaHTBI
paBHOBeCcHs] C HU3MEHEHHEeM CBOOOAHON HHepruu ['nbbca. YpaBHeHHS H30TepMBbI M H300aphbl
XUMHMUYECKHUX peakUui M UX NPUMEHEHHUE JIJs pacu€TOB XMMHUYECKOIO pPaBHOBECHS. 3aBHCHMOCTb
M300apHOTO U XMMHUYECKOTO MOTEHIIMAIOB HIealbHOIO raza oT JaBieHus. PaBHOBecHe B peaabHBIX
ra3oBbIX cHUcTeMax. JIeTy4ecTb U aKTUBHOCTb.




Tema S.Pa3oBble paBHOBeCHs B IeTepOreHHbIX cucremMax. Pa3oBble paBHOBECUS B
rereporeHHbIx cucremax. IlpaBuno a3 ['mbO6ca. [laBneHune mnapa TBEpABIX M KHIKHX Tell.
VYpasuenue Knaysuyca-Knanelipona. ®a3oBble paBHOBeCHUS B OJHOKOMIIOHEHTHBIX CHCTEMAX.
JlnarpaMma COCTOSIHUSL YMCTOT'O BELIECTBA.

Tema 6. ®a30BbIe pABHOBECHA B IBYXKOMIIOHEHTHBIX CHCTEMAaX

Tepmuueckuit ananus. IloctpoeHwe auarpamMM cOCTaB-TeMIIEpaTypa KpPUCTAILIU3ALMHU
(mnaBnenust). OcHOBHbIE TUMBI quarpaMM. [IpaBuio peruara. PaBHoBecue «OKHIKHUN pacTBOp-Mapy.
3aBUCUMOCTh JIaBJIEHUSI HACBHIIIEHHOTO Iapa OT COCTaBa >KMJKOrO pacTBopa. 3akoH Pays.
PacTBOpBI ¢ MONOKUTEIPHBIMA U OTPULIATENILHBIMY OTKJIOHEHUSIMH OT 3akoHa Payns. CocraB napa
Hajg pacTtBopoM. 3akoHbl KonoBanoa. /lmarpamMmbl «cocTaB - JaBJ€HHME Iapa» U «COCTaB-
Temreparypa KuneHus». [leperonka u pekTuuxanus.

Tema 7. PacTBOpHBI.

Knaccudukanus pactBopoB. PazbaBieHHble pacTBOpBI HEINEKTPOIMTOB. JlaBieHue
HACBILLIEHHOTO Tlapa pacTBOpUTENs HaJa pacTBOpoM. TemmepaTypbsl 3aMep3aHUsl U KUICHUS
pa30aBieHHbIX pacTBOpoB. Kprockonus u 30yminockonus. OcMOC 1 OCMOTHUYECKOE JaBIICHHE.

Tema 8. PacTBOpBI 3/1€KTPOJIMTOB

[TpyunHBEl 1 MEXaHU3M DJIEKTPOJIMTUYECKON aucconnanuu. CBs3b CTENEHU JUCCOLMALAN C
n30TOHMYEeCKUM Kod(¢urnrentom Bant-I'odda. DmekrpornpoBomumMocTs pacTBOpOB. YIeNbHAs H
SKBHUBAJICHTHASI 3EKTPONPOBOAUMOCTH pacTBOpOB JJIEKTPOJINTOB. 3aBUCUMOCTh
AJIEKTPONPOBOJAUMOCTA OT MPHUPOABI DJIEKTPOJINTA, KOHIEHTPAIMM M TEMIIEpaTypbl pacTBOpA.
Konaykromerpus u ee npuMeHeHUe. PacTBOpBI CHUIIBHBIX 2JIEKTPOIMTOB. AKTUBHOCTb M HOHHAs
cwiia pactBopa. CpeaHsisi aKTUBHOCTh PacTBOPA U €€ CBSI3b C aKTUBHOCTHIO OT/EJIbHBIX HOHOB.

Tema 9.@opMaibHAsA KMHETHKA.

OcHOBHBIE TTOJIOKEHHS M TMOHATHA. KuHeTmueckas kiaccuuKanus XUMUYECKAX PEaKIUil.
MonekynsapHOCTh U MOPSNOK peakuuu. KnHeTudeckue ypaBHEHMsI PEaKLMi IEpBOrO U BTOPOTO
nopsiiKoB. Pacu€THble U rpaduuecKkue METOIbI OTIPEIEIICHUS TIOPSIKA PEAKIINH.

Tema 10.TeopeTudyeckne 0CHOBbI XMMHYECKO KMHETHKH.

BnusHue TemmepaTypsl Ha CKOPOCTb XUMHYECKMX pPEaKIUi. OHeprust axTUBAIUH.
VYpaBHeHue AppeHuyca. MeTonasl ONpeneneHuss PHEPrMM aKTUBALMKU. OHTPOINUS aKTUBALWU.
Knaccupukamuss KaTanuTHYECKUX MPOIEcCOB. ['OMOTEHHBII ¥ TETEpPOTEHHBIH  KaTajms.
OcobeHHOCTH IeHCTBHS KaTalu3aTOPOB B FETEPOr€HHOM KaTalu3e.

Tema 11 Di1ekTpoaHBIC pABHOBECHSA

BO3HHUKHOBEHNE CKayKa JIEKTPOJHOTO MOTEHIHaIa U JBOMHOTO JIEKTPUYECKOIO CJI0s Ha
IPAHULE «METAJI-PACTBOP DJJIEKTPOJUTa». TEpMOIMHAMHUYECKOE BBIPAKEHHE I CKadKa
IEKTPOHOTO NOTEHIMAA. VYpaBHeHue Hepscra. Knaccudukarus JJEKTPOJIOB.
OnextpoxuMmuuyeckue nenu. CBsA3b  JMEKTPOABMKYILIEH CHJIBI €  TEPMOJMHAMHUYECKUMHU
xapakrepucTukamu. [loTeHIMOMETpUSA 1 €€ IpUMEHEHHE.

Tema 12 Knnernka 3/1eKTpoaHbIX npoueccoB. [Tonspuzanus snekrpona. [InotHocTs ToKa
KaK XapaKTEpPUCTUKA 3JEKTPOAHOro Inpouecca. KnHeTMka M MeXaHW3M BBIAEICHHUS BOIOPOAA W3
BOJHBIX PAacTBOPOB  AJIEKTPOJUTOB. Teopus 3amemsieHHoro paspsiga. Tok oOMmeHa U
nepeHanpspkeHus. {ud@y3noHHas KUHETHKA MPHU IIEKTPOXMMUYECKOM IPEBPAIIEHUN BELIECTB.
3aBUCHMOCTh TOK OT MOTeHIMana. ¥YpaBuenue MnbpkoBuya. [lonsporpadudeckuii MeTo1 aHaIM3a U
€ro IPUMEHEHHE.

Tema 13 HepaBHoBecHBbIE JIEKTPOAHbIE Mpouecchl. OCOOEHHOCTH JIEKTPOAHBIX PEAKITUN
pu 2aeKTponuse. 3akoH Papanes u ero npuMeHeHne. HanpspkeHne pasnokeHus Ipy dJIEKTPOIIN3e
BOJHBIX PacTBOpPOB. IIpuMeHeHne 31eKTpoan3a s MOJIYyYeHHs METaUIOB U B JIPYTHMX OTPaCisIX
IIPOMBIIITIEHHOCTH.

34 Temaruka ceMMHAPCKUX/TIPAKTHYECKUX U JJA00PATOPHBIX 3aHATHH

3.4.2.JIaGopaTopHbIe 3aHATUS
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JlabopartopHas pabota Nel. OmpeneneHre KOHCTAHTHI AUCCOIMALIMU CI1a00TO SIEKTPOTIUTA.
JlabopaTtopHas padota Ne2. KuneTnka roMOr€HHBIX XUMUUYECKUX PEAKIIUMA.

JlaboparopHas pabota Ne3. PacTBopeHre TBEPIbIX TEN B KUAKOCTH.

JlabopaTtopHas pabora Ne4.HabyxaHue moJIMMEpHBIX MaTepUAJIOB.

3.5 Temaruka KypcoOBbIX IPOEKTOB (KyYPCOBBIX padoT)

KypcoBbie paboThl HE IPETyCMOTPEHBI
4. Y4eOHO-MeTOAMYECKOE 1 MH(POPMALIMOHHOE 00ecIIeYeHue

4.1 HopmatuBHblie 10KyMeHTHI 1 I'OCThI

1. ®I'OC BIIO no nanpasienuto noarotoBku 22.03.02 «Metamtyprus», yTBEpKIACHHBIH,
Muno6pnayku Poccun 25.05.2020

2.Ilpukaz MwunoOpHayku Poccum ot 05.04.2017 Ne310 «OO yTBep)KICHUW TMOPSIIKa
OpraHu3allii ¥ OCYIIECTBJICHUS OOpPa30BaTENbHON JEATENFHOCTH IO IPOrpaMMaM BBICIIETO
pohecCuoHaIbHOTO o0Opa3oBaHMUsI- nporpammam OakayaBpuaTa, nporpammam
CIELMATIUTETA ,[IpOrpaMMaM MarucTparypbi»

3. Ilpukaz MunoOpuayku oT 25.08.2017 Ne§16 «OO6 yTBepkIeHUN TOpsIKA MTPUMEHEHUS
OpraHu3alMisiIMi  ,OCYIIECTBISIOIMIMMU  OOpa30BaTEIbHYIO  JICATENILHOCTH  DJIEKTPOHHOTO
00y4YeHus,IUCTAIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTHH MpH peaau3alud [pu pealn3aluu
00pa3oBaTENBHBIX TPOrPAMM»

4. HopMmaTUBHO-METOUYECKHE TOKYMEHTH MuHoOpHayku Poccuu

5.JIokanbHbBIE HOPMATUBHBIE AKThl Y HUBEPCUTETA

4.2  OcHoBHas JuTEpaTypa

1. l'opuikoB, B.H. OcuoBbl pusnueckoit xumuu / B.W. I'opuikos, U.A. Ky3uenos. — M.:
BMHOM, 2006. —407c

2. Metoauueckoe nocodue 1no puandecko XMMuK: ArperaTHble COCTOSIHHSI BEIIECTBA.
OcnoBsl xumnueckoit repmoaunamuku / T.J] Kazapunosa, JI.A. McaitueBa. — Caparos, 2009. - 40 ¢

4.3 JlomosHHWTeJbHAs JUTEPATypPa

1. ®usnueckas ¥ KOJUTOUAHAS XUMHUS (B OOIIIECTBEHHOM NTUTaHUM): yueOHoe mocooue / C.B.
I'opOyn1oBa, 3.A. Mymnosiposa, E.C. Opobeiiko, E.B. ®enopenko. — M.: Anbdpa-M; UHDOPA-M,
2006. - 270 c.

2. Kpyrnsikos, [1.M. ®@usnueckas u komtonanas xumus / ILM. Kpyrnskos, T.H. Xackosa. —
M.:Beicm. mk., 2005. — 319 ¢

3.Kpatkuii cipaBouHUK Pu3NKo-xuMudeckux BenuuuH. [Toa pen. K.I1.Mutenko u
A.A.Papnens. Xumus, J1.,1976 ,c.182

4.4  DaekTpoHHBbIE 00pPa30BaTeIbHbIEC PECypPChI

[IpoBeneHue 3aHATHI U aTTECTAIM BO3MOXKHO B AUCTAHIIMOHHOM (popMaTe ¢ NpuMEHEHUEM
CUCTEMBI TUCTaHIIMOHHOTO 00yueHust yHuBepcuTeTa (C1O-LMS) Ha ocHOBe pa3zpaboTaHHBIX
Kaeapoii AeKTpOHHBIX 00pa3oBaTeNbHBIX pecypcoB (DOP) o Bcem pazaenam mporpamMmmel:.
Pazpaboranubsie DOP BKIIOYAIOT TPEHUPOBOYHBIE U UTOTOBBIC TECTHI.
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1.®usnueckas xumus https://online.mospolytech.ru/course/view.php?id=6930

[Mopsimok mpoBeneHus padboT B JUCTAaHIIMOHHOM (opMaTe YCTAaHABIUBACTCS OTIACITbHBIMU
pacropsKeHUsIMHU IIPOPEKTOPA Mo yueOHOM paboTe u/min HEeHTPOM yueOHO-METOANYECKO paboThI.
Kaxnp1ii cTyeHT o0ecriedeH NHANBUIYTbHBIM HEOTPaHHUEHHBIM JIOCTYTIOM K

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

2.ANChem.ru —IIpodeccroHanbHbIil HHTEPHET pecypc , MOCBSILEHHbBIN aHATUTHYECKOM
XUMHMH U XMMHYECKOMY aHaJIMU3y U MeTpoJsioruu http:// www.anchem.ru

3.2nekrponHo-0nbHoTeuHast cuctema [PRbooks http:/www.iprbookshop.ru

4.Katasnor ccpl1ok Ha (pailiibl ¢ 3JIeKTpOHHBIMU KHUTaMu http:/www.y10k.ru/books

5.Poccwuiickuii XuMuko-aHanuTHUYeCcKuii mopran http://www.anchem.ru/literature

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

7.21eKTpoHHbIe XUMHUYeckue oubnuoreku http://djvu-infinarod.ru/nclib.htm

4.5 JInneH3uMoOHHOE "

CBOOOJIHO  pacnmpocTpaHsieMoe  MPOrpamMMHoOe
o0ecrnieueHue
JLHaI/[MeHOBaHI/Ie Pa3paborunk HocTynHoc Ccbuika Ha Equnblii
1 (0) Th peecTp pocCHHCKUX
(npaBoo0Jiagares | (iuueH3uoHHoe, | mporpamm 1 IBM u B{
b) cB00OIHO (mpu HAIMYMH)
pacnpocTpaHsieM
oe)
] Astra Linux 000 Jlunenznonnoe https://
Common Edition| "PYCBUTEX- reestr.digital.gov.ru/reestr/
ACTPA" 305783/?sphrase 1d=954036
] MoitOduc 00O "HOBLIE Jlnuen3suonHoe https:/
OBJIAYHBIE reestr.digital.gov.ru/reestr/
TEXHOJIOI'NUN" 301558/?sphrase_id=943375
4.6 CoBpemenHble npodeccuoHabHbIe 0a3bl JAHHBIX U HH(pOPMalUOHHbIE

ClIpaBOYHbIC CUCTEMBI

Ilepeyenn pecypcoB cetu UHTepHET, JOCTYNHBIX AJI5l OCBOCHHSI TUCIUILINHBI:

Cceblika Ha
] HaumenoBanue JocTynHocTh
pecypc
HNudopManmoHHO-CIIPABOYHBIE CHCTEMbI
NudopmanmoHHsie pecypcebl http://
JoctynHo
Cetu Koncynprantllintoc www.consultant.ru

JIeKTPOHHO-0UO0JIMOTEYHbIE€ CHCTEMbI

Jlanp

https://e.lanbook.com

JocTtynHa B cetn
Hurepuer 6e3

OTpaHUYCHUI



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 Wurepuer 6e3
OTpaHUYCHUI
[TpodeccnonanbHbIf http://www.anchem.ru HocTtymHa B cetn
MHTEPHET PeCypc , MOCBAILLEHHBIN NHurepuer
AHAIUTUYECKON XUMUH U
XUMHYECKOMY aHAIHN3y U
METPOJIOTUU
IpodeccnonanbHbie 6a3bl JAHHBIX
baza  panHBIXx  HayuHOMU | http:/www.elibrary.ru HoctynHo
ANIEKTPOHHON OHOIMOTEKN
(eLIBRARY.RU)
Web of Science Core| http://webofscience.com JoctymHo
Collection — mnomuTemMaTudeckas
pedepaTuBHO-OHOIMOTpaduUecKas
" HayYKOMETPHYECKast
(6bubmmomeTpuueckas) 6a3a JTaHHBIX
5. MarepuajibHO-TeXHHYECKOE o0ecriedyeHue

duznyeckas XUMHUs

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

n.22, ctp. 2

JlekumoHnHas ay iutopus

yia. IlaBna Kopuaruna,

Crombl  y4yeOHBIE CO  CKaMbSMH,
ayIuTOpHAas  JIOCKa,  MEPEHOCHOU
MYJIbTAMEIUNHBIN KOMILIIEKC
(mpoektop, HOYyTOYK). Pabouee mecto
npernoaaBaTens

526,529
129626, . Mockaa,

n.22, ctp. 1

JlaGopatopun  Kadenpbl
«Xumbnorex» IIK 510,

yn. IlaBna Kopuaruna,

JlaGoparopus OCHaIIeHA: BBITSXKHBIMH
mkadamu; TepMOMETPaMHU ;
TEpPMOCTaTaMH; AIIEKTPOHHBIMU
AQHAIUTUYECKUMH  BeCaMHU;  BecaMu
71a00paTOPHBIMHU  3JEKTPOHHBIMU; pH-
MeTpamu; AKBaIUCTUILISTOPAMH;
dboTokonopuMeTpamu;

KOHAYKTOMETPAaMH,  KyJOHOMETPOM.
[Tpu nmpoBeneHuu 1abOpaTOPHBIX padboOT
CTYJEHTBl HCIOJB3YIOT CHEUUAIBbHYIO

XUMHUYECKYIO HoCyly: MEpHBbIE
IWIMHAPB, KOJObI KOHWYECKHE U
MEpHEIE; IUIETKY, OropeTKH,
IpOOUPKH.

JlaGopatopHbiIii NPaKTUKYM
BKJTFOYAET paboThI 1o
KOHJIyKTOMETPUUECKOMY u

MMOTCHIOUOMETPHUYCCKOMY TUTPOBAHUIO.
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6. MeToauyeckue peKoOMeHIAuN

6.1 MeroguuecKkue peKOMEHIAIUU AJIS PENnoJaBaTe/is 0 OpraHu3anuu
00y4eHus

Meronuka npenoAaBaHUs —JAUCUUIUIMHBL  «DuU3nUecKas XAMUSI» A peanusanus
KOMIIETEHTHOCTHOTO TOJXOJa B U3JIOKEHUU M BOCHPUATUU MaTepualia IpeaycMaTphBaeT
UCTOJIb30BaHUE CIENYIOIIMX AaKTUBHBIX M WHTEPAKTHUBHBIX (OpM TpOBEeNEHUs TPYNIOBBIX,
WHAUBUAYAIbHBIX, ayTUTOPHBIX 1 BHEAYAUTOPHBIX 3aHITHUIA:

- YTCHUC .HGKI_II/II‘/JI C UCIOJIb30BAHUECM HHTCPAKTUBHBLIX CPCACTB HAITIAAHOCTU (HpGSGHTaL{I/II/I,
BUJCO(PUIBMBI C IEMOHCTpALIEN XMMHUYECKOTO IKCIIEPUMEHTA);

- BBIIIOJIHCHUEC CTyACHTAMU HWHAUBUAYAJIBHBIX CaMOCTOATCIbHBIX pa60T u pa60T
71a00paTOPHOTO MPAKTUKYMa.

HpeIIYCMOTpeHa BO3MOXHOCTb HCIIOJIb30BaHUA 3JICKTPOHHOTO 06yqu1/1;1, JUCTAHIIMOHHBIX
oOpasoBarenbHbIX TexHONOTui. Bce marepuansr pasmemniatorcs B C/IO Mockosckoro Ilommrexa

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

6.2 Meroguueckue yKazaHus AJs 00y4alONIMXCS 110 OCBOCHUIO TN CIIUTIIHHBI

B mporecce oOydeHHs] MCTIOIB3YIOTCS CICIYIONIUE OICHOYHBIE (POPMBI CaMOCTOSATEILHOM
paboThI CTYJCHTOB, OLICHOYHBIC CPEJCTBA TEKYIIErOo KOHTPOJS yCIIEBAEMOCTH M MPOMEKYTOUHBIX
aTTeCTallHii:

1) KOHTpOJIbHBIE BOIIPOCHI,

2) UHIWBHUIyAIbHBIC 3/ IaHMUSI,

3) moAroTOBKA M 3alIUTa JJA0OPATOPHBIX padoT,

4) TecToBbIe 3a7aHus B cucteme LMS.

7. DoH OLIEHOYHBIX CPEACTB

7.1  MeToabl KOHTPOJISI M OLICHUBAHUS Pe3yJIbTATOB 00yUYeHUs

[IpomexxyTounasi arrecranusi oOOy4aromuxcs B (GOpMe dK3aMeHa IPOBOIUTCS IO
pe3yJbTaTaM BBIIIOJIHEHUS BCEX BUJOB yUeOHOW pabOThl, MPeyCMOTPEHHBIX YUYEOHBIM IUIAHOM I10
mucuumnHe «Pu3ndeckass XUMHUA», NPU 3TOM YUUTHIBAIOTCS PE3yJIbTaThl TEKYIIErO0 KOHTPOJIS
yCIIEBa€MOCTH B TEUEHUE CEMECTpa.

K sk3ameHy nOmycKarOTCsl TOJIKO CTYAEHTHI, BBHIIOJHUBIIME BCE BHUABI y4eOHOU paloTHhI,
NpeNyCMOTpEeHHble  pabouell  mporpaMMoil Mo  JAMCLUIUIMHE «Dusnyeckas  XUMHD»
(TpOMeXyTOYHBIE TECTHPOBAHUS, BBIIIOJHEHHWE M 3alUTa J1a0OPATOPHBIX padOT, BEHITIOIHEHUE
VH/IMBUYAJIbHBIX 33/1aHUM).

7.2 1llkana u KpUTEpPHU OLICHUBAHMUSA Pe3yJbTATOB 00y4eHUsI

O0s3aTeIbHBIMH  YCJIOBUSIMM TOATOTOBKH CTY/IeHTA K INPOMEKYTOYHOH aTTecTaluu
SIBIISICTCSl BBITIOJTHEHHUE U 3allUTa CTYACHTOM JIaDOpaTOpPHBIX padoT, MPeayCMOTPEHHBIX paboueit
[IPOrpaMMoOi U MPOXOXKIAEHUE BCEX MPOMEKYTOUHBIX TECTOB HE HMKE, yeM Ha 60% IMpaBHUIIBHBIX
oTBeTOB. IIpOMeEKyTOUHBIE TECTUPOBAHUSA MOTI'YT IIPOBOJUTCS KaK B ayAUTOPUU Y HUBEPCUTETA IO
KOHTpOJIEM IpenojaBaTesis, TaK U IUCTAaHIIMOHHOM (popMaTe Ha yCMOTpPEHHUE IpernoaBarTess.

MIkana oueHNBaHUA Onucanue
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OTJIINYHO

BrinonHeHs! Bce BUbl yueOHON paboThI, MPEeAyCMOTPEHHbBIE
y4eOHbIM M1aHoM. CTyJIeHT JEMOHCTPUPYET COOTBETCTBUE 3HAHUM,
YMEHH, HaBBIKOB MPUBEICHHBIM B TaOIUIAX MTOKA3aTENCH,
onepupyeT NpuoOPETEHHBIMU 3HAHUSIMU, YMEHUSIMH, HABBIKAMH,
MIPUMEHSET UX B CUTYaLMUSIX MMOBBIIEHHOW CII0KHOCTU. [Tpu 3TOM
MOTYT OBITh JIOMYIIICHbI HE3HAYUTEIBHbIE OIIMOKH, HETOYHOCTH,
3aTpyAHEHUS IPU AHATUTUYECKUX ONEPALMSIX, IEPEHOCE 3HAHUHU U
YMEHHUM Ha HOBBIE, HECTAHAPTHBIE CUTYALIUH.

Xopor1io

BrinonHens! Bce BUABI yueOHOM paOOThI, TPeayCMOTPEHHbBIE
y4eOHBIM MIaHOM. CTYJIEHT IeMOHCTPUPYET YaCTUIHOE
COOTBETCTBUE 3HAHUM, YMEHUM, HABBIKOB MPUBEJICHHBIM B Ta0JIUIIaX
rokasaTeseil, onepupyeT NpuoOpPEeTeHHBIMHI 3HAHUSIMH, HO
JIOTTYCKAIOTCS HE3HAYUTENIbHBIE OIUOKH, HETOYHOCTH TPU
AQHAJMTUYECKUX OIEpalusiX, 3aTPYIHAETCS MPU NIEPEHOCE YMEHUN Ha
HOBBIE, HECTAHIaPTHBIE CUTYAIIUH.

Y 10BIIETBOPUTEIIHHO

BrinonHeHs! Bce BUbl yueOHON pabOoThl, IPEeAyCMOTPEHHbBIE
y4eOHbIM M1aHOM. CTyIeHT IEMOHCTPUPYET HEMOIHOE
COOTBETCTBUE 3HAHUM, YMEHUI, HABBIKOB IPUBEIEHHBIM B TaOIUIIAX
nokasaresei, onepupyeT NpuoOpEeTeHHBIMU 3HAHUSMH,
JIOTTYCKalOTCS 3HAYUTENIbHbIE OITMOKH, HETOYHOCTHU IIPU
AQHAINTUYECKUX ONEPALUAX, UCIIBITHIBAET 3HAUUTEIIbHBIC
3aTpyHSeTCs IPU NPUMEHEHUHU HaBBIKOB B HOBBIX CUTYaIUsAX

HeynosnerBopurenbHo

He BbInonHeH oauH win 6osee BUAOB yueOHOW paboThl,
IPEIYCMOTPEHHBIX Y4eOHBIM TIaHOM. CTYACHT IEMOHCTPUPYET
HETMOJIHOE COOTBETCTBUE 3HAHUN, YMEHH, HABBIKOB NPUBEICHHBIM B
TabnuIax MoKa3aTeNe, T0MyCKalTCs 3HAYUTEIbHBIC OIIHOKH,
HPOSIBIISAETCS] OTCYTCTBHE 3HAHHM, YMEHUI, HAaBBIKOB TIO PAIY
MOKa3aTesel, CTyICHT HCITBITHIBACT 3HAUNTEIIbHBIC 3aTPy IHECHHS
IpY ONIEPUPOBAHUM 3HAHUSAMHU U YMEHUSMHU IIPH UX MIEPEHOCE Ha
HOBBIE CUTYaIUH.

7.3  OueHo4HbIe CpeaCTBA

7.3.1. Tekymmii KOHTPOJIb
Hepequb OLHCHOYHBIX CPEACTB 10 NTUCIHUIIJIHHE «Puznueckas XUMHI»

Haumenos [Ipencrasne
No Kpatkas xapakreprcTuka OleHOYHOTO
aHue OLEHOYHOI'O HHE OLIEHOYHOTO
oC cpeacTBa
CpeaCcTBa cpeactsa B POC
1 PaznoypoBHeBbIe PasnmmuaroT 3amaun 1 3a0aHUS: Kommnekr
3a/1a4M U 3a7JaHus a) perpoayKTUBHOTO YPOBHS, Pa3HOYPOBHEBBIX
(P33) nnsa MO3BOJISIFOIIIME OLICHUBATh M IMAarHOCTUPOBATh | 3aJlay W 3aJlaHui
CaMOCTOSITENTFHOE | 3HAHUE (PaKTUIECKOro MaTepuaia (0a30Bbie
paboThI TIOHSTHUS, AITOPUTMBI, (DAKTHI) U
yMEHHUE MPaBUILHO HCTOIb30BATh
crielMaabHbIe TEPMUHBI U TIOHATHS, Y3HABaHUC
00BEKTOB M3yYCHHSI B pAMKaX ONPEACICHHOIO
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paszena JUCUUILINHBL

0) pEKOHCTPYKTUBHOI'O YPOBHS,
MO3BOJISIOIIMEOLICHUBATE U
JMarHOCTHPOBATh YMEHUSI CHHTE3UPOBATh,
aHaJIM3UPOBaTh, 0000IIaTh PAKTUYECKHN U
TEOPETHYECKUI MaTepHall ¢
(opMyIMpOBaHHEM KOHKPETHBIX BHIBOJIOB,
YCTaHOBJICHHEM PUYHHHO-CIIEJICTBEHHBIX
CBS3€H;

B) TBOPUYECKOT'O YPOBHS, TIO3BOJISFOIIINE
OLIEHUBATh U AUArHOCTUPOBATh YMEHMS,
WHTETPUPOBATh 3HAHUS PA3ITUIHBIX 00JIACTEH,
apryMEHTHPOBaTh COOCTBEHHYIO TOUKY 3PEHHUSI.

YceTHBIM ompoc,

CpeacTBO KOHTPOJIS, OPraHU30BAHHOE
KaK cIielraabHas Oece/ia mperoaaBaTelis ¢
00yYaroIuMcsl Ha TEMbI, CBSI3aHHBIE C

Bomnpocsr
1o
TeMaM

2 co0eceoBaHue, M3y4yaeMo# AUCIUIUIMHON, U PACCUMTAHHOE HA | IUCLUMIUIAHBI JJIs
(YO) BBISICHEHHE 00bheMa 3HaHUM, 00YUaIOMIEerocs MO | JOMyCKa U 3aIIUThI
oTmpeAieIeHHOMY pa3jieny, TeMe, podieMe u 1a60paTOPHBIX
T.IL. pabor
[lepeyeHb TECTOBBIX 3aJaHUN IS
3 Tect MPOMEKYTOYHOTO ¥ UTOTOBOTO KOHTPOJIA, donp
(T) TO3BOJISIFOIIU I ABTOMAaTU3UPOBATH TECTOBBIX 3aJaHUI

MPOLEAYPY U3MEpPEHHs YPOBHSI 3HAHUM U

7.3.2. IIpoMeKyTOYHAA aTTECTAIUS
[IpumMepsl pa3HOYPOBHEBBIX 3a/1a4 U 3a/1aHuii o Teme «PacueT Tena0BbIX 3 PeKTOB U
BJIMSIHUE TEeMIIEPATYPbl HA BeJIMYUHY TeNJI0BbIX 3Q(PeKTOB XMMHYECKHX PeaKIuii»
3aa4u JUIsl CAaMOCTOSATENBHOIO PELLIEHUS C UCIIOJIb30BAHUEM CTaHAAPTHBIX
3HAYeHU U3MEHEHUS SHTAJIBIINN
CornacHo BapuaHTy, BBIJJAHHOMY TPEI01aBaTeIeM, BEIYHCIUTE TEIUIOBOM 3P deKT
XMMHYECKOH PEaKUUM IO CTaHJAPTHBIM TemoTam obpaszosanust npu 298°K:a) mpu p =
const; 0) mpu V = const. CranaapHble TEIUIOTH 00pa30BaHMs YYaCTHUKOB PEAKLIUU BO3SBMUTE U3
ClipaBoYHUKA [4]
Bapuant YpaBHeHue peakuuu
.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) + H2 (1) = 3FeO (1) H,O (1)
. Ca(OH); (1) + CO; (1) = CaCO:s (1) + H2O (1)
.2CO (1) + SO, () = 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. Hz (r) + CO; (r) = H,O(r) + CO (1)
3amaun no 3akony Kupxrodda
CornacHo cBOeMy BapuaHTy BBIYHCIUTE TEIUIOBOH 3((EKT XUMHUUECKONW Peakuu npu
yKa3zaHHO# Temriepatype. CTaHIapTHbIE TEIUIOTHl 00pa30BaHusl yYaCTHUKOB PEaKIUU U
K03(pPHULIMEHTHI ypaBHEHUS U3 CIIPABOYHBIX JaHHBIX [4]
Bapuant YpaBaenue peakiuu T, K
1. CaCOs (1) =CaO (1) + CO, (r) T=550K

O 0 1N DN B W —
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2. Fe;04 (1) + Ha (1) =3 FeO (1) + H,O (1) T=480 K

3. Ca(OH); (1) + CO; (1) = CaCO; (1) + H2O (1) T=830 K
4.2CO (1) + SO; (1) = S(pomb) + 2CO, (1) T=740K
5.2NO; (r) + O3 (1) = O, (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 «XMMHUYeCKOe pAaBHOBECHE »

1.Cucrema, cnoco0Hasi 00MEHUBATBLCS € OKPYJKaKOLIeH cpefoii JHepruei U BemecTBOM
Ha3bIBaeTcs

a.3aKpbITON

b.m30MUpOBaHHOM

C.OTKPBITOMN

2.B u30/1MpOBaHHOI1 cHCTeMe Nepexo/] CAMONPOU3BOJIbHOI0 NMPOLECCa OT HAYAIBHOIO K
KOHEYHOMY COCTOSIHHIO CONPOBOKAACTCH:

a.CTPEMJICHUEM SHTPOIHNHU K MUHUMYMY

b.yMeHbIIIEHHEM SHTPOIHH

C.BO3PAaCTaHUEM SHTPOINUHU

3. TepmoannamMuyeckasi pyHKIHsA COCTOSIHUA ABAsAETCH (PyHKIMeH KOTOpas

a.0MpeeseTCs TONbKO HaYaJlbHBIM U KOHEYHBIM COCTOSIHUEM

b.onpezaensercs TOIbKO HayaIbHBIM COCTOSIHUEM

C.3aBHMCHUT OT ITyTH IIpoLecca

4.BcTraBbTe NPONMYLIEHHOE CJI0BO: «DHEPrus HE BO3ZHUKAET U3 HUYETO U HE UCYE3AET, OHA
MO>KET TOJIBKO MEPEXOAUTh U3 OJHON (POPMBI B IPYTYIO B

KOJIMYECTBAX)!

5.3akonunTe onpeneneHue: «CTeneHb HArpeTOCTH Teja, ONpeAesseMas paclpeleeHueM
MOJIEKYJI 110 SHEPTETUYECKUM YPOBHSIM, Ha3bIBAETCS

6.3axkoHunTe ompenesenue: «V300apHbBIM Ha3bIBaeTCS MPOLECC, NPOTEKAIOUIMH NpHU
ITOCTOSTHHOM

7.3akoHunTe (POPMYJHMPOBKY: «B u30IMpOBaHHON cHucTEME CcyMMa BCEX BHUIOB
SHEPTHUH

8.3akonuute ompenenenune: «OTHOLIEHHWE KOJMYECTBA TOTJIOMEHHON TEJIOM TEIUIOTHI K
WU3MEHEHHUIO TEMIIePATyPhl, BEI3BAHHOMY 3THM TOTJIOIIEHHEM, Ha3bIBACTCSI

9.BcraBbTeE NMPONMYII€HHOEC CJI0BO: «KonanuecTBo TCIJIOTHI, 3anan/IBaeM0171 Ha HarpC€BaHue
OAHOI'0 MOJI BEIIECTBA HA OJUH I'padyC, HAa3bIBACTCA TEILIOEMKOCTBIOY

10.BcraBbTe mponyuieHHoe cI0B0: «TepMOIUHAMUYECKOE PABHOBECHE — TO COCTOSIHHE
CHCTEMBI, KOTOPOE XapaKTepU3yeTCs 3HAQUYEHHEM BCEX MapaMeTpoB B
JIF0OOU YaCTHU CUCTEMBIY:
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I[IpumepHble BapuaHTbI OMJIETOB /151 IK3aMeHa

MMHUCTEPCTBO HAVKM 1 BBICILIEI'O OBPA30BAHN S POCCUMCKOM ®EJIEPAITUN
®EJIEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJILHOE
YYPEXXJIEHME BBICHIIEI'O OBPA3OBAHM S
«MOCKOBCKHM MOJUTEXHUYECKHA YHUBEPCUTET»
(MOCKOBCKH MMOJIUTEX)

®DakyIbTET XUMHUECKOM TEXHOJIOTHH M OMOTEXHOJI0THH, Kadeapa «Xumbuorex»
Jucnuminna @uzndeckas XuMust

3K3AMEHAIIMOHHBINA BUJIET Ne 1 .
1. IlepBblif 3akOH TEepMOAMHAMUKH. MareMaTH4ecKOoe BBIPaKEHUE MEPBOro 3aKOHA
TEPMOJMHAMUKY U €r0 3HAYCHHE.
2. JlaBnenue napa TBEpAbIX U KUIAKUX Tell. YpaBHeHue Knaysuyca-Knanelpona.
3.3anaqa
YTBepxkaeHo Ha 3acenanuu kadeapsl «  » 2023 1., mpoTokos Ne

3aB. xadenpoii / / /

MUHUCTEPCTBO HAYKHU U BBICIIET'O OBPA30BAHUS POCCUNCKON ®EAEPALIAU
®EJIEPAJIBHOE T'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJILHOE
VYPEXKJIEHUE BBICILIETO OFPA3OBAHUS
«MOCKOBCKM NOJUTEXHUYECKHU YHUBEPCUTET»
(MOCKOBCKHI1 MMOJINTEX)

®DakyIbTET XUMHUECKOM TEXHOJIOTHH M OMOTEXHOJIOTHH, Kadeapa « Xumbuorex»
Jucuunna Pusnyeckas XuMust
3K3AMEHAIIMOHHBINA BUJIET Ne 2 .
1. TepMoxumus, TepMOXUMUYECKHE ypaBHeHUs. CTaHIapTHAsl SHTANBIHS OOpa30BaHUS U
pacTBOPEHUS BEIIECTB.
2. IlpaBuno ¢a3 ['ubdoea.
3. 3amaua

YTBepxKaeHO Ha 3aceTaHuH KadeIphl «  » 2023 1., npoTokoa Ne

3aB. xadenpoii / / /
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Bomnpocs! 1J1s1 NOATOTOBKH K IK3aMeEHY

[Ipenmer W OCHOBHBIE MOHATHS TepMoAMHAMMKH. Temnora u pabora. 3akpbIThie U
M30JIMPOBaHHbIE Npolecchl. [lapaMeTpsl COCTOSHMS.

Kpyrosoii nmpornecc. PaBHOBecHBIE 1 HEpaBHOBECHBIE Mpolecchl. OOpaTHUMBbIe MTPOLECCHI.
OKCTEHCHUBHbIE M WHTEHCUBHBIE CBOMCTBA UYHCTBHIX BEIIECTB. BIMSHME OTHOCHUTENHHOIO
KOJINYECTBO KOMITIOHEHTOB (OTHOCHTEJIBHOTO COCTaBa) HA HWHTEHCUBHBIE CBOMCTBA
pactBopoB. [laprmanbHbple MOJIBHBIE BEJIMYNHBI.

IlepBblii 3akOH TepMOAMHAMHMKH. MaTeMaTHUECKOE BBIPAKEHUE IIEPBOTO  3aKOHA
TEPMOJIMHAMMKH U €r0 3HA4YCHHUE.

N3oxopHbIit 1 n300apHbIi nporecchl. CBsi3b MeXly BHYTPEHHEH sHeprueil u cBoOOIHON
SHTAJIBIIHUEN.

TemnoéMKocTb. 3aBUCUMOCTD TETUIOEMKOCTH OT TEMIIEPATYPHI [UIsl HTEpBaja TEMIEPATYP
ot 273 mo 1500 K.

3aBUCHMOCTb BHYTPEHHEW SHEPTUU M JHTAJIBIINU OT TEMIIEPATYPHI.

Tepmoxumus, TepMoxXxumMuueckue ypaBHeHus. CTaHIapTHas SHTaJIbIUS 0Opa30BaHUS U
pacTBOpPEHMS BEILECTB.

3axoH ['ecca. Pacuer TemioTsl 00pa3oBaHUsl, paCTBOPEHHS U SHEPTUU XUMUYECKOM CBSI3U.
3aBUCUMOCTb 3HTAJIBIIUY PEAKIMU OT TeMIeparypsl. YpaBHeHne Kupxroda.

. Bropoit 3akoH TepmoguHamuku. Ero ¢opmynupoBka M INpUMEHEHHE K HM30JIMPOBAHHON

CUCTEME.
Tpetnii 3aKOH TEPMOJIUHAMUKH, SHTPOIUS U BEPOSTHOCTD.

Tepmoaunamuyeckue mnoteHuuansl. CBoboaHas sHeprust ['mG6ca m cBoOOAHAs 3HEPrus
I'enpmronsua.

H3MeHeHne TepMOIMHAMUYECKUX MOTEHLUATIOB B U30TEPMUYECKUX YCIIOBUSAX. Y paBHEHHE
I'n606ca-I'enbMmronsua.

MakcumanbHas paboTa U BO3MOXHOCTb MPOTEKaHUs XMMUYecKoil peakiyuu. CTaHaapTHbIE
MOTEHLKANbl 00pa30BaHMsI BEIIECTB.

TepMoaMHaMHUKa XMMHUYECKOTO PaBHOBECHS. 3aKOH JCHCTBYIOIIMX MacC M KOHCTaHTa
XUMHYECKOTO PaBHOBECHS.

XHMMHUYECKOE PAaBHOBECHE B TOMOT€HHBIX U T€TEPOr€HHBIX CUCTEMAX.

CooTHOmIeHHEe MeEXIy HW3MEHEHHEeM CBOOOAHON »sHeprunm [ubOca ©W KOHCTaHTOM
paBHOBECHsL. Y PaBHEHHUE N30TEPMBI PEAKILINH.

3aBUCUMOCTh KOHCTAaHThI pABHOBECHS OT TEMIIEpaTyphl. Y paBHEHHUE N300aphl peaKkiuu.
TepMoavHaMHUYECKOE pPABHOBECHE B peajbHBIX TIa30BbIX cuctemax. Jlerydyects wu
aKTUBHOCTb.

. BnusiHue pasznuuHbIX (AKTOpPOB Ha CKOPOCTh XHMMHUUYECKuX peakuuid. [IpaBwio Banrt-

Todda.

Tepmuueckuii anamus. IlocTpoeHnme auarpaMM COCTaB-TEMIIEPATypa KpPUCTAJIIM3ALUU.
OCHOBHBIE THIIBI AuarpamMmm.

PaBHOBecue «KUAKMI pacTBOp-niap». Jluarpamma cOCTOSHHS YUCTOTO BELIECTBA.

[TpaBuno ¢a3 'nb6ca.

[laBneHue napa TBEpAbIX U XKHUAKHUX Tell. Y paBHeHne Knaysuyca-KnanelipoHa.

JlaBneHue HaChIIIEHHOI O Iapa pacTBOpuTens Hajd pacTBopoM. [lepBblit 3akoH Payis.
Temmneparypsl 3aMep3aHMs M KHUIIEHUs pa3z0aBiieHHBIX pacTBOpoB. Kpuockomnuueckas u
30yJUTMOCKONINYECKas! TOCTOSHHBIE.

Ocmoc u ocMoTHueckoe AaBieHue. 3akoH Baut-I'odda.
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. PactBopsI anexTponutoB. KoHCcTaHTa M CTENEHb AUCCOLMALIMM U CBA3b MEKIY HUMMU.
. PacTBOpBI CWIIBHBIX 3JIEKTPOJIMTOB. AKTUBHOCTh U MOHHASI CUJIA PACTBOPA.
DJEKTPONPOBOAUMOCTh  PAacTBOPOB  AJIEKTPOJIUTOB.  YJ€NbHAas M  JKBUBAJICHTHAs
AJEKTPONPOBOIUMOCTH PACTBOPOB AJIEKTPOJIUTOB, UX 3aBUCHUMOCTb OT KOHIICHTPALIUH.
[ToaBM>XHOCTh HMOHOB M HSKBUBAJIEHTHAsl 3JEKTPOIPOBOJUMOCTh TNpPU OECKOHEYHOM
paz0aBnennu. KoHIyKTOMETpHUECKUI METO/T aHaIn3a.
@opmanbHass kuHeTHKa. OCHOBHBIE TOJIOKEHMS M NOHATHA. Omnpenensroomas cragus ,
CKOpPOCTh MOJIEKYJISIPHOCTh XUMUYECKON PEAKLIUU.
BbIBO KMHETHYECKOTO YPaBHEHMSI MIEPBOTO MOPSIIKA.
BbIBO/I KNHETHYECKOTO YPAaBHEHHSI BTOPOTO MOPSAKA.
YacTuuHblil 1 001Mi OpsAA0K peakuuu. CrocoObl ONpeesieH s MOPsIKa PeaKIUH.
Bnusinue temneparypbl Ha CKOPOCTh XUMHUUECKON peaKklMU. DHEPrus aKTUBALIUHU, €€ CMbICI
u rpaduyeckoe onpeeneHue.
Kartamu3. OcoOeHHOCTH W KJIacCUpUKAIMA KaTaIUTHYECKUX IMPOIECCOB. [ OMOTeHHBIN U
rereporeHHsli  karanu3. Karammusatopsl um npomotopsl.  CTapeHue Karaiau3aTopoB,
KaTaJIUTUYECKUE SbI.
Bo3HuKkHOBeHHE cKkauka MOTEHIMana Ha rpaHulle pasaena ¢das. J[BoitHON snekTpuuecKuit
CJIOW U ero cTpoeHue. Y paBHeHue HepHcera.

ONEKTPOXUMHUUYECKNE DJIEMEHTHI. ['aJIbBAHMYECKUI 3JIEMEHT. JJIEKTPOJABIKYIIAs CHIIA
raJIbBAaHUYECKOTO IeMEeHTA. KOHIIEHTpallMOHHBIN TaJIbBAHUYECKUI JJIEMEHT
W3mepenne aeKTpOAHBIX NOTeHIUanoB. CTaHIApTHBINA BOJOPOIHBIM JIEKTPOL. XIIOpUA-
cepeOpsTHBIN M CTEKIISTHHBIN AJIEKTPOABI CPAaBHEHHS U X TIPUMEHEHHE.
ITorennmomerpudeckoe TutpoBanue. Msmepenne pH pactBOpoB. AKTUBHOCTh MOHOB.
TepMmoanHaMyka oOpaTUMOro raJlbBAHMYECKOTO 3J1eMeHTa. PacueT KOHCTaHThI paBHOBECHS
IEKTPOXUMHUYECKON PEAKIIUM TaIbBaHUYECKOIO JIEMEHTA.

3agaum K 3k3aMeHy o AucHMIInHe «DPU3nyecKass XUMHD)

Paccuurare Maccy Meau, BBIACJIMBILIEHCS IpPU AJIEKTpoSiM3e pacTBopa Xxjopuaa menu (1)
npu nponyckanuu Toka cuioil 10 A B teuenue 30 muH. BpiXxoa mo TOKy Menm paBeH
85%.Hamucars ypaBHeHUs peakilfil Ha KaTo/e U aHOJIE.

PaccuuTath 00B€M BOOPO/IA, BHIJECTUBIIETOCS MPH 3JIEKTPOIU3E PACTBOPA CEPHOM KHCIOTHI
MIPU MPOMYCKaHUU TOKa CHWIION 5 A B TedueHue 1,5 yac YCIoBHs 3IEKTPOIU3a: TeMIiepaTypa
273 K n paBnenne p=101325 Ila; Beixon no Toky cocrasiser 90%. Hanucare ypaBHeHHs
peaKkuuii Ha KaToAE U aHOJE.

BbIYMCIIUTE  CTENEHb JUCCONMANMM  BOAbl Tpu Temmeparype 25°C, ecinum  ymenbHas
3IEKTPOIPOBOAUMOCTE YHCTOM Boabl 5,5 -10° Om™ - cM™ u mogsmxHOCTH MOoHOB H' 1 OH
npu OECKOHEYHOM pa30aBIIEHUH COOTBETCTBEHHO paBHbI A 1:=349.8 u A oy=198,0
(pa3MepHOCTH PaBHBI ¢M - MOJIL' OM™)

Crenenp nuccoumanuu ruapokcuna ammonuss NH,OH=0,01 paccunrtath ero KOHCTaHTy
JIUCCOIIMAIINH, €CITU TOABIKHOCTH HOHOB NH4" 1 OH- COOTBETCTBEHHO PaBHBI

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

CKOJIbKO BpeMEHU HEOOXOIMMO 3aTpaTuTh I BhIIeNeHus snekrponn3om 0,75 T cepedpa
u3 pacteopa AgNO; npu cuite Toka 1,3 A.

[Ipu kaxoil Temneparype 3amep3HeT pacTBop xjopuaa Maraus MgCl, conepxxamuit 2,6 r
xnopuaa maraug B 100 r Boasl. Kpuockonuyeckas nocTostHHast BOJbI K=1,86°

Crenenp  aucconmanuu o, 0,001 M pacrsopa xnopuna xanmus KCl npu 25°C cocrasnsier
0,99. PaccunTaTh KOHCTAHTY IMCCOLMALIMU XJOpHIA Kalus.

Bo ckosbKo pa3 U3MEHUTCSI CKOPOCTh peakuy noixy4yeHus xiaopuaa sogopoaa HCl

H2+ Clzz 2HC1
€CJIM MOJISIPHBIC KOHLICHTPAUXU BOAOPOJa YBCIIMIUTL B 2 pas3a u XJjiopa B 3 pasa.
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9. MO>HO 11 TOJTHOCTBIO BBIAECTUTH Melb U3 pacTBopa cyibdata Mean CuSO,

Cu*+FeS Cut Fe**
CrannapTHble 3HaYEHUS 3JIEKTPOIHBIX MOTEHIMAIOB PaBHBI
E’ ciovrc=10,34 B 11 E° perre=-0,44 B

10. Boruucnute MakCUMajbHYIO paOOTy PEaKLUU B raJIbBAHUYECKOM 3JIEMEHTE

Cu*+Ni SCu+ Ni**
Cu[ CuSO4H Ni 804’ Ni
ecnu MostsipHble KoHIeHTparuu dKkBuBaneHTa C (CuSOy) = Cye (Ni SO4)=1 Mob KB/

11. B peakuuu BTOpOro nopsiika
A+B—II (mpoxyKTsI)
koH1eHTparus BemiectB cocTaBuT C (A) = 0,3 mons/a u C(B)= 0,2 mons/n. Kak u3ameHUTHCS

CKOPOCTh PEAKIIMH, €CIM KOHIICHTPAIMIO BEIeCTBa yBENIWYIUTH J0 0,2 MOJB/I, a KOHICHTPAIUIO
BemectBa C(B) yBenmuuts 10 0,6 MOB/II.

12. Beruucnute TeMmneparypy kurneHuss Tk u 3amepsanus T3 pactBopa, conepskamiero 138 r
rmuepuHa B 816 1 Bompl. MomspHas wMacca mmmuepuHa C;Hs0;  paBma 92,
30yIMOCKONIMYECKAs U KPHOCKOIIUYECKAs OCTOSHHBIE BOJBI COOTBETCTBEHHO paBHbI 1,86 °
u 0,32°.

13. Ilepuon nmonypacnana nojgoHust Po cocrapiser 140 nueil. BeiuncauTh KOHCTAaHTY CKOPOCTH
peakIMy pacnaza NoJOHUs, KOTOpast OTHOCUTCS K PEAaKLUsAM IEPBOro MOPSIKA.

14. Tlepuon momypacnana crponnus Sr’° pasen 27,7 roma. CKOIBKO MmOTpeOyeTcs BPEMEHH,
4yroObl pacnaiock 70% B3ATONH Macchl cTpoHIMA? Peakius paavoakTHMBHOIO pacmaja
OTHOCHTCS K peakLusM NEpPBOro MopsaKa.

15. KoHcranTta CKOpOCTM XHMHUYecKOoW peakumu l-ro mopsaka npu 293 u 393 K
cooTBeTCTBEHHO paBHbI 3:107 1 4107 ¢ "' . BBIYMCIUTEL SHEPTHIO aKTUBALIMK TOM PEAKIINH U
NepuoJI modypacnaaa

16. Paccunrath TeruioBor 3P PeKT peakuun
CO+H20.5 CO,: +Hay
€cIM CTaHaapTHas sHTanbnuu obpazosanus AH'ws kJ[k/Momb Bemects paBubl C0=-110,5;

H,0=-241,8; CO,=-335,5.
B kxakoM HampaBlIEHUU CMECTHTCS PAaBHOBECUE DPEAKIMM MpU MOBBIIIECHUM AABICHUS U
YMEHBIIEHUHU TeMIepaTypbl?

17. Paccuntath 00bEM, 3aHuMaeMblii 96 r kuciaopona npu 17 °C m pasnenum 1.5 arm,
yHHUBepcaiabHas ra3oBasi moctosiHHas paBHa 0,082 i1+ atm/monb-K

18. Boruncnute maccy 1 m® Bosmyxa mpu 20 °C u maBnenmu 0.9 atM, cuurtas CpEIHIO
MOJIEKYJISIPHYIO Maccy BO3AyXa paBHOM 29 r/mMoiib

19. OcmoTtndeckoe naBieHne pactBopa rimoko3sl (M=312 r/mons) mpu 20 °C paBHO 2.46 aTMm.
PaccuuTath Maccy 1 MacCOBYIO JI0JIIO TJIFOKO3bI B PACTBOPE.

20. PaccuntaTth TeruioBoit 3¢dekt peakiuu Znt2AgCl S ZnCl, +2Ag , ecmu DJIC Takoro
ragbBaHnyeckoro sneMenta rnpu 0 °C pasHa 1,015 B u Temnepartyphsiit koadduuuent 3/1C
(OE/0T)p = - 4.02-10*

21. Haiitu aktuBHoctn uoHoB K' wu Cl' B pactBope KCl ¢ momspHOH KOHIEHTparmeit
0,01moms/1

22. BeluucaUTh MaKCUMAJIbHYIO TIOJIE3HYI0 padoTy peakuuu npu temmneparype 1227 °C
2H2 +02 S 2H20 +484 KI[)K B

€CIlM KOHCTaHThI paBHOBecus Kp npu temneparypax 1227 °C ul1278 °C pasusl 6.16:10" u
2.63-10" cOOTBETCTBEHHO.

23. 1ns peakuuun
CO+H,0,.5 COy +Ha:
koHcTaHTa paBHOBecus 1000K paBua 1,36, a mpu temmeparype 1200 K pasna 0,68.

Onpenenutp TEMIOBOW 3(PQEKT peakluuyd B JaHHOM TEMIEpaTypHOM HHTEpBajieé U KOHCTAHTY
paBHoBecus npu 1100 K.
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24. BpIlUNCIUTD DHEPIUI0 AKTHBALMM U KOHCTAHTY CKOpOCcTH xumuueckoi npu t=30 °C, ecnu
KOHCTaHTbI CKOPOCTH 3T0H peakuuu npu Temnepatypax 20 °C, u 40 °C cOOTBETCTBEHHO
paBubl 9,91-10"" Mun "1 43,9-10* mMun .
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