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JueT perMeTpanMy HIMEHeHMIT M TOTIO THeHHI

Ne Paznen PILJI Kpartkoe Jara, Ioanucek 3ae.
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METOIHIRCKO H MeTO/THISCKOTO H Nel g e
HH(popMaIlHOHHOe | HH(DOPMATIHOHHOTO
obecrieyeHne obecnedeHus
JTHCITHILTHHEL JTHCITHILTHHEI
(MozyJust)

2 | 8 Yuebuo- AxTyamuzanus yaeOHo- 3.09.2020 e T ==
METOHYESCKOE H METO/THUYSCKOTO H Nel e
unGopMaHOHHOe | HHPOPMAIIHOHHOTO
obecrieueHue obecnedcHuA
JHCIHILIMHbE JUHCLHILTHHbBI

(Mo/1yJ1s1)




1. Henu ocBoOeHMs M CUUILTHHBI (MOLYJIA)

- (1)OpMI/IpOBaHI/IC COBPECMCHHOT'O €CTCCTBECHHOHAYYHOT'O MHUPOBO33pCHU,

- OBJIaJICHHUC 0a30BbIMH 3HAHHSIMU B 00JACTH XUMHHU, TCOPHUU XHUMHUUYCCKHX
mponeccoB 1 METOAOB UX aHaJIn3a4,

- Pa3BUTHC HABBIKOB CaMOCTOSTEIbHOM pa6OTI)I, HGO6XOI[I/IMI)IX AJI1 IPUMCHCHU L
XUMHUYECKUX 3HAHUU Ipu U3YUYCHUHN CIICHHUAJIBHBIX AUCHUIIIIMH U ﬂaﬂbHeﬁmeﬁ HpaKTquCKOﬁ
JACATCIIBHOCTH..

2. MecTo JUCHUMIIMHBI (MOAYJIAA) B CTPYKTYpe 00pa30BaTeIbHOM NMPOrpaMMbl OATOTOBKHU
O0akajaBpa

Hucturnnuaa b1.6.11 «Xumust» Bxoaut B 0a30By10 4acTh 070ka 1 0Opa3oBaTeIbHOM
IpOTrPaMMBI.

HBquHI/Ie JAUCHUITIINHBI 633preTC$I Ha 3HAHUAX, YMCHUAX W HABBIKAX,
c(OPMHUPOBAHHBIX B pe3yJIbTaTe MOIYUYEHHUS CPEAHEro (IIOJHOr0) 001ero oopa3oBaHus U,
MpeKKAC BCCTO, UBYUCHUA AHUCHUIIIIMHBI «q)mm(a», a TAaKXKC MAaTEMAaTHU4YCCKUX U €CTECTBCHHO
HaY4HbIX AMCLUMIUIMHAX IMKna b1: Matemaruka, ¢pusuka.

3HaHusg U YMCHUA CTYACHTOB, ITOJYUYCHHBIC IMPU U3YUCHUHN AUCHUILIIMHBL «XI/IMI/H[)),
HE0OXOIMMBI UM IIPH JajbHEHIIEM U3YYeHNU TaKUX TUCIMILINH, Kak «O0paboTka MeTalIoB
naBieHueM», «MaTepuanoBeneHue», « IK0JIOTUsD», «be3omacHoCcTh KU3HEAEATENIbHOCTHY, IPU
BBINOJIHEHUH KyPCOBBIX Pa0OT U TUIUIOMHOTO MPOEKTA.

OcBoeHue TUCIUTUTMHBI « XUMUSD) TTO3BOJISIET CTYIEHTaM C()OPMHPOBATH CTPOUHYIO
€CTECTBEHHOHAYYHYIO KapTUHY MUpa M UCIOJIb30BATh OCHOBHBIE 3aKOHBI U MOJI0KEHUS
JTUCIUTITUHBI JIJIS1 BBISIBIICHUS CYITHOCTH MPOOJIeM, BOZHUKAIOIINX B X0J1€ TPO(ecCHOHaNbHON
NeSITeTbHOCTH. .

3. Komnerenuuu ody4yarmomerocs, popmupyembie B pe3y/jbTarTe 0CBOCHHUSI TUCHUNIMHBI U
IJIAHUPYeMble pe3yJibTaThbl 00yUeHHsI:

B pesynbraTte OCBOCHHSI IUCIHMIUIMHBI «XHUMHs» OOydYalOIUICS MODKEH 00Janarh
CIEAYIOIUMHU KOMIIETEHIUSIMU:

CTpyKTypHBII
3JE€MEHT [Tnaaupyemblie pe3yabTaThl O0yUeHUs
KOMIIETEHIINH

OIIK-2 cnoco0HOCTHIO NPHUMEHATH COOTBETCTBYIOIIMI (PU3MKO-XUMHUYECKHH anmnapar,
MeTOJbl AHAJIHM32a U MO/JIeJINPOBAHNS, TEOPETHYECKOI0 U IKCIIEPUMEHTAJIBHOI0
ucc/IeI0BAHMSA NPH pelleHuH NpodeccHoOHATBHBIX 3a1a4

3HaTh _ OCHOBHBIE OIIPE/ICIICHUS U NTOHATUS XUMUYECKHUX 3aKOHOB,

—  CTPOCHHE aTOMa,

— XUMHWYECKHE JIEMEHTHI U UX COCIMHEHHSI XUMHUYECKUE CBOMCTBA
Y B3aUMOCBSI3b XMMUYECKUX BEILECTB

— o01Me 3aKOHOMEPHOCTH MTPOTEKaHU XMMUYECKUX peaKIuii;
MIPUPOY XUMHUECKUX PEAKIIMM, UCIIOIb3YEMBIX B
METAJULypru4eCKuX IMPOU3BOJACTBAX

— TNPUMEHATh XUMUYECKUE 3HAHHUA B IPOPECCHOHATIBHON
NEeSATEIbHOCTH,

—  HUCIOJIb30BATh UX Ha MEXKAUCLUUIIJIMHAPHOM YPOBHE

YMeTh — IPOTHO3UPOBATb M ONPEIEIATh CBOWCTBA COCOUHEHUU W
HaIlpaBJICHUs XUMAYECKUX DPEaKLNM;

— HCHOJb30BaTh CIPAaBOYHYIO JIUTEPAaTypy IJs  BBINOJIHECHHS
pacueToB




CTpyKTypHBII

JJIEMEHT [Tnanupyemblie pe3ybTaThl 00y4eHUs
KOMIIETEHLIUU
— OCYILECTBJIATbH ~ KOPPEKTHOE  MAaTE€MaTU4eCKOe  OINHUCAHUE
XMMHUYECKHX SIBJICHUM TEXHOJIOTMYECKUX IPOLECCOB. .
Bnagers —  CpPaBHUTEJIbHO HEOOJBIINM YHUCIOM PACUETHBIX U JIOTHYECKUX

aJrOPUTMOB,
PO ECCUOHAIBHBIM S3BIKOM B 00JIACTH XUMHUH

MPAKTUYECKUMH HABBIKAMU MCITOJIb30BAHUS 3JIEMEHTOB XUMHUHU B
JPYTUX JTUCLMIUIMHAX,

OCHOBHBIMH METOJaMH PCIICHUSA 3a/1a4 B 00J1aCTH XMMHUH
OCHOBHBIMU METOJaMHU NUCCIICIOBAaHUs B obactu XHUMHU,

croco0aMu COBEPIIICHCTBOBAHUS MPOGECCHOHANTBHBIX 3HAHUM U
YMEHUI IIyTEM HCIOJIb30BaHUS BO3MOKHOCTEN
WH(POPMAITMOHHOM CPEIBI.

4. CTpyKTYypa M coJep:KaHue TUCIUNINHBI

OO6m1as TpyJ0E€MKOCTh AUCIUIUIHHBI cocTaBisieT 3 enununl 108 yaca, B TOM yuce:
KOHTaKTHasi paboTta — 59 akaj. 4acos:

ayauTopHas — 57 akaj. 4acos;

BHEAYIUTOPHAs — 2 aKajl. 4acoB;

camocTosTelbHas paboTa — 49 akaj. 4acos.
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Xumusi, neproIMyecKas CucTemMa 1 2 2 CaMOoCTOsITeIbHOE U3Y4eHHE YcrHblit onpoc OIIK-2,
3JIEMEHTOB yueOHOMU JIUTEpaTyphl 3y8
Xumuyeckas CBsi3b, 2 4 IToaroroBka k ceMUHAPCKOMY Cemunapckue 3ansatus | OIIK-2,
KOMILIEKCOOOpa3oBaHue 3aHATUIO 3)8
Xumuyeckas TepMOJMHAMUKA 2 4 CamocTosTeNIbHOE U3yUeHHE KonrponbHas pabora OIIK-2,
y4eOHOU TUTEPaTyphl 3)8
Xumuyeckas KHHETHKa 2 2 |4 IoaroroBka k 1abopaTopHO JlabopaTopHas padora |OIIK-2,
pabore 38
Xumudeckoe U (pa3oBoe paBHOBECHE 4 4 |4 IoaroroBka k 1abopaTopHOit JlabopaTopHas padora |OIIK-4,
pabore 38
XUMUYECKHE CUCTEMBI 2 2 4 CaMoCTOATENHOE U3yUSHUE YCTHBIi ornpoc OIIK-2,
yueOHOU TUTEPATyPhI 3)8
PacTBOpBI 4 3 4 IMoxroroBka k 1ab0paTOpHOH JlabopaTopnas pabora |OIIK-2,
pabore 3y6
JlucniepcHble cHCTEMBI 4 4 IToaroroBka kK CEMUHAPCKOMY YCTHBIi onpoc OIIK-2,
3aHATUIO 3y6
OKHCIUTENBHO-BOCCTAHOBUTEIIbHBIE 6 2 5 IToxroroBka Kk 1abopaTopHOM Jlabopamopnas paboma |OIIK-2,
CBOMCTBA BEILECTB pabore 3y6
OJIEeKTPOXHUMHUUYECKUE CUCTEMBI CaMOoCTOATENBHOE U3yUEHUE YCTHBIH onpoc OIIK-2,
4 4 6 y4eOHOit TuTeparypsl 3y6
XuMHSL 3JIEMEHTOB MEPHOIUUYECKON 2 2 4 CaMocCTOSITENIbHOE U3YUeHHE KonTponbHas pabora OIIK-2,
CHCTEMBI y4eOHOIt TuTepaTyphl 3y6
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Xumunueckas — uneHtudukaums  wu| 1 4 4 CaMOoCTOsITeIbHOE U3Y4eHHE Cemunapckue 3ansitust | OIIK-2,
QHAJIN3 BELIECTB yueOHOMU JIUTEepaTyphl 3y8
Hroro no nucUMIUIMHE 38 19 |49 3auér

5. O0pa3zoBarebHbIC H HH(POPMALMOHHBIE TEXHOJIOTHHU

JInst  MOCTWXKEHUs TIUIAHUPYEMBIX pPE3yJbTaTOB B OOYYCHUH JUCIUIUIHHE «XHUMUS»
UCTIONB3YIOTCS Cleqyrolne 00pa3oBaTebHbIC TEXHOJIOTHH:
1. TpagunuonHnle o0pa3oBaTejbHble TEXHOJOTHMU OPUCHTUPYIOTCS  HA OPTraHU3AIMIO
00pa3oBaTeNbHOTO  Mpoliecca, MPEANONaralonly0 MpsIMYK  TPaHCISAIUIO 3HAHUH  OT
MpernoiaBaresis K CTYJIEHTY (MPEMMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIBHO-UILTFOCTPATUBHBIX
METOJIOB 00yueHHs). YueOHas 1eATelbHOCTh CTYJCHTa HOCUT B TaKUX YCIIOBHUSX, KaK MPaBUIIO,
PEeNpOIYyKTUBHBIN XapakTep.
@DopMbl yUeOHBIX 3aHATHI € HCTOJIb30BAHHEM TPAAUINOHHBIX TEXHOJIOT U :
NubopmanmonHas JEKIUsS — TOCISIOBATEIbHOS H3JIOKCHHE MaTepuaia B JTUCIUTUITMHAPHOU
JIOTUKE, OCYIIECTBISIEMOE  MPEUMYILIECTBEHHO  BepOaJbHBIMU  CPEICTBAaMU  (MOHOJIOT
npenoaaBaTens).
CemuHap — Oecena mpemojaBaTelis U CTYIEHTOB, OOCYXXICHHE 3apaHee MOJITOTOBICHHBIX
COOOIIECHUN 10 KaXJOMYy BOIPOCY IUIaHA 3aHATUS C E€OUHBIM JUIsl BCEX IEepeYHEM
pPEKOMEHIyeMOl 003aTeNbHON U JOMOHUTEIBHON JIUTEPATY PHI.
[IpakTrueckoe 3aHsATHE, TOCBSMICHHOE OCBOCHHMIO KOHKPETHBIX YMEHHUW U HAaBBIKOB IO
MPEJIOKEHHOMY allTOPUTMY .
2. UHTepakTHMBHBbIE TEeXHOJOTHMM — OpraHu3aius o00pa3oBaTEeIBHOIO IMpoIecca, KOTopas
mpenonaraeT akTUBHOE M HENMHEWHOE B3aUMOJICHCTBUE BCEX YYaCTHHMKOB, JOCTHKCHHE Ha
9TOW OCHOBE JIMYHOCTHO 3HAYMMOTO JIJIsl HUX 00pa30BaTeIbHOTO PE3yIbTaTa.
@opMbl Y4eOHBIX 3aHATHH € HMCHOJbL30BAHNEM CHENHAJIU3UPOBAHHBIX HHTEPAKTHBHBIX
TEXHOJIOTHii:
neknusi-0ecena, JeKIU-TUCKYCCUs, JTEKIHUS-TIPECCKOH(EPECHITHS.
CEMUHAp-AUCKYCCUS — KOJUIEKTUBHOE 00CYKIEHUE KaKOro-1i00 CIIOPHOTO BOMPOCA, MPOOIEMBI,
BBISIBICHUE MHEHHU B TPyMIE (MEXTPYIIIOBON JUAJIOT, TUCKYCCHS KaK CIIOP-IHaJIor).
3. NUH¢opMalluOHHO-KOMMYHHKAIIMOHHBbIEe 00pa3oBaTe/bHbIe TE€XHOJOTHM — OpraHu3aius
00pa3oBaTeNbHOTO  Tpollecca, OCHOBAaHHAasg HA  NMPUMEHEHUH  CHCIHATM3UPOBAHHBIX
MPOTPaMMHBIX CPeJl M TEXHUYECKHUX CPEICTB padOTHI ¢ HH(OPMALIHEH.
®opMbl  yu4eOHBIX 3aHATHH C  HCHOJb30BaHUEM HWH(OOPMAIMOHHO-KOMMYHHKAITMOHHBIX
TEXHOJIOTHI:
Jlexumsi-Bu3yanu3anus — U3JI0KCHUE COJIEPIKaHMS COTMPOBOXKIACTCS MPE3CHTAIUEH.

6. YueOHO-MeTOANYeCKOE o0ecnedeHHe CAaMOCTOATEIbLHOH padoThl 00y4arommuxcst




[lo mucummuinae  «XuMUS»  OPEAyCMOTpPEHA  ayJuTOpHas W BHEAyJIUTOpHAs
camMocTosITeNbHas paboTa 00yYaronuXxcs.
AynuTopHas camMoCTOsiITelbHAs pabdoTa CTYACHTOB MPEIOJaraeT BHIITOJHEHUE Pa3IMYHBIX
3a/laHuil ¥ TPEHUHTOB.
IInanbl ceMUHAPCKUX 3aHATHIA

1. PeaknimonHasi CiocOOHOCTH BellleCTB

1.1 Xumus u [lepuoauueckas cucrema snementos /[.M. Menneneesa

1.2 Ctpoenue BemiecTBa

1.3 Krnaccel HEOpraHHMYECKUX COSTUHEHUN

1.4 KHCIOTHO-OCHOBHBIE U OKHUCIHUTEILHO-BOCCTAHOBUTEILHBIE CBOMCTBA BEILIECTB

1.5 Xumunueckas CBI3b

1.6 KommiemeHTapHOCTb.
2. XuMu4eckasi TepMOJIMHAMMKA U KHHETHKA

2.1 DHepreTHka XUMHYECKUX MTPOLIECCOB

2.2 Xumudeckoe u (PU3MUECKOe PAaBHOBECHE

2.3 CKOpOCTh XUMHUYECKOM PEAKIIUU U CIIOCOOBI €€ peryIupoBaHus

2.4 KonebarenpHble peakuu
3. XumMnuyeckue CHCTEMbI

3.1 PactBOpbI

3.2 JlucniepcHbIE CUCTEMBI

3.3 DAEKTPOXUMHUUYECKHE CUCTEMBI

3.4 Karanuzatopbl U KaTATMTUYECKUE PEAKIINU

3.5 [lonumepsl U oTUroMepsl
4. XumMnueckasi uaeHTU(pUKANNSs

4.1 AHanUTHYECKUI CHTHA

4.2 KayecTBeHHBIM U KOJWYECTBEHHBIN aHAIN3

4.3 Xumnueckue, GU3NKO-XUMHUECKHUE U (U3NIECKUE METO b aHAIH3A.

a) Meronnyeckue peKOMEHAAMH I TIOATOTOBKY K CEMUHAPY

[Ipu n3yyenun kypca «XuMHsD» CTYAEHTY HAJ0 UCXOAUTh U3 TOTO, YTO MOJIOBUHA OTBOJUMOIO
y4eOHBIMH TUTAaHAMHU BPEMEHH TPATUTCSA HAa CAaMOCTOSITEIbHYIO pabOTy — MOJATOTOBKY K
CceMHUHapaM, JJabopaTopHBIM paboTam, 3a4ETy.

. Jlns onTUManbHOM opraHu3anyy paboThl COBETYEM 3aHMMATHCS U3y4YaeMOl TUCIMIIMHOMN 3-4
yaca B Hezeno. OaHOM U3 BaXXHBIX (DOPM CaMOCTOATEITLHON paOOThI SBIISIFOTCS CEMUHAPCKUE
3aHSTHS.

CemMuHapckoe 3aHITHE — KOJUIEKTUBHOE 00CYKIEHHE CTYIEHTaMU 0] pyKOBOJICTBOM
npernojaBaTens Hanbosee KPYIHBIX MpodiieM u3ydaeMoro Kypca. Llens ceMuHapckux 3aHATUI
— yriyOuTh 1 0000IIUTH 3HAHUS, TOyUYEHHBIE Ha JIEKIUAX U B TPOIIECCE CaMOCTOSATEIbHON
paboThI.

Hauate paboTty cienyeT ¢ u3ydeHus rjaaHa CEMUHAPCKOTO 3aHATHI, 03HAKOMJICHHSI CO CITUCKOM
autepaTypsl. [Ipy oAroTOBKE K CEMUHAPCKUM 3aHATHUAM CIIELYET IPOYUTATH U KPATKO
3aKOHCIEKTUPOBATh PEKOMEHOBAHHYIO IO TeMe JuTepaTypy. KoHcnekt — 31o kpaTkoe
U3JI0’KCHNE OCHOBHBIX TOJIOKEHUIH CBOMMH c0BaMu. PaboTa 1o KOHCIIEKTHPOBAHUIO TOMOTAET
B YCBOEHUU MaTepuana.

Crnenyromuii 3Tan paboThl — YTEHHE KOHCIIEKTA JICKIIHA U PEKOMEHIOBAaHHON K 3aHATHUIO
autepaTypbl. KoHCIIEKT JeK1uii JaéT BO3MOXKHOCTh COCTaBUThH 0011ee MpeCcTaBlieHne 00
OCHOBHBIX BOIIPOCAaX TEMBI.

Ha cemuHapckux 3aHATHSX, B OOJIBIINHCTBE CIIy4aeB, CTYACHTHI BHICTYIAIOT IO JKEITaHUIO, HO
IpernoaBaTesb MOXKET CIIPOCUTh MHEHHE JIF000T0 10 00Ccyk1aeMbIM BoripocaMm. HaunHathb
BBICTYIUICHHE HAJ0 C YETKON (OpMYyIHMPOBKH MPOOIEMbI, KOTOPYIO MPEACTOUT PACKPBITh. 3aTeM
U3JI0KUTH CBOIO TOUKY 3PEHHUS HA pacCMaTpUBAEMBbIN BOIIPOC, apTyMEHTUPYSI €€, IOJKPEILIAS
COOTBETCTBYIOIIUM (haKTHUECKUM MaTepuaaoM. B 3akimroueHnn AenaroTcs BHIBOIBI.



PexomMeHyeTcs rOBOPUTH MTPOCTHIM, SICHBIM SI3bIKOM, KOHKPETHO I10 BONpOCY, a He "BooO1e",
cBOMMHU ciioBaMu. KoHe4HO, BBICTyMast HA CEMUHApEe MOXHO MOJIb30BaThCsl KOHCIIEKTAMHU, HO

370yNOTPEOIIATH 3TUM HE CIIEYET.
3HaYMUTENbHYIO IOMOLIb ITPH MOJTOTOBKE K 3aHATHUSAM CTYyIEHTaM OKa)KeT riioccapuil (cioBapb

TEPMUHOB), KOTOPBIN Ja&Tcs B andaBuTHOM mopsiike. CTyIEHT JOIKEH BBIOpaTh HEOOXOAMMEbIE
B OCBOCHMHU TEMbI HayUHbI€ MIOHATHS U 3ayYUTh UX JUIS TOTO, YTOOBI UCIOJIB30BaTh B PACKPBITUN
JTAHHOM MPOOJIEMATHKH.

Tembl 1a00paTOpHBIX padoT

1. OcHOBHBIE KJIaCChl HEOPTAHUYECKUX COCAMHEHUN
2. CKOpOCTh XUMHUUYECKHUX PEaKIIU
3. XuMu4eckoe paBHOBECHE

4. OnpeneneHre KOHLEHTPALUNA pacTBOPOB
5. I'mpponus

6. [IpousBeneHne pacTBOPUMOCTH

7. OKMCIIUTEIBHO-BOCCTAHOBUTEIBHEIC peaknuuu

7. OnleHOYHbIE cpeacrea AJisl MpoBeACHUSA l'lpOMC)KyTO‘-IHOﬁ aTrTreCTalmum

a) [Inanupyemble pe3ynbTaTbl 00y4eHHUS M OLICHOUHBIE CPEACTBA AJIS IPOBEICHUS
IPOMEXKYTOUYHOM aTTEeCTaIMH.

CTpyKTypHBIH
3JIEMEHT
KOMIIeTEeHIIHN

[Tnanupyemble pe3yIbTaThl
00y4eHust

OLleHOYHBIE CPE/ICTBA

OIIK-2 cnoco0HOCTHIO MPUMEHATH COOTBETCTBYIOIUI PU3MKO-XUMHUYECKUH anmnapar,
METO/IbI AHAJIN32 U MO/JIeJTUPOBAHNS, TEOPETHYECKOT0 U IKCIEPUMEHTAIbHOTO
HCCJIeJOBAHNS NIPH pellleHUH NpodeccuoHaIbHbIX 3a/1a4

3HaTh

- OCHOBHBbIE OIPE/ICIICHUS U TIOHATHS
XMMHYECKUX 3aKOHOB,

- CTpOCHHE aToMa,

- XHMHYECKUE 3JIEMEHTHI U UX
COeIMHEHHs] XMMHYECKHE CBOMCTBA U
B3aHMOCBS3b XUMUYECKUX BEIIECTB

- o0mIue 3aKOHOMEPHOCTH
MPOTEKAHUs] XUMHUUYECKHX PEaKIMii;
MPUPOLY XUMHIECKHX PeaKIui,
HCTIONB3YEMBIX B METAJLTypPrHIECKUX
MIPOU3BOJICTBAX

- MIPUMEHATh XUMHYECKUe
3HaHUS B IPO(ECCUOHAIBHON
JeATEIBbHOCTH,

- HCIIONB30BATh UX HA
MEXJHCIUIUINHAPHOM YPOBHE

BO]'[pOCI)I JUJIS1 IOATOTOBKH K DK3aMEHY IO JUCHUIIIIMHE

1. TIpeamer u 3a1aun XuMHUU. 3HAUCHUE XUMHUH.

2. Crpoenne atoma. Moznemu atroma (Mopo3osa,
Pesepdopna, bopa). Teopus bopa. Ypasuenue [Tnanka. [Tpuniun
HeonpenenénHoctu [ eiizenbepra. Boianosas GyHkuus. YpaBHeHue
IlIpenunrepa.

3. KBaHTOBO — MeXaHWYECKHE MPEACTABICHHUS O CTPOCHUH
atoma. KanToBble uncia u ux GU3M4ECKU CMBICI.
4. Pacnpenenenne >IeKTPOHOB MHOTOJJIEKTPOHHOM aTOME.

Hpunuun [Maynu. [pasuno 'ynaa. [opsiaok 3anoaHeHus
9JIEKTPOHHBIX MOYPOBHEH.

5. Ilepnonnueckuii 3akon u Ilepronuueckas cucrema
J.U.Menneneesa. s-, p-, d-, f- snementsl. [lepruoguaHocTs
M3MEHEHHsI CBOWCTB JIEMEHTOB: OTHOCHUTENIbHAS
3JIEKTPOOTPHUIIATEIIBHOCTb, IIOTEHIINAT HOHU3ALUH, CPOJICTBO K
3JIEKTPOHY, PAZANYC aTOMa, BOCCTAHOBUTEIbHAS U OKUCIUTEIbHAS
CHOCOOHOCTH 3JIEMEHTOB.

6. Kosanentnas cBsizb. CBONCTBAa KOBAJICHTHOW CBSI3H:
MPOYHOCTH MOJSPHOCTh, HACBIIAEMOCTb, HAMIPABJICHHOCTD,
ruOpUIU3anus, KPaTHOCTb.

7. OOMEHHBII U TOHOPHO-aKIENTOPHBIA MEXaHU3M
00pa30BaHKs KOBAJICHTHOH CBS3H.

8. y-, p-, JI- CBSI3b.

9. Metons! MOeKyIsIpHEIX opoutaneii (MMO) u

BasieHTHbIX cBsizeil (MBC). CpaBHuTenbHas xapakrepuctuka MMO u
MBC.

10. Wonnas cBsi3b U e€ CBOICTBA.

11. BonopoHas cBsi3b 1 MEKMOJIEKYIISIPHBIE B3aUMOJICHCTBHUS
(MHIYKIIMOHHOE, TUCTIEPCUOHHOE, OPUEHTAIIMOHHOR).

12. KoMIIIekcHbIe COeIMHEHUS: CTPOCHHE, XapaKTep CBS3H,
nuccoranys. Kiaccndukanys KOMIUIEKCHBIX COSIMHEHHMI.

13. XumHdeckast TepMOANHAMUKA. BHYTpeHHSS dHEprus.
IlepBblil 3aKOH TEPMOJMHAMUKHY.

14. OHranbnus 0Opa3oBaHMs BemecTsa. 3akoH ['ecca u ero
MIPUMCHECHHE.

15. DHTponHs Kak Mepa TepMOJHHAMHIECKOH He0OpaTUMOCTH

rporecca. Bropoii 3akoH TepMOIMHAMUKH.




CTpyKTypHBIH
JJIEMEHT
KOMIIETEHIIU

[Tnanupyemble pe3yabTaThl
00y4eHUst

OHCHO‘IHLIG cpeacraa

16. CBoboauas sneprust ' no66ca. Camonpon3BOIEHOCTE
MIPOTEKAHUSI PEAKIHIA.
17. XuMuyecKass KHHETHKA. 3aKOH JICHCTBYIOIIMX Mace
TOMOTEHHBIX H T€TePOTeHHBIX cucTeM. CKOpPOCTh IPsSIMOil H 00paTHOI
peakuuii. KoncTanTa ckopocTu Xumuieckoit peakiuu. [opsaok u
MOJIEKYJIIPHOCTD PEaKIMH.
18. Bnusaue TemnepaTypsl Ha CKOPOCTh XUMUYECKOM
peaxuuu. [IpaBuno Baut-I'odda. Dueprust axruaunu. YpaBHeHHE
Appenuyca.
19. T'omorenHsIii u rereporenHslil katanus. KatanusaTtops! u
HMHTHOUTOPBI.
20. Xumunueckoe paBHoBecue. CMeleHre XUMUYECKOro
PaBHOBECHS IPH H3MCHEHUH YCIOBHUII IPOTEKAHHS XUMHIECKUX
npoueccos. [Ipunuun Jle-Illarense.
21. PactBopbl. CBOICTBA PacTBOPOB.
22. Crnoco0b! BeIpa)KeHHs! KOHIIEHTPAIUH PacTBOPOB
(mpoLeHTHas1, MOJISIpHAsI, HOPMaJIbHasl, MOJISUIbHAS, THTP).
23. 3akonbl Payist. OcMoc. DOYIHOCKOIHS U KPHOCKOIIHSL.
24. PacTBOpHI HIIEKTPOIUTOB. DIIEKTPOIUTHICCKAS
nuccoruanys. Crenens auccoruanny. KoHcTaHTa JUCCOLMAINHL.
25. HonHoe npousBeieHne Boibl. Bogopo Hblii nokasareib
(.pH) pactBOpOB.
26. T'uaponus coneii. Koncranra runponusa.
27. IIpousBeneHue pacTBOPUMOCTH.
28. JucnepcHbie cuctemsl. Konnonaaeie pacTBOPhI, CBOWCTBA.
20. Crtpoenne MUIEIUIbI KOJUI0M10B ONITHUECKHE U
3JIEKTPUUYECKUE CBOMCTBA.
30. OxucnuTenbHO-BoccTaHOBHUTENbHBIE peakuun (OBP).
MoHHO-311eKTpOHHBIN MeTo/1 ypaBHUBaHUs OBP.
TepmonuHaMHu4ecKas BEposITHOCTh npoTekanus OBP.
31. DnekTpoaHbli noTeHnuan. CTaHaapTHBIA 3JIEKTPOTHbIH
noteHnuan. Bogopoausiii noteHnuan. YpasHenue HepHera.
32. TanpBaHMYECKUI 3JIEMEHT: YCTPONUCTBA, TPOLECCHI.
MIPOTEKAIOIUe Ha KaToJe H aHOJE.
33. DJ1C u sneprus ' n60ca rajibBaHUYECKOT0 JIEMEHTA.
34. Dnekrponus. 3akoHbl Papajes. DIEKTPOXUMUUECKUN
9KBHBAJEHT. BpIxox mo Toky.
35. DJIeKTPOIIN3 PacIlIaBOB U PACTBOPOB HAa PACTBOPUMBIX U
HEepacTBOPUMBIX 2J1eKTpoax. [locieoBaTeIbHOCTS paspsiia HOHOB
IIPH DIEKTPOIIH3E HA AaHOJE H KaTOJe.

36. Ionspuzanus, e€ npuunnel. [lepeHanpspkenue.

YmMmerb

- IPOTHO3HPOBATh U
ONpeAessITh CBONCTBA COEAMHEHUN 1
HaINpaBJIeHHs XUMUYECKHX peaKLuii;

-HCII0/IB30BaTh CIIPABOYHYIO
JIUTEPATyPy UL BBIIOIHEHUS
pacuero

=0CYILECTBIATh KOPPEKTHOE
MaTeMaTH4YecKoe OMHUCAHue
XMMHUYECKUX SBJICHUI
TEXHOJIOTHYECKUX ITPOLIECCOB..

TIpumepsl 3anau

3amaya Nel
Jnsa peakuuu CH4 (r.) + CO2(r.) = 2CO(r.)+ 2H2(r.)
OIpe/ieNIuTe BO3MOXKHOE HAIIPaBJICHHE CAaMOIPOU3BOJIBHOIO TEYEHUsS PEaKIHH
MU CTAHJAPTHBIX YCIOBUAX M mpu Temmeparype T = 927 0C, eciu TemioBoi
3¢ deKT peaknuu 10 3aJaHHOU TeMIIEpaTyphl He H3MEHHUTCSL.
VKakuTe: a) BBIICIACTCS WM MOTIIOIIAETCS YHEPTHs B XOJIe PEaKIHH;

0) NpUYMHY HAalICHHOTO U3MEHEHHUS SHTPOIIHH.
PaccunraiiTe TeMIepaTypy Hadaua peaxiuu

3amaya Ne2

Peakmus mpoTekaeT MO ypaBHEHHIO: 02 (r)+2 CO (r.) = 2 CO2 ().
HavanpHble KOHIEHTpALUK pearupyronux Beriects pasusl: [O2] = 1,2 mMons/m,
[CO] = 0,8 mounb/m.

Bo ckombKko pa3 H3MEHHTCS CKOPOCTb NPSAMOH pPEaKIMH, KOTAa Ipopearnpyer
30% CO?

Bo ckosbko pa3 M3MEHATCS CKOPOCTHM NPUMOW M OOpaTHOil peakuuu, eciu
YBEJIMYHTE aBICHHE B CUCTEME B 1IBa pa3a?

3amaya Ne3
B xaxoM ob6beme Boibl cieayer pactBoputh 1357 SnCl2 mms momywenus 3M
pactBopa xsopuza onosa (II) ¢ moraocTh0 p= 1,405 1/™M11?
Paccunraiire:

a) MaccoBYIO JIOJIIO BEIIECTBA B PACTBOPE;

6) MOJIIPHYIO KOHIIEHTPALHIO YKBUBAJICHTA;

B) MOJISUTLHOCTD;

T) TUTP;

) MOJNBHYIO JONIO BemecTsa B pacTtBope. llonbepure
KO3()(DUIMEHTHl B YPaBHEHMSAX OKHMCIUTEIbHO-BOCCTAHOBUTENIBHBIX DPEaKIUil.
VKaxure TUI KaKIO0H peaKiuu.




CTpyKTypHBIH

ITnanupyemsle pe3yIbTaThl

3JIEMEHT oByucHHA OLEHOYHBIE CPE/ICTBA
KOMITETEHIIUK
3amaua Ne 4
Paccunraiite  JICKTPOABHKYLIYIO — CHIIY U ONpENEeNIUTE HaIpaBICHUE
CaMOMIPOM3BOJIBHOTO MPOTEKAHHS MEPBON PEaKIMH MPU CTAHAAPTHBIX YCIOBHSX,
HCIIOJIb3Ys 3HAYCHHSI OKUCIIHTEIbHO-BOCCTAHOBUTEIILHBIX MOTCHIHAJIOB:
HJ + H3PO4 — J2 + H3PO3 + H20
HNO2 — HNO3 + NO + H20
H[AuCl4] + H202 + NaOH — Au +NaCl + 02 + H20
NH4ReO4 +H2 — Re + NH3 + H20
KBrO — 02 + KBr
Brnagers - CPaBHUTEIHHO HEOOJIBIINM 4. JABOPATOPHASI PABOTA Ne3

YHCJIOM PACUETHBIX M JIOTHUECKUX
AJIrOPUTMOB,

- IpO(heCCHOHAIBHBIM S3BIKOM
B 00JIaCTH XUMHHA

- IPAaKTHYECKUMHU HaBbIKaMU
HCIIONB30BAHHS 2I€MEHTOB XUMUH B
JPYTUX TUCLHUILIHAX,

- OCHOBHBIMH METO/IaMH
peleHus 3a1a4 B 001aCTH XHMHU

- OCHOBHBIMU METOaMH
HCCIIEZIOBaHMS B 001aCTH XUMHH,

-crocobamu
COBEPIICHCTBOBAHUS
pod)ecCHOHANBHBIX 3HAHHH U
YMEHHUH MyTEM HCTIONIb30BaHUs
BO3MOXKHOCTEH HH(OPMAIIHOHHON
CpeJbl..

XMMHNYECKOE PABHOBECHE

LICJ'[I; paﬁOTBIZ U3YUYCHUE BJIUSHUSA KOHLIGHTpaHI/Iﬁ PEarcHTOB U TEMIIEPATYPhI Ha
XUMHUYECKOE paBHOBECHUE.

4.1. OCHOBHBIE TEOPETHUYECKHE MOTO0KEHUS

BoNBIIMHCTBO XMMHYECKHX pEakUUid SBISAOTCA oOpatuMbiMu. OOpaTumble
peaKnuH MOTYT NPOTEKaTh Kak B MPSIMOM, TaK M B OOpAaTHOM HaIpaBJICHHSX.
OG6paTnMBble peaKIU IPOTEKAIOT 10 COCTOSHHS XUMHYECKOTO PABHOBECHSI.
TepMOANHAMUYECKUM YCIOBHEM XMMUYECKOTO PAaBHOBECHS SIBISIETCSI PABEHCTBO
KoHIleHTpamuu  peareHToB, KOTOpHIC YCTaHABIMBAIOTCS B  COCTOSHHHU
XUMHYECKOTO PaBHOBECHS1, Ha3bIBAIOTCSI PABHOBECHBIMU KOHILICHTPAIL[HAMH.

B cOCTOSIHME XMMHYECKOTO PaBHOBECHsS CKOPOCTb INpPSMOIl pEeaKkimud paBHa
CKOPOCTH 00PaTHOW PeaKInH.

PaccMOTpHM 00paTHMYH0 XMMUYECKYIO PEaKIHIO

aA+ bB, < ¢C, +dD,

3anuieM BBIPKEHHUs U1 CKOPOCTEil IPsIMOit M 0OpaTHON peaKiuid:

>

>
rJie vip, voop — CKOPOCTH MPSIMON M 0OPaTHO# peakiuil COOTBETCTBEHHO,

knp, koOp — KOHCTaHTBI CKOPOCTH TpsIMOM ¥ OOpaTHOW peakiuii
COOTBETCTBEHHO,

CA, CB, CC, CD — paBHOBecHbIE KOHLEHTpauuu peareHtoB A, B, C, D
COOTBETCTBEHHO,

a, b, ¢, d — ctexuomerpuueckue K03(OPUIUEHTH B ypaBHEHUH PEaKIHU.

B cocrostHuu paBHOBecus

Vip. = Vogp , TOTHA:

Beipazum
O003HaYKMM , TOTa:

>
rie K¢ — KoHCTaHTa XMMHYECKOTO PaBHOBECHS.

Takum 00pa3oM, KOHCTAaHTa XHMHYECKOTO DAaBHOBECHS paBHAa OTHOIICHUIO
NPOU3BENCHUS  PABHOBECHBIX  KOHIIGHTpaIMi  IPOAYKTOB  pEakIuH K
MPOM3BEACHHIO PABHOBECHBIX KOHILEHTpALMil MCXOIHBIX BEIIECTB, B3SATHIX B
CTETICHSAX UX CTEXHOMETPHYECKUX KO UIIMEHTOB.

KoHcTaHTa XMMHYECKOTO PAaBHOBECHS 3aBHCHT OT IPHPOJABI PEarceHTOB U OT
TEMIIEPaTypBl.

KoHCTaHTa XHMHYECKOTO PAaBHOBECHS HE 3aBHCHUT OT KOHILCHTpAIHil PearcHTOB,
T.K. IPU U3MCHCHHH KOHIIEHTPAllUH OJHOTO U3 PEareHTOB KOHIIEHTpPaIluu
OCTalIbHBIX PEAareHTOB TOXE W3MEHSATCA, HO HX COOTHOLICHHE OCTAaHETCs
MOCTOSIHHBIM, paBHbIM KC.

KoHcTaHTa XMMHYECKOIO DaBHOBECHS HE 3aBHCHT OT KaTalM3aTopa, TaK Kak
KaTaJM3aTop OANHAKOBO YCKOPSET NPAMYIO H O0OPaTHYIO PEaKIUH.

KoHCTaHTa XMMHYECKOrO pPaBHOBECHs CBfi3aHAa CO CTAaHAApTHOH OJHepruei
I'm66ca XMMIYECKOH peaKIMi COOTHOIICHUEM:

>
rae [JGOr — cranpaprHas sHeprust [ nb6ca peakiuu,

R — yHUBepcanbHas ra3oBast IOCTOSIHHAS,

T — remnieparypa.

Ecnu u3MeHsIOTCS. BHENIHHE YCIOBHS, BIMAIONINE HA XMMHYECKOE PaBHOBECHE,
TO XMMHYECKOE PaBHOBECHE HapyIIaeTcs (CMEIaeTcs).

Ecin B pesynbrare CMEINCHUS XHUMHYECKOTO DaBHOBECHS YBEIMYMBAIOTCS
KOHIIEHTPAllUH HPOAYKTOB PEAKIMH, TO TOBOPAT, YTO XUMHUYECKOE PABHOBECHE
cMecTuoch BipaBo. Eciu B pesynbTaTe CMEIICHHS XHMHYECKOTO PaBHOBECHS
YBEJIMUMBAIOTCS ~ KOHLCHTPALMM HCXOMHBIX BEIIECTB, TO TOBOPAT, YTO
XHMHYECKOe PABHOBECHE CMECTHIIOCH BIIEBO.

IIpunun Jle Hlatense.

Ecnm Ha cucTeMy, HaXOJsIIylOCS B COCTOSHMH XMMMYECKOTO paBHOBECH,




CTpyKTypHBIH
JJIEMEHT
KOMIIETEHIIU

[Tnanupyemble pe3yabTaThl
00y4eHUst

OLEHOYHBIE CPE/ICTBA

OKa3bIBACTCsI BHEIIIHEE BO3/CHCTBHE, BIMAIOIIEE HA XUMIYECKOE PABHOBECHE, TO
B CHCTEME IPONCXOIHUT TaKoe CMEIICHHE XHMUYECKOrO paBHOBECHS, B
pe3ysbTaTe KOTOPOro BHEIIHEe BO3JeHCTBHE OCIadiiseTcs.

BuusiHHe KOHIGHTPALHMI PEareHTOB Ha XHMHUYECKOE PABHOBECHE.

Ecin  yBenumuuTh KOHIEHTPAMM HMCXOAHBIX BEIECTB, TO XHMHUYECKOE
paBHOBECHE CMEIIAEeTCs B CTOPOHY MX YMEHBILICHHS, T.€. B CTOPOHY INpSAMOii
peakIyH, T.e. BIpaBo. ECiM yMEHBIINTS KOHIEHTPALMH HCXOJHBIX BEIIECTB, TO
XHMHYECKOE PAaBHOBECHE CMEIAeTCsl B CTOPOHY X YBEJIMYEHHS, T.€. B CTOPOHY
0o0paTHOi peakiuH, T.e. BICBO.

Ecnu  yBenuMuuTh KOHLEHTPALMM INPOAYKTOB PEAaKUHH, TO XHMHYECKOE
paBHOBECHE CMEIIAETCS B CTOPOHY MX yMEHBIIECHHS, T.€. B CTOPOHY OOpaTHOM
peakiy, T.e. BIeBO. EciiM yMEHBIINTh KOHIEHTPALMH NPOAYKTOB PEAKIHH, TO
XUMHYECKOE PABHOBECHE CMEIIACTCSI B CTOPOHY MX YBEIHYCHUS, T.C. B CTOPOHY
NPSIMOH PEaKI¥H, T.e. BIPaBO.

BnusiHue TemnepaTypbl Ha XHMHYECKOE PABHOBECHE.

ITpy noBBIIEHNN TEMIIEPATYPBl XUMUYECKOE PABHOBECHE CMEIACTCS B CTOPOHY
ee MOHIKEHNUS, T.€. B CTOPOHY PEaKUUH, HIYIHX C IOTJIOMEHNEM TeIUIOTH, T.e.
B CTOpPOHY 3H0TepMHuyeckux peakuuit ([/Hr [ 0).

Ipy mOHIKEHUH TeMIepaTyphl XUMUUECKOS PAaBHOBECHE CMEIIAeTCsl B CTOPOHY
ee MOBBILIEHHS, T.€. B CTOPOHY PEaKINi, HAYIINX C BBIACICHHEM TEIUIOTH, T.€. B
CTOPOHY 3K30TepMuuecKkux peakuui ([/Hr [ 0).

BrusiHue naBiaeHus Ha XUMHYECKOE PaBHOBECHE.

JlaBneHue BIMsEeT HA XMMHYECKOE PaBHOBECHE OOPATHMBIX PEaKIVH, HIYIIUX C
M3MCHEHMEM KOJIMYECTBA BEILIECTBA Tra3000pa3HbIX peareHToB. Ecimu ke B
o0OpaTHUMOll peakIMU KOJNMYECTBO BEIIECTBA Ia3000pa3HBIX pPEareHTOB HE
H3MEHSETCs], TO IaBJIeHHE He BIHSET Ha XUMUYECKOe PABHOBECHE.

I1py MOBBILIEHNN JABICHHUS XUMHYECKOE PABHOBECHE CMEIACTCs B CTOPOHY €ro
MOHIDKCHUS, T.€. B CTOPOHY PEaKLHi, MAYIMX C YMCHBIICHHEM KOIHYECTBa
BEIIECTBA Ia3000pa3HBIX PEareHTOB.

Ipy NOHWKEHHN JABICHHS XUMHYECKOS PABHOBECHE CMEILACTCS B CTOPOHY €ro
MOBBIIICHNS, T.€. B CTOPOHY PEaKiHil, MAYIMX C yBEIMYCHHEM KOJIHYECTBA
BEIIIECTBA Ia3000pa3HBIX PEareHTOB.

4.2. Tlops /10K BBIOJHEHUS 1a00paTOPHOI paboTh

O06opynoBaHUE M PEAKTHUBBI: XMMHUUYECKHUE CTAKaHbl; MUKPOIINATEIb; TPOOUPKH;
9NIEKTPOIUIUTKA; aleTaT HaTpusi; pacTBOpbl: HuTpaTa sxenesa (III), pomanuma
KaJlvisl, HUTpara KaJlus; HHIUKAaTophl: GeHondTanens.

4.2.1. BiusiHuE KOHIICHTpAlLUil peareHTOB Ha XUMUYECKOEe PABHOBECHE

B xumunueckuil cTakaH Hajeite mo 6-7 miu pacTBopoB Hutpata skenesa (III) u
pomanuma kamus. [1osBIsieTCS XapaKTepHOE KPAacHOE OKpAIIMBAHHE PacTBOpa,
00ycioBleHHOE 00pa3oBaHueM pojanuaa xenesa (111):

Ilo W3MEHEHHIO MHTCHCHBHOCTH KpPAacHOTO OKpAIIMBAHUS PACTBOPA MOXKHO
CYAUTH O CMELICHHH XUMHUYECKOro paBHOBecHs. Eciu B pe3ynbTaTe CMeEIICHUS
XMMHYECKOTO DPaBHOBECHs KpPacHOEe OKpallMBaHHE pacTBOpa YyCHJIMBaeTcH,
3HAYNUT, XUMHYECKOE paBHOBECHE cMemaercs BrpaBo. Eciu ke B pesyibraTe
CMEIICHUS XHMHYECKOTO pAaBHOBECHS KpacHOE OKpallMBaHWE pacTBOpa
ocnabeBaeT, 3HaYUT, XUMUYECKOE PABHOBECUE CMEIAETCsI BIIEBO.

Pazneiite nomy4yeHHslii pactBop B 4 nmpobupku. Jlo6aBbTe B mepByro MpoOupKy 1
M1 pacTBopa HuTpaTa xene3a (III), Bo Bropyo mpobupky — 1 i pactBopa
polaHuIa Kanus, B TPEeThbi0 MpoOMpKY — 1 Mi pacTBopa HMTpara Kanusi. B
YEeTBEPTYIO MPOOHPKY 100aBbTe | MIT TUCTHIITMPOBAHHOMN BOJIBI.

OTMeTbTe H3MEHEHHE HHTEHCHBHOCTH KPAacHOTO OKPAIIUBAHHS DPAcTBOPOB B
npoOupkax. Pe3ynbTaThl ONBITOB NPEICTABbTE B BUAE TAOIMIBI:

N3menenue Hanpasnenue
JloGaBieHo MHTCHCUBHOCTH | CMEIICHHS

Ne BEIIIECTBO KpacHoOro XHUMHYECKOTO
OKpalIHBaHHs paBHOBeCHs
pacTBopa

1. Fe(NO3)3

2. KCNS

3. KNO3

CnenaiiTe BBIBOJ O BIMSHMM KOHIEHTPAlMd PEareHTOB Ha XHMHYECKOE
paBHOBECHE.

4.2.2. BiiusiHue TeMIepaTypbl HA XAMUYECKOE PABHOBECHE

Haceinbre HEOOJBIIOE  KOJMYECTBO KPUCTAJUIMYECKOI0 aleTrarta HaTpus B
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ITnanupyemsle pe3yIbTaThl

OrneHoYHBIE Cpe/cTBa
o0yueHus i pen

TEPMOCTOMKHI XUMHYECKUH cTakaH. J[00aBbTe HECKOIBKO Kalelih CIIHPTOBOTO
pactBopa (enondranensa. Harpeiite crakaH Ha asnekrtporumtke. [TosBisiercs
XapaKTepHOe MaJHHOBOE OKpaluuBanue (eHoidTanenHa, 00yCIOBICHHOE
00pa30BaHNEM THIPOKCHAA HATPHS:

ITo w3MeHeHMIO OKpauMBaHUs (eHon(TaserHa MOXKHO CYIUTh O CMEIICHHH
XHMHYECKOTO paBHOBecHs. Eciam B pe3ynbraTe CMEIICHHS XHMUYECKOTO
paBHOBECHs IOSIBISIETCS MaJIMHOBOE OKpallMBaHWe (eHOoN(pTalenHa, 3HAYWT,
XMMHYECKOEe pPaBHOBECHE CMeIlaeTcst BIpaBo. Eciu sxe B pe3ynbrate CMeleHHUs
XHMHYECKOTO PaBHOBECHS MAIIMHOBOE OKpallMBaHHEe (QeHON(TaNeHHa HCUe3aeT,
3HAYHUT, XMMUYECKOE PABHOBECHE CMEILAETCS BIIEBO.

VY6epute crakaH ¢ NEKTPOIUTUTKH. MajnHOBOe OKpauBanue (eHondraienna
HCYe3aeT.

Pe3ysbTaThl ONBITOB NPECTABLTE B BUAE TAOIHIIBL:

Ne | H3meHenue OxpamuBaHue Hanpasnenne cmenieHus
TEMIIEPaTyphbl ¢denongranenHa XHMM.paBHOBECHSI

CrenaiiTe BBIBOJ O BIUSTHUU TEMIIEPATYPhl HA XMMHUECKOE PAaBHOBECHE.
4.3. KoHTpoIbHBIE BOIIPOCH

OOpaTiMble XMMHUUYECKUE PEAKIUH.

XuMHUUECKoe paBHOBECHE.

TepMoHAMIYECKOE YCIOBHE XMMHIECKOTO PABHOBECHSL.

KoHcTaHnTa XMMHYECKOTO PaBHOBECHSL.

CBs3b KOHCTaHTBl XHMHYECKOTO pAaBHOBECHS CO CTaHOApTHOU
Heprueil | mo6ca XMMHYIeCKOl peakinm.

[punnun Jle Hlarense.

BnusiHue KOHIEHTpalUi peareHTOB Ha XUMUYECKOEe PaBHOBECHE.
BimsiHue TemmepaTypsl Ha XUMHYECKOE PaBHOBECHE.

BiusiHue naBieHusl Ha XMMHYECKOe paBHOBECHE.

WRXNAG NA WD

0) [lopsox npoBeaeHMs MPOMEKYTOUHON aTTeCTAllMK, I0KAa3aTeu U KPUTEPUH OLICHUBAHUS.
[IpomerxyTouHas aTTecTanys 10 AUCUUIUIMHE «XUMHSD» BKIIIOUAET TEOPETUYECKUE BOIIPOCHI,
MO3BOJIAIOIINE OLIEHUTh YPOBEHb YCBOCHHS 00YUaIOUIMMUCS 3HAHUM, BBIIBUTH CTETICHb
c(OpPMHUPOBAHHOCTU YMEHHH U BIIaJIeHUH, BHIIOJIHEHNE JJAOOPATOPHBIX padOT U MPOBOAMUTCS B
¢dopme 3auera. Iy ycrnemHON cjauu 3a4eTa CTYJIEHT J0JKEH Ka4eCTBEHHO MOJArOTOBUTHCS K
CEMUHApPCKUM 3aHATHSIM, & HA CEMMHApPE, B XOJI€ 3aHATUHN IPOJAEMOHCTPUPOBATH CBOU 3HAHUS.
CryneHTbl, He TOKa3aBIINE 3HAHUI Ha CEMUHAPCKUX 3aHATUSAX MOTYT ObITh HE JIOMYIIECHBI 10
3a4eTa M JOJDKHBI OTUUTATHCS] B MHIMBUY AJIbHOM ITOPSIIKE.

[Toka3zaTenyu u KpUTEPUH OLICHUBAHMUSI 3a4eTa:

1. OneHka «3a4Te€HOY» BBICTABIISICTCS CTYACHTY, KOTOPBIN

- POYHO YCBOWJI MPEIyCMOTPEHHBIN MPOrpaMMHBINA MaTepHa,

- IIPaBUJILHO, APT'YMEHTHPOBAHO OTBETHII Ha BCE BOIIPOCHI, C IPUBEICHUEM IIPUMEPOB;

- TOKa3aJI TITy0OKHe CUCTEeMaTU3UPOBAHHBIC 3HAHUS, BIIAJICET IPUEMAMHU PACCYKICHUS U
COITOCTABJISICT MAaTEPHAJ U3 PA3HBIX HCTOYHUKOB: TEOPHIO CBS3BIBACT C TIPAKTHKOU, IPYyTUMHU
TEMaMH JaHHOTO Kypca, IPYTHX H3y4aeMbIX MPEAMETOB

- 6e3 omHOOK BBHITIOIHHII MPAKTHYECKOE 33 JaHHeE.

JIOTIOJTHUTEIBHBIM YCIIOBHEM TOJTYUYCHHS OIICHKU «3aYTEHO» MOTYT CTAaTh XOPOILHUE YCIIEXH MPH
BBITIOJTHCHUHU MPAKTHYCCKUX U KOHTPOJBbHBIX pa60T, CUCTEMATU4YCCKasl aKTUBHas1 pa60Ta Ha
3aHATHUSIX.

2. O1neHKa «HE 3a4TEHOY» BBICTABIISIETCA CTYACHTY, KOTOpPbIN He cripaBuiics ¢ 50 %
BOIMPOCOB M 33J]JaHHI, B OTBETAaX HA BOMPOCHI JIOMYCTHII CYIIECTBeHHBIC OOk, He MokeT
OTBETHUTH Ha JIONIOJHUTEIIBHBIC BOIIPOCHI, MIPETIOKEHHBIC TTpernoaaBaTesieM. LlemocTHoro
NPEJICTAaBIICHUS O B3aMMOCBSI35X, KOMIIOHCHTaX JUCIUIUIMHBI y CTYJICHTA HET




3amaun ¥ TECTHI ISl CAMOCTOSATENBHOM paboThl CTYIEHTOB cM. B [IpuinoskeHun.

8 YueOHO-MeTOAUYECKOEe ¥V HUH(POPMAIMOHHOE oO0ecrneuyeHne TUCITUILIHHBI
(moyJis)

a) OcHoBHas JquTEpaTypa:
1. Obmas m Heopranuveckas Xxumusi: yaeoHoe mocooue: B 2 Tomax / E. B. CaBunkuna, B. A.
Muxaiinos, FO. M. Kucenés [u ap.]. — Mocksa: JlaGopaTopus 3nanui, [0. r.]. — Tom 1:
3axonbl ¥ koHuenuuu — 2018. — 494 c. — ISBN 978-5-00101-602-1. — TexkcT:
ANIeKTpOHHBIH // JlaHb: snekTpoHHO-O0ubInoTeynas cucrema. — URL:
https://e.lanbook.com/book/107884 (mata obpamenus: 26.09.2020). — Pexwum qocryma: amst
aBTOPU3. TIOJIH30BATENCH.

0) lonosiHuTeIbLHAS JINTEPATypa:

1. Amnanmutudeckas XuMus. TUTpUMETpUYECKHE U TPABUMETPUUYECKUE METOIbI
aHaym3a: ydeOHoe mocobme / U. A. Bapnamosa, H. JI. Kamyruna, JI. I'. Komsna [u np.];
MI'TY. - Maraurtoropck: MI'TY, 2016. - 1 sanektpon. ont. auck (CD-ROM). - 3ari. ¢ Tuty.
JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload ?name=2564.pdf&show=dcatalogues/1/11
30366/2564.pdf&view=true (mata oOpamenus: 14.05.2020). - Makpooobekr. - TekcT:
3JIEKTPOHHBIN. - CBelleHHs JOCTYNHBI Takxke Ha CD-ROM.

2. Konsapna, JI. I'. Xumus: yuebnoe nmocobue / JI. I'. Konsima, JI. I'. Tapaciok; MI'TY. -
Marnautoropck: MI'TVY, 2015. - 1 anektpos. ont. auck (CD-ROM). - 3arn. ¢ TUTyJ1. SKpaHa. -
URL:
https://magtu.informsystema.ru/uploader/fileUpload7name=21.pdf&show=dcatalogues/1/1123
821/21.pdf&view=true (mara obpamenus: 14.05.2020). - MakpooObekT. - Tekcrt:
3JIEKTPOHHBIN. - CBelleHHs JOCTYNHBI Takxke Ha CD-ROM.

3. KpsioBa, C. A. Ananutuueckas xumus. KoinuecTBeHHbIE METOJIbI XUMUYECKOTO
ananm3a: yaeoHnoe nmocooue / C. A. Kpsinora, 3. . Koctuna, 1. B. [Tonypko ; MI'TY. - [2-e
u3[., NoAroT. no ned. uza. 2017 r.]. - Marautoropck: MI'TY, 2018. - 1 31eKTpoH. ONT. AUCK
(CD-ROM). - 3ari. v TUTYI. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3472.pdf&show=dcatalogues/1/15
14287/3472.pdf&view=true (mata oOpamenus: 14.05.2020). - MakpooObekr. - TekcT:
JIEKTPOHHBIN. - CBeeHus AoCTyNnHbI Takke Ha CD-ROM.

4. KpoinoBa, C. A. Ananutuyeckass Xxumus. KoauyecTBEHHbIE METO/Ibl XMMUYECKOTO
anammza: yueOHoe mocobue / C. A. KpwuoBa, 3. U. Kocrtuna, . B. Ilonypko; MI'TY. -
MarHutoropck: MI'TY, 2017. - 115 c.: HIL., TaoJI. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2709.pdf&show=dcatalogues/1/11
31778/2709.pdf&view=true (mata oOpamenus: 14.05.2020). - MakpooObekT. - TekcT:
ANEKTPOHHBIN. - FIMeeTCs neyaTHbIl aHAJIOT.

5. Ilonypko, U. B. Ilpuknagnas xumus: yueoHoe mocodue / M. B. Tlonypko, C. A.
Kppuiosa, 3. N. Koctuna; MI'TY. - Marautoropck: MI'TY, 2016. - 1 31eKTpoH. onT. JUCK
(CD-ROM). - 3ari. v TUTYIIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2656.pdf&show=dcatalogues/1/11
31189/2656.pdf&view=true (mata oOpamenus: 14.05.2020). - MakpooObekT. - TekcT:
JIEKTPOHHBIN. - CBeneHus AoCTyNnHbI Takke Ha CD-ROM.

B) Metoauyeckue yKkasaHus:
1. O0mas m HeopraHuyeckass XMUMHS: METOJ. yKa3aHHs M KOHTpos. 3amanus / C. A.
Kpsinonsa, 3. U. Koctuna, E. C. Maxotkuna, . B. [Tonypko ; MI'TY. - Marauroropck: MI'TV,



2011. - 1 »snekrpon. onrt. auck (CD-ROM). - 3arn. ¢ turyn. skxpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1251.pdf&show=dcatalogues/1/1123
429/1251.pdf&view=true (mara oOpamenus: 14.05.2020). - MakpooObekT. - Tekcr:
3JIEKTPOHHBIN. - CBeleHHsI 10CTynHbI Takke Ha CD-ROM.

2. KpeutoBa, C. A. Beenenne B HarpaBiieHHe " XUMHUYECKass TEXHOJOTHS'": TIPAKTUKYM /
C. A. KpsuioBa, 1. B. ITonypko ; MI'TY. - Marauroropck: MI'TY, 2019. - 1 anexTpoH. onr.
JTUCK (CD-ROM). - 3arm. C TUTYJL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3880.pdf&show=dcatalogues/1/1530
051/3880.pdf&view=true (mara oOpamenus: 14.05.2020). - MakpooObekT. - Tekcr:
3JIEKTPOHHBIN. - CBeleHHsI 10CTynHbI Takke Ha CD-ROM.

r) lIporpammuoe obecneuenue u UHTEpHET-pecypcebl:

[TpodeccuonanbHas 6a3a JaHHBIX — MEXIyHapOAHas crpaBouHas cuctema «llommpeny
polpred.com oTpacie «IneKTpOIHEPreTUKA» [ IIEKTPOHHBIN pecypc]. — Pexxum noctyma:
https://polpred.com/newsns=1&0s%5B19%5D=on&fulltext=clr&fulltext=on&period count=1.
— 3arm. ¢ ’KpaHa.

9. MarepuajJibHO-TEXHUYECKOE o0ecnevyeHne Q1 CIUTITHHbI

MaTepI/IaJ'II)HO-TCXHI/I'-IeCKOG obOecreucHue JUCHUIIIIMHBI BKIIIOYACT:

Tun u Ha3BaHMWE ayJUTOPUH OcHauieHue ay IuTOpuu
Ilmakat «llepuonuueckas cucrema .M.
JlexunonHnas ayautopus Ne3 16 MenneneeBay

[Tnaxat «Tabmauma pacTBOPUMOCTH COJICH U
OCHOBAHHUI B BOJIE»

[Tnakat «CrangapTHEIC 3JIEKTPOIHEIE
NOTEHIMAJIBl  METaJJIOB U HEMETAJJIOBY U AP

.Becel ananutnueckue
pH-meTp

XuMmunyeckas J1abopaTopus Becsl anexTpoHHbIE
XVMUYECKUE PEAKTUBBI
TuTpoBaIbHBIE YCTAHOBKHU
XuMuyeckas nocya

Aynutopun s caMoCTOSITENIbHON paloThl: | [lepcoHanbHble KOMIBIOTEPHI C MakeToM MS
KOMIIBIOTEpPHbIE  Kiacchl; uuTaibHbIl 3a1 | Office, BIxog0M B MIHTEpHET M ¢ AOCTYHOM B
O6ubIMoTeKu AEKTPOHHYIO UH(POPMAIMOHHO-
00pa30oBaTeNIbHYIO Cpe/ly YHUBEPCUTETA

puioxkenne

BapuaHThl TeMATHYeCKUX JOMAITHUX 3aJaHUI
AJIS1 CAMOCTOAITEJIbHOM PadoThI CTYAeHTAM

DHepreTuKka XMMUYECKHX TPOILIECCOB
3anaya Nel
Jns peakiuu CH4 (r.) + CO2(r.) = 2CO(r.)+ 2H2(r.)




ONpEeNNTE BO3MOXHOE HaIpaBICHUE CAMOIIPOM3BOJIBHOIO TEUEHHUS peakUuu IpU
CTaHJApTHBIX ycloBusIX U npu Temmneparype T = 927 0C, ecnu TemnnoBoit 3ddexr peakuun
JI0 3a/1aHHOM TeMIlepaTypbl HE U3MEHHUTCSL.
VKakute: a) BbIICJIAETCS UM MOTJIOIIAETCS SHEPTHSI B XOJI€ PEAKIINH;

0) NpUYMHY HallJIECHHOT'O U3MEHEHUS SHTPOIHH.
PaccuuTaiite TemMneparypy Hadajga peakiuu.

3anaya Ne2
Berancnute TermioBoi 3 Qe peakun:
CaC2 (x.) + 2H20 = Ca(OH)2 (x.) + C2H2 (r.),
MOJIb3YSCh CTAHJAPTHBIMM TEIUIOTAMU O0pa30BaHUs pearupyromux BemecTB. CKOJIbKO
TEIUIOTHI BBILACTUTCS WIN MOTJIOTUTCS Ipu oOpa3oBanuu 2,24 1 C2H2?

3anmaga Ne3

[To TepMOTMHAMUYECKIM yPaBHEHHSIM PACCUUTANTE TEIUIOBON 3(PPEKT peaKiuu:

H2 (r.) + CO2 (r.) = CO(r.)+ H20(r.)

TepmoxuMHuUeCcKUE YpaBHEHHUS:
a)H2 (r.) + 202 (r.) = H20 (r.) AH =-241,9 xJIx
6)2CO(r.) + O2(r.) = 2CO2 (r.) AH = -566,2 xJ{x

XuMuyeckasi KHHETUKa, XHMUYECKOE PaBHOBECHE

3amauda Nel

Peakuus mpoTekaeT 1no ypaBHEHUIO: 02 (r.) 2 CO (r.) = 2 CO2 (r.). Hayanbubie
KOHIIEHTPALUH pearupyromux seuiects pasHel: [02] = 1,2 monas/n, [CO] = 0,8 Momb/1.

Bo ckonbko pa3 U3MEHUTCSI CKOPOCTh MPSAMOU peakiiuu, koraa npopearupyet 30% CO?

Bo ckonmbko pa3 HM3MEHSTCS CKOPOCTH MPUMONM U OOpaTHOM peakiuu, eClH yBEIUYUTh
JIaBJICHUE B CUCTEME B JIBa paza?

3amaua Ne2
[Tpu temnepatype 40 0C HEKOTOpOE KOJMYECTBO BEIIECTBA BCTYIMAET B peakiuio 3a 20MUH.
Paccuunraiite Bpemsi, mpyu KOTOPOM 3TO K€ KOJIMYECTBO BEHIECTBA BCTYNHUT B PEAKIHUIO MPHU
temreparype 200 0C, ecnu TemmnepaTypHbIii KO3()PHUIIMEHT CKOPOCTH peakiuu paBeH 2. Bo
CKOJIbKO pPa3 U3BMEHUTCS IIPU 3TOM CKOPOCTh PEAKIINH?

3agaua Ne3
Haiigure HavanbHble KOHIIEHTPAIIMM UCXOAHBIX BEUIECTB U KOHCTAHTY PaBHOBECHS PEaKIUU:
Fe (1.) + H20 (k.) = FeO (1.) + H2 (1) ,
Ecnu paBHOBECHBIC KOHIIEHTpAIIUU pearupyromux BemiecTB paBubl: [H20] = 0,3 mons/n, [H2]
= 0,4 MOJIB/.

3amaua Ned
Hns peakumonnoit cucremsl: CO (r.) + H20 (r.) = CO2 (r.) + H2 (r.) nHavaibHBIC
KoHIeHTpanuu paBHbl: [H20] = 0,5 monw/n, [CO] = 0,6 monp/n. Onpenenute KOHIICHTPAITUU
BCEX BEIIECTB B MOMEHT PaBHOBECHS, €CJIM KOHCTaHTa paBHOBeCHs paBHa 1,45.
3agaga Ne5
BrIpasuTe KOHLIEHTpALUK PeareHTOB KOHCTAHThI PABHOBECHS CIEIYIOUINX PEAKIIHil:
N2 + 3H2 = 2NH3 AH=-922 x/Ix
CO2 + C(1.) = 2CO AH =+160,5 xIx
CO + H20 = CO2(r.) + H2 AH=-41,1 x]Ix
VYkaxxuTe HalpaBlIeHUE CMEIICHUS XUMHUYECKOI0 PABHOBECHS ATUX PEaKIHil:
a) MPY MMOHWKCHUH TEMTIEPATYPHI, €CIIH IaBJICHHUE MOCTOSHHO;
0) pu MOBBILLICHUY JIaBJICHUS, €CIIU TEMIIepaTypa MOCTOSIHHA.



PacTBOpbI HETEKTPOIUTOB

3amaua Nel
Ornpenenure 0CMOTUYECKOE AaBI€HUE pacTBopa, coaepxaniero 90,08 r rimroko3sr COH1206 B
4 1 pactBopa mpu 27 oC

3anaya.Ne2
Beruncnuts nasnenue napa 10 % pactsopa caxapa C12H22011 npu 100 oC.
3amgauga Ne3
PactBop, cocrosumii u3 9,2 r rmuuepuna C3H8O3 u 400 r anerona, kunut npu 56,38 oC.
UwucTerii aieton kunut npu 56,0 oC. Beraucnure 30y Tn0CKONUYECKYI0 KOHCTAHTY alleTOHA.

PacTBOpBI 371€KTPOIUTOB
3agauda Nel
B kakom o0beme Boabl ciemyer pactBoputh 135r SnCl2 nns mosmyuenust 3M pactBopa
xnopuaa onosa (II) ¢ mmotHocThIO p= 1,405 T/M7?
Paccuuraiire:
a) MacCOBYIO JIOJIIO BEILECTBA B PACTBOPE;
0) MOJISIpHYIO KOHIIEHTPALIUIO SKBUBAJICHTA;
B) MOJISUTBHOCTH;
r) TUTp;
1) MOJIBHYIO JIOJIIO BEILIECTBA B PACTBOPE.

3amaya Ne2
3aKOHYUTE MOJEKYJIsApHbIE W HAMHIIUTE COKPAIICHHbIE HMOHHBIE YPaBHEHHUS pEaKIuil
B3&HMOHCI>1CTBPISI CHCILYIOH_[I/IX BCIICCTB:

HBr + NaOH —

AgNO3 + H2S —

MgCIl2 + KOH —

CaF2 + HCl —

Sb(OH)3 + H2S0O4 —

Sb(OH)3 + NaOH —

Sagauga Ne3
CocTaBbTe 110 /IBa MOJIEKYJISIPHBIX YPAaBHEHUS PEaKUil K CIEYIOIIUM HOHHBIM:
Ba2+ + CrO42- — BaCrO4; NH4+ + OH- — NH40H,;
ZnS + 2H+ — Zn2+ + H2S
3amaya Ne4
Brranciure pH 0,05M pacTBopa cepHON KUCIOTHI.

3amaua Ne5

Kakue u3 crnemyrommx coneid mozasepraiorcs rugponmsy: Na2SiO3. Cu(NO3)2. KBr?
CocTaBbTe HMOHHBIE U MOJIEKYJSIDHBIE YPaBHEHMs THIPOJIHM3a COOTBETCTBYIOUIMX COJIEH.
Kakoe 3nauenue pH (< unu> 7) UMEIOT pacTBOPBI 3TUX COJIEH?

3amaua Ne6

Haiinure mpoussenenue pactsopumoctu PbCl2, ecm 8 200 mut Boasl pactBopsiercst 2,17 T
3TOr0 COEIUHEHUS.

OKHUCIINTEIIFHO-BOCCTAHOBHUTEIIBHEIC pC€aKkuuu



3amauga Nel

[TonGepure kod(hGUIMEHTH B YpPaBHEHHSX OKUCIMTEIbLHO-BOCCTAHOBUTEIBHBIX PEAKIIUM.
VYkaxure THI KaKJI0M peaKiuu.

PaccunraiiTe 37€KTPOABMKYIIYIO CUIYy M ONpPEAEIUTE HAIpaBJICHHE CaMOIPOU3BOIBHOIO
MPOTEKAHUsI TEPBOM pEAKUUMU TPU CTAHAAPTHBIX YCIOBUSX, HCIOJb3ys 3HAYCHUS
OKHCJIMTEILHO-BOCCTAHOBUTEIILHBIX ITOTCHIIHAIOB:

HJ + H3PO4 — J2 + H3PO3 + H20

HNO2 — HNO3 + NO + H20

H[AuCl4] + H202 + NaOH — Au + NaCl +02 + H20

NH4ReO4 + H2 — Re + NH3 + H20

KBrO — 02 + KBr

3amauga Ne2

CocTaBbTe ypaBHEHHsI OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIIMIA:
KMnO4 + NaNO2 + H20 —

NaCrO2 + H202 + NaOH —

Bi(OH)3 + Na2S208 + NaOH —

Bi203 + C —

Mg + HNO3 (pa30) —

DAEKTPOXUMHUYECKUE TTPOIECCHI

3anaya Nel

CocTaBbTe SIEKTPOHHO-UOHHBIC YPAaBHEHUS JIIEKTPOJIHBIX MPOIECCOB U MOJIEKYJISIPHOE
ypaBHEHHE TOKOOOpa3ylollel peakuuu, MNpoTeKarolme mpu padoTe raibBaHUYECKOIO
anemenTa. Paccuntaiite D/IC (E) ranpBaHrueckoro 3neMeHTa Mpu CTaHIAPTHHIX YCIOBUSX.
[IpuHsiB moTEeHIMAN aHO/A PAaBHBIM CTAaHAAPTHOMY 3HAUEHHUIO, PACCUMTANTE KOHILICHTPALIUIO
KaTHOHOB MeETaj/la B KaTOAHOM pacTBope, npu kotopoud D/IC rajbBaHHMYECKOTO 3JIEMEHTA
ymensiures Ha 0,02B.

Co/Co(NO3)2 // AI(NO3)3/Al

3amaua Ne2
[IpuBenuTe CXEeMbl 3JEKTPOJIHBIX TIPOLECCOB U MOJEKYJSPHbIE YPaBHEHUS peakuuil,
NPOTEKAIOIUX IPU IIEKTPOXUMHUYECKOI Koppo3uu ransBaHonapsl Co/Ni:

a) B KUCTIOM cpene;

0) BO BIIaXKHOM BO3/yXe.
Onpeznenute yObUIb MacChl aHOJA MPH KOPPO3UU B KHCIION cpene 3a 20 MHH, ecli CKOPOCTh
kopposuu coctapmia 0,01 /4.

3amaua Ne3
CocTaBbTe 3JIEKTPOHHO-UOHHBIE YPABHEHHS 3JIEKTPOJIHBIX IMPOLIECCOB (aHOJI WHEPTHBINA) U
MOJIEKYJISIPHOE YpaBHEHHE PEaKIuH, IPOUCXOIALICH MPHU SIEKTPOIIU3E:

a) pacruiaBa NaOH;

0) pactBopa CoSO4.
Breruncnute (hakTHueckoe KOJIMYECTBO METalIa, MOJYYCHHOTO Ha KaTOJe MPHU SJICKTPOIIH3E
Co(NO3)2, ecnu 31€KTpOIN3 MPOBOAWIN B TeUeHHH | 4. BBIX0J MeTamia mo TOKy COCTaBHII
85%.
VYkaxxuTe BO3MOXHbIE TPUUMHBI YMEHBIIICHUS BBIX0/1a METaJlIa TI0 CPABHEHUIO C PACUETHBIM.

BapuaHTbI ay IMTOPHBIX KOHTPOJIBHBIX 3aaHUI



XuMudeckas TEPMOAWHAMHUKA

1. Ansa peakauu WO3 (x) + 3 H2 (r) = W (k) +3 H2O (1) paccuutats AH, AS, onpenenuthb
BO3MOXKHOE HAlpaBJIeHUE PEaKIMu MpY CTAaHAAPTHBIX ycinoBusax u mpH t = 9770C. PaccuurtaTth
TEMIIepaTypy Havyalla peaKkium.

2. TennoBoit a3 dekt peakiuu Fe304 (k) + C (rpad) = 3 FeO (x) + CO (r) cocraBusier AH =
47,6 xJIx. Paccuntath AH BemecTBa FeO.

XuMudeckas KMHCTHKA, XUMHUYCCKOC paBHOBCCHUC

1. Hamumwure BbIpa)keHHE 3aKOHA JAEWCTBYIOIIMX Macc AJs CIEAYIOIIUX XHMHUYECKUX

peaKuum:
H2 (r) + C12 () =2 HCl (1), FeO (x) + H2 (1) =Fe (x) + H20 (x).

2. Bo cKONBbKO pa3 H3MEHUTCS CKOPOCTb NPsAMOM M OOpaTHOM peakuuud B CUCTEME
2 HI (r)=H2 (r) + 12 (1),
€ClIi YMEHbIIUTh 00bEM, 3aHUMaeMbIil razamu, B 2 pasza?

3. HayanpHble KOHLEHTPALUN UCXOAHBIX BEILIECTB B PEAKIIMU:

2 S02 (r)+ 02 (r)=2 SO3 (1)

obutr paBHBl 1,8 Monws/m SO2 m 2,4 monws/n O2. Bo CKOJNBKO pa3 M3MEHUTCS CKOPOCTh
peakimu K MOMEHTY, korja npopearupyet 0,8 mons/n SO2?

4. Kak U3MEHUTCSI CKOPOCTh PEAKIMK MpHU MoBbilieHuu Temneparypsl ¢ 373 K no 283 K,
€clIi TeMIepaTypHbIi K03 UIIMEHT CKOPOCTH peakiuu paseH 3,07

5. 3anummTe BbIpa)KEHHWE KOHCTAHT PaBHOBECHsS JUISl KaKJ10M peakluu, U Ha OCHOBAaHUU
npuniuna Jle-1llatenbe ompeaenute yBEIWYUTCS JM BBIXOJ HMPOAYKTOB peakuuu mnpu: 1)
YMEHBIICHUN TEMIIEpaTyphl; 2) YBEIUMYEHUU JaBleHHUS; 3) YBEIMYEHUH KOHLEHTpALUu
BellleCTBa X.

Peaxiuun TemutoBoit ekt Bemecto X
a)C(xk)+02(r)= CO2(r) AH <0 CO2 (1)

6) C (x) + H20 (r)=CO (r) + H2 (1) AH >0 H20 (1)
¢) H2 (r) + Br2 (r) =2HBr (1) AH <0 Br2 (1)
PactBOpsI

1. 3aKOHUNTH YpaBHEHUS peaKIfii, HAIKMCaB UX B MOJICKYJISIPHOW U MIOHHOH (opmax:

FeCl3 + NaOH =; KHSO3 + KOH =; Pb(NO3)2 + H2S =.
2. Hokazath amdorepHocTh cneaytomiero ruapokcuaa: Cr(OH)3. Hamwmcats ypaBHEHUS
peakuii B MOJICKYJIIPHOW W MOHHOHM (popMmax, moKazaTh JUCCOIHAIIUIO 3TOTO THIPOKCHIA 110
TUITy KUCJIOTBI ¥ 110 TUILy OCHOBAHUSI.
3. CocTaBuTh MO JBa MOJEKYJISPHBIX YPAaBHEHHs PEaKUMA Ha KaXJ0€ HUKEIPHUBEIACHHOE
nonHoe ypasuenue: Sn(OH)4 + 2 OH- = SnO3-- -+ 3 H20;

2 H+ + 2 CrO4- - = H2Cr207.

4. HanucaTp ypaBHEHUS PEAKIUI r’UAPOIIN3a B MOJIEKYJIIPHOM U HOHHOM BUJIE U YKa3aThb Kak
B pe3yJibTaTe TUAPONIN3a U3MEHIIACh peakius cpeabl (pH) B pacTBope clieyromux comiei:
AIPO4; Ba(NO2)2; CrOH(NO3)2.

OKHUCINUTEIHLHO-BOCCTAHOBUTEIBHBIE CBOMCTBA BCIIIECCTB

1. MerogoM »HieKTpoHHOTO Oamanca moadepure KOAID(PHUIIMEHTHI B ypaBHEHUSAX
OKHCIUTCIBbHO-BOCCTAHOBUTCIbHBIX peaKqu/’I:

K2MnO4 + Na2S03 + H2SO4 — MnS0O4 + Na2S04 + K2S0O4 + H20

KClO4 — KCl + 02

Te + KOH — K2TeO3 + K2Te + H20



UO2 + HNO3 — UO2(NO3)2 + NO + H20

As2S3 + H202 + NaOH — Na3AsO4 + Na2SO4 + H20

2. Jlanbl BemectBa: Na2MnO4, NaBr, MnSO4, Br2, NaOH. Paccuuraiite 31C peakiuu,
ecnu: @ MnO42-/Mn++ = 0,3045 B; ¢ Br2/2 Br - = 1,065 B. CoctaBbTe ypaBHEHHE peaKLIUU

DNEeKTPOXUMHUYECKUE CUCTEMBI

1. Hanucath 3J€KTPOHHBIE YpPAaBHEHUS JJIEKTPOAHBIX MPOIECCOB, YPABHEHHE CYMMapHOM
TOKOOOpasymIed peakiuu, BeUUCIUTh JJ[C  ralbBaHUYECKOTO DJIEMEHTa, €Cld
KOHIICHTPAIIUU HOHOB MeTaJuT0B paBHBL: [Al3+] = 0,001 mons/n; [Co2+] = 0,1 mMonb/11.

2. CocTtaBbTe CXEMy JBYX TallbBAHUYECKUX DJIEMEHTOB, B OJHOM M3 KOTOpHIX MeTamn Fe
cryxuin Obl aHOIOM, a B JpyroM — KarogoM. [IpuBenwrte »SIEKTpOHHBIC YpaBHEHHUS
COOTBETCTBYIOIIMX DJJIEKTPOJHBIX PEaKIHid U ypaBHEHHWE CYMMapHOW TOKOOOpasyromei
peaxiuu.

3. Kakue BemecTBa U B KaKOM BECOBOM KOJMYECTBE BBIACTSIOTCS Ha JJIEKTPOAAX MPHU
IPOMYCKAaHUHM 3JIEKTPUYECKOT0 TOKa cuioil 4 A B TeueHue 4 wyac. yepe3 pacTBOp
anektponuta? CocTaBbTe 3IEKTPOHHBIE YPAaBHEHHUS 3JIEKTPOIHBIX MPOIECCOB, MPOTEKAOIINX
Ha MHEPTHBIX 3JIEKTpoJax mpu aiexrponuse K2SO4.

Kakme mporeccel TpOTEKAlOT TNpU  DIEKTPOXUMHUYECKoW Koppo3un Meramia Cu,
HAXOJAIIErocss B KOHTakTe ¢ MeTtauioM Ni, B KHCIOH cpele W B HEUTpalbHOW cpene B
MIPUCYTCTBUU KUCIOPOJa BO3AyXa.

BapuaHTBI TeMaTHYeCKHX TeCTOBBIX 3aJaHUM
A5 TeKyIero KOHTPOJIs

XuMHu4ecKas TepMOIMHAMHKA

TecTbl BKIIOYAIOT TEOPETUUYECKUE U MPAKTHUECKHUE 3aJaHUs, OTBETHl Ha KOTOpbIE TPeOyIOT
rTyOOKOrO TOHWMAHUS HM3YyYEHHOTr0 Marepuaia. TecThl TOCTPOSHBI EAMHOOOpa3HO: K
KaXJOMY BOIIPOCY MpEIIaraeTcs 4YeThpe BapUaHTa OTBETOB, CPEIX KOTOPBIX OJHUH WJIU
HECKOJIBKO TpaBUIBHBIX. OOpaboTKa pe3yJbTaTOB OCYIIECTBISETCS MYTEM COMOCTaBICHUS
MOJIYYEHHBIX PE3YyJIbTATOB C ATAJIOHHBIMH W MPOTEKAeT OYEeHb OBICTPO. MakcuMaabHOE
KOJINYECTBO OayuioB B Kaxaod Teme kKypca — 10. B Teme «Xumuueckas TepMOAWHAMHKAY:
MIepBhIE IIECTh 3aAaHui oneHnBatorcs B 0,5 6ana, ceapmoe — B 1 6aii, a BOCbMoOE, IEBATOC U
JlecsITOE 3aIaHusd — B 2 Oaua.

Tect Ne 1

1. ITpu paccMOTpeHNN XUMHUYECKOM PEAKI[MU CUCTEMA O3HAYACT:
a) HCXOJIHBIE PEareHThI
0) TPOIYKTHI XUMHYECKOW peaKInu
B) PEAKIMOHHBIN COCY]I
I') MCXOJHbIE PEareHThl U MPOIYKThl PEaKIIUN

2. TlepBblii 3aK0H (MEpBOE HAYAIO0) TEPMOJUHAMUKN MAaTEMATHICCKU 3aITMChIBACTCS TaK:
a) PV =uRT B) K = Aexp (- EA/RT)
6) K=R/NA r) AU= Q-W

3. B sK30TE€pMUUYECKON peaKInu:
a) SHTAJBIINS PEAKIIMOHHON cucTeMbl noBsimaercs (AH > 0)
0) TeroBoit a3 dekt peakuuu orpuratesneH (Q< 0)
B) DHTAJIbIMUS PEAKLIMOHHON cucTeMbl yMeHblaeTcs (AH< 0)
I') JaBJICHUE PEAKIIMOHHOM CHCTEMBI MOBBIILIACTCS



4. CranpaptHble TeToBbIE 3()(PEeKThI MPUHATO 0003HAYATH:
a) AUct B) Q 101,3 273
0) AH°298 r) AHct

5. Kakwne u3 MMPUBCACHHBIX peaKquI SABJIAIOTCA BHHOTepMI/I‘leCKI/IMI/I?

a) 1/2N2+3/2H2=NH3 , AH = — 46 K/I)x/moib
6)H2+4/202=H20, AH = -242 K]I)x/mMonb
B) 1/2N2+ 1/2 02 =NO , AH = 90 K]I>/monb
r)1/2H2+1/212=HI, AH = 26 K]I>x/momb

6. Kakas u3 HanmMcaHHBIX HIU)KE PEAKIIMK OTBEYAET TEIJIOTE 00pa3oBaHMs OKcUaa a3ora (|| ) B
CTaHAAPTHBIX yCIOBUSX?

a) 1/2N2+0=NO B) 1/2N2+1/202 =NO

6) N+1/202=NO r) NH3+5/202 =2NO+3H20

7. Ilpu BoccTaHoBiIeHUH 16T okcuaa meau( || ) mo peakuuu :
CuO (k) + C (rpadur) = Cu (k) + Co (1) , mormoTuiocs 22 k> TETIOTHI.
DHranbpnus 00pa3oBaHus OKcuaa Meau ( || ) paBHa:

a) 110 B)220,5

6) -200,5 r)735
8. s peaknuu  NiO (k) + C (rpadur) = Ni (k) + CO (r). Onpeaenure BO3MOXKHOE
HAIpaBJICHUE CaMOIPOU3BOJIBHOTO TEYEHUS PEaKIUH IMPH CTAHJAPTHBIX YCIOBHAX H TpPHU
temneparype 627°C.

BemectBo AH°298 (KJIx/mMon) S°298  (JIx/Monb*K)

NiO (k) -239,7 38
C (rpadur) 0 5,74

Ni (k) 0 29,9
CO (1) -110,5 197,4

B otBere ykaxwure 3HaueHus sHepruu [ m60Oca mpu cTaHAapTHBIX YCIOBUSX, TP TEMIEpaType
627°C n temmnepaTypy Hadajla peaKkL1H

a) 74,5;- 3600; 70,4K B)148; 36; 511K

0) 74,5; -36; 704K r) 225; 78; 279K

9. Kak u3meHsieTcst SHTPONUS IIPH Pa3IoKEHUH KapOoHaTa KanbLus?
a) YBEIIMUNBACTCSI B) HE YMEHBIIIACTCS

0) yMEHbIIIaeTCst ') HE 3HAIO0

10. [lannHas peakius:

2KClO3 (TB) —2KCI (TB)+302 (1) AH<O
MOJKET CaMOIIPOU3BOJIBHO MTPOTEKATh
a) B IPSIMOM HaIIpaBJICHUU B) HE MOXET IIPOTEKATh
0) B 0OpaTHOM HaIpaBJICHUHU T') HE 3HAI0

XuMHu4Yeckass KHHETHKA U XUMHYISCKOE PaBHOBECHE



B Tteme «Xummueckass KMHETMKa M XHUMHYECKOE PABHOBECHE»: IEPBOE, BTOPOE, TPEThHE,
YETBEPTOC U MATOE 3a7aHusl orneHuBaroTcs B 0,5 6auia; mecroe, ceapbMoe, BOCBMOE, JCBITOC

U necsToe — B 1 Oa, a onuMHHAaAnaToe — B 2,5 Oaia.

Tect Ne 1

1. Paznen XHUMHU, I/ISy‘laIOH_[I/Iﬁ CKOPOCTHU U MCXAHNU3MbI XUMHUUYCCKHUX peaKHHﬁ, Ha3bIBACTCA

a) XMMHUYecKas TepMOIMHAMHKA
0) TepMOXUMHUS
B) XUMHUECKasi KHHETHKA

2. CKOpOCTbh XUMUYECKON PEAKIH — 3TO ...
a) BpeMs, 3a KOTOPOE MOJTHOCTBHIO PACXOIyeTCsl OJJHO U3 MCXOHBIX BEIIECTB

0) M3MEHEHUE KOJMYECTBAa BELIECTBA PEareHTOB (WM MPOAYKTOB) PEAKIMH B EAMHHULLY

BPEMCHHU B CIUHUILIC o0beMa

B) KOJINYECTBO BELIECTBA MPOyKTOB PEAKIIUK K MOMEHTY OKOHYaHUS peakluu

3. B Kakux eJUHHIIAX BRIPAKACTCS CKOPOCTh XUMHUYECKON peakinuu’?
a) MOJIb/.C

0) 6e3pa3zmepHas BEIMYMHA

B) MOJIb2 C

4. Ot kakux (aKTOPOB 3aBUCUT CKOPOCTh XUMHUYECKUX PEAKLIUI?
a) OT IPUPOIBI PEarupyroNINX BEIIECTB

0) oT TemmnepaTypbl

B) OT 00beMa peakIMOHHOTO coCcya

5. CocrosiHME  XHMHYECKOTO paBHOBECHUS OOpAaTUMBIX  IPOIECCOB
XapakTepusyercs ...

a) paBHOBECHBIMHU KOHLICHTPALUSIMU NIPOLYKTOB PEAKIIUU

0) SHEprUel aKTUBU3AIUN

B) KOHCTaHTOM paBHOBECHS

6. Kak 3anucpIBaeTcsl BEIpaXEHHUE ISl CKOPOCTU PEAKIIMU
4NO (r)+ 6 H20=4NH3 (r) +5 02 (1)
a) V=K[NOJ4[H20] 06) V=K[NH3][O2] B)V =k[NOJ4[H20]6

7. Kak 3anuiercst BeIpa)KeHHe Jisi KOHCTaHThl PAaBHOBECHS PEaKIuU
A+2B=C+D

KOJIMYCCTBCHHO

a) KP = [C][D]/[A][B] 6) KP =[C][D]/[A][B B) KP = [A][B]2/ [C][D]

9. UTo MOKHO CKa3aTh O peakiuu, n300pakeHHOM Ha quarpamme K Borpocy 8?

a) 9K30TEPMHUYECKasT PEaKIIHs
0) sHIOTEpMUYECKas peaKLus
B) pEaKIysl ONKICHIBACT COCTOSTHUE PAaBHOBECHS

10. PaBHoBecue peakiuun Fe 30 4 + 4CO = 3Fe +4C0O2 , AH>0



CMeEILaeTcs BIEBO.

a) pYU MOHMKEHUHU TEMIIEPaTyphl
0) IpU MOBBILLIEHUH TEMIIEPATYPbl
B) NIPH MOBBILICHNY J1aBJICHUS

11. Hdnsa peakuun C(x) + 2 H 2 (r) = CH 4 (1) npu HekoTOopol TemrepaTrype KOHCTaHTa
paBHOBecHs paBHa (,8. PaBHOBecHast KOHIIEHTpAIHsI BOAOpoAa paBHa 1,2 Moib/in. Beraucnure
UCXOJIHYIO KOHIIGHTPAIHIO BOJOPOAA.

a) 1,2 0) 3,5 B) 5,0

OKHCITUTEIIEHO-BOCCTAHOBUTEIHLHBIC TTPOIIECCHI

Tema «OKHUCIUTETHHO-BOCCTAHOBUTENBHBIE MPOIECCH»: MIEPBOE, BTOPOE, TPEThE, YETBEPTOE
U IITOE 3amaHus orneHuBarorcsa B 0,5 Oaina; mecroe — B 1 0air; ceqbMoOe U BOCBMOE — B 2
Oama, a IeBATOE — B 2,5 OaJlIOB.

Tect Ne 29

1.OkucnuTens — 3T0 aTOM, MOJIEKYJIa MJIM HOH, KOTOPBIH ...
1) yBeIMYUBAET CBOIO CTENIEHb OKUCIICHUS

2) IpUHUMAET 3IEKTPOHBI

3) oTHaeT cBOU AIIEKTPOHBI

2.IIponecc BOCCTaHOBIEHHSI UMEET MECTO B ClIydae, KOrja ...

1) HelTpaabHBIC AaTOMBI IPEBPAILAIOTCS B MOJI0KUTEIbHO-3aPSHKEHHBIE HOHBI
2) MOJIOXKUTEIBHBIN 3apsii HOHA YMEHBIIIAETCS

3) oTpuLaTeNbHBIN 3aps] MOHA YBEINYUBAETCS

3.3 npencraBineHHbIX HUKE peakiui kK OBP gucnponopiinoHMpoBaHus MPUHAIJICHKHT ...
S +2HNO3 = H2S04 + 2NO

2H202 =2H20 + 02

Mg + S = MgS

4.K BOCCTaHOBHUTEIISIM OTHOCSTCS ...

a) MeTaJuIbl, BOJOPO/I, YTIEPO

0) aKTHUBHBIC HEMETaJLIbI

B) OJIEMEHTHI, HAXOIINECS B CPETHEH YaCTH EPUOIUIECKON CUCTEMBI

5.CTeneHn OKUCIICHHS KUCJIOPO/a a) B BOJE M 0) B MEPOKCHUE BOJIOPOa COOTBETCTBEHHO
paBHHI ...

a)—2; —2 6)—2; +2 B)-2; -1

6.1lepmanranar kanus B OBP, mpoTekaronmx B KMCJIOM cpelie, BOCCTAHABIMBAETCS JO ...
a) katoHa Mn2+; 0) manranat-uoHa MnO42  B) okcuna mapraniua (II) MnO

7.B peakuun, nporekatomet mo cxeme  Cr2S3 + KNO3 a K2CrO4 + K2S04 + NO
OKHCJICHUIO ITOJIBEPTAIOTCS CIEAYIOMINE SJIEMEHTHI ...

l)azorucepa  2)cepauxpoM 3) XpOM U a30T

8.Cymma k03¢ puineHToB B peakiuu, NpuBeIeHHOM B Borpoce Ne 7 paBHa ...
1) 26 2) 18 3)35

9.Cymma xoadpdunmerToB B peakiiuu KMnO4 + HCIkoH1. ... paBHa



2)30  6)18 B)33



