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3JIEKTUBHOI'O Kypca

«OUSNYECKAA XMW A»

Mexnypeuenck, 2023r.



IHosicHuTeALHAS 3aNIHCKA

OnexkTuBHBIN Kypc «Puspueckas XUMHs» IpeJHa3sHAdeH I Y4YalluXcsl CTapllied LIKOJbI, BBIOpaBIIUX
€CTECTBCHHO-HAYYHBIH, (U3UKO-MAaTEMAaTUYeCKUH, (PHU3UKO-XUMHYECKMH MNPOPUIN WA  NPOSBUBILNX
MOBBIIICHHBI MHTEpEC K M3Y4YEeHUIO XUMHHW. J[aHHBIH Kypc — Kypc MHTErPHpPOBaHHBIN, COAEPKATEIBHO OH
CBSI3aH C KypCOM XUMHUH, (PU3UKU, MATEMAaTUKH OCHOBHOM IIKOJIBEL. V3ydeHue npeniaraeMoro 3J1eKTUBHOTO Kypca
HaIpaBJICHO Ha yriiyOjeHue u 00OOLICHHE 3HAHUM LIKOJBbHUKOB O XUMHUYECKOM IIPOIecce, B YACTHOCTU O €ro
TEPMOJIMHAMUKE, KHHETHKE, COCTOSHIH PAaBHOBECHS, & TAKXKE O MIOBEPXHOCTHBIX SBICHUSIX.

HecmoTpst Ha TO 4TO OTAENBHBIE BOMPOCH TEPMOAMHAMHMKM M KMHETHKH PAacCMaTPUBAIOTCS B Y4eOHMKAx
XMMUH U (pU3MKH, IPEICTABICHHON B HUX MH(POPMAILMKM HEJOCTATOYHO ISl OObEKTUBHON OLIEHKU M IIOHMMaHUS
CYTH MPOUCXOAIUX TpoueccoB. [loHOe UX OcMBICTICHHE BO3MOKHO JIMIIb Ha CTHIKE 3THX IBYX Hayk. K Tomy
e Ha YpOBHE MHKPOYACTHIL ICJICHUE TPOLECCOB HA (PU3NUECKUE U XUMUYECKHUE SIBIISETCS TOBOJIBHO YCIOBHBIM.
duznyeckas XUMUS H3y4aeT XMMUYECKHE IPOLIECCHI, ONUPasCh Ha (U3NUECKUE TEOPUU U UCTIONB3YS (prusndeckue
METO/BI.

O6mas xapakrepucTuka Kypca. [Ipennaraemplii S1eKTUBHBIN Kypc TIOCBSIIEH PACCMOTPEHUIO TaKUX TEM
¢u3nuecKkoll XMMUHM, KaK XUMHUYECKas TEPMOJMHAMHKA, XMMHUYECKas KHHETHKA, XUMHUYECKOE DPaBHOBECHE U
[IOBEPXHOCTHBIC SIBICHUS. 3HAUUTEIbHAS YacTh MIEKTUBHOI'O Kypca OTBEACHA MIPAKTUUECKUM paboTam, 60ibast
4acTh KOTOPBIX UMEET HCCIIEA0BATEILCKII XapaKTep.

Hean kypca:

— paciupeHue, yriayoneHue u 0000IeHe 3HaHUH 0 XMMUYECKOM IpoLecce, IPUUMHAX U MEXaHU3ME €ro
MPOTEKaHUS;

— pa3BUTHE NO3HABATEIbHBIX MHTEPECOB M TBOPUECKUX CIHOCOOHOCTEH ydamluxcsi dyepe3 MpakTHYECKYIO
HaIpaBJIEHHOCTh 00YYEeHUSI XUMHH U UHTETPUPYIOIIYIO POJIb XMMUHU B CUCTEME €CTECTBEHHBIX HAYK.

3anaum Kypca:

— (opMHpOBaHHE ECTECTBCHHO-HAYYHOTO MUPOBO33PEHHUS YUALIIXCS;

— pa3BuTHe NpPUEMOB YMCTBEHHOH [JESTEIbHOCTH, I103HABATENBHBIX HHTEPECOB, CKIOHHOCTEH U
CHOCOOHOCTEN yJaIuxcs;

— yrayOyieHHe BHYTpEHHEeW MOTHBAllUKM y4amuxcsi, (OpMHUpPOBaHHE MOTPEOHOCTH B TONYYEHHH HOBBIX
3HAHUU U MPUMCHCHHUC UX HA IIPAKTUKE;

— pacmmpeHue, yriyonenne u 00O0OIIeHWe 3HAaHWK 10 XUMHH U (U3WKE, — HCMOJIb30BaHHE
MEXIPEAMETHBIX CBSI3eH XUMHUHM C (U3MKOH, MaTeMaTHKOW, OWOJIOTHUEH, NCTOPHEH, 3KOJOTHEH, PaCCMOTPEHHE
3HAYCHUA JaHHOI'O KypcCa MJId YCIICIIHOI'0 OCBOCHHA CMEKHBIX TUCHUILINH,

— COBEPIICHCTBOBAaHHUE YKCIICPUMEHTAIBHBIX YMEHUH U HABBIKOB B COOTBETCTBHU C TPEOOBAHUSIMU MPABUI
TEXHUKHU 0€30MacHOCTH;

— paCcCMOTPEHUEC CBA3U XUMHU C KU3HBIO, C BaXXHEHITUMU C(l)epaMI/I ACATCIIBHOCTH Y€JIOBCKA, — pPa3BUTUC
y yYalmxcsi YMEHHS CaMOCTOATENILHO padoTaTh C JIOMOJHHUTEIBHOW JMTEPAaTypod M JAPYIMMH CpPEACTBAMHU
nH(pOpMAaIny;

— (OpMUPOBaHUE y yUAIIUXCS YMEHUN aHATU3UPOBATh, COMOCTABIIATh, IPUMEHATh TEOPETHUCCKUE 3HAHUS
Ha MPaKTHKE;

— (opMHpOBaHUE YMEHUH MO PELICHUIO 3KCIIEPUMEHTAIBHBIX U TEOPETHYECKHX 3a1ad.

OcHoBHBIE HAeH Kypca:

— CJIUHCTBO MAaTCpHUAIIBHOI0 MHpPAa,

— BHYTPU- U MEXIPEAMETHAs HHTETpaLus;

— B3aUMOCBS3b HAYKH U IPAKTHKH;

— B3aUMOCBSI3b YEJIOBEKA U OKPYKAFOIIEH Cpebl.

YueOHo-MeTOAUUYECKOE oO0ecleyeHHe Kypca BKIOYaeT B ceOs ydeOHOe mHocoOHue i ydamuxcs Hu
MPOrpaMMy 3JIEKTUBHOIO Kypca. YueOHoe rmocodue Ui yyamuxcs: 00ecneynBaeT coaepKaTeIbHyI0 4acTh Kypca.
Conepxanue mocobusi pazdouto Ha naparpadpl, BKIIOYAST AMIAKTHYSCKHN MaTepuall (BOIPOCHI, YHPaKHEHHS,
3aJla4d, JOMAIIHAN 3KCTIEPUMEHT), PAKTUIECKHe PaOOTHI.

Ha 3anaTHSX MO TaHHOMY Kypcy ydaliuecs yriryOnsioT CBOM 3HAHUSI OCHOB XMMHYECKOH TEPMOJIMHAMUKH,
XUMHYECKOUN KHMHCTUKH, XUMUYCCKOI'0 PABHOBECUA U ITOBEPXHOCTHBIX sBneHu. B PE3YIbTATE U3YUCHUA KypcCa
«Duzngeckass XUMUSI» pacmmpiaeTCss MHUPOBO33PCHUC YUalIUuXCsd, Pa3sBHUBAIOTCA MO3HaBaTEeIbHBIN HUHTEPEC,
WHTEJUIEKTYaIbHBIE 1 TBOPUYECKUE CIIOCOOHOCTH, (GOPMUPYIOTCS NpeAMETHBIE, 00meyyeOHbIe 1 cnennpuieckue
YMEHUS M HAaBBIKU IIKOJIHUKOB.

Kypc conepkut O0JbIoe KOJIMYECTBO JEMOHCTPAIMOHHBIX 3KCIIEPHUMEHTOB M IMpakTHYecKux padot. Ilo
KCJIaHHUIO YUYUTEIId U B 3aBUCUMOCTU OT OCHaHIéHHOCTI/I xabuueTa HEKOTOPBIM IMPAKTHYCCKUM pa60TaM MOXKHO
NpUAaTh UCCIEA0BATENLCKUM XapaKTep.



Hcnonp3oBanne B y4eOHOM Mpolecce IMPAaKTHYECKHX pPabOT CIOCOOCTBYeT OO0OOIIEHUID Y4eOHOTo
Marepuana, pacIimpseT BO3MOKHOCTH WHAWBHAyadbHO- 135 8 1o M muddepeHmMpoBaHHOTO MOAXOI0B K
00yYEHHUIO, TOBBIIIAET TBOPUYECKYIO AKTUBHOCTH IIKOJBHHKOB, pacIIMpsieT WX Kpyrosop. BximodyeHue Takux
paboT B 3MEKTUBHBIN Kypc MPHUBHUBAET YYAIIUMCS MCCIEIOBATENBLCKUM MOAX0A K MX BBIIIOJHEHUIO, IOMOTAET B
OBIIAQJICHUH JOCTYITHBIMH JJIS yYalllUXCsl HAayYHBIMH METOJIAMHU FWCCIelOoBaHus, (HOpMHUpYeT W pa3BHUBaeT
TBOpYECKOE MEBIIIJICHUE, TOBBIMIAET WHTEPEC K MO3HAHWIO XUMHUYECKHX SBICHHH M WX 3aKOHOMEpPHOCTEH.
[Ipennaraemple mpakTHUecKHe pabOTHl BKIIOYAIOT OINpeJelicHHe He TOJIbKO KaueCTBEHHBIX, HO H
KOJIMUECTBEHHBIX XapPaKTEPUCTHK MporeccoB. CHCTEMaTHYECKOe BBIMTONHEHHE IKCIEPUMEHTAIBHBIX 3a7ad 0
KOJIMYECTBEHHON XapaKTePHCTHUKE MPOIIECCOB PA3BHBAET Yy YYAIIUXCA aKKypaTHOCTb, BhIpaOaThIBa€T HABBIKU
TOYHOCTH MPHU OLIEHKE PE3YIHTATOB IKCIIEPUMEHTA.

Kaxnas mpaktudeckast paboTa BKIIOUACT KPaTKUE TEOPETUUYECKUE CBEACHUS M AKCIIEPUMEHTAJIBHYIO YacTh.
PaGoter mpoBogsTcst B rpymmax mo 3—4 dyenoBeka. BwImonHeHWE HMCCIenoBaHUA TpeOyeT MpeaBapUTeNbHON
MOJTOTOBKU: Tepe]] MPOBEACHUEM SKCIIEPUMEHTA YUUTENb Pa00TaeT OTACIBHO C KaXKIOW TPYIION yUaIinuxcs.

DJEeKTUBHBIA KypC JOIyCKaeT MCIOJIb30BaHUE (10 YCMOTPEHHUIO Y4YUTENs) JIOOBIX COBPEMEHHBIX
00pa30BaTeIbHBIX TEXHOJOTHH, Pa3MYHBIX OPraHU3AIMOHHBIX (PopM OOydYeHHS: JEKIHil, CEeMHHapOB, Oecen,
MIPaKTHYECKHUX M JIA0OPATOPHBIX PaboT, HCCICIOBATEIILCKUX padboT, KOH(MEPCHITHIA.

B kadecTBe OCHOBHOI OpraHM3alMOHHOW (QOPMBI TPOBEACHMS 3aHATUH NpeAsaracTcs JEKIHOHHO-
CEMHHAPCKOE 3aHATHE, HA KOTOPOM HaéTcs OOBACHEHHE TEOPETHUECKOTO Marepualia W PEeIaroTcs 3aJaddl 110
JMaHHOW Teme. J{JIs TOBBIIEHUsT WHTepeca K TEOPETUIEeCKHM BOIIPOCAM W 3aKPEIUICHUS W3YYeHHOTO MaTepHhala
MPEIyCMOTPEHBI IEMOHCTPAIIHOHHBIE OIBITHI U TA0OPaTOPHBINA MPAKTHKYM.

dopmMaMu KOHTPOJISI HAJl YCBOEHHEM MaTepHaia MOTYT CIY)XUTh OTUETHI IO MPAaKTHYECKUM paboTam,
CaMOCTOSITeTIbHBIE TBOPYECKHE pabOThI, TECTHI, MTOTOBBIE YUEOHO-HCCIEAOBATENbCKHE IPOEKTHL. MTorosoe
3aHSATHE TPOXOJUT B BHJE HAYYHO-TIPAKTHMYCCKOH KOH(PEPEHIWH WM KPYTJIOro CTOJa, TIE 3acIyIIMBAIOTCS
JIOKJIAJIbl YUYAIIUXCSI IO BRIOPAHHOM TEMe MCCISI0BaHMsI, KOTOPhIe MOTYT OBITH IIPECTaBIIeHBI B (hopMe pedepara
WM OTYETA T10 MICCIIeI0BaTENBCKOM padoTe.

Conep:xanue Kypca

Tema 1. Xumuyeckasi Tepmoannamuxa (9/18 u)

[lepBriit 3akoH TepmoanHaMuku. Tepmoxumus. 3akoH I'ecca. CreactBus u3 3akoHa ['ecca. 3aBHUCHMOCTB
Ter1oBoro 3¢ dexra oT TemnepaTypsl. Bropoii 3akoH TepMoauHaMuKH. DHTporus. OpeneraeHne BO3MOKHOCTH
npenena 1368 mporekanus mpoiecca. DHeprus ['u60ca. DHeprus ['enbMmronbpia. 3aBHCHUMOCTh SHTPOINHMHU U
sHepruu ['nb0ca oT TeMneparypsi.

[IpakTuaeckas padora Ne 1 «Kamopumerpus.

Tema 2. Xumuyeckass kuHetuka (8/16 )

CKOpoCTh XMMHUYECKOW peakluy W BIHSIONMe Ha He€ ¢akTopbl. BriusHHe KOHUEHTpalWU pearcHTOB Ha
CKOpocTh peaknud. OCHOBHOHM TOCTYNAT XMMHUYECKOW KWHETHKH. KWHETHUYecKue ypaBHEHHS OJIHOCTOPOHHHX
peaknuii. (PopManbHas KHHETHKA MMPOCTHIX PEaKIwii.) MeToAbl onpeneeHns KHHETHYECKOTO TTOPSIIKA PEaKIHH.
BrnusiHue Temneparypsl Ha CKOPOCTh XUMHUYECKOHN peakinu. KatamTiuueckie peakium.

[Mpaktudeckas padora No 2 «3aBHCUMOCTh CKOPOCTH XMMUYECKOM PeakIMy OT KOHIIGHTPAI[H PEareHTOB.

[IpakTuuaeckas padora Ne 3 «3aBUCUMOCTh CKOPOCTH PEAKIIMH OT TEMIEPATYPhD».

[IpakTnueckas padora Ne 4 «KaTanuTudeckue peaxiumy.

Tema 3. Xumuueckoe paBHoBecue (4/8 1)

OOpaTtumble 1 HeOOpaTUMbIE XUMUYECKHE PeaKui. BUabl XMUMHUYECKOTO PaBHOBECHS. 3aKOH JACHCTBYIOIINX
Macc. KoHcranra paBHOBecus. BimsiHue pa3nudHbIX (aKkTOPOB HAa COCTOSIHUE PABHOBECHSL.

[Mpaktuueckas padora No 5 «XuMHYECKOE PAaBHOBECHE).

Tema 4. IloBepxHocTHBIE siBJaeHus (13/25 u)

[loBepxHocTHas sHeprus. [loBepxHOCTHOE HaTsDKeHHe. CMaunBaHWEe W HecMadnBaHue. Koresus u anresws.
AncopOuus. AxpcopOiusi Ha TMOBEPXHOCTH IKMJIKOCTH. AJCOpPOLMsS Ha TIOBEPXHOCTH TBEPABIX Tl
Xpomatorpadus.

[Ipaktnueckas padora Ne 6 «M3MepeHne MOBEPXHOCTHOTO HATSKEHHS KUIKOCTEM».

[Ipaktnueckas pabora Ne 7 «CpaBHeHHE TOBEpPXHOCTHOW aKTHBHOCTH pPAcTBOPOB BEIIECTB OIHOTO
TOMOJIOTHYECKOTO PSIZIa.

[Ipaktuueckas padora Ne 8 «CpaBHeHue 3¢ (HEeKTUBHOCTH MOIOIIUX CPEACTBY.

[Ipaktuueckas padora Ne 9 «AncopOuns KapOOHOBBIX KUCIOT aKTUBUPOBAHHBIM YTIIEMY.

IIpaktuueckas pabora Ne 10 «OOHapyxeHHE KAaTHOHOB METAJIOB C MOMOIIbIO OyMa)KHOM
xpomartorpapuuny.

Tema 5. Hayuno-npaktudeckasi koH¢pepenuus (1/2 1)



3ammrta pedepaToB, MPaKTUIECKUX PabOT UCCIEOBATEILCKOTO XapakTepa. [lonBeeHne UTOroB (KPYTiibiid

CTOJI).

Kypc paccuuran Ha 35/70 u B rox (1 wmmm 2 u B Hememo). [Ipenmaraemoe minaHupoOBaHHE SIBISIETCS
NPUMEPHBIM: YYHTEIb MOXET KOPPEKTHPOBATH COJAEPKAHHE YPOKOB M DPACIpENeNICHHE 4YacoB HA HM3YYCHHE

TemaTnuyeckoe MJIAaHUPOBAHHUE

MaTepuraia B COOTBETCTBHH C YPOBHEM MOATOTOBKH 00ydJaonuxcs U cpepoit UX HHTEPECOB.

Tema OcHoBHOe coep:kaHne KosanuyecTBo yacos
35 70
Tema 1. Xumuyeckas Tepmoannamuka (9/18 4)
IlepBrIii 3ak0H IIepBblil 3aKOH TepMOAUHAMUKA. BHYTpeHHSIS 1 2
TEPMOJUHAMUKHU SHEPTrus, TEIIoTa, padoTa, SHTANBIIUS
Tepmoxumus. 3akoH Tepmoxumus. 3akoH ['ecca. Pacuér TennoBoro 1 2
I'ecca a¢dekTa peakiuu METO0M KOMOUHUPOBAHUS
Cnencrsue u3 3akoHa | IlepBoe cienctBue n3 3akoHa I'ecca, craHnapTHas 1 2
I'ecca SHTANBITUA 00pa3oBaHus BemecTBa. Bropoe
cieacTBue U3 3akoHa ['ecca, cranmapTHas
SHTAJIBIINS CTOPAHUS BEIIECTBA
3aBUCUMOCTH Ypasuenne Kupxroda 3akon Kupxroda, 1 2
Tem1oBoro 3¢ ¢dexra | MOJSpHAs TEIUIOEMKOCTD BEILECTBA, 3aBUCHUMOCTh
OT TeMIIEPaTypPhI TETMIOEMKOCTH | TETIOBOTO 3P deKTa OT
TEMIIEPATypPhl
[IpakTruueckas «Kanopumerpus» OnbIT 1. «Onpeaenenue 2 4
pabora Ne 1 TerI0BOro 3 dekra peakiuu HeHTpaTu3aum».
OmnpiT 2. «OnpeneneHue TeroBoro 3¢ dexra npu
pacTtBopeHmH conmy. OOpaboTKa MOTyIeHHBIX
pe3yabpTaToB U 0 opMIICHHE OTUETA
Bropoii 3akon Outponus CaMoNnpou3BOIbHBIE U 1 2
TEPMOJIUHAMUKA HECaMOTPOU3BOJILHBIE TIPOIIECCHL. DHTPOITHSL.
Pacuér u3mMeHeHHs SHTPONMHY IIPU XUMUIECKUX
peaKmusx
Omnpenenenue W3menenue sHTpOIUH, s3Hepruu ['m66ca, sHeprun 1 2
BO3MOXXHOCTHU H ['epMronpua — KpUTEPUH BOSMOXKHOCTH U
npezena npoTeKaHus npezena npoTekanus peakuuu. Pacuér
mporiecca. DHEPrus CTaHIapTHOH 3Hepruu ['nb0ca XuMUIeCKOH
I'n66ca. Dueprus peaxuun
T'enemromnsna
3aBHCUMOCTD Omnpenenenne BO3MOXHOCTH CAMOIIPOU3BOJIEHOTO 1 2
SHTPOIHUH U SHEPTHH MPOTEKaHUS PEaKIIMU B 3aJJAHHBIX YCIIOBHSX C
I'n66c¢a ot WCIIONb30BaHNEM ypaBHeHUs | mooca—
TEMIIEPaTyphl I'enpmrosbua
Tema 2. Xumnueckass KuHeTuka (8/16 4)
CxopocTb CxopocTh XUMHUYECKOH peakliui. MexaHu3m 1 2
XMMUYECKOHN peakluy | XUMHUYECKOH peakuuu. DIeMeHTapHas peakuus,
U BIUSIOIIME Ha HE€ | MOJIEKYJSIPHOCTh peakiuu. PakTopbl, BAUSIOLINE
(bakTopbl Ha CKOPOCTh PEAKIINH
3aBUCUMOCTh OCHOBHOI1 TOCTYNAaT XUMUYECKOW KHHETHKH. 1 2
CKOPOCTH PEaKLIUU OT KoncranTa ckopoctu. [lopsaok peakunu.
KOHIICHTPAIIH dopmarbHas KHHETUKA PEaKIi [EeIoTo MopsiiKa
WCXOJTHBIX MTPOJIYKTOB
MerToasl OCHOBHBIE METOIbI ONPEACICHUS] KHHETHYECKOTO 1 2
OTIpeIeIICHUS MOPSI/IKA PEAKLUH: METO HauYaJIbHBIX CKOPOCTEid,
KHHETHYECKOTO METO/I OTIPEJIEIICHUSI MTOPS/IKA PEAKIIUH I10
TIOPsIIKA PeaKIIAH repro Iy noiynpesparieHunit (meroa OcBaiibaa),
METOA MoACTaHOBKH, MeTon Baut-T'odda




[IpakTnueckas
pabora Ne 2
«3aBUCUMOCTh
CKOpPOCTH
XUMHUYECKON peakinu
OT KOHIIEHTPAIUHN

[IpoBenenne npakTHUECKON pabOTHI:
«OnpezneneHre KHHETUUECKOTIO IIOPAIKa peaKkuu
pasnokeHust THOCEpHOU KUCTIOTh». OOpaboTka
MOJTYYEHHBIX PE3YIbTATOB U OQOPMIICHHE OTUETA

peareHTOB»
3aBUCUMOCTh [IpaBuno Baut-T'odda, ypaBHenne Appenuyca.
CKOPOCTH PEaKIH OT DHeprus aKTUBAINH
TEMITEPATYPHI
[MpakTrueckas [IpoBenenue nmpakTuueckoit padbotel. O0paboTKa
paborta Ne 3 MOJTy4eHHBIX PE3yNbTaTOB U ohopmileHre oTuéTa
«3aBUCUMOCTH
CKOPOCTH PEAKIMH OT
TEMIIepPaTyph»
Karanutnueckue KaTtanuz: roMOoreHHbIi U TeTepOreHHbIH.
peaxiumn MexaHHu3M MPOTEKAHUS KaTATUTHIECKUX
peaxkuuii
IIpakTrHueckas OnpIT 1. «AKTUBHOCTH Pa3IMYHBIX
pabora Ne 4 KaTaJI3aTOPOB B PEAKIINH PA3IOKECHHUS
«Karanutuueckue nepokcuaa Bogopoaa». Onsit 2.
peaximmy «Karanutnueckoe BOCCTaHOBIEHHE HOHOB
xkenesa (II)». Onwit 3. «KuHeTHKa
KaTaJIUTHIECKOTO PA3JI0KEHHUS TIEPOKCH/IA
Bogopoaa». O6paboTKa MOTyUEeHHBIX
pe3yibTaToB U oopmiieHHE 0TUETa
Tema 3. Xumuueckoe paBHoBecue (4/8 1)
Xumuueckoe Kunerndecku HeoOpaTHMbIe peaKIim.
paBHOBECHE. Kunernuecku obpatumele peakiun. MctnaHOE
OOGpaTtumbie XUMHUYECKOE paBHOBECHE. 3aTOPMOKEHHOE
HeoOpaTUMBbIe XUMHYECKOE PaBHOBECHE
XUMHNYECKHE
peaxkuuu. Buas
XUMHYECKOTO
paBHOBeCHS

3aKoH JeMCTBYIOIINX
macc. KoHcTanTb
paBHOBECHS

3akoH jaeicTByromux Macc. KoHCTaHThI
PaBHOBECHS, BHIPAXKCHHBIC UePE3 PABHOBECHBIC
napIyanbHbIe TaBJICHHS, PABHOBECHBIC
KOHIOCHTpAallMKW, paBHOBCCHBLIC MOJILHBIC JOJIN

Binsiaue paznudHbIxX
(akTopoB Ha

Binusinue kaTtanuzaropa, KOHIEHTPAIMU BEIIECTB
— YYaCTHUKOB PaBHOBECHSI, TEMIIEPATYPHI,

COCTOSTHHE 00I1Iero aBJICHUs HA COCTOSIHUE PABHOBECHSI.
paBHOBECHUS ITpuHIMI NOABUKHOTO paBHOBecUs Jle
[Tarense—bpayHa
[IpakTruueckas OmnbiT 1. «BrnusgHue u3MeHEHUs! KOHUEHTPALMA
pabora Ne 5 KOMITOHEHTOB U JJ00ABOK MMOCTOPOHHHX BEIIECTB
«XHUMHYECKOE Ha TIOJIOKEHHE XUMHYECKOTO paBHOBeCHs. OTBIT
paBHOBECHE» 2. «M3yueHre XMMHYECKOTO paBHOBECHS
rOMOTeHHOM peakuum». OO6paboTka NOTyUEeHHBIX
pe3yabpTaToB U 0hopMIIeHHE pabOoThI
Tema 4. IloBepxHocTHbIE iBJeHus (13/25 4)
[ToBepxHOCTHas Ocoboe cocTosiHuE MOJIEKYJT TOBEPXHOCTHOTO
SHEPTHsl. cios. [loBepxHOCTHAs 3HEPTHS U IOBEPXHOCTHOE
IToBepxHOCTHOE HaTspkeHue. HekoTopele METOABI U3MEPEHHUS
HaTsDKEHUE MOBEPXHOCTHOIO HaTskeHus. [lytn

CaMOIIPON3BOJILHOIO CHUXXCHHUA HOBCpXHOCTHOﬁ




SHEpruu. BausHue XMMUUECKON MPUPOIBI
BEIIIECTB Ha MX MIOBEPXHOCTHOE HATSKCHUE

IIpakTrdaeckas IIpoBenenue npakTraeckoi padboTer. O0padoTKa
pabora Ne 6 MOJTYYEHHBIX PE3YIbTATOB U OQPOPMIICHHE OTUETA
«3mepeHue

MTOBEPXHOCTHOTO
HATSDKEHHS
JKUIKOCTEH»

CmaunBanue u KammnspHasie sBi1eHUS — pe3ynbTaT

HeCMadrBaHUeE. CMa4YMBaHUs WIIM HECMAYUBaHUS B TOHKUX
Pactexanune TpyOKax u y3Kkux 3a3opax. Kpaesoii yroi.

Ypasuenue KOnra

Koresus n anresus

Kore3wust u pabora xore3uu, anre3us 1 padbora
aare3ud. YpasHenue [lronpe—tOHra. Aaresus u
KOTe3Hs B IPUPOJE, TEXHUKE U TIOBCETHEBHOM
YKU3HU YeJI0BEeKa

AncopOrusi.
AncopOuus Ha
TIOBEPXHOCTHU
KUJIKOCTH

AncopOnus, ancopoert, aacopoar. duzndeckas u
XUMHUECKas agcopOrus. [IoBepXxHOCTHO-
AKTHUBHLIC U TIOBEPXHOCTHO-NHAKTUBHBLIC

BEIIeCTBA

[IpakTruueckas
pabora Ne 7
«CpaBHEeHUE

MMOBEPXHOCTHOU
AKTUBHOCTH
pacTBOPOB BEIIECTB
OJTHOTO
TOMOJIOTHYECKOTO
psaga»

[IpoBenenwne mpakTmueckoir padbotel. O6paboTKa
MOJTYYEHHBIX PE3YJIbTATOB U OQOPMIICHHE OTUETA

[IpakTruueckas
pabora Ne 8
«CpaBHeHHe

3¢ (HEeKTUBHOCTH
MOIOIIMX CPEICTBY

[IpoBenenwne mpakrmueckoir padbotel. OOpaboTKa
MOJYYSHHBIX Pe3yJIbTaTOB U 0(hOpMIICHUE OTUETA

Ancopbuus Ha
TIOBEPXHOCTH
TBEPABIX TEJ

OcHOBHBIE aJICOPOEHTHI: AKTUBUPOBAHHBIN YOI,
cunikarenb. IOHUTBI, 0OMeHHast EMKOCTh
nouuToB. MonooOMenHas afacoporus. JKECTKOCTh
BOJIbI

[IpakTuueckas
pabora Ne 9
«Ancopouus

KapOOHOBBIX KHCJIOT
AKTUBUPOBAHHBIM
YIIIEMY

[MpoBenenue npakTruueckoi padbotel. O6padoTka
MOJIYYCHHBIX PE3yJIbTaTOB U 0(OPMIICHUE OTYETA

Xpomarorpadus

Hcropus otkpeiTist Xpomartorpaduu. CymHoCTb
xpomatorpaduu. Xpomatorpaduueckas KOJIOHKA.
[MonswxHas dasa, HemoaBMKHAS (aza.
Kiaccugukanus xpoMarorpapmueckux MeTOI0B.
[TpakTHYecKoe MpHUMEHEHHE XpOMaTorpaduu

IIpakTrueckas
padota Ne 10
«O06HapyxeHne
KaTHOHOB METAJIJIOB C
MOMOIIIBbIO OyMayKHOU
Xpomarorpapumy

OmnbiT «O0HapyskeHue katroHos Cu2+, Co2+,
Ni2+ ¢ noMoIp 6yMa)xxHOH XpoMaTorpadum.
O0paboTKa NOTYYSHHBIX PEe3YIbTaTOB U
odopmiteHre oTIETa

PesepBHOE Bpems

Pemenue 3aga4, moaAroToBKa K Hay4HO-
MPAKTUIECKOW KOH(EpeHITNH




Tema 5. Hayuno-npaxktuyeckasi kKoH(pepenuus (1/2 4v)

Hroropoe 3aHsATHE B 3amuTa pedeparoB, MIPaKTHUECKUX pabOT 1 2
¢dbopme HayqHO- HCCIIEI0BATENBCKOTO XapaKTepa
MPaKTUYECKON
KoH(pepeHn

IInanupyemble pe3yJbTaThl 0CBOEHUS Kypca

B pesynbprare nzyueHus 3JEKTHBHOTO Kypca Ha YPOBHE CpEAHEro oOmiero oopa3oBaHus y y4aluxcsi OymyT
c(OpMHPOBaHBI CIEIYIOIIE NPeAMeTHbIE Pe3yJIbTAThI.

VYyamuiicst HayquTcs:

— packpbIBaTh Ha IpuUMepax poib HU3NIECKON XMMUHM B (OPMHUPOBAHUN COBPEMEHHOM Hay4HOW KapTHUHBI
MHpa M B NPAKTHYECKOH AEATEIbHOCTH 4YEJIOBEKa, B3aHMMOCBSA3b MEXIYy XUMHUEN M APYTUMHU €CTECTBEHHBIMU
HayKaMu;

— YCTaHaBJIMBAaTh 3aBUCUMOCTh CKOPOCTH XMMUYECKOM PEaKMK U CMELICHNS XMMUYECKOTO PaBHOBECHS OT
Pa3NUYHBIX (PAKTOPOB C IETBbIO ONPEACICHUS ONTUMAIBHBIX YCIOBUH MPOTEKaHUSI XUMHYECKHX MPOLIECCOB;

— TMpOBOIUTH pacu€Thl TemioBoro d¢¢eKTa peakUud HAa OCHOBE YpaBHEHHS pPEaKIMU U
TEPMOIMHAMUYECKUX XaPAKTEPUCTHK BELIECTB;

— TIPOrHO3MPOBATh BO3MOXKHOCTb U TMpeAeN TNPOTeKaHHs XUMHMYECKHMX IIPOLECCOB Ha OCHOBE
TEPMOJMHAMUYECKUX XapaKTEPUCTUK BEIIECTB;

— coOmoarh mpaBuia 0e30MacHOr0 OOpaleHHus ¢ €IKHMH, TOPIOYMMH M TOKCHYHBIMH BEIIECTBAMHU,
CpeacTBaMH OBITOBOW XUMHH;

— OCYUIECTBIATh TMOWUCK XMUMHUYECKOH HMH(pOpMalMy MO Ha3BaHWSM, HAECHTH(QUKATOpPaM, CTPYKTYPHBIM
(hopMynam BEIIECTB;

— KPUTHYECKH OLICHHBAaThb M HMHTEPIPETHUPOBATH AAHHBIC, KACAIOLIMECS XMMHUH, B COOOILEHHAX CPEACTB
MaccoBoil mH(popMmanuu, pecypcax VHTepHeTa, HAyYHO-TIOMYJSPHBIX CTAThAX C TOYKH 3PEHHS €CTECTBEHHO-
Hay4YHOU KOPPEKTHOCTH;

— YCTaHaBJIMBAaTh B3aMMOCBS3M MEXIy (hakTamMu W TeopueHd, NMPUYMHOM M CIEACTBHEM IIPH aHaIH3e
MpOOJEMHBIX CUTyalluii 1 00OCHOBaHWW MPUHUMAEMBIX PEHICHUH Ha OCHOBE XMMHYECKUX 3HAHWUU. YUalluics
MOJIyYUT BO3MOKHOCTh HAYUUTHCS:

— (opmynupoBaTh L€Tb MCCIEAOBAHMS, BBIABUIaTh M IPOBEPATh 3KCIEPUMEHTAIBHO THIIOTE3BI O
COCTOSHMM DPaBHOBECHS XMMUYECKHX CHCTEM, DJHEPreThdeckux dQQeKkrax mpoleccoB Ha OCHOBE
TEPMOJUHAMUYECKUX PACUETOB, O CBOMCTBAX MOBEPXHOCTH PA3IUYHBIX Tel;

— CaMOCTOSITENBHO IUIAHHUPOBAaTh U NPOBOAUTH (PUBMKO-XMMUYECKHE SKCIEPUMEHTHI C COONIOJICHHEM
npaBuiI 0e30MacHOM PabOTHI C BEIIECTBAMU U 1a0OPaTOpHBIM 000PYIOBaHUEM;

— UWHTEPIPETUPOBATDH JIaHHBIE O TEIUIOBOM 3((deKTe, CKOPOCTH PEaKIMU U BIMSHUM Ha HEE Pa3InyHbIX
(aKTOpPOB, O COCTOSIHUM PAaBHOBECHS, MOBEPXHOCTHOM HATSDKEHUH, ajcopOIMH, TIONyYEHHBIE B pPE3yJbTare
npoBeneHusl (PU3NKO-XUMHUYECKOTO IKCIIEPUMEHTA;

— TPOTHO3UPOBATh BO3MOXKHOCTh IPOTEKAHUS PAa3IMUHBIX XHUMUYECKUX pPEaKUUd B NPUPOJE U Ha
MIPOM3BOICTBE.

OueHka JOCTHKEHHH IVIAHMPYEMBIX Pe3yJbTaTOB YCBOCHHS Kypca (nmpumep)

1. Kakue TepMoIMHaAMHUYECKUE BETMYMHBI CBA3BIBAET MEPBbIi 3aK0H TepMoanHaMuku? ChopMmynupyiite ero.

2. Kak cBs3anbt n3obapusiii (AH) u n3oxopHsiii (AU) TermioBbie 3QeKThl XMMHYECKHX peakiuii? MoryT iau
oHU ObITh paBHBI? Ecniu na, To B Kakux ycnoBusix? M3 npuBen€HHBIX peaknuii BeIOepUTe Te, Al KOTophix AH =
AU:

a) Al,O3 (1) + 3SO;3 () = Al (SO4 )3 (1):

0) Corpagum) + 021y = CO:

B) Cipagyr) + 0,50 (= COry,

F) H2 1) + Clz(r) = ZHCI(F)'

O0ocHylTEe CBOH BHIOOD.

3. Paccumraiite TemnoBoil 3¢¢exT mpouecca mpeBpauieHus Tpadura B anmas, HCHONb3YS TEIJIOBbIC
3¢ (DEKTHI CIeNYIONINX MPOIIECCOB:

Cipapir) T O209= CO2 ¢y AHy =—393,5 x/Ix;

C(BJ'IMEB) + Oz ®= C02 ) Aer =— 395,3 K)I)K.

Brinensercst uiy morsonaeTcsi TeIIoTa B XoJle IpeBpaiieHus rpadura B anMas? Kak Ha3pIBaroTCs Takue
MIPOTIECCHI?

4. ChopmynupyiTe clieACTBUs U3 3akoHa ['ecca a1 pacu€ra TemioBbiX 3Q(HEKTOB XMMHUSCKUX PEaKIUi Ha
OCHOBE: a) SHTAJBNUK 00pa3oBaHusi; 0) SHTANBIINI CrOpaHMs BEIECTB — YYaCTHUKOB peakuuid. Viconbssys atu
CJICICTBUS, paccunTaiTe TerioBoi 3¢ ekt peakuu:




Corpagur) T CO2 (= 2C0

A¢HC o5, kJK/MOTs 0 — 3935 —110,5

A H° 208, KJ5x/Mone — 393,5 0 —283,0

HeoOxomumele i pacu€ToB ChpaBOYHBIC AaHHBIE MPHUBEACHBI MON Qopmyinamu BemecTB. CpaBHUTE
MOJIyYEHHBIE Pe3yJIbTAaThl. DK30- WIH SHAOTCPMHUUYECKOH SIBISICTCS AaHHAs peaKLusi?

5. He npoBozs pacuéra, onpenennTte 3HaK U3MEHEHHs 3HTPONUHU B PE3ybTaTe PEaKLHH, [IPOTEKAIOLIEH B
HeHlTpanu3aTope aBTOMOOMIIEH:

CO(r) + 0,502 = C02 ()

Ob6ocHyliTe cBOH BBIBOJ. Kakoe CBOMCTBO TEPMOJMHAMUYECKOW CUCTEMBI XapaKTePU3yeT IHTPOITHS?

6. Paccunraiite nsmenenue sutponuu (Dr S 0 298) B pe3ynbpraTe peakunuu cropaHusi METaHa.

CH4 () + 202 o= C02 () + 2H20(r)

S%,, [UK/(Monb - K) 1862 2050 2137 1887

HeoOxomumeble 1m1st  pacy€ToB  CHpaBOYHBIE JaHHBIE MNpPUBEACHBI 107  (GOpPMylaMH  BELICCTB.
[Ipoananu3upyiiTe TMONyYEHHBI pe3ylbTaT. YUHUTBIBas CTPEMJICHHE TEPMOAMHAMHYECKHX CHUCTEM K
MaKCUMaJbHOMY O€CIOPAIKY, OTMEThTE, BBIMOAHA MM HEBBITOJHA JaHHAsL PEAKLUsI C 3TOM TOUKH 3PCHHUS.

7. PaccunraiiTe cTaHmapTHyI0 3Hepruto [ m06ca XMMHIECKOW PeaKITHH:

CHy ¢y + 20, = CO; (1 + 2Ha0()

AeHP 05, kJIx/Moms  — 748 0 —3935 — 2418

S % 566, Ix/(Mo11B - K) 186,2 205,0 213,7 188,7

CrnipaBouHbIE 3HAYEHHS CTAHJIAPTHBIX TETUIOT 00pa30BaHUs U SHTPOMHHU BEIIECTB — YYACTHUKOB PEAKIUH
MpUBEACHBI 0] popMyaaMu BelecTB. BO3MOXKHO 71 caMONPOU3BOJIBHOE POTEKaHKE 3TOH peakuuu npu 298 K?

8. Anis cneayroel peakuuu

SO; + H,0 = H,SO,

B pe3ylnbTaTe SKCIEPHMEHTOB, TNMPOBEAEHHBIX MPH IOCTOSHHOW TeMIlepaType, IOJIy4YeHBl CleIylolue
JAHHBIE O CKOPOCTH PEAKLIMH:

Howmep skcnepumenta Havanbnas Havanbnas Havanbnas CKOpOCTb,
koHieHTparss  SOs;  , | KOHIIEHTpaIus H,0, | monb/(11°¢)
MOJIB/JIT MOJIB/JTI

1 0,1 0,01 0,013

2 0,2 0,01 0,052

3 X 0,02 0,234

4 0,1 0,03 0,039

* Onpezaenure NOPAIOK 3TOH peakunu 1o BemectBam SO; n HyO, a Takke oOmuii MOpsAaoK peakiuy.

* Paccunraiite KOHCTaHTY CKOPOCTH. IIpUBEaUTE KHUHETUUECKOE YPABHEHUE PEAKIIMH.
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9. st peakuun nepsoro nopsiaka NoOs () — NoOy ) + 1/20, () onpeesieHbl KOHCTAHTBI CKOPOCTH:

k,=4,75-10"c* mpu T; = 15 °C u k, = 0,00203 c? npu T, = 25 °C. Onpeaenure 3HEPTUI0 aKTUBALUU 3TOU
peaxumu (E, ) u TemneparypHblii KOOGPHUIUEHT CKOPOCTH PEAKIINH (g).

10. PaBHOBeCHE reTEPOre€HHON peaKIUU

ZFGO(TB) + CO, ®— Fezo3 (t8) + CO(,—)’

MPOTEKAIOIIe TMpH HEKOTOpOil TemIieparype, YCTAaHOBMJIOCH TMIPH CIEAYIONIMX KOHIIEHTPAIMIX
ra3o000pa3HbIX yuyacTHUKOB miporiecca: [CO; | == 2,40 mons/it; [CO] = 0,24 mMounb/m1.

* 3anummTe BRIpaKEHHUE KOHCTAHTHI paBHOBecHs K¢ JaHHO peakiu U paccuuTanTe e€ 3HaueHHe.

« Onpesernure u3MeHerne sueprun ' n66ca (AG 1) B pe3yibrare peakii.

* Paccuuraiite HOBBIe paBHOBecHbIe KOHIeHTpammu CO, m CO, eciu NEpBOHAYAIHHO yCTAHOBUBIIICECS
paBHOBecHe ObLIO HapylIeHo yBennueHneM KoHueHTpauuu CO Ha 1,20 Mob/m.

11. Tlouemy KamenpKu XUAKOCTEH TMpU CONMPUKOCHOBEHUH ciuBaroTca? Kak wu3MeHuTcs I1oiomaib
MTOBEPXHOCTH MPH CIUSHUH JBYX OJMHAKOBBIX Karenb? OTBET MOATBEPANTE PACUETOM.

12. Yro Ttakoe IIAB? Ha uém ocHoBaHo ux npumenenue? IlpuBeaute npuMepsl NTPAKTUUYECKOTO
ucnonb3oBanus [TAB.

13. Kakum TpebGoBaHUSAM JOKEH YAOBIETBOPSTH Xopomuii agcopoeHt? IlpuBeaure npumeps! aicopOEHTOB
1 00JTaCTH X IPUMEHEHHS.

14. B anrexkax mnponaroT TaONeTKH aKTUBUpOBaHHOro yris. Ilpeamonoxkure, B KakuX Ciydasx
1eJ1eco00pa3HO UX UCTONIb30BaHUE M KAKOB X MPUHLIUI JCHCTBUSL.

15. Bona, ucrionp3yemMasi B TUIIEBO MPOMBIIIJIEHHOCTH ISl IPUTOTOBIIEHHSI COKOB, INMOHAIOB U JPYTUX
HAIMUTKOB, MPOXOIUT 00pabOTKy HOHUTaMU. UTO Takoe MOHUTHI U KaKOBa LeNIb TAKOH 00paboTKU?
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