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paﬁoqeifl NnporpaMmmbl yqeﬁﬂoﬁ JUCHHUILIMHBI «XHMHYeCKAas TEPpMOANHAMHUKA

U (a30BbIe PABHOBECHS»

Hanpasiieaune noarorosku: 04.04.01. «Xumusp» (ypoBeHb MarucTparypbl)

npopuib «Pu3nyeckass XUMHA»

CocraBuTe/ib aHHOTALMH K.T.H., Ipoeccop Apuakosa P.JI.

Kadeapa xumun

Heas wu3yyeHus auc-

IUIIJIMHBbI

Hensasmu  u3ydyeHMs  AUCHUIVIMHBI  «XHMHYecKasi
TEePMOJAMHAMMKA U (Pa30BbIe PABHOBECHS» SIBJIAIOTCH:
- N3y4EHUE TEOPETUYECKHX OCHOB  KJIACCUYECKOM H
CTaTUCTUYECKOMN TEPMOAUHAMUKH, (a3oBbIX pPaBHOBECHI
IIPUMEHEHHUsST  TEPMOJMHAMUYECKMX METOAOB  JUIsl  PELICHUS
XUMHUYECKUX MPoOIIeM;
- ¢dbopMHUpOBaHHE Yy MAarucTpPaHTOB 3HAHUM M yMEHU,
MO3BOJIIIOIIMX MOJEIMPOBAaTh U IMPOBOJUTH UYWCIEHHBIE PaCUEThI
IpU ONMCAHUM PA3IMYHBIX BHUJOB XHMHYECKHX M  (a30BbIX
paBHOBECHI M CBOMCTB BEUIECTB B paCTBOpax.

MecTO0 IMCIMIIJIMHBI B
CTPYKTYpe oron

MAarucTpaTypsbl

JuctunnuHa «XuUMHYecKash TepMOJUHAMUKA U (a30BbIe

paBHOBECHS»» OTHOCUTCS K 00s3aTeNbHOM 4YacTW JUCLUILIMH;
M3Yy4aeTcs BO 2-OM CEMECTpE.
JucuumuinHa «XuMHYecKasi TepMOJIMHAMHUKa U (pa3oBble paBHOBECHUS
IpeACTaBIsieT Cco0OH  TEOPETHYECKYI0 OCHOBY Ui  M3Y4YECHU
MOCTEeYIOIUX KyPCOB XUMHUECKOro NMpoduis — Gu3n4ecKol XUMHUY
KOJ'IJ'IOHI[HOfI XUMHHU, XUMHYECKOH TEXHOJIOTHUH, (i)I/ISI/IKO-XI/IMI/I‘-ICCKI/I
METO/IOB UCCIIeI0OBaHMUA.

HepequL JUCIUIIIINH, HeO6XO)II/IMI)IX I N3YUYCHUA
JTUCLUIUIMHBL: HEOpraHW4ecKass XMMHUs, KBaHTOBas XUMHUs, (pu3uka,
MaTeMaTHKa.

Komnerennuu, d¢opmu-
pyeMble B pe3yJbTare

OCBOCHHUSA JUCHUIIJINHBI

B pe3yabrate ocBOeHMS] IMCUMIUIMHBI O00y4Yarommiicst
HAO0JIKEH AEMOHCTPUPOBATH ciaeayouue pe3yJbTaThbl
o0pa3zoBaHmus:

- CIocOOCH OCYIIECTBIATH KPUTUYECKUHA aHAIHU3 TPOOIEMHBIX
CHUTYaIMii HA OCHOBE CHCTEMHOTO TI0/IX0/Ia, BhIpa0aThIBaTh CTpare-
ruto aericteuii (YK-1);

- CHOCOOCH BBINOJHATH KOMIUICKCHBIE AKCIIEPUMEHTAIBHBIE H
pacyeTHO-TEOPETHYECKUE HCCIEOBaHUS B HM30paHHON obnactu
XMMHH WM CMEKHBIX HAayK C HCIOJIb30BAaHHEM COBPEMEHHBIX
npuOOpoB,  MPOrpaMMHOrO  oOecriedeHUss W 0a3  JaHHBIX
npodeccronanbHoro HazHauenus (OITK-1);

- COCOOEH HCIIOJIb30BATh BEIYMCIUTEIBHBIC METOIBI M 3IalTHPOBATh




CYHIECTBYIOIME IPOTPAMMHBIC NPOAYKTHI I pELICHHs 3anad
npodeccronanbHoit aesrenbHoctu (OITK-3);

- CcIocoOeH Ha OCHOBE KPUTHYECKOro aHanu3a pesyiaptaroB HUP u
HUWNOKP onenuBaTth nepcreKTUBbl UX MPAKTUYECKOTO0 IPUMEHEHUS U
IPOAOIKEHHUsT paboThl BHIOpaHHOM 00JacTH XHUMHUHM, XMMHUYECKOH
TEXHOJIOTUH WJIM CMEXKHBIX ¢ Xxumuei Haykax (I1K-3).

Conep:xkanue

JUCHHUILIHHBI

Tema 1. BBenenne

ITpenmer u cocrtaBHble yacTu ¢Gu3ndeckoil xumuu. OCHOBHBI
9Tarnbl pa3BUTUS PU3NIECKON XUMUHM KaK COBPEMEHHOM TEOPETHUECKO
OCHOBBI XMMMH. MeTOAbl TEPMOJMHAMUKH, KUHETHKH WU KBAaHTOBO
XUMHH B OITUCAHUM XUMHUYECKUX SBJICHUI.

Tema 2. OCHOBBI XMMHUYECKOI TEPMOAUHAMUKH

MaxkpocKonu4YecKue CUCTEMBbI U TEPMOJIMHAMUYECKUI METOJ] U
onucaHusa. TepMHUECKOe PpaBHOBECHME CHUCTEMBI. Temmeparyps
Paznnunble mikanel Temneparyp. TepMoJuHaMUYECKHE IapaMmeTph
VHTEHCUBHBIE M OSKCTEHCUBHBIE BEJIMYHHBIL. Oo6partumsle
HEOOpaTHUMBIE MPOLECCH]  UX CBOMCTBA.

VYpaBHEHMsI COCTOSIHUS. YPaBHEHHE COCTOSHMS HAEAIBHOT
rasa, raza Ban-nep-Baanbsca. Teopema 0 COOTBETCTBEHHBIX COCTOSIHUS
u obmas npobiemMa ypaBHEHUS COCTOSIHMA. BupuanbHble ypaBHEHH
COCTOSIHHMSL.

Tennmora u pabGota. Buyrpennss sHeprus. IlepBwiii 3axo
TepMoAHaMHUKU. [IpuMeHeHue mnepBoro 3akoHa TEPMOJWHAMUKH
pasnuuHbIM Ipoueccam B raszax. OHranenus. ukn Kapao. Jlemm
Kapmno.

3akoH I'ecca m ero cinencrBus. CTaHIapTHBIE COCTOSIHMS
CTaHJapTHbIE TEIUIOTHl XMMMUYECKHUX peakuui. TemmoTsl cropaHus
TennoTel 06pa3oBaHus. 3aBUCUMOCTh TEIIOBOrO 3¢ (eKTa peakiuu o
temneparypbl. opmyna Kupxrodda. 3aBUCUMOCTh TEMIOEMKOCTH O
TEMIIepPaTyphl U PACUEThl TETIOBBIX I(P(PEKTOB PEAKIIHH.

Tabnuupl CTaHAAPTHBIX TEPMOAMHAMMUYECKHUX BEJIIMYMH U U
UCIOJIb30BaHUE B TEPMOAMHAMMUYECKHUX pacuerax. Kanopudeckn
K03 (DULIUEHTHI.

Bropoii  3akOH  TEpMOJMHAMUKM M  €r0  pa3jM4Hb]
(OpMYITHPOBKH. OHTpomnus. YpaBHeHHE  BTOpPOTO HayaJy
TEPMOAMHAMMKHU JUIsl OOpaTUMbIX U HEOOpaTHUMbIX IPOLECCOH
OO6ocHoBaHME BTOpPOro 3akoHa TepMoAuMHaMuku. Teopema Kaphg
Kiaysnyca.

OHTponHs Kak GYHKUIUS COCTOSIHUA. MI3MEeHeHne SHTPOIUH Tp
pa3nMyYHBIX mpoueccax. l3MeHeHue SHTpPONMU B HU30JIHMPOBAHHBI
cucrteMax M HampasieHue npouecca. [Tocrynar [1nanka u aGconroTHa
sHTponus BemiecTB. CTAaTUCTUYECKUI XapakTep BTOPOrO 3aKOH
tepmoauHamMuku. Popmyna bonbnmana.

PacueTsl M3MeHEHUI 3HTpONUM OOPAaTUMBIX M HEOOpPATHMBbI
nporeccoB. Bpruncnenust aOCOMIOTHONW SHTPONUU  TBEPIBIX  TeJ]
JKUJIKOCTEH U ra3oB. MI3MeHeHre SHTPONUHU XUMUYECKON PEaKIUu.

dynnameHTanbHble ypaBHeHUs1 ['100ca /Ui 3aKPBITBIX CHUCTEM
Oneprusi  'empMmrosbiia, d2Heprus Iub60ca W WX  CBONCTBS

2



TepmoauHaMuyeckue MOTEHUUANIBl M XapaKTepUCTUYeCKue (DYyHKIMY
VYciioBHUsl paBHOBECHS U KPUTEPHU CAMOIIPOU3BOJILHOTO IMPOTEKAHH
IIPOLIECCOB, BEIPAXKEHHBIE YePE3 XapaKTePUCTUUECKHUE (QYHKLIUH.

VYpaBuenue ['n66ca-I'enpmromnbia u ero posib B XuMuH. PaboT
U TeioTa xumuueckoro mnpouecca. CooTHomeHuss MakcBeg
WCTOJIb30BAaHUE JUIS BBIBOJA OOIIETO YpaBHEHHS COCTOSTHUS (Da3bl.

Xapakrepuctuueckue (QyHKIMM UAEaNbHOTO ras3a. OHepru
I'n60ca nneanpHOrO rasa.

Xapaktepuctuueckue (QYHKUMM pealpHOro rasa Merto
neryudectu. Pacuer nerydectd ((yruTUBHOCTH) U3 ONBITHBIX JTAHHBIX.

dynnameHTanbHble ypaBHeHUs ['mO0ca JUIsl OTKPBITBIX CUCTEM
XUMHUECKUE MMOTCHIIUAIIBI, HX ONpPEICIICHHE, BHIYUCICHUE U CBOWCTBE
XUMHUYECKUH MOTEHLMAIl UI€ATbHOTO U HEHUJI€aJIbHOTO T'a30B.

Tema 3. PacTBopbI

PactBopbl  pasnuuHbIX ~ KiaccoB.  PasnuuHble  crocoOj
BBIP)KEHUS COCTaBa PacTBOPA.

Cmecn wuzealbHBIX Ta3oB. TepMoOJMHAMUYECKHE CBOMCTB
ra3oBbIX cMeceill. lmeanbHble pacTBOPHI B PA3JIMYHBIX arperaTHHI
COCTOSIHUSIX U 00IIIee YCIIOBHE UACaTHbHOCTH PACTBOPOB.

JlaBneHre HaChILIEHHOrO Hapa J>KUAKUX PpacTBOPOB. 3akKo
Payns u otkionenune ot Hero. KoshduuumeHTs aKTUBHOCTH U U
OIpeJIeJIEHHUE 10 NMaplUalbHbIM JaBJICHUSIM BELIECTB.

CraHiapTHBIE COCTOSIHHSI TIPH  ONPEACICHUHW XUMHUYECKH

MIOTEHLIMAJIOB ~ KOMIIOHEHTOB  pacTBOpoB.  CuMMeTpuuHas
HECHUMMETPHUYHAsI CUCTEMBI OTCUETA.

Konnurarususie CBOMCTBA pacTBOPOB. N3menenn
TEeMIIepaTypbl 3aTBEpACBaHUSA Pa3INYHBIX pPacTBOPOY

Kpunockomnueckuii metoq. OcMOTHYECKHE SIBJIEHUS. Y paBHEHUE BanT
l'odda, ero TepmonuHamMuueckuii BHIBOJ M 00JIACTH MPUMEHHUMOCTY
O011ee paccMOTpEeHNE KOJUIUTATUBHBIX CBOMCTB PacTBOPOB.

Tepmoaunamuueckass kiaccuukanus pactBopoB. DyHKUU
CMEIIEHUs Ul MACANBHBIX W HEHWJCAIBbHBIX pacTBOpoB. llpenensh
pa30aBieHHbIE  pPAaCTBOpPHI, AaTepMalIbHbIE, PETYJSIpHbIE, CTPOT
pEeryJIsipHbIE PaCTBOPBI U UX CBOMCTBA.

[TapunanbHble MOJBbHBIE BEIMYMHBI M HMX ONpEeNieHUuEe U
ONBITHBIX JAHHBIX JJIi OWHAapHBIX CUCTeM. YpaBHeHHs [u60cd
Hrorema.

PaBHOBecue KUAKOCTH-NIAp B JABYXKOMIIOHEHTHBIX CHCTEMAay
PaBHOBeCHBIE cOCTaBbl mapa M JKHIKOCTH. 3akoH Payns-/lanbToH{
Pa3nnunble BUABI AMarpaMM COCTOSTHUS.

3akonsl ['mb0Oca-KonoBanoBa. Pazgenenne BemecTB myTel
MIEPETOHKHU. A3€0TPOIIHBIE CMECU U MX CBOWCTBA. BinsHue naBineHus
TEMIEPaTypbl HA PACTBOPUMOCTH T'a30B B KUAKOCTSX.

3akoH I'enpu.OrpaHuueHHas B3aMMHas pPacTBOPUMOCTb [IBY]
KUIKOCTEH. Tperuit KOMIIOHEHT B CHCTEME ux JIBY]
HECMEIINBAIOIINXCS )KUIKOCTEN. 3aKkoH pacnpenenenus HepHera.

PactBopuMOCTh TBEpABIX Te€d B KUAKOCTIX. MneanbHa|
pactBopuMocTh. YpaBHeHue lllpenepa. 3aBUCHMOCTH pacTBOPUMOCT
OT TEMIIEPaTyphl.




Tema 4. ®a3oBble, XUMHYECKHE U AICOPOIUOHHBIE PABHOBECHUS

I'ereporennsie cuctemsl. [lonsTHE (ha3bl, KOMIIOHEHTA, CTETICH
cBo0Oo1b1. [IpaBmito a3z 'n66ca u ero BBIBOI.

OIHOKOMITOHEHTHBIE CUCTEMBI. J[MarpaMMbl COCTOSIHUSI BOJb
ceprl. Da3oBbie MEpPexoibl MEpBOro poja, YpaBHeHue KitameirpoHd
Knay3uyca m ero mpuMEHEHHE K pa3IUYHBIM (Da30BBIM MEpexojal
MIEpBOI0 poJa.

JIByXKOMIIOHEHTHBIE ~ CUCTEMBI.  PaszluuHble  auarpaMmi
COCTOSIHMSI JBYXKOMIIOHEHTHBIX CHUCTEM M HMX AaHaJIU3 Ha OCHOB
npaBuia das.

TpexkoMnoHEeHTHBIE cuUcTeMbl. TpeyronpHukn ['nb6ca
Po3zeboma.

B3anMHas pacTBOPUMOCTB B CUCTEME TPEX KUIAKOCTEM.

3akoH JiefcTBUS Macc. VcTopust ero OTKpHITHS U COBPEMEHHA
TpakToBKa. Pa3iauuHble BHUIbl KOHCTAHT PABHOBECUS U CBA3b MEXK]
HUMU. XUMUYECKAsI IEPEMEHHASL.

XUMHYECKOE pABHOBECHE B HJICATbHBIX W HEUJCAIbHBI
cucremax. TepMoIMHaAMUYECKUI BBIBOJI 3aKOHA JICVCTBUS MacC.

Nzorepma Bant-I'opda. HWsmenenme osueprum ['nbbca
SHEPIUU ['enbmronsia npu XUMUYECKOMN peakiuy
TepmoauHaMuueckasi TPaKTOBKA MOHATHS O XMMHYECKOM CPOJICTBE.

[Tpunuun beptno u oOmacte ero mpuMeHuMocTH. Pacuert
KOHCTAaHT pPaBHOBECHUS XHUMUUYECKHX PEaKIUid C HCIOJIb30BaHHUE]
TaOIUI CTAaHIAPTHBIX 3HAUYEHUN TePMOIMHAMUYECKUX (DYHKIIUH.

[TpuBenennas sHepruss ['mbbca M ee HCIOJIB30BaHUE I
pacyeToB XUMHUUYECKHUX
paBHOBECHIA.

Pacuera BbpIXOAa MPOAYKTOB XMMHYECKUX PEAKLMA pa3IudHbI
TUTIOB. BBIXOBI MPOIYKTOB MPU COBMECTHOM MPOTEKAHUH HECKOJIBKHU
XUMUYECKUX PEaKIUU.

3aBUCMMOCTh  KOHCTAHT pPAaBHOBECHSI OT  TEMIIEpaTyphb
VYpaBHeHHsT M300apbl M HM30XOPHI PEAKIUU; UX TEPMOAMHAMUYECKU
BBIBOJI.

Hcnons30BaHre pa3NUYHBIX TPUOIMKEHUN TSI TETIOEMKOCTE
peareHTOB TPH pacueTax XUMHUYECKHX PABHOBECHM TPH Pa3THYHBI]
TeMIIepaTypax.

['eTeporenHble XUMHYECKHE DPABHOBECHS M OCOOEHHOCTH U
TEPMOJIMHAMUYECKOTO OMHICAHUSI.

3HaHusl, yMeHU:A M
HaBBIKH, I0JIy4YaeMble B
npoiecce N3yYeHHust

AUCIHHUITINHbI

B pe3yjabTaTe H3y4YCHUA JTUCHUIIVIMHBI MArHCTPAHT H0JKECH
3HAThb:

- 0a30ByI0 TEPMHUHOJIOTHIO, OTHOCSIIYIOCS K XHMHYECKO
TepMOAMHAMHKE U (Pa30BbIM DPABHOBECHSAM, OCHOBHBIC MOHSITHS
3aKOHBI TEPMOJAMHAMUKH, UX MATEMAaTUYECKOE BbIPAKEHUE;

- IOHUMATD JIOTHKY PaclpOCTPaHEHUs TEPMOJAUHAMUYECKOTO METO1a
MHOTOKOMIIOHEHTHBIM CUCTEMAaM Pa3JInyHOTO TUIA;

- OCHOBHBIE DKCIEPHUMEHTAJIbHBIE U PACYETHHIE METOJbI OMPE/CIICHU




MAaKpOCKOIMUYECKHUX XApPaKTCPUCTUK CHUCTEMBI H OTACIBHBIX €
COCTaBJIAIOIINX BCIICCTB,

- IMIOHUMATb PpPOJIb XAMHYECKOU TEPMOANMHAMHKH KakK OHHOﬁ b4l
TCOPCTUUCCKHUX OCHOB XMMMUHU.

yMeTh:

- IPOJIEMOHCTPUPOBATh  CBA3b  (DYHIAMEHTAJIbHBIX  3aKOHO
TEPMOJAMHAMMKYU C XUMUUYECKUMH SIBJICHUSMU;

- pelaTh 33Ja4u M0 XUMHUYECKON TepPMOIMHAMUKE;

- MOJeNupoBaTh XHWMHUYECKoe, (pa30BOE pPABHOBECHE, CBOICTB
pPacTBOPOB U MPOBOAUTH

YHCJIEHHBIE pacueThl (PU3MKO-XUMUUYECKUX BEIUUNH;

- TMPOBOJUTH JKCHEPUMEHTHI IO HU3MEPEHHIO TEIUIOT XUMHUYECKU
IIPOLIECCOB, CBOMCTB pacTBOPOB, ONPEIEICHUIO

KOHCTaHT PaBHOBECHS] XMMHUYECKUX PEAKIUi, MOCTPOCHHUIO JUarpamy
COCTOSIHUSI.

- CaMOCTOATENBHO (OPMYIUPOBATH 3a/ady (U3HKO-XUMHUIECKOT
WCCIIETIOBAaHMS B XUMUYECKUX CUCTEMAX;

- OJIB3YACH IIOJYUCHHBIMU 3HAHUAMU, YMETb BbI6I/IpaTI:> OIITUMAJIbHBI
IIYTH 1 METOAbI PCIICHMWA ITOCTABJICHHBIX 3a/1aY ,

- TPOBOAUTH (PU3UKO-XUMHUYECKHE MCCIEAOBAHNUS CUCTEM U MPOIIECCO
C UCIIOJIb30BaHUEM COBPEMEHHBIX METOJI0B U pubopoB DXMA;

- IIPOBOIUTH (I)I/I3I/IKO'XI/IMI/I‘ICCKI/I6 PpacCyCThI;
- I1IOJIb30BaThCA cnpaBquoﬁ HHTepaTypOﬁ;
- Fpa(bI/I‘leCKI/I OTO6pa)KaTB IMOJITYYCHHBIC 3aBUCUMOCTH;

- aHamU3UpOBaTh M OOCYXIaTh pe3yabTaThl (HU3HMKO-XUMUYECKU
HMCCIIEIOBAHNH;

- BECTU HAy4YHYIO IUCKYCCHIO.

BJIa/J1€Th.
- OCHOBaMH JUCLIMIUIMHBI JUIsl PELLICHUS TPAKTUYECKUX 3a/1a4;
- METOJMKOM MPOBECHHS (PU3UKO-XUMUIECKUX UCCIICIOBAHUM;

- COBpPEMCHHBIMHA HpI/I60paMI/I JUIA (1)I/ISI/IKO-XI/IMI/ILIeCKI/IX

HUCCIIENOBAaHUH.
O0bem aucHMIIMHBL H || Bux yueoHoit padoThl Bcero 2
BU/IbI Y4eOHOH padoThl 4acoB cemMecTp
O61mas TpyA0E€MKOCTh AUCHUTIINHBI 144 144
AyIUTOpHBIC 3aHATHUS 68 68
Jlexmun 34 34
JlaGoparopHbIe 3aHATHS 34 34




CamocrosrenbHas paboTta

49

49

KoHntpous

27

27

Hcnonb3yembie pecypcnbl
HHG(pOPMALMOHHO- TeJle-
KOMMYHUKAIIHOHHOM

ceTH «Internet»,
HH(OPMAIIMOHHbIE TeX-
HOJIOTMH, NPOTrPaMMHbIE
cpeacrBa M HHpopMa-
HMOHHO-CIIPABOYHbIE

CHUCTEMbI

HNuTepHET-pecypenbl

http://fizrast.ru/sitemap.html

http://www.don-agro.ru
http://xn-80abucjiibhv9a.xn-plai/
http://www.agroxxi.ru/ (PT'b)

http://elibrary.rsl.ru Hayunas snexkrpoHHas OnbinoTeka
http://elibrary.ru/default.asp Poccuiickas HannoHambHas

onbInorexka

http://primo.nlr.ru http:/nbmgu.rudnekrpornHast OndIMoTEKA
Poccuiickoit rocy1apCcTBEHHOM OMOIHOTEKH

MartepuajibHO-TEXHHYECKOE o0ecriedeHne THCHUTITHHbBI:

- JEKUUOHHbIE ayAUTOPHH;
- ayIUTOPUH ISl CEMUHAPCKUX 3aHSITHIA;

- IPOEKIIMOHHOE 000PYAO0BAHUE U KOMIIBIOTED;
- UIHTEPAKTUBHAs JIOCKa.

@DopMbI  TEKYLUIEI0 H

PY0eKHOT0 KOHTPOJIsI

TecToBbIie 3alaHUsA, KOHTPOJIbHBIC pa6OTLI, KypcoBad pa60Ta.

@DopMbI  IIPOMEKYTOY-

HOI'0 KOHTPOJIsA

OK3aMCH



https://docviewer.yandex.ru/r.xml?sk=a47a8f03ea7ced1ffb2980c3a6d2ebaa&url=http%3A%2F%2Ffizrast.ru%2Fsitemap.html

