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AHHOTanusA padoyeil NporpaMmsI

Jucuumnuna «TepmoauHamuka GyHKIIMOHUPYIOIIETO KaTaln3aropa» OTHOCUTCS K BapHaTHUBHON
gactu npodeccruoHanbHoro (crenuanpaoro) nukia OOIl nmo Hampasnenuto noaroroBku «020100
XUMUSA» (kBanudukamus (crerneHp) Maructp). Jucummimua peanusyercs Ha Daxynbrere
€CTECTBEHHbIX Hayk @DezepalbHOI0 TIOCYJapCTBEHHOTO aBTOHOMHOIO — 00pa3oBaTENIbHOIO
yUpeKIaeHuss Beiciero oOpa3zoBanus "HoBOCHMOMpPCKHII HallMOHAIBHBIM HCCIIEI0BATEIbCKUI
rocynapctBennblil yausepcurer” (HI'Y) kadenpoit ancopOun u katanusa.

CopepxaHue JTUCHUIUIMHBI OXBaThIBAE€T aJalTUPOBAHHBIA MJI CTYJEHTOB-XUMHUKOB KpYT
BOIPOCOB, CBSI3aHHBIX C TEPMOJMHAMHUKOW (DYHKIIMOHHPYIOLIETO KaTaau3aTopa, OCOOEHHOCTHIO
KOTOpPOTO SIBJIIETCS CHJIbHAasg HEPABHOBECHOCTbh COCTOSIHUS, a Takke C TEpPMOIAMHAMHKOM
BBICOKOJMCIIEPCHBIX (HAHOPA3MEPHBIX) CHUCTEM U TOBEPXHOCTHBIX SIBIICHUUW B TNPUIIOKEHUH K
reTepOreHHbIM  KaTaIUTUYeCKuM  cucrtemMaMm. CTyIeHTbl 3HAKOMSTCS C  COBPEMEHHBIMU
KOHIICTIMSIMH B 00J1aCTH TEPMOJUHAMUKH KaTATUTUIECKUX CUCTEM U MPOIECCOB C PACCMOTPEHHEM
OOJBIIOTO YHWCIA TUNUYHBIX NpoOieM QopMaNbHOH XUMHUYECKOW KHUHETUKM U KaTaiusa.
JleMOHCTpHUpYeTCS ~ BO3MOXHOCTh ~ OYEHb  NPOJAYKTUBHOTO  TNPHUMEHEHHs  ¢opmaiu3zmMa
TEPMOJUHAMHUKMA HEPAaBHOBECHBIX IMPOLIECCOB M JJIA aHaluW3a MPOTEKaHUs  CIOXKHBIX
KAaTaJIUTUYECKUX IpPEBpallleHui BAAIU OT TEPMOJMHAMHYECKOI'O pPaBHOBECUS, B TOM 4YHCIE B
YCIOBUSX HEMOJIHOM HHPOPMALIMK O MEXaHU3ME ATHX IPEBPAIICHUN.

JucuummHa HameneHa Ha ¢GopMupoBaHue OOMIEKYIbTYpHBIX KoMmmereHuin OK-5, OK-6,
npodeccuonanbubix kommnereniuii [1K-1, I[1K-2, [1K-3 BeimyckHuKa.

[IpenogaBanne AMCHUIUIMHBI MPEIYyCMATPUBACT CleAylomue (OpMbl OPraHU3aLUU y4eOHOTO
mporecca: JIEKLIUH, caMOCTOsITeNIbHas pabota CTYIIEHTA, ciava MUCBMEHHOTO
T GepeHIIMPOBAHHOTO 3a4ETa.

[IporpaMMoii TUCHUTUIMHBI TPEIYCMOTPEHBI CIETYIOIINE BUIBI KOHTPOJIS:

Texymuii  KOHTPOJb  OCYIIECTBISIETCS IIyTEM  KOHTPOJIS  IOCEHIAeMOCTH, a  Takke
He(OpPMaJIM30BaHHOTO OIIPOCa CTYACHTOB IO MPOHAEHHBIM TEMaM.

UTOroBbli  KOHTpPOJAb B  KOHIIE CEMECTpa  OCYIIECTBISETCS IyTéM MHUCBbMEHHOIO
1 QepeHIMPOBaHHOTO 3a4YeTa.

OOmiast TpyI0€MKOCTh JTUCHUIUIMHBI COCTABISET 1 3aueTHYIO eMHUILY, 36 akaJeMUIeCKUX 4acoB
BMECTE C CaMOCTOSATENbHON paboToil CTyneHTOB U JuddepeHIIMpoBaHHbBIM 3aueToM. [Iporpammoit
JTVCHIUTUIAHBI TTPEIYCMOTpEHbI 20 4acoB JIEKITMOHHBIX 3aHITHH, 16 4acOB caMOCTOATENLHOW PabOTHI
CTYIEHTOB, BKIII04asi 4achl HA TIOATOTOBKY K nuddepeHIIupoBaHHOMY 3a4eTy U C/Iady 3aueTa.




1. e ocBOEHUST TUCIHUILIHHBI

OcHoBHOM  1enpl0  OCBOeHUS  aucuuIuiMHbl  «TepMoanHamuka — (QYHKIIMOHHUPYIOILIETO
KaTaJIu3aTropa» SBISAETCA MOJNY4YEHUE CTYICHTaMHW 3HAHUHW O JOCTAaTOYHO MAJIOW3yYEHHOM
HaIpaBJIEHUM KaTaluza — TepMOAMHAMUKE (DYHKIIMOHHUPYIOLIErO KaTalu3aropa, MHTETrpUpyrolen
3HAHUSI O XUMHYECKOM KHHETHUKE U «KJIACCHYECKON» pPAaBHOBECHOM TEPMOAMHAMHUKE, a TAKKE
IIMPOKO BOCTPEOOBAHHOM B HACTOsIIIEE BPeMs TEPMOAMHAMUKE HAHOPA3MEPHBIX OOBEKTOB.

B nmamHOM Kypce paccMarpuBarOTCSl OCHOBHBIE TIOHATHS M TEPMUHBI COBPEMEHHOM
TEPMOJMHAMUKH HEPaBHOBECHBIX IIPOLIECCOB C PACCMOTPEHHEM OOJBIIOT0 YHUCIAa THUIHYHBIX
pobsieM (popManbHOM XMMUYECKOW KUHETHKH U Karaiu3a. JleMOHCTpUpYeTCs BO3MOXXHOCTh OU4€Hb
MPOAYKTUBHOTO NpHUMEHEeHus (opmanan3Ma TEpPMOIMHAMUKH HEPABHOBECHBIX IPOLIECCOB U IS
aHalli3a NPOTEKAHUS CIIOKHBIX KaTaIUTUYECKUX NPEBPALICHUN BAAIM OT TEPMOAMHAMHUYECKOTO
paBHOBECHS, B TOM YHUCJIE B YCIOBUSIX HEMOJHOM HHPOPMALIMK O MEXaHU3ME STUX MPEBPALLCHUI.

JInst TOCTHKEHUS ITOCTaBICHHOW LIEJIM BBIACIIAIOTCS 33/1a4d Kypca: 03HAKOMJICHUE CTYJEHTOB C
TEOPETUYECKMMH OCHOBAaMHM M COBPEMEHHBIM COCTOSIHUEM paszena Hayku «TepmoanHamuka
(YHKIMOHUPYIOIIEr0 KaTalM3aropay, a TaKkKe OCBOCHHE INPHUEMOB AKTHBHOTO HCIOJIH30BAHUS
U3JIaraeMbIX TEOPETHUYECKUX OCHOB I IPAKTUYECKOIO HCIOJb30BAaHUS IpU IPOBEIECHUU
COOCTBEHHBIX 3KCIIEPUMEHTAIBHBIX UCCIICTOBAHHIA.

2. MecTo aucuuMIuinebl B cTpykrype OOII

Jucuumnuna «TepmoauHamuka (yHKIIMOHUPYIOIIETO KaTaln3aropa» OTHOCUTCS K BapHaTHUBHON
gacTu npodeccruoHanbHoro (crernuanbaoro) mukiaa OOIl mo Hampasiienuto moarotrosku «020100
XUMMU S (kBamudukanuys (cTeneHb) 6akaaasp).

HuctmummHa «TepMomuHamMuka (QyHKIIMOHUPYIOIIETO KaTaau3aTopay OMUpacTCs Ha CICTYIOIINe
nucuumuinHbl ganHoi OOIT:

o du3myecKas XUMHSI,

e Heopranuyeckas Xxumus;

e OpraHuyeckas XUMHS;

e XuMmus TBEpAOro Tena.

Pesynprartel ocBOeHMsI MUCHUIUTMHBI «TepMomuHamMuKka (QYHKIMOHUPYIOIIETO KaTallu3aTropa
HCIIONB3YIOTCS B CIIENYIOMUX AUcUIuMHax ganHo OOI:

e HayuHo-uccnenoBarenbckas MpaKkTHKa,

e lToromas rocynapcTBeHHas arTecTalusl.

3. Komnerenunu odyuaromerocsi, popmupyembie B pe3yibTaTe 0CBOCHUS
AUCHUILIUHBI « TepMoanHaMUKa (PYyHKIHOHUPYIOUIET0 KATAJIN3aTOPa»:

JycuuniuuHa HaleneHa Ha (GOpMUpPOBaHKE 00IEKYJIbTYPHBIX KOMIIETEeHIUM:

® gladeHUueM COBPEMEHHbIMU KOMNLIOMEPHBLIMU — MEXHONOUAMU, NPUMEHAEMbIMU — NpU
obpabomke pe3y1bmamos HAYYHbIX IKCHEePUMEHMO8 U cbope, obpabomke, XpaHeHuu u
nepeoauu uHgopmayuu npu NPo8edeHUU CAMOCMOAMENbHbIX HaAYYHbIX uccredosanuii (OK-
5);

® NOHUMAHUEM NPUHYUNOE pabomvl U YMeHuem pabomamsv HA COBPEMEHHLIX HAYYHBIX
npubopax u 060py008aHuu Npu nposedenul Hayunvix ucciedosanutl (OK-6);

NnpogecCHOHAIBHBIX KOMIIETeH Ui

® HanuuueMm npeocmasgnenus 06 aKmMydaibHbIX HANPAGIeHUSX UCCIe008AHUL 8 CO8PEMEHHOU
meopemuyeckol U 9KCNEePUMEHMANbHOU XUMUU (CUHmMe3 U NpuMeHeHue Gewecms 8
HAHOCMPYKMYPHBIX ~ MEXHONO2UAX, UCCIe008AHUS 6 KPUMUYECKUX YCIOBUAX, XUMUS
JHCUBHEHHDBIX NPoYeccos, Xumust u sxonocus u opyeue) (ITK-1);

® 3HAHUEeM OCHOBHLIX JMAN08 U 3AKOHOMEPHOCMeElU pa36umus XUMUYeCKOU HAayKu,
NOHUMAaHUueM O0ObEeKMUBHOU HeoOXO0OUMOCMU — 803HUKHOBEHUS HOBbIX — HANPABIEeHUl,
Haiuyuem npeocmasnenus o cucmeme @OYHOAMEHMANbHLIX XUMUYECKUX HNOHAMUL U
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MEMOOON02UYECKUX ACNEKMO8 XUMUU, POpM U Memo008 HAYYHO20 NO3HAHUA, UX POIU 8
00weobpazoeamenvHoll npogheccuonanvroll noo2omosxe xumuxos (IK-2);

® grnadeHuem meopuell U HABLIKAMU NPAKMUYECKOU pabomvl 8 u3OPAHHOU 001acmu Xumuu (8
coomeememaui ¢ NPOPUIbHOU HANPABLEHHOCMbIO Mazucmepckoll ouccepmayuu) (ITK-3).

B pe3yJbTaTe 0CBOCHUA NTUCHUIIJIHHDBI Oﬁy‘lﬂlOlIlHi;lCﬂ HOJIZKCH:

®  3HaTh OCHOBHBIC MOHSITHS U TEOPUIO TEPMOAMHAMHUKHN (DYHKITMOHHUPYIOIIETO KaTaau3aropa B
pamMKax  MPEACTaBICHHOW  NPOrpaMMbl, a  TaKkKe  OCOOEHHOCTH  TEPMOIWHAMUKHU
BBICOKOJITUCIIEPCHBIX CUCTEM U MOBEPXHOCTHBIX SBJICHUM B MPUIOKEHUHU K KaTaJlu3y,

®  yMETh IPUMEHATH TEOPUIO TEPMOJUHAMUKH HEPABHOBECHBIX MPOIECCOB ISl KAU€CTBEHHOTO
Y KOJIMYECTBEHHOT'O aHAJIN3a MPOTEKaHUs CTAllMOHAPHBIX KaTATUTUYECKUX MTPOLIECCOB,;

e BJIAJETh HaBBIKAMH TEPMOAMHAMMYECKOTO aHajn3a MPOLECCOB B KaTAIUTUYECKUX
HAaHOPA3MEPHBIX CUCTEMaX U HA MOBEPXHOCTSX.

4. CTpyKTypa M coepkaHHue TUCHUILINHBI

OO61ast TpyA0€MKOCTh AUCHUILIMHBI COCTABISAET 1 3a4eTHYIO eMHUILY, 36 4acoB.
Kypc cocTouT U3 1ByX B3aUMOJOINOIHAOMINX pa3aenos: (1) anantupoBaHHast Ui XUMUKOB

TepMOJMHAMUKA HEPABHOBECHBIX MPOIECCOB U (2) TEPMOJIMHAMUKA BHICOKOIUCTIEPCHBIX CUCTEM U
IIOBEPXHOCTHBIX SIBJICHUM.

Bunbt yueGHO# paboThl,
BKJTFOYAst
CaMOCTOSTEIbHYIO
a0oTy CTYIEHTOB U
é papoty ¢ty DOpMBI TEKYIIETO
TPYI0EMKOCTb
o, 3 KOHTPOJISL YCIIEBACMOCTH
[_4
No 3) 3 (no neoensaim cemecmpa)
Paznen nucrurimHb g © (B "acax)
n/n 3 =
© 1l g s dopma MPOMEKYTOUHO
Q
s = S arTecTanyu
= 8 =
=1 2 o
: 5
< = <
D (2] ~
= S
=
&
Q
1.1 | OcobeHHOCTH (YHKIIMOHUPYIOUIETO 8 5 2 1
KaTajgu3aTopa Kak 00beKTa TepPMOJMHAMUKH.
HepaBHOBECHOCTh COCTOSIHHS Karainu3aropa B
X0JIe KaTaJIuTHYeCKOro mpoliecca.
1.2 | OcoOGeHHOCTH TEPMOJUHAMHKA 8 5 2 1
BEICOKOJMCIICPCHBIX CHCTEM B IPUIIOKCHUAU K
KaTaIu3y.
1.3 | OcoGeHHOCTH MapaMeTpa «TeMIeparypa» B 8 6 2 1
MPUIIOKEHUH K (QYHKIMOHUPYIOIIEMY
KaTajan3aTopy
1.4 | OcHoBHBbIC 337a4H (HPU3NICCKON XHUMHUHU B 8 6 2 1
MPUIOKEHUH K QYHKINOHHUPYIOIEMY
KaTajan3aTopy
1.5 | Hcnonp3oBaHue MOHATUS XUMHYECKOTO 8 7 2 1
OTEHIMAaa JJIsl OTIMCAHUS COCTOSTHHS
(hyHKITHOHUPYIOIIEH KaTaIuTHIeCKON CUCTEMBI.




1.6 | YcroiiunBble M HEyCTOHUMBBIE CTALMOHAPHbIE | 8 7 2 1
COCTOSIHUS KaTaJIM3aTopa.

1.7 | MuKpoOKHHETHIECKIH aHAIIN3 POTEKAHMUS 8 8 2 1
KaTaJIMTHYECKUX IporieccoB. COBMECTHBII
KHHETHKO-TePMOJIMHAMUYICCKUH aHAIH3
MPOCTEHIINX CXeM KaTaIUTHIECKHX MPOLeCCOB

1.8 | [IpumeHeHHE KOPPEIAINOHHBIX COOTHOIICHMH| 8 8 2 1
IS aHAJIN3a BIUSHUS SHEPTeTHYSCKHX
mapaMeTpoB Ha CKOPOCTh KaTAITUTHYECKHX
[poLECcCOB

1.9 | ConpspkeHHe KaTaIUTHYECKUX IPOLIECCOB. 8 9 2 1
'YpaBuenust Xopuytu-bopeckoBa-Onzarepa st
KaTaITUTHYCCKUX TPEBPAIICHUH C OOIIHMH
mHTepMenuaTamu. CBs3b CEICKTHBHOCTH
MHOTOKaHAIBHBIX KATATUTHYESCKUX TIPOIIECCOB
C TepMOMHAMHYESCKUMU JIBIKYIIUMH CHIIAMH
B cructeme. CBsI3b CENICKTHBHOCTH C
YHEPTEeTHKOM MPOLECCOB AECOPOIUH.

1.10 | AnxcopObums Kak 3J€MEHT reTepOreHHOTO 8 9 2 1
mporecca. PEKOHCTPYKIHS KaTaau3aTopa Iox
NeficTBIEM PEaKIMOHHON CPEABI U ero

DBOJIFOIIMS
4 2 TIncoMeHHbIH
inudgepeHIPOBAHHBII
3auerT
20 14 2 Bcero 36 uac

IIporpamma kypca

1. OcobenHocTd (YyHKIMOHHMPYIOLIETO Karajau3aropa Kak oOObeKTa TEepPMOJUHAMMKH.
HepaBHOBECHOCTh COCTOSIHMS KaTalqM3aTopa B XOJ€ KaTaJIUTHYECKOro Ipouecca. Brmsxue
pEeaKkIMOHHOM cpenbl M OCOOEHHOCTHM TEPMOJMHAMUYECKOTO COCTOSIHMA Karajau3aropa M
KaTaJIATHYECKUX HHTEPMEINATOB B XOJ€ KaTAIMTHYECKON peakiiu. PaBHOBECHas 1 HEpaBHOBECHAs
PEKOHCTPYKIIMHU KaTajau3aropa 1oj IeHCTBUEM PEaKIIMOHHON Cpe/ibl.

2. Oco0eHHOCTH TEPMOJMHAMUKHU BBICOKOJUCIEPCHBIX CHCTEM B NPUJIOKEHHM K KaTau3y.
M36bITOuHAsT MOBEPXHOCTHAs HHEPrusi M TOBEPXHOCTHOE HarshkeHue. PaBHoBecHas ¢Qopma
MUKpPOYACTHII, HAHECEHHBIX Ha MOAN0KKY. CMauMBaeMOCThb U «CHUJIBHOE B3aMMOJICHCTBHE aKTHBHBII
KOMIIOHEHT-TIOJUIOKKay. BiusHue 1nucneprupoBaHMs BeliecTBa Ha (a30oBble PAaBHOBECHS.
Cerperaiisi COCTaBIISIOIIUX KOMIIOHEHTOB B YaCTUIE KATAIUTHUYECKH AKTUBHOTO KOMIIOHEHTA.
da3oBble  TepexoAbl NPH  BBHICOKOW  TeMmmeparype  (YHKIMOHUPOBAHHMS  KaTalu3aropa.
CaMOInpou3BOJIBHOE HAHOAUCIEPIMpPOBAaHUE BELIECTBA KaTaau3aTopoB. TepMoauHamMHyecKas
YCTOWYMBOCTH MOBEPXHOCTH MPH HATMYUH XeMocopOun. MukpodaceTnpoBaHHe MOBEPXHOCTH.

3. Oco0OeHHOCTh TMapaMeTpa «TemIeparypa» B MPUWIOKEHUH K (QYHKUHOHUPYIOIIEMY
Karaau3aropy. BO3MOXKXHOCTb OTIMYMS TEMIIEpaTypbl aKTHUBHOIO KOMIIOHEHTa OT TEMIIEPaTyphl
rpaHyibl KaTaau3aropa. MeToibl 3KCIEPUMEHTAIBHOIO M3MEPEHMsI pPEabHONW TeMIIepaTypbl
aKTUBHOTO KOMITOHEHTA (DYHKIIMOHUPYIOILIETO KaTaJIn3aTopa.

4. OcHOBHbIE 33724 (HU3MUECKON XUMHUU B MPUJIOKEHUU K (DYHKIIMOHUPYIOLIEMY KaTallu3aropy.
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Karanutuueckne peakuuu Kak COINPSDKEHHBIE XUMUYECKHE Mpouecchl. MHKPOKMHETHYECKOE
ONMCAaHNE KaTAIUTUYECKUX MPOIECCOB. AKTUBHBIE IIEHTPHI KaTalu3aTopa U MHOKECTBEHHOCTb HUX
dopm. TepMmonmHaMUYeCKUEe ABMKYIIUE CHIIBI B KaTAIMTUYECKOM Iporiecce. TepMoquHaMIIecKoe
onucaHue OPyTTO-peaKluil.

5. Hcnonb3oBaHWe TOHSATHUS XMMHUYECKOTO TMOTEHIMAna JJIs ONHCAHUS  COCTOSTHUSA
(OYHKIIMOHUPYIOMIEH KaTalUTUYeCKOM cucTeMbl. COBMECTHBIH KHHETHKO-TEPMOAMHAMUYECKUN
aHAJIU3 MPOTEKAHUs KaTaJMTUYECKOM pEaklUh U HEPABHOBECHOTO COCTOSHUS Karalu3aropa.
Buemrnue u BHyTpeHHue nepemennsle. Karanutuueckue nurepmenuarsl. CKOpOCTh-OMpeIesFoIast
craausi peakuuu. KuHeTnueckas HEOOPAaTUMOCTb 3JIEMEHTAPHBIX pEaKuid U €€ CB3b C
TEPMOJIMHAMHKOM.

6. YcroifunBble U HEYCTOWYMBBIC CTAIMOHAPHBIE COCTOSHUS KaTalu3aTopa. MHOXKECTBEHHOCTh
CTallMOHApHBIX  COCTOAHMM. CTalMOHAPHBIM  XUMHUYECKHMH  MOTEHIMAJ  KaTaIUTHYECKHUX
MHTEpPMENNATOB. TepMOAMHAMUYECKHE KPUTEPUM AOCTHKECHMS W YCTOWYMBOCTH CTAl[MOHAPHBIX
cocrosiHuil. HeoOxoaumble yciaoBUs ISl OTCYTCTBUS YCTOMUMBOCTH CTAllMOHAPHOTO COCTOSIHMSL.
[IposiBIeHMsT HEPABHOBECHOCTH JUIsI YCTOMYMBBIX CTAllMOHAPHBIX COCTOSIHUM Karajlnu3aropa.
M3meHeHue ycioBuM cocyliecTBoBaHMs (a3 B Xoae XuMudeckoil peakuuu. IlepBuunoe
oOoraimieHre BBICOKOAKTHBHOW (ha30oii B Xome peakuud. PaBHOBeCHas W HEpaBHOBECHAs
PEKOHCTPYKLIMSL TIOBEPXHOCTH Karanu3aropa. llmaBneHue akTMBHOIO KOMIIOHEHTa Karalau3aropa B
XOJI€ PEAKIMH 32 CYET MEPECHILEHUS NUHTEPMEIUATOM.

7. MUKpOKMHETUYECKUI aHalu3 NPOTEKAHMs KaTalUuTH4YecKuX mnponeccoB. (CoBMeCTHbIN
KMHETUKO-TEPMOJMHAMUAYECKUN  aHalu3 MPOCTEHIIMX CXE€M KaTAIMTHYECKUX  IIPOLIECCOB.
Haxoxzaenne CKOpOCTh-IMMUTHPYIOLIUX CTaAUNl M CKOPOCTh-ONPENCISIIONUMX MapaMeTpoB IpHU
CTallMOHAPHOM IPOTEKAHUU pEaKUUU. 3aBHUCUMOCTh CTAllMOHAPHOW CKOPOCTH KaTaJUTHUECKON
peaku OT CTaHAAPTHBIX TEPMOAMHAMHYECKHX XapaKTEPUCTHK IPOMEKYTOYHBIX COCTOSHUM.
Kaxymiasca »Heprusi akTHBAaLUU KAaTAIMTHYECKOTO Mpoliecca. DHEPreTUYECKUue KOppesuu B
KaTaJmse.

8. HpI/IMeHeHI/Ie KOPPEIAOTUMOHHBIX COOTHOIIICHUH IJid  aHaJIu3a BJIIMAHUSA OHCPICTUYCCKHUX
nmapaMeTpoOB Ha CKOPOCTh KATAJITUTUYCCKHUX ITPOLECCCOB. Koppensmmi CKOPOCTU KHUCJIOTHO-OCHOBHBIX
KaTaJIMTUYCCKUX TIPOLHECCOB C KHCIOTHOCTBIO AKTHBHBLIX ICHTPOB. YcnoBue MakcHMaIbHOU
AKTUBHOCTH KaTaln3aTopa HpHU 3aJaHHBbIX BHCHIHHUX I1apaMCTPOB. Bnusuue pa3Mepa aKTUBHOTO
KOMITOHCHTA Ha CKOPOCTH KaTaJIMTHICCKOM p€aKkuuru. Bausaue PAaCTBOPCHUA OJHOTO M3 PCArCcHTOB
pC€aknun B AKTUBHOM KOMIIOHCHTC Ha CKOPOCTbL U CCIICKTUBHOCTH KaTaJIMTUYE€CKOM pCaKknuu.
Bausaue AUCTICPIrUpPOBaHUA AKTHMBHOI'O KOMIIOHCHTA Ha CKOPOCTbH FCTepOFGHHOﬁ p€akuuu C
HEpPaCTBOPUMBIMH KOMIIOHCHTAMHU.

9. Ocobennoctu OPUMCHCHUS TOHATUA HNEPEXOIHOI0 COCTOSAHHA B KaTaJIu3e. BpeMSI KU3HHU
NEepeXOAHOr0 COCTOSIHUA. IlonsTue PCAKIIMOHHOT'O KOMILJICKCA.

10. ConpsixeHne KaTaIMTHYECKUX MPOLIECCOB. YpaBHeHUs XopuyTH-bopeckoBa-On3zarepa st
KaTAIUTUYECKUX  TpeBpamieHuit ¢  oOmmmu  uHTepMenuatamu. CBsi3b  CENEKTUBHOCTH
MHOT'OKaHaJIBHBIX KaTAJIUTUYCCKHUX ITPOHECCOB C TCPMOJHMHAMUYCCKUMH IBMXYIIWUMH CHIIAMH B
cucreme. CBs3b CEJIEKTUBHOCTH C SHEPTETUKON MPOIIECCOB 1€COPOIHH.

11. ApncopOuus Kak 5J€MEHT Te€TepOreHHOro Inpoiiecca. PaBHOBECHBI M HEpaBHOBECHBIN
XUMUYECKHE MOTEHIMAJIbl COPOMPOBAHHBIX MOJIEKYl1. «CHibHas afcopOLus» M KHHETHYECKas
HeoOpaTHUMOCTh aJICOPOIIMOHHBIX MPOIECCOB. YCTONYMBOCTh MOJEKYISIPHOM U OCTPOBKOBOM
ajcopOuuu.

12. HeycToilumBblE COCTOSIHHSI KaTaJM3aToOpa M KAaTAIMTHYECKOM CHUCTEeMbl. BpemeHHble H
MIPOCTPAHCTBEHHO-BPEMEHHBIE JINCCUTIATUBHBIE CTPYKTYPHI B KaTAIUTUUECKUX cucTeMax. [Ipumepnl
CXEM C MHOKECTBEHHOCTBIO M HEYCTOMYMBOCTBIO CTAIMOHAPHBIX cocTosiHuil. Peakiusa benoycoBa-
KaboTHHCKOTO Kak mpuMep HEYCTOWYMBOW TOMOTCHHOW KaTalUTUYEeCKON crcTeMbl. OCHMIUISINA
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I/IBOTepMquCKOﬁ CKOPOCTH TCTCPOICHHBIX KATAJIUTHUYCCKUX peaKLII/IfI U XUMHUYCCKHUEC BOJIHbBI Ha
IMOBCPXHOCTHU KaTraju3aropa.

13. PexoHCTpyKLHMsl KaTanu3aropa IOJ JAEHCTBUEM pEAKIMOHHON Cpelbl M €ro 3BOJIOLMSL.
JIBHIKYIIME CUIIBI PEKOHCTPYKIIMK (YHKLIMOHUPYIOLIETo Karaiau3aropa. O6parumas 1 HeoOpaTumas,
paBHOBECHAasT W HEPAaBHOBECHAsh PEKOHCTPYKIUS Karajau3arop. Bo3MOXHOCTE HM3MEHEHMS
arperaTHoOro COCTOSHUSI aKTUBHOM (ha3pl Karanuzaropa Npu ero (GyHkuuoHupoBaHuu. Pa3oBble
paBHOBecUS aKTHBHOM (a3bl KaTaau3aropa B  HEPaBHOBECHOM  pEaKIMOHHOM  cpene.
ITpeGroTrueckass 3BOJIOLMS KaTalU3aTOPOB, CIIOCOOHBIX K camoperuiMkauuu. JKu3Hp kak ¢dopma
CYILLIECTBOBAHUS KaTaau3aropa.

5. O0pa3oBaTe/ibHbIE TEXHOJOTHH

OcHoBHBIE 00pa30BaTEIbHBIC TEXHOJIIOTHH: JIEKIIMOHHAS CUCTEMa OOydeHHsI, a Takxke oOydeHHe
Ha OCHOBE OIIbITA IIOMCKA U aHAJIN3a JIUTEPaTyPHBIX JaHHbIX.

JIeKIMM YUTAIOTCS CHENHAINCTaMH OCHOBHBIX DPAa3/eloB (U3UYECKON XMMHHU: XUMHYECKOU
KMHETUKHU U XUMHYECKON TEPMOJUHAMUKH.

[IpemoaBaTeny, yqyacTBYIOUIME B MPOBEIEHUH Kypca, PETYJSPHO TOTOBST W M3AAIOT y4eOHO-
METOAMYECKUE [TOCOOUs, MOCBSIIEHHbIE Pa3IMYHbIM pa3ziesaM Kypca. OTH NocoOusl pa3MeIarTcs
U B 3JICKTPOHHOM BHJE Ha caiiTax kKadenp amcopOumu u Katanuza U Gu3ndeckoir xumuu. Tam sxe
MOKHO HaWTH INPUMEPHI TUIIOBBIX 3aJad K IMHUCBbMEHHOMY 3auyeTy, a TaKKe JOIOJHHUTEIbHBIC
MaTrepHuasl, IOJIE3HbIE IS IIPOXOKIEHU Kypca.

6. YueOHO-MeTOAM4YECKOE 0OOecnieueHre CAMOCTOSATEIbHOI PadoThI CTYI€HTOB.
OueHOYHBIE CPEACTBA JJsl TEKYIIEr0 KOHTPOJIS YCIeBAeMOCTH, POMEKYTOUHOM
aTrecranguu 1m0 uToramM OCBOCHUA JUCHUIIJIMHBI

PexomeHyeMblii pexuM pabOThI: JIEKIMOHHBIE 3aHATHS — 4 4Yaca B HEENI; a TaKkke
CaMOCTOSITENIbHBIE 3aHATHI ¢ 00513aTebHON U TOTIOTHUTEIBHON JTUTEPaTypoil.

ATTGCT&III/HI o uTOoramM OCBOCHHUA AOUCHUIUIMHBI MTPOBOAUTCA B BHUAC TNHUCBMCHHOTIO
nuddepeHIIMPOBAHHOTO 3adeTa. Bompockl K 3a4eTy W Marepuaibl JEeKIUH B BHJIE Mpe3eHTaIuil
npeacrasieHsl Ha caiite ®EH HI'Y.

Cnmcok TeM — BOIPOCOB

Kaowcowiti  sxzamenayuonnviti  ounem «Tepmoounamuxa @yHKYUOHUpyrowe2o Kamaiuzamopa»
gKIIOUaem 6 cebsi yemvlpe pacuemusie 3a0a4u N0 0OHOU U3 O3HAYEHHBIX meM. Y Kaxicoou 3a0ayu
VKA3AHbL MAKCUMATbHBLE OALIbL, KOMOPbLE MONCHO NOYYUMb 3d NpasuivHui omeem. Ilpu nabope
oonee 90 % om cymmapnozo makcumyma o6annos — «omauyroy, om 70 0o 90 % — «xopowoy», om 50
0o 70 % — «yooenemeopumenvHo».

IIpumeps! OnJ1eTOB HA MUCHMEHHBIH TH((epeHIHPOBAHHBIN 3a4eT.

buaer 1.
damunms CTyJIEHTA: 3ayeT no npeameTy Onenka
«TepmoamHamuka
(GYHKIMOHUPYIOIIETO
Karajau3aropa»
BapwuaHT 1



3apava 1. (100 6annos.)

OueHntb paBHoBecHbI npu 600 °C coctaB NOBEpPXHOCTHOro crioss ansa cnnaea Cu : Ni ¢ 06beMHbIM
coctaBom 1:1 (aTomH. gonen), ecnn NOBEPXHOCTHoe HaTsxeHwne ang Cu 1,67 Ik /™M a ana Ni —
1,85 Ox / M2, Xoa peLueHns NOSAICHUTD.

3apgava 2. (100 6annos)
CtexnomeTpudeckuii 6pyTTo-nporecc

Ri+Ry, ——> P1+P2,
OCYLLECTBNSAETCH NO CXemMe

R1+K(:) K1+P1 (1)

Ki+R, ——= K+P,. (2)

HanTtn ycnosus, korga nMMUTUPYIOLLEN cTaguen («y3knum roprioM») 3Toro npouecca siBnsercs cragus 2.
UT0 aBNSieTCs Npu 9TOM CKOPOCTb-OMNpeaensowmMy napameTpamm 1 KakoBbl 3HaYEHUS KaxyLLencsa aHeprum
akTMBauMm 3TOW peakuun B YCOBUSAX CUIbHOIO M criaboro 3anofnHeHnss akTMBHOMO LEHTpa MHTepMeanaTom
K1? Xoa pelleHnst NosICHUTB.

3apava 3. (100 6annos.)
Katanutnyeckas peakuus

CO+H,0O &—/= CO,+H;
COMpOBOXJAeTCs peakLmen KokcoobpasoBaHus
2CO &—= C+CO,.

|_|pl/| KaKunX KOHUEHTpauunax npucyTCTByrONX B CUCTEME peareHTOB KOKC He 6y/:|,eT oTknagbiBatbca? OTBeT
NOACHUTD.

3apava 4. ( 6annos)
Knnetnyeckn He06paTV||\/|a;| cTexmomMeTpuyeckasa peakyna CMHTe3a aMmmmnaka

N2+3H2—) 2NH3

Ha Xene3o-cogepXalux Katanmsatopax nponcxognuT no MexaHmsmy

N, +K &/ K; €1
Ki+H, —m = K, £
K:+K &= 2K; €3
Ks+H, —— K+NH; €4

roe K — cBobogHoe dopma akTMBHOro ueHTpa katanusatopa, K; = KN,, K, = KNyH,;, K3 = KNH —
KaTanutudeckue nHTepMmeanaThbl.

Haintn adeKkTNBHYIO SHEPruio akTMBauum npouecca B CTaUUMOHAPHOM pPeXuMMe MNpu YCnoBuW, 4YTO
CKOPOCTb-NIMMUTUPYIOLLIEN SABNAETCA CTagms 2 N NOBEePXHOCTb KaTanuaaTopa NpenMyLlecTBEHHO 3anofHeHa
nHTtepmeanatom K.

BapwuaHT 2

3apava 1. (100 6annos.)

OueHunTb paBHoBecHbI npu 600 °C cocTtaB NOBEPXHOCTHOrO crnosa Ans cnnaea Ag :Au ¢ 0B6beMHbIM
coctaBoM 1:1 (aTOMH. Oonewn), ecrnv MOBEpPXHOCTHOe HaTskeHwe ana Ag 1,14 Ox/™M, a ans Au —
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1,41 Ox / M2, Xo[ pelUeHNsa NOSACHUTb.

3apava 2. (100 6annos)
Katanutmnyeckunin ctTexmomeTpudeckmii BpyTTo-npoLecc
R1+R2 E——d P1+P2,

OCyLleCTBIIAETCA NO CXeme

Ri+K &/ K; Q)
Ki +R, &—=K; +P; 2
Ky —— K+P,, 3)

roe Ki n K, — katanutnyeckme uHTepmeguarthbl.

MpKn Kakmx COOTHOLUEHMSIX MapaMeTPOB NUMUTMPYIOLLEN cTagnen («y3Kum ropromM») npoiecca sBnsercs
ctagua 2. KakoBbl 3HA4YEHUS KaXKyLLEeNca SHEPrUN akTUBaLMKN 3TON peakuum B yCroBUSAX CUMBHOMO 1 criaboro
3anonHeHnst NOBEPXHOCTU? YUTO ABNAETCA CKOPOCTb-ONpeaensaow MMM napaMmeTpammn B yKasaHHbIX Criyqasax?
Xop pelueHns NOSCHNUTb.

3apava 3. (100 6annos.)
KaTtanutuyeckas ctexvomeTtpuyeckas 6pyTTo-peakumst

R &= P,

Ha ancrnepcHomM metasnre ¢ paganycom C(*)epVI‘-IeCKVIX YacTuy npoTeKkaeT No MexaHn3amy

R+K —= K,

K1 S<:>2 K+P,

rae K; — MonekynspHo-agcopObupoBaHHbIN MHTEepMeaunar.

Hantn, npu kakom pasMepe akTUBHOrO KommoHeHTa r TOF npouecca OygeT MakcumanbHbIM Mpu
PUKCMPOBaHHBIX KOHUEHTpauusx R u P. KoppensunoHHbii koadduumeHT & ana obenx anemeHTapHbIX
peakuun oguHakoB. [Npouecc npotekaeT B CTaLNMOHAPHOM PEeXUME, IHEPrusi NOBEPXHOCTHOIO HaTSXEHUs 1
MOIbHbI 06beM CBOGOAHOW POPMbl aKTUBHOIO KOMMOHEHTa PaBHbl COOTBETCTBEHHO G 1 V.

3apava 4. (100 6annos.)

MpegnonaratoT, 4TO ruopupoBaHve 6GeH3ona B UuknorekcaH Ha Ni-cogepxallem KkaTtanusartope
OCYLLEeCTBAAETCS Mo NnocnenoBaTtenibHoi cxeme

+H, +H, +H,
—_— e e
-H> —H -Hz ’
I I I vV

roe Bce coegnHeHust |1-IV moryT GbITb BblAENEeHbl B BUAE MHONBUAYANbHbIX NPOAYKTOB NpeBpaLLeHust.
MoxHO nu, He npuberas K HeCTaUMOHaPHbIM KWHETUYECKMM 3KCMEepUMEHTaM, MOATBEPAUTL WU
OMpPOBEPrHYTL CrpaBeaIMBOCTL yKasaHHOW MocrefoBaTenbHONM CXEMbl, @ He, Harnpumep, CXembl C
nocrnenoBaTenbHOCTbLIO
+3H, —H, —H,

v " n?
—3H, +Hy +H,

OTBeT aprymeHTMpoBaThb.

BapwuaHT 3

3apava 1. (100 6annos.)
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Katanunsatop V-Ti—O siBnsietca TBepabiM pactBopom okcuaoB V,0s 1 TiO, ¢ aTOMHbIM COOTHOLLEHMEM
V:Ti = 1:1. CoxpaHutca nu 310 cooTHoweHne V : Ti Ha MOBEPXHOCTU B YCNOBUSX paBHoBecusi? OTBeT
aprymMeHTUpoBarth.

3apava 2. (100 6annos)
Mpn kKaknx TennoTax guccoumaTMBHON xemocopdunn Kncrnopoaa Ha cepebpa

O,+210 —)(— 204

cnegyet oXuaaTb CaMONPOU3BOSbLHOMO MMKpOaceTMpOBaHUS MOBEPXHOCTU cepebpa npu Temnepatype
300 °C?
[asnenve Kucrnopoga 1 6ap. OHTponuto xemocopbummn Kucnopoga cunTaTb paBHoOW

AgpeS° =—200x/monb K.

3apgaua 3. (100 6annos.)
CTexvomeTpuyeckasi 6pyTTo-peakums

Rc——?P
OCYyLLECTBIIAETCA NO MexXaHN3My
R+K —= K, 1)
Kl (S—); K2 (2)
Ky === K+P, 3)

rae Ki n K, — Katanutuydeckue nHTepmeamarl.

HainTn kaxyluyloca SHepruio akTuBauMu Npu CTauMoHapHOM MPOTEKaHUWM KaTanuMTUYecKoro npolecca,
KOrda CKOPOCTb-MIUMUTUPYIOLLEN CTaaMen («y3KUM roproM») peakuum sBnsSeTcs crtaaus 3 M nNpu 3ToM
3anonHeHne NoBEpPXHOCTM KaTanuTUYecKUummn nHTepmeamnatamu mano. Kakosbl B 4aHHOM Cllydae CKOPOCTb-
onpeaensioLLMe napameTpbl npoLiecca?

3apava 4. (100 6annos.)
AnkunupoBaHue 6eH3ona (B) aTnneHom (3) B Leneson NpogykT — aTunbdeHson (36)

E+3 —— 36 (I
Ha ueonntax npoTeKkaeT Nno cxeme

B+K — K, Q)

Ki+3 &/ 3b +K, 2)
N COMpPOBOXOAETCA «NepeankunmpoBaHnemy atunbeHsona B auatnnbexson (036)

9B6+3 — 36 (Il)

no cxeme
Ob+K —/ = K, 3)
K;+3 —= [O39b+K 4)

3aech K, Ky 1 Ky, — aKTUBHBIN LIEHTP U KaTanuTuieckue MHTepMeamars.
[na cTauMoHapHOro OTHOCUTENBHO KaTanuTUYecknx MHTepmeamaTtoB K; 1 K, NpoTekaHus npouecca HanTu

BblpaXX€HWE A CKOPOCTM peakuuu Mo KakOoMy M3 OpyTTO-KaHanoB M BblpaXkeHWe AN CenekTMBHOCTU
npouecca no atunbeHsony. Kak Gyaetr MeHsiTbCs 3Ta CEneKTUBHOCTb, €CNU B KayecTBe AOMONHUTENBHOIO

NCXOQHOrO peareHTa npu nogade, kpome 3 u b, B peakTop nogatot A36?
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Kpome Toro, pexkomeHayeTrcss O3HAKOMHUTBCS C POCCUMCKMMH M 3apyOeKHBIMU OO30pPHBIMU
KypHaJaMyd 10 XMMHH, KOTOpbIE HYOJHMKYIOT pa3BEpHYTble 0030pbl MO PA3JIMYHBIM AacleKTaM
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