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1. Oo01Me moJIoKeHus

[IporpaMMa BCTYNHTENBHOTO 3K3aMe€Ha B AaCHUPAHTypy MO CIEHHAIbHOCTH
«Duznyeckass XUMHs» TMpeaHA3HAUYCHA [JIs MPOBEPKU 3HAHUN OyIylIMX aclUpaHTOB B
KaueCTBE PYKOBOISIIETO Yy4ye€OHO-METOAMYECKOTO JIOKYMEHTa JUIsl IieJIeHaNpaBlIeHHON
MOATOTOBKH K CAa4€ BCTYNHUTEIBHOTO YK3aMEHA.

BerynurenbHbld  9K3aMEH — MpENCTaBisieT  coOod  (opMy  OLIGHKHM  CTENEeHH
MOATOTOBJIEHHOCTH COMCKATEIsl Ha TIOCTYIJIEHUE B aCIMPAHTYpPY K MPOBEICHUIO HAYYHBIX
HCCIIEA0BaHUM N0 KOHKPETHOM HayYHOU CIIEIUAIbHOCTH U OTPACIIM HAYKH.

BerynurenbHblii 3K3aMEeH CHAETCA B COOTBETCTBHM C HAYYHOM CIELUAIBHOCTBIO M
OTpAacibl0 HAyKH, NPEAYCMOTPEHHBIMH HOMEHKJIATYpPOWl HAay4YHBIX CHELUAIbHOCTEH, MO
KOTOPBIM MPUCYXKIAIOTCS YUYCHBIE CTENEHHU, YTBEpXk)IaeMOod MUHUCTEPCTBOM HAYKH U
BhIcIIero oOpaszoBanus Poccuiickoit ®Dexnepanuu (1ajgee COOTBETCTBEHHO - HaydyHas
CHEIUMAIBHOCTh, HOMEHKJIATypa), [0  KOTOPhIM  OCYIIECTBISETCS  IMOATOTOBKA
(MOArOTOBIIEHA) TUCCEPTAIUH.

BerynuTenbHbll 9K3aMeH MPOBOAUTCSA 1O OUieTam.

DK3aMEHAIMOHHBINA OUIIET COMEPKUT 3 TEOPETUUECKUX BOIPOCA.

Pemienne 5sK3aMeHAllMOHHBIX KOMHUCCHH 0OQOPMIISIETCS TMPOTOKOJIOM, B KOTOPOM
YKa3bIBaOTCSI MHUGP U HAMMEHOBAHHE HAYYHOM CIENUAIbHOCTH W OTPACIU HAYKH, IO
KOTOPBIM CJIaH 9K3aMEH; OLICHKA YPOBHS 3HaHW; (haMUvs, UMs, OTYECTBO (TIOCIIEIHEE -
MpU HAJIMYWHU), YUCHAsl CTEMEHb KaXXJIOr0 WIeHa HK3aMEHAIlMOHHOW KOMHCCHH. YPOBEHBb
3HAHUN COMCKATeNlsl YYEHOW CTENEHU OLEHUBAETCA HAa «OTJIIMYHO», «XOPOLIO»,
«YZIOBJIETBOPHUTEIIHHOY, «HEYAOBJIETBOPUTEIIBHOY. [IpoTrokoJib 3aceJaHui
AK3aMEHAIIMOHHBIX ~ KOMHCCHUH  TIOCIIE  YTBEPXKICHHS  PEKTOpPOM  (KypHUPYIOIIUM
MPOPEKTOPOM) XPAHATCS MO MECTY CAAUYM BCTYNUTEIBHOTO YK3aMEHa.
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2. ConeprxaHue nNporpaMmmbl

B ocHOBy Hacrosileld mporpamMMbl MOJOKEHBI CIEAYIOIINE AUCHUIUIMHBL YYEHUE O
CTPOCHMM BEILECTBA, XUMHYECKAasi TEPMOAMHAMHUKA, TEOPHUS IIOBEPXHOCTHBIX SBICHUU,
ydeHue o0 3JIEeKTPOXMMHUYECKUX IPOIeccax, XUMUUYECKas KMHETHUKA, (pUu3ndeckass XuMus
Ha OCHOBE Iacmopra HaydyHoOM cnenuaibHOocTH 1.4.4. «Dusnueckas XUMHSI».
IIpencraBnsiemas nporpaMma COCTOWT W3 BBEICHHS M TpEX pas3feiioB: XHMHYECKas
TEpMOJMHAMUKA; CTPOCHUE BEIIECTBA; XMMHUYECKas KuHeTHka. lLlenb mporpamMmbel —
chopMHUpOBATh Y JIMII, CIOCOOHBIX M KEIAOIIMX MPUOOPECTH BBHICIIYIO KBATU(UKAIINIO B
oOnactu (U3MYECKOW XMMHH, 3amac 3HAHWMM, JOCTATOYHBIM i1 KBaJU(UUIMPOBAHHON
pa3paboTku (yHAAMEHTAIBHBIX TEOPETUYECKUX MCCICAOBAHUM U TIOJNYUYEHUS HOBBIX
JaHHBIX B IIpOllECCE MPAKTUYECKOW pPadOThl HaJ TEMU WIM HWHBIMU HIpoOIeMaMu
COBpPEMEHHOH (pu3nyeckoil xumuu. IIporpaMma opueHTHpPOBaHA HA YPOBEHb MOJATOTOBKH,
COOTBETCTBYIOUINI yCBOGHHUIO O0IIEe 00pa30BaTENbHON MPOrpaMMbl 1O HAIPaBICHHUIO
noaroroBku 04.04.01 XuMus KIacCMYECKOTO YHHBEPCHUTETA, U B 3TOM IUIAHE CIEAYET
TpaAULUsM MPENoJaBaHUs BCEr0 KOMIUIEKCA €CTECTBEHHOHAYYHBIX IUCLUILIMH.

BBenenue.
[Ipenmer uznuecKoi XUMUH, €€ pa3ebl.
XuMuYecKasi TepMOAMHAMMKA

Tepmoaunamuueckas cucrema. OCHOBHBIE MOHATUA U onpeaeneHus. M3onupoBaHHas,
OTKpBITas U 3aKpbITas cucteMsl. [Iponecc n cocrosnne. @yHKINS COCTOSIHUA. Y paBHEHUE
cocTtosiHusl. VIHTEHCUBHBIE M OSKCTCHCHBHBIE CBOWCTBAa. PaboTa B paBHOBECHBIX U
HEPaBHOBECHBIX MpOLECcCaxX. OHTaJblIUd W BHYTpPeHHAA OHHeprus. llepBoe Hawano
tepmoguHamMuku. CBoiicTtBa monHoro auddepeHnuana U (QyHKIHH COCTOSHHUSA. 3aKOH
I'ecca. CranpapTHble COCTOSSHUSA M CTaHJApPTHBIE TEIUIOTHl XHWMHMUYECKUX PEaKIIMil.
3aBUCUMOCTDH TEIIOBOTO A PeKkTa peakiuu oT TeMieparypsl. Y paBHenne Kupxroda, ero
BbIBOJI. BTOpoe Hauano tepmoauHamMuku. OOO0OIIEHHOE YpaBHEHHE MEPBOTO U BTOPOTO
Hayajga TEPMOJMHAMHUKH. DHTPONUS U €€ BBIUMCIEHUE MJIi PAaBHOBECHBIX IPOILIECCOB.
OHTPOINHS CMEUIEHUSI UJICATbHBIX Ta30B. CTaTUCTUUECKUM CMBICI SHTPONHUU. Y paBHEHHE
bonmbumana. Tperbe Hauwano tepmoauHamuku. [loctymar Ilnanka. TemmoBas teopema
Hepucra. Xapakrepuctuueckue ¢yHkuuu. OHeprus ['ub0Oca, sHeprust [enbmrosnbiia.
VYpasuenue ['n606ca—/lrorema. YpapHenue ['u66ca—I enpmronbiia. YpaBHenuss Makcsenia.
YcnoBuss paBHOBECUST U KPUTEPUH CaMOIIPOM3BOJIBHOIO IMPOTEKAHUS IPOLIECCOB.
XUMHUYECKUN TOTeHIMA. XUMHUUECKas TIepeMeHHas. Y paBHeHue nzorepmel Bant-I'odda.
3akoH AeiCTBYIOMUX Macc. PaznuyHbie BUABI KOHCTAHT PABHOBECHUS U CBSI3b MEXKAY HUMH.
N3menenne suepruu ['n66ca u snepruu ['enpMronpia B XuMHUUECKON peakuuu. Pacders
KOHCTAHT PaBHOBECUS XHMHMYECKUX PEaKLIMil MO TEPMOJAMHAMHYECKHMM JaHHBIM. Pacuer
KOHCTAHT DaBHOBeCHs XuUMHUeckux peakuuu. Meron Temkmua —IlIBapumana. Pacuer
KOHCTaHT paBHOBECHs XUMHUYECKUX peakuuil. Mcronb3oBaHue ypaBHEHHH H300apbl U
M30XOpbl. 3aBUCUMOCTb KOHCTAaHThl XMMHMYECKON pEaKkIuu OT TEMIIEpaTypbl. Y paBHEHUE
n300apbl (M30XOPBl) XUMUYECKOH PEeakluu ero BHIBO/I.



CrtpoeHue BemecTBa

DJeMEHTapHbIE YacTHUIbl, O00pa3ylolue aroMHoe siApo U atoM. (OCHOBHbBIE
XapaKTEPUCTUKH aTOMHOTrO sigpa. JieMeHTbl. Hyknuasl U u30Tomnbl. ATOMHAs €QUHULA
Macchl U uuciao ABoraapo. JlebekTt maccel. PagnoakTuBHBIN pacnaa. SaepHble peakiuu.
MeueHble aTOMBI.

ATOM BOJOpOJia U BOAOPOJONOA00HbIE YacTHIlbl. BomHoBass QyHKIHMS U COCTOSIHHE
AJIEKTPOHA B aTtoMe. BeposiTHOCTh, IIOTHOCTh BEPOSITHOCTH, paavalibHas (YHKIUS
pacnpenenenus. AToMHbIe opOuTanu. KBaHTOBBIE UKcia U UX (PU3HUUYECKHI CMBICI.

Muorosnektponnbsie atrombl. [Ipuniun [laymnu. DnaexkTpoHHbIE KOH(GUTYpAlIUd aTOMOB
U nepuoanueckas cucremMa »siemMeHToB. lIpaBmio Xynpa. I[loTeHiman woHH3aLMM.
CpoACTBO K AJIEKTPOHY.

XuMHuueckas CBSI3b B MOJEKYJISIPHOM HOHE BojopoAa. MoleKynspHble OpOUTaIu.
JnuHa cBsizu. DHeprust cBs3u. [[ByXxaTOMHBIE YaCTHUIIbI: HOHBI U MOJIEKYJIbI, COCTOSIIIINE U3
anemeHToB [- u Il-ro mepuomoB. ©- U m- CBI3U. ODHEpreTUyecKas auarpaMma
MOJIEKYJISIpHBbIX ~ opOutaneil. IlpaBuna  3amojgHEHUs  MOJEKYJSIPHBIX  opOuTasel
anekTpoHamMu. KpatHOCTh (MOPSII0K) CBSI3M.

JIByX3JIEKTPOHHBIE CBSI3M B MHOI'OATOMHBIX MOJIEKYyJax. ['eoMeTpuiyeckoe CTpOeHHE
MOJICKYJI C TOYKH 3pEHHS TUOpPUAM3ALUM W METOJAa OTTAJIKMBAHHUS BAJCHTHBIX
AJIIEKTPOHHBIX Tap.

MHOTOLIEHTPOBBIE  MOJICKYJISIPHBIE OpOUTaNd. ODIEKTPOHOACPHUIIUTHBIC YACTHIIBI.
CormpsikeHHBIE KpaTHbIE CBsI3M. Teopus Kpucramuimueckoro mnons. Pacmemnenue d-
opOuTaliel B OKTadI[PUYECKOM M TETPAdAPUUYECKOM TMOJAX. Teopusi Mo JIMTaHIOB.
KommekcHble coeiuHEeHUSI.

Junonb. JIMNOABHBIT MOMEHT CBSA3U. DJIEKTPOOTPULIATENBHOCTh aTOMOB. (DakTophl,
BJIMSIIOIINE HA JIUMOJIBHBI MOMEHT MOJIeKyJibl. [lonspuzyemocts Monekyd. [onspuzanus
BellleCTBA. [ManekTpuyeckas noctossHHasg. MarHuTHeId MOMEHT vactull. [lapamaraerusm
U JUaMarHeTu3M.

Ban-nep-BaanbcoBbl B3anmoaecTus. KoBaseHTHbIE M BaH-JEp-BAAIbCOBBI PagUyChl
atoMoB. Mojaenu moJiekyn. BogopoaHas cBa3b. BzauMoiericTBre HOHOB.

l'a3pl, KUAKOCTH, TBEpAble Tejla, KpucTauibl. [IpocTpaHCTBEHHass penieTka.
[Ipocteitimrie MOHHBIC, aTOMHBIE W METAUIMYECKHE PEHIETKH (penieTka XJIOPUCTOTo
HaTpHs, aiMa3a, KyOM4ecKre, TPaHCIICHTPUPOBAHHBIC U TUIOTHOYMAKOBAHHBIE PEIIETKH).
PentreHocTpykTypHBIii aHanu3, ypaBHeHue Bynbda-bparra. [ledexkTsl B peasibHBIX
KpUCTaJlJIaX. DJIEKTPOHHAs CTPYKTypa KpUCTaioB. Mozenb CBOOOJHBIX 3JEKTPOHOB B
MeTajuiax. 30HHasl Teopus TBEPAbIX Teld. MeTamnyeckas NpoBOJAUMOCTb. M3014TOphl U
MOJIYIIPOBOJAHUKHU. YpoBeHb DepMu. DNEKTPOHHAS U JbIPOYHAsi TPOBOJAUMOCTb.

DJIEKTPOMarHuTHOE  M3JIy4YeHHME W  BemecTBo. Dusuyeckas  CyIIHOCTh U
WH()OPMATUBHOCTh  METOJOB:  DJIEKTPOHHOW  CIIEKTPOCKOMHH, KOJIEOATEIbHOW U
BpAIllaTeIbHOM  CIEKTPOCKONMHMHU. MAarHuTHOM PaguoCHEKTPOCKONHUHU. IJIEKTPOHHBIN
napaMarHUTHBI PE30HAHC W CBOOOJHBIC paguKaibl. SIAepHBIH MarHUTHBIM PE30HAHC:
XUMHYECKHU CABUT U PACILICIUICHUE CUTHAJIOB.



XuMHYecKass KHHeTHKA

MexanusM xumudeckoil peakiuu. CkopocTh xumuyeckoil peaxuuu. IIpocteie
peakuuu. 3akoH JAedcTByommx Macc. Ilopsmok peaknuu. KoHcTaHTa CckOpocTH
XUMHYECKOU peakuuu. YpaBHeHHe AppeHnyca. [IpendkcnnoHeHIMaNbHBI MHOXKHUTEIb U
SHEprus aktupBauuu. KuHerndeckne ypaBHEHUS] U KHHETUUYECKHE KPUBBIE JUJIsl peakiui |-
ro, 2-ro u 3-ro mnopsakoB. ClOXHbIE peakUuu: oOpaTUMble, TMapauieJbHble U
IIOCJIEIOBATENbHbIE. METON CTAallMOHAPHBIX KOHLEHTPAIMM W KBAa3WPaBHOBECHOE
npubmmkenue. JInMuTHpyronas craaus.

Kunetnueckoe omnucaHue peakUMil B OTKPBITBIX CHUCTEMax. PeaKTopbl MOJHOIO
MEPEMEIINBAHUS U UJCATBHOTO BBITECHEHHSI. METOIbl ONPENEICHHS MOPAIKA PEAKIUHA U
KMHETUYECKUX KOHCTAHT M3 SKCIEPUMEHTAJIbHBIX NaHHBIX. MeToapl pacueTa KOHCTAHTBI
ckopoctn peakuuid. Teopus cronkHoBeHH. DakTOp [ABOMHBIX CTOJKHOBEHUH U
crepuueckuii  (akrop. Teopuss  aKTUBUPOBAaHHOTO  KoMmiuiekca.  [loBepxHOCTH
MOTEHIMAIBHON HSHEPIUM, KOOpPJMHATA PEAKUMWU M MEPEXOJHOE COCTOSTHUE. Y CIOBUS
IIPUMEHUMOCTH TEOPUHU aKTUBUPOBAHHOTO KoMILiekca. Teopus Jlunnemana.

Kuneruka peaknuit B kugakoctd. Juddy3noHHO-KOHTpoaupyemblie. KieTouHbIit
saddexr. Yuer BiuusiHUS cpeabl. Herepmudeckoe MHUIMUPOBAHUE XMMHUYECKHX PEaKIIHA.
ConpskeHHBIE pEaKIMM U XUMUYecKass MHAyKIust. Poroxumuyeckue peakun. OCHOBHON
doroxumuueckuii  3akoH. 3akoH byrepa-Jlambepra-bspa. KBaHTOBBIII  BBIXOI.
ABTOKaTaIUTHYECKUE peakinu. ABTokosie0aTenbHbie peakiuu. Cxema Bombrepa-JloTke.
OcHoBHbIE cTanuu HenHbIX peakuui. [ud@y3uoHHBII UM KUHETHYECKHH KOHTpPOJIb
peakiuii JMHEHHOTO OOpbIBa Ha CTeHKaX. Hepa3BeTBICHHBIC IICTHBIE PEAKIIHH.
Bripaxkenue miist cpenHeil mivHbl Uenu. Pa3BeTBiIeHHBIE LieNHbIE peakuuu. HuxHuil n
BEPXHUU NIPEAEIBI CAMOBOCILUIAMEHEHMUS.

Omnpenenenne karaiM3a W KaTanuzaTtopa. Karanm3 W XMMHYECKOE pPaBHOBECHE.
Knaccudukamnuss kaTaauTHYECKUX MpoieccoB. [IpoMOTOpel W KaTaTUTHYECKUE SIIIBI.
Karaimutudeckass akTUBHOCT, W H30HMpaTenbHOCTh. Meroasl wu3MepeHus. [Ipupoma
JEUCTBUS  KaTanu3aTopoB.  DakTopbl, ONPEACISIIOIIME  CKOPOCTh  XUMHYECKOTO
npeBpaieHusi. CTeneHb KOMIIEHCAIMM HHEPrUu Pa3pbIBAOIIUXCA U 00pa3yroIIUXCs
CBSI3€M KaKk Mepa ONTUMAIIBHOCTH IIyTH IPOTEKAHUS peakunu. HoBbple peakMoOHHbIE YTH,
OTKpbIBacMble  KaTanuzaropoM. llonsatme o karanutudyeckoM mukie. Dopmel
MPOMEKYTOYHOTO XMMHUYECKOTO B3aUMOJICHCTBUS MpPHU KaTaln3e. AKTHUBALUS PEarcHTOB
P B3aUMOJICHCTBUU C aKTHBHBIM IICHTPOM, COJIMKEHUE PEareHTOB MPH B3aUMOICHCTBUN
C aKTUBHBIM IIEHTPOM, CHSTHE 3alpeTa M0 CUMMETPUU. DHEPIreTUUECKUNA U CTPYKTYPHBIN
dbakTophI IpU B3aUMOJICHCTBUM PEArUPYIOIINX BEIIECTB C KATATH3aTOPOM.

I'omorennsiii katanu3. Karanus kucinoramu u ocHoBanHusamu. I[IpaBuno bpencrena.
O6muii n cnenupuyecKuii KUCIOTHO-OCHOBHOM Kartanu3. Karanu3 kucinoramu Jlbtouca.
Karanu3 KOMIUIEKCHBIMM COEAWHEHHUSIMH MeETaIoB. [loHATHE O KOOpPAMHALMOHHOMN
aktuBauuu Monekyi. Karanuz depmentamu. Cxema Muxasnuca-MenTeH. ['eTeporeHHbIN
KaTajau3. YaenbHas W aToMHas akTUBHOCTh. [IpaBuno bopeckoBa. Ponb ancopbium B
rereporeHHoM Karanuze. PDusnyeckas aacopOuuss u xemocopobuusa. HeomnopomHocTsb
MOBEPXHOCTH KaTalM3aTOPOB. 3aBUCUMOCTb TEIUIOTHI aAcOpOLMHM OT 3amoJIHEHUs



MOBEPXHOCTU. DHEPrus aKTUBALUU F€TEPOTr€HHO-KATAIUTUUECKUX peakiuil. CTpykTypa u
TEKCTypa TBEPIbIX KaTanu3aTopoB. COBpEeMEHHbIE METOJAbl KCCIEIOBAHMS COCTaBa U
CTPYKTYpPBI IIOBEPXHOCTHOTO cJIosA. V3mMepeHne BeIMYMHBI NTOBEPXHOCTH U IIOPUCTOCTH.
Meramnndeckue, OKCUJIHBIE U IIEOJUTHBIE KaTanu3aTopbl. CKeleTHbIE KaTalu3aTOpPhI.
Hanecennbie karamuzaTopbl U CHOCOOBI HUX mMoOidydeHHs. MeMmOpaHHbBIE KaTalu3aTOPhI.
B3anmopaencTeue Karaimsaropa M peakUMOHHOM cpenbl. Jle3akTuBalus KaTaau3aTOpPOB.
Hecranmonaphslii katanu3. O61acT NPOTEKaHUS IeTEPOreHHO-KAaTaTUTHUYECKUX PEaKLUid:
BHemIHe U py3uonHasi, BHyTpuaudPy3ronnas u kuHetnueckas. CTaauu TeTeporeHHo-
KaTaJUTH4eCKNX peakiuil. Kunetruka peakiuii B yCIOBUSAX aJCOPOIIMOHHOTO paBHOBECHS.
Mopnenu Unu-Puauna u JIsnrmropa- XvHIIeIbByAA.

HccnenoBanue KUHETUKM TE€TEPOTrCHHO-KATAIUTUYECKUX pPEAKIUN B CTaTUYECKUX,
IPOTOYHBIX W HPOTOYHO-IUPKYISAUUOHHBIX (Oe3rpaiueHTHBIX) peakTopax. OO0paboTka
DKCIEPUMEHTAIBHBIX JAHHBIX, MNOJYYECHHE KHHETUYECKUX YPABHEHUHM W HX CBSI3b C
MEXaHU3MOM peakuuil. MI30TonHble METONBI B UCCIeA0BaHUM KaTanu3a. OCHOBHBIE HTaIlb
pa3BUTHS MPEACTaBICHUN O Kataiu3e. Ou3nueckne W XUMUYECKHE TEOPUHU KaTaln3a.
Karanutuueckue mnpoueccel B npupone. Karanus B COBpeMEHHOW MPOMBIIIIEHHOCTH —
XUMHUYECKOH, He(pTeXuMHIecKoi, HedTernepepadbaThiBaroeld U MUIIEBOM.
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