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[TPOI'PAMMA-MHHWMYM
KAHIHIATCKOT0 YK32MeHa 10 CHelHAJbLHOCTH
01.04.17 " Xumuueckas GpUIHKA, TOpeHIE H B3PLIB, PH3HKA IKCTPEMATBLHEBIX COCTOSARMI
BemecTna' Mo XHMHYeCKHM, PH3IHKO-MATEMATHIECKHM H TEXHHYECKHM HayKaMm
Bueienue

13 0CHOBY HACTOAIICH IPOTPAMMBI TIOJIOKEHEI CIIEAYIOLIHE J(HCOUIUTHHEL CTPOSHHE BEUIECTE, OCHOBBI
MOJICKYTSPHOH (POTOHUKH, TUHAMUKA aTOMOB U MOJIEKY/1, OCHOBEI XHMHYECKOH KHHETHKH, OCHOBLI
CAHEPTCTHKN. XUMuYeckash GH3UKA TOPEeHKs H B3pBIBA.

JTporpamma pazpaboTaHa IKCIepTHBIM COBeTOM Bricluel arTecTallHORHON KOMHCCHE MHHHCTEpPCTBA
odpazosanus Poceniickoit @epcpanuu no XMMHUH (10 HeOpraHHYeCKOH XUMHUH) H QU3HMKE [IPH YHaCTHH
Muciutryra xumugeckoi Gusured uM, H.H. Cemenosa PAH. MucTrTyTa npodieM XxuMuyeckod QH3uky
PAH u Mucruryra kunetuxd ¥ katanuza CO PAH.

. Crpoenre BemecTBa

OCHOBBI KBAHTOBOI TEOPHH MHOI0IEKTPOHHEIX cHcTeM. AuabaTHueckoe npubmkenne bopua-
Onuerreiimepa. CBOHCTBA CHMMETPHH MHOI02IEKTPOHHO# BONHOBOH QyHKIHK. OCHOBHOE H
#O30YIKASHHOE COCTOAHMA aToMa restust. MHOI021eKTPOHHLIE aTOMBI H MCPHOJIMYCCKAs CHCTeMa
ynevenToB. Onepatopsl MOMEHTA UMITYIIbCA. Y POBHY FHeprull. OCHOBHBIE IIPUHLHITEI TCOPHH
32 ICHTHOCTH.

DIEKTPOHHOE CTPOSHHE MONCKYT. MeTo1 MONIeKy /15 pHBIX opOHTaIell U €ro IPUMEHEHHE K
JABYNATOMHBIA MOJieKynaM. Mo/ekyspHEIR HOH BOAOPOAA U MOJIeKyNa Boopoaa. Moneky IspHbie
OPOITANM TOMOSIEPHBIX ABYXaTOMHBIX MOJICKY/. ['eTeposnepHble AByXaToMuble MOJIEKYIEL, [IpaBuio
nepeceyeHns IoTeHNHANBHEIX KPHBLIX. [loHsaTHe 0 MeTOIe caMocornacoBanHoro nons. ['ubpuumnsaus
ATOMHBIX BOJIHOBBIX (pyHKuuMit, MeTo MONEKYNAPHBIX opOuTaneii B npubmKeHHH XIOKKe 1A
[IPHMEIMTEILHO K MOTEKYIAM ¢ CONPAKCHHBIMH CBA3AMH.,

) IEKTPOHIOE CTPOSHHE KOO, IMHALIMOHHBIX cOoelMHeHHH. MexMosleKy1spHoe B3auMOACHCTBHE.
Teopus kpucramueckoro nois. Komniexcsl co c1aboii B cunbHOM cBa360. CHH-opOHTANLHOE
rzanMojeiicTsre. [IpHMEHEHHE METOZA MOTEKYIAPHBIX opOUTate K KOOP,IMHAIIHOHHLIM COEIHHEHHAM.
Dpdext HAna-Temnepa. Cunsl Bau-nep-Baamsca. JloHopHo-akuenTopable KoMIiekesl. Bogopoanas
CBASL.

Crpoenne % cBoiicTBa TBepsoro tena. [[pupona cun BlauMoneiicteus B Kpuctaniax. Konedanus u
BOJIbE B OJIHOMEPHO# peluerke. KoneGaHnA aTOMOB TpeXMepHO KPHCTAUIMYECKOH PEIUETKH.
Hopmanereie koaeOanns. HEKTPOH B TepHoaHYcckoM nosie. [pubnmkenne ciabo H CHbHO CBSI3aHHBIX
2JeKTPOHOB. JoHbl BpunmosHa. CTpyKTypa I3HEpreTHHECKHX 30H. JIOKATM30BAHHBIC COCTOSHAS
WICKTPOHOB B KPHCTAIIE,

XuUMHYecKast pauOCHeKTPOCKOIIHA. Yenorus BosHuKHOBeHHS AMP u DITP. Bpemena penakcauuu 1
(popMa pe3oHaHCHON THHUY. ['aMUIIBTOHMAH MarHHTHBIX B3anMOIeHCTBHA, XUMHYECKHH C/IBHT U CMHH-
crnunesoe B3aumoaeicrere B SIMP. CeepxTonkas cTpykTypa cnextpos 31 [P. Matepnperauus 1€H30poB
CBEPXTOHKOI'0 B3aUMOACHCTBUA U g-TeH30pa. BO3MOXKHOCTH METOI0B MArHHTHOTO Pe30HAHCA 1114
HCCICI0BAHNA CKOpocTe il MOJIEKYIIPHBIX H XUMHUSCKHX [IPOLIECCOB.

2. OcHOBBI MOJIEKY. 19pHOI1 GOTOHUKM

")I1eKTpoHHAA CTPYKTYpa MOI1eKyI. Bo3byxneHnbie coc1osHusL. [lornomenue v ucnyckanme cBera.
CreKTpsl HOUIONIEHHSA H TIOMBHecUeHIHN, @yopecuerwmis u pocdopeclienns. Teopus 1 MeTObI
pacuera IeKTPOHHO-KoNe0aTe IbHBIX CIEKTPOB MHOTOATOMHLIX MoJsieKyJ. [pubnxenus Opanka-
Konznona n I'epudepra-Tennepa. IToTeHuManbHble NOBEPXHOCTH NIEKTPOHHO-BO30YKACHHLIX COCTOSHHH.
[TepeXxoanl MEKTY COCTOSSHHAMH. MaTprUHble 3IeMSHTH Nlepexonos. Penakcauns. Biaumoeiicrun B
BOZOYIKICHHBLIX COCTOAHEHAX, KOMIUIEKCH! ¢ TIEPEHOCOM 3apPAIa, DKCHMEPLI H DKCHILICKCHL.
besuizayuaTebHbie IMEeKTPoHHBIe epexo/el. Heanuabatrnyeckoe B3auMo/iefcTsre. [leperoc 3apsana.
[Tepenoc HePrum MIEKTPOHHOro Bo30ykaeHus. Y HAyKTURHO-pe3oHaHCHbIH MexannsM. Teopus
@eperepa-Jdexerepa. Murpauns Bo3Oy:KIeHHS 110 JOHOPAM.

akonel potoxumuH. Knaccuaduxarus poroxuMuuecknx peakunii. GoTOTUCCOIHALIHA.
Qoronpucoeannenie. PoTozavelleHue H GoToneperpyninposKka, QoTOXAMHYECKHE OKHCTHTENLHO-
BOCCTAHOBUTENbHBIE peakiud. PoTOXHMHYECKa KHHEeTHKA.

()CHOBHBIC IPAHLMUIIBI KOHCTPYAPOBAHHUs H30HPATELHBIX CYIIPAMOIICKYJISPHBIX CHCTEM.
do1oynpasigeMoe KoMnnekcoobpazopanue. POTOMHHLIHHPOBAHHBIC CTPYKTYPHBIEC H (Pa30BbIC
npespantenns, Kunetnka TYIICHHS GIyopecleHIMH B MUKPOIMYJIBCHAX, METOABI ONTHYECKOH (B TOM
4HC.1¢ HETMHEHHOM) CTIEKTPOCKONIHH: ancopOUHOHHBIE, (h1yOpecleHTHBIE, IOAAPH3AIHOHHEIE.



KOMOHHALMONHOIO paccesHua. MecTto QOTOXHMHH B 001aCTH DPa3BUTHS COBPEMEHHBIX TEXHOMOIHI 1
CPe;ICTB TEXHHKH.
3. [lunaMHKa aTOMOB H MOJIEKY.1

XUMHUecKas TepMOJIMHAMHKA U paBHOBecHe. PaBHOBeCHOe pacipe/ielieHie MOJEKYT HACAILHOTO ra3a,
Pacnpeaenenue Maxkceenna u pacnpenenenne bonbumana. Paciipesenesune bosze n ®epmu. Crarnctuka
['ub0ca. TepsoanHaMudeckne cBOHCTBA HIeaNBHBIX razoB. PaykTyanuu. Pasaosecue das. Crnabnie
pacyBOPBl. XHMHUYECKHE paBHOBecHS. [10BepXHOCTHEIE SBJICHHS.

).1eMEHTapHbBIE ATOMHO-MOJICKY IS PHBIE POLECCH. Y IPYTHE CTOIKHOBEHHsI aToMOB. [loiiHoe u
InipepeHIHAIBHOE cedeHun paccesHus. Heynpyrue cronxnoBeHnsa. BeposaTHOCTH epexo,108, ceueHHs
H KOHCTaHThI CKOPOCTH NPAMBIX W 00paTHBIX npoueccoB. [HoBepXHOCTE NOTCHIMATBLHOH 3HEPIHH A7
cHCTeMBI Tpex aToMoB. MeTox nepexoanoro cocrosaus. Hea;imadaTtuueckue npoueccel.

Mounomoiekyngpaele peakunn. MexaguiM aktuBauyu Monekyn. CHABHLIE CTONKHOBCHUSA H
cTyieH4YaToe Bo30yxaeHHe. CTaTHCTHYECKAs MOJETE MOHOMOIECKY/ISIPHBIX PeaKkiiuii.

TepMuueckull pacnajt JIBYXarOMHBIX MOJIEKYJL. bUMONeKyIApHbie peaKiuy, HAyLHe Yepes
00pa3oBaHHe NPOMEKYTOUHOrO KoMiaekca. [psaMole OuMoneKynspHBIE Peakltii: PAKOIET Hb) i
MEXAHH3M, MEXAHH3M CPBIBA, MEXAHU3M IPSIMOro BuIOuBanns. Paciipeaenenue sHepriy B
OBMOJICKY IAPHBIX PeaKLHAX.

OOMEH IHEpIvH NpH MOJEKY ISIPHBIX CTONKHOBEHUAX. [Iperpalienye nocTynaTeNsHol, BpallareasH0H
H KoeOaTenbHol SHCPruil IPH CTONIKHOBEHHAX, Pefakcaiis o nocTynarenbHbIM, BpaulaTeIsHEIM 0
KOJIeOATENBHBIM CTENEeHAM CBOOOALI. KHHeTHYECKHE ypaBHeHHA A5 3aceNeHHOCTeH YpOBHEH YHepruu (B
TOM UHCJIE ITPH HATHYHH XHMUYECKHX PEaKLUil).

BraumoneiicTBre »IEKTPOHEB ¢ aTOMaMU H MosieKynaMi. Bo3BykaeHHe aToMOB 1 Mofiekyn
HIEKTPOHHBIM Y1apoM. MOHU3aLHS aTOMOB U MOJIEKYII 2IEKTPOHHBIM YapoM., POTOHOHU3ALNA,
PekomOMHALHA YMEKTPOHOB H {ITOMOB.

4. OcHOBBI XUMHYECKOH KHHETHKH

Mexaau3M B CKOPOCTh XMMHYECKOH peakuun. 3akoH gelicTByrowmx Mace. [lopanok peakunu.
KotictanTa ckopocTH. 3akon Appennyca. Kunetrnka cnoxkupix peaximii, O0paTUMEBIe,
1HOC. 1€/ I0BATE 1BHBIE, NapaJLIenbHbIe nponecchl. IIpaMada n obpatHas kuHeTHUecKad 3anava. Meton
KB&3UC TALMOHAPHBIX KOHLEHTpanui. JIMMUTUpYIOUIEs cTa1ud CIIOMHOIO XUMMHYECKOTO MPOIecea.
KHHeTika XUMHYECKHMX peakull B8 OTKPBITHIX ccTeMax. CTallMOHAPHBIC PEXUMBL.

NHMHYECKHE peaKkUHH B JKU,IKOH ¢daze. Posb cpens! B 3/IeMEHTapHOM aKTe XUMHYCCKOH Peakiiny.
Binsnue Audy3uu Ha ckopocTh peaklnn. Knetounsit s¢upexr. BausHue nusnexrpuyueckoit
NOCTOAHHOH 1 HOHHOH CHIIBI HA CKOPOCTH XUMHYECKNX peakiiil B pacTropax. Conenoit 3¢ dekr.
BimsnKe AaBNeHns Ha CKOpoCcTh peakuuu. O0bem aktuauuy. COOTHOIICHHS CTPYKTYPA - peakiHOHHAA
cnocodnocTL. ¥YpasHenus ['amvera u Tadra. BausHue MarHHTHOTO TIOJIS HA CKOPOCTH XHMEYSCKOH
PeaKLHH.

MH1yuMpoBaHHBIE U rOMOTeHHO-KaTaHTHYECKHE peakunh. ColpskeHHBIE PeaKiy.
QOTOXMMHUCCKHE H PAAHANIMOHHO-XHMHUECKHE peakllnkd. MexaHusM roMoreHHoro katannia, KiuHeTuxa
POMOIEHRO-KaTA THTHUECKHX peakuuid. KHCTIOTHO-0CHOBHBIA Katauns. 3aBHCHMOCTL CKOPOCTH
XUMHYECKOH peakumH oT PyHKIKMK KuchoTHOCTH [ammera. QepMeHTaTHBHBIH KaTtanuz. Y paBiicHue
Muxasnuca - MeHTed. Katanu3 KoMIiekcaMy ¥ HOHAMHI MeTANNOB [epeMSHHON BATCHTHOCTH.
Aprokarains.

["eTeporenigpiit kKatanus. PapHoBecHe ¥ KMHETHKA aAcOpOIMH Ha OAHOPOIHEIX M HEOJIHOPONHBIX
nmosepxHocTax. M3otepma agcopbunu JIsnrmiopa. Xemocopbums. MoHo- H MOTHMONEKYTSIPHBIE CION
ancopOaTos Ha NoBepxHOCTH, MHErHOHPOBaHHE H KOHKYPERIIHS peakuril Ha MOBEPXHOCTH. MeXaHH3Mbl
reTCpOTeHHOTO KaTaiusa. Y pasHeHus JIsHrMiopa - XuHuienssyna u Puauna.

3. OcHoBbl cHHEPTETHKH

Ilpotnema nopsaka n Gecniopsinka B CTpyKType Marepuit. Jlunamuka v undopmauna. [Ipobreva
HeoOpaTHMeCeTH. JuHaMudeckuit Xxaoc. JIHCCHIIATHBHEIC AUHAMAYECKHE CHCTEMEL

I lapameTp nopaaKa B KPHTHUECKHX SBJICHHAX U (a30BbIX epexonax. Teopus Gha3oBEIX I€pexoaoB
aepsoro U B1oporo pota. Teopus Jlanpay. Gnykryanmonnas TeopHst fasoBnix nepexonos. ['unoresa
no1008. CKeRTHHroBas TEOPHA KPHTHUECKHX MoKasaTenei.

HepaenopecHble pazopble nepexoasl. BeiHYMASHHBI MOPIAOK B OTKPBITBIX (PU3HYECKHX CHCTEMEX.
[Tpnuumn Hpuroxkuuna-I nencaopda. Camoopranusauus. [ipocTpaHCTBEHHBIE U BPEMEHHBIC
AHCCHITATHBHBIE CTPYKTYPEL | eHepallns KOrepeHTHOro H3.1yUeHud B 1a3epe Kak npuMep
HEPAEHOBECHOI0 (PazOBOTO MEPexoaa.



[IpceTpanc TBeHHO-BpeMeHHbIE IHCCHIIATUBHEIE CTPYKTYPLI B XUMHUH. Peakins Benoycosa-
AKadoTuHeko!o.

6. Xumnueckas ¢usznka ropeHns i B3phiBa

['copua npoueccor ropeHns. Y papHEHHS TEINIONPOBOIHOCTH B 1u(pdy3uy B XUMHYECKH
pearupytoweit cpejie. Teopus u kKputepuit Tennosoro e3peia. Liennoi 3psib. [Ipenenst uennoro
83peIBd. BocnnameHenue v 3axuranue, 3anHraHue HakanenHoH cTeHkol. 3axuuranue nekpoi. Ouarosoe
BOCTITAMCHEHHE M MUHHMAJIbHAS JHEPI U 3AKATaHHA.

T'copHA H 3aKOHOMEPHOCTH ¢ TALLMOHAPHOTO TOPeHHUA 1a3uBod cMecH. HopManeHag ckopocTs
pacrpocTpaneHus 1aMeHu. [lpeaensl pacnpocTpaHEHHs! IIIAMEHH, TIPeJIeABLHBIA THaMeTp W NpeacibHas
KOHIIEHTPAIHE KOMIIOHEHTOB cMecH. Jnddy3noHno-TenIoBas HeyCcTORUHBOCTE IJIAMEHH.
[Ipeacrasienue o TypOyIeHTHOM ropeHHH. XO0TOHEE IavMeHa, [ opeHne HellepeMellanHbIX 1'a30B,

['opeHue TBEPALIX H KHAKHX BEIIECTB B OKHCIHTENbHOH aTMocdepe. 3a:KHTaHUe U TOPEHHE YACTHLL B
Kasied TOPKYero B OKHCIIHTEILHOH cpee. 'openne JIeTyqrux M HelleTYYHX B3PbIBUATHIX BEINECTB.
HOPOXOB, CMecei roprovero ¢ okuenuTeneM. PH3MKA HECTALHOHAPHOTO TOPEHHS.

['opeHMe KHAKHX B3PLIBYATLIX BEIECTB. ["OpeHne NOPHCTLIX 3apsiioB B3PLIBYATHIX BEITIECTB H
nopoxos, MU IETPalHOHHOE TOPEHHE. Y CIOBUS NIEPEX0Aa NOCIOHHOTO TOPeHHS HAa KOHBEKTHBHbIH
PEARHM H BO B3PbIB.

V1apible BONHBL U eToHAIMS. CHCTeMa YpaBHEHHH Ta30B0H AMHAMHKH JUT8 OAHOMEPHbBIX JBHIKEHHIA B
KoOpaKuHaTtax Jlarpamxka u Dinepa. XapakTepHcTHKH, nHBapyuanTsl PuMana. [lousTtre npocToit BOIHEL,
ViapEble BO/IHBEL Y PaBHEHUS COXPAHEHHS MACChl, HMNYJIBCA M SHEPrHH Ha (POHTE yAAPHOH BOMHLI,
VpuBECHHA COCTOSHHA Ta3a U KOHJCHCHPOBAHHBIX cpejl. Y 1apHas anuabata, H30IHTPOIBL, HX BIAUMHOE
PACIIOIOKCHHE, Y 1apHbIe BOJIHEI B PearvpyIOLUIMX U pelakcupyroluux cpesax. BzanmonekcTre Bony -
pacna,ibl pa3phLIBOB, 3aTYXAHHE YAAPHBIX BOJH.

Coepemennas Teopus netonarnuu, [Ipasnao otGopa ckopocTH craunoHapHoi aetoHamuu. CTpykTypa
IETOHAUMOHHOM BOMHBL, Y CTOHYHBOCTL AeTOHALHMOHHEBIX Bomi. [Ipenens netonamu, [Mpesensl
BO30YRIEHHs aeTtoHaunu. [Tpuauun Xaputona. OcobeHHOCTH MEXaHH3MA JHCPTOBBLIACIICHHS B
TOMOPEHHBIX ¥ IeTEPOTeHHbIX KOHACHCHPOBAHHBIX BEleCTBaX. MeTOAbl H3MEPEHHSA OCHOBHBIX
napaMeTpos JleToHand. COBpPCMEHHBIE METOB! pelles s 3anay QH3UKH FOpeHHs U B3phIBA,
cHoiHag auTeparypa
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