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YTBEPXJAHO:
[leKaH XYMUYECKOro (haKy/bTeTa

A.B. Benblii

«16>» anpens 2020,

Mporpamma coctasnieHa Ha 0CHoBe defepasibHOro rocyapcTBeHHOro 06pa3oBaTe/lbHOro
cTaHfapTa BbicLiero obpasosaHus (PrOC BO) cneumansHocTy 04.05.01 dyHAameHTanbHas 1
npuKnagHas XuMus, yTBepXXAeHHOro Npukasom MuHucTepcTBa 06pa3oBaHNs U HayKu Poccuiickom
®egepaumn ot 13 mong 2017 r. Ne 652; y4e6HOro naaHa 1 0CHOBHOI 06pa3oBaTeNlbHON Mporpam-
Mbl crneyuanbHocTy 04.05.01 dyHAaMeHTanbHas M NpUKIagHas XMMus, paspaboTaHHbIX B FOY
BMO «[JoHeLKNiA HauMOHaNbHBIA YHUBEPCUTET».

Pa3paboTunk:
[JoueHT Kadheapbl DU3NYECKORA XML, 5
KX.H.. goueHT H.A. TypoBckui

Mporpamma y4eb6HOV AMCLMNINHBLI YTBEPXAEHA Ha 3aceflaHnn Kadeapbl (U3NYECKON XW-
MUK
MpoTokon Nel3 oT «28» mapTa 2020 . /

3aBeytoLLmin Kaenpoi B.M. Muxanbuyk

MporpammMa y4ebHoOM AUCUMNANHBI Of00peHa Y4e6HO-METOANUYECKOA KOMUCCUEN XMMUYe-
CKOro hakynbTeTa
MpoTtokon Ne 3 oT «15» anpena 2020 r.

Mpeacenatenb y4ebHO-METOANYECKOIA
Komumccun (hakynoteta H.B. H6n04koBa



1. OBJIACTh IPUMEHEHUA U MECTO JUCHUIIJIMHBI B YYUEBHOM ITPOLECCE

Yuebnast nucuuruinaa « KBaHTOBAsi XUMHS» OTHOCHUTCS K 0a30BOM 4acTH mpod)eCCHOHAIb-
Horo Onoka mucturuivH (I16.6.16) noarorosku crynenroB OIl Crnenuaauter Mo CHeNHATBHOCTH
04.05.01 @ynoamenmansnasn u npuxiaonas xumus. J{is u3yueHuss TaHHON y4eOHON AUCIUILTUHBI
HEOOXOIMMBI 3HAHUS, YMEHHSI U HaBBIKH, (POPMHUPYEMbIE MPENIISCTBYIOMUMHI U COIMYTCTBYIO UMM
IVCLMIUIMHAME. HEOPraHWYecKast, opraHudeckas, ¢usndeckas xumus. JucrurummHa «KBaHTOBas
XUMHsD» peanu3yercs: Ha xummudeckoM Qaxyisrere JJonHY kadenpoit ¢pusndyeckoil XuMuu U sIBIIsI-
€TCs. OCHOBOM JJISI TIPOXOKACHUSI HAYYHOH NMPAKTHKH U BBITIOJIHEHHS TUTUIOMHON paboThI MO Crie-
nuanbHOCTH 04.05.01 @yHnaMmeHnTanbHast U NPUKIaJHAs XUMHUS.

2. CTPYKTYPA JUCIIUIIVIMHBI

Xapaxmepucmuxa yuednoil Oucyuniunl

04.05.01 « Dynoamenmaivnas u RPUKIAOHAA
CrenaibHOCTD
XUMUAY
Crenyanusanus
Ob6pasoBarenbHasi mporpaMma CHELUAIUTET
Kpanudukarmst Xumux. [Ipenooasamens xumuu
KonnuecTBo copepkatebHbIX MOYJIEH 4
Jlncuunisa 6a3001301/1 / BapuaTHBHOM HaCTH IIpogpeccuonanvusiii 610k, 6az06as yacmeo
00pazoBaTeJIbHON POTrPAMMBI
Dopwmsl koHTpous (MK, sx3ameH, 3a4er) MK, sk3aMeH
okasaren ouHasi popma oOyue- | 3aouHasi popma oOyue-
HHUSI HHUSI

KonnuecTBo 3a4eTHBIX AMHUL (KPEAUTOB) 6
I'on moaroToBku 3
Cemectp 5
KonnuecTso yacos 216
- JEKIIMOHHBIX 72
- IPAKTHYECKIX, CEMUHAPCKUX -
- 1a0OPaTOPHBIX 36
- CAaMOCTOSITEJIbHON pabOThI 108

B T.4. HHANBHYAJbHOE 3aJaHUE -
HenenbHOE KOIUYECTBO YaCOB, 12

B T.4. Ay IUTOPHBIX 6

3.OINCAHUE JUCIUILJINHbI

Menan:

—  neoaeocuueckast — MOATOTOBKA CIENHUATHCTOB-XHMHUKOB, KOTOPbIE YMEIOT MPUMEHSITh BCE BO3-
MOKHOCTH COBPEMEHHOI KBAaHTOBOWM XMMUH JIJISl PEIIEHHSI TEKYIUX XUMUYECKUX TPOOIeM;

—  Ouoakmuueckas — yCBOEHUE 3HAHUM, MPEIyCMOTPEHHBIX MPOTrPaMMoOi, Ojaromaps IejeHa-
NPaBJIEHHOMY COTPYIHUYECTBY MPENOaaBaTENs U CTYICHTa,

—  MemoOuyeckds — BBIACIUTD TJIABHOE 3BEHO B KaXKIOH Teme, 4To Oyaer crmocoOCTBOBAaTh (op-
MHUPOBAHUIO OCHOBHBIX TOHSTHI MO KypCy, (POPMUPOBAHHIO 3HAHWI B Pe3yJbTaTe aKTHBU3a-
I[MH TIO3HABATENIbHOM JEATENbHOCTU CTYIEHTOB, MPUMEHEHHE PAa3IMYHbIX METOIOB aKTUBHOTO
oOyueHwusl.




3amaun:

1. PacKpBITh (PU3UUECKHI CMBICTT OCHOBHBIX IMMOCTYJIATOB, MPUOIMKEHUN M KOHIIEMIIHIA KBaH-
TOBOW XUMHH, HAYYUTh CTYICHTA BUAETh OOJACTU MPUMEHEHUS STHX NMPUOIKEHUH 1 KOH-
LEeNIUH IPU PEIIeHUH KOHKPETHBIX XUMHUUECKUX MPodieM;

2. BBIACJINTh METOJOJIOTMYECKH Ba)KHBIE BONPOCHI XMMHUHU U HAa KOHKPETHBIX MPHUMEpax MOKa-
3aTh B3aUMOCBSI3b KBAHTOBOW XUMHUHU C APYTMMH AUCLUUIUIMHAMH XMMHYECKOTO U ecTe-
CTBEHHO-HAy4YHOI'O LIUKJIOB.

3. pa3BUTHE YMEHUN, KOTOPbIE€ IOMOI'YT IPAMOTHO NMPUMEHATh METOABI KBAHTOBOH XUMUH MPH
peLIeHNH Pa3IMYHBbIX 3a/1a4, JaTh B PYKH OyAyIIUM CHEHAIHCTAaM-3KCIIEPHUMEHTATOpaM
UHCTPYMEHT, KOTOPBIA MO3BOJII OBl MPOBOAUTH KBAHTOBO-XMMHYECKHE HCCIEIOBAHUS C
HCIIOJIb30BAHUEM BCEX BO3MOXKHOCTEH COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJIOIMI KBaHTO-
BOM XUMHH MPHU PELIEHUH TUIMHYHOIO LUKJA 334a4. pACUeThl F€OMETPUYECKUX XapaKTepU-
CTUK MOJIEKYJI, IOCTPOEHUE KapT PACHPEEICHUs 3JIEKTPOHHON MIOTHOCTH BAOJb Pa3HBIX
CE4YEeHUH B MPOCTPAHCTBE MOJIEKYJIbI, PACUEThI AUNOJIBHBIX MOMEHTOB U SHEPTUI HOHU3ALUU
MOJIEKYJI, pac4eThl IOBEPXHOCTU MOTEHLUATbHON SHEPTUU XUMHUYECKUX PEAKLIMH.

TpeGoBaHusi K pe3yJbTATAM OCBOEHHMs] JHCHMIUIMHBI. [Ipomecc W3y4eHHs AUCHUTUTHHBI
«KBaHTOBas1 XMMUs» HaIpaBiieH Ha (POPMUPOBAHUE SIEMEHTOB CIIENYIOLINX KOMIIETEHINH B COOTBET-
creun ¢ ®I'OC BO u OOII no cneunansroctu 04.05.01 dynnaMenTanpHas U NPUKIAIHAS XM

a) yHuBepcajibHbIX KomnereHuni (YK):
CUCMEMHOE U KPUMUYECKOe MblULTIeHUEe
— CHOCO0€H OCYIIECTBIISATh KPUTHUECKUH aHAJIN3 MPOOJIEMHBIX CHTyallMHd HAa OCHOBE CHCTEMHOIO
noaxona, BeipadarsiBath crpareruto aeicteuii (YK-1),
paspadomxa u peanu3ayusi H(POeKmos
— croco0eH yIpaBJsiTh MPOSKTOM Ha BCEX dTarax ero skusHeHHoro nukia (YK-2);
KOMMYHUKAYUS
— CHIOCO0€H MPUMEHSTh COBPEMEHHBIE KOMMYHUKAaTHBHbIE TEXHOJIOTHH, B TOM YHCJIE HA HHOCTPaH-
HOM(BIX) SI3bIKe(aX), IS aKaJeMHUYECKOro U npodeccruonansHoro s3anmoneicTsust (YK-4);
CAMOOP2AHUBAYUSL U CaAMOPA3BUMUE (6 MOM Yucae 300po6bechepexnceniie)
— crocoOeH OMpeneNsATh U PEan30BbIBATh MPUOPUTETHI COOCTBEHHON NEATENLHOCTH U CIIOCOOBI ee
COBEPILIEHCTBOBAHMSI HA OCHOBE CAMOOLIEHKU M 00pa3oBaHus B TeueHne Beeil xu3Hu (YK-6).
0€30naAcCHOCIb HCUBHEOeSTMEIbHOCU
— Ccroco0eH CO37aBaTh U MONACPKUBATH OE30MACHBIE YCIOBUS KU3HEAEATEIbHOCTH, B TOM HYHCIE
NP BOSHUKHOBEHUU Ype3BbrdaifHbIx curyanmii (YK-8).
0) oomenpodeccnonaabubix kommnerenuuii (OIIK):
obuenpogheccuonanbHbIE HABLIKU
— CHOCOOEH aHaJM3UPOBATh, UHTEPIIPETUPOBATh H 0000IATE PE3yNbTaThl SKCIEPUMEHTATIBHBIX U
pacyeTHOTEeOpeTHUECKUX padoT xuMuieckoi HanpasinerHoctr (OIIK-1);
— crmocoOeH MPOBOANTh XMMHUYECKHH 3KCIIEPUMEHT C UCIIOJIb30BAHUEM COBPEMEHHOro 000pyaoBa-
HUs, coOmoast HopMbl TexHukn 6e3onacaoctr (OIIK-2);
— crocoOeH NMPUMEHSTh PaCYETHO-TEOPETHUECKUE METOABI JUIsl M3YYEHUsI CBOWCTB BELIECTB M IPO-
LIECCOB C UX YYaCTHEM, HCIIOJNIb3ysl COBPEMEHHOE MPOrpaMMHoe odecreueHne u 6a3bl JaHHBIX MPO-
¢deccuonanpHoro HazHaueHus (OI1K-3).
uzuKO-MamemMamuieckas U KOMRLIOMEPHAs, 2PAMOMHOCHIL HPU peuteHul 3a0ay npogec-
CUOHANILHOT OesimeNbHOCHU
— cnoco0eH IJIaHUPOBaTh PadOThl XMMUYECKOH HANpaBICHHOCTH, 00padaTbiBaTh U HHTEPIIPETUPO-
BaTh MOJYYEHHBIE PE3YJIbTAThI C MCIIOJIB30BAHHEM TEOPETHUECKUX 3HAHUHI U MPAKTHYECKUX HABBI-
KOB peIleHus] MaTeMaTH4ecKux u pusnuecknx 3anau (OIIK-4);
— cnoco0eH UCTIONB30BaTh HHPOPMALIMOHHBIE 0a3bl JAHHBIX U AN THPOBATh CYIIECTBYIOLINE IPO-
rPaMMHBIE TIPOAYKTHI sl PeLIeHHs 3a1a4 NPO(eCcCHOHANBHON AEATENBHOCTH C YUYETOM OCHOBHBIX
TpeboBanuii naopmanmonnoii 6ezonacHoctu (OIIK-5);



npeocmaeienue pe3ynvmamos npogheccuoOHANbHOI OesimelbHOCmU
— coco0eH MPENCTaBISATh PE3YJIbTaThl MPO(HEeCCUOHANBHON NeATeIbHOCTH B YCTHOW U MUCbMEHHOM
¢dopme B COOTBETCTBHH C HOPMaMH U MPaBHJIAMH, IPUHATBIMH B IPOPECCHOHATBHOM COOOINECTBE
(OIIK-6).
¢) npodeccuonanbubie komnerenuuu (IK):
HAYYHO-UCCE008AMENIbCKASL 0eSIMENTbHOCHTb:
— cnocobeH mpoBOANTH cOOp, 00paboTKy, aHamu3 u 0OOOIIeHHe Pe3yJbTAaTOB SKCIEPUMEHTOB U
UCCIIEIOBAHUN B PA3JIUYHBIX OOJIACTSX XUMHUH, XUMUYECKOH TEXHOIOTUU 1 cMekHbIX Hayk (ITK-1);
— cnocobeH oQOpPMIISITE pPe3yJIbTaThl HAYYHO-HCCIENOBATEIBCKIUX M ONBITHO-KOHCTPYKTOPCKHX
pador (IIK-2);
— cnocoOeH BHEAPSATH Pe3yJIbTAThl HCCIENOBAHUN U pa3padOTOK B COOTBETCTBHH C YCTAHOBJICH-
HbiMu TToTHOMOYHsIMU (TTK-3).
MEXHON02UYECKASL OesIMENbHOCHb!
— cnocoOeH MPOBOAUTh HAYYHBbIE UCCIENOBAHMS, COBEPIICHCTBOBATh U Pa3pabaThIBaTh TEOPHH U
METOMBl U3yYEHHs] XUMHUYECKUX TPOLECCOB, OCYIIECTBIATh MPAKTHYECKOE MPUMEHEHHE TOTyUeH-
HBIX 3HAHHUH W PE3yJIbTATOB B PA3JIMYHBIX OTPACISIX 3KOHOMHKH (ITPOMBILIUIEHHOCTH, CEJIBCKOM XO-
3SMCTBE M Jp.), CBA3aHHBIX C MEpepabOTKOM ChIpbsl, MOay(GabpUKaTOB, MPOMBIIIIEHHBIX OTXOIO0B,
MOJIy4€HHEM U COBEPLIESHCTBOBAHHEM PA3JIMYHBIX BEIIECTB, MATEPHAJIOB, pa3pabOTKON U yiydine-
HUEeM TexHoJiorndeckux npoueccos (ITK-4);
— cnoco0eH K MPOBEIEHHUIO OIMBITOB, UCTIBITAHUN M aHAJIN30B C LIETBI0 MU3YUYEHHUSI COCTaBa, CTPOE-
HUSI, CBOWMCTB M MPOLIECCOB MPEBPAIICHUH BELIECTB, JHEPTETHUECKUX U XUMHUYECKUX U3MEHEHHH B
Pa3JIMYHBIX HATYPAJIbHBIX HJIM HCKYCCTBEHHBIX BeIeCTBaX, Chipbe U u3nenusx (I1K-5);
— cnocobeH Ha pa3paboTKy METOIUK MPOBEACHUS KOHTPOJIS Ka4eCTBa JJISI M3TOTOBHTENECH U IO-
Tpeduteneit xumuueckoi nponykunu (I1K-6).
OP2AHUBAYUOHHO-YNPABIIEHYECKAS OeSAMENbHOCHb!
— cnoco0eH OCYIIECTBIATh HAyYHOE PYKOBOACTBO padOTaMH B COOTBETCTBUM C IUIAHOM pPabOTHI
CTPYKTYPHOTO MOApa3ieieHus, (OPpMHUPOBATh UX KOHEYHbIE LIEIH U MPENINoiaraeMble pe3yJIbTaThl
(IIK-7);
— cnoco0eH OCYIIECTBISTh KOHTPOJIb BBITIOJIHEHUS MPENTyCMOTPEHHBIX IUIAHOM 3aJaHUH, KOH-
TPOJIb Ka4eCTBa MPOBEACHUsI paboT, BBHINIOJHEHHBIX PAOOTHUKAMU MOIPA3AEICHUS U COUCTIOIHUTE-
msivu (TIK-8);
— cnoco0eH MPUMEHSITh aKTyaJIbHYI0 HOPMATHBHYIO JOKYMEHTALMIO B COOTBETCTBYIOLIEH obmacTu
3Hanu# (I1K-9).
neoaro2uiecKast OesmeIbHOCHb!
— cnoco0eH OCYIIECTBIATh MPOGECCHOHANBHYIO NEATENbHOCTh B COOTBETCTBHH C TPEOOBAHHSIMU
(denepanbHBIX TOCYOAPCTBEHHBIX OOpA30BATENbHBIX CTAHAAPTOB, K pa3paldOTKe, M3MEHEHHIO U
00ECIIeYEeHNIO BBIMOJIHEHHS YUeOHBIX MPOrpaMM B COOTBETCTBUHU C yUeOHBIM IUIAHOM U rpaduKoM
yuebnoro npouecca (I1IK-10);
— cnocodeH NCIoNb30BaTh pasHooOpasHble 3(hdekTuBHbIE (POPMBI, TPUEMBI U METObI OOYUESHHS, B
TOM YHCJIE, BBIXOASIINE 32 PAMKHU y4eOHBIX 3aHATHI MPOEKTHAs NEsTEeIbHOCTb, JaOOpaTOpHbIC
SKCIIEPUMEHTHI, TOJIeBasi MPAKTUKA M T.IL., K MPOBEICHUIO WHIAMBHAYAIbHBIX 3aHIATUH ¢ O0ydaro-
IIMMUCSI, OPTAHU3ALMIO U KOHTPOJIb UX camocTosiTesnibHoN padoTer (ITK-11);
— cnocobeH pa3pabaTbiBaTh (OCBAaMBATh) M MPUMEHSTh COBPEMEHHBIC TICUXOJIOr0-TIearorniecKue
TEXHOJIOTUH, OCHOBAHHBIE Ha 3HAHUH 3aKOHOB PA3BUTHS JIMYHOCTH U TIOBEACHUS B PEAJLHON U BUP-
TyanpHOH cpene (ITK-12).

B pe3yabTare u3yuyeHust y4eOHOH THMCHUIUIMHBI CTYAEHT J0JLKEH
3HATb:
- OCHOBHBI€ MTOCTYJIAThI M MPUOJINKEHIS] KBAHTOBOU XVMHUH,
- TEOPETUUECKHNE OCHOBbI KBAHTOBO-XMMHUYECKUX METOAOB UCCIEAOBAHUS 3JIEKTPOHHOIO CTPO-
€HUSI XUMHUYECKUX YaMTHII,



4.

6

BO3MOJKHOCTH M OTPaHUYEHUs METOJOB KBAHTOBOW XMMHUH IMPU ONPEAEICHUH NapameTpbl
3JIEKTPOHHOI'O CTPOEHUSI XUMUYECKUX YaCTHLI,
KOHLIENTyaJIbHbIE OCHOBBI TEOPUH XUMHUYECKOU CBSI3H.

YMeThb:
BBIOPATh KBAHTOBO-XUMHYECKHI METO, ISl PELICHHS TOCTABICHHON (TUITHYHON) 3a0a4H:
BBIIIOJIHUTH PACYET F€OMETPUUECKUX XaPAKTEPUCTUK XUMHUYECKUX YaCTHLL,
onpenenuTb U 000CHOBATh PaCIpenesIeHUE SJIEKTPOHHOH TUIOTHOCTH HAa aTOMaX XMMHYECKHX
YaCTHL,
MIOCTPOUTDL KapThl PACHPEAENICHHs IEKTPOHHON IUIOTHOCTH HA aTOMax XUMHUYECKON 4acTu-
L(bL, MPOBECTH aHAJIN3 XUMUYECKUX CBSA3EH;
ONPEAEIUTDb SHEPTUU HOHU3ALUH MOJIEKYJISIPHBIX CUCTEM,
HCCJIEIOBATh MOBEPXHOCTb MOJIEKYJISIPHOTO 3JIEKTPOCTATUYECKOrO MOTEHIMANA XUMUYECKUX
YaCcTHL,
ONPEETIUTD TEIUIOTh XUMHYECKUX PEaKLIU,
MOJIyYUTh KBAHTOBO=XUMUYECKHE AAHHBIEC MJI1 UCCIIENOBAHMS MOBEPXHOCTH U IIyTH XUMUYe-
CKOM peakLuy,
BBIMTOJIHUTh KBAHTOBO=XUMHYECKHE pPAaCUYETbl CTEPEOXUMHUYECKOrO0 CTPOCHUS H (PUIUKO-
XUMHYECKHX CBOMCTB MPOCTEHUINNX MOJIEKYJ HMCIOJIb3Yysl COBPEMEHHbIE KOMIIBIOTEPHBIE TEX-
HOJIOTMHU KBAaHTOBOM XMMUH,
MHTEPIPETUPOBATh U UCIIONIb30BATh PE3YJIBTAThl KBAHTOBO-XUMHUYECKUX PACUETOB,
OPUEHTHUPOBATHCS B KPYr'e OCHOBHBIX MPOOJIEM COBPEMEHHON KBAHTOBOH XUMHH.

BJIAIETD:
HAaBbIKAMH NPHUMEHEHNs] OCHOBHBIX MOJIOKEHUN KBAHTOBOW XMUMUU NIl AHAJIU3a CBONCTB XU-
MHUYECKUX COEIMHEHUII,
METOOJIOTHEN KBAHTOBO-XUMHUYECKOTO ONPEAEICHNs MPOYHOCTU XUMUYECKOH CBS3H,
METOOJIOTHEN KBAHTOBO-XUMHUYECKOTO ONPEAEICHNs TapaMETPOB 3JIEKTPOHOAOHOPHBIX U
3JIEKTPOHOAKLENTOPHBIX CBOMCTB XMMUYECKUX COSAUHEHNUN;
METONOJIOTHENH KBAHTOBO-XUMHUYECKOTO ONpPEAEeICHUs TUIMOJbHBIX MOMEHTOB XUMUYECKUX
COEIMHEHUH;
METONOJIOTHEN KBAHTOBO-XUMHUYECKOTO ONPEAEICHNs SHEPTUH 3JIEKTPOHHBIX NEPEXO0B U3
OCHOBHOT'O B BO30YX/I€HHOE 3JIEKTPOHHOE COCTOsIEe XUMHUYECKUX COCAMHEHUH,
METONOJIOTHEN KBAHTOBO-XUMHUYECKOrO MPOrHO3a HAMPABJIECHNs IPOTEKAHUs XUMHYECKON
peakuuy,
METOOTHEN aHaIN3a PE3YyJIbTaTOB MOJIEKYJISIPHOIO MOAENUPOBAHUS METOAAMHU KBAHTOBOU
XUMUU;
METOMIOJIOTHEN pacueTa KBAaHTOBIO-XMMHYECKHX HHIEKCOB PEAKIIMOHHON CITOCOOHOCTH XUMU-
YECKHUX YaCTUL] BELIeCTBA,
METOJIONOrHeN KBAUTOBO-XUMHWUYECKON OLIEHKH KUHETHYECKHUX U aKTUBALIMOHHBIX 1apaMETPOB
XUMHUYECKON PEaKLU.

COAEPKAHME JUCIUATLINHLI 1 ®OPMBI OPTAHM3AIINN YYEEHOTO
MPOLIECCA

IlopsinkoBbIil HOMEP U HAMe-

Kpartkoe cogep:kanue Tembl
HOBAHUE TEMbI

Cooeporcamenvnovtit Mooy 1. Heckolbko wiazoe é mup un@opmMayuoHHbIX mMexXHo 102Ul

K8UHMOBOU XUMUU

Tena 1.
CoBpemMeHnHble HHPOPMALIIOHHBIE
TEXHOJIOTUU KBAHTOBOHW XMMHH.

Kowmmekc mporpamm crpykryproii xumun HyperChem.
3amyck u 3asepiienue paborel HyperChem. Crpykrypa
padouero okna u wmeHr HyperChem. Bo3moxHOCTH




Tema 2.

Co3pgaHue 1 pefakTpoBaHue
HyperChem mogenn XmMmnyeckmnx
COEIMHEHMWIA.

Tema 3.
MeTtogonorua Hyper Chem KBaH-
TOBO-XMMWNYECKOr 0 pacyeTa.

HyperChem B co3gaHuny MONEKYISPHOM MOLENN.
MocTpoeHne OTAeNbHbLIX aTomoB, cBsiseil. Co3gaHue 2D-
3CKM3a MONEKYnsipHoW mopenn. PepakTuposaHue 2D-
acku3a MosiekynspHo Mogenun. [peobpasoBaHune 2D-
3CKu3a mogenu B 3D-CTPYKTYpHYtO Mopenb. CoxpaHeHue
MOSIEKYNAPHON  Mofenun.  BblaeneHne  CTPYKTYPHbIX
3MIEMEHTOB B MOJIEKYNISAPHOM  mofenn.  OnpegeneHvie
BE/IMYMH MapaMeTpoB MONEKYNAPHON CTPYKTYpbl. Pefak-
TUpOBaHMe  MapameTpoB  MOJEKY/NIAPHOW  CTPYKTYpbI.
Busyanuzaums MonekynspHoin mogenu. ViameHeHve upeta
paboyero OkHa U MOMEKYNAPHLIX 06beKTOB. I"padmyeckoe
npeLcTaB/ieHne MONEKYNAPHOW MOZENMN.

Bblbop npubavKeHMs KBAHTOBO-XMMUYECKOrO pacuyeTa.
Bblbop MeToga M napaMeTpoB KBaHTOBO-XMMWYECKOrO
pacyeTta. Bbl60p pexxmMma KBaHTOBO-XUMUYECKOIO pacyeTa.
CoxpaHeHve pe3ynbTaToB KBAaHTOBO-XMMWYECKOro pacuye-
Ta. CTpyKTypa TMnnyHoro log - taina. TunuyHas CTpyk-
Typa Z - MaTpuLbl XMMUYECKOW YacTulbl. BbiBog pe3y/b-
TATOB pacyeTa Ha 3KpaH MoHuTOpa. [padmueckoe npeg-
CTaB/IeHNe MONEKYNAPHbIX opbuTaneil.

Collep>kaTenbHblii Mo[ynb 2. CTaHOBNEHME U pPa3BUTUE KBAHTOBOI XUMUMW.

Tema 4.

JKcnepnmeHTasIbHble OCHOBbI
KBAHTOBOI TEOPMM YaCTULL MUK-
pomupa.

Tema b.

DNEMEHTbI MaTEMATUYECKOro
annapara 1 nocTynaTbl KBaHTO-
BOW MeXaHWUKMN.

Tema 6.

MexaHvKa 06beKTOB Makpo- U MUKpomupa. KBaHTOBaHue
3HeprnM 06bLEKTOB MuKpomupa. locTynat u ypaBHeHMWe
lMnaHka. KBaHTOBaHWE 3HEPrUM 3NEKTPOHOB B aTOMaXx.
MocTynat M ypaBHEHWs OWHLUTEHa. JBOMOUMS npef-
CTaB/IEHUA O CTPOEHWU aToMOB: OpbuTabHas Mofenb
atoma, noctynaTel bopa. BonHoBas npupoja 3/1eKTPOHOB.
MocTynatbl 1 ypaBHeHUs fe bpoins. MpuHUMN Heonpege-
NéHHocTy Mein3eHbepra JBuKeHVe UK COCTOSHNE O0ObEK-
TOB MUKpomupa. octynaT bopHa

KoHuUenTyanbHble OCHOBbI KBAHTOBOM MeXaHWKM XUMUYe-
CKMX YacTuu. lMocTynat o cnocobe onucaHWsi COCTOSHUSA
06bEKTOB MUKpOMUpa. CTaumoHapHOe COCTOSHUE XUMUYe-
CKMX YacTul, BewlectBa. BpemeHHOoe 1 cTaumoHapHoe
ypaBHeHue LUpegnHrepa MaTtemaTnyeckme onepaTopsbl.
Onepartop Mmnynbca n ero feictene. OnepaTop KoopAaw-
HaTbl 1 ero Aenctane. OnepaTop BPEMEHU U ero AeicTeue.
NnHeiHble onepatopbl.  [eicTBMe Mapbl ONepaTopoB Ha
GyHkumo.  KommyTtupyowme onepatopbl.  3pMUTOBbI
onepatopbl. OnepaTopHOe ypaBHEHME Ha COOCTBEHHbIe
3HayeHus. TlocTynat o0 crnocobe MNoyyYeHUs ypaBHEHWUI
KBaHTOBOM MEXaHWKW. O HOMEepHbIi onepatop
KMHETUYECKOW 3HEPrMM  MUKPOYaCTULbl.  TpexMepHbIi
onepatop KWHETUYECKOW 3HEPrum OO6BEKTOB MUKpPOMMPA.
Onepatop NOTEHUMaNbHOW 3Heprum  B3aMMOZENCTBUSA
06beKTOB MUKpoMUpa. OnepaTop NOMHON 3Heprun 06bLEK-
TOB MUKpomupa. [locTynar o cpegHeM 3Ha4eHUW oneparo-
pa aMunbTOHA CTauMOHAaoHOro ypaBHeHUs LLipeguHrepa.
MocTynat 0 Cynepno3nLmn COCTOSIHUA 0OBEKTOB MUKPO-
mupa. MocTynar 06 aHTUCUMMETPUYHBIX CBOMCTBaX (PYHK-
LIMKN COCTOAHUA aHCaMb/11 06 BEKTOB MUKPOMMPA.
YpaBHeHuve LLpeanHrepa gna atoma Bogoposa B AeKapTo-
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Tounble 1 TPUOTHNKEHHBIE METO-
I bl peLIeHUs] KBAHTOBOMEX aHUYe-
CKMX 3a/la4HUX 3a7a4

BOI cucreme koopauHar. YpasHeHue lllpenunrepa nns
aToMa BOJOpoAa B cpepudeckoil cucreMe KoopauHar. R-,
©- u ®- ypaBHeHUs [UIsl aTOMa BOAOPOJA: YCJIOBHS UX pe-
nieHrsi. ATOMHbIE OpOWTAJIH, KBAHTOBBIE YUCIA.

Tema 7.

DJNEeKTPOHHO-sIAEpHAs MOJEIb
XUMHYECKUX YaCTHULl U YPABHEHHS
IMlpenunrepa nas  pasIuYHbBIX
BAPUAHTOB 3TOU MOJENH

OnexTpoHHBlE,  KonebaTelabHBIE U BpalaTesIbHbIE
COCTOsAHMS MOJIeKyJl. YpaBHeHue [lIpéaunrepa st aToMOB
u MoJsekyn. PasneneHue 371€KTPOHHOTO U SAEPHOTO JBU-
>keHUH. Mopnenp M BOJHOBOE YPaBHEHHE XUMHUYECKOHN
yacTuipl B mnpubmmkennn bopHa — Omnmenreiimepa.
Mopens U BOJHOBOE ypaBHEHUE OJIHOATOMHOM
XUMHYECKON XaCTULBI B OTHO3JIEKTPOHHOM IPHOIIKEHIN
Xaptpu. Mojaenb XUMUYECKONW YaCTULIBI B MPUOITHIKEHUN
CaMOCOIJIaCOBAHHOIO MoJisl. MHOro3J1eKTpOHHAs BOJHOBAsI
¢bynkus Cnefitepa. Meton Xaptpu — @oka. DJIeKTpOHHAs
SHEPrHsl CHCTEMBbI 3JIeKTPOHOB. OpOUTaJIbHBIE SHEPTHH.
DnexTpoHHast U OpOUTANbHBIE SHEPTUU MOJIEKYJI C 3aKPhbl-
ThiMu 0OosoukamMu. Meton /lnpaka — Poxka.

Co

Oeparcamenvislii Mooyiiv 3.

Temna 8.
KoHuenrtyanbHble OCHOBBI METOA
MOJIEKYJSIPHBIX OpOUTaneit

Monekynsipable opburtanmu.  [Ipubnukenne TUHEHHON
KOMOWHAIIMK aTOMHBIX opOuTaneii. Monekymnsipable opOu-
TaIM Kak JMHEWHble KOMOMHAIUM Oa3sHCHBIX (YHKIHN
(aromHBIX OpbOuTaneii). BapuanuonHas Teopema: nmpoOHbIE
U TOYHBIE MOJIEKYJSIpHBIE OpOUTany, Oa3ucHble (PyHKLIUH.
3akpeiTbie 0bonmouku. OTKpeITEIE 000M0uKU. OrpaHuveH-
Hbll Meton Xaptpu — Poka. HeorpanuueHHBIN MeTOX
Xaptpu — @oka. Teopema Kynmanca. BanentHoe npu-
Onmmxenne kBaHToBOH xumuu. Ctpykrypa O6noka MO xu-
MUYeCKOW dacTunbl: obmee uucino MO: 3amonHeHHbIE
snexTpoHamMu U BakaHTHble MO. I'panuuneie MO: B3MO
u HBMO. OpOutanbHblii MOTEHIIHA UOHU3ALUH MOJIEKY-
JIIPHOW 4YaCTULbI B COOTBETCTBUU C TeopeMon Kymnmanca.
OpOuTampHOE CPOACTBO K 3JIEKTPOHY MOJIEKYJISIPHOH Ha-
CTULIBI B COOTBETCTBUU ¢ Teopemoil Kynmanca. Xapakre-
PUCTUKU paCHpeNeseHns] 3JIEKTPOHHOW IUIOTHOCTH B XH-
MHUYECKUX YacTULaX. JJEKTPOHHAsl 3aCeJeHHOCTb aTOM-
HBIX OpOHTaNel XMMUYECKHX YacTHULl B MPUOIIKEHUN Me-
toga MO. DnekTpoHHasl TJIOTHOCTh HAa aTOMax XUMHYe-
CKMX 4acTull B npubmmwkeHnn meroga MO. 3apsin Ha ato-
Max XMMUYECKHUX YacTHL B TpubmmkeHnn meroga MO.
[MTopsinok XxuMUUECKO cBsA3H B pudbmmkeHnn meroga MO.
DHeprusi XUMHUUYECKUX YaCTHUI] B MPHOMDKEHUH METONa
MO. DHeprus auccouualyuy XUMUYECKON CBSI3U. DHEpPrus
MOHHU3aLMHN XUMHYECKUX YaCTHIL.

Tema 9.
MO nesmmupuueckoit u DFT
KBaHTOBOU XUMUU

Opb6utamu Xaptpu — DPoka. Opburtanu Creiitepa - 3eHe-
pa. basucHble QyHKIUU AJST HEIMIUPHUECKUX PACUETOB.
Ananutnueckue 6asucHbole QpyHkuuu. Opburanu raycoso-
ro tuna.AToMHble opOuTamu. OIHO3KCIMOHEHIUAbHAS
opOuTaNb CI3TEPOBCKOTO THNA. D HEKTUBHBIN 3apsy Aapa
U SKpaHUPOBAHME 3JEKTPOHOB. Pemakcanms opOutaneid.
basucuble (QyHKIUH. DYHKOMH CIBTEPOBCKOrO THIIA.
@yHkumu rayccosa tumna. CriocoObl MPUMEHEHUs raycco-
BbIX (yHkimii. Knaccudukarnus 6asucHbx HabopoB. Mu-




HUMaJIbHbIe Oa3uCHBbIE HAOOPBL JIBYX3KCHOHEHIHMAJbHbIE
6asucuble Habopbl. Pacmnpennbie 6asucHble HaOOpEL Tlo-
nmsipusanuonHeie U auddysueie pynkuun. Koppensunon-
HO-COTJIacoBaHHbIe Oas3ucHbie HaOopbl. COanaHCUpPOBaH-
HOCTb 0a3UCHBIX HAOOPOB M OOECIIEYEHHOCTh 3JIEKTPOHOB
0a3ucHbIME  (QYHKOUSIMA. MHOTOYPOBHEBBIE  METOMBI.
ATomHble Oa3ucHbie HAaOOpBL MonekysapHble Oa3HCHBIE
Habopb! [Torta. MunumaneHble OasucHeie Haboper STO-
kG. BanenTtHo-pacuierieHHble 6asucHbie HabOpbl m-npG.
[MonspuzaumonHele (QYHKIMH BaJIEHTHO-PACLICTIIICHHOTO
6asucHoro Habopa. [duddysHble (yHKIMH BaJE€HTHO-
paciierieHHOro 6asuca. MHOTrOypOBHEBBIE 3KCHTPAIIOINS-
nuonHble  Habopel [lomma. TOYHOCTH HEIMIUPUYECKUX
KBaHTOBOXMMUYECKUX pPacYeTOB MOJIeKyJ.  McTouHuku
norpemHoct CCIT MO JIKAO pacueros. CoctaB »iek-
TpoHHOU Koppensauuu. OOmui NMoaXon K y4eTy SHEpruu
SJIEKTPOHHON KOPpeJSIUA. DMIUPUIECKUE U THOPUIHBIE
METOABl CTPYKTYPHOH XHMHU. MOJICKYJISIpHAs MEXaHHUKa,
KOMOWHHUPOBAHHbIE KBAHTOBO-KJIACCHYECKHE TNPHUOIIIKe-

Hust (QM/MM)

Tema 10. NDDO nony3mnupudeckast kBaHToBass xumus: AMI,
Merononorust  nonyamnupuue- | RM1. PM3, PM6, PDDG napamerpusauuu.

CKOH KBAaHTOBOU XUMHH

Tema 11. GAUSSIAN, GAMESS, HyperChem, MOPAC - kom-
Merononorusi U COBPEMEHHBIE | IIEKCHI IPOrpaMM CTPYKTypHOH xumun. X BO3MOXKHOCTH
KOMITBIOTEPHbIE TEXHOJIOTUH | U OrpaHv4YeHMs. MeToauka CO3JaHus U PEeNaKTUPOBAaHME

KBAHTOBO-XMMHUYECKOTO MOZEIHU-
pOBaHUsA

MOAENIN XUMHUYECKUX COeNUHEHUN. MeToanka KBaHTOBO-
XHUMHUYEeCKOro pacuera. AHaJIU3 pe3yJbTaTOB KBAaHTOBO-
XHMHUYECKOro pacyera. KBaHTOBOXMMHYECKHI pacder CO-
eIUHEHW ¢ OTKPBITOH  00ONOYKOH.  DJIeKTPOHHO-
BO30YKIEHHOE COCTOSTHUE XUMHUYECKHUX YaCTHUIL. JIeK-
TPOHHOE CTPOEHHE XHMHYECKHUX coeluHeHui. Pacrpene-
JIeHUe 3JIEKTPOHHOHN IJIOTHOCTU B XMMHUYECKHMX YacTHULIAX.
OHeprusi JAUCCOLMALMM XUMHUYECKOW CBA3U. OHEprus
MOHHM3aLMHN XUMHUYecKnX dactull. [IpoOnemsr ocynecTsie-
HUsI KBAHTOBO-XUMHUYECKOTO MOJIENINPOBAHMs HeannabaTu-
yeckux peakuuil. TepmoauHamuueckue cBoOicTBa. JHep-
rust 00pa3oBaHUsI MOJIEKYJI U3 aTOMOB. Bunbl sHEprun mo-
nekyibl. Pacuer TepMomuHamuueckux (GyHKIui. AHanm3
3acenenHoctei. [lopsimok cesi3u. BajeHTHOCTh U ee BUAbY/
KomnbrotepHas cnextpockonus. GAUSSIAN, GAMESS,
MOPAC, HyperChem — koneOarenpHast CHEKTPOCKOIIHSL.
GAUSSIAN, GAMESS, MOPAC, HyperChem snexkTpoH-
Hasi crekTpockonus. [IpubnmmkeHue BUPTYyaIbHBIX OpOU-
taned. IlpubmmxeHne KOHPHUIypaLMOHHOTO B3aUMOAECH-
ctBus. [Ipsamoit merog SCF. MTHTEHCUBHOCTD 3JI€KTPOHHO-
ro nepexonaa. PeHTreno-, poTo- U TPAaHCMUCCHOHHBIE 3JIEK-
TPOHHBIE CIIEKTPHL.

Cooepicameitvnlii Mooyiv 4

Tema 12.
KonuenTyanbHble OCHOBBI, COCTO-
SIHHE W MPOOJIEeMbl TEOPUH XHMH-

Ponp ¢a3 aTtomubx opburtanelr mpu obpasosanun MO.
KoncrpykrusHass u nectpyktusHas uHTepdepernums AO.
CBsi3pIBAIOLINE U HECBSI3BIBAIOLINE 3JICKTPOHHBIC TAphI;
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4eCKOH CBSI3U.

CBSI3BIBAIOIME W AHTUCBs3bIBaOIue kKoMOmHarmu AO.
Knaccuduxamms MO no ux coiictBam cummerpun. Oc-
HOBHBIE TPEACTABJICHUS OPOMTAIBHONH KapTHHBI XUMHUYE-
cko cBsi3u. HeoOXoaMMOCTh YCIIOBHI OZMHAKOBOW CHM-
MeTpun B3aumonencTyromux AQ nans oOpa3oBaHUsl Xu-
MUYECKOH cBs3H. [IpuHIMMI OpOMTANBHOTO COOTBETCTBUS.
MO u opbutansHoe coorBercTBue AO (MeTonnka Maim-
KeHa). AHaJN3 3aCeICHHOCTel opOuTaneli mo MajlukeHy.
IIpencraBnenue o 3apsaax U MNOPSAKAX CBSI3U, UCIIONb3ye-
MO€ TIpu OpOUTAILHOM OIHUCAHUU XUMHUECKOH cBsizh. [le-
(dopMaMOHHAst 3JIEKTPOHHAsT IIOTHOCTh. OcobeHHOCTH
IIPOCTPAHCTBEHHOI'O pachpeeNeHuss 3JEeKTPOHHOM IIOT-
HOCTH B KOBaJEHTHOU cCBsi3u. OCOOEHHOCTH MpPOCTpaH-
CTBEHHOTO paclpenesieHusl BJIEKTPOHHOM IUIOTHOCTH B
MOHHOM CBsA3U. IlapaMeTpel KPUTUYECKUX TOYEK HJIEKTPOH-
HOM IJIOTHOCTH, XapaKTepU3YIOLINE XUMUYECKYIO CBS3b.
Tun KpUTUYECKONW TOYKHU 3JIEKTPOHHON IJIOTHOCTU B Me-
JKbIEPHOM IIPOCTPAHCTBE XUMHUYECKH cBsi3u. Jlannacuan
SJIEKTPOHHOM IMJIOTHOCTH, XapakTepU3YIOLIUN XuMude-
CKYI0 CBs3b. 3HaK JarlacuaHa B3JEKTPOHHOH IJIOTHOCTH
IUIsl KPUTUYECKONW TOYKH 3JIEKTPOHHOH IJIOTHOCTU KOBa-
JIEHTHON CBsI3U. 3HAaK JaljlacMaHa 3JeKTPOHHOM IJIOTHO-
CTUAJII KPUTUYECKOW TOYKM BJIEKTPOHHONW IUIOTHOCTH
MOHHOHN CBsI3U. DJEKTPOCTATHUYECKUN AaCTIEKT OIMMCAHU
XUMH4eckol cBsA3U. OCHOBHbIE MPUHLMIIBI JIOKAIU3ALUU
opOuTaNei.

Tema 13.

KBaHTOBO-XMMHUYECKOE OMUCAHUE
peakuuii: TpoOJSEeMbl U METOIBI
ydeTa 3JIEKTPOHHOHN KOppesiun

DneMeHTapHbIl akT XuMHUeckoll peakuuu. Teopust nepe-
XOAHOIO COCTOSIHUA XMMMYECKOW peakuuu. Pacuer no-
BEPXHOCTH MOTEHLUAJIbHON SHEPIMM XUMUYECKOH peak-
uuu. Craunonapasie Touku 111D sneMeHTapHON peakuuu.
ITyTe xuMuueckoil peakuuu. OleHKa reoMeTpUU NMepexo-
HOT'O COCTOSIHUSI XMMHUYeCKOH peakuuu. MHaekcsl peaknu-
OHHOM CcrHocOOHOCTH. MOJNIEKYJISAPHBINA 3JIEKTPOCTATHYE-
cKull moTeHUMan. Meron rpaHu4HbIX opOutaneil. Teopus
KECTKUX M MATKHUX KHCJIOT M OCHOBaHWH. AOCOMOTHas
JKECTKOCTb U a0CONIOTHAs MSATKOCTb MOJIEKYJSIPHBIX CH-
creM. KBaHTOBs TepMoxumus. MeTon H300€CMUYECKUX
peaxuuil. OnpeneneHue TEPMOXUMUYECKUX XapPaKTEPUCTUK
XUMHYECKHUX YaCTHLl U SHEPTUU UX JUCOLMALINK Ha UOHBI U
pamuKaibl B MPUOIMKEHUH U30JeCMUYeCKUX peakimii. He-
U301ECMUUECKHE PEaKLHH. 3Hau€HHEe KOPPeNsLUOHHbBIX
s¢ppexroB. Tumbl KOpperALUMOHHBIX 3¢ dekToB. MeTomsl
ydeTa 3JEKTPOHHOH koppensuuu. KoppennposaHHbIE Me-
tonbl. Kordurypaunonnoe B3ammoneiicrsne. Meton Teo-
pun BO3MyuLleHUH. MeTon TeOopun CBA3AHHBIX KIJIACTEPOB.
MHOTOKOHpUTYpALIHOHHOE B3auMoAecTBrue. MeTton KOH-
(UrypamoHHOrO B3aUMOAEHCTBUS HECKOJIBKUX UCXOIHBIX
KoHpurypauuii. Meron QpyHKIIMOHANA 3JIEKTPOHHOHN IIIOT-
HocTU. OcHOBHbIE nonoxkeHus Merona. Meron Kona —
IIIsma. KBanTtosbie MmeToasl MonTe-KapJo.

Tema 14.
Metononorus

KBaHTOBO-

MopenupoBaHUue COJBBATHBIX OOOJIOYEK: KBAHTOBOXHMHU-
YEeCKIE MOJEIH;, CYyNepMOJIeKyIsipHOe npubmmkeHue. Kon-
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XUMHYECKOTO MOJAETUPOBAHUS C
ydaeroM 3¢dekTa conbBaTaliH
00BEKTOB

TUHYyaJbHAs MOJENb MOJIIPU3ALUOHHOTO NEHCTBHA pac-
tBoputenss COSMO. KsanroBOXMMMYECKass MOAEINb
COSMO BausHUS pacTBOPUTENS HA SHEPTUIO U BJIEKTPOHA
CTPYKTYPY XUMHUYECKUX OOBEKTOB. DHEPTUS U TPATUEHTHI
SHEPTHH JTUAJIEKTPUYECKOrO SKPAHHPOBAHUS PACTBOPUTE-
JeM MoJjekysa Bemiectsa. IlonHas sHeprust colpBaTHPOBA-
HBIX MOJICKYJISIPHBIX CHUCTeM. BO3MOXHOCTH M OrpaHude-
Hue mogenu COSMO. Jlu3aiiH MoBEpXHOCTH MOJSApU3ALU-
onHoro paeficteus pacteopurens (IITIJIP) B npubnmxennn
COSMO: 6asucHas cerka [IIT/IP u nmpurIMD ee mocTpoe-
HUS, CETMEHTBHI IOBEPXHOCTH MOJISIPU3ALMOHHOIO JeH-
CTBHUSI PACTBOPUTEIISI, YUCIO Y3JIOBBIX TOUEK Ha Oa3HMCHOM
CETKe MOBEPXHOCTU JIOCTyMa PACTBOPUTENS, PaiNyC MexX-
cermMeHTHOro B3aumopeictsuss Ha IIIIJIP; nusnextpuue-
ckuil (pakTOp; BaH-AEP-BAANBCOBUII PaguyC MOJIEKYJ pac-
TBOPUTEJIST, COJIbBATALIMOHHBIA PATUYC aTOMOB MOJIEKY-
JSIPHBIX cUcTeM;, 3(PeKTHBHBIN 3apsaOBbII paanyc MoJie-
KyJl pacTBOpUTENS, MeTonnka KBaHTOBOXHMUYECKOTO MO-
TEeNUPOBAHMS JEHCTBUS CPelbl HA XUMHUECKHE OOBEKTHI B
npubmkennn Mogenu COSMO. DddexTer monspuzanu-
OHHOT'O JEWCTBUSl PACTBOPUTENS] HA MOJIEKYJISIPHYIO T'€O-
METPUI0 XUMHUYECKHX YaCTHULl C OTKPBITOH U 3aKPBITOU
3JIEKTPOHHON 000510uKOH. DPPEKTh MOIIPUIALUOHHOTO
JNENUCTBHsl PACTBOPUTENs HA IApameTpbl SJIEKTPOHHOHN
CTPYKTYPBI XUMUYECKHX YaCTHUL C OTKPBITOH M 3aKPBITOH
3JIEKTPOHHON 000510uKOH. DPPEKThl MOISIPUIALUOHHOTO
OEeNCTBUSL pAcTBOPUTENST Ha (PU3UKO-XMMUYECKHE Iapa-
METPBI MOJICKYJISIPHBIX CHCTEM HMJIH UX KOMILIEKCOB.

Tema 15.
AKTyaJIbHbIE HAIPBJICHUS] COBpE-
MEHHOM KBAHTOBOU XUMHUH.

KsanroBass Omoxummust. KBaHTOBas MEIULIMHCKAsT XUMEUSL.
KBanTtoBas skomornuecka xumust, Ksantosast Xumusi TBep-
noro tena. KBaHTOBass Xxumus CynpaMOJIeKyJSIPHBIX Cy-
npamoJsiekyJispHbix cucteM. KeanToBass Hanoxumus. Cxka-
HUPYIOIIasi 30HAOBAs MHKPOCKONMSI KaKk WHCTPYMEHT
KBAaHTOBOH XHMHUHU. 30HIOBasi TyHEJIbHas MUKPOCKOIHS.
MarsHuTHO-CUIOBass MUKPOCKONUS. DJIEKTPOCUIIOBAs MHK-
pockonusi. bankHenosbHass ONTHYECKAast CIEKTPOCKOMMSL.

TemaTnuyeckus niaaxH
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CoaepraTteJbHbINH MOAYJIb 1

Koaun4yecTBo 4acos

Ounas ¢popma o0yueHus 3aounas ¢popma odyuenus
B T.4. B T.4.
HasBanus coaepkaTe/ibHBIX
MoayJieil U TemM i : % % g : % % 3
3 5| E| 5|54 5§ 5| £| Eg| B¢
2 2 =) d 2 2 g o 5
g 5| £ 2¢lEq - 2| E| €| §¢
S 2l & | %A &1 gl E g| S&l 2&
s g g B sl g g B
= = = E = = = E
[&] [&]
Tema 1. 14 2 2 10
CoBpemeHnHbie uHpopma-
IIUOHHBIE TEXHOJIOTHH KBaH-
TOBOU XUMHHU.
Tema 2. 16 2 4 10
Cozpanue u pegakTUPOBAHUE
Hyper Chem monenu xumu-
YECKUX COCTMHEHU.
Tema 3. 24 8 6 | 10
Meroponorust Hyper Chem
KBaHTOBO-XUMHUUYECKOTO pac-
qeTa.
Hmozo no cooepycamens-| 5S4 | 12 | - | 12 | 30
HOMY MOOYi110 1

CoaepxaTeJIbHbIH MOAYJIb 2

KoanuecTBO 4acos

Ounas ¢popma o0yueHus

3aounas ¢popma o6yueHust

Ha 0a3e o01mero cpeaHero

00pa3oBaHuUs
Ha3Banus cogepkaTe/ibHBIX BT.H BT
MOAyJIel H TeM " o § 5 ol o § §
el s | B ElEgl Es| 2| 5| Bl E| B Es
g 3 | sg| 2| B 3 | sg| &g
|51 E| 2| z¢ g ¢ g gl 2| s g
2| 5| & S & E& 2| 5| & 5 & &
gl 8| g 2 '8 g E
S| % | 8§ | B ol R - z

Tema 4. 13 6 7

DKCIMEPUMEHTAIIbHBIE OCHOBBI

KBAHTOBOW TEOPUM YaCTHUL

MUKPOMHPA.

Tema 5. 11 4 7

DeMeHTbl MaTeEMAaTUYECKOrO

amnmapara U MOCTyJIaThl KBaH-

TOBOI MEXaHUKH.

Tema 6. 16 8 8

Tounble u nPUOTHUKEHHBIE

METOJIbl PELICHUsT KBAHTOBO-
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MEXaHUYCCKUX 3aJa’dHuX 3a-
Jad

Tena 7. 14 6 8
DNeKTPOHHO-siiepHasl ~ MO-

Jelb XUMHMYECKUX 4YacTHL M

ypasHeHus Illpenunrepa nms

pPa3IUYHBIX BAapUAHTOB 3TOHN

MOJIENH

Hmozo no coodeprcamensv-| 54 | 24 | - - | 30

HOMY MOOYI110 2

CoaepxaTteJbHbIH MOAYJIb 3

HasBanus coaepkaTe/ibHBIX
MOAYJIEH U TeM

Koaun4yecTBo 4acos

Ounas ¢opma o0yueHust

3aounas ¢gopma odyuenust

B T.4.

B T.4.

BCETO
TIEKITH
TIPaKTHYECKHUE
1a0opaToOpHbIE
CaMOCTOSITEITHHAS
padota

WHIUBU/TY aTHHAST
padota

BCETO
TIEKITH
TIPaKTIYECKHUE
1a0opaToOpHbIE
CaMOCTOSITEITHHAS
padota

HUHIUBUTY aJIbHasK

padota

Tema 8.

KonuenrtyanbHbie OCHOBBI
METO/Ia MOJIEKYJISIPHBIX OpOH-
TaJIen

14 | 4

\®]
o0

Tema 9.
MO nesmnupudeckoit u DFT
KBAaHTOBOU XMMUU

14 4 2] 8

Tema 10. Metononorusi mo-
JY3MITUPUYECKON KBAaHTOBOM
XHUMUH

11 2 207

Tema 11.

Metonosoruss U COBPEMEH-
HbIE KOMITBIOTEPHBIE TEXHO-
JIOTUH KBaHTOBO-
XUMUYECKOTO  MOJEIUPOBa-
HUSI

15 6 217

Hmozo no coodeprcamens-
HOMY MOOYILI0 3

54

CoaepxateJbHbIH MOAYJIb 4

HasBanus coaepkaTe/ibHBIX

Koan4yecTBo 4acos
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MOAYJIEH H TeM

Ounas ¢popma o0yueHus 3aounas ¢popma odyuenus
B T.4. B T.4.
Q ] § § Q ] § §
el = | B £ 5:E| g =| Bl E| &l E
2| 2| gl 2| se2| 2| E| g 2| E¢| ¢
ggggag agggaga
gl & 5 |z gl & z z
Tema 12. 14 6 4 4
KonuenTtyanpHble  OCHOBBI,
COCTOSTHUE U TPOOJIEMBI TEO-
PUU XUMHUYECKOH CBSI3U
Tema 13. 14 6 4 4
KBaHTOBO-XxMMHYECKOE ONHU-
CaHME pPeakUui: mpoOIeMbl U
METOIbl yUeTa 3JIEKTPOHHOMN
KOppeJsILiU
Tema 14. 13 4 4 5
Merogonorusi  KBaHTOBOXU-
MHYECKOTO MOJEIUPOBAHUS C
ydaeroM 3¢dekra conbBaTa-
IUUA OOBEKTOB
Tema 15. 13 4 4 5
AKTyanbHble HaIpBIIEHUS
COBPEMEHHON KBAaHTOBOHN XU-
MHH.
Hmozo no cooepycamensv-| 54 | 20 | - | 16 18
HOMY MOOyi110 4
S.METOANYECKHUE PEKOMEHJIAIUH JIUISA ITPOBEAEHUA
JEKIOUOHHBIX, MPAKTHUECKHNX U TABOPATOPHBIX 3AHSTHI
Tembl TeKIHMOHHBIX 3AHATHH
No Koauuecmeo
Ha3zeanue memut
nn uacoe
1 | CoBpemeHHbIC HHPOPMAITMOHHBIE TEXHOJIOTHMH KBAHTOBOH XUMHH. 2
2 | Co3nanue u penaktupoBanue HyperChem moneny XuMUYeCKUX COeUHE- 2
HUI.
3 | Meroponorus Hyper Chem KBaHTOBO-XMMHYECKOTO pacyera. 8
DKcrnepruMeHTalbHbIE OCHOBBI KBAHTOBOI TEOPUU YaCTULl MUKPOMHUPA. 6
5 | DneMeHTHI MaTeMaTUYECKOrO almnapara 1 MOCTyJaThl KBAHTOBON MeXaHU- 4
KU.
6 | Tounsle u npUOIIKEHHBIE METOABI PEIIEHUS] KBAHTOBOMEXaHUYECKUX 3a- 8
JAuHUX 3a/1a4
7 DNIeKTPOHHO-siepHasl MoJeNlb XUMHUYEeCKUX 4dacTHl U ypaBHeHus Illpe- 6
JUHTepa JJIs1 pa3JUYHbIX BAPUAHTOB ATONH MOJIEeNIU




10
11

12

13

14

15

10.

No
n/n

15

KoHuenTyanbHble 0CHOBbI METOa MOMEKYNSAPHbIX opbuTanei 4
MO Heamnupuyeckor n DFT KBaHTOBOWN X1MUK 4
MeTogonorus nonyaMnupuyeckoin KBaHTOBOW XUMU 2
MeTogonorns 1 COBPEMEHHbIE KOMMbIOTEPHbIE TEXHO/IOMMU KBaHTOBO- 6
XMMUYECKOro MOLeIMpoBaHna
KoHLenTyanbHble OCHOBbI, COCTOSIHWME U NPO6/EMbI TEOPUM XMMUYECKOM 6
CBA3N
KBaHTOBO-XMMMYECKOe OrnucaHue peakuuin: npobsiembl U MeToAbl y4yeTa 6
3NEKTPOHHOIN Koppensaumm
MeToa0n0rna KBaHTOBOXMMMYECKOr0 MOLENIMPOBaHNA C YHeTOM apdekTa 4
conbBaTauumn 06HEKTOB
AKTYaslbHble HanpBAEHUS1 COBPEMEHHOM KBAHTOBOW XUMUM. 4
BCEIo 72
TeMbl nabopaTOpPHbIX 3aHATUI
HasBaHue TeMbl KonnuecTBso
4acos
MeTtogonorusa HyperChem mosieKynspHoOro MogennpoBaHus 4
MeTogonorusa onpezeneHvs NapPaMeTPOB CTaTUYeCKOW U AUHaMUYe- 4
CKOW MOMIEKYNAPHOW CTPYKTYPbl XUMUYECKNX COeLUHEHUI
KBaHTOBOXMMMWYECKWNIA pacyeT B pPeXrMe KOOpAMHAT BHYTPEHHEro 06- 4
paLLeHns
MeToaonorusa onpeaeneHns 3HTPOMUN XUMUYECKUX COEANHEHWIA 4
MeToaonorus KoOHhopMaLMOHHOI0 aHaM3a XUMUYECKUX COeAVMHEHNI 4
MeTogonorusa onpeaeneHns AUNobHbIX MOMEHTOB MOMEKYNSPHBIX CU- 4
CTEM
MeTogonorusa onpegeneHns 3Heprum NOHM3aLMmnm XMMUYECKUX COeam- 4
HEHWIA
MeTogonorua onpefeneHns CPOACTBA K 3NEKTPOHY XMMUYECKUX Coean- 2
HEHWIA
MeToaonorusa onpeaeneHns 3HePrumn guccoumanmm XMMNMYeCKnX co- 4
eIMHEHWN
MeTtogonorusa HyperChem monekynspHoro MogennpoBaHus 4
BCEIo 36
6. METOAMNYECKME PEKOMEHAALINW MO OPIrAHU3ALINN
CAMOCTOATE/IbHOW PABEOTbI CTYZEHTOB
OpraHusauuns camocTosATe/IbHOW paboTbl CTYAEHTOB
KonnyecTso
HasBaHVe TeMbl
4acoB
CoBpeMeHHble MH(OPMaLMOHHbIE TEXHONOMNM KBAHTOBOW XUMUN. 10
CospaHue n pefaktnposaHve HyperChem Mofenv XMMUYecKnx coeguHe- 10
HWIA.
MeTtogonorusa Hyper Chem KBaHTOBO-XMMUYECKOr0 pacyeTa. 10
JKCNepuMeHTa/IbHble OCHOBbI KBaHTOBOWM TEOPUK YacTUL, MUKPOMMPA. 7
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DJeMeHTbl MaTeMaTH4YeCKOro anmnapara 1 MocTyJIaTbl KBAHTOBOM MeXaHU- 7
KH.

Tounbie u HpI/I6J'II/DKeHHbIe METOAbI PEHICHNA KBAHTOBOMEXAHUYCCKUX 3a- 8
JaYHUX 3aaa4

DIIeKTPOHHO-siepHasl MoJeNb XUMHUYEeCKUX 4dacTul U ypasHeHus Illpe- 8
JUHTepa 1Jis1 Pa3INYHbIX BAPUAHTOB 3TON MOJENN

KoHuenTyanbHbie OCHOBBI METO/IA MOJICKYJISIPHBIX OpOuTaNei

MO nesmmupuueckoii u DFT kBaHTOBOI XUMUHN

Metononorusi NoJay3>MIUPUYECKON KBAHTOBON XUMUH

~N | |0 | oo

MeTOI[OJ'IOFI/Iﬂ U COBPEMCHHBIC KOMIIBIOTCPHBIC TCXHOJIOTMHU KBAHTOBO-
XUMHUYCCKOr0 MOACIINPOBAHUA

12

KoHuenryanbHble OCHOBBI, COCTOSIHUE U MPOOJIEMBl TEOPUU XUMHUYECKON 4
CBA3U

13

KBaHTOBO-XMMHUYECKOE OMUCAHUE PEAKLHiA. MPOOJIeMbl U METOIbI y4eTa 4
3JIEKTPOHHOU KOPPENILUU

14

MeTtonosorus KBAaHTOBOXUMHUYECKOTO MOAETHPOBAHUS ¢ yaeToM 3 ekTa 5
COJIbBATALIUU OOBEKTOB

15

AKTyanbHble HaIIPBJIEHUs] COBPEMEHHON KBAHTOBOM XUMHUH. 5

BCEI'O 108

7. HTHANBUIAYAJIBHBIE 3AJJAHUS
(He npedycmompenvt NpoPAMMOil)

8. KOHTPOJIbHBIE BOITPOCHI K TIPOMEXXYTOUYHOM ATTECTAIIUA
1.

Konuenuus Ilnanka o KBaHTOBaHUM 3HEPIMM B MPOLECCAX €€ MOTJIOLIEHUS] WM SMUCCHU.
Kak ITnank noayunn ¢pyHnamenTanbHyr0 KoHCTaHTy h? Kak cBsa3anbl Mexnay coboil mocro-
staHas [lnanka h u penyuunposanHast nocrostaHas Ilnanka (unu nocrostaaas Jupaka) h?
Konnenmust DiHIITEHA O KBAHTOBAHUH SHEPTUH 3JIEKTPOHOB B aTOMax. Y paBHEHUs DilH-
mreitHa 1t porosddexra u sHeprun GOToHA.
Konuenuus bopa opbutampHON MoAenu aTroma: CHIIOBOH MOCTYJAT CTAL[HOHAPHOCTHU 3JIEK-
TPOHHOH OPOMWTHI, MPABUJIO KBAHTOBAHMS MOMEHTA MMITYJIbCA SJIEKTPOHA; MPABUIIO YacCTOT.
IToka3aTh OrpaHMYEHHOCTh CHJIOBOTO TOCTYJIaTa CTALIMOHAPHOCTH 3JIEKTPOHHOW OpPOHTBHL
ITokazaTe B mpuOIMKEHUH MTPaBHIa KBAHTOBAHUS MOMEHTA MMITYJIbCA SJIEKTPOHA AUCKPET-
HOCTh 3HAYEHUH panuyca M SHEPruu 3JIEeKTPOHHOW opOutsl. Ilokasarh nelicTBue mpasuia
yacToT bopa.
Konuenuus ae bpoiinsg 0 BOTHOBOH ONpupoae 3JEKTPOHOB. YpaBHeHuUs ae bpoiins: ypasHe-
HU€ 3JIEKTPOHHOHN BOJHBI fie bpoiins; ypaBHeHNe SHEprUU 3JEKTPOHA B ABM)KEHUU; ypaBHe-
HUE MOMEHTA HUMITYJIbCA 3JIEKTPOHA B JIBIKEHUM, YPaBHEHUE JJIMHBI BOJIHBI 3JIEKTPOHA B
IBW)KEHUH, YPaBHEHHE JUTMHBI BOJHBI 3JIEKTPOHA KaK (PYHLUH €ro KHHETUYECKOH SHEPTHH.
O0ocHOBaTh B3aMMOCBSI3b BOJTHOBOTO TocTynata e bpotins ¢ moctynatom bopa o kBaHTO-
BAHUU MOMEHTa UMIIYJIbCa SJIEKTPOHA.
Konnenuuss bopra 0 HEOOXOOMMMCTH OMHUCAHHUS COCTOSIHUS, & HE IBWKEHHUS, OOBEKTOB
mukpomupa. Kak onucars cocrosiane 00bekToB MuKpoMupa? Kak onpenenuts BEpOATHOCTD
MECTOHAXOX/IEHUUsT 00BeKTOB MHUKpoMHupa? UeM OTIMYaeTCs KOMILIEKCHO-COMpPSDKEHHAS
¢byHKUMSA cocTOsIHUS 00BEKTOB MUKpomupa ‘P*(x, y, z, t) ot pynkuuu cocrosiaust W (x, y, z
t)?
IToctynar o cnocobe omucanus COCTOSIHUSI OOBEKTOB MUKpoMupa. CBOHCTBA, KOTOPHIMU
IOJDKHA o0nanath (QYHKOHUS COCTOSIHHS OOBEKTOB MUKPOMHpPA. YCIOBHE HOPMHPOBKU
(YHKLNHN COCTOSHUSI.
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Konnenmus ctamoHapHOrO COCTOSIHUSL XUMHUYECKUX YaCTHL] BEIIECTBA.

Konnenuus Ilpenunrepa o cnocode onpeneneHust (YHKIUUA COCTOSTHUSI XMMUYECKHX Ya-
CTHULl B 3JIEKTPOHHO-siAepHOM npubmmkeHun. [lomyunts cranmoHapHoe ypasHeHue Illpe-
IUHTepa.

Kakoii Bun umeer oneparop ummyibca? [Topsinok ero nefdcTBust Ha (PyHKLHIO.

Omnepatopbl KOOPAMHATHI U BPEMEHH U TIOPSIIOK UX NEHCTBHA HAa (PYHKIUFO.

Kakumu cBoiicTBaMH JOJDKHBI 00J1a1aTh IMHEHHBIE ONIEPaTOPhI?

KakoBa nocienoBaTebHOCTb AEHCTBUS Mapbl ONMEPATOPOB HA PYHKIHIO.

Kakumu cBoiicTBaMH JOJDKHBI 00J1a1aTh KOMMYTHPYOIIHE ONEpaTOphl?

Kakumu cBoiicTBaMH JOJDKHBI 00J1a1aTh 5PMUTOBBI ONIEPATOPHI.

Kakoii Buz umeeT onepaTopHOe ypaBHEHHE HA COOCTBEHHBIC 3HAUCHUS?

PackprITh CyIIHOCTB MOCTYJIATa O CIIOCO0E MOJTyUeHHs] YPABHEHHH KBAHTOBOH MEXaHHKHL.
IlonyuuTh onepaTtopel KMHETUYECKON SHEPruM s SAEPHO-3JEKTPOHHONW MOAENH OAHO-
aTOMHOU XUMHUYECKOU YaCTHUILIBL.

ITonyuuTh onepaTopsl NOTEHUHAIBHON 3HEPTUU AJI AAE€PHO-3JIEKTPOHHON MOJEIN MHOIO-
aTOMHOU XUMHUYECKOU YaCTHUILIBL.

MO3KHO JI1 HOJIHYIO S3HEPTUK XUMHUYECKON YaCTHULbI BBIYUCIUTD MO cxeme: Enonnas = Exu-
Hetnveckas + EnorenimaneHas. OOOCHOBTh MPUHIUI BBIYUCICHHS TTOJTHON YHEPTUU siiep-
HO-3JIEKTPOHHOM MOJI€JI1 MHOTOATOMHON XUMHYECKON YaCTHULbI UCIONb3Yysl CTALMOHAPHOE
ypasHeHue Illpenunrepa.

Kaknm o0pazomM MOKHa MOJYYHTh CpenHee 3HaueHue oreparopa ['amMuiabTOHA ypaBHEHHUs
IIpenunrepa nys CTaIMOHAOHOTO COCTOSTHUS XUMUYECKHUX 4acTUL. PU3HUECKHUI CMBICH IO-
JIyY€HHOMN BEJIUYUHBIL.

Monenb, BOJTHOBOE YPaBHEHHE U SHEPTHs aTOMa B MPHOIMKEHUN COTJIACOBAHHOTO JIBHIKE-
HUS 7pa U DJIEKTPOHOB.

Monenb, BOJTHOBOE YPaBHEHHE W SHEPTHs] MHOIOATOMHON XUMHYECKOH YaCTHUIBI B TIPUOITH-
JKEHUU COTJIACOBAHHOT'O ABUKEHUS AJep U DJIEKTPOHOB.

Monenb, BOJTHOBOE YPaBHEHUE U SHEPTHs XMMUYECKOH dacTuLbl B mpuOmmkernu bopHa -
Onnepreiimepa.

Monenb, BOJTHOBOE YPaBHEHHE M SHEPTHs aTOMa B OTHOSJIEKTPOHHOM NPHUOIIKEHIH XapT-
pu.

CTpyKTypa 1 CBOCTBAa MHOTO3JIEKTPOHHOH BOJHOBOM (yHkumu (nerepmuHanTta) Ciarepa.
Monenb, BOJIHOBOE YPaBHEHHE U SHEPTHs aTOMa B PUOJIMKEHUH CAMOCOTJIACOBAHHOTO T10-
751 XapTpHu.

Monenb,BOJHOBOE YPaBHEHHE M 3HEPTUS] MHOTOATOMHBIX XMMHYECKHX YacTHI[ B MPUOIH-
JKEHHH CaMOCOTJIaCOBAHHOTO noJisi Xaptpu — Poka.

Konuermus MO B kBaHTOBOM XxuMuu: coaepxkanue moustus AO B popmynuposke Majiu-
KeHa, coneprxanne noHsTus MO B GpopmynupoBke Mammukena, crpykrypa AO — paanaib-
Hast U cepuueckre (YHKIMH, KBAHTOBBIE YMCJA — TJIABHOE, OPOHMTAIBHOE U MArHUTHOE,
TpedoBanus k MO, moctynaT o CyNneprio3uLMK BOJHOBBIX (PYHKUWH, MPHHLIUAI TOCTPOSHHS
MO - BapuanMoHHasi TeopemMa, MPOOHbIE U TOYHBbIE MOJIEKYJSPHBbIC OpOUTANH, PUOIHIKE-
Hue MO JIKAQ; 6a3ucHbie GyHKIUH.

RHF npubnuxerne KBaHTOBOM XUMHH.

UHF npubnukeHne KBAaHTOBOH XUMUU.

HesMmnupuueckas KBAaHTOBast XUMHUSL.

ITonyamnupuyeckass KBAHTOBAs XUMUSI.

BanentHoe npuOnmkeHHe KBAHTOBOW XWMHH. BaJICHTHBIE M HEBAJEHTHBIE 3JIEKTPOHBL,
SIIEPHO-2JIEKTPOHHBINA OCTOB.

Crpyxrypa Omoka MO xummueckodl 9yacTuipl: obmee uyncio MO; mpuHUMN 3aNOTHEHUS
MO snexkrponamu B UHF u RHF npuGmmxkeHnn KBaHTOBOH XMMHH, YHCIO 3aIOJHEHHBIX
snexkTpoHamMu U BakaHTHBIX MO); rpannunsie MO; B3MO u HBMO.
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KBanroBo-xumudeckass nHGOpMaTHBHOCTh OJloka MO XUMHUYECKONH 4acTULBL, XapakTepH-
CTUKH JTOHOPHO-aKIENTOpHbIX cBOHCTB —3Heprus U3MO u HBMO; opburanpHbIil IOTEH-
I[MaJl MOHU3ALUH B OpOUTAIBHOE CPOJCTBO K 3JIEKTPOHY MOJIEKYJIIPHOH YaCTHLBI B COOT-
BETCTBUM C Teopemoil KynmaHca, pacnpenesieHue 3JeKTPOHHON MJIOTHOCTH B XUMHYECKUX
YaCcTHUIAX; 3aps] Ha aTOMaxX XMMUYECKHX 4acTHL B mpuOmmkeHnn merona MO, 31eKTpoH-
Hasl TUIOTHOCTb HA aTOMaxX XUMHYECKUX YacTHI B MpuOmmwkeHun merona MO; 3neKTpoHHAs
3aCEJIeHHOCTh ATOMHBIX OpOUTaell XMMHYECKHX YacTULl B puOmmkernn meroga MO, mo-
PSIIOK XUMHYECKOH CBs3U B puOmmkeHun merona MO.

Bo30y»keHHOE CHHIJIETHOE 3JIEKTPOHHOE COCTOSIHHME XUMHUYECKHUX YacTHUI] BELIECTBA M €ro
CIIMHOBAsl MyJIbTUIIJIETHOCTD.

TpumnnerHoe >J€KTPOHHOE COCTOSTHUE XUMHYECKMX YacTUL[ BEIeCTBA W €ro CIMHOBas
MYJIbTUILIETHOCTb.

OO6pa3oBaHne M N€3aKTUBALUS 3JIEKTPOHHO-BO30YIKIEHHOTO COCTOSIHMS XHMUYECKHX Ya-
cruu; auarpamma J0I0HCKOro.

be3usnyuaTenbHbIe 3JIEKTPOHHBIC MEPEXOAbl: BHYTPEHHSST U UHTEPKOMOWHAIIMOHHAS 3JICK-
TPOHHAsl KOHBEPCHSL.

HznydarenbHbIe 3JIEKTPOHHBIE MEPeX oL, (yopecueHus U GochopecueHus.

CnyuHOBas MyJIbTUILIETHOCTb HOHOB: KATHOHOB Y AaHMOHOB XMMHYECKUX YaCTHULI.

CrnuHOBast MyJIBTUIIJIETHOCTh XUMUYECKHX YACTHUL] BELIECTBA C HEMAPHBIM YHCIIOM 3JIEKTPO-
HOB: pPaJNKaloOB, KATHOHOB-PAINKAIOB U aHHOH-PaIUKaJIOB.

OCHOBHOE CHHIJIETHOE 3JIEKTPOHHOE COCTOSIHUE XMMHUYECKUX YacTHUL BEIeCTBA U €ro CIu-
HOBasi MyJIbTUILJIETHOCTb.

DHeprusi XUMUYECKHX COCIUHEHNH — NCTOYHUK WH(POPMALIUU O UX CTPOEHUH U CBOMCTBAX:
KpUTEpUN PAaBHOBECHOI'O COCTOSIHMSI, KpUTepHUil npouecca camocoriacoBanus MO; sHeprust
MOHHOW WJIH PaAUKAIBHON AUCCOLMALIMN XUMUYECKUX COCUHEHUI, SHEPrusl BEPTUKAIBHON
U aanadaTHyecKol MOHU3ALNH XUMUYECKHX COCIUHEHUN - MOTEHINA] HOHU3ALUU U CPOA-
CTBO K BJIEKTPOHY; HEpPreTHKa 3JIEKTPOHHBIX NEPEeX00B — BHYTPEHHEH KOHBEPCUH, UHTEp-
KOMOWHAIIMOHHOHN KOHBEpCUH, (uryopecteHINH U (OoCcHOPECCHIINN,  SHEPTHs aKTHBALUU
XUMHYECKUX PEAKLUI.

Mertononorus camocornacosanust MO B npoliecce KBAaHTOBOXUMUYECKOTO pacueTa.
Merononorusi KBAHTOBO-XUMHUYECKOIO ONpEAeNeHNs] SHEPTUH T'OMOJIIUTUYECKONH U reTepo-
JIUTUYECKON TUCCOLUALIMA XUMUYECKUX COeTUHEHU.

Kaxue cTpykTypHble H3MEHEHUS IPOUCXOAAT B XMMUUYECKOH YacTHLe B MPOLiecce ee BepTu-
KaJbHOW MOHM3auuu? MeTononorust npouecca KBaHTOBO-XHMUYECKOTO ONpeAesieHusl Bep-
THUKAJIbHBIX TIOTEHLUAJIOB HOHU3ALMH U CPOACTBA K BJIEKTPOHY XUMUYECKUX COEUHEHUN.
Kaxkue cTpykTypHble U3MEHEHHs] MPOUCXOAAT B XMMHUYECKON YacTUlle B IpoLiecce ee aaua-
OaTtndeckoil moHM3anMu? MeTOomoNorusl Mpouecca KBAaHTOBO-XHMHUYECKOTO ONpeneIeHHUs
MOTEHLHAJOB MOHU3AaLlUM U CPOACTBA K BJIEKTPOHY XUMHUECKUX COEIUHEHUH IMyTeM HX
annabaTHIecKOi NOHU3ALINH.

Metonosnoruss KBAHTOBO-XHMHYECKOTO ONpeNeeHnsT OpOUTAIBPHOIO IMOTEHINala HOHU3a-
IUA 1 OPOUTANILHOTO CPOACTBA K AJIEKTPOHY XUMHUECKUX COEIMHEHHH B COOTBETCTBUH C
teopemoii Kynmanca.

Merononorusi KBaHTOBO-XMMHUYECKOTO OIpeNeeHUs] SHEPTUU 3JIEKTPOHHBIX IEePEXO0B
nporecca: BHyTPEHHEH M MHTEPKOMOMHAIMOHHONW KOHBepcuH, (iyopecueHuun u docdo-
peCLieHLIUH.

Mertononorusi KBAHTOBO-XMMHUYECKOI'O ONpEeAeNIeHUs] SHEPTUN aKTUBALMU XUMHUYECKUX pe-
AKIUH.

Knaccudeckast cTpykTypHasi TEOpUSI XUMUYECKON CBSI3U: KOHLENLUS 3JEKTPOXUMHUECKOIro
Ayanu3Ma, KOHLEMNIMs BaJeHTHOCTH, MOHHAs KOHLEMINS, KOHLIETILHS 3JIeKTPOHHBIX Map.
KBaHTOBO-XMMHYECKasi TEOPUsS XUMHYECKOH CBSI3M: OPOUTANBHO - 3JEKTPOCTATHUYECKAs
KOHILIETILIMS] ¥ IPHHLIUI COOTBETCTBHSI ATOMHBIX OpOHTaJIel; IBYXaTOMHBIE B3aUMOACHCTBUS
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B TIPUOIMKEHUN OpPOUTAIBHO—3JIEKTPOCTATHUECKOW KOHLEMINK, KoHIenuus [ enpmaHa-
deliHMaHa O CHJIaX sIAEPHO-3JIEKTPOHHBIX B3aUMOJEHCTBHI B MOJIEKyJIax.

9.OBPA3EIl MOAYJBHOI'O KOHTPOJISA
OY BIIO «1OHELIKNH HALTMOHAJIBHBIU YHUBEPCUTET»
Xumuueckuil paxyiabTer

Cneyuansnocms: 04.05.01 QynoamenmanvHan u NPUKIAOHAA XUMUSL
IIpoecpamma noocomosku: cheyuaiumem

Cemecmp 5

Yuebnas oucyunnuna Keanmoeas xumusn

MOAYJBbHASA KOHTPOJIBHASA PABOTA
BAPHUAHT Nel

1. OGoCHOBaTHP METOMOJIOTUI0 KBAHTOBO-XHMHUYECKOTO ONPENEICHUS 3HEPTUU TOMOJUTHYE-
CKOHM OUCCOLMALMU XUMUYECKUX COCUHEHUN.

2. OOBSICHUTB CYIIHOCTD BAJIEHTHOT'O MPUOJIIKEHUS] KBAHTOBOW XMMHUH.

3. ApryMeHTHpOBaTh KOHIENIUI bopa opOuTampHONH Momenw aToMa: IMOKas3aTh OrpaHUYEH-
HOCTb CHJIOBOTO ITOCTYJIATa CTALIMOHAPHOCTH 3JIEKTPOHHON OPOUTEL

4. OmnpenenuTs CIIMHOBAsE MYJIBTHILIETHOCTb BO30YKIEHHOE CHHTJIETHOE 3JIEKTPOHHOE COCTO-
sTHUEe XUMHYECKUX YaCTHULl BELECTBA.

5. KBaHTOBO-XMMUYECKasi TEOPHUS XUMHUYECKOW CBSI3M. OPOUTANBHO - 3JIEKTPOCTATHYECKAs
KOHIICTILIMS] ¥ IPHHLIUI COOTBETCTBHSI ATOMHBIX OpOHTaJIel; IBYXaTOMHbBIE B3aUMOAECHCTBUS
B TPUOIMKEHUN OpPOUTAIBHO—3JIEKTPOCTATHUECKOW KOHLEIMINK, KoHIenuus [ enpmaHa-
defiHMaHa O CHIIaX SIAEPHO-3JIEKTPOHHBIX B3aUMOJEHCTBHM B MOJIEKYJIax.

YTBepKIEHO Ha 3acenanny Kadeapsl GU3NIECKOH XUMUH,

MPOTOKOJ Ne OT « » 20 r.
3aBenyromruii kageapoi B M. Muxanbuyk
IIpenonasarenp H.A. Typosckuit

bl

Kputepuu oueHuBaHust MOAYJbHOT0 KOHTPOJISI

Homep 3a0anus Konuuecmeo 6anios
1. 20
2. 20
3. 20
4. 20
5. 20
Bcezo 100

10. OBPA3EIl DK3AMEHAIIMOHHOI'O BUJIETA
Teopemuueckue 60npochl K IK3AMEHY

CoBpemMeHHbIe HHPOPMAITMOHHBIE TEXHOJIOTUH KBAHTOBOW XMMUU.

Cosznanue u penakrupoanre HyperChem Monenu XUMHYECKUX COSTUHEHUN.
Mertopnonorus HyperChem kBaHTOBO-XHMHYECKOTO pacyeTa.

Konuenuus ssaepHo - 3JIEKTPOHHOHN CTPYKTYpPbI aTOMa
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DKCnepUMeHTaNbHbIE I0KA3aTeIbCTBA CIOKHOM CTPYKTYpPbI aTOMa.

OOBEKTBI MaKPO- U MUKPOMHPA.

Ob6ocHoBanue runotess! [1naHka 0 KBaHTax SHEPTUH.

O6ocHOBaHME TUITOTE3bl DWHINTEHHA O KBAHTOBAHUU SHEPTHH OTPHIBA 3JIEKTPOHOB OT aTOMOB
WUJIU MOJIEKYJL.

BsanmocBsi3p 3HEprUN 1 UMNYJIbCa (POTOHOB.

3aKOHBI COXPAaHEHHSI YHEPTUU U UMITYJIbCca (POTOHOB.

[TnanerapHas mopens aroma (Monens Pesepdopna). Ee HemocTaTku.

IToctynar bopa o cTalOHapHBIX COCTOSTHHSIX aTOMOB, HEOOXOIMMOE B JOCTATOUHOE YCIOBHE
CTaLIMOHAPHOCTH 3JIEKTPOHHON OPOUTHL

OO6ocHOBaTh KBAaHTOBAaHHE pannyca OOPOBCKOH 3JeKTPOHHOH opOuThl. IlonyunTh BRIpaskeHHE
s paaryca GOPOBCKOH 3JIEKTPOHHON OPOUTHI.

O0ocHOBaTh KBAHTOBAHKE YHEPTUU 3JIETPOHA HA CTALIMOHAPHOH 3JekTpoHHOH opbure. [lomy-
YHUTh BbIPAKEHHUE ISl SHETHH 3JIEKTPOHA OOPOBCKOMN 3JIEKTPOHHON OpOUTHI.

IToctynat bopa o 5nekTpOHHBIX nepexonax B aromax. KBaHTOBaHME 4aCTOT 3JIEKTPOMAarHUTHO-
IO U3JIy4€HUs IPH JIEKTPOHHBIX NIEPEXOAX B aTOMaXx.

DIIeKTPOHHBIE BOJHBI U ypaBHeHUs e bpoiins.

BonHoBo#i octynat ae bpoiiis 0 cTallnoOHaApHOCTU 3JIEKTPOHHBIX OPOUT.

[Ipuanun Heonpenenénnoctu I efizendepra.

CrarucTudeckoe TOJIKOBaHHUE BOJIH Jie bpoiins - moctynar o cocTostHMA 00BEKTOB MUKPOMHPA.
ITocTynarsl KBAHTOBOM MEXaHUKHU

KonnenryanbHble OCHOBBI KBAHTOBOM MEXaHUKU XMMUYECKUX YaCTHII.

IToctynat o ciocobe onucaHusi COCTOSTHUSI 0ObEKTOB MUKPOMUDA.

IToctynar o cnocoOe ompeneneHusi PyHKIUU COCTOSHUS OOBEKTOB MHKPOMHpPA. BPEMEHHOE
ypasHeHue lllpenunrepa.

DNeMEeHThl MaTeMaTUYEeCKOrO ammapara KBAaHTOBOH MEXaHHWKH (TIOHSITHE MaTeMaTHUYECKOTO
OmneparTopa, ONnepaTop UMITYJIbCa U €ro AeHCTBUE, ONepaToOp KOOPAUHATHI U €ro ACUCTBUE., Olle-
paTop BPEMEHH U ero IeHCTBHE).

Iopsinok necTBUS Mapel ONEPaTOPOB HA (PYHKLIUIO.

CpolicTBa KBAaHTOBOMEXAaHHYECKUX ONEpPaTropoB (YCJIOBUS JIMHEHHOCTH  ONEPaTOpOB,
KOMMYTHPYIOLIHE OTIEPaTOPbI, SPMUTOBBI ONIEPATOPHI).

OmnepaTtopHOe ypaBHEHHE HA COOCTBEHHBIC 3HAYSHUSI.

OOGoCHOBaTH yCIOBHE CTALIMOHAPHOTO COCTOSIHUSI XUMHUECKUX YaCTHI] BELIECTBA.

VYpasuenue lllpenunrepa 1 CTaUOHAPHOIO COCTOSIHUS XUMUYECKUX YaCTHULL BEIECTBA.
[Moctynat o ciocobe mosy4eHnst ypaBHEHHI KBAHTOBOH MEXaHHUKH.

ITonyunTh OMHOMEPHBIN ONEPaTOP KUHETUYECKON SHEPIrUH MUKPOYACTHLIBL

ITonyuuTs onepaTopel NOTEHUHAIBLHON S3HEPIUH MHOIOATOMHON XUMHUYECKONW YaCTHULIBL.
IlonyunTe TpexXMepHBI ONEpaTop KUHETUYECKOH 3HEPTUM 3JIEKTPOHA ONHOBJIEKTPOHHOU
XUMHYECKON YaCTHULBL

[TonyuuTs onepaTop NOJHONM SHEPTUU OJHOATOMHON XUMHYECKON YaCTHULIbL

ITonyuuTs OnepaTtop NOJHON 3HEPTUU MHOIOATOMHOM XUMHYECKON YaCTHULBL.

IToctynar o cpennem 3HadeHuu oneparopa ['aMunbToHa cTanMOHAOHOrO ypasHeHus lpeaun-
repa.

IToctynar 06 aHTUCUMMETPUYHBIX CBOHCTBAaX (PYHKLMU COCTOSIHUSI aHCAMOJIsi OOBEKTOB MUK-
pomupa.

[Toctynar o cynepno3uunuy COCTOSTHUI 00bEKTOB MUKPOMHDA.

YacTyua B OTHOMEPHON NOTEHUMAIBHON sIME

[Monyunts ypaBuenue Lllpeaunrepa A 4acTUIBI CBOOOIHO NBIIKYINEWUCS B OMHOMEPHOM TO-
TEHLUAJIBHOU SIME.

Mertoponorust pemenust ypasHenus LIpenuarepa st yacTULIbI CBOOOIHO ABMKYILIEHCS B OfI-
HOMEPHOH MOTEHIIUAILHON SIME: SHEPTHsI YaCTUIBI CBOOOJHO ABIDKYLIEHCS B OMHOMEPHOI 1Mo-
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TEHLHAJIBHOH siMe; QYHKIMS COCTOSIHHS YaCTULbI CBOOOIHO ABIIKYLIECHCS B OJHOMEPHOM IMOo-
TEHLUAIBHOU sIME.

HccnenoBaTh KBAHTOBAHUE YHEPTHH YaCTHUIBI CBOOOTHO JIBIKYIIEHCS B OMHOMEPHON MOTEH-
[UAJIbHOH SIME.

UccnenoBate n3MeHeHHe (PYHKLUUU COCTOSIHUS M BEPOSITHOCTH MECTOHAXOXKIEHHS YaCTHIIBI
CcBOOOTHO IBMKYIIECHCS B OMHOMEPHOW MOTeHIHAIbHOM sive ipu n = 1, 2,.. ., k. Y3510BbIe TOU-
KU.

Merognonorus pemenus ypasHenus lllpenunrepa njs atoma BOgopoaa.

ITonyunts ypasnenue lllpeaunrepa st aToMa BOAOPOAA B AEKAPTOBON CUCTEME KOOPAHUHAT.
IIpoBecTn ananu3 BO3MOXKHOCTH pelneHus ypasHeHus lllpeaunrepa st atoma BOZOPOJA B
JIEKapTOBOM CUCTEME KOOPAUHAT.

[Monyuurs ypasHenue Lpenunrepa oy aroma BOAOpoaa B chepruieckoii cuctemMe KOOpInHaT.
IIpoBectn aHanmu3 ycinoBuil pemeHus: ypasHenus LlpenuHrepa ans atoma Bomopoaa B cepu-
YECKOUW CUCTEME KOOPJAUHAT.

Mertoponorus pasaenenus ypasHenus Llpenunrepa nist atoma Bonopona B chepuyuecKol cu-
cTeMe koopauHat Ha R-, ©- u @- ypaBHeHUs.

YcnoBus, npu KOTOpBIX R- ypaBHEHUE 11s1 aTOMa BOJOPOAA UMEET PELIEHUE.

VYcnoBus, npu KOTOpbIX ©- ypaBHEHUE AJi aTOMa BOAOPOa UMEET pelleHue.

Ycnosus, npu KOTOpeIx P- ypaBHEHHUE A1 aTOMa BOAOPOJAa UMEET PELICHUE.

ITonsiTne u cTpukTypa aToMHOI opOutanu. KBaHToBBIE UKCTA.

KBaHTOBO-XMMHUYECKHE MOZEIN ATOMOB M MOJIEKYJT

Ilonyuuts crannoHapHoe ypasHenue Illpeaunrepa s SOEPHO-3JEKTPOHHON KBAHTOBO-
XUMHYECKON MOJENH aTOMOB IIPHU YCJIOBUU ABUKEHUS €D U DJIEKTPOHOB.

Ilonyuuts crannoHapHoe ypasHenue Illpeaunrepa s sANEpHO-3JEKTPOHHON KBAHTOBO-
XUMHYECKONW MOJEIN MHOIOATOMHBIX XMMHMYECKUX YaCTHULl NPU YCJIOBUU IBWXKECHUS siep U
3JIEKTPOHOB.

ITonyuuts 31exTpoHHOE ypaBHeHue lllpennnarepa nins kBaHTOBO-XUMHYECKOW MOZENH aTOMOB
B npubmmkeHun bopra — Onmenreiimepa.

ITonyuuts 5nekTpoHHOE ypaBHeHue llIpeaunrepa s KBaHTOBO-XUMHUYECKON MOAEIN MHOIO-
ATOMHOHM XUMHUYEeCKOU YacThllbl B mpuOmmkennu bopHa — OnmenreiiMepa.

OO6ocHOBaTh Mepexo]] OT MHOTO3JIEKTPOHHOTO ypaBHeHus LllpenuHrepa Kk cucteMe OIHO3JIEK-
TPOHHBIX YPAaBHEHUH MJI1 BAHTOBO-XUMHUYECKONW MOAENN aTOMOB B OAHOSJIEKTPOHHOM IMpHU-
OmkeHnn XapTpH.

MHoroaiekTpoHHKast BoJTHOBas pyHkmwmst Crelitepa.

OpnnoanextponHble ypaBHeHUs lllpeauHrepa ajis KBaHTOBO-XMMHUYECKOM MOJE€NU aTOMOB B
NPUOIMKEHUH CAMOCOTIIACOBAHHOTO IO XapTpPH.

OnHosnekTpoHHBIE ypaBHeHUs XapTpu-Poka 1uisi KBAHTOBO-XMMHUYECKONH MOJENHU aTOMOB U
MOJIEKYJI B IpuOmkeHnn Merona Xaptpu — Doka.

KoHuermnus MoJieKyIapHbIX opOuTajeil B KBAHTOBOW XUMUU

OCHOBHBIE TIOJIOKEHHSI METOa MOJICKYJIPHBIX opOWTanel: MOJeKyJsipHas opOuTasb, MpH-
ommxenne MO JIKAQ; atomHasi opbutajs TouHble U poOHbie MO, ; BapHaIliOHHAs TeOpeMa,
6aszucHbie pyHkumu MO.

VYpasuenus Pyrana, BekoBoii gerepmuHanT. Metononorusi onpenenenus sueprud MO u  ko-
s¢punrentos npu 6asucHbx QyHkuusax MO,

MeTononorus: KBaHTOBO-XMMHUYECKoro pacdera Ho™ B mpubmmkennn MO JIKAO (monyuuts
BbIpaxkeHue 1uist sHeprun MO Hy™ onpenenuts 3Hadenus: koddduupentos npu AQ B CBA3bI-
Baroel u anTucBs3bIBaromet MO Hy™

BanentHoe mpuOnnkeHne KBAHTOBOW XMMHUH.

HX® u OX® npubnnxeHns: KBAHTOBOH XUMHH.

Cucrema MO xumndeckoit yactuubl B HX® mpubnukeHnn KBaHTOBOM XMMMHU: O0IIEe YUCIIO
MO; uncno 3an0JHEHHBIX 3JIEKTPOHAMHU U BakaHTHBEIX MO.
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Cucrema MO xumnyeckoit yactuubl B OX® nmpuOmmkKeHUH KBAaHTOBOW XUMHUU: 00IIee YHCIIo
MO; uncno 3an0JHEHHBIX 3JEKTPOHAMHU U BakaHTHBIX MO.

I'pannuneie MO. B3SMO u HBMO.

OpOuTanpHbIi MOTEHIMA HOHU3ALNH XUMUYECKIX YaCTHI B pubmmkeHun meroga MO.
OpOuTanbpHOE CPONCTBO K 3JIEKTPOHY B mpulOkeHuu merona MO.

DyHKLMS pacnpeneseHns 3JIeKTPOHHOMN TNIOTHOCTH B XUMHUYECKUX YaCTHULIAX.

Mertopnonorus onpeaeneans 3(H(HEKTUBHOTO 3apsaa aTOMOB XMMUYECKIX YaCTHI] B BaJICHTHOM
npubmmkennu merona MO.

Mertononorust onpezneneHus 3JeKTPOHHON IUIOTHOCTH Ha aToOMax XMMHYECKHMX 4YacTHLl B Ba-
JeHTHOM npubmmkeHun meroga MO.

Merononorusi onpeneneHust dJIeKTPOHHONW 3aceneHHOCTH AQ LEHTPUPOBAHHBIX HAa aToMax
XUMHUYECKHUX YaCTHULI.

DHeprust U CIMHOBbIE XaPaKTEPUCTUKU XUMUUECKUX COEIUHEHUM

DNeKTPOHHAS SHEPTUsl XUMHUECKUX COCTUHEHUH B puOmnkeHnn Xaptpu-Poka.

DHeprus B3aUMOJIEHCTBUS ATOMHBIX sanep XUMHYECKUX COeIMHEHUI
B BJIEHTHOM MPUOJIIKEHHUH.

ITonHast SHEPrUsi XUMHUYECKUX COEAMHEHUH B MpHOmmkeHnn XapTpu-Doka.

DHeprusi aTOMHU3aLUN XUMHUYECKUX COEIMHEHUH.

DNeKTPOHHAS SHEPTUsS aTOMOB B puOIkeHnn Xaptpu-Poxka.

CrannmaptHas SHTANBMUS 00pPA30BAHUS XUMUYECKUX COCIUHEHUN B MPUOIIKEHUH MOYIMIIH-
PUYECKON KBAHTOBOW XUMUHU.

DNEeKTPOHHBIE COCTOSHUSI XMMUYECKUX COCAMHEHUI; OCHOBHOE CHHIJIETHOE, BO30YKIEHHOE
CHUHIJIETHOE, TUILUIETHOE.

CnuH ¥ CMHOBAsI MyJIBTUILIETHOCT XMMUUECKUX COEUHEHUH B OCHOBHOM CHUHIJIETHOM 3JIEK-
TPOHHOM COCTOSIHUU.

CruH ¥ CTUHOBAs! MYyJIBTUIUIETHOCTh XUMUYECKHX COCOMHEHNUH B BO30YKICHHOM CHHIJIETHOM
3JIEKTPOHHOM COCTOSIHUU.

CnuH U CnuHOBAas MYJbTHIUIETHOCTb XUMUYECKUX COEJUHEHUI B TPUIUIETHOM 3JIEKTPOHHOM
COCTOSTHUM.

CnuH U CIMHOBas MYJIBTUIIIETHOCTh HOHOB: KATHOHOB U aHHOHOB XUMHUUYECKUX YaCTHULL.

CnuH ¥ CIMHOBas MYJIBTUIIIIETHOCTh XUMUYECKUX COEUHEHUI C HEYETHBIM YHCIIOM 3JIEKTPO-
HOB. PaJMKaJOB, KATUOHOB-PAAUKAJIOB U AHUOH-PAAUKAJIOB.

HesMmnmpuueckue u noay>MIUPUYECKHE METOABI KBAHTOBON XUMHUHU

Metoaonorust HEOMNUPUUECKUX METONOB KBAHTOBOW XUMUU.

Metoaonorust NoJy>SMIUPUYECKUX METOOB KBAHTOBOU X UMUHU.

IIpouenypa caMmocoriacoBaHUsI MOJIEKYJISIPHBIX OpOUTasIeH.

OcobeHHOCTH KBAHTOBO-X MMHUYECKOTO MOJIETUPOBAHIS HEU30IECMHUECKUX PEAKLIUHA METOIOM
Xaptpu — @oka. DPGeKT 3IeKTPOHHON KOPPESALNH.

DJNIeKTPOHHAs KyJIOHOBCKas KOPPEsALIUSL.

DnexkTpoHHas koppessiuus Pepmu.

DJIeKTPOHHAs «KYJOHOBCKAsl IbIPKa».

DnekTpoHHas «bIpka Depmu».

CriocoObl yueTa 31eKTPOHHOM KOPPEIISLIIH.

Metognonorust DFT kBaHTOBOM XUMUU.

BzauMoaencTBus B MOJIEKYJIax.

Teopust XUMHUECKOHN CBA3U.

KonnenryanbHble OCHOBBI TEOPUH XUMHUYECKON CBS3U: KOHLEMLHS 3JI€KTPOXUMHUYECKOrO Aya-
JIM3Ma; KOHLEMINS BAJEHTHOCTH, 3JEKTPOHHO-HOHHAs KOHLEMLNS, KOHLICNLNs 3JIEKTPOHHBIX
nap.

OpOHuTaTbHO-3JEKTPOCTATHUECKAS] KOHLIETIIHS B TEOPHH XUMHUYECKOH CBSI3M.

ITpuHIMT OPOUTATEHOTO COOTBETCTBHSI B TEOPHH XUMHIECKOH CBSI3H.
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Casi3pIBAIOIINE U AHTUCBS3bIBatOIHE KOMOMHALIMY § — A, KOTOPBIE IEHTPUPOBAHBI HA ATOMAX
AuB.

Casi3pIBAIOIINE U AHTHCBA3BIBAOIINE G-KOMOUHAMU p — AQO, KOTOpbIe EHTPUPOBAHBI HA aTO-
Max A u B.

CBsi3BpIBAIOIINE U AHTHCBS3BIBAIOLINE T-KOMOMHALMHU p — AO, KOTOpBIE LIEHTPUPOBAHBI HA aTO-
Max A u B.

Cesi3pIBAIOIINE W AHTHUCBS3BIBAROIUE KoMOMHAIWK §S U p — AO, KOTOpbIe IIEHTPUPOBAHBI HA
atomax A u B.

DHeprus 1ByxaTOMHBIX B3anmoaencTsuil (Eag) B mpuOnmxennn MajutnkeHa.

DHeprusi KOBAJICHTHBIX IBYXaTOMHBIX B3aMMOACHCTBHIA.

DHeprusi MOHHBIX IByXaTOMHbBIX B3aUMOJIEHCTBUH.

3Hepm${ JUucCconranmm XUMHYECKOM CBSI3H.

Obpazey Ix3ameHayuonnozo dulema

rOY BIIO TOHEIKA HAIIMOHAJIGHBIIA YHUBEPCUTET»
Xumuueckuil paxyiaprer

Cneyuansnocms: 04.05.01 QynoamenmanvHan u NPUKIAOHAA XUMUSL
IIpoecpamma noocomosku: cheyuaiumem

Cemecmp 5

Yuebonas oucyunnuna Keanmoeasn xumusn

IK3AMEHAIIMOHHBIN BIJIET Ne 1

1. OGocHOBAaTH METOMOJIOTHIO KBAHTOBO-XUMHUECKOTO ONpPENeNIeHUs] OPOUTAIBHOTO TIOTEHIIH-

aJia MOHU3aluu1 XUMHYCCKUX YaCTHII.

2. OOBSICHUTB CYIIHOCTD BAJICHTHOTO MPUOJIIKEHUS] KBAHTOBOW X MMHUH.
3. ApryMeHTHpOBaTh KOHIEMIUI bopa opOuTambHONH Momenw aToMa: MOKas3aTh OrpaHUYEH-

HOCTb CHJIOBOTO IIOCTYJIATa CTAL[IOHAPHOCTH 3JIEKTPOHHOI OpOUTEL

4. OmnpenenuTb CHHMHOBAs MYJIBTHILIETHOCTh BO30YKIEHHOE CUHIJIETHOE 3JIEKTPOHHOE COCTO-

SAHHUE XUMHWYCCKHUX YaCTHL BEIICCTBA.

5. CdopmynupoBaTh OCHOBHBIC MOJIOKeHHs KoHLenuuu 1 enpmana-PeiiHmMana o cuiax siep-

HO-3JICKTPOHHBIX B3aUMOAEHCTBUI B MOJIEKYJIax.

YTBepKIEHO Ha 3acefaHny Kadpenpel GpU3HUIECKOH XUMUN
IIpotokon Ne ot « » 20 r.

3aBenyrouuii kageapoit npod. Muxanpuyk B.M.

DK3aMeHaTop nou. Typosckuii H.A.

Kpumepuu OUeCHUBARUA IK3AMEHA

Homep 3a0anus Konuuecmeo 6annos
1 10
2 10
3 10
4 10
6 10
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11. OBPA3EIl TECTOBOI'O 3ATAHUA
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Kakoe u3 ypaBHeHUI IBJIACTCS CTallMOHAPHBIM ypaBHeHueM pénunrepa?

1 VAN
H(p,q(q) = Ew(q)
2 A
H(p,q.t)y(q.1)= in%w(q, )
3

in%w(t) —Ey(t)

YcnoBre aHTHCUMMETPUYHOM BOJTHOBOW (DYHKIIMU aHCAMOJIS 3JIEKTPOHOB.
! V(41929504 ) = W41, 5,92, )
2 W41, 2,959 ) = =W( Q1,935,920+ )

V(4q,,4,,95,--9, ) = —¥(q,,9,.45,---d,, )

XapTpu NPUHALIEKUT HIesd PaCCMATPUBATL MHOIO3JIEKTPOHHBIM aTOM Kak
CHUCTEMY HE3aBUCHMBIX JJIEKTPOHOB B IIOJIE HENOABUXKHOTO siApa. B Takom
CJIy4ae raMWJIBTOHMAH BKJIIOUAET ONEPaTOpBhlL:

1 KMHETUYECKOW SHEPTUH 3JIEKTPOHOB, MOTCHIIUAIBHON SHEPTUH
B3aUMOJZICUCTBUSA 3JIEKTPOHOB C SIAPOM aTOMa, MOTEHHUATIbHON
SHEPTHH B3aMMOJIEHCTBHS 3JIEKTPOHOB MEXKIY COOOM.

2 KMHETUYECKOW SHEPTUU 3JIEKTPOHOB, NOTCHIIUAIBHON SHEPTUH
B3aUMOMEHUCTBUS JIEKTPOHOB C SIAPOM aTOMa,

3 KMHETUYECKOW SHEPrUU 3JIeKTPOHOB, NOTEHLIMAIBHON SHEPTUH
B3aUMOJICHCTBHS 3JIEKTPOHOB MEXKY COOOM.

4 KUHETUYECKON SHEPTHH SAPa,

KMHETUYECKOW SHEPrUU 3JIeKTPOHOB; NOTCHLIUAIBHON SHEPTUH
B3aUMOMECUCTBUSA 3JIEKTPOHOB C SIAPOM aTOMa, MOTEHLUATIbHOU
SHEPTHH B3aMMOJIEHCTBHS 3JIEKTPOHOB MEXKIY COOOM.
DHeprusi MHOrOaTOMHOH XUMHUYECKON YacTHIbI B pubmmkeHun bopHa —
OnnexreliMepa COCTOUT U3:

1 KMHETUYECKOW OHEpPruu  sigep, KUHETUYECKOH BHEPIruu
3JIEKTPOHOB, MOTEHLUAJbHOH 5SHEPrUU  B3aUMOJEHCTBUS
3JEKTPOHOB C  sAApaMH M MOTEHLUAJbHOM  OHEpPruu
B3aMMOJICHCTBUS SJIEKTPOHOB.

2 KMHETUYECKOW OHEpPruu  sifep, KHUHETHYECKOW JSHEPruu
3JIEKTPOHOB, IMOTEHLUAIbHOH 5SHEPrMU  B3aUMOJEHCTBUS
3JEKTPOHOB C  sAApaMHd M TMOTEHLUAJbHOM  OHEpPrumu
B3aUMOJEHUCTBUSL  3JIEKTPOHOB, MOTEHLUANbHOW  3HEPrUHU
B3aMMOICHCTBUSI sIIEP MEKAY COOOM.

3 KMHETUYECKOW 3HEPruu siiep, MNOTEHLUAIbHOM JHEPruu
B3aUMOMEHUCTBUS 3JICKTPOHOB C SApPaMHU U MNOTEHLUAJIbHOU
SHEPrUU B3aUMOJEHCTBHUS 3JIEKTPOHOB.

4 KMHETUYECKOW SHEPTUH dJIEKTPOHOB, NOTEHIUAIBHON SHEPTUn
B3aUMOJECUCTBUSA 3JIEKTPOHOB C SIAPAMU U OTEHIHAIBHON
SHEPrUu B3aUMOJEHCTBHUS 3JIEKTPOHOB.

Kakue 3HaUeHNSI MOKET NMMETDH IJIABHOE KBAHTOBOE UHCJIO A
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1 1 MOKeT umeTh 3Hadenusi 0, 1,2, 3, ...
2 A MOKET UMETb 3HadeHus ......, -3,-2,-1,0, 1,2, 3,
3 71 MOKET UMeTh 3HadeHus 1, 2, 3, ..
6. | Kakne 3Ha4eHns MOXXET BOCIIPUHIMATh OPOUTAIBHOE KBAHTOBOE YUCIIO / IpH
3a/laHHOM 3HAQUYE€HUHU IJIABHOTO KBAHTOBOI'O YHCJIA N
1 / Gyer n3MeHsITbCs OT (- 1) K 17 ¢ marom 1.
2 / 6ynet usmeHsiTbest OT O 10 #2 ¢ marom 1.
3 / bynet usmensitbest OT 1 10 2 ¢ marom 1.
7. Kaxkue 3Ha4eHMs1 MOXXET BOCIPUHUMATh MAarHUTHOE KBAHTOBOE YUCTIO 71
NPY 33JaHHOM 3HAYE€HUH OPOUTAIBHOIO KBAHTOBOTO YHcha /:
1 m Oyner n3mMeHsTbes ot (- /) k +/ ¢ marom 1.
2 m Oynet u3meHsThest oT 0 1o / ¢ marom 1.
3 m Oynet u3meHsiTbest oT 1 1o / ¢ marowm 1.
8. | Kak B npubmmkennn MO JIKAO paccuuTbIBaeTCs 3JIEKTPOHHAS 3aCEICH-
HOCTb AQ, KOTOpBIE LIEHTPUPOBAHbI HA ATOMAaX MOJIEKYJ1?
1 Y BoeHHast CyMMa KBapaToB COOCTBEHHBIX BeKTOpOB MO 110
BceM MO.
2 Y nBoeHHast CyMMa KBaJpaToB COOCTBEHHBIX BEKTOPOoB MO
JIMILB [0 3aN0JHEHHBIM 3JeKTpoHaMu MO.
3 Ksanpar cobcTBeHHBIX BeKTOpoB MO.
9. | Paccumurats npounocts C-C cBsizu B monekyine CH3 — CH3. Bribpath Te 00b-
€KThI, SHEPTUI0 KOTOPBIX CJAEAYyEeT PACCUUTATD!
1 CHsz - CH3, H:C®
2 CH; - CH3, H3C™, H;C™
3 CH; - CH3, CH; - CH3"™,
4 CHz - CH3, CH;— CHz~*
10.| Kakoe kBaHTOBOE YHCJIO KBAHTYET SHEPTHIO HJIEKTPOHA B aTOME?
1 MAarHUTHOE.
2 [JIABHOE.
3 opbuTanbHoe.
11.| Kakast monekynsipHast opOurane Ho siBisieTcst pa3pbIxJsiroeii?
1 Yy =-0.7071¢1 + 0.7071 2
2 Y =-0.707101.0.7071¢2
3 Yy =0.7071¢1 + 0.7071 2
12.| C xaxoit MO MonekynsspHOI1 cucTeMBbI B COOTBETCTBUH ¢ Teopemoil Kynmanca
CBSI3aHO CPOACTBO K 3JIEKTPOHY?
1 B3MO.
2 HBMO.
13.| C xaxoit MO MonekynsspHOI1 cUCTEeMBbI B COOTBETCTBUH € Teopemoil Kynmanca
CBsI3aH MOTEHIMAJ] HOHU3aLUN?
1 B3MO.
2 HBMO.
14.| Kakum obpaszom B mpudmmkenuu MO JIKAO paccuuTsiBaroTcst 3apssl (q) Ha

aTOMax MOJIEKYJISIPHOU cucTeMbl? (Za — 3apsin siapa atoma, Qa — 3JIEKTpOH-
Hasl TUIOTHOCTB aTOMa)

1 q=Za- Qa.

q=Qa- Za.

2
3 q=Z.A— YHCJIO 3JIEKTPOHOB.
3 6ce dHep2emu4ecKle pasHvle NOCIe006aMeNbHO 3AN0IHEHHbIE




NEKMPOHAMU, HO OOUH 21eKmpoH nepenecen ¢ B3MO na
HBMO c¢ usmenenuem e2o cnuna Ha npomu8oNnOI0NCHb1I.
15.| OcHOBHOE ypaBHEHHE KBAaHTOBOII MEXaHMKH XMMHUYECKHUX YacTHULl — ypaBHe-
Hue *** — yMmeer By ***
1 bopa, HY=EY¥Y
2 HIpénunarepa, HS=Exn
3 Ipénunrepa, HY=EY
4 Oninmreiina, PY=HY
16.| 3akoH coxpaHeHus SHepriH (OTOHOB UMEET BUJL
1 E+hr=E +h'
2 E'+hv=E+h
3 E+h=E+hv
4 E+hv=E +h
17.| CornacHo Teopeme *** 3IeKTPOCTATUYECKUE CHJIBI B3AUMHOTO MPUTSIKEHUS
SPa U 3JEKTPOHOB HE MOTYT 00ECIIEUNTh YCTOWYHBOCTh aTOMA
1 Kammn.
2 HpHimoy.
3 bopa.
4 ne bporis.
18.| DnexTpoHHast opOuTa Oynet *** ecnu neHTpodekHas cuia, 00yCIOBJICHHAS
BpALEHUEM 3JIEKTPOHA, OyI€T paBHOH CHJIE IPUTSDKEHHSI MEXKTy SJIEKTPOHOM
U siIPOM
1 YCTONYHMBOM.
2 HE YCTONYUBOM.
3 HE CTAIMOHAPHOM.
4 HE 3aBUCUT OT YCJIOBUSL.
19.| *** spexTpoHHOW OpPOMTHI M *** 37MEKTPOHA MOJKHBI OBITH TUCKPETHBIMHU
BEJIMYMHAMU
1 paznyc, SHEPTHSL.
2 panuyc, Macca.
3 NPOTSDKEHHOCTh, CKOPOCTh JABIIKEHHSL.
4 DHEPIUsi, paguyc.
12. KPUTEPUHU OHEHWUBAHUSA
Pacnpeodenenue 6a1106, Komopsvie MOZynt HOAYHUHLL CHIYOCH b
6 npoyecce uzydeHus OUCUUNITUH DL
Opranu3aunoHHO-
y4yeOHas1 padoTa Texywmuii KOHTpPOJb
CTydeHTAa
TecTuposanue
[TrceMeHHbIE PadOThI: MPAKTHYECKUE 3aJaHMsI, 3a0aHUs
PENPOAYKTUBHOTO YPOBHS, 33aHUS JJIsl JOMAIIHEeH pado-
ThbI, KOHTPOJIbHBIE PadOTHI 50 6ans0B
3ananus k mabopaTtopHbIM paboTam
YcTHOe cobecenoBanme (KOJJIOKBUYM, OMPOC)
max 5 6aymioB max 45 6annos

Ilxana coomeemcmeus 0417106 uauuouaﬂbuoﬁ wKaie
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Cymma 0ag-
JoB 1o 100
0a/LIbHOH

mKaJje

ITo
mIKaJjIe
ECTS

ITo rocynapcreenHoi
mKaJe

IIpu oneHke 3K3aMeHa NPenoAaBaTeb
PYKOBOACTBYETCH CJeAYIOIHMH NPHHIH-
namMu

90-100

«OtmuHOoY (5)

MoKa3aHbl CHUCTEMATHYECKHE U TIyOOKHe
3HAHUs MPU OTBETE Ha BCE BOMPOCHI OUeTa,
NOHUMaHWe (PU3MUYECKONW CYIIHOCTH TIPO-
OJ1eMBI

80-89

7579

«Xoporo» (4)

MOKA3aHbl CHCTEMATHYECKHE U TITyOOKHe
3HAHUS MPU OTBETE HA BCE BOMPOCHI OMeTa,
MOHUMaHue (PU3UUECKOHN CYIIIHOCTH MPO-
OJieMbI, HO MPU OTBETE AOMYIIEHBI HEKOTO-
phIe OIUOKU U HETOYHOCTH

MOKa3aHbl CUCTEMATUYCCKUE 3HAHUA TIPU
OTBETEC HA BCC BOIIPOCHI 6I/I.]'IeTa, HO TIpHU OT-
BETC JOMYLICHBI HCKOTOPLIC OIIHOKH U He-
TOYHOCTH

70-74

60-69

«Y IOBNETBOPUTEILHOY

&)

NOKa3aHbl HECUCTEMATHUECKHE U HeTy0o-
KM€ 3HAHWA IPU OTBETE HA BOIPOCHI OHIIETA,
IIPU OTBETE JOMYIIEHO HECKOJIBKO OMIHUOOK,
HCIIPABJIEHHBIX CAMHUM CTYJ€HTOM

MOBEPXHOCTHBIE 3HAHUS IPU OTBETE HA BO-
MPOCHI OWjIeTa, JOMYLUIEHO Pl HETOYHO-
CTEM, KOTOpPbIE CTYAEHT HE B COCTOSIHUU
CaAMOCTOATEJNBbHO UCITPABUTH

35-59

FX

«Heynosnersopurens-
HO» C BO3MOKHOCTBIO
MOBTOPHOM aTTECTALIUU

@)

HET OTBETOB Ha OCHOBHBIC BOIIPOCHI 6I/IJ'IeTa,
HET OTBCTOB HA AOIIOJHUTECIBHBIC 1 HABO-
AAIHUE BOIIPOCHI

0-34

«Heynosnersopurens-
HO» (2) C BO3MOKHO-
CTBIO MIOBTOPHOM ClaYn
IpU YCJIOBUU 00s13a-
TeJILHOTO Habopa 1o-
MIOJTHUTENBHBIX 0aJIJIOB

BbIMOJTHeHHEe MeHee 30 % oO0s3aTenpbHBIX
3a/IaHHI;, HEYMEHHE PACKPBITh OCHOBHOE
colepskaHue 3aJaHus, HeCOCOOHOCTD (hop-
MYJIUPOBAThH BBIBOJIBI.

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O TPOIECCA

JlexIMOHHBIE 3aHATUS NPOBOAATCS B AyJUTOPUH, OCHALEHHONW MyJIbTUMENUNHON TEXHUKON
u nockoii. JlabopaTopHble 3aHATHS IPOBOISITCA B KOMITBIOTEPHOM KJlacce, 00OPYIOBaHHOM KOMITb-
I0TEPaMH C JINLEH3UOHHBIM MPOTrPaMMHBIM OO€CTIeYeHNEM, OCTYNoM K cetu MHTepHeT, cTonamy,
nockoil. JlonomHurtensHoe obecrieuenne: Wi-Fi moctyn B kopmycaX YHHBEPCUTETA, TEKCTOBBIE U
3JIEKTPOHHBIE pecypchl HayuHoit OMOInoTeKn yHUBEpCUTETA.
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14. PEKOMEHOOBAHHAA JINTEPATYPA

Kon-Bo 3kK-
3eMNNSPoB B
onénnoTeke

JoHHY

HaunmeHoBaHWe

OcHoBHas nnTepaTypa
LinpenscoH, B.I'. KsaHTOBag xumua. Monekyrnbl, 1
MOJIEKY/ISIPHbIE CUCTEMbI U TBepAble Tena: y4eb. nocobue
ANA CTY[EHTOB BY30B, 00Yy4atOLMXCA MO XUM.-TEXHO/I.
HarnpasfieHnaMm 1 cneymansHocTam / B.I. LinpenbcoH. -
Mocksa: BMUHOM. Na6. 3HaHuiA, 2017. - 522 ¢
LnpenscoH, B.['.  KBaHTOBag xumus. Monekynbl, 30
MOJIEKYNAPHbIE CUCTEMbI U TBEpAble Tena: yyebd. nocobue
ANS CTY[EHTOB BY30B, 00y4atoWMXCA MO XWUM.-TEXHOJI.
HarnpasfieHnaMm n cneymnansHocTam / B.I. LinpenscoH. -
Mocksa: BMUHOM. Na6. 3HaHwiA, 2010. - 495 c.
TypoBCKuiA H.A. MpakTnKym KOMMbIOTEPHOM
CTPYKTYPHOW XUMUN: yyebHoe nocobwe /
H.A.Typosckuid. - JoHeuk: FOY BIMO «JoHHY», 2018.
-145¢
TypOBCKuIA H.A. [NpakTKym KOMMNbHOTEPHOM
CTPYKTYPHOW XUMUWN [DNEKTPOHHBIA pecypc]: yuyebHoe DNeKTPOHHBIN
nocobne / H.A.Typosckuii. - [oHeuk: FOY BIO pecypc
«doHHY», 2018. - 145 ¢
[MpuwaeBa T. H. KBaHTOBaaA XnmMua cynpamonieKynapHbIX

10

CUCTEM Ha O0CHOBe KyKypout[n]ypunos [Tekct] / T. H. ONEKTPOHHBIN
puwaesa, A.H. Macowit, A.M. Ky3HeL0B. - MockBsa: pecypc
NeHanp, 2016. - 208 c.

EpmakoB, A. . KBaHTOBas MexaHMKa W KBaHTOBaA Xu- 2

MUs: y4e6. nocobre Ana CTyaeHTOB BY30B, 06y4aroLLmMXcs
no cneumansHocty BMO 020101.65 "Xumua" / A.N. Ep-
makoB. - Mocksa: KOpaiT, 2010. - 555 c.
Maliep, . N36paHHble rnaBbl KBAHTOBON XMMUW: [OKa3a- |
TeNbCTBa TEOpeM W BbIBOZ, (hopmyn / . Maiiep ; nep. ¢
aHrn. M.b. Jdapxosckoro n A.M. TokmaueBa ; nof pes.
A.J1. Yyrpeesa. - Mocksa: BMUIHOM. Jlabopatopus 3Ha-
HuiA, 2009. - 384 c.
JononHnTencHaa nMTepaTypa
MactepHak, O. M. OCHOBM KBaHTOBOI XiMii . HaBY. Noci6. 10
/ 0. M. MactepHak, M. A. TypoBCbKUiA; [JOHELbKNIA Hal.
YH-T, XiM. (-T, Kagh. i3. Ximii. - JoHeubK : JoHHY,
2012. -8l c.
MacTtepHak, E. H. OCHOBblI KBaHTOBOW XMMUW: Y4ebHOE
nocobue. / E.H. MacTtepHak, H.A. TypoBcKuiA ; [JOHELKWIA
Hay. YH-T, XuM. -T, Kag. ¢pus. xumun. - OoHeuk: [OH-
HY, 2012. - 81 c.
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https://www.yakaboo.ua/book_publisher/view/Lenand/
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15. NTHPOPMALIMOHHBLIE PECYPCbI
1. littp://inoiidiiriorii/ - MuHMCTEpPCTBO 06pa3oBaHMs M Hayku [oHelKoin HapogHoi Pecny6-
NNKK
2. http://resobrnadzor.ru/ - PecnybnmkaHckas cny»o6a no KOHTPOK 1 Haa30py B cdepe 06-
pa3oBaHNA U HayKu

16. MPOrPAMMHOE OBECMNEYEHNVE
(npn Hamumm. O6s13aTeNbHOE HANNUKMe NnuUeH3UU! T in inyHble aBTopcKre pas3paboTKu)

1. Windows 7 PRO (kopnopatusHasa nuueH3na JoHHY nuueH3ns Ne46484614);

Microsoft Office ((kopnopatueHas nnueH3ns JoHHY nuueH3uns Ne46472919);

3. MOPAC 2016 - KOMM/eKC NporpammM CTpyKTYpHOW Xumun (nporpamma LocTyna 6ecnnar-
HO A/15 aKafleMMYeCcKoro, HEKOMMEPYECKOro MCMosb30BaHUsA. AKafeMnyecKas NMLeH3ns).

4. Microsoft Visual Studio (nuueH3ms nporpammbl DreamSpark ans BbicLUNX y4ebHbIX 3aBe-
LeHNIA);

5. Jlnuensua GPL, Apach, BSD ans cBo604HOro nporpaMmMHOro obecreyveHms:

AHTUBMpYC Kacnepckoro;

Adobe Acrobat Reader.

o

~N o

Pa6ouasi nporpaMMa pacCMOTPeHa M NepeyTBepXKAeHa Ha 3aceflaHnM Kadeapbl (hr3n1YecKoit
XUMUU C M3MeHeHnaMY (6€3 U3MEHEHUIA) Ha rog.

Mpotokon Ne OT«  » r.

3aBefytownii Katheapoi B.M. Muxanbuyk
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