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« Toy anperm 2020 .

[Tporpamma y4ue6HO#M nucuumuMHbl «KBaHTOBas XMMUs» COCTaBjieHa Ha ocHoBaHMM Iocy-
JApCTBEHHOro0 00pa30BaTeNbHOrO CTaHIapTa BbICHIEro npodeccuoHanbHoro odpasosanus (IOC
BII1O) Jloneuxoit Hapoxuoii Pecriy6muku (JIHP) no nanpasnenuro nmoarotosku 04.03.01 Xuwmus,
YTBEPKICHHOro npukasoM MunucrepcTBa obpazoBanus u Hayku JJHP Ne 454 ot «20» anpens
2016r.;

[Topsinka opranusauun yuyeGHOrO mporecca B 00pa3oBaTelIbHBIX OpPraHU3aluaX BBICIIErO Tpodec-
CHOHaJILHOro obpasoBanus Jloneukoii Hapoanoii PecriyGnviku, yTBepKaeHHOro npukazoM MuHu-
crepcTBa oOpaszoBanust U Hayku JIHP Ne 1171 ot «10» HostGps 2017 r.;

y4eOHOro njaHa ¥ OCHOBHOI 00pa3oBaTelIbHOI MpOrpaMMbl BBICIIErO MPO(eCcCHOHALHOro 0bpa-
30BaHMs HanpasjieHus moarotoBku 04.03.01 Xumus, pazpaboranusix B 'OY BIIO «/loneukuit
HaLMOHAJIbLHBI YHUBEPCUTETY.

Pa3paborunk:

JloueHT Kadenpel Gpuznueckoi XUMuu,
K.X.H., JOUEHT ' H.A. Typosckuii

[Iporpamma yueGHO#M auCUMIIIMHBI yTBEpXK/eHa Ha 3aceaHuu Kadeapbl GU3NYECKO Xu-
MHH

[Tporokon Ne 13 ot «28» mapra 2020 r.
3asenyrouuii kadeapoit T7Z/é/ B.M. Muxanbuyk

v

IIporpamma y4eOHON AUCUMTIIHHEL 0JJ00peHa yue6HO-METOANUECKOH KOMHCCHEH XHMUYe-
ckoro (akynbrera
[Tporokon Ne 3 ot «15» anpenst 2020 r.

KOMHCCHU (aKybTeTa H.B. fI6noukoBa

[Ipencenarens yqaeOHO-MeTOAMYECKOM | / P
e
g 7




1. OBJIACTDb IPUMEHEHUA U MECTO JUCHUIIJIMHBI B YYHEBHOM ITPOLECCE

VYyeOnas nucuuruinHa «KBaHTOBass XUMHUS» OTHOCUTCS K BapHaTUBHON 4acTH MPO(ecCHOHATBEHOTO
6noxa aucuumuine (I16.BB.9) noxarotosku crynentoB OY bakanaBp 1o HarpaBleHHIO TOATOTOBKU
04.03.01 Xumus. JucuurmmmHa peanusyercs Ha xumudeckoM ¢akynbTete JloHHY kadenpoit dhuzu-
yeckoil xumuu. OcHoOBBIBaeTcsa Ha 0aze nucturinH: «Heopranmueckas xumus» u «MubopmaTu-
Kay. SIBsieTCS OCHOBOM ISl U3Y4YEHUS CIAEAYIOMMNX TUCHUIUINH: «Duszndeckas xumus», «Opranu-
yeckas XUMHUA», «XUMHUS KOJUIOMIHBIX U HaHocucTemM», «CTpoeHHe BeuiecTBay, «CynpamoseKy-
JSIpHAsT XUMUS».

2. CTPYKTYPA JUCIIUIIVINHBI

Xapaxmepucmuka yueonoi Oucyuniunl

CrenMajgbHOCTh 04.03.01 Xumus
Croenmann3anus
OO6pazoBarenpHas mporpaMmma BakamnaBpuar
Kpanmudukarms AkafgeMu4ecKkuii OakasaBp
KommdecTBo comepxarenbHbIX MOTyIEH 2
Aucuuminna 6a3u01301/1 / BapUATHBHOI HacTH BapuaruBHas gacth npodeccuoHaIbHOTO OJI0Ka
00pa3zoBaTeIbHON MPOTPaMMBbI
®opwmbl kouTpoJist (MK, sk3amen, 3auer) MK, 3auer
TMoxasaTem ouHas popma oOyde- | 3aouHas ¢popma oOyue-
HUS HUS

KonudecTBOo 3a4eTHBIX eAUHUIT (KPEAUTOB) 4
T'ox moAroTOBKM 2
Cemectp 3
KomnuectBo yacos 144
- JIEKIIMOHHBIX 36
- IPAKTUYECKUX, CECMUHAPCKUX -
- 1a00paTOPHBIX 18
- CAaMOCTOSITEIILHOM pabOThHI 90

B T.4. UHANBHUIYAJIbHOE 3aJJaHHE -
HenenpHOE KOIMYECTBO YaCOB, 8

B T.4. ayIUTOPHBIX 3

3.OIMCAHUE JUCIIUAITJIMHBI

Hean:

—  nedazocuyeckas — MOATOTOBKA CHEIUAINCTOB-XUMUKOB, KOTOPBIE YMEIOT PUMEHSTH BCE BO3-
MO>KHOCTH COBPEMEHHOMN KBAaHTOBOM XUMUH ISl PEIICHUS TEKYIIMX XHMHUYECKUX MPOOJIEM;

—  Oudakmuueckas — YCBOSHHE 3HAHHM, MPETYCMOTPEHHBIX MPOrpaMMoi, Ojaromapst IielieHa-
MPaBIECHHOMY COTPYOHHUYECTBY IIPENOAAaBATENA U CTYACHTA,

—  MemoouuecKkas — BBIIEIUTH TJIIABHOE 3BEHO B KaXKION TeMme, 4To OyneT crocobcTBoBaTh Gop-
MHUPOBAHHUIO OCHOBHBIX MOHATHH MO Kypcy, (OPMHUPOBAHUIO 3HAHUH B pe3yibTaTe aKTUBU3a-
IIUU TTO3HABATEIBHON JCSITEILHOCTH CTYJACHTOB, IPUMEHEHUE PA3IMIHBIX METOJIOB aKTUBHOTO
o0y4eHusl.



Sagaun:

PacKpBITh (PU3HUECKUN CMBICT OCHOBHBIX MOCTYJIATOB, MPUOIMKEHUN U KOHIICTIIUNA KBaHTO-
BOIl XMMUM, HAYYUTh CTYJI€HTA BUJIETh 00JIACTU MPUMEHEHHS ITUX MPUOIMKEHUN U KOHIIETI-
[IUH TIPY PEIIEHUN KOHKPETHBIX XUMHUYECKUX MPOOIIeMm;

BBIJCIINTE METOOOJOTMYCCKH BAXKHBIC BOIIPOCHI XMMHWHU U HAa KOHKPCTHBIX IIPUMEpPaxX IMOKa3aTb
B3aMOCBSI3b KBAaHTOBOM XHMHM C APYruMru JUCHUINNIIMHAMU XHUMHUYCCKOIro M €CTECTBCHHO-
HAay4YHOI'O IUKIJIOB.

pa3BUTHE YMEHMH, KOTOPbIE MOMOI'YT IPaMOTHO MPUMEHSTh METO/IbI KBAHTOBOM XWMHH MpHU
peIIeHNH Pa3IMYHbIX 33/1a4, 1aTh B PyKU OyIyIIUM CHEIHATNCTaM-3KCIIEPUMEHTAaTOpaM MH-
CTPYMEHT, KOTOPBIH MO3BOJMI Obl MPOBOJUTH KBAHTOBO-XMMHUYECKUE HCCIIEAOBAHUS C HC-
M0JIb30BAHUEM BCEX BO3MOXKHOCTEM COBPEMEHHBIX KOMIIBIOTEPHBIX TE€XHOJOI'MM KBaHTOBOM
XMMUH NPU PELIEHWH TUIMHMYHOIO LMKJA 3a/ad: pacdeTbl F€OMETPUYECKUX XapaKTEPUCTHK
MOJIEKYJI; IOCTPOEHUE KapT pacHpeleleHNsl JEKTPOHHOM INIOTHOCTH BIOJb Pa3HbIX CEUEHUN
B IIPOCTPAHCTBE MOJIEKYJIbI; PACUETHl JUIOJIBHBIX MOMEHTOB U SHEPTUI MOHU3ALUN MOJIEKYJI,
pacyeTsl IOBEPXHOCTH NOTEHIIMAIBHON SHEPTUU XUMUYECKUX PEAKLIUH.

TpeGoBanuss Kk pe3yjabTaTaM OCBOEGHHMS JAMCUMIUIMHBI: [Ipouecc M3ydeHHs] NUCHUTIIMHBI

«KBaHTOBast XMMHUs» HANpaBJIeH Ha (OPMHUPOBAHUE FIIEMEHTOB CIEIYIOIUX KOMIIETEHIIUN B COOT-
BerctBuM ¢ ['OC BITO IHP mo nanpasnenuto noaroroku 04.03.01 Xumust 1 o0CHOBHOM 00pa3oBa-

TETBHOW TPOrPaMMBbI BBICHIETO MPO(EeCcCHOHAIBHOTO 00pa30oBaHUS HAMPABICHUS TOATOTOBKH
04.03.01 Xumus:

a) o0meKkyabTypHbIX (OK):
CITOCOOHOCTBIO MCIOJIB30BaTh OCHOBBI (UIOCO(PCKUX 3HAHUHN sl (OPMHPOBAHHUS MHUPOBO3-
3penueckoit mozunmu (OK-1);
CIIOCOOHOCTBIO K caMoOpraHu3anuu u camooodpasoBanuto (OK-7).

0) oomenpogeccnonanbubix (OIIK):
CIIOCOOHOCTBIO HCIIOJIB30BATh MOJIyY€HHbIE 3HAHUSI TEOPETHUECKUX OCHOB (hyHIaMEHTAIbHbBIX
pa3ziesIoB XUMHH MpU pereHnn npodeccrnonanbubix 3amad (OIMK-1);
BJIQ/ICHUEM HAaBBIKAMHU MPOBEIEHUS XUMHUYECKOTO IKCIIEPHUMEHTa, OCHOBHBIMH CHHTETUYCCKU-
MU U aHAJUTHYECKUMU METOJaMH MOJTYYeHHs] U UCCIIEOBAHHSI XUMUYECKUX BEIIECTB U Peak-
uuii (OIIK-2);
CIIOCOOHOCTBIO MCTIOIh30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JAUCIUILINH B TIpodec-
cuoHanbHOM nesrensHocT (OIIK-3);
3HAaHMEM HOPM TEXHHMKH OE€30MMaCHOCTH U YMEHHEM Pealn30BaTh UX B TAOOPATOPHBIX M TEXHO-
noruyeckux ycnoBusx (OIIK-6).

B) npogeccuonanbubix (IIK):

HAYYHO-HCCIEA0BATEC/IbCKAaA JeATECJIbHOCTD

CHOCOOHOCTBIO BBINOJIHATh CTaHAAPTHBIE oNepanuu 1o npeanaraeMbiM MeroaukaM (I1K-1);
BJIaJIeHMEeM 0a30BBIMH HaBbIKAMH HCIIOJIb30BAHUS COBPEMEHHOM amnmaparypsl IpH IPOBEIECHUH
Hay4dHbIX uccienoBanuii (ITK-2);

BJIaJICHHEM CHUCTeMO! (yHIaMEeHTaIbHbIX XUMU4eckux nousatuit (I1K-3);

CHOCOOHOCTBIO NMPHUMEHSATh OCHOBHBIE €CTECTBEHHOHAYUYHBIE 3aKOHBI M 3aKOHOMEPHOCTHU pa3-
BUTHUSI XMMHUUYECKON HAYKH IIPH aHAJIN3€ NOJy4eHHBIX pe3ynbTaroB (11K-4);

CHOCOOHOCTBIO MOTy4aTh U 00pabaThIBaTh Pe3yNbTaThl HAYYHBIX 3KCIIEPUMEHTOB C ITOMOIIIBIO
COBPEMEHHBIX KOMIbIOTepHBIX TexHoJoruu (I1K-5);

BJIaJICHUEM HaBbIKaMM IPE/ICTaBJICHUS MOJIYYEHHBIX Pe3y/lbTaTOB B BUAE KPAaTKHUX OTYETOB U
npesentamuii (ITK-6);

BJIaJICHUEM METOJIaMH 0€30M1acHOr0 OOpalleHHs ¢ XUMUYECKUMHU MaTephallaMi C YY4eTOM HX
dusnueckux u xummudeckux cBoiict (I1K-7).

MPOMU3BOACTBCHHO-TEXHOJOIMIECCKaAA 1€ATCIBHOCTD



— CHOCOOHOCTBIO HCMOJIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH XMMHMUYECKON Hayku M (pyHIaMeH-
TaJbHBIE XUMUUYECKUE TIOHATHUS IIPU PELIEHNN KOHKPETHBIX TPOU3BOACTBEHHBIX 3ana4 (I1K-8).
OPraHM3alMOHHO-YIIPABJICHYECKAS 1eATEeJIbHOCTD:
— CIIOCOOHOCTHIO MPUHHUMAThH PEUICHUS B CTAHAAPTHBIX CHUTyalMsAx, OpaTh Ha ce0si OTBETCTBEH-
HOCTb 32 pe3yJsbTat BoinonHeHus 3ananui (I1K-12).
B pe3yabrare uzydyeHusi y4eOHOM QM CHUIIMHBI CTYAEHT J0JIKEH
3HATH:

— OCHOBHBI€ MTOCTYJAThl ¥ MPUOIMKEHHUS KBAaHTOBOW XHUMHH;

— TEOPETUYECKHE OCHOBBI KBAHTOBO-XMMHMUYECKUX METOJIOB MCCIEA0BAaHUS AJIEKTPOHHOIO CTPO-
€HUS XUMUYECKUX YaMTHII;

— BO3MO>XHOCTH U OIPaHUYEHMs] METOJOB KBAaHTOBOM XHMMHUU IIPU ONPEIEICHUU IapaMeTpbl
3JIEKTPOHHOI'O CTPOEHUSI XMMUYECKUX YACTHII;

— KOHLENTYaIbHbIE OCHOBBI TEOPUU XUMHUUYECKOM CBSI3U.

yMeTh:

— BBIOpaTh KBAHTOBO-XMMHUYECKUN METO/I, I7Isl PEeUICHUS TTOCTABICHHOHN (TUITMYHOMN ) 3aa4u:

— BBIIIOJIHUTH PACYET F€OMETPUUECKUX XAPAKTEPUCTUK XUMUYECKUX YaCTULL;

— OTIPEeNIeNIUTh U 0OOCHOBAThH pacIpe/leIeHUe IEKTPOHHON MIOTHOCTH Ha aTOMaX XUMHUYECKUX
YaCTHIL;

— MOCTPOUTDH KapThl PACIpEeAEICHHUS MIEKTPOHHON IJIOTHOCTH HAa aTOMax XMMHMUYECKON 4acTh-
1Ibl, IPOBECTU aHAJIN3 XUMUYECKUX CBA3EH;

— ONPEIETUTh YHEPTUU NOHU3ALNH MOJIEKYIISIPHBIX CHCTEM;

— MCCJIE0BATh MTOBEPXHOCTh MOJIEKYJISIPHOIO 3JIEKTPOCTATUYECKOrO0 MOTEHIMATa XUMUYECKUX
YaCTHIL;

— ONPEIETUTh TEIUIOTHl XUMUUYECKUX PEaKIIHil;

— MOJIYYUTh KBAHTOBO=XMMHUYECKHUE JaHHBIC ISl UCCIAEAOBAHUS TOBEPXHOCTH U MYTH XUMUYE-
CKOM peaxInu;

— BBIMIOJHUTh KBAaHTOBO=XUMHUYECKHE pAaCUeThl CTEPEOXMMHUYECKOTO CTPOCHUS U (U3HUKO-
XUMHYECKHX CBOMCTB IPOCTEHIINX MOJIEKYJ UCIIOJIb3YsSd COBPEMEHHbBIE KOMIIBIOTEPHBIEC TEX-
HOJIOTMY KBAaHTOBOW XUMUHU;

— WHTEPIPETUPOBATH U UCIIOIB30BATh PE3YJIbTAThl KBAHTOBO-XUMHUECKUX PACUETOB;

— OpPUEHTUPOBATHCS B KPYre OCHOBHBIX MPOOJIeM COBPEMEHHOW KBAaHTOBOM XUMUHU.

BJIA/I€Th:

— HAaBBIKAMM NMPUMEHEHHSI OCHOBHBIX ITOJIOKEHUM KBAaHTOBOM XMMHH JUIsSI aHAJIM3a CBOWCTB XU-
MHUYECKHX COCIMHECHMIA;

— METO/0JI0THEN KBAHTOBO-XUMHUYECKOTO ONPEAEICHNS IPOYHOCTH XUMUYECKON CBA3H;

— METO0JIOTHEN KBAHTOBO-XUMHUYECKOIO ONPEEACHUS TaPAMETPOB 3JIEKTPOHOIOHOPHBIX U
3JIEKTPOHOAKIENTOPHBIX CBOWCTB XUMHUYECKUX COEAMHEHUN;

— METOJI0JIOTHEN KBAHTOBO-XMMHUYECKOIO ONPEEICHUS JUMOIbHBIX MOMEHTOB XUMUYECKHUX
COEIUHCHUM;

— METOI0JIOTHEN KBAHTOBO-XUMHUYECKOIO ONPEEIECHUS SHEPTUH dJIEKTPOHHBIX MIEPEX0/0B U3
OCHOBHOTO B BO30YX/IEHHOE 3JIEKTPOHHOE COCTOsIeNE XUMHUECKUX COSIMHEHMUIA;

— METOI0JIOTHEN KBAHTOBO-XMMHUYECKOIO IPOrHO3a HAIIPAaBJIEHUS IPOTEKAHUS XUMUUECKON
peakuuu;

— METOJIOTHEN aHaJIN3a PE3yIbTaTOB MOJIEKYJIIPHOIO MOJIEIMPOBAHUS METOJaMH KBAHTOBOM
XUMUH;

— METO/I0JIOTHEH pacueTa KBAaHTOBIO-XMMHYECKHX MHJIEKCOB PEaKIIMOHHOM CIIOCOOHOCTH XUMHU-
YECKHMX YaCTHI] BEUIECTBA;

— METOJIONOTHUEN KBAUTOBO-XUMUUYECKON OIIEHKH KUHETUYECKUX M aKTUBALIMOHHBIX MTAPaMETPOB
XUMHUYECKOW PEaKInid.



4.

COJEPKAHUE JTUCIUIIJIMHBI U ®OPMbI OPTAHU3AIIMA YYEBHOI'O

MPOLIECCA

IHopsinkoBbIid HOMEpP U HAMMe-
HOBaHMeE TeMbI

Kparkoe cogep;kanue TemMbl

Cooeporcamenvhutii mooyns 1.
Hngpopmayuonnvix mexnonozuii, Cmanogienue u pazeumue K6AHmMoBol Xumuu.

Tema 1.
CoBpemeHHbIe HH()OPMAIIIOHHBIE
TEXHOJIOTUU KBAaHTOBOM XMMUHU.

Kommiekc mporpamm ctpykrypHoit xumuu HyperChem.
3anyck u 3aBepuieHue paborsl HyperChem. Ctpykrypa
pabouero oxkHa u wmeH HyperChem. Bo3moxHOCTH
HyperChem B co3nanuu MoJIEKyIspPHOM MOJIENH.

Tema 2.

Coznanue U pelakTUpOBaHUE
HyperChem Monenn XxuMudeckux
COCIMHECHUM.

[Toctpoenue oTaenbHBIX aTOMOB, cBszed. Cozganue 2D-
3CKM3a MOJEKyIsipHOW wmonenu. PenmaktupoBanue 2D-
aCcKHM3a MoOJeKyIsspHord Mozenu. IIpeoOpasoBanue 2D-
acku3a Mozaenu B 3D-cTpykTypHyro Monenb. CoxpaHeHue
MOJIEKYJIIDHOM ~ Mojenu.  BblgeneHne  CTpyKTYpHBIX
3JIEMEHTOB B MOJIEKYJsipHOM Mozenu. OmnpeneneHue
BEJIMYUH I1apaMeTPOB MOJEKYJSIPHOW CTPYKTypbl. Pemak-
TUPOBAaHHWE MAapaMETPOB  MOJEKYJISIPHOM  CTPYKTYPBHL.
Busyanuzanus MonekynsapHod moaenu. M3MeHeHue 1Bera
pabouero okHa U MOJIEKYJISIPHBIX 00BeKTOB. I'paduueckoe
MIPEACTABICHUE MOJIEKYJISIPHON MOJIENH.

Tema 3.
Merononorus Hyper Chem kBaH-
TOBO-XUMHUYECKOTO pacuerTa.

BeiGop npubimxkeHnss KBaHTOBO-XMMHUYECKOTO pacyera.
Beibop Metoma W mapamMeTpoB KBaHTOBO-XHMHUYECKOTO
pacuera. Boi6op pexxrMa KBaHTOBO-XMMHUYECKOTO pacyera.
CoxpaHeHue pe3ynbTaToB KBAaHTOBO-XMMHYECKOTO pacde-
ta. Ctpykrypa Tunu4yHoro log — ¢aiina. Tunuunas cTpyk-
Typa Z — MaTpUIlbl XUMHUYECKON YacTUlbl. BbIBOM pe3yib-
TAaTOB pacueTa Ha dKpaH MoHuTopa. ['paduueckoe mpen-
CTaBJICHHE MOJIEKYJISIPHBIX OpOHUTaNICH.

Tema 4.

DKCIepUMEHTATBHBIC OCHOBBI
KBaHTOBOI\/'I TeOpI/II/I JaCTHUIl MUK-
pommupa.

Mexannka 00BEKTOB Makpo- U MUKpomupa. KBaHTOBaHUE
SHEpruu oO0BEKTOB MHUKpomupa. [locTynmaT u ypaBHeHUE
[Inanka. KBaHTOBaHHMe 3HEpPruM SJIEKTPOHOB B aTOMax.
[Toctynat v ypaBHeHUs OWHINTEHA. DBOJIOLMS MpE.I-
CTaBJICHUHA O CTPOCHWU AaTOMOB: OpOWTaIbHAST MOJIENb
aToMma, nocrynatel bopa. BonHoBas npupoja 3J€KTPOHOB.
IToctynatel u ypaBHeHus ne bpoiurd. [Ipunnun neonpene-
néaaoctH [ elizenOepra. JIBmkeHHEe MM COCTOSIHHE 00BCK-
ToB MUKpoMupa. Ilocrynar bopna

Tema 5.

OneMeHTBl MAaTEMAaTHYECKOTO
arrapara v mocTyjaaThl KBAHTO-
BOM MEXaHUKH.

KonuenTyanabHble OCHOBBI KBAHTOBOM MEXaHMKH XUMHUE-
ckux vactull. [loctynmat o crmocobe omMcaHusi COCTOSHHS
00BbeKTOB MUKpomupa. CTallnoOHaApHOE COCTOSTHUE XUMUYe-
CKHX YacTul BellecTBa. BpeMeHHOe M CcTalMOHapHOE
ypaBHeHue lllpenunrepa MarteMaTuueckue OmnepaTophl.
Oneparop umnynbca U ero aeicreue. OnepaTop Koopau-
HAaThl U €ro AeiictBre. Oneparop BpEMEHU U €ro JEHCTBUE.
Jlunennple oneparopel. /[lelicTBHE mapel OnepaTopoB Ha
¢yakuuro. KommyTtupyromue omneparopsl. IPMHUTOBBI
omepatopsl. OmepaTopHOE ypaBHEHHE Ha COOCTBEHHBIC
3HaueHus. [loctymar o crmocobe ToydeHus: ypaBHEHHI




KBaHTOBOM MEXAHUKH. OnHomepHbIi oreparop
KUHETUYECKON DHHEPruM MUKPOYACTUIIbL. TpexmMepHbId
OIepaTrop KUHETHUYECKOW SHEPTrHH OOBEKTOB MHUKPOMHPA.
Oneparop TNOTEHUHWATBHON HSHEPrUU  B3aUMOJICUCTBUS
00bEeKTOB MHKpoMHpa. OnepaTop MOJTHON SHEPTrUM 0OBEK-
ToB MUKpomupa. [locTynar o cpeaneM 3HayeHHH OnepaTo-
pa I'amunbpToHa craunoHaoHoro ypaBHeHus Llpenunrepa.
[TocTynat o cynmepno3uLUU COCTOSHUN OOBEKTOB MHUKPO-
mupa. [TocTynar 06 aHTHCUMMETPUYHBIX CBOWCTBaX (hyHK-
1MW COCTOSIHHS aHCAaMOJIsI 00bEKTOB MUKPOMHUPA.

Tema 6.

TouHbIe U TPUOITMIKEHHBIE METO-
JAbI peIJ_ICHI/IH KBAHTOBOMCXAaHHUYC-
CKHX 3aJJa4HHX 3a7a4

VYpasuenue lllpenunrepa uist atoMa BOAOPOAA B I€KapTO-
Boi cucteme koopauHar. YpasHenue lllpenunrepa s
aToMa BOJIOpoJia B cepuueckoil cucreme KoopAauHar. R-,
®- u ®- ypaBHEeHHS JIsl aTOMa BOJAOPOJA: YCIOBHUS UX pe-
IIeHust. ATOMHEBIE OPGI/ITEUII/I, KBAaHTOBBIC YHCJIA.

Tema 7.

DNEKTPOHHO-SIEpHAsI MOZEIIb
XUMUYECKUX YaCTHUIl M YpaBHEHUS
lpenuurepa s pa3dUyHBIX
BapHaHTOB ATON MOJEIHN

DneKTpoHHBbIe,  KojiebaTelabHble U BpallaTelIbHbIC
COCTOsIHMS MOJIeKyJl. YpaBHeHue lIpénunrepa st aToMOB
U MOJeKyn. Pa3zneneHue 31€KTPOHHOTO M SEPHOTO JBHU-
keHul. Mogjenb ¥ BOJHOBOE YpPaBHEHHE XUMHUYECKON
yacTUIlbl B mnpuOmmwkennn bopHa — Omnmenreiimepa.
Mopens ©  BOJIHOBOE  ypaBHEHUE OIHOATOMHOM
XUMHUYECKON XaCTULIbI B OJTHORJIEKTPOHHOM MPUOIHKEHUN
XapTtpu. Mojenb XUMUYECKONH YacTUIIBI B MPUOIIKEHUU
CaMOCOIIaCOBAaHHOTO NOJIA. MHOT03J1€KTPOHHAs BOJIHOBAS
¢bynkuus Cneitrepa. Meron Xaptpu — @oka. DnekTpoHHast
SHEPTUsl CUCTEMBbI 3JIEKTPOHOB. OpOHUTaIbHBIE SHEPTUU.
DNeKTpOHHAst U OPOUTATIBHBIE SHEPTUH MOJIEKYJ C 3aKpbl-
ThIMU 00010ukamu. Meton JIupaka — doka.

Codepucamenvuviii Mooyb 2.
KonyenmyanvHvle 0CHO8bL MemoOa MOIEKYIAPHBIX opOumanei

Tema 8.
KoHnuenryanabHble OCHOBBI METOA
MOJICKYJIIPHBIX OpOUTaNICH

Monekynsapubie opOutanu.  [IpubOnuxenue TUHEHHOMN
KOMOMHAIIMH aTOMHBIX opOuTaneil. Momekynspabie opou-
Tald Kak JIMHEHHbIe KOMOWHAIWK Oa3MCHBIX (PYHKITUH
(aromHBIX opOuTaneit). Bapuanmonnas Teopema: mpoOHbIE
1 TOYHBIE MOJICKYJISIpHBIC OpOUTaAIH, Oa3ucCHbIE (DYHKIIHH.
3akpeiTbie 0005104kH. OTKpBITBIE 00070YKK. OrpaHuveH-
HbIi Meton Xaptpu — @Doka. HeorpanuueHHsblii MeTOx
Xaptpu — doxka. Teopema Kynmanca. BanenTHoe npu-
OommkeHne kBaHTOBOW xumuu. CtpykTypa 61oka MO xu-
MUYECKOW dYacTuipl: obmee uucio MO: 3amoiaHEHHbBIE
anekTpoHamu U BakaHTHble MO. ['pannunsie MO: B3MO
u HBMO. OpOurtansHblii MOTEHIIMAT HOHU3AIUU MOJIEKY-
JIAPHOW YacTHUIIBI B COOTBETCTBUU C Teopemon Kynmanca.
OpOuTanbHOE CPOJCTBO K IJIEKTPOHY MOJICKYISIPHOW dYa-
CTULIBI B COOTBETCTBUU ¢ Teopemoil Kynmanca. Xapakre-
PUCTUKH paclpeiesieHus 3JIEKTPOHHOW IUIOTHOCTH B XU-
MUYECKHX YacTULaX. DJEKTPOHHAs 3aCeIEHHOCTb aTOM-
HBIX OpOHTaNlell XUMUYECKUX YACTHI[ B MPUOIHUKCHUH Me-
toga MO. DnekTpoHHas IJIOTHOCTh Ha aroMax XHUMHYe-
CKUX YacTull B npubmpkeHnn meroga MO. 3apsa Ha aTo-
Max XMMHUYECKHX 4acTull B mpuOmmkennn metoga MO.




[Topsimok xuMHUYECKOH CBsA3U B MpuOmmkeHnu Mmerona MO.
OHeprusi XMMHYECKMX YacTHULl B NPUOIMKEHUM MeToJa
MO. 3BHeprus aucconuani XUMHUYECKONW CBA3U. DHEPIrHs
MOHM3AIMU XUMUYECKUX YACTHIL.

Tema 9.
MO wesmnupuueckoit u DFT
KBAaHTOBOU XMMUH

Op6utamu Xaptpu — Doka. Opburtanmu Cnelitepa - 3eHe-
pa. bazucuble QyHKIUU 11 HEOMIHPUYECKUX PACUETOB.
Ananutudeckue 6asucHble GyHKuud. OpOUTAIN TaycOBO-
ro Ttuna.Atomueie opOutanu. OFXHOIKCTIOHEHIIHMAIbHAS
opbutanp caaTepoBcKoro Tuna. D eKTUBHBIN 3apsa sapa
U DKpaHUpPOBAaHWE JJIEKTPOHOB. Pemakcarust opOuTaneil.
basucuple ¢yHkuH. @DYHKIUU CIITEPOBCKOTO THIIA.
Oynkiuu rayccoBa tumna. CriocoObl MPUMEHEHHUS Taycco-
BbIX (QyHkiui. Knaccugukanus 6azucHbix HabopoB. Mu-
HUMaJbHbIE Oa3ucHbIe HAOOPHI. J[BYX3KCHOHEHIUATbHbIE
6a3ucHbie Habopbl. Pacmupennsie 6a3ucueie HaOopsI. [lo-
nspusanronnbie U auddys3ueie Gyakmuu. KoppensmmnoH-
HO-COTJIaCOBaHHBIE Oa3ucHble Habopwl. COanaHCHpPOBAH-
HOCTh 0a3UCHBIX HAOOPOB U 00ECIIEUEHHOCTH DJIEKTPOHOB
O0asucHbIMU  (QyHKIHUSIMH. MHOTOYPOBHEBBIC METOJBI.
ATomHBIE Oa3ucHble HaOOpbl. MolekysipHbie Oa3uCHBIE
Habops! [loma. Munumaneable 6a3ucHeie Habopbl STO-
kG. BanenTHo-pacmiersieHHbie 0a3ucHble HAOOpsl M-npG.
[MonsipuzanonHble  (QYHKIMK BaJCHTHO-PACIICIUIEHHOTO
OasucHoro Habopa. [uddy3Hsie (yHKIIMKM BageHTHO-
paciuerieHHoro 6asuca. MHOrOypoBHEBbIE 3KCUTPAIONs-
nuonHele  HaOopbl Ilormma. TOYHOCTH HEIMITUPUUYECKHX
KBaHTOBOXMMMYECKHUX pAcueToB MoJIeKyd. McTouHMKH
norpemHocty CCII MO JIKAO pacueroB. CoctaB 37eK-
TpoHHOU Koppemsuun. OOmuUN MoaXo K ydeTy dHEpruu
AJIEKTPOHHOM KOppeIauuu. DOMIOUPUYECKUE W THOpHIHBIC
METOJIbl CTPYKTYPHONH XHMHH: MOJEKYJSpHas MEXaHUKa,
KOMOMHHMPOBAHHBIC KBAaHTOBO-KIACCHYECKUE TPHUOIIIKE-

Hus (QM/MM)

Tema 10. NDDO nony3mnupuueckass KBaHToBas xumusi: AMI,
Metononorua  nomyamnupuuec- | RM1. PM3, PM6, PDDG napamerpusanuu.

KOW KBaHTOBOM XWMHH

Tema 11. GAUSSIAN, GAMESS, HyperChem, MOPAC — xowm-
MeTtononorus W COBPEMEHHBIE | IJIEKCHI MPOTpaMM CTPYKTYpHOU XuMuu. X BO3ZMOKHOCTH
KOMITbIOTEPHBIE TEXHOJIOTHH | U OrpaHUYeHHUsA. MeToauKa CO3JaHusi U PElaKTUPOBAHUE
KBaHTOBO-XMMHUYECKOTO MOJIENH- | MOJIETTH XUMHUYECKHX COEAMHEHMH. MeToanka KBaHTOBO-
pOBaHUs XUMHUYECKOTO pacyeTa. AHalnu3 pe3yJbTaTOB KBAHTOBO-

XHMHYECKOTro pacuera. KBaHTOBOXMMHUUYECKHI pacyeT Co-
€IMHCHUH C  OTKPBITOH  000JIOUKOW. DIIEKTPOHHO-
BO30Y)KJIEHHOE COCTOSIHUE XHMHYECKMX YacTUIl. OJeK-
TPOHHOE CTPOEHUE XHMMHUYECKUX coenunHeHui. Pacnpene-
JIEHUE 3JIEKTPOHHOM IJIOTHOCTH B XMMHYECKHX YACTHUIIAX.
OHeprus JUCCOLMALUU XMMHYECKOH CBS3H. OHEpPrus
MOHM3AIMN XUMUYeCcKNX dacTull. [Ipobiaemsbl ocymiecTsie-
HUS KBAaHTOBO-XMMHUYECKOTO MOJISIIMPOBAHUS HeaauadbaTu-
YecKux peakuuii. TepmMoanmHaMHUUYECKHE CBOMCTBA. DHEp-
rusi 00pa3oBaHus MOJIEKYN M3 aTOMOB. BubI SHEpPruu Mo-
JeKyabl. PacdeT TepMoamHaAMUYECKUX (PYHKIUNA. AHaiM3




3aceneHHocTel. [Topsimok cBsi3u. BameHTHOCTh U ee BHIIbI/
Komnerorepnas cnekrpockonus. GAUSSIAN, GAMESS,
MOPAC, HyperChem — xonebarenbHasi CIEKTPOCKOIIHSI.
GAUSSIAN, GAMESS, MOPAC, HyperChem »nexTpoH-
Has crekTpockonus. [IpubnkeHne BUPTyalbHBIX OpOH-
taned. [IpubmmkeHne KOH(PHUTYpaIIMOHHOTO B3aWMOICH-
ctBus. IIpsamoit meron SCF. IHTEHCUBHOCTD 3JIEKTPOHHO-
ro nepexoxaa. PeHtreno-, poTo- 1 TpaHCMUCCHOHHBIE JIEK-
TPOHHBIE CIIEKTPBHI.

Tema 12.

KoHuenTyanabHble OCHOBBI, COCTO-
SIHUE U MpOo0OJIeMbl TEOPUN XUMHU-
YECKOH CBSA3HU.

Pons ¢a3z aTtomubix opOuTaneir mpu obOpazoBanuu MO.
KoncrpyktuBHas u nectpykrtuBHas untepdepenuus AO.
CBs3bIBAIOIIME W HECBS3BIBAIOIIME JJIEKTPOHHBIE MApBI;
CBSI3BIBAIONIIME W aHTUCBs3bIBaromue komOuHaimu AO.
Knaccudukanms MO mo ux cBoiictBam cummerpuu. Oc-
HOBHBIC TIPEJCTABICHUS OPOUTATHHOW KAPTHHBI XUMHUYE-
CKO cBs3u. HeoOXoamMocTh YCIOBUH OJWHAKOBOW CHM-
MeTpun B3aumopeicTByrommx AO s o0pa3oBaHUS XU-
MUYECKOW CBsi3u. [IpuHIUIT OpOUTATIBLHOTO COOTBETCTBHS.
MO u opbutansHoe cootBercTBUE AO (MeToanka Mam-
KeHa). AHaIu3 3aceJICHHOCTeH opOuTasnei mo MautikeHy.
[IpeacraBnenue o 3apsiaax U MOPsAKAX CBSI3H, UCIONb3Ye-
MO€ TIPH OPOWTAIbHOM OMUCAHWW XUMHUYECKOH CBs3H. Jle-
dbopMalmoHHasi 3JEKTPOHHAS TIIOTHOCTh. OCOOEHHOCTH
MIPOCTPAHCTBEHHOI'O PACHpPENENICHNs 3JIEKTPOHHOW IUIOT-
HOCTH B KOBaJICHTHOW CBsi3M. OCOOEHHOCTH MPOCTpPaH-
CTBEHHOT'O paclpe/ielIeHusl JJIEKTPOHHOM TUIOTHOCTH B
WOHHOU CBsi3U. [lapaMeTpbl KpUTHUECKUX TOYEK IJIEKTPOH-
HOM IJIOTHOCTH, XapaKTEPHU3YIOIIUE XUMHUYECKYIO CBS3b.
Tun KpUTHUYECKOM TOYKH DJIEKTPOHHOM IUIOTHOCTH B Me-
KbAJIEPHOM IIPOCTPAHCTBE XUMUYECKH CBs3U. Jlammacuan
AJIEKTPOHHOW TUIOTHOCTH, XapaKTEPU3YIOIHUN XUMHUYe-
CKYIO CBSI3b. 3HAaK JIalJlaCMaHa S3JEKTPOHHOM MIOTHOCTH
JUISL. KPUTUYECKOW TOYKM AJIEKTPOHHOW IUIOTHOCTH KOBa-
JIEHTHOM CBSI3U. 3HAK JallachaHa 3JIEKTPOHHOM IJIOTHO-
CTUIJISI KPUTUYECKOW TOYKH OJJIEKTPOHHOW IUIOTHOCTH
MOHHON CBSI3U. OJIEKTPOCTATUYECKHI aCHEKT ONUCaHUS
XUMHUYECKON CBA3U. OCHOBHBIE NPUHIUIBI JIOKAJTU3ALNU
opOuTanei.

Tema 13.

KBaHTOBO-XMMHYECKOE OINHCAHHE
peakiuii: mpoOJIeMbl U METOIbI
ydera JJIEKTPOHHON KOPPeIsnuu

DneMeHTapHbIM aKT XMMUYECKOW peakiuu. Teopus mepe-
XOJHOTO COCTOSIHMSI XMMHYECKOM peakuuu. Pacuer mo-
BEPXHOCTH IIOTEHIUAIbHOM DHEPIMM XUMHUYECKOU peak-
uuu. Cranuvonapsbie Touku [II1ID snemeHTapHON peakuuu.
[Tyte xumuyeckoi peakuuu. OUeHKa reOMETPUU MEPEXOI-
HOT'O COCTOSIHUSL XMMUYECKON peakuuu. VHaekcsl peakuu-
OHHOM CIMOCOOHOCTH. MOEKYISAPHBIM 3JIEKTpOCTaTHYE-
CKHI MmoTeHIuan. MeToJ rpaHUYHBIX opOuTaneid. Teopus
KECTKUX M MATKMX KHUCIOT M OCHOBaHUH. AOcCOIIOTHas
KECTKOCTh U a0COJIOTHAsT MATKOCTh MOJEKYJISIPHBIX CH-
creM. KBantoBsi Tepmoxumus. Meron HM30J€CMUYECKUX
peakuuii. OnpeneneHne TEPMOXUMUUYECKUX XAPAKTEPUCTHK
XMMHMYECKUX YaCTHILl U DHEPTUU UX AUCOLMALMNA HA HOHBI U
panuKanbl B pUOIMKEHUN U30JIECMUYECKUX peakuuil. He-
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M30/IECMUYECKUE PEAKIMU. 3HAUY€HHUE KOPPENSIIMOHHBIX
addexroB. Tumbl KoppensimoHHBIX 3¢ dekToB. MeToabl
ydeTa 3JIeKTpOHHOM Koppensiuuu. KoppenupoBaHHble Me-
toasl. Kondurypanronnoe B3aumoneiicteue. Metoj Teo-
puu BO3MyLIEHUN. MeTo TEOpHUH CBSI3aHHBIX KJIACTEPOB.
MHOroKoH(pUTYypaIrmoHHOE B3auMoAeHCTBHE. MeTol KOH-
(GUTYpaIIMOHHOTO B3aUMOJICHCTBUS HECKOJIBKUX MCXOTHBIX
KoHurypamuii. Meron ¢yHKIHMOHAIA HNEKTPOHHON TIOT-
Hoctd. OcHOBHBIE ITONOKEHU MeTtonma. Merton Koma —
[IIsma. KBanToBsle MeTo 161 MoHTE-Kapsio.

Tema 14.
Metonosorus KBaHTOBO-
XUMHUYECCKOT'O MOI[G.HI/IpOBaHI/IH C
yaetoM 3d@deKrTa conbBaTaluu
00BEKTOB

MonenupoBaHie COJBBATHBIX O00O0JOYEK: KBAaHTOBOXUMH-
4eCcKHe MOJIENH; CylepMoJIeKysipHoe pubamxenue. Kon-
THHYyaJlbHasl MOJENb MOJIIPU3aLMOHHOIO JEHCTBUS pac-
tBopuTessi COSMO. KBaHTOBOXMMHYECKAs  MOJIEb
COSMO BnusiHMSI PACTBOPUTENS HA SHEPTHUIO U JIEKTPOHA
CTPYKTYPY XUMHUYECKUX OOBEKTOB. DHEPIusi U IpaueHTHI
SHEPrUM JUAJIEKTPUYECKOIO 3KPAaHUPOBAHMSI PACTBOPUTE-
JeM MOJEKya BemecTBa. llonHas sHeprus coipBaTUpOBa-
HBIX MOJIEKYJISIPHBIX CHUCTEM. Bo3MOXXHOCTH M orpaHuue-
Hue monaenu COSMO. JluzaiiH MOBEPXHOCTH MOJISIpU3aI-
onnoro neiicrBust pactBopurens (IIIIP) B npubmmkenun
COSMO: 6a3ucnas cerka [II1JIP n nmpuHmmnm ee moctpoe-
HUS, CErMEHTbl IOBEPXHOCTU MOJISIPU3ALMOHHOIO JIEH-
CTBMsI PAaCTBOPHUTES; YUCIO Y3JIOBBIX TOUEK Ha Oa3MCHOMN
CETKE MOBEPXHOCTH OCTYIA PACTBOPUTENS; PaIHyC MEXK-
cerMeHTHOro B3aumonevictsus Ha IIII/IP; nuanexrpuye-
CKMl (paKTOp; BaH-IEpP-BaaJbCOBUN PaJNMyC MOJIEKYJ pac-
TBOPUTENS; COJIbBATALMOHHBIA pPaguyC aTOMOB MOJIEKY-
JSIPHBIX cUCTeM; 3(PGEKTUBHBIN 3apsiOBBIA PagiyCc MoJe-
KyJ pacTBopuTenst; MeToanka KBAaHTOBOXUMUYECKOTO MO-
JEeTUPOBaHUs AEUCTBUS Cpellbl HA XUMHUYECKHE OOBEKTHI B
npubmmxennn mMonenu COSMO. D¢ dextsl monspusaim-
OHHOT'O JIEHCTBUS PAaCTBOPUTENS Ha MOJIEKYJSIPDHYIO TI'eo-
METPUI0 XUMUYECKHX YaCTHUL] C OTKPBITOM U 3aKpPBITOU
ANIEKTPOHHOU 000709KOi. DPGEKThI MOIAPU3AUOHHOTO
JNEUCTBUS PACTBOPUTEN HA IApaMeTpbl DJIEKTPOHHOM
CTPYKTYpPbl XMMHYECKHX YaCTHI] C OTKPBITOM M 3aKPBITON
AJIEKTPOHHON 000704YKOH. DPPEKTH MONAPU3ALMOHHOTO
NEeUCTBUSL PAcTBOPUTEN Ha (PU3MKO-XMMHUYECKHE Iapa-
METPbI MOJIEKYJIIPHBIX CUCTEM MJIM UX KOMIUIEKCOB.

Tema 15.
AKTyallbHbIE HAIPBJIEHUSI COBpE-
MEHHOU KBAaHTOBOU XUMHUHU.

KBanroBas Omoxumus. KBaHTOBass MeIUIIMHCKAs XUMMSL.
KBanToBas skosornuecka xumus, KBanroBass Xxumus TBep-
noro tena. KBaHTOBass XMMHUS CyNpaMOJIEKYJSpPHBIX CY-
IIpaMoJIeKyJIsIpHbIX cucTeM. KBaHToBas HaHoxumus. Cka-
HUpYIOIAsl 30HJ0BAas MHUKPOCKONMSI KAaK MHCTPYMEHT
KBaHTOBOM XHMHHU. 30HI0Bas TYyHEJIbHAash MHMKPOCKOIUS.
MarHuTHO-CHI0Bass MUKPOCKOIUS. DJIEKTPOCUIIOBAsT MHUK-
pockonusd. biamkHenonbHas ONTHYECKast CIEKTPOCKOINS.




TemaTH4eckui njaaH
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Copep:xarejbHbIN MOTYJIb 2

Ha3Banus comep:kaTejJbHbIX
MoaYyJIell M TeM

KoanuecTBo 4acoB

Ounas popma o0yueHust 3aounas popma o0yueHust

B T.4. B T.4.

BCETrO
BCETrO

JEKIUN
MPaKTHIECKHE
nabopaTopHbIe

CaMOCTOSITENbHAs

pabora

WHIUBUTYyabHAs

pabora

JEKIUH
MPaKTHYECKHE
nabopaTopHbIe

CaMOCTOSITENbHAs

pabora

WHIMBUIYyabHAs

pabora

Tema 1.

CoBpeMeHHbIE  HH(pOpPMAIIH-
OHHBIE TEXHOJIOTMH KBaHTO-
BOU XUMUU.

10 2

[S—
-

Tema 2.

Co3naHue U pelakTUPOBaHUE
Hyper Chem monenu xumu-
YeCKUX COCTUHEHUN.

11 2 2 7

Tema 3.

Metononorus Hyper Chem
KBaHTOBO-XUMHUYECKOTO pac-
qera.

11 2 2 7

Tema 4.

DKCHepUMEHTAIbHBIE OCHOBBI
KBAaHTOBOW TEOPHUU YaCTHIL
MUKPOMHUPA.

10 3 1 6

Tema 5.

OneMeHThl MaTeMaTHYEeCKOIo
arrapara ¥ MOCTyJaThl KBaH-
TOBOM MEXaHUKH.

10 3 1 6

Tema 6.

Tounble © NPUOTMIKCHHBIC
METOAbI peIlIeHI/IH KBAHTOBO-
MEXaHHYECKMX 3aJayHuX 3a-
Jaq

10 3 1 6

Tema 7.
DNEeKTPOHHO-sIepHasl ~ MO-
JeJIb XUMHYECKUX 4YacTHUIl U
ypaBHeHus Illpenunrepa s
pa3IMYHBIX BapUAaHTOB HTOU
MOJIETHN

10 3 1 6

Hmozo no cooeprcamenn-
Homy mooynio 1

72 | 18 | - | 9 | 45
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Conep:kareJibHbII MOIYJIb 2

Ha3Banus comep:kaTeJbHbIX
MoOaYyJIell M TeM

KoanuecTBO 4acoB

Ounas popma o0yueHust

3aounas popma o0yueHust

B T.4.

BCETO
JEKIUN
MPaKTHYECKUE
nabopaTopHbIe
CaMOCTOSITEIIbHAS
pabora
WHUBHYATbHAS
pabota

BCETro
JCKIHN
MIPAKTHIECKHE
nabopaTopHbIe
CaMOCTOSITENbHAs
pabota
WHIUBUTYyabHAs

pabota

Tema 8.

KonnenryansHbie OCHOBBI
METOAa MOJEKYJSPHBIX OpOu-
TajgeHu

O
[\
—_—
(@)}

Tema 9.
MO neamnupuueckoit u DFT
KBAaHTOBOU XMMUH

Tema 10. Metononorusi mo-
JIYDMIIUPUYECKON KBAHTOBOMU
XUMHUHU

Tema 11.

Merononorust M COBPEMEH-
HbIE KOMIIBIOTEPHBIE TEXHO-
JIOTUU KBaHTOBO-
XUMHYECKOTO  MOJEIUPOBa-
HUS

Tema 12.

KoHuenTyanbHble ~ OCHOBBI,
COCTOSIHME W TPOOJIEMBI TEO-
pUU XUMUYECKOM CBSI3U

Tema 13.
KBaHnTOBO-XMMHUYECKOE OMH-
CaHWE pPEeaKIui: mpPoOJIEMbI U
METOABI yyeTa JJIECKTPOHHOU
KOppesIuu

Tema 14.

Mertonoaorus  KBaHTOBOXH-
MUYECKOTO MOJICITUPOBAHUS C
yaetoM d3¢¢ekTa coybBaTa-
MU 00BEKTOB

Tema 15.

AKTyallbHbBIE HaIpBJICHUS
COBPEMEHHON KBAHTOBOM XU-
MHUH.

Hmozo no cooeprcamenn-
HOMY MOOYI0 2

72 | 18 | - |9 | 45| -




S.METOAUYECKHE PEKOMEHJALIUU JJIs1 NPOBEAEHUA
JIEKIIMOHHBIX, IIPAKTHYECKHUX U IABOPATOPHBIX 3AHATUU

TeMbl JeKIIMOHHBIX 3aHATHH

Ne Koauuecmeo
wn Ha3zeéanue memoi waCos
1 | CoBpemeHHbIe HH(POPMAITMOHHBIE TEXHOJIOTMHA KBAHTOBOH XUMHUH. 2
2 | Co3nanue u penpakrupoBanue HyperChem monenn XuMHIecKux coeuHe- 2
HU.
3 | Merononorust Hyper Chem KBaHTOBO-XMMHUYECKOT'O pacueTa. 2
DKCIepUMEHTaIbHbIE OCHOBBI KBAHTOBOW TEOPHUH YACTULl MUKPOMHUPA. 3
5 | DneMeHThl MaTeMaTHYEeCKOTO anmnapara U MoCcTyJIaThl KBAHTOBOW MEXaHH- 3
KH.
6 | TouHble u PUOIMIKEHHBIE METO/IBI PEIICHUSI KBAHTOBOMEXaHMUECKHUX 3a- 3
JAYyHUX 3a7a4
7 DNEeKTPOHHO-sIIEpHAas MOJENb XMMUYECKUX 4acTUll U ypaBHeHus [llpe- 3
JUHTEpA ISl a3 IMYHBIX BAPUAHTOB 3TON MOJIENIHU
8 | KoHnuenryanbHbIe OCHOBBI METO/Ia MOJICKYJISIPHBIX OpOUTaen 2
9 | MO nesmnupuueckoit 1 DFT kBanTOBOI XUMun 2
10 | Merononorus noxy3MNMpUIECKO KBAaHTOBOM XUMUU 2
11 | Merononorust 1 COBpEMEHHBbIE KOMIIBIOTEPHBIE TEXHOJOTMU KBaHTOBO- 2
XUMUYECKOTO MOJEIIUPOBAHUSA
12 | KoHuenryanbHbIE OCHOBBI, COCTOSIHUE U TIPOOIEMBI TEOPUH XUMHYECKOU 2
CBSI3U
13 | KBaHTOBO-XMMHUYECKOE OMMCAHUE PeaKIMii: MpoOJIeMbl U METO/bI Y4eTa 2
3JIEKTPOHHOU KOPPEIISIIUU
14 | Meronmonorusi KBAHTOBOXUMHUYECKOTO MOJICTHPOBAHUS € y9eToM d(hdexTa) 3
COJIbBaTaIi OOBEKTOB
15 | AkTyanpHbl€ HAIPBIEHHUS] COBPEMEHHOW KBAaHTOBON XMMUH. 3
BCET'O 36
TeMbl 12a00paTOPHBIX 3AHATHI
No Ha3Banune Tembl Konuuecmeo
/1 yacoe
1. | Metononorust HyperChem MoiekynsspHOTO MOACITUPOBAHUS 2
2. | Meromonorus omnpeneneHus HaPaMETPOB CTaTUYECKOW U TUHAMUYE- 2
CKOM MOJIEKYJIIPHOM CTPYKTYPbl XUMHUYECKUX COCAUHEHUN
3. | KBaHTOBOXMMHUYECKHI pacyeT B pEeKHUME KOOPAWHAT BHYTPEHHETO 00- 2
panieHus
4. | MeTtomonorusi onpeaesIeHus: SHTPONUU XUMHUYECKUX COCTMHEHUHN 2
5. | MeTomosorust KOH()OPMAITMOHHOTO aHAIM3a XUMHUYECKUX COCTMHCHUN 2
6. | MeTononorust onpeneaeHus: SHEPTUU NOHU3AIMN XUMUUECKUX COEIUHE- 2
HU
7. | MeTonionorust onpee’aeHus: CPoJCTBA K JEKTPOHY XUMUUYECKHUX COE/IH- 2
HEHUU

13
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MeTtooorus onpeaesieHns 3HEPrUU JUCCOLUALMN XUMUYECKUX COEIN- 2
HEHUNI

Mertononorus HyperChem mMosieKysisipHOTO MOJEINPOBAHUS 2
BCET'O 18

6. METOANYECKHUE PEKOMEHJIAIINH 11O OPTAHU3ALIUN

CAMOCTOSTEJBHOM PABOTHI CTYJIEHTOB

Opranusanusi CaMoCTOATEILHONH padoThI CTYJAEHTOB

No Konuuecmeo
wn Ha3zeanue memoi 4aCOs
1 | CoBpemMeHHbIe HH()OPMAIIMOHHBIC TEXHOJIOTHHA KBAHTOBON XUMUHU. 7
2 | Coznanme u penaktupoanne HyperChem monenun XMMHYECKHX COEIUHE- 7
HUU.

3 | Merononorus Hyper Chem kBaHTOBO-XHUMHUYECKOTO pacyeTa. 7
DKCMepUMEHTAIBHBIE OCHOBBI KBAHTOBOM TEOPHUH YACTUI] MUKPOMHUPA. 6

5 | DnemMeHTHl MaTeMaTUYECKOro amnmnapara u MoCTyJaThl KBAHTOBOW MEXaHH- 6
KH.

6 | TouHble u PUOIMIKEHHBIE METO/IBI PEIICHUSI KBAHTOBOMEXaHMUECKHUX 3a- 6
JAYHUX 3a7a4

7 DNEeKTPOHHO-sIIEpHAs MOJENb XMMUYECKUX 4acTUll U ypaBHeHus I[llpe- 6
JUHTEpa JIJIs pa3InYHbIX BAPUAHTOB 3TOM MOenn

8 | KonnenrtyaibHbIe OCHOBBI METOA MOJIEKYJISIPHBIX OpOUTaIeit 6

9 | MO nesmnupuyeckoit 1 DFT kBaHTOBOI XUMUU 6

10 | MeTtomonorust Moy MIMPUIECKON KBAHTOBON XUMUU 6

11 | Metononorusi 1 COBPEMEHHBIE KOMIBIOTEPHBIE TEXHOJOTUH KBAaHTOBO- 6
XUMUYECKOT'0 MOJCIIUPOBAHUS

12 | KoHuenryanbHbIE OCHOBBI, COCTOSIHUE U TIPOOIEMBI TEOPUH XUMHYECKOU 6
CBS3U

13 | KBaHTOBO-XMMHUYECKOE OMMCAHUE PeaKIMii: MpoOJIeMbl U METOMAbI y4eTa 6
3JIEKTPOHHOU KOPPEIISIIUU

14 | MeTononorus KBAHTOBOXUMHUYECKOTO MOJICTTUPOBaHUS ¢ yueToMm 3 dekra 5
COJIbBATAIlUU OOHEKTOB

15 | AxTyanbHble HAIPBIEHUS COBPEMEHHOW KBAHTOBON XWMHHU. 4
BCEI'O 90

7. UHAUBUAYAJIBHBIE 3AJIAHUSA
(nHe npedycmompervl npoecpammort)

8. KOHTPOJIBHBIE BOITPOCHI K TIPOMEXYTOUYHOM ATTECTALIUA

Konuenmus Ilnanka o KBaHTOBaHMM HEPrUM B Mpoleccax €€ MOIVIOMEHHS WU SMHUCCHUH.
Kak ITnank nomyunn ¢pyHIaMeHTanbHYI0 KOHCTaHTY h? Kak cBsi3aHbl MexXly cOOOH 1mocTo-
saHas [manka h u peagynupoBannas mocrosinnas [Inanka (nmu noctossHHas Jupaka) h?
KoHnuenuus OiiHIITEHa 0 KBAHTOBAHUM YHEPTUM DJIEKTPOHOB B aToMax. YpaBHEHMs ODWH-
mreitHa 1 GporoaddexTa u SHepruu GOTOHA.



10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

15

Konnenmus bopa opOuTanbHON MOJENIHM aToMa: CUJIOBOM TMOCTYJIAT CTAIIHOHAPHOCTH JJICK-
TPOHHOUM OPOWTHI; MPABIIIO KBAHTOBAHMSI MOMEHTA MMITYJIbCa DJIEKTPOHA; MPABUIIO YaCTOT.
[Toka3zaTh OrpaHMYEHHOCTH CHJIOBOTO TOCTYyJaTa CTAI[MOHAPHOCTU JJIEKTPOHHOW OPOUTHI
[Tokaszatb B mpUONIMKEHUU MpaBUiIa KBAHTOBAHUS MOMEHTA MMITYJIbCA DJIEKTPOHA TUCKPET-
HOCTh 3HAYCHHUH pajuyca W dHEPTUU ICKTPOHHOU opOuThl. [lokaszare neiicTBHe TpaBuiIa
yactoT bopa.

Konnenuus ne bpoiisis o BOJIHOBOUM MpHUpOJIE JIEKTPOHOB. YpaBHEeHUs A€ bpoilns: ypaBHe-
HUE DJIEKTPOHHOU BOJIHBI 1¢ bpoiliisd; ypaBHEHUE SHEPIUU MIEKTPOHA B IBUKCHUM; ypaBHE-
HUE MOMEHTA MMIIYJbCa AIEKTPOHA B JBWKEHUU; YPABHEHHE JIMHBI BOJHBI JIEKTPOHA B
JBUKCHHUH;, YPaBHEHUE JITUHBI BOJHBI 3JICKTPOHA KaK (YHIIMHU €r0 KHHETHYECKON SHEPTHUH.
O06ocHOBaTh B3aMMOCBSI3b BOJTHOBOTO TocTyiarta jae bpoins ¢ moctynarom bopa o kBaHTO-
BaHUU MOMEHTA UMITYJIbCa JIEKTPOHA.

Konnenmnus bopHa 0 HEOOXOIMMHUCTH OMHCAHMSI COCTOSHUS, a HE JBUXKEHHS, 0OOBEKTOB
Mukpomupa. Kak onucats cocrosiHue 00bekToB Mukpomupa? Kak onpenenuTs BEpOSITHOCTb
MECTOHAXOXKICHUHSI 00BEKTOB MHKpoMupa? Uem OTIHMYaeTCs KOMILJIEKCHO-CONPSKEHHAs
¢GyHKLUS cocTOAHUS 00BbEKTOB MUKpomupa P*(X, y, z, t) oT pynkuu cocrostaus V¥ (X, y, z,
t)?

[Toctynat o cnoco0e omucaHus COCTOSIHMS OOBEKTOB MUKpomupa. CBOHCTBA, KOTOPHIMH
JOJDKHA 00anath (GYHKIHUS COCTOSHHS OOBEKTOB MHUKPOMHpA. YCJIOBHE HOPMHPOBKH
(YHKLIUU COCTOSHUSI.

KoHuenuus cTaimoHapHOTO COCTOSHUS XMMUYECKUX YaCTHUIL BEILIECTBA.

Konnernmus Illpeaunrepa o cnocobe omnpeaeneHus GyHKIUUA COCTOSHHUS XMMHYECKHX Ya-
CTHI] B DJIGKTPOHHO-siiepHOM mnpubnmxeHuu. [lonyunts cranumonapHoe ypaBHenue Illpe-
JTUHTEpA.

Kaxoit Bug umeet oneparop ummynbca? [Topsinok ero nerictBus Ha GyHKITUIO.

Omnepatopbl KOOPAUHATHI U BPEMEHH U MOPSIOK UX ASHCTBUS HAa (DYHKITHIO.

Kaknmu cBoiicTBaMu TODKHBI 00J1a71aTh JIMHEHHBIC OTIEPaTOPhI?

KaxkoBa mocienoBaTenbHOCTh JEHCTBUS aphbl ONEPaTOPOB Ha (PYHKIIHIO.

Kaknmu cBoiicTBaMu JTODKHBI 00J1a71aTh KOMMYTHPYIOIIHE ONepaTophl?

Kakumu cBoiicTBaMu JOIHKHBI 00J1a1aTh 3PMUTOBBI OTIEPATOPBHI.

Kaxoit Bug nMeeT ornepaTopHOe ypaBHEHHE Ha COOCTBEHHBIC 3HAUCHHUSI?

PackphITh CYIIHOCTH MOCTyaTa O crioco0e MoMyueHusl ypaBHEHUH KBAaHTOBOW MEXaHHKH.
[Tonyunts omepaTopbl KMHETUYECKOW HSHEPrUM IS SACPHO-3JIEKTPOHHOM MOJAEIH OJIHO-
aTOMHOU XUMHUYECKOUN YaCTHUIIBI.

[TonyuuTs oneparopsl MOTEHUUAIBHON HEPTUU IS A1€PHO-2JIEKTPOHHON MOJIEIN MHOTO-
ATOMHOU XUMHUYECKOUN YaCTHUIIBI.

MO>KHO JI1 ITOJIHYIO HEPTUI0 XUMHUYECKOW YaCTULbI BEIYUCINTD 110 cxeMe: Enonnas = Exu-
HeTn4deckas + Enmorennuansaas. OO0CHOBTH MIPHUHIIUAI BBIYUCIICHUS TIOTHOW YHEPTHH SIep-
HO-3JIEKTPOHHON MOJEIM MHOTOATOMHOM XMMHMYECKOW YaCTHULBI UCIIONb3Ysl CTAllHOHAPHOE
ypasHeHnue lllpeaunrepa.

Kakum o0pazom MOXHA TOJNYyYUTh CpeHEe 3HAUeHHEe oreparopa ['aMuiIbTOHA ypaBHEHHS
[IIpenuHrepa uist CTAlMOHAOHOTO COCTOSIHUS XUMUYECKUX YacTul. OU3NUeCKUil CMBICI T10-
JY4EeHHON BEJIMYUHBI.

Mogernb, BOJHOBOE ypaBHEHHE M SHEPTHs aTOMa B NMPHOIMKEHUH COTJIACOBAHHOTO JBHIKE-
HUSA 4]1pa U 3JIEKTPOHOB.

Monenb, BOJHOBOE ypaBHEHUE U SHEPTUs MHOTOATOMHONW XUMHUYECKOW YaCTHIIBI B TTPUOIH-
JKEHUHU COTJIACOBAHHOI'O JBUKEHUS SIIEP U DJIEKTPOHOB.

Mogernb, BOJTHOBOE YpaBHEHHE U SHEPIUs XMMUYECKOH YacTHlbl B npuOmmkeHnn bopHa -
Onnepreiimepa.

Mogernb, BOJIHOBOE YpaBHEHHE U HEPTHUs aTOMa B OJHOXJICKTPOHHOM HPUOIMKEHUN XapT-

pH.
CrpyKTypa 1 CBOCTBa MHOTORJIEKTPOHHOM BOJIHOBOW (hyHKIMHU (neTepmuHanTta) Crnatepa.
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Monenb, BOTHOBOE YpaBHEHHE M SHEPIHsl aTOMa B IPUOIMKEHUH CaMOCOTTIACOBAHHOTO T10-
151 XapTpH.

Monenb, BOJTHOBOE ypaBHEHUE M DHEPIHsi MHOTOATOMHBIX XMUMHUYECKHUX YacTHIl B MPUOIH-
JKEHUHU CaMOCOIIacOBaHHOrO noiist Xaptpu — doka.

Konnernmus MO B kBaHTOBOM XUMUU: conepkanue nmouatus AO B ¢popmynupoBke Maiu-
KeHa; conepkanue nousatuss MO B ¢popmynupoBke Maimkena; ctpykrypa AO — paauaib-
Has U chepuueckue (yHKIUHU; KBAHTOBBIE UMCIA — IJIABHOE, OPOUTAIILHOE U MAarHUTHOE;
TpeboBanuss K MO; mocTynaT 0 CyNeprno3uIIMA BOJHOBBIX (DYHKIIHIA,; TPUHIIUI TIOCTPOCHUS
MO - BapuanmoHHasi TeopeMa; MPOOHBIE W TOYHBIE MOJICKYJSIPHBIE OpOUTATH, TTPHOIHKE-
aue MO JIKAO; 6a3ucHbie QyHKIINU.

RHF npubnmxenne KBaHTOBOW XUMHH.

UHF npubnmxenne KBAHTOBOM XUMUHU.

HesMmnupuueckast KBaHTOBast XUMHSI.

[TonysMnupuyeckast KBAHTOBAsI XUMHSL.

BanentHoe npuOnmkeHue KBAHTOBOW XHMHH: BaJCHTHBbIE M HEBAJEHTHBIE JJIEKTPOHBI;
SIIEPHO-DJIEKTPOHHBIN OCTOB.

Crpykrypa 6moka MO xumudecko dactuipl: obmiee uncio MO; NMpUHINI 3amOJTHEHHS
MO »snexrponamu B UHF u RHF npuGnuxeHun KBaHTOBOW XMMMHU; YUCIO 3aNOTHEHHBIX
37eKTpoHamu U BakaHTHBIX MO; rpannuynsie MO; B3MO u HBMO.

KBanroBo-xumuueckass UHQOpMaTUBHOCTh O6J0ka MO XUMHUYECKOW YacTHIbI, XapaKTepu-
CTUKH JOHOPHO-aKIeNnTOpHBIX CBOMCTB —Heprus U3MO nu HBMO; opOuTtanbHbIi MTOTEH-
[[MaJl MOHU3AaLUU ¥ OpOUTAIEHOE CPOACTBO K AJIEKTPOHY MOJIEKYJISAPHON YaCTHUIIBI B COOT-
BETCTBUM C Teopemoil KynmaHca; pacnpenesieHle 3IeKTPOHHON IUIOTHOCTA B XMMHUYECKUX
YaCTHIIAX; 3apsij Ha aTOMaX XMUMHUYECKUX YACTHIl B MpUOIMKeHnn Merona MO; 31eKTpoH-
Hasl MJIOTHOCTh HA aTOMaX XMMHUYECKHX YacTHI] B MpubamxeHuu metona MO; aineKkTpoHHas
3aCEeNIEHHOCTh aTOMHBIX OpOUTAaNIel XMMHUYECKUX YacTHI] B MpuOImkennn meroga MO; mo-
PATOK XUMUYECKOM CBS3H B pHuOIMKeHnn meroaa MO.

Bo30yx/1eHHOE CHHIIJIETHOE JIEKTPOHHOE COCTOSIHME XMMUYECKUX YACTHI[ BEILECTBA U €ro
CIIMHOBAs MYJIbTUIIJIETHOCTbD.

TpumieTHoe 3JIEKTPOHHOE COCTOSIHME XMUMHUYECKHUX YAaCTUIl BEIIeCTBA U €ro CIMHOBAas
MYJIbTUIUIETHOCTb.

OOpa3oBaHre W Je3aKTHBALMS AJIEKTPOHHO-BO30YKIACHHOTO COCTOSIHHSI XUMHUYECKHX Ya-
CTHIl: quarpaMma S16J10HCKOTO.

Bbe3usnyuaTtenbHble JIEKTPOHHBIE TIEPEXO/Ibl: BHYTPEHHSSI W MHTEPKOMOWHAIIMOHHAS DJIEK-
TPOHHAs1 KOHBEPCHSL.

WznyyarenbHble 2IEKTPOHHBIE IEPeXoabl; GiryopecteHnns U GochopeceHius.

CnuHoBas MyJIbTUILUIETHOCTh HOHOB: KATUOHOB M AHUOHOB XMMHUYECKHUX YaCTHII.

CnuHoBasi MyJIbTUIUIETHOCTh XUMHUYECKUX YACTHUIL BEIIECTBA C HETIAPHBIM YUCIIOM JJIEKTPO-
HOB: PaJINKaJIOB, KATUOHOB-PAJUKAIOB U aHUOH-PAUKAIIOB.

OCHOBHO€ CHHIJIETHOE 3JIEKTPOHHOE COCTOSIHUE XMMUYECKUX YacTHIl BEIIECTBA U €r0 CIIU-
HOBasi MYJIbTUILUIETHOCTb.

MeTtononorusa camocorinacoBanust MO B mpoliecce KBaHTOBOXUMHUYECKOTO pacueTa.
Metononorus KBaHTOBO-XMMHUYECKOIO ONPENEICHUs SHEPTUA TOMOJIUTHYECKOW U TeTepo-
JUTAUYECKON JUCCOLUUALMN XUMUYECKUX COCIMHEHNMN.

MCTO,Z[OJIOFI/IH KBAHTOBO-XUMHUUYCCKOI'O OIMPCACICHUA SHCPTHUU ISJICKTPOHHBIX IMEPCXOA0B
mpoiiecca: BHyTpEeHHEH M MHTEPKOMOWHAIIMOHHON KOHBepcuH, ¢uryopecueHmuu u docdo-
pECLEeHITUH.

MeTomosioTHsl KBAHTOBO-XUMHUYECKOTO ONPEICIICHHUS SHEPTHH aKTUBAIlUM XUMHUYECKUX pe-
AKIIUH.
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9.OBPA3ZEIl MOAYJIBHOI'O KOHTPOJIA

rOY BIIO «JIOHEIIKUA HAIIMOHAJIbHBIII YHUBEPCUTET»
Xumudeckuit (haKkyabTeT

Hanpaenenue noocomosxu: 04.03.01 Xumusn
Ilpoepamma nodecomosku. oaxanaepuam
Cemecmp 3

Yuebnasn oucyuniuna Keanmosasn xumusn

MOAYJIbBHAA KOHTPOJIBHASA PABOTA
BAPHUAHT Nel

1. O0GocHOBAaTh METOMOJIOTHIO KBAaHTOBO-XMMHUYECKOTO OIpEIeNICHUs] YHEPruu TOMOJUTHYE-
CKOM TMCCOLMALINY XUMUYECKUX COCITUHEHUN.

2. OOBSCHUTD CYIIHOCTh BAJICHTHOT'O NMPUOIMKEHHS] KBAHTOBOW XMMUH.

3. AprymeHTHpOBaTh KOHIENIHIO bopa opOuTanbHONW MOJETM aroMma: MoKa3aTh OTpaHUYCH-
HOCTb CHMJIOBOTO IIOCTYJIaTa CTALIMOHAPHOCTH 3JEKTPOHHOU OPOUTHI.

VYTBepxIeHo Ha 3aceqaHuu Kadeapsl GU3NIECKON XUMUH,

poTOKOJ Ne 0T « » 20 T.
3aBenyromuit kadeapoit B.M. Muxanpayk
[Ipenonasareins H.A. Typosckuii

Kpurepun oneHuBaHus MOAY/JIbHOT0 KOHTPOJISI

Homep 3a0anusn Konuuecmeo 6annoe
1. 15
2. 15
3. 10
Bcezo 40

10. OBPA3ELl BUJIETA (3auer)

Teopemuqecxue 680npOCHlL K 3auemy

CoBpemeHHbIE HHPOPMAIIMOHHbBIE TEXHOJIOTUH KBAHTOBOW XMUMHH.

Cosznanue u penakrupoBanue HyperChem mMonenu XuMHIECKUX COSAMHEHU.

Mertononorus HyperChem KBaHTOBO-XMMHYECKOTO pacyeTa.

KoHuenmus saepHo - 3JI€eKTPOHHOM CTPYKTYpPBI aTOMa

DKCTepUMEHTAIbHBIE I0KA3aTeIbCTBA CI0KHOM CTPYKTYpPHI aTOMA.

OOBEKTBI MaKpO- U MUKPOMUDA.

O6ocHoBanue TunoTte3sl [Imanka o KkBaHTaX SHEPTHH.

O06ocHOBaHME rUNOTE3bl DUHIITEHHA O KBAaHTOBAaHUM YHEPTUU OTPHIBA 3JIEKTPOHOB OT aTOMOB
WJIM MOJIEKYII.

B3anmMocBs3b 3HEpruu 1 UMNyibca (POTOHOB.

e R N

h
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3aKOHBI COXpaHEHUs PHEPTUH U UMITYJIbca POTOHOB.

[Tnanerapuas moaens aroma (Monens Pesepdopaa). Ee negocraTku.

[Toctynar bopa o cTainoHapHBIX COCTOSTHUSIX aTOMOB, HEOOXOMMOE U I0CTATOYHOE YCIOBHE
CTAllMOHAPHOCTH JIEKTPOHHOU OPOUTHI.

OO6ocHOBaTh KBaHTOBaHUE paanyca OOPOBCKOM AJIEKTPOHHON OpOUTHI. [loydunTh BBIpaKeHHE
Ui pagyca OOPOBCKOM 3JIEKTPOHHON OpOUTHI.

OO6ocHOBaTh KBAaHTOBAaHUE DHEPTUHU AJIETPOHA HA CTAIMOHAPHOM 3JEKTpOHHOU opouTe. [lomy-
YHUTb BBIPAKEHUE JUISI SHETUH JIEKTPOHA OOPOBCKON AIIEKTPOHHON OPOUTHI.

[Toctynat bopa 0 21eKTpOHHBIX Nepexoiax B aromax. KBaHTOBaHME 4acTOT 3JIEKTPOMArHUTHO-
IO U3JIy4EHUs IPU AIEKTPOHHBIX NIEPEXOAX B aTOMAaX.

DJIEKTPOHHBIE BOJIHBI U ypaBHEHHUS A€ bpoiiis.

BoxHoBo# noctynat e bpoiinis o cTaiimoHapHOCTH AJIEKTPOHHBIX OPOUT.

[Tpuniun HeonpenenéHHocTH [ elizenoepra.

CraTtucTudeckoe TOJIKOBaHHE BOJIH Jie bpoilis - mocTynar o cocTOSIHUM 00BEKTOB MUKPOMHUPA.
ITocTynaTel KBAHTOBOM MEXaHUKU

KonnenryanbHble OCHOBBI KBAHTOBOM MEXaHUKH XMMHYECKUX YaCTHII.

[TocTynat o crmoco6e onrucanusi COCTOSTHUS 00BEKTOB MUKPOMUPA.

[Toctynat o cnocoGe ompeneneHust GYHKIUU COCTOSHUS OOBEKTOB MHKPOMHpA: BPEMEHHOE
ypaBHenue lllpenunrepa.

DOneMEHTBl MaTEeMaTUYECKOro anmnapaTa KBaHTOBOM MEXaHMKHU (IIOHSITHE MaTeMaTH4eCKOTro
orneparopa, ornepaTop UMIYJIbCa U €ro IEUCTBUE, ONEPaTOp KOOPAUHATHI U €r0 ACHCTBUE., Olle-
paTop BPEMEHH U €T0 IEHCTBHE).

[Topsiiok elcTBUS Taphl OMIEPATOPOB HA (PYHKITUIO.

CBolicTBa KBaHTOBOMEXAHMUYECKHUX  OINEpPaTOpoB  (YCIOBUS JMHEHHOCTH  ONEpPATOpOB,
KOMMYTHPYIOIIIHE OTepaTOPbl, SPMUTOBBI OIIEPATOPHI).

OmneparopHoe ypaBHEHHE Ha COOCTBEHHBIC 3HAUCHUSI.

O60cHOBaTh YCIOBHE CTAI[MOHAPHOTO COCTOSHUS XUMUYECKUX YaCTHI] BEIIECTBA.

VYpasnenue lllpeaunrepa 11t cTallnOHAPHOTO COCTOSIHUSI XUMUYECKHUX YaCTHUL] BELIECTBA.
[TocTynat o crmocobe moayueHus ypaBHEHU KBAaHTOBOM MEXaHUKH.

IToayunuTh OIHOMEPHBIN ONIEPaTOP KUHETUYECKON SJHEPIrUU MUKPOYACTULIBL.

[Tonyunts onepaTopbl MOTEHIIMATBHON YHEPTMHM MHOTOATOMHON XMMHUYECKON YacTHUIIBI.
[ToayuuTs TpeXMEpHBIA ONEPATOP KUHETUYECKOM OHEPIHM DJIEKTPOHA OJHOIEKTPOHHON
XUMUYECKON YaCTHIIBI.

[ToayuuTs oneparop MOJHON SHEPTrUU OJHOATOMHOM XUMHUUYECKOW YaCTHULIBI.

[Tonyunts onepaTop MOJHOM SHEPTUM MHOTOATOMHOM XUMHUYECKON YaCTHUIIBI.

[Toctynar o cpenHem 3HaueHuu oneparopa I'aMuibTOHaA cTamoHaoHOro ypaBHeHus lIpenun-
repa.

[ToctynaT 00 aHTUCUMMETPUYHBIX CBOMCTBAaX (DYHKIUU COCTOSIHUS aHCaMOJisi 0OBEKTOB MHUK-
pomupa.

[TocTynat o cynepno3uuuu COCTOSHUI 00BEKTOB MUKPOMUDA.

YacTuiia B OMTHOMEPHON MOTEHIIUATIBHOU sIME

[Monyuuts ypaBHenue llpenunrepa as yacTULbl CBOOOTHO ABIKYIIEHCS B OTHOMEPHOI 110-
TEHIUAIBHOU SIME.

MeTtononorus pemenust ypasHerus [lpenquarepa s 4acTUIBI CBOOOAHO ABMKYIICHCS B OJ1-
HOMEPHOM MOTEHIIUATBLHOM sIME: YHEPTUS YaCTUIIBI CBOOOIHO JIBIKYIIECHCS B OTHOMEPHOH TI0-
TEHIIUATBHOU siMe; (YHKITUS COCTOSIHHSI YACTHIIBI CBOOOIHO JIBIDKYIIEHCS B OJTHOMEPHOM 10~
TEHIIUAILHON SIMe.

HccnenoBaTh KBaHTOBAaHUE SHEPTUU YACTUIIBI CBOOOTHO TBUXKYIIECHCS B OJJHOMEPHOU MTOTEH-
[IAAJILHOU SIME.
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HccnenoBath M3MEHEHHE (PYHKIIMHM COCTOSHUS U BEPOSTHOCTH MECTOHAXOXIACHUS YaCTHUIIBI
CBOOOHO IBIXKYIIEHCS B OJJHOMEPHOM MOTEHIMAIBLHOH siMe mipu n = 1, 2,..., k. Y310BbIe TOU-
KH.

Merognonorus pemenus ypasaenus Llpenunrepa uist atoma Bogopoza.

[Tonyuuts ypaBHenue [lIpeaunrepa pis atoma BOJOPO/Ia B IEKapPTOBOM CUCTEME KOOPAUHAT.
[IpoBecTn aHanu3 BO3MOXKHOCTH peuieHust ypaBHeHus lllpenuHrepa mis aroma BoJOpoja B
JIEKApTOBOM CUCTEME KOOPAUHAT.

[Momyunts ypaBuenue Lllpenunrepa s aroma BOA0poaa B chepruueckoil cucteMe KOOpaAnHaT.
[TpoBecTn ananm3 ycnoBuid pemenust ypaBHenus Llpenunrepa mis atoma Bogopoza B cdepu-
YECKOM cucTeMe KOOPAMHAT.

Merononorus pa3aenenus ypaHeHnus [lpeaunrepa nis atoma Bogopoaa B cepuyueckon cH-
cTeme koopauHaT Ha R-, ©- u @- ypaBHEeHUS.

VYcnoBus, npu KOTOphIX R- ypaBHEeHuUE 111 aToMa BOJOPOAA UMEET pELICHUE.

VYcnoBus, npu KOTOpbIX O- ypaBHEHHE JUIsl aTOMa BOJOPO/1a UMEET PEILICHHUE.

VYcnoBus, npu KoTopeix @- ypaBHEHHE JIs aTOMa BOJOPO/1a UMEET PEIICHUE.

[lonsartue u cTpukTypa aroMHO# opOuTanu. KBaHntosble yncna.

KBaHTOBO-XMMHYECKHE MOJEIN AaTOMOB U MOJIEKYJT

[Tonyuuts crannoHapHoe ypaBHeHue Illpenunrepa s AIEpHO-DIEKTPOHHOM KBAHTOBO-
XUMHUYECKON MOJENIA aTOMOB IIPH YCIOBUH JABUKEHUS SAEP U SJIEKTPOHOB.

[Tonyuuts crannoHapHoe ypaBHeHue Illpenunrepa s AIEpHO-DIEKTPOHHOM KBAHTOBO-
XUMUYECKOM MOJEIM MHOTOATOMHBIX XMMHMUYECKMX YAaCTHIl IPH YCIOBUU JIBWXKCHHS slep U
AJIEKTPOHOB.

[Tomyuuts 31ekTpoHHOE ypaBHeHue lllpennHrepa s KBAHTOBO-XMMHUYECKON MOJEIU aTOMOB
B npubnmxennu bopua — Onnenreiimepa.

[Tomyuuts snexTpoHHOe ypaBHeHue llIpenunrepa s KBAaHTOBO-XHUMHYECKOW MOJEIIA MHOTO-
ATOMHOUM XMMHUYECKOW YacTHIIBI B TpuOmmkeHuu bopua — OnmenreiiMepa.

O6ocHOBaTh Mepexo]; OT MHOTO3JIEKTPOHHOTO ypaBHeHHs [lIpenunrepa K cucteme OZHOINIEK-
TPOHHBIX YpaBHEHUH Al BaHTOBO-XMMHYECKOM MOJEIN aTOMOB B OJHOXJEKTPOHHOM IpH-
OmmkeHnn XapTpH.

MHoroaneKkTpoHHKas BoJHOBas GpyHkius Crieltepa.

OnHosnekTpoHHble ypaBHeHHs lllpenuHrepa s KBaHTOBO-XMMHUYECKOM MOJIEIN aTOMOB B
npUOJIMKEHUN CaMOCOTIACOBAaHHOTO MO XapTpH.

OIHORNEKTPOHHBIE YpaBHEHUsI XapTpu-Poka 11 KBAaHTOBO-XMMHUYECKON MOJEIN aTOMOB M
MOJIEKYJ B IpHOIIKeHNH MeToaa Xaptpu — Doka.

KoHnenmus MoneKyasspHbIX OpOUTaIeii B KBAHTOBOW XUMUU

OCHOBHBIE TIOJIOKEHHSI METOAAa MOJIEKYJSIPHBIX OpOHTajei: MOJEKyIsIpHass opOUTaib; Mpu-
ommkerane MO JIKAQO; atomHas opouTans TouHble B TpoOHbIe MO,; BapualoHHasi TEOpeMa,
6aszucueie pynkuuu MO.

VYpaBuenust Pyrana, BekoBoil geTepMuHaHT. Meronosorus onpenenenus seprud MO u - Ko-
3 urrenToB mpu 6a3ucHbIX pyHkuuax MO,

MeTomonorHs KBaHTOBO-XHMHUUeckoro pacdera H, ™ B mpubmmkernn MO JIKAO (momy4uts
BRIpaskeHHe s dHeprur MO H, '™ ompenenuts 3Hauenus kod(duimentos npu AO B CBA3HI-
Baromieii u anTucBs3sBaromeid MO H, ™.

BanenTHoe nmpuOiamkeHne KBaHTOBOW XUMUH.

HX® n OX® npubnmkeHnsi KBAHTOBOW XHUMUH.

Cucrema MO xumnyeckoit yactuubl B HX® npubnmxeHnn KBaHTOBOM XMMHHU: OOIIee YUCIIO
MO; 4nCi0 3aNOTHEHHBIX IEKTPOHAMH M BaKaHTHBIX MO.

Cucrema MO xumnyeckoit yacTuubl B OX® npuOnmxeHnn KBaHTOBOM XMMHUHU: OOIIee YUCIIO
MO; 4ncio 3aNOTHEHHBIX JIEKTPOHAMH M BakKaHTHBIX MO.
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I'pannunbsie MO. B3MO u HBMO.

OpOuTanbHBINA TOTEHIIMAT MOHU3AIMN XUMUYECKUX YacTHIl B pubmmkennn metoga MO.
OpOuTaibHOE CPOJICTBO K AJIEKTPOHY B NMpUOIImkeHnn Mmetoaa MO.

OYHKIHS pacnpeeIeHUs HIEKTPOHHON TUIOTHOCTH B XUMHUYECKUX YaCTHUIIAX.

Metonomnorus onpenenenus 3(PpQPEKTUBHOTO 3apsiaa aTOMOB XUMUYECKUX YaCTHUI] B BAJIEGHTHOM
npubimxennn merona MO.

MeTtonomnorust onpeaeneHus: IEKTPOHHOM MIOTHOCTH Ha aTOMax XMMHUYECKHX YacTHUIl B Ba-
JeHTHOM npubimxennu merona MO.

Mertononorusi onpeaesieHus: JIEKTPOHHOU 3aceieHHOCTH AQ IEHTPUPOBAHHBIX HA aTOMax
XUMHUYECKHUX YaCTHIL.

DHeprus U CIMHOBBIE XaPAKTEPUCTUKA XUMHUYECKUX COCTUHEHHIMA

DJEeKTPOHHAs YHEPTUsl XUMHUECKUX COCTUHEHUH B puOmmkeHnn Xaprpu-Doxa.

OHeprus B3aUMOJICUCTBUA aTOMHEIX sanep XUMHYECKUX COeTUHEHNH
B BaJICHTHOM IPUOJIIKEHUH.

[ToHast sHEPTHUS XUMUYECKUX COCTMHEHUI B MpuOImkeHnn Xaptpu-Doka.

DHeprusi aTOMU3aLUA XUMUYECKUX COCTMHEHUI.

DNIeKTpOHHAs YHEPTHsI aTOMOB B MPpUOIIkeHNN XapTpu-Doka.

CraHgapTHas SHTAJBIUS 00PA30BAHMSI XUMUYECKIX COCIMHEHUN B MPUOIMIKEHUU MOTYIMITH-
PHUYECKON KBAHTOBOW XUMHH.

DNEKTPOHHBIE COCTOSHUS XMMHUYECKHX COCAMHEHUW; OCHOBHOE CHHIJIETHOE, BO30YKICHHOE
CUHIJIETHOE, TUIJIETHOE.

CnuH ¥ CMHOBasA MYJIbTUIIETHOCTh XUMHUYECKUX COCTUHEHU B OCHOBHOM CHHTJIETHOM JJIEK-
TPOHHOM COCTOSIHUU.

CnuH ¥ CIUHOBAs. MYJIBTUIIIIETHOCTh XUMUYECKUX COSAMHEHHU B BO30YKIEHHOM CHHTIIETHOM
3JIEKTPOHHOM COCTOSTHUU.

CnuH ¥ CnUHOBAsi MYJbTUIUIETHOCTh XUMUUYECKUX COCIMHEHUM B TPUILIETHOM 3JIEKTPOHHOM
COCTOSIHUH.

CnuH ¥ cnMHOBAsi MYJIBTUILIETHOCTh MOHOB: KATUOHOB M aHUOHOB XMMHUYECKHUX YaCTHII.

CnuH ¥ CIMHOBAsk MYJIBTUILUIETHOCTh XUMUYECKUX COCIUHEHUM C HEYETHBIM YHCIIOM 3JIEKTPO-
HOB: PaJIMKaJIOB, KATUOHOB-PAUKAIIOB U aHUOH-PATUKAIIOB.

HesMmnupuueckue U noiays>MIUPUYECKAE METObI KBAHTOBOM XMMUH

Metononorvst HE3MINUPUYECKUX METOA0B KBAHTOBOM XMMUMU.

MeTomoa0rust MOTyIMIUPUIECKUX METO0B KBAHTOBON XHMUH.
[Ipoueaypa camocoriacoBaHUsI MOJICKYJISIPHBIX OpOUTAICH.

Oco0eHHOCTH KBaHTOBO-XUMHUYECKOTO MOJIEIMPOBAHUS HEN30ECMUYECKUX PEeaKLIUi METOIOM

Xaptpu — Poka. IhdeKT AMeKTpOHHOH KOPPELUU.

DIIEKTPOHHAsA KYJIOHOBCKasl KOPPEJIALIHS.

OnexTpoHHas koppemsuus depmu.

DIIEKTPOHHAs «KYJIOHOBCKAs JbIPKay.

DneKTpoHHas «IbIpka DepmMuy.

Crioco0sI yueTa 3J1eKTPOHHOM KOPPEIISIIIH.

Metononorust DFT kBaHTOBON XUMUH.

B3anmoneiicTBrs B MOJIEKyJax.

CBsI3bIBAIONINE ¥ AaHTHCBSI3BIBAIOIINE G-KOMOUHAINK p — AO, KOTOpbIE IIECHTPUPOBAHBI HA aTO-
Max A u B.

CBs3bIBaIONINE ¥ aHTHCBS3bIBaIONIHE T-kKoMOuHaIMK p — AO, KOTOpbIEe IEHTPUPOBAHBI HA aTO-
Max A u B.

CBs3bIBaIONINE W AHTUCBA3BIBAIOIINE KOMOMHAIIMK S U p — AQO, KOTOpbIE [EHTPUPOBAHBI HA
atomax A u B.
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Ooépaszey 6unema (3auem)

roYy BIIO «JIOHEIKUA HAIITMOHAJIbHBII YHUBEPCUTET»
XuMudeckuit GpaKyiabTeT

Hanpasnenue noocomosku. 04.03.01 Xumusn
IIpoepamma nodeomosxu: oakanaspuam
Cemecmp 3
Yuebnas oucuyuniuna Keanmoesasn xumus
Dopma KOHMPO.IA 3auem

BUJIET Ne 1

1. OOocHOBaTh METOJOJIOTHIO KBAHTOBO-XUMHUYECKOTO OMpeieieHHs] OpOUTAIBHOIO TOTEHIH-
aja MOHU3AlMU XUMUYECKUX YaCTHII.

2. OOBSCHUTDH CYIIHOCTh BAJICHTHOT'O MPUOIMKSHHSI KBAHTOBOW XMMUH.

3. ApryMmeHTHpOBaTh KOHIENIHIO bopa opOuWTanbHONW MOJEIM aroMma: MoKa3aTh OrpaHUYCH-
HOCTb CHMJIOBOTO IIOCTYJIaTa CTALIMOHAPHOCTH 3JEKTPOHHOU OPOUTHI.

4. Omnpenenuth CIIUHOBAS MYJIBTHILIETHOCTh BO30YXKICHHOE CHHIJIIETHOE YJIEKTPOHHOE COCTO-
SIHUE XMMHUYECKUX YaCTHI] BEIIeCTBA.

5. I'pannunsie MO. B3BMO u HBMO.

YTBepxIeHo Ha 3aceqaHuy Kadeapsl (PU3NUECKOH XUMHUU
[Ipotokon Ne ot « » 20 T.

3aBenyroumii kadeapoit npo¢. Muxansuyk B.M.

DK3aMeHaTop nou. Typosckuit H.A.

Kpumepuu OUCHUBGAHUA IK3AMEHA

Homep 3a0anusn Konuuecmeo 6annoe
1 10
2 10
3 10
4 10
5 10
Bcero 50 6an10B

11. OBPA3ELl TECTOBOI'O 3AJAHUA

1. | Kak B mpubmmxennun MO JIKAO paccuntbiBaeTcs 3J€KTPOHHAS 3aceIeH-
HOocTh AQO, KOTOpBIE IEHTPUPOBAHBI HA aTOMaX MOJIEKYJ1?

1 YaBoeHHass cymMMa KBaJpaToB COOCTBEHHBIX BEKTOpoB MO 1o
BceM MO.

2 Y BoeHHas cymMMa KBaJpaToB COOCTBEHHBIX BEKTOpOB MO
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JIUIIB 10 3aNI0JIHEHHBIM AekTpoHamu MO.

3 KBaapart co6cTBeHHBIX BeKTOpoB MO.

2. | Paccuurats npoynocth C-C cBsasu B Monekyine CH; — CH;. BriOpats Te 005b-
€KTbI, DHEPTUIO0 KOTOPBIX CJIEIYET PACCUNTATH:

1 CH; — CH;3, H;C*
2 | CH3—CH;, HsC™*, HsC™
3 | CH;-CH;,CH;-CH;5",
4 CH;— CH;, CH; — CH3 ™ *

3. | Kakoe kBaHTOBO€ YMCJIO KBAHTYET SHEPTHUIO AJIEKTPOHA B aToMe?
1 MarHuTHOE.
2 TJIABHOE.
3 opOUTANIEHOE.

4. | Kakas mosekyssipHas opourtanb H, sBisieTcst pa3phIXJIsronieit?
1 v =-0.7071¢; + 0.7071 ¢,
2 v =-0.7071¢;.9.7071¢,
3 v =0.7071¢; + 0.7071¢>

5. | C kaxoit MO MonekyJIIpHOM cUCTEMBI B COOTBETCTBUN ¢ TeopeMoi Kynmanca
CBSI3aHO CPOJICTBO K DJIEKTPOHY?

1 B3MO.
2 HBMO.

6. | C kakoit MO MoeKyIsipHOM CUCTEMBI B COOTBETCTBUU ¢ TeopeMoi KynmaHnca

CBSI3aH MOTEHIMAI HOHU3AIUU ]
1 B3MO.
2 HBMO.

7. | Kakum o6pazom B mpudmmkennn MO JIKAO paccuuTsiBatoTes 3apsiibl (q) Ha
aTOMax MOJIEKYJISIPHON cuctembl? (Za — 3apsin sapa atoma, Qa — IEKTpOH-
Has IJIOTHOCTh aTOMa)

1 q=Za- Qa.

2 q=Qa- Za

3 q=ZA — 4MCJIO SJIEKTPOHOB.

3 8ce IHepeemuuecKue pasHvle NOCi1e008amMenbHO 3aN0IHeHHble
9NeKMPOHAMU, HO 0OUH 21leKmpoH neperecer ¢ B3MO na
HBMO c usmenenuem e2o cnuna Ha npOmMu8ONOJI0H#CHbILL.

8. | OCHOBHOE ypaBHEHHE KBAaHTOBON MEXaHMKM XHMHUUYECKHX YacTHUI] — ypaBHE-

HUe *** — pmeer By ***
1 bopa, HY=EY
2 [Ipénunrepa, HS=En
3 [pénunrepa, HY=EY
4 Ounamreitna, PY=HY
9. | 3akoH coxpaHeHHs YHEPTUU (HOTOHOB UMEET BH]I
1 E+hr=E +hv
2 E+hw=E+h
3 E+h=E +hy
4 E+hv=E +h
10.| CormacHo Teopeme *** 3JIeKTpPOCTATUYECKUE CHIIBI B3AaMMHOTO MPHTSKEHUS

sJIpa U AJIEKTPOHOB HE MOTYT 00€CIIeYUTh YCTOWYMBOCTh aToMa

1 Kamm.

2 HpHiioy.
3 bopa.

4 ne bpors.
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12. KPUTEPUU OLIEHUBAHUA

Pacnpeodenenue bannos, Komopoie Mozym noiy4unms CHyoeHnbl
6 npouecce uzyueHus OUCUUNIUHbL

Oprann3anuoHHo-
yueOHasi padoTa CTyeHTa

Texkyuuii KOHTPOJIb Bcero

0mpoc)

TectupoBanue

[TucbMeHHbIe pabOThI: MPAKTUYECKHE 3a]1a-
HUS, 3aJJaHHST PETIPOTYKTUBHOTO YPOBHSI,
3aaHus Ui JoMalHeil paboTbl, KOHTPOJIb-
HbIE pabOTHI

3ananus K 1a00paTOpHBIM paboTam

'YcTHOE cobecenoBanre (KOJUIOKBUYM,

50 dansi0B

max 5 6aJu10B

max 45 6aju1oB

IIxana coomeemcmeus 6a1108 HAUUOHAILHOU KAl

CymmMma 6ag- o
JoB no 100 ITo rocynapcrBenHoii

0aJ1ILHOK LKae IIKaJe
ECTS
HIKaJIe

IIpu oneHKe FK3aMeHa NMPenoaaBaTeb
PYKOBOJACTBYETCSI CJIeAYHIUMHU MPUHIU-
namMu

90-100 A «Otanuno» (5)

MOKa3aHbl CHCTEMAaTHUYeCKHe U TIIyOOKue
3HAHUS TPU OTBETE Ha BCE BOMPOCH OMIIETa,
MOHUMaHue (PU3NYECKON CYITHOCTH TMPO-
OneMbl

80-89 B

«Xoporo» (4)

75-79 C

MOKa3aHbl CHCTEMAaTUYECKHE U TITyOOKHe
3HAHMA IPU OTBETE HA BCE BOIIPOCHI OMIETa,
MOHUMaHHEe (PU3NYECKOM CYIIHOCTH MPO-
OJIeMBI, HO TIPH OTBETE JOMYIIEHBI HEKOTO-
pble OMMOKK U HETOYHOCTH

[I0OKa3aHbl CHCTEMATUYECKUE 3HAHUS [IpU
OTBETE Ha BCE BOIPOCHI OnjIeTa, HO MPH OT-
BETE JIONYILEHbl HEKOTOPbIE OLIMOKH U He-
TOYHOCTH

70-74 D

«Y IOBIIETBOPUTEIILHO

3)
60—69 E

MOKa3aHbl HECUCTEMaTHYeCKHUEe U Hery0o-
KH€ 3HaHUS [TPU OTBETE HAa BOIPOCHI OMIIeTa,
MIPU OTBETE OMYIIEHO HECKOJIBKO OINOOK,
WCIIPABJICHHBIX CAMHUM CTYJEHTOM

ITOBEPXHOCTHBIE 3HAHMS P OTBETE HA BO-
MIPOCHI OMJIeTa, JOMYIIEHO PsiI HETOUHO-
CTEH, KOTOPBIE CTYAEHT HE B COCTOSIHUH
CaMOCTOSITEJIbHO UCIIPABUTD

«HeynoBieTBOpUTEIb-
HO» C BO3MOYKHOCTBIO
MOBTOPHOM aTTECTALIUN

)

35-59 FX

HET OTBETOB HAa OCHOBHBIE BOIIPOCHI OMIIETA,
HET OTBETOB Ha JOIOJIHUTEILHEIE U HABO-
JISITITAE BOTIPOCHI
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0-34 F

«Heynosnersopures-
HO» (2) ¢ BO3MOXKHO-
CTBIO IIOBTOPHOM Cllayu
MIpH YCJIOBUH 00s13a-
TeTBHOTO HAbopa J0-
MOJIHUTENIbHBIX OaJIJIOB

BeimonHeHne MeHee 30 % 0O0s3aTeNbHBIX
3aJaHuii; HEYMEHHE pPACKPBITh OCHOBHOE
coJiep>KaHue 3aJaHus; HeCIOCOOHOCTh (hop-
MYJIHPOBATh BHIBOIBI.

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O ITPOIECCA

JleKunoHHbBIEC 3aHATUSA TPOBOAATCSA B AyIUTOPUU, OCHAILIEHHONW MYJIbTUMEIUMHON TEXHUKOMN
u nockoii. JJabopatopHbie 3aHITHS TIPOBOAATCS B KOMIIBIOTEPHOM Ki1acce, 000pPYIOBAHHOM KOMITb-
I0TepaMU C JIMIICH3UOHHBIM MPOTPaMMHBIM 00€CTICUeHHEM, TOCTYIIOM K ceTu MHTepHeT, cTonamu,
nockoii. JlonomHautensHoe obecneuenue: Wi-Fi gocTym B kKoprycax yHHBEpPCUTETa, TEKCTOBBIE H
3JIEKTPOHHBIE pecypchl HayuHoit OMOIMoTeKn YHUBEpCUTETA.

14. PEKOMEH/IOBAHHAS JIMTEPATYPA

Ne
n/n

HaunmenoBanue

KoJj-Bo 3k-
3eMILISIPOB B
omoJHoOTEKE

JlonHY

Hanunuue
3JIEKTPOHHOM
BEpPCHHU B
IBC

Ocnosnas 1umepamypa

Hupenscon, B.I'. KanToBas xumusi. Molekybl,
MOJIEKYJISIPHBIE CUCTEMBI U TBEpAbIE Tena: yued. mocodue
JUId CTYIEHTOB BY30B, OOYyYaroIUXCs IO XUM.-TEXHOII.
HampasieHusM u crneuuansHoctsaMm / B.I'. Lupenscon. —
Mocksa: BUHOM. JIa6. 3nanwmii, 2017. — 522 ¢

1

Hupenscon, B.I'. KsanroBas xumusa. Monekyisl,
MOJIEKYJIIPHBIE CUCTEMBI M TBEpJIbIe Teja: y4ed. mocodune
JUI CTYACHTOB BY30B, OOYYarOIIMXCS IO XUM.-TEXHOII.
HarmpasjeHusM u crenuaibHocTsM / B.I'. [upenscon. —
Mocxksa: BUHOM. J1a0. 3uanwuii, 2010. — 495 c.

30

TypoBckuit H.A. [IpakTukym KOMITbIOTEPHOM
CTPYKTYpPHOM XUMHU: yueOHOe nocobue /
H.A.Typosckuii. — loneuk: 'OY BIIO «/lonHVY», 2018.
—145¢

10

TypoBckuit H.A. [IpakTukym KOMITbIOTEPHOM
CTPYKTYPHOM XHMMHUHM [DNEKTpOHHBIA pecypc|: yueOHoe
nocobue / H.A.Typosckumii. — Jonenx: ['OY BIIO
«JlorHY», 2018. — 145 ¢

ONEeKTPOHHBIN
pecypc

I'pumaesa T. H. KBanTOBast XUMHs CylpaMOJIEKyJISIPHBIX
cucTeM Ha ocHOBe KyKypOut[n]ypunos [Tekcr] / T. H.
['pumaesa, A.H. Macowii, A.M. Ky3nenos. — Mockaa:
Jlenann, 2016. — 208 c.

ONEeKTPOHHBIN
pecypc

EpmakoB, A. 1. KBaHToBass MexaHMKa M KBaHTOBas XH-
MU y4e0. mocoOue i CTYACHTOB BY30B, 00YJaIONIUXCs
no cneuuansHoctd BITO 020101.65 "Xumus" / A.M. Ep-
MakoB. — Mocksa: FOpaiit, 2010. — 555 c.

2

Maiiep, 1. 36panHbie T71aBbl KBAHTOBOM XMMUU: JI0Ka3a-
TEILCTBA TeopeM | BbIBOA (opmyn / U. Maiiep ; mep. ¢
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anrn. M.b. [lapxoBckoro u A.M. TokmaueBa ; nox pea.
A.JL. YyrpeeBa. — MockBa: BMHOM. JlabopaTopus 3Ha-
uuii, 2009. — 384 c.

Jlonoanumenvnan numepamypa

[Mactepnak, O. M. OcHOBH KBaHTOBO{ XiMii : HaBY. TOCIO. 10
/ O. M. Ilactepnak, M. A. TypoBcrkuii; JloHenbKUi HaIl.
YH-T, XiM. (p-T, kad. ¢i3. ximii. — loneusk : JJouHY,
2012. -8l c. +
[Mactepnak, E. H. OcHOBBI KBaHTOBOW XMUMHHU: y4eOHOE
nocobue. / E.H. I1actepnak, H.A. TypoBckuii ; Jlonenkuii
Hall. YH-T, XuM. ¢-T, Kad. ¢u3. xumuu. — Jounenx: Jlon-
HY,2012. -8l c.

S~

—

[98)

Nowm

15. ”THOOPMAIIUOHHBIE PECYPCbI
http://mondnrwru/ — MunuctepcTBo oopa3oBanus u Hayku Jlonenkoit Hapomanoit Pecmy6-
JIUKHU
http://resobrnadzor.ru/ — PeciybnukaHckas ciry»0a 1o KOHTPOJIIO U Haa30py B chepe 00-
pa3oBaHUs U HAYKU

16. TIPOI'PAMMHOE OBECIIEYEHHE

(npu Hanuuuu. O6azamenvroe HaaUUe TUYEHIUU, WY TUYUHbIE ABMOPCKUe pA3PAOOmMKU)

Windows 7 PRO (xopmopatuBHas nutiensust JlonHY munensus Ne46484614);

Microsoft Office ((kopnoparuBnas nuuensus JouHY nunensus Ne46472919);

MOPAC 2016 — koMIuIeKC MporpaMM CTPYKTYPHOU XUMUU (TIporpaMma JI0CTyIa OecriiaT-
HO JUIsI aKaIEMAYECKOT0, HEKOMMEPUECKOT0 UCTIONB30BaHUs. AKaJeMIdecKast TUICH3Ms).
Microsoft Visual Studio (mumien3us nporpammel DreamSpark jy1st BeIcInX ydeOHBIX 3aBe-
JICHUH);

JInuensust GPL, Apach, BSD anst cBoG0HOTO MpOTrpaMMHOT0 00ECTICUCHHS:

AntuBupyc Kacnepckoro;

Adobe Acrobat Reader.

PaGouast mporpamma paccMOTpeHa W TMepeyTBEPK/ICHa Ha 3acenaHnu Kadeapsl Gu3ndeckoi

XUMHH ¢ U3MEHEeHUsMH (0e3 U3MEHEeHHIT) Ha roj.
[IpoTokon Ne  oT « » T.

3aBenyrommii kKageapoit B.M. Muxanpuyk




