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[IporpaMma  CcoCTapieHa — Ha  OCHOBAHHMH denepaqbHOro  TOCYIapCTBEHHOTO
00pa30BaTeIbHOrO CTaHAapTa BBICIIETO o6pazosanust (PI'QC BO) nanpaBieHusd [OATOTOBKH
04.04.01 Xumus, yTBEpKIACHHOTO IPHKA30M MunucTepCcTBa 00pa3oBaHUA U HAyKH Poccuiickoi
®epepamun Ne 655 ot 13 nrond 2017 r.;

[lopsiika opraHM3aluu y4eOHOro mporecca B 06pa3oBaTe/bHBIX OPraHU3alKAX BBICIIETO
podeccHOHAIBHOTO 00pa3oBaHus Jlonenkoi Hapoxnoit PecriyOmuky, yTBEpAKACHHOTO IPUKA30M
MuHucTepeTBa 00pa3oBaHys U HAYKH JIHP Ne 1171 ot «10» HostOps 2017 r.;

y4eGHOro [UTaHa ¥ OCHOBHOH 06pa3zoBaTeIbHOM POrPaMMbl BBICIIEIO npohecCHOHATBHOIO
00pasoBaHusl HANpaBJICHUs [OATOTOBKH 04.04.01 Xumusi, paspaboranueix B ['OY BIIO
«JloHenK1ii HAIHOHATIBHBIN YHUBCPCUTET?.

Pa3paboTyuK:

JloteHT kadeaph! PU3NIeCKOH XUMHUH,
K.X.H., IOLEHT H.A. TypoBckuit
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[IporpamMma yueOHOH MCHMIUIMHBL YTBEPIK/ICHA Ha 3acenanmy Ka(eapbl (QU3HUECKOH

XUMHUH
IIpotokoi Ne 13 ot «28» MapTa 2020 1.

3aBenyromuit Kapeapoi = B.M. Muxans4yK

[Iporpamma  y4eOHOH  JMCUMTUIMHBI onobpeHa  yueOHO-METOMIECKOU KOMHUCCHEH
XUMHUECKOTO (paKysbTeTa
[Tpotokoi Ne 3 ot «15» anpens 2020 r.

[Ipencenarelib yueGHO-METOIMIECKON
KoMuccHu (paxyabTeTa ﬁ/ / H.B. sI6;0ukoBa




1.  OBJIACTH IPUMEHEHUMA U MECTO JUCHUIIJIMHBI B YYHEGHOM ITPOLECCE

Jucuummna «KBaHToBas XuMus» OTHOCUTCS K BapuatuBHoW wactu (b1.B.JIB.3)yueOHoro
maHa 1o HanpapieHuio moarotToBku 04.04.01 Xumus (Maructepckas nporpamma Xumus). Juciu-
IUTMHA Pea3yeTCsl Ha XUMHUYECKOM (akynbreTe Kapeapoir puzndeckoi xumus. s u3ydeHus aan-
HOM y4eOHOHN JUCHMIUTUHBI HEOOXOAUMBI 3HAHUS, YMEHUS M HaBBIKH, (OPMUPYEMBIE MPEAIICCTBY-
IOIMMU M COMYTCTBYIOIIUMU JUCIUIIIMHAMA: HEOPTaHWUYECKasl, OpraHndeckas, pu3udeckass XuMus.
Jucuunnuna «KBaHTOBass XUMUS» SBIISETCS OCHOBOHM JJIsi IPOXOXACHUS HAYYHON MPAKTHKU U BBI-
MIOJIHEHUS BBIITYCKHOW pa0OThl Marucrpa. XUMUK, MMOCIEC U3yUeHUs NaHHOW AMCIUILINHBI, JOJIKCH
o01aiaTh CIOCOOHOCTAMU M YMEHUSAMU CAMOCTOSTEIbHO J100bIBaTh 3HAHUS U3 PA3IUYHBIX UCTOYHU-
KOB, CHCTEMAaTH3UPOBATh MOJIYUCHHYIO CTPYKTYypHYIO HHpopMaiuo. DopMHUpOBaHHUE TAKOTO YMEHUS
MIPOMCXOIUT 33 CUET y4acTus OOydyaroUIUXcs B 3aHSATHUSX, BBIIOJIHEHUS KOHTPOJBHBIX 3aJaHUN U Te-
CTOB, BBITIOJTHEHUS JIAOOPATOPHBIX PadOT, HATMCAHUS KYPCOBBIX M BBIITYCKHBIX KBATH(UKAIIMOHHBIX
pabort. IIpu 3TOM camocTosiTeNbHAsA padoTa CTYIEHTOB UTPAET PELIAIOIYIO0 POJIb B XO/€ BCEro yueo-
HOTO TIpoIiecca.

2.  CTPYKTYPA JUCIUIIJINHBI

Xapaxkmepucmuxa yueOHoll OuCyUnIUHbl
Hanpasnenne noarotoBku 04.04.01 Xumus
Marwucrepckas mporpamma Xumust
OO6pazoBaTenbpHasi mporpaMmma aKaJieMHuecKasi MarucTparypa
Kpanuduxarms MarucTp
KosimuecTBo conepkarebHbIX MOYJICH 1
JucuunnuHa 6a30B0l / BApUaTUBHOM YacTH
o0pa30BaTeIbHOM MPOrpaMMbl BAPHATHBHAM HacTh
®opmsl kouTpost (MK, sk3amen, 3a4er) 1 MOyNBbHBIN KOHTPOJIb, | HK3aMeH
Mokasatemn ouHas (opma oOyye- | 3aouyHas popma oOyue-
HUS HUS

KonnuecTBo 3a4eTHBIX eAnHUIL (KPEIUTOB) 3
I'ox monroToBkn 1
CemecTtp 2
KommgecTBo gacos 108
- JIGKITMOHHBIX 14
- IPAKTUYECKUX, CEMUHAPCKHUX -
- 1a0OPaTOPHBIX 14
- CAMOCTOSATENbHOM paboThI 80

B T.4. MHIMBHIYQJIbHOC 3a/IaHNC -
HepaenpHOE KOIUYECTBO YacoB, 7.2

B T.4. ayTUTOPHBIX 2

3.  ONHNCAHHME JUCHUIIJINHbI

Ileau u 3agaumn
Heap uzyvenus aucuumiunbl «KBaHToBas xumus» — QOpMUpOBaHUE y CTYACHTOB CUCTE-
MaTUYECKUX 3HAaHUW COBPEMEHHOTO COCTOSIHUS, BO3MOKHOCTEN M OTpaHUYEHUN COBPEMEHHOW KBaH-
TOBOM XWMHU; JaTh B PYKH XUMHKaM - IKCIIEPUMEHTATOPaM HMHCTPYMEHT HCCIICIOBAHUS, KOTOPBIH
paspeumn 61:1 HpOBO,Z[I/ITI: KBAHTOBO-XUMHNYCCKUEC NCCIICAOBAHUA C UCITOJIB30BAHUEM BCEX BO3MOXKHO-
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CTEH COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOJIOTHA U HAYYUTh UX MBICIUTh CTPYKTYPHBIMH KaTETOpH-
SIMH B XUMHH.
3aoauu oucuunIUHDbL.

— PacKphITh (PU3UUECKHUN CMBICTT OCHOBHBIX MTOCTYJIATOB, MPUOJIMKEHUH M KOHIICTIIIUN KBAHTOBOM
XUMHH, HAy4YUTh CTYACHTA BHUJIETh 00JAcCTU MPUMEHEHHUS STUX MPHUOIMKEHUH W KOHIICTILIHA
MIPH PEIICHUN KOHKPETHBIX XUMUYECKHUX TIPOOIIeM;

—  BBIJIGJIUTh METOJIOJIOTUYECKH Ba)KHbIE BOIIPOCHI XMMHUH U HA KOHKPETHBIX IPUMEpax MOKa3aTh
B3aMMOCBSI3b KBAaHTOBOM XMMHHU C JIPYTMMHU JUCHMIUIMHAMU XHMHYECKOTO U €CTECTBEHHO-
Hay4YHOT'O LIMKJIOB.

— pa3BUTHE YMEHUMN, KOTOPbhIE MOMOTYT TPAMOTHO MPUMEHATh METOAbl KBAHTOBOW XMMHUHU IPHU
pEIICHNN Pa3IUYHBIX 3ajad, JaTh B PYKHA OYyAYIIMM CHEIUAIHCTAM-3KCIIEPUMEHTATOpaM WH-
CTPYMEHT, KOTOPBIA MO3BOJIMII ObI MPOBOIUTH KBAHTOBO-XUMHYECKHE UCCIICIOBAHMS C UCIIONb-
30BaHUEM BCEX BO3MOKHOCTEH COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJOIMM KBAaHTOBOW XHUMUU
[IPY PELICHUU TUIMYHOI'O IMKJIA 33Ja4: pacyeTbl T€OMETPUUYECKUX XapPaKTEPUCTUK MOJIEKYII,
MOCTPOEHUE KAPT PaCHpEACsICHUsI JIEKTPOHHOM IUIOTHOCTH BJIOJb PA3HBIX CEYECHHH B MpPO-
CTPAHCTBE MOJIEKYJIbI; PACUEThI AUMOJbHBIX MOMEHTOB M SHEPTrUil HOHU3ALUU MOJIEKYII; pacye-
ThI IOBEPXHOCTHU IMOTCHIIMATBHON YHEPIUU XUMHUYECKUX PEaKLIHil.

TpeGoBanuss Kk pe3yabTaTaM OCBOEHHSl JMCHUILIMHBI. [Iporecc u3ydeHus IUCUUIUIMHBI
«KBanTOBast XuMus» HampaBlieH Ha (OPMHUPOBAHHE PIEMEHTOB CIEAYIOIIUX KOMIETEHIIUNA B COOT-
BerctBur ¢ ®I'OC BO P® nanpasnenus noaroroku 04.04.01 Xumust 1 OCHOBHOM 00pazoBaTeib-
HOH TIporpamMMbl BBICIIETO0 MPOo(EecCHOHATBLHOTO 00pa3oBaHus HarpasieHus moarotoBku 04.04.01
Xumus (Maructepcekast mporpaMma: Xumusl):

YHUBEPCAalbHble KOMNEeMeHYUU:

—CIOCOOHOCTb OCYIIECTBISATh KPUTUYECKUI aHAIMU3 MPOOJIEMHBIX CHUTyallMii Ha OCHOBE CH-
CTEMHOTO IT0JIX0/1a, BhIpabaThiBaTh cTpatTeruio aeicteuii (YK-1);

— CMOCOOHOCTH YIPABIISATH MPOSKTOM Ha BCEX 3Tanax ero sku3HeHHoro nukia (YK-2);

— CIIOCOOHOCTh OPTaHMU30BBIBATh U PYKOBOJIUTH pabOTON KOMaH/bl, BhIpabaThiBasi KOMaHIHYIO
CTpAaTErHIO JUIs AOCTIKEeHUsI noctaBieHHol e (YK-3);

— CHOCOOHOCTh MPUMEHSATh COBPEMEHHBIE KOMMYHHKAaTHUBHBIE TEXHOJOTHMH, B TOM 4YHCJE Ha
MHOCTPAHHBIX S3bIKAX, [UIS aKaJIEMUYECKOT0 U npodeccronansHoro B3aumozeicteus (YK-4);

— CIIOCOOHOCTh aHAJIM3UPOBATh U YUYUTHIBATH pa3HOOOpa3ue KyJIbTyp B MPOLECCE MEKKYIbTYP-
Horo B3aumoseiicteus (YK-5);

— CIIOCOOHOCTH ONPENENATh U PEaIn30BbIBATh IPHUOPUTETH COOCTBEHHOM AESITETbHOCTU U CIOCO-
ObI €€ COBEPILICHCTBOBaHMs Ha OCHOBe camoolieHkH (YK-6).

oduenpogeccuonanvnovie KOMnEMEHYUU:

— CHOCOOHOCThH BBINOJHATh KOMIUIEKCHBIE SKCIEPUMEHTAIbHBIE U PACUETHO-TEOPETUUYECKUE HC-
clieJOBaHMsI B M30paHHOW 00JAaCTH XMMHUHU WM CMEXKHBIX HAayK C MCIOJIb30BAaHHEM COBPEMEHHBIX
npruOOpPOB, MPOTrPaMMHOTO oOecrieueHns ¥ 0a3 JaHHBIX podeccruoHanbHoro HazHayeHus (OI1TK-1);

— CIIOCOOHOCTh aHAM3UPOBATh, HHTEPIPETUPOBATH U 000IATh PE3yNIbTaThl IKCIIEPUMEHTATbHBIX
Y pacyeTHO-TEOPETUYECKUX PadOT B M30paHHOI 00JIaCTH XUMUHU WM cMexHbIX Hayk (OI1K-2);

— CIIOCOOHOCTBH MCIIONIb30BATh BBIYUCIUTEIbHBIE METO/ABI U aJalTUPOBATh CYIIECTBYIOIINE MPO-
rpaMMHBIE IPOAYKTHI [T PEHIeHHs 3a1a4 npodeccuoHanbHoi nesrensHoctr (OITK-3);

— CIOCOOHOCTh TOTOBUTH MYyOJIMKAIMK, Yy4acTBOBaTh B MPOGECCHOHANBHBIX TUCKYCCHUSIX, MpPEJ-
CTaBIATH PE3YyIbTaThl MPOPECCHOHATBHON JEeSITEIbHOCTH B BHJIE HAYYHBIX U HAyYHO-TIOMYJISPHBIX
noxianos (OITK-4).

npogheccuonanvnvle Komnemenyuu, COOTBETCTBYIOIIME BHIY (BUAaM) HpodeccCHOHATBHON
NesITeIbHOCTH, HAa KOTOPbIE OPUEHTHPOBAHA MPOrpaMMa MarucTpaTyphbl:

HAYYHO-UCCIe008AMENbCKAS 0eSAMENTbHOCIb!
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—  CIIOCOOHOCTBIO MPOBOAMTH HAYYHBIE UCCIIEA0BAHM MO C(HOPMYIMPOBAHHON TEMaTHKE, CaMO-
CTOSITENIFHO COCTABIIATH IJIaH MCCIIEIOBAaHMA M MOJy4yaTh HOBBIC HAyYHBIC U MPHUKIATHBIC PE3yIbTa-
o1 (ITK-1);

—  BIQJICHUEM TEOpHEH M HAaBBIKAMH IPAKTUYECKOH paboThl B n30pannoi obnactu xumuu (I1K-
2);

— TOTOBHOCTBIO HCIIOJIb30BAaTh COBPEMEHHYIO allapaTypy IpU MPOBEJCHUH HAYUHBIX UCCIIEN0-
Banwuii (ITK-3);

—  CIIOCOOHOCTBIO YYacTBOBATh B HAYUHBIX TUCKYCCUSAX U MPEACTABIATH MOJYyYCHHBIE B UCCIIE-
JOBaHUSX PE3YNbTaThl B BUJE OTUETOB M HAYYHBIX MyONMKaUUi (CTEHIOBBIE JOKIAAbI, pedeparsl u
CTaThH B MEepHOANYCCKON HayuHoi medatu) (I1K-4);

Op2aHU3AYUOHHO-YNPABNIEHUECKAS OesIMENbHOCb.!

—  BJIQJICHUEM HaBBIKAMHU COCTaBJIEHHUS IUIAHOB, IIPOrpamMM, MPOEKTOB U JIPYTUX AUPEKTHUBHBIX
nokymentos (ITK-5);

—  CIIOCOOHOCTBIO OIPENEISATh U aHAIM3UPOBATH MPOOJIEMBI, TNIAHUPOBATH CTPATETHIO MX pelle-
HUsI, OpaTh Ha ce0sl OTBETCTBEHHOCTD 3a pe3yibraT aesrenbHocTH (ITK-6);

HAYYHO-Neoazo2uieckas 0esimenbHOCmb.

— BJAJCHHEM METOAaMHU O0TOOpa MaTepuala, IpernoJaBaHus U OCHOBAMH YIPABJICHHUS MPOIEC-
coM 00yueHHUs1 B 00pa30BaTeIbHBIX OpraHu3alusx Beiciiero oopasosanus (I1K-7).

B pesyabrare nzyyenusi y4eOHOM JUCHUIINHBI CTY/I€HT J0JIKEH:
3HATh:

— OCHOBHBI€ I10JIOKEHUSI KBAHTOBOM TEOPHH;

— TEOPETUYECKHE OCHOBBI KBAHTOBOXUMUYECKUX METOJIOB;

— OCHOBHBIE ITapaMeTPBI AIEKTPOHHOTO CTPOEHUS MOJIEKYIT;

— COBPEMEHHYIO TEOPHUIO XUMUYECKON CBSA3H.
yMeTb:

— BbIOMPATh KBAHTOBOXMMUYECKUH METOJ, KOTOPBI CIOCOOEH PEelIUTh MOCTaBIEHHYIO (THIHY-
HYIO) 3aJ1a4y:

— pacueT TeOMETPUYECKUX XapPAKTEPUCTHK )KECTKUX MOJIEKYJL;

— pacder 3apsA0B Ha aTOMax;

— IIOCTPOCHHUE KapT PacHpeleNIeHHs 3JIEKTPOHHOM IUIOTHOCTU BJIOJIb Pa3HbIX IIEPEPE3OB B MPO-
CTOPHBIE MOJIEKYJIbl, aHAJIN3 HA OTOM OCHOBE XapaKTepa XMMHUYECKUX CBS3EH;

— pacueT 3Hepruil HOHU3ALUU MOJIEKYJISIPHBIX CUCTEM;

— pacyeT MOJIEKYISPHOTO 3JIEKTPOCTATUYECKOTO MTOTEHIMAIa MOJIEKYT;

— pacuer TEeIUIOT peaKLnii;

- pacdeT MOBEPXHOCTEN M IyTEN XMMUYECKUX PEaKIU;

— BBIMOJIHATE KBAHTOBOXMMHYECKHE pACUeThl IPOCTPAHCTBEHHOTO CTPOEHHs M  (PU3MKO-
XUMHUYECKHX CBOMCTB MIPOCTEUIINX MOJIEKYJI C IOMOLIBIO IPOTPAMMHOI0O ITAKETA;

— MHTEPIPETUPOBATH U UCIIOJIB30BATh PE3YJIbTaThl KBAHTOBOXUMHUUYECKUX PACUETOB;

— opueHmupo8amsvcsi B Kpyre OCHOBHBIX IIPOOJIEM COBpEMEHHOW KBAaHTOBOI XUMUHU.
Bnaoemy:

— KaBbIKAMHM IIPUMEHEHHUS OCHOBHBIX IMOJIO)KEHUH KBAHTOBOW XMMHUU JUIsl aHAJIM3a CBOICTB XU-
MUYECKUX COEIMHEHU.

— HaBbIKaMU MPUMEHEHHS] OCHOBHBIX METOJOJOTHI COBPEMEHHBIX KOMITBIOTEPHBIX TE€XHOJOTHH
KBaHTOBOU XUMUU;

— HaBBIKAMH COBEPIIEHCTBOBAHMS M PA3BUTHUS CBOETO HAYYHOI'O IIOTEHIIAANIA.



4. COIEPXAHMUE JUCHUIIVIMHBI U ®OPMbI OPTAHU3ALIUU

YYEBHOI'O ITPOLHECCA

IHopsaakoBblii HOMeEp H
HAHMEHOBaHHE TEMbI

Kparkoe cogepxxanue TeMbl

Cooeporcamenvuutii mooyas 1

Tema 1.

KonuenryanbHble OCHOBBI,
COCTOSIHHE€ M CTaHOBJICHHE
KBAHTOBOM XUMHHU.

[IepBble m1aru, pa3BUTHE U COCTOSHME KBaHTOBOM xumuu. [lpen-
MEeT KBaHTOBOM Xxumuu. O0BEKThl KBaHTOBOUM Xxumuu. KBantoBas
MEXaHUKa M KBaHTOBas xumus. [IpotuBopeune Mexay kiaccuue-
CKOM CTPYKTYpPHOW XHMMHMEW M KBaHTOBOM xuMmueu. [losBnenue
KBaHTOBOU xumuu. Pazsutue kBantoBoi xumuu. [loctynar Ilnan-
Ka O KBaHTOBaHMUU YypoBHeW sHepruu. Iloctymar DiiHmreiiHa o
KBAaHTOBAaHUU HEPrUU 3JEKTPOHOB B aromax I[lmanerapHas mo-
nenb crpoeHust atoma — Moaens Pesepdopna. Teopuss bopa s
cTpoeHuss aroma Bogopona. I[loctymar bopa o HeoOxomumom
YCJIOBUH CTAI[MOHAPHOCTH AJIEKTPOHHOM OpPOUTHI — CHUIIOBOM MOC-
tynar. [loctynat bopa 0 1ocTaToO4HOM YCIOBUM CTAallMOHAPHOCTU
AEKTPOHHON OpOUTHI — NMPABUJIO KBAHTOBAHUS. Y CIIOBUS KBaHTO-
BaHUA pajuyca »3JICKTPOHHON OpOUTHI. YCIOBUS KBAaHTOBAHHS
SHEpPruM 3IeKTpoHHON opOutsl. [loctynar bopa o sHeprum snex-
TPOHHBIX MEPEXO0/I0B —IPABUIIO YacTOT. BonHOBas npuponaa 3iex-
TpoHOB. [loctynatel u ypaBHenus ne bpoina. BonHoBo# mocrty-
nat ne bpoiinsg o craunoHapHOCTH AJIEKTPOHHON OpOuTHI. J[BrKe-
HUE WIH cocTossHuE 00bekToB Mukpomupa? Unes bopha: [locry-
JaThl KBAHTOBOM MexaHuen. OnepaTopbl KWHETUYECKOW SHEPTUU
I8 AOep W DJEKTPOHOB  MHOTOAQTOMHOM — XMMHYECKOH
yacTuLbl.OnepaTopsl MOTEHIMAIBHOM JHEPrUUB3aUMOACHCTBHUS
Snep,  DJJEKTPOHOB,  JJIEKTPOHOB W siep  XMMHMYECKOU
yacTUbIONEepaTop NOJHOW SHEPTUU XUMHUYECKUX YACTHIL.

Tema 2.
KBaHTOBO-XMMUUYECKHE
MOJICTT  ATOMHO-MOJICKY-
JSPHBIX XMMHYECKUX Ya-
CTHII

KBaHTOBO-XMMHMUECKass  MOJ€Ib  aTOMOB W MOJIEKYI B
NPUOIMKEHUN COTJIACOBAHHOTO JIBMDKEHUS SIIEp U DJIEKTPOHOB.
CranuonapHoe ypaBHeHue Illpenunrepa nans npenu3HMOHHON
SIEPHO-DJIEKTPOHHOM MOJEIM XHMMHYECKUX dactul. Moxens
XUMHYECKON 4acTULIbI B IPUOIMKEHUN 3aMOPOKEHHOTO SIIEPHOTO
OCTOBA. ONEKTPOHHOE ypaBHEHUE B npUOIMKEHUN
3aMOpOKEHHOTO SJIEPHOTO OCTOBA XMMHUYECKUX 4dacTull. Moneinb
XUMHUYECKOH YacTUIBl B  OJHODJIEKTPOHHOM MPUOIMKEHUH.
VpaBuenue Illpenunrepa B OJHOAIEKTPOHHOM MPHOIMIKEHUU
Xaptpu. MHorosnekrponHas BoiHoBasg (QyHkuus CidTepa.
Monpens XUMHUYECOU YaCTHUIIBI B MPUOTKEHUN
CaMoCOraacoBaHHOro nojs. OHOAIEKTPOHHBIE YpaBHEHUs XapT-
pu — @oka. KoHuenius MoNeKyIspHbIX OpOUTanell B KBaHTOBOM
XUMUU. ATOMHasi opOuTanb, ee CTpyKTypa U cBoiicBa. KBaHTOBBIE
quciaa:. n, |, m, S. OCHOBHEIE ITOJIOKECHHSI METOJIa MOJICKYJIISIPHBIX
opbutaneil. MonekynsipHas opouTanb, ee CTPYKTypa U CBOMCBA.
[Ipubnmxenne MO JIKAO. YcnoBus BapuallmOHHON TEOPEMBI K
MO. Tounsie u pooHble MO. basucusie pynkuuu MO. Ycnosue
MHHMMAQJIBHOTO  3HAQYE€HMs]  SHEPIMM  JJEKTPOHA  SJEPHO-
AJEKTPOHHON CHCTEMBI COCTOSIHUE KoToporo onuckiBaeT MO. Me-
TofoJorus omnpeneneHus Heprun MO u  koadpdunuentos npu
6asucHbpIx ¢yHkuusx MO, ypaBHeHnus Pyrana. BekoBoe (cekyis-




pHOE) ypaBHEHHE.

Tema 3.

Hesmnupuueckas, DFT- u
MOJIyDMIIUPUYECKasi KBaH-
TOBasi XUMHUS.

Hesmnmpuueckas kBanroBas xumus. NDDO nomysaMmnupuueckas
kBaHTOBas xumus: AM1, RM1. PM3, PM6, PDDG npubmauxeHusl.
DFT-xBantoBas xumus. Opouranun Xaptpu — Poka. OpOuranu
Crnetitepa - 3enepa. basucHble (QyHKIIMU I HEIMIUPUUECKUX
pacuetoB. OpOurtanu raycoBoro tumna. OIHOIKCIOHEHIHATbHAS
opOHTaNb CI3TEPOBCKOro TUMa. MUHMMaNbHBIE Oa3ucHble HA0O-
pbl. JIByX3KCIOHEHIIMANbHbIE 0a3ucHble HaOOphl. PacmmpeHnHbie
OasucHplie HaOophl. [lomspuzanmonnsle 1 qudPy3HbIC PYHKIUN.
Uctounuku norpemuoctu CCIT MO JIKAO pacueroB. OO6umii
MOJIXOJ] K YYETY SHEPruu 3JIeKTPOHHOI Koppensiiuu. KomOunupo-
BaHHBIEC KBAaHTOBO-KJIaccuueckue npuomnkerns (QM/MM).

Tema 4.
KonuenryanbHble OCHOBBI,
COCTOSSHUE H TMPOOJIeMbI
TEOPUHU XUMHUYECKOU CBSI-
3.

OpOuTalIbHO-3apsAI0Bass KOHIICTIIUS TEOPUH XUMHUYECKOW CBS3H..
OcCHOBHBIE TpEACTaBICHUSI OPOUTAIBHOW KAPTUHBI XUMHUYECKO
cBs3u. [IpuHnmm opOuTtaabHOTO cooTBeTcTBHSI. MO M opOHTab-
Hoe cooTBeTcTBME AO (MeToauka MasuinkeHa). DHeprust AByX-
aToMHBIX B3auMmopeicTBuli (Eag) B mpuOmmxkennun MajumkeHa:
pEe30HaHCHBIE U OOMEHHBIE ABYXaTOMHBIC B3aUMOJICHCTBHUSI, DIIEK-
TPOCTATHUYECKHE JBYXaTOMHbIE B3aumojencTBus. Ilapamerpsl
KPUTHYECKUX TOYEK JIEKTPOHHOM IJIOTHOCTH, XapaKTEPU3YIOIINE
XUMHUYECKYIO CBs3b. THIT KPUTHUECKON TOUKHU 3JIEKTPOHHOM IUIOT-
HOCTH B MEXbJIEPHOM IIPOCTPAHCTBE XUMUYECKH cBsA3U. KoHIlen-
M CAJI B TEOPUM XUMHUUYECKOW CBs3M: TeopeMa ['enbpmaHa-
@eifHMaHa, MPUPOAA XUMHUYECKOW CBSI3U B MPUOJIMKEHUH DIIEK-
TPOCTAaTUUYECKOMN TeopeMsbl I 'enbmana - deiiHMaHa, TeopemMa BUPHU-
aja, MpUpoaa XUMHIECKON CBS3U B MPUOIMHKEHUU TEOPEMBbI BUPH-
aja.

Tema 5.

MeToioJIOTHsI  KBaHTOBO-
XUMHUYECKOTO  MOJIEITHPO-
BaHMSI XUMHUYECKHX peaK-
ITUH.

DneMeHTapHbIA aKT XUMUYECKON peakuuu. Teopus nepexoHoro-
COCTOSIHMSI XUMHMUYECKOU peakuuu. Pacuer moBEpXHOCTH MOTEHIIU-
QIbHOM DHEPrUHM XUMHUYEcKON peakuuu. CTallOHapHbIE TOYKH
II19 anemenrtapHoi peakuuu. ITyte xumndeckon peakuuu. Onen-
Ka T€OMETPHUM IIEPEXOJHOIO COCTOSHMS XHMHUYECKOW DPEaKIHH.
WHpekcbl peakMOHHOW crocOOHOCTH.. KBaHTOBS TepMOXUMMUSL.
Meton uzonecMuueckux peaxkiuil. OnpenesneHue TepMOXUMHYe-
CKHUX XapaKTEPUCTUK XUMUYECKUX YACTHULl U DHEPIUU UX JUCOLIH-
alMM Ha WOHBl M paauKajbl B MPUOIMIKEHUM H30€CMUYECKHX
peakuumii. Hensonecmuueckue peakiuu.

Tema 6.

MeTtomosiorusd  KBaHTOBO-
XUMHYECKOTO  MOJIEITHPO-
BaHUs BJIMSHHUS PACTBOPH-
TelslT Ha PEaKIHUOHHYIO
CHOCOOHOCTh XUMHYECKUX
peareHToB

PCMKoOHTHHYaJIbHBIE MOJIEIM U CYNEPMOJIEKYISIPHOE MPHOIMKe-
HUE KBAaHTOBO-XMMHUYECKOTO0 MOJEIUPOBAHUS BIUSHUS PACTBOPH-
TeJIl Ha PEAKLUMOHHYI0 CHOCOOHOCTh XHUMHUYECKHUX pPEareHTOB.
KonTunyansHas Mozienb MOJSAPU3AUOHHOTO NeUCTBUS.. Moaenu-
poBaHUE COJbBATHBIX 0bosiouek pactBopurenss COSMO. DHeprus
U TPaJUeHTbl AHEPIHH JUAJIEKTPUYECKOTO0 SKpaHUPOBAHHUS pac-
TBOPUTEJIEM MOJIEKYJ BemiecTBa. [lomHas sHeprust conbpBaTHpOBa-
HBIX MOJIEKYJIIPHBIX CHCTEM. BO3MOXXHOCTH M OrpaHUYEHHE MO-
nenmn COSMO.; Metoanka KBaHTOBOXMMHMUYECKOTO MOJIEIHPOBA-
HUS JAEUCTBUS Cpellbl Ha XMMHUYECKHE OOBEKTHI B NMPUOIMKEHUU
mozienin COSMO. DddexTsl Monspu3alMoOHHOTO JASUCTBUS pac-
TBOPUTENS HA MapaMeTphl 3JIEKTPOHHOH CTPYKTYPbl XMMHUYECKHX
YACTHII.
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Tema 7. KBanroBas 6noxumus. KBanroBas meauuunckas xumus. Kanro-
AKTyaJlbHbIC HallpaBJICHU | Bas JKOJIOTMYecKas XMMHs, KBaHTOBas XuMHUS TBEPAOIrO Tela.
COBPEMEHHOM KBaHTOBOW | KBaHTOBas XUMUS CylpaMOJEKYISPHBIX cOoenuHeHU. KBanTOBas
XUMUH. HaHoxuMus. CKaHMpYIOIIas 30HI0Bass MUKPOCKONHMS KaK UHCTPY-

MEHT KBAaHTOBOM XHMMHU. 3OHI[OBa5I TYHCJIbHAsA MHUKPOCKOIIHA.
MarsauTHO-CcHIIOBas MHUKPOCKOIIUA. BJ'ICKT];)OCI/IJ'IOBaﬂ MHUKPOCKO-
nus. bimkHeNobHas ONTHYECKas CIICKTPOCKOIIHA.

TemaTnyeckui mian

Copep:kareJbHbIii MOTYJIb 1

Ha3Banus coaep:kaTejbHBIX MOTYJIeH
U TeM

KoaudecTBO 9acoB

QOunas dpopma o0yuenust

BCEro

B T.4.

JICKIIMH

Hasi paborta

MPaKTUYECKHE
CaMOCTOSITEINb-

WH/IUBUTyalTb-
Hasi paboTa

Tema 1.
KoHiientyanbHbIE OCHOBBI, COCTOSIHUE W
CTAHOBJICHUE KBAHTOBOU XVMUMU.

16

N

N | mabopaTopHbIe

[EEN
N

Tema 2.
KBaHTOBO-XMMHUECKIE MOIEIIN aTOMHO-
MOJIEKYJIIPHBIX XUMHUYECKHX YaCTHI]

16

Tema 3.
Hesmmnupuyeckasd, DFT- u nomy>mnupu-
YEeCKasi KBAHTOBAs XUMUSL.

16

Tema 4.
KOHHGHTyaJ'IBHBIG OCHOBBI, COCTOAHUC U
po0OJIeMbl TEOPUU XUMHUYECKOH CBSI3U.

16

Tema 5.

Merononorus KBaHTOBO-
XUMHUYECKOIOMOJIEIIMPOBAHNS  XMUMHUYE-
CKHX PEaKLIMi.

16

Tema 6.

MeTomonoruss  KBaHTOBO-XMMHUUYECKOTO
MOJICTTUPOBAHUS BIIMSIHUSI PACTBOPUTEIIS
Ha PEAKIMOHHYIO CIIOCOOHOCTh XUMHUYE-
CKHX PEarcHTOB

15

Tema 7.
AKTyaJlbHbIE€ HAIPBIEHUS COBPEMEHHOMU
KBAaHTOBOU XMMHHU.

13

Hmozo
no cooepxcamenbHomy mooynwo 1

108

14

14 80

5. METOIWYECKHUE PEKOMEHJALIWHU JJISI IPOBEJEHUS

JEKIIAOHHBIX, MIPAKTUYECKHNX U JTABOPATOPHbBIX 3AHATHUI
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[TpakTryeckue 3aHATHS HE TPETyCMOTPEHbI Y4EOHBIM IJIAHOM

TEMBI JIEKIIUOHHBIX 3AHATUAN

Ne Konuuecmeo
/i Hazeanue memui 4ACOB
1. | KoHuenryanabHbIE OCHOBBI, COCTOSTHUE ¥ CTAHOBJICHHE KBAHTOBOW XUMUHU. 2
2. | KBaHTOBO-XMMHYECKHE MOJACIIH aTOMHO-MOJICKYJISPHBIX XHMHYECKUX Ya- 5

CTHII.
3. | Heoamnupuueckas, DFT- u nmomyamnuprdeckasi KBaHTOBasI XMMHUSI. 2
4. | KonnenTyaibHble OCHOBBI, COCTOSIHUE M MPOOJEMbI TEOPUU XUMHYECKOM 2
CBSI3M.
5. | Merononorusi KBAHTOBO-XMMHYECKOTO MOJIECITUPOBAHUS XUMUYECKUX pe- 2
aKI[UH.
6. | MeToaosorusi KBaHTOBO-XUMHUUYECKOT'O MOJICTUPOBAHMS BIIUSHHS PacTBO- 2
pUTEIIS Ha PEaKIIMOHHYIO CIIOCOOHOCTh XUMUYECKHX PEarcHTOB
7. | AxTyalibHbIE HallpaBJICHUsI COBPEMEHHON KBAaHTOBOW XUMMH. 2
BCEI'O 14
TEMBI IABOPATOPHBIX 3AHATUN
Ne Konuuecmeo
u/n Ha3zeanue memoi 4ACOB
1. | MeTononorusi KBaHTOBO - XUMHUYECKOTO pacueTa SHEPTUH JTUCCOIUAIINN 2
XHUMUYECKUX COCOUHCHUM.
2. | Merononorus KBaHTOBO - XMMHYECKOTO pacyeTa >HEPruud HMOHU3ALMU 2
XHUMUYECKHX COCTUHECHUH.
3. | Merogonorusi KBAaHTOBO - XMMHUYECKOTO pacyeTa MyTH HEU30JecMUude- 2
CKHUX pEaKLHi.
4. | Metogonorusi KBaHTOBO - XMMHUYECKOIO0 pacyera CTaHJIapTHOM 3HTajb- 2
MUy 00pa30BaHUS METOJIOM U30JIECMUYECKUX PEAKITUH.
5. | Merogonorusi KBaHTOBO - XMMHYECKOTO pacyeTa MPOYHOCTH XUMHUYE- 2
CKOM CBSI3U METOJOM HU30/IECMUUECKUX PEaAKIIHil.
6. | MeTomo0THs KBAHTOBO - XUMHUYECKOro pacuera B mpuOmmkenun COS- 2
MOMopenu conbpBaTalli PEareHTOB XUMUYECKUX PEaKIuit
7. | Merononorus QM/MM pacuera 00beKTOB OMO- U HAHOXUMHH. . 2
BCEI'O 14
6. METOAUMYECKHUE PEKOMEHJIAIIUA ITO OPTAHU3AIIN
CAMOCTOSTEJBHOM PABOTHI CTYJEHTOB.
OPI'AHM3ALIUSI CAMOCTOSITEJIBHON PABOTHI CTYJIEHTOB
N Konuuecmeo
w/n Hazeanue memui 4ACOB
1. | KonmentyanbHbIE OCHOBBI, COCTOSIHUE U CTAHOBJICHUE KBAHTOBOW XUMUH. 6
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NunuBunyanpras padota (1. 1)

KBanToBO-XHMHUECKHE MOJACIA aTOMHO-MOJICKYJIIPHBIX XMMHYECKUX Ya-
CTHIL.

WuauBuayanbHas padota (1. 5).

Heamnupunueckas, DFT- u nonysmnupudeckas KBaHTOBast XUMUS.

Nunusuayaneaas padota (1. 2)

KonnenryanabHble OCHOBBI, COCTOSIHUE M MPOOJIEMbl TEOPUU XHUMUYECKON
CBSA3HU.

WNuauBuayanbHas padota (11. 6).

Meroaonorusi KBaHTOBO-XMMHYECKOTO MOJEITUPOBAHUS XUMUYECKUX pe-
aKIUH.

WNunusunyansHas pabora (1. 3).

Metoponorus KBaHTOBO-XMMUYECKOI'O MOJEIMPOBAHMSI BIUSHUS PAaCTBO-
pUTENS Ha PEaKIIMOHHYIO CITIOCOOHOCTh XUMUYECKUX PEarcHTOB.

WunuBunyanbHas padota (1. 4).

KBanToBas HaHOXHUMHUS: KOHICIIIHHU, COCTOAHHUEC U IICPCIICKTUBLIL.

KBaHTOBas 3K0JIOTHYSCKAsT XUMHST: KOHOCIIIHUH, COCTOAHUC U IICPCIICKTU-
BBI.

Ol | A O [OO O |O] O ||| O |O

BCEI'O

[0}
o

7. MTHANBUAYAJIBHBIE 3AIAHUSA

Ileab: oBaEeTh TEOPUEHN U MPAKTUKON KBAHTOBOW XUMUMU.

1. BHIIONHHTH KBAHTOBO-XMMHYECKHI pacdeT CTPYKTYPHBIX MapaMETPOB OOBEKTOB JAHHOTO
psna.
N R, R, Cio% HCR Epc
o 1 H H 30 80 -0.88
| 2 CH, CH; - - -0.97
Ry N CN 3 F H 15 100 -0.75
N 4 CFs H 7 75 20.65
‘ 5 CFs0 H - - 0.73
- N/ " 6 Cl H 9 150 -0.74
2 | 2 7 Cl Cl 1 80 -0.62
s 8 CN H 11 50 -0.56
9 F F 1 10 -0.75
10 Cl F 2 10 -0.68

C19 — KOHIIEHTpAIMsl aKTHBHOTO BEIIECTBA, HEoOXoauMasi i BeDKUBaHUS 1% HCcIemyemMbIx
kieTok.HCR — cooTHoIIeHHE TUTOTOKCHYHOCTH, OMpelensieMoe KaK OTHOIICHHWE MEeXIy J030U B
BO3JlyX€ M J1030M B TMIIOKCHHU, HEOOXO0AUMOE AJIsl MPOAyLHpoBaHus rudenn 99% knertok TkaHu. Eye —
MEePBbII MOTEHIMA BOCCTAHOBJICHUS, U3MEPEHHBII METOJIOM LHUKINYECKOW BOJIBTOMETPUU B JIUMeE-
TunhopMamMue.

[TocTpoiiTh rpaduku 3aBUCUMOCTH CBOMCTB MCCIEAYEMOTO Psijia COeIUHEHUH B KOOPAMHATAX.

Cepus 1 Cepus 2 Cepus 3
1. Ciy = f(AH®), 1. HCR =f(AH), 1. Epc = f(AHf),
2. Ciy = f(Ep3mo), 2. HCR = f(Egsmo), 2. Epc = f(Essmo),
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3. Ci=f(G), 3. HCR=f(G), 3. Ep.=f(G),

4. Ciy =f(v (N=0)), 4. HCR =f(v (N=0)), 4. Ep = f(v (N=0)),
5. Cix = f(Vvow), 5. HCR =f(Vvpw), 5. Epe = f(Vvow),

6. Ciy = f(logP), 6. HCR =1(logP), 6. Epc = f(logP),

7. Ciy = f(0). 7. HCR = f(a). 7. Epc =f(a).

C moMoIIBIO MONTYYEHHBIX MAaTEMaTU4YECKUX BBIPAKEHUH, CBS3BIBAIOLIUNX CBOMCTBA UCCIELye-
MOTO psiia 00BEKTOB, OLIEHUTE OTCYTCTBYIOIIUE SKCIIEPUMEHTANIbHBIE BeMYMHbI moTeHnuana u HCR
Ui coequHeHui 2 u 5. Ha ocHOBe IOJIy4eHHBIX JaHHBIX MOMNBITANTECh IIPEICKA3aTh UX AaKTUBHOCTD
KaK [IUTOTOKCUYECKUX areHToB. CpaBHUTE C BEIMYMHAMM, [IOJIyYEHHBIMU B 3a/laHUMU.

2. BBINOIHUTH KBAHTOBO-XUMHUYECKHI pacdyeT CTPYKTYPHBIX MMapaMeTpOB METHIOBOTO CIHPTA.
[Tokazate: kak B mpubmmwkennn Mmeroga MO JIKAO paccuuThIBarOTCS 3apsiibl HA aTOMax KUCJIOPOia
U BOJIOPOJa MOJICKYJIbl; KaKUM 00pa3oM MOKHO ONPENEIUTh MOTSHINAT HOHU3AIUN MOJIEKYJIbI Me-
TaHOJIa COOTBETCTBEHHO Teopembl KymmaHca; Kakue MOJEKYISIpHbIE OpOWTAaIU SBISIOTCS TpaHUY-
HeiMu. Kakue cBoiicTBa Mosiekynbl koHTpoaupytorcs B3MO u coorserctBenHo HBMO? Ompene-
TUTh 0a3uCHBI HAOOp aTOMHBIX OpOUTaNel, KOTOPBIA OBLJIO UCIIOJIB30BAHO JJISi TOCTPOCHHUS MOJIe-
KYJISIPHBIX OpOUTasei.

3.TlonyunTs paBHOBECHBIE KOH(UTYpanuu napa-R-kanukc[4]apeHa, KOTOpble COOTBETCTBYIOT
koH(popmepam | - IV, B npulbimkeHNN METOJ0B MOTYIMIUPUUYECKON KBAHTOBOM XUMUU. BBITOIHUTE
pacyer SHTAIBIUU 00pa3oBaHMs M CBOOOAHOM »HEepruu [ m6Oca 0oOpa3oBaHus B MPUOIMKEHUN METO-
na AMI1 qns | — IV kondopmepoB napa-R-kanukc[4]apena npu 298 K. Onpenenuts Haubomnee cra-
OounbHBIN KOH(pOpMep napa-R-kamukc[4]apena. Onpenenuts mapamMeTpsl KOH()OPMAIIMOHHOTO paB-
HOBecusinapa-R-kanukc[4]apeHa.

4. TIpoBecTH TEOPETHUECKUI aHATIN3 COCTOSIHUS MPOOJIEMbl KBAHTOBO-XUMHUYECKOTO OMUCAHUS
HEM30JIECMUYECKUX peakiuii. [1oaydnTh paBHOBECHYIO MOJIEKYISIPHYIO CTPYKTYPYIEPOKCHIHBIX
coenuuennii (RiOOR,) u okcupaaukanos (RO’), koTopbie 06pa3yroTcs B pe3ybTare TOMOJIUTHYE-
ckoro paspeiBa —O-O- CBsI3U UCCIEAYEMOTO psifia IEPOKCHIOB:

R,O0R; —» Ri10"+ RO’

[IpoBecTr KBaHTOBO-XMMHUYECKHUI pacyeT uccieayeMbix 00beKkToB mpu temieparype 298 K. Ompe-
JIEUTH BIUSTHUE TPUPOIBI 3aMECTUTEIIS Ha POYHOCTD TTEPOKCUTHOMN CBSI3H.

Qobvekmul 011 UHOUBUOYATLHOIUL PAOOMbL

AMI1 meton RM1 meron
BapHaHT R1 R, BApHUAHT R R,
CHs H 11 CH3 H
CoHs H 14 C,Hs H
Ph H 13 Ph H
ukin0-CgHiq H 14 mukmo-CgHiq H
CiHas H 19 CyiHas H
CHs CHs 16 CHs CHs;
C,Hs CHs 17 CyHs CHs
Ph CHs; 1§ Ph CHs;
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L[I/IKJIO-CGH;L;L

CHs

19 I_II/IKJ]O-CeHll

CH3

CuiHas

CHs

20 Cq1Ha3

CH3

5. IIpoBecTn KBaHTOBO-XMMHYECKOE HCCIICIOBAHUE BIMSHUS IPUPOJBI PACTBOPHUTENS B HpHU-
ommkenun KoHTUHYanbHOH Moaenn COSMO Ha 31eKTpOHHBIE M TEPMOAMHAMUYECKUE MapaMeTphI

MEPKCUIIHBIX COeIMHEHUI, KOTOpbIe MPUBEACHBI B MHAWBUITYaIbHOU padoTe 4.

6. CnupTsl, >QUpbI, OpraHUYecKUe KUCIOTHI U APYrue COSIUHEHHs] 00pa3yloT COOTBETCTBYIO-
1Me yriepoaueHTpupoBaHHble paaukanbsl >C-OH. B Bosayxe ¢ HU3KHM coepKaHHeM YIIEeBOIOPOJIOB B OC-
HOBHOM IIPUCYTCTBYIOT THIpoKcuiabHble (HO ) u runponepokcuisHble (HO,) panukanel, KOTopele, pearupys c
yreBogopoaamu RH 1 O., GbICTPO MOTYT IpeBpalaThes B nepokcupaaukaisl RO, .

[TpoBectu MeTo1oM PM3 KBaHTOBOXMMHUYECKHI pacdeT PEakTaHTOB M MPOJYKTOB peakiu( 3-5

B PEXKUME ONTHMHU3AIIUH MOJIEKYIIApHOI reomeTpun nipu 298 C. Paccuurars AE peaxiuii (1-7) mpu 0
K. Paccuurare AE peaximii (1-7) npu 298 K. Paccunrats AH peakuuii (1-7) npu 298K. Paccuurarh
AG peaxim i (1-7) npu 298K. R = R; B uHAMBHITyabHOM padoTe 4.

RH + "OH

RH + .ONOZ

RH + 'OOH

R+ 302

RH + ROO’

—_—

—_—

R"+ H,0
R"+ HNO;
R"+ HO-OH
ROO’

R"+ RO-OH

C oneduHOM peann3yeTcs U peakiys MPUCOSTUHEHHUS.

CH;==CHR+ 'OH — 'CH; - CHR(OH)
CH,;==CHR+ 'ONO; — 'CH; - CHR(ONO,)

8. KOHTPOJIbHBIE BOITPOCHI K IPOMEXKYTOUYHOM ATTECTALIUH.

(1)
(2)
(3)
(40

()

(6)
(7)

1. Mopens xumuueckodt wacTuubl B NpubmmKkeHud bBopHa - Onmepreiimepa. DeKTPOHHOE

YpaBHCHHC Hlpe,uI/IHrepa AJId CTAllMOHApPHOI'O COCTOSAHUA 3TOI MOAEIIH.

2. Mogens XMMUYECOH YACTUIBI B NpHOIMKeHHH XapTpu. OJHODIEKTPOHHBIE YPABHEHUS

[Ipenunrepa.

w

doxka.

©ooNo Ok

JMPOBAHHUSI.
10. KgaHTOBast HAHOXUMHUS

Metononorus HX® (UHF) npubnmkeHrs KBAHTOBOM XUMUHU.
Meto1010rusl HEAMIUPUYECKON KBAHTOBOW XUMHUH.
MeTto1010THs TOIYAMIIMPUYECKONM KBAaHTOBOU XUMUHU.
Metomonorust DFT kBaHTOBOM XUMHH.
KonnenryanabHbIe OCHOBBI, COCTOSTHHE U TTPOOJIEMBI TEOPUH XUMHYECKOU CBSI3U

Mogens aTomMa U MOJIEKYJIBl B IPUOJIMKEHUU CaMOCOINIACOBAaHHOTO moiisi. Meron Xaptpu —

MeTOJIOJ'IOFI/ISI N COBPEMCHHBIC KOMIIBIOTCPHBIC TCXHOJIOIT'MHW KBAHTOBO - XHMHYECKOTO MOJIC-
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9. OBPA3EIl BAPUAHTA MOAYJbHOI'O KOHTPOJISI U KPUTEPU OLIEHVUBAHUS

roy BIIO «IOHEIIKA HAIIMOHAJIbHbIA YHUBEPCUTET»
XuMnuyeckuii paxyabrer

Hanpasnenue noarotroBku: 04.04.01 Xumusn

Maructepckas nporpamma: XUMUA

[Iporpamma nmoAroToBKU aKkaJeMHYecKasi Marucrparypa
Cemectp 2

YuebOHast TUCIUAILINHA KBanToBas xumusa

MOAYJBbHASA KOHTPOJIBHAS PAGOTA
BAPUAHT Nel
1. Meronmonorust DFT KkBaHTOBOI XUMUH.
KoHnentyanbHble OCHOBBI, COCTOSTHUE U MPOOIEMbl TEOPHUH XUMUUYECKON CBS3H
3. Mertononorust U COBpEMEHHbBIE KOMIBIOTEPHBIE TEXHOJIOTMH KBAHTOBO - XUMHUYECKOTO MOJIE-
JIUPOBAHUSL..

N

VYTBep:kIeHO Ha 3aceaHuu Kadeapsl GU3NIECKOl XUMUH,
IpOTOKOJ Ne OT « » 20 I.

3aB. kadeapoii
IIpenonaBarens

Kputepuu onieHuBaHus MOyJbHOT0 KOHTPOJIsI

Homep 3ananus KosaunuecTBo 0a/110B
3amanue 1 10
3amganue 2 10
3amanue 3 10
Bceero 30

9. OBPA3EIl DK3AMEHAIIMOHHOI'O BUWIETA
(meopemuueckue 8ONPOCyL K IK3AMEHY, 00pazey duiema u Kpumepuu OYeHUSaHus1)

Teopemuueckue 60npocwl K IKIAMEHY

1. CraHoBleHHE M COCTOSTHUE KBAaHTOBOM XMMHUU: KOHIIETITyalbHble OCHOBBI KBaHTOBOH TeopuUH
4aCTUL MUKpOMUpPaA

2. DKclepUMEHTaJIbHbIE JOKA3aTeIbCTBA CIOKHOM CTPYKTYpHI aTOMa M MEXaHHMKa 0ObEKTOB MakK-
pO- U MUKpPOMHUDA.

3. ®opmMupoBaHHE KOHIENIIMU KBAHTOBOM TEOPUM U KBAHTOBON MEXaHMKHU 00OBbEKTOB MUKPOMUDA;

4. Tloctynat [Inanka o KBaHTOBaHUU YPOBHEH dHEPTHUU.

5. Tlocrynar DiiHIITEHA O KBAHTOBAaHUM SHEPTUU JIEKTPOHOB B aTOMax

6. DHeprust ¥ UMITYIIbC POTOHOB.

7. 3aKOHBI COXpAaHEHUS PHEPTUU M UMITYJIbca (POTOHOB.

8. IlmanerapHast MOJIENb CTPOCHHS aTOMA.

9. Teopus bopa 11 cTtpoeHus aToma BOJIOpoJia: OpOUTaIbHAsA MOJIETb aTOMa; MOCTYJIAThl O CTaluo-
HApHOCTU 3JIEKTPOHHOM OpOMTHI; painyC U SHEPTUsl JIEKTPOHHON OpOUTBHI.

10. Mocrynat bopa 0 sHEpruM IEKTPOHHBIX MEPEXOIOB.

11. BomnoBas mpupoja 351ekTpoHoB. [locTynaTer u ypaBHeHus ne bpoitns.



12.
13.
14.
15.
16.

17.
18.

19.
20.

21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.

40.

41.

42.

43.
44,
45.
46.
47.
48.
49.
50.
ol

52.
53.
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Hpuniun Heonpenenénnoctu [elizendepra.
JIBID>KEHHE U COCTOSIHUE 0OBEKTOB MUKpOMUpA - ocTynaTt bopHa.
KoHuenuuu u nepcrnekTuBbl KBAHTOBOM MEXaHUKH MOJIEKYJI

[Toctymnar o croco0e onucaHusi COCTOSIHUS 00BEKTOB MUKPOMUDA.

[Toctynatr 00 aHTUCUMMETPUYHBIX CBOMCTBAX (DYHKIIUU COCTOSIHUS aHCAMOJIsI 0OBEKTOB MHUKPO-
Mupa.
[Toctynar o cyneprno3uuu COCTOSIHUN 00bEKTOB MUKPOMHUPA.
[Toctynar o crocobe ompeneneHust GYHKIMA COCTOSHHS aHCaMOJisi 0ObEKTOB MUKPOMHpA: Bpe-
MeHHoe ypaBHeHue [lIpenunrepa.
CranuoHapHO€ COCTOSIHUE XUMUYECKUX YaCTHI] BELIECTBA.
CraunonapHoe ypaBHeHue lllpenuHrepa: noiy4uts U3 MOCTYIUPOBAaHHOrO ypaBHeHUs llpeanH-
repa.
KBaHTOBOMEXaHMYECKUE ONIEPATOPHI:
Oneparop sHEPruy YaCTUIbl MUKPOMUPA - FAMUJIBTOHHAH.
OmnepaTop uMITyJIbCca U €ro IEUCTBUE.
Oneparop KOOpAUHATHI U €r0 JEICTBHE.
OrnepaTop BpeMEHU U €ro JACiCTBUE.
JleiicTBrE mapsl orepaTopoB Ha (HYHKITHIO.
CBoiicTBa KBAHTOBOMEXAHUYECKHUX ONEPATOPOB;
JIunelHbIe OnepaTopsl.
KommyTtupyromme onepatopsl.
OPMUTOBBI OIIEPATOPBI.
OneparopHoe ypaBHEHHE HAa COOCTBEHHBIC 3HAYCHUSI.
[Toctynat o criocobe moay4eHns: ypaBHEHUH KBaHTOBOM MEXaHUKH.
OnHOMEpHBIN ONEPaTOP KHHETUYECKON IHEPTUU MUKPOYACTHIIBL.
TpexmepHbIil oneparop KUHETUYECKON SHEPTUU 00BEKTOB MUKPOMUPA.
Omnepatop NOTEHIMATBLHON SHEPTUH B3aUMOAEUCTBHS 00bEKTOB MUKPOMUPA.
Omneparop noyHOM dHEpPruu 00BHEKTOB MUKPOMUDA.
Iloctynar o cpegHem 3HaueHHHU onepaTopa I'aMuiIbTOHA cTanMoHAOHOro ypaBHeHus Lllpenunre-
pa.
VYpasuenue Lllpeaunrepa 1uist 3IEKTPOHHO - SACPHOU MOJEIN aTOMOB M MOJIEKYJ
JluHamuueckas  sIIEPHO-IEKTpPOHHAas Mojenb atoma. YpaBHenue Ilpenunrepa s
CTallMOHAPHOI'O COCTOSIHUS 3TOM MOZEIN.
JvnHamuyeckas sIepHO-IIEKTPOHHAS MOJEIb MHOTOATOMHON XMMHYECKON YacCTHUIIbl. Y paBHEHHUE
HIpennHrepa As CTalMOHAPHOIO COCTOSTHUS 3TOM MOJEIH.
Mopenp XuMHUECKOW dYacTullbl B mnpuOmmkeHuun bopHa - Omnmepreiimepa. DJIEKTPOHHOE
ypaBHeHue llpennHrepa ais CTallMOHAPHOTO COCTOSTHUS 3TON MOJEIIH.
Mopnens XxuMudecod dacTuipl B npubamxeHun XapTpu. OAHOANIEKTPOHHBIE YpaBHEHUS
[Ipenunrepa.
MHorosnexkTpoHHas BosiHOBas ¢pyHkius Ciaatepa.
Mogens aTomMa 1 MOJIEKYJIbl B IPUOIMKEHUH CaMOCOTIIacOBaHHOTO oJisi. Meton Xaptpu — doka.
KonuenTyanbHble OCHOBBI METO/1a MOJIEKYJISIPHBIX OpOuTaien
ATOMHas opOuTAalb.
MonekynspHasi opOUTATIb.
[Mpubmmxenne MO-JIKAO (meton Pyraana).
Tounbie u mpo6HBIE MO, BapualnnoHHas Teopema.
basucHble pyHKINU.
BanenTtHoe npubnmkeHue KBaHTOBOW XMMHHU: BaJ€HTHBIE M HEBAJCHTHbBIE DJIEKTPOHBI; SIEPHO-
AJIEKTPOHHBIN OCTOB.
Merononorus HX® (UHF) npuGnmkeHuss KBAHTOBOW XUMUHU.
Metononorus OX® (RHF) npubnuxeHnsi KBAHTOBON XUMUHU.
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Crpykrypa 65oka MO xumudecko dacTuilpl: obmee uucio MO; mpuniun 3amnonHerus MO
anexkrponamu B UHF u RHF npubnuxennn KBaHTOBOM XMMUU; YUCIIO 3aIIOJHEHHBIX 3JIEKTPOHA-
Mu 1 BakaHTHbIX MO); rpannunsie MO; B3MO u HBMO .

KBanToBo-xumuueckass ”HPOPMATUBHOCTh O70ka MO XUMHUYECKOW YacTHUIIbl; XapaKTEPUCTHKH
JIOHOPHO-AaKIENTOPHBIX CBOMCTB —Heprus U3MO nu HBMO); opOuTaiibHBIN MMOTEHIIMAT HOHU3A-
IIUU ¥ OPOUTAIBHOE CPOJACTBO K 3JEKTPOHY MOJEKYISIPHOW YaCTUIBI B COOTBETCTBUH C TEOPEMOM
Kynmanca; pacripenenenye 3J€KTpOHHOM INIOTHOCTH B XMMHUYECKHMX YacTHUIAX; 3apsii HA aTroMax
XUMHAYECKHX YacTHll B mpuOmmkeHnn mMetoaa MOj; siieKTpoHHas MIIOTHOCTh HA aTOMax XUMHYe-
CKUX YacTuIll B MpubmmkeHnu Merona MO; 31eKTpoHHas 3aCeICHHOCTh aTOMHBIX OopOuTanei Xu-
MHUYECKUX YacTul] B mpubimxeHnu merona MO; mopsaoK XMMUYECKOH CBS3M B MPUOIMKEHUH
meTona MO.

DHeprust XUMUYECKHX COCTMHEHUH — UCTOYHUK MH(POPMALMU O UX CTPOCHHUU M CBOMCTBAX: KpU-
TEepUIl PABHOBECHOTO COCTOSIHMS; KpUTEPHIl mpouecca camocoriacoBanus MO.

D9HEprusi MOHHOW WJIN PauKAIIbHON TUCCOITUAIIMN XUMHUYECKUX COCTUHEHUN.

DHeprus BEPTUKAIbHON M aanabaTH4ecKol MOHM3AIMN XUMUYECKHX COCTUHEHHH - MOTEHIIHAN
HMOHU3ALMH U CPOJACTBO K JIEKTPOHY.

DHepreTuka 3JeKTPOHHBIX MEPEX0/I0B — BHYTPEHHEH U MHTePKOMOWHAIIMOHHON KOHBepcuu, (iy-
peocuieHnu U GpochopoceHITIH.

DHeprus akTUBAllUU XUMHYECKUX PEaAKIIHil.

Hesmmuprueckast, DFT- u nonysMnupruyeckass KBAaHTOBAsE XUMHUS

Meroaonorus HEAMINUPUYECKON KBAHTOBOU XUMUMU.

Merononorus noiays>MIAPUYECKON KBAHTOBOW XUMUMU.

Mertonoinoruss DFT kBaHTOBOM XUMHUMU.

KonuenTyanbHble OCHOBBI, COCTOSIHUE U MPOOTIEMBbI TEOPUU XUMUYECKOM CBA3H

Knaccndeckas aiieKTpoHHas TEOPHUS] XUMHUECKON CBSI3U:

KOHIIETILMS 3JIEKTPOXMMHUYECKOT0 yau3Ma B TEOPUN XUMUUYECKON CBA3H;

KOHIICTIIIMSI BAJICHTHOCTH B TEOPUU XUMHUECKOW CBSI3H;

MOHHAs KOHLENIHS B TEOPUU XUMHUYECKOH CBA3H;

KOHIICTIIIMS SJICKTPOHHBIX Tap B TEOPUH XMMHUYECKON CBSI3H.

OpOHTaIBHO - AIEKTPOCTATUYECKAsE KOHIIETILUS B TEOPUU XUMHUECKON CBSI3U:

MIPUHITUI COOTBETCTBUS aTOMHBIX OpOUTAJICH B TEOPUH XUMUIECKOH CBS3H;

JIByXaTOMHBIE B3aMMOICUCTBUS B MPUOIMKEHUN OPOUTAIbHO—3JIEKTPOCTATUYECKON KOHIEIIIHH.
Konuenuus ['enbmana-deitHMaHa 0 cujiax si€pHO-3JIEKTPOHHBIX B3aUMOJEHCTBUI B MOJIEKYJIax.
Metoznonorus 1 COBpeMEHHbIE KOMITBIOTEPHBIE TEXHOJIOTUU KBAHTOBO - XUMHYECKOT'O MOJIEIIUPO-
BaHUS

GAUSSIAN, GAMESS, HyperChem, MOPAC — KOMIUIEKCHI IPOrpaMM CTPYKTYpHO# xumuu. Vx
BO3MOYKHOCTH M OTPaHUYCHUSI.

HyperChem meToanka co3jaHust 1 peIakTUPOBAHUE MOJICITH XHMHUYECKUX COCTMHEHHIA.
HyperChem meTomos1orisi KBaHTOBOXMMHYECKOTO pacueTa.

KBaHTOBOXMMHYECKHI pacyeT COeAMHEHUI ¢ OTKPBITOI 000I0UKOMA.

DNEeKTPOHHO-BO30YKIEHHOE COCTOSTHIE XHMUYESCKIX YACTHIL.

DJEeKTPOHHOE CTPOCHNUE XUMHUUECKUX COCTUHEHUH.

Pacnipenenenne 31eKTpOHHOH IMIIOTHOCTH B XUMHYECKUX YaCTHIIAX.

DHeprust JUCCOIMALMU XUMHUECKOH CBA3H.

DHeprusi HOHU3AIUN XUMHUYECKUX YacTHII.

OHeprust 00pa3oBaHUs MOJIEKYI U3 ATOMOB.

Komnerotepras crnekrpockonust: GAUSSIAN, GAMESS, MOPAC, HyperChem — konebarens-
Hasl CIIEKTPOCKOIIHS.

KBaHTOBO-XMMHUECKOE ONTMCAaHNE PEAKIIUi B ra30BoM (haze

Metononoruss KBaHTOBOXUMHUYECKOTO MOJEIUPOBAHUS € ydeToM 3(]dekTa coiapbBaTaluu 0OBEK-
TOB.
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KBanToBas cynmpamomnekyaspHas XUMUs

KBanroBas onoxumust

KBanToBas MequinHcKas XuMUs: (hapMalieBTHUECKHI aCIIeKT

KBanToBast xumusi TBEpIbIX TEI.

KBanToBas HaHOXUMHUS.

['OY BIIO «JOHELIKUI1 HAITMOHAJIbHBIMT YHUBEPCUTET»
XuMHUUECKu# PaKyabTeT

Hanpasnenue noarotroBku: 04.04.01 Xumusn
Marucrtepckas nporpamma: XHUMHUSA
[Iporpamma nmoaAroToBKU aKkaJeMHYecKasi Marucrparypa
Cemectp 2
VueOHas TUCIHILINHA KBanToBast xumus

BUJIET Nel
KBanTOBas cynpaMoseKyiasipHas XUMUS
KBanroBast Onoxumust
KBanToBass MequinHCKas XUMHS: (hapMalileBTHUCCKHI acTIeKT.
Konnenuus ['enbmana-@eliHMaHa 0 Cujiax sSAEpHO-3JIEKTPOHHBIX B3AUMOJACHCTBHI B MOJIE-
KyJax.

el A

VYTBep:k1eHO Ha 3aceaHnu Kadeapsl GU3NIECKOl XUMHH.
IIpotokom Ne OT _«» 20 roja

3aBenyromuii kageapoit
DK3aMeHaTop

I(pumepuu OUCHUBAHUA IK3AMEHA

Homep 3ananus KoiauuecTBo 0a/110B
3amanue 1 25
3amganue 2 25
3aganue 3 25
3aganue 4 25
Bcero 100

11. OBPA3EIl TECTOBOI'O 3AIAHUSA

B MMPUBCACHHBIX TCCTAX YKAXKUTC HpaBHHLHLIﬁ OTBET (HpaBI/IJIBHBIX BApHUAHTOB OTBETA OJAUH

WJTU HECKOJIBKO).

1.

[Ipoanamu3uposats cTpykTypy MO (1)

y1=...FT C11Qs(a) + C12Qs@B)T. ..

U OTIpeIeNUTh THUII BKJIaJa B 00pa3oBaHue XUMHUecKoil cBsi3u S — AO, koTo-
pbl€ IEHTPUPOBaHbI Ha aToMax A u B.

4. CBS3BIBAIOIIMK BKJIAT;
6. aHTI/IBHSBIBaIOI_HI/Iﬁ BKJIAQd.

B. HECBS3BIBAIOIINI BKJIAI.
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I'panuunas nosepxnocme,

ceszbL8atowas 00- KOTOpas pasfeisieT CBI3hI-
' BAIOLIYIO U aHTUCBS3bIBAIO-
IIy10 00JacTH, ONPEACIIIeTCS
YCIIOBUEM:

a. fr=f+13

0. f2: fg;

B. fi+f,+f3 =0.

amuceAasvlearnulas 00-

—

amuceAasvlearuasd 00-

C6513b18aI0UaAsl 00-

[Ipoananu3upoBats cTpykTypy MO (y2)
Wo= ...~ CoaaPpx(a) T C220px@)T- ..

Y OTNPENIETTUTh TUII BKJIaJa B 00pa3oBaHUe G-XUMHUECKOU cBsi3u p — AO, Ko-
TOpbIE LIEHTPUPOBAHBI HA aToMax A u B.

CBSI3BIBAIOIINM BKIIAJT,
AHTUBSA3BIBAIOIINN BKIIA,
B. HECBS3BIBAIOIIMU BKJIAJ.

ove

[Ipoananu3uposats cTpykTypy MO (y2)

o= ...- Co1@px(a) + C220px@B)T- ..
U ONpe/ICNUTh TUII BKIana p — AO, KOTOpbIC IICHTPUPOBAHbI Ha aToMax A u B,
B 00pa30BaHUE T ~-XMMHYECKOM CBA3M.

CBSI3BIBAIOIINM BKIIAJT,

ov e

AHTHUBSI3LIBAIONINI BKJIA,
B. HecBs3biBaromuii BKi1a.

[Ipoananu3uposats cTpykTypy MO (1)

Y1=...F C11Psa) T C120px(B)t. ..

U OTIpeENUTh TUII BKJIaga S u p — AO, KOTOpbI€ IIEHTPUPOBAHbI HA aTOMax A
u B, B 00pa3oBaHue XUMHUECKON CBS3H.

CBSI3BIBAIOIINM BKIIAJT,

HECBA3BLIBAIONINN BKJIAJ.

a.
6 . AHTUBSI3BIBAIOIINH BKJIQnO,
B.
S

AO uenpupoBanbl Ha aTomax A u B 1 06pa3yor ... KOMOUHAIHIO.

Q—Q

Br16paTh KOMIIOHEHTHI C21(5(A) U C22Ps3) MO KOHTpoOIUpyIOLIEH 3Ty XUMU-
YECKYIO CBSI3b!

WYo=...c10s5(a) ... C2o0s@B) +

d. CBS3BIBAIOIIYIO;

0. aHTUBA3LIBAIOIIYIO;
B. HECBS3bIBAIOLIYIO.
. -CaQsa);

A.  + CaPs);




18

C. - C220s(B);
K. + Cosm).

px u S AO nerpupoBanbl Ha atoMax A u B 1 00pa3yror ... KOMOMHAITHIO

Br16paTh KOMIIOHEHTBI C21Ppx(A) M C22QpxB) MO KOHTpOIMpYIOLIEH 3Ty XH-
MUYECKYIO CBSI3b:

o= ...Co10px(a) ... C22Ps@) *

CBSI3BIBAIOIIYIO;
AHTHUBS3BIBAIOIIYIO;
HECBS3BIBAIOIIYO.
-C210px(A);

+ C210px(A):

- C220s(B);

+ C22Qs(B)-

¥ ol wo

Pz AO nenpupoBanbl Ha atToMax A u B 1 00pa3yroT ... T-KOMOMHAIIIO

Br16paTh KOMIIOHEHTBI C21Ppz(a) U C22QpzB) MO KOHTpONUPYIOLIEH 3Ty XU-
MUYECKYIO CBSI3b:

Y= ...C210pz(A) ... C220pzB) T

CBSI3BIBAIOIIYIO;
AHTHUBS3BIBAIOIIYIO;
HECBSI3bIBAIOLIYIO.
-C210pz(A)

+ C210pz(A);
-C220Ppz(B),

K. +C20pypB).

ORI E O

DHeprus pe30HaHCHOTO OPOUTATIBLHOTO B3aUMOIeHCTBUS aTOMOB A 1 B
BBIYUCIISIETCS TIO BLIp&)KeHI/IIO'
ACll  na mg

a. EKB = 7/.\3 z ZZ(CI/jCIU)

i=1 p=1o=1

B3MOnA nB

0. Ely=2> 343 B eS8,

i=l p=l v=l
B. EEN Q4 xZp +0pZ 4)Y AB:
r. ELS =0,x0pxyapi

N,N
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12. KPUTEPUU OHIEHNBAHUSA

ITo KypCy npeamnojaractcsa IMIpOBCACHUC HpOMe)I(YTO‘IHOﬁ arrecrallii B BHUAC MOAYJIBHOI'O

KOHTPOJISL, U DK3aMEHa. DK3aMEH CIAI0T CTYJECHTHI C LIE€JIbI0 TOBBIILIEHUS PEHTHHTA.

Pacnpeoenenue 6annos, Komopule MO2ym NOIYYUMb CHLYOCHMbL 8 NPOUECCe U3YYEHUA

OUCUUNTUHDL
OprannzanmoHHO CPC Bcero
yueOHasi paboTa | Muaueuayansuas | Monyiabuelii | HuaguBuayaabuas
CTyAeHTa padora KOHTPOJIb |TBOpYecKasi pabdora
Max 50 6aos max 10 max 40 100 GamnoB
6asioB OaoB

IlIkana coomeemcmeus 641108 HAUUOHAILHOIL WIKAJIE

Onenka Onenka mo OueHka 1o rocyapcTBeHHOM HIKaJie Onenka no rocy-
1o 100- (3x3ameH, nud depeHIMPOBAHHBIN 3a4eT) AapCTBEHHOMI
mKaJje 0a/LIbLHOM mKaJe (3a4er)
ECTS LIKaJjIe
A 90-100 5 (OTAMYHO) 3a4TECHO
B 80-89 4 (xoporo) 324TEHO
C 75-79 4 (xoporo) 324TEHO
D 70-74 3 (yIOBIETBOPUTENHHO) 3a4TCHO
E 60-69 3 (YyIOBJICTBOPHUTEIHHO) 324TEHO
FX 35-59 2 (HeyOBJIETBOPUTEIIHHO) HE 3a4TEHO
C BO3MOHOCTBIO ITOBTOPHOM CHA4H
F 0-34 2 (HeymOBJIETBOPUTENBHO) C BO3MOXKHOCTBIO HE 3a4TEHO
MIOBTOPHOM CITauy MIPH YCIOBUH 0053aTeBHO-
ro Habopa JIOTIOJIHUTENbHBIX 0aJIJIOB

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE YYEBHOI'O ITPOLECCA

JlekmoHHbIE 3aHATUS NPOBOAATCA B ayAUTOPHUH, OCHAIEHHOW MYJIbTUMENUNHON TEXHUKON U
nockoi. JIabopaTopHble 3aHATHS MPOBOAATCSA B KOMIIBIOTEPHOM KJIacce, 000pYJOBAHHOM KOMIIBIOTE-
paMu C JUIEH3MOHHBIM MPOTrPaMMHBIM OOecIliedeHrneM, JOCTYNoM K ceTu MHTepHer, cTonamu, 10c-
koii. [JonomuurensHoe obecnedenue: Wi-Fi qocTym B Kopiycax YHHUBEPCHUTETA, TEKCTOBBIE U DJIEK-

TpOHHBIE pecypchl HayuHol 6uGinoTekn yHuBepcUTeTa

14. PEKOMEH/IOBAHHAS JINTEPATYPA

No Kon-Bo
JK3CMILIA- Hannuwne
OB B OMO- | 3JEKTPOHHOU
HanmeHoBaHHe pnMOTeKe Bepc;E B OBC
HouHY
OcHoBHasI
1. | Hupenscon, B.I'. KBantoBast xumust. Mosekynbl, MOJIEKYIIsIpHbIE 30
CUCTEMBI M TBEp/IbIe Tea: y4ueO. mocoOure Uil CTY/IEHTOB BY30B,
00y4aroIuUXCsl M0 XUM.-TEXHOJII. HAPABJICHUSIM U CIIEIUAIBHO-
ctsam / B.I'. Hupenscon. — Mocka: BUHOM. JIa06. 3nanwii,
2010. —-495 c.
2. | Epmakos, A. U. KBanToBass MexaHWKa ¥ KBAaHTOBasi XUMUS: y4eO. 2
1mocoOue JIsl CTYICHTOB BY30B, 00YYAIOIIHUXCS IO CHEIMATBHO-
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ctu BITO 020101.65 "Xumus" / A.. EpmakoB. — Mocksa:
Opaiit, 2010. — 555 c.

3. | Maiiep, 1. N30paHHbIe TTIaBbl KBAHTOBOW XMMHH: JJOKA3aTEb- 1
cTBa TeopeM U BbIBOJ hopmyi / M. Maiiep ; miep. ¢ anri. M.b.
Hapxosckoro u A.M. Tokmauesa ; nox pea. A.JI. Uyrpeea. —
Mocksa: BUHOM. Jlaboparopwus 3nanuii, 2009. — 384 c.

4. | TypoBckuii H.A. IlpakTukym KOMIBIOTEPHOH CTPYKTYpHOI
xumun: ydebHoe mocodoue /H.A.TypoBckuii. — Jlonenk: 'OY 10 +
BIIO «/lonHVY», 2018. — 145 ¢

5. | TypoBckuit H.A. IlpakTMKyM KOMITBIOTEPHOM CTPYKTYPHOM

. Dnek-
XUMUU[ DJIEKTPOHHBII pecypc]: yuebHoe nocooue .
/H.A.Typosckuii. — Jlonenkx: TOY BITO «JlonHY», 2018. — 145 ngf;;“ *
c
JlomojHuTEILHAN
6. | Crpmxak, I1.€. KBanroBa XiMisi: miapyd. Asl CTYZ. BHIL. HaBY. 2
akn. / IL.€. Crpmxkak; Hamionansauit yH-T "KueBo-
Morunsgaceka akan.". — KuiB: Bua. nim "KueBo-MorunsHcbka

akazn.", 2009. — 458 c./

Crpmxak, IILE. KBanroBas xumusi: y4eOHUK Uil CTYA. BBIC. ¥
yuebH. 3aBen. / ILE. Crpmwxkak; Hanumonansabii yH-T "KueBo-
Morunsnackas akan.". — Kues: Uzn. nom "KueBo-MorumnsHckas
akan.", 2009. — 458 c.

7. | I'pumaesa T. H. KBanToBast XumMusi CynpamosieKysipHbIX CUCTEM | OJek-
Ha ocHoBe KyKypOut[n]ypunoB [Tekct] / T. H.I'pumaena, A.H. TPOHHBIN +
Macowuii, A.M. Ky3unenoB. -Mocksa: Jlemann, 2016. — 208 c. pecypc

8. | ITacrepnak, O. M. OcHOBH KBaHTOBOI XiMii : HaBY. 1moci0. / O. M. 10

[Tacrepnak, M. A. TypoBcekuii; JloHenbkuit HaIl. YH-T, XiM. (-T,
kad. ¢i3. ximii. — loneusk : lonHY, 2012. — 81 c.

[TactepHnak, E. H. OcHOBBI KBaHTOBOI1 XUMuUU: yueOHO€E nocodue.
/ E.H. Ilacrepnak, H.A. TypoBckuii ; /lonenkuii Hall. yH-T, XUM.
¢-1, kad. pus. xumun. — loneux: lonHY, 2012. — 81 c.

15. THOOPMAILIMOHHBIE PECYPCbI
http://mondnr.ru/ — MunucTepcTBo 00pa3oBanus u Hayku [loHenkoit HapomHo# Pecniyomuku
http://resobrnadzor.ru/— PecriyOnukaHckasi ciy»x0a 1o KOHTPOJIIO U Hau30py B chepe odpaszo-
BaHHS U HAYKU

16. TTPOT'PAMMHOE OBECIIEYEHUE
1. Windows 7 PRO(kopriopatuBnas nunensus JJOHHY, nmuiiensus Ne46484614);
2. WindowsOffice (koprioparusHas nutiersus JOHHY, nunensust Ne46472919);
3. MicrosoftVisualStudio (numensus nporpammbel DreamSpark miist BeIcInX y4eOHBIX 3aBEICHH );
4. JIuuensus GPL, Apach, BSD st cBoO0IHOTO MPOrpaMMHOTO 00€CIIeUeHHUS:
— AntuBupyc Kacnepckoro;
— Adobe Acrobat Reader.

Pabouast mporpamma paccMoTpeHa U MepeyTBepkKAeHa Ha 3acenaHuu Kadeapsl Gpu3nuecKou
XUMHH ¢ U3MEHEeHUsMH (0e3 U3MEHEeHHIT) Ha rOJ.
[TpoTokon Ne ot « » T.

3aBeayronuii kadenpoit B.M. Muxanpayk



https://www.yakaboo.ua/book_publisher/view/Lenand/
http://mondnr.ru/
http://resobrnadzor.ru/

