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Pabouas mporpamma mmcunmmiuasl «KBaHTOBag Xumus» IS OOYHAIOMEXCS IO
cnenuansHoctd 04.05.01 OynnameHTanbHas W NPHUKIaAHAS XUMHUS, COCTABICHA HA OCHOBAHUH
DenepabHOrO rocyJapcTBEHHOTO 00pa30BaTENbHOIO CTaHAapTa BHICHIETO OOPa3OBAaHHSI —
cmenmanureTr Mo cmenmanbHocTH 04.05.01 @yHmamMeHTanpHAas W OpPUKIANHAs XHMHS,
YTBEPXKIEHHOTO IpHKa3oM MunucrepcTBa 06pa3zoBaHus U Hayku Poccuiickoii ®enepanun ot
13 mons 2017 r. Ne 652 (c m3M. u mom.), Ilopsiika OpraHmM3aldid ¥ OCYIIECTBICHUS
00pa3oBaTENbHOM NEATETFHOCTH 10 00Pa30BaTENbHBIM MPOrPAMMaM BBICIIETO OGPa3sOBaHUS —
nporpaMmaM —0OakajaBpuara, NOPOrPaMMAM —CIEHHAIHATeTa, NPOrPaMMaM  MAarHCTPaTypEh,
YTBEPXXICHHOTO MpUKa3oM MuHucTepcTBa HaykM M BhICIIEro oOpasoBaHus Poccmiickoit
Oenepamyu ot 06 anpemns 2021 r. Ne 245 (¢ u3M. 1 1011.), B COOTBETCTBUH C YIEOHBIM IIAHOM,
yTBepxIeHHbIM YueHbM coBeToM PI'BOY BO «Jloul'V» s nabopa 2024 roza.

PazpaboTumxk:

JoueHT kadenps! Gpusmyeckoit xumMumu, 0/@%
H.A. TypoBckuii

KaH[d. XUM. HayK, JOIICHT

Pabouas nporpamma yTBepkIeHa Ha 3aceanuu kadeapbl GU3MYeckoil XUMHN
ITpotokon ot 26.03.2024 r. Ne 14

3aBenyromuil kagenpoit B.M. Muxane4yk
COTI'JTACOBAHO: -

Jlekan xumuueckoro ¢axysbreTa 6 C.I'. bBaxTtun
28.03.2024 1. y

V4eOHO-MeTOANYEeCKas KOMHUCCHSI XHMHYECKOTro (aKybTeTa
IIpotoxoi ot 27.03.2024 r. Ne 2

Ilpeacenarens %&ZMZ P.H. JIsira

PyxoBoauTens ocHOBHO# npodecCHOHATBHON
obpa3oBaTenbHOM MPOrpaMMBl,

e g / ' O.B. bapanosa
28.03.2024 r., <j)/6%



1. MECTO JUCLMIIJIMHBI B CTPYKTYPE OBPA3OBATEJIBHOU ITPO-
I'PAMMBI

1.1. TpebGoBanusi K TNpeaBAPUTEIHHON TMOATOTOBKE OOyYarommxcs,
MPEAMIECTBYIOIINE U COMYTCTBYIOIIME AUCIUIUIMHBI, HA KOTOPBIX OCHOBBIBACTCS U3Y-
YeHHe JaHHOMU:

JTUCIAILTIHBI IPOTPAMMBI CIICIHATNTETa: «(PU3NICCKAsT XUMHUS», «OPTAaHUYCCKITST XUMUSD),
«pu3ukay, «MaremMaTHKaa». 3HaHHS W YMEHUS, MOJNYYCHHbIC B XOA€ W3YYCHUS AUCIUILTUHBI
«KBaHTOBast XUMHS», SBISIIOTCS OCHOBOHM I M3YUYEHHUSI, COMYTCTBYIOUIUX M TMOCIEIYIOIINX
aucuuIiuH - «CTpoeHHe BHILECTBA», « BBICOKOMOJEKYISIPHBIE COCIUHEHUS», «XUMHUS KOJUIO-
UIHBIX U HAaHOCUCTEMY, «CyTpamMolieKyospHas XuMus», «k KoMIbIOTHpHAsI CTPYKTYpHAS XUMUSY,

1.2. JIMCIMIITUHBL, KypCcOBbIe PaOOTHl M MPAKTUKHU, JIJIS1 KOTOPBIX OCBO-
€HUE TAHHOW JUCIMILTMHBI HEOOXOIMMO KaK TPE/IIeCTBYIOMICE:

O3HAKOMHTENbHAsl TPAKTUKa, MeJarormyeckas MpaKkTUKa, HayYHO-HCCIIEAOBAaTEIbCKas
paboTta, npeAUIUIOMHas IPAKTHKA.

2. OIIMCAHME IUCLUITIINMHDBI

2.1. OOm1ast xapakTepUCTHKA
HaumeHnoBanue nokasarenist 3HaueHue noKa3aTels
HasBanue o6pazoBaTenbHON TPOrpaMMBI 04.05.01 ®yngamenTanbHas U OIpUKIaAHASL
xumus (IIporpamma crenmanurera)
[udp u Ha3BaHUE B COOTBETCTBUHU C yuel- b1.b KBanrtoBas xumus
HBIM IIJIAHOM
YacTte 00pazoBaTeNbHON MPOTrPAMMBI bazoBas yacTs.
KonmuecTBO 3a4eTHBIX €IUHULL / BCETO YaCOB 5/18033
2.2. Pacnpenenenue 4acoB 1o nepruogam o0ydeHHs
o OO011ee KOJIMYECTBO YAaCOB
I
®opma obyue- | 2| 2 CaMocCTosI-
>| S | mekum- | ;mabopar | MpaKTH- o dopma
HUA = 54 TCIBbHOU pa60— BCCIo
o OHHBIX OPHBIX YECKHuX KOHTPOJIA
TBITKOHTPOJb
Ounas 316 51 34 - 95 180 | Ok3ameH

3. LEJIM JUCLUTIIMHBI

@opMHUpPOBAaHHE Yy MArUCTPOB METOJOJIOTMYECKOM M HAYyYHOH KYJIBTYpBI, CUCTEMaTHYe-
CKUX 3HAaHUH COBPEMEHHOTO COCTOSIHMS, BOBMOKHOCTEH M OTPaHUYECHUN COBPEMEHHOUN KBaHTO-
BOI XMMMH; 1aTh B PYKH XMUMHUKaM - SKCIIEPUMEHTATOpaM MHCTPYMEHT UCCIIEOBaHMsI, KOTOPBIN
paspemua Obl MPOBOAUTH KBAHTOBO-XMMHUYECKHE HCCIIEIOBAaHUS C UCIOJIb30BAaHUEM BCEX BO3-
MOKHOCTEH COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOIMM M HAyYNUTh UX MBICIUTH CTPYKTYPHBIMU
KAaTerOpHusIMU B XUMUHU.
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4. KOMIIETEHIIMM OBYYAIOIIEI'OCS, POPMUPYEMBIE B PE3YJIbTATE
OCBOEHIA KOMIIOHEHTA OBPA30OBATEJIbBHOU ITPOI'PAMMEI, UX
NMHAWUKATOPBI U INTAHUPYEMBIE PE3YJIbTATBI ObYUEHUS

Komnerenuuu WNHpukaropsl Pe3ynprarel 00yueHus
OIIK-3 Cnocoben OIIK-3.1. Hcnons3yeT | 3HaeT TEOPETUUECKUE U TOTYIMIUPUUECKUE
IPUMEHATH pacueT- | COBpEMEHHbIE IT- | Mmonenu, HeoOXOAMMBIE IS PELICHUS 3a7a4

HO-TEOPETUYECKHUE
METOJIbI JJIsl U3y4e-
HHS CBOMCTB Be-

HIECTB U MPOLIECCOB

TEXHOJIOTUU TIpH cOope,
aHaJM3e M IpejCTaBlIe-
HUM UH(DOpMAIUH XUMH-
YECKOTO MPOQUIIS.

YMmeer WuCHNONB30BaTh CTAHAAPTHOE IIPO-
rpaMMHOE O00€CIleYeHHEe W CIEIHUATH3HPO-
BaHHbIE 0a3bl JAaHHBIX MPU PEIICHUU 3a/1a4y
MpOo(PECCUOHAIBHON JIEITEIbHOCTH XUMHUYe-

C MX y4acTHEM, UC-
MIOJIB3YSI COBPEMEH-
HOE TIPOTPaMMHOE
obecnieuenne u Oa3nl
JAHHBIX TIpodeccu-
OHAJILHOI'O Ha3Ha-
YEHHS

CKOM HAIlPpaBJICHHOCTH

5. ITIPOITPAMMA JNCLUITJIIMHBI

Ha3zsanue TeMEbl

Kpatkoe conepsxanne TeMbl (BOMPOCHI TEMBI)

Pa3znen 1. Konuenuuu u nocrynartel KBa-
HTOBOW XMMHH

KonuentyanbHble  OCHOBBI KBaHTOBOM
TEOPHUH CTPOEHU aTOMOB U MOJIEKYJI

OKClepUMEHTAJIBHBIE JOKA3aTENIbCTBA CII0KHOMN
CTpYKTypbl atoMa. OOBEKTb MaKkpo- U MUKPOMHU-
pa. I'unoresa Ilnanka o xkBaHTax sHepruu. ['umo-
Te3a DUHIITEHA O KBAHTOBAaHUU HEPTUM OTPbIBA
JJIEKTPOHOB OT aTOMOB WJIM MOJEKYJ. DHeprus u
UMITYJIbC (POTOHOB. 3aKOHBI COXPAHEHUS SHEPTUU
U UMIyJbca (GOTOHOB. ATOMHAs IJIaHETApHAs MO-
nenb Pesepdopaa. Ee nenocratku. Iloctymar bo-
pa O CTalMOHAPHBIX COCTOSHUSAX aTOMOB, HEO0XO-
JUMOE M JIOCTaTOYHOE YCIIOBHE CTAallHOHAPHOCTH
JIEKTPOHHON opOuTHl. Pamuyc u sHeprust 60poB-
CKoW anekTpoHHoW opOuthl. [loctynmatr bopa o
JEKTPOHHBIX MEpEXoaax B aTOMax.

MaremMaTudeckuil anmnapar U MOCTyJaThl
KBAaHTOBON MEXaHUKH OOBEKTOB MOJIEKY-
JIIPHOT'O U CYIIPaMOJIEKYJIIPHOTO MUpa

KonuenryanbHble OCHOBBI KBAHTOBOW MEXaHUKHU
XUMUYecKux 4dactul. [loHAaTHE MaTeMaTnyeckoro
onepatopa. OnepaTop UMILyJIbCa U €TI0 JAECHCTBHUE.
Oneparop KoopauHaThl U ero aeictBue. Onepa-
TOp BpeMEHHU U ero aercrue. [lopsaok nencteus
napsl orneparopoB Ha (yHkiuo. CBONCTBAa KBaH-
TOBOMEXAHUYECKUX ONEpaTopoB. JIMHEHHBIE Olle-
paTopsl. KommyTupytomue
OIepaTopbl. DPMUTOBBI OIepaTtopsl. OneparopHoe
ypaBHEHHE Ha coOCTBeHHbIe 3HaueHus. [loctynar
0 crocobe OMMCaHUsI COCTOSHUS OOBEKTOB MUK-
pomupa. Iloctymar o cmnocobe onpeneneHus
(YHKIIMU COCTOSIHUS OOBEKTOB MUKPOMHpPA: Bpe-
MeHHoe ypaBHeHue lllpenunrepa. CrarmonapHoe




COCTOSIHUE XMMUYECKUX YaCTHI] BEIECTBA. Y PaB-
Henue lllpeaunrepa ajig CTallMOHAPHOTO COCTOS-
HUS XMMHYECKHX 4acTHl BemecTsa. [locTynmaTt o
crnoco0e TONy4eHUs ypaBHEHHH KBAHTOBOH
MexaHuku. [locTynmaT o cpenHeM 3HAYEHUH Olle-
patopa ['aMMIbTOHAa CTallMOHAOHOTO YpPAaBHEHMS
[lIpenunrepa.

IMoctynat 00 aHTUCHMMETPUYHBIX CBOHCTBax
(YHKIIMM COCTOSIHUSI aHCAMOJIsI OOBEKTOB MHKPO-
mupa. llocrynar o cynepno3uuuu COCTOSHHU
00bekTOB MukpoMupa. I[lomyuuTs ogHOMEpPHBIN

oreparop KMHETUYECKON SHEPIrUU
MHUKpPOYaCTHULIBL.
ITonyuuts TPEXMEPHBIN oreparop

KMHETHUYECKOW SHEpruu OOBEKTOB MUKPOMUDA.
[TomyuuTs omepaTop IOTEHLUUAIBLHONM HHEPIrUU
B3aMMOJECHCTBUS 00BEKTOB MHKDPOMHUPA.
[TonmyuyuTs omeparop MOJHOW HEPTrHH OOBEKTOB
MHUKpPOMMPA.

Mertononorus TOJYYEHHS] W PELICHUS
CTallMOHAPHOTO YpaBHECHUS
[llpenvHrepa s 4acTUIBI B OJHOMEp-
HOI MOTEHITHATBHOM SIME

Metononorusi  MOJyYEHUS]  CTAIMOHAPHOTO
ypaBuenus lIpenunrepa s yaCcTHIBI CBOOOIHO
JBIDKYILIEMCS B OHOMEPHOM MOTEHIHAIBHOM sIME.

Merononorust pelieHus CTallMOHAPHOI'O YpaB-
Henus llpenunrepa s 9acTUibl CBOOOTHO JIBH-
KyIIEWCsT B OJHOMEPHOW IMOTEHLHAIBHON sIME.
Mertononorusi aHajin3a W3MEHEHUsS DHEPruu 4Ya-
CTHLIBI CBOOOJHO JBWXKYIICHCA B OJHOMEPHOM
MOTCHUHAILHOU siMe. MeTomonorusl aHajan3a H3-
MeHEeHUS (PYHKIIMH COCTOSHHSI YaCTHIIBI CBOOOHO
JBIDKYILIEHMCS B OTHOMEPHOUN MOTEHIMAIBHOU IME
mpun =1, 2,..., k. Y3noBsie Touku. MeTogonorus
aHalli3a W3MEHEHHUS BEPOSATHOCTH MECTOHAXO0XK-
JICHUSI YaCTHIIBI CBOOOJHO IBIIKYIIEHCS B OJHO-
MEpHOI MOTeHIMAIBHON siMe ipu n = 1, 2, k.

MeTton0s0rus OIy4YEHUs U PELICHUS
ypaBHeHnus llpeaunrepa nig aroma Bo-
nopoja

MeTtoonorus NMOJy4eHUs: CTAllMOHAPHOIO YypaB-
HeHus lllpenunrepa mng atoma Bogopoaa B Je-
KapTOBOW CHUCTEME KOOpPAMHAT. AHaJIN3 YCJIOBUMH
pemenust ypapHeHus lllpeaunrepa ayisg aroma Bo-
JI0poJia B JIEKApTOBOW CUCTEME KOoopauHAT. Me-
TOJOJIOTUS TOJYYEHHs] CTAallMOHAPHOIO YypaBHe-
Hus Ulpenunrepa s atoma Bojopona B chepu-
YECKOM CHUCTEeME KOOpAMHAT. AHaIu3 YCIOBHI
pemenus ypaBHeHus lllpenunrepa ans atoMma Bo-
nopozaa B chepruiecKoil cucteMe KoopauHat. Me-
TOZOJIOTHS pa3zaeneHus ypaBHeHus Lllpenunrepa
JUIs aTOMa BOJ0opo/ia B c(hepruuecKoi cucteMe Ko-
OpAMHAT Ha TpU AU(QepeHINaTbHBIX YPaBHEHUS
BTOpOI'O MOpPsJIKa C OJTHOW MepeMeHHOH. R- ypaB-
HEHUue i1 aroMa Bojopoja. ®- ypaBHEHHE A
atoma Bojpopoja. @- ypaBHeHHE ISl aTOMA BOJO-
pona. Ycnosusl, mpu KOTopbiX R-, ®- u ®- ypas-




HEHHS JUIS aToMa BOJOPO/AA HMEET peIICHHE.
AToMHas opOuTab.
KBaHTOBBIC UHCIIa U MX B3aHMOCBS3b.

Pazgen 2. Metononornyecknue OCHOBBI
KBAHTOBO-XUMWYECKUOU MOJEIIN aTOMOB
Y MOJICKYJI

KBaHTOBO-XMMHYECKHE MOZACIIN CTpOC-
HUA aTOMOB U MOJICKYJI

KBaHTOBO-XMMHUECKasi MOJEIb CTPOCHHUSI MHOTO-
ANEKTPOHHOrO aToMa. [Ipakmuueckoe 3adanue
ona camocmosmenvroy pabomsi. [lonyduts orme-
paTopel TaMWJIbTOHHMAHA KBaHTOBO-XHMHUYECKOU
MOJIEJIM CTPOCHUSI MHOTORJIEKTPOHHOI'O aTOMa!
orepaTop KHHETHUECKON S3HEPTUHU Apa aTOMa;
OMepaTop KHUHETHUYECKOW SHEPruu HIIEKTPOHOB
MHOT'03JIEKTPOHHOT'O aTOMa; ONEPaTop MOTEHIIHA-
JBHOM SHEPrUM B3aUMOJCHCTBUS 3JIEKTPOHOB C
SIIPOM MHOTORJIEKTPOHHOI'O aTOMa; OIEpaTop IMo-
TEHLUUAJILHON YHEPTrUU B3aUMOJAECHCTBUS 3JIEKTPO-
HOB MEXJy COO0M B MHOT'O3JIEKTPOHHOM aTOME.
KBaHTOBO-XMMHUECKasi MOJENb CTPOCHUSI MOJie-
KyJ — cTanroHapHoe ypaBHeHue Llpeaunrepa.
Ilpakmuyeckoe 3adanue Onsl camoCmMoOAMeENbHOY
pabompl. [lonyduts omepaTropbl raMHIbTOHHAHA
KBAaHTOBO-XMMHMUYECKOW MOJEIN CTPOCHUS MOJie-
KyJ: OIepaTop KMHETUYECKOM SHEPruu aTOMHBIX
AJIep MOJIEKYJbI; ONEepaTop KMHETHYECKOW HHEp-
TMH 3JIEKTPOHOB MOJIEKYJIBI; OIEpaToOp MOTEHIIHNA-
JBHOW SHEPrUU B3aMMOJICUCTBUS ATOMHBIX SJEP
MOJIEKYJIBI MEXKLy cO00ii; onepaTop MOTEHLIHAIb-
HOW SHEPrUU B3aUMOJECHUCTBUS AJIEKTPOHOB C SI[I-
paMu aTOMOB MOJIEKYJIbI; OIlEpaTop MOTEHLUANb-
HOW SHEPrUU B3aWUMOJICHCTBHS AJIEKTPOHOB MOJIE-
KyJbl Mexay coOoil. KBaHTOBO-XxuMHuUeckass Mo-
Jenb  CTPOEHUsS aTrOMOB W MOJIEKYJI B
npubmmxennn bopua — Onmenreiimepa. KanTo-
BO-XMMHUYECKasl MOJENb CTPOECHUS aTOMOB B IPH-
ONMMKEHUHM HE3aBUCUMBIX 3JIEKTpOHOB. KBaHTOBO-
XUMHUYECKAasl MOJENIb CTPOEHUS aTOMOB B
NPUOIHKEHUN CaMOCOTIJIaCOBAaHHOI'O TOJIS.
MHoOrosnexkTpoHHas BOJIHOBAst byHKIUSA
Caeinttepa. KBaHTOBO-XuMHU4€ECKasi MOJENb CTPOE-
HUS aTOMOB U MOJIEKYJ B MPHUOIMKEHUN CaMOCO-
IJ1aCOBAHHOTO NOJIsI — MeTo1 XapTpu-Doka.

KoHnnenryanapHbIe OCHOBBI METO/IA MOJIE-
KyJIIPHBIX opOuTanen

KoHuenuuss 1 OCHOBHBIE NOJIOKEHUS METONA
MOJNIEKyJIsIpHbIX opOutaneii. [Ipunoxenne MO
JIKAO. Merononorus onpeaeneHus SHEPruu M
CTPYKTYpPBI MOJICKYJISIDHBIX opOuTaneil - ypaBHe-
Hus Pytana. AJNroput™ omnpeaesiieHusi 3HEPruu
MO. Aunroput™m omnpexaeneHus Kod3(pQuunueHToB
npu 6asucHux ¢Qyukmusax MO Cucrema MO xu-
MHUYECKOM YacCTHUIIbl. 3allOJIHEHHbIE M BaKaHTHbBIC
MO. Bueprun MO. I'pannunsie MO. B3MO u
HBMO. Crpykrypa 610oka MO XuMHuecKkoil ya-




cturibl.  OpOWTANBHBIA TMOTEHIIMAT HWOHM3AIUN
xuMHdecknx dvactuil. OpOuTambHOE CPOJCTBO K
AJICKTPOHY XUMHUYECKHX dvacTull. DyHKIms pac-
MpeAesIeHHs SJIEKTPOHHOU IMJIOTHOCTU B XMUMHUYE-
CKMX YacTUIaX. DJEKTPOHHBIM 3apsi]l Ha aToMax
XUMUYECKHUX YACTUIL. DJIEKTPOHHAs TUIOTHOCTh HA
aToMaxX XMMHUYECKUX YaCTHUIl. DJIEKTPOHHAs 3ace-
neHHOCTh AO LIEHTPUPOBaHHBIX HA aTOMaX XUMH-
YEeCKHMX YaCTHII.

. KOHLIGHTyaHLHBIe OCHOBBLI TCOPUHU XU-
MHYECKOH CBsI3U B puOmmkennn MO
JIKAO

OpOuTanbHO-3NIEKTPOCTATUYECCKAS KOHICIIHS B
TEOpUHU XUMHYECKOU CBSI3H. [TpunImn
COOTBETCTBUSI ATOMHBIX OpOHUTaleli B TEOpUU
XUMHYECKOM CBSI3U. ODHEPrHs JBYXaTOMHBIX
B3aUMOJICHCTBHI B TPUOIMKEHUU OpOUTAIBHO-
3JIEKTPOCTATHYECKOM KoHUeniuu. CoBpEMEHHOE
COCTOSIHUE KBAaHTOBO-XMMHUYECKUX METO/OB.

CoBpeMeHHOE COCTOSIHIE KBAaHTOBO-
XUMHYECKHX METOJ/IOB

KonuenrtyanbHbple OCHOBBI METOAOB KBAaHTOBOM
xumun. HesMmmupuyeckue U MOTySMIHPUUYECKHE
METOJIbl KBAaHTOBOW XWUMHH. HOBHOWM HEIOCTATOK
Merona Xaptpu-Doka. OHeprus 3EKTPOHHOU
KOpPEJSIHH. 0-3JIEKTPOHHAST KOPPESAIuUs. YJIIo-
HOBCKasi KOPpEJsiLUs 3JIEKTPOHOB. DJIEKTPOHHAS
koppesus Gepmu. IIEKTpoHHAS «KYJTOHOBCKAS
JbIpKa». DIeKTpoHHas «abipka Depmu». MeTobl
Y4ETa SHEPIUU AIEKTPOHHON KOPPEISALIMH.

AKTyasbHbIE HAPBIECHUS COBPEMEHHOMN
KBaHTOBOW XUMHUH

KBanrtoBas Omoxmmusi. KBaHnTtoBas MeguIIMHCKAs
xuMmus. KBanToBas skojormdecka xumusa. KsaH-
TOBasi MUsI TBepAOTO Tena. KBaHTOBas xumMus Cy-
MIPaMOJIEKYJIIPHBIX CYNpPaMOJIEKYISPHBIX CUCTEM.
KBanToBast Hanoxumusi. CkaHUpYIOIIas 30H10Bas
MHUKpPOCKOIHSI KaK HMHCTPYMEHT KBAaHTOBOW XH-
MUH.

30HI0Bass TYyHENIbHas MHUKpockonus. MartHo-
CUJIOBAasi MUKPOCKOMHUS. DJIEKTPOCUIIOBAsT MHUKPO-
CKomus. biamKHEenosibHasE ONTHYECKas CIEKTPO-
CKOTIHS.

6. CTPYKTYPA U COAEPXXAHUE JUCHUITIJIMHBI

6.1. dopma 00yueHus — ouHasi, Kypc —5, cemectp — 9

KonmuecTBo yacoB

HanMeHOBaHI pasienos i TeM Jlexu. | Jlabop. | IIpakr. | CPC+K | Bceero
Eg;ﬂnglﬁli(OHHenuHH Y TIOCTYJIaThl KBAHTO- 24 16 i 40 R0
KoHnuenTyanpHbple OCHOBBI KBAHTOBOM T€O- 6 4 i 10 20
pUH CTPOCHH aTOMOB U MOJIEKYJI
MareMaTruecKkuil anmapar 1 IocTyJIaThl KBa-

HTOBOW MEXaHUKH OOBEKTOB MOJCKYJISIPHOTO 6 4 - 10 20
U CYIIpaMoJIEKYJIIPHOTO MUpa




MeTomo0THs MOTYyYEeHUS W PEIICHUs CTallH-

oHapHoro ypaBHenust Ulpeaunrepa s ua- 6 4 - 10 20
CTHUIIbI B OJTHOMEPHOM MOTEHIIMATBHOM SIME

Metoaonorust Moay4YeHus U PEIICHUsS ypaB- 6 4 i 10 20
nenus lpenunrepa ans atoma Bogopoaa

Pazpnen 2. MeTo1010rnuecKrue OCHOBEI KBaH-

TOBO-XUMHUYECKHUOU MOJIENIM aTOMOB U MOJIE- 27 18 - 55 199
KyJI

KBanTOBO-XMMHYECKHE MOJEIH CTPOCHUS 6 4 i 10 20
ATOMOB M MOJICKYJI

KonuenTtyanbHble OCHOBBI METO/Ia MOJIEKY- 6 4 i 10 20
JSIpHBIX OopOuTasIen

. KoHuenryansHble OCHOBBI TEOPUU XUMUYE- 6 4 i 10 20
ckoii cBsi3u B npuommkennn MO JIKAO

CoBpeMEHHOE COCTOSIHUE KBaHTOBO- 6 4 i 10 20
XAMHUYECKHX METOJIOB

AKTyasbHbIE HAPBIEHUS COBPEMEHHOM 3 ) i 15 20
KBAaHTOBOM XMMHUH

NTOI'O I1O KOMITOHEHTY OIIOIT 51 34 - 95 180
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7. OHEHOYHBIE MATEPUAIJIBI (CPEACTBA) JISI TEKYINEI'O KOHTPOJIA
YCIIEBAEMOCTH, TIPOMEXYTOYHOU ATTECTALIMN

7.1. KoHTposbHBIE BOITPOCHI

Pazpen 1

Kaxkue sxkcriepuMeHTaNbHbIE 10KA3aTEIbCTBA CJI0KHON CTPYKTYphI aTOMa?

[TpuBecTH nmpuMeps 00BEKTOB MaKpO- 1 MUKPOMUDA.

OtkpeiTue kBaHTa 3Hepruu. [locrosinnas [lnanka.

Kakoii kiroueBoii pe3ynbrat B o0bsicHeHuH (poToddderra?

[TokazaTh CBS3b SHEPTUU U UMITYJIHC (POTOHOB.

PackpeITh copep:kaHne 3aKOHOB COXPAHEHHUS SHEPTUHU U UMITyJibca (POTOHA..

ATomHas maHeTapHas Monenb Pesepdopaa.

[Toctynarsl bopa o cTaimoHapHBIX COCTOSIHUSX aTOMOB, HEOOXOAMMOE U JOCTATOUHOE
YCIIOBUE CTAIMOHAPHOCTH IIEKTPOHHOU OPOUTHI.

Kak cBsi3anbl paauyc ¥ 3Heprus O0pOBCKON ANEKTPOHHONU OpOUTHI.

[Toctynat bopa 0 31eKTpOHHBIX EpeXoaax B aTOMax.

B yem cymHOCTh OTKpBITHS 3IEKTPOHHON BOJIHBI 1e bpoiina?.

Kaxk nonyuuTs ypaBHEHHE 3JIEKTPOHHOM BOJIHEI 1€ bpoiins.

JnvHa 371eKTpOHHOM BOJIHBI J1e Bpoiisis.

JlnrHa BOJIHBI 0OBEKTOB MUKPOMHUpPA B ABM)KCHHUU.

BonnoBoii noctynat e bpoiins o cTaiimoHapHOCTH 3JIEKTPOHHBIX OPOUT.

[Tpunuun HeonpeaenenHoctu I'elizendepra.

B 4yem CymHOCTh CTaTUCTHYECKOTO TOJIKOBaHUA BOJIH Jie bpoiiiis.

KoHuenryanbHble OCHOBBI KBAHTOBOW MEXaHUKH XUMHUYECKUX YACTHLL.

[ToHsTHE MaTeMaTUYECKOTO ONIEPATOPA.

Onepatop UMIyJibca M €ro JeUCTBHUE.

Omneparop KOOpAUHATHI U €T0 IEHCTBUE.

Onepatop BpEMEHU U €ro ICUCTBUE.

[Topsimok AeHcTBUS Mapbl ONEpaTOPOB Ha (PYHKITHUIO.

CBolicTBa KBAHTOBOMEXAHUYECKHX OMEPATOPOB;
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JIvHeitHbIe onepaTophl.

KomMmyTHpyomue onepaTopsl.

OpPMUTOBBI ONIEPATOPHI.

OmneparopHoe ypaBHEHHE Ha COOCTBEHHBIC 3HAUCHUSI.

[TocTynat o cmoco6e onucanusi COCTOSTHUS 00bEKTOB MUKPOMUDA.

[Toctynat o cnocoOe ompeneneHusi GyHKIMUA COCTOSIHUA OOBEKTOB MHKPOMHpA: BPEMEH-
Hoe ypaBHeHue lllpennnrepa.

CranuoHapHO€ COCTOSIHUE XUMUYECKUX YACTHIL] BEILIECTBA.

VYpauenue lllpenunrepa s CTaMOHAPHOTO COCTOSIHUS XMMUYECKUX YaCTHIL BEILIECTBA.

[Toctynat o criocobe moay4yeHus ypaBHEHUI KBaHTOBO MEXaHUKH.

[Toctynat o cpenHem 3HaueHuM onepaTopa ['amunbToOHa cTanmoHaoHoro ypasHenus Ilpe-
JUHTEPA.

[TocTynar 06 aHTUCUMMETPUYHBIX CBOMCTBAaX (DYHKITMU COCTOSIHHSI aHCAMOJsi 0OBEKTOB
MUKPOMHUPA.

[TocTynar o cyneprno3uiuu COCTOSTHUN 00bEKTOB MUKPOMHUPA.

ITomyuuTh OHOMEPHBIN OIlEpaTOp KMHETUYECKOM SJHEPIUU MUKPOYACTHLIBL.

[TomyuuTh TpeXMEpHBIi OMepaTop KHHETHIECKON YHEPTUU 00BEKTOB MUKPOMHUPA.

[TomyuuTtsb onepaTrop NOTEHIIMATBHOM SHEPTHH B3aUMOICHCTBHUS 00BEKTOB MUKPOMUPA.

[TomyuuTs omepaTop MOJHON SHEPTHUH OOBEKTOB MUKPOMHUPA.

VYpasuenue lpeaunrepa ais 9acTUIbl CBOOOJHO JABMKYIIEHCS B OJTHOMEPHOM MOTCHITH-
aIILHOM sIME.

Pemenne ypauenus Illpenunrepa mjs 4acTHIBI CBOOOJIHO ABMIKYIIECHCS B OJTHOMEPHOM
MOTEHITNATLHOM sIME:

HEPTHsl YaCTUIBI CBOOOTHO JBMKYIICHCS B OJJHOMEPHOU MOTCHIIUAIBHON sIME;

GYHKIUS COCTOSIHMSI YacTHUIIBI CBOOOTHO IBMKYIICICS B OJHOMEPHOM MOTEHIMAIBHOM
aMe.

KBaHToBaHue SHEPruu YacTHUIIBI CBOOOIHO IBIIKYIIEHCS B OJHOMEPHOW MOTEHIUAIBHON
aMe.

H3meHeHne (QyHKIIMM COCTOSIHUS M BEPOSITHOCTH MECTOHAXOXKIEHUS YaCTHUIBI CBOOOJHO
JBUKYIICHCS B OJJHOMEPHON MOTCHIIMAIBHOMN siMe Tipu n = 1, 2,..., k. Y3JI0BbIE TOUKH.

Merononorus noyydeHus: cranroHapHoro ypaBHenus lllpenunrepa st atoma Bomopoja B
JIEKapTOBOM CUCTEME KOOPAUHAT.

AHanu3 ycnoBuil pemeHus ypaHenus lllpeaunrepa ajisg aroma BOAOpoia B AEKapTOBOU CHU-
cTeMe KOOp/IMHAT.

Merononorus noiydeHus: cranroHapHoro ypaBHenus lllpenunrepa mist aroma Bomopoja B
chepuyeckoi cucTeMe KOOpAUHAT.

AHanu3 ycnoBuil pemienus ypaBHenus lllpemunrepa s atoma Bomopoaa B chepuueckoit
CHUCTEME KOOPJIMHAT.

MeTtononorus pa3aenenus ypasuenus [lpenunrepa ans atoma Bogopoa B cpepudeckoii cu-
CTeMe KOOpAMHAT Ha Tpu U PepeHInaIbHBIX YpaBHEHUS BTOPOTO MOPSIIKA C OJHOH Iepe-
MEHHOIM.

R- ypaBHeHue 1 atoma BOAopoaa.

O- ypaBHEHHE JIJIsl aTOMa BOJIOPOJa.

@- ypaBHEHHE JI aTOMa BOJOPOJIA.

VYcnoBus, npu KoTopsix R-, ©@- u O- ypaBHEHUs [Uisl aTOMa BOJOPOJa UMEET PELICHUE.

AToMHas opOUTab.

KBaHTOBBIC UHClIa K UX B3aUMOCBSI3b

Paznmen 1

KBaHTOBO-XMMHUECKasi MOJIENb CTPOECHUSI MHOTO3JIEKTPOHHOT'O aTOMA.

KBanToBO-XxMMHUecKasi MOJIEIb CTPOCHUSI MOJIEKYJI — cTaliioHapHoe ypaBHeHnue [lpeaun-
repa.
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KBanToBO-XxuMuueckass MOJENb CTPOEHUS aTOMOB M MOJIEKys B mpuOmmkenun bopna —
Onnenreiimepa.

KBantoBo-xumuueckass Mojieib CTPOCHHUS aTOMOB B NPUONMKEHUH HE3aBUCUMBIX 3JIEK-
TPOHOB.

KBantoBo-XxuMuyeckasi MOZiesib CTPOCHUS aTOMOB B MPHUOIMKEHUH CaMOCOTIIACOBAHHOTO
TOJIS. .

MHoroanekTpoHHas BosiHOBast GpyHK1us Creirepa.

KBaHTOBO-XMMHUYECKass MOAENb CTPOCHHUS AaTOMOB M MOJIEKYJl B MPUOIMKEHUH CaMOCO-
IJ1aCOBAHHOTO 0JIsl — MeTo1 XapTpu-Doka.

Heorpannuennsiit meton Xaprpu-doka.

OrpanuueHHbl MmeToa XapTpu-Doka.

KoHnenmus MmeTo1a MOJEKYJISIPHBIX OpOHUTAIICH.

ATOMHasi OpOUTATTb..

KBaHTOBBIE UKCOAa.

MornexysipHast opOuTab.

Bapuanuonnas teopema.

Tounsle u npodusie MO\.

[Tpubmmxenne MO-JIKAO.

Ycnosue rudkoctu MO.

VYcenocue mist tounort MO.

Yucino MO XUMHUYECKOI YaCTHUIILL.

VYpasaenusa MO JIKAO CCII Pyrana.

Merononorus onpenenenus sueprun MO.

MeTtonomorus onpeaeneHust kodgpuueHTos mpu 6azucanx AO B MO.

Cucrema MO XUMHYECKOH YaCTHUIIEL.

3anosHeHHbIe U BakaHTHBIE MO.

OHneprun MO.

I'pannunsie MO. B3MO u HBMO.

CrpykTtypa bioka MO XUMHYECKON 4aCTHUIIBI

OpOuTAIbHBINA TOTEHITUAT MOHU3AIIMH XUMHYECKUX YaCTHII.

OpOuranbHOE CPOACTBO K ANEKTPOHY XMMHUECKUX YaCTHII.

OyHKIMS pacnpeaesieHUs SJICKTPOHHOM MIIOTHOCTA B XUMUYECKHUX YaCTHUIAX.

DJEKTPOHHBIN 3apsi HA AaTOMAaX XUMUYECKUX YACTHII

DIIEKTPOHHAATIIOTHOCTh Ha aTOMaX XUMHUYECKUX YaCTHII.

DnexTpoHHas 3aceleHHOCTh AO IEHTPUPOBAHHBIX HA ATOMAaX XUMUYECKUX YACTHII.

AJTOPUTM TIONy4eHNs BBIpaxkeHue 11 seprun MO H, ™.

Anroputy™ onpenenenus 3aeprusu MO H, ™,

Anroputm omnpenaeneHus K03pduineHTos.

TpeOGoBaHMs K KBAHTOBOXUMHUYECKHM METO/IaM.

HesMnupuyeckue v moysMIupudecKue METOAbl KBAHTOBIM XUMUH.

CoBpeMEHHOE COCTOSIHHE HEAIMIHUPUUYECKUX U MOTYIMIUPUUECKUX KBAHTOBO-XUMHUYECKUX
MOJEIIEH.

DHeprus eKTPOHHOU KOPPETSIUH.

of}-37IEeKTpOHHAST KOPPETSIIUS.

KynoHoBckas Koppemnsius 3JeKTPOHOB.

OnexTpoHHas Koppensuus Pepmu.

DJEeKTpOHHAs «KYJIOHOBCKAs JBIPKaY.

DNeKTpoHHAs «JAbIpKa DepmMuy.

Crioco0bl ydeTa 31IeKTPOHHOM KOppensuu

KommnbrorepHbsie ”HPOPMaIMOHHBIE TEXHOJIOTUH KBAHTOBOM XUMHUH.

HyperChem MeTononorus KBaHTOBO-XUMHUYECKOTO MOAEITUPOBAHUS.
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3anyck u 3aBepiienue padbotel HyperChem xomriekca nmporpaMm CTPYKTYPHON XUMHH.
CrpykTtypa pabodero okna u meHio HyperChem.

Mertononorus co3ganust 3D-CTepeOXUMUYECKON MOJIENIM XUMHUYECKUX COCTUHEHUH.
Busyanu3zanus MOJIEKYJISIPHONH MOJEIIH.

H3meneHune 1iseta paboyero OkKHa U MOJIEKYJISIPHBIX O0OBEKTOB.

['paduueckoe npeacTaBIeHUE MOJICKYIISIPHON MOJEIH.

Beiaenenue CTpyKTypHBIX 2JIEMEHTOB B MOJIEKYJIIPHOM MOJIENH.

Ornpezenenre BeIMUKH apaMeTPOB MOJIEKYJISIPHOU CTPYKTYPHI.

Merononorus HyperChem kBanTOBO-xumMuyeckoro pacuera.HyperChem wmnTepdeiic mo-

JEKYJISIPHON TpaduKy.
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7.3. Bonpochl MMCbMEHHOM KOHTPOJIBHON pabOTHI

KonnenryanabHble OCHOBBI, COCTOSTHUE U MTPOOIEMbl COBPEMEHHOW KBAaHTOBOI XUMUHU.

3amaun KBaHTOBOM OMOXMMUHU.

3aauyn KBAaHTOBOM HAHOXUMHUHUOI3

aJady KBaHTOBOI MEIUIIMHCKOM XUMHUHU..

3amaun KBAaHTOBOM SKOJOTMYECKOM XMMHH.,

3aziayv KBAaHTOBOW CYNPaMOJIEKYJISIPHON XUMUH.

MarnuTHO-CHII0Basi MUKPOCKOIIHS.

DneKTpOCUI0Bas MUKPOCKOIIHSL.

MeTom00THs KOMPBIOTEPHIX TEXHOJOTHH HEAIMITMPUUCKONW KBAHTOBOW XUMHH.

OpGutanu Xaptpun — Doka.

Opo6utanu Cneiirepa - 3eHepa.

bazucuble GyHKITUH 17151 HEOMITUPHUUECKUX PacUETOB.

OpOuranu raycoBoro THIa.

OnHOSKCIIOHEHIMANTbHAS OPOUTAIB CIIPTEPOBCKOTO THIIA.

MunuMabHbIe 0a3UCHBIC HAOOPHI.

JIByXdKCTIOHEHIIHAbHBIE Oa3UCHBIE HAOOPBHI.

Pacmpennsie 6a3ucHbie HAOOPBHI.

[Tonspuzanmonnsie u qudGy3HbIe QyHKINU.

Uctounuku norpemHoctu CCII MO JIKAO pacuetos.

OO0t MOAX0A K y4eTy SHEPTHH IEKTPOHHON KOPPETISAIIH.

KomOnHupoBaHHbIE KBAHTOBO-KJIaccnyeckue npudmmkenus (QM/MM).

OpOuTanbHO-3IEKTPOCTATUYECKAs KOHIICTILNS TEOPUN XUMUYECKON CBA3H..

OcHoBHbIE IPECTaBICHNS OPOUTAIIBHON KapTUHBI XUMUYECKO CBS3H.

[Tpunnmn opéutansHoro coorsetcTBusi. AO (MeToanka MainkeHa).

*apaMeTphl KPUTHUYECKHX TOYEK 3JEKTPOHHOM IJIOTHOCTH, XapaKTEepHU3YIOIIUEe XUMHUYe-
CKYIO CBSI3b.

Konnenuus cun B Teopunm XMMHUYECKON CBs3U: Teopema ['enbmana-DeliHMaHa, IpUpoaa
XUMHYECKON CBSA3M B MPHUOIMKEHUU 3JIEKTpocTaTudeckoil Teopemsl ['enbMana — deifH-
MaHa.

Teopema Bupuana, mpupoia XUMHUUYECKOHN CBSI3U B IPUOIIKEHUU TEOPEMbl BUpHATa.

DJIeMEHTAPHBIN aKT XMMHUYECKON peaKIilnu.

Teopust epexo0JHOTO COCTOSIHUSA XMMHUYECKOM peakiuu. Pacuer moBEpXHOCTU MOTEHLHU-
AJIbHOU SHEPIMM XUMUYECKON PEAKIUU.

Cranuonapssle Touku [111D anemenrapaoi peakunu. [IyTe XuMndyeckoil peakuu.

OrneHka reoOMeTpHUH EPEXOAHOI0 COCTOSHUS XUMUYECKOM peaklnu.

Wupexchl peakIiMOHHOM criocOOHOCTH.. KBaHTOBSI TEpMOXUMUSL.

Meton n301eCMUYECKUX PEAKIINAMN.
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34 Ompenenenre TEPMOXUMHUYECKUX XaPAKTEPUCTUK XMUMHUYECKUX YACTHUI] M SHEPTHH UX JU-
COLIMAIIMM HAa MOHBI ¥ paJUKalbl B NMPHONMKECHUU H30JeCMUYECKUX peakuuii. Hewmso-
JIECMUUYECKUE PEaKLUu.

35 Bpewms B ¢pusznueckoil XMMUU: KUHETUKA U TUHAMUKA.

36 PCM KOHTMHyaJlbHblE MOJENU M CYNEPMOJEKYJISIpHOE MpPUOIMKEHNE KBAHTOBO-
XMUMHUYECKOTO MOJECJIIMPOBAHMSI BIUSHUS PAaCTBOPUTENS HAa PEAKLUOHHYIO CIIOCOOHOCTb
XUMHUYECKHX pearcHTOB.

37 KoHTuHyanbHas MOJAEIb MOJSPU3ALMOHHOIO AECUCTBUS. . MoJenupoBaHUE CONBbBATHBIX
o6omouek pacteoputesst COSMO.

38 DHeprus M rpaAMeHThl SHEPTUU JUIIEKTPUUECKOTO SKPAaHUPOBAHUS PACTBOPUTEIIEM MO-
neKyJ BeuiectBa. [loHas sHEprus CoIbBATUPOBAHBIX MOJIEKYJISIPHBIX CUCTEM.

39 DOddexTsl MONIPU3ANMOHHOTO JIEHCTBHS PACTBOPUTENS Ha MapaMeTpbl 3JIEKTPOHHOM
CTPYKTYPBI XUMHUECKUX YACTHII.

7.4. OOpaszer coaepx aHHs dK3aMEHAIIMOHHOT0 Ouiera (Ipy HAJIMYUHM dK3aMeHa 110 JIUC-
ITUTITAHE)

buner 1

1. KBanTOBas HAHOXHMHUS.

2. KBanToBas MeIuIIMHCKAST XUMUSL.
3. KBaHTOBas 3KOJOTrMYECKa XUMHUS,

8. PACITPEJAEJIEHUE BAJIJIOB, KOTOPLIE ITOJIYHAIOT OBYYAIOHIUECA

OOmiast orleHKa 3HAHUHM O00ydaIONIMXCS MO0 TUCHUIUIMHE mpoBoauTcs mo 100-0ammpHON

HIKaJie UCXOJsl U3 MaKCHUMyMa, TIPUBEICHHOTO B Ta0uuie Hike. OpraHu3almoHHO-y4YeOHas pa-
0oTa B ayIUTOPUU OIICHUBACTCSI HA OCHOBE TAKUX KPUTEPUEB KaK MOCEIIAEMOCTh 3aHATUMN, CBOE-
BPEMEHHOE M KaueCTBCHHOE BBHIMTOJIHEHHE JOMAIIHUX 33JJaHUi, aKTHBHOCTb BO BpPEMsI ITPOBEJIC-
HUS JICKIIMOHHBIX M MPAKTUYECKUX 3aHATUH (ydacTue B 0OCYXIEHUH TEKYIETro U MPOHIEHHOrO
Marepuana, pereHue 3aaad u T.11.).

8.1. CemecTtp 9, ounas hopma oOydeHHsI
Howmepa paznenos Buner pabot MaxcmanpROe KomH-
4ecTBO 0ajuIoB

Opranu3anoHHo-yueOHast paboTa B ay IUTOPUH 20

1 CamocrosrenbHas paborta 20
KonTponbHas pabora 10

HUTOI'O 50
OK3ameH 50
OOmmii UTOT 3a ceMecTp 100

CooTtBeTcTBHE 0AJIOB OLIEHKE

KonunuectBo 6aoB u3

O1reHKa 110 MATHOAIIBHOM HIKAJIe

100 ECTS Ok3ameH, auddepeHIupoBaHHbBIH 3a- 3auer
qeT
90-100 A OTJIMYHO 3aYTeHO
80-89 B XOpOouIo 3a4TEHO
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75-79 C 3a4TEHO
70-74 D 3a4TEHO
60-69 E YIOBJICTBOPHUTEIBHO SaTTomO
35-59 FX HE 3a4TEHO
034 F HEYIOBIICTBOPHUTEIHLHO e 3a9TeHo

9. OBECIIEYEHUME OBPA30OBATEJIbHOI'O [TPOLIECCA LA JIULL C OI'PA-
HWYEHHBIMHU BO3MOXHOCTAMMU 3/J0POBbA U UHBAJIMIOB

B xone peanuzanuu JUCUUIUIMHBI HCIIONB3YIOTCS CIEAYIOINE JOMOTHUTEIbHBIC METO/IbI
00yueHHMsl, TEKYIIEro KOHTPOJIsI yCIIEBAEMOCTH U MPOMEXYTOUHOHN aTTecTali 00ydaroIuxcs B
3aBHCUMOCTH OT UX MHIMBHIyaTbHBIX OCOOCHHOCTEH:

1) JUIA CIENBIX U CIIA0OBUIAIINX

— JeKIMH OQOPMIISIOTCS B BUJE 3JIEKTPOHHOTO JOKYMEHTA, TOCTYITHOTO C IOMO-
IIbI0 KOMIIBIOTEPA CO CIIEUATN3UPOBAHHBIM IIPOrPaMMHBIM 00€CIICYEHUEM;

— JUI BBITIOJTHEHUS 3a/1aHUsl IPU HEOOXOJUMOCTH MPEAOCTABISAETCS YBEIMUNBAIO-
11ee YCTPOICTBO; BO3MOXKHO TAKXK€E UCIOJIb30BAHNE COOCTBEHHBIX YBEINYMBAIOIIUX YCTPOICTB;

— MUCbMEHHBIE 3a7]aHNsl OPOPMIISIOTCS YBEINYCHHBIM HIPUPTOM.

2) JUISL TITYXHUX U CIa0O0CTBIIIAIINX

— JEKIMH OQOPMIISIOTCS B BUJIE 3JIEKTPOHHOTO JJOKYMEHTA;

- MUCbMEHHBIE 3aJaHUs BBIIOJIHAIOTCS Ha KOMIIBIOTEPE B MUCbMEHHOU (hopMe;

— 9K3aMEeH MPOBOJUTCSA B MUCbMEHHOH (hopMe Ha KOMITBIOTEPE; BO3MOXKHO IMPOBE-
neHue B (popme TeCTUPOBaHMS.

3) JUIS JIUL C HApYIICHUSIMU OIIOPHO-/IBUTATEIBHOTO arlapara:

- JEKIMH OQOPMIISIOTCS B BHJE 3JIEKTPOHHOIO JOKYMEHTA, JJOCTYIHOTO C IIOMO-
IIbI0 KOMIIBIOTEPA CO CTIEIUATN3UPOBAHHBIM MPOTPAMMHBIM 00€CTIEUCHUEM;

- IUCbMEHHBIE 3aJJaHUs BBIIOJIHAIOTCS HA KOMIIBIOTEPE;

- 9K3aMeH U 3a4€T MPOBOJATCA B YCTHOW ()OpPME HITU BBIMOJIHSAIOTCS B MUCbMEHHOM
dbopme Ha KOMIIBIOTEpE.

[Tpu HE0OX0AMMOCTH TPEAyCMATPUBACTCS YBETUUEHUE BPEMEHHM Ui MOJATOTOBKHU OTBE-
Ta.

[Iponenypa npoBeaeHUs NIPOMEKYTOUHONW aTTECTAllMU sl 0OYYaIOUINXCsl YCTaHABIMBA-
eTcs ¢ y4€TOM UX MHAMBHUIYAJbHBIX MCUXO(PU3NUECKUX ocoOeHHOcTel. [IpomexyTouHas arre-
CTalMsl MOXET MPOBOJUTHCS B HECKOJIBKO ITAIOB.

[IpoBenenue npouexypbl OLEHUBAHUS PE3yIbTATOB O0YUEHUS JOMYCKAETCs ¢ UCIOJIb30-
BaHUEM JMCTAaHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOIOTUH.

ObecneunBaeTcst JOCTYI K WH(GOPMAIIMOHHBIM U OMOIMorpadu4eckuM pecypcam B CETH
WHTepHeT ans kaxaoro odyyaromerocs B (popMax, aJalnTHPOBAHHBIX K OIPAaHUYEHHUSIM HX 3]10-
POBBSI M BOCTIPHSATHS HHPOPMALIUH:

1) JUIS CENBIX U CIIAa0OBUNALINX:

— B IICYaTHOHN (pOopMe yBETUUECHHBIM mpH(TOM;

- B (hopMe 3JEKTPOHHOTO JOKYMEHTA;

2) JUTSI TITYXHMX U cJTaboCbIIamuX:

- B IIeUaTHOH popme;

- B (hopMe IIEKTPOHHOTO JOKYMEHTA.

3) JUis 00y4aroIUXCcsl ¢ HApyIIECHUSIMU OITOPHO-ABUIaTEIbHOIO anmnapara:

- B IIEYaTHOH (opme;

- B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.
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10.  MATEPHUAJIbBHO-TEXHHWYECKOE OBECIIEYEHME YYEBHOI O ITPO-
HECCA

VYuebnsbie 3ansaTus npooaarcs B IX yueoHom kopryce Jlonl'Y (r. oweuk, yi. [lopca,
17a). JIns nmpoBeneHus TEKIUOHHBIX U MPAKTUYECKUX 3aHATUI TpeOyeTcst ay iuTopusi, 000pya0-
BaHHAsI MEJIOBOM MJIM MapKEepPHOM JOCKOM, MyJIbTUMEINNUHBIA TPOEKTOP U 3KPaH, HOYTOYK, KOM-
IUIEKT y4eOHO# meOenu Al CTYAeHTOB, pabouee MecTo mpernojaBareis, Bbixoa B MHTepHET —
MIPOBOJTHOM WJIM C UCTIOIb30BaHneM Wi-Fi.

Jliss  caMOCTOSITENNBHON pabOThl HCIIONB3YIOTCSI TEKCTOBBIE U DIIEKTPOHHBIE PECYPCHI
Hay4Hoii OMOMMOTEKH YHHMBEPCHTETa W JIPYTUX DJICKTPOHHBIX OWONMMOTEYHBIX 0a3 aHHBIX,
y4e0HO-METOIMYECKOE OOecTieueHre, MPEICTABICHHOE B YUYeOHO-METOJUYECKOM KaOWHETe
['maBHOTO KOpITyCa (aym.405).

[Ipu u3yyeHUH TUCHMIUIMHBI IPUMEHSIOTCS 3JEKTPOHHOE OOY4YeHHE U JTUCTAHLMOHHBIC
o0pa3oBaTesbHbIE TEXHOJIOTHH.

C ucnonp30BaHUEM PECYpPCOB JIUCTAHIIMOHHOTO 00Pa30BaHUs OCYIIECTBIISIETCS TEKYIIUi
KOHTPOJIb 3HaHUN 00YyYaroIMXcsi Ha OCHOBE TECTUPOBAHUS M MPOBEPKU PE3yIbTATOB CAMOCTOS-
TEJIbHOW PabOTHI.

11. PEKOMEHJAYEMAS JINTEPATYPA

11.1. OcHOBHas nuTEpaTypa

|  Hupenscon, B.I'. KBantoBasg xumusi. MoOJeKybl, MOJIEKYJISIPHBIE CUCTEMBI U
TBEpAbIC Tea: yued. mocoOue A CTYyJACHTOB BY30B, OOYUYaAIOIIUXCS MO XUM.-
TEXHOJI. HarpaBieHusM u crienuansHocTsM / B.I'. Hupenscon. — Mocksa: bU-
HOM. JIa6. 3nanwmii, 2010. — 495 c. TekcT: HenocpeaACTBEHHBI.

2 Typosckuit H.A. ITlpakTukyM MO KBaHTOBOW XHMHH: y4deOHOe mocobue /
H.A.Typosckuii. — [oneuk: I'OY BIIO «douHVY», 2019. — 145 c. Tekcr:
HEIOCPEACTBEHHBIN.

3 Typosckuit H.A. IIpakTukyM 10 KBaHTOBOM XHMHH [DJEKTPOHHBIA pecypc]:
yuebHoe nocodue / H.A. TypoBckuii. — Jonenk: 'OY BIIO «/lonHVY», 2018. —
145 c. TekcT: 3NeKTPOHHBII. .

4 Typosckuit H.A. MpaKTUKYM KOMNbIOTEPHOM CTPYKTYPHOM Xumnm: yuebHoe nocobue /
H.A.TypoBckuit. — loHeuk: FOY BMNO «oHHY», 2018. — 145 c. TeKCT: HENOCPEACTBEHHbIN.

5  Typosckuit H.A. MpakTUKYM KOMMNbIOTEPHOMN CTPYKTYPHOM XMMUM [DNeKTPOHHbIN pecypc):
y4yebHoe nocobue / H.A.Typosckuit. — [loHeuk: TOY BMNO «[oHHY», 2018. — 145 c. TekcT:
3NEeKTPOHHDbIL,

11.2. lonosnHuTENbHAS TUTEPATYpa

6 Epmakos, A. . KBaHTOBasa MexaHMKa 1 KBaHTOBaA XMMusA: yueb. nocobue ana cTyAeHToB
BY30B, 06yyatowmxca no cneumanbHoctv BMNO 020101.65 "Xumua" / A.U. Epmakos. —
Mockga: FOpainT, 2010. — 555 c. TeKcT: HenocpeacTBEHHbIN.

7 Maitep, U. U3bpaHHble rnaBbl KBAHTOBOW XMMMM: [lOKa3aTeNbCTBa TEOPEM U BbIBOA HOp-
myn / U. Maitep ; nep. c aHrn. M.b. apxosckoro u A.M. Tokmauesa ; nog pea. A.J1. Yyrpe-
eBa. — Mocksa: BUHOM. JTabopaTopwus 3HaHui, 2009. — 384 c. TeKCT: HENOCPEeACTBEHHbIMN.

8§ Crpwxak, [1.LE. KBantoBass xumusi: ydeOHUK JjIsi CTy[A. BbIC. y4eOH. 3aBell. /
IL.LE. Crpuxak; Hanmonanensiii yH-T "KneBo-MorunsiHckasa akan.". — Kues:
N3n. nom "KueBo-Morwisinckasa akana.", 2009. — 458 c. Tekcrt: Henocpen-
CTBEHHBIM.
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9 Tpuwaesa T. H. KBaHTOBaA XMMUA CYyNPamMONEKYAAPHbIX CUCTEM Ha OCHOBE KYKyp-
6ut[n]ypunos [Tekct] / T. H. Tpuwaesa, A.H. Macouit, A.M. Ky3HeuoB. — Mocksa: /leHaHA,
2016. — 208 c. TeKcT: HeNoCcpeACTBEHHbIN.

10 NacrepHak, E. H. OcHOBbI KBaHTOBOM xMMuK: yuebHoe nocobue. / E.H. MactepHak, H.A. Ty-
POBCKMM ; [JOHEUKMI HaL,. YH-T, XUM. ¢-T, Kad. dum3. xumun. — loHeuK: JoHHY, 2012. — 81 c.
TeKcT: HenocpeaCTBEHHbIN.

12.  UHO®OPMAIMOHHBIE PECYPCBI

1. MHdOpPMMO : 3NeKTPOH. cnpaBodHMK / 000 «PUHOUL». — Mockea : M3aaT. aom
«MHbopmmo», [2018?— ]. — URL: https://www.informio.ru (aata obpauweHus: 19.05.2023). —
TeKcT : 31eKTPOHHbIN.

2. IPR SMART : Becb KoHTeHT 3BC Ipr books : undpposoit obpasosat. pecypc / 000 «A#
Mun 3p Mepguna». — [CapaTos : At Mu 3p Meauna, 2022]. — URL: http://www.iprbookshop.ru (aaTa
obpauweHunsa: 19.05.2023). — Pexkum gocTtyna: Ana aBTopu3. nosb3osBaTesnien. — TekcT. Ayaumo.
N306parkeHns : 3NeKTPOHHbIe.

3. J1aHb : 3NeKTPOH.-6unb . cuctema. — CaHkT-lMeTepbypr : JlaHb, cop. 2011-2021. — URL:
https://e.lanbook.com/ (naTta obpauteHma: 19.05.2023). — TEKCT : SNEKTPOHHbIA. — Pexknum ao-
CTyna: gna aBTopusmnp. nosb3oBaTenen.

4. COb : KoHcopunym ceTeBbiX 3N1EKTPOH. 6-K / INeKTPoH.-6nbn. cuctema «JlaHb» npu
noaneprke AreHTcTBa cTpaTer. UHMUMaTuB. — CaHkT-MeTepbypr : laHb, cop. 2011-2021. — URL:
https://seb.e.lanbook.com/ (aaTta o6paweHns: 19.05.2023). — Pexkum AocTyna : ANa Nonb30oBa-
Tenen opraHMsaunin — y4acTHUKoB, noanucunkos I6C «/laHby.

5. Book on lime : auctaHu. obpasosBaHue / n3a-so KAY MrY mm. M. B. JlomoHocoBa. —
Mocksa : KAY, cop. 2017. — URL: https://bookonlime.ru (aaTta obpauweHua: 19.05.2023) — Tekct
. U306parkeHune. YcTHas peyb : 3N1eKTPOHHbIE.

6. HayuyHaa anekTpoHHas 6ubnunoteka elibrary.ru : nHdpopm.-aHanut. noptan / 000
HayyHaa anekTpoHHasa 6ubanoteka. — Mocksa : OO0 Hayu. anekTpoH. 6-ka, cop. 2000-2022. —
URL: https://elibrary.ru (gata obpauieHunsa: 19.05.2023). — Pexxum Aoctyna: ANa 3apernctpup.
nosnb3oBaTenei. — TeKCT : 3/IeKTPOHHbIN.

7. Cyberleninka : Hayuy. anekTpoH. 6-ka «Knbep/leHnHka» / [E. Kucask, 4. CemaukuH, M.
Ceprees ; 000 «MTeoc»]. — Mocksa : Knbep/leHnHka, 2012. — URL: http://cyberleninka.ru (paTa
obpauteHma: 19.05.2023). — TeKCT : INEKTPOHHbIN.

8. DNeKTPOHHbIN KaTanor HayyHoh 6ubamoTtekn [OHeuKoro rocyfapCTBEHHOTO YHU-
BepcuteTta. — [loHeuK : HB [oHlY, 1999- . — URL: http://catalog.donnu.education (gata o6pa-
weHuna: 01.01.2023). — TEKCT : 3NEKTPOHHbIN.

13.  [NPOT'PAMMHOE OBECIIEYEHUE

1. Windows 7 PRO (xopnopatusHas auuensus oY Ne 46484614)

2.  Microsoft Office (kopnopatusHas nuuen3us Joul'Y Ne 46472919)

3. Microsoft Visual Studio (yinnensust nporpammsl Dream Spark mis Beicmx yueOHbIX
3aBe/ICHUN)

4. Awntuupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (auuenszuun GPL, Apache,
BSD mist cBo60HOTO MPOrpaMMHOTO OOECTICUeHUS ).
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