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1. IlepeyeHb MIIAHHPYEMBIX Pe3yJIbTATOB 00y4eHHsI N0 AMCHMILIMHE, COOTHECEHHBIX €
YCTaHOBJICHHBIMHU B 00pa30BaTe/IbHOI MPOrpaMMe HHAUKATOPAMH 10CTHKEHHUSI

KOMIIeTeHII M

[To uroram OCBOCHHS TUCITUTUIMHBI 00YJAIOIIUNACS JOJDKEH IOCTHYD CIIEIYIONTNX Pe3yIbTaToOB

00yJeHusI:
Kareropus ®opmupyemasn Kon 1 HanmeHnoBanue Pe3yabTaThl 00y4eHUs 0 AUCHMILVINHE
(rpynmna) KoMIeTeHuus (¢ HHAUKATOPA JOCTHKEHHUS
KOMIeTeHI Uit yKa3aHHeM Koja) KOMIIETCHIM U
(mpu HATUYHUH
OIIK)
O6menpogecc | OIIK-1 Cnocoben OIIK-1.1. CucremaTu3upyer u 3HaTh: TEOPETUUECKUE OCHOBBI 0A30BBIX
HOHAJIbHEIE aHAJIM3UPOBATH U aHAJIM3HUPYET PE3yNbTaThI XUMHYECKHUX JTUCIUIUTHH
HaBBIKU WHTEPIPETHPOBATh XMMHYECKHUX HKCIIEPUMEHTOB, YMeTs: pemars THIOBBIE yaeOHbIe 3aJa9u
pe3yNbTaThl HaOoIeHNH, U3MEpeHHH, a 0 OCHOBHBIM (0a30BBIM) XUMHUYECKUM
XUMHUYECKHX TaK)Ke pe3yJIbTaThl PACUETOB JICIUIUTHHAM
9KCIIEPUMEHTOB, CBOICTB BEIIECTB U MaTEpUaJIOB Brianers: HaBbIKamMu pabOTHI ¢ yueOHOH
HaOoaeHNH 1 JIUTEPaTYpOH 10 OCHOBHBIM XUMHYECKHM
U3MEpEeHUit JWICITUIUTHHAM
OIIK-1.2. IIpeanaraer YMeTb: BBINOMHATh CTaHJApTHBIE 1eHCTBUS
MHTEPIPETAIHIO PE3YIbTaTOB (xnaccuguKaiys BEIecTB, COCTaBICHNE
CO6CTBCHHLIX OKCIICPUMEHTOB U CXEM IMPOUECCOB, CUCTEMATHU3allNs JaHHBIX
PacyeTHO-TEOPETHYECKUX PaboT C | M T.II.) C y4ETOM OCHOBHBIX TIOHATHH
UCTIOJIb30BaHUEM TEOPETHYECKUX | OOIIMX 3aKOHOMEpPHOCTEH, (hopMyIupyemMbIx
OCHOB TpaJJUIIMOHHBIX U HOBBIX B paMKax 6a3OBbIX XUMHWYECCKUX NUCILIUITIINH
pa3aenoB XUMUHU
OIIK-1.3. ®opmynupyet YMeTb: BBINOMHATh CTaHJapTHBIE 1eHCTBUS
3aKITIOUEHHUS] ¥ BBIBOJIBI 110 (knaccuguKays BEIecTB, COCTaBICHNUE
pe3yJabTaTaM aHalIu3a CXeM IPOIIECCOB, CHCTEMAaTH3aIINs TaHHBIX
JUTEPATYPHBIX JaHHBIX, U T.IL.) C y4€TOM OCHOBHBIX IOHATUH U
COOCTBEHHBIX O0IIMX 3aKOHOMEPHOCTEH, (OPMYIHPYEMbBIX
9KCIEPUMEHTANIBHBIX M PACUETHO- | B paMKax 0a30BBIX XUMHUYECKUX AUCLUILIHNH
TEOpEeTH4YEeCKUX padboT
XMMHUYECKOH HalpaBJIEHHOCTH
OIIK-3 Crniocoben OIIK-3.1. [Tpumensier 3HaTh: OCHOBHBIE MPUEMBI PabOTHI CO
IPUMEHSTh TEOPETUYECKUE U CMeLaIN3UPOBAHHBIM IIPOTPAMMHBIM
pacyeTHo- MOJTYSMITUPHYECKHE MOJIETH IPH | oOecriedeHreM PH POBEICHUH
TEOPEeTUIECKUE pELIEHUH 3aJa4 XUMUYECKOMH TEOPETHYECKUX pacyeToB U 0OpadoTke
METOJIBI ATISI HaIlpaBJIeHHOCTH SKCMEPUMEHTAIbHBIX JaHHbIX
H3y4YEHUs! CBONCTB YMeThb: IPUMEHATh CHEUATU3UPOBAHHOE
BEILIECTB U IporpaMMHOe oOecredeHne Ipu
TIPOLIECCOB C UX MPOBEIEHUH TEOPETUUECKHX PacyeTOB U
Y4YacTHEM C 00paboTKe SKCIIEPUMEHTAIBHBIX JAHHBIX
HCTIONB30BaHUEM OIIK-3.2. Ucnionp3yer 3HaTh: OCHOBHBIE MIPUEMBI PaOOTHI CO
COBPEMEHHOMN CTaHJapTHOE NPOTrPaMMHOE CMELHAIN3UPOBAHHBIM TIPOTPAMMHBIM
BBIYUCITUTETLHON obecTiedeHre MpH  PEeIIeHUH obecrieueHneM IpY IPOBEICHUN
TEXHUKH 3a]]a4 XUMHUYECKOU TEOPETHIECKUX PACIETOB U 00paboTKe
HaIpaBJICHHOCTH 9KCIIEPUMEHTAIBHBIX JaHHBIX
Brnaners: HaBbBIKAMU IPUMEHEHUS
CTELMAIN3UPOBAHHOTO ITPOTPAMMHOTO
obecriedeHns ¥ 0a3 TAHHBIX MPH PEIICHUN
3a/1a4 PoeCcCHOHATBHON cephI
JIeATENbHOCTH
Om3uKo- OIIK-4 Criocoben OIIK-4.1. Ucmoms3yet 6a30BbIe 3HaTh: OCHOBHBIC TCOPETUIECKUE
MaTeMaTH4ecK | TIAHWPOBATH pabOTHl | 3HAHUS B OOJTACTH MAaTEMATHKU M | TIOJIOXKEHUS] CMEKHBIX C XUMHUEH
asiu XMMHYECKOH (M3UKY TP TITAHUPOBAHUN €CTECTBEHHOHAYYHBIX JTUCIUITINH
KOMITBIOTEPHA | HAINpaBJIEHHOCTH, paboT XuMHIECKON 3HaTh: MaTEMaTHYECKUH arnapar,
sl TPaMOTHOCTh | 00pabaThIBaTh U HATIPaBIICHHOCTH HEOOXOIUMBIH M1 peIICHHS
TIPY PeIIeHUN | MHTEPIPETUPOBATH npo(heCCHOHANBHBIX 3a71a4 B 00J1aCTH XUMUH
3a1a4 TIOTyYeHHBIE 1 MaTepHaJIOBEICHUS
npoeccronan | pe3yabTaThl ¢ YMeTs: permate THIOBBIE yueOHbIE 3aJa9u
BHOM HCTIONIb30BAaHUEM TI0 OCHOBHBIM pazJieflaM MaTeMaTHKH U
JEATENBHOCTH | TEOPETHUECKUX €CTECTBEHHOHAYYHBIX TUCIUIIINH
3HAHUH U Brnaners: HaBbIKaMu paboThl ¢ yueOHOH




TIPAaKTHYECKUX JIUTEPATYpPON, OCHOBHON TEPMUHOJIOTUEH 1

HAaBBIKOB PCHICHUS MMOHSTUHHBIM armapaTomM 0a30BEBIX
MaTeMaTUYCCKUX U MAaTeMaTUYCCKUX U CCTECTBCHHOHAYYHBIX
(I)I/I3I/I"ICCKI/IX 3aaa4dy JHUCHUITINH

OIIK-4.2. O6pabaTbIBaeT faHHBIE | 3HATh: MATEMaTUUECKHUH ammapar,
C HCIIONIb30BaHNEM CTaHJAPTHBIX | HEOOXOAWMBIH JUIS peIIeHUs

CII0CO00B aNIPOKCHUMAITIH npoecCHOHANBHBIX 3324 B 00J1aCTH XUMUH
YHNCIEHHBIX XapaKTEPUCTUK U MaTepUaJIOBEACHUS

OIIK-4.3. UnTepnperupyeT YMeTh: pemaTh TUIIOBBIC YUcOHBIC 3a1aUH
Ppe3yabTaThl XUMHUYECKUX 110 OCHOBHBIM pa3zfieslaM MaTeMaTUKU 1
HaOJIIOJICHUH C UCIIOIb30BaHUEM €CTECTBEHHOHAYYHBIX AUCIUILINH
(u3MYECKHX 3aKOHOB U Braners: HaBbIKamMu pabOTHI ¢ yueOHOH
NIpeCTaBICHUMN JIUTEPATypOl, OCHOBHON TEpMUHOJIOTHEHN U

MMOHSTHHHBIM armnapaTomM 0a30BEIX
MAaTCMAaTUYCCKUX U CCTCCTBCHHOHAYYHBIX
JHUCHUITIINH

2. Leab 1 MecTO AMCHHUILIMHBI B CTPYKTYpe 00pa3oBaTe/bHOI MPOrpaMMbl

Jucnumnnaa «KBaHTOBas MexaHWKa W KBAHTOBAs XUMHUS» OTHOCHUTCS K 00s3aTenbHoi yactu OIN.
JucnumunHa u3ydaercs Ha 4 kypce B 8 ceMectpe.
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HUMAaHWIO A3blKa COBPEMEHHOW KBAHTOBOMW XUMUMU, A

KX e K CaMOCTOATENbHBLM KOMMNbOTEPHBM
YU CNEeHUAM 3NEeKTPOHHOTO CTPOEHMUS,
OCTPaHCTBEHHOMN CTPYKTYDH " dMn3unkKo-
MUYECKMUNX CBOMCTB Pa3nuuyHblX MONEeKYINnsapHblX

CTeéeM.
OCBOCHUS OUCHUIIIIHHBI HGO6XO,Z[I/IMBI KOMIICTCHIINH, Cq)OpMI/IpOBaHHBIe B paMKax HU3YUYCHHA

crenyomux aucuuriud: «dusuka», «Matematukay, «CTpoeHHe BelecTBa», «YuciIeHHbIe METOIbl U
nporpaMmupoBanue», «llepcoHanbHble KOMIbIOTEpHl B XUMuUM» «MHPOpMaTuka», «OOmas XuMUsI»,
«AHanuTHueckas Xumusy, «Oprannyeckas XuMus», «Ouznyeckas XUMHUSD).

1. Conep:xanue padoyeid mporpamMmsl (00beM TUCHUINJIMHBI, THIIBI M BUAbI Y4eOHbIX 3aHATHI,

yueOHO-MeToauYecKoe odecneyeHrne caMOCTOSITeIbHOM PadoThl 00y4aloIIuXCsi)

Coneprxanne pabodeii mporpaMMsel npeacraBiieHo B [Ipmnoxernun Ne 1.




4.1. Hepeqeﬂb KOMIIeTEHIIHI 1 HHAUKATOPOB A0CTUKCHUSA KOMIIeTeHIUii ¢ YKa3aHHuE€M COOTHECEHHBIX ¢ HUMHU 3AIVIAHUPOBAHHBIX PE3yJ/bTAaTOB

4, D oHJ OLIEHOYHBIX CPEaCTB 10 JUCHUIIJINHE

Oﬁy‘leHHﬂ mo JTMCUMIIJIMHE. Onucanue KPUTEPHUEB H LIKAJ OHCHUBAHUSA PE3YyJIbTATOB oﬁyqem/m o JTMCHUIIJINHE.

Kon u popmynuposka komnerennun OIIK-1 CriocobeH aHann3upoBaTh 1 HHTEPIPETUPOBATH PE3YIBTATHl XUMHYECKUX IKCIIEPUMEHTOB, HAOJIOICHUI N M3MEPEHHUH

Kox 1 HammMeHoBaHue

PesynbTaTnl 00y4yeHus no

Kpurepun onleHMBaHus pe3yabTaTOB 00yYEHHUS

HHAMKATOPA TOCTUKEHUS AUCUUTIIINHE 2
KOMITeTeHIIH («HeynosnerBopu 3 («Y 1OBJIETBOPUTEIHHON ) 4 («Xopormo») 5 («OtaaHO»)
TEJIEHOY)
OIIK-1.1. 3HaTh! TeopeThieckue | 3aTpynHsieTcs B Nmeer npexncraBieHue o Nmeer npexncraBieHue o HNmeer deTkoe, I€JIOCTHOE
Cucremarusupyer U | OCHOBEHI 0a30BBIX | ONpeeNieHH! COZIEPYKaHUH OTIEIBHBIX COZIEpP’KaHUU OCHOBHBIX NPE/ICTABIICHUE O COJEpKaHUU

AHANM3UPYET PE3YJbTAaTh
XUMHYECKHX
9KCIIEPUMEHTOB,
HaOJIOJIeHNH, HM3MEpEHHH,
a  TaKkKe  pe3yJbTaThl
pacyueToB CBOMCTB BEUIECTB
U MaTepHasoB

XUMHWYCCKUX TUCHHUIIINH

0a30BBIX MOHATHI
u popmynupoBke
OCHOBHBIX
3aKOHOB XHMHUH

XUMHUYECKHUX JTUCIUITINH,
3HAET TEPMHHOJIOTHIO,
OCHOBHBIE 3aKOHBI XMMHUH, HO
JIOMYCKAeT HETOYHOCTH B
(dhopmynrpoBKax

y4eOHBIX KypCOB 110 XUMHH,
3HaeT TEPMHHOJIOTHIO,
OCHOBHBIE 3aKOHBI U
MOHUMAET CYITHOCTh OOLIMX
3aKOHOMEPHOCTEN,
M3y4aeMbIX B paMKax 0a30BBIX
XMMHUYECKUX AUCIMILUINH

OCHOBHBIX XUMHWYCCKUX KYpPCOB

n  OOIMX 3aKOHOMEPHOCTSAX
XHUMHUYECKUX IPOLECCOB,
U3y4aeMbIX B paMKax
OCHOBHBIX XMMHUUYECKHX
JUCLIMIUTMH

Ymers: pemars Ttunossle | He ymeer ‘YMeer pelaTh TUIIOBBIE YmMeer pemiatsb YMeer pewiatsh 3a1auu
yueOHbIC 3a/a4u o 3a7a4u U3 0a30BBIX KYPCOB KOMOMHUPOBaHHBIE 3371241 U3 | MOBBILIICHHOH CI0KHOCTH U3
OCHOBHBIM (6a3oBbBIM) XUMHH 6a30BBIX KypCOB XUMUHU 0a30BBIX KypCOB XMMUHU
XMMHUUYECKUM JUCHUIIMHAM
Bnaners: HaBblkamMu | He Bimazeer Bnaneer HaBbIkamu Bianeer HaBeikamu Biageer HaBbIKamMu
paboTsI c y4eOHOit BOCIPOU3BE/ICHH OCBOEHHOTO | CaMOCTOATENLHOTO U3YIEHUSI | KPUTHYECKOI'O aHaIH3a
JIUTEPaTYpOl IO OCHOBHBIM y4eOHOro MaTepHaia mno OTIENBHBIX Pa3JenoB yueOHOH | yueOHOH HH(pOpMALUH 110
XMMHUYECKUM JUCLUTLIMHAM OCHOBHBIM XMMUYECKUM JIUTEPaTyphl TI0 OCHOBHBIM OCHOBHBIM pa3ieliaM XHUMUH,
JUCIUIIIMHAM XUMHYECKHM IUCLMIUIMHAM U | (GOPMYIHPOBKH BBIBOIOB H
00CyKIeHHsI OCBOCHHOTO y4acTusl B JUCKYCCHHU TI0
MaTepuana yueOHBIM BOIPOCAM
OIIK-1.2. [Ipennaraer | Ymers: BBINIONHATL | He ymeer YMeeT HHTEepIpeTUpOBaTh YMeer cocTaBIsTh CXEMBI ‘YMeer nporHo3upoBaTh
MHTEPIPETALHNIO CTaH/lapTHbIC JeHCTBUSA pe3ynbTaThl OTHOCUTENBHO MPOLIECCOB C MCIONB30BAHUEM | PE3YIIBTATHI HECIOKHBIX
pE3yNbTaTOB COOCTBEHHBIX | (KIaccH(UKamms BEIIECTB, TIPOCTBIX XUMHUUECKUX 3HaHUH OCHOBHBIX MIOCJIeI0BATEbHOCTEH
9KCTIEPUMEHTOB U | COCTaBIICHUE cXeM MIPOLIECCOB C MCMOJIB30BAHUEM | XUMHWYECKHUX TUCLHUIUINH, HO XUMUYECKUX PEAKIIUH C

pac4eTHO-TEOPETUIECKUX
paboT C WCIOIH30BAHUEM
TEOPETUYECKUX OCHOB
TPaJAWIMOHHBIX M HOBBIX
pa3zenoB XUMHUH

TIPOIIECCOB,
CHUCTEMAaTH3alns JAHHBIX U
T.II.) C YY4ETOM OCHOBHBIX
TOHATHUI "u 00Imx
3aKOHOMEPHOCTEM,
(hopMyTHpyeMBIX B pamMKax
0a30BBIX XUMHUYECKUX
JIICITUTITAH

00IIMX MPENCTaBICHUN 1
3aKOHOMEPHOCTEM,
M3Yy9aeMBIX B paMKaxX 0a30BBIX
XUMMUYECKHMX JTUCHUTLINH

JOITyCKAaeT OTIENbHbIE
HETOYHOCTH IIPH
(hopMyIHPOBKE YCIIOBHIA
OCYILIECTBIICHUS TAKHUX
MPOLIECCOB

Y9eToM O0IIHX
3aKOHOMEPHOCTEH MPOIIECCOB,
M3y4aeMbIX B paMKax
OCHOBHBIX XMMHUYECKHX
JIACITUTUTAH




OIIK-1.3. ®opmynupyer | YMeTs: BBINONHATH | He ymeer
3aKJIIOYEHHST M BBIBOJBI 110 | CTaHJapTHBIC JeHCTBUS
pe3ynbraram aHamm3a | (kmaccuduKanys BEIIECTB,
JUTEPaTYpHBIX  JAHHBIX, | COCTaBIICHHE cXeM
COOCTBEHHBIX MIPOLIECCOB,
SKCIEPUMEHTATBHBIX U | cucTeMaTu3alus JaHHBIX U
PacueTHO-TEOPETUIECKHUX T.I.) C Y4ETOM OCHOBHBIX
pabot XUMHYECKOH | TTOHSATHHI Hu 0o0ImMx
HaIpaBJICHHOCTU 3aKOHOMEpPHOCTEH,
(opMynHpyeMBIX B paMKax
0a30BBIX XUMHYECKUX
JMCIUIUINH

YMeeT HHTEpIPETHPOBATh
Pe3ybTaThl OTHOCHTENBHO
MPOCTBIX XUMHUYECKUX
MPOLIECCOB C HCIOIb30BaHUEM
00IIMX MPECTaBICHUN 1
3aKOHOMEPHOCTEH,
H3y4aeMbIX B paMKax 0a30BBIX
XUMHUYECKHUX JUCIUITAH

VYMeeT coCTaBIISTh CXEMBI
MPOIIECCOB C UCTIONB30BaHUEM
3HAHUI OCHOBHBIX
XAMMYECKHMX JUCLUILIINH, HO
JTOITyCKAET OTHCITHHEIC
HETOYHOCTH MPH
(hOpMYITHPOBKE YCIIOBHIA
OCYIIECTBIICHHS TAaKUX
MPOIIECCOB

‘YMeeT nporHo3upoBaTthb
Pe3yIIbTaThI HECIIOKHBIX
MOCJIeA0BATENBHOCTEN
XUMUYECKHUX PEaKIUi C
YYeTOM O0TIHX
3aKOHOMEPHOCTEH MPOIIECCOB,
N3y4aeMBbIX B paMKax
OCHOBHBIX XHMHUYECKHAX
JICIIUTIIAH

KO):[ u (l)OpMyJ'II/IpOBKa KOMIICTCHIIMH OIIK-3 Cnocoben MNPpUMECHATL PACUCTHO-TCOPCTUICCKUE METOABI JJId U3YyUCHUS CBOWCTB BELICCTB U MPOLECCOB C UX YYACTHEM C UCIIOJIB30BAHUEM
COBpeMeHHOﬁ BBIYMCIIUTEILHOU TEXHUKHI

Kon u Pe3yabraThl 00yueHus mo Kpurepnu olileHHBaHUs pe3ynbTaToB 00y4YeHUsI
HANMeHOBaHHe JAUCUUTIIINHE
HHAMKaTOpa 2
JOCTUKEHUSI 3 («Y 1OBIETBOPUTETHHOY) 4 («Xoporo») 5 («OTnaHOY)
(«HeynoB1eTBOPUTETBLHON)
KOMIEeTeHIIUN
OIIK-3.1. 3HaTh: OCHOBHBIE IPUEMBI 3HaeT OT/eNbHbIE IPUEMBI 3HaeT OCHOBHBIE PUEMBI Pa0OThI | 3HAET OCHOBHBIE MPHEMbI paOOThI | 3HAET OCHOBHBIE IPHEMBI
ITpumenser paboThI co paboTsl ¢ Hauboee ¢ HauOoree MOMyJsIPHBIMU ¢ HauOoJee NoMyJsIpHBIMU paboTEI Co
TEOPETUYECKUE U | CIEIHUAIN3UPOBAHHBIM HOIMYJISIPHBIMU CreLHaIu3UPOBaHHBIMU CreLHaIu3UPOBaHHBIMHU CTELUaIU3UPOBAaHHBIMHU
MOIY3MIIUPHUYECKUE | TPOrPaMMHBIM CIeLaIU3UPOBAHHBIMU MporpaMMaMHu, UCHOJIB3YEMBIMU B | MPOrpaMMaMH, UCTIONb3YEMBIMH | TIPOrPaMMaMH,
MOJIEIH npH | obecreueHneM npu nporpaMMamH, XMMUH U MaTepHAIOBEJCHUH, HO | B XUMMU U MaTepHaIOBEICHUH UCTIONIb3yEMbIMH B XUMHUH,
pelLeHun 3aja4 | MPOBEICHUH TEOPETUUECKUX | UCIIOIb3yEeMbIMHU B XUMHU U | JOIYCKAeT OTACIbHBIC MaTepHaoBEICHUN U
XMMHUYECKOH pacueToB U 00paboTKe MaTepHaoBeIEHUH, HO HETOYHOCTH INIPU UX pean3aluu CMEXHBIX C HUIMH 00J1aCTsX
HaINpaBJICHHOCTH 9KCIIEPUMEHTANIbHBIX 3aTpyJHAETCS B UX 3HaHMSA
JIAHHBIX peanu3anun
YMeTh: IPUMEHATH YMeer ucnonp3oBaTh YMeeT npUMeHATh CIeNUaIbHOE ‘YMeeT IpUMEHATh CIIENHaNbHOE | YMEET UCIONb30BaTh
CIIeIaIU3UPOBAHHOE OTIeNbHBIE (QYHKIIHI IporpaMMHOe obecredeHne Ipu IporpaMMHOE 0OecredeHle Ipy | CHEeLUAIN3UPOBAHHOE
MIPOrpaMMHOE 00EeCTIedeHnEe | HEKOTOPBIX 00paboTKe IKCTIEPUMEHTATBEHBIX 00paboTKe SKCIIEPUMEHTANFHBIX | pOrpaMMHOE oOecrieueHune
TIPY TIPOBEICHNN CIIEIMaTN3UPOBAHHBIX JAHHBIX U UCTIONIb30BaTh JTAHHBIX U UCTIONIb30BaTh JUISL TIPOBENICHUS
TEOPETHYECKUX PACUETOB MU | IIPOrpamM Ui 00paboTKu HEKOTOpBIE CIIENNAIN3UPOBAHHBIE | HEKOTOpPHIC TEOPETHIECKUX PACIETOB U
obpaboTke SKCHEPUMEHTAIBHBIX MaKEeTHI IPOrPaMM B OTIEIIBHO CHETHATH3UPOBAHHBIE TAKETHI 00paboTKn
9KCTIEPUMEHTAIBHBIX JTAHHBIX B3SITOM 00JIaCTH XUMHH TIO] MpOrpaMM B OTZEIBHO B3SITON 9KCTIEPUMEHTAIBHBIX
JAHHBIX PYKOBOZICTBOM CIIeIaINCTa 0051aCcTH XUMHUHU JIAHHBIX [IPU PEIICHUN
Ooree BBICOKOM KBamH(pUKaIIIm 3a/1a4 mpoQeccuOoHATBHOM
ceprl NeaTeTbHOCTH
OIIK-3.2. 3HaTh: OCHOBHBIE TIPUEMBI 3HaeT OTeNbHBIC TIPUEMEI 3HaeT OCHOBHBIE TIPUEMEI pa0OTHl | 3HAaeT OCHOBHBIC IIPUEMBI pa0OTHI | 3HAET OCHOBHBIC IIPHEMBI
Ucnonp3yer paboTEI co pabots! ¢ Hanbomnee ¢ HanOoIIee MOMYIAPHBIMU ¢ HanOoIee OMYIAPHBIMA paboTshI co
CTaHAApTHOE CTICIIATN3UPOBAHHBIM TIOMYIIAPHBIMU CTeIMaIN3UPOBAHHBIMHU CTeNaIN3UPOBAaHHBIMHU CTELNATN3UPOBAaHHBIMHU
MIPOrpaMMHOE MIPOrpPaMMHBIM CIICIMAIN3UPOBAHHBIMHU MporpaMMaMH, UCTIONB3YEMbIMU B | TIPOrpaMMaMH, HCIOIb3YEMBIMH | TIPOrPaMMaMH,




oOecrieueHue npu obecrneueHnEM npu nporpamMmami, XAMUHU U MAaTCpHUATTIOBEACHNHN, HO B XMMUHU U MAaTCPUATIOBCICHUN HCIOJIb3yCMbIMU B XMMUU,
peUHICHU A 3aa4 | MPOBCACHUHN TCOPCTUICCKUX HCIOJIB3YEMbIMU B XUMHUH U JOITYyCKAacT OTACIbHBIC MaTCpUuaJIOBCACHUN U
XUMHUYECKON pacyeToB U 06pa60TKe MaTCepUuaIOBCICHUN, HO HCTOYHOCTH IIPpH UX pCajin3alin CMEKHBIX C HUMHU 00J1aCTAX
HallpaBJICHHOCTU OKCIICPUMECHTAJIbHBIX 3aTPYAHSCTCA B UX 3HaHUA
JAaHHBIX pcajin3anun
BJ'IaZ[eTB: HaBBIKaMH Bna;[eeT CITOCOOHOCTBIO Bnaz[eeT CITOCOOHOCTBIO Bﬂa}leeT CITOCOOHOCTBIO BHa}IeeT CITOCOOHOCTBIO
MNPUMCHCHUA HCIIOJIB30BAThH HCIIOJIB30BATh CaMOCTOATCIIbHO UCIIOJIb30BaTh CaMOCTOATCIIBHO
CIICHUaJIN3UPOBAHHOTO CIICHUaJIN3UPOBAHHOC CIICHUAJIN3UPOBAHHBIC 6a3bl CIICHUaIN3UPOBAHHBIC 0a3bl HCII0JIb30BATh
IporpaMMHOIO IporpaMMHOC obecrieueHue JAaHHBIX W CIICIIUAJIBHOC JaHHBIX W CIICIIHAJIBHOC CIICIUAJIM3UPOBAHHBIC 0a3bl
obecrnieueHus u 6a3 JaHHBIX TOJIBKO IIpU IporpaMMHOEC obecrieueHue I IMporpaMMHOC oOecrieueHue T JAaHHBIX u CIIeaJabHOC

MIPH PEIICHUH 33739
npogeccroHabHOH chepbl
JIeATENbHOCTH

HEMOCPEICTBEHHOM YIaCTHH
crienuanucra oosee
BBICOKOW KBaTHU(UKAIIHH

PEIICHHUS OTACIBHBIX
npodeccHoHaIbHBIX 3a1a4 MOJ
PYKOBOZCTBOM CHELUATINCTA

Oornee BBICOKOI KBaIH(UKAINH

PEIICHHUS OTACIBHBIX 3314
npodeccroHaIbHOM chepbl
JIeATENbHOCTH

nporpaMMHOe obecrieueHne
I TIOMCKa HEeOoOXOIMMOM
HAYYHO-TEXHUYECKON
uHpOpMaLnK, MPOBEICHUSI
pacyeros, 00paboTku
IKCIIEPUMEHTAITLHBIX
JAHHBIX, MOJITOTOBKH
HAyYHBIX MYOJIMKALUA U
JIOKJIAJIOB

Kon u ¢opmynupoka kommerenimu OITK-4 CnocoGeH miaHMpoBaTh pabOThl XUMHYECKOW HAIpaBICHHOCTH, 00pabaThIBaTh M WHTEPIPETUPOBATH MONYYEHHBIC PE3YJIbTAThI C
UCIIOJIb30BaHUEM TEOPETUYECKUX 3HAHUH M NPAKTUYECKHX HABBIKOB PElICHHs MaTeMaTH4YeCKUX U (PM3MYECKHUX 3a/1a4

Koa u HamMeHoBaHue

Pe3yJsibTaThl 00y4YeHHUs 10O

Kputepuu onieHHBaHus pe3yabTaToOB 00YUCHUS

HHIUKATOPA TOCTUKEHUS AUCHUTIIHHE 2
KOMIIETCHIUH («HeynoBierBoputen 3 («Y IOBIETBOPUTEIHHO) 4 («Xoporoy) 5 («OTnuaHO»)
BHOY)
OIIK-4.1. Ucnonp3yet | 3HaTh: OCHOBHBIE 3aTpynHsaeTcs B Hmeer npexncraBieHue o Wmeer npexncraBieHue o Nmeer YeTKOe, LEJIOCTHOE
0a30BbIe 3HAHHWSA B OOJIACTH | TEOPETUYECKHE MONOKEHHS | ONpeleleHHN COZIEp’KaHUH OTJEIBHBIX CoZIep’KaHUU OCHOBHBIX MPE/ICTABIICHUE 00 00X
MaTeMaTHKd U (PU3HKM IIPU | CMEXHBIX C XUMHUEH 6a30BBIX MOHATHH U pa3zeNnoB CMEXHBIX C XUMHEH pa3zeoB CMEXHBIX C 3aKOHOMEPHOCTSX  CMEXHBIX C
IUTAHUPOBaHUU paboT | ecTecTBEHHOHAYYHBIX (hopmyupoBKe €CTECTBEHHOHAYYHbIX XUMUEH XUMUEH €CTECTBEHHOHAYYHbIX
XMMHUYECKOH JUCLUIUINH OCHOBHBIX 3aKOHOB JUCIIUIUIMH, HO IOIyCKaeT €CTECTBEHHOHAYYHbIX OUCHMIUIMH ¥ clocobax — HX
HaINpaBJICHHOCTH CMEXHBIX C XUMHEH HETOYHOCTH B (OPMYIHPOBKAX | AUCLUILUINH, 3HAET UCIIONb30BAHUSA MPHU  pEIICHHU
€CTECTBEHHOHAYYHbIX TEPMUHOJIOTHIO, OCHOBHBIE | IPO(QECCHOHATBHBIX  337ad B
JVCIIUIUINH 3aKOHbI U TIOHUMAET obnactu XUMHUHU u
CYIIIHOCTH OOIINX MaTepHaIOBEICHH
3aKOHOMEPHOCTEMN 3TUX
o0macreil 3HaHUS
3HaTh: MAaTEMAaTHYECKUI He moxer npusectu HNmeer npencrasieHue o Hmeer npencrasieHue o Hmeer YeTKOoe, LEJTOCTHOE
ammapat, HeoOXOMMBIi TIPAMEPHI croco0ax MCIIOIb30BAHUS croco0ax MCIIONB30BaHUSA | MPEACTABICHUE 0 crocobax
JUTSL pETLICHUS HCTIONB30BAHUSA MaTEMaTHYECKOTro amnmapara MaTeMaTHIecKOro UCTIONB30BAHNUS MAaTEeMAaTHIECKOTO
npoecCHOHANBHBIX 33724 | MAaTEMaTHIECKOTro TP pEIIeHNH 3aa4 B 00J1aCTH | amnmapara Mpu pereHuH anmapara TpH pelIeHNH 3axad B

B 00JIACTH XUMHH U
MaTepHaIOBEICHUSI

armmapara mpu
PpelIeHny 3a1a4 B
00JIaCTH XUMHH U

XAMHH ¥ MaTEPUATOBEICHNUS,
HO JIOITYCKAeT HETOYHOCTH B
(hopmynrpoBKax

3a7a4 B 00JIaCTH XUMHUH U
MaTepHUaIOBEICHHS

obactu
MaTepHaIOBEICHHS

XUMHUH n




MaTepUaJIOBCACHUA

YMeTh: peraTh TUIOBbIE He ymeer YMeer pelaTh TUIOBBIC 3a/1a4d | YMeeT peliarhb YMeer pelath 3aa4u

yueOHBIC 3a/1a9 TI0 13 0a30BBIX KypCOB KOMOWHHUPOBAHHBIC 3a]]a9d | MOBEIIICHHOMN CIIOXKHOCTH U3
OCHOBHBIM pa3zienam €CTECTBEHHOHAYYHBIX 13 0a30BBIX KypCOB 0a30BBIX KypCOB

MaTEeMaTUKH 1 JACIMILIAH €CTECTBEHHOHAYYHBIX €CTECTBEHHOHAYYHBIX JUCLMILTUH
€CTECTBEHHOHAYUYHBIX JIACHMILIAH

JUCITUILINH

Bnaners: HaBbIKaMM He Bmaneer Bnaneer HaBeIKaMu Bnaneer HaBeIKaMu Brnaneer HaBbIKAMU KPUTHYECKOTO

paboTHI ¢ yueOHOU
JINTEPaTypOM, OCHOBHOM
TEPMHHOJIOTHUENR U
MOHSTUIHBIM ATapaTOM
0a30BBIX MATEMATHYECKUX
U €CTeCTBEHHOHAYYHBIX
JMCIATLTAH

BOCTIPOM3BEIEHUS] OCBOEHHOTO
y4eOHOro MaTepuaa, B IejioM
BJIaJic€T OCHOBHOM
TEPMUHOJIOTHEN U TOHSITUMHBIM
ammapaToM 0a30BBIX
MaTEMaTHYECKUX U
€CTECTBEHHOHAYYHBIX
TUCLUILIAH

CaMOCTOSITEIILHOTO
W3Y4YEHUsI OTACIBHBIX
pa3enoB yueOHOM
JIUTEPaTyphl, BlaJIeeT
OCHOBHOH TepMHHOIOTHEN
Y TIOHSITHHHBIM arapaToM
0a30BBIX MaTEMaTHUECKUX
Y €CTeCTBEHHOHAYYHBIX
JWICITUILIAH

aHaM3a y4eOHoi nadopmanum,
YPOBCHB BJIaJICHHS
TEPMUHOJIOTHEN U MOHSITUIHBIM
arnmnapaToM MO3BOJISET
(hOopMYITHPOBATEH BHIBOJBI U
Y4aCTBOBATh B IUCKYCCHUH 1O
y4eOHBIM BOIpOcaM 0a30BbIX
MAaTEeMaTHYCCKUX U
€CTECTBEHHOHAYYHBIX JIMCLUILINH

OIIK-4.2. OO6pabateiBaeT | 3HaTh: MATEMATHUCCKHIHA He moxet npuBecTu Nmeet npeacrasiienue o Nmeet npencrasiienue o HNmeer YETKOE, LIEJIOCTHOE
JAHHBIC C WCIOJb30BAHUEM | ammapaTt, HeOOXOIMMBbIi MIPUMEPBI crioco0ax MCIOoJIb30BaHUS croco0ax UCIONb30BaHKs | MPEACTABICHUE o crmocobax
CTaHllapTHbIX CHOCO6OB JUISA pemeHI/m HUCIIOJIB30BAHUSA MAaTEMATHUYCCKOI' O annapaTa MATEMATHUYCCKOI'O HUCIIOJIB30BAHUA MATECMATHUYCCKOI'O
aHHpOKCI/IMaLII/II/I YUCJICHHBIX l'[pO(beCCI/IOHaJ'IBHBIX 3a1a4 MAaTEMATHUYCCKOI' O l'IpI/I peI_HGHI/II/I 3a1a4 B O6J'I3,CTI/I annapaTa l'[pI/I pCI_HCHI/II/I annapaTa HpI/I peL[IeHI/II/I 3a1a4 B
XapaKTepUCTHK B 001aCTH XUMHH H amnmapaTta npu XUMHH U MaTepUaIOBeICHUS, 3a7ia4 B 00JIaCTH XUMHH U | 00JacTH XUMHUH u
MaTepHaOBEICHUS peLIeHNH 3a1a4 B HO JOMYCKaeT HETOYHOCTH B MaTepHaIOBEICHUS MaTepHaIOBEICHUS
00J1aCTH XUMUHU 1 (hopmynrpoBKax
MaTepHaIOBECHUS
OIIK-4.3. Hurepnperupyer | YMeTb: pemiath THIIOBbIE He ymeer ‘YMeer peluaTh TUIOBBIE 3a1aud | YMeEeT pelarhb YMeer pemiath 3a1a4u
pe3yabTATHI XMUMHUYECKUX | ydeOHbIe 3a7a4u Mo 13 6a30BBIX KypCcOB KOMOWHHPOBAHHBIC 3a7Ja4l | MOBBIIICHHOMN CI0XHOCTH U3
HaOMoneHui C | OCHOBHBIM pa3jenaM €CTEeCTBEHHOHAYYHBIX 13 6a30BBIX KypCcOB 0a30BBIX KypCOB
HCIIOIb30BaAHUEM MaTEMaTUKH U JACLMILIAH €CTECTBEHHOHAYYHBIX €CTECTBEHHOHAYYHBIX AUCIUILINH
(¢u3MUEeCKUX  3aKOHOB U | €CTECTBEHHOHAYYHBIX JIACLMILIAH
MIpeaCcTaBIeHUN JIACIUILIAH
Biazgers: HaBBIKaMu He Bnaneer Bianeer HaBBIKAaMU Bianeer HaBBIKaMU Bnageer HaBbIKAMH KPUTHYECKOT O

paboTsl ¢ yueOHOH
JINTEPATYPOM, OCHOBHOI
TEPMUHOJIOTHEN U
TIOHATHIHBIM aMIIapaToM
0a30BBIX MaTEMAaTHYECKUX
1 €CTECTBEHHOHAYYHBIX
JVCIATUIAH

BOCIPOW3BEICHNS OCBOSHHOTO
yueOHOro MaTepuaa, B elIoM
BJIaJeeT OCHOBHOM
TEPMHUHOJIOTHEN U TOHSATUUHBIM
ammapaToM 0a30BBIX
MaTEMaTHYECKUX U
€CTECTBEHHOHAYYHbIX
JVCITUTUIAH

CaMOCTOSATEIBHOTO
W3Y4IEHUS OTACTBHBIX
pa3nenoB yueOHOMH
JIUTEPaTypHl, BIaEeT
OCHOBHOI TEPMUHOJIOTHEN
Y TIOHSATHHHBIM aIlliapaToM
6a30BBIX MAaTEMATHYECKUX
W €CTECTBEHHOHAYIHBIX
JUICIIUILIAH

aHanm3a y4eOHOoH nH(opMaIH,
YPOBEHb BIaJICHUS
TEPMUHOJIOTHEN U MOHSITUHHBIM
annaparoM IO3BOJISET
(OpMyITHPOBATH BHIBOJBI H
Y4acTBOBATh B JUCKYCCHU 110
y4eOHBIM BOIpocaM 6a30BBIX
MaTEMaTH4ECKUX 1
€CTECTBEHHOHAYYHBIX JUCIUIIINH




4.2. TunoBbie KOHTPOJIbHBIE 32JaHNUS WM UHBbIE MATEPHUAJIbI, HEOOXOAUMBIE /Il OLleHUBAHUS
pe3yJabTaToB 00y4eHHs MO AMCHUILIHHE, COOTHECEHHBIX ¢ YCTAHOBJIEHHBIMH B 00pa30BaTeIbHOI
NMporpaMMe MHIHMKATOPAMU TOCTHKeHUsI KoMneTeHnid. MeToanueckue MaTepuasbl,
onpeaeJsiloNye NMPoueaypbl OLlEHNBAHUS Pe3yJIbTATOB 00YUYEeHUSs 10 TUCIHUILIMHE.

Kox m HammeHOBaHHe HHAMKATOpa
JOCTHKCHHUSI KOMIICTCHIINU

Pe3yabTaThl 00yueHus: 10 AUCUUILIMHE

OuneHOYHBIE CPeCTBA

OIIK-1.1. CucremaTu3supyeT U aHAJIU3UPYET
Ppe3yabTaThl XUMUYECKHUX 3KCIIEPUMEHTOB,
HaOIIOICHNH, N3MEPEHHH, a TaKKe
Ppe3yabTaThl PacueTOB CBOMCTB BEIIECTB U
MaTepHaloB

3HaTh: TEOPETUYECKUE OCHOBHI 0a30BBIX
XUMHYECKHUX JUCIUILUTAH

YMeTs: pemath TUIOBBIE YdeOHbIE 3aaUH 10
OCHOBHBIM (0230BBIM) XUMHYIECKHM
JCIUIUTHHAM

Brnaners: HaBbIKaMu paboTHI ¢ yueOHON
JIUTEPaTypOH 110 OCHOBHBIM XUMHYECKHM
JICIUIUIMHAM

YCTHBIH onpoc
nabopaTopHBIC PaOOTHI;
KOHTPOITbHBIE PabOTBHI;
Pa3HOYPOBHEBbIC
3aj1a4H,
pedepat; TecTb

OIIK-1.2. IIpeanaraetr HHTEpNpPETALIUIO
PEe3yNIbTaToOB COOCTBEHHBIX IKCIIEPUMEHTOB U
pacueTHO-TEOpeTUUECKUX padoT ¢
HCTIONB30BaHUEM TEOPETUUECKUX OCHOB
TPaJUIMOHHBIX U HOBBIX Pa3/eJIOB XUMHU

‘YMeTh: BHIIONIHATH CTaHapTHBIE NeHCTBUS
(xmaccu(uKaIys BEIIECTB, COCTaBICHUE CXEM
MPOLECCOB, CUCTEMATH3ALMs JJAHHBIX U T.II.) C
Y4ETOM OCHOBHBIX HOHATHH U O0OIINX
3aKOHOMEpPHOCTEH, (POpMYITUPYEMBIX B paMKax
0a30BBIX XMMHYECKUX JUCIUILTIH

OIIK-1.3. ®opmynupyeT 3aKIIOYEHUS U
BBIBOJIBI 110 PE3YJIbTATaM aHaJIH3a
JIUTEPATYPHBIX JaHHBIX, COOCTBEHHBIX
9KCIIEPUMEHTAIIBHBIX U PACUYETHO-
TEOPETHYECKUX PAOOT XMMHUUECKOM
HaIrpaBJIeHHOCTH

‘YMeTh: BHITIOJIHATD CTAHAAPTHBIE IEUCTBUS
(kmaccuduKanys BEIIeCTB, COCTABICHHE CXEM
MIPOIECCOB, CUCTEMATH3AIUS TaHHBIX U T.I1.) C
Y4ETOM OCHOBHBIX HOHATHI U OOIINX
3aKOHOMEPHOCTEH, (POpMYITUPYEMBIX B paMKax
0a30BBIX XUMHUYECKUX JUCLMIUIMH

OIIK-3.1. IIpumensieT TeopeTHYecKue 1
HOJTYSMIUPHIECKUE MOJIETH NPU PELICHUH
3a]]a4 XUMUYECKON HallPaBICHHOCTH

3HaTh: OCHOBHBIE PUEMBI Pa0OTHI CO
CIICHHUAJIM3UPOBAHHBIM ITPOTrPaMMHBIM
obecredeHneM Mpy NPOBEACHUH
TEOPETHYECKUX PACUeTOB U 00paboTKe
IKCIEPUMEHTAIBHBIX JAHHBIX

VYMeThb: IPUMEHSATH CHELHAT3UPOBAHHOE
HPOrpaMMHOE 00ECIICUEHNE IPU MPOBEICHHUH
TEOPETHYECKUX PACcCUeTOB U 00paboTKe
IKCIEPUMEHTAIBHBIX JIAHHBIX

YCTHBIH OIIPOC
nabopaTopHbIe PabOTHI;
KOHTPOJIbHBIE PabOTHI;
Pa3sHOYPOBHEBBIE
3aa4y,
pedepar; TecTs

OIIK-3.2. Mcnonp3yeT CTaHAapTHOE
[POrpaMMHOE 00ecIiedeHHe [IPU  PEICHUH
3a7]a4 XUMUYECKON HaIIPaBICHHOCTH

3HaTh: OCHOBHBIE IIPUEMBI PaOOTHI CO
CIIeIMATTM3UPOBAHHBIM ITPOrPAMMHBIM
o0ecredueHneM py NPOBEIECHUN
TEOPETHYECKUX PacyeToB U 00paboTKe
9KCIIEPHMEHTAJIBHBIX JAHHBIX

BirageTs: HaBBIKaMU TPUMEHEHHS
CIIEIIUATT3UPOBAHHOTO IIPOrPAMMHOTO
obecriedeHns ¥ 0a3 JaHHBIX MPH PELICHUN
3a/1a9 Mo eCcCHOHATBHON ChephI
JeATENbHOCTH

OIIK-4.1. Ucnomp3yeT 6a30BbIC 3HAHUS B
o0JacTH MaTeMaTUKH ¥ QU3HKHU [IPU
TUTAaHUPOBAHUH PAOOT XUMHYECKOH
HaIpaBJICHHOCTH

3HaTh: OCHOBHbIE TEOPETHIECKUE TIOIOKEHU S
CMEXHBIX C XUMHEH €CTeCTBEHHOHAYYHbIX
JVCIIUIUINH

3HaTh: MaTeMaTHUECKUH anmapar,
HEOOXOANMBIH VISl peICHUs
po¢eCCHOHANBHBIX 3a/1a9 B 00JIACTH XUMUH H
MaTepHaTOBEICHHA

YMeTs: pemate THIOBBIE yaeOHbBIE 3aJa9H 110
OCHOBHBIM pa3/iellaM MaTeMaTHuKH 1
€CTECTBEHHOHAYYHBIX JTUCIIUITINH

Brnaners: HaBpIKaMu paboTHI ¢ yaeOHOM
JIUTEPATYPOI, OCHOBHOM TEPMUHOIOTHEN U
TIOHSATHHHBIM armapaToM 0a30BBIX
MaTEeMaTHYECKUX U €CTECTBEHHOHAYYHBIX
JUCIUILUIAH

YCTHBIH OIIPOC
nmabopaTopHBIE PaOOTHI;
KOHTPOJIbHBIE PabOTHI;
pa3sHOYpOBHEBBIE
3a1a4d,
pedepat; TecTbt

OIIK-4.2. O6pabaTeIBacT HaHHBIE C
WCTIONB30BaHUEM CTaHIAPTHBIX CIIOCOOOB
ANMPOKCUMAITIH YHCICHHBIX XapaKTEPUCTHK

3HaTh: MaTEMAaTHUECKHI armapar,
H€06XOHI/IMLII>’I JUIA pCIICHUA
HpO(i)eCCI/IOHaJ'IBHBIX 3a1a4 B 00J1aCTH XUMHH U
MaTCPUAJTOBCACHUSA




OIIK-4.3. UHTepnpeTupyeT pe3yabTaTbl YMerTs: pemiate THIOBBIE YdeOHbBIE 3aJauH 110
XMMHUYECKHUX HAONIOJICHUH C MCIIONIb30BaHUEM | OCHOBHBIM pasjielaM MaTeMaTHKU
(U3MYECKNX 3aKOHOB U TPECTaBICHNI €CTECTBEHHOHAYYHBIX AUCIUILINH

Brnaners: HaBbIKaMu paOoOTHI ¢ yueOHON
JUTEPATypOl, OCHOBHOW TEPMUHOJIOTUEHN U
TIOHSTUHHBIM armapaTtoM 0a30BBIX
MaTeMAaTU4YECKUX U €CTECTBEHHOHAaYUHBIX
JUCLUIUIMH

Buowt camocmoamenvnoil pabomet:

- U3y4€HHUE OCHOBHOM M JIOTIOJIHUTEILHOM JIMTEPATYPHI B LEISAX CAMOIIOATOTOBKH,

- KOHCIIEKTUPOBAHNE MAaTEPUAIOB HAYYHOU U YU€OHOU JTUTEpaTyphl 110 YKa3aHUIO TIPETI01aBaTels;
- pelIeHHe TECTOB 10 3a/IaHUIO0 MIPenoJaBaTes;

- MIOJrOTOBKA K 3aHSATHUSM, IIPOBOIUMBIM B HHTEPAKTHUBHOU (hopMe;

- HanMcaHue pedepara 1o 3aJaHUIO MPENoIaBaTeNs.

Dopmbl meKyuiezo KOHmponsa.

- IPOBEPKa TaOOPATOPHBIX padOT

- YCTHBIN ONpOC Ha Ja00OPaTOPHBIX 3aHATUAX
-pelieHue THTIOBBIX 337134

Dopma pybderxcno20 KORMPOAA — mecCmuposanue, NUCbLMEHHAA KOHMPOIbHAA padoma.

@OPMbl npomeofcymouuoﬁ ammecmauuu no umozam 0C60eHuA 0”Cl{unﬂulibl — IK3AMEHN.
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11.
12.

13.
14.
15.
16.
17.

18.
19.
20.
21.

22.

Bomnpocsl Kk 3xk3ameny

[IpeameT KBaHTOBOM MEXaHUKH MOJICKYJISIPHBIX CUCTEM W KBAHTOBOUW XUMUH.

OCHOBHBIE 3Tanbl Pa3BUTHUSI KBAHTOBOW TEOPHHU.

['maBHBIC TEHICHIIMK B PA3BUTUHM KBAHTOBOW XMMHUHU KaK OCHOBHOTO TEOPETUUYECKOTO (PyHIaMEHTA
COBPEMEHHON XMMUYECKON HAYKH.

MaremaTruueckuil annapar KBAaHTOBOM MEXaHUKH.

OpPMHUTOBBI OTEPATOPHI, UX COOCTBEHHBIC (YHKIIMM M COOCTBEHHBIE 3HAauUeHUs. BwIpokaeHwue.
MatpuvHoe npeacTaBIeHUE OTEPaTOPOB.

Paznoxkenne 1o coOCTBEHHBIM  (YHKIMSM 3pMUTOBa omepartopa. KomMMyTamuoHHBIE
COOTHOILIEHUS.

CooTHouieHus HeonpeAaeaeHHOCTe. PDU3NYECKUI CMBICIT U TPOCTEHIIINE OLIEHKU Ha UX OCHOBE.
OcHOBHBIE TIOCTYJIATHl KBAHTOBO MEXaHUKH.

KBaHTOBBIE COCTOSIHUS U BOJHOBBIC (DYHKIIMHM; OCHOBHBIC CBOMCTBA BOJHOBBIX (DYHKITHIA.

. Oneparopsl  (u3nyeckux BeTUYUH (HAONIONAEMBIX); CpEJHHE 3HA4YeHHS U JUCIEPCUU

HaOJIFOJaeMBIX.

[110THOCTD BEPOATHOCTH PACTIPEICICHHUS YaCTHI] B IIPOCTPAHCTBE.

Omneparopbl KOOpJAMHAT, UMITYJbCOB, MOMEHTOB HUMITYJIbCa, KUHETHYECKOW U MOTCHIIMAIBLHOU
sHeprun. Oneparop ["'amMuiabTOHA (raMUIBTOHHUAH).

DBodtoius coctosiHuid U ypaBHeHue Ilpeaunrepa. Craunonapnoe ypasuenue Llpeaunrepa.
JIMCKpETHBII 1 HEeMPEephIBHBINA CIEKTPHI. Y paBHEHHE HEMPEPHIBHOCTH.

[Ipocreiire npuMepsbl MPUMEHEHHs] KBAHTOBOW MEXaHUKHU.

OpHOMepHbIE 3a71auu: CIIEKTP, KaUeCTBEHHbIE 0COOCHHOCTH BOJHOBBIX (PYHKIIUH.

3amayn 0 MPSAMOYTOJIHHOM MOTEHIMATBFHOM SIIKKE, MOTEHIIMATFHOM Oapbepe U TapMOHHYECKOM
OCIHIIISTOPE.

Teopuss MomenTa wummnyiabca. OCHOBHBIE CIEICTBUS KOMMYTAIIMOHHBIX COOTHOIICHHUH ISt
KOMITOHEHT MOMEHTA UMITyJIbCa.

[IpaBuna cioxeHus MOMEHTOB UMITYIbCa. JKecTKuil poTaTop.

3anava 06 arome Bojopoaa. Paznenenre nepeMeHHBIX.

Bonopono-nogo6Heie opOutanu, rpaduyeckoe MpeACTaBICHUE WX PaJUalbHBIX W YTJIOBBIX
JacTeu.

BripoxaeHne 0IHO3EKTPOHHBIX COCTOSTHUI KaK CIECTBUE CHMMETPUH IIEHTPAIILHOTO TOJIS.
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23.
24,
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31.
32.
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36.
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48.
49,
50.
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54,
55.
56.
S7.
58.
59.

60.

61.

[TpubnmxeHHbIe METOBI PEIICHUS] KBAHTOBO-MEXaHUYECKUX 3a/ay.

Teopus BO3MyIIEHMI ISl CTALlMOHAPHBIX COCTOSIHUM B OTCYTCTBUE U IPU HAJIMYUH BBIPOKACHUS.
BapranroHHBIN IPUHIUIT KBAHTOBOW MEXaHUKH U BapUaLlMOHHBIN MeToa. Merton Putna.
MouJiekyna B IOCTOSIHHBIX 3JIEKTPUYECKOM U MAarHUTHOM IIOJISIX.

JIMTNOJIbHBIN ATIEKTPUYECKUA U MArHUTHBIA MOMEHTBI CUCTEMbI YaCTHLL.

CHATHE BBIPOKICHUS 0] BIUSHUEM IIOCTOSHHOTO 3JIEKTPUYECKOTO WM MAarHUTHOTO IOJIS
(3¢ ¢dextrr LlTapka u 3eemana.)

CryH 37€MEHTAapHBIX YacTUIl U CBSI3aHHBIM C HUM MarHUTHBIM MOMeHT. OmnepaTopsl CIIMHA U
KOMMYTallMOHHbIE cCOOTHOLIEHUS. CIMH-OpOUTaIbHOE B3aUMOIEHCTBUE U €T0 MPOSIBICHUS.
VpaBuenue peaunrepa ajiss aTOMOB U MOJIEKYIL.

Pazgenenue 31eKTpOHHOTO U SIIEPHOTO ABMKEHUH. AnrabaTuyeckoe MpuoIKeHHeE.
DNEKTPOHHOE BOJHOBOE ypaBHEHHUE. DIIEKTPOHHAS IUIOTHOCTh U €€ U3MEHEHUS MpU MEepexoe OT
pa3JesieHHbIX aTOMOB K MOJIEKYJIE.

[TocTpoenne mnpUONMKEHHBIX PpEHIEHUH 3JIEKTPOHHOTO BOJIHOBOIO YpPaBHEHMsSI Ha OCHOBE
BapHAIMOHHOTO NMpuHIMNa. OJTHO3IEKTPOHHOE MPUOIKEHNE.

OrpaHudeHHbI 1 HeorpaHUYeHHbIH MeTopl XapTpu-Poka (camocornacoBanHoro noss, CCII).
Herepmunant CraTepa.

[ToHsITHE O 3aKPBITHIX U OTKPBITBIX 000JI04YKaX. Y paBHEHHUS, ONIPEAEIAIONIUEe OPOUTAIIH.
OpOuTanbHble SHEPIrUU U UX CBA3b C IOJIHOM AneKkTpoHHOW sHeprued. Teopema Kymnmanca u
(hOTORIEKTPOHHBIC CTICKTPHI.

[Ipenensr npumennmocTn metona Xaptpu-Doxka.

DNEKTPOHHOE CTPOEHUE aTOMOB. DJIEKTPOHHbBIE KOH(PUTYpaAIIUU U TEPMBbI AaTOMOB.

CnoxxeHne MOMEHTOB 11J1s1 aToMoB. [TpaBuna XyHpa.

DJIEKTPOHHOE CTPOCHUE aTOMOB U NepuoInueckas cucrema snementoB J[.M. Menaeneesa.
[IpencraBnenne mosekymspabix opoutaneir (MO) B Bujae JIMHEHHOW KOMOWHAIIMM aTOMHBIX
opoutaneit (JIKAO).

Haubonee pacnpocTpaneHHbIE TUIIBI 0a3MCOB aTOMHBIX OpOUTAJICH: OpOUTATIN CIIEUTEPOBCKOTO M
rayccoBa Tuna. MUHHMabHbIE U BaJ€HTHO-pacUIeTJIEHHbIe Oa3ucHbIe HAOOPbI.

[Monspuzanmonnsie u nuddys3asie pyakmauu. Metox CCIT MO JIKAO.

DNeKTpoHHBIe, KojeOaTelbHbIE U  BpallaTeibHble COCTOSIHUS  MoJjekyl. [loBepXHOCTb
noTeHuaabHou sueprun (I1119).

Pousb npencrasnenuii o [111D B cOBpeMEHHOM CTPYKTYpHOM TE€OPUU XUMUH.

PaBHOBecHas koHpurypamus u koHbopmanuu Mosiekya. Crarmonapssie Touku 1119, ux anamms.
[Ipocreitmme npumeps 1I19.

JIByxaTomHast MoJsieKyina. ONTUMU3aLKs TEOMETPUUECKUX XapaKTEPUCTHK MOJIEKYIIbI.

[II1D u xumMuyeckas peakius, KOOpAMHATA PEAKIIUH.

KoppenupoBanHoe JBUKEHHUE HIEKTPOHOB. YUET SHEPTUH FIEKTPOHHOU KOPPEISAIHIH.

[TonsiTre 0 MeToie KOH(PUTYPAITHIOHHOTO B3aUMOACHCTBHS.

OcHoBHBIE IOHATHSA METOJIa TEOPUH BO3MYILIeHUH, Teopust Memnepa-ITnecce.

CpaBHuUTENIbHAS XapaKTEPUCTHKA METOJOB KOH(PHUIYpallMOHHOTO B3aUMOJEUCTBUS U TEOPUHU
BO3MYILICHUU.

[TomysMnupuveckue METOAbl KBAaHTOBOM  XMMHH. MeTOAbl, HCIOJB3YIOIINE HYJIEBOE
muddepeHnnaibHOe epeKpbIBaHUE.

Bo3MOXHOCTH ¥ OrpaHUYEHMS IPUMEHEHHUS ITOJIYIMIIMPUIECKUX METOIOB KBAHTOBON XMMHMH.
VYdeT cuMMeTpuUU sIepHOM KOH(UTYypaIK IPH pacCMOTPEHHUHN AIIEKTPOHHOM 3a/1auu.

DNEMEHTHI U ONlepalid CUMMETpUU. TodeuHble rpynmbl CAMMETPHU.

Haubonee pacnpocrpanentsie mporpammusie komiuiekesl (AMPAC, MOPAC, GAMESS).
ITonroroBka ncxoanoro Qaiina. KimroueBsle cioBa Kak croco0 yrpaBieHHs! pacueTOM.

CocraBnenne Z-matpuipl. basucHbele arombl. OrmnpeneneHue HavyaabHOTO MPUOIMKEHUS
r€OMETPUYECKUX ITapaMETPOB MOJIEKYJIBI.

Yyer cUMMETpUM TNpH 33JaHUW HadajdbHOTO npubmwkenus. Z-marpuua ctuis MOPAC u

GAUSSIAN.

OcHOBHBIE Pe3y/IbTaThl KBAHTOBOXUMHUYECKUX pacueToB. Busyanuzanus pe3ynbTaToB pacuera.
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CrpykTypa 5SK3aMEHAI[MOHHOTO Owieta. OK3aMEHAIIMOHHBIA OWJIET COCTOMT U3 JBYX
TCOPCTUYCCKHUX BOIIPOCOB U U3 OI[HOI>'I 3ala4yy, BKIIIOYCHHBIX B IpOorpammy AWCHHUIIIIWHBL. Ka)KI[LIfI
BOMpOC U 3a1a4a oueHuBaerca 10-10 Oamnamu. Takum 0Opa3oM, MakCUMAaNIbHBINA Oail, KOTOPBIA MOXKHO
HOJIy4UTh Ha 9K3aMeHe, cocTapisieT 30 6amuioB. bamibl, mogyueHHbIE IpU cade S9K3aMeHa, CyMMUPYIOTCS
¢ GayulamMu, IOJIyYEHHBIMU B XOJI€ CEMECTpA.

O06pa3er sK3aMeHAIMOHHOTO OuiieTa

MMWHOBPHAYKH POCCHUUA

denepanbHOE FOCYAAPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YIPEIKACHUE BBICIIETO 00pa30BaHMs
«BAIIKUPCKH TOCYJJAPCTBEHHBIII YHUBEPCUTET»
XuMuyeckui GpakyabTeT

Hamnpasnenue 04.03.01 «®yHnnameHTanbHas U MPUKIATHAS XUMUS)

I[I/ICHI/IHJ'H/IHa KBanToBas MexaHMKA M KBAHTOBAS XUMUS

3K3AMEHAIIMOHHBIN BUJIET Ne 1

=

[IpenMeT KBaHTOBOM MEXaHUKH MOJIEKYJISIPHBIX CUCTEM M KBAHTOBOW XUMUH.
2. CnuH 2JIGMEHTapHBIX YaCTHUI[ W CBS3aHHBIA ¢ HAM MarHUTHBIA MOMeEHT. Omneparopbl CIUHA U
KOMMYTaIlMOHHbIE COOTHOMIEeHHs. CTUH-0pOUTATFHOE B3aUMOJICHCTBUE U €r0 MPOSIBICHHUS.

. . ~_d
3. HaiiT 3pMUTOBO-COTIPSIKEHHBIN oTmIepaTop AJis onieparopa auddeperiupoBanus D= i
X

3aB. kadeapoit HU3NIECKON XUMUH
1 XuMudeckoi axosoruu baml'V, mpod. A.l'. Mycradun

2019-2020 yu. r. Kadenpa ®X u XD

Kpurepun ouenku (B 0a/1ax):

- 25-30 6a/1710B BBICTABJISETCS CTYJCHTY, €CIHM CTYIEHT Jaj MOJIHbIE, pa3BEPHYThIe OTBETHI Ha BCE
TEOPETUYECKUE BOMPOCHl OuieTa, NPOAEMOHCTPUPOBAN 3HaHHE (YHKIMOHAIBHBIX BO3MOYKHOCTEH,
TEPMHUHOJIOTHH, OCHOBHBIX 3JIEMEHTOB, YMEHHE MPUMEHSTh TEOPETHUECKHWE 3HAHUS IPH BHINOJIHEHUU
npakTHdeckux 3amaHuid. CryneHT Oe3 3aTpyJHEHHIl OTBETHJI Ha BCE JOIMOJHUTEIBHBIE BOIPOCHL
[IpakTryeckas yacTh pabOTHI BBIIIOJIHEHA MOJTHOCTHIO 0€3 HETOYHOCTEH U OIIHOOK;

- 17-24 6anyioB BBICTABISICTCS CTYIEHTY, €CIIM CTYIACHT PAcKpbUI B OCHOBHOM TEOPETUYECKUE
BOIPOCHI, OJIHAKO JIOMYIIEHbl HETOYHOCTH B OMNpeAeNieHUH OCHOBHBIX MoHATHH. [Ipm oTBete Ha
JIOTIOJTHUTEIbHBIEC BOMIPOCHI JIOMYIIEHBI HEOObIINE HETOUHOCTH. [Ipy BBHINOTHEHUH MPAKTUYECKOMN 4acTH
paboThI IOMYILIEHBI HECYILIECTBEHHBIE OIINOKH;

- 10-16 GanyoB BBICTABISETCS CTYACHTY, €CIIM MIPU OTBETE HA TEOPETUUYECKHE BOMPOCHI CTYACHTOM
JIOTIYIIIEHO HECKOJBbKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAHMH OCHOBHBIX MOHATHH. Jlormka M mojgHOTA
OTBETa CTPAJalOT 3aMETHBIMU U3BSHAMHU. 3aMeTHBl MpoOenbl B 3HAHUM OCHOBHBIX METOJOB.
Teopernueckre BOMPOCH B LEIOM H3JI0KEHBI JOCTATOYHO, HO C Mpomnyckamu Mmartepuana. Mmerorcs
MPUHIUIHATBHBIC OIUOKY B JIOTUKE MOCTPOEHHS OTBETa Ha Bompoc. CTYACHT He PelIni 3aaqy WId Mpu
pELIeHUU JOMYIIEHBI TPyOble OTHOKY;

- 1-10 6a/1;10B BBICTABIISICTCS CTYJICHTY, €CITH OTBET HA TEOPETHUECKUE BOMPOCH CBUICTEIHCTBYET
O HETMOHMMAaHWUU W KpallHE HEMOJIHOM 3HAaHWU OCHOBHBIX MOHSATUH U MeTonoB. OOHapyKUBaeTCs
OTCYTCTBHUE HABBIKOB NMPUMEHEHUSI TEOPETUUYECKUX 3HAHUM MPHU BBHIMNOJHEHUU MPAKTHUYECKUX 3aJaHUIl.
CTyaeHT He CMOT OTBETUTh HU Ha OJIMH JOTIOJHUTENbHBIM BOIIPOC.

IPOT'PAMMA T'PYIIIIOBBIX 3AHATHIA
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Pasznea 1.0CHOBBI KBAHTOBOM MEXAHUKH

OcHOBHBIE TIOCTYJAThl KBAaHTOBOW MeXaHMKH. KBAaHTOBBIE COCTOSHHUS M BOJIHOBBIC (DYHKIIHH,
OCHOBHBIE CBOWCTBA BOJHOBBIX (yHKIMI. Oneparopsl Gpu3nyeckux BeIUYHH (HAOIIOMAaEMBbIX); CpeIHHIE
3HaUEHUs U JuUcrnepcuu HabOmogaeMmblX. ILIOTHOCTE BEpPOSITHOCTH  paclpeneieHus 4YacTul] B
IIPOCTPAHCTBE.

Maremaruueckuil amnmnapar KBaHTOBOM MEXaHUKU. OpPMUTOBBI OIEPATOPBI, MX COOCTBEHHBIE
¢GbyHkuuu u CcOOCTBEHHbIE 3Ha4yeHHUs. BrIpokaeHue. MaTpu4yHOE TMPENCTaBICHHE OIEPATOPOB.
Paznoxenne o coOCTBEeHHBIM (DYHKIIMSM 3PMUTOBA oriepaTopa. KoMmMyTanmoHHbIE COOTHOIICHUSI.

Omneparopbl KOOpAMHAT, HUMIIYJbCOB, MOMEHTOB HMITYJbCa, KMHETUYECKOM M NOTEHLUAIbHON
sHepruu. Oneparop ['ammibToHa (raMUJIBTOHUAH).

CootHouieHus HeonpeaeneHHocTeld. dusnueckuii CMbICT U IPOCTENIINE OLIEHKU Ha X OCHOBE.

Opouorst  cocrosinuid U ypaBHenue lllpenunrepa. Crammonapuoe ypaBuenue lllpenunrepa.
JIMCKpETHBIN U HENPEPBIBHBIN CIEKTPBI. Y PABHEHUE HEIIPEPHIBHOCTH.

[Ipocreiiiue mnpuMepsl NPUMEHEHUST KBAHTOBOW MexaHUKH. OJHOMEpHbIE 3aJayM: CIIEKTP,
KauyeCTBEHHbIE OCOOCHHOCTH BOJIHOBBIX (PYHKLMH. 3alaud O MPSMOYrOJIbHOM MOTEHIMAIbHOM SIIUKE,
MOTEHIIMATILHOM Oapbepe ¥ rapMOHMYECKOM OCLIMIUIATOPE.

Teopuss MomeHTa wumnyiabca. OCHOBHBIE CIIEACTBHSI KOMMYTAllMOHHBIX COOTHOIIEHUN ISt
KOMITOHEHT MOMEHTa uMItyibca. [IpaBuia cnoxeHuss MOMEHTOB UMIyibca. JKecTKuil poTaTop.

3amaua 00 arome Bojopona. PasnmeneHue mnepemMeHHBIX. Bomgopono-mogoOHbie opoOuTany,
rpaduyeckoe MpencTaBlICHUE MX paJUalbHBIX W YIJIOBBIX yacTeil. BhIpokaeHHe OIHOZJIEKTPOHHBIX
COCTOSIHUI KakK CJIEJICTBUE CUMMETPHUU LIEHTPAIBHOTO MOJIS.

[TpuOnkeHHbIe METO/bl pElleHUs KBAHTOBO-MEXaHWYECKUX 3ajgad. Teopuss BO3MYIIEHUN s
CTallMOHAPHBIX COCTOSIHUH B OTCYTCTBME€ W MpPU HAJIMYMU BBIPOKJEHUS. BapualmoHHBIN NpUHIUI
KBAHTOBOI MEXaHUKH U BapUAILIMOHHBIN MeToa. Metoxa Putna.

Mouiekyna B MOCTOSIHHBIX 3JIEKTPUYECKOM M MarHMUTHOM IMOJIAX. JIMITOJIbHBIN AJIEKTpUYECKUM U
MarHUTHBIA MOMEHTBI CcHCTeMbl 4YacTHl. CHATHE BBIPOXKACHHUS TOJ BIMSHHUEM IOCTOSHHOIO
ANEKTPUIECKOTO MIM MarHuTHOTO 11011 (3ddextrr [Tapka u 3eemana.)

CnuH >JIEMEHTAPHBIX YacTUL[ M CBSI3aHHBIA C HUM MarHuUTHBIM MOMEHT. OrnepaTopbl CIIMHA U
KOMMYTallMOHHBIE cOOTHOLIEHUS. CIUH-O0pOUTaTbHOE B3aUMOICHCTBUE U €T0 MPOSIBICHHUS.

KBaHTOBass cucremMa B NMEPEMEHHOM IEKTPOMATHUTHOM IoJie. BpeMeHHas TeopHsi BO3MYILEHUMN.
[Tepexopl Mo BAUSIHUEM M3JIydEeHHS U TTpaBuia oToopa. KoaddunmeHTsr DiHIITEHHA.

CucremMbl TOXXJIECTBEHHBIX 4YacTHIl: (epMUOHBI M O0030HBI. AHTHCHUMMETPHUYHOCTH BOJIHOBOM
(GyHKIHMM 17151 CUCTEMBI AJIeKTpOHOB. [IpeacraBnenue BOJHOBOW (PYHKIIMM CHCTEMBI AJIEKTPOHOB B BHJIE
OIIPEIETUTENS.

Pa3zaen 2.0CHOBHBIE ITOJIOKEHUSI U METOJIbI KBAHTOBOM XUMUHU

I. YpaBuenue lllpeauHrepa s aToMOB M MOJICKYJ. PasieneHue 3JIEKTPOHHOTO M SACPHOTO
NBIWKCHUH. AjmnabaTtuyeckoe mnpuHOIMKEHUE. OJIEKTPOHHBIE, KoJieOaTelbHbIE W  BpallaTeIbHbIC
cocTosiHUSL MoJieKynl. [loBepXHOCTh MOTEHLMaIbHOW SHepruu. Ponb mpeacTtaBieHuit 0 MOBEPXHOCTH
MOTEHIIMATBFHONU SHEPTrUU B COBPEMEHHOW CTPYKTYpHOUM Teopuu Xxumuu. PaBHOBecHas KoHpurypamus u
KoH(popmanuu Mojekyn. Mansie KosnebGaHus sfep BOIM3M MOJOXKeHUs paBHOBecusa. Konebanus c
OOJBIIMMHU aMIUIUTYIaMU. BpallieHne cCucTeMsl siiep Kak 1esoro.

DIEKTPOHHOE BOJHOBOE ypaBHEHHE. DJIEKTPOHHAS IUIOTHOCTb U €€ U3MEHEHMS IpHU MEepexojie OT
pa3zieJI€HHBIX aTOMOB K MOJIEKYJIE.

[TocTpoeHne NPUOTMKEHHBIX PEIICHHH 5SJIEKTPOHHOTO BOJIHOBOTO YpaBHEHHMsI Ha OCHOBE
BapuallMOHHOTO  mpuHnuna. OJHOZNIeKTpoHHOe  mpubnmxenue. Meron Xaptpu -  Doka
(camocornacoBannoro nois, CCII). YpaBuenus, onpenenstoniue opoutanu. OpOuTanbHbIE YHEPTHH U UX
CBsI3b C MOJIHOM »nekTpoHHOM sHeprueit. Teopema Kynmanca u ¢oTosnekrpoHHbie crieKTpsl. [Ipenensr
MIPUMEHUMOCTH MeToAa XapTpu-PDoka.

[TonsiTre 0 MeTOZIe KOH(PUTYPAITMOHHOTO B3aUMOACUCTBHS. METO T BAJICHTHBIX CXEM.

DNEKTPOHHOE CTPOCHHE aTOMOB. DJIEKTPOHHBIE KOHQPUTYpaluu M TepMbl aToMmoB. ClokeHue
MOMEHTOB Juisi aToMOB. IIpaBuna XyHaa. DIeKTpOHHOE CTpPOEHHME aTOMOB M MEPUOJUYECKas CHUCTeMa
anemenToB /.M. MeHaeneena.
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[IpencraBienre MoOJEKYIApHBIX opbutaneir (MO) B BuAe JIMHEWHONW KOMOMHAIIMM AaTOMHBIX
opoutaneit (JIKAO). Haubonee pacnpocTpaHHEHHBIC THIBI 0a3MCOB aTOMHBIX OpOHUTalleii: opOuTaH
cieitrepoBckoro u rayccona tuna. Meron CCIT MO JIKAO.

[IpencraBienne o MeToaax GyHKIIMOHATA IEKTPOHHOM IIOTHOCTH.

II.Yuer cummeTpun siaepHOi KOH(QUTypaly Ipy PACCMOTPEHHUHU 3JIEKTPOHHOM 3a1a4H. DJIEMEHThI
u omnepauuu cuMMmerpud. TodeuHele Tpynnbl cuMMeTpud. llpeacraBieHus TOYEUYHBIX TPy,
HETNPUBOIUMBIE TIPEACTABICHUS U TaOIUIIBI XapaKTEPOB.

Cummerpusi M cBoiictBa MoJiekya. Kiaccudukanus SIIEKTPOHHBIX COCTOSIHHM MOJIEKYT H
KJIaCCU(UKAIUS MOJISKYJIIPHBIX oOpOuTaneid mo cumMmerpur. o- U 7-OpOutamu. m-DIEeKTPOHHOE
npubmmxerne. OpOouTanu CAIMMETPHUN U SKBUBAJICHTHBIC OPOUTAIIH.

CBs13bIBaIOINE U Pa3PHIXIISIONINE OPOUTAIIH.

Jlokanu3oBaHHBIE MOJICKYJSIpHBIE OpOWTAIM, HATypaJbHBIE CBS3BIBAIONINE OpPOUTAIM U
KJIACCUYECKHE TPEJCTABICHUS O XUMUYECKOH cBs3U. I'pynnoBeie opourtanu. Ilepenocumocts opOuTaneit
(dbparmenToB MoJiekyn. CBsi3eBble OpOUTAIHN M OPOUTATN HEMOAeTIEHHBIX Tap.

I'uOpunnzanus u rudpuaHbie opouTanu B 0azuce aTOMHBIX s-, P- 1 d-opouraneil.

III. Tlomy>mnupuyeckue MeTOABI KBAaHTOBOM XUMHUH. MeETOAbI, HCHOJIB3YIOIIHUE HYJIEBOE
mudpdepeHnnanbHoe nepekpbiBaHue. PacmmpenHslii Meron Xrookkens. Meron Xriokkens st T-
AJIEKTPOHHBIX CUCTEM. BO3MOXXHOCTM M OrpaHMYEHUs TNPUMEHEHMS] MOJYyIMIUPUYECKUX METOJI0B
KBAHTOBOU XHUMUHU.

IV. MexmonexkynsipHOEe B3aUMOJIEUCTBUE U €r0 ONTMCAHUE B KBAHTOBOM XUMUH. OpHEHTAlMOHHAS U
WHAYKIIMOHHAs cocTaBisironue. JlucnepcnonHoe B3anmozeiicTBhe. BaH-nep-BaanbCcoBbl KOMILIEKCHI.
Bonopoanas cBs3b.

V. Hexectkue Monekynbl. DIeKTpoHHO-KoebaTenpHoe B3aumo ieiicterue. Dddektsl Ana-Temnepa.

VI. CoBpemeHHOe mnporpamMmHOe oOecredeHne KBaHTOBO-XMMMUYECKHUX pacueTroB. Haumbonee
pacnpocTpaneHHsbie mporpamMmmubie komriekesl (MOPAC, GAUSSIAN u np.).

Paznen 3. IPUKJIAJTHBIE 3AJTAYH KBAHTOBOM XUMUA

I. JIsyxatomHubie MoJieKyibl. [IpocTelilime Moaenu onvcaHus Ha OCHOBE METOJ0B MOJIEKYIISIPHBIX
opOuTanell M BaJEHTHBIX CXEM. AHAINU3 BOJHOBBIX (DPYHKUUN MOJEKYIIPHOIO HOHA W MOJIEKYIIbI
Bojopoaa. ConocraBiieHne pe3yiabTratoB pacuetoB H2+ u H2. Koppensimonnesie auarpammel MO miis
JIBYXaTOMHBIX MoJIeKyJ. PacnpeneneHue 3IeKTpOHHOW TUIOTHOCTM B JABYXaTOMHBIX MOJIEKYyJaXx,
00pa3oBaHHBIX aTOMaMH BTOpOro nepuoja. [lonsgpHocTs XUMHUYECKO CBSI3U U €€ XapaKTEePUCTUKH

II. KauecTBeHHBII aHAINU3 TEOMETPUUECKOTO CTPOSHUSI MaJIbIX MHOTOATOMHBIX MOJIEKYJ Ha OCHOBE
Metoaa MO. Jluarpammel Youta.

III. KoopauHainmoHnHbele coenUHEHUA. Teopusi KPUCTAIIMYECKOTO TOoJis. AHaIW3 paclleIICHUs
aToMHbIX d- 1 f-ypoBHeil B moJisix paznuyHoi cummetpuu. [lapamerps! pacuemnenus. CuibHoe U cinaboe
T0JI€ JINTaH/I0B. AHAJIN3 3JIEKTPOHHBIX CIEKTPOB M MAarHUTHBIX CBOMCTB KOMILJIEKCOB Ha OCHOBE TEOPUU
KPUCTAIIMYECKOTO TOJIS.

Teopust mons nurangoB. VHTeprnperanusi TpaHC- U LMCBIUSHUSA B KOMILUIEKCAX IMEPEXOJHBIX U
HEMepexXoIHBIX MeTaJuI0B. M30m00anpHas aHanorus.

IV. Oprannueckue coeaunenus. [IpubnukeHus, WHCHIONb3yeMble TMpPU pacueTax U MpHU
UHTEPIPETAINH 3JIEKTPOHHOTO CTPOEHUSI OPraHUYECKUX COCAMHEHUN. BbaM30CcTh CBONCTB COEIUMHEHUN B
TOMOJIOTHUECKUX PsIaX U TMEePEeHOCHMOCTh OpOuTaliel JIOKaNbHBIX ()ParMEeHTOB MOJIEKYN. 3apsabpl Ha
aTomMax M Topanku cBa3ed 1o Mammkeny u  JléBnuny. Koppensuusa wexay napameTpamu
T€OMETPUUECKOrO CTPOCHMS U MOpsaKaMH cBsaA3eil. [IpMHIMIBI MOCTPOEHUS aAIUTUBHBIX CXEM pacueTa
CBOWMCTB MOJIEKYJI B psAJIax.

[Tepenoc 3apsiga npu 00pa3oBaHUN XUMUYECKUX coeMHEHUN. KOMIUIEKChI ¢ mepeHocoM 3apsia.

ConpspkeHHbIE COEAMHEHHSA. ApPOMaTUYHOCT M aHTHapoMaTthyHocTh. IlpaBmia 4n u 4nt2.
AnbrepHaHTHBIE yrieBoopoabl. [IpaBuno Jlonre-Xurrunca. Meto cBOOOIHOTO JEKTPOHA AJIs aHATK3a
CBOMCTB U MOBEJEHUS CONPSHKEHHBIX COCTMHEHUM.

V. KayecTBeHHast Teopus pEaKIMOHHOM CHOCOOHOCTHM OPraHMYeCKUX COeAuHEHUi. MHaekch
PEaKIMOHHON CTOCOOHOCTH: MHIEKCHI CBOOOTHOW BAJCHTHOCTH, 3apsiAbl Ha aromax, MHIEKCh Dykyw,
SHEPrUM KaTHOHHOM, aHUOHHOM W paJMKaJIbHOW JoKanu3auu. KoHuenmus &ecTkux U MATKUX KUCIOT U
OCHOBAaHUH. DJEKTPOCTATHUECKOE I0JIE€, CO3AaBAEMOE MOJIEKYJOH, M €ro BIUSHUE HA PEAKLUUOHHYIO
CIOCOOHOCTb.
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KBaHTOBO XMMMUECKOE OINMCAHUE BJIEMEHTAPHOTO aKTa XUMHUYecKuX peakuuil. ITyre peaknum u
KOOpJMHaTa peakliy Ha NOTEeHIMaIbHON noBepxHoCcTH. [lepexoanoe cocrosiHue. CUMMETpUS pEareHToB,
IIEPEXOJHOTO COCTOSIHUS U MPOAYKTOB PEAKIIUU.

KauecTBeHHBIN aHANW3 BO3MOXHBIX MEXaHW3MOB XHMHYECKHX pEAKIMi Ha OCHOBE OOImeil
CTPYKTYphl TOTEHIMaNbHON moBepxHocTH. Koppemsuuonnsie mpaBuina Bynsopaa - Xodmana npu
aHaJM3€ BO3MOXKHBIX MEXAaHHW3MOB XHMMHUYECKMX peakuuid. Teopus rpaHu4HbIX opOuTaneir Dykymu.
IIpunuun bamna - OBanca - IlonsHu. OrpaHuydeHuss NOJIXOJO0B, HCHOJB3YIOIIMX IPEACTABICHUS O
JBUKEHHUH I10 IOTEHIIMAIBHON TOBEPXHOCTU. POJIb TYHHEIIMPOBAHKS B XUMUYECKUX PEAKIIMIX.

IMIJAH
YcTHOTO ompoca 1o Kypcy

1. OpMuTOBBI OmEpaTOppl B KOHEYHOMEPHBIX IpocTpaHcTBaXx. (COOCTBEHHBIE BEKTOPHl U
COOCTBEHHBIC 3HAUEHHUS SPMHUTOBBIX MATpUIll 2-TO U 3-TO NOPAIKOB. OpTOTrOHAIBHOCTH COOCTBEHHBIX
BEKTOpPOB. Pa3nokeHne nponu3BoIbHOIO BEKTOPA [0 COOCTBEHHBIM BEKTOPaM S)PMHUTOBA ONIEPATOPA.

2. HaxoxneHue cOOCTBEHHBIX 3HAUYE€HUH M COOCTBEHHbIX (YHKIMH OlepaTopoB KBAaHTOBOMU
MEXaHHKH, HAIPUMEP OTIEPATOPOB Px, Px’ , Px° + X%, OIIepaTOPOB MOMEHTA UMITyIIhCa H JIp.

3. 3amaun 00 OJHOMEPHBIX M TPEXMEPHBIX TMOTEHIIUATIBHBIX SIIMKAX C TPSIMOYrOJbHBIMU
MOTEHIIMAJIaMHU U CTEHKaMU Pa3InIHON BBICOTHI. [IpAMOYTobHbBIE TOTEHIIMAIBHBIE OAPhEPHI.

4. 3amadya o6 atoMme BOJOpojaa. BrijeneHune 1eHTpa Macc, mepexoa K chepudecKol cucreme
KoopauHaT. @opMa aTOMHBIX OpOUTANIEH.

5. @opmynbl TEOpUH BO3MYILEHUN Ha IpUMeEpe JIMHEHHBIX ONeparopoB (MaTpull) B ABYMEPHOM U
TpeXMEepHOM TpocTpaHcTBax. CpaBHEHHE C BapHAIIMOHHBIM IMOX0JI0OM IIPU HCIIOJIB30BAHUU B KaueCTBE
0a3nca COOCTBEHHBIX BEKTOPOB HEBO3MYIIIEHHOTO OTIEpaTopa.

6. Db dextrr [lITapka 1 3eemana a7t TPOCTHIX MOJACIBHBIX CHCTEM.

7. Oneparop ['aMusibTOHA JJ11 aTOMHBIX M MOJICKYJISIPHBIX CUCTEM (Ha MPOCTHIX Mpumepax: atoMm C,
monekynbl LiH, BeH2 u ap.). [loctpoenue 35ekTpoHHOM BOJHOBOM (hYHKITUH B BUE OMPEACTUTES.

8. Monekynet H2+ wm H2. Ilpocreiimme moaxoasl K TOCTPOCHHUIO BOJHOBBIX (YHKIUNA |
MOTEHIIUATIBHBIX KPUBBIX.

9. YpaBHenus metona Xaptpu - Doka it mpocTermmx Mojeky, Hampumep LiH.

10. Toyeunsle TpynIbl cMMMETpUH. HenpuBoaumbie peaCcTaBlIeHUsT Ha mpuMepe Tpynn tuna C2v,
C3v u 1.n. XapakTepsl npeacTaBieHuid. Paznosxkenue mpuBOIUMOro MPEJCTaBICHUS HAa HEMPHUBOIMMOE.
[Ipsimoe mpousBenenue npeacrasieHuid. [IpaBuna oréopa 11 3IEKTPOHHBIX IEPEX0I0B. (2 ceMUHapa).

11. Yuer cummerpum mnpu KiraccupuKanuu opouTasiei. o- u m-Opburamu. [mOpuaHbie u
SKBHUBAJIEHTHBIE opOuTanu. KoppensunoHusie AuarpaMmal.

12. Meton Xiokkensa. IIpocrteimme mpuMepsl pacueToB. 3aps/bl Ha aroMax, MOPSJIKH CBS3EH.
I'pannunbie opoutanu. [IpaBuno Jlonre-Xurrunca. (2 ceMunapa).

13. KoppensauuoHHble AUArpaMMbl M KOPPETSIUOHHBIE MpaBUjIa MPH KAYECTBEHHOM OIMCAHUU
MEXaHHU3MOB XHUMHYECKHX peakuui (Hampumep, mnpaBwia Bymsopna - XodmaHa o0 COXpaHEHHH
OpOUTAILHOM CUMMETPHH WUJIH TeOpUs IpaHUYHbIX opOuTaneit dykyn). (2 cemunapa)

14. CrnexTpbl U CTpOEHUE KOMIUIEKCHBIX coeAuHeHUuN d- u f-31eMeHTOB B MPUOIMKEHUN TEOpUU
KPUCTAIIIMYECKOTO TOJIS.

Kpurtepuu u MeTonKa oleHHBAHHUSI Pe3yJbTATOB YCTHOI'O ONpOCa:
Opun Bompoc (33 BOIIPOCOB).
- 0,5 Oata BBICTABISAETCS CTYACHTY, €CIIU OTBET MPABUIIbHBIN;

- 0 0amI0B BBICTABISACTCS CTYACHTY, €CJIN OTBET HeraBHJ’ILHLIfI.

IHJAH
JlabopaTopHBIX 3aHATHI 10 KypCy

JlabopaTopHoe 3ansiTue 1.
Bocnonb3oBaBmmics nporpammoir GAMESS, co3maiite mpocTpaHcTBeHHOE H300paykeHHE MOJIe-
Kynbl MeTuiaxiuopuia. IlpoBenuTe ONTUMM3alMIO €€ T€OMETPUUYECKUX NapameTrpoB merogomM AMI.
Beimumute B TabnMily 3HAa4YeHUs €€ JUIMH CBs3eil, BaJeHTHBIX yriioB. lIpoBenuTe ONTHMU3AIMIO
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TCOMETPUH MOJICKYJIbI KBaHTOBOXUMHUYEeCKUM MeTofoM RHF/STO-3G. IMonydeHHble 3HAYCHUS TaKKe
BBIMHMIINTE B TaOmuiy. Pe3ynbTaTbl ONTUMHU3AIMI CpaBHUTE C HKCIEPUMEHTAIBHBIMH JaHHBIMHU,
HaWJEHHBIMU NpU U3ydyeHUu Jureparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1 Ap.).

[Ipoananu3upyiTe  OTHENbHBIE  XapaKTEPUCTUKH  DJIEKTPOHHOM  CTPYKTYpBl  3aJaHHOM
MOJIEKYJISIPHOM CUCTEMBI: 3Hepruu U coctaB MO, 3HEpPreTUUYECKYI0 UarpaMMy, SHEPIUI0 CBS3bIBAHMUS,
SHEPTUI0 MOHM3AIMHU, YPPEKTUBHBIC 3apsAabl aTOMOB. Pe3ymbTaThl pacuera Tam, IZie 3TO BO3MOXKHO,
COIIOCTABUTE C IKCIIEPUMEHTAIBHBIMU JaHHBIMU. CHOpMYTUpPYIiTE BEIBOIBI.

JlabopaTopHoe 3ausiTue 2.

Bocmonib3oBaBmcs  mporpammort  GAMESS, coszmaiite mpocTpaHCTBEHHOE HM300pakeHHE
MOJIEKYJIbI 3TaHoJia. [IpoBeauTe ONTUMH3AINI0 €€ MeOMETPUUECKUX MmapameTpoB Metogom B3LYP/6-
31G(d). BeimumuTe B TaONMIy 3HAYCHUS €€ JUIMH CBsi3eil, BaJeHTHBIX yriioB. [IpoBemurte
peonTUMH3aNMI0 reoMeTpun Mosiekyabl meronoM RHF/6-31G(d). IlonydeHHble 3HAUSHHS TaKKe
BBINUIINTE B Tabiuiy. Pe3ynbTrarthl ONTHUMH3ALMI CpaBHUTE C SKCIEPUMEHTAIbHBIMU JIAHHBIMU,
HaWJEHHBIMU IIPU U3Yy4eHUU Jautepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTIEIbHBIE XapAKTEPUCTHKHU JJIEKTPOHHON CTPYKTYPHI 3aJJaHHON MOJIEKYJISIPHON
CUCTEMbI: PHepruu U coctaB MO, 3SHEpPreTMuYecKyio IuarpaMMy, SHEPrui0 CBSI3bIBAHMS, SHEPTHUIO
MOHMU3aIUH, YPPEKTUBHBIE 3apsbl aTOMOB. Pe3ynbTarhl pacuera Tam, rje 3TO BO3MOXKHO, COIIOCTABbTE
C DKCIIEpUMEHTAIbHBIMU TaHHBIMU. CHOopMynupyiTe BHIBOIBI.

JlaGoparopHoe 3ansiTue 3.

Bocnonws3zoBaBmmcs mporpammoit  GAMESS, co3nmaliTe mpocTpaHCTBEHHOE H300pa)keHue
MOJIEKYJBI TUMETUI0BOTO 3¢dupa. [IpoBenere onTUMHU3AIMNIO €€ TEOMETPUUECKUX IMapaMETPOB METOIOM
RHF/6-31G(d). BeimuimmuTte B TaOmuily 3HA4YCHUs €€ JJIMH CBs3€H, BAJCHTHBIX yrioB. [IpoBeaute
PEONTUMH3AIIMIO TeOMETpHH MoJIeKyabl metonoM MP2/6-31G(d). IlonydeHHble 3HAUCHHS TaKKe
BBIUIINTE B Tabnuiy. Pe3ynbrarhl ONTUMH3AIMI CpaBHUTE C SKCIEPUMEHTAIbHBIMU JTaHHBIMU,
HaWJIEHHBIMU TIPU U3y4eHUU JuTepaTypsl (cM. CipaBOYHUK XUMHUKa, T. 1. 1p.).

[Ipoananu3upyiite OTAEIbHBIE XapaKTEPUCTUKU DIICKTPOHHOM CTPYKTYpPbI 3aJaHHOW MOJIEKYJISIPHOU
cUCTeMbl: sHepruu u coctaB MO, 3HEpPreTHYecKylo AuarpaMMmy, SHEPIHIO  CBSI3bIBaAHHS, DHEPTHUIO
noHu3anuu, 3¢ GeKTuBHBIE 3apsbl aTOMOB. Pe3ynbTaThl pacuera Tam, Iie 3TO BO3MOXHO, COMTOCTaBbTE
C DKCIIEpUMEHTAIbHBIMU TaHHBIMU. CHOopMynupyiTe BEIBOIBI.

JlaGoparopHoe 3ansiTue 4.
Bocnonws3oBaBmmce mporpammoit  GAMESS, co3maiiTe NpoCTpaHCTBEHHOE H300paKeHUE

MOJIEKYJIbI aneToHa. I[IpoBeanTe ONTUMH3AIMIO €€ TEOMETPHUCCKUX MapaMeTpoB meTogomM RHF/STO-
3G. Beimummre B TaOIUIy 3HAYCHHS €€ JUIMH CBs3EH, BAJICHTHBIX YIioB. [IpoBeauTe peonTUMH3annio
reomeTpur Mosiekyisl MetogoM RHF/6-31G(d). TTonydeHHble 3HAYEHUS TaK)KE BBIMMIINTE B TaOJIMILY.
PesynbTaThl onTUMU3AIMIA CPABHUTE C SKCIICPUMEHTAJIbHBIMH JaHHBIMU, HAWJICHHBIMH MPH H3YYCHUU
mutepatypsl (cM. CipaBOYHUK XUMHUKa, T. 1. 1p.).

[TpoaHanu3upyiiTe OTIECIBHBIC XapaAKTEPUCTHKH JICKTPOHHON CTPYKTYPHI 3a/IaHHOM MOJICKYJISIPHOM
CUCTeMbI: dHeprur u coctaB MO, 3HEPreTUYECKyl0 IuarpaMMmy, SHEPTUIO CBS3BIBAHUS, SHEPIHIO
noHM3anuy, Y3pPeKTUBHBIC 3apsiibl aTOMOB. Pe3ynnbTaThl pacdera Tam, TJe 3TO BO3MOXKHO, COIOCTaBbTE
C DKCIIEpUMEHTAIBHBIMU JaHHBIMU. CHOopMynupyiiTe BEIBOIBI.

JlabopaTopHoe 3ansiTHe S.
Bocnonb3oBaBmmmcs nporpammoit  GAMESS,  coznaiite mpocTpaHcTBEHHOE H300pakeHHe

MOJIEKYNBI TpuMeTuiamMuHa. [IpoBemuTe ONTUMH3AIUIO €€ TeOMETPUYECKHX MapaMeTpOB METOJ0M
B3PW91/6-31G(d). Beimuimiure B TaOIUIly 3HAUCHHS €€ UTHH CBSI3€H, BaJeHTHBIX yryioB. IIpoBeante
PEONTUMH3AIINIO TeoMeTprH Mosiekyabl metogoM RHF/6-31G(d). IlonydueHHble 3HAYCHHS TaKKe
BBIMIUIIUTE B TaOnuily. Pe3ynbTarthl ONTHUMU3AIMI CpaBHUTE C DKCIEPUMEHTAIbHBIMU JTaHHBIMU,
HaWJCHHBIMU TIPU U3Y4EHUU JuTepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1p.).

[Ipoananu3upyiiTe  OTAETbHBIE  XapPAKTEPUCTUKH  DJIEKTPOHHOW  CTPYKTypa,  3aJaHHOU
MOJIEKYJISIPHOM CHUCTEMBI: 3Heprur U coctaB MO, HEpreTHUecKyro Juarpammy, SHEPTUIO CBS3BIBAHUS,
SHEPrul0 MOHM3AIMU, YPPEKTUBHBIE 3apsAabl aTOMOB. Pe3ynmpTaThl pacueTa TaMm, TJIe 3TO BO3MOXKHO,
COTIOCTaBbTE C IKCIIEPUMEHTATLHBIME JaHHBIMU. CHOPMYTUPYHTE BBIBOIBI.
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JlabopaTopHoe 3ansiTue 6.

Bocmonb3oBaBmce mporpammoit  GAMESS, coznmaiite TpoCTpaHCTBEHHOE H300pakeHHe
rujgpasuHa. [IpoBeauTe ONTHMH3ANMIO €€ TeoOMETpUYecKux mnapameTpoB Metogom B3LYP/6-31G(d).
BemmumuTe B Talnuily 3HaueHUs €€ JUIMH CBS3eH, BAJCHTHBIX YrioB. IIpoBemuTe peonTHMH3ALUIO
reomerpuu MoJekyabl MetogoM RHF/6-311G(d). [ToydeHHbIe 3HaYEHUS TAK)KE BBIMUIIUTE B TAOJHILY.
Pe3ynbTaThl onTUMU3AIMIA CpPAaBHUTE C SKCIIEPUMEHTAIBHBIMU JAaHHBIMH, HAHIEHHBIMU MPHU M3YYECHUU
nutepatypsl (cM. CipaBOYHUK XUMHUKa, T. 1. 1p.).

[Ipoananu3upyiTe OTACIBHBIE XapAKTEPUCTUKU IEKTPOHHOU CTPYKTYpPHI 33 JaHHON MOJIEKYJISP-
HOM cucTeMbl: 3HepruH U coctaB MO, SHEPreTHUECKYI0 AMarpaMMmy, SHEPTHUIO CBS3BIBAHUSA, SHEPTHIO
MOHM3ALNH, YPPEKTUBHBIE 3apsAbl aTOMOB. Pe3ynbTarsl pacdyera Tam, Ilie 3TO BO3MOYKHO, COIIOCTaBbTE
C 9KCIIEPUMEHTAITBLHBIMU NaHHBIMHU. CHopMyIHpyiTe BEIBOIBI.

JlabopaTopHoe 3ansiTue 7.

Bocmone3oBaBmmcs  mporpammoii  GAMESS, co3nmaiiTe TpoCTpaHCTBEHHOE H300pakeHHe

MOJIEKYJIBl AMXJIOpcHiiaHa. [IpoBeauTe ONTUMH3ALMIO €€ TEOMETPUYECKHUX IapaMeTpOB METOJIOM
RHF/6-31G(d). BeimuimuTe B Tabmuily 3HA4YCHWs €€ JJIMH CBs3€H, BAJICHTHBIX yrIoB. [IpoBeaute
pPEONTUMU3AINIO TeoMeTpur MoJiekynbl MetogoM B3LYP/6-31G(d). IlonmydeHHbIe 3HA4YCHHS TaKKe
BEIMUIINTE B TalOnwiy. Pe3ynpTaThl onTUMHU3amMil CpaBHUTE C JKCIIEPHUMEHTAJIbHBIMH JIaHHBIMHU,
HaWJEHHBIMU NIPU U3y4eHUU autepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1p.).
[Ipoananu3upyiTe OTIEIBHBIE XAPAKTEPUCTHKU JIIEKTPOHHOM CTPYKTYpPBI 33JaHHON MOJEKYJIAPHOU
CHCTEMBI: dHepruu U coctaB MO, SHEpPreTHYecKyr IuarpamMmy, SHEPTHIO CBSI3BIBAHUS, SHEPTHIO
MOHM3ANNH, YPPEKTUBHBIE 3apsIbl aTOMOB. Pe3ynbTaTel pacdera Tam, TZie TO BO3MOXKHO, COMIOCTABbTE
C 9KCIIEpUMEHTAITFHBIMU TaHHBIMHU. CHopMyIHpyiTe BEIBOIBI.

JlaGopaTropHoe 3ansiTue 8.

Bocnonws3zoBaBmmcs mnporpammoit GAMESS, co3maiite mpocTpaHCTBEHHOE H300pakeHHe
MOJIEKYJIbI JUOKCHA cepbl. [IpoBeanTE ONTUMH3AIINIO €€ TCOMETPUIECKHUX MapaMeTpoB Metogom RHF/6-
311G(d). Beimummure B Tabnuily 3HAYEHUS €€ JUIMH CBS3CH, BaJlCHTHBIX yriaoB. IIpoBemute
PCONTUMHBAIINI0 TeOMETpUH Mojekynsl merogoM B3LYP/6-311G(d). IlomydueHHBIC 3HAYEHHS TaKKe
BBIMMIINTE B TaONMUIy. Pe3ynpTaThl ONTHUMH3AIMH CpPaBHUTE C OSKCICPUMEHTAIBHBIMU JIaHHBIMH,
HalICHHBIMU TIPU M3Y4eHUH JTUTeparypsl (cM. CipaBOYHHUK XHUMHUKA, T. 1. ap.).

[Ipoananu3upyiite  OTAETbHBIE  XAPAKTEPUCTUKH  OAJIEKTPOHHOW  CTPYKTYphl  3aJlaHHOM
MOJIEKYJISIPHOM cHUCTEMBI: 3Hepruu U coctaB MO, 3HEpreTHYecKyio Juarpammy, SHEPrUi0 CBS3bIBAHUSA,
SHEPrui0 MOHM3AIMH, YPPEKTUBHBIE 3apsabl aTroMoB. Pe3ynbrarhl pacuera Tam, rA€ 3TO BO3MOXKHO,
COTOCTaBbTE C AKCIIEPUMEHTAIBHBIMU JaHHBIMU. CHOPMYTUPYHTE BBIBOIBI.

JlaGopaTropHoe 3ansiTue 9.

Bocnonws3zoBapmuck mnporpammoii GAMESS, co3maiite mpocTpaHCTBEHHOE H300paKeHHe
MOJIeKyIbl pocduna. [IpoBeanTe ONTUMH3AIMIO €€ TeOMETPUYECKHX MapaMeTpoB Metogom RHF/6-
31G(d). Beimmmmre B TAOMUIly 3HAYCHHS €€ JUIMH CBS3€d, BaJCHTHBIX yrioB. IIpoBemure
PEONTUMH3AIINI0 TeoMeTprH Mosiekyabl MetogoM B3LYP/6-31G(d). TlonyueHHble 3HAYEHHS TaKKe
BBHIMUIINTE B TabOnuiy. Pe3ynbrarhl onTUMM3aluii CpPaBHUTE C OKCIEPUMEHTAIBHBIMU JTaHHBIMU,
HaWJEHHBIMU TIPU U3YUEHUU JTuTepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1ap.).

[IpoaHanu3upyiite  OTAETbHBIE  XAPAKTEPUCTUKH  DJIEKTPOHHOW  CTPYKTYpPHl  3aJaHHOM
MOJIEKYJISIPHOM CHUCTEMBI: 3HEpruH U coctaB MO, 3HEpreTHUecKyro auarpammy, SHEpPTUI0 CBS3BbIBAHUS,
SHEPrul0 MOHM3AIMU, YPPEKTUBHBIE 3apsAasl aTOMOB. Pe3ynmpTaThl pacueTa TaMm, TJI€ 3TO BO3MOXKHO,
COTIOCTaBbTE C IKCIIEPUMEHTANBLHBIMU JaHHBIMU. CHOPMYTUPYHTE BBIBOIBI.

JlabopaTopHoe 3ansitue 10.

Bocnonb3oBaBmmmics nporpammoit  GAMESS, co3paiite mpocTpaHCTBEHHOE H300pa)XKeHHe
MOJIeKyNbl ubopana. [IpoBemure ONTUMH3ALUIO €€ TeOMETPHYECKUX MapameTpoB Metogom RHF/6-
31G(d). BpimmumuTe B Tabnuily 3HA4YCHUS €€ JUIMH CBsi3ei, BaJleHTHBIX yriioB. [IpoBemure
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PCONTUMHM3AIINI0 TeOMETPUU MOJeKynbl MetogoM B3LYP/6-31G(d). [MonmydeHHbIe 3HAUCHHS TaKKe
BBIMUIINTE B Tabnuiy. Pe3ynpTarhl onTUMHU3aIMK CpPaBHUTE C HKCIEPUMEHTAIbHBIMH JIaHHBIMH,
HalJEHHBIMU IIPU U3Y4eHUU IuTeparypsl (cM. CipaBOYHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTIAEIBHBIE XaPAKTEPUCTUKHU JJIEKTPOHHOU CTPYKTYpPBI 3aJJaHHOM MOJIEKYJISPHON
CUCTEMbI: 3Hepruu U cocraB MO, SHEpreTM4ecKyr AMarpaMMmy, 3HEPIHIO CBSI3bIBAHUS, SHEPIUIO
MOHM3aLUH, YPPEKTUBHBIC 3apsi/ibl aTOMOB. Pe3ynbTaThl pacdera Tam, T 3TO BO3MOKHO, CONIOCTaBbTE
C 9KCIIEPUMEHTAIBHBIMU NaHHBIMHU. CHopMyaHpyiiTe BBIBOIBI.

JladopaTopHoe 3ausitue 11.

Bocnonp3oBaBmmice mporpammorr  GAMESS, co3maiite mpocTpaHCTBEHHOE HW300paKeHHE
MOJIEKYJIBI TIEPOKCHIAa BoAOpoaa. [IpoBeauTe ONTHMU3ALNIO €€ TEOMETPUIECKHUX MMapaMeTPOB METOJIOM
B3LYP/6-311G(d,p). Beimumure B Tabiuily 3HAUCHHS €€ JUTUH CBs3eH, BaJICHTHBIX yriioB. [IpoBeaute
PEONTUMH3AIMIO TEOMETPUH MOJIeKyibl Metogom MP2/6-311+G(d,p). TlomyveHHble 3HAYCHUST TaKKe
BEIMHUIINTE B Tabnuiy. Pe3ynpTarhl onTUMHU3amMii CpaBHUTE C JKCIIEPHUMEHTAJIbHBIMH JIaHHBIMH,
HaWJEHHBIMU IIPU U3y4eHUU autepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTAEIBHBIE XAPAKTEPUCTUKHU JJIEKTPOHHOM CTPYKTYpPHI 3aJaHHON MOJIEKYJISPHOMN
CHCTEMBI: dHepruu M coctaB MO, PHEPreTHYECKyl0 IHarpaMMy, JHEPTUIO CBS3bIBAHHS, DHEPTHIO
MOHM3ANWH, YPPEKTUBHBIE 3aps/Iibl aTOMOB. Pe3ynbTaTsl pacdera Tam, TJie TO BO3MOKHO, COTIOCTaBbTE
C 9KCIIEpUMEHTAITLHBIMU TaHHBIMU. CHOpMYIHpYITE BEIBOIBI.

INEPEYEHb MOJIEKVYJIAPHBIX CUCTEM, 3AJIOXKEHHBIX B KOHTPOJIbHBIE 3AJTAHUA:

Baprnanr | Monekyina IIpumeyanune

1 CH3Cl DKCIEpUMEHTAIbHbIE

2 C2HsOH aHHBIE 110 BCEM

3 CH30CH3 MOJICKYJIaM CM.:

4 CH3COCH3 CnpaBOYHUK XUMHUKA, T.
5 (CH3)sN 1 M.-JI.: Xumus, 1964
6 N2Ha

7 SiH2Cl

8 SO,

9 PH3

10 B2Hs

11 H>0»

Kpurepumn onenku j1adopaTopHbixX padoT

2,5 6amna: 3aganue no paboTe BBHIMOIHEHO B MOJIHOM 0O0beMe. CTyIeHT TOYHO OTBETHII Ha KOHTPOJIbHbBIE
BOIPOCHI, CBOOOJHO OPUEHTHPYETCS B TMPEUIOKEHHOM PEHICHHH, MOXET €ro MoauuIupoBaTh MpH
W3MEHEHUH YCIOBHs 3anadyr. OTYeT BBIMOJIHEH aKKypaTHO U B COOTBETCTBUU C MPEIbSBISEMBIMU
TpeOOBaHUSAMH.

2 Oamna: 3amaHue Mo paboTe BBHIMOJIHEHO B MOMHOM oObeme. CTyHEeHT OTBETHJI HAa TEOPETHUECKUE
BOIPOCHI, UCTIBITHIBAsE HeOoJIbIINE 3aTpyAHeHus. KauecTBo odopmienus otyera Kk paboTe He MOTHOCTHIO
COOTBETCTBYET TPEOOBAHHSIM.

1,5 6anna (ymosnerBopurenbHo): CTyIeHT MPaBUIBLHO BBIMOJHUM 3a7aHue K pabote. CocTaBui OTYET B
yCTaHOBJICHHON (opMe, MpeACTaBUI pelieHUs OONBIIMHCTBA 3aJaHUN, MPEeIyCMOTPEHHBIX B paboTe.
CTyneHT He MOXKET MOJTHOCTHIO OOBSICHUTH MOTY4YE€HHBIE Pe3yNIbTaThI.

1 G6amn: CtyneHT HempaBwiIbHO BHIMOMHUI OT 70% mo 50% 3amanuii pabOTHl M HE MOXET OOBICHUTH
MOJy4YeHHBIE pe3yibTarT.

0,5 Gamna: CTyneHT HeMpaBWJIbHO BBIMONHWI cBbilie 70% 3amaHuil pabOThl U HE MOXKET OOBSICHUTH
MOJy4YeHHbIE pe3yibTarT.

0 6anmoB CTyJeHT He BBITIOTHWI BCe 3aJaHUs paOOThI U HE MOXKET OOBSICHUTH NOJTyICHHBIE PEe3yIbTaT

Tembl pedepaToB
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MecTo KBaHTOBOM XUMUHU CPEIH IPYrUX HAYK
DneKTpoauHaMHUY€eCcKas KapTUHA MUpa
KBaHTOBO-110JI€BAst KapTHHA MUpPA
«YnpTpaduoneroBas kKaractpoda»

Hcropus pazBuTHs KBAHTOBOW XUMUU

OmnsiT Pesepdopmaa. SAnepHast mogens aroma

KBanToBsie noctynarsl bopa

BosHoBBIE cBOVIcTBA MuKpodactul. ['unoresa ne bporns.
JanpHeiiliee pa3BUTHE KBAHTOBOW MEXAHUKH.

RoOoo~NoG~wNE

0.  Marpuunas mexanuka. Padotsr ['eiizenbepra.
11. OcHOBHBIE KBAHTOBO-MEXaHUYECKUE MTPUHIIUATIBI
12. BoJHBI U BEpOSITHOCTH.
13. OCHOBHBIE TIOJIOKCHHUST COBPEMEHHOM KBAaHTOBOM MEXaHUKH.

14.  Tlpunuun HeomnpenenéHHocTH [ eiizendepra

15. VYpasuenue [Ipeaunrepa

16. [IpukiagHO# XapakTep KBAHTOBOW XUMUU

17.  Bynyiee KBaHTOBOM XUMUU

18.  Buorpadus. ne bpotins, bopa, llpenunrepa, ['eitzendepra

- Kpurepuu ouenku (B 6assax) pegeparon:

Hammcanne pedepara ciemyeT HadaTh C W3JIOKEHHUS IIJIaHA TEMbI, KOTOPHIH KaK MHUHUMYM
BKIOYaeT 3 myHKTa. [lmaH jqoipkeH OBITh JIOTUYHO W3JIOKEH M JOJDKEH BKIIIOYaTh B ce0s BBEIEHUE U
3aKJIIOYCHHE.

Pedepar 3aBepmraeTcsi CIuCKOM UCIOJIB30BAHHOM JIUTEPATYPHI.

3ajaun CTy/ICHTA MPU HAIUCAaHUU pedepaTa 3aKI0YaloTCs B CICIYIONIIEM:

1. JIOTUYHO U TIO CYIIECTBY M3JI0KUThH BOMPOCHI TJIaHa;

2. 4eTKO Cc(OpPMHUPOBATH MBICIH, MOCIEAOBATEIbHO U SICHO HU3JIOXKUTh MaTepual,
MPaBUJIBHO MCTOJIb30BaTh TEPMUHBI U IOHSATHUS,

3. M0Ka3aTh yMEHHE NPUMEHSTh TEOPETUUECKHE 3HAHUS Ha IPAKTHKE;

4. MO0Ka3aTh 3HaAHWE MaTepuasa, peKOMEHIOBAaHHOTO MO TEME;

5. HCIOJIb30BATh JJI1 SKOHOMUYECKOTO0 000CHOBaHMS HEOOXOIUMBIM CTaTUCTUYECKUIN
MaTtepuai.

Pedepar ouenuBaercs npemnoaaBarenaeM Kaeapsl Mo CAEAYIOUUM KPUTEPHUSIM.

O6bem pedepara 10JDKEH ObITh HE MeHee 12-18 cTp. MalTMHOTIMCHOTO TeKCTa (aHAJIOT —
KoMmmboTepHBIN TeKCT Time New Roman, pazmep mpudra 14 gyepes mosropa HHTEpBaia),
BKJIIOYAsi TUTYJIbHBIN JIHCT.

IIpu oueHke ypoBHS BBINOJHEHUs pedepaTa, B COOTBETCTBUM C IOCTaBJIECHHBIMU LEISMU IS
JAHHOTO BMJIa Y4EOHOH IEeATENbHOCTH, MOTYT KOHTPOJMPOBATBHCS CIENYIOLINE YMEHUS, HAaBBIKU U
KOMIIETEHIUH:

- yMeHue paboTaTb € OOBEKTaMH MH3YYEHHS, KPUTHUECKUMH HCTOYHMKAMM, CIIPAaBOYHON H
SHIMKIIONEINYECKOM JTUTEepaTypoii;

- YMEHHUe coOupaTh U CUCTEeMaTH3HPOBATh IPAKTUUECKUI MaTepua;

- YMEHHUE CAMOCTOSITENIbHO OCMBICIIATH MTPOOJIEMY Ha OCHOBE CYILIECTBYIOIIMX METO/IUK;

- YMEHHE JIOTUYHO M I'PaMOTHO U3JaraTb COOCTBEHHbIE YMO3AKIIOUEHHS U BBIBOJIBI;

- yMeHue co0oaaTh (opMy HAydHOTO HCCIIEIOBAHNUS;

- YMEHHE MO0JIb30BATHCS II100aTbHBIMU HH(OPMAIIMOHHBIMH PECYpCaMU;

- BJIaJICHUE COBPEMEHHBIMU CPEACTBAMU TEIEKOMMYHUKAIUN;

- CIIOCOOHOCTH ¥ TOTOBHOCTH K MCIOJIB30BAHNIO OCHOBHBIX PUKJIAIHBIX IPOI'PAMMHBIX CPE/ICTB;

- CIIOCOOHOCTH CO3/1aTh CO/AEPKATENBHYIO MPE3EHTAINIO BBITOJIHEHHON paOOTHI.

Kputepun onenku pedeparos (B 0an1ax)
- 0 ©aiyIOB BBICTABIISIETCS CTYIEHTY, €CIH CTYJCHT HE MMEeT IpeAcTaBiIeHus 00 00CyKaaeMOM BOIIPOCE;
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- 1 Oamn BbICTaBIAETCS CTYHEHTY, €CIH CTYACHT HMeeT (parMeHTapHble TMpencTaBlIeHUsT 00
o0cyX/1aeMOM BOTIpoce (CTYyJeHT JEMOHCTPHPYET HE3HAHHWE TEOPETUYECKUX OCHOB MPEIMETa, HE yMeEeT
JIeJIaTh apryMEHTUPOBAHHBIE BBIBOABI M IPUBOAMTH IIPUMEPBI, MOYTH HE BIALEET MOHOJOTMYECKOU
pedblo, HE BJIAJCET TEPMHUHOJIOTMEH, IMPOSBIAECT OTCYTCTBHE JIOTUMHOCTH M IOCJIEI0BATEIBLHOCTBIO
U3JI0’KEHHUS, JENACT OLIMOKH, KOTOPbIE HE MOXET MCIPAaBUTh JaKe€ NPU KOPPEKLUU IPENOAABATEIEM,
OTKa3bIBACTCSI OTBEYATh HA 3aHATUN);;

- 2 Oanna BBICTABISIETCS CTYACHTY, €CJIM CTYJCHT MMEET HETOJIHbIE MpeACTaBiIeHus: 00 00Cyk1aeMoM
Bompoce (CTYICHT JEMOHCTPUPYET HE3HAaHHWE TEOPETHYECKMX OCHOB NpeAMETa, He yMeeT MAenaTh
apryMEHTHPOBAHHbIE BBIBOJIBI M IPUBOJUTH IPUMEPHI, IMOKA3bIBAET €1a00€ BJIAJIEHUE MOHOJIOTMYECKON
peublo, HE BIANEeT TEPMUHOJOTHEW, MPOSBISET OTCYTCTBUE JIOTUYHOCTH M IOCIEI0BATEIHLHOCTHIO
HU3JI0KCHUA, ACIacT OHII/I6KI/I, KOTOPBIC HEC MOKCT HCIIPABUTH JAXKC IMPU KOPPCKUUU NPCHOJaBaTCIICM,
OTKAa3bIBACTCA OTBCYATh Ha 3aH$ITI/II/I);

- 3 Oanna BBICTABJSIETCS CTYJCHTY, €CIHM CTYACHT MMEET HE B JIOCTATOYHOH Mepe c(hOpMHUpPOBAHHBIC H
COJIepKalllie CYILIECTBEHHbIE NpoOenbl MpeacTaBieHuss 00 oOcykgaeMoM Bompoce (CTyIeHT
JIEMOHCTPUPYET HErNyOOKHE TEOPEeTHYeCKHEe 3HaHUS, MPOsBIseT ciabo chOPMHUPOBAHHBIE HABBIKU
aHanmM3a SBICHWA W TPOIIECCOB, HEJOCTATOYHOE yMEHHE JeNaTh apryMEHTHPOBAaHHBIE BBIBOJBI H
MPUBOANTH TPHUMEPHI, IMOKA3bIBAET HE JOCTaTOYHO CBOOOJHOE BIaJICHUE MOHOJOTHYECKOW pPEeUblo,
TepMHHOHOFHCﬁ, JJOTUYHOCTBIO U IIOCJIICAOBATCIIbHOCTBIO HM3JIOXKCHUA, NCIAaCT OIHI/I6KI/I, KOTOPBIC MOXKET
WCTIPAaBUTH TOJIBKO TIPH KOPPEKIIUH MPETIOaBATEIEM );

- 4 Oayuta BBICTABIISIETCS CTYNICHTY, €CIIH CTYICHT UMeeT CPOpPMUPOBAHHBIE, HO COJIEPKAIIIE OT/ICITbHbIE
npoOenbl npeacTaBiIeHus: 00 00cyKIaeMOM BOMpoce (CTYAEHT IEMOHCTPUPYET MPOUYHBbIE TEOPETUYECKHE
3HAHUS, BJIAJICET TEPMHUHOJIOTHEH, AENaeT apryMEHTHPOBAHHBIE BBIBOJBI M OOOOIIEHMS, NPUBOAUT
MPUMEpHI, TOKa3blBa€T CBOOOJHOE BIIAJCHWE MOHOJOTHMYECKOW pevblo, HO TPH JTOM JIeJlaeT
HECYIICCTBCHHBIC OHII/I6KI/I, KOTOPBIC 6I)ICTpO HCIIPABIIICT CaMOCTOATCIIBHO WJIU IIPU HE3HAYUTEITbHOHN
KOPPEKIIUH MPETO0/aBaATENIEM ),

- 5 0amnoB BBICTaBISCTCA CTYICHTY, €CIM CTYICHT HMeeT C(HOpPMHPOBAHHBIE CHCTEMAaTHYECKHE
npeacTaBiIeHNs 00 00Ccyk1aeMOM BoIpoce (CTYACHT IEMOHCTPUPYET CHCTEMHBIE TEOPETUUYECKUE 3HAHUS,
BJaJCeT TEPMUHOJIOTHEH, JeJaeT apryMEHTHPOBAHHBIC BBIBOJBI M OOOOILICHHUS, MPHUBOIUT HPUMEPHI,
MOKa3bIBaeT CBOOOTHOE BIAJICHHE MOHOJIOTHUYECKOH pEedYbi0 M CIIOCOOHOCTH OBICTPO pearupoBaTh Ha
YTOYHSIFOIITHE BOTIPOCHI).

TecTupoBanue

1) Kakoe mpuOnmxenne HCHoib3yeTcst Ui pemieHust  ypaBHenus —llpeaumnrepa s
MHOTO?JICKTPOHHBIX aTOMOB?

A) bopna-Onmnenreiimepa;

b) He3aBUCHMBIX YaCTHIL;

B) MonekynsipubIx opOuTanei;

I') BajieHTHAst anpOKCHUMAIIHSI.

2) Kakoe mnpubnmkenue wucnoib3dyercs ans  pemeHuss  ypaBHenus lpeaunrepa  ans
MHOTO3JIEKTPOHHBIX aTOMOB?

A) pelSTUBUCTCKYIO U HEPENSATUBUCTCKYIO;

b) Ulpenunrepa u ne bpoitns;

B) BOTHOBYIO M KOPITYCKYISIPHYIO;

I') aToMHYI0 1 MOJIEKYISIPHYIO;

J1) TBEpAOTO TeNa U KUIKOCTEH.

3) B KBaHTOBOI MEXaHUKE BBIJEISAIOT IBE OCHOBHBIEC UJIEH:

A) BOJHOBOM IPUPOIBI CBETA M KOPITYCKYJISAPHON MPUPOIbI BELECTBA;

b) xopnycKynsipHO-BOJIHOBOTO JTyallu3Ma U AUCKPETHOCTh U3MEHEHHS (PU3NYECKUX BEJTMYNH;
B) BosHOBOI# MpHpO/IBI BElIeCTBA U KOPITYCKYJIAPHON MPUPOIBI CBETA;

I') HenmpepbIBHOCTH U TUCKPETHOCTU U3MEHEHUS (PU3HMUECKUX BEIUYHH;
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J1) neneHus MUKpOYacTHUI] Ha epMHUOHBI M OO30HBI U HEYCTPAHUMOCTD BIMSHUS H3MEPUTEIHLHOTO
pubopa Ha COCTOSIHUE UCCIIEyeMOro 00bEKTa.

4) TloroH1eanbpHast JHEPTUS aTOMa K AIEKTPOHY MOKHO MPHUOIMKEHHO 0XapaKTePU30BaTh SHEPTUCH
A) Huxuelt BakanTHo# atomuoit oputanu (HBAO);

b) Bepxneii BakanTHOM aromHoM oputanu (BBAO);

B) Hwxwneii 3anstoit aromuoit opuranu (H3AO);

I') Bepxueii 3ansitoit atromuoi opurtanu (B3AO).

5) Bribepure BepHOe yrBepxkaeHue. Ecimu {Ei} — Habop coOCTBEHHBIX 3HAYCHUWI ramuibTOHHaHa H B
ypasuennn HYi = EiYi, 10 ...

A) -pHEpruUsi CUCTEMBI B i-COCTOSHHH;

B) - sneprus cucremsl, a npu >0 He UMEIOT (HU3NIECKOTO CMBICTIA;

B) - nonnast sHeprusi CUCTEMBI;

I') - nonHas sHeprus CUCTEMBIL;

J) - nns nr00bIX 14 j.

Kputepun u MeToauka onieHMBaHUs Pe3yJIbTATOB TECTUPOBAHMS:
Onun TecToBsIi Borpoc (30 BOpocoB).
- 0,333 Gasinma BBICTABIISIETCS CTYJICHTY, €CIIM OTBET MPABUIIBHBIN;

- 0 6anIoB BBICTABIIAETCS CTYACHTY, €CIIU OTBET HENPABHUIIbHBIM.

KoMiuiekT 3agannii )it KOHTPOJIbHOI padoTsl Ne 1
no aucuuiuinHe KBaHTOBass MEXaHMKA U KBAHTOBAS XUMUS

Bapuanr 1
2

o . (Nm
1. Haiigute coGCTBEHHOE 3HAYEHHUE OIIEPATOPA v ecm T (X) =5sin ( Xj :
X a

2. Pemmute ypaBHeHUHE c(epruueckoil TApMOHUKH Ui BOJAOPOAOTIONO0HOTO atoMa X TMPH YCIOBHH,

yro |=2, m=1.
3. Ompenenure paavaibHYH YacTh BOJIHOBOM (PYHKLIUH BOJOPOAOIOAOOHOrO aToMma Ijs Clydas
n=3, I=2.

Bapuant 2

2

o 1/
1. Haiigute coGCTBEHHOE 3HAYEHHUE OIIEPATOPA v ecmu f(x)=25 COS[ Xj :
X a

2. Pemnte ypaBHeHHE cepHUECKOM MAPMOHUKH VIS BOJOPOJONOA00HOr0 atoMa X NP YCIOBHH,
yro |=2, m=-1.

3. Ompezenure pajgdalbHYI0 4acTh BOJHOBOM (PYHKIMH BOJOPOIONOJOOHOrO aroMa s Ciydas
n=2, I=1.

- Kputepnu u MeToanka OleHUBAHUA Pe3y/JIbTATOB KOHTPOJILHBIX padoT

- 10 GayIoB BBICTABIAETCS CTYAEHTY, €CIM paboTa BHINOJIHEHA B MOJHOM 00BEME M M3JIOXKEHa
IPaMOTHBIM SI3BIKOM B OIPEACIECHHOW JIOTMYECKON IOCIENOBATEIbHOCTH C TOYHBIM HCIOJIb30BAHUEM
CMEeLUANTU3UPOBAHHON TEPMUHOJIOTUH; TIOKAa3aHO YBEpEHHOE BJIaJICHE HOPMATUBHOM 0a30ii;

- 8-9 OanyoB BBICTABISAETCA CTY/ACHTY, €ClIM paboTa BHINOJIHEHA B [TOJHOM 00beMe, HO UMeeT OJNH
U3 HEJIOCTAaTKOB:

B paloTe JOMyIeHbl OIMH-/IBa HEJI0UeTa PU OCBEIIEHUH OCHOBHOTO COJIEpKaHUs OTBETA;

HET OTIPEEIIEHHOM JIOTUYECKO II0CJIEI0BATENBHOCTH, HETOYHO UCIIOJIB3YETCS
CIeLMaIM3UPOBaHHAS] TEPMUHOJIOTHS;

- 6-7 GayUIOB BBICTABIIAETCS CTYACHTY, €CIM paboTa BBHIIIOJHEHA HEIMOJIHO, HE TMOKa3aHo oOriee
MIOHMMAaHHUE BOINPOCA, HWMENIUCh 3aTPYAHEHUS WM JOMYIIEHbl OIIMOKH B OIpeNIeIeHUN IOHATH,
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HCIMOJIb30BAHUM TEPMUHOJIOTUH, IPU 3HAHUM TEOPETUYECKOr0 MaTepuallia BbISBIECHA HEIOCTATOYHAs
c(hOpPMUPOBAHHOCTH OCHOBHBIX YMEHHI M HaBBIKOB.

- 4-5 GasuI0B BBICTABISIETCS CTYACHTY, €CIHM CTYJACHT BBIIOJHII KOHTPOJBHYIO PabOTy MEHEe 4eM
Ha 50 %.

- 1-3 Gaya BBICTABISIETCSl CTYIEHTY, €CJIM CTYACHT BBITIOJHUI KOHTPOJIbHYIO PabOTy MEHEe 4eM
Ha 70 %.
- 0 GayuTOB BBICTABIIACTCS CTYIIEHTY, €CIH . CTYJCHT BOOOIIE HE TPUCTYIA] K BHITIOJIHEHUIO KOHTPOJIbHOM
paboTHI.

4.3.Petimunz-nian OucCyuniuHbl
PeliTuHr—1uian qucuuminHel npejacrasieH B [Ipunoxenun 2.

KputepusiMu OIlEHUBAHUS SIBISIFOTCSI OQJIJTbl, KOTOPHIC BBICTABIISIOTCS MPETOIABATEIIEM 32 BH/IBI
JESITETLHOCTH (OIEHOYHBIC CPEJCTBA) MO UTOTaM HM3YYCHUS MOJYJICH NUCIUTUIMHBI, TEPSUNCIICHHBIX B
pPEUTHHT-TUTAHE TUCHUIUINHBL, JUIsl 9K3aMEHA: TeKYHIIMH KOHTPOJIb — MakcumyM 40 OayiioB; pyOeKHBIM
KOHTpPOJIb — MakcuMyM 30 GayiioB, MOOLIpUTETIbHBIE OaMIbl — MakcuMyM 10.

IIIxane1 OIeHUBAHUS IS DK3aMeHa:

oT 45 10 59 6aNNOB — «yIOBIETBOPUTEIHHOY;

oT 60 10 79 GaIIIOB — «XOPOIIOY;

oT 80 GaJIJIOB — «OTIIMYHOY.

5. YueOHO-MeTOAMYECKOE M HH(POPMALIMOHHOE 00ecneyeHue JUCIUTIMHBI
5.1. IlepeyeHb OCHOBHOI1 U 10TIOJIHUTEJIbHOI y4eOHO JIUTepaTypbl, HEOOX0AUMOIi 1JIA 0CBOEHUS
AUCHUTLIUHBI

OcHoBHas uTEparypa:

1. bapanosckuii, B.I1. KBaHTOBas MexaHWKa W KBaHTOBas XUMHS [DIeKTpoHHBIM pecypc] / B.I.
bapanoBckuii. — DOnexrpoH. nan. — Cankrt-IlerepOypr : Jlanp, 2017. — 428 ¢. — Pexxum nocryna:
https://e.lanbook.com/book/92941. — 3ari. ¢ skpaHa.

2. bapanosckuii B.M. KBantoBas MexaHWka U KBaHTOBas XUMHUs : y4e0. moco0. s CTy/. By30B, 00yY.
nmo xumu4. cren. / B. WM. bapanoBckmit .— M. : Axkagemus, 2008 .— 383 c. — (Beicmiee
npodeccuoHanpbHoe  oOpa3oBanume) .—  Pexum  goctyma:  http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+1160+default+2+1+F+1.2.840.10003.5.102+rus.

3. Maiiep U., M30panHble TJIaBbl KBAaHTOBOM XWMHH: JOKAa3aTEIbCTBA TEOPEM M BBIBOJ (HOPMYII
[DnexTponHbIi pecypce] : yueOHoe ocobue / Maiiep U. ; mox pen. A. JI. Uyrpeesa ; nep. ¢ anri. M.
b. Jlapxosckoro, A. M. TokmaueBa. — DnekTpoH. gaH. — Mocksa : M3natensctBo "JlabopaTopus
3nanuii", 2017. — 387 c. — Pexwum noctyna: https://e.lanbook.com/book/94102. — 3aru. ¢ skpaHa.

4. Hupenscon, B.I'. KBantoBas xumus. MouieKynbl, MOJIEKYISpHbIE CHCTEMBI W TBEpIble Teia
[DnexkTponHbIil pecypc] : yueOHoe mocobue / B.I'. Lupenbcon. — DnekTpoH. naH. — MockBa :
WznatensctBo  "JlaGopatopust  3manmit, 2017. — 522 c¢. — Pexum pmoctyna:
https://e.lanbook.com/book/94104. — 3arn. ¢ skpana. Kucenés B. B. / KBanroBas mexanuka. Kypc
nekuii / M.: MIJHMO, 2009. - 560 c.

5. Jemunosuu, b.I1. Marematnyeckue OCHOBBI KBAHTOBOM MEXaHUKH [ DIEKTPOHHBIN pecypc] : yueOHoe
noco6ue / B.II. JlemunoBuu. — DnektpoH. aaH. — Cankr-IlerepOypr : Jlanp, 2005. — 200 c. —
Pexum noctyna: https://e.lanbook.com/book/604. — 3ari. ¢ skpaHa.

6. Kpamenunun B.W. KsantoBas xumus M KBaHTOBas MeEXaHHKa B NPUMEHEHWH K 3a7adam
[Onextponnsiii pecype] / B.M. Kpamenunun ; E.I'. T'azenayp ; JI.B. Ky3pmuna .— Kemeposo :
KemepoBckuii rocymapctBeHHelii yHuBepcurer, 2012 .— 56 c¢. — Pexum pocryna:
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+1160+default+9+1+F+1.2.840.10003.5.102+rus;
:http://biblioclub.ru/index.php?page=book&id=232678>.

7. KBaHTOBOXMMHYECKOE MOJICTHPOBAHHE OPTaHMYECKUX MOJEKYT M peakiuii. Beioop mpubmmkeHus.
[DnexTpoHHBIN pecypc]: y4ueb. mocobue / W.B. Bakymun [u np.]; bamkupckuii rocynapcTBeHHBII
yauBepcuter. — Ya: PUL[ baml'y, 2015. — DnekrpoH. Bepcus meu. nybnukauuu. — Jloctyn
BO3MOXEH qyepes DNEKTPOHHYIO 6ubnmoTexy bamlV. —
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http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+1160+default+9+1+F+1.2.840.10003.5.102+rus
http://biblioclub.ru/index.php?page=book&id=232678

<URL:https://elib.bashedu.ru/dl/read/VVakulin Latypova Talipov Kvantovohimicheskoe
modelirovanie up 2015.pdf>.

JononHuTeIbHAS JTUTEPATypa:

8. Xypcan C.JI. Meronuueckue yka3aHHs Ui CEMUHAPCKAX M MPAKTHYECKHX 3aHATUH MO Kypcy
"KBaHTOoBasi MexaHWKa W KBaHTOBas xumusi'(pasmen "KBaHToBas mexaHuka" : YueOHOe mocobue /
C.JI.XypcaH, Yu.-nayud.komiuiekc "Materpanus” .— Yda : Peaktus, 2000 .— 43c. : w1, — O06s13.9K3.
— ISBN 5883330681 (becrur.). <URL: http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+3920+default+7+1+F+1.2.840.10003.5.102+rus>.

9. Epwmaxkos, A. U. KBanToBas MEXaHHKa M KBaHTOBas XUMHS : y4cO. 0co0. I CTyA. BY30B, 00y4. 110
cren. BITO 020101.65 "Xumus" / A. K. EpmakoB .— M. : FOpaiit, 2010 .— 555 ¢. — (OcHOBBI HayK)
— ISBN 978-5-9916-0587-8. — ISBN 978-5-9692-0331-0. <URL.: http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+3920+rs2+14+1+F+1.2.840.10003.5.102+rus>.

10. lImonsckuit, 3.B. AromHas ¢pusuka. Tom 2. OCHOBBI KBAHTOBOW MEXaHUKH M CTPOCHHUE AJIEKTPOHHOM
000710uk aroma [DneKkTpoHHBIM pecypc]| : yueOnHuk / D.B. InmonbCkuil. — DNEKTPOH. JaH. —
Cankr-IlerepOypr : Jlans, 2010. — 448 c. — Pexxum poctyna: https://e.lanbook.com/book/443. —
3ari. ¢ ’KpaHa.

11. CrenanoB H.®. «KBaHTOBas XuMHsl 1 KBaHTOBasi MexXaHHKay : yueO. mocoome / H. ®@. Crenanos, B.
N. TlynemmeB .— M. : MIY, 1991 — 384 c. : mn. — ISBN 5-211-01629-7. <URL:
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+3920+default+1+1+F+1.2.840.10003.5.102+rus>.

12. 3agaun MO KBAaHTOBOHM TEOpHH [DNEKTPOHHBIA pecypc]|: METOAMYECKHE yKa3aHHWsS K IMPOBEACHUIO
MPaKTUYECKUX 3aHATUN MO KBaHTOBOM Teopuu: Y.2 / bamkupckuil rocyjapCTBEHHBIN YHUBEPCUTET;
coct. P.M. BaxutoB. — VYda: PUL baml'V, 2017. — DnexTpoH. Bepcus ned. MyOIUKalUU. —
Hoctyn BO3MOKECH 4yepe3 DNEeKTPOHHYIO OnbIMOTEKY bamI'V. —
<URL:https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi po kvantovoj
teorii_mu_Ch2_mu_2017.pdf>.

5.2. [lepeuenb pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKANMOHHOU ceTn «AHTEepHeT» N
NPOrpaMMHOI0 ofecriedeHus1, He0OXOAUMBbIX /IJISl OCBOEHUS TUCHUIIUHBI, BKJIIOYas
npodeccuoHabHbIe 0a3bl JAHHBIX U HH(POPMAIMOHHBIE CIIPABOYHbIE CHCTEMbI

1. DnexTponnas oubauoreunas cucrema «23b baml'Vy - https://elib.bashedu.ru/

2. DieKTpoHHAs OMOIMOTEYHAs CHCTEMa «Y HUBEPCUTETCKast OMOIroTeka ommainy - https://biblioclub.ru/
3. DiekTpoHHas OMOIMOTEYHAs CHCTEMa M3aTenscTBa «Jlauey - https://e.lanbook.com/

4. DnekTpoHHbIN KaTtajor bubauoreku baml'V - http://www.bashlib.ru/catalogi/

5. VuuepcanbHass ba3pl nanHbix EastView (ZoCTynm K 2JIGKTPOHHBIM HAyYHBIM JKypHajgam) -
https://dlib.eastview.com/browse

6. Hayunas snekrponHas O6ubnuoteka - elibrary.ru (DocTym K 2JIEKTPOHHBIM HAayYHBIM JKypHajiam) -
https://elibrary.ru/projects/subscription/rus_titles_open.asp

7. Windows 8 Russian. Windows Professional 8 Russian Upgrade. Jlorosop Ne 104 ot 17.06.2013 r.
JIunien3uu 6eccpoyHbie

8. Microsoft Office Standard 2013 Russian. Jorosop Ne 114 ot 12.11.2014 r. JIuueH3uu d6eccpoynbie

9. Kaspersky Endpoint Security mis 6uszneca - Crannaptasiid. JloroBop Ne31806820398 ot 17.09.2018 .
Cpok nerictBus nuuensuu a0 25.09.2019

10. Linux OpenSUSE 12.3 (x84_64) GNU General Public License.

11. Cucrema uentpanuzoBanHoro tectupoBanus bamly (Moodle). YHuBepcanbHas oOlecTBeHHAs
nmuuensus GNU.

23


https://elib.bashedu.ru/dl/read/Vakulin_Latypova_Talipov_Kvantovohimicheskoe%20modelirovanie_up_2015.pdf
https://elib.bashedu.ru/dl/read/Vakulin_Latypova_Talipov_Kvantovohimicheskoe%20modelirovanie_up_2015.pdf
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3920&TERM=%D0%95%D1%80%D0%BC%D0%B0%D0%BA%D0%BE%D0%B2,%20%D0%90.%20%D0%98.%5B1,1004,4,101%5D&LANG=rus
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+3920+rs2+14+1+F+1.2.840.10003.5.102+rus
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+3920+rs2+14+1+F+1.2.840.10003.5.102+rus
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?present+3920+default+1+1+F+1.2.840.10003.5.102+rus
https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi%20po%20kvantovoj%20teorii_mu_Ch2_mu_2017.pdf
https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi%20po%20kvantovoj%20teorii_mu_Ch2_mu_2017.pdf
https://elib.bashedu.ru/
https://biblioclub.ru/
https://e.lanbook.com/
http://www.bashlib.ru/catalogi/
https://dlib.eastview.com/browse
https://elibrary.ru/projects/subscription/rus_titles_open.asp

6.MaTepHaJIbHO-TeXHI/I'leCKaﬂ 6333, H606XOL[I/IMaH AJIs1 OCYHIECTBJICHUSA 06p330BaTeJ'[bHOI‘O nmpomecca mo JMCuuIIinHe

HaumenoBanue OcCHAIIEHHOCTH CHeNUAJbLHBIX MOMEIeHUI U OMelleHUil 1JIsl CAMOCTOATEIbHOI padoThI Ilepeuennb
crenuaJbLHbIX MOMelleH i JHUIEH3HOHHOI0
M NoMelleHu i s MPOrpamMMHOI0
CaMOCTOSITe/ILHOI padoThI odecneyeHus.
PekBU3UTHI
NMOATBEPKIAOIIEr0
AOKYMEHTA

1. yueOHast aygurTopusi AJsA
NPOBeIeHUsI 3aHATHH]
JIEKIIMOHHOTO0 THNA: AyAUTOPUs
Ne 405 (xumdak  xopmyc),
ayJIUTOpUs Ne311 (xumdax
kopmyc), aymuropus Ne 310

(xumdak xopmyc), aymuropust Ne
305 (xumcaxk kopmyc).

2. y4eOHble ayauTOpUM 1A
1poBeieHUs 3aHATHH
CEMHMHAPCKOr0 THNA: ayIUTOPHS

Ne 004 (xumdak  Kopmyc),
ayautopust  Ne 005  (xumcax
KOpITyC).

3. yueOHasg ayauTopusi JJIf

NpoBefeHUs]  TPYNIOBBIX M
HUHIUBUIYATBHBIX

KOHCYJIbTanmii: aymuropus Ne
405 (xumdak KoOpIyc), aymTuTopusi
Ne311 (xumdak KOpIyC),
aymutopust  Ne 310  (xumcax
kopmyc), ayautopust Ne 305

(xumdak xopmyc), aymuropust Ne
001 (xumak KOpmyc), ayAuTOPHs
Ne 002 (xumdak  KOpmyc),
aymuropuss  Ne 006  (xumcax
kopryc), aymmropus  Ne 007
(xumpak xopmyc), ayauropus Ne
008 (xmmpak KopIryc)

Aynurtopus Ne 405
Y4yebHass MebOenb, ydeOHO-HATISIMHBIE MOCOOMS, JOCKa,HOYTOYK,MyIbTUMenua-npoekrop Mitsubishi XD3200U,
skpaH c¢ anekrponpuBonoM 300¥400cm SpectraClassic.

AynutopusNe 311
VYueOHast meOesnb, ydeOHO-HArisiiHblE TOCOOMs, Jocka, HOYTOyk,nmpoekrop Mitsubishi XD 600U, skpan c
anekTpornpuBoaoM Projecta 183*240cm Mattewhite.

Aynutopus Ne 310
VYueOHast mMebenb, ydeOHO-HATIISIIHBIE OCOOUs, JI0CKa, HOYTOYK,MyabTuMenua-npoekrop Mitsubishi EW230ST,
skpaH HacteHHbIN ClassicNorma 244*183.

Aynurtopus Ne 305
VYueOnast mMebenb, ydeOHO-HATJISIIHBIE OCOOUs, I0CKa, HOYTOYK,MyabTuMenua-npoekrop Mitsubishi EW230ST,
skpaH HacteHHbIl ClassicNorma 244*183.

Aynurtopus Ne 004
VYuebOnast Mebenb, yaeOHO-HATISIHbIE Toco0us, Tocka, kommyrarop HP V1410-24G, nepcoHallbHbIiT KOMITBIOTEP
Lenovo ThinkCentre A70z Intel Pentium E 5800, 320 Gb, 19" - 15 mrr, mkad Hacternsiit TLK6U.

Aynurtopus Ne 005
VueGHas Mebenb, yaeOHO-HAMAHBIE TOCOOHs, Tocka, Kommbiorep DEPO Neos 470 MD i5_3450/4GDDR/T500
G/DVD+R u monutop ViewSonic 21.5 - 13 mr, mkap TLK TWP-065442-G-GY, mikadh monTaxubiii NT
PRACTIC 2MP47-610B/SSt450/ SKS1/SSt750,59560, 00 T.316-14, mxa¢ nacrenusiii TLK6U.

Aynutopus Ne 001
YuebHast Meberh, yaeOHO-HATIISITHBIE TIOCOOHSA, JOCKa

Aynutopust Ne 002
YuebHast Meberh, yaeOHO-HATIISITHBIE TIOCOOHSA, JOCKa

Aynurtopus Ne 006
YuebHast Meberh, yaeOHO-HATIISITHBIE TIOCOOHS, JOCKa

Aynutopus Ne 007
Y4ebHast Mebelh, yaeOHO-HATIISITHBIE TIOCOOHS, JOCKa

Aynutopus Ne 008
Y4ebHast MeOemh, yaeOHO-HATIISITHBIE TIOCOOHS, JOCKa

Yuraapnsiii 3201 Ne 1

Hayunerii u yueOHbi (oHn, HayuHas nepumoamka, ITIK (moHOOmok) - 3 mr, Wi-Fi moctym mis MOOMIBHBIX

1. Windows 8 Russian.
Windows Professional 8

Russian Upgrade.
Joroop Ne 104 or
17.06.2013 r. Jlunenzuu
OeccpodHbIe

2. Microsoft  Office
Standard 2013 Russian.

HoroBop Ne 114 or
12.11.2014 r. Jluensuun
OeccpouHbie

3. Kaspersky Endpoint
Security mus Ousheca -
Cranpaptabii.  J{oroBop
Ne31806820398 oT
17.09.2018 1. Cpok
OEUCTBUSL JUIEH3UU [0
25.09.2019

4. Cucrema
LEHTPATN30BAHHOTO
TectupoBanuss  baml'Vy
(Moodle).
YHuBepcanbHast
O0IIlECTBEHHAS JTULIEH3US
GNU

5. Linux OpenSUSE 12.3
(x84_64) GNU General
Public License
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4. yuyeOHasg ayauTOpHs JUIA
TEeKYIIero KOHTPOJISI "
NPOMeKYTOYHOI arrecTaluu:
aymutopust  Ne 405  (xumcax
KOpIyc), ayuTopus Ne311
(xumdak xopmyc), aymuropust No
310 (xumpax Kopmyc), ayauTopHs
Ne 305 (xumdak  xopmyc),
aymutopust  Ne 001  (xumcpax
Kopryc), ayautopust Ne 002
(xumdak xopmyc), aymuropust No
006 (xumpax KOpmyc), ayauTopHs
Ne 007 (xumdak  Koprryc),
aymutopust  Ne 008  (xumcpax
kopryc), aymauropus Ne 004
(xumdak xopmyc), aymuropust Ne
005 (xumcaxk kopmyc).

5. NOMelleHUs s
CaMOCTOSITeJILHOM padoThI:
yutanbHblid 3am Ne 1 (rmaBHBIN
KOpITyC), YHTalbHbIA 3am  Ne2

(puzmar KopIyc-y4eOHoe),
YHUTAJIbHBIH 3an Ne 5
(TymMaHUTapHBII KOpITyC),

yutanbHbId 321 Ne 6 (yueOHbIH
KOpITyC), YHMTaNbHBIA 3am Ne 7
(TymMaHUTapHBII KOpITyC),
naboparopust Ne 418 (xumdak
KOpITyC)

6. momeleHue st XpaHeHus H

PO UIAKTHYECKOT 0
00CTy:KMBAHUS y4ueOHOoro
obdopynoBaHusi: maboparopust Ne
416 (xumcak xoprryc).

YCTpOICTB, HeorpanmdeHHbIH qocTymn K ObC u B]I; konnyecTBO mMocagouHbIX MecT — 76.

YutanbHbiii 3an Ne2
HayuHbI 1 y4yebHbI doHA, HayuHaa nepuoamka, MK (MOHOGMOK), NOAKAOUYEHHbIX K ceT UHTepHeT, — 8 wr.,
HeorpaHuyeHHsbI goctyn K 36C u bJJ; KonnuecTBo nocafo4vHbIx mect — 50.

Yuranbubli 3a1 Ne §
Hayunslit u yaeOHsbIii ¢ona, HayuHas nepuoanka, [TK (MoHOOMOK) - 3 1T, HeorpanudeHHsli goctyn k ObC u B/;
KOJIMYECTBO MOCAIOYHBIX MeCT — 27.

YuraabHsli 321 Ne 6
Hayunslit u yaeOHsbIit ¢ona, HayuHas nepuoanka, [TK (MoHOOMOK) - 6 T, HeorpanuueHHbIi goctymn kK ObC u B/I;
KOJIMYECTBO MocanoyHbix Mect — 30.

YwuranbHsli 3a1 Ne 7
Hayunslit 1 yaeOHbIi (ona, HayuHas nepuoanka, [TK (MoHOOOK) - 5 T, HeorpanuueHHslil goctyn k ObC u B/;
KOJIMYECTBO TOCAJOUHBIX MecT — 18.

JladopaTopus Ne 418
VYuebnast mebenb, (pakcuMmuibHbiM ammapat Panasonic KX-FL423RUB — 2 mr., sH-merp pH-150MU (¢ roc.
noBepkoi), aBrorpancdopmarop TDGC2-0.5K(0,5kBT; 2A,220/0-250B),3604, 99p T.207/2-15, Becbr "Ohaus"
PA64C (651, 0,1mr) ¢ moBepkoii, Becb VIC-1500d1 (1500r. 100MI", BuenH.kanuopoka) ACCULAB, nonomep
N-160MU c¢ mnosepkoii, koMmIuiekc BoibTammepomerpudeckuii CTA, kommbiorep B komiuiekte DEPO Neos
4601\fO/monutop 20" Samsung BX2035/kmaB./Mbliiib, KOMITbIOTEp TepcoHanbHblii Nel T.210-14/3, marHuTHas
Mmemainka 0e3 HarpeBa Tolopino — 21T, MarHuTHas Mellajka ¢ HarpeBoM M HaHokepamud.noBepx hG-MAG HS,
merp-pH  pH-150MU (¢ roc.noepkoii), wmonutop 19" LG L1919S BF Black (LCD<TFT,8ms,
1280*1024,250K/I/M.1  400:1,4:3 D-Sub), mnepconanpHblii KoMIbiOTep B coctaBe c¢/6iok/Core J7-4770
(3.4)/H87/SYGA/HDD 500Gb, mouutop JKK"20"Bemcl.kmaBuatr ypat+wmbimb, mupuarep Canon i-SENSYS
MF3010, pH-metp pH-150MU ¢ roc.moBepkoi, cucremusiit 6ok 1K (775), mkad cymmiphbiit LOIP LF-25/350-
GS1, (310X 310x310 MM 6/BeHTHIISITOPA. HEPIK.CTANIb U(POBOI KOHTPOJIEP), KOIMYECTBO MocaaouHbix MecT — 10.

JlaGopaTopus Ne 416
ATOMHO-a0cOpOIMOHHBIN criekTpodoTomerp Moneiab AA-7000, dupmbr "lluman3y", Snonus, 6ayuloH ¢ rejauem
Mapku A — 2 T, Bertuisitop BEHTC 100 BKMiy*1/, ra3oBsiii xpomaTto-macc-ciektpomeTp monens GCMS-QP
2010PIUS, koMmbpioTep B COCTaBe: CHUCTEMHBIH OJIOK, MOHUTOp, KJIABUATypa, MBbIlb, KOHIAUIHMOHEP
QUATTROCUMA QV/QN-F12WA, Hoyroyk Fujitsu LifebooK F530 Intel Core i3-330M/4Gb/500Gh/ DVD-
RW/BT/15.6"/Wi n7HB+0ffice, mepconanpusiii kommpiotep B komiuiekre HP AiO 20"CQ 100 eu (MOHOOIOK),
anektporumTka Irit IR-8200,1500Bt nuamerp xoHpopku 185mm.
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[Tpunoxxenne Ne 1

MUWHOBPHAYKU POCCUN
®I'bOY BO «bAIIKNPCKNUY I'OCY JAPCTBEHHBIM YHUBEPCUTET»
XUMNYECKUU ®AKVYJIBTET

COJIEP’KAHUE PABOYEHN ITPOI'PAMMBI
JAUCIHUITIINHBI KBaHnToBas MexaHHKa M KBaHTOBasl XUMUS Ha & CEMECTP
ouHas popma 0OydeHuUs

Buja pa6orsl O0beM THCUMILTHHBI
O6mas Tpynoemkocts auctuiuinabl (3ET / gacos) 3/108
Y4eOHBIX YaCOB HA KOHTAKTHYIO pabOTYy C MPENo/1aBaTesiem: 61,2
JIEKITHI 32
MTPAKTUIECKUX/ CEMHUHAPCKUX -
J1a00PaTOPHBIX 28

IOpyrux (rpynmnoBasi, UHIMBUyalbHAasi KOHCYJIbTALUS U UHbIE BUIbI
y4eOHOMU JIeATeTLHOCTH, MMPEAyCMAaTPUBAIOIINE pa00Ty 00YJIaIONTUXCS C

npenojasateneM) (PKP) 1,2
Y4eOHBIX 9acOB Ha CAMOCTOSITENIbHYIO0 paboTy oOyvarommuxcs (CP) 3,0
VY4eOHBIX 4acOB Ha MOJATOTOBKY K

sk3ameny/3auety/ auddepenimporannomy 3adety (Kontposs) 43,8

®dopma(bl) KOHTPOJIS:
DK3aMeH B 8 cemecTpe
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dopMa U3ydeHHS MaTepUaJIOB:

OcCHOBHAasI K

dopma TeKyliero

JIEKIMH, TIPAKTUYECKHE 3aHATHS, | JOIONHUTENbHAS KOHTPOIA YCTIOBAEMOCTIH
N CEMMHAPCKHE 3aHSATHS, JUTeparypa, 3ananus o (KOIIOKBIYME]
o Tema u conepkaHue nabopaTopHbIe paboTHl, pEKOMEH TyeMast CaMOCTOATENBHOM KOHTPONbHbIE pa6(;TLI
CaMOCTOsTENbHAs padboTa u CTyJIeHTaM paboTe CTyIeHTOB ’
TPYIOEMKOCTH (B Yacax) (Homepa u3 KOMIILIOTCPHBIE TECTRI H
JIK | IIP/CEM | JIP | CPC crvcka) T
1 2 3 4 5 6 7 8 9
1. ° Ipeamer kBaHTOBOII MexaHuMKH. OCHOBHBIE ITANbI
Pa3BUTHSI KBAHTOBOI TEOPHH.
IpeaMer KBAHTOBOM MEXaHHKH MOJIEKYJIAPHBIX CHCTEM H 2 B B Tpopaborats
KBaHTOBOU xuMuH. OCHOBHBIE 3TAIbl PA3BUTHs KBAHTOBOU TEOPHHU. [1-5, 9-11] JICKIHIO, PEK. Ox3amen
['71aBHBIE TEHIEHIIMU B PA3BUTUH KBAHTOBOM XUMUK KaK OCHOBHOTO JIATEPATYPY
TEOPETUIECKOTO (hYH/IAMEHTA COBPEMEHHON XMMUYIECKOH HAYKH.
2. e OCHOBHbIE NOHATHS KBAHTOBOI MEXaHHKH. .
MaremaTHueckuii anmapat KBaHTOBOM MEXaHUKU. DPMHUTOBBI YCTHBIN OIIPOC
OIIEPATOPBI, HX COOCTBEHHBIE QYHKIIMU U COOCTBEHHBIE 3HAUEHHS. nabopatoprbie pabors;
BriposkieHre. MaTpuuHOe TIpecTaBlIeHne OlepaTopoB. 5 3 B 3 [popaborars KOHTPOJIBHBIE PabOTBI;
PaznokeHue 1mo co6CTBEHHBIM (DYHKIUSIM 3PMHUTOBA OIEPATOPA. [1-5, 9-11] JIEKIHIO, PEK. pasHOYPOBHEBBIC
KoMMyTalMoHHbIE COOTHOIIEHHS. JATEPATYPY 3aja4n,
§ CoorHomlenus HeonpeeaeHHocTed. PU3MYECKuil CMBICI U pedepart; TecTsl
IPOCTEHIINE OLEHKH HA UX OCHOBE.
3. e IlocTyJaTbl KBAHTOBOI MeXaHUKH.
OCHOBHBIE TIOCTYJIATH KBAHTOBOM MeXaHUKH. KBaHTOBbIE
COCTOSIHUS ¥ BOJIHOBBIE (DyHKIIMHM; OCHOBHBIE CBOICTBA BOJHOBBIX .
(ynkuuii. OnepaTopbl (pU3MIECKUX BEIUYUH (HAOIIOIAEMBIX); YCTHBIN OHpPOC
CpeJHHeE 3HAYEHHS U JUCTIEPCHU HaOmroaaeMbIx. [LI0THOCT nabopatoprble paboTs;
BEPOATHOCTHU PacIpeieeH s YacTUL] B IPOCTPAHCTBE. 4 B B Ipopaborats KOHTPOIbHBIE PabOTEI;
OnepaTophbl KOOPAUHAT, MMITYJIHCOB, MOMEHTOB UMIIYIbCA, [1-5, 9-11] JICKIIH, PCK. pa3sHOYPOBHEBBIC
KMHETHYECKOH U TIIOTEHIManbHOi sHeprun. OnepaTtop ['aMuibToHa JATeparypy 3anatu,
(raMUJIBTOHHAH). pedepar; TecTbl
Opomtonus coctostHni U ypaBHeHue peauarepa.
CrammmonapHoe ypaBaenue lllpemmarepa. J{ucKkpeTHbIH 1
HENPEPBIBHBIN CHEKTPHI. Y PABHEHUE HENPEPHIBHOCTH.
4. e  Hexoropble  npuMepbl  pellieHHsi  YPABHEHHS
Ipeaunrepa. .
IIpocreiimye npuMephbl NIPUMEHEHHs KBAHTOBOM MEXaHUKH. YCTHBIN OTPOC
OpHOMEpHBIE 3a/]a4H: CIIEKTP, KA4ECTBEHHbIE 0COOEHHOCTH 11abopaTopHBIE PadOoTEI;
BOIHOBBIX (DYHKIMIL. 3a/1aukt O IPAMOYrOJILHOM HOTEHIMATIBLHOM 4 3 4 ITpopatGorats KOHTPOJILHBIE PadOTBI;
AIIUKE, IOTEHIIMAILHOM 6apbepe M FApMOHMYECKOM OCLUILIATOPE. [1-12] JICKIMH, 3aKOH, PCK. pa3HOYPOBHEBBIE
Teopus MoMeHnTa uMIyibca. OCHOBHBIE CIIEACTBUS JUTEPATypy 3anatu,
KOMMYTAIIMOHHBIX COOTHONIEHHMT [Tl KOMITOHEHT MOMEHTa pecbepar; TecTer
uMIysbca. [IpaBuia ciokeHns: MOMEHTOB UMITyJIbca. JKecTKmii
porarop. 27




. Pemienne ypaBHenuss Illpegunrepa pnsa aroma
BOJ0po/a (4 BOIOPOAONOI00HBIX AaTOMOB). ATOMHbIE OPOUTAJIH.

YCTHBIN 0ompoc
nmabopaTopHBIC PaOOTHI;

3amaua 00 arome Bomoposa. Paznenenue nepeMeHHbIX. ITpopaborats KOHTPOJIbHBIE PaOOTHI;
Bomopomo-momo0HbIe opOuTamu, rpadguaeckoe MpeaCcTaBICHUE X [1-12] JICKITAH, PEK. Pa3HOYPOBHEBEIC
paauaNbHBIX M YIJIOBBIX YacTel. BBIpojkaeHnEe OTHOAIEKTPOHHBIX JHUTEPATYPY 3aj1a4H,
COCTOSIHHH KaK CISJICTBUE CHMMETPUH [IEHTPATIBHOTO TOJISL. pebepar; TecTbl
Bapuauuonnslii meton. YCTHBIN ONPOC
[pubmKeHHbIE METOIBI PELICHHST KBAHTOBO- nabopatopHbie paboThI;
MEXaHHUUYECKHX 3a7a4. Teoprst BO3MYIICHHUH TS CTAIHOHAPHBIX [TpopaboTath KOHTPOITbHBIC PabOTBHI;
COCTOSTHUU B OTCYTCTBHE U TIPU HAJTHUUU BBIPOXKICHHUS. [1-5, 9-11] JIEKIIUIO, PEK. pPa3HOYpPOBHEBBIE
BapuaioHHbIi PUHIIKI KBAHTOBOH MEXaHUKU M BapUAIIHOHHBIN JHUTEPATYPY 3aj1a4u,
Metoa. Meron Purna.
pedepat; TecTs
. KBanToBbIe uncia.
Morekyina B OCTOSIHHBIX 3JIEKTPUYIECKOM U MATHUTHOM .
noJisx. JIAMOMbHBIN SJIEKTPUYECKUH U MATHUTHBIA MOMEHTEI YCTHbIN OTpOC
cucTeMbl yacTull. CHATHE BBIPOKIEHUS I10]] BIUSHHEM nabopaTopHbIe paboTEl;
TIOCTOSIHHOT'O 3JIEKTPMYECKOTO HIIM MATHATHOTO MO (3 HeEKTHI [popaborats KOHTPOIbHBIE PabOTEI;
IlItapka 1 3eemana. ) [1-5, 9-11] JICKITHIO, PEK. pa3HOYpOBHEBBIE
CIUH 3/1eMEHTAaPHBIX YaCTHI U CBA3aHHBIM C HUM JIATEPATYPY 3aja4n,
MarHuTHBIM MOMEHT. OnepaTopr CIIMHA 1 KOMMYTallUOHHBIC pe(bepaT; TECTbI
coorHomeHus. CriMH-opOUTaNIbHOE B3aUMOACHCTBUE U €T0
MPOSIBJICHUSL.
e MHOro3j1eKTPpOHHbIE aTOMBI. CaoiicTBa
MHOI'03JIEKTPOHHBIX ATOMOB.
Vpasuenue lllpenunrepa uist aTOMOB U MOJIEKYIL.
Pasznenenue 31€KTpOHHOIO U SIAEPHOrO IBUKEHUI.
Annabatudeckoe npuOIMKeHHe. DIEKTPOHHOE BOTHOBOE
ypaBHEHHE. DJIEKTPOHHAs! INIOTHOCTD ¥ €€ U3MEHEHHS IIPHU IIepexoie
OT pa3JeNeHHbIX aTOMOB K MOJIEKYJIE. .
ITocTpoeHue NpUOIMKEHHBIX PELICHHI 3IEKTPOHHOTO YCTHBIN OTpPOC
BOJIHOBOT'O YPaBHEHHs HA OCHOBE BAPUAIIMOHHOIO IIPHHIIUIIA. nabopatoprbIe paboTs;
OnHO2/1EKTPOHHOE NpUOIKeHHe. OrpaHMYeHHbIH 1 Ipopaborats KOHTPOIbHBIE PabOTEI;
HeorpaHU4EHHBIH MeToIbl XapTpu-Doka (CaMOCOrIacoBAHHOIO [1-5, 9-11] JICKIHIO, PCK. pa3sHOYPOBHEBBIE
nons, CCII). derepmunant Cistepa. [ToHATHE O 3aKPHITHIX U JUTEPATYPY 3anatu,
OTKPBITBIX 000I0YKax. Y paBHEHUS, ONPEAEIISIONINE OpOUTAIIH. pedepat; TecTsl
OpOuTaiabpHbIE SHEPTUU U UX CBA3H C MIOJHOW AIIEKTPOHHOMN
sHeprueit. Teopema Kymvanca u (0TOAIEKTPOHHBIE CIIEKTPHI.
IIpenensl mpuMmeHnMocTy MeToaa XapTpu-Doka.
DNEeKTPOHHOE CTPOSHUE ATOMOB. DIIEKTPOHHBIC
KOH(HUTYpaluy ¥ TepMbI aTOMOB. CII0)KEHHE MOMEHTOB /ISl aTOMOB.
[pasuna XyHOa. DIEKTPOHHOE CTPOCHUE aTOMOB H ITEPUOIUIECKAS
cucrema anemenToB J[.M. Menpeneena.
. Teopusi xummuyeckoii cBsizu. Merox MO JIKAO. [1-5, 9-17] Mpopa-Gotats YCTHEI OIpoC
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Ba3ucHbie Ha0OpBI ATOMHBIX OpOUTAaJIeil.

JIEKLUIO, PEK.

nmabopaTopHBIC PaOOTHI;

[Npencrapnenne MoneKysIpHbIX opburaneit (MO) B Buze JHUTEPATYPY KOHTPOITbHBIE pabOTBHI;
JIMHEHHOW KoMOMHanmu aTroMHbIX opoutaneit (JIKAO). Haubonee Pa3HOYPOBHEBBIE
pacnpocTpaHeHHBIE THITBI 0A3HCOB aTOMHBIX OpOHTAJICiH: OpOUTaIN 3aj1auy,
CIIEWTEPOBCKOrO U TayccoBa TUMa. MUHUMAaIbHBIE U BAJICHTHO-

pedepat; TecTs

pacierieHHble 6a3ucHble HabopsI. [lonspu3auoHHbIE U
muddysusie pyaxmmu. Metog CCIT MO JIKAO.

10 e  IloBepXHOCTHL MOTEHIUAIBLHOM YHEPI UM,
DJIeKTpOHHbIE, KONeOaTeNbHbIC 1 BPAIATEIbHbIC COCTOSHHS YCTHBIH O1poc
Monekyin. [loBepxHocTs moteHmanbHoi sueprun (I1113). Pons 11a6opaToOpHBIE paGOTHL;
npencrasienuii o 111D B coBpeMEHHOM CTPYKTypHON TEOPUH IpopaGoTath KOHTPOJBHBIE PAGOTHI;
xuMuHd. PaBHOBeCHast KOH(UTypaIwys 1 KOHPOPMAIIH MOJEKYJL. 2 2 [1-6] JEKLHIO, PEK. DPa3HOYPOBHEBbIE
Cranuonapusie Touku I3, nx ananus. [Ipocreiimue npuMepsl JIUTEPaTYPy 3aj1aun,
[I12. [IByxaToMHas Monekyna. ONTUMU3AINS TEOMETPUIECKUX
XapaKTepUCTHK MOJIEKYIbL. [111D u XuMuuecKast peaxius, pedepat; TecThr
KOOpJIMHATA PEaKIUH.

11 e V4er 3JIeKTPOHHON KOPpPeJIsIUH. yeTHBI onpoc

KoppenupoBaHHOE BIKEHHUE JIEKTPOHOB. Y YeT SHEPTUH 11aGopaTopHbIe paGoTHL;
3NIEKTPOHHOH Koppessiuu. [ToHsTHe 0 MeToae KOHPUTIYPaLHOHHOTO [IpopaGoTath KOHTPOJIbHbBIE PaGOTHI;
B3anMozelicTBus. OCHOBHBIE MOHATHS METO/IA TEOPUH BO3MYILECHUM, 2 2 [1-5, 9-11] JEKLHIO, PEK. Pa3HOYPOBHEBBIC
teopus Memnepa-Ilnecce. CpaBHUTENbHASI XapaKTEPUCTHKA UTEpaTYpy 3a1a4H,
METOA0B KOH(QHUI'YPaLMOHHOT'O B3aUMOJCHCTBUS U TEOPHU
BO3MYIICHHIA. pedepar; TecTs

12 e IMosyamnupuyeckue MeTOABI. YCTHBII Ompoc

[Tonmyamnupuueckue METOIbI KBAaHTOBOW XUMHUU. MeTobl, JabopaTopHble paboTh;
UCTIONB3YIONINE HyJIeBoe qudhepeHInanbHOe epeKphIBaHHe. [Tpopaborath KOHTPOJIbHBIE pabOTBhI;
Bo3MOoXHOCTH 1 OTpaHHYEHHS TPUMEHEHUS MOTYIMIHPHIECKUX 2 4 [1-5, 9-11] JIEKITHIO, PEK. Pa3HOYPOBHEBBIE
METOZ0B KBAaHTOBOH XHMUH. JIHUTEPATPY 3aj1a4H,

pedepaT; TecTs
13 e  CoBpeMeHHOe MPOrpPaMMHOe ofecrieyeHHe KBAHTOBO-
XHUMHYECKHUX PacyeToB.
Yuer cuMMeTpHH sIepHOI KOH(UTYpaIyH IpU
pacCMOTPEHUH HIIEKTPOHHON 3a/1aui. DIIEMEHTHI H Olepauy .
cuMMetpuH. TouedHble TPYIIIBI CHMMETPHH. YCTHBIN OTpPOC

Haubonee pacpocTpaHeHHbIE IIPOrPAMMHBIE KOMILIEKCHI nmabopaTopHbIe paboTEr;
(AMPAC, MOPAC, GAMESS). IToaroroBka UcxomHoro (aiina. 5 4 IIpopaborats KOHTPONBHBIE PAOOTHI;
KiroueBble c10Ba Kak crnocob yrpasjieHus pacdeToM. CocTaBieHue [1-5, 9-11] JICKIHIO, PCK. pasHOYPOBHEBBIC
Z-matpunpl. bazucHele atombl. OnpejieneHne Ha4anabHOro JITepaTypy 3ajia4u,
TPUOIIIKEHUS TEOMETPHYECKUX [TapaMETPOB MOJICKYIIBL. YUeT pedepat; TecTsl
CUMMETPHH IIPH 3aJaHUH HAYaIEHOTO MPUONMKEHHUS. Z-MaTpHrLa
ctunst MOPAC 1 GAUSSIAN. OcHOBHBIE pe3yibTaThl
KBaHTOBOXMMHYECKHX pacyeToB. Busyanuszanus pe3yabTaToB
pacuera.

Bcero yacos 32 28 3,0
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PeliTHHI — IJIaH THCHUTIITHHBI

KBanToBasg MexaHMKA ¥ KBAHTOBAsA XMMUS

HanpasiieHue/crernuanbHocTh 04.03.01. Xumus

Kypc 4, cemectp 8

[Tpunoxxenne Ne 1

Bumpr yueOHON AATSIEHOCTH

bann 3a KOHKPETHOC

Yucno 3agaHuii 3a

CTYJICHTOB 3aJaHue ceMecTp baet
MunumanbHbiil | MakcumanbHbIN
Monynsb 1
Texymuii KOHTPOIb
1. JlaGoparopHbie pabOTHI 2,50 15,00
2. YcrHbI# onpoc 0,50 1,50
3. Tumnossle 3a1aun 1,00 5,00
Py6eskHbIi KOHTPOJIb
1. Tect Ne 1 (o mpakTHKe) 10,00 1 0 10,00
Monyns 2
Tekyumii KOHTPOJIb
1. JlaGoparopHbie paboOThI 2,50 12,50
2. YcrHbI# onpoc 0,50 1,00
3. Pedepar 5,00 5,00
Py6esxHbIi KOHTPOJIb
1. Tect Ne 2 (o mpakTHke) 10,00 1 10,00
2.KonrponbHas padora 10,00 10,00
IHocemaemocTn
1. IToceleHue JIEKIUOHHBIX 3aHATHI -6,00
2. [NocernieHue NpaKTUIECKUX (CEMUHAPCKHX, Ta00PaTOPHBIX) 3aHATHI -10,00
Hroro 100
oompuTeabHbIE 6ANIbI
VYuacTtue B oMMIIAagax 1,00 0 1,00
VY4actue B KOHGEPEHIUIX 2,00 0 2,00
[TyOnuKaius Te3UCOB 3,00 0 3,00
[Ty6nukanus crareit 4,00 0 4,00
HToro 10
HTOroBblii KOHTPOJIb
DK3aMeH 0,00 30,00
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