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1. IlepeyeHb MIaHNPYEMBIX Pe3yJIbTATOB 00y4eHHs M0 JUCIUIIHHE, COOTHECEHHBIX €
YCTAaHOBJICHHBIMH B 00pa30BaTe/IbHOM NPOrpaMMe HHAUKATOPAMH 10CTHKEHHUS

KOMIIeTeHIIN I

Ilo utoram ocBoeHUS JAUCHUITIIMHBI o6yqa}omm7lc>1 AOJDKEH JOCTUYL CICAYIOIIUX PE3YIIHTATOB

00yUYCHHUS:
Karteropus ®opmupyemas Koa n HaumeHoBaHue Pe3ysibTaThl 00y4eHHUs 0 JUCHHMILIAHE
(rpynma) KoMmneTeHuus (¢ HHIUKATOPA N0CTH:KEHHSA
KOMIIETeHIIUI | yKa3aHHeM Ko/a) KOMIIeTeHIIUH
(npu HAIMYMH
OIIK)
Obmemnpodecc | OIIK-1 Crocoben OIIK-1.1. CucremaTtm3upyer u 3HAaTh: TEOPETHUECKIE OCHOBHI 0a30BBIX
MOHAJIbHBIC aHAIM3UPOBATH U aHATM3UPYET PE3yIbTaThI XUMHUYECKUX JUCIUIIHH
HaBbIKH MHTEPIPETHPOBAThH XMMHYECKHX IKCIIEPIMEHTOB, YMeTs: pemars THIOBBIC yUeOHbBIE 330N
pe3yabpTaThI HaOJIoIeHUH, M3MEpEHui, a IO OCHOBHEIM (0a30BBIM) XUMHUYECKUM
XUMHUYECKHX TaKKe PE3YNbTAThl PACUETOB JUCLUIIIMHAM
SKCIIEPUMEHTOB, CBOJMCTB BEILECTB U MaTepUaOB BrnanmeTs: HaBRIKaM# pabOTHI ¢ YIeOHOH
HaOMI0ICHUH 1 JUTEPaTypOl MO OCHOBHBIM XUMHUYECKHM
U3MepeHuit JUCHUIUTMHAM
OIIK-1.2. Tlpennaraer YMeThb: BBINOJHATH CTaHIapTHBIE NEUCTBUS
HUHTEPIPETALHUIO Pe3yIbTaTOB (kaccuguKanus BEIECTB, COCTaBICHHUE
COOCTBEHHBIX YKCIIEPUMEHTOB U CXeM IPOLIECCOB, CHCTEMATU3AIUs TaHHBIX
pacyeTHO-TEOPETHYECKUX PAOOT C | M T.II.) C yYETOM OCHOBHBIX TIOHATHH U
UCIIOJIb30BAaHUEM TEOPETHYECKUX | OOLIMX 3aKOHOMEPHOCTEH, (hOpMYIUpyEeMBIX
OCHOB TPaJUINOHHBIX H HOBBIX B paMKax 0a30BBIX XMMHUUECKHUX JUCIUILUINH
pa3ziesioB XUMHUH
OIIK-1.3. ®opmynupyer YMeTh: BBINOIHATL CTAaHAAPTHBIE NEHCTBUS
3aKJTIOYCHUS U BBIBOJBI 110 (xmaccuduKanys BEIECTB, COCTaBICHUE
pe3ysbTaTaM aHaIHu3a CXEM IIPOIIECCOB, CHCTEMATH3ALMS JaHHBIX
JIUTEpaTypHBIX TAHHBIX, U T.II.) C Y9€TOM OCHOBHBIX MOHSTHH 1
COOCTBEHHBIX 00IIMX 3aKOHOMEPHOCTEH, (POPMYITHPYEMBIX
9KCIIEPUMEHTAJIHBIX U PACYETHO- | B paMKaX 0a30BbIX XUMUYECKUX JTUCLUILIHH
TEOPETHYECKUX padoT
XUMUYECKOW HalpaBJIEHHOCTHU
OIIK-3 Cnocoben OIIK-3.1. IIpumensier 3HaTh: OCHOBHBIE IPUEMBI PA0OTHI CO
MPUMEHSTh TEOpEeTHYECKHE U CHelHaTU3UPOBAHHBIM IPOTPAMMHBIM
pacdeTHo- MOJyIMIIMPUUECKUE MOJICNIN IpH | OOECTIEYeHUEM TIPH MTPOBEACHUH
TEOpEeTHYECKHE pELICHNH 331249 XUMHYECKOH TEOPETHYECKHX PACUETOB M 00paboTke
METOJIBI JUIS HaIpaBJIeHHOCTH 9KCTIEPUMEHTAIIBHBIX JTAaHHBIX
M3y4IEHUs CBOHCTB YMeTh: IPUMEHSATH CHIEUATN3UPOBaHHOE
BEILIECTB U IporpaMMHOE oOecniedeHue mpu
MPOLIECCOB C UX MPOBEJICHUH TEOPETUIECKUX PacyeTOB U
y4acTHEM C 00paboTKe 3KCIIEpUMEHTAIBHBIX JaHHBIX
HCIIOJIb30BaHUEM OIIK-3.2. Ucnons3yet 3HaTh: OCHOBHBIE MIPUEMBI PAOOTHI CO
COBPEMEHHOU CTaHJapTHOE MPOrpaMMHOE CHeNMaTU3UPOBAHHBIM IPOTPAMMHBIM
BBIYHUCIIUTEIBLHOM o0ecrieyeHne Ipu  pelIeHUN obecrieyeHreM MpH MPOBEICHUN
TEXHUKU 3a/1a4 XUMHUYECKOH TEOPETHYECKHX pacueToB U 00paboTke
HaIpaBIEHHOCTH 9KCIEPUMEHTAIBHBIX TaHHBIX
Brnaners: HaBBIKAaMM IPUMEHEHUS
CHENHaTU3UPOBAHHOTO IPOTPAMMHOIO
obecrieueHnst 1 6a3 JaHHBIX NPH PELICHUH
3a7a4 Ipo(eCcCHOHATEHOU CephI
JIeSITEIIbHOCTH
DusuKo- OIIK-4 Cnocoben OIIK-4.1. Mcnonb3yet 6a30BbIe 3HaTh: OCHOBHBIE TEOPETUUECKUE
MaTeMaTHYeCK | IIAaHUPOBAThH pabOTHl | 3HAHHS B 00JACTH MaTEMAaTHUKH U | TIOJIOKEHHUS CMEKHBIX C XUMHEH
asu XUMHYECKOI (bM3MKK NPY UTAHUPOBAHUN €CTECTBEHHOHAYYHBIX JUCLUIIINH
KOMITBIOTEPHA | HaIPaBJICHHOCTH, paboT XUMUYECKOH 3HaTh: MaTeMaTHIECKU ammapar,
s TPAMOTHOCTH | 00pabaThIBaTh 1 HaIpaBJIEHHOCTH HEOOXOIUMBIH /IS PeTLICHUS
IIPY PEIICHUH | MHTEPIIPETHPOBATH podeCCHOHANBHBIX 33124 B 0071aCTH XUMHH
3a7a4 MOJy4EeHHBIE 1 MaTepHaNOBEACHUS
npodeccronan | pe3yabTaThl ¢ YMeTh: penaTs THIIOBBIE YIeOHBIE 3a/1a4H
BHOH HCIIOJIE30BaHHEM 110 OCHOBHBIM pa3zeiaM MaTeMaTHKH U
JESTEIbHOCTH | TEOPETUUECKUX €CTECTBEHHOHAYYHBIX AUCLMIIINH
3HaHUH U Brnaners: HaBbIKaMu pabOTHI ¢ y4eOHOM




MPaKTUICCKUX

HaBbIKOB PCIICHUSL
MaTCMaTU4YCCKUX U
(1)I/I3I/I‘IGCKI/IX 3aJga4

JUTEpaTypol, OCHOBHOW TEPMUHONOTHEN U
MOHATHHHBIM anmapaToMm 0a30BBIX
MaTEMaTHYECKUX U €CTECTBEHHOHAYUYHBIX
JUCLHUIUINH

OIIK-4.2. O6pabaTbIBaeT TaHHBIC
C MCIOJIb30BaHUEM CTaHIIAPTHBIX
croco0OB anmpOKCHUMAITUHI
YHCJICHHBIX XapaKTePUCTHK

3HaTh: MaTeMaTUYECKUIl ammapar,
HEOOXOIUMBIH JIJIsl PCILICHHUSI
po¢eCCHOHANBHBIX 33129 B 001aCTH XUMHN
1 MaTePHAIOBEACHUS

OIIK-4.3. UrTeprperupyet
Pe3yNbTaThl XUMHIECKUX
HaOJTIOZICHUH C HCTIOJIb30BAHUEM
(hU3NIECKHUX 3aKOHOB H
MpeACTaBICHUN

YMeTh: pemars THIOBBIC YUeOHbBIE 330N
[0 OCHOBHBIM pa3fielaM MaTEeMAaTUKU H
€CTECTBEHHOHAYYHBIX JTUCLMIIIHH
BrnaneTs: HaBRIKaM# pabOTHI ¢ YIeOHOH
JIUTEPaTypOi, OCHOBHOM TEPMUHOJIOTUEN U
MOHATHHHBIM anmapaToMm 0a30BBIX
MaTeMaTHYECKUX U €CTECTBEHHOHAYUYHBIX
JUCHIHUIUINH

2. Hleab 1 MecTO TMCHUILUIMHBI B CTPYKTYpe 00pa3oBaTe/bHOil MporpaMMsbl

JuciunanHa «KBaHTOBass MEXaHHMKA M KBAHTOBAsI XUMHSI» OTHOCHTCS K 00s13arenbHoi yactu OI1.
JucuunnuHa u3y4yaetcs Ha 4 xkypce B 8 cemecTpe.
Llenbro OCBOECHMS NUCUUIUIAHBI SBISIETCSA MOJATOTOBUTH CTYAEHTOB K IMOHHUMAHHIO SI3bIKA COBPEMEHHOM
KBAaHTOBOM XHMHHM, a TakKXKe€ K CaMOCTOSITEJIbHbIM KOMIIBIOTEPHBIM BBIYUCICHUSIM 3JIEKTPOHHOIO
CTPOCHUSI, MPOCTPAHCTBEHHON CTPYKTYPhl U (PU3UKO-XMMHUUYECKUX CBOMCTB PAa3IUYHBIX MOJIEKYJISPHBIX

CHCTCM.

Jlis OoCBOEGHMSI UCUMIUIMHBI HEOOXOAMMBI KOMIIETEHLIMH, C(HOPMUPOBAHHBIE B paMKaX HW3Y4YEHHUS
clenyrmux qucuumuing: «Pusnka», «Marematuka», «CTpoeHHE BellecTBa», «YUCIEHHbIE METOIBI U
nporpaMMmupoBanue», «llepconanpHple KoMmbloTepsl B XxuMun» «MHpOpMaTukay, «OO0mas Xumus»,
«AHanuTH4eCKasg XUuMusn», «Opranuueckas XUMus», «Puzndueckas XUMHUD).

1. Copep:xanue padoueii nporpaMmmbl (00beM AUCHUNJIMHBL, TUNIBI H BUAbI Y4eOHBIX 3aHATHH,
yueOHO-MeToAn4YecKoe o0ecreyeHre CaMOCTOATeIbHOM padoThl 00y4AKOIIUXCS)

Coneprxanue paboueii mporpammsl npejactasieHo B [Ipunoxennn Ne 1.




4.1. IlepeyeHb KOMIIETEHIMI U MHAUKATOPOB JOCTHKEHUSI KOMIIETEHIHI ¢ YKa3aHMEeM COOTHECEHHBIX ¢ HUMH 3aIJIAHMPOBAHHBIX Pe3yJIbTATOB

4, DoHJ 01IEHOYHBIX CpPEaCTB IO TUCHUIIJIUHE

Oﬁy‘leHI/lﬂ o JTUCHUIIJIMHE. Onucanue KPUTEPUEB U LIKAJ OICHUBaAHUSA Pe3yjJabTaTOB OGY‘IGHI/IH o JTMCUHMIIJIMHE.

Kox n popmymuposka kommereHnnn OIIK-1 Cioco6eH aHaTH3NpOBaTh U HHTEPIIPETUPOBATH PE3YIbTATHl XUMHUUECKUX HKCIIEPUMEHTOB, HAOIIOIEHUH 1 M3MEepeHHUN

Koa n HauMeHoBaHue

Pe3yabTaThl 00yueHuUs no

Kpurepun onileHHBaHHS pe3yIbTaTOB O0yUCHHS

HHIUKATOPA TO0CTHKEHHUS AUCHHITHHE 2
KOMIIeTeH ! («HeymnosnerBopu 3 («Y IOBIETBOPUTEIIHHO) 4 («Xopomroy) 5 («OTaHOY)
TEJILHO»)
OIIK-1.1. 3HaTh: TEOPETHYCCKHUE | 3aTpyIHSICTCS B Hmeet npeacTaBieHue o Hmeet npeacTaBieHue o HNmeer ueTkoe, I€IOCTHOE
Cucremarusupyer U | OCHOBBI 0a30BBIX | ONpeAeIeHUN COJICpPIKaHUU OTIEIbHBIX COJICpPIKaHUU OCHOBHBIX NPE/ICTaBICHUE O COJIep)KaHUU

AHAIM3UPYET  PE3yJIbTaThI
XUMHYECKHX
IKCIIEPUMEHTOB,
HAOJIOICHUM, W3MEpPCHHIA,
a  TaKkKe  pe3yNbTaThl
pacueToB CBOMCTB BEIIECTB
1 MaTepHaioB

XUMHNYCCKUX TUCHUIIIHNH

0a30BEIX MMOHATHI
u GopMynupoBKe
OCHOBHEIX
3aKOHOB XMMHHU

XUMHYECKHX AUCLUILINH,
3HAeT TEPMHUHOJIOTHIO,
OCHOBHbIE 3aKOHbI XMMHUH, HO
JIOIyCKaeT HETOYHOCTH B
(hopMynHIpoBKax

y‘le6HbIX KYypCOB 10 XUMUH,
3HAaCT TCPMUHOJIOTHIO,
OCHOBHBIC 3aKOHBI U
MMOHUMACT CYIIHOCTDH O6IIII/IX
SaKOHOMepHOCTei‘I,
HN3y4aCMbIX B paMKax 0a30BBIX
XUMHUYCCKUX TUCHUITIINH

OCHOBHBIX XUMHWYCCKUX KYPCOB

H  0o0mMX 3aKOHOMEPHOCTSX
XUMHUUYECKHX HPOLIECCOB,
n3y4aeMbIX B pamkax
OCHOBHBIX XHUMHYECKHX
JHCLHTUTHH

Ymers: pemars Tunosslie | He ymeer YMeerT penats THIIOBBIC Ymeer pematb YMeer pemarts 3a1aun
yaeOHbIE 3a7a4n o 3a7a4M 13 0a30BBIX KypCOB KOMOMHHPOBAHHbIC 331241 U3 | MOBBIIICHHOH CII0KHOCTH 13
OCHOBHBIM (6a30BBIM) XUMHA 0a30BBIX KypCOB XHMUHU 0a30BBIX KypCOB XHMUHU
XMMHUYECKUM JTUCIUILIMHAM
Bnanets: HaBbIkamMu | He Brmaneer Bnaneer HaBbIKaMU Brnaneer HaBbIKaMU Brnaneer HaBbIKaMu
paboTs! c yuebHO BOCTIPOM3BEJICHNS OCBOCHHOTO | CAMOCTOSITENBHOTO U3yUeHHUsT | KPUTHYECKOTO aHAIIN3a
JUTEPATypOi 10 OCHOBHBIM y4eOHOT0 MaTepuaa 1o OTJEJBbHBIX Pa3[esioB yueOHOH | yueOHON MHpOPMAIMH 110
XMMHUUYECKHM TUCHUILIMHAM OCHOBHBIM XMMHUYECKHM JUTEPATyphl IO OCHOBHBIM OCHOBHBIM pa3fiejlaM XHMHH,
JCLUILTHHAM XMMHYECKUM JTUCLIUILIMHAM U | (pOpMYIHMPOBKH BBIBOJIOB U
00CYyXIEHUSI OCBOCHHOTO y4acTHsl B AUCKYCCHHU TIO
Marepuana y4eOHBIM BOTIpOCaM
OIIK-1.2. IIpennaraer | Ymerts: BBINONHATL | He ymeer ‘YMeer HHTepIpeTUpPOBATh YMeeT coCTaBIsITh CXEMBI YMeeT nporHo3upoBarthb
MHTEPIPETAIHIO CTaH/AapTHBIE JeWCTBHS Pe3yJIbTaThl OTHOCHTEIILHO MPOLIECCOB C MCIOJIB30BAHUEM | PE3YJIBTATHI HECIOKHBIX
pe3ysbTaToB COOCTBEHHBIX | (KiaccH(UKamusi BEIIECTB, MPOCTBIX XUMHYIECKUX 3HAHHUH OCHOBHBIX MOCJIEI0BATENILHOCTEH
SKCHEPUMEHTOB U | COCTaBIICHHE cXeM MPOLIECCOB C MCHOJIB30BAHUEM | XMMHUYECKHX JUCLUILIMH, HO XUMHUYECKHX PEAKIHH C

PacUeTHO-TEOPETUYECKUX

paboT ¢ HCHOJIB30BAHUEM
TEOPETUYECKUX OCHOB
TPAJUIIMOHHBIX U HOBBIX
pa3zenoB XUMHUH

MIPOLIECCOB,
CHCTEMATH3alMs JAHHBIX U
T.II.) C YY4€TOM OCHOBHBIX
MOHATHHI u 001X
3aKOHOMEPHOCTEH,
(bopMyIHpyEMBIX B pamMKax
0a30BBIX XHUMHUYECKUX
JTUACHATUIAH

00IIMX NpeCcTaBICHUH 1
3aKOHOMEPHOCTEI,
N3y4a€MbIX B paMKax 0a30BbIX
XUMHWYCCKUX OUCITUIIIINH

JIOITyCKaeT OTACIbHEBIC
HETOYHOCTH MPHU
(hOpMYyIIUPOBKE YCIOBHIA
OCYILECTBIICHHUS TAKHUX
MPOLIECCOB

YYeTOM O0IInX
3aKOHOMEPHOCTEH IPOLIECCOB,
H3y4aeMbIX B PAMKax
OCHOBHBIX XHMHUYECKHUX
JTUCIATUTAH




OIIK-1.3. ®dopmynupyer | YMeTh: BBIMONHATH | He ymeer
3aKJIFOYCHMSI U BBIBOJBI 110 | CTaHIAPTHBIC JeHCTBHS
pe3yibratam aHanu3a | (knaccuduKanus BEIIECTB,
JUTEpaTypHBIX  JaHHBIX, | COCTaBJICHUE cxeM
COOCTBEHHBIX IIPOLIECCOB,
9KCIIEPUMEHTAIIBHBIX U | cucTeMaTu3anusl AaHHBIX U
pacdeTHO-TEOPETHYECKUX | T.I.) C YYETOM OCHOBHBIX
pabot XUMHYECKON | TTOHATHH u o0mmx
HaIrpaBIeHHOCTH 3aKOHOMEPHOCTEH,
(hopMynHpyeMbIX B paMKax
6a30BbBIX XUMHUYECKUX
JMCIHILUINH

VYMeeT uHTEpNpeTUPOBaTh
pe3yabTaThl OTHOCUTEIBHO
MPOCTBIX XUMUUECKUX
MPOLIECCOB C HCIONB30BAHUEM
0OIIMX MpeICTaBICHUN U
3aKOHOMEPHOCTEH,
M3y9JaeMbIX B paMKax 0a30BBIX
XUMHUYECKUX JUCLUIIHH

VYMeeT coCTaBIATh CXEMBbI
MIPOLIECCOB C UCIOJIb30BAHUEM
3HAaHUM OCHOBHBIX
XUMHUYECKUX TUCIUILINH, HO
JIOMYCKaeT OTJENIbHbIE
HETOYHOCTHU IIpH
(bopMyITHPOBKE yCIOBHI
OCYLIECTBJICHUS TaKUX
IIPOLIECCOB

YMeeT nporuHo3upoBath
Pe3yNbTaThl HECTIOKHBIX
MOCIEA0BaTEIbHOCTEH
XUMHUUYECKHUX PeaKIHii ¢
Y4EeTOM OOIIMX
3aKOHOMEPHOCTEH MPOLIECCOB,
M3Y4aeMbIX B paMKax
OCHOBHBIX XHMHYCCKHX
JTUCLMIIIIAH

Kox u popmymuporka kommetennuud OIIK-3 CrniocoOeH MpuMEHSATh pacueTHO-TCOPETUUCSCKUE METO/IBI JJIsl M3YUYCHHUSI CBOMCTB BEIIECTB M MPOIECCOB C UX YYACTHUEM C HCIIOJIb30BaHUEM
COBPEMEHHOM BBIYMCIUTEIbHON TEXHUKU

Koa n Pe3yabTaThl 00y4eHUs M0 Kpurepuu olieHHBaHUS pe3yNbTaTOB O0YUCHHUS
HanMeHOBaHHe AUCUHMILTHHE
HHIUKATOPA 2
JOCTHIKEHUS 3 («Y IOBIETBOPUTETIHHO») 4 («Xoporo») 5 («OTnu4HOY)
(«HeynoBieTBOpUTEITEHOY)
KOMIeTeHIMH
OIIK-3.1. 3HaTh: OCHOBHBIC ITPUEMBbI 3HaeT OT/ENbHBIC TPUEMbI 3HaeT OCHOBHbIE MPHUEMBI PAOOTHI | 3HAET OCHOBHBIE ITPHUEMbI PA0OTHI | 3HAET OCHOBHBIC IPUEMBI
[Ipumenser paboTsI co paboTsI ¢ Hanboee ¢ HanboJee MOMyJIAPHBIMHI ¢ HanboJee MOMyJIIPHBIMU paboTsI co
TECOPETHYECKHE U | CHEIHATU3NPOBAHHBIM HOMYJIPHBIMHU CHEUATN3UPOBAaHHBIMHU CHeUaTN3HPOBAaHHBIMHU CTEIUATN3APOBAHHBIMH
MOYSMIUPHYECKUE | MIPOTPAMMHBIM CHEUATN3POBAHHBIMHU MpOrpaMMaMH, UCIOIb3YEMBIMHU B | TTPOTPaMMaMH, UCTIONB3YEMbIMH | TIPOTpaMMaMH,
MoJIenn npu | obecrieueHHeM mpu porpaMMaMu, XMMUHU ¥ MaTepHAJIOBEJICHUH, HO | B XUMHUH U MaTepHAJOBEACHUI HCTIOJIB3YEMBIMH B XMMHH,
pemeHnn 3a1a4 | MPOBEIEHHH TEOPETUYECKUX | MCIOJIB3YEMbIMH B XUMHUH U | JIONyCKAeT OTACIbHBIE MaTepHAJIOBEACHNUH U
XUMHYECKOI pacueToB U 06paboTke MaTepHaJIOBEICHNH, HO HETOYHOCTH NPH UX peati3auu CMEXHBIX C HUMH 00JIacTsIX
HaIpaBIEHHOCTH 9KCHEPUMEHTAIbHBIX 3aTPYIOHSETCS B UX 3HAHUA
JTAHHBIX peanu3anyu
YMeTh: IpUMEHSATh ‘YMeer ucnonb3oBaTh ‘YMeeT NpUMEHSTh CIELUAIbHOE YMeeT IpuMeHsATh CIeLHaabHOE | YMEET UCIONIb30BaTh
CHeuaIN3upOBaHHOE OTAEeIbHbIE PYHKINU MporpaMMHOE oOecnieyeHne mpu POrpaMMHOE O0ECIIeYeHHE IPU | CHEeNNaTN3UPOBAHHOE
MIPOrpaMMHOE 00ecIeYeHne | HEKOTOPBIX 00paboTKe 3KCIIEPUMEHTAIBHBIX | 00pabOTKe SKCIIEPUMEHTANBHBIX | MPOrpaMMHOE o0ecrieueHne
TIPY TIPOBEJICHUN CTENATN3NPOBAHHBIX JTAaHHBIX U UCTIOJIb30BAThH JTAaHHBIX U UCTIOJIb30BAThH JUISL TIPOBEJICHUS
TEOPETHYECKHX PACUETOB M | MPOTpamMM JJist 00paboTKH HEKOTOPBIE CIIECIHAIN3UPOBAHHBIE | HEKOTOPHIE TEOPETHYECKUX PacueToB U
obpaboTtke SKCHEPUMEHTANBHBIX MaKeThI IPOrpPaMM B OTAENBHO CHELMaTU3UPOBAHHbBIE TAKETHI 00paboTku
SKCHEPUMEHTAIBHBIX JIaHHBIX B3ATOH 00JaCTH XUMHH TI0] IpOrpaMM B OTIEIBHO B3ATOU SKCHEPUMEHTAIBHBIX
JTAHHBIX PYKOBOJICTBOM CIICITHATICTA o0yacTi XUMHN JAHHBIX TPHU PEIICHIH
6oJ1ee BBICOKOH KBAIH(UKAITIH 3a/1a4 IpoQecCHOHANBHON
chepsl AesITeTbHOCTH
OIIK-3.2. 3HaTh: OCHOBHBIE IPUEMBI 3HaeT OT/eNbHBIEC IPUEMBI 3HaeT OCHOBHBIE TIPHEMBI paboThl | 3HAET OCHOBHBIE IPHEMBI Pa0OTHI | 3HAET OCHOBHBIE IPUEMBI
Hcnons3yer paboTsI co paboTsl ¢ Hanboee ¢ HanboJee NOMyIIPHBIMA ¢ HanboJee NOMyIIPHBIMA paboTEI co
CTaHJapTHOE CIEIHATH3UPOBAHHBIM MOITYISIPHBIMA CHeNHaTH3UPOBAHHBIMU CHeNHaTn3uPOBAHHBIMHU CHEHANTN3UPOBAHHBIMHU
IPOTPAMMHOE IIPOTPaMMHBIM CHENHATH3UPOBAHHBIMHU IPOTpaMMaMH, HCHOIBb3YEMBIMHU B | IPOTPaMMaMHU, UCIIONB3YEMBIMH | IPOrpaMMaMH,




obecrmeueHue Ipu | obecredeHHeM IpH

HporpaMMamH,

XUMHUU U MAaTCPpUATTOBEACHUN, HO

B XMMHWHU U MaTCPUAJIOBCICHUN HCIOJIb3YyEMbIMU B XUMUH,

peleHnu 3aa4 | IPOBEIEHUH TEOPETUUYECKUX | MCIOJIb3yEMbIMU B XUMUM U | JIOMYyCKAeT OTACIbHbBIE MaTepUalOBEACHUU U
XUMHYECKOI pacyeToB U 00paboTKe MaTepHaJIOBEICHUH, HO HETOYHOCTH NPH UX peau3aiuu CMEXHBIX C HUIMH 00J1acTsAX
HaNpaBIEHHOCTH 9KCIEPUMEHTAIBHBIX 3aTpyAHAETCS B UX 3HAHMS
JIAHHBIX peanu3anyuu
Brnanets: HaBBIKaMU Brnaneer criocoOHOCTBIO Brnaneer cnoco6HOCTBIO Brnaneer cnocoOHOCTBIO Brnaneer CIIOCOOHOCTBIO
MIPUMEHEHHS HCTIONIb30BaTh HCTIONIb30BaTh CaMOCTOSATENBHO HCIIOJIB30BATh CaMOCTOSATEIHHO
CHELUATH3UPOBAHHOTO CIEUATN3HPOBAHHOE CHEUATN3UPOBaHHBIC 0a3bl CHELUATN3UPOBaHHBIC 0a3bl HCTIONB30BaTh
MIPOTPaMMHOTO MPOTPaMMHOE O0ECIIEUCHHE | AAHHBIX U CIICIHAIbHOE JTAHHBIX U CHENHAIBHOE CTEIHATN3NPOBAHHBIE 0a3bl
obecrieueHns ¥ 6a3 JAHHBIX | TOJBKO IPHU MPOTrpaMMHOE 00eCIIeUeHUE IS MPOTrpaMMHOE OOECIIeUeHHE ISl | JaHHBIX W CIICHHAJIbHOE

[PH PELICHAN 331249
npodeccHoHaNBHOM cepbl
JeATEINbHOCTH

HETIOCPEICTBCHHOM yIaCTHH
crieruanucTa oosuee
BBICOKO# KBaNU(pHUKAIUH

pELICHHS OTACIBHBIX
npodeccHoHaNBHBIX 33/1a4 01
PYKOBOJICTBOM CHELUAJIICTa

OoJiee BBICOKOI KBaU(UKALIUH

PCILICHHS OTACIBHBIX 33124
npodeccroHabHOI chepbl

JACATCIBbHOCTHU

MporpaMMHOE OOeCTIeYeHNE
UL TIOMCKa HEOoOXOIMMOit
HAayYHO-TEXHHYECKON
uHopMaLUK, MPOBEICHUS
pacueTos, 00paboTku
OKCIICPUMEHTAJIbHBIX
JaHHBIX, IIOATOTOBKH
Hay4YHbIX NyOJMKauui U
JIOKJIaJIOB

Kon u ¢opmymupoBka komnerennuu OIIK-4 CrnocobeH miaHHpoBaTh pabOTBl XMMHYECKOW HAIIPaBIEHHOCTH, 00pabaThiBaTh M HHTEPIPETUPOBATH IOJIYYEHHBIE pE3yIbTaThl C
HCIIOJIb30BaHUEM TEOPETHUECKHX 3HAHMWH M MPAKTUYECKUX HABBIKOB PEIICHHS MAaTEMATHUCCKUX U (PU3NYECKHX 3a1a4

Koa 1 HamMeHOBaHHe

Pe3yabTaTsl 00yyeHus no

Kpurepuu orieHHBaHMS pe3yIbTaTOB 00yUCHNUS

HHAMKATOPA 10CTHKEHUS AUCHHUTIIUHE 2
KOMIIEeTeHIUH («HeymoBneTBoputen 3 («Y IOBIETBOPUTEIHHO) 4 («Xopotoy) 5 («OTIIaHOY)
BHOY)
OIIK-4.1. Hcnone3yer | 3HaTh: OCHOBHbIE 3aTpyaHsercs B Nwmeer npencrasienHue o Nmeer npencrasienue o HNmeer YETKOE, LIEJIOCTHOE
6a3oBble 3HAHUSA B 00JACTH | TEOPETHUYECKHE MOJIOKEHUS | ONpEeAeTIeHUN COJIEPKAHNUHU OTAETBHBIX COJICPKAHUU OCHOBHBIX IpeCTaBICHNE 00 00Immx
MaTreMaTUKH W (PU3KMKU TIPU | CMEXHBIX C XMMHUEH 0a30BbIX MOHATHI U pa3esioB CMEXKHBIX C XUMHUEH pa3aesoB CMEXHBIX C 3aKOHOMEPHOCTAX CMEXHBIX C
TUTAHUPOBAHUI paboT | ecTeCTBEHHOHAYYHBIX (bopMyIHpoBKe €CTECTBEHHOHAYYHBIX XUMUEH XUMUEH €CTECTBEHHOHAYYHBIX
XUMHUYECKON JMCUMILIAH OCHOBHBIX 3aKOHOB JUCHHUIUIMH, HO JIOTTyCKaeT €CTECTBEHHOHAYYHBIX JUCHMIUIMH ®  cmocofax — uX
HaIpaBIEHHOCTH CMEKHBIX C XUMHUEH HETOYHOCTHU B (pOPMYJIUPOBKAX | AMCLUIUINH, 3HACT UCIIONIb30BaHMsL NPH  PelIeHUU

€CTeCTBCHHOHAYIHBIX TEPMUHOJIOTHIO, OCHOBHEIC | MPO(ECCHOHANBHBIX  3adad B
JTUCTIUTUTAH 3aKOHBI ¥ [IOHUMAET obmacTu XUMHA "
CYITHOCTH 00X MaTepHaIOBEICHHS
3aKOHOMEPHOCTEH 3TUX
obOnacTel 3HaHHS
3HaTh: MaTeMaTUYeCKUIl He moxer npusectu Nmeer npencrasieHue o Hmeer npeacrasieHue o HNmeer YETKOE, LIEJI0CTHOE

amnmapar, HeoOXO MBI
JUTSL PEUICHUS
po¢eCCHOHATIBHBIX 3a7a4
B 00J1aCTH XUMHHU 1
MaTepHAIOBEICHHS

TIPUMEPEI
HCIIOJIB30BAHUS
MaTeMaTH4YECKOro
ammapara mpu
peleHnn 3a1a4 B
00J1aCTH XUMHUH U

croco0ax MCIIOIb30BaHUs
MaTeMaTHYeCKOro allapaTa
MIPY PEIIeHUH 3a/1a9 B 00IaCTH
XMMHUH U MaTePHAIOBEICHUS,
HO JIONTYCKaeT HETOYHOCTH B
(hopMyIHpOBKaxX

c11oco0ax MCIoJIb30BaHUs
MaTEMaATHUYCCKOI'O
amnmapara npy perieHu:
3a1a4 B 00JIaCTH XUMHH U
MaTepUaIOBECHHS

MPEICTaBICHHE 0 criocobax
HUCIIOJIB30BAHUI MATCMATHUYCCKOI'O
anmnapara IIpA pelIeHud 3aj1ad B
obmacTtu XUMHAH u
MaTepPHAIOBEACHUS




MaTepUuaIOBCACHUA

YMeTs: pematb TUIIOBbIE He ymeer YMeeT pemiaTh TUTIOBbIE 337a4l | YMEET peniaTh YwmeeT pemats 3a1a4u

y4eOHbIe 3a1a4X IO 13 6a30BBIX KypCOB KOMOWHHPOBAHHBIC 33124 | MOBBIIICHHOH CIOXHOCTH U3
OCHOBHBIM pa3zziesiaMm €CTECTBEHHOHAYTHBIX 13 6a30BBIX KypCOB 0a30BbIX KypCOB

MaTEeMAaTHKHU JICTIATUTAH €CTECTBEHHOHAYTHBIX €CTeCTBCHHOHAYYHBIX JTUCITATIINH
€CTEeCTBEHHOHAYYHBIX JIUCUUTUINH

JUCIUTUTAH

Bragets: HaBbIKaMu He Bnaneer Brnageet naBbikamu Brnageer HaBbikaMu Bnaneet HaBbIKaMU KPUTHUECKOTO

paboThl ¢ y4eOHOi
JIUTEPaTypOl, OCHOBHOU
TEPMHUHOJIOTHEH 1
TIOHATHHHBIM anIapaToM
0a30BBIX MaTEMaTHYECKUX
W €CTECTBCHHOHAYYHBIX
JACUUTUTHH

BOCIIPOM3BE/IEHHUS] OCBOCHHOTO
y4e0HOT0 MaTepuaa, B IeJIoM
BJIaJ€eT OCHOBHOM
TEPMUHOJIOTHEN U TOHATUNHBIM
ammapaTtoM 0a30BBIX
MaTEeMaTHYCCKUX B
€CTECTBEHHOHAYYHBIX
JTUCHMITIAH

CaMOCTOSITEIILHOTO
N3Y4YEHUS OTJEIBHBIX
pasiesioB y4eOHOM
JUTEpaTypHl, BIageeT
OCHOBHOI TEPMHUHOJIOTUEMN
Y TIOHATHHHBIM allapaToM
0a30BBIX MaTEMaTHYECKUX
W €CTECTBEHHOHAYYHBIX
JICIIUIIIAH

aHanmu3a y4eOHo! uHpOopMAaIlHH,
YpOBEHb BIaICHUS
TEPMUHOJIOTUEN U TOHATUHHBIM
anmnapaToMm Mo3BOJsIET
(hopMyIHpPOBATH BEIBOJKI U
Y4acTBOBAaTh B AUCKYCCHU IO
y4eOHBIM BOIpOocaM 0a30BBIX
MaTeMaTHYECKHUX U
€CTECTBEHHOHAYYHBIX AUCLUUILINH

OIIK-4.2. Ob6pabaTeiBaeT | 3HATh: MaTEMAaTHICCKUI He moxer npusectu Wwmeer npencrasieHue o Nmeer npencrasieHue o Nwmeer YETKOE, LIEJIOCTHOE
JaHHBIC C WCIOJIB30BAaHUEM | ammapar, HeoOXOJMMBIH TIPUMEpPHI Croco0ax MCIIOIb30BaHUs croco0ax MCIONb30BaHMs | MpEACTaBICHHE O  CHoco0ax
CTaHIApTHBIX CIIOCOOO0B | AJIsI pelIeHHs HCIIOJIb30BaHUS MaTeMaTHUYECKOTo anrmapara MaTeMaTHYECKOTO UCIIOJIB30BAaHUSI MaTeMaTHYeCKOro
anMpoKCHMAIlMM YHCJICHHBIX | MPO(eCCHOHATBHBIX 33Ja4 | MaTeMaTHYeCKOTOo NP pEeLICHUH 33/1a4 B 00J1acTH | anmapara IpH pelieHun anmapara IpH pelleHHH 3aaad B
XapaKTepUCTHK B 00JIaCTH XUMHUH U ammapara npu XMMUHU U MaTepHAJIOBEICHN, 3a7a4 B 00J1aCTH XUMUH M | o0nacTu XUMHU u
MaTepHaloBeICHUS pelIeHn! 3aa4 B HO JIONyCKaeT HETOYHOCTH B MaTepHaIoBEICHUS MaTepHaJIOBEACHUS
00J1acTH XUMUH U (hopmymrpoBKax
MaTepHaJIOBEACHUS
OIIK-4.3. UntepnpeTtupyeT | YMeTh: pemiaTh THIIOBBIC He ymeer YMeer peliaTh TUIIOBBIE 331a4l | YMEET pellaTh YMeer pewats 3a1a4u
pe3yJIbTaThI XMUMHUYECKHX | yueOHBIC 3aJauH 10 13 0a30BBIX KypCOB KOMOMHHMPOBAHHbIE 33/1a4H | MOBBIMIEHHON CI0XKHOCTH U3
HaOJIIoOAeHNH C | OCHOBHBIM pa3jienam €CTEeCTBEHHOHAYYHBIX 13 0a30BBIX KYypCOB 0a30BBIX KypcOB
UCIIOIb30BaHHEM MaTeMaTuKi 1 JVCLUTIIIMH €CTEeCTBEHHOHAYYHBIX €CTECTBEHHOHAYYHBIX JTUCIUIUINH
(u3MUEeCKUX ~ 3aKOHOB W | €CTECTBEHHOHAYYHBIX JCLUTIIIMH
Npe/ICTaBICHUH JVCIUILUIAH
Bnaners: HaBbIKaMu He Bnaneer Bnaneer HaBbIKaMU Brnaneer HaBbIKaMu Brnaneer HaBBIKaMH KPUTHYECKOTO

paboTel ¢ yueOHOU
JINTEpaTypoi, OCHOBHOU
TEPMHHOJIOTUEN U
TIOHATHIHBIM ammapaToM
0a30BBIX MATEMAaTHIECKIX
U €CTECTBEHHOHAYYHBIX
JUCLUILTAH

BOCIIPOU3BEIEHUS] OCBOEHHOTO
y4eOHOTO MaTepuaa, B IeJIOM
BJIaJIE€T OCHOBHOM
TEPMUHOJIOTHEN U TOHATUHHBIM
arnmaparom 0a30BBIX
MAaTEMAaTHUYCCKUX U
€CTECTBEHHOHAYYHBIX
JICTIATUTAH

CaMOCTOSATEIIFHOTO
H3YUYEHHS OTJICBHBIX
pasnenoB yueOHOH
JUTEPaTypHl, BIaJeeT
OCHOBHOI TEPMHUHOJIOTUEH
U TIOHSTHHHBIM anmapaToM
0a30BBIX MaTeMaTHUECKUX
U €CTECTBEHHOHAYUHBIX
JUCLUIUIMH

aHanM3a yueOHoW MH(pOpMaLUH,
YPOBEHbB BIIJICHUS
TEPMUHOJIOTUEN U TOHATUHHBIM
anmapaToM MO3BOJISET
(hopMynHpOBaTh BHIBOABI U
YYaCTBOBATh B JUCKYCCHH I1O
Y4eOHBIM BOIPOCcaM 0a30BbIX
MaTEeMaTUYECKUX U
€CTECTBCHHOHAYYHBIX JTUCIUILINH




4.2. TunoBble KOHTPOJIbHbIE 32IaHUS UM HHbIE MaTePHUAJIbl, HeOOX0AUMBbIE [IJIsl OLlEeHUBAHUS
pe3yJabTaToB 00y4eHHs MO IMCHHUILIHHE, COOTHECEHHBIX C YCTAHOBJIEHHBIMHU B 00pa30BaTeIbHOI
nporpaMMe HHIHMKATOPAMU JOCTHKEHHUsI KomMneTeHnuii. MeToanueckue MaTepuasbl,
onpeaeJsONMe NPoueAyPbl OlleHMBAHUSA Pe3yJbTATOB 00yUeHUsI M0 TUCIHUIJIMHE.

Koa n HanMeHOBaHHe HHAUKATOPA
JOCTHKEHHsI KOMIIeTEeHIHH

Pe3yabTaThl 00y4eHHs 110 AUCUMILIMHE

OueHoYHbBIE CPeICTBA

OIIK-1.1. CucremaTH3upyeT U aHAIN3APYET
Pe3yIbTaThl XUMHUYECKUX SKCIIEPUMEHTOB,
HaOJIOIeHUH, U3MEPEHHH, a TaKXKe
pe3ysbTaThl PAcYeTOB CBOWCTB BEIIECTB U
MarepuaaoB

3HAaTh: TEOPETHUECKIE OCHOBHI 0a30BBIX
XUMHUYECKUX JUCIUIIHH

YMeTs: penats THIOBBIC YUCOHBIE 3aaUH IO
OCHOBHBIM (0a30BbIM) XUMUYECKIM
JCLUILTHHAM

Brnaners: HaBbIKaM# pabOTHI ¢ y4eOHOM
JIUTEPATypOH 110 OCHOBHBIM XMMHUYECKHM
JUICHUITHHAM

YCTHBIH OIIpOC
nabopaTopHbIE PabOTHI;
KOHTPOJIbHEIC PabOTHI;
Pa3HOYpPOBHEBBIE
3ajauuy,
pedepar; TecTs

OIIK-1.2. Tlpennaraet HHTEpIPETALIHIO
Pe3yIbTaTOB COOCTBEHHBIX 3KCIIEPHUMEHTOB U
pacYeTHO-TEOPETHIECKHUX paboT ¢
HCIIOJIE30BaHIEM TEOPETHIECKUX OCHOB
TPaIUIIMOHHBIX M HOBBIX Pa3/IeIOB XUMHIH

YMeTh: BBIOTHATH CTAHIAPTHBIC ICHCTBUS
(xmaccuduKanys BEIECTB, COCTABICHUE CXEM
MIPOIIECCOB, CUCTEMATH3aNNs JaHHBIX U T.II.) C
Y9eTOM OCHOBHBIX IIOHSATHH M OOIITIX
3aKOHOMEPHOCTEH, POpMyITHpyeMBIX B paMKax
0a30BbIX XMMUYECKUX JUCIMIIINH

OIIK-1.3. ®opmynupyeT 3aKII0OUEHUs U
BBIBOJIBI 110 PE3YJIbTaTaM aHAIH3a
JUTEPaTypPHBIX AaHHBIX, COOCTBEHHBIX
SKCIEPUMEHTANbHBIX U PaCYETHO-
TEOPETHYECKUX PAOOT XUMHYECKOI
HaNpaBIEHHOCTH

YMeTb: BBINOJHATD CTAaHAAPTHEIC IEHCTBUS
(xnaccu(UKaLKs BEIIECCTB, COCTABICHUE CXEM
NPOLIECCOB, CUCTEMATH3AIMS TAHHBIX U T.IL.) C
Y4Y€TOM OCHOBHBIX MOHATHH U O6I_HI/IX
3aKOHOMEPHOCTEH, POPMYIMPYEMBIX B paMKax
0a30BBIX XMMUYECKUX JUCHUIIIINH

OIIK-3.1. [IpuMeHsieT TeOpeTHYECKHE U
MOJYSMIUPHYECKUE MOJIEIH MTPU PEILICHUN
3a]ja4 XMMUYECKOM HapaBlIeHHOCTH

3HaTh: OCHOBHBIE IPUEMBI PAOOTHI CO
CIICHUAJIU3UPOBAHHBIM ITPOTPAaMMHBIM
oOecrieyeHreM MpH NPOBEICHUU
TEOPETUYECKUX PacUYeToOB U 00padoTKe
9KCIIEPHMEHTAIIBHBIX TAaHHBIX

YMeTb: IPUMEHSTh CHIeHUATN3UPOBAHHOS
HpOrpaMMHOE oOecriedeHHe PU MPOBEACHUI
TEOPETUYECKUX PacUYeTOB U 00padoTKe
9KCIIEPHMEHTAIIBHBIX JAHHBIX

YCTHBIH OIIPOC
nabopaTopHbIe PabOTHI;
KOHTDOJIbHbIE PaOOTBI;
Pa3HOYPOBHEBBIC
3a1a4n,
pedepar; TecTs

OIIK-3.2. cnonb3yeTt cTaHAapTHOE
MpOTpaMMHOE 00eCIIeYeHNE IPH PEeIICHUH
3a/1a4 XUMUYECKON HalpaBIEHHOCTH

3HaTh: OCHOBHBIE PUEMBI pabOTHI CO
CHeUaIM3UPOBAHHBIM ITPOTPAMMHBIM
obecrieyeHreM MpH MPOBEICHUU
TEOPETUUECKUX PACUETOB U 00padoTKe
9KCTIEPUMEHTAJIbHBIX TAHHBIX

Braners: HaBbIKaMU IPUMEHEHUS
CHeLUaIM3UPOBAHHOTO IPOTPAMMHOTO
obecrieueHns 1 6a3 JaHHBIX NP PELICHUH
3a7a4 Ipo(ecCHOHATEHON Ceph
JeATEeIbHOCTH

OIIK-4.1. Ucmoms3yeT 6a30BEIC 3HAHUS B
00acTi MaTeMaTHKU U (GU3UKH TIpU
IUTAaHWPOBAHUH PA0OT XMMHUUECKOMN
HarpaBJIeHHOCTH

3HaTh: OCHOBHBIE TEOPETHIECKUE MTOJI0KEHHS
CMEXHBIX C XUMHEH eCTeCTBEHHOHAYYHBIX
JVCIUTIIIMH

3HaTh: MaTeMaTUYECKH anmnapar,
HEOOXOIUMBIH TSI PeIICHUS
podecCHOHaNbHBIX 33124 B 00J1aCTH XUMHHU U
MaTepHaJIOBEICHUS

YMeTh: pemaTh THIIOBBIE y4eOHBIE 3a/1a4H 11O
OCHOBHBIM pa3ziejiaM MaTeMaTHKU U
€CTECTBEHHOHAYYHBIX AUCIUILINH

Bnanets: HaBbIKaMU pabOTHI ¢ y4eOHOI
JIUTEPaTypol, OCHOBHOW TEPMUHOJIOTUEN U
MOHATHHHBIM armapaToMm 0a30BBIX
MaTEMaTHYECKUX U €CTECTBEHHOHAYUYHBIX
JICLUIIIMH

YCTHBIH OIpOC
nabopaTopHbIe PabOTHI;
KOHTpOJIbHbIE PaOOTBI;
Pa3sHOYPOBHEBBIE
3a1auy,
pedepat; TecTs

OIIK-4.2. O6pabatbiBaeT JaHHBIC C
HCIIOJIb30BaHUEM CTaHIAPTHBIX CIIOCO00B
ANMPOKCHMAIHH YHCICHHBIX XapaKTEPUCTHK

3HaTh: MaTeMaTUYECKUI anmnapar,
HEOOXOTUMBIN JIS PEeIISHUS
npodeccnoHabHBIX 33729 B 00J1aCTH XUMUH U
MaTepHaIOBeICHHUS
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OIIK-4.3. NnTepnperupyeT pe3yabTaThl YMeTh: penath THIIOBBIC YYSOHBIC 33/1a9H 110
XUMHYCCKUX HAOJIOJICHUI C UCIIOJIb30BAHUEM | OCHOBHBIM pa3zeiiaM MAaTEeMAaTUKHU U
(hU3MYECKUX 3aKOHOB U MPEICTABICHUM €CTECTBEHHOHAYUHBIX JUCLUILTUH

BnaneTs: HaBbIKaM# pabOTHI ¢ Y4eOHOM
JUTEpaTypol, OCHOBHOM TEPMUHONOTHEN U
MOHATHHHBIM amIapaToM 0a30BBIX
MaTEeMaTHYECKUX U €CTECTBEHHOHAYIHBIX
JUCIUIIIAH

Buowvl camocmoamenvnoi padomer:

- U3y4Y€HHUE OCHOBHOM U JIOMOJIHUTEIBHOM JIUTEPATYPHI B IEJISIX CAMOIMOATOTOBKY;

- KOHCIIEKTUPOBAHHUE MaTepUaIoB HAYYHOU U yueOHOM JUTEepaTyphl M0 YKa3aHHUIO MPEeroiaBaTes;
- pellIeHnE TECTOB 110 3a/1aHUIO0 MIPENOJaBaTes;

- IOATOTOBKA K 3aHATHSM, IPOBOJUMBIM B HUHTEPAKTUBHON (opMme;

- HamKcaHue pedepaTa Mo 3aJaHHIO MPETI0AaBaATES.

Dopmul meKyuiezco KOHmpOo.

- MpOBEpKa J1abopaTOPHBIX padboT

- YCTHBIN OIMPOC Ha JIA0OPATOPHBIX 3aHATHUSIX
-pellieHre TUTIOBBIX 3a/1a4

Dopma pybderxcHo20 KOHMPONA — MECMUPOBAHUE, NUCbMEHHAA KOHMPOIbHAA padoma.

d)Oprl npomeafcymouuoﬁ ammecmauuu no umozam 0ceoeHun 0uCl(unJlqul — IK3AMEH.

N

o s

© oo

11.
12.

13.
14.
15.
16.
17.

18.
19.
20.
21.

22.

BOI[pOCbI K 3K3aMEHY

[IpenMeT KBaHTOBON MEXaHMKH MOJIEKYJIAPHBIX CUCTEM U KBAHTOBOW XUMUHU.

OCHOBHBIE 3Tanbl pa3BUTHSI KBAHTOBOUW TEOPUH.

['maBHBIC TEHICHINY B Pa3BUTHH KBAHTOBOW XMMHH KaK OCHOBHOTO TEOPETHYECKOTO (hyHIaMEHTa
COBPEMEHHOM XUMHUUYECKON HAYKH.

Maremarnueckuil annapar KBaHTOBOM MEXAHUKHU.

OpMUTOBBI ONEpPaTOpbl, UX COOCTBEHHbIE (YHKIIMM M COOCTBEHHBIE 3HAUECHUS. BbIpoxaeHue.
MarpudHO€ npeICTaBIEHNUE ONIEPATOPOB.

Pasnoxkxenne 1O CcOOCTBEHHBIM (YHKIUSM DJpMUTOBa omeparopa. KommyranmoHHbIE
COOTHOIIICHUS.

CooTHoltieHus HeornpeaeneHHocTeld. @U3NUECKUil CMBICT U MPOCTEHIITNE OLICHKH Ha UX OCHOBE.
OcHOBHBIE TIOCTYJIaThl KBAHTOBON MEXaHUKH.

KBaHTOBBIE COCTOSIHUS U BOTHOBBIC (DYHKITMU; OCHOBHBIE CBOMCTBA BOJTHOBBIX (DYHKIIUH.

. Oneparopbl  (uU3NUECKUX BEIMYMH (HAOMIOJAEMbIX); CpEJHUE 3HA4YeHHs] U JUCIEpPCUU

HaOJII0/1aeMBbIX.

[110THOCTH BEPOSITHOCTH pacHpeesIeHNs YacTUIl B TPOCTPAHCTBE.

Omneparopbl KOOpAMHAT, WMITYJIBCOB, MOMEHTOB HMIIYJIbCA, KMHETHUYECKOM M IOTEHLMAIBHON
sHeprun. Oneparop ['ammibToHa (raMUJIBTOHUAH).

Oomronus coctostHui 1 ypaBHenue [Ipenunrepa. Craunonapraoe ypasaenue lllpeaunrepa.
JIMCKpETHBIN U HENPEPBIBHBIN CIEKTPBL. Y PABHEHNE HETIPEPBIBHOCTH.

[Tpocreimme npuMepsl MPUMEHEHHS] KBAHTOBOM MEXAaHUKH.

OpnHoMepHbIE 3a]auu: CIEKTP, KaueCTBEHHbIE 0COOEHHOCTH BOJHOBBIX (DYHKIIMA.

3amaun 0 MPSIMOYTOJIBLHOM MOTEHIMAIBHOM SIIUKE, MOTEHIMATBHOM Oapbepe U rapMOHUYECKOM
OCIIMJLIATODPE.

Teopuss MomeHTa umnyiabca. OCHOBHBIE CIEACTBUS KOMMYTAIIMOHHBIX COOTHOLIEHMH MJIs
KOMIIOHEHT MOMEHTa UMITYJIbCa.

ITpaBuiia cii0k€HHsI MOMEHTOB NMITyJIbca. JKECTKHI poTaTop.

3amaua 06 arome Bogopoaa. Pa3aenenne nepeMeHHbIX.

Bonopono-nonoOueie opburtanu, rpaduyeckoe MpeACTaBICHUE HX pPAaJUaTbHBIX M YTJIOBBIX
yacTen.

BrIpoxeHne 0THOJIEKTPOHHBIX COCTOSIHUM KaK CJIEICTBUE CUMMETPUU LIEHTPAIBHOIO MOJIS.
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61.

[TpuOnkeHHbIE METO/IBI PEIICHHSI KBAaHTOBO-MEXaHUYECKUX 3a/1ad.

Teopust BO3MYILIEHU JIJIs1 CTAIIMOHAPHBIX COCTOSIHUN B OTCYTCTBUE U MPU HATUYUU BBIPOXKICHHUS.
BapuanyoHHbIl NPUHIIMIT KBAHTOBOM MEXaHUKHU M BapUallMOHHBIN MeToA. Metoa Putna.
Monekyina B MOCTOSTHHBIX 3JIEKTPUYECKOM U MarHUTHOM TOJISIX.

JIMnoNbHBIN 31EKTPUUECKUN 1 MATHUTHBI MOMEHTBI CUCTEMBI YAaCTHLL.

CHsTHE BBIPOXKJICHUS TOJ] BJIMSHHUEM TMOCTOSHHOTO 3JIEKTPUYECKOTO HJIM MAarHUTHOTO TMOJIs
(@ddexTsl LlTapka u 3eemana.)

CnuH 37eMEHTapHbIX YacTHUI] U CBSI3AHHBIM C HUM MAarHUTHBIA MOMEHT. OmnepaTtopsl CIUHA U
KOMMYTallMOHHbIE COOTHOLIEHHS. CIIMH-OpOUTANIbHOE B3aUMOICUCTBUE U €T0 MPOSIBICHHUS.
VYpasnenue Ipeaunrepa ajist aTOMOB U MOJIEKYI.

Pa3nenenue 371€KTPOHHOTO U SIEPHOTO JABIKEHUH. AnabaTrueckoe NpuodInKeHHe.
DJEKTPOHHOE BOJIHOBOE YpaBHEHUE. DIIEKTPOHHASI IJIOTHOCTh U €€ U3MEHEHUS MPU NEPEX0]e OT
pa3JiesieHHBIX aTOMOB K MOJIEKYJIE.

[Toctpoernne NPUONMKEHHBIX PEUICHUH SJIEKTPOHHOTO BOJHOBOTO YPaBHEHUS HAa OCHOBE
BapHallMOHHOTO NMpuHIHMIA. OJHOIIEKTPOHHOE MPUOIIKEHHUE.

OrpaHnvyeHHbI 1 HEOTpaHUYEHHBIN MeToabl XapTpu-doka (camocorimacoBannoro nosi, CCII).
Herepmunant Ciatepa.

[ToHsITHE O 3aKPBITHIX U OTKPBITHIX 000JI0YKaX. Y paBHEHUS, ONPEACIISIONIUE OPOUTAITH.
OpOuTanbHble SHEPTUU U UX CBA3b C IOJIHOM AieKTpoHHOU sHepruell. Teopema Kymmanca u
(OTO2TIEKTPOHHBIE CTIEKTPHI.

[Ipenensl npuMeHUMOCTH MeToAa XapTpu-Doka.
DJNEKTPOHHOE CTPOEHUE aTOMOB. DJIEKTPOHHbIE KOHPUTYpallUU U TEPMbI AaTOMOB.
Cnoxenue MOMEHTOB 117151 aToMoB. [IpaBunia XyHna.

DNEeKTPOHHOE CTPOEHUE aTOMOB U Iepuoanydeckas cuctema siemerTos .M. Menneneena.
[IpencraBinenue MonekynspHbix opbutaneit (MO) B Buae TuHEHHONW KOMOMHALIMKM aTOMHBIX
opoutaneit (JIKAO).

Haubonee pacrnpoctpaHeHHbIE TUIIBI 0a3UCOB aTOMHBIX OpOUTalieli: OpOUTaIH CIEUTEPOBCKOTO U
rayccoBa TuIa. MUHUMabHBIE M BaJICHTHO-PACHICTIIICHHBIE Oa3uCHbIE HAOOPHI.

[Monapuzauuonnsie u nudpdysusie pynkuuu. Merog CCIT MO JIKAO.

ONEeKTpOHHbIE, KojeOaTelbHbIE M  BpallaTeibHble COCTOSIHUS  Mojekyld. IloBepXHOCTh
noteHuuanbHo sHeprun (I1119).

Ponb npencrasnenuii o I1113 B coBpeMeHHOM CTPYKTYpHOIH TEOPUH XUMUH.

PaBHOBecHas koHpurypamus u koupopmaruu monekyn. Craruonapsasie Touku [1I19, nx ananus.
[Tpocreitmue npumeps [1I19.

JByxaroMHast Mmonekyina. ONTUMU3ALMS T€OMETPUUECKUX XapaKTEPUCTUK MOJIEKYIIbI.

[I12 u xumMuyeckas peaxiys, KOOpAUHATA PEaKIIHH.

KoppenupoBaHHOE IBMKEHHUE 3JIEKTPOHOB. YUET SHEPTUU JIEKTPOHHOU KOPPEIIALIIH.

[TonsiTue 0 MeToie KOH(UTYPAITMOHHOTO B3aUMO/IEHCTBUS.

OCHOBHBIE IOHATHUSI METO/1a TEOPUH BO3MYILIEHH, Teopust Memnepa-Ilnecce.

CpaBHHTENIbHAST XapaKTEPUCTUKA METOJOB KOH(MUTYpallMOHHOTO B3aMMOJICHCTBUS U TEOPUH
BO3MYIIEHUMN.

[Tonyamnupuyeckue METOJbl KBAaHTOBOM XMMHHU. MeETOAbl, HCHOJIb3YIOIIHE  HYJIEBOE
muddepeHIanTbHOe MepeKphIBaHUE.

Bo3MOXXHOCTH ¥ OTpaHUYEHUSI TPUMEHEHUS MTOTYIMIUPUIECKUX METO/I0B KBAHTOBOM XUMHH.
Y4er cuMMeTpuH AIepHON KOHPUTYpALIUU TTPU PACCMOTPEHUHU DJIEKTPOHHON 3aJauH.

DJIEMEHTHI U OTIepalliid CHMMETPUHU. TouedHbIe TPYIIIBI CHMMETPHH.

Hawubonee pacnipocrpanennsie nmporpammusie komruiekesl (AMPAC, MOPAC, GAMESS).

[ToaroroBka ncxoanoro (aitna. KimrodeBsie ci10Ba Kak Croco0 yrpaBieHUS pPacueToOM.
CocraBnenue Z-matpuilbl. basucHeie atombl. OmnpeneneHre HaYalbHOTO TPUOIKEHUS
F€OMETPUUECKUX TapaMeTPOB MOJIEKYIIbI.

Y4yer cuMMeTpUM TNpH 33JaHUM HavajgbHOro mnpubmmxenus. Z-marpuna ctwis MOPAC u

GAUSSIAN.

OCHOBHbIE pe3yJIbTaThl KBAHTOBOXMMUYECKUX pacueToB. Buzyanuzanus pe3ynbTaToB pacyeTa.
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CtpykTypa »53K3aMEHAIMOHHOTO Owiera. OK3aMEHAallMOHHBIM OWJIET COCTOMT W3 JBYX
TCOPCTUUCCKHUX BOIIPOCOB U U3 OI[HOﬁ 3aaa4y, BKJIIIOUCHHBIX B IPOrpaMmMy IUCHHUILJIMHBI. Ka>1<m>1171
BOIPOC U 3amada oreHuBaercs 10-t0 Oamramu. Takum 00pa3oM, MakCUMaIbHBIN 0all, KOTOPBIA MOXKHO
NOJYYHUTh Ha 3K3aMeHe, cocTtapiseT 30 6amioB. bamibl, nonyueHHbIE IPH caue 3K3aMeHa, CYMMUPYIOTCS
¢ OayutaMu, IOJTy4YEeHHBIMU B XOJIE CEMECTpa.

O0pas3elr PK3aMEHAIIMOHHOTO OMIeTa

MHWHOBPHAYKH POCCHUU

®denepalibHOE TOCYIapCTBEHHOE OI0KETHOE 00pa30BaTeNbHOE YUPEKIEHUE BBICIIETO 00Pa30BaHUs
«BAIIKUPCKHUM TOCYJAPCTBEHHBIM YHUBEPCUTET»
XuUMH4eCKul (haKyabTeT

Hanpasnenue 04.03.01 «®yHaaMmeHTanbHasg U OPUKIIATHAS] XUMUSD)

I[I/ICHI/IHJ'II/IHa KBaHTOBas MEXaHHKA M KBAaHTOBAS] XUMUSI

3K3AMEHAIIMOHHBIN BUJIET Ne 1

1. IlpenMer KBaHTOBOI MEXaHUKU MOJIEKYJISIPHBIX CUCTEM U KBAaHTOBOI XUMUHU.
2. CnuH 3JIeMEHTapHbIX YacTUI[ M CBA3aHHBIH C HUM MarHUTHbIM MOMeHT. OmnepaTopsl CIUHA U
KOMMYTallMOHHbIE COOTHOLIEHUS. CIIMH-OpOUTANIbHOE B3aUMOIEUCTBUE U €T0 MPOSIBICHHUS.

. . ~_d
3. HaiiTi 5pMHUTOBO-CONPSHKEHHBIN omepaTop AJist onepatopa nuddepennupopanus D= X
X

3aB. kadenpoii pusnueckon XuMuu
U xuMuueckou akonoruu baml'y, npod. A.I'. Mycrapun

2019-2020 yu. r. Kadenpa ®X u X3

Kpurepun ouenkn (B 6aj1ax):

- 25-30 6a/110B BBICTABIISETCS CTYJCHTY, €CIIU CTYJCHT Jaj MOJHbIE, Pa3BEpHYThIE OTBETHI HA BCE
TEOPETUYECKHE BOMPOCHl OWJIeTa, MNPOJAEMOHCTPUPOBAT 3HAHHME (YHKIIMOHAIBHBIX BO3MOXKHOCTEM,
TEPMUHOJIOTHH, OCHOBHBIX JIEMEHTOB, YMEHHE NPUMEHSTh TEOPETHUUECKUE 3HAHUS MpPU BBHINOJHEHUHU
npakTHueckux 3agaHui. CTyneHT Oe3 3aTpyJHEHUl OTBETHJI Ha BCE JIONOJHUTENBHBIE BOIPOCHI.
[TpakTudeckas 4acTh pabOTHI BHIIIOJHEHA MOJHOCTHIO 0€3 HETOYHOCTEN U OIIHOO0K;

- 17-24 6anaoB BBICTABISIETCS CTYIEHTY, €CIIM CTYIEHT PAacKpbll B OCHOBHOM TEOPETHUYECKHE
BOIMPOCHI, OJHAKO JOMYyIIEHbl HETOYHOCTH B OMNpEJEeNCHHMM OCHOBHBIX NOHATHH. Ilpm oTBere Ha
JIOTIOJTHUTEIIFHBIE BOIIPOCHI OMYIIEHB! HEOOIIbIIIEe HETOUHOCTH. [IpH BHIMOTHEHUN MTPAKTHYECKON YacTH
paboThI JOMYIIEHB! HECYILIECTBEHHBIE OLTMOKH;

- 10-16 GanioB BBICTABISIETCS] CTYJCHTY, €CITH MIPH OTBETE HA TEOPETUUYECKHUE BOMPOCHI CTYIEHTOM
JIOMYILIEHO HECKOJIBKO CYIIECTBEHHBIX OLIMOOK B TOJIKOBAaHUM OCHOBHBIX MOHATHUH. JIoruka M MOJHOTa
OTBETa CTPaJalOT 3aMETHBIMH W3bSHAMH. 3aMETHBI MpoOeNbl B 3HAHUU OCHOBHBIX METOJIOB.
Teopernueckue BONPOCH B IIEIOM HM3J0XKEHBI JOCTaTOYHO, HO C TMpoIyckamMH Marepuana. Vmerorcs
MPUHILINUIIAATIbHBIE OIIMOKHU B JIOTUKE IMOCTPOEHMSI OTBeTa Ha Borpoc. CTYJIEHT He periui 3aauy WiH Mpu
peLIeHUH AONYIIEeHbI IpyOble OIINOKHY;

- 1-10 6aaJ10B BBICTABISIETCS CTYNICHTY, €CIIM OTBET Ha TEOPETUIECKHUE BOMPOCH CBUETEIHCTBYET
O HEMOHMMAHUM M KpailHe HEINOJIHOM 3HAHWU OCHOBHBIX MOHATUH U MeToaoB. OOHapyKuBaeTcs
OTCYTCTBHE HABBIKOB NMPUMEHEHUS TEOPETUYECKUX 3HAHWU TPU BBITOJHEHHH MPAKTUYCCKUX 3aJaHUM.
CTyneHT He CMOT OTBETHTh HU HA OJIUH JIOTIOJIHUTEIBHBIN BOIIPOC.

IMPOI'PAMMA I'PYIIIIOBBIX 3AHATHIA
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Paznea 1.0CHOBBI KBAHTOBOM MEXAHUKH

OcHOBHBIE TIOCTYNIaThl KBAaHTOBOW MeEXaHWKH. KBaHTOBBIE COCTOSIHHSI M BOJHOBBIC ()YHKIUU;
OCHOBHBIE CBOMCTBa BOJHOBBIX (pyHKIMI. Omnepatopsl GU3HUECKUX BEIHYUH (HAOIIOAEMBIX); CpEIHUE
3HAUEHUS] W JUCTIEepCHUU HaOmonaeMbix. [IOTHOCTE BEpPOSITHOCTH pACHpENelCHHs] YacTUI[ B
IIPOCTPAHCTBE.

MareMaTHUeCKuil anmapar KBaHTOBOW MEXaHWKH. ODPMHTOBBI OIEPAaTOpPbl, WX COOCTBEHHBIC
byHKIIMM U cOOCTBEHHbIE 3HaueHUs. BeipokaeHue. MaTpuuHoe MpeACTaBICHHE ONEPaTOpPOB.
Paznoxxenne no coOCTBEHHBIM (DYHKIIMSAM S)PMUTOBA oniepaTopa. KoMmMmyTanoHHbIE COOTHOLICHUSI.

OnepaTopbl KOOpPAMHAT, MMIYJbCOB, MOMEHTOB HMIIYJIbCA, KUHETHUYECKOW M IMOTECHUUAIbHOU
sHeprun. Oneparop ["'amuiibToHa (raMUIBTOHUAH).

CooTHouleHus HeornpeaeneHHocTed. @U3NYECKUil CMBICT U IPOCTEHIINE OLICHKU Ha UX OCHOBE.

Opomonust coctosinuii U ypaBHenue lllpenunrepa. Cramnmonapuoe ypasuenue Illpenunrepa.
JMCKpEeTHBIN 1 HEMPEPBIBHBINA CIEKTPHI. Y paBHEHUE HENIPEPHIBHOCTH.

[Tpocreiiiive npuMepsl NPUMEHEHUS KBAaHTOBOW MexaHWKH. OJHOMEpHBIE 3ajayu: CIEKTp,
KauyeCTBEHHbIE OCOOCHHOCTH BOJHOBBIX (PYHKIMHA. 3a7aud O MPSMOYTOJbHOM IMOTEHIIMAIBLHOM SIIUKE,
NOTEHIMATILHOM Oapbepe U TApMOHUYECKOM OCLUIUIATOPE.

Teopuss MomeHTa wummyibca. (OCHOBHBIE CIIEICTBUS KOMMYTAllMOHHBIX COOTHOLUEHUN MJIA
KOMIIOHEHT MOMEHTA uMItysbca. [IpaBuia CliokeHUuss MOMEHTOB UMITYJbca. KeCTKHl poTaTop.

3amaua 00 arome Bomopoaa. Pazgenenue mnepemeHHbIX. Bomgopomo-mogoOHbie opOutan,
rpaduvecKkoe TPEACTaBICHUE WX PaJAHaIbHBIX M YIJIOBBIX YacTedl. BBIpOXKAEeHHE OIHO3IEKTPOHHBIX
COCTOSIHMH KaK CJIEICTBUE CUMMETPUU LEHTPAIBHOTO MOJIS.

[TpuOn>keHHbIE METOJbl PELICHUS KBAHTOBO-MEXaHMYECKUX 3ajnad. Teopus BO3MYIIEHMH s
CTAallMOHAPHBIX COCTOSHUM B OTCYTCTBHE W IIPU HAJIUYMUMU BBIPOKJCHHUs. BapHallMOHHBIA NPUHIUIT
KBaHTOBOM MEXAaHHMKU U BapUallMOHHBIA MeToA. Merox Putna.

Mouiekysia B MOCTOSIHHBIX 3JIEKTPUUECKOM M MarHUTHOM MOJSX. J(MIOJIBHBIN 3MEKTPUYECKUN U
MarHUTHBII MOMEHTBHI cucTeMbl dacTull. CHATHE BBIPOXKICHUS TIOJl BIUSHUEM TOCTOSHHOTO
ANEKTpUYECKOro uiu MaruutHoro nous (3¢ dexrts! lltapka u 3eemana.)

CnuH 3JIEMEHTApHBIX YacCTHUIl W CBSI3aHHBIM C HUM MarHUTHBI MOMEHT. Omeparopbl CIHUHA U
KOMMYTallMOHHBIE COOTHOIIEHUS. CIIMH-OpOUTANIbHOE B3aUMO/ICHCTBUE U €T0 MPOSIBICHHUS.

KBaHTOBasi cucrema B IEpPEMEHHOM 3JEKTPOMAarHUTHOM Moje. BpemeHHas Teopus BO3MYILEHUH.
[Tepexobl Mo BIMSHUEM U3Ty4YeHUS U npaBuia otoopa. Koagdunuents! DitHiTeiina.

CucreMbl TOXXJECTBEHHBIX YacTUI: (EpPMHUOHBI U O030HB.. AHTHCUMMETPHUYHOCTH BOJHOBOM
GbyHKIIMM A7 CUCTEMBI 3NIeKTpOHOB. [IpencraBieHre BOTHOBON (DYHKIIUU CHCTEMBI DJIEKTPOHOB B BHJIE
OTIpEeACITUTENS.

Paznea 2.0CHOBHBIE ITIOJIOKEHUS 1 METO/Ibl KBAHTOBOM XUMUH

I. VYpaBuenue Illpenunrepa i aroMoB M MOJEKYJ. Pa3nenieHue 3IEKTPOHHOIO U SAEPHOIO
IBIDKEHUM. Apamabatuueckoe NpHOIMKEHUE. OJIEKTPOHHBIE, Koyie0aTelbHbIE U  BpalllaTeIbHBIC
COCTOAHMSL MOJEKYJ. IIOBEpXHOCTh MOTEHLMANbHON dSHEpruu. Posib IpencTaBlIeHHH O IMOBEPXHOCTU
NOTEHLIMAIbHON SHEPTUU B COBPEMEHHOM CTPYKTYpHOI Teopuu Xxumuu. PaBHOBecHas KoHuUrypaius u
KOH(popMauuu Mojekyild. Manble koneOaHus saep BOMU3M MoJiokeHHMs paBHoBecus. Konebanus ¢
00JBIIMMU aMIUIMTYAaMU. BpalieHue cuctemsl siiep Kak 1eJoro.

ONEKTPOHHOE BOJIHOBOE YpPaBHEHHE. JJIEKTPOHHAs IUIOTHOCTh M €€ U3MEHEHUS IIPU NEPEXO0JEe OT
pa3/IeIeHHBIX aTOMOB K MOJIEKYJIE.

[Toctpoenne mNPUONMKEHHBIX pELIEHWH HJIEKTPOHHOIO BOJHOBOIO YpaBHEHUS Ha OCHOBE
BapHallMOHHOTrO  mpuHuuna. OpHosnekTpoHHoe — mpubmmxenue. Merton Xaptpu - Doka
(camocornacoBannoro nosist, CCII). YpaBuenus, onpeaesstomue opoutanu. OpouTaibHble SHEPTHUH U UX
CBSI3b C MOJIHOM 3nekTpoHHOM 3Heprueil. Teopema Kynmanca u gorosnekTpoHHble crieKTphl. [Ipeaens
npuMeHuMocTtu Meroaa Xaprpu-doka.

[TonsiTrie 0 MeToie KOH(DUTYPAITMOHHOTO B3aUMOAEUCTBUSA. MeTO ] BAJIEGHTHBIX CXEM.

DJEeKTPOHHOE CTPOEHHE AaTOMOB. OIJIEKTPOHHBbIE KOH(MUTYpallud MU TepMbl atomoB. ClokeHue
MOMEHTOB i atomoB. [IpaBuna XyHaa. DneKTpOHHOE CTPOEHHE aTOMOB M IMEpUOJIMYEcKas chUcTeMa
aneMmenToB .M. Meneneena.
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[IpencraBnenne MonekymsipHbIX opobutaneii (MO) B Buae JIWHEHHONW KOMOWHAIIMM aTOMHBIX
opouraneii (JIKAO). Haubonee pacnpocTpaHHEHHBIE THIBI 0a3MCOB aTOMHBIX OpOWTasel: OpOUTaIH
cienTepoBckoro u rayccosa tuna. Meroxg CCIT MO JIKAO.

[IpencraBienne o MeToAax PYHKIIMOHAIA IIEKTPOHHOHN IJIOTHOCTH.

II.Yuer cummeTpun siepHO KOHPUTYpAIIUU P PAaCCMOTPEHUU JISKTPOHHOM 3a/1aud. DIEeMEHThI
U onepauuu cuMMeTpud. TodeuHele rpynnbel cummerpuu. IlpencraBiaeHusT TOYEUHBIX TPYIIIL,
HEIPUBOIUMbIE IPEJICTABICHUS U TaOIUIBI XapaKTEPOB.

Cummerpusi u cBoiictBa Mojekyn. Kiaccuduxamus 3IEKTPOHHBIX COCTOSIHMM MOJIEKYT H
KJIacCU(pUKalUs MOJEKYJISIpHBIX opOuTaneid mo cummeTpud. G- U m-OpOutanu. m-DIEKTPOHHOE
npubimxenne. OpOuTanu CHUMMETPUH U SKBUBAJICHTHBIE OPOUTAIIH.

Casi3pIBaloONINe U Pa3phIXJISIONUE OPOUTATH.

Jlokanu3oBaHHBIE MOJIEKYJISIDHBIE OpOWTanM, HaTypajlbHbIe CBA3BIBAIONIME OpOUTAId U
KJIACCHUYECKHE MPECTABICHUS O XUMUYeCcKoi cBsizu. ['pynmnossie opOutanu. [lepeHocumocTs opbuTaei
¢dparmenToB Mosiekyi. CBsizeBble OpOUTAIH U OPOUTAIM HETIOAEICHHBIX T1ap.

['ubpuauzanus 1 ruOpuaHbIe OpOUTAIHN B 6a3uce aTOMHBIX S-, P- U d-opOuTaei.

III. ITomy>mnupuyeckue METOABI KBAHTOBOW XUMHUH. MeETonbl, HCIONB3YIOIME HYJIEBOE
muddepeHMaibHOe MepekpbiBanue. Pacmmpennsiii meron Xrokkens. Metox XIOKKens JUid -
3JIEKTPOHHBIX CHCTEM. BO3MOXXHOCTM M OTpaHWYEHUS NPUMEHEHUS MOJYyIMIHMPUYECKUX METO/I0B
KBaHTOBOW XHMUHU.

IV. MexmonekynsipHOe B3aUMOJEHCTBUE U €0 ONKMCAHUE B KBAHTOBOM XUMUU. OpUEHTALMOHHAS U
WHIYKIUOHHAs cocTaBisione. JlucrnepcuonHoe B3auMmonencTsue. BaH-nep-BaanbCoBbl KOMIUIEKCHI.
Bonoponnas cs3b.

V. HexxecTkre MOJICKYITBL. DICKTPOHHO-KOoJebaTenpHoe B3anmoeiicteue. Dddexrsl SAna-Temnepa.

VI. CoBpeMeHnHoe mnporpaMmHoe oOecreyeHne KBaHTOBO-XMMHUECKUX pacdyeToB. Haumbonee
pacnpocTtpaHeHHble mporpaMMHublie koMiiekesl (MOPAC, GAUSSIAN wu ap.).

Pasnen 3. IPUKJIAJTHBIE 3AJIAUM KBAHTOBOW XUMHH

I. /Isyxaromusle MojeKynsl. IIpocTeiimme Moiean onucaHusl Ha OCHOBE METOJOB MOJIEKYJIIPHBIX
opOWTanell W BAJICHTHBIX CXEM. AHAINA3 BOJHOBBIX (YHKIHUH MOJEKYISPHOTO HOHA M MOJICKYIIBI
Boznopona. Conocrasnenue pesyiapraTtoB pacuetoB H2+ u H2. Koppensuuonnsie nuarpammsl MO i
JBYXaTOMHBIX MOJEKyJl. PacnpeneneHue 3J€KTPOHHOW IUIOTHOCTH B JIBYXaTOMHBIX MOJIEKYJax,
00pa30BaHHBIX aTOMaMH BTOPOTo nepruoa. [1onsapHOCTh XUMHUECKON CBSA3U U €€ XapaKTePUCTUKU

II. KauecTBEeHHBIN aHAJIN3 TEOMETPUUYECKOTO CTPOCHMSI MAJIBIX MHOTOATOMHBIX MOJIEKYJI Ha OCHOBE
metoga MO. luarpammsl Youmia.

III. KoopaunanuoHHble coequHEeHUs. Teopusi KpUCTaUNIMYECKOro MoJisi. AHajau3 paclieryeHUs
aToMHbIX d- 1 f-ypoBHeil B momsax pasnuunoil cummerpun. [lapamerpsl pacuenienus. CunbHoe U craboe
TI0JIE JIMTAHJI0B. AHAIN3 JJIEKTPOHHBIX CIIEKTPOB U MarHUTHBIX CBOMCTB KOMIUIEKCOB Ha OCHOBE TEOpUU
KPUCTAJZIMYECKOTO MOJIS.

Teopusa nons smrangoB. MHTeprperanus TpaHC- W LUCBIUSHHUS B KOMIUIEKCAX IEPEXOJIHBIX H
HEMepexoIHbIX MeTaJIoB. M30100anbHas aHalorus.

IV. Oprannueckue coenuHeHus. [lpubnukeHus, wucmoib3yeMble TMpU pacueTax U IpU
UHTEPIPETALMH DIIEKTPOHHOIO CTPOEHUs OPraHUYECKUX COCAUHEHUH. bIM30CTh CBOMCTB COCAVHEHUN B
TOMOJIOTMUECKUX pSAAaX U MEPEeHOCHUMOCTh OpOuTanel JIOKaldbHBIX ()parMEHTOB MOJIEKYNd. 3apsibl Ha
aToMax MW Tnopsaaku cBa3ed no Mamnukeny u  JIésnuny. Koppemsamus Mexay mnapameTpamu
T€OMETPUYECKOr0 CTPOCHHS U MOPSAAKaMH CBA3eH. [IpMHIHUIBI MOCTPOCHUS aJANTUBHBIX CXEM pacuera
CBOMCTB MOJIEKYJI B psiJiax.

[Tepenoc 3apsiia npu 00pa30BaHUU XUMUYECKUX coenHeHuil. KoMIekchl ¢ mepeHocoM 3apsija.

ConpspkeHHbIE COEAMHEHHA. ApPOMAaTMYHOCTh M aHTHapoMmaTuuHocTh. IlpaBmiia 4n n 4nt2.
AnbTepHaHTHBIE yrieBoopoabl. [IpaBuio Jlonre-Xurruaca. Metroa cBOOOIHOTO 3JEKTPOHA JJIs aHAJIHM3a
CBOMCTB U ITOBEJCHUS CONPSKECHHBIX COCIUHEHUM.

V. KauecTBeHHass Teopwsi PEAKIIMOHHOW CIOCOOHOCTH OpPTaHWYECKUX COeIWHEeHWH. WHIeKch
PEAaKIIMOHHON CITOCOOHOCTU: MHIEKCHI CBOOOJHOM BaJICHTHOCTH, 3apsbl Ha aTomax, WHAEKCchl Dykyw,
SHEPIMM KaTHOHHOM, aHHOHHOM W PaJUKaIbHON JIOKan3anuu. KoHIenmus »KecTKuX U MATKUX KACIOT U
OCHOBaHUH. ODJEKTPOCTATHUYECKOE II0JIE, CO3/1aBAEMOE MOJIEKYJIOM, M €ro BIMSHUE Ha PEaKLHUOHHYIO
CIOCOOHOCTb.
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KBaHTOBO XMMHMUYECKOE OINHCAHME 3JIEMEHTAPHOIO aKTa XMMHYECKUX peakuui. [lyte peakuuu u
KOOpPJIMHATA PEaKINK Ha MOTeHIMAIbHON moBepXxHOCTU. [lepexonnoe cocrosinue. CUMMETPHS PeareHToB,
MIEPEXOHOTO COCTOSIHUS U MPOAYKTOB PEAKIIMH.

KauecTBeHHBIN aHanW3 BO3MOXKHBIX MEXaHM3MOB XHWMHUYECKUX pEaKIHWii Ha OCHOBE oOmIeit
CTPYKTYpbl THOTeHUUanbHON mnoBepxHocTU. Koppensiuonnslie mnpaBuiia Byasopaa - Xodmana mpu
aQHAJIN3€ BO3MOXKHBIX MEXAaHM3MOB XUMHUYECKMX peakuuil. Teopus rpaHuuyHblx opoOuTaned Pykywu.
[Ipuniun banna - OBanca - IlonsHu. OrpaHuyeHus MOAXOJOB, HMCIONB3YIONIMX MPEACTaBICHUS O
JBIKEHUHU T10 TOTCHIIMAIIbHON MOBEPXHOCTU. POJIb TYHHEIMPOBAHUS B XUMUYECKUX PEAKIUSAX.

NIAH
YcTHOrO onpoca mo Kypey

1. OpMuTOBBI oOmepaTOpbl B KOHEUYHOMEPHBIX HpocTpaHcTBaX. COOCTBEHHbIE BEKTOpPHl U
COOCTBEHHBIC 3HAUEHHSI SPMHUTOBBIX MAaTpHl] 2-T0 U 3-TO HOPSAKOB. OpTOTOHAIBHOCTH COOCTBEHHBIX
BEKTOpOB. PaznoxeHne Npou3BOIbHOIO BEKTOPA [0 COOCTBEHHBIM BEKTOpaM 3pMHUTOBA OIIEpaToOpa.

2. HaxoxaeHue COOCTBEHHBIX 3HAYEHMH M COOCTBEHHBIX (YHKIMH ONEpaTOpOB KBAHTOBOH
MeXaHHUKH, HAIIPEMeEp OTEPaTopoB Px, Px2 , Px° + X°, ONepaTopoB MOMEHTA UMITyIbCa 1 JIp.

3. 3amaun 00 OJHOMEPHBIX W TPEXMEPHBIX TMOTCHIUAIBHBIX SNIMKaX C MPSIMOYrOJIbHBIMH
NOTEHIMAJaMU U CTEHKaMH pa3IMYHOM BBICOTHL. IIpsAMOyronbHble MOTEHIATbHbIE Oapbephl.

4. 3amadya o0 atoMme BoAopoja. Briienenue ueHTpa Macc, mepexoa K chepudecKoll cucreme
KoopauHaT. PopmMa aTOMHBIX OpOUTAJICH.

5. @opmyiibl TEOpUU BO3MYILEHUN Ha IPUMEpE JIMHEWHBIX ONEpaTOpOB (MaTpHIl) B JBYMEPHOM U
TPEXMEPHOM IpocTpaHcTBax. CpaBHEHHE C BapUALMOHHBIM IMTOAXOIOM IIPU HCIIOJIB30BAHUU B KauyeCTBE
0a3nca cOOCTBEHHBIX BEKTOPOB HEBO3MYILIEHHOT'O OTIEpaTopa.

6. D¢ dextr! LlTapka u 3eemana st IPOCTHIX MOJIEIBHBIX CUCTEM.

7. Oneparop ["amuiibTOHa JIJ1s1 aTOMHBIX U MOJIEKYJISIPHBIX CUCTEM (Ha MPOCTHIX IpuMepax: atoM C,
monekynbsl LiH, BeH2 u np.). [loctpoenue 31nekTpoHHON BOTHOBOW (DYHKIIUU B BUAE OMPEICIUTEN.

8. Monekynst H2+ u H2. Ilpocreilmive moaxoabl K IOCTPOCHHUIO BOJHOBBIX (QYHKIHUH U
NOTEHLIUAIbHBIX KPUBBIX.

9. YpaBHenus merona Xaptpu - Poka s mpocTedmx Moekys, Hanpumep LiH.

10. Toueunsle rpynnsl cuMmMeTpun. HenpusonuMele npeacrasBieHns Ha npuMepe rpymnm tuana C2v,
C3v u 1.11. XapakTepbl npeacTaBieHuil. PaznoxkeHue npuBOIMMOro MPEACTaBIECHUS HA HEMPUBOJUMOE.
[Tpsamoe mpousBeaenue npeacraBienuil. [Ipasuna otTOopa a7 37€KTPOHHBIX MEPEX0I0B. (2 ceMuHapa).

11. Yyer cummerpuu npu Kiaccupukauu opoOutane. o- um n-OpOutanu. ['ubpunHele u
SKBHUBAJIEHTHBIE opOuTanu. KoppensaunonHsie AuarpaMmsl.

12. Meron Xrokkens. Ilpocreiimme npumepsl pacueToB. 3apsibpl Ha aToMax, HNOPSAIKU CBS3EH.
I'pannunsie opourtanu. IIpasuno Jlonre-Xurrunca. (2 ceMuHapa).

13. KoppensunoHHble AHarpaMMbl U KOPPESLMOHHBIE NpaBUiIa NPU KAYECTBEHHOM OIHMCAHUU
MEXaHM3MOB XMMMUECKHUX peakuuil (Hampumep, npaswia Bynsopna - XodmaHa o coxpaHEHHH
OpOUTANBHOM CUMMETPHUH WM TEOPUs IPaHUUHBIX opOuTaneit dykyn). (2 cemunapa)

14. CnexTpbl U CTpOEHHE KOMIUJIEKCHBIX coeIMHEeHUN d- u f-a1eMeHTOB B MpUOIMKEHUU TEOpUn
KPUCTAJZIMYECKOTO MOJIS.

Kputepun u MeToIuKa OLleHMBAHUS Pe3yJIbTATOB YCTHOI'O ONpoca:
Onmun Bompoc (33 BompocoB).
- 0,5 6ana BBICTABISIETCS CTY/ICHTY, €CJIM OTBET MPABUIHHBIN;

- 0 0aJIOB BHICTABIISICTCS CTYACHTY, €CJIN OTBET HeraBHJ]LHLIfI.

nNJAH
JlaGopaTOpHBIX 3aHATHI M0 KypCy

JlabopaTopHoe 3ansiTue 1.
Bocnons3oBaBmck mporpammoit GAMESS, co3naiite mpocTpaHCTBEHHOE H300pakeHUE MOJIe-
KyJabl METWIXJiopuaa. [IpoBeanTe ONTHMHU3AIMIO €€ TeOMETPUYECKHX mapamerpoB merogomM AML.
Brimumnre B Ta6n1/1uy 3HAYCHUA €€ IJINH CBHSefI, BAJICHTHBIX YTIJIOB. HpOBe)II/ITe OIITUMU3AITUTIO
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TCOMETPHH MOJIEKYJIbI KBaHTOBOXMMUYeCKHMM MeTogoM RHF/STO-3G. IloaydyeHHble 3HAYEHUS TaKKe
BBIMUINUTE B TaOiuuiy. Pe3ynapTaTbl onTUMHU3AIMN CpPAaBHUTE C JKCHEPUMEHTATBHBIMU JTaHHBIMH,
HaWJIEHHBIMU TIPH U3y4eHUU JUTEPaTypsl (cM. CripaBOYHUK XUMHUKA, T. 1. U 11p.).

[Ipoananu3upyiTe  OTHCNIbHBIE  XAapAaKTEPUCTUKU  DJIEKTPOHHOM  CTPYKTYpbl  3aJaHHOM
MOJICKYJISIPHOM cHCTeMBbI: 3Hepruu u coctaB MO, SHEPreTHYECKyI0 AUarpaMMy, SHEPTUIO CBSI3bIBaHUS,
PHEPTUI0 MOHM3ALWH, 3(PPeKTUBHBIE 3apsAabl aTOMOB. Pe3ynbraThl pacuera Tam, Ie 3TO BO3MOXKHO,
COIIOCTaBUTE C HKCIIEPUMEHTATbHBIMU JaHHBIMU. CHOpMYIUPYHTE BBIBOIBI.

JlabGoparopHoe 3aHsiTHe 2.

Bocnons3zoBaBmuces mporpammoit  GAMESS, co3paiite mpocTpaHCTBEHHOE H300pakeHUe
MOJICKYJIbI 3TaHoja. [IpoBeanTe ONTHMH3ALUIO €€ T€OMETPHUECKUX MapameTpoB metogom B3LYP/6-
31G(d). BemummuTe B TabnMily 3HA4YCHUs €€ JUIMH CBsi3ei, BaJCHTHBIX YyrioB. [IpoBemute
peonTHMHU3aNnl0 reoMerpur Mosiekyiasl MetogoM RHF/6-31G(d). IlonydeHHble 3HAYEHHUS TaKKe
BBIMUINUTE B TaOiuily. Pe3ynbraThl ONTHMH3AIMA CPaBHUTE C SKCICPUMEHTAIBHBIMHU JTAHHBIMHU,
HalJICHHBIMU MPU U3y4eHUU Juteparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1ap.).

IIpoananu3upyiTe OTIEIbHBIE XapaKTEPUCTUKH NIEKTPOHHOM CTPYKTYPBI 3aJaHHON MOJIEKYJIIPHON
CUCTeMbI: 3Hepruu u cocraB MO, 3HepreTMyYecKyl AMarpamMMmy, SHEPIHIO CBS3bIBAHUS, SHEPTHUIO
uoHu3auu, 3pPeKTUBHBIC 3apsApl ATOMOB. Pe3ynbTaTsl pacueTa TaM, Iie 3T0 BO3MOXHO, COTIOCTaBbTE
C DKCIEPUMEHTAIbHBIMU TaHHBIMU. CHOpMYITHPYITE BHIBOIBI.

JlaGoparopHoe 3ansiTue 3.

Bocnons3oBaBmmmcs mporpammoii  GAMESS, co3naiite nmpocTpaHCTBEHHOE H300pa)keHue
MOJIEKYJIBI TUMETHIIOBOTO 3¢upa. [IpoBenere onTuMu3anui0 ee reOMeTPUUECKUX MapaMeTpoB METOI0M
RHF/6-31G(d). BeimmumuTe B TaOmuIly 3HAueHHs €€ JJIMH CBs3CH, BAJCHTHBIX YIJoB. [IpoBeaurte
PEONTUMH3AIINI0 TeOMETpUU MOoieKyabl MetogoM MP2/6-31G(d). ITlonydeHHble 3HAYCHHS TAKXKE
BRIMUAIIATE B Tabnmiy. Pe3ynpTaTel ONTUMH3AIMA CpPaBHUTE C JKCICPHUMEHTAIBHBIMH JaHHBIMHU,
HalJICHHBIMU NPU U3y4eHuU Juteparypsl (cM. CripaBOUHUK XUMUKA, T. 1. 1p.).

IIpoananmu3upyiTe OTAEIBHBIE XapaKTEPUCTUKU JJIEKTPOHHON CTPYKTYpPHI 3aJaHHOW MOJIEKYJIAPHON
CUCTeMbI: SHepruu u coctaB MO, >HEpPreTUYecKyr auarpammy, SHEPTUI0  CBS3bIBAHUS, SHEPTHUIO
noHu3auu, 3QpPEeKTUBHBIEC 3apsibl aTOMOB. Pe3ybTaTel pacdera Tam, I7ie 3TO BO3MOXKHO, COTTOCTaBbTE
C DKCIEPUMEHTAIbHBIMU TaHHBIMH. CHOpMYITHPYITE BHIBOIBI.

JlabopaTopHoe 3ansiTue 4.

Bocnonb3oBaBmmck mporpammoit  GAMESS, co3maiite mpocTpaHCTBEHHOE H300paKeHHE
MOJICKYJIBI aleToHa. [IpoBeauTe ONTUMH3AIMIO €€ FeOMETPHUYECKUX mapaMeTpoB merogom RHF/STO-
3G. Bemummre B TaOMUIy 3HAUCHUS €€ JUTMH CBS3EH, BAJICHTHBIX YIioB. [IpoBenuTe peonTHMH3aNnio
reomeTpuu MoJiekysbl MetogoM RHF/6-31G(d). [TonyueHHbIe 3HAYEHHs TAK)KE BBIMHIINTE B TAOJHILY.
PesynbraThl onTUMU3aNMii CpaBHUTE C SKCIIEPUMEHTAIBHBIMU JAHHBIMHU, HAWJICHHBIMH TIPH M3YYCHUU
autepatypsl (cM. CripaBOYHUK XMMHUKA, T. 1. Ap.).

[Ipoananu3upyiTe OTAEIBHBIE XapaKTEPUCTUKU IEKTPOHHOM CTPYKTYPBI 3aJlaHHOW MOJIEKYISIPHOU
CHUCTEeMBI: 3HEepruu M coctaB MO, 3HEPreTHYecKylo AMarpaMMy, SHEPTUIO CBS3bIBAHUS, SHEPIHIO
noHu3amu, 3G PeKTUBHBIC 3apsIpl AaTOMOB. Pe3ynbTaThl pacueTa TaMm, rjie 3T0 BO3MOXHO, COTTOCTABbTE
C 9KCIIEPUMEHTANbHBIMU TaHHBIMU. CHOpMyTUpyIiTEe BEIBOIBI.

JlabopaTopHoe 3ansiTue S.

Bocnone3zoBaBmcs mporpammoit  GAMESS,  cospmaiiTe TpOCTpaHCTBEHHOE H300pakeHHE
MOJIEKYJIbl TpUMeTWIaMuHa. [IpoBeauTe ONTHUMM3ALMIO €€ I'€OMETPUYECKHUX IapaMeTpoB METOJIOM
B3PW91/6-31G(d). Bemmuminre B Tabnuily 3HAYCHHS €€ JUTUH CBSI3CH, BaJICHTHBIX yriioB. [IpoBeaute
peonTUMHU3aNKI0 TeoMeTpur MoJiekyiasl MeTogoM RHF/6-31G(d). ITlonyueHHble 3HAYEHUS TaKKe
BRIMAIIATE B Talimiy. Pe3ynapTaThl ONTUMH3AIMI CpPaBHUTE C HOKCIEPUMEHTAIBHBIMH JaHHBIMHU,
HalJIeHHBIMH NIPH U3Y4eHUH JuTeparypsl (cM. CipaBOYHUK XMUMHUKA, T. 1. ap.).

[Ipoananu3upyiiTe  OTACIBHBIE  XAPAKTEPUCTHKM  DJIEKTPOHHOM  CTPYKTypa,  3aJaHHOM
MOJIEKYJISIPHOM CHCTEMBI: 3Hepruu M coctaB MO, 3HEpreTHYecKyro auarpammy, SHEPIUIO CBSI3bIBAHUA,
SHEPruI0 MOHMW3AIUH, YPPEKTHUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacuera Tam, TIe STO BO3MOXHO,
COIIOCTaBbTE C IKCIEPUMEHTANBHBIMU JaHHBIMU. CHOPMYIHUPYHTE BHIBOIBI.
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JlaGopaTopHoe 3aHsTHE 6.

Bocnons3oBaBmmces mporpammoit  GAMESS, co3paiiTe mpOCTpaHCTBEHHOE H300payKeHUE
ruapaszuHa. [IpoBenuTe ONTHMHU3AIMIO €€ IeoMeTpUdecKux mapamerpoB merogom B3LYP/6-31G(d).
Bemumure B Tabnuily 3HaueHHs ee JUIMH CBA3€H, BalEGHTHHIX yriioB. [IpoBemure peonTrMu3anuio
reomeTpuu Mosekyiisl MetogoM RHF/6-311G(d). [TonyueHHbIe 3HAYCHUS TAK)KE BBITUIIUTE B TAOJIHUILY.
Pe3ynbraThl onTHMU3anMii CpaBHUTE C HKCIIEPUMEHTAIBHBIMU JaHHBIMH, HalJCHHBIMU IPU U3yYCHUH
autepaTypsl (cM. ClipaBOYHMK XUMUKa, T. 1. 1p.).

[Tpoananu3upyiiTe OTIEIbHBIC XapaKTEPUCTUKH SIEKTPOHHOU CTPYKTYPHI 33/1aHHON MOJICKYJISp-
HOM cHCTeMbl: Hepruu u coctaB MO, SHEpreTHUecKylo IuarpamMMy, SHEPIHIO CBS3BIBAHUS, SHEPIHIO
noHu3anuy, 3G dexkTuBHbIC 3apsAabl aTOMOB. Pe3ynbpTaTsl pacuera TaM, I7ie 3TO BO3MOXKHO, COTIOCTaBbTE
C 9KCIEPUMEHTAIBHBIMU TaHHBIMU. ChopMyupyiiTe BBIBOIBI.

JlabopaTopHoe 3ansiTue 7.

Bocrnone3oBaBmmce mporpammoit GAMESS, co3paiiTe mpocTpaHCTBEHHOE H300paKeHHe

MOJIEKYJIbl auxyiopcwiiana. [IpoBeauTe ONTHUMM3ALMIO €€ TEOMETPUYECKHUX IapaMeTpOB METOJIOM
RHF/6-31G(d). Beinumure B TaOmWIly 3HAYEHHS €€ [UIMH CBS3CH, BaJCHTHBIX yriioB. IIpoBeante
PEONTUMH3ALNI0 TeoMeTpur MoJieKyinbl metogoM B3LYP/6-31G(d). [TonmydeHHble 3HA4YCHHUS TaKKe
BBIMHUIIKUTE B TaOnuily. Pe3ynbraTel onTHUMM3alMil CpPaBHUTE C SKCIEPUMEHTAIBHBIMU JAHHBIMHU,
HallJICHHBIMU NpU U3y4eHuu Jureparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1p.).
[Tpoananu3upyiite OTIENbHBIE XAPAKTEPUCTHUKU SJICKTPOHHOM CTPYKTYpHI 3alaHHOM MOJEKYISPHOM
CHCTEeMBL: 3Heprud M cocraB MO, SHEpPreTM4ecKylo auarpammy, SHEPTHIO CBS3BIBAHUS, SHEPTHIO
noHM3aIMu, Y3PGEeKTUBHBIE 3apsabl aTOMOB. Pe3ynbpTaThl pacuyera Tam, TJie 3TO BO3MOXHO, COITOCTaBbTE
C 9KCIIEPUMEHTAIFHBIMU TaHHBIMU. CPOpMyTUpPYITE BHIBOIBI.

JlabopaTopHoe 3ansTue 8.

Bocnone3oBabmmch mnporpammoit  GAMESS, cosnmalite mpocTpaHCTBEHHOE HM300pakeHue
MOJICKYJIBI JMOKCHIA cepbl. [IpoBenTe ONTUMH3AIIUIO €€ TeOMETPHUYECKUX mapameTpoB metogoM RHF/6-
311G(d). Beimummte B TaOAMIly 3HAYCHHUS €€ JUIMH CBfA3€i, BaJCHTHBIX YrioB. IIpoBeaute
PEONTUMU3ALINI0 TeoOMeTpur MoJieKyinbl mertogom B3LYP/6-311G(d). Ilony4yeHHbIe 3HAUCHHS TaKKe
BBIMUIINTE B TaOnuily. Pe3ynbraTel ONTUMHU3ALMNA CpPAaBHUTE C OKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HallJICHHBIMU NPU U3y4eHuu Jureparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1p.).

[IpoaHanusupyiTe  OTAEIBHBIE  XAPAKTEPUCTUKH  JJIEKTPOHHOW  CTPYKTYpBHl  3aJaHHOU
MOJIEKYJISIPHOM CUCTeMBI: 3Hepruu u coctaB MO, 3HEpreTHYecKyro Juarpammy, SHEPIUIO CBA3BIBAHUSA,
SHEpPrul0 MOHMU3aLUM, YPPEKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacueTa Tam, I€ 3TO BO3MOXHO,
COTIOCTaBbTE C IKCIIEPUMEHTAILHBIMU JaHHBIMU. C(HOpMyIUpyHTE BEIBOBI.

JlabopaTopHoe 3ansiTue 9.

Bocnonb3oBaBuics nporpammoit  GAMESS, cozpaiite mpocTpaHCTBEHHOE H300pakeHue
Mosiekynsl pocduna. [IpoBenuTe ONTUMH3ANMUIO €€ TeOMETPHYECKHUX IMapaMeTpoB Metogom RHF/6-
31G(d). BemumuTe B Ta0nMIy 3HAYCHHS €€ JUIMH CBs3ed, BaJeHTHBIX yriioB. IIpoBeaute
PEONTUMU3ANNI0 TeoMeTprH MoJeKyinsl MeromoMm B3LYP/6-31G(d). IMonydeHHbIe 3HAYEHHS TaKXKe
BBIMUIINTE B Tabmuiy. Pe3ynabTaTel ONTHMH3ALUN CpaBHUTE C SKCIEPUMEHTAIBHBIMU JIaHHBIMH,
HallJICHHBIMU NPU U3y4eHuu Juteparypsl (cM. CripaBOUHUK XUMUKA, T. 1. 1p.).

[Ipoananu3upyiite  OTHENbHbIE  XApPaKTEPUCTUKHU  DJICKTPOHHOM  CTPYKTYphl — 3aJaHHOM
MOJICKYJISIPHOW CHCTEMBI: dHepruu M coctaB MO, 3HEpPreTHUecKyl Auarpammy, SHEPTHIO CBSI3bIBaHUS,
SHEpPrui0 MOHMU3aIUH, YPPEKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacuera Tam, IJieé 3TO BO3MOXKHO,
COITOCTaBbTE C IKCIIEPUMEHTANBHBIMA JaHHBIMU. CHOPMYIHUPYHTE BEIBOIBI.

JlaGoparopnoe 3ansitue 10.

Bocnones3oBaBmuce mporpammoii  GAMESS, cozpaiite mpocTpaHCTBEHHOE H300pakeHue
MOJIeKyJbl ubOopana. [IpoBequTe ONTHMH3AIMIO €€ FEOMETPUYECKUX MapaMeTpoB MeTtogom RHF/6-
31G(d). BemumuTte B Tabnuily 3HAa4YeHUs €€ JUIMH CBs3ei, BaJeHTHBIX yrioB. [IpoBemute
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PCONTHMH3AIINI0 TeOMETpUr MoJeKyiabl MetogoM B3LYP/6-31G(d). IMTonyucHHbIC 3HAUCHHS TaKKe
BBIMUINIUTE B TaOmuily. Pe3ynbraThl ONTHUMH3AIMA CPaBHUTE C OSKCICPUMEHTAIBHBIMHU JAHHBIMHU,
HalJIEHHBIMU TIPH U3y4eHUH JuTepatrypsl (cM. CripaBOYHUK XUMHUKa, T. 1. 1Ip.).

[Ipoananusupyite OTAEIBHBIE XAPAKTEPUCTUKHU JJIEKTPOHHOU CTPYKTYPBI 3aJaHHOW MOJIEKYJISIPHOMN
cucteMbl: 3Heprun U coctaB MO, SHEpPreTMYecKyr AuarpaMMy, 3HEPIUI0 CBSA3BIBAHUSA, SHEPIHIO
uoHu3amu, 3pPeKTUBHBIEC 3apAasl aTOMOB. Pe3ynbTaThl pacuera Tam, e 3TO BO3MOXKHO, COTIOCTaBbTE
C DKCIIEpPUMEHTAIbHBIMU TaHHBIMU. CHOpMyYIHpPYITE BHIBODI.

JlabGoparopHoe 3ansiTue 11.

Bocnone3zoBaBmuce mporpammoit  GAMESS, cozpaiite mpocTpaHCTBEHHOE H300pakeHue
MOJICKYJIbI TIEpOKcHIa Boopoaa. [IpoBeanuTe oNTHMU3ANKIO €€ TEOMETPUYECKHUX ITapaMeTPOB METOIOM
B3LYP/6-311G(d,p). Beinumure B Tabnuily 3HaYeHUs €€ JUIMH CBSI3€d, BaJICHTHBIX YrioB. [IpoBenute
PEONTHMHU3ALINI0 TCOMETPHH MOJIEKYNbI MeTogom MP2/6-311+G(d,p). ITonyueHHbIE 3HAYCHHS TaKKe
BRIMUAIINTE B Tabiuiy. Pe3ynapTaThl ONTUMH3AIMK CpPaBHUTE C SKCIEPHUMEHTAIbHBIMH JIaHHBIMHU,
HaWJICHHBIMH TIPH U3Y4eHUH auTeparypsl (cM. CipaBOYHUK XMMHUKA, T. 1. ap.).

[Ipoananu3upyiTe OTIAEIBHBIE XAPAKTEPUCTUKHU JJIEKTPOHHOU CTPYKTYPHI 3aJaHHOW MOJIEKYJISIPHON
CHCTEeMBL: 3Hepruu M coctaB MO, PHEPreTHUecKyr IuarpaMMy, SHEPIHIO0 CBS3BIBAHHS, YHEPTHUIO
WOHU3aIH, 3P PEeKTUBHBIC 3aps/Ibl aTOMOB. Pe3ybTaThl pacdera Tam, TJe 3TO BO3MOXKHO, COIIOCTaBbTE
C 9KCIIEPUMEHTAIFHBIMU TaHHBIMU. CHOpMyTUpPYITE BHIBOIBI.

I[MEPEYEHb MOJIEKYJIAAPHBIX CUCTEM, 3AJIOXXEHHbBIX B KOHTPOJIBHBIE 3AJIAHWA:

Bapuanr | Monekyna [Ipumeyanue

1 CH3Cl DKCIEpUMEHTAIbHBIE
2 CoHsOH JAHHBIE 110 BCEM

3 CH30CH3 MOJIEKYJIaM CM.:

4 CH3COCH3 CrpaBOYHUK XUMHKA, T.
5 (CH3)sN 1 M.-JI1.: Xumus, 1964
6 N2Ha

7 SiH2Cl

8 SO2

9 PH3

10 B2He

11 H20-

Kpurtepun ouenku j1aéopaTopHbix padoT

2,5 6anna: 3ajaHue mo paboTe BBHIOJIHEHO B MOJTHOM 00beMe. CTy/I€HT TOUHO OTBETHJI Ha KOHTPOJIbHbBIE
BOIIPOCHI, CBOOOJHO OPHEHTUPYETCS B NPEAJIOKEHHOM PpEIIeHUH, MOXKET €ro MOAM(PHUIHUPOBATH IMPH
U3MEHEHHH YCIIOBHS 3amadd. OTYeT BBINIOJHEH aKKypaTHO W B COOTBETCTBHU C TMPEAbSBISCMBIMH
TpeOOBaHUSIMHU.

2 Oamna: 3amaHue 1o paboOTe BBINOJIHEHO B MOJHOM oObeMe. CTyAEeHT OTBETHJI Ha TEOPETUUYECKHE
BOIIPOCHI, UCIIBITBIBAsE HeOObIINE 3aTpyaHeHus. KadecTBo ohopmiieHns: oTueTa K paboTe HE MOJTHOCThIO
COOTBETCTBYET TPEOOBAHUSIM.

1,5 6amna (ynoBiaerBoputenbHO): CTyaeHT MPaBUIBHO BBIOJHMI 337jaHue K padote. CocTaBUiI OTUET B
YCTaHOBJICHHOW (opMe, TPeNCTaBWiI PEIIeHUs] OOJBITMHCTBA 3a/laHHi, MPEAyCMOTPEHHBIX B padore.
CTyneHT He MOXKET MOJTHOCTBIO OOBSICHUTD MOJTY4YE€HHBIE PE3yJIbTaThI.

1 6amr: CtyneHT HenmpaBwibHO BBITOIHWI OT 70% mo 50% 3amaHuii paboThl U HE MOXKET OOBSICHUTH
MOJIy4YEeHHBIE PE3YIbTaT.

0,5 6amma: CTyaeHT HENpPaBWIBHO BBIMOMHUI cBbImie 70% 3amaHuii paOOThI M HE MOXET OOBSICHUTH
MOJIyYEeHHBIE Pe3YIbTaT.

0 6annoB CTyaeHT HE BBHIIIOJHUII BCE 3aJJaHUSI pa0OThI U HE MOKET OOBSICHUTD MOJIyY€HHBIE PE3YJIbTaT

Tembl pedepaToB
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RBO©ONO A~ WD

0.
1.
12.
13.
14.
15.
16.
17.
18.

MecTo KBaHTOBOM XMMUU CPEIU APYTUX HAYK
DneKkTpoAMHAMUYECKas KapTHHA MUPa

KBanToBO-10NI€BasA KapTUHA MHPA
«YnpTpaduoneroBas katactpodar

Hcropus pa3BUTHSI KBAHTOBOM XUMHUH

Omnsit Pezepdopaa. Anepuas monens aroma

KBanTtoBsie noctynatel bopa

BoustHOBBIE cBOMCcTBa MuKpouacTull. ['unoresa ne bpors.
JlanbHeiliiee pa3BUTUE KBAHTOBOW MEXAHUKH.

Matpuunas mexanuka. Pabotsr ['eit3enbepra.

OCHOBHBIE KBAHTOBO-MEXaHUYECKNE TPUHIUITBI

BonHbl 1 BeposATHOCTH.

OcCHOBHBIE MOJIOKEHHS] COBPEMEHHOU KBAHTOBON MEXAHUKHU.
[Tpunnun Heonpenenéunoctu [ elizendepra

Vpasuenue lIpeaunrepa

[IpuxnagHoit XxapakTep KBAaHTOBOW XUMHUH

Bynymee kBaHTOBOW XUMUU

buorpadus. ne bpoiins, bopa, [llpenunrepa, ['eiizendepra

- Kputepuu ouenku (B 6a/1ax) pedeparon:

Hanucanue pedepara ciieqyer HadaTh C H3JIOKCHUS IUTAHA TEMBI, KOTOPBIH KaK MUHUMYM

BKJIFOYAeT 3 ITYHKTA. IInan momxen OBITH JIOTUYHO H3J0KEH U JOJDKCH BKJIIIOYATh B ce0s BBCACHUC U
3aKJIFOYCHUC.

Pedepar 3aBepiaeTcsi CiiCKOM KCIIOIB30BAHHOM TUTEPATYPHI.
3amauun CTy/IeHTA MIPH HATUCAHUU pedepaTa 3aKII0Yar0TCs B CICAYIOMIEM:

1. JIOTUYHO U 110 CYILECTBY MU3JIOKUTH BOIIPOCHI IUIAHA,

2. 4eTKO C(OpPMUPOBATH MBICIH, MOCIEIOBATEIBHO M SICHO H3JIOKHUTh MaTephal,
[IPaBUJILHO UCIIOJIb30BATh TEPMUHBI U IIOHATHS;

3. [10Ka3aThb YMEHHUE IPUMEHATh TECOPETUYECKHUE 3HAHUS HA IIPAKTHUKE;

4. II0Ka3aTh 3HAHWE MaTepuasa, peKOMEHI0BAaHHOI'O 110 TEME;

S. UCIOJIb30BATh JIJIs1 SKOHOMHUYECKOT0 000CHOBaHHs HEOOXOAUMBIA CTaTUCTHUYECKHIM
MaTepual.

Pedepart onenuBaetcs npenonaBareneM Kadeapsl Mo CIeAYIOUIM KPUTEPHUSIM.

O6nbem pedepara 1omKeH ObITh HE MeHee 12-18 cTp. MalIMHONMUCHOTO TEKCTa (aHAJIOT —
KoMIbloTepHBIN TeKCT Time New Roman, pazmep mpudra 14 gepes nmonropa uHTepBana),
BKJIrO4as TI/ITy.]'IBHI:II\/'I JIUCT.

[Ipu omeHke ypoOBHs BBINOJHEHHUS pedepara, B COOTBETCTBMM C IOCTaBICHHBIMU IENSAMU IS

JaHHOT'O BHIA y‘le6H0ﬁ ACATCIIBHOCTH, MOTYT KOHTPOJHUPOBATHCA CICAYIOIMIUC YMCHUSA, HABBIKU U
KOMIICTCHII NN

YMCHUC pa60TaTB ¢ oObeKkTaMu HU3YyUCHUSA, KPUTHUUCCKHUMU HUCTOYHUKAMHU, cnpaBquoﬁ u

SHIMKJIONEINYECKOM JIUTEPATYPOH;

- YMEeHHE cOOUpaTh U CUCTEMATHU3UPOBATh MPAKTHUYECKUI MaTepHa;

- YMEHHE CaMOCTOSTEIbHO OCMBICIIATH MTPOOJIEMY Ha OCHOBE CYILIECTBYIOIINX METOJIUK;

- YMEHHE JJOTUYHO ¥ TPAMOTHO HU3JIaraTh COOCTBEHHBIE YMO3AKIIOUEHHS 1 BHIBOJIBI;

- yMeHHUe co0Ir01aTh POpMY HAyYHOTO UCCIIETOBAHUS;

- YMEHHE T0JIb30BAThCSI TI00ATEHBIME HH(DOPMAIIMOHHBIMU PECYPCAMU;

- BJIaJICHE COBPEMEHHBIMH CPEJICTBAMH TEIIEKOMMYHHUKAITUH;

- CTOCOOHOCTH ¥ TOTOBHOCTH K UCTIOJIH30BAHUIO OCHOBHBIX MPHUKJIATHBIX MPOTPAMMHBIX CPE/ICTB;
- CIIOCOOHOCTH CO3/1aTh COJIEPKATENbHYIO MTPE3EHTAINIO BBIMOJHEHHON pabOTHI.

Kputepuu ouenku pedepartos (B 6a1ax)

- 0 GayIOB BBICTABIIACTCS CTYJIEHTY, €CIIM CTYJICHT HE UMEET IpeJICTaBlIeHHs 00 00CyX /1aeMOM BOIIPOCE;
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- 1 Oamn BbICTaBIsI€TCS CTYIOEHTY, €CIM CTYIEHT HuMeeT (parMeHTapHble MpeacTaBieHus o0
o0CcyXJ1aeMOM BOMpOce (CTYACHT AEMOHCTPUPYET HE3HAHWE TEOPETHUECKUX OCHOB MpEIMETa, HE YMEeT
JieNiaTh apryMEHTHPOBAaHHBIE BBIBOABI W TMPUBOAUTH MPUMEPHI, MOYTH HE BJaJ€eT MOHOJOTHYECKOU
peublo, HE BIIAJICET TEPMHUHOJIOTHEH, MPOSBIAET OTCYTCTBUE JIOTUYHOCTH U MOCJIEA0BATEIBHOCTHIO
U3JIOKEHUS, JeNaeT OUIMOKH, KOTOpble HE MOXET HMCIPaBUTh AaKe MPU KOPPEKIHH IMPEnoJiaBaTesIeM,
OTKa3bIBACTCSI OTBEUATh HA 3aHSTUH);;

- 2 Oayuta BBICTABISIETCS CTYIEHTY, €CIIM CTYJICHT MMEET HETOJIHBIE MPEeICTaBIeHUsI 00 00Cy)aaeMoM
Bompoce (CTYACHT JEMOHCTPUPYET HE3HAHHE TEOPETHYECKUX OCHOB TIpeAMeTa, HE yMeeT JelaTh
apryMEHTUPOBAHHBIE BHIBOJIBI M IPUBOIUTH MPUMEPHI, MOKA3BIBAET CIIA00C BJIAJICHUE MOHOJIOTHYECKON
peublo, HE BJAJCET TEPMHUHOJOTHEH, IMPOSBISET OTCYTCTBUE JIOTUMHOCTH W IOCIEI0BATEIBLHOCTHIO
U3JIIOKEHUS, JENAeT OIIMOKH, KOTOPhIE HE MOXET HMCIPABUTh JaKE MPHU KOPPEKIHH IMPEIOoIaBaTEIeM,
OTKa3bIBACTCS OTBEUYATh HA 3aHATHH);

- 3 Oayuta BBICTABISIETCS] CTYJEHTY, €CIM CTYJIEHT MMEET He B JOCTATOYHOW Mepe cPOpMHUpPOBAHHBIC U
cCoJiepKalIie CYyIIECTBEHHBIC MPOOENbl TPEACTaBICHUsT 00 0O0CyXkJaeMoM Bompoce (CTyIeHT
JEMOHCTPHUPYET HETTyOOKHE TEOPEeTUYCCKUE 3HAHWs, NPOSBISET c1abo chHOpMHUpPOBAHHBIE HABBIKH
aHalM3a SBJICHWHA M TPOIIECCOB, HEJOCTATOYHOE yMEHHE JejaTh apryMEHTHPOBAaHHBIC BBIBOJBI H
MPUBOJUTH TPUMEPBHI, IMOKA3bIBAET HE JOCTATOYHO CBOOOJHOE BIJIAJICHUE MOHOJIOTHUECKON pEUblo,
TEPMUHOJIOTHEH, JIOTUYHOCTBIO M MOCIIEIOBATCILHOCTHIO M3JIOKEHUS, JIENAeT OMIMOKU, KOTOPhIE MOKET
WCIIPABHUTH TOJILKO NIPH KOPPEKIIMH MIPETIOAABATEIIEM ),

- 4 OaJuta BBICTaBJISICTCS CTYJEHTY, €CJIM CTYICHT UMeeT c(hOPMUPOBAHHBIE, HO COCPIKAIINE OT/ICIbHBIC
npoOesbl MpeaCTaBIeHUst 00 00CYKIaeMOM BOTIpoce (CTYACHT IEMOHCTPUPYET MPOYHBIE TEOPETHUYECKHE
3HAHUS, BJIAJCET TEPMHUHOJIOTHEH, JejaeT apryMEHTHPOBAHHBIC BBIBOJBI W OOOOIICHHUS, MPUBOIUT
IOpUMEpbI, TOKa3bIBaeT CBOOOJHOE BIAJEHHE MOHOJOTHMYECKOW pEYbI0, HO TIPH OTOM JIEJNaeT
HECYIIIECTBCHHBIC ONIMOKU, KOTOPBIE OBICTPO HCHPABISIET CAMOCTOSATEIBHO WM MPHU HE3HAYMTEIBHOM
KOPPEKIIMHU MTPENO0/IaBaTeIIEM);

- 5 0auioB BBICTABISICTCS CTYACHTY, €CIH CTYIACHT HUMeeT C(HOPMHPOBAHHBIE CHCTEMATHUECKUC
npejcTaBieHus 00 00Cyk)1aeMoM BOTIpoce (CTYICHT IEMOHCTPUPYET CUCTEMHBIC TECOPETHUCCKIE 3HAHUS,
BJIQJICET TCPMHUHOJIOTHEH, JCNaeT apryMEHTHPOBAaHHBIC BBIBOJBI M OOOOIICHWS, MPUBOJUT MPHUMEPHI,
MIOKa3bIBaET CBOOOJIHOE BJIaJICHHE MOHOJIOTUYECKOH PEYbl0 U CIIOCOOHOCTH OBICTPO pearnpoBaTh Ha
YTOUYHSOIINE BOPOCHI).

TecrupoBanue

1) Kakoe mpubmmxeHue ucnoib3dyercs Juid  pemieHuss  ypaBHeHust  Llpemunrepa s
MHOTOJIEKTPOHHBIX aTOMOB?

A) bopna-Onnenreiimepa;

b) He3aBUCHUMBIX YacTHIL;

B) MonexynsipHbIX opOuTaei;

I') BasileHTHAS anmpoOKCUMAITHsI.

2) Kakoe npubmmkenue wucnonb3dyercs A pemieHuss  ypaBHeHust Ilpenunrepa  mms
MHOT'03JIEKTPOHHBIX aTOMOB?

A) pEISTUBUCTCKYIO U HEPENATUBUCTCKYIO;

b) Ulpeaunrepa u ne bpoiins;

B) BosIHOBYI0 M KOPITYCKYJISIPHYIO;

I') aToMHYI0 1 MOJIEKYIISIPHYIO;

J1) TBEpOrO TENa M KUIKOCTEH.

3) B kBaHTOBOI MeXaHUKe BBIACISAIOT JBE OCHOBHBIE UIIEH:

A) BOJTHOBOM ITPUPO/IBI CBETA U KOPITYCKYJIIPHOU IMPUPOABI BELIECTBA;

b) xopryckynspHO-BOJIHOBOTO Ayalii3Ma U JUCKPETHOCTh U3MEHEHHS (PU3NUECKUX BETUUHH;
B) BosIHOBOI1 IpUpPOABI BEIECTBA U KOPITYCKYJIIPHOM NIPUPOABI CBETA,

') HenpepbIBHOCTH U JUCKPETHOCTH U3MEHEHUSI (PU3NUECKUX BEITUMUNH;
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J1) nenenus MukpoudacTi] Ha GepMUOHBI U 0030HBI U HEYCTPAHUMOCTD BIUSHUS U3MEPUTEIHLHOTO
npubopa Ha COCTOSTHUE UCCIIEAYEMOT0 OOBEKTA.

4) JloToHIeanbHAast SHEPTHUS aTOMA K MJIEKTPOHY MOKHO MPUOIMKEHHO 0XapaKTePU30BaTh YHEPTHEH
A) Hwxueii BakanTHO# aromHoi oputanu (HBAO);

b) Bepxueii BakanTHON atoMHOM opurtainu (BBAO);

B) Hwxwneit 3ansToii aromuoit oputanu (H3AO);

I') Bepxwneii 3ansitoit atromuoi opuranu (B3AO).

5) Breibepute BepHoe yrBepxaeHue. Ecniu {Ei} — Ha0op COOCTBEHHBIX 3HAYCHHI ramuibToHHaHa H B
ypaBaenuu HYi = EiVi, To ...

A) -3HEpTUs CUCTEMBI B 1-COCTOSTHHH;

b) - sueprus cucremsl, a npu >0 He UMEIOT GUZUYECKOTO CMBICIIA;

B) - nonnas sHeprus cCUCTEMBI;

') - monHas sHEPTUsi CUCTEMBI;

) - nnst r00BIX 1 1 j.

KpuTtepuu u MeToIMKa OlleHUBAHUS Pe3yJIbTATOB TECTHPOBAHUS!
Onun TectoBbiit Bompoc (30 BompocoB).
- 0,333 Gasa BHICTABIISIETCSI CTYIEHTY, €CJIM OTBET MPABUIIbHBIN;

- 0 GayIIOB BBICTABIIIECTCS CTYIEHTY, €CJIH OTBET HETPABUIIbHBIMA.

KoMiuiekT 3agaHuii 1yl KOHTPOJIbLHOM padoTsl Ne 1
no nucuuiimHe KBaHTOBas MexaHMKa U KBAaHTOBAs XUMHUS

Bapuanrt 1
2

o . (Nx
1. HaiinuTte coOCTBEHHOE 3HaUEHHE OIlEepaTopa i’ ecmn (X)) = SSIn( X) .
X a

2. Pemute ypaBHeHue chepruecKoi rapMOHUKHU ISl BOJOPOAONONI00HOrO aroma X MpH yCIOBHH,

yro =2, m=1.
3. Ompenenute paguaibHYI0 YacTh BOJHOBOW (DYHKIIMM BOJOPOJIONOJAOOHOTO aroma sl Ciydas
n=3, I=2.

Bapuant 2
2

. Nz
1. Haiiaute coOCTBEHHOE 3HAUCHHUE OllepaTopa R ecm f(x)=25 COS( Xj :
X a

2. Pemmre ypaBHeHHe chepuyecKod TapMOHUKHU I BOJOPOIONOAOOHOTO atoMa X MpPU YCIOBHH,
yro =2, m=-1.

3. Ompenenure paguaibHYI0 YacTh BOJHOBOW (DYHKIIMM BOJOPOJIONOJAOOHOTO aroma ISl Ciydas
n=2, I=1.

- Kputepuu u MeTonka OleHUBAHUS Pe3y/JbTATOB KOHTPOJIbHBIX padoT

- 10 GamnoB BBICTABISETCS CTYAEHTY, €CJIM paboTa BBINOJHEHA B MOJIHOM O0bEME M M3JI0KEHA
IPaMOTHBIM SI3BIKOM B OIPENIEICHHONW JIOTHYECKOH MOCIeI0BaTeIbHOCTH C TOYHBIM HCIOJIb30BAHHUEM
CTEeHATM3UPOBAHHON TEPMUHOJIOTHH; TIOKa3aHO YBEpEHHOE BIIaJICHHE HOPMATUBHOM 0a30i;

- 8-9 GayyIOB BHICTABISIETCSI CTY/ICHTY, €CIM paboTa BHIITOJIHEHA B ITOJTHOM 00bheMe, HO IMEET OJIHH
U3 HEJI0CTATKOB:

B paboTe JIOMyIeHbl OJJUH-/[BAa HEJJOUETA IPU OCBEIICHUN OCHOBHOTO COJIEP)KAaHUs OTBETA;

HET OIpENICIECHHOW  JIOTHYECKOU MOCJIeI0BATEIbHOCTH, HETOYHO UCIOJIb3YETCs
CTeMATM3UPOBAHHAS TEPMUHOJIOTHS;

- 6-7 GayuTOB BBICTABJISAETCS CTYACHTY, €CJIM paboTa BBHIMIOJHEHA HEIOJHO, HEe MMOKa3aHo o0Iee
NOHUMaHMUE BOIIPOCA, WMENUCh 3aTPYAHEHUS MM JOMYILIEHbl OIIMOKU B OIpENeIeHUU TOHATUH,
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WCIIOJIb30BAHUM TEPMHUHOJIOTUH, IPU 3HAHUUA TEOPETUYECKOIO MaTepuajla BbIABICHA HEIOCTATOYHAas
c(hOpMHUPOBAHHOCTH OCHOBHBIX YMEHUH U HaBBIKOB.

- 4-5 0aoB BBICTABIISECTCS CTYICHTY, €CITU CTYJCHT BBIMOJIHII KOHTPOIBHYIO paboTy MEHEE ueM
Ha 50 %.

- 1-3 Gajuta BBICTABIISETCS CTYACHTY, €CIIM CTYACHT BBIMOJIHWI KOHTPOJIBHYIO pabOTy MEHEee 4yeM
Ha 70 %.
- 0 6ayJIOB BBICTABISIETCS CTY/ACHTY, €CIIU . CTYACHT BOOOIIE HE TPUCTYIIA K BBHITIOJTHEHUIO KOHTPOJIBHOM
paboTHI.

4.3.Peiimunz-nian OucCuuniuHbl
PeliTuHr-1uian quctuIuinHel npeacrasieH B [Ipunoxenun 2.

Kputepusimu olieHUBaHUs SBIISIOTCSI 0AJUTBI, KOTOPBIC BBICTABIISIOTCS MPEMOJABATEIEM 32 BH/IbI
JESTEIbHOCTH (OLIEHOYHBIE CPEJICTBA) MO WTOraM HM3y4YeHHUsS MOAYJIEeH AUCHMILIMHBI, MEPEUUCICHHBIX B
pPEUTHHT-TUTAaHE AMCIUILIMHBI, 7S dK3aMeHa: TeKYIIUH KOHTPOIb — MakcuMyMm 40 0aiioB; pyOeKHBIN
KOHTPOJIb — MakcuMyM 30 6ajuioB, MOOMIPUTENbHBIC OaUTbl — MakcuMyMm 10.

[Ixanbl oLileHUBaHUA JJIs1 DK3aMEHa:

oT 45 10 59 6ann0B — «yI0BIETBOPUTEIHLHOY;

o1 60 10 79 6aI0B — «XOPOLIOY;

ot 80 6a/I0B — KOTIUYHOY.

5. Y4eOHO-MeTOAMYeCKOe M HHpOPpManHOHHOe o0ecreyeHne JUCHUIIIMHBI
5.1. IlepeyeHb OCHOBHOII U 10TIOJIHUTEIbHON y4eOHOM JIMTepaTypbl, He00OX0AMMO /151 OCBOCHHSA
AU CHUILTHHBI

OcHoBHas JiMTEeparypa:

1. Bapanosckuii, B.M. KBaHTOBas MeXaHMKa M KBaHTOBas XHUMHS [DJIeKTpOoHHBIH pecypc] / B.I.
bapanoBckuii. — Dnektpon. gan. — Cankt-IlerepOypr : Jlanp, 2017. — 428 c. — Pexum gocryna:
https://e.lanbook.com/book/92941. — 3ar. ¢ skpaHa.

2. bapanosckuii B.I. KBantoBas Mexanuka U KBaHTOBasg XUMHUS : y4eO. Moco0. s CTy. BY30B, 00yY.
no xumud. cren. / B. W. bapanosckuit .— M. : Axagemus, 2008 .— 383 c. — (Bsicuiee
npodeccuonansHoe  obpa3zoBanme) .—  Pexxum  goctyma:  http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+1160+default+2+1+F+1.2.840.10003.5.102+rus.

3. Maiiep 1., M30OpanHble TiaBbl KBAaHTOBOM XWUMHUU: J0Ka3aTeIbCTBA TEOPEM U BBHIBOJ (HOpMyI
[DnexTpoHHBIH pecypc] : yueOHoe mocobue / Maiiep U. ; mox pen. A. JI. Uyrpeesa ; nep. ¢ anri. M.
b. TapxoBckoro, A. M. TokmaueBa. — DnekTpoH. AaH. — MockBa : U3narensctBo "JlaGopaTtopus
3Hanuit", 2017. — 387 c. — Pexxum noctyma: https://e.lanbook.com/book/94102. — 3arm. ¢ skpaHna.

4. Hupenscon, B.I'. KBantoBas xumus. Momnekynbl, MOJEKYJISIpHbIE CHCTEMbl U TBEpHAbIE Tela
[DnexTponHbIi pecypc] : yuebnoe mocobue / B.I'. Llupenbcon. — DmekTpoH. naH. — Mocksa :
UznarensctBo  "JlabGoparopuss  3nHammit", 2017. — 522 c¢. — Pexum jgocryna:
https://e.lanbook.com/book/94104. — 3arn. ¢ skpana. Kucenés B. B. / KBanroBas mexanuka. Kypc
nexmwii / M.: MITHMO, 2009. - 560 c.

5. Hemupnosuy, b.I1. MatemaTudyeckrne OCHOBBI KBAHTOBOW MEXaHUKH [ DJIEKTPOHHBINA pecypc] : yueOHoe
nocobue / B.Il. lemunoBuyu. — OnextpoH. naH. — Cankr-IlerepOypr : Jlanp, 2005. — 200 c. —
Pexxum moctyma: https://e.lanbook.com/book/604. — 3ari. ¢ sxpana.

6. Kpamenwmnna B.M. KBanToBas XuMHsT W KBaHTOBas MEXaHMKa B TPUMEHEHHH K 3aJadam
[Onextponnsbiii pecype] / B.M. Kpamenunun ; E.I'. I'azenayp ; JI.B. Ky3pmuna .— Kemeposo :
KemepoBckuil rocynapctBeHHelid  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 MOJEIMPOBAHME OPraHMYECKUX MOJIEKYJ] U peakuuil. Beibop mpuliamxeHus.
[DnexTpoHHBIH pecypc]: y4ue6. mocodue / M.B. Bakymun [u ap.]; bamkupckuit rocynapcTBeHHBII
yauBepcuteT. — Yda: PUL[ baml'V, 2015. — DnexktpoH. Bepcust med. myonaukaruu. — Jloctym
BO3MOXKEH qyepes ONEKTPOHHYIO 6ubnuoreky baml'V. —
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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>.

JonosHuTeILHAS JIUTEpPATypa:

8. Xypcan C.JI. Mertonuueckne yka3aHUs IS CEMUHAPCKUX W TPAKTUYCCKUX 3aHATUH IO KypCy
"KBaHTOBass MexaHuka W KBaHToBas xumus'(pasmen "KBanroBas mexaHuka" : YuebHoe mocobue /
C.JI.Xypcan,Yu.-nayuy.komiieke "Uaterpamus” .— Ya : Peaktus, 2000 .— 43c. : w1 — O06s3.3K3.
— ISBN 5883330681 (Bbecrut.). <URL: http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+3920+default+7+1+F+1.2.840.10003.5.102+rus>.

9. Epwmakos, A. 1. KBaHTOBass MexaHHKa M KBAaHTOBas XUMHUS : y4eO. 10Cc0O0. JIIs CTY/. BY30B, 00y4. 110
crert. BITO 020101.65 "Xumus" / A. Y. EpmakoB .— M. : IOpaiit, 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. [Imonbckuit, D.B. AtomHuas ¢pusuka. Tom 2. OCHOBBI KBAaHTOBOW MEXaHHUKH M CTPOCHUE DIICKTPOHHOMN
000710ukM atoMa [DaeKTpoHHBIM pecypc]| : yueOnumk / 3.B. IImonabckuii. — DJIEKTPOH. JaH. —
Canxkr-IlerepOypr : Jlanb, 2010. — 448 c¢. — Pesxxum noctyma: https://e.lanbook.com/book/443. —
3ari. ¢ 3KkpaHa.

11. CrenanoB H.®. «KBaHTOBasi XMMHUs U KBAaHTOBas MeXaHHMKa» : y4e0. mocodue / H. ®. Crenanos, B.
W. Ilynpmmes — M. : MI'Y, 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 KBAHTOBOW Teopuu [DIEKTPOHHBIA pecypc]: METOAUYECKHE YKa3aHHsl K MPOBEACHUIO
NPAaKTUYECKUX 3aHATHHA MO KBaHTOBOW Teopuu: Y.2 / Bamkupckuii rocy1apcTBEHHBIN YHUBEPCUTET;
coct. P.M. BaxuroB. — VYda: PUL[ baml'V, 2017. — DOnexTpoH. Bepcus med. MyOJIUKalMH. —
Hocrtyn BO3MOKEH yepes DIIEKTPOHHYIO OnbIMoTEKY baml'V. —
<URL:https://elib.bashedu.ru/dl/local/Vahitov_sost Zadachi po kvantovoj
teorii_mu_Ch2_mu_2017.pdf>.

5.2. Ilepeuennb pecypcoB HH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTu « AHTEepHET» U
NPOrpaMMHOr0 odecrieyeHusi, He0OXOMMBIX /1JI5l OCBOEHHS TUCIHUILIUHBI, BKJIIOYAs
npodgeccuoHaNbHbIEe 0a3bl JAHHBIX H HH(POPMALMOHHBIE CTPABOYHbIE CHCTEMbI

1. DnekrponHas 6ubanoreunas cucrema «Ib baml'V» - https://elib.bashedu.ru/

2. DnekTpoHHas OMONIMOTeUHasl cucTeMa «Y HUBepCUTETCKasi OnbaroTeka onnaitay - https://biblioclub.ru/
3. DnekTpoHHast OMOIMOTeUHast CHCTeMa M3aaTenbeTBa «Jlauby - https://e.lanbook.com/

4. DnexTpoHHbI Katanor bubmuorexku baml'V - http://www.bashlib.ru/catalogi/

5. VYuuBepcanbHas ba3el ganabix EastView (mocTym K 3IEKTPOHHBIM HAay4YHBIM JKypHalam) -
https://dlib.eastview.com/browse

6. Hayunas snektponHas Oubnuoteka - elibrary.ru (mocTynm K 2leKTpOHHBIM HAy4YHBIM JKypHAlIam) -
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 .
JInnensuu 6eccpoyHbie

8. Microsoft Office Standard 2013 Russian. loroop Ne 114 ot 12.11.2014 r. JIunensuu 6eccpounble

9. Kaspersky Endpoint Security mst 6usneca - Crannaptasiid. JloroBop Ne31806820398 ot 17.09.2018 1.
Cpok nerictus nuuensuu a0 25.09.2019

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

11. Cucrema uentpanm3oBaHHoro TectupoBanus baml'y (Moodle). YHuBepcanbHas oOmiecTBeHHas
mmuensus GNU.
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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.MaTepHaJILHO-TeXHI/I‘leCKaH 6333, HeOGXOHI/IMaH AJIA OCYIIECTBJICHUA 06pa30BaTeJ’ILHOFO nmpouecca mo TMCuuIJInHe

HanmenoBanmue OcHalIEHHOCTH CIeNNATbHBIX OMeIeHUI U MOMeeHUil 115l CAMOCTOSITe/IbHOI padoThI Ilepeyenn
CHeHAJIbHBIX TOMeIIeHH i JIMIEH3UOHHOI 0
U NOMelleHn i 1J11 NPOrpaMMHOI0
CaMOCTOSITEJIbHOH PadoThI odecrevyeHusl.
PexBH3UTHI
MOATBEPKIAAIOLIET0
JOKYMEHTA

1. yuyeOHass ayauTopusi JAJIA
NpoBedeHust 3aHSATHI
JIEKIIHOHHOT0 THNIA: ayIUTOPUA
Ne 405 (xumdak  kopmyc),
ayIuToOpus Ne311 (xumdax
Koprryc), aymmropus Ne 310

(xumpax xoprmyc), ayauropus Ne
305 (xumdax Kopmyc).

2. ydeOHble ayAUTOPHM [
NpoBeIeHus! 3aHSATHI
CeMHHAPCKOIr0 THNA: AyIUTOpPHUS

Ne 004  (xumdak  kopmyc),
ayautopuss  Ne 005  (xumdax
KOPIYyC).

3. ydeOHass ayauTopusi A

NMpoBeleHUs]  TPYNNOBBIX  H
HHANBHUIYATbHBIX

KOHCYJbTaUMi: ayautopus Ne
405 (xuMmbak KOpIyc), ayauTOpUs
Ne311 (xumcax KOpITyC),
aymuropuss  Ne 310  (xumdax
kopmyc), aymutopust Ne 305

(xumpax xopmyc), ayauropusi Ne
001 (xumdax KOpIyC), ayAUTOPHUSI
Ne 002 (xmmcak  xopmyc),
aymutopuss  Ne 006  (xumoax
Kopmyc), aymuropust Ne 007
(xumpak xopmyc), ayautopusi Ne
008 (xumak Kopmyc)

Aynurtopusi Ne 405
VYuebHas MeOenb, y4eOHO-HAISAIHBIE MOCOOMS, JOCKa,HOYTOYK,MynbTuMenua-npoekrop Mitsubishi XD3200U,
sKpaH ¢ 3ekrponpuBoaoM 300¥400cm SpectraClassic.

AynutopusiNe 311
VYuebHas meOens, yueOHO-HATISAHBIC IOCOOWA, MOCKa, HOYTOyK,ipoektop Mitsubishi XD 600U, skpan c
anektponpuBonoM Projecta 183*240cm Mattewhite.

Aynuropus Ne 310
VYuebHas mebenb, yueOHO-HATIAHBIE TOCOOUS, JOCKa, HOYTOYK,MyIbTHMeaAna-ipoekrop Mitsubishi EW230ST,
skpaH HacTeHHBIH ClassicNorma 244*183.

Aynuropus Ne 305
VYuebHass Mebenb, yueOHO-HATISIAHBIC MOCOOUS, JOCKa, HOYTOYK,MyJIbTUMeaAnUa-IpoekTop Mitsubishi EW230ST,
skpaH HacteHHbIH ClassicNorma 244*183.

Aynurtopusi Ne 004
YuebHas mebenb, yaeOHO-HarIsIHBIE Toco0us, gocka, kommyTatop HP V1410-24G, nepcoHanbHbI KOMIIBIOTED
Lenovo ThinkCentre A70z Intel Pentium E 5800, 320 Gb, 19" - 15 wrr, mka¢ nacrennsiii TLK6U.

Aynurtopusi Ne 005
VYuebOHast Mebeb, yueOHO-HarsHble mocobusi, gocka, 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, mkad monTaxubii NT
PRACTIC 2MP47-610B/SSt450/ SKS1/SSt750,59560, 00 T.316-14, mkad Hactennsiit TLKO6U.

Aynutopus Ne 001
VYueOHas MeOenb, yaeOHO-HATTSITHBIE TIOCOOHS, JOCKa

Aynutopus Ne 002
Y4ebHas Mmebenb, yaeOHO-HATIISITHBIE TOCOOUS, TOCKa

Ayaurtopus Ne 006
Y4ebHas mebenb, yaeOHO-HATIISITHBIE TOCOOUS, TOCKa

Ayaurtopus Ne 007
Y4ebHas mebenb, yaeOHO-HATIISITHBIE TOCOOUS, TOCKa

Aynutopus Ne 008
VYueOHast MeOeib, yaeOHO-HATTSITHBIC TIOCOOHS, JOCKa

YuranabHbli 3aa Ne 1

Hayunslii u yueOHbll ¢onp, HaydyHas nepuojmka, IIK (MoHOO10K) - 3 1w, Wi-Fi moctyn st MOOMIIBHBIX

1. Windows 8 Russian.
Windows Professional 8

Russian Upgrade.
Jorosop Ne 104 or
17.06.2013 r. Jluuen3uu
OeccpodHbIe

2. Microsoft  Office
Standard 2013 Russian.
Horoop Ne 114 or
12.11.2014 r. Jluuen3uu
OeccpoUHbIe

3. Kaspersky Endpoint
Security mis OusHeca -

CranpaptHeiid.  [{orosop
Ne31806820398 oT
17.09.2018 r. Cpox

NEHCTBUS JUIICH3UU [0
25.09.2019

4, Cucrema
LEHTPATU30BAHHOTO
tectupoBanuss  bamlV
(Moodle).
YHuBepcainbHas
00IIECTBEHHAS JINLIEH3US
GNU

5. Linux OpenSUSE 12.3
(x84_64) GNU General
Public License
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4. yueOHast ayauTopHs Ui
TeKyILero KOHTPOJISt |
NMPOMEKYTOYHOH  aTTecTAlUHU:
ayautopuss  Ne 405  (xumdax
KopITyC), AyTUTOPHS Ne311
(xumpax xoprmyc), ayauropus Ne
310 (xumdax KOpIyC), ayauTOpUs
Ne 305 (xmmcak  xopmyc),
aymuropuss  Ne 001  (xumdax
kopmyc), ayautopus Ne 002
(xumbak xopmyc), ayautopusi Ne
006 (xumdax Kopmyc), ayTUTOpHs
Ne 007 (xumdak  kopmyc),
ayautopuss  Ne 008  (xumdax
kopmyc), aynutopusi Ne (004
(xumpax xoprmyc), ayauropus Ne
005 (xumdax xopmyc).

5. NnoMeleHUus I
CaMOCTOSITEJbLHOM padoThI:
YUTATBHBIA 3a1 Ne 1 (TnaBHBIN
KOpITyc), uHTampHBIA 3am  Ne2

(dpusmar KOpITyc-y4eOHoe),
YUTAJILHBIN 3ai No 5
(TymaHUTapHBIH KopIyc),

yuTadbHBIM 3am Ne 6 (y4ueOHBIH
KOpITyc), uHTampHBIA 3a1 No 7
(TymMaHUTapHBIH KOpIIyC),
nmabopatopuss Ne 418 (xumax
KOpITyC)

6. momemieHue AJS XpaHCHUA H

NpopUIAKTHYIECKOI 0
00cTyKUBaAHUS y4yeOHOro
o0opynoBanms: aboparopust No
416 (xumcak KopIryc).

YCTpOMCTB, HeorpaHudeHHbIH qocTyn kK DBC u BJI; xomudecTBO mocagodHbix MecT — 76.
YutanbHbiil 3an Ne2

HayuHblii 1 y4ebHbI $oHA, HaydyHasa nepuoamka, MK (MOHOBNOK), MOAKNIOUEHHbIX K ceTU UHTepHeT, — 8 wrT.,
HeorpaHu4YeHHbIn goctyn K 96C 1 B/l; KonnyecTBo nocagouHbIx mecT — 50.

Yuraabubii 321 Ne 5
Hayunesrit u yueOnbIit hoHI, HaydHas nepuoauka, [1IK (MoHOOMOK) - 3 T, HeorpanmdeHHbI goctyn kK ObC u B/,
KOJMYECTBO MOCATOYHBIX MeCT — 27.

YuraabHbli 3271 Ne 6
Hayunsrit u yueOnbIit hoHI, HaydHas nepuoauka, [1K (MoHOOMOK) - 6 T, HeorpaHmdeHHbIH noctyn Kk OBC u B/I;
KOJIMYeCcTBO nocao4Hbix Mect — 30.

YuraabHbIi 3271 Ne 7
Hayunslii 1 yueOHbIN (oHa, HayuHas nepuoauka, [IK (MoHOONOK) - 5 miT, HeorpanuueHHslid goctyn k ObC u B/l;
KOJIMYECTBO MOCAIOYHBIX MecT — 18.

JlaGopaTopus Ne 418
VYuebHas mebens, (akcummmbHbIM ammapaT Panasonic KX-FL423RUB — 2 mr., sH-metp pH-150MU (¢ roc.
moBepkoii), aBrorpanchopmarop TDGC2-0.5K(0,5kBT; 2A,220/0-250B),3604, 99p T.207/2-15, Becwr "Ohaus"
PA64C (651, 0,1mr) ¢ moBepkoit, Becel VIC-1500d1 (1500r. 100MI", BremH.kanmuOposka) ACCULAB, moHOMED
HU-160MHM ¢ nosepkol, komiuiekc BosibTamnepomerpudeckuii CTA, kommberorep B kommiekre DEPO Neos
4601\tO/monutop 20" Samsung BX2035/knaB./mbliib, KoMIbloTep nepcoHanbHbiii Nel T.210-14/3, marauTHas
Memaika 0e3 HarpeBa Tolopino — 21T, MarHUTHas MeIIalKa ¢ HarpeBoM M HaHOKepammd.nmoBepXx hG-MAG HS,
merp-pH  pH-150MU (¢ roc.noepkoii), momutop 19" LG L1919S BF Black (LCD<TFT,8ms,
1280%1024,250K/I/M.1 400:1,4:3 D-Sub), mnepcoHanbHbI KOMIBIOTEp B cocTtaBe c/0mok/Core J7-4770
(3.4)/H87/SYGA/HDD 500Gb, monutop KK"20"Bemncl.kmaBuatr ypatwmbimb, npurtep Canon i-SENSYS
MF3010, pH-metp pH-150MMU c¢ roc.moBepkoi, cuctemubiit 6ok ITK (775), mkad cymmnsustii LOIP LF-25/350-
GS1, (310X 310x310 MM 6/BeHTHIIATOPA. HEPIK.CTANIb HU(PPOBOIT KOHTPOJIEP), KOIMIECTBO MocanouHbx MecT — 10.

Jladopatopus Ne 416
AToMHO-a0copOImoHHEIH criekTpodoromerp Moaens AA-7000, ¢upmer "llumansy", AnoHus, 6amioH ¢ remueM
Mapku A — 2 T, BeHTIisiTop BEHTC 100 BKMy/* 1/, ra3oBsiii XxpomaTo-macc-criekrpomeTp moaens GCMS-QP
2010PIUS, xommpiOTep B COCTaBe: CHCTEMHBIA OJIOK, MOHHTOp, KJIaBHATypa, MBI, KOHIUIMOHED
QUATTROCUMA QV/QN-F12WA, noytoyk Fujitsu LifebooK F530 Intel Core i3-330M/4Gb/500Gh/ DVD-
RW/BT/15.6"/Wi n7HB+0ffice, nepconanbubiii kommptotep B komiuiekte HP AiO 20"CQ 100 eu (MOHOOJIOK),
anekrporumTka Irit IR-8200,1500BT nuametp xordopku 185MM.
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[Tpunoxenue Ne 1

MHWHOBPHAYKH POCCHHN
OI'bOY BO «bAIIKNPCKNUN I'OCYJAPCTBEHHbBIM YHUBEPCUTET»
XUMUYECKUU ®AKYJIBTET

COJIEP)KAHUE PABOYEM ITPOT'PAMMBbI
JUCIUIUIMHBI KBaHTOBAsi MeXxaHMKa M KBAHTOBAsI XUMUS Ha 8 cemecTp
ouHas Gopma 00ydeHUs

Bua pa6otsl O0BLeM TUCHUILTHHBI
O6mmas Tpynoemkocts aucuuruimabl (3ET / gacoB) 3/108
Y4eOHBIX 4acOB Ha KOHTAKTHYIO pabOTy C IIPETo/1aBaTelIeM: 61,2
JIEKINI 32
MIPAKTUYECKUX/ CEMUHAPCKUX -
71a00PaTOPHBIX 28

npyrux (TpynroBasi, MHAUBUIYadbHast KOHCYJIBTAIUS U UHBIC BUJIBI
y4eOHOM JeSTEIHbHOCTH, MPEAYyCMATPUBAIOIINE pa00OTy 00YUAIOIIUXCS C

npenoaasareneM) (OKP) 1,2
Y4eOHBIX 9acOB Ha CAMOCTOSATEIbHYIO paboTy obydaromuxcs (CP) 3,0
Y4eOHBIX 9acOB Ha MOJATOTOBKY K

sK3ameny/3auety/mud depenmpoannomy 3auery (Kontpomn) 43,8

®opma(bl) KOHTPOJIS:
DK3aMeH B 8 ceMecTpe
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dopma HU3yueHHsI MaTepPHUATIOB:

OcHoBHas U

dopma TeKyLEero
JIEKIMY, TIPAKTUYECKHUE 3aHATUS, | JOMOJHUTEIbHAS
KOHTPOJISL yCIIEBAEMOCTH
Ne CegII/IHapCKI/IC SaHgTI/Iﬂ, JMTEpATypa, 3ananus 10 ) (KOILTOKBIYMBL
o Tema u conepkanue nabopaTopHbIe paboTHI, peKoMeHTyeMas CaMOCTOSTENBHOM KOHTPOIbHEIE PAGOTHI,
caMOCTOsTENbHas paboTa 1 CTyJeHTaM paboTe CTyIEHTOR
KOMIILFOTEPHBIE TECTHI U
YIOEMKOCTb (B yacax) (Homepa u3 L)
JIK ITP/CEM JIP | CPC CITHCKA) i
1 2 3 4 5 6 7 8 9
1. e  IlpenmMer KBaHTOBOIi MexaHWKH. OCHOBHBIE 3TANBI
Pa3BUTHS KBAHTOBON TeOpPHH.
IpeamMeT KBAaHTOBOW MEXaHHKH MOJEKYJISIPHBIX CHCTEM U 2 B B Ipopaborats
KBaHTOBOU xuMuu. OCHOBHBIE ATAIlbI PA3BUTHS KBAHTOBOU TEOPHH. [1-5,9-11] JICKIHIO, PCK. Ox3amen
I'aBHBIE TEHIEHLIMU B Pa3BUTUH KBAHTOBOM XMMHHU KaK OCHOBHOI'O JUTEPATYPY
TEOPETUYECKOTO (PYHIAMEHTA COBPEMEHHON XMMUYECKOH HAYKH.
2. e OcHoBHBIC IOHATHSA KBAHTOBOI MEXaHHUKH. .
MareMaTHYeCKHiT annapaT KBAaHTOBOM MEXaHHUKH. DPMHTOBBI YCTHBIN OIIPOC
OIEPATOPHI, HX COOCTBEHHBIE (PYHKIUH U COOCTBECHHBIC 3HAYCHHSL. nabopaTopHbIe paGoTEL;
Briposknenne. MaTpiaHOE IpeENCTaBICHHIE OIEPaTOPOB. 9 B B 3 ITpopaGorats KOHTPOJIbHBIE PabOTHI;
Paznoxenue 1o cOGCTBEHHBIM (yHKIMSAM SPMHUTOBA OTIEPATOPA. [1-5,9-11] JIEKIHIO, PEK. pasHOYPOBHEBBIC
KOMMYyTallMOHHBIE COOTHOLIEHHS. JATEPATYPY 3ajauu,
) CooTHowmenus HeonpeaeaeHHocTel. PU3nUECKuii CMBICT U pedepat; TecThl
npocTeiilye OlEHKH Ha UX OCHOBE.
3. e  TlocTyaaTbl KBAHTOBOH MeXaHHKH.
OCHOBHBIE TIOCTYJIaThl KBAHTOBOM MexaHuku. KBaHTOBbIE
COCTOSIHMSI ¥ BOJIHOBBIE (DYHKI[MH; OCHOBHBIE CBOMCTBA BOJHOBBIX 5
(Qynxmmii. OnepaToph! QHU3HYECKUX BEIUYMH (HAOIIONaEMBIX); YCTHBIN OIIpOC
CpelHne 3HAYEHHUS M JUCTIEPCHH HabIoaaeMbIX. [IIOTHOCT 1mabopaTopHbIe paboTHI;
BEPOATHOCTH pacHpeieJeHUs YaCTHI] B IPOCTPAHCTBRE. 4 B B ITpopaGorats KOHTPOJIbHBIE PabOTHI;
Omnepatopsl KOOPAUHAT, HMITYI5COB, MOMEHTOB UMITYJIbCa, [1-5,9-11] JICKLIMH, PEK. PasHOypOBHEBBIC
KHHETHYECKON M HOTEHIMAIbHOM sHeprud. OnepaTop I'aMunsToHa JTepatypy sana+u,
(raMUJIbTOHHAH). pedepar; TecTsl
DBoJrous cocTosiHMiA U ypaBHeHue [lpenunrepa.
CrammonapHoe ypasHeHue llIpeannrepa. JIuCKpeTHBIN 1
HEIPEPBIBHBII CIIEKTPHl. YPaBHEHUE HENPEPBIBHOCTH.
4. e  Hekoropble mnpuMepbl  pelleHHs]  ypPABHEHHs
Ipeaunrepa. .
IIpocTeiimme TpUMEPHI TPUMEHEHHUS KBAHTOBON MEXAHHKH. YCTHBIH OIPOC
OJIHOMEPHBIE 3a/1aUM: CIIEKTD, KAYECTBEHHBIE 0COOEHHOCTH nabopatopHbie paboThI;
BOJIHOBBIX (DYHKIWIA. 3a/1a4K O IPAMOYTOJILHOM MOTEHIMATBLHOM 4 B 4 I[IpopaboTaTh KOHTPOJIbHBIE PaboThI;
SIHKE, MOTEHIMAIBLHOM 6apbepe U TAPMOHNIECKOM OCIHILISATOPE. [1-12] JICKIIAY, 3aKOH, PCK. pasHOYPOBHEBBIC
Teopust MoMeHTa UMIyIbca. OCHOBHBIE CIEACTBHS JMTCpaTypy 3aflaqu,
KOMMYTAIMOHHBIX COOTHOIIEHUH JIISl KOMITIOHEHT MOMEHTA pedepar; TecTeI
umnyisca. [IpaBuita coKeHHs MOMEHTOB UMITYJIbCA. JKecTkuii
porarop. 28




. Pemenune ypaBHenus Illpenmnrepa pmas  aroma
BOJ0POJA (M BOAOPOAONOA00HBIX ATOMOB). ATOMHbIE OPOUTAJIH.

YCTHBII OIIPOC
nabopaTopHble paboThI;

3anaya 00 arome Bomopoza. Paznenenue nepeMeHHBIX. [Tpopaborats KOHTPOJIbHBIC PabOTBI;
Bomnopono-mono0Hbie 0pOUTAaIH, TpaguuecKoe NPeACTaBICHUE UX [1-12] JICKIUH, PEK. Pa3HOYPOBHEBEIC
paJHabHBIX U YIIIOBBIX YacTel. BHIpOKACHNE OTHOIIECKTPOHHBIX JATEPATYPY 3a/1a4d,
COCTOSIHHH KaK CIEACTBHE CHMMETPUH LIEHTPAITBEHOTO IIOJIS. .
pedepat; TecTh
BapuanuonHnslii MeToa. YCTHBIH OIpocC
[TpuGnrKeHHBIE METO/IBI PEIICHHSI KBAHTOBO- nmabopaTopHBIE PabOTHL;
MEXaHMYECKHX 3a/1a4. TeopHs BO3MYLCHUH JUIs CTALMOHAPHBIX [popaborars KOHTPOJIBHBIE pabOTHI;
COCTOSIHUHM B OTCYTCTBHE M IIPH HAJIMYHUU BBIPOXKICHHS. [1-5,9-11] JIEKLHUIO, PEK. pPa3sHOYPOBHEBBIE
BapuanuoHHbI NPpUHIUI KBAHTOBON MEXAHUKU U BapUALlMOHHBIN JIUTEpPATypy 3ajJa4u,
meron. Merog Purna.
pedepar; TecTs
. KBaHTOBBIC UnCIa.
Moutekyiia B OCTOSIHHBIX JIEKTPHICCKOM U MATHUTHOM .
noJIsX. J[MNONBHEIA SIEKTPHIECKUN U MATHUTHBIA MOMEHTEI YCTHbIN OTpOC
cucTeMbl YacTull. CHATHE BBIPOXKIEHHUS 10| BIUSHHEM nmaGopatopHbie paboThL;
MOCTOSHHOTO 3JIEKTPUYECKOTO MJIM MATHUTHOTO TI0JIs (3 (eKThI Ipopaborats KOHTPOJIbHBIC PAOTEL;
Iltapka 1 3eemana.) [1-5,9-11] JICKIIHIO, PEK. Pa3HOYPOBHEBBIC
CIIMH >JIeMEHTapHBIX YaCTHII M CBA3AHHBIN ¢ HUM JUTEpaATypy 3ajaqy,
MAarHuTHBII MOMeHT. OTepaTophl CIIMHA U KOMMYTAIl[HOHHBIC pedepar; TecTsI
cootHomeHus1. ClIMH-OpOUTATEHOE B3aUMOACHCTBHE U €ro
TPOSIBIICHUSL.
. MHOro3/1eKTpOHHbIE aToOMBI. CaoiicTBa
MHOT'03JIEKTPOHHBIX ATOMOB.
VYpaerenue LlIpeauHrepa a1 aTOMOB H MOJIEKYJL.
PasyienieHue 3J€KTPOHHOTO U SIICPHOTO JIBHKEHHUIA.
Ammnabatrdeckoe npuOIMKeHne. DIEKTPOHHOE BOJIHOBOE
ypaBHEHHe. DIEeKTPOHHAsI TUIOTHOCTD U €€ M3MEHEHHUS MIPHU Mepexojie
OT pa3zZieJIeHHbIX aTOMOB K MOJIEKYJIE. .
TocTpoeHHE MPUOTMKEHHBIX PEIEHHUI JTIEKTPOHHOTO YCTHBIN OLPOC
BOJIHOBOTO YPAaBHEHMS Ha OCHOBE BAPUAIIHOHHOTO IIPUHIIAIIA. nabopatopHbIe paboTEL;
OnHO31IEKTPOHHOE NpHOImkeHre. OrpaHIIEHHEIN 1 ITpopaGorats KOHTPOJIbHBIE PabOTHI;
HEOTpPaHMYEHHBIH MeToab XapTpu-Poka (caMOCOrIacoBaHHOTO [1-5,9-11] JIEKIHIO, PEK. PasHOYpOBHEBBIC
nois, CCII). Jlerepmunant Cisrepa. IIoHATHE 0 3aKPBITHIX K JTeparypy sana+u,
OTKPBITBIX 000JI0YKax. Y paBHEHHS, ONPEACIAIONINE OPOUTAH. pedepar; TecTsl
OpOuTanbHbIe SHEPTHH U HX CBSI3b C MONHOM JIEKTPOHHOI
sHeprueil. Teopema Kynmanca n ¢pOTO31€KTpOHHBIE CIIEKTPHI.
IIpenensl npuMeHUMOCcTH MeToaa XapTpu-Doka.
DNEKTPOHHOE CTPOEHUE ATOMOB. DIIEKTPOHHBIE
KOH(HUTypanuu u TepMbl aTOMOB. CII0KEHHE MOMEHTOB JUISI aTOMOB.
[IpaBuna XyHaa. DIEKTPOHHOE CTPOCHUE aTOMOB H [IEPHOINIECKast
cuctema anemenToB /(.M. Menaeneena.
. Teopusa xumuyeckoit cesizu. Merox MO JIKAO. [1-5, 9-12] Tpopa-Gotats YCTHBIIT 01IPOC
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BasucHble Ha0OpPBI ATOMHBIX OpOUTAIEIA.

JIEKLUIO, PEK.

nabopaTopHble paboThI;

[IpencraBnenne mosekysipHbIx opouraneii (MO) B Buze JIUTEpaTypy KOHTPOJILHBIE Pa0OTBHI;
JMHEHHOW KoMOMHanuy aToMHbIX opoutaneii (JIKAO). Hanbonee pa3HOYPOBHEBBIE
pacrpocTpaHeHHbIE THITbI 0a3MCOB aTOMHBIX OpOUTaeii: opouTamu 3a7a4H,
CIIEHTEPOBCKOTO U rayccoBa THna. MUHUMAJIbHbIC U BAJICHTHO- .
pacuierieHHbIe Oa3ucHbIe Habopsl. [lospu3anoHHbIe 1 peepar; Tectel
nmuddysaeie pyaxmmn. Meroq CCIT MO JIKAO.

10 e  IloBepxHOCTh NOTEHUHAILHON YHEPIHH.
DneKTpoHHbIE, KoJieOaTeNIbHBIC U BpallaTeIbHbIe COCTOSHUS YCTHBIH O1poc
Mmoiekyi. [ToBepxuocTs noreHnmansHO# sHeprun (I1113). Pons 11aGopaTopHBIe paGoTHI;
npeactasienuii o I[1I1D B coBpeMeHHO# CTPYKTYypHOH TeopuH IIpopaboTats KOHTPOJIBHBIE PAaGOTHI;
xumuH. PaBHOBecHast KoHQUTYpanys 1 KOHPpOpMaUy MOJIEKYJI. 2 2 [1-6] JEKLIHIO, Pex. Pa3HOYpOBHEBbIE
Cranuonapnele Touky 1113, nx ananus. [IpocTeiimue npumepsl IATEPATYpy 3aj1a4u,
[I12. IByxaToMHas MoJiekyia. ONTUMU3AIUS T€OMETPUIECKUX
XapaKTepUCTHK MOJIEKYIbl. [TT1D U XuMUdecKas peakius, pedepar; TecThr
KOOpAUHATA PEaKIHU.

11 e Vuer 2JeKTPOHHOI KOPPeIsIUu. YCTHBIiT o1poc

KoppenupoBaHHOE IBIKEHHE 3I€KTPOHOB. Y4eT SHEPIUH 11aGopaTOPHBIE paGOTHI;
3NIEKTPOHHO Koppesauuu. [loHsTHe 0 MeToe KOHPUTYPaLlIOHHOTO Tpopa6otats KOHTPOIIBHBIC PaGOTHL;
B3anMoeicTBIA. OCHOBHBIC IOHATHS METOJIa TEOPHU BO3MYLICHHH, 2 2 [1-5, 9-11] JEKIHIO, PEK. PasHOYPOBHEBbIE
teopust Memtepa-Ilnecce. CpaBHUTENIBHAS XapaKTePUCTHKA JHTepaTypy 3a/124H,
METOJZI0B KOH(HT'YPALMOHHOTO B3aUMOJICHCTBUS U TEOPHH
BO3MYyIIEHHI. pedepar; TecThl

12 e  Ilosy>MnupHYEcKHE METONBIL. YCTHBIN OIpoc

ITonyamnupudeckue METOAbI KBAaHTOBOW XUMHUH. MeTobl, nmabopaTopHbIe paboThI;
UCIIONB3YIOIUe HylleBoe AuddepeHIanbHoe NepeKpbIBaHUe. ITpopaborats KOHTPOJIbHBIE PaOOTBL;
B03MOXXHOCTH 1 OTpaHUYEHUS TPUMEHEHHS MOTYIMITUPHYECKUX 2 4 [1-5,9-11] JIEKIUIO, PEK. pa3HOYpOBHEBBIE
METOJIOB KBAHTOBOI XHMHH. JIUTEpaTpy 3aj1a4y,

pedepar; TecTs
13 e  CoBpeMeHHOe NPOrpaMMHOe OfecreyeHHe KBAHTOBO-
XHMHYECKHX PacyeToB.
VY4er CHMMETpUH AIePHOI KOH(PHUTYpaLUH IPH
PacCMOTPEHUH dJICKTPOHHOM 3a1aui. DJIEMEHTBI U ONlepaluu .
cuMMeTpuH. ToYeuHbIe TPYIIIEI CAMMETPHH. YCTHBIN OIIPOC

HauGosee pacnpocTpaHeHHbBIE IPOTPAMMHBIE KOMILIEKCHI nabopatopHbIe paboTEL;
(AMPAC, MOPAC, GAMESS). TToarotoBka ucxoHoro ¢aiina. 2 4 [IpopaboraTh KOHTPOJIbHEIE PabOTEHI,
KiroueBbie ¢10Ba Kak crnocol ympasnenus pacuetoM. COCTaBleHNE [1-5,9-11] JICKIHIO, PCK. pasHOYPOBHEBBIC
Z-matpuiibl. basucusle atoMsl. OnpeieseHne HauaabHOTo JUTeparypy 3aj/iaqm,
HpUOIIMKEHUS T€OMETPUUYECKUX N1apAMETPOB MOJIEKYJIbl. YUeT pedepar; TecTbl
CUMMETPHH TIPH 33aHIH HAYaJIbHOTO IPUOIMKEH . Z-MaTpula
ctuiist MOPAC u GAUSSIAN. OcHoBHBIE pe3yJIbTaThl
KBaHTOBOXMMHYECKHX pacueToB. Busyanusaius pe3ysibTaToB
pacuera.

Bcero yacos 32 28 3,0
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[Tpunoxenue Ne 1
PeliTUHT — IUIaH JUCHUILINHBI

KBaHTOBas MexaHWKa ¥ KBAHTOBAs XUMHUS
HarpasieHue/crennanbHocTh 04.03.01. Xumus
Kypc 4, cemectp 8

Busl yueOHOU A€ATEIEHOCTH bani 3a koHKpeTHOE Yucno 3ananuil 3a BaLisL
CTYIICHTOB 3a7aHue ceMecTp
Munumanbabld | MakcuManbHbINA
Monyns 1
Texymmii KOHTPOJIL
1. JlaGoparopHbie pabOTEI 2,50 6 0 15,00
2. YcrHBIH onpoc 0,50 3 0 1,50
3. Twumnossle 3amaun 1,00 5 0 5,00
Py0e:kHbIH KOHTPOJIb
1. Tect Ne 1 (o mpakTHke) 10,00 1 0 10,00
Mopyns 2
Tekymuii KOHTPOJIb
1. JlaboparopHblie pabOTHI 2,50 5 0 12,50
2. YcrHbIH onpoc 0,50 2 0 1,00
3.  Pedepar 5,00 1 0 5,00
Py0e:kHblii KOHTPOJIb
1. Tect Ne 2 (o npakTuke) 10,00 1 0 10,00
2.KonrposnbHas padbota 10,00 1 0 10,00
IocemaemocTns
1. ITocemnienne IEKIINOHHBIX 3aHATHIA 0 -6,00
2. [NocemeHne MpakTHYECKUX (CEMUHAPCKUX, Ta00paTOPHBIX) 3aHATHH 0 -10,00
Hroro 100
HoompurenbHbie 6aIbI
VYuacTtue B 0JIMMIIManax 1,00 0 1,00
VYuactue B KOH(pEpeHIUIX 2,00 0 2,00
IlyOnukanus Te3UCOB 3,00 0 3,00
IlyOnukanus crateit 4,00 0 4,00
Hroro 10

HUToOroBblii KOHTPOJIb

DK3aMeH 0,00 30,00




