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1. IlepeuyeHb NIIAHHPYEMBIX Pe3yJIbTATOB 00y4eHHUsI 10 AUCHHUIIJIMHE, COOTHECEHHBIX €
YCTAHOBJICHHBIMH B 00pa30BaTe/IbHOM MPOrpaMMe HHAMKATOPAMH J0CTUKEHH S

KOMIIeTeHII M

ITo uToram ocBoeHMS JUCIHUITIIMHBI 06yqaloumﬁc;1 AOJDKCH OOCTHUYD CICAYIOIUX PE3YJIILTATOB

o0yJeHus:
Kareropus dopmupyemasn Kon n HanmeHnoBanme PesynbTaTnl 00y4yeHus: 110 JUCHUILIHHE
(rpynma) KomneTeHuus (¢ HHIMKATOPA JOCTUKEHUS
KOMIIeTeHIIM I YKa3aHueM Ko/a) KOMIIETeHIIUH
(Opu HATHYMHU
OIIK)
Oobmenpodecc | OIIK-1 Cnocoben OIIK-1.1. CucremMatusupyer u 3HaTh: TEOPETUYECKUE OCHOBHI Oa30BBIX
HOHAJIbHBIE aHAJIM3UPOBATH U aHAJM3UPYET PE3yIbTaThI XMMHUYECKUX JUCIUTUINH
HaBBIKH HHTEPIPETUPOBATh XUMHYECKUX IKCIEPUMEHTOB, YMeTs: penats TUIIOBBIE YdeOHbIE 3aauK
pe3yabTaTh HaOIIOICHUH, N3MEPEHHH, a 10 OCHOBHBIM (0230BBIM) XUMHUYECKUM
XUMHYECKHX TaKXKe pe3yNbTaThl PACUETOB JUCLUIUIMHAM
JKCIEPUMEHTOB, CBOWCTB BEILECTB U MaTEPHAIIOB Brraners: HaBbIKaMu paboOTHI ¢ yueOHON
HaOIIOICHUI 1 JIUTEPATYPOU O OCHOBHBIM XUMHUYECKHM
M3MEpeHnit JIICIUIIIMHAM
OIIK-1.2. [Ipennaraer YMeTh: BBIIONHATh CTAaHAAPTHBIE ACHCTBUS
HHTEPIPETALUIO PE3YIIBTaTOB (xyaccuguKaIys BEmecTB, COCTaBICHHE
COOCTBEHHBIX SKCIIEPUMEHTOB U CXEM IPOLIECCOB, CUCTEMAaTH3ALMs JAHHBIX
pacyeTHO-TEOPETHYECKUX PA0OT C | M T.II.) C YUETOM OCHOBHBIX MOHSTHH 1
WCIIONIb30BAaHUEM TEOPETHUYECKUX | OOIIMX 3aKOHOMEpPHOCTEH, (hOpMYITUpyEeMBIX
OCHOB TPAJULMOHHBIX U HOBBIX B paMKax 0a30BbIX XUMUYECKHUX TUCIUIIINH
pa3lenoB XUMHU
OIIK-1.3. ®opmynupyer YMeTb: BBINOIHATH CTAaHJAPTHBIE NEHCTBUS
3aKJIFOUEHHS U BBIBOJBI 1O (xyaccuguKanys BEmecTB, COCTaBICHHE
pe3yabTaTaM aHaau3a CXEM IPOLIECCOB, CUCTEMATH3ALNs JAHHBIX
JIUTEPaTYpPHBIX JIAHHBIX, U T.IL.) C y9€TOM OCHOBHBIX ITOHSITHH H
COOCTBEHHBIX 00IIMX 3aKOHOMEPHOCTEH, (HhOPMYITUPYEMBIX
SKCTIEPUMEHTAIBHBIX M PACYETHO- | B paMKax 0a30BBIX XUMHUYECKUX JUCIUTUINH
TEOPETHYECKUX PaboOT
XUMHYECKOI HapaBIECHHOCTU
OIIK-3 Cnocoben OIIK-3.1. ITpumensier 3HaTh: OCHOBHBIE ITPHUEMBI pabOTHI CO
IIPUMEHSATH TEOPETUIECKHE U CHeLMaTU3UPOBAHHBIM IPOrPAMMHBIM
pacueTHo- TIOTYSMIIMPHYECKNE MOJIETIN IIPU | oOecriedeHUEM IpH IIPOBEICHUN
TEOPETUYECKHE pEILIeHNH 331a4 XUMUYIECKON TEOPETHYECKUX PACUETOB M 00paboTKe
METOABI IS HaNpaBICHHOCTU 9KCTIEPUMEHTAIBHBIX TaHHBIX
H3Yy4EHUsI CBOMCTB YMeTh: IPUMEHATH CHELUATH3UPOBAHHOE
BELIECTB U IIporpaMMHOE 00ecriedeHre pu
IIPOLIECCOB C UX IIPOBEIEHUH TEOPETUUECKHUX PACUETOB U
Y4acTHEM C 00paboTKe IKCIIEPUMEHTAIBHBIX JAHHBIX
HCIIOIb30BAHUEM OIIK-3.2. Ucnonw3yer 3HaTh: OCHOBHBIC IPUEMBI PAOOTHI CO
COBPEMEHHOU CTaHJapTHOE MPOrpaMMHOE CHELUATM3UPOBAaHHBIM TIPOIPAMMHBIM
BBIYUCIIUTETBHON obecrieueHre Mpyu pereHun obecrieueHneM IpH POBEIECHUN
TEXHUKU 3a/1a4 XMMUYECKOU TEOPETHYECKHX PACUETOB M 00paboTKe
HaNpaBICHHOCTU 9KCTIEPUMEHTAIBHBIX TaHHBIX
Brraners: HaBBIKaMU ITPUMEHEHUS
CHELMaTU3UPOBAHHOIO IPOrPAMMHOTO
obecrieueHns ¥ 0a3 TAHHBIX IPU PELICHUN
3a1a4 MpoQecCHOHATBHON chephl
JIeSITENbHOCTU
duzuko- OIIK-4 Criocoben OIIK-4.1. Ucnone3yer 6a30BEIC 3HaTh: OCHOBHBIE TEOPETUUYECKUE
MaTeMaTH4ecK | IJIAaHWPOBATH pabOTHl | 3HAHUS B 00JIACTH MAaTEMATHKU M | TIOJIOXKEHUSI CMEKHBIX C XMMUEH
as u XUMHYECKON (U3MKY TP TUTAHUPOBAHUU €CTECTBEHHOHAYYHBIX AUCLIUIIINH
KOMIIBIOTEPHA | HANpPaBICHHOCTH, paboT XUMHIECKOMH 3HaTh: MaTEMaTUYECKUN anmapar,
sl TPAaMOTHOCTH | 00palaThIBaTh U HaANpaBICHHOCTU HEOOXOANMBIH ISl peIIeHUsI
IIPYU PELIEHUN | MHTEPIPETUPOBATH Ipo(eCCHOHANBHBIX 33J1a4 B 00J1aCTH XUMUH
3a1a4 MOJTy4YEHHBIE U MaTEepPHATIOBEICHUS
npoeccronan | pe3yabTaThl ¢ YMeTs: penats TUIIOBBIE Y4eOHbIE 3aa9K
BHOU HCIOJIb30BaHUEM 10 OCHOBHBIM pa3jieslaM MaTeMaTHKH U
JIESTENBHOCTH | TEOPETHYECKUX €CTECTBEHHOHAYYHBIX JAUCLIUILIINH
3HAHUU U Braners: HaBbIKaMu paOboOTHI ¢ yueOHON




MMPAKTUICCKUX

HAaBBIKOB PCHICHUS
MAaTEMAaTUYCCKUX U
(1)I/I3I/I‘IGCKI/IX 3aaa4

JIUTEPATYpOH, OCHOBHOW TEPMUHOJIOTUEN U
TIOHSATHIHBIM arnmapaToM 0a30BBIX
MaTEMaTUYECKUX U €CTECTBEHHOHAYUYHBIX
JUCLUIUIMH

OIIK-4.2. O6pabaTsIBacT JaHHBIC
C UCIIONTb30BaHUEM CTaHAAPTHBIX
Croco0OB AIMMPOKCHMAIINU
YHCJICHHBIX XapPaKTCPUCTUK

3HaTh: MaTEMaTUYECKUI anmapar,
HEOOXOMUMBIN IS PEIICHUS

PO eCCUOHATBHBIX 33/1ad B 00JIACTA XUMUHU
1 MaTepHaioBeICHU

OIIK-4.3. Unrepnperupyer
pe3yNbTaThl XUMHUYECKUX
HaOJIIOICHUH C NCTOJIb30BAaHUEM
(U3MYECKNX 3aKOHOB U
MIpeICTaBIECHUA

YMeTs: penats TUIIOBBIE YdeOHbIE 3aauK
10 OCHOBHBIM pa3ieslaM MaTeMaTHKU 1
€CTECTBEHHOHAYYHBIX TUCIUIIINH
Brnanmers: HaBEIKaMu pabOTHI ¢ y4eOHOM
JIUTEPATYpOU, OCHOBHOW TEPMUHOJIOTUEN U
TIOHSATHIHBIM arnmapaToM 0a30BBIX
MaTEMaTHYECKUX U €CTECTBEHHOHAYYHBIX
JIICIUIIIAH

2. Heap 1 MecTO AMCUHHUILIMHBI B CTPYKTYpe 00pa3oBaTe/bHOI NPporpaMMbl

Jucuuminza «KBaHToBass MeXaHHWKa U KBAHTOBAs XMMUS» OTHOCHTCS K 00s3aTeapHoi yactu OI1.
JucuumnHa u3ydaercs Ha 4 kypce B 8 ceMectpe.
[lenbr0 OCBOCHMS AUCUMUIUIMHBI SBJISETCA MOArOTOBUTH CTYACHTOB K IOHMMAHHUIO S3bIKA COBPEMEHHOU

KBaHTOBOM XMMHH, a TaxKkkK€ K CaMOCTOATCIIbHBIM

KOMIIBIOTCPHBIM  BBIYUCJIICHUAM S3JICKTPOHHOI'O

CTPOCHHS, MPOCTPAHCTBEHHOW CTPYKTYpPhl U (PU3UKO-XMMHUUYECKHX CBOMCTB Pa3IMYHBIX MOJEKYISIPHBIX

CHUCTEM.

Jlnsi OCBOGHMS JHUCLHUIUIMHBI HEOOXOJUMBI KOMIIETEHIIMH, C(POPMHPOBAHHBIE B paMKaxX H3Yy4eHUS
CIIEAYIOINX AUCUMILINH: «DPu3nka», «Marematuka», «CTpoeHue BeuecTBay, «UuCIeHHbIE METOABI U
nporpaMmmupoBanue», «llepcoHanpHble KOMIbIOTEpHl B XxuUMHM» «HMHpopmatuka», «OOmas Xumusy»,
«AHanuTHuecKas XUMHs», «Opranuueckas XUMus», «Puznueckas XUMHUSD).

1. Coaep:xanue padoyeil nporpamMmsl (00beM THCHUILIMHBI, TUNIBI M BUJAbI y4eOHbIX 3aHATHIA,
y4eOHO-MeToAnYecKoe ofecnedyeHne CaMoOCTOSITeIbHOI padoThl 00y4aroIuxcs)

Copneprxanue paboueii mporpammel npezacranieHo B [Tpunoxenun Ne 1.




4.1. IlepevyeHb KOMIIETEHIUI M MHAUKATOPOB JOCTHKEHHUSI KOMIIETEHIMI ¢ YKa3aHHEM COOTHECEHHBIX C HUMH 3aIVIAHMPOBAHHBIX Pe3y/JbTaTOB

4. D oHJ OLIEHOYHBIX CpeACTB MO AUCHUIIJINHE

Oﬁy‘leﬂlflﬂ Mo AMCHMIIJIMHE. Onucanue KPUTEPHEB U IIKAJ OLICHUBAHUSA Pe3yJibTaTOB Oﬁy‘leﬂlflﬂ Mo IMCHMIIJIMHE.

Kon u popmynuposka komnerennun OIIK-1 CriocobeH aHann3npoBaTh U MHTEPIPETHPOBATH PE3YIBTATHl XUMHIECKUX HKCIIEPUMEHTOB, HAOIIOICHUI U M3MEPEHUH

Koa u HammeHoBaHue

PesynbraTnl 00y4yeHust o

Kpurepun onieHnBaHMS pe3yabTaTOB 00yUEeHNUS

HHAMKATOPA AO0CTUKEHUS AUCIUTIINHE 2
KOMIIETCeHIIUH («Heynosnersopu 3 («Y 1OBIIETBOPUTEIHHOY) 4 («Xopormio») 5 («OtnaHO»)
TEIIBHOY)
OIIK-1.1. 3HaTh! TeopeTHdecKue | 3aTpyaHseTCS B Nmeer npencraBneHue o Nmeer npencraBineHue o HNmeer deTkoe, ILETOCTHOE
Cucremarnsupyer U | OCHOBBHI 0a30BBIX | ONpEAEICHUN COJIep’KaHNH OTJETIBHBIX COJIep’KaHUU OCHOBHBIX MIPE/ICTaBICHUE O COJCPKAaHUU

AHAJM3UPYET PE3ybTaThl
XUMHUYECKUX
SKCIIEPUMEHTOB,
HAOIOACHUNA, W3MEpEHU,
a  TaKkKe  pe3yabTaThl
pacyeToB CBOMCTB BEIIECTB
Y MaTepuasoB

XUMHWYCCKHUX TUCIUILINH

0a30BBIX HOHATHH
1 GOpMyIHpPOBKE
OCHOBHBIX
3aKOHOB XHMMUH

XUMHYECKHX AUCLUILINH,
3HAET TEPMHUHOJIOTHIO,
OCHOBHBIC 3aKOHBI XUMHH, HO
JIOITYCKAeT HETOYHOCTH B
(opMyaHpoBKax

y4eOHBIX KypCOB 110 XHMHUH,
3HAET TEPMHUHOJIOTHIO,
OCHOBHBIE 3aKOHBI 1
MTOHMMAET CYIIHOCTH OOIINX
3aKOHOMEpPHOCTEH,
N3y4aeMBbIX B paMKax 0a30BBIX
XMMHUYECKUX JUCIUTUINH

OCHOBHBIX XUMHWYCCKUX KYPCOB

u O6HII/IX 3aKOHOMCPHOCTAX
XUMHWYCCKHUX Ipoueccos,
HN3Yy4aCMbIX B paMKax
OCHOBHBIX XUMHUYCCKUX
JUCHUIIINH

VYmMers: pemats Ttunosele | He ymeer YMeer penats THUIIOBBIE YMeer pemars YMeer pemars 3agaun
yueOHbIe 3a1a4u o 3aJa9y n3 0a30BBIX KYpCOB KOMOHMHHUPOBaHHbIE 33J[a4y U3 | MOBBIIICHHOH CIOKHOCTHU M3
OCHOBHBIM (6a30BBIM) XUMHU 0a30BBIX KypCOB XHUMHUH 0a30BBIX KypCcOB XHUMHUH
XMMHUYECKAM JTUCHUTIIMHAM
Braners: HaBbIkamu | He Bageer Braneer naBbikamMu Braneer naBbsIkamMu Braneer naBbsikamMu
paboTsI c yueOHOH BOCIIPOU3BEJCHUSI OCBOEHHOTO | CAMOCTOATENBHOIO U3YUEHUS | KPUTUYECKOrO aHAIH3a
JIUTEPATYpOH IO OCHOBHBIM yueOHOro Marepuasia mno OTZEJIBHBIX Pa3/IelioB yueOHOH | yueOHOH HHpOpMaIHH 110
XMMHUYECKAM JUCLUTIHHAM OCHOBHBIM XHMUYECKUM JIUTEPaTyphl IO OCHOBHBIM OCHOBHBIM pa3zieaM XUMUH,
JUCHUIUIHHAM XMMHUYECKAM JUCLHUIUIMHAM U | (OPMYITMPOBKH BEIBOIOB U
00CYXIEHUSI OCBOCHHOT'O y4acTHs B JUCKYCCHH IO
MaTepuaia y4eOHBIM BOIpOCaM
OIIK-1.2. IIpeqnaraer | Ymers: BBINONIHATH | He ymeer YMeeT UHTepnpeTupoBaTh YMeeT coCTaBIATh CXEMBI YMeeT nporHo3upoBathb
MHTEPIPETALNIO CTaH/apTHBIE JIEHCTBUS pe3yabTaThl OTHOCUTEIBHO IIPOLIECCOB C UCIOJIB30BAHUEM | PE3YJIbTAThl HECIOXKHBIX
pe3yNbTaToB COOCTBEHHBIX | (KiIaccuduKanms BEIIECTB, IIPOCTBIX XUMUYECKUX 3HAHUI OCHOBHBIX MOCIE0BATENBHOCTEN
JKCHEPUMEHTOB U | COCTaBJICHHE cXeM IIPOLIECCOB C UCIOJIB30BAHUEM | XUMHUUYECKUX AUCLUILINH, HO XMMHUYECKHX PEAKIHH C

PACYCTHO-TCOPCTHUICCKUX
pa6OT C HCIIOJIB30BaHUEM
TCOPCTUICCKUX OCHOB
TPAAUIIMOHHBIX W HOBBIX
pa3acioB XUMUN

TIPOLIECCOB,
CHCTEMATH3AIUS JIAHHBIX U
T.II.) C YY4ETOM OCHOBHBIX
MOHSTHIA u o0mmx
3aKOHOMEpPHOCTEH,
(bOpMyIHpYEMBIX B paMKax
0a30BBIX XUMHUYECKUX
JUCIUTIIAH

OOIIMX MpEJCTaBICHUIN 1
3aKOHOMEpPHOCTEN,
N3y4aeMBbIX B paMKax 0a30BBIX
XMMHUYECKUX JUCIUTUINH

JIOIYCKAEeT OTIENIbHbIE
HETOYHOCTHU MPH
(hopMyITHPOBKE YCIOBUN
OCYIIECTBJICHUS TAKUX
IIPOLIECCOB

Y4eTOM OO0IIHX
3aKOHOMEpPHOCTEH IPOLIECCOB,
M3Yy49aeMBIX B paMKax
OCHOBHBIX XHMHUYIECKHUX
JIUCITATUTHH




OIIK-1.3. ®opmynupyer | YMeTh: BBINONIHATH | He ymeer
3aKJIIOYEHHSI ¥ BBIBOJBI 110 | CTaHIAPTHBIC JIEHCTBUS
pe3ynbraram aHamm3a | (knaccudukanys BEIECTB,
JUTEpaTYpHBIX  JaHHBIX, | COCTaBIICHUE cXeM
COOCTBEHHBIX IIPOLIECCOB,
SKCTIEPUMEHTAIIBHBIX U | cucremarnsanys JaHHBIX W
pacyeTHO-TEOPETHYECKUX | T.I.) C YYETOM OCHOBHBIX
pabot XUMUYECKOU | MOHSATHIMA u o0mmx
HaIpaBJICHHOCTH 3aKOHOMEpPHOCTEH,
(hOpMyIHpyEeMBIX B paMKax
0a30BBIX XMMHUYECKUX
JIICIUIIIAH

YMeeT HHTEpIpeTHpoBaTh
pe3yNbTaThl OTHOCUTEIBHO
TIPOCTBHIX XUMHUUECKUX
IPOLIECCOB C UCIIOIb30BAHUEM
OOIINX MPECTaBICHUHN 1
3aKOHOMEpPHOCTEN,
N3y4aeMBbIX B paMKax 0a30BBIX
XMMHUYECKUX JUCIUTUINH

YMeeT COCTaBIISITh CXEMBI
IIPOLIECCOB C UCIOJIb30BAHUEM
3HaHU OCHOBHBIX
XUMHWYECKAX TUCIIUIUIAH, HO
JIOIYCKAEeT OTIENIbHbIE
HETOYHOCTHU MPH
(hopMyITHPOBKE YCIOBUN
OCYIIECTBJICHUS TAKUX
IIPOLIECCOB

YMeer mporao3upoBath
PE3YABTATHI HECTIOKHBIX
MOCTIeTOBATENBHOCTEH
XUMHYCCKUX PEAKIINA C
Y4eTOM OO0IIHX
3aKOHOMEpPHOCTEH IPOIIECCOB,
M3y4aeMBIX B paMKax
OCHOBHBIX XHMHUYIECKHUX
JUCIIATUTHH

KO,H u (bOpMyJ'II/IpOBKa KOMIICTCHIIUHN OIIK-3 Crocoben MNPUMCHATH PACUCTHO-TCOPECTUUCCKHUEC METOAbI IJISI U3YUCHU CBOIICTB BCILCCTB U IMPOLUCCCOB C UX YYACTUCM C UCIIOJIb30BAHUCM
COBpeMeHHOﬁ BBIYMCIIUTCILHON TEXHUKHU

Kon u Pe3yabTaThbl 00yueHus no Kpurepun onieHnBaHMs pe3yabTaTOB O0yUEHNUS
HAaMMeHOBaHHe AUCHUTIIINHE
HHAMKATOpa 2
JAOCTH:KEHHUS 3 («Y 1OBIIETBOPUTEIHHOY) 4 («Xopomio») 5 («OtnaHO»)
(«HeynoBieTBOPHUTEITHLHON)
KOMIeTeHIINN
OIIK-3.1. 3HaTh: OCHOBHBIE ITPUEMBI 3HaeT OT/eNIbHBIC TPUEMBI 3HaeT OCHOBHBIE ITPUEMbI paboThl | 3HAET OCHOBHBIE IPHEMBI PaOOTHI | 3HAECT OCHOBHBIC IIPHEMBI
[Mpumensier paboTsI co paboTs! ¢ Hanbonee ¢ HanboJjee NOMyJIIPHBIMU ¢ HanboJjee NOMyIIPHBIMU paboTsI co
TEOpPETHYECKHE W | CIEIHUAIN3UPOBAHHBIM TIOIYJISIPHBIMU CHeUaIN3UPOBAaHHBIMHU CHeUATM3UPOBAaHHBIMHU CHELUATM3UPOBAaHHBIMHU
MOTY3MITUPHYECKUE | TPOrPaMMHBIM CHeLUaIN3UPOBaHHBIMHU MIpOrpaMMaMH, UCIIONBb3YEMBIMH B | TIPOrPaMMaMH, HCHOJIB3YEMBIMU | TIPOrpaMMaMH,
MOJIEIH npu | obecriedeHreM npu IIporpaMMaMu, XVMUH 1 MAaTEPHAIOBEJCHUH, HO | B XUMHHU M MaTepHaJIOBECHUH HCTIONIb3yEeMBIMH B XUMHH,
peneHuu 3a/1a4 | MPOBEJCHUHU TEOPETHYECKUX | HCIIONB3YEMBIMH B XUMHU M | JOIYCKAET OT/JCIbHBIC MaTepHaIOBEICHUH U
XMMHUYECKOH pacyeToB M 00paboTKe MaTepHAIOBEICHUH, HO HETOYHOCTH TIPH UX peasTu3aluu CMEXHBIX C HUIMHU 00J1aCTsIX
HaIpaBJICHHOCTH 9KCTIEPUMEHTAIIBHBIX 3aTpyaHSETCS B UX 3HAHUS
JIAHHBIX peanuzanuu
YMeTh: IpUMEHSTh YMeeT ncronbp30BaTh YMeeT NpUMEeHATh CHEeUaIbHOe | YMEEeT IPUMEHSTh CIICUAIbHOE | YMEET UCIIONb30BaTh
CHEUATN3UPOBAHHOE OTAEIbHbIC QYHKINU IIporpaMMHOE 00€ecIedeHHE PU MIpOrpaMMHOE 00ECIIeYeHHE PH | CHEeIUAIM3UPOBAHHOE
MIPOrpaMMHOE 00ECIIEYeHHE | HEKOTOPBIX 00paboTKe 3KCIIEPUMEHTAIBHBIX | 00pabOTKe SKCIEPUMEHTAIBHBIX | IPOrpaMMHOE oOecTieueHne
TIPY TIPOBEJICHNN CHELNATM3UPOBAHHBIX JTAaHHBIX U MCIOJIb30BATh JTAaHHBIX U HCIOJIb30BATh JUTSL IPOBE/ICHUS
TEOPETHYECKUX PACUETOB M | IIPOrpamM Juisi 00paboTKH HEKOTOpBIE CIICIMAIN3UPOBAHHBIE | HEKOTOPHIE TEOPETHYECKUX PACUETOB U
obpaboTke SKCTIEPUMEHTAIIBHBIX MaKeThl IPOrpaMM B OTJIEITBHO CHELUATM3UPOBAHHBIC TTAKETHI 00paboTkH
SKCTIEPUMEHTAIIBHBIX JIAaHHBIX B3SITOH 00JIACTH XUMHH TIO]T MIPOrpaMM B OT/ICNIEHO B3SITOU SKCTIEPUMEHTAIIEHBIX
JIAaHHBIX PYKOBOJICTBOM CIIELIHAJIFICTa 00J1acT XUMHHU JIAaHHBIX TIPU pEIICHUH
GoJee BBICOKOM KBaTH(UKAINH 3a1a4 MpoQecCHOHANBEHON
cephl MesITeTbHOCTH
OIIK-3.2. 3HaTh: OCHOBHBIE ITPUEMBI 3HaeT OT/AeNIbHBIC TPUEMBI 3HaeT OCHOBHBIE ITPUEMbI paboThl | 3HAET OCHOBHBIE IPHEMBI PAOOTHI | 3HAECT OCHOBHBIE IIPHEMBI
Hcnons3yer paboTsl co paboTs! ¢ Hanbonee ¢ HanboJee NOMyJIIPHBIMU ¢ HanboJee NOMyIIPHBIMU paboTsI co
CTaHAapTHOE CHELNATM3UPOBAaHHBIM TIOIYJISIPHBIMU CHELUATIM3UPOBAaHHBIMHU CHeLUaTN3UPOBAaHHBIMHU CHeLUATN3UPOBAaHHBIMHU
MIPOrpaMMHOE MIPOrpaMMHBIM CHEeIUAIM3UPOBAaHHBIMHU IIPOrpaMMaMH, UCIIONB3YEMBIMH B | TIPOrPaMMaMH, HCHOJIB3YEMBIMH | TIPOrpaMMaMH,




obecrieyeHre TIpH | O0OECIeUCHUEM pU MIPOrpaMMaMH, XVMHU ¥ MATEPUAIOBEIICHUN, HO | B XUMHH U MaTCPHUAIIOBEICHUN HCTIONB3yEeMBIMU B XUMUH,
perIeHuH 3a/1a4 | MPOBEICHUH TCOPETUICCKUX | HCIIONE3YEeMBIMU B XUMHX U | JIOITYCKAET OTICIHHEBIC MaTepHUANIOBEICHUN U
XUMHYECKOM pacueToB u 00paboTke MaTepHUAIOBEICHUN, HO HETOYHOCTH TP UX peaTU3aliu CMEKHBIX C HUMHU 00J1aCTIX
HATPaBICHHOCTU AKCIEPUMEHTATBHBIX 3aTPYAHACTCS B X 3HAHUS
JaHHBIX peanu3anum
Bnaners: HaBBIKaMM Bnangeer crmocoOHOCTEIO Bnangeer crmocoOHOCTEIO Bnangeer crmocoOHOCTEIO Bnaneer CITOCOOHOCTBIO
MIPUMEHCHUS HCII0Ib30BaTh HCIIOIb30BaTh CaMOCTOSTEILHO HCIOIb30BaTh CaMOCTOSITEILHO
CICIHATH3UPOBAHHOTO CICIIHATH3UPOBAHHOE CICIIHATH3UPOBAHHBIC 0a3hlI CICIIMATH3UPOBAHHBIC 0a3hI HCII0/Ih30BaTh
MIPOrPaMMHOTO MIpOrpaMMHOE O0CCIICUCHUE | JaHHBIX U CICIUAIBEHOE JaHHBIX U CHEIUAIBHOE CICIMATH3UPOBAHHBIC 0a3bl
obecrieueHus 1 0a3 TAHHBIX | TONBKO MpHU MIpOrpaMMHOE 00ECIICUCHHE JIIIS MIpOrpaMMHOE 00CeCIICUCHHE IS NaHHBIX M  CICIHUAIbHOE

TP PELICHUH 33134
npoeccHOHANBEHOM chephl
JEeATEIBHOCTH

HEMOCPECTBEHHOM yIaCTHH
clienuanrucTa oosuee
BBICOKO# KBaTH(UKAIIUH

pELIeHUS OTIEIbHBIX
PO eCCHOHATHHBIX 3a1a4 IO
PYKOBOJICTBOM CII€LUATHCTA

OoIree BBICOKOH KBATH(DUKAITUH

pELICHHUS OTACNBHBIX 3a1a4
npoeccHoHANBEHOH chephl

JACATCIBbHOCTH

MporpaMMHOE  0OecIieueHHe
IS TIOMCKa HEeOoOXOIUMOK
Hay4YHO-TEXHUIECKON
nHopManuy, MPOBEICHUST
pacueTos, 00paboTkn
SKCTIEPUMEHTAIBHBIX
JIAHHBIX, MIOATOTOBKH
HAy4YHBIX NOyOnuKaumii u
JIOKJIaJI0B

Kon n ¢opmynupoBka kommerenimu OIIK-4 CrocoOeH IuraHHpoBaTh PabOTHl XMMHYECKOW HAIpaBIEHHOCTH, 00padaThiBaTh W WHTEPIPETHPOBATH IIONYYECHHBIE PE3YJIbTATHI C
WCIIOJIb30BAHUEM TEOPETHUYECKHUX 3HAHUN M MPAKTHYECKUX HABBIKOB PEIICHUS] MaTeMaTHYECKUX M (PU3NYECKHX 3a]1a4

Koa u HammMeHoBaHue

PesynbTaTnl 00y4yeHust o

Kpurepun onileHHBaHMS pPe3yabTaTOB 00yUESHNUS

HHAMKATOPA A0CTUKEHUS AUCIUTIIINHE 2
KOMIIETCeHIIUH («HeynosierBopuren 3 («Y 1OBJIETBOPUTEIHHOY) 4 («Xopormio») 5 («OtaaHO»)
BHOY)
OIIK-4.1. HUcnone3yet | 3HaTh: OCHOBHEIE 3aTtpynHsaeTcs B Nmeer npencraBneHue o Nmeer npencraBneHue o Nmeer YETKOC, LIEJIOCTHOE
0a30Bble 3HAHMA B O0JIACTH | TEOPETHUYECKUE MOJIOKEHHS | ONpeeTICHUH COJIEpAKAHUU OTAEIBHBIX COJIEPAKAHUU OCHOBHBIX IIpeJCTaBICHUE 00 o0mmx
MaTeMaTuKd W (PU3MKU TIpH | CMEXKHBIX C XUMHEH 0a30BBIX HOHATHI U Pa3aenoB CMEXHBIX C XUMUEH Pa3JenoB CMEXHBIX C 3aKOHOMEPHOCTSIX ~ CMEXKHBIX C
IUTAHUPOBaHUU paboT | ecTecTBEHHOHAYYHBIX (opMyaupoBKe €CTECTBEHHOHAYYHBIX XUMHEN XUMHEN €CTECTBEHHOHAY4HBIX
XUMHYECKON JUCLMILINH OCHOBHBIX 3aKOHOB JUCLHIUIMH, HO OMyCKAeT €CTECTBEHHOHAYUHBIX JUCIMIUIMH W cmocobax WX
HaNpaBICHHOCTU CMEXHBIX C XUMHEN HETOYHOCTU B (POPMYIIUPOBKAX | JMCIMIUINH, 3HACT HCTONB30BAaHUSI TNPU  PELICHUU
€CTECTBEHHOHAYUHBIX TEpPMHUHOJIOTHIO, OCHOBHBIE | MPO()ECCHOHATBHBIX  3a7ad B
JIICIUTIIAH 3aKOHBI U TIOHUMAET obnactu XUMUH u
CYIIHOCTH O0IINX MaTepUaOBeICHUS
3aKOHOMEPHOCTEN ATUX
obJiacTeli 3HaHUS
3HaTh: MaTEMaTHYECKUI He moxer npusectu Nmeer npencraBneHue o Nmeer npencraBneHue o Nmeer YETKOC, LIEJIOCTHOE
anrmapar, HeoOXOIUMBIH IIPUMEPBI croco0ax MCITOIb30BAHMS croco0ax MCITOIb30BAHMS | IIPEACTABIICHUE o  cmocobax
JUTSL PEIICHNS HCIONb30BaHUS MaTeMaTU4ECKOro anmapaTa MaTeMaTH4eCKOro HCIOJIB30BAaHUSI MaTEMAaTHYECKOrO
po()eCCHOHANBHBIX 337]a4 | MaTEMaTHIECKOTro TIPY pEIIeHUH 3a/1ad B 00JIaCTH | amnmapara Ipy peleHu anmapara IpH peIIeHUH 3ajad B

B 00JIaCTH XUMHH U
MaTepHAIOBEICHUS

anmapara rnpu
pelIeHU: 3a/1a4 B
o0J1acT XUMUU U

XMMHHU M MaTepUaJIOBEICHHS,
HO JIOIYCKaeT HETOYHOCTH B
(hopMyaHpOBKax

3a1a4 B 00J1aCTH XUMHUH U
MaTCepUaJIOBECICHUA

obactu XHUMHH u
MaTepHAIOBEICHUS




MaTCpUaJIOBCACHUA

Vmerts: peuIaTh TUIIOBBIC He ymeer Vmeer peuIaTh TUIIOBBIC 3a/1a4Y1 Vmeer peuiaThb Vmeer peuiaTh 3a1a4u

y‘le6HBIG 3aga4u 110 13 0a30BBIX KypCOB KOM6I/IHI/IpOBaHHBIe 3agadu MOBBIICHHOH CII0XKHOCTHU U3
OCHOBHBIM pa3acjaM C€CTCCTBCHHOHAYYHbBIX 13 6a30BBIX KypCOB 0a30BBIX KypCOB

MaTCMaTUuKU U JUCHUIIINH C€CTCCTBCHHOHAYYHbBIX CCTCCTBCHHOHAYYHbBIX NUCIUIIJINH
C€CTCCTBCHHOHAYYHbIX JUCHUIIINH

JUCHUIIINH

BJ'Ia,HeTBZ HaBBIKaMH He BJIagCcCT Bna,ueeT HaBBIKaMH Bna,ueeT HaBBIKaMH Bna,ueeT HaBbIKAMU KPUTHUYCCKOTI'O

paboThI ¢ yueOHO
JIUTEPATYPOH, OCHOBHON
TEPMHHOJIOTUCH U
MOHATHHAHBIM aNnapaToM
0a30BBIX MaTEMaTHYECKUX
W €CTECTBCHHOHAYYHBIX
JACIIATUTAH

BOCIPOU3BEJICHUS] OCBOEHHOTO
y49e0HOro MaTepuana, B IeJIoM
BJIAJIECT OCHOBHOM
TEPMUHOJIOTUEN U MOHATHUIHHBIM
armapaToM 0a30BBIX
MaTEMaTHYECKUX U
€CTECTBEHHOHAYYHBIX
JUCIUITINH

CaMOCTOSITEIILHOTO
W3Y4YEHUS OTAEIBHBIX
pasnenoB yueOHOU
JIUTEPaTypHl, BIAJCET
OCHOBHOM TEPMHHOJIOTHEN
1 TIOHSATHHHBIM aInapaToM
0a30BBIX MaTEMaTHYECKUX
1 €CTECTBEHHOHAYYHBIX
JIICIUIIIAH

aHanmu3a yueOHoi nadopmannm,
YPOBCHb BII/ICHUS
TEPMUHOJIOTUEN U MOHATUHHBIM
armapaToM TMO3BOJISET
(hopMyITHPOBATH BEIBOAKI U
YYaCTBOBAaTh B JIUCKYCCHU IO
Y4eOHBIM BOIPOcaM 0a30BbIX
MaTEMaTHYECKUX U
€CTeCTBCHHOHAYYHBIX JTUCIHIIINH

OIIK-4.2. OO6pabarbiBaer | 3HaTh: MaTeMAaTHYECCKUH He moxer npusectu Nmeer npencraBineHue o Nmeer npencraBneHue o Nmeer YETKOC, LIEJIOCTHOE
JTaHHBIE C WCIOJIB30BaHMEM | amapar, HeoOXOIUMBIH IIPUMEPBI croco0ax MCITOIb30BAHMS croco0ax MCITOIb30BAHMS | IIPEACTABIICHUE o  cmocobax
CTaHJApTHBIX Croco00B | ISt peIeHUs HCIOJb30BaHUS MaTeMaTU4ECKOro anmapara MaTeMaTH4eCKOro HCIOJIB30BaHUSI MaTEMAaTUYECKOrO
ANIPOKCHMAIMN YHUCIEHHBIX | MPO(ECCHOHANBHBIX 33/1a4 | MaTeMaTHYECKOTo TIPY pEIIeHUH 3a/1ad B 00JIaCTH | ammapara Ipy peleHu anmapaTa IOpU PELIEHUH 3ajad B
XapaKTEepUCTHK B 00JIaCTH XUMUH U amnmaparta Inpu XUMHU U MaTEpUAJIOBEICHNU, 3aja4 B 00JIaCT XUMHU B | oOmacTu XUMHU u
MaTepUaOBeICHUS pelleHnH 3a/1a4 B HO JIOIyCKaeT HETOYHOCTH B MaTepUaOBeICHUS MaTepUaoBeICHUS
00J1aCTH XUMHUH U (hopMyarpOoBKax
MaTepUaIOBEICHUS
OIIK-4.3. UntepuperupyeT | YMeETh: peliaTh TUTIOBBIC He ymeer YMeer peiaTh TUIIOBBIE 3a1a4d | YMEET pelarhb YMeer pewiaTs 3a1a4u
pe3yabTaTh XMMHUYECKHUX | ydeOHbIE 3aauH 110 n3 6a30BBIX KypCOB KOMOMHUPOBAHHbIE 33J[a4ll | MTOBBIIICHHOH CIOKHOCTHU W3
HaOIr0IeHUH C | OCHOBHBIM paszenam €CTECTBEHHOHAYYHBIX n3 6a30BBIX KypCOB 6a30BBIX KypcOB
HCIOJI30BaHUEM MaTEeMaTUKU U JUCLIUILINH €CTECTBEHHOHAYYHBIX €CTECTBEHHOHAYYHBIX AUCLIUIIINH
(U3MYECKNX  3aKOHOB U | €CTECTBEHHOHAYYHBIX JUCLUILINH
IIpeCTaBICHUN JUCLIUIUINH
Brnaners: HaBbIKaMU He Bnageer Brnaneer HaBbIKamMu Brnaneer HaBbIKaMu Brnaneer HaBBIKAMH KPUTHYECKOTO

paboTsI ¢ y4eOHO
JIUTEPATYPOH, OCHOBHOMN
TEPMHHOJIOTUCH U
MOHATHHHBIM aNnapaToM
0a30BBIX MaTEMaTHYECKUX
W €CTECTBCHHOHAYYHBIX
JACIIATUTAH

BOCIPOU3BEJICHUSI OCBOEHHOTO
y49e0HOro MaTepuana, B IeJIoM
BJIAJIECT OCHOBHOM
TEPMUHOJIOTHEN U MOHATUHHBIM
armapaToM 0a30BBIX
MaTeEMaTHYECKUX U
€CTECTBEHHOHAYUYHBIX
JUCIUITINH

CaMOCTOSITEIILHOTO
W3Y4YEHUS OTAEIBHBIX
paznenoB ydeOHOU
JIUTEpaTypHl, BIAJCET
OCHOBHOM T€PMHHOJIOTHEN
1 TIOHSATHHHBIM aInapaToM
0a30BBIX MaTEMaTHYECKUX
1 €CTECTBEHHOHAYYHBIX
JIICITUIIIAH

aHanmu3a yueOHoi nadopmanum,
YPOBCHb BIIa/ICHUS
TEPMUHOJIOTUEN U OHATUHHBIM
armapaToM TO3BOJISET
(hopMyITHPOBATH BEIBOAKI U
Y4aCTBOBAaTh B JIUCKYCCUU 10
Y9eOHBIM BOIpOcaM 0a30BbIX
MaTeMaTUYECKUX U
€CTeCTBCHHOHAYYHBIX JTUCIIUILIINH




4.2. TunoBble KOHTPOJIbHBbIE 32JaHUSI WM HHbIE MATEPUATbI, HE00X0UMbIE /1JIsl OLleHMBAHUS
pe3yJabTaToB 00y4eHHs MO AUCHUIINHE, COOTHECEHHBIX ¢ YCTAHOBJIEHHBIMH B 00pa30BaTeIbHOM
NMporpaMMe MHIHUKATOPAMU IOCTHKeHUsI KoMneTeHnnii. MeToanueckue MaTepuasbl,
onpeaeJsiloNye MPoUeAyPbl OLEHNBAHUS Pe3yJIbTATOB 00YUYEeHHUSsI M0 TUCHHUILINHE.

Kox m HaumeHOBaHHe HHAWMKATOpa
JAOCTHKCHHUS KOMIICTCHIINH

Pe3yabTaThl 00y4yeHHs N0 JUCHUILINHE

OueHo4YHBIE CPEeACTBA

OIIK-1.1. CucreMatusupyeT 1 aHAIU3UPYET
pe3yabTaThl XUMHUYECKHUX IKCIIEPUMEHTOB,
HAOIIOCHUN, N3MEPCHUH, a TaKKe
pe3yabTaThl PaCUETOB CBOMCTB BELIECTB U
MaTepUaioB

3HaTh: TEOPETUYECKUE OCHOBHI Oa30BBIX
XMMHUYECKUX JUCIUIUINH

YMers: peniate TUIOBBIE ydeOHBIE 3aJaUH 110
OCHOBHBIM (0a30BBIM ) XUMHUYECKUM
JUCHUIUIMHAM

Brnanmers: HaBEIKaMu pabOoTHI ¢ y4eOHOM
JIUTEPaTYpO 10 OCHOBHBIM XUMHYECKUM
JIICIUIUIMHAM

OIIK-1.2. [Ipennaraer uHTEpIpETALIIIO
PE3yABTaTOB COOCTBEHHBIX IKCIIEPUMEHTOB U
PAaCUETHO-TEOPETHICCKHUX PadoT ¢
HCIOJIb30BAHUEM TEOPETHUYECKUX OCHOB
TPAAULIMOHHBIX 1 HOBBIX PA3eJIOB XUMUU

YMeTh: BBIIOJHATH CTAHAAPTHBIC IEHCTBHS
(xyaccuguKaIys BEIEecTB, COCTABICHAE CXEM
MIPOLIECCOB, CUCTEMATH3ALMs JAHHBIX U T.II.) C
YYETOM OCHOBHBIX IOHSTHI 1 OOLIHX
3aKOHOMEpPHOCTEH, (popMyITMpyeMBIX B paMKax
0a30BBIX XUMHYECKUX JAUCIUILIIH

OIIK-1.3. ®opMynupyeT 3aKIHOUYEHUS U
BBIBOJIBI IO pE3yNbTaTaM aHaJIn3a
JIUTEPATYPHBIX JaHHBIX, COOCTBEHHBIX
SKCTIEPUMEHTAIIBHBIX M PACUYeTHO-
TEOPETHYECKUX PAOOT XMMHUYECKOM
HaIpaBJICHHOCTH

YMeTh: BBIIOIHATH CTAHAAPTHBIC IEHCTBHS
(xyaccuduKaIys BEmecTB, COCTABICHAE CXEM
MIPOLIECCOB, CUCTEMATH3ALMs JAHHBIX U T.II.) C
YYETOM OCHOBHBIX IOHSTHI 1 OOLIHX
3aKOHOMEpPHOCTEH, (popMyITMpyeMBIX B paMKax
0a30BBIX XHMHYECKUX JUCIUIUITIH

YCTHBIH 0IIpoc
nmabopaTOpHBIC PAOOTHL;
KOHTPOJIBHEIC PabOTHI,
pa3HOYpOBHEBBIE
3aau,
pedepat; TecTb

OIIK-3.1. I[IpumensieT TeOpeTHYECKHE U
MIOTY3MITUPHYECKIE MOJIEIH MTPH PEIICHUN
3a]1a4 XUMHUYECKOI HalpaBJICHHOCTH

3HaTh: OCHOBHBIC IPUEMBI PAOOTHI CO
CHCIHATH3UPOBAHHBIM MIPOTPAMMHBIM
obecrieueHIEM TIPH TPOBEICHUN
TEOPETUICCKUX PacueToB U 00paboTKe
AKCIEPUMCHTAIBHBIX TAHHBIX

YMeTh: IPUMEHSATH CHICIHATH3UPOBAHHOE
MIPOrpaMMHOE 00ECIICUCHIE TIPH TPOBEICHUN
TEOPETUICCKUX PacueTOB U 00paboOTKe
AKCIEPUMCHTAIBHBIX TaHHBIX

OIIK-3.2. Ucnone3yeT cTaHgapTHOE
MIpOrpaMMHOE 00€CIIeYeHHE IPH  PELICHUH
3a]1a4 XUMHUYECKOI HalpaBJICHHOCTH

3HaTh: OCHOBHBIE ITPHUEMBI pabOTHI CO
CHELUATIM3UPOBAaHHBIM TIPOTPAMMHBIM
obecrieueHreM MpH IPOBEICHUN
TEOPETUICCKUX PacueTOB U 00paboTKe
9KCTIEPUMEHTAIBHBIX TaHHBIX

Brraners: HaBBIKaMU ITPUMEHEHUS
CHELUATIM3UPOBAaHHOTO TIPOrPAMMHOT0
obecrieueHns ¥ 0a3 TAHHBIX IPU PELICHUN
3a1a4 MpoQecCHOHATBHON chephl
JIeSTEIEHOCTH

YCTHBIH 0ompoc
nmabopaTOpHBIC PAOOTHL;
KOHTPOJIBHEIC PaOOTHI,
Pa3HOYpOBHEBBIE
3aau,
pedepat; TecTb

OIIK-4.1. Ucnionp3yer 6a30Bble 3HAHUS B
00J1acT! MaTeMaTHKH U (GpU3nKu rpu
IUTAHUPOBaHUHU pabOT XUMHUIECKOH
HaIpaBJICHHOCTH

3HaTh: OCHOBHBIE TEOPETHUUYECKUE TTOJIOKEHUS
CMEXHBIX C XUMHUEHN €CTECTBEHHOHAYUHBIX
UCIUTUINH

3HaTh: MaTEMaTUYECKUI anmapar,
HEOOXOIUMBIN JIJIS PEIICHUS
pOoQeCCHOHATBHBIX 3319 B 00JIACTH XUMUH U
MaTepUaIOBEACHUS

YMeTh: pemarh TUIIOBBIC yIeOHbBIE 3a1a9H 110
OCHOBHEIM pa3JiellaM MaTeMaTHKA U
€CTECTBEHHOHAYYHBIX AUCLUUIUINH

Brnanmers: HaBBIKaMu pabOTHI ¢ y4eOHOM
JINTEPATypOU, OCHOBHOI TEPMUHOJIOTUEN U
MTOHSATHITHBIM aIapaToM 0a30BBIX
MAaTeMaTUYECKUX U €CTECTBEHHOHAYYHbIX
MCIUTUINH

OIIK-4.2. ObpabatsiBaeT JaHHBIE C
WCIIONIb30BAHUEM CTaHIAPTHBIX CIOCOOO0B
ANIPOKCUMAIMY YUCIICHHBIX XapaKTEPUCTHK

3HaTh: MaTeMaTUYECKUI anmapar,
HEOOXOIUMBIN IS PEIICHUS
pOoQeCCHOHATBHBIX 33/1ad B 00JIACTH XUMUU H
MaTepUaIOBEACHUS

YCTHBIH 0ompoc
nmabopaTOpHBIC PAOOTHL;
KOHTPOJIBHEIC PaOOTHI,
pa3HOYpOBHEBBIE
3a/au,
pedepat; TecTb
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OIIK-4.3. UnTepnpeTupyer pe3ynbTaThl YMers: peniate THIOBBIE ydeOHBIE 3aJaUH 110
XMMHUYECKUX HAONIOJICHUH C MCIIOJIb30BAaHUEM | OCHOBHBIM pa3jieiaM MaTeMaTHKU
(U3MYECKNX 3aKOHOB U TIPEICTaBICHUI €CTECTBEHHOHAYYHBIX AUCLIUIIINH

Brnanmers: HaBbIKaMu paboTHI ¢ y4eOHOM
JIUTEPATYpOH, OCHOBHOW TEPMUHOJIOTUEN U
TIOHSATHIHBIM arnmapaToM 0a30BBIX
MaTEMaTHYECKUX U €CTECTBEHHOHAYYHBIX
JIICITUIIINH

Buowt camocmoamenwvnoit pabomot:

- U3YUCHUC OCHOBHOH U HOHOHHHTCHBHOﬁ JIUTCPATYphI B LIEJIAX CAMOIIOATOTOBKH,

- KOHCIIEKTUPOBAHHE MAaTEPHAJIOB HAYYHOU U YUeOHOU TMTEPATypHhI 110 YKA3aHHUIO MPEMogaBaTes;
- pelIeHHEe TECTOB MO0 33/IaHUI0 MPETIOIaBATES,

- HOATOTOBKA K 3aHATHAM, ITPOBOJUMBIM B HHTepaKTHBHOﬁ (bopMe;

- HarrcaHue pedepara 1o 3aJaHUO0 MPENoIaBaTEeNs.

Dopmovl meKyuyezo KOHmMpPOJA.

- IpoBepKa J1a00paTOPHBIX PaboOT

- YCTHBIN OTIPOC Ha TaOOPAaTOPHBIX 3aHATHIX
-pelieHue TUIOBBIX 3a1a4

(Dopma pyﬁeafcuoeo KoHmpojia — mecmupoearnue, NUCoMEHHAA KOHMpPOJlbHaA paﬁoma.

(DOprl npome.)fcymoqnoﬁ ammecmauuu no umoz2am 0C60€HuUA 0ucuunﬂuubl — IK3AMEH.

A

o1

© oo N

11.
12.

13.
14.
15.
16.
17.

18.
19.
20.
21.

22,

Bomnpocsl k 3x3amMeny

IIpeameT KBaHTOBOM MEXaHUKH MOJIEKYJISIPHBIX CUCTEM U KBAHTOBOM XUMHUH.

OCHOBHBIE 3Tallbl pa3BUTHS KBAHTOBOM TEOPUH.

['maBHBIEC TEHACHIIMU B Pa3BUTUH KBAHTOBOM XMMHH KaK OCHOBHOTO TEOPETHUYECKOro (hyHIamMeHTa
COBPEMEHHOM XUMHUYECKOU HAYKU.

MareMaTtnueckuii anmnapar KBaHTOBOM MEXAHUKHU.

OpMHTOBBI OIEPATOPBl, UX COOCTBEHHBbIE (DYHKIMH M COOCTBEHHBIE 3HAueHUs. BbIpoXkIeHHE.
Marpu4HoOe NpeaCcTaBICHUE ONIEPaTOPOB.

Paznoxenne 10 coOCTBEHHBIM (YyHKIMSAM SpMUTOBa omepatopa. KoMMyTanmoHHbIE
COOTHOIIEHUS.

CootHoeHus HeonpeaeaeHHocTed. OU3NUeCKUil CMBICI U IPOCTEUIINE OLIEHKH HAa X OCHOBE.
OcHoOBHBIE NIOCTYJIaThl KBAHTOBOM MEXaHUKHU.

KBaHTOBBIE COCTOSIHUS U BOJIHOBBIE (DYHKIIMM; OCHOBHBIE CBOMCTBA BOJIHOBBIX (DYHKIIUH.

. Oneparopsl  ¢pu3nUeckux BeNWUMH (HAOMIOJAEMBIX); CpEOHHE 3HAYCHHUS U JUCIIEPCUU

HaOJII01aEMBIX.

[110THOCTE BEPOATHOCTH PACHPEAEICHUS YACTUL] B IIPOCTPAHCTBE.

Omneparopbl KOOpAMHAT, MMITYJbCOB, MOMEHTOB HMIIYJbCA, KMHETUYECKOM M NOTEHLHAIbHON
sHepruu. Oneparop ['aMuiabTOHA (TraMUIBTOHUAH ).

Opodous coctostHui U ypaBHeHue Ipenunrepa. Craunonapaoe ypasHenue llpeaunrepa.
JINCKpETHBIN U HENPEPBIBHBIN CIIEKTPBL. Y PaBHEHUE HENIPEPBIBHOCTH.

IIpocreimme npuMepsl IPUMEHEHNS] KBAHTOBON MEXAHUKHU.

OnHoMepHbIE 331a4H: CIIEKTP, KAUeCTBEHHBIE 0COOCHHOCTH BOJHOBBIX (DYHKIIUH.

3amauu 0 MPSAMOYrOJbHOM MOTEHIMAIBHOM SIIMKE, TOTEHIIMAILHOM Oapbepe U rapMOHHYECKOM
OCLIUJLIATOPE.

Teopuss MomenTa wnmmynabca. OCHOBHBIE CIIEICTBUS KOMMYTAIMOHHBIX COOTHOLIEHWM AJIs
KOMIIOHEHT MOMEHTA UMITYJIbCA.

IIpaBuna cioxkeHuss MOMEHTOB UMITyJbca. JKecTkuil poraTop.

3amaua 00 arome Bogopoaa. Pa3ienenue nepeMeHHBIX.

Bogpopono-nogobusie opOutanyu, rpaduyeckoe MPEACTaBICHUE HX pPAJHATIbHBIX M YTIIOBBIX
YacTeu.

BeIpokieHHE OJHODIEKTPOHHBIX COCTOSIHUM KaK CIEACTBUE CUMMETPUU LIEHTPAIBHOIO I10JIS.
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61.

[TpubnnKeHHbIe METOIbI PEIICHUSI KBAHTOBO-MEXaHUUECKUX 3aj1ay.

Teopust BO3MYIIEHU 111 CTALIMOHAPHBIX COCTOSIHUI B OTCYTCTBUE U IIPU HAIMYUU BBIPOKICHMUSL.
BapranroHHbIN IPUHIUIT KBAHTOBOW MEXAaHUKU M BapUaLMOHHBIN MeToa. Meron Putna.
Mouiekyna B IOCTOSIHHBIX 3JIEKTPUYECKOM U MarHUTHOM TOJISIX.

JIMNIONIBbHBIN IEKTPUYECKUN U MArHUTHBIM MOMEHTBI CUCTEMBI YaCTHIL.

CHsATHE BBIPOXKJEHUS MOJ BIUSHUEM IIOCTOSIHHOTO 3JIEKTPUYECKOIO MJIM MarHUTHOTO IOJIS
(addexTsr LTapka u 3eemana.)

CrnuH 31€MEHTapHBIX YaCTHUIl U CBSI3aHHBIM C HUM MarHUTHbIA MOMeEHT. OmnepaTopsl ClIMHA U
KOMMYTallMOHHBIE COOTHOLICHU. CTUH-OpOUTAIBHOE B3aUMOACHCTBUE U €T0 MPOSBICHHUS.
VYpasHenue Illpenunrepa nus arToOMOB U MOJIEKYIL.

Paznenenuie 3eKTPOHHOTO U SIIEPHOTO IBMXKEHUM. ArabaTnieckoe MpuOImKeHue.
DNEKTPOHHOE BOJIHOBOE YpaBHEHHE. DJNEKTPOHHAsI IIJIOTHOCTh U €€ U3MEHEHHUS IIPU NEPEX0JIE OT
pa3JeIeHHBIX aTOMOB K MOJIEKYJIE.

[TocTpoenne mNpUOMKEHHBIX PEHICHUH HIEKTPOHHOTO BOJIHOBOTO YpPaBHEHUS Ha OCHOBE
BapHaLMOHHOTO MpuHIKNA. OTHOAIEKTPOHHOE MPUOIMKEHHE.

OrpaHu4eHHbII U HEOTpaHUYEHHBIN MeTobl XapTpu-Poka (camocorinacoBanHoro nossi, CCII).
Herepmunant Ciarepa.

[ToHsATHE O 3aKPBITHIX U OTKPBITHIX 000JI0UKAX. Y paBHEHUs, OTIPEACIISIONINE OpOUTAITH.
OpOuTtanbHble PHEPTUM U UX CBSI3b C IMOJHON 3NEeKTpoHHOU sHeprued. Teopema Kymmanca u
(OTOINEKTPOHHBIE CIIEKTPHI.

IIpenensr npumenumoctu metona Xaprpu-Doxka.

DJNEeKTPOHHOE CTPOCHUE aTOMOB. DJIEKTPOHHBIE KOH(UTYPAIIUN U TEPMBI aTOMOB.

CrnosxeHne MOMEHTOB /7151 aToMOB. [IpaBuna XyHna.

DNEKTPOHHOE CTPOEHUE aTOMOB U Ieproaudeckas cucreMa aeMmeHToB J[.M. Menneneesa.
[IpencraBnenne MoJsieKymspHbiXx opbutaneir (MO) B Buae JIMHEHHOW KOMOMHAIIMM ATOMHBIX
op6utanei (JIKAO).

Hawubouee pacripocTpaneHHbIE THITBI 0a3MCOB aTOMHBIX OpOuTaneil: opouranu cieiTepoBCKOTo U
rayccoBa THIIa. MUHUMAabHBIEC M BaJICHTHO-PACIICIIIICHHbIE Oa3UCHbIE HAOOPBHI.

[Monspuzaunonnsie u aup¢py3usie pynkmun. Merog CCIT MO JIKAO.

DNeKTpoHHBIE, KoJieOaTeNpHble M  BpallaTelbHbIE COCTOSIHMS MOJeKyn. IloBepXHOCTh
noreHuuansHoi suepruu (I1I19).

Pons npeacrasnenuii o I1I1D B coBpeMeHHOM CTPYKTYpPHOM TEOPUH XUMUHU.

PaBHOBecHast koHuUrypanus 1 KoHpopmanuu Monekyia. Craunonapusie Touku I1119, ux aHamus.
IIpocreiimme npumeps! I1113.

JIByxaToMHast MoJsieKyna. ONTUMHU3alUs FEOMETPUUECKUX XapaKTEPUCTUK MOJIEKYIIBI.

[I1D 1 xumMuueckas peaxkiusi, KOOpAUHATa PEAKIIHU.

KoppennpoBanHoe JBUKEHHUE FIEKTPOHOB. YUET SHEPTUU 3JIEKTPOHHON KOppEIALUU.

[TonsiTue 0 MeTo1e KOHPUTYPALTMOHHOTO B3aUMOICHCTBUSI.

OcHoOBHBIE IOHATHS METO1a TEOPUH BO3MYILEHUH, Teopust Memnepa-Iliecce.

CpaBHUTENbHAs XapaKTEPHCTUKAa METOJOB KOH(HUIYPAIMOHHOTO B3aMMOJEHCTBUS U TEOPHUH
BO3MYILICHUU.

[Tonysmnupudeckue METOAbl KBAaHTOBOM  XUMHUH. MeTOonabl, HCHIOIB3YIOLUE HYJIEBOE
middepeHnanbHOE epeKphIBaHue.

Bo3MOXHOCTH ¥ OrpaHUYEHMS IPUMEHEHMS TTOTY3IMIIMPUIECKUX METOI0B KBAHTOBOW XUMUH.
Y4eT cuMMeTpUH SIEPHOI KOH(UTYpAIMK ITPH PACCMOTPEHHUH AIICKTPOHHOH 3a/1a4H.

DnEeMEHTHI U ollepaliid CUMMETpUU. TodeuHble rpynmbl CAMMETPHH.

Hawu6onee pacnipoctpanennsie mporpammubie komiuiekesl (AMPAC, MOPAC, GAMESS).
[TonroroBka ncxoanoro Qaiina. KimroueBsie cioBa Kak croco0 yrnpaBlIeHHs] pacueTOM.

CocraBnenne Z-matpuipl. basucHble arombl. OrmpenerneHue Ha4YadbHOTO MPUOIIMKEHUS
r€OMETPUUECKUX MTapaMETPOB MOJIEKYIIBI.

Yuer cUMMETpHM TpH 33aJaHUM HadajabHOro mnpubmmxenus. Z-marpuna ctwis MOPAC u

GAUSSIAN.

OcHOBHBIE Pe3y/IbTaThl KBAHTOBOXMMUYECKUX pacueToB. Busyanusanus pe3ynbTaToB pacuera.
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CTpykTypa »SK3aMEHAIIMOHHOTO OmieTa. OK3aMEHAI[MOHHBIA OWJIET COCTOMT U3 JBYX
TEOPETHUYECKUX BOMPOCOB M W3 OJHOM 3a7a4yM, BKIIOUEHHBIX B MPOTPaMMy IUCIHHILTHHBI. Kaxabrii
BOMpOC U 331a4a ouenuBaercs 10-1o0 Oammamu. Takum oOpa3om, MaKCUMAaNIbHBINA Oail, KOTOPBIA MOYKHO
MOJIyYHUTh Ha 3K3aMeHe, coctaBisgeT 30 OansioB. baisl, moxyueHHBIE IPU cllaue IK3aMeHa, CyMMUPYIOTCS
¢ OayTaMu, NOJTY4EHHBIMU B XOJI€ CEMECTpa.

O0pazel PK3aMEHAIIMOHHOTO OMeTa

MHWHOBPHAYKH POCCHUUA

denepanbHOE roCcyIapCTBEHHOE OI0/HDKETHOE 00pa30BaTEIbHOE YUPEXKICHHE BBICILIEI0 00pa30BaHUS
«BAIIKUPCKH TOCYJJAPCTBEHHBIII YHUBEPCUTET»
XuMudeckuil pakyabTer

Hanpasnenune 04.03.01 «®dynnaMmeHTanbHast U NPUKIAIHAS XUMHUSD)

I[I/ICI_[I/IHJII/IHa KBaHTOBasg MeXaHMKa U KBAHTOBAs XUMHUS

3K3AMEHAIIMOHHBIN BUJIET Ne 1

=

IIpeameT KBaHTOBOM MEXaHUKH MOJIEKYJISIPHBIX CUCTEM U KBAHTOBOM XUMHUH.
2. CnuH »JIeMEHTapHBIX YacTUI[ M CBSA3aHHBIM C HUM MarHuTHBIA MOMeHT. Omneparopsl cliHa H
KOMMYTallMOHHBIE COOTHOLICHU. CTUH-OpOUTAIBHOE B3aUMOACHCTBUE U €T0 MPOSIBICHHUS.

o N ~_d
3. Haiitu 5pMHUTOBO-COTIPSKEHHBIN omepaTop s onepaTopa IudQGepeHIIMpPOBaHUS D:d—
X

3aB. kadeapoit Gpu3nIecKo XUMHUH
U xumMu4aeckoit sxkostoruu baml'y, npod. A.I'. Mycradun

2019-2020 yu. r. Kagenpa ®X u X2

Kpurtepun onenku (B 0a1ax):

- 25-30 6a.1710B BBICTABIISIETCS CTYJCHTY, €CITU CTYJIEHT Jajl MOJIHbIE, pa3BEPHYThIE OTBETHI Ha BCE
TEOPETHUYECKHE BOIMPOCHl Owmiera, MPOJAEMOHCTPUPOBANT 3HAHME (DYHKIIMOHAIBHBIX BO3MOXKHOCTEH,
TEPMUHOJIOTHH, OCHOBHBIX 3JIEMEHTOB, YMEHHE NPUMEHSATh TEOPETUUECKUE 3HAHUS MPH BBHIIOJHEHUU
npakTudeckux 3agaHuid. CTyaeHT Oe3 3aTpyJHEHHMH OTBETHJI Ha BCE JONOJHHUTENbHBIE BOIMPOCHL
[IpakTryeckas 4acTh pabOTHI BBIMOJIHEHA MTOJIHOCTHIO 0€3 HETOYHOCTEH U OIIHMOO0K;

- 17-24 6anji0B BBICTABISETCS CTYIEHTY, €CIIM CTYAEHT PAacKpbUl B OCHOBHOM TEOPETUYECKHE
BOIPOCHI, OJIHAKO JIOMYIIEHbl HETOYHOCTH B OIpENIeJIEHUH OCHOBHBIX MoHATHH. [Ipu oTBere Ha
JOTIOJTHUTEIIBHBIE BOTIPOCHI OMYIIEHB! HEOOIbIIIEe HeTOYHOCTH. [IpH BBIMOTHEHUN MPAKTUYECKON YacTH
paboThI IOMYIIEHBI HECYIIECTBEHHBIC OIIHOKH;

- 10-16 OanioB BBICTABISETCS CTYACHTY, €CIU IIPH OTBETE HA TEOPETHUYECKHE BOIPOCHI CTYICHTOM
JOMYIIIEHO HECKOJIBKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAHWM OCHOBHBIX MOHATHH. Jlormka m mosHOTa
OTBETa CTPaJalOT 3aMETHBIMM HU3bSHAMH. 3aMETHBI NpoOenbl B 3HAHUM OCHOBHBIX METOJIOB.
Teopernueckne BOMPOCH! B IEIOM H3JIOKEHBI JOCTATOYHO, HO C MpPOIMyCKamHu MaTepuana. Vmerorcs
NPUHLIUIHATIbHBIE OITHOKY B JIOTHKE MIOCTPOEHUS OTBETa Ha Bompoc. CTyJeHT He PeLII 3aauy WiIH MpU
peLIeHUH OMYIIeHbI TPyOble OIINOKY;

- 1-10 6a/sI0B BBICTABIISICTCS CTYICHTY, €CJIM OTBET HA TEOPETHUYECKHE BOMPOCH! CBUAETEILCTBYET
O HEMOHMMAHUHM M KpaiiHe HEMOJIHOM 3HAHWU OCHOBHBIX MOHATHUH W MeToAoB. OOHapyXHBaeTCs
OTCYTCTBHE HABBIKOB NMPUMEHEHHUS TEOPETUYECKUX 3HAHUU TPU BBIMOJHEHUM MPAKTHUYECKHX 3aTaHUH.
CTyneHT He CMOT OTBETUTH HU HA OJIMH JIOTIOJIHUTEIBHBIN BOIIPOC.

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

OCHOBHBIE TIOCTYNaThl KBAHTOBOW MeXaHUKH. KBaHTOBBIE COCTOSIHUS M BOJIHOBBIC (DYHKIUH;
OCHOBHBIE CBOWCTBa BOJHOBBIX (QyHKIMH. Oneparopsl GpU3HUECKUX BEIUYHH (HAOIIOAAEMBIX); CpeIHUE
3HaYeHUs W JAucnepcud HaOmogaeMmbiX. ILTOTHOCTH BEpPOATHOCTH  PACHpEleNieHHs 4YacThl] B
IIPOCTPAHCTBE.

MaremaTHueCKHil anmapar KBaHTOBOW MEXaHUKH. DPMHTOBBI OIEPAaTOpPbl, HUX COOCTBEHHBIC
¢byHkuMu W cOOCTBEHHblEe 3HAa4YeHHMA. BwipokaeHue. MarpuuHoe TpeACTaBICHUE ONEPaTOPOB.
Paznoxenne no coOCTBEeHHBIM (DYHKIIMSIM SpMUTOBA oreparopa. KoMmMyTalnoHHbIE COOTHOLICHHUS.

Omneparopbl KOOpAMHAT, HMMIIYJbCOB, MOMEHTOB HMIIYJbCa, KMHETUYECKOM M NOTEHLHAIbHON
sHepruu. Oneparop ['aMunabTOHA (raMUIBTOHUAH ).

CootHoeHus HeonpeaeneHHocTed. OU3NUecKuil CMbICI U IPOCTEUIINE OLIEHKH HAa X OCHOBE.

Opomronus coctostHU M ypaBHeHue lllpenunrepa. CraumonapHoe ypaBHeHue llpenunrepa.
JINCKpETHBIN U HENIPEPBIBHBIN CIIEKTPBL. Y PaBHEHUE HENIPEPBIBHOCTH.

IIpocreiimme npuMepsl NPUMEHEHHS KBAHTOBOW MexaHMKH. OJHOMEpHBIE 3a7auu: CHEKTp,
Ka4eCTBEHHbIE 0COOEHHOCTH BOJIHOBBIX (DYHKIMHA. 3a7audl O MPSMOYTOJILHOM IMOTEHIMAIBbHOM SINUKE,
MOTEHIMAIFHOM 0apbepe U TapMOHUYECKOM OCIMIIIATOPE.

Teopuss MomeHTa wummynabca. (OCHOBHBIE CIIEACTBUSI KOMMYTALIMOHHBIX COOTHOIIEHHMH AJIs
KOMIIOHEHT MOMEHTa nMIlyibca. [IpaBuina cioxxeHns MOMEHTOB nuMiyinca. JKecTkuil porarop.

3amaua o0 artoMe Bojopona. Pazgenenue mnepeMeHHbIX. Bomopomo-monoOHbie OpOHTANH,
rpaduuecKkoe MPEACTaBICHUE WX PaJAHalIbHBIX W YIJIOBBIX YacTed. BbIpoxkaeHue OJIHO3IEKTPOHHBIX
COCTOSIHMM KaK CIIECTBUE CUMMETPUHU LIEHTPAIILHOTO TOJIS.

[TpubnnKeHHbIe METOAbl PELICHHS KBAHTOBO-MEXaHMUYECKUX 3ahay. Teopus BO3MYIIEHUH s
CTallMOHAPHBIX COCTOSIHUH B OTCYTCTBME M IpPU HAJIWYMM BBIPOXKACHUA. BapuallMOHHBIM NPUHLINII
KBAaHTOBOM MEXaHUKHU U BapUalMOHHBIM MeToa. Meron Purna.

Monekyia B IOCTOSHHBIX JJIEKTPUYECKOM M MAarHUTHOM MOJAX. JIUIOJBHBIN JJIEKTPUYECKUU U
MarHUTHBIA MOMEHTBHI cucTeMbl 4YacTull. CHATHE BBIPOKIEHUS TMOJ BIHUSHUEM MOCTOSHHOIO
AIIEKTPUYECKOT0 WM MarHuTHoro nous (3ddexrs! Lltapka u 3eemana.)

CnuH »JIeMEHTapHbIX YacTHIl M CBS3aHHBIM C HMM MAarHUTHBIH MOMeEHT. Omneparopbl CIMHA U
KOMMYTaIlMOHHBIE COOTHOLIECHU. CTUH-OpOUTAIBHOE B3aUMOACHCTBUE U €T0 MPOSIBICHHUS.

KBaHTOBas cuctema B NEPEMEHHOM 3JIEKTPOMArHUTHOM I10Jie. BpeMeHHas Teopusi BO3MYIIEHHH.
[lepexoapl MO BIUSHUEM U3TydeHUs U npaBuiia otoopa. Kosddunuentsr DiHITeiHA.

CucrteMbl TOXXIECTBEHHBIX YacTHUIl: (epMHOHBI M 0030HBI. AHTHCHMMETPUYHOCTH BOJIHOBOH
GyHKIMU A7 cCUCTEMBI AJIeKTpoHOB. [IpencraBnenne BOIHOBON (DYHKIIMH CHCTEMBI AJIEKTPOHOB B BHJIE
OIIPENETIUTES.

Paszea 2.0CHOBHBIE ITOJIOKEHUS U METO/Ibl KBAHTOBOM XMW

I. VYpaBuenue Illpenunrepa [uist aroMOB M MOJeKyl. PasierieHue 3J€KTPOHHOIO M AIEPHOIO
IBUKCHHUH. Anuabatndeckoe TpHUONMIKEHHWE. OIEKTPOHHBIE, KoJiebaTelbHbIE ¥ BpallaTelIbHbBIE
COCTOSIHMSL MOJIEKYJ. [IoBEpXHOCTh MOTEHUMANBHOM SHepruu. Posb IpencTaBleHHI O IMOBEPXHOCTH
MOTEHIMATFHON SHEPTUU B COBPEMEHHOM CTPYKTYpHOU Teopuu XuMuH. PaBHOBecHast KOH(UTyparus u
KoHpopManuu MoJieKyd. Mainble KojiebaHus sfep BOMU3M TOJIOKEHUs paBHoBecus. Kosebanus c
OO0JIBIIMMH aMIUTUTYAaMU. Bpalienre cucTeMsl sifep Kak 1eJioro.

DNEKTPOHHOE BOJIHOBOE YpPaBHEHHE. DJIEKTPOHHAs IUIOTHOCTb M €€ U3MEHEHHUs NpPU NEPEXOAE OT
pa3lieJICHHBIX aTOMOB K MOJIEKYJIE.

[Toctpoenne mNpHOMMKEHHBIX pPEUICHUHA AIIEKTPOHHOTO BOJHOBOTO YPaBHEHUS Ha OCHOBE
BapHalMOHHOro  mpuHuMna. OnpHOo’neKkTpoHHOe  mpubmmkenue. Mertonq Xaptpu - Doka
(camocornacoBanHoro nodsi, CCII). YpaBuenus, onpeaenstomue opoutanu. OpOUTaIbHbIE SHEPTUU U UX
CBSI3b C IOJIHOM 3JeKTpoHHOM 3Heprueil. Teopema Kynmanca u ¢oTtoanekrponnsie cnekTpsbl. IIpenens
IIpUMEHUMOCTU MeToaa XapTpu-Doxka.

[TonsiTue 0 MeTo1e KOHPUTYPALTMOHHOTO B3aUMOACUCTBUS. METO1 BAJICHTHBIX CXEM.

DJNEKTPOHHOE CTPOCHHE aTOMOB. OJIEKTPOHHBIE KOH(UTryparuu U TepMbl aToMoB. CIoxeHue
MOMEHTOB JuIsi aTroMoB. [IpaBuna XyHaa. DIEeKTpOHHOE CTPOEHHE aTOMOB M IEpUOAMYECKasl CHCTEMA
anemenToB [.M. MeHaeneena.
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[IpencraBinenue MoseKyIsipHbIX opOutaneit (MO) B Buae JIMHEHHONW KOMOWHAIMM aTOMHBIX
opouraneii (JIKAO). Haubonee pacmpocTpaHHeHHBIE TUIBI 0a3MCOB AaTOMHBIX OpOHTanel: opOuTaIu
cieiirepoBckoro u rayccona tuna. Meron CCIT MO JIKAO.

[IpencraBnenue o MeTogax GyHKIMOHATA SIEKTPOHHON TNIOTHOCTH.

II.Yuer cummeTpun siepHON KOH(MUTYpAIIMH TP PACCMOTPEHUH 3JICKTPOHHOH 3aauu. DJIEMEHTHI
U OoIepaluu CcUMMeETpuu. TodeuHble TIpynnbl cuMMeTpud. llpeacTraBieHuss TOYEUYHBIX TPy,
HENPUBOAUMBIE TIPEACTABICHUS U TAOJIUIBI XapaKTEPOB.

Cummerpusi M cBoiictBa MoJiekya. Kiaccudukanus 3JIEKTpOHHBIX COCTOSHHM MOJIEKYT |
KJIaccu(UKaUs MOJIEKYISIPHBIX OpOuTaliell Mo CUMMETpHH. ©- U m-OpOuTamu. 7m-DIEeKTPOHHOE
npubnmxenne. OpouTanyu CUMMETPUN U SKBUBAJICHTHBIE OpOUTAIIH.

CBs3BIBAIONINE U PA3PHIXIISIONINE OPOUTAIH.

Jlokanu3oBaHHBIE MOJIEKYJISpHBIE OPOMTANM, HATypajJbHbIE CBS3BIBAIOLIME OpPOUTAIM H
KJIACCUYECKUE MPEJICTABICHUS O XUMUYECKOH cBsi3u. [ pynmoBsie opoutanu. [lepeHocumocTs opouTaneit
¢dparmenToB MosieKyll. CBs3eBbIe OPOUTAIN U OpOUTANIN HETIOACTICHHBIX Tap.

I'uGpuau3anus u rubpuaHbIe opoUTaNK B 6a3rce aTOMHBIX S-, P- U d-opOuTasnei.

III. Tlomy>mnupuyeckue METOAbI KBAHTOBOM XUMHUH. MeETOAbl, WCIOJB3YIOIHE HYJIEBOE
middepennnanbHoe mepekpbiBaHue. PacmupenHslii Meron  Xiokkens. Merton XIOKKens JUIS  TT-
JIEKTPOHHBIX CUCTEM. BO3MOXXHOCTM M OIrpaHMYEHHUs NPUMEHEHUS IOJySMIIMPUYECKHMX METOJ0B
KBAaHTOBOYM XUMUH.

IV. MexmounekynsipHOe B3aUMOICUCTBUE U €r0 ONMCAaHUE B KBAHTOBOM XUMUU. OpHUEHTAIIMOHHAS U
MHAYKIIMOHHAs cocTaBiisironue. JlucrnepcuoHHoe B3aumozeicTBue. BaH-nep-BaanbCoBbl KOMILIEKCHI.
BonopoaHas cBs3b.

V. HexxecTkre MOJIEKyIbl. DJIEKTPOHHO-KoJIebaTenbHoe B3aumoaeicTere. D dexts! SAna-Temrepa.

VI. CoBpemeHHOE mporpaMMHOE OOecreueHHe KBaHTOBO-XMUMHUYECKUX pacyeToB. Hambomee
pacnpocTtpaHeHHsble nporpaMMubie komriekesl (MOPAC, GAUSSIAN u np.).

Pasnen 3. IPUKJIAJTHBIE 3AJIAYUA KBAHTOBOM XUMUH

I. IByxaTomHbIe MoJsieKyibl. [Ipocrelimme MoAenn ONMKUCAaHKUs HA OCHOBE METOJOB MOJIEKYJISPHBIX
opOuTaneil M BAJICHTHBIX CXEM. AHAJIN3 BOJHOBBIX (YHKUIUH MOJIEKYISPHOTO HOHA U MOJIEKYIIBI
BoJopoja. ComnocraBieHue pe3ynbratoB pacuetoB H2+ u H2. Koppensuuonnsie nuarpammel MO i
JBYXaTOMHBIX MOJIEKyJ. PacnpezeiieHue SIIEKTPOHHOM IIJIOTHOCTM B JIBYXaTOMHBIX MOJIEKYyJax,
00pa30BaHHBIX ATOMaMH BTOPOTO neproa. I1oasipHOCT XUMHUECKOM CBS3H U €€ XapaKTePUCTUKU

II. KayecTBEHHBIN aHAIN3 F€OMETPUUYECKOIO CTPOECHUS MaJIbIX MHOIOATOMHBIX MOJIEKYJI HA OCHOBE
Merona MO. /lnarpammel Youma.

III. KoopanHaumoHHbIE COEAMHEHHUA. Teopus KpUCTAJUIMUECKOTO MOJs. AHaIU3 PACLIEIUICHUS
aToMHBIX d- 1 f-ypoBHeil B mossix pasnuunoit cummerpun. [lapamerpsl pacuieruienus. CuibHoe U criaboe
I10JIE€ JINTAaHA0B. AHAJIN3 3JIEKTPOHHBIX CIEKTPOB M MarHUTHBIX CBOMCTB KOMILIEKCOB Ha OCHOBE TEOPHUU
KPUCTAJUIMYECKOTO IOJIA.

Teopus nons ynmrangos. MHTepnperanus TpaHC- U LUCBIUSHHUSA B KOMIUIEKCAaX IEPEXOJIHBIX H
HETepexoIHBIX MeTaiIoB. V3omo0anbHas aHaIOTHsl.

IV. Oprannueckue coeauHeHus. I[lpuOmmkeHus, uUCHoNb3yeMble TpU pacdyerax U Tpu
WHTEPNPETAUUHU JIEKTPOHHOTO CTPOEHUSI OPTraHUYECKUX COCIMHEHUN. baM30CTh CBOMCTB COEAMHEHUN B
TOMOJIOTHYECKUX PSAAaxX U MEPEeHOCHUMOCTb OpOUTaNeil JIOKalIbHBIX (PparMeHTOB MOJIEKYJ. 3apsiiabl Ha
aToMax M TNopsaaku cBsa3ed no Mamnukeny u  JIésnuny. Koppensuus wMexay mnapamerpaMu
F€OMETPUUYECKOr0 CTPOCHMS U MOPSAAKaMU CBsa3ed. [IpMHIMIBI IOCTPOCHMS aJIUTUBHBIX CXEM pacuera
CBOMCTB MOJIEKYJI B psAJiax.

[lepenoc 3apsiia npu 00pa30BaHUK XUMUYECKUX coeMHeHNH. KoMIUIeKehl ¢ mepeHocoM 3apsia.

ConpspkeHHbIE COEAMHEHHA. ApPOMaTUYHOCT M aHTHapoMmaTuyHocTh. IlpaBuna 4n u 4nt2.
AnbrepHaHTHBIE yriieBoaopoibl. [IpaBuio Jlonre-Xurruaca. Meroa cBOOOIHOTO 3JIEKTPOHA JUIsl aHAIIN3A
CBOMCTB U IOBEJCHUS CONPSIKEHHBIX COCAMHECHUM.

V. KadecTBeHHass TeOpHs PEAKIMOHHON CHOCOOHOCTH OPraHWYeCKHX COEAWHEHUU. WHIEKCHI
PEaKIMOHHON CIIOCOOHOCTH: MHJIEKCHl CBOOOIHON BaJICHTHOCTH, 3aps]bl Ha aToMax, MHAEKCH Dykyw,
SHEPruu KaTHOHHOW, aHNOHHOW U paJuKalbHOU JoKanu3anuu. KoHIenus KeCTKUX U MATKUX KUCIOT U
OCHOBaHUM. DJEKTPOCTATHUYECKOE I0JI€, CO3AaBAEMOE MOJIEKYJIOH, M €ro BIUSHUE HAa PEaKLUUOHHYIO
CIIOCOOHOCTD.
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KBaHTOBO XMMHYECKOE ONKCAHUE HJIEMEHTApPHOTO aKTa XUMHUYECKUX peakuui. Ilyrb peakuuu un
KOOpJMHaTa peakluy Ha NOTEeHIMaIbHOM NoBepxHOcTH. [lepexoqHoe cocTosaHne. CHMMETpHsI peareHToB,
IIEPEXOJHOTO COCTOSIHUA U IIPOLYKTOB PEAKIUU.

KauecTBeHHBIN aHAaMU3 BO3MOXKHBIX MEXAaHM3MOB XHMHYECKHX pEaKIHi Ha OCHOBE OOIIei
CTPYKTYphl TOTEHIMaIbHON moBepxHOocTH. Koppensuumonnsle mnpaBwia Bynsopna - Xodmana npu
aHaJM3€ BO3MOXKHBIX MEXAaHH3MOB XHMMHYECKHX peakuuid. Teopus rpaHuuHbiXx opOutanein Dykyw.
ITpunuun bamna - OBanca - IlonsHu. OrpaHudeHHs NOJIXOJO0B, HCIOJIB3YIOIIMX IPEICTABIECHUS O
JBUKEHHUH I10 TIOTCHIUAIBHON ITIOBEPXHOCTH. POJIb TYHHENMPOBAHUSA B XMMUYECKUX PEAKIIUAX.

INHJIAH
YceTHOrO onpoca nmo Kypey

1. DpMHTOBBI OIEpaTOpsl B KOHEYHOMEPHBIX MpocTpaHcTBax. (CoOOCTBEHHBIE BEKTOPHI H
COOCTBEHHBIE 3HAUEHHSI 3PMHUTOBBIX MATpUIl 2-TO U 3-TO0 MOPSIKOB. OPTOrOHAIBHOCTH COOCTBEHHBIX
BEKTOPOB. PaznorkeHne mpou3BOJIBLHOTO BEKTOPA 10 COOCTBEHHBIM BEKTOPaM 3pMHUTOBA OIIEpaTOpa.

2. HaxoxneHue COOCTBEHHBIX 3HAYCHMH M COOCTBEHHBIX (YHKIMH OINEpaTopoB KBaHTOBOM
MEXaHHKH, HAIPHMEp OIIEPaTOPOB Px, Px_ » Px° + X°, ONIEPATOPOB MOMEHTA HMITYIIHCA H JIp.

3. 3amaun 00 OJHOMEPHBIX W TPEXMEPHBIX MOTEHIHMAJIBHBIX ALNIUKAX C MPSMOYTOJbHBIMU
MOTEHIMAIaMH U CTEHKaMU Pa3NIMYHON BBICOTHI. [IpsIMOyrosipHbIE MTOTEHIIUATBHBIE OaphephI.

4. 3amaya o0 atome Bojopona. BeineneHue IeHTpa Macc, mepexoa K chepudyeckoil cucreme
KoopauHaT. Popma aTOMHBIX OpOuTaeH.

5. @opMybl TEOPUM BO3MYIIEHUN Ha NMPUMEPE JIMHEWHBIX ONEPaTOPOB (MAaTpull) B IBYMEPHOM U
TPEXMEPHOM IpocTpaHcTBaxX. CpaBHEHUE C BapUALMOHHBIM MOAXO0J0M IIPHU HMCIOJIb30BAaHUM B KA4E€CTBE
6a3nca COOCTBEHHBIX BEKTOPOB HEBO3MYILEHHOTO OTIEpaTopa.

6. O dextrr LllTapka u 3eemana 11t MPOCTHIX MOJIETBHBIX CHCTEM.

7. Oneparop ['aMunbTOHA A1 aTOMHBIX U MOJIEKYJISIPHBIX CUCTEM (Ha MPOCTHIX ITpuMepax: aroM C,
moutekyisl LiH, BeH2 u ap.). [loctpoenune 31eKTpOHHOM BOJIHOBON (DYHKIIUHM B BHJIE ONPEICTUTENS.

8. Monexkynet H2+ u H2. [Ipocreifmme moaxoasl K MOCTPOEHUIO BOJHOBBIX (QYHKIUH H
MIOTEHIIUAJIBbHBIX KPUBBIX.

9. VpaBuenus metoga Xaptpu - Doka Jutst MpocTeHIINX MosieKyl, Hanpumep LiH.

10. Toueunsle rpynnsl cuMMeTpun. HenpuBoaumMele npenctaBieHust Ha npuMepe rpynm tuna C2v,
C3v u 1.1. Xapakrepsl npeacraBieHuil. PaznoxkeHne npuBOIMMOTO NPEICTABICHUS HAa HENPUBOJIUMOE.
[Ipsmoe npousBeneHue npeacraBieHuil. [IpaBuna oTé0pa A JIEKTPOHHBIX EPEX0I0B. (2 ceMHHapa).

11. Yyer cummerpum mnpu kinaccuukanum opOutaneif. o- um m-Opburtanmu. ['mbpuansie u
SKBUBAJIEHTHBIE opOuTanu. KoppensunoHHble quarpaMMsl.

12. Meron Xrokkens. Ilpocreiinme mpumepsl pacueToB. 3apsiibl Ha aToOMax, HMOPSJKHU CBS3EH.
I'pannunsbie opoutanu. [Ipasuno Jlonre-Xurrunca. (2 ceMmuHapa).

13. KoppensuuoHHble AuarpaMMmbl U KOPPEJSLIMOHHBIE IPaBWJIa IPU KayeCTBEHHOM ONMCAHHUU
MEXaHM3MOB XMMHYECKMX peakuuil (Hampumep, npaBuia Bynasopaa - XodmaHa o coxpaHEHUH
OpOUTANBHON CUMMETPHH WM TEOPUS TPaHUUHBIX opOuTaneir @ykyn). (2 ceMuHapa)

14. CriekTpbl U CTPOCHHE KOMIUIEKCHBIX coelMHeHUN d- U f-31eMeHTOB B MpUOIMKEHUU TEOPHH
KPUCTAJIIIMYECKOTO MOJIS.

Kputepuu u MeTOIMKA OLIECHUBAHUSA Pe3yJIbTATOB YCTHOI'O ONpPoca:
Onun Bompoc (33 BompocoB).
- 0,5 Ganna BBICTaBIISACTCS CTYACHTY, €CIIU OTBET MPaBHIIbHBIN;

- 0 ©6aiyIOB BBICTABIISIETCS CTYIEHTY, €CJIM OTBET HENPABUIIbHBIMH.

OHJAH
JlabopaTOpHBIX 3aHATHH M0 KypCy

JlabopaTopHoe 3ansiTue 1.

Bocnonp3oBaBmmics nporpammoit GAMESS, co3naiite mpocTpaHCTBEHHOE M300pakeHUEe MoJie-
Kynbl Metunxiopuzaa. llpoBeaure onrtumumsanuio €€ reoMETpUYECKHX MapameTrpoB MerogoM AMI.
BemmumuTte B Tabnuily 3Ha4YeHUs €€ JUIMH CBS3€H, BaJCHTHBIX YIJoB. [IpoBeauTe ONTHMHU3AIMIO

16



TCOMETPUH MOJICKYJIbI KBaHTOBOXMMUYeCKUM MeTogoM RHF/STO-3G. IMonydeHHble 3HAYCHUS TaKKe
BBIMHUIINTE B TaONMUIy. Pe3ynmpTaTbl ONTHUMHU3AIMI CPaBHUTE C OSKCHEPUMEHTAIBHBIMHU JaHHBIMHU,
HalJCHHBIMU IIPU U3y4eHUU Juteparypsl (cM. CripaBOYHUK XUMHUKa, T. 1. 1 Ap.).

[Ipoananu3upyiTe  OTHCIBbHBIE  XapaKTEPUCTUKU  DJIEKTPOHHOM  CTPYKTYphl  3aJaHHOMU
MOJIEKYJISIPHON CHCTEMBI: 3HEPTUH U cocTaB MO, 3HEpPreTH4ecKyo IuarpaMMy, SHEPTUIO CBA3BbIBAHMS,
SHEPTUI0 MOHU3AIMH, YPPEKTUBHBIC 3apsAasl aTOMOB. Pe3ynbTaThl pacueTa Tam, I/i€ 3TO BO3MOKHO,
COIOCTABUTE C HKCIIEPUMEHTAIBHBIMU JaHHBIMUA. CHOPMYIUPYHTE BHIBOJIBI.

JlabopaTopHoe 3aHsTHE 2.

Bocmnonb3oBaBmce mporpammoit  GAMESS, co3maiite mpoCTpaHCTBEHHOE H300pakeHue
MOJICKYJIBI 3TaHOJa. [IpoBeanTe ONTUMH3AIMIO ¢ TeOMETPUYECKUX MmapameTpoB merogom B3LYP/6-
31G(d). Bemmummre B TAOMMIly 3HAYCHHWsS €€ JUIMH CBsI3€i, BaJCHTHBIX yriioB. [IpoBemute
peonTUMH3aNMI0 reoMeTpun Mosiekyiasl MerogoM RHF/6-31G(d). IlomydeHHble 3HAueHHs TaKKe
BBIMHUIINTE B Tabnuily. Pe3ynbTaTbl ONTUMU3AIMI CPaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HaWJCHHBIMU IPU U3y4eHUU JIuTeparypsl (cM. CripaBOYHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTAEIBHBIE XapAKTEPUCTUKU JJIEKTPOHHOU CTPYKTYpPBI 3aJaHHOU MOJIEKYJISIPHOMI
cucTeMBbl: 3Heprud M coctaB MO, PHEPreTHYecKylo IHarpaMMmy, SHEPTUI0 CBS3BIBAHHS, SHEPTHUIO
noHM3aluH, Y3QPEeKTUBHBIEC 3aps/Ibl aTOMOB. Pe3ynbTaTsl pacuera Tam, rie 3T0 BO3MOXKHO, COTIOCTaBbTE
C 9KCIIEPUMEHTANbHBIMU JaHHBIMU. CPOPMYTUPYHTE BBHIBOIBI.

JlabopaTopHoe 3ansiTHe 3.

Bocmnonb3oBaBmce mporpammoit  GAMESS, co3maiite mpocTpaHCTBEHHOE H300pakeHue
MOJIEKYJIbl TUMETHUII0BOTO 3¢upa. [IpoBeaere oNTUMHU3ALMIO €€ TEOMETPUUECKUX TapaMeTPOB METOIOM
RHF/6-31G(d). BoeimumuTe B TaOMMIly 3HAYCHHUs €€ JUIMH CBsI3eil, BaJICHTHBIX yriioB. [IpoBenute
PEONTHMU3AIMIO TeOMETpUH MoJieKyasl MerogoM MP2/6-31G(d). IlomydeHHble 3HAYSHHS TaKKe
BBIMMIINTE B Tabnuily. Pe3ynbTaTbl ONTUMU3AIMI CPAaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HaWJCHHBIMU IPU U3y4eHUU JuTeparypsl (cM. CipaBOUHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTAEIBHBIE XapAaKTEPUCTUKHU DJIEKTPOHHOM CTPYKTYPBI 3aJaHHON MOJIEKYJISIPHOU
cUcTeMbl: 3Heprun u coctaB MO, PHEPreTHMUECKyH AuarpamMmy, SHEPTUIO  CBS3BIBAHUS, SHEPTHUIO
MOHM3aLNH, YPPEKTUBHBIE 3apsAabl aTOMOB. Pe3ynbTaThl pacdyera Tam, I7ie 3TO BO3MOXKHO, COTIOCTaBbTE
C 9KCIIEPUMEHTABHBIMU JaHHBIMU. CPOPMYTUPYHTE BBIBOIBI.

JlabopaTopHoe 3ansiTHe 4.

Bocrnonb3oBaBmce mporpammoii  GAMESS, coszpaiiTe mpocTpaHCTBEHHOE H300pakeHue
MOJICKYJIBI aneToHa. [IpoBenTe ONTUMH3ALHUIO e TreOMEeTpUYeCKHX mapaMeTpoB merogom RHF/STO-
3G. Beinumure B TabIUIy 3HAYCHHS €€ JUIMH CBs3EH, BAJIGHTHBIX yrioB. [IpoBeauTe peonTuMHU3aIMio
reomerpun MoJieKyinbl MetojoM RHF/6-31G(d). [TonyueHHbIe 3HAUEHHS TAK)KE BBITUIIUTE B TAOIUILY.
Pe3ynbTaThl ONTUMU3ALMI CPAaBHUTE C SKCIIEPUMEHTAIBHBIMU JAHHBIMU, HAHIEHHBIMU NIPU U3YYECHUHU
autepatypsl (cM. CipaBOYHUK XMMMKa, T. 1. Ap.).

[Ipoananu3upyiTe OTIAECIbHBIE XapAaKTEPUCTUKU DIIEKTPOHHOU CTPYKTYpBI 3aJaHHON MOJIEKYIISIPHOMN
CUCTEMBI: SHEpruM M coctaB MO, PHEpPreTHUECKYIO IUarpaMMy, SHEPrUI0 CBSI3bIBaHMS, SHEPrHUIO
MOHM3aLMH, Y3QPEeKTUBHBIEC 3apsbl aTOMOB. Pe3ynbTaThl pacueTra TaM, re 3T0 BO3MOXHO, COTTIOCTaBbTE
C 9KCIIEPUMEHTANbHBIMU JaHHBIMU. CPOPMYTUPYHTE BBIBOIBI.

JlabopaTopHoe 3ansiTHE S.

Bocrnonb3oBaBmce mporpammoit  GAMESS,  cosmaiite mpocTpaHCTBeHHOE H300pakeHUe
MOJIEKYJIbl TpUMETHJIaMHHA. [IpoBenuTe ONTUMHM3AIMIO €€ TeOMETPUYECKHX IapaMeTpPOB METOIOM
B3PW91/6-31G(d). Bemumure B Tabnuily 3HaYCHHUs €€ JUTMH CBSI3€i, BaJCHTHBIX yriioB. [IpoBeaure
pEONTUMH3AIINI0 TeoMeTpuu MoJiekyisl MetogoMm RHF/6-31G(d). TlomyueHHble 3HAYEHUS TaK¥Ke
BBIMHUIINTE B Tabnuily. Pe3ynbTaTbl ONTUMU3AIMIA CpPaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HaWJCHHBIMU IIPU U3y4EHUU JIuTeparypsl (cM. CripaBOYHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe  OTHACIBHBIE  XAPAKTCPUCTUKU  DJIEKTPOHHOW  CTPYKTypa,  3aJaHHOM
MOJIEKYJISIPHOM CHCTEMBI: 3HEpruu U coctaB MO, 3HEpPreTHUecKylo IuarpamMmy, SHEPTUI0 CBSI3bIBAHUS,
SHEPTUI0 MOHU3ALMH, YPPEKTUBHBIE 3apsAabl aToMOB. Pe3ynbTaThl pacuera Tam, i€ 3TO BO3MOJKHO,
COIOCTABbTE C HKCIIEPUMEHTATBHBIMH JaHHBIMUA. CHOPMYIUPYHTE BHIBOIBI.
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JlaGopaTopHoe 3ansTHE 6.

Bocmnonb3oBaBmce mporpammoii GAMESS, coszpaiite mpocTpaHCTBEHHOE H300pakeHue
ruapasuHa. [IpoBeuTe ONTUMU3AIMIO €e TeoMeTpudecKkux mapamerpoB merogom B3LYP/6-31G(d).
BeimmumuTe B TaOnuily 3HauYeHUs ee JIMH CBA3€H, BAJCHTHBIX YriioB. [IpoBenute peonTHMU3AIUIO
reometpun MoJekynasl MetogoM RHF/6-311G(d). [TonyyeHHbIe 3HaYEHUS TAKXKE BBIMUIIUTE B TAOIUILY.
Pe3ynpraThl ONTUMH3ALMI CPABHUTE C HKCIICPUMEHTAIBHBIMU JaHHBIMH, HAWICHHBIMU TIPU M3y4YCHUH
autepatypsl (cM. CipaBOYHUK XMMHMKa, T. 1. Ap.).

[Ipoananu3upyiTe OTACIBHBIE XapAKTEPUCTUKU NIEKTPOHHOU CTPYKTYpBI 3aJaHHON MOJIEKYJISAp-
HOM cucTeMbl: 3HepruH U coctaB MO, SHEPreTHUECKYyI0 AMarpaMMmy, SHEPIHIO CBSI3bIBAHHS, SHEPrHIO
MOHM3ALNH, YPPEKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacyera TaM, rjie 3T0 BO3MOXHO, COTTOCTaBbTE
C 9KCIIEPUMEHTABHBIMU JaHHBIMU. CPOPMYTUPYITE BBHIBOIBI.

JlabopaTopHoe 3ansiTue 7.

Bocmnonb3oBaBmce mporpammoii  GAMESS, coszpaiite mpocTpaHCTBEHHOE H300pakeHue

MOJIEKYJIbl Auxjopcuiana. [IpoBenute ONTUMH3ALMIO €€ T'eOMETPUYECKHX IapaMeTpOB METOIO0M
RHF/6-31G(d). BoeimumuTe B TaOMMIly 3HAYCHUs €€ JUIMH CBsI3eil, BaJICHTHBIX yriioB. [IpoBemute
peoONTUMH3AIMIO0 TeoMeTpuu MoJieKynbl mertonoM B3LYP/6-31G(d). [onmyueHHble 3HAYEHUS TaKKe
BBIMHUIINTE B Tabnuily. Pe3ynbTaTbl ONTUMU3AIMIA CPAaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HalJCHHBIMU IPU U3y4eHUU JIuTeparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1p.).
[Ipoananu3upyiTe OTIEIBHBIE XAPAKTEPUCTUKU DIIEKTPOHHOW CTPYKTYpPbl 3aJaHHOM MOJIEKYJISIPHOU
CHCTEeMBI: 3Hepruu u coctaB MO, SHEpreTHdecKyro IuarpaMMmy, SHEPIHIO CBSA3BIBAHUS, SHEPTHIO
MOHM3aLNH, YPPEKTUBHBIE 3apsAabl aTOMOB. Pe3ynbTaThl pacyera Tam, I7ie 3TO BO3MOXKHO, COTIOCTaBbTE
C 9KCIIEPUMEHTANbHBIMU JaHHBIMU. CPOPMYTUPYHTE BBHIBOIBI.

JlabopaTopHoe 3ansiTue 8.

Bocrnonb3oBaBmics mporpammoii  GAMESS, co3pmaiite mpocTpaHCTBEHHOE H300paKeHUE
MOJICKYJIBI JUOKCH A cepbl. [IpoBeuTe ONTHMU3AIKIO €€ TEOMETPUIECKUX mapaMeTpoB Metogom RHF/6-
311G(d). Bemmmmure B Ta0NMIly 3HAYCHUS €€ JUIMH CBs3CH, BaJCHTHBIX yrioB. [IpoBeaute
PCONTUMH3AIINI0 TeoMETpUr MoJekyinbl mMerogom B3LYP/6-311G(d). IlosydeHHBIC 3HAuCHHS TaKKe
BBIMUIIUTE B TaOMuIly. Pe3ynbTaThl ONTUMH3AUNA CPAaBHUTE C SKCIICPUMCEHTAIBHBIMU JIaHHBIMH,
HalJCHHBIMU IIPU U3y4eHUU JIuTeparypsl (cM. CipaBOYHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe  OTHCIBHBIE  XAPAKTCPUCTUKU  JJIEKTPOHHOM  CTPYKTYphl  3aJaHHOM
MOJIEKYJISIDHOM CHUCTEMBI: 3HEPIuM U cocTaB MO, SHEPreTUYECKy0 IuarpaMmy, 3HEPTHIO CBSI3bIBaHMS,
SHEPTUI0 MOHU3ALUH, YPPEKTUBHBIC 3apsAabl aToMOB. Pe3ynbTaThl pacuera Tam, i€ 3TO BO3MOKHO,
COIOCTABbTE C HKCIIEPUMEHTATBHBIMH JaHHBIMUA. CHOPMYIUPYHTE BHIBOIBI.

JlaGopaTopHoe 3ansTHE 9.

Bocrnonb3oBaBmce mporpammoii  GAMESS, co3pmaiite mpocTpaHCTBEHHOE H300paKeHUE
MoJieKylbl pocduHa. [IpoBeanTe ONTHMU3AIMIO €€ TEOMETPUYECKHX mnapamerpoB merogom RHF/6-
31G(d). BeimumuTe B TaONMIly 3HAUCHUS €€ JUIMH CBsI3¢€il, BaJCHTHBIX yriioB. [IpoBemute
pPEONTUMH3AIMIO TeoMeTprH MoJekyiasl MerogoM B3LYP/6-31G(d). IlonyueHHble 3HAueHHs TaKKe
BBIMHUIINTE B TaOmuIily. Pe3ynbTaTbl ONTUMM3ALMN CPaBHUTE C OSKCIEPUMEHTAIbHBIMU JIaHHBIMHU,
HalJCHHBIMU IIPU U3y4eHUU JIuTeparypsl (cM. CipaBOUHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe  OTHCIBHBIE  XAPAKTCPUCTUKUA  JJIEKTPOHHOM  CTPYKTYphl  3aJaHHOM
MOJIEKYJISIPHOM CHCTEMBI: 3HEpruu U coctaB MO, 3HEpPreTHUecKylo IuarpamMmy, SHEPTUIO CBSI3bIBAHUS,
SHEPTUI0 MOHU3ALUH, YPPEKTUBHBIC 3apsAabl aToMOB. Pe3ynbTaThl pacuera Tam, Iie 3TO BO3MOKHO,
COIOCTABbTE C IKCIIEPUMEHTATBHBIMH JaHHBIMUA. CHOPMYIUPYHTE BHIBOIBI.

JlabopaTopHoe 3ansitue 10.

Bocrnonb3oBaBmce mporpammoii  GAMESS, coszpaiite mpocTpaHCTBEHHOE H300pakeHue
MoOJIeKyJbl rbopana. [IpoBenuTe ONTUMH3ALUIO €€ T€OMETPHUYECKUX IMapameTpoB metozomM RHF/6-
31G(d). Bemmummre B TAOMMIly 3HAYCHHWs €€ JUIMH CBsI3€il, BaJCHTHBIX yriioB. [IpoBemurte
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pPEONTUMU3AIMIO TeoMeTpuu MoJieKynbl meronoM B3LYP/6-31G(d). [lonmyueHHble 3HAYEHUS TaKKe
BBIMHUIINTE B Tabnuily. Pe3ynbTaTbl ONTUMU3AIMIA CpPAaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HalJCHHBIMU IPU U3y4eHUU JuTeparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTACIBbHBIE XapaKTEPUCTUKHU 3JIEKTPOHHOM CTPYKTYpPBI 3aJaHHON MOJIEKYJISIPHON
cUCTeMbI: dHepruu M coctaB MO, SHEpreTM4eckyro auarpaMmy, SHEPIHIO CBS3BIBAHMS, SHEPTHUIO
MOHM3aLNH, YPPEKTUBHBIC 3apsAabl aTOMOB. Pe3ynbTaThl pacyera TaM, rjie 3T0 BO3MOXHO, COTTOCTaBbTE
C 9KCIIEPUMEHTAbHBIMU JaHHBIMU. CPOPMYTUPYHTE BBIBOIBI.

JlabopaTopHoe 3ansitue 11.

Bocrnonb3oBaBmce mporpammoii  GAMESS, coszmaiite mpocTpaHCTBEHHOE H300pakeHue
MOJIEKYJIBbI TIEpOKCcHIa BoAopoaa. [IpoBeauTe ONTHMH3AINIO €€ TEOMETPHUECKUX MTapaMeTPOB METOIOM
B3LYP/6-311G(d,p). Bemummre B Tabnuily 3HaueHHS €€ JAJIHH CBsI3ei, BaJIeHTHBIX yrioB. [IpoBeaure
PCONTUMH3AIINI0 TEOMETPUU MOJIeKyinbl MetofoM MP2/6-311+G(d,p). [lonydeHHbIC 3HAUCHHS TaKKe
BBIMMIINTE B Tabnuily. Pe3ynbTarbl ONTUMU3AIMI CPAaBHUTE C HKCIEPUMEHTAIBHBIMHU JIaHHBIMH,
HaWJCHHBIMU IPU U3y4eHUU JIuTeparypsl (cM. CripaBOUHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiTe OTACIbHBIE XapaKTEPUCTUKHU 3JIEKTPOHHOM CTPYKTYpPBI 3aJaHHON MOJIEKYJISIPHON
cUCcTeMBl: 3Hepruu M coctaB MO, SHEPreTHYecKyro auarpaMMy, SHEPTUIO0 CBS3BIBAHUS, SHEPTHIO
MOHM3ALNH, YPPEKTUBHBIC 3apsAabl aTOMOB. Pe3ynbTaThl pacyera TaM, rjie 3T0 BO3MOXHO, COTTOCTABbTE
C 9KCIIEPUMEHTAbHBIMU JaHHBIMU. CPOPMYTUPYIHTE BBHIBOIBI.

INEPEYEHDb MOJIEKVYJIAPHBLIX CUCTEM, 3AJIOXXEHHBIX B KOHTPOJIbHBIE 3AJTAHNA:

Bapuanr Mounexkyia IIpumeuanue

1 CH;Cl OKclepuMEHTAIIbHbIE
2 C,HsOH JAHHbBIE TI0 BCEM

3 CH3OCHs3 MOJICKYJIaM CM.:

4 CH3COCH3 CrnpaBOYHHMK XMMHUKA, T.
5 (CH3)3N 1 M.-JL.: Xumus, 1964
6 N2H4

7 SiH,Cl;

8 SO,

9 PH;

10 B,oHg

11 H,0;

Kputepun onenku 1a00opaTopHbIx pador

2,5 6amna: 3ananue o paboTe BHINOIHEHO B MOJHOM 00beMe. CTyJeHT TOYHO OTBETHII HA KOHTPOJIbHBIE
BOMPOCHI, CBOOOJHO OPUEHTHUPYETCS B MPEIOKEHHOM PEIICHHWH, MOXKET €ro MOIU(HIMPOBATH MPHU
W3MEHEHUU YCIoBUA 3adaud. OTYEeT BBINOJHEH aKKypaTHO M B COOTBETCTBUM C MPEABABISIEMBIMHU
TpeOOBaHUSAMU.

2 Oamna: 3amaHue TO paboOTe BHINIOJHEHO B MONHOM oObeme. CTyINeHT OTBETHUJI HAa TEOPETUUYECCKHE
BOTIPOCHI, HCIIBIThIBast HEOObIINE 3aTpynHeHU. KauecTBo opopmiieHHs oTdyera K paboTe He OTHOCTHIO
COOTBETCTBYET TPEOOBAHHSIM.

1,5 Gayna (ynoBieTBopHuTenbHO): CTYyIEHT MPaBUIILHO BBITIOJIHMI 3a/aHue K padore. CocTaBMII OTYET B
YCTaHOBIICHHON (opme, MpenCcTaBUl pelIeHus OOJIBIIMHCTBA 3aJlaHHii, NPEIyCMOTPEHHBIX B paboTe.
CTyneHT He MOXKET HOJTHOCThIO OOBSICHUTD OJTYUYE€HHBIEC PE3YJIbTATHI.

1 6amn: CryneHT HempaBwiIbHO BHIMONHII 0T 70% mo 50% 3amanuii paboThl U HE MOKET OOBSICHHUTH
MIOJIy4YEHHBIE PE3YIbTAT.

0,5 6amna: CTyneHT HeNmpaBWIBHO BBIMOMHWI cBbImE 70% 3amaHuii paOOThl U HE MOXET OOBSICHUTH
MIOJIy4YEHHBIE PE3YIbTAT.

0 6amnoB CTyIEHT He BBITIOJIHUI BCE 3aJaHUs PAa0OThI U HE MOXKET OOBSICHUTD NOJTY4YEHHBIE PE3YJIbTaT

Tembl pedepaToB
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MecTo KBaHTOBOM XUMUHU CPENH IPYIUX HAYK
DnexTpoauHaMU4ecKasi KapTUHA MUpa
KBaHTOBO-TI071€Basi KAPTUHA MUpPa
«YnpTpaduoneronast kKaractpoda

Hctopus pa3BUTHS KBAHTOBOW XUMUU

Omnsit Pezepdopna. Snepuas monens atoma

KBanrtoBblie noctynarsl bopa

BosHOBBIE CBOlMICTBAa MUKpoYacTull. ['unoresa ne bpois.
JanpHeiiliee pa3BUTUE KBAHTOBOW MEXAHUKH.

RBOo~NOO DR

0.  Marpuunas mexanuka. PaGotsl ['eiizenOepra.
11. OcCHOBHBIE KBAHTOBO-ME€XaHUYECKUE MTPUHLIUTIBI
12. BoJHBI U BEPOSITHOCTH.
13. OcCHOBHBIE TIOJIOKEHUSI COBPEMEHHOM KBAHTOBON MEXaHUKHU.
14. [Tpunuun Heonpenenéunoctu I eitzendepra
15. VYpasuenue Hlpeaunrepa
16. IIpukiagHOM XapakTep KBAHTOBOW XUMUHU
17. bynyuniee kBaHTOBOM XUMUHU

18.  buorpadus. ne bpoiins, bopa, Ilpenunrepa, I eiizendepra

- Kputepnu ouenku (B 6a/u1ax) pedeparon:

Hanucanue pedepara crmeayeT HadaTh C H3JIOKCHHS IJIaHA TEMBI, KOTOPBIM KaK MHUHUMYM
BKJIIOUaeT 3 myHKTa. [lnaH momkeH OBITh JTOTMYHO HM3JI0KEH U JOJDKEH BKIIOYATh B ceOsl BBEIACHUE U
3aKIIFOUYCHUE.

Pedepar 3aBepiraeTcsi CHUCKOM HCIIOJIB30BAHHOM TUTEPATYPHI.

3aaun CTy/IeHTa IPU HAMMCAHUM pedepara 3aKI0YatoTCs B CICIYIOIIEM:

1. JIOTUYHO U 10 CYILLECTBY U3JIOKUTH BOIIPOCHI IUIAHA;

2. YeTKO C(OpPMHUPOBATH MBICIIH, IMOCIEAOBATEILHO M SICHO HW3JIOXKHTH MaTepHal,
IIPAaBUJIBHO UCIIOJI30BAaTh TEPMUHBI U ITOHATHUS;

3. [I0KA3aTh YMEHUE NPUMEHATh TEOPETUUECKHUE 3HAHUS HA IIPAKTHUKE;

4. [I0KA3aTh 3HAHUE MATEpHUAJIa, PEKOMEHIOBAHHOTO 110 TEME;

S. MCIOJb30BATh JJIs1 SKOHOMHUYECKOT0 0O0CHOBAHMS HEOOXOAUMBINA CTAaTUCTHUUYECKHMA
Marepuai.

Pedepat onenuBaercs npenoaBareneM Kadeapsl MO CIAETYIOIINM KPUTEPHUSIM.

O6beM pedepaTa nomKeH ObITH HE MeHee 12-18 cTp. MAIMHOMKUCHOTO TeKCTa (aHAJIOT —
KoMnbioTepHBbIH TekeT Time New Roman, pasmep mpudra 14 yepes noiaropa uHTEpBaa),
BKJTIOYAst TUTYJIbHBIH JIHCT.

IIpu oueHke ypoBHS BBINIOJHEHHS pedepara, B COOTBETCTBUU C TOCTABJICHHBIMU LEISMU IS
JAaHHOTO BHJAa Y4EOHOH NEeATENbHOCTH, MOTYT KOHTPOJHMPOBATHCS CIEAYIOIIME YMEHHS, HAaBBIKA U
KOMIIETCHLIUU:

- yMmeHue paboTarb C OOBEKTaMU M3Y4YEHUS, KPUTUYECKUMHU HMCTOUYHUKAMH, CIPABOYHOU U
SHIUKIIONEIUYECKOH JINTEPATYPOH;

- YMEHHUE coOMpaTh U CHCTEMaTU3UPOBATh MPAKTUUECKUI MaTepua;

- YMEHHUE CAMOCTOSITENIEHO OCMBICIISTH NMPOOJIEMY Ha OCHOBE CYIIECTBYIOIINX METOMMK;

- YMEHHE JIOTUYHO M IPaMOTHO U3JaraTb COOCTBEHHbIE YMO3AKIIOUEHUS U BHIBOJIBI;

- yMeHue coomoaaTh GopMy HAy4HOTO HCCIIEIOBAHUS;

- YMEHHE MOJIb30BATHCS II100aTbHBIMU HH()OPMAIIMOHHBIMHU PECYpCamH;

BJIaJICHUE COBPEMEHHBIMU CPEIACTBAMHU TEJIEKOMM YHUKALINIA;

CIIOCOOHOCTH M TOTOBHOCTD K MCIIOJIb30BAHUIO OCHOBHBIX MPUKJIATHBIX TPOrPAMMHBIX CPE/ICTB;
CIIOCOOHOCTH CO3/IaTh COACPKATEIBHYIO IPE3CHTALIMIO BHITOJHEHHON pabOTHI.

Kputepun onenku pedeparos (B 6a11ax)
- 0 ©ayIoB BBICTABIISIETCS CTYIEHTY, €CIIH CTYJCHT HE UMEET MpeACTaBIeHuUs 00 00CyX,1aeMOM BOIIPOCE;

20



- 1 Oamn BbICTaBIETCS CTYHEHTY, €CIH CTYICHT HMeeT (parMeHTapHbIe IpeICTaBlIeHUs 00
o0cyx/1aeMoM BoTIpoce (CTYyIeHT AEMOHCTPUPYET HE3HAHHE TEOPETUUECKUX OCHOB MpPEIAMETa, HE yMeeT
JeNaTh apryMEHTHPOBAaHHBIE BBIBOJBI M NPUBOAMUTH NPUMEPHI, MOYTU HE BIIAJEET MOHOJIOTMUYECKOM
peublo, HE BIAAECET TEPMHMHOJIOIMEH, MPOSBIAET OTCYTCTBUE JIOTMYHOCTH M IOCIIEJOBATEIBLHOCTHIO
U3JI0KEHMS, JeaeT OLIMOKH, KOTOPbIE HE MOXET HMCHPABUTH Ja)xe MPH KOPPEKLUHU IMpernojaBaTeleM,
OTKa3bIBAE€TCs OTBEYATh HA 3aHATHUN);;

- 2 0amia BBICTABISIETCS CTYIEHTY, €CIH CTYIACHT MMEET HEMOJHBIC MPEJCTaBlIeHUs 00 o0Cyx)aaeMoM
Bompoce (CTyIEHT IEMOHCTPUPYET HE3HAHHE TEOPETHYECKUX OCHOB IMpEeAMETa, HEe yMeeT JeraTh
apryMEHTHPOBAHHBIC BHIBOJBI U MPHUBOIUTH MPUMEPHI, MOKA3bIBAET clab0oe BIaJeHUE MOHOJOTHYECKOM
pedblo, HE BIAJCET TEPMHHOJOTHEH, MPOSBISET OTCYTCTBHE JIOTUYHOCTH M IOCIIEIOBATEIHLHOCTHIO
W3JI0KEHUS, JENAeT OIMMOKH, KOTOPhIE HE MOXKET HCIPABUTH JaKe MPH KOPPEKIUU TPEroaaBaTesieM,
OTKa3bIBaCTCSI OTBEYATH HA 3aHATUN);

- 3 Oayna BBICTABIISICTCS CTYACHTY, €CIIU CTYACHT UMEET He B JOCTAaTOYHOU Mepe chopMHpOBaHHBIC U
COJIEpKalllie CYIIECTBEHHBIC TMPOOENbl MpeacTaBileHUs 00 o0cykIaeMoM Bompoce (CTYyACHT
JEMOHCTPUPYET HETTyOOKHE TEOPEeTUYECKUEe 3HAaHHS, MPOSBIsLET ci1abo chopMHUpOBaHHBIE HABBIKH
aHalM3a SBICHUH M TIPOIECCOB, HENOCTATOYHOE YMEHHE JellaTh apryMEHTHUPOBAHHBIC BBIBOJBI H
MPUBOJIUTh TMPHUMEPHI, MMOKa3bIBA€T HE JOCTATOYHO CBOOOJHOE BIAJCHHWE MOHOJOTHYECKOW pedbio,
TEPMHUHOJIOTUEH, JIOTHYHOCTHIO U TOCIIE0BATEILHOCTHIO U3JIOKEHUS, JIeTaeT OIIMOKH, KOTOPHIE MOXKET
UCIIPABUTH TOJIBKO MPH KOPPEKIUH IMPENOIaBaTEIeM);

- 4 Oana BBICTABISIETCS CTYACHTY, €CIIU CTYIEHT UMeeT c(hOpPMHUPOBaHHBIC, HO COJIEPIKAIINE OTACTbHBIC
poOeIbl MpeAcTaBIeHus: 00 00CyKIaeMoM BOTIpoce (CTYACHT AEMOHCTPHUPYET MPOYHBIE TEOPETUICCKHE
3HAHUS, BJAJICET TEPMHUHOJIOTHEH, JeNaeT apryMEHTHPOBAHHBIE BBIBOJBI M 000OIIEHUS, TPUBOIUT
MpPUMEPHI, TOKa3bIBa€T CBOOOJHOE BIAJCHWE MOHOJOTHYECKOH peuyblo, HO TMPU ITOM JeJacT
HECYIIECTBEHHBIC OIIMOKH, KOTOPHIE OBICTPO HCIPABISET CAMOCTOSTEIHHO WM MPU HE3HAYUTEIHHOU
KOPPEKIINH MPETOaBaATEIIEM );

- 5 0amioB BBICTAaBISAETCS CTYICHTY, €CIH CTYAEHT HMeeT C(HOPMUPOBAaHHBIE CHCTEMaTHYECKHE
npeacTaBiIeHus 00 006Cyk1aeMOM BOIpoce (CTYACHT IEMOHCTPUPYET CUCTEMHbIE TEOPETHUECKUE 3HAHUS,
BJIaJICET TEPMUHOJIOTHEH, JeJaeT apryMEHTHPOBAaHHBIE BBIBOIBI M 000OLICHMS, MPUBOIUT MPHMEPHI,
MOKa3bIBAET CBOOOJHOE BIIQJICHUE MOHOJOTMYECKOM pEeubl0 M CIIOCOOHOCTH OBICTPO pearupoBaTh Ha
YTOYHSIOIINE BOIIPOCHI).

TecrupoBanue

1) Kakoe mpuOmmxenue wucmoyib3yercss Juid  peuieHus  ypaBHeHuss Llpenunrepa  ams
MHOTORJIEKTPOHHBIX aTOMOB?

A) bopna-OnnenreiiMepa;

b) He3aBHCHMBIX YacTHLL;

B) monexynsapHbIX opOuTanei;

I') BanenTHast anmpoKcCUMAIusI.

2) Kakoe mpubmmxenue wucmosb3yercss Juid  peuieHus — ypaBHeHuss Llpenunrepa  ams
MHOTORJIEKTPOHHBIX aTOMOB?

A) pENSATUBUCTCKYIO U HEPEIATUBUCTCKYIO;

b) lllpenunrepa u ne bpoitns;

B) BoIHOBYIO M KOPITYCKYJISIPHYIO;

I') aToMHY10 1 MOJIEKYIISIPHYIO;

J1) TBEpAOTO TENa U )KUJIKOCTEH.

3) B xBaHTOBOM MEXaHUKE BBLACIISIIOT IBE OCHOBHBIC UJIEU:

A) BOJIHOBOM IPUPOBI CBETA U KOPIYCKYJISIPHOM MPUPO/bI BELIECTBA;

B) xopmycKynsipHO-BOJIHOBOTO JTyalli3Ma U AUCKPETHOCTh U3MEHEHHS (PU3NYECKUX BETUYMH;
B) Bo1HOBO# pupobl BELIECTBA U KOPIYCKYJIIPHOM NPUPOBI CBETA;

I') HenmpepbIBHOCTH U TUCKPETHOCTH U3MEHEHHUS (PU3NUECKUX BEIHYNH;
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J1) neneHus MUKpOYacTUI] Ha (pepMUOHBI U OO30HBI U HEYCTPAHUMOCTD BIUSHHS H3MEPUTEIBHOTO
npubopa Ha COCTOSIHUE UCCIIEAYeMOro O0BEKTa.

4) TloroHneanbHast BHEPTUS aTOMa K IEKTPOHY MOKHO MPHOIKEHHO 0XapaKTepH30BaTh SHEPTuei
A) Huxneii BakanTHOM atomHoi oputaiiu (HBAO);

b) BepxHeii BakanTHOM atoMHO# oputanu (BBAO);

B) Hwxneii 3anstoit aromuoit opuranu (H3AO);

I') Bepxneii 3anaroit atomHoi opuranu (B3A0).

5) Bribepute BepHoe yrBepxkaeHue. Ecnu {Ei} — Ha0op coOCTBEHHBIX 3HAYCHHI raMuibTOHHaHa H B
ypaBuennn H¥i = Ei¥i, 10 ...

A) -3Heprus CUCTEMBI B i-COCTOSIHUY;

b) - sHeprus cucremsl, a npu >0 He UMEIOT (PU3MUECKOTO CMBICIIA;

B) - monHast sHEprUs CUCTEMBI;

I') - mostHas SHEPTHS CUCTEMBI;

J) - nnst Tr0OBIX 11 j.

Kpurtepuu u MeToAnKa OLleHUBAHUS Pe3y/JIbTATOB TECTHPOBAHUS !
Onun TecToBsii Borpoc (30 Bompocos).
- 0,333 Oana BHICTABISAETCS CTYACHTY, €CIIU OTBET NMPABHIIbHBIN;

- 0 ©6aiyIOB BBICTABIISIETCS CTYIEHTY, €CJIM OTBET HENPABUIIbHBIMH.

KoMmuiekT 3aganuii 1Jisi KOHTPOJIbHOM padoThl Ne 1
1o aucuuiuinHe KBanToBas MexaHuka U KBAaHTOBAsi XUMUS

Bapmuanr 1
2 n

N . (nx
1. Haiigute coOOCTBEHHOE 3HAUCHHE OTIEPaTOpPa Fve ecmm f(x)= SSln( Xj :
X a

2. Pemmre ypaBHeHue chepuyeckoid TapMOHMKH JUIS BOJOPOJOINOI00HOrO atoma X IMpH YCIOBHUH,

yro |=2, m=1.
3. Omnpenenute paguajibHYI0 4acTh BOJHOBON (DYHKIMHM BOJOPOJOINONOOHOTO aroma s Ciydas
n=3, |I=2.

Bapuanr 2
2

. Nz
1. Haiigure coOOCTBEHHOE 3HAUCHHE OTIEPaTOpPa pvE ecmm f(x)=25 COS( ) :
X a

2. Pemmre ypaBHeHue chepudeckoidl rapMOHMKH JUIS BOJOPOJOIOI00HOTO atomMa X MpH YCIOBHUH,
yro |=2, m=-1.

3. Ompenenute paguajibHYI0 4acTh BOJHOBON (DYHKIMHM BOJOPOJOINOJOOHOTO aroma s Ciydas
n=2, I=1.

- Kpurepuu u MeTOoAMKA OLlEHMBAHUSA Pe3yJbTATOB KOHTPOJIbHBIX padoT

- 10 GamnoB BBICTABIISAETCS CTYACHTY, €CIM padOTa BBIIIOJHEHA B MOJHOM OOBbEME M M3JI0KEHA
IPaMOTHBIM SI3BIKOM B OIIPENIEIIEHHON JIOTUYECKOH MOCIe0OBATENbHOCTH C TOYHBIM HCIOJIb30BAHUEM
CIELUANTU3UPOBAHHON TEPMUHOJIOIMH; IOKAa3aHO YBEPEHHOE BJIaJIeHHEe HOPMATUBHOW 0a30i;

- 8-9 GanyoB BBICTABISETCA CTY/ACHTY, €CITU pab0Ta BHITIOJIHEHA B IIOJIHOM 00bEMe, HO UMEET OJIUH
U3 HEJOCTATKOB!

B pa0oTe JOMyIeHbl 0IMH-/IBa HEJI0UeTa IPU OCBEIIEHUH OCHOBHOTO COJICP>KAaHHs OTBETA;

HET OTpENIENIEHHOW  JIOTUYeCKOM MOCJIeJOBATENbHOCTH, HETOYHO UCTIOJIB3YeTCS
CIeLUANU3UPOBAHHAS TEPMUHOJIOTHS;

- 6-7 GayuI0B BBICTABIAETCS CTYACHTY, €CIM padOTa BBINOJHEHA HEMOJIHO, He MOKa3aHo oolliiee
MOHMMAaHUE BOIMPOCA, HWMENIUCh 3aTPYAHEHUS WU JIONMYHICHbl OIMIMOKM B OTNPEACICHUU TOHATHUH,

22



HCIMOJIb30BAHUM TEPMHUHOJIOTHM, MPHU 3HAHMH TEOPETHUYECKOrO MaTepuaja BbISBICHA HEAOCTATOYHAs
c(hOpMHUPOBAHHOCTH OCHOBHBIX YMEHUH U HABBIKOB.

- 4-5 GanIoB BBICTABISETCS CTYACHTY, €CIIH CTYJACHT BBIIIOJHII KOHTPOJBHYIO pPadOTy MEHEee 4eM
Ha 50 %.

- 1-3 Gana BBICTaBIAETCS CTYJAEHTY, €CJIM CTYACHT BBITIOJHUI KOHTPOJIbHYIO pabOTy MEHEe 4eM
Ha 70 %.
- 0 6ayIOB BBICTABIIAETCS CTYIEHTY, €CIH . CTYJCHT BOOOIIE HE MPUCTYIAJ K BHIMOJIHEHUIO KOHTPOJIbHOM
paboThI.

4.3.Peiimunz-nian OuCyuniuHbl
Peiitunr-nnan aucuuiuivHel npeacrasiieH B [Ipumoxenun 2.

Kpurepusimu orieHHUBaHUsI SABIISIOTCS OaJlIbl, KOTOPHIE BBHICTABISAIOTCS MpPENoaBaTeleM 3a BUIbI
JEATENbHOCTH (OILICHOYHBIE CPEICTBA) MO MTOTAM M3YUEHHs] MOJYJCH AUCHUIUIMHBI, MEPEUUCICHHBIX B
pPEUTHHT-TUTaHE TUCHMIUIMHBI, JJIS 9K3aMEHA: TEeKYLIUH KOHTpoIb — MakcumyMm 40 OanoB; pyOexHBIN
KOHTPOJIb — MakcuMyM 30 6asu1oB, MOOIIpUTENbHbIE OaTsl — MakcuMyM 10.

[Ikanb! OLIEHUBaHUS IS SK3aMEHa:

oT 45 10 59 6a1510B — «yOBJIETBOPUTEIBHOY;

ot 60 10 79 6aIIOB — «XOPOIION;

ot 80 0aIOB — «OTIUYHON.

5. YueOHO-MeTOAMYECKOE M HH(POPMALIMOHHOE 0O0ecnieYeHUe TUCIHIINHBI
5.1. IlepeyeHb OCHOBHOW M JONOJHUTEIbHON Y4eOHOM JINTepaTyphbl, HCOOXOAMMOM /151 OCBOCHHSA
AUCHUIINHBI

OcHoBHas JinTeparypa:

1. BapanoBckuii, B.M. KBanToBas MexaHWKa M KBaHTOBas XWMHsS [DieKkTpoHHbI pecypc] / B.W.
bapanoBckuii. — DnektpoH. naH. — Cankr-IlerepOypr : Jlans, 2017. — 428 c. — Pexxum nocrymna:
https://e.lanbook.com/book/92941. — 3aru. ¢ 3kpaHa.

2. bapanosckuii B.. KBanToBas MexaHHWKa U KBAaHTOBAsi XUMHUS : yueO. m0co0. s CTy/A. BY30B, 00YHY.
no xumud. crnen. / B. WM. BapanoBckmii .— M. : Axazemus, 2008 .— 383 c. — (Beicmee
npodeccuoHanbHoe  oOpazoBanme) .—  Pexxum  gocrtyma:  http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+1160+default+2+1+F+1.2.840.10003.5.102+rus.

3. Maitep U., M30panHble TJIaBbl KBAHTOBOH XHMHHM: JOKa3aTelIbCTBA TEOPEM M BBIBOJ (hopMys
[DnexkTpoHHEIH pecypce] : yuebHOe mocobue / Maitep U. ; mon pen. A. JI. Uyrpeesa ; mep. ¢ auria. M.
b. MapxoBckoro, A. M. TokmaueBa. — DnekTpoH. JaH. — Mocksa : UznarensctBo "JlabopaTopus
saanmii", 2017. — 387 c. — Pexwum noctymna: https://e.lanbook.com/book/94102. — 3aru. ¢ skpaHa.

4. Ilupenscon, B.I'. KBanroBas xumus. MoiieKynbl, MOJIEKYJISpHbIE CHCTEMbl U TBEpAbIE TeENA
[DnexTpoHHBIN pecypc] : yuebHoe mocobue / B.I'. LlupenbcoH. — DnekTpoH. naH. — MockBa :
WznarensctBo  "JlaGoparopust  3Hammit", 2017. — 522 c¢. — Pexum pgoctyna:
https://e.lanbook.com/book/94104. — 3aru. ¢ skpana. Kucenés B. B. / KBanroBas mexanuka. Kypc
nexnuii / M.: MITHMO, 2009. - 560 c.

5. Jemuposuy, b.I1. MaremaTtndeckie OCHOBBI KBAHTOBOW MEXaHUKH [ DIIEKTPOHHBIN pecypc] : yueOHoe
nocobue / B.II. JlemunoBuuy. — DnektpoH. naH. — Cankt-IlerepOypr : Jlanb, 2005. — 200 c. —
Pexxum nocryna: https://e.lanbook.com/book/604. — 3ari. ¢ skpana.

6. Kpamenunnn B.M. KBanToBas XuMusi U KBaHTOBas MeXaHHMKa B TPUMEHEHUH K 3agadam
[OnexTponnsiii pecype] / B.M. Kpamenunun ; E.I'. T'azenayp ; JI.B. Ky3pmuna .— Kemeposo :
KemepoBckuii  rocymapcTBeHHbIi  yHuBepcuter, 2012 — 56 c¢. —  Pexum
JOCTYTIA: 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 MOJEITHPOBAHWE OPraHMYECKHX MOJEKYN M peakuuidl. Beibop mpubimxeHus.
[DnexkTpoHHBIN pecypc]: yueb. mocobue / U.B. Bakynun [u np.]; bamkupckuii rocynapcTBeHHBIN
yauBepcurer. — Yda: PUL[ baml'V, 2015. — DnekrpoH. Bepcus ned. myonukamuu. — JlocTyn
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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://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

BO3MOXEH qyepes DNEKTPOHHYIO O6ubnuoTeky bamlV. —
<URL:https://elib.bashedu.ru/dl/read/VVakulin Latypova Talipov Kvantovohimicheskoe
modelirovanie up 2015.pdf>.

JlonoJiHUTeIbHAS JINTEpaTypa:

8. Xypcan C.JI. Mertonudeckue ykKa3zaHUs AT CEMHUHAPCKUX W MPAKTHUYECKUX 3aHITHA TO KypCy
"KBaHToBasi MexaHuKa M KBaHTOBas xumus'(paszmen "KBantoBas mexanuka" : YueOHOe mocobue /
C.JI.XypcaH, Yu.-nayu.komruiekc "Marerpanus” .— Ya : Peaktus, 2000 .— 43c. : wi. — O06s13.9K3.
— ISBN 5883330681 (becrn.). <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. KBanToBasi MexaHuKka U KBaHTOBasi XUMHUS : y4eO. MocoO. s CTyA. By30B, 00yd. IO
crer. BITO 020101.65 "Xumus" / A. . EpmakoB .— M. : FOpaiit, 2010 .— 555 c. — (OcHOBBI HayK)
.— ISBN 978-5-9916-0587-8. — ISBN 978-5-9692-0331-0. <URL.: http://ecatalog.bashlib.ru/cqgi-
bin/zgate.exe?present+3920+rs2+14+1+F+1.2.840.10003.5.102+rus>.

10. UImonsckuit, 3.B. AromHas ¢pusuka. Tom 2. OCHOBBI KBAHTOBOW MEXaHHUKH M CTPOCHUE AJIEKTPOHHON
o0onouku aroma [DnekTpoHHBIH pecypc] : yueOnuk / 3.B. Llmosnbckuil. — DneKkTpoH. AaH. —
Canxrt-IlerepOypr : Jlanb, 2010. — 448 c¢. — Pexxum noctyna: https://e.lanbook.com/book/443. —
3ary. ¢ sKpaHa.

11. CrenanoB H.®. «KBaHTOBasi XUMHs U KBaHTOBas MexaHUKay : yueb. mocobue / H. ®@. Crenanos, B.
N. Mynmpmmes .— M. : MIY, 1991 .— 384 c¢. : wmr. — 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 KBaHTOBOH TeOopUH [DJIEKTPOHHBIM pecypc]: METOIUYECKHE YKa3aHUS K IMPOBEJICHHIO
MPAKTUYECKUX 3aHATUH MO KBAHTOBOW Teopuu: U.2 / Bamkupckuii rocy1apcTBEHHbBIH YHUBEPCHUTET;
coct. P.M. BaxuroB. — VY¢a: PUL| baml'V, 2017. — DOnekrpoH. Bepcus mey. MyOIMKalud. —
Hoctyn BO3MOJKEH qyepes DNEKTPOHHYIO O6ubnuoTexy bamlV. —
<URL:https://elib.bashedu.ru/dl/local/\Vahitov_sost_Zadachi po kvantovoj
teorii_mu_Ch2_mu_2017.pdf>.

5.2. IllepeueHnb pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH «AHTepHET» N
NMPOrpaMMHOro odecrnevyeHnsi, HeOOXOAMMBIX /151 OCBOCHHS JUCIHUILIMHBI, BKJIKYas
npodeccuoHaabHbIe 0a3bl JaHHBIX U HH(POPMaNIMOHHbIE CTIPABOYHbIE CHCTEMBI

1. DnexrponHas 6ubnmoreunas cucrema «29b baml'¥Y» - https://elib.bashedu.ru/

2. DnekTpoHHas OMONIMOTEYHas cUucTeMa «Y HUBEpCUTETCKasi OnbanoTeka ornainy - https://biblioclub.ru/
3. DnekTpoHHas OMOIMOTEUHAs ccTeMa u3aTeabcTBa «Jlanby - https://e.lanbook.com/

4. DnektpoHHsId KaTtanor budnuoreku baml'Vy - http://www.bashlib.ru/catalogi/

5. VuusepcanmbHast bas3pl nanHbix EastView (ZocTym K SJIEKTpPOHHBIM HAy4HBIM OJKypHajam) -
https://dlib.eastview.com/browse

6. Hayunas snextpoHHast Ombnmnoreka - elibrary.ru (mocTynm K 37E€KTPOHHBIM HAayYHBIM XypHajam) -
https://elibrary.ru/projects/subscription/rus_titles_open.asp

7. Windows 8 Russian. Windows Professional 8 Russian Upgrade. Torosop Ne 104 ot 17.06.2013 r.
Jlunensuu 6eccpoyHbIe

8. Microsoft Office Standard 2013 Russian. loroBop Ne 114 ot 12.11.2014 r. JIunensun 6eccpoynble

9. Kaspersky Endpoint Security st Ousneca - Crangaptasiid. JloroBop Ne31806820398 ot 17.09.2018 r.
Cpok nevictBus nuuensuu o 25.09.2019

10. Linux OpenSUSE 12.3 (x84 _64) GNU General Public License.

11. Cucrema ueHtpanu3oBaHHoro TectupoBaHus bamlyY (Moodle). YHuBepcanpHas oOIIecTBEeHHAS
nmuuensust 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
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.MartepuajbHO-TeXHUYeCKasi 0a3a, He0OXoAUMAasi /ISl OCYLIECTBJICHUSI 00Pa30BaTEJbLHOI0 MPoLecca 10 AUCHHUIINHE

HaunmeHoBaHue OcHaleHHOCTDH CNeUAIbHBIX IOMELeHUI U IIOMeleHU i AJIs CAMOCTOSITeIbHON padoThl Ilepeyenn
crenUaJbHbIX NOMeIIeHH JIMLEH3HOHHOI 0
U NIOMeLeHu s NpOrpaMMHOI0
CaMOCTOSITeIbHOM padoThI ol0ecneyeHms.
PexBuU3UTHI
MOATBEPKIAIEro
JOKYMEHTa

1. y4eOHass ayauTopusa [JIf
NPOBeJIeHUA 3aHATUHIH
JIEKIIMOHHOT0 THNA: AyAUTOpUs
Ne 405 (xumdaxk  kopmyc),
ayUTOpHUs Ne311 (xumcak
kopryc), aymuropus Ne 310

(xumak xopmyc), ayauropust Ne
305 (xuMmcaxk KopIryc).

2. y4eOHBIe AyIUTOpPUH IS
NPOBeJIeHUA 3aHATUIH
CEMHHAPCKOr0 THUIA: ayIUTOpUS

Ne 004 (xumdaxk  kopmyc),
aymuropust  Ne 005  (xmmdax
KOpITyC).

3. yueOHasg ayaurTopus JJs

NMpoBeJleHUs]  TPYNNOBBIX W
HHAMBHUIYATbHBIX

KOHCyJbTanuii: aymuropus Ne
405 (xumak Kopmyc), ayIuTopHus
Ne311 (xumdaxk KOpIyc),
aymuropust  Ne 310  (xumdax
Kopmyc), ayamuropust Ne 305

(xumdak xopmyc), ayauropust Ne
001 (xumdak xopmyc), ayIuTopus
Ne 002 (xumdaxk  kopmyc),
aymuropust  Ne 006  (xumdax
Kopmyc), ayautopust Ne 007
(xumdak xopmyc), ayauropust Ne
008 (xumMcaxk xopmyc)

Aynutopust Ne 405
VYuebnast mebenb, ydeOHO-HAIIIAAHBIE 1TOCOOMS, IOCKa,HOYTOYK,MyiIbTUMeAHa-ipoexTop Mitsubishi XD3200U,
skpad ¢ anekTporpuBoaoM 300*400cM SpectraClassic.

AynuropusaNe 311
YuebHass MeOenp, ydeOHO-HATTSAHBIC IMOCOOWsS, JOCKa, HOYTOyK,mpoekrop Mitsubishi XD 600U, skpan c
anekrponpuBonoM Projecta 183*240cm Mattewhite.

Aynutopust Ne 310
VYuebnast meOenb, yd4eOHO-HATIISIIHbIE TTOCOOUs, JOCKa, HOYTOYK,MynabTuMenua-npoektop Mitsubishi EW230ST,
skpaH HacTeHHBIH ClassicNorma 244*183.

Aynutopust Ne 305
VYuebnast meOenb, yd4eOHO-HATIISIAHbIE TTOCOOUs, JOCKa, HOYTOYK,MynabTuMenua-npoextop Mitsubishi EW230ST,
sKkpaH HacTeHHbIH ClassicNorma 244*183.

Aynutopus Ne 004
VYuebnast meOenb, yaeOHO-HATIIgHbIE TToco0us, nocka, kommyTratop HP V1410-24G, nepcoHalbHbI KOMITBIOTED
Lenovo ThinkCentre A70z Intel Pentium E 5800, 320 Gb, 19" - 15 i, mkad Hactenusii TLK6U.

Aynutopust Ne 005
VYuebHast Mmebenb, yueOHO-HATISAHBIE Toco0ust, gocka, kommbiorep DEPO Neos 470 MD i5_3450/4GDDR/T500
G/DVD+R u wmonutop ViewSonic 21.5 - 13 mwr, mkap TLK TWP-065442-G-GY, mxkad MoHTaxHBIA NT
PRACTIC 2MP47-610B/SSt450/ SKS1/SSt750,59560, 00 T.316-14, mxad Hactennsrii TLK6U.

Aynutopust Ne 001
YyeOHast MeOeih, yaeOHO-HATIISITHBIC TIOCOOHS, JOCKa

Aynutopust Ne 002
YyeOHast MeOeih, yaeOHO-HATIISITHBIC TIOCOOHS, JOCKa

Aynutopust Ne 006
YueOHast MeOeib, yaeOHO-HATIISITHBIC TIOCOOHS, JOCKa

Aynutopust Ne 007
YueOHast MeOeih, yaeOHO-HATIISITHBIC TIOCOOHS, JOCKa

Aynutopust Ne 008
Y4eOHast MeOeih, yaeOHO-HATIISITHBIC TTOCOOHS, JOCKa

YuraubHbii 321 Ne 1

Hayunslii m y4eOuplii ¢onn, Hayanas nepuomuka, 11K (Monob6mok) - 3 mr, Wi-Fi goctynm anst MOOMIBHBIX

1. Windows 8 Russian.
Windows Professional 8

Russian Upgrade.
Horoop Ne 104 or
17.06.2013 r. Jlunensuu
OeccpouHbIe

2. Microsoft  Office
Standard 2013 Russian.
Horoop Ne 114 or
12.11.2014 r. Jluuensuu
OeccpouHBIC

3. Kaspersky Endpoint
Security mns Ousneca -

Cranpaptsbii.  JloroBop
Ne31806820398 oT
17.09.2018 r.  Cpok

JIeCTBUS JHLEH3UU 10
25.09.2019

4. Cucrema
LEHTPAIU30BAHHOTO
tectupoBanus  baml'y
(Moodle).
YHuBepcanbHas
OOIIECTBEHHAS JINIICH3US
GNU

5. Linux OpenSUSE 12.3
(x84_64) GNU General
Public License
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4. yueOHasgs ayauTopus JJs
TEKYIIero KOHTPOJIsI u
NPOMEKYTOYHOM arrecTaluu:
aymuropust  Ne 405  (xumdax
KOpIyc), ayIuTopus Ne311
(xumdak xopmyc), ayauropust Ne
310 (xumpax Kopmyc), ayauTOpHs
Ne 305 (xumdaxk  kopmyc),
aymuropust  Ne 001  (xmmdax
Kopmyc), ayautopust Ne 002
(xumak xopmyc), ayauropust Ne
006 (xumdak Kopmyc), ayIuTopHus
Ne 007 (xumdaxk  kopmyc),
aymuropust  Ne 008  (xmmdax
Kopmyc), ayautopust Ne 004
(xumak xopryc), ayauropust Ne
005 (xumcaxk xoprryc).

5. MOMeLIeHUsI s
CaMOCTOAITEIbHOM padoThI:
yutaneHed 3am Ne 1 (ryaBHBINA
KOpIYC), YHWTaJIbHBIA 3am  Ne2

(pusmar KopITyc-y4ueOHoe),
YHUTAJIbHBIN 3a1 Ne 5
(TyMaHUTAPHBIHA KOpITyC),

yuTanbHeId 3a1 Ne 6 (yueOHbIH
KOpIYyC), YWTaNbHBIA 3a1 Ne 7
(TymMaHUTApHBINA KOpIIYC),
nmaboparopust Ne 418 (xumdaxk
KOpITyC)

6. momemenue Jsi XpaHeHUsl M
NpoGHIAKTHIECKOT 0
00C/IyKBaHNA y4eOHOro
obdopynoBanusi: naboparopust Ne
416 (xumMcaxk KopIryc).

yCTpoiCTB, HeorpanmdeHHbIH noctyr kK OBC u B/I; xoinmaecTBO mocaqoaHbXx Mect — 76.
YutanbHbiii 3an Ne2

HayuHbIli 1 yyebHbit doHA, HayyHaa nepuogmka, MK (MoHOBNOK), noakNtoUYeHHbIX K ceTn MHTepHeT, — 8 wrT.,
HeorpaHuyeHHbI goctyn K 36C u B/1; KonnyecTBo NocagouHbIx mect — 50.

YnranbHblii 3a1 Ne S
Hayunstit u yaeOusiit ¢pona, HaydHas nepuoauka, I[TK (MoHOOIIOK) - 3 T, HeorpanuyeHHbIH goctyn kK OBC u B/l;
KOJIMYECTBO MOCAIOYHBIX MECT — 27.

Ynranbublii 3a1 Ne 6
Hayunstit u yaeOusit ¢pona, HayaHas nepuoauka, I[TK (MoHOOIIOK) - 6 T, HeorpanudeHHbIH goctyn k OBC u B/l;
KOJIMYECTBO NocaiouHbIx MecT — 30.

Ynrtanbublii 3a1 Ne 7
Hayunstit 1 yaeOusiit ¢pona, HaydHas nepuoauka, I[IK (MoHOOIIOK) - 5 miT, HeorpanudeHHbIH goctyn k ObC u B/l;
KOJIMYECTBO MOCAIOYHBIX MecT — 18.

JlaGopaTopust Ne 418
YuebHass mebens, (akcumiibHBIM ammapaT Panasonic KX-FL423RUB — 2 mr., s3H-merp pH-150MU (¢ roc.
moBepkoit), aBrorpanchopmatop TDGC2-0.5K(0,5kBT; 2A,220/0-250B),3604, 99p T.207/2-15, Becer "Ohaus"
PA64C (651, 0,1mr) ¢ noepkoii, Becsl VIC-1500d1 (1500r. 100MI, Baemn.kann6poska) ACCULAB, nonomep
N-160MU ¢ nosepkoil, kommuekc BombTammepomerpuueckuil CTA, xomnberorep B kommiuekte DEPO Neos
4601\FO/monutop 20" Samsung BX2035/xnaB./Mbliib, koMmibtoTep mnepcoHanbHbiii Nel 1.210-14/3, marHuTHas
Memanka 6e3 HarpeBa Tolopino — 21T, MarHuTHas MemajKa ¢ HarpeBoM M HaHokepamud.mmoBepx hG-MAG HS,
merp-pH pH-150MU (¢ roc.noBepkoii), mommrop 19" LG L1919S BF Black (LCD<TFT,8ms,
1280*1024,250KI/M.1  400:1,4:3 D-Sub), mnepcoHanmbHBI KoMIbIOTEp B cocTaBe c/6mok/Core J7-4770
(3.4)/H87/SYGA/HDD 500Gb, monmtop XKK"20"Bemncl.knaBuatr ypa+wmbimb, npuatep Canon i-SENSYS
MF3010, pH-metp pH-150MMU ¢ roc.moBepkoi, cucremusiii 6iok I1K (775), mkad cymmipnbii LOIP LF-25/350-
GS1, (310X 310x310 MM 6/BeHTHISITOpA. HEPIK.CTAND IIU(POBOI KOHTPOJIEP), KOTMYECTBO MOcagouHbIX MecT — 10.

JlaGopaTopust Ne 416
ATOMHO-abcopOIMoHHbIH cniekTpodoTomerp mMonens AA-7000, ¢upmer "llnmanzy", SnonHus, GayuioH ¢ reareM
Mapku A — 2 T, Bertuisitop BEHTC 100 BKMiy*1/, ra3oBsiit xpomaTo-Mace-criektpomerp moaens GCMS-QP
2010PIUS, koMmpOTEp B COCTaBe: CHUCTEMHBIA OJIOK, MOHHUTOp, KJIaBHATypa, MBI, KOHIUIUOHED
QUATTROCUMA QV/QN-FI12WA, noyroyk Fujitsu LifebooK F530 Intel Core i3-330M/4Gb/500Gh/ DVD-
RW/BT/15.6"/Wi n7HB+0ffice, nepconanbhblii kommbioTep B kommuiekte HP AiO 20"CQ 100 eu (MOHOOMOK),
anekrporumuTka Irit IR-8200,1500BT quamerp kordopku 185MM.
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ITpunoxenne Ne 1

MMHOBPHAVYKHM POCCHHN
®T'BOY BO «bAIIKNUPCKNU I'OCY TAPCTBEHHBIY YHUBEPCUTET»
XUMNYECKNU ©AKVYIIBTET

COJIEP’KAHUE PABOYEHN ITPOT'PAMMBbBI
aucuuIuIiHbl KBaHTOBast MeXaHUKa M KBAaHTOBAsi XMMHS Ha 8 ceMecTp
ouHas popma oOydeHus

Bua pa6orsl O0beM THCHHMILINHBI
O6mas tpynoemkocts auctuiuinibl (3ET / yacoB) 3/108
YueOHbIX YaCOB Ha KOHTAKTHYIO padoTy ¢ MPEernoaaBaTelieM: 61,2
JIEKITUH 32
MPAKTUYECKUX/ CEMUHAPCKUX -
712a00paTOPHBIX 28

Apyrux (TpynroBas, MHIUBUAyaIbHast KOHCYIbTALUS U UHBIE BUIBI
y4eOHOIl IesITeTbHOCTH, IPEAyCMaTpUBAIOIIUE pabOTy 00yJarOIIUXCS C

npenogasatesnem) (OKP) 1,2
YueOHbIX 4YacOB Ha CaMOCTOATENbHYIO padoty obyuarontuxcs (CP) 3,0
VYueOHBIX 4YacOB Ha IMOATOTOBKY K

sKk3ameny/3adery/muddepenunpoannomy 3auety (KoHTposs) 43,8

®dopma(bl) KOHTPOJIS:
DK3aMeH B 8 ceMmecTpe
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®dopMa n3ydeHUs MaTEpUAIIOB:

OcHOBHas 1

dopma TeKyIero

JIEKIUHM, TIPAKTUYECKHUE 3aHATHS, | IOMONTHHUTCIBHAS
KOHTpOJISL yCIIEBAEMOCTH
N CEMHMHAPCKHE 3aHSATHS, JIUTEpaTypa, 3aganus no } (KOIIOKBIYME!
Tema u conepkanue Ja6opaTOpHBIE PabOTHI, PEKOMEH TyeMast CaMOCTOATENBHOM >
n/n KOHTpOJIbHBIE Pa0OTHI,
camMocTosATeNbHas paboTa u CTyJeHTaM paboTe CTy/IEHTOB
KOMIILIOTEPHBIE TECTHI U
TPYLOEMKOCTb (B Yacax) (Homepa u3
JIK | IIP/CEM | JIP | CPC criHcKa) T.I)
1 2 3 4 5 6 7 8 9
1 o Ipeamer kBaHTOBOII MexaHMKU. OCHOBHBIE 3TAMNbI
Pa3sBUTHHA KBAHTOBOI TeOpHH.
IpeaMer KBAaHTOBOM MEXaHHKH MOJICKYJISIPHBIX CHCTEM U 2 3 3 TIpopaborats
KBaHTOBOU xuMud. OCHOBHBIEC ITAIBl PA3BUTHS KBAHTOBOM TEOPHH. [1-5,9-11] JICKIHIO, PCK. Ox3amen
I'maBHBIE TEHAECHIIUY B Pa3BUTHH KBAHTOBOW XMMHUU KaK OCHOBHOI'O TepaTypy
TEOPETUYECKOTO (PYH/IAMEHTA COBPEMEHHON XMMUYECKOH HAYKH.
2. e OcHOBHBIC NIOHSITUS KBAHTOBOW MEXAaHHUKH. .
MareMaTHUeCKuii annapaT KBAHTOBOM MEXAHUKH. JPMUTOBLI YCTHBIN OHpPOC
OIIEPATOPHI, HX COOCTBEHHBIE (YHKIIMU U COOCTBEHHBIE 3HAYECHUS. JTabopaTopHBIe paboTHI;
Boipokenne. MaTpudHoe NpecTaBIeHUE OEPATOPOB. 5 B ~ 3 [TpopaboraTh KOHTpPOJbHBIE PaboTBI;
Pazsoxenue 1o COOCTBEHHBIM (DyHKIIHSIM S5PMUTOBA OMEPATOPA. [1-5,9-11] JICKIHIO, PCK. pasHOYpOBHCBBIC
KOMMyTaluOHHBIE COOTHOLIEHUS. uTepaTypy saja4y,
3 CootHomenus HeonpeaeneHHocTed. @U3MIecKuii CMBICI U pedepar; TecTsl
HpOCTEHIINE OLIEHKU HA HX OCHOBE.
3. . IHocTynarel KBAHTOBOI MEXaHMKH.
OCHOBHBIE TIOCTYJIATHI KBAHTOBOM MexaHuKu. KBaHTOBbIE
COCTOSIHMSI ¥ BOJTHOBBIE ()YHKIIMY; OCHOBHBIE CBOMCTBA BOJHOBBIX 5
¢Gynkuuit. Onepatops! GpU3HUECKUX BenUUHH (HAOIIONAEMBIX); YCTHBIN OIPOC
CpeIHYE 3HAYEHNS U JUCTIEpCHHU HabronaeMbix. [LIOTHOCTS JabopaTopHBIe paboTHI;
BEPOATHOCTH PACTIPEETIEHHS YACTHUI] B IPOCTPAHCTBE. 4 . - ITpopaborats KOHTpPOJbHBIE PaboTBI;
Oriepatopbl KOOPIUHAT, UMITYI5COB, MOMEHTOB UMITYIILCA, [1-5,9-11] JICKIMH, PCK. pasHOYPOBHEBBIC
KHHETUYECKOU U MOTEHIMANBHOM sHeprun. Onepatop ['aMuisToHa JIATCPATYpy sanatu,
(raMUJIBTOHHAH). pedepart; TecTsl
Oomronust coctosHU u ypasHenue lllpenunrepa.
CrauuonapHoe ypasHenue lllpenunrepa. JIucKpeTHbIN U
HEMPEPBIBHBIN CIIEKTPHL. Y paBHEHHE HETPEPHIBHOCTH.
4. e  Hexoropble mnpUMEpPHI  PEHNIEHH  yPABHEHHS
I penunrepa. .
Tpocreiinue NpUMephl IPUMEHEHUS KBAHTOBOM MEXaHUKH. YCTHBIN OTpPOC
OJIHOMEpHBIE 3a/1a4U; CTIEKTD, KAYECTBEHHBIE OCOOEHHOCTH TabopaTopHbIe paboTHI;
BOJIHOBBIX (DYHKIH. 3a/1auu O TIPAMOYTOJILHOM MOTEHIUATEHOM 4 B 4 IIpopa6oTats KOHTpPOJbHBIE PabOTBI;
SAIIUKE, TTOTEHIMATEHOM 6aphepe M rapMOHMYECKOM OCHMIUISTOPE. [1-12] JICKINH, 3aKOH, PEK. pa3sHOYPOBHEBBIC
Teopust MoMeHTa UMITYIIbca. OCHOBHBIE CIIEICTBHS JIATEPATYPy sanatiu,
KOMMYTAIMOHHBIX COOTHOIIEHHUH JJT1 KOMIIOHEHT MOMEHTA pedepar; TecTer
ummynbca. [paBuna clIoKeHUs MOMEHTOB UMITyJbca. JKecTKuit
potatop. 28




. Pemenne ypaBHenuss Illpegunrepa pas aroma
BOJ0po/aa (4 BOAOPOAONOJA00HBIX ATOMOB). ATOMHbIE OPOUTAJIH.

YCTHBIH 0Ipoc
nabopaTopHsIe paboThI;

3agava 00 atrome Bogopoja. PasyeneHue nepeMeHHbIX. [popaborats KOHTPOJIbHBIC pabOTBHI;
Bomopomo-iomo0HbIe opbuTany, rpadguaeckoe mpeacTaBICHIE HX [1-12] JIEKINH, PEK. Pa3HOYPOBHEBEIC
paauaNbHbBIX M YITIOBBIX YacTeld. BEIpoXkIeHnE OJJHOIICKTPOHHBIX JUTEPATYPY 3aj1a4H,
COCTOSHHH KaK CIICJICTBUE CHMMETPUH LIEHTPATBHOrO TIOJISL. pedbepat: TecTHI
BapuanuonHbIi MeTOI. YCTHBIH 0Ipoc
[MpuGKEHHBIE METOBI PELICHHST KBAHTOBO- nabopaTopHble padoTh;
MEXaHHU4YECKHX 3a7a4. Teoprs BO3MYILIECHUA TS CTAlMOHAPHBIX [popaborats KOHTPOJIbHBIC pabOTBHI;
COCTOSIHUUM B OTCYTCTBHE U NIPU HAJIMYUU BBIPOXKIECHUSL. [1-5, 9-11] JIEKLIUIO, PEK. Pa3HOYpPOBHEBBIE
BapuanoHHbIi IPUHIXIT KBAHTOBOM MEXaHUKH M BapUALMOHHBIN JUTEPATYPY 3aJ1a4H,
Metoa. Merox Purna.
pedepar; TecTs
. KBanToBbIe yncia.
Mornekyna B HOCTOSIHHBIX JIEKTPHYSCKOM U MAarHUTHOM .
HOJSIX. JIMIONMBHBIN 3IEKTPUYECKUA U MATHUTHBIA MOMEHTBI YCTHBIN OPOC
cucteMbl yacThll. CHATHE BBIPOXACHUS MO BIUSHUEM 1abopaTopHbIE PabOTh;
MOCTOSTHHOT'O DJIEKTPHYECKOr0 WK MarHUTHOrO Nouist (3 deKTs IIpopaborats KOHTPOJIbHbIE PaOOTBI;
Ilrapka 1 3eemana.) [1-5, 9-11] JIEKIHUIO, PEK. pa3HOYpOBHEBBIE
CruH 3JIeMEHTaPHBIX YaCTHIl ¥ CBA3AHHBIN C HUM JHATEPaTypy sajaqu,
MarHUTHBII MOMEHT. OriepaTopsl CIIHHA U KOMMYTAalJHOHHbIE pedepar; TecThl
cootHouieHus. CUH-OpOUTANTBEHOE B3aUMOJICHCTBHE U €ro
HPOSIBJICHHUSL.
. MHOro3/1eKTpOHHbIE aTOMBI. CaoiicTBa
MHOT'03JIEKTPOHHBIX ATOMOB.
VYpaeuenue llIpeauHrepa st aTOMOB M MOJICKYJL.
Pa3zeneHue 3JeKTPOHHOIO H SIIEPHOrO IBHKCHHN.
AmmabaTraeckoe IpuOIIKeHNEe. JICKTPOHHOE BOTHOBOEC
ypaBHEHHE. DIISKTPOHHAS IUIOTHOCTh U €€ N3MEHEHUSI IPH MIepexo/e
OT pa3JeNiCHHbIX aTOMOB K MOJICKYJIE. .
TMocTpoenue NPUOIIKEHHBIX PEIIEHHH TEKTPOHHOTO YCTHBIN OPOC
BOJIHOBOTO YPABHEHHS HA OCHOBE BAPUALIMOHHOIO TPUHIIAIIA. mabopatopHbIe padoTEL;
OnHodIeKTpOHHOE NpUOImKeHne. OrpaHUYeHHBINA 1 IIpopaborats KOHTPOJIbHbIE PaOOTBhI;
HEOrpaHUYEHHBIH MeTobI XapTpu-DoKa (CaMoCOorIacoBAHHOIO [1-5, 9-11] JIEKIHIO, PEK. PasHOYPOBHCBBIC
nosst, CCIT). lerepmunant Ciarepa. [ToHSTHE O 3aKPHITHIX U JIMTEPATYPY sajaqu,
OTKPBITBIX 000I0UKax. Y paBHEHUs, ONPEACIAIONINE OPOUTAIIH. pedepat; TecTsl
OpOuTaNbHbIe SHEPTHU U UX CBSI3b C MOJHOH dJICKTPOHHOM
sHeprueid. Teopema KynmaHca 1 ()OTOIIEKTPOHHBIE CIIEKTPHI.
IIpenensr npumennMoctu Meroaa Xaprpu-Doka.
DJIEKTPOHHOE CTPOCHUE ATOMOB. DJICKTPOHHBIE
KOH(UTYpauu ¥ TepMbl aTOMOB. CJI0)KEHHE MOMEHTOB ISl aTOMOB.
[MpaBwia XyHaa. DIEKTPOHHOE CTPOCHHE aTOMOB U IIEPHOTHYESCKAsT
cucrema seMmenToB [I.W. Menzaeneesa.
. Teopnsa xumuueckoin cBsazu. Merox MO JIKAO. [1-5, 9-12] Mpopa-Gorats YCTHBIH 0TIPOC
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Ba3ucHbie Ha0OpbI ATOMHBIX OpONTANIEH.

JIEKLIUIO, PEK.

nabopaTopHsIe paboTHI;

[pencraBnenue mosiekynsipusx opouraneit (MO) B Buze JUTEpaTypy KOHTPOJIbHBIE Pa0OTEI;
JMHEHHOM KoMOnHanmy atoMHbIX opouraneit (JIKAO). Hanbonee Pa3HOYPOBHEBEIE
pacrpocTpaHeHHbIE THITBI 0a3MCOB aTOMHBIX OpOuTaiei: opouranu 3a1a4y,
CJICTEPOBCKOr0 U rayccoBa THNA. MUHNMAJIbHBIE ¥ BAJICHTHO-
pacuierieHHbIe 0a3nucHsle Habopsl. [lonspu3anoHHbIe U peepat; Tecthl
muddysuasie pynkpm. Meron CCIT MO JIKAO.

10 e  TloBepXHOCTH MOTEHIUAJILHON JHEPTHH.
DIeKTpoHHbIE, KosleOaTeIbHbIC M BPALIATENIbHBIE COCTOSHUS yCTHBIT ompoc
Mmozekyn. [loBepxaocts norennmansHoi sHepruu (I1113). Poib 11a6OpaTOpHbIE paGOThL;
npencrasiaeHui o I1I1D B coBpeMeHHOM CTPYKTYPHOM TeOpHUH TpopaGorath KOHTPOJIBHBIE PAGOTHI;
xuMuH. PaBHOBecHast KOHQUTYpaIys U KOHPOpMAIUH MOJIEKYII. 2 2 [1-6] JIEKLHIO, PeK. Pa3HOYpPOBHEBBIE
Cranuonapusie Touku [I13, nx ananus. [Ipocreiimue npuMepsl
MI13. JIpyxaTomHas Monekynaa. ONTUMHA3ALUS T€OMETPUIECKUX HHTEPELIPY s
XapakTepucTuk Monekynsl. I1I1D u xuMudeckas peakuus, pedepar; TecTsl
KOOpJIMHATA PEAKIIHH.

11 e Yuer 3JeKTPOHHOI KOppeIsIHu. YCTHBIH onpoc

KoppenupoBanHOe IBIKEHNE IEKTPOHOB. YUET SHEPTHU .
2JIEKTPOHHOH Koppemsuun. [Torstie o Meroae KOHPUTyparmoOHHOTO Tpopa6orats 1122%?;31?:5;66(%1.’
B3anmozeiicTBus. OCHOBHBIE TTOHATHS METO/Ja TEOPUH BO3MYILCHHUH, 2 2 [1-5, 9-11] JIEKIIHIO, PeK. pa3HOYpOBHEBBIE ’
teopust Memepa-Ilnecce. CpaBHUTENBHAS XapaKTEPUCTHKA JATEpaTyYpy 3a/a4w,
METO/10B KOH(UTYpaIIHOHHOT O B3aMMOACHCTBUS U TEOPHH
BO3MYLICHU. pedepar; TecTsl

12 e Tloay>Mnupu4ecKHe METOIBI. YCTHBIN OMpPOC

[Momysmnmpudeckne MeTobl KBAHTOBOM XMMUHU. MeToabl, nabopaTopHsIe paboThI;
UCTIONB3YIOIKE HyleBoe U hepeHInaIbHOE IEpEKPhIBAaHHE. ITpopaborats KOHTPOJIbHBIE Pa0OTEI;
Bo3MOXXHOCTH M OTrpaHUYEHUS IPUMEHEHHUS Oy MIHPUIECKUX 2 4 [1-5, 9-11] JIEKIHUIO, PEK. Pa3HOYPOBHEBBIE
METO/I0B KBAaHTOBOI XMMUH. JUTEpaTpy 3a/a4y,

pedepar; TecTs
13 e CoBpeMeHHOE MPOrpaMMHOe ofecnedeHne KBAHTOBO-
XHMHUYeCKUX PacyeToB.
VYuer cuMMeTpHH siIepHOI KOH(UTYpaIuy 1pH
PaccMOTPEHNH JIEKTPOHHOH 3a/1aui. DJIEMEHTHI U Ollepariuu .
cuMMeTpuH. ToYedHbIe TPYIIBI CAMMETPHUH. YCTHBIN OTIPOC

Hawnbosnee pactipoctpaHeHHbIE TPOrpaMMHBIE KOMIUIEKCHI 1abopaTopHbIE PabOTHI;
(AMPAC, MOPAC, GAMESS). IToaroroBka HCXOQHOTO (aiiia. 2 4 IIpopaGorats KOHTPOIIbHEIE PAOOTEI;
KitroueBsie ciioBa kak crmocob yrpasienus pacueroMm. CocraBieHue [1-5,9-11] JICKIIATO, PCK. pasHOYPOBHEBLIC
Z-matpuupl. basucHbie atoMbl. Onpe/ieneHne HadaabHOro JATCPATYPY 3ajanmy,
MIPUOIMKEHUS] TEOMETPUUECKHUX ITapaMEeTPOB MOJICKYIIBL. YUeT pedepar; TecThl
CUMMETPHH TIPH 3aJIaHNU HA4aJIbHOTO NPUOIIDKeHHs. Z-MaTpula
ctrit MOPAC u GAUSSIAN. OcHoBHBIE pe3yibTaThl
KBaHTOBOXMMHYECKNX PacuyeToB. Brusyanuzanus pe3yabTaToB
pacyera.

Bcero yacos 32 28 3,0
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PeliTUHT — IJIaH JUCHUILJINHBI

KBaHTOBasg MeXaHHWKa U KBAHTOBAsl XUMHS

HamnpasiieHue/crernuanbHocTh 04.03.01. Xumus

Kypc 4, cemectp 8

ITpunoxenne Ne 1

Bupner yueGHOI nesrensHOCTH Bamn 3a koHKpeTHOE Uucno 3aganuii 3a BaLisL
CTY/ICHTOB 3aJaHue ceMecTp
MunumanbHbll | MakcumaabHbIN
Monyns 1
Texkymuii KOHTPOJIbL
1. Jlaboparopusie pabOTHI 2,50 15,00
2. YcrHbIH ompoc 0,50 1,50
3. Twumnossle 3amaun 1,00 5 5,00
Py0e:kHblii KOHTPOIb
1. Tect Ne 1 (o npakTuke) 10,00 1 0 10,00
Mogyns 2
Texkymuii KOHTPOJIbL
1. Jlaboparopusie pabOTHI 2,50 5 12,50
2. YcrHbI ompoc 0,50 1,00
3. Pedepar 5,00 5,00
Py0e:kHblii KOHTPOIb
1. Tect Ne 2 (1o npakTHke) 10,00 1 10,00
2.KonrponbHas padbora 10,00 1 10,00
IHocemaemocTn
1. ITocemnenune JIEKIMOHHBIX 3aHATHN -6,00
2. INocemenne NpakTUIECKUX (CEMUHAPCKHX, 1a00pPaTOPHBIX) 3aHATHH -10,00
Hroro 100
oowmpuTreibHbIe 0AJLIBI
VYuyacTtue B ouMITHagax 1,00 0 1,00
VYyactre B KOH(pEpeHIUIX 2,00 0 2,00
[Tybnukarus Te3ucoB 3,00 0 3,00
[Mybnukanus craTei 4,00 0 4,00
Hroro 10
HUTOroBblii KOHTPOJIb
JK3aMeH 0,00 30,00
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